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Foreword to the Second Edition 


The Herculean task of bringing out the second édition is taken up by the editor Prof Dr GS Kulkarni to update and edit 
the présent knowledge of Orthopedics and Traumatology. The textbook has an excellent collection of topics written by 
experienced and knowledgeable orthopédie surgeons. The scholarly work done by the editor is being published by 
Indian Orthopédie Association as its revised second édition. 

Ail the contributors hâve taken tremendous efforts to incorporate the présent day knowledge and recent trends of 
the concerned topics. Many Orthopédie problems in developing countries are different from those in the western 
country and most of the books, journals and publications are published from the west. The problems associated with 
Osteosynthesis and recent trends in nailing interlocking hâve been elaborately written. The common problems of 
neglected fractures and their management which every surgeon encounters in the practice are well covered. The 
conditions associated with traumatology and their complications are nicely covered in this édition. The textbook has 
covered almost ail the topics and conditions which we face day-to-day. 

This book will be relevant and definitely helpful to Orthopédie Surgeons and students. Dr GS Kulkarni with his 
vast expérience and dedicated efforts has brought us the new édition of this book with a very high standard which will 
be helpful to the reader s. 


Prof (Dr) Sudhir Babhulkar 

MS (Orth), D.Ortho, PhD Orth, DSc Orth, FAMS 
Past President Indian Orthopédie Association 



Forewords to the First Edition 


The Textbook of Orthopedics and Trauma, being published by the Indian Orthopédie Association, edited by Dr. GS 
Kulkarni, is the most useful undertaking. This textbook provides the collective expériences in the field of orthopedics 
and trauma of ail the senior and experienced orthopédie surgeons of India. 

India is perhaps the foremost amongst the developing countries. The CATCH 22 of the word "developing" fails to 
reveal that if the whole population of countries like India is taken into account. A certain section may hâve reached a 
level of development almost near to that developed by the so-called developed countries, and certain section is plagued 
by poverty and ignorance. 

The orthopédie surgeons practising in India are familiar and capable of dealing not only with diseases and 
disabilities that affect the prosperous dominant elite, who expect the same kind of health care as is available in the most 
developed countries of the world but also to be able to look after and treat adequately such conditions which hâve 
almost disappeared from those countries, e.g. paralytic poliomyelitis, pyogénie infections of bones and joints, tuberculous 
disease of bone and joints, mycotic infections, the neural and osteoarticular damage caused by Hansen's infections 
specially among young children and infants including the newborn. These diseases usually affect the poorer section of 
the society. 

The challenge of the orthopédie surgeons in developing countries, therefore, is more comprehensive and varied. 
They hâve to handle ail these serious conditions with severe financial and infrastructural constraints. Considering 
these challenges the editor Dr. GS Kulkarni has done an excellent job of selecting the topics and contributors for the 
book. Among ail the developing countries India happens to hâve a fairly well-trained body of orthopédie surgeons, 
who hâve had expérience in the management of dealing with these wide variety of diseases and disabilities of the 
locomotor System. The contributors hâve taken great pains and hâve described in detail these subjects, which, I am 
sure, will be extremely useful to the orthopedists of the developing countries. 

Lately, with the introduction of mechanization and high-speed transport facilities, there is increased incidence of 
high-velocity trauma causing polytrauma, which requires a very well-planned System of casualty care, which does not 
exist in countries like India. I am pleased to read the chapters on polytrauma written by eminent personalities. 

Dr. GS Kulkarni is known to me since long. He is a devoted orthopédie academician. I also know many of the section 
editor s and contributors. They are sincere hard working group of orthopédie surgeons. 

The textbook points out the wisdom of senior orthopédie surgeons of India, fills the gap that exists in this field. The 
enterprise that the Indian Orthopédie Association is undertaking, is indeed most gratifying. 

I hope that this textbook will act as a pathfinder and a guide to help orthopédie surgeons, who are practising in 
developing countries. 


B. Mukhopadhyay 

Emeritus Professor 
Patna 


Orthopedics and Trauma is the largest specialty of surgery and especially with the subspecialties in orthopedics 
which are more than 15 now, it obviously becomes difficult to encompass the total spectrum in its fullness in any 
textbook. However, I must give crédit to Dr. GS Kulkarni, who has made tremendous efforts and that too successfully to 
cover most of the spectrum of this specialty in adéquate manner. 

Medical éducation and training with its three-fold commitment to patient care, research and continuing éducation 
always présents a difficult challenge. The term "Core Curriculum" is used widely but seldom defined, therefore, 
sélection and intégration of essential information must form the basis for such publications. 
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A good medical textbook should provide not only information but also a philosophy and approach which makes 
the knowledge relevant. The authors must hâve expérience, ability and dedication to the mission of teaching. They 
should be scientifically accurate and capable of projecting their personalized approach. This is amply seen in this 
textbook. 

There are many reasons why prévention is still in its infantile stage. Grants for cancer and heart disease are largely 
available as this is considered a real science. The life of a cell can be turned round more easily than the mind of a 
motorcyclist. Looking at the prévention means stepping outside our familiar rôle as a curative orthopédie surgeon. 
Road trauma is a great challenge and fills the hospital beds to a great extent. 

Intoxication, designing of the roads, playground for children, police protection, bicycle tracks and maintenance of 
trucks and safe driving are some of the few issues which should be considered very logically for prévention of trauma, 
and these are the legitimate areas for research even if they do not hâve the kudos of molecular biology or so much 
financial support. "Prévention is Wholesale. Treatment is retail". 

I am sure these remarks will be helpful to the future thinking and the présent textbook mainly contributed by the 
Indian orthopédie surgeons will be a great boon for the orthopédie surgeons practising not only in developing countries 
but will be very informative to ail who are devoted to this science and art. I am sure these volumes must find their place 
in academie libraries ail over the world. 


KT Dholakia Hon FRCS (Eng) 
Past President SICOT, Past President ASI 
Past President IOA, Past President ASSI 
Emeritus Professor of Orthopedics 
University of Bombay 
Sr. Orthopedics Surgeon, Bombay Hospital 
Breach Candy Hospital and 
PD Hinduja National Hospital 


The art and science of Orthopedics has changed remarkably. There has been an explosion in the orthopédie knowledge 
in recent years. The success of joint replacement, improvement in implant material with application of improved 
techniques and the new investigative techniques hâve made orthopedics a very exciting and rewarding specialty. 

Indian Orthopédie Association felt the necessity of a textbook, which can give more importance to commonly 
observed problems in clinical practice in our specialty as our problems are not similar to those seen in western 
countries. The aim of this book is to provide authentic account of common conditions seen in our country more 
specifically for the young surgeons during and after their training. The newer developments like joint replacement, 
distraction osteogenesis (Ilizarov and Jess), interlocking intramedullary nailing, spinal instrumentation and arthoscopy 
hâve been included. The operative details hâve been excluded as they are available in many books on operative 
orthopedics. The commonly prevailing problems of cold orthopedics hâve also been properly dealt with. There can be 
no better method of making the future of our specialty brighter than by ensuring that our trainee surgeons hâve the 
benefit of the knowledge and expérience of their seniors. The contributors deserve full appréciation for doing their best 
in this regard and for giving their valuable time for this purpose. 

Dr. GS Kulkarni is an expert editor, with enormous expérience of editing journals and books. It is his dedication 
and constructive efforts that could provide us Textbook of Orthopedics and Trauma of such a high standard and value. He 
has done a commendable job for the Indian Orthopédie Association. 

I am sure this book will be of tremendous value and help to its readers. 


KP Srivastava 

MS (Surg) MS (Ortho) D (Ortho) FICS 
FACS FAMS FAIS FIAMS 
President 

Indian Orthopédie Association 



Préfacé to the Second Edition 


Since the publication of first édition of the Textbook of Orthopedics and Trauma, phénoménal advances hâve been seen 
in each sub-branch of orthopedics. Locking plate has revolutionized the management of fractures, especially intra- 
and juxta-articular fractures and fractures of osteoporotic bones. Arthroscopy has extended its indications. Surface 
replacement and unicompartmental arthroplasty are on the horizon. Similar developments hâve occurred in other 
branches too. Each chapter of the book has been revised and updated. The création and production of a work of this 
magnitude requires dedicated contribution of a large number of authors. Younger génération of orthopédie surgeons 
hâve taken keen interest in the book and hâve contributed to a great extent. I am grateful to them. 

This book will be very useful to postgraduate students, their teachers and to the practicing orthopédie surgeons as 
a reference book. 


G S Kulkarni 



Préfacé to the First Edition 


Orthopédie knowledge is literally exploding at an astounding rate. No other surgical specialty has a greater number 
of variety of procedures than orthopedics. The orthopédie market is also flooded with bewildering number of 
implants and instrumentation sets. The practicing orthopédie surgeons as well as the postgraduate students are at 
a loss to select the clinical material from the vast literature and the implants and instrumentation. This book will be 
a quick text as a refresher and an easy reference to orthopédie surgeons. For postgraduate students this book should 
be indispensible. 

Orthopédie problems of the developing countries are different from those in the West and most of the books and 
journals on the subject emanate from the western countries. Incidence of paralytic poliomyelitis, tuberculosis, 
chronic osteomyelitis, leprosy, etc. are rampant and so are the road-side accidents which are common in the 
developing countries. Conditions associated with trauma such as nonunion (with or without infection), malunion, 
deformity stiff joints, etc. are day-to-day taxing problems. Even the sizes of Indian/Asian bones are smaller than 
those in the West. This disparity créâtes problems in inserting implants for the replacement of joints and for the 
treatment of fractures. Every orthopédie surgeon encounters a large number of cases of neglected trauma, deformities, 
infections and even tumors of bones and joints. Neglect of orthopédie disease is a common scénario, as also are the 
poor conditions of the operating rooms, and low quality of implants. Often the surgical technique is not performed 
meticulously as described by different methodology. Ail these add to the complications. 

The textbook has been designed to adequately cover ail such conditions which are missing from or inadequately 
described in the western textbooks. The main aim of this book is to give comprehensive information about disease 
and problems peculiar to the developing countries and to provide one source of orthopédie information. Each 
chapter is written by a surgeon who has a spécial interest in the subject. I take particular pride in the list of 
outstanding contributors, many of whom are leading authorities in their fields. An attempt is made to give a 
complété orthopédie knowledge including basic and applied sciences and réhabilitation of musculoskeletal System. 

In a multiauthor book of this nature, some répétition is unavoidable, but is useful. This is mainly addressed to 
the practicing orthopédie surgeons and postgraduate students in the developing countries. I am very much thankful 
to the Indian Orthopédie Association for asking me to edit this prestigious book. 


GS Kulkarni 
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INTRODUCTION 

Today in an era of rapid industrialization and mecha- 
nization, orthopedics occupies an important place in the 
field of medical sciences. The examination and 
management of an osteoarticular problem very much 
involves assessment of the patient as a whole. However, 
two factors quite often missed may get their place while 
examining an orthopédie patient. 

Modem orthopedics is conerned with the study of 
anatomy, function, and diseases of the musculoskeletal 
System, which consists of injuries and disorders of bones, 
joints, muscles, nerves and ligaments. "Prévention is better 
than cure". The best example is total immunization of the 
entire population, by polio vaccine, which has wiped out 
polio from the Western world. Early récognition and timely 
institution of treatment may prevent certain deformities. 
The example is developmental dysplasia of the hip. The 
orthopedics is a specialized branch of surgery. Today, it 
has grown up to such an extent that it is being branched 
into various sections such as spine surgery, hand surgery, 
joint replacement, arthroscopy, traumatology, pédiatrie 
orthopedics, and so on. There is a tremendous scope for 
research and development of the individual branches. 

DOCUMENTATION 

The AO group lays great stress on the necessity to carefully 
document and preserve the clinical and follow-up notes, 
for research, learning the disease, paper présentation and 
for planning the treatment. Today, it has become much 
easier with the help of computers. However, it is very 
unfortunate that in India the documentation and follow- 
up is very poor. We hâve a large number of cases and 
excellent clinical material. If we meticulously document, 
we can do high quality clinical research and can contri- 
bute to world orthopedics in a better way. 


Examination of the Patient 

Clinical examination of an orthopédie patient is the most 
important part of the training program. No part of 
orthopédie training is more important than developing a 
systematized method of examination. The meticulous 
history taking and a thorough clinical examination of the 
patient will almost lead to a successful diagnosis and treat¬ 
ment. Even the most ultramodern investigation will not 
replace the clinical examination. One is more likely to make 
mistakes if one relies only on the investigations. 

Armamentarium Necessary for 
Examining an Orthopédie Patient 

1. A measuring tape 

2. Goniometer (large and small) 

3. A tendon rubber hammer 

4. A pocket torch 

5. A pin with protected point 

6. Skin marker pencil 

7. A stéthoscope 

8. A diagnostic set (tongue depressor, auroscope, 
ophthalmoscope) 

9. A plain white paper and impression ink for taking 
prints 

10. Caméra (more important than even a stéthoscope for 
a reconstructive surgeon) 

11. For neurological cases—cotton wool, turning fork, 
test tubes. 

Certain Factors Essential for 
Examining an Orthopédie Case 

1. Hear the patient with patience, even if he or she is 
confused, disoriented and annoying 

2. Reassure the patient and gentle handling of the affected 
part 
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3. Good bedside manners 

4. Sympathetic appréciation of the patient's problems 

5. An insight into the pateint's future réhabilitation 
program 

6. Need for examining the patient as a whole, and not a 
part, limb or System 

7. The patient must be placed in comfortable position 

8. The patient is to be fully exposed, at least the corres- 
ponding part or limb 

9. Do not hurt the patient during examination. 

The first impression that a keen clinician gets of his or 
her patient while the patient is entering the examination 
room forms the basis for his or her onward assessment. 

History Taking 

Apply AG 1 calls history—"His"- "story" (or hers). Sit back 
and patiently hear the development of the orthopédie 
problem from the very beginning. Start with the question, 
" When were you completely healthy? How and when the 
problem had started? Enumerate ail the complains. Go 
into the details of the problem, and the progress of the 
disease. 

Chief Orthopédie Comptaints 

Pain It is the most common symptom in orthopedics. 
Throbbing pain indicates acute abscess and burning pain 
neuralgia. Précisé location of pain is important. Ask the 
patient to point the site of pain, site, depth of severity 
(ignorable—trivial, not ignorable as it interfères in 
activities—moderate, constant even in rest—severe, tossing 
and incapacitating—very severe), mode of onset, character, 
diurnal variation, path and site of radiation, relation with 
activities and rest, relieving/ aggravating factors. Reference 
of pain can be due to same source of sensory supply or 
cortical confusion between embryologically related areas. 

Types of pain 

1. Local: When pain is felt at the site of pathological 
processes in superficial structures. It is usually 
associated with local tenderness to palpation or 
percussion 

2 . Diffuse: Pain appears to be more characteristic of deeply 
lying tissue and has a more or less segmentai 
distribution 

3. Radicular: Radicular pain is due to pressure or inflam¬ 
mation of a nerve root. The example is a disk prolapse 
in the lumbar spine with radiating pain down the leg. 
Referred pain is experienced in other areas, besides 

that felt in the area of initial stimulation. This is seen when 
there is injury or disease affecting either somatic or viscéral 
structures, and results from misplaced pain projection 


because of cortical représentation. This occurs because of 
the convergence of sensory pathways onto a single cell 
within the cord of higher centers. It is often associated 
with paresthesias and tenderness along the nerve root. 

Spécifie types of pain 1 

1 . Bone pain has a deep boring quality usually attributable 
to the stimulus of internai tension as seen in 
osteomyelitis, expanding tumors and vascular lésions 
of bone such as Paget's disease. 

Diffuse generalized pain: The body ache ("my whole 
body pains") is due to skeletal disease such as 
osteomyelitis, osteoporosis and hyperthyroidism, 
multiple myeloma or metastatic disease. 

2. Muscle pain is due to lack of blood supply or due to 
spasms. Pain of anterior compartment syndrome of leg 
is an example of muscle pain due to reduced blood 
supply. Another example is intermittent claudication 
described above. According to Duthie, 2 the noturnal 
cramps in the lower extremities of the elderly are quire 
characteristic in being relieved or prevented by the 
taking of quinine dérivatives. 

3. Joint pain (Night cries): Patient suddenly wakes up in 
the night due to severe pain. This usually occurs in 
tuberculosis of the joint, knee, hip and spine. During 
sleep the muscles are relaxed. Even during sleep there 
is always some movements occurring in the joints. 
When the movement occurs in the diseased joint, the 
articular cartilage rubs against each other. The muscle 
around the joint go into sudden spasm causing severe 
pain called as night cries. Joint pain or arthritis is 
usually due to distention of the capsule which is rich 
in nerve supply. 

Deformity: Find out mode of onset is progressive or static, 
any attempt at earlier correction, and disabilities due to 
deformity. Deformity may be in the bone, in the joint or in 
the soft tissues. Deformity is defined as abnormal anatomy. 
It may be angular or rotational. Shortening and 
lengthening are also included in the deformities. Shortness 
of stature is a kind of deformity. In the lower limb s, the 
mechanical axis déviation test 3 described by Paley is impor¬ 
tant to détermine whether the deformity is in the bone, in 
the joint or soft tissue. 

Varus and valgus: Varus means the part distal to the joint is 
displaced towards the midline, whereas valgus means 
away from it. Genu varus means bow legs. Genu valgus 
means knock knees. In a case of congénital talipes 
(clubfoot), the heal shows varus deformity. 

Fixed deformity: It means that a part of movement cannot 
be completed. 
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Flexion of knee: Forty degrees of fixed flexion deformity 
means patient has movement from zéro up to 40 degrees of 
movement, further movement not possible. 

Causes of joint deformity 

1 . Destruction due to infected tuberculous arthritis, septic 
arthritis. 

2. J oint instability due to malunited fractures and tr auma 
ligaments 

3. Muscle imbalance, for example polio 

4. Muscle contracture Volkmann's 

5. Facial contracture, e.g. Duypuytren's contracture 

6. Skin contractures 

7. Injury of growth plate may cause secondary joint 
deformity. 

Bowing deformity : It may be due to malunited fractures, 
diseases like rickets, and pathological fractures, bowing 
deformities may be due to rickets, osteogenesis imperfecta, 
Paget's disease, fibrous dysplasia. 

Soft tissue contractures may be due to burns, injury or 
infections. 

Stiffness: It may be in many joints, rheumatoid arthritis 
ankylosing spondylitis or in a single joint due to 
tuberculosis or extraarticular fracture. Morning stiffness 
of small joints of the hand is one of the cardinal signs of 
rheumatoid arthritis. 

Swelling : It may be in the soft tissues, bone or joint. It is 
important to carefully localize anatomical plane of the 
swelling. Carefully examine the swelling for température, 
tenderness, size, shape, any extension in the anatomical 
compartments, surfaces, edge, consistency, fluctuations, 
compressibility, pulsatility, fixity of the swelling to mucle, 
bone or surrounding structures. Consistency can be judged: 
as muscle is soft like lipoma or cold abscess. Contracted 
muscle is firm like fibroma. Subcutaneous bone is hard 
like bone tumor. When one presses hemangioma and 
release the pressure, it gradually returns to the original 
size. False or true aneurysm is pulsatile. It is important to 
find from which tissue the swelling has arised and its 
anatomical plane. If the swelling is in the subcutaneous 
plane, the skin can be pinched. If the swelling is subfascial 
and over the muscle, it becomes more prominent. When 
the swelling is in the muscle, and the muscle is made taut 
by contracting, the swelling can be moved in the direction 
at right angle to the muscle fibers but not in the direction of 
fibers. 

Instability: Instability of a joint is usually due to injury to 
ligaments, malunited intraarticular fractures and laxity of 
the joints. 


Neurodeficit: Neurodeficit may be sensory or motor or both. 
It may be due to pressure on the nerve or nerve roots due to 
prolapse intervertébral disk or tumor or may be due to 
nerve entrapment in fibrosseous tunnel as in carpal tunnel 
syndrome. 

Laxity of joint: Abnormal degrees of laxity of a joint can be 
tested. The causes of joint laxity are: Marfan's syndrome, 
Ehlers-Danlos syndrome, and osteogenesis imperfecta and 
acromegaly. Laxity in joints are seen after excessive 
corticosteroid therapy and may be familial. 

Discharging wound : How it started, type, color and nature 
of discharge, intermittent or continuous, painful or 
painless, any history of indigenous applications or 
cauterization and any history of bony spiculés in the 
discharge ulcers and sinuses must be carefully studied. 
Colored granules (sulfur granules) indicate Madura foot. 
Sinogram leads to the exact site of the lésion. 

Limb length discrepancy (LLD): Limb length discrepancy may 
be due to multiple causes like poliomyelitis, chronic 
osteomyelitis, malunited fractures, congénital deformities, 
etc. The best way to measure LLD is to use blocks under 
the short limb and make anterior superior iliac spines 
parallel to the ground and measure the height of the block. 
Long cassettes, i.e. 51" x 14" are now available to take 
radiographs from hip and ankle. 

Constitutional features: Like fever, anorexia, constipation, 
headache, urinary trouble, eye trouble, night pain and 
swelling. 

Cramps: Cramps and cramp-like complaint in both calves 
are not uncommon. There can be several causes, which 
may be spécifie or nonspecific. Claudication should be 
differentiated from the cramps. In claudication (vascular, 
e.g. Buerger's phenomenon, neurogenic, e.g. spinal stenotic 
syndrome), the patient feels gradually ensuing catch in 
both calf muscles after some walking. The walking distance 
before the symptoms start appearing, gradually decreases. 
The claudication of spinal origin usually disappears after 
sitting or bending forward in chair, while that of vascular 
origin requires rest from walking for relief. 

In cramps, the patient feels a sudden painful catch in 
the calf muscles, which almost disappears within a few 
seconds—either foliowing local massage or rest or itself— 
leaving behind a dull aching pain lasting for few hours to 
a day or two. Constipation, overexertion and walking 
without habit can also induce these cramps. However, 
symptoms like cramps can also be seen in vague ankylosing 
spondylitis, thyrotoxicosis, metabolic diseases, myo¬ 
pathies, and dépressive syndromes in adults. The 
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nocturnal cramps in the lower extremities of the elderly 
are quite characteristic in being relieved or prevented by 
the taking of quinine dérivatives. 1 

Any other complaints even unrelated to orthopedics 
should be noted chronologically. 

History of Présent lllness 

Let the patient narrate the story of his or her ailments in 
his or her own words from the beginning to the présent 
condition. Pick up the salient points. Dilate on each point 
with relevant leading questions. Any history of injury or 
febrile attacks must be explored through leading questions. 
Treatment received for the présent complaints should be 
noted in detail (Table 1). 

In case of injury: Enquire about its mode and nature, and if 
associated with any abnormal sounds. 

Modes of injury 

1. Direct hit 

2. Indirect injuries. 

• Rotational strains (e.g. fracture neck fémur) 

• Violent muscle pulls (e.g. fracture of patella) 

• Compression injuries (e.g. compression fracture of 
vertebra). 

In case offall: Height of fail, surface on which fallen, level of 
consciousness after falling, if he or she could stand up or 
walk or even take weight on the affected side or not 
following the injury, immédiate posture after injury, any 
manipulation at the site of injury by himself, her self or any 
one else. 

After the injury 

• Mode of transportation to home or hospital 

• Attempts by bone setters or quacks and/or any other 
treatment given 

TABLE 1: History and record chart 


Fever: Onset, any associated, rigor, range of température, 
continuous or intermittent. If only at particular time, e.g. 
in the evening, sweating, response to treatment, and 
accompanying symptoms. 

Enquire about appetite, polyuria, loss of weight. 

History of Past lllness 

Any earlier injury, history of earlier infections, specially 
tuberculosis, syphilis, leprosy, pyogénie, average duration 
of bleeding after any eut, any particular treatment received. 

Personal history: Occupation, any tobacco/drug habit, 
Personal hygiene, hobby, sensitivity or allergy to any drug 
or object. 

In case of females—Marital stauts, number of children, 
any gynecological complaints. 

Family history: Any familial incidence related to the recent 
complaints, tuberculous infection in family, any hereditary 
disorder (Figs 1 and 2). 

Social history 

• Economie background, status of living 

• Topographical surroundings 

• Barriers in and around home 

• Education in the family. 

Examination 

• General examination 

• Régional examination 

• Local examination. 

General Examination 

1. Look, intelligence, built, any spécial posture, pallor, 
cyanosis, edema, puise, température, blood pressure, 
jaundice, lymph glands 


Name 

Address: 

Age S ex 

Marital status and family. 

Photographie records with dates 

Race 

Religion 

Occupation 

Registration No. 
Complété Postal 

Téléphoné 

Complaints 

• Pain 

• Deformity 

• Disparity of limb length 

• Swelling 

• Any other 






History of présent illness Analysis of relevant points 

History ofpast illness Trauma, tuberculosis, syphilis, gonorrhea, bleeding diasthesis. 

Personal history Addiction, immunization, allergy or sensitivity to drugs, éducation, hobby. 

In case of females Any gynecological disorder, number of children. 

Family history and social status Social status, hereditary disorder, économie status, infectious disease. 
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Fig. 1 : A family of five, ail having deformities of the limbs due 
to osteogenesis imperfecta—hereditary familial disorder 




____1._I 

Fig. 2: Group photograph of available family members show- 
ing multiple exostosis, familial incidence had been followed 
up to four générations 

2. Attitude: While entering the examination room, note 
the first impression and posture (general, régional, 
local) 

3. Attitude of standing 

• W ith f ull weight 

• With partial weight 

• With support. 

If patient can stand, also perform Trendelenburg's 
test. 

4. Gait 

a. Limp or lurch 

b. Spécifie gait 

• Waddling 

• High stepping 

• Hémiplégie (spastic) 

• Ataxie 

• Scissors 

• Festinent/short shoffling gait (Parkinsonism) 


• Lathyriatic 

• Stamping 

• Knock knee. 

Systemic Examination 

1. Skull and face: Contour, swelling, decubitus ulcer, and 
any stigmata (of syphilis, rickets, etc.) 

2. Neck Lymph nodes, venous engorgement, any swel- 
ling 

3. Cardiovascular System: Puise, blood pressure, heart 

4. Respiratory System: Thoracic cage, rib contour, chest 
expansion, abnormal shape of chest (fiat, barrel, 
pigeon), rib hump, rachitic rosary (Harrison's sulcus, 
scorbutic rosary) 

5. Abdomen: Liver, spleen, kidney, any lump, iliac fossae, 
any abnormal finding 

6. Central nervous System 

• Higher mental functions 

• Cranial nerves 

• Motor System—power, bulk, tone, reflexes, coordi¬ 
nation, involuntary movements 

• Sensory System 

7. Genitourinary System 

8. Endocrinal functions. 

Régional Examination 

The examination of the part complained of only, does not 
complété the examination, because sometimes the 
symptoms felt in one part hâve their origin in another. For 
example, pain in the leg is often caused by a lésion in the 
spine, pain in the knee may hâve its origin in the hip, a 
pain or tingling and numbness in hand may hâve its origin 
in the cervical spine. Hence, régional examination is 
necessary. 

• For lower limb, examine lumbar région to tip of toes 

• For upper limb, examine cervical région to tips of 
fingers 

• For trunk examine as a whole (and the supply région if 
cord is involved) 

• Also examine the régional lymph nodes. 

Local Examination 

Inspection (look for) 

1. Posture of the patient and position of part/limb— 
attitude 

2. Inspect from different sides 

3. Normal anatomical points 

• Bony 

• Softtissue. 

4. Skin 

• Color 

• Texture 
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• Erythematous changes 

• Puckering 

• Café-au-lait spots 

• Tattoo marks 

• Patch/vaccination scar. 

• Superficial cuts or scars (linear scar with/without 
suture mark—usually operative scar, irregular 
scar—injury, broad, adhèrent puckered scar—old 
suppuration) 

• Warts or callosities. 

5. Muscle condition 

• Swelling 

• Wasting 

• Spasm 

• Contracture 

• Fasciculations. 

6. Vascular 

• Venous prominence 

• Pulsation 

• Varicosities Fig- 3: Extensive linear gas along muscles and soft tissue 

7. Abnormal findings, e.g. swelling, sinus. planes-in gas gangrené 



Palpation 

1. Superficial (touch): Skin condition, température, sensa¬ 
tion, superficial tenderness, anatomical points—bony, 
soft tissue, induration (edema)—regional/local, 
arterial pulsation, crepitus (may be due to entrapped 
gas, e.g. in surgical emphysema, gas gangrené (Fig. 3), 
fracture, tensoynovitis) 

2. Deep Palpation (feel): It can be tested by direct pressure, 
indirect twist, and deep thrust. 

Deep tenderness: Tenderness of a bone, joint or soft tissue 
can be classified in four grades according to the reaction 
(facial and verbal) of the patient during examination for 
tenderness. 

Grade I—The patient says that part is painful on 
pressure. 

Grade II—The patient winces. 

Grade III—The patient winces and withdraws the 
affected part 

Grade IV—The patient will not allow the part to be 
touched. 

Deep palpation ofthe bone: Bone should be palpated for 
surface, alinement, deep tenderness, abnormal promi¬ 
nence, disturbed relationship of the normal bony 
landmarks, any crepitus (fracture). 

Deep palpation ofa joint 
Palpate for 

1. Synovial thickening—soft/boggy/doughy feel—any 
tenderness 


2. Joint line—a slit ail around in between the articular 
ends—feel for any tenderness, any abnormal mass 

3. Fluid in the joint—yielding/cystic/fluctuant/tense feel 

4. Articular ends—for any tenderness, roughness, 
crepitus 

5. Adjoining bones—for any thickening, expansion, 
crepitus irregularity, tenderness. 

Palpation offossae (if any) 

Palpation of muscles: Girth, feel, tone and pliability of 
muscles 

Examination ofany swelling should be in details— skin 
over the swelling, size, margin, shape, vascularity, 
tenderness, consistency, fixity, deeper relations, mobility, 
fluctuation test, transillumination test (if cystic). 

Examination ofany sinus 

• Number, site, relation with deeper tissues, relation with 
skin, margin discharge—intermittent/continuous, 
color, relation with pain, possible source, any bony 
spiculé, nature of scar (if healed). 

• Sinus tract—feel, traceability to parent site, fixed to bone 
or mobile. Probing should be avoided. 

Springing 

To elicit pain at the site of lésion by intermittently 
compressing the distant part of the parallel bones, e.g. in 
fracture of the neck of radius pain can be elicited by 
compression the lower forearm. 

Transmitted movement: In case of fractures, feel for 
transmitted movements across the fracture site. 
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Percussion (tap) : Specially over the bone is suspected crack 
fracture, over the spinous processes to elicit tenderness in 
spine. 

Auscultation (hear) 

• If needed, e.g. for systolic bruit (hemangioma) 

• May be of value in localizing crépitations, snaps, mild 
frictional rubs in joints. 

Measurements 

1 . Linear measurements 

2. Circumferential measurements. 

Linear measurements 

1 . Apparent measurement 

2. True measurement. 

Apparent measurement 

• Make the limbs parallel to each other and to the trunk 

• Handle the unaffected limb to make the limbs parallel 

• Measure from any fixed central point to the most distal 
sharp bony point of the long limb bone. 

Therefore, in the lower limb, measure from: 

• Manubrium sternum, xiphisternum or umbilicus to the 
tip of the médial malleolus. 

In the upper limb from vertébral prominence (C 7 ) to 
radial styloid. 

True measurement 

• Reveal the concealed def ormity by handling the affected 
limb 

• Limbs to be kept in identical position 

• Measurement is ipsilateral and then comparison with 
the other side is done. 

Lower limb 

1. Total length—from anterior superior iliac spine to 
médial malleolus 

2. Segmentai length 

• Anterior superior iliac spine to knee joint line (thigh 
length) 

• Médial knee joint line to médial malleolus (leg 
length) 

• The components of thigh length are measeured as 

i. infratrochanteric—tip of greater trochanter to 
knee joint line 

ii. supratrochanteric—indirect measurement, e.g. 
Bryant's triangle. 

Upper limb 

1. Total length—from acromial angle to radial styloid 
process tip 

2. Segmentai length 

• From acromial angle to latéral epicondylar tip (arm 
length) 

• From latéral epicondylar tip to radial styloid process 
tip (forearm length). 


Circumferential measurements 

1. At affected point—for any swelling 

2. At fixed distances, proximal and distal, from the 
affected part 

• for muscular wasting 

• for muscular hypertrophy. 

3. For disorganized joint. 

Across measurements (for cross check-up of measurement) 
In identical position of the limbs. 

• From left anterior superior iliac spine to right médial 
malleolus tip 

• From right anterior superior iliac spine to left médial 
malleolus tip. 

Movements: (Ask to perform—Active, performed by others— 
passive) 

Always compare with the opposite joint. In general, 
the range of movements at any joint, is more in females 
than males. First look for ankylosis or stiffness of the joint. 
Ankylosis (no apparent movement in a joint). 

Type of ankylosis 

1. Bony—no movement even on using force 
(true) 

• No pain 

• Bony trabeculation across the joint in radiograph 

2. Fibrous (jog of movement) 

• Pain on using force 
(False) 

• Slight yield on using force 

• Joint line visible in radiograph. 

Stiffness in the joint (i.e. joint in which complété move¬ 
ments cannot be obtained—either active or passive): 
Limitation of movements can be: 

1. In ail directions due to arthritis 

2. Not in ail directions due to synovitis and/or spasm of 
muscles 

3. Fixed movement in one or more direction due to fixed 
deformity. 

Limitations of movements are painful in active arthritis 
and painless in healed ones due to short fibers (fibrous 
bondage). 

Types of Joint Stiffness (Table 2) 

1. Extraarticular 

2. Intraarticular 

If no ankylosis, assess the movements in various 
planes 

• Sagittal plane—flexion/extension 

• Coronal plane—abduction/adduction 

• Rotational plane—external / internai, supination / 
pronation 
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TABLE 2: Types of joint stiffness 

Extraarticular ïntraarticular 


1. Obvious évidences of extraarticular tightness or adhesion 
like scars subcutaneous fixity, musculotendinous contracture, 
sinus tract in vicinity 

2. Joint line is usually nontender, except when any inflammatory 
process lies over the joint line 

3. Painless range of free movements active and/or passive 

4. On radiography joint space sharply defined and clearly visible, 
articular ends nearly normal 

5. Dealing with the contracted extraarticular tissues, releases 
the stiffness 

6. Manipulation under general anesthésia 
is not helpful in mobilizing the joint 


No obvious scar, adhesion, sinus or contracted tissues. 

Joint line tender 

Possible movements are usually paintul, especially at the extremes 
Joint margins fluffy, joint space reduced. Articularing bony ends 
usually osteoporotic with or without évidences of underlying 
pathology 

Dealing with the extraarticular tissues does not release the stiffness 

Manipulation, mobilize the joint. Arthroplasties of different types 
are usually required for mobilizing the joint 


For each movement 

• Fix the zéro position 

• Mark lag of movement (usually extensor lag) 

• Assess angle of fixity of any movement (e.g. fixed flexion 
deformity) 

• Range of active movement 

• Range of passive movement 

• Range of utility or activity—free active movement 

• Range of possibility—free active movement and free 
passive movement 

• Any pain during the movement—if painful focus is in 
the vicinity of the joint (not in the joint), patient will 
still be reluctant to initiate active movement. Taking 
the patient in confidence, passive movement can be 
demonstrated to variable range, in such cases. 

• Limitation of terminal range 

• Achievement of "critical arc" 

• Achievement of ADL (activities of daily living) 

• Any abnormal movement (e.g. hypermobility in 
neuropathie joint, e.g. Charcot's joint 

• Any abnormal sound during the movement (heard/ 
felt) 

• Assess the power of controlling muscles. 

Active movement at a joint: Movement produced by 
patient himself or herself without any assistance. 

Passive movement: Movement produced at a joint either 
by patient's other limb and/or examiner. 

Fixed deformity: It is a fixed position of a joint from where 
the limb cannot be brought back to neutral position, but 
further movement in the same axis (direction) may be 
possible. 

Normally active and passive ranges are equal. 
Passive range is more than active in 

• Paralyzed joint 

• Lax/torn 

i. Capsule 

ii. Ligament 


iii. Tendon 

iv. Muscle 

• Subchondr al / condy lar fracture. 

Test for any laxity or tear of the aforesaid components. 

Critical arc: For any joint, the minimum range of active 
movement, which is necessary for the important functions 
of the joint. 

Activities of daily living (ADL): The bare minimum 
necessary for daily living, like—eating, clothing, cleaning 
the private parts and minimum necessary mobility. 

Power of Controlling Muscles (Table 3) 

The assessment should be accurate from prognostic point 
of view. According to Medical Research Council (MRC) 
scale, muscle power is grouped under five grades. We feel 
that each grade is further divisible into four quadrants, 
depending upon lag of completion of full range, the déficit 
canbe assessed as e.g. "2 ", "2—", "2—", "2". 

Spécial tests: Pertaining to individual joints. 

Heel Walking/Toe Walking 

If the patient can walk, quick inferences can be drawn by 
making him or her walk on heels and toes alternately. 

If he or she can walk swiftly in both positions without 
any complaints, probably there is no serious affection in 
the lower limbs including its neuromuscular control. 

Erect posture along with integrity of the hip, knee ankle, 
and foot are essential for painless, quick, heel/toe walking. 

Any limb length disparity will obviously affect these 
walking and any inequality will be apparent. 

If patient cannot walk swiftly, there are two broad 
probabilities. 

1. If there is inability/ difficulty in walking on heels, it 
maybe due to: 

a. Weakness of muscles and/or abnormal joint 
condition 








Introduction and Clinical Examination 11 


TABLE 3: Power of controlling muscles 

MRC seule 

Suggested sub-grouping 

0—Not even flicker of contraction 

1— Flicker of contraction 

2— Contraction of muscles with no assistance and gravity 
éliminated, but moving the joint to full range 

3.—Contraction of muscles against gravity but with no résistance, 
moving the joint to full range 

4— Contraction of muscles against gravity and with 
moderate résistance, 

5— Normal 

0 

1 

Depending upon lag of completion of full range 

2—, 2—, 2-, 2 

Depending upon lag of completion of full range 

3— , 3—, 3-, 3 

Depending upon lag of completion of full range 

4— , 4—, 4-, 4 

Depending upon lag of completion of full range 

5— , 5—, 5-, 5 

(While '5' is normal, the rest are subnormal in that order) 


i. weakness of dorsiflexors of ankle, stiffness of 
the ankle joint, 

ii. probably weakness in quadriceps femoris and 
erector spinae, unstable hip 

b. Pain This may be felt due to any of the following 
pathologies 

i. Pain in back of thigh, knee and leg—due to 
sciatic stretch 

ii. Pain in sacroiliac région, in hip région— 
(affection of the joint line, e.g. trauma, tuber- 
culosis) 

iii. Back of the knee, e.g. in cases of trauma— 
posterior cruciate lésion, condylar fracture/ 
crush of tibia (upper end) 

iv. Pain at ankle—in any traumatic, inflammatory, 
degenerative or neoplastic condition 

v. Pain at heel—any cause of painful heel 
syndrome 

2. If there is inabïlity difficulty in walking on toes , it may be 

due to : 

a. Weakness of muscles and/or abnormal joint 
condition 

• Weakness of plantar flexors, stiffness of ankle 
(except wherein equinus), genu recurvatum, 
unstable hip 

b. Pain Pain in the forefoot—trauma, metatarsalgia, 
inflammatory lésion. Usually pain in ankle is not 
complained of in early affections because the gravity 
line falls forwards. 

• If pain is in knee région—in case of trauma— 
probably anterior cruciate involvement, 
involvement of anterior horn of semilunar 
cartilage, affection of quadriceps apparatus. 

Peripheral Circulation 

Impaired peripheral arterial circulation may produce 
symptoms in a limb, especially in lower limb. So, a 
thorough examination should be done to assess the State 


of circulation, which is done by examination of the color 
and température of skin, the texture of skin and nails and 
by palpating for arterial pulsation, which must always be 
compared with opposite side. 

Peripheral Nerves 

(e.g. latéralpopliteal nerve, ulnarnerve, etc.) 

• Tenderness 

• Thickening 

• Beading 

• Irritability 

• Detailed muscular and sensory charting. 

Investigations 

1. General investigations 

2. Spécial investigations 

3. Electrical investigations 

4. Radiological and allied investigations. 

General Investigations 

• Routine hemogram 

• Erythrocyte sédimentation rate (ESR) 

• Routine urine examination 

• Stool examination 

• Grouping and cross-matching of blood (also for AIDS 
and hepatitis B). 

Spécial Investigations 

Sérum biochemistry, e.g. sugar, urea, calcium, phosphorus, 
alkaline and acid phosphatase, fluorine, créatinine. 

• Serology—Washerman's reaction (WR), Kahn, VDRL, 
rheumatoid factor (Rose-Waaler test) 

• Aspiration of any collection and its examination— 
physical, Chemical, cytological, serological, culture and 
sensitivity, inoculation test. 

• Footprint/handprint 
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• Arthroscopy (diagnostic / ther apeutic—knee, shoulder, 
ankle, elbow, and even IP joints). 

Arthroscopy: Nowadays, arthroscopy is being widely used 
to diagnose and variably deal the pathology (mainly 
traumatic) affecting the interior of the joints. It is 
particularly useful for the knee. 

• Biopsy 

i. FNAC (Fine-needle aspiration cytology) 

ii. Needle biopsy 

iii. Open biopsy. 

Electrical Investigations 

1. Electrocardiography (ECG) 

2. Electroencephalography (EEG) 

3. Electromyography (EMG) 

4. Strength duration curve 

5. Nerve conduction test 

6. Electrophoresis. 

Radiological and Al lied Investigations 

Plain Radiography , xeroradiography (by photoelectric 
process, the conventional radiograph exposure is recorded 
as positive image) 

1. Routine projections 

• Anteroposterior view 

• Latéral view 

• Oblique view 

2. Spécial projections 

• Axial view 

• Stress radiography 
Contrast radiography: 

• Air contrast radiography 

• Radiopaque dye contrast radiography (water 
soluble (metrazimide), oil soluble) 

• Myelography 

• Radiculography 

• Diskography 

• Arthrography 

• Sinography 

• Venography 

• Arteriography 

• Cystography 

• Lymphangiography. 

Tomography radiograph taken after being focussed at a 
desired depth 

Stereoscopic Bi dimensional picture studies 
Cine-radiography 

Scintigraphy (radioactive isotope studies or 
radionuclide studies) 


Ultrasonic scanning 
Computer-assisted tomography 
Computerized tomography and intrathecal low 
osmolarity contrast media studies. 

Nuclear magnetic résonance (NMR) imaging or 
magnetic résonance imaging (MRI)—in order to avoid 
using the word nuclear, which induces fear, the changed 
terminology is MRI 

Spinal cord monitoring—recording of somatosensory- 
evoked potentials (SEP) 

Meterecom (a 3-D skeletal analyzer)—A précisé, 
computer-based, noninvasive, 3-dimensional digitizer 
designed to access bony landmarks, at any point on the 
body for various patient's positions. 

Clinical Diagnosis 

Thorough clinical examination leads to more or less 
accurate clinical diagnosis. However, in certain situations, 
this may not be possible. In such conditions, provisional 
diagnosis with immédiate differential diagnosis should 
be mentioned. The most probable provisional diagnosis 
should be reached by the process of élimination, starting 
from the common to rare conditions. 

In expressing the diagnosis of the disease, it is essential 
to make it a complété expression under the following 
headings: 

1. Duration 

2. Anatomical site affected 

3. Causative pathology with its stage of advancement 

4. Any obvious complication 

5. Any particular treatment given 

6. Affection of the patient's routine life, specially the 
activities of daily living (ADL), e.g. 

i. 5-month-old, untreated, advanced tuberculous 
arthritis of right hip joint with discharging sinus, 
and patient not able to perform ADL, 

or 

ii. 7-weeks-old conservatively managed traumatic 
ununited fracture of neck of left fémur with 2 cm of 
supratrochanteric shortening and patient not able 
to perform ADL. 
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Polytrauma has been defined as a multisystem, multiorgan, 
post-traumatic insult with profound pathophysiological 
and metabolic changes. The management of polytrauma 
patients has changed considerably during the past century. 
Advances in fields of fracture fixation techniques and 
intensive care hâve ail contributed to better treatment of a 
polytraumatized patient. 

Prior to the 1970, early surgical fracture stabilization 
of long bone fractures after multiple trauma was not 
routinely advocated. It was believed that the multiple 
injured patient did not hâve the physiological reserve to 
withstand the prolonged operations. The introduction of 
standardized, definitive surgical protocols, led to the 
concept of early total care (ETC) in the 1980s. This concept 
was subsequently applied universally, in ail patient 
groups, regardless of injury severity and distribution. In 
the following decade, it was recognized that early 
stabilization of skeletal injuries produced poor results in 
certain critically ill patients. This particularly applied for 
patients with significant thoracic, abdominal and head 
injuries and those with high injury severity scores (ISS). In 
response, the concept of damage control orthopedics (DCO) 
was developed in the 1990s. DCO methodology is 
characterized by primary, rapid, temporary fracture 
stabilization. Secondary definitive management follows, 
once the acute phase of systemic dist balance has passed. 
In the current chapter, we outline the évolution of treatment 
strategies for major fractures in polytrauma and the current 
trends towards staged management of these patients. 

HISTORICAL PERSPECTIVES 

There has been a consistent change in the management 
protocol of multiply injured patient over the last century. 
This has followed the advances in pre-hospital care, 
resuscitation, implants and intensive care medicine. 


Before the 1950s the surgical stabilization of fractures 
of the long bones was not routinely performed. The 
polytraumatized patient was not considered physio- 
logically stable to undergo any surgical procedure —too 
sick to operate on. Many surgeons cited fat embolism 
following manipulation of fractures as one of the 
justifications for non-intervention. 1 At the same time, 
surgical techniques available for fracture fixation were few. 
Moreover, there were reports by some surgeons that 
fracture fixation performed late up to 14 days yielded better 
results, 2,3 operations were therefore delayed or avoided. 

The management of fémoral fractures with a Thomas 
splint illustrated the importance and benefits of skeletal 
stabilization resulting in the improved survival of the 
patients. 4 The routine introduction of immédiate Thomas 
splinting of soldiers with gunshot wounds of the fémur, 
during the First World War, reduced mortality from this 
injury from 80% to about 20%. 5 

In the latter half of the 1960s and early 1970s, there 
were several reports that early skeletal stabilization had a 
bénéficiai effect on pulmonary function and postoperative 
complications. 6,7 Johnson et al demonstrated that a delay 
of more than 24 hours in the stabilization of a major fémoral 
fracture was associated with a five fold increase in the 
incidence of adult respiratory distress syndrome (ARDS). 8 
They also noted a significant relationship between the 
incidence of ARDS and mortality reflecting evidence that 
patients with higher ISS scores tended to develop ARDS. 

Bone et al performed the first prospective randomized 
trial on 178 patients with an fémoral shaft fracture for 
assessing the effect of early fracture stabilization. 9 He 
allotted fémoral fractures into two groups—those early 
(within 24 hrs of injury) or late stabilized (more than 48 
hrs after injury). The patients in the early treatment group 
had their fractures stabilized immediately, whereas those 
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in the delayed treatment group were placed in traction. 
The study showed conclusive evidence in favor of early 
fracture stabilization with decreased pulmonary morbidity, 
ARDS, fat embolism, pulmonary embolism and pneu- 
monia in the early stabilized groups. The length of hospital 
stay was also reduced in the early osteosynthesis group of 
patients. 

This new philosophy in the management of the patients 
with multiple injuries was named early total care (ETC). 
ETC became accepted as an important element in injured 
patient's care. A new view now prevailed in surgeons - 
too sick not to operate on. Improvements in intensive care 
and newer fracture fixation techniques facilitated the 
concept of ETC. 8 

The exact mechanism by which early stabilization 
contributes to decreased mortality and better pulmonary 
function is unknown, but réduction in the fat embolism 
syndrome, decreased analgésie need and an ambulatory 
patient participating in active réhabilitation are thought 
to play a part. 10 Other important benefits of ETC are pain 
relief, and the fact that the procedures are being performed 
when the patient is still in optimal nutritional State 
resisting any hospital acquired infection. 8 The optimal 
time, therefore, for any surgical intervention is in the first 
24 hours postinjury. 10 

In the early 1990s, a variety of unexpected compli¬ 
cations related to the early stabilization of fractures were 
described. 11,12 The term "borderline' patient was first used 
by Pape et al. 11 They conducted a rétrospective study of a 
sériés of polytrauma patients with an ISS greater than 18, 
and fémoral shaft fractures treated by reamed intra- 
medullary nailing. They found that early intramedullary 
nailing in patients without thoracic injury was associated 
with lower rates of pulmonary complications. By contrast, 
patients with severe thoracic trauma had poor outcomes 
after primary intramedullary nailing, with development 
of ARDS. Similar findings of a multicenter study by the 
AO foundation reinforced this concern. 13 This led to the 
conclusion that the method of fracture stabilization and 
timing of surgery may hâve contributed in the pathogenesis 
of such complications. 

With further reports substantiating above data 14,15 and 
on the basis of laboratory findings, "patient at risk' or 
"borderline' patients were identified which hâve potential 
to do particularly badly with ETC (Table l). 16 Thus, 
patients with a high ISS and significant thoracic, 
abdominal and head injuries formed a subgroup in whom 
ETC approach was detrimental. 

This borderline phenomenon has been explained on 
the basis of a two hit theory. 18 The type and severity of 
injury, the first hit phenomenon, may prédisposé the 
borderline patient to deteriorate after surgery. Furthermore, 
the type of surgery, the second hit phenomenon, poses a 


TABLE 1 : ‘Borderline’ patient or ‘patient at risk’ 16 

1. Multiple injuries with injury severity score > 20 with additional 
thoracic trauma AIS > 2 

2. Multiple injuries with abdominal/pelvic trauma and initial 
systolic blood pressure < 90 mmHg 

3. Injury severity score > 40 

4. Radiographie evidence of bilateral pulmonary contusion 

5. Initial mean pulmonary arterial pressure > 24 mmHg 

6. Pulmonary artery pressure increase during intramedullary 
nailing > 6 mmHg 


varying burden on the biological reserve of the patient, 
and may prédisposé to an adverse outcome. Numerous 
publications were able to show that surgery caused a 
variety of subclinical changes in the inflammatory System 
which could become clinically relevant with a cumulative 
effect of several impacts were added. 19-21 Massive amounts 
of transfused blood commonly used in the polytrauma 
patients hâve also been implicated as a cause of dépréssion 
of immune System. 22 In response to these observations, the 
concept of damage control orthopedics (DCO) for the 
management of the polytraumatized patient was 
developed. This approach is based on the principle of 
damage limitation and is an attempt to minimize the 
magnitude of the second hit or the inflammatory reaction 
induced by the any major operative procedure. 

THE CONCEPT OF DAMAGE CONTROL SURGERY 

The term "damage control" was originally coined by the 
US Navy in reference to the '"capacity of a ship to absorb 
damage and maintain mission integrity". Rolando et al 
first applied the term "damage control surgery' to the 
management of patients with penetrating abdominal 
trauma. 24 They found that in a small subset of patients 
with major vascular injury and at least two viscéral injuries 
survival was improved by an initial laparotomy to deal 
only with hemorrhage and contamination, followed by 
intraperitoneal packing and rapid closure, resuscitation 
to normal physiology, and subséquent definitive surgery. 
This practice resulted in improved survival rates after 
penetrating abdominal injury. Based on the concept of 
damage control surgery, the application of the same 
principles to the management of the multiply-injured 
patients with associated fractures of the long bones and 
pelvic fractures was termed "damage control orthopedics". 

The DCO consists of three stages (Table 2), the first 
stage involves early temporary stabilization of fractures 
and hemorrhage control. Intracranial lésions, if indicated, 
can be decompressed at the same time. The second stage 
involves resuscitation of the patient to stable physiological 
State in the intensive care unit and optimization of his 
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TABLE 2: Damage control principles algorithm 

Borderline patient 
or 

Patient at risk 

Stage 1: Early temporary stabilization 
of fracture and hemorrhage control 
intracranial décompression, if necessary 

1 

Stage 2: Resuscitation and patient optimization 

Stage 3: Definitive stabilization (after day 4) of fractures 


condition. In the third stage delayed definitive management 
of fractures is undertaken and is postponed until the 
second stage is complété. 23 

The favored technique for temporary stabilization of 
fractures is usually an external fixator. This can be rapidly 
applied for stabilizing of fractures and avoids any 
additional stress on the patient. There are several criteria 
on which the stable physiological State of the patient is 
determined in the second stage. The patient is considered 
optimized when there is stable hemodynamics, stable 
oxygen saturation, the sérum lactate level < 2 mmol / liter, 
there are no coagulation disturbances, the patient is 
afebrile, and there is adéquate urinary output. 17 The third 
stage of definite fracture fixation, usually entails 
intramedullary nailing (especially for fracture fémur) and 
is carried out when the patient condition is optimized. 

Two recent studies hâve supported the success of this 
approach in multiple injured patients. Scalea et al 25 
reviewed patients who had fémoral fractures treated with 
either primary intramedullary nailing, or an external 
fixation. They found that the patients treated with external 
fixators tended to be more severely injured. The operative 
time and overage blood loss was less with external fixation 
than with nailing. Most of the cases in the external fixation 
group had subséquent conversion to intramedullary 
nailing. They concluded that external fixation of fémoral 
fractures in patients with multiple injuries followed by 
early intramedullary nailing was a viable method of 
treatment and afforded ail the benefits of early fracture 
stabilization with none of the potential complications. In 
the second study Nowotorski et al 26 echoed the 
advantageous effect of delayed definitive fixation for mana¬ 
ging fractures of the shaft of the fémur in appropriately 
selected cases. 

There is some concern regarding the increased risk of 
infection and optimal time for conversion of external 


fixation to intramedullary nailing. Rates of infection after 
conversion of external fixation of the fémur to 
intramedullary nailing range between 1.7% and 3% 25,26 
and are comparable to those for several sériés for primary 
intramedullary nailing of the fémur. 27,28 Bhandari et al 29 
after analyzing several studies examining conversion of 
external fixation to intramedullary nailing in the lower 
limb, found that the rate of infection decreased significantly 
when the interval between the two procedures was less 
than 14 days. Pape et al 30 assessed the levels of the 
proinflammatory cytokine interleukin-6 (IL-6) to predict 
for development of multiple organ dysfunction. They 
showed that patients who underwent definitive surgery 
at 2-4 days post-injury developed a significantly increased 
inflammatory response compared with those who were 
operated on 5-8 days post-injury. They report a high 
association between the combination of high initial IL-6 
measurements and the secondary surgery on days 2 to 4 
and the development of multiple organ failure. It was 
concluded that the definitive operation should be delayed 
until after the fourth day from initial surgery. 

These studies indicate that conversion of external 
fixation to intramedullary nailing can be performed safely 
within the first two weeks and has a very low rate of 
infection. 

THE ALGORITHM OF 
DAMAGE CONTROL SEQUENCE 

Most fracture surgeons now agréé that there are certain 
patients in whom definitive early skeletal fixation is 
contraindicated. The severity of the injuries sustained and 
the clinical condition of the patient dictate the major factors 
governing the line of treatment in polytraumatized 
patients. The 'borderline, (see Table 1) condition as 
described above is a useful guiding tool. Other parameters 
which prédisposé to adverse outcome in polytraumatized 
patients are hypothermia, coagulopathy, multiple fractures 
in long bones, fracture fémur and patients presenting with 
lung or chest pathology, 31,32 several biochemical markers 
can now be used to détermine patients at risk of 
physiological decompensation. These are sérum lactate, 
IL-6, IL-10 and procalcitonin and can be used to aid in the 
decision to carry out DCO. 33 

Damage control orthopedics gives a stepwise approach 
to the management of patients with multiple injuries and 
is designed to take account of the difficulties encountered 
in dealing with patients who are hemodynamically 
uns table. Thus, the concept of DCO entails performing 
initially the least morbid procedures that preserve life and 
prevent death whilst avoiding potentially léthal 
complications, such as ARDS and multiple organ failure. 
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3.1 Joints: Structure and Function 

Manish Chadha, Arun Pal Singh 


The joint is a structural component of the skeleton where 
two or more skeletal éléments meet, including the 
supporting structures within and surrounding it. In 
simpler words it is the point of articulation between two 
or morebones. 

There are approximately 200 bones in human skeleton 
that are connected by joints. The basic purpose of a joint is 
to provide mobility and stability. The structure of a joint 
varies from simple to complex. While more simple joints 
hâve stability as primary function, the more complex joints 
hâve mobility as primary function. 

TYPES OF THE JOINTS 

The joints are broadly classified into three categories. Each 
category has further subcategories. 

1. Fibrous joints (synarthroses—immovable articulations) 

a. Sutures 

b. Syndesmoses 

c. Gomphoses 

2. Cartilaginous joints (amphiarthroses or slightly 
movable articulations) 

a. Symphyses (fibrocartilage) 

b. Synchondroses (hyaline cartilage) 

3. Synovial joints (diarthroses) 

a. Uniaxial 

• Ginglymus (hinge) 

• Trochoid (pivot) 

b. Biaxial 

• Condyloid 

• Saddle 


c. Triaxial 

• Plane or gliding joint 

• Bail and socket 

Table 1 summarizes joints and their examples. 

Synarthroses or Fibrous Joints 

Synarthroses include ail those articulations in which the 
surfaces of the bones are in almost direct contact, fastened 
together by intervening connective tissue and in which 
there is no appréciable motion, as in the joints between the 
bones of the skull, excepting those of the mandible. There 
are four varieties of synarthrosis: sutura, gomphosis , and 
syndesmosis. 

Sutura 

Sutura is that form of articulation where the contiguous 
margins of the bones are united by a thin layer of fibrous 
tissue. This kind of joint is found in the skull only. When 
the margins of the bones are connected by a sériés of 
processes, and indentations interlocked together, the 
articulation is termed a true suture (sutura vera). Sutura 
vera is of three types sutura dentata, serrata, and limbosa. 
The sutura dentata is so called from the tooth-like form of 
the projecting processes, as in the suture between the 
pariétal bones. In the sutura serrata the edges of the bones 
are serrated like the teeth of a fine saw, as between the two 
portions of the frontal bone. In the sutura limbosa, there is 
besides the interlocking, a certain degree of bevelling of 
the articular surfaces, so that the bones overlap one 
another, as in the suture between the pariétal and frontal 
bones. 
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TABLE 1 : Joints types and their examples 


Types of joint Subcategories and examples 


Fibrous joints 

Synarthroses or 

immovable 

articulations 


Sutures: The contiguous margins 
of the bones are united by a thin 
layer of fibrous tissue. 

1. true suture (sutura vera) 

a. Sutura dentata: Suture 
between the pariétal bones 

b. Sutura serrata between two 
frontal bone. 

c. Sutura limbosa: Suture between 
the pariétal and frontal bones 

2. False suture (sutura notha) 

a. Sutura squamosa: Between the 
temporal and pariétal 

b. Sutura harmonia: Between the 
maxillae, or between the 
horizontal parts of the 
palatine bones. 


Syndesmoses: Two bony components 
are joined directly by a ligament, 
cord or aponeurotic membrane. 

E.g. Inferior tibiofibular articulation 


Gomphoses 

Gomphosis is articulation in which the 
surfaces of a bony components are 
adapted to each other like a peg in a 
hole. 

E.g. The articulations of the roots of 
the teeth with the alveoli of the 
mandible and maxillae 


Cartilaginous 

joints 

Amphiarthroses or 
slightly movable 
articulations 


Symphyses: The intervening cartilage 
which connects the two bones is 
fibrocartilage 

E.g. symphysis pubis, articulation 
of adjacent vertébral bodies 


Synchondroses: The connecting 
material between two bones is 
hyaline growth cartilage. 

E.g. Between the epiphyses 
and bodies of long bones 


Synovial joints 

Diarthroses or 
freely movable 
joints 


Uniaxial 

1. Ginglymus (Hinge)— 
Articular surfaces are 
moulded to each other 
in such a manner as to 
permit motion only 

in one plane, e.g. 
interphalangeal joints, 
the joint between the 
humérus and ulna 

2. Trochoid (Pivot)— 

joint where the movement 
is limited to rotation, 
e.g. proximal radioulnar 
articulation, articulation 
of the odontoid process 
of the axis 


Biaxial 

1. Condyloid : An ovoid 
articular surface, or condyle, 

is received into an elliptical cavity 
E.g. wrist joint, metacarpo- 
phalangeal joint 

2. Saddle: Opposing surfaces 

are reciprocally concavo-convex, 
e.g. carpometacarpal joint of the 
thumb 


Triaxial 

1. Plane or gliding joint: Formed by 
the apposition of plane surfaces, 
or one slightly concave, the other 
slightly convex, e.g. the articular 
processes of the vertebrae, the 
carpal joints, the tarsal joints. 

2. Bail and socket the distal bone is 
capable of motion around an 
indefinite number of axes—the hip 
and shoulder. 


When the articulation is formed by roughened surfaces 
placed in apposition with one another, it is termed a false 
suture (sutura notha). Of which there are two kinds: the 
sutura squamosa, formed by the overlapping of contiguous 
bones by broad bevelled margins, as in the squamosal 
suture between the temporal and pariétal, and the sutura 
harmonia, where there is simple apposition of contiguous 
rough surfaces, as in the articulation between the maxillae, 
or between the horizontal parts of the palatine bones. 
Figure 1 shows section across the saggital suture. 

Syndesmosis 

A type of joint in which two bony components are joined 
directly by a ligament, cord or aponeurotic membrane. 


Suturai ligament 



Fig. 1 : Section across the sagittal suture 
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Examples: The shaft of tibia joins shaft of fibula by a 
membrane. This syndesmosis allows slight amount of 
motion with movements of knee and ankle joints. Another 
example of syndesmotic joint is inferior tibiofibular 
articulation (Fig. 2). Here the bones are connected by an 
interosseous ligament. 

Gomphosis 

Gomphosis is articulation in which the surfaces of a bony 
components are adapted to each other like a peg in a hole. 
This is illustrated by the articulations of the roots of the 
teeth with the alveoli of the mandible and maxillae. 

Amphiarthroses or Cartilaginous Joints 

In these articulations the contiguous bony surfaces are 
either connected by broad flattened disks of fibrocartilage 
or hyaline growth cartilages. In this kind of joint the 
cartilage directly unités one bony structure to another 
(bone—cartilage-bone). Cartilaginous joints are of two 
types. 

Symphyses 

It is a type of joint where the intervening cartilage which 
connects the two bones is fibrocartilage. This intervening 
cartilage could be either in form of disk or plate. 

The symphysis pubis is one such joint where two pubic 
bones are joined by fibrocartilage. As the joint is a weight 
bearing joint, therefore, under normal conditions very little 
motion occurs. It is primarily a stability joint. But during 
pregnancy slight widening of the joint occurs to ease the 
passage of the baby through the canal. 

Another example of symphysis joint is articulation of 
adjacent vertébral bodies connected by intervertébral dises. 

Synchondrosis 

It is a type of joint where the connecting material between 
two bones is hyaline growth cartilage. The cartilage forms 
a bond between two ossifying centers of long bone. This is 
a temporary form of joint, for the cartilage is converted into 
bone before adult life. The function of this joint is to permit 
bone growth, provide stability and allow a small amount 
of mobility. Such joints are found between the epiphyses 
and bodies of long bones and skull bones. 

Diarthroses or Synovial Joints 

This class includes majority of the joints in the body. In a 
diarthrodial joint the ends of the bones are free to move in 
relation to each other because there is no cartilaginous 
tissue connects the adjacent bony surfaces. However, the 
bone ends are indirectly connected to each other by joint 
capsule that covers and encloses the joint. 



Fig. 2: An example of syndesmosis 

Ail synovial joints hâve foliowing features: 

1. A joint capsule formed by fibrous tissue. 

2. A joint cavity enclosed by a joint capsule. 

3. Inner surface of the capsule is lined by synovial 
membrane. 

4. Synovial fluid which forms a thin film over the j oint 
surfaces. 

5. Hyaline cartilage co vering the j oint surface. 
Additionally, the synovial joints may hâve accessory 

structures. The joints may be divided, completely or 
incompletely, by an articular disk or meniscus or labrum 
along with fat pads the periphery of which is continuous 
with the fibrous capsule while its free surfaces are covered 
by synovial membrane. The joints may also hâve tendons 
and ligaments within the joint capsule or immediately 
adjacent to the joint. Menisci or disks and synovial fluid 
help to prevent excessive compression of opposing joint 
surfaces. Ligaments and tendons assist in guiding motion 
and also hâve an important rôle in keeping joint surfaces 
together. 

Structure of a Typical Synovial Joint 

A typical synovial joint is depicted in the Figure 3. 

Joint Capsule 

The joint capsule encloses the joint. It is composed of two 
layers. The outer layer is called the stratum fibrosum and 
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Fig. 3: Structure of a typical synovial joint 

inner layer is called the stratum synovium. Stratum 
fibrosum is composed of dense fibrous tissue and 
completely encircles the ends of bony components. It is 
attached to the periosteum of either bones by Sharpey's 
fibers and is reinforced by ligamentous and musculo- 
tendinous structures that cross the joint. It has poor 
vascularity but is rich in innervation by joint recep tors. 


The inner layer is in contrast highly vascularized but 
poorly innervated. Thus, it is insensitive to pain but 
undergoes vasodilation and vasoconstriction when 
subjected to heat or cold. Stratum synovium contains 
synoviocytes, specialized cells which can synthesize 
hyaluronic acid which is found in the synovial fluid. 
Stratum synovium also produces matrix collagen and is 
also involved in transfer of nutrition and waste products. 

Joint recep tors are présent in the outer layer and they 
are involved in détection of rate and direction of motion, 
compression, tension, vibration and pain. Different types 
of joint recep tors are presented in Table 2. 

These receptors act as messengers to the central 
nervous System about the status of the joint. This 
information is essential to provide protection for joint 
structures, to produce controlled movements at the joint 
and to provide proprioreception in static or dynamic State. 

Neurovascular Suppty 

The s nerve supply to a joint conforms well to Hilton's 
law, i.e. the nerves supplying the muscles acting across a 
joint give branches to that joint called articular branches 
as well as to the skin over the area of action of these muscles. 
Thus, the knee joint is supplied by branches from the 
fémoral, sciatic, and obturator nerves. 

The arteries in the vicinity of a synovial joint 
anastomose freely on its outer surface. From the network 
of vessels so formed, branches lead to the fibrous capsule 
and ligaments and to the synovial membrane. Blood 


TABLE 2: Different types of joint receptors 


Receptor 

Location 

Sensitivity 

Distribution 

Group I, 

Golgi ligament 
endings 

Ligaments 

Stretch of ligaments 

Found in most joints except in vertébral column 

Group I-II, 

Ruffini endings 

Outer layer of joint capsule 

Stretch of joint capsule; change in 
joint fluid pressure and changes in 
joint position 

Found in highest concentrations in proximal 
joints 

Group II, 

Pacinian 

corpuscles 

Outer layer of joint capsule 

High frequency vibration; 
accélération; and high velocity 
changes in joint position 

Found in highest concentrations in distal joints 

Group II-III, 

Golgi-Mazzoni 

corpuscles 

Inner layer of joint capsule 

Compression of joint capsule 

Found in knee joint and most likely 
in other joints 

Group IV-V, 

Free nerve endings 

Throughout capsule 
and in ligaments 

Mechanical stress or 
biochemical stimuli 

Found in many joints and ligaments 
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vessels to the synovial membrane are accompanied by 
nerves. 

Synovial Fluid 

Composition of the synovial fluid is almost similar to the 
plasma except that the synovial fluid contains hyaluronic 
acid and a glycoprotein called lubricin. The hyaluronic 
component of synovial fluid is responsible for its viscosity 
and is essential for lubrication of the synovium. It reduces 
the friction between the synovial folds of the capsule and 
the joint surfaces. Lubricin on the other hand is responsible 
for cartilage on cartilage lubrication. Changes in the 
concentration of the either component will affect overall 
lubrication and the amount of friction. 

To the naked eye the normal synovial fuid appear as 
clear, pale yellow viscous fluid. It shows good mucin 
clotting. A joint pathology will alter the color and other 
properties of the synovial fluid as well as its compostion. 
A comparison of joint fluid in normal and pathological 
State is shown in Table 3. Study of synovial fluid changes 
is helpful in making a diagnosis. 

TYPES OF DIARTHRODIAL OR SYNOVIAL JOINTS 

The varieties of joints in this class hâve been determined 
by the kind of motion permitted in each, i.e. number of 
axes about which the gross visible motion occurs. A further 
subdivision of the joints is made on the basis of shape and 
configuration of the ends of the bony components. 
Diarthrodial are mainly of three types: 

Uniaxial Joint 

In this joint the visible motion occurs only in one plane of 
the body around a single axis. The axis of the motion 


usually is located near or center of the joint. As the uniaxial 
joints allow movement only in a single axis they are said 
to hâve 1° of freedom of motion. 

Two types of uniaxial diarthrodial joints are found in 
human body. Hinge joint or ginglymus joint and pivot 
joint or trochoid joint. 

Ginglymus or Hinge Joint 

This joint is called so because it resembles a door hinge. In 
this form the articular surfaces are moulded to each other 
in such a mariner as to permit motion only in one plane, 
forward and backward, the extent of motion at the same 
time being considérable. The direction which the distal 
bone takes in this motion is seldom in the same plane as 
that of the axis of the proximal bone; there is usually a 
certain amount of déviation from the straight line during 
flexion. The articular surfaces are connected together by 
strong collateral ligaments, which form their chief bond of 
union. The best examples of ginglymus are the inter- 
phalangeal joints and the joint between the humérus and 
ulna. Knee and ankle joints are less typical, as they allow 
a slight degree of rotation or of side-to-side movement in 
certain positions of the limb. 

Trochoid or Pivot Joint 

It is a type of joint where the movement is limited to rotation. 
The joint is formed by a pivot-like process turning within 
a ring, or a ring on a pivot, the ring being formed partly of 
bone, partly of ligament. In the proximal radioulnar 
articulation, the ring is formed by the radial notch of the 
ulna and the annular ligament and the head of the radius 
rotâtes within the ring. In the articulation of the odontoid 
process of the axis with the atlas the ring is formed in front 
by the anterior arch, and behind by the transverse ligament 


TABLE 3: Analysis of synovial fluid 

Analysis 

Normal results 

Noninflammatory effusion 

Inflammatory effusion 

Septic Effusion 

Gross Examination 





Volume 

1-4 ml 

Increased 

Increased 

Increased 

Clarity 

Transparent 

Transparent 

Transparent 

Opaque 

Color 

Clear/pale yellow 

Yellow 

Yellow/white 

Yellow/ white/ gray 

Viscosity 

High 

High 

Low 

Low 

Mucin clotting 

Good 

Good/Fair 

Fair/poor 

Poor 

Microscopie Examination 





Leukocytes 

< 300 

< 2000 

2000-80000 

> 80000 

Neutrophils 

< 25% 

< 25% 

25-75% 

> 75 % 

Bacterial smear 

Négative 

Négative 

Négative 

Positive 

Sérum glucose ratio 

0.8-1.0 

0.8-1.0 

0.5- 0.8 

< 0.5 

Protein g/dl 

< 3 

< 3 

< 8 

< 8 

Culture 

Négative 

Négative 

Négative 

Positive 
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of the atlas; here, the ring rotâtes around the odontoid 
process. 

Biaxial Diarthrodial Joints 

A biaxial diarthrodial joint permits the motion in two 
planes around two axes. These joints hâve 2° degree of 
freedom. Condyloid and saddle joints represent biaxial 
joints. 

Condyloid Joints 

In this form of joint, an ovoid articular surface, or condyle, 
is received into an elliptical cavity in such a manner as to 
permit of flexion, extension, adduction, abduction, and 
circumduction, but no axial rotation. The joint surfaces 
are shaped in such a manner that the concave surface of 
one bony component is allowed to slide over the convex 
surface of another component in two directions. The wrist- 
joint is an example of this form of articulation. Another 
example is metacarpophalangeal joint. 

Saddle Joints 

In this variety the opposing surfaces are reciprocally 
concavo-convex. The movements are the same as in the 
preceding form; that is to say, flexion, extension, 
adduction, abduction, and circumduction are allowed; but 
no axial rotation. The best example of this form is the 
carpometacarpal joint of the thumb. 

Triaxial or Multiaxial Joints 

These joints permit movement in three planes around three 
axes. Thus, these joints hâve 3° of freedom of motion. 
Motion at these joints may also occur in oblique planes. 
The two types of joints in this category are plane joints 
and bail and socket joints. 

Plane or Gliding Joints 

These joints permit gliding movement only it is formed by 
the apposition of plane surfaces, or one slightly concave. 


the other slightly convex, the amount of motion between 
them being limited by the ligaments or osseous processes 
surrounding the articulation. It is the form présent in the 
joints between the articular processes of the vertebrae, the 
carpal joints, except that of the capitate with the navicular 
and lunate, and the tarsal joints with the exception of that 
between the talus and the navicular. 

Bail and Socket Joints 

These are the joints in which the distal bone is capable of 
motion around an indefinite number of axes, which hâve 
one common center. It is formed by the réception of a 
globular head into a cup-like cavity, hence the name ball- 
and-socket. Examples of this form of articulation are found 
in the hip and shoulder. 

Function of the Joints 

The structure of joints of humanbody reflects the function 
that they will serve. 

Synarthrodial joints are simple joints and basically 
serve as stability joints though some degree of motion may 
occur. Basic purpose of diarthrodial joints is mobility 
although many of them also provide stability. Together 
with their integrated action they provide an effective 
functioning to the body. 
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3.2 Synovium: Structure and Function 

N Naik 


INTRODUCTION 

Synovial membrane differentiates from the mesenchymal 
tissue around articular disk, clearing the articular surface 
by the fifth month in utero. 


Histology 

Synovial tissue may be fatty, fibrofatty or fibrous and 
contains types I and III collagen. Two types of cells are 
found. 
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Type A macrophage-like phagocytic cells. 

Type B resemble fibroblast and are responsible for the 
sécrétion of hyaluronic acid and protein. The subsynovial 
tissue contains macrophages and fibroblasts and 
precursors of the synovial cells which give rise to the 
membrane after synovectomy. A small number of mast cells 
whose function is unknown are also found. 

There is a rich vascular plexus accompanied by 
lymphatic channels extending up to the synovial 
membrane itself which is formed by a layer of two to three 
cell thickness with no basement membrane. This 
arrangement is presumably to allow ready passage of fluid 
from the capillaries through synovial membrane into the 
cavity. However, the combined effect of the overlapping 
processes, the hyaluronate in the intercellular matrix and 
the capillary wall, restricts entry or exit to substances with 
molecular weight above 150,000. The surface area is 
increased by numerous villous folds which increase the 
area for sécrétion and résorption. 

Synovial Fluid 

• It is an ultradialysate of blood plasma to which 
proteoglycans has been added by local synthesis by 
the joint tissues. 

• It is clear viscous yellow fluid and does not clôt due to 
not containing fibrinogen. 

• It contains 96% water and 4% solutés with a spécifie 
gravity of 1.010 and a pH of 7.3 to 7.6. 

• Normal synovial fluid contains very few cells. 

• Proteins are présent in lower concentration and most 
of it is albumin (approximately two-third). 

The viscosity is lowered in osteoarthritis, aging and 
trauma. The spécifie gravity is reduced in osteoarthritis 
and after trauma. In inflamed joints, the protein contents 
are high and may clôt. 

Joint Lubrication 1 

Boundary Lubrication 

In synovial joints, a spécifie glycoprotein "lubricin" 
appears to be absorbed to each articulating surface and 
prevents direct surface to surface contact, significantly 
reducing surface wear. It dépends exclusively on the 
Chemical properties of the lubricant. 

Fluid Film Lubrication 

Fluid film lubrication is by a layer of fluid between the 
sliding bearing surfaces. The efficiency of the lubricant 
film dépends on its viscosity which is résistant to the flow 
and is defined as the sheer stress in the fluid divided by 
the rate of sheer strain. Viscosity is constant for idéal 


Newtonian fluids, but in most biological fluids it varies 
with flow rate. 

A lubricant with low viscosity produces less viscous 
drag in the bearing but is more likely to be expelled from 
the joint to allow the articulating surfaces to corne into 
direct contact. In human joints, the oscillating nature of 
the joint movements, the flow of synovial fluid into and 
out of the articulating région and the local deformation of 
articulating cartilage under load contribute to a variety of 
mechanisms by which the fluid séparâtes and lubricates 
the articular surfaces. 

Hyaluronate is essential for lubrication of the joint 
surfaces and its removal by hyaluronidase leads to éro¬ 
sion of the surfaces. The mode of action of hyaluronate is 
complex and the mode of joint movement and load. The 
lubricating action of synovial fluid is not viscosity 
dépendent and the molécules during movements without 
loss of its lubricating properties. 

Two classic forms of fluid film lubrication are seen in 
engineering practice. 

• Hydrodynamic lubrication: It takes place by virtue of 
relative motion of the bearing surfaces. When two 
nonparallel rigid bearing surfaces lubricated by a thin 
film move tangentially on one another, a converging 
wedge of fluid is formed which tends to loft the bearing 
surfaces apart, as the motion of the surfaces drags the 
fluid into the gap between the surfaces. 

• Squeeze film lubrication: It occurs when the rigid bearing 
surfaces move perpendicularly towards each other. 
There is a tendency for the fluid to squeeze out from 
between the surfaces which is resisted by the viscous 
forces. Very high fluid pressures are generated which 
can support heavy loads transiently. However, 
eventually the fluid film becomes so thin that contact 
between the bearing surfaces occurs. 

Elastohydrodynamic Lubrication 

When the bearing surfaces are not rigid, the soft material 
deforms under load, and the deformations tend to increase 
the bearing contact area and prevent escape of lubricant 
fluid. 

Boosted Lubrication 

It dépends on the ability of the solvent component of 
synovial fluid to pass into the articular cartilage using 
squeeze film action, leaving behind it a concentrated pool 
of hyaluronic acid protein complex to lubricate the surfaces. 
As the two articular surfaces approach each other, pools 
of lubrication fluid are trapped between asperaties on the 
surface of the articular cartilage. The trapped pool of fluid 
becomes progressively more viscous, so boosting the 
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lubrication. This mechanism may also operate in the 
presence of a sliding load. 

Mechanism of Joint Lubrication 2 

The lubrication mechanisms operating in animal joints 
hâve not been completely elucidated. Boundary lubrication 
appears to be most important when the joint is stationary 
and under conditions of severe loading. As movement 
commences and loading is reduced, there is a transition to 
a mixture of boundary and fluid film lubrication. Under 
these conditions boundary lubrication occurs between 
asperaties, while fluid film lubrication occurs at other 
régions. In this mixed lubrication, it is probable that most 


of the friction is generated in the boundary lubricated areas, 
while most of the load is carried by the fluid film. 

As speed increases, a conversion to elastohydro- 
dynamic lubrication occurs. During slowing, squeeze film 
lubrication begins to operate once again and this continues 
until the limb is at rest. After a period of immobility, 
boundary and elastohydrodynamic lubrication, the 
weeping and the trapped pools Systems are operating to 
an extent as yet undetermined. 
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Fracture healing is a complex physiological process of 
bone régénération. The process involves intégration of 
hematopoietic, immune cells, vessels, periosteum and 
surrounding mesenchymal tissue. 

Although, to a great extent, the cascade of molecular 
events remain unknown, various signaling molécules, 
including growth and différentiation factors, hormones 
and cytokines, participate in this fine orchestra of events. 
Ongoing research in cellular and molecular biology has 
helped us in better understanding of the fracture healing 
process. 

GROWTH FACTORS: GENERAL CONCEPTS 

Growth factors are proteins secreted by cells that act on 
the appropriate target cell or cells to carry out a spécifie 
action. Three types of action are possible: (1) autocrine, in 
which the growth factor influences the cell of its origin or 
other cells identical in phenotype to that cell (e.g., a growth 
factor producedby an osteoblast influences the activity of 
another osteoblast), (2) paracrine, in which the growth factor 
influences an adjacent or neighboring cell that is different 
in phenotype from its cell of origin (e.g. a growth factor 
produced by an osteoblast stimulâtes différentiation of an 
undifferentiated cell), and (3) endocrine, in which the 
growth factor influences a cell that is different in phenotype 
from its cell of origin and located at a remote anatomical 
site (e.g. a growth factor producedby neural tissue in the 
central nervous System stimulâtes osteoblast activity). Thus, 
a growth factor may hâve effects on multiple cell types and 
may induce an array of cellular functions in a variety of 
tissues. 1,2 

The binding of a growth factor to its receptor is known 
as a ligand-receptor interaction. These interactions are very 
spécifie and can range from simple, with a spécifie growth 
factor (ligand) binding to a single cellular receptor, to 


complex, with one or more ligands binding to one or more 
receptors in order to produce a desired ligand-receptor 
effect. 3,4 Once the ligand-receptor interaction is established, 
the receptor is activated and ultimately lead to activation 
of signal transduction System. Part of this signal 
transduction System involves a so-called transcription 
factor, an intracellular protein that is activated as part of 
the signaling pathways initiated by the intracellular 
domain of a receptor. The activated transcription factor 
travels to the nucléus, binds to the nuclear DNA, and 
induces the expression of a new gene or set of genes. It is 
the expression of these new genes by a cell that ultimately 
changes the characteristics of that cell. 3 4 The type of 
activation as well as the spécifie transcription factor varies 
with the target cell, the growth factor-receptor combination, 
and the biological competency of the cell. 

MOLECULAR ASPECTS OF 
FRACTURE HEALING (Table 1) 

There are basically three categories of growth factors 5 : 

1. The acute phase reactants: The group includes inter- 
leukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis 
factor (TNF-a) and other cytokines. 

2. Growth and differentiatingfactors 

3. Angiogenicfactors. 

Acute Phase Reactants 

IL-1, IL-6 and TNF-a play a significant rôle in initiating 
and then regulating the osteogenesis process. 6 

lnterleukin-1 (IL-1) 

IL-1 is a predominantly macrophage produced interleukin 
which médiates the host inflammatory response in innate 
immunity; two principal forms exist, designated a and (3, 
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TABLE 1 : Major growth factors 

Growth factor 

Source 

Function 

Cytokines: 

IL-1, IL-6 and TNF-a 

Macrophages, inflammatory cells, periosteum 

Chemotactic, inducing and enhancing extracellular 
matrix formation, angiogenic, recruiting endogenous 
fibroblastic cells 

TGF (3 (TGFp 1 and 2) 

Platelets, bone extracellular matrix, inflammatory 
cells, endothélium, chondrocytes, osteoblasts 

Pleiotropic growth factor, stimulâtes undifferentiated 
mesenchymal cell and chondrocyte prolifération 

BMPs 

Osteoprogenitor and mesenchymal cells, 
osteoblasts, extracellular matrix and 
chondrocytes 

Différentiation of mesenchymal stem cells into a 
chondroblastic (BMP-2) and osteoblastic (BMP 5, 6 
and 7) direction, effective osteoinductive agents 

FGFs 

Monocytes, macrophages, mesenchymal cells, 
osteoblasts, chondrocytes 

Mitogenic effect on mesenchymal cells, chondrocytes 
and osteoblasts, angiogenic 

IGFs 

Bone matrix, osteoblasts, chondrocytes 

Mesenchymal and osteoprogenitor cell recruitment and 
prolifération 

PDGF 

Degranulating platelets, monocytes, macrophages 
chondrocytes, osteoblasts 

Macrophage chemotaxis, mesenchymal cell prolifération 


Abbreviations: IL-interleukin; TNF-tumor necrosis factor; TGFs-transforming growth factors; BMPs-bone morphogenetic proteins; 
FGFs- fibroblast growth factors; IGFs-insulin like growth factors; PDGF-platelet derived growth factor. 


with apparently identicalbiological activity. The molecular 
weights of IL-1, IL-la and IL-1(3 vary from 17 to 17.5 kDa. 
Their main cellular sources are mononuclear phagocytes, 
fibroblasts, kératinocytes, and T and B lymphocytes. Both 
IL-la and (3 act at preosteoblast and osteoblast level and 
help in matrix synthesis and cell réplication. 6 In addition, 
IL-1 elicits the release of histamine from mast cells at the 
site. Histamine then triggers early vasodilatation and 
increase of vascular permeability. 

lnterleukin-6 (IL-6) 

IL-6 is a lymphokine produced by antigen or mitogen 
activated T cells, fibroblasts and macrophages. The 
molecular weight of IL-6 varies from 20 to 29 kDa. Like 
IL-1 and TNFa, IL-6 is a participant in a cytokine cascade 
that régulâtes the immunoinflammatory response to 
infection and trauma. Studies suggest that sécrétion of IL- 
6 by osteoblasts is crucial for stimulation of bone résorption 
by parathyroid hormone. 7 

Tumor Necrosis Factor-alpha (TNF-a) 

TNF-a or cachectin is one of the products of activated 
macrophages/monocytes, fibroblasts, mast cells and some 
T and natural killer (NK) cells. Human TNF-a is of 17 kDa. 
TNF-a and IL-1 share several proinflammatory properties. 
It is also a growth factor for fibroblasts. It acts on 
preosteoblast and cause increased cell réplication. It 
stimulâtes bone résorption indirectly. Absence of TNF-a 


results in delayed résorption of mineralized cartilage, 
prohibiting new bone formation. 8 

Growth and Differentiating Factors 

A large group comprising: 

1. The transforming growth factor-beta (TGF-p) 
superfamily 

2. Fibroblast growth factors (FGFs) 

3. The platelet derived growth factor (PDGF) 

4. Insulin-like growth factors (IGFs) 

The transforming growth factor-beta superfamily 
includes bone morphogenetic proteins (BMPs), trans¬ 
forming growth factor-beta (TGF-p), growth différentiation 
factors (GDFs), activins, inhibins, and many others. 9,10 

Bone Morphogenetic Proteins (BMPs) 

Intimately related to the TGF-p, the bone morphogenic 
proteins constitute a family of at least 15 growth factors 
originally identified to stimulate de novo bone formation. 
The BMPs are also referred to as ostéogénie proteins (OPs). 
The BMPs play critical rôles in regulating cell growth, 
différentiation, and apoptosis in a variety of cells during 
development, including osteoblasts and chondrocytes. 
Several reports hâve demonstrated that BMPs are 
expressed in early stages of fracture repair. 2 It is believed 
that BMPs are primary activators of différentiation in 
osteoprogenitor and mesenchymal cells destined to become 
osteoblasts and chondrocytes. 2 
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Animal studies with appropriate control groups hâve 
provided significant evidence that BMPs are capable of 
inducing the union of large segmentai defects that would 
fail to heal in the absence of exogenous BMPs. 11 " 13 Heckman 
et al added partially purified canine BMPs to carrier 
implants resulting in a significant increase in new bone 
formation within radial segment defects created in dogs. 11 
In another dog study, cook tested the efficacy of 
recombinant human BMP-7 (rh BMP-7) in an ulnar 
segmentai defect. 12 Defects treated with a collagen carrier 
failed to achieve union or show evidence of new bone 
formation, whereas the addition of BMP-7 to the carrier 
was associated with complété radiographie bridging of 
the defect. Mechanical testing of the BMP-7 treated ulnae 
showed that the strength of these repaired bones was 
similar to that of the contralatéral intact ulnar. Similar 
results hâve been obtained with rhBMP-7 using a rabbit 
ulnar non-union model in a different study by Cook et 
al. 13 Sciadini and Johnson 14 evaluated the efficacy of 
rhBMP-2, delivered in a collagen sponge, in the healing of 
a critical-sized radial defect that was stabilized with an 
external fixator in a dog model. Controls were treated with 
autogenous bone graft. Ail defects that had been treated 
with either autogenous bone graft or with rhBMP-2 showed 
union radiographically and histologically. The 
biomechanical performance of the defects that had been 
treated with rhBMP-2 was comparable with that of the 
defects that had been treated with autogenous bone graft. 

Bostrom and Camacho 15 evaluated the influence of 
rhBMP-2 on the healing of fresh fractures in a rabbit ulnar 
osteotomy model. Recombinant BMP-2 was delivered in a 
type-I collagen sponge and applied as an onlay graft over 
the osteotomy. Limbs that were treated with carrier alone 
or that were left untreated served as Controls. BMP-2 
accelerated the healing at the osteotomy site as assessed 
both radiographically and biomechanically. Between three 
and four weeks after the procedure, the limbs that had 
been treated with BMP-2 showed increased stiffness and 
strength compared with the untreated, intact ulnae. The 
untreated and collagen-carrier groups attained comparable 
values at four and six weeks after the procedure. 
Recombinant human BMP-2 has also demonstrated 
efficacy in the healing of critical sized defects in rat 16 and 
sheep 17 models. 

There has also been considérable interest in the use of 
BMPs to enhance active spinal fusion. The potential 
efficacy of rhBMP in the treatment of intertransverse process 
and posterior segmentai spinal fusion has been evaluated 
in a variety of animal models. 18-20 In those studies, 
rhBMP-2 was used in association with a variety of carriers, 
including collagen, 18 polylactic acid, 19 and copolymers 
(polylactic acid-polyglycolic acid). 20 Boden et al 21 had 


reported successful laparoscopie anterior spinal 
arthrodesis in five adult rhésus monkeys that had been 
treated with rhBMP-2 in a titanium interbody threaded 
cage. 

Although the results of these preclinical studies hâve 
beenpromising, the relatively high doses of rhBMP in the 
above sériés required to induce adéquate bone formation 
suggest that large amounts of recombinant protein may be 
required to produce a clinically important effect. 22 This 
raises serious concerns regarding safety and cost of the 
therapy. Moreover, in order to exert their biological activity, 
the recombinant BMPs must be delivered via carriers. The 
carriers that hâve been tested most frequently for rhBMP 
include collagen matrix, demineralized bone matrix, and 
synthetic polymers. 12-21 Development of more effective 
ways of exposing responding cells and tissues to bone 
morphogenetic proteins will likely be needed in order to 
maximize the clinical efficacy of these factors. 

Transforming Growth Factors (TGFs) 

Five isoforms of TGF-p hâve been identified to date. 23 Two 
isoforms, TGF-pl and TGF-p2, hâve received the most 
attention regarding fracture repair. TGF-p is a pleiotropic 
growth factor initially released by the degranulating 
platelets in the fracture hematoma and by the bone 
extracellular matrix at the fracture site. 24,25 Evidence 
suggests that TGF-p is likely to be primarily involved in 
the stimulation of preosteoblast in this région. 2 In addition, 
the expression of TGF-p is elevated during chondrogenesis 
and endochondrial bone formation and it is thought that 
TGF is involved in these processes. 2 

Early evidence for the bone healing effects of TGF-p 
came from studies on critical size defect repair in the rabbit 
skull. 26 A single application of TGF-p induced complété 
bony bridging of skull defects that would otherwise heal 
with fibrous connective tissue. The rôle of TGF-p in the 
repair of bone has been further studied in experimental 
models involving subperiosteal injections in the fémur 25 
and calvaria, 27 critical-sized defects, 28-30 and bone 
ingrowth into prosthetic devices. 31 Joyce et al 25 using a 
subperiosteal injection model in the rat, demonstrated that 
injections of TGF-pl could stimulate periosteal cells to 
undergo endochondral ossification. Lind et al 28 analyzed 
the influence of continuons infusion of TGF-p on plate 
stabilized diaphyseal fractures of the tibia in rabbits. The 
control group received injections of the delivery vehicle 
without growth factor. There was a significant increase in 
callus formation in the experimental group compared with 
the control group. Mechanical testing of growth factor 
treated bone demonstrated a significant increase in normal 
bending strength only in the group treated with large doses 
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(1 pg) of TGF-p. Nielsen et al 29 evaluated the efficacy of 
two different doses of TGF-p (4 or 40 ng) in a rat tibial 
fracture model. Mechanical testing showed a significant 
increase in ultimate load to failure (a measure of strength) 
in the group that had received the 40 ng dose compared 
with the group that had received the 4 ng dose and the 
control group (which had received no growth factor). 

Critchlow et al 30 evaluated the effect of exogenous TGF- 
p2 on the healing of rabbit tibial fractures under both stable 
and unstable mechanical conditions. In one group, the 
tibiae were fractured and then treated with a dynamic 
compression plate to achieve a stable mechanical System. 
In the other group, a 0.5 mm gap was produced between 
the ends of the fractured tibiae and the bones were fixed 
with a plastic plate to achieve an unstable mechanical 
System. The animais in both groups were treated with TGF- 
p2. In the animais with a stable mechanical construct that 
were treated with high doses (600 ng) of TGF-p2, there 
was abundant callus formation but no increase in bone 
content in the calluses. In contrast, animais with an 
unstable mechanical construct had minimal bone and 
cartilage formation after treatment with TGF-p2. These 
findings demonstrate that appropriate surgical 
management is required for healing and is essential in 
order for TGF-p2 to enhance skeletal repair. 

It is difficult to draw conclusions regarding the efficacy 
of TGF-p on the basis of these studies of experimental 
fracture-healing in animais because different isoforms and 
doses of growth factor were used and different animal 
models were employed. Although the results of these 
studies confirm the hypothesis that TGF-p enhances 
cellular prolifération, the osteoinductive potential of TGF- 
p seems limited. The positive results in the studies by Lind 
et al 28 and Nielsen et al 29 seem to be attributable to the 
high doses of TGF-p employed. The single injection regimen 
used in the study by Critchlow et al 30 induced no increase 
in bone content, suggesting that the ability of TGF-P to 
enhance bone repair may require frequent dosing or very 
high doses of the protein. Both of these requirements may 
not be feasible in a clinical setting. Other authors hâve 
raised concerns about the nonspecific cellular prolifération 
seen with TGF-p. Therefore, TGF-p is still in experimental 
stage to be used in the clinical setting of enhancing bone 
repair. 

Fibroblast Growth Factors (FGFs) 

The FGFs are currently a family of eleven structurally 
related polypeptides. The most abundant in normal adult 
tissues are acidic FGF and basic FGF, also named FGF-1 
and FGF-2 respectively. Both FGF-1 and FGF-2 can be 
detected in the early stages of fracture repair in the 
granulation tissue at the fracture site. 24,32 Macrophages, 


monocytes, and other polymorphs express FGFs and this 
is the likely source of FGF in the granulation tissue. 
Thereafter, FGFs are expressed by mesenchymal cells, 
maturing chondrocytes and osteoblasts. 24 FGFs are also 
abundantly expressed by nerve cells. The FGFs primarily 
function as mitogens on a variety of mesenchymal cells 
including fibroblasts, chondrocytes and osteoblasts. 2 The 
mitogenic effects of FGF-1 hâve been associated with 
chondrocyte prolifération 33,34 while FGF-2 is expressed by 
osteoblasts and considered more potent than FGF-1 35 . 

The different FGFs isoforms exert their effect on the 
target cells by binding to two structurally related protein 
tyrosine kinase receptors, denoted as the a receptor and p 
receptor. 2 Mutations in these FGF receptors hâve been 
associated with abnormalities in endochondral 
ossification and intramembranous ossification. A defect 
in FGFR-3 (fibroblast growth factor receptor-3) has been 
implicated as the cause for achondroplasia. 36,37 

Kato et al 38 evaluated the effect of a single local injection 
of recombinant human fibroblast growth factor-2 
(rhFGF-2) on the healing of segmentai tibial defects in 
rabbits. The bone defect was stabilized with an internai 
fixator, and various doses of rh FGF-2 were injected at the 
defect site. A dose dépendent effect on healing and the 
minerai content of new bone was noted, with significant 
effects at concentrations of > 100 pg. Treatment with 100 
pg of FGF-2 increased the volume and bone minerai content 
by 95% and 36%, respectively, when compared with 
Controls. Kato et al concluded that a single injection of 
FGF-2 could enhance bone formation. 

Nakamura et al 39 assessed the effect of rhFGF-2 on the 
healing of tibial fractures in beagle dogs. A transverse 
osteotomy was created, and the tibia was then stabilized 
with an intramedullary nail. Either rhFGF-2 or vehicle 
alone was injected into the fracture site. The fracture sites 
were assessed with regard to callus formation and its 
characteristics. By two weeks after the fracture, the rhFGF- 
2 group demonstrated an increase in the number of 
periosteal mesenchymal cells as well as increased 
différentiation of those cells into chondrocytes of those 
cells into chondrocytes and osteoblasts. The rhFGF-2 group 
had an increase in the area of callus formation at four 
weeks and an increase in bone minerai contents at 8 weeks. 
Maximum load, bending stress, and energy absorption 
were significantly greater in the rhFGF-2 group than in 
the control group at both 16 and 32 weeks, even though 
fracture healing had occurred in both groups. These results 
suggest that rhFGF-2 accelerates bone repair and also 
stimulâtes remodeling of the callus. Similar results hâve 
been obtained by using FGF-2 suspended in a viscous gel 
formation of hyaluronan, an extracellular matrix 
component, and given as single administration to 
ostéotomies generated in the fibulae of baboons. 40 The 
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results of these studies 38 ' 40 suggest that FGFs may hâve 
the most potential as an adjunctive agent to enhance 
clinical skeletal repair. 

Platelet Derived Growth Factor (PDGF) 

PDGF is a dimeric molécule consisting of disulfide bonded 
A- and B-polypeptide chains. PDGF can exist either as a 
homodimeric (PDGF-AA, PDGF-BB) or a heterodimeric 
form (PDGF-AB) according to the relative levels of each 
subunit expressed. 41 The different PDGF isoforms (AA, 
AB, BB) exert their effect on target cells by binding with 
different specificity to two structurally related protein 
tyrosine kinase receptors, denoted by the a receptors and 
(3 receptors. 

PDGF is initially released by degranulating platelets 
in the fracture, hematoma and may be chemotactic at this 
stage. 42-43 PDGF is also expressed by macrophages that 
migrâtes later into the fracture site in response to the 
fracture trauma and initiate release of PDGF by platelets. 
Later in fracture repair, PDGF protein is détectable inboth 
early and mature hypertrophie chondrocytes. Osteoblasts 
express PDGF-B whereas PDGF-A is expressed in 
chondrocytes. 24 

Nash et al 44 evaluated the efficacy of PDGF in the 
healing of unilatéral tibial ostéotomies in rabbits. Each 
osteotomy was treated with either PDGF in a collagen 
sponge or with a collagen sponge alone. Radiographie 
analysis at two and four weeks demonstrated an increase 
in callus density and volume in the animais that had been 
treated with PDGF compared with the Controls. These 
PDGF effects were also associated with an earlier return to 
normal weight bearing. This pilot study used a small 
number of animais, and these promising results need 
further support through larger studies. At the présent time, 
the therapeutic rôle of PDGF in fracture healing remains 
unclear. 

Insulin like Growth Factors (IGFs) 

Growth hormone and insulin-like growth factors (IGFs) 
play critical rôles in skeletal development. IGF-1 also 
known as somatomedin C, is produced by liver and by 
skeletal tissue in response to stimulation with growth 
hormone. It is four to seven times more potent than IGF-2. 
IGF-1 plays a major rôle in mesenchymal and 
osteoprogenitor cell recruitment. 45 IGF-2 is involved in cell 
prolifération during endochondral ossification. 

A number of studies hâve been performed in non- 
human primates to investigate the rôle of IGFs on skeletal 
repair. Bak et al 46 assessed the effects of biosynthetic human 
growth hormone on fracture healing in Wistar rats. Animais 
received either no injection or twice daily injections of 
growth hormone or saline solution (control group). 


Biomechanical testing demonstrated increased ultimate 
load to failure and stiffness in association with the higher 
doses of growth hormone. The rôle of IGF-1 in stimulating 
intramembranous bone formation was studied in a 
calvarial defect model in rats by Thaller et al. 47 The 
experimental Sprague-Dawley rats were subjected to 
continuons systemic administration of IGF-1 whereas 
control animais were treated with saline solution alone. 
The calvarial defects that had been treated with IGF-1 for 
two weeks healed via intramembranous ossification. The 
results of that study suggest that IGF-1 may hâve a rôle in 
enhancing bone formation in defects that heal via 
intramembranous ossification. 

Angiogenic Factors 

Normal bone régénération cannot proceed without an 
adéquate blood supply. Vascular endothélial growth 
factors (VEGF) are expressed during endochondral 
ossification and bone formation and are potent stimulators 
of endothélial cell prolifération. 48 

THE HEALING CASCADE AND ROLE OF 
GROWTH FACTORS 

A délicate balance exists between various signaling 
molécules during the process of bone repair. The acute 
phase reactants IL-1, IL-6 and TNF-a are secreted early in 
the healing process and induct other inflammatory cells 
and recruit mesenchymal cells. 6 The coagulation factors 
along with thrombin and platelet activated by 
subendothelial collagen, release PDGF and TGF-p. These 
potent mitogenic and chemotactic molécules attract other 
inflammatory cells and activate mesenchymal cells. 24 
These newly recruited primary mesenchymal cells and 
bone matrix release BMPs. 15 BMPs help conversion of 
mesenchymal cells into a chondrocyte or ostéogénie 
lineage. 49 Angiogenesis also takes place and helps support 
this process and callus formation. The VEGF and FGF help 
in this process. While the process by which fracture repair 
occurs in well described, relatively little is understood 
about the coordinate régulation of the events leading to 
successful repair. Furthermore, even less is known about 
how the process can fail, leading to cases of delayed union, 
nonunion and incomplète repair. Furthermore, although 
the cellular events during fracture healing are primarily 
controlled by local hormones and signaling molécules, 
systemic hormones (parathyroid/ thyroid hormones, the 
growth hormone, dihydroxy cholecalciferol and the sex 
hormones exert a regulatory effect over these processes. 50 

INHIBITOR MOLECULES 

Ongoing research has revealed numerous inhibitory 
molécules (Table 2) which regulate the different signaling 
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TABLE 2: Inhibitory molécules and their various levels 
of inhibition* 

a. Extracellular level 

• Noggin 

• Differential screening-selected gene aberrative in 
neuroblastoma (DAN) family molécules (e.g. gremlin, 
sclerostin) 

• Chordin 

• Follistatin 

• BMP-3 (Bone Morphogenetic Proteins-3) 

• Alpha2-HS glycoprotein (AHSG) 

b. Receptor level 

• BMP and activin membrane-bound inhibitor (BAMBI) 

c. Intracellular level 

• Smads 

*Adapted from Dimitriou et al. The rôle of inhibitory molécules 
in fracture healing. Injury 2006;375:520-9. 

pathways in bone régulation. The inhibitors may act as 
extracellular level, receptor or intracellular level. 10 

CARRIERS AND DELIVERY SYSTEMS FOR 
GROWTH FACTORS 

The ability to deliver a molécule so that it will induce a 
spécifie biologie effect is critical to the success of growth 
factor therapy. For these reasons, certain conditions must 
be considered when selecting an appropriate carrier or 
delivery System: (1) the ability of the System to deliver the 
growth factor at the appropriate time and in the proper 
dose, (2) the presence of a scaffold that enhance cell 
recruitment and attachment and will help in chemotaxis, 
(3) the presence of a void space to allow for cell migration 
and to promote angiogenesis, and (4) the ability of the 
delivery System to biodegrade without generating an 
immune or inflammatory response and without producing 
toxic waste products that would inhibit the repair 
process. 51 

A number of carrier and delivery Systems, including 
type I collagen, 16,52 synthetic polymers, 17 and hyaluronic 
acid components 40,53 hâve been used in experimental and 
clinical models to deliver recombinant proteins. Other 
potential carriers which hâve been postulated for use with 
recombinant proteins are bone graft substitutes, including 
demineralized bone matrix, calcium phosphate - contain- 
ing préparations such as hydroxyapatite, coralline 
hydroxyapatite, a BSM and Bioglass. 54-56 

Type I collagen has been used as a carrier for BMP, in 
conjunction with métal cages, to induce fusion in the spine 
by Boden et al. 57 The fact that it is one of the component of 
intracellular matrix of bone and has fibrillar structure 
favors it use as a carrier. It also promotes minerai 
déposition and can bind noncollagenous matrix proteins 
that can initiate mineralization. 


Recently, hyaluronic acid has been used as a carrier 
for mesenchymal stem cells and as a delivery vehicle for 
FGF-2. 40,53,58 It is normal constituent of the extracellular 
matrix of articular cartilage and connective tissues. 
Soplchaga et al 58 used hyaluronic acid-based gel as a 
carrier for FGF-2 in a rabbit fracture model. 

Lately, aBSM has aroused substantial interest as a 
carrier for recombinant proteins. 54 This poorly crystalline 
calcium phosphate apatite has several potential qualities 
as a carrier medium: 

1. It is a crystalline structure which stimulâtes the minerai 
phase of bone and enhances remodeling into the host 
osseous tissue. 

2. It can be hydrated in saline solution to form a paste 
with excellent handling characteristics, and 

3. Since the paste hardens in the body via an endothermie 
reaction dégradation of proteins or antibiotics 
incorporated into the cernent should not occur. 54 
Studies are currently in progress to investigate the 
utility of a-BSM as a clinically effective carrier for BMPs. 
It is still not known what are the idéal carriers or 

delivery Systems for the growth molécules, and the search 
for the idéal medium is still on. The field of delivery System 
shares the same enthusiasm within scientist groups as 
that of growth factors itself. 

Gene Therapy as a Method of 
Growth Factor Delivery 

Gene therapy involves the transfer of genetic information 
to cell. When a gene is transferred to a target cell 
appropriately, the cell synthesizes the protein encoded by 
the gene. 59 An important aspect of gene therapy is the 
application of appropriate vectors for genes. Vectors are 
agents that enhance the entry and expression of DNA 
(transduce) in a target cell. They may be of viral or non- 
viral origin. It is then possible for the transduced cell to 
produce and secrete the growth factor encoded by the 
DNA. 60-62 This modality of growth factor delivery is still 
in experimental stage. 63-68 

CLINICAL APPLICATIONS 

Growth factors hâve primarily been used for the following 
conditions in the enhancement of bone repair. 32 

1. Accélération of fracture-healing (particularly in at risk 
patients for non-union) 

2. Treatment of established nonunions. 

3. Enhancement of primary spinal fusion. 

4. Treatment of established arthrosis of the spine. 

5. Tissue engineering studies to develop a future gene 
therapy. 
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Fracture Healing 

There are three biologically based strategies which hâve 
shown promise to enhance fracture repair. Use of 
exogenous growth factors, mesenchymal stem cell therapy 
and gene therapy. 32 

The best clinical evidence available for growth factors 
in osteogenesis is for BMPs. 69 BMP-7 has been evaluated 
exclusively in preclinical studies in bone defects of rabbits, 
canine, sheep and other animais. 12,70-73 In these studies, 
BMP-7 demonstrated a high degree of success comparable 
to bone autografts. The particular advantage is that ail 
new bone thus produced (by BMP-7) is of autogenous 
origin and this bone shares the same remodeling as a 
normal skeletal bone. 

Geesink and colleagues 74 reported the first expérience 
with rh BMP-7 in humans. In the study, gaps were created 
in the fibula during high tibial osteotomy for degenerative 
affection of knee. These segmentai defects did not heal 
when implanted with the type I collagen carrier alone but 
repaired completely in five of six patients in whom the 
BMP-7 implants was placed on this gap. 

In another large prospective randomized partially 
blinded study, multicenter clinical trial, Friedlander et al 75 
studied 122 patients with 124 established non-unions of 
tibia. Each patient was treated by insertion of an 
intramedullary rod, accompanied by rhBMP-7 in a type-I 
collagen carrier or by fresh bone autograft. After 9 months, 
81% of the BMP-7 group (75% radiological) and 85% of the 
autograft treated patients (84% radiological) had achieved 
clinical union. These clinical results continued at similar 
levels of success throughout and at foliow-up of two years 
there was no statistically significant différence between 
the BMP and autograft group. However, more than 20% of 
patients treated with autografts had chronic donor site 
pain foliowing the procedure. The study concluded that 
rhBMP-7, implanted with a type I collagen carrier, was a 
safe and effective treatment for tibial nonunions. The 
molécule provided clinical and radiographie results 
comparable with those achieved with bone autograft, 
without donor site morbidity. 

The other study using rhBMP-7 was carried out by 
McKee et al. 76 The authors studied the effect of rhBMP-7 in 
fresh open fractures of the tibia. Ail 124 patients had 
debridement, irrigation and stabilization with 
intramedullary nail. The treatment group (n = 62) also 
received rhBMP-7. Preliminary results at 6 months in the 
treatment group showed a lower rate of secondary 
intervention and an improved functional outcome in terms 
of reduced pain and ability to bear full weight on the 
affected limb. 

Other evidence in support of healing potential of 
BMP-7 is available in the folio wing references. 77-80 


The osteo-inductive properties of rhBMP-2 has been 
established in a variety of preclinical and human 
studies. 57,81-83 The mechanism of action of rhBMP-2 
involves osteo-inductive signaling and régulation of a 
number of gene expression pathways involving the 
différentiation of mesenchymal progenitor cells into 
osteoblasts. 84-89 There is histological evidence from studies 
in animais and humans that the bone induced by 
rhBMP-2 undergoes physiologically remodeling and 
intégration with surrounding bone équivalent to those of 
normal bone. 57,90 

Riedel and Volmtin Opran were the first to report 
preliminary results from the use of rhBMP-2 to augment 
the treatment of open tibial fractures. 91 In a prospective, 
randomized, controlled, single blind study, Govender et 
al treated 450 patients with an open tibial fracture with 
intramedullary nail fixation alone (control group) or 
intramedullary nail impregnated with rhBMP-2. They 
reported a higher union rate, an accelerated healing, 
reduced infection rate and fewer invasive interventions in 
the group treated with rhBMP-2. 92 

Currently, recombinant BMP-2 and BMP-7 are 
commercially available for Chemical adjuvants in fracture 
and non-union treatment. The available preclinical data 
on the efficacy of TGF-p and IGF and PDGF are current 
insufficient to predict usefulness of these molécules in a 
clinical setting. PDGF is currently available for 
enhancement of non-osseous wound healing. 68 

Spinal Fusion 

While performing spinal fusions, non-unions rates of 5 to 
35% hâve been reported. There are several factors affecting 
spinal fusion including the mechanical instability of the 
spine at the site of fusion, the quality of the bone and bone 
mass, the surrounding musculature, the type of bone graft 
used, etc. 

A pilot study in humans demonstrated that rhBMP-2 
can be used to induce spinal fusion. 57 In a multicentre 
randomized trial, 14 patients underwent a single level 
anterior interbody fusion of the fifth lumbar and first sacral 
vertebrae with use of a titanium fusion cage. Eleven 
patients were given a cage impregnated with rhBMP-2 in 
a collagen carrier. Three patients with a cage fitted with 
autogenous bone graft were kept as control. Six months 
following procedure, ail eleven patients who had been 
treated with recombinant molécule and two of three Controls 
had evidence of fusion on plain radiographs and 
computed tomographie scans. There were no neurologie, 
vascular or systernie complications. Although the data 
appear promising, more patients and randomized studies 
are needed to establish the efficacy and safety of this 
method. 
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TABLE 3: Limitations in use of growth factors 32 

Growth factor 

Limitations 

Bone morphogenetic proteins (BMPs) 

1. Dose dépendent occurrence of cyst like voids 

2. Relatively high doses required 

3. Concerns over cost and safety 

Transforming growth factors (TGFs) 

1. Efficacy still doubtful 

2. High/frequent doses required 

3. Nonspecific cellular prolifération 

4. Prior surgical fracture stabilization may be required 

Fibroblast growth factors (FGFs) 

Efficacy still not proved 

Platelet derived growth factor (PDGF) 

1. Limited experimental evidence 

2. Efficacy still not proved 

Insulin like growth factors (IGFs) 

1. Potential rôle still debated 

2. Dose dépendent effect 

3. Possible rôle only in intramembranous ossification 


FUTURE 

There are many challenges to the clinical application of 
growth factors. It is unlikely that cell-signaling molécules 
act independently of one another or are présent in isolation 
from one another at their sites of action. Most clinical 
applications will require the development of combination 
or serial treatment regimens with these growth factors. 
Finally, in addition to demonstrating acceptable safety 
profiles and providing a physician friendly delivery 
System, a growth factor must demonstrate cost 
effectiveness along with clinical efficacy (Table 3). It is 
hoped that with increasing understanding of molecular 
and cellular events during fracture healing cascade, 
growth factors will provide a means of treating patients 
with a variety of musculoskeletal disorders. 
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Metals enjoy wide application in orthopedics as structural, 
load bearing material in devices for fracture fixation and 
implants for joint replacement. It is generally believed that 
the earliest technique of fracture fixation by a wire suture 
was performed around 1770. Metals are the mainstay of 
materials in Orthopédie surgery because of their strength 
and ductility. The choice of material dépends on its 
mechanical properties and biocompatibility as well as the 
cost of processing and machining. 

There is no single idéal métal for general uses in 
orthopédie surgery. A variety of issues must be examined 
when spécifie metals are considered as surgical implants: 

1. Biocompatibility—the material must be systemically 
nontoxic, non immunogenic and non carcinogenic. 

2. Strength parameters—tensile, compressive and 
torsional strength; stiffness; fatigue résistance and 
contour ability. 

3. Résistance to dégradation and érosion. 

4. Ease of intégration when appropriate. 

5. Minimal adverse effect on imaging. 

Ordinary metals usually contain one main Chemical 
element in combination with several another and are made 
up of small crystals or grains. They hâve the ability to form 
interatomic metallic bonds with each other which is non 
directional but strong. One may think of métal as an 
aggregation of marbles stuck together with cold molasses. 

Metals differ considerably in both Chemical compo¬ 
sition and microcrystalline structure. Also two métal 
specimens can hâve same composition but different 
physical microstructure. Processing with Chemical, thermal 
or physical means can change the structure of the métal 
and affect its physical and mechanical properties. 

Orthopédie surgeons are quite unfamiliar with the 
terminology used by bioengineers and material scientists 
to describe the strength characteristics of metals. Some 


familiarity with this terminology is necessary to make an 
informed sélection of the surgical implant. We will be 
discussing few terms for better understanding of 
comparison between different materials. 

Fatigue 

It is caused by cyclical (répétitive) stressing of a material. 
Fracture of a component starts in the région of highest 
tensile stress. The endurance limit represents a cyclical 
applied force, below which the material will not hâve failed 
after 10 million (1 x 10 10 ) cycles. If the material has not 
failed at this point, it theoretically never will. In general, 
the smaller or finer the grain or crystal size of a métal, the 
greater the strength and fatigue résistance. In practice, 
certain points on a métal implant reach the fatigue failure 
level before others because of localized concentration of 
stresses (stress risers). The usual design estimate of cyclical 
load for orthopédie implants is 2 x 10 6 stress cycles per 
year. Fatigue failures are seen as a resuit of cyclic loading. 
High cycle failure results from a high number of cycles of 
relatively low stress and low cycle failure results from less 
number of cycles of relatively high stress. 

Elongation 

Metals, although stiff, will still act initially like a rubber 
when placed under tension. Below its yield point (force 
required to induce the earliest permanent change in shape), 
it springs back to its original length when the load is 
released. Elongation is the amount of deformation (stretch) 
that a load will produce. To eliminate the effect of 
dimensions or size of métal, the load is divided by the 
specimen's cross-section area, and the resuit is called stress 
[Stress = Force/Area]. Strain is the change in length divided 
by the specimens original length. The mechanical 
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Fig. 1: Stress-strain curve to show mechanical properties of metals 


characteristics are based on the ability of a material to 
resist external forces, as expressed by stress-strain curves 

(Fig.l). 

Elasticity 

Elasticity is the material's ability to restore its original 
shape after a deforming force lower than the yield point is 
removed. Stiffness is defined as the résistance to 
deformation. Modulus of elasticity is the measure of 
stiffness of a material. It is calculated by dividing the load 
(stress) by the amount of deformation (strain) in the 
direction of loading. A high modulus of elasticity indicates 
that the material is stiff; a low modulus therefore indicates 
that the material is more pliable. Modulus of elasticity refers 
to a material and not to an actual implant. The stiffness of 
an implant dépends on the modulus of elasticity and the 
geometry of the device. Even dense bone has a much lower 
modulus than métal (i.e. it is more pliable) but much higher 
than that of cernent. The modulus of elasticity of various 
metals is: Cernent (PMMA) < Bone < Titanium alloy < 
Stainless Steel < Cobalt chromium alloys. 

Plastic deformation is a permanent change in the 
structure of a material after the stress is relieved. Ductility 
is a metal's ability to withstand plastic deformation 
without breaking. Annealed stainless Steel is extremely 
ductile and can deform/elongate by about 40% before 
fracture, which is why stainless Steel sutures can be tied 
in knots. Metallurgical process that increases the strength 
of a métal reduces its ductility. A brittle material has 


minimal permanent deformation before failure or fracture. 
A brittle material (such as aluminium oxide ceramic) is 
one that has virtually no ductility. 

Toughness is the ability of a material to absorb energy 
by deforming without breaking. Hardness is the ability to 
resist plastic deformation at the material surface only. 
Corrosion is the dégradation of material by electrochemical 
factors. Ail metals and alloys corrode in saline environ¬ 
ment. Most implants are passivated to resist corrosion. 
Passivation is a process that either allows spontaneous 
oxidation on the surface of the métal or treats the métal 
with acid or electrolysis to increase the thickness or energy 
level of the oxidation layer. Care should be taken not to 
scratch, implants during insertion and to avoid using 
dissimilar metals so as to minimize the effects of corrosion. 

Many of the characteristics of the metals hâve been 
standardized and the detailed spécification of the 
composition are given in the American Society for Testing 
and Materials (ASTM) standards. 

Currently most orthopédie implants are made of 
stainless Steel, titanium and its alloys and cobalt 
chromium. 

Stainless Steel 

It is a combination of iron and chromium and other 
substances. The 316 L stainless Steel as specified by ASTM 
F-138 and F-139 is a standard for surgical implants. It 
contains nickel (13 to 15.5%) which is added to increase 
the corrosion résistance, stabilize crystalline structures 
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and stabilize the austenitic phase of the iron crystals at 
room température. The terms austenitic and martensitic 
describe spécifie crystallographic arrangement of iron 
atoms. The austenitic phase is associated with superior 
corrosion résistance and is favored for biological implants. 
A major concern about stainless Steel implants has been 
their stiffness which is approximately seven times that of 
human bone. Uhthoff et al demonstrated in animal 
experiments that stainless Steel plates lead to more porosis 
and weakening of the bone due to stress shielding. As 
compared to titanium, it produced more soft üssue reaction 
and caused more bone loss during remodeling phase. From 
the standpoint of corrosion résistance, biocompatibility 
and fatigue life, it is inferior to cobalt and titanium alloys. 
Also, there is no current satisfactory method for applying 
stainless Steel implants in porotic bone. However it, is less 
costly as compared to other alloys. 

Titanium and Titanium Alloys 

The main alloy used in orthopedics practice is titanium- 
aluminum-vanadium. Commercially pure (CP) titanium 
is also used by AO group. The résistance of titanium to 
corrosion in a chloride environment is excellent and is 
better than that of both stainless steels and cobalt alloys. 
Overall titanium alloys are approximately twice as flexible 
as stainless Steel and at least one third stronger. However, 
it is more brittle than stainless Steel. Titanium alloys are 
particularly useful for smaller implants such as non 
reamed intramedullary nails and smaller plates. The 
superior strength of titanium results in much less screw 
and nail breakage compared with stainless Steel. Inspite 
of the increased cost, majority of reputed implant 
manufacturers today offer implants composed of titanium. 

For computed tomography, titanium alloys hâve the 
least amount of scatter and do not lead to skeletal image 
disruption. They do not hâve magnetic characterstics and 
can be imaged with minimal atténuation problems on MRI. 


Cobalt Based Alloys 

Two cobalt chromium alloys are currently used. The first 
is Co Cr Mo (ASTM F-75) which is a cast. It was originally 
called Vitallium. The second is Co Cr Ni Mo (ASTM F-562) 
which is wrought. The most attractive feature of both alloys 
is their excellent corrosion résistance and biocompatibility. 
The casting process can cause problems including large 
grain size, inhomogeneities and porosity which can 
become stress risers. The mechanical properties (tensile 
strength and fatigue résistance ) of the wrought Co Cr Ni 
Mo alloy makes it désirable for situations in which the 
implant must withstand long periods of loading without 
failure. For this reason, this material has been chosen for 
manufacture of fémoral stems. Vitallium exhibits the 
greatest artifact on computed tomography. 

Future Trends 

The rigorous requirements imposed by US FDA for pre- 
market démonstration of safety and efficacy of new implant 
materials may delay the introduction of métal substitutes 
such as resin fiber composites. The présent focus is on the 
use of porous métal surfaces for promoting in growth of 
bone. 
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athophysiology of Spinal Cord 
Injury and Strategies for Repair 


Manish Chadha 


With increasing urbanization and fast pace of life we are 
faced with an increasing number of patients suffering from 
spinal cord injury. These injuries commonly resuit 
following motor vehicle accidents and fall from height. 
Household and industrial accidents also contribute to the 
increasing incidence. Spinal cord injury is a formidable 
injury and the treatment strategies to restore neural function 
are currently limited. Most of the work is presently 
experimental or under clinical trials but the results are 
encouraging and there seems to be a bright future for these 
patients. 

P ATHOPHYSIOLOGY OF SPINAL CORD INJURY 

Spinal cord injury (SCI) initiâtes an immune response 
characterized in part by the synthesis of cytokines and 
chemokines and a coordinated infiltration of the damaged 
site by peripheral leucocytes. 1 ' 6 ' 11 ' 12 ' 51 ' 60 ' 90 ' 106 SCI-induced 
inflammation may resuit in further réduction in functional 
recovery because of the development of scar tissue, as well 
as necrosis or apoptosis of neurons and oligodendrocytes. 
However, a potentially bénéficiai rôle of the inflammatory 
process has also been reported, illustrating the dual nature 
of posttraumatic inflammation. 60 The exact mechanism 
and conséquences of a SCI-induced inflammatorily 
response, with activation of central nervous System 
résident microglia and recruitment of blood-born 
inflammatory cells, are not fully understood at présent. 
While initial damage (primary injury) is induced by 
contusion of the cord (for example, hemorrhage, membrane 
disruption, and vascular damage), the final histo- 
pathological lésion is far greater than that identifiable in 
the first a few hours after the injury. The size of the final 
lésion is correlated to functional outcome. The spread of 
the damage is thought to be because of the activation of the 
biochemical events leading to cellular dysfunction or even 


cellular death. 9 ' 70 ' 75 ' 109 This cascade of injury-induced, 
destructive events is defined as secondary injury. Another 
important characteristic of SCI is that longitudinal 
spreading of the secondary injury causes further segmentai 
loss of function. 

Primary and Secondary Injury 

The SCI site contains large numbers of both apoptotic and 
necrotic neurons and glia. Typically, the centre of a SCI is 
predominantly characterized by necrotic death. The 
primary injury refers to the mechanical damage leading to 
direct cell death and bleeding. Further progressive 
destruction of the tissue surrounding the necrotic core is 
known as secondary injury. 106 Several mechanisms 
contribute to this pattern of destruction including hypoxia, 
excitotoxicity, free radical formation, release of proteases, 
inflammatory response with activation of CNS résident 
microglia and invasion of peripheral macrophages. 
Table 1 summarizes the cascade of vascular, cellular, and 
biochemical events of the secondary neuroinjury. 

Typically, SCI is characterized by a central hémorrhagie 
necrosis that spreads radially and rostrocaudally, resulting 
in an ellipsoidal, loculated cystic cavity. The cavity is filled 
with macrophages and lined by activated astrocytes. Cells 
born in the rostral and caudal ependymal zones contribute 
to trabeculae that divide the cavity and provide a matrix 
for invading Schwann cells and axons. 9 A peripheral rim 
of spared axons persists in the ventral and dorsal funiculi 
that may be seen even after severe injuries. The centre of 
the cavity is filled with granular débris and fascicles of 
small myelinated and unmyelinated axons that are 
interspersed with macrophages. Large numbers of 
activated résident microglia and invading peripheral 
macrophages are présent soon after the injury and persist 
for several months. The area is occupied by granular 
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TABLE 1 : Summary of events of secondary neuroinjury 
following SCI 


Vascular events: 

Breakdown of blood-spinal cord barrier 
edema formation 


Ischemia and hypoxia 

Release of vasoactive substances 


Alteration of spinal cord perfusion 

Biochemical events: 

Excitotoxicity 

Formation of free radicals and nitric oxide 


Release of proteases 

Damage of mitochondrias 

Energy déplétion 

Cellular events: 

Invasion of neutrophils 

Activation of résident microglia 

Invasion of peripheral macrophages 
Infiltration of lymphocytes 

Activation of astrocytes 

Apoptosis of oligodendrocytes 

Wallerian degeneration 


débris, myelin fragments, macrophages and invading 
blood vessels. The amount of spared white matter in the 
thoracic spinal cord correlates highly with preserved 
locomotor function. 7,8,10,75,106 Pharmaceutical treatment in 
the acute phase following SCI, targets such spared tissue 
to reduce the spread of secondary injury, leaving more 
fibres and myelin in the white matter intact. 

Vascular Events of Secondary Injury 

Vascular events of secondary injury include the disrup- 
tion of the blood-spinal cord barrier (BSB) that is closely 
associated with edema formation. Breakdown of the BSB 
also triggers the posttraumatic inflammatory response by 
invasion of neutrophils and macrophages. Further, 
trauma-activated endothélial and glial cells release 
vasoactive substances (e.g. reactive oxygen molécules, 
bradykinins, histamines, and nitric oxide) that influence 
the spinal cord perfusion and facilitate the Crossing of 
plasma-derived molécules into the cord. 105 Together, these 
vascular events, being part of the secondary injury cascade, 
play an essential rôle in activating and regulating the 
secondary events, including the posttraumatic 
inflammatory response. 

Biochemical Events of Secondary Injury 

Excitotoxicity 

SCI initiâtes biochemical cascades that lead to an increase 
in extracellular excitatory amino acid (EAA) concentration, 
resulting in glutamate receptor-mediated excitotoxic 
events. SCI elevates extracellular glutamate concentrations 
to neurotoxic levels. Excitotoxicity refers to the ability of 


glutamate and aspartate to destroy neurons by prolonged 
excitatory synaptic transmission. 

Formation of Free Radicals and Nitric Oxide 

Free radicals are formed during traumatic or hypoxie 
injuries as a conséquence of insufficient oxygénation. 
Further, during posttraumatic reperfusion, reactive oxygen 
radicals may also be formed as by-products of the 
biochemical reactions, which produce prostaglandins and 
leukotrienes from arachidonic acid. 30,104,106 Free radicals 
can react with and subsequently damage proteins, nucleic 
acids, lipids, and extracellular matrix proteins such as 
glycosaminoglycans. Nitric oxide (NO) is a diffusible 
highly reactive gas that is produced physiologically in 
small amounts in the CNS by the vascular endothélium 
and neurons. NO acts as a potent vasodilatator. 33 NO per 
se is not highly toxic. However, it reacts with 0 2 to form 
the powerful oxidant, peroxynitrite that can directly 
oxidize lipids, DNA, and proteins. 63 Immediately 
following SCI, concentrations of NO markedly increase 
and then gradually decrease between 1 and 12 days after 
injury. 80 Peroxynitrite itself causes significant neuronal 
loss and locomotor dysfunction when generated in the rat 
spinal cord in vivo. 3 The endogenous free radical scavenger, 
superoxide dismutase (SOD) can moderate this reaction. 
Excessive NO production has been postulated to be the 
causative mechanism underlying neurotoxicity. 37 

Mitochondrial Damage 

A landmark of secondary tissue loss following CNS injury 
is the loss of intracellular energy substrates. 8,50 This energy 
loss is caused by vascular damage and subséquent 
reperfusion-induced endothélium damage. 117,119 Hypoxia 
causes dysfunction of mitochondria, which normally serve 
as an energy buffer during physiological and pathological 
conditions. 

Cellular Reaction of Secondary Injury 

Invasion of Neutrophils 

Neutrophils are the first inflammatory cells to arrive at the 
site of injury in non-neuronal and neuronal tissue. By their 
phagocytic and properties, they are able to remove tissue 
débris and restore homeostasis. Post-traumatic accumu¬ 
lation of neutrophils is significantly increased within 3 
hrs and remains elevated up to 3 days after SCI. 26,32,118 
Neutrophils are involved in the modulation of the 
secondary injury by release of neutrophil proteases and 
reactive oxygen species. Neutrophil elastase is an enzyme 
capable of damaging endothélial cells resulting in 
increased vascular permeability. Since post-traumatic 
hemorrhage within the spinal cord is markedly reduced 
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by a neutrophil elastase inhibitor, hemorrhage may be a 
conséquence of neutrophil elastase-induced endothélial 
cell damage. 

Microglia Activation and Invasion of Macrophages 

Resting microglia occupy approximately 13% of the entire 
glial cell population and are distributed diffusely 
throughout the CNS. 124 Microglia respond rapidly to 
disturbances within the microenvironment by change in 
morphology, expression of spécifie cell surface molécules, 
and release of cytokines such as interleukin-1 (IL-1), tumor 
necrosis factor alpha (TNF-a) and chemokines such as 
leukotrienes and prostaglandins. Post-traumatic 
activation of microglia is évident at day one. However, the 
number of activated microglia increases during the first 
7 days and then plateaus, 2-4 weeks post-injury in animal 
models. 90 It is well known that activated microglia secrete 
cytotoxic substances including various cytokines such as 
TNF-a, IL-1, reactive free radicals, and nitric oxide. 
However, the major rôle of microglia at the lésion centre is 
probably rapid phagocytosis of débris rather than 
induction of apoptosis. 112 Heterogeneous neurotrophin 
expression in vivo and differential responses to neutro- 
trophins by microglia in vitro suggest that these cells may 
elicit unique functional properties in the pathological CNS 
and thus, subsequently control the inflammatory response 
at the injury site. 91 The prolonged presence of active 
microglia/macrophages in CNS tissue has a number of 
effects, either deleterious or bénéficiai. 106,107 For example, 
prolonged release of proinflammatory cytokines by 
microglia/macrophages may contribute to subséquent 
further destruction. On the other hand, activation of 
microglia as well as astrocytes may lead to the production 
of growth factors essential for neuronal survival and tissue 
repair. Further, results hâve suggested that transplanta¬ 
tion of peripherally activated macrophages has bénéficiai 
effects on functional spinal cord régénération. Clearly, the 
environment dictâtes the response of the macrophage. 100 


Lymphocyte Infiltration 

T-lymphocytes are scattered in the uninjured spinal cord 
and progressively increase in number after injury in 
parallel with the activation of microglia and influx of 
peripheral macrophages, within the first week and 
predominantly within the epicentre. 91 Under normal condi¬ 
tions, activated T cells can cross the BBB and enter the 
CNS parenchyma. In comparison with other inflammatory 
cells recruited, the number of lymphocytes remains low. 105 
However, T-lymphocytes play an important rôle in the 
CNS immune System, since on activation, T-lymphocytes 
may kill target cells and produce cytokines. 


Schwartz and co-workers hâve pointed out that both 
innate and adaptive autoimmune responses may be needed 
for recovery after axonal CNS injury; that macrophages 
are required for repair, and that activated T cells directed 
against CNS antigenes are needed for defence and 
protection. 107 A single post-injury injection of autoimmune 
T cells directed against CNS myelin basic protein has been 
found to reduce the spread of damage and promote 
recovery foliowing SCI in rats. 49 The degree of functional 
recovery was found to be dépendent on the final lésion as 
revealed through morphometric analysis, immuno¬ 
histochemical staining, and techniques of diffusion 
magnetic résonance imaging. 83 Collectively, these studies 
suggest that the slow longitudinal degeneration seen 
within the spinal cord because of axoplasmatic disruption 
following SCI may hâve conséquences that are both 
advantages and deleterious to functional outcome. 
Degeneration then may be considered to hâve dual action 
and should not necessarily be regarded as an undesirable 
process. 107,108 

Astrocytic Activation 

After SCI, a selected population of astrocytes known as 
reactive astrocytes, contributes to the inhibitory environ¬ 
ment within the injured spinal cord. Typically in 
mammals, there is a subséquent prolifération and hyper- 
trophy of astrocytes around the injury site. 105,106,114 
Reactive astrocytes form an astrological scar that acts as a 
physical and/or Chemical barrier to axonal régéné¬ 
ration. 34,35,36,40,106 Proximity to the lésion epicenter déter¬ 
mines whether the reactive glial environment will be 
growth supportive or inhibitory. 118 Although the functional 
rôle of glial scarring is not completely understood, it has 
been suggested to be an attempt by the CNS to restore 
homeostasis through isolation of the damaged région. 

Apoptosis 

Apoptosis permits cell death in the absence of an 
inflammatory response in the surrounding tissue. 
Apoptosis is fundamentally distinct from necrosis; 
characterized by initial surface blebs, cell shrinkage, 
chromatin aggregation with genomic fragmentation, and 
nuclear pyknosis. 70 In contrast, necrosis is characterized 
by passive cell swelling, mitochondrial damage with rapid 
energy loss, and disruption of internai homeostasis. 74 The 
sequence of events leading to membrane rupture with 
release of intracellular constitutes activâtes a rapid 
inflammatory reaction. Apoptosis is regulated through 
numerous genes, some of which hâve remained highly 
conserved throughout évolution. Two different apoptosis 
signalling pathways in mammalian cells hâve been 
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described. The first intrinsic pathway is initiated by 
mitochondrial dysfunction. The second well established 
apoptosis pathway involves signalling by cell surface 
'death recep tors'. These 'death recep tors' are members of 
the TNF receptor. In the CNS, apoptosis involves predo- 
minantly non-neuronal cells such as oligodendro¬ 
cytes. 70,112 Apoptotic cells were observed, mainly in the 
grey matter, 1 hr after trauma with an increase for the first 
8 hr, at which time the cells were found both in the grey 
and white matter. 129 Interestingly, from 24 to 72 hr post¬ 
injury, the number of apoptotic cells decreased in the grey 
matter, but increased in the white matter. 129 Apoptotic cells 
are greatest in number closest to the lésion epicenter and 
are spatially associated with degenerating axons. 
Following SCI in rats, apoptosis of oligodendrocytes is 
maximal 8 days post-injury. 112 Emery et al 39 confirmed 
the occurrence of apoptotic cells in human SCI 3 hr to 2 
months after injury. 39 Rescuing oligodendrocytes and 
préservation of myelin are expected to hâve large effects 
on the functional outcome after SCI. Recently it has been 
demonstrated that systemic administration of 
dexamethasone decreases apoptosis-related cell death in 
the injured spinal cord. 130 

WaWerian Degeneration and Demyelination 

Apoptosis of oligodendrocytes leads to chronic demyeli¬ 
nation thus causing anterograde neurodegeneration. The 
degeneration of fibers characterized by the disruption of 
their myelin sheaths is known as Wallerian degeneration 
(WD). WD is accompanied by the activation of résident 
microglia that are in intimate spatial contact with apoptotic 
oligodendrocytes in the white matter, largely in ascending 
tracts above and in descending fiber tracts below the lésion 
in humans and rodents. 39,70,112 WD is partly responsible 
for the delayed sensory-motor dysfunction. 

STRATEGIES FOR REPAIR 

Potential treatment modalities canbe broadly divided into 
five categories: (1) neuro-protection, to prevent death of 
neural cells undamaged by the initial injury; (2) stimu- 
lating axonal growth, either by enhancing the intrinsic 
regenerative capacity of neurons or by blocking or removing 
endogenous inhibitors to repair; (3) bridging, to provide a 
permissive substrate for elongating axons and to replace 
lost tissue; (4) enhancing axonal transmission, to alleviate 
conduction block in spared or regenerated axons and (5) 
réhabilitation, to enhance functional plasticity within 
surviving circuits and consolidate anatomical repair. It is 
widely acknowledged that a combination of treatments 
will be required to address the complex issues of SCI; 21 
Although traumatic SCI is often the resuit of a single 


mechanical insult, the functional outcome is determined 
by a cascade of behind-the-scenes events described 
collectively as 'secondary injury'. Displacement or 
pénétration of the spinal cord both inflicts direct tissue 
damage (i.e. primary injury) and initiâtes destructive 
processes that expand the injury site. This phenomenon 
of secondary injury, which extends for days after the initial 
trauma, présents the first opportunity for intervention after 
SCI. 

NEUROPROTECTION 

Clinical trials of neuroprotective agents, delivered acutely 
following SCI, hâve been carried out with equivocal 
success. The two most widely discussed are the National 
Acute Spinal Cord Injury Study (NASCIS) trial of high- 
dose systemic méthylprednisolone (MP) and the trial of 
GM-1 gangliosides. 47 GM-1 gangliosides appeared to 
enhance the rate of recovery from SCI, but did not 
significantly improve the ultimate functional outcome, 
whereas MP was reported to improve functional outcome 
when administered within 8 h of SCI. 18 Although MP has 
since been widely used as a neuroprotective therapy, 
several more recent studies hâve reported equivocal 
benefits and concerns about the potential toxicity of the 
required high doses and observed medical compli¬ 
cations. 61 Administration of this steroid is no longer a 
standard treatment, nor even a guideline for treatment, of 
acute SCI in Canada 55 and many other countries hâve 
adopted similar policies. In the midst of controversy 
surrounding the use of currently available pharmacologie 
interventions, the search for an effective neuroprotective 
agent is ongoing. 

One potential mechanism for secondary neuronal 
injury which is undergoing thorough investigation in a 
number of laboratories involves endogenous (microglial) 
or invading (hematogenous) phagocytic cells. Several lines 
of evidence démonstrate that the microglial/macrophage 
response to SCI is responsible for demyelination, oligo¬ 
dendrocyte death, and damage to intact axons. 15,57,91,112 
The nontraumatic injection of the microglial/macrophage 
activator zymosan into the brain and spinal cord results 
in cavitation, demyelination, and axonal injury. 43,92 The 
molécules released by mature phagocytes (including 
superoxide, hydrogen peroxide, hypochlorous acid and 
neurotoxic chemokines and cytokines) may be partially 
responsible for axonal damage and neuronal death. 93 The 
second-generation tétracycline dérivative, minocycline, has 
been shown to be an anti-inflammatory agent. Following 
SCI, systemic minocycline administration has also been 
documented to inhibit microglial activation, to promote 
oligodendrocyte survival, to reduce lesion-induced cavity 
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formation, and to prevent the retraction or dieback of 
injured dorsal column, rubrospinal, and corticospinal 
axons. 78,115,125 The axonal protection afforded by this 
treatment may be of interest, since the rats also exhibit 
improved functional recovery. 115,125 

STIMULATING AXONAL GROWTH 

At the site of SCI, axons attempting to regrow and/or re- 
establish functional connections get a chilly réception, not 
only because of necrotic and apopotic forms of secondary 
cell death and the activation of immune cells, but also 
because a troupe of inhibitory molécules confront growth 
cônes at and around the site of SCI. These molécules can 
be broadly classified into two groups : myelin-associated 
molécules produced by oligodendrocytes, and 
extracellular matrix (ECM) molécules, many of which are 
produced by astrocytes in response to injury. Nerve grafting 
experiments and other manipulations indicate that 
damaged CNS axons can regenerate when their local 
environment is replaced with a substrate that is less 
inhibitory (or more permissive). 

Inhibiting the Inhibitors 

Myelin and Myelin Derived Molécules 

After SCI, myelin-derived molécules such as Nogo, myelin 
associated glycoprotein (MAG) and oligodendrocyte 
myelin glycoprotein (OMgp) act as inhibitors of axonal 
growth/régénération. Recent data indicates that the trio 
of myelin-derived inhibitors—Nogo A, MAG and OMgp 
signal through a common receptor (the Nogo receptor, 
NgR). 38,44,68,123 As an apparent point of convergence in 
inhibitory signaling, NgR has taken the stage as a target of 
strategies aimed at increasing plasticity in the injured 
spinal cord. A compétitive antagonist of NgR, NEP1-40, 
blocks the inhibitory action of myelin in vitro 48 and 
enhances both growth of supraspinal axons and func¬ 
tional recovery when administered intrathecally or 
systemically after thoracic hemisection. 48,64 Another 
antagonist, NgREcto, is a soluble, truncated form of NgR, 
which has been shown to alleviate inhibition of both Nogo 
and myelin in vitro. The discovery of an anti-NgR 
monoclonal antibody, capable of inhibiting binding of 
Nogo, MAG, and OMgp, and of blocking inhibition of 
myelin in vitro, has now been reported. 65 

Downstream of NgR are se ver al other molécules that 
might also serve as targets for intervention after SCI. It is 
likely that other myelin-associated inhibitors remain to be 
elucidated. A broader, approach, then, is to temporarily 
and focally remove myelin and/or myelin débris from the 
site of SCI. 


It has been suggested that another method of reducing 
myelin-derived inhibition at the site of SCI is to transplant 
autologous macrophages at the lésion site to 
phagocytically clear myelin débris. In rat, macrophages 
activated by prior exposure to degenerating peripheral 
nerve segments stimulated both régénération and 
functional recovery when grafted at the site of complété 
thoracic transection; 100 More recently, macrophages 
coincubated with skin improved functional outcome when 
grafted at the site of severe thoracic contusion. 17 Activated 
autologous macrophages hâve entered clinical trials as 
ProCord, a therapy administered by ProNeuron, based in 
Israël. Despite their foray into clinical testing, macrophage 
transplantation remains a controversial therapy for SCI, 
largely because the activation of macrophages after SCI 
may also hâve other actions within the CNS, which hâve 
yet to be characterized. 

Astrocytes and the Glial Scar 

Activated astrocytes deter régénération. Following SCI, 
axons retract from the lésion site and are surrounded by 
CNS myelin. They approach, but do not corne into contact 
with the newly formed glia limitans at the innermost 
margin of the glial scar. It has been hypothesized that there 
exists an astrocytic 'physiological stop signal' which is 
responsible for the axonal arrest. 71 The astrocytic character 
of the inhibition strongly suggests secreted factors, and 
these are most likely to be components of the ECM laid 
down as a resuit of astrocyte activation. Chondroitin 
sulfate proteoglycans, Heparan sulfate proteoglycans and 
keratan sulfate proteoglycans may hâve a rôle in mediating 
inhibition of axonal growth in the damaged spinal cord. 

Growth Enhancers 

Most studies examining the growth-enhancing effects of 
neurotrophic factors applied to the site of SCI hâve tested 
neurotrophins administered in conjunction with other 
manipulations. For example, nerve growth factor (NGF) 
can enhance axonal growth through fêtai spinal cord 
transplants or peripheral nerve gratis. 31,52,85 Fewer studies 
hâve shown that treatment with neurotrophic factors on 
their own can induce axonal régénération within the 
damaged spinal cord; however, intrathecally delivered 
NT-3 can induce régénération of injured dorsal column 
axons. 19 Neurotrophins hâve also been delivered to the 
site of SCI via genetically modified cells, which could 
conceivably play dual rôles as both suppliers of trophic 
molécules and substrates for axonal growth. Fibroblasts, 
Schwann cells, neural multipotent cells and olfactory 
ensheathing cells (OECs) hâve been modified to express 
various neurotrophins by ex vivo gene transfer. 
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Most SCIs are incomplète, and repair strategies should 
include the optimization of spared Systems. Rodents 
exhibit functional recovery of complex motor tasks after 
SCI, and a detailed analysis is often required to reveal 
déficits. Axonal sprouting was inferred by Liu and 
Chambers, 69 and has since been demonstrated repea- 
tedly. 4,58 This response of undamaged axons has been 
credited with producing motor improvements. The ability 
of intact CNS axons to sprout remains largely unknown, 
but appears to dépend on phenotype and the degree of 
cord trauma. There hâve been a limited number of 
démonstrations of neurotrophic factor-promoted sprouting 
of intact spinal axons. 

BRIDGING THE SITE OF SCI 

Neuroprotective treatments might soon increase the 
continuity across the lésion site but this advancement may 
not eliminate the need for bridging transplants. In addition 
to providing a permissive substrate for axonal élongation, 
the idéal bridge may confer continued growth support, 
remodel the lésion site to allow axons to pass through, 
lend protection from inhibitory molécules, and/or even 
stimulate remyelination. 

Classical experiments established that injured spinal 
axons can grow into a graft of peripheral nerve after 
complété transection of the spinal cord: 23101 these séminal 
works initiated the search for the most suitable biological 
bridging agent. Peripheral nerves are still used experi- 
mentally to examine axonal growth in response to other 
manipulations, and can support some return of function 
after complété thoracic transection (in rat) with 
concomitant administration of growth factors. 28,45,62 
Peripheral nerves hâve been implanted at the site of SCI in 
patients in Taiwan, China, Peru, and Brazil and a report 
of such surgery recently became available. 29 Autografts of 
peripheral nerve hâve also been used to bypass the lésion 
site: sural nerves grafted between ventral spinal cord above 
a thoracic lésion and ventral roots below restored some 
voluntary movement in one person with chronic SCI. 116 

Today, nerve bridges hâve largely given way to the 
development of cellular transplants for a number of 
reasons: single cells can be better-defined than the 
assortment of cells présent in a whole nerve, and can be 
characterized in vitro ; cells canbe injected as a suspension, 
to fill ail aspects of a cyst cavity at a lésion site, whereas 
implantation of a nerve segment may require resection; 
and finally, cells can be genetically modified to produce 
and release factors stimulating axonal growth at the lésion 
site. 

Schwann cells (SCs) were the first to be cast as bridging 
agents for SCI. The rationale for injecting SCs into the 
injured spinal cord is clear, as SCs play a critical rôle in 


establishing the permissive nature for axonal regrowth 
within the peripheral nerve environment: when mitosis of 
host SCs is inhibited after sciatic nerve injury, axonal 
growth into a cellular autographs is slowed. After 
peripheral nerve injury, SCs act as ushers for growing 
axons by proliferating, decreasing their expression of 
various myelin proteins, and increasing the expression of 
neurotrophic factors and cell adhesion molécules. 79 
Finally, Schwann cells can be obtained from adult 
peripheral nerve and rapidly expanded for autologous 
transplantation: human SCs hâve been successfully 
isolated, examined in vitro, and implanted into the injured 
rat spinal cord. 22,87,88,128 Without genetic modification or 
addition of neurotrophic factors, SC-filled grafts fuse with 
the eut stumps of the spinal cord, support ingrowth of 
propriospinal, sensory, and brainstem-spinal axons, and 
may underlie modest recovery of function, such as 
rhythmic stepping. 22 However, supraspinal axons that 
enter SC bridges typically do not exit caudally to re-enter 
the spinal cord. The inability of descending axons to re¬ 
enter host tissue after complété transection may resuit from 
myelin inhibition and/or an accumulation of chondroitin 
sulphate proteoglycans (CSPGs) at the distal graft-host 
interface, 88 an obstacle which might be overcome with 
concomitant application of anti-inhibitory compounds 
and/or neurotrophic factors. 27 

In the early 1990s, another candidate for cellular 
bridging took the stage. 97 OECs are glia that support 
growth of olfactory neurons—a routinely replenished 
population of neurons—from PNS-to-CNS throughout 
adult life. The rationale for using OECs is not that they 
support axonal régénération in situ, but that they exist in a 
unique capacity to permit axonal growth across a PNS- 
CNS interface in the adult. Since olfactory axons grow 
across a PNS-CNS interface, OECs (from the rat olfactory 
bulb) were first injected into the rat spinal cord after dorsal 
root injury, to examine their ability to bridge the dorsal 
root entry zone (DREZ). 97 In this study, afferent ingrowth 
was reported to extend into the dorsal horn, in the areas of 
appropriate targets, and subséquent electrophysiological 
experiments suggested that these axons achieved 
functional reconnection. 82,86,120 After SCI, OECs were also 
applied to remodel a PNS-CNS interface, namely, that 
established by grafting Schwann cells into CNS tissue. 
When OECs were injected into the proximal and distal 
stumps of transected spinal cord spanning a SC bridge, 
regenerating axons crossed the graft-host interfaces and 
re-entered the spinal cord. 98 Other experiments indicated 
that OECs alone were sufficient to support both axonal 
growth and functional recovery. 66,67,72,81,99 These data hâve 
generated sufficient enthusiasm in the SCI community to 
instigate se ver al clinical trials testing OECs worldwide. 
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The first report of a large trial in China was recently 
published. 54 Although OEC transplantation was reported 
to generally improve both sensory and motor function, 
clinical folio w-up was limited, confounding interprétation 
of these results. OECs in this trial were harvested and 
expanded from the fêtai olfactory bulb, an ethically 
problematic cell source. In Lisbon, Carlos Lima has grafted 
pièces of autologous olfactory mucosa at the site of SCI in 
20 patients, without intervening in vitro manipulation or 
isolation of OECs; some return of both sensory and motor 
function has been reported after these surgeries. 113 
Recently, OECs hâve been successfully isolated and 
expanded from the adult human olfactory mucosa, 
accessible by nasal biopsy, potentially permitting 
autologous transplantation: 13 these cells hâve entered a 
small Phase I trial in Brisbane, Australia. 

As OECs are being clinically tested, work in animal 
models continues, both to identify potential mechanisms 
of OEC-mediated recovery and to optimize methods of OEC 
delivery. Recent data suggest that the mechanism of 
functional return may be more complex than regrowth of 
lesioned axons. In fact, OEC transplantation protects spinal 
tissue from secondary damage and prevents 
cavitation, 89,122 enhances vascularization of the lésion 
site 67,96 and promotes branching of neighboring axons 
spared by the primary injury, ail of which might subserve 
improved functional outcome. While earlier transplant 
experiments sought to isolate OECs without other cellular 
components of the olfactory nerve, recent work suggests 
that the recovery of function is enhanced by including 
other cell types, such as olfactory nerve fibroblasts (ONFs), 
in the graft. 5 Finally, the timing of OEC transplantation 
may be important. Recent data indicates that OEC 
transplantation has functional benefits even when delayed 
(for 1 week to 2 months after injury in the rat) 59,73 and one 
study suggests that delayed transplantation is actually 
more bénéficiai than acute delivery. 89 

Akin to the use of peripheral nerve grafts, grafts of fêtai 
brain and spinal cord hâve been applied to the site of SCI 
to provide axons in the adult spinal cord with the 
permissive environment of the embryo. 20,53,131 In addition 
to acting as a permissive substrate for elongating host 
axons, grafted embryonic neurons can both receive 
synaptic input from and extend axons to host spinal 
neurons, thereby acting as a relay across the injured spinal 
cord. Fêtai tissue can be used to replace some of the neurons 
lost in SCI. 

Transplantation of fêtai spinal tissue has been tested 
clinically in the United States in patients with progressive 
post-traumatic syringomyelia, and preliminary reports 
suggest that this treatment is safe. 121,127 Since the use of 
fêtai tissue entails ethical challenges, it may need to be 
proven superior to other biological bridges in order to 


assume the rôle of a preferred clinical bridging intervention. 
Recently, various populations of multipotent and 
progenitor cells hâve gained increasing attention as 
potential grafting agents for SCI. Spinal and supraspinal 
axons grow into grafts of neural multipotent cells, 
indicating that they do function as a permissive bridge. 
Multipotent cell-induced recovery in animal models has 
prompted clinical testing in Russia, where 15 patients 
received injections of fêtai brain and hemopoietic (liver) 
cells; 6 patients that exhibited complété sensory and motor 
paralysis prior to transplantation regained the ability to 
walk with or without assistance. However, five patients 
in this group received transplants within 4 months of SCI, 
and four received OECs and fêtai spinal cord in addition 
to multipotent cells, so the results of this study are difficult 
to interpret. While no complications related to multipotent 
cell transplantation hâve been reported, the incomplète 
understanding of multipotent cell régulation, prolifération, 
and différentiation both in situ and upon transplantation 
may hâve important implications for imminent clinical 
translation of this technology. 24,102 

Despite its promise in animal models, cellular 
transplantation présents several challenges for clinical 
translation. Timing of transplantation, cell source, and 
cellular maintenance/manipulation are important 
inhérent variables that may preclude comparison of results 
from clinical trials at different centers. 

OVERCOMING CONDUCTION BLOCK 

Although the CNS has the capacity to replace 
oligodendrocytes lost in spinal trauma, and remyelination 
of intact demyelinated axons can be spontaneous, 
remyelination in the wake of SCI is not robust, and the 
resulting conduction block of action potentials due to 
persistent demyelination likely contributes to loss of 
function in SCI. To supplément intrinsic CNS 
remyelination, myelinogenic and progenitor cells hâve 
been grafted at the site of SCI in rats, and such cells hâve 
been tested in both focal demyelinating lésions (inducing 
oligodendrocyte death without axonal trauma) and 
traumatic lésions (resulting in axon damage). 
Remyelination may differ among intact versus regenerating 
axons; nonetheless, models of focal demyelination hâve 
provided important information regarding the extent and 
mechanisms of spinal remyelination stimulated by cell 
transplants. In addition to the famé they hâve acquired in 
supporting axonal élongation, SCs and OECs hâve also 
been acclaimed for their ability to remyelinate axons after 
SCI. Endogenous SCs can invade spinal lésions and form 
functional myelin, 14,41 providing the impetus for 
transplantation of SCs (and by association, OECs) to 
alleviate SCI-induced conduction block. While it has been 
reported that SC remyelination of spinal axons is a 
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transient phenomenon, with SC myelin progressively 
replaced by oligodendrocyte myelin during recovery, the 
most recent data indicates that SC myelin is stable and 
persists in the spinal cord. 

In response to demyelination of spinal axons, a résident 
population of endogenous oligodendrocyte precursors 
proliferate and differentiate into mature oligodendrocytes 
to initiate remyelination. Progenitor cells hâve been grafted 
at the site of SCI to enhance this repair process. While 
grafts of SCs or OECs trigger formation of peripheral 
myelin, progenitor cell transplantation aims to reconstitute 
central myelin at the site of SCI. Neural progenitor s from 
both mouse embryonic multipotent cells and embryonic 
rat spinal cord hâve been injected at the site of injury in 
rat, where both types of grafted cells differentiated into 
oligodendrocytes (as well as astrocytes and neurons) and 
enhanced functional recovery, 76,84 although remyelination 
was not examined in either study. Stem-like cells, derived 
from bone marrow, hâve been reported to myelinate spinal 
axons when introduced at the site of focal demye¬ 
lination. 2,103 Intriguingly, these cells also stimulated 
remyelination and themselves formed myelin - when 
injected into the bloodstream. 2,56 If such cells can reliably 
overcome the blood-brainbarrier, migrate to demyelinated 
CNS régions and differentiate appropriately, with their 
prolifération being controlled, then an intravenous 
delivery route présents an attractive alternative to direct 
parenchymal injection into the damaged CNS. 

While cellular transplantation might rebuild stable 
myelin to permanently restore conductivity, trans¬ 
plantation procedures are invasive and immunologically 
problematic. Pharmacological treatment, although it must 
be chronically sustained, may represent a more imminent 
solution to the problem of conduction block. Fampridine, 
or 4-aminopyridine (4-AP), is a potassium channel blocker 
that restores conduction in de- or dysmyelinated axons. 
When 4-AP is added to an in vitro préparation of injured 
spinal cord, conduction across the site of SCI is 
improved. 16,110,111 In people with incomplète SCI a 
sustained-release (oral) formula of 4-AP (Fampridine) was 
reported to improve sensory and motor function and reduce 
spasticity during treatment. 94 As a resuit of these 
encouraging data, two large, multicenter clinical trials 
testing 4-AP in chronic SCI are currently underway and 
results of these trials may soonbecome available. 113 

REHABILITATION AND CNS PLASTICITY 

Even though there is little evidence for spontaneous de 
novo régénération of damaged CNS axons over substantial 
distances, there is overwhelming evidence for short- and 
long-term changes within existing circuits. 25 The extent to 


which such plasticity is accomplished as a resuit of axonal 
sprouting or short distance régénération versus 
compensatory changes within existing circuits remains to 
be determined. 95 Nevertheless, the available studies point 
to an innate and remarkable ability for the damaged adult 
CNS to undergo spontaneous or activity-dependent plastic 
changes. Recovery after SCI is dépendent on a diverse 
number of players, contributing their parts in many subtle, 
but important, ways. Recent research has been able to 
identify a diverse number of poorly understood 
mechanisms that can contribute to a remodeling of the 
CNS after injury. 77 The challenge for réhabilitation after 
SCI is to ensure that these alterations are bénéficiai rather 
than detrimental and maximized to their fullest extent. In 
addition to short-term plastic activity changes, long-term 
changes also occur and appear to be underpinned by 
anatomical sprouting or rewiring of synaptic connections. 
Given the innate capacity for the damaged nervous System 
to undergo plastic changes, the question arises as to 
whether plasticity within undamaged CNS circuits or 
regenerating pathways can be harnessed to improve 
functional outcome. Reports point to the importance of 
appropriate training to enhance recovery after damage. 

The cat has proved to be an extremely valuable model 
for assessing the effect of training on the ability of the 
isolated spinal cord to generate stepping movements after 
complété spinal cord transections. 47 It has now been firmly 
established that, with interactive training, adult spinal 
transected cats can rapidly develop locomotion. The 
improved performance compared to spontaneous recovery 
was attributed to neurons being activated in a more 
appropriate fashion by training. Recent data obtained 
using a rodent exercise device indicated that a daily 
exercise program of moving paralyzed hind limbs through 
the motions of walking prevented atrophy of spinal motor 
neurons. 46 Furthermore, it was suggested that neural 
activity facilitated the return of function in existing 
sensorimotor pathways rather than the génération of new 
pathways. Treadmill training has been used with 
considérable success in people with SCI, classified as 
functionally incomplète, 126 that is, with rétention of some 
sensory or motor function below the level of injury (ASIA 
scale B-D). Persons were selected if they had some 
voluntary activity in leg muscles, had mobile joints, had 
no spasticity and if they lacked complications such as 
ulcération or infection. Treadmill training involved 
sessions of 30-60 min, 5 days a week for 3 weeks to 5 
months, starting with low treadmill speeds. The aim was 
to encourage movements that mimic natural walking as 
much as possible and involved providing maximal 
sensory feedback from the muscles, joints, and skin. 
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In summary, neural activity shapes the developing and 
adult CNS. If people with SCI can regain some function 
through the myriad plasticity changes in whatever small 
number of undamaged pathways persist after injury, then 
the possibility of combining active réhabilitation therapy 
with surgical and therapeutic interventions promises 
realistic opportunities for improved functional recovery 
after SCI in the near future. 

REFERENCES 

1. Acarin L et al. Neuronal, astrological and microglial cytokine 
expression after an excitotoxic lésion in the immature rat brain. 
Eur J Neurosci 2000;12:3505-20. 

2. Akiyama Y, Radtke C, Kocsis JD. Remyelination of the rat 
spinal cord by transplantation of identified bone marrow 
stromal cells. J Neurosci 2002;22:6623-30. 

3. Bao F, Liu D. Peroxynitrite generated in the rat spinal cord 
induces neuron death and neurological déficits. Neuroscience 
2002;115:839-49. 

4. Bareyre FM, Haudenschild B, Schwab ME. Long-lasting 
sprouting and gene expression changes induced by the 
monoclonal antibody IN-1 in the adult spinal cord. J Neurosci 
2002;22:7097-7110. 

5. Barnett SC, Chang L. Olfactory ensheathing cells and CNS 
repair: going solo or in need of a friend? Trends Neurosci 
2004;27:54-60. 

6. Bartholdi D, Schwab ME. Expression of pro-inflammatory 
cytokine and chemokine mRNA upon experimental spinal cord 
injury in mouse: an in situ hybridization study. Eur J Neurosci 
1997;9:1422-38. 

7. Basso DM, et al. MASCIS évaluation of open field locomotor 
scores: effects of expérience and teamwork reliability. J 
Neurotrauma 1996;13:343-359. 

8. Beal MF. Energetics in the pathogenesis of neurodegenerative 
diseases. Trends Neurosci 2000;23:298-304. 

9. Beattie MS, Bresnahan JC. Cell death, repair, and recovery of 
function after spinal cord injury in rats. In Kalb RG, Strittmatter 
SM (Eds): Neurobiology of Spinal Cord Injury. Humana Press 
Inc. Totowa, NJ 2000. 

10. Behrmann DL, et al. Modeling spinal cord injury in the rat: 
neuroprotection and enhanced recovery with 
méthylprednisolone and YM-14673. Exp Neurol 1994;126:61- 
75. 

11. Bethea JR, et al. Traumatic spinal cord injury induces nuclear 
factor-kappa B activation. J Neurosci 1998;18:3251-60. 

12. Bethea JR, et al. Systemically administrated interleukin-10 
reduces tumor necrosis factor-a production and significantly 
improves functional recovery following traumatic spinal cord 
injury in rats. J Neurotrauma 1999;16:851-63. 

13. Bianco JI, Perry C, Harkin DG, Mackay-Sim A, Feron F. 
Neurotrophin 3 promûtes purification and prolifération of 
olfactory ensheathing cells from human nose. Glia 2004;45:111- 
23. 

14. Blakemore WF, Patterson RC. Observations on the interactions 
of Schwann cells and astrocytes following X-irradiation of 
néonatal rat spinal cord. J Neurocytol 1975;4:573-85. 


15. Blight AR. Delayed demyelination and macrophage invasion: 
a candidate for secondary cell damage in spinal cord injury. 
Cent Nerv Syst Trauma 1985;2:299-315. 

16. Blight AR. Effect of 4-aminopyridine on axonal conduction 
block in chronic spinal cord injury. Brain Res Bull 1989;22:47- 
52. 

17. Bomstein Y, et al. Features of skin-coincubated macrophages 
that promote recovery from spinal cord injury. J Neuroimmunol 
2003;142: 10-16. 

18. Bracken MB, et al. Méthylprednisolone or naloxone treatment 
after acute spinal cord injury: 1-year follow-up data. Results 
of the second National Acute Spinal Cord Injury Study. J 
Neurosurg 1992;76:23-31. 

19. Bradbury EJ, Khemani S, Von R, King, Priestley JV, McMahon 
SB. NT-3 promûtes growth of lesioned adult rat sensory axons 
ascending in the dorsal columns of the spinal cord. Eur J 
Neurosci 1999;11:3873-83. 

20. Bregman BS, Kunkel-Bagden E, Reier PJ, Dai HN, McAtee M, 
Gao D. Recovery of function after spinal cord injury: 
mechanisms underlying transplant-mediated recovery of 
function differ after spinal cord injury in newborn and adult 
rats. Exp Neurol 1993;123:3-16. 

21. Bunge MB. Bridging areas of injury in the spinal cord. 
Neuroscientist 2001;7:325-39. 

22. Bunge MB. Bridging the transected or contused adult rat spinal 
cord with Schwann cell and olfactory ensheathing glia 
transplants. Prog Brain Res 2002;137:275-82. 

23. Cajal SR. CajaTs Degeneration & Régénération of the Nervous 
System. Oxford University Press: Oxford 1991. 

24. Calza L, et al. Stem cells and nervous tissue repair: from in 
vitro to in vivo. Prog Brain Res 2004;146:75-91. 

25. Calford MB. Dynamic representational plasticity in sensory 
cortex. Neuroscience 2002;111:709-38. 

26. Chatzipanteli K, et al. Post-traumatic hypothermia reduces 
polymorphonuclear leucocyte accumulation following spinal 
cord injury in rats. J Neurotrauma 2000;17:321-32. 

27. Chau CH, et al. Chondroitinase ABC enhances axonal regrowth 
through Schwann cell-seeded guidance channels after spinal 
cord injury. FASEB J 2004;18:194-96. 

28. Cheng H, Cao Y, Oison L. Spinal cord repair in adult paraplégie 
rats: partial restoration of hind limb function. Science 
1996;273:510-13. 

29. Cheng H, Liao KK, Liao SF, Chuang TY, Shih YH. Spinal cord 
repair with acidic fibroblast growth factor as a treatment for a 
patient with chronic paraplegia. Spine 2004;29:E284-E288. 

30. Chu GK, et al. Calcium and neuronal death in spinal neurons. 
In Kalb RG, Strittmatter SM (Eds). Neurobiology of Spinal 
Cord Injury. Humana Press Inc.: Totowa, NJ 2000. 

31. Chuah MI, West AK. Cellular and molecular biology of 
ensheathing cells. Microsc Res Tech 2002;58:216-27. 

32. Carlson SL, et al. Acute inflammatory response in spinal cord 
following impact injury. Exp Neurol 1998;151:77-88. 

33. Dalkara T, et al. Constitutive nitric oxide synthase and 
ischémie/excitotoxic brain injury. In Ruffolo RR, et al (Eds). 
Inflammatory Cells and Mediators in CNS Diseases. New 
Academie Publishers: Amsterdam 1999. 

34. Davies SJ, Silver J. Adult axon régénération in adult CNS white 
matter. Trends Neurosci 1998;21:515. 



50 Textbook of Orthopedics and Trauma (Volume 1) 


35. Davies SJ, et al. Régénération of adult axons in white matter 
tracts of the central nervous System. Nature 1997;390: 680-3. 

36. Davies SJ, et al. Robust régénération of adult sensory axons in 
degenerating white matter of the adult rat spinal cord. J 
Neurosci 1999;19: 5810-22. 

37. Dawson VL, et al. Mechanisms of nitric oxide-mediated neuro- 
toxicity in primary cortical cultures. J Neurosci 1993;13:2651- 
61. 

38. Domeniconi M, et al. Myelin-associated glycoprotein interacts 
with the Nogo-66 receptor to inhibit neurite outgrowth. Neuron 
2002;35:283-90. 

39. Emery E, et al. Apoptosis after traumatic human spinal cord 
injury. J Neurosurg 1998;89:911-20. 

40. Fawcett JW. Spinal cord repair: from experimental models to 
human application. Spinal Cord 1998;36:811-7. 

41. Felts PA, Smith KJ, Tilt E. Blood-brain barrier function in 
central demyelinating lésions repaired by Schwann cell 
remyelination. Ann NY Acad Sci 1991;633:615-16. 

42. Fitch MT, Silver J. Glial cell extracellular matrix: boundaries 
for axon growth in the development and régénération. Cell 
Tissue Res 1997a; 290:379-84. 

43. Fitch MT, Doller C, Combs CK, Landreth GE, Silver J. Cellular 
and molecular mechanisms of glial scarring and progressive 
cavitation: in vivo and in vitro analysis of inflammation-induced 
secondary injury after CNS trauma. J Neurosci 1999;19:8182- 
98. 

44. Fournier AE, Grandpre T, Strittmatter SM. Identification of a 
receptor mediating Nogo-66 inhibition of axonal régénération. 
Nature 2001;409:341-6. 

45. Fraidakis MJ, Spenger C, Oison L. Partial recovery after 
treatment of chronic paraplegia in rat. Exp Neurol 2004;188:33- 
42. 

46. Gazula VR, Roberts M, Luzzio C, Jawad AF, Kalb RG. Effects 
of limb exercise after spinal cord injury on motor neuron dendrite 
structure. J Comp Neurol 2004;476:130-45. 

47. Geisler FH, Coleman WP, Grieco G, Poonian D. The Sygen 
multicenter acute spinal cord injury study. Spine 2001;26:S87- 
S98. 

48. GrandPre T, Li S, Strittmatter SM. Nogo-66 receptor antagonist 
peptide promûtes axonal régénération. Nature 2002;417:547- 
551. 

49. Hauben E, et al. Autoimmune T cells as potential 
neuroprotective therapy for spinal cord injury. Lancet 
2000;354:286-7. 

50. Hausmann ON, et al. Protective effects of oral creatine 
supplémentation prior to spinal cord injury in rats. Spinal 
Cord 2002;40:449-56. 

51. Hayashi M, et al. Sequential mRNA expression for immédiate 
early genes, cytokines, and neurotrophins in spinal cord injury. 
J Neurotrauma 2000;17:203-218. 

52. Houle JD, Johnson JE. Nerve growth factor (NGF) treated 
nitrocellulose enhances and directs the régénération of adult 
rat dorsal root axons through intraspinal neural tissue 
transplants. Neurosci Lett 1989;103:17-23. 

53. Houle JD, Reier PJ. Transplantation of fêtai spinal cord tissue 
into the chronically injured adult rat spinal cord. J Comp Neurol 
1988;269:535-47. 


54. Huang H, et al. Influence of patients' âge on functional recovery 
after transplantation of olfactory ensheathing cells into injured 
spinal cord injury. Chin Med J (Engl) 2003;116:1488-91. 

55. Hugenholtz H. Méthylprednisolone for acute spinal cord injury: 
not a standard of care. CMAJ 2003;168:1145-46. 

56. Inoue M, Honmou O, Oka S, Houkin K, Hashi K, Kocsis JD. 
Comparative analysis of remyelinating potential of focal and 
intravenous administration of autologous bone marrow cells 
into the rat demyelinated spinal cord. Glia 2003;44:111-18. 

57. Jones TB, et al. Passive or active immunization with myelin 
basic protein impairs neurological function and exacerbâtes 
neuropathology after spinal cord injury in rats. J Neurosci 
2004;24:3752-61. 

58. Jeffery ND, Fitzgerald M. Effects of red nucléus ablation and 
exogenous neurotrophin-3 on corticospinal axon terminal 
distribution in the adult rat. Neuroscience 2001;104:513-21. 

59. Keyvan-Fouladi N, Raisman G, Li Y. Functional repair of the 
corticospinal tract by delayed transplantation of olfactory 
ensheathing cells in adult rats. J Neurosci 2003;23:9428-34. 

60. Klusman I, Schwab ME. Effects of pro-inflammatory cytokines 
in experimental spinal cord injury. Brain Res 1997;762:173-84. 

61. Kwon BK, Tetzlaff W, Grauer JN, Beiner J, Vaccaro AR. 
Pathophysiology and pharmacologie treatment of acute spinal 
cord injury. Spine J 2004;4:451-464. 

62. Lee YS, Hsiao I, Lin VW. Peripheral nerve grafts and aFGF 
restore partial hind limb function in adult paraplégie rats. J 
Neurotrauma 2002;19:1203-16. 

63. Lipton SA, et al. A redox-based mechanism for the 
neuroprotective and neurodestructive effects of nitric oxide 
and related nitroso-compounds. Nature 1993;364:626-31. 

64. Li S, Strittmatter SM. Delayed systemic Nogo-66 receptor 
antagonist promûtes recovery from spinal cord injury. J 
Neurosci 2003;23:4219-27. 

65. Li W, et al. A neutralizing anti-Nogo66 receptor monoclonal 
antibody reverses inhibition of neurite outgrowth by central 
nervous System myelin. J Biol Chem 2004;279:43780-8. 

66. Li Y, Field PM, Raisman G. Repair of adult rat corticospinal 
tract by transplants of olfactory ensheathing cells. Science 
1997;277:2000-2. 

67. Li Y, Field PM, Raisman G. Régénération of adult rat 
corticospinal axons induced by transplanted olfactory 
ensheathing cells. J Neurosci 1998;18:10514-24. 

68. Liu BP, Fournier A, GrandPre T, Strittmatter SM. Myelin- 
associated glycoprotein as a functional ligand for the Nogo-66 
receptor. Science 2002;297:1190-3. 

69. Liu CN, Chambers WW. Intraspinal sprouting of dorsal root 
axons. Archs Neurol Psychiatr 1998;79:46-61. 

70. Liu XZ, et al. Neuronal and glial apoptosis after traumatic 
spinal cord injury. J Neuosci 1997;17:5395-5406. 

71. Liuzzi FJ, Lasek RJ. Astrocytes block axonal régénération in 
mammals by activating the physiological stop pathway. Science 
1987;237: 642-5. 

72. Lu J, Feron F, Ho SM, Mackay-Sim A, Waite PM. 
Transplantation of nasal olfactory tissue promûtes partial 
recovery in paraplégie adult rats. Brain Res 2001;889:344-57. 

73. Lu J, Feron F, Mackay-Sim A, Waite PM. Olfactory ensheathing 
cells promote locomotor recovery after delayed transplantation 
into transected spinal cord. Brain 2002;125:14-21. 



Pathophysiology of Spinal Cord Injury and Strategies for Repair 51 


74. Majno G, et al. Apoptosis, oncosis, and necrosis. An overview 
of cell death. Am J Pathol 1995;146:3-15. 

75. Marmarou A, et al. Traumatic brain tissue acidosis: 
experimental and clinical studies. Acta Neurochir Suppl 
1993;57:160-64. 

76. McDonald JW, et al. Transplanted embryonic stem cells survive, 
differentiate and promote recovery in injured rat spinal cord. 
Nat Med 1999;5:1410-12. 

77. McGraw J, et al. Modulating astrogliosis after neurotrauma. J 
Neurosci Res 2001;63:109-115. 

78. McPhail LT, Stirling DP, Tetzlaff W, Kwiecien JM, Ramer MS. 
The contribution of activated phagocytes and myelin 
dégénération to axonal retraction/dieback foliowing spinal cord 
injury. Eur J Neurosci 2004;20:1984-94. 

79. Mirsky R, et al. Schwann cells as regulators of nerve 
development. J Physiol Paris 2002;96:17-24. 

80. Nakahara S, et al. Changes in nitric oxide and expression of 
nitric oxide synthase in spinal cord after traumatic injury in 
rats. J Neurotrauma 2002;11:1467-74. 

81. Nash HH, Borke RC, Anders JJ. Ensheathing cells and 
méthylprednisolone promote axonal régénération and 
functional recovery in the lesioned adult rat spinal cord. J 
Neurosci 2002;22:7111-20. 

82. Navarro X, et al. Ensheathing glia transplants promote dorsal 
root régénération and spinal reflex restitution after multiple 
lumbar rhizotomy. Ann Neurol 1999;45:207-215. 

83. Nevo U, et al. Diffusion anisotrophy MRI for quantitative 
assessment of recovery in injured rat spinal cord. Magn Reson 
Med 2001;45:1-9. 

84. Ogawa Y, et al. Transplantation of in vitro expanded fêtai 
neural progenitor cells results in neurogenesis and functional 
recovery after spinal cord contusion injury in adult rats. J 
Neurosci Res 2002;69:925-933. 

85. Oudega M, Hagg T. Neurotrophins promote régénération of 
sensory axons in the adult rat spinal cord. Brain Res 
1999;818:431-8. 

86. Pascual JI, Gudino-Cabrera G, Insausti R, Nieto-Sampedro M. 
Spinal implants of olfactory ensheathing cells promote axon 
régénération and bladder activity after bilateral lumbosacral 
dorsal rhizotomy in the adult rat. J Urol 2002;167:1522-6. 

87. Pinzon A, Calancie B, Oudega M, Noga BR. Conduction of 
impulses by axons regenerated in a Schwann cell graft in the 
transected adult rat thoracic spinal cord. J Neurosci Res 
2001;64:533-41. 

88. Plant GW, Bâtes ML, Bunge MB. Inhibitory proteoglycan 
immunoreactivity is higher at the caudal than the rostral 
Schwann cell graft-transected spinal cord interface. Mol Cell 
Neurosci 2001;17:471-87. 

89. Plant GW, Christensen CL, Oudega M, Bunge MB. Delayed 
transplantation of olfactory ensheathing glia promûtes sparing/ 
régénération of supraspinal axons in the contused adult rat 
spinal cord. J Neurotrauma 2003;20:1-16. 

90. Popovich PG, et al. Cellular inflammatory response after spinal 
cord injury in Sprague-Dawley and Lewis rats. J Comp Neurol 
1997;377:443-64. 

91. Popovich PG. Immunonological régulation of neuronal 
degeneration and régénération in the injured spinal cord. Prog 


Brain Res 2000;128:43-58. 

92. Popovich PG, Guan Z, McGaughy V, Fisher L, Hickey WF, 
Basso DM. The neuropathological and behavioral conséquences 
of intraspinal microglial/macrophage activation. J Neuropathol 
Exp Neurol 2002;61:623-633. 

93. Popovich PG, Guan Z, Wei P, Huitinga I, van Rooijen N, Stokes 
BT. Déplétion of hematogenous macrophages promotes partial 
hind limb recovery and neuroanatomical repair after 
experimental spinal cord injury. Exp Neurol 1999;158:351-65. 

94. Potter PJ, et al. Randomized double-blind crossover trial of 
fampridine-SR (sustained release 4-aminopyridine) in patients 
with incomplète spinal cord injury. J Neurotrauma 1998;15:837- 
49. 

95. Raineteau O, Schwab ME. Plasticity of motor Systems after 
incomplète spinal cord injury. Nat Rev Neurosci 2001;2:263- 
73. 

96. Ramer LM, Au E, Richter MW, Liu J, Tetzlaff W, Roskams AJ. 
Peripheral olfactory ensheathing cells reduce scar and cavity 
formation and promote régénération after spinal cord injury. J 
Comp Neurol 2004;473:1-15. 

97. Ramon-Cueto A, Nieto-Sampedro M. Régénération into the 
spinal cord of transected dorsal root axons is promoted by 
ensheathing glia transplants. Exp Neurol 1994; 127:232-44. 

98. Ramon-Cueto A, Plant GW, Avila J, Bunge MB. Long distance 
axonal régénération in the transected adult rat spinal cord is 
promoted by olfactory ensheathing glia transplants. J Neurosci 
1998;18: 3803-15. 

99. Ramon-Cueto A, Cordero MI, Santos-Benito FF, Avila J. 
Functional recovery of paraplégie rats and motor axon 
régénération in their spinal cords by olfactory ensheathing glia. 
Neuron 2000;25:425-35. 

100. Rapalino O, et al. Implantation of stimulated homologous 
macrophages results in partial recovery of paraplégie rats. 
Nat Med 1998;4: 814-21. 

101. Richardson PM, McGuinness UM, Aguayo AJ. Axons from 
CNS neurons regenerate into PNS grafts. Nature 1980;284:264- 
65. 

102. Rothstein JD, Snyder EY. Reality and immortality -neural stem 
cells for thérapies. Nat Biotechnol 2004;22:283-85. 

103. Sasaki M, Honmou O, Akiyama Y, Uede T, Hashi K, Kocsis 
JD. Transplantation of an acutely isolated bone marrow fraction 
repairs demyelinated adult rat spinal cord axons. Glia 2001; 
35: 26-34. 

104. Schmidley JW. Free radicals in the central nervous System 
ischemia. Stroke 1990;21:1086-90. 

105. Schnell L, et al. Acute inflammatory responses to mechanical 
lésions in the CNS: différences between brain and spinal cord. 
Eur J Neurosci 1999a;ll:3648-58. 

106. Schwab ME, Bartholdi D. Degeneration and régénération of 
axons in the lesioned spinal cord. Physiol Rev 1996;76:319-70. 

107. Schwartz M. Autoimmune involvement in CNS trauma is 
bénéficiai if well controlled. Prog Brain Res 2000;128:259-63. 

108. Schwartz M. Protective autoimmunity as a T-cell response to 
central nervous System trauma: prospects for therapeutic 
vaccines. Prog Neurobiol 2001;65:489-96. 

109. Segal JL, et al. Circulating levels of IL-2R, ICAM-1, and IL-6 in 
spinal cord injuries. Arch Phys Med Rehabil 1997;78:44-7. 



52 Textbook of Orthopedics and Trauma (Volume 1) 


110. Shi R, Blight AR. Compression injury of mammalian spinal 
cord in vitro and the dynamics of action potential conduction 
failure. J Neurophysiol 1996;76:1572-80. 

111. Shi R, Kelly TM, Blight AR. Conduction block in acute and 
chronic spinal cord injury: different dose-response 
characteristics for reversai by 4-aminopyridine. Exp Neurol 
1997;148:495-501. 

112. Shuman SL, et al. Apoptosis of microglia and oligodendrocytes 
after spinal cord injury in rats. J Neurosci Res 1997;50:798- 
808. 

113. Steeves J, Fawcett J, Tuszynski M. Report of international clinical 
trials workshop on spinal cord injury February 20-21,2004, 
Vancouver, Canada. Spinal Cord 2004;42:591-7. 

114. Stichel CC, Müller HW. The CNS lésion scar: new vistas on an 
old régénération barrier. Cell Tissue Res 1998;249:1-9. 

115. Stirling DP, et al. Minocycline treatment reduces delayed 
oligodendrocyte death, atténuâtes axonal dieback, and 
improves functional outcome after spinal cord injury. J Neurosci 
2004;24:2182-90. 

116. Tadie M, et al. Partial return of motor function in paralyzed 
legs after surgical bypass of the lésion site by nerve autografts 
three years after spinal cord injury. J Neurotrauma 2002;19:909- 
916. 

117. Taoka Y, Okajima K. Rôle of leucocytes in spinal cord injury in 
rats. J Neurotrauma 2000;17:219-29. 

118. Taoka Y, Okajima K. Spinal cord injury in the rat. Prog 
Neurobiol 1998;56:341-58. 

119. Tator CH, Koyanagi I. Vascular mechanisms in the patho- 
physiology of human spinal cord injury. J Neurosurg 
1997;86:483-92. 

120. Taylor JS, Muneton-Gomez VC, Eguia-Recuero R, Nieto- 
Sampedro M. Transplants of olfactory bulb ensheathing cells 
promote functional repair of multiple dorsal rhizotomy. Prog 
Brain Res 2001;132:641-54. 


121. Thompson FJ, et al. Neurophysiological assessment of the 
feasibility and safety of neural tissue transplantation in patients 
with syringomyelia. J Neurotrauma 2001;18:931-45. 

122. Verdu E, Garcia-Alias G, Fores J, Lopez-Vales R, Navarro X. 
Olfactory ensheathing cells transplanted in lesioned spinal cord 
prevent loss of spinal cord parenchyma and promote functional 
recovery. Glia 2003; 42:275-86. 

123. Wang KC, et al. Oligodendrocyte-myelin glycoprotein is a Nogo 
receptor ligand that inhibits neurite outgrowth. Nature 
2002;417:941-4. 

124. Watanabe T, et al. Differential activation of microglia after 
experimental spinal cord injury. J Neurotrauma 1999;16:255- 
65. 

125. Wells JE, Hurlbert RJ, Fehlings MG, Yong VW. Neuroprotection 
by minocycline facilitâtes significant recovery from spinal cord 
injury in mice. Brain 2003;126:1628-37. 

126. Wernig A, Muller S, Nanassy A, Cagol E. Laufband therapy 
based on 'rules of spinal locomotion' is effective in spinal cord 
injured persons. Eur J Neurosci 1995;7:823-29. 

127. Wirth III ED, et al. Feasibility and safety of neural tissue 
transplantation in patients with syringomyelia. J Neurotrauma 
2001;18:911-29. 

128. Xu XM, Zhang SX, Li H, Aebischer P, Bunge MB. Regrowth of 
axons into the distal spinal cord through a Schwann-cell-seeded 
mini-channel implanted into hemisected adult rat spinal cord. 
Eur J Neurosci 1999;11:1723-40. 

129. Zurita M, et al. Presence and significance of CD-95 (Fas/ 
APOl) expression after spinal cord injury. J Neurosurg (Spine) 
2001;94:257-64. 

130. Zurita M, et al. Effects of dexamethasone on apoptosis related 
cell death after spinal cord injury. J Neurosurg (Spine) 
2002;96:83-9. 

131. Zurita M, Vaquero J, Oya S, Montilla J. Functional recovery in 
chronic paraplégie rats after co-grafts of fêtai brain and adult 
peripheral nerve tissue. Surg Neurol 2001;55:249-54. 



The Stem Cells in 
Orthopédie Surgery 

Manish Chadha, Anil Agarwal, Anil Arora 


Tissue engineering is a multidisciplinary area of research 
aimed at the régénération of tissue and the restoration of 
function of organs by the implantation of cells or tissues 
grown outside the body, or by the stimulation of cells to 
grown into an implanted matrix. 1 The basic steps involved 
in tissue engineering are the harvesting of cells from the 
donor site, the seeding of these cells on a natural or 
synthetic support to produce a scaffold which is 
functionally, structurally and mechanically equal to part 
to be replaced, the stimulation of cellular prolifération, 
their différentiation towards correct phenotype and 
ultimately the transplantation of the living tissue or organ 
into the patient. 

The basis of tissue engineering is the stem cell. A stem 
cell is an 'immature' or undifferentiated cell which is 
capable of producing an identical daughter cell(s). 2,3 These 
cells when differentiated can form a characteristic shape 
as well as hâve a specialized function such as heart, skin 
or nerve cells. 4,5 Stem cells hâve the unique capacity to 
remain dormant or lie quiescent for prolonged periods until 
they are exposed to an external stimulus. Broadly, they are 
classified into: (i) totipotent, capable of forming any tissue 
(e.g. fertilized egg or zygote), (ii) pluripotent, with less 
differentiating capacity compared to totipotent (e.g. 
embryonic stem cells), and (iii) multipotent, which are 
capable of differentiating into one particular cell lineage 
only, e.g. bone marrow stromal or mesenchymal stem cells. 6 
This classification of stem cells is not rigid. The distinction 
between pluripotent and multipotent has gradually 
become less marked with some cells having greater 
differentiating capacity than previously realized. 

SOURCES OF STEM CELLS 

There are numerous sources of stem cells which are 
potentially available for use in tissue repair and 
régénération: 


Embryonic Stem Cells (ES Cells) 

These are isolated from the inner cell mass of the blastocyst. 
These cells can self replicate and are pluripotent. 7 ' 8 
Experiments in mice hâve shown that they can be 
stimulated to produce hematopoietic precursors, neural 
cells, adipocytes, myocytes, chondrocytes, pancreatic islets, 
osteoblasts and pneumocytes. 6 Recent investigations 
suggest that ES cells hâve potential use in bone formation 
in humans. 9 

Before ES cells can be utilized for clinical use, it is 
mandatory to develop methodology to purify or promote 
cells of the desired phenotype or one single variety. The 
pluripotency of ES cells hâve raised several ethical 
concerns which still remain unanswered. 

Adult Stem Cells 

Compared to ES cells, adult stem cells are much more 
limited in their regenerative capacity and are usually 
restricted to the tissues they résidé in (e.g. bone marrow, 
cornea and retina of eyes, liver, pancréas and 
gastrointestinal tract). The primary function of adult stem 
cells is to replenish the cells of the organ when they are 
lost either because of injury, disease or normal body 
processes. 

Mesenchymal stem cells (MS cells) are a type of adult 
stem cell which hâve shown immense potential in tissue 
engineering. These are obtained from bone marrow and 
from various other sources such as the periosteum, fat and 
skin. 10,11 MS cells display multipotent characteristics and 
are capable of differentiating into osteoblast, chondrocyte, 
myoblast and adipocyte lineage. 10 Because of their unique 
capacity to generate several distinct phenotypes, MS cells 
hâve been used to repair large osseous defects. 12 They can 
be utilized to form fully vascularized bone flaps of the 
desired shape in vivo , by prior implantation of cells into a 
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surrounding artery or vein. 13 Another novel use of MS 
cells is in the treatment of children suffering from 
osteogenesis imperfecta. The allogenic normal bone 
marrow capable of signaling normal bone matrix when 
injected after ablation of patient's marrow produces a 
significant improvement in the amount and quality of thus 
generated bone. 14 

At présent, the use of mesenchymal stem cells is 
restricted by insufficient knowledge concerning the long- 
term stability of the repaired tissue and by tendency of MS 
cells to differentiate towards other lineages. It has been 
argued that the pluripotency of MS cells may represent a 
hétérotopie tissue formation rather than a capacity to 
differentiate along a particular tissue form. 15 Accurate 
control of prolifération and différentiation is another issue. 

ORTHOPEDIC APPLICATIONS OF 
STEM CELL TECHNOLOGY 

1. Cartilage repair 

2. Critical bone defects and nonunion 

3. Spinal cord régénération 

4. ACL reconstruction augmentation 

5. Muscular dystrophies 

6. Spinal fusion 

7. Osteogenesis imperfecta 

8. Intervertébral dise degeneration 

9. Tendon and ligament repair 

Cartilage Repair 

Cartilage lésions are potentially a major cause of joint 
disease and disability as they rarely heal spontaneously 
and can lead to osteoarthritis. Full thickness chondral 
injuries secondary to trauma from work or sports are quite 
common. Injuries and degenerative changes occurring 
subsequently in the articular cartilage are a cause of 
morbidity and diminished quality of life. 

There are several different surgical procedures 
available to treat cartilage injuries but no method has been 
judged superior to the others. The ultimate aim of treatment 
is restoration of normal joint function by regenerating 
hyaline cartilage in the defect and complété intégration of 
the regenerated cartilage with the surrounding cartilage 
and underlying bone. 

Autologous chondrocytes cells expanded in vitro and 
combined with periosteum were first implanted in articular 
cartilage defects of patients in 1978. 16 This technique of 
chondrocyte transplantation is now known as autologous 
chondrocyte implantation (ACI). The basic steps involved 
in ACI are harvesting a periosteal flap, fixation of the flap 
to the cartilage defect, securing a watertight seal with fibrin 
glue, implanting the chondrocytes and wound closure. 


ACI results in the formation of new cartilage very 
similar in characteristic to the normal cartilage in terms of 
collagen type and matrix. This was in sharp contrast to 
the tissue resulting from reparative techniques such as 
drilling and abrasion. This tissue is only a disorganized 
fibrocartilaginous tissue, that is unable to simulate the 
biomechanical properties of the normal articular 
cartilage. 17 

Initially, ACI was limited to relatively small or medium 
sized focal chondral and osteochondral defects of the 
weight bearing surface of the fémoral condyles and the 
patellofemoral joint. As notable success were obtained in 
these joints, the indications were extended to other 
diarthrodial surfaces including talar, tibial, humerai 
capitular and more recently, fémoral head lésions. 
Theoretical and practical considérations suggest that the 
defect which can be repaired is between 1 and 4 cm. 218 
Under certain conditions, the ACI has been used as a 
salvage procedures for defects as large as 8 to 9 cm 2 , but it 
is possible that such large defects can resuit in a higher 
rate of donor site morbidity. 19 

Although ACI has exhibited its efficiency for cartilage 
repair, large numbers of chondrocytes are unavailable from 
the limited donor source in some patients. Furthermore, 
chondrocytes are terminally differentiated and hâve 
limited lifespan. These disadvantages prompted 
researchers to investigate the use of MS cells for cartilage 
repair. 20 Wakitani et al in an experimental study used 
bone marrow or periosteal derived MS cells dispersed in a 
type I collagen gel to repair a large full thickness chondral 
defect created in the knees of rabbit. 20 They found that as 
early as 2 weeks after transplantation, the progenitor cells 
had uniformally differentiated into chondrocytes 
throughout the defect. At 24 weeks post-transplantation, 
the subchondral bone was completely repaired. 

More recently, the use of cultured MS cells has been 
extended to repair chondral defects in advanced 
osteochondritis dissecans and in retarding the process of 
osteoarthritis (still experimental). 21,22 

Another noble use for cultured MS cells is in growth 
plate injuries. An experimental rabbit model of growth 
arrest was created by excising the médial half of the 
proximal growth plates of the tibia. The cultured MS cells 
were transferred into the growth plate defect after excision 
of the bony bridge in established growth arrest. The transfer 
of MS cells resulted in correction of angular deformity and 
the recovery of bone length. 23 

The use of ACI and other chondral resurfacing 
techniques has become increasingly widespread. A 
cochrane review 24 compared randomized and quasi- 
randomized trials comparing ACI with any other type of 
treatment (including no treatment or placebo) for 
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symptomatic full thickness cartilage defects of the médial 
or latéral fémoral condyle, fémoral trochlea or patella. Four 
controlled studies including 266 participants were 
included. 25-28 The reviewers concluded that there is at 
présent no evidence of significant différence between ACI 
and other interventions. Additional good quality 
randomized controlled trials with long-term functional 
outcomes are required to establish the effectiveness of this 
technology. 

Critical Bone Defects and Nonunion 

Critical sized bone defects, whether caused by trauma, 
tumor excision, congénital malformation or aseptie 
loosening of prosthesis, often require transplantation of 
bone grafts or substitutes to restore the bony integrity. Till 
date, autologous bone grafts are considered the "gold 
standard" in bone repair. However, it is difficult to obtain 
large amounts of autografts in certain clinical situations. 
Free bone grafts with microsurgical vascular anastomosis 
hâve also been successful for the repair of bone defects, 
but the availability of expertise, donor site morbidity are 
disadvantages of this technique. In contrast, the 
application of allogenic bone graft avoids these problems. 
However, the latter has a potential risk of infection(s) and 
is expensive to produce and maintain. 29 

Repair or the restoration of the function of traumatized, 
damaged or lost bone is a major clinical need, and bone 
tissue engineering has heralded a new era in alternative 
materials to autografts. Numerous studies hâve 
investigated the use of MS cells for bone tissue engineering 
both in vitro and vivo. 30 ' 32 

There are typically three different therapeutic strategies 
for MS cells use in bone repair. The first uses MS cells as a 
medium for protein/ growth factor delivery. MS cells are 
engineered to produce a cytokine/growth factor ex vivo. 
These cells are then subsequently implanted into the host 
animal. 33 The second strategy uses MS cells as pluripotent 
cell which differentiate in vivo to repair non-functional 
tissue or generate new tissue. 34 Finally, the MS cells can 
also be expanded ex vivo before being implanted into the 
defect. Engineered cells are made to differentiate in vitro 
into ostéogénie cells and later transplanted into the defect. 35 

Spinal Cord Régénération 

Injury to neural tissue results in a permanent déficit as 
neurons do not hâve the ability to repair or regenerate. 
Isolation and préparation of spécifie population of adult 
stem cells hâve evolved to the point of a stable long-term 
construct with capacity to differentiate into neural 
phenotype of ail three neural lineages, neurons, astrocytes 
and oligodendrocytes. A variety of donor cell types hâve 
been the focus of laboratory studies directed at spinal cord 


repair. These include Schwann cells, olfactory ensheathing 
cells, marrow stromal cells and activated macrophages. 36 
Fêtai CNS tissue grafting has evolved as a new tool for 
neuronal replacement and for evolving other donor cell 
types. Experimental evidence on fêtai CNS tissue grafting 
in rats and cats in severed cord are encouraging. 36 These 
experiments with fêtai tissue could serve as a reference for 
future clinical investigations in other species as well as 
humans. 

ACL Reconstruction Augmentation and 
Meniscal Tear Repairs 

Lim et al studied the enhancement of tendon graft 
osteointegration using mesenchymal stem cells in 48 
rabbits. 37 ACL was chosen for the preclinical study. It was 
observed that ACL reconstructions coated with stem cells 
resulted in healing by formation of the intervening zone of 
cartilage resembling the chondral enthesis of normal ACL 
insertions rather than collagen fibres and scar tissue. 
Biomechanically also, ACL reconstructions enhanced with 
stem cells had better strength and stiffness. 37 

Meniscal tears because of poor blood supply show 
limited capacity to heal spontaneously. Izuta et al 
transplanted mesenchymal stem cells into meniscal defects 
in a rat experimental model. 38 It was observed that MS 
cells could survive and proliferate in the meniscal defects. 
Thus, MS cell transplantation has shown promise as a 
new strategy for ACL reconstruction augmentation and 
meniscal tear repairs. 

Muscular Dystrophies 

Muscular dystrophies are group of disorders, which are 
associated with abnormal muscles. Often the prognosis is 
poor in these patients. Myoblast transfer therapy has long 
been viewed as a potential therapy for Duchnne's muscular 
dystrophy. The technique entails transplantation of 
committed mouse precursor cells into the muscle cells but 
has shown limited success in clinical trials. The recent 
discovery of the population of cells within adult muscle 
with stem cell characteristics may hâve great impact in 
further advances in transplantation thérapies for muscular 
dystrophies. 39,40 

Spinal Fusion 

Hasharoni et al in an experimental murine model, injected 
genetically engineered MS cells that conditionally express 
bone morphogenetic protein-2 into the paravertebral 
muscles to achieve spinal fusion. 41 The results were 
encouraging. However, methods must be developed to 
control the extent and quality of new bone formation before 
this technique can be put to clinical use. 
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Osteogenesis Imperfecta 

MS cells hâve also been used in the treatment of children 
suffering from osteogenesis imperfecta in whom the bone 
is extremely brittle largely because of synthesis by the 
osteoblast of a defective form of collagen-I. As a new 
innovation, the children received allogenic bone marrow 
transplants after ablation of their own marrow. After a 
few weeks, there was a significant improvement in the 
amount and quality of the bone formed indicating the ability 
of mesenchymal cells in the graft to generate osteoblasts 
capable of synthesizing normal bone matrix. Such cells 
could be also be used for treatment of fibrous dysplasia. 14 

Intervertébral Disc Régénération 

Recently, mesenchymal stem cells, when exposed to 
appropriate microenvironment, hâve been found to hâve 
the potential to differentiate into nucléus pulpous like cells 
capable of synthesizing proteoglycans rich extracellular 
matrix characteristic of healthy intervertébral dises. 
Although many other problems pertaining to the prolifé¬ 
ration of stem cells, within the degenerated dise needs to 
be overcome, the potential for MS cell therapy to retard or 
reverse degenerative process appears promising. 42 " 44 

Tendon and Ligament Repair 

Tendons and ligaments are among the simplest form of 
connective tissue. The fact that tendons and ligaments 
regenerate poorly after injury has always posed challenge 
to tendon tissue engineering than other tissues. There are 
two main hindrances to tendon régénération. The first is 
that the régénération ability of tendon tissue is limited. 
Unlike bone, which can heal by regenerating normal bone 
in most cases, injured tendon heals by scar tissue. The 
other reason is the lack of knowledge about the tissue 
spécifie différentiation factors for tendons that is équivalent 
to BMP-2 for bone régénération. 29 Several studies hâve 
investigated the use of gel and braided scaffold, with and 
without cells, for tendon/ligament repair with limited 
success. 29 Further studies need to be conducted to better 
define the organ organization, growth and différentiation 
of cells in tendon engineered constructs as well for 
appropriate scaffolds in forming these important 
functional tissues. 

Challenges 

Approaches to tissue reconstruction-based on use of stem 
cells hâve opened up wide potential applications. 
However, there are many lacunae in the current technology 
of stem cell engineering. 6 For using the stem cells, it is 
required to generate adéquate number of cells and tissue 


to fill the defect or complété the repair. The normal 
concentration of stem cells in samples drawn from marrow 
is many a times considered inadéquate for use in most 
scénarios. Various techniques like filtration, culture 
expansion, and sieving are being employed for 
concentration purpose. The means of delivering 
recombinant factors to stimulate stem cells in vivo to initiate 
a process leading to tissue régénération is still in 
experimental stage. Our knowledge of mechanism of 
pluripotency and lineage restricted différentiation is still 
limited. The risk of forming unwanted tissues or even 
teratocarcinomas by both adult and ES cells also needs to 
be fully evaluated in long-term follow-up. There always 
remains the potential of immunological rejection as well. 
Following régénération, it is required that cells or tissues 
produced are structurally and mechanically compliant 
with the normal demands of native tissue and capable of 
intégration with the local tissue. The results of long-term 
stability of repair tissue derived from these cells will be 
available only with long-term studies. 

Some issues regarding stem cell research which remain 
still unanswered are législation, ethical issues, public 
opinion and cost. Législation regarding the use of stem 
cells varies among different countries. Strong différences 
exist in attitudes of various political and religious groups 
ail over the world regarding stem cell research. There are 
concerns regarding the use of stem cells (ES) empirically, 
ethics of their création and the proposed practice of 
therapeutic cloning. 6 Cost involved in stem cell research 
in enormous and thus is limited to centers of par excellence 
with abundant funding. The technology to be made 
available for clinical practice is still far from developed. 

Cell-based tissue engineering for musculoskeletal 
tissue repair and régénération hold great promise for the 
future. Experiment studies hâve shown that MS cells may 
be of great help in complex task of regenerating or repairing 
damaged or diseased musculoskeletal tissue. Enthusiasm 
for this markedly innovative technique with huge 
therapeutic potential however must be balanced against 
stringent standards of scientific and clinical investigations. 

REFERENCES 

1. Stock UA, Vacanti JP. Tissue engineering: current State and 
prospects. Annu Rev Med 2001;52:443-51. 

2. Robey PG. Stem cells near the century mark. J Clin Invest 
2000;105:1489-91. 

3. Watt FM, Hogan BL. Out of Eden: stem cells and their niches. 
Science 2000;287:1427-30. 

4. Leblond CP. Classification of cell populations on the basis of 
their proliférative behavior. Nat Cancer Inst Pub 1964;14: 
119-50. 

5. Anderson DJ, Gage FH, Weissman IL. Can stem cells cross 
lineage boundaries? Nat Med 2001;7:393-5. 



The Stem Cells in Orthopédie Surgery 57 


6. Vats A, Tolley NS, Buttery LDK, Polak JM. The stem cells in 
orthopédie surgery. J Bone Joint Surg 2004;86-B: 159-64. 

7. Keller GM. In vitro différentiation of embryogénie stem cells. 
Curr Opn Cell Biol 1995;7:862-9. 

8. Wiles MV, Johansson BM. Embryonic stem cell development in 
a chemically defined medium. Exp Cell Res 1999;247(1): 
241-8. 

9. Thompson JA, Itskovitz-Eldor J, Shapiro SS, et al. Embryonic 
stem cell lines derived from human blastocysts. Science 
1998;282:1145-7. 

10. Lee EH, Hui JH. Stem cell research and pédiatrie orthopedics. 
J Pediatr Orthop 2003;23:423-4. 

11. Nathan S, Das De S, Thambyah A, Fen C, Goh J, Lee EH. Cell- 
based therapy in the repair of osteochondral defects: a novel 
use for adipose tissue. Tissue Eng 2003;9(4):733-44. 

12. Friedenstein AJ, Petrakova KV, Kurolesova AI, Frolova GP. 
Hétérotopie of bone marrow. Analysis of precursor cells for 
ostéogénie and hematopoietic tissues. Transplantation 
1968;6(2):230-47. 

13. Makani MH, Krebsbach PH, Satomuro K. Pedicled bone flap 
formation using transplanted bone marrow stromal cells. Arch 
Surg 2001;136:263-70. 

14. Horwitz EM, Prockop DJ, Fitzpatrick LA, Koo WW, Gordon 
PL, Neel M, Sussman M, Orchard P, Marx JC, Pyeritz RE, 
Brenner MK. Transplantability and therapeutic effects of bone 
marrow-derived mesenchymal cells in children with 
osteogenesis imperfecta. Nat Med 1999;5(3):309-13. 

15. Minas T, Nehrer S. Current concepts in the treatment of articular 
cartilage defects. Orthopedics 1997;20:525-8. 

16. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O, 
Peterson L. Treatment of deep cartilage defects in the knee 
with autologous chondrocyte transplantation. N Engl J Med 
1994;331 (14): 889-95. 

17. Coletti JM Jr, Akeson WH, Woo SL. A comparison of the 
physical behavior of normal articular cartilage and the 
arthroplasty surface. J Bone Joint Surg Am 1972;54(l):147-60. 

18. Shafi M, Hui JHP. Stem cell and cartilage in orthopedics. Ann 
Acad Med 2004;33(suppl):57-8. 

19. Hangody L, Kish G, Karpati Z, Udverhelegi I, Szigeti I, Bely M. 
Mosaic plasty for the treatment of articular cartilage defects: 
application in clinical practice. Orthopedics 1998;21:751-6. 

20. Wakitani S, Goto T, Pineda SJ, Young RG, Mansour JM, Caplan 
AI, Goldberg VM. Mesenchymal cell-based repair of large, full- 
thickness defects of articular cartilage. J Bone Joint Surg Am 
1994;76(4):579-92. 

21. Hui JH, Chen F, Thambyah A, Lee EH. Treatment of chondral 
lésions in advanced osteochondritis dissecans: a comparative 
study of the efficacy of chondrocytes, mesenchymal stem cells, 
periosteal graft, and mosaicplasty (osteochondral autograft) 
in animal models. J Pediatr Orthop 2004;24(4):427-33. 

22. Murphy JM, Fink DJ, Hunziker EB, Barry FP. Stem cell therapy 
in a caprine model of osteoarthritis. Arthritis Rheum 
2003;48:3464-74. 

23. Chen F, Hui JH, Chan J. Cultured mesenchymal stem cell 
transfers in the treatment of partial growth arrest. J Pediatr 
Orthop 2003;23:426-30. 


24. Wasiak J, Clar C, Villanueva E. Autologous cartilage 

implantation for full thickness articular cartilage defects of the 
knee. Cochrane Database of Systematic Reviews 2006, Issue 3. 
Art. No.: CD003323. DOI: 10.1002/14651858. 

CD003323.pub2. 

25. Basad E, Stürz H, Steinmeyer J. Treatment of chondral defects 
with MACI or microfracture. First results of a comparative 
clinical study [Die behandlung chondraler defekte mit MACI 
oder microfracture—erste Ergebnisse einer vergleichenden 
klinischen Studie]. Orthopàdische Praxis 2004;40:6-10. 

26. Bentley G, Biant LC, Carrington RW, Akmal M, Goldberg A, 
Williams AM, et al. A prospective, randomized comparison of 
autologous chondrocyte implantation versus mosaicplasty for 
osteochondral defects in the knee. J Bone Joint Surg Br 
2003;85(2)-B:223-30. 

27. Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. 
Autologous chondrocyte implantation and osteochondral 
cylinder transplantation in cartilage repair of the knee joint. A 
prospective comparative trial. J Bone Joint Surg Am 2003;85- 
A:185-92. 

28. Knutsen G, Engebretsen L, Ludvigsen TC, Drogset JO, 
Grontvedt T, Solheim E, et al. Autologous chondrocyte 
implantation compared with microfracture in the knee. J Bone 
Joint Surg Am 2004;86-A:455-64. 

29. Hui JH, Ouyang HW, Hutmacher DW, Goh JC, Lee EH. 
Mesenchymal stem cells in musculoskeletal tissue engineering: 
a review of recent advances in National University of Singapore. 
Ann Acad Med Singapore 2005;34(2): 206-12. 

30. Arinzeh TL, Peter SJ, Archambault MP, van den Bos C, Gordon 
S, Kraus K, Smith A, Kadiyala S. Allogeneic mesenchymal 
stem cells regenerate bone in a critical-sized canine segmentai 
defect. J Bone Joint Surg Am 2003;85-A(10):1927-35. 

31. Bruder SP, Kraus KH, Goldberg VM, Kadiyala S. The effect of 
implants loaded with autologous mesenchymal stem cells on 
the healing of canine segmentai bone defects. J Bone Joint Surg 
Am 1998;80(7):985-96. 

32. Derubeis AR, Cancedda R. Bone marrow stromal cells (BMSCs) 
in bone engineering: limitations and recent advances. Ann 
Biomed Eng 2004;32(l):160-5. 

33. Allay J, Dennis JE, Haynesworth S, Majumdar M, Clapp DW, 
Shultz L, et al. LacZ and IL3 expression in vivo after retroviral 
transduction of marrow derived human ostéogénie 
mesenchymal progenitors. Hum Gene Ther 1999;8:1417-27. 

34. Prokop DJ. Marrow stromal cells as stem cells, for non- 
hematopoietic tissues. Science 1997;276:71-4. 

35. Lucarelli E, Donati D, Cenacchi A, Fornasari PM. Bone 
reconstruction of large defects using bone marrow derived 
autologous stem cells. Transfus Apher Sci 2004;30(2):169-74. 

36. Reier PJ. Cellular transplantation strategies for spinal cord 
injury and translation neurobiology. NeuroRx 2004;1(4): 
424-51. 

37. Lim JK, Hui J, Li L, Thambyah A, Goh J, Lee EH. Enhancement 
of tendon graft osteointegration using mesenchymal stem cells 
in a rabbit model of anterior cruciate ligament reconstruction. 
Arthroscopy 2004;20(9):899-910. 



58 Textbook of Orthopedics and Trauma (Volume 1) 


38. Izuta Y, Ochi M, Adachi N, Deie M, Yamasaki T, Shinomiya R. 
Meniscal repair using bone marrow-derived mesenchymal stem 
cells: experimental study using green fluorescent protein 
transgenic rats. Knee 2005;12(3):217-23. 

39. Lee Pullen TF, Grounds MD. Muscle derived stem cells: 
implications for effective myoblast transfer therapy. IUBMB 
Life 2005;57:731-6. 

40. Zhang C, Feng HY, Huang SL, Fang JP, Xiao LZ, Yao XL, et al. 
Therapy of Duchenne muscular dystrophy with umbilical cord 
blood stem cell transplantation. Zhonghua Yi Xue Yi Chan Xue 
Za Zhi 2005;22:399-405. 

41. Hasharoni A, Zilberman Y, Turgeman G, Helm GA, Liebergall 
M, Gazit D. Murine spinal fusion induced by engineered 


mesenchymal stem cells that conditionally express bone 
morphogenetic protein-2. J Neurosurg Spine 2005;3(l):47-52. 

42. Risbud MV, Shapiro IM, Vaccaro AR, Albert TJ. Stem cell 
régénération of the nucléus pulposus. Spine J 2004;4(6 Suppl): 
348S-353S. 

43. Acosta FL Jr, Lotz J, Ames CP. The potential rôle of mesen¬ 
chymal stem cell therapy for intervertébral dise degeneration: 
a critical overview. Neurosurg Focus 2005;19(3):E4. 

44. Sakai D, Mochida J, Iwashina T, Watanabe T, Nakai T, Ando 
K, Hotta T. Différentiation of mesenchymal stem cells trans- 
planted to a rabbit degenerative dise model: potential and 
limitations for stem cell therapy in dise régénération. Spine 
2005;30(21):2379-87. 




INTRODUCTION 

Bone is a specialized connective tissue organized in 
formation of endoskeleton. Mobility and stiffness of the 
vertebrates are due to stiffness and light weight of the 
bones. It arises by intramembranous or endochondral 
ossification. 

Functions 

1. Structural support of the body 

2. Protection of vital organs 

3. Formation of sériés of mechanical levers through which 
attached muscles and ligaments can move the body 

4. Storehouse of calcium and phosphorus. 

Macroscopie Structure 

Bone is composed of hard inorganic and résilient organic 
component. Bone is résilient in compression and tension. 
The tensile strength of bone resembles cast iron, but with 
only one-third of its weight. 

Tubular structure of a long bone is the strongest, lightest 
and hence most economical arrangement of material. Cut 
surface of a long bone shows outer cortical or compact 
bone and inner cancellous or spongy bone (Fig. 1). Dense 
cylindrical diaphysis of long bone surrounds marrow 
cavity. Metaphysis of long bone contains mainly 
cancellous bone. Cancellous and cortical bone modify their 
structure in response to loading, hormonal and other 
influences. 

Cortical bone is dense, compact and provides 
maximum strength for given weight. Cancellous bone is 
trabecular bone and its arrangement follows pressure or 
stress lines. 1 

Arrangement of Bony Lamellae 

Mature cortical bone is composed of layers, hence, it is 
called lamellar bone. 



Fig. 1 : Macroscopie structure of long bone showing 
compact and spongy bone 

Haversian System in Compact Bone 

The bone consists of numerous cylindrical units known 
as haversian Systems (Fig. 2). Each System consists of a 
central haversian canal surrounded by concentric lamellae 
of bony tissue. Numerous lacunae intervene between these 
lamellae. The lacunae communicate with each other and 
with central canal by numerous radiating canaliculi. 

The central canal contains a small artery and a vein. 
The lacunae are filled with ostéocytes, and canaliculi 
contain protoplasmic processes of ostéocytes and convey 
outwards the nutritive materials by diffusion. The 
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Fig. 2: Transverse section of ground bone showing 
haversian System 


haversian canals run longitudinally and communicate 
with the medullary cavity and with the surface of bone by 
numerous oblique channels known as Volkmann's canals 
which contain blood vessels and nerves. 

Interstitial lamellae with lacunae and canaliculi 
occupy the intervals between haversian Systems. 

Circumferential lamellae encircle inner and outer 
surfaces of bone. These are held together by the perforating 
fibers of Sharpey. 

Each haversian System is demarcated from other by a 
cernent line, which is strongly basophilie, devoid of 
collagen fibers and is rich in minerai salts. 

In spongy bone, haversian System is not usually found 
as ostéocytes get their nutrition from blood vessels of tissues 
around them. 

Periosteum 

Periosteum is a tough thin connective tissue membrane 
which covers the bone except for articular cartilage surface 
and attachments of tendons, ligaments and joint capsule. 

Structure of Periosteum 

Periosteum consists of outer fibrous layer and inner cellular 
layer which is more vascular. 

Outer fibrous layer consists of dense collagen fibrous 
tissue and fibroblast-like cells. Inner vascular layer 
contains ostéogénie cells having potentiality to form 
new bone. 

The periosteum changes with âge. The thick cellular 
vascular periosteum of infants and children readily forms 
new bone. With increasing âge, periosteum becomes 
thinner and less vascular and its ability to form new bone 
also decreases. 


Blood supply of periosteum: Periosteal blood vessels lie on 
the outer fibrous layer of periosteum and at intervals 
anastomose with the blood vessels of adjacent muscles. 
Branches of the vessels penetrate the fibrous layer and 
supply the deeper layer of periosteum. 

Nerve supply of the periosteum: Nerve fibers accompany 
the periosteal blood vessels, and they are mainly 
vasomotor. 

Blood Supply of Long Bone 

Total blood supply of ail long bones accounts for 5 to 10 
percent of the cardiac output. Long bone receives blood 
supply from various sources, viz. nutrient arteries, epiphy- 
seal and metaphyseal arteries and periosteal arteries 
(Fig. 3). 

Arterial Supply 

Nutrient artery: One or two diaphyseal nutrient arteries 
enter the shaft through the nutrient foramina. In the 



Fig. 3: Scheme of the main features of the blood supply of long 
bone: (1) nutrient artery; (2) epiphyseal arteries; (3) metaphy¬ 
seal arteries; (4) periosteal arteries 
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medullary cavity, the nutrient arteries divide into 
ascending and descending branches. Eachbranch further 
divides into number of small parallel channels. After 
reaching the epiphysis they divide repeatedly into small 
ramii which persue spiral course. Near the epiphysis, they 
are joined by metaphyseal and epiphyseal arteries. Primary 
direction of the blood flow is centrifugal. 

The nutrient artery supplies the bone marrow and inner 
two-third of the compact bone of diaphysis. The artery 
enters the compact bone through haversian canals. The 
ostéocytes in the lamellae of haversian System receive 
nutrition by diffusion through the anastomosing 
canaliculi. 

These vessels terminate into artérioles which hâve 
endothélium with basement membrane and a smooth 
muscle layer. This further continues into sinusoids which 
do not 1 hâve basement membrane. 

Epiphyseal arteries: When articular cartilage and epi¬ 
physeal cartilage are continuons, the epiphyseal arteries 
pierce the epiphyseal cartilage and supply the epiphysis. 
If these arteries are damaged in epiphyseal séparation, 
avascular necrosis of epiphysis may occur, e.g. head of the 
fémur. In others, where the articular cartilage is not 
continuous with epiphyseal cartilage, the epiphyseal 
arteries enter the epiphysis without piercing it. In these 
cases, epiphyseal séparation will not cause avascular 
necrosis. 

Epiphyseal arteries are derived from the periarticular 
vascular arcades. Out of many vascular foramina near 
epiphysis, very few admit arteries and rest are venous exits. 
Epiphyseal arteries anastomose with metaphyseal and 
nutrient arteries after fusion of diaphysis and epiphysis. 

Metaphyseal arteries: Numerous small blood vessels 
arising from the anastomosis around the joint pierce the 
metaphysis along the attachment of the joint capsule. 
Metaphyseal arteries freely anastomose with spiral 
branches of nutrient arteries, so metaphysis is the most 
vascular area of the long bone. 

Periosteal arteries: Many blood vessels anastomose 
beneath the periosteum and enter the Volkmann's canal 
and supply the outer third of the compact bone. 

Periosteal arteries penetrate bone at these sites where 
fascial sheath or aponeurosis gain attachment to the shaft. 
Function of these arteries is controversial. 

Blood Supply of Other Bones 

Short bones are supplied by numerous periosteal vessels. 
In vertebrae, the body is supplied by anterior and posterior 
vessels and vertébral arches by large vessels, entering at 
the base of the transverse processes. A rib is supplied by 


nutrient artery, which enters just beyond the tubercle and 
by periosteal arteries. 

Venous Drainage 

Valveless nutrient veins accompany the arteries. In 
medullary cavity, a central venous sinus is présent which 
is served by radial collecting sinuses. The general layout 
is fan-shaped with cortical sinusoids radiating outwards 
towards periosteal surface. Each haversian canal is 
drained by a solitary sinusoid. 

Nerve Supply 

Accompanying the blood vessels are nonmyelinated or 
fine medullated nerve fibers which extend into haversian 
System, and nerve supply is more into the periosteum. These 
are more concerned with innervation of blood vessels. 
Although periosteum is said to be sensitive to pain and 
vibration, the rôle of neural element is controversial in 
diseases such as poliomyelitis, in which there is 
disturbance of bone growth and bone density. 

Marrow 

Red marrow is présent throughout in the medullary cavity 
in embryo which changes to white by 12 years of âge except 
at metaphyses, cancellous tissue of the vertebrae, ribs, skull 
and innominate bones. 

Marrow stroma is made up of network of reticular cells 
and their fibers with endothélial cells lining the sinusoidal 
blood vessel walls. Hemopoietic cells are loosely held 
within this network. Macrophages are of different histo- 
genic cell type. The reticular or endothélial cells are capable 
of forming extracellular connective tissue fibers, whereas 
the macrophages, monocytes and their precursors are a 
part of macrophage phagocyte System. 

Stromal components of marrow are continuous with 
ostéogénie connective tissue cells of the periosteal and 
endosteal surfaces and haversian canals of the bone. 
Marrow stromal cells and ostéogénie canal tissue can 
form bone. 

Hémodynamie Régulation of Bone Blood Flow 

The assessment of hémodynamie régulation of blood flow 
requires sophisticated techniques. The various regulating 
mechanisms are as follows. 5 

1. Neural control: Increase in blood flow after sympa- 
thectomy is démonstrated in animais. 

2. Hormonal control: Osseous vessels contain alpha-1 
adrenoceptors, muscarinic receptors and prosta- 
glandin receptors. Circulating adrénaline may open 
arteriovenous shunts between nutrient arteries and 



62 Textbook of Orthopedics and Trauma (Volume 1) 


sinusoids draining into central venous sinus which 
would provide a mechanism for increased 
transosseous venous return during exercise. 

3. Metabolic control: Following a period of ischemia 
restoration leads to a 2-3 fold increase in blood flow, 
which is probably by metabolic control. 

BoneCells 

Formation and maintenance of bone is due to the actions 
of various types of the bone cells. 

Four types of bone cells are recognized, viz. osteopro- 
genitor cells, osteoblasts, ostéocytes, and osteoclasts. 

Osteoprogenitor Cells 

Osteoprogenitor cells are undifferentiated mesenchymal 
stem cells. Some of them are committed to form bone tissue, 
others are inducible to cells seen in other connective tissue. 
These cells give rise to heterotrophic bone formation. 
Committed osteoprogenitor cells differentiate into 
osteoblasts in more vascular tissue with sufficient oxygen 
tension (Fig. 4). 

Osteoblasts 

Osteoblasts are precursor cells, which give rise to 
ostéocytes. They are oval cells with eccentric nucléus and 
many cytoplasmic processes. The cytoplasm is strongly 
basophilie due to ribosomes attached to the endoplasmic 
réticulum which secrete bone matrix. In addition to rough 
endoplasmic réticulum, cytoplasm also contains Golgi 
apparatus, mitochondria and other cell organelles. They 
lie on the bone surfaces where, when stimulated form new 
organic matrix and participate in matrix mineralization. 
Mineralization is controlled by alkaline phosphatase 
secreted by osteoblasts. They assume flattened form after 
decreasing synthetic activity and remain on bone surface 
or can get surrounded by bone matrix and become 
ostéocytes (Fig. 5). 

This cell is involved in synthesis of major bone proteins 
including collagen I, noncollagen proteins as osteocalcin 
and osteonectin in mineralization of bone and control 
osteoclastic function through spécifie surface receptors for 
agents which stimulate bone résorption as vitamin 1-25 
D 3 and parathyroid hormone. The mechanism by which 
osteoblasts signais osteoclast to resorb bone is unclear but 
is thought to be mediated by more than one mechanisms. 

Ostéocytes 

Ostéocytes are flattened cells with central nucléus and 
numerous cytoplasmic processes. They occupy spaces in 
the matrix called as lacunae. Canaliculi radiate from each 



Fig. 4: Large multinucleated osteoclasts (OC) eroding spiculés 
of bone and many osteoblasts (OB) at other surface of 
spiculés—Masson’s trichrome stain 



Fig. 5: Scanning light micrograph showing ostéocytes 


lacuna and permit diffusion of nutritive material. 
Protoplasmic processes occupy the canaliculi. The 
ostéocytes remain alive in calcified matrix and secrete 
alkaline phosphatase to maintain calcification. 

This cell System may médiate a rapid calcium flux 
betweenbone and extracellular fluid (Fig. 4). 

Osteoclasts 

Osteoclasts help in résorption of bone. They are large 
irregular and multinucleated cells. They are found in direct 
contact with bone after eroding it in Howship's lacuna. 
The cells are provided with brush border for absorption of 
the bone. 

Osteoclasts are large cells with 15 to 20 nuclei indented 
with prominent nucleoli, numerous mitochondria, little 
rough endoplasmic réticulum, possess éosinophilie 
cytoplasm and hâve no processes. Cytoplasm contains 
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numerous lysosomes filled with acid phosphatase and 
other hydrolytic enzymes. Osteoclasts are derived from 
the fusion of the mononuclear phagocyte System of bone 
marrow. High levels of parathyroid hormone stimulate 
osteoclastic activity. They remove both minerai and organic 
component of the bone matrix. 

Osteoclasts hâve a ruffled border through which the 
ostéocytes are attached to the bone at the site of résorption 
by spécial protein "integrin". Osteoclasts contain enzymes, 
tartarase-resistant acid phosphatase and carbonic 
anhydrase. Carbonic anhydrase catalyzes the hydration 
of the dissolved carbon dioxide and, the carbonic acid 
thus formed, dissociâtes into bicarbonates and hydrogen, 
which is pumped through ruffled border, thus lowering 
pH in the ruffled zone. The bone minerai is probably dis¬ 
solved in acidic environment. 

Other Cells 

Reticular cells, endosteal cells, fibroblasts, etc. are also 
présent. 

Chemical Composition of Bone 3 

The important consütuents of bone are depicted in Table 1. 

CoWagen 

Collagen is a major, crystalline fibroprotein fibril of the 
body accounting for about 30% of the total body protein. 

Structure: It is composed of three distinct polypeptide 
chains bound round each other to form a triple hélix 
(Table 2). Alpha chain has one-third glycine, one-fifth 
proline and its dérivatives, and rest formed by other amino 
acids. 

Synthesis 

1. Intracellular 

• Assembly of three pro-alpha chains to procollagen 
(directed by spécifie m-RNA) 

• Proline hydroxylation: Ferrous iron containing 
enzyme, requires molecular oxygen and alpha 
ketoglutarate as additional substrate and vitamin C 
as cofactor 

• Lysine hydroxylation 

• Hydroxyproline glycosylation 

• Disulfide bond formation 

• Triple hélix formation 

• Sécrétion by Golgi apparatus 

2. Extracellular 

• Amino terminal extension cleavage 

• Carboxy terminal extension cleavage 

• Myofibril formation 


TABLE 1 : Chemistry of bone 

• Organic (25%) 

1. Bone cells (4%) (mesenchymal precursor cells) 

a. Osteoblast 

b. Osteocyte 

c. Osteoclast 

2. Intracellular matrix (20%) 

a. Collagen 

b. Protein peptides 

c. Proteoglycans 

d. Lipids 

• Inorganic (65%) 

1. Crystalline (hydroxyappetite) 

2. Amorphous calcium phosphate 

3. Trapped ions 

a. Citrate 

b. Fluoride 

c. Sodium 

d. Magnésium 

e. Potassium 

• Water (10%) 

1. In bone crystals 

2. Extracellular 

3. Cellular 


• Lysine hydroxylysine terminal NH 2 oxidation 
(copper containing lysyl oxidase) 

• Fibril formation 

• Reducible cross-link formation 

• Maturation of cross-links, growth and reorgani- 
zation of fibers. 

Distribution: In Table 2, distribution of collagen is 
depicted. 

Clinical implications: Type I collagen fibrils serve as 
substrate for the déposition of minerai component. Any 
alteration in this produces weakening of skeleton. This is 


TABLE 2: Distribution of collagen (Eyre, 1990) 


Class 

Type 

Tissue 

1. 300 nm triple hélix 

I 

Skin, bone, ligament 


II 

Cartilage, disk, eye 


III 

Skin, blood vessel, ligament 


V 

With type I 


XI 

With type II 

2. Basement membrane 

IV 

Basal lamina 


VII 

Epithelial basement 
membrane 


VIII 

Endothélial basement 
membrane 

3. Short chain < 300 nm 

VI 

Widespread 

molécules 

IX 

Cartilage (with type II) 


X 

Hypertrophie cartilage 


XII 

Tendon, other? 


XIII 

Endothélial cells 
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seen in osteogenesis imperfecta which is divided into four 
clinical groups as regards to expressivity and inheritance. 

In group I, there is 50 percent réduction in type I 
procollagen. 

In group II, there is réduction to 25 percent which may 
be fatal. 

In Ehlers-Danlos syndrome, there is disorganization 
of cross-linkages due to réduction of lysyl hydroxylase. 

Marfan's syndrome, homocystinuria, scurvy, penicil- 
lamine treated patients and lathyrism hâve protein 
collagen defects. 

Collagen in synovium equal amount of I and IL 

Collagen in ligament 90 percent fibrillar type I collagen 
with less than 10 percent type III and other collagens in 
smaller quantities. 

Collagen in growth plate prédominant type II and X for 
calcification of cartilage, rest type VI, IX, XI. 

Collagen in articular cartilage 95 percent type II, rest VI, 
IX and XI. In degenerative cartilage type VI was found in 
pericellular capsule and matrix around the chondrocytes. 

Tenascin, glycoprotein, aggrecan also hâve rôle in bone 
and cartilage formation. 

Noncollagenous Proteins of Bone 

Noncollagenous proteins of bone are a heterogenous group 
which vary from entrapped sérum proteins to 
glycoproteins, which are unique to the bone and play rôle 
in mineralization. 

Osteocalcin/Bone Gla protein (BGP): This is produced only 
by osteoblasts. Raised sérum levels are reported in diseases 
with increased turnover like Paget's disease, rénal 
osteodystrophy, primary hyperparathyroidism. This has 
led to interests in measurement of osteocalcin as 
biochemical marker of bone formation. 

Matrix Gla protein : This glutamic acid containing protein 
is found in association with bone morphogenic protein. 

Osteonectin: It binds collagen and hydroxyapatite through 
separate areas of its molécule. It is found in large amounts 
in immature bone and promotes mineralization of collagen. 

Proteoglycans: Sulfated glycosaminoglycans attached to the 
protein core, e.g. chondroitin sulfate, dermatan sulfate and 
keratan sulfate. 

The resilience and elasticity results from this matrix of 
proteoglycans, collagen and water. Because of this when 
load is applied, there is increase in fluid pressure and 
water is driven out. But the cartilage deforms very slowly. 
They hâve very significant rôle in controlling swelling, 
pressure and the movement of water molécules when the 
cartilage is placed under load. 

In addition the proteoglycans in the growth plate may 
play rôle in mineralization. 


Sialoprotein: The function of this glycoprotein is unclear. 

Sérum proteins: The function of these proteins in the bone 
is unclear. 

The inorganic phase 

1. It détermines the mechanical properties of bone. 

2. It functions as a réservoir of ions. 

Chemical Nature 

The minerai of bone is poorly crystalline, imperfect, 
hydroxyappetite [Ca 10 (P0 4 ) 6 (OH) 2 ], exact composition 
and structure is unclear. Bone minerai is initially depo- 
sited as a poorly crystallized hydroxyapatite containing 
carbonate ions. 

The newly deposited crystals are highly hydrated and 
hâve many ion spaces within the crystal unfilled. Because 
of the latter fact, they are relatively reactive. With aging the 
crystals becomes larger, less hydrated and more perfect, 
with water being displaced by the minerai and this 
produces réduction in the rate and extent of diffusional 
exchange of ions and of crystallization. 

Location of the Minerai Phase of Bone 

Overwhelming majority of the bone minerai lies within 
bone fibrils. 

Mechanism of Calcification 

Mineralization begins in a précisé location related to the 
whole zone of the collagen between 1 and 10 days after the 
déposition of nonmineralized osteoid. Small plasma 
membrane vesicles calcify, before calcification of collagen, 
but its rôle is unclear. 

Pyrophosphate is inhibitor of crystallization of 
hydroxyapatite which is présent in the bone and other 
tissues. Noncollagenous proteins containing phosphose- 
rine and phosphoxanthine residue act as the nucleator of 
mineralization. These proteins hâve been shown to be 
synthesized by the osteoblasts, and are found in the whole 
région of collagen and présent a sériés of phosphate 
residues, specifically oriented in space which then bind 
the calcium. 

Water Content of the Bone 

Water in the bone is seen in the form of extracellular fluid 
as well as within the shells of the apatite crystals. There is 
much water in organic phase of mucopolysaccharide 
complex and collagen as well as in inorganic component 
of the bone or in marrow and osteocytic spaces of bone. 

Water also has importance in that most of the ions 
such as calcium, sodium, potassium, phosphate, chloride 
require hydration for their movement or diffusion and as 
the matrix calcifies, the rate of diffusion or exchange of 
calcium ions is slowed with slowing of crystallization. 



Bone: Structure and Function 65 


Citrate 

Seventy percent of total citrate is présent in the bone. It is 
actively concerned with the metabolic, oxidative processes 
of carbohydrate, fat, protein in mammals and is produced 
during Kreb's cycle to provide energy. 

Not only does the citrate content of sérum parallel the 
calcium content, there is also transport function which 
may hâve a rôle in calcium absorption from intestine. In 
vitamin D deficiency rickets, the sérum citrate level is low 
even when the calcium remains normal and adminis¬ 
tration of citrate as sodium sait is foliowed by healing of 
rachitic lésion without affecting calcium/phosphate 
product. This implies that citrate make calcium more 
available to the growing bone. 

Bone Enzymes 

1. Glycolytic enzymes in osteoclasts: These transform 
glucose into pyruvate with the formation of ATP. 

2. Acid hydrolases: These are catabolic enzymes res- 
ponsible for cellular digestion. 

3. Collagénase: These specifically dégradé collagen. 

4. Alkaline phosphatase: This is phosphomononuclease 
which is: 

i. nonspecific and catalyzes orthophosphoric 
monoesters of phénol, alcohol, sugars with optimal 
activity at pH 9. 

ii. détectable in plasma of humans with normal levels 
of 3 to 14 KAU (King Armstrom units) or 1 to 5 
Bodansky units. 

iii. it is présent in bone, calcifying cartilage, intestinal 
mucosa, liver and kidney. 


iv. it's rôle uncertain but sérum alkaline phosphatase 
level is altered in certain disorders of skeletal and 
hepatobiliary System (Table 3). 3 

It is considered to be concerned with preosseous 
cellular metabolism with subséquent élaboration of bone 
matrix before the crystallization of calcium and phosphate 
ions. 

This is increased in conditions in which there is marked 
osteoblastic activity, e.g. infancy (2 to 3 times of adult) and 
during various growth spurts. 

In carcinoma dissémination, it is increased due to 
spread in bone or liver (measurement of 5 nucleotidase or 
alpha glutamyl transferase will differentiate normal in 
osteoblastic and raised in liver involvement. 

Metastasis from Ca prostate: Increased level can be 
differentiated by being inhibited by L-tartarase. 

Biochemical markers of the bone formation are the bone 
isoenzyme alkaline phosphatase, osteocalcin (bone Gla 
protein), procollagen peptides (N and C terminal). 

Markers of bone résorption are collagen products, e.g. 
deoxypyridinoline, pyridinoline peptides, acid phos¬ 
phatase (tartarase résistant). In urine the established 
measurements of hydroxyproline, calcium and créatinine 
are well-known for their lack of specificity. 

Bone Remodeling 

The whole body turnover rate is 10 percent per year. (4% 
in cortical bone and 25% in cancellous bone) which allows 
removal of fatigue damage and maintenance of relatively 
young skeletal tissue by the process of remodeling, and 
the bone is able to adapt to changing mechanical stresses 
imposed on it by the process of remodeling (Fig. 6). 


TABLE 3: Rôle of sérum alkaline phosphatase level in disorders 


Skeleton Hepatobiliary 


Increased in 


Rickets and osteomalacia 
Paget's disease 
Osteosarcoma 
carcinoma with 
Osteoblastic métastasés 


-in calcifying cartilage 


at site of disease 


Normal in Osteoporosis 

Osteopetrosis 

Healing fracture—increase in phosphatase locally 

Osteosclerosis 

Fibrous dysplasia 

Decreased in Achondroplasia 

Déposition of radioactive 
substances in bone 

Hypophosphatasia—Arrest of skeletal growth with 
decreased osteoblastic activity 

Cretinism scurvy 


Intra- and extrahepatic 
biliary obstructions 
Métastasés 
Thorazine-toxicity 
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Fig. 6: A diagrammatic représentation of the normal remode- 
ling sequences in adult bone (after Riggs and Melton, 1988) 


Remodeling, in biologist term, means removal of bone 
and laying down of new bone at a particular site, while 
modification of bone to structural demands as in fracture 
healing is called modeling by program. Accretion to one 
surface and résorption from other is responsible for gross 
changes in shape which occur during development and 
adaptation of bone to applied loads illustrated by Wolffs 
law. Although the majority of modeling ceases with skeletal 
maturity, progressive modeling throughout life 
is responsible for graduai widening of fémoral 
diaphysis with âge. 

Phases of Remodeling 5 

1. Quiescence: The bone surface is covered by a layer of 
thin flattened lining cells which arise by terminal 
transformation of osteoblasts, which hâve lost the 
ability to synthesize collagen. Between the lining cells. 


bone is a layer of osteoid like unmineralized connective 
tissue, whose function appears to be protection of the 
bone surface from osteoclastic résorption. 

2. Activation: The lining cells of quiescent area are 
stimulated to digest the unmineralized connective 
tissue overlying the bone, they then retract to expose 
the mineralized bone surface which is chemotactic for 
osteoclasts precursor cells which undergo fusion into 
osteoclasts, when they reach the bone surface. 

3. Résorption: Osteoclasts resorb the bone producing 
Howship's lacuna in trabecular bone or cutting cône 
in cortical bone. 

4. Reversai: This is the period between completion of 
résorption and the start of formation at a particular 
location. The surface is smoothened out by 
mononuclear cells. The mechanism of coupling of bone 
formation and bone résorption is unclear. 

5. Formation: Soon after the cernent substance has been 
deposited, the newly formed osteoblasts begin to 
deposit a layer of unmineralized bone matrix which is 
referred as osteoid seam. Thus, collagen cross-linking 
occurs and later mineralize in one week. 

Régulation of Bone Cell Function 

Peptide Growth Factors 

1. Transforming growth factor-alpha (TGF-a): It may be a 
mediator of excessive bone résorption. 

2. Transforming growth factor-beta (TGF-(3): It is mitogenic 
for bone cells and stimulâtes bone résorption. This 
stimulâtes bone DNA and collagen synthesis and cell 
réplication. 

3. Insulin like growth factor (IGF): It is responsible for effects 
of growth hormone on the bone. It stimulâtes the 
prolifération of osteoblastic cells and has direct 
stimulatory effect on mature osteoblastic collagen 
synthesis. 

4. Platelet-derived growth factor (PDGF): It enhances the 
bone résorption by prostaglandin-mediated mecha¬ 
nism and stimulâtes protein and bone synthesis. 

5. Fibroblast growth factor (FGF): This stimulâtes DNA 
synthesis and cell réplication. 

6. Epidermal growth factor (EGF): This increases bone 
résorption, cause prolifération of osteoblasts. 

7. Interleukin-1 (IL-1): It stimulâtes cell réplication and bone 
formation. 

Cytokine Effects on Bone Résorption 

Interleukin (IL-1) remains most potent cytokine for bone 

formation. Stimulation of nature osteoblastic action include 

TGF-beta, IGF and BMP. 4 
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Prostaglandins 

Prostaglandins are synthesized from arachidonic acid by 
enzyme cycloxygenase. Arachidonic acid is formed from 
phospholipids by phospholipase. The effect of 
prostaglandin on bone are confusing, however, it is 
clear that prostaglandins are local regulators of bone 
cell behavior. 

These appear to hâve rôle in mediating the basal level 
of bone résorption. They may promote différentiation of 
preosteoblasts into osteoblasts and seem to stimulate 
periostealbone formation. 

Electrical Phenomena and their 
Effect on Bone Cell Function 

Area under compression produces négative potential and 
area under tension produces positive potential. The stress- 
induced potentials are piezoelectric which are because of 
the deformation of molécules of the bone. Streaming 
potentials are caused by stress-induced charges in fluid 
fluxes through the bone, at least for deformations occurring 
at relatively low frequencies. More négative area are 
associated with osteogenesis, while positively charged 
areas are at résorption site, so this idea is tried in union of 
difficult fractures. 

Bone Growth and Development 

Intramembranous Ossification 

Intramembranous bone formation occurs within the layers 
of vascularized connective tissue consisting of a randomly 
oriented meshwork of collagen fibrils in which, cells are 
found in contact with each other through long tapering 
processes. At a certain stage of différentiation, cells begin 
to proliferate in the areas where bone will be formed. The 
cells hypertrophy and transform into osteoblasts. Progres¬ 
sive bone formation results in fusion of adjacent bony areas 
within the members to form spongy bone. This is then 
remodeled into its mature form. 

The bones of vault of skull, maxilla, most of mandible 
and the clavicle are formed in this way. 

Endochondral Ossification 

Endochondral ossification differs from intramembranous 
ossification. In the former there is formation of a cartilage 
model analage, from mesenchymal tissue, which acts as a 
scaffold for ossification, but does not itself become bone. 
Within the cartilage model during embryonic development, 
depending on the cellular âge and mass of the model, the 
cells of the région which will form the primary center of 
ossification in future undergo hypertrophy and accumulate 
glycogen. The hyaline matrix in the région of hyper- 


trophied cartilage cells begins to calcify and 
simultaneously ossification occurs in the perichondral ring 
in the région of midshaft, forming a periosteal band of 
bone. Blood vessels from the investing connective tissue 
grow into this area of diaphysis, through the newly formed 
periosteal shell of bone, and invade the région of 
hypertrophied cartilage cells. Osteoblasts derived from this 
connective tissue then begin to lay down osteoid and fêtai 
bone the cartilage matrix. Hemopoietic cells appear from 
the invading tissue and red marrow is soon identified. 
This process leads to formation of primary ossification 
center. 

The process extends up and down the shaft, in an 
orderly fashion, until the level of the future growth plate is 
reached. Here the bony replacement of the cartilage mode 
ceases and the cartilage organizes into the proliférative 
epiphyseal growth plate. 

The vascular supply of fêtai bone is initially through 
multiple perforating arteries throughout the length of the 
bone. As growth progresses these arteries gradually lessen 
in number until only one persists, as the adult nutrient 
artery which is usually found at the site of the primary 
invasion of vessels into the cartilage model. 

The bone initially formed, where the primary 
ossification center has replaced the cartilage model by 
endochondral ossification, is a loose trabecular network. 
As it enlarges laterally, it fuses with the periosteal collar of 
bone which is in the form of a multilayered shell and is a 
product of membranous ossification. Thus, even in long 
bones, which are primarily formed by endochondral 
ossification, membranous ossification also plays a large 
rôle. 

At the same time as the primary ossification has 
progresses to the cartilage ends, the primary periosteal 
collar has also extends towards these régions, being always 
slightly ahead of the central endochondral ossification 
process. Once the physis is established, the periosteal ring 
ceases further extension towards the epiphyses, and 
remains level with the zone of hypertrophie cartilage as 
the ring of Lacroix. Closely related to this ring is found the 
région of relatively primitive mesenchymal cells which 
are important for latéral growth of the physis. The 
association of ring of Lacroix, mesenchymal cells and the 
latéral part of physis is referred to as zone ofRanvier (Fig. 7). 

During fêtai and childhood osteogenesis, the 
endochondral growth continues in the growth plates and 
within the epiphyses. Growth in length occurs by addition 
of cells at the physis. In contrast growth in width is more 
complex. At the physis a small contribution is made by 
interstitial growth, but the majority of growth in width is 
by latéral apposition by différentiation of mesenchymal 
cells within the zone of Ranvier. At the level of diaphysis. 



68 Textbook of Orthopedics and Trauma (Volume 1) 


Penchondrium 

Zone of Ranvîer 

Ring of Lacroix 

Periosteum 



Epiphyseal artery 

| / Epiphyseal ossification 

, I ^ j rS'œnter 

— Subchondral plate 
Resting mitosis 


H, «© Hypertrophy 

æ>© £2® 

®® nS 

S ® f*( m Calcification 

Vascular pénétration 

r. 


Ossification 

Remodeling 




\\— Metaphyseal 


arterïal loop 


Fig. 7: A diagram of the physis showing the stages in longi¬ 
tudinal bone growth and the edge structures of the ring of 
Lacroix and the zone of Ranvier 


the latéral growth eventually is remodeled to create the 
metaphysis and diaphyseal cortex. 

The interaction of endochondral and intramembra- 
nous ossification in a long bone has led to the concept of 
the endochondral cône. 

At birth except lower end of fémur, ail epiphyses are 
cartilaginous. At a time unique for each site, secondary 
ossification center appears and expands by endochondral 
ossification. As it approaches the physis, it forms a dense 
subchondral plate parallel to it. The growth of secondary 
ossification center is affected by various forces like pull of 
muscles, tendons and ligaments to produce its 
characteristic shape. When the hyaline cartilage of 
chondral epiphysis first forms, there are no discernible 
histological différences between the cells which will 
eventually form the joint surface and those which will 
take part in the secondary ossification center. However, at 
some point différentiation occurs so that the articular 
hyaline cartilage is unable to ossify. 

Epiphyseal Growth 

The growth plate is composed of cartilage cells which are 
arranged in well-ordered long columns separated from 
each other by an intercellular matrix of loosely packed 
collagen fibers containing proteoglycans. The columns are 
parallel to each other and to the axis of growth of each 
particular bone end. Disorganization of this orderly 


structure is seen in conditions such as achondroplasia 
where growth is markedly déficient. 

Zones of Epiphysis 

1. Resting zone on epiphysis side of each column, the 
cartilage cells are small and fiat, in the resting zone. 

2. Proliferating zone immediately on the metaphyseal side, 
of this is the layer of active cell division, occurring 
longitudinally and providing growth in length. Some 
transverse division causes increase in width. They also 
secrete matrix. 

The blood supply of these zones is from adjacent 
epiphyseal arteries. 

3. Hypertrophie zone: Halfway down, distant from both 
epiphyseal and metaphyseal blood supply, this zone 
is avascular. The chondrocytes mature and hypertrophy 
up to five times larger. Type X collagen found in this 
layer may well hâve function in provisional 
calcification. 

4. Calcification zone: The matrix calcifies between the cell 
columns. The last cartilage cell of each column is in 
vicinity of a capillary tuft from metaphysis, which 
proliférâtes and finally forms a new extension to the 
capillary tuft. Thus, as new cells are formed on the 
epiphyseal side, cells are constantly lost and replaced 
by capillary invasion on the metaphyseal side. 
Osteoblasts carried from metaphysis along with the 
process of capillary invasion, thus corne to surround 
the basin of calcified cartilage matrix between the 
columns, at the base of the growth plate. 

Remodeling the Structure of Bone 

Remodeling the structure of bone consists of extensive but 
constructive résorption and déposition of new bone, which 
is most marked during the growth and development and 
continues throughout the life in mature skeleton. This is 
essential to change the shape and function of bones, both 
in longitudinal and transverse planes and within the 
spongiosa of medullary cavity in order to produce the 
normal tubular shape of bone. 4 

Skeletal Growth and Development 

Growth is increase in the total mass and size of body 
whereas development is maturation and différentiation of 
tissues and organs necessary to form and to complété the 
whole individual. 

Balance between the two détermines the ultimate 
stature of an individual. 

1. Height âge curve: After the âge of 2 years, child tends to 
follow the curve any déviation may suggest pathology. 

2. Growth velocity curve: In first year, there is 50 percent 
increase in length, rapid in second year, thereafter 
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settles to approximately 5 to 6 cm/ year, till adolescent 
spurt (10 to 12 years in females and 11 to 12 years in 
males). The spurt lasts for between 2 and 2.5 years. 

3. Sitting height 

4. Upper segment/lower segment: 

• infant—1.7 

• 7-10 years—1.0 

• adult—0.95 

5. Arm span = total height—few cms. 

Maturity 

Maturity is determined by two methods. 

1. Greulich Pyle method: Radiograph of hand is compared 
with standard films. 

2. Tanner's method: This gives each bone a maturity rating 
and the scores are weighted and combined to give an 
index of skeletal maturity. 

Sex Différences 

• Boys may be slightly larger than girls at birth and grow 
faster in first year 

• From 1-9 years there is same rate of growth 

• Girls start adolescent growth 2 years earlier than the 
boys. 

• During first three years, leg length increases in boys 
which increases further during adolescent growth 
spurt, so legs are longer in boys. At the same time there 
is increase in width of pelvis in girls and increase in 
shoulders in boys. 

Prédiction of Adult Height (Weech) 

Hn = 0.545 Hz + 0.544 A = either 14.84 (boys) or 10.09 
(girls) 

Hn = Height in inches at maturity 

Hz = Height in inches at two years 

A = Mean height in inches of parents 

Factors Affecting Skeletal Growth 

1. Geneticfactors 

2. Maternai factors: Maternai nutrition, vitamin deficien- 
cies, toxemia, smoking, endocrine disease, alcoholism 
in mothers. 

3. Environmentalfactors: Longitudinal growth is faster in 
spring, weight increases faster in autumn. 

4. Sociologicalfactor: High society children are taller. 

5. Emotionalfactors 

6. Nutritional factors: Malnutrition may lead to temporary 
growth arrest. This may cause radiographie transverse 
lines seen at the ends of long bones. 


7. Hormonal factors: Various hormones hâve different 
effects as follows. 3 Hormones concerned with growth 
and development of skeleton are as follows. 

Growth hormone maximally effects at âge 5 to 15 years. 
It is responsible for longitudinal growth of body, increased 
rate of division and the size of the cells of proliferating 
and hypertrophie zones of epiphyseal cartilage. Increase 
in amount of matrix is achieved by: (i) collagen synthesis, 
and (ii) synthesis of carbohydrate protein complexes. 

Thyroid hormone affects secondary ossification centers, 
Controls form and then shape and maturation of epiphyseal 
cartilage plate. 

Androgens maximally affect at prepuberty. They cause 
limited stimulation of linear growth and marked 
accélération of maturation of epiphyseal cartilage plate 
resulting in cessation of growth and epiphyseal closure. 

Estrogens maximally affect at prepuberty. They cause 
inhibition of linear growth and accélération of maturation 
of epiphyseal cartilage plate, cessation of growth and 
epiphyseal closure. 

Glucocorticoids inhibit longitudinal growth, retard 
cellular prolifération and hypertrophy of epiphyseal 
cartilage plate and inhibits collagen synthesis and protein- 
carbohydrate complexes. 

Insulin is essential to proper action of growth hormone. 

Local Factors Affecting on Bone Growth 4 

1. Intramedullary trauma: This could give rise to slight 
longitudinal overgrowth due to reflexly increased 
periosteal vascularity at the ends of the diaphysis. 

2. Foreign material in medullary cavity: It leads to 
increased growth. 

3. Arteriovenous fistula: It leads to increase in growth. 

4. Nutrient artery occlusion: Redistribution through 
metaphyseal vessels is thought to be responsible for 
overgrowth. 

5. Periosteal stripping: Widely accepted view is that 
growth stimulation is due to changes in vascularity, 
especially the delay in venous drainage. 

6. Diversion ofblood to bones: It occurs by transfer of artery 
to medulla but is not successful. 

7. Poliomyelitis: The initial growth stimulation is due to 
hyperemia, may be due to sympathetic affection, or 
due to réduction of pressure on growth plates. Later 
the growth reduces. 

8. Sympathectomy: This may lead to increased growth 
but doubtful. 

9. Peripheral nerve section: Rôle is doubtful. It may lead 
to growth retardation. 
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10. X-ray irradiation: Small dose may resuit in growth 
stimulation and larger doses in growth retardation. 

11. Immobilization: Sustained immobilization ultimately 
leads to reduced growth and atrophy. Altered mecha- 
nical forces probably exert a minor influence at the 
beginning period leading to increased growth. 

12. Mechanical forces: (Heuter-Volkmann's law) Comp¬ 
ressive factor acting on the growth plate slows growth, 
whereas tensile force stimulâtes growth. 

If the force exerted at the growth plate is very high, 
inhibition of the growth appears to reduce in 
proportion to the duration of the pressure applied to 
the plate. It responds to sustained pressure by 
narrowing, progressive distortion of the cartilage 
columns with horizontal fissures, vascular invasion 


and eventually bony fusion between the epiphysis 
and metaphysis. 

13. Fracture: This leads to variable stimulation, maxi¬ 
mum at about 8 years of âge, in diaphyseal fractures 
with overlap due to many causes. 
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INTRODUCTION 

The skeletal tissue is a specialized connective tissue which 
forms the general framework of the body. It bears weight 
without bending and has considérable tensile strength. 
Both of these properties are achieved by some peculiarities 
of the intercellular substance. 

The cartilage (Gristle) appears in those areas where 
both rigidity and elasticity are required. Most of the bones 
in the intrauterine life are performed in cartilages. The 
cartilages which are replaced by bones are known as 
temporary cartilages, those which persist throughout life 
are named as permanent cartilages. 

Cartilage is essentially a type of stiff load-bearing 
connective tissue. Its distinctive properties are a low 
metabolic rate and a vascular supply confined to its 
surface or to large penetrating tunnels, a capacity for 
continued and often rapid interstitial and appositional 
growth, and a high résistance to tension, compression and 
shearing with some resilience and elasticity. Cartilage is 
covered by a fibrous perichondrium except at osseous 
junctions, and at synovial surfaces, the latter are lubricated 
by secreted nutrient fluid. 

Structure 

The cartilages consists of cells and abundant intercellular 
substance or matrix. 

The cartilage cells known as the chondrocytes appear 
in the lacunae or little spaces of the intercellular substance. 
Sometimes a lacuna contains a single cell, in other cases it 
contains double or multiple number of cells. Such collection 
of cells in a single lacuna is known as cell nest. Each cell 
présents a round nucléus with one or two nucleoli. The 
cytoplasm contains glycogen, fat globules and sometimes 
pigment granules. The size and shape of the cells vary. 


The younger cells are small and somewhat flattened. The 
old and fully differentiated cells are large and round. 

The matrix is composed of collagen and in some cases, 
elastin fibers, embedded in a water-filled yet stiff ground 
substance. These components hâve various Chemical 
features which are unique to the cartilage, and confer upon 
it unusual mechanical properties. The ground substance 
is a firm gel, rich in carbohydrates, and therefore, stainable 
with the periodic acid Schiff method, the carbohydrates 
are predominantly acidic and are hence basophilie, 
strongly binding such dyes as hematoxylin, alcian blue 
and toluidine blue, and giving metachromatic coloration 
with the latter. The chemistry of the ground substance is 
complex consisting mainly of water and dissolved salts 
held in a meshwork of long interwoven proteoglycan 
molécules together with various other minor constituents, 
mainly proteins or glycoproteins and some lipids. 

The collagen of the cartilage matrix, forming up to 
50 percent of its dry weight, is chemically distinct from 
that of most other tissues being classed as type II collagen. 
Elsewhere this variety is only found in the notochord, the 
nucléus pulposus of the intervertébral disk, the vitreous 
body of the eye and in the primary corneal stroma. Its 
tropocollagen subunits are composed of triple helices of 
identical polypeptides (three oc-I chains), although 
collagen in the outer layers of the perichondrium and much 
of the collagen in white fibrocartilage belongs to the general 
connective tissue type I. The majority of the collagen fibers 
of cartilage are too small to be individually visible except 
by électron microscopy. They are relatively short, thin 
(mainly 10 to 20 nm diameter) structures with the charac- 
teristic cross-banding (at 64 nm intervals in sections), and 
they are interwoven to create a three-dimensional mesh¬ 
work linked by latéral projections of the proteoglycans 
associated with their surfaces (Collagen gives tensile 
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strength and proteoglycans and non-collagenous proteins 
give form to the cartilage). 

In addition to type II collagen, minor quantities of other 
classes unique to cartilage are présent (Mayne and Irwin, 
1986), including types IX and X and isolated collagen 
polypeptide chains (la, 2a, 3a). The significance of these 
is as yet unclear, but they may be involved in stabilizing 
type II collagen networks (Type IX) and in hypertrophie 
changes in some types of cartilage (Type X). Other types of 
fibers are also présent in some classes of cartilage, these 
include elastin fibers in elastic fibrocartilage, and where 
ligamentous structures are inserted, as in fibrocartilage, 
type I collagen, derived from fibroblasts rather than 
chondrocytes. Proteoglycans form much larger portion of 
hyaline cartilage which give the tissue gives unique 
property of compression. 

The proteoglycans of cartilage consists of various long 
polymers, often branched, of carbohydrates termed 
glycosaminoglycans {(GAGS) Hascall, Hascall (1981)}. 
These are acidic, bearing anionic sulfate and carboxyl 
groups which give them a net négative charge. Groups of 
GAGs are covalently bound to a filament of protein (the 
"core protein", with an MW of 250,000 and a length of 
300 nm) which may bear more than 100 GAGs of different 
types sticking out sideways like the bristles of a bottle- 
brush. In turn, several such proteoglycan assemblies can 
be bound along the length of a relatively huge (a million or 
more in relative molecular mass) hyaluronate molécules 
(another type of GAG) to form highly complex filamentous 
aggregates. Other, smaller "link proteins" are involved in 
this interaction. Because of the prédominance of the acidic 
groups, there is a tendency for the chains to repel each 
other, thus standing out stiffly from the central core protein. 
Weak intermolecular forces hold these aggregates together 
as a three-dimensional network with large water-filled 
spaces within. This arrangement allows the ready 
diffusion of water and dissolved materials through the 
ground substance, although water and other electrolytes 
are also loosely bound by the electrostatic forces on the 
surfaces of the charger macromolecules. In the living state, 
the molecular aggregates appear to be compressed into a 
smaller volume that would be expected from their shape, 
the length of their chains and electrical repulsions between 
their chains and their subunits. It had been suggested that 
the proteoglycans may act as minute compressed springs, 
storing energy when further compacted then releasing it 
on recoil, and so conferring elastic properties on the matrix. 

Glycosaminoglycans found in the proteoglycans 
include chondroitin 4-sulfate, chondroitin 6-sulfate and 
dermatan sulfate (otherwise termed chondroitin sulfates 
A, C and B), and also keratan sulfate. 


Cell adhesion proteins: The best known is chondronectin, 
a cartilage glycoprotein important in the adhesion of 
chondroblasts to type II collagen fibers in the presence of 
chondroitin sulfates. 

Peculiarities of the Cartilage 

1. Cartilaginous tissue is avascular and non-nervous. It 
receives nutrition by diffusion from the nearest 
capillaries. Many cartilaginous masses are traversed 
by "cartilage canals" which convey blood vessels and 
are invested by délicate connective tissue sheaths 
derived from the invaginations of the overlying 
perichondrium. The time of appearance of the canals 
and their subséquent disappearance are subjected to 
régional variations. The canals provide nutrition to 
the deepest core of the cartilaginous masses which are 
not getting sufficient nutrition by diffusion from the 
perichondrial vessels. Moreover, such canals may 
provide the sites for the centers of ossification and help 
the ostéogénie cells and blood vessels to grow in the 
ossifie centers. 

2. When the matrix is calcified, the chondrocytes die 
because they are deprived of nutrition by diffusion. 

3. Cartilage cells grow by appositional and interstitial 
methods. 

4. In appositional growth, layers of cartilage cells are 
deposited at the surface beneath the perichondrium. 
Thereby, the cartilage increases in width. 

In interstitial growth, the chondrocytes proliferate 
by mitosis from the center of the cartilaginous model. 
This method increases the cartilage in length. 

5. Because of lower antigenicity of the cartilaginous 
matrix, less vascularity and isolation of chondrocytes 
in separate lacunae homogenous transplantation of 
cartilage is possible without rejection. 

6. Repair of cartilage takes long time because of its 
avascularity. 

Ossification of the Cartilage 

The undifferentiated mesenchymal cells (Fig. IA) 
withdraw their processes, crowd together and are 
converted into the chondroblasts (Fig. IB), which secrete 
intercellular substance around them. 

The chondroblasts increase in size and are converted 
to chondrocytes (Fig. IC), which stretch the intercellular 
substance. The chondrocytes secrete an enzyme known as 
the phosphorylase which converts the glycogen of the cell 
into sugar phosphate. Another enzyme known as alkaline 
phosphatase secreted by the chondrocytes, hydrolyzes 
sugar phosphate into free phosphate ions. The latter 
combine with soluble calcium of the tissue fluid and 
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Figs IA to F: Undifferentiated mesenchymal cells are converted to chondroblasts and finally to chondrocytes. 

Process of calcification and ossification 


precipitate in the matrix as the calcium phosphate. This 
process is known as the calcification (Fig. 1D). The 
chondrocytes in the calcified matrix suffer from lack of 
nutrition by diffusion, and the cells die making the matrix 
weak (Fig. 1E). The osteoblasts carrying the blood vessels 
deposit new bones on the calcified matrix (Fig. 1F). 

Types of the Cartilages 

The cartilages are classified according to the number of 
the cells and the nature of the matrix into foliowing types— 
cellular, hyaline, white fibrocartilage and elastic fibro- 
cartilage. 

Cellular Cartilage 

Cellular cartilage is almost entirely composed of cartilage 
cells and the matrix is minimum. This type is présent in 
embryonic life during the development of cartilage. 

Hyaline Cartilage (Fig. 2A) 

Most of the cartilages of the body are hyaline, e.g. articular 
cartilage, temporary cartilages, costal tracheobronchial 
and laryngeal cartilages (except epiglottis, corniculate, 
cuneiform and apex of arytenoid cartilages). Excepting 
the articular cartilage, ail hyaline cartilages are covered 
by a fibrous membrane known as the perichondrium. The 


hyaline cartilage may calcify as âge advances. In this type, 
the cartilage cells are arranged in groups of two or more, 
with straight outlines where they corne in contact with 
one another. The matrix présents a ground-glass 
appearance, and consists mostly of chondroitin sulfate 
and a few collagen fibers. 

White Fibrocartilage (Fig. 2B) 

Here the collagen fibers of the matrix predominate and are 
arranged inbundles. The ovoid cartilage cells are arranged 
between the bundles. 

Distribution: Intervertébral disks and interpubic disk, 
articular disks of temporomandibular, sternoclavicular, 
and inferior radioulnar joints, menisci of the knee and 
acromioclavicular joints, and articular surfaces of those 
bones ossified in membrane are fibrocartilaginous. 

Semiulnar cartilage or meniscus seen in knee joint acts 
as buffer (fibrocartilaginous cushion). Its function and 
structure is interlinked at both the macroscopie and 
microscopie level. Important functions of meniscus are load 
transmission, shock absorption, and lubrication of 
articular surfaces. 

Miniscus is made of extracellular matrix, which 
happens to be complex, three-dimensional (3-D, 
interlocking array of organized collagen fibers with water 
and proteoglycan, which gives mainly load bearing 
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Figs 2A to C: The three types of cartilage: Hyaline, fibro and yellow elastic 


properties to it. The cells are composed of meniscal 
fibrochondrocytes with minimum two separate 
populations, spatially separated. By dry weight 75% is 
collagen, around 8 to 13% is noncollagenous protein and 
1% is hexosamine. Type I collagen is the main collagen 
type (almost 90%) while rest being little amounts of type II, 
III, V and VI. 

Load bearing rôle of the meniscus is determined by the 
collagen fiber ultrastructure arrangement. Large collagen 
fiber bundles are prédominant in a circumferential 
orientation while radial collagen bundles run from the 
periphery towards center. 

Peripheral part (around 10 to 25%) of meniscus close 
to the capsule is more vascular and can be defined as red 
zone while inner two-thirds with less vascularity may be 
called as white zone. It is noted that tears of meniscus in 
red zone will heal whereas tears in the central or white 
zone do not heal. 

Elastic Fibrocartilage (Fig. 2C) 

In this type, the matrix is traversed by the yellow elastic 
fibers which branch and anastomose in ail directions 
except around the cartilage cells where amorphous 
intercellular substance exists. It does not form part of the 
musculoskeletal System. 

Distribution: Pinna or the external ear, epiglottis, corni- 
culate, cuneiform and apex of the arytenoid cartilages. 

Articular Cartilage 

As articular cartilage is avascular, energy is generated 
through anaérobie pathway. The nutrients diffuse through 
the matrix from the surrounding synovial fluid. Articular 
cartilage is also a neural, but chondrocytes are believed to 
be sensitive to pressure or deformation. 

To understand the biomechanical properties, the 
cartilage is viewed as a biphasic material that has a solid 
phase and a fluid phase. Water résides in the microscopie 
pores, and the flow of this water through the permeable 


matrix may be induced by a pressure gradient or by matrix 
contraction. This high fluid pressure provides significant 
component of total load support, and therefore, minimize 
the stress on the normal cartilage matrix. 

Joint loading and motion are required to maintain the 
health of normal adult articular cartilage. Immobilization 
of a joint causes a rapid loss of the proteoglycans from the 
cartilage matrix so that fluid flux and deformation in 
response to compression increases. The extent of recovery 
decreases with increasing periods of immobilization. 
Increased joint loading either through excessive use or 
through increased magnitudes of loading also affects the 
articular cartilage. 

Articular cartilage repair: It has a limited capacity of repair. 
Superficial lacérations that do not cross the tidemark 
generally do not heal. 

When cartilage injury pénétrâtes the subchondral bone, 
cells pass through subchondral vessels and can initiate a 
healing process, formation of fibrinous tissue (arcade) and 
inflammation at the site of injury. This fibrinous arcade is 
believed to act as a scaffold that directs mesenchymal cells 
to produce a fibrocartilaginous matrix at the surface edge. 
In addition, these lésions resuit in release of growth factors 
that may stimulate migration of undifferentiated 
mesenchymal cells into the fibrin clôt. 

The repaired tissue often lacks the unique composition 
of normal cartilage. The subchondral portion of the defect 
is repaired with a tissue consisting primarily of bone. In 
contrast, the chondral porüon of the defect is rarely repaired 
completely and consists of tissue intermediate between 
hyaline cartilage and fibrocartilage. Repaired tissues were 
noted to hâve a solid matrix with lower elastic modulus 
and higher permeability than normal tissues. The 
orientation of collagen fibrils in repair does not follow the 
pattern seen in normal cartilage. The inferior material 
properties may make it more susceptible to structural 
damage when the joint is loaded. By one year loss of hyaline 
appearing matrix usually occurs in larger defects and 
progressive détérioration may ensue. 





















Cartilage: Structure and Function 75 


Treatment ofarticular cartilage lésions 

1. Debridement of chondral flaps and removal of loose 
chondral fragments 

2. Abrasion chondroplasty 

3. Osteochondral grafts 

4. Packing with a exogenous fibrin clôt 

5. Periosteal and perichondrial allografts hâve limited 
success 

6. Mesenchymal stem cells or chondrocytes can be 
maintained in culture and induced to form a matrix 
that closely resembles to that of normal cartilage. This 
autologous cartilage is transplanted to cartilage defects 

7. Growth factors and hyaluronic dérivatives may be 
tried. 

Although many techniques are promising, longer 

follow-up and further investigation is warranted before 

any of them can be generally recommended. 
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STRUCTURE AND FUNCTION OF MUSCLE, 
LIGAMENTS AND TENDON 



Muscles are primarily designed for movements which are 
the distinctive outward characteristics of animal life. One 
of the fundamental properties of animal cell is contractility, 
and this is developed in highly specialized form in the 
muscular tissue. The word muscle is derived from the Latin 
musculus which mean "a little mouse" (mus). This is 
probably due to the fact that certain muscles bear fancied 
resemblance to mice and tendons represent their tails. 

In vertebrates, muscles are of three varieties: (i) stri- 
ped or voluntary, (ii) unstriped or involuntary, and 
(iii) cardiac. 

Striped or voluntary muscles are cross-striated in 
appearance under the microscope, supplied by cérébro- 
spinal nerves and are usually controlled voluntarily. 
Hence, they are termed voluntary. 

But the term is not entirely satisfactory. The muscles of 
the pharynx and the diaphragm are striped in structure, 
but their actions are not strictly under voluntary control. 
Striped muscles are also called the skeletal or somatic 
muscles due to their attachments to skeletal tissue. These 
muscles contract with great rapidity, but are fatigued more 
easily. Voluntary muscles serve to adjust the organism 
with its external environment. 

Unstriped muscles do not exhibit cross-striations and 
are structurally the simplest type of contractile tissue. They 
respond slowly to a stimulus and are capable of sustained 
contraction. The unstriped muscles also known as smooth 
or viscéral muscles are involuntary, because they are 
supplied by autonomie nerves and are not under the direct 
control or will. They provide the internai environment with 
the motive power for digestion, circulation, sécrétion and 
excrétion. 

The status of cardiac muscles is intermediate between 
skeletal and smooth muscles. Cardiac muscles are cross- 
striated but are regulated by autonomie nerves. They are 


specialized to provide the intrinsic rhythmic contractility 
of the heart. 

Ail muscles of the body are developed from mesoderm, 
except the arrectores pilorum, muscles of iris, and 
myoepithelial cells of salivary, sweat and lacrimal glands 
which are derived from ectoderm. 

VOLUNTARY MUSCLE 

Voluntary muscles form about 42% of the total body weight. 
They act on joints producing movements. Only 20% of the 
energy set free during movements is expressed as work, 
and remainder is utilized to produce heat. When the body 
température falls below normal, an attempt is made to 
generate more heat by the rapid muscular contraction 
which is known as shivering. The voluntary muscles may 
be compared with high-speed engines capable of develop- 
ing great power, which work only for moderate periods 
with intervals for réhabilitation. 

Parts of Voluntary Muscle 3 4 

Voluntary muscle comprises of two parts, namely fleshy 
and fibrous (Fig. 1). 

The fleshy part of the muscle is contractile, highly 
vascular with higher metabolic rate, and cannot withstand 
pressure or friction. 

The fibrous part may be tendinous or aponeurotic. The 
tendons are nonelastic, less vascular and résistant to 
friction. When muscle presses on unyielding structure, 
the fleshy part is replaced by tendon. If a tendon is subjected 
to friction, a bursa or synovial sheath is interposed. 

Functions of Tendon 1 

1. It concentrâtes the muscle pull at the sites of insertion. 
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Fig. 1 : Structure of voluntary muscle 



Fig. 2: Fibers of tendon are not parallel 


2. It is immensely powerful, so that a tendon whose cross- 
sectional area is 1 sq inch, can support a weight of 
9.700 to 18,000 lbs (Cronkite). 1 

3. The fibers of a tendon are twisted or plaited so that the 
muscle pull is distributed to ail points at the site of 
insertion. 

4. When a tendon is subjected to sudden and accidentai 
traction at the insertional end, the bone may be 
fractured without the rupture of the tendon. This shows 
tremendous latent power in a tendon. 1 

5. The fibers of a tendon are not strictly parallel, but 
plaited (Fig. 2), they twine about each other in such a 
manner that fibers from any given point at the fleshy 
end of the tendon are represented at ail points at the 
insertional end hence, the pull of the whole muscle 
can be transmitted to any part of the insertion. The fan- 
shaped manner in which most tendons are inserted 
into both ensures that successive parts of the insertion 
shall take the full pull of the muscle, as the angle of the 
joint changes. 

Types of Insertion of Muscles 

1. Some muscles are inserted near the proximal end of a 
bone, close to a joint (Fig. 3A). This increases the range 
of movement, but the power of action is less, e.g. biceps 
brachii, psoas major. 

2. Some are inserted towards the distal end of bone away 
from the joint (Fig. 3B). Here power of action is more 
but the range of movement is less, e.g. brachioradialis. 

3. Sometimes a muscle is inserted at the middle of the 
shaft of a bone, e.g. coracobrachialis, pronator teres. 

Classification of Voluntary Muscles 

According to the Color 

The muscles are of two types, namely red and white. The 

color dépends on capillary density and on the amount of 


Insertion near the proximal 
end of bone 



Insertion near the distal 
end of bone 



Figs 3A and B: Insertion of tendon to bone 


myohemoglobin in the sarcoplasm of the muscle cells. In 
the red muscle, the myohemoglobin is more abundant. Red 
and white muscles présent the following différences 
(Table 1). 

According to the Direction of the Muscle Fibers 

The muscles may be parallel, pennate, spiral and cruciate 
in type. 

Parallel muscles: The muscle fibers are parallel to the line of 
pull. The fibers are long, but their numbers are relatively 
few (Fig. 4). 
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TABLE 1 : Différences between red and white muscles 


Red muscles White muscles 


1. It is more primitive, présents less cross-striations and more 
sarcoplasm 

2. Contraction is slow, but more sustained lasts for 75 m 
seconds 

3. Red muscles contain high concentrations of mitochondria 
and enzymes associated with exudative metabolism. A dense 
capillary network surrounds each muscle fiber. Ail this is 
useful for aérobic type of respiration 

4. The red fibers are normally utilized for dextrous movements 
requiring large numbers of small motor units, and for postural 
stance requiring sustained contractions 

5. The red fibers are found in deep muscles and deeper aspects 
of superficial muscles 

6. The antigravity muscles of the trunk and the one-joint 
branchialis and soleus muscles are examples of red muscles 

7. Amount of myoglobin présent is more so, red in color 

8. Vascular supply rich 


1. It is more recent, présents more cross-striations and less 
sarcoplasm 

2. Contraction is rapid, but less sustained, lasts for 25 m seconds, 
fatigue develops early 

3. White muscles possess abundant sarcoplasmic réticulum and T- 
system of tubules, high levels of glycogen and glycolytic enzymes, 
and few mitochondria. A poor capillary network surrounds each 
fiber. Their rapid fatiguability is associated with their anaérobie 
metabolism. Therefore, red fibers are called the oxidative fibers, 
and white fibers the 'glycolytic' fibers (anaérobie) 

4. The white fibers contract in response to sudden and transient 
demands requiring extra activity 

5. The white fibers are found in superficial muscles 

6. The phasic two-joint biceps brachii hamstring and gastroenemius 
muscles are examples of white muscles 

7. Amount of myoglobin présent is less so pale in color 

8. Vascular supply poor 



Functions 2 

1. The range of movement is more in this type of muscle 
due to increased length of the fibers. 

2. The total force of contraction is less because of less 
number of fibers. 

Parallel muscles may be subdivided into the following 
subtypes: 

i. strap muscles, e.g. sartorius, rectus abdominis, 

ii. quadrate muscles, e.g. quadratus lumborum, and 

iii. fusiform muscles, e.g. biceps brachii. 


Pennate muscle: The fleshy fibers are oblique to the line of 
pull. The fibers are short, and a greater number of them 
can be accommodated. Pennate muscle présents the 
following subtypes. 

1. Unipennate —ail fleshy fibers slope into one side of the 
tendon, which is formed along one margin of the 
muscle (Fig. 5A). This gives the appearance of half of 
feather, e.g. flexor pollicis longus, extensor digitorum 
longus, peroneus tertius. 

2. Bipennate —the tendon is formed in the central axis of 
the muscle (Fig. 5B), and the muscle fibers slope into 
the two sides of the central tendon, like a whole feather, 
e.g. rectus femoris, dorsal interossei of hand and foot. 

3. Multipennate —a sériés of bipennates lie side by side in 
one plane, e.g. acromial fibers of deltoid (Fig. 5C). 

4. Circumpennate —the muscle is cylindrical, within which 
a central tendon appears (Fig. 5D). Oblique muscle 
fibers converge into the central tendon from ail sides. 

Functions of pennate muscle 

1. The range of movement is diminished because of the 
shortness of muscle fibers and oblique direction of the 
pull. The force of muscle action is resolved into two 
component forces—one acts in the line of pull and the 
other at right angle to it. 

2. The total force of contraction is increased due to greater 
number of muscle fibers. 

Spiral muscle: Some muscles are twisted in arrangements 
close to their insertion. For example, the pectoralis major 
is inserted to the latéral lip of the bicipital groove in 
bilaminar U-shaped manner. The clavicular head of 
pectoralis major forms the anterior lamina, and the 
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Figs 5A to D: Pennate muscles: (A) unipennate, (B) bipennate, (C) multipennate, and (D) circumpennate 


sternocostal head is twisted from the lower margin of U to 
form the posterior lamina. Such spiral arrangements bring 
the proximal and distal attachments of muscle into the 
same plane. In supinator muscle, the spiral course imparts 
rotational movement to the radius. 

Cruciate muscle: The masseter and sternocleidomastoid 
muscles belong to this category, because their muscle fibers 
are arranged in superficial and deep planes Crossing like 
"X". Superficial fibers of masseter are directed downwards 
and backwards from the zygomatic arch to the mandibular 
ramus, whereas deep fibers are directed downwards and 
forwards. Superficial fibers elevate and protract the 
mandible, and the deep fibers elevate the retract the 
mandible. When both sets of fibers contract 
simultaneously, only élévation takes place. 

According to the Force of Actions 

Two types of skeletal muscles are encountered, namely 
spurt and shunt. 

In a simple joint, one bone is more mobile than the 
other bone. A muscle while acting on a mobile bone exerts 
a force which according to vector analysis can be resolved 
into two component forces at right angles to each other— 
a swing component which tends to produce angular 
movement of the joint, and a shunt component (trans- 
articular) which tend to draw the bone along the shaft 
towards the joint and compress the articular surfaces (Fig. 
6A). When the swing component is more powerful, the 
muscle is called the spurt muscle. On the other hand, in 
presence of powerful shunt component, the muscle is 
designated as the shunt muscle. In a spurt muscle, fixed 
attachment is further away from the joint, and the mobile 
attachment lies close to the joint (Fig. 6B). Eventually the 
swing component produces spurt of angular movement, 
and the shunt component, although weak, keeps the 
articular surface of the bone in contact with the joint. When 
the angular movement exceeds 90°, the shunt component 


acting along the shaft of the mobile bone tends to distract 
the bone away from the joint. The brachialis is an example 
of spurt muscle acting on the elbow joint. In a shunt muscle, 
the fixed attachment lies close to the joint (Fig. 6C). 
Throughout the movement of shunt muscle, the 
compressive transarticular force keeps the articular surface 
of the mobile bone in contact with the joint. The 
brachioradialis is an example of shunt muscle acting on 
the elbow. 

A spurt muscle provides accélération of motion of a 
joint, whereas a shunt muscle provides stabilizing 
centripetal force on the joint. MacConaill (1978) 2 proposes 
a partition ratio which is symbolized by P. If the distance 
between the axis of a joint and the functional origin of a 
muscle that causes swing is known, say c, and that between 
the same joint axis and functional insertion of a muscle is 
supposed to hâve a value, q, then P = c/q (Fig. 6D). When 
P > 1, then the muscle belongs to "spurt" type, whereas in 
reverse condition the muscle is called "shunt" type. 

Some Observations 

1. Total force of muscle is the sum of the forces exerted by 
its individual fibers. It is directly proportional to the 
number of muscle fibers. 

2. Range of movement is directly proportional to the 
length of the muscle fibers. 

3. Power and speed of movement are related to the 
distance between the point of action and the axis of 
movement of a joint. Power is more when the distance 
is more. On the other hand, speed is more when the 
distance is less. 

Contraction of Muscles 

When a muscle contracts to produce a movement, ail the 
muscle fibers are not necessarily brought into contraction 
simultaneously. On more vigorous effort, the greater 
number of fibers are involved. But the contraction of any 
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Figs 6A to D: Swing and shunt components of the muscle 


individual fiber is always maximal, and obeys ail or none 
law. 

On contraction, the fleshy part of a muscle shortens by 
about 50 to 55% of the resting length. If the range of 
movement of a muscle is known, one can calculate the 
length of the fleshy part of a parallel muscle. The surplus 
length of the muscle is converted into a tendon. 

A muscle cannot contract to less than a certain mini¬ 
mum length. This is known as active insufficiency. In 
passive insufficiency, a muscle cannot be stretched beyond 
a certain length without injury. 

Action of Muscles 5 6 

A sériés of movements produce an act. To produce 
movement the groups of muscles involved are: 

i. prime mover 

ii. antagonists 

iii. fixation muscles, and 

iv. synergists. 

Prime Mover 

Prime mover is a muscle or a group of muscles that directly 
brings about the desired movement. Sometimes gravity acts 
as the prime mover. 

When a prime mover of one movement helps opposite 
movement by active lengthening against gravity, it is 
known as paradoxical action. Deltoid is an abductor of 
shoulder joint. It also helps in adduction when lowering a 
weight from horizontal position. The contracted deltoid 


Controls adduction by controlled lengthening against 
gravity. 

Antagonists 

Antagonists oppose the desired movement. They help the 
prime mover by active relaxation to perform smooth act. 
This is due to "law of reciprocal innervation" and is 
regulated by the spinal cord via the stretch reflex. 

Sometimes the prime movers and antagonists contract 
simultaneously. This is regulated by the cérébral cortex. 

Fixation Muscles 

Fixation muscles are group of muscles which stabilize the 
proximal joints of a limb to allow movements at the distal 
joints by the prime mover. 

Synergists 

Synergists are spécial fixation muscles. When a muscle 
crosses two or more joints, the synergists prevent undesir- 
able movement at the intermediate joints. 

During flexion of the fingers by the contraction of the 
long flexor muscles of the forearm, the wrist joint is kept 
fixed by the contraction of the extensors. Therefore, 
extensors of the wrist act as synergists during flexion of 
the fingers. 

Bones and Muscles as Body Lever Systems 

The bones and joints upon which muscles act serve as 
levers to achieve body movement. 
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To under stand se ver al types of levers, the folio wing 
terms are encountered. 

1. Fulcrum (F) is the point or line about which the lever 
moves, and in the body it is provided by a joint. 

2. Effort (E) represents the force required to move the lever 
and is the point at which the muscle inserts on the 
bone to exert its contractile force. 

3. Résistance (R) is the weight that muscular contraction 
must overcome and is usually considered to be 
concentrated in a small areas on the lever. 

Classes of Lever 

Three classes of lever are recognized. They are as follows. 

First Class Lever 

First class lever possesses the fulcrum lying between the 
effort and the résistance (Fig. 7A). In the body, few first 
class levers are found, because such a lever would require 
projections on a bone on either side of the joint. 

The olecranon process of ulna receives the attachment 
of triceps muscle, and when the forearm is extended, the 
humeroulnar joint lies between the effort of triceps 
contraction and the résistance formed by the forearm and 
hand. Thus, the triceps acting to extend forearm enjoys the 
provision of first class lever. 

Second Class Lever 

Second class lever has the fulcrum at one end, and the 
résistance intervenes between fulcrum and effort (Fig. 7B). 

Rising on the toes is an example of a second class lever. 
Effort is applied at the heel, the bail of the foot forms the 
fulcrum, and the body weight concentrated at the summit 
of the transverse arch constitutes the résistance. 

Third Class Lever 

Third class lever has the fulcrum at or close to one end and 
effort intervenes between fulcrum and résistance (Fig. 7C). 

It is the most common type of lever in the body. The 
biceps brachii whose tendon is inserted to the radial 
tuberosity in flexing the forearm at the elbow joint is an 
obvious example of third class lever. 

Structure of Voluntary Muscle 

Voluntary muscle is composed of numerous cylindrical 
fibers, which are held together in a matrix of connective 
tissue. The muscle fibers vary in width from 10 microns to 
100 microns, and in length from 1 to 5 cm. Maximum length 
of the fibers, i.e. up to 35 cm is isolated from the sartorius 
muscle. As a rule, muscle fibers do not branch. 



Fig. 7A: First class lever. 

Fulcrum between the effort and résistance 



Fig. 7B: Second class lever 



Fig. 7C: Third class lever 
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Cytology 

Each muscle is a bundle of individual muscle cells and 
the latter consists of following parts (Fig. 8). 

1. Sarcolemma 

2. Sarcoplasm 

3. Nuclei 

4. Myofibrils 

5. Myofilaments 

6. Mitochondria 

7. Sarcoplasmic réticulum 

8. Paraplasmic granules. 

Sarcolemma 

Sarcolemma is the cell membrane of the muscle fiber, 
transparent, homogenous and about 75°A thick. The 
membrane consists of outer and inner protein layers and 
intermediate lipid layer. The sarcolemma possesses 
remarkable electrical properties. It maintains a higher 
concentration of sodium and chloride ions outside the 
fiber, and a higher concentration of potassium ions inside 
the fiber. The net resuit of this ionic balance is a potential 
différence of about 70 millivolts between the inner and the 
outer sides of a resting muscle fiber. When a nerve impulse 
reaches the motor nerve ending of a muscle fiber, the 
potential différence is abolished. This depolarization 
progresses rapidly along the sarcolemma and the muscle 
fiber contracts. 

Sarcoplasm 

Sarcoplasm is the semifluid, noncontractile cytoplasm in 
which other constituents are embedded. 

Nuclei 

The nuclei are multiple, oval in shape, and peripheral in 
distribution beneath the sarcolemma. They are situated 
along the axis of the muscle fiber. As many as several 
hundred nuclei may be présent in one single fiber. 
Therefore, each muscle cell is a multinucleated cell with 
peripheral nuclei. In the embryo, the nuclei appear in the 
middle of the fiber. Later, the nuclei are pushed to the 
periphery, otherwise they would interrupt the continuity 
of the contractile mechanism of the muscle fiber. 

Centrally placed nuclei are présent in the intrafusal 
fibers of the muscle spindle of mammals, and in the muscles 
of lower vertebrates. 


Sarcolemma 
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Figs 8A and B: Contents of an individual muscle cell 
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Fig. 9: Myofibrils 

distributed, or they may be arranged in groups forming 
polygonal Cohnheim's area. 

Each myofibril, présents along its length, alternate dark 
A-band (anisotropic) and light I-band (isotropie). The length 
of each band is approximately equal. The dark band is 
strongly biréfringent and is, therefore, termed anisotropic 
band. The light band is only slightly biréfringent and is 
called isotropie band. These bands of the adjacent myo¬ 
fibrils are alined transversely, giving the muscle fiber a 
cross-striated appear ance. 

Each I-band présents in the middle a dark transverse 
line known as Z disk or Krause's membrane. The segment 
of myofibril between two successive Z disks is known as 
the sarcomere. Sarcomere shortens during contraction of 
the muscle fiber. In the middle of each A-band, there is a 
clear area known as H-band (Hensen's band). The middle 
of H-band présents a thin dark line known as M-line. 

Myofilaments 


Myofibrils 

Myofibrils are contractile, unbranched parallel threads 
situated along the long axis of the entire length of the 
muscle fiber (Figs 8 and 9). Myofibrils may be uniformly 


Each myofibril is composed of longitudinally oriented 
protein filaments, which are known as myofilaments (Fig. 
10). These protein filaments are the ultimate contractile 
éléments of striated muscle. The myofilaments are of three 
types—myosin, actin and tropomyosin. 
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Fig. 10: Myofilaments are longitudinally oriented proteins 
filaments 


Myosin filaments: These are thicker, présent in A-bands 
only, and are arranged longitudinally parallel to one 
another. Each filament is thickened in M-line during 
contraction. 

Each myosin filament présents about 180 knob like 
latéral projections, the myosin heads, which are arranged 
in pairs and link with the actin filaments during muscular 
contraction (Fig. 11). 

The paired heads are directed somewhat away from 
the M-line and lie at intervals of 143°A. Each pair makes 
an angle of 180° and rotâtes along the filament through 
the angles of 120° with respect to the neighboring pairs. 
Each myosin head possesses two sites for splitting ATP. 
On Chemical treatment, the myosin filament is found to be 
composed of 180 myosin molécules. Each molécule 
consists of two rod-like subunits, namely light and heavy 
meromyosin, which are connected by flexible junction. 
While both subunits form the tail of myosin molécule, the 
heavy subunit projects laterally to form the globular myosin 
head. The filament itself is formed by the tails of the myosin 
molécules. 

Actin filament s: These are thinner and longer and contained 
in the I-bands. Each actin filament is attached to the 
Z-disk in the middle of I-band, and extends into A-band 
between the adjacent arrays of myosin filaments. However, 
during relaxation the actin filament fails to reach the 
middle of A-band which corresponds with the pale 
H-band. Each actin filament is composed of numerous 
globular subunits known as g-actin, which are arranged 
side by side to form elongated double helical strands 
(Fig. 11). About 13 subunits are accommodated in a 
complété helical turn. On each side of the Z-disk, the helical 
strands of the actin filaments twist in opposite directions, 
thus, making the Z-disk somewhat zig-zag in outline. 
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Fig. 11: Myosin heads link with actin filaments during 
contraction 


Tropomyosin B: It is a protein filament which intervenes in 
the groove between two strands of the helical actin filament. 
Another protein, troponin, is bound to tropomyosin B at 
intervals of 400 A (Fig. 11). Perhaps in absence of calcium 
ions in relaxed myofibrils, the combination of troponin 
and tropomyosin prevents g-actin from interacting with 
myosin heads. In relaxed fibers the distance between 
the myosin and actin filaments is about 135°A. 

In the resting muscle, the myosin filaments are 
restricted to the A-band of each sarcomere, while the actin 
filaments extend on either side from the Z-disks to the 
margin of the H-band, thus, partly overlapping the myosin 
filaments. When a myofibril contracts, actin filaments slide 
inwards between the adjacent arrays of myosin filaments 
by a process of successive linking and relinking between 
the myosin and actin molécules. As a resuit, the I-band 
gradually shortens and disappears. H-band oblitérâtes, 
and Z-disk lie on each side of the A-band (Fig. 10B). 

Arrangements between actin and myosin filaments: In the A- 
band myosin and actin filaments interdigitate. Each 
myosin filament is connected to six actin filaments by 
latéral projection in hexagonal manner. However, each 
actin filament is surrounded by three myosin filaments. 

Mitochondria 

Mitochondria are also known as the sarcosomes and 
situated in rows between the myofibrils. Mitochondria 
provide energy for the work of muscle fiber. 

Sarcoplasmic Réticulum 

Sarcoplasmic réticulum (Figs 12A and B) is a smooth- 
surfaced endoplasmic réticulum which surrounds the 
myofibrils. The réticulum consists of two kinds of 
membranous structures which corne in contact with each 
other. The first kind is known as centrotubule, and the 
second one consists of complex interconnecting 
membranous structures. 
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Figs 12A and B: Sarcoplasmic reticulurn 

Centrotubules (T-system of membrane): Each myofibril is 
surrounded by a System of circular and branching tubules 
which are derived as tubular ingrowths from the 
sarcolemma. The lumen of the tubules opens at the surface 
of the sarcolemma. The System of centrotubules is in effect 
a continuation of the sarcolemma. In amphibian striated 
muscle the T-tubules extend at each Z-disk. In mammalian 
striated muscle, however, two T-tubules encircle each sar- 
comere of every myofibril at the junction of A- and I-bands. 

The tubules convey the waves of depolarization from 
the sarcolemma to every sarcomere, and the waves spread 
transversely across the fiber. 

A System of complex membranous structure: This System 
consists of three interconnecting structures: (i) terminal 
cisterna, (ii) longitudinal ducts, and (iii) H-band sacs. 

The terminal cisterna surrounds each sarcomere over 
the junction of A- and I-bands, and are encircled externally 
by centrotubules. The cisterna contains granular material 
rich in calcium ions. The longitudinal ducts also known 
as sarcotubules lie over the A-band, and form a sort of 
network connecting the terminal cisterna with H-band sac. 

The H-band sacs are situated at the middle of the 
sarcomere opposite the levels of H-band. Two terminal 
cisterna in each sarcomere at the junction of A- and 
I-bands, and the apposed T-tubules around the cisterna 
form a complex of three membranous structures known as 
muscle triad. 

Fuactions of Sarcoplasmic Réticulum (Fig. 13) 

1. During relaxation, the combination of troponin and 
tropomyosin molécules forms a locking device that 
prevents actin molécules from interacting with myosin 
heads on the adjacent thick filaments. 



Sarcomere 


Fig. 13: Functions of sarcoplasmic réticulum 

2. When the wave of depolarization extends along the 
T-tubules, the terminal cisterna of sarcoplasmic 
réticulum are stimulated to release the calcium ions. 
The latter binds with troponin-tropomyosin complex 
and causes a change in their configuration so as to 
unlock actin molécules to interact with myosin heads 
serially, connect and then disconnect with actin molé¬ 
cules along the thin filaments, thereby, moving the thin 
filaments along the thick ones. This process of 
contraction of the fiber is known as excitation- 
contraction coupling. 

3. The energy of muscle contraction is derived from ATP 
which binds the myosin heads and develops high 
affinity for actin. The diffused calcium ions activate 
the ATP-ase of myosin heads which rapidly hydrolyzes 
ATP to disconnect myosin heads from actin molécules 
in succession, until the actin filaments obliterate 
H-band sac. 

4. Thereafter, calcium ions reenter the H-band sac of the 
réticulum by pumping action, and further splitting of 
ATP is arrested. 

Since génération of ATP ceases after death, the actin 
and myosin remain locked together in a fixed position, 
and this State of muscle is known as rigor mortis which 
persists for several hours after death until autolysis sets 
in. 

Paraplasmic Granules 

Some muscle fibers are rich in glycogen, lipids and fat. It is 
thought that the glycogen provides a ready source of 
calories. 

Organization of Skeietai Muscles (Fig. 14) 

1. Endomysium: It is a délicate sheath of connective tissue 
which covers each muscle fiber outside the sarcolemma. 

2. Périmysium: The muscle fibers are grouped together into 
fasciculi, and each fasciculus is covered by a connective 
tissue sheath known as the périmysium. 

3. Epimysium: The entire muscle is covered by a sheath of 
connective tissue known as the épimysium. 
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Fig. 14: Structure of skeletal muscle 

Histogenesis of Striated Muscle Fibers (Fig. 15) 

Most of the skeletal muscles are developed from the 
myotomes of paraxial mesoderm. During the fifth week of 
embryonic life, the cells of the myotome become spindle- 
shaped and are known as myoblasts. Each myoblast 
présents a single nucléus and undergoes repeated mitosis 
at a rapid rate. Later the myoblasts coalesce end to form 
myotubes which are long, narrow tubules containing a 
single row of numerous nuclei in the center. In the 
myotubes cross-striations appear during the second month 
by the linear dépositions of protein granules in the 
cytoplasm which eventually fuse to form myofibrils. At 
first the myofibrils are situated within the periphery of the 
myotubes, and nuclei occupy central position. With the 
increase in number of myofibrils, the nuclei are pushed to 
the periphery, and the myotubes are converted into muscle 
fibers. Some mononucleated satellite cells are found 
between the basement membrane and the plasma 
membrane of muscle fiber. Although the nuclei of the 
myotubes do not divide, the satellite cells undergo mitosis 
and subsequently incorporate with the myotubes increas- 
ing the number of nuclei. Thus, satellite cells behave as 
myoblasts. 

After about four or five months of development, 
individual muscle mass receives full quota of muscle fibers, 
and thereafter muscle fibers do not multiply. Subsequently, 
the muscle increases in size but not in number by the 
growth of individual fibers. 

Growth and Régénération 

Being highly specialized, the skeletal muscles do not 
regenerate by cell division under normal conditions. If part 
of a muscle fiber is destroyed, a régénération, however, is 
possible. In lower vertebrates, potentiality of régénération 
is much greater. 

The hypertrophy of muscles after exercise is due to 
increase in size (not in number) of the individual fibers. 


Cells of myotome 
<3><3><3> 
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Spindie shaped myoblasts 



Myotubes formed by fusion of myoblasts 

c. 

Peripheral myofibrils and central nuclei in myotubes 



Gros s-section of myotubes 
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Central myofibrils and peripheral nulei in muscle fiber 



Cross-section of muscle fiber 



Fig. 15: Histogenesis of striated muscle fiber 


The postnatal growth of skeletal muscle is also much 
affected by hormone levels, particularly anabolic steroids 
such as testosterone, responsible for greater development 
of fiber size in males, and by thyroid hormones and 
somatotropin. Denervated fibers progressively diminish 
in diameter and degenerate, being eventually replaced by 
connective tissue, which becomes increasingly fibrous and 
may show contracture. 

Vascular Supply of Voluntary Muscles 

Principal arteries and nerves of a skeletal muscle usually 
enter together at the neurovascular hilus. Within the 
substance of the muscle, the arteries ramify in the 
épimysium and périmysium, branch into artérioles and 
give off capillaries which are carried by the délicate 
endomysium. Each muscle fiber is accompanied by a set 
of parallel capillaries, which give off side branches at right 
angles to the fiber. Voluntary muscles are supplied by rich 
capillary plexus. One Sq cm of the muscle is supplied by 
about 8 meters long of capillary bed. 

Methods of Entrance of the Arteries 

1. Sometimes the arteries enter at one end of the muscle, 
e.g. gastrocnemius. 
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2. In some muscles, e.g. biceps brachii, the artery pierces 
the middle of the muscle. 

3. Muscles like adductor magnus are supplied by a 
succession of anastomosing vessels. 

Lymphatic Supply 

The lymphatic vessels of skeletal muscles are confined 
mostly to the épimysium and périmysium. However, the 
lymphatics are absent in the endomysium unlike cardiac 
muscles. 

Nerve Supply of Voluntary Muscles 

The nerve to a skeletal muscle is a mixed nerve, consisting 
of 60% motor fibers and 40% sensory fibers. 

Motor Supply 

1. Thickly myelinated a—neurons (alpha) supply extra- 
fusal fibers of the muscle which produce movements 

2. Thinly myelinated y-efferent neurons (gamma) supply 
the polar régions of the intrafusal fibers of the muscle 
spindle for the maintenance of muscle tone 

3. Unmyelinated sympathetic fibers provide vasomotor 
supply to the blood vessels. 

Sensory Nerves 

1. Some fibers convey painful sensations from free nerve 
endings around the muscle fibers 

2. Few fibers arise from the lamellated corpuscles in the 
connective tissue 

3. Annulospiral and flower spray endings of the muscle 
spindle—these are stretch receptors and regulate 
muscle tone. 

Motor point: It is the point of entrance of the nerve trunk 
which usually enters the deep surface of a muscle. Electrical 
stimulation of the muscle is most effective at the motor 
point. 

Motor unit: The number of muscle fibers in a voluntary 
muscle supplied by a single motor neuron is known as the 
motor unit. The motor units may be large or small. 


Large motor unit: In this case, a single motor neuron 
supplies about 100 to 200 muscle fibers. A bulky muscle 
with fewer large motor units can perform gross movements. 

Small motor unit: It means that a single neuron supplies 
only about 5 to 10 muscle fibers. Therefore, it follows that 
a muscle with numerous small motor units is capable of 
délicate and précisé action. Muscles of thumb and eyeball 
are examples. 

Response to Immobilization, Exercise and 
Résistance Training 

Skeletal muscle in mammals respond to disuse, 
immobilization, and exercise. Muscle quickly adapts to 
disuse by rapidly loosing contractile strength and mass. 
Huge réduction in strength and mass with bed rest or 
microgravity is réversible relatively quickly. During 
immobilization the position of muscle is of great 
significance. It is noted that muscle positioned in 
lengthened State undergoes less réduction in mass 
compared to that in a neutral or shortened State. 

Type of exercise, such as aérobic or endurance training 
(running, biking, swimming, or cross country skling) 
versus résistance training (weight lifting) décidés the 
pattern of spécifie adaptive response. 

Endurance training calls for low loads, high répétitions 
requiring oxidative metabolism by muscle. This in its turn 
stimulâtes mitochondrial biogenesis, increased capillary 
density, increased volume and improved fatigue 
résistance. At cellular or muscle fiber level these alterations 
resuit in mRNA stability, increased protein synthesis 
together with greater density of mitochondria per muscle 
cell. Even a single épisode of exercise may be enough to 
induce mitochondrial biogenesis. 
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Tendons and Ligaments: 
Structure and Function 


PL Jahagirdar 


INTRODUCTION 

Tendons hâve parallel oriented bundles of collagen and 
the primary function is to transmit the load generated by 
their muscles to bones. Synovial sheaths surround some 
tendons making them avascular; nutritional supply is 
transmitted through vincula and diffusion in addition to 
those provided in the régions of muscle and bone 
attachments. Collagen microfibrils with few spindle- 
shaped fibroblasts are présent. Tendon contains collagen, 
predominantly of type I, i.e. 95% with very small concentra¬ 
tion of proteoglycans. 

The organization and composition of tendons make 
them ideally suited to resist tensile forces. Tendons deform 
less under applied load and thus are able to transmit the 
load from the muscle to bone resulting in motion in 
concentric actions or resisting during eccentric 
contractions. Structural and degenerative changes hâve 
been reported as a resuit of aging. The biochemical 
composition changes with an increase in collagen content, 
amount of cross-links and a decrease in glyco- 
saminoglycans. Biomechanically an increase in stress and 
stiffness hâve been noted. 

In response to exercise and loading, extensor tendons 
hâve capacity to respond to training whereas flexor 
tendons function on a regular basis at their peak. Muscle 
and tendon bone insertion sites hâve a greater capability 
to adapt to an environment of sustained increases in 
loading than does the tendon itself. 

In response to immobilization and disuse, the mid- 
substance of tendons and the insertion sites demonstrate 
diminished biomechanical properties. 

Response to Injury and Mechanism of Repair 1 

Injury can resuit from one of the three mechanisms. 


1. Transection within the substance (direct trauma)— 
common with long flexor tendons of the hand. 

2. Avulsion from bone at insertion (indirect trauma)— 
e.g. avulsion of flexor digitorum profundus (FDP) from 
base of distal phalanx. 

3. Intrasubstance damage from intrinsic or extrinsic 
factors and subséquent failure, e.g. supraspinatus tear. 
If the injury is incomplète and the healing process is 

interrupted, épisodes of microtrauma will resuit in a 
weakened tendon structure. 

Tendon healing after an acute injury follows following 
phases. 

The inflammatory response provides an extrinsic 
source for cellular invasion to promote granulation tissue 
and vascular ingrowth during the first few days following 
tendon injury. 

By the end of first week, fibroblasts that hâve migrated 
to the wound site begin the reparative process with 
collagen synthesis. The orientation of collagen and cellular 
components at this stage is random. 

As the remodeling phase begins, these components 
become more organized and align parallel to the axis of 
the tendon. The final phase can continue up to 6 to 12 
months with collagen turnover and tissue maturation 
proceeding, as the repair process is completed. 

For injury to avascular tendons, an intrinsic mecha¬ 
nism is proposed. Cells from the tendon proliferate at the 
wound site along with increased vascularity leading to 
collagen synthesis and further tissue maturation with time. 
Other factors that détermine the primary mechanism for 
healing are the local environment, vascularity or stress. 

In the initial phase of healing after tendon repair, the 
tensile strength is significantly less than the Controls. At 
three weeks, the tensile strength increases progressively. 
Controlled passive motion has been shown to decrease 
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adhesions, lead to a stronger repair and accelerate gains 
in tensile strength. Collagen reorganization and alinement 
as well as maturation, appear to benefit from controlled 
application of stress. Active motion, however, results in 
gap formation at the suture line without a positive effect 
on biomechanical characteristics or adhesions. 

LIGAMENTS 

Ligaments are dense regular connective tissue which 
consist of short and widebands of tough fibrous tissue 
providing bone to bone connection. Ligaments act as static 
restraints by maintaining the relationship between the two 
articular surfaces. Some ligaments function throughout 
the range of motion (anterior cruciate ligament) while 
others at the end (inferior glenohumeral ligament). 
Ligaments are dense connective tissue that are defined by 
location, e.g. calcaneofibular or appearance, e.g. cruciate. 

The structure is similar to tendon with collagen fibers 
alined along the axis of tension of the ligament. Fibroblasts 
are relatively low. 

Transition from Ligament to Bone 

Transformation from ligament to bone at its insertion site 
is complex. Two varieties of insertion on bone can be 
identified. 

1. Direct insertion e.g. fémoral attachment of médial 
collateral ligament, ACL, supraspinatus insertion on 
greater tubercle. The collagen inserts at right angles to 
bone through four zones within a distance of 1 mm. 
Zone I: Collagen with extracellular matrix and 
fibroblast. 

Zone II: Fibrocartilage with associated cellular changes. 
Zone III: Mineralized fibrocartilage separated from the 
former by mineralization front. 

Zone IV: Abrupt insertion to bone. 

2. Indirect insertion: It has a much broader insertion to 
bone primarily via the more superficial fibers into the 
periosteum, as in the tibial attachment of the médial 
collateral ligament (MCL). 

The major component is collagen with type I (90%). 
Cross-linking is important in giving strength. Elastin and 
other noncollegenous proteins are found as well in small 
amounts. The graph for structural (load élongation) and 
material (stress strain) is nonlinear with toe région (slack 
is taken up), linear région (fibers become faut and then 
stretched), overload occurs at yield point, where tissue 
failure is observed. 

Factors Affecting Failure of Ligament 1 

1. Age: Ligament substance itself appear to mature earlier, 
than its insertion site. 


2. Rate of élongation: At higher strain rates, the failure 
occurs more in ligament substance than at insertion 
sites. 

3. Axis ofloading: With increasing flexion angle of knee, 
the failure is more likely to occur in the ligament 
substance. 

4. Aging of ligament: The stiffness and élongation at failure 
are markedly reduced with ageing due to decrease in 
water and collagen content, increase in concentration 
of mature more stable forms, metabolically less active 
fibroblasts. Aging has a detrimental effect on the 
ligament substance. In response to exercise and 
loading, overall mass increases and load at failure also 
increases. Material properties increase in form of 
increase in stress and strain at failure. 

Due to immobilization and disuse, the load at failure 
decreases and decrease in stiffness occurs. Subperiosteal 
résorption from increased osteoclastic activity is observed 
at insertion sites. Decrease in water and proteoglycan 
content contributes to an overall decrease in ligament mass. 
Recovery is rapid in ligament substance than insertion 
sites, when motion and loading are permitted. 

Mechanism of Repair 

1. Inflammatory phase: Initial hematoma occurs with 
cellular invasion to fill the gap. 

2. Reparative phase: Transformation into granulation tissue 
and fibroblasts begin to proliferate. Collagen is laid 
down. This phase continues for about 6 weeks. 

3. Remodeling phase: This lasts for se ver al months to a 
year, involves further maturation with eventual con¬ 
version to normal appearing tissue. 

An overall increase in the cross-sectional area persists 
and contributes to return of the structural properties which 
approach normal values. However, the material properties 
after remodeling do not return completely to preinjury 
levels. 

Factors Affecting Ligament Healing 

1. Degree of injury: Severe injury results in larger gap and 
prolongs the healing process. 

2. Location of ligament: Intra-articular ligaments heal at 
slower rate than extra-articular ligaments due to the 
synovial fluid environment. 

3. Controlled passive motion: Leads to a more rapid repair 
and enhances the collagen alignment and bio¬ 
mechanical properties. 

Grafts for Reconstruction 

Autograft incorporation involves an initial phase of 
ischémie necrosis followed by revascularization. Remodel¬ 
ing and maturation include a transition of cellularity. 
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distribution of collagen types, fiber size, alignment and 
biomechanical characteristics that are more ligament like. 
Initial failure after reconstruction surgery is at fixation 
sites. As these attachments heal, failure is more likely to 
occur within the graft substance, specifically intra- 
articularly. 

Allograft préservation methods like freeze drying and 
radiation affect structural properties; ethylene oxide is not 
well accepted by the host; fresh tissue without freezing 
results in substantial inflammatory response. Fresh frozen 


tissues and low dose irradiation are the most accepted 
methods. Incorporation of allografts is similar to autografts 
but at a slower rate. There hâve been recent reports of late 
failure of allografts (> 1 year), but this has not been shown 
in clinical sériés statistically. 
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Diagnostic Imaging 
in Orthopedics 
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INTRODUCTION 

Plain radiography has been the mainstay of orthopédie 
imaging. However, since their invention, both CT and MR, 
hâve been playing an ever increasing rôle in orthopédie 
imaging. 

Over the décades, there is a steady increase in the use 
of both these modalities which has been influenced by 
various factors like improved resolution, faster speed of 
scanners, newer scanning techniques/sequences in MR, 
excellent and reconstruction (sagittal/coronal/oblique, 
3D) with new génération multi Detector CT scanners 
(MDCT), etc. Simultaneous improvement in surgical tech¬ 
niques, especially in the field of minimally invasive 
surgeries, increasing use of arthroscopy and arthroscopic 
procedures, better understanding of various pathological 
processes and newer treatment options (articular cartilage, 
joint replacements, etc.) has further influenced the use of 
these modalities. As a resuit CT/MR hâve become an 
intégral part of patient évaluation. 

Both these modalities are based on different and unique 
physical principles as a resuit of which the information 
provided by each is different. CT is based on the principle 
of X-ray atténuation and hence radiopaque structures 
(mainly bone, calcium) are CT dense (look white) whereas 
radiolucent structures look dark (air, fat) and soft tissues 
appear grey. 

The earlier génération CT scanners only provided axial 
(transverse) sections. However, with évolution in CT 
tube—Detector technology especially Spiral CT and MDCT 
(Multi Detector/multislice), there has been a quantum shift 
in image quality and reconstructions—both multiplanar 
and 3D (Fig. 1). 

MR on the other hand is based on the principle of 
nuclear magnetic résonance (NMR) and provides excellent 
resolution. The other important advantage of MR is its 
multiplanar capability, i.e. scanning is possible in any 



Fig. 1: Excellent multiplanar and 3D reconstructions in pelvic 
fracture done on current génération MDCT scanner. Details of 
the dislocation and the fracture are easily assessed (For color 
version, see Plate 1) 

desired plane. In addition tissue contrast can be 
manipulated by choosing different puise sequences to 
highlight certain tissues (e.g. articular cartilage) or 
suppress them (typically fat/fluid). The ability of MRI to 
visualize ail the components of the musculoskeletal System 
in any desired plane non-invasively has made it the 
modality of choice in musculoskeletal problems (Fig. 2). 

It is important to understand that the information from 
these modalities canbe complementary to one another and 
in a given clinical situation, a combination of these 
modalities is frequently required, depending upon the 
information desired. 
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Fig. 2: Superior soft tissue resolution on MRI. Note also the bony details of the carpal bones 


It is also important to remember that like most 
diagnostic tools both, CT and MR hâve their limitation. 

CT contains ionizing radiation and hence cannot be 
used in prégnant women and has to be used judiciously 
in children. The limitation of scanning only in transverse 
(axial) sections has now been largely overcome in the new 
génération scanners with excellent reconstruction in any 
plane due to isométrie "voxel" scanning providing un- 
parelled Z-axis resolution, i.e. the resolution in the recons- 
tructed image in similar to original transverse image. 

MR can be used in pregnancy, however, it is better to 
avoid it in the lst trimester. Non MR compatible implants 
cause significant dégradation of image quality making it 
difficult to assess structures in the vicinity of the implant. 
However, this limitation canbe overcome to a large extent 
by use of more MR friendly implants (titanium) and the 
use of less artifact susceptible implants. 

PRACTICAL CLINICAL APPLICATIONS 
Applications in Spine 

MRI today is the mainstay for any imaging of the spine 
after plain radiography. MRI has the ability to image the 
entire vertébral column in multiple planes and provides 
details of the vertebrae, spinal cord, nerves/nerve roots, 
durai tube, the épidural space and paravertebral soft 
tissues, etc. Excellent soft tissue resolution together with 
the unique ability of contrast manipulation using different 
puise sequences makes it possible to detect and frequently 
characterize the wide range of pathological processes that 
involve the spine. 


Normal MRI Appearance of the Spine 

On the commonly used fast spin écho sequences, the 
vertébral marrow signal in adults appears hyperintense 
on Tl-weighted images and mildly hyperintense on T2- 
weighted images. The bony cortex is dark on ail sequences. 
The ligaments are also hypointense on ail sequences. 

CSF is hypointense on Tl-weighted images and 
hyperintense on T2-weighted images. 

MR myelogram is obtained with heavily T2-weighted 
images providing excellent contrast between the cord and 
intradural structures and the surrounding CSF (Figs 4B). 
The use of fat suppression techniques is extremely useful 
in the spine and musculoskeletal System and highlights 
marrow signal abnormalities. The STIR (Inversion 
recovery) sequence is generally used. 

On T2-weighted images, the normal intervertébral disk 
shows a central hyperintense nucléus pulposus and a 
peripheral hypointense annulus. The hypointensity of the 
peripheral annular fibers merges imperceptibly with the 
overlying portions of the longitudinal ligaments. MR has 
the unique ability to detect the earliest changes in disk 
degeneration, i.e. reduced water content—desiccation. 
Progressive réduction in the T2 hyperintensity of the 
nucléus pulposus of the intervertébral disk with advan- 
cing âge is however a normal aging process and does not 
always signify a pathological process (Figs 3 and 4A 
and B). 

Common Clinical Indications for Spine Imaging 

1. Degenerative disk disease 

2. Spinal infections 
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Fig. 3 : Normal T2-weighted sagittal images of a child, 
adolescent and a young individual. Note the hyperintense 
signal of the nucléus 


3. Spinal trauma 

4. Neoplasms 

5. Congénital anomalies 

6. Spinal cord pathologies 

7. Postoperative spine. 

Degenerative Disk Disease 

MRI has been used extensively for the most common 
problem of spine, i.e. disk degeneration/prolapse and 
related pathologies. The entire spectrum of abnormalities 
related to intervetebral disk degeneration/prolapse and 
spondylosis can be assessed in great detail by MR. It is 
however important for the radiologist and the clinician to 
be conversant about the commonly used terminology while 
describing the nature of the disk herniation. 

1. Normal—the margins of the intervertébral disks are 
within the confines of the margins of the adjacent 
vertébral endplate (Figs 5A to C). 

2. Disk bulge—signifies diffuse concentric extension of 
the disk margins circumferentially beyond the vertébral 
margins. 

3. Protrusion—is a focal area of extension of the nucléus 
beyond the vertébral margin but is still beneath the 
outer annular/posterior longitudinal ligament 
complex. In other words, it is a contained disk 
herniation (Fig. 6). 

4. Extrusion—extension of nuclear material completely 
through the outer annulus into the épidural space is 
called extrusion (Fig. 7A and B). 



Figs 4A and B: (A) Sagittal Tl-weighted and STIR images of 
the lumbar spine, (B) MR myelogram 
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5. Séquestration—indicates a free fragment of the disk 

with no communication with the parent disk (Fig. 8). 

It may not be always possible to differentiate a large 
protrusion from and extrusion. An extruded or sequestrated 
disk may extend either cranially or caudally. 

The clinical symptomatology of disk herniation/ 
prolapse are not only dépendant on the size of the prolapse 
but also on other important factors, especially the 
dimension of the spinal canal. We know that there is a lot 
of normal variation in the dimensions of the spinal canal 
amongst individuals. As a resuit, in an individual with a 
smaller spinal canal diameters, even a small disk 
herniation/prolapse can cause severe symptoms whereas 
in individuals with a more capacious canal may be 
asymptomatic in spite of sizeable disk prolapse. It is thus 
important to take into considération ail these points, for a 
meaningful interprétation. 

The lower lumbar and the lower cervical segments of 
the spine are most commonly affected, since these are the 
segments which are most mobile and are the areas of 
maximum stress and strain. Although, the basic 
mechanism of disk degeneration and prolapse/herniation 
are the same in the cervical and lumbar région, régional 
différences in the anatomy make it impérative to study 
these régions separately. 

The Lumbar Intervertébral Disk Degeneration 

The lumbar intervertébral disks are the largest, paralleling 
the larger size of the lumbar vertébral bodies. The lower 
lumbar intervertébral disks—L4-L5, L5-S1 and L3-L4 in 
that order of frequency are the most common to undergo 
degeneration and hence prolapse. However, when 
evaluating a patient with lumbar disk degeneration, it is 
mandatory to look at other related factors like the spinal 
canal dimensions, posterior structures especially the facets, 
the ligamenta flava, the articular pillars, etc. This approach 
is critical since, although disk herniation may be the sole 
cause of patients' symptoms, frequently the nature of the 
problem is multifactorial. 

The Latéral Recess 

In the lumbar région, the latéral recess(es) are critical 
portions of the root exit path, where nerve root compression 
is quite common. The latéral recesses are the latéral 
extensions of the central bony spinal canal, which continue 
laterally into the neural canal (foramina). 

Foraminal or far latéral disk prolapse is not 
uncommon. When présent, they are seen on the routine 
axial and parasagittal images (Fig. 9). 





ij / 



Figs 5A to C: Normal and bulging lumbar disk. Note the 
posterior concavity of the normal disk. The L5-S1 disk may 
hâve a mild posterior convexity 
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Fig. 6: Focal protrusions on T2-weighted axial and sagittal 
images. Note reduced signal in the L4-L5 and L5-S1 disks. 
Horizontal intranuclear clefts are seen in the upper lumbar 
disks 



Figs 7A and B: (A) Disk extrusion axial Tl-weighted and 
sagittal T2-weighted images, (B) Cephalad extension of 
extruded disk material 



Fig. 8: A sequestrated L2-L3 disk on the T2- and T1 -weighted 
sagittal images. Note that the herniated disk material lies 
posterior to the posterior longitudinal ligament. There is 
significant inferior extension 

Peripheral Hyperintense Zones (PHZ) 

Peripheral hyperintense zones seen (Figs 10A) as focal 
areas of increased signal in the peripheral annular fibers, 
on the T2-weighted images is a common finding on MRI. 
Although thought to represent acute tears of the annulus 
fibers, and shown to hâve a corrélation with pain, it has 
also been found in asymptomatic individuals. 

Schmorl's nodes represent focal protrusions of the 
nucléus into the vertébral endplate and are commonly seen 
(Fig. 10B). 

ENDPLATE CHANGES 

Modic, et al. hâve described changes in the vertébral 
marrow signal adjacent to the endplates in degenerative 
disk disease. 

Type 1 endplate changes are characterize by decreased 
signal on Tl and increased signal on T2. These signal 
changes are thought to be due to vascularized subchondral 
marrow (Fig. 11A). 

Type 2 endplate changes are characterized by a 
increased signal on Tl and iso to mildly hyperintense 
signal on T2. These changes reflect a fatty marrow. 
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Figs 9A and B: Axial and sagittal T2-weighted images 
showing a far latéral disk prolapse 

Type 3 endplate changes signify sclerosis and 
characterize by a hypointense signal on Tl- and T2- 
weighted images (Figs 11B). 

Spondylolysis and Spondylolisthesis (Figs 12A to 13B) 

These two related problems of the spine are quite common, 
especially in the lower lumbar région, the L5 vertebra being 
the most commonly affected. Spondylolysis canbe detected 
on the plain films either in the latéral views or the oblique 


Fig. 10A and B (A) Peripheral hyperintense zone seen on a 
T2-weighted images weighted sagittal image (B) Schmorl’s 
nodes 


Figs 11A and B: Endplate changes: (A) coexistent type 1 and 

2 changes at L4-L5 level and L5-S1 levels respectively, (B) type 

3 endplate changes. 
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views, wherein the defect in the pars interarticularis can 
be reliably diagnosed. Both MRI and CT can detect the 
pars defect (Fig. 12A). However CT, especially the current 
génération scanners with excellent sagittal reconstructions 
seems to be slightly better for the détection of this defect 
(Fig. 13). Spondylolisthesis on the other hand may or may 
not be associated with spondylolysis. It may be secondary 


to facetal arthropathy and the résultant instability. 
Spondylolisthesis canbe easily diagnosed and graded with 
the help of MRI and the résultant compromise of the spinal 
canal and more importantly the neural canals can be 
assessed. In addition to listhesis, the intervertébral disk/ 
osteophytes, hypertrophie facets, synovial cysts can ail 
contribute to neural compromise (Fig. 12B). 



Figs 12A and B: (A) Spondylolysis appearance on parasagittal MR sections. 

Note: (B) Neural foraminal compromise and nerve root compression in a patient with grade 2 Listhesis 



Figs 13A and B: Spondylolysis appearance on CT (A) Sagittal reconstruction, 
(B) unusual stress fracture through the pedicles in a different case 







100 Textbook of Orthopedics and Trauma (Volume 1) 


CERVICAL DEGENERATIVE DISK DISEASE 
(Figs14A to C) 

Just as in the case of lumbar spine, the cervical interverté¬ 
bral disks may also herniate centrally or in the paracentral/ 
postérolatéral direction. In the cervical spine however, 
paradiskal osteophytes commonly contribute to compro¬ 
mise of the spinal canal/neural foramen. Hypertrophy of 


the uncinate process and/or the facet joint can also 
frequently contribute to neural foraminal compromise (Figs 
15A and B). Many radiologists use the terminology of the 
disk osteophyte complex, to collectively describe the 
encroachment caused by the desiccated disk and the 
adjacent osteophytes. Spinal cord compression and 
secondary changes in the cord like edema, myelomalacia, 
etc. canbe assessed (Fig. 16). 



Figs 14A to C: (A) Sagittal, Tl - and T2-weighted images of the cervical spine in a normal young adult. 
(B) Axial T2-weighted images of the normal cervical disk and (C) C1-C2 joint 



Figs 15A and B: Axial gradient écho T2-weighted images showing various appearances in cervical disk herniation: (A) Focal 
protrusions, (B) Focal protrusions together with uncinate hypertrophy (Note significant foraminal compromise by the osteophytes) 
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Fig. 16: Disk herniation at multiple levels. Note cord 
compression at the C5- C6 level with focal increased signal in 
the cord indicating cord edema/ myelomalacia 


SPINAL CANAL STENOSIS 

Spinal canal stenosis in the cervical or thoracolumbar spine 
may be acquired or congénital/developmental and may 
involve the central spinal canal, the latéral recesses or the 
neural foramina. Degenerative canal stenosis (Fig. 19) may 
be caused by soft tissue (disk herniation, ligamentum 
flavum hypertrophy, etc.) (Fig. 18) or bony encroachment 
(osteophyte or facetal arthropathy). It is thus critical to 
evaluate ail these structures in detail while evaluating 
spinal canal stenosis. The congénital /developmental type 
can be aggravated by secondary acquired disease. Cysts 
adjacent to hypertrophied facets, when présent anteriorly 
or anteromedially can encroach over the spinal canal/ 
latéral recesses. Various measurements hâve been used 
for the diagnosis of canal stenosis. Generally a sagittal 
diameter of less than 10 mm suggests that significant canal 
stenosis is présent. A sagittal diameter of less than 3 mm 
in latéral recesses is considered significant. Thécal sac 
circumference can also be used to grade the severity of 
spinal stenosis (Figs 17A and B). 



Figs 17A and B: Spinal canal stenosis: note the significantly 
small AP dimension of the bony canal and the short pedicles. 
The latéral recesses are also narrow 







102 Textbook of Orthopedics and Trauma (Volume 1) 



Fig. 18: Thickened ligamenta flava and hypertrophied facets 
contributing to spinal canal and latéral recess and foraminal 
compromise. Note the significant focal canal stenosis 



Fig. 19: Degenerative canal stenosis at the C4-C5 , C5-C6 
and C6-C7 levels. Note significant cord compression at the 
C4-C5 and C5-C6 levels 


Ossified Posterior Longitudinal Ligament (OPLL) 

Ossified/thickened posterior longitudinal ligament can 
also cause significant canal compromise especially in the 
cervical région with compressive myelopathy. This condi¬ 
tion is easily diagnosed on MR. However, CT generally 
better demonstrates the thickened and ossified posterior 
longitudinal ligament (Fig. 20). 



Fig. 20: OPLL comparison of CT and MRI. The severity of cord 
compression and cord signal changes are better seen on MR. 
CT demonstrates the ossified ligament better 


IMAGING OFTHE POSTOPERATIVE SPINE 

Interprétation of a postoperative MRI of the spine is perhaps 
one of the most challenging and complex problem faced 
by the radiologist. Thus, it is very critical for the radiologist 
to understand the normal and abnormal appearances as 
well as the changes that occur in the operative field over 
period of time. It is equally important for the radiologist to 
be well informed about the nature of problem in the given 
clinical setting. These important factors together with a 
meticulous approach, which includes appropriate 
sequences and contrast enhancement, etc. are a must to 
enable meaningful interprétation of this scan. 

Most patients undergo imaging in the postoperative 
period due to the Failed-Back Surgery Syndrome (FBSS). 
The common problems which need to be considered are: 

i. Récurrent disk herniation 

ii. Epidural fibrosis 

iii. Infection. 

DISK vs Epidural Scar (Figs 21 to 23) 

In the immédiate postoperative period following disk 
surgery, there is increased épidural soft tissue the 
anteriorly and laterally (Fig. 21). These changes résolve 
usually by 6 weeks. Différentiation of récurrent disk 
herniation from épidural fibrosis is critical for the further 
decision making. Epidural fibrosis has a low signal 
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Figs 21A and B: (A) Axial T2-weighted images in preoperative and immédiate post operative period. 
(B) Sagittal images at the same level. Note signal abnormality in the épidural space 


intensity on both Tl- and T2-weighted images. Since a homogenous enhancement on contrast-enhanced MRI, 
herniated disk may hâve a similar signal. Gadolinium whereas disk herniation shows no enhancement or thin 
enhancement is frequently needed to differentiate between peripheral enhancement (Figs 22 and 23). 
these two entities. Epidural fibrosis tends to show a 
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Fig. 22: Large récurrent disk prolapse in a 
postoperative spine 
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Fig. 23: STIR images and myelogram showing small 
postoperative pseudomeningocele. Hyperintensity of the 
endplates and posterior disk margin on the STIR sequence 
are usual in the immédiate postoperative period 

Rôle of CT (Figs 24 to 26) 

CT with intrathecal contrast can be used if MR is 
contraindicated. A properly performed CT myelogram can 
provide most of the relevant information in disk 
degeneration (Fig. 24). CT can also show vacuum disk 
phenomenon and osteophytes better (Fig. 25 and 26). 

SPINAL INFECTIONS (Figs 27 to 33) 

MRI is highly sensitive for the early détection of marrow 
changes and disk signal changes in early spondylitis/ 
spondylodiskitis (Fig. 28). Accompanying soft tissue 



Fig. 24: Sagittal reconstruction of a plain lumbar spine CT in 
an elderly patient. Note degenerative spondylolisthesis, 
vacuum phenomenon and vertébral body compression 

components both intraspinal and paraspinal are also 
easily démonstrated. Compression of the spinal cord/ 
nerve roots is also well delineated by MR. The current 
génération scanners which are capable of covering larger 
FOV make it possible to screen for skip lésion which are 
not uncommon. The earliest findings in MRI are increased 
signal in the intervertébral disk with loss of intranuclear 
cleft and the low signal of the outer annular fibers on the 
T2-weighted images (Fig. 27). The changes in the adjacent 
vertébral endplates reflect marrow edema. With 
progression, endplate érosions develop, with réduction in 
the vertébral body height and paraspinal and/or épidural 
soft tissue. Larger collections/ abscess are well delineated 
with MR and their extent can be assessed. Severity of thécal 
sac/cord compression can be also be assessed. In some 
cases the disks may be spared, with only vertébral body 
involvement (Fig. 29). Involvement of the posterior éléments 
can be seen either as a primary involvement or coexistent 
with vertébral body and diskal involvement. The 
différentiation between tubercular and pyogénie infections 
cannot be reliably made on MR imaging alone. CT can 
also be used in spinal infections (Figs 30 and 31). 

NON INFECTIVEINFLAMMATORY 
PATHOLOGIES OF THE SPINE 

Changes in the sacroiliac joints and the spine in 
spondyloarthropathy are easily picked up on MRI (Fig. 34). 
Even subtle marrow changes secondary to inflammation 
involving the sacroiliac joints, apophyseal joints and 
vertébral bodies is easily detected on MRI, especially the 
STIR sequence. 









MRI and CT in Orthopedics 105 



Fig. 25: Lumbar CT myelogram showing disk bulge (center) and focal protrusions 



Fig. 26: Cervical CT Myelogram with sagittal and coronal reconstructions 


n Fig. 27: Early marrow 
changes in a child with 
infective spondylitis: STIR 
sequence shows subtle 
increased signal in the L5 
vertébral body 



Fig. 28: Spondylodiscitis in an 
adult: STIR sequence shows 
increased signal in the L4 and 
L5 vertébral bodies and the 
intervening disk. The disk height 
is reduced 
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Figs 29A and B: Significant vertébral body collapse and large Figs 30A and B: Vertébral collapse, épidural and right psoas 
paraspinal and épidural abscess in a child. Note focal kyphosis abscess in an adult patient. Sag T2-weighted images and SUR 
and cord compression coronal. A right lung basal consolidation is seen 
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Fig. 31: C2, C3, C4, involvement with severe C3 vertébral body height compromise. Tl, T2-weighted images and plain film 
corrélation in a young girl. Large prevertebral and a fusiform anterior épidural abscess are seen. There is mild cord compression 



Figs 32A and B: Involvement of the atlanto-axial joint with dislocation. Note soft tissue component between the anterior arch 
of atlas and the odontoid peg. There is severe compression of the upper cervical cord and the cervico medullary junction 
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Fig. 33: Axial CT section showing endplate sclerosis, small érosions and soft tissue 



Fig. 34: Extensive marrow signal changes in spondyloarthropathy. 

Note marrow edema adjacent to the sacroiliac joints, the articular facets and the vertébral bodies 


NONCOMPRESSIVE SPINAL CORD 
ABNORMALITIES 

MR can be extremely helpful in détection of non com¬ 
pressive spinal cord lésions in patients with acute or pro¬ 
gressive neurodeficits. An increased signal within the cord 
is seen on the T2-weighted images in most such pathologies 
and signify focal cord edema (Fig. 35). 


Spine Trauma 

MRI is generally the modality of choice in patients with 
spinal trauma due to its excellent soft tissue resolution 
and multiplanar capability. It provides details of the 
vertébral column, the ligamentous structures in addition 
to details of the cord/neural structures. 
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Fig. 35: Spinal cord and brainstem demyelination seen on 
T2-weighted sagittal images 


Fig. 36: Traumatic spondylolisthesis with cord injury 


CT, however can be useful in certain spécifie situations 
especially for better évaluation of the articular pillars, facet 
joints and small fracture fragments which may be difficult 
to assess on MRI alone. This is especially true in the 
cervical spine where small bone fragments displaced into 
the neural canals can cause symptoms. 

The MR findings in vertébral injuries dépend upon the 
mode and severity of the injury. Several other factors also 
influence the effect of trauma like âge (the pédiatrie spine 
being more flexible shows different pattern of injuries). 
Significant preexisting degeneration if présent may 
prédisposé to a more severe spinal injury even with trivial 
trauma. Similarly the patterns of injury in a previously 
ankylosed spine are also different (Figs 32A and B). 

Cervical Spine Trauma (Figs 36 to 39) 

Vertébral body fractures are quite common and resuit from 
vertical compression injuries. In the cervical spine there is 
generally an additional flexion /extension or rotatory 
component (Fig. 36). Assessment of the integrity of the 
pedicles, posterior neural arch and articular pillars/facet 
joints is also critical when evaluated cervical spine trauma 
(Fig. 37). Unilatéral or bilateral facetal subluxation/ 



Fig. 37: Unilatéral facetal dislocation/locked facet (arrow). Note 
normal alignment of the articular facets on the opposite side 
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Fig. 38: Large cord signal abnormality secondary to contusion, 
is readily visible on the T2-weighted images. The hypointense 
areas signify hemorrhage 


dislocation is also quite common and careful évaluation 
of the parasagittal sections is vital for the diagnosis. 
Whiplash injuries are also commonly encountered and 
MR is generally the modality of choice for assessment of 
the soft tissues and the cord. Significant cord injury may 
be présent without plain film abnormality. The term 
sciwora (spinal cord injury without radiological 
abnormality) has been coined to describe such injuries 
(Fig. 38). 

Assessment of the status of the cord and severity of the 
cord injury is critical for prognostication and surgical 
planning. The gradient écho, T2-weighted images are more 
sensitive in détection of hemorrhage, which is also impor¬ 
tant since patients with hémorrhagie cord contusions 
generally carry a poor prognosis (Fig. 39). 

Trauma to Spécifie Areas of Spine (Fig. 40 to 45) 

CV J u notion 

Traumatic atlantoaxial joint dislocation/subluxation can 
be easily assessed together with assessment of the cord 
(Fig. 41). Cl and C2 fractures there are better assessed by 
CT. However the presence and extent of spinal canal 
compromise and cord compression, intrinsic cord signal 
abnormality are better assessed by MR (Figs 40, 42, 43 
and 44). 



Fig. 39: CT scan can provide valuable additional information on both axial and 
reconstructed sagittal/coronal images 
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Fig. 40: 3D image of bilateral posterior arch fractures of the 
atlas. There is normal alignment at the C1-C2 joint 





Fig. 42: Fracture of the odontoid peg with minimal 
displacement and associated soft tissue component 



Fig. 41 : Complementary rôles of plain film, MR and CT 
imaging in fractures of the axis 


Fig. 43: CV Junction abnormality with AAD and cord 
compression. Note the unusually horizontal orientation of the 
clivus. Atlanto-occipital fusion is mostly présent 
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Fig. 44: Cord injury with trivial trauma in a patient with 
preexisting degeneration 



Fig. 45: Fracture of the ankylosed spine 


Brachial Plexus Injuries (Figs 46A and B) 

A combination of meticulous clinical assessment, plain 
film imaging (for fractures), MRI, together with 
neurophysiological studies are required for assessment of 
the brachial plexus. Pseudomeningoceles are easily 
diagnosed at myelography/ CT myelography (Figs 46A 
and B). However, MR is best suited for overall assessment 
of the brachial plexus due to its better soft tissue resolution. 
The entire plexus can be studied right from the origin of 
the nerve roots/rootlets, the intradural and extradural 
course of the nerve roots, the trunks, the divisions and the 
cords. The scalene muscles, the clavicle, the flow voids of 
the subclavian and axillary vessels, etc. serve as important 
landmarks in the évaluation of the brachial plexus. 



Fig. 46A: Pseudomeningoceles detected on MR myelogram 
(For color version, see Plate 1) 



Fig. 46B: Extensive edema along the course 
of the left brachial plexus in another patient 
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INJURIES TO THE THORACIC AND LUMBAR SPINE 

Significant trauma to the thoracic and lumbosacral spine 
is also best evaluated with MRI. The goals of imaging are 
same as in the cervical spine. The extent and severity of 
the injury to the cord/cauda equina can be assessed, in 
addition to the posterior neural arch, articular pillars and 
facet joints, ligaments, etc. 

As in the case of cervical spine CT can provide useful 
information of the bony structures, especially the posterior 
structures, which can be vital for assessment of the stability 
and surgical planning. 


Sacral Fractures (Figs 47 to 49) 

In the setting of spinal trauma, sacral fractures can be easily 
overlooked especially in patients who hâve other more 
severe injuries to the neural axis (Fig. 49). Sacral fractures 
are commonly seen in patients with fall from height who 
hâve vertébral body fracture in the lower dorsal/upper 
lumbar région. It is thus important to scan this portion of 
the spine in such patients (Figs 48 and 49). 



Fig. 47: Sagittal and 3D reconstruction in a typical T12 anterior 
wedge compression fracture in a patient with fall from height. 
Small retropulsed posterosuperior fragment of the vertébral 
body and a small posterior bone fragment are encroaching 
over the spinal canal. Note coexistent fracture of the sacrum 
(For color version, see Plate 1) 



Fig. 48: Sagittal, Tl as well as T2-weighted images showing 
Tl 2 wedge compression fracture with rétropulsion and cord 
compression. Cord contusion and vertébral body marrow 
edema are évident 


MRI Evaluation of Congénital 
Anomalies of the Spine 

The entire spectrum of congénital anomalies of the spine 
can be assessed with MRI. Meningocele, meningo- 
myelocele (Fig. 52) lipomyelomeningocele (Fig. 53) are 
diagnosed clinically and MR évaluation is needed for 
studying the anatomy of the vertébral column, the durai 
tube and its contents, the status of the cord, etc. (Fig. 49, 
51). Dorsal dermal sinus, and diastematomyelia are also 
not uncommon and generally hâve cutaneous stigmata in 
the form of sinus or tuft of hair. The brain and the CV 
junction are routinely screened in such patients since 
coexistent abnormalities are quite common (Fig. 53). 

Scoliosis 

Scoliosis can be evaluated by plain films, MRI as well as 
MDCT. The modality of choice dépends upon the clinical 
setting and the information desired (Fig. 54). 

SPINAL NEOPLASMS 

Normal and Abnormal Bone Marrow 

MR is the only modality, which allows direct visualization 
of the marrow. The normal appearance of marrow on MRI 
has been extensively studied. The MR appearance of bone 
marrow changes with âge. It is important to understand 
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Figs 49A and B In more severe injuries a CT scan provide useful additional information with 
high resolution reconstructions to highlight bony injuries 



Figs 50A and B: Tl T2-weighted images and STIR images in a child with low placed cord and a large subcutaneous lipoma. 
The lipoma extends intraspinally through a spina bifida, and also extends intradurally to insert on the dorsal aspect of the cord, 
thus tethering it (Fig. 50B—For color version, see Plate 1) 


these variations to avoid confusion between normal 
variations of the marrow and disease processes. The yellow 
marrow has short Tl relaxation due to presence of fat 
whereas red marrow which is hemopoietically active 
marrow shows reduced signal on the Tl-weighted images 
and intermediate signal on the T2-weighted images. 
Marrow conversion from red to yellow is generally 
completed by 25 years. There can also be reconversion of 
yellow marrow to red in response to certain condition like 
anémia, stress, etc. 


Lymphomas, myeloma, métastasés, leukemia, are some 
of the pathological conditions which cause marrow 
replacement by tumor cells. These are seen as hypointense 
areas against the background of normal fatty marrow on 
the, Tl-weighted images. It may however not be possible 
to differentiate between the different the marrow 
infiltrating pathologies based on MR findings alone and 
further hematological évaluation is frequently needed. 

Pinal neoplasms can be extradural, intradural 
extramedullary or intramedullary. 
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Figs 51A and B: (A) Diastematomyelia. T2W axial image shows the two hemicords in a single durai tube, with a thin 
intervening fibrous septum. (B) CT in another patient showing a large sagittally oriented bony bar dividing the spinal canal 



Fig. 52: Cervicothoracic myelomeningocele in Chiari II Fig. 53: Tonsillar herniation with syringomyelia— 

malformation. Patient had typical intracranial findings T2-weighted images sagittal image 
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Figs 54A and B: Severe kyphoscoliosis seen on 3D CT (For color version, see Plate 2) 



Fig. 55: Hemangioma. Typical signal characteristics 
hyperintense on Tl - and T2-weighted images 


Fig. 56: Aggressive hemangioma with épidural extension 
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Many primary bone tumors can involve the vertebrae. 
However metastasis/secondaries are generally more 
common. Vertébral hemangiomas are the most common 
benign tumors which are commonly seen (Fig. 55). These 
show a hyperintense signal on the Tl- and T2-weighted 
images. Most are incidentally detected and asymptomatic. 
However in a small proportion of cases, hemangiomas 
(Fig. 56) can be aggressive and extend into the 
paravertebral and épidural apace. MR can show these 
extensions and the extent of spinal canal compromise. 
Contrast enhancement is needed in these cases (Fig. 57). 

Schwannomas and meningiomas are the commonest 
intradural extramedullary tumors. 



Fig. 57: Intradural extramedullary tumor— 
Schwanoma. Note cord compression 



Fig. 58: Cystic intramedullary tumor. Note hyperintense 
signal on the T2-weighted images 


Intramedullary tumors are well delineated with MRI. 
Plain and contrast enhanced scans are required for better 
évaluation of the intramedullary masses (Fig. 61). 
Astrocytomas, ependymomas, hemangioblastomas, are 
some of the intramedullary tumors. Dermoid/epidermoid 
tumors are common in children and may be associated 
with congénital spinal anomalies (Fig. 58). 

Spinal metastatic disease is quite common. MR is highly 
sensitive for early détection of metastatic disease. The 
metastatic deposits are mostly hypointense and are easily 
identified against the normal high signal intensity of the 
marrow on the Tl-weighted images (Fig. 60). Most lésions 
are slightly hyperintense on the T2-weighted images. MR 



Fig. 59: Multiple bony metastasis: Note the hypointense signal 
on Tl-weighted images and pathological vertébral body 
compression 



Fig. 60: Benign osteoporotic compression fractures. 
Compare with previous Fig. 59 
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Fig. 61 : Vertébral infiltration and épidural extension of 
lymphoma in a young girl 

scans are frequently performed for the différentiation 
between benign osteoporotic vertébral compression and 
pathological compression (Fig. 62). This différentiation 
may be possible in many cases based upon the MR signal 
characteristics, and the morphology of the compressed 
vertébral bodies. However in some cases the distinction 
may be difficult or impossible. Whole body STIR imaging 
is used in many centers for détection of skeletal metastasis 
(Fig. 59). 

THE ROLE OF CT AND MRI IN BONES AND JOINTS 

Although initially used predominantly for spine imaging, 
there has been a graduai rise in the use of these modalities 
for the non spine applications, viz bones, joints, tendons, 
etc. These applications were possible due to the excellent 
soft tissues resolution of MR together with its multiplanar 
capability. Another very important advantage of MR is its 
extremely high sensitivity to subtle marrow changes. In 
fact it is the only modality which allows us to image the 
marrow directly. 

Musculoskeletal Trauma 

Plain radiographs are generally the first (and frequently 
the only) imaging that is done in acute trauma. However 
additional imaging with CT /MRI is needed in many cases 
when the information from clinical examination and plain 



Fig. 62: Cystic metastasis from adenocarcinoma of lung 
T2-weighted axial image 


X-ray films is inadequate/equivocal or additional 
information of the Bone/ soft tissues is desired. 

Both CT and MRI can be useful in certain spécifie 
situations of appendicular trauma. MR is especially useful 
for assessment of ligamentous and other soft tissue injuries. 
It is also extremely sensitive to bone marrow edema 
secondary to contusion/bruise. It is the modality of choice 
for évaluation of radiologically occult injuries. It is also 
extremely useful in évaluation of insufficiency/stress 
fractures. CT is generally used when a more detailed 
information regarding already diagnosed fracture is 
desired, e.g. pelvic and acetabular fractures, calcaneal 
fractures, mandibular fractures, etc. 

Trauma to the Appendicular Skeleton 
(Figs 63 and 64) 

MR/CT Evaluation is generally not needed in most cases 
of appendicular trauma involving bones. MR is however 
useful in cases with equivocal plain film findings or when 
a radiographically occult injury is suspected. CT is 
generally more useful in cases of fractures when a better 
délinéation of the fracture and orientation of the bony 
fragments is desired (Fig. 63). The current génération 
MDCT scanners provide excellent multiplanar and 3D 
reconstructions which can be extremely helpful in 
treatment planning. Complex fractures of the acetabulum, 
the calcaneus and the proximal tibia frequently require 
CT évaluation. Suspected avulsion injuries may require 
évaluation both by CT and MR. In imaging of joint injuries 
MR is far superior as it can show the ligamentous 
structures, bone and articular cartilage, joint capsule, 
periarticular muscles/tendons, etc. to an advantage. MRI 
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Fig. 63: Impacted fracture of the fémoral neck seen as a oblique hypointense signal on the 

T2-weighted image 


of joint injuries will be discussed in the sections of 
individual joints (Fig. 64). 

STRESS AND INSUFFICIENCY FRACTURES 

Stress/insufficiency fractures form a unique form of bone 
injury. MR is the modality of choice in suspected stress/ 
insufficiency fractures since it is extremely sensitive to the 
marrow edema that accompanies these injuries (Figs 65 
and 66). 

Muscle and Tendon Tears (Figs 67 to 69) 

With more and more people indulging in active sports, 
there is a definite increased in the number of patients 
presenting with various muscle/tendon injuries (Figs 67 
and 68). The supraspinatus, the tendo-Achilles, the biceps 
tendons are some of the commonly injured tendons 
whereas the hamstrings (especially biceps), the calf 
muscles and the quadriceps are more prone for tears at the 
myotendinous junction/muscle proper (Fig. 64). MR is 
extremely sensitive for the détection of these injuries and 
can be helpful in the grading of tears. 

Rôle of CT (Figs 70 to 73) 

As cited earlier 3D and multiplanar reconstructions done 
on current génération MDCT scanners, can provide 
detailed information of fracture fragments in complex 
trauma cases (Figs 70 to 72, and 73). 



Fig. 64: MRI of the shoulder showing bone contusion/bruise. 
A hyperintense signal is seen on the STIR sequence 

IMAGING OF INDIVIDUAL JOINTS (Figs 74 to 77) 

Hip Joints 

MR/CT imaging of the hips is generally required in very 
spécifie clinical settings. One of the most common clinical 
indications is évaluation of hip pain with normal or near 
normal X-ray findings. Other important indications are in 
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Fig. 65: Stress fracture of the proximal tibia in a middle âge female CT and MR findings. 
A healed stress fracture with sclerosis seen in the other tibia 



Fig. 66: Bilateral sacral insufficiency fractures 
in an elderly lady 


Fig. 67: A gastrocnemius myotendinous junction tear seen on 
the stir images. Note the feathery appearance 
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Fig. 68: Partial tear of the tendo-Achilles well above its 
calcaneal attachment. There is increased signal within the 
tendon with edema 



Fig. 69: T2-weighted images of the elbow showing injury to 
the ulnar nerve. Increased signal in the nerve signifies edema 



Fig. 70: Color 3D surface rendered images of the normal ankle and foot 
(For color version, see Plate 2) 


diagnosis and monitoring of avascular necrosis of the 
fémoral head. MR is clearly superior to CT for early 
diagnosis of AVN. The international classification is used 
for staging of AVN. MR signal characteristics hâve been 
used to classify the various appearance of AVN (Figs 74 
and 75). 


Four types of signal intensity patterns are seen on MR 
in AVN (Fig. 76). 

Class A lésion reveals high signal intensity on 
Tl-weighted images and intermediate signal intensity on 
T2-weighted images, i.e. signal similar to fatt. 

Class B lésion reveals high signal intensity on both 
Tl- and T2-weighted images. 
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Fig. 71: Examples of 3D imaging in fractures of the proximal 
humérus, the capitellum, the acetabulum and the pelvis. Note 
the disruption of the pelvic ring at left sacroiliac, the right pubic 
rami and the symphysis (For color version, see Plate 2) 



Fig. 72: Isolation of fractured bone for better 
orientation of fractures (For color version, see Plate 3) 



Fig. 73: Coronal reconstruction in severely comminuted 
fracture of the right ilium 



Fig. 74: Bilateral avascular necrosis T2-weighted images. Note 
the double rim sign on one side and a subchondral 
hyperintense signal on the other - indicating more advanced 
stage. Mild flattening is also seen 


Class C lésion reveals low signal intensity on Tl- 
weighted images, high signal intensity on T2-weighted 
images—signal similar to fluid. 

Class D lésion reveals low signal intensity both on Tl- 
and T2-weighted images—fibrosis (Fig. 77). 

Pédiatrie Hip (Figs 78 to 80) 

Perthe's diseuse: The diagnosis is generally made based 
upon the clinical and plain film findings. However, MRI 


is very useful in monitoring the progress of disease and 
recovery in Perthe's disease. In addition to the epiphysis, 
the status of the articular cartilage can be assessed with 
MR. The disease can also be graded with the help of MRI 
findings (Fig. 78). 

Slipped capital fémoral epiphysis is generally plain 
film diagnosis. MRI can be used to assess the extent of the 
slippage and also for early diagnosis in case of involvement 
of the opposite hip (Fig. 79). DDH generally does not require 
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Fig. 75: Plain film and MR corrélation in avascular necrosis 




Fig. 76: Coronal CT reconstruction showing subchondral Fig. 77: T2-weighted images in avascular necrosis. A dominant 

fracture with loss of normal internai architecture of the bone hypointense signal on the T2-weighted images indicates 

fibrosis 
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Fig. 78: Perthe’s disease plain film appearance in advanced 
disease with significant collapse of the epiphysis with sclerosis 



Figs 79A and B: MRI in early Perthe’s disease: (A) T1- 
weighted image, (B) DESS sequence for articular cartilage 



Fig. 80: Slipped capital fémoral epiphysis: the abnormal 
position of the epiphysis is évident in comparison with a normal 
hip 


MRI but is sometimes used to assess the soft tissues, prior 
to surgery (Fig. 80). 

TRANSIENT OSTEOPOROSIS 

This poorly understood condition, also known as transient 
bone marrow edema syndrome, is characterized by marrow 
edema involving the fémoral head and neck (Fig. 80). It is 
seen as areas of low signal on the , Tl-weighted images 
and high signal on the T2-weighted images and STIR 
sequence. Although thought to be a self-limiting condition, 
some of the patients may develop avascular necrosis. The 
finding of marrow edema in the fémoral head and neck is 
not spécifie for this condition. Thus early AVN and in 
infective inflammatory process must be considered in the 
differential diagnosis when the transient bone marrow 
edema pattern in encountered on MRI. 

KNEE JOINTS (Figs 82 to 95) 

The knee joint is the single most commonly scanned joint 
by MRI. MRI has the unique capability of accurately 
demonstrating the anatomy and internai dérangements of 
the joint including the menisci, the ligaments and other 
periarticular structures (Fig. 82). 

Meniscal tears are seen as well defined areas of 
increased signal on the Tl- and T2-weighted images. 
Generally the PD weighted and Fat Suppressed T2- 
weighted images are better suited to demonstrate meniscal 
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Fig. 81 Transient osteoporosis. Increased signal on the STIR 
sequence 



Fig. 82: Normal anterior cruciate ligament. Note the darker 
anteromedial band on PD weighted image 


tears (Fig. 83). It is important to differentiate small areas of 
intrameniscal signal from frank tears (Fig. 82). This is 
generally based upon the démonstration of the signal 
reaching the meniscal surface. It is also possible to 
differenüate the type of the tear, like Horizontal (fish mouth) 



Fig. 83: Anterior cruciate ligament tear. Note the increased 
signal within the ligament on the T2-weighted image 


radial or bucket handle tear (Fig. 85). However, this needs 
considérable expérience and careful évaluation of the 
images in ail planes. Discoid menisci are not uncommon 
and are more prone to tears. 

Tears of cruciate and the collateral ligaments can also 
be easily detected and graded by MRI (Fig. 86). It is however 
vital to obtain images in the correct plane for optimal 
visualization of these structures especially the ACL (Fig. 

92) . The anterior intermeniscal ligament and the menisco 
fémoral ligaments posteriorly are well visualized on MR. 
The junction of the menisci with these ligaments can be 
misinterpreted as a tear (Fig. 91). 

As in the case of menisci, cruciate ligament injuries are 
characterized by areas of increased signal on most 
sequences. The normal ACL has a antero-medial band and 
a postérolatéral band, which hâve different signal (Fig. 

93) . The anteromedial band has a more hypointense signal, 
where the postérolatéral band has an intermediate signal, 
on the PD images. The PCL generally has a more uniform 
hypointense signal (Fig. 87). 

Since the scans are typically obtained in ail the three 
planes, it is important to confirm the abnormalities seen in 
one plane in the other planes (Fig. 88). 

Subtle/ doubtful signal changes may warrant scanning 
with thinner slices or with different scan parameters. For 
example, a questionable cartilage defect on the routine 
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Fig. 84: Myxoid degeneration of the anterior 
cruciate ligament 



Fig. 86: Normal meniscus sagittal image—the bow-tie 
appearance 



Fig. 85: Buckling of the posterior cruciate ligament with 
chronic anterior cruciate ligament tear 


Fig. 87: Normal meniscus coronal. Note the triangular 
appearance and dark signal 


scans, can be confirmed/ruled out on an steady State 
sequence (DESS) which highlights the cartilage (Fig. 89). 

The collateral ligaments are well shown on the routine 
coronal scans especially Tl and PD weighted images. 
Other médial and latéral stabilizing structures can be also 
accurately assessed and are helpful in treatment planning 
(Fig. 94). Knee MRI imaging is rarely required in children 
but can be extremely helpful in early and accurate 
assessment of conditions like osteochondritis dessicans. 


and abnormalities of the menisci (discoid meniscus, etc.), 
as well as the growth plate and epiphyses (Fig. 90). 

It is also very sensitive for détection of early marrow 
changes in the setting of infections/inflammation. 

Osteochondritis dessicans and osteochondral injuries form 
unique form of injuries and can be reliably diagnosed on 
MR (Fig. 96). Osteochoidritis dessicans canbe graded with 
MR. 
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Fig. 88: Tear of the posterior horn of the médial meniscus 



Fig. 89: Displaced bucket handle tear with double posterior 
cruciate ligament sign 

SONK: Spontaneous osteonecrosis of the knee is now a 
well established entity and is quite common in the elderly 
population and is increasingly recognized has the cause 
of pain in these patients. 

OSTEOARTHROSIS (Fig. 97) 

There has been a renewed interest in cartilage imaging 
with newer treatment options available like autologous 



Fig. 90: Popliteal cyst 



Fig. 91 : Large meniscal cyst 


chondrocyte transplantation. MR has the distinct 
advantage of demonstrating the articular cartilage directly. 
Various sequences hâve been developed specifically for 
the assessment of articular cartilage (Fig. 98). 

ANKLE JOINT AND FOOT (Figs 98 and 99) 

MRI of ankle is generally used for assessment ligamentous 
structures which support the ankle joint. MR canbe reliably 
used to confirm the integrity or asses the injuries to the 
periarticular ligaments. The anterior talofibular ligament 
is the most frequently injured ligament. MR is also 
extremely helpful for evaluating the periarticular tendons, 
the neurovascular bundles (tarsal tunnel), etc. (Figs 98 
and 99). 
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Fig. 92: Lipohemarthrosis CT showing fluid levels in the 
suprapatellar pouch 



Fig. 93: Médial collateral ligament complété tear 


Another important use of MR in the ankle is for 
diagnosis and grading of osteochondral injuries, which 
are common in the talar dôme. Tarsal coalitions can be 
assessed by using a combination of plain radiographs and 
MR or multiplanar reconstructions of CT (Fig. 99). 



Fig. 94: Complété tear of latéral supporting structures 



Fig. 95: Large avulsion of the intercondylar 
région of the tibia 



Fig. 96: Osteochondral injury on, Tl-weighted sagittal 
image. Underlying bone signal abnormality is seen 
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Fig. 97: Osteoarthrosis with articular cartilage loss in the 
médial compartment. Note osteophytes 



Fig. 98: Normal ligaments of the ankle. The anterior talofibular, 
anterior and posterior tibiofibular and the Deltoid ligaments 
are shown. Note the hypointense signal 



Fig. 99: Tear of the anterior talofibular ligament 


Abnormalities of the subtalar joint, the sinus tarsi 
syndrome and other causes of chronic ankle pain like the 
impingement syndromes can be relatively made by the 
use of MR. 

Infections of the bones of the foot, especially osteo- 
myelitis in diabetic patients, can be diagnosed very early 
with MR, because of its sensitivity to earliest marrow 
changes. Similarly osteonecrosis of metatarsal head, 
(Freiberg's disease), Morton's neuroma, etc. which are 
unique causes of forefoot pain can be easily diagnosed 
and early with MR (Figs 100 to 104). 

Rôle of CT 

Coronal CT, either direct or reconstructed (current 
génération MDCT) are used for évaluation and 
classification of calcaneal fractures. CT provides details 
of the articular facets and the number and orientation of 



Fig. 100: Osteochondral injury of the talar dôme. 
Note the marrow edema 



Fig. 101: The normal and abnormal sinus tarsi. The normal 
high signal of fat is replaced by low signal edema on, 
Tl-weighted images 
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Fig. 102: Osteomyelitis involving multiple bones of the foot in a 
diabetic patient. Note extensive marrow and soft tissue edema 



Fig. 103: Freiberg’s osteonecrosis 


the fracture lines based on which the fractures are 
classified. 3D CT can be useful in complex fractures and 
coalitions. 

SHOULDER JOINT (Figs 105 to 114) 

MR is generally the preferred modality for évaluation of 
most shoulder problems after X-rays. Two of the most 
common indications for shoulder MRI are: 

1. Evaluation of the rotator cuff and related problems 

2. Evaluation of shoulder instability. 

MR can provide details of the normal anatomy of the 
rotator cuff and its pathologies, especially impingement 
and rotator cuff tears. In patients with instability/récurrent 



Fig. 104: Morton’s neuroma in a young girl 


dislocations also MRI and MR arthrography can provide 
useful information regarding the critical structures like the 
labrum, the glenohumeral ligaments, the biceps tendon 
and anchor, etc. (Fig. 105). Although the accuracy of the 
plain MRI is fairly high in the hands of an experienced 
radiologist, the use of MR arthrography definitely 
enhances the diagnostic confidence, especially in subtle/ 
doubtful abnormalities (Fig. 107). 

WRIST AND HAND (Figs 115 to 119) 

MRI of the wrist can be extremely helpful in many clinical 
conditions. Some of the common clinical situations where 
wrist MR can be helpful are: 

1. Early diagnosis of Kienbock's disease/lunate 
avascular necrosis 

2. Triangular fibrocartilage abnormalities 

3. Unexplained wrist pain. 

Radiographically occult injuries are frequently 
detected by mr in patients with post traumatic pain and 
normal plain films. MR can be used in évaluation of carpal 
tunnel syndrome (Fig. 116). 

Injuries and inflammatory conditions affecting the 
tendons of the wrist and hand can be evaluated with MR. 
Even small amount of fluid within the tendon sheath can 
be detected with MR. Contrast enhancement is needed for 
the inflammatory pathologies (Fig. 117). 

Small glomus tumors which are hamartomatous 
lésions located in the subungual région are easily picked 
up by MRI. Most are hyperintense on T2-weighted images. 

ELBOW JOINT 

MRI of the elbow joint can provide useful information in 
many clinical situations. The excellent depiction of the 
anatomy by MR makes it the modality of choice and can 
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Figs 105A and B: Normal appearance of the rotator cuff muscles and tendons. 
Note incidental cystic lésion in the humerai head 
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Fig. 106: Avulsion fracture of the greater tuberosity 


Fig. 108: Partial tear of the supraspinatus 



Fig. 107: Complété tear of the supraspinatus tendon 


Fig. 109: Hill Sach’s lésion in récurrent dislocation 


help in treatment planning. Patients with avulsion injuries, 
either acute or chronic, of the common flexor or extensor 
muscles can be evaluated with MR, and injuries can be 
graded. Osteochondral injuries, injuries to ligamentous 


structures and the ulnar nerve, etc. can be evaluated with 
MR. Other problems like triceps muscle / tendon injuries, 
inflammatory/infectious process including bursitis are 
other indications for MR of the elbow. 
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Fig. 110: Anterior liberal tear. Note increased signal and irregularity 



Fig. 111: MR arthrogram: There is improved visualization of the labor-ligamentous structures 
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Fig. 112: MR arthrogram showing irregular increased signal in the 
superior labrum suggestive of a tear 



Fig. 113: Avascular necrosis of the humerai head. 
A well demarcated area of low signal is seen 



Fig. 11 4: Labral tear with a 
lobulated paralabral cyst 
causing spinoglenoid notch 
syndrome 


Fig. 115: Early marrow changes in the lunate in 
avascular necrosis 
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Fig. 116: Tl-weighted sagittal image in more advanced 
Kienbock’s disease 


Fig. 118: Significant marrow edema in the scaphoid 
following trauma. Radiographs were normal 



Fig. 117: Signal abnormality in the TFC on fat suppressed PD 
image consistent with injury. Note marrow edema in the lower 
end of the ulna 



Fig. 119A: Axial section through the carpal tunnel showing 
the médian nerve and the tendons 



Fig. 119B: Glomus tumor: note the typical subungual location 
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Fig. 120: Oblique sagittal scans of the TM joint in the open and 
closed mouth showing anteriorly displaced disk 


TEMPOROMANDIBULAR JOINT 

MR is modality of choice for imaging of the temporo- 
mandibular joint as it can demonstrate the intraarticular 
disk dérangement. Static and dynamic scans are obtained 
for the diagnosis of abnormal disk morphology and 
displacement (Fig. 120). 

BONE AND SOFT TISSUE TUMORS 

CT and MR Imaging of Bone Tumors 

Imaging of bone and soft tissue tumors is one of the most 
challenging areas in musculoskeletal System. The goals of 
CT/MR imaging in bone tumors/suspected bone tumors 
canbe multiple. 

1. Characterization of a bone lésion seen on the plain 
film 

2. Assessing the précisé extent of the lésion 

3. Evaluation for possible involvement of the surrounding 
structures 

4. Monitoring progress/response to treatment and 
récurrence. 

Some lésions like the simple bone cyst, osteochondroma, 
fibrous cortical defect (non ossifying fibroma), etc. hâve 
fairly classical plain radiological appearance and in the 
correct clinical settings do not warrant any further imaging. 
However, some of the more aggressive bone tumors like 
sarcomas, giant cell tumor, aneurysmal bone cysts, etc. 
require a more detailed évaluation by MRI, CT bone scan. 


etc. for staging and assessing operability and surgical 
planning. Some of the benign lésions detected on plain 
films may need further évaluation if malignant change is 
suspected or in case of the tumor causing compression of 
surrounding structures, especially the neurovascular 
structures. 

Both CT and MR can be useful in evaluating bone 
tumors. However, MRI with its better soft tissue resolution, 
multiplanar capability and much higher sensitivity for 
bone marrow infiltration is generally preferred in most 
situations. CT can provide useful complimentary infor¬ 
mation about bone destruction and presence of calcifi¬ 
cation/ new bone formation. In addition CT or MR angio- 
graphy can be used to assess vascular invasion by tumors. 
Though CT reveals superior cortical detail, MRI is far more 
sensitive to marrow involvement by tumor or edema, and 
provides superior soft tissue définition of surrounding 
muscles and neurovascular bundles. 

In postoperative patients, MRI can be useful to different 
postoperative fibrosis from tumor tissue. Fibrosis has low 
signal intensity on Tl- as well as T2-weighted images, 
while most neoplasms hâve increased signal intensity on 
T2-weighted images. 

MRI Appearance of Various Common Bone Tumors 

Unicamerat Bone Cyst/Simple Bone Cyst 

MR reflects the cystic nature of this lésion which shows a 
homogeneously hypointense signal on Tl-weighted 
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images and a homogenous hyperintensity on T2-weighted 
images. The sclerotic wall appears hypointense. 

Aneurysmal Bone Cyst(Figs 121 to 123) 

Aneurysmal bone cysts reveal heterogenous (low and high) 
signal intensity on Tl- and T2-weighted images with a 
multi septate appearance (Figs 121 and 122). Fluid-fluid 
levels, are commonly seen in these tumors due to 
hemorrhage, but is not unique to these tumors and can be 
seen in other tumors as well (Fig. 123). 


Osteochondroma (Figs 124 and 125) 

The peduncle of osteochondromas are isointense to bone, 
whereas, the cartilaginous cap appears as inter-mediate 
signal intensity on Tl-weighted images and high signal 
intensity on T2-weighted images. With malignant trans¬ 
formation, the lésion appears hypointense on Tl-weighted 
images and hyperintense on T2-weighted images with 
disruption of cartilaginous cap. 



Fig. 121: ABC of the sacrum. Note the destructive mass with multi septate appearance and fluid levels 



Fig. 122: ABC of the sacrum CT appearance 
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Fig. 123: ABC of the pubis CT appearance 



Fig. 124: Osteochondroma of the tibia 



Fig. 125: Diaphyseal aclasia. 3D CT 
(For color version, see Plate 3) 


Osteoid Osteoma (Fig. 126) 

The goal of imaging is in visualization of the nidus which 
is generally intermediate signal intensity on Tl-weighted 
images and intermediate to high signal intensity on 
T2-weighted images. The surrounding reactive scierosis 
appears hypointense. Marrow edema in the adjacent bone 
is easily seen (Fig. 126). 


Giant Cell Tumor (Figs 127 and 128) 

The diagnosis of giant cell tumor/osteoclastoma is 
generally made on the plain radiographs based on the 
typical location, and soap bubble appearance. Evaluation 
by CT or MR is generally done for a more précisé 
délinéation of the margins of the lésion, possible cortical 
break or interarticular extension. It reveals low to 
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Fig. 126: Osteoid osteoma of the fémoral neck. Note marrow 
edema, reactive sclerosis and joint effusion 



Figs 127A and B: GCT lower end of the fémur. 
(A) Plain film, (B) FS T2-weighted MRI 


intermediate signal intensity on Tl-weighted images and 
a heterogeneously hyperintense signal intensity on T2- 
weighted images. 



Fig. 128: Récurrent GCT proximal tibia 


Osteosarcoma (Figs 129 to 131 ) 

Advanced osteosarcomas are generally diagnosed on the 
plain films, if the typical findings are présent (âge, location, 
sunray appearance, Codman's triangle, etc.). However, if 
the classical features are lacking, CT/MR may provide 
additional information. Most osteosarcoma shows low 
signal intensity on Tl-weighted images and high or 
heterogeneous signal intensity on T2-weighted images. 
The more densely sclerotic lésions appear hypointense on 
Tl- and T2-weighted images. MR is excellent to assess the 
extent of marrow infiltration. Skip lésions are also easily 
detected with MRI. 



Fig. 129: Osteosarcoma of the distal fémur 
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Fig. 130: Osteosarcoma with involvement of the shaft 



Fig. 131 : Vascular encasement by large soft tissue 
component of aggressive bone tumor 


Ewing’s Sarcoma 

MRI is superior to CT because the better démonstration 
soft tissue component as well as the bony infiltration. It 


appears hypointense on the Tl-weighted images and 
shows a high signal on the T2-weighted images. 

Metastatic Disease 

Since MRI is extremely sensitive to marrow changes it is 
extremely useful in évaluation of metastatic disease. Most 
metastatic deposits are hypointense on Tl-weighted 
images and thus are easily seen against the background of 
the bright signal of normal marrow fat. Generally a 
hyperintense signal is seen on the T2-weighted images. 
Fat suppressed T2-weighted images/ STIR can also be very 
useful. 

Soft Tissue Tumor’s 

Lipomas, hemangiomas, lymphangiomas and neurogenic 
tumors are some of the most commonly encountered benign 
soft tissue tumors whereas. The aggressive tumors are 
generally sarcomas with variable degree of différentiation. 
The goal of imaging in the soft tissue tumors can be 
multiple. 

1. Détection and characterization of the tumors. 

2. Précisé délinéation of the margins and extent of the 
tumor. 

3. Relation to surrounding important structures like 
neurovascular bundle and bones/joints. 

4. Surgical planning and monitoring response to 
treatment. 

5. Récurrence. 

In general benign soft tissue tumors are usually 
homogenous, clearly marginated and do not involve the 
adjacent neurovascular structures. Malignant tumors are 
inhomogeneous, with irregular margins and are frequently 
associated with surrounding muscle edema. It should be 
remembered that the différentiation of benign from 
malignant soft tissue lésions may not be possible on the 
basis of MR signal characteristics alone. 

Lipomas can be easily detected by both CT and MR as 
they hâve a signal intensity/atténuation similar to fat. 
Liposarcomas can hâve similar signal intensity like 
lipomas. 

Hemangiomaand Lymphangioma (Figs 132to 140) 

Hemangiomasreveal low to intermediate signal intensity 
on Tl-weighted images and high signal intensity on T2- 
weighted images. Phleboliths are seen as focal 
hypointensities within the hemangioma. Arteriovenous 
malformations show curvilinear flow void signal (black) 
on both the Tl- and T2-weighted images. Lymphangiomas 
appear as a multiloculated lésions with high signal on 
T2-weighted images and low signal on, Tl-weighted 
images. 
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Fig. 133: A lobulated hyperintense lésion adjacent to elbow 
seen on the T2-weighted images. Both lymphangioma and 
hemangiomas can hâve this appearance 

Postoperative Changes 

MRI can be effectively used in monitoring patients for tumor 
récurrence. However it may no always be possible to 
differentiate early récurrence from post operative edema. 
Today PET CT is probably the best available modality for 
diagnosis of early récurrence. 


Fig. 135: Neurofibromatosis T2-weighted images 


Musculoskeletal Infection 

Various pathological processes which involves the 
marrow canbe detected with MR. It is however to remember 
that can be normal variation as well as physiological 
alterations in the marrow signal and these must be taken 
into considération while interpreting marrow signal 
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Figs 136A and B: Neurogenic tumor causing expansion of the 
left first anterior sacral foramen. CT appearance (A) sagittal 
and (B) coronal reconstructions 



Fig. 137: Schwannoma causing smooth 
scalloping of the fémoral cortex 



Fig. 138: Poorly differentiated sarcoma posterior 
compartment of the arm. Contrast CT 



Fig. 139: Synovial sarcoma in a young man, 
Tl-weighted images 



Fig. 140: Extensive bony érosion of the right hemipelvis caused 
by large soft tissue mass. 3D CT (Forcolor version, see Plate 3) 


changes. It should also be remembered that différentiation 
of various marrow infiltrating pathologies like métastasés, 
myelomatosis and lymphoma can not be always possible 
based on the MR findings alone and one has to take the 
help of other investigations (imaging or hematological, 
etc.) to arrive at the final diagnosis. 

Bone and Joint Infection (Figs 141 to 148) 

Here again MR is the preferred modality because of its 
high sensitivity to the early marrow changes and 
démonstration of accompanying fluid collection and soft 
tissue inflammation. In osteomyelitis abscess cavities and 
séquestra can be optimally demonstrated. CT with thin 
reconstructions can also be helpful. 
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Fig. 141 : Acute osteomyelitis of the fémur in a young boy. 
Note subperiosteal collection 


Fig. 143: Chronic osteomyelitis with séquestra 



Fig. 142: Chronic osteomyelitis with cavity 



Fig. 144: Left hip joint synovitis 
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Fig. 145: Infective arthritis of the right Fig. 147: Left sacroiliac joint arthritis. 

hip with a large collection posteriorly Note extensive marrow edema in the left ilium 



Fig. 146: Focal signal abnormality in the médial end of the 
left clavicle with érosion 


In case of joint involvement, bony érosions, joint 
effusion are seen. MR is excellent to demonstrate the joint 
fluid, bone changes and surrounding inflammation. The 
status of the articular cartilage can be assessed. 

MR has been found to be extremely sensitive for early 
détection of infection in Diabetic foot even with normal/ 
near normal radiographs. 



Fig. 148: Extensive osteomyelitis in diabetic foot 


VASCULARIMAGING (Figs 149 to 151) 

Both MR and CT angiography are now well established 
for diagnosis of vascular problems. MR has the advantage 
of detecting vessels by the flow void, i.e. dark signal caused 
by flowing blood. The important advantage with CT 
angiography especially in complex traumatic injuries, is 
the simultaneous évaluation of vessels together with the 
bones and the soft tissues in the same setting (Fig. 151). CT 
angiography performed on the newer multidetector 
scanners has the advantage of speed and canbe performed 
in a few minutes, saving valuable time (Figs 149 and 150). 











MRI and CT in Orthopedics 145 



Fig. 149: CT Angiogram done on a 64 slice MDCT in Peripheral 
vascular disease. Note large coverage, excellent depiction of 
the collaterals 



Fig. 150: CT Angiogram in compartment syndrome. 

Note normal bones shown in 3D 
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INTRODUCTION 

The rôle of ultrasound in musculoskeletal problems is now 
well established. Recent advancements in ultrasound 
technology, has had a great impact on musculoskeletal 
imaging due to significant improvement in resolution. In 
addition to the high resolution high frequency probes 
available today, ultrasound has the obvious advantage of 
easy availability, portability (bed side imaging is possible), 
cost effectiveness and its noninvasive nature. Another very 
important aspect of ultrasound in musculoskeletal 
problems is its ability for dynamic évaluation and 
multiplanar capability which is of great help when 
evaluating muscle, tendons and joints. Color-Doppler is 
routinely used in diagnosis of vascular diseases and can 
be used for assessment of tumor vascularity as well as to 
differentiate vessels from adjacent tissues. Interventional 
procedures like joint aspirations and soft tissue biopsies 
are best done under ultrasound guidance. Newer 
techniques such as tissue harmonie imaging, panoramic 
imaging, etc. are proving to be extremely useful in 
musculoskeletal ultrasound. 

It is however important to understand the limitations 
of ultrasound especially the acoustic shadowing caused 
by bone/calcification or air, which makes assessment of 
deeper structures impossible. Similarly the resolution 
drops when lower frequency probes are used to study 
deeper structures as in large muscle groups. Also, it is 
highly operator dépendant, requiring meticulous 
technique to avoid pitfalls. For example the reflectivity of 
tendons/muscles can be erroneously interpreted if a 
correct angle (perpendicular to the structure examined) is 
not maintained. 


SONOGRAPHIC APPEARANCE OF NORMAL 
ANATOMIC STRUCTURES 

Muscles and Tendons 

Normal tendons appear hyperechoic with a fibrillar 
echotexture. Muscle appears relatively hypoechoic with 
hyperechoic sep tâtions. Bony cortex is hyerechoic with 
posterior acoustic shadowing. Hyaline cartilage is 
hypoechoic whereas fibrocartilage is hyperechoic. 
Peripheral nerves show a speckled appearance in cross 
section and a fascicular pattern in longitudinal plane. 
Ligaments are hyperechoic. 

APPLICATIONS 
Imaging of Joints 

Hip Joint 

Ultrasound is the modality of choice for imaging of DDH 
in infancy. The advantages of US are its ability to visualize 
the unossified fémoral head with its characteristic stippled 
appearance. It is not only used for diagnosis of hip 
subluxation/dislocation, but also provides useful 
information of the soft tissue structures including the 
labrum, cartilage and other soft tissue structures which 
may prevent complété réduction. In addition dynamic 
évaluation is easily possible with ultrasound providing 
valuable information. The two techniques of hip US that 
are widely used are Graf static method and Harcke 
dynamic method (Fig. 1). 

Ultrasound is also very sensitive for détection of 
minimal joint effusions which may be found in many hip 
pathologies, including transient synovitis. Comparison 
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Fig. 1: DDH and normal hip coronal ultrasound image 


with the contralatéral side is helpful. US guided aspiration 
of joint fluid is routinely done to know the nature of fluid. 

Shoulder Joint (Figs 2 to 4) 

In the shoulder joint US can provide valuable information 
about the rotator cuff and other structures including the 
biceps tendon, periarticular bursae, etc. Rotator cuff 
tendinosis/ degeneration and tears are reliably diagnosed. 
Tendinosis may be focal or diffuse with abnormally 
hypoechoic tendon. Focal tendon tears are well defined 
and are anechoic or hypoechoic (Fig. 2). A partial tear may 
extend to the either the articular or the bursal surface. 

A full thickness tears disrupts the normal tendon fibers 
(Fig. 3). 

Impingement can also be suggested on ultrasound. 
Pooling of fluid is seen in the subacromial/sudeltoid bursa 
on active arm élévation (Fig. 4). Biceps tendon dislocation 
can be assessed with dynamic évaluation during active 
shoulder external rotation. 

ULTRASOUND OF HAND AND WRIST (Figs 6 to 7) 

Many benign soft tissue tumors of hand including 
ganglions, giant cell tumors of the tendon sheaths (Fig. 7), 
hemangiomas, nerve cell tumors can be identified with 
ultrasound Ganglion is of the most common soft tissue 
tumor of the hand. They are noncompressible, well defined 
anechoic and hâve posterior acoustic enhancement on US. 

Giant cell tumor of the tendon sheath are hypoechic 
and solid with well defined margins on US. 

Tenosynovitis is characterized by tendon sheath fluid 
or débris, nodularity and sheath thickening (Fig. 5). Hyper- 
vascularity in tendon or thickened synovium on color 
Doppler (Fig. 6). 



Fig. 2: Supraspinatus tendon tear seen as a echolucent area 
(For color version, see Plate 4) 



Fig. 3: Complété tear of the supraspinatus with retraction. Note 
normal tendon on the right side. The tendon is not seen on the 
left side 
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Fig. 4: Bicipital tendinitis. A prominent sleeve of fluid is seen 
along the tendon in long axis and transverse plane 
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Fig. 5: Tenosynovitis of the wrist tendons. Noted increased 
vascularity on Doppler (For color version, see Plate 4) 


In carpal tunnel syndrome the swollen médian nerve 
can be assessed and the cross sectional area can be 
measured. The cross sectional area of the médian nerve 
correlates well with EMG abnormality. 

Ultrasonography of elbow is useful in conditions like 
médial or latéral epicondylitis, olecranonbursitis and loose 
bodies. Rupture of distal biceps and triceps tendon can 
also be detected with US. Abnormalities of the ulnar nerve 
like dislocation can be demonstrated on dynamic 
sonograhy. 

USG KNEE(Figs8to10) 

US can helpful to evaluate a wide range of intra and extra 
articular pathologies including cystic lésions, bursitis, joint 
effusions and quadriceps tendon tear (Fig. 8). Baker's cyst 
is seen as a characteristic fluid collection along the médial 
aspect of the posterior popliteal fossa (Fig. 10). Septations, 
loose bodies or internai echoes suggest hemorrhage or 
infection (Fig. 9). Patellar tendinosis and bursitis can be 
detected on ultrasound. 



Fig. 6 : Vascular malformation dorsum of hand. 2D, Color 
Doppler and spectral analysis. Note low résistance flow (For 
color version, see Plate 4) 



Fig. 7: Tear of the flexor tendon of the digit (For color 
version, see Plate 4) 


USG OF ANKLE AND FOOT (Figs 11 to 13) 

The common conditions that can be evaluated with 
sonography are rupture of the Achilles tendons and 
Mortons neuroma (Figs 11 and 12). Other periarticular 
tendons and ligaments can also be reliably evaluated. 










Musculoskeletal Ultrasound 149 



Fig. 9: Large spontaneous calf hematoma presenting like Fig. 11: Achilles tendon normal 

venous thrombosis. Veins were normal at Doppler (For color (For color version, see Plate 5) 

version, see Plate 4) 


Tendinitis is seen as an enlarged hypoechoic tendon 
with préservation of normal fibrillary echotexture. 
Surrounding edema and vascularity canbe seen (Fig 13). 
In Partial tear, a longitudinal hypoechoic defect is seen 


that is usually located in the intramalleolar portion of the 
tendon. The tendon fibres are completely disrupted in a 
complété tear. Associated findings include 
hypervascularity on Doppler ultrasound. 












150 Textbook of Orthopedics and Trauma (Volume 1) 



Fig. 12: High grade Achilles tendon tear. Note increased 
vascularity (For color version, see Plate 5) 



Fig. 13: Echogenic fluid collection within the 
ankle joint—hemarthrosis 


ULTRASOUND OF THE SOFT TISSUES 
(Figs 14 toi 7) 

Evaluation of Muscles and Tendons 

Muscle and tendon related problems are frequently studied 
by ultrasound. In fact it is generally the first modality to be 
used in évaluation of most sports related injuries. 


Diagnosis of tendon/ muscle tear s is effectively done with 
ultrasound. Similarly préservation of the normal anatomy 
and architecture of these structures, can be reassuring 
(Fig 14). 

Mild muscle strain appears hyperechoic from 
hemorrhage or edema. Moderate or severe injury results in 
disruption of muscle or tendon fibers with hypoechoic or 
mixed echogenic mass from hematoma (Figs 15 to 17). One 
area where ultrasound can play an important rôle is in the 
détection of fascial tears wherein herniation of muscle 
through the rent can be demonstrated to an advantage with 
the use of dynamic technique. 



Fig. 14: Muscle tear with hematoma in the 
sternocleidomastoid muscle (For color version, see Plate 5) 




Fig. 15: High grade tear of the biceps muscle. 
Note complex echogenic mass 
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Fig. 16: High grade tear of the sartorius muscle 
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Fig. 18: Extrinsic vascular compression at fracture site 
(For color version, see Plate 6) 



Fig. 17: Intramuscular abscess 


Vessels (Figs 18 to 23) 

Vascular ultrasound is an established modality for the 
diagnosis of peripheral arterial diseases and deep vein 
thrombosis. In addition traumatic vascular injuries 
including extrinsic compression due to fracture fragments, 
tears (Fig. 21)/pseudoaneurysms (Fig. 19), compartment 
syndrome, etc. (Figs 18,22 and 23) canbe reliably assessed 
with ultrasound. 

Soft Tissue Tumors (Figs 24 to 28) 

In évaluation of soft tissue tumors ultrasound can provide 
important information regarding the tumor vascularity 
(Figs 25 to 28) and relation to adjacent structures. It can be 
used for assessing post operative patients to rule out fluid 
collections and guided aspiration (Fig. 24). 



Fig. 19: Vascular injury with partially thrombosed 
pseudoaneurysm (For color version, see Plate 6) 



Fig. 20: Compression of the subclavian 
vessels by a cervical rib (For color version, see Plate 6) 
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Fig. 21 : Injury to the radial artery Fig. 24: Vascular malformation adjacent to the ankle 

(For color version, see Plate 6) (For color version, see Plate 7) 



Fig. 22: Partial thrombosis of the axillary artery 
(For color version, see Plate 6) 



Fig. 23: Axillary venous thrombosis 
(For color version, see Plate 6) 



Fig. 25: Large soft tissue mass in the thenar région of the 
hand—plexiform neurofibroma 



Fig. 26: Well defined oval tumor in the forearm; 
neurofibroma (For color version, see Plate 7) 
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Fig. 27: 2D and Color Doppler showing soft tissue component of an ostéogénie sarcoma 

(For color version, see Plate 7) 



Fig. 28: A small exostosis of the scapular spine 


Fig. 29: Longitudinal high resolution ultrasound image showing 
the conus medullaris, the cauda equina and a meningocele 
(For color version, see Plate 7) 


MISCELLANEOUS (Figs 29 to 33) 

Ultrasound has also been used to diagnose subtle fractures 
in superficial bones. Callus formation at fracture site can 
also be monitored (Fig. 33). Subperiosteal and paraosteal 
fluid collections which are the earliest changes seen in 
acute osteomyelitis can also be detected by ultrasound 
before radiological changes become évident. Abscess, fluid 
collections are routinely evaluated by ultrasound with 
guided aspirations if necessary (Figs 30 and 31). 

Ultrasound has also been used for évaluation of 
peripheral nerves as most of them are easily assessable 
with ultrasound. Foreign bodies are routinely evaluated 
by US, for précisé localization and orientation (Fig. 32). 



Fig. 30: Soft tissue mass of the arm encasing 
the vessels and the brachial plexus 
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Fig. 31 : Large abscess, with uniform low level echoes 
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Fig. 32: Multiple foreign bodies 
embedded in the soft tissues 

Both metallic and non metallic foreign bodies like, tiny 
thornheads, wood pièces, shrapnel, canbe differentiated. 

Ultrasonography has been effectively used in 
meningoceles (Fig. 29), meningomyeloceles and other 
swellings associated with the dysraphic spine. The 
contents of the sac can be assessed. The durai tube, cord/ 
conus can be easily seen in infants. 



Fig. 33: Cortical break demonstrated by 
high resolution ultrasound 

In many instances however the rôle of ultrasound 
remains complementary to other modalities like X-ray, CT / 
MR 
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INTRODUCTION 

Nuclear medicine is a specialty which uses radioisotopes 
(Table 1) to diagnose physiological dysfunction (Table 2). 
Radiotracers are injected intravenously and the passage 
of radiotracer through organ being studied is seen with 
gamma caméra computer System. The commonly used 
radioisotope is technetium ( 99m Tc) which gives out gamma 
rays. This is attached to compounds having affinity for 
different organ Systems. For skeletal imaging, the 
diphosphonate compounds are used. The diphosphonates 
get deposited in bone in proportion to calcium content 
and vascular flow and are adsorbed by inorganic calcium- 
phosphate complex. Areas of active bone formation 
(osteoblastic activity) show avid uptake of " m Tc- 
diphosphonates. Therefore, in children, intense uptake is 
seen in epiphysial plates. 

In a routine bone scan 20 millicuries of " m Tc-MDP 
(methylene diphosphate) is injected intravenously. 
Multiple static images of different parts of the skeleton or a 
whole body scan is performed after 3 to 4 hrs after injection. 
The patient need not be fasting for the injection or scan 
and is encouraged to void urine frequently and drink water 
to clear background tracer activity. 

The patient is scanned either with planar images or 
with single-photon émission computed tomography 
(SPECT). With SPECT, 3-dimensional images of the 
skeleton are obtained and slices can be generated in 
transaxial, coronal and sagittal planes. 

A variation in technique is the 3-phase bone scan. Here, 
the patient is injected under the gamma caméra, and rapid 
dynamic images are obtained over the skeletal région of 
interest for one minute (lst phase). This gives the 
vascularity of the région since blood vessels are visualized. 
A second image is then obtained from 3 to 5 minutes (2nd 
phase). This reflects the soft tissue and blood pool tracer 


activity in the région of interest. The patient is then 
restudied at 3 hours (3rd phase) with the standard static 
images. Sometimes, a fourth phase is acquired at 24 hours 
to distinguish benign from malignant lésion and infection. 
Malignant lésions and infections continue to accumulate 
radiotracer over 24 hours whole benign lésions do not. 
Therefore, uptake ratio of lésion/normal bone at 24 hours 
is more than at 4 hours in malignant lésions and infections. 
3-phase scans are useful in diagnosing osteomyelitis and 
stress fractures. 

OCCULTFRACTURES 

While the great majority of fractures will be detected by 
standard X-ray techniques, on occasion this will 
not initially reveal a suspected fracture, e.g. scaphoid 
(Fig. 1) or ribs or less commonly, neck of fémur. However, 
confirmation of fracture will usually be found on a later 
repeat X-ray examination. The bone scan may also provide 
diagnostic information in a symptomatic individual with 
an X-ray finding which may be of clinical relevance but 
could be due to a congénital abnormality, e.g. is there a 
bipartite sesamoid bone or a recent fracture? Occasionally, 
the bone scan may clarify the cause of persistent pain 
following fracture, e.g. due to Sudeck's atrophy. The 
sensitivity of bone scanning may be further enhanced with 
SPECT studies. 

It is now recognized that the bone scan will identify a 
fracture within 24 hours of injury in 95 percent of the cases 
under 65 years of âge. In older patients, the détection of 
fracture may be delayed by 48 to 72 hours. A false négative 
study can also rarely be obtained in patients taking high 
doses of steroids. However, in general, ail fractures will be 
detected on the bone scan by 72 hours after injury and 
conversely, a négative bone scan at 72 hours excludes 
significant bone injury. It should be noted that the time 
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TABLE 1 : Radioisotopes used in orthopédie disorders 


Compound 

Function studied 

Comment 

1. " m Tc-MDP (methylene diphosphonate) 

Vascularity 

Osteoblastic activity 

Routine bone scanning agent 

2. Gallium-67 citrate 

Macrophage uptake 

Used for diagnosing active infection, inflammation 

3. " m Tc-HMPAO 

Leukocyte scan 

Leukocyte accumulation 

Used to study acute infective pathology 

4. in Indiumleukocyte scan 

Leukocyte accumulation 

Used to study acute infective pathology 

5. " m Tc labeled antibodies 

Leukocyte accumulation 

Used to study acute infective pathology 

6. " m Tc labeled ciprofloxacin 

Leukocyte accumulation 

Used to study acute infective pathology 

7. m Indium labeled immunoglobulins 

Leukocyte accumulation 

Used to study acute infective pathology 

8. 18 Fluorine-fluorodeoxyglucose 

Tissue metabolism 

To look for metastasis and infective pathology 


TABLE 2: Scope of nuclear medicine in orthopedics 

1. Trauma : 

2. Sports injuries : 

3. Bone graft viability 

4. Enthesopathies 

5. Osteomyelitis : 

6. Avascular necrosis 

7. Joint pathologies : 

8. Bone tumors and metastatic bone disease 

9. Metabolic bone disease, e.g. Pagets disease 

10. Therapeutic applications : 

11. Miscellaneous bone conditions : 


Fractures and their sequelae- delayed union and nonunion 
Occult fractures 
Insufficiency fractures 
Non accidentai injuries 

Stress fractures, periostitis, Shin splints, avulsion injuries 
Muscle damage-myositis ossificans, rhabdomyolysis 
Compartment syndrome 

Chronic régional pain syndrome (Reflex sympathetic dystrophy) 


Virgin bone 
Fractured bone 
Prosthesis 

Activity in rheumatoid arthritis, osteoarthritis and ankylosing spondylitis 
Temporomandibular joint arthritis 


Palliative therapy for painful osseous metastasis 
Radiation synovectomy 

Costochondritis, Spondylolysis, Facet syndrome in spine 
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tracer uptake in scaphoid bone at site of fracture. X-ray was 
normal 

interval following fracture for bone scan to return to normal 
is considerably longer than the time for clinical or even 
X-ray healing. This is explained by the fact that the scan 
reflects osteoblastic response, and increased metabolic 
activity at the fracture site continues for a significant period 
following clinical improvement. The bone scan 
appearances generally résolve by 6 to 9 months after injury, 
but compound fractures and fractures which are reduced 
during surgery or treated with orthopédie devices may 
require a considerably longer time for bone scan to return 
to normal. In addition, patients with delayed union or 
nonunion may show prolonged abnormalities on the bone 
scan. Fractures through the growth plates in children may 
show increased radionuclide uptake compared to 
noninjured site. Early physical plate closure in epiphysis 
may follow, which may be detected on bone scan in an 
earlier stage than is possible by X-ray or clinical 
assessment. 

Delayed Union, Nonunion 

In general the bone scan has not been found to provide 
reliable information in predicting nonunion and is 
therefore of limited use in this situation. The bone scan, 
however, will confirm that bone is viable and such infor¬ 
mation can be of value. Percutaneous electrical stimulation 
has been found to augment healing of fractures showing 
delayed or even nonunion. It is possible to predict response 
based on appearance of fracture on bone scintigram. In 
those fractures which show intense uptake at the fracture 
site, 95 percent heal successfully with electrical 
stimulation. Those which show definite linear or 


curvilinear area of decreased activity at fracture site do 
not heal. 

Insufficiency Fractures 

These type of fractures are a resuit of regular physical 
stress on a weakened bone. Osteoporosis, corticosteroid 
therapy and metabolic bone disease are the common 
predisposing factors. Vertebrae and sacrum are the most 
common sites, e.g. Fracture may manifest as unexplained 
low back pain in an elderly woman with osteoporosis. In 
this case, bone scan will show linear uptake in the région 
of the sacral alae with transverse uptake in the midsacrum. 

Nonaccidental Trauma 

In an abused child, bone scan has become an important 
tool for assessment of the degree of abuse. It is often 
considered essential for medical, social and legal reasons 
whenever such assault is suspected. Diaphysis of the long 
bones are most common sites of involvement where 
twisting of the limb induces periosteal reaction. Rib 
fractures, especially posterior rib involvement, 
metaphyseal corner fractures and epiphyseal séparation 
are other common sites of injury which can be easily 
visualized by scintigraphy. Bone scan may also 
demonstrate other conséquences of trauma like 
extraosseous uptake in sites of cérébral and rénal infarction 
and in hematomas. 

However, the reliability of scan decreases for identifying 
bilateral changes, if scintigraphie uptake is symmetrical. 
The sensitivity for identifying skull fractures is also low 
because of lesser osteoblastic response in linear fractures. 

SPORTS INJURIES 

Radionuclide scans are highly effective tools in sports 
medicine. They provide early physiologie information 
about injury sites such as blood perfusion pattern and 
bone metabolic activity. They are mainly used in 
ambiguous clinical settings like patients presenting with 
intractable skeletal pain despite treatment or when 
musculoskeletal examination and/or radiographs are 
inconclusive. Bone scan can also differentiate 
abnormalities that are metabolically active and may be 
causing symptoms from those that are inactive or just 
normal variants. 

Stress Fractures 

Stress fractures usually arise from repeated local stress to 
a bone, with a résultant injury where the skeletal reparative 
processes are unable to cope with the damage. Such injuries 
are often seen in athlètes with excessively heavy training 
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régimes or else in untrained individuals or military recruits 
who participate in new types of exercise. 

On scan, a spectrum of abnormalities may be seen 
ranging from slight increased uptake running along 
cortical border of a bone, reflecting periosteal injury to an 
intense focus of increased uptake through out entire cortex, 
representing a true stress fracture. Accurate diagnosis 
requires at least two views of the affected bone, at right 
angles to one another for better visualization of lésion, e.g. 
a lésion may appear to be a focal abnormality on an anterior 
view and yet be seen superficial on a latéral view. 

Findings on a bone scan usually précédé diagnostic 
changes on radiographs by several weeks, as they reflect 
subtle, early changes in bone metabolism. It is probable 
that the lesser periosteal abnormalities will never show 
an abnormality on the radiograph, while the more 
prominent lésions will show changes on X-ray after a week 
or so. Early diagnosis is of practical relevance as treatment 
during early stages of stress fracture will stop its 
progression and allow patients to return sooner to normal 
levels of activity. Identification of true stress fracture is 
important because improper treatment may lead to 
complété fracture and/or nonunion. It takes 2 to 3 months 
for a bone scan to return to normal in minor abnormalities 
(periosteal reaction), while it may take 6 months or more 
for bone scan with severe abnormalities (true stress 
fracture) to return to normal. 

Single positron émission computed tomography 
(SPECT) is superior for assessing the degree of injury 
activity especially in the spine, e.g. it appears to be highly 
reliable in ruling out pars injury as a cause of back pain. 

Periostitis 

In this condition, microfibres connecting muscle to bone 
are torn. On bone scans, such a lésion is seen as a vertical 
linear uptake along the course of involved muscle 
attachment. These lésions are usually présent on delayed 
images only. A very common site of exercise induced 
periostitis is the posteromedial and antérolatéral aspect of 
tibia at the origin of the soleus and/or posterior tibialis 
muscle and anterior tibialis muscle respectively. 

Shin Splints 

Shin splints is an important differential diagnosis of pain 
in a lower limb in a physically active individual. Typically 
the pain is in the posterior médial aspect of the tibia and is 
due to a periosteal reaction at site of insertion of the tibialis 
posterior and soleus muscle groups (Fig. 3). On the bone 
scan, increased tracer uptake is seen running along the 
cortical border of the posterior aspect of the lower third of 
the tibia. Patients with shin splints are not at risk of fracture 
and only require rest to avoid further pain. 



Figs 2A and B: Bone scan showing focal tracer uptake in tibia 
in anterior (A), and latéral views (B) at site of stress fracture. 
X-ray normal 



Fig. 3: Linear uptake along border of tibia 
in case of shin splints 

Avulsion Injuries 

They are structural disruptions of bony cortex caused by 
muscle tendon pull or ligament distention. Commonly 
involved sites are pelvic ischium at the insertion of 
hamstring muscles, iliopsoas insertion at lesser trochanter, 
rectus femoris insertion at anterior inferior iliac spine, 
gracilis insertion at inferior pubic ramus and patellar 
tendon insertion at patella. Skeletal scintigraphy shows 
well defined increased tracer uptake at the site of tendon 
attachment. 
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Myositis Ossificans 

This condition is characterized by the formation of 
heterotrophic bone and sometimes cartilage in muscle or 
sometimes bone following trauma. Rôle of osseous 
scintigraphy is to assess the maturity of the heterotrophic 
mass by evaluating the intensity of the radiotracer uptake. 
An active myositis lésion shows increased focal uptake in 
affected mass whereas in an immature lésion, the intensity 
of uptake decreases. Many surgeons prefer to delay 
resection until the mass is mature as this reduces the 
likelihood of récurrence. 

Rhabdomyolysis 

Bone scans can be used to confirm the diagnosis as well as 
to détermine the extent of muscle injury. Bone scan pattern 
usually involves increased uptake through out injured 
muscles. Uptake is most intense 1-2 days after injury and 
usually résolves within 7 to 10 days. This technique is 
especially useful when the diagnosis is suspected but the 
sérum creatine phosphokinase levels hâve returned to 
normal. 

Compartment Syndrome 

Skeletal scintigraphy can be used alongwith the 
measurement of compartment pressure. The pattern on 
bone scan is characterized by relatively low uptake at the 
site of excessive pressure and increased tracer uptake just 
superior and inferior to the photopenic région. 

Complex Régional Pain Syndrome 

Formerly known as Reflex Sympathetic Dystrophy, this is 
a difficult condition to diagnose. It is characterized by pain, 
tenderness, vasomotor instability, swelling and dystrophie 
skin changes in the extremities. Condition often occurs 
after trauma or surgery but can also accompany neurologie 
and vascular disease. The underlying cause is thought to 
be increased activity of sympathetic nervous System. 
Prognosis is improved when this condition is recognized 
early and therapy is begun promptly. 

Bone scan is very sensitive and spécifie for reflex 
sympathetic dystrophy. Acute stage on bone scan is 
characterized by hyperemia, increased blood pool activity 
and delayed diffuse periarticular uptake in ail the bones 
of the affected extremity. However if the symptoms hâve 
persisted for more than a year, findings become less reliable 
as they may hâve returned to normal. 

BONE GRAFT VIABILITY 

Monitoring of bone grafts used in reconstructive surgery 
canbe a major problem. This is especially so with "buried" 


grafts which are not transferred as osteocutaneous flaps 
with overlying skin that would allow easy assessment of 
viability. Radiographs are unreliable during the first few 
months, because a 30 to 40% alteration in bone minerai 
content is necessary before changes are visible. In contrast, 
bone scintigraphy has proved to be of value especially for 
évaluation of grafts to the mandible. SPECT has been 
proposed to be superior to conventional isotope bone scan. 

Since uptake of bone scanning agent dépends on 
vascularity as well as presence of viable ostéocytes, uptake 
in the graft (positive study) of " m Tc-MDP con-firms patent 
vasculature and live ostéocytes (Fig. 4). 

Bone scintigraphy has been used in patients after 
vascularized bone grafts within the first week after surgery 
to assess the patency of microvascular anastomosis. 
Négative scan results (no uptake in graft) were found to be 
associated with later occurrence of complications (non- 
union, osteomyelitis) or total graft failure, while positive 
scan results correlated with uncomplicated graft healing. 
A positive scan later than one week after surgery do not 
necessarily indicate intact blood supply, rather it may be 
due to new bone formed by creeping substitution on the 
surface of a graft whose major portion is not viable. 
Nevertheless a négative scan obtained later than 1 week 
(up to 6 weeks) after surgery in patients who received 
revascularized grafts hâve been found always to be 
associated with complications. 



Fig. 4: Increased methylene diphosphate (MDP) uptake in 
mandibular graft indicating viability 
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ENTH ESOP ATHI ES 3 

Enthesopathy is disease process occurring at the sites of 
tendon and ligament attachment to bones. The disease 
process may be due to degenerative changes, inflammatory 
processes, metabolic disorders or trauma. The most 
common site of involvement includes the fémoral 
trochanter, the pelvis, patella, calcaneus, humerai 
tuberosity and the knee. There are spécifie X-ray findings 
especially in the more developed cases which include bone 
érosion, hyperostosis, fragmentation and crystal dépo¬ 
sition. However, as in case of stress fractures, the radio¬ 
nuclide findings usually predate the X-ray changes by 
several weeks and may actually be présent without 
subséquent radiographie abnormalities. 

A good example of enthesopathies is osteitis pubis, 
where radionuclide studies, especially SPECT gives 
immédiate diagnosis. 

OSTEOMYELITIS 

The bone scan has an important rôle in the study of patients 
with suspected osteomyelitis, especially in the early phase 
of the disease. It is a highly sensitive technique though not 
very spécifie. The combination of bone scanning with other 
techniques like gallium-67 citrate, labeled white cell 
imaging, labeled antibiotics and immunoglobulins can 
increase the specificity, especially in more chronic forms 
of infection. 

The typical bone scan findings in acute osteomyelitis 
are of increased blood flow (lst phase) and blood pool 
(2nd phase), and markedly increased uptake in the bone 
on static image at 3 hours—3rd phase (Figs 5A to C). This 
helps to distinguish osteomyelitis from soft tissue infection 
adjacent to bone. Soft tissue infection will give rise to 
increased flow and blood pool due to hyperemia. There 
will be no uptake in the bone, however, on the static images 
at 3 hours. The bone scan is characteristically abnormal 
within 48 hours of onset of symptoms in contrast to 10 to 
12 days required for X-ray to be abnormal. 

Some difficulties are encountered in neonates, and 
patients on steroids. Their scan may show increased 
frequency of false négative studies. In neonates, a positive 
scan is helpful, but value of négative study is questionable. 
It is possible that néonatal skeleton shows a different 
response to infection. The diabetic foot is another situation 
which may prove problematic. In this group of patients, 
arthropathy and soft tissue infection are common. In 
extreme case of a Charcot's joint, markedly increased 
uptake of tracer may be seen on a bone scan making it less 
spécifie for osteomyelitis. Labeled leukocytes imaging has 
the highest sensitivity in diagnosing osteomyelitis in this 
setting. 18 F-FDG PET-CT has also shown promise in the 
détection of infections associated with diabetic foot. 



Figs 5A to C: Three phase bone scan showing: (A) increased 
vascularity lst phase), (B) increased soft tissue uptake (2nd 
phase), and (C) increased bone uptake in tibia (3rd phase)— 
case of acute osteomyelitis 


It is essential to realize that the bone scan is of no value 
in deciding when antibiotic therapy can be stopped in a 
patient with acute osteomyelitis, as bone repair will 
produce an abnormal study long after infection has settled. 
Persistent uptake of gallium or labeled leukocytes may be 
of considérable value in this situation. 

Négative studies with technetium complexes in 
patients with high clinical suspicion of osteomyelitis 
should undergo alternative scintigraphie investigation. 
67 Gallium concentrâtes at the site of infection. m Indium 
or " m Tc-HMPAO (hexamethylpropylene amine oxime) 
labeled leukocytes show preferential accumulation at the 
site of infection. " m Tc labeled antibodies directed against 
antigens présent on granulocytes hâve similar sensitivities 
to labeled leukocytes. " m Tc labeled antibiotics (e.g. " m Tc- 
Ciprofloxacin ) and " m Tc labeled immunoglobulins hâve 
also shown promising results in infection imaging. 

For chronic osteomyelitis-FDG PET enables détection 
and démonstration of extent with a high degree of 
accuracy. Especially in the central skeleton, FDG PET 
shows great promise in the diagnosis of chronic 
osteomyelitis. 
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Periprosthetic Infection 

Prosthetic joints and other orthopédie appliances provide 
a ready site for infection. The infection is often low grade 
and may présent many months or years after insertion of 
the device and may give rise to symptoms which are 
difficult to differentiate from loosening. When infection 
occurs some loosening is also présent. 

Both infection and loosening will produce local 
accumulation of " m Tc MDP which is absent in a normal 
prosthesis. Diffuse uptake around prosthesis is said to 
suggest infection, while more focal uptake indicated 
loosening. However, this is controversial. Moreover, some 
increased tracer uptake is expected as a normal healing 
response for 1-2 years after placement of prosthesis. 

The use of combined gallium-67 and bone scan has 
been reported to increase specificity for infection. Scan is 
considered positive for infection when distribution of the 
tracers is " incongruent " that is in different areas or when 
their distribution is congruent and intensity of gallium 
uptake exceeds that of bone agent. When the distribution 
of two tracers is congruent and the relative intensity of 
gallium is less than that of bone tracer, infection is ruled 
out. 

111 Indium labeled leukocytes are spécifie for detecting 
an infected prosthesis. This tracer localizes in areas of 
infection and not in areas of remodeling or reactive bone. 
However, the sensitivity is less in case of chronic, low 
grade inflammation, presumably, due to diminished or 
absent neutrophilie response. 

This problem has been overcome by addition of bone 
marrow imaging which is performed with " m Tc sulfur 
colloid, to labeled leukocyte imaging. Both labeled 
leukocytes and sulfur colloid accumulate in bone marrow, 
but only labeled leukocytes accumulate in infection. Thus, 
on combined images, when there is activity on labeled 
leukocytes images without corresponding activity on sulfur 
colloid images, labeled leukocyte uptake is due to infection. 
This study has high accuracy for suspected prosthetic joint 
infection. 

The rôle of " m Tc labeled ciprofloxacin has also been 
investigated. The antibiotic specifically binds to live 
bacteria and shows increased accumulation at the site of 
infection. 

18 F-FDG PET is a useful modality for detecting infection 
associated with lower limb arthroplasty. It is more accurate 
for detecting infection associated with hip prosthesis than 
for detecting infection associated with knee prosthesis. 

Avascular Necrosis (AVN) 5 

The bone scan may be of considérable value in the 
diagnosis of avascular necrosis, and is more sensitive than 
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Figs 6A and B: (A) MDP bone scan showing increased uptake 
around knee prosthesis, and (B) gallium scan showing focal 
area of increased uptake noncongruent with MDP uptake 
diagnostic of infection 

X-ray. MRI is however, also highly sensitive for AVN and 
because of this and its superb anatomical resolution, it 
should be considered the imaging procedure of choice. 

The initial pathological process is bone ischemia, and 
scan images at an early stage will show a zone of decreased 
tracer uptake, (i.e. a photopenic région). As the pathological 
process continues, a peripheral zone of increased tracer 
uptake develops which represents an osteoblastic healing 
response by surrounding the bone. In addition there may 
be secondary degenerative change. In clinical practice, a 
hot lésion is most often seen. SPECT scan will often show 
the pathognomonic "coM" area surrounded by area of 
increased tracer uptake. 

In children, Perthes disease and slipped fémoral 
epiphysis can be easily diagnosed with bone scans 
showing classical photogenic area in fémoral heads (Fig. 7). 

Bone trauma in children can be studied with bone scan 
to identify multiple sites of trauma in cases of 
nonaccidental injury. Because of nonspecificity of the bone 
scan, an X-ray must be obtained of each abnormal area. X- 
rays of the skull should always be obtained in suspected 
nonaccidental injury as fracture at this site may fail to 
show up on the bone scan. 

JOINT PATHOLOGIES 

The advantage of the use of radiopharmaceutical in the 
détection of joint pathologies is the imaging of ail joints 
simultaneously by means of whole body scintigraphy. 
Furthermore, it may permit imaging of joints that are 
difficult to assess clinically or by radiographs and may 
detect nascent joint inflammation. It also has rôle in 
patients with arthritis to identify coexistent disease, e.g. 
tumor, infection or Paget's disease which may contribute 
to or indeed explain the symptoms. This is particularly 
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Fig. 7: Bilateral avascular necrosis of fémoral heads 
showing photogenic areas in Perthes disease 

relevant when symptoms are not responding as expected 
to therapy, or the clinical course of the disease is not as 
predicted. 

On the normal bone scan, there is some increase of 
tracer uptake seen immediately adjacent to joints and in 
general this is symmetrical. Therefore, for a joint to appear 
positive on the bone scan, there has to be increased tracer 
uptake relative to an uninvolved joint or else markedly 
higher tracer uptake when compared with adjacent 
nonarticular bone. 

RHEUMATOID ARTHRITIS 

In rheumatoid arthritis, the bone scan has been found to 
antedate clinical and radiographie manifestation of 
inflammatory synovitis, but once a diagnosis has been 
established, a scan will not provide any additional 
information. There is also no advantage of bone scan over 
simpler techniques in monitoring individuaTs response 
to therapy. Bone scan has low specificity. Almost ail types 
of articular disorders lead to increased tracer in the joint. 
Problems are also encountered in the évaluation of Juvénile 
Rheumatic Arthritis resulting from difficulties in differen- 
tiating abnormal joint uptake from normal accumulation 
in growth plates. 


A potential rôle for the bone scan is in the patient who 
présents with a monoarthropathy to identify clinically 
occult joint involvement. It has been suggested that a 
négative scan in a patient with polyarthralgia is adéquate 
to exclude synovitis. A normal joint survey on bone scan 
in a patient with polyarthralgia is likely to be strong 
supportive evidence against a diagnosis of inflammatory 
polyarthritis. 

Ankylosing Spondylitis 

Sacroilitis may produce a positive bone scan image, and it 
is well established that bone scanning may identify 
radiologically négative sacroilitis in its earlier stages. 
Quantitation of tracer uptake over sacroiliac joints and 
obtaining ratios of sacroiliac joint to sacrum uptake can be 
done (Fig. 8). 

Sacroiliac joint quantitation can reveal abnormally 
high results early in disease process when X-ray findings 
may be minimal or absent. Resuit approach normalities as 
end stage fusion of the joints develops. Thus while early 
in disease one may obtain positive scan and négative 
X-ray, in end stage disease when metabolic activity is 
essentially "burnt out," the bone scan may be négative 
with marked changes on X-ray. Ankylosing spondylitis 
may be associated with peripheral arthropathy in some 
10% of the cases, and this can be easily identified on bone 
scan. 



mr 







COUNTS 

CELLS 

M! 

A: 

35360 

203 

17' 

B: 

35955 

200 

179 

C: 

17279 

128 

134 


Fig. 8: Quantification of tracer uptake over sacroiliac joint to 
obtain sacroiliac/sacrum ratio 
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Osteoarthritis 

In osteoarthritis increased mechanical stress occurs at 
altered joint surfaces, and this leads to an osteoblastic 
reaction and reactive new bone formation which is readily 
demonstrated by bone scanning. Typically, the scan 
appearances show increased tracer uptake at sites of 
involvement which correspond to the weight-bearing joints 
and distal joints of the hands and feet. 

Osteoarthritis is extremely common in people over 50 
years old, and one must be familiar with the bone scan 
appearances, as these will frequently be found on scans 
requested for a wide variety of reasons and may not be of 
any clinical significance. Nevertheless, the bone scan while 
sensitive is non-specific and in many instances further 
évaluation with X-ray will be necessary. In general the 
degree of scan abnormality will reflect alterations in local 
skeletal metabolic activity and has been shown to correlate 
with the size of individual osteophytes. While osteo¬ 
arthritis is not generally considered to be an inflammatory 
disease, it is apparent from three-phase bone scan studies 
where the vascularity of lésions has been evaluated, that 
an inflammatory reaction is not an infrequent finding. It 
may be that this simply reflects early disease, where there 
is a significant vascular component to newly forming 
lésions. 

Patchy tracer uptake with more focal lésions in the 
lower lumbar spine is a particularly common scan finding 
in the presence of degenerative disease. Occasionally, 
lésions may extend out from joint surfaces and will 
correspond to osteophytes présent on X-ray. As the most 
common request for a bone scan is in the search for 
metastatic disease, such appearances may occasionally 
lead to confusion. As stated previously, it is always 
essential when any doubt exists to X-ray any areas of 
abnormality to confirm the presence of degenerative change 
(Figs 9A and B). In the assessment of osteoarthritis of the 
knee, the bone scan has been shown to be more sensitive 
than physical examination, radiography and double 
contrast arthrography, and it has been found that the scan 
provides important supplementary information in those 
patients in whom surgery is contemplated. 

An important and perhaps the main rôle of bone 
scanning in patients with arthritis is to identify coexistent. 
Temporomandibular arthritis can also be diagnosed with 
high sensitivity and specificity using SPECT. Many of these 
patients hâve unexplained pain including headaches that 
may persists for years, and radiographie changes may not 
be évident in some cases. 



Figs 9A and B: Increased tracer uptake in spine at sites of 
osteophytes, not to be confused with métastasés 

commonly used in the workup of patients with primary 
bone neoplasms because scintigram does not accurately 
portray tumor margins in bone, nor does it allow 
assessment of soft tissue extent. PET imaging with 18F- 
FDG is being explored for primary bone tumors as FDG 
uptake correlates with tumor metabolism. Scans can be 
helpful in localizing sites for biopsy and in assessing 
response to radiation and chemotherapy. 

The most common clinical application of skeletal 
scintigraphy is to look for osseous metastasis. Bone scan 
demonstrates malignant metastatic disease considerably 
earlier than plain radiography. Hence, it is routinely used 
in the initial staging of extraskeletal malignancies and 
monitoring response to chemotherapy and radiation 
therapy. 

METABOLIC BONE DISEASE 

Bone scintigraphy helps in the assessment of disorders of 
growth and development and metabolic alterations. Its 
utility in disorders of growth and development is allied to 
the intense degree of preferential uptake in growth plate 
complex and the inbuilt control of contralatéral side for 
comparison permits quite subtle changes to be detected, 
e.g. bone dysplasia, fibrous dysplasia. More diffuse 
changes of metabolic bone disease may not be évident in 
the early stages, but quantitative measures of whole body 
rétention may yield accurate estimâtes of severity of disease 
and response to therapy, e.g. Paget's disease, rénal 
osteodystrophy, osteomalacia. 

THERAPEUTIC APPLICATIONS 


BONE TUMORS AND METASTATIC BONE DISEASE 

Uptake of " m Tc—MDP is markedly increased in primary 
bone tumors. However, skeletal scintigraphy is not 


Radiopharmaceuticals are now being used increasingly 
in the treatment of many orthopédie related disorders. 

Radiopharmaceuticals like Strontium-89, Samarium- 
153, Phosphorus and Rhénium hâve been used as 
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palliative treatment for patients with bone pain from 
skeletal metastasis. 

Radiation synovectomy involves destruction of the 
inflamed synovial lining by injection of radiopharma- 
ceuticals in patients with painful joints. It has now become 
the procedure of choice at many institutions to treat 
récurrent hemarthrosis and chronic synovitis in patients 
whose hemophilia is poorly controlled with medical 
management. Radiosynovectomy also remains a viable 
option to treat chronic synovitis secondary to 
inflammatory arthropathies, particularly rheumatoid 
arthritis. Commonly used radiopharmaceuticals are 
Yttrium-90, Rhenium-186, Phosphorus-32, Erbium-169, 
Holmium-166 and Samarium-153. 

Nuclear medicine, thus, provides a highly sensitive 
method for diagnosis and management of various 
orthopédie disorders in a cheap, cost-effective and 
reproducible mariner. 
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Osteoporosis is one of the greatest world health problems 
both in the developed as well as developing countries 
because number of senior citizens are increasing because 
of better health care. It is one of the greatest killers-coronary 
heart disease, trauma, osteoporosis and cancer. 
Osteoporosis causes symptoms only if a fracture has 
occurred. 

Osteoporosis is the most important cause of fractures 
of the hip, vertebrae and distal radius in elderly person. 
Démographie changes over the next 50 years are expected 
to lead to unprecedented increase in the number of elderly 
people in developing countries. The number of hip 
fractures world wide due to osteoporosis is thus expected 
to rise three-fold from 1.7 million in 1990 to 6.3 million in 
2050. Nearly 75% of these fractures will occur in 
developing countries (Fig. 1). 

Osteoporosis is a "silent" risk factor for fracture, just 
as hypertension is for stroke. Therefore, osteoporosis is 
called a 'silent thief/ 

INDIAN STATISTICS 

Indian statistics of osteoporosis and its sequelae are 
startling. India, a developing country, has a high incidence 
of osteoporosis and one important finding that Balu 
Sankaran has corne across in most studies is that the 
incidence of osteoporosis, particularly in women, occurs 
a decade earlier among a younger âge group than that in 
the developed countries. 50% of Indians >50 years hâve 
osteopenia. 10% of Indian population above 65 years of 
âge and at least 5 crore people are at risk of osteoporotic 
fracture. One in every third postmenopausal female is at 
risk of fracture. 6.1 crores people in India are osteoporotic. 
Of these 50 lacs will hâve fracture. Osteoporosis is 
preventable and treatable. Yet most of the cases remain 
undiagnosed and untreated. 



Fig. 1 : This lady of 65 âge was traveling in bus. At the end of 
the journey, could not get up from the seat and was carried to 
hospital because of the severe back pain. She had fracture 
L-1 vertebrae 

WORLD STATISTICS 

Persons older than 50 years âge will double between 1990 
to 2020. For the first time in Europe in 2010 there will be 
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more people older than 60 years than people younger than 
20 years. One in 6 women will hâve a hip fracture. Two 
thirds of the individuals with hip fracture do not return to 
pre-fracture level of function. 

World will hâve rise in fracture from 1.7 million in 
1990 to 6.3 in 2050. 75% of fractures occur in developing 
countries. 

Incidence of fractures in the elderly has recently seen a 
marked increase in frequency and severity. After the 
fracture pain and disability resuit in a poor quality of life 
and suffering for the patient. The fracture in the elderly 
person in the family causes tremendous financial burden 
to the family as the orthopédie operations in the elderly 
patients are costly and also great inconvenience to take 
care of the injured patient. A large number of patients with 
fractures in osteoporotic bone need to be hospitalized. 
Majority of them require surgery. 

As the fractures in osteoporotic bone occur in the elderly 
person, it is associated with many systematic diseases. 
The main problem is central nerves System (CNS). As CNS 
is affected, reflexes are reduced. It loses the control of the 
locomotor function resulting in increased incidence of 
fractures. 

Metabolic bone diseases, such as osteoporosis, 
osteomalacia, hyperparathyroidism fibrous dysplasia 
disease, etc. are usually associated with osteoporosis. 

Implants cannot compensate weakness of the bone. 
Stronger implants do not help; they are usually more rigid 
and rigid implants increase the stress at the interface 
between implant and bone-a serious vicious circle. It is 
usually the bone fails and not the implant. 

Internai fixation of fractures of osteoporotic bone is a 
challenging one. 

A large percentage of patients need to be shifted to a 
hospital. A patient being elderly, bed rest must be 
minimized to avoid the léthal risk of circulatory and 
pulmonary complications. Therefore, the main goal of 
treatment for fractures of the lower limb, pelvis, and spine 
is to achieve early ambulation. Clinical expérience has 
shown that when the pain is reduced faster and mobility 
and ambulation is restored, the chances for survival are 
better. This in turn requires a high quality of internai 
fixation in a difficult situation. 

There is a tremendous advancement in the treatment 
of fractures of the osteoporosis bone. Principles of internai 
fixation hâve been laid down. Augmentation by bone graft, 
cernent, hydroxyapatite etc. hâve improved the results of 
internai fixation. Locked compression plate may be the 
implant of choice in these porotic bones. A number of 
innovative methods hâve been introduced in clinical 
practice. 


DEFINITION 

Osteoporosis is defined as a systemic disease characterized 
by low bone mass and micro-architectural détérioration of 
bone tissue, leading to enhanced bone fragility and a 
conséquent increase in fracture risk or occurrence of 
fractures. It is characterized by generalized réduction in 
bone mass due to subnormal osteoid production, excessive 
rate of deossification and subnormal osteoid minéra¬ 
lisation. It has also been defined as a bone minerai density 
that is below the âge adjusted reference range or more than 
one standard déviation below the mean for a particular 
âge. 

WHO DEFINITION 

WHO defines osteoporosis as bone density 2.5 standard 
déviation (SD) below the mean for young white adult 
women. 

Comparisons can be made with their peers and with a 
young, healthy adult population with peak bone mass in 
the should be compared with the peak bone mass in young 
adults which characterizes whether the individual has 
osteoporosis according to criteria from the World Health 
Organization . If the individual is within one standard 
déviation, she or he is considered healthy. If she or he is 
between one and 2.5 standard déviation below peak bone 
mass, she or he is considered to hâve significant bone loss 
and osteopenia. If she or he is 2.5 standard déviations 
below peak bone mass, the patient is considered to hâve 
frank osteoporosis, and if the patient has a fragility fracture, 
she or he is considered to hâve severe osteoporosis. 

GRADING:(WHO) 

• Normal—0 

• Osteopenia—1 to 2.5 below SD indicates moderate 
osteoporosis. 

• Osteoporosis 2.5 below SD—severe osteoporosis. 

• Severe osteoporosis in which there is a fracture. 

• Osteoporosis classified into generalised and localised. 

GENERALISED OSTEOPOROSIS 
Primary 

Type I primary osteoporosis is postmenopausal or 
osteoclast medicated and is characterized by a rapid bone 
loss in recent postmenopausal women. The turnover of 
trabecular bone is accelerated. Therefore, distal and 
vertébral fractures are common. 

Type II primary osteoporosis is senile or osteoblast 
medicated and is characterized by âge related bone mass, 
calcium deficiency and/or hyperparathyroidism. 
Variations hâve been observed in the ratio of incidence 
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among men and women in different parts of the world. 
Fractures of the proximal fémur, especially fracture of the 
neck of fémur and intertrochanteric fractures are more 
common in this type of osteoporosis. 

Secondary (Table 1) 

Secondary osteoporosis in adults is classified according 
to etiology as: 

1. Hormonal 

2. Nutritional 

3. Drugs related to minerai metabolism 

4. Inherited metabolic disorders 

5. Other causes 

Idiopathic Juvénile Osteoporosis 

This is a rare self-limiting disease of prepubertal children, 
usually occurring between 8 and 14 years of âge. It 
generally manifests as compression fractures of the 
vertebrae accompanied by severe back pain. The 
differential diagnosis includes osteogenesis imperfecta, 
Cushing syndrome, and diseases of the bone marrow, 
which are diagnosed by means of peripheral blood and 
bone biopsy. 


TABLE 1 : Causes of secondary osteoporosis drugs 

Drugs 

Corticosteroids 

Chronic heparin administration 
Vitamin D toxicity 
Anticonvulsants 
Alcohol 

Inherited metabolic disorders 

Inherited disorder of collagen metabolism 
Ehler-Danlo's syndrome 
Osteogenesis imperfects 
Marfan's syndrome 

Homocystinuria due to cystathionine deficiency 

Other causes 

Porphyrinuria 

Myeloma and some cancers 

Thalassemia 

Space flight 

Generalized rheumatoid arthritis 
Pregnancy 
Anorexia nervosa 
Systematic mastocytosis 


Localised Secondary Osteoporosis 

1. Disuse osteoporosis (prolonged immobilization of a 
limb) 

a. Plaster cast 

b. Paraplegia 

c. Quadriplegia. 

2. Monoarticular rheumatoid arthritis. 

3. Sudeck's osteodystrophy 

BIOLOGY AND BIOMECHANICS 

Osteoporosis is characterized not only by a réduction in 
bone mass but also by alteration in the architecture of the 
bone. Réduction in trabeculae and loss of cross linking 
trabeculae. 

Changes in Cortical Bone 

There is continuous endosteal érosion much more than 
the periosteal bone formation. Though the diameter is 
increased, the cortex become thin. Also trabeculisation or 
cancellisation of the cortex occurs. Therefore, bone becomes 
very weak. When a screw is inserted, only 2 threads of the 
screw engaged. Normally, 4 to 5 threads engaged. 
Therefore, the screw becomes loose. On the periosteal 
surface, the diameter of the diaphysis is increased with 
âge by déposition of new bone. The changes in a cross- 
sectional geometry of the diaphysis and the cortex affects 


bending and torsional characteristics of the whole bone. 
Anisotropy was defined as the intensity of vertical 
trabecular orientation (vertical/horizontal) (Fig. 2). 



Cross-section through 
normal cortex 



Outer 

diameter 

expands 


[nner 

diameter 

expands 


Cross-section through 
osteoporotic cortex 


Shorter length of 
engagement for 
screws 


Weaker buttress 
on opposite 
cortex 

Fig. 2: (Upper) cross-sections through femora with 
osteoporosis showing the change in the cross-section loss of 
bone cortex reduces the ability of the opposite cortex to buttress 
the fixation and decreases the holding of power of screw 
because of reduced length of engagement cortex thinned out. 
Both inner and outer diameter increased 
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Changes in the Cancellous Bone 

Osteoporotic changes are initiated and occur more in 
cancellous bone than in cortical bone. Réduction of the 
bone minerai density, changes in trabecular pattern hâve 
been clinically observed in radiographs. Trabeculae are 
thinned and number is reduced and connecting trabeculae 
lost. The anisotropy was defined as the intensity of vertical 
trabecular orientation to the intensity of horizontal 
trabecular orientation (vertical/horizontal) higher vertical 
trabecular orientation in anterior one-third régions of the 
osteoporotic vertébral body. Trabecular microstructure, in 
addition to bone minerai density, is an important factor in 
the assessment of osteoporosis. Transverse trabeculi 
disappear as osteoporosis progresses and, as a resuit, the 
longitudinal trabecular orientation becomes more 
dominant. 

Bone Cells and Bone Remodeling 

Bone remodeling consists of two simultaneous processes: 
bone résorption by osteoclasts followed by bone formation 
by osteoblasts. This process occurs continually and 
simultaneously at different sites throughout the skeleton. 

Bone matrix formation, its maturation, functioning of 
osteoblasts and osteoclasts are very complex procedures, 
involving various growth factors, biochemical messenger, 
sub sternile, hormones, etc. 

DISABILITY DUE TO OSTEOPOROSIS 

• Back pain 

• Bodyache 

• Disability 

• Shortening due to vertebralosteoporosis 2" short 

• Deformity—Kyphosis 

• Fracture-hip fractures-require surgery 

Fracture commonly occur at hip, vertebrae and wrist. 
Other sites of frequent occurrence are proximal humérus 
and tibial plateau. A large percentage of patients with 
proximal fémoral fractures, remain bedridden or require 
ongoing assistance. Vertébral fracture causes severe pain, 
inability to sit and walk. 65% are asymptomatic. Most 
individuals will lose as many as 2 inches in height because 
of narrowing of the dises. Any height loss greater than 
2 inches should raise suspicions for a compression 
fracture. 

SEQUELAE OF OSTEOPOROSIS 

1. Susceptible to fracture—vertebra, distal radius, hip. 

2. Difficulty in internai fixation. Postoperative compli¬ 
cations plus âge related complications such as 
cardiopulmonary, thromboembolism, bedsore. 

3. Longer healing and recovery period 

4. Severe comminution (Figs 3 and 4) 

5. Tremendous social and économie burden to the family 



Figs 3A and B: Severe comminution of the fracture treated 
by interlocking nail 



Assessment of Osteoporosis 

Assessment of osteoporosis by imaging technique is 
extremely important to know the degree of osteoporosis. 
Not ail fractures are attributable to osteoporosis. The other 
causes such as steroid induced osteoporosis, multiple 
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myeloma, hyperparathyroidism, osteomalacia. Metastatic 
bone disease, etc. should be ruled out by proper 
investigation. 

Radiographie Photodensitometry 

Photon absorptiometry dépends on measuring the optical 
density on X-ray films of the bones. 

On X-ray cortical thickness of trabeculae are measured. 
However, it is less sensitive and spécifie than absorptio- 
metric measurements. 

Dual-energy X-ray Absorptiometry 

Dual-energy X-ray absorptiometry is now being gold 
standard for measuring BDM (Bone Densitometery). 

Bone mass decreases as a resuit of bone loss, which 
occurs normally after 35 years of âge. This loss is greater 
in women than in men. Peak bone mass is defined as the 
quantity of bone that is présent in both sexes, at the time of 
full maturity and beyond that to the âge of 35 years. 

The âge at which bone loss starts is not definite but 
normally occurs during the thirties in both sexes. After 
reaching peak bone mass defined as the maximal bone 
mass attained by an individual at skeletal maturity. Men 
are exposed to a small annual loss of bone mass which 
results in a négative calcium balance. The rate of bone loss 
in men is 3 to 5% per decade. In women the bone loss 
before ménopausé is small and parallels that in men. 
Irrespective of premenopausal losses, accélération of bone 
loss occurs around ménopausé and averages 2% per year 
over the next decade. The loss is greatest in the early post¬ 
menopausal period and levels off with increasing âge. 

CONVENTIONAL SKELETAL RADIOGRAPHY 

Conventional X-ray is relatively insensitive and bone loss 
is apparent only when mass has decreased by about 30 to 
50%. For purposes of intervention in women at the time of 
the ménopausé, the use of simple radiography is 
inappropriate as a screening test. The most commonly used 
is the Singh index, which évaluâtes trabecular marking at 
the hip; the technique has proved useful in epidemiological 
studies of hip fracture, but it has less value in young, 
healthy women. 

Spine radiographs not for early détection but to provide 
conclusive evidence of manifest osteoporosis, e.g. shape 
ofvertebra. 

Latéral radiographs provide fast indication of 
suspected vertébral fractures. 

High-resolution CT plus image enhancement provide 
picture of trabecular bone architecture. 


MRI: The best method for investigation of ail conditions 
affecting the bone marrow and subsequently the bone. 

Quantitative computed tomography (QCT) provides 
separate measurements of cortical and trabecular bone and 
may be especially valuable in older people (men!) 

Radiogrammetry—Bone Desitometry 

Bone density is the most objective, reliable and quantifiable 
parameter for diagnosis of osteoporosis and to monitor 
therapy. It is crucial for early détection and prévention 
due to its accurate prédiction of fracture risk. 

DXA is the most widely used and popular instrument 
and is the gold standard of BMD measurement technology. 

Radiogrammetry signifies measurement of bone 
dimensions on radiographs. Cortical thickness directly 
relates to osteopenia and with total body bone minerai 
density. A commercial radiogrammetry System that 
assesses cortical thickness of the metacarpals has recently 
gained clearance for clinical use in the United States 
(Pronosco, X-posure, Nov. 2000, Pronosco, Vedbaek, 
Denmark). Cortical thickness is measured. Cortical index 
(outer diameter inner diameter/outer, diameter, is 
often used. 

ASSESSMENT OF VERTEBRAL 
FRACTURE AND DEFORMITIES 

Vertébral fractures are the hallmark of the osteoporosis. 
Vertébral deformity scores (VDS) (Fig. 5). 

Bone Minerai Densitometry 

Bone minerai density (BMD) measurement has a significant 
relation to fracture risk. This risk is related to the Z-score 
which is the standard déviation below the mean adjusted 
for âge and matched mean. The Z-score is defined as the 
déviation from the mean value of age-matched Controls 
obtained with the same method divided by the standard 
déviation (SD) of that group. The T-score is defined 
similarly but used young Controls as the reference group. 
The T-score in men and women is related to the value of 
BMD at the time of peak bone mass and its continuai drop 
from that level with âge and a négative value frequently 
noted. The average BMD at the 25 years âge in a Caucasian 
female is .955 mg/cm 2 and the T-score at that point is zéro 
and this drops to .679 mg/cm 2 , at 85 years âge which is 
(2.24) on the T-score whereas in an average man it is 
1.055 mgms/cm 2 at 25 years which is therefore plus 
+.81 on the T-score and drops .859 mgs/cm 2 and the value 
of the T-score is -.78. 
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Biconcave deformity Crus h deformity 


Wedge deformity 


Fig. 5: Vertébral deformity scoring by measuring anterior, central, and posterior height réduction 


DENSITOMETRY 

Single most important parameter is bone minerai density 
(BMD). 

Alternative method to détermine bone mass: 

i. Single energy X-ray absorptiometry 

ii. Quantitative computed tomography (QCT) 

iii. Ultrasound densitometry. 

Indications for BMD 

1. Perimenopausal period 

2. Elderly persons 

3. Metabolic bone disorders. 

Bone densitometer indicate current skeletal mass but 
does not inform metabolic activity, which is given by bone 
markers. 

The BMD in individual is determined by both peak 
bone mass and bone loss with aging or ménopausé. Bone 
loss after the attainment of peak bone mass is affected by 
diet, physical activity, hormonal factors, drugs or disease 
which lead to bone loss. 

PREVENTION OF OSTEOPOROSIS AND FALLS 
PREVENTION OF REFRACTURE 

Prévention of refracture at some other side is important 
because the occurrence of fracture. The osteoporosis should 
be treated by médication during the postoperative period 
and continued thereafter. 


Orthogeriatric Unit 

A new branch of medicine is being developed named as 
orthogeriatriology. The orthogeriatric unit consists 
Orthopédie surgeon. Physician trained in geriatrilogy and 
anesthesist. 

Indicated in ail patients with osteoporosis and patients 
with osteoporotic fractures consists of I. Drugs II. Change 
in life style. 

Prévention of Osteoporosis 

Appropriate life style programmes, nutrition and physical 
exercise are essential for both sexes and at ail âges. 

Osteoporosis is not an inévitable part of the ageing 
process. It can be prevented! 

• Increase bone mass by exercises, nutrition during 
adolescence to achieve peak bone mass and also at 
any âge to maintain bone mass. 

• Drugs at ménopausé—women need drug therapy twice 
in her life—once at perimenopause, 2nd time in old 
âge. 

• Y early BMD measurement especially in f emales 

• Excessive alcohol 

• No smoking 

• Exercises: Aérobic, muscle strengthening, yoga 

• Balanced Nutrition 

The first essential is a calcium-rich diet, which can be 
achieved by everybody. Other nutrients such as magné¬ 
sium and vitamin K are also important to bone health. 
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Make sure to include ail substances required for skeletal 
health. 

Prévention of Fall 

Majority of fractures occur due to fall, though a few may 
hâve pathological fracture just getting up from bed. 

Four risk factors are key déterminants for risk of hip 
fracture: 

1. Personal history of fracture 

2. Family history of fracture 

3. Smoking 

4. Lowbody weight. 

Fall is the main cause of fracture. Therefore, its préven¬ 
tion is crucial and extremely important. The causes of fall 
are: 

1. Use of sédatives 

2. Visual impairment 

3. Disability in the lower extremities 

4. Neurological diseases such as parkinsonism, 
weakness in the lower limbs, etc. 

5. Poor neuromuscular reflexes 

6. Abnormal gait 

7. Médication 

8. Poor muscular tone 

9. Poor balance—balance training programme includes 
sports, dancing and Tai Chi. 

10. Poor environments, such as poor lightening in the 
house, obstacles while walking in the house, slippery 
floor, water on the floor 

11. Slippery tiles in the bathroom 

12. Poor health due to diabètes, hypertension, cardio- 
vascular problems, rheumatoid arthritis 

13. Weakness of the muscles and bones due to lack of 
exercise. Bone is extremely sensitive to exercise and 
mechanical load. Exercise definitely improves bone 
density 

14. Tobacco consumption 

15. Alcohol consumption 

16. Poor bone mass achieved during adolescence. 

So prévention of osteoporosis and fall is extremely 
important. In UK they hâve developed a padding around 
the hips. This has certainly reduced the hip incidence of 
hip fracture. In India traveling in a bus on a rough road 
with disease has caused vertébral fractures. I hâve seen 
patients with traveling in a bus hâve been carried directly 
from bus to hospital for admission because of severe back 
pain due to fractures of the L1 vertebrae. 

Evaluating the status of osteoporosis by bone density 
détermination and bone marker. 


Ail attempts must be made to prevent osteoporosis and 
falls. Prévention is much better than treatment for 
osteoporosis. 

MARKERS 

Indicate metabolic activity. 

Biochemical Markers of Bone-turnover 

Markers of Bone Formation 

• Sérum alkaline phosphatase 

• Sérum osteocalcin 

• Sérum C-N-propeptide of type 1 collagen. 

Markers of Bone Résorption 

• Urinary excrétion of pyridinium cross links of collagen- 
deoxypyridinoline 

• Urinary excrétion of C- and N-telopeptides of collagen 

• Urinary excrétion of galactosyl hydroxyproline 

• Urinary excrétion of hydroxyproline 

• Sérum tartrate résistant acid phosphatase. 

Bone formation markers are bone spécifie alkaline 
phosphatase and osteocalcin. Markers for bone résorption 
are based on collagen breakdown products released into 
the urine. 

PATHOGENESIS 

Bone cells and bone remodeling: Bone remodeling consists 
of two simultaneous processes: bone résorption by 
osteoclasts followed by bone formation by osteoblasts. This 
process occurs continually and simultaneously at different 
sites throughout the skeleton. 

Peak Bone Mass 

Peak bone mass is a strong predictor of later osteoporotic 
fractures. When we are born, our skeleton contains 
approximately 25 g of calcium. At âge 30 when our bone 
mass reaches its peak, our skeleton harbours about 1,000 g 
of calcium. The risk of developing osteoporosis dépends 
on how much bone an individual has a young adult ("peak 
bone mass") and how quickly she/he loses it later in life. 

The Effect of Osteoporosis on Fixation 

The resuit is a significant thinning of the cortex. Since 
screw pullout strength is directly related to the length of 
engagement of the screw thread, loss of cortical thickness 
directly decreases screw holding power. For the cancellous 
bone, toggling of screws with vertical load occurs. Bone 
shear strength is important to resisting screw pullout forces. 
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Significant thinning of the cortex results in reduced 
purchase of the screws in the cortex. This directly decreases 
the screw holding power and results in implant failure. 
Bone implant interface is directly affected by osteoporotic 
bone. 

Pain is one of the most difficult problems associated 
with osteoporosis. But inadéquate pain management is 
no longer acceptable under any circumstances. 

Medical Treatment of Osteoporosis 

Most préventive thérapies inhibits osteoclastic résorption 
ofbone. 

Hormonal Replacement Therapy (H RT) 

The loss of oestrogen at ménopausé triggers a period of 
rapid bone loss of about 5 years. During this time, the 
skeleton is relatively résistant to intervention with calcium 
alone. By 5 to 8 years after the ménopausé, the rate of bone 
loss déclinés from an average of 3% to about 1% per year. 

Maximum bone loss occurs in first 2 years of 
ménopausé. HRT should start early within first 5 years of 
ménopausé. The bénéficiai effects are seen at ail stages, at 
least up to 8th decade. HRT decreases the risk of fracture 
hip and Colles' fracture by 50% and of spine by 75%. 
Oestrogen is antiresorptive by inhibiting osteoclasts. It also 
inhibits IL-1 release, a factor involved in pathogenesis of 
osteoporosis. It causes significant calcium rétention. The 
net gain in bone mass being 2 to 4% annually for 2 years. 
Oestrogen is more effective if initiated within the initial 
5 years of ménopausé and if used for longer than 10 years. 

Sélective Estrogen Receptor Modulators (SERMs) 

SERMs are a group of structurally diverse compounds that 
act on estrogen recep tors. They hâve almost replaced the 
HRT. 

Raloxifene (nonsteroidal benzothiophene) is devoid 
of action on endometrium and is being extensively used 
for prévention and treatment of osteoporosis and breast 
cancer. It prevents bone loss at ail sites but increase in 
BMD is less than that with oestrogen. At 60 to 120 mg/day 
dosing, it increases the BMD of spine, hip and total body 
by 2.4%, 2.4% and 2% respectively. Side effects are few, 
such as thromboembolie disease (1 /3000), leg cramps (2 to 
4%) and hot flushes (4 to 6%). Breast tenderness, 
endométrial stimulation or menstruations were absent. It 
reduces LDL cholestérol but without effect on HDL or TGs. 

Raloxifene 

Raloxifene is most useful in women of middle menopausal 
âge. Raloxifene substantially reduce the risk of breast 
cancer. 


Antiresorptive Drugs 

Biphosphonates 

Parathormone (PTH) stimulâtes osteoplasts to formbone. 
One advantage is that parathyroid hormone fragments 
are quickly cleared by the body and are not incorporated 
into the bone. Their action is very short-lived. PTH as an 
osteoanabolic agent is especially valuable for patients with 
severe osteoporosis. 

This group of drugs are currently the most potent 
treatment of osteoporosis based on BMD and fracture 
studies. They are stable analogues of pyrophosphates, 
having strong affinity for calcium pyrophosphate and act 
exclusively on bone. The exact mode of action is uncertain 
but within 48 hours, they block osteoclastic bone 
absorption resulting in increased cell death and decreased 
bone résorption. Different biphosphonates hâve different 
antiresorptive potency (Table 2). 

Alendronate (10 mg/day) is effective in postmeno¬ 
pausal, glucocorticoid induced and sentie osteoporosis. 
The average increase in BMD at spind and hip is 10% and 
5% over 2 to 3 years and fracture risk réduction is 50%. 
Increase in BMD is maximum in first 2 years of therapy, 
thereafter it increases slowly at least for 5 years. 

Daily 10 mg or weekly 70 mg dose give similar results. 
Residronate (2.5 to 5 mg/day) reduces the chances of spine 
and hip fracture by 6% and 3% in first year. 

They can be combined with any other antiresorptives 
or bone forming agent. Side effects are few, causing 
oesophagitis and GIT irritation which can be avoided by 
taking it with large amount of water and usually before 
breakfast and remaining upright for at least 30 minutes. 
The optimal period of therapy is not known but should be 
given on long term basis. Alendronate has been approved 
for prévention (5 mg/day) and treatment (10 mg/day) of 
postmenopausal osteoporosis and for treatment of 
glucocorticoid associated osteoporosis. 

Alendronate acts by binding to bone. It gets internalized 
into osteoclasts and prevents bone résorption by inhibiting 
osteoclast formation, apoptosis and inhibition of IL-6. 
Combination therapy with alendronate plus estrogen or 
SERMs (raloxifene) achieves significant increase in BMD. 


TABLE 2: Relative potency of various biphosphonates 


Agents 

Relative potency 

Etidronate 

1 

Pamidronate 

100 

Alendronate 

500-1000 

Residronate 

1000-5000 
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Residronate (5 mg/ day) inhibits bone résorption. 
Biphosphonates decrease the destruction of the bone 
in embryonic long bones and in néonatal calvaria. The 
biochemical and molecular mechanisms by which 
biphosphonates inhibit osteoclasts is still evolving, and 
key steps hâve only recently been elucidated. 

A systematic dosing regimen may not produce a 
therapeutic concentration around the joint arthroplasty 
components. 

These studies highlight the bénéficiai effects of 
biphosphonate therapy in maintaining improved bone 
quality in patients after TJR. 

Biphosphonate additionally could enhance bone 
ingrowth into implant porosities. 

Biphosphonate group of drugs appear to be very useful 
in the following diseases. 

1. Osteoporosis 

2. Avascular necrosis of the head of the fémur 

3. Legg-clve-perthes disease 

4. Gorham-stout-syndrome 

5. Joint cell tumor of bone 

6. Total hip replacement to prevent loosening. 

With continued use over 7 years, biphosphonate 
treatment for managing postmenopausal osteoporosis did 
not simply prevent additional bone loss; there was an 
11.4% increase in BMD at the lumbar spine compared with 
base line. This further increased to 13.7% over a 10-year 
treatment period. 

In vitro and in vivo evidence indicates that biphospho¬ 
nates hâve an anabolic effect on bone formation. The 
implications for enhancing bone ingrowth into implant 
porosities, stabilizing implants in compromised bone 
stock, protecting allografts, and preventing collapse of 
osteonecrotic fémoral heads may hâve far-reaching 
conséquences for patients. 

Biphosphonates offer significant opportunities for 
improving the long term durability of Total Joint 
Replacement (TJRs). Early investigations indicate that 
systemic biphosphonate use may prevent periprosthetic 
bone loss associated with osteolysis and aseptie loosening 
around TJRs. Around TJRs biphosphonates also may 
prevent bone loss associated with stress shielding and 
initial component migration. 

Complication of Biphosphonate 

Recently there are some reports by ail subtrochanteric 
fracture after the prolonged (more than 5 years) hâve been 
reported. This probably due to prévention of remodeling 
by biphosphonates. Also a few case of avasuclar necrosis 
of mandible hâve been reported. Therefore, one must be 
cautious of prolonged use of biphosphonates. 


Gorham-Stout Syndrome 

The cause of this rare bone disease has not yet known, 
though a vascular and lymphatic cause has been suggested, 
mainly by way of activated endothélium. It begins with 
osteoclastic résorption of a bone and spreads to adjoining 
bones. Progression is variable. Severe or life- threatening 
complications may occur when bones of the thorax or the 
vertebrae are involved. 

1. It affects young adults, without preference for male or 
female. 

2. It starts in a single bone and proceeds to involve the 
adjacent bones. 

3. May be polyostotic 

4. Pelvis, vertebrae, ribs, proximal bones of the extremities, 
and skull were frequently effected. 

5. Progression and spread of the disease are un- 
predictable. 

Many investigators hâve described prédominant 
osteoclasts. However, no reactive osteoblastic activity. 

The diagnosis is established by X-rays which demons- 
trate the absence of bone in the effected areas. Occasionally, 
vertébral compression fracture in severe osteoporosis must 
be considered in the differential diagnosis. Bone biopsies 
taken from an involved area show increased osteoclastic 
résorption by morphologically normal osteoclasts. The 
résorption lacunae were filled with fibroblasts, blood 
vessels, and oedematous connective tissue. Infiltration of 
the involved areas by plasma cells, lymphocytes, and mast 
cells suggests an immunological event. 

Ail attempts at therapeutic intervention failed. 
Intravenous biphosphonates stops progression of the 
disease. Ibandronate 4 mg infusion monthly for 4 to 
6 months. Restitution of the vanished biphosphonates. 
Biphosphonates is wonder drug in osteology. Biphospho¬ 
nates hâve now been successfully used for prévention and 
therapy of osteoporosis in both sexes, at ail âges, in ail 
conditions and in ail forms of osteoporosis immaterial of 
the cause. Biphosphonates rapidly deposit on the bone 
surface, explaining why practically only bone is affected. 
The skeletal rétention of biphosphonates is very long, 
sometimes lifelong. Biphosphonates are poorly absorbed, 
especially in the presence of food and calcium. 

Calcium and Vitamin D 

Calcium supply is a lifelong problem. Calcium is not only 
a substrate for bone formation, it also inhibits bone 
résorption through its suppressive effect on the blood 
parathyroid hormone level. 

High intake of calcium and vitamin D reduces risk of 
hip fracture by 30% by increasing minersalisation of bone 
and is effective even if started very early. Daily dose of 
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vitamin D800 IU is adéquate. Calcium and alfacalcidol 
dose is between 0.5 to 1 mg/day. Injectable costly. FDA 
has not approved them for treating osteoporosis. 

Fastest way to Reduce Fragility 

• Inhibit résorption and maintain minéralisation by 
vitamin D and calcium. 

• Calcium citrate is digested easily 

• Calcium 1 to 1.5 gm/day 

• Alfacalcidol is rapidly hydroxylated to 1, 25 (OH) in 
liver 

• 1.2mg/day 

• Alfa, Alfa D,Alfadol 

• Teriparatide. 

Parathyroid hormone (PTH) 

Promise for future treatment of osteoporosis. 

Refined calcium carbonate is the least expensive form 
of calcium and has the highest percentage of elemental 
calcium, but it is poorly absorbed. It often causes 
constipation and because it is an antacid, in the long run 
it may lead to "rebound hyperacidity" and gastric 
irritation. It requires acid in order to dissolve. Taking 
calcium carbonate suppléments together with vitamin C 
or with meals helps to some extent because that is when 
the stomach acid levels are highest. 

Calcitonin 

Calcitonin can be given as subcutaneous injection or in a 
nasal spray. However, the use of calcitonin is limited 
because of its side effects such as feelings of heat as well as 
nausea, and mucosal irritation with use of the nasal spray. 
The most valid indication for calcitonin today is the 
intractable pain caused by a vertébral fracture. Calcitonin 
is a potent pain reliever, it works without causing 
constipation and is very helpful in patients with an acute 
vertébral fracture. It is also suitable for children and 
women during pregnancy and breast feeding. 

Fluoride 

The use of fluoride to treat osteoporosis has waxed and 
wanted in recent years. Results from clinical trials hâve 
not shown a bénéficiai effect of fluoride in prévention of 
fractures, thoughbone mass is increased. 

Strontium 

Results from early clinical trials with strontium for 
prévention and treatment of osteoporosis hâve been very 
encouraging, but more work is needed on the "quality" of 
the bone produced. 


Osteoporosis in Men 

Men are not immune to the progressive bone loss that 
occurs with ageing, with a peak 10 years later than women. 
Ageing in men is accompanied by a steady décliné in levels 
of gonadal steroids and growth hormones. The concept of 
"andropause", i.e. the natural age-related décliné in 
testosterone levels in men, is not y et accepted. The direct 
cause is greater résorption than formation, but decrease in 
muscle mass and in physical activity also contribute. Age 
is recognized as the most important risk factor for male 
osteoporosis. 

Secondary osteoporosis occurs in 50 to 60% of men 
and therefore the possible conditions must be carefully 
excluded. Three risk factors are especially relevant in men: 
smoking, alcohol and decreased levels of testosterone. 
Testosterone levels must always be determined and spécifie 
causes for hypogonadism ruled out. 

Treatment 

Adéquate calcium, vitamin D, and exercise should be 
encouraged. If the testosterone levels are found to be low, 
intramuscular, subcutaneous, or transdermal testosterone 
will increase bone mass. Alendronate is the drug of choice. 

Testosterone 

The use of testosterone therapy should be limited to men 
with low levels of free testosterone who hâve no contra- 
indications to the use of this hormone. 

Anabolic Steroids 

Use in women with osteoporosis is limited by their adverse 
effects like virilisation, sodium rétention. Promise for future 
therapy. 

Anabolic steroids hâve a significant rôle to play in the 
management of osteoporosis in postmenopausal women 
and in involutional osteoporosis in men. Injection of 
Nandrolone Decanoate (Deca-Durabolin 50), 25 to 100 mg, 
once in three weeks increases bone formation. 

Osteoprotegerin (OPG), also called IL Ira is IL-1 
inhibitor, is a naturally occurring protein synthesized by 
osteoblasts which inhibit osteoclast recruitment and 
activity. 

Lifestyle 

Low physical activity leads to increased bone loss, 
decreased BMD and increased fracture risk. Physical 
exercise especially weight bering activities reduce bone 
loss and improve bone strength and improve balance and 
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co-ordination. Exercise before and during puberty produce 
larger changes in BMD and benefit persists longer. To walk 
briskly for a minimum of 1 hour, 3 times a week. Patients 
with established fracture who undertake physiotherapy 
and bone strengthening exercises will further improve the 
muscle strength and decrease pain associated with 
fractures. 

Smoking 

Chronic smoking is an independence risk factor for osteo¬ 
porosis resulting in early ménopausé, low body weight 
and reduced BMD. Smokers benefit less from HRT. 

Alcohol 

Heavy alcohol intake is a significant risk factor for 
osteoporosis and fracture. Alcoholism is often associated 
with other risk factors of osteoporosis such as hypo- 
gonadism, hypercortisolism malnutrition, etc. 

Nutrition 

Calcium supplémentation increased BMD. Calcium 
consumed as milk or milk product is more bénéficiai than 
calcium itself. High dietary fruits and vegetables give 
potassium, magnésium, beta-carotene, fibre and vitamin D. 
Low protein intake is a significant risk factor as protein. 
Balanced diet is important in preventing treating 
osteoporosis. 

We treat osteoporosis by: 

1. Calcium 1 to 1.5 gm/ day 

2. Alfacalcidol 

3. a. Alendronate 70mg/week 

b. Raloxifene 60 mg/ day 

c. Inj. Nandrolone 25 to 100 mg once in 3 weeks (Inj. 
Decadurabolin) 

4. High protein diet. 

Principles of Internai Fixation of Osteoporotic Bone 

Osteoporotic fracture occur usually in the elderly patient 
who are best served by early definitive fracture treatment 
to restore early function. Surgery should be done preferably 
as early as possible case however évaluation of the elderly 
patient is necessary for preoperative medical management 
of the medical condition like hypertension, diabètes, cardio 
pulmonary problems. Surgical procedures should be kept 
simple to inimize operative time, blood loss, and physio¬ 
logie stress upon these patients. Anatomie restoration is 
important for intraarticular fractures. Metaphyseal and 
diaphyseal fracture are best managed to achieve stability 
rather than anatomie réduction. Failure of internai fixation 
is usually due to bone failure rather than in implant 


breakage. Osteoporotic bone hâve poor holding power of 
screws. In addition comminution can be severe in 
osteoporotic fractures. Internai fixation devices that allow 
load sharing with host bone should be chosen to minimize 
stress at the bone-implant interface to prevent osteoporosis 
underneath the plate and refracture. Therefore, wherever 
possible intramedullary nails are idéal. 

Achieving stable fixation in osteoporotic bone is a 
major challenge, as it is associated with complication of 
implant failure. Treatment options are different signifi- 
cantly from those applicable to a young adult. For the 
patient with osteoporosis spécial treatment is needed. The 
main différence is the poor quality of the bone and 
hence the 

1. Implant must be securely purchased in the weak bone 

2. Patient's ability to cooperate is reduced as overload of 
the compound System may lead to failure, patient who 
is advised partial weight bearing may inadvertently 
bareful weight 

3. Total unloading is not conductive to healing 

4. Early mobilization is the most important goal of surgery. 
Therefore, fractures of the lower extremity require a 
fairly stable. 

The main dangers of immobilization arise from 
cardiopulmonary and thromboembolie complications. 

The implant should be used in a load-sharing rather 
than in a load-bearing configuration by transferring more 
load to the bone thus relatively unloading the implant. 
Intramedullary nail is a load sharing devise and plate 
load bearing. Therefore, most diaphyseal fractures are 
treated with nailing rather than plating because the cortex 
is thin and brittle which may lead to micro-macro fractures 
when standard screws are inserted. 

In the cancellous bone trabeculae are rartfied. The screw 
purchase in advanced osteopenia relies essentially on the 
thin shell of peripheral cortical bone and not on the 
cancellous trabeculae. Oversized and stiff implants should 
be avoided. It is préférable to use elastic fixations that may 
temporarily give way and that are better adapted to the 
weak bone. 

Idéal fixation in osteoporotic bone is not yet developed, 
however, the following basic principles of internai fixation 
in osteoporotic bones are: 

1. Use of load sharing implants 

2. Biologie fixation 

3. Impaction and compression 

4. Widebuttress 

5. Long splintage ILIM nailing 

6. Augmentation 

7. Replacement (arthroplasty) 

8. Shortening of communited area of fracture, e.g. 
supracondylar fracture fémur. 
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Load Sharing Device 

Failure of internai fixation is usually due to bone failure 
rather than implant breakage. Osteoporotic bones hâve 
poor holding power of screws. In addition comminution 
can be severe in osteoporotic fractures. Internai fixation 
devices that allow load sharing with host bone should be 
chosen to minimize stress at the bone implant interface to 
prevent osteoporosis underneath the plate and refracture. 
Therefore, wherever possible. 

1. Intramedullary nails, e.g. most of diaphyseal fractures 
of long bones. 

2. Sliding screws intertroch. 

3. Tension band construct are idéal. IMN represents a 
very efficient form of long splintage. 

Biologie Fixation 

Biologie principle of fracture fixation must be applied. The 
fracture fixation must be done without opening the fracture 
site and without disturbing the biomechanics. Using load 
sharing devices and fixing the fracture biologically leads 
to early healing. 

Impaction and Compression 

Impaction is the key factor in stability, achieved by 
compression or inserting one fragment into other or 
shortening the comminuted segment. Compression 
dramatically increases the stability in: 

1. Impacted fracture neck fémur 

2. Pertrochanteric fracture 

3. Valgus impacted proximal humérus 

4. Distal radius 

5. Severaly comminuted fracture of shafts of long bone 

6. Compressive fracture of vertébral bodies. 

Controlled impaction or compression is achieved by 

sliding screw, IM nail or Ilizarov ex.fix. With DHS weight 
bearing leads to graduai impaction, thus increasing the 
stability of the fixation. 

The strength of fixation of pertrochanteric fractures may 
be significantly improved when impaction of the main 
fragments is obtained previous to the application of the 
definitive fixation device and impacted by compression of 
sliding device during surgery. 

Controlled impaction can also be achieved by 
deliberately tensioning internai fixation devices (plate, 
wire or nail). 

Wide Buttress 

Now can be used as biological fix. The concept of wide 
buttress applies to epiphyseal and metaphyseal fractures. 
Spécial implants with large metaphyseal surface are 


available, such as the buttress plates for the proximal tibia 
and the distal radius. 

Spécial implants with large metaphyseal surface are 
available, such as the buttress plates for the proximal tibia 
and the distal radius. Very efficient wide buttressing can 
also be obtained inside the bone. An example is the angled 
blade plate. Tension band principle also provide a wide 
buttress, examples are médial and laterl malleolar 
fractures. Two K-wires, connected by a tensioned cerclage 
wire, provide excellent stability in the epiphyseal and 
metaphyseal areas, especially when compared to screw 
fixation. Because of associated co-morbilities, the surgery 
should be as minimal as possible. Non operative is 
preferred to operative closed réduction and fixation to 
ORIF, biologie fixation preferred to conventional open 
réduction, however operative treatment is usually needed 
to avoid to dangerous immobilization. 

For supracondylar fémoral fractures, which in the 
presence of osteoporosis typically hâve a long spiral 
element, the condylar plate is the implant of choice. 

The antiglide plate as proposed by Ellis and Brunner 
and Weber is an excellent example of a simple buttress. 
This principle can be applied to any epiphyseal fracture. 

Liss and LCP hâve opened a new era of biological plate 
fixation of osteoporotic bones. 

Long Splintage 

Forces acting at the bone-implant interface can be 
influenced by modification of the lever arms. A long plate 
with relatively few screws gives greater stability than a 
shorter plate with the same number of screws. Long plates 
may compensate for the reduced holding power of screws 
in osteoporotic bone. Typical examples are long torsion 
fracture of the fémur and humérus. 

Intramedullary nailing represents a very efficient form 
of long splintage. The use of interlocked nails for 
metaphyseal fractures is critical. The broad cavity, the poor 
cancellous bone, and the thin cortical shell are relative 
contraindications for nailing in the metaphyseal segment. 
Fascicular nailing is more appropriate in soft bone, 
especially for metaphyseal stabilization. 

Sufficient stability canbe achieved with multisegmental 
fixation above and below the fractured vertebra. 

1. A long plate with relatively few screws gives greater 
stability than a shorter plate with the same number of 
screws. Long plates may compensate for the reduced 
holding power of screws in osteoporotic bone. 

2. Intramedullary nailing represents a very efficient form 
of long splintage. 

3. Another example is multisegmental fixation above and 
below the fractured vertebra. 
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Replacement 

Replacement of the fractured bone segment with a 
prosthesis is an excellent option to replace the head of the 
fémur and proximal humérus. Total knee replacement and 
elbow replacement are less frequently used for fractures. 
However, the complications are more in osteoporotic bone, 
e.g. loosening. 

Internai Fixation Using Plates 

Plating should be used in fixing of fracture of the long 
bone for intra-articular and juxta-articular (metaphyseal) 
fractures or LCP, LISS. 

With secure cortical contact. For a given fracture pattern 
the spacing of screws is more important than the number 
of screw used for fixation. Screws should be placed as 
close to and as far away from the fracture site as possible. 
Intervening screws add little to the overall strength of 
fixation. If there is comminution the fracture zone should 
be shortened to achieve contact especially in the cortex 
opposite the plates. The fragments even if loose act as 
bone graft. Tension band plate should be used if the cortex 
opposite the plate is intact and load sharing. In 
osteoporotic bone longer plates with widely spaced screws, 
holes should be used. 

Antiglide plates are especially useful in short oblique 
or spiral oblique fracture patterns. The plate is positioned 
to create an axilla with the cortex at the apex of the oblique 
tongue of the fracture. This position of the plates prevents 
fracture displacement, placing less importance on screw 
fixation, and positions the plate nicely for insertion of lag 
screws, which are so important for the oblique fracture 
pattern. 

LCP has revolutionized the treatment of osteoporotic 
bone, especially the intra-articular and metaphyseal 
fractures. 

Locking of screw to plate, angled construct and screws 
in different direction increase the stability. Toggling of 
screw which occurs in osteoporotic bone is prevented 
by LCP. 

AUGMENTATION 

Augmentation of implants screws, bolts and fracture site 
is an important procedure for stabilizing fractures of 
osteoporotic bones. 

Augmentation can be done by bone cernent or bone 
graft. 

Use of cernent increases the pull-out strength of the 
screws and bolts. 

a. Noninvasive technique of stimulation of bone 

formation are biophysical 


i. Electrical or electromagnetic stimulation 

ii. Low puise ultrasound 

b. Invasive techniques of augmentation are 

i. Bone cernent PMMA 

ii. Résorbable Bone substitute: 

• Calcium phosphate (Norian SRS) 

• HA granules 

• Poly lactide 

iii. Bone graft 

• Cancellous 

• Fibular 

• Tricortical 

c. Injectable method 

i. Injection of isolated and concentrated platelets from 
patients own blood is known to enhance fracture 
healing. 

ii. Injection of bone marrow from the iliac crest 

iii. Injection of BMP and other growth factors 

CEMENT 

Two types: 

1. PMMA 

2. Bioabsorbable 

Use of Cernent 

1. Direct fracture fixation 

2. Augment de vice—screws, plate, nails 

3. Vertebroplasty 

PMMA Bone Cernent 

Polymethymethacrylate cernent has poor screw adhesion 
to bone but by intruding into the cancellous structure it 
results in a stronger composite after the cernent sets. The 
surgeon can predrill a screw hole, fill it with cernent, allow 
it to harden, then redrill the hole and tap it to insert the 
screw. This has the disadvantage of blunting instruments. 

He or she can drill, insert the cernent, and follow with 
the screw before the cernent hardens. The latter method is 
easier on equipment and allows the surgeon the choice of 
only augmenting those screws that hâve inadéquate 
purchase. If this latter method is used, the surgeon should 
tighten the screw in the cernent and allow the cernent to set 
completely without any additional screw manipulation. 
Once the cernent has hardened, a final tightening of the 
screw can be performed. Manipulation of the screw while 
the cernent is setting loosens the bond between the cernent, 
bone, and screw, lowering the pullout strength (Fig. 7). 

Norian SRS is an injectable, fast setting cernent that 
cures in vivo to form an osteoconductive carbonated apatite 
of high compressive strength (55 Mpa) with Chemical and 
physical characteristics similar to the minerai phase of 
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Fig. 6: The canal of the nozzle of 10 cc plastic syringe is enlarged 
by drilling with a 3.2 drill bit. With an enlarged nozzle, injecting 
cernent becomes easier 



Plate 

Cortical bone 


Cancellous bone 


Fig. 7: The mechanism of the McKoy-An 
cementing screw 

bone. It can be used as a space filling internai fixation 
device to facilitate the géométrie reconstruction, load 
transfer, and healing of bone with defects and/or fractures 
in régions of cancellous bone. This cernent can improve 
the mechanical holding strength of conventional fixation 
devices. Improves fracture stability, retain anatomy during 
fracture healing and improve hip function, thus achieving 
better clinical outcomes. 

Norian SRS is a biocompatible, nonexothermic, higher 
compressive strength than cancellous bone and is replaced 
by host bone with time. 

With time, it is remodeled and incorporated into the 
newly formed bone tissue. Use in the treatment of distal 
radius fractures, trochanteric fracture and other fractures. 

Norian SRS for Distal Radius 

Norian SRS is used in the fractures of the distal radius 
with osteoporosis with satisfactory results. The cernent is 
injected at the fracture site. There is no need for plaster 
immobilization. Immédiate mobilization can be started. 



Figs 8A to C: Nonunion proximal tibia treated by biological 
plating. Screws are augmented with bone cernent 






















HA GRANULES 
Indications 
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• Bone cysts 

• Fibrous dysplasia 

• To augment fracture fixation 

Disadvantages: Mechanically poor. 

HA Coated Pins and Screws (Fig. 9) 

• HA coated half pins and screws allows stable fixation. 

• It increases the pull out strength of the screw. 

RESORBABLE POLYMERS 

Commercial résorbable polymers are primarily 
polyhydroxyacids, e.g. polyglycolide. They are degradable 
without side effects. They are strong enough. They are used 
to enhance fracture fixation in osteoporotic bones, as an 
alternative to PMMA or ceramic cements. May be used 
along with métal plate or screws. They reinforce the osteo¬ 
porotic bones and enhance stability. 

BONEGRAFTING (BG) 

Cancellous Bone Graft 

• Rapid fracture healing 

• Osteo inductive 

• Osteo conductive 

• Ostéogénie 

• Useful in fracture gaps and comminuted fractures and 
nonunions. 

Corticocancellous BG Indications 

1. Bone loss 

2. Joint dépréssion type fracture: 

• Tibia plateau 

• Pilon 

• Distal radius 

• Distal humérus 

• Calcaneal 

Disadvantages 

Quantity Less 

1. Quality in osteoporotic bone poor. 

2. Complications at donor site. 

• Pain 

• Infection 

• Even hernea. 



Figs 9A to C: This lady had multiple operations of the 
comminuted shaft humérus. Excision of the trabecular fragment 
replaced by fibular graft stabilized by llizarov external fixator. 
The head of the humérus is very osteoporotic therefore, orthofix 
HA coated tapering screws are used. Fracture untitled after 
seven months 
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Fibular Strut Graft 

Indications 

1 . Bypass nonunion site from one end into the other 

2. To fill up gap at fracture site. 

3. Fracture neck fémur nonunion. 

4. As augmentation in large medullary canal of 
osteoporotic bone (Fig. 10). 

5. Fibrous dysplasia. 

Tricortical Graft (Fig. 11 ) 

Tricortical graft are useful in: 

1. Spanning fracture site 

2. By-pass nonunion site from one end into other 

3. As a support in the intramedullary canal. 

Indications Similar to Fibular Strut Graft 

The advantages of tricortical graft are, 

1. Almost as strong as fibular graft. 

2. One side open 



Figs 10A to C: This is an interesting case of fracture of lower 
3rd humérus. Plating was done outside. Plate entered into the 
medullary canal due to osteoporosis and nonunion. After 
removal X-ray shows nonunion and large medullary cavity. 
This was treated by fibular graft in the medullary canal and 
was fixed to the shaft of humérus by multiple screws and 
encirclage wire. The fracture untitled in six months 

3. Large cancellous bone compared to fibula. 

4. More superficial than fibula comparatively easily 
obtained 

Internai Fixation by Screws 

As far as possible only screws should not be used as 
internai fixation of fracture in osteoporotic bones. The 
should always be combined with a plate 

K-Wires 

Use of K-wires in the porotic bones, K-wires are extensively 
used in the treatment of fracture of the metaphysic of distal 
porotic redius olecranon bones of hand and foot and is 
also used in ring fixator as a tensional wire. To improve 
the fixation by K-wires, following methods are used. 

1. Increase the diameter of the pin. This is especially use 
in the treatment of porotic olecranon fractures. 

2. Engage the opposite cortex. 

3. Use threaded pins. 
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Figs 11A and B: X-ray MCK. Nonunion of shaft fémur in a 
severely osteoporotic bone treated with intramedullary 
tricortical bone graft, spanning across the fracture site from 
one end of a fragment into the other, plus cancellous bone 
graft around. While removing the nail fracture occurred in the 
supracondylar area. The bone was so soft that we could not do 
plating hence the K-wires were inserted. 


4. TTiis is practiced in the treatment of fractures of proximal 
humérus. 

5. In the Ilizarov method, to improve the fixation use more 
number of K-wires and increase the longitudinal 
tension of the wires. 

Plating 

The biggest problem of plating is loosening of screw and 

failure of fixation. 


Newer plates useful in osteoporotic fractures. 

• LCDCP. 

• PCfix. 

• MCP (Maximum contact plate) 

• LCP (locked compression plate) 

• LISS (Less invasive skeletal stabilization) 

To increase stability of plate: 

1. Biological fixation—MIPPO. 

2. Augment with cernent PMMA or résorbable 

3. Longer plate more screws. 

Disadvantage: More dissection 

1. IM rod of résorbable polymer 

2. IMfibula 

3. Injectable cernent screw 

4. Shortening the comminuted segment. 

5. Bone graft 

6. LISS or LCP 

7. Spiral blade Plate 

8. Blade plate 90° 


TABLE 3:1 F by plates 


Problems 

Solutions 

Comminution ++ 

Shorten 

Fracture gap 

Close/compress 

Thin, weak cortex 

more number of screw 

Longer plate 

Nailing 

Augmentation 

Infection 

Biological plating 

Antiglide plate is very useful 


Interlocking Intramedullary Nail 

Intramedullary nail is specially useful in osteoporotic bone, 
with excellent clinical results. Superior to plating in 
diaphyseal fracture. 

Intramedullary nailing: IM nailing when used carefully is 
préférable. 

Use of Intramedullary nail in porotic bone: Intramedullary 
nail is specially suited to the treatment of fractures of the 
shafts of the osteoporotic bones. Current IM nails allow a 
variety of cross-locking screw configurations to accommo- 
date different fracture patterns in various long bones and 
enhance fixation stiffness. 

Advantages of Intramedullary Nail 

1. As the nail is centrally placed, it distributes load more 
uniformally than plates. Fixation is stable 

2. It is a load sharing device, bone shares the load, this 
helps in early healing. 
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3. Early weight bearing Hasen's healing. There is less 
chance of pseudoarthrosis. 

4. As the intramedullary canal of the porotic bone is 
roomy, large size nail cannot be used without reaming. 

5. Interlocking has improved the strength of the bone and 
rotational stability. 

6. It is a biological fixation, fracturesite is not opened at 
ail. 

Problems of Nailing in Osteoporotic Bone 

1. During insertion, the nail may hit any wall, the cortex 
may split or crack. Therefore, it is important that the 
nail must travel along the curved path during insertion 
respecting the natural anterior bow of the fémur. 

2. It is very important to properly place the point of entry, 
incorrect entry point, may load to further fracture of 
the bone. As the nail deforms it pushes against the 
inner wall of the IM canal, resulting in bursting (hoop) 
stresses. Cracking significantly complicates manage¬ 
ment of the fracture. A second problem concerns the 
potential for breakage of the hardware. One parti- 
cularly difficult condition is a very distal tibia or fémur 
fracture. 

3. Fractures of the distal tibia or fémur pose a different 
problem. Because of the location, distal fractures apply 
large bending moments around the fracture site and 
the fixation has only a small moment arm with which 
to counteract these forces. 

4. Distal locking: Because large forces are applied. The 
distal screw may break, bend or backout. Drilling pilot 
holes and placing the screws can cause nicks around 
the holes in the nail, leading to the possibility of fatigue 
fracture when combined with large loads. Screws 
should be placed at a 30 degree Crossing angle were 
more stable than either a step screw or an osteoporotic 
boit. Two transverse proximal locking screws provide 
more certain fixation than the previously recommended 
oblique locking screw (Fig. 12). 

5. Reaming: Intramedullary cortical reaming weakens 
bone by decreasing torsional strength. Reaming may 
lead to further fracture and early fixation failure. 
Pulmonary embolisum after reaming another problem. 
Minimum or no reaming is done. 

6. Augmentation improves the fixation of long bolts. 
Osteoporotic nut and washer can prevent screw 
pullout by increasing contact area between the screw 
and bone. 

7. Straight nail in a curved fémur may cause further 
comminution. 

One important complication with IM nails is splitting 

of the bone during insertion. In the fémur, for example, the 



Fig. 12: Types of distal fixation screws for fémoral intramedullary 
nails. Left to right step screws osteoporotic nut and washers, 
standard screws, crossed screws 


nail must travel along a curved path during insertion, due 
to the natural anterior bow of the fémur. If the starting 
point for the nail is incorrectly placed, for example, too far 
anteriorly or medially, it is forced to bend excessively. As 
the nail deforms it pushes against the inner wall of the IM 
canal, resulting in bursting (hoop) stresses. Further fracture 
during surgery complété the treatment. Fractures to the 
distal fémur to associated with because of IM nail. A second 
problem concerns the potential for breakage of the 
hardware. One particularly difficult condition is a very 
distal tibia or fémur fracture. Because of the location, distal 
fractures apply large bending moments around the fracture 
site and the fixation has only a small moment arm with 
which to counteract these forces. Large loads are applied 
also on the distal locking screws. Drilling pilot holes and 
placing the screws can cause nicks around the holes in 
the nail leading to the possibility of fatigue fracture when 
combined with large loads. 

Problem of Distal Locking is Loosening 

To prevent loosening use: 

1. Locking bolts at the distal end of locking screw (Figs 13 
and 14). 

2. Augmentation by bone cernent. 

3. Properly fitting boit in the whole. 

4. Orientation: 

a. Perpendicular 

b. Angular perpendicular 

Orientation is supposed to give better stability. 

5. When the screw hole is larger than the screw diameter, 
tilting or of the screw leads to instability and loosening. 
Use exactly fitting boit in the whole of the nail. 
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Fig. 13: Parallel and perpendicular orientations of distal 
locking screws for the tibial intramedullary nail 



Tût Shift 


Fig. 14: Shematic illustrating the movements of locking screws 
within the distal holes of the intramedullary nail leading to 
tilting or shifting the nail 

EXTERNAL FIXATION IN OSTEOPOROTIC 
BONE IMPLANTS (FIG. 15) 

Problems of external fixation. 

• Pin loosening 

• Therefore external fixation is not preferred as definitive 
treatment. 

• Non weight bearing 

Pin bone interface is most important factor in pin 
loosening and frame stability. Therefore, in osteoporotic 
bone external fixation has limited use. HA. coated tapering 
pins or tensioned wires used in Ilizarov idéal. 

ILIZAROV METHOD IN OSTEOPOROTIC BONE 

Ilizarov is useful when there is large fracture gap due to 
loss of bone and metaphyseal comminution. Bone 


transport to lengthen the bone. Compression at fracture 
site and lengthening at corticotomy. 

Ilizarov useful when 

1. Large gap in diaphyseal fracture 

2. Metaphyseal comminution 

3. Intra-articular fractures wire is superior to half pins in 
porotic bone. 

FRACTURE PROXIMAL HUMERUS 

ORIF extremely challenging and is associated with 
disappointing results 

• It is shell of bone. 

• Prosthesis may be considered. 

• Plating has unsatisfactory due to poor purchase. 

• Loosening are common and acromial impingent. 

• If plating to be done augmentation mandatory. 

• Contoured LCP for proximal humérus has given better 
results. 



Fig. 15A and B: Pinning System for fracture of the distal radius. 
This is very useful in the displaced intra-articular fracture. 
Mobility can be started after three weeks of the stabilization 
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DISTAL RADIUS (Fig. 16) 

Common fractures due to severe osteoporosis. 

Options for treatment are: 

1. Réduction and pinning. 

2. If intra-articular needs, externat fixator for liga- 
mentotaxis. 

3. a. Augmentation if metaphyseal defect or severe 

comminution. 

b. Augmentation by cancellous bone graft or Norian 
SRS. 

FRACTURE NECK FEMUR (Figs 17 to 19) 

1. Internai fixation by lag screws with augmentation. 

• Length of purchase as long as possible threads 
cross fracture site. 

• 6.5 or 7 mm preferably cannulated by cernent screws 
allows better fixation. 

• Augmentation 



Fig. 16A and B: A case of perilunate dislocation of the wrist 
with fracture distal end of radius. Réduction and mobilization 
with a external fixator with excellent results 


• HA coated pins 

• Fix. pins to cancellous trabeculate. 


Ninety percent of ail hip fractures among elderly 
women are attributed to low bone mass. 



Figs 17A and B: Fracture neck shaft fémur in osteoporotic 
bone treated by fibular graft and lag screws 



Fig. 18: Fracture neck shaft of the fémur 
treated with total hip replacement 
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Fig. 19: Fracture neck shaft of the fémur treated 
by bipolar prosthesis. The stem is cemented 


FRACTURE SUBTROCHANTER (FIG. 20) 

Fracture subtrochanter are better treated with intra- 
medullary nailing such as Gama nail or PFN. If plating is 
to be used it needs to be augmented by bone cernent or 
calcium phosphate. 

Analgesia (Gary Heyburn) 




Figs 20A and B: Comminuted subtrochanteric fracture 
treated with Recon nail 


Analgesia is extremely important in the treatment of 
fractures of the proximal fémur. Poorly controlled pain 
will delay early mobilization and therefore prédisposé the 
patient to the complications of prolonged bed rest and 
perioperative delirium. 

Inter-trochanteric Fracture 

Inter-trochanteric fractures are one of the commonest 
fractures in osteoporosis. It is usually associated with 
severe comminution. Therefore, the patient présents 
usually with 

1. Unstable fractures 

2. Displaced posterio-medial fragment 

3. Shattering of the latéral wall of the shaft of the fémur. 

4. Severe comminution with four or five piece of fracture. 

5. Often subtrochanteric extension. Therefore, the internai 
fixation becomes difficult because of difficulty in 
réduction and maintenance of the implant. Incidence 
of implant cutting out is very high. 


Treatment 

1. Intramedullary nailing. 

2. Sliding hip screw. 

3. Augmentation by bone grafting or mixed with bone 
substitutes is usually necessary (Fig. 21). 

INTERNAL FIXATION OF VERTEBRAL FRACTURES 

Internai fixation of severely osteoporotic vertebrae is 

associated with implant failure. Therefore, the following 

additional procedures are useful. 

1. PMMA augments the pedicle screw. However, it is asso¬ 
ciated with leakage causing nerve root compression or 
irritation, cernent, associated osteolysis resulting in 
loosing of the screw. Another concern is possible 
difficulty of screw removal during révision surgery. 
Recently calcium phosphate is used instead of PMMA. 
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Fig. 21 B: The fracture is treated by 
proximal fémoral nail 

2. Extending the fusion segment. However, more 
dissection needed. 

3. Transverse plate (cross link) connecting bilateral 
pedicle screws provides significantly greater fixation. 

4. Combination of pedicle screw and laminar hook is an 
effective reconstruction of severe osteoporotic spine 
(Fig. 22). 

Lastly vertébral plasty is a new technique using bone 
cernent or calcium phosphatase. A balloon is inserted. 
When inflated it corrects the deformity. The cernent is 
injected. This is called for kyphoplasty. 


Fig. 21D: This was treated by DHS and a D-rotation screw. A 
longitudinal bone graft was taken from iliac and inserted in the 
head and neck. Cancellous bone graft was mixed with 
tricalcium phosphate. A bone substitute and the remaining 
area was packed with it 

TIBIAL PLATEAU FRACTURE IN 
OSTEOPOROSIS BONES 

1. Schatzker type 1,2,3 can be treated by percutaneous 
lag screw with or without plate. 

2. Type IV,V,VI With Ilizarov or percutaneous plate. 

3. Split dépréssion or latéral condylar common in 
osteoporosis bones. 
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Fig. 22: Compression between the hook and the screw is 
applied in line with the rod using a compressor. Sagittal 
configuration of the construct is confirmed with the carm 

4. Elevate depressed fragment. Bone graft or use rafter 
plate. 

Ilizarov apparatus can also be used for treatment of 
tibial plateau fractures in osteoporotic bone for the 
following reasons. 

1. Half pins become loose whereas thin wires maintain 
the stability. 

2. Réduction of subluxation of knee joint achieved by 
spanning the fixator across the knee joint. 

Currently, LCP for proximal tibia has given satisfactory 

results. They prevent various deformity and therefore 
double plating is not needed. 
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INTRODUCTION 

Stabilizing the fractures of the spine by Minimally Invasive 
technique of 'vertebroplasty' using cementing material is 
a new technique. 

The incidence of osteoporotic fractures is increasing 
in India, due to rising life span and osteoporotic and/or 
ostéopénie individuals in the population. Vertébral 
compression fractures (VCF) affect about 7,00,000 to 
10,00,000 individuals in United States costing about $250 
millions. 19 It is thought that the incidence of osteoporosis is 
about 5 times more in Asian countries. The traditional 
treatment of VCF are conservative including various 
orthoses, pain relief médications, medical treatment for 
osteoporosis. The surgical treatment is indicated for 
significant neurological dysfunction, progressive 
deformity. The surgical treatment using implants like 
plates, rods, screws hâve their own problems due to 
osteoporosis like loss of implant fixation-implant failure, 
graft dislodgment, subsidence leading to progressive 
kyphosis. 

Vertebroplasty was introduced in face in 1984 for 
treating vertébral hemangioma. 9 For vertébral fractures and 
for restoring the vertébral height by kyphoplasty was 
suggested by Dr Mark Reiley in 1990. 18 

The osteoporotic vertébral compression fractures (VCF) 
caused by trivial fall are major spine problems as they 
cause bad long term pain, cause disabilities, can cause 
progressive deformities,variable degree of neurodeficit 
including paraplegia, compromised lung and abdominal 
viscéral function. Long-term bedriddenness may also 
cause bed sores, DVT and embolie phenomenon, 
pneumonias. 

The acute pain lasts for 4 to 6 weeks. As per the US 
statistics available out of 7,00,000 yearly osteoporotic 
fractures about 1,50,000 are refractory to the routine 


outpatient treatment leading to hospitalization, protracted 
bed rest. 

The patients likely to require surgical intervention are: 

1. Thoracolumbar junction (T11-L2). 

2. Bursting patterns. 

3. Wedge compression with >30 degrees of sagittal 
angulation. 

4. Vacuum shadow in fractured body. 

5. Progressive collapse during the follow-up. 

These patients can be treated successfully by vertébral 
body augmentation with Vertebroplasty or kyphoplasty' 
vertébral augmentation with polymethyl methyl- 
methacrylate (PMMA) restores the strength and stiffness 
of the fractured body. Strength adds to the loading capacity 
of the vertébral body and reduce further fracture. Stiffness 
will limit the micromotion leading to pain relief in the 
fractured vertébral body. 

DIAGNOSTIC TOOLS 

Plain radiographs: Préférable in standing position will 
give more information in addition to than the routine 
X-rays in AP and Latéral views. Thoracolumbar fractures 
are easily diagnosed but sacral fractures may require CT 
scans. X-rays will show: 

A. Extent of the vertébral collapse, location and extent of 
the fractures. 

B. The posterior cortical collapse will be évident by 
increase in bipedicular distance. Or more than 50% 
compression of the posterior wall. 

MRI 

Marrow oedema of the acute fractures is seen on T 2 or 
STIR T t enhanced signais. 

Avascular necrosis is seen in chronic unhealing 
fractures, characterized by 'double line sign' as areas of 
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discrète fluid collections within the vacuum with reduced 
areas of signais on T 2 scans. 

Kyphoplasty 

The initial procedure steps are like the vertebroplasty. This 
procedure can be done using the inflatable balloons- 
Balloon kyphoplasty. 

The other method being the mechanical tamponade 
method to create the void. One can utilize both the pedicles 
in a fractured vertebra to insert the balloons. The 
continuous fluoroscopy is a must. Once the balloons are 
in place, they are slowly inflated. The balloons are 
withdrawn and the void so created is filled with PMMA. 

Indications for Vertébral Augmentation 
(Vertebroplasty or Kyphoplasty) 

1. Painful vertébral osteoporotic fractures beyond 3 to 4 
weeks in spite of conservative treatment. 

2. Metastatic vertébral lésions as a palliative procedure 
for pain relief. 

3. Tumors: Hemangiomas, lymphoma, etc. 

Contraindications for the Vertebroplasty and 
Kyphoplasty Procedures 

1. Se verely bur st fractures : In the view of extravasation of 
the cernent in the neural canal. 

2. Patient with neurologie injury or compression of cord 
or canal compromise more than 30%. 

3. Progressive neurologie déficit duringthefollow-up. 

4. Active infection local or general. 

Relative Contraindications for the Vertébral body 
Augmentation (Vertebroplasty or Kyphoplasty) 

1. Neurologie symptoms. 

2. Pregnancy and young patients. 

3. High velocity fractures—with fractured pedicle, facets. 
Burst fractures with retropulsed bone fragment. 

4. Medical problems : Allergies to cernent, contrast agents, 
bleeding disorders. Severe cardiopulmonary problems. 

5. Technically difficult- vertebra plana. 

MATERIAL 

Forty patients (23—males and 27—females) in the âge 
group of 60 to 90 years with osteoporotic vertébral compres¬ 
sion fractures (VCF) were treated by vertebroplasty, during 
January 2003 to December 2003. Ail patients had VCF due 
to osteoporosis were initially treated conservatively for 
3 weeks or more with bed rest, NSAIDs and braces. Patients 
who did not hâve pain relief were selected for the 


vertebroplasty. The levels treated were from D4 to L4 . 
3 patients had multilevel vertébroplasties during the same 
sitting. 

METHODS 

Approach 

The usual approach is transpedicular, this has advantage 
of reducing the cernent leaks through the entry points. 
Other approaches being antérolatéral—for cervical spine, 
extrapedicular for thoracic, postérolatéral for lumbar 
vertebrae may be tried. Portai may be single or double 
pedicle. 

Anesthésia 

The procedure is done under conscious sédation with 5 to 
7 cc. of 2% lignocaine local anesthésia infiltration. The 
insertion of the vertebroplasty needle in the pedicle of the 
affected vertebra is done percutaneously using 'C' arm 
image intensifier control in two or more planes. Once the 
tip of the vertebroplasty needle reaches the affected part or 
the cavity by the fracture ,i.e. Target point'. Contrast agent 
is injected to rule out approach in the veins. The cementing 
material used, was standard available PMMA cernent 
(30 cases) or calcium phosphate cernent (7 cases) or 
combination (3 cases). Strict monitoring with fluoroscopie 
control was done throughout the procedure to avoid any 
untoward happenings, like leak in the neural canal or in 
venous plexus. Small 'band-aid' dressing was used. Patient 
was allowed toilet mobilization after 4 hours and the day 
to day activities (ADL) started from next day. 

Patients were followed up 24 hours, 4 weeks, 12 weeks, 
6 and 12 months and 24 months postoperatively clinically 
and radiologically. 

RESULTS 

Ail patients were assessed subjectively by réduction of 
pain scores by Visual Analogue Scale [VAS (1 being least 
pain and 10 being severe pain)]. Objectively they were 
assessed by the ability to do activities of daily life (ADL). 

X-rays were done after 2 to 4 weeks, 8 weeks for fracture 
healing and later on after 6,12,15 months for late problems 
like adjacent fractures, progressive kyphosis, etc. 

Ail patients had dramatic improvement of VAS scores 
of about 8 or 9 preoperatively to 5 or 6 by 2nd postoperative 
day and more than 50% by 8 weeks. Their requirement of 
NSAID's also reduced significantly. 

Ail but one fractures united. One fracture had painful 
collapse at same site. 

There were no fresh fractures noted in 24 months 
follow-up period. 
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CASES 

Casel 


Case 2 



Fig. 1 : C-arm image at the end of the 
procedure (AP) (For color version, see Plate 8) 



Fig. 3: 65-years-female 
compression # L 1-3 weeks 



Fig. 2: C-arm image at the end of the procedure (LA) 
(For color version, see Plate 8) 



Fig. 4: Intraoperative AP and latéral views 


Figs 5 and 6: X-rays. 2-years postoperative 
























Case 3: 

68-years-male X-ray showing # L1 - 4 months duration 
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Figs 9 and 10: Intraoperative c-arm picture at the end of surgery (For color version, see Plate 8) 




Fig. 11 : Band aid dressing (For color version, see Plate 8) 
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CONCLUSION 

1. Our results of vertebroplasty are comparable to the 
sériés by Wong et al (2002). And most of the earlier 
reported studies in the literature. 

2. Ail patients had excellent pain relief, immédiate and 
late. 

3. No postoperative complications. 

4. Less hospitalization and truly 'minimally invasive 
surgery/ Useful in Gériatrie patient population who 
are high risk for major open surgeries and 
instrumentations. 

DISCUSSION 

The primary complication of the vertébral compression 
fractures is acute severe pain reported in 84% patients 
with radiographie evidence of compression fractures report 
backpain. 3 

Other complications of the VCF are kyphotic deformity 
which may be progressive, transient iléus and urinary 
rétention and rarely cord compression. 15 Many a times 
these autonomie symptoms are overlooked. 

The pain, deformity lead to significant physical, 
psychological and functional impairments and hâve 
substantial impact on the quality of life (QOL). 11,16 

Vertébral compression fractures (VCF) occur when the 
load transmitted by a vertebra exceeds it's failure load. 20 

Réduction in the individual strength may resuit from 
infiltrative process created by benign or malignant tumors 
or more commonly by benign minerai loss precipitated by 
osteoporosis. 22 Ail these factors together cause vertébral 
fractures and lead to progressive détérioration of the 
gériatrie patient. 

The etiology of pain after an osteoporotic or an 
osteolytic vertébral collapse is multi variate (bio- 
mechanical, physiological, or neurogenic). Although a 
number of reports describing clinical results of vertébral 
augmentation reveal good pain relief, the mechanism of 
this relief remains unclear. The most intuitive explanation 
involves simple mechanical stabilization of the fracture; 
the cernent stabilizes the vertébral bodies and off-loads 
the facet joints. However, another explanation is that 
analgesia results from local Chemical, vascular, or thermal 
effects of PMMA on nerve ending in surrounding tissue. 7 

The principal risk of PVP, which involves the forced 
injection of low-viscosity PMMA cernent into the closed 
space of the collapsed vertébral body, is cernent 
extravasation. Extravasation rates are as high as 65% when 
used to treat osteoporotic fractures. 13,4 

The likelihood is greater when using cernent with a 
liquid rather than paste consistency, or with higher PMMA 
volume. 17 However, in most settings, the majority of 


extravasations hâve no clinical relevance, at least in the 
short term. 12 We always use the cernent when it is of the 
consistency of toothpaste to avoid leakages. 

Extravasation into perivertebral veins can cause cernent 
embolism to the lungs; deaths attributed to cernent 
embolism hâve been documented. However, 2 reported 
deaths attributed to pulmonary embolism were felt to be 
unrelated to the procedure; no cernent material was 
detected by chest X-ray of the first patient, 5,21 and the 
second pulmonary embolism arose from deep venous 
lower extremity thrombosis. 8 In our sériés there was no 
evidence of pulmonary embolism. 

On the other hand, extravasation into adjacent disks 
or paravertebral tissue, although common, generally 
produces no patient symptoms and carries little clinical 
significance; many such extravasations can be avoided by 
careful needle positioning. 8 We had extravasation of the 
cernent in the disks space, but the patient did not hâve any 
short or long term problems. 

Overall, the risk of complications that carry clinical 
significance following PVP for osteoporotic vertébral 
fracture is felt to be 1 to 3%, and most potential 
complications can be avoided with good technique. 8 
Table 1 showing comparison of standard sériés presented. 

The vertebroplasty needle assembly device used for 
these vertebroplasty has gone 3 générations of designing 
before final design was developed and patented with the 
Indian patent office. This particular assembly has 
following peculiarities which make the procedure easy: 

1. It has multiple outlets in many directions allowing 
maximum quantity of cementing material to be injected 
in multiple directions. 

2. If one channel gets blocked other channels are useful 
to continue with the procedure, one may not hâve to 
use another assembly. 

3. The proximal end allows any simple syringe, e.g. 
tuberculin, 1 cc, 2 cc syringe to be used. 

FUTURE OF VERTEBROPLASTY 
AND VCF TREATMENT 

It is here that new osteoconductive synthetic composites 
will figure more prominently as an emerging alternative 
to cernent. Advances in minimally invasive surgical 
techniques, imaging, and synthetic engineering are rapidly 
changing the treatment protocols available for osteoporotic 
compression fracture. 

Other possible approaches for new bone tissue being 
tried are: 

1. Implantation of BMP (cytokines) using appropriate 
delivery Systems. 

2. Transduction of genes encoding cytokines with 
ostéogénie capacities to cells at the repair sites. 
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TABLE 1 : Different studies on vertebroplasty 

Ref. and year 

No.of patients 

Levels 

Duration ofFU 

Pain improved 

Kammerlen et al 1989 14 

37 

48 

6-12 mon. 

100-65% 

Gangi et al 1994 10 

4 

8 

4-15 mon 

100% 

Cotten et al 1996 6 

16 

17 

2-6 mon 

73-75% 

Zoarski 2002 24 

30 

54 

15-18 mon 

96% 

Rye 2001 

159 

347 

3 mon 

87% 

Amer 2001 1 

97 

258 

2-35 mon 

63% 

Heini 2000 12 

17 

45 

12 mon 

76% 

Barr 2000 

38 

70 

2-42 mon 

95% 

Our sériés 2006 

40 

45 

24 mon 

97.5% 


3. Transplantation of the cultured ostéogénie cells derived 
from bone marrow that will lead to healthy bone 
formation at the target site. 

The 3rd modality appears to be more promising because 
the stem cells can differentiate fully into various connective 
tissue species including bone, cartilage and tendons. The 
future study should be considering using the mesenchymal 
stem cell (MSC) encapsulated in novel class of alginates 
for treating an osteoporotic spinal fracture. The advantages 
of MSC include easy aspiration of bone marrow and quick 
prolifération of cells compared with that of using 
ostéocytes 23 (WW Lu, CT Wong, KMC Cheung, KDK Luk, 
JCY Leong-Vertebroplasty: Présent and future). 

We look forward for many surgeons preferring this 
minimally invasive surgery to reduce pain and sufferings 
of these gériatrie individuals who are disabled due to pain. 
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INTRODUCTION 

Alkaptonuria is a rare hereditary disorder characterized 
by absence of the enzyme homogentisic acid oxidase and 
accumulation of homogentisic acid, which is produced 
during the metabolism of phenylalanine and tyrosine 
(Fig. 1). Almost ail alkaptonurics by the mid life develop 
ochronosis, a pigmentation of the cartilage and fibrous 
tissues of the body. The orthopédie concern is the second- 
ary degenerative changes in articular cartilages and inter¬ 
vertébral disks cause a widespread arthritis. 

PATHOPHYSIOLOGY 

Although generally described as a récessive mendelian 
type of inheritance, the defective gene transmit as 
autosomal dominant with incomplète penetrance. 2 
Absence of the enzyme homogentisic acid oxidase leads 
to accumulation of homogentisic acid in connective tissues 
causing abnormal pigmentation. The abnormal pigmen¬ 
tation is seen in sciera, trachéal, and costal cartilages, 
tympanic membrane, aortic intima, heart valves, kidney, 
and prostate. It may also involve articular cartilage, 
tendons and ligaments. 

On gross examination pigmentation appears coal 
black. Microscopie examination may reveal intercellular 
and intracellular déposition in a granular or homogenous 
distribution. The characteristics of the pigment resemble 
melanin, 5 which is presumed to be a polymer derived from 
homogentisic acid (Fig. 3) 

In large diarthrodial joints, pigmentation of 
fibrocartilage and hyaline cartilage is seen. 3 The 
cartilaginous surface may become brittle with fibrillation 
and fissuring (Fig. 2). With further damage of the cartilage, 
the subchondral bone is exposed appearing eburnated or 
sclerotic. The displaced pièces of cartilage and bone may 
locate in the synovial membrane giving rise to foreign body 
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Fig. 1: Phenylalanine and tyrosine pathway 


reaction, synovial polyp formation and osteochondral 
bodies. The menisci of the knee show fibrocartilaginous 
alterations. Such changes are also seen at the symphysis 
pubis and intervertébral disks. 

The vertébral column shows characteristic changes, 
the earliest are seen in the lumbar spine. 4 Pigmentation is 
prominent in the hyaline cartilage which exists between 
the intervertébral disk and vertébral body. 6 The disks 
become hard and brittle. Bony prolifération from the 
vertébral body may lead to ankylosis between bodies. 
Pigment may also accumulate in various ligaments 
including the anterior longitudinal ligament (Fig. 4). 

CLINICAL FEATURES 

It is generally asymptomatic until adult life, although in 
children discoloration of the urine may be detected. The 
urine, when allowed to stand, gradually turns dark as the 
homogentisic acid is oxidized to a melanin-like product. 
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Fig. 2: Fémoral condyles removed at surgery show severe 
degenerative arthritis and marked black pigmentation of the 
cartilage 



Fig. 3: Specimen of spine, notice black pigmentation of 
intervertébral disks and pronounced narrowing of disk spaces 


Alkaptonuria will almost inevitably progress to ochronosis 
and arthropathy. Ochronotic pigmentation is rarely 
observed before the âge of 20 or 30 years, first appears as 
mild pigmentation of the ears or the sclerae. 1 Ochronotic 
arthropathy is seen in the hips, knees, shoulders and 
sternoclavicular joints with pain and limitation of motion. 
Acute exacerbations may resemble rheumatoid arthritis 
with added joint effusion due to irritation of the synovial 
membrane by the friable cartilage. The spinal manifes¬ 
tations include stiffness, low back pain, oblitération of the 
normal lumbar curve, thoracic kyphosis and restriction of 
motion. The postural deformity may resemble ankylosing 
spondylitis. There is loss of height and restricted expan¬ 
sion of the chest. The herniation of an intervertébral disk 
can lead to acute symptoms in a patient with chronic 
disease. 

The other Systems involved are the cardiovascular 
leading to atherosclerosis, infarction, and cardiac 
murmurs. The genitourinary System shows prostatic 
enlargement, calculi and decreased kidney function. The 
upper respiratory tract symptoms include dryness of the 
throat, dysphagia, and hoarseness. 

RADIOLOGIC FEATURES 
Spinal Abnormalities 

The most characteristic abnormality of the spine is 
calcification of disk in the inner fibers of the annulus 
fibrosus, with narrowing of the intervertébral disk space. 
Osteoporosis of neighboring vertébral bodies is noted 
(Fig. 4). 



Fig. 4: X-ray of spine showing disk space narrowing 
together with calcium déposition 
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Fig. 5: X-ray latéral knee showing joint space narrowing with 
calcium déposition in the joint space—suprapatellar and 
popliteal space 


Linear or circular radiolucent collections of gas 
overlying the intervertébral disk are noted at multiple 
levels. This is called 'Vacuum" phenomena 7 in later stages, 
there is progressive ossification of the disks and 
oblitération of the intervertébral space by intervertébral 
bridges resembling ankylosing spondylosis. In long- 
standing cases, there may be progressive kyphosis, 
osteoporosis, oblitération of the intervertébral disk spaces 
and bony bridging, with a bamboo spine. 8 


EXTRASPINAL ABNORMALITIES 

The symphysis pubis may show articular space 
narrowing, calcification, bony eburnation, and fragmen¬ 
tation. There may be joint space narrowing, sclerosis, 
ostophytosis at the sacroiliac joint. The knee joint shows 
bony collapse and fragmentation with multiple radiopaque 
intra-articular bodies (Fig. 5). Similar changes may be seen 
in the hip joints. Involvement of small joints, elbow, and 
ankle is uncommon. The main feature which may 
distinguish ochronosis from osteoarthritis is periarticular 
calcification. 


LABORATORY INVESTIGATIONS 

The most spécifie investigation is the urine examination. 
In patients with ochronosis, it turns black on heating 
(Fig. 6). 

MANAGEMENT 

There is no spécifie treatment for ochronosis except 
symptomatic treatment. A diet free of tyrosine and phenyl- 



Fig. 6: Urine from a ochronosis patient showing darkening 
after 15 minutes (left) and 2 hours (right) of keeping in open air 


alanine with intake of vitamin C to reduce the excrétion of 
homogentisic acid is advisable. The arthralgia is often 
crippling, and may require an arthroplasty procedure, 
especially in bilateral hip involvement. 
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Derived from a Latin word gutta (drop) reflecting the earlier 
belief that an acute attack of the disease was the resuit of 
poison dropping into a joint. Thomas Sydencham gave a 
classic description of the disease in 1883. 

DEFINITION 

Hereditary condition of disturbed uric acid metabolism in 
which monosodium urate crystals are deposited in 
articular, periarticular, subcutaneous tissues; clinically 
characterized by recurring attacks of acute arthritis with 
intervals of freedom and in late stages by crippling 
deforming arthritis, nephritits, urinary calculi and 
cardiovascular lésions. 

INCIDENCE 

Although the prevalence of goût is equal in men and 
women, men are six times more likely to hâve sérum uric 
acid concentrations above 7 mg per dL (420 pmol per L). 
Goût typically occurs during middle âge and is uncommon 
before the âge of 30 years. Women rarely hâve gouty arthritis 
attacks before ménopausé. 1 

ETIOLOGY 

1. Hereditary: Hyperuricemia is known to run in families 
but many do not manifest as goût 

2. Sex: Young males preominantly, rarely females at 
ménopausé 

3. Adrenal cortex activity: Adéquate amount of 
corticosteroid activity counteracts gouty attack. 
Overstimulation of cortex (ACTH, Surgical trauma) 
leads to déplétion of steroid on withdrawl of 
stimulation leading to acute attack 

4. Disturbed electrolyte balance: Marked diuresis with 
déhydration preceeds acute attack 


5. Vascular changes : Acute attack demonstates increased 
vascular flow and amplitude in the extremity affected 
whcich may be the probable cause of acute pain. 

PATHOLOGY 

Hyperuricemia is defined as a sérum uric acid 
concentration above 7 mg per dL (420 pmol per L). This 
concentration is also the limit of solubility for monosodium 
urate in plasma. At levels of 8 mg per dL (480 pmol per L) 
or greater, monosodium urate is more likely to precipitate 
in tissues. At a pH of 7, more than 90% of uric acid exists 
as monosodium urate. 

Uric acid, the end product of purine metabolism, is a 
waste product that has no physiologie rôle (Fig. 1). Humans 
lack uricase, an enzyme that breaks down uric acid into a 



Fig. 1 : Purine metabolism 
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more water-soluble product (allantoin), thus preventing 
uric acid accumulation. Increased sérum uric acid 
concentration is a resuit of either overproduction or 
underexcretion of uric acid. In 90% of patients, goût is 
caused by the underexcretion of uric acid. 2 Although 
hyperuricemia is a risk factor for the development of goût, 
aute gouty arthritis can occur in the presence of normal 
sérum uric acid concentrations. Conversely, many persons 
with hyperuricemia never expérience an attack of gouty 
arthritis. 3 

OVERPRODUCTION OF URIC ACID (TABLE 1) 

1. Increase in activity of phosphoribosylpyrophosphate 
synthetase. 

2. Deficiency of hypoxanthine-guanine phosphori- 
bosyltransferase also increases sérum uric acid levels. 9 

UNDEREXCRETION OF URIC ACID (TABLE 1) 

Seen in 90% of cases of goût. About three fourths of uric 
acid—excreted by the kidneys. The gastrointestinal tract 
éliminâtes—one fourth. Tubular sécrétion is the main 
modality in kidney. Hyperuricemia has been associated 


with hypertriglyceridemia and diabètes mellitus, 5 and it 
may be a risk factor for the development of coronary artery 
disease. 6 Goût and rheumatoid arthritis do not appear to 
be associated. 7,8 

According to Robert Duthie, 1 the breakdown of ingested 
purines represents a relatively unimportant cause and it 
is exceptional for patients to produce hyperuricemia with 
even severe dietary excess unless there is already some 
metabolic abnormality of the type indicated above. Dietary 
restriction is rarely necessary with current drug therapy 
(Duthie). 1 

The uricosuric drugs, such as probenecid, reduce 
tubular reabsorption. Salicylates in large dose hâve a 
similar effect but in low dosage impair tubular sécrétion. 
It has been classified into: 

i. Primary goût in which the underlying hyperuricemia 
is the resuit of inborn error of metabolism, and 

ii. Secondary goût in which hyperuricemia is the resuit 
of a number of disorders. 

The joint fluid usually consists of monosodium urate 
crystals. The finding of these crystals in the synovial fluid 
is diagnostic. The manner in which these crystals induce 
inflammation, may be by mechanical damage to cells by 


TABLE 1 : Causes of hyperuricemia 4 


Overproduction of Urate 

Decreased excrétion of uric acid 

• 

Primary idiopathic hyperuricemia 

• Primary idiopathic hyperuricemia 

• 

Hypoxanthineguanine phosphoribosyltransferase deficiency 

• Rénal insufficiency 

• 

Phosphoribosylpyrophosphate synthetase overactivity 

• Polycystic kidney disease 

• 

Hemolytic processes 

• Diabètes insipidus 

• 

Lymphoproliférative disease 

• Hypertension 

• 

Myeloproliferative disease 

• Acidosis 

• 

Polycythemia vera 

— Lactic acidosis 

• 

Psoriasis (severe) 

— Diabetic ketoacidosis 

• 

Paget's disease 

• Down syndrome 

• 

Rhabdomyolysis 

• Starvation ketosis 

• 

Exercise 

• Berylliosis 

• 

Alcohol 

• Sarcoidosis 

• 

Obesity 

• Lead intoxication 

• 

Purine-rich diet 

• Hyperparathyroidism 

• Hypothyroidism 

• Toxemia of pregnancy 

• Bartter's syndrome 

• Drug ingestion 

— Salicylates (less than 2 g per day) 

— Diuretics 
— Alcohol 

— Levodopa-carbidopa (Sinemet) 

— Ethambutol (Myambutol) 

— Pyrazinamide 
— Nicotinic acid (niacin; Nicolar) 

— Cyclosporine (Sandimmune) 

Combined mechanism 

• Alcohol 

• Shock 
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the release of intracellular enzymes and crystals-initiated 
Chemical reactions. 

The interaction of the urate crystals with neutrophils 
results in the release of lysosomal enzymes, oxygen-derived 
free radicals, leukotriene and prostaglandin métabolites, 
collagénase and protease. Phagocytosis of the crystals by 
neutrophils causes release of crystals-induced chemotactic 
factor (CCF). The CCF and leukotriene contribute to the 
active inflammation. There is non-specific acute inflamma- 
tory reaction of the synovial membrane with polymor- 
phonuclear leukocytic infiltration. Thinly encapsulated 
microtophi may be présent in the superficial layer of the 
synovial membrane (Fig. 2). 

CLINICAL PRESENTATION 

Although the manifestation of goût can occur in almost 
any combination, the typical sequence involves 
progression through asymptomatic hyperuricemia, acute 
gouty arthritis, interval or intercritical goût and chronic 
tophaceous goût (Hamscin 2082). 


Initial goût attacks are usually monoarthric. However, 
polyarthric attacks can also occur. 10 More than 75% affect 
a joint in the lower extremity, especially the first 
metatarsophalangeal joint. Podagra, an acute attack of goût 
in the great toe, accounts for over 50% of ail acute attacks. 
Joint involvement in polyarthric attacks appears to hâve 
an ascending, asymmetric pattern. In addition to the great 
toe, other areas affected include the insteps, heels, ankles, 
knees, fingers, wrists and elbows. 

ACUTE GOUTY ARTHRITIS 

Modifiable risk which provoke an acute attack include— 
alcohol consumption, obesity, hypertension and exposure 
to lead, abrupt change in the sérum uric acid concentration 
(fasting, alcohol binge large amounts of protein and 
purine-rich foods (e.g., bacon, salmon, sweetbreads, 
scallops, turkey). 

The chief complaint are agonizing pain with signs of 
inflammation, including swelling, erythema, warmth and 
tenderness. A low-grade fever may occur. Attacks usually 
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Figs 3A to C: Acute goût (A and B) first metatarsal phalangeal joint (C) elbow joint 


start during night, peak within one to two days, may last 
seven to 10 days. The joints in the great toe and other parts 
of the lower extremity are generally the first articulations 
to be affected because—lower body température, decreased 
monosodium urate solubility.Weight-bearing joints as a 
resuit of routine activities hâve synovial effusions during 
daytime hours. At night, water is reabsorbed from the joint 
spaces, leaving a supersaturated concentration of 
monosodium urate (Fig. 3). 

Pain and inflammation are produced when uric acid 
crystals activate the humoral and cellular inflammatory 
processes. 12 Because an acute attack begins suddenly, the 
swelling, erythema and tenderness in a joint may be 
misdiagnosed as septic arthritis or cellulitis. 13 

INTERVAL GOUT 

Interval or intercritical goût is condition after the acute 
attack has resolved and the patient has become 
asymptomatic. At this point, the physician usually décidés 
whether or not to initiate prophylactic hyperuricémie 
therapy. Generally, patients with hyperuricemia and 
récurrent attacks, chronic goût, tophi, gouty arthritis or 
nephrolithiasis should be treated. Some investigators argue 
that the first attack of acute gouty arthritis is grounds for 
the initiation of hyperuricémie treatment. Others contend 
that a first attack is easily treated and recommend 
withholding prophylactic therapy until additional attacks 
occur. 14,15 

CHRONIC TOPHACEOUS GOUT 

Chronic tophaceous goût is characterised by massive 
deposits of monosodium urate crystals (tophi) in the 
articular cartilage, subchondralbone, synovial membrane, 
capsular and periarticular tissues and tendon sheaths. 


Bursae at different places may also be affected by chronic 
goût because of their lining membrane which is similar to 
synovium. 

Additional sites of tophi formation include hélix of the 
eyelid, nasal cartilage, the cornea, tongue, epiglottis, vocal 
cords and pénis (Fig. 4). 

They are late complication of hyperuricemia occuring 
on average, approximately 12 years after the initial attack. 2 
These tophaceous nodules consist of multicentric 
déposition of urate crystals and intercellular matrix and 
foreign body granulomatous reaction. As they enlarge in 
size, calcify or ossify, they can cause pressure symptoms. 
The tophi are firm yellow in color and occasionally 
discharge a chalky material. In cartilage, the initial 
deposits are located within the superficial layers probably 
originating from the synovial fluid. In time the cartilage 
undergoes fragmentation and érosion. They also spread 
in the other direction, penetrating up to the subchondral 
bone or osseous areas causing cystic fibrosis.Villous 
prolifération of the synovial membrane occurs, the vili 
containing the urates along with the giant cells and 
macrophages. Inflammatory synovial tissue or pannus 
grows from the edges of the joint as in any chronic arthritis. 

Complications of tophi include pain, soft tissue 
damage and deformity, joint destruction and nerve 
compression syndromes such as carpal tunnel syndrome. 

RENAL MANIFESTATIONS 1617 

The three rénal complications of goût are nephrolithiasis 
and acute and chronic gouty nephropathy. The solubility 
of uric acid crystals increases as the urine pH becomes 
more alkaline. Acidic urine saturated with uric acid crystals 
may resuit in spontaneous stone formation. Other types of 
stones may also develop, because uric acid can act as a 
nidus for calcium oxalate or phosphate stones. 
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Figs 4A to D: Chronic tophaceous goût (A) Thumb, (B) Knee, (C) IP joint and MCP joint, (D) Pinna 


Acute gouty nephropathy usually results from the 
massive malignant cell turnover that occurs with the 
treatment of myeloproliferative or lymphoproliférative 
disorders. The blockage of urine flow secondary to the 
précipitation of uric acid in the collecting ducts and ureters 
can lead to acute rénal failure. 

Long-term déposition of crystals in the rénal 
parenchyma can cause chronic urate nephropathy. The 
formation of microtophi causes a giant cell inflammatory 
reaction. This results in proteinuria and inability of the 
kidney to concentrate urine. 2 

DIAGNOSTIC EVALUATION 

Baseline laboratory tests should include a complété blood 
cell count, urinalysis, and sérum créatinine, blood urea 
nitrogen and sérum uric acid measurements. Because 
patients with goût typically hâve hypertension and 
impaired rénal function, examination of the rénal and 
cardiovascular Systems is essential. 


Radiography is not very useful in diagnosing initial 
attacks of acute gouty arthritis. The radiographie findings 
are generally nonspecific, consisting of soft tissue swelling 
around a joint. Bony abnormalities indicate the presence 
of chronic goût. In general, goût must be untreated or 
inadequately treated for approximately 12 years before 
chronic arthritis and bony érosions are seen on 
radiographs. Classic radiologie features of goût include 
tophi, an overhanging edge of cortex and a "punched- 
out" érosion of bone with sclerotic borders. 18 Minerali- 
zation is normal, and joint spaces are preserved. 
Distribution includes the feet, ankles, knees, hands and 
elbows. Joint space may be reduced in chronic cases and 
rarely total destruction of the joint may occur. There are 
soft tissue masses seen representing the tophaceous 
deposits in the soft tissues. Occasionally one sees 
calcification in the mass unlike classic rheumatoid 
arthritis, in early goût, hand and wrist joints will hâve 
preserved joint spaces and normal mineralization (Fig. 5). 
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Fig. 5A: Radiologie features of goût: soft tissue tophus 



Fig. 5B: Radiologie features of goût: punched out 
érosion of bone overhanging cortex 


Rarely, a gouty tophus may mimic an infectious or 
neoplastic process. In this instance, MRI évaluation is 
necessary. Tophaceous goût should be considered when 
a mass reveals heterogeneously low to intermediate signal 
intensity, particularly if adjacent bone shows erosive 
changes or other joints are involved. 19 

The diagnosis of goût is confirmed by the presence of 
polymorphonuclear leukocytes and intracellular 
monosodium urate crystals in synovial fluid aspirated 
from an inflamed joint monosodium urate crystals 
observed using polarized light microscopy are needle- 
shaped and negatively biréfringent examination of 
aspirated joint fluid can also rule out other disorders that 
mimic goût, such as septic arthritis and pseudogout. 
Occasionally, patients with goût may présent without uric 
acid crystals in the synovial fluid aspirate. 20,21 



Fig. 6A: Tophi at wrist 



Fig. 6B: Sclerotic border 


TREATMENT 

Sérum uric acid concentrations may be reduced with 
nonpharmacologic therapy. Useful dietary and lifestyle 
changes include weight réduction, decreased alcohol 
ingestion, decreased consumption of foods with a high 
purine content, and control of hyperlipidemia and 
hypertension. Symptomatic hyperuricemia usually 
requires médication. 

ACUTE GOUTY ARTHRITIS 

Three treatments currently available for acute gouty 
arthritis attacks are nonsteroidal anti-inflammatory drugs 
(NSAIDs), colchicine and corticosteroids. 

N S AID s. These rapid-acting drugs are currently the most 
favored treatment for acute goût attacks. Indomethacin 





















206 Textbook of Orthopedics and Trauma (Volume 1) 
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Fig. 7A to C: Monosodium urate crystals 
under polarized light microscope 

(Indocin) is generally the drug of choice, but other NSAIDs 
can be used, 60 mg intramuscular injection of ketorolac 
(Toradol) in severe attacks. 22 


Colchicine : This agent is an effective alternative to NSAIDs 
in the treatment of acute gouty arthritis. Most bénéficiai 
when it is given in the first 12 to 36 hours of an attack. It 
apparently exerts its effect by inhibiting the phagocytosis 
of uric acid and blocking the release of chemotactic factor. 
Colchicine has anti-inflammatory activity but no analgésie 
activity. Colchicine can be given orally or parenterally. 
With oral administration, two 0.5 or 0.6 mg tablets are 
taken initially. Then one tablet is taken every hour until 
joint symptoms are relieved, gastrointestinal side effects 
develop (nausea, vomiting and diarrhea) or a total of 5 to 
7 mg has been given. Colchicine can be given intravenously 
in 1 mg doses (not to exceed 4 mg per day) if the oral route 
is not available or gastrointestinal side effects hâve to be 
avoided. Intravenous administration has been associated 
with an increased risk of toxic side effects, including bone 
marrow suppression and rénal or hepatic cell damage. 

Corticosteroids. Monarthric goût responds well to 
corticosteroids given by intra-articular injection. Systemic 
corticosteroids (e.g., prednisone [Deltasone], in a dosage 
of 20 to 30 mg per day) are used only when NSAIDs and 
colchicine are not effective or are contraindicated. 

PREVENTION OF RECURRENT ATTACKS 

Hyperuricémie therapy should be initiated in patients with 
frequent goût attacks, tophi or urate nephropathy. A low 
dosage of an NSAID or colchicine is effective in preventing 
acute gouty attacks. Hyperuricémie drug therapy should 
not be started until an acute attack of gouty arthritis has 
ended, because of the risk of increased mobilization of 
uric acid stores. A reasonable goal is to reduce the sérum 
uric acid concentration to less than 6 mg per dL (360 pmol 
per L). 

Uricosuric drugs: These agents decrease the sérum uric acid 
level by increasing rénal excrétion. Probenecid (Benemid) 
and sulfinpyrazone (Anturane) are used in patients who 
are considered underexcretors of uric acid. Uricosuric 
drugs should not be given to patients with a urine output 
of less than 1 mL per minute, a créatinine clearance of less 
than 50 mL per minute (0.84 mL per second) or a history of 
rénal calculi. The physiologie décliné in rénal function 
that occurs with aging frequently limits the use of 
uricosuric agents. Probenecid, in a dosage of 1 to 2 g per 
day, achieves satisfactory control in 60 to 85% of patients. 23 
It is important to note that the drug also blocks the tubular 
sécrétion of other organic acids. This may resuit in 
increased plasma concentrations of penicillins, 
cephalosporins, sulfonamides and indomethacin. 

Sulfinpyrazone is a uricosuric agent that is related to 
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phenylbutazone. Complications are antiplatelet activity - 
bleeding problems, gastrointestinal problems. 

Allopurinol. As a xanthine oxidase inhibitor, allopurinol 
(Zyloprim) impairs the conversion of hypoxanthine to 
xanthine and the conversion of xanthine to uric acid. The 
effect of the drug dépends on the dosage. Allopurinol in a 
dosage of 300 mg per day has been reported to reduce 
sérum urate concentrations to less than 7 mg per dL (420 
pmol per L) in 70% of patients. 24 

Allopurinol is the drug of choice in patients with severe 
tophaceous deposits and in patients with a history of 
impaired rénal function (créatinine clearance of less than 
50 mL per minute [0.84 mL per second]), uric acid 
nephropathy or nephrolithiasis. The side effects of 
allopurinol include skin rash (e.g., Stevens-Johnson 
syndrome and toxic epidermal necrolysis), leukopenia and 
gastrointestinal disturbances. The initiation of allopurinol 
therapy can also precipitate an acute goût attack. The 
dosage of allopurinol should be adjusted in patients with 
rénal impairment. 
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INTRODUCTION 

Crystal synovitis results from déposition of various types 
of crystals in and around joints. Commonly deposited 
crystals are monosodium urate monohydrate crystals (in 
goût), calcium pyrophosphate dihydrate (CPPD) and 
hydroxyapatite (HA) déposition. Crystal synovitis is seen 
mainly in three conditions: (i) goût, (ii) pseudogout, and 
(iii) CPPD disorders. 

GOUTAND PSEUDOGOUT 
Etiopathogenesis 

In goût récurrent attacks of acute synovitis are precipitated 
usually by local trauma resulting in sudden joint pain 
lasting for a week. Joint is hot extremely tender. Other 
factors triggering an acute attack of synovitis in goût are— 
operation, minor illness, alcohol or exercises. The urate 
crystals are deposited in minute clumps in and around 
joints and remain inert for many years, any above the 
precipitating factors, lead to dispersion of crystal into the 
joints resulting in inflammatory reaction causing acute 
synovitis. 

Diagnosis 

Synovial fluid analysis reveals negatively biréfringent 
urate crystals in the synovial fluid. 

CPPD DISORDER 1 

CPPD crystal déposition results in crystal synovitis which 
occurs in the condition called pseudogout. In this disease, 
typically a middle-aged women who complains of acute 
pain and swelling in a large joint, précipitation of minor 
illness or operation, joint is tense and inflamed. Diagnosis 


is confirmed by finding positively biréfringent crystals in 
synovial fluid. 

Treatment 2 

Resting the joint and giving nonsteroidal anti-inflamma- 
tory drugs (NSAIDs) ice packs or moist hot packs treats 
acute attack of goût. Colchicine may be given. A tense joint 
effusion may be aspirated and local hydrocortisone 
injection given. Pseudogout requires symptomatic 
treatment in the form of anti-inflammatory drugs and 
analgésies. It spontaneously résolves in a few weeks. 

ACUTE SYNOVITIS 

Hydroxyapatite crystals which is a normal component of 
bone can get deposited in joints and periarticular tissues 
resulting in acute synovitis. 1,2 These minute less than 
1 mm HA crystals are deposited around chondrocytes in 
articular cartilage and can give rise to synovitis. Common 
joints affected are shoulder and knee. Joint is swollen warm 
tendon conditions and mostly see in periarticular 
structures such as rotator euff. On aspiration a tense 
globule of creamy material like calcifie deposit oozes out. 

Treatment 

NSAIDs and local corticosteroid injections in an acute 
attack and surgical décompression of the crystal deposit if 
pain persists are the only treatment required. 
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INTRODUCTION 

Metabolic disorders of bone in children are characterized 
by generalized réduction in bone mass due to subnormal 
osteoid production, subnormal osteoid mineralization or 
excessive rate of deossification. The pathological changes 
resuit from inadéquate or delayed mineralization of osteoid 
in mature cortical and spongy bone (osteomalacia) and 
from an interruption in orderly development and 
mineralization of the growth plate (rickets). Therefore 
before growth plate fusion, rickets and osteomalacia 
coexist. Terms osteopenia and osteoporosis are used for 
diminished production, rickets in children and 
osteomalacia in adults for demineralization and osteolysis 
for deossification. 1 These diseases are of greater 
significance in children than in adults as childhood is a 
growing period. Many nutritional and endocrine problems 
influence bone metabolism resulting into various metabolic 
diseases of the bone. 

Enormous advances hâve taken place in last a few years 
in understanding of the bone metabolism, e.g. process of 
mineralization, interaction of vitamin D-PTH-endocrine 
axis, and rôle of vitamin D métabolites as hormones leading 
to improvement in management of metabolic bone 
disorders. 2 It has been established that vitamin D is a 
parahormone that requires two additional sequential 
hydroxylations before the active hormonal form 1,25- 
dihydroxy vitamin D 3 is produced. 

Action of Vitamin D 

The long recognized function of vitamin D are homeostatic 
maintenance of sérum calcium and phosphorus levels and 
normal mineralization of bone by moderating the 
déposition of calcium and phosphorus in type 1 collagen 
matrix in the skeleton. 


Intestine 

The action of vitamin D on intestine is to increase the 
absorption of calcium and phosphorus. 

Bone 

In the skeleton vitamin D has two actions that initially 
appears to be diametrically opposed—mobilization of 
calcium and phosphorus from previously formed bone 
and promotion of maturation and mineralization of 
organic matrix. 

Kidneys and Parathyroid Glands 

Action of vitamin D on kidney is increased rénal tubular 
résorption of phosphate direct action of vitamin D 3 on 
parathyroid is suppression of parathyroid hormone 
sécrétion. 

REGULATORS OF 1,25-DIHYDROXY D 3 
PRODUCTION 

1. Calcium and parathyroid hormone 

2. Phosphate 

3. 1,25-dihydroxy D 3 (self regulator) 

4. Calcitonin 

RICKETS 

Rickets is the most common metabolic disease of the bones 
encountered in children in developing countries because 
of poverty and malnutrition. It results from poor 
mineralization of growing bones before epiphyses are 
fused, due to disturbance in calcium and phosphorus 
metabolism. Similar disturbance in adults is known as 
osteomalacia. Synthesis of osteoid tissue remains normal 
inboth. 
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Calciferols were discovered in 1919 and since then are 
used in treatment and prévention of rickets and 
osteomalacia. 8 After a few years, it was realized that not 
ail cases responded to vitamin D. 

These were diagnosed as familial hypophosphatémie 
rickets. 3 In 1961, Prader reported rickets similar to vitamin 
D deficiency, clinically and biochemically but with normal 
vitamin D and calcium intake. They were also different 
from hypophosphatémie rickets and were called 
"pseudodeficiency rickets." Some of these cases responded 
to supraphysiological doses of vitamin D and hence were 
named as vitamin D-dependent rickets (type 1). With 
advances in vitamin D metabolism, 1,25-dihydroxy- 
cholecalciferol (l,25(OH) 2 D) was identified as the most 
active métabolite in 1973 and was very effective in type 1 
pseudodeficiency rickets. 

PHYSIOLOGICAL CONSIDERATIONS 

Vitamins D 2 and D 3 being inert are hydroxylated at 
position 25 in liver after absorption from intestine and 
skin to 25-hydroxycholecalciferol (25-(OH)D) which is 
further converted into l,25(OH) 2 D in the proximal tubules 
of kidney by 1 alpha, 25-hydroxylase enzyme secreted by 
the kidney. In type 1,1 alpha, 25-hydroxylase enzyme is 
found to be déficient. Some cases of pseudodeficiency 
rickets were found to be résistant to l,25(OH) 2 D and were 
labeled as type 2 vitamin D-resistant rickets due to 
unresponsive end organs 4 (Fig. 1). 

Clinical Diagnosis of Rickets 

Early signs are craniotabes, costochondral and epiphyseal 
thickening at wrists and ankles (double malleoli), and 
symptoms are irritability, excessive perspiration, loss of 
weight, etc. Late signs are delayed closure of anterior 
fontanel, flattening and asymmetry of skull, frontoparietal 
bossing (hot cross-bun appearance), delayed éruption and 
defective teeth, marked rickety rosary (Fig. 2) and 
epiphyseal widening, pigeon breast deformity, Harrison's 
sulcus, kyphoscoliosis, lordosis, narrow pelvis, genu 
varum or valgum, coxa vara, deformities of long bones, 
anterior curvature of lower part of tibia due to pull of 
tendonachilles, lax ligaments, muscular hypotonia, pot 
belly and latent as well as manifest tetany. 5 Physical 
milestones are delayed with stunted growth. 

PATHOANATOMY OF RICKETS 

Histologically, the zones of development of growth plates 
are as follows: 

1. The reserve (resting or germinal zone). It is subjacent to 
the epiphysis and the function may be nutritional. 


Ergosterol from 7-de h ydrochol esterai 

diet (inactive) \ (inactive) 

Synthesized in liver 

Stored in skin 

| Ultraviolet light 



Calcïferol (Vit, D 2 ) 
Choîecalcife^ral (Vit. D 3 ) 



(Active) 


Enzyme—Vit. D hydrata se 
25 hydroxy Vit D (more active) 

Kidney 1 


24-25-dihydroxy Vit. D (potent) 
1-25-dihydroxy Vit D (most potent) 
(calcitrat) 


Fig. 1: Formation of 1-25 and 24-25-dihydroxy vitamin 

2. The proliferating zone the cells are actively dividing 
and the function of the zone is matrix production and 
cellular prolifération. 

3. The hypertrophie zone further subdivided into the 
zones of maturation degeneration and provisional 
calcification. 



Fig. 2: Chest showing rickety rosary 
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4. The zones of primary and secondary spongiosa nearer 
the metaphysis. Cartilage bars are partially or 
completely calcified and become ensheathed with 
osteoblasts, which produce layers of osteoid. Bone is 
produced by endochondral ossification. 

A rachitic lésion disorganizes the zone of maturation 
with increase in number of cells and loss of the normal 
columnar pattern which results in increase in the length 
and width and growth plate. Mineralization in the zone 
of primary spongiosa is defective with a lack of proper 
formation of bone lamellae and haversian Systems. 

Etiology 

Classical rickets is the most common cause of rickets in 
developing countries because of illiteracy and poverty. A 
detailed dietetic history of various foods containing 
ergocalciferol (vitamin D 2 ), calcium and phosphorus is 
very essential. Very rarely only phosphorus or calcium 
deficiency can cause rickets. Sources of vitamin D 2 are 
plants and animal foods, e.g. fish, eggs, butter, margarine, 
etc. Unfortified milk, vegetables, cereals, fruits, etc. are poor 
sources. Cholecalciferol (vitamin D 3 ) is formed in the 
epidermis of the skin after its precursor 7-dehydro- 
cholesterol is activated photochemically by ultraviolet rays 
in sunlight. These rays do not pass through the glass. It 
seems that sunlight as a source of vitamin D is more 
important, as vegetarian diet is an inadéquate source. In 
institutionalized children where sunlight is poor or in 
pigmented skin, 6 rickets is more common. Vitamin D 2 is 
synthesized for prévention and treatment of rickets. 
Humanbeings receive calciferols either from the skin, diet 
or dietary suppléments. After its formation from absorbed 
vitamin D, l,25-(OH) 2 D functions as a hormone, promoting 
absorption of calcium and phosphorus from intestine, 
reabsorption of phosphates from the kidney and exerts 
direct effect on déposition and reabsorption of minerais in 
bone. It is believed that l,25-(OH) 2 D stimulâtes active 
calcium transport across the duodénum from lumen to 
bloodstream with the help of calbindin also called 
cholecalcin which is a calcium-binding protein. 7 Hence, 
history of déficient diet and lack of sunlight is very 
important in évaluation of rickets. Rickets is common in 
prématuré and intrauterine growth retarded (IUGR) babies 
and in infancy because of rapid growth. 8 Prématuré babies 
lack in vitamin D as it is stored in the liver in the third 
trimester. Hence, vitamin D suppléments are necessary to 
prevent rickets. 

Pathogenesis 

In vitamin D deficiency, calcium absorption is poor leading 
to hypocalcemia which results into secondary 


hyperparathyroidism. Sérum calcium may corne to normal 
or remain low. Raised parathormone (PTH) level leads to 
hyperphosphaturia, hypophosphatemia, hyperchlorémie 
acidosis, generalized aminoaciduria and high urinary 
cyclic AMP with low sérum calcium and phosphorus. Bone 
mineralization is poor leading to rickets or osteomalacia. 

When there is calcium deficiency in the diet, sérum 
calcium is low, leading to parathyroid stimulation and 
raised PTH in blood, which increases bone and tubular 
résorption of calcium and stimulâtes synthesis of 
l,25(OH) 2 D which increases intestinal absorption of 
calcium and résorption of calcium from bone. Ail these 
factors restore low sérum calcium to normal. Increased 
PTH level inhibits rénal phosphates reabsorption, thus, 
lowering sérum phosphates. Increased synthesis of 1,25- 
(OH) 2 D increases phosphate absorption from intestines 
and résorption from bone, thus, restoring sérum 
phosphorus to normal or low normal levels. 9 Thus, calcium 
deficiency in diet rarely gives rise to rickets. Low phosphate 
in diet reduces rénal phosphate excrétion, stimulâtes 1,25- 
(OH) 2 D synthesis which increases phosphate and calcium 
bone résorption, and intestinal phosphate and calcium 
absorption thus restoring sérum phosphorus levels and 
increasing sérum calcium levels. 10 

High sérum calcium level inhibits PTH synthesis which 
leads to hypercalciuria and increases phosphate tubular 
reabsorption, thus, restoring calcium and phosphorus 
sérum levels to normal. Hence, rickets is very rare in dietetic 
deficiency of phosphates. Biochemical changes in classical 
rickets include low to normal sérum calcium level (normal 
9 to 11 mg/dl). Sérum alkaline phosphatase may be normal 
when proteins and zinc are low. 11 These changes may 
occur very early, folio wed by early radiological changes at 
wrists like wide, cupped and frayed metaphysical ends 
(Fig. 3). Earliest changes occur in ulna with fraying of the 
metaphysis. 12 Cupping of ulna can be seen even in normal 
children. 

Raréfaction of shaft appears late sometimes with 
greenstick fractures. In advanced cases, ail metaphyseal 
ends show changes and various bony deformities like genu 
valgum (Fig. 4) or varum, coxa vara, etc. canbe appreciated. 
Severe malnutrition with hypotonia and poor activity may 
lead to atrophie rickets where cupping and fraying may 
be absent in presence of severe raréfaction of bones. Other 
biochemical changes are low sérum 25-(OH)D associated 
with normal or high levels of l,25-(OH) 2 D, generalized 
aminoaciduria, phosphaturia and raised PTH levels. 

TREATMENT 

Treatment of vitamin D déficient rickets is administration 
of vitamin D orally in doses of 50 to 150 mg or a single 
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Fig. 3: Wrists showing active rickets 



Fig. 4: Severe genu valgum with active rickets 


dose of 15,000 mg (600,000 IU) parenterally or 0.5 to 2 mg 
of l,25-(OH) 2 D daily till healing occurs which is evidenced 
by dense metaphyseal line on radiograph after 4 weeks 
(Figs 5 and 6). This acts as a therapeutic test also because 
if healing does not occur, then other etiology should be 
considered. 



Fig. 5: Wrists showing healed rickets 



Fig. 6: Marked improvement after vitamin D administration 

After healing, daily requirement of vitamin D in doses 
of 10 mg (400 IU) should be maintained. Prognosis is 
excellent in majority even with advanced changes but in 
few cases, bony deformities require orthopédie correction. 
It is useful to remember that biochemical changes occur 
first, followed by radiological and then clinical in 
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untreated cases. After treatment first radiological followed 
by clinical and then biochemical improvement occurs. 
Raised alkaline phosphatase is the last parameter to 
become normal. 

Rénal Rickets 

If there is no radiological healing after 4 weeks of vitamin 
D therapy, and the compliance is confirmed then rénal 
rickets should be ruled out since this is the next common 
cause of rickets. It is not easy to differentiate between 
classical and rénal rickets clinically, radiologically and 
from routine biochemical tests like sérum calcium, 
phosphorus and alkaline phosphatase. Proximal tubular 
disorders with rickets can présent only with failure to 
thrive and stunted growth. 13 Not ail tubular disorders are 
inherited. Rénal rickets are usually of late onset but can 
manifest in early infancy. Polyuria, polydypsia, failure to 
thrive, constipation, signs and symptoms of rénal 
osteodystrophy and rénal failure are useful pointers. On 
the other hand, classical rickets can be familial and rarely 
congénital. Phosphaturia and generalized aminoaciduria 
can also occur in classical rickets. Blood urea, sérum 
créatinine, metabolic acidosis, glucosuria, hypocalcemia, 
hyperkaliuria, hypercalciuria, etc. are important laboratory 
tests to differentiate between the two types of rickets. 

Rénal rickets can be due to tubular or glomerular 
disorders. Tubular disorders are further divided into 
hereditary or acquired and proximal or distal. Glomeruli 
remain normal until rénal failure sets in proximal tubular 
disorders deficiency rickets and proximal tubular acidosis 
which may be isolated or as a part of Fanconi's syndrome 
which may be isolated or secondary to inherited disorders 
like cystinosis, Lowe's syndrome, galactosemia, fructose 
intolérance, glycogen storage disease, medullary cystic 
kidney, etc. or acquired due to heavy metals, outdated 
tetracyclines, valproic acid, interstitial nephritis, 
hyperparathyroidism, proteinuria, vitamin D-deficient 
rickets, etc. Distal tubular acidosis can be isolated or 
secondary to interstitial nephritis, medullary sponge 
kidney or toxins. Rénal osteodystrophy can occur 
following chronic nephritis, chronic pyelonephritis or 
congénital rénal anomalies leading to rénal failure. 

Familial Hypophosphatémie Rickets 

In this form of inherited rickets, reabsorption of phosphates 
in proximal tubules is defective leading to hyper- 
phosphaturia and hypophosphatemia. The most common 
form is X-linked dominant, common in girls whose 
mothers may show some evidence of rickets either clinically 
or biochemically. 16 Autosomal récessive and sporadic 
forms are rare. There is a disordered rénal synthesis of 


1.25- (OH) 2 D. Sérum shows low or undetectable 1,25- 
(OH) 2 D with normal 25(OH)D. 14 It usually présents in late 
infancy with short stature, tibiofemoral bowing in early 
life without muscle weakness, tetany or convulsions. Males 
are more severely affected than females. Typical signs of 
vitamin D deficiency rickets may not be présent. Late 
dentition and récurrent dental abscesses are important 
clinical manifestations. 15 Experimental studies in mice and 
similarities between X-linked rickets indicate presence of 
phosphaturic hormone which may be overproduced, or 
there may be abnormal phosphaturic hormone. 17 Apart 
from low to normal sérum calcium, low sérum phosphorus 
and raised alkaline phosphatase, there is marked 
hyperphosphaturia. There is no aminoaciduria, glucosuria, 
bicarbonaturia or kaliuria as in Fanconi's syndrome. 
Urinary calcium excrétion is reduced with raised PTH. 
Radiographie changes are similar to those of classical 
rickets. Previously, high doses of vitamin D 50,000 to 
2,00,000 IU were used but now l,25-(OH) 2 D although costly 
is used in doses of 2 to 5 mg/kg/day to avoid hyper- 
vitaminosis D. Inorganic phosphates in doses of 1 to 
2 gm/ day in 4 to 5 divided doses in combination with 

1.25- (OH) 2 D is useful, but response is partial. Healing of 
rickets is never complété although growth rate and 
deformities improve. Radiograph shows persistent 
metaphyseal rachitic changes. Human growth hormone 18 
and thiazides 19 are other alternatives as adjuvant therapy 
to improve growth and phosphate rétention. 
Nephrocalcinosis is a common complication followed by 
rénal failure. Corrective osteotomy may be required in late 
cases. Excessive phosphate intake during therapy raises 
plasma phosphorus which decreases sérum calcium. Low 
sérum calcium stimulâtes PTH sécrétion leading to 
secondary hyperparathyroidism which then inhibits 
phosphate transport in rénal tubules via cyclic adeno 
mono phosphate (CAMP)-dependent mechanism. Para- 
thyroidectomy may be necessary in some cases. 

Other less common hypophosphatémie rickets is 
autosomal récessive with hypercalciuria. In homozygotes, 
major clinical features are bone pain, skeletal deformities, 
short stature and muscle weakness with rickets and 
osteomalacia occurring during infancy and childhood. 
Rénal phosphate leak leads to hypophosphatemia which 
raises plasma l,25(OH) 2 D which in turn increases 
intestinal calcium absorption. Hypercalcemia lowers sérum 
PTH levels and urinary CAMP leading to hypercalciuria 
thus restoring sérum calcium to normal. Sérum 25-(OH)D 
is normal. In hétérozygotes, there is hypercalciuria, slightly 
reduced phosphates and elevated l,25-(OH) 2 D. There is 
no bone disease but nephrocalcinosis may develop. In 
treatment, vitamin D does not help since there is raised 
l,25(OH) 2 D. 20 Neutral phosphates 1 to 1.25 gm daily in 
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5 divided doses leads to increase in growth rate, 
disappearance of bone pains, hypotonia and radiological 
rickets. Plasma phosphates is raised with lowering of 
sérum l,25-(OH) 2 D alkaline phosphatase and calcium. 
Urinary cyclic AMP increases and urinary calcium loss is 
reduced. 

Vitamin D-Dependent Rickets 
(Type 1 pseudodeficiency rickets) 

Vitamin D-deficient rickets is a rare and distinct form of 
hereditary rickets due to sélective and simple deficiency of 
enzyme 25-(OH)D-l alpha-hydroxylase leading to low 
sérum levels of l,25-(OH) 2 D. 21 Patients are normal at birth, 
presenting between 2 and 24 months with signs of rickets 
and prominent muscle weakness. Sérum calcium is low 
with high PTH, normal 25-(OH)D and low or undetectable 
l,25-(OH) 2 D. Response to supraphysiological doses of 
calciferols is complété, hence, they are termed vitamin are 
familial hypophosphatemia, vitamin D-dependent or 
pseudodeficiency D-dependent rickets. The daily require- 
ment of vitamin D 3 or D 2 is 500 to 3,000 mg or 200 to 500 
mg of 25-(OH)D 3 or 0.3 to 2 mg of l,25-(OH) 2 D 3 or 0.5 to 
3 mg of 1 alpha (OH)D 3 or dihydrotachysterol 150 to 1,000 
mg and continued indefinitely, because relapse always 
occur on discontinuation. Deficiency of l,25-(OH) 2 D is also 
found in acquired conditions like X-linked familial hypo¬ 
phosphatémie rickets, rénal tubular acidosis, Fanconi 
syndrome and oncogenic hypophosphatemia associated 
with rickets. 22 

Vitamin D-Resistant Rickets 
(Type 2 Pseudodeficiency Rickets) 

Vitamin D-resistant rickets is probably an autosomal 
récessive disorder, first described in 1977. There is 
generalized end organ résistance to l,25-(OH) 2 D with 
identical clinical features as in type 1. Alopecia occurs in 
50% between 2 and 12 months. 23 Response varies 
according to degree of résistance of target tissue to 
l,25(OH) 2 D. Patients without alopecia respond satis- 
factorily to high doses of calciferols while with alopecia, 
50% respond to 10-fold higher doses than with normal 
hair. 24 Biochemistry cornes to normal in cases without 
alopecia on treatment. Sérum levels of l,25-(OH) 2 D are 
typically high, i.e. 50 to 1000 pg/cc (normal 30-100 pg/ 
cc). In treated cases, they are found to be 200 to 10,000 pg/ 
cc (Table 1). 

Rénal Fanconi’s Syndrome 

Rénal Fanconi's syndrome is characterized by generalized 
rénal tubular dysfunction leading to impaired net 
proximal résorption of amino acids, glucose, phosphates. 


bicarbonates and urates, and hence their increased loss in 
urine. Water and solutés like sodium, potassium, calcium, 
magnésium, carnitine, glyceraldehyde, lysozymes, low 
molecular weight proteins like peptide hormones, enzymes 
and immunoglobulin light chains are also lost. Rickets 
results from hypophosphatemia secondary to hyper- 
phosphaturia, metabolic acidosis and impaired synthesis 
of l,25(OH) 2 D and may be the initial sign. 25 Présentation 
dépends on etiology. 26 Diseases like galactosemia and 
hereditary fructose intolérance may présent in néonatal 
period, cystinosis after 6 months, and Wilson's disease 
after first decade. Acquired Fanconi can présent at any 
âge. Not ail of them hâve rickets or osteomalacia. Polyuria, 
polydypsia, déhydration, constipation and unexplained 
récurrent fever are due to urinary loss of water, muscle 
weakness due to hypokalemia and anorexia due to 
proximal rénal tubular acidosis. 

Aminoaciduria, glucosuria and uricosuria do not give 
any signs or symptoms but are useful in diagnosis. Rénal 
failure occurs late in the disease. Sérum shows hypo¬ 
phosphatemia, normal to low calcium, raised alkaline 
phosphatase, normal 25-(OH)D, low l,25-(OH) 2 D and 
hyperchlorémie metabolic acidosis. Urine shows 
phosphaturia, generalized aminoaciduria, glucosuria, 
hypercalciuria, uricosuria, etc. Dramatic improvement can 
occur if underlying cause is treated, e.g. Wilson's, tyro- 
sinemia, galactosemia, fructose intolérance, etc. with 
dietetic restriction. If toxic agents are removed, condition 
is réversible. Administration of large doses of vitamin D or 
small doses of dihydrotachysterol or l,25-(OH) 2 D, oral 
phosphates, alkalies in doses of 2 to 15 mg/kg/day to 
correct acidosis and potassium suppléments in doses of 

2 to 3 mg/kg/day to correct hypokalemia are also useful. 
Concomitant administration of thiazide diuretics to reduce 
intravascular volume and filtered load of bicarbonates is 
often bénéficiai. Glucosuria, aminoaciduria and uricosuria 
do not require any treatment. 

Cystinosis 

Cystinosis is a rare autosomal récessive inborn error of 
amino acid, cystine which accumulâtes and is deposited 
in various tissues including rénal tubules giving rise to 
Fanconi's syndrome with additional findings of cystine 
deposits in various tissues. Infantile form présents at 2 to 

3 months of âge with failure to thrive, rickets, photophobia, 
blond hair, fair complexion and later on rénal failure. 
Diagnosis is made by measuring cystine content of 
leukocytes or fibroblasts which is increased by 80 to 100 
times normal and cystine crystals in cornea, bone marrow 
and lymphocytes. Other investigations are similar to 
Fanconi's syndrome. Treatment is also similar to Fanconi's 
syndrome and to reduce the cystine load, cysteamine is 
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TABLE 1 : Comparison of the common types of rickets 


Vitamin D-deficiency rickets 

Rénal osteodystrophy 

Vitamin D-resistant ricket 

Age 

6 months to 3 years 

Older child 

Late onset after four years 

Family history 

— 

— 

+ + 

Myopathy 

+ 

+ 

— 

Growth defects + 

+ + 

+ + 

Presenting 

Classical rickets 

Rénal symptoms—polyuria. 

Limb deformity, low leg knock 

symptoms 


thirst, anémia, debility, 
skin-dry, knock knee 

deformity Albright-acidosis- 
calculi. Fanconi phosphoamino- 
glucoacidosis Dwart + R. 
Crystinosis-below 2 years, polyuria 
weight loss. Oculocerebro-renal 
syndrome Cataract + cérébral 
damage 

Radiographs 

• 

Classical signs of rickets 

Classical signs of rickets 

Classical signs of rickets 

• 

Metaphyseal widening + 

Alternating sclerotic and 


• 

Cupping of metaphysis 

osteolytic bands. Latéral 


• 

Physis—wide and thickened 

radiographs spine, Rugger- 


• 

Coxa vara 

Jersey appearance 


• 

Triradiate pelvis 

Signs of hyperparathyroidism 


• 

Laboratory 

Bowing 

Biconcave disks, osteitis fibrosa 
—Hallmark of hyperparathyroidism 

• 

Low sérum Ca 

Rénal function tests NPN, 

Low phosphate. Therefore, no 

• 

Low sérum P 

creatine urea + 

Hyperparathyroidism 

• 

Alkaline phosphate + 

Ca - 

Alkaline phosphate + 

• 

Urean calcium - 

P + up to 10 

Blood urea, pH, electrolytes - N 

• 

Urean phosphate - 

Alkaline phosphate + 

Urine calcium - 

• 

PTH—N 

Urine calcium—low 

Urine phosphatese—low 

PTH ++ 

Urine phosphate ++ 

PTH-N 

Osteitis fibrosa + 

Treatment 

Vitamin D 2 -5000/ 
day 3 to 6 weeks 

Vitamin D 1 to 2 lacs/day 

Vitamin D-5,000, 5,00,000 


One large D (stored in liver) 

Diaphysis, rénal 
transplantation 

Supervise for vitamin D toxicity 
phosphate supplément 0.6 
to 1.2 gm till skeletal maturity 


found to be useful in some cases if uses early in oral doses 
of 50 mg/kg/day on a long-term basis. 27 It is also used as 
local eyedrops and per rectally. 28 Growth hormone has 
also been tried, and rénal transplant for néphropathie 
cystinosis is useful because donor's kidneys are genetically 
normal. 29 

Oculocerebrorenal Dystrophy 

This X-linked récessive disorder also known as Lowe's 
syndrome is similar to Fanconi's syndrome with additional 
neurological and ophthalmic findings, e.g. hypotonia, 
hyporeflexia, severe MP cataracts, buphthalmos and 
glaucoma during infancy, and rickets growth failure and 
later on rénal failure in childhood. 30 Sometimes Fanconi's 
syndrome résolves spontaneously. There is no satisfactory 


treatment except vitamin D for rickets, and supportive 
treatment for Fanconi's syndrome. 

Rénal Tubular Acidosis 

In isolated rénal proximal tubular acidosis, there is reduced 
reabsorption of bicarbonates, resulting into hyperchloré¬ 
mie acidosis, acidic urinary pH and hypopotassemia. 
There is no other metabolic defects seen as with Fanconi's 
syndrome, hence, rickets tubular acidosis. 31 Metabolic 
acidosis impairs the conversion of 25(OH) 2 D to 
l,25(OH) 2 D in experimental animais. 

Classical distal rénal tubular acidosis is characterized 
by inability to acidify urine appropriately during metabolic 
acidosis. Hypokalemia, hypercalciuria and hypercitraturia 
are commonly associated with urine pH above 5.8, but 
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proximal tubular functions are normal. Chronic metabolic 
acidosis results in calcium, magnésium and phosphate 
wasting which may be associated with dissolution of bone 
and nephrocalcinosis. 32 Isolated distal rénal tubular 
acidosis is rare. Commonly, it is found with systematic 
illness. Correction of hypokalemia, sodium déplétion and 
hypercalciuria. Clinically, présentation is with bone pain, 
growth retardation and pathological fractures due to 
osteopenia, l,25(OH) 2 D is normal unless there is rénal 
failure where its level is low bicarbonates, phosphates and 
vitamin D are useful and if treated early, rénal failure can 
be prevented from nephrocalcinosis. Isolated proximal 
rénal tubular acidosis (RTA) can résolve spontaneously 
while distal RTA remains permanent. 

Rénal Osteodystrophy 

Chronic rénal disease leading to changes in minerai and 
bone metabolism affect bone growth termed rénal 
osteodystrophy. Due to progressive fall in glomerular fil¬ 
tration rates, there is impairment in synthesis of 1,25- 
(OH) 2 D 33 leading to malabsorption of calcium and 
phosphorus. Secondary hyperparathyroidism maintains 
sérum calcium level, but sérum phosphorus is reduced 
due to phosphaturia. With increasing glomerular damage, 
phosphaturia does not occur leading to hyperphospha- 
temia. Clinically, there is bone pain, failure to thrive, 
hypotonia, rickets, bony deformities, etc. with signs of rénal 
failure depending on etiology. Blood chemistry reveals 
apart from evidence of rénal failure, normal calcium, raised 
phosphorus, alkaline phosphatase and parathyroid 
hormone. Radiologically there are changes of rickets as 
well as hyperparathyroidism like periosteal bone érosion 
in phalanges, clavicles, fémur and tibia. Treatment consists 
of phosphate binders to reduce sérum phosphorus, 
calcium suppléments, sodium bicarbonate to reduce 
acidosis, administration of l,25(OH) 2 D or dihydrotachy- 
sterol, hemodialysis, peritoneal dialysis, para- 
thyroidectomy or autotransplantation of parathyroids and 
lastly rénal transplant. 

Aluminium Toxicity 

Aluminium is a trace substance excreted primarily by 
kidneys. Aluminium toxicity may develop in patients with 
chronic rénal disease and resuit in low turnover dialysis 
osteomalacia or aluminum osteomalacia. Aluminium 
inhibits mineralization control of high aluminium concen¬ 
trations in dialysis water has reduced the prevalence. 
Aluminium from oral phosphates binders which lowers 
sérum phosphate levels is now implicated main source. 


Other Causes of Rickets 

These causes are rare but obvious from history and clinical 
examination. Rickets due to anticonvulsants. In an epileptic 
child with rickets, duration of antiepileptic drug therapy 
particularly phenobarb and phenytoin should be inquired 
although it is known to occur with any antiepileptic drug. 
These drugs induce enzyme conversion of 25-(OH)D into 
inactive métabolites, thus accounting for lower sérum 1,25- 
(OH) D. 34 Dietetic deficiency of vitamin D and calcium 
may be partly responsible for such rickets. Vitamin D 
suppléments and calcium should be administered till 
treatment is discontinued after epilepsy is controlled. 

Rickets due to Mal absorption Syndromes 

Disorders of small bowel, hepatobiliary and pancréas 
associated with intestinal malabsorption are the most 
common cause of vitamin D deficiency in United States. 
The various malabsorbtive States are sprue, gluten 
sensitive enteropathy, régional enteritis, scleroderma, 
multiple jejunal diverticula, blind loop syndrome, and 
partial gastrectomy. 

History of large, foui smelling, frothy, light-colored, 
sticky stools in a child with rickets should suggest 
malabsorption syndrome. Vitamin D, calcium and 
phosphorus are not adequately absorbed resulting into 
rickets. Common causes are giardiasis, tropical sprue and 
pancreatitis, while cystic fibrosis and celiac disease are 
rare in India. Higher doses of vitamin D and calcium are 
necessary to prevent rickets. 

Rickets in Liver Disorders 

Rickets in a child with jaundice should indicate congénital 
biliary atresia, néonatal hepatitis syndrome, Wilson's 
disease or rarely cirrhosis of the liver. Absence of bile salts 
in the intestine diminishes fat-soluble vitamin D and 
because of liver damage, 25-(OH)D is inadequately 
synthesized leading to rickets. Vitamin D and calcium 
suppléments should be administered in higher doses to 
prevent rickets. 35 

Rickets Associated with Prematurity 

Néonatal Rickets 

Abnormal minerai hemostasis with low sérum levels of 
calcium and phosphorus is well recognized complications 
in low birth weight prématuré infants. Hypocalcemia is 
frequently associated. The pathogenesis is multifactorial 
nutritional metabolic and sometimes iatrogénie. Skeletal 
development occurs at a rapid rate during the last trimester 
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of pregnancy. Eighty percent bone mineralization occurs 
during this stage. Therefore, a prématuré infants require- 
ment for calcium phosphorus and vitamin D is greater 
than others. 

Oncogenic Rickets 

Rickets can be associated with small benign mesenchymal 
tumors which are difficult to locate. They are found in 
skin, subcutaneous tissue, nasopharynx, bone, paranasal 
sinuses, palms and soles, neurofibromatosis and 
epidermal and linear ne vus syndromes. Clinically, this 
acquired disease is characterized by chronic onset of 
fatiguability, bone pain, skeletal deformities, growth 
retardation and proximal muscle weakness causing 
waddling gait. It is rare in children as compared to adults. 
There is hypophosphatemia and low plasma l,25-(OH) 2 D 
as in X-linked hypophosphatasia. Sérum calcium and 25- 
(OH)D are normal but PTH is high. When tumor is not 
detected, it can be differentiated from X-linked hypo¬ 
phosphatasia, where the disease starts in early life and is 
not progressive. It is postulated that tumor produces 
humoral factor acting on proximal tubules leading to 
hyperphosphaturia and hypophosphatemia. After tumor 
excision, there is dramatic improvement in rickets 
clinically, biochemically and radiologically. 36 l,25-(OH) 2 D 
and oral phosphates may help if tumor cannot be excised. 

Ricket Simulating States 

There are two conditions in which bone changes on radio- 
graph resemble rickets, e.g. metaphyseal dysplasia 37 and 
idiopathic alkaline hypophosphatasia. 38 

Metaphyseal Dysplasia 

Jansen's metaphyseal dysplasia is severe with hyper- 
calcemia, while Schmidt's is less severe. They présent with 
bowing, short stature and bone pains. Sérum calcium, 
phosphorus and alkaline phosphatase are repeatedly 
normal. Radiographie changes are indistinguishable from 
rickets. Such cases are given frequent doses of vitamin D 
and calcium as they consult many doctors. It is a good rule 
to remember metaphyseal dysplasia when sérum 
biochemistry is normal. 

Idiopathic Alkaline Hypophosphatasia 

Idiopathic alkaline hypophosphatasia is an autosomal 
récessive disorder where sérum levels of alkaline 
phosphatase are persistently low. It is seen ail over the 
world in ail races. Clinical features vary according to 
severity of deficiency, and bones and teeth are commonly 
involved. Disease is severe with poor outcome when onset 
is early. 


Various Clinical Présentations 

1. Asymptomatic because levels are mildly low. 

2. Périnatal forms are léthal and can be diagnosed in 
intrauterine life. Skull is soft with practically no bones. 
Long bones are short with bowing. There is thoracic 
dystrophy resulting in néonatal death. 

3. Infantileform early infantile period is normal followed 
by failure to suck, failure to thrive, rickets, raised 
intracranial pressure, papilledema, proptosis, 
hypercalcemia, hypercalciuria, nephrocalcinosis and 
rénal failure. 

4. Childhood variety présents typically with various 
features of rickets, e.g. frontal bossing, rickety rosary, 
epiphyseal thickening, bowing of legs, knock knees, 
waddling gait, etc. 

5. Adult form présents with osteomalacia, fractures and 
dental abnormalities. 

6. Rarely only dental defects are présent known as 
odontohypophosphatasia. 

7. Pseudohypophosphatasia in which clinical features 
are same, but alkaline phosphatase levels are normal. 

Laboratory Diagnosis 

Urinary level of phosphoethanolamine is increased, 
plasma level of pyridoxal 5-phosphate is also increased 
suggesting defective bone demineralization. Sérum 1,25- 
(OH) 2 D is normal. In infancy there is hypercalcemia with 
hypercalciuria, while in older children sérum calcium is 
normal with hypercalciuria. Based on the laboratory 
results, rickets can also be classified into phosphopenic 
rickets due to inadéquate phosphates in prématuré babies 
and hyperphosphaturia from various disorders. PTH and 
cyclic AMP levels are characteristically normal. Calcipénie 
rickets occur due to poor calcium absorption, e.g. vitamin 
D deficiency, malabsorption, liver disorders and 
anticonvulsants. Low levels of 25-(OH)D are found in these 
disorders. If 25-(OH)D levels are normal, but l,25-(OH) 2 D 
levels are low, then it indicates rénal disorder. High levels 
of l,25-(OH) 2 D suggest end organ résistance to its action. 
Typically, PTH levels are raised in calcipénie rickets. 

REFERENCES 

1. Aegerter E, Kirkpatrick JA. Metabolic Disease of Bone in 
Orthropedic Disease, Physiology, Pathology, Radiology, WB 
Saunders: Philadelphia 1975;331. 

2. Reichel H, Koeffler HP, Norman AW. The rôle of the vitamin D 
endocrine System in health and disease. N Eng J Med 
1989;320:980. 

3. Marx SJ. Vitamin D and other calciferols. In Scriver CR (Ed): 
The Metabolic and Molecular Basis of Inherited Disease 
McGraw Hill: New York 1995;3091. 



218 Textbook of Orthopedics and Trauma (Volume 1) 


4. Brooks MH, Bell NH, Love L, et al. Vitamin D-dependent 
rickets type A 11—résistance of target organs to 1,25-dihydroxy 
Vitamin D. N Eng J Med 1978;298:996. 

5. Barness LA. Rickets of vitamin D deficiency. In Behrman RE 
(Ed): Nelson Textbook of Pediatrics, WB Saunders: 
Philadelphia 1992;141. 

6. Clemens TL, Adams JS, Henderson LS, et al. Increased skin 
pigment reduces the capacity of skin to synthesize Vitamin 
D 3 . Lancet 1982;1:74. 

7. Feher JJ. Facilitate calcium diffusion by intestinal calcium 
binding protein. Am J Physical 1983;224:C303. 

8. Koo WWK, Sherman R, Succop P. Fractures and rickets in very 
low birth weight infants—conservative management and 
outcome. J Pediatr Orthop 1989;9:326. 

9. Rasmussen H, Tenenhouse HS. Mendelian hypophospha- 
temias. In Scriver CR (Ed): The Metabolic and Molecular Basis 
of Inherited Disease, McGraw-Hill: New York 1995;3720. 

10. Hammerman MR. Phosphate transport across rénal proximal 
tubular cell membranes. Am J Physiol 1986;251:F385. 

11. Barness LA. Rickets of vitamin D deficiency. In Behrman RE 
(Ed): Nelson Textbook of Pediatrics, WB Saunders: 
Philadelphia 1992;141. 

12. Caffey J. Avitaminoses rickets. In Silverman Fr (Ed): Caffey's 
Pédiatrie X-ray Diagnosis Year Book Medical Publishers: 
Chicago 1993;9:668. 

13. Nash MA, Torrado AD, Greiter I. Rénal tubular acidosis in 
infants and children—clinical course, response to treatment 
and prognosis. J Pediatr 1972;80:738. 

14. Mason RS, Rohl PG, Lissner D, Posen S. Vitamin D metabolism 
in hypophosphatémie rickets. Am J Dis Child 1982;136:909. 

15. Tulloch EN, Andrew FFH. The association of dental abscesses 
with vitamin D résistant rickets. Br Dent J 1983;154:136. 

16. Rasmusseu H, Tenenhouse HS. Mendelian hypophospha- 
temias. In Scriver CR (Ed): The Metabolic and Molecular Basis 
of Inherited Disease, McGraw-Hill: New York 1995;3734. 

17. Wilson DM, Lee PD, Morris AH, et al. Growth hormone therapy 
in hypophosphatémie rickets. Am J Dis Child 1991;145:1165. 

18. Hanna JD, Numik, Chan JCM. X-linked hypophosphatemia 
genetic and clinical correlates. Am J Dis Child 1991;145:865. 

19. Nishiyama S, Inoue F, Makuda I. A single case of hypo¬ 
phosphatémie rickets with hypercalciuria. J Pediatr Gastro- 
enterol Nutr 1986;5:826. 

20. Scriver CR, Reade TM, Deluca HF, Hamstra AJ. Sérum 1,25- 
hydroxy vitamin D levels in normal subjects and in patients 
with hereditary rickets or bone disease. N Eng J Med 
1978;299:976. 

21. Marx SJ. Vitamin D and other calciferols. In Scriver CR (Ed): 
The Metabolic and Molecular Basis of Inherited Disease, 
McGraw-Hill: New York 1995;3097. 


22. Rosen JF, Feischman AR, Finberg L, et al. Rickets with 
alopecia—an inborn error of vitamin D metabolism. J Pediatr 
1979;94:729. 

23. Marx SJ, Bliziotes MM, Nanes M. Analysis of the relation 
between alopecia and résistance to 1,25-dihydroxy vitamin D. 
Clin Endocrinol (0X1) 1986;25:273. 

24. Rotig A, Bessis JL, Romero N, et al. Maternally inherited 
duplication of the mitochondria genome in a syndrome of 
proximal tubulopathy, diabètes mellitus and cerebellar ataxia. 
Am J Human Genet 1992;50:364. 

25. Bergeron M, Gougoux A, Vinay P. Rénal Fanconi's syndrome. 
In Scriver CR (Ed): The Metabolic and Molecular Basis of 
Inherited Disease, McGraw-Hill: New York, 1995;3699. 

26. Gahl WA, Reed GF, Thoene JG, et al. Cysteamine therapy for 
children with néphropathie cystinosis or Eng J MC 1987;316:971. 

27. Van't Hoff WG, Baket T, Dalton RN, et al. The effects of oral 
phosphocysteamine and rectal cysteamine in cystinosis. Am J 
Dis Child 1991;66:1434. 

28. Ehrich JHH, Brodeul J, Byrd DI, et al. Rénal transplantation in 
22 children with néphropathie cystinosis. Pediatr Nephrol 
1991;5:707. 

29. Abbassi V, Lowe CU, Calcagno PL. Occulocerebrorenal 
syndrome—a review. Am J Dis Child 1968;15:145. 

30. Brenner RJ, Spring DB, Sébastian A. Incidence of radiologically 
évident bone disease, nephrocalcinosis and nephrolithiasis in 
various types of rénal tubular acidosis. N Eng J Med 
1982;307:217. 

31. Emmett M, Seldin DW. Clinical syndromes of metabolic 
acidosis and metabolic alkalosis. In Seldin DW, Giebisch G 
(Eds): The Kidney, Physiology and Pathophysiology Raven 
Press: New York 1992;2759. 

32. Haussier MR, Baylink DJ, Hughes MR. The Essay of 1 alpha, 
25-hydroxy vitamin D 3 —physiologie and pathologie 
modulation of circulation hormone levels. Clin Endocrinol 
1976;5:1515. 

33. Dent CE, Richens A, Rowe DJF, et al. Osteomalacia with long- 
term therapy in epilepsy. Br Med J 1970;4:69-72. 

34. Heubi JE, Hollis BW, Tsang RC. Bone disease in chronic child- 
hood cholestasis 11. Better absorption of 25-OH vitamin D 
than vitamin D in extrahepatic biliary atresia. Pédiatrie Research 
1990;27(1):26-31. 

35. Rasmussen H, Temmenhause H5. Mendelian hypophos- 
phatemias. In Scriver CR (Ed): The Metabolic and Molecular 
Basis of Inherited Disease, McGraw-Hill: New York, 1995;3738. 

36. Erans R, Caffey J. Metaphyseal dytosis resembling vitamin D 
refractory rickets. Am J Dis Child 1958;95:640. 

37. Kozlowski K, Sutcliffe J, Barylak A, et al. Hypophosphatasia— 
review of 24 cases. Pediatr Radiol 1976;5:103. 

38. Kelnar CJH. Endocrine gland disorders. In Campbill AGM, 
Mclntosh N (Eds): Forfar and ArneiTs Textbook of Pediatrics 
Churchil Livingstone: Edinburgh 1992;1129. 




INTRODUCTION 

Scurvy is a nutritional bone disorder due to lack of vitamin 
C. "Scurvy" is a folk word that first appeared in middle 
âges and was described in sailors on long sea voyages, 
having diet lacking in green vegetables and fruits. Vitamin 
C is essential for normal function of collagen tissue. Its 
deficiency in the diet leads to dysfunction of osteoblasts 
with failure to produce osteoid tissue and form new bone. 
There is no disturbance in mineralization. Chondroid 
tissue is normally formed from chondroblasts and calcifies 
normally. 

Natural sources of vitamin C are citrus fruits, green 
vegetables, human and cow's milk. Human milk contains 
4 mg/ dl of vitamin C and is an adéquate source of vitamin 
C as compared to cow's milk which contains 1.5 mg/dl. 
Diarrhea and other infections which are quite common in 
developing countries increase vitamin C requirements and 
are common precipitating factors. Daily requirement of 
vitamin C is 20 to 30 mg. 

Scurvy is less common than other vitamin deficiencies 
like avitaminosis A, B and rickets. Scurvy can be divided 
into those that develop in infancy or childhood (infantile 
scurvy) and those that occur in adults (adult scurvy). 

Infantile commonly manifests between 6 months and 
2 years. Scurvy canbe diagnosed from history suggestive 
of poor vitamin C intake, clinical picture, radiographs and 
laboratory tests. Typical présentation is painful walking, 
tender lower limbs and irritability. Joints are swollen and 
tender due to periosteal hemorrhage resulting into 
pseudoparalysis. There is tender costochondral beading 
due to dépréssion of sternum unlike rounded beading in 
rickets. Bleeding can occur from various sites, e.g. gums 
showing bluish discoloration and loose teeth, pétéchial 
hemorrhages which can be perifollicular, retroorbital 
presenting with proptosis as the only manifestation and 


microscopie hematuria which is common. Low grade fever 
and anémia are also common manifestations. The onset of 
pale skin with pétéchial hemorrhages, swollen red and 
ulcerated gums palatal petechia, hematuria melena, and 
secondary infections combined with radiological changes 
and depressed level of sérum ascorbic acid ensures correct 
diagnosis. The hémorrhagie tendency which is the 
hallmark of the disease may be related to a lack of 
intercellular cernent substance in the endothélial layer of 
the capillaries. 

Changes occur in he various parts of the bone. 

Metaphyseal Changes 

Skeletal alteration results from a dépréssion of normal 
cellular activity which is manifested in the collagen of 
bony tissues. The activity of the osteoblast is reduced which 
leads to a decrease in the formation of bony matrix that is 
most marked in areas of active enchondral bone growth 
(ends of tubular bones and costochondral junction. 
Extensive résorption of cortical and spongy bone 
contributes to a tendency to fracture in this zone leading 
to evidence of fresh and remote hemorrhage. The abnormal 
marrow in this area is termed as "gerustmark" and the 
entire zone consists of détritus or "trummerfeldzone." 

Radiographie changes are maximum at sites of rapid 
bone growth, e.g. knee, wrists, proximal humérus and 
costochondral junction. Generalized osteoporosis results 
from lack of formation of osteoid tissue and new bone. 
Osteoclasts are normal and résorption continues. The bone 
trabeculae and cortices become thin and fragile due to poor 
osteoblast formation which gives ground glass appearance 
and pencil point thinness of cortex on radiographs (Fig. 1). 
White line of Fraenkel at the metaphysis and ringing of 
the epiphysis are due to calcification of normal chondroitin 
tissue. Hemorrhage and fracture occur from minor trauma 
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Fig. 1: Knees showing ground glass appearance, 
pencil thin cortex and ringing of epiphyses 

which may calcify in subperiosteal hemorrhages (Fig. 2). 
Subluxation of epiphysis can occur because provisional 
zone of calcification is fragile (Fig. 3). Zone of raréfaction 
under the white line of Fraenkel is characteristic of scurvy 
(Fig. 4). Corner or angle sign is a peripheral metaphyseal 
cleft (Fig. 5) due to defect in spongiosa and cortex just 
adjacent to the provisional zone of calcification. This is 
seen as spur on radiography and is a very useful sign of 
scurvy. 

ADULTSCURVY 

Scurvy is infrequently encountered in adults. A long period 
of vitamin deficiency is required to produce clinical 
expression. Nonspecific weakness, anorexia, weight loss 
and fatigue usually antedate the more diagnostic 
hémorrhagie manifestations such as petechia and 
ecchymosis of skin, subeutaneous tissue and gums. 
Hemarthrosis and bleeding in the synchondrosis hâve 
been observed in adult scurvy. Osteoporosis is prominent 
in the axial skeleton especially the spine. In vertébral 
column biconcave deformities of the vertébral column and 
central raréfaction occurs. The cranium may be 
osteoporotic in adult onset scurvy. 

Laboratory Tests 

Blood count may show anémia and urine shows 
microscopie hematuria. A fasting sérum level of vitamin C 


Fig. 2: Knees showing calcified 
subperiosteal hemorrhages 



Fig. 3: Knees showing marked 
subluxation of epiphyses 


of over 0.6 mg/100 CC will rule out scurvy. An absence of 
vitamin C in the white cell platelet layer of centrifuge 
oxalated blood is a more reliable test. After a test dose of 
vitamin C, 80 percent is excreted in the urine within 3 to 5 
hours in normal subjects. In scurvy, excrétion is less 
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Fig. 4: Knees showing Fracnkel’s white line and 
zone of raréfaction 

because tissues are not saturated with vitamin C. Hyper- 
tyrosinemia and generalized nonspecific aminoacidurias 
are common and are corrected within 24 hours after 
treatment with vitamin C. Therapeutic test with vitamin C 
is more practical than performing above unsatisfactory 
tests. 

Differential Diagnosis 

Quite often cases of scurvy are brought with the diagnosis 
of poliomyelitis. In scurvy, there is pseudoparalysis due 
to tender limbs. Deep tendon reflexes are normal. While in 
poliomyelitis, there is flaccid paralysis with absent jerks 
although tenderness may be there due to muscle spasms. 
Chronic diseases like leukemia and neuroblastoma can 
also présent with the bony atrophy in the metaphyseal 
région hence the collective finding of radiodense lines at 
the metaphysis and about the epiphysis, metaphyseal 



Fig. 5: Knees showing metaphyseal cleft 


fractures, osseous beaks, epiphyseal displacements and 
diaphyseal periostitis allows an accurate diagnosis of 
scurvy. Pseudoparalysis can also occur in congénital 
syphilis, but radiographs are diagnostic. Arthritis of any 
etiology, trauma in the extremities, synovitis of the hip 
with limping are also common in the âge group, but again 
radiographs differentiate these conditions from scurvy. 

Treatment 

Treatment with vitamin C either orally or parenterally in 
doses of 100 to 200 mg daily improves the condition 
dramatically. Prognosis is excellent and recovery is 
complété. 
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INTRODUCTION 

Mucopolysaccharidosis is a group of lésions of generalized 
skeletal abnormalities characterized by dwarfism affecting 
the spine 2 and limb, viscéral abnormalities an evidence of 
a lysosomal storage disorder. They constitute the largest 
group of lysosomal storage diseases. The intracellular 
dégradation of micromolecular compounds into smaller 
component units is carried out by lysosomes. Defective 
activity of any of the lysosomal enzymes will cause a block 
in the breakdown processes, with a conséquent intra¬ 
cellular accumulation of semidegraded compounds. The 
mucopolysaccharidoses are subclassified according to the 
type of substance that accumulâtes (Table 1). 

CLINICAL AND RADIOGRAPHIC FEATURES 

Heparin sulfate, dermatan sulfate, and keratan sulfate are 
the mucopolysaccharidoses that accumulate in abnormal 
quantities and are excreted in the urine. The clinical type 
of the various mucopolysaccharidoses can be diagnosed 
by biochemical analysis of the urine using tests such as 
uranie acid/creatinine ratios and cetylpyridinium 
chloride turbidity. Recent and more accurate diagnostic 
tools are metabolic studies of cultured skin fibroblasts and 
identification of the spécifie enzyme defect. 

In the mucopolysaccharidoses, excrétion of glyco- 
saminoglycan, which is normally 15 mg per day, exceeds 
this to, level as high as 100 mg or more. Dermatan sulfate 
and heparin sulfate are the glycosaminoglycans found in 
excess in ail except Morquio's syndrome, in which keratan 
sulfate is excreted, and betaglucuronidase deficiency, in 
which chondroitin-4-sulfate and chondroitin-6-sulfate are 
excreted. Kaplan in 1969 has shown that mental retar¬ 
dation is related to the amount of heparin sulfate in the 
urine. Ail investigations indicate that the basic cause of 


mucopolysaccharidosis is defective dégradation of 
glycosaminoglycan with abnormal lysosomal storage. 8,9 
Because of the diffuse distribution of connective tissues, 
liver, spleen, blood vessels and other tissues. Mental defect, 
which is a feature of many mucopolysaccharidoses is 
associated with déposition of gangliosides in the nervous 
System. The démonstration that transfusion of leukocytes 
or cell-free plasma can induce dégradation of excess 
mucopolysaccharides in lysosomes suggested a possible 
treatment for these abnormalities by plasma or leukocytes 
infusion 6,13,23 or by bone marrow transplant, but early 
optimism has not been supported by the results obtained 
by others. 5 The failure of dégradation of mucopoly¬ 
saccharides is due to deficiency of a spécifie enzyme, such 
as alpha-L-iduronidase in Hurler and Scheie 12,26 
syndromes. 1 

Différentiation between the various types of muco¬ 
polysaccharidoses is not feasible by the radiographie 
findings alone. Diagnosis is made by thorough assessment 
of the clinical and radiographie features, genetic studies, 
laboratory findings, and détermination of the précisé 
enzyme deficiency by urine studies and skin fibroblast 
cultures. 

Mucopolysaccharidosis l-H 
(Hurler’s syndrome, gargoylism) 

Gertrude Hurler, 12 in 1919 first described this condition 
and Ellis et al, 7 1936 suggested the name gargoylism since 
the condition is characterized by dwarfism with a heavy, 
ugly facial appearance, corneal opacifies, gibbus, mental 
retardation and enlargement of the liver and spleen. 

It is rare abnormality. The condition is familial, and 
genetic transmission is autosomal récessive. Hurler's syn¬ 
drome, the most common of the mucopolysaccharidoses 
has been reported in a wide variety of ethnie groups. 15 
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TABLE 1: 

Classification of mucopolysaccharidoses 



Nomenclature 

Clinical features 

Excess urinary excrétion 

Enzyme defect 

MPS I-H 

Hurler's syndrome 

Severe involvement, death before 
âge 10, multiple deformities and 
bone changes, early corneal changes. 
Hepatosplenomegaly, mental 
détérioration. 

Dermatan sulfate 
heparin sulfate 

alpha-L-Iduronidase 

MPS I-S 

Scheie's syndrome 

Stiff joints, minimal skeletal 
changes, cloudy cornea, 
mentally normal 

Dermatan sulfate, 
heparin sulfate 

alpha-L-Iduronidase 

MPS II-A 

Hunter's syndrome 
(Severe form) 

Similar to MPS I-H but milder. 

Death before âge 15, limited joint 
movements, multiple deformities and 
bone changes, no corneal changes, late 
mental détérioration 

Dermatan sulfate, 
heparin sulfate 

Sulfo-iduronate 

sulfatase 

MPS II-B 

Hunter's syndrome 
(mild form) 

Mild involvement, survival to adult 
life, fair intelligence, mild 
deformities and bone changes 

Dermatan sulfate 
herparin sulfate 

Sulfo-iduronate 

sulfatase 

MPS III-A 

Sanfilippo's 
syndrome A 

Mild somatic changes, severe 
affection of central nervous System 

Heparin sulfate 

Heparin sulfamidase 

MPS III-B 

Sanfilippo's 
syndrome B 

Same as for Sanfilippo's 
syndrome A 

Heparin sulfate 

N-Acetyl-alpha- 

D-glucosamidase 

MPS IV 

MPS V 

Morquio's syndrome 

Vacant 

Severe skeletal changes and 
deformities, late corneal clouding. 
Minimal viscéral involvement, no 
mental détérioration 

Keratan sulfate 

N-Acetyl- 

galactosamine-6- 

sulfatase 

MPS VI 

Maroteaux and 
Lamy's syndrome 

Severe skeletal and corneal changes, 
normal intellect 

Dermatan sulfate 

N-acetyl- 

galactose-4- 

MPS VII 

Sly disease 

(B-glucuronidase 

deficiency) 

Multiple deformities and skeletal 
changes, some viscéral involvement, 
involvement, mental retardation 

Chondroitin-6-sulfate 

chondroitin-4-sulfate 

sulfatase 

beta-glucuronidase 


Clinical features In the first few months of life, the infant 
appears to be normal, but soon there is increasing evidence 
of the disease. The head enlarged, and hydrocephalus 
resulting from meningeal deposits is not uncommon. The 
skull is scaphocephalic (boat-shaped), and the forehead 
is low. The eyes are set wide apart, suggesting 
hypertelorism with prominent supraorbital ridges and 
coarse dark eyebrows. 

The bridge of the nose is depressed and faciès is heavy 
and grotesque. The mandible is large and the tongue thick, 
the teeth are widely separated and poorly formed, the neck 
is short, and the ears are set low on the head. The abdomen 
is protubérant, owing to enlargement of the liver and 
spleen. Umbilical and inguinal hernias are frequent. 
Clouding of the cornea, best shown by slit-lamp exami¬ 
nation, is a universal feature of the disease. Initially, 
eyesight is normal, but vision is impaired as corneal 
clouding and retinal degeneration increase. There may be 
other ocular abnormalities. Audiometry often reveals the 
existence of deafness. 

This spine develops thoracolumbar kyphosis and is 
short. Stature is normal at birth, but growth slows during 
infancy and stature relatively diminishes. The hands are 


short and thick, and the fingers are stubby with stiff flexed 
interphalangeal joints. The wholebody surface is covered 
by fine hair. 

The major joints show limitation of movement and 
deformities develop in flexion at the hips and knees with 
coxa valga, genu valgum and pes planovalgus. Paraplegia 
may develop because of narrowing of the spinal canal in 
the région of the thoracolumbar kyphosis or quadriplegia 
by similar narrowing in the cervical spine or atlantoaxial 
subluxation. 4 

Mental retardation is a striking and almost constant 
feature of the Hurler's syndrome. Most patients usually 
die in childhood, before the âge of ten years, from heart 
disease or respiratory infection, although some may live 
well into adult life. 

Pathology cells of the parenchymal and mesenchymal 
tissues are infiltrated with deposits of abnormal 
mucopolysaccharide. The méningés are thickened, and 
the nervous System contains deposits of monosialo- 
gangliosides. Deposits are also found in nuclear layer of 
the retina, the Kupffer and parenchymal cells of several 
endocrine, and the épithélial cells of several endocrine 
organs such as the pituitary gland and the testes. 17 
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Deposits of yellowish orange material occur on the heart 
valves and the intima of the coronary vessels. Enlargement 
and vacuolization of the chondrocytes and ostéocytes hâve 
been noted. There is increased urinary sécrétion of 
dermatan sulfate (+ +) and heparin sulfate (+). Toluidine 
blue stain of cultured fibroblasts shows metachromasia. 
The spécifie enzyme that is déficient is a-L-iduronidase. 

Radiological features The skeletal changes in the 
Hurler syndrome show a general similarity to those of the 
Morquio syndrome, but there are definite distinctions 
between the two conditions. In the very young infant, radio¬ 
logical récognition is difficult, towards the second year of 
life generalized changes become évident. The main changes 
are in the skull, spine, hip joints and upper limb bones. 

The cranial vault is enlarged. The marked localized 
kyphosis at the dorsolumbar junction is évident. At the 
site of the gibbus, one vertébral body is hypoplastic and is 
displaced posteriorly, its anterior surface déficient in the 
superior part and its infectior portion projecting forward 
in a "beak". The anterior inferior "beak" of the Hurler 
syndrome is quite distinct from the central "tongue" of the 
Morquio syndrome. 

The radius and ulna are characteristically short and 
thick and taper distally. The metacarpals are tapered 
proximally, and the phalanges are short and broad with 
hypoplastic terminal phalanges. Coxa valga is marked. 
Ossification of the capital fémoral epiphysis is delayed, 
the shallow acetabular roofs is évident by six months of 
âge. Subluxation or dislocation of hips is common in 
Hurler syndrome. The pelvic inlet is narrowed with an 
hour-glass appearance. 

Differential diagnosis The Hurler syndrome should be 
differentiated from spondyloepiphyseal dysplasia with 
similar but not identical radiological changes, from other 
mucopolysaccharidoses. In Hurler disease, the presence 
of mental retardation, hepatosplenomegaly and corneal 
opacities is characteristic. There is increased urinary 
sécrétion of dermatan sulfate and heparin sulfate, which 
aids différentiation from other mucopolysaccharidoses. 

Progress and treatment There is no spécifie treatment 
for the disease. Many children with Hurler disease die in 
childhood either from heart disease or from respiratory 
infection. If they survive, the extensive skeletal deformities, 
mental deficiency and blindness make them helpless and 
crippled. Orthopédie surgical treatment is seldom of avail 

Mucopolysaccharidosis II (Hunter Syndrome) 

Mucopolysaccharidosis II was described by Hunter 11 in 
1917. Inheritance is sex-linked and récessive, therefore, ail 
patients are male. 22 Patient with mucopolysaccharidosis 
excretes large amounts of heparin sulfate (+ +) and 
dermatan sulfate (+). The enzyme defect is low 
sulfoiduronate sulfatase. Incidence of the disorder is said 


to be one-fifth that of the Hurler syndrome. The 
distinguishing features are absence of clouding of the 
cornea and absence of lumbar kyphosis. Mental retardation 
is late in onset, less in severity, and slower in progress. 
Deafness is frequent, occurring in about 50 percent of the 
cases. Skin changes in the form of grooving or nodular 
lésions and hypertrichosis are common. The child may 
présent first to the orthopédie surgeon in midchildhood 
with knock knee deformity. Clinical examination shows 
limited movements at the hips, knees, elbows and shoulders, 
and short fingers. Radiographie findings are similar to 
those in Hurler syndrome but less severe. The clinical 
course is milder than that of the Hurler syndrome, most 
patients surviving to the third decade of life, some may 
hâve a normal lifespan and die of natural causes. 
Pulmonary hypertension is frequent, patients usually 
succumb to heart disease. 

Treatment In less severe cases and in patients with 
probability of survival into adolescence, deformities that 
interfère with daily management may deserve correction. 

Mucopolysaccharidosis III (Sanfilippo 26 Syndrome) 

Mucopolysaccharidosis III was first described by 
Sanfilippo et al (1963). 10,25 The condition is inherited as 
an autosomal récessive trait and is characterized by severe 
mental defect, absence of corneal opacities, mild viscéral 
and skeletal manifestations and prédominant excrétion of 
heparin sulfate in the urine. 

Mucopolysaccharidosis IV (Morquio 21 Syndrome) 

Morquio of Montevideo and Brailsford 3 and Birmingham 
(England) in 1929 both described a familial variety of 
osseous dystrophy involving bones developed from 
cartilage that resulted in dwarfism, spine deformity and 
joint deformities with typical radiological changes in the 
vertébral bodies and limb bones, but without the 
hepatosplenomegaly and mental détérioration seen in 
Hurler syndrome and without early corneal changes. It is 
characterized by normal intelligence, severe dwarfing, 
platyspondyly with a central tongue, marked kyphosis, 
pectus carinatus, generalized joint laxity, deformation of 
the epiphyses (particularly of the fémoral heads), and 
central constriction of the metacarpals and phalanges. 
Inheritance is autosomal récessive. 8 Consanguinity may 
play a rôle, as the syndrome was reported in the parents 
as well as in the paternal grandparents of the family 
described by Morquio. 21 There is excess excrétion of 
keratan sulfate in the urine, but this diminishes with âge. 
The déficient enzyme is N-Ac-Gal-6-sulfate sulfatase. 

Clinical features At birth there is little or no abnormality 
to be found. The first symptoms usually appear at about 
the time of weight bearing between the âges of 12 and 18 
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months, the most common presenting feature being a short 
trunk with a thoracolumbar kyphosis. With growth and 
development, the characteristic finding becomes 
increasingly évident and by the âge of 4 years, progressively 
crippling deformities develop in the limbs. Dwarfing is 
marked and growth in height ceases by the âge of 10 years. 
The child is round-backed and knock-kneed, and has pes 
valgus. Dwarfing is mainly due to shortness of the trunk, 
the limbs are relatively long. The neck is short, and the 
patient stands with the knees and hips flexed in a crouched 
position with the head thrust forward and sunk between 
the high shoulders. The head is normal or slightly enlarged 
and is scaphocephalic. The faciès show a short fiat nose 
with a depressed bridge, a wide mouth with dysplastic 
teeth and eyes are widely spaced. The anteroposterior 
diameter of the thorax is increased, with the sternum 
projecting forward (pectus carinatum) with a manubrial- 
sternal angle of about 90 degrees. The spine shows a 
moderate thoracolumbar kyphosis and scoliosis may 
develop in some patients. Generalized joint laxity is a 
feature of Morquio's syndrome—this is dissimilar to the 
other mucopolysaccharidoses in which the joint are stiff. 
Knock-knees are almost universal in Morquio disease. The 
limbs are relatively long and the joints hypermobile, 
especially the wrist, knees and feet. Severe genu valgum 
and pes planovalgus make walking difficult, and there is 
a waddling gait due to hip dysplasia. There is often a 
degree of general muscular weakness, made worse if there 
is odontoid dysplasia and early atlantoaxial subluxation, 
which is very common in Morquio syndrome, minor fall 
or head injury may lead to death or quadriplegia. 14 

Radiological appearances The radiolographic features 
of Morquio disease are distinctive (Figs IA to D). The 
vertebrae in the thoracic and lumbar régions show a 
typical appearance. There is generalized platyspondyly 
with a more obvious anterior projection or tongue than a 
Hurler syndrome, and the tip of the projection is pointed 
or flame-shaped. The posterior borders of the vertébral 
bodies are concave. 

Kyphosis is common and is aggravated by hypoplasia 
and posterior displacement of twelth dorsal and first 
lumbar vertebrae. Hypoplasia orabsence of the odontoid 
process is a charcteistic of Morquio syndrome and causes 
atlantoaxial instability and spinal cord compression. 

In the upper limbs, the metacarpals show the most 
typical changes. The metacarpals are thicker and shorter 
than normal. The ends away from the epiphyses, i.e. the 
bases of the second, third, fourth, and fifth metacarpals, as 
well as the distal ends of their phalanges, tend to be 
pointed. The diaphyses of the metacarpals, phalanges and 
metatarsals show central constriction. 

In the lower limbs, hips are always affected. Ossification 
of the fémoral heads is delayed, and the fémoral necks are 


widened and flared. Coxa vara or valga deformity is 
common. The acetabula are poorly developed. In the 
weight-bearing joints, the epiphyses seem to be unable to 
withstand the strain and pressure of body forces, and 
compression and fragmentation of epiphyses are frequent. 
The pelvis shows a narrow hour-glass inlet. Rubine likens 
it to the shape of a wineglass. 25 This leads to subluxation 
in later years. At the knees, there is genu valgum with a 
médial supra at the proximal tibial metaphysis and some 
epiphyseal irregularity and sclerosis of the metaphyses at 
the fémoral and tibial growth-plate margins. The skull 
shows minimal changes. 

Prognosis This is variable, in general patients with 
Morquio 21 disease live for many years. Aortic régurgitation 
may cause cardiovascular complications. 16,17 Marked 
rigidity of the rib cage and decrease of vital capacity will 
cause respiratory failure. The disease is rarely fatal. 
Progression of the deformities is usually arrested as growth 
is completed, with âge, however, degenerative changes 
and arthritis in the joints develop. 

Treatment 

There is no spécifie tretment. The serious problems are 
atlantoaxial instability and upper cervical spinal cord 
compression and myelopathy. Computed tomography and 
nuclear magnetic résonance imaging will demonstrate the 
cord compression. Occipitoupper cervical fusion is 
performed to stabilize the atlantoaxial joint. Surgical 
correction of deformity should be undertaken only after 
careful évaluation and analysis. The cervical spinal cord 
is at risk in a patient with Morquio syndrome. Intubation 
for general anesthésia should be performed very 
cautiously, flexion-extension of the neck should be 
minimized. Triple arthrodesis for the correction of severe 
pes valgus and abduction osteotomy of the proximal fémur 
for severe coxa vara are occasionally performed. 
Progressive genu valgum deformity can be corrected by 
supracondylar osteotomy. 

Mucopolysaccharidosis V (Scheie Syndrome) 

Mucopolysaccharidosis V was first described by Scheie 27 
et al (1962), it is now regarded as an allelic variant of Hurler 
syndrome. 12,26 Its évolution is slow, and it is often 
discovered in adolescence. 

Mucopolysaccharidosis VI 
(Maroteaux-Lamy 18 Syndrome) 

In this rare type of mucopolysaccharidosis described by 
Maroteaux-Lamy et al in 1963, 20 the features of Hurler 
syndrome are présent, but there is no mental détérioration. 
Dermatan sulfate is excreted in the urine. The defective 
enzyme is N-acetyl-galactose-4-sulfatase. 
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Figs IA to D: Morquio syndrome—the roentgenographic features include: (A) platyspondyly at 12 years of âge, (B) a pelvis with 
capacious apisality and coxa vara, (C) knees showing severe genu valgum, and (D) the hand shows short metacarpal and 
pointed apex of the metacarpals. Compare the length of the metacarpals to the phalanges. The proximal phalanges is almost 
equal in length to the metacarpal 


MPS VII (Sly’s Syndrome) 

This is usually found in infants. They présent with short 
stature, mental retardation and beta glucuronidase 
deficiency. In radiographie findings three clinical entities 
are identified. Ischémie necrosis of the proximal fémoral 
epiphysis and spinal abnormalities are the dominant 
radiolographic changes. 24 

ASP ARTYLG LUCOS AMI N U RI A 

These patients are mentally retarded with facial features 
resembling those in hurlers sydrome. Radiological 


findings are mild with osteopenia a small skull with 
thickened diploic portion and osteoporosis. 

MANNOSIDOSIS 

It is storage disease with a defieciency of the enzyme alpha- 
d-manosidase in the liver. It results in intracellular 
accumulation and excessive urinary excrétion of manose 
containing oligosaccharoidosis. Radiographs show 
flattening and deformity of the vertébral bodies ,ilial 
hypoplasia. 
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FUCOSIDOSIS 

This is a lysosomal storage disorder that leads to 
psychomotor damage and eventually death. There are three 
patterns in this. The radiological signs are very mild. 

GM1 GANGLIOSIDOSIS 28 

This is an autosomal récessive disease related to beta 
galactosidosis deficiency. The clinical findings include 
progressive cérébral degeneration,visceromegaly,and 
dystosis multiplex. There are 2 types: the infantile, juvénile 
and adult. The infantile is characterised by severe 
neurological disability hepatosplenomegaly blindness 
and seizures. Chery red macules and early death fractures 
are common. The juvénile form is of later onset a slower 
course and milder clinical and radiological findings. 
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INTRODUCTION 

Chronic fluorine intoxication is designated as endemic 
fluorosis and has been reported from almost ail parts of 
the world. 

ETIOLOGY 

Excessive fluorine intake occurs either through drinking 
water or therapeutic intake. In a tropical climate like ours 
where water intake is more, a concentration of 0.6 ppm of 
water is considered safe. Intake of water with larger 
concentrations of fluoride over many years is needed to 
produce the clinical manifestations. Most affected are 
laborers consuming large quantities of water from subsoil 
sources like tubewells. 

INCIDENCE 

Fluorosis is endemic in areas where the subsoil water has 
a high content of fluorine. Fluorosis is common in districts 
of Punjab, Andhra pradesh. 

PATHOLOGY 

Fluorosis mainly affects the teeth and the skeleton. Dental 
fluorosis requires an exposure for the first eight years of 
life but skeletal fluorosis occurs around the thirties, and 
neurological involvement occurs in very advanced cases. 

Fluoride has been shown to stimulate bone formation. 
The bones are thicker, heavier and their contours irregular 
(Fig. 1). New bone is laid down in the ligaments, capsules, 
interosseous membranes and tendinous attachments in 
the direction of the fibers and forms exostoses. 

There is generalized kyphosis of the spine and many 
vertebrae get fused to each other. The initial change is 
thickening of the vertébral bodies and ossification of 



Fig. 1 : Fluorotic bones are heavier and thicker with irregular 
contours and ossification of tendinous, ligamentous and 
capsular attachments 


tendinous, ligamentous and capsular attachments. Slowly 
ligaments get ossified and fuse adjacent spinous processes 
to produce a solid posterior ridge of bone. The laminae get 
fused to each other by ossification of the ligamenta fia va. 
The vertebrae get fused to each other as a resuit of the 
ossification of surrounding ligaments, but there is 
remarkable préservation of disk material throughout the 
entire thickness Ossification of posterior longitudinal 
ligament and ligamentum flavum narrows the spinal canal 
(Fig. 3). It is most marked in the cervical spine. The 
intervertébral foramina get narrowed by osteophytes 
encroaching from the postérolatéral aspect of the 
intervertébral dises (Fig. 2). 
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Fig. 2: Vertébral body is heavier with irregular contours and Fig. 3: Vertébral body with ossification of posterior longitudinal 
there is narrowing of spinal canal by projecting osteophytes ligament and projecting osteophytes from the lamina 

encroaching on the canal 


HISTOLOGY 

Sections through fluorotic bones show extensive irregular 
laying down of new bone on the surface of original cortex 
and cancellization and résorption in the underlying 
haversian System (Fig. 4). Microscopie examination 
reveals that some of the haversian Systems are normal while 
others are completely or partially mottled. In the mottled 
osteons central canals are enlarged, lamellae are disorderly 
and irregular (Fig. 5). Tétracycline staining also confirms 
abnormal bone laid down under the effect of fluorides. 

In the bone of a fluorotic patient résorption seems to 
be faster than normal as indicated by cancellization of the 
cortex, presence of enlarged haversian canals (résorption 
tunnels) and increased number of lacunae. The presence 
or absence of osteoid tissue may dépend on the availability 
to the patient of vitamin D at the time of laying down of 
new bone. 

CLINICAL FEATURES 
Skeletal Fluorosis 

In the early stages, there is pain and stiffness of various 
joints (hips, knees, spine). Later kyphosis of the spine 
develops with stiffness at the shoulders and restriction of 
chest expansion. Thus it mimics ankylosing spondylitis. 
However, palpable exostoses on the subeutaneous borders 
of the tibia and ulna and along the soleal line may give a 
due to the diagnosis. Genu valgum and rickets hâve been 
reported in preadolescent males (Fig. 6). 



Fig. 4: Large section of the upper end of tibia and fibula showing 
extensive irregular bone formation on the surface of the original 
cortex which shows cancellization and résorption in the 
underlying haversian System 

Dental Fluorosis 

The changes usually seen are White chalky mottling, 
yellowish brown discoloration, pitting of enamel and 
chipping of tooth edges in the permanent teeth though 
occasional cases involving the primary teeth may occur 
(Fig-7). 
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Fig. 5: In fluorosis motteled osteons show central enlarged 
canals, lamellae disorderly and irregularly arranged with 
increased cellularity 



Fig. 6: Genu valgum and rickets in association with fluorosis 




Fig. 7: Teeth show chalky and yellow brown opacities and 
also pitting and irregularity-dental fluorosis 

Neurological Fluorosis 

Neurological involvement occurs late, after about 15 to 20 
years of disease when the canal narrowing is significant. 
Weakness in ail limbs is insidious onset and gradually 
progressive. Occasionally it may be sudden due to a minor 
fall resulting in a hyperextension injury in an already 
narrowed canal. The paralysis is spastic and tendon 
reflexes are exaggerated. Compression of nerve roots may 
occur and the patient may présent with sciatica. 


Because of progressive paralysis and stiffness of the 
various joints these patients gradually become helpless 
and bed ridden. 

RADIOLOGICAL FEATURES (FIG. 8) 

Radiographs of the forearm and the leg show ossification 
of the interosseous membrane and this may be used as 
diagnostic index. 

The bones are more dense and their contours show 
thickening, irregularity, and ossification of tendinous, 
ligamentous and capsular attachments. The vertebrae are 
thickened, the disks bridge by solid bone, and the 
interspinous ligaments may be ossified. The bones appear 
as marble white shadows with irregular exostoses at the 
deltoid tuberosities, greater trochanter, linea aspera, tibial 
tubercle and calcaneal tuberosities. In pelvis ossification 
of sacrotuberous and sacrospinous ligaments is noticed. 
The capsular ossification at the hip gives the impression 
of deepening of the acetabulum. The vertébral canal is 
narrowed most markedly in the cervicodorsal and 
dorsolumbar région. In the cervical spine, a bar of bone 
behind atlas and axis extending down the spinal canal 
for a variable distance is seen. The foramina may also 
show narrowing. 

INVESTIGATIONS 

In fluorotic myelopathy, the CSF is invariably affected. The 
pressure is low, proteins are increased and globulins are 



Fig. 8: X-ray spine in a fluorosis patient—vertebrae are 
thickened, the disks bridge by solid bone, and the interspinous 
ligaments may be ossified 
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Fig. 9: Cervical laminectomy 
in a case of fluorosis 


présent. Frequently ail attempts at lumbar puncture may 
fail and even cisterna puncture may be unsuccessful. This 
is easily explainable as the solid sheet of bone that forms 
posteriorly may not allow the passage of a needle. 
Myelography if possible is very helpful for localizing the 
site of compression, otherwise one has to dépend upon 
the clinical features. Magnetic résonance imaging may be 
helpful in these cases but it is a costly investigation for the 
poor patients, who are commonly affected by this disease. 

TREATMENT 

Preventing the fluorine intake by changing the water source 
helps in amelioration of the symptoms and halting the 
progression of neurological features. There is usually no 
improvement of neurological condition even after a lapse 
of many years. It is logical to remove bone ridge that 
narrows the spinal canal, but extirpation is fraught with 


danger to spinal cord, the nerve roots and the blood vessels 
of the cord. As an alternative extensive décompression of 
the cord has been tried with success (Fig. 9). There is no 
problem of instability of spine which is already extensively 
fused. Many patients completely bed riddenbecome mobile 
postoperatively. 

Patients with mass reflex, paraplegia, and quadriplegia 
in flexion are unsuitable for surgery. This may be the resuit 
of secondary impairment of blood supply of the cord 
leading to its atrophy. Durai calcification with underlying 
cord atrophy has a poor prognosis. 

PREVENTION 

Prévention is by defluoridation of the drinking water. 
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INTRODUCTION 

Osteopetrosis Albers-Schônberg disease, 1 marble bone 
disease, or chalk bones is a developmental abnormality is 
which bone structure in the body is dense and brittle and 
may lead to complications caused by insufficient bone 
marrow development, or encroachment of cranial foramina 
producing neuronal complication such as optic atrophy, 
deafness and facial paralysis. 

Etiology 7 

• Exact etiology is not known. 

• Consanguinity of parents may be underlying genetic 
factor. 

• The disease may be inherited as a simple mendelian 
récessive, but the severe congénital type may be 
transmitted as mendelian dominant trait. 

Although generally considered a primary disorder of 

bone metabolism with diminished bone résorption due to 
an osteoclast defect, studies indicted that osteopetrosis 
may more appropriately be considered an immune 
disorder resulting from a thymie defect that leads to the 
osteoclast abnormality. Several studies of osteopetrotic 
rodents and humans hâve revealed the rôle of a thymie 
defect in this disease. Several other immune defects hâve 
been démons trated in these rodent models. 

Pathology 

The process appears to be continuons déposition of new 
born on unresorbed calcified cartilage of primary 
spongiosa and failure or remodeling resulting in marked 
widening of metaphysis and a club-shaped appearance 
of long bones. The condition starts before or at birth and 
continues uninterruptedly or intermittently until growth 
stops. The bone is grossly grayish white on section, hard 


as marble, and the consistency is as brittle as chalk. The 
medullary canal is obliterated. The typical long bone is 
very dense and white, solid on cross-section and possesses 
club-shaped extremities due to widened metaphysis. 

If the process is intermittent, transverse bands of dense 
bone alternate with bands of normal bone throughout the 
shaft. In the epiphysis, concentric alternating rings or 
dense and normal bone are found. Skull dipole are fused 
together. The air sinuses are replaced by dense bone. The 
pituitary fossa is shallow and the posterior clinoid 
processes are clubbed and encroach on the fossa. Bony 
enlargement narrows the skull foramina and compresses 
nerve structures particularly the optic nerve. Mandible is 
immune bone not affected by this disease cause being again 
unknown. 

Microscopically, the trabeculae are disorganized and 
greatly increased in number and thickness. Haversian 
canals are rare. Cartilage bars persist at the sites of 
endochondral bone formation and may project far into the 
metaphysis and even into the diaphysis. The persistence 
of cartilage bars, normally resorbed by osteocalstic action 
in the zone of primary spongiosa, is a characteristic of 
rickets and osteopetrosis, but in osteopetrosis, the cartilage 
bars are calcified, and their central portions undergo 
osseous metaplasia. The bone is relatively hypocellular, 
with a paucity of osteoblasts and almost complété absence 
of osteoclast. 

Clinical Features 5 

Osteopetrosis starts during gestation and continues till 
longitudinal growth stops. In mild type, formation of dense 
bone occurs slowly, intermittently and incompletely hence, 
patient survives for a longer period. In a more severe type, 
when the consanguinity exists, ail bones very early and 
rapidly becomes very dense, devoid of architecture. 
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Fig. 1 : A 9-day-old male baby with severe type osteopetrosis, reported with fracture humérus. 

Note: The hyper dense bony architecture. The skull X-ray shows classical hyper dense base and frontal bones 


intensely hard and calky brittle. Fractures are frequent and 
heal slowly. These fractures are transverse and sharply 
abrupt. Anémia is présent as a resuit of fibrotic or bony 
replacement of the marrow. Optic atrophy, facial or ocular 
palsy, deafness and hydrocephalus are complications 
encountered, (Fig. 1). 

Three clinically distinct forms of osteopetrosis are now 
recognized. The infantile malignant form is transmitted 
as autosomal récessive trait and is fatal within the first 
several years of life without treatment. An intermediate 
form, also transmitted in an autosomal récessive pattern, 
exists, appears within the first decade of life, and does not 
follow a malignant course. The patient with the autosomal 
dominant type has a normal life-expectancy but many 
orthopédie problems. The autosomal dominant form was 
first described by Albers-Schônberg (i.e. Albers-Schônberg 
disease). Other names applied to both forms of the disease 
are marble bone disease and osteosclerosis fragilis 
generalisata. 

Malignant form: Characterized by onset in infancy with 
thick, poorly remodeled, dense bones and poor develop¬ 
ment of the medullary canal. The child generally shows a 
failure to thrive, myelophthisic anémia and thrombo- 
cytopenia, hepatosplenomegaly lymphadenopathy, 
spontaneous bruising abnormal bleeding and multiple 


fractures. Death usually occurs from overwheliming 
infection or hemorrhage or anémia. 

Intermediate form is diagnosed in childhood. It is a milder 
présentation of above. 

Mild form is autosomal dominant. Repeated fractures 
and subséquent deformities such as coxa vara are common. 

Sérum biochemistry\ The entire long bone including the 
epiphysis is unformity dense and devoid of structure. 
Medullary and cortical différentiation is difficult to 
appreciate on radiographie film. When the process is active 
temporarily, a dense band forms into metaphysis and 
with continued growth displaces distally and becomes 
clubbed. The illiac bone shows alternating dense and 
becomes clubbed. The iliac bone shows alternating dense 
and clear curved bands parallel with the crests. Density of 
the skull is greatest at the base. Air sinuses are absent and 
dense. 

Prognosis 

The âge at onset and the severity of the disease determined 
the outcome. When the condition appears at birth, its 
manifestations are pronounced and the outlook is poor, 
also the patient's condition deteriorates with fatal 
termination within two years. When the disease appears 
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Fig. 2: Mr AB, 25 year, male a case of osteopetrosis, having history of multiple fracture including bilateral fémoral fractures in 
the past. Sustained again fracture at the distal end of the plate. Now treated with an additional plate placed anterolaterally 
(As the earlier plate and screws could not be removed). One of his pelvis x-ray in the past shows vertical iliac bone fracture 


later and is mild to moderate. The prognosis is good and 
the chances of survival are good. 6 

TREATMENT 

Systemic treatment if an issue for the autosomal récessive 
malignant form. High-dose 1.25-dihydroxy vitamin D 
coupled with a low-calcium diet has been employed 
because of its ability to simulate osteoclasts and bone 
résorption. The autosomal récessive malignant form of 
osteopetrosis has been successfully treated by allogenic 
bone marrow transplantation from HLA-identical siblings 
or by marrow ablation with cyclophosphamide and total 
body irradiation or busulfan, followed by marrow 
transplantation from an HLA-matched donor. These 
studies represent significant progress in the treatment of 
this disease and provide further insight into the origin of 
the osteoclast (Fig. 2). 3 

Orthopédie Problem 

1. Repeated pathological fractures are usually transverse. 
Healing is often prolonged. 2 

2. Bony deformities of long bones and coxa vara are 
common but can be treated by ostéotomies. 

3. Internai fixation is difficult because of the hardness of 
the bone and marrow canal. 


4. Osteomyelitis is common because of the diminished 
vascularity and immune response. The problem is most 
common in mandible. 

5. Back pain is common and is treated by rest and 
exercises. 

6. Dental problem is also common. 
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ACROMEGALY 

Acromegaly was first described by Pierre Marie in 1886. 
He described it as a condition with noncongenital 
hypertrophy of the extremities. Benign pitutary tumors are 
by far the most common cause of acromegaly, which results 
from hypersécrétion of growth hormone (somatotrope 
adenomas). When excessive growth hormone sécrétion 
occurs after the growth plates hâve been fused, gigantism 
cannot occur. However, features of acromegaly are seen. 
Coarse facial features, enlargement of supraorbital ridges, 
soft tissue thickening, prognathism, macroglossia, sépara¬ 
tion of teeth, spade-like hands, excessive sweating, 
hypertension, kyphosis, goiter are some of the clinical 
features. Patient often complains of headaches, hypo- 
gonadism, and visual disturbances. Hands are enlarged 
and carpel tunnel syndrome is common. Heel pad and 
skin thickness are increased. Radiographs of hands show 
characteristic tufting of terminal phalanges. Joint spaces 
are increased due to cartilaginous hypertrophy. 
Degenerative arthropathy occurs prematurely and lumbar 
spine shows scalloping of posterior vertébral margins with 
anterior new bone formation. Sellar radiography, CAT 
scanning of sella, assays of GH and visual field charting 
are essential for diagnosis. Surgical removal, radiotherapy, 
and dopa-agonist médications are used in treatment of 
acromegaly. 

CUSHING DISEASE, SYNDROMES AND STATES 

Hypercortisolemia can be due to ACTH-dependant or 
ACTH-independent causes. Pituitary ACTH producing 
(adenorm) (79%), ectopic ACTH sécrétion (14%), macro- 
nodular hyperplasia (7%), adrenal adenomas (10%), 
adrenal carcinoma (7%) are etiological factors, however in 
India, iatrogénie (steroid abuse) is the most common cause 
of Cushing State. Weight gain, central obesity mooning of 


face, purplish striae, proximal myopathy, backache and 
vertébral collapse due to osteoporosis, psychosis, 
menstrual irregularity and hirsutism, hypertension, 
diabètes mellitus, repeated infections, easy brusiability, 
are important clinical dues to the diagnosis of Cushing- 
like States. Osteoporosis, proximal myopathy, hypo- 
kalemia, pink striae, and hypertension are very important 
markers prompting further évaluation. Bony features 
include osteopenia, vertébral collapse, and rib fractures. 
Avascular bone necrosis, kyphosis are also common. High 
nonsuppressible cortisol sécrétion and increased urinary 
free cortisol are sine qua non for diagnosis. Radiological 
and scanning investigations are planned as to localize 
the cause. Treatment is surgical removal of either the 
pituitary or adrenal adenoma with or without radio¬ 
therapy. Glucocorticoids partially block intestinal absorp¬ 
tion of Ca. This is a direct effect. Rénal activity is increased, 
but at cellular level cortisol decreases action of vitamin D. 
There is a redistribution of Ca from extracellular to 
intracellular compartment. Glucocorticoid-induced 
tendency to hypocalcemia induces receptors of vitamin D 
and so increases bone résorption. 

THYROID DYSFUNCTION AND BONES 

Thyroid hormones stimulate synthesis of many structural 
proteins, enzymes and hormones. Thyroid hormones 
stimulate bone growth, and maturation. Thus, hypo- 
function of thyroid gland (hypothyroidism, myxedema, 
cretinism) canbe présent with growth retardation, pubertal 
lag and mental retardation. 

Congénital hypothyroidism (cretinism) The prominent 
features are: (i) signs of mental deficiency, (ii) abnormal 
génital development, and (iii) disturbance in growth. The 
principal skeletal changes are the late appearance of the 
epiphysis and of bones, whose ossifie nuclei develop after 
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birth and the delayed union of epiphysis. The short stature 
of the crétin is due to delayed ossification and retardation 
of growth and skeletal maturation. The retardation of the 
long bone growth leads to an increased ratio of the upper 
to lower segment. 

MYXEDEMA 

Adult hypothyroidism may resuit from some primary 
disorder of thyroid function (including Hashimoto's 
disease) or iatrogénie suppression during the treatment of 
hyperthyroidism. These patients often develop joint pain, 
muscle weakness, osteoporosis, soft tissue edema, erosive 
arthritis or nerve compression syndromes, ail of which 
respond to treatment of the underlying disorders. Slipped 
capital fémoral epiphysis is a common manifestation in 
adolescents. 

Thyrotoxicosis and Bone 

The thyroid is an endocrine gland weighing 15 to 20 gm, 
situated in the lower part of the neck anterior to the trachea. 
It accumulâtes iodine and sécrétés hormones thyroxine 
and triiodothyronine. The sécrétion of these hormones is 
under the control of the thyroid-stimulating hormone 
secreted by the anterior pituitary. 

The thyroid hormones act on almost ail the organ 
Systems of the body. Their main effect is stimulation of 
various metabolic pathways. Excess of these hormones in 
the body leads to the syndrome of thyrotoxicosis. The most 
common cause of thyrotoxicosis is Graves disease, other 
causes being multinodular goiter, solitary thyroid nodule, 
extrathyroidal source of thyroid hormones, and rarely a 
pituitary adenoma. 

The thyroid hormones hâve been found to act on the 
bone cells directly. In in vitro experiments, the thyroid 
hormones were capable of stimulating the osteoclasts as 
well as osteoblasts. 1 However, lymphokines may also hâve 
a rôle to play in the bone changes seen in hyperthyroidism. 2 
In experiments on dogs, 3 it was shown that thyroxine 
increased the number of bone forming and bone resorbing 
sites and the osteoid seam circumference. Activation of 
bone remodeling led to increased bone turnover. There 
was also increase in sérum calcium, phosphate and 
urinary hydroxyproline excrétion consistent with the 
morphometric evidence of increased bone turnover. Similar 
changes hâve been seen in humans. The calcium efflux 
from the bone to the extracellular fluid is increased. This 
leads to mild hypercalcemia in about 20 percent of the 
cases of thyrotoxicosis. 4 The parathyroid hormone 
sécrétion is suppressed due to this hypercalcemia. Rénal 
calcium excrétion is increased. 5 Sérum 1,25 (OH) 2 D 
concentration is decreased due to suppression of the 1 
alpha hydroxylase enzyme in the kidneys. This leads to 


decreased intestinal absorption of calcium. 6 So, the net 
effect is loss of calcium from the bones. 

The clinical effects of thyrotoxicosis on bone dépend 
upon the âge, sex and vitamin D nutrition of the patient. 5 
In adults with adéquate vitamin D intake, the bone changes 
are in the form of osteoporosis. Bone minerai density is 
seen to decrease more in the spine and the proximal fémur. 7 
However, osteoporosis rarely leads to fractures except in 
postmenopausal women. Propranolol has been shown to 
inhibit the effects of thyrotoxicosis on bone résorption. 8 

There hâve been reports of osteomalacia in patients 
with thyrotoxicosis. 5,9,10 In patients with déficient or 
borderline vitamin D intake, the stress of thyrotoxicosis 
may lead to osteomalacia. 

Early skeletal maturation has been reported in child- 
ren with thyrotoxicosis. 11 This may lead to accelerated 
growth and tall stature. Johnsonbaugh et al 12 reported that 
cranial vault sutures of thyrotoxic children opacified early. 

Thyroid acropachy is a very rare condition seen in 
Graves disease. It is characterized by clubbing of fingers, 
soft tissue thickening of the digits and subperiosteal bone 
déposition. 

DIABETES MELLITUS 13 

Diabètes mellitus is a complex group of endocrine dis¬ 
orders. The common musculoskeletal manifestations of 
diabètes include goût, degenerative OA, DISH, osteo- 
myelitis, carpal tunnel syndrome, Dupuytren's contrac¬ 
ture neuropathie joints and forefoot osteolysis. Soft tissue 
infections are common, which frequently spread to bone 
and joint. In the foot région ulcération is most commonly 
seen beneath the first and fifth metatarsal. Infections 
involve mixed organisms including anaerobes. The usual 
findings of periosteal reaction and osteopenia maybe 
absent. 

Neuropathie osteoarthropathy is very common in the 
foot région (Fig. 1). It is a direct sequel of peripheral 
neuropathy with loss of pain sensation. It most commonly 
involves the tarsometatarsal, intertarsal and metatarso- 
phalangeal joints. Spontaneous dislocation of Lisfranc 
joints maybe seen. 

GROWTH RETARDATION (GR) 15 

A child whose height is less than 2.5 SD for his/her âge is 
considered as retarded in linear growth. A child with 
growth retardation whose growth velocity is less than 
4.0 cm/year needs urgent investigations and treatment. 
Nonendocrine causes of short stature account for more 
than 90 percent of the cases. Endocrine causes of GR are 
depicted in Table 1. 

Most of the endocrine causes of short stature are easy 
to diagnose. Radioimmun assays (RIAs) of GH, thyroid 



Endocrine Disorders 239 



Fig. 1: X-rays of ankle and foot in a diabetic with advanced 
neuropathie osteoarthropathy involving ankle and subtalar 
joints 


TABLE 1 : Endocrine causes of short stature 

1. Deficiency of growth hormone (GH) 

2. Deficiency of thyroid hormone 

3. Excess of glucocorticoids 

4. Excess of androgens 

5. Pseudohypoparathyroidism 

6. Poorly controlled diabètes mellitus 

7. Rickets and other metabolic diseases 

8. Delay in puberty and maturation (constitutional) 


hormones, cortisol, androgens, somatomedins and sex 
steroids are now done in such patients as per clinical 
indications. 

Therapy of GH-deificient children is highly reward- 
ing if started at young âge before onset of puberty. With 
proper dose of injection GH, a growth velocity of 10 to 13.5 
cm/year can be achieved. However, cost is a prohibitory 
factor, and in developing countries like India, Pakistan, 
etc. very few children are getting this treatment. The GH 
now available is of recombinant DNA origin, hence, is free 
from side effects, especially metabolic ones produced by 
giving it in high doses. 

Therapy of hypothyroid children is relatively easy and 
cheap, but is lifelong. 

Therapy of other endocrine diseases is out of scope of 
this article and will be found in detail in endocrine 
textbooks. 

Pregnancyand Bone 

Pregnancy induces profound metabolic alterations to meet 
the increasing demands of the rapidly growing fétus and 
placenta. The fétus accumulâtes 20 to 25 gm of calcium 
during pregnancy. The major part of it occurs during the 


last trimester. The changes during pregnancy facilitate the 
transfer of calcium from the mother to the fétus. In a recent 
study. Cross et al 13 described the effects of various stages 
of gestation on calcium and bone metabolism. Fractional 
calcium absorption and sérum concentration of 1,25-dihy- 
droxyvitamin D were higher in the second and third 
trimesters of pregnancy. The increased l,25-(OH) 2 D during 
pregnancy is partly due to placental 1 alpha hydroxylase 
activity which leads to increased conversion of 25(OH) 2 D 
to l,25(OH) 2 D. The increased l,25,(OH) 2 D leads to 
increased intestinal calcium absorption. The markers of 
bone turnover, i.e. sérum bone spécifie alkaline phos¬ 
phatase and urinary deoxypiridinoline are increased in 
the third trimester of pregnancy. 13,14 The increased bone 
turnover in late pregnancy also helps to transfer calcium 
from the mother to the fétus. Sérum parathyroid hormone 
(PTH) levels are not found to be high during normal 
pregnancy. 15 

The mother also losses calcium during lactation. 
Clacium lost during 9 months of lactation is four times of 
that lost during 9 months of pregnancy. The body of the 
prégnant woman tries to store calcium in préparation for 
lactation. Overall there is a net positive balance of 30 to 40 
gm of calcium during pregnancy. 

Once calcium needs to be supplemented in the diet of 
prégnant and lactating women. The recommendations 
vary in different parts of the world. 16 One to two gm of 
calcium per day is probably sufficient. Sowers et al 17 
showed in a study on healthy well-nourished women that 
repeated pregnancies with intervening period of lactation 
did not pose a risk for failure of bone recovery back to 
normal. So, there is doubt if an increase in calcium intake 
is required in well-nourished prégnant women. It is 
postulated that alteration in absorption, metabolism and 
excrétion of calcium may be sufficient to conserve calcium 
to meet the increased demands of pregnancy. 

In women with déficient or borderline vitamin D intake 
during pregnancy, there may be a net loss of calcium from 
the bone. 

Repeated pregnancies with prolonged periods of 
lactation in between may lead to failure of the bone to 
recover from the stress. This is believed to be one of the 
most common cause of osteomalacia in India. 

There hâve been anecdotal reports of pregnancy 
associated osteoporosis with pathological fractures. 18,19 
This is a poorly characterized entity. The patients develop 
osteoporosis in the postpartum period without any 
secondary causes of osteoporosis. In one case, osteoporosis 
occurred in the third trimester of pregnancy and recovered 
12 to 24 months after delivery. 19 The change in the immune 
System associated with pregnancy may be related to this 
type of osteoporosis. 
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Women during pregnancy often develop musculo- 
skeletal symptoms some of which hâve been ascribed to 
the increased weight and unusual posture others to 
hormonal changes. 

Backache: It is common during the latter months. The 
lordotic posture may be to blâme, and postural exercises 
are a help. But there is also increased laxity of the pelvic 
joints due to sécrétion of relaxin, and this may play a part. 
Back pain may persist after childbirth, and radiographs 
sometimes show increased sclerosis near the sacroiliac 
joints—osteitis condensans ilii. This is in ail probability 
due to increased stress or minor trauma to the bone 
associated with sacroiliac laxity. 

Carpal tunnel syndrome: It is common and is probably due 
to fluid rétention and soft tissue swelling. Operation should 
be avoided, symptoms canbe controlled with a wrist splint. 

Rheumatic disorders: These respond in unusual ways. 
Patients with rheumatoid arthritis often improve 
dramatically. While those with systemic lupus erythe- 
matosus, some patients develop a severe exacerbation of 
the disease. 
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PARATHYROID GLANDS AND PARATHYROID 
HORMONE ANATOMY 

The parathyroid glands are situated on the latéral aspect 
of thyroid lobes. Measuring about 6x4x2 mm and 
weighing about 30-50 gm, the aggregate total parathyroid 
weight is always less than 150 gm in normal adults. The 
chief cell, the principal parenchymal parathyroid cells 
secrete parathyroid hormone (PTH). The oxyphil cells and 
water clear cells hâve no clear-cut physiological function. 

PTH is a polypeptide hormone 84 AA, 9500 D mol wt. 
It is primarily responsible for minerai metabolism 
especially that of calcium (Ca). Calcium metabolism is 
controlled by PTH in the following way. 

1. Effect of PTH on bone: Cortical bone has a haversian 
System with a central microcirculation while trabecular 
bone is formed by spongy network of interlacing bone 
spiculés. Trabecular bone is metabolically far more 
active than the cortical due to its extensive surface area. 
Ail the three major cells are targets of action of PTH. 
PTH in high levels increase osteoclastic activity and in 
low levels increase osteoblastic activity. PTH stimu¬ 
lâtes the activity of ostéocytes and osteoclasts and 
inhibits the osteoblasts thus the action of PTH is 
biphasic and an early response is minerai mobilization 
and delayed response is bone résorption and formation 
of new bone cell pool. 

2. Effect of PTH on kidneys: PTH decreases phosphate 
résorption and increases calcium résorption in the 
proximal tubules and in the distal nephron. Both the 
actions are C-AMP dépendent. PTH also stimulâtes 

1 x Hydroxylation of vitamin D 

3. Effect on sérum calcium: PTH raises sérum calcium levels. 
Its effect on bone, kidney and gut maintains the calcium 
levels in hypocalcaemic States. Mobilization of calcium 


from bone has been attributed to the process of 
osteocytic osteolysis. 

4. Effect on sérum phosphorus: PTH lowers sérum phos- 
phorus levels. It promotes diuresis of phosphorus by 
inhibiting tubular résorption. 

Hyperparathyroidism can be classified as: 

• Primary 

• Secondary 

• Tertiary 

PRIMARY HYPERPARATHYROIDISM 
(OSTEITIS Fl BROS A CYSTICA, VON 
RECKLINGHAUSEN’S DISEASE) 

Primary hyperparathyroidism was considered a rare 
disease but with the advent of multivariate analysis of 
biochemical profile of asymptomatic subjects, it is now 
known to affect 1:700 to 900 subjects. It is more common in 
women especially after ménopausé and is extremely rare 
in children. 

Primary hyperparathyroidism is usually caused by : 

i. A solitary benign adenoma (85%) 

ii. Parathyroid hyperplasia of multiple glands (12%) 

iii. Double adenoma (4%), and rarely by parathyroid CA, 
cyst, or other abnormalities. It is characterized by 
raised Sr. Ca and lowered Sr. Ph. 

Initial reports of patients of primary hyperpara¬ 
thyroidism were of patients with severe bone disease and 
or rénal stones. But as mentioned above now more and 
more information is being gained about asymptomatic 
Primary hyperparathyroidism diagnosed because of sérum 
calcium estimation. 

Primary hyperparathyroidism is the most common and 
most important cause of hypercalcemia (> 90%). 
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Pathology 

Most frequently an adenoma of up to 6 cm is situated in 
the parathyroid gland. The adenoma is composed of pale 
clear cells. The cells are in acini, cords and patternless 
masses. 

Skeletal Changes 

Bone résorption: Large number of osteoclasts are observed 
in How ships lacunae. The haversian canals are enlarged 
and cortices transformed into paper thin cancellous bone. 

Brown tumors: These are localised accumulations of 
hemorrhage and osteoclasts. The lésions are well 
circumscribed dark brown areas of soft consistency. 
Healing may occur by fibrous tissue. 

Pathologicalfractures: These occur frequently. Longbones 
bend and break under the stress of weight bearing. 

Clinical Présentations ofPrimary Hyperparathyroidism 

The disease remains subclinical for years and is often 
diagnosed as osteoporosis. 

1. Nonspecific symptoms: Tiredness, fatigue, polyuria, 
polydipsia, constipation, proximal muscle weakness, 
vague aches and pains, headaches, and itching. 

2. Rénal manifestations: Rénal stones were the commonest 
présentation of primary hyperparathyroidism until 
recently. Out of ail patients of rénal stones 1 to 2 percent 
hâve primary hyperparathyroidism while only 7 to 9 
percent of hypercalcémie subjects hâve or develop rénal 
stones. Once a patient has had a rénal stone there is 
greater risk of their récurrence. Patients with primary 
hyperparathyroidism and rénal stones often hâve 
sérum calcium values which are not very high. 

3. Bone disease: In most developed countries where calcium 
estimations are routine, cystic bone disease due to 
primary hyperparathyroidism has become quite rare. 
But in countries like ours it is not at ail uncommon to 
see patients presenting with osteitis fibrosa cystica, 
the classic bone disease associated with primary 
hyperparathyroidism. Patients often complain of 
generalized or localized bone pain. There may be clini- 
cally apparent swellings due to the presence of brown 
tumors in superficial bones. These patients usually 
hâve severe hypercalcemia and associated symptoms. 

There is a well recognized association between 
chondrocalcinosis and primary hyperparathyroidism. 
It présents as pseudogout during the course of the 
disease (as acute monarthritis) or rarely in the 
immédiate postoperative period (with very high ESR) 
when it can be confused as septicemia. 


4. Hypertension: About 33-36% patients hâve high blood 
pressure which is seldom influenced by para- 
thyroidectomy. 

5. Pancreatitis: About 10-20% can hâve this calcium level 
dépendent manifestation which is associated with a 
fall in sérum calcium during an acute attack of 
pancreatitis and therefore, estimation of sérum calcium 
in ail patients of acute Pancreatitis after recovery is a 
must. 

In summary, most of the patients can be asymptomatic 
the classical picture of Painful bones , Rénal stones , Abdominal 
groans, Psychic moans and Fatigue overtones is a very late 
way of diagnosing primary hyperparathyroidism and as 
we become more and more aware of asymptomatic primary 
hyperparathyroidism we are going to face the therapeutic 
dilemma of what to do with these asymptomatic 
hypercalcémie hyperparathyroid subjects, whether to treat 
or not to treat. 

Laboratory Diagnosis of Primary Hyperparathyroidism 

Sérum calcium (9.5-10.5 mg/dl): There is a marked rise in 
Sr.Ca levels. Simultaneous estimation of sr. protein is 
necessary because 0.75 mg of Sr. Ca is protein bound. 
Remissions and exacerbation's of hypercalcemia are 
common so repeated measurements may be required. 

Sérum phosphorus:(3.2-4.3mg/dl): There is a marked fall in 
Sr. Ph levels.40-60 percent of patients may hâve normal 
levels. Sr. Ph are depressed by estrogens and are usually 
raised in the post menopausal period. A low value in this 
âge group should arouse the suspicion of hyper¬ 
parathyroidism. 

Radioimmunoassay: The Sr. PTH levels can be estimated 
using antibodies prepared against bovine or porcine PTH. 

Urinary hydroxyproline: Its levels are markedly raised .This 
increase is attributed to a increased bone turnover and 
collagen dégradation. 

Radiological Diagnosis 

The sensitivity of bone résorption in the hands in the early 
stages has been well documented. High quality X-rays of 
this région are adéquate in the diagnosis and monitoring 
of patients. 

Subperiosteal Résorption (Figs IA and B) 

This radiological feature is diagnostic of hyperpara¬ 
thyroidism. It is most commonly seen along the radial side 
of the middle phalanges of the index and middle fingers. 
Subperiosteal résorption may also be seen in médial aspect 
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Figs IA and B: Classical example of radiograph of phalanges 
in hyperparathyroidism. (A) Notice the tufting of the distal 
phalanges. (B) Subperiosteal résorption of the middle 
phalanges—a diagnostic feature of hyperparathyroidism 
(Courtesy: Dr G S Kulkarni) 


of the proximal tibia, humérus, fémur and ribs. Other types 
of the bone résorption that are seen a reintracortical, 
endosteal, subchondral, subphyseal and subligamentous 
(Figs 2 A to D). 

Brown Tumours 

These appear as radiolucent well defined areas in the 
metaphysis of long bones. They are commonly seen in the 
fémur pelvis, ribs and facial bones. 

CPPD Déposition 

It is seen in 18 to 40 percent of patients of hyper¬ 
parathyroidism. 

Dental films reveal demineralization of the mandible 
and disappearance of the lamina dura (Fig. 3). 

Management (Figs 4A to C) 

Unfortunately there is no effective medical treatment for 
this condition and parathyroidectomy is the only effective 
therapy with > 95% success in the hands of an experienced 
endocrine surgeon. Even in patients with récurrent or 
persistent hyperparathyroidism the success rate at 



Figs 2A to D: (A to B) A case of hyperparathyriodism with bilateral subtrochanteric fracture treated with ILIMN. 
(C to D) Fracture of the distal end and radius ulna and fracture of the right proximal humérus 
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Fig. 3: Dental X-rays showing resoprtion of lamina dura 



Figs 4A to C: (A) Known case of primary hyperparathyroidism with bilateral proximal fémur fracture. (B) Surgical specimen of 
excised parathyroid adenoma (For color version, see Plate 7), (C) Fractures were fixed with internai fixation 


reoperation is about 90%. The morbidity and mortality of 
the operation is also quite low. 

Plamer Sivula and Hedbeck suggest that even 
asymptomatic primary hyperparathyroidism patients 
hâve a higher death rate especially due to CVS and 
malignant diseases more so in subjects less than 70 years 
of âge. Surgery is called for in the following conditions: 

1. Sérum calcium >11.4 mg/ dl 

2. Hypercalciuria > 400 mg/day 

3. Creating clearance < 30%S for âge and sex matched 
control 

4. Cortical bone density < 2 SD for matched Controls. 
Patients who opt out of surgery hâve to be carefully 

folio wed medically throughout life. 


Differential Diagnosis of Hypercalcemia 

Hypercalcemia can be due to any of the following: 

1. Malignancy associated 

• Humoral hypercalcemia of malignancy 

• Skeletal métastasés 

• 1.25, (oh) 2D-secreting lymphomas 

2. Primary and Tertiary Hyperthyroidism 

3. Other endocrine abnormalities 

• Pheochromocytoma 

• Addisons' disease 

• Lipoma 

• Thyrotoxicosis 

4. Gmnulomatous diseases: Sarcoidosis, histoplasmosis, 
blastomycosis, Foreignbody granuloma, berylliosis 
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5. Familial hypocalciuric hypercalcemia 

6. Milk alkali syndrome 

7. Acute/ chronic rénal failure 

8. Immobilization syndrome 

9. Médications: Thiazides, vitamin D, vitamin A, 
theophylline, lithium carbonate, E2 

10. Binding protein anomalies 

• Hyperalbuminuria 

• Myeloma associated immunoglobulins 

11. Manganèse intoxication 

12. Idiopathic hypercalcemia of infancy. 

SECONDARY HYPERPARATHYROIDISM 

Hypocalcemia is a potent stimulus for PTH. This can resuit 
in secondary hyperplasia and end organ résistance. The 
various causes are: 

• Dietary deficiency vitamin D or Ca. 

• Impaired intestinal absorption of vitamin D or Ca. 

• Loss of Ca from the extracellular compartment. 

• Chronic kidney disease which alters Ca metabolism. 

• The treatment includes noncalcemic vitamin D 
calcimimetic agents. 

TERTIARY HYPERPARATHYROIDISM 

It occurs in situations of long-standing secondary hyper¬ 
parathyroidism in which the cause for hyperpara¬ 
thyroidism has been corrected but the gland is functioning 
autonomously. 

Hypoparathyroidism 

It most commonly results from accidentai removal of the 
glands during thyroidectomy. It is characterized by low 
Ca and high Ph levels. Clinically signs of muscle excita- 
bility are seen, Chvostek and Trousseau sign are positive. 

Treatment consist of administration of parathyroid 
hormone and calciferol. Milk restriction in diet is required. 
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INTRODUCTION 

Hematogenous osteomyelitis is the generic name for a 
whole spectrum of clinical manifestations the cause of 
which is infection of bone and marrow from circulating 
organisms in the blood from a distant source. Post 
traumatic osteomyelitis follows open infection through an 
open wound. Soft tissue infection in neighboring area may 
produce contiguous osteomyelitis. 

The infection can be acute, subacute or chronic 
depending on the nature, virulence and dose of the 
infecting organism and the âge, immune System and the 
general condition of the host. Acute osteomyelitis produces 
signs of systemic and local infection. Subacute osteo¬ 
myelitis does not show signs of systemic involvement 
though local signs are there while chronic osteomyelitis 
présents with discharging sinus and récurrent infection. 

In preantibiotic era mortality and morbidity folio wing 
osteomyelitis was very high. Antimicrobial drugs hâve 
changed the course of osteomyelitis but in developing and 
underdeveloped countries where healthcare facilities are 
inadéquate, patients présent with infection to different type 
of medical practitioners- physician, surgeon, pediatricians, 
rheumatologist, infectious disease specialist or family 
general practitioner, hence failure of early diagnosis is not 
uncommon. As such, neglected or inadequately treated 
cases with complications are commonly encountered, and 
many of the problems encountered in pre-antibiotic era 
continue to occur in these countries. The reasons for such 
a situation are as follows. 

1. Failure to suspect correct diagnosis within the first 
3 to 4 days of onset due to lack of a "high index of 
suspicion" 

2. Failure to perform the triad of simple clinical 
investigations which can confirm the suspicion. 

3. Failure to initiate properly planned therapeutic 
program. 


4. Failure to continue treatment till the disease is 
eliminated. 

Since the introduction of antibiotics the incidence of 
hematogenous osteomyelitis has decreased in developed 
countries and subacute osteomyelitis has become more 
common. 

Etiology 

Haematogenous osteomyelitis may occur at any âge but is 
essentially a disease of childhood, not excluding neonates 
and early infancy and is relatively uncommon in adults. 
Disease is more common in males. There is also a seasonal 
variation being more common in summer and rainy 
seasons and somewhat less common in winter months. 
Usually, these children are malnourished. Environmental 
factors do play a rôle. There is frequently a history of minor 
insignificant injury though osteomyelitis folio wing closed 
fracture is uncommon. 

PATHOPHYSIOLOGY 

At the présent time, a proper understanding of the 
pathophysiology requires insight into three closely 
interrelated aspects. They are: (i) the structure of bone and 
the immune System of the host, (ii) the nature and character 
of the invading microorganisms, and (iii) the rôle which 
antimicrobial drugs hâve corne to play at different stages 
of the disease. 

The understanding of the pathophysiology of 
hematogenous osteomyelitis has always been inadéquate. 
The four cardinal Koch's postulâtes to explain the 
occurrence of an infective disease hâve never been fully 
established that can provide explanation of hematogenous 
osteomyelitis. 

The structure of bone in the neonate and early infancy, 
in childhood and in adults differs in a number of respects 
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and influences the pathology of osteomyelitis occurring 
in each of the above groups. 

In the neonate and early infancy, the bone is immature, 
has poorly developed immune System and before the bony 
nucléus of the epiphysis appears, there is no barrier 
between the blood supply of the epiphysis and diaphysis, 
and even after the appearance of the bony nucléus, the 
physeal growth plate is penetrated by metaphyseal vessels 
for a variable period so that hematogenous osteomyelitis 
and pyogénie arthritis is one common disease. 

In children, the central cellular part of the diaphysis, 
i.e. the medulla contains a rich reticulo-endothelial System. 
The metaphyseal portion contains sponge-like bony 
trabeculae but is relatively acellular and contains few cells 
of the réticuloendothélial System. Both the medullary and 
metaphyseal cells possess blood-forming properties. 

In the adults/ the medullary area is fatty in structure 
and only at the metaphyseal spongy bone especially at the 
growing ends contains cells of the réticuloendothélial 
System capable of acting as precursor of blood-forming 
cells. 

The periosteum of infancy and childhood has thick 
walls supported by blood vessels from the surrounding 
soft tissues and can be easily elevated from the surrounding 
bone while that of in adults, the structure is thin and fibrous 
in nature and cannot be easily elevated from the surface of 
the bone. 

The immune System in the neonate and infant is derived 
from the mother and relatively incompetent. As the child 
grows, the System improves and by the time of adolescence, 
the System is fully developed. However, in old âge the 
immune System suffers graduai décliné. Many chronic 
diseases to which the elderly persons are prone 
compromise the immune System. 

MICROORGANISMS 

Staphylococcus aureus is the most common organism (95%). 
Staphylococcus aureus may hâve an affinity for bone. It 
has been identified adhering to cartilage at the physo- 
metaphyseal junction in experimental avian hemato¬ 
genous osteomyelitis (Alderson et al. 1986). 

The source pathogens enter the bloodstream from 
distant infective foci and reach the site of infection. Hobo 
(1921) using intravenous injections of India Ink particles 
and bacterial culture in young animais showed that 
although most bacteria lodged in the medullary cavity 
were rapidly destroyed, bacteria lodged beneath the 
epiphyseal growth plate, though fewer in number, were 
not destroyed but could colonize and produce 
inflammation. He explained this phenomenon on the basis 
of the peculiar hairpin bends of the terminal artérioles 
which ended into venous sinusoids with porous walls 


through which microorganisms could easily migrate into 
the surrounding tissue fluids. The local réticuloendothélial 
cells being inadéquate, the organisms could not be 
destroyed and were able to multiply producing local 
infection. It was on this basis that Trueta (1968) reproduced 
his description of three stages of évolution of acute 
hematogenous osteomyelitis (Figs 1 to 3). 

Stage h A boil in the bone with pain which is severe, 
constant, with local tenderness. 

Stage II: The signs and symptoms become more marked 
and the general symptoms of inflammation appear. 



Fig. 1 : Hairpin bends 



Fig. 2: Boil in the bone (Trueta) (Stage 1) 
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Stage III: The inflammation spreads outwards and produce 
subperiosteal inflammatory collection—the so-called 
subperiosteal abscess. 

Emslie and Nade (1983) provided a better under- 
standing of the pathophysiology of hematogenous osteo¬ 
myelitis than was available earlier. Their investigations 
indicate that organisms appear to possess skeletal tropism 
especially at the most rapidly growing ends. Electron 
microscopie studies hâve shown that the artérioles at the 
epiphysiometaphyseal area end as terminal vessels with 
open ends, where the degenerating chondrocytes leave 
gaps into which the vessels penetrate and thereby provide 
a suitable medium in which organisms can adhéré. 

They were also able to show in animal experiments 
that antibiotics are most effective provided they are 
administered intravenously within 24 hours of bacterial 
colonization, i.e. at the time when the antibacterial agents 
could be recovered in adéquate concentration from the site 
of bacterial colonization. Delay in administration allows 
the bacteria to produce an abscess the so-called 'boil in- 
the bone of Trueta. 

Studies over the last two décades on the problem of 
bacterial adhesion, bacterial slime formation producing a 
biofilm and also secreting a covering of glycocalyx renders 
them almost immune to pénétration by antibacterial drugs. 
This phenomenon occurs where there is poorly 
vascularized or avascular bone, e.g. on the surface of dead 
bone or séquestra. 

These newer understanding of the behavior of 
microorganisms inside the human body over an area of 
infected bone explains the relative incompétence of 
antimicrobial drugs to control neglected osteomyelitis. 


On a clinical basis, there is possibility to identify 
patients in whom the infection has been so massive with 
highly virulent organisms that the main medullary blood 
vessels seem to hâve been thrombosed so that the whole 
shaft of the bone including the whole medullary canal 
and the surrounding cortical bone become simultaneously 
infected. On the other hand, there are instances where the 
disease remains localized either at a metaphysis or in the 
subperiosteal area and does not appear to invade 
surrounding bone. 

Experimental models help us to understand acute 
hematogenous osteomyelitis in the neonate and early 
infancy and child but are not able to explain ail varieties 
of the disease which the clinicians encounter. On the other 
hand, the knowledge gained about biofilm and glycocalyx 
formation over devitalized tissue has greatly helped the 
surgical management of chronic hematogenous 
osteomyelitis. 

OSTEOMYELITIS OF 
NEONATES AND EARLY INFANCY 

In the neonates, the diaphyseal blood vessels directly 
supply the epiphysis (Fig. 4). As the epiphyseal growth 
plate develops, the blood supply of the epiphysis 
undergoes changes. However, till the bony nucléus of the 
epiphysis is well established, the epiphyseal growth plate 
fails to act as an effective barrier between the blood supply 
of the diaphysis and epiphysis. 



Fig. 4: Diagram showing blood supply of 
epiphysis in neonates 
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It has been well established that there are two sources 
of blood supply to the epiphysis till about the âge of one 
year or even longer in some infants so that the acute 
osteomyelitis and acute pyogénie arthritis in neonate and 
early infancy constitute a single disease. It is not only that 
bone infection can spread into the joint, but joint infection 
can also spread into the diaphysis (Figs 5A to C). 

Trueta and Morgon (1960) showed that vessels crossed 
the growth plate, and this was confirmed by Ogden (1975) 
and Emslie and Nade (1983). There is no doubt that the 
néonatal and early infantile growth plates are not résistant 
barriers. The transphyseal vessels hâve a variable time of 
disappearance. 

PATHOPHYSIOLOGY 

The infection to the bone or joint cornes through the 
bloodstream. In this âge group, acute hematogenous 
osteomyelitis is a rampant process producing extensive 
destruction of the entire shaft and involvement of adjacent 
joints. Neonates hâve an immature immune System, are 
less able to produce an inflammatory response, and are 
susceptible to organisms that may be less virulent in older 
children (Fig. 5D). The source of infection is not always 
easy to discover. The bone being relatively soft and porous, 
the changes spread from the bone into the surrounding 
soft tissues very rapidly. 



Figs 5B: Radiographs showing destruction of the whole shaft 
of the fémur and damaged elbow joint in osteomyelitis of 
humérus 



Fig. 5C: Radiographs showing destruction of the whole shaft 
Figs 5A: Radiographs showing huge swelling involving both of the humérus and damaged elbow joint in osteomyelitis of 
the hip and knee joints, but the bone appears relatively normal humérus 
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Fig. 5 D : Néonatal osteomyelitis after recovery with normal 
looking but both the upper and lower epiphyseal plates hâve 
been damaged 

Signs and Symptoms 

In this âge group, the classical signs and symptoms of 
acute hematogenous osteomyelitis may be absent. There 
may not be high température. The child may not suffer 
from acute pain and features of septicemia may be absent. 
The most important findings are as follows. 

1. The child's unwillingness to move the affected limb 
freely. 

2. Swelling of the affected area with local rise of 
température. 

3. There may be some rise of body température. 

4. The child fails to thrive. 

However, it is necessary to mention that the onset of 
osteomyelitis in the neonate may be unusually different. 
Nonspecific abnormalities of behavior may herald the onset 
of fulminating infection. The first indication may be 
anorexia, vomiting or diarrhea and undue drowsiness 
alternating with excessive irritation. Severe attack may be 
manifested by general pallor, cyanosis, jaundice or change 
of cardiac and respiratory rates. Even such nonspecific 
abnormalities demand careful search for bone and joint 
infection. 

In the presence of such minimal symptoms and signs, 
acute bone and joint infection or both should be suspected. 
Careful local examination will reveal local tenderness at 
the site of the disease. The golden rule to follow is: swelling 


plus bone or joint tenderness and fever acute osteomyelitis 
should be suspected, until disproved. 

INVESTIGATIONS 

An elevated white blood cell count and érythrocyte 
sédimentation rate is seen in majority of children. Blood 
culture is positive in 30 to 50% of patients, and a négative 
blood culture does not exclude a diagnosis of acute bone 
and joint pyogénie infection. 

In this âge group, radiographs canbe of immense value 
long before bone destruction becomes apparent. 
Radiographs are pictures representing the various 
densities in the structures through which the beam passes. 
Where there is an inflammatory process in the bone or 
joint, it produces edema in the contiguous soft tissue. Plain 
radiographs can show enlargement of the deep muscles 
and oblitération of the normally translucent areolar tissue 
planes between muscle layers. Symmetrical positioning of 
the limb is mandatory for this comparison to be made. 

CT scans are no substitute for plain radiographs. MRI 
is the best imaging modality as it is able to differentiate 
abnormal bone marrow than CT or bone scan. 

The most important investigation to be performed is a 
paracentesis with a thick bore needle, ail material so 
aspirated should be looked at microscopically and 
cultivated. This simple test helps. 

i. To confirm the diagnosis 

ii. Identify the organism 

iii. Obtain antibiotic sensitivity test 

iv. Help in planning proper treatment. 

No other test will pay such rich dividends. Whenever 
sepsis is suspected because of localized, bone tenderness 
and swelling, aspiration must be performed, under 
sédation or light anesthésia, if needed. If no material is 
obtained, it should never be interpreted as négative—only 
normal material, if obtained, canbe interpreted as négative. 
A common error is to discard the material in the needle or 
syringe because it does not look like pus. This does not 
mean that it will not contain organisms which may be 
found on Gram s tain or grown on culture. Ail material 
suspected of harboring bacteria should be examined 
microscopically. If fluid is found, white cell count should 
be done. 

TREATMENT 

The basic principles of treatment are as follows. 

1. Splinting the affected limb 

2. Starting of bactericidal antibiotics by parentéral or IV 
route "on the best guess basis". But before starting 
antibiotics, material must be obtained for culture from 
blood and also from the site of the disease for cytology, 
culture and sensitivity tests. 
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3. The antibiotic started on the "best guess basis" is to be 
changed as indicated by sensitivity test. 

4. Examination of the affected part for response to 
treatment twice a day. 

In this âge group provided the diagnosis is made within 
48 hours of onset, antibiotic therapy alone may abort the 
infection. However, if the diagnosis is delayed, the question 
of décompression has to be considered. The regenerative 
power of the bone and surrounding soft tissue is 
considérable, although the natural résistance is lower than 
in older children. If any area of local suppuration persists, 
this should be drained by the simplest route, the cavity 
thoroughly washed, wound closed and splintage 
continued. 

Parentéral therapy need not be continued for more than 
7 to 10 days, as it has been well established that in this âge 
group adéquate concentration of antibiotic canbe achieved 
by oral therapy. Splintage and oral therapy are to be 
continued till the appearance of bone becomes relatively 
normal. 

Extensive debridement is rarely necessary. 
Décompression is more urgent where joint swelling 
persists, because there is evidence of rapid damage to 
cartilage cells by accumulation of inflammatory fluids. 
Thus, the chances of recovery dépend entirely on a high 
index of suspicion by the physician of first contact and 
institution of treatment on the lines indicated above. 
Wherever surgery becomes necessary due to failure of rapid 
resolution of the infection, routine histological examination 
must be performed to exclude necrotic neoplasm. 

COMPLICATIONS 

1. Damage to the epiphysis including destruction 
(Figs 6 to 8) 

2. Injury to growth plate ultimately will cause: 

i. Unequal growth. 

ii. Asymmetrical growth. 

iii. Progressive deformity. 

The direction of the deformity dépends upon how 
much and in what direction the growth plate is damaged. 

ACUTE HEMATOGENOUS OSTEOMYELITIS OF 
CHILDHOOD: CLINICAL MANIFESTATIONS 

Childhood hematogenous osteomyelitis is the most 
common form of the disease occurring between the âges of 
3 years and 15 years. In India, ail the classical varieties of 
acute osteomyelitis which hâve been described before the 
advent of antimicrobial drugs still continue to occur. While 
the mortality rate has gone down, the morbidity rate 
continues to be very high. 



Fig. 6: Epiphyseal plate protects the adjacent joint 



Fig. 7: Joint involvement where epiphysis is intracapsular 

One of the worst red herrings in the history has been of 
minor injury. To avoid mistakes caused by a history of 
minor injury, the following points need to be emphasized. 

1. Pain caused as a resuit of injury occurs almost 
immediately after the event. 

2. There is almost always an interval between the incident 
of injury and the onset of pain where infection leading 
to osteomyelitis occurs following a minor injury 

3. Physicians must taken pains to elicit this critical period 
between injury and onset of symptoms 

4. In ail such cases he or she must maintain a "high index 
of suspicion" to exclude acute hematogenous 
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osteomyelitis by systematic palpation to elicit "point 
tenderness" over bone, which is the telltale earliest 
clinical feature of the onset of the disease. 


SIGNS ANDSYMPTOMS 

The child looks very ill, has high température, not willing 
to move the limb or part that is affected, i.e. pseudo- 


paralysis. He complains of acute pain and tenderness at 
the site of infection, and ail the classical features of an 
acute infective disease. 

The site of local point tenderness over the metaphyseal 
région helps localizing the site of the disease. It can be 
said that in a child with features of infective illness even 
when accompanied by vomiting and diarrhea, it is 
obligatory for the clinician to palpate every bone site, where 
acute hematogenous osteomyelitis is known to occur 
especially both ends of each of the long bones specially 
the fémur and tibia. The fémur being well covered by soft 
tissues is more difficult to palpate. The same applies to the 
ilium and scapula. 

This local examination is directed to elicit point bony 
tenderness and it must be repeated till the possibility of 
osteomyelitis is excluded. Besides tenderness, if there is 
local rise of température and any evidence of deep swelling, 
a presumptive diagnosis of acute osteomyelitis should be 
made. 

INVESTIGATIONS 

Raised total blood count is above 15000 per mm 3 with 
high polymorphonuclear cells and raised C reactive 
protein, a raised sédimentation rate is supportive of 
diagnosis. The blood culture may be positive if taken within 
a few days of onset. Aspiration of material from the 
suspected area of bone infection is diagnostic of acute 
osteomyelitis. If no material is obtained from the 
subperiosteal layers, then the cortex of the metaphysis must 
be perforated and material aspirated. Ail material suspected 
of harboring bacteria should be examined microscopically. 
Only normal material, when obtained, can be interpreted 
as négative. If fluid material is obtained, a white cell count 
must be done. If Gram stain fails to identify organisms, the 
material must be cultured ensuring that: 

i. Ail suspected material is cultured. 

ii. Spécial transport media must be used for aérobic and 
anaérobie and fastidious organisms. 

iii. Ensure that the laboratory maintains acceptable 
standards for identification of organisms. 10 " 13-15 

There are some pitfalls in aspiration. These are as 
follows. 

1. The correct area may be missed. 

2. The adjacent joint is to be aspirated first to distinguish 

septic arthritis from osteomyelitis. 

There are instances of sympathetic joint effusion, where 
it is essential to avoid contaminating the joint. Such fluid 
does not show the findings of acute pyogénie effusion. 

Good quality radiographs of proper resolution must 
be obtained with comparative view of the normal side. In 
early stage of acute hematogenous osteomyelitis, no 
radiologie changes are seen. Later loss of définition of soft- 
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tissue planes is seen. Radiologie changes of periostitis and 
bone destruction are usually seen around 10 to 14 days 
from the onset of the illness, or sooner in the neonate. 
Radiographs also help to exclude other lésions such as 
Ewing's tumor or leukemia. 

Ultrasonography helps to localize the abscess and 
ultrasonography guided aspiration may be carried out from 
any collection identified. (Howard et al. 1993; Craig 1999). 
CT, MRI and radionuclide bone and leukocyte scans also 
can identify the changes including the presence of an 
abscess, however, if clinical signs and aspiration confirm 
the diagnosis, these more expensive investigations are not 
required. 

TREATMENT 

1. The affected bone must be properly splinted to provide 
rest to the part. The surgeon has to examine the local 
area daily to assess response to treatment. The splint 
must allow direct visual palpable access to the site of 
the disease. 

2. General measures to sustain the general condition of 
the child must be instituted. 

3. Initially appropriate antibiotics are to be given 
parenterally, preferably by intravenous route for 10 to 
12 days. IV gentamicin and cephalosporin are to be 
started in adéquate doses based on the âge and weight 
of the child empirically on "best guess basis" without 
waiting for culture and sensitivity reports. 

4. Peak and trough levels of antibiotic in blood should be 
estimated whenever such facilities exist. Otherwise, 
empirical clinical judgment remains the basis of 
response to treatment. 

5. Antibiotics penetrate inflamed bone and even pus, but 
not dead bone which can act as a réservoir of 
organisms. 

6. Parentéral therapy can be replaced by oral therapy 
which is equally effective. Oral antibiotics and proper 
splintage hâve to be continued for 4 to 6 weeks and 
sometimes even longer depending on the exigencies of 
individual patients. 

There are occasions where orthopédie surgeons 
diagnose osteomyelitis at this stage, starts antibiotic 
therapy on an empirical basis without attempting to isolate 
the infective organisms and their sensitivity to anti- 
bacterial drugs. Such a wide variety of broad range 
bacteriolytic antimicrobiais are available nowadays that 
by trial and error, almost every case of acute infection can 
be controlled and thus eliminate mortality, cause abetment 
of acute symptoms and, thereby, provide a false impression 
of cure. Where in spite of drug therapy, an abscess may 
appear the surgeon drains by the easiest route and the 
child feels better. The anxiety of the guardians is allayed. 


The point to note is that bone infection causes décalcifi¬ 
cation of bone with chances of pathological fracture in 
spite of apparent relief of symptoms. 

Surgery 

Goals in surgical therapy is to remove any avascular 
nonviable bone, pus, and bacterial toxins, cell wall 
fragments, tissue destruction products, or inflammatory 
products which could continue the process of tissue 
destruction. 

Unlike the pre-antibiotic era, prolonged use of anti¬ 
biotics is often accompanied by absence of subperiosteal 
bone formation, which was common in preantibiotic era if 
the patient survived. Currently the absence of sub¬ 
periosteal new bone formation renders the affected bone 
mechanically subnormal and weight bearing in lower limb 
bones or vigorous activity in upper limb bones may cause 
pathological fracture. 

Uses of effective antimicrobiais prevent reactive 
subperiosteal bone formation even when the whole shaft 
of the bone has been devitalized. The radiograph may show 
hardly any bone changes, but this does not mean that 
reparative process of bone régénération has taken place. 
This can lead to pathological fracture (Figs 9A and B). 

Many such cases end up as chronic osteomyelitis 
because the residual infection which remains impregnated 
in the bone continues to multiply and as time passes, bony 
changes become more and more visible in radiographs. 

OTHER COMPLICATIONS 

1. General dissémination of infection in the fulminating 
variety with the child succumbing to the disease 

2. Pathological fracture 

3. Massive séquestration including séquestration of the 
whole shaft of the bone 

4. Damage to epiphyseal growth plate with conséquent: 

i. Shortening of the limb 

ii. Progressive deformity. 

5. Lengthening of the limb secondary to prolonged 
hyperemia caused by persistent infection. 

6. Bone loss causing instability of the limb 

7. Involvement of the adjacent joint with sep tic arthritis 
and damage or disorganization of the joint leading to 
joint stiffness and deformities 

8. Metastatic bone infection. 

ACUTE SEPTICEMIC SHOCK 

Occasionally some patients may présent with shock as a 
resuit of overwhelming infection by perhaps heavy doses 
of highly virulent organisms in poorly nourished children 
with poor résistance. The child is seriously ill, listless. 
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Figs 9A and B: Instances of pathological fracture following 
ambulation before the bone Consolidated after control of acute 
inflammation 

somewhat unresponsive, toxémie, may not hâve a high 
température, but blood count shows a high percentage of 
polymorphs which may even be above 90 percent with 
absence of eosinophils in peripheral blood. The ESR is 
usually quite high. 

Treatment has to be started on emergency basis. In 
addition to the above treatment, maintenance of fluid and 
electrolyte balance by fluid balance charts is done and 
electrolyte estimated repeatedly to ensure that homeostasis 
is maintained. Fresh blood transfusions as determined by 


Hb percentage level are given. Nutritional suppléments 
are given either orally or by Ryle's tube or by IV route as 
necessary. 

CHRONIC HEMATOGENOUS OSTEOMYELITIS 

There are two groups of cases. They are as follows. 

1. Because of failure of early diagnosis and institution of 
proper and systematic treatment as outlined earlier, 
subacute and chronic osteomyelitis is seen more 
commonly, as acute osteomyelitis treated inadequately 
ends as chronic osteomyelitis 

2. There are instances where the disease starts as chronic 
osteomyelitis de novo, where either the organisms are 
of low virulence or the immune System of the patient is 
well developed or both. 

DIAGNOSIS 

Diagnosis is based on history, careful physical exami¬ 
nations, routine laboratory profile, radiographie findings 
and finally confirmed by operative findings when material 
is recovered for culture, sensitivity tests and histological 
examination to confirm the diagnosis and to exclude other 
types of infection. Other cases turn up with one or more 
sinuses with purulent discharge. Three types are 
encountered. 

1. Active infection with swelling and continuous 
discharge from one or more sinuses. 

2. Controlled infection with frequent attacks of flare up 
of the infection when both general and local features of 
subacute infection appear and sinuses with purulent 
discharge reappear. 

3. Presence of a sinus with minimal discharge from time 
to time. Changes are évident in the radiograph of the 
subjacent bone. Patients are worried about the récurrent 
discharge but otherwise the patient is in good health, 
and no other local symptoms or signs are présent. 

The culture from discharge usually shows a mixed 

flora. They are Staphylococcus aureus, Escherichia coli, 
Streptococcus pyogenes, Vroïeus, Eseudomonas, and other 
secondary contaminants. 

If the infected metaphyseal région is intracapsular, or 
if blood vessels traverse the physis, as they hâve been 
shown to do in the neonate infection may spread to a joint 
(Trueta 1959; Ogden 1979). A large subperiosteal abscess 
may elevate the periosteum completely from the shaft of 
the bone, causing occlusion of the main nutrient vessels 
and death of the cortical bone leading to sequestrum 
formation. In such situation, the stripped periosteum, 
provided with its own blood supply from muscle 
attachments, lays down new bone (involucrum) in a shell 
around the old shaft (sequestrum). 
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Fig. 10: Whole shaft of the fémur is sequestrated with 
surrounding abscess 

At the opposite extreme, there are occasionally cases 
where the blood supply of the whole bone has been lost, 
the entire diaphysis has sequestrated, and yet very little 
surrounding subperiosteal bone may be seen (Fig. 10). 

Dead bone can be absorbed by granulation tissue. This 
is only possible when active infection has been controlled, 
and some blood supply to the bone and surrounding soft 
tissues is retained. Modem investigations like radionuclide 
imaging, CT scan or MRI can help to provide detailed 
information about the bone and surrounding soft tissues, 
but as these are not widely available and are expensive. 

Where local pain, swelling, irregular fever, raised local 
température, areas of redness, tenderness over the surface 
on palpation, purulent discharge through sinus or sinuses 
and thickening of the bone is présent, as the infection, is 
active, even though the general symptoms are minimal, 
with variable thickening of bone and radiographs show 
presence of séquestra and bone abscess, operative 
debridementbecomes mandatory. 

INVESTIGATIONS 

Routine blood examination includes blood proteins to 
assess the degree of anémia and déplétion of body proteins 
in cases with copious purulent discharge. 

RADIOGRAPHIC APPEARANCE 

The radiographie appearances are also variable (Figs 11 
to 14). Where no sinus is présent and radiograph shows a 



Fig. 11: Chronic osteomyelitis involving 
whole diaphysis 


Fig. 12: Extensive changes with séquestration but poor 
subperiosteal bone 

large area of bone involvement, but the actual site of the 
active infection is difficult to locate. It must be remembered 
that changes in radiograph does not necessarily indicate 
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Fig. 13: Extensive disease with fluffy subperiosteal bone Fig. 14: Multiple bone abscess with purulent local 

and also sequestrum not clearly demarcated inflammation présent clinically 



active infection because just like the scar of a deep soft 
tissue wound, infected bone is also left with changes that 
are to be looked upon as old scars of healed infection. 
Where a sinus is présent, a carefully performed sinogram 
is useful in planning management (Fig. 15). 

Radionuclide imaging, CT scans or MRI becomes 
necessary to localize the site of active infection, necrotic 
bone and to assess the involvement of the surrounding 
soft tissues. 

RADIONUCLIDE STUDIES 

Radionuclide scans may help in cases when the diagnosis 
of osteomyelitis is uncertain. The technetium poly- 
phosphatc 'Te' scan demonstrates increased isotope 
accumulation in areas of increased blood flow and reactive 
new bone formation (Jones et al. 1976). But in cases with 
impaired blood supply to the infected area négative 'Te' 
scans is seen (Russin and Staab 1976). 

Gallium scan also shows increased isotope uptake in 
areas concentrating polymorphonuclear leukocytes, 
macrophages, and malignant tumors but as gallium citrate 
scan does not how bone detail well, it may be difficult to 
distinguish between bone and soft tissue inflammation. 
Indium-labeled leukocyte is another isotope which scans 
positive in approximately 40 per cent of patients with acute 
osteomyelitis and 60 per cent of patients with septic 
arthritis, however, chronic osteomyelitis may show 
négative indium-labeled leukocyte scans. 


TREATMENT 
General Treatment 

1. Rest, balanced high protein diet and hematinics where 
the Hb percentage is reduced 

2. Any évident nutritional disorder has to be corrected. 
Anémia can be combated with hematinics but may 
require multiple fresh blood transfusions 

3. Drug therapy should be started on empirical basis 
using broad range bacteriolytic antibiotics by 
parentéral route on a "best guess" basis 

4. Attempts are made to recover organisms from the depth 
of sinus when présent and if positive, this can act as a 
rough guide to antimicrobial drugs. However, culture 
from the sinus material can be misleading. 

5. In polymicrobial infection with a sinus, more than one 
antibacterial agent has to be used 

6. Repeated cultures need to be obtained to detect the 
bacterial flora with altered sensitivity tests, appropriate 
change in therapy then becomes necessary. 

The exact detail of antimicrobial therapy in such cases 
is a vexed problem. Antibiotics exert their effect in interstitial 
fluid spaces of tissues. It is also known that the degree of 
lipophilia and molecular weight influence movement of 
antibacterials across the capillaries and interstitial tissue 
spaces. Circumstantial evidence indictate that anti¬ 
bacterials are effective provided local conditions are 
rendered favorable for the drugs to act. As such, in chronic 
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Fig. 15: Value of sinogram in a case of extensive resection 
and debridement of osteomyelitis who developed a sinus. Two 
to three years after the operation, sinogram reveals area which 
harbored latent infection which had flared up and after a second 
debridement he has been free for the last 14 years 

osteomyelitis, antibiotics are used only as adjuvants to 
proper local treatment and not, repeat not for eradicating 
the infection by it alone. The local treatment consists of 
thorough debridement of the diseased area. This involves 
complété removal of ail séquestra, deep scar tissues in the 
depth of bone and surrounding soft tissues, intracortical 
abscess, etc. so as to leave an area of clean, well- 
vascularized bone and soft tissue cover at the end of the 
operation. The bone is saucerized so that no inflammatory 
exudates can remain locked up in the bone. Soft tissue 
séquestra also require removal so that freely bleeding soft 
tissue remains in contact with the saucerized bone. The 
basis of the debridement is to leave avascular bone and 
soft tissue into which antibacterial drugs can penetrate in 
adéquate amount. In cases of major areas of disease, e.g. 
extensive disease of the fémur or ilium, the operation is 
somewhat formidable and blood loss during operation 
has to be replaced. 

Rationale use of antimicrobial therapy requires: 

i. Recovery of infective microorganisms and their 
quantitative sensititivity testing by tube dilution 
techniques, 

ii. The correct coverage requires MIC/MBS ratio of 1:1 
and 6 to 8 times, less than expected sérum level, 

iii. Preoperative therapy for 1 to 5 days. 


iv. Placement of Hickman's cathéter for prolonged 
parentéral therapy, 

v. Laboratory values of antibiotic blood levels are to be 
checked weekly during treatment wherever such 
facilities exist, and 

vi. Monitoring the patient for any adverse reaction to 
therapy. 

Ail these précautions cannot be followed as a rule in 
India or many other countries. Empirical therapy is 
generally used. Initially parentéral route is used to be 
followed by oral route for 4 to 6 weeks or even longer. 
Except for repeated blood examination, the other 
sophisticated laboratory tests are not performed. Much 
more reliance is placed on clinical response than on 
laboratory reports. Even so, the end results obtained hâve 
been favorable in more than 90 percent of the cases treated 
in the sériés of personal cases reviewed by the author. 

LOCALTREATMENT 

The objectives of local treatment are: 

1. The first objective is removal of ail dead bones. 
Séquestra that are retained in a cavity will keep 
osteomyelitis smouldering for years. Removal of dead, 
devitalized and infected bones frequently leaves a 
sizable cavity, i.e. "dead space." Séquestration is not 
limited to bone only but soft tissue séquestra also exist 
and these require surgical removal 

2. The second objective is to find a method of obliterating 
any dead space left after debridement. Unlike soft tissue 
infections which after drainage collapse and fill in with 
scar tissue, the rigid structure of bone does not collapse. 
As such, a method for obliterating dead space forms a 
major surgical considération. 

3. The third objective is to obtain soft tissue coverage of 
exposed bone which is a part of the objective of 
obliterating dead space. 

In spite of somewhat clear objectives, the actual 
decision-making process is not always easy or clear eut. 
The real test of a surgeon's judgment lies not only in 
deciding when to operate, but also how much to do so as 
to avoid meddlesome surgery. 

Total éradication of ail areas of potentially infected 
bone is hardly possible. The test of the skill and judgment 
of the surgeon lies in deciding which areas of the infected 
bone are responsible for récurrent flares up and to deal 
with only those areas. Quiescent areas heal by natural 
powers of host résistance and maintain sterility. The 
nature of surgical intervention may be summarised as 
follows. 

1. Removal of ail séquestra surrounded by sclerotic wall 

2. Opening widely of ail active bone abscesses simulating 
Brodie's abscesses by removing overhanging edges so 
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that a shallow cavity with open walls are left which 
can be filled up by soft tissue, and where purulent 
material cannot accumulate and become trapped. 

3. Excising areas of active infection along the track of 
sinus and deal with infected bone at the bottom of the 
sinus so as to leave a relatively healthy bleeding bone 
surface. 

4. Areas of periosteal and subperiosteal tissue 
inflammation which does not subside within 5 to 7 
days of antibacterial drug therapy indicate wider 
exposure of such areas and also require thorough 
debridement of ail visually infected soft tissues. 

5. A moth-eaten appearance of the cancellous ends of 
bone with pain, swelling, and tenderness of a sinus 
requires thorough debridement (Figs 16A and B). 

6. Ensure excision of what can be called "soft tissue 
sequestrum". 

In spite of ail that has been said, it is not always easy to 
corne to a clear decision as to the extent of operative 
debridement. Areas like fibula, rib, clavicle, metatarsals 
and tarsal bones can be dealt with by radical excision 
(Fig. 17). In these areas éradication of infection can be 
achieved by radical excision of the whole bone. Similar 
excision can also be performed on the scapula, provided 
the glenoid and subglenoid areas with the outer end of the 
acromion process can be spared. Such extensive excision 
of bones in these areas does not produce any serious 
cosmetic or functional defect and helps to eradicate the 
infection permanently. It is indeed surprising to see how 
little cosmetic defect is produced by complété excision of 
the clavicle and subtotal excision of the scapula. 

WOUND CLOSURE AFTER OPERATION 

Success of a proper debridement may be defeated unless 
the postoperative care is meticulous and based on sound 
surgical and physiological principles. 

Closure over suction with irrigation gained some 
popularity some years ago. But expérience showed that 
the method had serious drawbacks and, in fact, rarely 
succeeded in shortening the period of convalescence. It is 
not the elective technique to deliver antibiotics to bone. 
Parentéral administration of antimicrobiais is the route of 
choice. With certain nephrotoxic antimicrobiais irrigation 
of freshly saucerized long bone can lead to levels in the 
bloodstream that are toxic. Superinfection is very common 
with this method. Currently, the most favored and 
acceptable method consists of delayed closure after 4 to 7 
days, when the wound looks healthy, and there are no 
collections of purulent material at the depth of the wound. 
The success of such secondary closure dépends on 

i. Rapid and complété control of the subjacent bone 
infection. 



Figs 16A and B: Lower end of tibia before and 
after operation 

ii. Presence of healthy vascular granulating surfaces on 
the sides and depth of the wound. 

iii. Anatomical configuration of the wound which 
permits the wound surfaces to be brought together 
without excessive tension. 

In some instances, a few days of pressure bandaging 
brings about subsidence of residual wound edema, the 
open surfaces corne nearer to each other and allow easy 
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Fig. 17: Excision of the fibula 


closure. However, such secondary closure is neither 
feasible nor possible in ail cases, the reason being 

i. The nature of the wound and its anatomical situation, 
and 

ii. Persistence of active infection in the depth of the 
wound "which may require a secondary debridement 
in order to remove any residual 'areas of active bone 
infection missed at the initial operation. 

Where secondary closure is not possible, the options 
available to the surgeon are as follows. 

1. Initial split-thickness skin graft so as to obtain complété 
closure of the wound. The disadvantage of the 
procedure is that it leaves an unstable scar, specially if 
grafts are placed on exposed bone, but such scars 
mature in course of time. The advantages are: It is 
simple, safe and can be done by any average surgeon. 
As such, wherever feasible, it is the most commonly 
acceptable method. 

2. Where collaboration with a good plastic surgeon 
colleague is available and the patient can afford 
relatively prolonged and expensive treatment, the 
foliowing options are available. 

a. Full thickness rotation flaps 

b. Cross-limb flaps where this is feasible in the upper 
and lower limbs 


c. Free flap (composite graft with microvascular surgery) 

d. Muscle pedicle graft 

e. Bone graft to fill up bone cavities combined with 
subséquent full thickness skin flaps 

f. Use of Ilizarov techniques where major gaps are left in 
a bone, and bone transport is required to fill up the gap 
in the bone. 

It needs to be stated that ail these procedures are 
somewhat difficult and must be performed by specially 
trained surgeons; otherwise the failure rate is high and 
adds significantly to the suffering of the patient. Where 
one or other of these methods must be used if the patient is 
to obtain lasting recovery from the infection or 
complications like pathological fractures/recurrent 
breakdown of unstable thin split-thickness grafts or 
serious cosmetic defects are to be avoided. Much ultimately 
dépends on a frank discussion between the surgeon and 
the patient as to what can and is to be done. The final 
outcome dépends on the informed consent of the patient. 

The manifestations of chronic osteomyelitis are 
extremely varied and no single description can encompass 
them ail. It has to be noted that changes in cancellous bone 
differ from those of cortical bone. The classic description 
of sequestrated bone surrounded by involucrum 
containing cloaca through which purulent discharge finds 
outlet through sinuses is more an exception than the rule, 
as use of antimicrobiais has changed the character of the 
disease. 

More important is to recognize the fact that quite 
frequently no involucrum forms around a sequestrated 
portion of the bone even when surrounded by purulent 
material and granulation tissue. It is pointless to wait for 
involucrum to appear because purulent collection destroys 
the ostéogénie cambium layer of the periostium and unless 
the sequestrated bone is removed, infection remains 
uncontrolled. Removal of such sequestrated bone produces 
variable extent of bone gap and poses problems of bone 
reconstruction. Such are the types of cases frequently 
encounterd nowadays. 

It appears that antimicrobial drugs while reducing 
mortality may indeed hâve aggravated the morbidity of 
the disease unless early diagnosis and proper treatment 
on rational lines are implemented. 

Gentamicin beads can be used in cases of chronic 
osteomyelitis after thorough debridement of the diseased 
area and primary closure of the wounds done with 
implantation of a long chain of beads on the surface of the 
bone in the depth of the wound, leaving the end of the 
chain at one end of the wound. From the second 
postoperative day, the chain is pulled slowly out of the 
wound. The whole chain is removed by the fourteenth 
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day. Unless pulled one by one daily the chain tends to get 
adhèrent and may snap while pulling. The beads provide 
high concentration of gentamicin in the local wound and 
help to control the residual infection. The success of this 
method dépends entirely on the meticulous removal of ail 
areas of necrotic bone and soft tissue leaving a relatively 
healthy looking and vascular bed both in bone and 
surrounding soft tissues. Local beads éludé gentamicin 
into the operated area and do not produce high systemic 
levels of the antibiotic, and thus avoid its toxic 
complication. 

HEMATOGENOUS OSTEOMYELITIS OF ADULTS 

There are cases where the onset of the disease occurred in 
adults. The fémur, tibia and humérus are the most common 
sites of such infection. The ends of the bone close to the 
knee are the most frequent région where such cases are 
seen. It is an old axiom of medicine, "once a chronic 
osteomyelitis it can relapse at any time in life". There hâve 
been cases where symptoms appeared 30 years after the 
disease has subsided in childhood. 

The principles of treatment are the same as outlined 
for chronic osteomyelitis of childhood. 

HEMATOGENOUS OSTEOMYELITIS 
(DE NOVO) OF ADULTS 

Cierny and Mader (Cierny and Mader 1985, Cierny et al 
2003) hâve classified adult haematogenous osteomyelitis 
according to the quality of the host, the anatomie nature of 
the disease, treatment factors, and prognosis factors. This 
staging System combines four anatomie disease types and 
three physiologie host categories to define 12 discrète 
clinical stages of osteomyelitis. 

In this System, patients are classified as A, B, or C hosts. 
A-hosts are those patients with normal physiologie, 
metabolic, and immunologie response to infection and 
surgery, B-hosts are patients who are compromised either 
locally or systematically or both. The goal of host 
modification is to make a B-host as much like an A-host as 
possible. C-host, represents the patient for whom the 
treatment of the bone infection is more compromising than 
the osteomyelitis itself. 

The stages are dynamic and may be altered by therapy 
outcome or change in host status. 

Anatomically osteomyelitis is classified in four stages. 

Stage 1—Medullary osteomyelitis 

Stage 2—Superficial osteomyelitis 

Stage 3—Localized osteomyelitis 

Stage 4—Diffuse osteomyelitis 

Stage 1 Medullary osteomyelitis : Here primary lésion is 
endosteal. There are ischaemic scars, chronic granulations 


and séquestra within medullary canal. It is usually treated 
with cortical deroofing and intra medullary reaming. An 
infected intramedullary rod is another example. In this 
case, the infected intramedullary rod must be removed, 
followed by intramedullary reaming. 

Stage 2 Superficial osteomyelitis: The bone infection results 
from an adjacent soft-tissue infection and represents a true 
contiguous focus lésion (Figs 18A and B). An exposed, 
infected necrotic outer surface of the bone lies at the base 
of a soft-tissue wound. Here superficial debridement is 
required. 

Stage 3 Localised osteomyelitis : This is characterised by full- 
thickness cortical séquestration that can be surgically 
removed without compromising stability of the infected 
bone. 

Stage 4 Diffuse osteomyelitis: It is a permeative, circum- 
ferential disease and usually requires segmentai resection 
of the bone. The stage 4 patient may also hâve bone 
infection on both sides of a nonunion or major joint. Diffuse 
osteomyelitis includes those infections with a loss of bony 
stability either before or after debridement surgery. Infected 
non unions are example. 

Various systemic factors as malnutrition, rénal/hepatic 
failure, diabètes mellitus, chronic hypoxia, immuno¬ 
suppression or immune deficiency, malignancy, immune 
disease, extremes of âge, tobacco abuse and local factors 
as radiation fibrosis, chronic lymphedema, venous stasis. 



Fig. 18: Superficial osteomyelitis following 
adjacent soft-tissue infection 
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extensive scarring, arteritis affect immune surveillance, 
metabolism, and local vascularity in these cases and hâve 
impact on outcome of the disease. 

Acute cases are indistinguishable in their clinical 
manifestation from that of the disease of childhood or 
adolescence except that the local and general features are 
not as explosive as is seen in children and since the 
physical barrier no longer exists, the disease involved the 
adjacent joints so that such cases are a combination of 
acute pyogénie osteomyelitis and arthritis. The reaction of 
the bone is different. It is uncommon to corne across massive 
séquestration nor do the conditions start in the metaphysis 
as a rule. The infection is more generalized affecting almost 
the whole length of the bone, and the évolution of events 
proceeds at a slower pace. Actual septicemia is uncommon, 
but bacteremia and toxemia are clearly présent. There is 
deep boring pain throughout the limb, and one rarely cornes 
across the classical localized point tenderness at one or 
other end of the bone in the early stages which is so 
common in children. It is surprising how often even the 
patient cannot clearly localize the site of actual bone pain 
or tenderness. Diagnosis is frequently missed and by and 
large such patients are treated for pyrexia of unknown 
origin which these days mean use of a variety of 
antimicrobial drugs combined with pain-killers of 
nonsteroidal antiinflammatory group or even steroids. Use 
of these drugs singly or in combination almost invariably 
brings symptomatic relief to these patients so that in none 
of the cases studied in this sériés did the patient report 
during the acute inflammatory stage. A careful and 
meticulous history, systematic recording of therapy which 
these patients received before reporting was the only guide 
to correct analysis of évolution of events. Ail the cases of 
this sériés were seen when the condition had become 
chronic and persisting, when repeated flares suppressed 
by drug therapy combined sometime with limited 
operations for drainage of superficial abscesses had been 
performed, and where finally a stage was reached when 
the patient no longer obtained relief with antimicrobial 
drugs or pain-killers or had developed a persistent sinus 
with thick foui purulent -.discharge or occasionally a 
pathological fracture. At this stage, radiographs revealed 
extensive disease with ail the features of chronic persistent 
uncontrolled infection with or without sinus and on 
occasions, especially in the adjacent joints like the hip, the 
knee, the sacroiliac (SI) or hip joints. The whole bone is 
thickened to palpation with many areas of acute 
tenderness, locally raised température and marked 
limitation of movement of the adjacent articulations. Proper 
treatment can overcome the limitation of movements caused 
by inflammation, but disorganization of joints causing 
stiffness cannot be overcome. 


Whatever form of treatment is adopted, complété and 
permanent éradication of infection cannot be assured. 
Many of these patients continue to suffer from periodic 
subacute épisodes of inflammation, récurrent discharging 
sinus or sinuses, and persistent deep boring pain ail of 
which has to receive symptomatic treatment from time to 
time. 

These may be cases of intracortical abscesses which 
can occur in any part of the shaft of a long bone. The 
principal symptom is deep persistent relentless bone pain. 
In these cases, radiographs taken in the early stages rarely 
give any due to the diagnosis. Almost every patient that 
has been seen and treated has had historiés' extending 
from 6 months to 2 or 3 years. Local signs unless looked 
for with meticulous care and with a high index of suspicion 
fail to elicit the diagnosis. If an adult patient complains of 
persistent bone pain which though responding temporarily 
to antibacterial drugs and pain-relieving medicine recurs 
and if the pain disturbs sleep, one of the three conditions 
is to be suspected, the priority depending on the âge of the 
patient. 

1. Intracortical or cortical bone abscesses 

2. Osteoid osteoma 

3. Malignant disease. 

These malignancies canbe diagnosed somewhat more 
easily because of lack of response of therapy and the 
somewhat more rapid progress of the condition which 
alerts the clinician and enables him to corne to a valid 
diagnosis. The diagnosis can then be confirmed by formai 
biopsy or needle biopsy besides other investigations which 
the situation demands. 

The pain of intracortical bone abscess is more severe 
than is seen in osteoid osteoma. Osteoid osteoma is usually 
eccentric in situation affecting one side of a bone and 
adjacent to the cortex of a long bone. However, osteoid 
osteoma in the cancellous ends of large bones can be 
situated more centrally in the bone and can be mistaken 
for a deep-seated bone abscess. Intracortical abscesses are 
more centrally situated. The pain can indeed be very severe. 
There hâve been patients who fail to get relief even with 
the use of opiates. Once the condition has progressed 
beyond a certain stage, antibacterial drugs do not provide 
any relief. As time passes, swelling of the affected area of 
bone takes place. 

Depending on the site of the disease, the swelling may 
be easily palpable or difficult to palpate. The swelling is 
diffuse, felt ail around the bone, has no clear margins, 
locally acutely tender and has raised local température. 
Radiographs at this stage reveal an area of centrally 
situated bone raréfaction, some degree of enlargement of 
the medullary canal, layers of subperiosteal bone formation 
with a soft tissue swelling around the bone. When the 
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condition is situated towards the 'end of a long bone and 
specially is situated towards the end of a long bone and 
specially the upper end of the tibia, the local features may 
closely resemble malignant disease. In fact, in this sériés 
malignancy was diagnosed in a number of instances on 
clinical and radiological grounds, amputation was 
advised and the patient came in the hope of préservation 
of the limb. 

INVESTIGATIONS 

1. Blood investigations: Leucocyte counts is high but 
rarely exceeds 15000/mm 3 , Elevated sédimentation rate 
and C reactive proteins are found. 

2. Radiographs: As adult osteomyelitis is not as fulminant 
as in children the radiographie changes are delayed. 

3. Radionuclide imaging: This is useful for whole body 
examination but it does not show différence between 
soft tissues and bone. 

4. CT scans: Increased marrow density occurs early in 
infection. CT scan can localize areas of bone necrosis 
and soft tissue involvement. 

5. MRI: It is the most useful investigation and better than 
CT and Radionuclide imaging. There is a localized 
area of abnormal marrow. Soft tissue oedema, cellulitis 
and scarring is also seen. 

With a high index of suspicion, such investigations 
are not mandatory, and diagnosis can usually be made on 
clinical grounds alone supported by proper radiographie 
findings. 

TREATMENT 

Once suspicion is aroused, early exploration is indicated. 
The procedures adopted may be: (i) Debridement, (ii) 
saucerization with secondary closure, and (iii) in selected 
cases adéquate drainage with meticulous removal of the 
wall of the abscess leaving a highly vascular relatively 
healthy looking surrounding bone. Depending on the local 
condition uniformly, good results can be achieved 
whichever method is adopted and considered justified. 
These hâve to be combined with rest and appropriate 
antibacterial drug and prolonged follow-up for any 
evidence of récurrence of infection. 

Antibiotics are started after bacterial culture and 
sensitivity report. Broad-spectrum antibiotics canbe started 
and modified later, if necessary, when results of the 
debridement cultures and sensitivities are available. The 
antibiotics are continued for 4 to 6 weeks. 

Dead-space created by debridement or saucerization 
must be filled with vascular tissue to reduce chance of 
récurrence. Local tissue flaps or free flaps may be used to 


fill dead-space. Cancellous bone grafts can be used after 
debridement for structural support. Open cancellous grafts 
without soft-tissue coverage are useful when a large wound 
is there and can not be covered (Papineau el al. 1979). 
Antibiotic-impregnated acrylic beads may be used to 
sterilize and temporarily maintain dead-space. Muscle 
pedicle graft is another option which fills dead space with 
vascular tissue and facilitâtes antibiotic pénétration. 

Adjunctive hyperbaric oxygen therapy has been 
reported to be useful in the treatment of chronic refractory 
osteomyelitis (Mader et al. 1987a). The spécifie rôle of 
hyperbaric oxygen in the treatment of osteomyelitis is not 
confirmed but in the ischémie or infected wound, 
hyperbaric oxygen provides oxygen to promote collagen 
production, angiogenesis, and ultimately wound healing. 

Vertébral Osteomyelitis 

Vertébral osteomyelitis (vertébral osteomyelitis) is the 
common présentation of hematogenous osteomyelitis in 
adults. Osteomyelitis of the vertebra which almost 
exclusively affect the vertébral bodies is uncommon/ but 
is frequently mistaken for tuberculous disease. 

Males are more susceptible. Diabètes mellitus, and 
immune compromise associated with steroid therapy, HIV, 
and intravenous drug abuse are risk factors. Direct 
inoculation of an intervertébral disk at surgery or during 
an invasive diagnostic procedure may produce an infection 
indistinguishable from the typical hematogenous disease. 

Staphylococcus aureus accounts for over 50 per cent of 
isolâtes from vertébral osteomyelitis in the developed 
world. Gram-negative enteric bacteria, Pseudomonas 
aeruginosa and fungi are also seen. It is important to 
differentiate from tuberculosis or brucellosis in endemic 
areas. 

Most hematogenous vertébral infections are from the 
arterial route, but venous spread from the urinary tract 
may occur. 

The clinical symptom complex usually consists of : 

i. Severe back pain with or without radicular reference 

ii. History of fever 

iii. Weightloss. 

The common âge incidence of vertébral osteomyelitis 
is in adults and it is rare in children. While most often the 
onset is sudden, there are cases where symptoms develop 
gradually. Local pain over the spine is présent in every 
case. The pain is typically constant and severe, exacerbated 
by movement or position. There is also muscle spasm 
localized to the level of involved area with decreased range 
of movements. The most common site is the dorsolumbar 
or lumbar vertebrae. Spine is stiff with local tenderness. 
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INVESTIGATIONS 

The total blood count may or may not be elevated, but the 
sédimentation rate is always raised and sometimes rises 
as high as 120 mm per hour. C-reactive protein are also 
significantly raised. 

Blood Culture 

In the early stages, blood culture may be positive and the 
most common organism isolated is Staphylococcus aureus. 

RADIOLOGICAL FINDINGS 

A characteristic sequence of radiological changes is seen 
in ail cases. The earliest changes seen are érosion of the 
subchondral bony end plates and narrowing of the disk 
height at 6 to 8 weeks. The latéral view demonstrates the 
lésion most clearly. 

Later changes consist of progressive lysis of the 
contiguous vertébral bodies and loss of disk height. 

Spontaneous fusion occurs quite frequently. In some 
cases, the anteroposterior view may show a paravertebral 
shadow. 

Changes can be identified much earlier by CT or MRI. 
MRI shows the the pathologie anatomy better. Bright signal 
is seen on T 2 weighted images and a low-intensity image 
on T r -weighted image. Disk signais are also altered. Soft- 
tissue abscesses may be seen. CT is better for biopsy. 
Radionuclide scans help in doubtful cases. 

DIAGNOSIS 

Where diagnosis is suspected, aspiration with needle by 
Craig technique preferably under CT control confirms the 
diagnosis 

TREATMENT 

Most patients recover with rest and antibiotics therapy. In 
uncomplicated cases antibiotic therapy is to be continued 
for at least three months, if not longer/depending on the 
response. 

Occasionally operation becomes necessary where a 
clinical or radiological abscess persists, and where 
diagnosis remains in doubt and the disease fails to respond 
satisfactorily to antibiotic therapy. Operation consists of 
removal of abscess material and thorough debridement of 
the diseased area. 

BIBLIOGRAPHY 

1. Alderson M, Speere DJ, Emiick, et al. Acute haematogenous 
osteomyelitis and sep tic arthritis—a single disease. J Bone Joint 
Surg 1986;68B:268-74. 


2. Anthony JP, Mathes SJ. Update on chronic osteomyelitis. Clin 
Plastic Surg 1991;18,515-23. 

3. Butt WP. The radiology of infection. Clin Orthop 1973;96,20- 
30. 

4. Cierny G, Mader JT. The surgical treatment of adult 
osteomyelitis. In Surgery of the musculoskeletal System. Vol. I 
(ed. CMC Evarts), pp. 15-35. New York: Churchill Livingstone, 
1983. 

5. Cierny G, Mader JT: Adult chronic osteomyelitis. Orthopaedics 
1984;7:1557-64. 

6. Cierny G, Mader JT, Penninck JJ. A clinical staging System for 
adult osteomyelitis. Clin Orthop 2003;414:7-24. 

7. Cole WG, Dalziel RE, Leith S. Treatment of acute osteomyelitis 
in childhood. J Bone Joint Surg 1982;64B:218-23. 

8. Costerton JW, Irvin RT, Cheng KJ. The bacterial glycocalyx in 
nature and disease. Ann Rev Microbiol 1981;35:299-324. 

9. Costerton JW, Irvin RT, Cheng KJ. The rôle of bacterial surface 
structures in pathogenesis. CRC Crit Rev Microbiol 1981;S:303- 
08. 

10. Couch L, Cierny G, Mader JT. Inpatient and outpatient use of 
the Hickman cathéter for adults with osteomyelitis. Clin Orthop 
1987;219:226-35. 

11. Emslie KR, Fenner LM, Nade SML: Acute hematogenous 
osteomyelitis: II—the effect of a metaphyseal abscess on the 
surrounding blood supply. Am J Pathol 1984;142:129-34. 

12. Emslie KR, Nade S: Acute haematogenous staphylococcal 
osteomyelitis—a description of the natural history in an avian 
model. Am J Pathol 1983;110:333-45. 

13. Emslie KR, Nade SML: Acute haematogenous staphylococcal 
osteomyelitis —the effect of surgical drilling and curettage on 
an avian model. Pathology 1986;18:227-33. 

14. Erdman WA, Tamburro F, Jayson HT, et al. Osteomyelitis: 
characteristics and pitfalls of diagnosis with MR imaging. 
Radiology 1991;180,533-9. 

15. Gillespie WJ, Haywood FM, Rong R, et al. Some aspects of the 
microbe-host relationship in staphylococcal haematogenous 
osteomyelitis. Orthopaedics 1987;10:475-80. 

16. Gillespie WJ, Mayo KM: The management of acute 
haematogenous osteomyelitis in the antibiotic era—a study of 
the outcome. J Bone Joint Surg 1981;63B: 126-31. 

17. Gillespie WJ. Haematogenous osteomyelitis. In Oxford 
textbook of orthopaedics and trauma. Vol I, pp 1421-1437, 
(ed Bulstrode CJK et al). Oxford, Oxford University Press. 
2002 . 

18. Gristina AG, Costerton JW, Leake E, et al. Bacterial colonization 
of biomaterials—clinical and laboratory studies (abstract). 
Orthop Trans 1980;4:405. 

19. Gristina AG, Oga M, Webb LX, et al. Adhèrent bacterial 
colonisation in the pathogenesis of osteomyelitis. Science 
1985;228:990-93. 

20. Hobo T. Zur pathogenesis der akutenhaematogen osteomyelitis. 
Acta Sell Med Litiiv Kioto 1921;4:1-29. 

21. Lindbland B, Ekengrn K, Aurelius G. The prognosis of acute 
haematogenous osteomyelitis and its complications during 
early infancy after the advent of antibiotics. Acta Paediatr 
Scand 1965;54:24-32. 



Pyogénie Hematogenous Osteomyelitis: Acute and Chronic 267 


22. Mackowiak PA, Jones SR, Smith JWS. Diagnostic value of 
sinus-tract cultures in chronic osteomyelitis. JAMA 
1978;239:2772-75. 

23. Mader JT, Cripps MW, Calhoun JH. Adult posttraumatic 
osteomyelitis of the tibia. Clin Orthop 1999;360:14-21. 

24. McCarthy JJ, Dormans JP, Kozin SH, Pizzutillo PD. 
Musculoskeletal infections in children. J Bone Joint Surg 
2004;86-A, 850-63. 

McHeney MC, Alfidi RJ, Wilder AH, et al. Haematogenous 
osteomyleitis—a changing disease. Cleve Clin Q 1975;42;125- 
53. 

25. Mollan RAB, Piggatt J. Acute osteomyelitis in children. J Bone 
Joint Surg 1977;59B:2-7. 

26. Ogden JA, Lister G: The pathology of néonatal osteomyelitis: 
Pediatrics 1975;55:474-78. 

27. Papineau LJ, Alfageme A, Dalcourl JP, et al. Ostéomyélite 
chronique: excision et greffe de spongieux a Pair libre apres 
mises a plat extensives. International Orthopaedics 1979;3,165- 
76. 


28. Peterson HA: Musculoskeletal infection in children. AAOS 
Instructional Course Lect 1984;33:33-37. 

29. Roberts JM, Drummond DS, Breed AL, et al. Subacute 
haematogenous osteomyelitis in children. J Pedinir Orthop 
1982;2:249-54. 

30. Ross ERS, Cole WG. Treatment of subacute osteomyelitis in 
childhood. J Bone Joint Surg 1985;67B:443-48. 

31. Septimus EJ, Musler DM. Osteomyelitis—recent clinical and 
laboratory aspects. Orthop Clin N Am 1979;10:347-59. 

32. Thomson J, Lenris IC. Osteomyelitis in the newborn. Arch Dis 
Child 1950;25:273-79. 

33. Waldvogel FA, Vasey H: Osteomyelitis—the past decade. N 
Eng J Med 1980;303:360-70. 

34. Weissberg ED, Smith AL, Smith DH: Clinical features of 
néonatal osteomyelitis. Pediatrics 1974;53:505-10. 

35. Ziran BH, Rao N, Hall RA. A dedicated team approach 
enhances outcomes of osteomyelitis treatment. Clin Orthop 
2003;414:31-6. 




INTRODUCTION 

Septic arthritis of adult is not as common as of the 
childhood. The ratio of the septic arthritis in adults as 
compared to the children is 1:1.5. There is a male prédomi¬ 
nance in the cases of the septic arthritis of adults. The 
course of the disease is quite different, as the growth of the 
bone is already complété, so, the instability of the joint and 
shortening of the limb are no more problems in adults. 
With the longevity of the life and increase of the debilitating 
conditions, there can be a rise in the incidence of septic 
arthritis in middle and older âge groups. Bacterial arthritis 
can be common in the patient who has low résistance due 
to the chronic illness such as diabètes mellitus, alcoholism, 
rheumatoid arthritis, kidney transplant cases, AIDS 
(acquired immunodeficiency syndrome), immuno- 
compromised persons who are on corticosteroids or 
immunosuppressive drugs (Fig. 1). 

Any chronic ailment decreases the local defence 
mechanism, thus exposing the joint to the infection. The 
distorted anatomy of the joint and the use of oral and intra- 
articular steroids can lead to the lower résistance to 
infection and local phagocytic function. Rheumatoid 
arthritis is well known to hâve prédisposition to the joint 
infection. The incidence of the septic arthritis is 0.3 to 3% 
among the rheumatoid patient. 4 Any large or small joint 
can be involved. The disease is usually monoarticular. 
Polyarticular infection has much higher mortality in the 
rheumatoid patient than in the general population. It 
stands as 56% against 8% in nonrheumatoid arthritis 
patient. 2 Any synovial joint can be involved, but the 
commonly involved joints are knee, hip, shoulder, elbow, 
ankle, wrist, sacroiliac joints and foot in that order, whereas 
in the children, the hip joint is the most commonly involved 
joint. There are three ways for the occurrence of the 
infection of the joint. 



Fig. 1 : Bilateral septic arthritis since childhood on right side. 
The hip joint is completely fused on left side and it is dislocated. 
Notice the sclerotic osteomyelitis in the upper third of left fémur 


Indirect Spread (Hematogenous) 

There are the cases which harbor the organism in the body 
due to bacteremia or septicemia. The instrumentation such 
as catheterization, dilatation of the urethra or endoscopie 
procedures can lead to bacteremia and can resuit in the 
septic arthritis by dissémination via bloodstream. There 
can be infiltration from other sources such as skin, dental 
problem, foot, etc. 

Direct Spread 

(Implantation of the infecting organism directly into the 
joint) Various causes attributed to direct spread are 
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aspiration of the joint fluid, intra-articular injections, 
arthrography compound injuries of the joint, arthroscopic 
procedures, any operations in the joint including total joint 
replacement. 

ContiguousSpread 

Contiguous infection through the joint capsule from local 
cellulitis, bursitis, tenosynovitis and even the osteomyelitis 
may occur. With the closure of the epiphyseal cartilage, 
vascular connections, are established between the 
metaphysis and epiphysis which results in direct invation 
of the joint by this vascular connection or via synovial 
plexus. 3 

There are various organisms responsible for the septic 
arthritis, common ones are Staphylococcus aureus, 
Coagulase-negative Staphylococcus , Streptococcus , Klebsiella , 
Proteus, Escherichia coli , Pseudomonas and others. There is 
usually a mixed infection in open cases. The chances of 
the positive culture decrease with the use of the antibiotics. 
The cultures were négative in almost 50% cases. 
Gonococcal arthritis caused by Neisseria gonorrhoeae is 
common in young and sexually active adults. There can 
be other signs of gonococcal infection such as rash, uréthral 
or vaginal discharge and tenosynovitis. These usually 
présent as polyarthritis as compared to the typical 
nongonococcal arthritis. They respond well to penicillin 
G and aspiration. 

PATHOLOGY 

Once the bacteria settles, this sets in the inflammation of 
the synovium which gets edematous and congested. The 
exudate produced may be predominantly serous, fibrinous 
or purulent, depending on the severity of the infection, the 
résistance of the host, and the duration of the process. The 
exudate is initially serous containing neutrophils. The 
cultures are négative. At this stage, effusion may subside 
without any sequela. The serofibrinous exudate is turbid 
containg leukocytes and a few lymphocytes. Organism 
may be présent in the early stage, (Fig. 2). There may be 
periarticular inflammation. Sometimes the exudate 
becomes purulent (frank pus) containing large number of 
polymorphs, bacteria and red blood cell in the pus. One 
sees the inflammation of the soft tissues around the joint. 
The joint become distended, ligaments can be destroyed 
and the capsule can be penetrated leading to the pus in 
the subcutaneous région. The various proteolytic enzymes 
such as cathepsins, collagénase, hyaluronidase, kinases 
derived from the activated polymorphonuclear leukocytes, 
synovial cells, bacteria and chondrocytes cause the lysis 
of the articular cartilage, and the cartilage pièces lie free in 
the joint cavity. The bone ends become bare. The 



Fig. 2: Septic arthritis due to varicella. Notice the fusion of 
the radioulnohumeral joint 


granulation tissue appears which may lead to the fibrous 
or bony ankylosis. If the disease process goes interrupted, 
then osteomyelitis sets in leading to bone necrosis and 
sequestrum formation. 

The diagnosis is based upon the clinical suspicion and 
the investigations. There is pain, swelling and restriction 
of the movements, periarticular inflammation, fever and 
deformity of the joint and the muscle spasm. In an 
immunocompromised patient, the symptoms may not be 
that much évident. This may also be true for the deep joints, 
such as hip and sacroiliac joint. Sometimes there is history 
of close trauma leading to hyperemia along with soft tissue 
damage leading to hematoma which acts as a nidus for 
the settlement of the bacterial infection. 

There can always be confusion in the diagnosis with 
the other form of arthritis especially goût, pseudogout, 
tuberculosis and rheumatoid arthritis. It can really be 
confusing whenever there is rheumatoid flare to 
differentiate it from acute infection. In a polyarticular 
disease, when one joint is involved by infection, the 
infected joint may not be hot and the fever and leukocytosis 
may be absent. Pseudoseptic arthritis is well described in 
the rheumatoid arthritis, which further complicates the 
picture. The patient has fever, monoarthritis, synovial fluid 
analysis compatible with infection and will hâve négative 
culture and the Gram staining and will respond to intra- 
articular corticosteroids. 3 The frequent use of antibiotics 
without proper diagnosis may confuse the situation and 
delay the diagnosis. 
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INVESTIGATIONS 

Erythrocytic sédimentation rate (ESR) is elevated or may 
be high in spite of the course of the antibiotics. One will 
find the leukocytosis with increase in the polymorphs. 
Blood culture may be positive. 

Radiograph of the part is of not much use except 
showing the soft tissue swelling. There will be impair- 
ment of the soft tissue délinéation. Ultrasound can be a 
good investigation, but it will not tell the nature of the 
effusion, i.e. whether it is stérile, sympathetic or infective 
joint effusion. 

Radionuclide bone scan specially technetium bone 
scan can be useful to find out the septic arthritis in deep- 
seated joints. It is sensitive to rule out infection when it is 
négative. 

CT scan always shows early changes, e.g. joint effu¬ 
sion, bony changes better than plain radiographs. 

MRI is highly sensitive in depiction of joint effusion, 
cartilage damage and medullary bone destruction. The 
problem with ail these investigations are that these would 
not differentiate between the infectious and the 
noninfectious effusion. 

Aspiration of the joint is a very useful investigation 
and the material should be sent for smear examination 
and the culture and sensitivity. Besides, the aspiration 
has also a therapeutic advantage. It must be done 
immediately before the start of the antibiotics. 

The analysis of the joint fluid may help in some extent 
to find out the infective pathology. The characteristics are 
increased leukocyte counts, mucin clôt test is poor, fall in 
sugar and elevated total proteins. 

The investigations mainly evolve around the elevated 
erythrocytic sédimentation rate, total leukocyte count, 
differential leukocyte count, and aspiration of the joint 
fluid. 

TREATMENT (Fig. 3) 

Ail the clinical suspicion and the investigations lead to 
the diagnosis of the septic arthritis. The treatment with the 
broadspectrum antibiotics can be started without waiting 
for the culture reports, which can be changed later on. 
Even intravenous antibiotics can be useful for the first few 
days, especially in septicemia, then shifting to intra- 
muscular and oral antibiotics. Traction or splint in addition 
to other supplementary treatment is used in the patient as 
other treatment option. If the condition of the patient does 
not improve within 48 hours, one should resort to the 
arthrotomy and thorough irrigation of the joint which 
reduces the number of the bacteria. If the pus is thick, the 
drainage by arthrotomy should be taken at the earliest. In 



such cases, continuons irrigation of the joint for 48 to 72 
hours can be useful. The effectiveness of the antibiotics 
can be diminished in the close space of the joint not because 
of the lack of their optimal concentration, but slowed 
diffusion of the métabolites of the bacteria retard the growth 
of the bacteria, thus, becoming dormant and survive in the 
presence of the bactericidal drugs. Therefore, one should 
relieve the pressure by drainage of pus. 5 

The author does not like repeated aspiration, as it can 
cause secondary infection. It also does not deal with the 
thick purulent discharge and intra-articular loculations. 
One should resort to early arthrotomy. It is also 
disadvantageous to instill antibiotics directly into the joint 
as they cause Chemical synovitis. 3 Arthroscopic lavage 
can be used effectively, it also gives the opportunity for a 
biopsy in addition to looking at the morphology of the 
joint. 

The antibiotics hâve to be given for 3 to 6 weeks or for 
even longer periods. 

Once the pain and the local condition settles within a 
few days, one should start early movements in order to 
restore the function. The early passive movements prevent 
the adhesion formation, improves the cartilage nutrition, 
clear the enzymes in purulent exudate and also stimulate 
the chondrocytes to synthesize the matrix. 1,6 If the joint is 
splinted for 6 to 8 weeks, it will resuit in the stiffness. 
Weight bearing on the joints can be stopped for 6 to 8 
weeks, then it is started gradually. The early diagnosis 
and the effective treatment can resuit in saving many joints. 
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If the joint is so much destroyed to be beyond the scope of 
a mobile joint, then one should resort to the fusion of the 
joint in functional position by persistent immobilization 
or by operative methods. 

In the cases of the joint replacement, if the infection 
happens to be there, it requires thorough debridement of 
ail the necrotic material and the removal of the metallic 
and the polyethylene implants including cernent. Ail types 
of implants should be removed, as the bacteria stick to the 
surfaces of the implants, as these form the biofilm called 
glycocalyx, a mucopolysaccharide mucoid film which 
makes the bacteria adhèrent to the implants. This acts as a 
résistance to the pénétration of the antibiotics and 
persistent infection if the implants are not removed. 
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INTRODUCTION 

Almost any type of pathogenic fungi might at some time 
be responsible for an orthopédie infection, however, only 
a few of them are commonly encountered. Some of them 
are opportunistic pathogens so encountered only in 
immunocompromised hosts and others, because their 
géographie distribution are encountered only in some 
spécifie régions. Table 1 depicts a list of fungal infections 
encountered commonly in orthopédie surgery. 

MYCETOMA 

Mycetoma is chronic progressive granulomatous 
exogenous infection primarily of subeutaneous tissue 
which may spread contiguously to adjoining skin, 
muscles, bones, joints or tendons. It is characterized by 
swelling, multiple sinuses and discharge containing 
granules of the causative agent. 

Historical Account 

Mycetoma is an ancient disease. Description of what is 
now called mycetoma is found in Atharvaveda as 
padvalmicum meaning "foot anthill." 

Mycetoma as described today in modem literature was 
also discovered in India. Description of a disease named 
Four-miliers des vers characterized by numerous small 
ulcers with communicating channels appeared in 1714 in 
records of French missionaries at Pondicherry. However, 
as a distinct clinical entity, it was first recognized by Gill 2 
in 1842 at a medical dispensary near Madurai, India 
Colebrookô (1844) who succeeded Gill9 at Madura dispen¬ 
sary named it as "Madura foot". Carter 2 (1860) a professor 
of morbid anatomy and physiology at Grant Medical 
College, Mumbai established its fungal etiology and gave 
it the présent name "mycetoma" (Mycos—fungus) imply- 


TABLE 1 : Mycosis of orthopédie importance 

1. Mycetoma 

2. Candidiasis 

3. Cryptococcosis 

4. Histoplasmosis 

5. Blastomycosis 

6. Coccidioidomycosis 

7. Sporotrichosis 

8. Aspergillosis 

ing tumorous swelling caused by fungal infection. He in 
1874 brought out a monograph on "Mycetoma—the 
Fungus Disease of India." The disease was by then also 
recognized at sites other than foot and caused by agents 
other than fungi. Report of it remained restricted to India 
till the end of nineteenth century. Thereafter for about three 
décades, cases were reported from many countries of Africa 
and then from practically ail tropical and many sub¬ 
tropical countries of the world between latitude 15° south 
and 30° north. 5 In India the disease is prévalent in ail 
States with maximum cases being reported from west 
Rajasthan. 20,24 

Etiology 

Mycetoma is now known to be caused by a wide variety of 
fungi and bacteria belonging to otherwise unrelated 
généra. A list of causative agents is given in Table 2. 

The causative agents reported from India are: M 
mycetomatis, M grisea, A Madurae, A pelletieri, S somaliensis, 
Nocardia sp, Asp nidulans, Exophiala jeanselmei, 
Pseudoallescheria, Staphylococcus sp, etc. 

Of these M mycetomatis is the most common, 
particularly in arid zones. Nocardia sp are common in 
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TABLE 2: Causative agents of mycetoma 

1. Agents causing eumycetoma or maduramycetoma: Madurella 
mycetomatis, Madurella grisea, Exophiala jeanselmei 
(Phialophora jeanselmei), Pseudallescheria boydii (allescheria 
boydii), Pyrenochaeta romeri, Leptosphaeria senegalensis, 
Leptosphaeria tompkinsii, Neotestudina rosatti, Curvularia 
lunata, Curvularia geniculata, Cephalosporium, Aspergillus 
nidulans, Fusarium and Cladosporium 

2. Agent causing schizomycetoma 

a. Agents causing actinomycetoma 

Nocardia asteroides, Nocardia brasiliensis, Nocardia caviae, 
Actinomyces madurae, Actinomyces pelletieri, and Streptomyces 
somaliensis 

b. Agents causing Botryomycosis 

Staphylococcus sp, Escherichia coli, Proteus sp, Pseudomonas 
sp, Actinobacillus lignieresii, Streptobacillus sp 


régions having heavy rainfall. 14 M grisea , Asp nidulans and 
A pelletieri are amongst the rare causative agents of 
mycetoma. 

Pathogenesis and Pathology 

Infection occurs by accidentai traumatic implantation of 
the causative agents in subcutaneous tissue from their 
saprobic source, by thorns, splinters or nails. The disease 
is common where persons walk and work barefooted, 
where thorny plants are prévalent and at sites liable to be 
injured commonly, i.e. foot, hand, leg, gluteal région 
(working in sitting posture with little / thin cloth), perianal 
région (ablution with sand), back and scalp (carrying 
goods). 20 Most of the causative agents hâve been isolated 
from soil and some from thorns in endemic areas. 

The causative agent grows slowly in the tissues and 
induce granulomatous reaction producing local swelling. 
The précisé length of incubation period is not known, 
probably it lasts for many months. Characteristic granules 
of causative agents are formed in the center of granuloma 
with formations of intercommunicating microabscesses. 
The latter make openings through overlying skin forming 
sinuses/fistula discharging pus and granules. The 
infection may spread deeper involving adjoining muscles 
and bones. Occasionally lymphatic or hematogenous 
spread may occur, 8 or the agents may be implanted directly 
in superficial bones causing primary mycetoma of bone. 6 
Nerves and tendons are relatively résistant to invasion by 
the causative agents. 

Clinical Features 

Despite the diverse etiology and sites of involvement (Figs 
1A to C), mycetoma commonly présent with three cardinal 
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Figs IA and B: Mycetoma involving buttock and foot 

signs of swelling, multiple sinuses and discharge of 
granules. 

Site of Lésion 

No région of body is immune to mycetoma, foot, however, 
is the most common site of involvement where it involve 
dorsum, toe webs or sole. Extrapedal involvement ranges 
from 10 to 40 percent of the cases reported in different 
studies. Usual extrapedal sites are hands, legs, arms, 
buttocks, perianal région and back. Cases hâve been 
reported from rare sites like eyelid, 11 scrotum, 4 lymph 
node, 12,18 and middle ear cleft. 3 Actinomyces involve extra¬ 
pedal sites relatively more frequently than true fungi. 20 
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Figs IC: Mycetoma involving hand 


Symptoms 

The lésions are painless and progress slowly without 

hindering normal life of the patients, so most patients seek 

medical advise late, i.e. 6 to 12 months following appear- 

ance of signs and symptoms. Some may continue to harbor 

disease for years without medical or surgical 

• • ?n 

intervention. 

The most of onset is neither characteristic nor uniform. 
With or without a history of previous injury, the first 
noticeable lésion may be: (i) a small papule, (ii) a small 
deep-seated fixed nodule, (iii) an indurated area 
surrounded by a vesicle, or (iv) an abscess which ruptures 
with subséquent formation of fistula. 

The disease progresses slowly with initial periods of 
remissions and relapses. Over period of months or years 
(sometimes 10 to 15 years), entire foot or hand or a large 
area is involved. Characteristically the foot or hand appears 
swollen, club-shaped or a globose mass with discolored 
pitted scars, nodules and multiple sinuses. The patient 
may notice black, white or pink granules discharged with 
pus through sinuses. 

The lésion may become painful following superadded 
bacterial infection which may also be associated with fever. 

Physical Signs 

The swelling is usually diffuse firm with ill-defined 
margins but may be localized with sharp margins. It is 


neither hot nor tender. At times localized tenderness over 
the nodules may be présent before they rupture and drain. 
The granules can be seen peeping through the sinuses or 
when little pressure is applied around sinuses. The 
discharge may be sanguinous, seropurulent or purulent. 
Granules vary in size, shape and color depending upon 
the causative agent. Restriction of movements and 
deformity of adjoining joints may be observed in old 
untreated cases. 

Radiographie Findings 

Three stages of mycetoma hâve been recognized based on 
radiological appearances. 7 

1. Formation of soft tissue swelling and sinuses 

2. Loss of définition of cortex followed by érosion of bones 
(Fig-2) 

3. Periosteal reaction and cavitation in bones. 

Cavitation occurs more frequently in maduromycetoma, 

whereas in actinomycetoma due to rapid destruction of 
bones, reticular pattern or multiple small cavities are 
noticed. 17,20,24 Periosteal reaction is usually spicular in 
actinomycetoma and linear in maduromycetoma. 17 
Destruction of bone occurs in increasing order in 
mycetoma caused by A madurae, M mycetomatis, S 
somaliensis, and S pelletieri. 25 

Disuse osteoporosis is common feature in bones of 
affected région. Séquestration and ankylosis are 
uncommon. 

The extent of lésions in soft tissue and early changes in 
bone are better detected by MRI and CT scan, respectively 21 



Fig. 2: Radiograph of foot showing involvement of tarsal and 
metatarsal bones—érosion, destruction, séquestration is 
présent 
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Laboratory Investigations 

There is nothing characteristic about the blood picture 
except leukocytosis and neutrophilia occurring in 
association with severe secondary bacterial infection. 

Direct examination of discharge reveals presence of 
characteristic granules of causative agents. The size, shape 
consistency and color of granules varies according to 
causative agent. The granules of Madurella, Exophiala and 
Leptosphaeria are black. Those of Nocardia, A madurae, and 
S somaliensis are white to yellowish white and those of 
A pelletieri are pink to red. 

Microscopie examination of crushed granules can 
distinguish true fungi and bacteria. The granules of former 
consist of broad septate hyphae with or without spores 
and interhyphal cementing material, and those of latter 
are comprised of thin branching bacillary forms. 

The identification of causative agent is done by culture 
of granule and many a times by histologie examination of 
biopsy by characteristic features of the causative agent or 
its granules respectively. 8 

In absence of sinuses and discharging granules, diag- 
nosis is possible only by biopsy examination which 
demonstrates granules in granulomatous inflammatory 
zone within affected tissues. 

Sérologie tests are usually not needed but may be of 
use in differential diagnosis of swellings without 
discharge of granules. 20 

Radiographie examination, CT scan and MRI helps in 
précisé localization of the extent of the lésion and changes 
in affected bones. 

Differential Diagnosis 

In absence of characteristic cardinal signs, i.e. in early cases 
of mycetoma presenting as swelling or nodule and in 
primary bone involvement, the lésion should be 
differentiated from soft tissue tumors, elephantiasis, 
osteomyelitis and osteolytic tumors of bone. Démonstration 
of granules during excision or on biopsy examination 
confirms the diagnosis of mycetoma. 

Actinomycosis, an endogenous infection, caused by 
anaérobie actinomycètes presenting as multiple sinuses 
discharging yellow granules differs from mycetoma by 
abscence of swelling, characteristic sites of involvement, 

i.e. cervicofacial, thoracic and abdominal and in isolation 
and identification of causative agent. 

Treatment 

Surgical: Excision of the affected tissues is still the treatment 
of choice, however, foliowing important facts should be 
considered while attempting surgery. 


1. The disease process in the underlying tissues is much 
more extensive than is suggested by superficial lésion, 
i.e. to avoid récurrence in wide zone of surrounding 
apparently healthy tissue is to be removed. 

2. The disease is slowly progressing, so important mus¬ 
cles and tendons should be preserved to retain 
important functions at the risk of reoccurrence. 

3. Scalp lésion can be rapidly fatal, so should be attended 
without delay. 

4. Extensive lésion of foot or hand with extensive 
involvement of multiple bones warrants amputation. 

5. Extensive surgery may hâve to be foliowed by skin 
grafting and or plastic surgery to cover the large open 
area and to improve functions at a later date. 

Medical: Actinomycetoma without bone involvement 
usually responds to prolong therapy of antibacterial 
agents, e.g. penicillin, chloramphenicol, cotrimoxazole, 
dapsone, 5 amoxicillin 500 mg with clavulanic acid 125 
mg given orally 3 times a day for 5 to 6 months has also 
showed successful results in treatment of actino¬ 
mycetoma. 10 

For maduromycetoma antifungal drugs like ampho- 
tericin B, kétoconazole, fluconazole hâve been reported to 
show good results in a proportion of cases or in isolated 
case reports (Table 3). Before introduction of these 
antifungal drugs, potassium iodide, copper sulfate and 
diamino diphenyl sulfone (DDS) or dapsone were used 
with local excision. 

Whereas medical treatment hâve shown some 
successful results, because of prolong therapy with risk of 
discontinuation and its failure in a proportion of cases, it 
is recommended as a preoperative and postoperative 
adjunct to the surgery and exclusively only when surgery 
is not possible or not allowed by the patient. 

CANDIDIASIS 

Bone and joint infection with Candida virtually always 
occurs in a patient with spécifie prédisposition to infec¬ 
tion. The common predisposing conditions for candidiasis 
of bone and joints are hématologie malignancies, others 
include multiple local injections of corticosteroids, heroin 
addiction, prosthetic implants, prolong administration of 
broad-spectrum antibiotics and general dietary deficiency. 
The very old and very young are more likely to be affected. 
The most common form of candidiasis in orthopédie 
practice occurs in patients with open wound on prolonged 
treatment with antibiotics. Candida albicans is the usual 
pathogen. C parapsilosis, C tropicalis and C guilliermondii 
hâve been also reported to cause candidiasis in bones and 
joints. 
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TABLE 3: Recommended drug regimen for maduro- 


mycetoma 

Recommended drugs 

Doses and route 

Duration 

DDS 

0.05-1 gm/IM daily 

6 months 

Amphotericin B 

10-20 mg in 500 ml 5% glucose 

Prolong 

IV as initial dose, gradually therapy 
to be increased to 1 mg/kg body 
weight given 

given in 5% glucose soin in cautiously 
final concentration no greater because 
of its than 10 mg% 
toxicity 

Kétoconazole 

400 mg/day orally 

8-24 months 

Fluconazole 

400 mg/first day then 100-200 

8-24 months mg/day 


Site of Lésion 

Candida species are commonly found in the gastro- 
intestinal tract of man. Infections are typically endogenous. 
Joint infection, however, can be the resuit of contiguous 
spread from adjoining areas of osteomyelitis. 

Diagnosis 

Accurate diagnosis is best established by microscopie 
examination of specimens and appropriate culture, 
isolation and identification of the causative agent. 

Examination of KOH préparation of pus will reveal 
budding yeast-like cells and pseudohyphae. Serological 
test, particularly precipitin test or rising titer of antibodies 
to candida antigen are useful in diagnosis of deep-seated 
infection. 

Treatment 

Treatment includes care of predisposing factors. Stoppage 
of antibacterial drugs many a times is enough if that is the 
predisposing cause, and if it is possible to discontinue the 
drugs. Discontinuation of antibiotics leads to return of 
normal surface flora and usually results in rapid 
disappearance of the Candida from open wounds. 

Candidiasis of bone and joint and other persistent 
candidiasis need therapy with antimycotic drugs used for 
systemic mycosis. 

1. Amphotericin B—dose and mode as described for 
mycetoma 

2. 5-Flucytosine—given orally in dose of 15 to 150 mg/ 
kg/day in four divided doses 6 hourly 


3. Fluconazole—given orally 400 mg on first day then 
200 to 400 mg once daily. 

Either of these drugs should be given for a period till 
complété recovery occurs. 

CRYPTOCOCCOSIS 

Cryptococcosis is caused by Cryptococcus neoformans, a 
capsulated yeast. Pigeon excreta and soil containing pigeon 
excreta are the natural réservoir of the organism. 

Pathology 

Primary infection usually occurs in lung which may remain 
subclinical. Systemic infection particularly chronic 
meningitis may follows. A more rampant form of 
Cryptococcus is associated with débilitation and malignant 
diseases. Bone and joint infections are essentially limited 
to the disseminated form of the disease. The infection may 
présent as osteomyelitis. Joint infection virtually always 
results in extension from adjacent osteomyelitis. 

Signs and Symptoms 

The signs and symptoms are usually not characteristic 
and resemble those of other infections or tumors. 

Diagnosis 

Definite diagnosis is based on laboratory findings of direct 
microscopie examination and culture. In India ink 
préparation yeast with large capsule are characteristically 
seen. Culture for isolation and identification of the 
causative agent confirms the species. Histological 
examination of tissue in biopsy reveals mild granulo- 
matous inflammation with presence of capsulated yeasts. 

Treatment 

Treatment is based upon the general principles of 
debridement and the use of IV amphotericin B or oral 5- 
flucytosine. 

HISTOPLASMOSIS 

Histoplasmosis is caused by a dimorphic fungus, Histo- 
plasma capsulatum or Histoplasma duboisii. The former 
caused infection throughout the world though more 
commonly in USA and the latter in Africa. The fungus is 
found in soil of places where large groups of birds gather. 

Histoplasmosis caused by H capsulatum most human 
infections are asymptomatic or often as primary pulmonary 
infection associated with minor clinical symptoms. 
Chronic pulmonary and disseminated infections hâve also 
been noticed. Bone and joint infections usually occur as 
part of disseminated infection, though primary joint 
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infections and osteomyelitis hâve been reported. The latter 
occurs in situations where résistance is low. Should 
histoplasmosis of bone is found in what appears to be an 
otherwise healthy individual, one should explore the 
possibility of occult neoplasm. 

Histoplasmosis caused by H. duboisii (African Histo¬ 
plasmosis) Unlike histoplasmosis caused by H. capsulalum 
that caused by H duboisii is usually symptomatic causing 
localized or disseminated infection. Bone involvement is 
common in both the forms. The bony lésions are osteolytic 
involving skull bones or small bones. 

Diagnosis 

Aspirate from bony lésion or draining sinuses contains 
thick-walled budding yeast. On culture at 28°C on 
Sabouraud's dextrose agar, a mycelial growth occurs which 
becomes yeast like onblood agar at 37°C. Inbiopsy material, 
the yeast form can be demonstrated usually intracellularly 
in giant cells and macrophages. Serological and skin tests 
help in diagnosis. A rising titer or a very high titer and the 
presence of latex agglutinating antibodies suggest active 
or recent infection. In chronic infection, IgM and IgG 
antibodies may be normal, but IgA antibodies are found 
raised. 

Treatment 

Amphotericin B is the drug of the choice. The treatment is 
to be given for weeks (5 to 6 months). 

Localized infections of skin and bones (African histo¬ 
plasmosis) can be treated successfully by excision, drainage 
or curettement. 

BLASTOMYCOSIS 

Blastomycosis is caused by Blastomyces dermatitidis in 
North America and Paracoccidiodes brasiliensis in South 
America. It has been rarely observed and reported from 
India. 

Following primary pulmonary lésion secondary 
cutaneous or systemic infections may occur. Bone and 
joints are involved in 25 to 60 percent of the patients with 
systemic blastomycosis. Bone involvement appears to be 
much more common than joint involvement. Circum- 
scribed areas of sclerosis, surrounding osteolytic lésion or 
diffuse osteomyelitic lésions may be observed. 

Diagnosis 

Examination of pus, exudate or biopsy of a lésion will 
demonstrate the organism in yeast form. The material can 
be cultured for isolation and identification of the fungus. 
Sérologie test can be of some value in diagnosis. 


Untreated blastomycosis commonly results in death 
after a progressive illness lasting a number of months. 

Treatment 

Amphotericin B is the drug of choice for this disease. Cases 
with arthritis may not respond to medical treatment and 
may need additional debridement. However, the rôle of 
latter is not well established. 

COCCIDIOIDOMYCOSIS 

Coccidioidomycosis is caused by Coccidioides immitis The 
disease is often an acute, benign, self-limiting respiratory 
infection, however, it may be followed later by involvement 
of bones and joints. The disease occurs in arid régions of 
America. 

Bone infections are more common than joint infection. 
Joint infections often arise from contiguous bone infections 
occasionally originate within the joint. Although the 
disease may be limited to a single bone, it is commonly 
disseminated to a number of bones and has propensity to 
affect the metaphysis. 

The illness is readily confused with ail sorts of benign 
and malignant conditions. 

Diagnosis 

Diagnosis is based on démonstration of spherules in KOH 
préparation of exudate/aspirate or in biopsy material. The 
fungus grows as mold on culture media and as spherules 
in host animais. Serological and skin tests help in 
diagnosis. 

Treatment 

Treatment consists of surgical debridement plus systemic 
or locally given amphotericin. Recently miconazole has 
been reported to give encouraging results. 

SPOROTRICHOSIS 

Sporotrichosis is caused by Sporothrix schenckii. Farm 
workers are particularly prone to the illness throughout 
the world, although it is not a common disease. Usually 
the lésions are lymphocutaneous. Bone and joints are rarely 
involved. Joint infections are somewhat more common than 
bone infections and may appear as isolated instances not 
associated with typical lymphocutaneous syndrome. More 
than half of the joint infections occur at the wrist and 
elbow. Because the infections are indolent, they may go 
unrecognized and untreated for prolonged periods of time. 
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Diagnosis 

Frequently, it is difficult to see the organisms in direct 
smears, consequently one has to rely on culture. The fungus 
grows as mold in culture on Sabouraud's agar and as 
yeast in tissues. 

Treatment 

Treatment consists of surgical debridement in conjunc- 
tion with treatment with amphotericin B. 

Aspergillosis 

Aspergillosis is caused commonly by Aspergillusfumigatus. 
The fungus is ubiquitous and of very low pathogenicity. 
Infection occurs almost exclusively in patients with altered 
local or general immune mechanisms. 

Bone involvements hâve been reported as isolated 
cases. Spine and disk spaces appears to be the sites of 
prédilection though infections of tibia and sternum hâve 
been on records. 

Diagnosis 

Because aspergilla are so often culture-contaminants, it is 
necessary that diagnosis be made only from a direct biopsy, 
preferably from deep tissue and when large numbers of 
organisms can be found on fresh material in direct smear. 

Treatment 

Local surgical debridement with concomitant ampho¬ 
tericin B therapy is considered as successful treatment. 

FUNGAL OSTEOMYELITIS 

Mycotic osteomyelitis is a term used to describe fungal 
infection within the bone. The most common organism are 
Blastomycosis, Actinomycosis, Coccidioidomycosis and 
Sporotrichosis. These infections are endemic in nature, 
seen commonly in the immunocompromised host. 

The radiographical features are similar to those seen 
in tuberculosis and pyogénie osteomyelitis. Treatment 
includes surgical debridement and antifungal therapy with 
Amphotericin B and Triazoles. 
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30.1 Gonococcal Arthritis 

PT Rao, Irani 


INTRODUCTION 

Gonorrhea and gonococcal arthritis are infections caused 
by Neisseria gonorrheae. The sites which can be infected 
directly by Gonococci are urethra, rectum, conjunctiva, 
pharynx and endocervix. It is possible, for gonococcal 
infection to be dormant for many years. Pelvic surgical 
procedures and uréthral instrumentation are known to 
provoke the infection. 

Disseminated gonococcal infection is the most common 
systemic complication of acute gonorrhea and occurs in 
0.5 to 3.0% of patients with untreated mucosal infection. 
Gonococcal arthritis occurs in approximately 42 to 85% of 
patients with disseminated gonococcal infection and 
begins with a localized mucosal infection. Gonococcal 
arthritis occurs as a resuit of dissémination of infection 
usually from a focus in the urogénital tract. In some 
instances, arthritis following gonorrhea is reactive, and it 
is important to distinguish this form of the disease from 
sep tic arthritis. 

PATHOGENESIS 

The association of arthritis with the dissémination of 
microorganisms and the prompt response to antibiotic 
therapy suggests that viability of the microorganisms is 
an essential factor for the development of arthritis. 
However, difficulty in isolating them from the joint suggests 
that arthritis may represent a combination of abscess 


formation in response to replicating bacteria and an 
aseptie inflammatory reaction to bacterial lipo¬ 
polysaccharide. 

Immune complex-mediated mechanisms hâve been 
proposed on the basis of finding of high levels of Clq 
binding immune complexes in synovial fluid from patients 
with gonococcal arthritis. Récurrent disseminated 
gonococcal infection should prompt évaluation for a 
congénital deficiency of complément components, 
especially C-7 and C-8. 

The infection begins with synovitis and pouring in of 
inflammatory exudate into the synovial cavity. The tryptic 
substances in the pus destroy the articular cartilage. 
Healing takes place by fibrosis resulting in fibrous 
ankylosis of the joint. Bony ankylosis is uncommon. 

CLINICAL FEATURES 1 

Gonococcal arthritis usually occurs within three weeks 
after an acute gonorrheal arthritis. In contrast to génital 
gonorrhea, arthritis is 2 to 3 times more common in women 
than in men. This is especially during menstruation and 
pregnancy. Gonococcal arthritis has been reported in 
association with HIV infection, although it remains 
unclear whether homosexual men are especially 
susceptible. Clinical features include polyarthralgia, 
sometimes migratory, tenosynovitis, arthritis, consti- 
tutional symptoms and skin lésions, which are mild and 
easily unnoticed. The tenosynovitis is characterized by 
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pain, swelling, and periarticular erythema. True arthritis 
occurs in less than 50% of cases. 

During the early bacteremic phase of disseminated 
gonococcal infection, painless skin lésions that may be 
maculopapular, vesicular, pustular or necrotic, may be 
found over the extremities. 

Présentation is common as diffuse or migratory 
polyarthralgia. But there may be mono or oligoarthritis. 
Thereafter two patterns emerge. One is characterized by 
tenosynovitis is about 60 percent of the cases involving 
ankles and wrists. The other is purulent mono or 
polyarthritis affecting larger joints (knee, wrist, ankle and 
elbows) in 40 percent of the cases. Axial skeleton is usually 
spared. The joints become swollen and hot distended with 
large amount of fluid. Less than half the patients hâve 
fever, and less than one-fourth, hâve genitourinary 
symptoms. 

DIAGNOSIS 2 

Laboratory investigations reveal a high polymor- 
phonuclear leukocytosis and raised ESR. In the synovial 
fluid, white blood cell count averages about 50,000 cells 
per cubic mm; Gram stain is positive in 25 percent of the 
cases and culture in less than half. Positive blood cultures 
are obtained in around 40 percent of the cases of 
tenosynovitis and virtually never in patients with 
suppurative arthritis. 

N. gonorrheae is a fragile bacterium which is difficult to 
culture. Culture from blood, synovial fluid, skin lésion, 
genitourinary tract, pharynx and rectum must be performed 
before starting antibiotics. Samples should be plated 
immediately on fresh, pre-warmed appropriate media and 
sent quickly to the laboratory. Culture of N. gonorrhoeae is 
of tremendous importance not only for definite diagnosis 
but also for détermination of drug susceptibility. When 
culture is négative, rapid response to antimicrobial 
treatment will allow a probable diagnosis. 

N. gonorrheae DNA has been detected in culture- 
negative synovial samples by PCR amplification. This may 
hâve a future rôle in accurate gonococcal arthritis 
diagnosis. The specificity and sensitivity of this technique 
were 96.4 and 78.6%, respectively, and the false-positive 
rate was 3.6% 3 . 


Radiographie findings are normal in early stages. It 
may only show increase in the joint space and a soft tissue 
shadow. In the late stages, diminished joint space and 
sclerosis of the margins are seen. 

Differential diagnosis includes ail forms of polyarthritis 
and tenosynovitis. 

MANAGEMENT 

Gonococcus is highly susceptible to penicillin. Résistance 
to this drug is a recent phenomenon. Ceftriaxone has not 
shown any résistance. Therefore, this may be tried when 
the condition fails to respond to penicillin. The recom- 
mended duration of antibiotic therapy is 7 to 10 days. The 
affected joints are put at rest by splintage. But early 
physiotherapy should be encouraged to avoid stiffness. 
Generally gonococcal arthritis responds dramatically to 
antibiotic therapy within 24 to 48 hours. Complété recovery 
is possible with prompt treatment. 

Oral therapy substitutes the intravenous or intra- 
muscular route after signs and symptoms hâve improved, 
in order to complété 7 days of antimicrobial therapy. 
Effusions should be aspirated until disappearance. 
Purulent effusions are rare but may require longer 
antibiotic treatment. Surgical management of the affected 
joint is usually not necessary. The diminution of symptoms 
is often rapid in these patients, and so subséquent joint 
drainage is often unnecessary. However, in cases of 
persistent effusion, the affected joint should be repeatedly 
drained as needed. In rare, very advanced cases, tidal 
irrigation, arthroscopy, and arthrotomy may play a rôle in 
disease resolution. When loss of joint surfaces results in 
degenerative arthritis, either arthroplasty or arthrodesis 
should be considered. 
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30.2 Bones and Joints in Brucellosis 

SJ Nagalotimath 


INTRODUCTION 

Brucellosis is a zoonotic disease caused by bacteria. One 
of the most common complications of brucellosis is 
involvement of bones and joints. Clinical manifestations 
of orthopédie brucellosis may be in the form of periarthritis, 
arthritis osteomyelitis and prolapse of intervertébral disk. 
In endemic areas, high index of suspicion can only help to 
detect the cases. Otherwise/many unfortunate patients 
suffer from inabilities and pain for several years together. 

Once the disease is diagnosed, treatment is easy. 
Occasionally cases which could hâve been treated by 
medical line' may be operated to worsen the symptoms of 
the disease. Hence, it will be very wise for the ortho- 
pedicians to know brucellosis and its manifestations of 
bones and joints. 

Causative Agent 

Causative agent of brucellosis is a bacteria. The organism 
is a Coccobacillus. These are gram-negative, nonmotile, 
noncapsulated, nonsporing, microaerophilic. It is difficult 
to culture this organism on ordinary media. Spécial media 
as well as spécial care is required to culture this organism. 

There are several species of Brucella organisms. Only 
four of them are pathogenic to man. They are as follows. 

1. Brucella abortus (infective to cattle) 

2. Brucella melitensis (infective to sheep and goat) 

3. Brucella suis (infective to pigs) 

4. Brucella canis (infective to dogs) 

Human beings are susceptible to ail the four species of 
Brucella. In the first three species, interspecies infection is 
possible. Though Brucella melitensis is spécifie to sheep 
and goat but can infect cattle and pigs also. The species 
that is common in India spread throughout this country is 
Brucella melitensis. 

The causative organisms are quite tenacious. They 
survive in cold water for more than one month. In soil and 
manure, they survive for several days. In the animal 
.wastes, they can survive for several months. In the wool, 
the organisms can survive as long as 3 months. Direct 
sunlight, alkaline pH and heat are léthal to the organisms. 

Susceptible Animais 

The natural hosts of the Brucella sp, known to cause disease 
in humans are cattle, camel, caribou, deer, dog, goat, sheep, 
horse, pig, etc. Milk-yielding animais excrete the pathogens 


in their milk. Animais used for méat hâve plenty of 
organisms in their flesh. The wool of animais when 
contaminated can make the organisms to survive for 
months together. The cattle and sheep sheds will hâve the 
viable organisms even in their dust. The air of slaughter 
house, may hâve the organisms. 

Mode of Infection 

Peculiarly enough Brucella organisms are highly infectious. 
Human beings can get the infection by ingesting 
contaminated milk, milk products, and méat. Infection can 
take place by inhalation of contaminated air and dust. 
These pathogens hâve the capacity to penetrate the intact 
skin and mucous membranes. Therefore, evenby a simple 
contact the infection can take place. Rarely infection may 
occur by transfusion of blood of a donor suffering from the 
disease. Husband suffering from brucella orchids can 
infect wife through contaminated semen. 

Farmers and animal caretakers expose themselves to a 
maximum extent to the infected animais and the animal 
products. Veterinary surgeons while extracting the 
adhèrent placenta from the utérus of the animais almost 
dip their whole arm in the blood and sécrétions teeming 
with pathogens. 

Thus/ there are many ways to get. Brucella infection. It 
is an occupational disease. 

Acute Infection 

Brucella organisms can enter the body by various routes. 
From the site of infection the organisms are drained to the 
régional lymph nodes. In the régional lymph nodes, the 
organisms proliferate intracellularly. On reaching an 
adéquate number, the pathogens find their way into the 
blood through efferent lymphatics. This results in primary 
bacillemia. While circulating in the blood, the organisms 
can reach any tissue of the body. During this phase the 
réticuloendothélial System is involved. Liver, spleen, 
lymph nodes and marrow are involved. Patients suffer 
from fever, weakness, sweating, malaise, etc. The symptoms 
almost look like influenza or typhoid. In such cases, 
frequently the joints may be involved. There will be swelling 
and pain in the joint affected. Clinically such cases may be 
taken as rheumatic fever or rheumatoid arthritis. 

Rarely the Teatures could be so acute to consider 
pyogénie arthritis as a possibility. History of animal 
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exposure and occupational history will give a due to 
suspect the disease. Pyrexia of unknown origin with 
arthritis suggests the diagnosis. 

Usually acute, osteomyelitis is not a feature of 
brucellosis. Acute arthritis of moderate severity may be 
presenting symptom. 

Chronic Infection 

The illness is labeled as "chronic" when it persists or 
recurs for a year or more. In such cases, the onset may be 
insidious or it may follow an acute attack. By now the 
organisms will hâve settled in some foci or tissues; Most of 
the orthopédie cases corne under this group. 

Features of spondylitis with or without radiological 
évidences will be seen. Low backache could be a severe 
symptom. There can be pain in the joints ' due to arthritis. 
Frozen shoulders and other joints maybe due to bursitis or 
synovitis. These symptoms may run course of years 
together without proper diagnosis. 

Pathology at the Lésion 5 7 

Brucellosis is a systemic disease that can involve almost 
any organ System. The inflammation induced in 
brucellosis is quite peculiar. The endotoxins liberated by 
the organisms induce necrosis of the tissue in small foci. 

The necrotic focus invites many neutrophils. But they 
are not as plenty as one finds in pyogénie lésions. There 
will be many mononuclear cells characteristic of 
granulomatous lésion. Occasionally mononuclear cells 
form giant cells. At places the mononuclear cells may show 
epithelioid cell changes. Histologically it may be very 
difficult to differentiate between tuberculous granuloma 
and brucellous granuloma. Presence of sparse neutrophils 
in the granuloma can give a due of brucellosis. 

Along with necrosis one will find intensive activity of 
repair. The granulation tissue will be quite abundant. 
Destruction along with repair and new bone formation is 
a feature of brucellosis. In radiographie examination, if 
one finds only necrotic area, one may say that the lésion 
could be that of tuberculosis. If one finds necrosis of bone 
along with formation of new bone, the features go more in 
favor of brucellosis. 

In tuberculosis, cold abscess is a typical feature. But in 
brucellosis cold abscess is very unusual. Sometimes excess 
of granulation tissue around the involved bone may give 
soft tissue shadow mimicking cold abscess. 

The granulation tissue occasionally may put pressure 
on nerve roots, on spinal cord or cauda equina. This 
précipitâtes different symptoms of brucellosis. 

The granulomata are noted in liver, spleen, lymph 
nodes, bone marrow, intervertébral disk, synovium, skin. 


eyes and central nervous System. Complété repair is usual 
on treatment. Involvement of testis, and placenta is well 
recognized both in animais and human beings. Very 
peculiarly brucella organisms hâve not shown any interest 
in gastrointestinal tract. Till now no lésion has been 
described either in the stomach or in the intestine. 

Brucellous nephritis and pyelonephritis hâve been 
recorded. In the animais, mastitis has been noted as 
important lésion. But in human beings mastitis has not 
been appreciated. 

Clinical Manifestations 

The infection in Brucella spondylitis begins in an inter¬ 
vertébral disk anteriorly. Slowly it spreads to contiguous 
vertébral bodies (Fig. 1). Radiographie pictures show 
narrowing of disk space (Fig. 2). 

The vertébral bodies will show bone destruction and 
repair. Vertébral spurs will develop on the anterior surface 
of adjacent vertebrae. Spondylitis of cervical vertebrae will 
manifest with pain and restricted movements of neck 
(Fig. 3). 

Spondylitis of thoracic or lumbar vertebrae leads to 
severe low backache and deformity of spine. Depending 
upon the pressure on the nerve roots or the spinal cord, 
patients may présent with sciatica, paraplegia or with 
weakness in the lower limbs. Guarding of the back muscles 
results in stiff back and severe radiating pain. 

Lumbar spondylitis appears more frequent than that 
of thoracic and of cervical vertebrae. Brucella spondylitis 
may simulate herniation of the inter vertébral disk. A 
number of cases may manifest as Pott's spine". One should 
rule out brucellosis before harping upon treatment of 
tuberculosis. 

Some workers suggest that there is a rôle of trauma in 
localizing the infection in vertebrae and the joints. Those 
vertebrae which suffer more trauma are found more with 
Brucella spondylitis. It is true for Brucella arthritis also. 

Brucella arthritis may manifest as acute arthritis or as 
chronic arthritis. Acute arthritis will mimic suppurative 
arthritis. The synovial fluid will be turbid but not purulent/ 
Chronic lésions may mimic rheumatoid arthritis. 
Osteomyelitis of long bones may be very rare. 

Diagnosis 

Clinical diagnosis of brucellosis is quite difficult. 
Occupation of the person and history of exposure to 
possible infection can suggest the possibility. One has to 
dépend on laboratory tests for definite diagnosis. 

Agglutination tests are usually employed. Aggluti¬ 
nation titer of 80 international units (IU) or more is said to 
be diagnostic. 2 mercaptoethanol agglutination test will 



Miscellaneous Types of Infections 283 



Fig. 1: Case of brucellosis with vertébral lésion—patient Fig. 3: Case of brucellosis with frozen shoulder—patient had 

could not bend his back. Symptoms were for IVfeyears limited movements of shoulder joint. Symptoms were for 6 

months 



Fig. 2: Case of brucellosis—radiograph of cervical spine. Note 
involvement C 2 and C 3 . Intervertébral disk spaces are narrowed 
between C 2 and C 3 and C 4 and C 5 . Body of C 3 shows evidence 
of destruction of bone and is compressed anteriorly. C 3 , C 4 , C 5 
show osteophytic lipping 


help to differentiate between acute cases from chronic 
cases. 

Other tests like. Coombs and compliment fixation, etc. 
may be used, but in routine they are of less importance. 

Culture of blood or exudate may reveal the brucella 
organisms. This is confirmatory test. 

Biopsy of various tissues of the body in experienced 
hands will help in diagnosing. Liver changes, lymph node 
changes and orchitis may be of good use in identifying the 
disease. 

Rarely guinea pigs may be used to diagnose brucellosis. 

Treatment 

Tétracycline alone is inadéquate for the treatment of 
brucellosis. Combination of tétracycline and streptomycin 
has been found quite useful. In place of tétracycline, one 
can use chloramphenicol. Doxycycline has also been 
successful. Good results hâve been claimed for regimens 
based on rifampicin. Tétracycline in combination with 
gentamicin has also given good results. Amoxicillin alone 
and in combination with gentamicin and rifampicin has 
also been quite successful. The treatment should continue 
for3to6 weeks. 

From 1971 to 1996, the author has studied 213 cases of 
brucellosis with symptomatology referring to orthopedics. 
Table 1 shows frequency of involvement of various joints 
and bones studied by the author and colleagues. 
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The agglutination titer of these cases varied from 80IU 
to 5120 IU. Nearly (95 cases) 45% of these cases were 
running fever. The remaining cases (118) were apyrexial. 
Fever was mild to moderate. In about 20 cases, fever was 
associated with chills. 

Night sweats were noted in 35 cases. One should note 
that majority of the chronic cases of brucellosis are devoid 
of fever. Hence, fever need not be taken as a diagnostic 
feature of brucellosis. In more than 95% of the cases (202), 
monoarticular involvement was observed. History of direct 
animal contact was positive in 125 cases (58%). Duration 
of the symptomatology varied from 3 months to 2 years. 

Clinically the following diagnoses were entertained 
(Table 2). 

Ail the cases improved on treatment and their 
agglutination titers were reduced markedly. In some of the 
cases improvement was dramatic. 



TABLE 1 : Incidence of site of involvement 


Site 

No. of cases 

Spine 

57 

Hip joint 

55 

Knee joint 

54 

Ankle joint 

24 

Sacroiliac joint 

14 

Shoulder joint 

07 

Wrist joint 

02 

Total 

213 


Radiographie examinations suggested the diagnosis 
(Figs 4 and 5). CT scans of the spine were very helpful 
(Figs 6 and 7). 



Figs 4 and 5: A case of brucellosis—radiograph of lumbothoracic spine (AP and latéral view). Note the destruction of bone in 
J u and T 12 . The intervertébral disk space between T^ and T 12 , T^-T^ are narrowed—destruction and repair are seen in J u 










Miscellaneous Types of Infections 285 



Figs 6 and 7: A case of brucellosis—CT scan of ï 12 . 

Note destruction of vertébral body with formation of new bone 


TABLE 2: Cases diagnosed as brucellosis 2 . 


1 . 

Tuberculosis of spine 

87 cases 

2. 

Rheumatoid arthritis 

71 

3. 

Osteoarthritis 

30 

4. 

Pyogénie arthritis 

08 

5. 

Prolapse of intervertébral disk 

11 

6. 

Sciatica 

06 
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30.3 Congénital Syphilis 

SC Goel 


INTRODUCTION 

Congénital syphilis has become a rare disease because of 
the antibiotics and awareness of these diseases in the 
society. In congénital syphilis, the infection is spread to 
the fétus by way of the placenta. The spirochètes localize 
at active sites of endochondral ossification in the meta- 
physis of long tubular bones. Syphilitic infection may be 
acquired in utero (congénital syphilis) or postnatally 
(acquired syphilis). 

Early diagnosis is important, and clinician must be 
aware of its existence. None of the single syphilitic 


osteological lésions is conclusively diagnostic in itself but 
syphilis, however, is the only disease besides pyogénie 
bacteremia that produces polyostotic inflammatory lésions 
during the early months of life. Bone syphilis is produced 
by the hematogenous spread of Treponema palladium 
during the secondary or tertiary stages of the disease. 

CLINICAL FEATURES 

Inability to move the limbs (pseudoparalysis) is a common 
symptom. It occurs in 95% of the cases. Swelling of the 
limbs and joints (80%), irritability and fever (75%), 
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Rhinorrhea (75%), hepatosplenomegaly (50%) skin lésions 
including condyloma (30%) and lymphadenopathy (25%) 
and 2.5 percent were skull lésions. Two of our cases 
presented with bleeding, confirmed subsequently to be due 
to acquired afibrinogenemia probably due to syphilitic 
hepatitis, reverting to normal after treatment with 
penicillin. 

The patient may be stillborn with stigma as syphilis. 
The usual finding is syphilitic metaphysitis and periostitis. 
Symmetrical involvement of multiple bones is 
char ac ter is tic. The infection spreads up and down the 
medullary canal extending through the cortex to the 
periosteum. 

Syphilitic periostitis is usually seen in early childhood 
and is characterized by the infiltration of inflammatory 
granulation tissue between the periosteum and the bone 
cortex and by subperiosteal new-bone formation. The tibia 
is most often affected. The déposition of new bone along 
the anterior cortical surface produces a forward bowing 
and sharpening of the tibia, the "saber shin" deformity of 
congénital syphilis. 

In the tertiary stage of the disease bones may be 
involved. Common affection is in the long tubular bones, 
the skull, and the vertebrae. The lésions include syphilitic 
osteochondritis, periostitis with extensive subperiosteal 
new bone formation, and osteomyelitis, usually caused by 
the formation of gummas in the medullary cavity (Fig. 1A 
and B). 

RADIOLOGICAL FEATURES 

The radiological observations can be classified into three 
main groups: 

i. Metaphyseal 

ii. Periosteal 

iii. Diaphyseal 

iv. Miscellaneous. Further subclassifications of the 
metaphyseal and periosteal lésion is done on the lines 
described by Cremin BJ and Fisher RM 

v. While diaphyseal and miscellaneous are classified 
according to the lésions encountered. 

Metaphyseal 

1. Enhanced zone of provisional calcification seen as a 
dense line (Fig. 2) 

2. Radiolucent porotic zone under the dense line 

3. Only the peripheral porosis of the metaphyseal région 
without any sclerosis or osteoporotic line 

4. Alternate bands of increased density sandwiching a 
porotic zone 

5. The classical "sawtooth" appearance of metaphyseal 

end 

6. With // paired-fingernaiT / appearance seen as an erosive 
lésion in the corner between metaphysic and diaphysis 



Fig. 2: Showing osteitis of olecranon process of ulna causing 
marked sclerosis and a single layer of periosteal élévation 

7. Collapse of the terminal metaphyseal structure 

8. With displacement of the terminal metaphysic of the 
epiphyseal plate. 

Periosteal 

1. Showing a single' layer of élévation of the periosteum 
(Fig-3) 

2. Showing multiple layers of periosteal thickening 

3. Homogeneously dense corticoperiosteal layer ail along 
the shaft of the bone "periosteal cloaking" (Fig. 4). 

Diaphyseal 

1 . Wimberger's sign Bilateral erosive lésions on the médial 
side of the proximal tibial shafts 
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Fig. 3: Showing “periosteal clocking” ail along the 
shafts of bones 



Fig. 4: Showing involvement of carpal bones and cystic dilation 
of phalangeal bones. There is no periosteal thickening 

2. Sigmoid notch sign Osteitis of the olecranon process of 
ulna causing marked sclerosis 

3. Cystic changes The diaphysis showing cystic changes 
with widening of the medullary cavity and thinning of 
the cortex (Figs 5A to H). 

PATHOLOGY 

Pathological fractures of the bone are depicted in Figures 
5A to H. Fêtai syphilis may be contracted from a mother 
whose infection occurred during the current pregnancy or 
many years earlier, and whose intervening pregnancies 
may hâve yielded infants without syphilis. Syphilis only 


rarely causes abortion but if the mother is untreated, 
stillbirths resuit in one-fourth of the cases. It was believed 
that the presence of Langhan's layer acted as a barrier for 
transmission of infection across the placenta during the 
first half of pregnancy, but the électron microscopical 
evidence available now indicates that these cells do not 
disappear, and there is no proof that the placenta becomes 
more permeable to spirochètes as pregnancy progresses, 
indeed, occasional abortions are shown to contain 
spirochètes. 

Microscopically, the lésions reveal little evidence of 
osteoblast activity or endochondral bone formation, the 
epiphysial zone of provisional calcification is widened 
(as also shown radiologically), and syphilitic inflamma- 
tory granulation tissue extends across the metaphysis. The 
connection between the metaphysis and epiphysis may 
be loosened and resuit in epiphysial séparation. The 
inflammatory granulation tissue permeating the 
metaphysis contains an abundance of proliferating 
capillaries and a prominent perivascular infiltrate of 
mononuclear inflammatory cells, with large numbers of 
plasma cells. In florid cases, spirochètes may be 
demonstrated in the lésions by silver stains. 

The clinical manifestations of early congénital syphilis 
are seen up to the âge of two years and resemble closely 
the secondary stage of acquired syphilis of adulthood. Due 
to the transplacental mode of infection resulting in 
spirochetemia, there is involvement of practically ail the 
tissues of the body causing a wide variety of clinical 
manifestations which are well documented. 

Basic pathology involves bloodborne spirochètes 
settling on small caliber vessels of metaphysis. Depending 
upon the magnitude of inflammatory response, there are 
two types of outcome: 

i. whenever there is an adéquate defense System the 
spirochètes are destroyed resulting in fibrosis, and 

ii. whenever there is an inadéquate defense mechanism, 
the virulent organisms causes destruction of tissue 
and results in formation of a gumma. 

The changes are présent in ail the components of the 
growing bone but are predominantly seen in the ends due 
to the presence of high vascularity and immature cartilage 
tissue. Presence of bilateral symmetrical lésions and total 
escape of epiphyseal centers even with gross involvement 
of diaphysis and metaphysis are two things for which no 
satisfactory explanation can be given. 

DIFFERENTIAL DIAGNOSIS 

The must common type of metaphysis is of erosive lésion 
in the corner between metaphysic and diaphysis. Cystic 
widening of the medullary cavity with thinning of the 
cortex is mostly seen in radius, ulna and tibia. Differential 
diagnosis of heavy métal poisoning, hypervitaminosis A 
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Figs 5A and H: Showing involvement of clavicle with pathological fractures—consistent with erosive osteitis 


or D, Caffey's disease, osteomyelitis, etc. need be 5. 
entertained, however, mixed type of lésions and in a 
majority with bilateral symmetrical involvement poses no 6. 

problem in correct diagnosis. 

7. 

TREATMENT 

8 . 

Complété recovery occurs after penicillin therapy. Residual 
deformity may be minimal if treated early. 

9. 
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30.4 Salmonella Osteomyelitis 

SC Goel 


INTRODUCTION 

Salmonella affection of the bone is a rare condition. It was 
more common in the era before antibiotics, when typhoid 
was prévalent. In this condition, the lésions appeared in 
the late convalescent stage of the disease as chronic 
abscesses in the bone, pointing subcutaneously. The 
infection tends to be localized because of fibrosis and 
calcification of the surrounding soft tissues. The commonly 
involved sites are vertebrae, ribs and long bones of the 
body. 

PATHOLOGY 

The 3 most common strains of Salmonella causing 
osteomyelitis are Salmonella typhimurium, Salmonella typhi, 
and Salmonella enteritidis, with Salmonella typhi being the 
only strain to be transmitted from human to human. 

Salmonella osteomyelitis is more common in children 
with sickle cell disease, i.e. hemoglobinopathies SS, SC or 
S-thalassemia. The reasons for the higher incidence are as 
follows. 

1. Initially there is local thrombosis in the small vessels 
of the intestinal mucosa leading to disruption of the 
mucosal integrity causing invasion of the bloodstream 
by intraluminal bacteria. 

2. Secondly in a patient with sickle cell disease, the 
hyposplentic state prolongs the duration of the 
bacteremia, which allows greater opportunity for the 
bacteria to establish infection. 



Fig. 1 : X-ray of the right showing diaphyseal érosion along 
with periosteal reaction 


3. Finally, there are foci of hypoxia and aseptie necrosis 
because of marrow hyperplasia and multiple 
infarctions of the bone, leading to points of lowered 
résistance, favoring the localization and spread of 
Salmonella organism. The vertebrae and long bones 
are commonly involved. Salmonella osteomyelitis is 
characterized by frequent involvement of multiple sites. 

CLINICAL FEATURES 

The disease has an insidious onset, characterized by low- 
grade fever, local bone pain and swelling. In chronic cases 
the patient is anémie. 

The érythrocyte sédimentation rate is usually raised 
and the blood culture is reported as positive in 71% of 
patients. 

RADIOGRAPHIC FINDINGS 

The initial radiographs are normal. Within 7 to 12 days, 
the radiographs show multiple punched-out destructive 
lésions throughout, the metaphysis and the diaphysis with 
extensive subperiosteal new bone formation and irregular 
sclerosis (Fig. 1). Sequestrum formation and periosteal 
reaction may or may not be présent. The lésion may be 
calcified. 

The spread of infection in sickle cell anémia is 
enhanced through the medulla as well as the cortex 
because of the undermined and widened haversian canals. 
MRI shows destruction of cortex (Fig. 2). 



Fig. 2: Magnetic résonance imaging scan at the mid-diaphyseal 
région, showing involvement of the anterior cortex of the fémur 
with soft tissue changes 
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TREATMENT 

Salmonellae are more sensitive to third-generation 
cephalosporins such as moxalactum, cefotaxime, and 
ceftriaxone. The bone abscess requires surgical drainage 
and closed suction irrigation. Blood transfusion is required 
to correct the anémia as necessary. But the récurrence rate 
is high. In chronic cases, the wound is opened wide and 
packed for extensive drainage and closed secondarily, 
when the infection is controlled. The use of hyperbaric 
oxygen is also indicated in some cases. 
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30.5 Hydatid Disease of the Bone 

GS Kulkarni, TZ Irani 


Hydatid disease is in itself rare condition affection of the 
musculoskeletal System is even rarer. The condition mostly 
involve the liver (63%), lungs (25%), muscles (5%), and 
bones (3%) 

Global Distribution 

The disease has endemic occurrence in the Middle East, 
Mediterranean countries, parts of South America, Australia 
and New Zealand. In these endemic zones the incidence 
ranges from 1-220 per 100,000 inhabitants. 

Causative Organism and Life Cycle 

Hydatid disease is caused by the genus Echinococcus 
belonging to the family Taenidae. Three species are known 
to be involved in hydatid disease in man: 

• E. granulosus (most common) 

• E. multiloularis (most virulent) 

• E. vogeli (most rare) 

Life Cycle 

The parasite has three phases: 

1. Adult worms in the definitive host 

2. Eggs in the environment 

3. Metacestode in the intermediate host 

The definitive hosts discharge large number of eggs in 
the feces which are swallowed by the intermediate hosts. 
The hexacanth embryos are hatched out in the duodénum. 
After about 8 hours, the embryos make their way through 
the intestinal wall and enter the radicles of the portai vein. 
The embryos are then carried to the liver in the sinusoidal 
capillaries. Some of the embryos may pass through the 


hepatic capillaries to enter the pulmonary circulation. 
Finally, a few of the embryos may pass the pulmonary 
capillaries to enter the general bloodstream and lodge in 
the various organs, especially in the liver and the lungs. 

Mode of Infection 

Man is infected by ingestion of the eggs in the dog's feces 
which may occur by a direct contact, by allowing the dog 
to feed from the same dish or by eating uncooked vegetables 
contaminated with infected canine feces. 

Pathology 

Skeletal involvement accounts for 1-2% of ail cases of 
hydatid disease. The most common sites of involvement 
are spine (50%). Ribs, pelvis, skull and long bones. 
Osseous involvement almost invariably is related to 
primary infection and is not the resuit of extension from a 
neighboring soft tissue lésion. Although hematogenous 
seeding of the skeletal System can occur in any site, one 
bone or a few adjacent bones or one skeletal région is 
affected. 

Interosseous foci predominate in the spongiosa and 
consist of multiple thin walled cyst these cyst expand at 
the cost of the surrounding bone, resulting marked cortical 
thinning and subséquent fractures with soft tissue 
extension can occur. 

The histological and gross pathological features of 
hydatid disease in bone differ from viscéral involvement. 
Cyst developing in the viscéral organs contain a thick 
advential layer formed by host defenses while those in 
bone lack this layer, this results in an expansile type of 
lésion that spreads along the intramedullary canal. 
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Clinical Features 

It is mainly seen in the âge group of 30-60 years children 
are rarely infected. The disease has an indolent course 
remaining inactive for years. 

Hydatid affection of the bone is very rare. It gives rise 
to local signs such as a visible swelling. Many a times it 
remains symptomless for many years. It may cause 
pressure effects on the surrounding tissues or when the 
cyst ruptures or suppurâtes. The rupture of the hydatid 
cyst is associated with anaphylactic symptoms. Hydatid 
disease of the spine may présent as a multiloculated 
destructive lésion in the ribs with soft tissue mass in the 
paraspinal muscles. Extension of the hydatid disease 
within the vertébral canal can cause compression 
paraplegia. 

Investigations 

Plain radiographs reveal single or multiple cystic 
expansible osteolytic lésions containing trabeculae. These 
may be associated with cortical violation, with soft tissue 
lésions with calcification. In the spine the lack of sclerosis 
or osteoporosis, préservation of disk space and 
intralesional calcification are useful diagnostic dues. 

CT scan picture is that of a soft tissue mass adjacent to 
a bony lésion, the center of the mass contains fluid that 
doesn't enhance after contrast administration. 

MRI shows multiple cystic lésions within the bone, 
that hâve a high signal intensity on T2-weighted spin écho 
images. 

USG is a useful diagnostic tool however it is observer 
dépendent. Gharbi USG classification although intended 
for liver can be applied to bone. 

Blood Investigations 

The resuit are nonspecific. Eosinophilia is seen in 25% of 
cases, LFT's are altered in cases of hepatic involvement. 

The Casoni's test is of historical significance with the 
advent of ELISA test that hâve a sensitivity of 80%. 

Chemotherapy 

Albendazole decrease ATP production in the worm 
resulting in immobilization followed by death. It is 
administered 10-15 mg/kg/day in two divide doses of 28 
days then a 14 day washout period or for 4 days prior to 
surgery, then one month postoperatively. Monitoring of 
blood and liver parameters while on therapy is a must. 
The addition of Praziquental potentiates effect of 
benzimidazoles during therapy. 


Surgical Therapy 

PAIR (percutaneous aspiration , instillation ofscolicidal agent 
and respiration) therapy is a recent advance that can be 
applied to bones with a subcutaneous location. This 
technique, is performed using either ultrasound or CT 
guidance, involves aspiration of the contents via a especial 
cannula, followed by injection of scolicidal agent for at 
least 15 minutes, and then respiration of the cystic contents. 
This is repeated until the return is clear. The cyst is then 
filled with isotonie sodium chloride solution. Perioperative 
treatment with a benzimidazole is mandatory (4 day prior 
to the procedure and 1-3 months after) 

The reduced cost and shorter hospital stay associated 
with PAIR compared to surgery make it désirable. The risk 
of spillage and anaphylaxis is considérable, especially in 
superficially located cysts other common complications 
are hemorrhage, infection and rétention of daughter cyst. 

The definitive surgical management must be tailored 
for each patient. Radical surgery (total pericystectomy or 
partial affected organ resection, if possible), conservative 
surgery (open cystectomy), or simple tube drainage for 
infected and communicating cysts are choices for surgical 
technique. The more radical the procedure, the lower the 
risk of relapses but the higher the risk of complications. 
Patient care must be individualized accordingly. The basic 
principles to be followed are: 

• The basic steps of the procedure are éradication of the 
parasite by mechanical removal, sterilization of the cyst 
cavity by injection of a scolicidal agent, and protection 
of the surrounding tissues and cavities. 

• Scolicidal agents include formalin, hydrogen peroxide, 
hypertonie saline, chlorhexidine, absolute alcohol, and 
cetrimide. A variety of complications hâve been 
described with ail scolicidal agents but 0.5% cetrimide 
solution provides the best protection with the least 
complications. 

• Other scolicidal agents are 70-95% éthanol and 15- 
20% hypertonie saline solutions. A report by Ochieng- 
Mitula and Burt in 1996 on the injection of ivermectin 
in the hydatid cysts of infected gerbils revealed severely 
damaged cysts with no viable protoscoleces. Further 
évaluation of this scolicidal agent is needed. 

• At surgery, the exact location of the cyst is identified 
and correlated to radiologie findings. The surrounding 
tissues are protected by covering them with cetrimide 
soacked pads. The cyst is then evacuated using a strong 
suction device, and cetrimide is injected into the cavity. 
This procedure is repeated until the return is completely 
clear. Cetrimide is instilled and allowed to sit for 
10 minutes, after which it is evacuated, and the cavity 
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is irrigated with isotonie sodium chloride solution. This 
ensures both mechanical and Chemical évacuation and 
destruction of ail cyst contents. During this process, 
care is taken to ensure no spillage occurs to prevent 
seeding and secondary infestation. 

• If the cavity is small it is then filled with isotonie sodium 
chloride solution and closed. Large cavities maybe filled 
with bone graft or PMMA cernent. Fractures should be 
fixed with suitable implants depending on their 
location and pattern. 

Medical Requirements 

The medical staff at the treating center should hâve 
expérience with treating CE. Concomitant treatment with 
benzimidazoles (albendazole or mebendazole) has been 
reported to reduce the risk of secondary echinococcosis. 
Treatment is started 4 days preoperatively and lasts for 1 
month. The treatment is continued for 3-6 months for 
patients with incompletely resected cysts, spillage during 
surgery or PAIR, and metastatic lésions. 

Complications 

Superadded infection bybacteria is common and requires 
an aggressive line of management. Anaphylactic reactions 
can be fatal, however prior administration of benzi¬ 


midazoles reduces the risk. Récurrence occurs in cases of 
intraoperative spillage, failure to exercise daughter cyst 
and inadéquate chemotherapy. 
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INTRODUCTION 

Musculoskeletal sepsis remains one of the most devas- 
tating surgical complication of operative treatment of a 
traumatic or untraumatic conditions of the musculo¬ 
skeletal System. 

Although the incidence of postoperative musculo¬ 
skeletal sepsis has been reduced, postoperative infection 
is still a challenging problem. 

Postoperative musculoskeletal sepsis is costly both to 
patients and to the healthcare industry. In developing 
countries like India, still it is very common because of the 
poor operative conditions, poor quality of implants and 
undernourishment of the patients. 

Historical Aspects 

Pringle 18 published three papers in 1750 on substances 
resisting putréfaction and called them " antisep tic." The 
man who deserves the laurel wreath for having first 
recorded adéquate experimental proof as well as for having 
interpreted the rôle of a microorganism in the causation of 
disease is Isaac-Benedict Prévost of Momtauban, France 
in 1807. The crédit went to Louis Paster, who in 1863 
published that putréfaction is caused by microbes coming 
from the air. Joseph Lister used antiseptie solutions to 
prevent putréfaction of clean surgical wounds and 
demonstrated that presence of pus is a disaster rather than 
a sign of healing. Lister's 13 technique of sterilization of 
surgical instruments, préparation of patient's skin by 
antiseptie solutions and washing of surgeons hands before 
surgery became the Foundation of "Antiseptie surgery". 
This was the first step in the development of "Asepsis" in 
surgery. 

Robert Koch in 1881, the German bacteriologist, 
initiated a new era by devising pure cultures, solidified 
media, and sterilize technique. His monograph "The cause 


of infection in wounds" showed for the first time the 
specificity of different types of bacteria for causing 
distinctive types of clinical picture. The aseptie technique 
was developed by Ernst Von Bergmann in 1886. This 
compounded the significant of Pasteur and Lister's 
discoveries, and a new era was dawned in the practice of 
surgery. 

After the introduction of antibiotics in 1940, the dreaded 
Streptococcus virtually disappeared as a cause of hospital 
infection. After a relatively short-lived period of comp- 
lacency following the apparent triumph over the infection, 
the hospital community was confronted in early 1950s 
with a worldwide épidémie of nosocomial infection caused 
by particularly virulent strains of Straphylococcus which 
were résistant to most of the antibiotics known that time. 
This was named as nosocomial infection and defined as 
one that develops during hospitalization is neither présent 
nor incubating at the time of patients admission. Out of 
80% of nosocomial infection, 50% involve the surgical site 
infection. The current version of NNIS (National Noso¬ 
comial Infection Surveillance) for surgical site infection 
risk index scores each operation by counting the number 
of risk factors. 

1. Typeofwound. 

2. AS A (American Society of Anesthesiology ) score of 3,4 
or 5 determined by an anesthestist in preoperative 
period (host defense mechanism). 

3. Duration of surgery procedure lasting longer than 
T-Hours, where T is the approximate 75th percentile of 
the duration of surgery for the various operative 
procedures. T—the cut-out point in duration of surgery: 
the NNIS has published the distribution of surgery 
duration time in operative procedure category. 

Surgical site infection: A postoperative wound developing 
signs of inflammation or serous discharge is labeled as 
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"possibly infected". Cruse 6 et al in 1977, classified the 
wounds into four categories Clean wound. When no 
infection encountered no break in aseptie technique, and 
no hollow muscular organ opened. 

Clean contaminated wound: When a hollow muscular organ 
opened but with minimal organ spillage of its contents. 
Contaminated wound: When a hollow muscular organ 
opened with gross spillage of its contents, acute inflam¬ 
mation without pus formation, traumatic wounds within 
four hours, and there was major break in aseptie technique. 

Dirty wound: 7 When pus encountered during operation, a 
perforated viscus found and any traumatic wound more 
than four hours old. 

The infection rate clearly differs according to the 
category of the wound. Clean wound had infection rate of 
1.5%, clean-contaminated wound had 7.7%, contaminated 
wound had 15.2%, and dirty wounds had infection rate 
of 40%. 

It is the study of infection in clean wounds which 
provides most useful measures for surveillance and 
research. Statistically infection rate of individual depart- 
ment or surgeon canbe compared. A clean wound infection 
rate less than 1% is idéal, 1 to 2% can be acceptable and 
greater than 2% is a cause of concern. Monthly announce- 
ment of the infection rate makes everyone aware of, if not 
hypersensitive to the hazards of infection. It has been 
demonstrated that SSI (surgical site infection) rate can be 
reduced to 38%, when surgeon receives appropriate 
feedback. 

Infection in clean orthopédie surgery differ widely 
according to the nature of surgery. Infection rate of cold 
orthopédie is different than infection in surgery of trauma 
and also from surgery where implants were used. 

Whatever the rate of infection we quote, it is purely a 
statistic for a surgeon, but it is a total disaster for the 
suffering patient. Sir Watson-Jones (1962), commenting 
on septic technique "infection of one clean case in a 
thousand is a disaster of the first magnitude. Even slight 
delay in healing, redness of skin, or any other sign of wound 
reaction, is evidence of failure. 

Ail must share the responsibility and ail must know 
they share it. No single case of postoperative infection must 
pass unnoticed. 

Infection rate in total joint replacement differs from 
infection in fémur nailing, tibia plating, and disk excision. 
This means we hâve to further classify the définition of 
clean wounds in orthopedics. There are too many variables, 
like surgery of soft tissue alone or surgery of bones, surgery 
with implant or without implant, surgery in trauma cases 
or planned surgery in trauma cases or planned surgery, 
liming of surgery in traumatic bone injury, reaming of 
medullary canal, primary plating, and stable or unstable 


fixation of fracture. Therefore, it is logical to discuss this 
topic into different headings. 

What is a postoperative infection? Is it primary or 
secondary? Is it possible to predict? Who are high-risk 
patients? Is it possible to prevent it in best possible 
operative conditions? These are few questions which need 
to be answered. Ail operative wounds get contaminated 
during surgery. This contamination does not mean 
infection. There are many sources of contamination. 
Surgeons and his team, the air in the operation theater 
(OT), the skin of the patient and ail OT, personnel. The 
conversion of this contamination into infection dépends 
upon the virulence of the organisms and the degree of the 
contamination, presence of dead and devitalized tissue, 
implant and suture material, duration of surgery, and the 
site of operating, i.e. bone. The another very important 
factor is the host response by his her immunological status. 
Very high rate of infection is noticed in AIDS patient story 
of surgical site infection is the story of germination of a 
seed in soil. 16 

The surgical team 95% of the bacteria reach the surgical 
wound via air by direct sédimentation into the wound or 
on the instruments. Highest concentration of the bacteria 
is found within the circle of the surgical team directly over 
the wound. There is marked increase in the number of the 
bacteria with increase in the activity of the surgical team 
in OT. More the number of persons in OT more will be the 
bacteria in air. This means that maximum concentration 
of the bacteria is found at the time of induction of 
anesthésia and the positioning of the patient, and at the 
time of extubation and closure of the wound. 

A Staphylococcus aureus carrier is présent in 30 to 50% 
of general population. Every person shed about 5000 tp 
55,000 skin scale/minute. About 10 to 20% of these scales 
contain live bacteria. Loose cotton scrub suit helps in 
shedding. Higher the température and humidity, more will 
be the shedding. 

In a study of 1209 cases 14! gloves were found 
punctured during surgery. There is a definite cor- 
relationship between puncture and sepsis. As many as 
18,000 Staphylococcus aureus can pass through a single glove 
puncture in 20 minutes time. The rôle of hand washing 
was recognized as early as 1843, when Dr. Oliver Wendell 
Holmes 11 published his famous treatise. The conta- 
giousness of Puerpéral Fever which he implicated the 
unwashed hands of physicians in the spread of fatal septic 
complication in the hospital. Semmelweis in 1861, 
reported that when medical students corne directly from 
the autopsy room and examined patients in the maternity 
ward, the rate of infection was greater than when they 
were not présent. He insisted on washing of hands with 
chlorine of lime on leaving the autopsy room and before 
examining obstetric patients. The decrease in the death 
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rate was specular. A 3 to 5 minutes scrub of hands before 
surgery with an antiseptie solution is considered essential. 
Wearing of double gloves gives additional security 
regarding puncture and leak, as well as it saves surgeons 
from blood contamination of HIV. New eut résistant gloves 
are now available. 

Once the bacterial are airborne, their subséquent 
journey to the wound dépends upon the air handling 
System of the OT, and the type of scrub suit worn by the 
surgical team and other OT personal. The air bacterial 
count of the ordinary OT varies from 50 to 500 colony 
meter cube. Nearly a century ago. Lister began the study of 
theater environment. He used an atomizer that sprayed a 
controlled mixture of carbolic acid and steam mist 
into the air over the wound. His ultimate disciple was 
Sir John Charnley. 4 "It should be theoretically possible to 
exclude absolutely every extraneous route of contami¬ 
nation". Charnley presented his views on this concept in 
a paper entitled "A Stérile Air Operating Enclosure", in 
the British Journal of Surgery in 1964. He developed it further 
in his Listerian oration to the Royal College of Surgeons in 
1976 under the title "Rapid Unimpeded Downflow of 
Filtered Air, and Exhaust Ventilated Whole Body Suit". 

Whyne et al 1982, hâve demonstrated a close 
relationship between the contamination of operation 
theater air and the incidence of positive bacteriological 
swabs taken from the wound during surgery. Conta¬ 
mination of air in standard the after can be measured and 
variations directly correlated with personal behavior and 
exclusive barriers. There is good evidence of the danger of 
exhaled air, exaggerated by coughing and speaking, and 
for the reason theater staff must be subjective to monastic 
discipline. It is a well-known fact that bacteria in the 
operating room air originate almost exclusively from 
people. Microbiological studies hâve demonstrated the 
foliowing facts: (i) airborne bacterial contamination is 
directly related to the number and activity of the people in 
the OR, (ii) airborne bacterial contamination is inversely 
related to the effecüveness of the personnel garment barrier 
and the number of air exchange each hour in the OR, 
(iii) airborne bacteria are agglomerated on inanimate 
particles ranging in size from 2 to 10 micron, and (iv) 
airborne bacteria are almost exclusively gram-positive and 
correspond to skin flora. 

Methods of Cleaning Air 220 

1. Laminar air flow 

2. Ultraviolet light System 

3. Vacuum body exhaust System 

4. Garment barrier 

The following methods are used to provide bacteria 
free clean air in OR. Clean filtered air, frequent whole air 


exchange, laminar air flow, vacuum body exhaust System, 
garment barrier, and ultraviolet radiation. Clean air results 
from the filtration of the air through a high-efficiency 
particle air filter (HEPA filter), which are capable of 
removing 99.9% of particles larger than 0.3 micron in size. 
Since the bacteria range in size from 0.5 to 10.5 microns 
with average being 0.8 microns, the use of HEPA filter s 
should significantly reduce the number of airborne bacteria 
entering the OR through the air handling System. 

Laminar Flow 

In early 1960, the air space industry pioneered the concept 
of laminar flow for the control of airborne contamination. 
Minute particulate airborne contamination of missile 
guidance Systems during the assembly process was 
observed to cause malfunction. As a resuit of bacteriological 
studies, this type of clean air technology was then adapted 
for réduction of airborne space. While the filtered air 
entering the standard OR may be clean, the surgical team 
is generating and shedding bacteria. The super-high air 
turnover (400-600) in a laminar flow room provides an 
"air broom" action to remove bacteria as fast as they are 
generated. The rapid airflow literally sweeps particulate 
matter away from the operative field. The flow may be 
horizontal or vertical. The keyword is "unobstructed" 
people, light table, trollies, and equipments can interrupt 
the smooth flow of air and cause turbulence. The use of a 
vacuum body exhaust suit in conjunction with a spécial 
air handing System is a supplementary method of further 
reducing the potential level of airborne bacteria. Body 
exhaust suits contain bacteria shed by the body within the 
suit, and a vacuum hose attached to the exhausts the shed 
bacteria through air handing System. In conventional OR 
with no modification of air handing facilities, fédéral 
standards require 12 to 25 air exchange each hour. Changes 
of the air each hour in a given OR may be calculated as 
changes each hour equals volume of the air supplied each 
hour divided by the volume of the room. A sufficient 
number of air exchange dilute and purges airborne 
bacteria from the room. Once air circulated in the OR, it 
must be discharged from the room through exhaust located 
near floor level, and these must not be blacked by 
equipments. A positive pressure is created within the room 
when slightly less air is exhausted than is introduced. 
This pressure gradient will prevent the potentially 
contaminated air from hallways and from adjacent areas 
from entering the OR. For this hyperbaric barrier to work, 
ail doors to the operating room must remain closed during 
surgery. When doors are opened, the positive pressure 
effect is lost, and instead, a "fan effected" is created, with 
increased air turbulance. This turbulance dislodges 
contaminated particles from the floor and other surfaces 
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and make them airborne. The air température should be 
maintained at 21.1 to 24.4°C. Lower température are 
preferred as it decreases perspiration of the surgical team. 
The humidity level should be no less than 50% in order to 
prevent static electricity. Higher levels tends to increase 
perspiration. Evidence exists to suggest a relationship 
between the level of humidity and viability of bacteria. 
The fastest death of many organisms occurs in a marrow 
range close to 50% relative humidity. 

Lindwell 12 1982, conducted MRC trial and reported— 
the mean figure for conventionally ventilated theater was 
164 bacteria carrying particles/cubic meter of air. In clean 
are suites providing up to 500 changes of smaller volume/ 
hour, the mean for horizontal laminar flow was 22, for 
vertical laminar flow without barrier walls—10, and with 
barrier vertical exclusion walls—2 bacteria carrying 
particles/cubic meter of air. Whenbody exhaust operating 
suits worn as well, the lowest figures were recorded 0.4 
bacteria carrying particles/cubic meter of air. Thus, 
Lindwell MRC trial concluded the efficiency of clean air, 
laminar flow and body exhaust suits. 

Ultraviolet Light System 

UV is described in chapter Chapter 13. 

Garment Barrier 9 

The association of operating room nurse (AORN) 
recommended optimal level of practice for OT attire. Ail 
personnel entering the semirestricted (peripheral support 
area) and restricted area (operation room) should wear a 
pantsuit or one-piece suit with ankle closure and shoe 
covers, ail hair should be covered by cap or hood, the face 
mask should be of high microbial filtration efficiency, and 
it must cover nose and mouth completely. The development 
of microporous textile, both disposai and reusable, and 
their use in gown or drape barrier Systems has been shown 
to be an important factor in prévention of infection. The 
standard cotton drape and/or scrub has a pore size of 
approximately 100 micron. Bacteria ranges in size from 
0.3 to 10 micron, and carry an electrical charge, therefore, 
tend to be attached electrostatically to surfaces with an 
opposite charge. These bacteria carrying particles generally 
ranges from 8 to 14 micron, and therefore, can easily pass 
through drape material. Tests hâve demonstrated that a 
person wearing a standard cotton scrub suit actually sheds 
more bacteria than without clothing. This results from the 
"cheese grater" effect of large pore materials, which scrape 
off épithélial cells than can readily pass through the 
material into the atmosphère. In addition to the grating 
effect, the material also has a "bellows" action, which 
blows cells through the large pores. When wet, cotton 


material allow bacteria to penetrate the clothby a wicking 
action. The microporous material available today hâve 
demonstrated superior résistance to bacterial penetrate 
when compared with cotton. The gowns and drapes of 
this material hâve also résistance to blood and aqueous, 
abrasion résistance, lint free, memory free and possess a 
high degree of drapebility. Bergman 1 1985, obtained a low 
contamination rates in a conventionally ventilated theater 
where ail staff wore a polypropylene nonwoven cove ail, 
and the operating team used partially laminated theater 
gowns. The rates were comparable with the ultraclean air 
plus body exhaust System. Polypropylene fibers are 
hydropholic. 

Host Defense Mechanism 14 

There are three déterminants of infection: (i) the environ¬ 
ment, (ii) the bacteria, and (iii) the host defense 
mechanisms. A means of globally assessing host defense 
in surgical patients was introduced by MacLean and 
associâtes in 1975 and expanded by Meaking 15 et al in 
1977. These investigators used the delayed type 
hypersensitivity (DTH) skin test response to ubiquitous 
antigens and showed that allergie patients were at higher 
risk for developing life-threatening sepsis, and sepsis- 
related death. These observations hâve led to the foliowing 
hypothesis: energy in surgical patients is a signal of broadly 
based immune defects, which include abnormalities is 
spécifie and local nonspecific antibacterial defects possibly 
due to an abnormal inflammatory response. This defect 
may be due to alteration in the tissue cytokine network 
providing an "immunosuppressive microenvironment". 
Activated macrophages may play a pivotai rôle in the 
modulation of this immunosuppressive response by 
initiating a cascade of mediator release interleukin I (IL-I), 
tumor necrosis factor (INF). Prostaglandin (E-2 PG-E-2), 
some of which are stimulatory, some of which are inhibitory. 
A possible shift in the cell function to provide a T-ABM 
molécule, which acts in the induction of the second level 
of the supression by removing protective éléments in the 
form of countersuppressor cells, may also be active. The 
use of skin test score (the summation of the diameters of in 
duration in five or six tests), together with the concen¬ 
tration of the sérum albumin and the âge of the patient, 
make a possibility of prédiction regarding susceptibility 
to infection. For example, if a patient is 75 years of âge and 
has a sérum albumin concentration of 2.5 gm/dl and hâve 
no reactivity on skin testing, the probability of the death is 
in the range of 35% if a major surgery is required. If cavitary 
sepsis develops, this patient has a 90% chance of dying. 
On the other hand, a patient of the same âge with sérum 
albumin concentration of 3.8 gm/dl and a DTH score of 
80 would hâve much greater host résistance and be capable 
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of surviving the operation even with the major sep tic 
complication, with probability of death of approximately 
25%. Immunomodulation is an exciting prospect for the 
future in patients with a demonstrated déficit in host 
résistance. 

Host defense mechanisms may be defective con- 
genitally. Other factors which affects defense mechanisms 
are diabètes, old âge, obesity (more than 30% of expected 
weight), major implant surgery, rheunatoid arthritis. 
Acquired immunodeficiency currently is perhaps the most 
important factor in producing infection. The most 
important of ail is protein-calory malnutrition. The 
importance of aggressive nutritional support in improving 
host defenses and decreasing infection and death was 
demonstrated conclusively in a prospective study of 
thermally injure children by Alexander and associâtes. 
The clean wound infection rate in diabetic patients is 
10.5%, with obesity—13.5%, and with malnutrition— 
16.5%. This is largely the resuit of reduced host defense, 
which in turn, reduces the dose of contamination required 
to produce clinical infection. Patients sustaining major 
injuries develop multiple defects in their immune System, 
and the extent of injury is directly proportional to the 
magnitude of the immunosupression. A polytraumatized 
patients frequently hâve many sites for bacteria, 
tracheostomy, pneumonitis, urinary tract infection due to 
cathere, bacteria due to IV cannulae. These are compro- 
mised situations where a decision regarding early 
operative intervention has to weigh against the possibility 
of infection. The preoperative status of the patient as 
assessed by an anesthetist is include as one of the 
major factors in risk index score. According to AS A 
classification (Dripps 1961): (i) healthy patient, (ii) patients 
with mild systemic disease with no functional impairment, 
(iii) patients with systemic disease with no functional 
impairment, (iv) severe systemic disease that is a constant 
threat to death, (v) moribund patient not expected to 
survive 24 hours with or surgery, scores 3, 4, and 5 are 
major risk factors in postoperative infection. 

Organisais 16 

Every operation in surgery is an experiment inbacteriology 
(Moynihan, 1880). Bacteria are omni présent. They are 
présent over the skin of the patient and of the surgeon, in 
the air of OT and air of the wards. Longer the patient stay 
in the preoperative period greated the chances of 
development of infection in postoperative period. This is 
due to colonization of the bacteria from another infected 
patient or from any carrier 60% of the surgical site infection 
are caused by gram-positive bacteria, with Staphylococcus 
aureus and epidermidis as major cause of infection 20% are 
due to gram-negative bacteria like E. Coli , Eseudomonas, 


Klebsiella and other s. As much as 17% of culture shows 
anaérobie usually in the form of mixed infection. In order 
to make a précisé bacteriological diagnosis at least six 
aérobic and anaérobie culture should be taken, and 
inoculation should be done in enriched media for at least 
(two weeks in order to isolate more fastidious bacteria. 
Ninety percent of the implant surgery infection results from 
intraoperative contamination. Fifty percent of these 
infections become clinically apparent more than three 
months after surgery. Many of these are caused by 
organisms of low virulence such as Staphylococcus 
epidermidis and other anaerobes. There is a steady increase 
in the incidence of infection caused by gram-negative 
bacteria. These infections are more difficult to treat so are 
the infections caused by Staphylococcus aureus. 
Staphylococcus aureus is most notorious regarding 
development of résistant strains. A subeutaneous injection 
of one million S. aureus will not cause infection, when 2 to 
8 million inoculums are injected infection develops, but 
only 100 S. aureus are good enough to produce infection in 
presence of a foreign body, like dead tissue or a suture 
material. The main réservoir of the S. aureus is humanbody. 
Nazal carrier rate in general population lie between 30 to 
50%. People may be divided into persistent carrier, 
nonpersistent carrier and intermittent carrier. Local 
multiplication of Staph aureus is often profuse in unhealthy 
or damaged skin (shaving with multiple cuts before 
surgery), without any sign of local inflammation. 

Glycocalyx biofilms: Gristine 8 and Costerton (1985), postu- 
lated that bacteria usually get adhèrent to a implant surface 
by a biofilm. For more details see Chapter on Chronic 
Osteomyelitis (Chapter 190). 

Susceptibility of Bone to Infection 

Bone has peculiar characteristic that makes it susceptible 
to chronic infection: a limitation of soft tissue space, a blood 
supply that favors necrosis, and an inadéquate mechanism 
to reabsorb necrotic bone. If infection occurs in the 
medullary canal, it is forced into the relatively small 
volume of soft tissue space that is encompassed by the 
rigid cortical walls. Jenny, and Kampf (1994), reported 
increase on infection rate with severity of soft tissue lésion. 
Edwards 7 (1965), reported that soft tissue lésions are 
essential risk factors of infection for tibial fractures. This 
risk appears tolerable for grade 1 fractures as confirmed 
by Brown in the 1990. It must be understood that dead 
bone and damaged soft tissues are already présent in the 
body at the fracture site. When these fractures are opened 
for nailing/plating, additional damage to the soft tissue 
occurs. Ail wounds. Iatrogénie or otherwise get 
contaminated during surgery. Presence of devitalized 
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tissue increases the chances of infection. Chapman and 
Mahoney 1986, reported 3 to 7% of infection for tibial 
fractures. In closed IM nailing, the infection rate was 0.4% 
and in open IM nailing, the infection rate was 3.2%. Surgery 
must be as meticulous as well as nontraumatic as possible. 
Bad tissue handling is directly proportional to the rate of 
infection. Mukhopadhaya in his large sériés of 6000 (1975- 
1980) cases reported infection rate 0.5% in soft tissue 
procedures and as high as 15% in bony operations. 
Gotozen rightly said/'Be as conservative as possible and 
as operative as necessary". 

Susceptibility is increased by the following factor site. 

Duration of operation is directly related to the infection 
rate and it roughly doubles with each hour. This may be 
due to: (i) increased contamination, (ii) more tissue 
damage, (iii) increased use of suture material and 
electrocoaugulation, and (iv) diminished patients general 
résistance due to blood loss and shock. 3 

Rôle of prophylactic antibiotics: Tengve and Kijellander 
(1978), reported 16.9% rate of infection where no antibiotic 
was used, and only 1.8% when prophylactic antibiotics 
were used. Similarly, Carlson in 1974 reported 24.1% and 
3.3% infection without and with the use of antibiotics. 

Bowers, Wilson and Green in 1973, found in an 
experienced study that if the antibiotics were given before 
the bacterial inoculation, then they inhibit the growth of 
the bacteria. And if, the antibiotics were given after the 
inocculation, then they prevent overt clinical signs of 
infection, but bacteria can always be isolated from the 
wound. 

Pathophysiologically as a response to the operative 
trauma, maximum exudation occurs in the first 6 hours 
and the contamination occurs at the time of surgery. 
Therefore, antibiotics must be présent in the circulation 
and into hematoma throughout the operation in sufficient 
concentraüon to kill these bacteria. Prophylactic antibiotics 
should be started just before surgery. The idéal concentra¬ 
tion of the antibiotics in the sérum during surgery should 
be 4% of the minimum inhibitory concentration (MIC), in a 
healthy patient. It should be 8% in a compromised patient 
with poor host defense mechanism. Linton said, antibiotics 
given in the postoperative period cannot in true sense of 
the word be considered prophylactic, since contamina¬ 
tion has already occurred. Stone et al hâve observed that 
there is no extra advantage of continuing antibiotics for 
five or more days over limited antibiotic therapy study on 
postoperative wound infection in GI surgery following 
3 gm cephalosporin régime and concluded that pre- and 
early postoperative administration of antibiotic 
substantially reduce the frequency of postoperative 


infection in intra-abdominal surgery. Taneja and Naneria 
conducted a study on 3 gm régime and got an encouraging 
results. 19 

Topical use of Antibiotics 22 23 

Dirschl and Willson 1991, after extensive study of the world 
literature, recommended the topical use of triple antibiotic 
solution (neuromycin polymyxin and bacitracin). 
Bacitracin has shown to cause allergie reaction. As such 
even their rôle is doubled. Scherr and Dodd 1976, were of 
the same opinion. Any attempt to clean a contaminated 
wound must be a compromise between the removel or 
inhibition of bacteria and damage to exposed tissue. Simple 
good wash with normal saline of Ringer-Lactate is very 
effecüve. 

Clinical Présentation of Postoperative Infection 10 

Coventry 5 (1975), while writing on treatment of infection 
occuring in total hip surgery, described three types of 
présentation of infection: (i) early—within first 8 weeks 
following surgery, (ii) delayed from 8 weeks to one year, 
and (iii) late—after one year. It is the early or immédiate 
postoperative infection that is the cause of worry. Sooner 
the diagnosis made, better it can be managed. This immé¬ 
diate postoperative infection has been further simplified 
into four types according to Mukhopadaya: 

(i) imminent, i.e. within 48 hours, (ii) from third to ninth 
day, i.e., before removal of studies, (iii) from tenth day to 
twentyfirst day, and (iv) from third week to eighth week. A 
classical situation is a patient in immédiate postoperative 
period complains of disproportionate pain, and fever 
above 102°F at check dressing, wound showing signs of 
local cellulitis, mild to moderate serosonguineous 
discharge. This picture as seen only when prophylactic 
antibiotics are restricted to one day only, and strong anti- 
inflammatory drugs are not given. 

The common présentation is a patient with severe pain, 
fever not responding to high doses, frank purulent 
discharge, wound already partially opened up due to cut- 
through stitches. The late infection présents in patients 
who apparently went home with normal wound healing, 
but returns only to report a chronic discharging sinus. 
Pain here is not a presenting complaint. Persistant 
tachycardia is also an important indication of infection. 

The most frequent indicator of infection in early 
postoperative period is fever and blood count. 

Diagnosis of Infection 

But it has been proved that the routine parameters of fever 
and leukocytosis are not particularly helpful in 
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ascertaining the presense of infection in the postoperative 
patient. Therefore, a number of groups hâve attempted to 
find blood tests that would more reliably predict the 
occurrence of a septic complication. Spillart 21 et al (1983), 
hâve shown that the thrombotic index, a value determined 
by compaining the reclassification time of blood incubated 
with endotoxin, is depressed in patients with infection. 
Otremski (1993), reported a new diagnostic test for early 
détection of bone infection, "Leukergy". This Leukergy test 
is based on the phenomenon in which white blood cells 
agglomerate in the peripheral blood of the patients with 
inflammatory disease. The percentage of cells agglomerate 
correlates with the severity of the infection. It is rapid and 
inexpensive. Persistent élévation of ESR suggests infection 
but is neither very sensitive nor spécifie. The results are 
better if the ESR is considered in conjunction with 
measurement of the créative protein level, but even then it 
is generally unreliable. More accuracy in diagnosis of 
infection can be achieved by using bone scan. 

Treatment of Postoperative Infection 17 

Once a diagnosis of imminent (immédiate) postoperative 
infection is made, then immédiate action is called for. 
Discharge has to be sent for Gram stain, culture and 
antibiotic sensitivity. A broad spectrum antibiotic along 
with one of the aminoglycosides are immediately 
reinstalled. If there is no relief in 24 hours, open the wound 
and débridé. It is always better to open and do a thorough 
debridment rather than waiting to see the results of 
antibiotic therapy. Wound can always be closed by loose 
suturing or by secondary suturing at a later date. The 
stability of internai fixation must be checked at the time of 
exploration. A well-fixed implant can be left as such. A 
loose implant needs removal or refixation or supplementary 
fixation by external fixators. Implants once infected needs 
removal. A well-fixed implant is left till the time fracture 
unités. A plate fixation needs very early diagnosis and a 
early removal because of extensive cortical necrosis. 
Nonunion in presense of infection is not due to infection 
but is due to inadéquate fixation. 

In his final address to the Hip society on 1982, shortly 
before his death. Sir John Charnley said, "Because of the 
tragic seriousness of the postoperative infection. I regard 
it as our duty to continue in the future to study to eliminate 
postoperative infection by any means or combination of 
means, whatever, I say eliminate deliberately because I 
hâve not yet abandoned the hope that some way we will 
achieve this target". 


SUMMARY 

Ail operative wounds are contaminated during surgery. 

It is operative to prevent conversion of contamination 
into infection. 

OT, environment and its total control, strict OT 
discipline, proper sterilization, proper patient's évaluation 
and preoperative préparation, meticulous nontraumatic 
surgery, stable fixation, wound irrigation, use of négative 
suction drainage System and prophylactic antibiotics for 
24 hours are the mainstay in the prévention of infection. 

Patient in immédiate postoperative period complaining 
of pain, with fever above 102°F with or without discharge 
must be monitored with high index of suspicion. 

Once a diagnosis of infection is made, it is better to 
explore, and débridé, get tissue culture, start antibiotics, 
check for stability of fixation and supplément it if required. 

An infection control committee must be formed in ail 
institutions, annual review of infection rate, causative 
organism, sensitivity pattern, causes of outbreak of 
infection needs scrutiny. 

It is in the operation rooms where you can give an 
infection or check an infection. 
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Prévention ofSurgical Site 

Infection in India 


Sanjay B Kulkarni 


INTRODUCTION 

Greatest enemy of orthopédie surgery is infection, which 
is an important cause of failure of surgery. Infection causes 
great suffering to the patient, severe financial burden to 
the family and surgery's réputation is at stake. Therefore, 
prévention of infection of most importance. Infection 
control in a hospital is extremely important to prevent 
hospital infection and postoperative infection. IF begins 
with construction of building to preoperative, intra¬ 
operative and postoperative care. Infection control should 
be taught during undergraduate courses or in postgraduate 
surgical specialization. Surgeons should be constantly 
aware of infection control. 

Layout and Design of the Operation Room (OR) 
Complex of a Proposed Hospital Building 

1. A complété vision of the OR should first be developed 
before construction, encompassing future anticipated 
changes in the next 10 to 20 years: 

a. Workload, new surgical disciplines, techniques, 
equipment, etc. should be considered. 

b. Define the work patterns in as much detail as 
possible. 

c. Generate an approximate idea of the equipment to 
be used, space required, numbers of staff needed, 
and other anticipated changes. 

2. The detailed planning of the layout should begin after 
the above phases are complété. 

a. List areas/rooms for the OR complex to include 
area/room activities. Required equipment and 
number of staff needed. 

b. Allot space to each area to be constructed in the 
complex. 

c. Préparé a rough list of areas/rooms to be placed in 
the various OR zones. The author suggests 


beginning with the actual OR and the scrub area 
and work outwards. 

3. After this, the actual drawing should begin. 

a. Location of the main entry to the OR complex and 
the actual OR and the scrub area should be done 
first on the plan, next the rooms in the semi- 
restricted areas, followed by the rooms in the 
unrestricted area. Traffic flows should be identified, 
segregating the 'clean' and 'dirty' as much as 
possible. Working relationships between the 
various areas/rooms should be taken into account, 
such as the changing rooms act as the 'junction' 
between the unrestricted and the semirestricted 
areas and the scrub area acts as a 'junction' between 
the semirestricted and the restricted areas. There 
should be clear signage at these points, indicating 
the dress code and traffic permissions. 

b. The activities and nature of work in the three zones 
are approximately as follows: 

• In the unrestricted zone, there is no limitation 
on human traffic; Street clothes and footwear 
are allowed; there is no need for cap, mask, or 
OR apparel (dress). This is the outermost zone 
of the OR complex and may contain the 
réception and the trolley changing areas. Ail 
traffic in and out of the OR complex can be 
monitored here. 

• The semirestricted zone will contain the 
services for the OR, such as the clean utility, the 
dirty utility, clean storage, cleaning equipment 
storage, the changing rooms, recovery rooms, 
etc. Ail services and functions other than those 
in the actual OR, the scrub basin (scrub area) 
and those in the unrestricted area will fall in 
this area. Within this area, there should be 
increasing distance between the OR and the 
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stérile storage, sterilization facilities/ area, clean 
storage, and the dirty utility in that order. 
Operation theatre (OT) apparel and footwear 
(dedicated OR shoes or slippers) are mandatory 
in this area and only OR personnel are to be 
allowed. Cap and mask should be worn in the 
vicinity of exposed stérile equipment. 

• The restricted area consists of the surgical scrub 
basin and the OR proper. Only persons taking 
part in the surgery are allowed here. OT apparel 
and footwear are mandatory. Cap and masks 
are compulsory whenever an operation is in 
progress or stérile equipment is exposed inside 
the OR. Details of number and size of OR, 
recovery room, surgical ICU, change rooms for 
males and females, sterilization room, store 
room, scrub room, toilets, room for anticlearing 
Systems, zones, passages, etc. are to be consi- 
dered. 

• When designing corridors, one must remember 
that most ORs in India do not hâve any 
ventilation System. Therefore, corridors should 
be kept to the minimum, be wide enough to allow 
passage of large equipment, and be easy to clean. 
As far as possible, eliminate situations where 
more than two corridors meet, especially at the 
scrub basin. These points generally tend to hâve 
higher human presence and bioburden. 

• As there will be limited space available in many 
situations, compromises may hâve to be done 
in the form of allotting smaller areas or 
combining some activities in a common area. 
While doing this, care should be taken to ensure 
that 'clean' and 'dirty/contaminated' activities 
are never combined in one room. No such 
compromise should be allowed in the actual 
OR and the scrub area. 

• Each OR complex should always include a 
separate area for temporary holding of waste 
and a separate area for reprocessing of used 
instruments. Storage of clean and sterilized 
material should always be separate from both 
the above areas. 

The Surgical Scrub Basin 

1. Locate the scrub basin at the entrance of the actual OR. 
It may be recessed into an alcôve at the entrance. Ail 
piping should be sealed. 

2. The basin should be adequately broad and deep to 
prevent splashing outside it. Splashguards should be 
used if necessary. 


3. Equipment, such as brushes used to clean used surgical 
instruments, razors and other general cleaning 
equipment, should never be kept at the scrub basin. 

4. Soap and water should be used before disinfectants. A 
soft soap (total fatty matter (TFM) content equal to or 
more than 70%) should be used. Bar soaps would be 
préférable to liquid soaps as the latter frequently tend 
to be topped off. The soap holder should be fixed in a 
way that residual water from the bar soap falls into the 
basin and is drained away. 

5. Sélection of the hand disinfectant should be based on 
scientific reasons, rather than tradition. An iodine 
containing préparation may be used after soap. Where 
surgery is expected to last longer than two hours, a 
chlorhexidine containing préparation may be used. 

6. A 3-5 minute scrub is adéquate. 

7. The alcohol hand rub should be applied to dry hands 
just before donning gloves and it should be dried by 
rubbing the hands together. This activity should be 
carried out inside the OR. Never place the alcohol hand 
rub at the scrub basin. 

Cleaning and Sterilization of Surgical Equipment 

1. Ail ORs should hâve a separate area for cleaning and 
sterilization of used surgical equipment. This should 
be given top priority. The amount of area allotted may 
vary with the expected workload and type of 
equipment used for cleaning and sterilization. The 
room/area should be divided into two by a simple 
partition. One area to be used for only washing and 
drying of equipment; and the other for inspection, 
oiling, packaging of containers and the actual 
sterilization. The autoclave may be placed in this latter 
area. An exhaust fan may be used in this room, but 
ceiling fans should be avoided. The ventilation in the 
room should be such that air flows from the 
sterilization area to the cleaning area and is then 
exhausted outside. 

2. The cleaning area should contain a washbasin of 
adéquate size dedicated for contaminated washing 
only and a drying counter should be provided. Wall 
boards with pegs or sieved racks may be used to place 
the washed instruments to drip-dry. 

3. Protective, waterproof gloves and apron should be 
worn by personnel while washing. 

4. Instruments should be kept wet until they are taken 
for cleaning. The instruments should first be rinsed 
under flowing water to remove the gross débris and 
blood. This may be followed by immersion into an 
enzymatic/surfactant cleaner (if the budget is 
available) or may be cleaned in detail using brushes. 
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Brushing should be done underwater. For small or 
complicated instruments (e.g. ophthalmic surgery), 
use of an ultrasonic bath is recommended (again if 
the budget is available). Ail parts of each instrument 
should be opened up and cleaned in detail. Ins¬ 
pection for damage, residual débris may be carried 
out at this stage itself. 

5. Instruments and linen should be dry when they are 
packaged into sterilization containers. 

6. The packaging of articles into the sterilization 
container for autoclaving should allow easy péné¬ 
tration of steam into ail parts of the interior. Overfilling 
should be avoided at ail costs. In order to facilita te 
this, adéquate numbers of containers of sufficient size 
should be available. This is one expense that should 
not be compromised as sterilization is one of the most 
critical processes in any OR. It is a common practice 
to package the instruments along with the linen in 
the same autoclave drum. This should be avoided 
wherever possible. 

7. Strips of Chemical indicators should be placed inside 
the container at the center of the instruments and 
inside the largest roll of linen. One strip should be 
pasted on the outside of the container at the side and 
in the same location every time. The strip inside the 
container should be pasted in the autoclave logbook 
later. 

8. Vertical types of autoclaves were the most commonly 
used. As these do not hâve an automatic air removal 
System, air should be removed using the method 
recommended by the manufacturer. Alternatively, 
steam should be allowed to escape unhindered for at 
least ten minutes before closing the valve (this process 
is less effective). The holding time should be 
calculated from the time the required pressure is 
reached. Excessive holding times should be avoided 
and they should not exceed 45 minutes at the 
maximum. In general, a minimum holding time of 
15 minutes for instruments and 20 minutes for linen 
should be followed. After the holding time is over, the 
autoclave should be allowed to cool before it is 
opened. Pressure should not be released manually 
until it reaches 5 pounds or below. 

9. The pressure meter and the pressure release valve of 
the autoclave should be calibrated periodically. 

10. Sterilized containers should be stored protected from 
dust and spills in a separate dedicated area. Closed 
storage should be preferred. These items should be 
minimally handled and the Tirst-in, first-out' 
principle should be followed in their use. 

11. Individual OR owners, administrators, OR super- 
visors, and the staff performing "cleaning" and 
"sterilization" need to be educated about the basic 


définitions of these terms, the different levels of 
disinfection and how to choose a method of 
disinfection/sterilization for a particular item. 

Ventilation 

1. ORs should install laminar airflow positive pressure 
ventilation Systems with HEPA filters only if adéquate 
budget is available for regular maintenance of the 
System. 

2. The System should be designed in accordance with 
the existing guidelines for use of such Systems in a 
healthcare setting. The System should never generate 
turbulence in any part of the OR and should minimize 
dead space in the OR. The airflow should be designed 
to carry organisms and particles away from the 
surgical wound, for example; high airflow rates, 
which will tend to push organisms into the wound 
should be avoided. Adéquate numbers and types of 
monitoring devices (especially to indicate loss of 
positive pressure) should be installed to monitor 
System performance and warn in case of failure. 

3. The feasibility of including ultraviolet lamps 
proximal to the HEPA filters should be considered. 

4. Any condensation water generated by the System 
should drain away from the System. The interior of 
the ducts should always remain dry. Ducting should 
hâve cleaning access ports in adéquate numbers and 
at strategie locations. 

5. Regular microbiological monitoring of the System 
should be performed and a record of the results 
maintained. If obtaining simultaneous bacterial air 
counts at multiple locations in the OR is not feasible, 
at least two settle plate counts should be obtained— 
one on the operating table and one at the room 
periphery. Intraoperative counts should be less than 
10 cfu on the operating table and less than 20 cfu at 
the periphery of the clean area. 

6. Regular scheduled cleaning and maintenance of the 
System should be carried out without fail and records 
maintained. 

7. In ORs without such Systems, commercially available 
wall mounted air purifiers may be used, but their 
limitations should be kept in mind. They are not as 
effective as standard air handling Systems. They take 
time to reduce the bioburden and hâve a fixed rate of 
airflow. They hâve to be cleaned and maintained on 
a regular basis as per the manufacturer^ recom¬ 
mendations. 

8. For air cooling, window mounted or split air 
conditioners (AC) may be used. The author prefers 
window mounted ones as they are easier to clean 
and service. 
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9. No AC of any type provides any significant air 
changes or réduction in bacterial counts. 

10. Positioning of the AC and fans should be such that 
the air outflow never impinges directly onto the 
operation table or the stérile trolleys (carts) directly. 

11. ACs should be cleaned regularly. The air filters 
should be cleaned at least once a week. 

13. Ceiling, stand, or wall fans should not be used in OR. 

Surface Cleaning and Disinfection 

1. Proper cleaning and disinfection of surfaces in an OR 
should be given the highest priority along with 
sterilization of equipment. Each OR should develop 
its own detailed protocol based on the following: 

a. Surface cleaning and disinfection should always 
go together and be performed in that order only. 
Spécifie cleaning and disinfection steps should be 
clearly defined in the protocol. 

b. The overall cleaning and disinfection should be 
divided into four types: start-of-the-day, between- 
surgeries, end-of-the-day, and the total washdown. 

• Start-of-the-day cleaning and disinfection: This 
should include ail horizontal surfaces. Walls 
may be cleaned as per a fixed schedule (not 
everyday) and whenever they appear soiled or 
dusty. 

• Between surgeries: This should begin after the 
patient is shifted out. Blood spills should first 
be disinfected with sodium hypochlorite/ a high 
level disinfectant, followed by removal of ail 
equipment to be reprocessed, then removal of 
ail waste, and disinfection of the large 
equipment used in the operation and the floor 
around it. Adéquate time should be allowed for 
proper cleaning and persons taking part in 
surgery should not be présent in the OR at the 
time of cleaning. Stérile containers containing 
materials for the next case should be opened 
only after the cleaning and disinfection is over. 
The surgical team and the next patient should 
corne in only after ail cleaning is complété. 

• The end-of-the-day cleaning: The between- 
surgeries cleaning should be repeated after the 
last case. When the OR is to be shut down for 
the day, the start-of- the-day cleaning should be 
repeated and should include scrubbing the floor 
with a high level disinfectant. 

• Periodically, the OR and ail connected passages 
and rooms should be washed down with soap 
and water followed by disinfection (high level 
in the OR, low-level in other areas). The 
frequency should be adjusted according to the 


dust found in daily inspection of various areas 
of the OR complex. 

c. Ail cleaning should follow the Top-to-down' and 
Tn-to-out' order of cleaning. 

d. Avoid dry dusting or sweeping in enclosed areas 
such as the actual OR. Ail cleaning should be done 
by wet mopping in these areas. 

• Use two buckets when wet mopping. Préparé 
the cleaning/disinfectant solution in the first 
bucket. After wiping the surface, squeeze out 
the mop in the second bucket. 

• Change the cleaning/disinfectant solution 
between the restricted, semirestricted, and 
unrestricted zones and whenever it appears 
soiled. More frequent changes of the solution 
may be required depending on the layout and 
use patterns of the OR complex. 

e. Préparé cleaning and disinfectant solution in 
proper concentration by correct measurement as 
recommended by the manufacturer. Measuring 
apparatus, such as measuring cylinders/jugs, 
should be available in the OR. The quantities of 
various reagents and water to be mixed should be 
available in written form in the OR for reference. 

f. Disinfectants used for surface disinfection should 
always be prepared fresh and the leftover discarded 
after use. 

g. Mops, buckets, and other equipment used in 
cleaning should be washed with soap and water 
after use and dried before storage. Mops should be 
dry when taken up for use. 

2. Cleaning and disinfection once begun should not be 
interrupted. Proper planning can ensure this. 

Use of Other Chemical Disinfectants 

1. Iodine based disinfectants should be dispensed 
directly from the original container. 

2. Dilutions of other disinfectants, such as savlon and 
dettol, should be prepared in transparent bottles with 
good seal. Dropping tubes/needles pierced through 
the caps should always appear clean without dried 
remnants of the disinfectant and dust on them. The 
tubes/needles should be changed at least weekly. 

3. Bottles of diluted disinfectants should be labeled clearly 
with the reagent name and date of préparation. Préparé 
just enough solution to last for one week. Discar d any 
leftover solution at the end of the week and préparé 
fresh in a freshly sterilized bottle. The bottles may be 
sterilized by autoclaving or Chemical sterilization. 
Alternatively, where these resources are not available 
or feasible, they should be washed with soap and water 
followed by boiling for at least 20 minutes. 
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4. Disinfectant bottles used in the OR should preferably 
not be shared with other locations outside that OR. 

5. Everyday, at the start of work, these bottles should be 
inspected carefully for any gross débris and turbidity. 
If seen, the solution should be discarded and a fresh 
one prepared in a stérile bottle. The daily inspection is 
very important and should never be missed. 

Fumigation Practices 

1. Ail individual OR owners, OR administrators, OR 
supervisors, and staff should remember that 'fumi¬ 
gation' is just high level disinfection of the OR and not 
'sterilization'. Therefore, it is very important that the 
procedure be carried out as perfectly as possible. 

2. Fumigation is not required for ORs having a positive 
pressure laminar airflow System with HEPA filtration. 
In ORs without ventilation Systems, fumigation reduces 
the bioburden, which keeps on accumulating with each 
use of the OR. 

3. Proper cleaning before fumigation is mandatory. 

4. Adéquate quantities and concentrations of the 
disinfectant should be used to obtain optimal effect 
(maximal réduction in bioburden) as recommended by 
the manufacturer. 

5. Proper methods of application should be employed 
according to the type of disinfectant used. In the case 
of formalin, the gas has to be liberated from the solution 
and spread to ail parts of the room whereas, in case of 
glutaraldehyde, hydrogen peroxide based reagents, the 
working solution has to corne in contact with ail 
surfaces for it to kill microbes (these reagents hâve to 
be applied either by wet mopping, hand spraying or 
by using a fogging machine). Therefore, the methods of 
application will differ accordingly. The detailed 
methods of application of various reagents are outside 
the purview of this article. 

6. Adéquate contact periods of the disinfectant with the 
surfaces are required for maximal bactericidal activity. 
Contact periods as recommended by the manufacturer 
should be observed strictly. 

7. Surfaces in the OR should be dry after the contact 
period. In case of formalin, the irritant fumes should be 
neutralized by liquor ammonia in proper quantity. 
Exhaust fans should never be used to evacuate the 
fumes. Neutralization is not required for other reagents. 

8. The effect of fumigation is only temporary and re- 
colonization of the OR begins as soon as OR use begins. 
Therefore, fumigation is just a temporary measure to 
reduce accumulated bioburden in ORs without venti¬ 
lation and other IC practices, such as minimization of 
traffic, physical movement, door opening, vocal activity, 
etc. are important to minimize the subséquent build- 
up of bioburden. 


9. Microbiological testing of various surfaces in the OR 
after fumigation is important to monitor its adequacy 
and should be done on a regular basis. A record of the 
reports should be maintained. This should be a 
standard practice foliowed in ail ORs. 

Work Related Issues 

1. Traffic in and out of the OR complex should be strictly 
regulated. Movement in the semirestricted and 
restricted areas should also be controlled. Only 
persons required for surgery should be présent in the 
actual OR. 

2. Activities other than surgery should not be carried 
out in the OR complex. 

3. OR equipment and articles should not be shared with 
other outside locations. If equipment is shared, it 
should be wiped down with a low level disinfectant 
(if there is soiling with blood/body fluids, use a high 
level disinfectant) before it is brought inside the OR. 

4. During surgery, door opening, physical and vocal 
activity, and movement in and out of the OR should 
be minimized to the greatest extent possible. Music 
Systems may be used in the OR. This is specifically 
mentioned as there were conflicting opinions 
amongst surgeons about the use of such Systems in 
the OR. Besides, music may help reduce unnecessary 
vocal activity. 

5. The préparation of the OR for surgery and planning 
of each person's tasks during surgery should be done 
in advance to facilitate a smooth operation. Ail things 
required for the particular surgery should be available 
during surgery in the OR itself. 

6. A cap should be worn by ail persons in the semi¬ 
restricted and restricted areas at ail times. Ail facial 
and head hair should be covered whenever cap and 
mask are worn. 

7. Stérile equipment should be handled in the stérile 
field using stérile technique. Scrubbed persons should 
not handle unsterile items and touch unsterile 
surfaces. 

8. Sharps should be passed in a neutral zone, not from 
hand to hand. 

9. Persons assisting in the surgery should remain in 
close proximity to the stérile field. 

10. Scrubbed persons should not handle the patient's 
medical chart (case papers) during the operation. 

11. Doctors should avoid visiting locations outside the 
OR complex between surgeries and returning to the 
OR without changing the OR dress. They should 
avoid examining outpatients between surgeries of the 
day. Anesthetists should avoid visiting multiple 
theaters or patients in the intensive care units during 
an operation. Although a paucity of staff leads to these 
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compromises at times, detailed planning of work 
reduces such incidences to the minimum. 

12. Stérile gloved hands should not be rested on abdomen, 
during surgery especially when cloth gowns are used. 

Preoperative Préparation of the 
Patient and the Surgical Site 

1. A thorough preoperative clinical examination should 
be performed on each patient to include an examination 
of the oral cavity for dental/periodontal disease. Any 
infection, including dental infections, should be treated 
before elective surgery. 

2. Preoperative stay of patient should be kept to a 
minimum, to avoid hospital infection, especially for 
joint replacement and major spine surgery. Hair at the 
surgical site should not be removed unless it will 
interfère with the operation or postoperative care. If 
hair removal is necessary, the following methods 
should be preferred in this order: clipping, depilatory 
creams, shaving. The time interval between hair 
removal and surgery should be as short as possible. 
The equipment used for hair removal, especially its 
cutting edges, should be kept clean and ail times and 
be disinfected before each patient. The equipment 
should be cleaned immediately after use and stored 
covered. 

3. The site of the incision should always be cleaned with 
soap and water before applying disinfectants. Apply 
disinfectants in concentric circles or in radial strokes 
moving outwards from the incision site. Allow the 
disinfectant to remain wet on the skin for an adéquate 
time to achieve proper bactericidal action. If more than 
one disinfectant is used, use them in the order of 
increasing bactericidal activity. Chlorhexidine should 
be included if the surgery is expected to last for more 
than two hours. 

4. For recommendations on use of surgical site dis¬ 
infectants, see the section on 'use of other Chemical 
disinfectants'. Disinfectants used in the OR should not 
be shared with locations outside it (e.g., the emergency, 
minor OR, etc.). 

Antibiotic Prophylaxis 

1. Preoperative antibiotic is recommended. In view of the 
lack of epidemiological data, it will not be possible to 
provide clear recommendations on use of spécifie 
antibiotics for surgical prophylaxis in clean cases. 
However, it may be said that second génération 
cephalosporins may be used in ail clean cases. 

2. Use of more than one antibiotic in immunocompétent 
clean cases should be avoided. 


3. The antibiotic should ideally be stopped within 24 to 
48 hours in the postoperative period. In settings where 
postoperative care of the wound may be compromised, 
antibiotics may be continued beyond this period. 
However, in such settings everything possible should 
be done to ensure betterment of the postoperative care 
(e.g., training of staff, éducation to the patient, provision 
of clean environment, etc.). Measures, such as 
handwashing, proper sterilization, storage and use of 
materials used in wound dressings, safe injection 
practices, and proper use of gloves, should be 
emphasized, rather than relying on antibiotics to 
prevent infection. 

4. In patients with infection in whom surgery cannot be 
postponed, antibiotics should be used as per the culture- 
sensitivity report of a proper sample tested. 

Surveillance Programs for Surgical Site Infection 

1. Surveillance programs should be initiated by each 
surgeon in his/ her own OR as soon as possible. These 
programs are a major way a surgeon learns his correct 
infection rates and responsible organisms and their 
antibiograms and identifies cases and procedures at 
risk. This information is immensely helpful in identifi¬ 
cation of possible sources of infection, identification of 
spécifie infection control measures required, and 
thereby, reducing labor and expense on unnecessary 
measures. 

2. In individually owned ORs, ail cases can be included 
in the surveillance whereas in large set ups, it may 
initially be necessary to survey spécifie cases or 
procedures to be foliowed and the program gradually 
developed to include ail cases. 

3. The entire program should first be clearly defined before 
actual implémentation. This is important as a change 
midway can affect data quality. 

4. Forms designed for data collection should provide 
information on presence/ absence of known SSI risk 
factors, the details of the surgery, use of antimicrobiais, 
results of microbiology investigations in cases of SSI, 
and the outcome. Further points may be added if 
required and data collection Systems are well func- 
tioning. Anonymity of the patient should be 
maintained at ail times. 

5. Findings from a statistical analysis of this data should 
be studied by the surgeon in conjunction with an 
experienced infection control practitioner. 

6. Finally, as the development and direction of the 
infection control measures is dépendant on findings 
of the surveillance program, it should be carried out as 
properly and consistently as possible. 
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Disposai of Biomédical Waste 

1. Ségrégation and proper disposai of biomédical waste 
at the point of génération should be attempted as much, 
as possible in ail ORs. Government régulations should 
be followed wherever available. 

2. Although it may not be possible to segregate waste 
into ail the recommended categories during an 
operation, at the minimum, infectious waste and sharps 
should be collected in separate containers during 
surgery. Persons handling the mixed waste material 
may get injured by needle stick. 

3. Waste should be removed from the OR as soon as 
possible after an operation. 

4. Sorting of waste contaminated with blood, body fluids, 
and sharps should never be done; and ail such waste 
should be treated as infectious waste. 

5. Identify and categorize ail types of waste items 
generated in an OR to minimize confusion among the 
staff, regarding the ségrégation and disposai method 
for a particular item. 

6. Staff handing waste should not wear latex gloves. 
Gloves of a thicker material, such as rubber, should be 
used. 

HIV INFECTED CASES 

1. Ail doctors and staff should remember that no spécial 
measures are required to disinfect and clean surgical 
instruments used on an HIV infected patient. The virus 
is killed by standard disinfectants and disinfection 
procedures. 

2. Disinfection and cleaning methods for surgical 
instruments should be correctly set-up, standardized, 
and performed in the same manner at ail times. 

3. Soiled linen need not be discarded unless it is unfit for 
further use. Linen may be disinfected using 
hypochlorite solutions and then washed in the usual 
manner. 

4. There is no need to fumigate an OR after an operation 
on an HIV infected patient. Proper surface cleaning 
and disinfection of ail surfaces contaminated by blood 
and body fluids should be emphasized and practiced. 

5. Proper use of barrier précautions to prevent exposure 
to blood and body fluids both during the surgery and 
while cleaning up later are of utmost importance and 
should NEVER be compromised. Disposable water 
imperméable fabrics should be preferred for surgical 
attire wherever available and affordable. Alternatively, 
water proof aprons (of adéquate size) may be worn. 
Washable shoes should be preferred over open footwear 
(slippers). Goggles should be worn wherever the 
possibility of splashing exists. 


6. Careful handling of sharps is important. Immédiate 
ségrégation and prompt disposai of sharps should be 
performed after use. 

7. Gloves used while cleaning and handling waste should 
be made of water proof material and should cover the 
skin up to the forearms. 

8. Education of the staff and doctors corrects miscon- 
ceptions and doubts. They should hâve knowledge of 
the routes of HIV transmission and survival of the virus 
in the environment. 

9. During surgery, sharp instruments should be given in 
a kidney tray. 

Water Supply 

1. Water supply Systems should be planned before 
construction of the OR. Tanks and pipelines should be 
regularly inspected for leakages and repaired 
immediately whenever found. 

2. As paucity of municipal supply is a problem at many 
places, use of bore well water will be inévitable. Hard- 
ness and bacteriological quality of this water should 
be checked regularly and appropriate softening and 
disinfection procedures should be in place as these 
qualities can vary widely over both région and time. 

3. As far as possible, bore well water should not be used 
for cleaning and mopping of equipment and surfaces 
that corne in contact with the patient or stérile 
equipment/instruments. If it is to be used for this 
purpose, softening and disinfection should be 
performed compulsorily. This canbe achieved to some 
degree by boiling it. If bore water is used for cleaning 
and disinfection in areas other than those mentioned 
above, only softening may be done. However, the 
bacteriology quality should be acceptable in this case 
(as shown by regular test reports). 

4. Water storage tanks and containers should hâve 
covers/lids that will prevent the entry of dust, insects, 
and organic débris, such as leaves into them. The 
tanks/containers should hâve a smooth finish on the 
inside. Terrace tanks should be cleaned and disinfected 
at least once every three months or more frequently if 
contamination by organic débris is found on more than 
one occasion. Washing with soap and water should 
be followed by disinfection. The inner surfaces may be 
liberally mopped with fresh sodium hypochlorite 
followed by a water rinse. 

Reprocessing of Single Use Items 

1. As many ORs need to reprocess devices and patient 
care items due to issues of availability or cost, proper 
methods for reprocessing need to be set-up. 
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2. In general, ail items to be reprocessed should be kept 
moist / wet until they are taken up for cleaning. This 
may be done by simply placing them in plain water. 
When placing tubular items in water, the item may be 
slowly slid vertically into the water, so that optimum 
pénétration of water into the inner channels is obtained. 

3. Adéquate cleaning to remove ail organic débris is of 
utmost importance, especially if liquid sterilants are 
used for subséquent disinfection/sterilization. 
Enzymatic/surfactant cleaning solutions should be 
used for this. The solutions should be used as per the 
manufacturées recommendations. 

4. A simple protocol for using these cleaning solutions is 
as follows: 

a. Use the working concentration recommended by 
the manufacturer of the solution. These reagents 
are available as concentrâtes, which need to be 
diluted with water to préparé the working solution. 
Préparé working solutions by accurate measure- 
ment (very important for proper action as well from 
the costing point of view). 

b. Clean tap water of drinking quality may be used 
for dilution of most commercially available solu¬ 
tions. However, check the manufacturées recom¬ 
mendations to confirm. 

c. When working solutions are to be reused, they 
should be kept covered between uses. The container 
lid should be airtight to prevent évaporation. 

d. Reuse the solution only until it is clear in appear- 
ance. To check this, the following method may be 
used (the author's own): 

• When solution is first prepared, remove 5 ml of 
it into a clean penicillin bulb (use a colorless, 
transparent bulb, not an amber colored one) with 
a rubber stopper. This will be the comparison 
control. Label the name and date of préparation 
on the bulb. 

• Before each use, take 5 ml of the in use solution 
in a similar bulb and compare its appearance 
with the standard against a white background 
with black stripes (a newspaper may be used 
instead). 

• Try to read the standard newspaper print 
through it. If the print can be read clearly, the 
solution can be used. Otherwise, discar d the 
solution and préparé fresh one. 

• Anytime, gross dirt/debris is seen in the 
solution, discard and préparé fresh solution as 
the activity may be reduced. 

• It must be remembered the cleaning solutions 
do not hâve any bactericidal activity and are 
not disinfectants. Therefore, preventing their 
contamination is important. 


• Traces of the cleaning solution should be 
flushed away from the item to be disinfected by 
thoroughly rinsing it with plain water before 
proceeding to the disinfection/sterilization step. 

• Further steps for disinfection/sterilization 
should be followed as mentioned in previous 
sections. 

• Ideally, gloves should not be reprocessed. They 
should be first cleaned to remove ail visible 
soiling and checked for tears and perforations 
before further processing. Filling the glove with 
air and holding it underwater is much more 
likely to detect smaller perforations than filling 
it with water and looking for leakage. If they are 
to be autoclaved, they should be autoclaved only 
once. Reprocessed gloves should never be used 
in actual surgery and in situations where 
contact with blood and body fluids is likely. 
The policy should be clearly conveyed to ail 
persons working in the OR. Containers of 
reprocessed gloves should be clearly labeled as 
such to avoid accidentai use in these situations. 

• Clean gloves made of water proof material (e.g., 
rubber), instead of reprocessed latex ones, 
should be used when performing environmental 
cleaning and handling biomédical waste. This 
is an important occupational safety measure 
and may hâve legal and financial implications 
for the hospital owner in case of accidents. 

• Ail items to be reprocessed should be checked 
for proper functional and structural integrity 
first. If it is damaged, do not reprocess. 

• The principle of "If it cannot be cleaned, it 
should not be reprocessed " should be followed. 

SURGICAL ATTIRE AND DRAPES 

a. Cloth used for surgical attire should be as close woven 
as possible. The cloth should be examined against light 
to select the sample with least porosity. 

b. The mask should cover as much of the facial skin and 
hair as possible. A rectangular piece of cloth (draped 
over the head from front to back) with a hole for the 
eyes will provide most coverage of facial and head hair. 
The ends of this mask can be extended to cover the 
opening of the neck of the stérile gown also. This is 
especially useful in case of doctors and staff with 
beards. 

c. The cap should be worn in a manner that covers ail 
head hair. Female staff and doctors with long hair 
should use bigger sized caps if required. Long hair 
should not be accepted as an excuse for incomplète 
coverage of hair. 
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d. Surgical attire should be changed whenever, it becomes 
wet due to any reason, including sweat, and on 
returning after visiting a location outside the OR 
complex. 

e. Fresh masks should be worn for each surgery. 
Disposable masks should be changed every two hours 
in prolonged surgeries. 

f. Wearing a cap and mask is mandatory in the foliowing 
situations: In the OR—whenever an operation is in 
progress or stérile instruments are exposed; in other 
parts of the OR complex - whenever stérile equipment 
is exposed. The cap should be worn at ail times in the 
semirestricted and restricted areas. 

g. Masks should be removed as soon their purpose is 
served and not left hanging around the neck. Each OR 
should make it a rule that ail persons will discard the 
mask and the gown before returning to the 
semirestricted areas after an operation. 

MICROBIOLOGIC SAMPLING 

1. Although lack of adéquate testing facilities may exist 
at many places locally, microbiological sampling of 
air, surfaces, and water should be attempted on a 
regular basis, using facilities available in the nearest 
city. This is especially important in view of the fact 
that there are no uniform or proper methods of 
fumigation and surface and water disinfection being 
folio wed across various ORs. 

2. Surgeons must appreciate the fact that absence of 
infection outbreaks in an OR does not mean that the 
cleaning, fumigation, surface and water disinfection 
procedures, and any other infection control measures 
being folio wed are correct. There are many other factors 
that affect the outcome of the interaction between man 
and microbes. 

3. Frequent sampling may not be possible due to budgetary 
considérations in many individually owned ORs or 
those with a small workload. The folio wing alternative 
regimen may be suggested: 

a. The cleaning, fumigation, and surface disinfection 
protocols should be standardized. 

b. Perform air and surface sampling after each 
fumigation for three consecutive times. If ail three 
results are satisfactory, the frequency of testing may 
be reduced gradually, but to no less than once every 
three months. It is very important to understand 
that reduced frequency in testing will hold good 
only if ail procedures of cleaning and disinfection 
are performed in exactly the same manner each time. 
The staff should be properly trained and the 
importance of the measures impressed upon them 
to facilitate this. In case of an unsatisfactory resuit, 
ail procedures should be reviewed, equipment used 


in these procedures checked for proper functioning, 
and testing restarted from the beginning. 

4. Settle plates may be preferred over the use of air 
sampling equipment. Not only is this equipment 
costly to obtain and complicated to use, but also in 
the author's view, use of air sampling equipment may 
lead to results showing large bacterial counts in the 
air. In turn, the results may lead to a false impression 
of increased risk of infection whereas, blood agar settle 
plates placed intraoperatively within one foot of the 
wound or on the operation table post fumigation will 
présent a more realistic number of organisms settling 
down under the given conditions of température, 
humidity, and air movements. Additionally, these are 
inexpensive to obtain and simple to use. 

5. Laboratories processing surface swabs from the OR 
should also investigate for the presence of aérobic 
organisms in these samples. This may often reveal 
presence of important potential or known pathogens 
in the OR and also provides an important estimate of 
the efficacy of the cleaning and fumigation process 
followed. In the author's view, processing for 
anaérobie spore bearing organisms provides an 
indication of the efficacy of cleaning only. The purpose 
of testing is not served at ail. 

6. It is very important that laboratories processing 
environmental samples from an OR hâve adéquate 
infrastructure, the proper culture media, and technical 
skills to obtain correct results. The test should be 
carried out under the supervision of and be reported 
by an MD in microbiology. Shortcut methods in 
sample processing should be avoided at ail times. 

7. Considering the lacuna in OR settings mentioned in 
this article, microbiological testing of the environment 
assumes very great importance and ail efforts should 
be made to promote, establish, and maintain testing 
facilities. 

8. Interprétation of the OR environmental samples 
reports should preferably be done by a person having 
knowledge of infection control. However, in view of 
the paucity of such personnel being available in the 
developing nations, the following general guidelines 
may be used (these are the author's own): 

a. Isolation of any anaérobie spore bearing 
organisms or known aérobic pathogens: 

Report the test as positive. Alert the OR 
immediately. Advise immédiate recleaning and 
fumigation. Review the methods used for the same. 
Modify the methods if required. Repeat the test. 
Monitor patients operated upon during the interval 
from sampling to the time the OR was alerted for 
postoperative infections. 
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b. Isolation of aérobic spore bearers (e.g., bacillus spp) 
only: Cleaning methods are probably inadéquate. 
Review and modify. Monitor subséquent samples 
for the same. 

c. Isolation of aérobic organisms other than bacillus: 
Fumigation and surface disinfection methods are 
probably inadéquate. Review and modify. Monitor 
subséquent samples for the same. 

d. No growth: Report as "No pathogens, including 
anaérobie spore bearers, grown". 

9. Detailed knowledge of the OR layout and working 
patterns will be required to judge the source of growth 
obtained in these samples. 

10. Collection, transport, and lab processing of samples 
should be done in a manner that avoids conta¬ 
mination. It must be remembered that microbial flora 
from the skin and oronasal tracts may appear in the 
tests due to external contamination during collection 
and processing. 

11. The practice of microbiological testing of materials 
sterilized by autoclaving or disinfected by other 
methods should be avoided. It will not provide any 
useful information. On the other hand, proper 
standardization and monitoring of methods of 
disinfection and sterilization should be emphasized. 

12. Records of ail microbiological tests of the environment 
should be maintained by ail ORs. Protocols of steps 
to be taken in case of an unsatisfactory test resuit 
should be developed by ail ORs. Ail staff should know 
the steps in detail. 

INFECTED AND COLONIZED PERSONNEL 

1. Each OR should hâve a System for prompt reporting of 
any illness among the staff to the doctor /OR supervisor. 

2. Persons with respiratory infections should not work 
in the OR until cured or at least two days of anti- 
microbial chemotherapy hâve been completed. If cough 
is one of the symptoms, he/ she should not work in the 
OR until the symptom has resolved completely irres¬ 
pective of the days of chemotherapy. If working is 
unavoidable, he/she should use double masks (one 
above the other) and change them every two hours 
strictly (please note that is an extreme concession and 
should be avoided as much as possible). 

3. Persons with draining skin lésions should not work 
until the lésions hâve dried. 

4. In order to make the above possible in settings with 
low manpower resources, OR staff should be trained 
to take over the indisposed person's duties (i.e., multi- 
tasking will be required). Training is important as 


multi-tasking in the OR may lead to breaches in 
maintenance of sterility. Details of "who will do what" 
should be clear. 

5. Surgeons should lead by example by not operating 
when they hâve a respiratory or a skin infection. The 
author is aware that this may not be possible at ail 
times due to économie or patient load pressures, but 
every effort should be made to set an example. 
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INTRODUCTION 

AIDS, an acronym for "acquired immunodeficiency 
syndrome" was first defined by CDC Atlanta in 1982. It is 
now redefined (1987) as a disability or life-threatening 
illness caused by HIV (human immunodeficiency virus) 
characterized by HIV encephalopathy, HIV wasting syn¬ 
drome or certain diseases due to immunodeficiency in a 
person with laboratory évidences for HIV infection or 
without certain other causes of immunodeficiency. HIV 
infection/AIDS which was unknown globally till 1979 
has now grown to a size of pandémie affecting over 15 
million persons in the world and possibly 10 times of the 
number with HIV infections, and has emerged as a major 
challenge to the health services. 2 

AIDS 

AIDS was first described amongst a small cohort of young 
homosexuals in USA in 1981, when they were found to be 
suffering from Kaposi's Disease and Pneumocystis carinii 
pneumonia. In pre-AIDS era, these conditions were seen 
amongst people having profound immunosuppression 
and in older âge groups. Since no identifiable cause was 
found among them, the disease was labeled as gay-related 
immunodeficiency virus (GRID). In 1983, the causative 
agent, later termed as Human Immunodeficiency Virus 
(HIV)—a retrovirus belonging to Retroviridae family was 
isolated and identified. 

Causative Agent 

The human immunodeficiency virus (HIV) is highly fragile 
and is easily inactivated by boiling (within a second) and 
by various Chemicals such as household bleach (1%) 
éthanol (70%), glutaraldehyde (2%), formaldéhyde (5%), 
chlorine-sodium hypochlorite (1%), hydrogen peroxide 


(3%), isopropyl alcohol (35%), lysol (0.5%) and between 
200 (2.5%) solution. The virus does not survive for long 
periods outside the body fluids, which limits the 
transmission of infection only to occasions when direct 
contact with these fluids occurs. 

Modes of Transmission 

The body fluids of an infected person which contain virus 
are chiefly blood, semen, and vaginal fluid. Therefore, the 
infection is transmitted when the virus in these body fluids 
cornes in contact with the blood and/or mucous 
membranes of an exposed person. Intact skin provides a 
reliable protection from the infection. The virus is also 
found in saliva, sweat and tears, but it is in such small 
quantities that infection is generally not transmitted 
through these routes. Saliva is also believed to contain a 
protective factor. 

Leading modes of HIV transmission are as follows: 

1. Sexual intercourse (anal/vaginal) with an infected 
partner, man to woman, woman to man and man 
to man. 

2. Transfusion with infected blood and blood pro- 
ducts or organs and tissues. 

3. Contaminated syringes and needles. 

4. From an infected mother, to her child, i.e. prénatal 
transmission. 

5. Organ transplants obtained from infected donors. 

6. Dialysis. 

The infection does not spread through causal contact, 
shaking hands, hugging, kissing, sneezing, coughing, 
mosquito bites, toilet seats, sharing of téléphonés, sharing 
of offices, playing together, traveling in buses, trains, etc. 
sharing cups or cuttery. 

Four critical features of HIV infection are as follows. 

1. Infection with the virus is lifelong. 
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2. There is at présent no cure or vaccine. Antirétroviral 
drugs prolong survivorship and delay the onset of 
frank AIDS. 

3. A per son infected with AIDS virus may hâve no 
symptoms for years. He can still spread the virus to 
someone else. 

4. The stresses it puts on the économie and social 
fabric of a country are severe and long lasting. 

Immunopathogenesis of AIDS 

In AIDS, a person suffers from life-threatening infection 
because of a basic damage of immunity status due to the 
causative virus. The virus does not directly lead to death, 
rather it makes room for the entry of other infections. HIV 
has got sélective tropism for white blood cells bearing the 
receptor CD4, présent mainly in the T-helper lymphocytes 
(T4 cells). It is the interaction between the gp 120 of HIV 
and CD4 molécule of T4 lymphocytes that leads to the 
successful attachment of the virus to the T4 cells, followed 
by invasion. Once the virus is able to enter the T4 popu¬ 
lation, the process of immunopathogenesis begins. This 
impairs production of spécifie antibodies by B cells leading 
infection with bacteria. Déplétion of T-helper cells leads to 
failure of élimination of viral infections, impaired function 
of NK cells results in increased prevalence of tumors, e.g. 
Kaposi's sarcoma, etc. 

Clinical Spectrum of HIV Infection in AIDS 

AIDS in an adult is defined by the existence of at least 2 of 
the major signs associated with at least one minor sign, in 
the absence of any known cause of immunosuppression. 

Major signs 

1. Weight loss of more than 10 percent of body weight 

2. Chronic diarrhea for more than 1 month 

3. Prolonged fever (continuous or intermittent) for more 
than 1 month. 

Minor signs 

1. Persistent cough for more than 1 month 

2. Generalized pruritic dermatitis 

3. Récurrent herpes zoster 

4. Oropharyngeal candidiasis 

5. Chronic progressive and disseminated herpes simplex 
infection 

6. Generalized lymphadenopathy 

7. Récurrent common infections. 

The presence of either Kaposi's sarcoma or crypto- 
coccal meningitis alone is sufficient for the diagnosis of 
AIDS. 

Referring Specimens for Laboratory Diagnosis 

Serodiagnosis of HIV infection requires sérum as the 
specimen which is obtained from 5 to 6 ml of clotted blood 


collected from the patient with safety précautions. The 
sérum sample is sent to HIV testing center in leak-proof 
container in thermocol with ice pack at température 
between 4 to 8°. Freezing of the sample is not désirable. 
Sérum sample must be accompanied by ail the necessary 
information regarding high-risk behaviors, clinical data, 
etc. 3 

Laboratory Diagnosis ofAIDS 

Enzyme-linked immunosorbent assay (ELIS A) test of détection 
ofantibody ELIS A test is currently the most widely used 
test for serodiagnosis of HIV. 

Merits of ELISA 

1. Current ELISA tests are based on improved sélection 
of HIV antigens and hence are most accurate with a 
reported sensitivity and specificity as 98 to 100 percent. 

2. The test is reasonably rapid requiring 2 to 4 hours to 
perform. 

Demerits of ELISA 

1. Less spécifie, hence, false positive seen in infections 
other than HIV. 

2. Test is nonreactive during window period (period of 6 
weeks to 6 months necessary for formation of HIV 
antibodies after infection). 

ELIS A-positive patients can be tested for confirmation 
by: (i) Western blot test, (ii) lymph node biopsy, and (iii) 
abnormal levels of beta-2 microglobulins, or alpha-1 
thymosin. 

INVESTIGATIONS FOR A KNOWN HIV PATIENT 

Once it has been confirmed that a patient is HIV positive 
he needs to undergo some further investigations if surgical 
intervention is planned. 

CD-4 Counts (600-1500 cells/ ul) 

The CD-4 T-lymphocytes are the chief target cells for the 
HIV virus. It is the destruction of this cell that results in the 
wide spread immunodeficient State in HIV patients. 
Patients with counts less than 200 cells /ul had an 
increased risk of sepsis following surgical intervention 
and problems related to union following fractures. 

VIRAL LOADASSAYS 

The viral load is determined by the polymerase chain 
reaction (PCR) assay. PCR has a lower limit of 
400 copies/ml. Patients with higher viral loads are more 
infective and pose a greater risk to the operating surgeon. 



AIDS and the Orthopédie Surgeon 313 


Management 

Basic Steps to Avoid Exposure to 
HIV in the Health Care Setting 

Following Directorate General of Health Services (DGHS) 
guidelines canbe effectively adopted to avoid exposure to 
HIV infection. 

1. Apply good basic hygienic practices with regular hand 
washing. 

2. Cover existing wounds or skin lésions with waterproof 
dressing. 

3. Take simple protective measures to avoid contami¬ 
nation of per son and clothing with blood. 

4. Protect mucous membranes of eyes, mouth and nose 
from blood splashes. 

5. Prevent puncture wounds, cuts and abrasions in the 
presence of blood. 

6. Avoid sharps usage wherever possible. 

7. Follow a safe procedure for handling and disposai of 
sharps. 

8. Clear up spillage of blood promptly and disinfect 
surfaces. 

9. Establish a procedure for safe disposai of contaminated 
waste. 

Barrier Précautions for High Risk Procedures 

Double gloves (outer pair half size larger), plastic apron, 
water-resistant shoe cover of shoes, face shield or goggles. 
We use plastic head shield, used by motor cyclist, eye 
glasses alone do not provide adéquate protection to eyes. 
Gloves should be used for settings: Where uncontrolled 
bleeding can occur or splashing is expected, e.g. major 
surgical procedures, where splash is likely intraarterial 
punctures, removal of intravenous/intraarterial lines, 
inexperienced venepuncturist/restless patient. Ail inter¬ 
nai bodily examinations, i.e. PV, PR, etc. Cleaning blood 
spills, cleaning and disinfecting equipments, handling 
Chemical disinfectants. 

If there is a splash on the skin/gloves are torn: Wash the 
hands thoroughly with soap and water for minutes after 
the removal of gloves under running water. Dip your hands 
for 15 seconds in undiluted Savlon as an added 
précaution. Wear fresh pair of gloves for restarting the 
work. 

In Case ofNeedle Stick Injury 

Lemaire et al 11 noted that between 6% and 50% of opera¬ 
tions results in at least one blood contact between patient 
and health care worker and between 1.3% and 15.4% of 
procedures involve a sharp injury. The greatest risk for 
transmission involves hollow core needles and 


orthopaedic pins. Other potential sites of transmission 
include mucous membranes and isolated skin exposure. 
The CDC has esümated the risk of transmission per needle- 
stick to be approximately 0.3%. Thus the annual risk to an 
orthopaedic surgeon is between 0.025% and 0.5% s. 

1. Let the wound bleed freely without pressing it. 

2. Wash the wound thoroughly under running water with 
soap for about two minutes. 

3. Dip the hands in undiluted Savlon for 15 seconds. 

4. Do not panic. Test the blood of patient for HIV infection. 

5. Report your injury to the appropriate hospital autho- 
rities. 

6. If the patient is found to be HIV infected, repeat the 
ELIS A test on self/ the surgeon at 3,12 and 24 weeks. 
In case he/she is not HIV infected, it is worthwhile 
taking his/her sexual history. He/she should be 
explained the situation and be requested to corne for 
follow-up and HIV testing at 3,12 and 24 weeks. This 
will take care of the window period. Surgeon must 
preserve his/her sérum sample even if the patient is 
not infected. 

7. Use condoms regularly with your sexual partner for 6 
months. 

8. The use of anti-retroviral therapy is based on the type 
of body fluid and the site of exposure. 1 In the case of 
percutaneous exposure to blood, prophylaxis is 
strongly recommended, while in the case of exposure 
to mucous membrane or only splash on skin it may be 
offered. In the case of exposure to other body fluids it is 
not necessary. Protocols include zidovudine (200 mg 
TID), lamivudine (150 mg BD) and indinavir (800 mg 
TID). If the risk is i.e., low solid needle prick, low titres, 
and low volume then indinavir may be omitted. 
Prophylaxis is to be given for four weeks during which 
monitoring for toxicity is required. 

Sterilization and Disinfection of Equipments 

Ail reusable equipments must be appropriately sterilized 
whether itbe needles, syringes, scissors, spécula, extractor 
cups of forceps, and surgical instruments. HIV is a heat- 
sensitive virus. Standard methods of sterilization and 
disinfection are sufficient. Autoclaving for about 
20 minutes at 121° C, one atmospheric pressure above, i.e. 
101 kPa, 15 lb/in 2 inactivâtes the virus. One could use a 
modified pressure cooker of WHO/UNICEF type if 
autoclave is not available. 

Ail used disposable needles and syringes must be 
initially treated first by soaking in a Chemical disinfectant. 
Following things need notbe sterilized. 

• Blood pressure euff 

• Stéthoscopes 

• ECG électrodes. 
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Précautions for Handling Spilled, 

Potentially Contaminated Fluids 

Ministry of Health and Family Welfare 12 and WHO 15 
guidelines for Control of HIV infections are summarized 
below. 

1. Spills of infected or potentially infected material should 
first be covered with paper toweling or other absorbent 
material (thickqualityblotting paper). Freshly prepared 
hypochlorite solution at a concentration of 1.0 percent 
available chlorine (lOg/liter, 10000 pm) should be 
poured around the spill area and covered with some 
absorbent material and placed in the contaminated 
waste container. The surface should be worn 
throughout the procedure and still, direct contact with 
the gloved glass or fractured plastic should be swept 
up a dust-pan and brush. 

2. Needlestick or other puncture wounds, cuts and skin 
contaminated by spilled or splashed specimen material 
should be thoroughly washed with soap and water, 
bleeding from any wound should be encouraged. 

3. Ail spills, accidents, and overt or potential exposure to 
infectious material should be reported immediately to 
the laboratory supervisor. Needlestick audit should be 
initiated in every hospital. Critical analysis of work 
related suggestions to reduce the risk can be issued to 
the worker. 12,15 

Following precautionary steps should be taken in an 
operation theater. 1 

1. No touch technique: About 30 to 40 years ago, no touch 
technique during surgery was advocated to prevent 
infection of the surgical wound of the patient. Today 
no touch technique should be used to prevent infection 
of HIV to the surgeon and his assistants. Closed 
method of treatment of fractures is preferred from this 
point of view. 

2. Ail the persons in OR should use double latex gloves, 
changed hourly. 

3. Gowns should be knee length and impervious. These 
gowns are costly in India. Therefore, one should use a 
plastic gown in side the stérile cloth gown. 

4. Waterproof shoe covering up to the knee should be 
used. 

5. Ail sharp instruments should be passed on trays and 
not directly to assistant. 

6. Suturing should be accomplished without hand contact 
with needle, by one team member at a time. Ail 
punctures of the skin should be recorded to keep the 
operative team aware of contamination. Surgeons who 
are at risk for possible HIV contamination must 
convince their hospital administrator that it is the hos¬ 


pital's responsibility to provide the protective 
equipment required. 

Human Rights, Discrimination and Isolation 

Worldwide, many people infected with HIV or having 
AIDS are denied their human rights. Some are put into 
quarantine, imprisoned or forcibly tested. People hâve been 
deported or denied entry into countries. There are 
instances, when people hâve been denied housing, employ- 
ment or schooling or hâve not received care and treatment. 
It has also been seen that details regarding HIV-positive 
individuals hâve found prominent place in media 
coverage exposing them to social identification. People 
who are believed to be infected or at risk of infection hâve 
also been subjected to these abuses. 

A major challenge to the AIDS is to stop these abuses. 
Therefore, it is important that respecting, promoting and 
protecting human rights are as important as providing 
care to an HIV-positive person. 

HIV AND THE ORTHOPEDIC SURGEON 
Orthopédie Surgery and HIV 

The risk and conséquences of infection with human 
immunodeficiency virus (HIV) are ill understood by some 
doctors. This ignorance causes much fear and confusion. 
Orthopédie and trauma surgeons think they are at greater 
risk than most other surgical disciplines, because of the 
nature of the surgery involved. Power tools, screws, and 
wires, as well as bone spiculés ail contribute to the problem. 
It is not possible to identify ail patients who may be 
infected, so, it has been stated that a code of universal 
précautions should be instituted in ail cases, so that risk 
of infection is éliminated. 5 

The routine testing is a very controversial issue. We do 
routine testing of ail patients undergoing surgery. The 
patient should be convinced and his consent should be 
taken. Patient and his/her relations should be fully 
informed. The test is unreliable after recent infection 
because sérum conversion is known to occur 6 months or 
more after exposure, so called window period. The social 
stigma of being HIV-positive can be devastating. Blood 
transfusion should be carefully done. In Australia, it is an 
offense for those infected with HIV to donate blood. 4 

Trauma and the HIV Patient 7 8 

The effects of trauma on the HIV patient remain of great 
interest today. The outcome of trauma in terms of union 
and complications has been greatly influenced by 
antirétroviral therapy. 
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Polytrauma 

HIV is reported as a significant prognostic indicator for a 
worse outcome in acute injury to the lung and adult 
respiratory distress syndrome patients in intensive care. It 
is reasonable to suppose that symptomatic HIV-positive 
patients are more susceptible to secondary infection after 
polytrauma. The impaired nutritional status of some 
individuals infected with HIV will influence a négative 
outcome in catabolic phases after polytrauma. 6 

Closed Fractures 

The main problems are the risk of wound infection after 
internai fixation, late sepsis around implants, union of 
the fracture and the functional outcome. 

Sepsis, is the greatest fear after internai fixation of 
fractures in HIV patients. Staph. aureus remains the most 
common pathogen, however fungal and slow growing 
Mycobacterial infections may occur. The incidence of 
infection varies from 24 to 40% in older reports to 3.5% in 
more recent reports. The important déterminants to 
infection are the pre-operative CD-4 counts, wound 
contamination and soft tissue handling. 

Harrison recommends that, use of prophylactic 
antibiotics such as a first génération cephalosporin, a clean 
operating environment, strict operating theatre discipline 
and careful soft-tissue handling, a good outcome can be 
expected even in those with CD4 counts below 20 cells/ 
mm. 

Compound Fractures 

Open fractures in HIV patients remain a challenge. The 
reported incidene of infection is 42% as compared to 11% 
in HIV négative Controls. Early debridement, prophylactic 
antibiotics and stabilization of the fracture with external 
fixator are the commonly employed prévention strategies. 
Several studies hâve shown that there is no increased risk 
of pin tract infection in HIV patients. 

Fracture Union 

The altered inflammatory response of the immune 
compromised patient may be the cause of increased risk of 
delayed union and non union. There is a minor risk for 
HIV-positive patients in those with delayed or non-union 
following treatment by internai fixation. Nevertheless, 
union can be achieved after stable internai fixation and 
grafting with autologous bone graft. 

Implant Removal and Late Sepsis 

There is a risk of late sepsis around implants as the 
immunity of the patient wanes and the disease advances. 


Some such infections resuit from activation of latent 
bacteria and others may represent late hematogenous 
seeding. The decision on implant removal after fracture 
union has to be taken by the surgeon, treating each case 
individually. 

Hemophiliacs and HIV 1314 

Hemophiliacs with HIV are probably a spécial group in 
that they are prone to bleeding around their joints. Most 
Hemophiliacs were infected with HIV during the late 80's 
when routine testing of blood and its products was not 
mandatory. They are at a great risk of early degenerative 
arthropathy and require arthroplasty at an earlier âge than 
the general population they may also suffer bacteraemia 
associated with their regular factor transfusions. Both these 
factors may increase the risk of sepsis, particularly late 
sepsis, in hemophiliacs in comparison with their non- 
hemophiliac HIV-positive counterparts. 

There is an increased rate of sepsis after arthroplasty 
in HIV-positive, haemophiliacs. Hicks et al, 9 reported a 
rate of deep sepsis of 18.7% after primary procedures, and 
36.3% after révision procedures. 

Arthroplasty and HIV 814 

Whilst degenerative arthropathy is generally uncommon 
in HIV-positive patients, these patients do suffer from 
inflammatory arthropathy and from avascular necrosis, 
sometimes associated with antirétroviral therapy. These 
may be indications for arthroplasty, as may post-traumatic 
arthropathy. Unlike implants for trauma which become 
superfluous after union of the fracture, arthroplasties must 
remain in situ. HIV patients are at an increased risk for late 
sepsis as well as aseptie loosening. 

Cold Surgery 10 

Major orthopédie surgery in HIV-positive patients has 
increased risks of sepsis which rise steeply in those with 
physical signs of HIV disease. This infection rate was 
33 percent for HIV-positive patients. Stage 0 HIV-positive 
patients suffered 27 percent wound infections, while 
40 percent of those with signs of HIV disease became 
infected. Postoperative fevers and chest infections were 
also common in HIV-positive patients. 

Bone and Joint Tuberculosis 

There is a dual épidémie of tuberculosis and HIV disease. 
Tuberculosis and HIV are synergistic, and tuberculosis 
présents comparatively early in HIV disease. Since 1991, 
of the 188 admitted patients with skeletal tuberculosis, 29 
did not hâve an HIV test. Of the remaining 159 patients, 77 
(49%) were HIV-positive. Both tuberculosis and HIV are 
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wasting disease with frequent night sweats. Major surgery 
evokes serious postoperative complications. Although 
most respond well to rest, good food and drug therapy 
initially, the prognosis is poor. 

Other Musculoskeletal Infections 

Tropical pyomyositis, long bone hematogenous osteo- 
myelitis and late infections of orthopédie implants hâve 
become common orthopédie présentations of adults with 
advanced HIV disease. Patients usually show signs of 
recent weight loss, skin and mouth signs of poor immune 
status and generalized lymphadenopathy. They are 
usually anémie with a high ESR and lymphopenia. Post¬ 
operative complications are common. 

Tropical Pyomyositis 10 

Multiple abscesses and distal limb abscesses are parti- 
cularly associated with HIV-positive patients. 

Adult Long Bone Hematogenous Osteomyelitis 

Hematogenous osteomyelitis is common in African 
children, but now adults are regularly admitted for long 
bone osteomyelitis. The disease has a subacute onset, and 
patients usually présent with an abscess overlying the 
fémoral or tibial metaphysis. Bilateral infection is common, 
and ail four major bones in the leg may be involved 
simultaneously or in sequence. 

Reactive Arthritis and Other 
Rheumatological Conditions 

Reactive arthritis is common in Africa, often related to 
outbreaks of dysentery in the rainy season. It is more 
common in HIV-positive patients and runs a more severe 
course with less chance of remission and poor response to 
therapy. The knee and ankle joints are commonly affected, 
but polyarthropathy and frank séronégative rheumatoid 
arthritis also occur. 

Risks of Treating HIV-Positive 
Orthopédie Patients 

The risks of transmission of HIV from patients to surgeon 
at the operating table are very small, and the risks of an 
HIV-positive surgeon transmitting the virus to a patient 
during surgery are even smaller. HIV infection is a fatal 
disease, however, the risks accumulate over a professional 
life time. Probably the most infectious patient is one that is 
virémie from a newly acquired infection, but still testing 


HIV, négative. In emergency situations, there is no time to 
test patients for HIV, and most will carry no physical signs 
of the disease. To be effective, précautions must be univer- 
sally applied. 

Incisions are made larger and surgeons operate by 
sight rather than by feel. No sharp instruments are handed 
directly between personnel. JE Jellis stated, "we must hâve 
operated on many HIV-positive patients before the dangers 
were recognized or précautions put in place, but senior 
surgeons hâve not been dying of HIV infections." 

Surgery may be more dangerous for an HIV-positive 
patient, but there is little danger of the virus passing 
between patients and surgeons as long as sensible 
précautions are universally applied. 
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INTRODUCTION 

The world at large has nearly 30 million people suffering 
from tuberculosis. Due to marked improvement in the 
socioeconomic status of affluent countries and the 
availability of extremely effective antitubercular drugs up 
to early 1980s, there was great hope for complété 
élimination of the disease. Unfortunately the optimism was 
shortlived because of the impact of acquired immuno- 
deficiency syndrome (AIDS) pandémie. Tuberculosis has 
again become épidémie in many parts of the world. After 
1985, many affluent countries are recording an increase in 
the number of patients by 10 to 30% annually. According 
to current estimâtes of WHO, tuberculosis now kills 3 
million people a year worldwide. There is paucity of 
authentic figures at the national level regarding the 
incidence of disease in India and other developing 
countries. However, it is estimated that India alone has 
got one-fifth of the total world population of tuberculous 
patients. Thus, there are nearly 6 million radiologically 
proven cases of tuberculosis in India, and perhaps a quarter 
of these are sputum-positive (Editorial, Clinician 1968). 
Of ail the patients suffering from tuberculosis, nearly 1 to 
3% hâve involvement of the skeletal System. 

Vertébral tuberculosis is the commonest form of skeletal 
tuberculosis, and it constitutes about 50% of ail cases of 
skeletal tuberculosis in reported sériés (Sanchis-Olmos 
1948, Wilkinson 1949, Girdlestone 1950). 2,3,5 

Prophylaxis Against Tuberculosis 

Sélective immunization of groups at spécial risk is strongly 
recommended. These include household contacts of active 
cases, nurses, medical students, hospital workers and ail 
those whose duties bring them in contact with patients or 
fomites. The protection afforded by BCG (bacille Calmette- 


Guérin) in the control of tuberculosis is estimated to be 
around 80%. 

It is customary to perform tuberculin test in each 
individual prior to BCG vaccination and to offer BCG only 
to those persons who do not react to tuberculin test and 
are thus assumed to be uninfected previously. Normal 
reaction to BCG vaccination is a spontaneously régressive 
primary complex at the site of vaccination. 

Even under the best conditions 10 to 20% of the 
vaccinated population may not get the protection. About 
one case out of ten thousand vaccinated children in 
European countries may develop BCG osteitis, and 
extremely rarely a child may develop a generalized BCG 
infection. Fortunately, BCG osteitis runs a benign course 
(Shanmugasundaram 1983). 4 The interval from BCG 
vaccination to onset of symptoms ranges from a few months 
to 5 years. The most common localizations are the 
epiphysis and metaphysis of long tubular bones, occa- 
sionally extending across the epiphyseal line. Nearly, 10% 
may hâve multiple lésions. Clinicoradiologically the 
lésions resemble chronic osteomyelitis. Examination of the 
tissue removed would show histological picture 
resembling tuberculosis, culture may grow the same strain 
of BCG as was vaccinated, and guinea pig test is as a rule 
négative. Fortunately, these patients respond favorably to 
modem antitubercular drugs within about 6 months. 

Chemoprophylaxis 

Chemoprophylaxis may be considered in the infants and 
children staying in contact with an infected mother or 
attendants. Certain groups at spécial risk as mentioned 
above may be given chemoprophylaxis. Isoniazid is 
usually used in a dose of 5 mg/kg body weight daily, 
continued for at least 6 months. Davidson and Le (1992) 1 
hâve suggested addition of rifampicin (along with 
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isoniazid) for 3 to 6 months. They suggested préventive 

(prophylactic) therapy for the following. 

• Close contacts of an infectious tuberculous patient. 

• Persons with positive tuberculin test with abnormal 
chest X-ray without active disease, but who hâve not 
received adéquate antituberculous drugs. 

• Tuberculosis-infected persons without active disease 
when they develop high risk conditions like diabètes, 
corticosteroid therapy, immunosuppressive therapy, 
HIV infection, hematological and réticuloendothélial 
malignancies, end-stage rénal disease, silicosis, 
chronic undernutrition and weight loss. 6 

• Tuberculin skin test convertors at any âge. 

• Tuberculin skin test reactors younger than 35 years. 
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INTRODUCTION 

Any osteoarticular tubercular lésion, is the resuit of a 
hematogenous dissémination from a primarily infected 
viscéral focus. The primary focus may be active or quiescent, 
apparent or latent, either in the lungs or in the lymph 
glands of the mediastinum, mesentery or cervical région, 
kidneys or other viscera. The infection reaches the skeletal 
System through vascular channels, generally the arteries 
as a resuit of bacillemia or rarely in axial skeleton through 
Batson's plexus of veins. Bone and joint tuberculosis is 
said to develop generally 2 to 3 years after the primary 
focus (Girling et al, 1988). Simultaneous involvement of 
paradiscal part of 2 contiguous vertebrae in a typical tuber- 
culous lésion of the spine lends support to insémination 
of the bacilli through a common blood supply to this région. 
Simultaneous involvement of distant parts of the spine or 
the skeletal System and associated viscéral lésions suggest 
spread of infection through the arterial blood supply. 
During our observations nearly 7% of cases of spinal 
tuberculosis had "skipped lésions" in the vertébral 
column, and 12% had involvement of other bones and 
joints (excluding spine). Twenty percent of the cases on 
routine investigations had an evidence of tuberculous 
involvement of viscera and/or glands and/or other parts 
of the skeletal System. The incidence of concomitant 
involvement of more than one site or System is much higher, 
if assessment is made employing more recent sophisticated 
investigations. Isotope bone scans and/or MRI investi¬ 
gations may reveal another subclinical active lésion in 
approximately 40% of patients in addition to the presenting 
lésion. 

Osteoarticular Disease 

Tubercular bacilli 3 reach the joint space via the bloodstream 
through subsynovial vessels, or indirectly from the lésions 


in the epiphyseal bone that erode into the joint space. 
Articular cartilage destruction begins peripherally, in 
addition, the tuberculous granulation tissue does not form 
proteolytic enzymes within the joint space, the central 
areas of the articular cartilage (weight-bearing surfaces), 
are therefore, preserved for a long time (a few months) and 
provide the potential for good functional recovery with 
effective treatment. This is in contrast to its destruction in 
patients with pyogénie arthritis. 

The disease may start in the bone or in the synovial 
membrane, but in a short time in uncontrolled disease one 
infects the other. Typically, the initial focus starts in the 
metaphysis in the growing âge, and at the end of the bone 
in adults. Radiologically, there is local destruction and 
marked demineralization. In bones with superficial cortical 
surfaces (such as metacarpals, metatarsals, phalanges, 
tibia, ulna), an osseous tuberculous lésion may produce 
thickening of bone (generally surrounding lytic areas) due 
to reactive subperiosteal new bone formation (Figs 1 and 2). 

Cartilaginous tissue is résistant to tuberculous 
destruction. However, pénétration of epiphyseal cartilage 
plate (Figs 3 to 5) occurs in tuberculous disease rather 
than in pyogénie infection. Metaphyseal tuberculous lésion 
may infect the neighboring joint through the subperiosteal 
space and through the capsule, or through the destruction 
of the epiphyseal plate. Once the tubercular process has 
reached the subchondral région (deep to the articular 
cartilage), the articular cartilage loses its nutrition and 
attachment to the bone, and may lie free in the joint cavity. 
Damage to the physis in childhood may resuit in shorten- 
ing or angulation of the extremity. 

When infection starts as tuberculous synovitis, the 
course is usually slow. The synovial membrane becomes 
swollen and congested and there is synovial effusion. The 
granulation tissue from the synovium extends onto the 
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Figs IA to C: Multiple cystic tuberculosis of the radial diaphysis (A), (B), and distal tibia (C). The diagnosis was confirmed by 
examination of the tissue. Under the influence of antitubercular chemotherapy, the cavities underwent resolution and there was 
remineralization (B) 



Fig. 2: Radiograph of fémur in a child concomitantly suffering 
from tuberculosis of spine. The fémur shows multiple lytic 
lésions, expansion, and subperiosteal new bone formation. In 
régions where tuberculosis is endemic, this is a typical picture 
of tuberculous involvement of long tubular bones 


Fig. 3: Advanced (Stage IV) active tubercular arthritis of knee 
with triple deformity. Note soft tissue swelling, flexion deformity 
and posterior subluxation, diminished joint space, fuzzy joint 
margins, cloudy appearance of bones, and lytic areas in the 
patella 
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Fig. 4: Radiograph of an active tuberculous arthritis of ankle 
joint in a child. The disease probably started in the metaphyseal 
région, penetrated the physis, epiphysis and entered the joint 
cavity. Note a lytic cavity sitting astride the physis, opening into 
the joint, the cavity contains a soft sequestrum. The ankle joint 
space is diminished, and there is circumferential soft tissue 
swelling 

bone at the synovial reflections eroding the bone. At the 
periphery of the articular cartilage the granulation tissue 
forms a ring (pannus) which grows in the subchondral 
région and erodes the margins and surface of the articular 
cartilage. Flakes or loose sheets of necrosed articular 
cartilage, and accumulations of fibrinous material in the 
synovial fluid may produce "rice bodies" in synovial joints 
(and in tendon sheaths and bursae). Where articular 
surfaces are in contact, the cartilage is preserved for a long 
time because of the prévention of spread of the pannus. 
Necrosis of subchondral bone by the ingrowth of 
tuberculous granulation tissue (pannus) on each side of 
the joint line develops "kissing lésion" and/or "kissing 
sequestrae". The squestrated articular cartilage and 
subchondral bone are usually contained in a small lytic 
area. 

Spinal Disease 

In clinical practice it is customary to explain: (i) the "central 
type" of vertébral body involvement, "skipped lésions" in 
the vertébral column, and vertébral disease associated with 
tubercular meningitis as due to spread of infection along 
Batson's perivertebral plexus of veins, (ii) typical 
paradiscal lésions (Fig. 6) and vertébral lésions associated 


with tubercular foci in the extremities are considered due 
to spread by way of arteries, and (iii) "anterior type" of 
involvement of vertébral bodies seems to be due to extension 
of an abscess beneath the anterior longitudinal ligaments 
and the periosteum. The infection may spread up and 
down stripping the anterior or posterior longitudinal 
ligaments and the periosteum from the front and the sides 
of the vertébral bodies. This results in loss of periosteal 
blood supply and destruction of the antérolatéral surface 
of many contiguous vertébral bodies. We feel that ail these 
modes of spread of infection play their rôle in different 
patients or in the same patient. The knowledge of the 
bacillemic nature of the spread of infection is essential for 
a true assessment of the problem presented by such patients. 
This information should be a safeguard against the folly 
of believing that a patient would be cured by some local 
operation irrespective of the systemic treatment. 



Fig. 5: A young lady presented with swelling around the wrist 
and this radiograph. On suspecting it to be a neoplastic lésion, 
biopsy was done in another institution which on histology proved 
to be tuberculous in nature. Note a classical lytic lésion sitting 
astride the epiphyseal cartiliage plate, érosion on the ulnar 
border of radius and involvement of radiocarpal articulation. 
The patient achieved a healed status by drugs and splintage 
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The Tubercle 

Following the insémination of infection, the initial 
response is in the réticuloendothélial depots of the skeletal 
tissues. This is characterized by accumulation of polymor- 
phonuclear cells which are rapidly replaced by macro¬ 
phages and monocytes (mononuclears), the highly 
phagocytic members of the réticuloendothélial System. The 
tubercle bacilli are phagocytosed and broken down, and 
their lipid is dispersed throughout the cytoplasm of the 
mononuclears thus transforming them into epithelioid 
cells. Epithelioid cells are the characteristic feature of the 
tuberculous reaction. These are large pale cells with a large 
vesicular nucléus, abundant cytoplasm, indistinct 
margins, and processes which form an epithelioid 
réticulum. Langhans giant cells are probably formed by 
fusion of a number of epithelioid cells, these are formed 
only if caséation necrosis has occurred in the lésion, and 
often they contain tubercle bacilli. Their main function is 
to digest and remove necrosed tissue. After about one week, 
lymphocytes appear and form a ring around the peripheral 
part of the lésion. This mass formed by the reactive cells of 
the réticuloendothélial tissues constitutes a nodule 
popularly known as the tubercle. 7 The tubercles grow by 
expansion and coalescence. During the second week, 
caséation occurs in the center of the tubercle by coagulation 
necrosis caused by the protein fraction of tubercle bacilli. 
The caseous material may soften and liquefy. Presence of 
caséation necrosis is almost diagnostic of tuberculous 
pathology (and of tuberculoid leprosy), such a tubercle is 
designated as "soft tubercle". A tubercle may, however, 
not show central caséation "hard tubercle" under the 
influence of treatment, or in the granulomatous inflam¬ 
mations caused by mycosis, brucellosis, sarcoidosis and 
foreignbodies (Williams 1983). 

Cold Abscess 4 

Marked exudative reaction is a common feature in 
tuberculous infection of the skeletal System. A cold abscess 
is formed by a collection of products of liquéfaction and 
the reactive exudation. The cold abscess is mostly 
composed of sérum, leukocytes, caseous material, bone 
débris and tubercle bacilli. The abscess pénétrâtes the 
ligaments and migrâtes in various directions following 
the facial planes and along the vessels and nerves. The 
"cold abscess" feels warm, though the température is not 
raised as high as in acute pyogénie infections. A superficial 
abscess may burst to form a sinus or an ulcer. The walls of 
an abscess, sinus or ulcer are covered with tuberculous 
granulations. 


Tubercular Séquestra 

Following the infection marked hyperemia and severe 
osteoporosis take place. Osseous destruction takes place 
by lysis of bone, which is thus softened and easily yields 
under the effect of gravity and muscle action, leading to 
compression, collapse or deformation of bones (Fig. 6). 
Necrosis also takes place due to ischémie infarction of 
segments of bones. This change is secondary to arterial 
occlusion due to thromboembolie phenomenon, 
endarteritis and periarteritis. Ischémie necrosis has also 
been recognized as a contributing factor responsible for 
osseous and vertébral collapse (Cleveland and Bosworth 
1942, Girdlestone 1950). 1-3 As a resuit of ischémie changes, 
sometimes séquestration takes place usually appearing 
as "coarse sand" and rarely forming a definite radio- 
logically visible sequestrum (Fig. 7). Due to loss of nutrition, 
the adjacent articular cartilage or the intervening dise gets 
degenerated and may also become separated as séquestra 
(Fig. 8). Some of the radiologically visible smaller séquestra 



Fig. 6: A sagittal section of vertébral column showing the 
diseased area opposite to the arrow. Note complété 
oblitération of the intervening disk and destruction of the 
paradiskal vertébral bodies. The disk along the distal margin 
of the destroyed vertebra appears normal and shows bulging 
into the softened vertébral body above (Courtesy Prof Gupta, 
IM, Pathology Dept, BHU) 
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Fig. 7: An 18-years-old female presented with tuberculosis of 
the lumbar spine with persistent cauda equina type of neural 
déficit. While doing décompression through the rétropéritonéal 
sympathectomy approach, the loose sequestrated bodies of 
lumbar 3 and 4 vertebrae just extruded out in the surgical field. 
Such an extensive séquestration is presumed to be due to 
thromboembolie phenomenon cutting off the major blood 
supply to the vertébral bodies 


in tuberculous cavities may be the outcome of calcification 
of the caseous matter. 

The intervertébral dise is not involved primarily (Fig. 6) 
because it is a relatively avascular structure. The early 
involvement of paradiscal régions of vertebrae by the 
tuberculous process jeopardizes the nutrition (causing 
thinning) of the dise. Such a necrosed or pathologically 
changed dise may also be invaded by the adjacent 
infectious process. The cartilaginous end plate is a sort of 
barrier, but once it has been invaded, destruction of dise 
progresses rapidly. The radiological narrowing of the dise 
space may also be due to the dise breaking through the 
paradiscal margins of the diseased and softened vertébral 
bodies. This can be seen in many cases in MRI studies. 

The tuberculous granulomatous débris and tuber¬ 
culous abscess may be compressed between the sound 
vertebrae above and below and as a resuit latéral 
extension, propulsion and rétropulsion (in the extradural 
space) of this material may occur. The process may also 
spread and extend itself by osteoperiosteal infiltration, 
passing along deep to the anterior longitudinal ligament 
to involve and to destroy distant parts of vertébral column. 
Pressure on neural structures is more likely in the thoracic 
spine, where the caliber of the vertébral canal is relatively 
small. 



Fig. 8: Big séquestra removed during operations for tuberculosis of the spine. The sequestrum in the 
right lower corner is from the disk, the rest are bony séquestra (the scales show centimeters) 
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Involvement of more than 2 contiguous vertebrae does 
not seem to be common. When many adjacent vertebrae 
are affected, the disease may hâve extended from one to 
the other by contiguity. Involvement of several separated 
vertebrae is indicated in the clinical literature, to occur in 
from 1 to 4% of cases. Autopsy or anatomie studies hâve 
shown that this figure is much too conservative since many 
small foci are not demonstrable radiologically. In our cases, 
7% of patients had skipped lésions in the spine 
demonstrated by conventional radiography. The number 
of vertebrae involved and the extent of disease at each site 
is much more, if visualized by CT scan or MRI. 

Types of the Disease 

For descriptive purposes two types of bone and joint 
tuberculosis are recognized. The "caseous exudative type" 
is characterized by more destruction, more exudation and 
abscess formation. The onset is less insidious, consti- 
tutional symptoms and local signs of inflammation and 
swelling are more marked, abscess and sinus formation 
occur commonly. The "granular type" is less destructive, 
has an insidious onset and course, and abscess formation 
is rare. Its classical example is that of caries sicca of 


shoulder (Fig. 9). Generally, it is a dry lésion. In clinical 
practice, both types coexist, one predominating the other. 
The lésion in children is generally "caseous exudative 
type", while in adults it is more likely to be of "granular 
type" with minimal destruction. 

The Future Course of the Tubercle 

Before the availability of antitubercular drugs, the 5-year 
follow-up mortality of patients of osteoarticular 
tuberculosis used to be about 30%. The modem 
antitubercular agents hâve greatly changed the outlook 
regarding the behavior of tuberculous lésions. Depending 
upon the sensitivity of tubercle bacilli, résistance and 
immune status of the patient, use of antitubercular drugs 
and the stage of the lésion at the inception of treatment, the 
tuberculous lésion may behave as follows: 

1. It may résolve completely. 

2. The disease may heal completely with varying degrees 
of residual deformities and/ or loss of function. 

3. The lésion may be completely walled off and the 
caseous tissue may be calcified. 

4. A low-grade chronic fibromatous granulating 
and caseating lésion may persist with grumbling 
activity. 



Figs 9A and B: Advanced tubercular arthritis of right shoulder showing gross diminution of the joint space, irregular destruction 
of the joint margins and tuberculous cavities in the proximal humérus (A). The disease in (B) is in the process of healing as 
suggested by the lack of osteoporosis. The glenohumeral articulation is, however, developing ankylosis in a position of 
adduction, the long axis of humérus and the scapular spine are forming an angle of 90 degrees despite attempted abduction 
while taking the radiograph 
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5. The infection may spread locally by contiguity, and 
systemically by bloodstream. If the disease damages 
the growth centers in childhood, then shortening of 
bones and angulation of the région may resuit. 

Tuberculosis as a Late Complication of 
“Implant-Surgery” 5 

Occurrence of tuberculosis as a late complication of total 
hip replacement was reported by McCullough and Ueng 
et al, 6 during the last four years (1990 to 1994 at GTB 
Hospital, Delhi), we had an opportunity to see four cases 
of osseous tuberculosis as a late complication (6 to 
12 months postoperative) of surgery for closed fractures 
(two in hip joint, one each in fémur and forearm). Extensive 
surgery and use of métal implants probably offered a very 
favorable nidus for localization of circulating mycobacteria 
in such cases. Diabetic State, patients on corticosteroids, 
poor nutritional status and immune compromised State 
are predisposing factors in such a complication. A high 


suspicion index and laboratory examination of the 
diseased tissue would offer the diagnosis. 
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MYCOBACTERIUM TUBERCULOSIS 

In earlier days before the use of pasteurization, there were 
many reports which showed a fairly high incidence of 
bovine type of bacillus responsible for osteoarticular 
tuberculosis in the Western countries. Formerly, 85% of 
cases of skeletal tuberculosis under the âge of 10 years 
were considered due to bovine bacilli (Girdlestone, 1950). 
Most of the skeletal tuberculosis is now caused by bacilli 
of human type. 

Mycobacterium Cultures 

In the department of Orthopedics at Banaras Hindu 
University, positive results were obtained in 60.5% of cases 
of osteoarticular tuberculosis submitted for culture 
examination (1969-1973). Proof of tuberculosis by sub- 
mitting the material both for culture and guinea pig 
inoculation was available in 89% of cases in whom the 
material was submitted for both these investigations 
(Lakhanpal et al, 1974). Tubercle bacilli were found less 
frequently, the longer the period of médications and the 
longer was the duration of the disease before submitting 
the material for microbiological investigation. In our sériés, 
a number of positive cultures were obtained if the material 
was incubated for 20 weeks or more. 

Of the strains of Mycobacterium tuberculosis isolated from 
various tuberculous lésions, the résistance has been 
reported to be 9 to 22% for streptomycin, 4 to 14% for para- 
aminosalicylic acid (PAS) and 8 to 24% for isoniazid or 
isonicotinic acid hydrazide (INH) from various centers of 
the world (Singh 1956, Ganguli 1960, Hillerdal et al, 1961, 
Gangadharan 1967). 


Disease Caused by Non-typical Mycobacteria 914 

The term non-typical mycobacteria refers to mycobacteria 
other than M. tuberculosis and M. bovis. Rarely these 
organisms may be responsible for infective lésions in the 
skeletal System. Synovial sheath infections are more 
common with non-typical mycobacteria than infection of 
osseous tissues. Of the 77 positive cultures, the organisms 
(obtained in BHU between 1969-1971) were typical in 73, 
and photochromogen Mycobacterium kansasii in 4. The 
clinical and radiological picture of the lésions produced 
by non-typical mycobacteria as a rule does not resemble 
the classical, typical osteoarticular lésions (Karlson 1973, 
Lakhanpal et al, 1980). Typical mycobacteria are as a rule 
not résistant to more than one main drug, whereas most of 
the non-typical mycobacteria are found résistant to many 
commonly used drugs (Lakhanpal et al, 1976, Goyal 1962, 
Runnyon 1959). 

With non-typical mycobacterial infections, human-to- 
human transmission does not generally occur. Often a 
history of trauma such as puncture wound, steroid 
injection, surgery, or exposure to contaminated marine life 
is found. Many patients may hâve concomitant diabètes, 
or immunosuppression for organ transplantation, or may 
be infected with human immunodeficiency virus 
(Sunderam et al, 1986). In culture reports, non-typical 
mycobacteria are often disregarded as contaminants. 
However, in the presence of exposure to aquatic life, 
penetrating trauma, surgery, extended exposure to hospital 
environments, immunosuppressed State the non-typical 
mycobacterial growth should be considered significant 
and pathogenic. Disease caused by non-typical 
mycobacteria (Sutker et al, 1979, Tanaka et al, 1993), and 
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emergence of multidrug-resistant strains is an alarming 
and common observation seen in tuberculous disease in 
HIV patients. 
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INTRODUCTION 

Skeletal tuberculosis mostly occurs during first three 
décades of life, however, no âge is immune to this disease. 
In the affluent societies, the disease is being reported 
essentially in the elderly (Mann 1987, Autzen 1988, 
Mitchison and Chalmers 1986). With increase in the 
number of elderly population, clinically manifest active 
tuberculous lésion are now seen between the âge of 60 to 
80 years, some of these may be cases of réactivation of 
disease healed in the remote past. The characteristics are 
insidious onset, monoarticular or mono-osseous 
involvement, and the constitutional symptoms like low- 
grade fever and lassitude (especially in the afternoon), 
anorexia, loss of weight, night sweats, tachycardia, and 
anémia. Local symptoms and signs are pain, night cries, 
painful limitation of movements, muscle wasting, and 
régional lymph node enlargement. During acute stage, the 
protective muscle spasm is severe holding the diseased 
area immobilized. During sleep the muscle spasm relaxes 
and permits movement between the inflamed surfaces 
resulting in pain causing the typical night cries (especially 
in children). 

DIAGNOSIS 

In developing countries in general, diagnosis of tuber¬ 
culosis of bones and joints can be reliably made on clinical 
and radiological examination (Shanmugasundaram 9 
1983, Hoffman, et al 1993). However, such a situation was 
becoming increasingly difficult in affluent countries where 
tuberculosis was reduced almost to the status of a rare 
disease, and where the présent génération of doctors were 
unfamiliar with the skeletal manifestations of the disease. 4 
In such situations and whenever in doubt, a positive proof 
of the disease must be obtained employing semi-invasive 


or invasive investigations. In the affluent societies 
corticosteroids, alcoholism, prolonged illness, diabetic 
State, anticancer chemotherapy and old âge are the probable 
predisposing factors. Since 1985, however, there is 
reappearance of tuberculosis in ail forms in the developed 
countries as well. 

The delay in diagnosing a case of tuberculous arthritis 
is quite common in the affluent industrialized world (Wray 
and Roy 1987, Halsey, et al 1982, Newton, 7 et al 1986). 
Therefore, skeletal tuberculosis must be included in 
differential diagnosis of chronic/subacute monoarticular 
arthritis, chronic abscess, draining sinus, chronic swelling 
(Fig. 1) or osteomyelitis (Wolfgang 1978, Su et al 1985, 
Martini 1986). 

INVESTIGATIONS 

The foliowing investigations are useful in a routine case. 

Roentgenogram 

Anteroposterior and latéral views of the part, and a 
radiograph of the chest are required. Localized osteoporosis 
is the first radiological sign of active disease. The articular 
margins and bony cortices become hazy (giving a 
"washed-out" appearance), there may be development of 
areas of trabecular or bony destruction and osteolysis. 5 
The synovial fluid, thickened synovium, capsule and 
pericapsular tissues may cause a soft tissue swelling. With 
the involvement of articular cartilage, the joint space 
(articular cartilage space) shows diminution in the 
roentgenogram. As the destrucüve process advances, there 
may be collapse of bone, subluxation/dislocation, 
migration and deformity of the joint. The epiphyseal 
growth plate may be destroyed to cause irregular growth 
or prématuré fusion. Rarely, hyperemia adjacent to the 
growth plate may temporarily stimulate the longitudinal 
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Fig. 1: A ‘tumor-like’ appearance in the distal ulna of a young 
girl. Histology proved the diagnosis of tuberculous infection. 
The drugs completely resolved the lésion 


growth. With healing of the disease process, there is 
remineralization and reappearance of bony trabeculae and 
sharpening of cortical and articular margins. Changes in 
the bone are discernible in the routine radiograph 2 to 4 
months after the onset of disease. 17 

In the center of a tuberculous cavity, there may be a 
sequestrum of cancellous bone or calcification of the 
caseous tissue, which gives an appearance of an irregular 
soft, feathery, coke-like sequestrum (image en Grelot) 
contained in a cavity (Fig. 2). Séquestration of a segment of 
bone, particularly in cancellous région, may take place 
due to ischémie infarction (Figs 3 and 7). If secondary 
infection supervenes or there is a sinus formation, 
subperiosteal new bone formation can be seen along the 
involved bones. The subperiosteal reaction occurs much 
earlier in pyogénie arthritis. Plaques of irregular 
calcification (dystrophie calcification) (Fig. 4) if présent in 
the wall of a chronic abscess (Fig. 5) or sinus, in any (Fig. 6) 
case is almost diagnostic of long-standing tuberculous 
infection (Sharma 1978). 11 Tomography and computerized 
axial tomography demonstrate the localization and extent 
of bone and soft-tissue lésions, and immensely help in 
needle or core biopsy (Gropper, et al, 1982). 


Blood Investigation 

A relative lymphocytosis, low hemoglobin, and raised 
érythrocyte sédimentation rate (ESR) are often found in 
the active stage of disease. Raised ESR, however, is not 
necessarily a proof of activity of the infection. Its repeated 
estimation at 3 to 6 months intervals gives a valuable index 
to the activity of the disease. 

Mantoux (Heaf) Test 3 

As a rule, a positive reaction is présent in a patient with 
tuberculous disease of some standing (1 to 3 months). A 
négative test, in general, rules out the disease. Rarely the 
tuberculin test may be négative although active 
tuberculosis is présent, as in severe and disseminated 
tuberculosis, during high fever or certain exanthemata after 
virus vaccination or steroid therapy or in immune 
incompetent State. 

Biopsy 14 

Whenever there is doubt (particularly in early stages), it is 
mandatory to prove the diagnosis by obtaining the 
diseased tissue (granulations and/or synovium and/or 
bone and/or lymph nodes). Microscopie examination of 
aspiration cytology (Bailey 1985), core biopsy, needle 
biopsy or open biopsy would reveal typical tubercles in 
untreated cases of shorter duration of disease. Epitheloid 


Fig. 2: Tuberculosis of upper end of fibula. 

Note a typical coke-like sequestrum contained in a cavity 
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Fig. 4: Dystrophie calcification is visible around the left hip 
joint in a patient who had gluteal bursal tuberculosis of long- 
standing 


cells surrounded by lymphocytes in the configuration of a 
tubercle (even without central necrosis or peripheral 
foreign-body giant cells) is an adéquate histological 
evidence of tuberculous pathology in a patient who has 
been diagnosed so clinicoradiologically (Newton, et al 
1986)7 If one is inclined not to open the joint, one may 
obtain the biopsy from the enlarged régional lymph nodes. 
For the disease of knee and foot, it is essentially/ only the 
deep inguinal lymph node that is diagnostic. At the time 
of open biopsy of a joint or an osseous lésion, a wise 


Fig. 3: Radiographs of an adult form 1980 
to 1996. The “atypical osteomyelitis” of 
fémur had a deroofing operation done, 
however, unfortunately the tissue 
diagnosis was not available. The disease 
healed with minor recrudescence off and 
on. In 1996, the patient had a fracture as 
a resuit of minor trauma which resulted in 
réactivation of infection. Histological 
examination of the pathological tissue 
proved the diagnosis of tuberculosis 
(Courtesy Prof NK Aggarwal, CMC, 
Ludhiana) 

orthopédie surgeon would perform synovectomy or 
curettage as a part of therapeutic measures and obtain 
régional lymph nodes to help in diagnosis. 

Histopathological features distinguish between 
infective lésions and malignant disease on one hand, and 
between a suppurative and a granulomatous condition 
on the other hand. The infections of bone and joints that 
présent as granulomatous lésions in order of frequency 
are tuberculosis, mycotic infection, brucellosis, sarcoidosis, 
and tuberculoid leprosy. 

Examination of Synovial Fluid 

In early cases of tuberculosis, it is marginally helpful as it 
shows a leukocytosis in which polymorphs predominate 
(10 to 20 thousand white blood cells/ml). The glucose 
content is markedly reduced, and protein levels are elevated 
with a poor mucin clôt. 

Guinea Pig Inoculation 

The tuberculous pus, joint aspirate, liquefied granulation 
tissue, curettings from the depth of sinus or ulcers, or 
diseased material may be injected into the guinea pig 
intraperitoneally. Examination in positive cases discloses 
tubercles on the peritoneum 5 to 8 weeks later. However, 
this investigation is considered uneconomical. 

Smearand Culture 

The material prepared for guinea pig inoculation may also 
be submitted for smear and culture examination for acid- 
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Figs 5A and B: Radiographs of an 
adult female showing (A) increased 
density of lumbar 3 vertébral body with 
a vertical break, and (B) showing wide 
séparation of the sequestrated frag¬ 
ments of the vertébral body 4 weeks 
later 



Fig. 6: Anteroposterior radiograph of panvertebral tuberculous 
disease of lower dorsal spine. Note “latéral shift”, and a globular 
paravertebral shadow with calcification in its wall on the left 
side 

fast bacilli (see Chapter 36). Direct smear examination of 
the pathological material in cases with the disease of short 
duration and who were not previously on antitubercular 
drugs may reveal acid-fast bacilli in the synovial fluid 
aspirate in 10%, in the synovial tissue in 20%, in the 


régional lymph nodes in 30% (Fig. 7), and in the osseous 
cavities or destroyed areas in 10%. Cultures are likely to be 
positive in 30 to 60% of such material. Démonstration of 
acid-fast bacilli by direct smear facilitâtes a prompt 
diagnosis, the cultures generally take 8 weeks. 

Despite the above mentioned investigations, there are 
certain cases (20%), particularly those already treated or 
those with chronic disease of long-standing, in which it is 



Fig. 7: Material obtained by fine-needle aspiration from the 
enlarged lymph nodes in the axilla of a patient suffering from 
tuberculosis of second metacarpal and elbow joint. One can 
see a large number of tuberculous bacilli as happens in 
immune-compromised States 




















334 Textbook of Orthopedics and Trauma (Volume 1) 


not possible to confirm the exact diagnosis. Highest proof 
of tuberculous disease would be obtained if the diseased 
material is submitted for direct smear, histology, culture, 
and guinea pig inoculation simultaneously (Lakhanpal, 
et al 1974, Hald 1964). 3 Microbiological examination of 
the washings of a dry lésion is as a rule of no avail. 

Isotope Scintigraphy 2 ’ 8 

Most of the cases of skeletal tuberculosis are easily 
diagnosed on clinical and radiological findings, however, 
common and indiscriminate use of antibiotics has created 
an environment in which "low-grade" pyogénie infections 
can mimic any infection. Scintigraphy has become a 
common diagnostic technique in affluent countries. The 
three currently utilized isotopes in imaging patients with 
suspected/ early skeletal tuberculosis are technetium-99m 
( 99m Tc), gallium-67 ( 67 Ga), and indium-111 ( m In). Of ail 
these technetium-99m scintigraphy is extremely sensitive 
and only misses a small percentage of infections. However, 
the major drawback of this isotope is, lack of specificity. A 
technetium scan may show increased uptake in 
osteoporotic fractures, infections, stress fractures, healing 
traumatic fractures, inflammation due to degenerative 
osteoarthrosis or malignancies and is not, therefore, 
diagnostic (Nocera, et al 1983, Goris 1986). 8 A positive 
scan does localize the suspicious région for future 
observations. 

Serological Investigations 

Stroebel, et al 1982 reported that an enzyme-linked 
immunoabsorbent assay (ELISA) for antibody to 
mycobacterial antigen-6 demonstrated at a cut-off 1:32, 
had sensitivity of 94%, and specificity of 100% in the 
sérologie diagnosis of bone and joint tuberculosis. 
Consistency of these observations hâve not been proved 
in clinical practice. Serological investigations are useful 
in differential diagnosis of brucellosis, typhoid infection, 
and syphilitic infections. 

Osteoarticular involvement due to brucellosis must be 
considered in differential diagnosis of tuberculosis in any 
person from the endemic areas, having a contact with 
animais and consuming unpasteurized or unboiled milk. 
Any area of the skeletal System may be involved either as 
monoarthritis or as oligoarthritis, hip is the most common 
joint affected (Mousa, et al 1987, Benjamin and Khan 
1994). 1 The diagnosis is best established by identification 
of the causative organism, agglutination tests or by tissue 
biopsy. Seventy-five cases of bone and joint 'Tuberculosis" 
from Orthopédie Department of BHU were submitted for 
serological investigations for brucellosis. However, none 
of them showed a positive Smith and Wright test for 


brucella antibodies (Varma and Krishnamurthy 1973 
unreported). 14 Skeletal involvement by brucella is 
extremely rare below the âge of 3 years. 

Modem Imaging Techniques 

CT Scan s 

CT scans (essentially the radiographs in transverse 
sections) are helpful in demonstrating small destroyed 
areas (lytic cavities) in the bone and marginal érosions 
much before these can be seen in radiographs. Swelling in 
the soft tissues caused by tissue edema, granulations, 
exudations or abscess formation can also be demonstrated 
much earlier. Ail these changes are, however, not spécifie 
(Fig. 8). Similar changes can be detected in trauma, 
nontuberculous infections and neoplasms. CT scan is a 
useful method for detecting disease in difficult areas like 
craniovertebral région, cervicodorsal région (C 7 to D 3 ), 
lumbosacral région, sacroiliac joints, sacrum, coccyx, and 
posterior éléments of vertebrae, ribs and sternum (Fig. 9). 
MRI however is the investigation of choice for these 
difficult areas and for detecting the disease at an early 
(pre-destructive) stage. Encroachment of the vertébral canal 
and dystrophie calcification in the soft tissue can be easily 
detected. CT-guided/directed needle biopsy is an effective 
method of obtaining tissues for pathological and 
microbiological diagnosis (Azouz 1981). 



Fig. 8: Plain radiograph for pain, limping and deformity of right 
hip joint revealed an abduction-external rotation deformity, 
moderate degree of diminution of the right hip joint space, and 
soft tissue swelling. CT scans of the right hip (diseased) 
compared with the normal hip do not show any features 
pathognomonic of tuberculous pathology. The changes 
observed in the CT scan of the same patient are shown in 
Figure 9 
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Fig. 9 : CT scan of the patient shown in Figure 8 showing 
irregular diminution of the joint space, presence of subchondral 
fracture of fémoral head, irregularity in its shape, and areas of 
destruction in the fémoral head and acetabulum. Tuberculous 
nature of pathology was confirmed only by histology of the 
diseased tissue from right hip joint 


Magnetic Résonance Imaging (MRI) 

MRI would confirm whatever one can see in plain 
radiographs and CT scans. However, it also shows the 
predestructive lésions like edema or inflammation of the 
bone in active disease which is more extensive than the 
areas of radiological destruction in the bone. Encroach- 
ment of the vertébral canal, displacement of the durai 
sheath, localized tuberculoma, generalized granuloma, 
shrinkage of the cord substance, myelitis (edema of cord), 
myelomalacia, syrinx formation of cord canbe appreciated 
by the study of MRI T r and T 2 -weighted images. Erosions 


of the surface or margins of bone and dystrophie 
calcification (calcified débris) in the soft tissues, however, 
cannot be appreciated in the MRI. MRI also does not clearly 
show involvement of posterior éléments of vertebrae 
(pedicles, posterior facet joints, transverse processes, 
laminae and spinous processes) any better than CT scan. 
However, MRI, can suggest the nature of "soft tissue mass" 
whether it is composed of fibrous tissue, granulations, thin 
exudate, thick pus or a mixed lésion (Bell, et al 1990, 
Deroos, et al 1986, Desai 1994). 

Osseous tuberculosis passes through stages of: 
(i) inflammatory edema and exudate (predestructive 
phase), (ii) necrosis and cavitation, (iii) destruction and 
deformation, and (iv) healing and repair. The predestruc¬ 
tive stage can be visualized by MRI and probably also by 
bone scans. The plain radiographs and CT scan are not 
likely to detect the stage of inflammatory edema and 
exudate. 

Like radiographs a repeat of CT scans and MRI about 
3 months after the onset of treatment may show 
détérioration of the pathological process, this is because 
these images somewhat lag behind the pathophysiological 
changes that are taking place in the infected area, it should 
not cause unnecessary alarm. The next follow-up around 
6 months, in case of infective lésion on effective treatment 
should show improvement like remineralization and 
réduction in the size of eroded areas and cavities, sclerosis 
of the borders of cavities, réduction in the size of 
paravertebral or paraosseous soft tissue shadows, 
resolution or fibrosis of the soft tissue masses or abscesses, 
réduction in the degree of encroachment of vertébral canal, 
and réduction in the extent of tissue "edema" as observed 
by T r and T 2 -weighted images. If 6 months after the start 
of antituberculous chemotherapy there is détérioration of 
the clinical, laboratory and imaging features, a représen¬ 
tative biopsy from the diseased area is mandatory to 
ascertain the underlying pathology. Distortion of the shape 
of the bone or spine, large areas of destruction and cavities 
and big séquestra do not undergo significant resolution. 

Ultrasonography 

Ultrasonography has been employed by various workers 
to estimate the presence of soft tissue abscesses and its 
behavior under treatment. Sophisticated investigations are 
not warranted in clinically palpable and radiologically 
visible soft tissue abscesses. However, small abscesses or 
soft tissue masses can easily be appreciated in the CT scans 
and MRI. 
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Poncet’s Disease or Tubercular Rheumatism 

Poncet 1897, described cases of polyarthritis occurring in 
patients with tuberculosis. There is controversy over the 
existence of an association between polyarthritis and 
tuberculosis other than by chance. However, cases of 
polyarthralgia and polyarthritis associated with 
tuberculosis (usually extra-articular tuberculosis), 
continue to be described (Allen 1981, Southwood, et al 
1988). 12 Wilkinson and Roy 1984 16 reported a case in 
which one symptomatic joint was culture-positive, 
however, as a rule the joint aspirate shows a watery or 
straw-colored fluid which is négative on culture. During a 
period of 25 years, we observed 5 patients suspected to be 
of tubercular rheumatism, majority were patients on 
antitubercular drugs, in a few the tuberculous disease had 
healed, ankle and knee were most commonly affected. The 
symptoms subsided in ail the cases spontaneously by 
physiotherapeutic measures and the use of nonsteroidal 
anti-inflammatory drugs (NSAIDs) for a few weeks. 
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Evolution ofTreatment of 
Skeletal Tuberculosis 
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INTRODUCTION 

The évolution of treatment of tuberculosis of bones, joints 
and spine has passed through different phases of 
development. The availability of antitubercular drugs 
(1948-51), a significant milestone, divides the treatment of 
tuberculosis into two eras: 

1. Preantitubercular era: When such patients were treated 
either by orthodox conservative régime or by various 
operative procedures. 

2. Postantitubercular era: Two different types of treatment 
developed over the years. 

a. Operative in ail cases in conjunction with anti¬ 
tubercular drugs (Wilkinson 1950,1969, Hodgson, 
et al 1956, 1960; Mukhopadhaya 1956, 1957; 
Buchman 1961; Donaldson 1965; Stock 1962; 
Cameron 1962; Risko 1963; Fellander 1955; Orell 
1951; Kondo and Yamada 1957; Silva 1980; Chahal 
1980). 

b. Antitubercular drugs in ail cases with operation 
for failures or complications (Tuli 1967-84; Roaf 
1958, 1959; Seddon 1956; Friedman 1966, 1973; 
Kaplan 1959; Konstam and Blesovsky 1962; 
Stevenson and Manning 1962; Martini 1980-88; 
Versfeld 1982). 

Postantitubercular Era 

Streptomycin became available for clinical use in 1947, 
PAS in 1949 and INH in 1952. The period for chemo- 
therapeutic triumph was ushered in. However, in the wake 
of enthusiasm of surgical attack on skeletal tuberculosis, 
the standard treatment practised and advocated during 
1950 to 1960 was universal focal surgery in conjunction 
with antitubercular drugs (Bailey 1972, Wilkinson 1950, 
1955, Kondo and Yamada 1957, Deroy 1952, Hodgson 


1956, Compere 1952, Ostman 1951, Severance 1951, Smith 
1950, Orell 1951, Weinberg 1957 and Roaf 1959). 

Addition of streptomycin lowered the rate of relapse 
and the death rate due to tuberculosis, on the other hand, 
it increased the return to productive activity of the patients. 
Average relapse rate with addition of streptomycin alone 
decreased by 30 to 35% (Falk 1958). 

The most spectacular effect of the drugs was dis- 
appearance of sinuses, ulcers and abscesses despite 
extensive surgery, and the élimination of the danger of 
postoperative dissémination of tuberculous infection. 
Simultaneously, however, many surgeons (Kaplan 1959, 
Stevenson 1954,1962, Konstam 1962, Friedman 1966,1973, 
Tuli 1967-85, Martini 1980-88, Versfeld 1982) reported of 
excellent results by antitubercular drugs alone confining 
surgery to failures or complications only. With the passage 
of time, indications for surgery hâve become universally 
more sélective less for the biological control of disease, but 
more for prévention and correction of deformities/ 
complications, and for improving the quality of function 
of the diseased joints (Martini 1988, Tuli 1985). 

Most of the workers at présent continue the chemo- 
therapeutic régime for 12 to 18 months. For optimal results, 
the drugs must be used in combination for a long time and 
uninterruptedly. Citron 1972, emphasized that major 
cause of poor results and discrepancy of results of various 
régimes is irregular drug administration. He suggested 
that supervised intermittent drug therapy (say twice a 
week) may be the answer for patients who are known to be 
irregular with self-administration of drugs. If for any reason 
the first combination of antitubercular drugs cannot be 
used, other combinations of newer drugs (Table 1), as men- 
tioned in the Chapter 39 on Antitubercular Drugs can be 
confidently used. 

The chief limitation of antitubercular drugs is 
development of résistant strains of tubercle bacilli. If only 
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one drug is used, there are very high chances of emergence 
of résistant strains, however, it is unusual for bacilli to be 
résistant to a combination of two drugs. Earlier to 1972 in 
our sériés none of the typical Mycobacterium tuberculosis 
cultured were observed to be résistant to more than one 
antitubercular drug in vitro. 

Most of the clinical research work regarding the efficacy 
of antitubercular drugs has been carried out in the 
treatment of pulmonary tuberculosis. The results of the 
treatment of skeletal tuberculosis cannotbe exactly similar 
because of different nature of tuberculous lésion in the 
two situations. At présent, considérable discussion is 
taking place about the degree of healing which can take 
place without operative treatment. Many workers 
(Stevenson and Manning 1954,1962; Konstam et al, 1958, 
1962,1963; Kaplan 1959; Friedman 1966; Medical Research 
Council 1973-82; Martini 1980-88; Tuli 1967-85) hâve 
reported remarkable healing of osteoarticular tuberculosis 
with drugs alone. However, there are always some cases 
who require to be treated by surgery. Indications of 
continuation of drug treatment or of operation can be 
rationally controlled by serial radiography at about 3 to 
4 months intervals. Progressive destruction or imperfect 
or slow healing in spite of antitubercular drugs are 
reasonable indications for surgery in early stages. 

The knowledge about the exact effect of the modem 
antitubercular drugs on osteoarticular tuberculosis is still 
inadéquate. However, certain facts are now quite clear 
(Somerville and Wilkinson 1965). Osseous tubercular 
lésions are relatively more résistant than synovial lésions. 
With prolonged antitubercular therapy histological 
appearances lose their characteristic forms. In a typical 
tubercle the epithelioid cells become less compact. Tubercle 
becomes unrecognizable because the epithelioid cells and 
lymphocytes become widely scattered. The caseous area 
in the center of tubercle may become small or even undergo 
résorption. Fibrosis, however, still remains a significant 
feature in tuberculous joints treated by prolonged 
antitubercular therapy. 

Sinuses and Ulcers 

Before the advent of antitubercular chemotherapy, sinus 
formation was regarded as one of the most dreaded 
complications of skeletal tuberculosis, and surgery of 
tuberculosis was usually complicated by the formation of 
sinuses (Evans 1952, Harris 1952). Under the influence of 
antitubercular drugs, most of the sinuses hâve been 
observed to heal within 2 to 4 months without surgical 
intervention (Bosworth 1952, 1963; Hald 1954; Kaplan 
1959; Konstam and Blesovsky 1962; Paus 1964; Tuli 1970 
and 1971). With triple drug therapy healing of sinuses is 
no more a problem associated even with extensive surgery 


done to remove the tubercular focus. Sinuses which fail to 
respond to drug therapy alone would heal by change of 
drugs combined with or without curettage or excision of 
the sinus tracks. Failure of sinuses and ulcers to heal or 
their appearance while the patient is on drug therapy 
suggests infection by résistant organisms or immuno- 
suppressed State of the patient. 

At présent, treatment of skeletal tuberculosis is both 
systemic and local. Systemic therapy consists of relative 
rest, general supportive measures and prolonged 
chemotherapy. Modem antitubercular drugs are the most 
important therapeutic measures in skeletal tuberculosis. 
It has accelerated the rate and quality of recovery, and has 
minimized the incidence of mortality, complications and 
recrudescence. Patients with early disease, sensitive orga¬ 
nisms and favorable pathological lésion (i.e. absence of 
large cavitations, ischémie tissue and infarcted bone) can 
achieve full clinical healing with antitubercular chemo¬ 
therapy without surgical intervention. Anti-tubercular 
drugs must be continued for about 18 months and 
isoniazid mustbe included. 

Immunodeficient Stage and 
Looming Tuberculosis Epidémie 

In the Western countries up to 1915, nearly half of the 
surgical cases in the general hospitals were then suffering 
from "surgical tuberculosis". The incidence of tuberculous 
infection declined steadily in the affluent countries up to 
1985 (Mitchison and Chalmers 1986), and it was 
considered to be a disappearing disease in those countries. 
In Asian and African countries, however, the disease 
continued in épidémie proportions. After 1985, due to 
emergence of AIDS pandémie, there has been a dramatic 
reversai of trends in the affluent countries, the incidence 
of tubercular infection has started increasing at 10 to 30% 
per year. The most alarming features are that people with 
AIDS virus are getting infected with non-typical tuber¬ 
culous bacilli (which were earlier considered generally 
nonpathogenic), and many of these strains already show 
résistance to a large number of antitubercular drugs. HIV 
infected persons due to dysfunction of the host immune 
System hâve a very high incidence of getting primary 
tuberculosis, réactivation of the previous tuberculous 
lésion in the body and concomitant infection by another 
strain of tuberculous bacillus (different from that of initial 
disease) by exogenous route. The incidence of tuberculosis 
in patients with AIDS is almost 500 times the incidence in 
the general population (Barnes, et al 1991). 

Patients with HIV and tuberculosis are a potential 
source for spread of drug-resistant strains of tuberculous 
bacilli to other members of society. In countries where 
tuberculosis was no more endemic, the incidence of 
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extrapulmonary tuberculosis is considered a broad 
indicator of HTV infection in the society (Barnes, et al 1991). 
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Streptomycin 

Streptomycin was first discovered by Schatz, Bugie and 
Waksman in 1944 (Krantz and Carr 1958). 3 Streptomycin 
exhibits both bacteriostatic and bactericidal activity 
towards sensitive organisms, and that prédominance of 
one activity over the other seems to dépend on the 
concentration of streptomycin, the period of contact with 
the organism, the number, the rate of growth, and the 
sensitivity of the bacilli involved and the nature of medium. 
However, the main action appears to be bactericidal 
(Winder 1964). 9 The bactericidal action of streptomycin is 
exerted only on growing organisms. Streptomycin 
interfères with protein synthesis of sensitive bacteria. 

Eighth nerve damage is reported due to streptomycin 
toxicity. Streptomycin sulfate is more likely to affect the 
labyrinthine division leading to vertigo, and 
dihydrostreptomycin is more likely to damage the acoustic 
division, thus causing deafness. Crofton I960, 10 stated that 
the tendency to nerve complications are high by the 
presence of even a mild degree of rénal insufficiency 
because then streptomycin is not excreted as fast as 
normally. Normally, highest sérum levels are reached in 
about 2 hours, and the greater part is excreted in urine 
within 24 hours. Eighth nerve complication is reported to 
be minimized by simultaneous administration of 25 mg of 
calcium pantothenate daily (Somerville and Wilkinson 
1965). 5/8 Other rare complications are aplastic anémia, 
neutropenia, drug rashes, drug hypersensitivity, nausea 
and vomiting. Ail these require a careful détection and 
suitable treatment. In severe cases, streptomycin may 
completely be withdrawn or a dosage schedule of alternate 
days or twice a week may be tried. In the elderly above the 
âge of 45 years, streptomycin may enhance respiratory 
paralysis by interacting with neuromuscular blocking 
agents especially while giving anesthésia. 


Para-aminosalicylic Acid (PAS) 

Para-aminosalicylic acid was discovered by Lehman in 
1943 (Krantz 3 and Carr 1958). The inhibitory effect is 
bacteriostatic, not bactericidal, and the staining properties 
of the organism are not affected. PAS exerts its inhibitory 
action on the growth of mycobacteria by interfering with 
folie acid biosynthesis. This drug is not as effective as 
streptomycin and isoniazid. At best, it is a useful adjuvant 
to streptomycin or isoniazid to prevent development of 
résistant strains. By oral administration it is rapidly 
excreted, the highest blood level is reached within an hour. 
Its most important side effects especially with higher doses 
are symptoms of gastrointestinal irritation. The bulk of the 
drug markedly increases the chances of noncompliance, 
the recommended dose being 10 to 20 gm per day. 

Isoniazid (INH) 

Isoniazid (INH) was discovered by Fox in 1951 (Krantz 3 
and Carr 1958), and became available for clinical use in 
late 1951s. It is bactericidal and has two-phase action on 
bacteria: one réversible and occurring even when cell 
growth is inhibited, and the other irréversible, requiring 
growth. Isonicotinic acid hydrazide is probably the most 
potent antitubercular drug. 

Isoniazid has the property of causing vasodilatation 
in the diseased area thus permitting greater quantities of 
antibiotics to reach the lésion. Furthermore, the molécule 
of isoniazid is smaller than that of streptomycin, and it is 
considered that isoniazid is able to reach the bacilli even 
within the macrophages. 

The most important complications are the neurotoxic 
effects of isoniazid due to déplétion of vitamin B factors. 
Neurotoxic complications may take the form of peripheral 
neuritis, muscular twitchings, paresthesiae, and psycho- 
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logical disturbances. They should be treated by 
administration of 50 mg of pyridoxine, 100 mg of 
nicotinamide and other B complex factors daily. Rarely 
skin rashes or gastrointestinal symptoms or hepatitis may 
develop. 

Cases of skeletal tuberculosis as a rule require pro- 
longed courses of large doses of antitubercular drugs, 
therefore, it is essential to be aware of the possible toxic 
complications, their onset is often insidious and may 
continue for sometime even after the causative drug has 
been discontinued (Table 1). 

THIOACETAZONE 

Most important complications of prolonged thioacetazone 
therapy are liver damage and skin rashes. In the presence 
of liver damage administration of thioacetazone is 
contraindicated. At présent we do not consider 


thioacetazone to be a safe drug for out-patient treatment, 
for prolonged use, and for patients awaiting surgery. 
Thioacetazone is contraindicated in HIV patients. 

Ethambutol 

Average daily recommended dose of ethambutol is 25 mg 
per kg for first 60 days to be followed by 15 mg per kg for a 
total period. It canbe safely used IV 2 to 2 years. Like other 
antitubercular drugs the daily dose may be given as a single 
dose or in divided doses. Most important complication is 
retrobulbar neuritis and optic neuritis which fortunately 
recover on stopping the drug. Therefore, during ethambutol 
administration visual acuity, red-green color vision and 
gross peripheral visual fields must be frequently examined. 
Spécial care must be taken if this drug is to be administered 
to a child. It is metabolized by oxidation in the liver. Hepatic 
and rénal dysfunction may increase the risk of toxicity. 


TABLE 1 : Commonly prescribed and useful antitubercular drugs and their toxicity 


Drugs 

Daily adult dose 
and administration 

Minimum inhibitory 
concentration: fig/ml for 
human mycobacteria 

Main drug toxicity 

Streptomycin (SM) 

20 mg/kg maximum 

1 gm (In children and 
elderly twice a week) 

1-2 

Vestibular damage, deafness, fever, 
rashes, contact dermatitis, 
nephrotoxicity 

Isoniazid (INH)* 

300-400 mg in single/two 
divided doses 

0.1-0.2 

Peripheral neuropathy, behavior 
disorders, convulsions, hepatitis, 
hypersensitivity 

Ethambutol (ETB) 

15-25 mg/kg in single/two 
divided doses 

1-3 

Retrobulbar neuritis with loss of 
vision, warned by diminution of 
visual field and acuity, and color 
blindness 

Rifampicin (RCN) 

450-600 mg in single/two 
divided doses 

0.25-1.0 

Pinkish staining of urine, sweat and 
saliva, liver damage, bowel upset, 
rashes, "flu-like" symptoms 
(purpura rarely) 

Para-amino- 
salicylic acid (PAS) 

12 gm in single/two 
divided doses 

1 

Gastrointestinal disturbances, 
rashes, fever, lymphadenopathy, 
hepatotoxicity 

Thioacetazone 

150 mg single dose 

1 

Anorexia, nausea, vomiting, liver 
damage, marrow dépréssion 

Ethionamide/ 

prothionamide 

1 gm single dose 

10-20 

Gastrointestinal upsets, abnormal 
liver tests, peripheral neuritis, 
convulsions, drowsiness 

Pyrazinamide 

40 mg/kg in single or two 
divided doses 

10-20 

Hepatotoxicity, gouty arthritis 
(hyperuricémie arthralgia) 

Cycloserine 

1 gm single dose 

5-10 

Brain damage, mental disturbances, 
epilepsy 

Capreomycin 

15 mg/kg single dose 

2 

Nephrotoxicity, others like 
streptomycin, 8th nerve damage 

Kanamycin 

15 mg/kg single dose 
(maximum 1 gm/day) 

8-16 

Auditory toxicity, nephrotoxicity 


INH must form a part of any multidrug therapy, and it is the only drug which may be used during the period of monotherapy. 
Avoid more than 2 hepatotoxic drugs in patients where surgical intervention is anticipated. 
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Rifampicin 

Rifampicin is a potent semisynthetic antibiotic, like 
pyrazinamide it has the ability to kill so-called 
"persisters"—mycobacteria that lie dormant, often within 
the cells. Absorption is complété and rapid after 
administration on an empty stomach. The presence of food 
causes marked variation in sérum concentrations, though 
it does not seem to interfère with the efficacy of the drug. 
The distribution of rifampicin is extensive, and the patient 
should be warned about red-brown coloration of body 
fluids like sweat, tears, urine, feces, etc. It is subject to 
hepatic metabolism and transferred to bile. The metabolism 
is principally by désacétylation. The desacetylated méta¬ 
bolite is active. The excrétion of rifampicin is both biliary 
and rénal, and modification in dosage are required in 
patients with hepatobiliary or hepatorenal insufficiency. 
Side effects include minor élévation of sérum glutamic 
pyrubic transaminase (SGPT) and sérum bilirubin, erythe- 
matous reactions, fatigue, headache, ataxia, influenza like 
syndrome, and rarely rénal dysfunction. Clinically 
important réduction of affects of concurrent therapy 
include the efficacy of oral contraceptives, antiepileptic 
drugs, anticoagulants and hypoglycémie agents. Daily 
recommended dosage is 450 to 600 mg for an adult (10 to 
20mg/kg). 

Pyrazinamide 

Pyrazinamide is especially bactericidal to mycobacteria 
multiplying intracellularly at low pH levels. Many studies 
hâve shown especially in pulmonary disease, that 
inclusion of pyrazinamide in the first 3 months of the treat- 
ment program can reduce the la ter relapse rate, and allow 
a shorter duration of continuation therapy. It is well 
absorbed after oral administration and is eliminated 
principally by hepatic metabolism. Only about 3% of an 
oral dose is excreted unchanged in the urine in the first 
24 hours. Like isoniazid, pyrazinamide pénétrâtes well 
into cerebrospinal fluid, and it may, therefore, be specially 
indicated in tuberculous meningitis, and paraplegia. 
When the drug is not well tolerated, it commonly causes 
nausea, flushing, arthralgia, and hepatotoxic reactions. 
Daily requirement is 1.5 to 3 gm for adults, given as divided 
doses or as a single dose (40 mg/kg). 

Alternative Regimens 3 

Newer drugs that hâve been suggested as alternatives for 
therapeutically refractory cases are morphazinamide 
(dynazide), ethionamide, capreomycin, kanamycin, 
viomycin, cycloserine, ciprofloxacin, ofloxacin, clofazi- 
mine. Most of these are more toxic and should be 


considered second-line antituberculous drugs for the 
treatment of multiple drug-resistant disease. At présent 
PAS has been replaced by ethambutol or rifampicin. 
Streptomycin should be used essentially as a paraoperative 
drug. Fluoroquinolones are emerging as safe and effective 
first line antitubercular drugs. 

Corticosteroids 

Use of corticosteroids is not recommended routinely. It is 
dangerous to give cortisone if patient's organisms may 
not be sensitive to the antitubercular drugs being 
administered. However, cortisone may help to keep alive 
a moribund patient till the antitubercular drugs can take 
effect. In active tuberculosis, cortisone may be given, if 
indicated, only with concomitant administration of 
effective antitubercular drugs. Steroids may hâve a useful 
rôle in patients with severe hypersensitivity reactions. A 
short course of anabolic hormones may help a debilitated 
patient to be prepared for surgery. A short postoperative 
course (7 to 15 days) of corticosteroides may be employed 
in patients of paraplegia, where décompression entailed 
some degree of handling of cord (e.g. anterior transposition 
of cord in cases of severe kyphosis). 

The Rôle of Antitubercular Drugs 

The availability of spécifie antituberculous drugs has 
revolutionized the outcome of treatment of spinal 
tuberculosis, however, chemotherapy cannot completely 
replace the surgical treatment. Their use has improved the 
results of conservative and radical restorative operative 
treatments (Arct 1968, Donaldson 1965, Goel 1964, 
Hodgson 1960, Stock 1962, Kondo 2 1957, Risko 1963, 
Vyaghreswarudu 1964, Wilkinson 8 1969, Martin 1970, Tuli 
1975,1984, Martini 1988) 4 ' 6 ' 8 

Pénétration of Antitubercular Drugs 

Tuli et al 1974, demonstrated in experimentally produced 
chronic osseous tuberculous lésions that streptomycin 
pénétrâtes readily into the osseous lésions. After a single 
intramuscular injection, streptomycin was observed in the 
tuberculous abscess in concentrations much higher than 
that considered sufficient to hâve inhibitory effect on 
human type of Mycobacterium tuberculosis. Further (Tuli 4 et 
al 1977,1983) observations in our laboratories hâve also 
revealed appréciable concentrations of streptomycin, 
rifampicin and ethambutol in the tuberculous material 
obtained from patients of osteoarticular tuberculosis 
(Table 2). 

Skeletal tuberculosis is only a localized manifestation 
of a systemic infection, and thus no local surgical procedure 
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TABLE 2: Concentration of antitubercular drugs in clinical osteoarticular tuberculosis, 3 hours after systemic 
administration of the drug in a single therapeutic dose (Tuli 1977,1983) 


Drugs 

Number of samples from 

Average concentration pg/ml 


Blood 

Abscess 

Joint 

Sérum 

Abscess 

Joint 

MIC* 

Ethambutol 

24 

25 

5 

3.7 

4.8 

4 

2 

Rifampicin 

20 

16 

8 

11 

4.8 

4.8 

1 

Streptomycin 

52 

55 

14 

13 

6 

19 

1 

Pyrazinamide** 

8 

8 

- 

50 

46 

- 

20 


*MIC—Minimum inhibitory concentration jig/ml for Mycobacterium tuberculosis in clinical material. 
**Unreported (Mahajan 1990), in patients on drugs for 2 weeks 


is a substitute for adéquate and prolonged systemic 5. 

antituberculous therapy. It has now been repeatedly proved 
that there is no osseous barrier or gradient in osteoarticular 
tuberculosis to the pénétration of antitubercular agents 6 ‘ 

(Table 2). 7 
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Principles of Management of 
Osteoarticular Tuberculosis 
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PROGNOSIS AND COURSE 

The use of modem antitubercular drugs has revolutionized 
the outcome of treatment of bone and joint tuberculosis. 
Death due to uncontrolled disease, meningitis, miliary 
tuberculosis, amyloidosis, paralysis and crippling seen 
frequently before the availability of antitubercular drugs 
is now rare (LaFond 1958, Girdlestone 1965, Meltzer 
1985). 7,14,16 If a patient is diagnosed early and treated 
vigorously, healing canbe accomplished without residual 
ankylosis of the joint. Extensive surgery even in active 
disease is now possible without the fear of spread or 
formation of unhealing sinuses. The chances of 
réactivation are least if the healed status is achieved with 
remineralization and restoration of destroyed bones, or 
bone block formation in the vertébral disease, or healing of 
an articular disease with near complété function, or bony 
ankylosis of a grossly destroyed joint, or a stable painless 
fibrous ankylosis. 

At the stage of tuberculous arthritis if the disease 
remains closed, the natural outcome is generally a fibrous 
ankylosis. If an abscess discharges and sinuses with 
secondary infection develop, the outcome may be a bony 
ankylosis. The position of ankylosis on healing is 
determined by the presence or absence of effective splintage. 
Prognosis regarding movements in tuberculosis of joints 
dépends upon the stage/extent of the disease when the 
spécifie treatment was started (Table 1). 

CLASSIFICATION OF ARTICULAR TUBERCULOSIS 

In untreated cases, tuberculous disease of a joint passes 
through the foliowing stages (Fig. 1). Each stage has fairly 
clear clinical and radiological picture, and the extent of 
anatomical involvement. These stages hâve spécifie 
implications for nonoperative or surgical management 
and the outcome of treatment (Table 1). This classification 


Fig. 1: Diagrammatic représentation of various stages of 
articular tuberculosis 

permits more valid comparison of various sériés. Broadly 
speaking the classification of articular tuberculosis is as 
follows. 

Stage LSynovitis 

Range of movements présent is more than 75 %. Limitation 
of movements is only in terminal degrees or in sélective 
directions. Clinically, only soft tissue swelling and 
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TABLE 1 : Staging of tuberculosis of the joints and its outcome in general 



Stages 

Clinical 

Radiology 

Usual effective treatment 

Expectation 

I 

Synovitis 

Movements 

Soft tissue swelling. 

Chemotherapy and movements 

Rétention of 

II 

Early arthritis 

présent > 75% 
Movements 

osteoporosis synovectomy 

In addition to I, moderate 

Rarely mobility 

Chemotherapy and movements 

near full 
Restoration of 



présent 50 to 75% 

diminution of joint space 

Rarely synovectomy or 

50 to 75% of 




and marginal érosions 

debridement 

mobility 

III 

Advanced 

Loss of movements of 

In addition to II, marked 

Chemotherapy and surgery 



arthritis 

> 75% in ail directions 

diminution of joint space 

Generally arthrodesis in 





and destruction of joint 
surfaces 

lower limbs 

Ankylosis* 

IV 

Advanced 

Loss of movements of 

In addition to III, joint 

Chemotherapy and surgery 

Ankylosis* 


arthritis path. 

>75% in ail directions 

is disorganized with 

Generally arthrodesis 



dislocation/ 

subluxation 


dislocation / subluxation 



V 

Aftermath/ 
terminal of 
gross arthritis 

Gross deformity 
and ankylosis 

In addition to IV, grossly 
deformed articular margins 
± degenerative osteoarthrosis 

Chemotherapy and 
surgery. Arthrodesis/ 
corrective osteotomy 

Ankylosis* 


* After completion of growth of involved bones for elbow and hip, one may if desired obtain a fairly mobile joint by excision- 
arthroplasty, without fear of recrudescence. 


Stage II: Early Arthritis 

There is préservation of movements between 50 and 75%. 
Restriction of movements is in ail directions. Radiologically 
in addition to above (stage I), slight diminution of the 
vertical height of the joint space (articular cartilage space) 
and marginal érosions of the articular ends is présent. 
There is no gross destruction of the articular bone (Fig. 3). 


Fig. 2: Clinical picture of tubercular synovitis of right knee. 

There is fullness of parapetellar fossae, bulging of suprapatellar 
pouch and wasting of quadriceps muscle 

synovial effusion is présent (Fig. 2). Radiologically soft Fig. 3: A child with tuberculosis of the left hip joint, early arthritis 
tissueswelling and osteoporosis of the articular ends may (stage II) resembling the normal hip appearance. Note slight 
be présent, there is no evidence of destruction or érosion of diminution of the joint space and a juxta-articular lytic lésion in 
bone, or diminution of the joint space. the acetabular roof 
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Figs 4A and B: Advanced tuberculous arthritis (stage IV) of right hip joint— note destruction and deformation of fémoral head, 
wandering acetabulum, upward migration of fémoral head, break in the Shenton's arc, empty lower part of the acetabulum, and 
protrusio acetabuli. The patient also had concomitant tuberculous spondylitis involving lumbar 4-5 vertebrae 


Stage III: Advanced Arthritis 

There is nearly 75% loss of movements and the restriction 
is in ail directions. Radiologically, there is marked 
diminution of the joint space, and gross destruction of the 
articular margins and bone ends. 

Stage IV: Advanced Arthritis with 
Subluxation or Dislocation 

In addition to the above stage El, there is joint deformity caused 
by subluxation or dislocation. As an example, wandering/ 
migrating acetabulum or pathological dislocation of hip 
(Fig. 4), triple deformity of knee (Fig. 5), anterior 
subluxation/dislocation ofwrist joint, etc. (Figs 6 and 7). 

Stage V: Terminal or Aftermath of Arthritis 

It is ankylosis of the joint. Articular margins may be 
adapted to the deformed position, there may be sub- 
chondral eburnation of bone (in case of fibrous ankylosis) 
and changes of degenerative arthritis, there may be bony 
ledge or buttress formation in case of long standing (Fig. 8). 
Gross appearance of the joint surface may be irregular. 


cobbled, deformed, pock-marked and devoid of articular 
cartilage. 

PRINCIPLES OF MANAGEMENT 7 
General 

The general and systemic treatment is like that of 
tuberculosis in general. Any concomitant disease must be 
treated to build the general body résistance. Hospitali- 
zation is necessary only for complications, and for those 
requiring traction to correct deformities under supervision. 

Rest, Mobilization and Brace 

Ail patients are advised to sleep on hard bed. A plaster 
bed is necessary only for a minority of children with neural 
complications. In the treatment of craniovertebral, cervical 
and cervicothoracic lésions, traction is used in the early 
stages to put the diseased part at rest. This is particularly 
done for cases with neural déficit and those with 
pathological subluxation/dislocation. The patients with 
neural déficit are hospitalized and treated in recumbent 
position till return of adéquate motor power. 11 
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Fig. 5: Typical radiological appearance in a child suffering 
from advanced tuberculous arthritis of the knee joint with "triple 
deformity". Note flexion of the knee, latéral subluxation and 
latéral rotation of tibia, and its posterior subluxation 




Fig. 7: Clinical photograph of the patient of tubercular arthritis 
of right wrist with anterior subluxation of the wrist joint (patient 
Fig. 6) 



Fig. 6: Tuberculosis of the wrist joint (stage IV). Note gross 
destruction of ail carpal bones, lower end of radius and inferior 
radioulnar joint. There is marked diminution of the radiocarpal 
and intercarpal joints, fuzziness of the joint margins and 
anterior subluxation of the wrist 


Fig. 8: Tubercular arthritis of left hip joint (stage IV)—note break 
in the Shenton's arc, emptying of lower half of acetabulum, 
wandering acetabulum and grossly destroyed fémoral head 
and neck (mortar and pestle appearance) 


In active stage of the disease, the joints are given rest in 
the position of function (Table 2). In the presence of gross 
destruction especially in the disease of hip, knee and ankle, 
continuation of the immobilization may lead to 
spontaneous sound ankylosis. Cases with early disease 
are put on one hourly intermittent guarded active and 
assisted exercises under cover of antitubercular drugs with 
the aim of retaining a useful range of movements in the 
functional arc of the involved joint. In the presence of 
deformities traction is used to correct the deformity and to 


put the diseased part at rest. Graduai mobilization is 
encouraged with the help of suitable braces/ appliances 
soon after the start of treatment while the healing was 
progressing. 

Traction is one of the best available method to correct a 
deformity, maintain the limb in the functional position 
throughout the treatment, offer unhindered observation 
regarding the local response to treatment, holding the 
inflamed joint surfaces apart, and permit répétitive guarded 
assisted and active joint motion. Before the availability 
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TABLE 2: Positions of “ease” and “function” of diseased joints 


Joint 

Site of maximum 
swelling 

Position of maximum capacity 
or "position of ease" 

Position of ankylosis, and 
center of functional arc 

Hip 

Proximal part of Scarpa's triangle 

Flexion, abduction, external rotation 

10-30 degrees of flexion directly related 
to âge, neutral position regarding 
abduction, adduction rotation 

Knee 

Suprapatellar bursa, either side 
of patellar tendon 

Flexion 

5-10 degrees of flexion to allow foot to 
clear ground in walking 

Ankle 

Anterior and either side of 

Achilles tendon 

Slightly flexed and inverted 

At right angle (Plantigrade neutral) 

Wrist 

Deep to extensor and flexor tendons 

Slight palmar flexion 

About 10 degrees of dorsiflexion to 
allow a firm grasp 

Elbow 

On either side of triceps tendon 

Flexion 90 degrees plus pronation 

90 degrees of flexion and 
semipronation 

In bilateral disease left at 45 degrees of 
flexion and the right at 105 degrees of 
flexion to permit reach the upper and 
lower external orifices 

*Shoulder 

Deep to deltoid along the biceps 
brachii tendon and in axilla 

Abducted 

Absolute recommended angles are 
abduction 50 degrees between vertébral 
border of scapula and long axis of 
humérus. Forward flexion 30 degrees 
between vertical and the long axis of 
humérus, internai rotation 30 degrees 


*In clinical practice, the "saluting position" of the upper limb offers a rough guide to the position for arthrodesis. The shoulder looks 
abducted 80 degrees, flexed 40 degrees, elbow slightly anterior to the coronal sutures, and hand in front of the forehead. Ankylosis of 
shoulder in optimum position permits the arm to fall to the side of the trunk, allow clinical abduction of about 90 degrees, flexion up to 
80 degrees, internai rotation up to 90 degrees, permitting patient to reach any part of face/head and place the hand in the side and front 
pockets of trousers. 


of potent antitubercular drugs, people were apprehensive 
of motion at the tuberculous joint lest it should prevent 
Sound healing and flare up a quiescent disease. It is not so 
at présent with the use of antitubercular drugs 
(Katayama 12 ' 13 et al 1962, Martini 15 1980, Chow 4 1980, 
Gupta 8 1982, Tuli 18 1985). We hâve observed patients 
with healed tuberculosis of hip, knee, elbow and other 
joints with 50% or more of useful range of motion (in the 
functional arc), who did not accept arthrodesis. They did 
not develop recrudescence of the disease over a period of 
10 to 15 years of follow-up. 

Maintenance of traction and intermittent active and 
assisted motion of the joint within the range of tolerable 
pain, during the process of healing, in ail probabilities 
encourages development of healthy synovial membrane 
and well-lubricated useful fibrocartilage adapted to the 
function of the joint (Albrook and Kirkaldy-Willis 1944, 
Calandruccio and Glimer 1962, Wilkinson 1969). The 
repair with rétention of joint mobility, occurring 


spontaneously on conservative lines or as a resuit of 
operative procedures like synovectomy, debridement, 
excision arthroplasty, is dépendent upon proliferating 
mesenchymal reparative cells. These cells under the 
influence of "répétitive motion" may be induced to 
metaplasise to synovial membrane and to fibrocartilage. 
This may permit return of reasonable function even in a 
joint damaged by infection, and maintain a lasting healed 
status of the disease. 

Ambulation in the initial stages is without weight 
bearing. As the disease heals and pain subsides, weight 
bearing is permitted accordingly. During ail this period 
the joint is continually observed. If symptoms or signs 
increase the patient goes back a stage, if there is steady 
progress he goes forward (Thomas' test of recovery). At no 
time, the movements or degree of weight bearing is forced 
beyond tolerable discomfort. One can label this as the 
"functional treatment" of articular tuberculosis. 
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Guarded weight bearing in the lower limbs is started 
3 to 6 months after the subsidence of signs of activity. 
The braces/appliances are gradually discarded after 
its use for about 2 years. 

Abscess, Effusion and Sinuses 

Palpable abscesses and large joint effusions are 
aspirated and 1 gm of streptomycin alone or combined 
with injectable isoniazid is instilled at each aspiration. 
However, considering the sufficient local concentration 
of antibiotics achieved after parentéral administration, 
the need for local instillation may be obviated. Open 
drainage of the abscesses may be performed if aspiration 
failed to clear them. Not ail radiologically visible para¬ 
vertebral abscesses require to be drained, drainage was 
incidental when décompression was performed for 
paraplegia or when debridement of the diseased 
vertebrae was performed for active tuberculosis. 
Prevertebral abscess in the cervical région is drained 
when complicated by difficulty in swallowing or 
breathing. Drainage of a large paravertebral abscess 
may also be considered when its radiological size 
increased markedly in spite of the treatment. 

Sinuses in a large majority of cases would heal 
within 2 to 4 months under the influence of systemic 
antitubercular drugs. A small number (less than 1%) 
may require longer treatment and excision of the tract 
with or without debridement. It is important to remember 
that sinus ramification is always greater than can be 
appreciated, complété surgical excision is indeed 
impracticable, and fortunately unnecessary. 

Antitubercular Drugs 

Multidrug therapy is the basic key for treatment of 
tuberculosis. Drugs and doses are modified according 
to the âge, weight and individual tolérance. No 
significant complications are encountered due to 
multidrug régime in patients with active disease. Where 
résistance or allergy to the above mentioned drugs is 
apparent, it is necessary to switch on to other drugs in 
various combinations. Rifampicin has nearly replaced 
streptomycin. Streptomycin at best may be employed 
only as a paraoperative drug. In the ever changing scene 
of more potent, less toxic (See Table 1, Chapter 39), and 
hopefully not too costly antitubercular drugs, it may be 
unrealistic to stick to one particular drug régime, 
however, at présent it is important to stress to maintain 
the drugs for a minimum of one year, preferably 18 
months and in some cases for 24 months. Our current 
policy for an average adult is as follows: 


Phase I (intensive phase): Isoniazid, rifampicin, and 
floroquinolones for 5 months. 

Phase II (continuation phase): Isoniazid and pyrazinamide 
for 5 months. 

Phase III (continuation phase): Isoniazid and rifampicin for 
5 months. 

Phase IV (prophylaxis phase): Isoniazid and ethambutol for 
3 months. It is a préventive phase when the disease is 
healed and the patient is back to his normal working. 

If an operative treatment is anticipated or planned, it is 
wise to avoid the administration of more than two 
hepatotoxic drugs (for example, INH and rifampicin 
combination) for 3 to 6 weeks prior to surgery. Nearly, 10% 
of patients who hâve been on more than 2 hepatotoxic 
drugs for 3 weeks or more may show evidence of hepatic 
dysfunction on investigations. The dysfunction may be 
higher in patients having poor nutritional status. 

For long-time many workers perpetuated the presump- 
tion that antitubercular drugs do not penetrate into the 
diseased area in effective concentrations because of relative 
"avascularity of lésions", "imperméable fibrous wall 
around" the tubercular foci, "compact bony structure", 
"chemodestructive power" of tuberculous pus, etc. 
Universal radical excisional surgery was then advocated 
by many workers (Silva 17 1980) to encourage effective 
pénétration of drugs into the diseased région. There is, 
however, overwhelming evidence to prove that modem 
antitubercular drugs indeed readily reach the 
osteoarticular tubercular lésions in effective concentrations 
(Katayama 12 et al 1954, 1962; Tuli et al 1974, 1977; 
Friedman 6 1973; Canetti 3 1955; Fellander 5 et al 1952; 
Barclay 2 1953; Lindberg 1967; André 1 1956; Hanngren 9,10 
1959, 1964). In clinical practice, if the activity of a 
tuberculous lésion does not corne under control, the cause 
is not failure of the drugs to reach the lésion in sufficient 
concentrations. The cause lies in other factors such as 
acquired or genetic résistance of the infecting organisms 
to the drugs being administered, and the pathological 
nature of the skeletal lésion, e.g. gross destruction of bones 
and joints and presence of large séquestra. 

Relapse of Osteoarticular Tuberculosis or 
Récurrence of Complications 

Exact assessment of the incidence of relapse or récurrence 
of complication is not possible because these problems 
may occur at any period during the lifetime of a patient, 
whether the initial treatment included excisional surgery 
or not (Fig. 9). Réactivation or development of 
complications has been observed even during the era of 
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Figs 9A and B: Clinical photographs of a patient who was 
treated by antitubercular drugs and subtotal synovectomy in 
1969. The disease was completely healed with rétention of 
full range of movements. He reported with récurrence of 
disease in 1986 after a gap of 15 years. The disease healed 
again under the influene of newer drugs 

antitubercular drugs as late as 20 years or more after 
apparent healing (Martin 15 1970). The cause of réactivation 
of the disease in spite of apparently adéquate treatment at 
the time of initial therapy, appears to be lowered nutritional 
status of the patient or acquisition of immune 
compromized State. The relapse rates reported by Paus 
and Kaplan were 11 and 2% respectively. In Konstam and 


Blesovsky's (1962) sériés, only one of 207 patients had 
récurrence. After the availability of drugs like ethambutol 
and rifampicin, the incidence of relapse in our patients 
treated after 1972 seems to be 2% in those patients followed 
up for 5 to 10 years. Nearly, 50% of cases with récurrence 
of the disease at the first site, or development of tuberculosis 
in any other part of the skeletal System, on close questioning 
would reveal that they did not continue drugs for more 
than 12 months. This is a strong pointer against accepting 
"short duration régimes" while treating osteoarticular 
tuberculosis. Other precipitating factors may be prolonged 
use of systemic cortisone therapy, malnutrition, 
development of diabètes, alcoholics or immune déficient 
State. Any surgical procedure or a significant injury to the 
once infected area may reactivate the disease, an adéquate 
course including newer antitubercular drugs must be 
given to prevent it. Spécial health measures may be 
required in possible noncompliant patients (alcoholics, 
drug addicts, insane) to ensure suitable médications. 

Surgery in Tuberculosis of Bones and Joints 

Surgery is at best an adjunct to the systemic antituber¬ 
cular therapy of the patient. No surgical resection is a 
substitute for a prolonged course of antitubercular drugs 
and supportive therapy. A trial of conservative treatment 
is justified in most of the cases before surgery is contemp- 
lated. Nonoperative treatment is usually adéquate in pure 
synovial tuberculosis (without articular involvement), low 
grade or early arthritis of any joint, and even advanced 
(stages III, IV) arthritis especially in the upper extremity. 

If operative procedures are to be undertaken, it should 
take place after the general condition of the patient is 
stabilized under the protective cover of drug therapy and 
before the development of drug résistance. The interval 
could vary with the circumstances of the case, however, 
in general a minimum of 1 to 4 weeks of drug therapy and 
general treatment is advisable before any major surgical 
intervention. 

Extent and type of Surgery 

Fusion of a major joint is now rarely indicated as a primary 
mode of treatment. Reconstruction or reposition of joints, 
juxta-articular ostéotomies, soft tissue releases and arthro- 
plasties to obtain, mobile, stable joints with biological 
control of disease should now be considered as a rational 
method. In general at any stage of disease if a lésion is not 
responding favorably to effective antitubercular drugs, or 
there is doubt in diagnosis, or it is a case of refractory 
recrudescence of the infection, exploration and 
appropriate operation are considered mandatory. If a 
juxta-articular osseous focus is threatening the joint 
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despite adéquate antitubercular drugs, excisional surgery 
of the focus may be performed. Nonresponsive cases of 
tubercular synovitis and early arthritis may be subjected 
to subtotal synovectomy and synovectomy combined with 
joint debridement respectively. Debridement should be 
limited to infected synovium, séquestra, pockets/ cavities 
of pus and sinuses. In advanced tubercular arthritis of hip 
and elbow in adults (nonresponsive cases or cases who 
did not obtain acceptable range of movements), excisional 
arthroplasty is offered. Postoperatively ail these patients 
where the aim was mobility are treated by frequent 
répétitive active and assisted movements of the operated 
joint functional treatment with an aim to obtain a func- 
tional arc of movements. Low friction arthroplasty is being 
tried by a few workers in patients with healed tubercular 
arthritis (Chapter 41). However, arthroplasty performed 
in patients with active tuberculous disease has proved 
disastrous (Mitchison and Chalmers 1986). In advanced 
arthritis of knee joint (and rarely in ankle, hip and wrist) 
in adults, for gross deformity and pain, compression 
arthrodesis should be performed. Before the availability of 
antitubercular drugs, many surgeons (Brittain 1952, Albee 
1911, Hibbs 1912) pioneered extra-articular operations lest 
the surgery on the diseased tissue should lead to unhealing 
sinuses and ulcers. However, at présent one is not 
constrained to remain extra-articular, any of the standard 
techniques of arthrodesis may be adopted in tubercular 
arthritis under cover of modem drugs. In cases of healed 
disease with painless ankylosis in deformed position, a 
juxta-articular corrective osteotomy may be performed 
(for hip, knee and ankle or any joint) to bring the joint to 
the best position of function. Whenever the aim of operative 
treatment is Sound ankylosis of the joint, immobilization 
in plaster cast should be continued till solid fusion was 
obvious radiologically (3 to 6 months). 

Healing of Disease 

With modem antitubercular drugs and a suitable treat¬ 
ment, osteoarticular tuberculosis can be observed to pass 
through the following stages; invasion and destruction 
(at onset), control and régression, and healed stage. A 
healed stage is identified by disappearance of ail systemic 
features of activity, disappearance of local warmth, 
tenderness, spasm, abscess, sinuses, and return of painless 
motion (in early disease). Repeated érythrocyte sédimen¬ 
tation rate is normal or does not show a progressive 
increase in its value. Radiologically, there is reminerali- 
zation, and restoration of bony outlines and trabeculae. 


Restorative abilities of the osteoarticular System under the 
influence of présent antitubercular drugs are amazing. 
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INTRODUCTION 

Tuberculous disease of the hip is very common, the 
frequency of involvement is next only to spinal tuber- 
culosis. In any long sériés, hip disease constitutes nearly 
15 % of ail cases of osteoarticular tuberculosis. The initial 
focus of tuberculous lésion may start in the acetabular 
roof, epiphysis, metaphyseal région (Babcock's triangle), 
or in greater trochanter (Fig. 1). Rarely, the disease may 
start in the synovial membrane and may remain as 
synovitis for a few months. Tuberculosis of the greater 
trochanter may involve the overlying trochanteric bursa 
without involving the hip joint for a very long time (Fig. 2) 
As the upper end of fémur is entirely intracapsular, the 
joint gets involved rapidly from any osseous lésion situated 
within the capsular attachments, the disease becomes 
"osteoarticular", and destruction of articular surfaces of 
fémoral head and acetabulum takes place. When the initial 
focus starts in the acetabular roof, the joint involvement is 
late and severity of symptoms mild, therefore, by the time 



Fig. 1 : Diagrammatic représentation of the location and fre¬ 
quency of osseous origin of tuberculosis of the hip joint. The 
most common site being (1) the upper part of acetabulum 


the patient first reports to the hospital, extensive 
destruction of the bone is already présent. A cold abscess 
usually forms within the joint, the inferior weaker part of 
capsule or rarely the acetabular floor may be perforated, 
and the cold abscess may présent anywhere around the 
hip joint such as fémoral triangle, médial, latéral or 
posterior aspects of thigh, ischiorectal fossa, or pelvis. The 
abscess tracks away from the hip joint mostly along the 
neighbouring vessels and nerves to reach the surface. The 
intrapelvic abscess above the attachments of the levator 
ani muscle tracks upwards to point in the inguinal région, 
whereas those below this muscle track into the ischiorectal 
fossa. 

CLINICAL FEATURES 

Like osteoarticular tuberculosis in general the most 
common âge of start of illness is during first 3 décades. 
Pain, limping, deformity and fullness around the hip are 
the presenting symptoms when the disease is active. Pain 
is often referred to the médial aspect of the knee and is 
maximum towards the end of the day. A child may wake 
from sleep due to night cries. Nearly, 8% of patients may 
hâve clinically palpable cold abscesses with or without 
sinuses, and nearly 10% of patients may présent with 
varying degrees of pathological subluxation or dislocation 
of the hip. 

The limp is the earliest and the most common symptom. 
The patient while walking puts as little pressure on the 
diseased hip joint for as short time as possible (i.e. has 
shortest possible stance phase) giving rise to the typical 
antalgie gait. To get relief from the pain of an active hip 
disease while changing position in the bed, the patient 
may support or lift the involved limb with the contralatéral 
normal limb, or the patient may 'apply traction' on the 
painful hip by pushing down on the dorsum of foot with 
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Figs 2A and B: This patient presented with a chronic discharging sinus on the latéral aspect of right thigh. Movements of hip 
joint were normal. The radiograph reveals irregularity of the greater trochanter and erosive lésions. This is the typical clinico- 
radiological picture of tuberculosis of the greater trochanter bursa of long standing 


the opposite foot while recumbent. So long as the disease 
is active physical examination will reveal tenderness by 
direct pressure on the hip in the fémoral triangle, or médial 
to the greater trochanter posteriorly or indirectly by 
bitrochanteric pressure or thumping. Muscle spasm can 
be appreciated in the lower abdominal muscles, and in 
the adductors of the thigh on attempting sudden 
abduction-external rotation at the hip joint. In untreated 
cases, the disease of the hip joint passes through different 
stages as follows. 

Stage I: Tubercular Synovitis 

In synovitis or early disease of the hip joint due to a juxta- 
articular osseous lésion causing "irritable hip", the joint 
is held in the position of maximum capacity, i.e. flexion, 
external rotation and abduction causing apparent 
lengthening. There is no true/real shortening. Only 
extremes of movements are limited and painful. Radio- 
graphs may show only soft tissue swelling, with or without 
raréfaction of the hip bones (Fig. 3). 

The differential diagnosis at this stage is from trau- 
matic synovitis, rheumatic/rheumatoid disease, non- 
specific transient synovitis, low-grade pyogénie infection, 
Perthes' disease, juxta-articular disease causing irritation 


of the joint, spasm of the iliopsoas muscle due to an abscess 
in its sheath or overlying inflamed lymph nodes/ viscera, 
and slipped capital fémoral epiphysis. Careful clinico- 
radiological examination and noninvasive investigations 
repeated at 3 to 6 weeks intervals usually help to establish 
the exact diagnosis. Ultrasonography has been shown to 
be a useful investigation to appreciate the swelling of the 
soft tissues of the hip joint. If the condition is undiagnosable, 
biopsy must be obtained from the représentative diseased 
tissue for bacteriological and histological investigations. 

Stage II: Early Arthritis 

As the disease advances actual destruction or damage to 
the articular cartilage sets in. The local signs become more 
prominent and due to the spasm of adductors and flexors, 
the hip assumes a deformity of flexion, adduction (pre- 
senting as apparent shortening) and internai rotation. 
There is true/real shortening of not more than 1 cm, 
appréciable muscle wasting, and restriction of movements, 
due to pain and muscle spasm, in ail directions. Radio- 
raphs show localized osteoporosis, slight diminution of 
the joint space due to decrease in the vertical height of the 
articular cartilage and localized érosions at the articular 
margins (See Fig. 3 on Chapter 40) (Fig. 4). 
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Figs 3A to C: Successive radiographs of a patient of 
tuberculous synovitis treated by antitubercular drugs, traction, 
répétitive exercises and guarded weight bearing (for 2 years). 
Except moderately uncovered large fémoral head and mild 
coxa valga, there was no functional disability on healing of 
disease and follow-up of 17 years 


Stage III: Advanced Arthritis 

With further advancement of destruction, clinical signs of 
flexion-adduction-internal rotation deformities, restriction 
of movements, muscle wasting (Figs 5A to D and 6), true 
and apparent shortenings are exaggerated. The tendency 
of the patient to sleep on the side of the uninvolved hip 
further contributes to the deformity. There is gross 
destruction of articular cartilage and bones of the fémoral 



Fig. 4: Radiograph of tubercular arthritis of right hip joint. The 
limb has attained the unusual deformity of flexion, abduction 
and extermal rotation 


head and acetabulum (Fig. 7). The capsule is further 
destroyed, thickened and contracted. 

Stage IV: Advanced Arithritis with 
Sublocation or Dislocation 

With further destruction of acetabulum, fémoral head, 
capsule and ligaments, the upper end of fémur may 
displace upwards and dorsally in the wandering or 
migrating acetabulum leaving its lower part empty and 
Shenton's arc broken (See Figs 4 and 8 on Chapter 40) 
(Figs 8, 9 and 11). Rarely, the destruction of capsule and 
acetabulum may be so severe as to lead to pathological 
posterior dislocation of the fémoral head (Fig. 9). This acute 
variety of tuberculous infection can rarely be encountered 
in children. Sometimes the hip may show protrusion 
acetabuli (Fig. 8). In some cases, the fémoral head and neck 
are grossly destroyed, collapsed and small in size 
contained in an enlarged acetabulum—mortar and pestle 
appearance (Shanmugasundaram 1983). 

In general the movements at this stage are grossly 
restricted, however, some cases with the radiological 
appearance of wandering acetabulum protrusio acetabuli, 
or mortar and pestle picture may retain fairly good range 
of movements for a long time (Fig. 12). In some cases of 
aftermath of tuberculous arthritis with the disease healed 
in the displaced position, the fémoral head may be 
supported by a buttress formed over its posterosuperior 
aspect (Figs 9 and 13). 

In certain cases of tuberculous arthritis (stages II, III 
and IV), the hip may not assume the classical triple 
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Figs 5A to D: Clinical pictures of a young patient with advanced tuberculous arthritis of left hip joint. Note fixed flexion deformity 
of 45 degrees (A, B), (C) shows the position the patient adopts to ease herself using an Indian-type of toilet, (D) shows the 
posture while sitting on the floor. Being a young patient she manages these postures because of the compensatory movements 
at the lumbar spine, with advancing âge such compensations become more difficult 
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Figs 6A to C: A and B showing the method of attending to the social needs in a 35-years old man whose right hip was fixed at 
40 degrees of flexion. The same patient was able to squat and sit cross legged after excisional arthroplasty of right hip joint (C) 



Figs 7A to C: Radiographs of a case of tuberculosis of the right hip joint at présentation: (A) showing destructive changes in the 
acetabulum and the fémoral head. There is wandering acetabulum, lower part of the acetabular cavity is empty, and the fémoral 
head is uncovered. The patient was treated by antitubercular drugs, skeletal traction and répétitive exercises for the right hip 
joint. Radiographs (B) one year, (C) 3 years after the treatment show improvement of anatomy, reformation of joint margins and 
space, restitution of destroyed trabeculae, and coxa magna. Despite persistence of the wandering acetabulum, the patient 
obtained a painless, 80 % mobile and stable hip joint 
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Fig. 8: Active tubercular arthritis of right hip joint—note localized 
osteoporosis, break in the Shenton's arc, widened acetabulum, 
protrusio acetabuli, avascular capital fémoral epiphysis 
(Perthes type) and mild coxa vara 

deformity of flexion, adduction and internai rotation, 
instead the deformity may be that of flexion, abduction 
and external rotation (Figs 4 and 14) with the latéral aspect 
of thigh of the diseased hip resting on the bed. This may be 
due to continuous adoption of the latter posture for relief 
of pain, or due to the destruction of iliofemoral Y ligament 
by the tuberculous process. In some cases, there is lack of 
corrélation between the radiographie appearance of the 
hip disease and the range of movements possible in 
the joint. 

If the limb has been plastered for more than 12 months, 
the growth plates around the knee may undergo prématuré 



Fig. 9: A 26-years old male suffered from tuberculous infection 
of left hip joint when he was 9-years old. The disease healed 
by traction and antitubercular drugs. The patient had managed 
his routine activities with a shoe-raise of 6 cm. Now 17 years 
after the onset of disease, he has started complaining of pain 
in the left hip région probably due to degenerative changes in 
the secondary hip joint. Note on the left side empty acetabulum, 
pathological dislocation of hip joint, probable formation of a 
secondary acetabulum, and hypoplastic pelvis and fémur 

fusion producing marked shortening and limitation of 
movement (once called Trame knee')- During growing âge, 
hyperemia and overgrowth of the fémoral head and neck 



Figs 10A and B: (A) Tuberculous arthritis (stage IV) of the right hip with pathological dislocation, and (B) appearance 2 years 
after treatment by antitubercular drugs, traction and active assisted répétitive exercises. Note relocation of the hip joint, healing 
of the destructive areas in the fémoral head, neck, and acetabulum by reconstitution of the osseous trabeculae, remineralization, 
and reformation of the joint space 
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Figs 11A and B: Tuberculosis of 
the left hip joint with destruction 
of the weight bearing part of the 
iliac bone (A). The patient did not 
receive spécifie treatment and in 
the next 3 years developed 
wandering acetabulum with 
gross ankylosis of the hip joint (B). 
Tuberculous pathology was 
proved from the tissues at the 
time of excisional arthroplasty 



Figs 12A to D: Serial radiographs 
of a child treated by functional 
method: (A) at the âge of 5, (B) at 
the âge of 6, (C) at 8 years of âge, 
(D) at 9 years of âge, 5 years after 
the onset of treatment. The 
patient at the last follow-up had 
complété healing of disease, 
though radiologically the fémoral 
head was flattened and the 
acetabulum irregular, the boy 
was able to squat, sit cross- 
legged and do normal physical 
activities 
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Fig. 13: Radiograph showing aftermath of tuberculous arthritis 
of left hip joint. Note empty acetabulum, coxa magna with 
dislocation and flattening of the fémoral head, and formation 
of a secondary false acetabulum superior and dorsal to the 
original acetabulum 



Fig. 14: Raj, a 6-years old boy presented with pain, limping 
and deformity of right hip joint of 2 months duration. Plain 
radiographs revealed an abduction deformity of right hip and 
moderate degree of diminution of the joint space. One can 
note the uncovering of the contralatéral (left) fémoral head 
due to fixed abduction deformity of the right hip. Tuberculous 
nature of the pathology was confirmed from the tissue obtained 
by arthrotomy for arthrolysis and synovectomy 


lead to coxa magna which is often associated with moderate 
valgus deformity and antéversion of the fémoral neck, and 
some degree of adaptive changes in the acetabulum 
resembling acetabular "dysplasia". Coxa vara may also 
occur rarely following a destructive lésion in the fémoral 
head and neck (leading to arrested growth of capital physis) 
in the presence of normal growth of the greater trochanter. 

CLASSIFICATION OFTHE RADIOLOGICAL 
APPEARANCE 

Shanmugasundaram 4,5 1983, suggested a radiological 
classification for tuberculous disease of the hip applicable 
for the lésions in children (C) and adults (A). Following 
radiological types; "normal" appearance (C), traveling 
acetabulum (C, A), dislocated hip (C), Perthes' type (C), 
protrusio acetabuli (C, A), atrophie type (A), "mortar and 
pestle" type (C, A) are suggested by him. There is a 
relationship between various radiological types and the 
functional outcome (Campbell 1 and Hoffman 1995). If the 
disease occurs during childhood (growing period), chronic 
hyperemia would lead to enlargement of fémoral head 
epiphysis and metaphysis (coxa magna), thromboembolie 
phenomenon of sélective terminal vasculature may create 
the changes resembling Perthes' disease, gross decrease 
in the blood supply of the fémoral head and its physis due 
to thromboembolie phenomenon or due to rapidly 
developing tense intracapsular effusion (tamponade effect) 
may be responsible for réduction in the size of fémoral 
head and neck (coxa breva), restricted growth of capital 


fémoral epiphysial plate in the presence of normal growth 
of trochanteric growth plate would lead to coxa vara, and 
restricted growth of trochanteric physis in the presence of 
normal growth of fémoral head physis would resuit in 
coxa valga. Vascular changes can also occur due to 
destructive osseous cavities (affecting intraosseous 
circulation) in the upper end of fémur by a sudden 
pathological dislocation or as a complication of operative 
intervention. More than one factor may be responsible for 
the radiological appearance in a particular case. 

Rarely simultaneous damage to the trochanteric physis 
and fémoral head physis would resuit in generalized 
hypoplasia of upper end of fémur. Campbell and Hoffman 
1995, while treating children with tuberculosis of hip joint 
observed a close relationship between the radiological type 
and the therapeutic outcome, "good results" were obtained 
in 92 % of "normal type", 80 % of Perthes' type, 50 % of 
dislocating type, 29 % of traveling acetabulum and mortar- 
pestle type. If the joint space was reduced to 3 mm or less, 
the outcome could be predicted as poor. 

Prognosis 

The outcome of prognosis with modem antitubercular 
drugs dépends essentially on the stage of the disease when 
the treatment is initiated. Early disease (synovitis or early 
arthritis) may heal leaving a normal or nearly normal hip 
joint (Figs 3 and 15). Healing in the stage of advanced 
arthritis generally results in fibrous ankylosis. If correc¬ 
tion of deformities was not achieved by timely and 
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Figs 15A to C: Follow-up radiographs of a young engineer who was treated by antitubercular drugs, traction and active assisted 
exercises 8 years ago (A) for early tuberculous arthritis of right hip joint. The patient has maintained the healed status (B) with 
70 % function of the joint. The recent radiograph (C) shows slight diminution of the articular cartilage space and almost normal 
texture of bones 


appropriate treatment (traction, splintage or operation), 
the ankylosis is in a bad position of flexion and adduction. 
The diseased limb may show gross shortening a few years 
after the treatment. This is usually the resuit of gross des¬ 
truction of hip bones, damage to proximal fémoral physis, 
and occasionally prématuré fusion of distal fémoral 
physis if the limb has been immobilized for more than 
one year. 6 

Active disease during growing âge may interfère with 
the blood supply of the epiphysis of fémoral head giving 
rise to radiological picture resembling Perthes' disease 
(Figs 8 and 16). Some of these cases may be associated 
with a tuberculous cavity situated in the fémoral neck. 
The fémoral head then passes through the typical phases 
such as metaphyseal osteoporosis, diminution of the 
vertical height of the capital fémoral epiphysis, increased 
density, fragmentation, collapse of the proximal segment, 
and development of coxamagna with healing. Such 
patients require to be treated like Perthes' disease with 
simultaneous coverage by effective antitubercular drugs. 

Management 

Ail patients during active stage are treated by triple drug 
therapy, and traction to correct the deformity if présent 
and to give rest to the part. In the presence of abduction 
deformity, for better control of the pelvis bilateral traction 
is mandatory otherwise traction to the deformed limb alone 
would increase the abduction deformity further. Traction 
relieves the muscle spasm, prevents or corrects deformity 
and subluxation, maintains the joint space, minimizes the 



Fig. 16: Radiograph of a child with tuberculosis of left hip joint. 
One can appreciate diminished joint space, indistinct joint 
margins, latéral subluxation of fémoral head, avascular 
(Perthes type) capital fémoral epiphysis and cavities in the 
fémoral neck (stage IV) 


chances of development of migrating acetabulum and 
permits close observation of the hip région. Any palpable 
cold abscess may be aspirated with instillation of 
streptomycin with or without isoniazid. 
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Figs 17A to C: Advanced tubercular arthritis of left hip joint (stage III) without subluxation. The patient was treated by antitubercular 
drugs, traction in the initial 4 months, répétitive active assisted exercises and protection of the left hip joint. Note remineralization 
and reconstitution of the joint space (A) 1985, (B) 1986, (C) 1987. She obtained a painless mobile joint with 60 % rétention of 
movements of the joint in the functional range 


If there is favorable clinical response the same treat- 
ment should be continuée!. In cases which do not hâve 
gross ankylosis, active assisted movements of the hip are 
started as soon as the pain has subsided. The hip 
mobilization exercises are gradually increased 5 to 10 
minutes every hour during the period the patient is awake, 
and within the limits of tolerable pain. With the traction 
applied, the patient may be progressively encouraged to 
sit and touch his/her forehead to the knee, sitting in 
squatting position and putting the thigh in abduction and 
external rotation. Usually, after 4 to 6 months of treatment, 
the patient may be permitted ambulation with suitable 
caliper and crutches. The ambulation should be 
nonweight bearing for first 12 weeks and partial weight 
bearing for the next 12 weeks. Nearly 12 months after the 
onset of treatment crutches or caliper may be discarded. 
Unprotected weight bearing is usually permitted after 18 to 
24 months after the start of treatment. Excellent results are 
obtained by the above nonoperative régime in majority of 
cases of synovial disease, in many cases with early arthritis 
(Figs 10, 15 and 17), and in some cases of advanced 
arthritis (Figs 7,10,12,17 and 18). 

With the employment of effective anütubercular drugs, 
destruction of more than half of the articular surface is not 
always incompatible with a useful range of joint motion 
(Hodgson and Fang, 1981), therefore, decision to perform 
arthrodesis should not be made in a hurry. If the response 
to nonoperative treatment is unfavorable, one should 
perform synovectomy or debridement of the diseased joint 
as needed. Occasionally, on opening the hip joint, the 
disease may be more advanced than anticipated. When 
the disease is well under control, protected ambulation is 
started 3 to 6 months after the operation. 

In advanced arthritis the usual outcome is gross fibrous 
ankylosis. The traction régime and functional exercises in 
the initial stages help to overcome the deformities and 
permit assessment regarding the rétention or return of any 


useful range of motion. Once gross ankylosis is anticipa¬ 
ted and accepted, the limb should be immobilized with 
the help of a plaster hip spica for about 6 to 9 months. The 
idéal position for ankylosis of hip joint in adults is neutral 
between abduction and adduction, 5 to 10 degrees of 
external rotation, and flexion depending upon âge 
(between 10 degrees in children and 30 degrees in adults). 
About 6 months after onset of the treatment or the 
application of hip spica whichsoever is earlier, partial 
weight bearing should be started first in a single hip spica 
(for about 6 months), and later on with the help of caliper 
and crutches for nearly 2 years. 

In an analysis of results of traction régime for tubercular 
arthritis, Sandhu (1983) reported healing of disease in 98% 
of cases. Of the 41 patients, 40 had healed with rétention 
of appréciable range of movements; the average range was 
flexion 69 degrees, abduction 22 degrees, adduction 19 
degrees, external rotation 22 degrees and internai rotation 
24 degrees. One patient who had secondary infection 
ended up in bony ankylosis. In 5 patients corrective 
osteotomy was indicated for unacceptable deformity. 

Management in Children 

In children with arthritis, the deformity and subluxation/ 
dislocation are corrected or minimized by employing 
traction. Rarely one may require correction of the deformity 
by applying plaster under general anesthésia with or 
without adductor tenotomy. Failure to achieve correction 
of gross deformities and minimization of subluxation/ 
dislocation in children warrants open arthrotomy, 
synovectomy and debridement of the diseased joint and 
improvement of displacement. Arthrodesis of the grossly 
destroyed hip joint or excisional arthroplasty in children 
should be deferred till the completion of growth potential 
of the proximal fémur. Children presenting with disease 
healed with gross deformity (flexion more than 30 degrees. 
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Figs 18A and B: At the âge of 18 years this young lady was 
treated by traction, exercises, and antitubercularchemotherapy. 
The disease healed and she obtained a painless, stable and 
mobile hip joint. Having enjoyed the ability of sitting cross- 
legged and squatting for 22 years, she has now reported for 
pain in the hip joint due to secondary degenerative changes. 
The recent clinical examination revealed range of flexion of 
hip joint from 0 to 90 degrees, the radiographs revealed a 
wandering acetabulum, diminshed joint space, spheroidal 
uncovered fémoral head and secondary degenerative change 
in the left hip joint at 40 years of âge 


adduction more than 10 degrees or abduction more than 
10 degrees) require an extra-articular corrective osteotomy 
to enable them to walk better till they reach skeletal 
maturity. 

Indications for Surgical Treatment 

If the response to conservative treatment is not favorable 
or the outcome is unacceptable, the following sélective 
operative procedures are useful and hâve stood the test of 
time. 

Osteotomy: Patients presenting with sound ankylosis in 
bad position require upper fémoral corrective osteotomy. 
Sometimes an unsound (fibrous painful) ankylosis in a 
bad position becomes an osseous fusion (sound painless) 
by a high fémoral corrective osteotomy. This operation is a 
simple extracapsular procedure and can be done at any 
âge. The idéal site for corrective osteotomy is as near the 
deformed joint as possible. 

Arthrodesis: Before the availability of effective antitubercular 
drugs orthopedicians perform an extra-articular fusion. 
Bone grafts were used to bridge the gap between the 
ischium and fémur (ischiofemoral arthrodesis, Fig. 20) or 
between the ilium and fémur (iliofemoral arthrodesis). With 
modem drugs, however, direct intracapsular fusion is 
favored between the rawed surfaces of fémoral head and 
the acetabulum. Classically, this operation is indicated in 
an adult presenting with unsound (painful fibrous) 
ankylosis with active or healed disease. 'This procedure 
should be deferred so long as the bones of the hip joint 
hâve any growth potential. Young adults with sound bony 
ankylosis in functioning position learn to adopt themselves 
for active life (Figs 5 and 6). However, one has to resort to 
chair and commode toilet System. 

Excisional arthroplasty: In the Indian subcontinent, Japan, 
China, South East Asia and Middle East, majority of people 
do not like to accept a stiff hip joint. In these countries, 
squatting, sitting cross-legged, and kneeling are essential 
socioeconomic activities. Girdlestone's excision, (Figs 19 A 
to J and 20) arthroplasty can be safely carried out in healed 
or active disease after the completion of growth potential 
of bones of the hip joint. This procedure provides a mobile, 
painless hip joint with control of infection and correction 
of deformity (Figs 11 and 19). However, some degree of 
shortening (3.5 to 5 cm) and instability is unavoidable. On 
an average, there is an addition of 1.5 cm to the preoperative 
shortening. Application of postoperative traction for 
3 months minimizes shortening and gross instability (Tuli 
and Mukherjee 1981). 

We hâve observed 80 patients of tuberculous arthritis 
of hip joint treated by a mobilization procedure (by excision 
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Figs 19A to J: Composite picture of a patient of excision arthroplasty of right hip joint 5 years after the operation, showing the 
radiological appearance and functions of the joint. The excised fémoral head (inset C) shows the subchondral bone denuded 
of the articular cartilage. The remnant small patch of articular cartilage is showing the pock-marked appearance. (A) soon after 
surgery, (B) 5 years after surgery (D to J) various activities performed by the patient at 5 years postoperative follow-up (Adapted 
from 1981 ;JBJS 63B:29-32) 


arthroplasty) for a period of 2 to 9 years. With the 
employment of effective antitubercular drugs, chances of 
recrudescence are no more in such patients than in those 
who obtained sound ankylosis. Ninety percent of our 
patients were able to squat and kneel (Fig. 19), 85% were 
able to sit cross-legged, 60% were able to stand on the 


operated extremity unsupported, 90% were able to lift the 
limb straight against gravity, almost ail were able to climb 
up the stairs using a walking stick, 5% of patients required 
a change to newer drugs for control of their infection. With 
long follow-up radiologically there was improvement in 
bone texture and remodeling of the bones of the false joint 
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Figs 20A and B: Gross appearance of the excised fémoral head of a case. The articular cartilage is destroyed and eroded at 
many places, loose tags of the cartilage are hanging (in the view on right), subchondral bone shows cobbled appearance, the 
head is flattened and deformed 


(Fig. 19). Eleven percent of patients did not feel satisfied 
with the resuit because of development of reankylosis of 
the joint. No patient was made worse. We would safely 
recommend excision arthroplasty for active or healed 
tuberculous arthritis in adults without any appréhension 
of increased incidence of réactivation of the infection. For 
a long time it was considered that the most successful 
treatment for tuberculosis of the hip joint was to achieve a 
Sound bony fusion lest any mobility should cause 
réactivation (Girdlestone 2 1950, 1965, Mukhopadhyay 3 
1956) of the disease. There are exponents even today 
(Adjrad and Martini 1987), who noted a favorable response 
to antitubercular chemotherapy in ail their 40 patients but 
treated their patients by obtaining a sound ankylosis or by 
operative arthrodesis. 

Stage of Disease and Operative Procedure' 

1. In synovial stage : If the disease is not responding 
favorably or the diagnosis is uncertain, arthrotomy and 
synovectomy should be carried out. In a similar clinical 
response in early arthritis, in addition to synovectomy 
removal of loose bodies/rice bodies, débris, pannus 
covering the articular cartilage, loose articular cartilage 
and careful curettage of osseous juxta-articular foci 
should be carried out (joint clearance or joint 
debridement). Postoperatively triple drug therapy, 
traction, intermittent active and assisted exercises 
should be continued for 4 to 6 weeks. Ambulation with 
suitable braces and crutches should be started 
(according to the timetable as mentioned above) 3 to 6 


months after the operation depending on the control 
of disease. 

2. With advanced arthritis: With or without dislocation: 
subluxation, it is unlikely that the joint would attain a 
healed status with rétention of good range of 
movements. However, with the modem effective 
antitubercular chemotherapy and employment of 
traction régime, it is surprising how some cases 
maintain good functional range of movements (Figs 7, 
10,12,17 and 18), and therefore, ankylosis should not 
necessarily be the aim. Some of these patients may report 
back with pain due to secondary osteoarthrosis after 
having enjoyed many years of useful mobility of the 
hip (Figs 15 and 18). 

3. When ankylosis is the aim or the expected resuit in a 
patient with growth potential, the hip should be 
immobilized during early stage of treatment in slight 
(10 to 15 degrees) abduction because with fibrosis 
during convalescence and healing, there is a tendency 
towards adduction. A few degrees of flexion deformity 
of the hip joint must be added, one degree for each year 
of life up to a maximum of 30 degrees. The younger the 
spine the more mobile and adaptable it is to compensate 
for loss of movements at the hip joint. 

4. In healed status of disease: Operations may be indicated 
in certain patients. Depending on the socioeconomic 
status of the patient and facilities available, foliowing 
alternatives are available: (i) upper fémoral corrective 
osteotomy to correct severe flexion-adduction 
deformity, (ii) upper fémoral displacement cum 
corrective osteotomy in a case of fibrous ankylosis with 
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Fig. 21: Diagrammatic représentation of Brittain's extra-arti- 
cular operation for tuberculous disease of the hip joint. The 
upper fémoral osteotomy corrected any fixed deformity of the 
hip joint. The free-bone-graft was fitted between the osteotomy 
and a slot in the ischium 

gross deformity to correct the deformity and hopefully 
to convert fibrous ankylosis to bony fusion, 
(iii) conversion of a painful ankylosis to a sound 
arthrodesis by intra-articular or extra-articular or 


panarticular arthrodesis of the hip joint, and 
(iv) conversion of an ankylosed hip to a mobile State by 
Girdlestone's type excisional arthroplasty or by total 
joint replacement in selected cases. 
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INTRODUCTION 

The knee joint is the largest joint in the body having the 
largest intra-articular space. It is the third common site for 
osteoarticular tuberculosis and accounts for nearly 10% 
of ail skeletal tuberculous lésions. 

PATHOLOGY 2 

The initial focus occurring by hematogenous dissémi¬ 
nation may start in the synovium, or in the subchondral 
bone (of distal fémur, proximal tibia or patella), or as a 
juxta-articular osseous focus. The synovial lésion may for 
many months remain purely as tubercular synovitis. The 
synovial membrane gets congested, edematous and 
studded with tubercles. The naked eye examination reveals 
a pinkish-blue or pinkish-gray appearance. The synovial 
lining which is usually a single cell layer in thickness 
becomes hypertrophied and thickened with granulation 
tissue. The joint fluid in the initial stages is increased, 
serous, opalescent, turbid, yellowish and may contain 
fibrinous flakes. In advanced stage of the disease, tuber¬ 
culous process becomes osteoarticular. The tuberculous 
granulation tissue like the pannus erodes the articular 
margins, destroys the bones, and involves the cruciate 
ligaments, periarticular tissues, capsule and ligaments. 
As a rule osseous érosion by the pannus starts at the site of 
synovial refléchons, i.e. at the margins of the articular 
cartilage, and the capsular attachments. The pannus may 
erode the margins of the articular cartilage, grow between 
the articular cartilage and the subchondral bone thus 
detaching the cartilage from the bone, and may grow over 
the articular cartilage as a sheet of granulation tissue 
(Fig. 1). Flakes of articular cartilage may sequestrate and 
lie free in the joint cavities. Nutrition of the articular 
cartilage is thus interfered. It looses its smooth glistening 
appearance, there may be fibrillation of its surface, it 


becomes roughened, pitted and softened, or érosion of the 
cartilage exposes the subchondral bone like pock-marks. 

In cases which start as osseous lésions, there may be 
tuberculous abscess in the subchondral bone, epiphyseal 
bone, or in the metaphyseal région usually in children 
(Fig. 2) leading to various degree of destruction of bone. 
Abscesses in the epiphyses and metaphyses may 
sometimes be seen traversing the epiphyseal cartilage plate 
giving an appearance of a lésion sitting astride the physis 
(Fig. 2). The initial tubercular focus may start in the meta- 
physis in children or the juxta-articular bone in adults. 

As the disease advances, large areas at pressure points 
show osseous destruction, and the whole joint is filled/ 



Fig. 1 : Intraoperative photograph of the right of knee joint with 
advanced tuberculous arthritis and active disease. Note gross 
destruction of articular cartilage, érosion of subchondral bone, 
atténuation of anterior cruciate ligament and médial semilunar 
cartilage and nodular appearance of the thickened synovium 
on the médial side 
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Figs 2A and B: Tuberculosis of the distal end of fémur (A) which has spread to the knee joint. There is a classical tuberculous 
cavity sitting astride the epiphyseal cartilage plate of fémur, the cavity contains a few feathery séquestra. Radiograph (B) of the 
same patient 11 years after treatment by drugs, traction and répétitive knee exercises. The patient retained the healed status of 
the disease and full range of painless mobility with excellent stability till his last follow-up 


obliterated with granulation/fibrous tissue, capsular 
apparatus and ligaments are disrupted, and the joint gets 
a triple dislocation (triple deformity), i.e. flexion of joint, 
posterior subluxation, latéral subluxation and latéral 
rotation, and abduction of tibia (see Fig. 3 on Chapter 35, 
and Fig. 5 on Chapter 40) (Fig. 3). 

CLINICAL FEATURES 

The onset and course are insidious with usual systemic 
and local features of tuberculous disease. The knee shows 
swelling, filling up ail parapatellar fossae appreciated 
earliest in médial parapatellar fossa, suprapatellar pouch, 
and even popliteal fossa (Figs 2 and 10 on Chapter 40). 
The swelling is warm, patellar tap is présent if the swelling 
is predominantly due to the synovial effusion, the 
thickened synovium gives a boggy (doughy or semielastic) 
feel and can be rolled between the fingers and the 
underlying fémur. It is best palpated on the médial side of 
knee because vastus medialis remains muscular up to its 
insertion to patella and gets waisted early. Muscles on 
latéral side are aponeurotic, and these are covered by thick 
iliotibial band. The skin may be stretched and blanched 
giving the appearance of a white swelling (tumor alba), 
and is edematous. Tenderness to pressure is most marked 
at the synovial reflections and along the joint line. In the 


synovial disease, for a long time there may be only terminal 
restriction of movements (Fig. 10 on Chapter 40). When 
arthritis has set in, the movements are grossly restricted, 
painful and accompanied by muscle spasm (particularly 
of hamstrings). Quadriceps muscles show gross wasting 
and there is régional lymphadenopathy. In neglected cases 
due to the spasm and contracture of hamstrings 
particularly the biceps femoris, the leg is pulled into a 
deformity of flexion, postérolatéral subluxation, external 
rotation and abduction (Figs 3 on Chapter 35, Fig. 5 on 
Chapter 40). Once the flexion deformity is established, the 
tensor fascia lata through iliotibial band further accentnates 
the deformity. Posterior capsule of the knee joint gets 
contracted in cases of long-standing. Complications from 
prolonged immobilization employing up to groin plaster 
cast or hip spica for one year or more, which should not 
now occur, included prématuré fusion of physes around 
the knee (frame knee) on the affected side. In the growing 
child, transient limb lengthening due to chronic 
juxtaphyseal hyperemia may be observed in some cases. 

Roentgenograms, like other joints, in the synovial stage 
show generalized osteoporosis, and increased soft tissue 
swelling caused by synovial effusion, and thickened 
synovium and capsule. As arthritis sets in the radiographs 
reveal loss of définition of articular surfaces, marginal 
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Figs 3A and B: Advanced tubercular arthritis (stage IV) of the knee joint with triple displacement (i.e. latéral and posterior 
subluxation and latéral rotation). Note gross diminution of the joint space, irregularity of articular margins and a coke-like 
sequestrum contained in a cavity in the latéral fémoral condyle. There are destructive kissing lésions in the latéral and médial 
compartments of the joint. These are the radiographs done one year after the treatment, therefore, the joint margins are quite 
Sharp. The joint aspirate had grown mycobacteria. The patient was a physician, he refused to get an arthrodesis, however, by 
antitubercular drugs and functional treatment he obtained a healed status with painless range of movements from 10 to 90 
degrees. With an above the knee caliper he continued his normal activities for 15 years when he died of unrelated cause 


érosions, diminution of the joint space and destruction of 
the bones forming the joint (Figs 2 and 3). In advanced 
stage of arthritis, marked diminution of the articular space, 
gross destruction and deformation of bone ends, osteolytic 
cavities, tubercular séquestra and triple deformity may be 
seen (Figs 4 and 5). 

DIFFERENTIAL DIAGNOSIS 

Tuberculosis of the knee requires différentiation from other 
monoarticular affections, such as rheumatic arthritis (in 
children), chronic traumatic synovitis due to chronic 
internai dérangement of knee, e.g. meniscal tears, loose 
bodies, osteochondritis dissecans, chondromalacia 
patellae, diskoid semilunar cartilage, etc., rheumatoid 
arthritis (in adults), subacute pyogénie arthritis/synovitis, 
hemarthrosis, dysenterie arthritis, villonodular synovitis. 


synovial chondromatosis, synovioma, hamartoma/lipoma 
arborescence, juxta-articular (Fig. 6) osseous lésion 
(leading to irritable joint), etc. Careful history, examination 
and investigations help to arrive at correct diagnosis in 
majority (S Hoffman EB, Allin J, Compbell JAB, et al). 5 In 
doubtful cases biopsy for histological and microbiologi- 
cal investigations is mandatory (Schumacter HR). 3 In any 
persistent swelling of the knee of insidious origin 
possibility of tuberculous pathology must be entertained, 
otherwise they would be treated as rheumatoid disease 
(Su 2 1985). Inadvertently given intra-articular steroids may 
flare up the inflammatory signs in a case of tuberculous 
joint. Fine-needle aspiration cytology and/or a needle 
biopsy of the thickened synovium (Fig. 7) or an enlarged 
lymph node, or a core biopsy of an osseous lésion are some 
of the semi-invasive outdoor procedures available these 
days to reach the final diagnosis. 
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Figs 5A and B: An advanced case of tubercular arthritis of knee joint managed by functional treatment and followed up for 12 
years. Despite irregular joint surfaces the patient maintained a stable, nearly painless and fairly mobile (5 to 50 degrees) knee 
joint. The radiographs show a healed status with incongruous congruity 
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Fig. 6: Tuberculosis of proximal pôle of patella without involvement of the knee joint. By antitubercular 
drugs and the functional treatment, the destroyed area in the patella was spontaneously reconstituted 
within one year, the knee joint did not get affected, and the patient made a complété radiological and 
functional recovery 



Fig. 7: A diagrammatic représentation showing the technique 
of obtaining a piece of inflamed/thickened synovial membrane 
using a trochar with a catch at its terminal part. The tissue is 
best obtained from the suprapatellar pouch 

PROGNOSIS 

With the modem methods of management, the functional 
results are directly related to the extent of disease at the 
onset of antitubercular drugs (Lee et al 1995). In the stage 
of synovitis, nonoperative (or operative when indicated) 
treatment often results in complété healing with an 


excellent range of movements. In advanced arthritis, severe 
restriction of motion is inévitable, therefore, arthrodesis 
(in adults) in functioning position (5 to 10 degree of flexion) 
may be the method of choice. In early arthritis (when a 
patient has been managed by functional treatment), a 
reasonable range of movements in the functional arc may 
be the outcome in many cases. The patient may continue 
to hâve a painless and a fairly mobile joint (Figs 2, 3 
and 5) for many years (5 to 12 years). Arthrodesis in such 
cases should be deferred to when the joint becomes painful 
and starts losing movements due to early degenerative 
arthrosis (Fig. 8). 

TREATMENT 

Nonoperative treatment with antitubercular drugs is 
employed in tubercular synovitis and in children. Traction 
is applied to prevent (or correct) flexion and subluxation 
deformity, and to keep the joint surfaces distracted. In 
addition to the systemic drugs, the joint may be aspirated 
(when accompanied by excessive effusion) and 
streptomycin and isoniazid in solution may be instilled 
intra-articularly once weekly. With the quiescence of acute 
local signs, gentle active and assisted knee bending 
exercises should be carried out intermittently for 5 to 10 
minutes each half to one hourly. Usually, after 12 weeks of 
treatment, the patient may be permitted ambulation with 
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Figs 8A to D: A Sarvodaya social worker presented with advanced tubercular arthritis of right knee. The disease healed (A, B) 
under the influence of antitubercular chemotherapy with a mobile joint (5 to 90 degrees). The pain on prolonged walking, 
however, interfered with his profession. After 2 years of waiting and trial, he accepted Charnley's compression arthrodesis 
(C,D). He was treated 12 years ago for tuberculous infection of fifth toe thereafter he remained free from any clinical disease. 
The fresh disease in the knee was probably precipitated because the patient now developed diabètes 


suitable caliper and crutches. After 6 to 12 months of 
treatment in cases with favorable response, the crutches 
or the caliper may be discarded. Unprotected weight 
bearing is usually permitted 9 to 12 months after the start 
of treatment. Excellent results are obtained in majority of 
cases of synovial disease. 

In children with arthritis, the deformity and sub¬ 
luxation are corrected/ minimized by employing double 
traction (Fig. 9) or rarely by corrective plasters. Once the 
deformity is maximally corrected, the child can be 
mobilized wearing caliper. Arthrodesis of the grossly 
destroyed knee in children should be deferred till the 
completion of growth potential of the distal fémur and 
proximal tibia. 

Operati ve T reatment 

In synovial stage if the disease is not responding favorably 
or the diagnosis is uncertain even after semi-invasive 
procedures (Fig. 7), arthrotomy and synovectomy should 
be carried out. In early arthritis in addition to synovectomy 
removal of loose/rice bodies, débris, pannus, loose 
articular cartilage, and careful curettage of osseous juxta- 
articular foci should be carried out. Postoperatively triple 
drug therapy, traction, intermittent active and assisted 
exercises, suitable brace ambulation should be continued. 

In adults with advanced arthritis or in cases which 
resulted in painful fibrous ankylosis during the process of 
healing (Fig. 8), the knee joint requires arthrodesis. This 
operation provides a painless stable knee, prevents 



Fig. 9: Diagrammatic représentation showing the application 
of "double traction" in cases of triple deformity of knee joint. 
Correction of such deformities (Chapter 31—Fig. 3 and Chapter 
36—Fig. 5) by wedging plasters would increase the posterior 
displacement further 

recrudescence, corrects deformity, and the patients can do 
long hours of standing and walking. Sufficient bone is 
removed to expose healthy cancellous bone, to overcome 
deformity, and to provide sufficient purchase hold for 
compression devices. Healing of the operative incision after 
synovectomy is seldom a problem. However, operations 
in cases of advanced arthritis often show wound 
dehiscence and sinus formation. This is because in 
advanced disease overlying capsule, subcutaneous tissue 
and skin may be scarred, and may also be affected by the 
disease process. 
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Figs 10A and B: Tuberculosis of left knee joint in this young patient healed with gross limitations of movements. At the âge of 
15 years, the range of knee motions was from 40 to 105 degrees. A supracondylar fémoral osteotomy was performed to bring/ 
transfer the joint movements in the functional arc. Seventeen years after (patient now 32 years), the patient has a painless range 
of movements from zéro to 100 degrees. Note the adaptive changes in the knee 


Charnley 1 (1953), reluctantly recommended com¬ 
pression arthrodesis in tuberculous disease of the knee 
joint in children. He advocated against forceful flexion of 
the knee while operating. He advised great caution in 
clearance of ail destroyed areas and caseous débris, and 
during denuding of the articular cartilage for adéquate 
exposure of the subchondral bone. The compression pins 
(in children passed through the epiphyses) are removed 
around 4 weeks, however, up to the groin plaster should 
be used in the best possible position for 8 to 16 weeks till 
osseous fusion is demonstrable in the radiographs. The 
patient is encouraged to walk 3 to 4 weeks after operation. 
Despite bony fusion the growth at the epiphyseal cartilage 
plates continues. Some patients may develop or show a 
récurrence of flexion deformity which he recommended to 
be corrected by manipulation under anesthésia. So long 
as the growth plate was open, deformity could be corrected 
due to the movement taking place at the epiphyseal plate. 
The least disadvantageous âge for fusion in children is 
above 9 years. 

If the disease has healed with a painless range of 
movement (minimum of 20 degrees) in an unacceptable 


position, a supracondylar fémoral osteotomy may be 
performed to put the residual range of motion of the knee 
in a position that is functional to the patient. It frequently 
results in a mobile joint that is useful for another 10 to 15 
years (Fig. 10). Osteotomy is also occasionally appropriate 
where a varus or valgus deformity is associated with 
relative spacing of one side of the joint and a useful range 
of movement. 
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TUBERCULOSIS OF ANKLE 

Tuberculous disease of the ankle is relatively uncommon. 
The initial focus may start in the synovium, especially in 
children, or as an érosion in the distal end of tibia (see 
Chapter 35, Fig. 4), malleoli (Figs 1 and 2) or talus. Rarely 
tuberculosis of calcanéum may reach the ankle joint after 
involvement of subtalar joint and the talus. The incidence 
of ankle tuberculosis is less than 5% of ail osteoarticular 
tuberculosis (Silva 1 1980, Martini 2 1988). 



Fig. 1: A juxta-articular lytic lésion at the base of médial 
malleolus. Histology proved it to be tuberculous in nature. The 
disease healed with complété restoration of osseous 
architecture and rétention of ankle movements 


Clinical Features 

Pain, limp and swelling are the earliest features. The 
swelling is évident in front of the joint, and there is fulness 
around the malleoli and tendo-Achilles insertion. The 
ankle joint is usually held in plantar flexion. In cases of 
long standing with gross destruction of bones and 
ligaments, the ankle joint may show pathological anterior 
dislocation. Radiologically during active stage, marked 
osteoporosis (Fig. 2) is seen with or without areas of osseous 
érosions or destruction in the bones. Sinus formation with 
concomitant secondary infection is not an unusual feature. 

Management 

The ankle is a complex joint with high degree of weight 
bearing and locomotion. Fortunately, isolated ankylosis 



Fig. 2: Advanced tubercular arthritis of ankle joint. The dis¬ 
ease probably started in the body of talus, however, at présent 
there is destruction and involvement of ankle joint, subtaloid 
joint, lower ends of tibia and fibula, and calcanéum. Note 
marked soft tissue swelling. The expected resuit on healing 
would be sound ankylosis in functioning position 
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of ankle joint causes little or no disability in normal 
activities. A painless ankylosis of the joint in neutral 
position (i.e. plantigrade position) is the aim of treatment, 
which can be achieved in majority of the cases by 
antitubercular drugs and immobilization in a below-knee 
plaster cast. The patient is ambulatory with the help of 
crutches for first 8 to 12 weeks, thereafter guarded weight 
bearing is encouraged with the plaster on. After 6 months, 
one may replace the plaster by an appliance like below- 
knee ankle-foot orthosis with a fixed ankle which is worn 
for 2 years to prevent récurrence of infection and deformity. 
On completion of treatment, out of an unselected group 
nearly 50% would heal with almost full range of move- 
ments, 30% with useful range of pain-free motion, and 
20% with painless gross ankylosis. Patients who had 
secondary infection with gross destruction of joint ended 
up with gross ankylosis or spontaneous osseous fusion 
(Fig. 3). Patients are usually satisfied with a painless ankle 
in neutral position even if there is gross stiffness. 

Operati ve T reatment 

Surgery is indicated for cases that are not responding to 
antitubercular drugs and rest to the part, or when the 
diagnosis is in doubt. Synovectomy with or without joint 
debridement is performed for the stage of synovitis and 
early arthritis. When surgery is indicated for advanced 
disease (Fig. 2) or for painful ankylosis or in the presence 
of pathological subluxation/dislocation, or in case of 
concomitant secondary infection, it is wise to perform 
arthrodesis foliowing the joint clearance. Arthrodesis 
should be restricted to cases with persistent clinical 
disability and never solely for the radiological evidence of 
joint damage (Martini 2 1988; Dhillon, Nagi 3 ). Rarely a 
patient may présent with ankylosis in an awkward 
position, arthrodesis in neutral (plantigrade) position 
should be performed with suitable wedge resection of 
bones. Though the position of choice for fusion is 90 
degrees, some women habituated to wear high heels would 
prefer fusion with 5 degrees of plantar flexion. 

TUBERCULOSIS OF FOOT 1 

The more common sites of involvement are calcanéum, 
subtalar, and midtarsal joints. Sometimes the disease may 
remain limited to the central part of a tarsal bone for a long 
time without extension to the neighboring joints. The order 
of decreasing frequency of such lésions is calcanéum, talus 
(Figs 4 and 5), first metatarsal, navicular, first and second 
cuneiforms, cuboid and others (Dhillon) 3 . Endarteritis of 
the nutrient artery in such lésions is common, and many 
would show a cavity with or without a typical coke-like 
sequestrum on the radiographs (Fig. 6). Once the intertarsal 



Fig. 3: Spontaneous bony fusion of tuberculosis of the ankle 
joint in a case who had discharging sinuses at présentation. 
The patient was treated by plaster immobilization and drugs 



Fig. 4: This child was treated 4 years ago by antitubercular 
drugs, splintage in plantigrade position, and répétitive active 
and assisted exercises of the ankle. Clinically, at présent the 
patient has a healed status and is fully active. The présent 
radiographs show a flattened dôme of the body of talus, and 
ill-formed talar head and its trabeculae. The ankle and subtaloid 
joints show reduced cartilage space. Latéral part of the lower 
end of tibia shows a clean defect. It is expected that this young 
patent will continue to hâve a painless mobile ankle and foot 
for many years 
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Fig. 5: Histologically proved tuberculosis of tarsal bones in a young girl of 6 years. The disease healed 
under the influence of antitubercular chemotherapy. However, at 12 years of âge she reported again with 
recrudescence of disease. Note deformed latéral cuneiform bone and cavitations in the cuboid 



Fig. 6: Tuberculosis of second metatarsal showing a coke- 
like sequestrum in a cavity in the metatarsal head 

joint is involved from the synovium, or from the super- 
ficial lésions of tarsals or pénétration from the deeper 
lésions, the tuberculous process spreads rapidly to many 
parts because of intercommunicating synovial channels 
or cavities of these joints. Isolated lésions of one joint or 
one tarsal or metatarsal bone are exceptions. In general 
the symptoms are less pronounced, therefore, it is seldom 
that a patient at an early stage of disease reports to the 
hospital. 

Diagnosis 

Diagnosis is easily made by the presence of pain, swelling, 
tenderness and cold abscess/ sinuses. Radiographs reveal 
osteoporosis, areas of bone destruction and cavitation. In 


the initial active disease, it may be difficult to localize the 
lésion because of extensive and intense osteoporosis. Low 
grade pyogénie infection and rare granulomatous 
conditions (mycosis, brucellosis, sarcoidosis, etc.) hâve to 
be considered in differential diagnosis. 

Management 

Conservative treatment with below-knee plaster cast or a 
below-knee ankle-foot orthosis with a fixed ankle com- 
bined with antitubercular drugs is as a rule effective in a 
majority. As the healing progresses, spontaneous bony 
fusion may occur in the involved joints especially in cases 
with superadded infection (Fig. 3). Surgical excision of a 
large isolated osseous lésion (e.g. in calcanéum) to prevent 
involvement of adjacent joints, or debridement and 
curettage may be indicated in nonhealing lésions. 
Resection of a destroyed or sequestrated phalanx or 
metatarsal may be required only in rare cases (Martini 2 
1988). If surgical treatment be indicated in a joint 
involvement, the operation should be combined mith 
deliberate arthrodesis. If talocalcaneonavicular joints are 
involved, a standard triple arthrodesis is necessary. If 
involvement is of ankle, subtaloid and midtarsal joints 
concomitantly, pantalr arthrodesis is justified. Whenever 
the diagnosis is in doubt, the diseased tissue should be 
obtained for microbiological and histological studies by 
core biopsy or by open biopsy. Once the disease is healed, 
the gait and function for normal activities are not restricted. 
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INTRODUCTION 

Tuberculous disease of the shoulder is rare constituting 
nearly 1 to 2% of skeletal tuberculosis. It is more frequent 
in adults and the incidence of concomitant pulmonary 
tuberculosis is high. The disease originates in the head of 
the humérus, glenoid of the scapula, or rarely from the 
synovium. It is extremely uncommon for the disease to 
présent at the stage of synovitis. Painful limitations of 
abduction and external rotation occur early, and there is 
marked wasting of the deltoid, supraspinatus and other 
muscles. As the disease progresses, there is marked 
destruction and atrophy of upper end of the humérus and 
glenoid (Figs 1 and 2) and the shoulder undergoes fibrous 
ankylosis. The common variety is a dry atrophie form 
(caries sicca), very rarely there may be swelling and cold 
abscess or sinus formation presenting in the deltoid région, 
along the biceps tendon, in the axilla or in the supra- 
spinous fossa. In unattended cases, the scapulohumeral 
muscles contract, pull the humerai head against the glenoid 
and fix the shoulder in adduction (see Chapter 35, Fig. 9) 

While making observations 4 (during 1977-88) on 
osteoarticular tuberculosis in children, Srivastava 2 and 
Singh (1987) found only one case of tuberculosis of 
shoulder (aged 16 years) amongst 104 patients below the 
âge of 18 years. During the last three décades, tuberculosis 
of the shoulder has been rarely reported Tang et al 3 1983, 
Martini 1988, Antti-Poika 1991. At the présent time 
tuberculosis occur s almost exclusively in adults. Ail the 
patients reported by Martini were more than 20 years, and 
half of his patients were older than 60 years. Though dry 
type of lésion is the common variety, in our institution 
one-third of the patients were observed to hâve abscess 
formation with or without sinuses. 

A case of adhesive capsulitis (frozen shoulder or 
periarthritis) with a coexisting pulmonary tuberculosis 
may be misdiagnosed as "caries sicca". Rheumatoid 


arthritis of the shoulder joint usually présents with marked 
soft tissue swelling and synovial effusion. Whenever there 
is doubt about the diagnosis, the proof should be obtained 
by subjecting the biopsy of the diseased tissue to 
bacteriological mid histological examination. 

Radiologically generalized raréfaction of bones is 
présent with varying degree of érosion of articular margins 
or actual destruction of upper end of humérus or the 
glenoid. In the absence of sinus formation little periosteal 
reaction is seen. In advanced cases, inferior subluxation 
of the humerai head may occur (Fig. 1). 



Figs IA and B: Radiographs of a patient with active 
tuberculous disease of right shoulder: (A) was the appearance 
in June 1988, and (B) in February 1989. Localized osteoporosis, 
cloudy appearance of the glenoid and humerai head, fuzzy 
articular margins, destruction of the humerai head, and patho- 
logical subluxation of the joint (B) are obvious. The patient had 
discharging sinuses along the anterior border of deltoid muscle 
in the course of biceps tendon. The patient was on no treatment, 
note the détérioration in 7 months 
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Figs 2A to E: Clinical picture of tubercular arthritis of right shoulder treated by 
antitubercular drugs and abduction frame. Note (A) marked wasting of deltoid, supra- 
spinatus and infraspinatus muscles, (B and C) nearly 80 degrees of functional 
abduction and very useful external rotation, (D) internai rotation and adduction to 
reach face and opposite shoulder, and (E) partial capability of reaching the back of 
the trunk 


Management 

In addition to the general treatment for skeletal tuber¬ 
culosis, the shoulder is immobilized by the plaster 
shoulder spica in 70 to 90 degrees of abduction, 30 degrees 
forward flexion and about 30 degrees of internai rotation 
(saluting position) to encourage ankylosis of glenohumeral 
articulation in functioning position. After initial 3 months, 
the plaster spica may be replaced by an abduction frame 
in the same position. Once the patient is being nursed on 
an abduction frame, répétitive active assisted movements 
of the shoulder are encouraged. 


As a rule sufficient compensatory movements develop 
at the scapulothoracic articulation to permit ail routine 
activities (Figs 2 and 3). Some patients with active lifestyle 
may develop symptomatic secondary osteoarthrosis 
during their middle-age (Fig. 3). Generally, a sound fibrous 
ankylosis of the shoulder is obtained with a fair range of 
painless motion retained. Being a nonweight bearing joint, 
a sound fibrous ankylosis is acceptable. If the ankylosis is 
painful or the disease is uncontrolled or in case of 
récurrence, an operative arthrodesis of the shoulder in 
optimum position is carried out. Mobilization procedure 
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Fig. 3: A young man was treated for tuberculosis of the shoulder 
joint about 25 years ago. The disease had healed by drugs 
and splintage in abduction frame. He leads an active life as a 
traveling salesman. Now at 41 years, he started having dull 
pain in the shoulder and the radiograph showed a healed 
status with secondary degenerative changes in the joint 

on the principles of excisionarthroplasty may be 
considered under exceptional circumstances. 

Response to chemotherapy and splintage is as a rule 
favorable. In some cases, one may hâve to change to newer 


antitubercular drugs. Of the 12 shoulders treated by 
Martini 1 et al 1986, abduction obtained was less than 60 
degrees in 3 cases, and 60 degrees or more in the remainder. 
One patient treated by excision did not gain more 
movement than others who were treated conservatively. 
Tang and Chow 1983, described 5 patients treated by 
chemotherapy alone. Ail achieved a healed status with 
satisfactory mobility of shoulder. Return of movements in 
the elderly is less (Fig. 2) as compared to younger patients, 
and in general external rotation remains limited beyond 
20 degrees. During a period of 25 years in 3 patients, we 
had to revise the clinicoradiological diagnosis of 
tuberculosis of shoulder to neuropathie joint, villo-nodular 
synovitis and rheumatoid disease in one case each. 
Arthrodesis of shoulder is now indicated extremely rarely 
only as a salvage procedure for disease that may leave an 
unstable and painful joint. 
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INTRODUCTION 

Tuberculous disease of the elbow constitutes nearly 2 to 
5% of ail cases of skeletal tuberculosis. The disease 
commonly starts from the olecranon or the lower end of 
humérus, sometimes the onset is synovial or from the upper 
end of radius. In developing countries, the diagnosis can 
be readily made on clinicoradiological bases. When in 
doubt the diagnosis requires to be confirmed by examina¬ 
tion of the diseased tissue (Parkinson 3 1990). 

The onset is generally insidious accompanied by pain, 
swelling and limitation of movements of the joint. In active 
stage the joint is held in flexion, looks swollen (Fig. 1), is 
warm and tender. Swelling is maximally appreciated at 
the back of the elbow on both sides of olecranon and the 
triceps Insertion. Movements are accompanied by pain 
and muscle spasm. Marked waisting of arm and forearm 
muscles is obvious. In our institution, one of the consecutive 
44 patients of tuberculous infection of elbow had bilateral 
involvement (Srivastava 4 1983). Supratrochlear and/or 



Fig. 1 : A 50-years old lady had involvement of right elbow and 
left wrist joint. Apparently the disease looked like multifocal 
tuberculous arthritis 


axillary lymph nodes are enlarged in nearly one-third of 
the patients. Sinuses connected with the joint may form 
rarely. Nearly, 5% of cases may présent at a stage when 
the disease is synovial. Because of gravity the involved 
elbow joint may sometimes be held in extension. 

Radiologically areas of destruction can be seen 
commonly in the olecranon and/or lower end of humérus 
(Figs 2 and 3). During active stage bones of the joint show 
generalized demineralization and fuzziness of joint 
margins. The changes in the radiographs may not be 



Fig. 2: Tuberculosis of the elbow showing slight irregularity of 
the articular margins, soft tissue swelling around the elbow, a 
lytic lésion in the olecranon and mild subperiosteal bone for¬ 
mation on the distal humérus. The disease probably origina- 
ted from the olocranon. The range of motion at présentation 
was 10 to 90 degrees of flexion 
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Figs 3A and B: Tuberculosis of the elbow showing lytic lésions in the latéral condyle of 
humérus, upper part of ulna and radius. Joint space is markedly reduced and there is 
some new bone formation on the médial side of ulna, probably a resuit of superimposed 
infection 



Figs 4A and B: Clinical photographs of the same patient as in Figure 3. The patient was treated by removable posterior splint, 
répétitive active and assisted exercises in conjunction with antituberculous chemotherapy. The ulcer (abscess drained outside) 
and disease healed by 12 months with the range of movements from 30 to 120° 


consistent with the degree of loss of movements (Figs 2 
and 4). Some patients with or without sinuses may show 
subperiosteal new bone formation (Fig. 2 and Chapter 47— 
Fig. 1) on the upper part of ulna (resembling spina ventosa), 
lower humérus or upper radius. Rarely due to marked 
destruction of ligaments and bone, the elbow, may develop 
a pathological posterior dislocation. In early stage of 
disease the clinicoradiological features resemble any 
inflammatory condition. Whenever there is doubt in dia- 
gnosis, examination of the diseased tissue is impérative. 


Management 

In addition to general treatment and systemic anti- 
tubercular drugs the elbow is given rest in the best 
functional position. In a unilatéral case 90 degrees of 
flexion and midprone position of the forearm is advisable. 
If a patient with active disease présents with the elbow in 
extended or any awkward position, the joint should be 
gradually brought to neutral position by change of plaster 
at weekly intervals or by change of position under light 
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Figs 5A to D: Radiographs of an adult suffering from tuberculosis of right elbow. (A) at the time of présentation, (B) one year after 
antitubercular drugs—note radiological healing of the infection. The elbow, however, achieved fibrous ankylosis with a 10 degree 
range from 80 to 90 degrees. Patient was keen to get a mobile elbow, an inverted-V excision arthroplasty was performed under 
antitubercular drugs umbrella. One year after the operation, the patient obtained a range from 10 to 90 degrees (C,D) 


anesthésia. In the initial stages, one may use a strong 
removable plaster gutter which may be later replaced by 
removable polythene or metallic splint. As soon as the 
pain in elbow permits, active assisted répétitive flexion- 
extension and pronation-supination exercises are started. 
The splint (with the elbow held in 90 degrees and forearm 
in midprone position) is worn for 6 to 9 months in between 
the exercises and at bedtime. After the removal of splint, 
one should avoid overuse of the joint for another 9 to 12 
months. 

Functionally, satisfactory results (Fig. 4) are obtained 
in a large majority with rétention of good range of 
movements in the functional arc of the elbow (Martini et 
al 1,2 1980, 1986; Srivastava 1983; Vohra 5 1995). Results 
are much better in cases of synovial disease, unicompart- 
mental disease, or those of early arthritis. In advanced 
arthritis with involvement of ail compartments of elbow, 
the end resuit is usually a gross fibrous ankylosis. In an 
unselected sériés, nearly 10% of cases would end up in a 
healed State with a range of movements that is less tha n 
20 degrees. Of the 30 patients treated by a regimen of 
splintage, modem antitubercular drugs, and active 
répétitive exercises Martini and Gottesman (1980) 2 
obtained spontaneous bony fusion in 10 (cases with 
advanced disease), flexion-extension of 20 to 40 degrees 
in the functional arc in 4, functional range between 40 to 


70 degrees in 4, and functional range of more than 
70 degrees in 18 cases. 

Rôle of Operative Treatment 

Excision arthroplasty is justified after the completion of 
growth potential when the disease has healed with the 
elbow in unacceptable position (Fig. 5), or in a case of 
advanced arthritis and gross ankylosis, where one is 
impelled to obtain a mobile joint. At the stage of synovitis 
or early arthritis, in a nonresponsive case or whenever 
diagnosis is uncertain arthrotomy is indicated to perform 
synovectomy with or without joint clearance. Rarely 
arthrodesis of the elbow is justified for heavy manual work. 
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INTRODUCTION 

Tuberculosis of the wrist is a rare localization, which is 
more frequent in adults. The disease may start in the 
synovium but very soon gets disseminated in the whole 
carpus. A patient would rarely présent before the disease 
has progressed to arthritis. Common sites for the primary 
osseous focus are the os capitatum or the distal end of 
radius (Fig. 1). In addition to generalized carpal dissémi¬ 
nation, the disease may spread to the neighboring flexor 
tendon sheaths or in extensor tendon sheaths. Most of the 
workers feel that the concomitant involvement of the flexor 
or extensor tendon sheaths is secondary to the tuberculous 
disease of the wrist. However, tuberculosis of the wrist 
joint secondary to the spread from tuberculous teno- 
synovitis has also been suggested by Martini 2 1988 and 
Leung 1 1978. Abscess and sinus formation, and régional 
lymph node enlargement are common. 

Clinical Features 

Clinical features as usual are pain, limitation of movements, 
swelling, tenderness, and usually a palmar flexion 
deformity. With the extension of disease into the distal 
radioulnar joint, pronation and supination are also limited. 
Further destruction of bones and ligaments leads to an 
anterior subluxation/dislocation at the radiocarpal 
articulation (see Chapter 40, Figs 6 and 7). Enlargement of 
supratrochlear and/or axillary lymph nodes is highly 
suggestive of an infective pathology. A case of mono- 
articular rheumatoid arthritis may strongly resemble 
tuberculosis. Extremely rarely a patient may présent at a 
very early stage when the radiograph may reveal (on 
comparison with the normal wrist) demineralization, 
marginal érosions and slight diminution of the joint space. 
Confirmation of the diagnosis from the diseased tissue is 



Fig. 1: Juxta-articular tuberculous lésion in the distal radius. 
The lytic lésion is sitting astride the physis: (A) there was 
complété resolution, and (B) of the lésion within 12 months by 
the use of antitubercular durgs 


mandatory whenever there is doubt about the nature of 
pathology. 

Management 

The treatment is essentially chemotherapy, correction of 
deformity and splintage of the wrist in 10 to 15 degrees of 
dorsiflexion and forearm in midprone position. Immobi- 
lization in the initial active stages of disease should be 
done by a plaster-of-Paris cast which may be replaced by a 
leather/plastic/metallic corset. In the tuberculous disease 
without subluxation/dislocation, intermittent active 
exercises for the wrist, hand, and forearm should be 
encouraged out of the splint as soon as the pain permits. 
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The splintage is continued in between the exercises and at 
bedtime for 12 to 18 months to minimize collapse of bones 
and avoid deformity. Heavy physical work like hammer- 
ing, weight-lifting, kneading should be avoided for 2 years. 
In patients with subluxation/dislocation, the anticipated 
resuit is a healed status with gross ankylosis. In such 
patients, a well-fitting splintage ensuring 10 to 15 degrees 
of dorsiflexion and midprone position of forearm should 
be continued for 12 to 18 months or till the development of 
ankylosis, whichsoever is earlier. In unselected patients 


treated by modem antituberculous drugs and functional 
movements, two-thirds would heal with good painless 
functional range of movements and one-third would be 
healed with gross ankylosis in a functional position. 
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INTRODUCTION 

Tuberculosis of the metacarpals, metatarsals, and 
phalanges is uncommon after the âge of 5 years. In children 
the disease may occur in more than one short tubular bone 
at a time. Tuberculous infection of metacarpals, metatarsals, 
and phalanges of hands and feet is also known as 
tuberculous dactylitis. The description here is applicable 
to ail cases of tuberculous dactylitis. The hand is more 
frequently involved than the foot. There are not many 
reports devoted to tuberculous dactylitis (Benkeddache 
and Gottesman 1982, Leung 1978, Martini 1988, 
Bavadekar 1982). 

During childhood these short tubular bones hâve a 
lavish blood supply through a large nutrient artery 
entering almost in the middle of the bone. The first 
inoculum of the infection is lodged in the center of the 
marrow cavity, and the interior of the short tubular bone is 
converted virtually into a tuberculous granuloma. This 
leads to a spindle-shaped expansion (Fig. 1) of the bone 
(spina ventosa). With the destruction of internai lamellae 
or formation of séquestra, successive layers of subperiosteal 
new bone formation are deposited over the involved bone. 



Fig. 1 : Tuberculosis of fifth metacarpal in a child. There is also 
involvement of proximal ulna. Note the cystic lésions, 
expansion of bone and soft tissue swellings. Multiple cystic 
type of tuberculosis was described by Jungling as “osteitis 
tuberculosa multiplex cystoides” 


Abscess and sinus formation is quite common leading to 
secondary infection and further thickening of bone (Fig. 2). 
In the natural course, the disease heals with shortening of 
the involved bone and deformity of the neighboring joint. 
Radiologically, the affected bone appears expanded with 
a lytic lésion in the middle and subperiosteal new bone 
deposited along the involved bone. The cavity may contain 
soft coke-like séquestra. Radiologically in spina ventosa, 
the bone may take the shape of honeycombing. Diffuse 
uniform infilteration, or of a cystic lésion, or rarely the 
involved bone may show atrophy. 

Differential Diagnosis 

Tuberculous dactylitis requires to be differentiated on one 
hand from chronic pyogénie osteomyelitis and syphilitic 
dactylitis, and on the other hand from neoplastic 
conditions with lytic lésions (e.g. enchondromata or 



Fig. 2: Tuberculous dactylitis of middle finger involving its proxi¬ 
mal and middle phalanges and this intervening joint. Thicke¬ 
ning and sclerosis of bone were accentuated due to sinus 
formation and secondary infection 
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Fig. 3: Tuberculosis of small bones of hand; right second 
and fourth fingers; left first and third metacarpals 


fibrous defects). Other rare granulomatous conditions 
which may mimic tuberculous infection are mycotic 
infections, sarcoidosis, and brucellosis. Whenever in doubt 
serological, histological, and bacteriological investigations 
are mandatory to confirm the pathology. 

TUBERCULOSIS OF THE JOINTS OF 
FINGERS AND TOES 

The lésion may develop either in the juxta-articular bone 
or in the synovium. Primary lésion in the bone seems more 
frequent. Involvement of the finger joints is more common 
than that of toe joints, and in general metacarpo- 
phalangeal/metatarsophalangeal joints are involved more 
frequently than the distal joints (Fig. 3). 

Like tubercular arthritis in general the clinical 
development of the disease is slow and insidious. The 
patient présents with a spindle-shaped swelling of the 


joint and flexion deformity, the swelling is boggy, warm 
and tender, movements of the joint are restricted. Enlarged 
régional lymph nodes, cold abscess and sinuses (usually 
on dorsal aspect) may be présent. Radiologically in 
addition to the changes in the bones, the articular ends 
may show osteoporosis, érosion of joint margins, destruc¬ 
tion of bones and subluxation. Destruction of physis and 
pathological fracture are not unusual. 

Subacute pyogénie arthritis or rheumatoid arthritis 
hâve to be considered in differential diagnosis. In countries 
where typical mycobacterial disease is disappearing, non- 
typical mycobacterial infections due to Mycobacterium 
kansasii or marinum hâve been reported (Chow et al 1987, 
Lacy et al 1989). Such lésions are relatively frequent in 
hand, and history of trauma from marine life can be 
obtained on leading questions in majority of such patients. 

Management 

Management is essentially by antitubercular drugs, rest to 
the part in functioning position and early active exercises 
of the involved parts or joints. In patients with unfavorable 
response or with récurrence of infection, surgical 
debridement is justified. If a metacarpophalangeal, 
metatarsophalangeal or interphalangeal joint is ankylosed 
in an awkward position, excision arthroplasty or correc¬ 
tive osteotomy is indicated. If a finger has ankylosis of 
more than one joint, is grossly deformed, scarred and 
interfering with the normal functioning, it may be wise to 
amputate the finger or the corresponding ray. 
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INTRODUCTION 

Sacroiliac joint is a true synovial joint and therefore subject 
to tuberculous infection like any other joint. The disease 
may originate in the latéral masses of sacrum, form the 
ilium or from the synovial membrane. Rarely the disease 
may spread from or coexist with tuberculosis of lower 
lumbar vertebrae or ipsilateral hip disease. Children are 
seldom affected, however, the disease is relatively more 
common in women of child-bearing âge. In patients with 
poor nutritional status, the disease may be not infrequently 
bilateral. The overall frequency varies between 1 to 5% 
(Silva 1980, Shanmugasundram 1983, Martini 1988). In 
an analysis of 69 cases of tuberculosis of sacroiliac joints 
(Tuli and Sinha, 1969), the female to male ratio was 5:2, 
and associated tuberculous foci were présent in 50% of 
the patients. The mortality rate was 33% before the 
availability of antituberculous drugs. 

Clinical Features 

The disease takes and insidious course and the patient 
has persistent pain localized to the diseased area. Rarely, 
the pain may présent with a sciatic radiation. The pain is 
more on prolonged walking and sitting, and worse while 
sleeping supine or turning in bed. The pain on sitting and 
standing normal buttock or normal leg respectively. 
Goldthwait's sign is positive, i.e. distraction of both 
sacroiliac joints by simultaneous pressure exerted on both 
anterosuperior iliac spines causes pain, in majority of the 
cases with active disease. Stressing the sacroiliac joint with 
forced flexion, abduction and external rotation of the 
ipsilateral hip joint (Faber test) is another method to elicit 
sacroiliac pain. 

Local examination reveals moderately increased tempe- 
rature, tenderness to local pressure or percussion, and 


there may be an abscess or a sinus présent. Rarely the 
abscess or sinus may présent in the gluteal région, iliac 
fossa, groin or track down in front of the sacrum to présent 
in the périnéal région, or the abscess may spread through 
the greater sciatic notch following the course of sciatic 
nerve. Before the availability of modem antitubercular 
drugs, tuberculosis of sacroiliac joint was considered a 
serious disease with a high mortality, and such patients 
looked ill. 

Radiographs are not helpful in early stages, but in due 
course would show fuzziness and érosions of the joint 



Fig. 1 : A large destructive lésion due to tuberculosis in the left 
half of sacrum. The patient had cold abscess at the back of 
sacrum. Small lésions are best diagnosed by CT scan 
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Figs 2A to C: The CT scan appearance of tuberculosis of sacroiliac région. Note the destructive cavities 
in the right ala of sacrum (A), posterior and of right iliac bone (B), and the body and right part of sacrum (C) 



Figs 3A and B: Clinically and radiologically suspected case of tuberculosis of right sacroiliac joint (A). The CT scan (B) confirms 
the diagnosis of tuberculous process, note the destruction of sacral and iliac joint surfaces on the right side, irregularity and 
sclerosis of the joint margins and a soft sequestrum contained within the destroyed area 


space. Tomography or modem imaging techniques are 
particularly of value joints (Figs 1 to 3). Comparative 
radiographs and tomograms of both the sides are 
impérative in the initial stages. Ankylosing spondylitis in 
early stages, rheumatoid disease, pyogénie infection, and 
juxta-articular lésions should be considered in differential 
diagnosis. In patients with concomitant involvement of 
symphysis pubis, the pelvic bone may show upward 
subluxation. Pouchot et al (1988), emphasized that high 
suspicion index must be maintained to diagnose this 
supposedly uncommon disease in the affluent society. 
While analyzing 11 consecutive patients, the disease was 
confirmed by closed needle biopsy in 9 cases, by histology 
and/ or microbiology. 


Management 

Conservative treatment as for lower lumbar disease gives 
satisfactory outcome. In early stages when the disease is 
active and painful, antitubercular drugs and recumbency 
are indicated. With relief of pain, the patient is permitted 
ambulation wearing a low lumbosacral brace or a corset. 
The brace and antitubercular drugs are continued for 18 to 
24 months. Most cases heal within this period by 
spontaneous bony fusion or a Sound fibrous healing. 
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Girdle and Fiat Bones 
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TUBERCULOSIS OF GIRDLE BONES AND JOINTS 

Infection sacroiliac, hip and shoulder joints are described 
in appropriate sections. However, other bones and joints 
of the girdle régions also get involved by tuberculosis rarely 
(Babhulkar). 

Sternoclavicular Joint 

Sternoclavicular joint is an extremely rare location. The 
condition usually starts from the médial extremity of 
clavicle. The patient présents with a painful swelling of 
insidious onset in the sternoclavicular joint. The swelling 
is warm, tender and boggy. There may be a cold abscess or 
sinus formation. Radiological signs are not easy to discern. 
Tomograms of the diseased and normal side for 
comparison may be able to show osseous destruction of 
clavicle and sternum. Examination of the aspirate is of 
help. Whenever in doubt examination of the surgically 
excised diseased tissue is of great help. Common 
conditions in differential diagnosis are low grade pyogénie 
infection, rheumatoid disease, myeloma, or secondary 
deposits. Treatment is essentially by antituberculous 
chemotherapy. 

Acromioclavicular Joint 

Acromioclavicular joint location is extremely uncommon. 
The disease may start from the latéral extremity of the 
clavicle or from the tip of the acromion. The signs, 
symptoms, differential diagnosis and treatment is like that 
of sternoclavicular joint (Fig. 1). 

Clavicle 

Tuberculosis of the clavicle without involvement of the 
neighboring joints canbe seen rarely. Most of the patients 
are children presenting with painful swelling of the 



Fig. 1 : Tuberculosis of the latéral end of right clavicle involving 
the acromioclavicular joint. Note a lytic lésion without any new 
bone formation 


clavicle associated with formation of cold abscess or 
sinuses. Radiographs may show diffuse thickening and 
honeycombing, or multiple cystic cavities, or séquestration 
not unlike pyogénie infections (Figs 1 and 2). Treatment is 
essentially antitubercular drugs. Surgical excision may be 
rarely justified when diagnosis is uncertain, or disease is 
unresponsive or for removal of a large sequestrum. Large 
parts of clavicle can be excised without loss of function 
(Srivastava et al 1974). 

We had an opportunity to observe 7 patients of 
tuberculosis of clavicle with or without the involvement of 
the neighboring joint (Tuli and Sinha 1969). The incidence 
of involvement worked out to be less than 1 percent. The 
location was sternal end in 4, diaphyseal segment in 2, 
and acromial end in 1 case. 
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Fig. 2: Tuberculosis of clavicle with expansion of bone, and 
a cavity containing a feathery sequestrum 



Fig. 3: Tuberculosis of the right scapula. Practically the whole 
of scapula is involved, however, the shoulder joint is spared 

Scapula 

Isolated involvement of scapula without involvement of 
joints canbe rarely encountered [Mohan et al 1991 (Fig. 3)]. 
The patient would présent with mild pain and swelling 
and/or sinuses in supraspinous fossa, infraspinous fossa, 
along the scapular spine, on the inferior angle or the 
vertébral border. We had an opportunity to observe 7 cases 
of tuberculosis of scapula (Tuli and Sinha 1969) giving an 
incidence of less than 1 percent. The osseous lésion was 
detected in the angle of acromion, scapular spine, inferior 
or superior angle of scapula, or in the neck of scapula. 
Lasting healed status of the desease is achieved essen- 
tially by drugs. 


Symphysis Pubis 

Symphysis Pubis is a rare location (less than 1 percent) for 
the disease. We analyzed 6 patients (Tuli and Sinha 1969), 
ail at the time of présentation had abscess formation and 
discharging sinuses in the upper part of thigh and 
perineum, 5 were females of the reproductive âge. The 
disease probably starts in the pubic bone and then spreads 
to the symphysis. Radiologically one may find destruction 
of symphysis and pubic bones (Figs 4 and 5). If one is 
aware of the condition diagnosis is not difficult. 



Fig. 4: A young lady presented with multiple discharging 
sinuses in the région of symphysis pubis and along the left 
vulva. Radiograph showed destructive change in the symphy¬ 
sis pubis and left inferior pubic ramus. Note faintly visible 
dystrophie calcification in the soft tissues on the left side. 
Complété healing of sinuses took place by antitubercular drugs 



Fig. 5: Radiograph showing irregular destruction of the bones 
constituting symphysis pubis. The patient had multiple dis¬ 
charging sinuses on each side of the scrotum. Tuberculous 
pathology was confirmed by tissue histology. There was 
excellent healing of disease on multidrug therapy 
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Fig. 6: Radiograph of a young lady who presented with pain, 
swelling and a discharging sinus in right buttock. Note a clas- 
sical tuberculous lésion showing a soft coke-like sequestrum 
contained in a cavity in the ischial tuberosity 

Chemotherapy heals the lésions. Cold abscesses may 
require aspiration. Associated lésions in the sacroiliac 
joints are not uncommon, and some of these cases may 
exhibit displacement at the symphysis. 

Isolated tuberculous lésions may rarely occur in the 
iliac bone, ischial tuberosity (Fig. 6), ischiopubic ramus. 
Clinically these patients présent with swelling, pain, 
tenderness, local abscess and discharging sinuses. 
Radiologically the lésion may show varying number of 
lytic cavities, some cavities may contain feathery séquestra. 
Depending upon the superimposed pyogénie infection, 
there may be sclerosis and new bone formation 
surrounding the lyüc areas. Awareness of the disease helps 


to detect cases on présentation. Treatment is by 
antitubercular drugs. Surgery is indicated in doubtful 
diagnosis, refractory cases or those who hâve recurred 
despite adéquate drug therapy. 

Skull and Facial Bones 

Amongst 940 patients we came across 3 cases of 
tuberculosis of skull (Fig. 7) and 2 of facial bones (Tuli and 
Sinha 1969). During 1964 to 1988, we had diagnosed and 
treated tuberculous lésions of frontal, occipital, pariétal, 
zygomatic and other fascial bones. However, we did not 
find any case of tuberculosis of the mandible. There are a 
few case reports of mandibular involvement (Sepheriadou- 
Mavropoulou 1986). Their reported case was from Athens, 
the patient had a chronic swelling with fluctuations and 
trismus. Radiologically a rarefied area with ill-defined 
borders was found at the mandibular angle. Majority of 
these patients hâve concomitant tubercular foci in other 
parts of skeleton or other régions of body. In the initial 
stages, we always proved the diagnosis by histological 
examination of the diseased tissue. However, with 
familiarity clinicoradiological diagnosis is reliable. These 
patients présent as multiple discharging sinuses and 
puckered adhèrent scars. Radiologically irregular 
punched-out lytic areas are seen in the involved bone. Ail 
patients recover quickly with antitubercular chemo¬ 
therapy. 

Sternum and Ribs 

Tuberculous localization in the thoracic cage is rare. 
Amongst the 980 patients suffering from osteoarticular 



Fig. 7: Tuberculosis of right temporal bone in a young boy. 

Note the area of destruction behind and above the right orbit and a soft sequestrum contained in a cavity 
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Fig. 9: Clinical features of a healed case of tuberculosis of the sternum. 
Note healed ulcers on the manubrium sterni and the body of sternum 


tuberculosis 19 (2%) had lésions in the ribs and 14 (1.5%) 
in the sternum. Nearly one-third of these patients had 
détectable tuberculous lésion in other parts of the skeleton 
or in the lungs (Tuli and Sinha 1969). Positive radiographie 
signs occur much later than the presenting clinical 
features. abscess or sinuses are présent before the focus 
can be detected radiologically (Figs 8 and 9). Sternal 
disease is seen as irregular destructive areas or cavities. 
The diseased rib may be sequestrum formation of a 
segment of rib. Ail such cases would heal under the 


influence of antitubercular drugs. Surgical treatment may 
be rarely justified for a doubtful diagnosis, a 
nonresponsive case or for removal of a large sequestrum. 
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INTRODUCTION 

Pathologically the onset of tuberculous focus is always 
located within the bone. In children the disease develops 
differently especially in short tubular bones. Because of 
the déficient anastomoses of the osseous arteries in 
childhood, thrombosis caused by the tuberculous 
pathology may lead to séquestration of a major part of the 
diaphysis. The infected and necrosed diaphysis becomes 
surrounded by newly formed subperiosteal bone not unlike 
pyogénie chronic hematogenous osteomyelitis. If rigorous 
histological and microbiological tests were performed in 
ail atypical cases of hematogenous osteomyelitis, a large 
number of them may turn out to be tuberculous in 
pathology (Tuli 1969, Martini 1988). 

Tuberculous Osteomyelitis without 
Joint Involvement 

Isolated bone involvement without spreading to the joint 
occurs commonly in ribs, metacarpals, metatarsals, 
calcanéum, fémur, tibia, fibula, radius, humérus, sternum, 
fascial bones, pelvis and skull. In a long sériés, any type of 
bone can be seen to be involved. However, tuberculous 
osteomyelitis (without involvement of joints) especially of 
long tubular bones is so infrequent that it often fails to 
attract the attention of the clinician. The incidence reported 
is 2 to 3 percent of ail cases of osteoarticular tuberculosis 
(Tuli and Sinha 1969, Silva 1980, Halsey et al 1982, Martini 
et al 1986). Nearly 7 percent of these cases may hâve 
involvement of more than one site [(see Fig. 1, Chapter 47; 
Fig. 1, Chapter 35) (Figs 1 and 2)]. Becasue of low suspicion 
index and mild local symptoms, there is always delay in 
the diagnosis. The common presenting features are pain, 
swelling of bone with warmth and tenderness, overlying 
boggy swelling of soft tissues, abscess or sinus formation. 


and enlargement of régional lymph nodes. High suspicion 
index and détection of typical tubercular sinuses, ulcers 
or cold abscesses are of great clinical significance. 

Radiographs may reveal irregular cavities and areas 
of destruction in the bone with little surrounding sclerosis 
(honeycomb appearance), and there may be soft tissue 
swelling. The cavities may contain soft feathery séquestra, 
and the bone may show subperiosteal new bone formation 
(spina ventosa type). If complicated by sinus formation or 
secondary infection, there may be resembling hemtogenous 
osteomyelitis, and rarely there may be a pathological frac¬ 
ture (Tuli and Sinha 1969, Martini et al 1986). In growing 
âge, the lésion may be typically sitting astride the 
epiphyseal cartilage plate (see Figs 4,5 on Chapter 35 and 
Fig. 7 on Chapter 40). 

The clinicoradiological picture requires to be dif- 
ferentiated from chronic pyogénie osteomyelitis, Brodies 
abscess, tumorous conditions, or rare granulomatous 
conditions. "BCG osteomyelitis" of long bones may 
resemble the clinical features of tuberculous osteomyelitis 
(Shanmugasundaram 1983, Fellander 1963). Histological, 
bacteriological and serological investigations help to reach 
the final diagnosis. Presumptive diagnosis may be con- 
firmed by a favorable response to modem antitubercular 
drugs. 

Tuberculosis of Long Tubular Bones 

During a study conducted between 1965 and 1967, we 
encountered 33 cases (3%) of tuberculosis of long tubular 
bones. The location in descending order of frequency in 
this material was tibia (11), ulna (8), radius (6), fémur (5), 
fibula (2), and humérus (1). This was the only obvious 
tuberculous manifestation in 23 cases, in 10 the patients 
had other concomitant tuberculous lésions in the body. 
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Fig. 1 : Cystic type of tuberculosis in both 
ulnae in an adult female 


The radiological appearance was typical spina ventosa in 
7 [(see Fig. 1 on Chapter 47; Figs 1 and 2 on Chapter 35) 
(Fig. 3)], resembled Brodies type of abscess in 12, and one 
case of radius resembled a neoplasm. Of ail these patients, 
16 had the lésion located at metaphysiodiaphyseal 
junction, and 17 were located in the diaphyseal région. 
The cases analyzed were proved by histopathology. 


Disseminated skeletal tuberculosis is considered to be very 
rare (Figs 4 and 5). In our studies, nearly 7 percent of cases 
showed tuberculous lésion in more than one skeletal site 
[(see Figs 1, Chapter 47; Figs 1 and 2, Chapter 35 (Fig. 4)]. 
The incidence reported by other workers ranges between 5 
to 10 percent (Sanchis-Olmos 1948, Kumar and Saxena 
1988, Ormerod et al 1989). Most of these patients are ill 
looking and poorly nourished. The pathogenic mechanism 
is considered two-fold, the hematogenous dissémination 
that créâtes one lésion may also créât others, whereas in 
others, different lésions may correspond to repeat 
imprégnations at different occasions (Tuli and Sinha 1969) 
as "osteitis tuberculosa multiplex cystoides" (see Fig. 1, 
Chapter 47 and Fig. 1 Chapter 35). The lésions generally 
occur in children and appear as rounded or oval radio- 
lucent areas. Rarely they require to be differentiated from 
pyogénie infection, aneurysmalbone cyst, unicameralbone 
cyst or cartilaginous tumor (Shannon et al 1990, Rasool et 
al 1994). Multidrug therapy is successful in most of the 
cases, rarely a lésion may need curettage for diagnosis 
and treatment. 



Figs 2A to E: A 50-year-old lady had involvement of right elbow and left wrist joint. Apparently the disease looked like 
rheumatoid arthritis or multifocal tuberculous arthritis. Examination of the tissue revealed the diagnosis of tuberculosis 
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Fig. 3: Cystic type of tuberculosis of fibula. Note subperiosteal 
new bone formation and the soft tissue shadow caused by the 
cold abscess 



Fig. 4: Clinical picture and radiographs of a child suffering 
from disseminated multiple cystic tuberculosis. Note the typical 
spindle-shaped swellings of the involved areas-right upper 
limb: distal humérus, proximal ulna, second and third fingers, 
left hand: first and third metacarpals, left lower limb: tibia and 
second metatarsal; right foot cuboid (Courtesy Prof. JLN Med. 
College. Ajmer) 



Figs 5A to C: Patient was treated by antitubercular drugs. Note remarkable resolution of the 
osseous lésions and reconstitution of the diseased bones 


Treatment 

The response to antitubercular drugs is as a rule favor¬ 
able. The lésions can be observed to undergo healing and 
resolution by 6 monthly radiographs (see Fig. 1, Chapter 
35 and Fig. 6 Chapter 47). Depending upon the stage at 


which the chemotherapy is started, there may be 
revascularization of séquestra, there may be revascula- 
rization of séquestra, reincorporation like a graft and near 
complété restitution of the osseous texture. In refractory 
cases, or whenever there is doubt in diagnosis, or in the 
presence of a large abscess in the soft tissues around the 
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Figs 6A to C: The patient presented as a tumorous condition of the left radius: (A) Open biopsy macroscopically and histologically 
proved it to be a tuberculous lésion (B). The lésion resolved under antitubercular therapy, (C) one year after the drug therapy 


involved bone, surgical excision is justified. Results of 
conservative treatment by drugs alone are favorably 
compared with those obtained by chemotherapy combined 
with surgical curettage of the lésions (Lynder 1982, Martini 
et al 1981). Concomitant coexistance of tuberculous infec¬ 
tion and pyogénie infection in the same osseous lésion 
may cause delay in healing of sinuses and inflammation. 


Combined newer antimicrobial therapy with or without 
surgical excision helps in healing such lésions on long- 
term bases. 
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INTRODUCTION 

Isolated tuberculous disease of the synovial sheaths or 
bursae occurs rarely, however, any synovial sheath or 
bursa can be involved. The disease is thought to reach the 
synovial/bursa sheaths by direct hematogenous spread, 
or from the underlying bone/joint disease, or by a 
gravitational spread from a neighboring diseased area. 
The infected synovium gets edematous and filled with 
granulations, becomes hyperplastic, thickened and villous. 
Excessive synovial fluid may be produced (serous exudate) 
giving an almost painless swelling. With movements and 
frictin, the broken villi and fibrinous exudate get moulded 
to resemble rice bodies/melon seeds which may be found 
in the tendon sheaths as well as in the bursae, closely 
resembling the rice bodies/melon seeds of rheumatoid 
disease. Rarely necrosis of the underlying tendons may 
occur. 

Tuberculous Tenosynovitis 

Tuberculous tenosynovitis is rare and develops insi- 
diously. There is progressive swelling and inflammation 
of the tendon sheath with limitation of excursion of the 
involved tendons. The most common site of involvement 
is the flexor tendons of the hand (compound palmar 
ganglion), but other tendon sheaths of fingers and ankle 
région, radial and ulnar bursae, and extensor tendon 
sheaths (Fig. 1) are sometimes affected. Pathologically both 
the pariétal and viscéral tenosynovium is replaced by 
tuberculous granulations. As the infection progresses, the 
disease spreads along the sheath from the muscle to the 
tendon and its insertion. There is weakness and muscle 
wasting, rarely a tendon may fray and rupture spon- 
taneously. Clinically the swelling is doughy with 
semifluctuations, creaking or crépitation are palpable on 
movements/fluctuation (Table 1). 



Figs IA and B: Clinical photograph of tubercular synovitis of 
the extensor tendon sheaths of wrist. Note distention of the 
sheath both proximal and distal to the extensor retinaculum 
(“compound extensor ganglion”). Mycobacteria were isolated 
in the aspirate of the swelling and from the enlarged lymph 
nodes in front of elbow 


Treatment is by rest in functioning position, inter¬ 
mittent exercises, and antitubercular drugs. In advanced 
cases or those not responding favorably, surgical resection 
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TABLE 1: Prominent clinical features in tuberculous 
tenosynovitis observed during 1965 to 1994 expressed as 
percentage 

Insidious swelling 


100 

Mild pain 


63 

Stiffness 


28 

"Weakness" of function 


32 

Local warmth 


45 

Mild tenderness 


27 

Boggy on palpation 


81 

Pseudofluctuation 


82 

Crépitations/creaking on movements ± fluctuation 

63 

Local sinus 


12 

Régional lymphadenitis 


74 


of the diseased tissue may be necessary. In the presence of 
large fluid, aspiration and instillation of streptomycin 
combined with isoniazid is useful. 

Tuberculous tenosynovitis of the common sheath of 
the forearm flexor tendons distends the sheath proximal 
and distal to the flexor retinaculum and is classically called 
"compound palmar ganglion." In addition to the clinical 
features described above cross-fluctuation is demonstrable 
between the bulging above and below the flexor 
retinaculum. Pain is not significant but paresthesia due to 
médian nerve compression may be présent (Bickel et al 
1953, Arora 1994). 

In affluent countries Mycobacterium marinum may cause 
tenosynovitis of the flexor tendons of hand. The nature of 
the Mycobacterium can be ascertained only from the culture 


of a suspected material. Fortunately such cases respond to 
the newer antitubercular drugs which may be combined 
with surgical excision. Exposure to aquatic environment 
and trauma by marine life can be obtained on leading 
questions (Chow et al 1987, Lacy et al 1989, Patel 1997). 
Generally flexor tendons are involved, however, one-third 
of Chow's (1987) cases had extensor tendon involvement. 
Accidentai direct inoculation of tubercle bacilli into tendon 
sheaths by surgeons, pathologists, dairy workers and other 
critical workers may occur. 

Tuberculous Bursitis 

The least rare (1 to 2 percent of ail skeletal tuberculosis) 
site for tuberculous bursitis is gluteal bursa (greater 
trochanter bursa—see Fig. 2, Chapter 54). An inflammatory 
swelling with negligible pain, warmth and tenderness 
develops. There is practically no muscle wasting and no 
restriction of the hip joint movements. Almost ail cases 
respond favorably to systemic antitubercular drugs. Large 
swellings are worth aspirating with instillation of local 
antitubercular drugs. In refractory cases, treatment is by 
surgical excision under drug cover. Other sites of bursitis 
observed by us hâve been subdeltoid and pes anserinus 
bursae. In case of difficulty in differentiating from the 
swelling of rheumatoid disease or ganglion or synovial 
tumors, excisional biopsy is justified. 

BIBLIOGRAPHY 

1. Ostman P. Combined Surgical and Chemotherapy of abscess 
in bone and joint tuberculosis: Early results: Acta Orthop Scand 
1951;21:204. 






Vertébral tuberculosis is the most common form of skeletal 
tuberculosis, and it constitutes about 50% of ail cases of 
tuberculosis of bones and joints. 

Age and Sex 

What is true of osteoarticular tuberculosis in general is 
also true of spinal tuberculosis. It is most common during 
first three décades, clinically the patients hâve reported to 
us with the disease starting at any âge between one year 
and 80 years. The disease is equally distributed among 
both sexes. Table 1 shows the âge distribution of the 
patients observed by us. Of the total patients, 52% were 
males and 48% were females. The figures of other workers 
regarding âge and sex distribution are almost similar 
(Konstam 1962, Sevastikoglou 1953, Shaw 1963, Wilkinson 
1949, Paus 1964, Friedman 1966, Hahn 1977, Martin 1970, 
Bavadekar 1982, Lifeso 1985) Schmorl and Junghanns 
(1959) stated that it occurred in first decade of life in 50% 
of ail cases, and in only 25% did it appear after the âge of 
20. Among the Korean patient, 42% were below the âge of 
15 years and the rest were amongst patients more than 14 
years of âge (Paus 1964). Martin (1970) reported 33.6% 
below the âge of 16 years before the year 1956, and 21.4% 
below the âge of 16 years after this period. More recent 
Western figures indicate that at présent spinal tuberculosis 
in the affluent countries is a disease of adults rather than 
of children. With increase in the number of elderly 
population currently ail associâtes are observing another 
peak of disease between 60 and 80 years of âge. 

Symptoms and Signs 1 

Active Stage 

Symptoms of tuberculosis of the spine are commonly 
insidious, but sometimes they may be acute. The usual 


TABLE 1: Age distribution at the time of présentation of 
vertébral tuberculosis (1965-74) 


Age in years 

Percentage of patients 

Male Female number 

Total 

1 to 10 

20 

9 

29 

11 to 20 

11 

12 

23 

21 to 30 

7 

14 

21 

31 to 40 

4 

6 

10 

41 to 50 

3 

5 

8 

51 to 60 

4 

1 

5 

61 to 70 

3 

- 

3 

71 to 80 

- 

1 

1 


clinical symptoms in active stage of the disease are malaise, 
loss of weight, loss of appetite, night sweats and evening 
rise of température. The spine is stiff and painful on 
movement with localized kyphotic deformity which would 
be tender on percussion. Spasm of the vertébral muscles is 
présent. A cold abscess may be présent clinically. However, 
several of these symptoms and signs may be absent even 
in cases of active vertébral disease. A history of tuberculosis 
in the patient or his/her family should raise suspicion of 
tubercular nature of the spinal disease. If the clinician 
makes it a routine to palpate the spinous processes by 
moving his/her fingertips from the cervical spine to the 
sacrum he/ she would be able to detect even a small knuckle 
kyphosis by palpation of a step or a prominence thus 
diagnosing a case before gross destruction has taken place. 

Healed Stage 

When the disease has healed, the patient neither looks ill 
nor feels ill, he/she regains his/her lost weight, there is 
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no evening rise of température or night sweating. There 
is no pain or tenderness in the spine, and the spasm of 
the vertébral muscles is absent. The deformity that 
occurred during active stage, however, persists. 
Erythrocyte sédimentation rate (ESR) falls and there is 
radiological evidence of bone healing in serial 
radiographs. 

Unusual Clinical Features 3 

Tuberculosis as a cause of persistent backache must be 
remembered if we aim to diagnosing the condition early. 
Rarely caries spine may be responsible for pain referred 
to the trunk resembling fibrofascitis, cervicodorsal 
spondylosis or disk syndrome. Pain referred to abdomen 
may need différentiation from appendicitis, 
cholecystitis, pancreatitis or rénal disease. Sometimes a 
case of vertébral tuberculosis may présent as "spinal 
tumor syndrome". In economically underdeveloped 
countries where tuberculosis is quite common, a case 
having a pulmonary lésion with pain in the spine may 
be a case of ankylosing spondylitis and requires to be 
differentiated from tubercular spondylitis. Ankylosing 
spondylitis with concomitant pulmonary tuberculosis 
is not an uncommon association especially in those 
countries where tuberculous infection is almost endemic 
(see Fig. 4, Chapter 54). Rarely the first presenting symp- 
tom may be neurological déficit. 

Abscesses and Sinuses 

Abscesses or sinuses from the cervical or dorsal régions 
can présent themselves far away from the vertébral 
column along the fascial plains or course of 
neurovascular buddles. Thus, they may présent in the 
paraspinal régions at the back, in the posterior/ anterior 
cervical triangles, along the brachial plexus in the axilla, 
and/or along the intercostal spaces on the chest wall. 
Abscesses from the dorsolumbar and lumbar spine 
follow the well-known pattern of tracking down the 
psoas sheath. These abscesses may be palpable in the 
iliac fossa, in the lumbar triangle, in the upper part of 
the thigh below the inguinal ligament or even track 
downwards up to the knee. Sometimes a bilateral psoas 
abscess (Figs IA to D) may be palpable which may 
sometime exhibit cross-fluctuation across the midline. 
Psoas abscesses can lead to pitfalls in diagnosis, they 
can give rise to "hip flexion deformity" the so-called 
"pseudohip" flexion deformity. The flexion deformity 
of the hip joint due to spasm of iliopsoas muscle does 
not show any limitation of external and internai 
rotations of the hip joint when tested in the position of 
the flexion deformity. They can corne as "lump in the 
iliac fossa", or they can présent themselves as swelling 



Figs IA to D: Radiographs showing shadows of paravertebral 
abscesses associated with tuberculosis of dorsolumbar or lumbar 
régions (A) bilateral bulging of the psoas shadows (tuberculosis 
L 2 -L 3 ), (B) and (C) psoas abscesses outlined by an injection of 
sodium iodide solution. Note the spread of the dye from the left 
psoas abscess to the right (B). In (C) note a rounded paravertebral 
shadow above the région of diaphragm in addition to a left psoas 
abscess related to tuberculosis of l^-l^ and (D) is a CT scan 
showing psoas abscess from a lumbar lésion 


or sinuses in régions far away from the lumbar spine. Psoas 
abscess is as a rule associated with détectable tuberculous 
disease of the vertébral column from dorsal tenth vertebra to 
the sacrum, or disease of sacroiliac joint, pelvic bones and 
hip joint. The osseous lésion may not be discernible 
clinicoradiologically in initial stages (Seber et al 1993). 
However, possibility of suppuration of rétropéritonéal lymph 
nodes producing a clinical psoas abscess (Berges 1981, Perros 
1988) must also be kept in mind. Unfamiliarity with the 
disease may lead to mistaken diagnosis and inappropriate 
treatment (Humphries et al 1986). 


Analysis of Clinical Material 2 

Certain clinical features of spinal tuberculosis based upon 
observations of nearly 600 cases in our sériés are summarized 
in Table 2. Paus (1964) in a sériés of 100 patients reported 
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TABLE 2: Showing certain clinical features of spinal 
tuberculosis in our sériés (1965-74) 


Clinical features Percentage 


Clinically kyphosis 

95 

Palpable cold abscesses 

20 

Radiological perivertebral abscesses 

21 

Tuberculous sinuses (Active/healed) 

13 

Associated extraspinal skeletal foci 

12 

Associated viscéral or glandular foci 

12 

Neurological involvement 

20 

Latéral shift (radiological) 

5 

Skipped lésion in the spine 

7 


that 68 cases had a large abscess shadow on radiographs, 
25 had a small shadow, while nothing definite could be 
said about abscess shadows in 7 cases. 

Majority of the patients in our sériés reached the 
hospital late when the disease was fairly advanced. The 
duration of symptoms of the illness at the time of 
présentation in the hospital varied from a few months to a 
few years. Less than 20% of patients attended within first 
3 months of the onset of symptoms. The delay may be due 
to socioeconomic factors and due to ignorance regarding 
the gravity of their ailments. A large number of patients 
seek the advice only when there is severe pain, marked 
deformity or when the patient has developed neurological 
complications. Ninety-five percent of the patients in the 
présent sériés had varying degrees of kyphosis (Fig. 2) at 
the time of présentation. 



Figs 2A to D: Clinical pictures (A-D) showing severe kyphotic deformity due to involvement of a large number of 
thoracic vertebrae during the âge of growth. Note résultant severe deformity of the thoracic cage (A-D) 
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Régional Distribution of Tuberculous 
Lésion in the Vertébral Column 

Any part of the spinal column may be affected, but it is 
most commonly found in the lower thoracic and 
thoracolumbar région. The order of frequency in Paus' 
(1964) sériés of 141 cases has been lumbar (50), dorsal 
(35), dorsolumbar (25), lumbosacral (22), cervicodorsal (8), 
sacral (1) and cervical (nil). In Cleveland's (1942) sériés, 
the peak incidence was at the eleventh thoracic vertebra, 
the incidence curve falling away more or less smoothly in 
each direction along the vertébral column. In Hodgson's 
sériés (1969), the peak incidence was observed at L a and 
the curve had a uniform fall proximal and distal to this 
level. He suggested that the peak incidence at lumbar one 
vertebra was possibly due to spread of infection to the 
spine directly from neighboring infected kidneys. The 
incidence of involvement of various régions of spine in 
our sériés is shown in Table 3. The order of frequency has 
been dorsal, lumbar, cervical and sacral. There were 7% 
patients who had involvement of more than one région of 
spine, each région being separated by 2 or 3 normal 
vertebrae. Friedman (1966) described 84 spinal lésions in 
64 of his patients of tuberculosis of the spine. If every patient 
presenting as spinal tuberculosis were subjected to whole 
body bone scan or MRI screening and additional active 
tuberculous nearly 40% of patients. The extent of disease 
as seen by MRI scans is always more as compared to the 
radiological appearance. The overall higher incidence of 
cervical spine involvement in our sériés may be explained 
on the basis of large number of children suffering from 
spinal tuberculosis, cervical spine tuberculosis being more 
common in children. During a period of 25 years, prior to 
the availability of MRIs, we observed 2 patients having 3 
skipped lésions in their spine. 

Vertébral Lésion (Radiological Appearance) 

In majority of patients, there are the typical paradiskal 
lésions characterized by destruction of the adjacent bone 
end plates of the bodies and diminution of the intervening 
disk [(see Fig. 4, Chapter 40), (Fig. 3)]. The following 
uncommon varieties (Rahman 1980) were encountered in 
the présent sériés which may show (less than 2% of ail 
spinal lésions) radiologically intact disk spaces. These were 
the anterior type (involvement of anterior surface only (Fig. 
3), posterior spinal disease (involvement of pedicles, 
transverse processes, laminae or spinous process (Fig. 5), 
and the central cystic type of tuberculosis of vertébral body 
(radiologically a lytic lésion in the centrum or cocentric 
collapse (Figs 6 to 8). Tuberculosis of vertébral arches is 
very rare and Schmorl (1959) quoted the figures of Novak 
showing such involvement in only 8 of 2,202 cases of 


TABLE 3: Régional distribution of tuberculous lésions in 
vertébral column (1965-74) 


Régional distribution 

Percentage 

Cervical (including atlanto-occipital) 

12 

Cervicodorsal 

5 

Dorsal 

42 

Dorsolumbar 

12 

Lumbar 

26 

Lumbosacral (including sacrum) 

3 



Fig. 3: Diagrammatic représentation of the frequency of location 
of tuberculosis of the vertébral column. The most common (1) 
variety of tubercular spondylitis (spondylodikitis) occurs in the 
paradiscal région, and the least common in synovitis in the 
posterior facet joints (5) 

vertébral tuberculosis. Isolated involvement of vertébral 
arches and/or vertébral processes was observed in less 
than 2% of our cases of tubercular involvement of the 
vertébral column. Kumar (1985) suggested that nearly 5% 
of spinal tuberculosis could be located in the posterior 
éléments, many of them would présent with an abscess or 
a sinus in midline or paramedian région. Rarely tuber¬ 
culous process may be in the form of a 'Tuberculous 
synovitis" of posterior vertébral (apophyseal) articulations, 
atlanto-occipital or atlantoaxial joints. 

Associated Extraspinal Tubercular Lésions 1 

Spinal tuberculosis is always the resuit of a hematogenous 
dissémination from a primary focus, the détection of the 
primary focus or an associated viscéral tubercular lésion, 
however, dépends greatly upon the amount of effort put 
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Fig. 4: A lady presented with a chronic persistent discharging 
sinus in the perianal région. The source of the sinus was not 
détectable clinically. Radiographs of the lumbar spine revealed 
absence of the left pedicle, and destruction of the left transverse 
process of lumbar 4 vertebra, the sinogram proved the origin 
to be tuberculosis of the posterior éléments 



Fig. 5: Latéral view of the dorsal spine showing Calve-like 
collapse of 2 vertébral bodies—note that intervening disk space 
is practically unchanged 


into the investigation. In the présent sériés, a pulmonary 
and/or viscéral and/or glandular tubercular lésions 
could be detected in 12% of patients. The détection of an 
apparently small number of associated tuberculous 
lésions in the viscera in our sériés is explained because of 
lack of facilities for mass radiography of different Systems 



Figs 6A and B: Radiograph showing a concentric collapse of dorsal 10 vertébral body with a paravertebral shadow and fairly 
intact disk spaces. Because of paralysis the lésion was surgically approached and the cord was decompressed through 
antérolatéral extrapleural operation. Examination of the tissues macroscopically as well as by histology proved it to be tuberculosis. 
The patient made an uneventful recovery 
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for a very large number of patients. Twelve% of cases of 
spinal tuberculosis had associated osteo-articular 
tuberculous lésions in other régions of the skeletal System 
(Table 2). The détection of associated viscéral tuberculous 
lésions (in lungs, urogénital organs and lymph nodes() in 
the sériés of other workers (Konstam 1962, Friedman 1966, 
Wilkinson 1949, Sanchis-Olmos 1948, Paus 1964) has been 
reported to be rather high between 40 and 50%. Ten out of 
64 patients of spinal tuberculosis of Friedman's sériés 
(1966) had tuberculous osteomyelitis of other bones in 
addition to the vertébral focus. The presence of dissemi- 
nated skeletal tuberculosis and association with other 
viscéral tubercular foci is a strong proof of hematogenous 


spread. Most of such patients are ill looking and poorly 
nourished. Presumably this condition is produced as a 
resuit of massive infection in subjects with poor body 
résistance and nutrition, giving rise to multifocal 
hematogenous lésions, some more advanced than other s. 
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Tuberculosis ofSpine: 
Radiographie Appearances and 
Findings on Modem Imaging 


SMTuli 


NUMBER OF VERTEBRAEINVOLVED 

On an average involvement of 3.4 vertebrae was reported 
by Hodgson and Stoch (1960) in each patient. A figure of 
3.8 was given by Mukhopadhyaya and Mishra (1957). 
Average number reported in children was 3.4 by Martin 
(1970). Average number of vertebrae involved in each lésion 
in our sériés was 3 for children and 2.5 for adults. Spinal 
tuberculosis is most difficult to recognize radiologically 
in its early stages. There are mainly four sites (see Fig. 3, 
Chapter 52) where tuberculosis occurs in the vertébral 
column: (i) paradiscal type, (ii) central type center of 
vertébral body, (iii) anterior type (involving anterior surface 
of the vertébral body), and (v) appendicial type (involving 
pedicles, laminae, spinous process or transverse 
processes). Radiologically, seven percent of patients may 
show "skipped lésions" (see Fig. 5, Chapter 54). The largest 
number of radiologically involved vertebrae observed by 
us was 10 contiguous dorsal vertebrae in four patients 
each, over a period of 30 years of observations. Some of the 
vertébral bodies were eroded probably by an extensive 
paravertebral abscess of long standing. 

PARADISKAL TYPE OF LESION 

Paradiskal type of disease (Figs 1 to 3) is the most common 
type of lésion and narrowing of the disk is often the earliest 
radiological finding. Any réduction in disk space, if it is 
associated with a loss of définition of paradiskal margins 
of the vertebrae, must invite the suspicion of tuberculosis. 
Radiologically disk space narrowing is observed before 
the appearance of osseous destructive changes. Although 
the small necrotic foci are easily recognized in an anatomie 
specimen and CT scans, they are difficult to identify in the 
radiographs. It has been shown by various workers that 
foci of less than 1.5 cm in diameter are not demonstrable in 
a conventional radiograph (Schmorl and Junghanns 1959). 



Fig. 1: Typical radiological picture of an established case of 
tuberculosis of cervical spine. Note diminished intervertébral 
disk spaces between C 4 C 5 C 6 , destruction of paradiskal 
borders, marked destruction of C 5 vertébral body, kyphotic 
deformity and increased prevertebral soft tissue shadow 

Thirty to forty percent of calcium must be removed from a 
particular area to show a radiolucent région on 
radiographs. Planographic section (tomograms/CAT 
scan) may permit earlier récognition. Patients hâve had 
spinal tuberculosis for several weeks before the earliest 
radiological manifestations or signs of narrowing of disk 
space can be discovered (Figs 2,4 and 5). It is not until a 
lapse of time of from 3 to 5 months after the beginning of 
the infectious process that the first trabecular destruction 
may be identified in a radiograph. The narrowing of the 
disk space may represent either atrophy of the disk tissue 
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Figs 2A and B: This latéral view (A) of the cervical spine on a casual examination could hâve passed as “normal”. However, a 
repeat latéral view (B) done after 8 weeks revealed the tuberculous lésion clearly showing diminution of disk spaces (C 4 -C 5 and 
C 5 -C 6 ), destructive lésion of cervical fifth vertébral body, and a suspicious increase in the prevertebral shadow 



Fig. 3: Early tubercular disease between C4 and C5 vertebrae 
with a huge prevertebral soft tissue shadow. The size of the 
“cold abscess” shadow is unrelated to the amount of vertébral 
destruction 

due to lack of nutrition of prolapse of the nucléus pulposus 
into the soft necrotic vertébral bodies now often observed 
in MRI studies. In the uncommon varieties of lésion the 
disk space may remain intact for a long time. 



Fig. 4: Radiograph of a young child showing tuberculosis of 
lumbar 3 and 4 vertebrae. The apposing metaphyseal régions 
of these vertebrae due to disease hâve been softened and the 
turgid disk has protruded proximally and distally giving it a 
ballooned-out appearance. In due course the nutrition of the 
intervertébral disk will be eut off and the space would appear 
diminished radiologically 

Paravertebral Shadow 

Paravertebral shadow is produced by extension of 
tuberculous granulation tissue and the collection of an 
abscess in the paravertebral région. Abscess in the cervical 
région usually présents as a soft tissue shadow between 
the vertébral bodies and pharynx and trachea (Figs 1 to 3). 
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Figs 5A and B: A young lady presented in 1982 with persistent 
pain in the lower dorsal spine. The routine radiograph (A) 
were passed as “within-normal-limits”. The patient was kept 
under observation and a repeat radiograph (B) revealed 
classical tuberculous lésion of dorsal 9-10 vertebrae with a 
paravertebral shadow. Note diminished disk space (D 9 -D 10 ) 
and marked collapse of D 10 vertébral body. If more sophisticated 
investigations are not available, one must repeat the radiograph 
after 2 to 4 months for comparison with the earlier radiographs 


On an average, the normal space between the pharynx 
and spine above the level of cricoid cartilage is 0.5 cm and 
below this level it is 1.5 cm. The upper thoracic abscess in 
the anteroposterior radiographs cast a V-shaped shadow 
stripping the lung apices laterally and downwards, or 
when it is small the superior mediastinum shows only 
squaring of its borders (See Fig. 5, Chapter 54). Abscesses 
in the région of seventh cervical to fourth dorsal vertebrae 
require good quality radiographs to be diagnosed at an 
early stage. Even good quality radiographs may not reveal 
the destruction of vertébral bodies from cervical seventh to 
dorsal fourth vertebrae. Careful observation of the trachéal 
shadow (Jain et al 1994) can point towards the underlying 
disease warranting investigations by modem imaging 
techniques. In the latéral view normally the trachéal 
shadow is concave anteriorly (parallel to the upper dorsal 
vertebrae), if there is a change in the normal contour and/ 
or its distance is more than 8 mm from the vertebrae, it is a 
strong indicator of the disease from C 7 to D 4 vertebrae. 
Abscesses below the level of fourth dorsal vertebrae 
produce typical fusiform-shaped (Figs 6 and 7) (bird nest) 
appearance, however, when the size of the abscess is too 
large, it may take the shape of a generalized broadening of 
the mediastinum. An abscess under tension may assume 
a globular shape (Fig. 7). Abscesses formed above the 
vertébral attachment of diaphragm tend to remain within 
the thorax, those arising below the diaphragm tend to 
extend along the course of pasoas muscle (Fig. 8). 




Fig. 6: Typical fusiform or spindle-shaped abscess shadow 
associated with middle and lower dorsal lésions 

Radiological manifestation of pasoas abscess is unilatéral 
or infrequently bilateral widening of the pasoas shadow 
(see Fig. 1, Chapter 52). However, it needs an excellent 
quality radiograph to detect any bulging of the latéral 
border of the pasoad. Diagnosis of an abscess only on 
roentgenographic findings is less accurate, as many of the 
densities giving a radiological diagnosis of an abscess 
may be only absorbed abscesses replaced by fibrous tissue, 
calcified inspissated (see Fig. 6, Chapter 52) matter or 




Fig. 7: Typical globular, probably tense, paravertebral shadow 
due to tuberculosis of D 9 -D 10 vertebrae—the patient was 
operated because she had paraplegia. Nearly 150 ml of liquid 
pus was drained out 
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Fig. 8: Latéral radiograph of a case of tuberculosis of lumbar 
second, third and fourth vertebrae. The patient had bilateral 
cross-fluctuant psoas abscesses. The continuity of the abscess 
across the front of vertébral bodies is shown by a large soft 
tissue shadow 


granulation tissue. MRI may demonstrate an abscess 
contained within the psoas sheath much before it can be 
palpated as an cliopsoas abscess in the iliac fossa. For the 
abscess to be clinically palpable in the ilia fossa the abscess 
must permeat through the psoas sheath to enter into iliacus 
sheath. Amongst 100 operated cases reported by Paus 
(1964), no abscess was found on operation in 5 cases out 
of 68 with a large paravertebral shadow on the radio- 
graphs, and in 8 cases out of 25 with a small shadow. In 
the région of thoracic spine, tense paravertebral abscesses 
of long standing may show a scalloping effect (aneurysmal 
phenomenon) as concave érosions along the anterior 
margins of the vertébral bodies. The healthy disks because 
of their elasticity are spared, and they stand out to give a 
"sawtooth" appearance radiologically (Fig. 9). Rarely a 
small and thin perivertebral abscess may not show any 
shadow radiologically. 

Kyphotic Deformity 

In a typical tubercular spondylitis of some standing beside 
the diminution of disk space, the paradiskal bodies show 
areas of destruction and one or both bodies are usually 
wedged (due to collapse of bone) with forward angulation. 
Involvement of a large number of adjacent vertebrae would 
produce a severe kyphotic deformity (Figs 9 to 11). 



Figs 9A and B: Radiograph showing the “scalloping effect” or “aneurysmal phenomenon” or “sawtooth appearance” in tuber¬ 
culosis of the spine. The scalloping effect is caused by a large tense abscess of long standing in the proximity of aorta. Note 
marked diminution of the intervening disk space at the site of the diseased vertebrae, presence of scalloping effect away from 
the diseased area, and intact disk spaces in the région showing the scalloping effect away from the diseased area, and intact 
disk spaces in the région showing the scalloping effect where only the anterior surface of the vertébral bodies show destruction, 
(A) in dorsal, and (B) in lumbar spine 












408 Textbook of Orthopedics and Trauma (Volume 1) 



Fig. 10: Radiograph of a case of severe kyphotic deformity 
due to tuberculous disease of dorsal fourth to eighth vertebrae. 
The angle of kyphosis is 110 degrees due to which the end on 
view of the proximal vertébral canal is visible in the 
anteroposterior view 


Examining a thoracic spine with Pott's disease which 
had healed with ankylosis and appréciable kyphosis, there 
may be considérable increase in the height of the vertébral 
bodies of the lumbar spine sometimes amounting to an 
increase of one-third in vertical height. These 'hall 
vertebrae" can develop only when the disease occurred 


during the growth period, i.e. before the disappearance of 
the growth zones. This phenomenon was first described 
by Ménard, however, later on other workers hâve also 
reported such observations (Schmorl and Junghanns 1959, 
Hodgson 1969, Tuli 1970). 

Central Type of Lésion 

The central disease arises as a resuit of infection which 
starts from the center of vertébral body, the infection 
probably reaches the center through Batson's venous 
plexus or through the branches of the posterior vertébral 
artery. The diseased vertébral body loses the normal bony 
trabeculae and may show areas of destruction, or the body 
may be expanded or ballooned out like a tumor. Towards 
the later stages the diseased vertébral body, however, 
shows a concentric collapse almost resembling vertebra 
plana (see Figs 6 and 7 on Chapter 52). Diminution of the 
disk space is minimal and paravertebral shadow is usually 
not well marked. In the absence of a paravertebral shadow, 
this type of lésion is very difficult to differentiate radiologi- 
cally from vertébral collapse due to Calve's disease or due 
to a neoplastic condition (See Fig. 8 on Chapter 52). Tuber¬ 
culous nature of the disease is suggested by the presence 
of local pain, tenderness, spasm and neurological déficit 
when présent. Longer follow-up of such patients tends to 
show diminution of the adjacent disk space in many cases. 



Figs 11A and B: MRI of a patient who was treated 26 years ago (aged 12 years) for tuberculosis of dorsal fourth and fifth 
vertebrae. At the âge of 38 years, the patient reported with progressive^ increasing motor weakness. The MR showed nearly 
90 degrees kyphotic deformity at Cy-^ région which was probably missed (without MR or CT facility at first présentation). The 
axial T r weighted image showed syringomyelia in the cord. Presence of syrinx and myelomalacia is an indicator of poor neural 
recovery even after effective mechanical décompression 
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Skipped Lésions 

Sometimes more than one tuberculous lésion may be 
présent in the vertébral column with one or more of healthy 
vertebrae inbetween the 2 lésions. The average incidence 
on routine radiology in any large sériés is 7 percent. 
However, if patients were subjected to modem imaging 
modalities (MRI/CT scan), many more small lésions in 
the vertébral column hâve been detected. 

Anterior Type of Lésion 

Anterior type of lésion occurs when the infection starts 
beneath the anterior longitudinal ligament and the 
periosteum. The peripheral portion of the vertébral body 
(in front and on the sides) shows érosion in latéral view or 
oblique views as shallow excavations. Collapse of the 
vertébral body and diminution of the disk space is usually 
minimal and occurs late. This lésion is relatively more 
common in thoracic spine in children. These radiologically 
visible shallow érosions of the anterior surface of the 
vertébral bodies are to be differentiated from aneurysmal 
phenomenon observed in cases of tense paravertebral 
abscesses of long standing associated with the usual 
paradiskal type of tuberculous lésion (Fig. 9). Probably the 
érosion caused in the later is primarily of mechanical 
nature—a tense paravertebral abscess strips and lifts the 
anterior longitudinal ligament and the periosteum and 
thus, causes érosion on the surface of the vertébral bodies. 
More érosion is caused wherever aorta is in close proximity 


with the paravertebral abscess (thoracic and thoracolumbar 
régions), thereby, permitting transmission of aortic 
pulsations to the abscess. Stripping of the periosteum from 
the underlying bone deprives the bone of its periosteal 
blood supply which makes the bone more liable to 
destructive changes and scalloping effect due to infection 
and aortic pulsations. 

Appendicial Type of Lésion 

Isolated tuberculous infection of the pedicles, transverse 
processes, laminae and spinous process does occur but 
uncommonly (see Fig. 5 on Chapter 52). Tomographie views 
are most helpful in detecting these lésions. Radio- 
graphically, these lésions may be appreciated by erosive 
lésions, paravertebral shadows and intact disk space 
(Rahman 1980). Rarely tuberculous process may be in the 
form of a tuberculous synovitis of posterior vertébral 
articulations, atlanto-occipital or atlanto-axial joints. 
Appendicial type of tuberculous lésions of the vertébral 
column occurring in isolation or in conjunction with the 
typical paradiskal tuberculosis were considered to be very 
rare (less than 5%). However, with the employment of CT 
scan or MRI, nearly 30 percent of cases of typical paradiskal 
tubercular spondylitis showed concomitant involvement 
of posterior éléments in our material. 

At présent CT scan and/or MRI are the best imaging 
modalities to make diagnosis of isolated appendicial type 
of tuberculosis especially in early stages (Fig. 12). 



Figs 12A and B: A 42-year-old lady presented with pain at craniovertebral junction, swelling in the upper part of back of neck 
and quadriceps. Radiograph (A) revealed destruction of posterior archs of C 1 and C 2 vertebrae, a soft tissue mass in the back 
of neck and undisturbed soft tissue shadows anteriorly. The CT scan (B) revealed destruction of the posterior éléments as well 
as the latéral mass of C 2 there was a huge soft tissue mass (abscess) in the retrovertebral area and around the durai sheath. The 
patient made an uneventful neural recovery and healing of disease by drainage of abscess, skull traction, four-post collar and 
antitubercular drugs 
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Latéral Shift and Scoliosis 

A latéral curvature and latéral déviation has been 
recognized as one of the rare deformities of Pott's disease. 
It has been explained by various workers to be a combi¬ 
nation of latéral déviation as well as rotation (Hodgson 
1969). Hodgson explained it on the basis of more 
destruction of vertébral body on one side thus resulting in 
latéral déviation similar to that caused by a hemivertebra. 
Almost ail such cases occurred in the lower dorsal and 
lumbar spine, and they were associated with marked 
destruction of vertébral bodies and invtervening disk space. 

We had an opportunity to analyze (Gupta et al 1973) 
the latéral shift in 15 cases. The site of vertébral involvement 
was lower dorsal and lumbar spine (Fig. 13). The highest 
level observed in these cases was lOth dorsal. In 10 out of 
15 cases, the latéral shift was associated with some degree 
of rotation. In most of the cases, there was marked réduction 
of disk space and destruction of bodies of vertebrae 
(Fig. 13). The latéral shift occurs in those cases of 
tuberculosis of the spine in whom there is involvement of 
posterior spinal articulations in addition to the usual 
paradiskal lésions (panvertebral disease). We had an 
opportunity to verify this fact at operation on a few case 
with latéral shift. The involvement of posterior spinal joints 
is not easily detected on routine roentgenograms. None of 
the cases observed by us had neurological complications. 

Natural Course of the Disease 

Before the availability of modem antitubercular drugs the 
mortality rate of the patients followed up for a period 
varying from one to 10 years, was about 30 percent in 


various sériés (Harris 1952). A large number of these 
patients developed severe crippling deformities, cold 
abscesses, multiple discharging sinuses, spread of 
tuberculous infection to other parts of the body, paraplegia 
with ail its complications and amyloidosis. Schmorl and 
Jughanns (1959) quoted Boerema's (1931) statistical 
studies which demonstrated that 53 percent of patients 
with tuberculous spondylitis died within 10 years after 
the onset of the disease, nearly always from pulmonary 
tuberculosis. Results of any treatment, operative or 
orthodox conservative were on the whole poor before the 
availability of antitubercular drugs. 

The use of modem antitubercular drugs has, however, 
changed the outcome of the treatment. When a paradiskal 
lésion is diagnosed early (predestructive stage) and treated 
adequately, healing may take place leaving behind no 
radiological deformity or defect except a moderately 
diminished disk space (Fig. 14). In the early stage of healing, 
the disease focus in some cases may be surrounded by 
sclerotic bone, giving rise to an "ivory vertebra", and as 
healing progresses a normal trabecular pattern appears. 
One of the early radiological signs of healing is sharpening 
of the fuzzy paradiskal margins, and reappearance and 
mineralization of trabeculae which had earlier been 
absorbed. Under the influence of modem antitubercular 
drugs, remarkable régénération (Fig. 14) of the destroyed 
vertebrae may be observed radiologically. If several 
vertébral bodies are destroyed and a large gap is produced 
during the process of healing, the repair takes place by 
fibrous tissue. If the disk space is completely destroyed 
and the gap is obliterated by the collapse of the vertebrae 
and by telescopy, healing may take place by bony 



Figs 13A to C: Radiographs showing “latéral shift” in tuberculous disease of the spine. Note marked diminution of the disk 
space, marked destruction of paradiskal vertébral bodies and their posterior éléments, and moderate degree of rational 
element. Despite gross destruction the disease healed under the influence of antitubercular drugs without surgery 
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Figs 14A to C: A 14-year-young lady showed this (A) (B) CT scan appearance in October 1993. Note gross destruction of 
vertébral body and a large perivertebral soft tissue mass. After drug therapy, the CT scan (eight months posttreatment) in June 
1994, revealed reconstitution of the body and nearly complété resolution of the perivertebral soft tissue mass (C) 


ankylosis or bone-block formation (intercorporeal bony 
fusion). Sometimes new bone formation may occur as a 
resuit of secondary infection usually associated with sinus 
formation. 

Modem Imaging Techniques 

CAT Scan 

CAT scan is a useful tool in assessing the destructive 
lésions of the vertébral column. It is of spécial help for 
posterior spinal disease, tuberculosis of craniovertebral 
and cervicodorsal région, sacroiliac joints, and of the 


sacrum where early lésions do not show in routine 
radiographs (Figs 15 and 16). (Amouz 1981, Bell et al 1990, 
Desai 1994). As the CAT scan display s the transectional 
view (Fig. 17) of the vertébral column and its neighboring 
soft tissues, the specialists must localize the suspected 
area of disease for this investigation (Fig. 17) to minimize 
the radiation exposure. Various patterns of destruction of 
vertébral bodies in tuberculosis are showing in Figure 17. 
Délinéation of the shape, extent and the route of spread of 
a cold abscess can also be very well visualized by CT scan 
(Fig. 18). 



Figs 15A to C: Tuberculous lésions in the 
région of cervical seven to dorsal fourth 
vertebrae are very difficult to be visualized 
in conventional radiographs (A). CT scan of 
the suspected area or MRI (B) are of great 
help in the diagnosis. This MRI shows a 
destructive lésion of the vertébral bodies of 
C 7 T 2 . The kyphotic deformity, oblitération 
of the disk spaces between Cy-T-, and T r T 2 , 
and prevertebral soft tissue shadow is clearly 
visible. The axial section of MRI shows a thick 
layer of granulation tissue surrounding the 
cord and shifting it to the right (C) 
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Figs 16A and B: Open mouth view of conventional radiographs showing destruction of left atlantoaxial articulation resulting in 
right-sided subluxation of atlas over axis. Note the decreased space between the odontoid process and the left latéral mass of 
atlas, and the step formation between the right latéral mass of atlas on axis. Changes are best demonstrated in the CT scan 
which shows gross destruction of anterior arch and left latéral mass of axis. Note increased soft tissue swelling anteriorly on the 
left side 



Figs 17A to F: The CT scan essentially gives the information about the geographical configuration of the cavitations and the 
anatomical extent of the disease process. (A) shows a large cavity in the left half of vertébral body, the cavity contains soft 
sequestrae and is opening into the vertébral canal as well as into the left psoas sheath, (B) shows destruction of left half of 
vertébral body with calcification in the paravertebral soft tissues, (C, D) show cavitations and destructive changes predominantly 
in the anterior half of vertébral bodies with extrusion of sequestrae and dystrophie calcification in the paravertebral soft tissue, 
(E) shows destruction and fragmentation of the vertébral body, and (F) appearance of a healed cavity, note Sharp and dense 
margins 
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Magnetic Résonance Imaging (MRI) 

MRI has been f ound to be extremely useful in the diagnosis 
of tuberculous infection of difficult and rare sites like 
craniovertebral région, cervicodorsal région (Fig. 15), 
disease of the posterior éléments and vertébral appendages 
(Fig. 19), infections of the sacroiliac région sacrum and 
coccyx(de Roos et al 1989, Smith et al 1989). Interprétation 
of common MRI findings particularly in cases of spinal 
tuberculosis hâve been outlined in Table 1. MTI and CT 
scans should, however, be limited to doubtful cases or the 
disease in difficult areas (Figs 16 and 20). The rôle of MRI 
in the study of cord is described in Chapter 54. MRI is an 
excellent modality to judge the health of the cord (Fig. 11), 
and the suspect the disease at the predestructive phase. 

Ultrasound Echographs 

Ultrasound echographs hâve been employed to diagnose 
the presence of tubercular abscesses in lumbar vertébral 


disease. We hâve been able to assess the composition (solid 
or fluid) of iliopsoas mass and the quantity of the liquid 
material contained therein (Jain et al 1992) by ultra- 
sonography. 

In developing countries where tuberculosis is endemic 
and resources are scarce, a typical clinical and radiological 
appearance of tuberculosis may be sufficient reason to begin 
treatment withoutbiopsy. In case of doubt, where facilities 
are available, for confirmation of pathology of a small 
paravertebral mass or of an atypical vertébral lésion, 
cerebiopsy under fluoroscopie control may be obtained 
using standard techniques (Silverman et al 1986). 

For nearly first 6 months of chemotherapy, further bony 
destruction and collapse can occur as discerned by 
radiographs. This would lead to increase in vertébral 
angulation particularly if significant amount of kyphotic 
angulation was already présent when drugs were started. 
Such an appearance should not necessarily cause an alarm 
because radiological picture lags behind the biological 
progress of healing. 


TABLE 1 : Broad guidelines for interprétation of magnetic résonance images as related to tuberculous infection of the 


skeletal System 

Tissue/fluids 

Tj-weighted images 

T 2 -weighted images 

Fat in marrow or cancellus bone or degenerated areas 

White 

Grayish-white 

Muscles 

Gray 

Gray 

CSF or clear fluid or water in tissues 

Black 

White 

White matter brain/spine 

Dark gray 

Gray 

Gray matter brain/spine 

Blackish 

Whitish gray 

Granulation tissue 

Gray 

Whitish gray 

Air 

Black irregular 

Black irregular 

Bone 

Black 

Black 

Flowing blood 

Black 

Black 

Ligament or capsule (mature fibrous tissue) 

Black line/band 

Black line/band 

Cord contusion or edema (myelitis) 

Dark gray 

Whitish 

Prevertebral hematoma 

White (subacute stage) 

Whitish 

Ischémie/necrosed/sequestrated bone 

Gray dead bone 

Gray dead bone surrounded 


surrounded by black zone 

by white zone 

Syrinx 

Black cavity in cord 

White cavity in cord 

Myelomalacia 

Dark 

White 

Nucléus pulposus hydated 

Black/gray 

White 

Nucléus pulposus desiccated 

Black 

Black 


Active inflammation or active infection causes accumulation of edema fluid. Gadolinium may enhance areas of active infection or 
inflammation to provide better contrast in T 2 -weighted images. The scar tissue may also show enhancement on T 1 -weighted images. MRI 
possibly picks up infective lésions earlier than nuclear scans. Degenerative changes in the bones may lead to accumulation of fat in bone. 
MRI shows mineralized bone but not the calcified areas or the compact borders of bone. 

Arachnoiditis is demonstrated as dumping of nerve roots or matted nerve roots. Cord edema (myelitis) is réversible, however, 
myelomalacia and syrinx formation are not réversible. Despite remarkable anatomical clarity and information about the pathophysiological 
state of the tissues visualized MRI is still wisely called an imaging technology. 

Imaging specialists expression's "high signal" = white or bright, "low signal" = black or dark, "intermediate (medium) signal" = gray 
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Figs 18A to C: CT scan showing the route—a cold abscess from the lower dorsal spine may take: (A) bilateral iliopsoas 
abscesses, (B) in the groin the abscess has spread from the psoas sheath into the posterior compartment, and (C) in the distal 
part of thigh the same abscess has extended into the subartorial canal and in the posterior compartment probably along with 
the perforating vessels 



Figs 19A to C: MRI appearance of a case presenting with pain and swelling in the lumbar région. Radiograph did not reveal 
any pathology. The MR pictures clearly show an abscess in the posterior éléments with destruction of bone. The aspirate from 
the abscess demonstrated acid-fast bacilli on direct smear examination. Note change in the signais in T r (A) and T 2 (B, C)- 
weighted images 
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Figs 20A to E: A 70-year-old male presented in 1991 with backache and a radiograph (A) showing gross destruction of the 
anterosuperior part of lumbar fifth vertébral body. Neoplasm and tuberculosis were considered in differential diagnosis. MRI 
studies showed inflammatory exudate in the body of L4 and L5, and presence of exudate collection in the paravertebral région 
(B to D). The changing signal intensity in and T 2 -weighted images and involvement of two contiguous vertébral bodies 
suggested the diagnosis of tuberculous infection. The patient made an uneventful recovery on antitubercular drugs as observed 
upto 1994 (E) 


Classification of Typical Tubercular Spondylitis 

Depending upon the degree of destruction of bone and the 
angular deformity, Kumar (1988) suggested classification 
of typical tubercular spondylitis. Such a classification is 
important as it permits a more valid comparison of various 
sériés. Stage I if diagnosed in time and treated effectively 
would heal without leaving any defect. Stage II, III, IV and 
V would also heal but with progressively increasing 


kyphotic deformity. If neural déficit occurs in stage V, the 
chances of complété neural recovery are remote. 
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Tuberculosis ofSpine: 
Differential Diagnosis 


SMTuli 


INTRODUCTION 

The symptoms, signs and radiological findings of 
tuberculous disease of the vertébral column are often 
characteristic. In patients with early disease, clinical and 
radiological re-examinations after 6 to 12 weeks are of great 
help in arriving at the final diagnosis. In case of doubt, the 
exact pathology should be detected by doing a biopsy of 
the diseased vertebrae and submitting the material for 
histological and microbiological investigations. In clinical 
practice, there are some cases whose final diagnosis is 
revealed only by examination of diseased tissue obtained 
by operation. There are, however, difficulties in proving 
the diagnosis in some cases of osseous tuberculosis even 
from the tissues obtained by biopsy. When biopsy material 
is submitted for histology and/or culture and/or guinea 
pig inoculation, preferably simultaneously, the diagnosis 
could be proven in 76 to 91% of the cases (Lakhanpal et al 
1974). 

Considération of Age in Diagnosis 

In young children congénital defects of the spine and 
Calvé's disease, and in adolescence Schmorl's disease and 
Scheuermann's disease may sometimes cause confusion. 
Ail these conditions hâve no constitutional symptoms, 
hâve a characteristic radiological appearance and disk 
space is well maintained. They hâve negligible or minimal 
local signs such as pain, spasm and tenderness. In adults 
and aged people, there may be confusion with primary 
tumor of the vertebrae or with metastatic carcinomatous 
deposits, or with osteoporotic fractures. Despite the help 
of modem imaging modalities tuberculosis can mimic any 
pathology and any disease can mimic tuberculosis. 
Conditions which may hâve some resemblance with 
tuberculous disease of the spine on clinical and/or 
radiological examinations are as follows. 


INFECTIOUS CONDITIONS 

In acute spinal pyogénie osteomyelitis (spondylitis), the 
onset is sudden with severe localized pain, spasm and 
swinging température like acute osteomyelitis in any other 
bone. In early stages, there is bone destruction which is 
rapidly replaced by bony sclerosis and new bone 
formation. The sclerosis and new bone formation may be 
observed radiologically from eighth week onwards. The 
intervertébral disk space shows varying degree of 
destruction. Ultimate outcome when the disease is healed 
is marked sclerosis of the diseased vertebrae, proliférative 
bone formation in the bones and ligaments and even bony 
ankylosis. Low-grade pyogénie infection may hâve an 
insidious course and onset like tuberculosis (Buchelt 1993). 

Pyogénie infection of the spine may follow infection or 
surgery of urogénital tract, or postabortal or postpartum 
infections. In such cases, the infection is presumed to 
spread along the venous plexus to the vertébral column. 
The causative organism like common pyogénie infection 
of bone is as a rule Staphylococcus aureus, other organisms 
may be rarely responsible for spinal osteomyelitis. 
Antistaphylococcal titer and/or examination of the biopsy 
material has been suggested to be useful in the final 
diagnosis of pyogénie osteomyelitis of the spine. 

Typhoid Spine 

Typhoid spine is a rare complication of enteric fever. Most 
of the cases présent at the time intervals of 4 weeks to a few 
months after the disappearance of clinical features of 
typhoid fever. Clinically, the condition is manifested by 
an excruciating pain and muscle spasm. Radiological 
picture resembles that of tuberculosis and low-grade 
pyogénie spondylitis. Confirmation can be obtained by 
agglutination tests, therapeutic trial or by biopsy. 
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BrucellaSpondylitis 

Brucella spondylitis can produce changes in the spine 
which can be very similar to those seen in tuberculosis of 
the spine. History of undulant fever may be suggestive of 
diagnosis. However, the diagnosis is best established by 
identification of the causative organisms, agglutination 
tests or by biopsy (Mousa et al 1987, Cordero and Sanchez 
1991, Benjamin and Khan 1994). 

Mycotic Spondylitis 

The most frequent infecting fungi are the actinomyces 
group of blastomycosis group. Besides the involvement of 
the vertébral body, involvement of transverse processes 
and ribs is not infrequent. Radiologically the changes 
resemble those seen in tubercular or pyogénie spondylitis 
(Eismont et al 1983). In blastomycosis paravertebral abscess 
formation is a common feature. In actinomycosis scierosis 
and destruction of bone proceed hand in hand. The 
anterior and latéral surfaces of several vertébral bodies 
may be involved and may show an irregular saw tooth 
appearance by periosteal new bone formation. Collapse of 
the vertebrae is rare, sometimes the involved vertebrae may 
produce an appearance described as "honeycomb" or 
"lattice-like", and the condition is usually accompanied 
by multiple sinus formation and involvement of the 
subeutaneous tissues. It is not possible to distinguish one 
fungus infection from another radiologically. Confir¬ 
mation of diagnosis must rely upon démonstration of 
mycotic organisms from the discharging sinuses, pus or 
from the diseased bone. During the period of study of 30 
years, we came across 2 histologically proved cases of 
mycotic spondylitis. 

Syphilitic Infection of the Spine 

Three main types of syphilitic infection of the spine hâve 
been described: (i) arthralgic type of syphilitic spondylitis, 
(ii) gummatous type of syphilitic spondylitis, and (iii) 
Charcot's disease of the spine. The most common site of 
involvement is thoracolumbar and lumbar spine. 
Radiological picture shows a gross disorganization and 
destruction of the involved vertebrae along with 
proliférative new bone formation extending into the 
adjacent paraspinal tissues. When neuroarthropathic 
changes are présent, varying degrees of subluxation of the 
vertebrae is évident. It is extremely difficult to differentiate 
this condition on radiographs alone (Hodgson 1969, Johns 
1970) from other infectious lésions of the spine. Diagnosis 
can be confirmed by serological tests, tissue biopsy or by 
response to antisyphilitic treatment. 


Tumorous Conditions 

Following primary benign tumorous conditions may 
clinically and radiologically hâve some resemblance with 
spinal tuberculosis. 

Hemangioma 

Hemangioma is one of the most common benign tumors of 
the vertébral column. Schmorl (1959) found an incidence 
of 10.7% of angiomas out of 3829 spinal columns 
examined, the most common area being from D 12 to L 4 . 
Most of these cases are asymptomatic and are diagnosed 
by chance on radiological examination for other 
complaints. The involved vertebra shows characteristic 
coarsening of vertébral trabeculations more prominent in 
vertical than in horizontal trabeculae (corduroy 
appearance). 

Giant Cell Tumor and Aneurysmal Bone Cyst 

Giant cell tumor or aneurysmal bone cyst of the spine 
produce typical osteolytic expansile and usually eccentric 
growth on radiological examination. Such an appearance 
may be confused with an expansile type of central 
tuberculous lésion in the vertébral body. We hâve had 
examples of 5 hemangiomas, 4 giant cell tumors, 
4 aneurysmal bone cysts, and one intraosseous neurile- 
moma between 1965 to 1994, (lumbar second vertebra) 
giving rise to typical expansile lésions. Disk space is not 
involved in early stages. Repeated radiographs 
examination at 6 to 12 weeks intervals and CT scan of the 
localized area are of great help in suggesting diagnosis of 
a tumorous condition. However, final confirmation of the 
diagnosis can only be made by histology. Response to 
radiation treatment is observed in hemangiomas and in 
aneurysmal bone cysts. 

Primary Malignant Tumor 

Primary malignant tumors of the spine are very rare, but 
Ewing's sarcoma and ostéogénie sarcoma occasionally 
occur. We had an opportunity to observe 6 cases of Ewing's 
tumor of vertebrae, 4 of Ewing's tumor of the rib with 
intraspinal extension and paraplegia, and cases of 
lymphoma (one presenting as a univertebral sclerosis (Fig. 
1) from 1965 to 1994. The vertébral tumors hâve rapid 
course of disease with progressive paraplegia and 
radiological evidence of destruction of bony trabeculae, 
soft tissue paravertebral shadow usually on one side and 
moderate degree of diminution of disk space in late stages. 
Diagnosis was confirmed only on biopsy from the vertébral 
bodies. Osteosarcomas, fibrosarcomas and chondro- 
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sarcomas are very rarely reported and can be confirmed 
only on histological examination. Three cases of extensive 
chondrosarcoma were observed by us, 2 in upper dorsal 
spine and one in the lumbar région. Chordoma is though 
to arise from the remnants to the notochord. Though it can 
take place in any part of the spine, most common sites are 
cephalic and caudal ends of the spinal column. The 
radiographie appearance is predominantly a lytic and 
destructive lésion. Two cases of chordoma of sacral région 
with cauda equina lésion and 3 of cervical région with 
quadriplegia were observed by us 1965 to 1994. 

Multiple Myeloma 

Multiple myeloma may rarely resemble tuberculosis 
clinically and radiologically especially if there is involve- 
ment of only 1 or 2 vertebrae, and there is collapse and 
eccentric destruction. Involvement of multiple bones, high 
sédimentation rate, anémia, reverseal of albumin-globulin 
ratio and myeloma cells detected on bone marrow study 
are characteristics of this condition. Bence-Jones protein 
is présent in urine in 60% of such cases. Sérum proteins 
may show typical immunophoretic patterns. One case was 
clinically diagnosed and treated as tuberculosis of 
dorsolumbar spine by us because at the time of first 
présentation, there was only a localized lésion. However, 


later radiographs during folio w-up revealed involvement 
of other vertebrae and other bones. Diagnosis may require 
confirmation by the presence of myeloma cells in the bone 
biopsy. 

Lymphomas 

Hodgkin's disease and leukemias may rarely involve the 
vertébral column (Fig. 1). Hodgkin's disease may show 
deposits in the vertebrae as diffuse sclerosis of bone with 
disruption of trabecular pattern and paravertebral soft 
tissue shadows. Leukemias may occasionally présent as 
vague pain in the back associated with collapse of vertébral 
bodies and generalized osteoporosis. Enlargement of 
spleen, liver and lymph nodes with characteristic blood 
changes help to arrive at the correct diagnosis. 

Secondary Neoplastic Deposits 

Secondary malignant deposits in the vertébral column 
constitute the largest number of neoplasms of the spine. 
Symptoms may be similar to those in tuberculous disease, 
but usually the onset is more acute, progress more rapid 
and local signs more widespread. Radiological 
examination usually helps to differentiate it from the 
infective lésions. In infective lésion if there is collapse of 



Figs IA and B: A patient of low backache radiologically revealed a monovertebral sclerosis of the lumbar third vertébral body. 
Noninvasive investigations were noncontributory. Biopsy through lumbar transverse vertebrotomy revealed the diagnosis of 
lymphoma. Two years later the patient showed generalized disease with lymphadenopathy and hepatosplenomegaly 
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the diseased vertebrae, the intervening disk is generally 
diminished in size. A secondary deposit nearly always 
involves a vertébral body, which collapses whereas the 
disk on either side remain unaffected for a long time. 
Involvement of other bones and destruction of pedicles 
suggest a metastatic lésion. Secondary tumors may be 
osteolytic, osteoblastic or of mixed variety depending upon 
their density on radiograph. Osteoblastic secondaries are 
usually from prostate or breast and may resemble the 
radiological changes of Paget's disease. Secondaries may 
cause compression paraplegia. In case of doubt, biopsy 
examination of the diseased bone will reveal the correct 
diagnosis. 

Histiocytosis-X 

Lichtenstein (1953) suggested that éosinophilie granuloma 
(spine-Calvé's disease), Hand-Schüller-Christian disease, 
and Letterer-Siwe disease should be classified under one 
heading of histiocytosis-X as these conditions are 
considered inter-related. Eosinophilie granuloma may 
develop in the vertébral body which undergoes an 
extensive degree of concentric collapse giving rise to the 
radiological appearance of vertebra plana or Calve's 
disease. The disks above and below are unaffected. Rarely 
other bones in the body may show a similar involvement. 
Hodgson et al (1969) mentioned about a case of 
éosinophilie granuloma of dorsal spine with paravertebral 
shadow and paraplegia. Usually the disease occurs 
between 6 and 12 years of âge, and the patient complains 


of local pain without appréciable constitutional symptoms. 
The disease is self-limiting and during a long follow-up, 
the vertébral body may return almost to normal size and 
shape. The most common cause of vertebra plana in 
developing countries would still be tuberculosis of the 
centrum of vertebrae. 

Local Developmental Abnormalities of the Spine 

Local developmental abnormalities of the spine may be in 
the form of hemivertebrae, fusion of two or more vertébral 
bodies (block vertebra), defects or synostosis of the neural 
arches and rarely varying degree of narrowing of disk 
spaces (Fig. 2). A careful history, absence of any 
constitutional reaction or local spasm or tenderness or 
restriction of mobility, and absence of radiological evidence 
of paravertebral shadows and disturbance of bone 
structure usually make the diagnosis clear. The usual 
deformity in spinal tuberculosis is that of kyphosis, 
whereas kyphoscoliosis is suggestive of congénital 
hemivertebrae. Without a suggestive history, it may be 
difficult to differentiate a healed tuberculous spine with 
kyphoscoliotic deformity or with formation of block 
vertebrae from a congénital defect of the spine with similar 
radiological features. Other differentiating features may 
be concomitant synostosis of neural arches, irregularities 
and fusion of adjacent ribs, and other congénital defects 
associated with developmental abnormalities. Congénital 
fusion of vertébral bodies or acquired fusion in early 
childhood shows a waist formation (constriction) opposite 
to the fused disk space. 



Figs 2A and B: Radiographs of a young male child who presented with difficulty in déglutition, tetraparesis, spinal deformity and 
increased prevertebral soft tissue shadow (A). The picture resembles tuberculosis, careful examination of the patient, however, 
proved the diagnosis of generalized neurofibromatosis. Abnormal increase of the interpedicular distance in the cervical spine 
is obvious (B) Increase in the prevertebral retropharyngeal shadows can also be observed in neoplasms of vertébral bodies, 
recent fractures or fracture-dislocations of cervical spine, soon after anterior operations on the cervical spine, and massive 
enlargement of the thyroid 
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Spinal Osteochondrosis 

Spinal osteochondrosis is an ischémie lésion of the 
apophysis of several vertebrae occurring in early 
adolescence. A rounded kyphosis develops because of 
fragmentation, and mild wedging of several vertébral 
bodies. The changes of increased density of epiphyseal 
plates may be widespread throughout the thoracic région 
(Scheuermann's disease) or rarely the affection may be of 
a localized form (usually in lumbar spine). The absence of 
any constitutional reaction, spasm or any radiological 
paravertebral shadows and bony destruction, together 
with minimal local symptoms distinguishes this condition 
from infective lésions of the spine. 

Traumatic Conditions 

Careful history, clinical examination and radiographs are 
almost always able to diagnose a recent case of fracture 
dislocation of the spine. The radiological features which 
favor the diagnosis of healed fracture include the 
following: traumatic compression fracture is wedge-shaped 
with intact disk spaces, and there may be marginal spurring 
and spondylitic changes. When the fracture is associated 
with damage of intervertébral disk, in long standing cases 
complété or incomplète osseous bridging is seen on both 
sides of the disk space in anteroposterior and latéral 
roentgenograms. The disk may show patchy calcification. 
In case of old trauma, there is no paravertebral shadow. 
Epileptic seizures and any other convulsive State may lead 
to compression of several vertébral bodies. 

Osteoporotic Conditions 

Generalized osteoporosis of the vertébral column may be 
caused by many conditions, a few common are senile 
osteoporosis, osteogenesis imperfecta, osteomalacia, 
rickets, Cushing's disease or iatrogénie steroid osteo¬ 
porosis. Radiological changes of osteoporosis in the spine 
of whatever cause are almost alike and are typical. In 
advanced cases, the trabeculae of the vertébral body are 
not able to resist the weight of the body. This results in the 
collapse of the vertébral bodies. In the precollapse stage, 
the vertical bony trabeculae appear more prominent 
(because of early résorption of horizontal trabeculae), but 
there is no evidence of osteolytic destruction. The nucléus 
pulposus of the intervertébral disk expands because of its 
elasticity, and the softened vertébral bodies attain a 
biconcave appearance. The classical radiological picture 
of biconvex disk and biconcave bodies of the vertebrae 
may not be présent in the aged, as the nucléus pulposus is 
no more elastic because of aging processes and 


degenerative changes. Osteoporotic conditions can be 
easily differentiated from tuberculous disease by careful 
physical examination and radiological changes in other 
parts of the skeleton. 

Spondylolisthesis 

Spondylolisthesis is a forward displacement of one vertebra 
on another. The most common sites are between I 5 and S 1 
and L 4 and L 5 . The usual cause of the slipping is a 
deficiency in the pars interarticularis due to congénital 
defect or due to a stress fracture, or the slipping occurs due 
to degenerative changes in the posterior articulations. 
Rarely destruction of posterior articular éléments or 
destruction of pars interarticularis with or without 
involvement of paradiskal régions due to tuberculous 
process or other infective lésions may resuit in 
spondylolisthesis. We had an opportunity to observe 
6 such cases in the lumbosacral région in the middle-aged 
patients. The infective pathology was suspected radio- 
logically because of destructive changes in the posterior 
éléments with or without a typical paradiskal lésion. The 
tuberculous nature of pathology was proved by surgery 
and examination of the diseased tissue. 

Hydatid Disease 

Hydatid disease of the spine is a very rare condition. We 
had an opportunity to observe 4 such cases. First case 
presented as a multiloculated destructive lésion in the rib 
with a soft tissue mass in the paraspinal muscles. 
Exploration revealed the diagnosis of hydatid disease of 
the rib with extension of the cysts in the muscle mass. Six 
months after excision of the rib the patient presented again, 
this time with compression paraplegia due to extension of 
the hydatid disease within the vertébral canal. Décom¬ 
pression did not recover paraplegia. Another patient 
(Srivastava and Tuli 1974) presented with a compression 
paraplegia with a radiological appearance of unilatéral 
paravertebral shadow moderate degree of diminution of 
the disk space and moderate collapse of the vertébral body 
in the région of D 7 D 8 . While doing décompression through 
antérolatéral approach and later through laminectomy, 
hydatid cysts were removed, however, it did not relieve 
the patient of paralysis. In rétrospective, history of urticaria 
which was though to be a drug rash should hâve guided 
us to perform a Casoni's test. During follow-up the patient 
developed hydatidosis of liver and lungs. The third patient 
had the involvement of lumbar vertebrae (Fig. 3). More 
recently (Jain et al 1990), a case of hydatidosis of middorsal 
spine was diagnosed preoperatively by MRI. 
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Figs 3A and B: Radiographs of a young girl who presented with cauda equina type 
of paralysis. Because of gross destruction of lumbar-3 vertébral body and diminution 
of the disk spaces between L 2 L 3 and L 3 L 4 and presence of a soft tissue mass in the left 
iliac fossa, a diagnosis of tuberculosis was made. On operation the condition turned 
out to be hydatidoses affecting the lumbar spine 



Figs 4A and B: Radiographs of a typical case of ankylosing spondylitis. The vertebrae at the apex of angulation 
show irregular destruction of the disk space, sclerosis of the paradiskal margins and fluffy borders of the 
affected disk. Is it a case of superadded tuberculous infection or a stress resorption/reaction at the apex of 
angulation 
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Figs 5A to C: Stiffness of the vertébral column does not necessarily make it immune to the implantation of a 
tuberculous foucs. These radiographs show classical changes of fluorosis of the vertébral column. Note 
diminution of the disk space between \-^-L 2 fuzziness and irregularity of the paradiskal margins. The CT scan 
shows destructive cavities in the vertébral body opening into the right psoas sheath 


Miscellaneous Conditions 

Miscellaneous conditions which may rarely resemble 
tuberculous infection of the spine are spondylolisthesis, 
ankylosing spondylitis, scoliosis, disk degeneration, 
osteoarthrosis, congénital short hamstrings, aortic 
aneurysm causing érosion of the vertébral bodies, and 
Paget's disease of the vertebra. Careful clinical and 
radiological examination and other relevant investigations 
help to re-arrive at a correct diagnosis (Figs 4 and 5). CT- 
guided core biopsy or fine-needle aspiration biopsy can 
give a tissue diagnosis in nearly 80% of the cases (Mondai 


1994) in expert hands. The vertébral bodies that can be 
approached with minimum risk are lower 4 cervical lower 
4 dorsal and upper 4 lumbar. 
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Tuberculosis ofSpine: 
Neurological Déficit 


AK Jain 


INTRODUCTION 

Tuberculosis of spine is the most common and dangerous 
form of skeletal tuberculosis and it constitutes 50% of 
osteoarticular tuberculosis. Until the middle of century it 
was a common orthopédie disorder throughout the world, 
but in last 30 years it was left merely a problem of the 
Third World. Recently, the disease is showing an 
increasing trend even in developed world because of 
immigration and chronic debilitating conditions such as 
chronic alcoholism, diabètes and acquired immumo- 
deficiency syndrome. Tetraparesis-tetraplegia or para- 
paresis-paraplegia as a resuit of interférence with 
conduction System of spinal cord is the most dreaded 
complication of spinal tuberculosis. Sir Percival Pott noted 
the association between tuberculous involvement of 
thoracic spine and paraplegia and described it as, "kind 
of a palsy which is frequently found to accompany a 
curvature of spine". 

The incidence of neurological involvement in Pott's 
disease is 10 to 20% in highly developed nations and 20 to 
41% in underdeveloped countries particularly if thoracic 
spine is involved. The highest reported incidence of 
neurological complication in a sériés of tuberculous spine 
is 60.7% and lowest 10%, however, in last 50 years 
incidence of tuberculosis of spine has varied, but the 
percentile incidence of paraplegia has not been reduced 
once the spine is affected. 

The dorsal spine is affected in 50% cases of spinal 
tuberculosis while lumbar and cervical spine in about 
25 percent each. Paraplegia rarely occurs in a tuberculous 
affection below lumbar one as cord terminâtes at L lr spinal 
canal is spacious contains only cauda equina. One-third 
of cases of tuberculous spine with neurological 
complications hâve dorsal spine affection because: (i) it is 
most commonly affected segment of spine by tuberculous 


disease, (ii) bony spinal canal is narrow, (iii) physiological 
kyphosis forces the diseased tissue inside the spinal canal, 
and (iv) abscess tends to remain localized under anterior 
longitudinal ligaments and enters the spinal canal through 
intervertébral foramina to cause cord compression unlike 
in lumbar spine where it trickles down in psoas muscle. 
More than 40% cases of cervical spine tuberculosis hâve 
neurological complication slightly more than dorsal spine, 
but this segment is less commonly affected than dorsal 
spine. 

Pathology of Tuberculosis of Spine 
with Neurological Complications 

Sorrel-Dejerine (1925) and later Seddon (1935) divided the 
disease into two types: (i) paraplegia of early onset—found 
in early and active stage of disease usually within first 
2 years, and (ii) paraplegia of late onset—found late in the 
course of disease usually after many years and after the 
apparent quiescence of the disease or could be because of 
continued grumbling activity in unhealed disease (Butler 
1935). Hodgson stressed the importance of separating 
paraplegia in active disease from paraplegia in healed 
disease. 

Paraplegia in active disease is usually found in early 
stage of disease (early onset) and would require active 
treatment of spinal tuberculosis with or without surgical 
décompression. Paraplegia in healed disease usually 
develops many years after initial disease has healed. This 
could be because of réactivation of disease or because of 
some intrinsic damage to cord. 

Seddon, Hodgson and Tuli has described the causes 
of Pott's paraplegia. Seddon has explained neurological 
complications secondary to changes in vertébral column. 
Michaud (1971) first and Rosenheim, Spiller and Gordon 
later presented histological evidence of tuberculous 
infection traversing the dura and involving cord. 
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Hodgson (1960) has conclusively proved that 
tuberculous infection may pass through the barrier of the 
covering of the spinal cord and thus be a pathogenic factor 
in the production of paraplegia. Tuli has described the 
causes of paraplegia based upon clinical behavior, 
response to conservative therapy, radiological observation 
and the operative findings. The causes of Pott's paraplegia 
are classified as follows. 

In Active Disease 

1. Extrinsic causes 

a. Abscess 

b. Granulation tissue 

c. Tubercular débris 

d. Tuberculous caseous tissue 

e. Localized pressure due to salient (internai gibbus) 

f. Pathological subluxation/dislocation of vertebrae 

2. întrinsic causes 

a. Inflammatory edema 

b. Affection of méningés and cord by tuberculous 
inflammation 

c. Infective thrombosis / endarteritis of spinal vessels 

In Healed Disease 

1. Extrinsic causes 

a. Transverse ridge of bone anterior to spinal cord 
producing localized pressure 

b. Constricting scarring around/ or dura 

2. Intrinsic causes 

a. Inflammatory edema 

b. Stretching of cord over internai salient leading to 
inter stitial gliosis. 

Out of ail listed causes more than one cause may be 
acting at the same time. Extrinsic causes of paraplegia 
causing compression on spinal cord can be demonstrated 
objectively on myelography/CT myelo/MRI. Hoffman 
(1993) has observed on midsagittal MRI scans of 10 cases 
of Pott's spine with paraplegia and opined that in a case 
of paraplegia, one can présumé that intradural 
compression is occupying 60% of spinal canal. 

Percentage canal occupancy suggests the percentage 
of spinal canal occupied by extradural compression. The 
percentage canal occupancy has been calculated on CT/ 
MRI in 15 cases of tuberculosis of spine C 3 -D 12 and found 
that up to 75% canal occupancy is compatible with intact 
neural status. Thus, spinal cord can tolerate graduai cord 
compression up to 75% canal occupancy. However beside 
cord compression when other causative factors are added 
to pathogenesis of paraplegia such as vascular cause or 
mechanical instability, it can produce paraplegia at lesser 
canal compromise. 


Internai gibbus has been described as a causative factor 
in active and healed disease. But no study so far has 
conclusively correlated the severity of paraplegia with 
degree of kyphosis. It has also been observed that in 
cervical spine and cervicodorsal tuberculosis, the proximal 
diseased vertebrae form an internai salient while below 
D 9 disease, the distal vertebrae press spinal cord. Intrinsic 
causes such as inflammatory edema, and interstitial gliosis 
hâve been described as presumption and is difficult to 
prove/ disprove. With the ad vent of magnetic résonance 
imaging, the cord and soft tissue could be visualized 
directly, and observation on changes of spinal cord could 
be made. 

Pathophysiology of Tuberculous 
Para-quadriplegia as Understood by MRI 
Observations 

On MRI spinal cord is seen as gray column with a rim of 
black CSF in T 1 -weighted images and white column in T 2 - 
weighted images. 

Changes Observed in Spinal TB 

1. Cord edema: Cord shows diffuse hyperintensity in T 2 - 
weighted images and diffuse hypo or isointensity in 
T 1 -weighted images 

2. Myelomalacia: It is considered when irregularity of the 
cord was associated with patchy hyperintensity in T 2 - 
weighted images and hypointensity in T 1 -weighted 
images. 

3. Cord atrophy: It is apparent loss of cord size with relative 
increase of subarachnoid space. 

4. Syringomyelia: Dilatation of central canal with change 
in its signal intensity as that of CSF in T r and T 2 - 
weighted images. 

5. Thickening to dura-arachnoid complex Thick hypointense 
ring in T 2 -weighted images around cord obliterating 
the CSF space with relative increase of subarachnoid 
space. 

6. Arachnoiditis: When normal CSF signal is replaced with 
irregular hypointense in T 2 -weighted images. 

7. Extradural compression 

a. Fluid—appears as diffuse hyperintense in T 2 - 
weighted images and hypointense in both T r and 
T 2 -weighted images. 

b. Caseous tissue—appears mildly hyperintense in 
both T 1 -weighted images and T 2 -weighted images. 

c. Granulation tissue—shows heterogenous hypo or 
hyperintensity in T 2 -weighted images. 

The patient showing relatively preserved cord size with 
evidence of myelitis/edema respond well to arginine 
tolérance test (ATT) with or without surgical decom- 



Tuberculosis of Spine: Neurological Déficit 425 


pression. Predominantly fluid collection in extradural 
space résolves well with ATT alone, and a conservative 
trial is likely to be rewarding in cases who along with this 
finding hâve apparently normal cord parenchyma at the 
inception of treatment. In patients with extradural collec¬ 
tion of mixed or granulomatous (dry) nature showing 
entrapment of a normal size cord or a constriction of cord 
with features suggestive of myelitis shows improvement 
in neural déficit if taken up for surgical décompression 
early. 

Patients hâve significant cord compression/constric¬ 
tion showing strangulation with evidence of myelomalacia 
are those in which irréversible changes hâve already set 
in and are not likely to show favorable response even after 
surgical décompression. 

Mild cord atrophy was observed in ail patients who 
had excellent neural recovery after nonoperative/ 
operative treatment. In paraplegia with healed disease, 
cord was found atrophied with edema in patients having 
mild neural déficit. A few of the patients had severe 
réduction in cord volume with negligible neural déficit 
(stage I—patient unaware of neural déficit). In patients 
with severe neural déficit, cord atrophy was associated 
with myelomalacia/syringomyelia. 

These observations suggests that during the course of 
the disease, various components of cord (neuron, axons 
and glial tissues) are possibly affected differentially. Axon 
possibly tolérâtes compression for much longer duration 
than the glial tissue. The likely pathophysiological 
sequence of events taking place in the cord could be 
outlined (Chart 1). 

We encountered in MRI 4 patients who did not recover 
neurologically after surgical décompression along with 
myelomalacia in CSF changes suggestive of arachnoiditis 
as described by Chang et al (1989). In the absence of 
histological proof, no claim could be made, but association 
of arachnoiditis could be an additional factor for poor or 
no neural recovery. 

Staging of Neural Déficit 

Frankel (1969) has classified the neural déficit in spinal 
injury patients into five grades: 

Group A Complété neurological déficit with no sensory 
or motor sparing distal to spinal lésion. 

Group B Sparing of some sensation but no motor function 
distal to the spinal lésion. 

GroupC Sparing of sensation but no useful motor 
function distal to the spinal lésion. 

Group D Sparing of sensation and useful motor function 
distal to spinal lésion. 

Group E Normal neurology. 


Tubercular lésion in vertebrae 
1 

Extradural compression 
+ inflammatory edema 
(MRI shows cord edema/myelitis) 


Conduction block in 
axons of long tract 

ATT and rest 

and/or surgery 

Excellent neural recovery in 

2-3 weeks posttreatment or 

post surgery 

Interstitial gliosis 

Mild cord atrophy at MRI 

severe) 


Severe cord compression or 
compression of long standing + 
inflammatory edema 
Demyelination of axons of long 
tract 

Surgical décompression 

Neural recovery (delayed) 

Interstitial gliosis 

Cord atrophy (moderate to 


However, if there is severe extradural compression or 
extensive vertébral collapse or compression on cord is of 
long-standing, good prognosis cannot be expected. 


Tuberculous lésion of vertebrae (Long standing or extensive 
disease) 

4 

Severe extradural compression 

4 

Long standing cord edema + ischemia of cord (infective 
arteritis or thrombosis and/or tuberculous affection of cord) 

4 

Severe damage of cord 

4 

Long tract damaged 


(MRI shows myelomalacia of cord of 
réduction in cord substance) 

4 

Surgical décompression 

4 

Poor or no neural recovery 

4 

Cord atrophy + myelomalacia 
and/or syringohydromyelia 


Paraplegia in healed disease Very old healed tuberculous 
lesion/old healed tuberculous lésion with paraplegia 
which has recovered completely with treatment. 

4 


MRI had cord atrophy 

4 

Long standing stretching of cord over internai gibbus 

4 

Patient develops paraplegia (negligible neural déficit) 

4 

Cords shows atrophy with edema/myelitis 
Continued stretching of cord 
Neural déficit increases 


Cord atrophy + myelomalacia/syringohydromyelia 


Chart 1: Flow diagram of pathological events taking place in 
tubercular lésion of vertebrae 
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Frankel's classification was proposed to classify the 
severity of neural déficit in cases of acute spinal trauma. 
This classification does not classify ail types of neural 
déficit which can be observed in spinal tuberculosis, e.g. 

i. Cases where patient does not appreciate weakness 
but clinician detects signs of upper motor neuron 
(UMN) lésion 

ii. Paraplegia with bladder and bowel involvement 

iii. Paraplegia in flexion/flaccid paraplegia 

iv. Paraplegia with flexer spasm. 

Konstam (1962) has also classified these cases into five 
stages, however, if we observe the march of events in 
occurrence of para/quadriplegia, the classification 
suggested by Goel (1967) and modified by Tuli seems most 
rational, and it classifies ail cases of paraplegia. 

March of Neural Déficit 

In a typical anterior disease of vertébral column when 
compression starts anterior to the cord, it shows earliest 
manifestation as graduai increase in the spasticity which 
may not be appreciated by the patient but by clinician. It is 
he/she who detects exaggerated reflexes and plantar 
extensor. As compression increases, anterior column of 
cord is affected more and patient starts losing motor power 
gradually from partial motor weakness to complété motor 
loss with signs of UMN lésion. By the time compression is 
severe enough to cause complété block to conduction in 
anterior column, latéral column is also affected partially, 
thus, producing some réduction of sensation (pain, tempt 
and crude touch). When compression is further increased, 
even posterior column is also affected leading to complété 
loss of sensation and disturbances of sphincters. In long- 
standing compression, the spasticity is replaced by 
flaccidity and flexor spasm. 

The neurological déficit could be categorized into 
following stages (grade is not used as it confuses with 
grading of motor power). 

Stage I The patient does not appreciate weakness but 
clinician notices clumsiness of gait and signs 
suggestive of UMN lésion (plantar extensor and 
ankle clonus). 

Stage II Patient has motor weakness, signs of UMN 
lésion, but power is sufficient that he/she 
manages to walk (motor power grade 3 or 
above). 

Stage III Patient is bedridden (severe motor weaknesss) 
with signs of UMN paraplegia, sensory loss less 
than 50%. 

StagelV Complété motor weakness with loss of 
sensation more than 50% and/or bladder bowel 
involvement and/or flaccid paraplegia and/or 
paraplegia with flexor spasm. 


Almost 95% ail cases of tetraplegia/paraplegia in 
tuberculosis could be classified according to the above 
mentioned classification. Lésions around conus and cauda 
equina présents with sphincter involvement very early in 
the disease process and also hâve UMN/LMN/mixed 
paraparesis/plegia with more sensory loss (bizarre neural 
déficit). 

Neural déficit associated with intraspinal granuloma 
and with atypical location of lésions may not always fit in 
the classification which accounts for 95% of tuberculous 
lésions can be classified. 

Clinical Présentation of 
Tuberculous Affection of Spine 

The most common variety of tuberculous lésion of spine is 
a paradiskal lésion where two adjacent vertébral bodies 
are affected by disease process. The patients give a history 
of pain at the disease site or along the course of a nerve. 
The pain aggravâtes on movement of spine and even 
turning in the bed. This pain is acute and stabbing and 
patient may give a history of general malaise, loss of 
appetite and weight loss. If symptoms are long-standing, 
the patient may hâve a deformity at the back. In a significant 
percentage particularly in developed countries, the 
appearance of weakness brings the patient to clinician for 
the first time. On examination these patients walk with 
caution and clumsy gait. There is a localized tenderness 
which is elicited by pressure or rotation of affected 
vertebrae. Spinal deformity is palpable. There may be 
palpable fluctuant swelling in different parts of spine 
depending on the affection of different segments of 
vertébral column, e.g. in retropharynx, posterior and 
anterior triangle of neck in cervical spine disease, along 
with intercostal nerve in thoracic disease, in the loin, iliac 
fossa, groin gluteal and ischiorectal région in lumbar 
disease. Iliac fossa abscess présents with flexion deformity 
of hip called pseudo hip flexion deformity. Sometimes 
patients présent with neurological complication, and 
patient may give history of neurological complications of 
spine of a week duration. When cervical spine is affected, 
the patient has weakness of ail four limbs. In thoracic 
disease, paralysis of the legs is spastic with or without 
sphincter involvement. In lumbar spine affection, the 
paraplegia is of lower motor neuron (LMN) type. Tuli 
(1969) has reported a sériés of 100 cases with neurological 
complication. Thirty-three percent cases reported within 
4 weeks, 40% reported between 4 weeks to 3 months while 
9% cases reported more than 6 months after appearance. 
The vertébral level of tuberculous disease in most of the 
paradiskal tuberculous lésion canbe clinically determined 
confidently. At times the patients develop neurological 
complication when they are on treatment. 
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Intraspinal Tuberculous Granuloma 

These cases usually présent with compressive myelopathy 
or cauda equina lésion with sphincter involvement in their 
first attendance. On examination they hâve no clinical 
spinal deformity. The tenderness may or may not be 
elicited. The localization of the level of compression before 
deciding surgical intervention by any imaging mode is 
mandatory. 

Atypical Locations of Lésion 

Atypical location of the disease such as single vertébral 
affection, posterior complex disease are rare lésions. These 
patients hâve pain of some standing with/or without 
constitutional symptoms. These cases présent more often 
with neurological complications. Clinically they hâve 
tenderness with or without midline or paramedian 
fluctuant swelling (posterior complex disease), mild 
kyphos (single vertébral affection). 

Imaging of Tuberculous Spine 

Imaging plays a major rôle in the overall évaluation of the 
lésion. An idéal imaging modality should provide 
information that will help to indentify the nature of 
disease, show the location and extent of involvement, 
suggest the type of infection, guide biopsy or drainage 
procedures, indicate therapeutic measures and help to 
assess response of therapy. 

When treating tuberculosis of spine with neural déficit, 
vital informations required are as follows. 

1. The number of vertebrae involved 

2. The severity of bone destruction 

3. The site of involvement within the vertebrae confined 
to anterior column or also including the posterior 
column 

4. Angle of kyphosis 

5. Soft tissue involvement including the presence of 
paraspinal abscesses and disk séquestration 

6. The extent of compression of the spinal cord or cauda 
equina. 

Plain Radiography 

Plain radiography is the most elementary investigation to 
diagnose tuberculous lésion. It can provide adéquate 
information about number of vertebrae involved, the level 
of bone destruction and angle of kyphosis particularly in 
a paradiskal tuberculous lésion. The lésions are seen as 
raréfaction of affected vertebrae, fuzziness of adjacent disk 
margin to complété oblitération of intervertébral disk 
space, collapse of vertebrae, leading to kyphosis of 
vertébral column, increase in prevertebral soft tissue 
shadow in cervical spine, paravertebral abscesses are seen 


as an area of fusiform form soft tissue shadow in dorsal 
spine. Typical paradiskal lésions can be confidently diag- 
nosed clinicoradiologically. 

Plain radiographs are notoriously nondiagnostic in 
early stage of disease. When a lésion show a classical 
radiographie changes, it is too advanced in the patho- 
genesis of disease process. A lésion of vertebrae can only 
be seen on plain radiograph when bone loses 30 to 40% of 
calcium content and is certainly more than 3 months old 
in its pathogenesis. The involvement of neural arch is not 
well seen in a plain radiograph if lésion is less than 1.5 cm 
in diameter. 

Plain radiography and linear tomography hâve limi¬ 
tation as certain lésions may not be apparent, extent of 
bony lésion cannot be accurately assessed, integrity of 
spinal canal and the degree of neural compression cannot 
be judged, and the paravertebral caseous material and 
psoas abscesses cannot be correctly assesed. Such 
shortcomings limit the accurate délinéation of the disease 
at the outset and during treatment. 

Myelography 

Extraneous compression of spinal canal content (spinal 
cord) can be seen on plain film myelography as 
displacement or thinning of column of contrast material 
and partial or complété obstruction to the flow of 
myélographie contrast material. 

It only shows a contour abnormality of contrast 
column. In a typical paradiskal lésion with neurological 
complication, myelography is seldom advised to décidé 
the level of compression. 

Indications of myelography 

1. Tuberculous spine with skip lésion 

a. Skip lésion with a healthy intervening vertebrae 

b. Skip lésion with a large healthy segment in between 
two lésions and para/quadriplegia coinciding with 
proximal lésion 

2. Spinal tumor syndrome 

a. Intraspinal granuloma 

b. Posterior complex disease. 

Myelography is indicated in a case of compressive 
myelopathy with no obvious clinical localization of 
vertébral lésion and no discernible lésion on plain 
radiographs, to décidé the level of block (level of surgical 
décompression). As myelography locates the pressure effect 
of compression on the column, it suggests one level of 
compression on lumbar myelogram. To know the both level 
of block, lumbar myelogram is to be combined with 
cisternal myelogram no, however, inference can be drawn 
about nature of compression. Its relation with dura and 
spinal cord could be appreciated. 
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3. When patient does not show neural recovery after 
surgical décompression—to know the adequacy of 
surgical décompression. 

Scintigraphy 

Technetium-99m scan and gallium-67 studies may not 
show evidence of increase uptake despite the presence of 
active disease clinically and radiologically in early stage 
of disease. Lifeso and Weaver had 35% négative 
technetium-99m scan in a sériés of 56 cases. They also 
reported 70% négative gallium scan in 10 of their cases 
where gallium scan was undertaken when radiographie 
evidence of active disease was available. As the infection 
progresses, extentive osseous changes and attempts at 
healing results in increased bone metabolism, manifested 
as areas of increased radionuclide uptake. However at 
this stage of disease, one never requires scintigraphy in a 
typical paradiskal lésion as it is seen well on plain radio- 
graphs. 

Indication of Scintigraphy 

1. Where lésion is not obvious on plain radiographs and 
there is a strong clinical suspicion of tuberculous 
disease 

2. Helpful in determining the number of sites of active 
disease as multiple levels of involvement may be 
unsuspected 

3. Single photon émission CT is helpful for evaluating 
the extent of involvement of posterior element of the 
spine 

4. Gallium imaging is useful in the setting of chronic 
infection and for monitoring the response to ATT. 
Although the level of localization is précisé, the exact 

amount, type and location of bony involvement cannot be 
determined, nor can soft tissue or disk involvement be 
separated from bony pathology. 

Computed Tomography 

Plain radiographs are usually sufficient for making the 
initial diagnosis and assessing degree of kyphosis. They 
show destruction of vertebrae and site of involvement. CT 
has se ver al advantages over plain radiographs. 

1. It detects bone destruction when plain radiographs 
fail. 

2. It can define the site and extent of bone involvement. 

3. Soft tissue could be evaluated better. 

Evaluation ofbony lésion: The destruction of vertebra is seen 
earlier and lésions are more extentive than seen on plain 
radiographs. The lésion of less than 1.5 cm diameter 
cannot be seen on plain radiographs, thus, CT gives a 
better visualization of isolated neural arch lésion. The 


neural arch involvement associated with vertébral body 
destruction is also appreciated better. It is seen that 
posterior element (pedicle, lamina) are involved 50% more 
than seen in plain radiograph alone with vertébral body 
destruction, and even both pedicle involvement is seen. In 
reformatted image, the true sagittal extent of vertébral 
destruction can be seen (Fig. 1). In early stage érosion or 
osseous destruction is seen, but in late stage sequestrum 
and hétérotopie bone formation is seen. The axial view by 
CT is of value in assessing the progress of disease during 
treatment such as the size of abscess increasing or 
decreasing, or healing ofbony lésion or incorporation bone 
graft. CT although does not give spécifie diagnostic 
appearances, however, certain bone destruction patterns 
hâve been observed in histologically proved tuberculous 
lésion. CT-guided fine-needle aspiration cytology is an 
useful and minimally invasive method of ascertaining 
histological diagnosis of vertébral lésions. 

1. Osteolytic: It is seen in 33% cases of tuberculosis of 
vertebrae. Here anterior or central part of vertébral body 
are destroyed. Cloacae may be seen and may resuit 
from spontaneous décompression and drainage of 


7 ^ 



Figsl A and B: CT scan (A) axial section, and (B) reformatted 
image at D 3 in a case of tuberculosis of spine with stage IV 
paraplegia showing vertébral destruction (fragmentation), 
destroyed bone compressing the spinal cord and pre- and 
paravertebral soft tissues mass pushing the trachea and 
esophagus 
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vertébral body abscess, thus, a paraspinal abscess 
forms. This appearance is not diagnostic of 
tuberculosis as also seen in pyogénie lymphoma and 
secondaries. However, diagnosis is assisted by 
evidence of tuberculosis elsewhere, painless nature of 
lésion, large soft tissue swelling and their calcified 
content. 

2. Fragmentary: This pattern is seen in 47% cases in one 
sériés. This is the most common pattern. Numerous 
small residual bony fragments are seen in destroyed 
area of vertébral body and appendages and may migrate 
into the associated soft tissue mass and épidural space. 
If this type of destruction is associated with para¬ 
vertebral soft tissue mass, it is strongly suggestive of 
tuberculosis. Presence of calcification adds support to 
the diagnosis. 

3. Subperiosteal: Here anterior margins of vertébral body 
has irregular ragged appearances. Hypodense abscess 
with rim calcification is seen in psoas muscles. This 
type of présentation is rare (10% of total tuberculous 
lésions). 

4. Localized and sclerotic: Here localized destruction is seen 
with sclerotic margin. Few residual bone fragments 
are seen within the lytic area. This represents slow 
destruction or long-standing infection with good 
immune response. This is rare occurrence in osseous 
tuberculosis in the abscence of chemotherapy and not 
seen in more than 10% of lésions. However, it may be 
seen more often after some length of chemotherapy. 

Evaluation of soft tissue: Soft tissue evaluated by CT with 
granulation tissue, is seen as high atténuation lésion and 
abscess, and caseous tissue is seen as low density lésion. 
In spinal tuberculosis, more than 88% cases had 
paravertebral mass with pus and débris which is rare in 
brucellosis, sickel cell disease and lymphoma. The 
consistency, extent and size of paravertebral and psoas 
abscess and their relation to the destroyed vertébral body, 
aorta, iliac vessels, trachea and esophagus can be 
visualized, which is useful before operation to indicate 
the side of abscess in planning surgical approach and 
guidance to fine-needle aspiration of abscess and to 
procure tissue for histopathology. Intraspinal extent of 
abscess can also be visualized. 

Evaluation of spinal canal: Spinal canal is found to be 
breached anteriorly on CT in anterior vertébral disease by 
caseous material and granulation tissue in 48% of 
tuberculosis. CT by itself or with métrizamide myelo- 
graphy is of great value in detecting intraspinal granuloma 
which is better visualized by MRI and encroachment of 
spinal canal by neural arch affection. Dura involvement 
cannot be appreciated by CT. 


Magnetic Résonance Imaging 

MR imaging has recently been shown to be more sensitive 
than other imaging modalities for detecting the presence 
and extent of musculoskeletal infection. It provides a 
summation of most of the data obtained by radiography, 
scintigraphy and high-resolution CT. It is said to be more 
sensitive than plain radiograph and more spécifie than 
scintigraphy. Compared with CT it possesses high tissue 
contrast resolution with multiplanar capabilities that 
permit the display of ail compartments in and around spine 
into which an inflammatory process might extend. MRI 
being a noninvasive modality without the risk of ionizing 
radiation is well suited for foliow-up studies. 

Soft tissue topography is shown better by MRI than by 
CT because of its higher contrast resolution. It delineates 
soft tissue masses in both sagittal and coronal plain for 
indicating the following. 

1. The extent of disease and spread of tubercular débris 
under anterior and posterior longitudinal ligament. 

2. Subligamentous spread of a paraspinal mass. 

3. Identification of the abscesses on MRI adds specificity 
and allows a spécifie diagnosis of advanced 
tuberculosis to be made. 

4. The pattern of abscess spread can be used to differen- 
tiate between tuberculosis and pyogénie infection on 
MRI. In tuberculosis, cold abscess has smooth margin 
because of its subligamentous spread, while pyogénie 
abscess has irregular margin because it destroys the 
paraspinal ligament and invades the paraortic or 
precaval space. 

5. Abscess because of inflammation expresses relatively 
low signal on T 1 -weighted images and high signal in 
T 2 -weighted images due to increased water content 
and prolong T 1 and T 2 relaxation time (Figs 2A and B). 

6. Postgadolinium DTP A MRI shows either an irregular 
thick or a uniform thin rim enhancement around 
paraspinal or intraosseous abscess suggesting either 
caseative necrosis or a cold abscess in tuberculosis, 
while pyogénie abscess shows diffuse enhancement. 

7. MRI has greatly improved the détection of épidural 
extension commonly associated with tubercular 
spondylitis and also assists in the différentiation of 
compression of the spinal cord by granulation material 
and by hard material such as bone or disk. 

8. Fast spin-echo technique provides a myélographie effect 
without lengthening the examination time and can 
identify the cranial and caudal level of obstruction 
without the need of intrathecal injection of contrast 
material above and below. 

9. It is of great value in évaluation of spinal tumor 
syndrome. It can delineate isolated extradural lésion 
(granuloma) from intramedullary lésions such as 
tuberculoma, spinal cord cavitation and cord edema. 
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Fig. 2A: Midsagittal T r weighted image and ï 2 -weighted image 
of a patient showing collapse of D 7 _ 8 vertébral bodies with 
changes in normal signal intensity in D 5 _ 6 and D 8 _ 10 . Prevertebral 
and intraspinal collection is seen 



Fig. 2B: T r and T 2 -weighted images of the same patient 
showing preparavertebral collection of mixed signal intensity 
with focal hyperintense signal in T 2 -weighted image suggesting 
a fluid compression. The spinal cord is flattened and pushed 
to right side by extradural compression. Cord parenchyma in 
both images is normal except a mild hyperintensity in 
T 2 -weighted images suggestive of cord edema 

MRI has a sensitivity for detecting musculoskeletal 
infections and determining the extent of osteomyelitis that 
exceeds that of conventional radiography (Fig. 3A), CT and 
scintigraphy. MRI not only defines the site and extent of 
bone involvementbut the affection of bone is more extensive 
than that is seen on plain radiography. It can show 
unsuspected noncontagious (skip) lésion throughout the 
spine. The ability of MRI to detect tuberculous spine earlier 
than other technique could reduce bone destruction and 
deformity. Three patterns of infection are seen in tubercular 
spine as osteitis, osteitis with an abscess, and osteitis with 



Fig. 3A: Plain radiograph (AP and latéral view) of a 65-year- 
old patient showing collapse of L 1 vertebrae 


or without abscess plus diskitis. MRI has sensitivity of 
96% specificity of 92% and accuracy of 94% in the 
diagnosis of pyogénie vertébral osteomyelitis. Certain 
différences in images help in differentiating with pyogénie 
osteomyelitis. 

1. The relative préservation of IV disk in tuberculosis 
compared with pyogénie infection. 

2. Cortical définition of the affected vertebrae being lost 
in tuberculosis in contradistinction to pyogénie. 

3. Pyogénie spondylitis is confined to vertébral marrow 
with no significant extension into intraspinal région 
with infrequent épidural spread. MRI cannot identify 
the calcification in bony and soft tissue lésion which is 
seen as signal void (Fig. 3B) and better identified on CT 
(Fig. 3C). The calcification rarely présents in 
nontuberculous infection. 

Infection of bone and soft tissues on MRI is detected by 
decreased in signal intensity in Trweighted images and 
increase signal in T 2 -weighted images. There are no 
pathognomonic finding on MRI that reliably differentiate 
tuberculosis from other spinal infections. But when these 
changes are associated with para/prevertebral abscess or 
disk involvement, the possiblity of tuberculous affection 
becomes more, particularly if there is a presence of rim 
enhancement around paraspinal and introsseous 
abscesses, it becomes diagnostic of tubercular spondylitis. 
With these constellation of MR findings along with a long 
history of symptoms in a young middle-aged adult, the 
presence of tuberculous infection may be suggested. 

Limitation of MRI 

1. It is a costly investigation which is not universally 
available particularly in third world countries. 
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Fig. 3B: T r and T 2 -weighted images of the same patients 
showing change in signal intensity—suggestive of inflamma- 
tory pathology in D 12 -L 1 vertebrae 



Fig. 3C: CT scan of the same patient showing fragmentation of 
the vertebrae with pre- and paravertebral soft tissue shadow. 
The needle is in place for CT-guided fine-needle aspiration 
cytology (FNAC), which was positive for tuberculosis 


2. Its use as percutaneous aspiration and biopsy is not 
yet determined. 

Ultrasonography 

Ultrasonography has proved to be a valuable noninvasive 
diagnostic tool for précisé anatomie délinéation of deeper 
abscesses in muscles, joints, parenchymatous organs and 
body cavities. It is helpful for differentiating the solid or 
cystic nature of the abscess from a hematoma. The 
diagnosis may be confirmed by ultrasound-guided fine- 


needle aspiration. The accuracy of fine-needle puncture 
and aspiration of pathologie lésion in the abdomen using 
ultrasound guidance has been reported as 92.9%, 
sensitivity 87.8% and specificity 96.1% with no significant 
complication reported. 

Treatment 

Best treatment of neurological complication in tuberculous 
spine is prévention of para/quadriplegia. With the clinical 
awareness of condition and its complications and with 
advent of modem imaging techniques, one can diagnose 
tuberculous spine early in predestructive stage/ 
preclassical stage well before classical clinical picture and 
radiological signs develop. It is axiomatic that before the 
disease can be treated it must be recognized and before it 
can be recognized, it must be suspected and considered a 
diagnostic possibility. However, once tuberculous spine 
is complicated by neurological complications, early clinical 
diagnosis, confirmed by radiography, CT / CT myelogram 
and MRI and early effective treatment can reverse para- 
lysis and avert or minimize the potentially devastating 
effects of Pott's paraplegia. The treatment of tuberculosis 
of spine has undergone radical changes since World War 
II by the advent of effective antitubercular drugs. The use 
of ATT has improved the results of conservative treatment 
and has removed the danger of spread of the disease or 
formation of chronic sinuses allowing radical operation 
to be undertaken in safety. 

The choice of treatment of uncomplicated (without 
neurological complication) tuberculosis of spine was at 
one time controversial. Divergent philosophies of 
management from radical surgery on one hand to 
ambulant chemotherapy on other has been resolved by 
the reports of multicenter trials conducted in Korea, 
Zimbabwe, South Africa and Hong Kong by BMRC 
working party on tuberculosis of spine. The trial was 
conducted on 750 patients in Hong Kong, Korea, 
Bulawayo, Rhodesia and South Africa with a foliow-up of 
3 to 10 years. 

1. The comparison of 2 and 3 antitubercular drugs 
combination showed no différence in results in 
achieving favorable status of tuberculous lésions. 

2. Comparison of effect of bed rest in one group and 
ambulant chemotherapy in other group showed no 
différence in cure rate. 

3. Comparison of results after radical clearance of lésion 
and conservative treatment showed no improvement 
in results by surgery. 

4. Comparison of Hong Kong method of anterior debride- 
ment and fusion with anterior spinal debridement 
alone also showed the same results. However fusion 
has improved overall results and resulted in prévention 
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of further deformity and collapse. The cure rate for 
conservative treatment was 85% and Hong Kong 
method 89.9%. 

The conclusions expressed in their eighth report (1982) 
are that when appropriate facilities and enough hospital 
beds are available, together with experienced spinal 
surgeon and good postoperative nursing, the modified 
Hong Kong operation (radical resection) as performed by 
its originator has definite advantage compared with other 
method of treatment investigated. It has produced 
substantial early anterior fusion, vertébral reconstitution 
and no increase in kyphosis. It makes most demand on 
hospital beds... (w) here adéquate facilities are lacking, 
reliance should be placed on ambulant chemotherapy 
alone because the results of later are also very good. Tuli 
(1967-74) has also treated ail uncomplicated cases of 
tuberculosis spine with ambulant chemotherapy with 
comparable results. The developing countries do not hâve 
enough hospital beds, equipped operating facilities, and 
good postoperative nursing care at most of the centres. 
Even if few centres hâve the similar facilities, that proves a 
drop in océan when we match them with the number of 
patients. Similar situation also exists in other developing 
countries. When the results of ambulant chemotherapy 
(rest in bed followed by mobilization with braces and 
complété ATT) are comparable, then it is advocated that 
ail tuberculosis spine without neural complication should 
be treated by nonoperative methods. These cases should 
be operated only in following conditions. 

1. Patient does not show adéquate clinical response and 
radiological evidence of healing in spite of adéquate 
nonoperative treatment (perfect compliance of 
antitubercular drugs and bed rest intially followed by 
mobilization with braces). The paravertebral shadow 
is increasing or abscesses are not healing despite 
repeated drainage and we anticipate drug résistant. 
Surgical debridement is done to procure tissue for 
histology and Mycobacterium culture and sensitivity. 

2. When diagnosis is suspect and operative intervention 
is undertaken to collect tissue for histological diagnosis. 

3. Panvertebral lésions hâve gross instability and spinal 
cord is at great risk to develop neurological 
complications even while treating with prolong bed 
rest. These cases become an indication for instrumented 
posterior stabilization to reduce the chances of 
developing neurological complication. 

4. In a case of tuberculosis spine where pretreatment 
kyphosis is 60° or more having disease of 3 vertebrae 
or more, or having vertébral loss more than two in 
dorsal and dorsolumbar spine, in an adult where 
following completion of treatment kyphosis more than 
60° is predicted/expected. These cases can be 


considered for anterior debridement and fusion if 
facilities permit to reduce the kyphosis and the chance 
of developing late onset paraplegia. 

Similar cases in a child can still hâve severe progres¬ 
sion of kyphosis because of continued growth of posterior 
éléments of vertébral bodies when anterior disease segment 
of vertebrae is not growing. Such patient can be taken up 
for posterior spinal fusion with or without anterior 
debridement and fusion. 

Paraplegia or early onset (with active disease): Tuberculosis of 
spine with neurological complications warrants urgent 
and meticulous care. Any delay in establishing the 
diagnosis and in instituting appropriate treatment is a 
major contributory factor to incomplète neural recovery, 
increased morbidity and even mortality. 

The patient of tuberculosis of spine with neurological 
complication hâve been treated in past and reported in the 
literature showing improvement without chemotherapy 
and surgery in preantibiotic era with chemotherapy alone 
and with radical surgery combined with chemotherapy. 
Three definite methodology has been described. 

Dabsen (1951) reported that 48% of paraplegia 
improved neurologically by traditional conservative care 
in preantibiotic era. So, it is resonable to expect a further 
high percentage of neurological recovery with the advent 
of effective modem chemotherapy. 

MRC trials (1978) considering early disease hâve 
concluded that Pott's paraplegia from active disease could 
be managed by conservative methods on ATT only. 
However, this trial has considered only limited disease 
with little kyphosis with mild to moderate paraparesis 
(patient with neural déficit but still could walk). Here, 
compression is usually from increasing tension of the 
abscess and inflammatory edema. Drugs and rest arrest 
the pathological process and reduce tension and edema 
and relieves the compression. However, the response to 
conservative treatment is slow and its efficiency is doubtful, 
compression is by large sequestrum and soft healing ridge. 

Fifty-five percent neurological recovery has been 
reported in 195 cases reported separately by Aliik, Griffith, 
Seddon and Roaf (1955), Kaplan (1959). Seventy-three 
percent neural recovery has been reported in ambulatory 
chemotherapy in Korea and Rhodesia. Tuli has reported 
38% neurological recovery out of his 200 cases on 
4 to 6 weeks of ATT. Rest of the cases who did not recover 
were operated. This low percentage of neural recovery 
could hâve improved further if ail cases could hâve been 
treated only by nonoperative method. 

Until the end of 1970 most surgeons preferred 
nonoperative treatment and rarely performed surgery for 
fear of worsening already existing neural déficit. The 
discrepancy in recovery rate is attributed to: 
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i. Différence in the chronicity of disease and neural 
complication 

ii. Individual physical condition 

iii. Bacterial drug sensitivity 

iv. Improper sélection of patient for nonoperative 
treatment. 

Second group of surgeon advocated universal surgi- 
cal extirpation in ail cases of tuberculous paraplegia. 
Hodgson and Stock (1967) reported 75% neural recovery, 
84% by Kohli (1967), 78% by Goel (1967), 57% by Gurgius 
(1967), 69% Tuli (1975), 60% Martin (1971), 94% Lifeso 
(1985) after performing anterior décompression with or 
without fusion. 

The advantages of universal surgical extirpation hâve 
been reported as follows. 

1. The quality and speed of neural recovery is good. The 
neural recovery time after surgical décompression has 
been quoted as less than 2 months, while nonoperative 
treatment takes 2 to 6 months. 

2. Surgical décompression removes fibrous barrier to 
drugs. 

3. Diagnosis is established beyond doubt. 

In spite of being convinced that nonoperative or 
universal surgical extirpation produces almost similar 
recovery rate, still the opinion in developed countries goes 
for surgical extirpation on the pretext that the most common 
cause of paraplegia in tuberculous spine is pressure on 
the front of dura by material morbi and removal of that 
pressure produces not only a high rate of cure, but the 
paralysis usually résolves so rapidly after adéquate 
removal of the compressing agent that it seems unfair to 
allow a patient to lie paralyzed, for perhaps some weeks 
awaiting cure from nonoperative care when an operative 
décompression can produce complété recovery in a matter 
of days (DLL Griffith 1986). Both methodology of manage¬ 
ment are extreme. An absolute nonoperative approach to 
Pott's paraplegia is considered unjustifiable because very 
valuable time may be lost, while irréparable damage may 
progress to complété loss of motor function (Tuli 1969). At 
the same time, universal surgical extirpation also seems to 
be unnecessary in every patient. 

Tuli has advocated middle path regimen in 1969 which 
was followed because of compulsion in Indian 
subcontinent. The patients reaching at paraplégie State 
were from very low socioeconomic status having very poor 
general health, anémia and many of them having 
associated pulmonary tuberculosis. Many of them were 
unfit for major surgery. The operating time in general 
hospital is never enough to take these patients for urgent 
surgery. While waiting for their turn and fitness for surgery, 
many of them (38%) started showing neurological recovery 
on complété antitubercular therapy, bed rest and nutritious 
diet in 4 to 6 weeks time. The patient who did not recover 


were taken up for surgical décompression. We hâve also 
observed that 25 to 30% patients start showing neurologi¬ 
cal recovery on similar line of treatment. The argument in 
favor of universal surgical extirpation that it enables the 
surgeon to rectify any error in clinicoradiological 
diagnosis. Since a noninflammatory lésion causing neural 
complications would be extremely unlikely to respond to 
rest in bed and ATT for a few weeks. Such lésion would 
naturally be explored in the less radical program. Tuli has 
encountered one case of hydatid disease and 2 of E wing's 
sarcoma of vertebrae which were clinicoradiologically 
labeled as tuberculosis of spine. It is unlikely that 
exploration a few weeks earlier would hâve made much 
différence in the prognosis of these cases. Tuli presented 
his cases in pre-CT and pre-MRI era. We did also 
encounter 3 such cases one of hydatidosis of spine and 
other 2 of secondaries. In a case of hydatid, MRI gave us 
preoperative diagnosis and in other CT helped us in 
suspecting secondary of vertebrae. However, in third case 
neither CT nor MRI could be done, and patient was 
operated 3 weeks later. With the advent of CT/MRI/CT- 
guided FNAC such error in diagnosis could be minimized. 

Universal surgical extirpation of tuberculous foci in 
the spine advocated and practised by many workers on 
the supposition that ATT was unable to reach the center of 
tubercular lésion. Barclay and associâtes and Canetti 
showed by an isotope tracer that isoniazid reached 
tubercular abscess cavities, caseous lésion and bone in 
sufficient concentration. Streptomycin was also shown to 
enter the caseous area and thick walled abscess by 
Fellander (1952) Caneti (1955), Somerville (1965). André 
(1956) and, Hannegren (1964), Lidberg (1965) demons- 
trated the presence of radioactive dihydrostreptomycin in 
tuberculous foci. Tuli measured the streptomycin- 
rifampicin and ethambutol concentration in cold abscess. 
Hannegren also observed the diffusion of radioactive PAS 
into tubercular abscess. 

Tuli concluded that every patient with paraplegia will 
not be cured by orthodox conservative treatment but that 
ail patients do not need surgical intervention. A judicious 
combination of conservative therapy and operative 
décompression when needed should form a compré¬ 
hensive integrated course of treatment for tuberculosis of 
the spine with neurological complications. Tubercular 
liquid pus, granulation tissue, caseous tissue causing 
compression and inflammatory edema are amiable to 
nonoperative treatment. In middle path regimen, 3 to 4 
weeks delay will give a chance for above mentioned 
reasons of neural déficit to subside for patient to show a 
neural recovery, thus, to avoid surgical décompression in 
those cases which would otherwise show neural 
improvement. It has been demonstrated (Jain et al) in a 
prospective study on MRI that the patient showing 
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relatively preserved cord with evidence of edema/ myelitis 
with predominantly fluid collection in extradural space 
will résolve will on nonoperative treatment. This 
observation supports the philosophy of middle path 
regimen. Thus with imaging by MRI, we can select the 
cases who are likely to be benefitted by nonoperative 
methods. The compression in tuberculous spine and thus 
neurological complication is a slowly developing process 
(exception vascular catastrophe and pathological 
subluxation/dislocation). A short delay in surgical 
décompression does not significantly alter the long-term 
recovery of neurological function. The neurological 
recovery has been observed in three cases even where 
décompression was performed up to 11 to 12 months of 
developing paraplegia. 

The algorithm of management of patient of tuberculosis 
of spine with neurological complications is depicted in 
Chart2. 

Indications ofSurgery in Tuberculous Paraquadriplegia 

Following indications of surgery are adapted from Griffith, 
Seddon, Tuli and recent studies undertaken with modem 
imaging modalities. The indications are categorized on 
the basis of following factors. 

Clinicalfactors 

1 . Paraplegia with rapid onset: It indicates unusually severe 
paralysis from mechanical accident (may resuit from 
vascular thrombosis/endarteritis which cannot be 
proved/disproved. It remains an explanation for 
nonrecovery despite demonstrable adéquate surgical 
décompression). 

2. Severe paraplegia: Flaccid paraplegia, paraplegia in 
flexion, complété sensory loss, complété loss of motor 
power for more than 6 months. 

3. Spinal tumor syndrome, although not a common cause 
but surgical décompression is indicated for 
establishing the diagnosis. 

4. Paraplegia with neural arch affection. 

5. Récurrent paraplegia. 

6. Paraplegia accompanied by uncontrolled spasticity of 
such severity that reasonable rest and immobilization 
are impossible. 

7. Patient with massive prevertebral abscess: Neurological 
signs are associated with difficulty of déglutition/ 
respiration. 

Treatment factors 

1. Neurological complications developing during con¬ 
servative treatment with rest and antitubercular drugs. 

2. Neural complications not showing signs of 


Tuberculosis of spine with para/quadriplegia 

Complété ATT and bed rest 
(3-4 weeks) | 

f 

1 

Recovering neurologically 

No neural improvement 

! 

1 

Continue nonoperative 

Surgical décompression 

treatment 

—h 

r 

Neural recovery 

No neural recovery 

(continue drug therapy) 

1 

Myelogram/MRI 

f 

No lîlock 

Block 

(intrinsic damage to the 

Repeat surgical 

cord has taken place 

continue drug theapy) 

décompression 

4 

f 

Neural 

No neural recovery 

recovery 

(Intrinsic damage of cord) 

1 

i 

(Continue drug (Continue drug 

therapy) 

therapy) 


Chart 2: Algorithm of management of patient of tuberculosis 
of spine with neurological complication 


improvement to a satisfactory functional level after a 
fair trial of conservative treatment (3-4 weeks). 

3. Neural déficit getting worse on nonoperative treatment. 

Imaging factors 

1 . Paraplegia where CT /MRI shows destruction of both 
pedicle suggesting gross instability (spinal 
stabilization is suggested). 

2. Paraplegia with panvertebral involvement suggested 
on plain radiographs with associated scoliosis and/ 
or severe kyphosis. CT/MRI shows destruction of ail 
component of vertébral body (VB). Cause of paraplegia 
is instability associated with compression and 
inflammation so along with décompression spinal 
stabilization is indicated. 

3. Patient of paraplegia with spinal cord évaluation on 
MRI, extradural compression consisting of granu- 
lation/caseous tissue with little fluid component 
compressing spinal cord circumferentially and 
constricting the cord with the features suggestive of 
cord edema/myelitis or myelomalacia are found, such 
cases should be undertaken for surgical décom¬ 
pression. 

4. Paraplegia with compression by séquestra or disk. 
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Patient factors 

1 . Painful paraplegia Pain resulting from severe spasm or 
root compression. 

2. Paraplegia with onset in old âge because of hazards of 
immobilization. 

Surgical Décompression (Anterior or Posterior) 

Vertébral body is affected in almost 98% cases of 
tuberculous spine. Décompression should include full 
exposure of the front of the dura mater at the apex of 
kyphosis. Anterior décompression allows direct access to 
the focus of disease, abscesses can be evacuated ail 
avascular material can be excised and kyphosis can be 
corrected to some extent if stabilized with autologus bone 
grafting. 

Laminectomy for décompression in anterior disease is 
to be condemned. It removes the only healthy component 
of vertébral column in anterior disease, thus, rendering 
the spine unstable as found in panvertebral involvement. 
Many reports are available where patients were operated 
for laminectomy in anterior disease and shown appré¬ 
ciable détérioration in neural complication (CR and MA 
Smith 1989, Hsu and Leong), and increase in kyphosis, 
pathological dislocation (1986). 

Surgical décompression in anterior disease has to be 
anterior décompression. Laminectomy as surgical 
décompression is indicated in isolated neural arch 
affection and in the compressive myelopathy by spinal 
tumor syndrome. 

Radical Surgery vs Debridement Surgery 

Debridement surgery: Debridement of spinal focus involves 
removal of ail pus, caseous tissue, séquestra but without 
removal of unaffected or viable bone except to provide 
adéquate access to the focus and to decompress the cord. 

Radical surgery: This technique is developed by Hodgson 
and Stock (Hodgson and Stock, 1956, Medical Research 
Council 1974b). Here radical excision of tuberculous focus 
is performed with repair of résultant gap with autologus 
bone grafting. 

The excision of bone is carried out until the dura mater 
is uncovered and upward and downward until healthy, 
bleeding concellous bone was exposed with surface 
suitable for réception of bone graft. If the affected bodies 
were so extensively diseased that a healthy bleeding 
cancellous surface cannot be fashioned in the bodies 
themselves at one or both end of resection, the whole of 
upper and/or lover parts of affected bodies were removed. 
This involves the removal of intervertébral disks at the 
limit (or limits) of the resection and of the end plate of the 
vertebrae immediately above and/or below the diseased 


area, healthy cancellous surfaces being eut in the vertébral 
bodies above and/or below the obviously affected one. 
Upadhyay (1994) on the basis of analysis of 112 patients 
who were operated by radical or debridement surgery with 
a long follow-up (mean 15.3 years) made following 
observations. 

1. Neurologie recovery in both radical and debridement 
surgeries were equally good and no patient had pain 
(Fig. 4). 

2. No incidence of réactivation or récurrence of 
tuberculosis in either surgery good. 

3. At 6 months patient with radical surgery group showed 
marginal correction of deformity while those who were 
treated with debridement showed détérioration in both 
kyphosis and deformity. 

4. The mean différence for kyphosis and deformity angle 
at final follow-up évaluation and 6 months 
postoperative measurements were not statistically 
different in 2 groups. 

5. Forty percent patients showed an improvement in 
deformity angle by 5° or more after radical surgery at 
6 months postoperative évaluation, while 53% patients 
showed détérioration after debridement surgery. 

6. Ail patients of lumbar spine tuberculosis treated with 
radical surgery had normal lordosis in lumbar spine 
at final follow-up compared with only 63% after 
debridement. 

7. Correction achieved after surgery at 6 months 
évaluation was practically maintained up to final 
évaluation. 



Figs 4A to C: (A) Preoperative (AP view) radiograph of a patient 
of tuberculosis spine with stage IV paraplegia showing D 9 _ 10 
paradiskal lésion and paravertebral shadow. (B and C) Latéral 
radiographs of the same patient one and four years after 
antérolatéral décompression showing no increase in kyphosis. 
The patient has shown excellent neural recovery 
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Thus, author concluded that radical resection and bone 
grafting provided better correction of deformity, although 
the cases were mainly of 2 vertébral disease. As far as 
healing of disease and neural improvements are concerned, 
the outcome by both procedures were the same. Other 
reports hâve shown variable changes in kyphosis. Similar 
South African sériés (MRC 78B, 82) hâve shown 21% 
détérioration of kyphosis. Even in Hong Kong, Jankin et al 
(1975) showed 46.4% increase in kyphosis from admission 
to 10 year foliow-up in children managed by anterior 
décompression and fusion. From India two sériés with 
long-term follow-up has observed kyphosis angle before 
and after surgery. Rajsekeran and Soundarapandian 
(1989) observed in 81 cases who were operated by radical 
surgery after a minimum follow-up of 8 years that 59% 
had either some correction of kyphosis or it remained the 
same as in preoperative stage. Ail these patients had limited 
surgical excision of bone, resulting in a small 
postdebridement defect that needed a short graft. Ninteen 
percent patients had worsening of kyphosis angle less 
than 20° and 22% had increase in kyphosis angle of more 
than 20° (Fig. 5). This increase in kyphosis was observed 
more in patients who hâve extensive involvement of the 
vertébral bodies that had resulted in a large postdebride¬ 
ment defect necessitating a graft particularly in a patient 
having thoracic spine affection and having a marked 
kyphosis before treatment. 

When Jer Chun while managing 50 patients of tuber- 
culosis of spine has calculated preoperative vertébral body 
(VB) loss. If loss is less than 2 VB height anterior radical 
debridement with bonegraft was performed. If VB loss is 
more than 2, beside radical anterior debridement and bone 
grafting, second stage instrumented posterior spinal 
fusion was undertaken. He could achieve average 
correction of kyphosis of 10° (1-44°) twenty percent of his 
cases had détérioration of kyphosis. Tuli followed up his 
118 cases with only debridement surgery for 2 to 6 years 
(mean 3.2 years). Angle of kyphosis increased by 10 to 30° 
in 19%, more than 30° in 4%, and in remaining 77% the 
kyphosis either remained static as preoperatively or 
decreased, or if increased it was less than 10°. Thus, there 
is no great advantage of radical surgery over debridement 
surgery when we consider correction of kyphotic deformity. 

The effect of ATT on skeletal tuberculosis was summed 
up by Somerville and Wilkinson with reference to 
pathological lésion as follows. 

In every skeletal lésion there are areas of bone which 
are infiltrated with tubercular disease but which are not 
necrosed and will recover and reconstitute under drug 
treatment. There are also areas of ischémie and infarcted 
bone and these will also recover and reconstitute without 
operation as the disease subsides and the circulation of 
lésion improves. Finally, there are areas of necrosis which 



Figs 5A to C: (A) Latéral radiograph of a case of a grade II 
paraplegia before antérolatéral décompression having D 4 _ 6 
disease showing 34° kyphosis (B) Latéral radiograph of the 
same patient after one year follow-up. (C) Similar radiograph 
after 4 years showing kyphosis of 44° 

are past recovery and which harbor tubercular bacilli, and 
for these areas operation in addition to drugs is essential. 
While performing surgical décompression, we should 
remove that part of viable bone which allows us to remove 
ail pus, caseous tissue and séquestra, to decompress spinal 
cord and whatever gap thus created should be bridged by 
2 to 3 rib gratis to correct whatever maximum correction of 
kyphosis is possible. Excision of too much bone up to 
healthy bleeding bone will leave a large gap to be bridged 
by a long graft. If this graft which is only a fraction of mass 
and strength of vertébral body slips or breaks will resuit in 
a unstable situation and may lead to neurological 
nonrecovery or détérioration. However debridement where 
entire body is not excised leave a more stable spine. 

Surgery of tuberculous paraplegia/quadriplegia poses 
certain difficulties and anxiety for sugeons. Before surgery, 
surgeon should express réservations to the patients and 
to the relatives that operation may be technically most 
difficult, and resuit may be most unpredictable as far as 
neurological outcome. Anesthetist has to be observant and 
should be ready to deal with instant blood loss from 
intercostal or extradural vessels or in the sinusoidal 
vessels of cancellous bone. The personnel dealing with a 
patient of tuberculous spine with neurological compli¬ 
cations must be conversant with problems of paralytic 
patients suffering from chronic infective pathology who is 
debilitated and might even hâve a pulmonary tuberculosis. 
When such patients are operated particularly by trans- 
thoracic approach may hâve respiratory complications, 
fluid and electrolyte imbalance. They must know to handle 
transpleural blood drain. The turning of the patient who 
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for some weeks may hâve an unstable spine, must be 
performed with the greatest gentleness, and any tortional 
movement that might cause rotatory strain at the level of 
lésion must be avoided in the first 6 to 8 weeks as graft 
may dislodge or neural déficit may deteriorate. 

Surgical Approaches to Tuberculous Spine 

The approach to the spine in tuberculosis dépends on the 
availability of appropriate facilities and trained personnel 
and also on the nature of the case. In cervical and lumbar 
spine, the approach is well defined and has to be anterior. 
In dorsal spine however there are two approaches: (i) 
thoracotomy, (ii) extrapleural (antérolatéral) approach. 

Thoractomy approach as advocated by Hodgson and 
Stock is an operation of magnitude particularly in extensive 
disease and should not be undertaken lightly even where 
good surgical facilities exists. It should notbe performed 
where surgical facilities are poor as even suggested by its 
originator. It requires a good experienced surgical team, 
chest surgeon (may not be), excellent operation theater Set¬ 
up, trained personnel managing postoperatively, intensive 
care facilities. In an excellent set-up, 6% postoperative 
deaths hâve been reported in a moderate paraplégie 
patients. In severe paraplegia, the percentage of post¬ 
operative death rose to 11%. 

Almost 50% cases of spinal tuberculosis are anémie 
and hâve evidence of healing/active pulmonary 
tuberculosis. In a paraplégie where intercostals are 
paralyzed (paretic) with a compromised lung condition, 
thoracotomy will certainly increase the risk of post¬ 
operative complications. In such cases where patient has 
compromised pulmonary reserve, latéral extrapleural 
(antérolatéral) approach can be undertaken as it is: 

i. Simpler and safe technique 

ii. Skilled team in open chest surgery is not required 

iii. Patient is less likely to go into shock so even debilitated 
patient could be operated 

iv. Does not require care of chest tube so pulmonary 
complication can be reduced 

v. It allows an earlier exposure of cord in severely 
kyphotic spine which is technically difficult by 
transthoracic approach, and 

vi. It reduces the postoperative morbidity. 

Limitations of extrapleural 
(Antérolatéral) approach 

1. It takes more efforts to master the technique of excellent 
extrapleural décompression. 

2. It provides limited exposure and limited space for bone 
grafting as described by various authors but has 
significant less morbidity. It has been our expérience 
and of other authors (Tuli, Goel, Martini, Z Korkusuz) 


that it provides adéquate exposure of spinal cord, and 

we can excise even total vertébral body and make a 

suitable bed for bone grafting. 

Out of two approaches the determining factor for 
particular approach should be preference and technicals 
skills of surgeon, availability of surgical facilities and 
general and pulmonary reserve of patient. If everthying is 
good, one can go by any approach. However, if any one is 
wanting latéral extrapleural (antérolatéral) approach gives 
adéquate exposure and décompression of cord. 

Rôle of Instrumentation in Management 
of Tuberculosis of Spine 

There are scanty reports of instrumentation in spinal 
tuberculosis (JA Louw 1990, J Travos, G Du Toit 1990 and 
Wen Jer Chun et al 1995). Spinal instability leading to 
pathological subluxation/dislocation particularly in a 
panvertebral disease (circumferential involvement of 
vertébral bodies) has been described as one of the causative 
factor leading to neurological complication. Spinal 
instability is likely to increase after surgical décompression 
in immédiate postoperative period. The destruction of 
posterior complex alone with vertébral body is more often 
observed than has been described in literature. Such spine 
are potentially unstable, and they become grossly unstable 
if laminectomy or antérolatéral décompression has been 
performed. J Travls has stabilized the spine by Harrington 
distraction rods with sublaminar and longitudinal 
interspinous wiring in a case of circumferential spine 
involvement (panvertebral disease) in dorsal spine. Wen 
Jer Chen et al (1995) performed posterior instrumentation 
in 14 cases by Harrington rod or Luque segmentai spinal 
instrumentation where preoperative vertébral body loss 
was between 2 and 3 or more than 3 as an attempt to correct 
preoperative kyphosis. 

JA Louw (1990) has stabilized the spine by segmentai 
rectangle instrumentation as a second stage procedure in 
cases of thoracic and thoracolumbar spinal tuberculosis 
with neurological déficit in 19 cases which were treated 
by anterior debridement décompression and vascularized 
rib grafting followed either during the same procedure or 
14 days later by multilevel posterior ostéotomies, 
instrumentation and fusion. Lido T et al presented a sériés 
of 18 cases where anterior reconstruction with Kaneda 
instrumentation was done. 

Rajasekeran has shown a failure of graft and pro¬ 
gression of kyphosis because of fracture and/or slippage 
of graft, when length of graft exceeds 2 disk space. It is 
advisable in such cases to use some additional measure 
such as extended period of bed rest, posterior arthrodesis 
and/or prolong use of braces. 
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Indications of instrumentation 

1 . Long segment of disease (vertébral loss 2 or more) 

2. Panvertebral disease 

3. CT/MRI shows B/L pedicle and facet joint affection 
along with vertébral body disease. 

Choice of instrumentation 

There are not many reports available for anterior instru¬ 
mentation. The stability of anterior fixation devices dépend 
on intact posterior vertébral éléments, so cannot be used 
in panvertebral disease. In multiple vertébral disease, it 
will further increase the exposure of vertébral body 
anteriorly—at least one healthy vertebrae superiorly and 
one inferiorly. So, it has no place in extensive disease. 

Kaneda fixation has been presented (SICOT-96) in two 
vertébral disease. Nicely placed graft after debridement 
provides enough stability of spine thus there is no need to 
perform anterior instrumented stabilization in two 
vertébral disease. 

To conclude there is no place/limited place for anterior 
instrumentation in spinal tuberculosis. Posterior spinal 
instrumentation can give immédiate stability, and there is 
less likelihood of intraoperative spine displacement with 
the patient prone. Segmentai rectangle instrumentation 
with the help of sublaminar wire in adults and with 
mersilene tapes in children seems to be an appropriate 
option, as it provides a very effective three point fixation. 
The chances of overdistraction of unstable spine by 
Harrington distraction canbe eleminated. Pedicle fixation 
may obstruct subséquent insertion of anterior strut graft, 
thus has limited utility. 

Prognosis in Tuberculous Para/Quadriplegia 

Neurological recovery in tuberculous para/qudriplegia 
dépends on many factors. The effect of various factors are 
summarised below. 

1. Age: Young patients show good neural recovery as 
compared to elderly patients, the children show the 
best neural improvement. 

2. General condition of the patient: Patients with good 
nutritional state show better neural recovery. The 
disease in nutritionally poor patients is more 
aggressive as body résistance (immune status) is poor, 
and such patients tolerate surgery poorly. 

3. Level and segment of spine affected: Cervicodorsal 
junction and upper dorsal spine show poor neural 
recovery as compared to other segments of spine, as 
this segment of spinal canal is narrowest. 

4. Type of paraplegia: The patients of neurological 
complication with active disease show better 
neurological recovery as compared to with patients 
of healed disease. 


5. Kyphosis: The patients with severe kyphosis show 
poor neural recover. Tuli has reported that if kyphosis 
is 60° or more, it show poor neurological recovery. In 
other words, if VB loss is 2 or more, then chances of 
recovery is poor. 

6. Duration of paraplegia: Neurological complications of 
shorter duration show better neurological recovery 
than of longer duration. In long-standing com¬ 
pression, some permanent changes in the cord 
develops, thus, leading to nonrecovery or poor 
recovery. It has been observed that if surgical 
décompression is undertaken after 12 months of 
neural déficit, it is unlikely to respond. 

7. Progression of neurological complications: Rapidly 
developing neurological complications show poor 
recovery as compared to slowly developing para¬ 
plegia. Neurological complications developing to 
severe déficit in few hours/ few days show the worst 
prognosis. Rapidly progressive paraplegia signifies 
more chances of mechanical insult because of a 
pressure from disk/sequestra of pathological 
subluxation/dislocation or vascular catastrophe. 
Thus, chances of recovery diminished as some 
permanent cord damage is more likely. 

8. Severity of neurological complication: Patients 
presenting with severe paraplegia as stage IV 
paraplegia or paraplegia with flexor spasm or with 
sphincter involvement or with complété sensory loss 
show poor neural improvement, as this reflects a 
complété cord involvement, while less severe grade 
of neural déficit shows a partial card involvement 
thus better chances of neural recovery. 

9. Type of vertébral destruction: The cases who had only 
anterior vertébral body affection show a better 
prognosis as compared to panvertebral destruction 
having gross instability. 

10. Nature of compression: Extradural compression of 
fluid nature résolve well on treatment, and patients 
show a good neural recovery. Patients with extradural 
compression of mixed or granulomatous (dry) nature 
showing constriction of cord would not show neural 
improvement unless operated and even on surgery 
they may show a slower improvement. 

11. Cord changes: Preserved cord with edema /myelitis 
of cord on MRI would show a good neural recovery. 
Cord showing myelomalacia with réduction in cord 
volume would show a poor neural recovery. The cord 
showing syringomyelia with réduction in cord 
volume/cord atrophy would show no neural 
recovery. 

12. Operativefindings: On surgical décompression if pus 
is drained out (wet lésion) along with extradural 
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compression of granulation tissue and bony 
séquestra, the patient is likely to show better neural 
recovery in comparison to thick inspissated pus, 
caseous tissue, fibrous tissue, bony séquestra and disk 
(dry lésion). 

CRANIOVERTEBRAL TUBERCULOSIS 

The tuberculosis of atlantoaxial région is rare, however, 
the conséquences are very serious. Of ail the infective 
lésions of craniovertebral région, tuberculosis is the most 
common. It has been reported less than 1% of ail skeletal 
tuberculosis. Bright (1837) described a case of spinal caries 
with insidious paralysis beginning in the hand and 
spreading to the whole body. Necropsy revealed extensive 
abscess formation in the upper cervical vertebrae and 
compression of medulla from the process dentetus. Smith 
(1871) reported 15 postmortem cases of fractures of the 
dens. At least 3 of which resulted from spinal caries. Death 
was due to atlantoaxial dislocation causing compression 
to the cord in each case. Tuberculosis of upper cervical 
spine seems to begin either in the retropharyngeal space 
with secondary involvement of bone or rarely in the bone 
itself. With progression, there is increasing ligamentous 
involvement with minimal osteolytic érosions into the 
odontoid or into C x . This allows anterior subluxation of 
C 2 on C 2 , increasing rotatory suluxation and proximal 
translocation of odontoid. The final stage of the disease 
involves increased bone destruction with complété loss of 
the anterior arch of Q, fracture through the base of odontoid 
or the proximal portion of body of C 2 , and eventually 
complété oblitération of the odontoid process. In the most 
severely affected cases, there was complété loss of the both 
odontoid and anterior arch of Q with a grossly unstable 
articulation between the occiput and C 2 . CT/MRI of 7 cases 
who were suspected to hâve tuberculosis on clinical 
suspicion and on plain radiography showed destruction 
of latéral mass with only 1 case showing subluxation of 
C a and C 2 as distance between anterior arch of C 2 and 
dens was increased, rest 6 had no subluxation. Had these 
cases are not suspected and diagnosed early would hâve 
certainly ended in dislocation of Q on C 2 . It seems that 
lésion starts in latéral mass of C x , where transverse 
ligament is attached. The destruction of ligament/ 
disruption of ligament leads to subluxation/dislocation 
of Q on C 2 . Tuli reported 56 percent cases when reported 
had dislocation of Q on C 2 , while Fang had 66%, Robert 
Lifeso had 75% cases with dislocation of Q on C 2 reported. 

The spinal cord at the medullary cervical junction is 
threatened by: (i) atlantoaxial subluxation and upward 
translation of the dens, (ii) compression by tubercular 
abscess, (iii) by inflammatory edema of the cord, and (iv) 
direct tubercular invasion of the cord. Not ail cases of 


subluxation or dislocation of Q on C 2 had neural déficit 
(Fig. 6), while some patients show neural recovery despite 
persistence of dislocation of C x on C 2 suggests that 
dislocation of Q on C 2 is not the prime cause for déficit. 
These patients présent with severe neck pain, limitation of 
movement, local tenderness, tilt of the neck, tendency to 
support the neck, difficulty in swallowing, hoarseness of 
voice, stridor or even latéral nystagmus. 

On plain radiograph in an advanced case, one may 
see régional osteoporosis, subluxation/dislocation of Q 
on C 2 , and increased prevertebral soft tissue shadow in 
front of anterior arch of Q more than 7 mm (Fig. 7). It is not 
possible to see alteration of bony texture. CT /MRI will be 
required to see the destruction of bone. In a case where 
there is no dislocation of Q on C 2 , plain radiographs may 
only show an increased prevertebral soft tissue shadow, 
and on strong suspicion one will hâve to resort to CT/ 
MRI. 

Treatment 

Robert Lifeso has classified the disease into three stages 
based on radiological appearances. 

Stage I The ligaments are intact, there was minimum bone 
destruction and no evidence of anterior displacement of 
C x on C 2 . 

Stage II The ligaments are disrupted with anterior 
displacement of Q on C 2 with minimal bone destruction. 
StageIII Marked bone destruction with complété 
oblitération of the anterior arch of C x and eventually 
complété loss of the odontoid process. 

Traction in the form of Crutchfield tong/halo vest 
seems to be effective method to immobilize and achieve 
réduction in suluxated/dislocated spine. Transoral 
debridement is a simple procedure both for the purpose of 
décompression and to obtain a biopsy. However, transoral 
debridement for réduction of subluxation/dislocation is a 
major undertaking and has a 50% failure rate. Indian expe- 



Figs 6A and B: (A) CT scan of a patient of atlantoaxial 
tuberculosis showing destruction of left latéral mass of atlas 
with normal relationship of C 1 and C 2 
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Figs 7A to C: (A) Latéral view of cervical spine in a case of 
atlantoaxial tuberculosis showing gross destruction (stage III 
atlantoaxial tuberculosis). Anterior and posterior arch of C-, 
are not visible. (B and C) latéral view of cervical spine in 
extension and flexion after one year of nonoperative treatment 
(skull traction, ATT followed by mobilization) showing 
restoration of relation of C 1 and C 2 and a stable spine 

rience has been that these cases should be reduced with 
Crutchfield tong traction once clinicoradiological 
diagnosis is established. However, a fine-needle aspiration 
cytology (FNAC) can be taken for a histological diagnosis 
either from a palpable cold abscess or by transoral route. 

Indications of Décompression Surgery 

1. Patient does not show adéquate clinical response (to 
get tissue for histological diagnosis). 

2. If dysphagia or hoarseness of voice is présent because 
of huge retropharyngeal abscess. 

3. Patient does not show neural recovery in 3 to 4 weeks 
on nonoperative treatment. 

Stage I Disease where there is no ligamentous instability 
can be treated with cervicothoracic orthosis (four-post 
collar) and bed rest for 4 to 6 weeks followed by 
mobilization in four-post collar under cover of ATT. 

Stage II These cases are best treated by Crutchfield tong 
traction or by halotraction. When treated by Crutchfield 
tong traction, réduction could be achieved and traction 
could be continued from 6 to 8 weeks followed by bed rest 
with four-post collar for 4 to 6 weeks. At 3 months stability 
of spine can be assessed by stress film (latéral view of 
spine with flexion and extension of spine), when the 
distance between dens and anterior arch of atlas increases 
more than 3 mm in two views, spine can be considered 
unstable, and posterior spinal fusion should be contemp- 


lated again on a Crutchfield tong traction. A significant 
percentage of spine will remain stable in subluxated/ 
reduced position at 3 months, so posterior spinal fusion 
will be required in a small percentage. However, if such 
cases are treated with halotraction, posterior spinal fusion 
can be done early on achieving réduction of Q on C 2 . 

Stage III Crutchfield traction for 3 months to achieve as 
best as possible a réduction followed by mobilization in 
four-post collar. In this stage, posterior spinal fusion has 
to be extended from occiput to C 3 and protection is to be 
extended for at least 1 year. 

CERVICAL SPINE TUBERCULOSIS WITH 
NEUROLOGICAL DEFICIT 

Because of its low incidence it has not been included in 
the extensive long-term trial by the medical research 
council working party on tuberculosis of the spine. The 
overall incidence of cord compression are slightly higher 
than dorsal spine, LCS Hsu and JCY Leong (1984) hâve 
operated ail cases of neurological complication by anterior 
décompression and bone grafting. Tuli treated these cases 
by Crutchfield tong traction and complété antitubercular 
drug therapy. Twenty two of 34 made complété neural 
recovery and 11 required anterior surgical décompression, 
while one died because of moribund general condition. 
Nine-eleventh of those operated has shown complété 
neural recovery and one partial neural recovery. Cervical 
spine does not produce as severe progression of kyphosis 
as dorsal spine (SS Upadhyay) so universal surgical 
extirpation is not warranted for fear of late onset quadri- 
plegia because of severe kyphosis. Middle path regimen 
seems to be effective for cervical spine tuberculosis. 

The patient of cervical spine tuberculosis with 
neurological complications should be treated with 
Crutchfield tong traction/with complété ATT. If adéquate 
neural recovery is observed, four-post collar should be 
applied after 6 weeks with continued bed rest up to 3 
months followed by mobilization of patient with four-post 
collar. When the patient does not show neural recovery, 
should be undertaken for anterior cervical décompression. 

Cervicodorsal Junction Up to D 3 

This area of spine is a difficult are to be suspected and 
diagnosed clinicoradiologically. These cases usually are 
diagnosed when they already hâve neurological 
complications. Here again the patient should be put on 
Crutchfield tong traction along with drug therapy, rest of 
the treatment principles remain the same as of any 
tuberculous spine. When mobilized, these cases should 
hâve four-post collar extended on a Taylor's brace. 
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Spinal Tumor Syndrome 

The patient of compressive myelopathy/radiculopathy 
with no obvious spinal deformity and no discernible lésion 
on plain radiographs are described as spinal tumor 
syndrome (Dandy 1925, Seddon 1935, Griffith Seddon and 
Roaf 1956). In such cases, plain radiograph does not show 
the lésion, myelogram suggests only level of block. Confir¬ 
mation of diagnosis is usually established after surgery 
and histology. The differential diagnosis would include 
neurofibroma meningioma, lipoma, astrocytoma and other 
tumors from neural tissue beside tuberculoma. 

Tuberculoma of spinal cord and its covering présents 
as spinal tumor syndrome and are very rare. Arseni and 
Sanitea 1960 hâve reported among a group of 38510 
patients admitted to a neurosurgical clinic in a community 
where prevalence rate of tuberculosis was high, only 9 
intraspinal tuberculoma and 439 intraspinal tumors, thus 
suggesting tuberculosis as the pathology in 2% of the cases 
of spinal tumor syndrome. In a general orthopédie 
department, tuberculoma accounts for almost 30% of the 
spinal tumor syndrome in endemic areas of tuberculosis. 

Intraspinal Tuberculoma 

Tuberculosis can directly involve neural and perineural 
tissues, i.e. épidural space, subdural space involving 
méningés or cord tissue directly. Tuberculoma of central 
nervous System are more common than from spinal cord 
and méningés. A lésion of épidural space or intradural or 
intramedullary tuberculoma with normal radiographs are 
liable to be misdiagnosed or mismanaged initially because 
of rarity of these lésions and unfamiliarity of the presenting 
clinical features. 

Era Serre (1830) described the tuberculoma of cord for 
the first time, while first removal seems to hâve been 
performed by Kraurs and McGuire (1909). Many cases hâve 
been described in literature, however, the contribution of 
ail authors is based on one or very few personal patients. 

The intraspinal tuberculoma are classified (Homi M 
Dastur 1972) as follows. 

1. Extradural with 

a. Vertébral body involvement 

b. Vertebral arch involvement 

c. Without osseous involvement 

d. With osseous or durai involvement but within the 
épidural fatty tissue 

2. Subdural 

a. Localized 

b. Diffuse 

3. Subdural and extradural 

4. Arachnoidal without durai involvement 

5. Intramedullary tuberculous granuloma 


Extradural Granuloma 

Extradural granuloma with vertébral body or arch 
involvement are in spirit those cases where vertébral lésion 
is not gross and cannot be seen on plain radiograph (not a 
classical tuberculous lésion). Thus, ail extradural 
granuloma used to be labeled as extradural extraosseous 
form of granuloma (Babhulkar 1984, Naimur Rahman 
1980). With the modem imaging, the small locus of bone 
destruction can be seen thus such cases could be 
recategorized. There still remains a few cases who hâve 
no bone involvement. These cases présents as compressive 
myelopathy with no clinical spinal deformity. They may 
hâve local tenderness, and neurological localization of 
level directs us to prescribe MRI/Myelo CT Myélographie 
study will be required to localize the diseased area. 

Surgery should be undertaken and if anterior vertébral 
disease is demonstrated then anterior/anterolateral 
décompression is recommended. In neural arch lésion or 
when there is no osseous lésion, laminectomy should be 
performed and extradural granuloma should be pealed 
off. These cases show good neural recovery after 
décompression. 

Subdural Granuloma 

These cases again présent with compressive myelopathy 
with no clinicoradiological localization of lésion. Myelo- 
graphy/myelo CT/MRI helps to locate the lésion and 
décidé the level of surgery. As there is no involvement of 
bone, laminectomy at the level is the operation of choice. 
When dura is tense it is to be opened to remove subdural 
granuloma. The dura should be left open if gross 
observation suggests infection in contrast to noninfective 
lésion where dura is closed with a fascia lata graft. 

Intramedullary Tuberculoma 

Intramedullary tuberculomas are further rare. These 
patients présent with a picture of severe spinal cord 
compression with a rapidly advancing course. If such 
patient has a tuberculous lésion elsewhere in the body or 
in the past, one can keep this condition in differential 
diagnosis with nontuberculous, tumorous and 
nontumorous lésions. Jena et al hâve described MRI 
appearance of intramedullary granuloma and hâve shown 
in sequential MRI régression of lésion with nonoperative 
treatment on complété antitubercular therapy. When 
dealing with a case of spinal tumor syndrome and 
radiological findings are nonspecific of an intramedullarly 
mass with or without past history of tuberculous infection 
elsewhere, we should consider in endemic areas for 
tuberculosis an intramedullary tuberculoma in differential 
diagnosis along with intramedullary tumor, and in such 
cases we are justified to undertake for tissue diagnosis, a 
myelotomy and biopsy. 
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NEUROLOGICAL COMPLICATION 
WITH HEALED DISEASE 

Sorrel and Sorrel Dejerine (1924) using the time of onset as 
a guide classified the paraplegia into: (i) early onset, and 
(ii) late onset. Seddon (1935) has described that variety of 
paraplegia and stated that the patient usually had extensive 
spinal tuberculosis but made an apparent recovery and 
remained symptomless apart from increasing kyphosis. 
After a long period (4 to 40 years) paraplegia sets in, usually 
incomplète but sometimes severe. Seddon was uncertain 
whether this type of paraplegia was caused by réactivation 
or by healing bony ridges. 

Pathogenesis of Neurological 
Complications with Healed Disease 

This type of paraplegia is usually seen in patients with 
severe kyphosis. This is usually found in dorsal and 
dorsolumbar spine, as kyphosis does not progress so 
severely in cervical and lumbar spine. 

1. It is attributed to stretching of spinal cord over internai 
salient. There may indeed be a very sharp ridge at the 
angle of kyphosis, and the cord in its membrane may 
be found stretched across it like a violin string across a 
fiddle bridge. 

2. Prolonged anterior impingement on the cord by sharp 
osseous ridge or possibly from constriction caused by 
fibrosis around the neural element. 

3. Persistent low grade infection with increasing 
kyphosis. 

4. Réactivation of quiescent disease. 

5. Healing of disease at initial site of kyphosis producing 
compression by a healing bony ridge in the presence of 
active infection elsewhere. 

Management 

It is important to know whether patient of paraplegia of 
healed disease has a healed lésion or réactivation/ 
recrudescence. Clinically paraplegia because of réacti¬ 
vation/ recrudescence has severe paraplegia and relatively 
rapidly developing as compared to late onset paraplegia 
with healed lésion (Hsu 1988). Similarly, such paraplegia 
with réactivation/recrudescence responds early and better 
to treatment than paraplegia with healed lésions. 

Hsu (1988) reported 22 cases of late onset paraplegia. 
Twelve cases had active process of infection at initial 
kyphosis. The response to décompression was faster, better 
and safer with 9 showed complété neural recovery, and 3 
recovered partially with average recovery time 6.8 months. 
Eight cases had paraplegia with hard bony ridge 
compressing the cord, had neural détérioration in 2,4 had 
neurapraxia of cord which slowly improved and 2 had 


CSF fistula after surgery. The recovery time was variable, 
but in severe paraplegia recovery up to 24 months was 
observed. The sélection of treatment in such cases was 
being helped by detailed radiological studies of the internai 
gibbus. 

We studied 17 of such cases with MRI and found active 
disease at kyphosis or proximal/distal to apex of kyphosis 
in 10. The cases responded to nonoperative treatment. Rest 
of the cases had healed disease. The anterior transposition 
of cord was performed in 1 severe paraplégie and in 2 
moderate paraplégie. Ail 3 cases made no neural recovery. 
In 4 children with severe kyphosis with mild neural déficit, 
posterior spinal fusion was performed to prevent 
progression of kyphosis. 

Anterior décompression with removal of internai 
gibbus is the treatment in such cases though it seldom 
produces complété recovery of paraplegia as compared to 
paraplegia with réactivation and fraught with 
complication of détérioration of neural déficit. These cases 
with severe kyphosis, with costovertebral impingement 
hâve poor pulmonary reserve, thus, are bad risk for major 
undetaking such as anterior décompression. Tuli has 
suggested removal of internai gibbus only in those cases 
who hâve moderate to severe paraplegia, while mild 
paraplégies should not be decompressed. 

Hsu (1988) was of the opinion that patient with mild 
or moderate paraplegia should perhaps be treated by 
stabilization of spine only to prevent further progression 
of kyphosis and paraplegia while décompression should 
be reserved for severe paralysis. Anterior décompression 
with removal of internai gibbus canbe done by thoracotomy 
approach but as they hâve severe kyphosis, antérolatéral 
approach is easier and directly gives an assess to apex of 
kyphosis. 

Correction of Severe Kyphosis for 
Prévention of Late Onset Paraplegia 

Best form of treatment of late onset paraplegia is prévention 
of development of severe kyphosis. Once a kyphosis 
develops, correction is difficult and hazardous. Yau et al 
(1974) had attempted surgical correction of 30 cases of 
kyphotic deformity of tuberculous etiology having average 
number of affected vertebra 6.3 (3-11), and average 
kyphosis of 115.5° (61-146°). The indication were severe 
deformity in presence of active disease, and/or signs of 
cord compression, and/or progressive impairment of 
pulmonary function or progression of the deformity. 

The patients were fitted with halo pelvic distraction 
apparatus. The sequence of operation/procedures was as 
follows. 

1. Anterior spinal osteotomy and décompression of 

spinal cord 
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2. Spinal distraction 

3. Posterior osteotomy (fusion) 

4. Spinal distraction 

5. Anterior spinal fusion after maximum correction 

6. Posterior spinal fusion if not already performed 

7. Postoperative immobilization in halo body cast. 

The average correction obtained was 32.4° (5-65°). He 
concluded that for an adéquate degree of correction, the 
patient has to be subjected to 3 major spinal operation, 
and there remains a considérable risk of paraplegia and 
death. The average correction was 28.3%, and it may seem 
that this is a relatively small reward for such a major under- 
taking. There is no doubt that this form of treatment should 
be instituted in cases where deformity is severe with active 
disease and paraplegia or death from chest complication 
is imminent. But for patient with healed disease in whom 
the danger of paraplegia and rapid progression of 
deformity are less, the hazards of treatment would seem to 
outweight the gains, particularly because more meticulous 
and therefore more dangerous surgery is required. 
However, in growing children where there is more than 3 
vertébral affection in dorsal spine (likely to hâve kyphosis 
more than 60°), posterior spinal fusion should be done to 
stop growth of post element of spine and eventual 
progression of kyphosis. 
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Direct Operative Treatment with 
Antitubercular Drugs 

This term indicates a direct surgical attack on the spinal 
lésion including évacuation of abscesses and curettage of 
the lésion. Wilkinson (1949), Hald (1954), Orell (1951), 
Kondo and Yamada (1957) were the first to report results 
of the treatment with antituberculous drugs in conjunction 
with direct surgical attack on the spinal lésion. 

A variety of opinions hâve been expressed by various 
workers in regard to the indications for the use of this 
combined method of treatment. Thus, Hald (1954) 
advocated that it should be employed more often than has 
been done so far. Fellander (1955), Boulvin (1960) and 
Debeyre (1964) performed the operation with little regard 
to factors such as the âge of the patient and the stage or 
extent of the disease. Tuli et al (1967-75) operated only for 
failures and récurrences. In children, Wilkinson (1955) 
and Mukhopadhaya (1956) found the indications to be 
wider than in adults. Further observations regarding 
radical operations for tuberculosis of the spine hâve been 
reported (1955 to 1995) by many workers (Serafinova and 
Malawski 1959, Hodgson et al 1956,1960, Fellander (1955), 
Kondo and Yamada 1957, Weinberg 1957, Roaf 1958,1959, 
Shrivastava et al 1961, Stock 1962, Cameron et al 1962, 
Risko and Novosazel 1963, Masalawala 1963, Paus 1964, 
Danaldson and Marshall 1965, Lagenskiold and Riska 
1967, Kohli 1967, Goel 1967, Guirguis 1967, Fang and Ong 
1969, Baker et al 1969, Jackson 1971, Bailey 1972, Kemp 
1973, Chen et al 1995). 

Rôle of Direct Surgery in the 
Management of Spinal Tuberculosis 4 6 

It is rather difficult to strictly compare the results of various 
sériés (Table 1) treated by conservative and operative 
treatment as the clinical material varies from center to 


center (Tuli 1973). Routine employment of newer and more 
effective antitubercular drugs (Since 1970s) has also 
improved the outcome of nonoperative and operative 
treatment. Wilkinson (1949-69) had an opportunity to 
compare the results of his sériés treated conservatively 
and those who underwent operation. Similarly Paus 
(1964) compared the two sériés treated by himself. 
Somerville and Wilkinson (1965) treated 130 lésions by 
direct operation and achieved sound healing in 92% and 
reported relapse or récurrence in 12.5% of healed cases. 
They treated 105 patients with chemotherapy without 
operation (in cases "having relatively benign lésion") and 
achieved sound healing in 92% of such cases. Paus (1964) 
reported complété working capacity in 35% of 37 cases 
treated by ambulatory régime with antitubercular drugs. 
Of the healed cases, there was a relapse in respect of back 
pain in one case and in respect of sinus is another. Out of 
86 cases treated by him by radical operation and 
antitubercular drugs, 94% had complété working capacity. 
Eleven percent of these cases underwent reoperation for 
relapse or failure. 

Excisional therapy has been practised by many workers 
for ail cases of tuberculosis of the spine with excellent 
results. The incidence of healing in cases treated by 
surgery combined with antitubercular drugs has been 
between 80 and 96%. Excisional surgery evidently 
évacuâtes tuberculous pus and débris, removes séquestra 
of disk and bone, opens up new vascular channels in 
ischémie areas thus leading to réduction of general 
toxemia, réduction of total time of healing of the local lésion 
and probably improves the quality of healing especially 
in cases with extensive destruction and séquestration. On 
the other hand, there are certain cases of tuberculosis of 
the spine which do not hâve extensive destruction and 
séquestration which would heal without surgical 
intervention. The présent day clinician is equipped with 
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TABLE 1: Comparison of results of different sériés of spinal tuberculosis treated by various 
postantitubercular era (expressed as percentage) 

régimes in 

Workers 

Mode of treatment 

Clinical healing 
percentage 

Neural recovery 
percentage 

Death 

percentage 

Relapse 

percentage 

Kondo, 1957 

Streptomycin (SM) alone (nonoperative) 

20.9 

? 

9.3 

30.2 


Streptomycin with Albee's operation 

35.5 

? 

0.0 

35.5 


SM + focal debridement 

52.0 

? 

2.1 

2.1 

Falk, 1958 

Cases treated in 1946-48 with SM 
alone and spinal arthrodesis in 69% 

66.0 

? 

13.0 

11.0 

Stock, 1962 

Hodgson, 1960 

Surgical treatment 
by anterior approach 

93.0 

74.0 

4.4 

? 

Konstam and 

Blesovsky 1962 

Antitubercular drugs, operation only 
for failure for paraplegia 

96.0 

89.0 

1.5 

2.0 

Konstam, 1962 5 

Antitubercular drugs primarily 

86.0 

99.0 

? 

? 

Risko, 1963 

Costovertebrotomy-spondylodesis = one 

rib resection (almost like 

costectomy) + post spinal arthrodesis 

82.0 

95.0 

1.0 

7.0 

Masalawala, 1963 

Focal debridement with bone 
grafting 

91.0 

74.2 

6.2 

3.0 

Kirkaldy-Willis, 1965 

Surgical treatment by direct approach 

86.0 

79.0 

3.4 

? 

Friedman, 1966 

Antitbuerculars drugs primarily 

97.0 

? 

4.1 

18.8 

Kohli, 1967 

Radical surgery with antitubercular 
drugs 

81.0 

84.4 

3.5 

? 

Arct, 1968 (patients 
more than 60 years) 

Antitubercular drugs alone 

26.0 

0.0 

18.0 

31.0 


Antérolatéral décompression + bone 
grafting 

84.7 

60.0 

10.0 

0.0 

Wilkinson, 1969 

Operative debridement (1940-53) 

80.0 

? 

2.0 

20.0 


Operative debridement + 
chemotherapy (1954-62) 

95.0 

- 

2.0 

5.0 

Tuli, 1969, 1971 

Antitubercular drugs, operation for 
failure only 

95.0 

80.0 

8.0 

? 


Notes The results are not strictly comparable because there are variations regarding clinical material, variety of antitubercular drugs used, 
criteria for clinical healing, and duration of follow-up during which death, "récurrence" or replase are calculated. Only those sériés are 
tabula ted where comparison was reasonably possible.? = difficult to calcula te or not given clearly 


sophisticated investigations (CT scan/MRI) to diagnose 
tuberculous infection of the spine at a very early stage 
(predestructive or early destructive stage) and achieve 
excellent healing in nearly ail such cases without the 
necessity of surgical intervention (Fig. 1). Progressive bone 
destruction in spite of chemotherapeutic régime, failure to 
respond to conservative therapy and uncertainty in 
diagnosis are definite indications for surgery in active 
stage of the disease. A period of observation for about 3 
months seem to be enough to judge these features. Another 
indication for évacuation of paravertebral abscess is 
marked increase in its size in spite of rest and chemothera¬ 
peutic régime. Definite indications for late surgery are 
recrudescence of the local disease, development of neural 


complications or pain in the spine due mechanical 
instability. Somerville and Wilkinson (1965) advised 
almost similar criteria. 

Author’s Policy of Treatment (“Middle Path Régime”) 

Because of a large number of patients of spinal tuberculosis, 
lack of adéquate number of hospital beds, operating time 
and the trained medical staff, we hâve been treating our 
patients mostly on nonoperative lines with antituberculous 
chemotherapy, rest and spinal braces. Hospitalization has 
been restricted to the paraplégies who were unable to walk, 
or patients who required surgical évacuation of abscesses 
or debridement of vertébral lésion, or those who agreed for 
fusion of spine for extensive dorsal lésion in children, or 
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Figs IA to D: (A) Despite complaint of pain in the lower dorsal spine, systemic symptoms and persistent 
tenderness in the région of D 9 -D 10 the plain X-rays did not reveal any gross abnormality except “straightening 
of dorsal kyphosis”, (B to D) MRI however, clearly showed the lésion. The change in the signal intensity as 
observed in T 1 and T 2 signais suggested the collection of inflammatory exudates in the bodies of D 9 and D 10 . 
Breach of the upper end plate D 10 is clearly visible in sagittal sections. The transverse sections show the 
destroyed area in the middle surrounded by the inflammatory exudates in the vertébral bodies 
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Fig. 1E: Radiographs one year after domiciliary treatment by 
antitubercular drugs show the healed status with diminished 
intravertébral disk space D 9 -D 10 sclerosis of paradiskal 
margins, some restoration of dorsal curvature 

for an unstable and painful spinal lésion. Similar 
conditions also exist in other economically underdeveloped 
countries, and one is forced to resort to such a line of 
treatment (Konstam 5 et al 1962, Kaplan 1959, Martinin 
1988, Kumar 1988, Table 1). Such a policy has stood the 
test of time, and it is justified to call it the rational treatment 
(Wisneski 1991). 

1. Rest in hard bed or plaster of paris bed: Plaster of paris 
bed is not essential, however, it is rarely necessary for 
a few uncooperative patients or children who do not 
realize the value of rest. When a patient is made to lie 
in the plasterbed both he/she and his/her attendants 
are convinced that something grave has happened, 
and they become more cooperative. In the treatment 
of cervical (Tuli 1988) and cervicodorsal lésions, 
traction was used in the early stages to put the diseased 
part at rest. 

2. Drugs: The policy of drug treatment is the same as 
outlined in Chapter 40. It may be unrealistic to stick 
to one particular drug régime in the ever changing 
scene of more potent, less toxic and hopefully less 
expensive antitubercular drugs. We hâve been 
changing the policy of drug régime according to the 
availability of better drugs and suitability for patient. 
Our current policy of drug régime is as follows: 

• Phase I (intensive phase): Isoniazid, rifampicin, and 
fluoroquinolones for 5 months. 

• Phase II (continuation phase): Isoniazid and 
pyrazinamide for 5 months. 


• Phase III (continuation phase): Isoniazid and 
rifampicin for 5 months. 

• Phase IV (prophylaxis phase): Isoniazid and 
ethambutol for 3 months. The disease at this stage 
is healed and the patient is back to his/her normal 
working environments. The drug prophylaxis 
hopefully protects the patient when his immune 
System is being optimized. 

For patients who are hospitalized, streptomycin 
replaces one of the drugs except isoniazid. Supportive 
therapy with multivitamins, hematinics if necessary 
and, high protein diet are advised. Doses are modified 
according to the âge and behavior of patient. 

3. Radiographs and ESR: These are taken and patients 
are called for checkup at 3 to 6 months interval. 
Kyphosis was measured radiologically (Konstam and 
Blesovsky 1962, Tuli and Kumar 1971) as described 
by Dickson (1967) (Fig. 2). For craniovertebral, 
cervicodorsal, lumbosacral régions and sacroiliac 
joints, MRI/CT scan is advisable for initial diagnosis. 
One may repeat these investigations when deciding 
about stopping the drugs. 

4. Graduai mobilization of the patient is encouraged in 
the absence of neural déficit with the help of suitable 
spinal braces as soon as the comfort at the diseased 
site permits. After 3 to 9 weeks of starting of treatment, 
the patient is put on back extension exercises 5 to 10 
minutes 3 to 4 times a day. Spinal brace is continued 
for about 18 months to 2 years when it is gradually 
discar ded. 


Fig. 2: Method of measurement of angle of kyphosis (Dickson 
1967). A line is drawn along the posterior margins of the bodies 
of the healthy vertebrae above and below the site of disease, 
angle ‘K’ is the angle of kyphosis. Angle ‘K’ increases with 
increase in the degree of kyphosis 
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5. Abscesses are aspirated when near the surface and 
one gm of streptomycin with or without INH in 
solution is instilled at each aspiration. Open drainage 
of the abscess is performed if aspiration faits to clear 
them. Ail radiologically visible paravertebral 
abscesses are not drained, drainage is incidental 
whenever a décompression is performed for Pott's 
paraplegia, or debridement is performed for an active 
tuberculous disease. Prevertebral abscesses in the 
cervical région are drained under local or general 
anesthésia when complicated by difficulty in 
déglutition and respiration. Drainage of a perispinal 
abscess per se may be considered when its radiological 
size increases appreciably despite treatment. 

6. Sinuses in a large majority of cases heal within 
6 weeks to 12 weeks from the onset of the treatment. A 
small number requires longer treatment and excision 
of the tract with or without debridement. 

7. Neural complications In the cases who started showing 
progressive recovery of neurological complications 
on triple drug therapy between 3 and 4 weeks and 
progressed to complété recovery, surgical décom¬ 
pression was considered unnecessary. Décom¬ 
pression of the cord for neurological complication 
should be performed for those cases who did not 
show progressive recovery after a fair trial of conserva¬ 
tive therapy for a few weeks, or cases in which the 
patients developed the neurological complications 
during the conservative therapy, or in cases where 
the neurological status becomes worse, while the 
patient was undergoing treatment with antitubercular 
drugs and bedrest, or cases who had a history of 
récurrence of neurological complication. In advanced 
cases with motor, sensory and sphincter involvement 
or those having severe flexor spasms as well as in 
elderly patients, décompression was not delayed 
unduly. In other words, we performed décompression 
for absolute indications (Tuli 1969). 

8. Excisional surgery is recommended for posterior spinal 
disease associated with abscess or sinus formation 
(with or without neural involvement) because of 
danger of secondary infection of the méningés if the 
disease does not corne under control under drug 
therapy within 3 to 4 weeks. 

9. Operative debridement is advised for cases who do not 
show arrest of the activity of spinal lésions after 3 to 6 
months of the chemotherapeutic régime or cases with 
récurrence of the disease. Posterior spinal arthrodesis is 
recommended for unstable spinal lésions in which 
the disease otherwise seems to be arrested. A lésion is 
considered mechanically unstable if in spite of the 
arrest of the vertébral disease, the patient gets 


TABLE 2: Main indications for various operations for 
vertébral tuberculosis 

• Décompression (± fusion) for neurological complications 
which failed to respond to conservative therapy/too 
advanced 

• Debridement (± fusion) in failure of response after 3 to 6 
months of nonoperative treatment 

• Doubtful diagnosis 

• Fusion for mechanical instability after healing 

• Debridement ± décompression ± fusion in récurrence of 
disease or of neural complication 

• Prévention of severe kyphosis by debridement ± fusion by 
panvertebral operation in young children with extensive 
dorsal lésions 

• Anterior transposition of cord through extrapleural 
antérolatéral approach for neural complications due to 
severe kyphosis 

Note Laminectomy has no place in tuberculosis of spine except for 
extradural granuloma/tuberculoma presenting as "spinal tumor 
syndrome", or a case of old healed disease (without much deformity) 
presenting with "vertébral canal stenosis", or posterior spinal disease 

discomfort in the back on doing normal work. 
Radiologically such lésions may show significant 
destruction of more than 2 vertebrae and lack of 
régénération of vertébral bodies during the process of 
healing. Main indications for surgical intervention 
on vertébral lésion are summarized in (Table 2). 

10. Postoperative: After décompression or debridement or 
arthodesis, the patients are nursed on a hard bed, 
when necessary a plaster of Paris bed has been used 
in initial 2 to 3 weeks. In cases with neural 
complications 4 to 6 months after the operation when 
the patient has made good recovery, the patient is 
gradually mobilized out of the bed with the help of 
spinal braces. In the absence of paraplegia 
mobilization with spinal braces is started 3 to 6 
months after the operation. The spinal brace is 
gradually discarded about 12 to 24 months after the 
operation. 

Operative Procedures done by the Author 

For décompression and debridement with or without bone 
grafting, cervical spine and cervicodorsal junction up to 
T : hâve been approached through the anterior approach, 
lumbar spine and lumbosacral junction has been 
approached through antérolatéral extrapleural approach 
or rarely through transpleural approach. It is performed 
through extraperitoneal transverse vertebrotomy 
approach. Laminectomy has been performed by us for 
excising the diseased bones in posterior spinal disease 
and in cases of paraplegia due to extradural granuloma or 
tuberculoma. Anterior transposition of the cord through 
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the antérolatéral route was performed in 12 cases with 
extreme degree (more than 60°) of kyphotic deformity and 
paraplegia. 

Due to efficacy of modem antitubercular drugs, 
absolute indications for surgical intervention on the 
vertébral lésion are reduced to nearly 5% of uncomplicated 
cases, and to about 60% of cases with neurological déficit. 
Ail the patients who recover are able to return to their full 
activity within 6 to 12 months of the treatment. Active life 
is permitted first with suitable spinal braces which are 
gradually discarded within about 2 years. 

Recrudescence of the Disease 

Récurrence or relapse of a tuberculous lésion in the spine 
poses spécial problem. Sometimes there may be a 
réactivation complicated by neurological involvement. 
Perhaps the most common cause is a grumbling activity of 
infection caused by résistant strain of acid-fast bacilli in a 
patient with relatively poor general résistance. In such a 
situation, a thorough clinical and radiological examination 
may be helpful to localize the areas of activation. Spécial 
investigations like tomography and/ or myelography and/ 
or MRI in cases of neural involvement may be of help to 
localize the disease. 

If the activity or complication cannot be controlled by 
new drugs, the diseased area is operated upon and 
thorough clearance is performed. Patient is treated by 
appropriate supportive therapy, new line antitubercular 
drugs in conjunction with isoniazid and a short 
postoperative course (3 weeks) of streptomycin. At the time 
of debridement, bone grafting may be performed if there is 
any evidence of instability, décompression of cord is 
performed when there is neural involvement, anterior 
transposition of the cord is mandatory if the kyphotic 
deformity is more than 60 degrees. Some of the 
therapeutically refractory patient may be cases of MDR. 
Despite excisional surgery the operative wounds in such 
cases may breakdown with persistent discharge. 
Immunomudulation as an adjunct may be of great help in 
such cases. 

Results of Management by 
Following the Middle Path 

Ail long-term results of any régime in the treatment of 
tuberculous spondylitis must be assessed in terms of 
achievement of "favorable status". The universally 
accepted définition of a favorable status is: no residual 
neural impairment, no sinus or clinically évident cold 
abscess, no impairment of physical activity due to the 
spinal disease/lesion, and presence of radiologically 
quiescent disease. 


The results presented here are based upon personal 
observations, upon nearly 900 cases including 200 cases 
of tuberculous paraplegia. The number of cases which were 
available for various follow-up studies are mentioned in 
appropriate sections. Backache and tenderness were 
relieved in 96% of cases at the end of 12 months treatment. 

Sinuses: Ail the sinuses healed under the effect of 
antitubercular drugs within one to 7 months (average 3.3 
months). Multiple sinuses healed almost simultaneously. 
There was no problem of persistent sinus formation even 
after extensive surgery. A small number of sinuses which 
failed to respond to drugs alone healed by curettage or 
excision of the sinus tracks and change of drugs. 

Sinus ramification is always greater that can be 
appreciated from the appearance of the openings or the 
quantity of the discharge. The sinus tracts lead into various 
directions and for great distances, therefore complété 
operative excision is difficult and indeed impracticable. 
Fortunately with effective drug therapy rarely surgery is 
necessary in the treatment of tubercular sinuses. Similar 
observations are reported by Kaplan (1959), Konstam and 
Blesovsky (1962), Paus (1964), Bosworth (1952,1963), Hald 
(1954), and Martini (1988). 

Palpable or Peripheral Cold Abscesses 

Repeated aspiration and instillation of streptomycin was 
sufficient to heal 95% of abscesses, 5% healed by surgical 
évacuation. Majority of the abscesses were healed within 
6 months. There were a few (less than 2%) abscesses which 
were not fully controlled in spite of surgical drainage and 
continuons treatment. These cases were probably having 
résistant strains. They presented with récurrence after a 
quiescent period varying between 6 months and 12 
months. Modem antitubercular drugs in conjunction with 
surgery were able to heal recurring cases. 

Deep-seated Radiological Paravertebral Abscesses 2 

Observations regarding response to nonoperative treat¬ 
ment is based upon 72 cases who had deep-seated 
radiological abscess and in whom surgery was not done 
as the first procedure. Thirty-five percent abscess shadows 
disappeared spontaneously within 6 to 12 months (Figs 3 
to 5), in 45% the shadows regressed to a constant size and 
in 20% it appeared static. In less than 1 % of cases, the 
deep-seated paravertebral abscess required drainage 
because the size of the abscess increased markedly in 
successive radiographs in spite of treatment or it led to 
difficulty in respiration and déglutition in the cervical 
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Figs 3A and B: Radiographs of an adult treated by 
antitubercular drugs alone. Note spontaneous resolution of 
the paravertebral abscess (A) at the time of présentation, and 
(B) after 8 months 



Figs 4A and B: Radiographs of an adult showing spontaneous 
resolution of a paravertebral abscess by antitubercular drugs 
without surgery (A) at the time of présentation, and (B) after 18 
months 



Figs 5A to D: Radiographs of dorsal spine (A, B) at présentation show a large pear-shaped paravertebral shadow along with 
severe wedge-shaped collapse of dorsal 7 vertébral body and reduced intervertébral space between D 7 and D 8 . Appearance 
of the paravertebral shadow 6 months after antitubercular drugs (C), and complété resolution of the shadow without surgery 
after one year (D) 


région. Our observations compared favorably with those 
of Konstam and Konstam (1958), Kaplan (1959), Konstam 
and Blesovsky (1962), Konstam (1963), American Thoracic 
Society (1963), Friedman (1966,1973) and Stevenson and 
Manning (1962). Presence of an abscess does not seem to 
deter the process of healing. Considering the results of 
présent and other studies, it is suggested that a less 
aggressive attitude should be adopted towards 
radiologically demonstrable paravertebral abscess 
shadows. The drainage may be considered in cases with 
neurological complications and those having difficulty in 


déglutition and respiration, or abscesses which become 
much bigger in size despite adéquate antitubercular 
therapy. 

Récurrence or Relapse of Neural Complications 

One hundred patients of neural involvement who had 
completely recovered were followed up for a period varying 
between 3 years and 10 years. Two reported with 
récurrence of paraplegia after 3 years of complété recovery, 
one due to an extradural granuloma, and one apparently 
due to severe kyphosis. 
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Fig. 6: A young man diagnosed as tubercular spondylitis at the 
early destructive stage in 1986. The patient obtained a healed 
status by treatment with antitubercular drugs on domiciliary 
régime. The lésion achieved healing without increase in the 
kyphotic deformity, and with rétention of the disk space (fibrous 
healing) 



Figs 7A and B: Radiographs of a patient treated nonoperatively 
(A) at the time of présentation, (B) after 2 years. Note 
régénération of vertébral bodies and maintenance of the disk 
space (fibrous healing). The only evidence of old disease in 
radiograph seems to be markedly diminished disk space 


Of 144 patients without neural complication who had 
complété healing, 24 patients were followed for 2 years, 
39 between 2 and 3 years, 47 between 3 and 4 years and 34 
for more than 4 years. One hundred and forty-one of these 
patients neither developed neurological complications nor 
relapse of the disease. One child who had a very severe 
kyphotic deformity reported back with neurological 
complications apparently due to the deformity 5 years after 
the first présentation. Two patients reported with recru¬ 
descence of the disease between 3 and 5 years. 

Fate of Disk Space and Radiological Healing 4 

Radiological Healing of Vertébral 
Tuberculosis without Operation 

In the patients who at présentation showed intact inter¬ 
vertébral spaces due to central, anterior or appendiceal 
type of tubercular lésions, the radiological appearance of 
the disk space remained unchanged and intact even at a 
long follow-up. Of the patients with classical paradiskal 
or metaphyseal variety of tubercular spondylitis followed 
for a period of 1 to 5 years after the start of treatment, 
19 percent had fibrous replacement of the disk space (Figs 
6 and 7), 12% had fibro-osseous and 69% had osseous 
replacement as judged by radiological examination (Figs 
8 to 11). With longer follow-up, there was shift from fibrous 
replacement towards osseous replacement of the 
intervertébral space. Moon (1987) observed that 36 months 
after the onset of antitubercular therapy, intercorporeal 
bony fusion was observed in 36 percent of patients without 
surgery. Patients with retained disk space may exhibit 


latéral osteophytes on radiological examination, 5 to 
10 years after the disease has healed. 

It was further observed that in cases where the disk 
was completely destroyed and there was oblitération of 
the intervertébral spaces, there were more chances for the 
lésion to heal by bony replacement of the disk space (Figs 11 
to 16). The relation of the site of vertébral lésion and the 
fate of disk space is shown in Table 3. 

Radiological Healing of Vertébral Tuberculosis with 
Operation on the Diseased Vertébral Bodies without 
Bone Grafting 

Eleven percent of cases had fibro-osseous and 89 percent 
had bony healing of the vertébral lésion (Fig. 14) who were 
assessed between 1 and 5 years, after the operation. Over a 
period of observations from 1 to 10 years in our material. 


TABLE 3: Fate of disk space at various lésion sites 18 months 
after the onset of nonoperative treatment (1965-74) 


Level 

No. 

Intact 

Fibrous 

Fibro- 

osseous 

Osseous 

Cervical 

2 

0 

0 

2 

0 

Dorsal 

38 

2 

6 

22 

8 

Dorsolumbar 

9 

0 

0 

6 

3 

Lumbar 

48 

4 

8 

18 

18 

Lumbosacral 

7 

0 

1 

4 

2 

Total 

104 

6 

15 

52 

3 
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Figs 8A to D: Radiographs of a patient showing a typical paradiskal lésion with marked diminution 
of the disk space and destruction of the adjacent vertébral bodies. Radiologically the patient healed 
by osseous replacement of the disk space (osseous healing) and some régénération of the involved 
vertébral bodies. There is formation of a “block vertebra” (A) at the time of présentation, (B) after 10 
months, (C) after 22 months, and (D) after 31 months (treated nonoperatively) 



Figs 9A and B: Radiographs of a child showing a typical tuberculous lésion in the dorsolumbar région. Osseous 
healing was achieved by nonoperative treatment (A) at the time of présentation, and (B) after 21 months 
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Fig 10A and B: Radiographs of an adult with a lumbar lésion treated nonoperatively. Note osseous healing, and no 
increase in the deformity (A) at the time of présentation, and (B) 2 years after domiciliary nonoperative treatment 



Figs 11A to C: Radiographs of an adult with a lumbar lésion treated nonoperatively. Note osseous healing and 
minimal increase in the kyphotic deformity (A) at the time of présentation, (B) after 11 months, and (C) after 21 
months (intercorporeal bone block) 


graduai increase in the incidence of bone block formation 
was recorded (Srivastava 1980-81). 

Radiological Healing of Vertébral Lésion 

Following control of the infection, the spine in most of the 
patients in the présent sériés was capable of spontaneous 
stabilization without severe deformity. In a large percentage 


of lésions in which tubercular spondylitis was of the 
paradiskal or metaphyseal variety, a spontaneous 
interbody bony or mixed fusion with clinical healing took 
place (Table 3). In a much smaller group clinical healing 
took place with fibrous replacement of the disk space 
between the involved vertebrae. Régénération of involved 
vertébral bodies was observed in many cases under the 
influence of antitubercular drugs (Figs 15 and 17). 
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Figs 12A to D: Tuberculosis of lumbar 1-2 vertebrae, (A, B) at présentation. (C, D) one year after domiciliary treatment with 
antitubercular drugs, braces, and unrestricted activity. Note wedging of lumbar 2 vertebra in anteroposterior and latéral views 
and the résultant kyphoscoliotic deformity. Healing took place by spontaneous bone block formation by 18 months 



Figs 13A to C: Extensive tuberculous disease of lumbar 3 to 5 vertebrae. In view of the extensive destruction of the vertébral 
bodies the patient was advised operative arthrodesis, she did not agréé. The disease healed under the influence of antitubercular 
drugs and one can appreciate progressive spontaneous bony healing in the posterior as well as anterior éléments: (A) = 1981, 
(B) = 1982, (C) = 1984 


Before the use of chemotherapy, when nonosseous 
tissue persisted between partially destroyed vertébral 
bodies, the arrest of the disease proved to be temporary in 
a large number of patients. The disease often became 
reactivated to break down what had appeared to be a 
fibrous ankylosis. However, at présent we hâve observed 
many cases for 15 years, who under the influence of modem 


antitubercular chemotherapy achieved a healed status in 
which the intervertébral space remained intact (Figs 6 and 
18) or was replaced by fibrous tissue. The incidence of 
local recrudescence in such cases does not seem to be more 
than those replaced by fibro-osseous or osseous tissue. 

Bony and mixed replacement of the intervertébral space 
were not always synonymous with clinical healing. 
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Fig. 14A to C: X-rays of a child who had paraplegia due to the lower dorsal lésion. As she failed to respond to drug therapy and 
rest, an antérolatéral décompression was performed without bone grafting. Patient made complété and rapid neurological 
recovery. Successive X-rays (A) at présentation (B) one year after operation, and (C) 2 years after operation revealed osseous 
healing and increase in kyphotic deformity by 20 degrees 



Figs 15A and B: X-rays of an adult female with a lumbar lésion treated nonoperatively on domiciliary régime. Note marked 
régénération of the destroyed vertébral bodies, spontaneous inertorporeal bone block formation, and no increase in the 
deformity, (A) at présentation, and (B) 31 months after treatment 
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Figs 16A and B: X-rays showing tuberculosis of D^-Lg vertebrae. Note spontaneous bone block 
formation at D 12 —L 1 , progressing osseous replacement between D^-D^ and between L 2 -L 3 , 
under antitubercular chemotherapy. Right dorsolumbar scoliosis is apparent. This case is showing 
involvement of contiguous 5 vertebrae 



Figs 17A and B: CT scan of the middorsal spine of a doctor showing (A) the destructive lésion in the 
vertébral body and soft tissue shadow in the perivertebral région. The patient was treated by antitubercular 
drugs. The CT of the same area one year after the treatment. (B) The new CT scan shows restitution of the 
destroyed vertébral body and résorption of soft tissue swelling 
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Figs 18A to D: A young man with persistent middorsal pain presented with radiographs of the dorsal spine 
(A, B). The anteroposterior view showed a paravertebral shadow, however, the latéral view suggested 
suspicious lésion D 7 vertébral body. The CT scan (C) Confirmed destructive lésion in the anterior half of D 7 , 
and presence of a paravertebral soft tissue abscess containing multiple small sequestrae. Diagnosis of an 
early destructive stage and prompt treatment by effective drugs healed the disease with negligible deformity. 
Latéral radiograph at 2 years after treatment showed reconstitution of the bony texture with slight diminution 
of the disk spaces D 6 -D 7 and D 7 -D 8 


In 4 patients who had complété bony fusion, the disease 
was still clinically active, another 2 had mixed fusion and 
active disease. 

Clinical Healing in Cases without 
Neurological Complications 

Almost ail of such cases were nonactive clinically and 
radiologically after 12 months of the drug therapy without 
surgery on the diseased vertebrae. Ail these cases were 
able to return to their work with full activity. Less than 1% 
of cases did not show a favorable response to drug therapy 
and adéquate rest, and these were subjected to direct 
surgical debridement in conjunction with newer drugs. 


ail of them healed. Clinical healing of the patients was 
judged by local and general signs and symptoms and 
radiological observations. After clinical healing, patients 
engaged themselves in "normal activity" according to the 
criteria of Stevenson and Manning (1962) and had 
"complété working capacity" as described by Paus (1964). 
In our sériés, women patients were leading their normal 
family life, and many were able to bear children without 
any signs of réactivation. Majority of the adult patients 
were either farmers or daily wage earners, and they were 
doing their work well. 

The overall incidence of healing by conservative 
antitubercular therapy in different sériés (Tuli 1973) varies 
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TABLE 4: Comparison of clinical healing by various treatment modalities expressed as percentages 


Régime of treatment 

Mortality 

Neural recovery 

Clinical healing 

Orthodox Pre-antimicrobial : Alvik (1949, Fellander (1955), 

Bakalim (1960, Kaplan (1959) 

30-50 

40-60 

34-44 

Conservative Ambulatory (Dual Drug): 

Konstam and Blesovsky (1962), Dickson (1967), Prabhakar (1989) 

5-15 

60-70 

83-90 

Conservative Nonambulatory (Triple drugs): 

Stevension and Manning (1962), Friedman (1966) 

0-10 

60-80 

93-96 

Universal Surgical Extirpation: 

Hodgson and Wilkinson (1961), Stock (1962) 

0-10 

75-80 

80-96 

Paus (1964), Prabhakar (1989) 

Middle path : 

Roaf (1958) 

0-10 

75-80 

95 

Tuli and Kumar (1971) 





between 83% and 96.8%. In the sériés treated by excisional 
therapy, the incidence of healing has been between 80% 
and 96% (Hodgson 1960, Paus 1964, Wilkinson 1955, 
Yeager 1963, Chahal 1980) (Tables 1 and 4). The results of 
orthodox treatment obviously were poor because in those 
days antitubercular drugs were not available. The sériés 
treated by modem antitubercular drugs, conservatively or 
in conjunction with radical surgical extirpation, on the 
whole hâve good results (Girling et al 1988). As the results 
of conservative therapy are satisfactory, we feel that the 
operative procedure should be reserved for complications 
of spinal tuberculosis, such as cases not responding 
favorably within 3 to 6 months, paraplégies not controlled 
by chemotherapy, abscesses not resolving by repeated 
aspirations, and painful and unstable spine. Many other 
workers hâve similar feelings (Chofnas 1964, Kaplan 1959, 
Medical Research Council 1982, 1993, Martini 1988, 
Prabhakar 1989). 

Relapse or Récurrence or Complication 

Assessment of exact statistics regarding the development 
of relapse/récurrence or complication of the disease is not 
possible in relation to a very long-term follow-up, because 
these problems may occur at any period during the lifetime 
of a patient. Réactivation of the disease, récurrence of 
paraplegia or development of complications hâve been 
observed by us, and many workers even during the era of 
antitubercular drugs as late as 20 years or more after 
healing (Martin 1970) irrespective of the primary treatment 
with or without operation. 

One hundred and eighty-one cases of tuberculosis of 
the spine who had achieved clinical healing by foliowing 
a middle path régime (between 1965 to 1974) could be 


followed up by us for a period varying between 3 years 
and 10 years. Two patients (treated earlier by surgery) 
reported with récurrence of paraplegia (one due to 
extradural granuloma and one due to severe kyphotic 
deformity), one child developed neurological compli¬ 
cations apparently due to severe kyphotic deformity, 
2 patients developed réactivation of the spinal lésion (one 
treated earlier by surgery and one had healed by drugs 
alone). One patient treated earlier by surgical debridement 
and bone grafting developed recrudescence of the vertébral 
lésion and died of generalized miliary tuberculosis 
probably because of résistant organisms. A higher 
incidence of relapse rate or development of neural or other 
complications cannot be ruled out as some of such patients 
might not hâve reported to our institution for consultation 
and treatment. The cause of réactivation for the disease in 
spite of adéquate treatment at the time of initial therapy 
appears to be lowered nutritional status, development of 
diabètes or compromised immune status, and/or résistant 
organisms. 

The relapse rate reported by Somerville and Wilkinson 
(1965) and Paus (1964) was 12 and 11% respectively of the 
healed cases. Kaplan (1959) reported 2% récurrence rate 
among 130 patients. In Konstam and Blesovsky's (1962) 
sériés, out of 207 patients only 1 had récurrence. The low 
rate of relapse is probably due to effective antitubercular 
drugs available these days. Yeager (1963) observed that 
prolonged use of "combined antimicrobial therapy has 
lowered the relapse rate to its lowest point in our history". 

Ail récurrences and relapses with complications were 
treated by us by appropriate surgery (if needed) in 
conjunction with newer antitubercular drugs and 
supportive measures with very gratifying results. 
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Tuberculosis of the Cervical Spine 7 

Between 1965 to 1982, 141 patients of cervical spine 
tuberculosis were treated in the orthopédie department of 
Banaras Hindu University. At the time of présentation, 
half the patients showed a radiologically discernible 
increased pre vertébral shadow. Twenty-four percent (34 
patients) had neural déficit. 

A large majority (71%) was treated as outdoor patients. 
Only 43 patients were admitted because of neural déficit 
(34), or difficulty in déglutition (6), or for severe pain and 
deformity (3). Those admitted were put in cervical traction 
(3 to 8 weeks). Those treated in the outpatients were given 
rest to the neck using a four-post collar. Ail patients were 
given standard antitubercular drugs for about 18 months. 
Operations were performed for sélective indications like: 
absence of spontaneous neural recovery (within 3 to 6 
weeks), or failure of the control of activity of disease, or 
mechanical instability despite control of infection, or 
doubtful diagnosis. Of the 71 cases who had radiological 
prevertebral shadows, drainage was coincidental to 
décompression in 10 and to debridement in one, 
évacuation of abscess per se (for dysphagia) was required 
in 2. In the remaining 58, the "abscess shadows" gradually 
resolved within 6 to 12 months. Of the 34 patients with 
neural complications, 1 died of moribund general 
condition (before surgery), and 22 recovered spontaneously 
(Tuli 1988). 

Surgical décompression through anterior approach 
was done in 11 patients with neural complications, of 
which 9 recovered completely, 1 had partial recovery, 
1 died of complications 4 days later. Amongst the classical 
paradiskal type of tuberculosis treated without surgery, 
70% healed by spontaneous bone block formation, and 
30% healed by fibro-osseous replacement of the diseased 
area (as judged at 2 years of follow-up) without gross 
increase in the deformity (Figs 19 and 20). 

Tuberculosis of the Craniovertebral Région 

Tuberculosis of craniovertebral région is a rare localization 
(Figs 2 and 21). The incidence is probably less than 
1 percent of ail cases of spinal tuberculosis (Tuli 1974). In 
general teaching hospitals in our country, one can see 2 to 
3 patients per year (Pandya 1971, Karapurkar 1988). Most 
of the patients would présent with pain in the neck, 
limitation of movements, local tenderness, tilt of the neck 
(forward and to one side), and tendency to support the 
neck. Neurological deficity of varying degrees can be 
detected in 24 to 40% of cases at présentation (Tuli 1974, 
Karapurkar 1988, Lifeso 1987, Fang 1983). Radiologically 
one can appreciate swelling in the retropharyngeal space, 
osteolytic érosions, and subluxation of atlantoaxial arti- 



Figs 19A and B: Photographs of a patient suffering from typical 
tuberculous disease of the cervical spine. Note marked 
diminution of the disk space, érosion of paradiskal margins, 
moderate degree of collapse of the vertébral bodies and 
localized prevertebral bulge of the soft tissues. The disease 
healed by a spontaneous bone block formation by domiciliary 
treatment using modem chemotherapy and four post collar 



Figs 20A and B: Tuberculosis of cervical spine C 4 -C 6 . At the 
time of présentation (A) there was a huge prevertebral soft 
tissue mass, diminution of the C 4 -C 5 space, minimal changes 
in the texture of bone. The patient was treated on domiciliary 
lines by modem antitubercular chemotherapy and four-post 
collar. The resuit at the end of one year of treatment shows 
complété spontaneous resolution of the prevertebral shadow 
and healing by bone block formation between C 4 -C 6 


culation. CT scan and MRI are the best modalities available 
now to observe the typical changes at the earliest stage of 
disease. In countries where tuberculous disease is common, 
it is rare for a nontuberculous pathology to produce the 
typical clinicoradiological picture (Lifeso 1987). At 













462 Textbook of Orthopedics and Trauma (Volume 1) 



Figs 21A to C: Photographs of a patient suffering from typical tuberculous disease of craniovertebral région. Note destruction 
of the anterior arches of C-, and C 2 marked increase in the prevertebral soft tissue shadow and anterior subluxation of C-, over 
C 2 (A-1968). The disease healed by treatment with skull traction, antitubercular drugs and four-post collar (B-1970, C-1972), 
note resolution of the prevertebral swelling, reconstitution of the destroyed bones and spontaneous stabilization of the subluxa¬ 
tion 


craniovertebral junction, the cervical cord is threatened by 
compression by tubercular abscess, granulation tissue or 
tubercular débris, atlantoaxial subluxation, upward 
translocation of dense, tubercular invasion of the cord or 
vascular ischemia due to local tuberculous pathology (Fang 
et al 1983). Traction to the cervical spine is one of the best 
methods to give rest to the part during the active stage of 
disease, when cord functions are threatened, and to reduce 
gross subluxation/dislocation. Under the cover of 
antitubercular drugs, the disease gets healed, and a 
spontaneous stability is achieved within 3 to 6 months. 
Three months after treatment in recumbent position, the 
patient should be encouraged mobilization with a four- 
post cervical collar. Ail normal activities except head 
loading are permitted. In patients who do not recover the 
neural déficit, décompression is indicated. Those who do 
not undergo spontaneous stabilization of craniovertebral 
région as judged by latéral radiographs in flexion and 
extension done 3 to 6 months after the onset of treatment 
require to be surgically fused. Whenever diagnosis is 
uncertain or the activity of the disease process or neural 


signs are not coming under control, surgical exploration 
is warranted. Transoral approach is adéquate for drainage 
of a prevertebral abscess or debridement of infected, soft 
and destroyed material (Wang 1981). Reposition of gross 
chronic displacement is not only impossible through this 
approach but may be even a dangerous exercise (Fang et 
al 1983). 

In case of doubt in diagnosis and for assessment of 
extent of destruction in unstable cases, CT scans and MRI 
studies are of significant help. If the craniovertebral région 
has been rendered mechanically unstable by the 
pathological process or by the anterior décompression, it 
is wise to achieve stability by posterior occipitocervical 
arthrodesis. The patient must be kept in skull traction or a 
halo device, or rest in recumbent position until posterior 
stabilization is sound. Depending upon the extent of 
anterior operation and the condition of patient, posterior 
arthrodesis may also be performed during the same 
operative session in one stage. To minimize the period of 
postoperative recumbency, one may use métal implants to 
provide mechanical stability. 
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INTRODUCTION 

The treatment of tuberculosis of the spine continues to be 
difficult, dogmatic and controversial, but in recent years it 
has become more rational and realistic than what it was 
in yester years. 

Tuberculosis of the spine is a multifaceted problem in 
India. The incidence of the disease is still quite high, and it 
appears that it will continue to form a major part of the 
clinical work in forthcoming years. Patients présent at ail 
âges and at ail stages of the disease. The face and clinical 
présentation of the disease, however, hâve been changing. 
Both occult and aggressive présentations of the disease 
are seen in this country. There is poverty, illiteracy, 
overpopulation, congestion, poor nutrition—ail prévalent. 
There is lack of awareness for early diagnosis and full 
treatment. Regular follow-up is singularly poor. The drop- 
outs are many and keep on increasing. The need for active 
energetic treatment is imminent in a number of cases. 

Clinical Features 

The clinical présentations of the disease are as follows. 

1. Active disease — uncomplicated 

— complicated with 

i. sinuses and abscesses 

ii. paraplegia 

iii. progressive deformity. 

2. Healed disease either 

i. with paraplegia 

ii. with deformity, or 

iii. with both. 

3. Many complex and mixed présentations are also seen. 

Treatment 

The demands on treatment and the details would vary 
with the varying clinical présentation of the disease. But 


the aims of treatment of tuberculosis of the spine are as 
follows: 

1. Control and cure of the existing active systemic and 
local infection and prevent its further spread. 

2. Achieving the stability of the spine with sound bony 
or strong fibrous union between the involved verte- 
brae. Healing of the lésion is implied in bony fusion. 

3. Prévention and treatment of complications. The compli¬ 
cations to be considered are paraplegia or neurodeficit 
and deformity. 

The above objectives canbe achieved by: 

i. use of antituberculous chemotherapy, and 

ii. surgery of the affected portion of the spine. 

The advent of chemotherapy has been revolutionary 

and the greatest advance in the treatment of tuberculosis. 
It is not necessary here to consider chemotherapy treatment 
in detail, but it is now certain that the most vital factor in 
the effective treatment of the active disease is chemo¬ 
therapy. Ail other methods of treatment are to be regarded 
as supplementary to this. The value of properly controlled 
chemotherapy should be appreciated by ail concerned. It 
would not be wrong to say that the use of antibiotics has 
relegated many of the once upon a time prévalent and 
accepted forms of treatment like general treatment and 
various forms of immobilization of historical importance. 

SURGERY IN TUBERCULOSIS OF THE SPINE 23 24 

Surgery is required in tuberculosis of the spine under the 
following circumstances. 1,2,4,21 

1. Treatment of active disease: 

a. Uncomplicated 

b. Complicated with paraplegia. 

2. Treatment of healed disease with complications like 
paraplegia and deformity. Surgery for paraplegia (with 
active and healed disease) and for deformity will be 
discussed later. 
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Rationale of Surgery 

Surgery helps in local healing: 

1. It eradicates the local disease by removing the products 
of the disease like fluid abscess, granulation tissue, 
caseous material, sequestered bone and disk. These 
are dead and destroyed products, and no régénération 
of them is possible. They may not be absorbed at ail or 
take long time to get absorbed in the natural healing, 
and the process may be imperfect and incomplète. 

2. The avascular barrier is removed and the local site and 
periphery become vascular. 

3. It deals with the mechanical effects of the disease like 
fibrosis and compression. 

4. It fortifies local healing by bone grafts so that sound 
bony fusion between the involved vertebrae is achieved. 
This gives strength and stability to the spine. 

5. It can help to prevent the two important complications 
of tuberculosis of the spine—paraplegia and deformity. 

Surgery hasfurther advantages 

1. It relieves rapidly the local disabling symptoms. The 
time required for local healing is markedly reduced. 

2. The definitive diagnosis is established by histological 
and bacteriological testing. 

3. The sensitivity tests can help in choosing the proper 
antibiotics. 

Preoperative work-up: It is necessary to evaluate the patient 
thoroughly by proper investigations. The following 
investigations are suggested and carried out. 

1. X-rays of the involved région of the spine 

2. X-rays of other portions of the spine to detect skip 
lésions 

3. Hematological assessment 

4. Major System assessment (CVS, RS, kidney function) 

5. Anesthetic évaluation 

6. MRI or at least CT scan should be done in every case. 
It is very helpful to study the site, and extent of the 

disease, the condition of the spinal cord. It gives guide- 
lines to the surgeon about the approach, the extent and 
type of surgery, and the prognosis about the recovery of 
spinal cord function. 

Time of surgery: It is not advisable to rush for surgery except 
in exceptional circumstances. Proper preoperative work- 
up, improvement of general health of the patient, and 
exposure to antibiotics for 1 to 3 weeks would give consis- 
tently satisfactory results. According to Hodgson, 13 ' 20 
chemotherapy started 48 hours before surgery is usually 
enough. However, surgery done precipitously for relief of 


acute symptoms or for biopsy of a doubtful lésion without 
any preoperative antibiotics does not necessarily give 
untoward results. 

Type and extent of surgery: The types of surgery that were 
and are being practised for tuberculosis of the spine fall 
into the following categories. 

1. Indirect surgery done away from the active lésion 

2. Direct surgical attack on the tubercular focus 

3. Additional procedures done either concurrently or after 
some time after direct surgical attack. 

Indirect Surgery 

1. Only posterior laminectomy was advised and done for 
relief of paraplegia. This procedure was popular with 
neurosurgeons. Posterior laminectomy is irrational for 
anterior complex lésions. It is most inadéquate for 
décompression of the anterior part of the cord, besides 
it removes the only healthy and stable areas of the 
vertebrae thus rendering the vertébral column unstable 
and liable to pathological dislocation. Only posterior 
laminectomy has no place in the modem treatment of 
tuberculosis of the spine and is contraindicated except 
in some lésions of the lumbar spine and lumbosacral 
région, where the chief complaint is pain along a nerve 
root or roots associated with neural déficit. This is 
especially so in congenitally narrow spinal canal. 
These lésions are best disclosed by MRI. Here the lésion 
can be tackled by posterior laminectomy by décom¬ 
pression and treatment as of the nerve root as in a case 
of diskprolapse. 

2. Posterior fusion was once popular as 'Treatment 
finale" in the conservative treatment of tuberculosis of 
the spine. The procedure was advocated to provide 
permanent internai splint. However, it was shown 
quite clearly in 1937 by Mckee and in 1938 by Seddon 
that the operation is actually harmful if performed in 
cases in which the disease is still active, and that it 
confers no demonstrable benefit upon those in whom 
it has healed. There is no place for only posterior fusion 
in the modem treatment of tuberculosis if the spine. 

Direct Surgical Attack on the Tubercular Focus 

The basic premise is that the body has been able to localize 
and limit the infection and the knife should eradicate it. 
There are three ways to do this. 

1. Focal debridement 

2. Radical surgery 

3. Modified radical surgery. 
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Focal Debridement 

Limited focal debridement varies from simple évacuation 
of an abscess to a formai "debridement" in which the focus 
in the spine is fully and widely displayed and ail accessi¬ 
ble disease matter is removed. This may or may not be 
followed by bone grafting. Focal debridement is possible 
by conventional antérolatéral décompression or limited 
anterior clearance, or transpedicular excisional surgery. 

Radical Surgery 22 

The concept of radical surgery was first developed by 
Hodgson and his colleagues in Hong Kong, and the 
operation is designed to resect the affected bodies in toto, 
removing, in addition to ail "diseased tissue, pus, 
séquestra, aseptie necrotic bone and devitalized disks", 
"the whole of the diseased vertebrae as far back as the 
spinal cord" (Fig. 1). The considérable gap between the 
upper and lower limits of this resection is then bridged by 
the insertion of autologous bone grafts. It also involves in 
selected cases wide and extensive decompresion of the 
spinal cord. 

Bone grafts: The bone grafts are harvested from ribs, iliac 
crest, tibia or fibula. The donor sites are selected as per the 
needs of each individual patient—strength, ostéogénie 
potential and length and size of the gap to be bridged. The 
grafts are eut, shaped and then inserted in the gap to hâve 
a tight fit. Occasionally, use of vertébral spreaders is made 
to open up the spine anteriorly before the grafts are inserted. 

Modified Radical Surgery 

This is midway between the above two procedures. In this 
modified approach, the basic concepts of anterior exposure 
of the spine and anterior spinal clearance followed by bone 
grafting are accepted. However, deliberate resection of the 
whole of the affected bodies is not performed if the upper 
or lower bodies or both hâve enough healthy bone at the 
ends of the resected area to enable the key graft to be 
inserted firmly into healthy cancellous bone. 

Such an approach is most suitable for Indian patients 
under the existing circumstances. Further the foliowing 
points are worth considération. 

1. A substantial number of patients (40% or more) are 
children with âge ranging from 1 year to 14 years. Some 
of them hâve extensive disease involving more than 2 
or 3 vertebrae. To do radical excisional surgery in these 
children as advocated by Hodgson 13-21 would be more 
traumatizing than the disease itself and is something 
like adding insult to injury. The unaffected or partially 




Fig. 1 : The classical radical operation of Hodgson 

involved anterior growth centers are likely to be 
removed. 

It is felt that surgery in children should be very 
gentle and limited. It should limit itself to removal of 
obvious products of the disease and very gentle 
scraping of cavities and érosions. This is done to protect 
and preserve the growing epiphyseal plates. Ail soft 
collapsed bone in the vicinity of infected tissue is not 
necessarily diseased bone and need not always be 
sacrificed. It is capable of régénération once the obvious 
disease is removed or otherwise brought under control. 

2. A fair number of patients had extensive disease of the 
nearby organs in addition to disease of the spine. There 
were intraoperative difficulties because of adhesions, 
abscesses, altered anatomy. The gravity of the operation 
increased considerably with postoperative shock and 
stormy convalescence. 

3. Some patients had double lésions, skin lésions, and in 
few the disease was so extensive as to involve a number 
of vertebrae. Some had mixed lésions—the "central" 
involving the whole of the body, the "classical 
paradiskal lésion", and the "anterior" type involving 
and lifting the periosteum and anterior longitudinal 
ligament over a number of vertebrae. 

4. Soft osteoporotic bone was a problem in some cases. 
The bone could be easily scooped out and it was 
difficult to fix the limit of the excision. The bone grafts 
were also of poor quality. There was paucity of bone 
grafts, resulting in subséquent collapse of the spine 
anteriorly. 

Additional Procedures 33 

On occasions additional procedures are indicated and 

done either at the time of excisional surgery or done later 

after few weeks or months. 
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The indications for additional procedures area as 
follows. 

1. The infection is quite extensive and there is simul- 
taneous involvement of both anterior and posterior 
complexes—so-called global or circumferential 
involvement of a portion or segment of the spine (Figs 
2 and 3). There is as a resuit—global instability. Most 
of these patients hâve varying degrees of neurological 
déficit. Surgery is acutely indicated and has three 
objectives—excision of diseased tissue, décompression 
and adéquate stability. It becomes necessary to employ 
more than one approach and aim at additional 
stabilization procedures. Posterior or postérolatéral 
fusion augmented with implant stabilization is done. 
Harrington rods, Hartshil rectangle, ordinary or 
Steffe's plates are used (Figs 4 and 5). 

2. In children the forces of growth are considérable and 
prédisposé to progressive deformation of the spine. This 
is despite adéquate treatment and healing of the local 
lésion and Sound anterior fusion. Prophylactic poste¬ 
rior fusion, facet fusion, postérolatéral fusion become 
necessary to arrest the progressive deformity. This is 
often supplemented with implant stabilization 
(Harrington rod, Hartshil rectangle, pedicular screws 
and plates). 

Use of implants is not contraindicated in tuberculosis 
of the spine. 

Indications for Surgery 

The following clinical situations are presented to décidé 
the need for surgery in tuberculosis of the spine. 

1. Diagnosis of a doubtful lésion: There are some atypical 
présentations where tuberculosis mimics other lésions. 
These are becoming more frequent today. The results 
of radiographs, ESR, MT or enzyme-linked immuno- 
sorbent assay (ELISA) test either are noninformative or 
misleading. Bone scan, CT scan, MRI may not always 
disclose the true nature of the lésion. In such circum- 
stances, there should be no hésitation in obtaining proof 
of diagnosis by exploration. The word "exploration" 
is used advisedly rather than biopsy. Biopsy too often 
implies the removal of small fragments, such as is often 
adéquate for the diagnosis of soft tissue carcinoma, 
but which is quite inadéquate for the récognition of 
spinal tuberculosis in a case of any difficulty. The 
surgeon must remove as large an amount of morbid 
tissue as possible. The low bacterial population 
characteristic of osteoarticular tuberculosis means that 
the bacteriologist must be given as much pus, 
granulation tissue, etc. as he can. The histopathologist 
will often need to examine many areas of the lésion. 



Fig. 2: Extensive disease with fracture dislocation 





Fig. 3: Another case of pathological dissection 
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Figs 4 and 5: Pathological fracture dislocation—required anterior and posterior stabilization 



especially at the edges of necrotic soft tissue before he 
finds typical tubercles. 

2. Active uncomplicated spinal tuberculosis: This is the most 
debatable and controversial issue for the rôle of surgery 
in this disease. The following observations will help to 
make the right decision. 

a. It is now certain that the most vital factor in the 
effective treatment of the disease is chemotherapy. 
Ail other methods of treatment are to be regarded 
as supplementary to this. 

b. One must stop considering chemotherapy and 
surgery as competitors and antagonistic to each 
other and trying for each other's position. 

c. They are in essence complimentary and supple¬ 
mentary to each other and help each other in solving 
the problems of spinal tuberculosis. 

d. Surgery alone has no place in the treatment of the 
disease. Its rôle is secondary and it helps to sort out 
the mechanical effects of the infection, viz. fibrosis, 
compression, etc. 

e. Surgery is optional and the advantages or other- 
wise of surgery along with chemotherapy vis-a-vis 
only chemotherapy should be discussed with the 
patient before a decision is taken. Patient has to be 
aware of the alternatives in treatment. 

f. The results of Medical Research Council 
(MRC) 26 ' 29 trials (1973,1974,1975,1976,1978) and 
ail statistical and other data lead to the conclusion 
that uncomplicated spinal tuberculosis should be 


treated by adéquate chemotherapy combined with 
the Hong Kong radical operation, if and only if, 
surgical expertise, adéquate anesthetic facilities, 
skilled nursing, and back-up from other specialties 
are readily available. If these facilities and skills 
are not available, then the operation should not be 
performed, and reliance should be placed with 
confidence on ambulant outpatient chemotherapy 
treatment alone. 

Advantages that might be claimed for a lesser risky 
focal debridement (shortening the treatment period and 
early relief of local disabling symptoms) do not appear 
adéquate to justify that operation as a therapeutic measure, 
valuable as it may be as a means of diagnosis in an 
otherwise difficult diagnostic problem. 

The MRC trials conclusively proved both the early (18 
months) and late (5 years) results of combined treatment 
were better than chemotherapy alone (Table 1). 

One is not convinced about the need for the radical 
operation in one and ail cases in a benign disease like 
tuberculosis of the spine. It is too much of a surgical exercise 
for the averge orthopédie surgeon. 

The results with modified radical procedure are 
equally good. 

Active complicated spinal tuberculosis: In active complicated 
spinal tuberculosis, the combined treatment is advan- 
tageous than chemotherapy alone with the same above 
considérations. 
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TABLE 1 : Results of medical research council (MRC) 
trials 


Only chemotherapy Chemotherapy 
+ focal 
debridement 

Chemotherapy 
+ radical surgery 

(Percentage) 

(Percentage) 

(Percentage) 

At the end of 

18 months 

67 

80 

89 

At the end of 

3 years 

85 

86 

93 

At the end of 

5 years 

88 

86 

93 



Disappearace 
of abscess 

Bony fusion 

No increase 
in kyphosis 
Bony fusion 

• early 

• more often 


Healed tuberculosis It commonly présents with two compli¬ 
cations—deformity and paraplegia. 

Chemotherapy is not very effective in healed tuber¬ 
culosis except in those few cases where there is réactivation 
of infection or low grumbling activity. 

Surgery is the only way to treat these complications. 
This will be discussed later. 

Approach to the Spine 

The spine canbe approached from: (i) the front— anterior, 
(ii) the back—posterior, or (iii) the side— antérolatéral and 
postérolatéral. 

Choice of an approach is dictated and decided by: 

a. the site, development, and extent of infection 

b. the plan of action 

c. the MRI findings 

d. the philosophy, expérience and individual choice 
of the surgeon. 

Some approaches and procedures are universally 
agreed upon, while in others there is some controversy 
and disagreement. Thus, there is agreement on the anterior 
approach to the cervical and lumbar régions, while in the 
dorsal spine, some would employ the conventional 
antérolatéral approach to reach the front of the spine, while 
others employ the thoracotomy transpleural approach. 
Some hâve slightly altered or modified the standard 
approaches. 

In general, the individual régions are easy to approach, 
and the junctional areas are difficult for adéquate exposure. 
This is because of change in anatomy from one région to 
another and also because of other anatomical and 
physiological constraints. 


Posterior Approach 

Posterior approach is indicated for: 

i. Treatment and excision of posterior complex 
lésions—lésions of the spinous process, lamina and 
the pedicle. 

ii. Posterior décompression in few cases of lumbar spine 
lésions which présent like spinal tumor syndrome. 
There is pericordal fibrosis causing, so to say, 
strangulation of the spinal cord. 

iii. Additional posterior décompressions and fusions and 
supplementary implant stabilization. 

It is a standard conventional approach after 
séparation and retraction of paraspinal muscles from 
the spinous process and lamina. 

It is recommended for anterior complex lésions 

iv. Décompression of the cord where there is extradural 
compression mainly from the posterior aspect with 
minimal involvement of the bone. 

Transpedicular Approach 

A further extension of posterior approach is the 
transpedicular approach. The pedicle directly leads to the 
front of the body and one can do adéquate focal debride- 
ment, décompression and fusion for lésions of the vertébral 
body by approaching it from one side or both sides. One 
can do implant stabilization at the same time. 

It is a simple, safe, straightforward, adéquate approach 
with no added risks of opening the chest, and anesthésia 
in surgically poor risk patients. 

Postérolatéral Approach 

Postérolatéral approach is a limited approach and indi¬ 
cated for biopsy and focal debridement of small, early 
postérolatéral complex lésions. 

Antérolatéral Approach 

Antérolatéral approach for dorsal and dorsolumbar lésions 
an extension of costotransversectomy is a time tested, well- 
established procedure and suited for most lésions of the 
anterior complex (Figs 6 and 7). It is favored and practised 
by many orthopédie surgeons. The access to the spinal 
lésion is adéquate, excision of the disease near complété, 
full décompression of the cord is possible, and subséquent 
fusion is satisfactory. There are no risks of anterior spinal 
surgery, problems of opening and closure of the chest. 
However, it is not suited for radical excisional surgery for 
treatment of double extensive skip and combined lésions. 

Position: Prone or right latéral position through a curvi- 
linear incision in the skin, the paraspinal muscles are eut 
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intercostal N 


Fig. 6: Antérolatéral décompression—an approach 

transversely opposite the apex of the deformity. Médial 
parts of three ribs corresponding to the diseased vertebrae, 
and their transverse processes are exposed superiosteally 
and removed. It is important to be very cautious, gentle 
and patient in removing the very médial end of the rib 
from its articulation with the vertébral column. The 
intercostal nerves are the only structures that lead to the 
spinal cord and act as guides to the intervertébral foramina 
and the pedicles. Everything that is anterior and latéral to 
the cord, i.e. soft, diseased and necrotic material should be 
removed and focal debridement completed. 



Fig. 7: Antérolatéral décompression—the extent of surgery 


Anterior Approach 3 ’ 13 ~ 20 

Anterior approach was first developed by Hodgson et al 
in 1958. This was further developed by various workers 
and today every single vertebra and its anterior portion 
canbe approached directly. The most common tubercular 
lésion starts anteriorly, develops anteriorly, produces its 
affects maximally anteriorly. Hence for total éradication 
of the lésion, 'The radical excision" the approach should 
naturally be from the anterior aspect exposing the anterior 
and latéral aspects of the involved vertebra and well above 
and below. With this approach, skip lésions, double 
lésions, extensive lésions involving a number of vertebrae 
canbe managed at the same sitting. This is a good approach 
for anterior décompression of the cord when necessary, 
for correction of mild to moderate kyphotic deformity and 
as an initial step in serial correction of severe kyphotic 
deformity. Anterior fusion in compression is more rational 
(Fig. 8), Sound, and the stability achieved is very good. 



Fig. 8: Anterior fusion and posterior stabilization with Hartshil to 
control the disease and corrected deformity 
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Thus, anterior approach is the most suitable approach for 
most of the cases of tuberculosis of the spine (Fig. 9) and 
serves to achieve everything that is desired in the radical 
treatment of the disease (Fig. 10). 

Anterior approach is a major undertaking and is often 
through body cavities and invites problems of their 
opening and closure and the coincidental diseases of their 
contents. The learning curve is long and requires spécial 
training. It is not suited for small lésions and only for biopsy 
(except when the lésion is darn anterior). 

Anterior exposure of the spine is best learnt by 
apprenticeship under an able surgeon, but few guidelines 
canbe given here. 

It is proposed to describe first standard approaches 
foliowed by unusual ones and those for the junctional 
areas. Dorsal Spine D 5 -D 12 Transthoracic transpleural 
approach. 

Position latéral with a pad under the affected région or 
kyphosis. The patient should be tilted little posteriorly. 
The approach can be either from the left side or the right 
depending upon the site and development of the lésion, 
but the left side is preferred because of a definite anatomical 
landmark of location of the aorta. 

The skin incision should be about 2 or 3 ribs higher in 
the midaxillary line than the level of vertébral lésion or the 
apex of the kyphos. It is better to approach the lésion from 
a little above than a little below. Thoracotomy can be 
performed between the 2 ribs (intercostal) or the rib bed. 

If there is no adhesions, the lung falls back, and is 
squeezed and retracted. The chest is opened as much as is 
necessary with the help of self-retaining retractors. The 
spine is the most posterior structure and is easily identified. 
How to identify and localize the involved vertebra? 

This can be very easy by the overlying abscess or 
paraspinal swelling with alteration in the consistency, 
color and vascularity. When in doubt or when the lésion 
is confined to the interior of the vertebra with no changes 
in the superficial tissues, an intraoperative X-ray would 
be of great value. 

A longitudinal or T incision is taken in the pariétal 
pleura by the side of the aorta—the para-aortic gutter— 
and a plane developed between the aorta and the lésion. 
As many as necessary intercostal vessels are tied, the aorta 
retracted medially, and the vertébral lésion is dealt with. 
The edges of the vertebrae are freshened and shaped, and 
grafted either by ribs or iliac bone. 

This is the standard operation. It is modified according 
to the région affected and extent of the lésion. 

Cervical spine: The lésions in the cervical spine from C 3 - 
C 7 are reached through the standard anterior cervical route 
between the carotid sheath behind and esophagus and 
trachea in front. Occasionally, access to the lésion is made 



Fig. 9: Postoperative resuit with correction of deformity 



Fig. 10: Postoperative resuit with sound anterior fusion 
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through a plane developed posterior to the vessels. The 
skin incision is either transverse or vertical, and the 
sternomastoid is detached at its inferior attachment and 
retracted. 

Midlumbar spine L 2 -L 5 is reached through a standard 
extraperitoneal kidney or ureter approach through the bed 
of twelfth rib. It is important to approach the lésion from a 
little above than below. One can reach the lésion through 
the psoas abscess or directly anteriorly. It is important to 
remember, however, that the abscess tracks down and the 
spinal lésion is much higher. The psoas muscle can be 
divided transversely taking care to protect the nerves of 
the lumbar plexus and to control bleeding from the lumbar 
vessels. 

Junctional areas C 3 -C 2 : This part of the cervical spine is 
best approached transorally (Fang and Ong, 1962). 9,10 The 
C 3 lésion can be reached through transthyrohyoid 
membrane approach. 

Thoracolumbar région (D 11 -L 2 ) is best approached 
through a transpleural, transdiaphragmatic extraperito¬ 
neal approach through the bed of tenth rib or a little above. 
Exposure of the lésion is helped by detaching the crus of 
the diaphragm with transverse division of the upper part 
of the psoas. The left side is preferred, but the lésion can be 
approached from the right side if necessary and indicated 
with little caution and patience. 

Lumbosacral région is approached through a midline 
or paramedian transperitoneal route. It is important to keep 
strictly in the midline, and to inject few cubic centimeters 
(ccs) of saline in the rétropéritonéal space before incision 
into the posterior peritoneum. An indwelling cathéter 
and Trendelenburg's position would be of great help. The 
left iliac vein crosses to the right just anterior to the 
lumbosacral junction, and its position should be always 
kept in mind. 

Intraoperative Difficulties 

In general the operative difficulties arise because of : 

i. adhesions 

ii. abscesses 

iii. friable infective tissue 

iv. bleeding—from vascular tissue, veins and large 
vessels 

v. altered anatomy because of active pathology and 
deformity, the anatomical landmarks and planes were 
obliterated 

vi. coincidental diseases of the nearby organs. 

Anterior spinal surgery is fraught with more difficulties 

than other types of surgeries. The difficulties are 
compounded by operations on late, neglected, advanced, 
extensive lésions. 


One must be conversant with normal anatomy and be 
prepared to deal with situations of abnormal anatomy. 
One should be ever vigilant and in case of difficulty the 
watchword should be caution and patience. Help from 
other specialities should be readily available. 

Contraindications for Surgery 

As such there are really no contraindications for surgery 
in tuberculosis of the spine. Surgery, however, if done early 
and in the formative stages of the disease would be 
superfluous and at times damaging. 

Surgery is a major undertaking and the general health 
of the patient, and the risks of anesthésia and surgery 
should be seriously considered and weighed against the 
possible advantages. Inadéquate facilities and not enough 
expertise would be relative contraindications for surgery, 
especially for anterior spinal surgery. 

Surgery should not be done for multifocal disease 
excep t for establishing the diagnosis. 

Surgery for Complications of 
Tuberculosis of the Spine 

The rôle of surgery in prévention and treatment of 
complications of tuberculosis is so vital as to deserve 
spécial mention. The important complications to be 
considered are: 

i. paraplegia 6 and 

ii. deformity. 

Paraplegia is the most dreaded and worst complication 
of tuberculosis of the spine and deserves spécial 
considération. Paraplegia can develop in presence of active 
disease of the vertébral bodies and early in the course of 
the disease (early onset paraplegia) and also develops in 
healed disease and much later many years after (late onset 
paraplegia). The real distinction should be paraplegia in 
active disease from paraplegia of healing (Hodgson). 

The considérations about surgery in paraplegia deserve 
spécial mention. Surgery is helpful to prevent and also to 
alleviate paraplegia. One of the important considérations 
to advocate surgery in ail active uncomplicated cases is 
prévention of paraplegia (Hodgson). It is true, paraplegia 
arising in the presence of active disease will recover in 
some cases with chemotherapy alone. However, it is 
arguable that ail cases showing severe involvement of the 
central nervous System in active spinal disease should be 
treated by operative décompression. 25 Far and away the 
commonest cause of paraplegia in these circumstances is 
pressure on the front of the dura mater by the materies morbi, 
and removal of that pressure produces not only a high 
rate of cure (Griffiths, 12 Seddon 32 and Roaf, 31 1956, 
Hodgson, Skinsnes, and Leong, 1967), but the paralysis 
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usually résolves so rapidly after adéquate removal of a 
compressing agent it seems unfair to allow a patient to lie 
paralyzed for perhaps some weeks awaiting cure from 
conservative care when an operative décompression can 
produce complété recovery (Fig. 11) in a matter of days 
(Griffiths). 11,12 

Early décompression in paraplegia with active disease 
is also wise because pénétration of the dura and comp¬ 
ression of the cord by an intradural abscess (Hodgson, 
1964) is more common than has been thought. Also as has 
been shown by Roaf 31 (1956), a nonsuppurative extradural 
granuloma may surround the dura and produce 
paraplegia or alternatively the cord may so to say be 
strangled by pericordial fibrosis, and it is possible that the 
constriction thus produced might not be overcome by 
chemotherapy alone. Ail the above pathological conditions 
may be better disclosed by MRI which is a must investi¬ 
gation in cases of paraplegia. 

Paraplegia in healed disease is a much more difficult 
problem. Clearly the disease being healed, there is nothing 
to hope from chemotherapy. This type of paraplegia may 
begin at any time from two years after the onset of the 
vertébral disease to more than twenty. 

It is always associated with severe kyphosis. The 
causes of this late onset paraplegia are more than one and 
are: 

i. stretching of the spinal cord over the angle at the back 
of the affected bodies—the internai gibbus, 

ii. atrophy of the cord and changes of myelomalacia, 
and 

iii. vascular compromise of the cord. 

The prognosis in this type of paraplegia is gloomy and 
guarded and the prospects of recovery from treatment are 
not very bright. Yet it is advised to attempt removal of the 
internai gibbus and full anterior décompression of the cord 
in cases of paraplegia in healed disease. The operation, 
however, is never easy, recovery is never complété, and 
there is always the danger of worsening of neurological 
status following and due to surgery. 

Results 

The results of modified radical surgery are given. 

1. Almost ail patients stood surgery well. 

2. There was hardly any wound infection. 

3. Early relief of local symptoms. 

4. Bony fusion in 85% at the end of 12 months, in 92% at 
5 years, in others—fibrous fusion 

5. Return to work in 3 to 6 months, return to school in 3 
months. 

6. Recovery of paraplegia—94%. 



Fig. 11: Extensive disease with paraparesis, 
large abscess 

Complications 

Following were the complications and poor results. 

1. Death—0.05% 

2. Shock (Stormy convalescence)—1% 

3. Iatrogénie paraplegia—22/5000 

4. Récurrence of infection—8% 

5. Pseudoarthrosis—3% 

6. Complications of grafts Following complications of 
grafts are likely and not uncommonly encountered: 

a. partial or total absorption of grafts 

b. displacement of grafts 

c. compression of neural structures by grafts 

d. fracture of grafts. 

This further results in: (i) loss of height anteriorly and 
deformity and (ii) pseudoarthrosis and pain. 

Reoperation 

Reoperation is required on occasions: 

i. if the residual disease is considérable on the 
contralatéral side, 

ii. if there is progression of disease in spite of first 
adéquate clearance, 

iii. for complications of grafts, 

iv. for persistent pain and/or pseudoarthrosis. 
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Fig. 12: Blood supply of the spinal cord with danger zones 



Fig. 13: Advance disease of the dorsal spine with deformity 
and paraparesis. Surgery helped to recover from paraplegia, 
correct the deformity and overcome the disease 


Limitations of Surgery 

Anterior spinal surgery has some inhérent limitations. 

1. Interférence with the vascular supply of spinal cord 
resulting in iatrogénie paraplegia. The blood supply 
of the spinal cord has received considérable attention 
in recent times. There are certain zones in the spinal 
cord where the blood supply is already precarious 
(Fig. 12). These levels are upper thoracic D 4 -D 5 -D 6 and 
lower thoracic D 9 -D 10 -D n (last field zones). The blood 
supply may be further compromised by surgery and 
may resuit in ischemia of the cord. The blood supply 
may be variable, and the mishap can occur most 
inadvertently by surgery at any other level (Domisse). 

2. Damage to the growing epiphyseal centers in the 
anterior complex can occur in children by indiscrimi- 
nate and rough surgery. This will prédisposé to 
progressive kyphotic deformity. 

3. Damage to the hypogastric nerve can occur in clear¬ 
ance of L 5 —S a lésions. This will resuit in disturbed 
éjaculation and impotency. 

CONCLUSION 

Sugery is not necessary in every case of tuberculosis of the 
spine. Yet, surgery has a definite rôle in the overall 
management of the disease. The correct use and application 
of surgery calls for balance, mature judgment, expérience 
and expertise. In active disease, judicious use of surgery 
would be advantageous (Fig. 13). In treating complications 
of the disease, surgery may be the only answer. Anterior 
surgery is more rational and sound, and when successfully 
performed gives results superior to results achieved by 
any other method. However, it is a major undertaking in 
unfamiliar sites, attended with inhérent risks and 
complications. Prévention of the disease should be our 
aim. Till then, treatment continues to be difficult task. 
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INTRODUCTION 

The effectiveness of chemotherapy has obviated the need 
for surgical therapy in many cases. Following measures 
hâve been used successfully for treatment of spinal 
tuberculosis: excision or debridement of diseased parts of 
the vertebrae, évacuation of a tuberculous abscess, 
arthrodesis of spine especially for mechanically unstable 
and painful spine and for prévention of severe kyphosis, 10 
and mechanical décompression of the cord for neural 
complications. 

COLD ABSCESS 

The palpable (peripheral) cold abscess if needed can be 
drained by standard surgical approaches. 3 Psoas abscess 
may be drained by anterior approach by making an 8 to 10 
cm incision on the iliac crest 1 cm behind the anterior 
superior iliac spine. Cut external and internai obliquus 
abdominis muscles from the iliac crest and reach the inner 
surface of iliac bone. Palpate abscess and drain 
extraperitoneally. If the abscess is pointing more 
posteriorly drain through the floor of the Petit's triangle. 
The floor is covered by obliquus internus abdominis 
muscle which requires to be incised (4-6 cm) between 
latissimus dorsi posteriorly, obliquus externus abdominis 
anteriorly and iliac crest inferiorly. Ludloff's approach is 
used for an abscess pointing on the médial side of thigh. 
Make a 2 to 3 cm incision distal to pubic tubercle longi- 
tudinally between gracilis and adductor longus muscle. 
Develop plane between adductor longus and brevis 
anteriorly and the gracilis and adductor magnus 
posteriorly. Protect the posterior branch of obturator nerve 
and neurovascular bundle to gracilis. The abscess canbe 
easily drained through the wound by developing a plane 
towards the lesser trochanter. Cold abscess in the cervical 


spine is drained by making a transverse or longitudinal 
skin incision anterior or posterior to the sternocleido- 
mastoid muscle depending upon the site of présentation 
of the abscess. It is wise to use suction drainage for nearly 
72 hours after the surgery. If the size of the abscess is large 
(draining more than 300 ml in an adult), fluid must be 
replaced by intravenous route. 2 

Treatment of tuberculous paraplegia is still contro- 
versial. Paraplegia of early onset associated with 
inflammatory causes is likely to recover by antitubercular 
drugs alone. Paraplegia of late onset due to mechanical 
causes requires surgical décompression of the cord. There 
are various approaches to different régions of the spine 
used by different workers (Table 1). 

Dorsal Spine 

Antérolatéral extrapleural approach as developed by 
Griffiths (1956), Seddon (1956) has been used with some 
modifications by many workers (Arct 1968, Goel 6 1967, 
Kirkaldy-Willis 1965, lagenskiold 1967, Paus 1964, Risko 
1963, Tuli 1969, Wilkinson 1969, Korkusuz 1989) for 
debridement of the diseased tissues, and for mechanical 
décompression of the cord, with or without bone grafting 
for achieving anterior spinal fusion. Most of the workers 
consider this approach as adequte for dorsal lésions. 
Transpleural anterior approach has been developed by 
Hodgson 7 and Stock (1956, 1960) and used by many 
workers (Cauchoix 1957, Kirkaldy-Willis 1965, Kohli 1967, 
Masalawala 1963, Cook 1971, Jackson 1971) for tuber¬ 
culous lésions of dorsal spine. In treating active 
tuberculosis of the thoracic spine, Macrae (1957) (quoted 
by Cholmeley 1959) performed bilateral costectomy to 
evacuate any pus and then irrigated the area with 
streptomycin from each side through a cathéter. Martin 
(1970,1971) favored a "postérolatéral approach" in which 
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TABLE 1 : Main surgical approaches used by various workers in tuberculous lésions of different régions of 
vertébral column 


Workers 

c 3 -c 2 

Cervical 

Ct-D, 

Dorsal Dorsolumbar 

Lumbar 

Ls-L: 

Kirkaldy- 
Willis (1965) 


Anterior 

Transpleural 
through bed of 
3rd rib 

Antérolatéral Antérolatéral 
or transpleural 

Rétropéritonéal 
sympathectomy or 
ureter approach 

Transperitoneal, 
paramedian 
incision Trende- 
lenburg position 

Smith and 
Robinson, (1958) 
Riley (1969) 

Anterior 

1 

Anterior 





Lagenskiold - 

and Riska (1967) 

- 

- 

Antérolatéral Antérolatéral 

Antérolatéral 

- 

Paus (1964) 


Anterior 

Anterior 

cervical 

Antérolatéral Antérolatéral 

Rétropéritonéal 

sympathectomy 

approach 

Transperitoneal 

Arct (1968) 




Antérolatéral - 

Rétropéritonéal 
sympathectomy 
or ureter approach 

Transperitoneal/ 
rétropéritonéal 
of Hamon 

Hodgson et al 

Transoral/ 

Through 

Transpleural 

Anterior trans- Bed of llth rib 

Rénal approach 

Transperitoneal, 

(1956, 1960, 

transthyroid 

anterior 

through bed of 

pleural decom- extrapleural 


in Trendelenburg 

1969) 

like Fang 
and Ong 

triangle or 
through 
posterior 
triangle 

3rd rib/split 
sternal for exten¬ 
sive lésion 

pression extraperitoneal/ 

left transpleural 
through of 9th rib 

Lower midline 
incision 

Cauchoix and 
Binet (1957) 


Anterior 

Trans-sternal 

anterior 

Anterior trans- - 

pleural décom¬ 
pression 



Kemp et al. 
(1973) 


Anterior 

Anterior 

cervical 

Trans-sternal Bed of 12th rib 

D3-D4. 

Anterior 

transpleural 

forDg-D^ 

Retroperitnoeal 

approach 

Rétropéritonéal 
through oblique 
rénal or 
'hemisection' 
incision 

Mc Afee et al 
(1987) 

Retropharyn- 
geal extra- 
mucosal 






Tuli et al 

Transoral for 

Anterior 

Low anterior 

Antérolatéral Antérolatéral 

Transverse 

Transverse 

(1975, 1979, 
1988) 

drainage 


cervical 

or transpleural 

vertebrotomy or 

Rétropéritonéal 

approach 

vertebrotomy or 
Rétropéritonéal 


dura is exposed by hemilaminectomy first, and then the 
operation is extended laterally to remove the posterior ends 
of 2 to 4 ribs, corresponding transverse processes and the 
pedicles. He considered the "antérolatéral operation most 
difficult and tedious... with risk of damage to the cord". 

Indications for the choice of surgical approach to the 
dorsal spine are rather ambiguous. For example, Ahn 
(1968) recommended transpleural approach for long- 
standing cases and extrapleural antérolatéral approach 
for early cases. On the other hand, Kirkaldy-Willis (1965) 
recommended transpleural approach for early cases and 
extrapleural antérolatéral approach for chronic cases of 
long standing. In fact, both these approaches provide 


adéquate exposure for debridement or mechanical 
décompression and anterior bone grafting procedures. Both 
these provide a good exposure of extradural space without 
further weakening of the vertébral column by removal of 
spinous processes and laminae as may happen in opera¬ 
tions involving their removal. However, anterior spinal 
approach is impracticable for severe kyphotic deformities. 

Cervical Spine 

Cervical spine is best approached by anterior approach as 
developed by Smith and Robinson (1958, 1968). The 
involved région is explored by working between 
sternomastoid and carotid sheath laterally, and esophagus 
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and trachea medially. The site is localized under 
radiographie control. Similar approach has been 
successfully employed by Riley (1969) and others (Table 1). 
Hodgson (1969) advocated an approach through the 
posterior triangle working by retracting sternomastoid, 
carotid sheath, trachea and esophagus anteriorly to the 
opposite side. 

Atlantoaxial Région 

Fang and Ong (1962) developed transoral approach, and 
transthyrohyoid approach for such higher lésions. 
Operation is performed under anesthésia administered 
through tracheostomy tube. Hodgson et al (1960, 1969) 
and Masalawala (1963, 1967) used similar approach 
successfully for this région. Mc Afee et al (1987) hâve 
developed a retropharyngeal extramucosal approach for 
cranio-atlantoaxial région. 

Cervicodorsal Région 

Like atlantoaxial région cervicodorsal spine is also a 
difficult area to be exposed. Kirkaldy-Willis and Thomas 
1965) used a transpleural thoracotomy approach through 
the bed of third rib on left side. They also prescribed 
extrapleural antérolatéral approach. Fang and Ong (1969) 
and Cauchoix and Binet (1957) described a technique for 
operation upon this région through an anterior sternum- 
splitting extrapleural approach. Kemp et al (1973) used 
transternal approach for lésion at D 3 -D 4 . Robinson et al 
(1962) and Paus (1964) aproached this area though the 
anterior approach to the cervical spine. We hâve 
comfortably employed the anterior approach through a 
low cervical incision for lésions at C 7 r-D 1 (Tuli 1979). 

Thoracolumbar Région 

Thoracolumbar région has been approached through 
extrapleural antérolatéral exposure by Kirkaldy-Willis 
(1965), Paus (1964), Lagenskiold and Riska (1967). 
Hodgson et al (1956-69) described an extrapleural and 
extraperitoenal approach thorugh the bed of eleventh rib 
for this région. 

Lumbar Spine 

Lumbar spine has been approached through a rétro¬ 
péritonéal approach (similar to kidney, ureter or 
sympathectomy exposure) by Arct (1968), and Hodgson et 
al (1956,1969), Kirkaldy-Willis (1965), Lagenskiold and 
Riska (1967) and Paus (1964). 

Lumbosacral Région (Lg-S^ 

Kirkaldy-Willis (1965), Paus (1964), Arct (1968), Hodgson 
(1969) and Pun et al (1990) described approaches through 


hypogastric paramedian transperitoneal approach. 
Trendelenburg position and extension of lumbosacral 
junction were found to be helpful in the exposure. Harmon 
(1963), Arct (1968) and Hodgson (1969) also described 
and used rétropéritonéal approach. 

In general junctional areas are difficult for adéquate 
exposures, and no worker has an extensive expérience of 
a particular approach. However, attention to the details of 
the technique described by various workers is helpful for 
satisfactor exposures. Opinion varies regarding the use of 
bone grafts after surgical debridement of the diseased 
vertebrae or after décompression of the spinal cord. 
Hodgson et al (1956-69) and Risko and Novosazel (1963) 
emphasized the use of bone graft after surgery. Many other 
surgeons consider it unnecessary in ail cases. We feel that 
the only definite indications for use of bone grafts after 
excisional surgery of the diseased area are the cervical 
spine which is anatomically not so stable and those cases 
where extensive excision leaves behind an unstable spine. 

OPERATIVE PROCEDURES 12 

Excellent anesthésia, about 2 to 3 units of blood, surgical 
suction, cautery and experienced surgical team are 
essential prerequisites for these major procedures. During 
the preoperative period, the patient who has been lying 
paralyzed in bed for many weeks or months is turned 
frequently and trained to lie on sides and in prone position 
in bed for 3 to 4 hours a day. He/ she is taught deep breath- 
ing exercises and exercises for the limbs. Detailed 
description of certain common and useful procedures 
follows. 

Approach to Atlantooccipital and 
Atlantoaxial Région 

It is difficult to approach the atlantoaxial joints from the 
side of the neck as numerous structures get in the way, 
such as the mandible, parotid gland, internai carotid artery 
and vein and cranial nerves, while there is hardly any 
anatomy overlying these joints anteriorly, this method of 
anterior approach (Fig. 1) was adopted by Fang and Ong 
(1962). 

The patient is positioned supine with head in 5 to 10 
degrees hyperextension on a headrest. A preliminary 
tracheostomy is performed after induction of anesthésia, 
and a mouth gag of the Boyle-Davies type is inserted. The 
soft palate is folded back on itself and stitched so as to give 
adéquate exposure. The uvula and soft palate may be 
bisected in the sagittal plane to improve the exposure or to 
permit visualization of the atlanto-occipital joint. The 
hypopharynx is packed and the posterior pharyngeal wall 
is palpated to locate the anterior tubercle of the atlas. An 
incision about 5 cm long is made along the médian raphe 
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Fig. 1: Transoral anterior approach to atlantoaxial and 
atlantooccipital régions 

with its center about 1 cm below the anterior tubercle. It 
should not extend too low down because subséquent 
closure will hâve to be carried out blindly. The incision is 
made down to bone, and flaps are raised by blunt 
dissection to just short of the outer border of the latéral 
masses, to go beyond endangers the vertébral vessels. If 
these vessels are damaged, gelfoam (spongiostan) is used 
to control the bleeding. Dissection in this région is relatively 
avascular, though in children abundant lymphoid tissue 
may cause more oozing. In long-standing atlantoaxial 
subluxation or dislocation, dense scar tissue is 
encountered akin to that found in spondylolisthesis in the 
lumbosacral région. 

Long stay sutures are used to retract the soft tissue 
flaps, thus exposing the underlying anterior arch of the 
atlas, the body of the axis and the atlantoaxial joints on 
each side (Fig. 1). The diseased area is thus exposed and 
debrided. If a dislocation or subluxation is found, the 
anterior part of the latéral masses of the atlas are gently 
levered back into place. If réduction is not possible with 
gentle force as may happen in long-standing dislocations, 
fusion may be performed in the subluxated or dislocated 
position. To fuse these joints, slots are made vertically 
across them more medially than laterally to safeguard the 
vertébral vessels, and autogenous iliac grafts are inserted. 
The soft tissue flaps of the posterior pharyngeal wall are 
closed in layers successively as anterior longitudinal 
ligament, buccopharyngeal fascia, constrictor muscles and 
pharyngeal mucosa. 

Postoperative management: The patient is given intravenous 
fluids for 1 to 2 days followed by a fluid diet until the 
pharyngeal wound is well healed. The tracheostomy tube 
is left in place until bronchial sécrétions are reduced to 
normal amounts, usually for a few weeks. It is routine to 


keep patients on antibiotics to prevent wound infection. 
Patients are nursed in cervical traction or on the plaster 
shell and short mattress, and are kept at rest until there is 
evidence of bony consolidation, which takes about 3 
months. If the craniovertebral région does not become stable 
in about 3 months after anterior debridement with or 
without bone grafting, a posterior spinal fusion is 
indicated. 

Anterior Retropharyngeal Approach to the Upper 
Part of the Cervical Spine (Clivus to Cervical-3, Mc 
Afee et al 1987) 

Upward extension of Smith-Robinson's anterior approach 
to the cervical spine has been developed at the Johns 
Hopkins Hospital, Baltimore (Mc Afee et al 1987). This is 
in contrast to the commonly used transmucosal/transoral 
approaches to the atlas and axis (vide supra), where 
postoperative infection from the mucosal cavities is not 
uncommon. The extramucosal cranial extension is through 
the same fascial planes that are utilized in the standard 
anterior cervical approach. This approach is recommended 
only for an experienced surgeon who is thoroughly 
familiar with the anatomy and the fasical planes that are 
encountered/traversed during the stadard anterior 
approach to the cervical spine. The maximum loss of blood 
in this approach has been calculated to be 1200 ml. The 
approach to the upper part of the cervical spine is 
recommended through the right side of the patient if the 
surgeon is right handed. This is in contrast to the anterior 
approach to the cervical apine (cervical-3 to dorsal-1), 
which is as a rule performed from left side of the patient, 
as there is less chance of damage to the left récurrent 
laryngeal nerve. 

The relevant fascial planes of the neck (which are 
continuons circumferentially) consisits of: (i) the 
superficial fascia containing the platysma, (ii) the 
superficial layer of the deep fascia surrounding both the 
sternomastoid muscles, (iii) the middle layer of the deep 
fascia that encloses the omohyoid, sternohyoid, 
sternothyroid, and thyrohyoid muscles and the viscéral 
fascia enclosing the trachea, esophagus, and récurrent 
nerves, and (iv) the deep layer of the deep cercical facisa, 
which is divided into the alar fascia connecting the two 
carotid sheaths and fused midline to the viscéral fascia, 
and the prevertebral fascia covering the longus colli and 
scalene muscles. 

The operation must be performed (like other operations 
on cervical spine) with the skull traction on with 3 to 4 kg. 
With the patient awake, the neck is carefully extended by 
an active assisted movement as far as possible without 
précipitation or exaggeration of neurological symptoms. 
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This position is designated as the maximum allowable 
position of extension of the neck, and it must not be 
exceeded at any time during the oeprative procedure. 

A transverse submandibular incision is made from the 
symphysis menti to the tip of mastoid process. A vertical 
limb is extended from its middle only as far distally as is 
needed depending upon the requirement of the extent of 
the exposure. 

The submandibular incision is made through the 
platysma muscle, and the superficial fascia and skin are 
mobilized in the subplatysmal plane of the superficial 
fascia. The marginal mandibular branch of the facial nerve 
is found with the aid of a nerve-stimulation after ligating 
and dissecting the retromandibular veins superiorly 
(Fig. 2). The common facial vein is continuons with retro¬ 
mandibular vein, and the branches of the mandibular nerve 
usually cross the latter vein superficially and superiorly. 
By ligating the retromandibular vein as it joins the internai 
jugular vein and keeping the dissection deep and inferior 
to the vein as the exposure is extended superiorly to the 
mandible, the superficial branches of the facial nerve are 
protected. 

The anterior border of the sternocleidomastoid muscle 
is mobilized by longitudinally transecting the superficial 
layer of deep cervical fascia. This allows localization of 
the carotid sheath by palpation of the carotid arterial puise. 
The submandibular salivary gland is resected with care 
taken to suture its duct in order to prevent a salivary fistula. 
The jugular-digastric lymph nodes from the submandi¬ 
bular and carotid triangles can be resected and sent for 
histology. The posterior belly of the digastric muscle and 
the stylohyoid muscle are identified, and the digastric 
tendon is divided and tagged for later repair. As has been 
mentioned by Whitesides, superior retraction at the base 
of the origin of the stylohyoid muscle can cause injury to 
the facial nerve, as it exists from the skull. Division of the 
gastric and stylohyoid muscles allow mobilization of the 
hyoid bone and the hypopharynx to the opposite side. 
This maneuver helps to avoid exposure and opening of 
the nasopharynx, hypopharynx, and esophagus, which 
are considered to be contaminated with a high 
concentration of anaérobie bacteria. 

The hypoglossal nerve which is identified with a nerve- 
stimulator is then completely mobilized from the base of 
the skull to the anterior border of the hypoglossal muscle, 
it is retracted superiorly throughout the remainder of the 
procedure (Figs 2 and 3). 

The dissection then proceeds to the retropharyngeal 
space, between the contents of the carotid sheath laterally 
and the larynx and pharynx anteromedially. Superior 
exposure is facilitated by ligating the tethering branches 
of the carotid artery and internai jugular vein. Beginning 
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Fig. 2: Diagrammatic représentation of retropharyngeal 
approach to the clivoatlantoaxial région. Important structures 
after transecting the middle layer of deep fascia are exposed 
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Fig. 3: Exposure of the important structures after cutting and 
retracting the prevertebral fascia and anterior longitudinal 
ligament 

inferiorly and progressing superiorly, ligation of the 
superior thyroid artery and vein, lingual artery and vein, 
ascending pharyngeal artery and vein, and facial artery 
and vein will help to mobilize the carotid sheath laterally. 
The superior laryngeal nerve also identified with the help 
of a nerve-stimulator is mobilized from its origin near the 
nodose ganglion to its entrance into the larynx (Fig. 3). 

The alar and prevertebral fasciae are transected 
longitudinally to expose the longus colli muscles, which 
run longitudinally. It is very important at this point for the 
surgeon to gain orientation to the midline by noting the 
attachment of the left and right longus colli mucles, as 
they coverage toward the anterior tubercle of the atlas. The 
amount of rotation of the head away from the midline is 
gauged by palpating the mental protubérance of the 
mandible. Any rotation of the head is undesirable if the 
arthrodesis involves the anterior arch of the atlas, as it 
usually does. The surgeon's orientation regarding the 
midline of the cervical spine is maintained, as the longus 
colli muscles are detached from the anterior surface of the 
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atlas and axis. It is essential to maitain this orientation 
throughout the anterior décompression of the spinal cord 
so that the décompression may be carried far enough 
laterally to decompress the spinal cord but not so far 
laterally as to endanger the vertébral arteries. The anterior 
atlanto-occipital membrane is not disturbed, but the 
anterior longitudinal ligament may be removed if necessary 
for visualization of the cord. 

The anterior décompression is usually initiated by 
thoroughly removing the intervertébral disk between the 
second and third cervical vertebrae or the first normal disk 
at the caudad edge of the lésion (Fig. 3). Visualization of 
the unconvertebral joints between these vertebrae helps to 
confirm the orientation of the midline, and the diskectomy 
provides visualization of the posterior longitudinal 
ligament with minimum loss of blood. If a second cervical 
corpectomy is required, it is done with minimum loss of 
blood. If a second cervical corpectomy is required, it is 
done with a high-speed burr. 

In patients who do not hâve cranial settling due to 
basilar invagination of the odontoid process, the odontoid 
process can be retained to help to lock in the superior aspect 
of the strut graft. A fibular or tricortical iliac strut graft is 
fashioned into the shape of the clothespin. The two prongs 
of the clothespin are placed superiorly to straddle the 
anterior arch of the atlas. The inferior edge of the graft is 
tamped into the superior aspect of the body of the third 
cervical vertebra, which is undercut to receive the graft, 
thus helping to obtain stability. Closure is begun by the 
reapproximation of the digastric tendon. Suction drains 
are placed in the retropharyngeal space and in the 
subcutaneous space. The platysma and skin are sutured 
in the standard fashion. 

Anterior Approach to the Cervical Spine 7 

C 2 to D 1 (Figs 4 to 6) cervical spine is best approached by 
anterior approach. If several vertébral bodies are to be 
exposed, a slightly oblique incision foliowing the anterior/ 
médial border of the sternocleidomastoid muscle may be 
used. If only one or two vertébral bodies are to be exposed, 
a short transverse incision at the appropriate level should 
be used. In cases with neurological involvement, it is 
advocated to operate with about 4 to 6 kg of traction 
through skull tongs. Patient is kept supine with a low 
sandbag in between the scapulae. It is préférable to work 
from the left side because there is less chance of injury to 
the récurrent laryngeal nerve. The récurrent nerve arises 
from the vagus at the level of the subclavian artery on the 
right and recurs below the subclavian artery and ascends 
between trachea and esophagus. The left récurrent nerve 
arises at the level of aortic arch and recurs around the arch 
to ascend in a like manner as on the right. Damage to the 


récurrent nerve may be caused by excessive retraction 
during anterior approach. This is less likely to happen 
with the left-sided approach, as the left nerve because of 
its longer vertical course can tolerate retraction better. A 
transverse skin incision is made at the level of the vertebrae 
to be operated beginning the incision at the midline and 
extending it laterally for about 7 to 10 cm well over the 
belly of the sternocleidomastoid muscle. The skin and 
platysma are eut transversely in the same line. Then by 
blunt dissection or by gauze-covered finger, a gap is 
developed between the sternomastoid and carotid sheath 
laterally, and esophagus and trachea medially (Figs 4 to 
7). Anterior surface of the cervical bodies are now 
visualized by retr action of esophagus, trachea /larynx, 
récurrent laryngeal nerve, thyroid gland, and the strap 
muscles towards the right side, and displacing the carotid 
sheath with its contents and sternomastoid muscle 
towards the left. The area to be operated must be confirmed 
by a latéral radiograph of the cervical spine with a 
shouldered drill point inserted into/near the suspected 
disk space. Thyroid arteries and veins, especially the 
middle vein when présent may need ligation if they corne 
in the way. A longitudinal eut is made in the anterior 
longitudinal ligament in the midline of the exposed 
vertébral bodies. The longitudinal incision may open a 
perivertebral abscess, or the diseased vertebrae may be 
exposed by reflecting the anterior longitudinal ligament 
and the longus colli muscles. The sympathetic chain lies 
between the bodies and the transverse processes on the 
longus colli muscle fibers and should be protected. 
Tuberculous abscess and the diseased vertebrae are dealt 
with as required. Wound is closed over a suction drain 
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Fig. 4: Anterior approach to cervical spine 
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Figs 5A and B: (A) Anterior approach to cervical spine, (B) 
tissues retracted exposing fifth cervical vertebra 


after complété hemostasis. The most extensive décompres¬ 
sion and arthrodesis for tuberculous quadriplegia which 
we performed was from lower border of C 3 to upper border 
of C 6 (Fig. 8). Postoperatively the patient is nursed with 
raised head end of the bed and maintenance of skull 
traction with 3 to 6 kg of weight for 4 to 6 weeks. Compli¬ 
cations which may be associated with this operation are 
hematoma formation, injury to esophagus, trachea, dura, 
récurrent nerve, vagus nerve, sympathetic chain and 
vertébral artery. Careful dissection and attention to the 
details help to prevent them. Of the early (1965-73)12 
patients of cervical tuberculosis operated by us, one 
developed esophageal fistula which healed by the use of 
feeding tube and improvement in nutrition of the patient. 

Transthoracic Transpleural Approach 
for Spine C 7 to L 1 

The chest is usually opened on the left side (Fig. 9) where 
it is easier to handle aorta. On the right side the inferior 
vena cava being more délicate is liable to be damaged while 



Fig. 7: While operating upon a case of tetraplegia, it is 
mandatory to expose the posterior longitudinal ligament on 
the anterior surface of dura mater. The MRI picture shows the 
offending inflammatory tissues posterior to the destroyed and 
distorted segment of cervical spine 

exposing the vertébral bodies. One may approach through 
the right thoracotomy where radiograph show an 
unusually large abscess on the right side with little or 
negligible bulge on the left side, or when left thoracotomy 
is difficult because of pulmonary complications, or prior 
operation. 

For the left thoracotomy aproach, the patient is placed 
in the right latéral position and the surgeon stands on the 
dorsal side of the patient. An incision is made along the 
rib which in the midaxillary line lies opposite the center of 
the lésion. This is usually 2 ribs higher than the center of 
the vertébral lésion. 
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Figs 8A and B: Latéral radiograph of cervical spine showing 
advanced tuberculous disease involving C 3 -C 4 -C 5 (A). There 
is gross destruction of C 4 body and its disk spaces. Because 
the patient presented with quadriplegia of long standing, 
décompression of the cord and bone grafting were performed 
through the anterior approach. Note the bone graft extending 
downwards from the distal border of C 3 vertébral body (B) 

In patients with severe kyphosis, operative view is 
better if a rib is removed along the line of incision and a 
sandbag or a bridge is used under the involved vertebrae 
to spread the ribs apart. When the lésion is situated at 
cervicodorsal région, the highest rib that should be 
removed in the second rib. A J-shaped parascapular 
incision is required for lésions from C 7 to D 8 so that the 
scapula can be lifted off the chest wall, and the appropriate 
rib can be selected for opening the chest. The muscles and 
the periosteum are eut over the selected rib from the 
costochondral junction to the posterior part of the rib. The 
selected rib is resected subperiosteally. In the bed of the 
rib, a small incision is made in the pariétal pleura, in the 
absence of adhesions, the lung falls away from the parietes. 
However, when adhesions are présent, by gentle blunt 
dissection the pariétal and viscéral pleura are separated. 
Through the incision in the bed of the rib, index and middle 
fingers are introduced in the pleural cavity (which also 
help identifying the underlying adhesions), the opening 
is extended by cutting the pariétal pleura with the help of 
scissors cutting over these fingers, and the wound edges 
are retracted by a self-retaining retractor. The lung is freed 
from the parietes as completely as possible. There may be 
adhesions between paravertebral abscess and the lung 
and/or aorta. Thick adhesions require cutting with cautery 
and careful hemostasis. Having freed the lung, it is 
retracted anteriorly displaying the aorta and any 
paravertebral bulge or the diseased area of the vertébral 
column (Fig. 10). A plane is to be developed now between 
the descending aorta and the paravertebral abscess/ 



Figs 8C and D: Preoperative photograph of the same patient 
as shown in Figure 8A. After removal of the diseased and 
offending vertebrae, disks, séquestra, inflammatory tissues and 
posterior longitudinal ligaments, one can see the cervical cord 
covered by dura (left). The gap created has been bridged by a 
snuggly fitting bone graft (right) 



Fig. 9: Incision and position for transthoracic anterior 
approach 

diseased vertébral bodies. For this intercostal vessels and 
branches of hemiazygos veins opposite the site of disease 
hâve to be identified through the pariétal pleura, dissected 
and eut between two ligatures. Now mobilize the aorta for 
displacement forward and to the right by making a 
longitudinal incision in the pariétal pleura latéral to the 
aorta between the two ligatures. Use blunt dissection to 
retract the aorta and the contents of the mediastinum to 
the right and anteriorly. Opposite to D 5 to D 10 vertébral 
bodies, the whole of (descending) aorta—after cutting the 
intercostal arteries between two ligatures—canbe not only 
reflected to the right side with the help of spatulas but also 
lifted up on 2 loops. This permits extensive space to work 
on the front and left surface of vertébral bodies, and disks. 
In the presence of a severe kyphotic deformity, one is 
obliged to work in the depth of a dépréssion—a very tedious 
job. 
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Fig. 10: Preoperative photograph while performing trans- 
thoracic transpleural anterior décompression at middorsal level. 
Paravertebral abscess is clearly visible (shown by the black 
pointer), vertébral column and aorta are seen more anteriorly 

If a paravertebral abscess is présent, it is opened by a 
T-shaped incision with the vertical limb of the T placed 
horizontally at the center of the diseased bodies and the 
horizontal limb of the T placed vertically médial to the 
latéral parts of the divided intercostal vessels. Two 
triangular flaps are then raised and retracted to expose 
the diseased vertébral bodies. The diseased area is then 
dealt as required by performing debridement or 
décompression with or without bone grafting. An 
intercostal cathéter is inserted through a small stab 
incision in the seventh or eighth intercostal space in the 
midaxillary line and is connected to an underwater seal 
for 2 or 3 days. Chest is closed in layers. 

Antérolatéral Décompression (D 1 to L^ 59 

For the operation of antérolatéral décompression, the prone 
position has been described by Griffiths, (1956), Seddon 
(1956) and Roaf (1959). We hâve been using the right latéral 
position (since 1964 in more than 700 cases of tuberculous 
disease of the spine), and it has been found that latéral 
position avoids any venous congestion and excessive 
bleeding, and permits free respiration, one can hâve a better 
look at the site of the lésion, and the lung and médiastinal 
contents easily fall anteriorly. We hâve been mostly 
approaching the spine from the left side. 

Right-sided approach in the left latéral position was 
used in patients who required a reoperation because the 
first décompression from the left side was considered 
mechanically inadéquate (16 patients), or having recovered 
from first décompression from the left side the patients 
reported back after a few years with recurdescence of the 


disease and neural déficit (3 patients), or in patients (2 
cases) where the paravertebral shadow was exceptionally 
large on the right side, or in one patient who had situs 
inver sus. 

The site of décompression is as a rule satisfactorily 
localized from the standard anteroposterior and latéral 
radiographs. In patients who had more than one lésion 
and corrélation of the nueral déficit with a particular 
diseased area was not possible, descending and ascending 
myelograms were done to identify the offending site. The 
ribs articulating with the diseased vertebrae serve as the 
guide to the placement of the incision. Ribs are best 
identified by counting from below. For high dorsal lésions 
counting from first rib is more convenient. 

A semicircular incision (convex laterally) is made 
starting from the midline about 6 cm proximal to the center 
of the diseased area, it is curved distally and laterally to a 
point about 9 cm from the midline and continues distally 
and medially to the midline about 6 cm distal to the center 
(Fig. 11). The skin flap along with the deep fascia is elevated 
and retracted medially upto the midline, élévation of the 
flap along with the deep fascia minimizes the bleeding 
from the superficial fascia. The paraspinal muscles of the 
back are divided transversely starting from its latéral 
border coming up to the bases of the transverse processes 
of the diseased vertebrae. Médial parts of 2 to 4 ribs which 
are articulating with the diseased vertebrae and their 
transverse processes are exposed subperiosteally. Two to 
four ribs, about 8 cm from the transverse processes are eut 
with a bone-cutting forceps or a rib shear after completely 
freeing it subperiosteally. A small curved gouge (Capner's 
type) is very useful for separating the transverse processes 
from the vertébral end of the ribs. Curved gouge is gently 
pushed medially ail around the rib up to its articulation 



Fig. 11 : Incision for costotransversectomy and for 
antérolatéral décompression 
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with the vertébral column. The exposed transverse 
processes are resected from their base. The rib now is held 
from its latéral free end and is gently rotated and priced 
out till it is completely detached. Curved gouge, cutting 
cautery and sequestrum/bone/holding forceps are very 
helpful in separating the médial end of the ribs from the 
vertébral column. Sometimes the rib breaks near its médial 
attachaient when the remaining part may be removed with 
the help of a bone nibbler or a Cocker's forceps. If there is a 
paravertebral abscess, it had already lifted up the 
periosteum and the anterior longitudinal ligament from 
the anterior and latéral surfaces of vertébral bodies and 
disks. A frank abscess (if présent) would open out at this 
stage, and suction facilities should be available to 
minimize contamination. This complétés the operation of 
costotransversectomy. If removal of the médial end of the 
rib does not drain out a suspected fluid abscess, further 
exploration is done with the finger through the bed of the 
médial end of the removed rib skirting along the vertébral 
column to enter into the abscess cavity. Rough handling 
of the important structures (heart and aorta) anterior to 
the vertébral column should be carefully avoided. When 
the abscess cavity is found the liquid pus, semisolid 
caseous material, small séquestra and necrotic débris can 
be dislodged with the finger and are removed by suction. 
Larger séquestra and necrotic débris can be dislodged by 
a curet and removed with the help of a sequestrum holding 
forceps, a Cocker's forceps or a curet itself. This complétés 
the operation of debridement. In cases of tuberculous 
paraplegia we as a routine complété the operation of 
antérolatéral décompression irrespective of the presence 
or abscence of a cold abscess, as we feel that besides the 
paravertebral abscess, séquestra, tubercular débris and 
hard bony or osteocartilaginous salient may be responsible 
for the neural complication. Only on rare occasions when 
a tense abscess has been drained and the general condition 
of the patient is poor, we hâve completed the operation at 
this stage of costotrasversectomy. 

In the normal course when antérolatéral décom¬ 
pression is contemplated 1 to 3 additional transverse 
processes and ribs corresponding to the diseased area are 
resected. Exicision of 3 to 4 ribs provides a good exposure 
especially when there is severe kyphosis and crowding of 
ribs, however, ordinarily one can perform complété 
decompresion even with excision of 2 ribs alone. Now the 
intercostal nerves are isolated starting from the latéral 
healthier area and traced medially to the intervertébral 
foramina. Intervertébral foramina can also be identified 
by inserting a curved blunt dissector into the foramina in 
between the pedicles. The lung covered with pleura, the 
periosteum of the excised ribs and the intervening costal 
muscles along with the intercostal vessels is gently 
retracted anteriorly. The connective tissue anterior to the 


position of intervertébral foramina and the resected 
transverse processes is carefully stripped off (using small 
periosteum elevator and chisel) from the latéral and 
anterior surface of the exposed vertébral bodies and the 
disks. Depending upon the extent of the vertebrae exposed, 
insert subperiosteally a curved (2.5 cm to 5 cm broad) 
spatula in front of the vertébral bodies and disks to be 
operated (Figs 12 to 15). The spatula safely holds the 
médiastinal contents and the lung anteriorly, away from 
the vertebrae. Self-retaining retractors are applied on the 
muscles proximal and distal to the excised ribs holding 
the lips of the wound apart. Avoid piercing the spikes of 
the retractors into the intercostal space lest it may perforate 
the pleura. Intercostal nerves serve as guide to the 
intervertébral foramina and the pedicles. The pedicles are 
palpated and seen, a curved blunt dissector inserted 
through the intervertébral foramina proximally and 
distally gives orientation of the exact position of the 
pedicles and the direction of the spinal canal which may 
be badly angulated, it also helps to separate any adhesions 
between the dura and vertébral column thus avoiding tear 
of dura while resecting the pedicles. A fine curved bone 
nibbler is useful to remove the pedicles bit by bit, removal 
of 2 to 4 pedicles exposes the dura laterally and one can 
see the position of the cord. Once the cord is visible further 
operation becomes easy. 



Fig. 12: Preoperative photograph at the completion of an 
antérolatéral décompression. Note the semicircular flap of soft 
tissues for the rétropleural approach. In this case, a strut bone 
graft was also inserted between the proximal and distal healthy 
vertébral bodies 
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Fig. 13: Antérolatéral approach to dorsal spine 


With more expérience and familiarity after excision of 
the médial ends of the ribs and the transverse processes, 
one can clear the latéral and anterior aspects of the 
diseased bodies with the help of periosteum elevator and 
bone chisel. The diseased bodies, disks and other offending 
material anterior to the pedicles are resected, and the cord 
is exposed anteriorly for about 3 to 6 cm depending upon 
the extent of the disease (Figs 14 and 15). In this way, one 
need not excise the pedicles, and the whole procedure 
becomes like an extrapleural anterior exposure. Bony 
ridges, tubercular séquestra and débris, caseous matter 
and any other offending tissue lying anterior to the cord 
are gently removed with the help of a small chisel, curet, 
rongeurs, and nibbers. The curved blunt dissector is again 
useful to separate the dura from the walls of the spinal 
canal. By this procedure, one can resect almost the whole 
of the body of the vertebra (Figs 14 to 16). Ail diseased 
bodies and disks are removed and the cord ultimately 
cornes to lie in a free place anteriorly. If required one can 
resect the (adjacent) diseased bodies and disks proximal 
and distal to the areas from where the ribs and transverse 
processes hâve been excised. This can be achieved easily 
by a curved goose-necked nibbler, curved rongeurs or curet 
without cutting the corresponding transverse process and 
the rib. We hâve never had any difficulty in performing a 
satisfactory décompression or working on the "other side" 
of the body of the vertebrae. If required a strut bone graft 
may be inserted between the healthy bodies above and 
below (Fig. 12). Before finally closing the wound, it is 
ensured that the exposed vertebrae left in the bed hâve 
bleeding surfaces. Any projecting ridges are removed, 
wound may be washed with saline and ultimately smeared 
with suitable antibiotics. The muscles and skin are sutured 
with or without any drainage. 
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Fig. 14: Antérolatéral approach to dorsal spine 



Fig. 15: Bones removed in antérolatéral décompression 

During growing âge in patients younger than 13 years, the 
vertébral bodies are predominantly made of cartilaginous 
tissue. Such a tissue does not offer a satisfactory bed for a 
strut bone graft. After completion of décompression in such 
patients we hâve extended the dissection of the 
semicircular flap to the opposite side by extending the 
proximal and distal ends of the incision by 1 cm across 
the midline. The paraspinal muscles are reflected laterally 
subperiosteally from the dorsum of spinous processes and 
laminae of the decompressed vertebrae (on the right side 
when decompressed through left approach). The exposed 
surfaces of spinous processes and laminae are 
decorticated and bridged with the ribs removed during 
the operation (Fig. 17). The purpose of fusion is very well 
served at younger âge by the posterior fusion rather than 
placement of grafts anteriorly. Currently, we perform this 
360 degrees operation for every case of antérolatéral 
décompression. 
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Figs16A to C: Diagrammatic représentation of excision of internai gibbus: (A) through antérolatéral approach, (B) anterior 
transposition of the cord, and (C) suggested operation for fixed deformities—after anterior transposition of cord do osteotomy of 
anterior éléments and wedge resection of posterior éléments 



Figs 17A and B: Pre-(A) and postoperative radiograph of a 12-year boy who was decompressed from D 6 to D 8 , through 
antérolatéral approach. At the same sitting posterior spinal fusion was performed (utilizing the exised ribs) with the hope to 
arrest the growth of posterior éléments to minimize the increase in kyphotic deformity. In the postoperative radiograph (B) one 
can see the 3 ribs placed on the posterior éléments 


Operative Complications and their Prévention 4 

Excessive oozing from the paravertebral venous plexus 
and from the vertébral column is mostly due to pressure 
on abdomen or obstructed respiration. The avoidance of 
the abdominal pressure and maintenance of free air 
passages help a great deal to check this excessive oozing. 
Gravity helps to drain the blood away from the site of the 
operation if the foot (or head) end of the patient is lowered. 


Bleeding from the paravertebral venous plexus and 
from the vessels in the dense fibrous tissues can rarely be 
troublesome. Sélective coagulation using thin forceps or 
bipolar coagulation cautery and adéquate local 
compression are of great help to stop such a bleeding. Avoid 
meticulously the use of electrocoagulation on the vessels 
entering into the intervertébral foramina. 

Excessive fall of blood pressure is noted in some 
patients even if the operative blood loss is replaced. This 
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may be presumably due to the lag of activity of adrenal 
cortex, small quantities of corticosteroids may be required 
to control the same. Preoperative corticosteroids may also 
be given if the cord has been subjected to appréciable 
handling as may be required during anterior transposition 
of cord or in cases of décompression for secondary canal 
stenosis. 

Tear of the pleura is one of the complications especially 
in long-standing cases where pleura becomes adhèrent to 
the parietes. This usually happens when the ribs are being 
resected. This can be avoided by carefully resecting the 
ribs subperiosteally. It may be a time-consuming process 
in most of the cases, however, this time is well worth 
spending. If a tear is made it should be carefully closed, 
and water seal drainage of the chest like transthoracic 
anterior approach is maintained. Repair the pleural tear 
(especially if the size is more than 1 cm) by nonabsorbable 
interrupted sutures. Préparé a No. 32 rubber cathéter eut 
round at the tip with an additional hole on the side 2 cm 
away from the tip. Push the cathéter mounted on an artery 
forceps through a stab in the seventh intercostal space in 
the midaxillary line. One can see or feel through the 
operative field the cathéter entering into the pleural cavity. 
Leave 4 cm of the cathéter in the pleural cavity and attach 
it to an underwater seal for 48 to 72 hours. Expansion of 
the lungs assisted by the anesthesiologist at the time of 
last stitches helps in closing the pleural cavity. The 
drainage of the pleural cavity is effective so long as the 
water column is moving with the respiration. If the pleural 
tear occurred before the completion of décompression of 
the cord, it is worthwhile completing the operation as a 
transpleural procedure. 

Tear of the dura is one of the rare complications which 
can be easily avoided by gently separating the dura from 
the vertébral column as stated earlier with the help of a 
curved blunt dissector before resecting the bone. If a tear is 
made, it should be closed loosely. If the tear is small and/ 
or it is not possible to close it, a small piece of spongiostan 
or muscle helps to seal the leak. During the postoperative 
period, lowering the head end of the bed for 48 to 72 hours 
would prevent leakage of cerebrospinal fluid and help 
sealing of the tear. 

In our 700 operations performed between 1964 to 1987, 
7 pateints had tear of pleura inavertently. Four cases 
occurred during first 3 years of study, however, 3 tears 
occurred during the last 3 years. Ail these cases were 
treated by the insertion of underwater seal and repair of 
pleura. Five cases developed tear of dura while working 
close to the anterior aspect of the durai sheath. If the durai 
tear was larger than 1.5 cm it was repaired. Smaller tears 
sealed automatically by maintaining local pressure for a 
few minutes or by the use of a locally placed gelfoam/ 
spongiostan or a piece of muscle. 


POSTOPERATIVE CARE 

The patient is nursed on a hard bed or rarely (small 
children) in a plaster of paris posterior shell till about 3 
months after the operation. Careful and assisted turning 
of the pateint is permitted from first day of the operation. 
At the end of 3 to 6 months or when the patient has made 
good neural recovery whichsoever is later, the patient is 
mobilized out of the bed with the help of spinal brace. The 
spinal brace is gradually discarded after about 12 to 18 
months of the operation. 

OPERATIVE PROCEDURES FOR LUMBAR SPINE 

Antérolatéral Approach 8 to the Lumbar Spine 
(Lumbovertebrotomy) 

Approach (Fig. 18) is usually from the left side because on 
the right side inferior vena cava lies just anterior to the 
pasoas major muscle. With the patient in right latéral 
position, a semicircular incision (about 7 cm radius) convex 
laterally is given with the center of the incision opposite to 
the vertébral body /ies to be exposed. Retract the skin flap 
medially and eut the paraspinal muscles (iliocostalis 
lumborum and longissimus dorsi muscles) transversely 
down to the transverse processes. Expose two transverse 
processes subperiosteally up to their bases. Remove the 
transverse processes, of the vertébral bodies to be exposed, 
from their bases. Retract the eut paraspinal muscles 
proximally and distally with self-retaining retractors. At 
this stage in the depth of the exposed area, pasoas major 
muscle will corne into view. Retract the psoas muscle gently 
anteriorly and laterally. Take care to protect the important 
vessels in front of the pasoas, aorta on the left side and 
inferior vena cava on the right side, and the lumbar nerves 
which run from above downwards within the substance 
of the posterior part of the psoas, in the exposed area. 
Lumbar nerves must be protected and retracted out of the 
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Fig. 18: Antérolatéral approach to lumbar vertebrae 
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Figs 19A and B: Rétropéritonéal anterior approach to lumbar vertebrae 


way. Deep retractors are required to keep the pasoas muscle 
retracted anteriorly. The side of the bodies of the lumbar 
vertebrae is exposed for debridement, curettage or 
décompression. 

Extraperitoneal Anterior Approach to 
the Lumbar Spine 

Patient is placed (Figs 19 to 21) in the 45 degrees right 
latéral position with a bridge centered over the area to be 
exposed. The right lower limb is kept flexed at hip 90 
degrees and knee 90 degrees, and the left lower limb is 
placed completely straight. This increases the distance 
between the lower rib margin and the iliac crest. The 
incision resembles that of nephroureterectomy or that of 
sympathectomy—extending from the rénal angle 
posteriorly to the lower part of latéral margin of rectus 
abdominis anteriorly. The proximal and distal levels of 
the incision can be shifted cranially or caudally according 
to the vertebrae to be exposed. The layers of the abdominal 
muscles are split or incised in the line of the skin incision. 
The peritoneum is gently stripped off the posterior 
abdominal wall and the kidney. The ureter must be 
visualized and protected as it may be reflected anteriorly 
along with the peritoneum (Fig. 21). Use moist abdominal 
sponges to push the peritoneum and its contents to the 
right side. If a pasoas abscess is présent, the same is opened 
longitudinally in line with the psoas muscle fibers, and 
after its évacuation the diseased bodies are exposed. In the 
contents of the pasoas abscess, transversely running 
lumbar vessels may be seen which require ligation and 
division. Lumbar plexus of nerves is not encountered as it 
lies in the more posterior part of the pasoas muscle. If no 
abscess is présent, the pasoas muscle is stripped from its 
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Fig. 20: Diagrammatic représentation of the cross-section of 
abdomen demonstrating the plane (dotted line) of cleavage 
for the extraperitoneal approach to the lumbar vertebrae. One 
works latéral to the rectus abdominis sheath between the fascia 
transversalis and the peritoneum. Generally one should start 
reflecting the peritoneum from the posterior part of the abdomen 
because maximum extraperitoneal fat is located there 

origin from the vertébral bodies and retracted laterally. 
The aorta and inferior vena cava are gently displaced to 
the right side after double ligation of the respective lumbar 
arteries and veins. The sympathetic chain may be reflected 
with psoas major muscle. The diseased vertébral bodies 
are exposed and dealt with. Before closure the bridge is 
lowered. 

While operating upon the lumbar and lumbosacral 
régions, the tips of the transverse processes of the lumbar 
vertebrae can be palpated in the latéral part of the operative 
field. This helps to identify the level for surgery. 
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Fig. 21: Diagrammatic représentation of the anterior 
rétropéritonéal approach to the lower part of the lumbar 
vertébral bodies. The aorta and the inferior vena cava are 
mobilized and gently retracted to the right side. The diseased 
area is being exposed by lifting up a flap of anterior longitudinal 
ligament and the underlying periosteum 

LUMBOSACRAL REGION 
Extraperitoneal Approach 

Extraperitoneal approach from the left side is preferred 
because left common iliac vessels are longer than the right 
and thus can be retracted across the right side without 
undue tension. However, in cases with disease 
predominantly on the right side, the approach form the 
right should be used. For the left-sided approach, right 
latéral position as that for lumbar spine, a bridge in the 
lumbar région and lowered head of the table greatly 
facilitate the exposure. The incision starts in the midline 
midway between the symphysis pubis and the umbilicus 
and forms a lazy "S" to a point midway between the iliac 
crest and the lowest rib in the flank. The position of the 
inicision may be shifted cranially or caudally according 
to the need. Ail the layers of subcutaneous tissue and fascia, 
external oblique, internai oblique, and transversalis 
muscles, and fascia are divided in the line of the skin 
incision. Abdominal muscles may be split if the direction 
of muscle fibers fall in the line of skin incision. Anteriorly 
the anterior and posterior rectus sheaths are eut leaving 
the rectus abdominis intact. In the latéral part of the 
incision, with the help of a wet sponge define the extra¬ 
peritoneal fat and work medially and posteriorly stripping 
the peritoneum to expose the pasoas muscle, abdominal 
aorta and common iliac vessels. The ureter and spermatic 
vessels go forward towards the right side along with the 
pariétal peritoneum (Fig. 20). Lumbosacral région is cleared 


further by retracting psoas muscle laterally and pushing 
the extraperitoneal tissues with a piece of gauze. Iliolumbar 
vein, lumbar vessels, and other occasional small vessels 
are ligated and divided, this permits displacement of 
common iliac vessels and aorta and inferior vena cava to 
the right side. Thus lumbosacral région is exposed and 
dealt with as required. Spécial care and tedious dissection 
is required to expose lumbosacral région in cases with 
extensive destruction, spondylolisthesis or gross 
deformity. 

Transperitoneal Hypogastric Anterior Approach 

With the patient supine and Trendelenburg position of 
the table and a sandbag at the back of lumbosacral junction 
to extend lumbosacral joint, midline incision is made from 
umbilicus to the pubis. Cut through skin, fascia, linea alba, 
and peritoneum. The intestines are retracted and retained 
upward with moist abdominal pads. The sacral 
promontory is exposed (Fig. 22). The bifurcation of the 
aorta and left common iliac vein are identified proximal to 
the lumbosacral articulation. The pariétal peritoneum over 
the lumbosacral région is incised in a longitudinal 
direction in the midline avoiding injury to the sacral nerve 
and sacral artery, and the ganglion of the sympathetic 
nerve. Any damage to the presacral nerves leads to 
rétrogradé éjaculation. Retraction of pariétal peritoneum 
exposes the lumbosacral joint which can be dealt with as 
required. 

After Exposing the Site of the Diseased Vertebrae 

When a paravertebral swelling is palpable or visible it 
may be opened while dissecting and retracting structures. 
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Fig. 22: Lumbosacral région exposed through suprapubic 
transperitoneal approach 
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The abscess may contain thin or thick fluid pus, thick 
caseous tissue or granulation tissue or thick fibrotic tissue. 
On opening the abscess, the contents are evacuated and 
cleared away. Next step is to remove the diseased bodies, 
séquestra from bones and disks and ail unhealthy 
ligaments and diseased tissues. Use of chisels, curets, 
rongeurs, nibblers and suction would be required to clear 
the diseased tissues. If the aim is debridement and excision 
of the diseased tissue, this much surgery is enough and 
one should proceed with closure. If one is dealing with a 
case of neurological involvement, décompression of the 
cord is mandatory. After clearing ail the diseased tissues, 
posterior limit of the cleared area is judged and further 
tissues are removed to expose the cord from the anterior 
aspect for the entire diseased area. Besides the vertébral 
bodies and intervertébral disk, the posterior longitudinal 
ligament and any tough or fibrotic or thick granulation 
are removed piecemeal, and the soft shiny dura is thus 
exposed. In case of severe kyphotic deformity, enough 
osseous tissues and the salient including the normal bone 
in front of the cord are removed till the cord lies anteriorly 
in a relaxed position (Fig. 16). In an adult on an average 3 
to 6 cm of cord is exposed anteriorly. Dura may or may not 
be pusating at the end of the décompression. If the dura is 
not pulsatile, Hodgson 7 (1969) suggested aspiration of 
cerebrospinal fluid through a small needle. If this failed 
he did not hesitate opening the dura to find inflammatory 
meningomyelitis (adhesions between the méningés and 
the cord), loculation of cerebrospinal fluid, and rarely 
intradural tuberculous abscesses (tuberculoma). We do 
not consider is justified to open the dura unless one 
suspects a concomitant tuberculoma of the cord. In a case 
of neural involvement, décompression of the cord from the 
anterior aspect is essential, however, if the anterior most 
portions of the diseased vertébral bodies, well away from 
the dura are not particularly diseased, this part can be left 
undisturbed without compromising the freedom to the 
cord. Care must be taken to leave behind healthy bleeding 
surfaces of the bones proximally and distally. 

If an extensive gap is left behind after debridement and/ 
or décompression and the vertébral column appears 
mechanically unstable, bone grafting is indicated. 
According to this criteria, bone grafting is required more 
often in children than in adults. Slots are made, in the 
proximal and distal vertébral bodies in the coronal plane. 
Rib is eut to the size as required. The operated area is 
sprung open by extending the spine by direct pressure on 
the spines of the operated area. Suitable length of 1 or 2 
grafts from the ribs or iliac crest are inserted into the slot, 
while the vertebrae are kept sprung apart. 4 The release of 
the pressure at the back of the diseased spine would hold 
the grafts firmly. Streptomycin and nydrazide may be 
instilled locally and the wound is closed. 


POSTERIOR SPINAL ARTHRODESIS 

Since the introduction of anterior spinal clearance with 
the résultant sound healing and stability, the value of 
posterior spinal fusion alone has decreased. At présent its 
only practical use in tuberculosis of the spine is to control 
mechanical instability of the spine in otherwise healed 
disease to stabilize the craniovertebral région in certain 
cases of tuberculosis, or a part of panvertebral operation. 8 

The posterior spinal arthrodesis operations are based 
upon the technique of Albee and Hibbs. Albee aimed at 
fusion by uniting the spinous processes into one conti- 
nuous bony ridge by a tibial graft 1 inserted longitudinally 
into the split spinous processes across the diseased site. 
In the Hibbs operation, the fusion was induced by over- 
lapping numerous small osseous flaps from contiguous 
laminae, spinous processes and articular facets. Most 
surgeons at présent use a carefully performed Hibbs' type 
of arthrodesis with individual modifications (Neville 1971). 
The extent of the fusion currently is aimed to include the 
diseased area with one healthy vertebra each proximal 
and distal to it. 

The operative procedure canbe performed in latéral or 
prone position. The designated spinous processes and 
laminae are exposed through a midline longitudinal 
incision. With a curved hand-chisel, Capner's gouge, 
bone-cutting forceps and nibblers, the spinous processes 
are chipped off from their bases, thin shavings of bone are 
lifted along with the muscles exposing the raw surfaces of 
laminae up to and including posterior articulations. 

As the bed is being prepared, assistants eut the spinous 
processes into chips and remove from tibia or posterior 
part of iliac bone cancellous bone grafts. If needed, bone 
from a bank may be used. The bone chips and slivers are 
distributed up and down the prepared bed in close contact 
with the raw areas, and wound is closed in layers. 
Postoperatively rest on a hard bed or in plaster of Paris 
bed is continued for about 8 to 12 weeks. The patient is 
encouraged back extension exercises after 6 to 8 weeks 
and ambulation in the suitable spinal brace after 8 to 12 
weeks. 
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Vertébral Bodies 

A vertébral body may be compared to a compressed long 
bone, with an intervertébral disk interposed between the 
bodies. A thin layer of hyaline cartilage intervenes between 
the disk and the vertébral body, sometimes regarded as 
part of the body and sometimes as that of intervertébral 
disk. The hyaline cartilage fits accurately over the body of 
the vertebra as an epiphysis which détermines the growth 
of the vertébral bodies. The growth of the vertébral bodies 
occurs, as in the long bones, at these epiphyseal plates by 
the process of endochondral ossification. At about the âge 
of 6 years, a ring or annular epiphysis appears as a narrow 
cartilaginous rim lying on the periphery of the cephalic 
and caudal surfaces of the respective vertébral bodies. 
These represent the traction epiphysis and take no part in 
the longitudinal growth of the vertébral column. 
Calcification in these ring epiphyses starts at about 8 years, 
and they fuse with the vertébral bodies at about the âge of 
18 years. Thus between 8 and 18 years of âge, the ring 
epiphysis is visible radiologically as a separate center from 
the vertébral body. Such an appearance following a back 
injury may be misinterpreted as a chip fracture. 

The interior of a vertebra is made up of cancellous bone, 
containing red marrow and réticuloendothélial depots. 
The cancellous bone in each vertébral body is covered 
superiorly and inferiorly by a thin end plate of bone which 
is perforated by numerous tiny holes. The bacillemic 
tuberculous infection may start anywhere in the vertébral 
body, but it is more often close to the epiphyseal plates. 
This area corresponds to metaphyseal région of a growing 
long bone which has the main lymphoreticular éléments 
and has very rich blood supply distributed by tortuous 
vascular loops and arcades. The heights of the vertébral 
bodies are affected by the normal stresses of weightbearing 
during the growth period. In the absence of normal stresses. 


an increase in the height of the healthy vertébral bodies 
becomes manifest, as observed in patients who develop 
severe kyphotic deformity during their growing âge. 
Abnormal forces remain no longer effective after discon- 
tinuance of longitudinal growth of vertebrae. 

Intervertébral Joint 

The vertebrae from the second cervical to the first sacral 
articulate by: (i) a sériés of fibrocartilaginous joints formed 
by the intervertébral disks between the vertébral bodies, 
and (ii) a sériés of paired synovial joints between the 
posterior articular processes. The latter are sometimes 
designated as apophyseal joints. The capsule of these 
synovial joints is loose to permit sliding movements 
between the contiguous facets. A true tubercular synovitis 
may occur in these apophyseal joints, in suboccipital or in 
the atlantoaxial joints. 

Intervertébral Disk 

The fibrocartilaginous intervertébral disks lie between the 
bodies of the vertebrae. They function chiefly as fluctuant 
shock absorber s and are liable to be affected by trauma, 
degenerative changes, infections and other diseases. The 
vertical height and circumference of the interverterbal disks 
correspond to the size of the intervening vertebrae, being 
small in the cervical région and correspondingly large in 
the lumbar spine. The configuration of the disks contributes 
to the curvature of the vertébral column, being thicker on 
the convex side of the curves of the vertébral column. 

Each disk is composed of a semigelatinous central 
portion, the nucléus pulposus, and a thick peripheral ring 
of lamellated fibrous tissue, the annulus fibrosus, both 
separated from the bodies of the adjacent vertebrae by a 
thin cartilaginous plate. The fibers of the annulus are 
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attached to the cartilage plates, anterior and posterior 
longitudinal ligaments and to the edges of the vertébral 
bodies. The nucléus pulposus develops from notochord 
and is composed of a white glistening mucoid material. It 
has been estimated that in the lumbar spine in an average/ 
healthy young adult, the gelatinous material is under a 
pressure of 10 to 15 kg to a square cm while loaded in the 
standing position, the intradiskal pressure is 50% less in 
recumbent position. In case of an area of deficiency in the 
hyaline cartilage and bone end plate, the nucléus pulposus 
sometimes herniates into the cancellous bone of the 
vertébral bodies where it may get encircled by reactive bone 
to become a Schmorl's node. In senile osteoporosis and 
generalized demineralizing state, the nucléus may bulge 
the bony end plate inwards causing characteristic 
biconcave vertébral bodies and biconvex intervertébral disk 
spaces. The intervertébral disks présent maximal elasticity 
up to 30th year of life. As âge advances the water content 
of the nucléus falls, its elasticity diminishes, the nucléus 
becomes granular and friable, the annulus becomes 
progressively thinner and weaker, and the disk show 
graduai attrition. With degeneration or attrition of the disk, 
transmission of forces of weight has to be borne more by 
the vertébral bodies, posterior éléments and the facet joints. 

In fêtai life small blood vessels penetrate the annulus 
from the vertebrae, but these regress soon after birth. By 
the âge of about 18 years, the disk is practically avascular. 
The nutrition of the intervertébral disk is apparently 
dépendent on the diffusion of fluid from the adjacent 
vertébral bodies. 

Blood Supply of the Vertébral Column 

Blood supply of the vertebrae follows the embryological 
pattern, branches from each segmentai intercostal artery 
or lumbar artery supplying adjacent halves of 2 vertebrae, 
the lower half of the one above and the upper half of the 
one below and the intervening disk région. This occurs 
because the adjacent part of any 2 vertebrae and the 
intervertébral disk develop from the same somites. One 
vertébral body has developed from 4 somites, 2 of the left 
and 2 of the right side, thus each vertébral body gets blood 
supply from 4 arterial System. Inside the vertébral bodies, 
the artérioles terminate as tortuous loops under the 
epiphyseal end plates where it is suggested that they lack 
anastomosis with each other and behave functionally as 
end arteries (Someville and Wilkinson 1965). If these end 
rateries are blocked an inf arct may resuit. It has been shown 
by injection techniques in fresh cadavers, that each 
vertébral body may hâve 15 to 18 nutrient arteries with a 
free central anastomosis (Schmorl and Junghanns 1959). 
Spread of infection through the arterial route offers an 
explanation for the most frequent early localization of 


spinal tuberculous lésions in the very vascular 
juxtaepiphyseal (metaphyseal), paradiskal areas of the 
vertébral bodies. In addition to the spread of infection 
through the arterial flow, it is possible that the épidural 
and péridural plexus of veins described by Batson (1940) 
also plays a part in the localization of lésions in some 
cases of spinal tuberculosis. The veins from the vertébral 
column drain into Batson's perivertebral plexus of veins, 
the largest veins from the vertebrae emerge from the 
posterior aspect of bodies to join the postcentral 
anastomosis. The plexus has ramifications into the base 
of brain and chest wall and has free anastomosis with the 
intercostal, lumbar and pelvic veins. The blood in the 
Batson's plexus probably flows in ail the directions 
depending upon the movement of chest, coughing and 
straining. Retrogrde flow of blood from infected viscera to 
the spine may be responsible for spread of infection from 
the diseased organs to the vertébral column. However, as 
yet it is uncertain whether the spread of infection is by 
paravertebral plexus of veins or by the lymphatics in the 
walls of the veins (Hodgson et al 1969). The spread along 
Batson's perivertebral plexus may account for the frequent 
observation of involvement of multiple adjacent vertebrae, 
the presence of multiple skipped lésions in the spinal 
column, the association of tuberculous abscesses on the 
chest wall with vertébral tuberculosis and the spécial 
association of tuberculous meningitis with spinal 
tuberculosis particularly in children. 

The Bony Vertébral Canal 

The bony vertébral canal is relatively larger (than the 
corresponding spinal cord) and is of triangular outline in 
the cervical and lumbar régions where free movements 
also occur. However, its size is smaller in the thoracic 
région where it is of circular outline and has limited motion. 
Thus, even minor space-occupying lésions at the thoracic 
level lead to early interférence of the cord functions. In 
fact, the région was designated the "paraplégie level" by 
Butler and Seddon (1935) who stated that 85% paraplégie 
complications occur in the thoracic région. 

Blood Supply to the Spinal Cord 

Blood reaches the spinal cord by way of an anterior and 
two posterior spinal arteries (Figs 1 and 2). The anterior 
spinal artery is formed by the union of branches from the 
terminal portion of the vertébral arteries at the level of 
foramen magnum. This artery descends as a single trunk 
on the anterior surface of the spinal cord and terminâtes 
along the filum terminale. Posterior arteries which may be 
duplicated in parts also begin as branches of the vertébral 
artery near the latéral margin of the medulla oblongata 
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Fig. 1 : Anterior spinal artery showing the probable direction of 
blood flow and major anterior radicular arteries. The shaded 
areas indicate the "last field" zones 

and descend on the dorsolateral surface of the spinal cord 
(posterior to the spinal roots) to the cauda equina. During 
their course downwards, these arteries receive a 
succession of small segmentai arterial branches, as anterior 


and posterior radicular arteries, which enter the spinal 
canal (Fig. 2) through the intervertébral foramina. 

The radicular arteries originate at respective levels from 
vertébral arteries, the intercostal arteries, the iliolumbar 
and the sacral arteries. Of particular importance are 6 to 8 
large anterior radicular arteries (Epstein 1965, Chakravorty 
1969), the largest of which is the arteria radicularis magna 
or the great spinal artery of Adamkiewicz which originates 
from a left intercostal or lumbar artery between the tenth 
thoracic and second lumbar segments and passes on a 
lumbar ventral nerve root to the cord. Next in size are those 
in the cervical and lower thoracic régions as shown in the 
diagram (Fig. 1). The areas of the cord best supplied with 
blood are those in proximity to these large anterior 
radicular arteries. The caudad and cephalad ends of the 
respective vessels usually provide less blood to the corres- 
ponding spinal segments. These "last field" zones are most 
likely to suffer from an insufficiency of blood. In general, 
these areas are situated at about the junction of 
cervicodorsal segments and the dorsolumbar segments 
(Fig. 1). The anterior spinal artery supplies approximately 
the anterior two-third of the transverse area of the spinal 
cord. The remaining posterior part is supplied by the 
2 posterior spinal arteries. These anastomose freely, and 
send communicating vessels to those of the anterior spinal 
artery. Minor variations even in the main supplying 
arteries are not at ail uncommon. 
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Fig. 2: Arteries and veins of spinal cord shown in horizontal section: PSA—posterior spinal artery, PEV—posterior external 
vein, PCV—posterior central vein, AEV—anterior external vein, ASA—anterior spinal artery, ACV—anterior central vein 
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Interférence with the blood supply of the spinal cord 
may be a rare complication of inflammatory endarteritis 
or thrombosis. Ischemia of the cord may also resuit from 
extensive or repeated surgical intervention on the vertébral 
column. Isolated anterior spinal artery thrombosis may 
lead to symptoms primarily involving the motor tracts. 
More extensive involvement may resuit in complété and 
permanent loss of cord function. 

Cross-sectional Topography of the Spinal Cord 

Gross configuration of cross-sections of the cord is clearly 
delineated on axial T 2 MRI scans or CT myelogram sections. 
One can see the central gray matter having a characteristic 


butterfly or H-shaped configuration formed by the dorsal 
and ventral horns. The white matter is composed of 3 
funiculi on right and left halves each, divided into anterior, 
latéral, and posterior funiculi by the dorsal and ventral 
horns. The middle of the gray matter is traversed by the 
central canal lined by the ependymal cells, and containing 
cerebrospinal fluid (CSF). The dilatation of the ependymal 
canal is called hydromyelia, whereas syringomyelia is 
defined as CSF dissection through the ependymal lining 
to form a paracentral cavity. Often both these conditions 
coexist and intercommunicate, and are grouped as 
hydrosyringomyelia. With the availability of MRI and CT 
scans, such cavitations hâve been observed by us in a few 
cases of long-standing tuberculous paraplégies. 




INTRODUCTION 

The typical présentation of spinal tuberculosis is an 
affection of two vertébral bodies with paradiskal 
involvement. 8,13 These patients présent with pain in back 
especially on movement, constitutional symptoms and 
localized kyphotic deformity on palpation. Such lésions 
are seen on plain radiographs as paradiskal osteoporosis, 
réduction in vertical height of intervertébral disk with 
fuzziness of disk margins and paravertebral soft tissue 
shadows. Most of typical cases can be confidently 
diagnosed clinicoradiologically especially in those parts 
of the world where the disease is endemic. 2,13 The typical 
lésions are well described, easily recognized and treated. 
Any case of tuberculosis of spine which does not présent 
with typical picture described above should be considered 
in atypical présentation of spinal tuberculosis. The 
diagnosis may be difficult because of atypical location or 
atypical manifestations and may mimic other disorders 
including low-grade pyogénie infections, bruceller and 
sickle cell spondylitis, hydatid disease, lymphoma and 
malignant deposits. 8 Such lésions are relatively 
uncommon, difficult to suspect and diagnose clinicoradio¬ 
logically. Thus, the treatment gets delayed and chances of 
neurological complications are more. 

Atypical spinal tuberculosis has been reported in the 
literature as the one with compressive myelopathy with 
no visible or palpable spinal deformity and without 
radiographie appearances of typical paradiskal two 
vertébral lésion. 

The cases are categorized into following categories: 

1. Extradural extraosseous spinal tuberculosis 3 

2. Neural arch involvement 3,5,7,10 

3. Compressive myelopathy in a single vertébral disease 5 
The various atypical présentations are as follows. 


Intraspinal Tuberculous Granuloma 

Tuberculosis can involve neural and perineural tissue, i.e. 
épidural, subdural space involving méningés and spinal 
cord directly. Tuberculoma of spinal column are relatively 
less common than that of central nervous System (CNS). 
Babhulkar 3 et al (1984) has described 10 cases of extradural 
extraosseous tuberculosis as atypical spinal tuberculosis 
where patient presented with compressive myelopathy 
with no spinal deformity and radiological evidence of 
vertébral body and neural arch disease. Ail types of 
granuloma of spinal cord and méningés constitute atypical 
présentation of spinal tuberculosis. Thus, intraspinal 
tuberculous granuloma (tuberculoma) is more appropriate 
term. The detailed description about diagnosis and 
management hâve been dealt in the chapter of 
'Tuberculosis of Spine with Neurological Déficit." 

Posterior Vertébral Disease 
(Neural Arch Disease) 

It is extremely rare to see a sole lésion in posterior element 
without vertébral body involvement. 2 The incidence of 
paraplegia is higher in isolated disease of neural arch than 
in classical disease. 6 The exact incidence of posterior spinal 
disease has been estimated from 2 to 10%. 1,3,13 

Vertébral tuberculosis being a secondary lésion travels 
to vertebra by way of venous pathways. The posterior 
external venous plexuses of the vertébral veins are placed 
on the posterior surfaces of the laminae and around the 
spinous, transverse and articular processes. They 
anastomose freely with the other vertébral venous plexuses 
and constitute the final pathway for the infection to reach 
the neural arch in the atypical form of spinal tuberculosis 
in which it is solely involve. 7 
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Figs IA and B: (A) Plain Dorsolumbar Spine (AP and latéral) shows destruction of right pedicle of D 10 vertebrae, and 
(B) Contrast CT scan of D 10 vertebrae shows destruction of right pedicle and adjacent vertébral body 


The isolated foci of posterior spinal disease may 
involve spinous process, laminae, pedicle, apophyseal 
joints and transverse process. The pedicle affection is the 
most common. In an affection of pedicle and adjoining rib, 
the vertébral body may also be affected. These lésions (Fig. 
1A and B) hâve no intraspinal compression if diagnosed 
early failing which they may hâve associated intraspinal 
lésion in the form of intraspinal tuberculous granuloma. 

These cases présent as pain in the back which may be 
localized or diffuse or may be referred to another area. 
Usually, there may be absence of visible or palpable spinal 
deformity, however, the tenderness is présent in ail cases. 
These lésions are usually not diagnosed in early stage 
because of paucity of clinicoradiological signs, and they 
may présent with neurological complications as "spinal 
tumor syndrome". 

Conventional radiographs do not demonstrate these 
lésions in early stage since the posterior éléments are 
superimposed on the body of vertebra, and lésion of less 
than 1.5 cm cannot be visualized on plain radiograph. 
The pedicle affection can be seen in an AP radiograph as 
absence of pedicle shadow. CT or MRI can clearly display 
bony lésions. Being a superficial and easily accessible 
lésion, FNAC (fine-needle aspiration cytology) is a useful 
investigation to ascertain the tissue diagnosis. 

The ambulant chemotherapy is recommended when 
these cases are diagnosed early with no neurological 
complications. 

The surgical décompression is indicated for a case with 
neurological complication. Posterior vertébral disease is 
one of the rare indications of laminectomy in tubercular 
spinal disease. The algorithm of management of posterior 
vertébral tuberculosis is depicted in (Table 1). 


Single Vertébral Disease 7 

Tuberculous affection presenting as vertébral plana with 
préservation of adjoining disk spaces results (Fig. 2) 
following an infection starting in the center of vertébral 
body. The diseased vertébral body weakened by 
perméation with granulation tissue may show a concentric 
collapse almost resembling a vertébral plana. As it does 
so, it protrudes radially and may cause paraplegia. This 
type of lésion présents with local pain, tenderness with no 
obvious spinal deformity. Plain radiograph shows a 
collapse of single vertébral body with préservation of adja¬ 
cent disk space. Similar radiographie appearance is 
usually found in a secondary deposit of vertébral body 
and Calve's disease. 6,7 Such présentation of spinal 
tuberculosis is not well recognized and often misdiagnosed 
and mistreated. 

Naim-ur-Rehman (1980) 7 reported 8 such cases with 
compressive myelopathy. The tuberculosis was suspected 
only in the three cases because of evidence of associated 
pulmonary tuberculosis. The tuberculous affection should 
be considered in different diagnosis even in single vertébral 
disease in endemic areas for tuberculosis. CT/MRI features 
suggest and help us to differentiate it from Calve's disease. 
However, ail efforts should be made to make a histological 
diagnosis. The décompression when indicated should be 
anterior as laminectomy will worsen the neural déficit. 

Multiple Vertébral Lésions 
(Skipped Lésion) not in Continuity 

Such a présentation is well-known and has been reported 
to be about 7% of total tuberculous affection of spine. 8,13 If 
MRI of whole spine is performed in ail cases of tuberculosis 
of spine, the incidence of skip lésions may be more. The 
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TABLE 1 : Algrorithm of management of posterior vertébral tuberculosis 


Posterior Vertébral (neural arch) disease 


Local Swelling-ve 

Swelling-ve 

Swelling + nt 

Swelling + nt 

Swelling + nt 

Swelling + nt 

Plain radiograph -ve 

radiograph -ve 





N. Déficit -ve 

N. Déficit +nt 

radiograph -ve 

radiograph -ve 

radiograph +ve 

radiograph + ve 


(Spinal tumor 

N.Déficit -ve 

N. Déficit + nt 

N.Deficit -ve 

N.Deficit + nt 


syndrome) 





Persistent symptom 



i 



Bone scan 

Myelo/Myelo 

C.T. to 

Myelo-C.T. 




CT/MRI 

visualize 

M.R.I. 

FNAC 


+ -ve 


lésion 



Laminectomy 

No 

Lésion seen 




followed 

treatment 





by A.T.T. 

CT/MRI 


FNAC 

Laminectomy 



Lésion shown 

Laminectomy 


followed 

A.T.T. 



followed by 

A.T.T. 

by A.T.T. 




A.T.T. 

FNAC 

i 

A.T.T. 


author has observed another skip lésion in about 2% of 
the MRI scan in an asymptomatic région of spine. The 
management protocol remains the same as for single lésion, 
when skip lésions are observed without neural déficit. The 
extent of orthosis should be increased according to the site 
of affection. It is difficult to décidé the extent and level of 
décompression in a patient of skip lésions with neural 


déficit. The distal lésion only should be surgically 
decompressed if indicated, when the neural déficit is 
compatible with distal lésion. When neurological dificit is 
compatible with proximal lésion, lumbar and at times 
cisternal myelogram/MRI would be required to objectively 
demonstrate the level of mechanical compression with the 
advent of MRI, myelogram is seldom performed nowadays. 



Figs 2A and B: Plain radiograph of lumbosacral spine showing collapse of L 4 vertébral body with préservation of adjacent 
disk space. Fine-needle aspiration cytology (FNAC) from iliopsoas abscess demonstrated tubercular pathology 
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Giant Tuberculous Abscess with Little or No 
Demonstrable Bony Focus 9 

The vertébral body tuberculosis may présent as a cold 
abscess in thigh. It is sometime impossible to detect a 
primary lésion in lung or vertébral body. Seber et al (1993) 9 
hâve reported first case of huge abscess formation without 
any clinical or radiological evidence of vertébral or lung 
tuberculosis. He reported a 53-year-old woman with a 50 
x 20 x 25 cm cold abscess on posterior aspect of right 
thigh. We hâve also corne across 3 such cases. One of the 
case presented (Fig. 3) with huge abscesses, both thigh 
and right leg which drained 2.5 liter pus which was stérile 
on culture and sensitivity. The discharging sinuses 
persisted for one month while radiograph of spine showed 
minimal wedge compression of D 12 and L 2 . The sinus 
healed after antitubercular therapy. 

Subligamentous tuberculosis starts predominantly 
beneath the anterior longitudinal ligaments and the 
periosteum in anterior type disease. 6 The collapse of 
vertébral body and diminution of disk space is usually 
minimal. No known infective condition other than 
tuberculosis can produce huge abscesses with minimal 
local inflammatory response. 

Sclerotic Vertebra with Intervertebrae 
Bony Bridging 

The typical vertébral lésion is mainly destructive which 
manifests as régional osteoporosis. Reactive new bone 
formation leading to either a mixed lytic and blastic 
appearances or rarely a pure sclerotic lésion are observed 
in Asians. Although it is an uncommon présentation and 
usually seen following a secondary pyogénie infection 
from a draining sinus or superficial abscess. The cases 
with proliférative changes sometimes présents with latéral 
osteophytosis (Figs 4A and B) in an AP radiograph of 
spine. This peculiar phenomenon may be a nature's 
attempt to stabilize an instability created by postérolatéral 
location of lésion in a vertébral body in some cases. This is 
seen usually in a patient with good immunity, thus, 
régénération of bone is keeping pace with destruction of 
bone. The authors had seen five patients from good 
socioeconomic status who presented with sclerotic 
vertébral bodies without sinuses of obvious secondary 
pyogénie infection. 

Panvertebral Disease 
(Circumferential Spine Involvement) 

Simultaneous involvement of the posterior and anterior 
vertébral éléments in spinal tuberculosis is rare. Adendorff 1 
et al (1987) reported two patients with circumferential 
spine disease out of 703 cases of tuberculosis of spine. 



Fig. 3: Latéral radiograph of dorsolumbar spine shows 
minimal wedge compression of D 12 and L 2 vertébral body 

The circumferential spine involvement has severe 
instability. The surgical décompression anterior or 
posterior further adds to spinal instability. Such spines 
are more vulnérable for developing neurological 
complications. 

Circumferential involvement can be suspected on plain 
radiographs by associated scoliosis and/or severe 
kyphosis and latéral shift with vertébral destruction. CT/ 
MRI shows destruction of ail components of vertébral 
bodies. The cause of neurological complications are 
instability mechanical compression and inflammation so 
a long with décompression stabilization of spine may be 
indicated. 

Travlos J and Toit G Du (1990) 12 reported a similar 
case where the patient had no neural déficit on 
présentation, developed monoplegia after biospy (needle) 
and complété paraplegia after anterior surgical 
décompression. The posterior stabilization by Harrington 
rod with sublaminar and longitudinal interspinous 
wiring was undertaken and patient made complété neural 
recovery in 10 weeks. 

The patient of circumferential spine disease without 
neural déficit would require prolonged bed rest, complété 
antitubercular therapy and a close watch on neural 
complications or should be undertaken for instrumented 
stabilization. On noticing signs of minimal neural déficit, 
spine stabilization is indicated. 

The patient with neural déficit if, after posterior 
stabilization and décompression does not start 
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Figs 4A and B: (A) Latéral and AP radiograph of lumbosacral spine shows mild 
réduction of IV disk space with right latéral osteophytosis, and (B) similar radiograph 
of the same patient after 8 months of antitubercular therapy shows healing of the 
lésion 


improvement in neural picture, should be undertaken for 
anterior décompression. The author has no expérience of 
instrumentation in TB spine. He has treated some of the 
cases of gross instability by cephalocaudal traction 
suplemented with or without bone grafting with 
reasonable results. 

Other Atypical Lésions 

The lésion of cervical spine and sacrum 8 has also been 
described as atypical spinal tuberculosis. The cervical 


spine is involved in about 15 to 20% cases of total spinal 
tuberculosis and the author feels it should not be included 
in atypical spinal disease. The involvement of sacrum 
certainly produces diagnostic difficulty because of its 
rarity, and vague scanty symptoms. The most 
frequent radiological lésion is érosion of articular surface 
of sacrum with widening of the joint space. The diagnosis 
at an early stage can be made by CT/MRI. Brucellosis and 
malignant disease must be excluded as causes of such 
érosion. 
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The Prohlem ofDeformity in 

Spinal Tuberculosis 

Rajsekharan 


The advent of effective antituberculous chemotherapy has 
largely made uncomplicated spinal tuberculosis a medical 
disease and the attention has turned to the problem of 
progressive deformity . 5 In countries where tuberculosis is 
rampant, more than 80% of patients with spinal 
involvement hâve some sort of détectable kyphosis at the 
time of présentation. 14 Patients treated conservatively hâve 
an average increase of 15° in deformity 5,8 and 3 to 5% of 
the patients end up with a deformity greater than 60°. 
Severe kyphosis is cosmetically and functionally disabling 
and can lead to late-onset paraplegia. Correction of 
established deformity is difficult and hazardous with a 
high complication rate. 16 It is impérative that prévention 
of deformity be an essential aspect of any treatment 
schedule in spinal tuberculosis. 

The Natural History of Progress of Deformity 

Tuberculosis preferentially affects the anterior structures 
of the vertébral column in more than 90% of patients. 
Although chemotherapy may inactivate the disease, 
vertébral collapse will continue until the healthy vertébral 
bodies in the région of the kyphosis meet anteriorly and 
consolidate. In paradiscal lésions, the intervening dises 
are destroyed early, allowing the cancellous bone on either 
side to corne into contact and achieve bony fusion, which 
is the hallmark of healing in spinal tuberculosis. When 
the disease is severe with complété destruction of entire 
vertébral segments, the defect in the anterior column is too 
extensive for such a healing process to occur. The superior 
healthy vertebra then rotâtes and descends so that its 
anterior surface cornes into contact with the superior 
surface of the inferior healthy vertebra (Fig. 1). The kyphotic 
deformity usually is greater than 60° and can increase 
gradually with time. The severity of deformity dépends on 
the extent of destruction, the âge of the patient, and the 


level of lésion. In a longitudinal study of 15 years, it was 
found that the deformity progresses in two distinct phases: 
Phase I or active phase, which included the changes in the 
first 18 months during the period of activity of the disease. 13 
Changes that occurred after the disease was cured were 
termed Phase II or healed phase changes (Fig. 2). 

Adults had a lesser deformity at présentation, and lesser 
increase during Phase I, and virtually no change after 
disease cure 9 (Fig. 2). The progression of deformity usually 
was less than 30° and restricted to the first 12 to 18 months 
when consolidation of the focus was complété. No 
additional increase occurred through the rest of the 
patient's life. Children had a higher deformity at 
présentation, a greater tendency for collapse during the 
active phase of the disease, and continued and variable 
progression even after the disease was cured and growth 
was completed (Fig. 3). Many reasons hâve been 
postulated for the increased susceptibility of children to 
kyphosis: increased severity of destruction at présentation, 
increased flexibility of the spine in children, variable 
destruction of the growth plates interfering with future 
growth, and the suppressive effect of the mechanical forces 
of kyphosis on the growth of the anterior 1D2 of the fusion 
mass and adjacent healthy vertebrae. 10 In many children, 
the changes occurring after the disease was cured were 
more important and determined the course of the 
deformity. 10,13 Unlike other spinal deformities, which 
usually deteriorate with growth, there was a bénéficiai 
effect in 44% of children with spinal tuberculosis 9,10 (Fig. 
4). During Phase II, there was an increase in deformity in 
39% of the children and no change in deformity in 17% of 
children. Five distinct types of progress were seen during 
the growth phase. 9 Type 1 progression shows continued 
progress through the entire period of growth. This increase 
could occur continuously after Phase I (Type 1 A) or after 3 
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Figs 1A to C: An extensive thoracolumbar lésion in a 3-year girl is shown (A) The deformity was 40°at the start of treatment and 
the child was treated by ambulant chemotherapy. Cure of the disease was achieved by 12 months but (B) the deformity 
progressed to 105°by 60 months and (C) to 128°by 180 months. Tuberculous kyphosis progresses until the healthy vertebrae 
above and below the level of the lésion corne into contact and consolidate 



Fig. 2: The pattern of progress of deformity in spinal tuberculosis 
in an adult is shown. The increase in deformity is limited to the 
active stage of the disease during which time consolidation 
and healing occurred. There is no additional change in 
deformity after 18 months 

to 6 years after the disease was cured (Type IB). Type IB 
progression is important because the increase in deformity 
was maximal and the lag period may resuit in the 
progression being missed. It is common practice to foliow 
up children for only 2 to 3 years after the disease is cured 
and the la te increase in deformity usually is missed. Type 
II progression shows bénéficiai effects during growth with 
a decrease in deformity after healing of the disease. This 
can occur immediately after Phase 1 (Type IIA) or after 3 to 
6 years (Type IIB). Children with Type IIA progression 
had the best outcome because they had a lesser increase 
during Phase I, and a greater improvement during Phase 


Va ri o us types of progression of deformity in 
childhood tuberculosis 



Active phase 


Healed phase 


Fig. 3: The progress of deformity in spinal tuberculosis in 
children differs from disease in adults in that there is variable 
progress during the period of growth even after complété 
resolution of the disease. Five distinct patterns of progress 
were observed 


IL In Type III progression, children who had a minimal 
disease with no major destruction of the vertébral bodies 
did not hâve any major change in the deformity during 
Phase I and Phase II. 


The Influence of the Level of Lésion 

The extent of deformity at présentation, the amount of 
collapse in the first 18 months, and the progression in 
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Figs 4A and B: (A) A radiograph of a thoracic lésion with paradiscal destruction of T10 and T11 vertebrae showing a good 
triangular fusion mass at 48 months follow-up. (B) During the growth spurt, there was preferential anterior overgrowth of the 
fusion mass, which resulted in the deformity being corrected spontaneously from 41 °to 20°at 180 months 


children during the period of growth were found to differ 
in different régions of the spine. 9 Patients with dorsal 
lésions had the highest deformity at the time of 
présentation, but this could be attributable to the additive 
effect of the normal kyphosis, which ranges from 20 to 40°. 
However, the rib cage offers protection against additional 
collapse because the progress during the period of growth 
was less compared with growth in patients with 
dorsolumbar lésions. Patients with dorsolumbar lésions 
hâve the worst prognosis because of a greater collapse 
during the active phase and a greater détérioration in 
children during the growth period. Patients with lumbar 
lésions hâve the best prognosis with the least deformity at 
présentation, a lesser in increase during the active phase, 
and also a tendency for substantial decrease during the 
growth period in children. The average angle of deformity 
per vertébral loss at the start of treatment was 20.3° in the 
dorsal région compared with 19.5° in the dorsolumbar 
région and only 2.8° in the lumbar région (p <0.001). 12 The 
deformity angle at 180 months, per vertébral loss was 26.7° 
in the dorsal région compared with 27.6° in the 
dorsolumbar région, and only 9.2° in the lumbar région. 9 
Puig Guri 7 explained that the collapse in tuberculous 
spondylitis can occur along a longitudinal axis (telescopy) 


or by flexion in the sagittal plane of one spinal segment on 
the other (in flexion). In the lumbar région, because of the 
large size of the dise, the vertical position of the articular 
facets and the relative narrowness of the pedicle, a marked 
amount of telescoping was possible (Fig. 5). In the thoracic 
spine, because of the more horizontal orientation of the 
articular facets, subluxation follows destruction of the 
anterior structures leading to an angulatory collapse. 

The Influence of the Severity of Involvement 

The angle of deformity at the start of treatment and at 180 
months had a poor corrélation to the number of vertébral 
bodies involved because the extent of destruction deferred 
in each vertébral body and also from patient to patient. 9 
However, the vertébral body loss at the start of treatment 
had a good corrélation with the severe deformity at the 5- 
year follow-up. It was reported that the deformity at 5 years 
could be predicted with a fair level of accuracy by the 
calculation of the pretreatment vertébral body loss and the 
application of the formula Y = a + bX, where Y is the 
deformity at 5-year follow-up, X is the pretreatment 
vertébral body loss, and a and b are constant values of 5.5 
and 30.5. 11 There was an average kyphus angle of 30 to 
35° for the complété destruction of each vertébral body in 
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Figs 5A and B: (A) Partial destruction of L4 and (B) extension destruction of L5 in a 3-year old girl (total vertébral 
body loss = 1.3) are shown. There is subsidence by telescopy and L4 and L5 fused together with no residual deformity 


the dorsal and dorsolumbar région and approximately 
20° for the complété loss of each vertébral body in the 
lumbar région. This corrélation was not maintained in 
children at 10 years follow-up. 8 This is understandable 
because children hâve a continued and variable progress 
in deformity even after the disease résolves, until the entire 
potential for growth is completed. 

Risk Factors for Severe Increase in Deformity 

1. Patients less than 10 years of âge at the onset of disease 

2. An initial kyphotic angle of more than 30 degree 

3. Vertébral body loss of greater than 1.5 

4. Involvement of more than 3 vertébral bodies 

5. Evidence of instability in radiographs 

6. CT scan showing involvement of both anterior and 
posterior structures 

7. Children who hâve partial or no fusion during 
adolescent growth spurt 

Indications for Surgery for Prévention of Deformity 
in Spinal Tuberculosis 

The indications for surgery for prévention of deformity are 
less in adults than in children. In adults, the final deformity 
has a good corrélation to the pretreatment vertébral loss, 
and a loss of 0.75 in the dorsal and dorsolumbar régions 
and 1.0 in lumbar région is an indication for surgery. In 


children, the changes during the period of growth are more 
important than changes during the active period of the 
disease and détermine the progress of deformity. Children 
prone for such late progressive collapse canbe identified 
even during the early stages by the presence of spine-at- 
risk radiologie signs. 10 These signs indicate the presence 
of instability attributable to facetal dislocation, which 
causes global instability. In severe lésions, during the 
process of collapse, the facet joints at the apex of the curve 
subluxate initially and then dislocate before the healthy 
vertebra above and below can corne into contact. Four 
radiologie signs were described to indicate the presence of 
such instability 9,10 (Fig. 6). Each of these signs was given a 
score of one with a maximum score of four. A spinal 
instability score of more than two was associated with a 
significantly higher increase in the final deformity. These 
signs are useful clinically because they occurred early in 
the course of the disease and préventive surgery for 
progressive collapse could be advocated. Late progression 
and surgical correction of an established deformity, which 
was associated with a high rate of morbidity, can be 
avoided. 

Surgery for Prévention of Deformity 

Surgical attempts to prevent deformity initially were 
toward posterior fusion because the techniques of the 
anterior approach to the spine were not perfected. The 






The Problem of Deformity in Spinal Tuberculosis 507 



Figs 6A to D: The four radiographie signs for spine-at-risk are 
shown. (A) The facet joint séparâtes at the apex of the curve, 
causing instability and loss of alignment. (B) The posterior 
rétropulsion of the diseased vertébral segment is identified by 
drawing two lines along the posterior surfaces of the first upper 
and lower normal vertebra. (C) Latéral translation is confirmed 
when the line drawn through the middle of the pedicle of the 
lower vertebra does not touch the pedicle of the superior 
vertebra. (D) In the initial stages of collapse, the line drawn 
along the anterior surface of the lower normal vertebra 
intersects the inferior surface of the upper normal vertebra. Tilt 
or toppling has occurred when the line intersects above the 
middle of the anterior surface of the upper vertebra. (Reprinted 
with permission from S Rajasekaran: The natural history of 
post-tubercular kyphosis in children—Radiological signs which 
predict late increase in deformity. J Bone Joint Surg 2001; 
83A:954-962) 

initial enthusiasm toward posterior fusion as an isolated 
procedure soon declined because of its high failure rate. 
Debridement of the disease focus without insertion of a 
graft also has been shown to be ineffective. 15 The need for 
stabilization by anterior strut bone grafts has been 
emphasized by many surgeons, but was proven 
conclusively only in the random trials conducted by the 
Medical Research Council in Hong Kong as reported 
previously. 3,4,15 Only 15% of patients who had anterior 
spinal arthrodesis had an increase more than 11° compared 
with 30% of patients with debridement alone. 4 However, 
the good results obtained by the Hong Kong group, whose 
patients only had minimal disease hâve not been achieved 
universally. 1,13 In 100 children treated by anterior 
arthrodesis, Bailey et al 1 reported an increase in deformity 
in 72 patients. In 42 patients, the increase was more than 
10° (range, 11°-106°), the average increase being 22.2°. In 
an 8-year follow-up of 81 patients treated by anterior 
surgery, the deformity progressed in 42% of patients. 13 
The poor results mainly were attributable to failure of the 
graft, which could be by slippage, fracture, absorption, or 
subsidence. Slippage and fracture of the graft were the 


most frequent graft complications. Failure of the graft for 
any reason usually was associated with a deformity, which 
was more severe than it would hâve been with conservative 
therapy, because debridement of the focus of the disease 
had resulted in a larger déficit of the anterior column. The 
level of the lésion and the length of the grafts were the 
main determining factors in the outcome of surgery. 13 
Failure of the grafts occurred more frequently in the dorsal 
and dorsolumbar régions, probably because of the 
increased mechanical stress of the kyphosis in the dorsal 
région and the instability associated with the transitional 
zone of the dorsolumbar région. The length of the graft 
also played a crucial rôle because the rate of favorable 
results was 85% when the graft spanned only one dise 
space; 60% when the graft spanned two dise spaces; 35% 
when it spanned three dise spaces, and 0% when it 
spanned four dise spaces. Similar results hâve been 
reported by Bailey et al 1 who reported a high rate of failure 
of the grafts in patients with destruction of more than two 
vertebrae. It seems unwise to rely solely on the graft to 
prevent progression of kyphosis in patients with severe 
disease and such patients must hâve support by posterior 
fusion and instrumentation. The initial phobia of using 
metals in the presence of infection is unfounded and it is 
current surgical practice to use instrumentation freely to 
provide stability to aid fusion and prevent progressive 
collapse. 6 In the active stage of the disease when the 
deformity is mobile, it is the author's routine practice to 
stabilize the spine posteriorly followed by anterior 
debridement and bone grafting, preferably in one stage. In 
the healed stage of the disease, when the deformity is more 
rigid and anterior debridement first may be necessary to 
loosen the spine followed by posterior instrumentation 
and anterior fusion. The increased rate of failure of rib 
grafts also has led many surgeons to seek alternate 
materials for bridging the defects of the anterior column. 
Titanium cages filled with cancellous bone grafts and 
fresh-frozen allografts from the humérus hâve been used 
with a high degree of success. 2 

Surgery for Established Deformity 

Intervention for prévention of deformity must be done early 
because surgery in the early stages is relatively simple, 
produces good results, and prevents additional deformity. 
In contrast, surgery for established deformity is difficult, 
and also is hazardous with a high complication rate. 

Conventionally, kyphotic deformities are corrected 
either by anterior instrumented fusion or by combined 
anterior and posterior procedures. In spinal tuberculosis 
it is technically difficult to approach the convexity of the 
curve and safely remove the internai gibbus whenever the 
deformity is more than 60 degrees. The surrounding fibrosis 
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in healed tuberculosis also makes exposure of the cord 
difficult from the anterior approach thereby increasing the 
chances of paraplegia. There is also translation of the 
spinal column at the apex of the curve making the 
procedure even more dangerous. Fifteen percent of patients 
with spinal tuberculosis hâve associated pulmonary 
tuberculosis and the residual fibrosis and adhesions 
which pose difficulties in approach and can also increase 
postoperative morbidity. Combined anterior and posterior 
procedures are a major surgical undertaking irrespective 
of whether it is performed as single or two-staged 
procedure. The increased treatment cost of an anterior and 
posterior procedure can also be a significant factor as many 
of these patients are from the poor socioeconomic status. 

Posterior column shortening offers an attractive 
alternative to correct these kyphotic deformities. The 
efficacy of this procedure has been proved in other diseases 
like tumors, osteoporosis and infection. Tuberculosis is 
different from the above diseases in that the loss of the 
anterior column can be as much as three complété vertébral 
bodies. A pure closing wedge osteotomy would resuit in 
severe kinking of the cord leading to neurological 
compromise. A closing-opening wedge corrective 
osteotomy for post tubercular deformity shortens the 


posterior column and opens the anterior column 
appropriately, without compromise to the spinal cord 
(Fig. 7). The procedure has the advantage of being single 
staged, only posterior, with ability to greater correction 
with lesser complications. In this procedure, after insertion 
of the pedicle screws for sufficient levels, a temporary rod 
is applied on one side and décompression is performed. 
Laminectomy is performed at the levels planned 
preoperatively. The nerve roots are retracted and anterior 
wedge resection is performed using high-speed burr and 
curettes. In the thoracic région, two or three nerve roots 
can be easily ligated about 3 to 4 cm away from the 
intervertébral foramen. The wedge on the anterior column 
that needs to be resected is then excised using high speed 
burr and sharp curettes. Resection is performed from 
anterior to posterior direction and the thin shell of bone on 
which the dura rests is left till the very end. A second 
temporary rod is then attached to the screws on the opposite 
side. The initial rod is removed and the décompression 
procedure is repeated on that side. At the end of the 
décompression, a circumferential exposure of the durai 
tube is obtained. Using contoured rods, shortening is 
carefully done slowly and gradually to produce a 
concertina collapse of the wedge and correction of the 



Figs 7A to C: Steps of single stage opening-closing wedge osteotomy for correction of established post-tubercular kyphosis. 
(A) Pedicle screw instrumentation on one side with at least three screws on either side of the fusion mass. (B) Trans-pedicular 
excision of the fusion mass from anterior to posterior direction leaving behind till the end a thin posterior vertébral wall 
protecting the spinal cord along with the épidural veins. (C) Anterior placement of an appropriate interbody graft or cage would 
restore the alignment without kinking or stretching of the cord 
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Figs 8A to D: Problems with anterior only and posterior only surgeries in the correction of severe deformities. (A) Kyphotic 
deformity with the stretched cord over the fusion mass. (B) Anterior opening wedge osteotomy alone will cause stretching of the 
cord. (C) Posterior column shortening alone will produce the kinking of the spinal cord. (D) Opening-closing wedge osteotomy 
will correct the deformity by the use of an appropriately sized graft or cage without stretching or kinking the cord 


deformity. At the first evidence of kinking of the cord or a 
concertina type of ballooning of the dura, the shortening 
is stopped. The anterior defect is then reconstructed with 
a graft or cage 5 mm larger than the defect introduced 
easily from the postérolatéral side. The tendency for the 
dura to herniate mildly through the laminectomy defect is 
overcome by extending the laminectomy by another level 
or by increasing the length of bone graft. 
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POLIOMYELITIS: GENERAL CONSIDERATIONS J 



INTRODUCTION 

Poliomyelitis is an infectious disease, épidémie and 
endemic in our country. Polio is caused by poliovirus, that 
initially invade the gastrointestinal tract and subsequently 
spread to the central nervous System (CNS). Poliovirus 
has spécifie affinity for the anterior horn cells of the spinal 
cord and brain stem. 

Polioviruses are type of enteroviruses a, subgroup of 
picornaviruses. They are small RNA viruses and retain 
activity for several days at room température and can be 
stored indefinitely at -20°C. They are rapidly inactivated 
by heat (> 56°C), formaldéhyde, chlorination and UV 
irradiation. 

Man is the only natural host of human enteroviruses 
including polio. It is spread from person to person by fecal- 
oral and possibly oral-oral (respiratory) routes. Flies in 
poor sanitary environment facilitate the spread 
communologically susceptible and unhygienic habits. 
Susceptible contacts of an index case are ail family mem- 
bers, schoolmates, other children sharing same play- 
ground, and mentioned contacts should be immediately 
given a dose of oral poliovirus vaccine (OPV) such a fire 
brigade action is a must. As only 1% of infected children 
develop paralytic form. 

Studies of épidémies in the past, in European countries 
and North America hâve shown that the incidence of 
poliomyelitis bears an inverse relation to infant mortality. 
When number of deaths per 1000 live births falls below 
75, poliomyelitis changes from an endemic to épidémie 
disease. The implications of this findings in developing 
countries with falling infant mortality is obvious. In our 
country with better delivery of healthcare in some section 
of society, we mightbe observing endemic and apparent 
increase in épidémie polio. Even in countries with Virtual 


élimination of the disease, a constant vigilance and nearly 
100% vaccination is a must. 

Infection is caused by one of the three types of 
polioviruses, i.e. type-I, II, or III. There is no cross-immunity 
between the various types of poliovirus, thus, infection 
may recur in the same individual. 

It is transmitted by droplet infection and by oral 
ingestion. Poliomyelitis appears to spread mainly by fecal 
contamination in countries where hygiene is poor. The 
incubation period varies from 3 to 30 days. 

Poliomyelitis is an épidémie disease in the summer, 
nevertheless sporadic cases occur throughout the year. 

In India, poliomyelitis is very common and is the most 
common crippling disease of the young child. This disease 
mainly affects children under five in the developing 
countries. 

Wonders of Polio Vaccine 1 

Poliomyelitis has been almost entirely wiped out from the 
developed countries like USA, Britain and other European 
countries. This is because of the mass vaccination. The 
prévention of further cases of poliomyelitis is essential if 
this disease is to be eradicated. This is best achieved by an 
oral polio vaccine (Sabin) manufactured with ail three types 
of attenuated live virus. At least two, and preferably three 
(and sometimes more) doses should be given to ail children 
and to ail babies from the âge of three months onwards. 
Intensive immunization campaigns are necessary in the 
developing countries of the world. 

Epidémie of paralytic poliomyelitis in the developing 
countries of the tropics and subtropics hâve, in fact, shown 
three-fold increase in the past 10 years and are continuing 
to increase. Nationwide immunization campaigns are 
therefore an urgent necessity for ail developing countries 
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and once, started, must continue if further épidémies are 
to be prevented. Epidémies are likely to become much more 
frequent unless overall immunization schemes are put 
rapidly into effects. 

Vaccines 

Two types of poliovirus vaccines are available: 2 

1. Inactivated poliovirus vaccine (IPV): When potent vaccine 
is used and given at proper interval, IPV stimulâtes 
high titers of neuoralizing antibodies. The titers 
achieved are higher than that by oral poliovirus vaccine 
(OPV), and more durable. Although it does not create 
gut immunity, it is successful in preventing fecal 
shedding of virus in those infected but having high 
immunity. Side effect including paralytic polio due to 
vaccine virus are minimal. It is indicated even where 
OPV is contraindicated, e.g. prégnant women, patients 
on immunosuppression and with intestinal dys- 
function. It can be successfully combined with diph- 
theria, pertussis and tetanus (DPT) or duration of tetany 
diphtheria-tetanus (Dt DT) and even as desquamative 
interstitial pneumonia/tetanus/program évaluation 
and review technique (DIP/TET/PERT) polio/ 
measles/ rubella. This even may not need a rigid cold 
chain, and has relevance in our country. IPV produces 
a booster effect even in children who received OPV as 
primary immunization. 

2. Oral poliovirus vaccine (OPV): This vaccine is 
recommended for routine use in most countries 
including India. Each dose is combined attenuated 
vaccine virus of ail three s trains. Their neuro virulence 
has been eliminated. Like wild poliovirus (which 
causes clinical infection), they multiply in throat and 
intestines. They stimulate not only circulating 
neutralizing IgG and IgM antibodies but also secretory 
IgA antibodies in gut, which act locally. For some time, 
this feature was thought to be of paramount importance. 
However, it is not a must for protection. One of the 
earliest action of vaccine virus is, that it has interférence 
phenomenon, i.e. it prevents infection by wild virus by 
multiplying in intestinal epithelium and lymphoid 
tissue, and does not allow similar establishment by 
wild virus. This may help as immédiate protection to 
contact of an index case. An immédiate and ail inclusive 
administration of OPV dose to contacts, will break the 
chain of wild virus spread. Rather than spread of 
infection, there will be spread of vaccine virus in the 
community. This interférence phenomenon has 
interesting aspects. Simultaneous or prior presence of 
other enteroviruse can cause ineffectiveness of vaccine 
virus. This aspect seems to contribute heavily towards 
vaccine failure in tropical countries, where entero- 


viruses infections are common. Similarly, the three 
strains of vaccine viruses also interfère with each other. 
If at ail, there can be take off only two viruses and never 
three after one dose of OPV. So, after one dose of OPV 
none is protected against ail three strains. For greater 
chances of failure of OPV in developing countries, five 
doses of OPV hâve been proposed in primary 
immunization. As almost in ail vaccination programs, 
a given community never achieves at least 95% 
immunization with ail three doses of OPV on schedule, 
at best our vaccination campaign remains always adhoc 
in a given community, there always remains a large 
number of susceptible population, who missed OPV 
doses partially or completely. And an épidémie or 
endemic presence of polio always remains a lurking 
danger. A rigid cold chain is important from 
manufacturing laboratory until baby swallows the dose. 
Failure in this chain also contributes to a large extent 
to occurrence of paralytic polio even in fully vaccinated 
children in our country. 

Use of IPV preferably as quadruple or multiple vaccine 
has good potential. Recent trials hâve been abandoned in 
India. Although the reasons are not available for scrutiny. 
Also a well-conducted multicentric study report will be 
welcomed. 

In our country we also hâve mass vaccination, however, 
we receive painfully large number of polio patients who 
hâve received vaccine but still hâve paralytic poliomyelitis. 

This is because the vaccine that the child received was 
not active at ail. Most probably the vaccine was not 
preserved properly. The vaccine is very délicate and 
requires extreme care in the préservation and adminis¬ 
tration. Of recent, doctors at the periphery in the Taluka 
places are starting polio vaccination centers. Hence, the 
caution, "beware of pseudovaccine." 

Pathology 

Poliovirus multiplies in the intestinal wall and then is 
disseminated throughout the body through blood 
circulation. In ail patients, except a few, the disease occurs 
only as minor illness manifesting as sore throat, 
gastrointestinal upset or transient fever. In susceptible 
individuals, probably not more than in 500, the CNS is 
invaded resulting in paralysis of muscles. 

Poliovirus has a spécifie affinity for the anterior horn 
cells. This causes lower motor neuron type of flaccid 
paralysis and normal sensation. The cells undergo 
necrosis. Cell recovery dépends on the extent of damage. 
With minimal damage, the cells recover completely. 
Necrotic bodies are subsequently replaced by scar tissue. 

Several factors hâve been shown to enhance the severity 
of paralysis, peripheral trauma during the two weeks 
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preceding the onset of the disease can affect the 
localization of the paralysis, such trauma includes: 

i. intramuscular injection, 

ii. injury, 

iii. excessive physical activity, and 

iv. operation. 

Direct infection of CNS may occur, thus when 
intramuscular injection is given, poliovirus from blood 
circulation ascends through the exposed nerve filaments 
to the anterior horn cells of the spinal cord, and cause 
paralysis of the muscles at the site of injection. Therefore it 
is very strongly recommended that no intramuscular 
injection be given to pédiatrie patients with fever without 
excluding poliomyelitis. 

Bulbar poliomyelitis may occur soon after tonsil- 
lectomy. This may be due to the virus gaining direct access 
to the medulla through the severed cranial nerve filaments. 

Similarly, the injury and excessive physical activity 
causes severe paralysis. Therefore during épidémies, the 
schools should be closed and the children are not allowed 
to play. 

Paralysis is of flaccid type. The muscle weakness is 
proportionate to the number of motor units that are 
destroyed. 

The lower limbs are involved twice as frequently as the 
upper limbs, and certain muscles, particularly the 
quadriceps, hip abductors and médial hamstring muscles 
in the lower limbs and the deltoid, pectoralis major and 
triceps in the upper limbs, hâve the highest incidence of 
involvement, whereas the intrinsic muscles of the foot and 
long flexors of the hand hâve the lowest. Certain muscles 
are notoriously prone to complété paralysis, particularly 
tibialis anterior and posterior, long flexors and extensors 
of the toes and deltoid. The quadriceps has the highest 
incidence of involvement, but the paralysis is complété. 
This is explained by the fact that some muscles hâve a 
short column of cells in the spinal cord and others hâve 
long columns. Those with short columns develop complété 
paralysis. 

Neuronal Recovery 

The main clinical recovery occurs during 2 to 3 weeks 
following the acute stage of the disease. After this, recovery 
occurs more slowly but with treatment recovery continues 
until the end of the second year. Clinical assessment 
suggests that any significant neuronal recovery is complété 
by the end of sixth month. Further improvement in muscle 
power after this time arises as a resuit of improved 
efficiency and strength in surviving neuromuscular units. 


Clinical Manifestations 3 

When a susceptible person is infected with poliovirus, 
one of the following responses occur in this order of 
frequency. 

1. Asymptomatic infection—occurs in 90 to 95% of those 
infected 

2. Abortive poliomyelitis—patient has generalized symp- 
toms of infection, but no evidence of any paralysis 

3. Nonparalytic poliomyelitis —headache, nausea, and 
vomiting are more intense than in abortive polio. Also 
there is soreness and stiffness of posterior muscles of 
neck, trunk and limbs. Fleeting bladder and bowel 
paralysis is common. Presence of nuchal and spinal 
rigidity is the basis of the diagnosis nonparalytic polio. 
Tripod sign and neck drops signs are very useful. 

4. Paralytic polio—flaccid paralysis which classically of 
asymmetrical variety is seen. 

Only presence of back muscle paralysis may be missed 
if not seen carefully. Certain characteristic patterns of 
paralytic polio are seen: (i) pure spinal, with or without 
respiratory insufficiency, (ii) pure bulbar polio, (iii) 
bulbospinal polio with respiratory insufficiency (iv) 
isolated cranial nerve palsy, and (v) polio encephalitis. 

The course of the disease is subdivided into the 
following stages. 

1. The acute phase (lasting from 5 to 10 days) is the period 
of acute illness when paralysis may occur 

2. The convalescent phase or recovery phase encom- 
passes the period following the acute phase, during 
this time a varying degree of spontaneous recovery in 
muscle power takes place 

3. The chronic or residual phase is the final phase. The 
residual paralysis is permanent. It encompasses the 
rest of the patient's life-span. 

When polio infection occurs in a child, he or she may 
be entirely asymptomatic or he or she may develop minor 
symptoms like fever, headache, sneezing, cough, vomiting 
or diarrhea. Within a few days, the child recovers 
completely and has developed immunity to poliovirus. 
This happens in the majority of children infected by 
poliovirus, however, a few probably one in 500, develop 
major illness. 

Major Illness 

The major illness is characterized by severe headache, 
vomiting, hyperesthesia and paresthesia in the limbs, pain 
in the head, neck and back and a second rise in température. 
The signs are primarily those of meningism with limitation 
of straight leg raising, stiffness of the back and neck. 
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Paralysis follows usually on the third or fourth day 
following the commencement of the minor illness. 
Paralysis is almost always asymmetrical. 

Bulbar paralysis is indicated by progressively nasal 
speech, difficulty in swallowing or early embarrassment 
of respiration. 

Part of the effects of the meningism is reflected in the 
characteristic posture that is adopted by the limbs with 
abduction of the upper arms, flexion of the elbow, flexion 
of the hips and knees and plantar flexion of the ankles. 

Attempts to stretch any of the muscles maintaining 
this posture are painful and produce reflex spasm in the 
affected muscles. Muscles in the limbs are generally tender, 
even to gentle palpation. Kernig's sign is positive. 

The paralysis varies in its course. Its progress may 
cease within 24 hours, or it may continue for several days 
before the subsidence of fever and other symptoms. 
However, this does not mean that the virus has necessarily 
been eliminated. Live virus continues to be excreted for as 
long as 6 weeks. If overvigorous activity is started at an 
early stage, récurrence of neural infection with further 
paralysis as long as 2 to 3 weeks later is possible. 

Investigations 

Examination of the blood and urine shows no typical 
features. The cerebrospinal fluid may show some rise in 
pressure with a polymorphonuclear leukocytosis 
becoming a lymphocytosis with a cell count of between 20 
and 200 cells per cubic millimeter and a slightly raised 
protein level. Such changes are relatively nonspecific and 
may be simulated by other viral meningitis or the early 
stages of bacterial meningitis. 

Diagnosis 

Characteristically paralysis in poliomyelitis is asymmetri¬ 
cal. In the presence of symmetrical paralysis of the limbs 
and trunk, a paralytic disease other than poliomyelitis 
should be considered. Asymmetrical paralysis with 
normal sensation and history of febrile illness is very 
characteristic of poliomyelitis. Laboratory investigation 
does not help, but ESR blood count, lumbar puncture 
should be done to rule out other conditions. 

The diagnosis of acute poliomyelitis rests entirely on 
clinical examination. There is no diagnostic laboratory 
test available. Careful history and close examination of 
the unclothed patients are important for diagnosis. 

Differential Diagnosis 

Meningitis and encephalitis: Mild meningitic or encephalitic 
symptoms are not uncommon, and a lumbar puncture will 
differentiate a meningitis, neck pain is common in polio. 


but severe neck retraction and photophobia are rare. 
Flaccid paralysis occurs in poliomyelitis but not in 
meningitis or encephalitis. 

Acute infective polyneuritis: This may be confused with 
poliomyelitis. However, the paralysis is symmetrical and 
affects ail four limbs and trunk with associated sensory 
loss. The cerebrospinal fluid has a high protein content, 
but no cells. There is usually complété recovery. 

Pseudoparalysis: Osteomyelitis, arthritis and trauma in 
children may cause apparent paralysis of a limb due to 
the child's unwillingness to move it. A thorough clinical 
examination will reveal a swollen, tender limb or joint, 
and the régional glands may be enlarged and tender in 
infections. 

Peripheral neuritis: Various types of peripheral neuritis 
should be excluded by careful history and presence of 
sensory déficit. 

Prognosis 

Prognosis dépends on two factors: 

i. severity of initial paralysis, and 

ii. diffuseness of its régional distribution. 

If total paralysis persists beyond the second month, 
significant recovery is unlikely. If the initial paralysis is 
partial, prognosis is better. In general, the more extensive 
the paralysis in the first 10 days of illness the more severe 
the ultimate disability. A muscle paralyzed at 6 months 
remains paralyzed. 

Management of Acute Phase 

No antibiotic is of any use in poliomyelitis. The patient 
needs to be isolated since he or she is acutely infectious, 
and his other contacts should be actively immunized. 

In the initial stage, the treatment is bed rest, simple 
analgésies to relieve pain, sédatives to relieve anxiety and 
general nursing measures to sustain nutrition and to 
prevent the development of sores. 

The correct posturing of the limb is important. If the 
upper limbs are affected, they are best maintained by simple 
slings with the shoulder abducted, the elbow moderately 
flexed, the wrist neutral or dorsiflexed and the fingers 
semiflexed. The lower limbs should be maintained in 
slight flexion of the hip and knee with pillows to prevent 
latéral rotation at the hips, and a splint or board to 
maintain the ankles dorsiflexed at a right angle. The limbs 
need to be handled carefully so as to avoid stretching nerve 
roots or compressing muscles which are sensitive. 

Where possible ail joints should be put through a full 
range of passive movements twice a day. 
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Hot packs (Sister Kenny's treatment): When there is severe 
pain and spasms, the time-honored use of hot packs is 
probably still the best means of relieving pain and allowing 
passive movements. 

Until three weeks no exercises are to be done. 

Watch must be kept for bulbar poliomyelitis. Dyspnea, 
anxiety, difficulty in swallowing, nasal régurgitation and 
nasal twang indicate bulbar polio. 

After 6 to 8 weeks, graduai exercises should be started 
depending upon the recovery of muscle power. 
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INTRODUCTION 

The convalescent phase starts from the end of acute to 
when ail potential recovery of paralyzed muscle is 
complété. Muscle power may return up to 18 months to 
2 years after the initial illness. During this time, many 
patients may achieve considérable recovery others none. 
Recovery dépends upon State of the related anterior horn 
cells of the spinal cord. No method of treatment alters the 
potential for recovery. However, much canbe done to guide 
its progress and to prevent contracture and deformity. It is 
at this stage that the orthopédie surgeon and physio- 
therapist play the most important rôle. 

During this phase, it is important to guide and develop 
muscle recovery, to keep ail paralyzed joints fully mobile 
and to prevent deformity and improve function. The 
orthopédie surgeon from the pattern of recovery, is able to 
establish within a few months the likely future disability, 
the need for orthosis to aid walking, and the probable need 
for further surgery. 

Clinical Features 

By the end of the fourth week, wasting is usually obvious 
in the affected muscle groups. 

Asymmetrical nature of paralysis is pathognomonic 
of poliomyelitis. Muscle power increases very rapidly from 
the first to the fourth months following the onset of the 
disease and then more gradually until at the end of first 
year, where 80% of the total amount of recovery has 
occurred. Any muscle that is still paralyzed after 6 months 
is almost certain to remain paralyzed permanently. 

The objectives of treatment during the convalescent 
stage are: (i) the attainment of maximum recovery in 
individual muscles, (ii) the prévention of deformities and 
their correction if they occur, and (iii) maintain range of 
motion. 


In the early part of the convalescent stage, affected 
muscles are sensitive and painful. If spasm is still présent, 
the use of hot packs is continued. Gentle passive exercises 
and stretching are performed four to six times a day to 
prevent development of contractual deformity. 

The patient should be encouraged more each time to 
gain a greater degree of motion. Tendencies toward 
deformity should be observed such as external rotation 
and abduction of the hips, plantar flexion of the feet, or 
abduction of the shoulders. Passive stretching exercises 
should be directed toward preventing and correcting 
deformity. 

Muscle Charting 

If the treating physician is not able to test each muscle 
because of his or her busy schedule or inefficiency he or 
she should not undertake the management of polio patient. 
The most important part of the treatment is to hâve an 
accurate muscle charting. Each individual muscle is 
assessed carefully. 

This initial motor assessment provides a basis for 
comparison with subséquent examinations and it also 
serves as guide to the therapy regimen that is to 
be instituted. The monthly évaluation of muscle recovery 
gives the prognosis. Any degree of paralysis that remains 
at the end of three months, it is unlikely, it will recover. 2 

On the other hand, a muscle that shows steady 
improvement has a good possibility of recovery to 
functional level, hence it is unwise to apply as above-knee 
orthosis on this patient's weak limb and permit him or her 
to walk. 

The deformity in poliomyelitis may be relatively 
minimal or grotesque. The patient may hâve been crawl- 
ing on hands and knee for a long time, with callosities on 
the knees and palms. 
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Fatigue: A paralyzed muscle is easily fatigued. Forcing such 
a weak muscle beyond its point of maximal action does 
not increase its strength, on the contrary, it will inhibit the 
recovery of the paralytic muscle. It is important to observe 
the level of function activity of a weak muscle so that it is 
not forced to exceed its capability. 

Rôle of Surgery in Recovery Phase 2 3 

Surgical correction of deformity or tendon transfers are 
rarely needed during the convalescent phase. If full 
movements hâve not been achieved by six months, simple 
operative division of tight or short fasciae and élongation 
of short tendons should be done. At the hip contracture of 
the iliotibial band can, if left uncorrected produce a 
sequence of deformities from the lumbar spine to the knee. 
If such deformity has developed, Ober's or Yount's proce¬ 
dures are indicated. At the knee, élongation of the 
hamstring tendons is occasionally needed for flexion 
deformity if correction by serial plasters fails. At the ankle, 
élongation of the tendocalcaneus for equinus deformity 


and, in the foot, division and mobilization of the plantar 
fasciae for cavus deformity may occasionally be needed. 3 

In the upper limbs, contracture occurs less commonly. 
Surgery may occasionally be needed to divide shortened 
pectoral fasciae and sometimes fasciae and tendons 
limiting extension of the elbow. 

In the chronic phase with continued growth and use 
of the limb, progressive deformities may develop, which 
will ultimately cause loss of function. Thus, the residual 
stage is a dynamic, not a static, period. Therefore, it is 
important to prevent deformities and to correct them. 
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INTRODUCTION 

As the convalescent phase of poliomyelitis cornes to an 
end the extent and severity of paralysis, and the power in 
the muscles due to neuronal recovery to some extent are 
known. Even with intensive exercise programs it may not 
be possible to restore the muscle power. What best can be 
achieved is élévation of gradation of muscle power. 
Therefore, training individual for making good use of 
muscle at the sub-fatigue level is of importance. As an 
asymmetrical involvement of the muscles is the hallmark 
of poliomyelitis, imbalance of muscle power between 
agonist and antagonists of a joint would lead to 
progressive dynamic deformity, if not attended to. Similarly, 
assuming the wrong/awkward postures would lead to 
severe deformities. 

With growth the shortening of an extremity may become 
apparent, which has definite effect on development of 
deformities and gait pattern, and over ail functions. 
Therefore, during convalescent phase, management 
approach is not directed towards just strengthening of the 
muscles but directed towards management of imbalance. 
Prévention of deformities due to contractures, management 
of shortening, adéquate orthotic management. 

PROGRESSIVE DEFORMITIES IN RESIDUAL PHASE 

As stated earlier, inaccessibility to medical care to majority 
of such children hâve led to large number of people with 
neglected, moderate to severe deformities having functional 
limitations in the community. 

Causes of Progressive Deformity 1 

Following are the factors which lead to progressive 
deformity (Fig. 1). 


Overall reduced blood supply 


Flaccid paralysis—Reduce stress on-Shortening of the 

j bone lEmb 

Loss of function Muscle imbalance 

Habituai faulty postures 1 r 
Gravity Deformity 

Contractures 

Rapidly in child 
because of growth 

Progressive Continued activity 

deformtty SEo wly in adulis 


Fig. 1: Diagram showing the principal factors concerned 
with progressive deformity in poliomyelitis 

Muscle Imbalance 

Flaccid paralysis is the main cause of functional loss and 
muscle imbalance. When a muscle or a group of muscles 
are paralyzed, the opponent strong muscles pull the joints 
to their side. As the deformity increases, the deforming 
muscles acquire a mechanical advantage by bowstringing. 
Important cause of deformity in poliomyelitis, therefore, is 
muscle imbalance. 

Unrelieved Muscle Spasm 

Contractures of the paralysed muscles with varying grades 
of fibrosis occurs in groups of muscles which are paralysed 
with the tendency for deforming the joint in the direction 
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of contracture. This becomes very apparent with 
longitudinal growth of the bones/élongation of the bones 
due to growth in the initial phase, the prévention of 
deformity is possible to some extent by passive stretching 
and splinting. Even then the deformities do occur due to 
mechanical reasons mentioned above. Based upon the 
above, deformities in the joints can occur autonomically 
due to over-action of group of unaffected muscles or by 
contracture of the paralysed group of muscles or a 
combination of both. 

If muscle is maintained in contracted position for 
prolonged period, it will develop myostatic contracture. 

The initial painful spasm of the acute phase may cause 
contracture if the tight structures are not stretched. 
Contracture of the tensor fascia lata may be seen before a 
growth discrepancy has had time to act. 

According to JIP James, the cause of contracture is a 
failure of growth not actual shortening in length of the 
muscle. The stimulus for a muscle-tendon unit to grow is 
intermittent stretching by the opposing muscles. During 
the recovery phase, much can be done to prevent deformity. 
The deformity is capably minimized, and the joint kept 
supple and mobile despite considérable muscle imbalance. 

From the muscle charting, deformities likely to occur 
can be easily anticipated. Deformity does not occur in a 
totally paralyzed limb, but will develop even when there 
are only one or two acting motor units in one muscle if the 
opposing muscles are entirely paralyzed. This we hâve 
seen often in flail foot which has no deformity. 

Growth 

Bony growth dépends upon the stimulus by active healthy 
stretching around the growth plate which is lacking in 
case of polio affected children causing limb length 
inequality, atténuation of blood vessels and reduced blood 
supply leading to reduced growth of the bones. 

Growth is an important considération in the 
management of poliomyelitis in children. Bony structure 
dépends on the stress by the normal muscular pull which 
is lost in polio. Therefore, bone growth is inhibited leading 
to shortening of the limb. Also there is overall reduced 
blood supply to the limb due to paralysis. This also has a 
factor in shortening of the limb. 

Gravity and Posture 

Gravity also plays an important rôle in maintaining the 
posture and deformity. 

Paralysed group of muscles are not in a position to 
maintain posture of a part of extremity or an extremity 
against the gravity thereby subjecting the parts to 
gravitational pull and deformities, e.g. foot drop. 


As pointed out earlier faulty loading of extremity during 
the convalescent phase and early residual phase might 
cause abnormal stress on the ligaments of the joints 
jeopardizing stability of the joint. The stability of most of 
the weight bearing joints in the lower extremity dépends 
on the muscular power and ligaments, e.g. imbalance of 
muscle power and laxity of ligaments may lead to hip 
subluxation and genu recurvatum. 

Bony Deformities 

Apart from deformities due to soft tissue stretching and 
contracture, bony deformities duly occur in polio patients 
over a period of time, e.g. Abnormal sloping of tibial 
condyle in children walking with hyperextension of knees, 
alteration of neck shaft angle of fémur, genu valgus due to 
persistent iliotibial band contracture which subsequently 
lead to subluxation at the knee. 

General Principles—Principles of 
Management of Polio Deformities 

The principles of management comprises/consist of- 

1. Strengthening of the unaffected muscles, stretching 
of the shortened muscles. 

2. Range of motion exercises of joints 

3. Appropriate use of orthosis and splints, gait and 
walking aids. 

4. Early correction of deformities not amenable to 
conservative line of treatment by soft tissue release 
procedures. 

5. Restoring muscle balance by tendon transfers. 

6. Adéquate compensation for equalizing the leg length 
by modification in the footwear. 

7. Stabilization of the joints by bony blocks / arthrodesis 
and soft tissue plications. 

8. Limb length equalization by limb lengthening/ 
shortening. 

9. Correction of bony deformities at an early stage. 

10. Spécial mention needs to be made regarding 
management of pelvic obliquity and scoliosis which 
are decompensating involving pelvis. 

11. Prior to the deformity correction, it is of great 
significance to know the implication of soft tissue 
release, gait pattern and other function of the 
individual. 

Crutches 

The extent of support required to extremity by orthosis has 
to be considered. There may be requirement of walking 
aids such as Axillary crutches and canes. There is only a 
small fraction of severely affected individuals, who may 
require mobility aids such as wheel chairs or low height 
platforms with castor rolls/ wheels for self-propelling. 
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Rejection of Orthosis 

It is commonly observed that good number of polio affected 
individuals reject their orthosis due to one or other reasons: 

1. Residual ambulatory functions exists and orthosis is 
too cumbersome and no more advantageous to the 
individual 

2. Occurrence of deformities and shortening and 
outgrowing of the calipers 

3. Barriers in milieu exterior and occupation of the 
individual causes hindrance to use of orthosis 

4. Western design of the calipers with leather shoes 
prohibits its usage in the house and place of worship 
and recludes engagement in unorganized job settings. 

5. Most importantly the cross leg sitting and squatting 
and kneeling are not possible with the calipers. 

Compromising principles of orthosis and maligned 
orthosis which are prescribed loosely and customized to 
an individual and not aligned properly are the technical 
factors which are causing rejection. It does not need 
emphasis that orthosis prescription, fabrication and 
checkout gait training and periodic follow-up are 
mandatory. The regular interaction with the individual 
and having feed back from individual are very important 
to customize the orthosis for optimization of functions. 

ADIPScheme 

ContinuéeI Activity 

Once the deformity has occulted and patient continues to 
place the limb in the deformed position, the deformity 
increases. The increase in deformity is rapid in child 
because of growth. For example, when the triceps surae 
muscle is weak, and the ankle dorsiflexors are of normal 
motor strength, progressive calcaneus deformity of the 
hindfoot will resuit. If the child is permitted to walk without 
support and protection the less of power of the triceps 
surae muscle will be greater, as it is working against 
gravity. 

Progressive deformity further leads to loss of function. 
Thus, a vicious circle is complété. 

The Management of 
Progressive Paralysis Deformity 3 

From the careful muscle charting, one can anticipate the 
development of deformity. For example, if peronei are 
strong, and tibialis anterior and posterior are weak, the 
child is bound to develop a fixed valgus deformity, which 
can be prevented by peroneal tendon transfer to dorsum of 
the foot. Caliper with inside T-strap and outside bar may 
help. 

The only measure that can be relied upon to hait the 
progress of paralytic deformity is the establishment of 


balanced muscle action by tendon transfer. Ideally, tendon 
transfer should be performed before deformity has become 
obvious or given rise to significant loss of function. It may 
be performed irrespective of the âge of the patient often 
between 12 and 14 months after onset of the paralysis. 

Tendon transfer is an extremely important and useful 
measure in the late treatment of poliomyelitis. 

Treatment of Residual Chronic Phase 

The aim of treatment is to prevent and correct deformities, 
and attain maximal function in spite of residual paralysis. 
The treatment consists of 3 parts: 

i. physical therapy, 

ii. orthosis, 

iii. surgery. 

Physical Therapy 2 

Active exercises: Progressive résistant exercises are to be 
continued to strengthen the weak muscles. Nothing is 
gained by exercising zéro or grade V muscles. Exercises 
are useful in grade III and grade IV, e.g. when the anterior 
tibial and toe extensor muscles are fair in motor strength, 
and the triceps surae muscles are normal. It is important 
that active exercises of the ankle dorsiflexors be performed 
to maintain them at the antigravity functional level. 

The calf muscles should also be passively stretched to 
prevent the development of equinus deformity, this is 
implemented by the use of a night bivalved cast which 
holds the foot out of equinus and in neutral position, 
correction of deformity is important while training the 
muscles. For example, correction of flexion deformity of 
the knee, however, may provide added strength by 
eliminating the need for the quadriceps muscles to work 
against deformity. 

Passive stretching: Prévention of contracturai deformity 
is much simpler than its correction. When a limb is 
continuously maintained in one position, contracture and 
fixed deformity will develop as a resuit of the effects of 
gravity and dynamic imbalance of muscles. 

1. Muscle contractures are treated by passive stretching 
exercises, e.g. when muscles of foot are weak, triceps 
surae will pull the foot into equinus deformity. To 
prevent this, the ankle is passively stretched into 
dorsiflexion. Passive stretching exercises should be 
performed gently, several times a day 

2. Stretching by plaster splint or cast passive stretching 
exercises should be performed gently, several times a 
day. In the presence of muscle imbalance, however, 
they are not adéquate to prevent deformity, and other 
measures should be employed, such as the use of a 
removable bivalved long leg night cast, which holds 
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the foot in neutral position, and the wearing of a below- 
knee dorsiflexion-assist spring orthosis during the day. 
Later, during the chronic stage, muscle balance may be 
restored by transfer of muscles. 

Orthosis 

The primary purpose of the orthoses are as follows: 

1. To support and enable the patient to walk 

2. To protect weak muscles from overstretching, e.g. knee 
apparatus to prevent genu recurvatum 

3. To augment the action of weak muscles or to substitute 
for those completely lost 

4. To prevent deformity and malposition 

5. To correct by stretching certain groups of muscles that 
hâve contracted. 

In general dynamic splints are more useful than static 
splinting, e.g. when the toe extensor and anterior tibial 
muscles are paralyzed and the triceps surae muscle is 
normal, a dorsiflexion-assist spring orthosis (which acts 
as an active substitute for the weak ankle dorsiflexors) is 
préférable to a below-knee caliper orthosis with a posterior 
stop that prevents plantar flexion of the ankle beyond 
neutral position. In paralysis of the gastrocnemius and 
soleus muscles, a plantar flexion-assist spring below-knee 
orthosis with a dorsiflexion stop at neutral position is 
prescribed. 

In the presence of a flail ankle and foot, a double-action 
ankle joint (both plantar-flexion and dorsiflexion-assist) 
is given, and a varus or valgus T-strap added to the shoe. 


as necessary. Also, inside or outside wedges to the shoe 
are given, depending upon the deformity of the foot. 

Various types of splints, caliper s, braces are available 
to prevent or correct the deformities of ankle, knee, hip or 
spine. 

Crutches are a simple and very useful orthosis. The 
author has made many a children ambulant by just giving 
crutches. It is surprising how this simple method was not 
suggested to them. 

In general, our expérience in patients easily discard 
any orthosis such as calipers. Therefore, the use of a 
orthrosis should be minimal as the condition permits. 

Surgery 

The surgical procedure includes: (i) fasciotomy, (ii) 
capsulotomy, (iii) tendon transfers (iv) osteotomy, (v) 
arthrodesis and (vi) lengthening of leg to correct inequality. 

Tendon transfer is a very useful surgical procedure to 
replace the weak muscle with a strong muscle to correct 
imbalance and to prevent deformity. 
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Patterns of Muscle Paralysis 
Following Poliomyelitis 


K Kumar 


INTRODUCTION 

Motor involvement in the beginning is massive and bizarre 
but gradually a definite pattern of paralysis emerges. No 
significant différence is seen between the pattern of para¬ 
lysis in either sex. 

After exposure to the polio virus and lodgement of the 
virus in the CNS paralysis passes through three distinct 
phases. 

About 6 months from the onset of the disease the stage 
of residual paralysis sets in. No appréciable recovery is 
expected after 6 months. However, some recovery which 
may set in after this period is more as a resuit of functional 
take over by the neighboring non-affected fibers. Therefore, 
to evaluate the pattern of residual paralysis following 
poliomyelitis one should wait for about 1 to IVi years for a 
definite pattern to emerge. 

Study of the pattern of residual muscle paralysis to a 
great extent helps the clinician in determining type of 
physiotherapy and the type of surgery, needed. Often the 
picture is bizarre but some of the muscles are more prone 
to total paralysis than the others. Functional incapacitation 
of the muscle results only if more than 60% of the fibers are 
knocked out. Tendency of a particular muscle to be involved 
partially or totally dépends upon its relative length of 
spinal nuclear column. Shorter the nuclei more severe and 
extensive is the paralysis and vice versa. This indicates 
that in the lower limb the tibialis anterior and posterior 
muscles which are severely affected hâve very short spinal 
column représentation in comparison to the other muscles. 
At this juncture it is important to understand that the 
length of the spinal représentation is not determined by 
the anatomical size of the muscle or its functional représen¬ 
tation in the brain. It is not clear as to what particular 
feature governs the length of spinal muscle nuclei size. 

Studies by various workers hâve shown different 
patterns of muscle paralysis. However, many reports 


indicate that somehow the left upper and lower limbs are 
more involved in comparison to the right upper and lower 
limbs. No definite explanation is available and various 
théories like frequent injections on the left side and the 
mode of carrying of children hâve been blamed. The 
incidence of upper limb is about 10 to 15% and the ratio of 
upper limb involvement to lower limb involvement is about 
1:6. The ratio of upper limb alone versus upper limb plus 
lower limb versus upper limb plus lower limb plus spinal 
involvement is about 1/3:1/3:1/3 (Kumar, Kapahatia 
1986). 1 

UPPER LIMB PARALYSIS 

The upper limbs are less frequently involved than the lower 
limbs and the proximal part of the limbs are often more 
severely affected as compared to the distal part (centripetal 
type). The proximal muscles of the limb around the shoulder 
girdle which are responsible for the heavy functions of the 
limb are more prone to trauma as they not only bear the 
weight of the hanging limb but also stabilize the upper 
limb to the trunk during any activity. This may be the 
probable reason as to why the proximal muscles in the 
upper limb undergo paralysis more often than paresis. 

The deltoid is the most commonly affected muscle. The 
latéral acromial fibers (multipennate) are involved either 
in isolation or in combination with the anterior pectoral 
(unipennate) or posterior spinous (unipennate) fibers. 
Whenever, deltoid paralysis is associated with paralysis 
of the rotator cuff of the shoulder, the shoulder joint has a 
tendency to subluxate inferiorly. In the upper limb apart 
from the deltoid, biceps, triceps and pectoralis major are 
the other muscles commonly involved. 

The elbow flexors and extensors are the next most 
commonly involved muscles. The elbow extensors work 
more with gravity during routine use. Hence they undergo 
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paresis more often than paralysis. The wrist dorsiflexors 
are the next commonly involved group of muscles. 

Amongst small muscles of the hand, the opponens of 
the thumb are most commonly involved either in isolation 
or in combination with the total paralysis of ail the 
intrinsics of the hand (lumbricals and interossei) as seen 
in the flail limb. Opponens pollices when involved 
undergoes total paralysis than paresis suggesting a small 
spinal nuclear représentation. Lumbricals and interossei 
may or may not be involved with the involvement of the 
thumb. It is rare to find their involvement without 
involvement of the small muscles of the thumb (Kumar, 
Kapahatia 1986). 1 

When combinations of muscle involvement are 
considered then the shoulder plus elbow joint are more 
commonly involved followed by a flail limb. Other 
combinations are relatively less common. Considering the 
segmentai involvements, muscles of the C 5 -C 6 segment are 
commonly involved resulting in paralysis of the concerned 
muscles whereas the next common involvement is of C 7 
spinal segment which often leads to paresis of the muscles 

(Fig- !)• 

LOWER LIMB PARALYSIS 

Usually distal part of the lower limbs is more severely 
paralyzed in comparison to the proximal part (centrifugal 
type). Hence the muscles governing the movements of the 



Fig. 1 : Segmentai distribution of muscle involvement of upper 
limb. Blank area indicates the extent of distribution of paresis 
muscles and shaded area represents the paralyzed muscles 
(Kumar, Kapahatia 1986) 1 


foot are affected more severely than the muscles acting on 
the knee or the hip. Traumatization of the inferior part of 
the extremity may be responsible for this. Involvement of 
the foot and subséquent deformity whether as a resuit of 
paralysis, gait or gravity is one of the most common features 
in poliomyelitis. 

Tibialis anterior and posterior are the muscles most 
commonly involved in the lower limbs and whenever 
involved show a severe type of involvement in the form of 
total paralysis, hip flexors commonly undergo paresis. 
However, total paralysis of hip flexors is often associated 
with total paralysis of the knee extensors as well. Paralysis 
of tibialis anterior and posterior muscles may either be in 
isolation or combination with other muscles. Often it is 
associated with the involvement of hip and knee extensors 
(Sharrard 1955,1993, Punatar, Patel 1977, Kumar, 
Kapahatia 1988). 2 " 5 

Long flexors and extensors of the toes are the next 
commonly involved muscles whereas the least commonly 
affected muscle is the tensor fascia lata. Sparing this muscle 
is often responsible for a severe deformity of the whole of 
the lower limb and the spine. 

Considering the segmentai level and involvement. L 5 
and S 1 segments are most commonly involved. Affection 
of the L 5 segment is commonly associated with paralysis 
whereas affection of the S 1 segment commonly leads to 
paresis of the muscles (Figs 2 to 4). 



Fig. 2: Segmentai distribution of muscle involvement of lower 
limb. Blank area indicates the extent of distribution of paresis 
muscles and shaded area represents the paralyzed muscles 
(Kumar, Kapahatia 1988) 1 
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Fig. 3: Segmentai distribution of muscle paresis of lower limb 
in different studies. Dotted line-Sharrard 1955; continuous thin 
line-Punatar Patel 1977); 4 continuous thick line-Kumar, 
Kapahatia 1986 1 



Fig. 4: Segmentai distribution of muscle paralysis in different 
studies. Dotted line-Sharrard 1955; continuous thin line- 
Punatar, Patel 1977); 4 continuous thick line-Kumar, Kapahatia 
1986 1 


During the management of postpolio residual 
paralysis, it is essential to détermine the exact pattern of 
paralysis to achieve proper muscle balance and to correct 
the deformity. The dictum of getting functional 
improvement in such patients should be "proximal 
stability with distal mobility." 
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INTRODUCTION 

The diagnosis of a child in the residual phase of polio- 
myelitis is not a problem as careful clinical assessment 
reveals intact sensory System asymmetrical paralysis of 
the muscles depending upon the segment of the spinal 
cord involved. Bilateral asymmetrical paralysis is indicative 
of poliomyelitis. The clinical assessment of a polio affected 
patient is most important for phasing the course of 
management taking into considération the residual muscle 
power, âge of the patient, severity of the deformities, 
ambulatory status, socioeconomic background. Radio¬ 
graphie examinations of the joints are essential, both 
weight bearing and non-weight bearing to know the status 
of the joints in terms of subluxation/dislocation to 
ascertain the stability of the joints. One has to gain 
expérience to rapidly examine polio affected individual 
by becoming conversant with clinical examinations in an 
orderly fashion as detailed in the next section. 

Ambulatory Status 

Bilateral, moderate to severe degree of paresis of both lower 
extremities precludes an individual to assume regular 
position on his own without support and assume bipedal 
ambulation those with paresis/paralysis of only limb are 
ambulatory with or without loading the affected limb using 
trick movement, not loading the extremity and using some 
kind of supports for ambulation. The pattern of ambulation 
and the kind of walking aids used by patient needs to be 
observed at the beginning of the clinical examination. 

Observation of Gait/Gait Analysis, 

Gait Pattern in Poliomyelitis 

Gait déviation observed in ambulatory residual polio 
affected is due to muscle weakness, joint instability 
deformities and shortening or combination of the above 


factors. Gait examination reveals or provides very valuable 
information and well-trained eyes can identify causative 
factors based upon gait déviation. 

Abductor Lurch 

The gluteus médius is the principal hip abductor. 
Normally, when one stands on one leg, the gluteus médius 
of the same side elevates the pelvis on the opposite side, 
balancing the trunk over the weight-bearing hip. If the 
gluteus médius is paralyzed, and the patient stands on 
the paralyzed lower limb, the opposite side of the pelvis 
drops (positive Trendelenburg test). As he/she walks and 
bears weight on the weak limb, because the paralyzed 
gluteus médius cannot stabilize the pelvis over the weight- 
bearing leg, the patient, at each stance phase of gait, lurches 
his/her trunk over towards the side of the weak gluteus 



Fig. 1 : Test of flexor digitorum brevis 
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Fig. 2: Test of extensor hallucis longus and brevis 



Fig. 3: Test of tibialis anterior 5 Dorsiflex the ankle and invert 
the foot without extension of great toe 

médius. By lurching his/her trunk towards and over the 
hip with gluteus médius paralysis, he/she brings the 
center of gravity of the body weight over and beyond the 
fémoral head in order to compensate for the abductor 
weakness. In gaits in which muscle weakness exists, as a 
rule the center of gravity of the body is shifted towards the 
paralyzed muscle in the stance phase. 



Fig. 4: Test of tibialis posteriori Patient in supine 3 with extremity 
in latéral rotation. Invert the foot with plantar flexion of the 
ankle 



Fig. 5: Test of peroneus longus and brevis. Evert the 
foot with plantar flexion of the ankle 



Fig. 6: Test of soleus: Plantar flexion of the ankle joint 
without inversion or eversion of the foot 


















Clinical Examination of a Polio Patient 529 



Fig. 7: Test of gastrocnemius. Patient rises on toes, 
pushing the body weight directly upward 



Fig. 8: Test of triceps surae. Plantar flexion of the foot with 
emphasis on pulling the heel upward more than pushing the 
forefoot downward. This test movement does not attempt to 
isolate the gastrocnemius action from other plantar flexors, but 
the presence or absence of gastrocnemius can be determined 
by careful observation during the test 

Extensor Lurch 

The gluteus maximus is the principal hip extensor. The 
patient with paralysis of the gluteus maximus 
hyperextends his/her trunk at the hip joint when bearing 
weight on the affected limb, bringing the center of gravity 
posterior to the axis of the hip joint. The compensatory 
mechanism prevents the hip from giving way on flexion. 

Hand to Knee Gait 

The quadriceps femoris muscle is the principal muscle is 
essential for climbing stairs and establishing stability of 
the knee. A patient with poor quadriceps can, however, 
walk almost normally on level ground, provided he/ she 
does not hâve flexion deformity of the knee. This can be 


done because, when weight is borne on the knee, the line 
of the center of gravity is normally anterior to the center of 
the joint, enabling the patient to lock the knee in extension 
of the stance phase. If there is flexion deformity of the knee, 
it will give way unless he/ she lurches his trunk forward. 
In this way, the line of weight-bearing through the knee 
joint is displaced anteriorly so as to lock the knee in the 
stance phase of gait. This is another example of shifting 
the center of gravity and of balance to counteract the effect 
of weak muscles. With zéro strength of the quadriceps in 
the presence of flexion deformity of the knee and a poor 
gluteus maximus, often the only way the patient can bear 
weight is by supporting the front of the affected thigh with 
his/her hand. This represents an awkward and poor 
substitute for the paralyzed muscle. 

The Calcaneus Gait 1 

The gastrocnemius-soleus (triceps surae) muscles are 
responsible for the final forward propulsion in the push- 
off portion of the stance phase (Figs 9 and 10). When the 
gastrocnemius-soleus muscles are paralyzed, the patient 
has a calcaneus gait. There is lack of push-off, and the 
tibia shifts posteriorly over the talus in the final portion of 
the stance phase, when the limb is trying to take off. To be 
functionally effective, the gastrocnemius-soleus muscle 
must be able to lift the body weight. A normal triceps surae 



Fig. 9 : Test of weakness of soleus and gastrocnemius in 
standing. In standing the knee joints will tend to flex and the 
ankle joints dorsiflex if their soleus muscles are weak 
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Fig. 10: Test of weakness of soleus and gastrocnemius in 
standing. In standing, the knee joints will tend to hyperextend 
and the ankle joints plantar flex if the gastrocnemius muscles 
are weak 

muscle is one that enables the patient to rise up on his/her 
toes through the full range of motion of the ankle at least 
ten times without either flexing his/her knees or leaning 
his/her trunk forward. 

Foot Drop Gait 

In drop foot or high steppage gait, there is paralysis of the 
muscle that dorsiflex the foot. In the swing phase as the 
patient brings his/her leg forward he/she cannot hold 
his/her foot against gravity in dorsiflexion. The pull of 
gravity and the unopposed action of the antagonist muscles 
of the calf causes the foot to go into plantar flexion—it 
drops. In order to clear his/ her toes, the patient externally 
rotâtes and raises the whole lower limb to a higher level 
than normal by flexing the knee and hip (Figs 11 and 12). 
A drop foot gait is an illustration of abnormality in which 
the disturbed muscular action is in the swing phase. 

Short Limb Gait 

A short leg, depending on its degree may produce a limp. 
A leg length discrepancy of the half inch or more may be 
well hidden by the tilt of the pelvis. In short leg limp, the 
patient's head, shoulder and pelvis dip down as the body 
weight is borne on the short lower limb. 



Fig. 11 : Test for length of hamstring muscles 

Examination of the Joint 2 

Joints of the foot and limb are examined and noted down 
for stiffness of the joint, its range of movement, and the 
associated deformities. Is the joints flexible or rigid? Is the 
deformity static or dynamic? 

The patient should be made to stand on the affected 
limb, and the effect of weight bearing on the foot and on 
knee is noted down. Then the patient is examined in supine 
position. By observing the deformity présent, much is 
usually gained and the muscles affected may be guessed. 

Finally, examination of the patient should be done in 
the prone position. This is the best position in which to 
look after for inversion of the heel and equinus deformity 
at the ankle joint. Foot should be examined on weight 
bearing. Presence or absence of clawing of toes and their 
degree are noted. Painful callosities and adventitious 
bursae are examined for. 

Muscle Charting 4 ’ 6 ’ 7 

Testing of each muscle of the limb is meticulously carried 
out (Figs 13 to 22). Although there are other factors, the 
muscles remaining are the single most important element 
in our decision. Therefore, it is essential to learn how to 
complété a muscle chart accurately, it is important for the 
surgeon himself to examine ail relevant muscles. Sir Herbert 
Seddon said, "unless a surgeon can accurately muscle 
chart a patient he should not be treating poliomyelitis. It is 
the single most important skill to acquire in the surgery of 
poliomyelitis". 

Muscle charting is relatively easy and with practice, 
both accurate and quickly accomplished. However, it is a 
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Fig. 12: Test for length of hamstring muscles. Short hamstrings exert a downward pull on the ischium in the direction of 
posteriorly tilting the pelvis as the straight leg is raised. To prevent excessive posterior pelvic tilt and excessive flexion of the 
back, it is necessary to stabilize the pelvis with the low back in the fiat back position by holding the opposite leg firmly down 


skilled examination, and the patient can easily mislead by 
using trick, movements involving other muscles which 
are not paralyzed to do the movements of those which are 
paralyzed. 



Fig. 13: Test of médial hamstrings semitendinosus and 
semimembranosus. Flexion of the knee to less than 90°, with 
the thigh in médial rotation, and the leg medially rotated on the 
thigh 



Fig. 14: Test of latéral hamstrings—biceps femoris. Flexion of 
the knee to less than 90°, with the thigh in slight latéral rotation, 
and the leg is slight latéral rotation on the thigh the patient can 
easily mislead by using trick, movements involving other 
muscles which are not paralyzed to do the movements of those 
which are paralyzed 
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Fig. 15: Test of quadriceps femoris. Sitting with knees bent Fig. 17: Test of the flexors—hip flexion with the knee flexed 
over side of table. Extension of the knee joint without rotation 
of the thigh 



Fig. 16: Test of iliopsoas. Hip flexion in a position of 
slight abduction and slight latéral rotation 



Fig. 18: Test of gluteus minimus. Abduction of the hip in a 
position neutral between flexion and extension and neutral in 
regard to rotation 
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Fig. 19: Test of gluteus médius—abduction of the hip with 
slight extension and slight external rotation (knee is maintained 
in extension) 


Fig. 21: Test of latéral rotators of hip joint. Latéral rotation of 
the thigh, with the leg in position of completion of the inward 
arc of motion 



Fig. 20: Test of médial rotators of hip joint. Médial rotation of 
the thigh, with the leg in position of completion of outward arc 
of motion 


Fig. 22: Test of gluteus maximus—hip extension with knee 
flexed 90° or more. The more the knee is flexed, the less the 
hip will extend, due to restricting tension of the Rectus femoris 
anteriorly 
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Technique of Muscle Charting 

The technique of accurate muscle charting canbe acquired 
only with much practice. When charting the quadriceps, 
the patient sits on the bed or couch with his/her flexed 
leg, over the side and extends the knee, if this can be done 
against gravity, it is at least grade 3, if this is not possible, 
the patient lies on his/her side with the affected leg 
uppermost, and see if he/ she can extend the knee with 
gravity eliminated (grade 2) (Table 1). The same principle 
is foliowed for other muscles. Relatively, a few muscles 
are difficult to assess, and the whole examination can be 
done in some 15 to 20 minutes. It must be remembered that 
tricky movements, particularly in the late chronic phase 
may hâve been acquired and may simulate activity for 
instance, plantar flexion of the ankle to grade 4 can be 
achieved solely by the toe flexors. If the foot is forcibly 
plantar flexed the tendoachilles may then be felt to be quite 
slack with little or no power despite strong plantar flexion. 
Even experienced examiners may overestimate the strength 
of the calf muscle. 

Gluteus maximus, the powerful extensor of the hip and 
a critical muscle in walking must be tested accurately. The 
patient lies face down on a hard surface, the knee is held 
at a right angle by the examiner, and the patient is asked to 
lift the thigh off the couch—first against gravity then 
against résistance. The knee most be flexed because if the 
hamstrings are présent they can, with the knee extended, 
give hip extension. 

Gluteus médius is very frequently paralyzed. It is tested 
by the patient lying on one side and then abducting the 
uppermost leg—first against gravity, then against 
résistance. The patient may flex and then abduct the hip 
thus, using tensor fascia lata and psoas, this must be 
prevented. An absent gluteus médius causes an ugly 
abductor limp because there is, in effect, a positive 
Trendelenburg sign with dropping of opposite pelvis at 
each step. 

TABLE 1 : Muscle chart gradings 2 

Medical Research Councïl 


Grade Muscle activity Alternative notation 


0 

No contraction 

Zéro 

1 . 

A flicker of activity 

Trace 

2. 

Contraction and full movements with 
gravity eliminated 

Poor 

3. 

Contraction through a full range against 
gravity 

Fair 

4. 

Contraction against some résistance 

Good 

5. 

Normal 

Excellent 


Tensor Fasciae Latae Contracture 

To demonstrate the deformity of iliotibial band, the other 
hip is fully flexed as in Thomas test, and the leg to be 
examined is slightly abducted and internally rotated 
(Figs 23 to 25). This tightens the fascia latae. An often 
unsuspected flexion deformity of 40 to 70 degree is 
revealed. The leg is then abducted and externally rotated, 
which relaxes tensor facia latae, the flexion deformity then 
completely disappears although full flexion of the other 
hip is maintained. 

This test is best done on the edge of the bed or couch to 
allow full hip extension. The examination is a modified. 
Thomas test of the hip for fixed flexion, and ease with 
which the hip extends fully after relaxing the tensor facia 
latae shows that there is no true hip flexion deformity due 
to psoas, sartorius, gracilis and other anterior muscles. 
True hip flexion deformity may occur but is rare. Although 
20 to 25 degrees of flexion deformity from a tensor fascia 
lata contracture is not very disabling, the bent position of 
the hip causes a forward stoop which is potentially 
unstable, and compensatory lordosis will develop. The 
abductor contracture component of this deformity is seen 
only when the hip is extended. It may cause significant 
apparent lengthening. The contracture may be bilateral. 

Hâve the patient lie on his/her side with his/her 
involved leg uppermost. Abduct the leg as far as possible 
and flex the knee to 90 degree while keeping the hip joint 
in the neutral position to relax the iliotibial tract. Then 



Fig. 23: Test of tensor fasciae latae—abduction, flexion and 
médial rotation of the hip with the knee extended 
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Figs 24A and B: Thomas' test for tensor fascia lata contracture: 
(A) with the hip internally rotated and adducted, this patient 
has about 30° of contracture, (B) with the hip abducted and 
externally rotated to relax the tensor fascia lata, no flexion 
deformity remains 



Fig. 25: The same patient as in Fig. 24, showing the amount 
of abductor contracture when the hip is extended, some 30° 


release the abducted leg. If the iliotibial tract is normal, the 
thigh should drop to the adducted position. However, if 
there is a contracture of the fascia lata or iliotibial band, 
the thigh remains abducted when the leg is released. Such 
continued abduction (a positive Ober test) may be caused 
by poliomyelitis or meningomyelocele. 

True hip flexion deformity is seen only in patients who 
hâve been neglected or who hâve been in a wheelchair for 
a long time and hâve an active psoas and a paralyzed 
gluteus maximus. These patients are often unsuitable for 
surgery and cannot be made to walk because of the 
presence of trunk paralysis. If there is an indication for 
correction, the traditional Souttar release of ail anterior 
structures including the capsule of the hip joint should 
not be done. Because of wide gap created in the soft tissues 
anteriorly, fibrosis rapidly ensues, followed by récurrence. 
The operation has often been done erroneously and 
incompletely to correct an apparent hip flexion deformity 
which is in fact an unrecognized tensor fascia lata 
contracture. To correct the rare, true hip flexion deformity, 
an extension osteotomy in which a wedge, based 
posteriorly, is taken from the back of the fémur just below 
the lesser trochanter and the fémur realined. 

The action of the intercostals is to elevate the ribs 
upwards and outwards, at the same time the diaphragm 
descends, greatly increasing the pleural space into which 
the lungs expand. When evaluating the intercostals, first 
note the chest wall movements with the patient lying, 
watch for chest expansion with a visible lifting and 
outward expansion. Is this the same on both sides? On 
each side there is equal explanation at the apex, the middle 
zone and the base? There can be great variation. When 
paralysis is total on one side, there may be an actual 
sucking in of the soft tissue between the ribs instead of 
expansion. One may see the chest wall shifting to the 
stronger side if there is great asymmetry of paralysis 
between left and right. To grade the intercostals, after 
watching the patient breathe, place the two hands relaxed 
and palm down on the chest wall at the apices as the 
patient complétés breathing out. The patient then takes a 
deep breath slowly and movements of the apices are noted, 
the use of sternomastoid and other accessory muscles of 
respiration should be avoided. When the intercostals are 
normal, the hands are easily felt to lift appreciably, there 
may be no lift on one side or it may be much diminished, or 
it may be diminished on both sides. Both hands are next 
placed at the nipple line, thumbs touching anteriorly in 
the midline with palms and fingers encircling the chest 
wall as completely as possible, to touch posteriorly if they 
can. The hands must encircle the chest passively and be 
completely relaxed at the end of expiration, the thumbs 
just touching. On inspiration the thumbs are visibly lifted 
apart, by how much varies with âge for an adolescent there 
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might will be 5 cm or more between the thumbs. Frequently, 
it is seen that one thumb moves normally and the other is 
static, sometimes one moves a few millimeters. The other 
varying from full expansion to nothing at ail. This 
measurement is repeated at the bases. Although it is 
difficult to assess the middle grades the usual criteria, grade 
0 and 5 are easy. With expérience, muscle charting can 
give a reasonable impression based on chest wall 
movement, and repeated chartings will be consistent 
(Fig. 26). A typical chart may read: 


Intercostals 

R 

L 

Apex 

0 

5 

Nipple 

0 

5 

Base 

3 

5 


Radiography of the ribs shows very characteristic 
features, even in the early stage. Later, the ribs over the 
paralyzed area hang down almost vertically, presumably 
because there are not intercostals to hold them up. This 
dépendent rib position is virtually always seen, it is the 
opposite of the fanning out on the convexity in idiopathic 
curves. 

Anterior Abdominal Wall Muscles 3 

This group comprises the rectus abdominis and the several 
abdominal oblique muscles. Grading is relatively easy. 
With the patient supine and arms on the chest, he/she 
attempts to sit up unaided. If this can be done, it is repeated 
against moderate résistance and then full résistance, 
giving muscle grades of 3,4 or 5 respectively. If the patient 
is unable to sit up against gravity, the muscles are less 
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Fig. 26: Chart for analysis of muscle imbalance 
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than 3. If it is suspected that there is total paralysis in part 
of the musculature, the patient is asked to hold his/her 
nose and blow out his/her checks hard. Ballooning, usually 
laterally, is seen if there is no muscle in part of the 
abdominal wall. 

For convenience, the anterior abdomen is divided into 
four quadrants because paralysis may be asymmetrical. 
The umbilicus will move towards the strongest quadrant 
(or quadrants), lower or upper. This umbilical shift 
(Beevor's sign) is useful. For example, if the patient cannot 
quite sit up but the umbilicus moves upwards and to the 
right, the grading is recorded thus: 

R L 

2 + 2 

2 2 

Paralysis of the anterior abdominal wall, though 
common, is rarely disabling, of gross, there may be 
abdominal protrusion, a pot belly, for which a corset is 
helpful. If the anterior abdominal wall is weak and erector 
spinae strong, the pelvis drops down anteriorly and rotâtes 
backwards, there is, in conséquence a lumbar lordosis. 
With a strong erector spinae this may become a fixed 
contracture so extreme that the genitalia may be exposed 
posteriorly between the thighs. This is seen in neglected, 
usually bedridden patients. Its treatment is difficult, its 
prévention by stretching and attention to bed posture is 
relatively easy. 

Abdominal wall paralysis may be part of the overall 
trunk muscle weakness with body collapse on sitting up. 
However, as a flexor its rôle in this is minimal, paralysis of 
the anterior abdominal wall is rarely asymmetrical and it 
probably has no rôle in the development of scoliosis. 

Latéral Abdominal Flexors 

These muscles, quadratus lumborum and the latéral part 
of the latéral oblique muscles, flex the upper trunk laterally 
or elevate one side of the pelvis. Paralysis is common, 
usually asymmetrical and with profound effects. Muscle 
grading is not easy. With the patient supine, look at the 
interval between the lowest rib and iliac crest. In marked 
asymmetry, the pelvis is seen to be elevated on the strong 
side, i.e. in paralytic pelvis obliquity, the iliac crest is near 
the ribs. On the opposite, weaker, side, there is a wide gap 
between the twelfth rib and the iliac crest. There may be 
ballooning of the latéral abdominal wall. Because the 
patient is sometimes able to elevate his/her pelvis a little 
using erector spinae on one side, it is essential to estimate 
latéral flexor power by a careful technique. With one hand 
spread open, the thumb against the iliac crest and the little 
finger against the last rib, the other hand then pulls the leg 
down and patient is asked to elevate the pelvis on that 
side against your résistance, the hand pulling down the 


leg strongly as the patient tries to pull up the pelvis. If 
there are active latéral flexors the pelvis is pulled up and 
the thumb and fingers are approximated, on the weaker 
side they are not. Asymmetrical weakness of the latéral 
flexors is the main cause of severe paralytic lumbar or 
thoracolumbar scoliosis and pelvic obliquity. It is 
important to recognize this imbalance early. Bilateral 
latéral abdominal weakness plays an important rôle in 
gravity collapse of the trunk, these muscles are like stays 
holding up a vertical mast. 

When calipers are worn, pelvic élévation is necessary 
to raise each leg slightly as it is swung through. Bilateral 
inability to elevate the pelvis makes caliper walking very 
difficult. If there is a good latissimus dorsi and the shoulder 
can be fixed over a crutch, some pelvic élévation is possible. 

Occasionally, when there is gross latéral flexor 
paralysis on both sides but with good legs, a suprapelvic 
form of the Trendelenburg sign is seen, the pelvis drops 
down as each leg is lifted to walk. This is because there are 
no pelvic elevators. A graft using the fascia lata may be 
used between ribs and iliac crest. Fascia lata grafts may 
also be used to hold up the pelvis in anterior abdominal 
weakness. For a weak abdominal wall with pot belly, 
fascial grafts may be used as an internai corset. Fascial 
grafts were once much used to prevent scoliosis in 
unilatéral later flexor weakness, but they are probably not 
of value and now hâve a limited application. 

The Erector Spinae-Gravity Collapse 

This muscle is the main extensor of the spine, the principal 
muscle to hold the trunk erect, when there is considérable 
paralysis, there is a gravity collapse of the trunk, with very 
important conséquences. Erector spinae is tested with the 
patient prone, with the arms to the side and passive, the 
patient then attempts to lift head and shoulders clear of 
the couch. If this can be done, the muscle is at least grade 3. 
It is then tested, the examiner presses the shoulders down 
against moderate and then strong résistance. The erector 
spinae plays a minimal part in the development of 
scoliosis, being strong or even normal in many severe cases. 
However, it is the main factor in gravity collapse curves. 
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INTRODUCTION 

Poliomyelitis is still a very important cause of paralysis of 
the shoulder joint complex in this part of the world. Usual 
victims of this malady are children and young adults, and 
the extent of disability is usually great. Post polio paralysis 
affects upper extremity less frequently as compared to 
lower extremities, constituting about 25-30% of affected 
population. Most commonly, the muscles innervated by 
C5, C6 are involved with sparing of Trapezius and 
Latissimus dorsi anterior, i.e. muscles innervated C2,3,4 
segments. This leads to paralysis of Deltoid and rotator 
cuff muscles leading to instability and loss of abduction. It 
also renders the residual scapulothoracic mobility useless. 
Because of instability in the proximal joint, the terminal 
tool, i.e. hand cannot be placed in the desired position in 
space, even though the prehensile strength be preserved 
in the hand. This is due to constant gravitational pull on 
the upper extremity and capsular laxity which causes 
downward subluxation of shoulder. This is a very 
important factor to be taken into account by the Surgeons 
before contemplating tendon transfers for substituting 
paralysed rotatory cuff muscles and Deltoid. If there is 
gross hypermobility due to laxity of capsule in ail 
directions and instability, the transferred tendons will be 
ineffective due to mechanical disadvantage. 

Réhabilitation of such a disability is never a simple 
procedure. It demands a thorough understanding of the: 
(i) normal mechanics of the shoulder function, (ii) status 
of the residual muscle power, and (iii) socioeconomic 
status and professional need of the patient. Service of a 
dedicated team of workers including surgeon, his/her 
associâtes, nurse, physiotherapist and occupational 
therapist, is obligatory to achieve good resuit. 

Surgical réhabilitation of postpolio paralyzed shoulder 
résolves itself into either of the two methods, viz, 
arthrodesis and muscle transfer. Arthrodesis renders 


stability at the cost of mobility, and muscle transfer aims 
at restoration of maximum possible mobility of the joint. 

Basic Biomechanics 

Shoulder connects the upper limb to the thorax in a 
complex way through four interdependent links, viz. The 
sternoclavicular, acromioclavicular, glenohumeral, and 
scapulothoracic joints. It is the most mobile joint complex 
which allows us to touch any point within two-third of a 
spherical space by one single hand. The glenohumeral 
joint is a link between a bail with a disproportionately 
small and shallow socket. The range of movement that we 
consider clinically is a combination of glenohumeral and 
scapulothoracic. These two are not isolated movements 
but take place with definite rhythmicity and sequential 
relationship. That means, when the humerai head moves 
on the glenoid socket, the glenoid also moves. Beyond the 
first 30° of élévation, scapular rotation begins. It rotâtes 
over the thorax around a vertical axis, rotâtes on itself 
around an AP axis and also translates upwards and 
forwards. These three movements take place simul- 
taneously to set the glenoid in optimum position for the 
humerai head to play (Inman et al, 1944, Saha, 1967) of the 
different force couples which perpetrate scapular 
movements, the set produced by trapezius and serratus 
anterior is the most important one. Prédominant surface 
motion of the glenohumeral joint is rolling associated with 
some degree of gliding but very little spinning. It implies 
that the point of contact between the opposing articular 
surfaces constantly changes throughout the range of 
motion. For that reason, this unstable joint demands a new 
set of muscular force equilibrium at every instant of motion. 
This was aptly named as dynamic stability of the shoulder 
joint (Saha, 1971,1973). Understanding of this mechanism 
is elementary for a surgeon contemplating réhabilitation 
of the paralyzed shoulder (Fig. 1). 
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Fig. 1: Diagram showing horizontal plane analysis of steerer 
forces: fs (A)-anterior steerer force, fs (P)- posterior steerer 
force, fr-rotatory component, and ft- translatory component 

In an excellent monogram, Saha (1967) offered a bio- 
mechanical classification of the muscles around the 
shoulder joint. Saha's classification is given in a 
summarized form in Table 1. 

Absence of power in the depressor group will cause no 
serious disability excep t inability to lift weight overhead. 

In a normal person the plane of the glenoid is retrotilted 
in respect to the plane of the body. There is retrotorsion of 
the humerai head in respect to the plane of the lower 
condyle of the humérus (Saha et al, 1967). Retrotilt of the 
glenoid, retrotorsion of the humerai head, together with 
the ever changing force couples imparted by prime movers, 
steerers and intermediate group of muscles maintain the 
dynamic stability of the joint during élévation. 

Pattern of Upper Limb Paralysis 

It has already been mentioned that the paralysis of the 
upper limb muscles due to poliomyelitis does not constitute 
a spécifie pattern, Saha (1967) could find out five distinct 
groups from a critical study of 103 cases. Although he did 
not find two cases with identical muscle paralysis, the 
approximation has some significance and is given in 
Table 2. 

Sélection of Cases 

In selecting a case for surgical réhabilitation of the 
paralyzed shoulder, the foliowing points should be taken 
into considération. 


1. Hand function is either preserved to a useful extent or 
it is possible to restore it surgically. It is useless to 
rehabilitate a paralyzed shoulder if the hand is 
nonfunctioning 

2. Elbow movements either are preserved or are restorable 
by operation. Stability of elbow and wrist is a very 
important considération 

3. Ail cases belonging to group V and most of the cases 
belonging to group IV are unsuitable for surgery 

4. Age, sex, social status, profession should be considered. 

Surgical Management 

Arthrodesis 

Arthrodesis has prime place, first for stabilizing 
glenohumeral joint and putting scapulothoracic muscles 
in a mechanically advantageous position for providing 
abduction of upper extremity. The essential prerequisites 
which must be fulfilled for the functional success of 
arthrodesis of the glenohumer al joint are as follows. 

1. Presence of strong axioclaviculoscapular muscles 
is mandatory, Saha (1967) Post (1978) Ingram (1980). 
After successful operation, the fulcrum of the upper 
limb movements shifts from glenohumeral to 
scapulothoracic level, i.e. lever arm is lengthened 
demanding higher force for movements. Arthrodesis 
should not be performed when the patient lacks this 
strength Post (1978). 

2. There must be sufficient amount of good solid bone in 
the components of the glenohumeral joint. In children 
below twelve years of âge, prédominance of cartilage 
precludes the possibility of a successful arthrodesis 
(Saha, 1967). Myer Makin (1977), however, has described 
a method of arthrodesis successfully used on 7 children 
between five to nine years of âge. He followed the cases 
up to adulthood and found insignificant loss of length 
of the humérus and no change in scapulohumeral 
alinement achieved initially. Das (1994) successfully 
used the method on 6 cases. 


TABLE 1 : Biomechanical classification of the muscle around the shoulder joint (Saha 1967) 


Prime Movers 

Superior steerer 
Horizontal steerer—anterior 
Horizontal steerer—posterior 

Intermediate group—depressors 


1. Deltoid Bulky muscles working on a long lever. Exert maximum 

2. Pectoralis major clavicular head force for lifting of arm during abduction 

Supraspinatus The streering group by virtue of their insertions close to the 

Subscapularis periphery of the humerai articular surface and very near the 

Infraspinatus teres minor (part) junction of the neck-shaft axis, steer the head on the glenoid 

surface. They also exert a stabilising force, but their lifting 
force is minimal 

They rotate humerai shaft during élévation and depress the 
head towards later part. 

They also exert a weak steering force on the head 


1. Pectoralis major (sternal head) 

2. Latissimus dorsi 

3. Teres major 
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TABLE 2: Pattern of the upper limb paralysis (Saha, 1967) 


Group 

Muscles involved 

Joint sobluxation 

Incidence 

I 

Serratus anterior levator scapulae 

Rhomboids Trapezius Deltoid Rotators 

May or may not be présent 

Very rare 

II 

Deltoid-anterior and midpart 

Rotators, Girdle muscles-normal. 

May or may not be présent 

Not uncommon 

III 

Same as group II 

+ 

paralysis of elbow flexors and supinators 

Often présent 

Not uncommon 

IV 

partial paralysis of 
trapezius, serratus, etc. 
geenohumerae muscles, 
muscles of elbow, 
wirst and fingers 

Always présent 

Not uncommon 

V 

Flail upper limb 

Présent 

Not uncommon 


Disadvantages of arthrodesis 

1. Arthrodesis imparts strength to the limb's performance 
at the cost of mobility. Under favorable conditions, 
élévation up to 120° may be possible. Many movements 
useful for the activities of daily life, e.g. putting hand 
inside pocket, reaching opposite side of body, back of 
the head, etc. are either lost or become very difficult to 
perform. 

In the event of fusion in excessive abduction it might 
lead to cosmetic problems, scoliosis of upper thoracic 
spine and inability of the hand to be brought to the 
side of the body with excessive winging of the scapula 
thereby stretching of trapezius and fatiguing of the 
body. 

2. Cosmetic loss renders it unacceptable to female patients. 

3. Scoliosis may be produced or exaggerated. 

4. It is an operation usually avoided for patients below 
12 years of âge, failure rate is high and growth 
disturbance is common 

5. It is unsuitable for bilateral cases. 

Methods of fusion: Detailed description of the various 
methods of shoulder fusion is beyond the scope of this 
text. However, the methods can be classified into four 
groups. 

1. Intraarticular 

2. Extra-articular 

3. Combination of above two 

4. Compression arthrodesis. 

Methods of intraarticular fusion need supplémentation 
with internai fixation and free bone grafting for success. 
Steindler (1944) denuded the opposing articular surfaces 
and kept the limb immobilized in thoracobrachial plaster. 
Putti inserted a tibial graft into a transarticular tunnel 
drilled with the shoulder held in desired position. Myer 


Makin (1977) used two Steinmann pins to maintain 
opposition of the denuded glenohumeral surfaces in 
addition to thoracobranchial plaster spica (Fig. 2). 

Various methods of extraarticular arthrodesis hâve 
been reported, Putti (1933), Watson-Jones (1933), Brittain 
(1942). Essential features of those operations are depicted 
in Fig. 3. 

Combination of extra- and intraarticular methods as 
described by Gill (1931), Moseley (1961), May (1962) yields 
good results. Internai fixation during operation and 
prolonged plaster immobilization postoperatively 
enhances success rate. Figure 4 shows essential features 
of the operation. 




Fig. 2: Shoulder arthrodesis-intraarticular 
(Myer Makin's method) 
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Fig. 3: Shoulder arthrodesis-extraarticular 
(Watson-Jones method) 



Fig. 4: Shoulder arthrodesis-combined intra- and 
extraarticular (Moseley's method) 


Charnley (1951), Charnley and Houston (1964) 
reported a method (compression device) which needs a 
relatively less period of externat immobilization. The 
method has not been popular. 

Position of shoulder: A rule of thumb may be followed. A 
shoulder fused in abduction (45° ± 5°), flexion (20° ± 5°) 
and internai rotation (20° ± 5°) is good enough. However, 
the position should dépend on the power balance between 
the trapezius and serratus anterior. Too much flexion 
causes winging of the scapula. Too little internai rotation 
jeopardizes functional activities of daily living (ADL). Too 
much of abduction overstretches trapezius. Myer Makin 
(1977) immobilized the limb in 90° abduction, 25° flexion 
and 25° externat rotation. Patient may not be able to bring 
the arm by the side of the body if arthrodesis is done in too 
much of abduction particularly in adults. By and large the 
arthrodesis procedure are very satisfactory in management 
of shoulder instability due to post polio residual paralysis 
with the remaining functional power distal to the shoulder. 


Operations for Scapular Instability 

For Cases belonging to Group I 

Neither arthrodesis nor muscles transfer can impart good 
functional resuit if scapula remains unstable. Three 
different approaches to solve this problem are found in 
literature. 

1. Fixation of the vertébral border of scapula to spine by 
fascia lata strips-Whitman (1932) used four strips to 
be attached to four adjacent spines (fourth to seventh). 

Dickson (1937) used one slip to paravertebral 
cervical muscles and another to first thoracic spine. 

2. Lowman (1963), Brockway (1939) used interscapular 
fasrial transplants. Fixation of the inferior angle of 
scapula to adjacent sixth rib (Spira, 1948). 

3. Muscle transfer/tendon transfer operations Tubby 
(1904) used sternal part of pectoralis major divided 
into four/five fasciculi to be attached to serratus anterior 
near its insertion. Hass cited by Post (1978) transferred 
Teres Major insertion to fifth and sixth rib near the 
serratus origin. Durman (1945) detached lower one- 
third of pectoralis major and reattached it to the inferior 
angle of scapula through intermediation of a fascia 
lata strip. Chaves (1951) and Rapp (1954) transferred 
pectoralis minor to the middle of the vertébral border 
of the scapula. Steindler (1954) recommended transfer 
of Levator Scapulae to acromion for paralysis of 
upper Trapezius and Bectoralis Major or Minor to the 
inferior angle of scapula to restore the most important 
force couple controlling scapular rotation around AP 
axis. 

Cases Belonging to Group II, III, IV and V 

Choice of operation Decision about the method to be 
adopted in these cases is crucial. It has already been 
mentioned that cases belonging to groups IV and V hâve 
extensive paralysis of muscles acting on elbow, wrist and 
hand in addition to shoulder paralysis. Attempts to 
rehabilitate such a limb are not encouraging. Cases 
belonging to group II and III can be effectively 
rehabilitated by surgery. Cases belonging to group II may 
hâve complété paralysis of the deltoid but may retain useful 
power of the steerers. Some patients can elevate the 
shoulder overhead, while others may need assistance 
between 90° and 120° abduction. These cases are benefitted 
much if treated with Trapezius transfer alone. Cases 
belonging to group in who hâve Deltoid paralysis along 
with steerer paralysis require substitution of the steerers 
along with Trapezius transfer. 

Saha (1967) proposed a list of muscle transfers based 
on sound understanding of the joint dynamics (Table 3). 
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TABLE 3: Saha’s proposée! list of muscle transfer (1967) 


Muscle requiring 

Action 


Choice of muscles for transfer 

replacement or 
reinforcement 



in order of preference 

Subscapularis 

Posterior glider 

1 . 

Upper two digitations of Serratus anterior 



2. 

Pectoralis minor 



3. 

Pectoralis major (whole or part) 

These muscles act almost in the same direction 




as that of fibers of subscapularis 



4. 

Levator scapulae 



5. 

Scalenus anterior 



6. 

Scalenus médius 



7. 

Splenius capitis 



8. 

Sternocleidomastoid 

Last five (4-8) act from above, therefore are second 
class substitutes 

Infraspinatus 

Posterior glider acting from behind 


Latissimus dorsi, teres major 

Suprasspinatus 

Superior glider 


Levator scapulae, Sternocleidomastoid 

Scalenus anterior 




Scalenus médius 

Splenius capitis 

Ail of them act from above, therfore, are good substitutes 

Deltoid and clavicular 
head of pectoralis major 

Prime mover (lifting) 


Trapezius as far down as possible on the shaft 


The list is comprehensive and exhaustive. Author 
has a list of his own preference-tried on a small sériés of 
23 cases between 1976 and 1991 (Table 4). 

Sabre-cut incision provides best exposure of the 
anterior, superior and posterior aspects of the shoulder. 
This facilitâtes dissection of trapezius, levator scapulae, 
pectoralis minor and upper dictations of serratus. Separate 
incision along the posterior axillary fold is necessary for 
dissection and detachment of latissimus dorsi. Such an 
incision is also needed to complété the rerouting of serratus 
anterior (upper) already dissected and detached through 
sabre-cut incision. The operations are délicate and need 
meticulus care. 

Considering that a paralyzed shoulder canby no means 
be rendered normal, results of muscle transfer operations 
in the small sériés mentioned above is satisfactory. Sixteen 
cases, who had latissimus dorsi for infraspinatus, 
pectoralis minor for subscapularis, levator scapulae for 


TABLE 4: Author's proposed list of muscle transfer 
(based on 23 cases between 1976 and 1991) 


Lost muscle function to be replaced 

Muscle used 

Subscapularis 

1 . 

Pectoralis minor 


2. 

Upper two digitations 
of serratus anterior 

Infraspinatus 

1 . 

Latissimus dorsi 

Supraspinatus 

1 . 

Levator scapulae 

Deltoid and/or clavicular head of 

1 . 

Part of trapezius 

pectoralis major 


above scapular spine 


supraspinatus and trapezius for prime movers had good 
results. One such case is shown in Figures 5 A to D. Three 
cases had serratus anterior transfer to replace 
subscapularis, and in 3 cases latissimus dorsi had less 
power than normal. In 4 of those 6 cases, levator scapulae 
was weaker and in 3 cases trapezius power was below 



Fig. 5 A 
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Fig.5C 


normal. Six cases can elevate shoulder to 90° only. There 
is a paucity of published literature on the subject of 
multiple tendon transfer in Group 2 and 3. The literature 
has emphasised more on arthrodesis than on the multiple 
tendon transfers as gross instability and capsular laxity 
become the blocks or contraindications for muscle -tendon 
transfers. 



Fig.5D 


Figs 5 A to D: (A and B) Belonging to category 3 mentioned in 
text. She had steindler for elbow in January 1980 and trapezius, 
pectoralis minor and latissimus dorsi transfer for shoulder 
paralysis in November 1980, (C and D) she acquired 
postgraduate degree after operation and is now a teacher 
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Surgical Management of 
Postpolio Paralysis ofElbow 

and Fore arm 


MN Kathju 


FUNCTIONAL ANATOMY 

The movements at the elbow and forearm are flexion, 
extension, stipulation and pronation. 

The principal flexors are brachialis, biceps brachii and 
brachioradialis which is a powerful ancillary flexor. The 
extensors are the three heads of triceps brachii anconeus, 
and supinator to a small extent. 

The supinators include biceps brachii and supinator. 
The supinator power of biceps decreases as supination 
increases; the last degree of supination is taken over by 
supinator. Extensor pollicis brevis and longus, and 
extensor indices proprius and abductor pollicis longus 
hâve some supinator action. 

Pronator teres is the main pronator but with increasing 
flexion of the elbow it loses its pronation activity. It is 
paired with pronator quadratus which is active in ail 
positions of the elbow. 

Certain trick movements can be simulated to a minor 
extent in the elbow and are as follows. 

1. If ail flexors of die elbow are involved in paralysis, 
flexion can be substituted only by a forward swing of 
the whole arm. 

2. Extension loss may be substituted by gravity. 

3. Pronation can be substituted by abduction and inward 
rotation of the arm at the shoulder. 

4. Supination is much more difficult to supplant as this 
would require a forceful adduction and outward 
rotation at the shoulder joint. 

It is necessary to keep these trick movements at the 
back of the mind during a clinical examination of the 
paralytic conditions of the elbow and forearm. 

MUSCULAR IMBALANCE AT THE ELBOW 

Loss of active flexion of the elbow leads to loss of most of 
the supination. Since biceps brachii is the chief flexor and 


supinator of the elbow this function needs restoration. For 
this three muscle or group of muscle transfers are possible 
if available. 

Pectoralis Major Transfer to Biceps Brachii 

Two methods of pectoralis major transfer hâve been used. 

1. Clarke 1 The lower-third of pectoralis major is separated 
from the upper two-thirds and from its origin together 
with a portion of the rectus sheath in continuity is 
brought to the arm and sutured to the paralyzed biceps 
brachii. The muscle is stripped proximally off the ribs 
keeping in view the médial anterior thoracic nerves 
and the accompanying vessels. An L-shaped incision 
is made, vertical limb on the latéral aspect of the lower- 
third of the arm, the horizontal limb across the elbow 
crease. A space is opened up beneath the deep fascia 
wide enough to receive the bulky pectoralis muscle 
belly. The elbow is flexed to about 30° above a right 
angle with the forearm in full supination. The muscle 
with its distal end of rectus sheath is pulled into this 
incision and the latter is sutured to the tendon of the 
biceps. The rest of the muscle mass is sutured to the 
muscle belly of the biceps (Figs 1A and B). 

The position is maintained in a dorsal plaster slab 
which is kept for six weeks. After this re-educational 
physiotherapy / occupational therapy is started. There 
is a tendency after this procedure for internai rotation 
of the arm, pectoralis major being an adductor. If 
external rotation is not strong enough to prevent this, 
the teres major may be transferred to the latéral surface 
of the humérus if the internai rotation is very disturbing. 

2. Brooks-Seddon 2 In this operation the long head of the 
biceps brachii is converted into a tendon-like structure 
based on experimental déduction by Brooks and 
Seddon. The long head of the biceps was detached from 




546 Textbook of Orthopedics and Trauma (Volume 1) 



Fig-1 A: Tendon of pectoralis major is seperated 



Fig. 1 B : Pectoralis major is sutured to biceps tendon 

its origin and mobilized down almost to its insertion. 
It must dépend for its blood supply on vessels in its 
tendon of insertion although later it may partly be 
revascularized from its tissue bed. They found that this 
blood supply was sufficient to prevent necrosis of the 
muscle but induced its convertion in what amounted 
to a tendon. This was corroborated on experimental 
data which showed that the muscle was converted into 
white tough fibrous tissue which was indis- 
tinguishable from a normal tendon on microscopy. The 


authors used this converted tendon-like long head of 
the biceps to bridge the gap from detached insertion of 
pectoralis major to the radial tuberosity. The author 
has repeated this tendon convertion experiment and 
its transfer (Figs 2 A to C). 

The first incision extends from upper end of 
deltopectoral groove downward along the line of the groove 
to upper and middle-third of the arm. The second incision 
is L-shaped on the antérolatéral aspect of the elbow, vertical 
limb being latéral. Through the first incision the insertion 
of pectoralis major is detached close to the bone, and the 
clavicular part of the muscle is mobilized and retracted 
upwards from the chest wall. The tendon of the long head 
of the biceps brachii is identified, dissected out of its sheath 
and divided high over the head of the humérus. 

The muscle belly of this muscle is freed from the short 
head by blunt and sharp dissection and ail bleeding points 
are ligated or cauterized. It is possible to free the entire 
muscle from both the ends and the tendon is pulled into 
the lower incision. It is then taken back into the upper 
incision subcutaneously. Two parallel slits are made into 
the aponeurotic insertion of pectoralis major and the 
tendon of the long head of biceps is threaded through these 
slits. The tendon and its belly is looped on itself and pulled 
down with the elbow flexed at 40° above the right angle. 
The tendon can often be brought down into the lower 
incision and sutured to the tendon of its own insertion 
with nonabsorbably sutures. A few similar sutures hold 
the looped muscle belly of the biceps through the pectoralis 
major aponeurosis. Wounds are closed and a posterior 
plaster slab is applied and elbow held in a cuff and collar 
sling. This is kept for six weeks. Physiotherapy should be 
started and extension and flexion of the elbow achieved 
gradually. 



Fig. 2A: Insertion of pectoralis major is 
detached close to the bone 
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Fig. 2B: Biceps tendon is pulled from lower incision 



Fig. 2C: Tendon of biceps is taken back in upper incision 
threaded through the slits in pectoral major 

Proximal Shift of Common Flexor 
Muscle Origin on the Humérus 

Another operation which also gives good results is the 
proximal shift of the common flexor muscle origin on the 
humérus (Steindler, 3 Bunnell 4 ). This is best suited when 
there is loss of biceps and brachialis and incomplète 
paralysis of brachioradialis, but where the power in 
flexors of the wrist and fingers are intact. 

Upper shift of the extensor origin may also be used 
since brachioradialis and extensor carpi radialis are 
normally supplementary flexors of the elbow. If both flexor 
and extensor groups are subnormal, origins of both may 
be transferred, which will reduce the usual propensity of 


the flexor transfer to accentuate the tendency to pronation 
and will preserve the normal flexor-extensor balance at 
the wrist. 

A curvilinear incision is made on the inner side of the 
arm centered about three inches above and then distally 
behind the médial épicondyle of the humérus. The ulnar 
nerve is exposed and drawn backwards and the médian 
nerve is visualized. The common flexor origin is identified 
and detached with a flake of bone and dissected distally 
to the point of entry of its nerve supply to as for as the 
motor branches of the médian and ulnar nerves would 
permit. 

The flap of muscle is transplanted two inches above 
the épicondyle in a hole made in the anterior surface of the 
humérus large enough in diameter to receive the bone flake 
and its attached muscle (Figs 3 A to C). 

This can be secured over a button posteriorly through 
a pull through suture or may be fixed with a single screw 
engaging the posterior surface of the humérus. The skin is 
mobilized and sutured over. A plaster cast holds the elbow 
in flexion 60° above the right angle midway between 
pronation and supination for 4 weeks. The posterior plaster 
cast is removed for extension and supination exercises 
after that, but not in between. 

Transfer of Triceps Tendon, Bunnell 4 

This is indicated when there is loss of ail primary flexors 
of the elbow and pectoralis major. This is possible if good 
power is présent in either the médial or latéral heads of the 
triceps. It is contraindicated if crutches would be required 
for walking for some problems in the lower limb. 

An incision is made on the posterior aspect of the arm 
in the distal-third and then continued distally along the 
subcutaneous surface of the ulna a few centimeters below 
the tip of the olecranon. A tail of periosteum 4 to 5 cm is 
reflected from the ulna in continuity with the triceps 



Fig. 3A: Médial curved incision is taken 
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Fig. 3B: Ulnar nerve is isolated and common flexor 
origin detached with a flake of bone 


Fig. 4A: Posterior incision is made 



Fig. 3C: Ulnar flexor origin is attached 2 inches 
proximal to épicondyle 


insertion. The lower end with the periosteal prolongation 
is then made into a tube. The latéral head of triceps is 
mobilized proximally. An antérolatéral curvilinear incision 
is made over the antecubital space and dissection is carried 
deep to expose the latéral margin of the brachialis. A 
subcutaneous tunnel is made between the posterior and 
this incision. The triceps with the periosteal tube is drawn 
into the antérolatéral incision. With the elbow in 90° flexion 
and forearm in fall supination, the periosteal tube with 
the triceps muscle is sutured securely to the biceps tendon. 
Alternatively a drill hole is made in the radius and the 
periosteal tube with the muscle is drawn through the drill 
hole and sutured over a buttonby Cole's technique (Figs 4 A 
toD). 



Fig. 4B: Triceps insertion is detached along with 
4 to 5 cm of periosteum 

The wound is closed and the elbow immobilized for 
4 weeks in plaster at 90° flexion at the elbow with the 
forearm in supination, to be foliowed with active exercises, 
elbow supported in plaster slab in between exercises till 
fair power is regained. 

Sternomastoid Transfer 

Sternomastoid has been mentioned as a motor for weak 
elbow flexion but in our expérience it is a poor motor and 
















Surgical Management of Postpolio Paralysis of Elbow and Forearm 549 



Fig. 4C: Antérolatéral curvilinear incision is made 
Sternomastoid Transfer 



Fig. 4D: Triceps with periosteal tube is inserted into radius 

leads to thick movements at the neck. If no other motors for 
transfer are available, it might be used. 

Latissimus Dorsi Transfer 

Hovnanian 5 transferred the origin and belly of latissimus 
dorsi to the arm and anchored the origin near the radial 
tuberosity. Mobilization is easy because of its long 
neurovascular bundle (Figs 5 A to C). 



Fig. 5A: Incision is taken 



Fig. 5B: Latissimus dorsi belly is seperated 



When there is paresis of biceps and supinators of the 
forearm, supination can be restored to a fair extent by 
transfer of flexor carpi ulnaris after detaching it from the 
pisiform bone which after mobilization to upper two-thirds 
is routed subcutaneously, obliquely and distally to the 
dorsum of the lower end of the radius (Figs 6 A and B). The 
incision is made over the dorsal surface of the lower end of 
the radius. The tendon is fixed to the bone, suturing on 
itself through two drill holes (Steindler). 6 

THE FOREARM 

Operations may be needed for contractures. These may be 
in the form of ténotomies, fasciotomies or even an 
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Fig. 6A: Flexor carpi ulnaris is detached 



Fig. 6B: It is attached to dorsal aspect of lower end radius 


osteotomy. These operations are not required often. If, 
however, the contractures are severe ténotomies may be 
carried out and brachioradialis and extensor carpi radian's 
may be transferred to the flexors of the fingers and the 
thumb, as in correction of Volkman's ischémie contracture. 
One disabling deformity which needs correction is fixed 
supination deformity. This is brought about usually when 
pronators and finger flexors are weak and the biceps and 
wrist extensors are strong. The interosseous membrane 
contracts, the bones become deformed, and radioulnar 
joints may dislocate. Recommended surgical procedures 
are rerouting of biceps tendon, Zancolli 7 and osteoclasis 
of the middle thirds of the radium and ulna, the latter is 
recommended in children below 12 years in whom 
muscles are too weak for transfer, Blount. 8 
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Affections ofthe Wrist and 
Hand in Poliomyelitis 


GA Anderson 


INTRODUCTION 

It has been rightly stated that the importance and 
originality of the upper limb rest with the hand. But it 
behooves the reader as he/ she goes through this section 
on poliomyelitis affecting the wrist and hand to be aware 
of the great necessity for mobility, and/or stability of the 
shoulder, elbow and forearm to provide form, substance 
and purpose for the paralytic hand he/she wishes to 
restore. Children who hâve paralysis partly or wholly 
affecting one upper limb conséquent to poliomyelitis are 
often brought late for definitive care and reconstruction. 
Crédible explanations to this seem to be that: (i) the 
nonaffected upper limb quickly takes on a dominant rôle 
for the child under 5 years to cope with basic activities 
and récréation in such a way, that parents find it 
unnecessary to seek attention even as the child grows older 
(ii) the affected upper limb, not being a source of pain or 
discomfort with its normal sensation, makes bimanual 
activities feasible to some extent. Patients with involvement 
of both upper limbs or a single upper limb with one or 
both lower limbs affected are brought earlier. This latter 
group, therefore, benefits from the advice regarding muscle 
strengthening exercises, prévention of contractures and 
provision of appropriate orthosis (Fig. 1). A partly 
paralyzed upper limb without joint contracture is a 
conducive situation for reconstruction at an appropriate 
date. 

PARALYSIS AND DEFORMITIES 
IN THE HAND AND WRIST 

Common Patterns of Residual Polio Paralysis 

Unlike the predictable patterns of paralysis seen in 
peripheral nerve injuries and Hansen's disease, in 



Fig. 1 : Poliomyelitis in a 6-year-old boy with residual paralysis 
of ail limbs provided initially with bilateral B,K, calipers to make 
him ambulant 

poliomyelitis the muscle are paralyzed in part or as a 
whole, and some are more involved than the others and 
sensation is normal. During the last decade, a study of ail 
consecutive patients who arrived here for definitive care 
broadly fitted into three patterns. 
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Pattern I (Paralysis Figs 2A and B) 

Thumb Weak or paralyzed oppositions and abduction, 
normal long flexor and extensor muscle. 



Figs 2A and B: Thenar muscle paralysis with normal thumb 
extensor and flexor. Finger and wrist motors also functional- 
pattern I paralysis of polio hand 


Fingers Weak intrinsics, normal long flexors and 
extensors. 

Wrist Normal extensors and flexors. 

Pattern II (Paralysis Figs 3 to 4B) 

Thumb Paralyzed intrinsics and weak long flexor and 
extensors 

Fingers Paralyzed intrinsics, weak long flexors and 
extensors 

Wrist Normal/weak extensors, normal flexors (at least 
the flexor carpi ulnaris-FCU). 

Pattern III (Paralysis Fig. 5) 

Thumb Completely paralyzed except grade 1-2 power in 
the long flexor or extensor. 

Fingers Paralyzed intrinsics, partially functioning long 
flexors with grade 2-3 power in 1 or 2 fingers 

Wrist Drop—due to completely paralyzed extensors 
or just grade 2-3 power in extensor carpi ulnaris (ECU), 
Flexor (usually FCU) grade 3. 

Variable degrees of weakness at the elbow and 
shoulder musculature is associated with the three patterns 
of the hand and wrist. Most often the affected wrists and 
hands are hypermobile even though muscle power can be 



Fig. 3: Thenar muscle paralysis, weak thumb long flexors and 
extensor, paralyzed finger intrinsics, weak finger flexors, normal 
wrist motors-pattern II paralysis of polio hand 











Affections of the Wrist and Hand in Poliomyelitis 553 



Figs 4 A and B: Same child as in Figure 1 with bilateral pattern 
Il postpolio paralysis. Supervised home self-care to strengthen 
ail muscles was carried out 


elicited in opposing groups of muscles. But it is not 
uncommon to see a completely flail limb (Huckstep 15 1980, 



Fig. 5: Severe pattern 111 postpolio paralysis of the hand and 
wrist as well as the more proximal elbow and shoulder in a 
12-year-old boy 


Steindler 21 1954) with minimal muscle activity, just at the 
wrist ulnar extensor, and in two or more fingers. Such 
limbs manifest a subluxated shoulder, adducted arm, 
flexed elbow, wrist drop, adducted and supinated thumb 
and with ail fingers flexed slightly at the interphalangeal 
joints. In general the hand together with proximal portion 
of the limb is hypoplastic. 

Deformities 

Deformities are the resuit of paralysis with unrelieved 
muscle spasm in the early convalescent phase, imbalance 
of opposing muscles uncorrected by exercises and orthosis, 
habituai faulty postures and dynamics of activity and 
growth. Contractures may develop. Huckstep 15 (1980) 
emphasized adduction contracture at the shoulder, flexion 
contracture of the elbow and fixed supination or pronation 
of the forearm. To that list, we should further add the 
following in references to the hand and wrist. 

1. Flexion and ulnar déviation of wrist with or without 
fixed contracture. 

2. Volar subluxation of the midcarpal articulation 
contributing to or the cause of the above deformity. 

3. Thumb web contracture 

4. Thrapeziometacarpal (or carpometacarpal) joint 
contracture 

5. MCP joint extension contracture of 2 or more fingers. 
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Reconstruction Considérations 

Sharrard 20 (1955) opined that 14/ 15th of muscle recovery 
takes place within the first 4 months after the onset of 
paralysis in poliomyelitis. But conventionally 2 years are 
allowed to elapse before definite surgical care is instituted 
as for paralysis anywhere else in the body. It is during this 
waiting period that a child should hâve a well-documented 
base line muscle power évaluation. A program of muscle 
strengthening of the long flexors and extensors of the wrist 
and hand, and of the intrinsic muscle is done. More 
proximal muscle groups of the elbow and shoulder girdle 
need to be strengthened as well. Hand orthosis if required 
is kept to the barest minimum so that they are not an 
encumbrance. The parents are advised to go through 
normal range of motion exercises for ail joints of the wrist 
and hand on twice-a-day basis. At every review, muscle 
power is assessed, and angle measurements at the joints 
are documented. A patient whose hand function can be 
improved upon if not already functional need not 
necessarily be the only ones for whom proximal (elbow 
shoulder) stabilization procedures should be considered. 
Other points that deserve attention prior to commencing 
reconstruction for residual polio paralysis on the wrist 
and hand are as follows. 

1. A child needs to be over 5 years old to be able to 
cooperate in muscle rééducation and training that 
follows. 

2. The surgical procedures chosen should be well 
planned and coordinated so that it does not interfère 
with schooling. 

3. Complex and too elaborate procedures in the wrist and 
hand are to be avoided where postoperative 
rééducation and training are not available or cannot 
be supervised. 

4. When a child has already acquired a good substitute 
pattern for hand function which does not make the 
hand look awkward, surgical intervention should be 
very minimal if at ail necessary. 

5. Tenodesis and arthrodesis procedures are to be 
deferred until the child approaches skeletal maturity. 

Sequence of Management of Deformities and Paralysis 

1. A few patients develop contractures that lead to 
deformities which cannot be passively corrected. These 
require release as a prerequisite to tendon transfers in 
the hand. 

The most common are: 

i. Thumb web contracture 

ii. Trapeziometacarpal joint contracture 

iii. MCP joint extension contracture. 


2. Tendon transfers or other stabilizing procedures can 

be performed without the need for contracture release. 

These are: 

i. Adducted and supinated thumb (formally referred 
to as "ape-thumb") 

ii. Clawfingers 

iii. Weak flexors of fingers and/or thumb 

iv. Drop wrist 

v. Volar subluxation of midcarpal articulation. 

Thumb Web Contracture 

Thumb web contracture is usually a long-standing 
problem and is not amenable to preoperative hand therapy. 
If the thumb web angle is less than 40° as measured with a 
small goniometer or if the examiner is unable to take thumb 
pulp passively beyond the pulp of the ring finger, then 
thumb web Z-plasty needs to be done. There are several 
procedures: the standard four-flap Z-plasty (Woolf 23 and 
Broadbent, 1972), the V-Y release with latéral Z's 
(Hirshowitz 14 et al, 1975) and Brand’s single Z-plasty with 
dorsal full thickness skin graft (Fritschi 1971). The Brand's 
procedure is simple as regards technique and the dorsal 
defect will require a full thickness skin graft taken from 
the groin site. 

Trapeziometacarpal Joint Contracture 

Trapeziometacarpal joint contracture, its identification and 
release should not be mistaken for a thumb web 
contracture. The thenar muscles are paralyzed, and the 
thumb in essence has a normal web angle but lies in the 
plane of the palm. When the examiner attempts to bring 
the hypothenar and thenar eminences together (the 
intereminental compression test-the author's), the patient 
complains of pain is the dorsal base of the thumb. This 
maneuver indicates that the posterior oblique ligament 
and the dorsoradial ligament at the base of first and second 
metacarpal are contracted because of the weakly acting or 
normal abductor pollicis longus (APL) and extensors 
pollicis longus (EPL) muscles but in the presence of a 
paralyzed thenar muscles. 

This problem is not also amenable to conservative 
physical therapy. Surgery is the best option. 

Through a 1.5 cm dorsal incision between the bases of 
the first and second metacarpal bones, the branch of the 
radial cutaneous nerve lying superficially and the branch 
of the radial artery lying deeply are protected and the above 
ligaments are incised. This immediately permits the thumb 
to be opposed passively to the pulp of the ring and little 
fingers. 
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MCP Joint Extension Contracture 

When the MCP joints lie extended for long periods either 
because of clawhand or very weak long flexors, the 
collateral ligaments of these joints are lax, their dorsal 
capsule is free, and the joint contact is small. These lead to 
a moderate or severe extension contracture. Here also the 
deformity is long-standing and cannot easily be corrected 
by physical measures. A knuckle-jack splint which is an 
inelastic three-point fixation splint is said to give 
satisf actory correction. But there can be problems with its 
fabrication and even acceptance by the patient. This kind 
of contracture requires operative treatment. The 
metacarpophalangeal (MCP) joints of two adjacent fingers 
is approached by a longitudinal incision placed between 
the adjacent knuckles. The skin is retracted with a 
langenbeck retractor to expose either of the MCP joint, the 
extensor tendon is split in its middle in the long axis, dorsal 
capsule is incised transversely, and a McDonald's freer 
instrument is placed into the joint to free the volar plate. A 
single collateral ligament is transected, usually the ulnar 
ones in the index and middle fingers and radial collaterals 
in the ring and little fingers for moderate contracture. If 
after this single collateral ligament release any one of the 
MCP joints springs back into extension or if there is a 
"jump" phenomenon, then it is considered severe and the 
other collateral of MCP joints are transected. The 
longitudinally split extensor tendons are sutured together 
using 4-0 ethybond and skin is closed. The hand is 
immobilized with a volar cock-up plaster of pans (POP) 
slab maintaining the wrist in 30° extension. Another POP 
slab is placed over the MCP joint keeping them in full 
flexion. Active IP joint movements canbe commenced from 
the second or third day. The dorsal slab is removed only 
after the second weak and substituted with rubber hand 
tractions placed on the volar cock-up slab to provide MCP 
joint flexion. The patient is encouraged and supervised to 
performs active MCP joint extension with the rubber bands 
in place. This normally requires to be used for 3 weeks. 

Tendon Transfers and Stabilizing Procedures 

Tendon transfers in the hand of poliomyelitis patients are 
suitable when the muscle to be transferred is ideally grade 
5 power, with a good tendon excursion, routed as directly 
as possible along the muscle requiring substitution and 
through an unscarred subcutaneous bed to move joints 
that are passively and freely mobile (Curtis, 10 1974). 
Synergistic transfers may not always be possible 
considering me unpredictable patterns of paralysis, but 
antagonists when used hâve shown to be as effective, 
provided ail the prerequisites as above are fulfilled. The 
patients constant awareness of a needed function plays a 


vital rôle for the successful intégration of the transferred 
motor to perform a new rôle. Stabilizing procedures are 
done when there is no muscle with at least grade 4 power 
that can be dispensed for transfer. 

Reconstruction for Pattern I Paralysis 

1. The principal requirement here is for thumb 
opponensplasty. Extensor indicis opponensplasty 
(Burkhalter 1973, Anderson 1992) is suited for 
paralyzed but mobile thumbs especially in children. 
Insertion of this tendon into the abductor pollicis brevis 
(APB) tendon or even into the proximal phalanx 
(Anderson, 1 1991) canbe done. The latter is preferred 
in adults. 

Opponensplasty 

Opponensplasty provides strength and préhension for the 
paralyzed thumb. A good transfer restores good tissue 
equilibrium. There are several opponensplasties. 

1. Flexor digitorum sublimis ofthe ringfinger opponensplasty : 
Bunnel 16 (1938) transferred this using a pulley in the 
area of the pisiform and inserted it into the proximal 
phalanx. Royle Thompson (1942) used the FDSR (flexor 
digitorum sublimis of ring finger) and inserted it as 
two slips, one into the metacarpal neck, and the other 
to the abductor pollicis brevis (APB). Brand (1966) used 
the same motor with his dual insertion, one slip was 
taken around the APB insertion and sutured distally 
on to the EPL (extensor pollicis longus), the other slip 
was taken dorsal to the first metacarpal neck and 
sutured to the abductor pollicis to produce rotation of 
the thumb. Anderson (1966) reviewed 122 patients that 
had the Brand's dual insertion technique and showed 
that 90.98 percent of thumbs had acceptable restoration 
of opposition. 

2. Extensor carpi ulnaris (ECU) opponensplasty: (Phalen and 
Miller 1947). Here the ECU is detached from its 
insertion and sutured to the tendon of the extensor 
pollicis brevis (EPB) which is translocated to the volar 
aspect of thumb after it is released in the distal forearm. 
The EPB insertion is not disturbed. 

3. Palmaris longus (PE) opponensplasty (Camitz 8 1929): The 
PL is taken carefully along with the middle portion of 
the palmar fascia which gives the PL sufficient length 
to be inserted into the APB tendon. Palmaris longus 
may be absent in some individuals or too slender for 
transfer. 

4. Hypothenar muscle opponensplasty (Huber 1921): The 
abductor digiti minimi (ADM) supplied by the ulnar 
nerve is detached at its insertion, carefully dissected 
proximally preserving its nerve and blood supply at 
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its muscle belly. The muscle is tunneled beneath the 
skin and fascia between the hypothenar and thenar 
eminences and the ADM is sutured to the APB. 

5. Extensor Indicis (El) Opponensplasty (Chouhy-Aguirre S, 
1956; Burkhaltar 1973; Anderson 1991): The EL has the 
same strength and amplitude of the APB, it leaves no 
functional déficit after removal and can be easily 
reeducated. It has given 97.5 percent acceptable results 
(Anderson 1991). 

Procedure ofEl opponensplasty: The author uses only three 
incisions. The first incision (2 cm length) is made over the 
dorsum of the index MCP joint, the El lying on the ulnar 
side at this site is identified and freed but not detached. 
Another longitudinal incision (4 cm) is made on the 
dorsolumbar aspect of distal forearm 1 cm proximal to the 
ulnar styloid. Here, the fascia is incised completely, the 
ECU and EDC are retracted and the deeply located EL 
muscle-tendon site is identified. A gentle tug is made at 
this site to confirm its distal tendon in the first wound. 
Then its insertion is detached with a 1 cm strip of the 
extensor hood. The tendon is retrieved into the proximal 
dorsal forearm wound. Another incision (2 cm) is made 
on the radial aspect of MCP joint of thumb. A tendon 
tunneler is passed beneath fascia from this point to the 
dorsal forearm wound gently flexing the wrist and shifting 
the forearm skin wound ulnarwards. The tendon is held 
at the tip of the tunneler and brought into the thumb wound 
and sutured with three separate strong sutures (ethybond) 
to the APB insertion and capsule of the MCP joint. The 
thumb is maintained in 45° abduction and maximum 
pronation during the suturing. Wounds are closed, and 
thumb spica is given for 3 weeks. Physiotherapy is 
commenced thereafter for 3 weeks. 

Other less practised opponensplasties are: (i) extensor 
digiti minimi, (ii) extensor pollicis longus tendon, (iii) 
translocation of the flexor pollicis longus out of the carpal 
tunnel, and (iv) flexor digiti minimi muscle transfer (De 
Veechi 1961). 11 

Although the FDSR opponensplasty seems the first 
choice because of its historical nature, it is wise not to 
choose the superficialis tendon of any finger for 
opponensplasty in poliomyelitis, because it is a wasteful 
use of a strong motor and could possibly lead to sublimis 
minus (swan-neck deformity) in the mobile donor finger. 

Reconstruction for Pattern II, Paralysis 

For Paralyzed Thenar Muscles 5 

Extensor indicis (El) opponensplasty is done if the extensor 
indicis is at least grade 4 (Fig. 7) or the PL is transferred to 
the rerouted distal EPS tendon, alternatives as in pattern I. 




Figs 6A and B: Excellent resuit of opponensplasty using the 
palmaris longus transfer to the rerouted extensor pollicis brevis- 
note the three incisions for this procedure (same patient as in 
Figs 2A and B) 








Affections of the Wrist and Hand in Poliomyelitis 557 



Fig. 7: Excellent resuit following extensor indicis (El) oppo- 
nensplasty, volar capsulodesis and pulley advancement for 
the fingers (same patient as in Fig. 3) 

But in adults an intermetacarpal bone graft (Brooks 
1949, Schnute and Tachdjian 1953) placed between the 
first and second metacarpal bases, keeping the thumb 
abducted 45° opposite the index ringer axis with a K-wire 
to hold the bone graft in place is a suitable alternative. 
Otherwise more directly a trapezio-metacarpal fusion in 
the above abducted position fixing the first metacarpal to 
the trapazium with 2 parallel K-wires or even using the 
tension hand technique (Segmuller), is a procedure which 
the author favors and like to recommend (Fig. 8). 

For Paralyzed Finger Intrinsics (Claw Fingers) 18 

If the PL is not used for the thumb and can be spared, a 
Lennox procedure (Fritschi, 1971) of transferring a 
palmaris longus extended with fascia late into the dorsal 
extensor expansion will complété an intrinsics 
replacement procedure correcting the claw deformity (Fig. 
9). If the extensor carpi radialis brevis (ECRB and extensor 
carpi radialis longus (ECRL) are of near normal power 
then the Brand's (1961) procedure of transferring of 
lengthened ECRL (by using fascia late graft) through the 
flexor route into the dorsal extensor expansion (EFAT) is 
idéal. However, if a motor cannot be spared for claw finger 
correction then the Zancolli capsulodesis with pulley 
advancement (Leddy 1972)16 for younger children (Fig. 7), 



Fig. 8: Trapeziometacarpal joint fusion by tension hand 
principle . Arthodesis of this joint is advisable in the absence of 
a suitable muscle for opponensplasty 

and an extensor bone block on the metacarpal head as 
described by Mikhail (1964) for older âge groups can be 
considered. 

Reconstruction for Pattern III, Paralysis 

Ist Stage 

For thenar muscle paralysis, the trapeziometacarpal 
arthrodesis for intermetacarpal bone graft procedure is 
done to maintain thumb in fixed palmar abduction. 

For the weak finger intrinsics (claw), volar capsulodesis 
is done at the same stage. After a period of 3 weeks plaster 
immobilization, the child is given supervised hand 
physical therapy and occupational therapy training to 
obtain key 1 pulp pinch pattern. 

2nd Stage (To improve flexion of the fingers and thumb) 

The FDP tendon slips are side-stitched or tenodesed to 
each other at the distal forearm so that whatever available 
flexion power there is can be evenly distributed for ail 
fingers. Simultaneously a functioning brachioradialis can 
be tranierred to the flexor pollicis longus to give the patient 
a reasonable improvement in thumb strength. 
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Fig. 9: Good resuit of a 2-year follow-up of bilateral recons¬ 
truction using the ring finger superficialis tendon for 
opponensplasty and a lengthened palmaris longus for claw 
finger correction (same child as in Figs I and 4A and 8) 


But in some paralytic hands neither the pronator teres 
nor the superficialis of 1 or 2 fingers is strong enough to be 
transferred for wrist extension. The FCU may be fairly 
functional to be transferred for finger and thumb extension. 
In such a situation the wrist drop as such is corrected by 
arthrodesis once the child reaches 12 years and above until 
then a thermoplastic cock-up splint is used. Steindler 21 
originally suggested arthrodesis to stabilize the wrist for 
poliomyelitis and subsequently numerous methods hâve 
been described. The AD technique using a 3.5 mm DCP as 
described by Heim and Pfeiffer (1988) remains a procedure 
that gives good results. Iliac bone graft can be used or even 
avoided. However, contouring the plate to follow the dip 
in the carpal and intercarpal régions and centering the 
third metacarpal to the radius with the wrist in 15° 
extension is thereafter provided by FCU transfer if required. 


3rd Stage (Drop Wrist) 

When the pronator or a strong superficialis tendon is 
available, the transfer of either of these to the ECRB tendon 
provides wrist extension. The available FCU or FCR can 
also be transferred to the EDC and EPL for finger and thumb 
extension (Figs 10 A to C). 



Fig. 10A: Postpolio paralysis in a 14-year-old boy. Pattern III 
paralysis associated with weak elbow and shoulder 
musculature 




Figs 10 B and C: Staged reconstruction by flexor tenodesis for 
strengthening finger flexors, followed by pronator teres transfer 
for wrist drop and a single superficialis transfer for finger and 
thumb extension. He was given a forearm sling to provide a 
functioning hand. He required shoulder and elbow stabilization 
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Figs 11A and B: Radiograph of wrist of the same patient as 
in figure 5, two years later. Sound wrist arthrodesis using 
a contoured 3.5 mm DC plate. Observe the good alinement 
of the third metacarpal to the radius. No bone graft was used 
and screws were avoided in the radius, lunate and capitate 
physis 


The reader is reminded that various permutations and 
combinations of paralysis may be seen in poliomyelitis of 
the hand. An o ver ail assessment and a carefully planned 
out program and surgical exercise can leave the patient 
satisfied and given the surgeon confidence to handle each 
and every complex problem that cornes his way. 
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Surgical Management of 
Sequelae of Poliomyelitis ofthe Hip 

MN Kathju 


INTRODUCTION 

The surgical management hip will be necessary for 
correction of deformities either due to soft tissue 
contractures, usually flexors and abductors of the hip 
and/ or bony deformities such as coxa valga, antéversion. 

In any case the affected extremity has to be taken into 
account in totality for making a decision regarding 
reconstructive surgical procedures for correction of 
deformity, muscle imbalance and providing stability. 

Muscles around the Hip Joint 

Basic functional anatomy must be kept in mind. 

1. Gluteus médius abducts and rotâtes the thigh internally 
and gluteus minimus abducts when the hip is 
extended. 

2. Tensor fascia lata abducts the thigh and internally 
rotâtes it. 

3. Gluteus maximus is the most powerful extensor of the 
hip. 

4. The muscles that externally rotate the thigh are 
piriformis, gemelli, obturator externus and internus, 
quadratus femoris and also gluteus maximus. 

5. Psoas muscle flexes and rotâtes the thigh externally. 

Pathomechanics 

1. When gluteus maximus is paralyzed the patient is 
unable to rotate the pelvis backwards. The resuit is 
that in the supporting phase of the affected limb, the 
trunk has to be thrown backward at the hip joint, the 
anterior muscles of the hip and the iliofemoral 
ligaments act as a check. In bilateral paralysis, the gait 
is more awkward, because this backward thrust is 
repeated with each step. 


2. Paralysis of abductors which stabilize the pelvis 
during stance phase, in the frontal plane, fail to do so 
effectively, thereby causing drop of pelvis on the other 
side, which is popularly referred to as Trendelenburg 
test, and bilaterally affections typically lead to wadding 
gait, characterized by ipsilateral trunk bending. 
However, it has been shown that gluteus médius is not 
the only stabilizer of the pelvis. When a person is 
standing on one lower limb with the pelvis level, the 
force which prevents the pelvis from dropping on the 
unsupported side is not entirely muscle pull of the 
glutei, but to a considérable extent the pelvis is fixed by 
the passive tension of the fascia lata and the iliotibial 
band. When standing on the side of the paralyzed 
abduction, the patient shifts the pelvis towards this 
side so that the line of gravity falls more or less through 
the hip joint. 

Surgical Management 1 

Hip surgery may be classified the following: 

1. Hip deformities 

2. Operative procedure for restoring muscle imbalance 

3. Paralytic dislocation or subluxation. 

Hip Deformities 

These may be as a resuit of : 

i. Maintenance of wrong posture during acute and 
convalescent phase. The frog posture that the 
children tend to assume — abduction external 
rotation of the hip and knee in flexion 

ii. Muscle imbalance — contracture of abductors — 
Tensor fascia lata and anterior fibres of gluteus 
médius. 
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As pointed out by Irwin, 2 the contractures of the 
tensor fascia lata and its iliotibial band should be 
sought early, when limited to hip région, otherwise 
a progressive sériés of deformities would develop. 
These might be pelvic obliquity leading to scoliosis, 
flexion-abduction contracture of the hip, genu 
valgum, flexion contracture of the knee, external 
rotation of the tibia with or without subluxation of 
the knee, external torsion of the fémur, secondary 
equinovarus deformity of the foot and leg length 
discrepancy. 

However, it is only when longitudinal growth 
occurs that the typical contracture of the iliotibial 
tract and flexion-abduction contracture of the hip 
occurs. In the absence of muscle function and 
presence of progressive lengthening of fémur, the 
iliotibial tract acts like a bowstring, its length 
remaining relatively constant, while the fémur 
increases in length leading to flexion-abduction 
contracture of the hip. 

Hip release and iliotibial band excision are the 
operations needed (Fig. IA). 

Abduction deformity is the resuit of contracture of soft 
tissues. Abductor and psoas tenotomy, release of sartorius 
and rectus femoris and even anterior capsulotomy help 
(Fig. IB). 

Operative Procedure for Restoring Muscle Imbalance 

Flexor pamlysis: Such patients with isolated flexor paralysis 
are not common. The transfer of external oblique to lesser 
trochanter has been recommended but rarely done. It might 



Fig. IA: Yount's fasciotomy—through a long latéral supra- 
condylar incision on the thigh, the superficial layer of iliotibial 
band is incised, the deeper layer followed to latéral lip of the 
linea aspera and lateroposterior supracondylar ridge and 
excised close to the bone-wound closed. 



Fig. IB : Release of structures for a contracture of the hip—the 
tensor fascia lata, sartorius and iliopsoas if required, the origins 
of rectus femoris and anterior copsulotomy of the hip joint 
(illustrated above) 

help in clearing the extremity by providing lift especially 
during climbing up stairs, particularly when tendon 
transfer around the knee for quadriceps paralysis has been 
done, or foot is stabilized or is in equinus and where 
clearance is needed by flexing the knee and the hip to 
avoid stubbing Sideman 3 . However, extensor contractures 
at the hip if présent would need release. 

Extensor paralysis: If extension and with it external 
rotation has to be restored, contracture of abductors, 
adductors and flexors as présent must be released first. 
Gluteus maximus is the most powerful extensor. However, 
no single muscle transfer can take over its function. But in 
selected cases (Ober 4 and Barr 5 Hogshead 6 ) operation of 
transfer of tensor fascia lata with a long strip of fascia lata 
to erector spine would help. Also posterior transfer of 
iliopsoas to greater trochanter of the fémur would help 
extension at the hip (Sharrard). Unless the gluteus 
maximus is at least of power grade 3, these transfer at best 
produce a dynamic tenodesis (Figs 2A and B). 

Abductor paralysis: Gluteus médius abducts and rotâtes 
the thigh internally and minimus does so when the hip is 
extended. Tensor fascia lata also abducts the thigh and 
internally rotâtes. These muscles are also very powerful. 
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Figs 2A and B: Ober-Barr, transfer of tensor fascia lata to erector spinae: (A) Through a long latéral incision from supracondylar 
région of the thigh to midway between iliac crest and greater trochanter, a wide flap of fascia lata is raised well up into the fleshy 
muscle belly of ténor fascia lata. This muscloaponeurotic flap is pulled subperiosteally just distal to greater trochanter 
anteroposteriorly, and (B) then pulled subcutaneously to the paraspinal incision posteriorly and sutured to the mobilized médial 
two-thirds of the erector spinae muscle with the thigh in extension 


However, their paralysis or weakness can be compensated 
to a good extent by transfer of iliopsoas if available, to 
greater trochanter of the fémur Mustard 7 or where gluteus 
maximus is also weak by posterior transfer of that muscle 
Sharrard 8 . But other hip flexors should be fair as iliopsoas 
is a powerful hip flexor (Figs 3 A to C and 4A to C). 

Another operation which helps in restoring abduction 
is the transfer of tensor fascia lata along with iliotibial 
band laterally and posteriorly on the iliac crest so as to 
bring its contractions in line as abductors of the hip, legg 9 
(Figs 5 A and B). 

Still another procedure which helps to improve hip 
stability and gluteal lurch is the transfer of external oblique 
to greater trochanter of the fémur, particularly where 
iliopsoas or tensor fascia lata are weak. Iliopsoas is very 
often itself weak, while external oblique is hardly ever 
weak, because of its higher and wider segmentai root 
supply from the spinal cord Thomas, Thomson, Straub 10 
(Figs 6 A to C). 

A further operation for increasing the power of hip 
abduction is the transfer of homolateral rectus abdominis 
to greater trochanter Saha. 9 However, this is time- 
consuming operation as the nerves supplying the rectus 
abdominis muscle hâve to be dissected along their course 
in a proximal direction. 


Adductor paralysis: Gravity provides a fairly good force 
in adduction at the hip. Tilt of the pelvis and use of gravity 
provide a good substitution. In isolated paralysis, surgery 
is hardly ever needed. 

Theflail hip: In such patients there is hardly any muscle 
function. The fitting of a brace or arthrodesis of the hip are 
the two treatment modalities available. Arthrodesis in our 
country is not accepted as a rule except in those who hâve 
adopted a Western style of living habits. Majority of the 
population are floor sitters and are used to cross-leg sitting. 
Fitting of a brace or a caliper is also not a idéal solution to 
the problem. There hâve been tremendous improvements 
in materials and designing of calipers to suit oriental 
populations. But the needs of the people of our country or 
of the large rural Southeast Asian populations, spread 
over long distances and who are economically weak 
cannot be met. Frequent changes of calipers needed due to 
wear and tear or breakage or need of new ones due to 
growth of children are problems to be faced. 

However, where arthrodesis or calipers are acceptable, 
affordable or available, arthrodesis is préférable in 
extension and some abduction, midway between internai 
and external rotation, feet separated by 3 to 4 inches is a 
reasonable position. Caliper fitting is a separate field and 
would not be entered into here. 
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Figs 3 A to C: Transfer of iliopsoas to the greater trochanter of the fémur (Mustard): (A) incision, (B) mobilized iliopsoas.Seen 
also the fémoral nerve and the médial circumflex vessels for division, and (C) final placement of iliopsoas through a trough 
made in the ilium and fixation in the fémur distal to the transfer ridge of the greater trochanter 



Figs 4 A to C: Posterior transfer of iliopsoas (Sharrard): (A) iliacus and psoas dissected to lesser trochanter and detached from 
it—a hole made in the ilium posteriorly, (B) the iliacus and psoas drawn through this hole to the outer side of the ilium, and (C) 
the proximal end of the iliacus sutured to the rim of the iliac crest. The distal common tendon of the two muscles fixed to a hole 
in subtrochanteric région from backwards anteriorly 
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Figs 5 A and B: Transposition of tensor fascia lata to mid-point of iliac crest: (A) the muscle belly and upper half of tensor fascia 
lata is mobilized, and (B) the muscle belly and the tensor fascia lata is shifted back to midpoint on the iliac crest and with the limb 
in full abduction is sutured to the dense fascia on the outer kip of the iliac crest 



Figs 6 A to C: Transfer of external oblique to greater trochanter of fémur: (A) incision, (B) mobilization of the aponeurosis from 
the pubic tubercle, lower flap parallel to the inguinal ligament to the anterior superior iliac spine, along the iliac crest and 
upwards to the twelfth—the upper incision obliquely upwards to the ribs (as illustrated), and (C) the aponeurosis detached from 
the pubic tubercle, mobilized as a aponeuroticomuscular flap. The margins are sutured and converted into a tubular structure 
and brought subcutaneously to the greater trochanter and sutured to itself through two drill holes with limb in full abduction 
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Paralytic Dislocation or Subluxation 

Patients with paralytic dislocations or subluxations are 
seen with flexion-adduction at the hip if gluteus médius 
and maximus are paralyzed, and there is overaction of 
adductors and flexors of the hip. A number of operative 
procedures are available. Varus osteotomy or acetabular 
reconstruction may be planned. But adductors would need 
to be lengthened or tenotomized before carrying out these 
procedures (Figs 7 A to C). 

If the extensors of the hip are grade 3 or over, iliopsoas 
transfer would help to restore the balance. When this is 
done any flexor deformity will usually be corrected. But 
sometimes, tenotomy of sartorius, rectus femoris and 
adductor tenotomy may be necessary. If this fails to reduce 
the hip, open réduction and acetabular reconstruction may 
be carried out at the same time or later. 

If there is marked valgus or antéversion of the fémoral 
neck, the hip will remain reduced in abduction 30° to 40° 
and internai rotation 20° to 30°, iliopsoas transfer should 
be followed by varus derotational osteotomy. If there is 
weakness of both abductors and extensors, Sharrard 
postérolatéral iliopsoas transfer may be carried out 
(Figs 7 AtoC). 



Fig 7A: Varus derotational osteotomy for excessive ante- 
version and valgus deformity: showing antéversion and valgus 
of the neck of the fémur 



Fig. 7B: Varus derotational osteotomy for excessive ante- 
version and valgus deformity, guidewire and seating chisel 
inserted in parallel position under radiographie or image 
intensifier control-proximal osteotomy 15 mm distal to the 
chisel. A line made on the surface of the fémur as a guide to 
judge correction of rotation. Shaded area at lesser trochanter 
shows area of wedge removed 



Fig. 7C: Varus derotational osteotomy for excessive ante- 
version and valgus deformity: Rotation and varus achieved, 
fixation with AO plate and screws 
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In paralytic poliomyelitis in the lower limbs, quadriceps 
involvement is common. Hamstrings are less commonly 
involved. 10,13/18 The commonest deformity at the knee is 
the flexion contracture. 

QUADRICEPS PARALYSIS 

Quadriceps is the main stabilizing force at the knee. 
Characteristically, a stance phase muscle, it is necessary 
also in climbing up and down stairs and to prevent 
buckling of the knee. 

The chief complaints in quadriceps paralysis are 
frequent falls, hand to knee gait, flexion contracture. Hand 
to knee gait helps in stabilizing the knee while walking. 
The triceps surae and the gluteus maximus when active 
stabilize the knee and the patient may expérience little 
disability. Flexion contracture and genu recurvatum are 
discussed later. 

Hand to Knee Gait and Frequent Falls 

A patient with poor quadriceps can walk almost normally 
on level ground provided he does not hâve flexion 
deformity of the knee joint. When weight is borne on the 
knee, the line of the center of gravity normally passes 
anterior to the axis of the joint enabling the patient to lock 
the knee in extension in the stance phase. If the knee is not 
locked, it gives away when the patient moves forward. 4 
The hand is then used to stabilize and lock the knee. Hand 
to knee, also correctly called hand to thigh gait may vary 
from a mild push of the hand in the pocket of a trouser to 
holding the thigh. The various gaits in quadriceps 
paralysis in increasing grades of severity are the following. 

1. By only lurching the torso forwards the patient pushes 
the center of gravity anteriorly. 


2. By keeping a few fingers or hand over the thigh (in 
trouser pocket or hooping around the belt) and pushing 
the thigh and knee in the final stages of extension to 
lock. 

3. By keeping the hand over the lower thigh. 
Hyperpigmentation and thickening of the skin are 
generally found where the patient keeps his or her 
hand. 

4. By gripping the lower thigh to both lift as well as lock 
the knee when associated with weakness of hip flexors 
and hamstrings. This is an untidy gait and consumes 
a lot of energy. 

5. Rarely patients lock the knee by tightening the latéral 
soft tissue structures of the knee by walking on the 
outer border of the foot. Occasionally locking of knee is 
done by rotating the fémur on a fixed tibia at the point 
of weight bearing by the screw home motion of the 
tibia on the fémur. 

Mild ankle equinus would push the knee back and 
lock it and hence, should not be corrected. A floor reaction 
orthosis (FRO) would also function in a similar manner. A 
recurvatum osteotomy and/or muscle transfer for 
quadriceps are the surgical options. 

Flexion Contracture of Knee 

Flexion contracture 3 of the knee can be caused by muscle 
imbalance as a resuit of weak or completely paralyzed 
quadriceps against normal or weak hamstrings. It can also 
be caused by a contracture of the iliotibial band. A 
contracted iliotibial band acts as a taut bowstring across 
the knee joint. With growth it flexes the knee and also 
exerts a valgus force whose mechanical advantage 
increases as the deformity increases. Gravity and posture 
are added factors. Since iliotibial band is attached 
posteriorly and laterally to the axis of the knee joint, it 
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causes flexion, external rotation and posterior subluxation 
of the tibia. Thus, iliotibial band can cause flexion deformity 
of the knee, valgus of the knee, external rotation, and 
posterior subluxation of the tibia. 

Similarly, the distal postérolatéral attachment of biceps 
femoris in a hamstring-quadriceps imbalance can cause 
flexion and vagus of the knee, external rotation, and 
posterior subluxation of the tibia. 

In most cases both the above factors are at work. They 
are felt as taut bands as the knee is extended. For tightness 
of iliotibial band, Ober's test and spring test are helpful. 
X-rays help in differentiating subtle posterior subluxations 
and to look for any growth disturbances in the condyles. 

Flexion contracture of the knee is quite often associated 
with contractures at the hip and ankle. The treatment plan 
for flexion contracture of the knee should include 
considération of proximal and distal affections of the limb. 
Usually, the hip and knee contractures are tackled 
simultaneously or at short intervals between the two. 

The treatment of knee contractures vary according to 
the severity of the contracture. The treatment regimens 
include—graduai traction, serial casts, wedging casts, soft 
tissue releases, posterior capsulotomy, supracondylar 
osteotomy, and external fixators (Fig. 1). 

1. For mild contractures, serial wedging casts and / or soft 
tissue releases (iliotibial band release (Yount's), 
fractional lengthening of hamstrings, posterior 
capsulotomy) generally suffice. 

2. For moderate contractures (up to 30-40), one stage 
closing wedge supracondylar (recurvatum) osteotomy 
of the fémur corrects the deformity as well as puts the 
knee in recurvatum facilitating locking. 



3. For deformities in the range of 40-50, a two stage 
procedure, initial soft tissue release with traction 
followed by either wedging casts or supracondylar 
osteotomy gives good results. In these cases, active and 
passive physiotherapy are to be stressed to prevent 
stiffness. 

4. In severe contractures, initial double pin traction (to 
prevent or correct posterior subluxation) with or 
without soft tissue releases followed by recurvatum 
osteotomy if necessary can be done. 

Ilizarov ring fixation, Oganesyan fixator, indigenous 
Bhosale fixator, and Joshi's external fixator System with or 
without soft tissue releases correct ail four components of 
the deformity, viz. flexion, valgus, external rotation and 
posterior subluxation of tibia. They are used to correct 
moderate to severe deformities. 

In the Indian setup, where flexion of the knee is 
important for social and cultural reasons, slow graduai 
methods of correction are preferred to radical releases to 
prevent knee stiffness. Moreover ail methods of correcting 
flexion contractures of the knee fail if. Posterior subluxation 
is allowed to occur because this leads to knee stiffness. 
Dave, Shah, Patel (1990) 6 in their-series had 19 good results 
in 21 congruous knees and 8 good results in 19 
incongruous knees treated with various methods. Posterior 
capsulotomy should be avoided as far as possible to 
prevent posterior subluxation of tibia. Severe hypertension 
(Harandi, Zehix 1974) has been reported in few cases with 
graduai correction. 7 Patients with poliomyelitis are at a 
greater risk than those with cérébral palsy. The risk 
increases further if both knees are corrected at the same 
time but the degree of correction achieved, has no effect on 
the incidence of hypertension (Shah, Asirvatham 1994). 17 
Supracondylar osteotomy has been described earlier. 

Double Pin Traction 

A Steinmann pin is placed in the upper tibial metaphysis 
to prevent or correct posterior subluxation and another in 
the distal metaphysis for correction of flexion. This is a 
cheap, convenient method which can be easily carried out 
in any set-up. The main problem is a long hospital stay. 
Pain, transient peroneal palsies, and vascular compromise 
dictate the amount of weight and the rate of correction. 
This when combined with either a iliotibial band release 
(Yount's), fractional hamstring lengthening, posterior 
capsulotomy increase the rate and amount of correction. 

External Fixator Systems 9 

Graduai correction canbe obtained with any of the external 
fixator Systems mentioned above. They are very useful in 
dealing with récurrences. Advantages claimed are graduai 



Knee in Poliomyelitis 569 


correction, minimum surgery and ambulatory treatment. 
The rate of deformity correction is determined by the most 
sensitive structure to stretching, the posterior neuro- 
vascular bundle. 

Posterior subluxation is most résistant to correction 
and requires spécial attention. Initial distraction of the 
joint is necessary to prevent crushing of articular cartilage 
and to gain a good range of movements postoperatively. 
Overdistraction of the joint beyond 10 mm is also 
associated with postoperative stiffness. 

After correction of deformity the correction is protected 
within the fixator for six weeks followed by splintage for 
another six weeks with vigorous physiotherapy. 

Récurrences 

Récurrences of knee deformity canbe due to: (i) incomplète 
initial correction, (ii) poor postoperative maintenance in 
cast or calipers, (iii) lack of physiotherapy and vigilance, 
(iv) growth, (v) gravity, (vi) posture, and (viii) severe muscle 
imbalance. The first three are iatrogénie and should be 
avoided. For severe muscle imbalance and growth 
disturbances eternal vigilance is the price of freedom from 
récurrence and growth disturbances. With repeated 
récurrences, tendon transfers to restore balance should be 
considered, a weak médial hamstring alone can also be 
considered for transfer to serve as a checkrein to prevent 
récurrence rather than to restore active extension of the 
knee. Marwah 12 (1990), in a sériés of over 200 cases had 
good results with radical release of iliotibial band and its 
transfer to the patella (Riska procedure) in treating flexion 
contractures of the knee joint. 14 The transfer serves as a 
tenodesis. With this operation ostéotomies found were 
avoidable and unnecessary while only Yount's procedure 
was found inadéquate. 

SUPRACONDYLAR OSTEOTOMY 11 

A supracondylar recurvatum osteotomy is a simple, bony 
procedure which éliminâtes the hand to knee gait. 
Supracondylar osteotomy aims to put the knee in 5° genu 
recurvatum in order to passively lock it in stance phase. 
The soleus fixes the foot in equinus while forcing the knee 
backwards and the gastroenemius prevents extreme genu 
recurvatum. Hamstrings assist in preventing severe genu 
recurvatum. It does not give an active extension or active 
stabilization and hence, it does not eliminate difficulty in 
walking on uneven surfaces, brisk walking, running and 
climbing stairs. For alleviating these, restoration of active 
extension of the knee is necessary by tendon transfers lost. 
Common complications include infection, malunion, 
delayed union, under and overcorrection, stiffness of the 
knee, and limitation of last degrees of flexion. 


Technique 

With the patient in supine position and under tourniquet, 
the supracondylar portion of the fémur is exposed with a 
latéral incision. In valgus deformities a médial and anterior 
based wedge corrects flexion and valgus. In these cases a 
médial approach is preferred. The fascia lata and latéral 
intermuscular septum may be divided transversely if found 
tight. The genicular vessels are found at the base of the 
condyles and taken care of. The fémur is exposed 
subperiosteally avoiding entry into the suprapatellar 
pouch. The epiphyseal plate is carefully identified and 
the osteotomy is marked 1-5 cm above it. Anterior-based 
wedge 1-1.5 cm above it. An anterior-based wedge is 
removed and closed by manipulation leaving the posterior 
cortex intact. The intact posterior cortex improves stability 
and the cancellous supracondylar bone permits impaction. 
The stability is checked and if the fragments hâve been 
disengaged or there is gross instability, K-wires for stable 
fixation canbe considered. The periosteum and the wound 
over suction drains and slit applied is a long leg cast. The 
cast are closed lengthwise up to skin to allow swelling 
and the distal pulsations are checked. If the correction 
desired is more than 15° or distal pulsations are not felt 
the knee is put in flexion and gradually corrected with 
wedging casts. Skeletal fixation is usually not necessary. 
Distal pulsations must be doubly checked. The leg is raised 
on two pillows. 

Aftercare 

Drains are removed after 2 to 3 days. Non-weight bearing 
crutch walking is allowed after 5 to 7 days. At two weeks 
the cast and sutures are removed and two plane 
radiographs are taken to confirm the position of the 
osteotomy. If necessary it is remanipulated and a long leg 
cast given. Full weight bearing is allowed in the cast after 
four weeks and removed when the osteotomy is fully united 
at six to eight weeks. Early and vigorous, supervised 
physiotherapy is necessary till 90° flexion is obtained. 

Many authors generally prefer to perform an osteotomy 
2.5 cm above the growth plate. For Indian patients, our 
expérience has been that this is a higher level, where the 
cancellous bone of the metaphysis is not présent. Problems 
of disengagement and nonunion vascular problems are 
more with this higher osteotomy. We now routinely 
perform an osteotomy at a level described above. 

TENDON TRANSFERS 19 

Tendon transfers around the knee is to reinforce a weak or 
paralyzed quadriceps muscle; transfers are not necessary 
for paralysis of hamstring muscles because gravity flexes 
the knee as the hip is flexed. 
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Several muscles hâve been used over the years for 
transfer to reinforce the quadriceps. They are the biceps 
femoris, iliotibialband, semitendinosus, sartorius, gracilis, 
and adductor longus. 

Biceps femorus transfers hâve been reported by several 
authors to achieve good resuit. 

The foliowing prerequisites hâve to be kept in mind: 

1. No deformity in hip, knee and ankle. 

2. Good power of hamstrings. 

3. Power of the hip flexors, gluteus maximus and triceps 
surae must be fair. When the hip flexors are weak, 
clearing the extremity from the floor may be difficult 
after surgery. Ease in ascending or descending steps 
dépends on the strength of the hip flexors and extensors. 

4. Hamstring transfer is contraindicated unless one other 
flexor in the thigh and triceps surae (which also acts 
as a stabilizer in slight recurvatum and knee flexor) 
are functioning. 

5. A weak médial hamstring may be transferred to serve 
as a checkrein on the patella to prevent latéral 
dislocation along with biceps femoris transfer or it may 
be transferred alone to prevent récurrent flexion 
deformity. 

6. Flexion contracture of hip, genu valgum and equinus 
are common with quadriceps paralysis and must be 
corrected prior to tendon transfer. 

7. Patellofemoral joint should be normal. 

8. Best results are obtained when the quadriceps power 
is 2 or more. 

There are conflicting reports in the literature regarding 
phase conversion of the transferred hamstrings. 
Sutherland, Bost and Schottstaedt (1960) hâve found phase 
conversions in many while close and Todd contest their 
daims. 7 

Patwa et al (1990), in a study of 30 cases of hamstring 
transfers hâve found excellent results in 20 cases and good 
results in 4 cases with biceps and semitendinosus 
transfer. 14 Athanil 1 et al (1999) hâve found excellent 
results in 20 cases and good results in 32 out of 62 cases 
with the same transfer. 8 Schwartzmann and Crego (1948) 
in review of 100 biceps transfers found 29 latéral 
dislocations of patella, 16 genu recurvatum, 5 latéral 
instability and 4 failures of transfer to function. 16 In 30 
biceps and semitendinosus transfers, the same authors 
found no latéral dislocation of patella, 7 recurvatum, one 
latéral instability and one failure to function. 

Das 5 after reviewing 143 hamstring transfers in 137 
patients with follow-up from below 5 years to 15 years 
reported 22% excellent, 41% good, 30% fair and 7% poor 
results. Ninety percent of the cases had some functional 
improvement. There were 5 cases of latéral subluxation of 


the patella. 30% had significant restriction of knee flexion 
postoperatively. The number of falls became much less 
after the operation. Even when the objective resuit was not 
up to the expectation, the patients often felt subjectively 
better. 

Caldwell (1955), 2 reported Durham's method in which 
biceps femoris is transferred medially. 4 This éliminâtes 
the latéral dislocation of patella and the line of pull 
becomes more direct. In his sériés Caldwell reported 39 
transfers with no dislocations of patella an two genu 
recurvatum. He had 70% good, 15% fair, and 15% poor 
results. These were based on the stability of the knee. He 
also noted that reinforcement of a weak quadriceps extensor 
by a good biceps femoris produces a better resuit than a 
complété replacement of an absent quadriceps. 

The chief complications with hamstring to quadriceps 
transfer are recurvatum of the knee, latéral subluxation of 
patella, weak function leading to extension lag, restriction 
of knee flexion, and instability around the knee. Difficulty 
with squatting is a major handicap in Indian conditions. 
Recurvatum around the knee can be kept to a minimum 
(Schwartzmann, Crego 1948), 16 if (i) strength of triceps 
surae is good, (ii) ankle equinus is corrected before weight 
bearing, (iii) the knee is immobilized in neutral and not 
recurvatum position, (iv) a brace which permits hyper¬ 
extension is prevented, and (v) active knee physiotherapy 
to promote flexion is instituted. 

Transfer of Biceps Femoris and Semitendinosus 
Tendons to Quadriceps/Patella 1 ’ 2 

Technique 

Principles of Schwartzmann and Crego: 16 Under a high 
tourniquet or Esmarch's bandage, the biceps tendon is 
exposed through a postérolatéral incision taking care of 
the common peroneal nerve. The tendon is detached from 
its insertion with a small piece of bone taking are not to 
damage the latéral collateral ligament. The semitendinosus 
tendon is isolated through an anteromedial incision, and 
detached from the tibia. It is cord-like, round, without 
muscle belly, and lies behind the sartorius and gracilis 
muscles. Both the tendons and their muscle bells are freed 
proximally as far as the incision permits. These muscles 
and tendons are rerouted subcutaneously through tunnels 
in the intermuscular septum and deep fascia. Patella is 
exposed anteriorly and an osteoperiosteal flap is raised to 
form a tunnel. Tendons are passed through this tunnel 
and sutured to the patella and the infrapatellar part of 
ligamentum patellae. Tension is determined by raising the 
limb passively and allowing it to flex. Passive knee flexion 
should not be more than 30° (Fig. 2). 
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Hamstring transfer 

Semitendinosis Biceps femoris 



Fig. 2: Biceps and semitendinosus are 
sutured to patella 

Aftercare 

A long leg cast is applied with the knee in the neutral 
position. The extremity is elevated by raising the foot of 
the bed and not flexing the hip by using pillows. At 3 
weeks, physical therapy is started, particularly extension. 
Knee flexion is gradually started when there is good knee 
extension. Knee motion is gradually allowed in a brace 
when the muscles of the transferred tendons are strong 
enough to extend the knee actively against considérable 
force. To prevent overstretching or s train of the muscles, a 
night splint is worn for at least 6 weeks and the brace for at 
least 12 weeks. 

Transfer of Biceps Femoris Tendon 

Technique principles (Caldwell and Durham): Insertion of the 
biceps tendon is freed carefully protecting the common 
peroneal nerve. It is dissected proximally into the proximal 
third of the thigh. Médial intermuscular septum is divided 
for 10-12 cm preserving the perforating vessels. The tendon 
is passed through the septum and through the tunnel 
between rectus femoris and vastus medialis muscles. 
A tunnel is made in the patella and the tendon affixed 
(Fig. 3). 

Other transfers described are: (i) Iliotibialband transfer 
alone or with a part of gluteus maximus (Riska procedure: 
serves chiefly as a tenodesis); (ii) iliotibial band and 
sartorius (Ober: not strong enough), (iii) sartorius alone 
(weak), and (iv) adductor longus (Kleinberg: a single case 
report in 1957 with satisfactory resuit). 



Fig. 3: Biceps is fixed to patella by passing it 
through a tunnel 


GENU RECURVATUM 8 

Two types of genu recurvatum are found in poliomyelitis, 
first caused by structural bony changes foliowing lack of 
power in quadriceps and the second by relaxation of the 
soft tissues around the posterior aspect of the knee. 
Hamstring paralysis with a good quadriceps is a rarity in 
poliomyelitis. Mild genu recurvatum with quadriceps 
weakness or paralysis is désirable but severe recurvatum 
is disabling. 

Type I (Irwin): With a weak or paralyzed quadriceps, a 
normal or near normal hamstrings and triceps surae, a 
mild genu recurvatum is required to lock the knee in 
extension in the stance phase. But the pressures of weight 
bearing and gravity cause bony changes in the proximal 
tibia. The condyles becomes depressed posteriorly and their 
anterior margins are depressed. The angle of the articular 
surface to the long axis of tibia (normally 7-10 in a posterior 
slope) becomes more acute. The proximal shaft bows 
posteriorly and some subluxation may also occur. 

Type II: The posterior stabilizing structures, viz. triceps 
surae, hamstrings and posterior capsular ligaments are 
weak. Relaxation of these leads to hyperextension which 
is more severe and rapid than in type I. 

Management dépends on the severity of deformity and 
the type of recurvatum. Deformity of less than 30° can be 
managed conservatively in a brace without difficulty. Even 
with severe forms patients are found walking well with 
braces. Operative procedure should be considered with 
severe deformities and in adults with pain and inefficient 
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gait. In the first type as the deformity is predominantly 
bony, the prognosis is good. Corrective osteotomy of fémur 
or tibia can be done. However, osteotomy of proximal tibia 
(Irwin) with or without tendon transfer for quadriceps 
paralysis (in this type hamstrings and triceps surae are 
normal or near normal) is preferred. This carries a poor 
prognosis. Perry, O'Brien and Hodgson (1976) 15 hâve 
described an operation called triple tenodesis. Heyman 
had earlier described a technique which reconstructs the 
collateral ligaments. 

OSTEOTOMY OF TIBIA 

Storen modified the Irwin osteotomy by immobilizing the 
tibial fragments with a Charnley clamp. Tachdijan has 
reported open-wedge osteotomy by placing iliac bone 
grafts anteriorly with considérable success. 

Technique (Principles) Irwig: A section of the shaft of the 
fibula about 2.5 cm long is excised from just distal to the 
neck. The defect is packed with chips from the sectioned 
piece of bone. For osteotomy of the proximal tibial tongue 
of bone is outlined but left attached to the anterior cortex of 
the distal fragment A Krischner wire is passed through 
the distal end of the proposed proximal fragment at a right 
angle to the longitudinal axis of the knee joint and parallel 
to its latéral plane, before the tibial shaft is divided. The 
osteotomy is completed with a Gigli saw, an osteotome, or 
power saw. The proximal end of the distal fragment is 
lifted from its periosteal bed and a wedge of bone of 
predetermined size, its base being the posterior cortex is 
removed from it. The tongue is replaced in its recess in the 
proximal fragment and the fragments are pressed firmly 
together. A long leg cast is applied with the proximal 
fragment hyperextended to its fullest extent by the weight 
of the extremity and by pressure applied to the anterior 
surface of the distal thigh. When necessary, further changes 
in the position of the distal fragment are made by wedging 
the cast distal to the wire 10 to 14 days after surgery. The 
wire is removed at 6 weeks and a new long leg cast is 
applied. The cast is removed after the osteotomy unités. 
Full knee motion should be regained before any operation 
is done to correct the underlying cause of the recurvatum. 

TRIPLE TENODESIS 

Perry et al listed three principles for a successful resuit, 

(i) The fibrous tissue mass used for tendodesis must be 
sufficient to withstand the stretching forces generated 
by walking and thus ail available tendons must be used, 

(ii) Prolonged protection of healing tissues till fully mature. 
The operation should not be undertaken unless the 
surgeon is assured that the patient will conscientiously 


use a brace that limits extension to 15° of flexion for one 
year, (iii) Alinement and stability of the ankle should be 
corrected first. In a review of 16 extremities, at an average 
follow-up of 51 months, postoperative hyperextension was 
between 5° and 6°. Three had récurrence to 10° and one to 
15°. 

Technique Principles Perry et al. For detailed descrip¬ 
tions, please refer to the original articles. 

The posterior capsule of the knee is advanced 
proximally with the joint flexed 20°, a checkrein is 
constructed in the midline posteriorly using the tendons 
of the semitendinosus and gracilis, and two diagonal 
straps are created posteriorly using the biceps tendon and 
the anterior half of the iliotibial band. The flaps are sutured 
under moderate tension and a long leg cast applied in 30° 
flexion. At six weeks, a brace which limits extension to 15° 
is applied and weight bearing started. At twelve months 
this is gradually brought to neutral by serial wedging casts. 
Unprotected weight bearing is then allowed. According to 
Perry, O'Brien, and Hodgson, it is extremely important 
that the soft tissues are completely healed before being 
subjected to excessive stretching caused by unprotected 
weight bearing or by wedging plaster casts. 

FLAILKNEE 

A number of patients walk on Bail knees or even flail limbs. 
It is often wise to leave them alone. In an unstable flail 
knee, a long leg brace should be worn. It has been suggested 
mat fusion of the knee in a good position éliminâtes the 
brace and improves gait but at the cost of difficulty in 
sitting. It is best that such a decision should be deferred till 
the patient is old and mature enough to weigh its 
advantages and disadvantages and décidé for himself 
according to his social and occupational requirements. It 
is a wise policy to apply a cylinder cast on a trial basis to 
help the patient take an informed decision. When both 
legs are badly paralyzed, one knee may be fused and the 
other stabilized with a brace if the patient agréés. 
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Management of Paralysis 
around Ankle and Foot 


MT Mehta 


INTRODUCTION 

Paralysis of the muscles around foot and ankle is most 
common in residual poliomyelitis. This results in muscular 
imbalance and various types of deformities. The joints may 
be unstable due to combination of stretching of ligaments 
and fixed deformities. 

Tendon transfers can best be considered as redistri- 
buting the power around a joint. A dynamic deformity is 
produced by an active tendon, acting against a paralyzed 
muscle. The tendon is transferred to another location taking 
away the deforming force and is reinserted in a new 
location to take over the action of the paralyzed muscle. 
The new insertion thus will not be at a normal site but at a 
new site somewhere between the original insertion from 
where it is removed and the point of insertion of the 
paralyzed tendon, whose place it is going to take. 

Principal plantar flexor is the triceps surae, assisted 
by tibialis posterior, peroneus longus and brevis and also 
the flexor of the toes. They provide forward propulsion 
and push off to initiate the swing phase. The dorsiflexors, 
tibialis anterior, extensor hallutis longus, extensor 
digitorum longus and peroneus tertius, raise the forefoot 
for heel strike to initiate the stance phase. 

Indications for Tendon Transfer 

Tendon transfers are indicated in residual poliomyelitis 
to lend stability and mobility to partially paralyzed feet. 

Fixed deformities hâve to be corrected before a tendon 
transfer is contemplated. Age of the child should be more 
than 6 years so as to get coopération for training of 
transferred tendon. The child should be regularly 
examined before this time also and a corrective surgical 
measure be undertaken. 


Principles followed in Tendon Transfer 

The principles to be followed in tendon transfers are as 
follows. 

As far as possible the tendon to be transferred should 
be getting in the same phase of gait cycle as that of 
paralyzed muscle for which this is substituted. 

The power of the muscle to be transferred should be 
either normal or near normal grade 4 and 5. 

The length of the muscle should be as long as the length 
of the paralysed tendon. 

The course of the transferred tendon should be a 
straight line. 

Neurovascular tissue tendon to be kept undamaged. 
Transferred tendon should preferably hâve its sheath 
intact. 

It should be transferred subcutaneous to provide good 
gliding mechanism. 

It should be anchored firmly in bone in osteoperiosteal 
flap or through the bone. 

The ranges of motion (excursion) of transferred tendon 
should nearly equal that of the paralyzed muscle. 

Agonists function better than antagonists, i.e. they 
should belong to the same phase of movements. 

Joint stabilization procedures should précédé a tendon 
transfer. This helps in two ways. 

1. Effort of the transferred tendon is not wasted and is 
directly transferred to move the joints. This is best 
illustrated by the example of arthrodesis of 
interphalangeal (DP) joint of great toe and transfer of 
extensor hallucis longus tendon to the neck of the 
metatarsal. 

2. The tension of the transferred tendon can be judged 
well and the insertion of the transferred tendon is not 
jeopardized. 
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Paralysis of tibialis anterior, isolated or in combination 
is the most common paralysis in foot and ankle. 

It results in partial drop foot. Drop of the first metatarsal 
head with extension of great toe is the most common 
dynamic deformity. This is treated by Robert Jones 
operation, where an arthrodesis of the interphalangeal 
joint of great toe is done, and the detached extensor hallucis 
longus tendon is transferred to the neck of the first 
metatarsal. Peroneal transfer to the dorsum of the foot is 
done when it is associated with some weakness of other 
dorsiflexors of toes including extensor hallucis longus. 
Hibbs operation of taking ail the dorsiflexors of toes, 
bunching them together and attaching them to the middle 
of the dorsum of the foot, can be combined with Robert 
Jones operation in a partial drop foot with cavus. Tibialis 
posterior and peroneal transfers function well in complété 
drop foot when available. 

The opposite deformity of calcaneous foot is a 
progressive condition and gives best results of tendon 
transfer when triceps surae is partially paralyzed. 
Peabody transfer of tibialis anterior through the 
interosseous space between tibia and fibula in the leg to 
the heel is a good transfer, but as mentioned earlier, this 
muscle is the most common to get affected and hence is 
rarely available for transfer. Multiple transfer of tibialis 
posterior and peronei to the heel gives a very good function, 
particularly when combined with triple arthodesis of the 
foot. Elmslie two-stage procedure is a good operation for 
such a deformity. 
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Equinus Deformity ofFoot in 
Polio and its Management 


PK Dave 


INTRODUCTION 

Equinus is the most common deformity of the lower 
limbs following polio in the developing countries. If 
left unattended, equinus may resuit in a plethora of 
secondary changes in lower limbs and spine. These 
changes are relentlessly progressive in a growing child. 
An understanding of the cause and pathomechanics is 
important for the treatment of the equinus deformity. 

Equinus deformity is a limitation of passive ankle joint 
dorsiflexion to less than a right angle of the (hind) foot on 
the leg (Figs IA and B). This should be distinguished from 
the plantar flexion deformity of the forefoot occurring at 
midtarsal or tarsometatarsal joints (known as forefoot 



drop, cavus or pseudoequinus). Equinus can develop as a 
resuit of dynamic or static forces or as a compensatory 
mechanism. 

Equinus following Muscular Imbalance 

Equinus following muscular imbalance occurs when 
dorsiflexors are paralyzed with strong plantar flexors. 
Dynamic equinus is seldom an isolated deformity. It may 
be associated with a certain amount of invertoevertor 
insufficiency, therefore, the child may also develop 
equinovarus or equinovalgus deformity depending upon 
muscles are involved. 



Figs 1 A and B: Equinus deformity of foot in polio and its management 
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Equinovarus 

Equinovarus deformity is a combination of equinus at 
ankle with inverted heel and forefoot adduction with 
supination. Equinovarus develops as a resuit of weakness 
of peroneal group of muscles as well as tibialis anterior 
and overactive tibialis posterior and gastrosoleus muscles. 

Equinovalgus 

Equinovalgus deformity develops when the peroneal 
muscles and tendo Achilles are strong, and the tibialis 
anterior and tibialis posterior are weak. A strong tendo 
Achilles pulls the ankle into equinus, and the peroneal 
muscles produce a valgus deformity. As time goes on, the 
patient tends to walk on the médial arch of the foot, and 
the forefoot goes into abduction. 

Equinus Following Static Forces 

Equinus can also develop as a resuit of a completely 
paralyzed foot which drops down because of gravity and 
is not controlled by any muscle around the foot. 

Equinus as a Compensatory Mechanism 

Limb Length Discrepancy 

In cases with unilatéral poliomyelitis of the lower extremity 
resulting in shortening of the affected limb, ipsilateral ankle 
is positioned in equinus to reach the ground when the 
patient is upright. 

Quadriceps Déficient Lower Extremity 

In patients with severe paralysis of quadriceps muscle, 
positioning of the ankle in equinus results in the 
transmission of body weight to ground through metatarsal 
heads. This effectively shifts the contact point for 
transmission of weight to ground anteriorly and: 
(i) Prevents jack-knifing of the knee joint because of 
quadriceps weakness, and (ii) attempts to put the foot fiat 
on ground with ankle in equinus pushes the tibia back, 
effectively transmitting an extension force and stabilizing 
the knee in hyperextension. 

This principle is also used in floor reaction orthosis 
where the orthosis maintains ankle in slight equinus, and 
floor reaction generated by bearing weight on the ipsilateral 
side is directed as an extension force to the ipsilateral knee 
by the virtue of the design of the orthosis. 

Pathophysiology of the Equinus Deformity 

An equinus deformity leads to contracture of the soft tissues 
namely shortening of the tendons of gastrosoleus and 
plantaris and contracture of the capsule(s) of ankle and 


subtalar joints. However, if the treatment is delayed, the 
secondary bony changes occur and deformity becomes 
rigid. A soft tissue release at that stage cannot correct the 
deformity, as the ankle mortise is contracted and cannot 
take back a misshapen dôme of deformed talus. Paralytic 
equinus deformity that has not been treated surgically may 
lead to stretching of anterior soft tissues of the ankle and 
may resuit in anterior subluxation of the ankle. 

Impact of Equinus Deformity on Other Joints 

Pathological changes can occur if adéquate dorsiflexion 
is not available at the ankle joint. In the presence of 
equinus deformity, the center of gravity shifts slightly 
posterior (to line of weight transmission) than normal, and 
proximal pathological changes occur to reposition the 
center of gravity anteriorly to more normal position. Thus, 
increased lumbar lardosis, hip flexion, knee flexion or 
genus recurvatum become manifest. The patient complains 
of excessive fatigue, pain in the legs, often referred to back, 
nervousness and mental lassitude, postural symptoms 
appear in the form of lower back strain, hip pain, knee 
pain, cramps in the calf muscle and fatigue. 

Lumbar lordosis with severe equinus associated with 
hip and knee flexion enables the patient to assume a 
crouched position and shift the center of gravity forward. 
Hamstring tightness is commonly associated. 

Assessment of Poliomyelitis Patient 
with Equinus Deformity 

The polio patient with equinus deformity should hâve a 
complété muscle charting, especially the power of 
quadriceps muscle should be recorded. Gait and limb length 
discrepancy should also be noted. 

The severity of the equinus should be recorded in terms 
of angle which the hindfoot makes with the leg, the 
correctibility, if any, should be noted. Associated 
deformities should be looked for in mid- and forefoot, knee 
and hip. Spine should be examined for abnormal curves. 

Radiology is important in long-standing cases with 
secondary bony changes. 

Management of Equinus Deformity 

Equinus deformity should be treated by simplest, safest 
and most reliable technique that is capable of correcting it 
whether be it conservative or surgical. 

No Intervention 

A mild equinus compensating for limb length inquality is 
best left alone. Similarly, equinus has a stabilizing effect 
on the knee with quadriceps paralysis. Correction of 
equinus by tendo Achilles lengthening will destabilize 
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the knee in such cases. Mild equinus has a stabilizing 
effect on a weak knee and hence is often the position of 
choice in ankle arthrodesis. A mild deformity in an adult 
can also be ignored in view of the fact that recovery period 
following surgery is quite prolonged in these cases. 

Conservative Treatment 

Conservative treatment consists of exercises, inhibitory 
casts, orthoses, padding or molded shoe wear. Serial 
casting and bracing are often suitable in younger patients. 
Exercises aim to stretch posterior group of muscles while 
attempting to strengthen anterior muscles. Exercises are 
indicated for mild equinus in younger patients and 
moderate eqinus in older patients when surgical correction 
would entail prolonged recovery period. 

The aim of orthoses, padding and molded shoe wear is 
to prevent the progression of associated compensatory 
pathological changes, to accommodate or support an ankle 
equinus deformity and to prevent récurrence. Orthoses are 
an internai part of any treatment régime—whether 
conservative or surgical. 

Surgical Treatment 

Preoperative considérations are as follows. 

1. Age of the patient: Younger patients fare better and 
recover quickly. Bony procedures are seldom required 
in young patients. 

2. Severity of the deformity. 

3. Presence of significant compensatory pathological 
changes in lower extremity. 

4. Power of quadriceps muscle. 

5. Limb length discrepancy. 

6. Ambulatory status of the patient and power in other 
extremities. 

Soft Tissue Procedures 

A tendo Achilles lengthening is indicated when 

i. the deformity is not long-standing, i.e. the 
secondary bony changes hâve not set in, 

ii. the power of quadriceps in good (i.e. more than 
grade 3/5), and 

iii. when quadriceps is paralyzed but correction is 
required to fit the limb in caliper which is anyway 
needed. 

Tendo-Achilles élongation: By percutaneous sliding methods 
White (1943), described the torque which occurs in tendo 
Achilles before insertion and utilized this concept for 
sliding lengthening of tendo Achilles. He recommended 
sectioning anterior two-third of tendo Achilles at the distal 
end and médial two-thirds, two to three inches proximal 
to the first point. 


Cummins et al (1946), modified White's method and 
recommended sectioning posterior two-third proximally 
and médial two-third distally. 

In Hoke's triple hemisection, three separate puncture 
wounds are used. First is an inch proximal to insertion, 
second one inch more proximal, and third one inch still 
more proximal. First and third sections divide médial one- 
third and the middle section divides latéral one-third. 

Frost (1963), recommended dividing médial three- 
fourth distally and latéral three-fourth approximately 2 to 
3 cm proximally, entire lengthening done within 3 cm of 
tendon's insertion. 

By open methods 

Z-plasty technique: The tendon is divided in a Z-shaped 
manner after dividing the tendon sheath. The deformity is 
corrected, and the tendon stumps are sutured back in this 
position. 

Z-plasty can be done in the sagittal plane (as is 
commonly done) or in frontal plane which is claimed to be 
associated with less récurrence and complication rate. 

Tendon Transfers (Equinovarus Deformity) 

Equino valgus develops when tibialis anterior and 
posterior muscles are weak, the peroneus longus and brevis 
are strong, and triceps surae is strong and contracted. 
Equinus is corrected by TA lengthening. This is followed 
by tendon transfer. 

Anterior transfer of the tibialis posterior tendon removes 
a dynamic deforming force and aids active dorsiflexion of 
the foot, however, transfer alone rarely restores active 
dorsiflexion. Rerouting of the tendon anterior to the médial 
malleolus decreases its plantar flexion power and 
lengthens the tibialis posterior muscle, the deformity may 
not be corrected, however, because the muscle retains its 
varus pull. The entire tendon may be transferred to the 
middle cuneiform or the tendon may be split, with the 
latéral half transferred to the to the cuboid. 

In skeletally mature patients, triple arthrodesis is done 
followed in 4 to 6 weeks by proper tendon transfers 
recommended. 

Tendon transfers are anterior transfer of peroneus 
longus and brevis. Expose the tendons of the peroneus 
longus and peroneus brevis through an oblique incision 
paralleling the skin creases at a point midway between 
the distal hip of the latéral malleolus and the base of the 
fifth metatarsal. Divide the tendons as far distally as 
possible, securely suture the distal end of the peroneus 
longus to its sheath to prevent the development of a dorsal 
bunion, and free the tendons proximally to the posterior 
border of the latéral malleolus. 
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The new site of insertion peroneal tendons is 
determined by the severity of the deformity and the existing 
muscle power. When the extensor hallucis longus is 
functioning and is to be transferred to the neck of the first 
metatarsal, the peroneal tendons should be transferred to 
the latéral cuneiform, when no other functioning 
dorsiflexor is available, they should be transferred to the 
middle cuneiform anteriorly. 

Bony Procedures 

Bony procedures are indicated in older patients, usually 
after the âge of 12 years. The bony stabilization procedures 
used to correct and stabilize an equinus foot are posterior 
bone block operation, Lambrinudi's procedure, arthrodesis 
of the ankle joint. The aim of the first two operations is to 
make a dropfoot brace unnecessary by eliminating plantar 
flexion at the ankle while retaining a désirable range of 
dorsiflexion. 

Posterior bone block operation: It was devised by Campbell 
in 1917 and later modified and popularized by Gill, Inclan 
and others. In this procedure, a bone block is constructed 
on the posterior aspect of the talus and the superior aspect 
of the calcaneus in such a manner that it will impinge on 
the posterior lip of the distal tibia and prevent plantar 
flexion of the ankle. 

However, the procedure has not been popular because 
of high rate of récurrence and complications like ankylosis 
of ankle joint, flattening of talus and degenerative arthritis 
of the ankle. 

Lambrinudi's Procedure: In this procedure a wedge of 
bone is removed from the distal and plantar part of talus 
so that the talus remains in complété equinus at the ankle 
joint, while the rest of the foot is brought to corrected 
position. Lambrinudi's procedure is the idéal procedure 
for treatment of severe fixed equinus. 

Pantalar arthrodesis: It is the surgical fusion of the 
tibiotalar, talonavicular, subtalar joints, and calcaneo- 
cuboid joint. It is indicated (i) in cases of equinus deformity 
with latéral (varus and valgus) instability in a flail 
extremity where leg muscle would not be able to control 
foot and ankle when only the foot is stabilized, and (ii) for 
patients whose deformity has recurred after a posterior 
bone block or a Lambrinudi's procedure. Plantar 
arthrodesis should be done only if the knee has no 


deformities, and there are functioning hamstrings and/or 
triceps surae muscle. The brace will not be required after 
an arthrodesis, and gaitbecomes easier and less fatiguing. 
Plantar arthrodesis can be done in one or preferably two 
stages. 

Postoperative Care 

Postoperative care consists of below knee plaster of Paris 
(POP) cast for 10 to 12 weeks. After that récurrence should 
be avoided by use of night splints and functional orthoses 
for four to six months. Exercises to stretch posterior 
muscles and strengthen anterior muscles should be 
encouraged. 

Complications 

Poor results of equinus surgery can be because of poor 
surgical technique or poor surgical judgement. Infection, 
hematoma formation, wound dehiscence and poor skin 
healing and adhesions are because of poor technique. 
Correction of equinus in a patient with quadriceps 
paralysis, undercorrection or worse still, overcorrection 
leading to calcaneus indicates poor surgical judgement. 
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INTRODUCTION 

Muscles controlling the foot and ankle are most commonly 
affected in postpolio paresis. Amongst the various 
imbalances and deformities that occur, pes valgus and its 
variations form a major group. 

In a normal foot inversion movement is produced by 
tibialis anterior and tibialis posterior muscles and aided 
by extensor and flexor hallucis longus muscles. Eversion 
is produced by the peroneii and is aided by gravity and 
body weight during ambulation and weight bearing. 
Tendo achilles by its action pulls the os calcis backwards 
and thus tends to contribute partially to eversion in 
addition to its main function of plantar flexion. 

CLINICAL EVALUATION 

While assessing any ankle and foot deformity one has to 
consider the tibiotalar, subtalar and midtarsal joints 
together because these joints being close to each other, their 
movements intermingle and overlap. In the sagittal plane, 
movements of flexion and extension occur mainly at the 
tibiotalar joint with minimal contribution from midtarsal 
joints. In the coronal plane, movements occur mainly at 
the subtaloid level, viz. inversion and eversion, with some 
contribution of abduction and adduction at the midtarsal 
level. When the normal foot is everted, the calcaneus 
besides moving laterally also glides posteriorly with the 
rest of the tarsals with respect to the talus, thus, exposing 
the head of the talus medially and inferiorly. In valgus 
deformity, talus assumes a vertical position due to loss of 
calcaneal support under the talar head. 

In the paralytic valgus foot (Fig. 1) the dynamic forces 
producing inversion and adduction are lost due to 
paralysis of tibialis anterior and posterior muscles. When 
the peroneal muscles are active and strong, it leads to 



Fig. 1 : Paralytic valgus foot 



displacement of calcis in valgus resulting in a pronated 
foot. At the same time if the tendo achilles is strong or 
contracted it pulls the os calcis and further increases the 
valgus and also contributes to the additional equinus 
deformity in many cases resulting in equinovalgus. When 
dorsiflexors and evertors are strong and tendo achilles 
and invertors are weak, calcaneovalgus results. Thus, 
valgus deformity of the foot can be pure valgus, 
equinovalgus or calcaneovalgus. 

The paralytic valgus deformities of the foot could be 
mobile or rigid. In early childhood they are usually mobile 
but later due to altered growth of tarsal bones and lack of 
support to the talar head on weight bearing, they tend to 
resuit in a fixed deformity with bony changes, viz. plantar 
flexion of talus and latéral déviation of calcanéum with 
overgrowth (Fig. 2). In addition there may be subluxation 
of the talonavicular and calcaneocuboid joints with latéral 
displacement of the whole foot. 

MANAGEMENT 1216 

The management of these deformities is based on several 
factors. The aim is to correct the deformity and restore 
muscle balance, the type and degree of deformity (mobile 
or fixed), and the strength of the available muscles. The 
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Fig. 2: Talocalcaneal relationship. AA/Normal foot/ BB, 
Paralytic valgus foot 


treatment could be either conservative or surgical. Surgery 
may involve either soft tissues or bony procedures or both. 

In early childhood up to the âge of 5-6 years the 
treatment mostly remains conservative as the foot is supple 
and the deformity mild. The child is given adéquate 
physiotherapy to strengthen the weak muscles and prevent 
overaction of strong muscles. To achieve the same objective 
a below-knee night splint is given with the foot in neutral 
position. For ambulation the child is given corrective boots 
with arch support, médial raise in the insole, or élongation 
of heel either singly or in combination. 

In young children it is préférable to use light weight 
well moulded plastic shoe insert. In older children 
conventional below-knee caliper is given with single or 
double irons, ankle joint with inside T-strap, and valgus 
pad in the boots so as to hold the foot and ankle in corrected 
position. Orthosis could be used at ail âges but they are 
cumbersome and usually disliked by the patients. 

If the deformity is severe and progressive and cannot 
be corrected by conservative methods then surgery is 
resorted to in the form of élongation of tendo-Achilles and 


fractional lengthening of the peroneii followed by 
physiotherapy and below-knee orthosis. Early tendon 
transfers are not advisable as the bones are cartilagenous 
and there is difficulty in training the child in their use. 

Only tenotomy or tendon lengthening tends to weaken 
the muscle by taking away the sole acting strong prime 
mover. It is bénéficiai to redeploy it to reinforce the weak 
opponents, hence tendon transfers are préférable to 
tenotomy. However, most of the tendon transfers are at 
best temporary. Few act as tenodesis which get stretched 
over a period of time and others that do work and aid in 
movements are not strong enough to last till adult life. 
This only buys time for growth till the foot is mature. Quite 
often bony stabilization is needed later on to supplément 
and augment the tendon transfer procedure (Mortens, 
Pilcher 1956). 1 

In children above 6 years of âge, surgery should be 
considered if the deformity is not completely corrected 
passively or there is gross imbalance and one prefers to 
discard die orthosis. The idéal surgical procedure should 
permanently stabilize the foot without any future need for 
surgery. At the same time it should not affect the shape, 
size or growth of the foot, nor restrict the mobility of other 
joints in the foot. 

To correct the fixed calcaneo-valgus deformity in 
children in the âge group of 8-12 years, Dillwyn-Evans 
(1965) type open wedge osteotomy of the calcanéum from 
the latéral side may be done (Fig. 3). 2 This consists of 
transverse osteotomy of the calcanéum and insertion of a 
wedge-shaped bone graft so as to lengthen the calcanéum 
laterally. This lengthens the latéral border of the foot and 
corrects the valgus. However, in severe case the correction 
may remain incomplète. 


Fig. 3: Evans open wedge calcaneal osteotomy 
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To obviate the need for multiple surgeries later and to 
supplément the tendon transfer procedures, extra-articular 
arthrodesis of the subtaloid (talocalcaneal) joint which 
aims at correcting the imbalance and maintaining stability 
hi an immature foot has been widely used. This procedure 
is preferred as it is more reliable than soft tissue surgery. 

Grice (1952, 1955, 1959), described one such extra- 
articular method of inserting two autogenous cortical strut 
grafts, trapezoidal in shape, in the sinus tarsi under 
pressure for holding the correction and achieving fusion 
(Fig. 4) 3,4,5 . This method involves many technical problems. 
The graft must be of the correct size and fit snugly in the 
sinus tarsi in corrected position under pressure. Being a 
cortical bone the osteosynthesis is slow. Hence, delayed 
union, loss of correction or even overcorrection are the 
complications. 

To overcome these drawbacks Brown (1968), Seymour 
and Evans (1968), Hsu et al (1976) and Gross (1976), used 
Batchelor's technique where a fibular graft was passed 
through the dorsum of neck of the talus into the sinus tarsi 
and calcanéum and which affords a good correction 
(Fig. 4) 6 ' 9 . However, osteosynthesis is slow, and chances 
of fracture of the neck of talus due to large size of the fibular 
graft and late valgus deformity at the ankle are not 
uncommon. 

Dennyson and Fulford (1976), used a metallic screw 
for fixation of the talus to calcanéum with cancellous bone 
grafts in sinus tarsi (Fig. 4). 10 This gives good results but 
entails separate iliac incision with its occasional problems 
and also problems of metallic screw fixation which may 
need later removal. 

Over the period of last twenty-five years at the 
Children's Orthopédie Hospital, a technique for subtaloid 
fusion has been developed which tries to obviate these 
disadvantages and achieve permanent stability (Vora 
1990). 11 This is very successfully employed in the âge group 
of 6 to 12 years. Here a tibial strut graft is passed through 
the neck of talus, sinus tarsi and calcanéum and is 
reinforced by autogenous cancellous bone grafts in the 
sinus tarsi (Fig. 5). 






Fig. 5: Extraarticular talocalcaneal stabilization, Children's 
Orthopaedic Hospital technique 

The graft is passed through the neck and sinus tarsi 
into the calcanéum backwards, downwards and laterally. 
While positioning the calcaneous under the talus care 
should be taken not to err on the varus side, minimum 
valgus, however, is acceptable. The sinus tarsi is then 
packed with corticocancellous bone chips. Tendo achilles 
if contracted is lengthened at the same time by a separate 
incision prior to talocalcaneal réduction and insertion of 
the strut graft. By this method strong fixation of talus and 
calcaneous is achieved with early osteosynthesis. 

Forty-five cases were reviewed by this method in 1991 
and 76% showed excellent to good results (Fig. 6); 11% 
had acceptable results with some loss of correction; and 
13% had poor results which needed orthosis and later 
needed stabilization by triple arthrodesis after maturity of 
the foot. Rest of these patients who attained maturity did 
not require any further surgery to stabilize the foot. In view 
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Fig. 4: Extraarticular talocalcaneal stabilization. (A) Crice's, 
(B) Batchelor's, (C) Dennyson and Fullford 


Fig. 6: Radiograph of a case with 7 years' follow-up 
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of this, one would feel that extra-articular subtaloid fusion 
is préférable to other soft tissue and bony injuries for 
achieving and maintaining the stability of the foot in 
children. This procedure may be reinforced by tendon 
transfer when necessary to restore balance and function 
of the foot. 

When the child is over 14 years and cornes with valgus 
deformity of the foot or when there is récurrence of 
deformity following previous surgeries then there is no 
other choice left except bony stabilization of the foot, 
commonly referred to as triple arthrodesis which is a 
permanent remedy. 

To achieve triple fusion the postérolatéral Kocher's 
incision, antérolatéral, or Ollier's oblique incision is used. 
Extensor digitorum brevis is detached from its origin on 
the os calcis and reflected medially. Sinus tarsi is exposed 
and cleared of soft tissues. Capsules are incised to expose 
the talonavicular and calcaneocuboid joints. The 
calcaneonavicular ligament is eut. The foot is inverted and 
the posterior talocalcaneal joint is exposed. At times it 
becomes necessary to eut the calcaneofibular ligament to 
get a clearer view. Proper wedges are removed from the 
tarsal bones so exposed so as to correct ail the deformities 
and bring the foot in neutral position (Fig. 7). In some cases 
of severe deformity a supplementary médial incision may 
become necessary to facilitate removal of a proper wide 
médial wedge from the talonavicular joint. Cancellous bone 
crumbs are taken from the wedges removed and packed in 
the raw surfaces to achieve better and sound union. 
Whenever necessary tendon transfers are done to remove 




Fig. 7: Triple arthrodesis. A Al A2: Bony wedges, B B1 B2: 
Final corrective appearance 


the active motor and supplément it to the weaker muscles 
to achieve better balance between dorsiflexors and plantar 
flexors. If this is not done then there is a danger of late 
development of valgus at the ankle joint. Also distal joints 
of the foot may occasionally develop secondary arthritic 
changes after some years. The foot is immobilized in a 
below-knee plaster cast for 10 weeks followed by a short 
course of physiotherapy. Weightbearing is permitted after 
further 4 weeks when fusion is sound. Later corrective 
boots or orthosis are given to protect the foot from récurrence 
of deformity for about 6 months. 
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INTRODUCTION 

In poliomyelitis the lower limb is more affected than the 
upper limb and trunk combined. In the lower limb itself 
the foot is most frequently involved. Isolated varus 
deformity is uncommon in poliomyelitis. Mostly it is 
accompanied by equinus (as equinovarus), cavus (as 
cavovarus), equinus and cavus (as equinovarus), cavus 
(as cavovarus), equinus and cavus (as equinocavovarus), 
or even calcaneus (as calcaneovarus). 

TERMINOLOGY 

The terms varus, inversion, and supination are so much 
interlinked that one is often equated to other. 

Truly speaking varus is a deformed position of the 
hindf oot in which the sole of the heel has a fixed tendency 
to look inwards. 

Inversion is the movement that combines supination 
twist and adduction of forefoot and some degree of plantar 
flexion at the ankle. 

Supination is the twisting effect of the forefoot mainly 
occurring by élévation of the first metatarsal and 
dépréssion of the fourth and fifth metatarsals. 

Adduction is an inward drift motion of the forefoot 
occurring at the metatarsal and tarsometatarsal joints 
around an imaginary vertical axis passing through the 
talus and up through the tibia, and in which there is médial 
déviation of the metatarsals. 

However, broadly speaking the word varus is used to 
dénoté the inverted position of the foot (sole tilted to face 
the midline). 

EVOLUTION AND PATHODYNAMICS OF HINDFOOT 
VARUS (AND EQUINOVARUS) 

In poliomyelitis the principal cause of varus deformity is 
the paralytic weakness of evertors (peroneii) with or 


without dorsiflexors of the foot and toes. Initially the child 
assumes the varus (rather inverted) position of the foot 
due to the overpowering action of tibialis anterior and/or 
posterior. 

This becomes quite apparent when the child starts 
weight-bearing (standing/walking/running) on the 
affected foot. Gradually with neglect the soft tissues get 
contracted and fixed deformity (equinovarus or varus) 
develops leading gradually to structural (bony) deformity. 

The évolution of the deformity may be compared with 
the bow and bowstring effects. The contracted long tendons 
and ligaments lying on the inferomedial aspect of the foot 
act as a tight bowstring. Initially the smaller bones of the 
foot accommodate as far as possible by changing their 
relative positions and by relaxation of the capsular 
attachments. Having reached the limit of accommodation 
and by virtue of compression by the soft tissues and 
adjacent bones, the ends of the tarsals lying on the 
inferomedial aspect of the foot become narrower in their 
dimensions whereas on the upper and outer aspects of the 
foot their dimensions become relatively greater. 

The neurovascular bundle becomes contracted on the 
inferomedial aspect and so the ligaments, joint capsule 
and other soft tissues, assume a tougher texture whereas 
on the dorsolateral aspect they are stretched and thinned. 

The subcutaneous tissues become crowded and more 
fibrotic on the inferomedial aspect whereas on the 
dorsolateral aspect the fatty layer thins out almost merging 
with the stretched subcutaneous fibrous tissue. The skin 
on the inferomedial aspect of the foot develops exaggerated 
creases with few of them even tucked up with the deep 
tissue. On the other hand it gets stretched on the 
dorsolateral aspect often with callosities in the area of 
maximum prominence. 

In the mature varus deformity (also in valgus), perhaps 
the most important structural changes develop in the 
calcanéum and these changes may détermine other 
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deformities of the foot. Normally the médial and latéral 
walls of the calcanéum are well aligned both longitudinally 
and vertically so as to effectively transmit the balanced 
weight to the forefoot in the normal plantigrade position. 

In varus the médial wall of calcanéum, under the 
influence of soft tissue contracture gets compacted with 
less chance of normal proportionate development (i.e. it 
becomes shorter in both its longitudinal and vertical 
dimensions). On the other hand, the latéral wall under the 
influence of stretching gets effectively expanded both in 
the longitudinal and vertical dimensions, pushing the 
forefoot more medially as well as tilting the foot inwards 
and upwards (supinated appearance). The calcaneocu- 
boid joint acts as the pivot around which the latéral column 
of the foot drifts towards the inner side. Other tarsal bones 
develop more or less similar changes in their médial and 
latéral walls as the calcanéum. However, the calcanéum 
being the principal posterior post of the foot détermines 
the pathodynamics of the varus (or valgus) deformity of 
the foot (Fig. 1). 

EFFECTS OF VARUS DEFORMITY OF FOOT 
ON THE ANKLE AND UPWARDS 

Varus alone produces changes in the transverse axis of 
the ankle. The latéral collateral ligament becomes stretched 
whereas the ligaments on the médial side are crowded 
and tight. In neglected cases the médial malleolus suffers 
comparatively stunted growth whereas the latéral 


malleolus becomes elongated under the influence of stretch. 
The ankle joint shows a tilting effect in which the médial 
side tilts upwards and posteriorly. The ankle mortice 
remains comparatively shallower on the médial side and 
the dôme of talus appears little flattened on that side, with 
shallower articular slopes. 

Weight loading on the affected limb falls relatively more 
on the outer side of the central axis of the leg and knee. In 
a growing child with neglected deformity, there may be 
disproportionate growth of the condyles of the tibia and 
fémur leading to varying degrees of secondary genu varum 
deformity. For the same reason a tendency of coxa vara 
may develop at the hip. While walking the patient 
develops a lurching tendency on the affected side. If 
neglected further the varus of the foot may become a factor 
responsible for producing degenerative changes in the 
hind foot joints, ankle, knee, hip and even lower spine. 

The affected lower limb becomes variably shorter right 
from the réduction of hind foot height as well as segmentai 
shortening depending upon the diminished stimulus of 
growth, the parts affected, and the deformities developed. 

The overall length of the foot becomes comparatively 
shorter especially in neglected cases. 

CLINICAL DIAGNOSIS AND DIFFERENTIAL 
DIAGNOSIS 

The child is usually brought for treatment at the average 
âge of two to three years when he or she continues walking 
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on the inverted foot or at a later stage (usually by 14-15 
years). 

In most of the cases there is a typical history of 
poliomyelitis and obvious postpolioparalytic wasting and 
weakness of muscles and deformities. Uncommonly the 
child may hâve only isolated varus deformity in one foot 
which then mimics the congénital club foot. The 
differentiating points between varus or equinovarus 
deformity of the foot due to poliomyelitis and that of 
congénital clubfoot origin are given in Table 1. 

Varus or equinovarus of the foot may also develop in 
congénital absence of the tibia. It forms a part of 
arthrogryposis multiplex congenita and it also occurs 
secondary to spina bifida. In the former other congénital 
deformities like congénital dislocation of hip, gross 
limitation of flexion of knees, club hand, etc. are quite 
obvious. In spina bifida occulta the clinical signs like 
lipomatous or fibrofatty swelling, tuft of hairs, dimple, 
naevus, etc. are présent in the lower spinal région, and the 
foot is anesthetic, even with trophic ulcers. 

Varus and equinovarus deformities may develop due 
to tarsal coalition, e.g. naviculocuneiform, talocalcaneal 
or even ail tarsals (Mosier, Asher 1984; Simmons 1985; 
Kendrick 1960; RAO, Joseph 1994). 1 ' 4 

Other paralytic conditions in which there can be varus 
or equinovarus deformities are described below. 

1. Cérébral palsy: There is spasticity and the affections 
are the bilateral. Affections of other joints like hips 
(adduction contractures), knee (flexion contractures) 
and various affections of upper limbs, variable mental 
retardation, drooling, microcephaly, squint, etc. are 
usually présent in various degrees. 

2. In Duchenne's muscular dystrophy the marked 
imbalance in muscle strength leads to the typical 
pattern of deformities—flexion, abduction and external 


rotation deformity at the knee and equinovarus 
deformity at the feet. The deformities are acquired, 
usually bilateral, and get further exaggerated when 
the child is confined to the bed or wheel-chair. 

3. It also occurs as an accompaniment of cavus deformity 
of the foot in Friedrich's ataxia (autosomal récessive 
inheritance. 

4. Varus deformity is also seen due to postural contraction 
in traumatic (or other irréversible) paraplégies. 

Traumatic: In fracture of the leg bones, there canbe ischémie 
contracturai effect of compartment syndromes. Malunited 
Pott's fracture, fracture of calcanéum and even 
supramalleolar fractures can lead to varus deformity of 
the hindfoot. 

In developing countries cycle-spoke injury (in which 
there is usually physical fracture of lower tibial epiphysis) 
is a common cause of varus deformity of the hind foot 
région. 

Inflammation: Non-specific or spécifie tendovaginitis 
of tibialis posterior, inflammatory condition of 
gastrocsoleus or even in calf if not attended promptly, can 
leave a legacy of varus deformity. 

Very rarely neoplasms of the calf muscles (e.g. 
neurofibroma, hemangioma, etc.), in the flexor sheath can 
lead to varus deformity. 

INVESTIGATIONS 

Investigations are of little value in diagnosing the postpolio 
deformities. However, to assess the extent of structural 
changes, disability in stability and weight bearing extent 
of deformities, to guide in treatment and prognosis, and to 
convince few parents to agréé to the treatment of their 
child's deformity, certain investigations should be carried 
out. 


TABLE 1 : Différences between congénital clubfoot and acquired postpolio clubfoot like deformity 



Congénital clubfoot 

Acquired postpolio clubfoot like deformity 

History 
and âge 

From birth 

Mostly after the âge of six months 

History of fever/ catarrh/ diarrhea or allied problems prior 
to paralysis 

Associated deformities 

May be bilateral 

Other congénital deformities may 
be présent 

Paralytic effects/deformities in other limbs and/or 
parts of body 

Inspection 

Heel is small and tucked up, the calf 
is more cylindrical. in look. Congénital 
creases/deep grooves are présent 
on the back (just above the heel) and/or on 
the médial aspect of the foot 

Initially normal heel; with 
neglect, less small and less 
tucked up heel 

Palpation 

Calf usually tough in feel 

Usually flaccid in feel 

Movements 

On tickling the sole the child can fan 
out the toes (move the toes up widening 
the webs 

Mostly the dorsiflexors of the toes are also affected 
hence fanning out is not possible 
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1. Assessment of muscle power: Manual (and electrical) 
charting of the muscle power must be done in detail 
under MRC or modified measuring scales. It gives a 
clear view of the power of muscles controlling the joints, 
which can guide the treatment and prognosis. 

2. Foot print: It is a very cheap, convenient and quick 
method of recording the shape of the sole especially 
under weight loading and weight distribution during 
different phases of the gait. 

In varus deformity the outer print is more 
concentrated while the ink impression is lighter or even 
absent on the inner side, more in the hind foot région. 
In equinovarus, the impression is also déficient in the 
heel région. 

3. X-ray: Superoinferior views of both feet, AP views of 
both ankles, and latéral views of both ankles and feet 
(in maximum dorsiflexion) in as much symmetrical 
position as possible should be taken. 

4. Electromyography can be helpful in assessing the phasic 
activity of different muscles especially when tendon 
transfers hâve been done. 

PREVENTION 

Deformity develops due to contractures of the soft tissues 
lying on the side of the overpowering muscles, effect of 
neglected posture and the effect of gravity. If from the very 
beginning the deforming forces are not allowed to exert 
their effects by proper splintage, deformity can be fully 
prevented. At the same time the weaker muscles should be 
given proper physiotherapy to develop their power as 
much as possible. 

TREATMENT OF VARUS (AND EQUINOVARUS) 
Conservative 

In mild cases gentle serial manipulative stretching 
maintained by a padded plaster cast or various splints 
should be done as in the case of mild or moderate 
congénital clubfoot. Once correction is achieved it can be 
maintained by proper orthotics. 

Rôle of orthotics: For orthotics AFO (Ankle foot ortho¬ 
tics) should be used. It works on both the principles of 
static maintenance and dynamic correction. 

The static effect is achieved by providing tarsopronator 
pads on the upper (preferred) or under surface of the sole 
from the heel région to toes. 

The dynamic correction is achieved by incorporating a 
T strap in the outer counter of heel, which is tightened 
against the upright bar on the inner aspect. 

Associated mild tendo Achilles tightness can be 
corrected dynamically by scooping a shallow leather mass 
from the upper inner aspect of the sole. With weight bearing 
the heel of the patient automatically tends to sink in the 


shallow cavity thereby stretching tendo Achilles and 
everting the heel. 

To improve stability it is better to provide upright bars 
onbothsides. 

Changes in the boot pattern (tarsopronator effect) alone 
are not so effective as in valgus deformity. In the late 
neglected cases treatment must be given according to its 
overall merit considering the âge, profession, cosmetic 
sense and future expectations of the patient. 

Many patients who hâve borne their deformities for a 
pretty long period may be content simply with relief of 
secondary pain and discomfort due to the disturbed 
pathomechanics of the deformed foot. In such cases 
supportive orthotics that go with the deformities, should 
be helpful. 

Tendon transfers: Tendon transfers for correction of 
postpolio varus or equinovarus deformity of foot are 
indicated in immature feet in children when the deformity 
is mild and mobile. For more rigid and well established 
deformity tendon transfers are usually combined with 
bony correction. The operations are also indicated in 
combination or following bony contraction to correct the 
muscle balance. Usually tibialis anterior is shifted to the 
outer side of the dorsum of foot or tibialis posterior is 
transferred to the dorsum through the interosseous 
membrane. The actual site of new insertion of the tendon 
dépends on the degree of deformity and the strength of the 
muscles. The tendon has to be transferred latéral to the 
axis of the foot usually on the fourth metatarsal or 
intermediate cuneiform. In equinovarus deformity the 
Achilles tendon is also lengthened. 

Operati ve T reatment 

For persistent varus of the heel and cavovarus of the foot, 
various operations hâve been suggested. The main 
concentration has been on correcting the deformity by 
osteotomy of calcanéum preceded by or with simultaneous 
soft tissue release (Dwyer 1959,1963; Evans 7 1961; Allman 8 
1975; Shepherd, 9 Bâtes 1975; Pandey et al 1980). 

To correct the structural deformity of the (hind) foot, 
Gleich of Vienna was the first to report in 1883 the 
technique of osteotomizing the calcanéum obliquely and 
shifting the heel portion distally and medially for correcting 
the heel valgus. His idea has been borrowed for correcting 
other deformities of the hind foot like varus and calcaneus 
and even treating résistant painful spurs (Steindler 1938). 11 
For the structural varus of the clubfoot, Phelps (1891) 
recommended extensive soft tissue release, wedge resection 
of the calcanéum, and osteotomy of the neck of talus. 12 For 
the same condition Elmslie (1920) osteomized the anterior 
calcanéum and also the talar neck (if necessary), with or 
without tendo Achilles lengthening. 13 
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Dwyer revived the idea of calcanéum osteotomy, first 
for correcting pes cavus by latéral close-wedge osteotomy 
in 1959 and again for the treatment of résistant or relapsed 
clubfoot by a médial open-wedge osteotomy in 1963. 5 " 6 He 
based his second osteotomy on the belief...." that the 
persistence of a small inverted heel in a clubfoot is the 
essential factor in preventing complété correction and that 
it promotes relapse". This inverted heel further shifts the 
distal attachment of tendo Achilles medially, whose 
contraction acts like a deforming force on the heel and 
through its continuity with the plantar fascia on the 
forefoot as well. The patient with heel varus while walking 
bears most of the weight on the outer border of the foot 
thrusting the forefoot medially and towards the heel. 
Unlike in weight bearing on a normal foot, the plantar 
fascia remains unstretched and gets gradually contracted 
thus further acting as a deforming force to exaggerate the 
varus deformity of the foot. 

In principle médial wedge opening osteotomy 
(maintained by a graft taken from the ipsilateral tibia) of 
Dwyer sounds quite appealing since it aims at increasing 
the height of the médial wall of calcanéum alongwith 
correcting the varus of the heel. But not only does it call for 
operation at two sites (heel région to expose calcanéum 
and leg for taking bone graft from tibia), skin closure at the 
heel is difficult and time consuming and also the healing 
is delayed. Similar was the comment of Dwyer himself 
(Kumar et al 1993). 14 

Lundberg 1981; Lemperg, Smith 1976 quoted by Owen 
(1992) hâve stated that there are "terrible problems in 
getting the médial wall to heal" in this osteotomy. 15 
Variable skin necrosis, sloughing of the tight skin along 
the incision over the calcanéum, and delayed healing are 
too often seen. 

Dwyer's latéral close-wedge osteotomy [as such or 
modified (Beaty 1987) of calcanéum has been also tried] 
for correcting the heel varus at various places (Fisher, 
Shaffer 1970; Weseley, Barenfield 1970; Schouwenaars, 
Fabry 1979). 16-19 This operation, in which through a latéral 
curved incision given parallel to and 1 cm below and 
behind the peroneus longus tendon, a semilunar wedge is 
removed from the calcanéum with its base placed laterally, 
is easy and quick and there is hardly any skin closure or 
healing problem. But the greatest disadvantage of closing 
the wedge is that it makes an already small heel further 
smaller. 

Dwyer aimed at bringing back the varus heel to the 
neutral or even slight valgus position in the expectation of 
graduai subséquent correction of the forefoot adduction 
by the realignment of weight bearing. But the fact remains 
that even on long term follow up (average 27 years) variable 
residual adduction did persist in Dwyer's own cases 


(Kumar et al 1993). 14 In most of the cases the toe-in gait 
persists. For correction of residual adduction of forefoot 
osteotomy of the metatarsals may be recommended but the 
final cosmetic resuit is not uniformly satisfactory. 

With an aim to correct the heel varus or cavo-varus 
with or without adduction of forefoot, a geometrical 
biplaner T osteotomy of the calcanéum was evolved 
(Pandey et al 1980) 10 . It corrects the triplaner deformities 
in biplaner osteotomy sites and at the same time broadens 
the small narrow heel. As discussed earlier the 
dimensional dissociation of the calcaneal wall détermines 
the structural deformities of the foot principally the hind 
foot. The restoration of the proportionate dimensions 
(length and height) of the latéral and médial walls of 
calcanéum forms the basis of T osteotomy. 

Dwyer’s Calcaneal Osteotomy 

Plantar fascia is divided subcutaneously to reduce the drop 
of the forefoot. The latéral aspect of calcanéum is exposed 
through a curved incision parallel to and one centimeter 
behind and below the peroneus longus tendon. Periosteum 
is stripped from the superior, latéral and inferior surfaces 
of calcanéum and a wedge of bone is removed with a latéral 
bone of 8 to 12 mm and apex just short of the médial cortex. 
Breaking the médial cortex the gap is closed, which corrects 
the heel varus. The wound is closed and a below-knee 
plaster cast is applied till the osteotomy fuses completely. 

T Osteotomy 

Plantar fasciectomy (modified Steindler's procedure) is 
done to correct any associated cavus. Tendoachilles 
lengthening and posterior capsulotomy are done to correct 
associated equinus. 

An exsanguinating tourniquet is applied. Through a 
curved postérolatéral incision the latéral surface of 
calcanéum is exposed subperiosteally. The superior (only 
up to 1.5 cm behind the calcaneocuboid joint neck région 
of calcanéum), inferior, and médial surfaces are also 
carefully freed subperiosteally to allow osteotomizing the 
bone freely and the movement of the osteotomized posterior 
segment. Using a thin osteotome a vertical osteotomy of 
the calcanéum is performed about 1 to 1.5 cm behind and 
parallel to the calcaneocuboid joint. Halfway down this 
eut a horizontal osteotomy is performed through the 
posterior segment of the calcanéum, the posterior end of 
this eut emerging above the attachment of the tendo 
Achilles. Holding the ankle and hind foot from behind, 
the forefoot is manipulated (rotated externally and shifted 
laterally) till the cavus and forefoot adduction are fully 
corrected. In this maneuver the navicular and calcaneo¬ 
cuboid joint alongwith the distal osteotomized segment of 
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calcanéum move upwards and laterally with the médial 
border of forefoot, and also the foot is straightened. Then 
the posteroinferior calcaneal segment is shifted laterally 
taking with it the attachment of the tendo Achilles. This 
corrects the heel varus and also broadens the small heel. If 
the deformities are severe, appropriate wedges should be 
removed at the site of osteotomy. Any fixation is not 
required. After satisfying the correction the periosteum is 
closed as far as possible followed by subcutaneous and 
skin closure. 

Keeping the foot in corrected position a padded above- 
knee plaster cast is applied for three weeks. Then stitches 
are removed. Further manipulation is done if needed and 
below-knee close fitting plaster cast is applied for a further 
6 to 9 weeks. The child is encouraged for weight bearing 
by 8 weeks to help tarsopronation effect on the foot. 

After final removal of the plaster a boot with 
tarsopronation effect is worn for an average of one year. 

Differential Distraction Technique 

Recently this technique of differential distraction, 
pioneered by ilizarov (1990) and Oganesian and popu- 
larized by BB Joshi in India, is being tried in the 
management of the clubfoot, but how far it can be useful 
for sélective correction of the isolated deformities of the 
hind foot is uncertain. 20 
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Postpolio Calcaneus Deformity 

and its Management 


TK Maitra 


INTRODUCTION 

Postpolio calcaneus deformity is characterized by loss of 
normal push-off mechanism of foot due to complété or 
partial paralysis of gastrosoleus in presence of stronger 
dorsiflexors of ankle. In other words, postpolio calcaneus 
deformity is due to muscular imbalance where dorsiflexors 
of ankle joint overpower plantar flexors. 

Pathomechanics 

Incidence of paralysis of gastrosoleus in polio is quite 
common and so also is that of calcaneus deformity. It is 
next to the incidence of equinus deformity of foot. Weaker 
gastrosoleus and tibialis posterior are the cause of 
calcaneovalgus deformity, while weaker gastrosoleus and 
peroneus are the cause of calcaneovarus deformity. When 
gastrocnemius is paralyzed, calcaneus is not stabilized 
on weight bearing. At the end of stance phase, instead of 
heel push-off ankle rotâtes into dorsiflexion and ultimately 
toe rise occurs. In the absence of gastrosoleus, long toe 
flexors try to flex the ankle. This effort is ineffective due to 
inadéquate power and their anatomical position. Toes are 
flexed and forefoot drops. This is enhanced by short toe 
flexors and secondary tightness of plantar soft tissues, 
and there is vicious calcaneocavus deformity. Combi¬ 
nations may be calcaneocavovalgus or calcaneocavovarus 
depending on involved muscle groups. Because of 
dynamic muscle imbalance, paralytic calcaneus deformity 
worsens relentlessly. Progressive deforming force alters 
bony configuration. 5 Calcanéum inclines vertically. Altered 
shape and disposition of calcanéum can be measured on 
a latéral skiagram of foot and ankle by measuring 
talocalcaneal angle, i.e. angle contended by long axis of 
tibia with undersurface of calcanéum. The angle is 
normally 70 to 80°. In calcaneocavus deformity, it is 
reduced steadily. These bony change further weaken the 


residual plantar flexor power, if any, due to overstretching 
and functional disadvantage for shorter posterior lever 
arm. 

Clinical Manifestations 

Clinical manifestations are prolongation of the stance 
phase of the gait cycle. Normal heel toe rhythm of gait and 
its springiness is replaced by a thumping and halting gait. 
The heel pad is thickened and broadened. Wasting of the 
calf muscles is a distinct feature. Power of gastrosoleus 
may be from grade zéro to three, while that of dorsiflexors 
are of grade three to five. 

Investigations 

In the management of calcaneus deformity proper 
assessment by repeated clinical examinations and 
recording of muscle power of whole limb according to 
recommendation of Medical Research Council of UK is of 
paramount importance. Other investigation like clinical 
photographs (Figs 1 and 2), photographs (Fig. 3), latéral 
skiagrams of foot and ankle for assessing calcaneotibial 
angle (Figs 4 and 5) are helpful for assessment of deformity 
and its progress or regress by treatment. Routine 
investigations and general clinical examination should 
be done as usual. 

Management 15 

Conservative management of paralytic calcaneus 
deformity consists of physiotherapy by assisted exercise 
of the weak muscles to prevent contractures. Orthotics, 
particularly shoes with heel raise by calcaneal spring 
(Fig. 6) or heel wedge improves gait to a little extent while 
waiting for corrective surgery. Surgery is the treatment of 
choice for correction of paralytic calcaneus deformity. 
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Figs 1 and 2: Shows clinical photographs from side, showing clinical photographs from behind (Figure 2) 



Fig. 4: Calcaneotibial angle 


Fig. 6: Calcaneal spring 
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Surgical Management 

Since the beginning of the twentieth century, numerous 
operations hâve been described for the treatment of 
paralytic calcaneus deformity. Whitman 19 in 1901 
proposed talectomy and backward displacement of foot. 
Robert Jones 9 in 1908 introduced two-stage operation of 
midtarsal, subtalar and talotibial arthrodesis. Naughton 
Dunn 4 in 1919 modified further by performing one-stage 
midtarsal and subtalar resection along with transfer of 
tibialis posterior and peroneal to heel, von Bayer 17 in 1932 
described translocation of peroneus longus to heel in the 
treatment of calcaneovalgus deformity. Elmslie 6 in 1934 
published his two-stage operation for correction of 
calcaneus deformity with bony maturity. Peabody 13 in 
1938 stressed the importance of transfer of tibialis anterior 
tendon to heel in children with paralytic calcaneus 
deformity. Sanchis Olmos 14 in 1946 mentioned importance 
of measuring the talocalcaneal angle while Scheer and 
Crego 7 in 1956 stressed importance upon tubercalcanei 
angle and two-stage procedure for correction of 
calcaneocavus. Irwin 8 in 1951 and 1956 stated that there 
is very little bony change in anteroposterior plane of 
subtalar joint and recommended simple joint cartilage 
excision. Siffert, Forster, Nachamie 16 in 1966 published 
Beak triple arthrodesis. Mitchell 11 in 1977 published 
posterior displacement osteotomy of calcanéum and 
power transfer to heel in subséquent operation. Tenodesis 
of tendocalcaneus to fibula has been advocated by 
Westin 18 if suitable muscle is not available for transfer. 
Some of these procedures hâve been abandoned. We 
summarize the commonly practised operation Table 1. 

Children, particularly those without marked alteration 
of bony configuration are usually treated by suitable muscle 
transfer or translocation of peroneus longus depending 
on the deformity as well as available muscle power in the 
foot. 

Commonly used procedures are transfer of tibialis 
anterior to heel (Peabody); transfer of tibialis anterior, 
peroneus longus and bravis to heel, tibialis posterior to 
heel or tibialis posterior and peronei or long flexors of toes 
to heel. 


Peabody procedure: 1 2 ' 3 In this process of transfer, distal 
tendinous insertion of tibialis anterior is eut by direct 
incision and is mobilized proximally. Second incision is 
made in the leg. The eut end of tendon is pulled into the 
second operative field. Third incision is made 
longitudinally and posteriorly. Tibialis anterior being the 
muscle of anterior compartment of leg, it should be passed 
to the posterior compartment through a rent in the 
interosseous membrane after excising a part of the latter 
structure taking care of the vessels and nerves. Distal end 
of the tendon of tibialis anterior is to be intermingled with 
tendocalcaneus in Sana's method described by 
Chowdhurys, Das 1 et al and is fixed to calcaneal apophysis 
through a drill hole by Cole's method. Wounds are closed 
and immobilized in plaster with the foot in equinus (20°) 
for six weeks. This below-knee (BK) plaster is removed 
and physical therapy to train up the transferred muscles 
is started. Passive support in the form of orthosis with 
raised heel by calcaneal spring or heel wedge for three to 
six months helps to prevent overstretching of the 
transferred muscles. In sélective cases where bony 
configuration has not yet been remarkably altered, muscle 
transfer alone is effective for correction of deformity or 
prévention of further détérioration. 

Considering muscle mass of gastrosoleus multiple 
muscle transfer to heel is often advocated. The muscles are 
tibialis anterior peroneus longus, peroneus brevis or tibialis 
posterior alone or in combination with peroneal and long 
toe flexors. Our expérience at BC Roy Polio Clinic and 
Hospital for Crippled Children, Kolkata in 95 patients 
followed up for 30 years with combined transfer is 
satisfactory. 

In cases of calcaneovalgus deformity with some power 
in the gastrosoleus (around grade 2) and good power in 
peroneal (grade 4 or more), translocation of peroneus 
longus tendon as suggested by von Bayer and reported in 
English literature by Bickel and Moe is an effective 
procedure. This operation is performed by a curved 
longitudinal incision along the course of peroneal tendon 
from lower third of leg to base of fifth metatarsal. Skin and 
deep fascia are mobilized as a single layer. Peroneus longus 
tendon is identified and is mobilized distally into the sole. 


TABLE 1 : Surgical treatment of paralytic calcaneus deformity 

Soft tissue procedure Bony procedure Combined procedure 

1. Muscle transfer to heel 1. Arthrodesis 1. Muscle transfer and arthrodesis 

• Triple 

2. Translocation of peroneus longus to heel • Pantalar done in adults 2. Muscle transfer and calcaneal osteotomy 

with bony maturity 

3. Tenodesis of tendocalcaneus to fibula 2. Calcaneal osteotomy can 

be done at any âge 
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and proximally to the lower half of leg. Combined thick 
layer of skin and subcutaneous soft tissues can be 
mobilized up to the heel, or second incision is often 
required on the posterior aspect of heel. Authors preference 
is for a single incision. A groove is made into the posterior 
aspect of calcanéum deep enough to accommodate the 
tendon of peroneus longus. Plantar fascia is released from 
calcaneal tuberosity, tendon of peroneus longus is pulled 
into the groove of calcanéum by hook retractors with foot 
in equinus. Thus, the course of peroneus longus tendon is 
altered without disturbing the origin and insertion. Wound 
is closed after hemostasis and limb is immobilized in 
below-knee plaster with foot in equinus for 3 weeks. After 
this stitches are removed, and nonweight-bearing exercise 
of ankle joint is encouraged. This operation in sélective 
cases has got certain distinct advantages. Peroneus longus, 
being the muscle of the same phase as that of gastrosoleus, 
rééducation of muscle is simpler, origin and insertion 
remain intact, and postoperative recovery period is shorter. 
One should take care of soft tissue during mobilization to 
avoid skin necrosis. Author's expérience with this 
procedure in 48 sélective cases over 20 years is satisfactory. 
Combination of this procedure with extra-articular 
subtalar arthrodesis is often a definitive procedure in 
calcaneovalgus deformity in children. 

If adéquate muscle power is not available for transfer 
or translocation to correct paralytic calcaneus in children, 
tenodesis of tendocalcaneus may be considered as devised 
by Westin. This is performed through a longitudinal 
incision parallel to tendocalcaneus which is divided in 
such a way when the distal end us sutured to posterior 
periosteum of fibula, the foot is in slightly equinus position. 
Westin reported that calcaneal hitch was eliminated in ail 
the patients who were treated by this method. We do not 
hâve any expérience of this procedure. 

Bony operation of paralytic calcaneus deformity is: 
(i) Osteotomy of calcanéum, and (ii) arthrodesis. Often 
the combination of bony operation with soft tissue 
procedures like muscle transfer offers the best resuit. 
Different types of triple arthrodesis hâve been advocated 
by different authors for calcaneocavus deformity in 
adolescence and young adults after completion of growth 
of the bones. The first step of the procedure is Steindler 
procedure to release the contracted fascia, short muscles 
and ligaments of sole from their calcaneal attachments. 
Forcible manipulation will help correction of cavus to a 
considérable extent. Then the fusion is attempted by a 
separate incision among talonavicular, calcaneocuboid 
and talocalcaneal joints after denuding articular cartilage 
with or without excision of wedge of bones according to 
existing deformities for correction of altered bony 
configuration of calcanéum. In calcaneus deformity, one 
has to excise a posterior wedge from the talocalcaneal joint 


or resection can be made on posterior and dorsal aspect of 
navicular and distal and inferior part of talar head 
preserving a dorsal beak. When they are apposed together 
deformity is corrected. We agréé with JMP Clark 3 that of 
these procedures, Elmslie's two-stage procedure of: 
(i) plantar release, and (ii) dorsal wedge excision from 
talonavicular joint in the first stage and subtalar fusion 
with available and suitable muscle transfer to heel to 
augment the plantar flexor power yield stable, plantigrade 
foot regaining plantar flexor power with loss of inversion 
and eversion of foot. Most of the calcaneal deformities can 
be managed by Elmslie's Triple Arthrodesis followed by 
suitable tendon transfer. 

Plantalar arthrodesis in the treatment of calcaneus 
deformity is rarely indicated where there is no suitable 
muscle for transfer. 

Mitchell proposed oblique calcaneal osteotomy with 
posterior displacement of hind part along with insertion 
of tendocalcaneus. He suggested power transfer as a 
separate procedure subsequently. Our expérience of 
posterior displacement osteotomy of calcanéum along with 
plantar release and suitable power transfer to heel in 48 
patients are excellent. 

The procedure is performed under general anesthésia 
and tourniquet. About 5 to 7 cm long oblique incision is 
made on posteromedial aspect of ankle joint in between 
flexor halluces longus and tendocalcaneous taking care 
of vessels and nerves. Plantar fascia, short muscle from 
calcanéum and plantar ligaments are released. Médial and 
plantar surface of calcanéum are exposed, manipulation 
is attempted to correct cavus deformity of foot. Démarcation 
line is made at the junction of vertical (hind part) and 
horizontal part (fore part) of calcanéum. Tendocalcaneus 
is protected by retraction with a spike. Oblique curved 
osteotomy, is performed in posterosuperior direction. After 
completion of osteotomy, the posterior part is displaced 
posterosuperiorly by pull with retractor and is fixed with 
one or two 'K' wires, introduced from posterior aspect. If 
power transfer is planned, it is performed in the same 
sitting. When calcaneal osteotomy is combined with 
translocation of peroneus longus, the tendon fits so snugly 
under tension that no further external fixation of osteotomy 
is required. The limb is immobilized in below-knee plaster 
for 6 weeks in equinus position, mobilization with heel 
raise for 3 to 6 months helps to reeducate the transferred 
muscle. 

This procedure has got following advantages. 

1. Immédiate correction of deformity. 

2. Length of foot is increased and shape is improved. 

3. Mechanical advantage to available power of plantar 

flexor due to longer posterior lever arm of ankle joint. 

4. It can be done both in children and adults. 

5. Mobility of joints is preserved. 
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Though through this procedure orientation of 
calcaneus can be normalized to a great extent fore foot 
drop and valgus/varus instability in the subtalar joint 
remains unchecked. 

We consider this should be the choice where 
calcaneotibial angle is less than 60° in mobile postpolio 
calcaneocavus deformity. Wherever possible muscle 
transfer should be done in the same sitting. 

Pandey 12 in 1989, described calcaneal osteotomy and 
tendon sling for the management of cancaneus deformity 
with satisfactory resuit. 

Ail these procedures hâve got their definite indication 
as well as limitations. Redistribution of power around foot 
and ankle improves gait and arrests deformity but cannot 
make the limb at par with normal one. Only arthrodesis 
often fails due to dynamic imbalance of muscle power, 
and there is chance of récurrence of the deformity. 
Combined procedures are preferred in ail advanced cases 
with altered bony configuration. Plantigrade stable foot 
with ability to stand tip toe is the goal and is achieved by 
the combined procedure of calcaneal osteotomy with 
muscle transfer where there is some residual power in 
gastrosoleus. 
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Management ofFlail Foot and 
Ankle in Poliomyelitis 


KH Sancheti 


INTRODUCTION 

Poliomyelitis is still the leading cause of orthopédie 
disability in developing countries. The frequency of 
affection of the lower limb is far more than that of the upper 
limb. 

Difficulty in ambulation of varying degree dépends 
upon the site, extent and severity of paralysis of the involved 
muscle groups. 

Définition 

Flail foot and ankle resuit when there is complété 
involvement of ail muscles distal to the knee. The intrinsic 
muscles generally retain function as sacral sparing is 
common in poliomyelitis. This may lead to forefoot equinus 
or cavoequinus deformity. 

Clinical Features 

Absence of effective dorsiflexion of the ankle and foot leads 
to a drop of foot and apparent equinus with a high steppage 
gait during the swing phase even though there may be no 
fixed deformity. 

Conversely, loss of push-off due to paralysis of the 
triceps surae leads to an awkward peg-leg pattern of the 
stance phase. 

The joints are hypermobile. Some amount of forefoot 
equinus and cavus results from contracture of the plantar 
fascia and intrinsic muscles of the foot. 

Diagnosis 

In the absence of classical history and clinical features, 
investigations such as EMG nerve conduction studies, 
muscle biopsy, and spinal cord imaging techniques like 
CT scan and MRI may be considered. 


Investigations 

Radiographs reveal atrophy of the bones of the foot. They 
are smaller in size with thin cortices and marked osteo- 
porosis. 

Treatment 

Before planning the treatment, following points need 
considération: 

i. Limb length discrepancy 

ii. Assessment of residual muscle power in the affected 
limb 

iii. Presence of deformities in the ipsilateral and contra¬ 
latéral limb 

iv. Deformity of the spine. 

It is also important to realize that the dropout rate for 
use of calipers in our society is very high. This is especially 
true for the poor patients from the rural areas. 

Treatment may be conservative, with the use of 
orthoses, or operative. 

The operative treatment consists of correction of the 
deformity followed by the stabilization of the foot. 

Correction of Deformity 

Deformity is produced by contracture of the plantar fascia 
and intrinsic muscles of the foot. 

In the immature foot release of the contracted soft tissues 
on the plantar aspect by Steindler stripping is indicated. 
This is followed by wedging casts. 

Persistent heel inversion is corrected by Dwyers 
calcaneal wedge osteotomy, and muscle imbalance due to 
overactivity of the intrinsic muscles is corrected by sélective 
division of the motor branches of the plantar nerves as 
advocated by Garceau and Brahms. 
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Modem techniques like application of the Joshi's 
external stabilization System (JESS) or Ilizarov external 
fixators using principles of differential distraction hâve 
also given good results in correction of foot deformities. 
These procedures may be used alone or in combination. 

Steindler operation: A médial incision is taken over the 
heel extending distally up to the anterior tubercle of the 
calcaneus. The plantar fascia is exposed by dissection 
along its superficial and deep surfaces (Fig. 1). The plantar 
fascia is divided from its calcaneal attachment and with a 
periosteal elevator the muscles arising from the plantar 
surface of the calcaneus are elevated extraperiosteally up 
to the calcaneocuboid joint distally. The plantar 
calcaneocuboid ligaments are divided. The wound is closed 
after hemostasis. 

A short leg cast is applied and the patient kept 
nonweight bearing for 3 weeks and then weight bearing 
for a further 3 weeks. 

Tarsal osteotomy: It is used for correction of the cavus 
deformity at the âge of skeletal maturity. Commonly two 
types of osteotomy are practised. 

1. Cotes dorsal wedge osteotomy which results in a short broad 
foot: First a plantar fascia release is done, then a midline 
longitudinal incision is made on the dorsum of the 
foot from just proximal to the midtarsal joints to the 
middle of the metatarsal shafts. The periosteum is 
exposed through the space between the extensor 
tendons of the third and fourth toes. The periosteum is 
incised to expose subperiosteally the tarsal bones. First 
vertical osteotomy is made in the middle of the 
navicular and cuboid, and the second is made 
obliquely distal to the first to join the first osteotomy on 
the plantar aspect. The dorsally based wedge is 
removed and the forefoot dorsiflexed to close the wedge 
(Fig. 2). The periosteum and skin are closed and a 
short leg cast applied for 2 months. After 2 months the 
cast is removed and a walking cast applied. 

2. Japas V osteotomy which avoids shortening and broaden- 
ing of the foot: First a Steindler plantar fasciotomy is 
done. Next through a midline 8 cm incision the dorsum 
of the foot is exposed from the talonavicular joint to the 
tarsometatarsal joints. The médial limb of the osteotomy 
is made through the médial cuneiform just proximal to 
the joint between the cuneiform and the first metatarsal. 
The latéral limb is made through the cuboid just 
proximal to the cuboid and the fifth metatarsal joint. 
The two limbs meet in the midline in the substance of 
the navicular (Fig. 3). On completion of the osteotomy 
the distal fragment is depressed with a periosteal 
elevator whilst raising the forefoot. The osteotomy is 
fixed with a Steinmann pin or K wires. After car e is the 



Line of incision 
(médial approach) 



Anterior border of 
stripped area 


Su b periosteal stripping 
of long plantar ligaments 
and origin of short 
plantar muscles 


Fig. 1: Steindler stripping operation for cavus deformity 


Shaded area—dorsally based wedge removed 



Fig. 2: Cole anterior wedge osteotomy for cavus deformity 

same as for the Coles' procedure. The pin or K wires 
are removed after 2 months. 

Dwyer's calcaneal osteotomy: This procedure is useful to 
correct residual varus deformity of the heel in the skeletally 
immature foot. First a plantar fascia release is done through 
a médial incision. Next a latéral incision is made on the 
heel parallel to and 1 cm anterior to the peroneal tendons. 
The calcaneus is exposed subperiosteally and a latéral 
closing wedge osteotomy is done just posterior and inferior 
to the peroneus longus tendon and parallel to it (Fig. 4). 
The médial cortex is left intact and the osteotomy is closed 
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Fig. 3: Japa’s V osteotomy of tarsus for cavus deformity 



Fig. 4: Modifiée! Dwyer’s osteotomy 


by dorsiflexion and everting the foot. A short leg cast is 
applied for 2 months. 

Stabilization Procedures 

In a flail foot, due to weak muscles, the foot is unstable and 
may be deformed. The stabilization procedures in a 
skeletally mature individual increase the stability and 
correct the deformity. 

Triple arthrodesis: Through a dorsolateral Ollier's 
incision, the talonavicular, calceneocuboid and subtalar 
joints are exposed. The extensor digitorum brevis is 
reflected and the fat from the sinus tarsi is excised. The 
appropriate wedges from the adjoining surfaces of the three 
joints are taken (Fig. 5). The cancellous bone from the 
removed wedges is used to pack into the joints to the fused. 
The position may be held with transfixation K wires. 

A short leg cast is applied when transfixed with K 
wires. Pins are removed and the cast changed at 6 weeks. 
The patient is kept nonweight bearing for 10 weeks and 
then allowed to bear weight. The cast is removed after 
12 weeks. When transfixation pins are not used, a long leg 
plaster is initially applied which is later changed to a 
below-knee plaster after remanipulation of the foot under 
general anesthésia after 3 to 4 weeks, correcting any 
residual deformity. 

Ankle fusion: Ankle arthrodesis is indicated for the 
surgical treatment of flail foot especially when combined 
with triple arthrodesis. The idéal position for ankle 
arthrodesis is zéro degrees of flexion, zéro to five degrees 
valgus, and five to ten degrees external rotation. 

Disability from loss of motion at the ankle is negligible 
in young active individuals. However, patients with ankle 
fusion hâve difficulty in running and walking on uneven 
surfaces and in squatting. The following two techniques 
are recommended for arthrodesis of the ankle. 



Fig. 5: Siffert, Forster and Nachamie: 
Triple arthrodesis for severe cavus deformity 
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Blair's technique: The ankle is approached through either 
an anterior or antérolatéral approach. The articular 
surfaces of the distal tibia, fibula and dôme of the talus are 
denuded. An anterior cortical graft 5 cm x 2.5 cm is 
fashioned from the distal anterior cortex of the tibia. A slot 
is prepared in the neck of the talus and the graft is slid 
distally into the slot (Fig. 6). The graft is fixed to the tibia 
with screws. The foot is held in the desired position of 
arthrodesis and one Steinmann pin is passed transversely 
into the distal part of the tibia and the second pin passed 
through the talus slightly anterior to its center. The pins 
are fixed to a Charnley compression clamp and the 
denuded articular surfaces are compressed together. 

Chuinard-Peterson technique: The ankle is exposed 
through the anterior or antérolatéral approach. With an 
osteotome and hammer, the articular cartilage is removed 
from the tibia and talus only in the horizontal plane. A full 
thickness tricortical graft of dimension equal to the ankle 
mortise is taken and is punched in the prepared tibiotalar 
space whilst distracting the ankle (Fig. 7). Postoperatively 
a short leg cast is applied for 3 weeks. Then sutures are 
removed and another cast applied which is kept till fusion 
is solid within approximately 3 to 4 months. 




Fig. 7: Chuinard-Peterson technique of ankle arthrodesis 

Pantalar fusion: Stabilization of the flail foot usually 
requires pantalar fusion. The idéal patient for this 
procedure is one with a flail foot and normal muscles 
around hip and knee. It is also useful when the quadriceps 
is weak in order to eliminate the need for long leg braces. 

The ankle should be fused in five degrees of equinus 
to produce the backward thrust on the knee essential for 
stable weight bearing. Triple arthrodesis should be done 
at the first stage and ankle fusion at a later stage. In 
experimental hands, both the ankle and triple arthrodesis 
can be done in the same sitting. 

Complications of pantalar fusion are pseudarthrosis, 
plantar callosities and excessive equinus of the foot. 

Absolute prerequisites include a normal gluteus 
maximus and full extension of the knee. 
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INTRODUCTION 

The spinal deformities that occur due to poliomyelitis pose 
a difficult and challenging problem in management. It is 
difficult to détermine the prevalence rate of spinal 
deformity in poliomyelitis, but it is estimated to be around 
30%. 1 The deformities may be scoliosis, kyphosis or 
lordosis or a combination of the three. They can occur from 
the thoracic spine to pelvis. 

Natural History 

The deformity usually begins in early childhood after the 
onset of trunk paralysis or paresis in poliomyelitis. Muscle 
imbalance, gravity and collapse of spine makes curve 
progression inévitable, being most rapid during the period 
of skeletal growth. The curves may also progress further 
in adult life at the rate of 1° per year after skeletal maturity. 
The curves which are initially supple, later become 
structural. 

On account of the spinal deformity with résultant 
secondary effects, (viz. trunk imbalance and pelvic 
obliquity), ability of the patient to sit and ambulate may be 
compromised. The patient may be forced to use his/her 
upper extremities for support, so that his/her hands may 
not be useful for the activities of daily living. 

Pulmonary function is compromised, both on account 
of the intercostal paralysis and the deformity of the chest 
wall, as may occur in thoracic scoliosis. 

The increasing spinal curvature could produce back 
pain and ischial pain thereby decreasing the sitting 
tolérance. 

The causes of pelvic obliquity may either be supra- or 
infrapelvic or in combination. The suprapelvic cause is 
the spinal deformity, while the infrapelvic causes could 
be, either an abduction contracture of the hip due to 


contracture of iliotibial band, a dislocated hip or due to leg 
length inequality. 

There are basically two types of curve patterns. 2 " 4 

1. Long C curve involving the entire trunk from the 
thoracic région to the pelvis with apex at the 
thoracolumbar région. Pelvic obliquity is a common 
problem in this curve. This deformity occur s due to 
extensive symmetric muscle paralysis (Figs 1 and 2). 

2. Localized curves (thoracic, thoracolumbar, lumbar and 
double curves) due to asymmetrical muscle paralysis 
(Figs 3 and 4). Leg length inequality occurs in nearly 
50% of the cases. 

Patient Evaluation 

Only spécifie points will be mentioned here about patient 
évaluation (for details see chapter on Scoliosis). The 
functional assessment of the patient is essential. It is 
necessary to détermine whether the patient can ambulate, 
with or without appliances and crutches or whether he/ 
she is wheelchair bound. The muscle power in the lower 
extremities and the deformities in the extremities must be 
recorded. 

The standard radiographs are obtained as follows. 

1. AP spine standing or sitting as the case may warrant. 

2. Latéral view of the spine to assess kyphosis and 
lordosis. 

3. AP spine in traction to détermine the flexibility of the 
curve. 

4. AP spine with patient bending towards convex side. 

5. In cases of pelvic obliquity, détermine whether it is 
fixed or mobile. Détermine with the bending film 
whether the fifth lumbar vertebra will centralize on the 
sacrum. 

The examination is completed by assessment of 
pulmonary function, cardiac status and nutritional 
status (detailed discussion later). 
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Fig. 3: Thoracic curve with crowding 
of ribs on the convex side 


Fig. 4: Thoracolumbar curve 
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Treatment 

Spinal deformity due to polio mostly warrants treatment. 
If the deformity is mild (20-40°) and the child is young it is 
braced and carefully followed up to assess the progression 
of the curve. 

The plastic-under-arm-brace commonly employed in 
our country supports the flaccid spine, thereby, improving 
the sitting balance and permitting the upper extremity to 
be used for activities of daily living. However, it must be 
emphasized that the brace only passively corrects and 
cannot prevent curve progression. At best it is employed 
as an intérim measure, as surgery is awaited. 

Principles of Surgica! Treatment 

Objectives: The objectives of surgery for spinal deformities 
in polio are to achieve. 

i. a reasonable correction of the deformity to maintain 
spinal balance in both sagittal and coronal planes, 

ii. solid arthrodesis of the spine, and 

iii. improved function of the patient. 

The Indications 

The indications for surgical treatment are as follows. 

1. Cobb's angle in excess of 40°. 

2. Failure of brace in arresting curve progression. 

3. Deformity compromising either ambulation or sitting 
balance. 

4. Cardiopulmonary compromise. 

5. Back pain and ischial pain due to pelvic obliquity. 

Operative Planning 

1. The levels of spinal fusion. 

2. Assessment of pelvic obliquity. 

3. The type of instrumentation. 

4. The rigidity of the deformity and thereby the need for 
anterior release and fusion prior to posterior surgery. 
The levels of fusion extend over the entire flaccid spine, 

i.e. from the upper parallel vertebra to the lower parallel 
vertebra which should radiologically include ail rotated 
vertebra in the fusion mass. 

When the curve extends to the sacrum and causes 
significant pelvic obliquity and interfères with the sitting 
balance, fusion to the sacrum is indicated. 

If the pelvic obliquity is due to tightness of the iliotibial 
band, it will hâve to be released prior to spinal surgery, so 
that adéquate correction of spinal deformity can be 
obtained. 


Types of Instrumentation 

Harrington instrumentation is suitable in healthy 
adolescent patients who hâve a good bone stock. However 
in most cases, osteoporosis of the spine precludes the use 
of this instrumentation. 

The introduction of segmentai spinal instrumentation 
has significantly reduced the morbidity and the treatment 
duration. Luque segmentai spinal instrumentation, 5 using 
sublaminar wires is ideally suited in this disorder. This 
has excellent biochemical strength with correction of 
scoliosis. In flexible curves, the correction rate varies from 
40 to 60% 5,6 (Figs 5 A and B). The pseudoarthrosis rate is 
low as 6.5 to 13%. 

The Galveston technique 7 of passing the Luque rods 
across the sacroiliac joints into the ilium is particularly 
useful to correct the pelvic obliquity and obtain fusion of 
the lumbosacral joints. However, this technique is useful 
only if the patient is a sitter and uses a tricycle or wheelchair 
for ambulation. 

Patients with poliomyelitis often ambulate with the 
orthotic appliances and crutches. The function of the 
lumbosacral and sacroiliac joints are very essential for 
them in order that they can do the side to side sway and 
walk. In such patients, lumbosacral and sacroiliac joint 
fusion must be avoided and residual pelvic obliquity 
accepted in them (Figs 6A to C). 

The principles of spinal fusion are the same as 
elsewhere, namely good subperiosteal exposure of the 
spine, from transverse process on one side to the other on 
the opposite side, facet joint fusion and addition of adéquate 
bone grafts. Auograft in addition to the autografts may be 
necessary. Ultimately, solid arthrodesis of the spine alone, 
gives long lasting results. 

Indications for Anterior Surgery 8 9 

In cases of rigid deferentitis, posterior fusion may give rise 
to poor correction and a high pseudoarthrosis rate in such 
cases, it is préférable to perform anterior diskectomy and 
fusion at 4 to 5 levels at the apex of the deformity. This 
effectively loosens up the rigid spine. At a second stage 
10 to 13 days later, posterior fusion with instrumentation 
is performed. The circumferential fusion gives a more solid 
fusion and better correction of the deformity (Fig. 7 A to C). 

The other indications for anterior fusion are: 

i. structural kyphosis greater than 70°-posterior 
fusion mass in kyphosis will be under tension 
giving rise to pseudarthrosis, 

ii. adult lumbar scoliosis. 
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Figs 5 A and B: PT flexible double curve, (B) Posterior fusion with Luque instrumentation performed from D4L4 


iii. progressive deformity in a child younger than 
12 years, and 

iv. Correction of fixed pelvic obliquity. 7 
Depending on the site of deformity, the spine is 

approached by the transthoracic or thoracoabdominal 
approach. 

Preoperative Considérations 

Preoperatively patient and parents should be explained 
that the surgery is for the treatment of spinal deformity, 
that it will not directly influence the motor power in the 
lower extremities. The problem of leg length inequality 
and motor paralysis will hâve to be managed separately 
in order to affect an overall improvement in gait. 

A patient with postpolio spinal deformity undergoing 
reconstructive spinal surgery should be assessed for: 

i. respiratory competency, 

ii. cardiac status, 

iii. nutritional status. 

Assessment of Respiratory Insufficiency 1011 

History is obtained about dyspnea on exertion or frequent 
respiratory infections. The physical examination includes 
patient's breathing pattern and assess the muscle power 
of diaphragm, intercostal and abdominals by measuring 
chest expansion and breath holding capacity. 

In cases of intercostal paralysis where diaphragm 
descends during inspiration there will be retraction of 
intercostal spaces. The muscles of the neck are normally 
accessory muscles of respiration. But in cases of intercostal 


and diaphragmatic paralysis, these accessory muscles 
corne into play to elevate the thorax during inspiration. 

The patients ability to cough well must be evaluated. A 
good cough involves maximum recruitment of ail the 
respiratory muscles to build-up good respiratory flow rate. 
A patient with a poor cough reflex may hâve difficulty in 
clearing the pulmonary sécrétions postoperatively. 

Breath holding test: A normal resting person after taking 
a full inspiration can hold his breath for 25 seconds or 
longer. Less than 15 seconds of breath holding indicates 
diminished cardiopulmonary reserve. 

Patients who are able to cooperate should hâve a 
pulmonary function test performed with a spirometer. The 
vital capacity (VC), forced vital capacity (FVC), and forced 
expiratory volume (FEV) are estimated. Patients with 70% 
or more of the estimated VC can be expected to go through 
surgery without difficulty, those between 35 to 70% of the 
estimated VC may require ventilatory support. Those with 
less than 35% of VC (FVC of less than 30%) of predicted 
value will definitely require respiratory aid. 11 Vital 
capacity less than three times the tidal volume will indicate 
the need for postoperative ventilatory support. 

Operative Considération 

Spinal fusion for patients with poliomyelitis is associated 
with greater blood loss than with scoliosis due to other 
causes. The amount of blood loss during surgery can be 
controlled to a significant degree by: 

i. meticulous surgical technique, 

ii. controlled hypotension. 
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Figs 6 A to C: K 13 years female with C curve and pelvic obliquity. Patient was ambulating with crutches and bilateral HKFO 
(Hip-Knee-Foot-Orthosis) (B and C) Luque instrumentation with spinal fusion performed from D5 to sacrum restoring spinal 
balance. Note contouring of rods for lumbar lordosis. Sacroiliac joints are preserved 


iii. hemodilution, and 

iv. use of cell saves. 

The monitoring of spinal cord function during surgery 
is done by: 

i. wake-up test, and 

ii. spinal cord evoked potential studies (for the details 
see chapter on Scoliosis Surgery). 

Postoperative Management 

Postoperative management is not very different from other 
cases of scoliosis except that certain spécial points need 
emphasis. 

It is not uncommon for atelectasis of the lung to occur 
postoperatively due to retained pulmonary sécrétion. On 
account of pain and loss of integrity of chest wall, there is 
réduction of functional residual capacity. To avoid these 
complications laryngeal suction is done in addition to 
chest physiotherapy and gentle percussion of the chest 
wall. Patient is encouraged to do deep breathing exercises. 
Incentive spirometer or in its absence blowing into a 
balloon can be performed. If tachypnea or dyspnea 
develops due to atelectasis, patient should hâve 
endotrachéal or bronchoscopie aspiration, and mucus 
plug must be removed. Failure to act at the correct time 
will lead to bronchopneumonia and prolonged morbidity. 

Removal of Intercostal Drainage 

Removal of intercostal drainage is done 3 to 4 days after 
anterior surgery. The lungs should expand completely and 


the drainage from the intercostal tube must become clear 
and nonsanguinous, before the tube is removed. This 
ensures that hemothorax does not develop after intercostal 
tube is removed. 

Ambulation 

The patients with poliomyelitis tolérance bed rest and 
plaster jackets poorly. Hence, they should be made 
ambulant at the earliest. In case of segmentai spinal 
instrumentation as soon as the pain subsides, they should 
be made to sit up. The patients are given underarm plastic 
orthosis for a period of 9 months until the fusion mass 
becomes strong and mature as evidenced radiologically. 

Complications 

Complications that may occur in any major surgical 
procedure (general and wound infection) may also occur 
in spinal deformity correction. The main complications 
are neurological déficit, pseudarthrosis and loss of spinal 
balance. 

Neurological Déficit 

Neurological complications in correction of spinal 
deformities occur depending upon: 

i. type of spinal surgery—anterior or posterior, 

ii. type of spinal instrumentation, 

iii. degree of preoperative spinal deformity, and 

iv. amount of correction obtained. 









604 Textbook of Orthopedics and Trauma (Volume 1) 



Figs 7 A to C: M 13 yrs female with a rigid thoracolumbar scoliosis—anterior release at five levels followed by posterior fusion 
and instrumentation has been performed. Spinal alinement in AP (B) and latéral views (C) satisfactory with solid arthrodesis 


The importance of monitoring the function of spinal 
cord during surgery has already been emphasized. The 
surgical team should be extremely vigilant to watch for 
this problem, as the patient recovers from anesthésia and 
for the first 48 hours after surgery. If there is a major 
neurological déficit, instrumentation must be removed 
without any delay. In case of Luque instrumentation with 
sublaminar wiring, minor neurological déficit may occur, 
but these are usually transient and always recover 
completely. 

Pseudarthrosis 

Despite good fusion technique and instrumentation, 
pseudarthrosis may occur. It is common at the 
thoracolumbar and lumbosacral junction. The condition 
is manifested by: 

i. loss of correction in the postoperative period, 

ii. breakage of implant (Fig. 8), 

iii. progressive kyphosis, and 

iv. localized pain. 

To recognize pseudarthrosis, oblique views are taken 
at 9 months postoperatively. It will be seen as a serpentine 
line in the fusion mass. In cases of anterior fusion, the IV 
disk space will appear wide opposite the site pseud¬ 
arthrosis. If it is symptomatic, the fusion site has to be 
explored, bone grafted and instrumentation redone to 
restore spinal balance and stability. In some patients, ante¬ 
rior fusion may be required at the site of pseudarthrosis. 



Fig. 8: Pseudarthrosis with breakage of implant 
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Loss of Spinal Balance 

The objective in the treatment of spinal deformity is the 
restoration of spinal balance in ail the three planes, but in 
cases of gross and rigid deformities, this may not be totally 
attainable in spite of combined anterior and posterior 
surgery. Some frontal offset and residual pelvic obliquity 
may remain postoperatively. Similarly, the forward stoop 
of the trunk that the patient may hâve on account of 
associated quadriceps paralysis will not also disappear. 
It is better to discuss these problems preoperatively than 
facing a disappointed patient and the parents after the 
surgery is over. 

Severe Curves in Young Children 

Some of the children develop severe deformities 
uncontrollable by braces even at a young âge of five or six 
years. Previously, Luque had suggested his instru¬ 
mentation without fusion in the hope that this curve would 
be controlled and at the same time longitudinal growth of 
spine would continue. But the procedure had a high rate 
of failure and has been abandoned. At the présent time, 
the idéal management in such cases appears to be a 
combined anterior and posterior fusion over the apex of 
the deformity spanning five or six spinal segmentai levels. 
The brace is continued postoperatively until the optimal 
âge for spinal fusion is attained. This will allow control of 
the deformity and at the same time longitudinal growth of 


the spine over the unfused secondary curves can continue 
until the optimum time for surgery is reached. 
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Appliances for Paralysis 

There are a variety of appliances used in the treatment of 
polio patients. These are for either prévention, correction 
or maintenance of the surgical correction of the deformities, 
and mobilization of the patients. The appliances in the 
developing countries should be scientifically sound and 
yet simple to manufacture. The western type of aids and 
appliances are expensive and ill-suited for life-styles in 
most of the developing countries. Besides in many 
developing countries, there are hardly any infrastructural 
facilities for manufacturing the aids and appliances. The 
skilled or semiskilled workers may not be easily available. 
Even if there are few workshops in urban areas, it becomes 
difficult for polio patients to make repeated visits from 
remote rural areas for either acquiring the appliances or 
repairing the same. Hence, the emphasis should be on 
relative simplicity of the appliances which can be 
manufactured with the help of local available skills under 
the supervision of a trained orthotic technician. 

In a country like Uganda, Prof essor RL Huckstep 
successfully established a chain of workshops which 
manufactured simple appliances with simple materials 
and with the help of locally available skills. Local people— 
the vast majority of them physically handicapped—were 
trained to manufacture the appliances like calipers, 
crutches, walking sticks, etc. (Figs 1 to 3). These appliances 
do look crude but were comfortable and served the patients 
well. He also established appliance banks where calipers 
and crutches of different sizes were kept ready in stock so 
that the polio patient without deformity or with minimal 
deformity could be fitted with a caliper within a few 
minutes, and the patient could walk with or without 
crutches. One of the most expensive item in a caliper is 


leather boot. Boots are not necessary in ail cases. Those 
polio patients who do not hâve any serious foot deformities 
can manage well with simple carved clog made of wood 
with leather straps and a plastic heel support. Establishing 
a workshop is not difficult or expensive, and basic 
equipment such as a sewing machine, work bench, métal 
bending machine, electric drills and jigsaw, adjustable jig 
and métal cutter with necessary tools and basic material 
like Steel (4.8 mm, 6.4 mm, and 8 mm), brown leather, 
buckles, cotton waste, thread can easily manufacture the 
simpler appliances. Similarly wheelchairs, though heavy 
and simple to look at are very strong and can be 
manufactured in such workshops. 

In a country like India, many workers in this field hâve 
contributed substantially in simplifying the appliances 
which are much cheaper than the standard western type 
of appliances. Dr PK Sethi, Dr Marwa, Dr Banerjee and 
many others hâve established and proved the rôle of cheap 
and yet effective appliances for the treatment of polio 
patients. National Engineering and Réhabilitation 
Institute, Ahmedabad, India has corne out with Nylotic 
calipers for younger children. 

These are light, cheap and because of incorporated foot 
piece, éliminâtes expensive boots. The foot piece can be 
covered with simple canvas shoes. Aluminum calipers 
are much lighter in weight, and compliance on the part of 
the patient is better. Other lighter and strong material like 
carbon fiber, being expensive, is unsuitable for developing 
countries. Much work is being done for incorporating 
thermoplastics in the appliances, and it remains to be seen 
whether it will hâve wider and permanent place. The 
purpose of better designs and use of light but strong 
material for calipers is to improve the efficiency of polio 
patients in terms of walking distance and fatigue. 
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Fig. 1 : Muscles commonly affected in poliomyelitis 



Fig. 2: Deformities in a crawling polio patient 
Réhabilitation 

Réhabilitation of polio patients is a difficult problem in 
developing countries, as the vast majority of the patients 
corne from poor rural families. Illiteracy, poverty, 
unsatisfactory transport and poor communication 
facilities, inadéquate health services are among many 
factors which adversely affect the réhabilitation, primary 
schools are insufficient and often are at long distances. 
Hence families are not very keen to educate the children 


Fig. 3: Measurement of hip deformities 

who thus remain illiterate. The family members need to be 
instructed and educated by rural health workers, doctors 
and social workers who hold or participate in diagnostic 
polio camps in prévention of contractures or surgical 
correction of the contracture, use of appliances, etc. 
Appliances for patients in far away rural places even 
though given free (by social welfare ministry or voluntary 
health organizations) are of limited use. Patients along 
with parents find it very expensive to travel long distances 
even in government subsidized transport. Maintenance 
and repairs of appliances are another problem. The net 
resuit is poor compliance on the part of the patients. 

Ideally there should be a central workshop in each 
district where appliances are manufactured and 
distributed to the patients free of charge by trained health 
worker and district medical officer who can study the 
compliance and breakage rates. 

To achieve meaningful réhabilitation of such polio 
children, the government must hâve a nationwide réhabili¬ 
tation program covering ail aspects of comprehensive 
réhabilitation. In a country like India small steps hâve 
been taken but the task is gigantic. Coordinated efforts of 
government agencies and voluntary health organizations 
can achieve impressive results. 

The Government of India has done well in giving many 
facilities for physically handicapped. These include: 

i. free primary and secondary éducation 

ii. free transport 
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iii. job réservations, and 

iv. free surgical procedures and appliances in 
government or government-aided hospitals. 

In addition to medical officers, medical social workers 
and health visitors hâve a great rôle to play in educating 
people and giving them scientific information about 
the disease especially about the préventive aspect. Even 
then to fully rehabilitate ail polio patients in ail the 
developing countries is a distant dream. However, the 
campaign must be sustained to fulfill the objectives in 
near future. 
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Ilizarov Techniqm 
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INTRODUCTION 

Conventional surgeries can solve many problems in 
poliomyelitis, albeit one at a time. At the end of every 
surgery, there is a réhabilitation period lasting several 
months. This time period is required by the body to adjust 
to the new locomotion of the center of gravity of the body 
and the energy efficiency of walking. Bony deformities can 
only be corrected to a small extent—that too only one level 
at a time. Deformity correction is accomplished by the 
closing wedge method, resulting in shortening of the limb 
or the segment. Large deformities or joint contractures 
cannot be corrected completely in one stage without the 
danger of neurovascular déficit. Finally, limb lengthening 
cannot be performed in a safe and predictable way with 
conventional methods. 

The complex interrelationships between the deformities 
in various joints cannot be addressed simultaneously. Since 
only one problem canbe tackled at a time, the correction of 
only one of a pair of deformities may exaggerate the other. 
A mild flexion deformity in the knee may be accompanied 
by a severe equinus deformity in the ankle. Here the knee 
is stabilized by the gastrosoleus acting from below. In 
conventional surgery, the solution would be to tackle the 
most visible deformity first, i.e. the equinus. When the tendo 
Achilles is lengthened, its stabilizing effect on the knee is 
lost, and the knee starts collapsing in flexion requiring a 
hand to knee gait. 

ILIZAROV TECHNIQUE 

Ilizarov technique was invented by Prof GA Ilizarov 7 of 
Kurgan, Siberia in 1951. It is a method of minimally invasive 
external fixation using small diameter transosseous K 
wires which are tensioned and fixed to circular rings. It 
helps to achieve stable fixation of the limb at multiple levels 


and permits accurate performance of limb lengthening, 
deformity correction, healing of nonunious, etc. 7 

These therapeutic effects are based on the biological 
law of tension stress which governs the formation of new 
bones and other limb tissues due to distraction 
neohistogenesis. The multiple and complex problems 
posed by poliomyelitis in the lower limbs can be effectively 
dealt with using this versatile technique to achieve 
comprehensive correction. The aims of the treatment of 
poliomyelitis with the Ilizarov technique are as follows. 

1. To achieve comprehensive correction 4,5 in minimum 
time 

2. To minimize the energy expenditure of walking and 
improve gait 

3. To discard the caliper or to minimize the extent of 
bracing. 

To this end the technique can be used to release 
contractures, correct deformities, achieve joint stabilization 
and arthrodesis as well as to perform limb lengthening. 
These procedures can be performed at various levels 
simultaneously (Figs 1A and B). This decreases the overall 
treatment and réhabilitation period. It enables realinement 
of the limb to achieve stability and balance for a better gait. 
Tendon transfers are the only procedure that can not be 
performed while the apparatus is on the limb and mustbe 
done once the stabilization is achieved the apparatus is 
removed. 

Preoperative Evaluation 

Preoperative clinical examination must be performed on 
at least two occasions. Accurate muscle charting must be 
done. Proper évaluation of the contractures, deformities 
and instabilities at the hip, knee, ankle and subtalar joints 
must be done. The gait must be critically observed with 
minimum clothing and should preferably be recorded on 
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Figs 1 A and B: (A) Typical pattern of deformities in polio-knee 
flexion contracture, shortening of the limb and equinus 
deformity of the ankle, and (B) comprehensive correction 
achieved with the llizarov technique. Supracondylar osteotomy 
done in the lower fémur, lengthening of the tibia, and in the 
foot, the apparatus has been used to correct the equinus and 
perform a triple arthrodesis. The patient is mobile and 
comprehensive correction is achieved 

video. The effect of each deformity and instability on the 
gait and excursion the center of gravity should be noted. 8 
Routine and stress radiographs of involved joints should 
be taken. 

A scanogram 16 is useful for determining true 
shortening in each segment, the alinement and mechanical 
axis of the limb and a pilot film to detect instability, 
subluxation or dislocation in any joint. A plan of treatment, 
that permits comprehensive correction at multiple levels 
should be drawn up. Realistic goals of treatment should 
be made and communicated to the patient. Unrealistic 
expectations, such as significant increase of muscle 
strength after the operation or the ability to hâve absolutely 
normal gait, mustbe gently dispelled. Intervention should 
be planned to achieve the maximum benefit in the shortest 
possible time. 

We will now attempt to see which are the most common 
problems at each joint faced in poliomyelitis, the treatment 
options with conventional methods, their shortcomings 
and the alternatives offered by the llizarov method. 

Knee Flexion Contracture 

The quadriceps is one of the most common muscle groups 
to be paralyzed in polio. This commonly results in a knee 
flexion contracture. During the stance phase of normal 


gait, the center of gravity of the body normally passes 
anterior to the knee joint. This helps to extend the knee 
fully as do the normally acting quadriceps. In the presence 
of a flexion deformity of the knee, the center of gravity 
stays posterior to the knee and forces the knee to collapse 
or buckle into further flexion. Hence, the patient pushes 
the knee posteriorly with his hand on the thigh to achieve 
stability. This act also makes the patient bend forwards 
and helps him to bring the center of gravity in front of the 
knee. As a secondary resuit, the buttock protrudes 
backwards. With fatigue, the patient tends to fall frequently. 
The deformity in the knee may be mild (up to 30°), moderate 
(up to 60°) or severe. A one-stage correction is possible 
only with a mild deformity which can be corrected with a 
supracondylar extension osteotomy. 

Mild Contracture 

Supracondylar extension osteotomy is a time-honored 
operation which helps to abolish the hand-to-knee gait by 
stabilizing the knee in 5° of recurvatum and taking it 
posterior to the center of gravity. In conventional surgery, 
an open incision is taken and a closing wedge (base 
anterior) 1 is done to achieve recurvatum. The closing 
wedge osteotomy tends to displace the distal fragment 
anteriorly. Hence, the angulation and translation work 
will be at cross-purposes to each other. The amount of 
angulation required in order to bring the knee behind the 
center of gravity increases. Sometimes undercorrection is 
necessary, as there may be a risk of stretching the posterior 
neurovascular structures. This may be corrected by a 
wedging of the cast, or a fresh plaster may hâve to be 
applied under anesthésia. 

Using the llizarov technique, this osteotomy can be 
made in an entirely percutaneous manner. A proximal 
ring is attached perpendicular to the fémoral midshaft. 
The distal ring is attached parallel to the knee joint (in the 
same degree of flexion as the deformity). This ring is also 
offset anteriorly (with respect to the proximal ring) by about 
half an inch. Each ring uses four wires for optimal stability. 
The amount of deformity corrected will correspond to the 
amount of terminal flexion that will inevitably be lost after 
the osteotomy heals. Hence, extra care must be taken with 
wire insertion technique not to cause additional joint 
stiffness. The osteotomy is made through a small 5 mm 
incision on the latéral aspect with a classical corticotomy 
technique. An acute correction of the flexion deformity is 
done by straightening out the distal ring and making it 
parallel to the proximal one. Care must be taken to 
posteriorly translate 2 the distal fragment (Fig. 2). This will 
ensure that the mechanical axis in the sagittal plane is 
Collinear 14 and will prevent an ugly "hockey stick" 
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Fig. 2: Supracondylar osteotomy showing the distal fragment 
is displaced posteriorly so that the axes of the proximal and 
distal fragments are collinear 


appearance of the knee. This also makes it easier for the 
center of gravity to pass anterior to the knee. Therefore, a 
minimal amount of angular correction is necessary to get 
the desired effect. This in turn, will preserve the terminal 
arc of flexion. It is also necessary to perform the osteotomy 
as distally as possible. 

During correcüon of the deformity, the distal pulsations 
must be watched. If the puise tends to disappear, only 
partial correction should be attempted, and the rest of the 
correction should be done gradually over a few days. A 
simultaneous correction of knee valgus is also possible by 
appropriately tilting the distal ring in valgus as well as 
offsetting it more medially as compared to the proximal 
ring. Therefore, the aim in this composite correction would 
be to end up with the distal fragment translated laterally 
and posteriorly with correction of the knee in 5° of 
recurvatum and neutral varus-valgus alinement. The 
patient should be able to walk from the very second day. 
Any graduai correction should be over in about a week. 
The time to union should be no more than 6 weeks in an 
adolescent and 8 weeks in an adult. 

Moderate to Severe Contractures 

When the flexion deformity exceeds 30°, it is better to 
primarily correct the large contracture through soft tissue 
distraction with the apparatus. 6 Two rings are applied to 
the fémur and two to the tibia. Hinges are placed at the 
instant center of rotation of the knee and a posterior 


distraction rod motors the correction. Very severe contrac¬ 
tures of up to 120° or more can also be corrected. If the 
patient is a child, then the apparatus is retained until the 
deformity is fully corrected. The patient is then asked to 
wear a caliper until skeletal maturity to prevent a 
récurrence. 

Below the âge of 14 years, there is a greater tendency 
for remodeling of the osteotomy. Therefore, a soft tissue 
correction is préférable. In case the severe knee flexion 
contracture was accompanied by a contracture in the hip, 
a closed tenotomy or an open hip release may simul- 
taneously be performed. The tendency for a récurrence 
should be avoided for at least 6 months with the help of a 
night splint. If the patient is above 14 years of âge, it is 
better to achieve the final correction with a supracondylar 
extension osteotomy. This helps in locking the knee, and 
there is no need to wear a caliper. 11 In this case when 
correction has reached up to 30°, an osteotomy is performed 
between the two fémoral rings to reach up to 5° of 
recurvatum. 

There is no need for an open surgery and the risks of 
capsulotomy can be avoided. Also there is no incidence of 
hypertension 17 with this method of correction as opposed 
to open surgery, in which up to 30% of patients may 
develop hypertension. However, care must be taken to 
ensure that during distraction there is no overdistraction 
of the joint, no crushing of the articular cartilage and no 
posterior subluxation of the tibia. The instant center of 
rotation of the knee describes a J-shaped arc. With 
progressive correction of the contracture, the hinges must 
be translated anteriorly to correspond to the position of 
the center of rotation. Frequent radiographie monitoring 
of the joint space is necessary. It is also necessary to try 
and maintain a good range of knee flexion while the 
correction is underway, by removing the posterior 
distraction rods and passively exercising the joint. 

Recurvatum Deformity 

The deformity is the most disabling and the energy 
consuming in poliomyelitis. In severe cases, the patients 
cannot walk for more than a few steps at a time. Braces 
and calipers do not fit properly and are uncomfortable, as 
there is excessive three point pressure. A recurvatum may 
be présent with the quadriceps having good or poor 
strength. There is a severe lurch during midstance, and 
the knee locks in hyperextension with a jerk. This increases 
the downward excursion of the center of gravity on the 
affected side. 

Isolated correction of the deformity has been described 
in the tibia by Irwin 14 and Lexer 13 and in the fémur by 
Mehta. 12 Upon careful scrutiny of the latéral knee 
radiograph, it can be appreciated that in most cases there 
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Fig. 3: Recurvatum deformity showing flattening of the anterior 
surfaces of both the fémoral and tibial articular surfaces 

is an equal amount of anterior flattening of the articular 
surfaces of both the tibia and the fémur (Fig. 3). The knee 
joint stabilizes only when these sloping surfaces are in 
full contact. There may be a variable amount of soft tissue 
stretching on the posterior aspect of the knee joint. With its 
limitations of fixation of small fragments, conventional 
surgeries offer correction at only one level at a time. With 
the Ilizarov fixator, a supracondylar flexion osteotomy is 
done with the help of two rings. The proximal ring is 
perpendicular to the fémur at the midshaft. The distal ring 
is fixed parallel to the anterior sloping joint surface. A 
percutaneous osteotomy is performed with a 5 mm 
osteotome, just proximal to the condyles. An acute 
correction is performed with the help of an angulation- 
translation maneuver. The distal fragment is angulated 
into flexion and is translated anteriorly. Up to 40° of 
deformity may be easily corrected in one stage in the fémur, 
as there is no danger of stretching any neurovascular 
structures. 

In the leg, the fibula is exposed and a 1.5 cm of bone is 
resected at or just below the level of the intended tibial 
osteotomy. The fixator is applied as follows. 

The proximal ring is applied parallel to the anterior 
articular surface with 3 to 4 wires. The distal ring is 
attached perpendicular to the midshaft (in case when no 
lengthening is required) or the lower metaphysis (when 
lengthening is needed). In either case, the tibial osteotomy 
is made in such a manner that there will be no anteriorly 
projecting spike from the distal fragment once the correction 
is over. The proximal fragment has an anterior tongue of 
bone overhanging by 2 to 3 cm, pointing distally. This can 
be achieved with the help of five small incisions (each 
only 5 mm wide) placed in V-shaped manner. After 
correction, the distal fragment angulates to correct the 
recurvatum and is translated to remain posterior to this 
tongue of bone on the proximal fragment. This simulâtes 
the shape of the upper leg and the tibial tuberosity. In case 
lengthening is needed, the length is achieved first and the 
angular correction is achieved later (Fig. 4). 



Fig. 4: Correction of the recurvatum deformity 


At the end of the procedure, ail four rings become 
parallel to each other. Fine tuning of the correction can be 
done postoperatively. In acute correction, both ostéotomies 
can unité as early as in 6 weeks. 

Hip Instability 

Hip instability is caused by paralysis or weakness of the 
hip abductors and extensors. Paralysis of abductors results 
in a failure of development of the greater trochanter. There 
is a valgus neck shaft angle. This causes a severe lurch 
with an increased side-to-side as well as vertical 
displacement of the center of gravity while walking. Strong 
adductors in the presence of weak abductors can give rise 
to subluxation or dislocation of the hip. An abduction 
contracture of the contralatéral side is a common cause for 
subluxation of the hip on the side where the pelvis rides 
high. 

Varus osteotomy with transfer of the iliopsoas to the 
abductors or extensors has been described by Mustard 
and Sharrad. The indications for giving a good resuit are 
rarely seen in practice, and the iliopsoas is never strong 
enough to give sufficient stability while walking. It cannot 
decrease the Trendelenburg lurch while walking and at 
best can augment abductor power by one grade. 10 The varus 
osteotomy causes the trochanter to ride higher and 
decreases the resting length and, therefore, the strength of 
the transferred abductors. In a subluxating hip on the side 
of the high riding pelvis, a pelvic support osteotomy 1 has 
been described. The Ilizarov hip reconstruction is an 
operation which is based on the rationale of the pelvic 
support osteotomy. This operation, done by conventional 
means can at best be attempted to create a valgus angle of 
about 35 to 40° at the subtrochanteric level. Internai fixation 
with a plate and screws requires a blood transfusion and 
at best can give only a moderate pelvic support. The 
résultant valgus gives a bit of length, but créâtes a valgus 
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tilt at the level of the knee joint. This inclination increases 
the shear forces at the knee and cause pain and early 
degenerative arthritis. 

With the Ilizarov technique, the pelvic support 
osteotomy can be done in a variety of ways as the clinical 
situation demands. 7 With a subluxating hip, a 
subtrochanteric osteotomy is done and valgus angle of 70 
to 80° canbe given. This ensures that the proximal fragment 
is in full adduction and readily cornes into contact with 
the inferior surface of the tear drop or the anterior pubic 
ramus. Since no further adduction is possible, the 
Trendelenburg lurch is abolished (or at least minimized) 
due to purely mechanical reasons. As the proximal 
fragment goes into full adduction, the greater trochanter 
which is a part of the proximal fragment gets rotated 
downwards. This rotation tenses the abductors and 
increases their resting length. The weight bearing area 
which cornes into contact with the fémur has also changed 
from being under the superior lip of the acetabulum to 
under the tear drop or under the superior ramus of the 
pubis. Therefore, there is a medialization of the center of 
rotation of the hip which effectively increases the fulcrum 
of the abductor muscles. Due to ail of these reasons, the 
lurch in the hip may decrease by as much as 80 to 90%. 

The distal fragment is now osteotomized at midshaft 
level and a compensatory varus is created so that the knee 
joint is now horizontal and parallel to the ground. This 
varus angle can be created acutely when no lengthening 
is needed. When lengthening is required, the midshaft 
corticotomy is performed and is distracted after a latency 
period (Figs 5A and B). The lengthening is done to the 



Figs 5 A and B: (A) Radiograph showing subluxation of the 
hip, and (B) The Ilizarov hip reconstruction has been done 
showing 70° of subtrochanteric valgus with almost complété 
adduction of the proximal fragment and a midshaft osteotomy 
for lengthening. This regenerate will be bent into varus 
gradually 


required amount and only later is the varus angle gradually 
achieved through the soft regenerate. This spares the knee 
joint from early degeneration and maintains the 
mechanical axis of the limb. 

In some patients, the lurch in the hip is severe even 
without any subluxation. In such patients, a low 
subtrochanteric pelvic support osteotomy can be done with 
proximal and médial displacement of the distal fragment. 
This results in an early pelvic support without the need 
for a severe valgus angulation. Distally, the devalgusing 
osteotomy is done as usual. A similar operation is 
performed in a dislocated hip. The subtrochanteric 
osteotomy will be a little distal, and a valgus as well as a 
procurvatum angle needs to be given in order to get a better 
pelvic support (as the dislocation is usually posterior). 

The Ilizarov hip reconstruction is a technically 
demanding operation and it has the potential for serious 
complications like sciatic nerve injury. 3 Using half pins 
instead of wires at the level of the middle ring and 
preventing posterior displacement of the distal fragment 
can prevent this complication. 

A lot of attention also needs to be given to soft tissue 
tension during wire or half pin insertion in the proximal 
ring. The proximal and middle rings start out by being 
almost perpendicular to each other and end up being 
almost parallel. Hence, there is a lot of stretch being 
experienced by the soft tissues in the anterior and latéral 
régions with final displacement of the ring. This must be 
anticipated before inserting the pins to prevent soft tissue 
necrosis, infection and pain. The amount of valgus angle 
necessary to abolish the lurch is such that the limb is not 
allowed to adduct beyond neutral. 

Shortening 

Shortening in the polio limb is very common but rarely 
exceeds 7 to 8 cm. Shortening can cause an equinus 
deformity at the ankle and causes an increased vertical 
excursion of the center of gravity while walking. It also 
causes excess wear and tear on ail the joints of both lower 
limbs. If the patient wears a caliper it requires a heavy 
shoe lift. 

Clinical assessment of the shortening should consider 
the effect of pelvic tilt, knee flexion and ankle equinus 
deformities. Weakness of the ankle dorsiflexors or the hip 
flexors would require the limb to be kept a little short to 
permit the foot to clear the floor. A scanogram will show 
accurate shortening in each segment. A clinical trial with 
a raise is a must, as this will clearly show any benefit of 
the proposed lengthening. 

Lengthening as an isolated procedure is indicated in 
the rare case when previous surgeries hâve tackled ail 
problems and only shortening remains. Fémur lengthening 
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is indicated occasionally with a large amount of shorten- 
ing. Here, the fémur is lengthened along with the tibia to 
decrease the duration of treatment. If a knee flexion 
contracture needs correction, the fémoral lengthening can 
be done through a distal metaphyseal corticotomy. After 
the length is achieved, the soft regenerate is angulated 
into 5° of recurvatum. In the absence of a flexion deformity, 
it is better to perform the lengthening through a proximal 
subtrochanteric corticotomy for better freedom of knee 
motion. 

Tibial lengthening is the procedure of choice when 3 to 
5 cm of length is required, regardless of the site of shorten- 
ing. The patient is much more comfortable as compared to 
fémur lengthening, and a small discrepancy in knee height 
créâtes no difficulty, even on squatting. The proximal ring 
is fixed to the upper metaphysis with 3 to 4 wires. It is 
angulated so as to give prophylaxis against valgus and 
procurvatum deformities. The distal ring is fixed perpendi- 
cular to the lower metaphysis with 3 to 4 wires. A fibular 
osteotomy is made at the junction of middle and lower 
thirds. A percutaneous corticotomy is made just distal to 
the tibial tuberosity. Care must be taken not to damage the 
periosteum. If damaged, it may cause defects in the 
regenerate, or it may take too long to mature. The author 
prefers to fix the foot in a foot frame to prevent an equinus 
deformity. This foot frame may be removed after the 
distraction period. 

A careful watch must be kept postoperatively for any 
axial déviation. A varus angulation will cause early pain 
in the knee. A valgus deformity will cause degenerative 
changes in the knee, or it may exaggerate a valgus 
instability of the ankle or subtalar joint. A procurvatum 
deformity simulâtes a flexion contracture in the knee and 
can render it unstable. Care must be taken to prevent a 
knee flexion contracture. The rate of distraction may hâve 
to be slowed down and physiotherapy started. Simple 
élévation of the distal tibial rings with connection plates 
can prevent a knee flexion deformity. If the foot is fixed in 
the frame, the ankle must be periodically exercised after 
loosening the connections. Walking with the foot frame 
should be in a "swing to" pattern with short steps. 
Anteroposterior, latéral and two oblique views must be 
taken to clearly view 8 cortices before deciding to remove 
the fixator. The lengthening index 15 in polio may be as 
much as 1.5 to 2 months per cm. 

Foot Deformity Correction 

The Hizarov technique has many élégant and innovative 
solutions to problems posed by foot deformities. 
Conventional surgery requires large incisions, through 
which bony deformities and arthrodèses are performed 


using closing wedges. This results in shortening of the 
foot and may add to its stiffness. Only one deformity can 
be corrected at a time. 

In poliomyelitis, prévention of récurrence should be 
given as much importance as correction of the deformity. 
Two types of correction are possible. Nonosteotomy 
correction consists of soft tissue distraction which is 
performed gradually with the help of the apparatus. 
Initially the soft tissue is merely stretched, but beyond 20% 
of their resting length, they undergo actual lengthening. 
This permits the most severe of deformities to be corrected 
without any neurovascular damage. Muscles, tendons, 
fasciae, joint capsules, and ligaments undergo lengthening 
to permit the various small bones to rearrange themselves 
in a more anatomie relationship. This correction can occur 
in a constrained and a nonconstrained manner. Soft tissue 
distraction can be employed as an initial procedure to 
minimize a deformity such as an equinus deformity. Later, 
an arthrodesis can be performed which stabilizes the foot 
as well as prevents its récurrence. In this way, the amount 
of bony resection needed during, say, a triple arthrodesis 
is minimized and the foot is not shortened. 

Osteotomy Correction 

When the equinus deformity is severe and stiff, or when 
the talus is flattened and has an abnormal shape, soft 
tissue distraction will force incongruity in the ankle joint, 
leading to pain and early arthritis. In such cases, it is better 
to leave the talus as it is and correct the rest of the foot in a 
plantigrade position below it. When the equinus is 
accompanied by only a varus or valgus and the relationship 
of the hind to the forefoot is not disturbed, a U-shaped 
osteotomy canbe performed. This osteotomy is analogous 
to the Lambrinudi's procedure, in so far as the talus is 
retained in its plantar flexed position in the ankle mortise, 
and the foot is rotated out of equinus about a U-shaped 
osteotomy. 

Operative technique: A tourniquet is applied to the thigh 
and initially a percutaneous élongation of the tendo 
Achilles is performed. Two small 15 mm incisions are taken 
just anterior and posterior to the peroneal tendons. A 
15 mm osteotome is used to resect the posterior subtalar 
joint and also to make a vertical eut traveling through the 
neck of the talus. Care must be taken not to damage the 
médial neurovascular structures. The entire foot should 
be mobile at the end of the procedure. Check radiographs 
are taken. A drain is inserted, the wound is closed, and a 
compression dressing is applied. The tourniquet is 
released and a wire is passed in the talus from 
anteromedial (just anterior to the médial malleolus) to exit 
posterolaterally, just posterior to the latéral malleolus. This 
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wire is fixed to the lower of the two tibial rings which are 
fixed with a total of 4 to 6 wires. Hence, the body of the 
talus is part of the proximal block of fixation. 

The rest of the foot is fixed with a horseshoe-shaped 
ring, having at least three wires-two crossed through the 
calcaneus and one horizontal through the necks of the 
metatarsals. Some distraction is built in on the operation 
table, and partial correction is achieved by distracting the 
posterior rod. This also ensures that the osteotomy is 
complété and that it will separate out well. Postoperatively, 
a high rate of distraction is maintained to prevent 
prématuré consolidation. As the calcanéum cornes down, 
a sickle-shaped wedge of bone is regenerated adding 1 to 
2 cm to limb length. If length is not required, the entire foot 
assembly canbe compressed after the deformity correction 
is complété (Figs 6 A and B). 

The advantages of this procedure is that it inadvertently 
créâtes a subtalar fusion. If the peronei hâve grade IV or 
more power, they can be transferred anteriorly once the 
apparatus is removed. Récurrence of the deformity is rare 
once the procedure is well performed. 



Figs 6 A and B: Severe equinus deformity showing altered 
shape of the talar head. Osteotomy has been done. Note the 
talar wire and sickle-shaped regenerate posteriorly and the 
complété correction 


V-Osteotomy: In the presence of an equinus deformity, 
if there is a cavus or planus deformity causing an alteration 
in the hindfoot-forefoot relationship, a V-osteotomy is 
indicated. The anterior limb of the V is made from the talar 
neck across the sinus tarsi up to the inferior border of the 
calcanéum. The posterior limb of the V is made just 
posterior to the peroneal tendons and just inferior to the 
posterior subtalar joint. The two limbs meet at the inferior 
border of the calcanéum. Check radiographs are taken to 
ensure completion of the osteotomy. A wire is now placed, 
similar to that in the U-osteotomy and fixed to the tibial 
rings. Two crossed wires are inserted in the calcanéum 
and are fixed to a half ring, the forefoot is fixed with two 
wires and a half ring. The hindfoot half ring is connected 
to the distal tibial ring with hinges medially, laterally and 
posteriorly. These are differentially distracted to bring the 
calcanéum out of equinus and also to correct any hindfoot 
varus or valgus. Hinges are also connected between the 
hind and forefoot rings. These can be suitably distracted 
to pull the forefoot out of equinus, planus or any varus- 
valgus deformity. Triangular wedges of bone are formed 
both at the anterior and posterior arms of the V-osteotomy. 
The regenerate formed at the anterior limb of the 
V-effectively stabilizes the subtalar joint. In an isolated 
cavus deformity, this can be done as a vertical midfoot 
osteotomy to correct a stiff cavus deformity (Figs 7 A and B). 
Thus, a stable and plantigrade foot of normal length can 
be achieved with this method. 

Hindfoot Lengthening 

When there is a latéral imbalance of the foot along with 
weakness in the gastrosoleus, conventional surgeries offer 
a Dunn's triple arthrodesis in which the navicular is 
excised, and the rest of the foot is displaced posteriorly. 
This gives stability as well as improves the lever arm of the 
tendo Achilles, albeit at the cost of shortening the foot. 
Using the Ilizarov technique, a small incision is made over 
the sinus tarsi, the posterior subtalar joint is erased, and a 
vertical osteotomy is made in the calcanéum just anterior 
to the posterior subtalar joint. A wire is inserted in the 
talus (vide supra), and a pair of crossed wires are inserted 
in the calcanéum and fixed to a half ring. The forefoot is 
fixed with a half ring and is connected to the anterior aspect 
of the distal tibial ring. The hindfoot ring is attached to the 
posterior aspect of the distal tibial rings with a translation 
assembly. The calcaneal tuberosity fragment is now 
translated posteriorly 7 as well as slightly distally. By 
posterior translation of up to 2 cm, a significant 
improvement is made in the lever arm of the tendo Achilles 
(Figs 8 A to C). The patient can feel an improvement in the 
ability to push off while walking. The increased tension 




616 Textbook of Orthopedics and Trauma (Volume 1) 



Figs 7 A and B: (A) Preoperative film stiff cavus deformity, and 
(B) postoperative radiograph shows correction of the cavus 
with a triangular-shaped regenerate which was formed by only 
performing the anterior limb of the V-osteotomy 


may cause a mild equinus, and the patient is advised to 
wear a high heel. At a later stage, any of the suitable everters 
or inverters may be transferred posteriorly or anteriorly as 
the clinical situation demands. 

Calcaneus Deformity 

Calcaneus deformity is one of the most disabling 
deformities in poliomyelitis and créâtes a severe stumbling 
calcaneal gait with an inability to push off. Traditional 
procedures like Elmslie's are triple arthrodesis which block 



Figs 8 A to C: (A) preoperative film, (B) postoperative film 
showing subtalar fusion with posterior displacement of the 
calcaneus, and (C) this improves the lever arm of the 
gastrosoleus 
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Figs 9 A and B: (A) Calcaneus deformity-showing the collapse 
into dorsiflexion. Intraoperative view showing the osteotomy 
in the calcanéum and the distal tibia, and (B) postoperative 
film showing subtalar fusion with hindfoot lengthening and 
change of tibiocalcaneal angle. The anterior bone block is 
now preventing the collapse into dorsiflexion 

the latéral motion. The hindfoot now cannot escape 
laterally and tends to collapse completely into dorsiflexion, 
as the dorsiflexors are very strong. Hence, the patients 
complain of more instability after this form of surgery and 
find it difficult to walk without any aids. 

With the Ilizarov technique, a subtalar arthrodesis with 
hindfoot lengthening is performed. This blocks latéral 
motion and improves the lever arm of any tendons which 
may be transferred posteriorly at a later date. In the same 


sitting, an anterior bone block 1 procedure is performed by 
sliding a small sliver of the anterior tibia, distally. This 
sliver is created percutaneously with 2 or 3 puncture 
incisions and is gradually transported down with a 
transverse wire. The bone block is positioned such, so that 
the ankle cannot go past plantigrade position. The collapse 
is prevented and the gait improves (Figs 9 A and B). 

Triple Arthrodesis 

Triple arthrodesis canbe performed with the Ilizarov device 
with reliability and speed of union far surpassing that 
performed by conventional methods. At first a small 
Ollier's incision is used to erase the joint surfaces in the 
usual manner. If there is no significant deformity to be 
corrected, a single horseshoe ring is used. 1 Two wires are 
inserted in the talus, two in the calcanéum and two in the 
midfoot-forefoot area. These wires are arced downwards, 
upwards and backwards respectively and attached to the 
horseshoe ring. This way immédiate compression is built 
up at ail the triple arthrodesis surfaces. This adds to the 
stability of the construct and achieves early union. Tibia 
lengthening or any other procedure may be carried out 
simultaneously (Fig. 10). Another variant fixes the forefoot 
and hindfoot with individual half rings and the talus with 
a wire to tibial rings. Compression at the talocalcaneal 
level is achieved with vertical connections and that at the 
talonavicular and calcaneocuboid levels is achieved with 
horizontal connections. This assembly is technically easier 
and can be used to correct a mild to moderate valgus-varus 
deformity without removing large bony wedges. 



Fig. 10: Triple arthrodesis using a single horseshoe ring. 
The arched wire shows how the compression is achieved 
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Ankle Fusion 

In some flail limbs, none of the joints offer any stability to 
walk without aids. Sometimes the ankle joint itself is 
unstable in the anteroposterior or mediolateral planes, and 
walking is possible only with a brace. In such patients, a 
clinical trial can be taken with a below-knee cast kept in 
mild equinus. If this improves the stability in walking and 
the patient is willing to accept the inability to squat down 
for toilet, an ankle fusion will permit discarding of the 
caliper. The subtalar joint need not be fused unless it is 
exceptionally hypermobile. An anterior or posterior 
approach is taken to the ankle to erase the cartilage. Two 
rings are applied to the tibia. The foot is fixed with a 
horseshoe ring with 4 to 6 wires. The area of intersection 
of these wires should be collinear with center of the tibia. 
This ensures efficient compression and early fusion. 

Fusion in Children 

Most children with latéral instability in the foot require an 
extra-articular arthrodesis of the subtalar joint. The 
arthrodesis can be done in the usual way and the foot is 
immobilized using the fixator. Simultaneous tibial 
lengthening or any other procedure can be carried out as 
well. 

Ankle Fusion 

It is traditional thinking that children with flail limbs can 
only be treated with calipers until skeletal maturity. At 
this stage, surgeries for stabilization can be done with an 
attempt to discard calipers. The positive results of ankle 
fusion in adults hâve pointed the way to perform similar 
procedures in young children. 

A young child with a flail limb is able to walk 
reasonably well without a caliper when the ankle is fused, 
and any contractures in the hip and knee are corrected. 
This can be tested with a plaster trial before undertaking 
such a procedure. Any possible disadvantage of future 
shortening of the foot or the limb can be easily remedied by 
limb or foot lengthening with the Ilizarov apparatus. The 
advantages of having a caliper free childhood easily 
outweigh any potential problems due to the fusion. The 
fusion can be done with the block graft method of Chuinard 
Petersen, and the apparatus can be applied in a neutral 
mode. If the fusion is taking too long, the apparatus can be 
used to give compression and hasten union. If in this 
process, the distal tibial physis undergoes prématuré 
fusion, the limb lengthening can be done at a later âge. 


CONCLUSION 

The Ilizarov technique is a versatile System of external 
fixation. It uses small diameter K wires which can afford 
firm fixation in the smallest of fragments and at multiple 
levels in the limb. It is ideally suited for performing multiple 
complex tasks like limb lengthening, deformity correction, 
contracture release and performing arthrodesis. The 
combination of clinical problems in poliomyelitis can, 
therefore, be best handled using this technique judiciously. 
Comprehensive correction can be achieved giving the 
maximum benefit with the minimum intervention and 
duration of treatment. 

To correct the varus deformity of the heel, the hinges at 
the ankle are placed to move in coronal plane for the 
correction. Leg rods of the ankle joint hinge are moved by 
differential distraction, meaning thereby that the médial 
rod is moved at twice the rate as compared to the latéral. 
The hinges are placed to move in coronal plane for the 
correction. Only one hinge is loosened, and its corrective 
movements of nut are done at a time. This hinge is tightened 
when the corrective distraction is to be done on the other 
hinge rod. 
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Correction ofFoot, Ankle 
and Knee Deformities by the 
Methods ofllizarov 


MT Mehta, N Goswami, M Shah 


INTRODUCTION 

Disability following residual poliomyelitis is primarily 
due to paralysis of muscles. It is further compounded by 
development of joint contractures. These deformities are 
in multiple planes. Joint capsule, ligaments, tendons and 
muscles, secondarily skin of these deformities are also 
contracted. 

The older methods of correction by cast wedging, 
skeletal traction, osteotomy, correct in one axis only at a 
time. The methods hâve to be staged procedures meaning 
multiple anesthésia and procedures. The time taken for 
correction is also longer and joint stiffness results following 
these procedures (Figs 1 and 2). 1 

Arthrodiastasis or distraction of joint transfers the 
forces from b one to soft tissues. The rate of distraction as 
established by Prof. Ilizarov, at 1 mm a day divided equally 
in four parts stands good for the soft tissue distraction as 
well. Blood vessels and nerves are most vulnérable and 
the stretching of these tissues by 1 mm a day is well 
tolerated and no damage results (Figs 3 and 4). 

Ilizarov ring fixator can exert calculated traction at the 
exact site required, and correction can be done in ail three 
dimension (length, angulation and rotation). The added 
and the fourth dimension is the time, which is also 
minimal. One anesthetic and one procedure can give a 
correction of knee and foot deformities together and can 
full correction in 6 to 8 weeks only. 

CORRECTION OF DEFORMITY 
BY ILIZAROV METHODS 2 

Knee Deformity 

The thigh and the leg, the two segments concerned in the 
deformed knee are held by a block of two rings each with 
transosseous tensioned Kirschner's wires. 




Closing plaster wedge 




Fig. 1 : Correction of knee deformity in residual poliomyelitis by 
sequential plaster wedging results in excessive crushing of 
cartilage and some éléments of formity and stiffness of knee 
joint persist 
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Résultant vector 


Fig. 4: Radiograph showing distraction at the knee joint 
and correction of posterior subluxation in the frame 

These are connected to each other by a pair of hinges 
with colinear axis passing little proximal to the actual 
knee joint axis and along the anterior surface of fémur. 
The hinge has a fémoral arm and a tibial arm (Fig. 5). 

Axial joint distraction is the first step in correction of 
deformity. The fémoral arm of the hinge is moved distally 
by the movement of the two nuts at its fémoral ring. Thus, 
knee joint is distracted, and posterior subluxation of knee 
joint gets corrected, while the hinge axis reaches at level of 
actual knee axis as shown in the Figure 5. 

Instead of impingement between fémoral and tibial 
condyles, we get a distraction of the two condyles, thus, it 
prevents crushing of articular cartilage and facilitâtes 
further corrections. Posterior subluxation is also corrected 
partly by this maneuver. 


Fig. 5: Clinical picture showing the frame applied to the 
deformed knee. Hinges at the knee are placed little proximally 
to correct posterior subluxation when the joint is distracted 


Fig. 3: Radiograph of the deformed knee with llizarov frame 
and translation construct hinge is at the axis of the knee joint 


Double pin traction 


Fig. 2: Correction of knee deformity by pin traction through 
tibia reduces cartilage impingement and residual éléments of 
deformity but fails to correct them completely 
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One the desired axial distraction of the joint has been 
achieved, a distraction motor with in-built characteristic 
to adapt to the corrected frame positions is applied between 
the distal fémoral ring and the distal tibial ring. The nuts 
of the hinge axdis are loosened, and the nuts at one end of 
the distraction motor are moved in such a way that the 
two anchoring points of the motors move apart directing 
the corrective force on the pivot of the hinge axis and get 
the desired effect. Contracted joint capsule, the ligaments 
and posterior muscles easily stretch, and a graduai correc¬ 
tion is obtained. The fémur and the tibia which are held 
apart move easily (Figs 6 and 7). 

The Ilizarov apparatus is very versatile. Any other 
deformity such as posterior subluxation called transla¬ 
tion in Ilizarov language, or rotation can be corrected by 
making appropriate changes in the corrective construct. A 
spécial translation device can be applied to correct 
translation. The same device when applied in circular 
fashion at least three to correct rotation (Figs 8 and 9). 

Once the deformity or ail éléments of deformities are 
fully corrected, the apparatus is removed, and the limb is 
kept in plaster in fully corrected position for a few weeks. 


Ankle Deformity 


The same principles are used in correction of ankle and 
foot deformities. 

Ankle deformity is divided into varus and equinus. 
The foot has mainly cavus deformity, some varus is seen 
in neglected congénital talipes equino varus. Construct 
for the heel, ankle and foot is a block of two rings in the leg, 
with Vi (half) ring for the heel and another half ring for the 
foot. The ring for the heel is fixed by two cross Kirschner's 
wires and a Schanz screw at the back of the heel. The 
forefoot ring is fixed by two cross of "K" wires each passing 
at least through three metatarsals each. These are joined 



Fig. 6: Subluxation construct built in the Ilizarov frame 
for anterior translation of tibia in flexed knee 



Fig. 7: Rotation construct for knee applied in 
clockwise fashion seen from front 

together by a pair of hinges, on either side of the ankle 
joint axis, other pair of hinges for the foot with axis of the 
hinge passing through the apex of the cavus. Distraction 
motor is provided on the back of the leg from the proximal 
ring of the leg block to the half ring of the heel (Figs 10 
and 11). 

To correct the varus deformity of the heel, the hinges at 
the ankle are placed to move in coronal plane for the 



Fig. 8: AN éléments of the deformities of the knee 
corrected in Ilizarov frame 
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Fig. 9: Radiograph of the knee at the end of the treatment 
showing distracted joint and correction of ail éléments of 
deformities 



Fig. 10: Clinical picture showing frame for the ankle and foot 
deformity correction. Hinges at the level of ankle and apex of 
the cavus 



Fig. 11 : Patient with complété correction of deformities 


correction. Leg rods of the ankle joint hinge are moved by 
differential distraction, meaning thereby that the médial 
rod is moved at twice the rate as compared to the latéral. 
The hinges are placed to move in coronal plane for the 
correction. Only one hinge is loosened, and its corrective 
movements of nut are done at a time. This hinge is tightened 
when the corrective distraction is to be done on the other 
hinge rod (Figs 12 and 13). 

The correction achieved thus is by the unconstrained 
type of construct as the forces of correction are not centered 
exactly at the axis of rotation of varus deformity. Though 
complex to articulate, the constrained construct can be 
made by placing two parallel pairs of hinges with their 
axis passing along the axis of varus rotation of the foot. 
Relevant corrective motors need to be applied on either or 
both médial and latéral aspects of the ankle as shown in 
Figures 14 and 15. 

The hinges on médial and latéral side of the ankle are 
rotated to move in a sagittal plane, with their axis 
colineating with the axis of the ankle joint for equinus 
correction after varus has been corrected. The posterior 
motor applied between leg and hindfoot rings is the 
distraction motor. The motor applied in front of the ankle 
joint is the compression motor. This is the easier construct 
to apply and maneuver, with predictable correction and 
very little risk of anterior subluxation. 



Fig. 12: Model showing ankle varus with unconstrained 
construct for correction by differential distraction 
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Fig. 13: Model showing the ankle deformity corrected by 
differential distraction. Hinges are placed on médial and latéral 
side of the ankle in a coronal plane. 



Fig. 14: Model showing ankle varus and hinges placed anterior 
and posterior to ankle joint with their axis passing along the 
long axis of talus and motors applied on either sides of the 
ankle (médial—distraction motor, latéral—compression motor) 



Fig. 15: Model of the ankle with corrected deformity showing 
the posterior hinge at the level of the talus (constrained hinged 
corrective construct) 

Joints of the foot are distracted by moving forward the 
forerods of the hinge placed at the apex of the médial foot 
arch. Distraction motor can be applied on the sole between 
hindfoot ring and forefoot ring, or compression rod can be 
applied between forefoot ring and distal tibial ring. The 
foot correction can also be attained by differential 
distraction on médial and latéral rods along the foot. These 
rods hâve further hardware applied to accommodate and 
adjust to the correction achieved. Médial rods are moved 
twice the distance as compared to the latéral rods for 
forefoot adduction. Straight rods with differential 
distraction are used in cases with small degree of cavus 
deformity. Ail foot and ankle deformities as well as the 
knee deformities can be corrected simultaneously. 

Mechanics in Plaster Correction 

Toe to groin plaster is applied under general anesthésia in 
as much correction as possible. The patient is asked to 
corne again after 10 to 15 days for further correction by 
wedging. Appropriate wedges are eut anteriorly, plaster 
is partially eut in the flexed side and forcible correction 
done with or without an anesthetic. The plaster wedge is 
closed and one or two plaster bandages applied to hold it 
in corrected position. 
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Tibia is subluxated backwards, rotated laterally and is 
flexed over the fémoral condyles. The latéral condyle of 
tibia impinges on the latéral condyle of fémur posteriorly. 
The impingement is increased on forcible correction of 
deformity and the displacement is maintained in spite of 
correction of flexion deformity. Continuons pressure 
softens the cartilage, the subchondral bone, and the 
pressure due to impingement is reduced and the condyle 
slides over to a corrected position. Wedging the plaster 
repeats the process from the newer position and a graduai 
correction is obtained. 

Double Pin Traction 

Two Steinmann's pins or tensed Kirschner's wires are 
passed. One through the condyles of the tibia and the other 
through the lower end of tibia and fibula or calcaneus. 
Vertical traction is applied through the proximal pin and 
horizontal traction through the lower leg or calcaneal pin 
by a System of pulleys. The pull exerted is somewhere 
midway between the two directions depending upon the 
amount of weight applied to vertical or horizontal 
directions. There is a certain amount of traction resulting 
in distraction between the fémoral and tibial condyles. 

Impingement of fémoral and tibial condyles occur as 
in serial plaster wedging, points of différence are as 
follows. 

1. The vertical and horizontal tractions exert a pull 
midway between the two forces. Certain degree of 
disimpaction occurs. 

2. The resulting pressure over the articular cartilage and 
subchondral bone is less. 

3. The process of correction is continuons. 

llizarov Method of Correction 

The first step in llizarov correction of deformity is a 
distraction of the joint. This maneuver prevent the impinge¬ 
ment of the fémoral and tibial condyles. The force of 


correction is centered exactly at the site where needed. The 
contracted tissues, capsule, ligaments, tendons and 
muscles and skin are ail stretched. Graduai correction of 
deformity is physiological and stretched tissues maintain 
their characteristics. On the other hand, scar tissue forms 
when forceful methods are used and the tissues are torn 
as manifested by the reactionary swelling. Every element 
of deformity is corrected step by step by llizarov method of 
correction. Deformity correction by llizarov ring fixator 
takes 4 to 8 weeks depending upon the complexity and 
magnitude of deformity. Postdeformity correction and 
plaster cast immobilization are required for 4 weeks. 
Patients submitted to this modality of treatment had severe 
deformities and would need much longer time by older 
conventional methods of treatment. 

Deformity correction by llizarov method is quick. 
Frame period varies from 4 to 8 weeks, plaster is kept for 
further 4 to 6 weeks when patient is ready to go in callipers. 
In combined knee and ankle, ail the deformities are 
corrected in one go. Patient compliance for this treatment 
is very good, and excellent predictable results are ensured. 
The corrective forces are applied exactly at the site where 
needed. They canbe modified to correct another deformity 
if it crops up during the correction of one deformity. There 
is no crushing of the bone, and the joint stiffness following 
this treatment is minimal. Joshi's external stabilization 
System (JESS) fixator is also based on the same llizarov 
principles. It is a physiological process whereby the con¬ 
tracted tissues are lengthened harmlessly without giving 
rise to excessive fibrous tissue which would resuit after 
soft tissue surgery. The joints are restored to their normal 
position, hence, they resuit in normal function. 
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INTRODUCTION 6 

Among the survivors of poliomyelitis, some hâve minor 
disabilities without causing functional impairments and 
most of the other category of survivors with varying grades 
of paralysis adapt to their impairments and disabilities 
leading near normal life. Their disability did not worsen 
for years together and hence polio was considered to be a 
stable and non-progressive condition. Occurrence and 
increase in impairments in polio affected was considered 
to be because of limb length inequality, muscle 
contractures, joint subluxations, etc. 

To the surprise and disbelief of many polio patients, 
they hâve started developing a set of new symptoms, 30 to 
40 years after the initial épisode of polio. 

The common complaints are excessive fatigue, 
progressive weakness, pain and functional loss. There does 
not appear to be any obvious cause for the présent 
symptoms. This is known as postpolio syndrome (PPS), 
late effects of polio, the PPM problems and so on. This has 
changed the total outlook of chronic poliomyelitis. 

Historical Background 1 

In 1979, "Réhabilitation Gazette", an international 
publication (established in 1958, as an advocate for 
réhabilitation and independent living for disabled) carried 
an article by a former polio victim, entitled "those passing 
years", in which he chronicled his increasing fatigue and 
muscle weakness of recent years. As reactions poured in, 
it became obvious, that many postpolio individuals were 
experiencing similar difficulties. 

This was a new perspective of the old disease, a disease, 
survivors believed they had conquered through sheer will 
power and endurance. 


Actually, this is not a new entity. This was first described 
in the French literature in 1875. Well-documented cases 
were also reported in 1903,1935 and at various other times. 
However, medical community paid scant respect to this 
aspect of polio concentrating mainly on management in 
acute and subacute stages up to réhabilitation. However, 
postpolio problems are being recognized more widely only 
in recent years. The probable explanation for this is as 
follows. 

The incidence of polio gradually went on increasing 
from 1900 to the 1950s, till the polio vaccines were 
developed. Significant number of cases occurred between 
1940 and 1950. Added to that, was better nursing care 
which increased the chances of survival. Also most patients 
aimed at independent living which led to stressful life. Ail 
this resulted into having a sizable number of polio victims, 
disabled but living an independent life. Ail these factors 
and better communication facilities resulted into bringing 
this condition into limelight. 

In 1987, the social service department of the United 
States of America sent circulars to health personnel's 
advising them to reassess the disability of polio survivors. 
At least 25% of polio survivors appeared to be experiencing 
the new set of symptoms. 

Clinical Features 

Symptoms 

The most common symptoms are as follows. 

1. Fatigue: It is one of the commonest symptoms. It is 
commonly described as an overwhelming exhaustion 
from activities which otherwise would not cause any 
tiredness. Commonly experienced in late afternoon and 
evening. 
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2. Pain: Usually, it is a deep ache in muscles or joints and 
commonly perceived at night. Usually there is neither 
swelling nor any inflammatory change. Pain and 
fatigue usually settle at least partially by restricting 
activities and better support of unstable joints. 

3. Weakness: The muscle weakness develops and 
progresses very slowly. Patients are known to hâve 
decrease in muscle power at the rate of 1% per year. 

4. Functional loss: One of the most striking features of polio 
affected persons is their ability to appear normal and 
function normally in spite of relatively few good muscle 
groups. This capacity decreases significantly. Decrease 
in muscle power and loss of functional capacity has 
forced many patients to use supports which they had 
discar ded year s ago. Polio victims are forced to use 
crutches, calipers and respirators after many year s. 
This has serious repercussions on the functional 
independence of the polio affected. 

5. Cold intolérance 

6. Wasting of muscles 

Thus, many patients often say, "Nobody knew I had 
polio, now it is difficult to hide it." 

Onset of New Symptoms 

The new symptoms usually start 30 to 40 years after the 
initial épisode. Though the onset is usually insidious, 
occasionally certain events like minor accident or weight 
gain appear to precipitate the symptoms. Patients say that 
similar events in earlier life would not hâve caused similar 
détérioration of function. 

The initial épisode: Most patients had moderate to 
severe attack of poliomyelitis with at least 50% recovery. 
The muscles which were most commonly affected are the 
ones which hâve partially recovered clinically. The âge at 
the onset of polio also appears to be a factor in development 
of late onset problems. Older the patients are at the onset 
more are the chances of development of postpolio problems. 

Pathophysiology of Postpolio Syndrome 
(Figs 1 to 5) 

At least three processes singly or in combination appear 
to be responsible for the causation of postpolio syndrome. 

Motor Unit Dysfunction 

In postpolio syndrome the motor neurons lose their 
terminal axonal sprouts, orphaning many muscle fibers. 
The number of neurons also decreases. Many factors appear 
to play a rôle in this process. 

1. Réactivation of polio virus: In animais it is known that a 
polio virus can get reactivated after lying dormant for 


years together. However, such phenomenon is not yet 
demonstrated in human beings. 

2. Aging superimposed on polio process: It has been shown 
that a significant number of neurons start dying after 
an individual reaches middle âge. This goes unnoticed 
in a healthy human being. However, aging super¬ 
imposed on already depleted force of anterior horn cells 
will cause loss of motor power and new symptoms. 
This theory explains symptomatology to a large extent. 

3. Motor neuron overuse: There are some interesting 
observations. 

a. New weakness occurs more commonly in legs than 
in arms (Maynard). 

b. In muscles with similar involvement in arms and 
legs, new weakness is more severe in weight- 
bearing muscle of legs than in nonweight-bearing 
muscles of arms. 

c. New weakness is more likely to occur in limbs most 
affected by the original disease. 

Musculoskeletal Disuse 

It is often seen that patients with weak tendoachillis can 
hâve good function. In such cases, it is observed that 
quadriceps 4 and lower part of gluteus médius are overused. 
This overuse after a few years leads to fatigue, weakness 
and diminished endurance. So, it is commonly observed 
that patients with weak gastrocnemius often get pain in 
the thigh and gluteal région. 

Musculoskeletal Overuse 

Chronic strain on joints and ligaments which hâve been 
inadequately supported for years results into joint pains 
and fatigue. 

Diagnosis 2 ’ 3 

The diagnosis is mainly by exclusion of other disease. 
There is no known laboratory test for diagnosis of postpolio 
syndrome (PPS). Therefore, ail the patients suspected to 
be suffering from this problem hâve to be evaluated by 
réhabilitation specialist, orthopédie surgeon, general 
physicians, neurologists and if necessary psychologists. 

Investigations 

Apart from routine investigations EMG is useful in that it 
help to: 

i. Confirm the presence of polio. 

ii. Identify possible subclinical involvement. 

iii. Establish a baseline. 

iv. Exclude other neurological conditions. 
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Fig. 1: Motor units in normal-one neuron supplying 
100 to 120 motor units 



Fig. 2: Motor units in acute poliomyelitis-poor muscle 
function, death of many anteior horn cells and motor units 



Fig. 3: Motor units in complété recovery-terminal sprouting of 
axons increases the number of motor units supplied by a single 
neuron to 400-500 



Fig. 4: Motor units in partial recovery-hypertrophy and terminal 
sprouting insufficient to lead to complété clinical recovery 



Fig. 5: Motor units in postpolio disease-aging and 
terminal sprouting decreases 


The most commonly observed though not diagnostic 
EMG findings in PPM A are as follows. 

1. Increased fibrillation. 

2. Increased fasciculation. 

3. Increased fiber density and jitter/blocking. 

4. Large voluntary motor units potentials up to 25 mv. 
Some physicians believe that créatinine phosphokinase 

levels are increased but Dalakes et al (New Engl J Medicine) 
observed that in only 3 out of 27 patients, the level had 
significantly increased. Dalakas et al performed biopsies 
in 8 patients. It showed evidence of new active denervation 
in form of small fibers stained darkly with enzymatic 
reaction. However, there are no studies which would 
differentiate symptomatic and asymptomatic postpolio 
patients. 

Diagnostic Criteria 

The provisional criteria for diagnosis of postpolio 
syndrome are as follows. 

1. A prior épisode of paralytic polio confirmed by history, 
physical examination and in some cases EMG. 

2. A period of neurological recovery followed by an 
inter val of functional stability of at least 20 years or so. 

3. Graduai or abrupt onset of nondisuse weakness in 
previously affected or unaffected muscles this is a very 
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important point. Halsted et al advocate a trial of closely 
supervised exercise to exclude disuse weakness 
before making a diagnosis of postpolio progressive 
atrophy. 

4. Weakness accompanied by other symptoms of 
fatigue, muscle pains, joint pain, decreased functional 
capacity, etc. 

5. Exclusion of medical, orthopédie and neurological 
conditions which may cause similar clinical picture. 

Differential Diagnosis 

Every patient who develops new symptoms should be 
carefully evaluated to rule out amyotropic latéral sclerosis 
(ALS) mainly because ALS is nearly always a fatal disease 
while PPM A runs a slowly progressive course. In ALS 
bulbar signs are common so also long tract signs and 
fasciculation are quite common as opposed to PPM A. The 
EMG studies are quite different in the two conditions 
(Halsted et al). 

The other conditions which hâve to be differentiated 
are: compressive neuropathies, disk disease, anémia, 
osteomalacia (especially in our country) and dépréssion. 

Management 5 

As there is no test for diagnosis of PPMA, similarly there is 
no definitive treatment for the same. The treatment is purely 
empirical. The most important advice to these patients is 
to restrict their activities. However, one should address 
folio wing aspects. 

Psychological Aspects 

Though most authors advocate a routine examination by 
a psychologist, it is inappropriate in our country. However, 
in selected cases, we hâve found it to be very useful. Halsted 
classified the patients into three groups. 

1. Those who refuse to accept that they are handicapped. 

2. Those who feel that they are experiencing then- 
handicap for the first time. 

3. Those who are experiencing polio for the second time. 
They believe that they hâve been twice cursed, and this 
gives rise to a feeling of anger, frustration and 
dépréssion. 

Regardless of the reaction, most patients hâve typical 
history. They hâve worked hard to overcome their initial 
problems. In fact, they were always encouraged by parents 
and colleagues to fight life and overcome disability. Now 
thirty years down the line, they hâve to be advised to "slow 
down." Such advice very few appear to accept at the first 
sitting. A discussion with family members as well as 
colleagues is quite useful. 


Weakness 

This usually occurs in major muscle groups which are 
maximally used in daily activities. An effort is made to 
provide more rest, less stress and better support to the 
weakened muscles. This often reduces the loss of strength. 
A new light weight orthosis is indicated in many patients. 
They may need more extensive walking aids. 

Exercises 

Though it may appear to be contradictory to earlier 
statements it is necessary to keep these patients créative 
for both physical as well as psychological reasons. An 
exercise program may hâve to be tailor-made for every 
patient. Gentle stretching exercises or some form of yoga 
could be very useful. The following points are worth 
remembering about the exercise. 

1. It has to be done very regularly. 

2. Strengthening of muscle which do not show any signs 
of involvement on EMG. 

3. Répétitive activities which appeal to the patient, do 
not cause undue pain or muscle fatigue hâve to be 
encouraged. A sense of weakness or discomfort that 
persists for several hours is a sign of excessive activity 
and has to be avoided. 

Pain 

The principles of pain management are as follows: 

1. Improvement of abnormal body mechanics, e.g. proper 
use of pillows, shoe raise, corsets, etc. 

2. Relief or support of weak muscles. 

3. Promote life-style modifications. 

4. Moist heat, transcutaneous electrical nerve stimulation 
TENS or other pain-relieving modalities. 

5. Short-term courses of nonsteroidal anti-inflammatory 
drugs NSATOs when necessary. 

Respiratory Failure 

Most of the patients who needed permanent respiratory 
support did not survive in our country because personal 
respirators were not available. While in developed 
countries, many patients were put on respirator initially 
and improved and were weaned from respirator. Today 
years after together, a few of them are developing 
respiratory problems. The mechanisms include increased 
weakness of respiratory muscles, increased scoliosis, 
smoking, récurrent respiratory infection. These in turn lead 
to respiratory insufficiency and if not properly treated, 
death. Most of them are forced to start using respirators. 
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Prognosis 1-5 

Initially, it was thought by many workers that postpolio 
problems are a part of ALS. Time has proved that 
these fears are unfounded. Ail the evidence suggests 
that this condition is benign (except when respiratory 
problems occur). The rate of détérioration does vary 
but appears to be very slowly progressive. Dalakas et al 
found an average loss of muscle strength up to 1% per 
year. 

THE FUTURE 

This slowly progressive condition has confused the 
clinicians for quite sometime. Many questions remain 
unanswered. 

1. What is the exact etiopathology? 

2. How does one diagnose the condition with certainty? 

3. How does one monitor the progress? 

4. What is the best form of treatment to arrest the progress 
of the disease and the relief of the symptoms? 

THE INDIAN SCENE 

The importance of this problem is not well appreciated in 
our country. The exact figures are not available, but the 
incidence of PPMA appears to be less than 20 to 25% of the 
polio victims as quoted in American literature. 


In our country the survival of patients who needed 
respiratory support was very poor, hence, overall survival 
of patients with major disabilities are less. 

Patients with significant disabilities are routinely well 
protected and usually do not live independently. Their 
life is not stressful. Thus, incidence of disabled patients 
who hâve stressed their musculoskeletal System 
significantly is much less. These may be the reasons why 
incidence and awareness about this condition are very 
low in our country. 

Periodic testing of muscles and keeping a close watch 
on détérioration of muscle power and loss of functions 
has to be kept in mind in anticipation. 
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INTRODUCTION 

Poliomyelitis is one of the major handicaping illness ail 
over the world, more so in the third world. It mainly affects 
underprivileged poor low socioeconomical class of society 
having very adverse effect on economy. 

About 15% of the world population is handicapped 
and more than 50% of these are polio patient in third world 
countries. Ail over the world you get 90 to 100 cases/ 
million population, while in India the incidence is 2 to 
3 lakhs new cases/year. So, every two minutes you get a 
new case of polio. The disease is now endemic in the thrid 
world countries. The situation in India regarding polio is 
not an exception. The statistical study of incidence of polio 
in India in 4 large cities Delhi, Mumbai, Chennai and 
Calcutta show surprisingly that there is no remarkable 
différence or fall in incidence over last 10 year s in spite of 
vaccination program and centers run by the government, 
civic bodies, certain charitable hospitals as well as private 
consultants. There are two main reasons: (i) the cold chain 
for the vaccines which are used is not properly maintained, 
and (ii) the importance to "poliomyelitis" is not given like 
smallpox and tuberculosis even though it is quite crippling 
disease and common in poor hygienic area. Oral 
vaccination has been the choice in India. Observation of 
cold chain is must for potency of the vaccine. Vaccination 
co ver âge is only 2.6% in India. 

Causes of Late Présentation 

• Ignorance 

• Poor socioeconomic condition 

• Lack of facilities of treatment. 

As polio cases are not given due importance in general 
hospital dealing with trauma and other cases. 

• Multiple procedure may be needed which are not done 
intime 


• Orthotics are not repaired or replaced in time 

• Parents only realize that deformity should be corrected 
at the time of marriage. 

Type of Neglected Cases Corning 
to Orthopedicians 

Fixed Deformity 

Fixed deformity is the deformity which is not possible to 
correct even otherwise normally. In adult âge, a skeletal 
deformity may be caused by any of the following factors. 

1. Muscle imbalance 

2. Unrelieved muscle spasm 

3. Habitually faulty posture 

4. Growth disturbance 

5. Dynamics of activity. 

To prevent deformity is the happiest outcome of any 
patient's program. It requires close observance by the 
orthopédie surgeon at regular and frequent intervals and 
close coopération from the patient as well as parents. Until 
growth is complété otherwise deformity may become fixed 
type. Sometimes even with expert treatment, deformity may 
be impossible to prevent when poliomyelitis strikes in 
childhood. A severe imbalance between opposite muscle 
groups, shortening and other deformities of hip, knee and 
foot which cannot be corrected by any means other than 
surgery is necessary at any âge. Even at adult âge one has 
to perform surgery. 

Bony Deformity 

When patient cornes in an adult âge (neglected case), the 
deformities are having bony changes. As for example a 
case is having equinus deformity which is initially 
dynamic one, on persistent use, it will be converted into 
static deformity, and the body of talus remains out of the 
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ankle mortise and without pressure of the joint it will 
broaden out. Ultimately a stage will corne when that 
deformity will be bony and unreducible. So, with soft tissue 
surgery alone correction will not be possible. 

In flail limb when patient walks with weight bearing 
without caliper, the genu recurvatum reaches to almost 40 
to 50°, because articular surface of tibia develops gross 
anterior sloping. In adult âge only with triple tenodesis, 
correction of recurvatum is not possible. One has to correct 
the deformity by bony surgery. 

Multiple Deformity 

Although several factors must be considered in timing the 
procedures properly, the âge of the patient is the most 
important. Some progressive deformities such as scoliosis 
and pelvic obliquity require early definitive treatment as 
when neglected their influence may damage the whole 
body and lead to multiple deformities. 



Shortening 

Usually adult female patients are commonly coming for 
correction of limb length discrepancy (Fig. 1) during 
marriageable âge either because parents insist or patient 
herself feels or at time when in-laws are insisting. 

Many a times an adult polio patient cornes to us with 
problem of compensation with heavy weight caliper or 
with history of trivial fall foliowing heavy compensation 
and difficulty to propagate for longer distance. 

Sometimes shortening is associated with deformities, 
so correction of deformity corrects some shortening, 
remaining can be corrected by limb lengthening. 

It is the shortening up to 15 cm which attracts the 
surgeon to correct length discrepancy. 

Inability to Propagate 


Fig. 1 : An adult girl of residual polio having gross deformity of 
left lower limb. Right lower limb flail but without deformity. Left 
hip—flexion, abduction, external rotation, left knee— posterior 
subluxation and genu valgum, and left ankle and foot—equinus 
deformity 


TABLE 1 : Analysis crawling patterns in 222 patients 


Crawling patterns 

Male 

Female 

Total 

Per cent âge 

Squatting gait 

89 

23 

112 

50.4 

Infant-like crawl 

30 

29 

59 

26.6 

Buttock pivoting 

11 

6 

17 

7.7 

True quadruped 

6 

10 

16 

7.2 

progression 

Body dragging 

3 

7 

10 

4.5 

Minimal movement 

2 

6 

8 

3.6 

Total 

141 

81 

222 

100 


In patient who had affection since childhood and cornes 
to us in adult life, severe deformities may occur secondary 
to initial deformity, and patient has to propagate by any 
means and ultimately patient has to walk as quadruped. 

Crawling is defined as inability to move in the standing 
position requiring the use of hands, buttocks or knees on 
the ground for propagation. 

AB Gross and Solihill of England studied "Crawling 
patterns in neglected poliomyelitis in the Solomon island", 
222 cases of adult crawling polio cripples were investi- 
gated (Table 1). According to distribution of paralysis and 
crawling pattern, they hâve divided into six groups (Fig. 2). 

1. Squatting gait 

2. Infant-like crawl 

3. Buttock pivoting 

4. True quadruped progression 



Squatting gait 


Infant-like crawl 



True quadruped 
progression 



Body-dragging gait 



Fig. 2: Diagram of the six typical crawling pattern 
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5. Body dragging 

6. Minimal movement 

"True quadruped progression" and "squatting gait" 
categories hâve an excellent potential for réhabilitation. 
Caution should be made in attempting crutch walking for 
"body dragging" group. One should not try to attempt 
upright walking even with support in "buttock pivoting" 
and "minimal movement" groups. 

The Postpolio Syndrome 

The middle-aged polio patient with good recovery of 
function following their initial poliomyelitis are now more 
than 30 years later experiencing new weakness, fatigue 
and muscle pain what is known as "overwork weakness" 
or "an overuse phenomenon" or "postpolio syndrome." 

This was first reported by Charcot over 100 years ago, 
because of accumulated strain of overuse some are no 
longer able to work. While others are losing their self-care 
independence and mobility, getting late effect of 
poliomyelitis. Bermot and Knowlton termed this 
"overwork weakness" most commonly involves lower 
extremities. 

Aims of Treatment 

1. General 

• Psychology 

• Willpower 

• Coopération of patient and relatives 

• Education of pateint and relatives. 

2. Local 

• Double pin traction and tenotomy 

• Rôle of soft tissue surgery 

• Rôle of tendon transfer surgery in an adult and its 
difficulties 

• Bony correction by osteotomy and arthrodesis 

• Rôle of deformity correction—Ilizarov method. 

General 

When a patient enters pubertal âge he/ she starts realizing 
his/her socioeconomic status in the society. What he/she 
can do and what not. The girl may start thinking about 
marital problems. Adult male may start thinking for 
sélection of academie line and problems of driving vechicle, 
playing an outdoor game, etc. Ail these associated problems 
in adult, neglected improperly treated case in under- 
developed poor country like India is likely to be more. 

It is essential to educate or rehabilitate patients in 
addition to make them mobile. Coopération and éducation 
of the patient as well as parents are very important. The 
final aim should be a patient returned to his/her own 
village or town, accepted and integrated into his/her own 


community and start earning his/her own living among 
his/her friends. One has to put his/her full efforts to 
improve patients willpower and acceptance regarding 
disability. 

Local 

Life is mobility and mobility is life. Mobility in upright 
position prevents many associated complications of 
crawling in neglected cases of polio. 

Double pin traction and ténotomies: Marked flexion 
deformity of knee in adult with posterior subluxation of 
tibia can be corrected by double steinmann pin traction. 
One is applied in lower end of tibia to apply longitudinal 
correction force and another is introduced through upper 
end of tibia and pulled vertically upward to prevent 
posterior subluxation of tibia in relation to fémur. 

Simultaneously full correction canbe achieved by fixing 
Ilizarov frame, keeping hinges anteriorly and slightly 
proximally to the joint line and as y ou apply distraction 
with posteriorly put motor which corrects flexion 
contracture as well as posterior subluxation. When external 
rotation of tibia over fémur is too much, then after 
distracting knee joint one may require rotational construct 
by which one can correct external rotation of tibia over 
fémur (Fig. 3) as well as genu valgum. So, three stages are 
necessary. 



Fig. 3: With rotational construct external rotation of 
tibia over fémur fully corrected 
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This can be corrected by calculated hinge placement in 
preoperative construction by which one can correct ail 
deformity simultaneously. 

The advantage of Ilizarov technique is that in neglected 
cases deformity usually associated with shortening for 
which lengthening procedure can be carried out via same 
frame and simultaneously. 

Whenever there is gross def ormities, the author prefers 
to do percutaneous closed ténotomies before fixation of 
Ilizarov frame which helps in shortening the duration of 
frame keeping period by 30 to 40%, decreasing pain during 
distraction phase, it is safe and do not hâve any adverse 
effect on final outcome. By percutaneous ténotomies, one 
may increase rate and rhythm of distraction for getting 
correction. 

Rôle of soft tissue surgery: Soft tissue surgery consists 
essentially of the release of tight soft tissue which propor- 
tionately increases the deformity. Common procedures 
and common examples are tendo Achilles lengthening 
with release of posterior capsule of ankle joint, release of 
posterior soft tissue of knee with posterior caspulotomy as 
in Wilson's procedure, Yount's operation of excision of 
fascia lata and Souttor's type of soft tissue release for 
flexion, abduction contracture of hip. When hip deformity 
is very long-standing and severe, correction by applica¬ 
tion of traction after release or use of Ilizarov frame is 
recommended to avoid neurovascular complication. 

At times even though rare but one has to keep it in 
mind when one is doing closed or open soft tissue surgery 
for correction of deformity, one is likely to face compartment 
syndrome and at times needs fibulectomy to decrease the 
compartment pressure. 

Before proceeding with soft tissue surgery, it is always 
essential to take radiograph of that particular joint mainly 
for two purpose: (i) to rule out abnormal growth of bone 
which is preventing correction as for example in long- 
standing equinus deformity where body of the talus is so 
much broadened out that it is very difficult to push it back 
into ankle mortise in spite of soft tissue surgery, and (ii) to 
exclude osteoarthritic changes. 

Rôle of tendon transfer and its difficulties: The basic 
principles of tendon transfer remain same whatever may 
be the âge of the patient. The prerequisites, indication, 
contraindication, advantages and disadvantages are also 
same. For tendon transfer in an adult, two things hâve to 
be kept in mind very clearly that the period of immobiliza- 
tion is always little bit more, and the response which you 
get in children you may not get in adult. That is why one 
has to put more stress on physiotherapy after surgery. 

The joint on which the transferred tendon will act of 
course must be fully mobile, and the muscle transferred 
must be of adéquate power. 


Whenever tendon transfer is decided on, the position 
of the tendon, its insertion, its secondary action and how 
to cure muscle imbalance without producing any adverse 
effect after transferring available motor must be kept in 
mind. Excursion of tendon after transfer is less in adult 
than in children. Arthritic changes in the joint, abnormal 
shape of bone due to imbalance and deformities are also to 
be kept in mind before going for tendon transfer surgery in 
an adult. 

Bony correction by ostéotomies and arthrodesis: Arthrodesis 
of different joints are done more commonly than in 
children, and best results are obtained when combined 
with suitable tendon transfer. It should be remembered 
that adult with deformities of lower limb hâve developed 
a different gait pattern than normal. Quite often after 
correction of deformities of lower limb, the patient may 
feel difficulty to his/her altered gait patterns particularly, 
initially this problem should be discussed with the patient 
before surgical stiffening of the joint. 

Rôle of deformity correction by Ilizarov method: Ilizarov 
technique is a genuine blessing for the neglected cases of 
polio with severe deformities. It can correct any gross 
deformity due to polio easily, and one can achieve full 
correction without any trouble (Fig. 4). 



Fig. 4: Full correction achieved and then bilateral full length 
caliper was given to make her walk in erect posture 
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Due to having an entire section or Ilizarov technique, 
this technique is not discussed in detail in this chapter. 

The author is using this technique for mainly two 
purpose: (i) for correction of severe deformity in polio, and 
(ii) for limb lengthening. 

At times in severe deformity, the author is using this 
technique along with closed tenotomy, because it helps in 
decreasing pain during distraction period and frame 
keeping period as well as one can correct deformity at a 
faster rate. 

Second advantage of this technique is one can correct 
the deformity simultaneously with limb lengthening. 

Problems at an Adult Age 

Shortening 

After invention of Ilizarov method shortening is not a 
problem because with this method one can do lengthening 
of a single bone by 10 to 15 cm. 

In an adult life whatever the différence between polio 
limb and normal limb if corrected by any means, the 
discrepancy is not going to recur. 

Shortening up to 2 cm. No surgery, only heel lift inside 
shoe. Normal footwear canbe worn for spécial occasion. 
Shortening of more than 15 cm 

• Leave alone 

• Orthotics 

• Double bone lengthening 

• Double procedure shortening of normal limb and 
lengthening of polio limb (drawback overall height 
decrease). 

Shortening between 2 to 15 cm: When shortening is more 
than 2 cm, the required élévation is unsightly and may be 
cumbersome enough to fatigue a partially paralyzed 
extremity where surgery may be indicated. 

Shortening up to 6 to 8 cm and lengthening of only 
tibia of affected limb will solve the purpose, but if the 
shortening is affected limb will solve the purpose, but if 
the shortening is between 8 to 15 cm then either double 
bone lengthening (tibia and fémur) or double procedures 
(shortening of normal limb and lengthening of affected 
limb) are more safe. It is also essential that the values, 
limitations, dangers and complications of the various 
methods of treatment must be known and accepted before 
the final decision is made. As a drawback of double proce¬ 
dure, the overall height of the patient may decrease which 
must be acceptable to the patient and single bone 
lengthening change the level of both the knee joints. 

Procedures 

1 . Anderson Wagner 

2. Ilizarov 


3. Ilizarov cortical allowgraft or Wassertain technique 

4. Ilizarov with interlocking nail. 

In an adult Ilizarov technique is a better choice for 
details see section on Ilizarov. 

Advantages of Anderson method: Apparatus is much 
simpler and cheaper. 

Disadvantage: Rotational and angulatory deformity at 
distraction site is difficult or impossible to correct. 

Foot Stabilization 

It is believed that flexible, supple, stable foot is always 
better than stable, fused (bony) and rigid foot. An adult 
patient is coming to us with unstable foot usually there 
must be some osteoarthritic changes, and deformity is rigid 
so by and large patient is in need of bony surgery. The 
author feels that whenever tendon transfer surgery is 



Fig. 5: Closed tenotomy of tensor fascia femoris and open 
Sauttar’s operation done. Ilizarov frame fitted and hinges and 
distractor put in such a way that knee flexion and posterior 
subluxation along with genu valgum corrected simultaneously. 
Closed tenotomy of tendo Achilles done and foot frame were 
also fitted to do simultaneous correction of equinus. 

• Longitudinal traction given with frame 

• So ail deformities corrected simultaneously 

• Joints were distracted enoughly to correct ail deformities 

• After getting correction at ail levels external rotation of tibia 
over fémur persists for which rotational construct is prepared 
and correction carried out 
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TABLE 2: Corrective procedure for knee deformities and “Q” paralysis in adults 


O 

O 

30° to 60° 

60° 

Always operate 

Usually with posterior 

Ilizarov frame fixation 

Yount's operation 

subluxation and hip 

with or without closed 

+ 

contracture 

Tenotomy 

Sautter's operation 

Needs surgery 

Or 

(Open) 

▼ 

Closed 4 levels tenotomy 
of Tensor fascia femoris 

+ 

Double Pin traction 
(SOS Sauttar's operation) 

+ 

Campbell's operation with 

Wilson's operation but 
avoid posterior capsulotomy 

Now if no correction achieved 


▼ 

than Ilizarov frame fixation (Fig. 5) 



• If hamstrings are powerful then H-Q transfer ^ 

• If hamstrings are nontransferable then switch on to caliper ▼ 

• If hamstrings nontransferable and foot is stable/patient wanted to eliminate hand to knee gait and caliper—supracondylar 
osteotomy of fémur 

• Knee arthrodesis in limited cases. 


possible, one should perform along with minimal bony 
surgery for arthrodesis. 

The late resuit of triple fusion are not much encourag- 
ing but when neglected or in an adult case usually bony 
surgery will be necessary. 

The bony surgery includes triple fusion,, ankle fusion, 
pantalar fusion Lambrinaudi, calcaneal or supramalleolar 
osteotomy, etc. are necessary as per indication for 
correction of deformity and muscle imbalance. 

Knee Deformities and "Q” Paralysis 

The corrective procedures for knee deformities and "Q" 
paralysis are depicted in Table 2. Whenever one should 
proceed for hamstring to quadriceps transfer, more than 
90° knee flexion is not possible at adult life. Extension lag 
is common when this operation is one in an adult but even 
then the hand to knee gait and caliper will be éliminated. 

Hip and Pelvic Obliquity 

Hip and pelvic obliquity in an adult case is to be tackled 
by correction of hip deformity because the obliquity and 
scoliosis are usually due to hip flexion and abductor 
contracture. Usually Campbell's operation is must as after 
Sautter's operation. Iliac crest will become more prominent 
which requires excision. At times, it may require 
capsulotomy of hip joint anteriorly. One must be careful 
while correcting flexion contracture of hip acutely 
regarding vascular and neurological complication by 
graduai correction in traction. 


In many cases coxa valga required varus osteotomy to 
correct hip subluxation and to put head into acetabulum. 

Paralytic Scoliosis 

It will be discussed in detail in Chapter on scoliosis. 

Paralysis of Upper Extremities 

These are discussed in Chapter on Hand surgery as well 
as peripheral nerve injuries. Ail arthrodesis will be 
discussed in Chapter on arthrodesis and ankylosis. 
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INTRODUCTION 

Leprosy, a chronic infectious disease involving the peri- 
pheral nerves and the skin, is caused by Mycobacterium 
leprae. It is one of the major communicable diseases of our 
country and has been feared and hated since time 
immémorial, because of the deformities and disabilities 
that it causes. Leprosy is now a curable disease which 
was not the case till a few décades ago. It continues to be a 
major public health problem in several developing 
countries including India. According to a recent estimate, 
about 3.1 million people are suffering from leprosy in the 
world, and about 2.3 million of them are on treatment. 1 
Most of these patients are to be found in Asia and Africa. 
In India alone, the number of patients registered for anti- 
leprosy treatment at présent is about one million compared 
to the estimate of a 4 million such persons in 1982. 2 

Leprosy is not evenly distributed in ail States of the 
country and as a resuit of vigorous multidrug therapy 
(MDT) campaigns and release of patients after completion 
of treatment under the National Leprosy Eradication 
Program (NLEP), the geographical distribution of cases 
needing treatment for leprosy has undergone a marked 
change over the last ten years. Tamil Nadu and Andhra 
Pradesh which had a high prevalence of leprosy earlier 
hâve now become low endemic States. Currently, States 
like Madhya Pradesh, Orissa, Bihar and West Bengal hâve 
a prevalence of 2 to 3 patients per 1000 population. 
Whereas Tamil Nadu, Andhra Pradesh, Maharashtra, 
Uttar Pradesh, Arunachal Pradesh, Nagaland, 
Lakshadweep and Andaman-Nicobar islands hâve an 
estimated prevalence of less than 2 patients per 1000 
population. Other States like Kérala, Karnataka, Gujarat, 
Rajasthan, Haryana, Punjab, Himachal Pradesh, Jammu 
and Kashmir, Sikkim, Assam, Meghalaya, Tripura, 
Mizoram and Manipur hâve prevalence of less than 


1/1000. Besides the steep décliné in prevalence rates, the 
profile of the type of new cases coming up for treatment is 
also changing. There has been an increase in the proportion 
of child cases, consistent décliné in the proportion of 
patients with deformities among new cases, and an 
increase in the proportion of cases with only one lésion. 
However, the proportion of multibacillary (MB) cases has 
not shown significant change. 3 

Etiology 

Mycobacterium leprae the etiological agent of leprosy was 
discovered in Norway by Armauer Hansen in 1873. It was 
the first bacterium discovered to be associated with an 
exclusively chronic human disease. However, till date, it 
has not been possible to cultivate this organism in any 
acceptable in vitro medium System. It is a gram-positive 
and acid- and alcohol-fast organism which has been 
characterized by Chemical as well as molecular markers. 
Though natural infection in armadillos and some species 
of monkeys with M. leprae has been reported, man is the 
sole réservoir of infection in most parts of the world. Among 
humans, lepromatous cases containing enormous 
numbers (of the order of 10 11 or so) of bacilli are the major 
source of spread of infection in the community. The major 
portai exit of the bacilli is the nose, and millions of bacilli 
are shed in the nasal discharge of bacillary positive lepro¬ 
matous leprosy patients. 4 Lepromatous patients also dis¬ 
charge bacilli through their broken skin/nodules, a few 
bacilli may also be escaping through the sweat and 
sebaceous sécrétions. 5 Intrauterine transmission of 
infection has not been confirmed, but breast milk of 
untreated lepromatous mothers may transmit the 
organisms in a few cases. The bacilli may remain viable 
outside the human body for varying periods of nine to 
more than 45 days. Although, droplet and human 
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proximity or contact are considered to be major modes of 
transmission, bites by arthropods and tattooing may be 
the mode of transmission in very rare cases. It is believed 
that in an endemic area, most of the population exposed to 
the infection eventually get infected, but only a very small 
proportion having or developing an immunological 
incompétence develop the disease in course of time. 

Pathology/lmmunopathology 

Leprosy is a chronic granulomatous disease, and the 
pathology of the disease has been investigated extensively. 
It is well known that as in tuberculosis the number of people 
infected by the pathogen far exceeds the number 
developing overt disease. 6 The disease is very slow to 
develop, the incubation period varying from about two to 
ten years. The overt disease has been histologically 
characterized and the features of various forms such as 
early and established types hâve been delineated. 7 

Early Leprosy 8 

Histologically, early lésions comprise lymphocytic 
infiltration without granuloma formation. Islands of 
infiltration in the epidermis, sweat glands, arrector pili 
muscle, hair follicles and neurovascular bundles in an 
otherwise normal skin with very few scanty perivascular 
lymphocytes, with or without demonstrable acid-fast 
bacilli (AFB) are suggestive of an early lésion of leprosy. 
These cases are classified as "indeterminate leprosy" 
because of the nonspecific histology. 

Established Forms of Leprosy 8 

The histopathological features of established forms of 
leprosy reflect the immunological status (cell-mediated 
immunity or CMI), as well as the delayed type of 
hypersensitivity (DTH) response of the affected person to 
M. leprae and its antigens. A person having good CMI and 
DTH develops the localized "tuberculoid type" (TT) of 
leprosy characterized by epithelioid cell granuloma. In 
the absence of spécifie CMI and DTH, the affected person 
develops the generalized "lepromatous leprosy" (LL) 
characterized by macrophage granuloma. Many patients 
présent an intermediate picture and they are classified as 
having "borderline leprosy". This group is further 
subdivided into borderline tuberculoid (BT), midborder 
line (BB) and borderline lepromatous (BL) leprosy 
depending on their nearness to one or the other polar types 
(TT and LL) of leprosy. 

Tuberculoid leprosy: Well localized granulomas contain- 
ing epithelioid calls and large well-differentiated 
Langhan's giant cells are characteristic features of tuber¬ 


culoid type (TT) of leprosy. Similar features are also seen 
in cases of borderline tuberculoid (BT) types of leprosy 
undergoing upgrading reaction. The epithelioid cell granu¬ 
loma are seen around blood vessels, skin appendages, and 
pathognomonically, in the nerves. The nerves show intra, 
and perineural granulomatous inflammation with partial 
or complété destruction of the neural éléments. It is not 
uncommon to see caseous necrosis in the neural lésions. 
Only a few, if any, bacilli are seen and there is heavy 
lymphocytic infiltration in the periphery of the granuloma. 
Erosion of the subepidermal zone by the granuloma, 
cellular infiltration, fibrosis or destruction of sweat glands 
are common features of tuberculoid leprosy. 

Lepromatous leprosy: The granuloma in the lepromatous 
type is diffuse and spreading and is mainly made up of 
macrophages. There is prolifération of perineurial cells 
giving a "eut onion" appearance to dermal nerves. The 
older macrophages in the lésions of the LL/BL types may 
appear foamy because of fatty vacuoles. A few lymphocytes 
may be scattered in the granuloma. The lymphocytes, 
when présent, may form clusters but do not extend to the 
edge of the granuloma. A large number of AFB are found 
in the macrophages, nerve bundles, endothélial cells and 
within the arrector pili muscle. The bacilli may also form 
clumps and clusters. Plasma cells are also présent in large 
numbers. A band-like infiltration is seen in the superficial 
dermis with a free subepidermal zone. Epidermis shows 
flattening and atrophy of rete pegs. 

Borderline leprosy: The histological features of borderline 
tuberculoid (BT) leprosy are like those of tuberculoid type 
(TT) with the presence of few a bacilli. In the midborderline 
(BB) forms, there is a progressive increase in the number of 
bacilli and macrophages, and decrease in the lymphocytic 
infiltration, specially in the periphery. There is a transition 
in the type of granuloma from the epithelioid type (in BT- 
BB) to macrophage type (BB-BL). The érosion of the 
subepidermal zone is not always seen in BT, and zone is 
always clear in BB and BL types. 

Borderline Reactions 8 

The reactions occurring in this group are also referred to 
as "type I" reactions. The reaction may be "upgrading" or 
"downgrading" depending upon the presumed sudden 
shifts in the CMI-DTH status. The picture in upgrading or 
reversai reaction associated with increase in CMI-DTH 
status is marked by well-formed compact granuloma 
which approximates the epidermis and the free 
subepidermal zone. Further, there is an increase in the 
epithelioid cells and lymphocytes, réduction in AFB, 
exocytosis and edema of collagen fibers. On the other hand. 
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in downgrading type of reaction associated with decrease 
in CMI, there is a loosening of the granuloma which is 
pushed down in the dermis, and there is a relatively free 
subepidermal zone. The granuloma contains increasing 
number of macrophages and AFB, giant cells are absent, 
and there is edema of collagen and fibers. In case of simple 
worsening of the disease (downgrading per se), such edema 
is conspicuously absent, while the other features are the 
same as in the downgrading reactions. 

Type II Réactions or Erythema 
Nodosum Leprosum (ENL) 8 

Histology of this type of reactions is characterized by 
dilatation of upper dermal blood vessels, as well as 
perivascular neutrophilie infiltration of lower dermal and 
subeutaneous vessels. Extravasation of RBCs, dermal 
edema, scanty granular AFB and microabscesses are other 
important features of ENL reactions. In case of erythema 
nodosum necroticans, endothélial cell prolifération and 
oblitération of the lumen of blood vessels are prominent 
characteristics. 

Clinical Features and Classification 

Clinically, leprosy has been classified into various types. 
Some of the important classification schemes are: Madrid, 
Ridley-Jopling 9 and the consensus classification of Indian 
Association of Leprologists (IAL). 10 The WHO and NLEP 
classifications are for treatment purposes. 11 While most of 
these classification schemes represent the clinical and 
immunopathological spectrum of the disease, the WHO 
and NLEP classifications are essentially designed for the 
convenience of operational management. 

IAL Classification 

The IAL classification subgroups the leprosy cases into 
the foliowing types. 

1. îndeterminate: The skin lésions in this type consist of 
hypopigmented macules, 1 to 3 in number, with ill- 
defined margins and having impairment of sensation. 
There is no cutaneous or régional nerve trunk 
thickening. Skin smears are négative for AFB and the 
lepromin test results vary from négative to doubtful. 

2. Tuberculoid: This type présents as 1 to 3 skin lésions 
with well-defined margins. The lésions may be 
hypopigmented or erythematous, fiat or raised with 
sensory loss and associated loss of sweating. The local 
cutaneous nerve or the régional nerve trunk may be 
thickened, mildly tender and feel firm to hard in 
consistency. Skin smears are négative for AFB, and the 
lepromin reaction is positive (Fig. 1). 



Fig. 1 : A child with tuberculoid type (TT) 
patch on the face 


3. Borderline types: The borderline type of leprosy repre- 
sents a clinical spectrum reflecting the immunological 
gradient from the immunocompétent tuberculoid end 
to the immunodeficient lepromatous end. Both fiat or 
raised skin lésions are found throughout the spectrum. 
There are four or more lésions which may be hypo¬ 
pigmented or erythematous. The margins of the lésions 
are well-defined in BT, partially defined in BB, and ill- 
defined in BL cases. In the raised lésions the edges are 
sloping. A few satellite lésions may be présent around 
a main lésion. The régional and cutaneous nerves are 
enlarged, mildly tender, and their consistency varies 
from firm to soft, in BT to BL, respectively (Figs 2A 
and B). 

Skin smears are usually négative for AFB in BT, 
and they become increasingly positive towards the BL 
types. The lepromin reaction may also vary from being 
strongly positive in BT leprosy to being négative in BL 
leprosy. 

4. Lepromatous: In the early stages the skin lésions in 
lepromatous cases are in the form of numerous 
bilaterally distributed symmetrical macules which 
may appear hypopigmented or coppery red. The lésions 
are also ill-defined, and shiny with no sensory loss. In 
the more advanced form of disease, the lésions are 
thickened with infiltration and hâve a smooth shining 
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Figs 2A and B: Borderline leprosy lésions: (A) on the back, and (B) forearm and hands 


surface. Their color varies from coppery red to reddish 
brown. The lésions involve the entire body. Some areas 
like axilla, groin, flexor surfaces of joints are apparently 
less involved. Most of the nerve trunks of the limbs are 
thickened, mildly tender and soft in consistency. Loss 
of sensation usually involves the distal parts of limbs. 
Due to the extensive involvement of autonomie System, 
there are areas in skin where there is no sweating, and 
other areas where there is compensatory excessive 
sweating. Skin smears are positive for AFB, but the 
lepromin reaction is négative. In advanced stages, the 
patient develops leonine faciès, thickening of ears, 
madarosis and nasal deformity (Fig. 3). 

5. Pure neuritic: In this clinical entity, the peripheral of 
nerves are involved but there are no skin lésions. One 
or more major nerve trunks of the limbs are enlarged. 
In many cases, there is sensory loss with or without 
motor loss in the distribution of the affected nerves. No 
skin lésions are demonstrable, and skin smears from 
routine sites are négative for AFB. The lepromin test 
gives variable results. Histologically, the lésion in the 
nerve may show any type of established leprosy. 

Classification into MB/PB Groups 

Leprosy patients hâve been classified by the World Health 
Organization (WHO) into multibacillary (MB) and 
paucibacillary (PB) groups for treatment purpose. The PB 
group includes ail smear-negative TT, BT and indeter- 
minate cases. Smear-positive cases of above types and ail 
BB, BL and LL cases irrespective of their skin smear status 
are classified as cases of MB leprosy (II). Our own NLEP 



Fig. 3: Lepromatous leprosy case having diffuse infiltration 
loss of hair on eyebrows, madarosis, and depressed nose 

foliows this classification with a slight modification, viz. 
Patients having up to nine lésions of BT type are considered 
as PB, but BT patients with 10 or more lésions are classified 
as MB type even if they are négative for AFB in their skin 
smears. 2 
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Complications 

The clinical course in leprosy may be complicated by reac¬ 
tions, neuritis, trophic ulcérations, involvement of eye and 
systemic involvement. 

Reactions 

These are acute inflammatory épisodes during the course 
of disease and may occur before, during and after stoppage 
of treatment. Depending upon their mechanisms, these 
hâve been classified into the following types. 

Type I reactions: Acute shifts in the status of cell-mediated 
immunity (CMI) are believed to precipitate type I reactions. 
When there is an increase in the CMI, upgrading or reversai 
reactions occur, while a fall in the CMI status causes 
downgrading reactions. These types of reactions occur in 
the immunologically unstable borderline type of leprosy, 
while the immunologically stable TT and LL groups do 
not develop these reactions. Several factors hâve been 
observed to precipitate Type I reactions. They include 
intercurrent infections, vaccination, pregnancy, puer¬ 
périum and lactation, physical, physiological and psycho- 
logical stresses, and sometimes drugs like vitamin A, 
iodides, bromides and antileprosy treatment. 

Clinically, the skin lésions become acutely inflamed 
and painful, and there is erythema, edema and tender- 
ness. The lésions may also ulcerate, new lésions may 
appear with similar characteristics and may be associated 
with constitutional symptoms like fever malaise, joint pain, 
etc. This type of reaction may occur in the nerve trunks 
also and cause destruction of the nerve and give rise to 
deformities. Sometimes, nerve damage may also occur 
without any signs of inflammation and pain, "quiet nerve 
paralysis" or "silent neuritis". Lepromin response varies 
with the type of the reaction (it may increase in upgrading 
reactions and decrease or become négative in downgrading 
reactions). Skin smears may become positive for AFB with 
downgrading reaction. Downgrading may also occur 
without perceptible signs of inflammation (downgrading 
per se). 

Type II (ENL) reactions: This type of reaction occurs due to 
the formation or déposition of antigen-antibody immune 
complexes in various tissues. ENL reactions occur in 
bacillary positive cases of leprosy, especially LL and BL 
cases. Clinically, there is sudden appearance of 
erythematous, tender, evanescent cutaneous "rashes" and 
subcutaneous nodules. The lésions, in severe cases, turn 
into vesicles or even pustules which may ulcerate. The 
lésions are usually distributed over the extensor surfaces 
of the trunk and limbs. They occur in crops, each crop 


lasting for about 48 hrs. ENL lésions may occur in 
peripheral nerves also, in which case the nerve becomes 
acutely painful and enlarged. Systemic involvement in the 
form of fever, conjunctivitis, keratitis, iridocyclitis, 
hepatosplenomegaly, orchitis, lymphadenitis, arthritis, 
myositis, osteitis, nephritis, etc. may occur. Remissions 
and exacerbation are common. 

Lucio phenomenon: Cases of this type of reaction hâve been 
reported only from Latin America. It occurs in patients 
suffering from pure diffuse polar lepromatous leprosy. It 
is characterized by extensive, bizarre, painful necrosis of 
the skin accompanied by severe constitutional symptoms 
and is considered to be a variant of ENL. In this form, 
which can even be fatal, there is superficial infarction of 
skin because of underlying severe vasculitis of dermal 
vessels. 

Neuritis 

Involvement of peripheral nerve trunks is an important 
feature of the disease process in leprosy. During reactional 
épisodes, signs of acute neuritis of affected nerve trunks 
are often présent. Neuritis may lead to varying degrees of 
nerve déficit. In view of its importance, this condition is 
dealt with separately later in this section. 

Trophic Ulcération 

These are very common, particularly in the foot, and are a 
major source of morbidity in leprosy. In view of their 
surgical importance, this topic is also dealt with in detail 
elsewhere in this section. 

Eye Complications 

Leprosy patients, especially those in the MB group, 
frequently develop complications involving the eye. It is 
mostly the anterior part of the eye that is affected. 
Lepromatous nodules chronic iridocyclitis and exposure 
keratitis (in cases with lagophthalmos) are some of the 
more common complications seen in the eyes of leprosy 
patients. 

Systemic Complications 13 

It is customary to describe leprosy as a disease of skin and 
nerves. However, several studies are available which show 
that leprosy is also a systemic disorder. 13 The involvement 
of eye has already been mentioned. The involvement of 
nose and paranasal sinuses has been important from 
cosmetic, therapeutic and épidémiologie points of view. 
Maggot infestation of nose is another important 
complication. In case of the ears, involvement of external 
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ear is well known. However, middle ear and vestibular 
disturbances hâve also been reported in the long-standing 
disease. The presence of M. leprae in smooth and striated 
muscles has been reported across the entire spectrum of 
leprosy. M. lepme has been observed to persist and dormant 
bacilli in the smooth muscle, particularly of the scrotum 
and the areola of breast, for a long time after its clearance 
from the skin. Leprous osteitis, especially of the phalanges 
is not infrequent in the highly bacillated forms of leprosy. 
Osteoarticular involvement in the form of osteoperiostitis, 
dactylitis, osteoporosis, arthritis, synovitis/secondary 
osteoporosis and fractures as well as disorganization of 
the tarsal bones and joints hâve been well documented 
during reactions. 12 Steroids may also contribute to osteo¬ 
porosis. Involvement of blood vessels (capillaries, medium 
and large vessels) has also been observed. Although it is 
widely believed that the central nervous System (CNS) and 
the cranial nerves (except the fifth and seventh) are not 
involved in leprosy, some data suggest occasional 
involvement of the CNS and some other cranial nerves. 
Affliction of autonomie nervous System with résultant 
complications in cardiovascular, respiratory, urogénital, 
and cutaneous System has been reported. There hâve been 
contradictory reports about the involvement of heart in 
leprosy. While no histological evidence was documented 
in some studies, the evidence for involvement in the form 
of ECG abnormalities, 14 myocarditis, endocardial elastosis, 
etc. has been observed by others. While there are not many 
reports about the direct involvement of the respiratory 
System, rénal involvement in the form of nephritis and 
amyloidosis has been reported. Involvement of testes 
mammary glands and adrenals has also been docu¬ 
mented. 8 The involvement of adrenals during reactions is 
a serious and life-threatening complication. Leprosy 
lésions in the lymph glands, bone marrow, liver, pancréas, 
spleen hâve also been observed. 

Relapses 

In spite of available effective antileprosy drugs, relapses 
continue to occur in leprosy in a small proportion of cases. 
According to the WHO and NLEP, the reappearance of 
disease activity after an adéquate course of multidrug 
therapy is defined as relapse. 2,11 It must be remembered 
that relapses may clinically manifest as quiet nerve 
paralysis. 11,15 The reported incidence of relapses has been 
variable perhaps because of variations in study design, 
implémentation and also the criteria used for diagnosing 
relapse. 

Management 

Leprosy is now a completely curable disease. Effectiveness 
of cure dépends upon the early diagnosis of the disease. 


institution of appropriate multidrug therapy, early 
récognition and treatment of the complications, and pro¬ 
vision of proper surgical and physiotherapeutic support 
in cases where that is needed. 

Early Diagnosis 

The diagnosis of leprosy is essentially based on the clinical 
criteria of the presence of at least two of the foliowing four 
cardinal signs of the disease: (i) suggestive skin lésions, 

(ii) presence of sensory loss (anesthésia or analgesia), 

(iii) nerve thickening, and (iv) démonstration of AFB. 
Histopathology may be used for confirming and classifying 
the disease. Démonstration and measurement of cellular 
and humoral responses to M. lepme antigens hâve been 
tried for diagnosis of these cases and for epidemiological 
purposes. While the cellular responses could be of limited 
value in classifying the disease, their measurement has 
not been found to be of any diagnostic value. Likewise, 
measurement of serological responses has also been found 
to be only of limited epidemiological value. 

It is possible that newer techniques of directly 
demonstrating the M. lepme antigens in the tissues or the 
spécifie gene sequences by gene probes, or polymerase 
chain reaction (PCR) could be useful for confirmation of 
diagnosis in ambiguous cases. 16 Clinical diagnosis may 
not be easy in some cases, and the disease may need to be 
differentiated from other common conditions like vitiligo, 
nevus anemicus, granuloma annulare, granuloma 
disciformis and granuloma multiform, neurofibromatosis, 
dermal leishmaniasis, syphilis, mycosis fungoids, and 
some congénital and acquired neuropathies. 

Multidrug Treatment 

Before the advent of présent multidrug treatment (MDT) 
with rifampicin as an essential component. Dapsone or 
diamino diphenyl sulfone (DDS) was the sheet anchor of 
the treatment of leprosy. In those times, the, treatment had 
to be given for five to six years in PB cases, and MB cases 
had lifelong treatment. 17 MDT comprising dapsone, 
clofazimine, rifampicin has revolutionized the treatment 
of leprosy and has changed the outlook towards the 
duration of treatment as well. 

The WHO currently recommends the treatment of PB 
cases with supervised administration of rifampicin 600 mg 
once a month and unsupervised administration (the 
patient taking the tablets at home) of dapsone 100 mg daily 
(adult doses) for six months. The overall expérience with 
this regimen of MDT has been good, and a large number of 
patients hâve been cured and released from the treatment. 
However, some limitations of this regimen hâve also been 
reported by some workers. 
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For the treatment of MB cases, the WHO has recom- 
mended treatment with three drugs. The recommended 
regimen is supervised monthly administration of 
rifampicin 600 mg and clofazimine 300 mg and 
unsupervised daily administration (the patient taking the 
tablets and capsules at home) of clofazimine 50 mg and 
dapsone 100 mg (adult doses). The treatment is to be given 
for a period of 24 months. In patients, who do not accept 
clofazimine, prothionamide/ethionamide or preferably 
one of the newer antileprosy drugs like ofloxacin or 
minocycline may be substituted. In highly bacillated 
leprosy patients, the présent MDT may hâve to be given 
for a longer duration. The addition of immunotherapy 
using bacille Calmette-Guèrin (BCG) or préparations from 
killed MW or ICRC bacillus are being investigated, and 
promising results hâve been reported. Besides 
immunotherapy, newer drug combinations are also being 
tried with the view to further shorten the period of 
treatment. 

Newer Drugs 

Recently several drugs hâve been discovered to be effective 
against M. leprae. The promising ones among these are 
(i) fluoroquinolones—ofloxacin, pefloxacin and 
sparfloxacin, (ii) minocycline, (iii) macrolides clarithro- 
mycin and roxithromycin, (iv) ansamycins other than 
rifampicin, and (v) dihydrofolate reductase inhibitors 
brodimoprim. Drug combinations containing these com- 
pounds are undergoing trials in different parts of the world. 

Monitoring Therapy 

Besides recording clinical improvement (subsidence of 
erythema and infiltration of skin lésions and subsidence 
of tenderness in nerves), assessment of the bacteriological 
index (BI) has been used for monitoring the efficacy of 
antileprosy treatment inbacillary positive patients. The BI 
is expressed on a seven-point (0 to 6), Ridley scale 18 or a 
five-point (0 to 4), Dharmendra scale. 19 The fall in BI is 
used for assessing the progress of these patients. The 
assessment of morphological index (MI)—the proportion 
of intact bacilli in the skin smear—has been described to 
be an index of bacterial viability and may be used to monitor 
the initial trends of efficacy of chemotherapy, again in 
bacillary positive cases. However, this method of assess¬ 
ing (MI) loses its sensitivity after a few months of MDT. 
Since there is still no acceptable in vitro method of culturing 
M. leprae, other methods of obtaining limited growth of 
leprosy bacillus in certain animais like footpads of normal 
or immunocompromised mice or rats, or indirectly 
estimating the viability by sophisticated laboratory 
methods like FDA-EB staining, macrophage based assays 


and substrate utilization techniques hâve been developed 
for ascertaining the viability of M. leprae obtained from 
lésions. Of these methods, ATP assay, LAMMA and FDA- 
EB staining may be more appropriate for monitoring the 
progress of patients under treatment. 

Management of Complications 

Reactions 

Reactional States need prompt treatment, for complications 
like neuriüs can lead to permanent nerve paralysis. Steroids 
(prednisolone usually) continue to be the mainstay of 
management of reversai as well as ENL reactions. 
Analgésies and anti-inflammatory drugs like aspirin and 
ibuprofen and rest to the part are useful as additional 
supportive therapy. Antileprosy treatment with MDT is 
not stopped during the reactions. Chloroquine, 
clofazimine, antimonials and colchicine are some of the 
other drugs used in the management of reaction. 20 In 
intractable and severe ENL reaction and also in steroid- 
dependent cases, thalidomide has been found to be very 
useful. However, because of its teratogenicity, it is given to 
only males and postmenopausal female patients. In severe 
and intractable cases of reaction, cyclophosphamide may 
also be used in hospitalized patients. Proper care of eye 
and appropriate management of iridocyclitis can prevent 
distressing eye complications. 

In cases with neuritis, early diagnosis of nerve damage 
and institution of treatment with steroids is very important 
to prevent permanent nerve paralysis. In addition, 
supportive measures like rest, exercises. Diathermy and 
splinting are also required. Some cases may require surgery 
for decompressing nerve. With effective use of various 
drugs and other supportive treatment in most cases, the 
reactions are readily controlled. 

Relapses 

Relapses need to be treated with MDT. There is considér¬ 
able overlap in the features of reactions, and relapses and 
individual signs/ symptoms should be carefully analyzed. 
Because of the danger of development of relapse during 
and after prolonged use of steroids, antileprosy 
chemotherapy cover has been advocated for such cases. 

Adverse Reactions 

There are very few side effects of MDT. Adéquate know¬ 
ledge of occasional side effects like hemolytic anémia, 
agranulocytosis, hepatitis or rénal damage will help to 
identify these side effects early and take proper remédiai 
measures. 
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National Leprosy Eradication Program (NLEP) 

The Government of India launched the National Leprosy 
Central Program, based on dapsone therapy in 1954-55. 
For the purpose of providing MDT to ail patients, this 
program was converted into the NLEP in 1982. This is a 
vertical program fully supported by the Central 
Government. This program has accepted the goal of WHO 
and aims at élimination of leprosy as a public health 
problem by the year 2000 AD by reducing the prevalence 
of the disease to less than one patient per 10,000 
population. 21 In the initial years, high endemic districts 
with disease prevalence rate of more than five cases per 
1,000 population were brought under MDT. Currently, ail 
the 77 moderately endemic, and 176 low endemic districts 
are being brought under MDT coverage. Of the 201 high 
endemic districts identified in 1981,135 hâve already been 
provided with regular MDT services through a vertical 
program. The remaining 66 endemic districts are being 
covered through a vertical program with contract staff. It 
has also been proposed to extend the MDT services to the 
moderately endemic and low endemic districts through 
mobile leprosy treatment units. 2 The NLEP aims to cure 
ail cases of leprosy with MDT, reduce the prevalence of 
the disease to less than one in 10,000 and thus interrupt 
the transmission of the disease. It also aims to prevent 
deformities, disseminate correct information about the 
disease and its treatment and to prevent the spread of the 
disease by interrupting the transmission. The results in 
reducing the disease prevalence over the last one decade 
hâve been spectacular, and it is hoped that the élimination 
as a public health problem will be achieved in near future. 

The current scénario about the treatment of leprosy 
and its control is very hopeful. Nevertheless, illumination 
of many grey areas like our understanding of early leprosy, 
effect of concomitant HIV infection, missing links in the 
transmission, potent and optimal drug regimens of short 
duration will be necessary for achieving the idéal of 
eradicating this disease that has been the bane of humanity 
for thousands of years. 
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Conséquences of 
Leprosy and Rôle ofSurgery 


H Srinivasan 


MODEL FOR CONSEQUENCES OF DISEASE 

Leprosy is usually defined as a chronic granulomalous 
communicable disease caused by Mycobacterium leprae and 
affecting mainly the skin and peripheral nerves. 1,2 How- 
ever, the conséquences of leprosy extend far beyond the 
sites of infection, affecting the quality of life of the patients, 
their families and the community at large and causing 
enormous hardship to ail concerned persons. In fact, it is 
this aspect of the disease that worries most patients, their 
relatives and friends. 

Traditionally, diseases are understood and dealt with 
by the medical profession in the medically well-known 
framework of "etiology-pathology-treatment." In the 
context of a bacterial infection, the injunction "treat the 
cause" is translated in practice as using spécifie anti- 
bacterial therapy. This approach has been very effective in 
acute infective disorders, particularly since the discovery 
of sulfonamides and other chemotherapeutic and antibiotic 
agents, and has saved millions of lives ail over the world. 
However, it is also being realized increasingly that this 
"biomédical" approach has not proved adéquate in deal- 
ing with the problems faced by persons having chronic 
and disabling diseases and disorders. In view of this, the 
World Health Organization has proposed a new "3-tier 
model" to reflect the full range of problems conséquent to 
a disease or disorder. 3 The sequence underlying illness- 
related phenomena, according to this model is: disease- 
impairment-disability-handicap, the latter three being the 
"three tiers". 

Impairment refers to loss or abnormality of a body part 
or function, and is described in anatomical, physiological 
or psychological terms. Ail medical diagnoses describe 
"impairment," e.g. fracture neck of fémur, tuberculosis of 
the spine, myopia, schizophrenia. An impairment may be 
visible or it may be concealed. It may be temporary (as in 


many acute conditions) or permanent. It may be static or 
progressive. Lastly, an impairment resulting from a disease 
or disorder may on its own lead to further, secondarily, 
impairments, e.g. fracture involving a joint (primary 
impairment) giving rise to osteoarthrosis (secondary 
impairment) of that joint long after the original injury has 
healed. Thus, impairments may be primary, caused by the 
disease or disorder, or secondary to the primary impair¬ 
ment. In this scheme of things, "deformity" may be defined 
as a visible impairment or the visible conséquence of a 
concealed impairment. 

Because of the impairment, the affected person may 
find it difficult or impossible to carry out certain activities 
considered normal for that person's âge, sex, éducation, 
work expérience and social background. This inability or 
difficulty is referred to as disability. Disability is thus 
experienced by the affected person and is described in 
such négative terms like "is unable to", "has difficulty 
in", or, "cannot do" something or the other. For example, a 
person with fracture neck of fémur (impairment) has diffi¬ 
culty in walking (disability), a person with defective vision 
(impairment) cannot read (disability), and a child with 
mental retardation (impairment) is unable to learn 
(disability). 

Persons with persistent disability expérience certain 
disadvantages in life as the resuit of which they are unable 
to play their normal rôles in society and meet the social 
obligations normally expected of them. These dis¬ 
advantages that limit and prevent rôle fulfilment of affected 
persons are referred to as handicaps. For example, a person 
who had fracture neck of fémur (impairment) and had 
difficulty in walking (disability) is unable to go to this 
workplace, loses his job and becomes unemployed. 
Unemployment is the disadvantage that prevents 
fulfilment of the rôle of this person as the breadwinner of 
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the family. Thus, unemployment is the handicap that this 
person suffers from. 

Conséquences of Leprosy 

We find that the above model fits leprosy very well. 
Leprosy-affected persons develop primary as well as 
secondary impairments. Involvement and damage to facial 
structures (e.g. nasal deformity, loss of eyebrows), ocular 
involvement and damage (e.g. iritis), involvement and 
damage to sensory and motor fibers of nerve trunks (e.g. 
plantar and palmar anesthésia, claw-hand, drop-foot) and 
primary psychological disorders conséquent to the 
diagnosis of leprosy (e.g. dépréssion and suicidai behavior) 
are the significant primary impairments seen in leprosy 
patients. 

Contractures of fingers, ulcération of hand and foot, 
shortening of digits, mutilation of hand and foot, corneal 
ulcération, secondary glaucoma conséquent to chronic 
iridocyclitis and aggressive behavior are some examples 
of secondary impairments occurring in leprosy-affected 
persons. These impairments give rise to a variety of 
disabilities. The disabilities experienced by leprosy-affected 
persons include those involving behavior (due to 
psychological disorders), communication (due to 
blindness, laryngeal involvement, mutilation of hand), 
manual dexterity (due to anesthésia and muscle paralysis 
involving the hand), locomotion (due to drop-foot, plantar 
ulcération) and personal care (due to severe crippling 
impairments). 

The handicaps experienced by leprosy-affected 
persons are many. In places where social préjudice against 
leprosy and leprosy-affected persons is very severe, mere 
diagnosis of the disease causes serious handicaps even 
when there are no deformities and impairments 
stigmatizing the individual as a leprosy-affected person, 
and even when there are no significant disabilities. Even 
otherwise, depending on the nature of the impairments 
and disabilities they may be having, the affected persons 
may expérience handicaps relating to orientation, physical 
independence, mobility, occupation, social intégration and 
économie independence. 

Applying the three-tier model to leprosy, it was found 
that the third tier, handicap, needed to be further elaborated 
into three stages, viz. handicap, dehabilitation and 
destitution. 4 Persistently handicapped persons gradually 
lose their social status, get distanced from the rest of the 
community and are devalued in the eyes of everybody 
including their own. There is progressive weakening of 
the bonds between the community and their own families, 
on the one hand, and the affected persons, on the other. 


A stage is reached when these bonds hold no more and 
the affected persons are rejected and pushed out of their 
homes and villages, or they feel so rejected, shamed and 
insulted that they emigrate out of their homes and villages. 
In a desperate effort to retain a modicum of self-respect 
and also to make a living, they drift into the anonymity of 
the urban crowd and live at the fringe of urban or 
metropolitan society as beggars, leprosy colony dwellers, 
or as inmates of so-called "réhabilitation homes" where 
they are among their equals. This process of partial 
alienation from society and the end State of living at the 
fringe of society, away from their own home and comm¬ 
unity, is referred to as dehabilitation. 

Destitution is the last stage in this dismal progression 
of events. The destitute is totally friendless, so completely 
estranged from ail society as to be totally alone, and the 
society passes him by absolutely uninterested in his living 
or dying. 

Luckily, not ail leprosy patients pass through ail the 
stages mentioned above. Only a proportion of these persons 
develop significant impairments, and of them, only a 
proportion of them develop significant disabilities. A 
proportion of these persons become handicapped 
significantly and some of them get dehabilitated. An 
unfortunate few end up as destitutes. 

Préventive Interventions 

When physicians treat patients, they are intervening in 
the lives of the patients to achieve certain spécifie medi- 
cally defined goals. Medical and other interventions fit in 
the above model quite satisfactorily, and the goals of 
interventions may be described as: (i) to identify the location 
of the patients among the different stages described above, 
(ii) prevent their progression from that stage to the next 
one, and (iii) pulling them back to normal status to the 
extent possible. Viewed in this manner, one can identify 
six levels of interventions as shown schematically in 
Figure 1. Ail these interventions may also be viewed as 
préventive interventions as described below. 5 

First-level Interventions 

The first-level interventions are aimed at preventing the 
occurrence of primary interventions and are, therefore, 
made before eyes, nerve trunks, facial structures and the 
psyché are significantly involved. This is achieved by early 
détection of the disease, proper counselling of affected 
persons and éducation of the society, and prompt 
institution of appropriate antileprosy multidrug therapy 
as per the recommendations of the National Leprosy 
Eradication Program. 6,7 
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become permanent and severe, giving rise to corres- 
ponding permanent disabilities and handicapping the 
affected person to a varying extent. The goal of fourth- 
level intervention is to correct the conséquences of impair¬ 
ments like deformities and disabilities and restore normal 
appearance and function to the affected parts so that the 
affected person is not handicapped because of deformity 
or disability. These interventions involve surgical and 
nonsurgical measures and are collectively referred to as 
"re-ablement", or "physical réhabilitation" procedures, 
as they make the disabled persons able again, prevent their 
becoming handicapped and dehabilitated. These 
procedures are also often needed as the first step towards 
the réhabilitation of affected persons. 


Fig. 1: Scheme showing the conséquence of leprosy 
and the six levels of interventions 

Second-level Interventions 

In many cases, significant primary impairments would 
hâve occurred by the time the disease gets recognized. 
There will also be instances of primary impairments 
occurring despite our efforts to prevent them. In such cases, 
second-level interventions are needed to prevent the 
development of secondary impairments. These intervention 
measures involve training of affected persons in protective 
behavior so that injuries and damage to the insensitive 
parts (eyes, hands and feet) are avoided, and contractures 
do not develop in the joints affected by muscle paralysis. 

Third-level Interventions 

The third-level interventions are aimed at preventing 
permanent disabilities because of primary and secondary 
impairments. Permanent and significant disabilities are 
experienced when the causative impairment itself becomes 
severe and permanent. Fortunately in most cases of leprosy, 
the primary impairments are mild and réversible initially 
and nearly always they become severe and permanent only 
later on, because of neglect or inadéquate or inappropriate 
treatment. Early récognition of these conditions (e.g. 
neuritis, iritis, skin cracks, wounds, ulcers, weakness, loss 
of sensitivity) and prompt institution of appropriate 
treatment measures (e.g. antileprosy therapy, steroid 
therapy, surgical décompression of nerve trunks, proper 
wound treatment) constitute third-level interventions 
aimed at preventing significant and permanent disability. 

Fourth-level Interventions 

Despite ail our efforts or evenbefore the patient is identified 
and treatment is started, some impairment will hâve 


Fifth-level Interventions 

The fifth-level interventions are the réhabilitation measures 
proper (also referred to as socioeconomic or vocational 
réhabilitation in contrast to physical réhabilitation 
(mentioned above) which help in preventing dehabilitation 
of the handicapped and réhabilitation of the dehabilitated. 
These procedures involve identification of the handicap 
and measures to overcome them. They include activities 
like spécial éducation, vocational training in marketable 
skills, job placement, running sheltered workshops and 
helping affected persons to set up useful trade, besides 
carrying out re-ablement procedures. 

Sixth-level Interventions 

The sixth-level interventions are salvage procedures to 
provide the basic necessities of life like food, shelter, 
clothing and human fellowship to the destitute. The 
réhabilitable among them are rehabilitated using the 
measures mentioned earlier. 

Rôle of Surgery 

It will be seen from the preceding paragraphs that surgical 
and ancillary interventions like physiotherapy and 
occupational therapy are mostly re-ablement procedures, 
or fourth-level interventions needed for making persons 
with leprosy-related impairments and disabilities able 
again. They are aimed at preventing handicaps and 
helping in réhabilitation. For this reason, surgery and 
ancillary methods of treatment that improve the quality of 
life hâve a very important rôle to play in treatment of 
leprosy-affected persons. 

Surgery has no direct rôle to play in the control or 
éradication of the disease from the community or in getting 
rid of the disease from the affected individual. It is asked, 
sometimes, whether leprosy manifesting as a small solitary 
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skin lésion may be "cured" by excising that lésion. The 
answer is a definite "No" because in almost ail cases, the 
lésion is a local manifestation of a systemic infection. These 
lésions, in themselves, hardly contain any viable bacilli 
and are often self-healing. Even when they are not self- 
healing, they are easily and certainly cured with 
antileprosy multidrug therapy for paucibacillary leprosy 
for six months, which will hâve to be given to these patients 
even if one has excised the skin lésion. 

Correction of leprosy-related deformities and disabili- 
ties by surgery is a relatively recent development 
originating around the middle of this century. The pioneers 
in this branch were Dr Paul Br and, then at Vellore (Tamil 
Nadu) and Dr Daniel Riordan, then visiting surgeon at 
the leprosy hospital at Carville, Louisiana (USA). 8,9 Until 
that time, surgery in leprosy was confined to 
sequestrectomy and amputations. Corrective surgical 
procedures were not attempted because surgeons shared 
the general belief that leprosy or the resulting denervation 
"devitalized" the tissues and rendered them incapable of 
normal healing. It was also held that the nose, fingers and 
toes, if not the whole hand and foot, were going to "rot and 
drop off" in any case because of leprosy. Since there was 
no cure for leprosy, it was not considered worthwhile to 
attempt to do anything to improve the deformed parts. 
Brand showed that these ideas were totally wrong and 
that it was not leprosy, which had become curable with 
dapsone by that time, that caused the tissues to be 
devitalized and destroyed. He further showed that hands 
and feet of leprosy patients suffered repeated injuries 
because of loss of pain sensibility which is the protective 
sensation that informs us of tissue damage. This led to the 
establishment and spread of secondary infection causing 
unchecked tissue destruction ending up in gross 
shortening of digits and grotesque deformities of foot and 
hands. Lastly, Brand and his team also demonstrated that 
sophisticated surgical procedures involving tendon 
grafting, tendon transplantation and bone grafting could 
be carried out successfully in leprosy-affected persons and 
that there was no dérangement of tissue repair and healing 
processes because of leprosy or denervation. Around that 
time, or a little later, Dr Noshir Antia of Mumbai showed 
that sophisticated plastic surgical procedures like post¬ 
nasal épithélial inlay, transplantation of hair-bearing skin 
and temporalis sling operation could be successfully 
carried out in leprosy-affected persons with gratifying 
results, corroborating Brand's views. 10,11 

These discoveries and the subséquent developments 
and studies hâve led to the use of a number of procedures, 
the practice of which has made a sea change in the lives of 


hundreds of thousands of leprosy-affected persons ail over 
the world, opening up for them a new world full of 
possibilities of leading a normal life. Therefore, it will be 
no exaggeration to say that the introduction of corrective 
surgical methods during the 1950s was the most important 
milestone in the history of leprosy, after the discovery of 
M. leprae as the causative organism and discovery of 
sulfones as effective antileprosy drugs. 

Besides the correction of deformities like claw-hand, 
footdrop and lagophthalmos resulting from muscle 
paralysis, surgery has been found very useful as already 
pointed out, in the correction of cosmetic defects like nasal 
deformity, deformities of the face and external ear. 
Furthermore, surgery also helps in the treatment of 
secondary impairments like contracture of fingers and 
disorganization of the tarsus. 12 

Another important area for the utilization of surgery is 
in the prévention of frequently récurrent plantar ulcers. A 
variety of procedures hâve been developed for this 
purpose. 13 While they are being used in a few leprosy 
institutions, they hâve not yet become part of general 
orthopédie practice. 

Lastly, surgical décompression of nerve trunks 
commonly involved in leprosy, like the ulnar, médian, 
common personnel and posterior tibial nerves, in carefully 
selected cases has been found: (i) to relieve pain in ail 
cases, (ii) arrest progression of nerve damage in most cases, 
and (iii) permit recovery of nerve paralysis in many cases 
with restoration of muscle power or sensibility or 
both. 14-19 Surgical décompression of the posterior tibial 
neurovascular complex could also help some chronic and 
indolent plantar ulcers to heal. 20 

It will be seen from the above that this field of corrective 
surgery in leprosy is an eclectic branch of surgery 
borrowing its techniques and procedures freely from the 
disciplines of orthopedics, plastic surgery, peripheral 
neural surgery, hand surgery and pédiatrie surgery besides 
those of physiotherapy, occupational therapy and physical 
medicine and réhabilitation. In the subséquent pages most 
of the conditions needing surgical and ancillary methods 
of treatment, except the purely plastic surgical problems 
(like cosmetic surgery of the face, surgery for gynecomastia 
and ophthalmic plastic surgery), are dealt with. It is 
essential that this knowledge and these procedures become 
an intégral part of the general corpus of knowledge and 
therapeutic armamentarium of orthopédie surgeons of our 
country so that they are empowered to shoulder the 
responsibility of caring for those who are orthopedically 
handicapped due to leprosy and its complications. 
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INTRODUCTION 

In most cases of leprosy the serious conséquences like 
handicaps and réhabilitation are the results of develop¬ 
ment of primary and secondary impairments in the patient. 
"Deformities" as the word itself implies refers to changes 
in the form or appearance of a body part of a person 
conséquent to a disease or disorder, and the word is used 
to dénoté visible impairments or visible conséquences of 
concealed impairments. "Disability" refers to the fact that 
the affected person finds it difficult or impossible to do 
something which was previously possible and easy. Thus, 
disability is experienced by the affected person, whereas 
deformity is seen by others. In view of their conséquences, 
the prévention and correction of deformities and the 
improvement of disabilities, as goals of management of 
leprosy are of the greatest importance, second only to 
providing spécifie antileprosy chemotherapy. To many 
affected persons, prévention or correction of a leprosy- 
related deformity is even more important than getting the 
disease cured, because the deformities greatly disorder 
their lives, whereas the disease itself causes them hardly 
any inconvenience. 

Risk Factors 

The word "leprosy" is identified in the mind of the public 
including many medical men, with deformity, implying 
that most if not ail leprosy patients hâve or will hâve defor¬ 
mities, but the fact is about 80 to 90% of leprosy-affected 
persons do not hâve and will not develop significant 
impairments causing deformity or disability. 1 " 3 This 
means: (i) that deformity and disability are not inévitable 
conséquences of leprosy (only about 10 to 20% of leprosy 
patients are likely to hâve or develop significant impair¬ 
ments), and (ii) that, besides the mere fact of hâve leprosy, 
some other factors operate and increase the risk of 


occurrence of significant impairments, deformities and 
disabilities in some patients. It is customary to classify 
these risk factors as those related to: (i) the patient, (ii) the 
disease, and (iii) the environment. 

Patient Factors 

Patient factors include âge, sex and race. Male patients, 
for reasons not understood, suffer more often from more 
serious forms of leprosy, associated with a higher risk of 
development of deformities and disabilities, and type for 
type they also suffer more often from deformities and 
disabilities. 1 The risk of disability increases with âge, 
mainly because the older patients tend to hâve the disease, 
or a primary invisible impairment like anesthésia, for longer 
time. 3,4 The influence of race on deformity rate is also 
indirect— people belonging to fair or light skinned races 
tend to develop the more serious and extensive forms of 
leprosy more often than those with darker skin, like Asian 
Indians and Africans. Although the deformity rates are 
generally lower among women, life events like the onset of 
puberty, pregnancy and parturition are periods of higher 
risk for them from the point of view of worsening of their 
disease and development of reactions, events which are 
associated with increased risk of development of deformity 
and disability. 5 

Disease Factors 

Disease factors include the type of the disease, the duration 
of the disease, number of nerve trunks involved in the 
disease process, and the occurrence of reactions. 

Significant impairments are far more common in the 
more serious and extensive types of leprosy (borderline 
lepromatous and lepromatous types), whereas the more 
localized types like tuberculoid and indeterminate types 
are associated with very low disability rates. 4 Type for 




Deformities and Disabilities in Leprosy 655 


type patients with active disease of longer duration tend 
to hâve deformities and disabilities more often than those 
with disease of shorter duration. Early diagnosis of leprosy 
and its treatment at that stage itself are thus a very effective 
method of prévention of deformities and disabilities in 
leprosy-affected persons. There is a quantum jump in the 
disability / deformity rates in patients having involvement 
of more than two nerve trunks compared to those having 
involvement of 0 to 2 nerve trunks. 1,2 In the former (persons 
having involvement of 3 or more number of nerve trunks), 
the disability/deformity rate is around 70% compared to 
less than 20% in the latter (persons having involvement of 
2 or less number of nerve trunks). 

Reactions are another important set or risk factors. 6 
Although a majority of instances of nerve damage start 
quietly (not associated with acute or subacute neuritis of 
the affected nerve trunk/ it has been noticed that attacks 
of neuritis increase the risk of nerve damage five fold 
or more. 

Other Environmental Factors 

The most important among these is the effect of treatment. 
The available evidence suggests that Dapsone 
monotherapy was associated with increased risk of 
development of deformities and disabilities. 1,6,8,9 Multidrug 
therapy (MDT) seems to hâve changed the situation 
although there are only a few published reports of studies 
focussed on this issue. Some reports suggest a high 
frequency of occurrence of reversai reactions and neuritis 
after MDT, 10,11 but others report a very low incidence of 
development of deformities during and after the completion 
of MDT. 12 

Causes and Types of Deformities 

While impairments in leprosy hâve been classified as 
primary and secondary, the deformities occurring in 
leprosy patients may be categorized into three types, as 
spécifie, motor paralytic and anesthetic deformities based 
on their pathogenesis and hence on their prévention and 
treatment. 

Spécifie Deformities 

Spécifie deformities are the deformities that occur because 
of involvement of the concerned part in the disease process. 
In other words, local leprosy-related pathology is the cause 
of the deformity. They are called "spécifie", because, in 
most cases, by looking at the deformity one can specify 
(within reasonable limits) the cause of the deformity as 
leprosy. Most of the deformities of the face in leprosy 
patients (loss of eyebrows, leonine faciès, nodulation, 
megalobule of the external ear, nasal deformity) belong to 


this category and are found in persons with advanced 
untreated lepromatous types of the disease. 

Motor Paralytic Deformities 

When a major nerve trunk like the ulnar or the common 
périnéal nerve is damaged due to leprosy, the muscles 
supplied by these nerves become paralyzed and that gives 
rise to characteristic deformities, like claw-fingers or drop- 
foot. The deformity is the visible expression of the change 
in the balance of forces that has occurred because of 
paralysis of a particular set of muscles. Thus, the deformity 
is characteristic of the muscles paralyzed and not that of 
the disease or disorder that has caused paralysis of those 
muscles. By looking at the deformity, one can say with 
some certainty which muscles hâve become paralyzed but 
not the cause of paralysis. Hence, these deformities hâve 
been categorized as motor paralytic deformities. Examples 
of motor paralytic deformities in leprosy are claw-hand, 
drop-foot and flaw-toes. Paralytic deformities are seen most 
often in borderline and pure neurotic types of leprosy. 

Anesthetic Deformities 

Anesthetic deformities are visible impairments, or their 
visible conséquences secondary to the primary impairment 
of loss of sensibility (ability to feel) because of damage to 
sensory and autonomie nerve fibers in the affected nerve 
trunks, cutaneous nerves and peripheral dermal nerve 
twigs. The insensitive parts suffer injuries which are 
neglected because the affected person is not troubled by 
pain. This neglect leads to infection of the injured part, 
death and destruction of tissues and subséquent healing 
with scarring and deformity. Just as the motor paralytic 
deformities are visible conséquences of paralysis of some 
muscles irrespective of the cause of paralysis. Anesthetic 
deformities are visible conséquences of damage to sensory 
nerves irrespective of the cause of nerve damage. Any 
condition causing loss of sensibility (e.g. diabetic 
neuropathy, spina bifida, neurosyphilis, nerve injury) can 
lead to the development of similar secondary impairments 
and anesthetic deformities in the affected parts. 

Ulcération (in the foot, hand or eye) is a typical 
secondary impairment conséquent to loss of sensibility. 
Scar contractures, shortening of digits and disorganization 
of the tarsus or carpals are other examples of anesthetic 
deformities. 

Compared to motor paralytic deformities, anesthetic 
deformities are far more difficult to correct, and the results 
of treatment are far less satisfactory. However, they can be 
prevented completely by preventing injuries to the 
insensitive parts and treating any injury that may hâve 
occurred without delay or neglect. This is very important 
because the anesthetic deformities, which lead to 
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TABLE 1 : Type of deformities and impairments occurring in face, hands and feet 


Site 


Type of deformities/impairment 


Spécifie 

Motor paralysis 

Anesthetic 


Face 

Loss of eyebrows 

Lagophthalmos 

Corneal 


Leonine faciès 

Facial palsy 

ulcération 


Nasal deformity 

Sagging face 

Leukoma 


Hand 

Frozen hand 

Claw-fingers 

Contractures 


Intrinsic plus 

Claw-thumb 

Ulcers 


twisted fingers 

Drop-wrist 

Shortening of digits 
carpal disorganization 

Feet 

Changes as in 

Claw-toes 

Plantar ulcers 


hands above 

Drop-foot 

Shortening or loss of toes 
Mutilation or loss of foot 




Tarsal disorganization 


mutilation and crippling of the patient are mostly 
responsible for the suffering and dehabilitation of leprosy- 
affected persons. 

Sites of Deformities 

Deformities and secondary impairments of conséquence 
involve the face, hands and feet of leprosy-affected persons 
(Table 1). 

Spécifie deformities as already mentioned are seen most 
often in the face. Occasionally, they may occur in the hand, 
in neglected cases of lepromatous leprosy (banana fingers 
or sausage fingers), or when the hand has been involved 
in reactions (frozen hand and other deformities of reaction 
hand). Similar conditions are seen in the feet only rarely 
(Table 2). 

Motor paralytic deformities are found most often in 
hand, less often in the foot and only occasionally in the 
face. As already mentioned, claw-hand (very common) and 
drop-wrist (rare) are the motor paralytic deformities seen 
in the hand. Paralytic claw-toes (common) and drop-foot 
(less common) are the paralytic deformities seen in the 
foot. Paralytic deformities are only occasionally seen in 
the face and they include lagophthalmos and total facial 
palsy. 

Anesthetic deformities and troublesome secondary 
impairments conséquent to loss of sensibility are found 
most often in feet as plantar ulcers and their sequelae. 
Hands are also frequent sites of anesthetic deformities 
especially sear contractures. Tarsal disorganization is far 
more common than carpal disorganization. Impairments 
secondary to loss of sensibility are rarely seen in the face 
except in the eye in borderline cases in whom it is not 


TABLE 2: Comparative frequency of occurrence of 
different types of deformities and impairments occurring in 
face, hands and feet 


Types of deformity/impairment 


Site 

Spécifie 

Motor paralytic 

Anesthetic 

Face 

+++ 

+ 

± 

Hands 

+ 

+++ 

++ 

Feet 

± 

+ + 

+++ 


+++—most common, ++—less common, +—occasional, 
± —rare 


uncommon to find corneal ulcération or scarring (leukoma) 
and conséquent impairment of vision. 

Table 2 summarizes the comparative frequency of 
occurrence of the three types of deformities at the three 
sites. 

On the whole, hands are affected most often, feet are 
usually affected somewhat less often, and the face is 
affected least often. 1 With the advent of NLEP and the 
conséquent intensification of case détection and effective 
treatment with MDT, development of deformities involving 
the face has become quite rare in areas where the program 
has been in operation for five years or longer. 
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Clinical and Surgical Aspects of 

Neuritis in Leprosy 
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INTRODUCTION 

Mycobacterium leprae, the causative organism of leprosy is 
unique among bacteria in its ability to colonize peripheral 
nerves, particularly the Schwann cells. Further, nerve 
involvement is so typical a characteristic of leprosy that 
one would hesitate to diagnose the disease when one 
cannot demonstrate peripheral nerve involvement 
clinically or histologically. Infection of the peripheral nerve 
results in local granulomatous inflammation (neuritis) and 
variable extent of damage to the nerves. 1 Leprosy may 
involve dermal nerves, cutaneous nerves and peripheral 
nerve trunks. However, it is the involvement of nerve trunks 
that leads to the development of serious deformities and 
disabilities. It should be noted that neuritis in leprosy is 
mononeuritis multiplex and not true polyneuritis. It should 
also be noted that except for the distal involvement of the 
fifth and seventh nerves in cases with lésions in the face, 
the other cranial nerves are rarely, if ever affected in leprosy, 
and it is the spinal nerves that bear the brunt of the disease. 

Stages of Nerve Involvement and Damage 

Nerve involvement in leprosy has been described 
as occurring in five stages: (i) stage of parasitization, 
(ii) stage of host response, (iii) stage of clinical involve¬ 
ment, (iv) stage of réversible nerve damage, and (v) stage 
of nerve destruction. 2 

Stage of Parasitization 

Stage of parasitization and the next stage are identifiable 
only by histological scrutiny. The bacilli hâve entered the 
nerve and are located in the perineurium, or inside the 
fascicles within the Schwann cell and occasionally in the 
axons. 3 There are relatively few bacilli and there is hardly 


any host response, suggesting that the host has not yet 
recognized the invading bacilli. This stage could also be 
the transition phase between disease and nondisease 
States since some contacts of leprosy patients also exhibit 
the same phenomenon and not ail of them develop the 
disease. 4 

Stage of Host Response 

Stage of host response is inducted by the persistence and 
multiplication of the bacilli. In individuals with full 
protective immunity, the bacilli are destroyed and 
eliminated by the host response without any harm being 
done to the nerve. In the others, tissue response occurs 
with development of the disease and the nature of the 
response dépends on the cell mediated immunological 
(CMI) status and the delayed type of hypersensitivity 
(DTH) of the host to M. leprae and its antigens. The initial 
response is indeterminate and nonspecific but as the 
immunologie response becomes better defined, it is 
manifested as tuberculoid, borderline or lepromatous 
leprosy. There is some evidence to indicate that in some 
patients with borderline leprosy, the host response in the 
nerve may not be the same as that in skin, the nerve lésion 
being less immunocompétent, more towards the lepro¬ 
matous type than the skin lésion. 5 

Stage of Clinical Involvement 

Stage of clinical involvement is reached when clinical 
examination reveals involvement of the nerve by leprosy. 
The nerve trunk is thickened, and there may or may not be 
localized mild tenderness and pain. However, at this stage 
there is no clinically recognizable neural déficit and one is 
not in a position to décidé at this stage whether the affected 
nerve is likely to be progressively damaged. 
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Stage of Réversible Nerve Damage 

When there is clinical evidence of neural déficit, it is 
indicative of the stage of nerve damage in which conduc- 
ting éléments are démonstrably damaged. The small 
nonmyelinated and thinly myelinated (C and Aô) fiber- 
mediated autonomie (vasomotor and secretomotor) and 
sensory functions are impaired earlier, causing loss of 
sweating, thermanesthesia and analgesia, either singly or 
in some combination. Later, the thicker myelinated fiber- 
mediated sensory functions like perception of touch and 
pressure are affected, at some stage motor fiber function 
may also be affected giving rise to weakness and paralysis 
of the muscles supplied by the nerve. At this stage, the 
situation is still réversible, nerve damage becoming 
permanent only when the nerve is destroyed. 

Stage of Nerve Destruction 

Stage of nerve destruction is the end stage of nerve 
involvement in leprosy. The affected nerve fibers hâve been 
completely destroyed and converted to scar. The extent of 
such permanent damage varies from patient to patient, 
nerve to nerve and at different parts of the same nerve. In 
tuberculoid leprosy, the destruction may be restricted to 
only one fascicle or even one part of one fascicle. Further, 
in tuberculoid leprosy, the destruction may be followed by 
caseous degeneration which may progress to a cold abscess 
or calcification of the caseous mass. In the lepromatous 
and near lepromatous cases, the nerve is replaced by 
collagen which may undergo hyalinization. 

The following features need to be noted regarding the 
different stages of nerve involvement outlined above. First, 
not ail nerves are affected in ail patients and not ail affected 
nerves pass through ail the above- mentioned five stages, 
and some are not affected at ail. Second, at a given point of 
time ail the infected nerves in a given patient need not, 
and often do not, exhibit the same stage or degree of 
involvement. In fact, different nerves in the same patient 
and even different parts of one nerve are usually in different 
stages of involvement. Third, the duration and tempo of 
events of each stage as well as the transition times from 
one stage to another vary widely from person to person, 
from nerve to nerve, and from one part of the nerve to 
another as well as from time to time in the same person, 
nerve or part of the nerve. The reasons for these variations 
are not known. 

Pathology of Nerve Lésions in Leprosy 

The pathological changes that occur in the nerves are a 
resuit of infection by M. lepme and the operation of immune 
mechanisms. After parasitization of the nerve, which 
occurs very early, the organisms can continue to remain in 


the nerves for long, without manifesting any inflammatory 
or clinical changes. The further progress of nerve changes 
dépends on the manner in which the host tissue is able to 
react to the presence of these bacteria. Two basically 
different types of pathological changes are encountered in 
the two polar forms of the disease. 

Nerve in Tuberculoid Leprosy 

In tuberculoid leprosy, the lésion are mainly the resuit of 
delayed type of hypersensitivity (DTH) reaction to M. lepme 
and its antigens. Since tuberculoid leprosy is a focal 
disease, the number of peripheral nerves affected and the 
extent of the lésion in each nerve are limited. Often, only 
one or two peripheral nerve trunks are affected. In the 
affected nerve trunk, ail, some, or only one of the fascicles 
may be infected, and sometimes only a portion of one 
fascicle is affected. The granuloma infiltrating the nerve 
consists mainly of epithelioid cells, lymphocytes and 
Langhans giant cells. In some cases there are areas, of 
caseous necrosis in the middle of the granuloma. The peri- 
neurium is thickened by proliferating perineurial cells and 
infiltrating inflammatory cells composed of lymphocytes, 
epithelioid cells and fibroblasts. A few acid-fast bacilli 
(AFB) are found in the caseous material and Schwann 
cells. The occurrence of nerve abscess in tuberculoid leprosy 
is a well-known feature. The granuloma formed at a later 
stage undergoes liquéfaction and becomes recognizable 
as a nerve abscesse. They persist as nodular swellings in 
any one of the peripheral nerves. It can be single, multiple, 
round or fusiform. The classical histological features of 
nerve abscess consists of a central area of caseous necrosis 
surrounded by granuloma of epithelioid and giant cells, 
and this in turn is surrounded by lymphocytes. Such a 
process can résolve by absorption of the caseous material, 
or by surgical intervention. The end stage of the process is 
replacement of the nerve by fibrous tissue. 

Nerve in Lepromatous Leprosy 

Lepromatous leprosy, being a generalized form of the 
disease, involves far more nerves. In the early stages 
M. lepme are found in the Schwann cells and occasional 
endoneurial macrophages. The intracellular multiplication 
of the bacilli produces foamy degeneration of the Schwann 
cells and macrophages. The parasitized Schwann cells 
lose their function and their ability to regenerate. They 
and the axons die in due course and disappear. The 
perineurial cells are also infected, and there is reactive 
prolifération of the perineurium. The marked thickening 
of the perineurium produces a barrier and a disturbance 
in the intraneural environment. 
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The inflammation of the nerve elicits infiltration, by 
macrophages, of the basement membrane of the capillary 
endothélium causing narrowing of their lumina. The 
resulting ischemia aggravâtes the damage to the nerve 
parenchyma. The Schwann cells, axons and the 
perineurial cells are gradually replaced by dense 
collagenized fibrous tissue. Finally, a dense fibrous cord 
is ail that is left of an infected nerve. 

Inflammation of the nerve in ENL (erythema nodosum 
leprosum) reaction is slightly different in that the nerve 
tissue parasitized by M. leprae is diffusely invaded by 
neutrophils forming focal microabscesses. The nerve tissue 
is easily and rapidly destroyed in areas of abscess 
formation. Therefore, patients who develop ENL reactions 
and are not treated promptly are very likely to develop 
nerve paralysis. In rare instances, the neutrophilie 
collections are large enough to produce gross nerve 
abscesses. 

Nerve in Borderline Leprosy 

Borderline leprosy combines the features of generalized 
multiple nerve involvement of lepromatous leprosy with 
the intense destructive lésions of tuberculoid granulomas. 
Hence, the extent and severity of nerve damage in this 
group of patients is much more than in the other two forms 
of leprosy. The CMI in this form of disease is highly 
unstable and a sudden increase in the CMI (reversai or 
upgrading reaction) may precipitate widespread nerve 
paralysis. Therefore, deformities due to nerve paralysis 
are more common in borderline leprosy. 

Patterns of Involvement, Damage and Recovery 

Cranial nerves are very rarely involved in leprosy except 
for the facial nerve. Involvement of the facial nerve occurs 
occasionally at the nerve trunk level (resulting in BelTs 
palsy). On the other hand, it is the zygomatic branches of 
the facial nerve passing through the osseofibrous canals 
over the zygoma that are usually affected, causing paralysis 
of the orbicularis oculi muscle resulting in the patient not 
being able to close the eyelids (lagophthalmos). 6 The facial 
nerve has been shown to communicate with the corneal 
branches of the fifth or trigeminal nerve. Leprous involve¬ 
ment of these branches by continuity may resuit in corneal 
anesthésia. Fortunately, the latter complication is not very 
common. 

There is a spatial and temporal pattern in nerve trunk 
involvement in leprosy. First, the nerve trunks of limbs are 
most often affected and damaged. Even then, there is some 
sélection. For example, in the upper limb, involvement of 
the ulnar nerve is far more common than that of the médian 
or radial nerve trunks, and it also occurs earlier. In the 
lower limb, involvement of the common peroneal nerve is 


far more common than that of the posterior tibial nerve. 
The musculocutaneous nerve trunk of the upper limb and 
the fémoral nerve in the lower limb are virtually never 
damaged in leprosy, but their terminal parts, the latéral 
cutaneous nerve of the forearm, and the cutaneous 
branches of the fémoral nerve are involved frequently. 
Similarly, involvement of the radial nerve trunk is far less 
common than that of its terminal part, the superficial radial 
cutaneous nerve, which is one of the most commonly 
affected nerves in leprosy. It is also seen that there are 
preferred sites of involvement for each nerve. These 
preferred sites are related to where the nerve trunk crosses 
a major joint like the elbow, wrist, knee or ankle as the case 
may be, the trunk getting maximally affected just proximal 
to the joint. 

Just as some nerves are involved more often than others, 
some nerves are preferentially damaged compared to others. 
For example, damage to the ulnar and posterior tibial 
nerves occurs quite frequently. Radial nerve is rarely 
damaged and facial nerve only occasionally so, whereas 
the common peroneal and madian nerves are much more 
frequently damaged than the radial or the facial nerves, 
but definitely not as often as the ulnar or even the posterior 
tibial nerve. 

Even within one nerve trunk, there is a spatial sélec¬ 
tion for damage. For example, the ulnar nerve is damaged 
more often low down in the forearm and less often in the 
arm. The médian nerve is almost always damaged low 
down in the forearm (giving rise to paralysis of small 
muscles of the thumb) and very rarely at a higher level 
(causing paralysis of the forearm muscles). The radial 
nerve gets damaged, if at ail, just a little above or below the 
elbow joint and never at such a high level as to cause 
weakness or paralysis of the triceps. Similarly, in the lower 
limb, the posterior tibial nerve is damaged at the level of 
the ankle joint resulting in plantar anesthésia and 
paralysis of the plantar intrinsic muscles and almost never 
at a higher level to cause paralysis of the posterior crural 
muscles. 

In general, in leprosy the damaged nerve trunks (at 
least some of them) may recover completely or partly even 
after the onset of clinically obvious paralysis. Recovery 
may be spontaneous, or, it may occur with antileprosy 
treatment, or, it may require spécial interventions like 
steroid therapy or surgical décompression of the nerve. 
Little information is available about spontaneous recovery 
of nerve trunks and the factors that influence it. With regard 
to recovery with treatment, clinical expérience shows that 
the duration and extent of damage are the two important 
factors influencing the chances of recovery. Recovery 
occurs more often in cases of recent paralysis and where 
paralysis is incomplète than in cases of long-standing 
paralysis and where paralysis is complété. 
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The information regarding the chances of involvement 
of nerve trunks usually affected in leprosy are summarized 
in Table 1. Nerve trunks not listed in the Table are 
practically never involved in leprosy. 

Modes of Onset and Progress of Nerve Damage 

Clinical expérience shows that there are four modes of 
onset of nerve damage and its progression. They are: 
(i) insidious onset with graduai progress of damage, 
referred to as "quiet nerve paralysis", (ii) episodic onset 
and saltatory progress associated with attacks of acute or 
subacute neuritis, (iii) sudden onset of nerve damage, and 
(iv) nerve damage of late onset. 

Insidious Onset: Quiet Nerve Paralysis 7 

Insidious onset of nerve trunk damage with graduai 
progression has been recognized only recently as a 
common mode of présentation. 7 Nerve trunk damage 
manifests initially as impaired sensibility which is often 
dissociated to begin with (involving thermal and pain 
sensibilities), but becomes profound and complété later. 
Along with the initial sensory loss there is also loss of 
sweating. Motor weakness sets in insidiously and 
progresses gradually to complété motor paralysis. This 
insidious onset coupled with no associated nerve pain or 
tenderness results in the patient not being aware of the 
impaired sensibility or motor weakness until it is almost 
complété. This kind of onset of nerve damage has been 
seen in ail types of leprosy except the indeterminate type. 
Instances of relapse in borderline lepromatous (BL) type 
of leprosy manifesting as quiet nerve paralysis without 
any relapse in the skin lésions hâve also been found. 

In quiet nerve paralysis, response to high dose of 
steroids has been found to be good, particularly when there 
was motor involvement and when the nerve was not totally 
paralyzed. Prednisolone up to even 60 mg per day is given 
to begin with, and the dosage is gradually tapered off over 
the next 3 to 4 months. 

Episodic Onset and Saltatory Progress 

The course of the disease in many patients is punctuated 
with attacks of acute or subacute trunkal neuritis, 
associated with severe pain, tenderness and swelling of 
the nerve trunk. These attacks are associated with reversai 
reactions (type 1) as well as ENL reactions (type 2). 
Episodes of trunkal neuritis may also occur as the sole 
manifestation of ENL. In the latter case, ENL like lésions 
occur in the nerve trunk with microabscess formation 
which may occasionally progress to a macroabscess. 8,9 
Similarly, an attack of acute or subacute neuritis may be 


TABLE 1 : Patterns of involvement, damage and recovery 
of nerve trunks in leprosy 


Nerve trunk 

Involvement 

Damage 

Recovery 

Ulnar nerve 

+ + + + 

+ + + + 

+ 

Médian nerve 

+ + 

+ 

+ + 

Radial nerve 

+ 

± 

+ + + + 

Common peroneal nerve 

+ + + + 

+ + 

+ + 

Posterior tibial nerve 

+ + + 

+ + + 

+ 

Facial nerve 

± 

+ 

+ + + 


++++—very common, +++—common, ++—less common, 
+—occasional, ±—rare 


the sole manifestation of a reversai reaction and serve as 
the starting point of a cold abscess of the nerve. 

Each such épisode of neuritis is associated with the 
onset of some déficit in the function of the nerve. Some 
recovery of déficit occurs with resolution of the neuritis 
but very often this recovery is not total. After a few such 
épisodes, the nerve may become fully paralyzed. The nerve 
déficit thus occurs and progresses in an episodic manner 
without any increase in déficit between attacks. Episodes 
of neuritis which are expressions of reversai reactions 
damage the nerve earlier and more thoroughly than ENL 
related neuritic épisodes. 

Sudden Onset 

Here, complété paralysis of the nerve trunk occurs as a 
single, acute event in the course of a few hours without 
associated acute neuritis. It seems to be in the nature of an 
acute vascular lésion involving a major vessel supplying 
the nerve resulting in infarction of a segment of the nerve. 
This type of onset of nerve damage is not common. 

Nerve Damage of Late Onset 

Unlike the previous three types of onset and progress of 
nerve damage which occur in leprosy patients with active 
disease, nerve damage of late onset is seen in some 
lepromatous patients who hâve had proper treatment and 
hâve been cured of the disease. Nerve function déficit 
occurs many years later, it is insidious in onset and is 
often associated with positive sensory phenomena like 
tingling or burning sensation or subjective feeling of 
numbness. In these patients, there is no clinical or 
bacteriological evidence of relapse of the disease and the 
nerve trunk is not particularly enlarged or tender. Nerve 
damage in these cases is attributed to progressive 
intraneural fibrosis. 
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Diagnosis 

The orthopédie surgeon is occasionally called upon to give 
an opinion on whether the given case of peripheral nerve 
paralysis or neuritis (tender, palpable and possibly 
thickened nerve) is due to leprosy or not. In endemic areas, 
leprosy is the single most common cause of permanent 
paralysis of a peripheral nerve. But other causes of 
paralysis, though less common, do exist and should not 
be missed and the case treated as leprosy. In most cases 
the cause of neuropathy is systemic or central, and the site 
of pathology is not just one peripheral nerve trunk (drop 
wrist due to lead poisoning and carpal tunnel syndrome 
are exceptions), and in most cases of nerve paralysis due 
to leprosy, there are other évidences of the disease. Difficulty 
arises in cases presenting as possible pure neuritic leprosy 
with paralysis of one nerve trunk, usually the common 
peroneal nerve and sometimes the ulnar nerve. In such 
cases, if one can exclude local causes of pressure on the 
nerve from adjacent structures (joint, bone, bursa), trauma 
to the nerve (open wound, old scar, chronic stretch, e.g. 
tardy ulnar palsy), blunt trauma, acute stretch trauma 
(intraneural hematoma in common peroneal nerve due to 
acute inversion-plantar flexion-knee extension) and 
chronic frictional trauma (from tight shoes, splints or 
crutches) then leprosy is the most likely cause of paralysis. 
Swelling along the course of the nerve trunks due to 
intraneural tumors (lipoma, schwannoma) has been 
mistaken for pure neuritic leprosy with nerve abscess 
(leprosy is the only condition causing abscess in the 
nerve). 10 High-resolution ultrasonography may be of help 
to distinguish the two conditions, but it is not totally 
reliable. In these cases, it is best to explore the nerve 
surgically to establish the diagnosis (by bundle biopsy if 
need be) as well as decompressing the nerve and relieving 
increased intraneural tension. 

Management of Neuritis and Nerve Damage 

Nerve Damage 

It should be said at the outset that "neuritis" in the technical 
sense of granulomatous involvement of any peripheral 
nerve tissue is présent in ail cases of leprosy and that one 
does not make the diagnosis of leprosy in the absence of 
any evidence of nerve involvement, either in the skin lésion 
or elsewhere. Ail the same, the term "neuritis" is commonly 
used clinically to refer to épisodes of acute or subacute 
inflammation of a nerve trunk as evidenced by more or 
less sudden onset of moderate to severe pain, swelling 
and tenderness of the affected nerve. The terms "nerve 
damage" and "paralysis" are commonly used to indicate 
the presence of clinically recognizable weakness or 
paralysis of the muscles supplied by the nerve. Onset of 


loss of sensibility in the area of cutaneous distribution of 
the nerve trunk should also be considered as onset of "nerve 
damage" or "paralysis", and these terms are used in this 
section in that inclusive sense. 

It should be remembered that "neuritis" and "nerve 
damage" are not synonymous, although it is quite common 
to find both together. One can hâve neuritis without nerve 
damage and vice versa. However, attacks of acute neuritis 
increase the risk of nerve damage manifold, especially 
when they are expressions of reversai reaction. 12,13 As 
mentioned in Chapter 26, reactions are épisodes of acute 
focal inflammation in the skin and/or nerves and so attacks 
of acute neuritis should always be considered as a mani¬ 
festation of reaction and treated as such, irrespective of 
whether cutaneous manifestations of reaction (ENL or 
reversai reaction) are présent or not. This means that the 
patient with clinical neuritis, especially of a nerve trunk, 
will need other measures besides antileprosy treatment. 

Acute Neuritis 

Acute neuritis of the nerve trunk manifests with severe 
pain and tenderness of the affected nerve. When pain is 
very severe, the movements of an adjacent joint are 
restricted to a greater or lesser extent. In severe cases, the 
pain can cause excruciating and unbearable agony. The 
nerve is also very tender and in severe cases even non- 
noxious stimuli cause pain (allodynia), and the patient 
does not even allow palpation of the nerve for fear of pain. 
The affected nerve trunk is usually swollen, sometimes 
very grossly, and feels soft or firm depending on the extent 
of edema and previous fibrosis. 

Even when acute neuritis of a nerve trunk is not 
associated with the onset of neural déficit, because of the 
increased risk of nerve damage, it is essential to get the 
condition resolved as rapidly as possible. It should also 
be kept in mind that the danger of rapid nerve destruction 
is much greater when acute neuritis is a manifestation of 
reversai reaction than when it is caused by ENL. 

Management of acute neuritis consists of general as 
well as local measures. General measures include pro- 
viding antileprosy therapy when indicated, antireaction 
treatment, if that has not been instituted already, and 
steroid therapy along with analgésies and sédatives in 
order to relieve pain and reduce the anxiety of the patient. 
In ENL neuritis, thalidomide (100 mg four times daily) is 
very useful and should be given if possible, keeping in 
mind its embryopathie action. As for steroid therapy, to 
begin with fairly heavy doses of prednisolone (60 mg/ 
day) are required in reversai reaction neuritis, and where 
there has been associated nerve paralysis, steroid therapy 
should be continued for at least four months. In that case, 
the dose is reduced to 30 mg/day by four weeks and 
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maintained at that dose for at least three months and then 
tapered off subsequently over a few weeks. 

Local measures include splinting the part to provide 
rest to the nerve and relieve pain as well as physical therapy 
to the affected nerve using wax bath, and shortwave or 
microwave diathermy or ultrasonic therapy to expedite 
réduction of intraneural edema and resolution of 
inflammation. Intraneural and perineural injections of 
steroids, vasodilators and local anesthetic agents are not 
advised, as they may cause damage to the already severely 
inflamed nerve. 15 The sensory and motor functions of the 
nerve trunk should be assessed in detail daily to begin 
with, and progressively less often, subsequently. Only by 
such frequent monitoring one will be able to recognize the 
onset of or increase in the extent of nerve damage, adjust 
drug dosages as well as décidé about the need for surgical 
intervention. 

Early Paralysis 

The term "early paralysis" is used to indicate instances of 
recent paralysis (which may or may not be complété) as 
well as incomplète paralysis (which may or may not be 
recent). Paralysis of six months duration or less is usually 
considered as recent paralysis, whereas paralysis of more 
than one year duration is usually considered as definitely 
too late for recovery. Early paralysis occurs, as mentioned 
earlier, in association with acute or subacute neuritis, or it 
may occur insidiously as "quiet nerve paralysis". It is 
important to recognize nerve paralysis early because the 
chances of recovery are much greater at that stage than 
when complété paralysis has been présent for too long a 
time (i.e. over one year). 7 

Management of early paralysis of a nerve trunk 
dépends on the status of the disease, treatment status and 
the State of the nerve. When early incomplète paralysis of 
a nerve trunk occurs in a patient with active untreated 
leprosy without associated acute or subacute neuritis, 
antileprosy treatment with appropriate multiple drugs 
must be instituted, and the progress of nerve damage is 
closely monitored for a few weeks. In many cases, paralysis 
régresses with antileprosy treatment alone. When that 
does not happen, or if there is worsening, or when 
associated neuritis sets on, steroid therapy in immunosup¬ 
pressive dosage should be started as outlined earlier and 
maintained for 4 to 6 months. When early paralysis is a 
manifestation of relapse of leprosy, it will be safer to start 
steroid therapy along with antileprosy treatment. When 
quiet nerve paralysis occurs in patients already under pro- 
per treatment for leprosy, the only recourse available is 
steroid therapy. That will definitely be worth trying when 
there is motor weakness or paralysis, because it appears 
to be bénéficiai in that situation. But, when there is only 


loss of sensibility, whether steroid therapy should be insti¬ 
tuted is problematic, because its usefulness under those 
circumstances has not been established. 17 It may still be 
worth giving a trial of the same, as surgery is unlikely to be 
of help in quiet nerve paralysis. 

Besides such general treatment, the affected part itself 
needs to be attended to. Weak muscles should be made 
stronger by active exercise, integrity of paralyzed muscles 
is to be maintained by electrical stimulation, joint stiffness 
should be prevented by wax bath and oil massage, and 
stretching of paralyzed muscles should be prevented by 
appropriate splinting. 

Surgical Aspects of Neuritis in Leprosy 

While biological and immunological factors (like M. leprae 
and Schwann cells sharing antigens and epitopes, immune 
complexes releasing phlogistic proteins, or interior of the 
nerve being less accessible to the immune System) may 
explain why nerves are infected, and how they are 
damaged in leprosy, that still does not explain why certain 
nerves and even certain sites in those nerves are 
preferentially selected for involvement and damage. 
Evidently, local anatomical and physical features serve as 
precipitating causes for such preferential involvement at 
certain sites. In that case, if those anatomical features are 
modified by surgery as to eliminate their deleterious 
contributions, it should be possible to reduce if not 
completely avoid, the chances of serious and permanent 
damage to the nerve. This is the logic that governs the 
basis of surgery on nerves in leprosy. 

Physical factors contributing to nerve damage: As already 
pointed out, the favored sites for maximal involvement 
and greatest damage to the nerve trunks are: (i) just 
proximal to where the nerve crosses a large joint (ulnar 
nerve at elbow, ulnar and médian nerves at wrist, posterior 
tibial nerve at ankle), (ii) where the nerve trunk passes 
through a fibrous arcade providing attachment to a muscle 
(ulnar nerve entering under the origin of flexor carpi 
ulnaris, common peroneal nerve entering under the origin 
of peroneus longus, médian nerve entering under the origin 
of flexor superficialis), (iii) where it passes through an 
osseous, osteofibrous or fibrous tunnel (zygomatic 
branches of facial nerve, ulnar nerve through cubital 
tunnel, médian nerve through carpal tunnel, posterior 
tibial nerve through tarsal tunnel, médial and latéral 
plantar nerves through calcaneal tunnels of Richet. 18,19 
The common anatomical features in ail these situations 
are: (i) the nerve trunk passing through an unyielding pas¬ 
sage, and (ii) being subjected to répétitive stretching, bend- 
ing and sliding stresses due to movement at the adjacent 
joint, both favoring development of entrapment 
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neuropathy. Normally, these features may not matter very 
much, but it appears that they contribute to locate the bacilli 
at or just proximal to these sites of normal stress. 20 When 
the nerve becomes thickened due to the disease process 
(granuloma, hypercellularity and edema), a situation of 
tunnel (passage)- nerve (passenger) disproportion even 
more in favor of development of entrapment neuropathy 
is created. This sets up a vicious spiral of external 
compression-venous stasis-edema-increased thickening— 
further external compression. 21 Furthermore, the ischemia 
caused by external compression is an added insult to the 
nerve already having ischemia because of increased intra- 
neural tension (internai compression) because of confine¬ 
ment of the inflammatory exudate and the granuloma by 
the fibrosed and aponeurotic (and so unyielding) 
epineurium. Thus, the compressed segment of the nerve 
becomes ischémie. In addition to damaging the nerve as 
well as making the nerve more susceptible to entrapment 
neuropathy, ischemia also prevents the anti-inflammatory 
drugs reaching the ischémie segments which are their 
target sites. The inflammation per sis ts and the condition 
is made worse. 

In addition, the thickened inflamed nerve trunk 
becomes less supple and more stiff because of edema, 
fibrosis and granuloma, and it also does not move freely 
because of perineural inflammation, adhesions and the 
development of a thick false sheath around the nerve which 
binds the nerve to the surrounding tissue. Every time the 
adjacent joint is bent, the nerve is subjected to stretching 
and bending strains, contributing to local inflammation. 
Moreover, since the nerve trunks lie close to the surface at 
these sites, they are also liable to repeated minor trauma 
during the various daily activities of living. It is to be 
expected that ail these factors should be contributing to 
damage the nerve trunk at these sites. 22 

Of these, compression from within due to increased 
intraneural tension and external compression are probably 
far more important than the others. Of these two factors, it 
appears that the disease process and the resulting internai 
compression are of paramount importance, and external 
compression serves as an additional pathogenetic factor, 
which may tilt the balance in favor of nerve damage when 
it exceeds certain limits. 23 

Indications for surgical décompression: 22 The value of sur- 
gical décompression of nerves in leprosy, for preventing 
permanent damage continues to be a matter for debate 
between surgeons and physicians. Opinion on this issue 
ranges from enthusiastic advocacy of early, even 
prophylactic, surgery to total déniai of any rôle for surgery 
in the management of neuritis in leprosy. While some 
surgeons, especially the French group, consider nerve 


trunk involvement and damage as virtually a surgical 
disorder, some physicians, particularly the British group 
consider surgery as only adding injury to an already 
diseased nerve, and that one can "medically decompress" 
the nerve most successfully with modem drugs. As is often 
the case, the truth probably lies somewhere in the middle, 
and majority of surgeons in India experienced in leprosy 
would recommend surgical décompression under certain 
circumstances as an additional modality of treatment 
aimed at making medical treatment more effective by 
eliminating aggravating mechanical factors, and 
improving hemoperfusion of the nerve. International 
opinion is also veering towards this view. 24 

Most cases of neuritis of nerve trunk in leprosy can be 
successfully treated and permanent nerve damage arrested 
by the use of medical treatment and physiotherapy 
(steroids, splinting, short-wave, diatheromy stimulation), 
especially if treatment is started early and pursued 
diligently. Surgery is not a substitute for medical and 
ancillary treatment. In fact, there is no point in doing 
surgery on the nerve if proper and adéquate medical and 
ancillary treatment is not available or cannot be given. 
Surgery would then be indicated in cases receiving proper 
and adéquate medical and ancillary treatment if: 

i. there is sudden onset or worsening of neural déficit, 

ii. there is increase in the intensity of pain and tender- 
ness of the nerve, 

iii. there is increased swelling of the nerve, 

iv. the localized pain, tenderness and swelling do not 
subside to a significant extent within 72 to 96 hours 
of starting medical treatment (suspected intraneural 
"hot" abscess), 

v. the signs and symptoms had rapidly improved 
initially, but the progress has now corne to a stand- 
still with no further improvement, 

vi. stretching the nerve passively (by passive hyperflex- 
ion of the elbow (ulner nerve), hyperextension of the 
knee (common peroneal nerve), hyperdorsiflexion of 
the wrist (médian nerve), and hyperdorsiflexion of 
the foot (posterior tibial nerve) elicits pain, i.e. "stretch- 
sign" is présent, and if 

vii. the compression "sign" is présent—pain is elicited 
when the nerve is compressed by contracting muscle 
bellies (ulnar déviation of the wrist against résistance 
causing pain in ulnar nerve at elbow (nerve 
compressed between the two heads of origin of flexor 
carpi ulnaris), resisted contraction of flexor 
superficials of the middle finger against thumb during 
thumb-middle finger pinch causing pain in médian 
nerve in the lower f orearm (nerve compressed between 
bellies of flexor pollicis longus and flexor superficialis 
of middle finger). 
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Surgical décompression should be done if any one of 
the first four conditions are fulfilled, or if any two of the 
last three signs are présent. The rôle of surgery in the 
management of "cold" abscesses of the nerve is discussed 
in a subséquent section on nerve abscess in this chapter. 

Aims of surgical décompression: The aims of surgical 
décompression of a peripheral nerve trunk in leprosy are: 
(i) to eliminate the factors contributing to entrapment 
neuropathy, (ii) to relieve increased intraneural tension, 
and (iii) to relieve compression of individual nerve 
fascicles so that hemoperfusion of the nerve is improved 
and drugs are permitted to enter the ischémie sites freely. 
Therefore, the three component procedures of surgical 
décompression are: (i) external décompression by external 
neurolysis, (ii) internai décompression by epineurotomy, 
and (iii) fascicular décompression by fascicular neurolysis. 
Of these three procedures, décompression and 
epineurotomy are mandatory. Fascicular décompression 
should be attempted only by surgeons with adéquate 
training, and the procedure has to be done under 
magnification (4x to lOx). 

Décompression of Individual Nerves 

Ulnar nerve: The ulnar nerve usually requires to 
be decompressed in the lower arm and behind the elbow. 
It is only very rarely that décompression of this nerve is 
required at the wrist level (Guyon's canal). 

The ulnar nerve lies in the posterior compartment of 
the lower arm just behind the médial intermuscular 
septum, between that structure and the médial head of 
triceps, and lower down behind the médial épicondyle of 
the humérus. It enters the forearm under the fibrous arcade 
(arcuate ligament or Osborne's ligament) extending, 
between the humerai and ulnar heads of origin of the flexor 
carpi ulnaris (FCU) muscle (cubital tunnel), lying first on 
the médial collateral ligament of the elbow, and then on 
the médial surface of the upper end of ulna. It runs distally 
between the flexor digitorum profundus muscle (FDP) and 
the fascial septum that séparâtes that muscle from FCU 

(Fig.l). 

As the elbow is flexed, the sites of origin of the two 
heads of FCU move apart, the arcuate ligament is stret- 
ched over the nerve, and the médial collateral ligament 
bulges into the floor of the cubital tunnel. 23,25,26 These 
events cause narrowing of the tunnel. The médial head of 
triceps pushes the nerve upwards and medially, impacting 
it in the angle formed by the médial intermuscular septum, 
the deep fascia of the lower arm and the humerai origin of 
FCU. 27 The nerve gets stretched over the médial épicondyle 
and is restrained from being pushed out of the tunnel by 
the humerai head of FCU. Even normally, the ulnar nerve 
at this site is made up of a few large fascicles with relatively 



Fig. 1 : The flexed left elbow seen from the front to show the 
cubital tunnel and the ulnar nerve (uln. n) Flexor carpi ulnaris 
(FCU) muscle has been eut across and the two halves are 
turned over. The structures contributing to entrapment of the 
ulnar nerve are: (1) arcuate ligament, (2) médial intermuscular 
septum of the arm, (3) médial épicondyle of the humérus, and 
(4) fascial septum between flexor carpi ulnaris and flexor digi¬ 
torum profundus (FDP) of which only the distal part is shown 

small quantity of epineurial tissue, rendering them more 
vulnérable to pressure. 28,29 

The external décompression procedure should, there¬ 
fore, include division of deep fascia of the arm, the médial 
intermuscular septum, the arcuate ligament and the fascial 
septum between the FCU and FDP muscles. 30 The 
undulating skin incision on the posteromedial side of arm 
and forearm should, therefore, extend from about 5 cm 
below the level of the médial épicondyle to about 10 cm 
above that level, to be extended further proximally if 
necessary (Fig. 2). The nerve is exposed throughout till the 
nerve disappears behind the FCU at the distal part of the 
wound. The arcade of Struthers through which the nerve 
enters the posterior compartment of the arm should be 
looked for. 31 A thin layer of fleshy fibers of the médial 
head of triceps Crossing obliquely in front of the nerve 
leads to the arcade and, if présent, that should be divided. 
The thickened false sheath, caused by extension of the 
inflammatory exudate to the perineural connective tissue 
should be incised and the nerve freed from it except on its 
deep side. The fibrous arch stretching between the two 
heads of FCU (arcuate ligament) is then split and the nerve 
is traced to the distal limits of the skin incision by splitting 
and separating the aponeurotic septum between FCU and 
FDP muscles. This complétés the external décompression 
procedure. 
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Fig. 2: Incision for décompression of ulnar nerve 


The epineurium of the nerve is identified in the distal 
part of the incision (in the part under cover of FCU), where 
the nerve is almost normal and a small incision is made 
exposing a superficial nerve fascicle. The incision in the 
epineurium is very carefully extended to the proximal part 
using the tips of a size 11 or 15 blade knife and sharp 
pointed iris scissors, over the full length and full thickness 
of the epineurium until it appears normal once again near 
the proximal end of the skin incision, which should be 
extended, if need be, for this purpose. This complétés 
internai décompression by epineurotomy. When fascicles 
are under tension inside the nerve, they bulge out of the 
incision in the epineurium, very much like the mucous 
membrane of the pylorus in pyloromyotomy in congénital 
pyloric stenosis. When there is extensive sclerosis of the 
epineurium, in which the nerve fascicles are embedded, 
one should do fascicular neurolysis (under magnification) 
when that is feasible, or, a strip of the perineurium—3 to 
4 mm wide, is carefully removed from the superficial 
surface of the full length of the exposed nerve (partial epi- 
neurectomy). 

Anterior transposition of the nerve either superficially 
or, deep to the flexor muscle mass is not advised. 32 Instead, 
subperiosteal resection of the médial épicondyle of the 
humérus is done to completely eliminate ail possibility of 
entrapment neuropathy. 33-36 Anterior and posterior flaps 
of periosteum are raised to expose the médial épicondyle 
which is resected with a b one shears. The raw area in the 
bone is covered over by suturing the periosteal flaps back 
together (Figs 3A to D). Resection is judged adéquate if the 
nerve cornes to lie without any tension whatsoever over 
the site of the médial épicondyle when the elbow is flexed. 

Only the skin wound is closed and a drain is usually 
not needed. The limb is rested in an above-elbow POP 
back slab, with the elbow in semiflexion, until sutures are 
removed, and then elbow mobilization is begun. Full range 
of elbow movement should return within 15 to 20 days, 
and there should be no morbidity after this procedure, 
which is easily done under local infiltration anesthésia. 

Médian nerve: Décompression of the médian nerve is not 
needed in most cases, but when it is needed, nearly always 



Figs 3A to D: Médial epicondylectomy: (A) incision over the 
periosteum and flexor origin, (B) periosteum and flexor origin 
stripped away from médial épicondyle, (C) médial épicondyle 
resected; and (D) soft tissues sutured back to cover raw area 
of bone 

it requires to be done at the lower forearm and wrist level. 
Only on rare occasions, the nerve may need to be released 
in the upper forearm, where it passes under the fibrous 
arch giving attachment to the fibers of the flexor digitorum 
superficialis muscle. The site of external compression is 
the carpal tunnel, and the site of internai compression is 
the lower one-fourth of the forearm, just after the nerve has 
emerged from the free lower border of the flexor superficial 
muscle. 

A curvilinear incision skirting the proximal part of the 
thenar eminence starting in the palm about 3 cm distal to 
the distal wrist crease and 8 to 10 mm médial (ulnar) to the 
thenar crease is made and extended proximally over the 
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Fig. 4: Skin incision for décompression of 
médian nerve in leprosy 

front of distal one-fourth of the forearm, a little towards 
the ulnar side of the palmaris longus tendon, for about 7 to 
8 cm (Fig. 4). Retracting the palmaris tendon radially, the 
deep fascia of the forearm and, (Fig. 4) lower down in the 
heel of the palm, the flexor retinaculum are exposed. A 
small eut is made in the deep fascia in the midline of the 
forearm at the proximal end of the incision and using a 
blunt pointed scissors, the eut is carefully extended 
distally. The flexor retinaculum is then divided under 
vision, taking care to protect the médian nerve and not to 
injure its motor branch (supplying thenar muscles), the 
médian nerve is exposed along the full length of the 
wound. Some surgeons advocate removal of a 5 to 10 mm 
strip of the flexor retinaculum instead of just dividing it, 
but that appears unnecessary, 37 The skin incision may be 
further extended proximally, if need be, for visualizing the 
nerve emerging from under the flexor superficialis. This 
complétés external décompression of the médian nerve. 

At this level, the médian nerve is made up of numerous 
rather thin fascicles, like an electrical cable, and if they 
can be seen through the epineurium throughout the length 
of the nerve, internai décompression by epineurotomy need 
not be done. If the fascicles cannot be seen in any segment 
of the nerve, it indicates epineurial thickening and fibrosis 
requiring epineurotomy. A small incision is made over the 
epineurium over the proximal normal part of the nerve, 
slightly to one side of the midline of the nerve and extended 
distally carefully. Over the thickened part, the full thickness 
of the epineurium is divided to expose the nerve until the 
epineurium over the entire length of the exposed nerve 


has been divided. This complétés internai décompression 
of the médian nerve by epineurotomy. 

The skin wound is closed and the limb is rested in a 
below elbow posterior and anterior POP slabs with wrist 
in 30° dorsiflexion (to prevent prolapse of the flexor 
tendons through the gap in the flexor retinaculum) until 
sutures are removed 12 days later. The procedure can be 
easily done under local infiltration anesthésia, and there 
should be no morbidity after the procedure. 

Radial nerve: Décompression of the radial nerve is rarely 
needed. According to Carayon, in those instances, the 
nerve is principally squeezed at its passage through the 
latéral intermuscular septum where (it is found to be) 
strangulated and sometimes intimately fixed by abhesions. 
An easy splitting of that hole is performed through an 
undulate Gosset type of cross-incision. 37 

Common peroneal nerve: Décompression of the common 
peroneal nerve is discussed in Chapter 35 on Paralytic 
problems of the foot. 

Posterior tibial nerve: The rationale behind décompression 
of the posterior tibial nerve is somewhat different from 
that for the other nerves. Damage to this nerve gives rise to: 

(i) anhidrosis and dryness of the plantar skin making it 
prone to develop superficial cracks and deep fissures, 

(ii) loss of sensibility in the sole of the foot making the foot 
vulnérable to injuries from without, and (iii) paralysis of 
plantar intrinsic muscles making the foot mechanically 
weak and suspectible to injury from within and increasing 
the risk of plantar ulcération manifold. Restoration of 
sensibility and sweating in the sole, even if recovery from 
muscle paralysis does not occur, will greatly help 
prévention of plantar ulcération and save the patient from 
crippling. This is a big advantage. 

The posterior tibial nerve runs in the tarsal tunnel 
located behind the médial malleolus along with the 
tendons of tibialis posterior and the flexors of toes (Fig. 5). 
This tunnel, roofed over by the flexor retinaculum, differs 
from the carpal tunnel in two important respects: (i) the 
tarsal tunnel is further subdivided into four compartments 
by septa, three for transmitting the three tendons and one 
for the posterior tibial neurovascular bundle enclosed in a 
common sheath, and (ii) the posterior tibial artery, the major 
artery supplying the posterior tibial nerve and the tissues 
of the sole of the foot passes through the tunnel lying just 
in front of and somewhat médial to the nerve. The deep 
lymphatics draining the sole also pass along the vessels. 
Because of this arrangement, it is not just the nerve but the 
entire neurovascular bundle bound in a common sheath 
that is affected by inflammation and thickening of the 
nerve. Extension of inflammation to the tissues 
surrounding the nerve leads to sclerosis and condensation 
of these tissues. Further, lymphangitis because of spread 
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Fig. 5: Structures passing through tarsal tunnel. From before 
backwards they are: tendons of tibialis posterior and flexor 
digitorum longus, posterior tibial artery and nerve (shown in 
black) and tendon of flexor hallucis longus 

of nonspecific infection from plantar ulcers through the 
lymphatics and lymphedma contributes to further 
thickening and fibrosis of tissues around the 
neurovascular bundle, and the enlargement of the nerve 
adding to this compression. Apparently, these events also 
provoke prolonged spasm or even thrombosis of this major 
vessel leading to diminished perfusion and vascular 
stagnation in the sole. 38 In some cases, this reduced 
vascularity does not permit proper healing of a plantar 
ulcer contributing to its chronicity. 

In view of the above, one does not do a mere décom¬ 
pression of the posterior tibial nerve. One always does a 
décompression of the posterior tibial neurovascular 
bundle. This is done for two different puposes: (i) for 
reversing or arresting damage to the posterior tibial nerve, 
and (ii) for improving the vascularity of the foot for 
obtaining healing of an intractable plantar ulcer. For 
preventing progressive nerve damage and promoting 
recovery of the damaged posterior tibial nerve, one should 
do the décompression procedure within six months of onset 
of plantar anesthésia in order to obtain best results. In a 
good proportion of cases, one may expect restoration of 
sweating and sensibility in the sole of the foot to a 
significant extent after early plantar neurovascular décom¬ 
pression especially when it is combined with steroid 
therapy. 39,40 One need not wait for signs of acute neuritis 
(moderate to severe pain and tenderness) for doing 
posterior tibial neurovascular décompression if there is 
plantar anesthésia of recent onset, and an obviously 
thickened nerve is found on palpation which is a good 
indication for décompression. 

Décompression to improve vascularity of the foot for 
obtaining healing of chronic plantar ulcer is needed 


occasionally. These are the cases where the ulcer covered 
with pale granulation tissue and having not much of 
discharge remains indolent despite adéquate and proper 
treatment, showing no sign of healing at ail for no 
recognizable reason (like presence of deep foci of infection, 
pseudoepitheliomatous hyperplasia or malignrant 
transformation. Further examination often reveals a very 
much thickened nerve on the same side. Often in these 
cases, there is a fullness in the normally hollow région 
below and behind the médial malleolus. It is also reported 
that vascular stagnation may be identified by demons- 
trating an increased white cell count in the blood taken by 
toe prick, by more than 1000 cells, compared to blood 
drawn from vein. The blood flow may be ascertained by 
more sophisticated investigative procedures like Doppler 
studies. A combination of some of these signs and 
nonhealing of the ulcer despite proper and adéquate 
treatment would suggest impaired vascularity needing 
correction by posterior tibial neurovascular décompression. 
The same operative procedure is used for preventing 
permanent damage to the posterior tibial nerve and for 
improving vascularity for obtaining healing. 

The procedure aims to: (i) decompress the neurovas¬ 
cular bundle as a whole by deroofing the neurovascular 
compartment in the tarsal tunnel and removal, as much 
as possible, of the constricting sclerosed tissue 
surrounding the neurovascular bundle, (ii) do external 
décompression of the médial and latéral plantar nerves at 
their entry points into the sole of the foot, (iii) relieve the 
pressure of the nerve and the neurovascular sheath on the 
artery, and (iv) do internai décompression of the nerve by 
epineurotomy and dissociation of the plantar nerves 
proximally. 

The skin incision (Fig. 6), 10 cm long, starts about 8 cm 
above the médial malleolus and 15 mm behind the 
posteromedial border of the tibia. It runs downwards and 
at about midway between the malleolus and the 
tendocalcaneus, it gently curves forwards and continues 
for about 2 cm. The incision is deepened and the deep 
fascia including the flexor retinaculum is exposed. The 
retinaculum is picked up about 1 cm behind the tibialis 
posterior known and a small eut is made in the 
retinaculum. It is extended proximally and distally, 
splitting open the retinaculum and the deep fascia for the 
full length of the wound. The posterior tibial neurovascular 
bundle covered by its sclerosed common sheath is located 
here and it now présents itself, and this is confirmed by 
feeling the nerve and seeing the pulsation of the artery 
lying just in front of the nerve trunk. In most cases, weak or 
absent pulsation would indicate spasm of the artery or 
heavy thickening of the surrounding sheath, or both. The 
thickened common sheath is carefully incised to expose 
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Fig. 6: Skin incision for posterior tibial 
neruovascular décompression 


the nerve which is folio wed proximally until it disappears 
under the crural muscles. Similarly, the artery is also 
exposed very carefully and cleaned up by piecemeal 
removal of the thickened sheath, and some space is created 
around the artery and the nerve preserving the vessels 
entering the nerve. The nerve usually divides into its two 
terminal (médial and latéral plantar) branches, behind the 
malleolus, which proceed distally into the sole. The artery 
also divides similarly and these companion arteries 
usually lie médial to the nerves Crossing them superficially. 
The plantar branches are followed distally till they are 
seen to enter the rôle of the foot. In that process any 
compressing bands are divided and external compression 
relieved. One finds that after such a "clearing" of the 
neurovascular bundle, a previously pulseless artery now 
starts showing vigorous pulsations. The external décom¬ 
pression procedure is now complété. 

The nerve bundles of the two plantar nerves remain 
separated from each other proximally in the main trunk of 
the posterior tibial nerve for at least about 8 cm. After that 
nerve bundles start Crossing over from one nerve to the 
other making séparation impossible without damaging 
the nerves. This procedure of séparation of the nerve 
bundles, known as dissociation of the plantar nerves, is 
done next. This itself contributes to internai décompression 
of the nerve. If felt necessary, one can complété the 
procedure by doing an additional epineurotomy on the 
postérolatéral aspect of the nerve (the posterior tibial artery 
lies anteromedially) very carefully. 

The skin wound is closed and bulky dressing, com¬ 
pression bandage and a below-knee POP back slab are 
given. It helps to heal the wound better if the patient does 
not walk on the operated leg for 10 to 12 days, until the 


sutures are removed. The procedure can be done under 
local infiltration anesthésia, and there should be no 
morbidity (except for some delay in wound healing in 
some) after this operation. 

SOME GENERAL REMARKS 

It should never be forgotten that surgery inflicts a crude 
injury to a nerve trunk which is already diseased and 
damaged. There is no place for hurried ham-handed 
surgery here. The surgeon should be patient and extremely 
careful, paying meticulous attention to the details. The 
nerve trunk itself should be handled minimally and gently 
and should not be rubbed upon or allowed to dry. The 
nerve trunk gets its blood supply from a "mesoneurium" 
which (like mesotendon and mesentery) conveys the 
vessels to the nerve usually from the deep side of the nerve. 
Therefore, the nerve should not be isolated ail round 
extensively and shifted off its bed. The blood vessels ramify 
in the epineurium, so the nerve should not be stripped off 
its epineurium circumferentially for any length, for fear of 
jeopardizing its vascularity. Therefore, procedures known 
as "stripping" and "décapsulation" practised earlier 
should never be done. 41-43 For the same reason as well as 
for avoiding injury to nerve fascicles which hâve a 
plexiform arrangement inside the nerve, "harrowing" 
(making multiple deep longitudinal incisions once 
advocated for decompressing the nerve) should not be 
done. 44 The perineurium is a very important structure 
which protects the nerve fascicles and provides the 
structural basis for blood nerve barrier. Therefore, the 
perineurium should never be damaged. Lastly, it is better 
not to use a tourniquet during surgery of nerves in leprosy 
so that the chances of the diseased and damaged nerve 
getting damaged further due to ischemia or direct pressure 
by the tourniquet are éliminated. 45-47 

Décompression for Relief of Pain 

In some cases of lepromatous leprosy, and this was more 
common during dapsone monotherapy era when patients 
were given dapsone for years and years, the patient had to 
be kept on steroids virtually indefinitely just for the sake of 
relief of nerve pain and not so much for saving the nerve 
from destruction. In fact, in many of these cases, the nerve 
might already hâve been irreversibly damaged completely. 
Although the mechanism of this pain has not been 
elucidated, it has been found in practice that surgical 
décompression of the affected nerve immediately relieved 
pain in ail these cases. 48-52 Therefore, it is well worth doing 
this and thereby avoiding steroid dependency, and the 
resulting adverse effects of chronic médication with 
steroids. 
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Nerve Abscess 

It is not uncommon to find abscesses occurring in the 
nerves (cutaneous nerves and nerve trunks) in leprosy 
(Fig. 7). In fact, leprosy is the only disease in which 
abscesses develop in nerve trunks. These abscesses are 
usually chronic "coM" abscesses occurring due to caseous 
degeneration and colliquative necrosis in the granulo- 
matous lésions in the nerves in tuberculoid types of 
leprosy. Curiously enough, unlike in tuberculosis, casé¬ 
ation does not occur in the skin lésions or lymph nodes in 
leprosy but only in the nerves. Any peripheral nerve may 
thus be involved. It is also not uncommon to find multiple 
abscesses along a thickened nerve like beads on a string. 

The affected nerve may or may not show functional 
déficit (Fig. 8). Since in tuberculoid leprosy the lésions are 
very much localized, only one or a few fascicles may be 
affected and develop into an abscess. If the affected fascicles 
are located centrally, an intraneural abscess forms, and a 
fusiform swelling of the nerve results. The expanding 
abscess could so severely compress the surrounding 
normal fascicles as to cause loss of conduction in those 
fascicles as well. In the absence of other evidence of leprosy 
(or if they are not looked for), the condition may be 
misdiagnosed as intraneural tumor. However, if the 
affected fascicle is located doser to the surface in the nerve, 
as the abscess enlarges the pus breaks out through the 
perineurium and cornes to the surface of the nerve (Fig. 9) 
where it accumulâtes to form a cystic, nontender swelling 
attached through a narrow neck to the thickened nerve 
(collar stud abscess). In these cases of collar stud abscesses 
of the nerve, except for loss of conduction in the affected 
fascicles, the other normal fascicles are not affected, as 
there is hardly any increase in intraneural tension since 



Fig. 7: Abscesses in the ulnar nerve 


the pus has leaked out. If only one fascicle or only a part of 
it is affected, there may not be any significant déficit in the 
function of the affected nerve. Thus, paradoxically as it 
may seem, it is often a small and insignificant (intraneural) 
abscess that causes great functional déficit, while an 
obvious and large (collar stud) abscess may not show any 
serious functional déficit of the nerve. Occasionally, 
caseous fascicles may undergo calcification instead of 
developing into an abscess. 



Fig. 8: Abscesses in the ulnar nerve (in the arm a little proximal 
to the médial épicondyle) with clawing of ring and little fingers 
due to destruction of the ulnar nerve 



Fig. 9: Intraoperative picture showing abscesses in varying 
stages of breaking through the nerve 
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The management of nerve abscess in leprosy is largely 
governed by the functional State of the affected nerve trunk. 
When there is no significant functional déficit, there is no 
urgency to treat the abscess iper se. One can afford to wait 
and watch, reassuring and instructing the patient to be on 
the look out for signs of nerve function déficit and 
monitoring the patient for onset of nerve paralysis by 
periodic examination. If any détérioration in nerve function 
is reported or detected, surgical intervention will be 
necessary. If the nerve is already completely paralyzed, 
and if it appears that easy recovery is unlikely (long- 
standing paralysis, particularly if that had started long 
before the abscess, severe atrophy of the muscles supplied 
by the nerve), again there is no need to rush in and do 
anything for the abscess as such. In such cases, surgery is 
recommended if the presence of the abscess is cosmeti- 
cally unacceptable, or if the abscess is continuing to 
enlarged fairly rapidly, or if the overlying skin is getting 
involved as seen by its getting adhèrent to the abscess. 

When nerve paralysis is recent or incomplète, and 
particularly so if it had occurred more or less along with 
the abscess, surgical intervention is necessary. This is 
because the extent of nerve paralysis does not indicate the 
extent of destruction of the fascicles inside the nerve, and 
one does not know how much of the paralysis is due to 
destruction of fascicles and how much of it is the resuit of 
compression by the abscess. As pointed out earlier, actual 
damage may be small or even inconsequential, and much 
of the paralysis could be due to mere compression of 
undamaged fascicles by the abscess under tension. This is 
particularly so, as mentioned earlier, in intraneural 
abscesses. The above discussion on management of nerve 
abscess in leprosy is summarized in the form of a decision 
tree in Figure 10. 

Surgery consists of exploration, décompression of the 
abscess and the nerve and removal of necrotic fascicles. 
Intraneural abscesses are incised and drained. The abscess 
cavity is gently scraped out removing ail necrotic material. 
Collar stud abscesses are dissected out and removed 
dividing at the neck of the abscess. In both cases, the 
necrotic fascicles contributing to the abscess are traced 
inside the nerve proximally and distally as much as 
possible and removed. Wound is closed suturing only the 
skin without any drain. 

If an enlarging abscess is neglected, it involves the 
overlying skin in course of time resulting in the develop¬ 
ment of chronic discharging sinuses adhèrent to the nerve, 
much as in tuberculous lymph nodes, exposing the nerve 
to secondary infection as well. Hence, the advice is to 
intervene surgically in such cases. When the patient 
présents with chronic sinuses already developed, excision 
of the sinuses and their tracks including the affected 
fascicles and wound closure is done. Alternatively, if the 



Fig. 10: Decision tree for dealing with nerve 
abscess in leprosy 


wound is kept scrupulously clean, it will heal in the course 
of a few months. 

The "pus" in the cold abscesses is very much like 
tuberculous pus. Examinations of the pus shows only 
tissue débris, and acid-fast bacilli are rarely seen. The 
abscess wall shows typical tuberculoid granuloma with 
caséation. Here also acid-fast bacilli are rarely made out. 

A "hot abscess" in a nerve may occur in lepromatous 
leprosy as part of ENL neuritis. The abscesses are usually 
of microscopie dimensions. Occasionally, a crop of such 
microabscesses may coalesce and develop into a small but 
visible abscess containing true pus, which is made up of 
polymorphonuclear neurophils mostly, many containing 
acid-fast bacilli in various stages of degeneration and 
necrotic material. No pyogénie organisms can be seen or 
cultured from this pus. One suspects a hot abscess 
clinically if a lepromatous patient develop a "hot module" 
in a nerve trunk (localized painful tender nodule in the 
nerve) during an attack of acute ENL neuritis which 
continues to be présent even after the neuritis has subsided. 
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It is best to expose the nerve, drain the abscess and close 
the wound. 

Nerve Repair with Free Nerve and Muscle Grafts 

Infection and damage to the nerve trunk in leprosy is often 
focal, particularly in tuberculoid leprosy, and it is also 
peripheral in the sense of involving a segment of the nerve 
and not the parent nerve cell. The affected part may be 
confined to a short distance, usually proximal to a site of 
possible compression of the nerve in a tunnel. Maximum 
amount of damage is also found at these sites, while the 
rest of the nerve trunk proximal and distal to the side of 
destruction is relatively normal and not seriously 
damaged. There is also ample evidence that in leprosy, the 
capacity for régénération of the nerve fibers is quite 
unaffected. 53,54 In view of this, attempts had been made in 
the past to excise the destroyed segment of the nerve and 
bridge the gap with autogenous free nerve grafts. However, 
the results were not encouraging and this line of treatment 
was given up. 55 

A technique for repair of injured nerves with dena- 
tured autologous muscle grafts has been developed 
recently, and this method has been found to give better 
results (sensory recovery) than conventional end-to-end 
nerve suture in digital nerve repair. 56,57 Experimentally, 
induced mycobacterial granulomas in guinea pig nerves 
hâve also been treated successfully by excision and repair 
with denatured autologous muscle grafts. 58 In view of these 
findings, this method has been tried in a pilot experimental 
study in patients, in whom excision of the affected segment 
was done, and the nerve was repaired by using denatured 
autologous muscle graft from sartorius as a bridge graft. 
Follow-up (eight to eighteen months) showed some 
recovery of touch sensibility and sweating in most cases. 59 
Larger studies are now going on in India and Africa. 
Denaturing of the muscle graft taken from sartorius (about 
twice the length as the nerve gap to allow for shrinkage 
during préparation) was done by freezing with dichloridi- 
fluormethane aérosol, and thawing in stérile distilled 
water. 

Experimental studies hâve shown that the myofibrils 
degenerate and are removed, and regenerating nerve fibers 
grow into the sarcolemmal tubes and successfully establish 
the neural continuity. This is a promising new development 
which, if it proves successful, could benefit leprosy 
patients. What proportion of those with nerve paralysis 
would benefit from this procedure and to what extent 
remains to be determined. 

REFERENCES 

1. Job CK. Pathology of leprosy. In Hastings RC (Ed): Leprosy 
(2nd ed) Churchill Livingstone: Edinburgh 1994;12:207. 


2. Srinivasan H. Nerve involvement in leprosy—clinician's Over¬ 
View Leprosy. Research Reviews, Central Jalma Institute for 
Leprosy: Agra, 1989;59-63. 

3. Khanolkar VR. Studies in the histology of early lésions in leprosy. 
ICMR Research 1955;Series 9. 

4. Figueredo N, Desai SD. Positive bacillary findings in the skin 
of contacts of leprosy. Internat J Lepr 1950;18:59-67. 

5. Srinivasan H, Rao KS, Iyer CGS. Discrepancy in the histopatho- 
logical features of leprosy lésions in the skin and peripheral 
nerve. Leprosy in India 1982;54:275-82. 

6. Antia NH, Divekar SC, Dastur DK. The facial nerve in 
leprosy—clinical and operative aspects. Internat J Lepr 
1966;34:103-17. 

7. Srinivasan H, Rao KS, Shanmugam N. Steroid therapy in recent 
quiet nerve paralysis in leprosy patients—report of a study of 
twenty-five patients. Leprosy in India 1982;54:412-9. 

8. Job CK Bhataviziam. Nerve abscess in lepromatous leprosy 
report of a patient. Leprosy Review 1967;38:243-7. 

9. Roy Chowdhury, SB Srinivasan H. Nerve abscess in lepro¬ 
matous leprosy—a case report and a discussion of patho- 
genesis. Leprosy in India 1977;49:330-8. 

10. Reddy BSN, Sheriff MO, Garg BR, et al. Solitary neurofibroma 
mimicking nerve abscess of leprosy. Indian J Lepr 1993;65:235- 
8 . 

11. Taneja K, Sethi A, Shiv VK, et al. Diagnosis of nerve abscess in 
leprosy by sonography. Indian J Leprosy 1992;64:105-07. 

12. Naafs B, Pearson JMH, Baar AJM. A folow-up study of nerve 
lésions in leprosy during and after reaction using nerve 
conduction velocity. Internat J Lepr 1976;44:186-97. 

13. Gupte MD. Dapsone treatment and deformities—a rétro¬ 
spective study Leprosy in India 1979;51:218-35. 

14. Carayon A. Les Neuritis Lepresuses Masson: Paris 1985;73- 
90. 

15. Dharmendra. In Dharmendra (Ed): Leprosy. Kothari Medical 
Publishing House: Mumbai 1978;1:533. 

16. Pearson JMH. The évaluation of nerve damage in leprosy. 
Leprosy Review 1982;53:119-30. 

17. Srinivasan H, Gupte MD. Expériences from studies on quiet 
nerve paralysis in leprosy. In Antia NH, Shetty VP (Eds): 
Peripheral Neuropathies. 

18. Brand PW. In Leprosy and Theory and Practice (2nd edn). 
Cochrane RG and Davey TF ( Eds): John Wright: Bristal, 1964. 

19. Carayon A. Les Neurities Lepreuses. Masson: Paris 1985;171. 

20. Job CK, Desikan KV. Pathological changes and their distri¬ 
bution in peripheral nerves in lepromatous leprosy. Internat J 
Lepr 1968;36:257-70. 

21. Carayon A: Investigations on the physiopathology of the nerve 
in leprsoy. Internat J Lepr 1971;39:278-94. 

22. Palande DD. Préventive surgery in leprosy (nerve surgery in 
leprosy) In Chatterjee BR (Ed): Leprosy: Etiobiology of 
Manifestations Treatment and Control by Leprosy Field 
Research Unit: Jhalda 1993;434-44. 

23. Srinivasan H, Namasivayam PR. Does entrapment neuropathy 
contribute to nerve damage in leprosy? Indian J Med Resear 
1971;59:1385-91. 

24. Reaction and nerve damage. In pre-congress workshop 14th 
International Leprosy Congress, Orlando. Indian J Lepr 
1993;65:491-3. 



Clinical and Surgical Aspects of Neuritis in Leprosy 673 


25. Childress HM. Récurrent ulnar nerve dislocation at the elbow. 
JBJS 1956;38A:978-84. 

26. Osborne G. Compression neuritis of the ulnar nerve at the 
elbow. Hand 1970;2:10-13. 

27. Apfelberg DB, Larson SJ: Dynamic anatomy of the ulnar nerve 
at the elbow. Plastic and Reconstructive Surgery 1973;51:76- 
81. 

28. Vanderpool DW, Chalmers J, Lamb DW, et al. Peripheral com¬ 
pression lésions of the ulnar nerve. JBJS 1968;50B:792-803. 

29. Sunderland S: The internai anatomy of nerve trunks in relation 
to the neural lésions of leprosy—observations on pathology, 
symptomatology and treatment. Brain 1973;96:865-88. 

30. Srinivasan H. Surgical décompression of the ulnar nerve. Indian 
J Lepr 1984;56:520-31. 

31. Spinner M, Kalpan EB. The relationship of the ulnar nerve to 
the médial intermuscular septum in the arm and its clinical 
significance. Hand 1976;8:239. 

32. Leffert RD. Anterior submuscular transposition of the ulnar 
nerves by the Learmonth technique. J Hand Surg 1982;7: 
147-55. 

33. Gore D, Larson S. Médial epicondylectomy for subluxing ulnar 
nerve. Am J Surg 1966;111:851-3. 

34. Carayon A. In McDowell F, Enna CD (Eds). Surgical Réhabili¬ 
tation in Leprosy by Williams and Wilkins: Baltimore 1974;41. 

35. Oommen PK. Ulnar nerve décompression by médial epicon¬ 
dylectomy of the humérus and a method of assessing muscle 
power by totalling the muscle grading. Leprosy in India 
1979;51:336-40. 

36. Thomas AA, Selvapandian AJ, Sam AS, et al. Comparative 
study of surgical décompression by médial epicondylectomy 
and medical décompression by steroids for the management 
of ulnar neuritis and early paralysis. Leprosy in India 
1979;51:599-600. 

37. Carayon AE. In McDowell F, Enna CD (Eds): Surgical Réhabi¬ 
litation of Leprosy by Williams and Wilkins: Baltimore, 1974;39. 

38. Carayon A. Neurites Hanseniennes du nerf tibial postérieur et 
ulcerres plantaires in Les Neurites Lepreuses, Masson: Paris 
1985;11:155-81. 

39. Rao KS, Balakrishnan S, Oommen PK, et al. Restoration of 
Plantar sweat sécrétion in the feet of leprosy patients. Indian J 
Lepr 1987;59:442-49. 

40. Rao KS, Siddalinga Swamy MK. Sensory recovery in the plantar 
aspect of the foot after décompression of posterior tibial nerve— 
possible rôle of steroids along with the décompression. Leprosy 
Review 1989;60:283-7. 

41. Lowe J, Chatterjee SN. Surgical removal of the sheath of ulnar 
nerve in severe leprous neuritis Leprosy in India 1939;11: 
44-52. 


42. Gramberg KPCS. Nerve décapsulation in leprosy patients. 
Internat J Lepr 1955;23:115-23. 

43. Calloway JC, Fite GL, Riordan DC. Ulnar and médian neuritis 
in leprosy. Internat J Lepr 1964;32:285-91. 

44. Babcock WW. A standard technique for operations on peri¬ 
pheral nerves, with spécial reference to closure of large gaps. 
Surgery Gynecology and Obstetrics 1927;45:364-78. Quoted 
by A Carayon, Ref 14, PP 119-120. 

45. Bose KS, Ghosh S, Mukherjee N. Décompression of nerves in 
leprous neuritis. J Ind Med Asso 1964;42:456-60. 

46. Dow DP. Late results off nerve décapsulation in leprosy. 
Leprosy in India 1936;8:113-8. 

47. Brand PW. Paralysis of nerves in leprosy. Internat J Lepr 
1966;34:134-86. 

48. Carayon A, Bourrel P, Languillon J, et al. Leprous Neuritis. 
Ch 1 in Surgery in Leprosy Masson: Paris 1: 1964. 

49. Parikh AC, Ganapati R, Kothare KB, et al. Décompression of 
ulnar and médian nerves in leprous neuritis. Leprosy Review 
1968;39:143-46. 

50. Vaidyanathan EP, Vaidyanathan SI: Treatment of ulnar 
neuritis and early ulnar neuritis and early paralysis. Leprosy 
Review 1968;39:217-22. 

51. Palande DD. A review of twenty-three operations on ulnar 
nerve in leprous neuritis. JBJS 1973;55A:1457-64. 

52. Said GZ, Zohdy, EL Akkad IN. External and internai neuro- 
lysis of ulnar and médian nerves in leprosy neuritis. Leprosy 
Review 1973;44:36-43. 

53. Job CK. Pathology of peripheral nerve lésions in lepromatous 
leprosy—a light and électron microscope study. Internat J Lepr 
1971;39:251-68. 

54. Dastur DK, Ramamohan Y, Shah JS. Ultrastructure of lepro¬ 
matous nerves—neural pathologenesis in leprosy. Internat J 
Lepr 1973;41:47-80. 

55. McLeod JG, Hargrave JC, Gye RS, et al. Nerve grafting in leprosy. 
Brain 1975;98:203-12. 

56. Glasby MA, Gschmeissner SE, Hitchcock RJI, et al. A com- 
parison of nerve régénération through nerve and muscle grafts 
in rat sciatic nerve. Neuroorthopedics 1986;2:21-28. 

57. Norris RW, Glasby MA, Gattuso JM, et al. Peripheral nerve 
repair in humans using muscle autografts—a new technique. 
JBJS 1988;70B:530-53. 

58. Pereira JH, Cowley SA, Gschemeissner SE, et al. Denatured 
muscle grafts for nerve repair—an experimental model for 
nerve repair in leprosy. JBJS 1990;72B:874-80. 

59. Pereira JH, Palande DD, Subramanian A, et al. Denatured 
autologus muscle graft in leprosy. Lancet 1991;338:1239-40. 




IMPAIRMENTS 

Impairments, deformities and disabilities involving the 
hand are very common in leprosy patients. In fact, of the 
three body parts that are thus affected (face, hands and 
feet), hand is the most frequently involved in these patients. 
Loss of sensibility is the most common primary impairment 
to occur in the hand, and this may be part of acral 
anesthésia due to involvement of dermal nerve twigs in 
lepromatous disease, or it occurs because of damage to the 
cutaneous nerves or the sensory fascicles in the ulnar and 
médian nerve trunks supplying the hand. Motor paralysis 
and conséquent paralytic deformities due to damage to 
the motor fibers located in the nerve trunks supplying the 
muscles of the hand occur less often, but more commonly 
than motor paralysis in the face or the lower limb. Besides 
these primary impairments resulting from nerve damage, 
spécifie deformities of the hand (which are also primary 
impairments) due to direct involvement of the tissues of 
the hand by the disease process are also seen, though not 
as often as in the face. 

Secondary impairments are also very commonly found 
in the hand of leprosy patients. Ail instances of anesthetic 
deformities like ulcération, scar contracture and 
shortening of digits corne under this category. Contractures 
of finger joints and thumb web as well as adaptive 
shortening of long muscles in hands with neglected long- 
standing motor paralysis are the other secondary impair¬ 
ments seen not infrequently in the hands of leprosy 
patients. Neuropathie disorganization of the wrist 
secondary to spread of sepsis from sores in the "heel" of 
the palm, and disorganization of some of the digital joints 
due to trauma may also occur occasionally as secondary 
impairments. 


DEFORMITIES 

As mentioned above, the impairments give rise to defor¬ 
mities which may be spécifie, paralytic, or anesthetic in 
origin. 

Spécifie Deformities 

In neglected lepromatous leprosy, there is very heavy 
infiltration of the skin of the hand and fingers, more 
noticeable over the dorsum. The skin and soft tissue of the 
fingers become thickened, and the fingers are enlarged as 
a whole giving rise to the so-called "banana fingers" or 
"sausage fingers" of leprosy. 

More importantly, repeated involvement of the hand 
in reactional épisodes gives rise to a variety of deformities. 
During the acute stage of involvement, the hand is swollen, 
painful and tender. It is an acutely inflamed hand. When 
the condition subsides, the inflammatory exudate gets 
organized into collagen and there is dense fibrosis. When 
this involves the skin of the dorsum, the skin becomes 
atrophie, leathery and adhèrent to the deeper tissues. 
Contraction of the dermal and subdermal collagen draws 
the fingers dorsally giving rise to nonparalytic claw 
deformity. Fibrosis in the fingers gives rise to contractures. 
Fibrosis of the intrinsic muscles gives rise to intrinsic plus 
deformity. Further, during the acute stage, the bones of the 
hand get demineralized, and pathological fractures may 
develop. Later, as the bones get remineralized, these 
fractures heal with deformity, and the condition is known 
as "twisted fingers (Fig. 1)." 

The deformities of "reaction hand" are very difficult to 
correct, but in most cases they can be prevented, provided 
the condition is recognized early and treated properly. 
Treatment consists of rest in functional position and 
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Fig. 1 : Showing "twisted fingers" deformity 
resulting from lepra reaction 

élévation during the acute stages, daily wax packing, and 
graduai introduction of passive and then active 
movements. The treatment program has to be carefully 
carried out with day to day assessment and adjustment. 

Paralytic Deformities 

The leprosy patient develops paralytic deformities of hand 
due to damage to the ulnar, médian and radial nerves. Of 
these, ulnar paralysis is the most common and radial 
paralysis the least common, although the radial nerve is 
infected with M. leprae nearly as often as the ulnar nerve. 
Secondly, when the médian nerve is paralyzed, it is nearly 
always damaged at the distal level, at or just proximal to 
the wrist, so that only the small muscles of the hand are 
paralyzed. High médian nerve damage with paralysis of 
long forearm muscles is quite rare in leprosy. Thirdly, when 
the médian nerve is paralyzed, the patient has also ulnar 
nerve paralysis, and when the radial nerve is paralyzed, 
there is already paralysis of the ulnar and médian nerves. 
Isolated radial or médian nerve paralysis, or combinations 
like ulnar and radial nerve paralysis, or radial and médian 
nerve paralysis are extremely rare in leprosy. 

Ulnar paralysis gives rise to partial clawhand with 
maximal clawing of little and ring fingers (Fig. 2), wasting 
of hypothenar and interosseous muscles, and in a 
proportion of cases, flattening of the distal part of the thenar 
eminence. The thumb may show early or évident 
Z-deformity with extension or hyperextension of the 
proximal phalanx and some flexion of the distal phalanx. 

Disability after ulnar paralysis is not very severe. There 
is loss of abduction and adduction movements of the 
fingers, anesthésia of ulnar half of the hand, and the clawed 
fingers cannotbe held straight at the interphalangeal joints. 



Fig. 2: Clawhand due to ulnar nerve paralysis 


Fine work needing délicate manipulation becomes difficult. 
Grip becomes weak because of paralysis of adductor 
pollicis. However, the patient may become handicapped 
because of social préjudice as the deformity stigmatizes 
the affected person as a leprosy patient. 

Combined ulnar and médian nerve paralysis gives rise 
to total clawhand with severe clawing of ail fingers and 
the thumb which is hyperextended and supinated at the 
basal joint and flexed at the other joints (Fig. 3). The thenar 
eminence is flattened. Disability is severe in these cases. 



Fig. 3: Hand in combined paralysis of ulnar and médian 
nerves, attempting pinch grip 
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because the thumb cannotbe abducted or opposed. Further, 
since none of the fingers can be held straight, grasping 
and holding objects become difficult. Only the hook and 
the key grips are possible with such a hand. Lastly, the 
entire hand is insensitive. 

Triple (ulnar, médian and radial nerve) paralysis is 
seen only occasionally in leprosy patients. But when it 
occurs, the patient develops drop wrist and dropped 
fingers. Disability is total in these cases, because the wrist 
joint is stable only in flexion. Further, the fingers and the 
thumb cannot be extended at any joint as ail the digits are 
activated only by the long flexors. 

Anesthetic Deformities 

These occur as the resuit of using insensitive hands 
without any protection. The chain of events leading to the 
development of anesthetic deformities is shownbelow. 

Leprosy ^Involvement of sensory nerves^ Damage to 
sensory nerves^Anesthesia^Injury^Neglect of 
injury^Infection^Tissue damage and loss of 
tissue^Healing with deformity. 

The resulting deformities are: contractures, shortening 
of the digits, mutilation of the hand and disorganization 
of the hand. 

Injuries (most often thermal or penetrating injuries) are 
the most common causes of contractures of fingers in the 
leprosy patient. Injuries are neglected because of 
insensitivity, and infection of deeper tissues, like tendon 
sheath, bone or joint gives rise to extensive tissue damage 
and tissue loss. Such épisodes are the most common causes 
of shortening of the digits. Gross shortening of the digits 
mutilâtes the hand. Disorganization of the wrist usually 
results from spread of infection from the base of the 
hypothenar eminence from a pressure sore overlying the 
pisiformbone. 

Anesthetic deformities are very difficult to correct and 
they are best prevented by properly educating the patient. 
The patient must be taught about the dangers of 
unprotected use of his insensitive hands and how to protect 
them. In short, the patient should be trained how to live 
with anesthetic hands without endangering them. 

DISABILITIES 

Disabilities resulting from the impairments involving the 
hand arise because of : (i) loss of sensibility, and (ii) motor 
dysfunction. 

Loss of Sensibility 

Hand is an important sensory organ and loss of sensibility 
in the hand is a serious disability. Loss of sensibility not 



Fig. 4: Severely mutilated hand 


only impoverishes tactile perception but also the sensory 
feedback information so necessary for the efficient use of 
the hand as a motor prehensile organ. In the long run, loss 
of sensibility leads to blurring and even erasure of the 
hand from the body image (psychological amputation) 
making the affected person indifferent to the existence of 
the hand and ignore whatever happens to it. Furthermore, 
lack of sensory input (because of loss of sensibility) exposes 
the hand to injuries because of clumsy use and overuse, 
and these injuries are neglected because of absence of pain, 
and in long-standing cases also because of blurring of the 
body image and the resulting psychological alienation or 
"amputation" of the hand. As described earlier, this starts 
a chain of events culminating in course of time in crippling 
deformities. 

Sensory rééducation of the hand as well as consciously 
protecting it while continuing to use the hand for various 
activities will help to preserve the hand as part of the body 
image, and save it from injuries and mutilation (Fig. 4). 
That will also improve the efficiency of the hand as a 
sensory organ. Crippling deformities and mutilation of 
the insensitive hand is best avoided by timely récognition 
and appropriate treatment of injuries and infection 
involving the hand. 

Motor Dysfunction 

The motor function of the hand is of paramount 
importance. Even for functioning as a tactile sense organ, 
the hand has to handle and "feel" the objects actively in 
order to get the needed information about them. That can 
be done properly only if the motor apparatus of the hand 
functions normally. When there is muscle paralysis as in 
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leprosy, because of damage to the ulnar nerve (very 
common), or combined paralysis of ulnar and médian 
nerves (less common), or triple paralysis (rare), the finger 
joint System gets unbalanced, some postures and 
movements, and so certain grips and movements leading 
to those grips, become difficult or impossible. Further, the 
hand's ability to maintain desired postures against forces 
acting from outside is compromised. The motor function 
of the hand is thus affected and skillful use of the hand 
becomes difficult or impossible. The affected person finds 
it difficult to carry out a variety of activities, both at home 
and at the workplace. 

Joint contractures resulting from neglect of paralytic 
deformities or neglected injuries and infection also give 
rise to disabilities. 


The aims of treatment of the hand in leprosy are as 
follows. 

1. Restore normal appearance (deformity stigmatizes the 
affected person as a leprosy patient with conséquent 
social handicaps) 

2. Restore the postural capability of the hand by restoring 
the internai equilibrium of the articular Systems of the 
digits, and 

3. Restore the "power" of the hand by restoring the ability 
of the finger-joint Systems to resist deformation by 
external forces (external equilibrium). 

These aims may be achieved by nonsurgical 
(physiotherapy and corrective splintage) and surgical 
(corrective surgery) means as described in the subséquent 
sections. 




INTRODUCTION 

Until the advent of antibiotics, infections of the hand often 
resulted in severe disabilities, including stiffness, 
contracture, and amputation. Although such unfortunate 
results are now less common, they still can and do occur. 
Improper treatment, as well as delay in instituting 
appropriate therapy, can resuit in a disastrous outcome. 

Many closed spaces and compartments in the hand 
permit early and rapid walling off of any infection, thus, 
preventing systemic antibiotic agents from reaching the 
area. Since the most common infecting organism is 
staphylococcus aureus, the choice of antibiotic should be 
based on this fact. Once culture and sensitivity results are 
known, the antimicrobial agent can be changed. It needs 
not be continued for more than 7 to 10 days, except in 
those cases where osteomyelitis is présent. 

Hands with sensory loss as in leprosy, peripheral 
neuropathy, nerve injuries, brachial plexus injuries, etc. 
frequently suffer severe damage by infections. Many 
deformities of the hand considered characteristic of 
leprosy, like shortening of digits, and severe contractures 
of fingers are not caused by leprosy at ail, but are the 
sequelae of septic infections that hâve been allowed to 
progress because of loss-sensibility and conséquent 
absence of pain. Patients usually attend clinics late because 
of absence of pain. Much morbidity and disability can be 
avoided if these infections are recognized and treated 
promptly and adequately. Hence, management of infected 
hands is an important component of prévention of 
disability in leprosy-affected persons. 

SURGICAL ANATOMY 
Surface Markings 

The palm is naturally marked with lines or creases of which 
the major ones bear a constant relationship with 


underlying structures. The thenar crease (life line) skirts 
the thenar eminence and ends proximally on the tubercle 
of the scaphoid. The distal palmar crease (heart line) starts 
opposite the head of the fifth metacarpal. The middle 
palmar crease (head line) usually ends opposite the head 
of the second metacarpal. In the finger the basal or 
proximal digital crease présent usually in the form of 
broken lines, lies about 12 mm distal to the underlying 
metacarpophalangeal joint. The middle digit crease, 
actually a double line, lies opposite the proximal 
interphalangeal joint. The distal digital crease usually lies 
about 5 mm proximal to the distal interphalangeal joint. 
The prominences of the knuckles of the closed hand and 
fingers are caused by the now uncovered heads of the 
metacarpals and phalanges. The thenar crease encloses 
the thenar eminence proximally and a shallow déprés¬ 
sion distally corresponding to the thenar space. The 
résistance felt in this dépréssion is due to the adductor 
pollicis muscle. 

The tubercle of the scaphoid forms the immédiate 
latéral boundary of the shallow groove in front of the wrist 
(made more prominent by extending the wrist fully). It is 
crossed by the distal wrist crease. The pisiform is felt just 
distal to the ulnar end of this crease. The flexor retinaculum 
occupies the area of the "heel" of the palm. 

The neurovascular bundles of the fingers are not located 
exactly on the latéral borders of the finger. They lie 
somewhat more anteriorly, along a line about 3 mm in 
front of the ends of digital creases. 

Synovial Sheaths 7 

The flexor tendons of the fingers and thumb are covered 
with synovial sheaths. There are three sets of synovial 
sheaths in the hand: (i) a digital synovial sheath located 
in each finger, (ii) a common flexor synovial sheath located 
in the palm (also known as ulnar bursa), and (iii) the 
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synovial sheath of flexor pollicis longus (also known as 
radial bursa) extending from the base of the terminal 
phalanx of the thumb to a little above the wrist. 

Each digital synovial sheath extends from the level of 
the head of the metacarpal of that finger to the base of the 
terminal phalanx. The digital synovial sheath of the little 
finger often communicates with the common flexor 
synovial sheath in the palm, and that of the index may 
also do so in some cases. 

The common flexor sheath encloses the superficial and 
the deep flexor and extends from a little proximal to the 
wrist up to the level of the neck of the ulnar four metacarpal 
bones. It extends far more distally ulnarwards and often 
communicates with the digital synovial sheath of the little 
finger. It may also communicate with the synovial sheath 
of flexor policis longus in the carpal tunnel. 

The synovial sheath of flexor pollicis longus encloses 
the tendon of this muscle and extends from the base of the 
distal phalanx of the thumb up to a little above the wrist. 
As mentioned above, in the carpal tunnel, it may 
communicate with the common flexor sheath in some 
persons. 

Spaces in the Palm 

There are two so-called spaces in the palm: (i) midpalmar 
space and, (ii) thenar space. These are only potential 
spaces, normally filled with loose areolar tissue. They get 
formed when they are distended with pus. In that case, 
they hâve definite boundaries. 

Midpalmar Space 

Midpalmar space lies behind or deep to the flexor tendons. 
It is limited dorsally by the third, fourth and fifth 
metacarpals and the dense fascia covering the interossei. 
It is separated from the thenar space laterally by the fascial 
septum that extends from the palmar aponeurosis to the 
third metacarpal. Medially, it is separated from the 
hypothenar muscle compartment by another fascial 
septum. It is prolonged distally on the radial side of each 
digit, around the lumbrical muscles, as "lumbrical canals". 
It continues proximally as the deep forearm space 
(Parona's space). 

Thenar Space 

Thenar space is another potential space in the palm found 
just distal to the thenar muscles. It lies between the palmar 
aponeurosis in front and the fascia covering the palmar 
aspect of adductor pollicis behind. It is separated from the 
midpalmar space by the fascial septum mentioned above, 
and from the thenar muscle compartment by another 
fascial septum. Distally it continues as the first lumbrical 


canal, and, proximally it merges with the midpalmar space 
and continues up into the forearm as deep forearm space. 
The thenar space is relatively superficial, occupying the 
shallow dépréssion lying just distal to the bulge of the 
thenar muscles, between this bulge and the thenar crease. 

Other Spaces 

Three other kinds of spaces are recognized in the hand 
and distal forearm: (i) pulp space in the terminal segment 
of each digit, (ii) deep forearm space (Parona's space) in 
the distal part of the forearm, and (iii) web spaces between 
the bases of adjacent fingers. 

Pulp space: Normally, there is no free space in the pulp or 
the palmar pad of the terminal segment of the digit. The 
pulp is composed of criss-crossing fibrous laminae and 
the space between the laminae is filled with globules of 
fat. These laminae anchor the dermis to the underlying 
terminal phalanx. They also carry blood vessels that supply 
the distal three-fourth of the terminal phalanx. When an 
abscess develops in the pulp (whitlow), the fat and fibrous 
septa are dissolved resulting in an abscess cavity which is 
then referred to as the pulp space. 

Deep forearm space: This space is also known as Parona's 
space. It is located in the distal part of the anterior 
compartment of the forearm. This is also a potential space, 
lying with loose areolar tissue and lie between the flexor 
tendons and the pronator qudratus and is normally filled. 
It has no definite boundaries in other directions. It 
continues distally as midpalmar and thenar spaces. 
Parona's space is usually secondarily infected, the infection 
spreading from the palmar spaces or the synovial sheaths 
of flexor tendons. 

Web spaces: These are potential spaces filled with loose 
areolar tissue and enclosed in the skin folds connecting 
the proximal phalanges of fingers. 

Positions of Rest and Function 

The hand assumes a characteristic posture called the 
position of rest when ail the muscles are relaxed as during 
sleep. In this position, the wrist is mildly dorsiflexed (by 
about 10") the thumb mildly abducted (by about 10") and 
the fingers, from the index to the little finger, are flexed 
progressively increasingly. The tip of the thumb lies against 
the middle phalanx or the distal interphalangeal joint of 
the index. When the hands needs to be rested and when 
no stiffening of the hand is expected, it is most comfortable 
to hold the hand in this position as ail the muscles are 
kept in balanced relaxation thereby. 
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The optimal or functional position is not the same as 
the position of rest. In the position of function, the hand 
would still be useful even if the fingers were to become 
stiff. Here the wrist is more sharply extended (about 35"), 
the thumb is held in line with the forearm and the tip of the 
index and the other fingers face the pulp of the thumb 
with some gap between the two. Ail fingers are flexed more 
or less to the same extent. The hand is held in this position 
when there is a possibility of it becoming stiff. In this 
position, the hand will still remain useful to some extent 
even if it becomes stiff. 

General Considérations 7 

Hands with loss of sensibility, as in leprosy, are liable to 
be injured more frequently than normal hands, and the 
patients are also apt to neglect the injuries. Common 
pyogénie organisms enter through a breach in the skin, 
like a prick or eut, and an infected hand results. An infected 
hand présents with gross swelling of the dorsum 
irrespective of the site of infection, because only in the 
dorsum the subeutaneous tissue is loose enough to allow 
edema. The palm is too rigidly bound by fibrous membranes 
and bone to allow gross swelling. Instead, inflammatory 
exudate causes great increase in tension and that is why 
palmar infections are normally extremely painful and 
fluctuation is absent even there is pus. Fluctuation is 
elicited only when the pus has found its way to the 
epidermis. 

In anesthetic hands, however, pain is not a prominent 
feature and also is not reliable as a guide for recognizing 
the occurrence of infection. Despite the anatomicalbarriers, 
pus under high tension can break through them and infect 
other areas unless drained early. For example, an abscess 
in the pulp can open into the digital flexor synovial sheath 
infecting that structure and, pus from here can enter one of 
the palmar spaces and, from there the infection can spread 
up in the forearm. For these reasons, one should not wait 
for fluctuation to appear for evidence of pus formation 
and localization, but take steps to drain the pus at an early 
stage. Normally, some pain and localized tenderness as 
well as swelling are sufficient indications of suppuration. 
Since pain and tenderness are not prominent in patients 
with sensory loss one has to be guided mainly by the 
location of the swelling and other clinical features for 
suspecting the site of suppuration, and drain the areas of 
suspicion alone. 

Clinical Features 

The affected site is swollen and warm. As mentioned above, 
even palmar infections are associated with much swelling 
of the dorsum, misleading the unwary. The affected part 


will feel tense and, as stated earlier, one does not wait for 
fluctuation to appear to diagnose suppuration in the hand. 
There may be associated axillary adenitis and fever. 

When hand infection is suspected, it should be treated 
as an emergency, and incision and drainage should be 
done without delay. Broad-spectrum systemic antibiotics 
are used when there are systemic signs and symptoms. 

Anesthésia and Tourniquet 

In normal (nonleprosy) persons with infected hand, use of 
general anesthésia is mandatory. However, in patients with 
loss of sensibility in the hand, simple sédation is sufficient. 

Except for infections of the terminal segment of the 
finger, a pneumatic tourniquet for a few minutes to provide 
a bloodless field during incision is very useful. Keep the 
hand well elevated for a few minutes before inflating the 
tourniquet. This is done just before making the incision, 
after draping the limb. 

Incision and Drainage 4 

The patient and the limb, up to midarm, are prepared as 
for any surgery. The patient lies with the affected limb 
outstretched on a hand table. The limb is draped leaving 
only the hand exposed. 

Incisions must be so planned as to provide direct access 
to the affected site and avoid injury to major blood vessels. 
Incisions for draining the different sites are described in 
the relevant sections of this chapter. 

Make the incision, deepen to the level desired and then 
push a sinus forceps into the abscess cavity and drain ail 
the pus. The tourniquet, if one has been used, is released 
now. Remove ail necrotic tissue as well as any sequestrum 
or sloughed tendon. Mop the abscess dry and leave the 
wound open to drain. Use a corrugated rubber drain or 
vaseline gauze for 24 to 48 hours for this purpose. Make a 
counter incision where necessary. Cover the part with 
plenty of gauze and cotton wool. Use a plaster of paris 
slab, or, a padded crammer wire splint to keep the hand in 
the position or rest or function as described. 

Antibiotics must be used in ail hand infections other 
than those of the terminal phalanx. While very early use of 
antibiotics in these cases may abort the spread of infection, 
a little later use often leads to the development of a stérile 
fibrous mass (antibioma). Therefore, it is best to drain the 
pus first, culture it, establish the identity of the infecting 
organisms and their sensitivity to the different antibiotics 
and then use an appropriate antibiotic. When delay is 
anticipated for getting culture and sensitivity results, 
incise and drain first (sending the pus for culture, etc.) 
and then start the patient on a broad-spectrum antibiotic. 
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Postoperative Management 

Except in case of infections of terminal segment of the 
finger, the patient is put to bed and, in ail cases, the hand 
is kept elevated for 24 to 72 hours, to minimize edema. 
From then on, the hand is held above heart level by means 
of a short sling or collar and cuff, till healing is complété 
and full restoration of function has occurred. 

Every patient with infection of hand of any severity 
will develop stiffness of fingers unless active steps are 
taken to prevent the same. Sepsis, scarring, swelling and 
splinting—ail of these contribute to the development of a 
stiff hand. Stiffness is prevented by postoperative 
mobilization using methods of physiotherapy, which starts 
from the second day onwards. Full range of shoulder and 
elbow movements are to be practised. Graded (gradually 
increasing in range and power) active and passive 
movements of the finger joints and wrist are started. The 
wound is covered with gauze pièces and wax pack is given. 
Exercises in Whirlpool bath are very helpful. 

Care is taken to prevent prématuré closure of the 
incision wound during daily dressing. Irrigation with 
Eusol is carried out when there is a lot of necrotic material 
in the wound. 

INFECTIONS OF TERMINAL SEGMENT OF FINGER 1 

These are very common. Infection may occur at one of three 
sites: (i) under the free margin of the nail (apical infection), 
(ii) in the pulp of the finger (whitlow), and, (iii) in the nail 
fold, near the base and sides of the nail (paronychia). 
Antibiotics are usually not needed for treating any of these 
conditions. 

Apical Infection 

Infection of the fingertip just under the free margin of the 
nail results from a splinter entering under the nail. The 
splinter may hâve been removed, but the infected tract 
remains and an abscess forms at the site. This can be 
prevented by correct treatment of the original injury. It is 
not enough to pull out the splinter, but the splinter track 
should be laid open and rendered clean. For this purpose, 
using a sharp pointed Mayo scissors, eut away a narrow 
wedge of the nail overlying the splinter track, with its base 
at the distal free margin, and thus deroof the track. Lift the 
splinter off now and clean the track thoroughly with 
cetrimide or soap and water and dab it with an antiseptie 
like tincture iodine, keep the part covered with dry gauze 
for 12 hours. If this is done, the condition heals quickly. 
An abscess located at this site is also treated in the same 
manner. Otherwise, if the skin is just snipped to let pus 
out, healing is delayed. No anesthésia or tourniquet is 
needed for this procedure. 


Pulp Space Infection 24 

Infection occurs through pricks or cuts. The pulp is swollen 
and feels tense. If allowed to progress, the terminal phalanx 
will get infected or nécrosé due to the local toxemia and 
interférence with blood supply to the b one. The entire 
phalanx beyond the base may nécrosé in this manner, and 
the infection cannot be eradicated till the dead bone is 
removed. Further, the infection may spread to the flexor 
synovial sheath which abuts the pulp, and the entire finger 
may thus get involved with disastrous conséquences. 

When seen at very early stages, élévation of the hand 
in a collar and cuff, dry fomentation and broad-spectrum 
antibiotics may abort the infection and resuit in complété 
resolution. This opportunity occurs rarely as patients with 
sensory loss do not feel pain. Pus must be suspected when 
the pulp feels tense, and it should be drained through a 
straight incision along the latéral border of the pulp, on 
one or both sides. The incision must not extend to within 
about 8 mm of the distal digital crease. Otherwise, the distal 
end of the digital flexor synovial sheath is liable to be 
injured and get infected. Prolonging the incision over the 
fingertip (hockey-stick incision), incising the fingertip 
(inverted U-shaped incision), or, incising the pulp directly 
on the palmar aspect must not be done. Divide the fibrous 
septa thoroughly and clear ail the pus and débris, excise 
ail the slough. Look for the sequestrum. Leave the wound 
open allowing free drainage, by using a corrugated rubber 
drain or vaseline gauze wick. 

Nail-fold Infection (Paronychia) 5 

Subcuticular suppuration occurs in the nail-fold through 
wounds caused during nail biting or too close a clipping 
of hang-nail. The infection may become subeutaneous and 
the pus then tracks along one side of the nail to lift up the 
root of the nail, it may even reach the other side. If the 
condition is not treated thoroughly in the early stages, it 
becomes chronic. 10 At first there is slight swelling, with 
little pain and tenderness, localized to a small reddish 
area beside the nail. Soon there is obvious swelling and 
pus is seen through the cuticle. 

When there is only minimal swelling, dry fomentation 
helps to abort the infection. One should be very careful not 
to scald the skin while giving fomentation in these hands 
with loss of sensibility. When pus has formed, it must be 
drained and the entire infected area should be laid open to 
provide free drainage. When pus has accumulated under 
the root of the nail, the overlying skin is lifted up as a flap 
by two vertical incisions along the borders of the nail. If 
only one side is affected, that border of the root of nail 
covered by the skin is exposed by turning down a triangular 
flap of skin by a vertical incision along the border of the 
nail. The abscess cavity is laid open by removing the 
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exposed part of the nail, and the pus and débris are cleared. 
Plain dressings for a few days will bring about a cure. 

INFECTIONS OF DIGITAL SYNOVIAL SHEATHS 5 

Infection of digital flexor synovial sheaths occurs through 
penetrating injuries like thorn on needle pricks. Sometimes, 
the infection may hâve spread from an adjacent focus like 
the pulp. The synovial sheath présents a large surface area 
for absorption of toxins and offers little résistance to 
infection. It lodges relatively vascular tendons which 
receive their blood supply only through a limited number 
of mesotendons (vincula). Because of these factors, the 
infection spreads rapidly affecting the entire sheath and 
is accompanied by marked constitutional symptoms, and 
there is a great danger of necrosis of long segments of the 
flexor tendons. 

Clinical Features 

The finger is grossly swollen in its entire length and is 
characteristically held in slight flexion. There is fever, 
malaise, headache, anorexia and leukocytosis. Movements 
of the finger are abolished, and there may be some 
tenderness over the middle of the finger, over the synovial 
sheath, from the base of the terminal phalanx to the head 
of the metacarpal. The dorsum of the finger and the hand 
(which are also swollen) are not tender. Unless the common 
flexor sheath is involved in the palm, there is no swelling 
or tenderness in the midpalm. 

Treatment 

Treatment must be prompt, adéquate and vigorous if the 
tendon is to be saved. The patient must rest in bed, with 
the wrist and hand held elevated in a splint. The tendon 
sheath must be laid open and the pus evacuated. For this 
purpose, a vertical incision along the latéral border of the 
finger so as to lie behind (and thus avoid) the 
neurovascular bundles is used. Two incisions, one on each 
phalanx (middle and proximal), or a single long incision 
extending over these two phalanges may also be made. 
This is done under sédation or general anesthésia and in 
a bloodless field using an upper arm pneumatic tourniquet 
for a few minutes. Incisions placed more forwards are 
likely to damage digital vessels and nerves and also 
produce scar contracture with flexion deformity. When 
the pus is pointing over the head of the metacarpal, a short 
transverse incision (1 cm) may be made over the part, in 
addition to the digital incisions, to ensure proper drainage. 
The transverse incision must be carefully made to avoid 
injuring digital vessels and nerves. Pus is swabbed away 


and if the tendon has sloughed that is also removed. Eusol 
dressings and irrigations are valuable in these cases. In 
between change of dressing, the hand is rested in the 
position of function. If there has been no sloughing of the 
tendons, prognosis is good. Systemic use of a broad- 
spectrum antibiotic, preferably after culturing the organism 
and ascertaining its sensitivity to different antibiotics, 
hastens recovery. 

INFECTIONS OF SYNOVIAL SHEATHS IN PALM 

Infections of common flexor synovial sheath (ulnar bursa) 
or of the sheath of flexor pollicis longus tendon (radial 
bursa) présent with symptoms and signs in the palm. 

Common Flexor Sheath Infection 1 

Infection of the common flexor synovial sheath (ulnar 
bursa) occurs from: (i) direct penetrating wounds, (ii) 
spread of infection from web space, (iii) spread from digital 
synovial sheaths, (iv) spread from midpalmar space, or (v) 
spread from radial bursa. 

When unchecked, the infection may spread from the 
ulnar bursa to the radial bursa, midpalmar space and deep 
forearm space. 

Clinical Features 

There is gross edema of the fingers and dorsum of the 
hand. Typically, there is fullness of the palm with 
oblitération of the hollow of the palm. The fingers are held 
apart in slight flexion and, movements of the fingers are 
greatly diminished or abolished due to muscle spasm and 
pain. There are general symptoms and signs like fever and 
leukocytosis. There is some tenderness localized over the 
common flexor sheath but not over the fingers and dorsum. 
Passive movement, especially extension, of the fingers is 
extremely limited and painful. There may be swelling, pain 
and tenderness in the région of the wrist with limitation of 
wrist movements, particularly dorsiflexion. 

Treatment 

Treatment consist of bed rest, splinting and élévation of 
the hand, évacuation of the pus and administration of 
antibiotics. Under sédation or general anesthésia, after 
applying a pneumatic tourniquet to the upper arm, the 
ulnar bursa is opened through a slightly curved, 
longitudinal palmar incision in line with the ulnar border 
of the ring finger, extending from the distal palmar crease 
for about 5 cm proximally. The digital sheath of the little 
finger may also need draining. The hand is supported in 
the position of function during convalescence. 
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INFECTION OFTHE RADIAL BURSA 
(SHEATH OF FLEXOR POLLICIS LONGUS) 

Infection of the radial bursa may occur due to a penetrating 
injury, or it may hâve spread from a focus in the ulnar 
bursa, pulp of the thumb or thenar space. 

Clinical Features 

The symptoms and signs are similar to those of 
suppuration of digital synovial sheath, but involve the 
thumb. Any tenderness is localized over the line of the 
synovial sheath, from the base of the distal phalanx of the 
thumb to the wrist. 

Treatment 

Treatment is on the same lines as for the other infections 
mentioned earlier, viz. (i) incision and drainage, (ii) 
élévation and rest, and (iii) antibiotics. The incision is 
made over the synovial sheath along its length, but it 
should not be prolonged to within 35 mm of the tubercle of 
the scaphoid. Otherwise, the récurrent branch of the 
médian nerve supplying the thenar muscles,which lies 
across the line of incision at about 30 mm from the 
scaphoid, is liable to be injured. 

After treatment is the same as for the other types of 
infections. 

Midpalmar Space Infection 

Infection of midpalmar space occurs through penetrating 
wounds, or by spread from infected adjacent sites like 
interdigital webs and digital synovial sheaths. There is 
gross edema of the dorsum and filling up of the central 
hollow of the palm. The fingers are semiflexed and 
although there may be some muscle spasm and pain, finger 
movements are possible for at least a short range, 
indicating that the synovial sheaths are not affected. Any 
tenderness is localized to the site of infection. 

Treatment is on the same lines as for the other infections. 
viz . (i) incision and drainage, (ii) splinting, élévation and 
rest and (iii) antibiotics. The most convenient site for 
draining the midpalmar space is through the lumbrical 
canals by which an incision in the palm as well as any 
injury to the blood vessels or nerves is avoided. A curved 
incision extending more over the middle finger is made in 
the web between the middle and index fingers. 

A sinus forceps is inserted along the lumbrical tendon 
and pus gushes out when midpalmar space is entered. If 
necessary a similar incision on the radial side of the ring 
finger will provide an additional portai for drainage. After 
swabbing out the pus, vaseline gauze wicks or a narrow 
corrugated rubber drain must be left in the wound to 


prevent prématuré closure of the wounds. The hand may 
be splinted in the position of rest, if no tendon sheaths are 
affected. After treatment is as for the other infections listed 
earlier. 

Thenar Space Infection 

Infection of the thenar space may occur through 
penetrating injuries, or, by spread from an adjacent focus 
like infection in the first web. There is gross edema of the 
dorsum of the hand and swelling of the palm with 
ballooning of the hollow distal to the thenar eminence. 
Any pain and tenderness are localized to this spot, and 
the tip of the thumb canbe moved to some extent, actively 
and passively, without any pain indicating absence of 
involvement of the synovial sheath. Treatment is on the 
same lines as for the other infections, viz (i) incision and 
drainage, (ii) splinting and élévation of the hand, and (iii) 
antibiotics. The thenar space is conveniently drained 
through an incision in the first web. 

The sinus forceps is then pushed in front of the 
adductor policis where it readily enters the thenar space. 
After draining, the hand should be rested in a splint and 
kept elevated. If there has been no tenosynovitis, the hand 
may be kept in the position of rest during convalescence. 

INFECTIONS OF OTHER SPACES 

Infection of Deep Forearm Space 9 
(Parona’s Space) 

Infection of this space occurs by spread from the palm, 
both from the palmar spaces and the radial and ulnar 
bursae. In these cases, there is swelling, induration, pain 
and tenderness in the lower end of the forearm in addition 
to the symptoms and signs in the hand. 

Treatment is the same as for the other infections. In 
addition, the deep forearm space is drained through two 
vertical incisions, one on either side of the forearm.The 
first incision starts a little above the level of ulnar styloid 
and extends proximally for about 5 cm. 

A sinus forceps thrust deep to the flexor carpi ulnaris 
readily enters the Parona's space. A counterincision is 
made on the radial side for ensuring adéquate drainage. 
Drainage is provided by inserting a corrugated rubber 
drain through and through. 

Web Space Infection 

Infections is not uncommon in the interdigital web and 
because of the loose texture of the tissue, the web gets 
enormously swollen. There is also gross edema of dorsum 
of the hand. The adjacent fingers are held apart by edema. 
If neglected, the infection may spread to the adjacent webs 
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or into the palm. There is hardly any pain and the abscess 
usually points in the web. Elévation of the hand, fomen¬ 
tation and prompt incision are necessary. The incision 
should be transverse since a vertical incision takes longer 
to heal, and the digital arteries may also be injured at their 
origin. Transverse incision provides adéquate drainage, 
and there is no possibility of injuring the vessel. The 
wound is loosely packed with Vaseline gauze to allow 
free drainage and the hand is splinted in the position of 
rest. 
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Paralytic Claw Finger 
and its Management 

GN Malaviya, H Srinivasan 


INTRODUCTION 

Claw finger is the most common paralytic deformity seen 
in leprosy-affected persons. 1 This deformity results from 
paralysis of the ulnar nerve, which is the nerve trunk most 
often involved in leprosy. The ring and little fingers are 
maximally affected in ulnar nerve paralysis as ail the 
intrinsic muscles (lumbricals, interossei and hypothenar 
muscles) of these fingers are supplied by the ulnar nerve, 
and ail of them hâve become paralyzed. Depending on the 
extent of contribution of the lumbricals to their function, 
the middle and index fingers may show no, minimal or 
moderate clawing. Occasionally, even the lumbricals of 
these fingers are supplied by the ulnar nerve (through 
Martin-Gruber anastomosis), and ail the four fingers are 
then affected equally. In any case, the interosseous muscles 
of index and middle fingers as well as the adductor pollicis 
and a part or whole of flexor pollicis brevis muscles of the 
thumb are also paralyzed in ulnar nerve paralysis, and so 
the hand as a whole is affected to some extent in 
appearance as well as in its functioning. 

In a minority of cases, the médian nerve is also 
damaged in leprosy and the patient develops a "complété 
clawhand" (in contrast to the "partial clawhand" of ulnar 
paralysis), as ail the intrinsic muscles of ail the digits are 
now paralyzed (Figs IA and B). Ail the digits, including 
the thumb show claw deformity in these cases, and the 
hand is badly disabled because of involvement of the 
functionally more important thumb, index and middle 
fingers. 

It should not be forgotten that paralytic clawhands 
hâve loss of sensibility besides muscle paralysis. In fact, 
in almost ail cases in leprosy, loss of sensibility précédés 
motor weakness. The extent of sensory loss dépends on 
the nerve affected, being confined to ulnar territory 
(hypothenar eminence, little finger and ulnar half of ring 



Figs IA and B: Paralytic clawhand: (A) partial clawhand due 
to ulnar paralysis, and (B) complété clawhand due to combined 
paralysis of ulnar and médian nerves 


finger and ulnar half of dorsum) in ulnar nerve paralysis. 
In combined paralysis of ulnar and médian nerves, loss of 
sensibility involves the entire palm and the palmar surfaces 
of ail digits. Patients expérience disability because of loss 
of sensibility as well as motor paralysis. Surgical correction 
of paralytic clawfinger improves only the deformities and 
some of the disabilities and, by making the hand more 
useful functionally exposes the anesthetic hand to injuries 
even more than before correction. This must be impressed 
on the patient who should be made to realize that he or 
she should be taught to take even better care of the 
anesthetic hand after surgical correction than before. 
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Clinical Features 

The clinical features of paralytic clawhand include 
deformities as well as disabilities. Deformities resulting 
from ulnar nerve paralysis or combined paralysis of ulnar 
and médian nerves involve the fingers, thumb, palm and 
the metacarpals. These deformities as well as the 
disabilities involving the fingers are described below. 

Deformities 

Claw deformity: The most obvious feature of ulnar nerve 
paralysis or combined paralysis of ulnar and médian 
nerves is clawing of the fingers. This deformity appears 
when the patient opens his or her hand fully. Thus, the 
deformity is the expression of a functional defect in the 
opening (extension) mechanism of the finger because of 
paralysis of intrinsic muscles. When the hand is fully 
opened, the affected fingers, instead of attaining the straight 
position (full extension at ail joints), are in the "claw" 
position in which the metacarpophalangeal (MCP) joints 
are hyperextended and the interphalangeal (IP) joints 
remain incompletely extended (and so appear semiflexed). 
When the fingers are passively straightened and the patient 
is asked to hold them in that position, the patient is unable 
to do so, and the fingers collapse into the claw position. 
The claw deformity is the stable collapse mode of the finger 
joint System because, due to paralysis of the intrinsic 
muscles and the finger behaving like a biarticular 
bitendinous System with unequal moment arm ratios of 
the opposing muscles at the two (MCP and PIP) joints. 

The following features hâve been reported in paralytic 
claw fingers uncomplicated by contractures. 2 

1. The severity of the deformity mainly depended on the 
extent of motor paralysis, the more complété the 
intrinsic paralysis the more severe the deformity. When 
only the lumbrical muscle is paralyzed, there is no claw 
deformity, when the introssei alone are paralyzed (with 
lumbricals functioning), claw deformity may or may 
not be présent and, if présent, it is usually mild. The 
deformity is severe when both the interossei and the 
lumbricals are paralyzed. 

2. Although the fingers cannot be actively straightened 
at the IP joints, they can do so if the proximal phalanx 
is stabilized (prevented from moving) in any position 
other than hyperextension (Fig. 2). This is the so-called 
Bouvier-Beevor phenomenon, indicating that the long 
extensor can extend the IP joints if the MCP joint is 
stabilized in any position except hyperextension. 3 

3. In the absence of stiffness, the deformity did not worsen 
very much after the first year (Fig. 2). 

4. Given the same extent of paralysis, there was no 
prédilection for any one finger to become more severely 
clawed than the other s. 



Fig. 2: Bouvier-Beevor phenomenon—the long extensor can 
straighten the IP joints (even in the absence of intrinsic muscles) 
if the proximal phalanges (MCP—metacarpophalangeal joints) 
are stabilized in any position other than hyperextension 

5. About 20 to 25% of "intrinsic zéro" fingers (with comp- 
lete paralysis of ail intrinsic muscles) showed 
"guttering", in which condition the extensor tendon 
slides off the summit of the MCP joint knuckle on 
making a fist. 

6. The extent of MCP joint hyperextension and that of 
extension lag at the proximal interphalangeal (PIP) 
joint, as shown by the extent of flexion at this joint, 
when the fingers are fully opened out, were positively 
correlated. In other words, the greater the hyper¬ 
extension at the MCP joint, the greater the PIP joint 
flexion. 

7. Associated wrist flexion was seen in a good proportion 
of these hands. In an experimental set-up, wrist flexion 
tended to increase the extension at the MCP and the 
PIP joints. 

Other deformities: Besides the claw finger deformity, certain 
other abnormal features are also noticeable in these hands. 

1. There is flattening of the hypothenar eminence due to 
wasting of the hypothenar muscles. The thenar 
eminence is also flattened when the médian nerve is 
paralyzed (thenar muscle wasting when médian nerve 
is paralyzed). 

2. There is hollowing of the intermetacarpal spaces, on 
the dorsum of the hand, because of wasting of the 
interossei (Figs 3A and B). This is most évident in the 
thumb web because of wasting of the bulky first dorsal 
interosseous muscle. 

3. "Guttering" is présent in a proportion of the hands 
with severe claw deformity. 2,4 When the fist is made, 
the extensor tendon slides off the top of the MCP joint 
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Figs 3A and B: Wasting of interossei in paralysis of ulnar 
nerve: (A) note deepening of the hollows in the intermetacarpal 
régions, and (B) note hollow in the first web space due to 
atrophy of the first dorsal interosseous muscle 


Fig. 4: End on view of the tightly closed fist to show flattering of 
the distal metacarpal arch. Note that the head of the fifth 
metacarpal is at the same level as that of the second instead of 
being much lower than that 


knuckle, down its ulnar side usually, towards the 
"gutter" between the metacarpal heads. The tendon 
returns to its original position on opening the hand. It 
is very rare for the tendon to be per-manently located 
in the "gutter". 

4. A proportion of clawhands show déviation of the 
fingers, usually towards the ulnar side when the hand 
is fully opened. 

5. In long-standing cases, the pulp (terminal pad) of the 
finger is severely atrophied giving rise to an 
appearance of "beaking" of the nail. 

6. Even otherwise, the tips of the fingers show subdermal 
fibrosis and ischemia due to excessive pressures 
sustained during use of the hand. This becomes 
évident when the proximal phalanges are passively 
held in semiflexion, and the fingers are actively opened 
fully at the PIP joints. In that situation, the finger tips 
show an area of severe blanching bordered by a zone 
ofhyperemia. 

7. Paralytic clawhands usually show an associated 
deformity commonly described as "flattening of the 
distal metacarpal arch". Normally, when a tight fish 
in made and viewed end on, the tops of the metacarpal 
heads are seen to describe a curve with the head of the 
third metacarpal forming its summit. This is the so- 
called distal metacarpal arch. In this situation, the head 
of the fifth metacarpal is at a lower level than that of 
the second metacarpal, because of active flexion- 
opposition of the fifth metacarpal. When the opponens 
and flexor digiti minimi muscles are paralyzed as in 
ulnar paralysis, this flexion-opposition does not occur, 
and the distal metacarpal arch appears somewhat 
flattened or abolished, and the head of the fifth 


metacarpal is at about the same level as that of the 
second (Fig. 4). 

8. An associated wrist flexion deformity often appears 
when the fingers are fully opened out (Fig. 5). In some 
patients this can be very severe. It seems that wrist 
flexion tends to permit better straightening of fingers, 
which of course does not happen in these hands. 

9. Lastly, the finger may show other abnormalities like 
hypertrophie PIP knuckle pads, scarring over this 
knuckle with associated boutonnière deformity (also 
known as "hooding"), "pseudoboutonniere" deformity 
due to contracture of the oblique retinacular ligament 
of Landsmeer and flexion contractures. There may also 



Fig. 5: Associated wrist flexion in clawhand, on attended 
maximal opening of the fingers 
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be shortening of one or more fingers. The associated 
deformities of the thumb are described in the 
Chapter 91. 

Disabilities 

Fingers with paralysis of intrinsic muscles show character- 
istic functional deficiencies, besides the deformities 
mentioned above. Ultimately, ail the deficiencies and 
disabilities involving the hand are, irrespective of the 
cause, expressions of shrinkage in the "working space of 
the hand", as well as its diminished ability to resist external 
forces in certain directions causing "weakness" of grips. 
The spécifie functional déficits of "intrinsic zéro" fingers 
(having no functioning intrinsic muscles) are as follows. 

1. The fingers cannot be held in abduction or adduction, 
consequently the finger span is considerably 
diminished and firm interdigital syringe grip becomes 
difficult. 

2. Just as the main deformity (clawing) in these fingers is 
an expression of the dérangement in the opening 
pattern (extension) of finger movement when the 
fingers are activated only by the extrinsic extensors 
muscles, the main disability in these fingers is an 
expression of the dérangement in the closing pattern 
(flexion) of movement when the fingers are activated 
only by the extrinsic flexor muscles. When the person 
attempts to flex the MCP joint only, keeping the IP joint 
straight or in only mild flexion, only the long flexors 
are available for carrying out this movement. This 
occurs, because they cross MCP as well as the IP joints, 
along with "de-extension" of the hyperextended MCP 
joints or flexion of the MCP joint, further flexion of the 
already semiflexed IP joints (Fig. 6). The fingers, thus 
curl up and "close upon themselves". 

During prehensile activities, the fingers, therefore, 
close prematurely on the object instead of around it. 
For the same reason, during digitopalmar power grip, 
the object is held by the finger tips instead of the entire 
volar surface of the fingers (Fig. 7). The finger tips are 
then exposed to increased pressure and are damaged 
in course of time. 4 

This defect in the closing pattern of the intrinsic 
zéro fingers due to loss of independent flexion of MCP 
joints makes précision handling impossible and power 
grip difficult. Fine work and manipulation of small 
objects like coins, buttons, pens and pins become very 
difficult. Loss of abduction-adduction makes syringe 
grip also problematic and weak. Coins, food and small 
objects fall through the hand. Only the hook and the 
key grips (involving the use of only the long muscles) 
remain unaffected, but the usefulness of these grips in 
daily life is very limited. 



Fig. 6: Instrinsic minus disability — loss of independent flexion 
at MCP joint. In this hand with ulnar palsy, note the amount of 
associated PIP joint flexion in the ring and little (intrinsic zéro) 
fingers on attempted pure MCP flexion 



Fig. 7: Grasp in intrinsic minus disability. Note how the affect- 
ed ring and little fingers close on themselves instead of getting 
around the object, and how the finger tips (instead of the volar 
surface of the fingers) contact the object 

3. Paralysis of opponens digiti minimi (which gives rise 
to flattening of the distal metacarpal arch) also adds to 
the weakening of the digitopalmar power grip. 
Normally, in this grip, the first and the fifth metacarpal 
flex over the object held in the palm, and the object is 
held fast between these two bones as between the two 
jaws of a vice. When opponens digiti minimi is 
paralyzed, the fifth metacarpal is not stable in flexion 
and, being unable to resist the extending forces 
generated in the object, does not présent a stiff 
counterpost to the first metacarpal, thus, causing 
weakening of the grip. Cupping of the palm also 
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becomes impossible or very difficult because of 
opponens digiti minimi paralysis. 

These disabilities are maximal in complété clawhand 
due to combined paralysis of ulnar and médian nerves, in 
which the functionally more important index and middle 
fingers hâve also become "intrinsic zéro", and the thumb 
has become largely nonfunctional because of loss of 
abduction and opposition conséquent to médian nerve 
paralysis. The "partial" or "ulnar clawhand" resulting 
from isolated ulnar nerve paralysis is not so severely 
disabled. That is because the thumb remains largely 
functional since it can be abducted and opposed without 
difficulty, and also because the index and middle fingers 
are not so severely clawed in ulnar paralysis since their 
médian nerve innervated lumbricals are still functional. 
The internai stability of these fingers is affected only mildly 
and their "universe of postures and movements" remains 
mostly intact. Nevertheless, since the interossei, which are 
the power muscles of the fingers, 5 " 7 are paralyzed, their 
external stability is affected. Because of that and also 
because of paralysis of the ulnar nerve innervated adductor 
pollicis muscle, grip strength (ability to resist external 
forces) is affected, and these patients often complain of 
"weakness" in the use of their hands. 

Sometimes, because of Martin-Gruber anastomosis 
(between médian and ulnar nerves), there may be anoma- 
lous innervation of the small muscles of the hand, and 
because of this, the motor déficit resulting from isolated 
ulnar nerve paralysis may also be anomalous. 

Complicating Features 

As briefly mentioned earlier, the claw finger deformity may 
be complicated by other abnormalities like "guttering", 
déviation of fingers (usually towards the ulnar side), 
"hooding" due to damage to or stretching of the extensor 
apparatus over the PIP joint knuckle, flexion contracture 
of the IP joints, especially the PIP joints, because of long- 
standing flexion deformity or due to scarring on the volar 
aspect of the digit and lastly, shortening (also known as 
"absorption") of the finger. One other complicating 
condition is frequently présent but usually missed because 
it is not looked for, and that is adaptive shortening of the 
long flexor, almost always of the flexor superficialis. Here, 
like in Volkmann's ischémie contracture, the PIP joints of 
the fingers can be passively straightened fully when the 
wrist or the MCP joint of the finger is passively held in 
flexion, but not when one or both these joints are passively 
held in maximal extension or hyperextension. 

Evaluation of the paralytic claw finger: The paralytic claw 
finger should be specifically evaluated for ascertaining: (i) 
the degree of the deformity, (ii) the degree of "intrinsic 


minus" disability, (iii) the integrity of the extensor 
apparatus, (iv) the presence of flexion contractures, 
(v) postural capabilities of the articular System of the finger, 
and (vi) the presence of other complications. 

Degree ofelaw deformity : This is assessed by measuring the 
angles of hyperextension and extension lag, respectively 
at the MCP and PIP joints, when the hand is fully open 
and the fingers are maximally extended. Using 
precalibrated disks makes this measurement easy and 
reliable. 8 One can also hâve an idea of the severity of claw 
deformity by the amount of flexion at the PIP joint, since it 
has been shown that the degree or MCP hyperextension 
and that of PIP flexion are positively correlated. 2 This and 
the other angle measurements mentioned below are done 
with the patient's forearm held vertical in the midprone 
position and the elbow semiflexed and resting on a table. 
The wrist is held in the neutral position. 

Degree of intrinsic minus disability: It has been shown that 
the interossei and lumbrical muscles are both maximally 
active when the fingers are actively held with the MCP 
joint in full flexion and IP joints in full extension in the so- 
called "lumbrical position" and while moving the MCP or 
IP joints to reach this position (flexing MCP joints keeping 
IP joints extended, or pure MCP flexion, or extending IP 
joints keeping MCP joints flexed or pure IP extension). 9,10 
The patient is asked to carry out this movement, usually 
pure MCP flexion, and measuring with the finger 
goniometer the amount of PIP joint flexion when the MCP 
joint has reached 90° flexion. This measurement is usually 
referred to as "unassisted extension angle". This nomen¬ 
clature is misleading as what is measured is the amount 
of extension lag at the PIP joint (and so the amount of PIP 
flexion) and not that of extension. In normal fingers with 
functioning intrinsic muscles, this angle is zéro, i.e. the 
PIP joint is straight and there is no extension lag. 

Integrity ofthe extensor apparatus: Since the claw deformity 
is an expression of a functional defect in the opening or 
extension mechanism of the finger, any structural damage 
to the extensor apparatus worsens the deformity. It has 
already been pointed out that, normally, the long extensor 
by itself is capable of fully extending the PIP joint if the 
MCP joint is stabilized in any position other than 
hyperextension. This is true only if the extensor apparatus, 
especially its central tendon is intact. Long-standing and 
neglected claw deformity leads to progressive stretching 
of the extensor expansion, somewhat like the trousers 
becoming "baggy" at the knee due to persistent and 
repeated knee flexion. 11 Even otherwise, it is very common 
for these hands to suffer injury over the PIP joint knuckle 
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during housework due to burns or violent rubbing 
(as during washing clothes by hand). The central tendon 
of the extensor apparatus gets damaged in course of time 
because of repeated injuries and neglect of those injuries. 
It is necessary to know whether the extensor apparatus is 
intact or not for routine correction of claw finger will fail to 
restore full finger extension if the extensor apparatus has 
become stretched or scarred. Integrity of the extensor 
apparatus is assessed by measuring the "assisted 
extension" angle. 

The proximal phalanges (and so the MCP joints) of the 
patient's hand are held immobile by the examiner in 90° 
flexion, and the patient is asked to straighten the fingers at 
the IP joints, and the angle at the PIP joint is measured 
with a finger goniometer. Even when ail the intrinsic 
muscles of the finger are paralyzed, the PIP joints will 
straighten fully (Bouvier-Beevor phenomenon) and the 
angle will be zéro, if the extensor apparatus is intact. If it 
has been damaged or stretched, or if the long extensor 
muscles are weak or paralyzed, the PIP joint will not 
straighten fully and there will be an angle at this joint. 
This is the "assisted extension" angle (Figs 8A and B). 

Presence of flexion contracture: "Assisted extension angle" 
will be présent, even when the extensor apparatus is intact 
if the PIP joint has developed flexion contracture. Further, 
results of claw deformity correction will be poor when the 
PIP joints are flexed and stiff. The examiner should 
therefore attempt to straighten the finger, passively at the 
PIP joint. If full passive straightening is not possible, it 
indicates flexion contracture and the amount of flexion as 
measured by a finger goniometer indicates the extent or 
severity of flexion contracture. This angle is known as 
"contracture angle." Some refer to it as "passive (exten¬ 
sion) angle." Presence of an assisted angle indicates 
damage to the extensor apparatus when there is no passive 
angle (only 0° passive angle), provided there is no 
weakness or paralysis of the long extensors. 

Postural capabilities of the finger: This is best ascertained by 
finger dynamography. 12,13 The patient is asked to hold the 
fingers successively in the four limiting postures, viz. 
(i) fully open hand (MCP and IP joints maximally 
extended), (ii) closed claw (MCP joints fully extended and 
IP joints fully flexed), (iii) fully closed hand (MCP and IP 
joints maximally flexed), and (iv) the "lumbrical" position 
(MCP joints fully flexed and IP joints maximally extended). 
The angles of flexion at the MCP and PIP joints are 
measured, for each posture in each finger, noting 
hyperextension as négative flexion angle. When the 
"lumbrical" position cannot be reached or held, as in hands 
with intrinsic muscle paralysis, the patient is asked to 
perform pure MCP flexion movement, starting from the 
fully open hand position (position "i" above) and flexing 



Figs 8A and B: Extensor lag or assisted angle: (A) MCP joints 
are stabilized in flexion and patient attempts to straighten the 
fingers. Note how the little finger is “lagging behind”. That this 
is not due to joint contracture is shown in (B) in which the PIP 
joint is passively straightened fully 

only the MCP joints keeping IP joints as straight as possible. 
This movement is also known as "intrinsic closing 
movement." The angles at the MCP and PIP joints are 
measured at the start of the movement, two or three times 
during the course of the movement and at the end of the 
movement. A dynamogram is prepared for each finger from 
the data thus obtained by plotting the finger postures in a 
graph sheet in which the X (horizontal) axis represents 
the positions of the MCP joint and the Y (vertical) axis 
represents the positions of the PIP joint. The closed figure 
thus obtained is the "finger dynamogram." The finger can 
reach and hold ail the postures represented by points 
within the closed figure, but none outside. Figure 9 shows 
some examples of normal and abnormal finger 
dynamograms. 

It is seen that the dynamogram of a finger serves as an 
objective record of the postural capability of that finger, 
i.e. as a map of the universe of postures for that particular 
finger for future comparison. 

Other complicating features: Besides the measurements 
described above, the fingers should be examined for other 
complicating features already referred to under "clinical 
features." To recapitulate, they are guttering, ulnar 
déviation of fingers, contracture of the oblique retinacular 
ligament of Landsmeer and flexor superficialis contracture. 

Surgical Correction 

Once the nerve trunks are irreversibly damaged, the 
resulting deformities and disabilities also become perma¬ 
nent. As pointed out earlier, correction of paralytic claw 
finger requires stabilization of the MCP joint or the PIP 
joint, or both. This may be achieved by external devices 
(splints) or by surgery. Surgery is the preferred method. 
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Fig. 9A: The "Universe of Postures" or dynamogram of a normal 
finger. The four corners represent the four limiting postures 
(shown in silhouette), the four lines connecting the limiting 
postures represent the limiting movements, i.e. movements 
from one limiting posture to another limiting posture. The 
négative angels in the horizontal axis indicate hyperextension, 
zéro degree representing the neutral or straight position, and 
the positive angles indicate the extent of flexion at MCP joint. 
The angles in the vertical axis indicate the extent of flexion at 
PIP joint 



MP joint angle 

Fig. 9C: The "Universe of Postures" or dynamogram of an 
intrinsic zéro finger, activated only by its extrinsic muscles. 
Note that the universe has shrunk very considerably, with 
rétention of only its upper left corner and upper border 


Fig. 9B: The "Universe of Postures" or dynamogram of a finger 
with paralysis of its interossei and so activated by the long 
extensor, long flexor and lumbrical muscles only. Note how 
the universe has lost a horizontal strip close to the base line 
and the right lower corner 



Fig. 9D: The "Universe of Postures" or dynamogram of a finger 
in a case of radial palsy before (continuous lines) and after 
some recovery (dotted lines). Note that when the extensors 
were paralyzed the universe had shrunk to its right latéral 
border 


and splinting is used only as a temporary method. 
Splinting as a permanent measure is advised only if the 
patient is unfit for, or refuses surgery, or when the needed 
surgical expertise is not available. Splinting is avoided in 
leprosy patients because it has to be used lifelong, the 


patient has to look after the splints in addition to taking 
care of the insensitive hand, the splint has to be worn 
properly as a badly worn splint is worse than no splint, 
the splint makes the person look different, and it also 
restricts the use of the hand. Lastly, the splint has to be 
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repaired and replaced periodically. Surgery is one-time 
intervention providing permanent relief, hence, the 
preference for surgical correction. 

Aim of Surgery 

Surgical correction aims to restore balance of force moments 
acting on the finger joint System, thereby, correcting the 
claw deformity and improving the "intrinsic minus" 
disability. Deformity correction is as important as 
improvement of the disability, because in countries highly 
endemic for leprosy like India, claw-finger deformity 
stigmatizes the person as a leprosy patient inviting a 
variety of social disadvantages including ostracization. 

It should be noted that the paralytic claw deformity is 
the expression of a dérangement in the pattern of extension 
of the finger, whereas the main disability in these fingers 
is the resuit of a dérangement in the pattern of flexion of 
the finger, both resulting from paralysis of intrinsic 
muscles. Correction of deformity would therefore require 
setting the opening pattern of movement right, while 
improving the disability would require setting the closing 
pattern right. These corrections may be achieved by using 
different strategies. Whatever the strategy used, the aim is 
to restore internai and external stability of the MCP-IP joint 
System in the anteroposterior direction so as to improve 
PIP extension and thus correct the claw deformity, and 
restore the ability to flex the MCP joint with as little 
associated IP flexion as possible so that it becomes possible 
for the finger to reach and hold postures even against 
external résistance for better préhension. 

Active and Passive Correction 

It is customary to classify the corrective surgical proce¬ 
dures as "active" or dynamic and "passive" or "static". It 
is also customary to prefer active procedures, as they are 
considered to be more "physiological" and so better and 
superior, and resort to "passive" procedures only when it 
is not possible to do active correction. Active correction 
involves muscle substitution procedures by transfer of 
muscle-tendon units. In these procedures, the tendon of a 
normal muscle is detached from its insertion, rerouted to 
run along the course of the paralyzed muscle and 
reinserted into a new site such that the transferred muscle 
now mimics the action of the paralyzed muscle. These 
procedures are called "active" because they bring in extra 
forces (transferred muscle) which are under complété 
volitional control, similar to and in place of those lost 
because of muscle paralysis. 

It should be mentioned that preference for active 
correction has nothing to do with "physiology." Active 
correction by tendon transfer is required when full 


volitional control over ail the postures and movements is 
considered necessary. Otherwise, it is perfectly legitimate 
and equally "physiological", and it may even be 
advantageous, to carry out a suitable "passive" corrective 
procedure. That is because, active correction by tendon 
transplantation carries certain risks, difficulties and 
drawbacks. These include: (i) the availability of a suitable 
muscle (from the point of view of power, excursion and 
phasic activity and expendability whose disinsertion and 
transfer will not lead to any other nonacceptable disability, 
(ii) the technical expertise and facilities required for 
carrying out the procedure, (iii) availability of 
postoperative re-educative facilities, (iv) ability of the 
patient to learn to use the transferred muscle for carrying 
out the desired movement for reaching the desired posture, 
(v) ability to unlearn the previously necessary but now 
unwanted compensatory, abnormal patterns of postures 
and associated movements, and lastly, (vi) thatbugbear of 
ail tendon surgery, namely development of adhesions, 
which will restrict or abolish the gliding of the transferred 
tendon and thus nullify the effect of the procedure. Ail 
these factors must be taken into considération while 
deciding on the corrective procedure. 

"Passive" procedures attempt to restore equilibrium 
without resorting to introducing new, active, muscular 
forces by way of tendon transfers. The existing forces are 
rearranged, or new nonmuscular structures are introduced 
to redistribute or alter the relationships between existing 
opposing forces in some other way (like changing their 
moment arm) to generate force moments that will counter 
the tendency for clawing. 

Since there may not be total restoration of ail the 
postures and movements after these procedure, it is often 
said that passive procedures "correct the deformity but 
not the disability. 14 This is not quite correct. It has been 
shown, for example, that mere correction of the claw 
deformity by itself will improve the intrinsic minus 
disability very considerably and make many useful 
postures available once more. 15 Secondly, published 
reports clearly demonstrate that the so-called "passive" 
procedures like volar capsuloplasty and flexor pulley 
advancement, dermadesis and flexor pulley advancement 
and the extensor diversion graft operation not only correct 
the deformity, but definitely improve the disability as 
well. 14-16 The main advantage of the so-called passive 
procedures is that they do not require spécial re-education, 
and the patient does not hâve to learn to use a muscle to do 
something different from what it is accustomed to do. These 
procedures may therefore be done, and the patients given 
the benefit of corrective surgery, even in places in which 
specially trained physiotherapists or technicians are not 
available. 
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TABLE 1 : Procedures for claw-finger correction and their aims 

Aim of procedure Procedure 

• Restrict MCP joint hyperextension • Volar capsuloplasty and flexor pulley advancement 17,19,22 

• Dermadesis and flexor pulley advancement 18 

• Extensor diversion graft 16 

• Posterior bone blok 23 

• Intrinsic substitution Volar route procedures 

• Tendon transfers using 

i. ECRL, 14 FDS, 24 PL 26 

ii. Intrinsic réactivation 31,32 

• Tendodeses 28 
Dorsal route procedures 

• Brand's EF4T transfer of 

i. ECRB 4 

ii. Fowler-Riordan's transfer 

iii. Extensor indicison 28 

iv. Riordan's tenodesis 28 

• Provide proper flexor for proximal phalanx • Tendon transfers 

i. Bone insertion procedures 31 

ii. Pulley insertion procedures 35-38 

• Direct lasso FDS 

Indirect (FDS, ECRL, PL) lasso 


(Figures indicate the reference numbers) 


Procedures for Correction of Finger Clawing 

Table 1 shows the various procedures available for 
correction of finger clawing. The available procedures may 
be broadly grouped as follows. 

To Restrict Extension and Prevent 
Hyperextension of MCP Joint 

Restricting MCP joint extension and preventing hyper¬ 
extension permits the force in the extensor tendon to reach 
the extensor expansion and act at the IP joints without 
getting diverted to the transverse lamina. 17 " 19 These 
procedures achieve this by maintaining the MCP joint in 
some flexion. Some of the common procedures using this 
principle are: 

i. tightening or shortening of volar capsule of MCP joint 
(capsulorrhaphy) 19 combined with flexor pulley 
advancement, 17,21 

ii. extensor diversion graft operation, 16 

iii. tightening of palmar skin (dermadesis) combined with 
flexor pulley advancement, 18 and 

iv. posterior bone block operation 23 which is rarely, if 
ever, done. 

By flexor pulley advancement, the flexor force moment 
at the MCP joint is increased (by increasing its moment 
arm and its angle of approach of long flexor to the proximal 
phalanx). For this purpose, the A 1 and part of the A 2 pulley 
are excised. Pulley advancement is more effective if the 
MCP joint is already in about 20° flexion (through 
capsulorrhapy or dermadesis), and MCP joint flexion is 


improved by pulley advancement. These two procedures 
are thus complementary to each other. 

Intrinsic Substitution Procedures 

Intrinsic substitution procedures include tendon trans¬ 
fers and tenodeses procedures. 

1. Tendon transfers: In these procedures, a muscle-tendon 
unit is transferred such that the transfer takes the same 
course as the paralyzed lumbrical muscles (volar to 
deep transverse metacarpal ligament along the 
lumbrical canal) to reach the latéral band of the extensor 
expansion to which it is attached. The transfer thus 
mimics the action of the paralyzed intrinsic 
(interosseous-lumbrical) muscles. In some of these 
procedures, the new motor tendon reaches the palm 
through the carpal tunnel (volar route), while in others 
it reaches the palm from the dorsum, through the 
intermetacarpal spaces— dorsal route (Fig. 10). 

The motor tendon is then split into four slips, each 
slip being brought to the dorsum of one finger along 
the lumbrical canal to be inserted into the latéral band 
of the extensor apparatus, on the ulnar side of index, 
and on the radial side for the other three fingers. 
Transfer of one or ail tendons of flexor digitorum super- 
ficialis (FDS), 24 or extensor carpi radialis longus 
(ECRL), 25 or palmaris longus (PL), 26 are some of the 
more commonly used procedures under this category. 
Extensor indicis proprius (EIP) and flexor carpi radialis 
(FCR) muscles hâve also been used in this manner for 
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Fig. 10: Showing the “dorsal route” used in Brand’s first op¬ 
eration (extensor-to-extensor-many-tailed-graft operation). The 
tendon graft enters the palm through the intermetacarpal 
spaces 

claw-finger correction. Because of the re-education 
problem, in many patients these procedures act more 
as tenodeses than as active tendon transfers. 27 

Dorsally routed transfers work well in cases of long- 
standing paralysis because dorsiflexion of wrist is 
needed to activate the transfer and training in this 
maneuver overcomes the tendency to flex the wrist 
excessively to open up the fingers. ECR (brevis) and 
extensor indicis proprius are frequently used in this 
manner. 4 " 28 However, after these procedures, flattening 
of the distal transverse metacarpal arch gets worse, or 
the arch may even get reversed, because the dorsally 
directed component of the pull exerted by these 
transfers. 29,30 In contrast, volarly placed transfers do 
not seem to affect the distal metacarpal arch that much. 
In long-standing paralysis, where the wrist flexing 
habit has become established, the volar routed 
transfers tend to become ineffective, unless spécial 
measures are taken during postoperative retraining to 
eliminate the wrist flexion associated with finger 
extension. 

"Intrinsic réactivation" is another procedure in 
which the activating muscle tendon unit is routed 
volarly through the carpal tunnel into midpalm, and 
the slips for individual fingers are taken along the 
lumbricals and fixed to the intrinsic tendons of adjacent 
fingers en masse at the level of the base of the phalanx, 
proximal to their insertion into the extensor apparatus 
(Fig. 11). 31,32 

The main advantage claimed for this procedure is 
that it restores the distal transverse metacarpal arch 
and improves the grasp. However, the procedure is 
technically very exacting and a bloodless field is 
mandatory. 

2. Tenodesis procedures: In these procedures, the strips 
of tendon take a course and distal attachment similar 



Fig. 11: “Intrinsic réactivation” procedure — the motor slip is 
sutured to two adjacent interosseous tendons near the base of 
the proximal phalanges 


to that of tendon transfers and are attached proximally 
to the carpals hâve been described, but they are rarely, 
if ever, performed in leprosy 28 

Procedures to Provide an Independent 
Proximal Phalangeal Flexor 

In these procedures, an independent muscle-tendon unit 
is recruited to function purely as a flexor of the proximal 
phalanx. In other words, the finger as a biarticular System 
is abolished, and the MCP joint is stabililized by the new 
flexor of this joint. That would allow the long extensor 
and the long flexors to stabilize the PIP joint in any desired 
position. Some of the procedures based on the above 
principle are listed below. 

1. Burkhalter's procedure (1973): Here, the transferred 
tendon is inserted into the base of the proximal 
phalanx. 33 This procedure has not been used in 
leprosy, as insertion into the bone is felt to be unde- 
sirable and unnecessary, besides being more compli- 
cated. 

2. Pulley insertion procedures: In these procedures, the 
motor tendon slip for each finger is attached to the 
proximal part of the fibrous flexor sheath forming the 
Ay A 2 pulleys (Fig. 12). The motor tendon gains 
attachment to the proximal phalanx through this 
structure. Thus, the transferred tendon functions as a 
flexor of the proximal phalanx. 
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Fig. 12: Pulley insertion of the motor tendon 



Fig. 13: Brook’s pulley insertion technique—the motor tendon 
is taken superficial to the pulley and then brought through the 
flexor tendon tunnel and sutured to itself 


a. Insertion into A 2 pulley by routing the transfer 
outside the flexor sheath (Brooks, 1975) (Fig. 13). 

b. Zancolli's Lasso' procedure of using the flexor 
digitorum superficialis (FDS) tendons of each finger 
and routing the transferred tendon through the 
flexor sheath. 33 Modifications of this procedure 
(using single FDS slip, using other motors) hâve 
become very popular over the last 10 years. 36-39 The 
main advantage of this group of procedures is that, 
unlike the earlier tendon transfers, they do not add 
to the extending forces acting on the PIP joint. This 
type of operations can therefore be safely used for 
correction of Asian hands having thin, long, fingers 
with hypermobile PIP joints. This group of 
procedures correct the deformity well, and the 
interaction of finger movement, coordination of 
fingers and finger closure patterns are also restored 
satisfactorily (Table 2). A good three finger pinch is 
obtained and in some cases the distal transverse 
metacarpal arch is also restored. 

In almost ail the procedures described above, optimiza- 
tion of forces is achieved by keeping the MCP joint in about 
20° to 30° flexion so that the balance between the flexor 
and extensor forces is restored, and the finger becomes 
straight at the IP joints on attempting to extend the MCP 
joints. A normal working extensor System is necessary and 
if that has been damaged, that needs to be repaired prior to 
or at the time of correction of the claw finger deformity. 

For every single deformity or problem of each finger, 
one can device an operative answer. Performing such large 
number of operations in one hand defeats the very purpose 
for which they are done. Therefore, the goal should be to 
achieve the best for meeting the functional and social needs 
of the patient with minimal number of simple interventions. 
In this context, one should remember that the appearance 
of the hand is very important for leprosy patients because 
of the stigma attached to the clawhand deformity. 


TABLE 2: Results of pulley insertion procedure in 
hypermobile claw fingers 36 


SI. 

No. 

Parameter Preoperative 

status 

No. of Postoperative No. of 
hands status hands 

1. 

Stiffness 

Présent 

0 

Présent 

1 

2. 

Closure pattern 

Normal 

0 

Normal 

12 

3. 

Intégration of 






finger movement 

Présent 

0 

Présent 

12 

4. 

Span of hand 

Reduced 

14 

Increased 

13 

5. 

Grip power 

Reduced 

14 

Increased 

13 

6. 

Three finger pinch 

Defective 


Improved 




and unstable!4 

and stable 

13 

7. 

Claw deformity 

Présent 

14 

Présent 

2 

8. 

DTMA 

Reversed 

3 

Reversed 

1 


DTMA—distal transverse metacarpal arch 


Timirig of Surgery 

It is best to operate upon the patients after their disease 
has been stabilized by treatment. This means they should 
hâve had at least six months of antileprosy treatment with 
good clinical response, and there should not hâve been 
any "reactions" or acute exacerbations, including attacks 
of neuritis over the previous six months. However, Riedel 40 
considered that the risk of reactions after surgery was 
minimal and even if it occurred, it could be easily controlled 
with available antireaction drug. Ideally, the patients 
should hâve been cured of the disease, but this means that 
number of years will elapse before they are deemed fit for 
surgery. In the meantime, the joints and soft tissues will 
undergo changes that would adversely affect the results 
of surgery. Even more importantly, the abnormal disuse 
movement patterns or adaptive movement patterns will 
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get established over years of use and become very difficult 
to unlearn later. One such action is the use of wrist flexion 
to open up the fingers (wrist flexing habit). Early surgical 
correction is, therefore, advisable. 

Secondly, the muscle paralysis should be of one year 
or longer duration, i.e. stable and irréversible. This 
recommendation is based on the presumption that motor 
end plates would hâve degenerated by that time, so, the 
paralyzed muscles would not recover even if the damaged 
nerve recovers. During this period of waiting for surgery, 
the hands can be managed adequately by regular oil 
massage, exercise and use of appropriate splints. 

Sequence of Operations in Combinée! Paisy 

If the thumb and fingers are both paralyzed (completely 
intrinsic minus or "intrinsic zéro" hand), they can be 
operated at the same sitting, or else, the finger clawing 
should be corrected first so that stable fingers would be 
available for proper and effecüve use of surgically corrected 
thumb. If radial paisy is also présent, the wrist should be 
stabilized first by a suitable procedure and the finger 
extensors activated. 27 Later on, claw correction is 
performed. 

Two-finger correction vs Four-finger correction: Unless surgery 
is done purely for cosmetic reasons, ail four fingers should 
be corrected even in cases of ulnar paisy. That is because 
when the interossei are paralyzed, the external stability of 
the finger joint System is affected in ail fingers and the grip 
becomes weak. Presence of lumbricals helps in 
maintaining internai stability and thus minimizing the 
claw deformity to a varying extent. But that does not 
contribute much to external stability. 5,6 



Figs 14A and B: Preoperative exercises to prevent joint 
stiffness and skin contractures 


Preoperative physiotherapy: For ail those cases where para¬ 
lysis is less than one year old, conservative management 
is preferred. This consists of oil massage after soaking the 
hands in lukewarm water for about 5 to 10 minutes. 
Usually, vaseline, mustard oil, neem oil, castor oil or gin- 
gelly (Til) oil is used for massage. The objective is to keep 
the skin of the hand soft and supple. Along with the 
massage, exercises are given. Some of these exercises are 
shown in Figures 14A and B. 

The overall purpose is to avoid development of 
contractures by passively moving ail the joints of the fingers 
and hand through their full range of movement. The 
patients are advised to wear splints at night so that fingers 
do not remain flexed, but are held straight during sleep. 
Some of these splints are shown in Figures 15A to E. 

These corrective appliances may also be used for cases 
who are otherwise not fit for surgery because of ulcers, 
reactions, etc. However, great care is required for use of 
these appliances in anesthetic hands. 



Figs 15A to E: Some splints used for paralytic claw fingers: 
(A) spiral (MS wire 8 gauge) splint, (B) showing how the spiral 
splint is worn, (C) “split hose pipe” gutter splint, (D) knuckle 
bender splint, and (E) POP finger casts (cyclindrical splint) 
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Even cases having mobile claw fingers are given one 
week of physiotherapeutic care in the form of wax bath 
and cylindrical splints to make the skin of the hand soft 
and supple. In these cases where muscle tendon unit 
transfer is planned, spécial preoperative exercises are given 
in order to teach the patient to learn to contract, in isolation, 
the muscle to be transferred, so that the patient knows 
what to do after corrective surgery and how to use the 
transferred muscle-tendon unit during postoperative ré¬ 
éducation. 

Préparation ofthe part: Three day préparation of the limb is 
necessary as for any other orthopédie operation. The nails 
are trimmed and the limb is shaved, washed well with 
soap and water, and wrapped in stérile towels everyday, 
for three days before the operation. 

Anesthésia: General anesthésia is usually not required 
except, possibly, in children. The corrective procedures 
can be done either under axillary or brachial plexus block, 
or under local infiltration anesthésia using 0.5% or 1% 
plain lignocaine or marcaine. Adéquate élévation of hand 
and arm on the operation table obviâtes the need of a tourni¬ 
quet, which, if applied, can exert undue pressure over the 
nerves which may already be diseased and inflamed, but 
not yet damaged. At the most, a blood pressure euff can be 
used along with manometer, the euff pressures being in 
the range of 260 to 280 mm of Hg. No exsanguination of 
the extremity is required and this prevents the drying of 
the tissues. 

Operative Techniques ofSome 
Commonly Performed Operations 

Lasso or pulley insertion procedures. 31,36,37,39 The proximal 
pulleys (A-l and A 2 ) of ail the four flexor sheaths are exposed 
through a transverse skin incision along the distal palmar 
crease and vertical incisions in the subeutaneous fat layer, 
one four each finger. The motor tendon of palmar is longus 
(PL) or extensor carpi radialis longus (ECRL) is lengthened 
with a fascia lata graft and brought out in midpalm. 
Plantaris tendon can also be used for lengthening the 
motor tendon. The lengthened tendon is split into four 
slips in midpalm, one for each finger, which are then 
tunneled individually into the distal palm up to the MCP 
joint. Each slip is passed into the flexor tunnel of the 
corresponding finger and brought out through the middle 
of A 2 pulley through a transverse slit into the sheath. The 
tendon slip is folded back on itself over the flexor sheath, 
and pulled to flex the MCP joint by about 60°. At this 
tension the two parts of the slip are tied together with 5/0 
sutures. The eut in the flexor sheath may be repaired wih 
6/0 nylon, but that is not essential. The skin wound is 
closed in a single layer, and the limb is immobilized with 


plaster of Paris slabs with MCP joints in 70° flexion, 
keeping the wrist joint in the neutral position, and the IP 
joints are left free to move. 

In the original lasso operation, Zancolli used the 
superficialis tend of each finger as the motor. Shah has 
popularized using the middle finger superficialis tendon, 
splitting it into four slips, one for each finger, and fixing 
each slip to the flexor sheath as in the lasso operation 
descirbed by Zancolli. 35 

Volar capsuloplasty and flexor pulley advancement 17,19,22,41 
The principle of this procedure is to produce a capsular 
contracture at the MCP joint in mild flexion and 
simultaneously increase the leverage of the flexor tendons 
at this joint by increasing their moment arm (vertical 
distance from the axis of the joint). The former producing 
mild flexion contracture at MCP joint corrects the defect in 
the opening of the finger and permits full extension of the 
IP joints, as the extensor force passes on to the extensor 
expansion without getting diverted into the transverse 
lamina. The latter (increasing the leverage of the flexor at 
the MCP joint) permits these tendons to act better at this 
joint, and thus improve the closing pattern of the finger so 
that considérable MCP joint flexion with minimal or no 
flexion at IP joints becomes possible. While each of these 
two procedures (capsular shortening and pulley 
advancement) is likely to fail if done alone, they succeed 
when do together, each contributing to success of the other. 

A transverse incision is made across the palm at the 
distal palmar crease level, and skin flaps are raised for a 
considérable distance distally and proximally. Longi¬ 
tudinal incisions, one for each finger, are made in the 
subeutaneous fatty layer along the course of the flexor 
tendons to expose the fibrous flexor sheaths. In the case of 
each finger, the sheath is excised as far as the proximal 
digital crease to permit bow stringing of the flexor tendons 
on flexing the MCP joint. The flexor tendons are retracted 
to expose the volar plate (anterior capsule of MCP joint) 
and this is shortened by 2 to 3 mm. 

That is achieved by raising a distally based flap of the 
volar capsule, through a U-shaped incision, and excising 
2 to 3 mm of the proximal part (free end) of the flap and 
suturing the flap back (Figs 16A to F) or suturing the 
shortened flap to the neck of the metacarpal through a 
periosteal stitch or through drill holes in the bone itself. 
Alternatively, the volar capsule may be shortened or by 
making a H incision over the volar plate, raising two flaps 
and double breasting them or excising the free margins of 
the flaps and resuturing them. The shortening of the 
capsule should be such that the MCP joint remains flexed 
by about 30 to 40° and not more. This is done for ail fingers 
and the wound is closed in two layers. The hand is immo- 
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Figs 16A to F: Capusulorrhaphy and flexor pulley advancement: (A) skin incision, (B) incision in the subcutaneous fatty layer, 
(C) exposure of flexor sheath, (D) exposure of volar capsule of MCP joint, (E) shortening of volar capsule by raising a distablly 
based flap and excising a strip of the free eut end, and (F) flap sutured back to give about 30° flexion of the proximal phalanx. 
Note the bow-stringing effect of pulley advancement 


bilized with the MCP joints in about 70° flexion, but the IP 
joints are left free to flex and extend. Having a bloodless 
field while doing this procedure is a great help. 

Instead of a single transverse incision and raising skin 
flaps, one can also use longitudinal incisions, one for each 
finger extending from the proximal digital crease, 
proximally along the line of the flexor tendons, for about 
4 to 4.5 cm, and deepening the incision until the flexor 
sheath is exposed. The procedure may be done under local 
infiltration anesthésia using 1 per cent lidocaine (plain, 
without epinephrine), but as already mentioned, it is 


préférable to do the procedure in a bloodless field for which 
brachial plexus or axillary block and an upper arm 
tourniquet will be required. 

Extensor diversion graft operation: 16 The principle of this 
operation is to stabilize the MCP joint by diverting part of 
the extensor force towards the flexor aspect. This is 
achieved by the insertion of a free tendon graft spanning 
the MCP joint on its volar side (Fig. 17). The tendon graft is 
attached to the extensor tendon of the digit proximally 
and latéral band of the same finger distally. 
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Fig. 17: Extensor diversion graft operation—note how the free 
tendon graft spans the MCP joint on its volar side by passing 
the transverse lamina 

The palmaris or plantaris tendons or fascia lata are 
used as free grafts. The digital extensor tendons are exposed 
in the dorsum of the hand through one or two appropriate 
incisions, at the level of the neck of the metacarpal. The 
latéral bands of the fingers (on the radial side of little, ring 
and middle fingers and ulnar side of the index) are exposed 
over the proximal phalanx. A tunneler is passed from the 
finger along the lumbrical canal, then through the distal 
part of the intermetacarpal space to emerge on the dorsum, 
and the tendon graft is laid in the tunnel track. The distal 
end of each tendon slip is sutured to the latéral band of the 
finger, and keeping the MCP joint flexed by 30° and IP 
joints straight and the graft taut, the proximal end is 
sutured to the extensor tendon of the digit, skin wounds 
are closed, and the hand is immobilized with plaster of 
Paris slabs keeping MCP joints in 70° flexion, wrist in 
mild extension and interphalangeal joints in the straight 
position. 

Extensor to flexor four-tailed transfer (EF4T): 14 The ECRL 
tendon is exposed and divided just proximal to its insertion 
into the base of second metacarpal through a short 
transverse incision and pulled out in midforearm through 
another short incision. It is lengthened by attaching a free 
tendon graft (usually plantaris tendon is used), or fascia 
lata graft of suitable length and width (20 x 2 cm), using 
Brand's "wrap around technique" of anastomosis to avoid 
development of adhesions at the site of tendon anastomosis 
(Fig. 18). 

The lengthened tendon is then brought out in mid- 
palm using an Anderson's tunneler passing it deep to the 
brachioradialis and the flexor tendons in the lower forearm 
and through the carpal tunnel to emerge in midpalm. The 
distal part of the lengthened tendon is then split into four 
slips or "tails", each about 5 mm wide. 

The latéral bands (common lumbrical-interosseous 
tendons which form the free border of the extensor 
expansion) of the fingers are exposed on the radial side 
through separate dorsiradial incisions over the proximal 



Fig. 18: Brand’s wrap-around technique for tendon anas¬ 
tomosis. The eut ends of the two tendons are buried in each 
other 

phalanges of the fingers (in the index finger the latéral 
band is exposed on the ulnar side). The tunneler is passed 
from the finger to midpalm along the lumbrical canal, volar 
to the deep transverse metacarpal ligament, and one of the 
"tails" is caught and brought to the digit. This is done for 
ail four fingers. With the forearm in pronation and the 
wrist in mild flexion, the hand is held on the tension 
equalizing splint (Fig. 19). In this splint, the MCP joint is 
held in 60° flexion, and the PIP and DIP joints are held 
straight. In each finger, the tendon slip is sutured to the 
latéral band under moderate tension (Fig. 20). Maximum 
tension is given to index and little fingers. 




Fig. 19: Tension equalizer splint for positioning the hand while 
suturing the tendons. This splint is used for the “volar route” 
procedures such as superficialis transfer, Brand’s Extensor- 
to-flexor many tailed graft or palmaris longus transfer 
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Fig. 20: Brand’s second (extensor-to-flexor 
many tailed graft) operation 

The tension in the long and ring fingers is such that 
only the slack is taken off. The skin is sutured and the 
hand is immobilized in a below elbow plaster cast or in 
plaster slabs keeping the wrist in the neutral position, MCP 
joints in 70° flexion and IP joints in full extension. 

Postoperative Care 

After the operation, the limb is suitably splinted with 
plaster of Paris slabs or cast keeping the MCP joints in 70° 
flexion and PIP joints straight or free to move depending 
on the operation performed. In any case, the finger tips are 
left open for inspection. In the case of capsulorrhapy and 
pulley advancement and also in pulley insertion 
operations, the IP joints are left free to move, and finger 
movements at IP joints are started 48 to 72 hours after 
surgery. This is very necessary after these operations to 
avoid adhesion of the flexor tendons to the volar capsule 
or the flexor sheath. The limb is kept elevated above head 
level with a cotton casing tied to a drip stand or any other 
suitable method. Elévation must be maintained even when 
the patient is out of bed in order to minimize the 
postoperative edema and postoperative finger stiffness. 

Antibiotics are not required postoperatively as a 
routine, and this kind of surgery should not be done if 
sepsis is expected. If at ail antibiotics are used, they should 
be started the day before operation. Postoperative analgesia 
may be required, at night time, for a day or two. Some cases 
are unduly sensitive to cold and therefore require a close 
watch. If everything goes well, the patient can go home in 
three to four days after operation. Immobilization of the 
hand is maintained for three weeks. 

The skin sutures (nylon or stainless Steel wire) are 
removed on the 21st day (on the 14th day if silk or thread 
is used), and suitable exercises are started from the 22nd 
day onwards. 


Postoperative Physiotherapy 

Wax therapy is given daily after which gentle passive 
mobilization as well as active but graduai MCP joint flexion 
and extension exercises are given for the first 7 to 10 days. 
Fingers are held in cylindrical splints and the hand in 
plaster slabs in between exercise. When the finger can be 
fully opened, the cylindrical splints are discarded for the 
day, and fist closure exercises are started. However, 
splinting is continued during night (for 4 to 6 weeks). 

If some sensory re-education program is planned 
occupational therapy is instituted for about 2 weeks. The 
patient is allowed to go home with advice to continue the 
exercises and use the finger splints at night time. PVC 
gutter splints with Vêlero fasteners are very handy for this 
purpose. The night splints are continued for 4 to 6 weeks. 

Follow-up examinations are necessary at monthly 
intervals for the first three months to assess the benefits 
derived, functioning of the transferred muscle and correct 
any problems, etc. Besides graduai improvement in 
appearance and performance, the grip and pinch strength 
also, increases with time and the results become stable by 
about one year. 

Results of Corrective Surgery (Figs 21A to 22D) 

Most of the published reports of results of correction, 
surgical procedures hâve been based on a few popular 
tendon transfer operations during the sixties and seventies, 
or some new procedure invented or tried in the context of 
leprosy. The overall success rate of these procedures 
appears to be about 80%. 40 Success after corrective 
procedures will dépend upon proper case sélection, 
sélection of an appropriate procedure, meticulous, careful 
and skilled performance of the operation, correct 
postoperative treatment, patient's understanding and 
informed "participation" in the postoperative program and 
most importantly, the précautions the patient takes to 
protect the insensitive hand from injury now that the hand 
has functionally improved by corrective surgery. 

The common causes of failure after corrective surgery 
are briefly discussed below. 

Failure in Postoperative Re-education 

Failure in postoperative re-education is common after 
tendon transfer surgery. Presence of complications like 
PIP joint stiffness, extensor expansion damage, and flexor 
superficialis contracture increase the risk of failure. Even 
otherwise, it requires a lot of motivation, understanding of 
what one is expected to do and perseverance on the part of 
the patient to recruit the transferred muscle to perform in 
the correct sequence with correct power at the correct time. 
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Figs 21A to D: Results of surgical correction of paralytic claw fingers. The two figures on the left (A and B) are preoperative 
photographs of (A) open hand, and (B) on attempted “intrinsic position”. The two figures on the right (C and D) are postoperative 
photographs of the same hand attempting (C) fully open, and (D) intrinsic position 



Figs 22A to D: Results of surgical correction of paralytic claw finger. The two figures on the left show pre-operative photographs 
of (A) open hand and (B) on attempted " intrinsic position". The two figures on the right are postoperative photographs of the 
same hand attempting (C) fully open and (D) intrinsic position 
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This canbe quite "tiring" or "confusing" to the transferred 
muscle which may, as a conséquence, stop contracting 
effectively. Even when the patient learns to contract the 
muscle as an exercise, to perform the desired movement 
and use this muscle for performing purposive actions as 
in activities of daily life may still not occur. It has been 
noted that 50% of the patients, who had successful 
correcüon of claw-finger def ormity by extensor many tailed 
graft operation (Brand I or EE4T), were not using the 
transfer acüvely one year after surgery (unpublished data). 

Inability to Unlearn Abnormal Movements 

When there is muscle paralysis, the patient (often un- 
consciously) develops compensatory abnormal movement 
patterns, which persist even after corrective surgery. The 
patient has to learn consciously not to perform these 
movement, which can be very difficult for some persons. 
Wrist flexion while attempting grasp is the most common 
abnormal movement that develops in persons with 
clawhand. They must consciously unlearn (with the aid 
of splinting of the wrist if necessary) this pattern. 

Overcorrection 

Adhesions always develop after every tendon transfer or 
graft procedure, and these adhesions will restrict the 
translatory movement of the tendon or graft to some extent. 
This is seen as "diminution of the power of the transferred 
muscle". In order to overcome this problem, some surgeons 
overcorrect the deformity, putting the tendon under high 
tension thus, adding the excessive passive viscoelastic 
tension to the active tension expected to be developed by 
the muscle. In fact, the muscle does not perform well under 
such conditions and may stop performing. Further, in 
hypermobile fingers such overcorrection results in the 
development of "intrinsic plus" deformity which is an 
even greater disability than claw-finger deformity. 

Latéral Band Insertion 

In many tendon transfer operations, the motor tendon is 
attached to the latéral band of the extensor expansion in 
order to mimic the action of intrinisic muscles (Fig. 23). 

Therefore, when the motor contracts, the finger attains 
the so-called "intrinsic posture" (also called "lumbrical 
position") of MCP joint flexion and IP joint extension. This 
is a good posture to demonstrate the success of surgery, 
but such a posture is rarely used in real life. The latéral 
band insertion by its tendency to extend the IP joints when 
the transferred muscle is used does not permit finger 
closure, and thus does not improve the grip strength. The 
disability of "weakness of the hand" persists. 



Superficialis Minus Deformity 43 ' 45 

When the superficialis tendon is removed from a finger 
and dorsalized, the PIP-DIP joint System of the donor 
"superficialis minus" finger becomes unbalanced in favor 
of extension at the PIP joint and flexion at the DIP joint. In 
course of time, the typical deformity of the sublimis minus 
finger, very much like the swan-neck deformity of the 
"intrinsic plus" finger but without the component of MCP 
joint flexion, develops and progresses. This can be quite 
disabling, because the finger does not flex at the PIP joint 
and just out when a fist is made. Therefore, it is best to use 
superficialis tendon as a motor only when there is residual 
flexion contracture at the PIP joint of the donor finger. 

Check Rein Effect 43 

Check rein effect is seen in some fingers in which the 
superficialis tendon has been detached and used for 
transfer. The finger develops flexion contracture of about 
40° at the PIP joint. This happens when the superficialis 
tendon is detached and a short stump is left behind. This 
stump adhères to the proximal phalanx, across the PIP 
joint, and prevents full extension of the joint. 

Adhesion of the Extensor Expansion 

Adhesion of the extensor expansion is seen in latéral band 
insertion procedures. The extensor expansion becomes 
adhèrent to the periosteum of the proximal phalanx, either 
as the resuit of accidentai injury to the periosteum during 
suturing of the motor tendon slip to the latéral band/ 
extensor expansion, or because of exessive inflammatory 
reaction to surgical trauma or due to sepsis. When the 
latéral band becomes adhèrent to the proximal phalanx, 
the finger can move only at the MCP joint. It cannot be 
flexed (even passively) at the PIP joint (the fixed extensor 
expansion does not allow the increase in the dorsal length 
of the digit that has to occur for finger flexion). The IP 
joints cannot be actively extended, because the extensor 
expansion is now fixed to the proximal phalanx. This 
complication is a catastrophe as far as the finger function 
is concerned. It is best avoided by very careful surgery or 
by avoiding meddling with the latéral band altogether. 
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Too Loose a Tension in the Motor 

The motor slip may be fixed at too loose a tension at the 
time of operation, or it might hâve pulled out during the 
postoperative period. When one motor tendon is split into 
four slips and these slips are attached to their sites of 
insertion one after other, the slip fixed first becomes loose 
by the time the last slip is fixed. It is therefore a good policy 
to go back to the first slip after fixing ail the slips and 
tighten it if necessary. Unforeseen violent or jerky 
movement of the finger during the postoperative period 
can cause disinsertion of the motor slip. Sometimes, the 
motor tendon slip undergoes necrosis and becomes soft, 
and the normal pull of the muscle causes the slip to become 
unfixed, leading to récurrence of the deformity within four 
weeks of the operation. 

Development of Adhesions 

As mentioned earlier every transferred tendon or free 
tendon graft will develop adhesions unless very spécial 
measures (like locating the graft in a synovial membrance 
lined tubular track) are taken. However, in some patients, 
either as an idiosyncratic overreaction to trauma, or 
because of poor surgical technique (rough handling, poor 
homeostasis, etc.), or because of some infection—covert or 
overt—the adhesions become excessive and dense in 
course of time. The fingers initially showing good results 
become clawed again gradually over a few months during 
the postoperative period. 

Reversai of Distal Transverse Metatarsal Arch 29 

Reversai of distal transverse metatarsal arch is most 
commonly seen after tendon transfer/graft procedures 
using the dorsal route (through intermetacarpal space) to 


reach the palm as in Brand's EE4T (extensor to extensor 
four-tailed graft) and extensor diversion graft operation. 

It also occurs after volar capsuloplasty and flexor pully 
advancement. When the fist is made, the MCP joint 
knuckles instead of showing an arched disposition, are 
arranged to describe a line slanting upwards from the first 
metacarpal. The fifth metacarpal is hyperextended, and 
its head is located in a plane well posterior to those of the 
first and second metacarpal. 

Ranney (1973), had discussed this problem in detail 
and had suggested rerouting extensor digiti minimi to 
function as a flexor of the fifth metacarpal. 29 The intrinsic 
réactivation procedure (in which the motor tendon is split 
into five slips, and each of the three central slips is fixed to 
the tendons of intrinsic muscles of adjacent fingers en masse 
just digital to the phalangeal insertions, while the médial 
most and the latéral most slips are fixed respectively to the 
tendons of hypothenar and the first dorsal interosseous 
muscles) is said to avoid reversai of the arch and even 
restore it. 31,32 However, the procedure is technically very 
exacting. 

CONCLUSION 

It will be seen from the foregoing that we hâve a wide 
variety of procedures to choose from for correcting paralytic 
claw fingers. Each procedure has its own advantages and 
drawbacks. Figures 24A to C shows the extent of restoration 
of universe of fingers (postural capabilities of the paralytic 
claw finger after three different corrective surgical 
procedures as assessed by finger dynamography. 

A number of authors hâve reviewed some of these 
procedures, and a comparison of four procedures (Table 3) 
as well as the advantages and drawbacks of other 
procedures are also mentioned at appropriate places in 



Figs 24A to C: Finger dynamograms after: (A) pulley insertion procedure, (B) latéral band insertion procedure, and (C) 
extensor diversion graft procedure, showing the extent and kind of restoration of the working space or universe of finger 
postures after these operation. Compare these with Fig. 9C which shows the very limited postural capability of an intrinsic zéro 
finger 
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TABLE 3: Comparative assessment of four surgical procedures 

Parameter 

Extensor diversion 

Dermadesis and pulley 

Instrinsic réactivation 

Pulley insertion 


graft op. 

advancement 

procedure 

procedure 

Operative technique 

Relatively easy 

Easy 

Demanding 

Relatively demanding 

Successful results 

75% 

80-85% 

85% 

90% 

Grip strength 

Not affected 

? Improved 

Increased 

Increased 

Pinch strength 

Not affected 

? Improved 

Increased 

Increased 

Re-education required 

No 

No 

Yes 

Yes 

Distal metacarpal arch reversai 

Often worsened 

? Worsened 

? Improved 

? Improved 

Lumbrical position 

Not possible 

Often possible 

Possible 

Possible 

Individual finger control 

Présent 

? Présent 

No 

No 

Révision 

Possible 

Easy 

Difficult 

Difficult 

Sequence of closure 

Near normal 

Near normal 

Normal 

Normal 

Restoration of working 

Limited but useful 

Maximal 

Maximal 

Maximal 

Can be done in hypermobile fingers 

No 

No 

? Yes 

?Yes 

Acts by 

Reducing extensor 

Increasing flexor force 

Adding to flexing 

Adding to flexor 


force at MCP joint 

moment at MCP joint 

force at MCP joint 

force at MCP joint 


this chapter. A considération of these, as well as the State 
of the hand and the requirements, motivation and 
capabilities of the patient, coupled with the availability of 
surgical and postsurgical expertise and facilities should 
help the surgeon to make the right choice. This choice has 
to be made as there is no "idéal procedure" suitable for ail 
patients and capable of being performed by any surgeon 
of average compétence which will also give excellent 
results. 

Lastly, it should be stressed once again, that corrective 
surgery will at the most greatly improve the motor 
performance of the hand but will not restore its sensibility. 
Patients wanting and undergoing corrective surgery must 
be made to realize the implication of this situation. They 
should be made to realize that corrective surgery does not 
absolve the patients' responsibilities of taking proper care 
of their insensitive hands. On the contrary, the need for 
care and protected use is increased after corrective surgery. 
That is because the hand functions better and is therefore 
more exposed to injury thanbefore corrective surgery. 
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MOVEMENTS OF THE THUMB 

The thumb is more complex than the finger in its structure 
and function. In order to properly help in various grips of 
the hand, the functional requirements of the thumb are: 
(i) it should be able to move away from the palm (for 
opening the hand), (ii) the thumb pulp should be able to 
face the fingers (for taking hold of an object), (iii) it should 
be possible to strongly approximate the thumb towards 
the palm (for gripping the object firmly), and (iv) it should 
be possible to "protract" and "retract" the thumb (for 
moving small objects to and fro). 

The movements of the thumb are described as three 
paired and opposite actions: extension-flexion, abduction- 
adduction and medial-lateral rotation (or pronation and 
supination, respectively). Isolated rotation is not possible 
in the thumb or any other digit. There is one other set of 
movements: opposition-reposition. This is a complex 
movement occurring in ail the three planes. 

Thumb extension is moving the thumb in the palmar 
plane towards the radial side of the hand. Flexion is moving 
the thumb in the palmar plane towards the little finger or 
the ulnar side of the hand. Abduction is moving the thumb 
away from the palm in the plane perpendicular to the palm, 
and adduction refers to moving the thumb towards the 
palm (II metacarpal) in the same plane. Opposition is 
movement of the thumb as a whole which results in the 
pulp of the thumb facing the pulp of the other digits. For 
opposition to be successful, the fingers should also flex at 
the metacarpophalangeal (MCP) joint. Opposition is 
usually tested by judging the ability to place the thumb 
and the little finger pulps squarely together, opposing the 
thumb to the index finger and long finger together, 
however, is more meaningful in terms of function. The 
movements of the thumb involved in opposition are: (i) 
abduction, flexion and médial rotation at the 


carpometacarpal joint, (ii) flexion combined with abduction 
and médial rotation at the metacarpophalangeal joint, and 
(iii) flexion or extension at the interphalangeal joint. Thus, 
ail the three joints of the thumb are involved in the 
movement of opposition. The movement by which the 
thumb returns to the position it assumes in the open hand 
is called "reposition" or "retroposition". 

The pattern of movements of the normal thumb are 
produced by the coordinated action of a number of muscles 
acting at three joints—the basal (carpometacarpal or CMC) 
joint, the middle (metacarpophalangeal or MCP) joint and 
the distal (interphalangeal or IP) joint. The basal and the 
middle joints hâve three degrees of freedom of movement, 
while the distal joint has only one degree of freedom 
movement. The basal joint, a saddle joint, is so constructed 
that isolated rotation or flexion-extension movements are 
not possible; flexion is always associated with pronation 
or médial rotation, and extension with supination or 
latéral rotation. Secondly, the range of active movement 
(flexion-extension and abduction-adduction) at the middle 
joint (MCP joint) is quite restricted in ail directions and is 
much less than that at the MCP joints of fingers. Lastly, the 
distal joint (IP joint) of the thumb has a much greater range 
of movement compared to that of the fingers. Further, unlike 
in the finger, movements of the distal joint are not linked to 
those of middle joint. 

Equilibrium of these joints is maintained by the intrinsic 
and extrinsic muscles. Extension of the thumb at ail three 
joints is carried out and maintained by the extensor pollicis 
longus (EPL). Since it is an extensor, it is also a supinator. 
Working in combination with flexor pollicis longus (FPL), 
it can also adduct the thumb because of their mediolateral 
oblique course. The middle joint is stabilized in extension 
by the extensor pollicis brevis also. In the normal hand, 
the abductor and flexor pollicis brevis muscles combine 
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with the adductor pollicis to give about 50% of the power 
of extension of the distal thumb joint. These muscles extend 
the distal joint by sending well-developed slips to form 
the extensor expansion of the thumb. 

The basal joint is flexed and held in flexion by the 
opponens pollicis and flexor pollicis brevis muscles. The 
flexor pollicis brevis also contributes to the flexing forces 
at the middle joint, while the end joint is flexed only by the 
long flexor. It must be noted that the long flexor has hardly 
any flexing effect on the carpometacarpal joint of the thumb 
as it lies too close to the joint compared to the long extensor. 

The thumb is abducted and held in abduction by the 
abductor pollicis brevis. Ordinarily, the long abductor 
muscle can only extend the thumb metacarpal, but in many 
hands, it slips forwards when the wrist is flexed, and then 
it can cause true abduction to the thumb. This is used for 
abducting the thumb as a trick movement by patients 
having paralysis of abductor pollicis brevis. Extension of 
the wrist abolishes this "trick abduction" action of 
abductor pollicis longus. 

The thumb is adducted and held in adduction by the 
adductor pollicis muscle which provides power to the 
digitopalmar power grip. As mentioned earlier, the long 
extensor and flexor muscles acting together can adduct 
the thumb even when adductor pollicis is paralyzed. This 
is évident in the key grip which is the only way thumb is 
used by patients with paralysis of ail intrinsic muscles. 

Pronation occurs at the basal joint and the opponens 
pollicis and flexor pollicis brevis muscles are responsible 
for this movement. 

Supination is associated with extension and is carried 
out by extensor pollicis longus which is the only muscle 
coursing mediolaterally on the dorsal side of the thumb. 
The above observations are summarized in the Table 1. 

THUMB IN LEPROSY 

In leprosy, the thumb is affected because of involvement of 
the ulnar, médian and radial nerves. The functional 
disability conséquent to such involvement dépends upon 
whether these nerves are involved singly or in some 
combination. The most common présentation in leprosy is 
ulnar paralysis. Less commonly, ulnar paralysis occurs 
together with low médian paralysis. Triple nerve paralysis 
involving ail three (ulnar, médian and radial) nerves and 
high médian paralysis giving rise to paralysis of flexors of 
the wrist, and the digits is quite uncommon, the latter 
condition being quite rare. 

Paralysis resulting from any of these nerves singly or 
in combination results in thumb function being affected 
as also the stability of the thumb joints, i.e. postural changes 
occur in the three joints. Studies of postural changes in 
thumbs with complété or partial intrinsic paralysis hâve 


TABLE 1: Muscles responsible for various types of 
movements of thumb 


Direction of force 
towards 

Muscles responsible for movement at 

Basal joint 

Middle joint 

Distal joint 

Extension 

EPL 

(EPB) 

(APL) 

EPL 

EPB 

EPL 

APB 

FPB 

Add poil. 

Flexion 

FPB 

Opp poil. 

FPB 

(FPL) 

FPL 

Pronation 

Opp poil. 
FPB 

— 

— 

Supination 

EPL 

— 

— 

Abduction 

APB 

APB 

— 

Adduction 

Add poil. 
EPL 

Add poil. 

— 


shown that: (i) when there are no intrinsic muscles the 
thumb tends to get more extended at the basal joint and 
flexed at the middle and distal joints, (ii) when the basal 
joint is stabilized by the oppones pollicis, the situation 
changes with the middle joint tending to get extended or 
hyperextended, and the distal joint still remains flexed, 
(iii) if the middle joint is also stabilized (by flexor pollicis 
brevis), extension of the terminal phalanx improves a lot 
and middle joint hyperextension is also abolished. 

Ulnar Paralysis 

A normally acting thumb is essential for efficient use of 
the hand involving pinch and grip activities and ail types 
of grips except possibily the hook grip. In ulnar paralysis, 
the grip becomes weakened because adductor pollicis 
which normally produces powerful adduction of the first 
metacarpal and proximal phalanx of the thumb is 
paralyzed. In about 70% of the patients, the flexor pollicis 
brevis (FPB) is usually wholly or partly supplied by the 
ulnar nerve. In such persons, thumb flexion and power 
pinch are further weakened by the ulnar palsy. In these 
case, the MCP joint of the thumb becomes unstable in 
flexion, and during the power pinch, this joint buckles 
and collapses in hyperextension, and IP joint is markedly 
flexed, which is the so-called "Z"-deformity (Fig. 1). When 
the ulnar palsy thumb has to adduct (as in the card test), 
that is achieved by the long flexors and extensors acting 
together, giving rise to flexion at the IP joint (Froment's 
sign). 

Précision handling also becomes difficult, both because 
of the instabilities of the thumb as well as because of the 
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Fig. 1 : “Z”-deformity of thumb in ulnar nerve paralysis. The 
deformity becomes obvious when the thumb has to resist 
extending forces 

limited latéral and axial movements of the fingers, clawing 
of the ring and little fingers and instability of the fifth ray. 

Combined Paralysis of Ulnar and Médian Nerves 

When both ulnar and médian nerves are paralyzed, there 
is paralysis of ail the intrinsic muscles of the thumb, and 
the disability is very much enhanced. The choice of 
postures and movements available for the thumb becomes 
very restricted. Effective pinch is almost totally lost and 
the thumb, extended and supinated at the MCP joint lies 
beside the palm unable to assist in précision and power 
grips (Fig. 2). The extensors of the thumb can still effect 
extension or adduction-extension of the first metacarpal, 
but that is about ail they can do. The position of the middle 
phalanx is indeterminate and the distal phalanx is stable 
only in severe flexion. The flexor pollicis longus can at the 
most bring the extended first metacarpal to the neutral 
position, but this is associated with further flexion of the 
already severely flexed distal phalanx. Abduction and 
opposition movements are also totally lost. Due to loss of 
the opposition and the abductive force of the thumb 
coupled with the anomalous flexion pattern of the 
paralytic claw fingers (which curl up on attempted flexion), 
instability of ail the metacarpophalangeal joints and the 
absence of the hypothenar élévation, hardly anything is 
left of the grasp function of the hand. 1 Ail that is left is a 
kind of key grip. With some effort, a small smooth object 
(such as a nail) can be picked up with this key grip when 
the upper arm is abducted, the forearm is pronated and 


Fig. 2: “Intrinsic zéro” thumb in combined 
paralysis of ulnar and médian nerves 

the wrist is held in flexion. If the loss of sensibility of the 
entire volar side of the hand is also taken into account, the 
disability almost amounts to a physiological amputation 
of the hand (White, I960). 2 Only a few useful functions 
remain, such as the hook grip and inter digital squeeze. 
The key grip occurs between the proximal phalanx of the 
thumb and the distal part of the second metacarpal and 
base of proximal phalanx of the index finger. This side- 
ways pinch is of some importance, since certain degree of 
dexterity is sometimes attained with it which may be lost 
after thoughtless tendon transfer. 

The disturbance can become even more complicated, 
especially in combined paralysis of the médian and ulnar 
nerves, when contracture develops. The flattening of the 
transverse metacarpal arch, the clawing of the fingers, and 
the flexion of the distal phalanx of the thumb can easily 
acquire a fixed character. This is soon followed by 
adduction-extension contracture of the thumb due to 
adaptive shortening of the skin and the fascia in the first 
web. Capsular contracture of the first carpometacarpal joint 
may also occur in neglected cases. In long-standing cases, 
the tendon of the extensor pollicis longus slips down the 
ulnar side of the MCP joint of the thumb to be permanently 
located there. Some cases develop a chronic subluxation 
of the basal joint (CMC joint) of the thumb. 

Surgical Correction of Intrinsic Minus Thumb 

The principle underlying transfer of a tendon of an intact 
muscle to compensate for the loss of function of one or 
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more paralytic muscles was first applied by Nicoladoni in 
1882 3 in a case involving the lower leg. It was in 1918 that 
Spitzy 4 discussed loss of opposition of the thumb which 
he proposed should be treated by an arthrodesis of the 
carpometacarpal joint. In the same year, Steindler 5 made 
the first mention of a tendon transfer to obtain opposition, 
and he was soon followed by many others. By 1930, 15 
publications appeared, 12 of which concerned different 
methods on reconstruction of opposition. However, it was 
only in 1942 Bunnell drew attention to reconstruction of 
abduction of the thumb and abduction of the index finger 
and laid down the basic principles of tendon transfer in 
thenar paralysis. 6-9 Since then many procedures of tendon 
transfer hâve been described for restoring thumb function 
in thenar paralysis, and they hâve varied in the choice of 
the motor, the use of a fulcrum, the direction of pull of the 
transferred tendon, and the manner of insertion. 

The Motor 

For the choice of the most suitable muscle for transfer as 
the motor, several factors must be taken into account. 

1. Which muscle-tendon units are still active? In leprosy 
the pattern of paralysis is more or less predictable and 
so this is not a major problem. 

2. Which of these muscle-tendon units are transférable 
without causing an unacceptable disability? 

3. What is the relationship between power and amplitude 
in these muscles? 

4. Which of these muscles are synergists to the thenar 
muscles? 

5. Whcih muscle-tendon units hâve given good 
restoration of opposition empirically? 

6. Where is the scar tissue located if présent? 

7. Will the muscle-tendon unit proposed to be transferred 
be required for some other procedures as well? 

The Fulcrum or Pulley 

The tendon transfer has to achieve abduction and some 
flexion in abduction (opposition). To get the former, the 
tendon has to pull as laterally as possible from the 
anteroposterior axis of the CMC joint. To get maximal 
flexion of the first metacarpal, the tendon should pull from 
as far anteriorly as possible from the transverse axis of the 
CMC joint. If a single tendon transfer is proposed, if the 
transferred tendon pulls towards the pisiform, that oblique 
pull may be resolved into two more or less equal 
components, one latéral and the other anterior. 

If an extensor of the wrist or of a finger is transferred 
around the médial border of the wrist or forearm and then 
passed subcutaneously to the thumb, the tendon acquires 
the correct direction almost automatically. The ulna then 


functions as fulcrum. If however, a flexor tendon is 
transferred, a fixed point or a pulley is needed at wrist 
level to serve as fulcrum to provide the right direction of 
pull. The more distally the pulley is situated, the greater 
will be the flexing component, and the more proximally it 
is located the greater will be the abductor action. A number 
of procedures hâve been described to create the fulcrum or 
pulley for obtaining the desired direction of pull of the 
motor tendon. They include making an opening in the 
tendon sheath of flexor pollicis longus (Steindler), 10 using 
the distal margin of the flexor retinaculum (Ney, 11 Littler, 12 
Williams, 13 Zancolli), 14 ulnar margin of the palmar fascia 
(Thomson), 15 window in the flexor retinaculum (Roeren, 17 
Kiaer, 18 Snow and Flink, 16 Srinivasan) 19,20 using the 
Guyon's tunnel (Brand), 21 around the pisiform bone 
(Palazzi), 22 loop from flexor carpi ulnaris (Riordan), 23 sling 
at pisiform bone (Bunnell), 6 around the lower end of ulna 
(Phalen and Miller, 24 Henderson, 25 Cook), around flexor 
carpi ulnaris tendon (Bunnell), 6 around palmaris longus 
tendon (Edgerton and Brand), 26 etc. Similarly, a variety of 
muscles such as flexor pollicis longus, flexor digitorum 
sublimis, palmaris longus, extensor pollicis brevis, 
extensor carpi radialis, extensor digiti minimi, abductor 
pollicis longus and extensor indicis proprius hâve been 
used as motors. 

The Insertion 

In the description of the various methods for tendon 
transfer, it is interesting to note that initially the transferred 
motor tendon was attached to the first metacarpal, whereas 
later this was shifted radially or dorsoulnarly to the base 
of the proximal phalanx. The objection to a single insertion 
on the proximal phalanx of the thumb is that with even a 
slight shift, the transferred tendon of the thumb cornes to 
lie either anterior to the transverse axis of the MCP joint, to 
cause hyperflexion of the proximal phalanx, or it may lie 
dorsal to this axis, giving rise to hyperextension of the 
proximal phalanx and flexion of the distal phalanx. Once 
a hyperflexion of the proximal phalanx has occurred, the 
flexed thumb will work as a lever arm in the pinch grip, 
and as a resuit of the pressure of the index and middle 
fingers, the first metacarpal will be rotated into supination. 
This shifting of the motor tendon at the metacarpo- 
phalangeal joint is prevented if the tendon is fixed to the 
insertion of abductor brevis. Although this mode of 
insertion does not provide either flexion or pronation of 
the proximal phalanx, it is nevertheless the idéal insertion 
in cases with paralysis of the radial thenar muscles 
(abductor pollicis brevis, flexor pollicis brevis and 
opponens pollicis). This can be easily understood if it is 
kept in mind that a complex movement like opposition 
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cannot be completely realized by a single tendon transfer, 
and that it is chiefly the action of the abductor brevis which 
must then be compensated for. 

Another way to prevent shifting of the motor tendon is 
the double insertion. However, it is far from easy to achieve 
the correct tension in both tendon slips especially since 
the tension ratio of the slips changes during opposition. 
In case of médian and ulnar nerve paralysis, if one tendon 
slip is sutured to the abductor brevis insertion and the 
other to the tendon of the extensor pollicis longus distally, 
a good position of the proximal phalanx will be obtained 
initially, and at the same time the frequently présent 
hyperflexion of the distal phalanx will be corrected. But 
since there is no force to counterbalance abductor action, 
the chances are that the ligaments on the ulnar side of the 
metacarpophalangeal joint will get stretched eventually, 
by the traction of the transferred tendon and also by the 
pressure of the fingers during the grasping movement. That 
would resuit in hyperabduction of the proximal phalanx 
of the thumb. In cases of paralysis of ail the intrinsic thumb 
muscles, therefore, the ingenious double insertion devised 
by Brand 21,27 (one slip fixed to abductor brevis and the 
other to adductor pollicis around the dorsum of the 
metacarpal) is the most suitable method. This double 
insertion stabilizes the MCP joint in the mediolateral 
direction, and prevents any tendency for secondary 
hyperabduction. 

Objectives of Surgery 

Surgical reconstruction for the paralyzed thumb is aimed 
at restoring both function and stability. As mentioned 
earlier, functional loss involves both précision and power 
grips, two very vital actions which need to be accomplished 
for a hand to be useful. The muscular actions affecting the 
thumb as involved in pinch and grasp may be divided 
into two components, one responsible for abduction- 
opposition, and the other providing compression force 
during the pinch itself. 

The thumb needs dynamic stability requiring the 
following. 

1. Abduction of the first metacarpal with some pronation 

2. Abduction and flexion (or at least prévention of 
hyperextension) of the proximal phalanx of the thumb 

3. Extension of the distal thumb j oint avoiding tip flexion 
during pinch grip 

4. Efficient three-digit (or "Jacob's chuck type") pinch 
rather than a simple two-digit pinch. Abduction, 
pronation and flexion of the first metacarpal is 
necessary to position the thumb for a good three-point 
pinch. If transfers provide the thumb with both 


abduction and adduction, the flexor pollicis longus 
will supply needed strength for a three-point pinch. 

Evaluation of the Thumb 

The thumb should be carefully evaluated before surgery, 
noting its resting position, State of ail the muscles moving 
the thumb and its three joints. The CMC joint should be 
checked for subluxation and contracture in the extended 
and externally rotated position. The MCP joint should be 
checked for arthritis and instability in flexion. The IP joint 
should be checked for flexion contracture. Further, the 
thumb web should also be checked that it is not contracted 
and would permit at least 40° to 45° abduction. When any 
joint problem like subluxation or arthritis is suspected, 
radiographs must be taken to confirm the suspicion. When 
joint problems are présent, or when there is contracture of 
the thumb web or of the IP joint (more than 40° flexion), the 
patient should be referred to a specialist center for 
treatment. 

Checking the CMC Joint 

1. Hold the metacarpal of the thumb with your hand and 
push and pull the thumb along its long axis. When the 
joint is normal it does not move up and down during 
the maneuver, but when the joint is subluxated it does. 

2. Take hold of the thumb by its metacarpal, lift it off and 
across the palm as much as possible. If the terminal 
phalanx of the thumb can now face the base of the little 
or ring finger, it indicates that there is no contracture of 
the CMC joint in external rotation. 

Checking the MCP Joint 

1. If there is swelling in the région of this point, or if on 
passively moving the joint crepitus is felt, or abnormal 
or excessive movement in some direction is elicited, it 
suggests neuroarthropathy of the joint. Radiographie 
examination is indicated. 

2. Ask the patient to hold the thumb stiff while you push 
it back at the terminal phalanx. When there in 
instability of the MCP joint, this joint buckles into a 
hyperextended position (the so-called Z-deformity) 
during this maneuver. In many hands with ulnar plasy, 
the Z-deformity) (MCP joint extension) is présent to a 
varying extent even while the thumb is at rest 
(indicating instability of the MCP joint in flexion), and 
it becomes even more pronounced when this test is 
done. 
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Checking the IP Joint 

1. For contracture: Take hold of the proximal phalanx of 
the thumb with one hand and the distal phalanx with 
the other hand and passively extend and hyperextend 
the distal phalanx as much as possible. The extent of 
hyperextension at this joint varies in different ethnie 
groups, it being quite high among Indians and other 
orientais. When there is no hyperextension, or when 
the joint cannot be fully extended, that indicates flexion 
contracture. The extent of flexion contracture should 
be measured with a goniometer and the contracture 
angle recorded. 

2. For the State of extensor: This test is done only when 
there is no flexion contracture of the IP joint. Steady the 
thumb by holding it by the metacarpal and the proximal 
phalanx, and ask the patient to lift the tip of the thumb. 
When the extensor pollicis longus muscle is weak or 
when its tendon is damaged over the IP joint (and if 
there is no flexion contracture), the terminal phalanx 
cannot be lifted fully into the straight or the 
hyperextended position. Measure the extent of 
"extension lag" and record it as "assisted extension 
angle", or as "extension lag by so many degrees". 

Assessment of Thumb Web 

Let the patient place the hand on the table, resting it on its 
ulnar border and palm facing one side, and hold the hand 
steady. You take hold of the thumb by its metacarpal head, 
not by the proximal or distal phalanx, and move it 
passively off the plane of the palm and across it (i.e. abduct 
and make the thumb oppose) as much as possible, 
stretching the thumb web in the process. Measure the angle 
between the shafts of the metacarpal bones of the thumb 
and the index. This measurement gives the passive 
abduction or thumb web angle. Where possible, compare 
the value with the normal contralatéral side. Thumb web 
angle of less than 40° indicates unacceptable thumb web 
contracture which should be corrected before or along with 
the tendon transfer procedure for restoration of abduction- 
opposition. Correcüve surgery without correction of thumb 
web contracture is sure to fail. 

Tendon Transfer Procedures for 
Restoration of Opposition 

A large number of procedures hâve been described to 
restore opposition. 

Steindler (1918) 5 split the distal portion of the flexor 
pollicis longus tendon into two parts, freed the radial half 
from its insertion and brought it around the radial side of 
the thumb and then inserted it dorsally on the base of the 
proximal phalanx. The opening in the tendon sheath of 


the long flexor served as a pulley. This was the first 
dynamic method to be devised for correction of thumb with 
thenar paralysis. 

Howell (1926), 28 Silfverskiold (1928), 29 von Bayer 27 
(1932), 30 Makin (1967), 31 and Williams (1966) 13 hâve ail 
used the flexor pollicis longus as the motor, using different 
sites for the pulley and reinsertion of the motor tendon. 

Huber 32 and Nicolaysen 33 (1921,1922) used the abduc- 
tor digiti minimi to replace the action of the radial thenar 
muscles. However, in leprosy, since the ulnar nerve is 
always involved earlier than the médian nerve, this muscle 
will not be available for transfer. 

Scherb (1945) 34 detached the abductor pollicis longus 
tendon from its insertion and reinserted it at a point more 
ulnar and distal to the original insertion of the first 
metacarpal. 

Riordan pointed out that the direction of pull of 
abductor brevis was not towards pisiform bone but 
towards the midpoint of the distal wrist crease (the site of 
attachment of palmaris longus tendon to the flexor 
retinaculum). He also pointed out that the short abductor 
and adductor pollicis muscles significantly contributed 
to the extensor expansion of the thumb and suggested that 
the direction of pull of the motor tendon should be similar, 
from midpoint of the wrist to the tendon of EPL along the 
axis of abductor brevis (Riordan, 1953). 23 

Brand 21 combined the principles laid downby Bunnell 6 
(direction of pull towards pisiform, course of motor 
superficial to flexor retinaculum and insertion on the ulnar 
side of the proximal phalanx) and the ideas of Riordan, 23 
by using Guyon's canal just latéral to the pisiform as the 
fulcrum, taking the tendon subcutaneously and splitting 
the motor tendon (usually ring finger sublimis tendon) 
distally into two slips, fixing one slip as Bunnell 6 advised 
(ulnar side of the base of proximal phalanx), and the other 
slip as Riordan advised (along abductor brevis, partly 
fixing it here) fixing it to the EPL tendon over the dorsum 
of the proximal phalanx of the thumb (Fig. 3). 35 

Edgerton and Brand (1965) 26 also used the abductor 
pollicis longus bringing the tendon over the brachioradialis 
around the radial side of the wrist, hooking it around the 
palmaris longus tendon, which served as pulley and then, 
taking it back subcutaneously, to the base of the first 
metacarpal, where it is sutured slightly distal to its original 
insertion. In this way the tendon remains superficial to 
the antebranchial fascia. They combined this method with 
an adduction tendon transfer using a flexor sublimus 
tendon as motor for which the free curving edge of the 
vertical septa of the palmar fascia served as pulley. 

Zancolli (1965,1968) 36,37 advocated the use of extensor 
pollicis brevis as the motor, routing its tendon through the 
radial portion of the carpal tunnel to the proximal phalanx 
of the thumb. 
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Fig. 3: Brand’s abductor-opponens replacement operation 
using one tendon of flexor digitorum superficialis (ring finger 
usually) 

Extensors of the finger hâve also been used for thumb 
correction in thenar paralysis. Cook (1921) drew one of 
the extensor tendons of the little finger around the volar 
side of the wrist and then subcutaneously over the thenar 
to the first metacarpal, Jahn (1929) 38 did the same with the 
extensor of middle finger. Zancolli (1965,1968) used the 
extensor indicis proprius, which was led via the ulnar 
side of the wrist to the proximal phalanx of the thumb. 
Price (1968) 39 passed the extensor indicis proprius as the 
motor, passing it between the radius and ulna in the volar 
direction and then around the palmaris longus tendon to 
make it function purely as an abductor. This transfer is 
combined with a transfer of the superficial flexor tendon 
of the middle finger, which was functioning as flexor and 
opponens. Phalen and Miller (1947) 24 used the extensor 
carpi ulnaris round the ulnar side of the wrist. Iselin 
(1955) 40 used the extensor carpi radialis longus or brevis 
around the ulnar side of the wrist. He also used the 
brachioradialis. 

It was Ney (1921) 11 who used the palmaris longus 
tendon routing the tendon under the antebrachial fascia. 
In the absence of palmaris longus he used flexor carpi 
radialis using transverse carpal ligament as pulley. Camitz 
(1929) 41 used palmaris longus without a pulley, 
lengthening the tendon with a strip of palmar fascia. 
Krukenberg (1921) 42 split the flexor superficialis tendon 
of the middle finger in two and inserted the radial half at 
the site of insertion of the opponens. 

Bunnell (1924) 43 advocated the use of flexor superfi¬ 
cialis of the ring finger drawn through a pulley constructed 
out of flexor carpi ulnaris in the vicinity of the pisiform 
bone. The tendon was inserted dorsoulnarly on the base 
of the proximal phalanx. This method was generally 


accepted with many surgeons hooking the motor tendon 
around the flexor carpi ulnaris tendon using it as pulley. 
Roeren (1932) 17 and Kiaer (1953) 18 routed the flexor 
superficialis via an opening in the distal and proximal 
part of the flexor retinaculum (transverse carpal ligament) 
respectively. Snow and Fing (1971) 16 reintroduced the 
procedure recently. 

For restoration of abduction and opposition in our 
patients with combined paralysis of ulnar and médian 
nerves, we prefer to transfer the flexor superficialis as a 
two-tailed transfer routing it through a small window in 
the flexor retinaculum (Fig. 4), or use the extensor indicis 
proprius as motor, routing it through an opening in the 
interosseous membrane of the forearm. These two methods 
are described in some detail below. 

Two-tailed Transfer of Flexor Superficialis 
Through a Window in the Flexor Retinaculum 

The superficialis tendon is exposed in the proximal 
segment of the finger, divided beyond its décussation, and 
pulled out in midpalm. The flexor retinaculum is exposed 
through a curved incision skirting the thenar eminence. A 
small (3 mm x 3 mm) disk is eut out from the proximal part 
of the flexor retinaculum, and the superficialis tendon is 
brought out through this window with its synovial sheath 
intact. In those cases where the synovial sheath is torn, a 
euff of synovial sheath is sutured to the margin of the 
window to prevent adhesion of the tendon to the edges of 
the window. The tendon is then brought to the radial border 
of the thumb subcutaneously at midmetacarpal level and 
spilt into two slips. One slip is taken latéral to the MCP 



Fig. 4: Postoperative photograph of intrinsic zéro thumb 
corrected by flexor superficialis transfer through a window in 
the flexor retinaculum 
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joint and brought to the dorsum of the proximal phalanx. 
The other slip is passed volar to the MP joint and brought 
to the dorsum of the proximal phalanx around its ulnar 
border. Both slips are then sutured to the tendon of the 
extensor pollicis longus. Re-educative excercises are 
started 21 days after the operation. 

Extensor Indicis Transfer 56 

Through a long curvilinear incision centered over the ulnar 
side of the MCP joint knuckle of the index, the tendon of 
extensor indicis is identified, isolated, dissected out 
distally for 25 mm beyond the MCP joint and divided. The 
extensor expansion is repaired with fine (4/0 or 6/0 silk 
or nylon) sutures. Through a short transverse dorsal 
incision over the wrist, the same tendon is identified and 
withdrawn. 

A curved incision is made over the extensor aspect of 
lower one-fourth of the forearm, and the extensor 
digitorum communis tendons are retracted radialwards. 
The extensor indicis muscle is identified in the deeper plane 
on the ulnar side of the wound, and the muscle-tendon 
unit is gently withdrawn. Great care is needed during this 
maneuver, otherwise the muscle belly may be pulled out 
or the musculotendinous junction may be ruptured. 

The interosseous membrane is next exposed and the 
muscle-tendon unit of extensor indicis is passed through 
a natural defect, in this structure. In its absence, an 
appropriate incision is made in the membrane, and tendon 
of extensor indicis is passed through and brought out at 
the médial border of the forearm, a little proximal to the 
head of ulna, médial to the tendon of flexor carpi ulnaris. 

The tendon of extensor indicis is then passed obliquely 
subcutaneously across the thenar eminence, Crossing the 
MCP joint of the thumb well volar to its tr ans verse axis, 
and brought to the dorsum of the proximal phalanx of 
thumb around its radial border. 

Keeping the thumb in abduction-opposition, the MCP 
joint in some flexion and the IP joint in extension, the 
extensor indicis tendon is sutured to EPL tendon in 
moderately high tension. 

Restoring Adduction of the Thumb 

Adductor weakness is a source of functional disability 
when the patient's occupation demands a fairly strong 
power grip. 

A variety of procedures hâve been described for 
restoring thumb adduction. Bunnell described the 
"tendon-T" and the "Tendon-loop" operations, but they 
are rarely done now. 

Finger extensors hâve been used for thumb adduction 
by several surgeons. Brand advocates passing the extensor 
indicis proprius (EIP) tendon through the second 


interspace and attaching it to the adductor pollicis tendon. 
Orner 44 splits the tendon of EIP and attaches one-half to 
the thumb and one-half to the radial side of the index. 
Zweig 45 et al split the extensor digiti quinti for insertion to 
the ulnar side of the thumb and the radial side of the base 
of the index finger at the dorsum of the first web. 
Brachioradialis or extensor carpi radialis brevis (ECR) 
prolonged by a tendon graft and passed through the third 
interspace to the thumb MP joint has been described by 
Orner 46,55 and Boyes. 47 

Others hâve used FDS of middle or ring finger for 
thumb adduction. Orner 48 splits the FDS tendon, trans- 
ferring one-half deep to the flexors into the abductor 
tubercle of the thumb. The other half is further subdivided 
to provide slips to the latéral bands of the ring and small 
fingers. Brand, 35 Edgerton and Brand, 26 and Price 39 
transfer FDS superficial to the flexor tendons using the 
palmar fascia as a pulley. Tubiana, 49,50 Littler, 12 Hamlin 
and Littler, 51 and Brown 52 pass the FDS tendon deep to 
the flexors into the base of the thumb. Littler 12 occasionally 
transfers one-half of the tendon to the proximal phalanx 
of the small finger. Goldner 53 transfers FDS of the middle 
finger dorsally through the interosseous membrane of the 
distal forearm around the extensor carpi, ulnaris (ECU), 
and onto the ulnar tubercle of the thumb. 

Abductor digiti quinti has been transferred to the 
adductor tubercle by Tubiana. 50 Several authors hâve 
suggested arthrodesis of the MCP or IP joint of the thumb 
in order to improve power of thumb adduction. Our 
preference for adductor-short flexor replacement is to use 
the radial slip of index sublimis and inserting it to EPL 
tendon (Srinivasan, 1985). 54 

Procedure 

Through an oblique volar incision over the proximal 
segment of the index, the radial half of the superficialis 
tendon is identified, divided and separated from its fellow 
as far proximally as possible. Through a short longitudinal 
incision over the thenar space, in line with a index flexor 
tendon, the same slip is identified and pulled out. The 
EPL tendon is exposed over the dorsum of the proximal 
phalanx of the thumb, through a curvilinear incision. 

The half superficialis tendon is tunneled subcuta¬ 
neously (using the edge of palmar aponerurosis as pulley) 
across the région of thenar space and brought out over the 
dorsum of proximal phalanx. Keeping thumb well 
abducted, the half superficialis is sutured to EPL in slight 
tension. 

Thumb Web Plasty 

As a prerequisite to abduction-opposition transfer to thumb, 
it is most essential that it be possible to bring the thumb 
into opposition passively. In long-standing cases of ulnar- 



714 Textbook of Orthopedics and Trauma (Volume 1) 


médian paralysis where the thumb web has not been kept 
stretched by physiotherapy exercises, web contracture 
occurs which can be very severe at times. Usually, one can 
get the web stretched by physiotherapy using serial 
splinting, but in some cases surgical release of the 
contracture becomes necessary. This is done either prior 
to opponensplasty, or along with it. The correction consists 
of a skin plasty in the thumb web or sliding in the skin 
from the dorsum of the hand using a long-curved incision 
starting dorsally near the base of the third metacarpal and 
sweeping across the dorsum at the level the neck of the 
metacarpals and reaching the médial side of the MCP joint 
of the thumb. A small Z-plasty is usually added to the 
radial end of the incision. The dorsal skin is raised as a 
flap, slid radially and stitched back. Usually a small raw 
area remains over the médial one-third of the incision, 
and this is covered over with split thickness skin graft. 
The contracted intermetacarpal fascia over the first dorsal 
interosseous muscle may need to be divided and the muscle 
stripped from the first metacarpal, and the adductor 
pollicis may also need to be stripped off the third 
metacarpal. Occasionally, capsulotomy of the first 
carpometacarpal joint and a tenolysis of the extensor 
pollicis longus tendon may be required to obtain full 
release. In severe contracture at the base of the thumb, 
excision of the trapezium has been advocated. 

Arthrodesis ofthe Metacarpophalangeal Joint 

Arthrodesis of the MCP joint has been advocated in cases 
where this joint is hypermobile and unstable and the 
terminal joint is mobile but flexed, in spite of tendon 
transfer. It may also be done in cases of fixed deformity of 
the MP joint, e.g. fixed abduction, fixed hyperextension 
with or without subluxation. The basis for arthrodesis is 
that when the MP joint is stabilized, the terminal joint can 
be controlled by the extrinsic muscle alone. 

Surgery of the Thumb in Ulnar Nerve Paralysis 

Indications 

These are: (i) subjective functional déficit of the thumb, (ii) 
presence of Z-deformity, either at rest, or appearing against 
resistence, when the thumb buckles with hyperextension 
of the proximal phalanx and flexion of distal phalanx, 
and (iii) when the terminal phalanx of the thumb is flexed 
by more than 40° during a resisted pinch grasp, with or 
without any hyperextension of the proximal phalanx. If 
any joint changes are observed, clinically or on X-ray 
photographs, that should be dealt with first. 

Aims of Surgery 

The aims of surgery here are two: (i) to stabilize the MCP 
joint of the thumb in flexion, thus, preventing it from 


buckling into hyperextension during power pinch, and 
(ii) improve strength of the digitopalmar power grip. 
Stabilization of the MCP joint may be achieved by many 
ways such as arthrodesis of the MCP joint, arthrodesis of 
the IP joint or using flexor brevis substitution procedures. 
Arthrodesis of any one of the two (MCP/IP) joints 
abolishes the biarticular System, and the long flexor and 
long extensor can stabilize the remaining joint. Another 
way to achieve a similar resuit is to dorsalize one-half of 
flexor pollicis longus (FPL) tendon distal to the MCP joint. 
The distal end of FPL tendon is identified and split into 
two halves. The radial half is divided distally and the 
split in the tendon is extended proximally to give a radial 
slip of the tendon. This slip is now brought around the 
radial margin of the proximal phalanx and sutured to the 
EPL tendon, with the IP joint in the neutral position. The 
FPL now gets a double insertion on the volar and dorsal 
aspects of the distal phalanx, and this results in an 
"arthrodesis effect" on the IP joint. There are other ways to 
improve the effect of FPL at the MCP joint. These include 
volar capsular shortening and flexor pulley advancement, 
done together or singly, at the MCP joint level, and FPL 
tenodesis (fixing one-half of FPL tendon to the proximal 
phalanx of the thumb). 

Improving the strength of the power grip requires 
powerful adduction. As already mentioned in this regard, 
we prefer to transfer the radial half of sublimis tendon of 
the index finger to the thumb, for this procedure is simpler 
to do, re-education is also easy and the results are quite 
good. Abductor-short flexor replacement is not done as a 
routine in ail hands with ulnar palsy, but only in those in 
whom weakness of the grip causes considérable disability. 
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Drop Wrist and Other Less 
Common Paralytic 
Problems in Leprosy i 


GA Anderson 


INTRODUCTION 

Drop wrist resulting from radial nerve paralysis in leprosy 
is not a common problem. An early reference to this pointed 
out that it always occurred in association with paralysis 
of the médian and ulnar nerves and ne ver in isolation. 1 
Subsequently, it was reported from Papua, New Guinea 
that isolated radial nerve paralysis was quite commonly 
seen there. 2 The combination of paralysis of the ulnar, 
médian and radial nerves in leprosy has been termed as 
'Triple nerve paralysis". The frequency of occurrence of 
this combination within India has been put as being less 
than 1% of hand deformities seen in a hospital, 3 and as 
0.7% in a survey of an endemic area. 4 There is no 
explanation as to why the frequency of triple nerve palsy 
should be as high as 5% in the Far East. 5 

Classification of Triple Nerve Paralysis 

There are variations in the level of nerve paralysis as is 
évident by the different patterns of motor déficit. These 
can be considered as follows. 

1. Complété high triple palsy 2 ' 6 indicative of complété 
sensory loss and no functioning muscles in the forearm 
and hand. 

2. Incomplète high triple palsy 2 indicating a complété or 
incomplète radial paralysis, complété high ulnar 
paralysis, complété low médian paralysis with partial 
loss of some long flexors supplied by the médian. 

3. Classic triple nerve palsy 2,8 in which there is complété 
paralysis of ail muscles of the forearm and hand with 
the exception of the médian nerve supplied long 
muscles. 

The paragraphs that follow deal with management of 
the classic pattern which is relatively more common among 
this rare combinations of paralysis in leprosy. 


Assessment of Paralysis and Contractures 

The characteristic deformity is wrist drop. The meta- 
carpophalangeal joint of fingers are usually in some flexion 
depending on the degree of flexion at the wrist, the 
proximal interphalangeal joints are also flexed, and the 
thumb is held in adduction and supination. Wasting of 
the forearm and small muscles are obvious. Sensory loss 
is of the glove type extending from cubital crease to digital 
tips. 

Muscle Assessment 

Muscle power grading should be done systematically to 
document the power of ail the muscles that hâve been 
spared. The surgeon and the physiotherapist should make 
their own individual assessments, and then compare them. 
Weak muscles should be strengthened through a careful 
preoperative training program. In the classic triple palsy 
lésion, the long flexors: palmaris longus (PL), flexor carpis 
radialis (FCR), flexor digitorum profundus (FDP) of the 
index and middle fingers, flexor digitorum superficialis 
(FDS), flexor pollicis longus (FPL), pronator quadratus 
(PQ) and pronator teres (PT) are still functioning, as these 
muscles are supplied by the médian nerve in the forearm. 

Contractures 

There are seen at the wrist as flexion contracture, at the 
MCP joints as extension contracture, at PIP joints as flexion 
contracture, at thumb web as adduction-supination 
contracture and at the IP joint of thumb as flexion 
contracture. Triple paralysis of a long-standing nature 
hâve been known for their tendency to develop these con¬ 
tractures. 6 Because of the loss of finger extension, the 
unassisted angle cannot be measured and the Bouvier 
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maneuver that is used to assess the assisted angle is also 
not possible. Therefore, the contracture angle and the 
adaptive shortening angle, i.e. PIP joint angle 
measurements taken with the wrist in flexion, in neutral, 
in 30° extension and full extension positions, 7 are the only 
angles that can be measured. The passive range of motion 
possible at each of these joints need to be recorded. This 
forms the basis for the extent and duration of preoperative 
therapy that will be required. 

Preoperative Préparation 

The aims of preoperative therapy is to achieve a normal 
range of passive motion at the different joints so as to 
optimize the efficiency of the motors that are to be 
transferred. The attainment of this goal, however, can be 
difficult in stiff and contracted hands. Physiotherapeutic 
measures include wax bath, oil massage and careful 
passive stretching of ail joints followed by serial wrist 
wedging cast to correct the flexion contracture. Serial 
cylindrical splinting is given for the fingers, thumb spica 
for the thumb and web, and flexion traction is given for the 
MCP joints if those are required. This routine is carried out 
daily. Wrist contracture can usually be fully corrected, 
whereas, other joint contractures and thumb web contrac¬ 
tures may reach an end point where physical measures 
cease to be effective, or even prove counterproductive. 
Pursuing further physiotherapy with splinting, etc. will 
cause only edema, blistering and ulcération which will be 
a setback for the surgical program. Surgery is considered 
when maximum benefit from preoperaüve therapy has been 
reached. 

Reconstruction Considérations 

The main considération besides availability of muscles 
for transfer is the presence of contractures as already 
mentioned. These require surgical measures preceding or 
during definitive transfers. Management and release of 
contractures of the wrist, MCP, PIP, and IP joints are 
discussed in the Chapter 31 on "Salvaging Severely 
Disabled Hands". 

Reconstruction after Triple Nerve Paralysis 

It is said that in triple nerve lésion there is just not enough 
remaining active muscle mass. 8 Therefore, the limb will 
always remain weak despite corrective surgery. It must 
also be taken to mean that the surgeon should be aware of 
the few muscles that still remain unparalyzed and that 
these need to be put to proper use in a staged program. 
Stability of the wrist, finger and thumb in extension is 
provided for in the first stage. Claw-finger correction and 
opponensplasty is done at the second stage. 


First Stage 

The muscle transfers generally advocated in classic triple 
nerve paralysis are as follows. 

For wrist extension: Pronator teres (PT) is transferred to 
extensor carpi radialis brevis (ECRB). Robert Jones of 
England in 1917 and Stoffel of Germany in 1918 are 
attributed to hâve first used this transfer. 9 

For finger extension: Flexor carpi radialis (FCR) is 
transferred to extensor digitorum communis (EDC). Starr 
of England in 1922 is attributed to hâve first used this 
transfer. 9 

For thumb extension: Palmaris longus (PL) is transferred 
to extensor pollicis longus (EPL). 9 By releasing the third 
extensor compartment at the wrist, the EPL gets 
translocated radially, and this itself can bring about an 
appréciable degree of combined thumb extension and 
abduction as the PL contracts. In the absence of PL, the 
FCR can also be transferred to the EPL and EDC (Figs 1A 
to 2D). 

The PT to ECRB transfer is preferred to provide 
functional mobility to the wrist 3,10 and also because it gives 
good results. 6 Arthrodesis of the wrist as a first stage 
procedure has been used with daims that it reduces the 
reeducative and functional problems. 5 But it is not favored 
by patients 10 and in the CMC Hospital, Vellore sériés, 3 
out of 10 fusions had failed and 2 of these required 
secondary bone grafting. 6 However, wrist arthrodesis may 
be required when forearm muscles are very weak or 
paralyzed, or when the wrist joint has fixed deformity with 
radiocarpal or intercarpal subluxation or destruction. The 
AO technique of using a 7 or 8 hole DC plate 11 will ensure 
an idéal position and sound fusion as for the other 
conditions where this technique is employed. However, 
contouring of the DC plate is mandatory. 

Second Stage 

The superficialis tendons of the middle and ring fingers 
are a good source for claw-finger correction and 
opponensplasty. Both these procedures are done together 
in this stage. 

For claw-finger correction: The FDS (middle finger) is used 
for intrinsic replacement in claw correction by inserting 
the four slips on to the dorsal extensor expansion. 3,12,13 

For opponensplasty: The FDS (ring finger) is used for 
opponensplasty 12 preferably by the dual insertion 
technique. 3,6,10 Lest it be forgotten, the surgeon should 
ascertain preoperatively by personal examination, the 
power of the corresponding profundus in the finger from 
which he wishes to remove the superficialis tendon. Ideally 
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Figs IA to D: (A) Triple nerve palsy of 3 years duration—note characteristic deformities: drop wrist, metacarpophalangeal 
(MCP) joint extension, interphalangeal (IP) joint flexion, adducted and supinated thumb, and (B, C and D) excellent resuit of 2- 
stage reconstruction: pronator teres (PT) to extensor carpi radialis brevis (ECRB), flexor carpi radialis (FCR) to extensor 
digitorum communis (EDC) and palmaris longus (PL) to extensor pollicis longus EPL as first stage. Flexor sublines tendon of 
middle finger (FDSM) for claw-finger correction and flexor sublines tendon of ring finger (FDSR) for opponensplasty as second 
stage 
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Figs 2A to D: (A) Triple nerve paralysis in a 18-year-old female, and (B, C and D) excellent resuit following staged reconstruction. 
Initially MCP joint capsulotomy and collateral ligament transection was followed by 2-stage combinations of tendon transfers 
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the profundus muscle of that finger must be grade 5 if not, 
at least a good grade 4. The removal of the superficialis 
from a finger where the profundus is weak, i.e. grade 3 or 
less will lead to weak finger closure and poor hand 
function. 

Alternatives in cases of superficials weakness will be 
to perform a MCP joint volar capsulodesis or dermadesis 
combined with flexor pulley advancement 14 for claw-finger 
correction. These procedures are particularly indicated 
when finger extension is weaker than normal. Extra- 
articular bone block between the first and second 
metacarpal bases 15 will provide a strong thumb post in 
palmar abduction for the fingers flex against. Intra-articular 
trapeziometacarpal arthrodesis can also accomplish the 
same purpose. Obviously, the more the static procedures 
are done in such extensive lésions, the less will be the 
functional outcome. 

Triple nerve palsy in leprosy when managed by 
adéquate preoperative therapy followed by appropriate 
surgical technique of tendon transfers with a good 
postoperative rééducation program will ensure, a 
reasonable restoration of hand function. 6 

Other Less Common Problems 

Pure Radial Nerve Paralysis 

Pure radial nerve paralysis has been reported in the Far 
East as being not uncommon. 5 However, it is extremely 
rare in India. 

Radial and Ulnar Nerve Paralysis 

This dual combination of paralysis has been recorded 
though not in India. 2 This kind of paralysis leaves the 
whole of the médian supplied muscles free. Staged 
procedures restoring wrist, for finger and thumb extension 
by transfers can be followed by claw-finger correction 
procedures. PT transfer to ECRB, FCR to EDC and EPL 
combination is done. Opponensplasty will not be required, 
but claw-finger correction is then done by transfer of 
palmaris longus or superficialis of middle finger or by 
volar capsuloplasty and flexor pulley advancement. 

High Médian Paralysis 

High médian paralysis has been reported as being a very 
exceptional lésion seen perhaps in less than 0.1% of 


leprosy patients. 3 The lésion may still leave the FCR, PL 
and PT unaffected. A two-stage procedure becomes 
necessary. Extrinsic function of the index and middle 
finger (if weak) is managed by tenodesis of the profundus 
of the normally working little and ring fingers and partially 
working middle to the non-functioning index. Brachio- 
radialis is transferred to the FPL. At the second stage, an 
extensor indices opponensplasty can be done. 16 
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INTRODUCTION 

Reactions are épisodes of acute illnesses that occur during 
the otherwise chronic and placid course of leprosy. 
Reactions are seen in ail types of leprosy except the early 
indeterminate type. 1 Reactions are of two kinds, i.e. type 1 
and type 2. 

Type 1 reaction is the resuit of a sudden change in the 
cell-mediated immunity (CMI) status of the patient to 
Mycobacterium leprae and its antigens. When there is 
sudden increase in the CMI (and associated delayed type 
hypersensitivity (DTH) response), leprosy lésions 
containing the bacilli and its antigens become acutely 
inflamed. This kind of reaction is known as "reversai 
reaction" and it occurs usually in borderline types of 
leprosy. Reversai reactions when occurring in nerve trunks 
often lead to rapid destruction of the nerve with caseous 
necrosis of the nerve bundles. There is another type of 
type 1 reaction known as "downgrading reaction" in 
which the leprosy lésions rapidly worsen becoming more 
like lepromatous leprosy. Downgrading reactions are said 
to occur because of a sudden détérioration (loss) in the 
CMI status of the individual. 

Type 2 reactions are also known as "ENL reactions" 
or simply as ENL (erythema nodosum leprosum). 9 This 
type of reaction occurs in borderline lepromatous (BL) and 
lepromatous leprosy (LL) patients. This type of reaction is 
characterized by the occurrence of ENL which are 
evanescent rashes of foci of acute inflammation due to 
déposition of immune complexes. 9 Since the immune 
complexes could be deposited in any vascular tissue, many 
organs and tissues besides the skin and nerves may be 
affected in ENL reactions. 4 Eyes (iritis), joints (synovitis), 
testes (orchitis) are some of the more commonly affected 
organs in ENL reactions. Similarly, bone and muscle could 
also be affected though that is not too common. 


ENL reaction of moderate severity is associated with 
systemic symptoms, fever, malaise, etc. Usually, there are 
the tell-tale ENL rashes and nodules which corne in crops 
and disappear after 48 hours. 7 Sometimes, the inflam¬ 
mation may be more severe, leading, to vésiculation and 
even pustulation of the skin lésions. The pus is stérile, but 
it contains numerous polymorphs containing acid-fast 
fragments. In fact, the severe lésions are acute micro- 
abscesses. 

Hand may be involved in reactions and the outcome 
dépends on the tissue affected, the severity of reaction and 
its frequency. 2,3,5 When most, if not ail, tissues of the hand 
are severely and repeatedly affected, the patient may end 
up with a totally useless, grotesquely deformed, stiff hand. 3 
Mild involvement may resuit in mild sclerodermatous 
changes over the dorsal skin, and some stiffness of the 
joints of fingers. 

Clinical Features 

The hand is swollen and hot, and acute inflammatory skin 
lésions are seen. The patient has considérable pain in the 
hand and présents with other signs and symptoms of 
reaction. 7 Erythema multiforme like lésions involving the 
dorsal skin and subcutaneous tissue en plaque down to the 
deep fascia (leprous panniculitis) are commonly seen. 4 
The bones and muscles are also quite tender, and there 
may be effusion or swelling involving the small joints and 
synovial sheaths, especially of the extensor tendons. 9 

Natural History 

The natural history of the hand in reaction dépends on as 
already mentioned, the tissues affected, the frequency and 
the severity of involvement. 
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Skin and Subcutaneous Tissue 

Repeated attacks of acute inflammation leave the skin of 
the dorsum of the hand leathery, atrophie and adhèrent to 
the deep fascia. 5 

Fingers may develop nonparalytic claw deformity due 
to dorsal, dermal and subdermal fibrosis. In some cases, 
fingers become stiff in extension due to one type of 
pseudoswan-neck deformity, because of adhérence of the 
skin to the extensor expansion. 

In severe acute cases, plaques of dorsal skin may 
nécrosé, exposing the PIP joint in very severe instances. 
Rapid onset of finger stiffness is another common outcome 
of involvement of skin and subcutaneous tissues of 
the hand. 

Muscle 

Déposition of immune complexes in striated muscles is 
not common, but when it happens it leads to the 
development of acute myositis. 4 Usually, large muscles 
like the quadriceps or triceps are affected, but interossei 
could also be similarly affected. Myositis occurring in 
reactions like (ENL) is usually associated with severe 
edema and acute inflammatory infiltration of the bundles 
of muscle fibers as well as myonecrosis. Subsequently, the 
muscle undergoes contracture. In the hand, such a 
sequence of events leads to contracture of interossei and 
the conséquent "swan-neck" (intrinsic plus) deformity 

(Fig- !)• 

Bones 

Diffuse osteoporosis is the most common finding when 
the hand is involved in reaction. That probably only 
reflects the increased vascularity of the inflamed hand. In 
the early stages, only the cancellous bone in the juxta- 
articular area becomes porotic, but in severe cases there 
may be universal and severe osteoporosis of ail bones of 
the hand (Fig. 2). 8 Pathological fractures due to trivial 
trauma and juxtaarticular collapse due to normal stress 
are not uncommon in such hands. 

Usually, these events are missed at the time of 
occurrence in the background noise of pre-existing swelling, 
pain and tenderness, and are identified only when crepitus 
is felt when a finger is examined for some bizarre deformity 
or persistent pain. Pathological fractures unité when the 
bones are remineralized and because they were missed 
earlier, healing often occurs with deformity. 

Besides nonspecific osteoporosis, focal osteolytic 
lésions may also occur, usually in the phalanges. These 
may end up destroying the phalanges to varying extent 
with conséquent deformity (twisted fingers). 



Fig. 1: "Intrinsic plus" deformity conséquent to lepra reaction 
involving the hand and contracture of the interossei 



Fig. 2: Severe and general demineralization of 
bones of the hand in lepra reaction 

Management 

The deformities of reaction hand are difficult, if not 
impossible to treat once they hâve become established. 3,6 
Even heroic treatment with extensive surgery rarely 
provides a useful hand at the end. However, early 
récognition and prompt and proper treatment at that time 
itself is very rewarding, and many of the untreatable 
conséquences may thus be avoided. 5 
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The aim of treatment during the acute stage is: (i) to get 
the inflammation and edema resolved as early as possible, 
(ii) to protect the bones and prevent pathological fractures, 
and (iii) to prevent development of stiffness of the fingers. 6 

These aims are achieved by instituting prompt general 
antireaction treatment including steroid therapy, and 
thalidomide where feasible, and prompt and adéquate local 
treatment to the inflamed hand. The local treatment 
consists of: (i) élévation, (ii) splintage, and (iii) physio- 
therapy. Resting the hand in a splint in the functional 
position and high élévation are absolutely necessary local 
measures aimed at clearing the swelling. Splinting also 
protects the porotic skeleton of the hand from stresses and 
injuries, and thus helps to prevent pathological fractures. 

However, prolonged immobilization is bound to resuit 
in stiffness of the hand and that has to be prevented by 
graded mobilization. 2 A program of daily wax therapy 
foliowed by gentle passive movements of the joints is 
started. As the inflammation, pain and tenderness recede, 
movements, essentially passive movements are pro- 
gressively increased. Any worsening after physiotherapy 
is an indication that one has to slow down. Therefore, 
day-to-day monitoring of the progress and judicious 
combination of rest and movement hâve to be practised, 
with progressive increase in the movements and splint- 
free periods. Radiographie monitoring of the hand will be 
required when the initial radiographs show severe 
osteoporosis. When there is evidence of commencement of 
remineralization, and when bone tenderness, especially 
around the small joints has subsided, active movements 
are encouraged. In this manner, the joints are mobilized, 
kept mobile and stiffness avoided. 

During each bout of reaction if the above line of 
management is instituted early and the treatment is 
monitored carefully till the reaction fully subsides, a 
deformity-free, useful, functional hand can be maintained 
in most cases. 

Management of Frozen Hand 

When the patient is seen late, long after the subsidence of 
reaction and hand is already "frozen" in a bad position, 
treatment becomes extremely difficult and frustrating. 

Both physiotherapy and surgery would be indicated, 
but the chances of achieving significant success are rather 
low. The aim in these cases would be to achieve extension 
of the wrist and flexion of the metacarpophalangeal joints. 


Very often an associated ulnar drift of the finger is présent 
and that also would need correction. 

In severe cases of reaction hand, three tight structures 
prevent flexion of the metacarpophalangeal joints. They 
are: the skin, joint capsule and the extensor tendons. They 
need to be released at the same sitting, to the extent possible. 
Surgery therefore includes dorsal capsulotomy of the 
metacarpophalangeal joints together with lengthening of 
the extensor tendons. A skin graft is often needed to cover 
the defect on the back of the hand that is left when the 
flexion of the MCP joints has been achieved. 

Postoperatively, exercises are commenced after three 
weeks. Splinting the MCP joints in flexion in between 
exercises and for a long time afterwards is essential to 
prevent récurrence of deformity. Interphalangeal joints are 
exercised to achieve extension with the basal joint held in 
flexion. If after exercises and splinting, the interphalangeal 
joints remain flexed, arthrodesis in functional position is 
done provided the metacarpophalangeal joints hâve 
become mobile. 

Finally, it must be emphasized once again that early 
récognition of reaction and instituting adéquate 
physiotherapeutic measures during each bout of reaction 
to save the hand are the keys to achieve success in treating 
hands involved in reaction. 
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Salvaging Severely 
Disabled Hands in Leprosy 


GA Anderson 


INTRODUCTION 

For a variety of reasons, some leprosy patients end up 
with severely disabled hands. When leprosy itself was 
considered incurable as it was till recently, these patients 
were neglected, and when they were lucky they were looked 
after by charitable individuals and organizations. Now 
that leprosy is an eminently curable disease, many of these 
persons with severely disabled hands are cured of their 
disease, but their crippling disabilities and grotesque 
deformities corne in the way of their réhabilitation. This 
Chapter deals with this problem of severely disabled 
hands, and how to restore some usefulness to those hands, 
and improve their appearance in order to aid in the social 
and physical réhabilitation of affected persons. 

Causes of Severe Disability 

The hand may become severely disabled for a number of 
reasons. These include: 

i. extensive muscle paralysis, 

ii. severe contractures involving the j oints and other soft 
tissues of the hand, 

iii. neuropathie disorganization of one or more joints of 
the hand, and 

iv. complications (like loss, contracture and stretching) 
involving ligaments and tendons, because of earlier 
trauma and/or infection. 

Of these conditions, management of extensive muscle 
paralysis has already been described in the section "drop 
wrist and other less common paralytic problems". Here 
we deal with the other conditions contributing to severe 
disability of the hand. Anatomically speaking, severe 
disability may resuit from impairments involving the 
fingers, thumb or wrist, singly or in some combinations, 
as described below. 


Severe Impairments Involving the Fingers 

Contractée! Claw-hands 

The fingers usually develop flexion contracture of the PIP 
joint, and sometimes there is in addition MCP joint 
contracture in extension. The PIP joint cannot be passively 
straightened in these cases, and there is inability to flex 
the MCP joint. Intensive physiotherapy, including 
dynamic splinting produces some improvement, but there 
cornes a stage when no further improvement occurs, and 
the hand is still severely disabled, requiring corrective 
surgery for any further improvement. In these cases, 
besides correction of the contractures, claw correction by 
superficialis transfer is advised. The superficialis tendon 
of the middle finger is transferred to the dorsal extensor 
expansion of two or more fingers, to function as intrinsic 
replacement. The removal of this tendon not only removes 
a deforming force but also behaves as a strong corrective 
force in its new location, for these severe claw fingers. 1 " 3 
Supervised physiotherapy after three weeks of 
postoperative immobilization is a must. Cylindrical casts 
for the fingers and MCP joint dorsal block would be 
required for at least three to four weeks. Occupational 
therapy is commenced at this stage. Currently contracted 
clawhands with a long history of deformity are managed 
after surgery and physiotherapy by the use of a knuckle- 
bender splint, 3 with which the patient can do light 
activities. This is a disadvantage for those working in fields 
and farms who cannot use the splint. Another approach 
is to provide the patient is a knuckle bender splint after 
adéquate preoperative physical therapy, discharging the 
patient and calling him or her back six weeks later for 
claw correction. 3 When the residual PIP joint flexion 
contracture is more than 40°, it is best to arthrodèse these 
joints in 30° flexion without any further claw correction. 
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Proximal Interphalangeal Joint 
Flexion Contracture 

Proximal interphalangeal joint flexion contracture is quite 
common and canbe very severe. Contractures causing more 
than 30° of flexion require treatment. The contractures may 
involve skin, long flexor, joint capsule or the joint itself. 
Skin contracture is clinically identified by passively 
extending the joint and observing for pallor at the central 
finger crease and also by observing the short length of the 
intercrease distances, i.e. from the proximal and distal 
creases to the central crease. Where the other hand is 
normal, that serves for comparison. 

The absence of any change in the PIP joint angle with 
the wrist of MCP joint in any position indicate of capsular 
contracture. An increase in the PIP joint angle with increase 
in wrist extension or MCP joint extension is indicative of 
adaptive shortening of long flexor s. No movement or a 
"jog" of movement is diagnostic of contracture due to bony 
or fibrous ankylosis. Radiography of the finger is needed 
to confirm joint subluxation or articular destruction. A 
"sputnik" or dynamic outrigger splint 4 is a safe and 
versatile method to employ when the joint is flexed by 
more than 60° (Fig. 1). The wrist is immobilized in 15 to 
30° extension with two well-padded POP slabs, anterior 
and posterior, a circular chicken wire mesh bridging two 
circular galvanized wires of 30 cm diameter (or a Cramer 
wire splint) is attached to the slabs as an outrigger. This 
arrangement permits applications of hooks on to them with 
rubber bands at any desired level, which in turn are looped 
around hooks fixed to the nails of the fingers. In this 
manner, the PIP joint is gradually straightened by applying 
axial traction to the finger. Increasing the force of pull, in 
steps of 25 gm (as judged by a spring balance) once in 
three days will ensure graduai straightening of the finger. 
The circular splint is discontinued when the contracture 
angle is reduced to less than 60° and cylindrical POP 
splints (static splinting) are used. Shortened fingers with 
contractures at the PIP joint are not suitable for correction 
by this method. It is actually an advantage for the patient 
to use these short fingers with an acceptable degree of 
contracture than to hâve them straightened with difficulty 
and not be able to use the hand to hold objects. Only skin 
and capsular contracture may benefit from using the dyna¬ 
mic splint method. When no further improvement is 
noticed and disability from severe contracture still persists, 
surgical correction is indicated. 

Skin contracture release is carried out by a transverse 
incision along the volar central crease of the finger. At 
each of this incision a "dove-tail" or a broad "V" incision, 
directed dorsally is added. Skin and subcuticular tissues 
are spread apart carefully without damaging the flexor 
pulley. If the finger straightens out then no further release 



Fig. 1 : “Sputnik” splint for dynamic splinting of fingers 

is required. Straightening is facilitated if a volar proximal 
flap of the skin and subcutaneous tissue is also raised. If 
the contracture is still not released then the volar plate is 
incised transversely at its proximal part. If this proves 
inadéquate, the collateral ligaments may require 
transection. The finger can then be straightened out. 
However, one should ascertain that the neurovascular 
bundles hâve not been put to extreme stretch, by briefly 
releasing the tourniquet and looking for adéquate return 
of distal vascularity of the finger. If the finger remains pale, 
bend the joint until the return of circulation, pass an oblique 
K-wire across the joint in the position of the joint 5 mm of 
the wire projects from the fingertip. Simple skin and 
subcutaneous tissue release does not require the joint to be 
transfixed. Full-thickness skin graft, retained with some 
stitches is then used for covering the skin defect. One or ail 
fingers may be corrected this way. 

MCP Joint Extension Contracture 

Long-standing, neglected and severe claw deformity may 
resuit in the development of extension contracture of the 
MCP joints. This is also commonly seen in "reaction 
hands", which hâve been neglected without adéquate and 
proper physiotherapy. Correction is by dynamic splinting 
providing flexion traction. This is done by giving an 
anterior plaster slab extending up to but not beyond the 
distal palmar crease. A galvanized wire bar is attached, 
jutting out transversely for a 1 cm height, about 5 cm 
proximal to the wrist on this slab. From here rubber bands, 
one for each finger are looped into the wire. Finger loops 
(made of leather or rubber, e.g. cycle inner tubing) attached 
to the distal ends of these rubber bands are threaded onto 
the proximal segment of the fingers and increasing traction 
force is applied in steps of 25 gm, if some improvement is 
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noticed by two or three weeks, a well-padded fist bandage 
or a boxing glove splint is given. Surgery will be required 
when there is no such improvement. 

Here too the severity of the problem dictâtes the 
appropriate surgical measures to be carried out. If there is 
no dorsal skin thickening or obvious skin contracture, just 
two longitudinal incisions, one between the index and 
middle MCP joint-metacarpal neck area, and the other at 
the ring and little MCP joint-metacarpal neck area are made 
keeping a safe 2 cm distance proximal to the second and 
fourth web margins. The extensor tendon over the 
respective joints are split in the long axis, the dorsal capsule 
is incised transversely and a MacDonald dissector is used 
through the joint to free adhesions and the tight volar plate. 
The MCP joint is flexed now. If there still is no appréciable 
improvement, the radial collateral ligaments of the index 
and middle and the ulnar collaterals of the ring and little 
fingers are transected. Again flexion is attempted at each 
of the joints. If the joint springs back ("jump" phenomenon), 
then the other collateral ligament of the respective finger is 
also divided to obtain full and free MCP joint flexion. The 
split extensor tendon is repaired with interrupted sutures 
and skin closed with 40G SS wire. A dorsal plaster slab is 
used in the postoperative period. Gentle passive 
movements are commenced one week to 10 days after 
dorsal capsulotomy and collateral ligament transection. 
Claw correction is not advised if extension contracture of 
MCP joint is not satisfactorily corrected. 

When the skin is inelastic and tight over the dorsum of 
the hand, a transverse dorsal incision is made 2.5 cm 
proximal to the MCP joints. The skin and subcutaneous 
tissue on either side is undermined and raised as a flap 
from the supratendinous layer of deep fascia. Beneath the 
proximal "flap" ail the EDC tendons are divided using a 
Z-incision. Lifting the distal "flap", MCP joint dorsal 
capsulotomy and collateral ligament transections are done 
as described above. Full finger flexion is obtained this way, 
and then the extensor tendons are repaired, lengthening 
them in the process. If the skin defect that remains does 
not expose any nonvascular tissue like the tendons then a 
split skin graft may be used to cover the defect. Otherwise, 
a full thickness skin graft from the groin is used to cover 
the defect, with ethylon tie-over stitches retaining vaseline 
gauze and soft wet gauze beneath them so that the graft 
contours the defect. A dorsal slab is used to keep the MCP 
joints flexed. Immobilization for three weeks is required to 
ensure good healing. Mobilization of the hand is then 
gently introduced. 

Boutonnière Deformity (Hooding) 

Boutonnière deformity (hooding) was common in patients 
with lepromatous leprosy because of lepromatous 


infiltration of dorsal capsule of the PIP joint and the central 
tendon of the extensor expansion. Patients with long- 
standing claw deformity may also présent with this 
problem. Even some mobile clawhands in young adults 
may show this deformity. The deformity comprises flexion 
of the PIP joint and hyperextension of the DIP joint. Unlike 
in rheumatoid deformity, there is no hyperextension of the 
MCP joints, other than that due to paralytic claw deformity. 
There may be associated contracture of the oblique 
retinacular ligament of Landsmeer. That is confirmed by 
passively flexing the already flexed PIP joint further and 
observing the ease with which the DIP joint can now be 
passively flexed, but when the PIP joint is passively 
extended, that makes it difficult or impossible to flex the 
DIP joint passively. 

Physiotherapy does not improve the condition very 
much, and only surgery provides reasonable correction. A 
dorsal flap of skin over the proximal and middle phalanges 
is raised through a broadly open "V" incision, with its 
apex centered over the midlateral line at the PIP joint level, 
and the extensor expansion is exposed over the proximal 
and middle phalanges. 

Two longitudinal relaxing incisions are made just 
volar to the latéral bands and the transverse retinacular 
ligaments on the two sides are divided. The freed latéral 
bands brought dorsally. That procedure divides the 
contracted Landsmeer's ligaments. The latéral bands are 
then sutured to each other on top of the PIP joint. However, 
it is better to do a Z-lengthening of the extensor expansion, 
while at the same time fixing the proximal eut end of one 
latéral tendon so as to restore the integrity of the central 
tendon. 

Claw correction, preferably by volar capsuloplasty and 
flexor pulley advancement or tendon transfer using pulley 
insertion method, is done at the same time. Physical 
therpay is initiated three weeks later. Reasonable hooding 
correction and good claw correction can be expected by 
corrective surgical procedures. 

Very stiff and severe boutnonniere deformities require 
fusion of the joint in 30° flexion. For such fusion, the author 
prefers the Lister type fixation using a circlage wire and 
an oblique K-wire, both placed in the coronal plane. 7 This 
gives excellent fusion without the need for prolonged 
immobilization. Claw correction is not required when PIP 
joint is arthrodesed. 

Swan-neck Deformity 

Most often the patient seeks attention quite late with this 
deformity and the fixed PIP joint recurvatum and DIP joint 
flexion are very pronounced, along with MCP joint flexion. 
The confirmation test (Bunnell) is that, on passive 
extension of the MCP joint, it becomes difficult or 
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impossible to flex the PIP joint even passively, while on 
keeping the MCP joint in flexion, passive PIP joint flexion 
is somewhat easier. This condition usually results from 
contracture of the interossei in reaction hands. It is also 
common to seen in oriental hands after the original Stiles- 
Bunnel superficialis transfer, wherein ail superficialis 
tendons were dorsalized, 1,2 because of the very strong 
motor and possibly also due to the high tension of the 
motor tendon slips during their insertion to the dorsal 
extensor expansion. 2,6 However, this deformity may occur 
even after single superficialis transfer and that is then 
attributed to excessive tension or subséquent fibrosis of 
the graft. 6,8 Its incidence following sublimis transfer EFMT 
procedure was reported to be less than 5%. 8 

Physiotherapy for this problem can be unrewarding, 
hence surgery is advised. A dorsal rotation skin flap or 
even a Z-plasty of the skin 6 may be required to expose the 
extensor apparatus. Excision of a triangular segment of 
the extensor apparatus (the oblique fibers of extensor 
aponeurosis) between the latéral interosseous band and 
the central tendon 10 and releasing the latéral band from 
its dorsal displaced position may allow the PIP joint to 
flex. A K-wire is used to transfix the PIP joint in mild flexion. 
It is best to reroute one of the latéral bands, after dividing it 
proximally, near the proximal third of the proximal 
phalanx to run volar to the Cleland's ligaments, and 
reattach it to the extensor apparatus somewhat more distal 
to the original site of division. 

Alternatively, the DIP joint can be fused if it is grossly 
flexed, and the profundus tendon is then released and 
sutured at the middle phalanx. PIP joint fusion in swan- 
neck deformity is done only when there is gross destruction 
or dorsal subluxation of the joint. 

Guttering Deformity 

In this condition, the extensor tendon is displaced on the 
ulnar side of the corresponding metacarpal head into the 
intermetacarpal "gutter" or valley. This ulnarly dislocated 
extensor tendon needs to be surgically realined on top of 
the MCP joint to restore proper finger correction. 

Longitudinal incisions are made, the sagittal band 
(transverse lamina of Landsmeer) on the ulnar side of the 
extensor apparatus is completely incised. The extensor 
tendon is now freed and is relocated over the dorsum of 
the MCP joint. The stretched and lax radial sagittal fibers 
are shortened by imbrication with a 4-0 absorbable suture. 
Better still will be for a 4 cm long, half a segment of the 
respective extensor tendon to be detached proximaly, freed 
up to the MCP joint, and passed through the dorsal capsule 
on the radial side near to the proximal phalanx and sutured 
there. This centralizes the extensor tendon. MCP joints are 
immobilized in 60 to 70° flexion for three weeks. Super- 


vised gentle flexion, and extension exercises are then 
started. 

Severe Deformities of the Thumb 

Severe Thumb Web Contracture 

Severe thumb web contracture is taken to mean that 
physiotherapy cannot further improve the thumb mobility 
towards abduction or even flexion, i.e. in the plane of the 
palm. Hardly 25° to 30° of abduction is possible in these 
thumbs even after intensive physiotherapy. The extended 
Z-plasty of Brand 6,9 with the dorsal defect covered by full 
thickness skin graft from groin skin is the most suitable 
procedure. While freeing the web attention should also be 
paid to release the dorsal fascia between I and II 
metacarpals, adductor pollicis and first dorsal interosseous 
muscles and even the dorsoradial intermetacarpal basal 
ligament, if that becomes necessary, to obtain the abduction 
and pronation that will be needed when opponensplasty 
is done later. 

Fixed IP Joint Contracture 

Fixed IP joint contracture is seen in long-standing ulnar 
paralyzed thumb referred to commonly as Z-thumb 
because of the MCP joint hyperextension and IP joint 
flexion. 

Volar skin and subcutaneous release with full thickness 
skin graft is not very successful for the IP joint contracture. 
The thumb tip vascularity may be put in jeopardy if that is 
done in severe deformities. Arthrodesis through a dorsal 
midline incision and a "tongue-in-groove" type of appo¬ 
sition of the raw phalangeal ends can be held with an 
axial 1.5 mm K-wire. 

Immobilization will be required for at least 6 weeks. If 
the MCP joint is in fixed hyperextension or is dorsally 
subluxated, MCP joint fusion becomes necessary. 

Severely Absorbed Thumb 

Repeated pressure and ulcération over an anesthetic thumb 
progressively shortens it. Microfractures avascularity and 
overt séquestration following infection are the main causes 
of shortening fingers and thumb in leprosy. A skilled 
worker needs a reasonably long thumb for proper 
préhension. For correction of severely absorbed thumb, 
the author prefers the Gillies "cocked-hat" operation. 11 
Here an incision is placed in a semicircular fasion on the 
dorsal, radial and palmar aspects of the midthenar 
eminence. Gentle release of the skin and subcutaneous 
tissue up to muscle is done and turned over ulnarwards 
like a cocked-hat on the head. This exposes the stump. 
Iliac bone graft of 2.5 to 3 cm is taken and used like a peg 
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into the metacarpal end to lengthen the thumb. It is held 
firm by axial and circlage wires. The skin hood is returned 
back over the grafted bone. The skin defect of 2 to 2.5 cm 
that remains exposing the thenar muscles is covered with 
split thickness or full thickness skin graft (Fig. 2) The 
operated thumb needs cast protection for 6 to 8 weeks. If 
the ulnar nerve was not involved in that hand, then a 
neurovascular island pedicle flap 12 from the ulnar side of 
the ring finger canbe transferred later to provide sensation. 
Further, the thumb web usually requires a four-flap 
Z-plasty to make the thumb look longer. 

Neuropathie Trapeziometacarpal Joint 

Long-standing insensitive hands in workers engaged in 
heavy farming or industrial activity are likely to get this 
problem. But we hâve seen this even in some sedentary 
workers. The thumb cannot be actively abducted but only 
has movements in the plane of the palm, and the condition 
can be very disabling. Correction is by fusing the first CMC 
joint through a latéral incision on the palmar-dorsal skin 
junction of the thumb, with a gentle curve volarwards at 
the wrist crease. The joint is debrided and the trapezium 
and metacarpal base articular cartilages are eut back to 
healthy subchondral bone. Cross K-wires may be used to 
stabilize the fusion. A lengthy plaster immobilization with 
the thumb in 45° abduction will be required for 8 to 
12 weeks. The tension-band principle of fusion may be 
advantageously used to ensure sound fusion. 

Severe Deformities of the Wrist 

Fixed Flexion Contracture 

Fixed flexion contracture is rare and can follow an 
untreated triple nerve paralysis. Gentle wrist wedging after 
heavy padding held by a stockinet will allow graduai 
extension of the wrist. But the progress may be very slow 
going and arduous. The condition of the skin on the volar 
skin crease should in the beginning help the surgeon and 
therapist décidé as to how safe wedging will be. When 
there are doubts, the plaster cast is removed and the wrist 
crease inspected. Reapplication of the wedging cast to 
obtain at least 60° of passive extension is necessary if any 
tendon transfer for drop wrist is to function reasonably 
well. X-rays taken at 3 week intervals should show no 
evidence of radiocarpal or intercarpal subluxation or des¬ 
truction. If progress is unsatisfactory, then it is safe to resort 
to wrist arthrodesis. Here also postoperative immobi¬ 
lization in a cast may be required for 12 to 16 weeks. Even 
after that, a thermoplastic wrist support should be 
provided for several weeks. 



Fig. 2: Split thickness or full thickness skin graft (STSG) over 
thumb web after plasty to release contracture 

Neuropathie Wrist Joint 

As mentioned above if there is radiocarpal or intercarpal 
destruction, then neuropathie disorganization is likely. 
When the joint is swollen and warm and relatively 
painless, then it is advisable to immobilize the wrist in a 
cast for 3 to 6 weeks. Further X-rays of the wrist will enable 
the team to assess whether the radiocarpal and intercarpal 
joint surfaces are more defined, or whether there is 
progressive destruction. Wrist fusion after the destructive 
phase is the answer to this uncommon problem. But one 
should keep in mind that failure of fusion is a distinct 
possibility. Where facilities exist, a contoured DC plate 
may be the answer to this problem. Otherwise, an external 
appliance to keep the wrist stable will be required. 

Mitten Hand 

As the term implies, there is a foreshortened thumb that 
may or may not be opposable to digits, which are also 
completely absorbed. As such the hand appears like a 
mitten, i.e. a glove without fingers. This is a rare problem 
and is encountered in completely anesthetic hands after 
several years of damage by overuse. If protective gloves 
are used by patients who hâve anesthetic hands, this 
problem is may be completely avoided. To obtain an oppos¬ 
able thumb in these cases. Brand's extended Z-plasty can 
be done to improve the thumb web. The ECU tendon 
adequately lengthened can serve for opponensplasty in 
the absence of superficialis tendons in the absorbed 
fingers. Lengthening of the thumb or fingers is of very 
doubtful indication for these hands. Such ambitious 
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programs may prove disastrous to the patient and them out and intervene to the minimum necessary extent 
disheartening to the surgeon. to provide the maximum benefit. 


Extensive Motor Déficit 

Extensive motor déficit may be due to triple 
nerve paralysis that may hâve only partially recovered. 
Such hands do not hâve adéquate power in the long flexors 
and extensors to enable the patient to close or open the 
fingers. So, it is désirable to provide a strong extensor power 
to the wrist by the transfer of a wrist flexor or even the 
brachioradialis to the extensor carpi radialis brevis. In 
effect, a "hinge" hand is created, whereby extension of the 
wrist (by contraction of the transfers) will produce MCP 
flexion, and flexion of the wrist by relaxation of the motors 
will allow the tenodesis effect of extensors to extend the 
fingers. Fusion of ail PIP joints, MCP and IP joint of thumb 
should be staged after the wrist extensor transfer. If the 
finger flexors are not working, then a flexor tenodesis into 
the distal third of radius is done to obtain adéquate power 
when the wrist fully extends. These procedures are the 
mainstay for tétraplégie patients and those with extensive 
residual poliomyelitis. 13,14 

CONCLUSION 

Finally, we must remember that a motivated person can 
perform well despite gross disability and severe 
impairments. In such persons even a minor improvement 
may make a great différence, while complicated procedures 
may not achieve more. Persons with severe impairments 
but well integrated into the society despite their problems 
should be allowed to discuss their needs, we should hear 
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IMPAIRMENTSINVOLVING FOOT 

Impairments, deformities and disabilities involving the 
foot are quite commonly seen in leprosy patients, although 
not so commonly as in the hands. However, leprosy-related 
foot problems are responsible for much of the morbidity of 
leprosy and misery and crippling of the affected persons. 
As in the hand, loss of sensibility is the most common 
primary impairment. This may occur as part of acral (glove 
and stocking) anesthésia in persons with lepromatous 
leprosy, or it may be due to the involvement and destruction 
of cutaneous nerves (branches of superficial peroneal 
nerve) or nerve trunks (posterior tibial or plantar—médial 
and latéral—and calcaneal nerves). In the case of the 
former, loss of sensibility occurs over the dorsum of the 
foot with no serious conséquences. However, it is a serious 
matter when the posterior tibial nerve or the plantar nerves 
are damaged, because the sole of the foot loses sensibility, 
predisposing the foot for developing plantar ulcers. 
Denervation of the sole also leads to anhidrosis and dry 
skin as the sweat glands do not function in the denervated 
areas. This prédisposés the sole to develop fissures—fine 
and coarse—which serve as entry points for infection, with 
subséquent suppuration and ulcération. 

Motor paralysis and conséquent paralytic deformities 
are also seen frequently in the lower limbs of leprosy 
patients, though not as often as in the hand. Damage to 
posterior tibial nerve behind the ankle results in paralysis 
of plantar intrinsic muscles and conséquent claw toe defor- 
mity. Most commonly, ail the intrinsic muscles (supplies 
by both plantar nerves) are paralyzed. Sometimes, only 
one of the two plantar nerves is damaged and in such 
cases, it is usually the latéral plantar nerve (and the 
muscles supplied by that nerve) that shows paralysis. More 
important than the occurrence of claw toe deformity is the 
fact that paralysis of plantar intrinsic muscles increases 
the risk of plantar ulcération manyfold. 


In about 1 to 5% of leprosy patients, the common 
peroneal nerve gets damaged and this gives rise to drop 
foot. The patient develops a stepping gait (which may 
stigmatize the affected person as a leprosy patient), and 
difficulty in walking and running. Further, drop foot 
increases the risk of ulcération of the outer part of the sole, 
and possibly, the heel. 

Besides these primary impairments, secondary 
impairments are also frequently seen in the feet of leprosy 
patients. Plantar ulcération is the most common secondary 
impairment that occurs in these feet. Skin cracks, fixed 
deformities of toes, loss of toes, mutilation of the foot and 
even loss of part or whole of the foot, disorganization of 
the tarsus are the other secondary impairments that one 
cornes across in the feet of leprosy patients. 

DEFORMITIES 
Spécifie Deformities 

Spécifie deformities, exactly the same as those seen in the 
hand also occur in the feet for exactly the same reasons as 
in the hand, but very much less often. 

Paralytic Deformities 

As mentioned earlier, paralytic claw deformity of the toes 
and drop foot are the paralytic deformities seen in the feet 
of leprosy patients. Claw toe deformity increases the risk 
of plantar ulcération many times in the metatarso- 
phalangeal joint région of the sole of the foot, and drop 
foot leads to accumulation of stresses and conséquent 
ulcération over the outer part of the sole of the foot. 

Anesthetic Deformities 

Plantar ulcération and its late conséquences like fixed 
deformities, loss or shortening of the toes and septic 
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disorganization of the skeleton of the foot, cauliflower 
growths, aseptie neuropathie disorganization of the tarsus 
are ail examples of anesthetic deformities seen in the feet 
of leprosy patients. 

DISABILITIES 

Plantar anesthésia by itself is not a disability but some 
patients find it quite a disturbing expérience. Claw toes is 
not even noticed in the initial stages nor does it give rise to 
any disability by itself. Plantar ulcération and its 
conséquences mentioned above are quite disabling. 


affecting the mobility of the patient and for the same reason, 
they hâve a crippling effect on the patient. 

Drop foot is associated with unbalanced paralysis 
around ankle and subtalar joints. This makes running 
difficult and walking rather laborious. Bilateral drop foot 
exaggerates these difficulties. 

The aim of treatment of these conditions is to make the 
patient mobile again, such that they are able to walk 
without endangering the integrity of the foot. 

These conditions and their management are dealt with 
in detail in the subséquent chapters. 




Neuropathie Plantar Ulcération 

and its Management 


H Srinivasan 


INTRODUCTION 

If one were to picture mentally "a typical leprosy patient", 
it is almost certain that this patient will hâve a bandaged 
foot. This only shows how strongly ulcération, particularly 
of the foot is identified with leprosy in our minds, despite 
the fact that about 80 to 90% of leprosy-affected persons 
do not hâve ulcers in their feet. Undoubtedly, the reason 
for this identification is because most of the misery, pain 
and suffering of leprosy-affected persons is directly 
attributable to chronic and récurrent ulcération of the foot 
and the resulting progressive crippling of the person. 
Therefore, from the point of view of handicapping leprosy- 
affected persons and their dehabilitation, ulcération of the 
foot is a factor of greatest importance. 

The ulcers are seen most often in the sole of the foot, 
hence the name "plantar ulcération". Occasionally, 
chronic and indolent ulcers are seen over the lower leg 
which are of the nature of stasis ulcers. Most of the ulcers 
seen in the soles of feet of leprosy-affected persons are 
neuropathie in origin, and occur as secondary impairments 
conséquent to the primary impairment of some neurological 
déficit, such as plantar anesthésia with or without motor 
paralysis involving the foot. Occasionally, a patient with 
advanced lepromatous leprosy may develop ulcération of 
the sole or toes due to breaking open of lepromatous nodu¬ 
les or lésions of reaction. With the advent multidrug 
therapy, such cases hâve become quite rare. 

As already mentioned, the neuropathie plantar ulcers 
are secondary impairments conséquent to the primary 
impairment of a neurological déficit involving the foot. 
Therefore, the presence of such an ulcer may suggest, but 
does not indicate the diagnosis of leprosy. Identical ulcers 
are seen in persons having other neurological disorders 
like diabetic or alcoholic neuropathy, spina bifida, sciatic 
nerve injury, etc. Just as the presence of plantar ulcer does 


not necessarily indicate the presence of leprosy, the course 
of the ulcer—its occurrence, healing, récurrence or worsen- 
ing—also does not indicate in any manner whatsoever 
the course of leprosy, its worsening, cure or relapse. Once 
it has developed, the ulcer has its own natural history 
independent of that of leprosy. Again for the same reason, 
that it is a secondary impairment. The ulcer and its 
discharges do not contain M leprae and cannot spread 
leprosy, unless the patient happens to be a highly bacillary 
positive case of untreated leprosy. In such a patient, there 
may be incidental contamination of the discharges from 
the ulcer with M leprae from the skin. 

Sites of Ulcération 

Not ail parts of the sole of the foot are equally liable to 
ulcération, and some parts develop ulcers more often than 
others. For example, about 70 to 90% of the ulcers occur in 
the strip of the sole across the forefoot just in front of the 
metatarsophalangeal (MTP) joints, under the bases of the 
proximal phalanges. 1,4-6 Even there about 30 to 50% or 
even a higher percentage of ulcers are located under the 
proximal phalanx or metatarsal head (MTH) of the big toe. 
Plantar ulcers are found with diminishing frequency as 
one moves from the big toe outwards, about 20 to 30% of 
ulcers occurring in the central part of the bail of the foot 
and only about 10 to 20% under the base of the proximal 
phalanx of the little toe or under its metatarsal head (Fig. 1). 

It must be remembered that our toes are webbed to a far 
greater extent than our fingers, and the metatarsal heads 
are located not as far in front in the bail of the foot as many 
imagine. 5 As Ross first pointed out, the ulcers are located 
in the majority of cases a little ahead of the metatarsal 
under the base of the proximal phalanges although it is 
customary to refer to them as being located under some 
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Fig. 1: Frequency distribution of plantar ulcers 
in the different parts of the sole of the foot 

particular metatarsal head (MTH). 4 Studies hâve also 
shown that ulcération at one site in the médial or latéral 
part of the bail of the foot increased the risk of ulcération at 
other parts, not so much by spread of infection but most 
probably because of conscious or unconscious shift of body 
weight away from the site of the first ulcer. 5 

Besides the bail of the foot, plantar ulcers are found at 
other sites as well, but much less often. A small proportion 
of ulcers are found in the midlateral part of the sole, in the 
cubometatarsal région, under the base of the fifth 
metatarsal. Ulcers occurring at this site are potentially 
dangerous because of their proximity to the cuboid bone 
as well as the cubometatarsal and calcaneocuboid joints. 
They can get infected from the ulcer, and initiate septic 
disorganization of the tarsal skeleton. Heel, the heel pad 
as well as the margin of the heel, is also the site of ulcération 
in about 5 to 15% of the cases. 

Instep (the région of the half dôme of the arched foot) 
and the midpart of the sole are occasional sites of 
ulcération. Presence of chronic ulcers in these sites 
indicates tarsal disorganization with collapse of the 
(Fig. 2) arch and development of a "rocker-bottom foot". 
Leprous ulcers due to breaking down of lepromatous 
nodules are also seen in the instep. 

About 1 to 5% of ulcers involve tips (not the pads) of 
toes which show first or second degree clawing. 

Etiology of Plantar Ulcération 

From time immémorial people hâve believed that "leprosy" 
caused tissues to decay and ail the deformities and 
mutilations seen in leprosy-affected persons were 



Fig. 2: Rocker bottom foot. Note site of ulcération in the middle 
of the foot, at the summit of the convex contour of the sole of the 
foot 


attributed to this propensity of "leprosy" to destroy living 
tissue. It was believed that the nose, fingers and toes and 
even hands and feet of leprosy patients were lost 11 "rotted 
away and dropped off"— in this manner. Impey, working 
in South Africa during the later part of last century applies 
this traditional and widespread idea to explain plantar 
ulcération and hypothesized that the leprosy infection 
devitalized living tissues including the bones, external 
stress related to weight bearing hastened the destruction 
of devitalized tissues, and that ulcération was the 
mechanism by which the body got rid of the dead tissue 
especially dead bone. As supportive evidence, he pointed 
out that plantar ulcers occurred over weight-bearing sites 
and that natural extrusion or surgical removal of dead 
bones from the depths of these ulcers often led to their 
healing. 

The turn of the century was also the period when 
neurology was being "discovered" and, to every one's 
wonder, practically every organ was found to be under 
the influence of the nervous System. Chronic and indolent 
ulcération of the foot was noticed in patients with 
neuropathies of diverse origin including leprosy. It was 
then hypothesized that the devitalization of living tissues 
in these cases resulted from a lack of vitalizing influences 
of spécial nerves. It was held that just as the nervous System 
functioned to regulate the activity of ail organs, it should 
also be functioning to maintain the wellbeing of cells and 
tissues which would otherwise perish under conditions 
of normal wear and tear. The hypothetical nerves 
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exercising this function were termed "trophic" nerves. 
When there was denervation, this vitalizing, protective 
"trophic" mechanism became defunct, and the cells and 
tissues supplied by those nerves became "devitalized". 
As the resuit, they were unable to withstand the normal 
stresses and they broke down resulting in ulcération. The 
fact that these ulcers occurred only in persons with neural 
déficit and also the fact that these ulcers were indolent, 
difficult to heal and easy to recur, were cited in support of 
this view. 8 The ulcers, were therefore called "trophic 
ulcers", a name which persists till today. 

Efforts by numerous investigators failed to demonstrate 
the spécial nerves exercising a "trophic" influence and 
the "trophic nerves" were ne ver found. By the end of the 
first quarter of this century, the search for trophic nerves 
was given up. In fact, it was during the course of this 
search that the autonomie nervous System was discovered 
and they were considered to be serving a "trophic function" 
to some extent not by bolstering cellular metabolism 
directly as originally imagined, but through their influence 
on peripheral blood vessels. In view of the failure to 
identify trophic nerves, the concept of "devitalized tissues 
dying of external stress" was gradually given up. Since 
these ulcers were invariably associated with loss of 
sensation, ulcération was attributed to neglect of injuries 
unrecognized and recognized, the nonrecognition of the 
injury and its neglect even after its récognition being due 
to loss of sensibility and absence of pain in the affected 
part. Thus, these ulcers were considered to be conséquences 
of injury and infection from without and not due to 
breakdown of tissues from within as was held hitherto. 9,10 

While there is no doubt that in a number of instances 
external injury or penetrative wounding is the cause of 
ulcération, that still does not explain the location of these 
ulcers predominantly under bony prominences. By 
mideentury when surgeons started taking interest in this 
problem, they were impressed by this fact. It was inévitable 
that they should think of bed sores in this connection, as 
they were also located over weight-bearing bony 
prominences, and they also started as areas of deep 
necrosis with subséquent breakdown of the overlying skin 
to form indolent ulcers. The analogy was extended and it 
was suggested that prolonged standing (rendered possi¬ 
ble because of loss of sensibility in the sole and conséquent 
lack of feedback information) caused pressure necrosis of 
the deeper tissues under bony prominences and gave rise 
to ulcération. 11-13 "Prolonged standing" is still mentioned 
by some as an etiological factor for neuropathie plantar 
ulcération. 

Price, then working in Nigeria, published a sériés of 
papers in Leprosy Review during 1959-60, under the 
general title "Studies on plantar ulcers in leprosy" and 
our current understanding of pathogenesis of the plantar 


ulcération stems from this work of Price and its subséquent 
development by others. 14 

Price made two important observations: (i) the majority 
of ulcers (about 70% in his sériés) occurred in the bail of 
the foot, and (ii) in most cases the ulcers started as blisters. 
He argued that sélection of one part of the foot for 
ulcération indicated that injuries from without could not 
be the major causes of ulcération, as injuries would be 
randomly located ail over the sole contacting the ground. 
His observation that most plantar ulcers started as blisters, 
and not as abscesses resulting from infected wounds 
further strengthened his argument. Next, he pointed out 
that during standing, body weight was distributed equally 
between the bail of the foot and the heel, 15 whereas ulcers 
occurred in the bail of the foot about five times more often 
(in his sériés) than in the heel (70% of 13%). 

It has since been found that the pattern, load 
distribution during standing (equal distribution of the load 
over the forepart of the foot and the heel) was not affected 
by the presence or absence of plantar anesthésia, plantar 
intrinsic muscle paralysis or footdrop (Srinivasan- 
unpublished data). Further, it has been shown that the 
contact area of the heel is less than that of the bail of the 
foot and so the pressures (i.e. the load per unit area) in the 
heel would be higher than those in the bail of the foot. Ail 
the same, ulcération of the heel is far less frequent than 
that of the bail of the foot indicating that standing is not 
likely to contribute to the initiation of plantar ulcération. 
Lastly, it must be noted that it is virtually impossible to 
standstill even for a few seconds, without any swaying 
whatsoever. The truth of this statement will be appreciated 
by anybody who tries to make a cadaver stand without 
any support. We must remember that our body is 
supported at the ankle, knee and the hip by curved and 
virtually frictionless articular surfaces, and the vertical 
line through the center of gravity of the body must pass 
exactly through, not in front of or behind, the lines joining 
the axes of both ankles, both knees and both hips. In the 
case of the standing human body, this is not the case and 
the body will start to fall forwards (the line passes in front 
of the ankle). It is normally stabilized dynamically by 
muscles which keep pulling the body constantly backward 
and forward to prevent it from falling. Hence, the impossi- 
bility of standing still even for a few seconds, leave alone 
"for prolonged periods." 

Price rightly argued that the sélection of the forepart of 
the foot indicated that some stress selectively operated over 
this part, and that it had to be associated with walking 
(since standing was ruled out), in which this part of the 
foot played a spécial rôle. 

Price's observations regarding the sites of plantar ulcers 
and their starting as blisters hâve been amply confirmed 
by others, and it became évident that the majority of plantar 
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ulcers occurred because of stresses generated in the forefoot 
of the foot during walking and allied such activities. 
However, that still did not explain why walking should 
induce ulcération in the anesthetic foot but not in the normal 
foot. Brand et al hâve shown that pressures sustained by 
anesthetic feet without other abnormalities were of the 
same order as in normal feet. 17,18 The only solution was to 
assume that there was "excessive walking" giving rise to 
intolérable stresses and strains, which went unnoticed 
because of loss of sensibility and culminated in the 
breakdown of the most vulnérable subeutaneous fatty 
tissue initially and the skin subsequently. It was, of course, 
difficult to know what "excessive walking" was except 
in retrospect and that was not of much help. Further, 
detailed enquiries regarding the circumstances associated 
with the original occurrence of the plantar ulcer failed to 
reveal any "excessive walking" in nearly ail cases (personal 
observation). 

Srinivasan, from a carefully conducted study of about 
300 feet with loss of sensibility made the following 
observations. 19 

1. Paralysis of plantar intrinsic muscles greatly increased 
the risk of plantar ulcération (66.5% of anesthetic feet 
with any intrinsic paralysis showed ulcération 
compared to 6% of anesthetic feet with no intrinsic 
muscle paralysis). In feet with paralysis of ail intrinsic 
muscles, the frequency of ulcération increased to nearly 
80%. 

2. Almost ail anesthetic feet with ulcers had paralysis of 
plantar intrinsic muscles. Only 3% of feet with ulcers 
had no intrinsic paralysis, whereas 51% of anesthetic 
feet without ulcers had no intrinsic muscle paralysis. 

3. There was also a strong association between the site of 
ulcération and paralysis of a particular muscle group. 
Fifty-three percent of feet with paralysis of abductor 
hallucis muscle showed ulcération in the big toe région 
compared to 16% of feet with no paralysis of this muscle 
having similar ulcération. Corresponding figures 
for feet with and without paralysis of interos- 
seous muscles having ulcération in the central part of 
the bail of the foot were 27% and 1% respectively, and 
for feet with and without paralysis of abductor digiti 
minimi and ulcération in the fifth metatarsal head 
région the figures were 11 and 2% respectively. 19 
These findings coupled with the fact that the plantar 

intrinsic muscles are maximally active during the push- 
off stage of the walking cycle indicate that these muscles 
by their activity counter the compressive, shearing and 
tensile stresses and strains generated in the 
metatarsophalangeal joint région during that stage of 
walking (Fig. 3). When these muscle are paralyzed, this 




Fig. 3: Showing how functioning intrinsic muscles protect the 
metatarsophalangeal région (above), when they are paralysed 
(below) this région suffers excessive stresses 

protetive effect is lost with a transient increase in these 
stresses and strains in this région during the push-off 
stage. As demonstrated by Brand, even a mild increase in 
compressive stress, if repeated enough number of times 
will procedure tissue damage and local inflammatory 
response in the subeutaneous tissue progressing to tissue 
breakdown and necrosis with tissue further répétitive 
stressing. 20 In other words, feet are weakened structurally 
when the plantar intrinsic muscles are paralyzed and in 
such feet even normal walking would build up stress 
which will become harmful in course of time. 

To summarize the above discussion, we can say that 
while loss of sensibility exposes the foot to injuries and 
renders plantar ulcération possible, additional occurrence 
of intrinsic muscle paralysis weakens the foot structurally 
and renders plantar ulcération very much mor probable. 

It will be seen from the above that loss of sensibility in 
the sole, muscle paralysis and walking are the pre- 
requisites for the development of "true" plantar ulcers. As 
already pointed out, a proportion of feet with loss of 
sensibility undoubtedly develop ulcers because of injuries 
from without, which go unrecognized because of absence 
of pain, get infected and are neglected. In addition, there 
are also a small minority of feet in which deep fissures 
develop in the anhidrotic plantar skin providing a portai 
of entry for secondary infection with subséquent 
transformation of the fissure into an ulcer. These fissures 
are typically located over the margin of the heel and along 
creases in the sole of the foot (Fig. 4). Another mode of 
initiation of a plantar ulcérations is entry of infection 
through obvious or very fine microfissures associated with 
callosities. The "areolar bursa" that lies deep to a corn or 
callosity gets infected and the hyperkeratotic mass sloughs 
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Fig. 4: Fissure in the dry skin of sole. Note their location 
along the margin of the heel and other weight bearing areas 

away leaving behind an ulcer. Price, who introduced the 
term "plantar ulcer", suggested restricting the use of this 
term to refer to only those "spontaneous ulcers" that 
occurred from walking and not others developing from 
injuries or entry of infection through fissures. However, 
once these ulcers hâve developed, they ail behave alike 
irrespective for their original modes of origin, and are 
indistinguishable from one another in their natural history. 
Hence, in practice the term "plantar ulcer" is used for ail 
ulcers. It is estimated that about 80 to 85% of these ulcers 
are probably "true plantar ulcers" of Price, the remaining 
15 to 20% being traumatic or fissurai in origin. The 
importance of the latter lies in the fact that they are 
completely preventable (by preventing injuries and keep- 
ing the plantar skin soft and supple) which cannot said 
regarding the "true" plantar ulcers. 

Factors Influencing the Site of Ulcération 

We hâve seen in the foregoing section that stresses and 
strains generated during walking determined the site of 
ulcération at the bail of foot, when these stresses were 
uncontrolled by plantar intrinsic muscles. We hâve also 
seen that paralysis of particular group of muscles was 
associated with ulcération at particular sites. 
Dérangements in load transfer will resuit from paralysis 
of extrinsic muscles as well. In fact, we should view their 



Fig. 5: Showing the sequences of loading of different parts of 
the foot during walking 

action during walking in terms different from what we 
learn in anatomy (as dorsiflexors or plantar flexors, or as 
invertors, or evertors) which describe the action on the free 
moving and not that of the weight-bearing foot. Walking 
is a répétitive cyclical activity in which the equilibrium of 
the body is upset in a controlled manner in conséquence 
of which the body is impelled forward. In this process, the 
different parts of the foot get loaded and unloaded in an 
orderly manner (Fig. 5), and the muscles of the leg and foot 
contribute to this process of orderly shifting of the load 
from one part to another part of foot. Viewed in this manner, 
one can see that the calf muscles (triceps surae) unload the 
heel (lift the heel off the ground) and complimentarily load 
the forepart of the foot, that is shift the load (body weight) 
from the heel to the forefoot. Similarly, we can consider the 
peroneal muscles are shifters of the load from the latéral to 
the medical side of the foot, and the tibialis posterior as 
shifting the load the other way, from the médial to the 
latéral side of the foot. Paralysis of tibialis posterior and 
peroneal muscles may be expected to permit stagnation of 
load (bearing the same load for a longer time during the 
walking cycle) and overloading (permitting excessive 
loads) of spécifie sites, leading to ulcération at that site. 
This is best seen in drop foot. Peroneal paralysis causes 
the latéral part of the foot to be overloaded (Fig. 6), resulting 
in ulcération of that part. 18,21 Typically, the outer part of 
the foot is preferentially destroyed in neglected drop foot. 
Similarly, while most heel ulcers resuit from infected 
wounds or infection through deep cracks, spontaneous 
ulcération involving the heel is typically seen when the 
calf muscles are weak or paralyzed. Frequency of heel 
ulcération is also very much increased in persons with 
drop foot, presumably because of the altered gait and 
uncontrolled descent of the heel which slaps down on the 
ground at each step. 22 

Other deformities, especially fixed deformities which 
generate very high pressures, either congénital (e.g. 
clubfoot, varus fifth toe) or acquired (from previous 
ulcération or injury), as well as obvious and not so obvious 
anatomical variations also influence where exactly the 
ulcer will occur. 23 That is why while planning any 
corrective surgery in these feet, one should always take 
into considération the possible long-term effects that may 
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Fig. 6: Peroneal paralysis and site of ulcération 

resuit from the corrective procedure itself and then make 

an informed decision. 

Clinical Features 

Stages of Ulcération 24 

There are three stages in the development of "true" plantar 

ulcers. 

1. The first stage of threatened ulcer in which the process 
of tissue damage (due to répétitive compression/ 
shear/tensile strains and stresses generated during 
walking) has commenced and inflammation has set in 
at the site of damage. Clinically, this stage manifests as 
deep edema associated with definite warmth, mild deep 
plantar tenderness and possibly mild dorsal puffiness 
or a slightbut definite increase in inter digital gap. There 
may be mild deep ache or burning sensation over the 
affected site. This stage is usually ignored by the patient, 
who continues to use the foot as if it were normal. 

2. The second stage of concealed ulcération is reached when 
damage to the subeutaneous tissue has progressed to 
necrosis. The damaged tissue gets liquefied and the 
necrotic fluid cornes to the surface either directly over 
the damaged site, as it happens quite often, or at a 


distance following paths of least résistance to présent 
as a blister. This is a "necrosis blister", containing 
serosanguineous fluid. Patients and their relatives 
usually attribute the blister—if that is noticed at ail— 
to unrecognized burn as that is the most common 
known cause of a blister. By this stage, the essential 
process of ulcération, namely tissue destruction, has 
occurred except that the site of ulcération is still covered 
by intact skin, hence, the name, stage of concealed 
ulcération. 

3. The third stage of open ulcération is reached when the 
skin gives way and the site of tissue damage becomes 
exposed to the external world. An open sore has formed. 
It présents as the "first ulcer" and contains a necrotic 
area sourrounded by mildly inflamed tissue. The ulcer 
is not deep, it is not painful, there is no fever or 
lymphadenopathy and except for the nuisance of its 
continued presence, and the serosanguineous ooze, it 
does not incommode the patient in any manner. 
Physicians rarely get to see the patient even at this 
stage. 

Natural History 

While sepsis is not the initiating factor in these "true" 
plantar ulcers, it invariably complicates ail cases. The ulcer 
remains quiescent for a while, it may even apparently heal 
only to break open once more. Sooner or later, infection 
sets in and the serous discharge becomes purulent. Dirt, 
grit or pièces of stone or some other muck get in and the 
wound gets grossly contaminated with Street organisms 
like staphylococci and streptococci and other gram-positive 
and gram-negative pyogénie bacteria. 25-27 As the resuit, 
épisodes of acute infection and inflammation occur and 
with each épisode, there is extension of infection and further 
tissue destruction. 

The degree of infection and the extent of conséquent 
inflammation varies from time to time, sometimes 
worsening, forcing the patient to restrict activity and seek 
relief, sometimes improving, permitting the patient to be 
on his or her feet once more. The ulcer heals with some 
treatment or the other and remains so for variable periods 
only to break open once again. Or a fresh ulcer appears 
elsewhere in the sole. Récurrent inflammation, tissue 
damage and healing lead to the formation of dense, 
inelastic, brittle and relatively avascular scar which by its 
very structure and physical properties is unfit to bear 
shearing, compressive and tensile stresses and strains. 
And the scar readily breaks down even under conditions 
of normal walking. 

Local ischemia is worsened by involvement of blood 
vessels in the inflammatory and reparative processes. There 
is also some evidence that, in some cases, the posterior 
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tibial artery lying behind the ankle along with the posterior 
tibial nerve within a common neurovascular tunnel gets 
compressée! by the grossly thickened sheath and the 
enlarged posterior tibial nerve both resulting from 
récurrent attacks of posterior tibial neuritis and 
lymphangitis because of secondary infection of the 
ulcer. 28,29 Such compression of the posterior tibial artery 
can impede hemoperfusion of the foot and hinder healing 
of the ulcer. 

In course of time, deeper structures like bones, joints 
and tendon sheaths get infected. The local situation is now 
complicated by acute osteitis, septic arthritis and 
suppurative tenosynovitis. The affected structures are 
damaged and destroyed. Infection becomes established in 
these tissues and structures, and the patient now suffers 
from chronic osteitis, septic arthritis and deep soft tissue 
infection with periodic flare up of acute infection and 
inflammation. With each bout of acute infection and also 
with treatment, more and more tissue is lost, and healing 
occurs with minor or major anatomical abnormalities. 

During walking, the already unstable scar is now 
subject to excessive stresses because of these abnormalities 
(usually fixed deformities). It breaks down even more 
readily than before and the ulcer opens up a fresh. Even 
otherwise, the hard scar crushes the deeper tissues during 
standing and walking giving rise to local necrosis and 
deep hematoma which form good niduses for infection, 
and latent infection flares up. A fresh round of infection, 
inflammation and ulcération starts with further tissue loss. 
The natural history of plantar ulcération is thus a dismal 
cycle of ulceration-tissue loss-healing-ulceration. 

In this manner, the foot is progressively and relentlessly 
destroyed over the years (Fig. 7). As time passes, the ulcer 
heals less readily and recurs with greater ease. Deformities 
worsen and new deformities arise. Finally, the crippled 
patient is left with a permanently ulcerated and grotesque 
deformed foot unfit for walking or standing. What he now 
has is an ulcerated, end-bearing, anesthetic and deformed 
stump vaguely resembling a foot. 

In some cases, other complications supervene. Infec¬ 
tion may involve major tarsal bones and intertarsal joints 
giving rise to tarsal sepsis, pathological fractures and 
disorganization of the affected bones and joints, ending 
up with conditions like calcaneous recurvatus (boat- 
shaped os calcis) or a rocker-bottom foot. A major bone 
like the talus may be extruded as a sequestrum, and the 
per son is then left with a flail foot and ankle. Another 
complication, occasionally seen is the development of a 
proliférative cauliflower-like lésion in the ulcer. In the early 
stages, it mimicks a pyogénie granuloma, but it grows like 
a neoplasm to attain a large size over some months (Fig. 8). 
Many of these lésions are instances of pseudo- 
epitheliomatous hyperplasia, but others turn out to the 



Fig. 7: Grossly deformed foot due to neglect of muscle 
paralysis and récurrent plantar ulcération 



Fig. 8: A large cauliflower growth in a plantar ulcer 

cases of squamous-celled carcinoma, usually of grade l. 30 
It is not possible to distinguish the malignant from the 
pseudomalignant lésions from the history (duration of the 
growth, size of the lésion, rate of enlargement of the lésion) 
or from the clinical features like fixity, appearance. 
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tendency to bleed or presence of pain. Only careful 
histological examination of the deep parts of the lésion 
reveals the true nature of the condition. 31 

Rarely, potentially léthal complicaüons like septicemia, 
tetanus and gas gangrené may develop. 

In view of the physical conséquences of plantar 
ulcération mentioned above and the psychological and 
social conséquences associated with them, occurrence of 
plantar ulcération in a leprosy-affected person should 
always be viewed with concern and treated diligently, 
even when it appears small and innocuous. In fact, that is 
the best time to cure it and ensure that it will not occur 
again as permanent relief becomes more and more 
problematic when complications hâve set in. 

It should also be pointed out that the natural history 
outlined above is not inévitable. It can be interrupted most 
effectively and further worsening avoided by appropriate 
therapeutic and prophylactic measures. 

Management of Plantar Ulcers 

As mentioned above, in the natural history of plantar 
ulcération, healing of the ulcer is one stage, the next stage 
being its récurrence. "Curing" in this context becomes 
meaningful only when there is no récurrence of the ulcer. 
Therefore, management of plantar ulcers has two objectives: 
(i) the short-term objective of healing the ulcer, and (ii) the 
long-term objective of preventing its récurrence. 

"Trophic ulcers" is usually defined as painless, 
chronic ulcers occurring in a part having some neuro- 
logical déficit, and they were also characterized as difficult 
to heal and ready to recur. This defeatist view of these 
ulcers was the direct corollary of the hypothesis that these 
ulcers occurred because of tissue devitalization due to lack 
of trophic influences because of denervation. Such a 
defeatist view was responsible for the failure to put the 
needed efforts to heal them and prevent their récurrence. 
Over half a century of clinical expérience has shown that 
these ulcers heal with proper treatment and will not recur 
if préventive practices are diligently observed. 

The details of treatment will dépend upon whether the 
ulcer is (i) acute, (ii) chronic, (iii) complicated, or (iv) 
frequently récurrent. 

Acute Ulcers 

These are the ulcers associated with acute infection and 
inflammation. Usually an underlying bone, joint, tendon 
sheath or a "plantar space" is infected. Thus, the patient 
may présent with acute osteitis of a metatarsal or tarsal 
bone like cuboid or os calcis, or with acute septic arthritis 
of a metatarsophalangeal joint, or occasionally of a tarsal 
joint, or as acute tenosynovitis usually involving the 
synovial sheath of flexor hallucis longus. Sometimes one 


may cornes across a "space infection", similar to that of 
infection of spaces in the hand. The fact that these 
conditions hâve occurred in a plantar ulcer in a leprosy 
patient makes no différence regarding treatment, and they 
are to be treated for what they are now, namely acute 
osteitis or septic arthritis or tenosynovitis, exactly as in a 
normal person. The only différence here is that the patient 
will not be having the kind of pain or tenderness that a 
normal person will be having under similar circumstances. 
There will be swelling, toxemia, fever and inguinal 
lymphadenopathy. In many cases, there is moderate to 
severe pain and tenderness (but not much swelling) behind 
the ankle over the posterior tibial neurovascular bundle, 
either because of associated inflammation of this nerve or 
due to inflammation of lymphatic vessels (lymphangitis) 
that run along the posterior tibial vessels, or both. 

Treatment consists of bed rest, élévation of the foot 
(preferably in a Braun's splint), systemic antibiotics (when 
there are systemic signs or signs of failure of localization 
of the infection) and incision and drainage to let the pus 
out and to remove any dead bone and other necrotic tissue. 
Freshly prepared Eusol (12.5 gm each of boric acid and 
bleaching powder per one liter of water) is the most suitable 
antiseptie solution for topical use (as dressing, and for 
soaking and irrigation of the wound twice a day), as most 
other antiseptie agents are inactivated by necrotic tissue. 
No topical antibiotic need be used. Radiographs are taken 
for ascertaining the extent of bone or joint involvement 
and for locating séquestra. As mentioned earlier, surgery 
is confined to incision and drainage only, and procedures 
involving dissection and opening up tissue planes are not 
to be carried out in these feet at this stage. The aim of 
treatment is to convert an acutely infected sore into a clean 
healing wound. 

Under the above lines of treatment, the condition 
should improve in 5 to 10 days. Acute inflammation 
subsides, swelling is greatly reduced, systemic signs 
disappear, the discharges become clean and are 
diminished and most, if not ail, slough has been removed 
leaving the wound clean. If there has been no involvement 
of bone, joint or tendon sheath, if there are no deep 
burrowing sinuses and if the condition has improved 
satisfactorily by 10 to 12 days, the ulcer is treated as if it 
were a "simple chronic" ulcer is treated. Otherwise, it is 
treated as a "complicated" ulcer. If the progress is not 
satisfactory, one should look for hidden focus of infection 
or pocket of pus and deal with it. 

Chronic Ulcers 

Quite often it is found that the ulcer heals up to a stage and 
then there is no further progress. It has become a chronic 
ulcer. Plantar ulcers remain chronic for two reasons: (i) 
because some complicating factor is présent, or (ii) because 
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it has not been allowed to heal. A simple chronic ulcer 
(chronic ulcer for short) is diagnosed when no 
complicating factor (like the presence of deep foci of 
infection, onset of pseudoepitheliomatous hyperplasia or 
malignancy, poor hemoperfusion of the foot, etc.) can be 
discovered to account for the persistence of the ulcer. 

A simple chronic ulcer is usually small, located in the 
middle of a scar, not acutely inflamed and not very deep, 
has thickened heavily keratinized edges overhanging and 
partly covering the floor of the ulcer (Fig. 9). It discharges 
scanty serosanguineous or seropurulent fluid, and its floor 
is covered with friable dirty gray fibrinous material. There 
is no clinical or radiographie evidence of active chronic 
osteitis or septic arthritis, and no séquestra or foreign 
bodies are seen to account for the nonhealing of the ulcer. 
It should hâve but has not healed. From this we surmise 
that the ulcer has not been allowed to heal because of 
injudicious dressing technique, or because the patient has 
been walking on the ulcer without protection (and this is 
quite common), or factitiously (this is rare, but it does 
happen). 

If we remember that local stresses and strains gene- 
rated during walking were the original percipitating 
causes of the ulcer, it should not be surprising that the 
same stresses and strains will also interfère with healing. 
A répétitive pressure of even 1 or 2 kg/cm 2 (about 15 to 30 
psi) is sufficient to destroy the délicate epithelium that is 
trying to cover the granulation, whereas in many instances 
the pressure at the site of ulcération shoots up to 5 kg/cm 2 
(about 75 lbs psi) or even higher. 

Besides walking, epithelialization may be interfered 
with in other ways also. Anxious to keep the ulcer clean 
and get it healed early, the patient may be using irritant 
Chemicals or strong antiseptics, or dressing the ulcer too 
often and rubbing it vigorously during dressing and in 
that process rubbing away the epithelium, or the dressing 
sticks to the ulcer and the epithelium get ripped off each 
time the dressing is removed. 

Rarely, because the patient is desperate to continue to 
stay in an institution, or because he or she has nothing 
else to do, he or she keeps poking the ulcer with the finger, 
or a twig or whatever that cornes handy for this purpose 
and maintains the ulcer. 

From the above it should be évident, that simple chronic 
ulcers will heal if epithelialization is not interfered with, 
and preferably, if walking stresses are also minimized. 
The latter is not absolutely essential, but it helps a lot. Both 
aims (noninterference with epithelialization and réduction 
in walking strains) are achieved by the application of a 
close fitting, below-the-knee walking plaster cast (Fig. 10). 
One should not put too much of a cotton padding as that 
permits the plaster cast to become loose, which is only 



Fig. 9: A typical chronic ulcer 


slightly less harmful than too tight a cast for these legs 
lacking sensibility. Successful treatment of plantar ulcers 
with plaster cast application was first reported by Khan 
in 1939, 32 and it has become the standard line of treatment 
of chronic plantar ulcers by midfifties. 33,34 

Although most ulcers are healed inside the cast by three 
to four weeks, the plaster cast is kept on for a total period 
of six weeks to permit consolidation of the epithelium. The 
cast is then removed and the patient should be given 
protective footwear immediately, if he or she does not hâve 
it already. 

The plaster cast provides a moulded surface for the 
sole and so the load is spread over the maximum possible 
surface area. Hence, pressure (load per unit area) is 
minimized. Further, the cast keeps the foot rigid and 
connects the foot and the leg rigidly permitting no 



Fig. 10: Below-the-knee walking plaster of Paris cast for 
healing chronic plantar ulcer 
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movement between the two. Therefore, the forepart of the 
foot is not deformed during walking and is not subjected 
to the kind of shearing and bending strains that it normally 
expériences during walking. Lastly, the plaster cast 
prevents interférence with healing by frequent dressing or 
factitious meddling. It is customary to cover the ulcer with 
a thin layer of vaseline gauze, some dry gauze or a Gamgee 
pad and retain the dressings with a few turns or bandage 
(without tying a knot, of course). About 48 hours after the 
application of the cast, a Bôhler iron or a walking device is 
fitted. The toes may be covered with a few turns of plaster 
bandage taking care to provide enough head room for them 
to bend (Fig. 9). That will prevent the plaster cast shoveling 
in sand and grit into the cast under the toes. Alternatively, 
one can keep the toe and the toe end of the cast covered 
with a sock. 

Despite its advantages, a plaster cast carries certain 
disadvantages also. It is heavy and cumbersome, it becomes 
soft if it gets wet and then it breaks, and an ill-fitting or 
broken cast can cause sores underneath without the patient 
being aware of it until it starts smelling or discharging, 
and plaster of Paris bandages are expensive. Application 
of plaster cast needs some expertise, and inexpertly applied 
casts can cause anything from a pressure sore to gangrené. 

Stenstrom of Sweden made a serendipitous discovery 
in 1972 that burn wounds covered with strips of ordinary 
zinc oxide sticking plaster healed very well. 35 This was 
subsequently tried in plantar ulcers of leprosy patients in 
Ethiopia and South India and was found to be equally 
satisfactory in these cases also. 36,37 Published studies by 
others in the field 38 as well as unpublished studies in 
hospitalized patients hâve shown the usefulness of direct 
application of strips of zinc oxide adhesive plaster in 
treating plantar ulcer. Probably because it appears too 
simple and can be used by the patients themselves and 
their family members, this method of treating simple 
chronic plantar ulcers has not become as popular as it 
should hâve. It should be mentioned that, actually 
Stenstrom rediscovered the usefulness of zinc oxide 
adhesive plaster in the treatment of plantar ulcers. The 
original discoverer (and the only one to report this method 
before Stenstrom) was Milroy Paul of Colombo (Sri Lanka) 
in 1936, who has described its use and the bénéficiai results 
he had obtained. It is interesting to note that the technically 
more demanding and operationally more expensive and 
user-wise more inconvénient treatment with plaster cast 
application has received wide publicity and acclaim over 
the last forty years. Whereas Stenstrom's easier, less 
expensive and more user-friendly sticking plaster 
technique has not gained the popularity it deserves. 

Overlapping strips of ordinary zinc oxide sticking 
plaster (each about 4 mm wide) are applied directly over 
the ulcer. 40 The part is first washed well with soap and 



Fig. 11: Showing the method of sticking plaster application 
for plantar ulcers in the different parts of the sole 

water and dried with a clean towel, taking care not to rub 
the ulcer with the towel. The ulcer itself is mopped dry 
with pièces of clean cloth. Thorough drying of the skin is 
necessary, otherwise the adhesive plaster will not stick. 
The plaster strips are so applied that they extend well 
beyond, for at least 1.5 cm, ail round the ulcer (Fig. 11). The 
adhesive strapping should follow the contours of the floor 
of the ulcer without leaving any dead space between the 
ulcer and the adhesive plaster. If need be, a piece of rolled 
up gauze or cotton-wool may be used as padding over the 
nonadhesive side of the plaster and retained by a few strips 
of sticking plaster to ensure that the plaster is fully in 
contact with the ulcer (Fig. 12). No local médication or any 
other medicated dressing is applied over the ulcer. The 
strapping is left alone and replaced only when discharges 
from the ulcer seep out or the plaster becomes unstuck. 
Usually the strapping will need to be replaced once in 
three to seven days. Each time the same procedure—wash, 
dry the skin, mop the ulcer dry, apply overlapping strips 
of sticking plaster—is followed. The patients, or their 



Fig. 12: Adhesive plaster dressing of deep ulcer— (1) First 
layer of adhesive plaster, (2) rolled up gauze or cotton wool, 
(3) second (top) layer of adhesive plaster 
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spouses or some other family member can be easily taught 
to do this themselves. Except for wearing protective foot- 
wear and reducing walking to the extent possible, no other 
restriction is imposed. Because of the zinc oxide coating, 
water does not seep through and so the foot can be safely 
washed and bathed, provided care is taken not to peel the 
plaster off while soaping or drying. If that happens, fresh 
strips are applied. 

This method of treating plantar ulcers is contra- 
indicated in complicated ulcers, acute ulcers and those 
with copious discharges or deep sinuses. 

As mentioned earlier in a few instances, the ulcer fails 
to heal because of poor hemoperfusion. In those cases, 
there is fullness below and behind médial malleolus, the 
ulcer looks typically pale, and posterior tibial puise behind 
the ankle is weak or absent. Posterior tibial neurovascular 
décompression seems to open up the artery, improve the 
vascularity and promote healing of the ulcer in these cases. 
Posterior tibial neurovascular décompression is described 
in the section "neuritis, décompression of nerves and nerve 
abscess". 

Complicated Ulcers 

Quite often an ulcer does not heal because of some 
complication, the most common complication being 
concomitant chronic osteitis, chronic septic arthritis, 
chronic tenosynovitis or deep ramifying sinuses and 
pockets of infection. Careful clinical examination, explo¬ 
ration of the ulcer and radiography of the part should be 
able to help in diagnosing the spécifie complication. 
Occasionally, the ulcer does not heal because of onset of 
changes like pseudoepitheliomatous hyperplasia or 
malignancy. While such a change may be obvious in most 
cases, in a few, the lésion which appears florid is fiat, not 
productive as in a cauliflower-like growth, and has an 
indurated base. In these cases, when the base is squeezed, 
semisolid keratin oozes out like toothpaste from small 
puncta exactly as in cauliflower growths. Septic complica¬ 
tions like chronic osteitis are best dealt with by ulcer 
debridement, a procedure analogous to wound debride- 
ment. 

Ulcer debridement is the procedure of surgical cleaning 
of the ulcer, in which ail dead and grossly infected tissue 
is removed, sinus tracks and deep pockets of infection are 
curetted and laid open, the hyperkeratotic margins are 
thinned by tangential excision and the edges of the ulcer 
are freshened. 41 In short, it is the procedure of excising the 
ulcer and the grossly infected areas leaving behind a clean, 
comparatively shallow and well-draining wound. The 
procedure is done as an elective surgical operation in the 
operation theater, under conditions of surgical sterility 
and sepsis, exactly as one would in any other case of 


chronic osteitis, septic arthritis or tenosynovitis. Anesthésia 
is not usually required and most patients are able to tolerate 
the procedure well, because of loss of sensibility. 
Tourniquet is also not required as no major vessels are 
expected to be encountered. 

Prognosis in these cases, even if the local condition 
appears to be hopeless to begin with, is very good with 
persistent treatment and amputation is usually avoided. 
Very rarely, intractable infection is encountered in os calcis 
where the bone has become very sclerotic and riddled with 
infection. Even in such cases, one can usually avoid 
amputation by doing a subtotal resection of os calcis to get 
rid of the focus of infection. 

Antibiotics are not required in most cases, except at the 
acute stage. Long-term broad-spectrum antibiotics would 
be needed in such cases. 

Ulcer debridement may hâve to be repeated more than 
once in persistent cases. Usually, about two to three weeks 
after debridement, the condition is treated like a chronic 
ulcer with a below-the-knee plaster cast. 

Sometimes, the size of the ulcer and not its depth 
becomes the complicating factor. Otherwise, uncompli- 
cated but large plantar ulcers (over 2 cm in diameter) are 
best treated with skin grafting. Thick split-thickness skin 
grafts from the thigh, calf or instep of the foot are used. 42 
Besides obtaining rapid epithelialization, skin grafting 
will also prevent heavy scarring of the area. Usually the 
graft takes and even when it does not, the ulcer heals well, 
since skin is the idéal dressing for a wound. The graft is 
sturdy and it withstands protected walking, but because 
of the différence between the normally thick plantar skin 
and the split-thickness skin graft, high shearing strains 
develop and cause the graft to break at the junction with 
normal skin. Therefore, it is best to replace the split- 
thickness skin graft after a while, usually about three 
months later, with full-thickness skin taken from the 
dorsum of the foot. 

Cauliflower Growths 31 ’ 43 - 45 

As mentioned earlier, these are productive lésions (Fig. 8), 
usually of the nature of pseudoepitheliomatous 
hyperplasia as with many of the so-called epithelimas 
arising in chronic sinuses. 30 The diagnosis is made only 
by thorough histological scrutiny of the deep part of the 
growth. Therefore, both for purposes of diagnosis and 
treatment, the growth should be excised to its full depth. It 
is sufficient to remove the growth with a thin rim of about 
5 mm of normal skin and tissue. In other words, excision 
must be local and deep rather than wide. If an underlying 
bone is involved, the involved portion of the bone is excised 
along with the growth. If feasible, an amputation is avoided 
in this manner. The large raw area is covered with vaseline 
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gauze only, since the whole area is potentially infected in 
these cases. It may be covered with skin graft about two 
weeks later, when the part becomes relatively clean. If that 
will not give a functionally useful foot, a suitable révision 
procedure may be done to give a satisfactory stump that 
will permit early ambulation. Primary treatment with 
amputation is done when local excision as above is not 
feasible. The above line of treatment is applicable even if 
the histological diagnosis of the cauliflower growth turns 
out to be grade I epidermoid carcinoma. 

Almost ail these cases will show inguinal adenopathy, 
sometimes with appréciable enlargement of the lymph 
nodes. The nodes usually subside in the course of a few 
weeks to about a couple of months after excision of the 
lésion, in most cases, since the enlargement is due to gross 
infection in the original lésion. If they do not subside or if 
even in the beginning, there is any clinical suspicion of 
metastasis (e.g. hard, fixed, or grossly enlarged nodes), 
biopsy of the suspicious node should be done before 
treating the foot lésion, and the foot lésion treated 
accordingly. 

CONCLUSION 

From the time Ambroise Pare (16th century) substituted 
egg white for hot oil for treating war wounds, the quest for 
magic remedies for accelerating healing of wounds has 
been going on and will probably continue. The literature 
in leprosy is strewn with reports of agents that hâve 
allegedly helped healing plantar ulcers quicker and better, 
and the wonderful thing is that ail of them, whether it is a 
traditional herbal préparation, or local or intravenous 
injection of chalmoogra oil, or the latest technological 
wonder préparation like micronized plastic granules, or 
the good old biological stand by like placental extract or 
amniotic membrane or even such household remedies like 
honey, beef suet or coffee powder, ail of them hâve worked 
and hastened healing of plantar ulcers. 46 Not one of them 
had been reported hâve failed ! ! So much for the réputation 
of plantar ulcer as "a chronic ulcération of the anesthetic 
sole of the foot, résistant to local or systemic therapy, and 
characterized by a marked tendency to récurrence". 
Evidently the great variety of healing agents shown to be 
effective only demonstrates that plantar ulcers heal 
provided they are attended to. 
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Surgeryfor Prévention of 
Récurrent Plantar Ulcération 


H Srinivasan 


INTRODUCTION 

Plantar ulcers are notorious not only for their tendency to 
take a long time to heal, but also for their proneness to 
recur very easily. In the majority of cases, the ulcers recur 
because no spécial measures like practising foot care and 
using appropriate protective footwear hâve been taken to 
prevent récurrent ulcération. The term "récurrent ulcer" is 
used in this chapter to dénoté those ulcers which hâve 
recurred despite taking reasonable précautions, against 
their récurrence. Thus, "récurrent ulcers" are defined as 
those ulcers which recur readily despite practising foot 
care and using protective footwear. 

Causes of Récurrence 

As pointed out in Chapter 96 management of plantar ulcers 
has two aims, one short-term and the other long-term. The 
short-term aim is to heal the ulcer, and the long-term aim 
is to prevent its récurrence. Plantar ulcers hâve a strong 
tendency for récurrence for four reasons: (i) the conditions 
that originally led to ulcération, namely plantar anesthésia 
with or without plantar intrinsic muscle paralysis and 
unprotected walking, may continue to be operative, (ii) the 
scar resulting from previous ulcération is of poor quality, 
and it breaks down even under conditions of normal 
walking and weight bearing, (iii) the load falling on the 
scar is excessive and this causes it to breakdown resulting 
in the récurrence of ulcération, and (iv) there is a flare up 
of infection from persisting foci of infection. 1 

Original Causes of Ulcération 

It must be remembered that when plantar ulcération 
originally occurred, it did so in a structurally normal foot, 
whose tissues broke down under conditions of denervation 
and walking without protection. The normal plantar 


subcutaneous fatty layer, consisting of granular fat held 
in a fibrous mesh is admirably constructed to function as 
a shock absorber and even that tissue got damaged and 
destroyed under those conditions. The solid, hard, brittle, 
collagenous scar tissue that replaces the subcutaneous 
fatty layer is quite unsuited to function as a shock absorber, 
and instead of dispersing the load in ail directions as it 
happens with the normal subcutaneous fatty layer, it is 
transmitted directly, and the scar gets crushed in the 
process. Therefore, it is not at ail surprising that the scar 
tissue should give way even sooner than the normal 
granular fatty layer, when the same conditions as before 
continue to operate. 

Poor Quality of Scar 

As pointed out above, the scar tissue is least suited to 
function as a shock absorbing structure. When it is deeply 
adhèrent to an underlying bone, it is also subjected to 
enormous shearing forces besides compression during 
walking. These shearing forces disrupt the scar. When it 
is not adhèrent and so not fixed to an underlying bone, the 
solid scar acts like a hard foreignbody in the sole, crushing 
the epithelium covering it and the soft tissue deep to it at 
each step causing tissue destruction, hematoma, etc. The 
scar, being solid, avascular and brittle, may also develop 
fine and coarse cracks due to the stresses and strains 
generated during walking, through which infection enters, 
the organisms find a good medium for their growth in the 
hematoma or necrotic tissue located deep to the scar, an 
abscess develops and the ulcer recurs. 

Excessive Loading of Scar 

Often, because of muscle paralysis, and also as a resuit of 
previous ulcération, a functional and structural 
abnormality is présent (e.g. drop foot, clawing of toes. 




746 Textbook of Orthopedics and Trauma (Volume 1) 


dorsal subluxation of the proximal phalanx of a toe, 
irregularities in weight-bearing surface of a bone like 
calcanéum). During walking or even during standing, 
such an abnormality causes severe overloading of the scar, 
and the peak pressures at these sites may reach very high 
levels often exceeding 7 kg/cm 2 (équivalent to about 100 
lb Psi), which is about (20 to 25 times the pressures 
normally sustained by the foot. 2,3 Under conditions of such 
severe overloading, the scar tissue is physically destroyed, 
and taking even a few steps causes the scar to break down 
and the ulcer to recur. 

Flare up of Latent Infection 

Chronic osteomyelitis and chronic septic arthritis are 
notorious for their tendency to persist and develop walled- 
off foci of infection, which flare up periodically under 
favorable conditions. The bones and joints of the foot are 
no exception to this general behavior pattern. Inadéquate 
or improper antibiotic therapy and insufficient drainage 
and debridement often resuit in temporary healing of the 
ulcer but without éradication of the infection. Continued 
walking leads to local tissue injury and necrosis creating 
favorable local conditions for a flare up of infection. 

Prévention of Récurrence 

In view of the above understanding of the causes of 
récurrence, it becomes évident that prévention of récurrent 
plantar ulcération requires: (i) réduction of walking strains, 
(ii) improvement in the quality of scar, (iii) réduction of 
stresses and strains on the scar, and (iv) éradication of 
infection. 

Reducing Walking Stresses 

Reducing walking stresses is achieved by: (i) avoiding 
walking where possible (using other modes of transport 
like bicycle, cart or bus), (ii) resting the foot after a bout of 
walking (long stretches of walking is done in stages, resting 
the foot inbetween), and (iii) using appropriate protective 
footwear or other orthosis. In view of its importance, this 
last item (protective footwear and orthosis) is discussed 
separately. 

Improving Quality of Scar 

Broad, hard, deeply adhèrent, weight-bearing scars are 
the ones that breakdown because of compressive, shearing 
and tensile strains and stresses. Scars which breakdown 
despite adéquate protective précautions do so either 
because they are unable to withstand normal stresses and 
strains of walking, or because they are overloaded. A careful 
local examination will indicate the dominant factor (inade- 
quacy of scar or overloading) responsible for récurrence. 4 


Unstable scars and scars of poor quality should be 
revised and replaced by tissue of better quality, or failing 
that, the scar should be shifted to a nonweight-bearing 
site, thereby avoiding the stress of weightbearing. A fairly 
good quality scar which will withstand normal load- 
bearing stresses and strains may be obtained by 
anticipating excessive and poor quality scarring, and 
minimizing such scarring by preventing spread of infection 
and excessive tissue destruction, obtaining speedy healing 
by skin grafting the ulcer, and instituting local 
physiotherapy (ultrasound therapy, local application of 
émollients, massage, etc.) to soften the scar. 

When a hard and brittle scar has already developed, 
révision surgery will be required. The aim of surgery of the 
scar is to replace the vulnérable scar with more durable 
tissue. This is achieved by scar excision and wound closure 
by direct suturing if that is possible, or closing the defect 
with a local or a distant flap, or covering the raw area with 
a split-skin or full-thickness skin graft. Where expert plastic 
surgical help is available, procedures like free flap transfer 
may also be used for resurfacing large defects. 

Scar révision in the forefoot: 5,6 A localized unstable scar 
usually lying under a matatarsal head may be excised 
using a triangular incision and the gap closed by swinging 
a large rotation flap, either medially or laterally based, 
preferably after delay. 5 Medially based flaps are used for 
covering gaps in the médial part and laterally based flaps 
are used for closing gaps in the latéral part of the bail of 
the foot (Fig. 1). 



Fig. 1 : Rotation flap to cover a deflect (after scar excision) in 
the forefoot. The flap could be even bigger than shown 
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An unstable scar in the bail of the foot extending across 
two or three metatarsal heads is best excised transversely. 
The transverse defect thus created is closed by mobilizing 
the skin and subcutaneous tissue lying in front of it. For 
this purpose, a transverse incision in made along the bases 
of toes, longer than the raw area created by scar excision, 
the tissue is mobilized and shifted backwards to close the 
gap created by excision of the scar. 

The anterior raw area is covered with split thickness 
skin graft. 

When the unstable scar in the bail of the foot is 
associated with the proximal phalanx or metatarsal head 
of a deformed and functionless toe, récurrence of the ulcer 
can be prevented by scar excision and closing the gap by 
filleting that toe (removing the bones of the toe, but retaining 
the skin and soft tissue) and using it as a flap to close the 
defect. The incision for existing the scar is suitably extended 
on to the toe, the bones of the toe are removed and the toe 
flap thus created is turned down and sutured to cover the 
gap created by excision of the scar (Fig. 2). 

When the bail of the foot is extensively scarred which 
is of very poor weight-bearing quality, it is best to do 
transmetatarsal amputation, using a long plantar flap 
which would include the scar. The metatarsals are 
sectioned at about 25 mm distal to their bases. The plantar 
flap containing the scar is turned up and sutured to cover 
the raw area over the frontal aspect of the foot (Fig. 3). By 
this procedure, the unstable scar is shifted to lie over the 
frontal or dorsifrontal aspect of the foot, relieving it of ail 
weight-bearing stresses and strains, thus, prventing 
récurrent ulcération. 

One frequently cornes across an ulcer under the shaft 
of the proximal phalanx on the plantar aspect of the big 
toe. This ulcer may heal until it becomes very small and 
then no further healing occurs, or it heals completely but 
the scar breaks open from the surface within a few days or 
weeks of walking. Usually, one cannot identify any 




Fig. 2: Filleted toe flap to cover a defect (after scar excision) in 
the forefoot (left) showing the incision, (right) flap sutured in 
place 

deformity or structural abnormality except the scar to 
account for récurrent ulcération. In such cases one has to 
conclude that it is the scar that is at fault, that it is unable 
to bear the strain of stretching that occurs during the toe- 
off phase of walking. The situation can be corrected by: 
(i) excision of the unyielding scar and closing the gap with 
a cross-toe flap from the second toe, or (ii) shortening the 
affected big toe by excision of one-half to two-third of the 
proximal phalanx of the big toe. 7 This (shortening) 
procedure reduces the skeletal length of the big toe and 
thus renders the soft tissues relatively long and lax which 
permits their stretching during walking (Fig. 4). 

Scar révision in the heel: Sears in the heel are notorious for 
their tendency to breakdown easily, just as heel ulcers are 
notorious for their tendency to persist. 

A deeply puckered scar adhèrent to the calcaneus is 
subject to enormous shearing strains during heel strike, 
because the bone moves forwards while the skin is fixed to 
the ground. This causes dehiscence of the scar and 
récurrence of the ulcer. Simple excision of the scar after 
releasing it from the bone, and resuture after freshening 
the edges is often adéquate in such a situation to prevent 
récurrent ulcération. 



Figs 3A to C: Transmetatarsal amputation for severe scarring of forefoot: (A) Incision, (B) Amputation with long plantar flap, 

(C) Flap sutured scar shifted to a non weight-bearing site 
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Fig. 4: Shortening of big toe for preventing récurrent 

breakdown of scar under proximal phalanx of big toe 

A rather broad and thick scar adhèrent to the 
calcanéum is best excised, and the wound may be closed 
by direct suture after turning over and interposing a local 
subcutaneous fat flap mobilized from beside the wound. 8 
However, it must be remembered that in a proportion of 
cases, the fiat flap may nécrosé and the procedure may fail 
in its objective of providing a protective cushion of fat 
between the scar and the bone. This procedure is always 
combined with showing off the médial calcaneal tubercle 
(bumpectomy) which is usually hypertrophied and 
irregular in these cases (Fig. 5) 

Another method of révision of a moderate sized scar in 
the heel that has proved successful is scar excision using 
an anteroposteriorly oriented elliptical incision and 
obtaining wound closure by mobilizing two bipedicle or 
"bucket handle" flaps from both sides and suturing them 
together in the middle. 9 ' 10 The latéral wounds created for 
mobilizing the bipedicle flaps should be longer than the 
central defect which the flaps will be closing (Fig. 6). The 
central defect is closed in two layers, besides using a few 
deep tension sutures. There should be no tension on the 
wound closing stitches. There is no need to cover the 
latéral raw areas with skin grafts, and of course, they 
should not be closed by suturing. They are just dressed 
with pièces of stérile Vaseline gauze, and the heel is covered 
with bulky dressings. No weight is borne on that foot and 
the patient has to use crutches for mobility. Sutures are 
removed after about 18 days and a below-the-knee walking 
plaster cast is given for another three weeks. A suitable 
protective footwear is given when the plaster cast is 
removed. 

When the scar in the heel is too broad for excision and 
closure in this manner, it is probably best to excise the scar 
completely and obtain wound closure by a flexor digitorum 
brevis myocutaneous flap or a similar but latéral plantar 
artery pedicled island flap. 11 This is much better than the 
forward shifting of a bipedicled flap composed of non- 
weight-bearing skin as suggested by Maisels. 12 One may 
also close large raw areas in the heel area by swinging 




Figs 5A to D: Calcaneal shaving (Bumpectomy) and closure 
with local interposition fat flap for preventing récurrent ulcération 
in heel pad (A) ‘Hypertrophied’ médial tubercle of Calcanéum 
with adhèrent scar. (B) Local fat flap mobilized and (C) Sutured 
as shown (D) Situation at the end of the procedure 


appropriately fashioned rotation flaps (preferably after 
delay) mobilizing the tissue from the middle part of or 
even the bail of the foot. 5 

In ail these cases, before wound closure, the under- 
lying bone must be felt and any undue prominence, spike 
or rough area should be smoothened and made level to 
provide a fiat and large weight-bearing surface. 
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Figs 6A to C: Bipedicle flap for closing defect in heel. (A) Ulcer in heel pad excised using elliptical incision (B) Relaxing 
incisions made on two sides and two ‘bucket handle’ flaps mobilized and (C) Central defect closed. Latéral defects need not be 
covered or closed 


Occasionally one cornes across an instance of severe 
atrophy of the soft tissue of the heel due to chronic and 
récurrent ulceraion, and the scarred skin appears stretched 
over a relatively intact calcanéum. The thin stretched scar 
frequently gives way. In such cases, subtotal resection of 
calcanéum corrects the bone-soft tissue disproportion by 
reducing the bone bulk. The now redundant soft tissue 
serves as a heel pad. 13 

Reducing Load on Scar 

Reducing load on scar primarily involves correction of 
fixed deformities and abnormalities as well as those 
dynamic abnormalities which cause intolérable over- 
loading of the site of ulcération/scar. For example, the tips 
of the toes scrape the ground with considérable force in 
first degree clawing of toes, instead of the toe pads gripping 
the ground during walking. As already mentioned, 
dropfoot results in excessive loading of the outer part of 
the sole. If these sites are already scarred, the scar is then 
subject to excessive loads during walking. Correction of 
these deformities will eliminate such excessive loading of 
the scar. 

On the other hand, the foot as a whole may be deformed 
badly due to repeated ulcération or neglect of a deformity 
(acquired equinovarus as in neglected drop foot, or 
congénital like clubfoot). In these cases, where feasible, 
appropriate corrective procedure (usually some variant of 
triple arthrodesis) should be done to make the foot planti¬ 
grade again. 5 Sometimes, the entire talus may sequestrate 


and be extruded resulting in gross instability of the foot. In 
such cases, the flail foot is pushed aside during walking, 
and the body weight is borne directly over the lower end of 
tibia causing ulcération there. One should avoid 
amputating these feet with gross abnormalities because 
that would leave the patient with a stump, which in ail 
probability will be insensitive. Thus, the problem of 
walking on an insensitive weight-bearing unit is not really 
overcome, andthe situation is made more difficult because 
the problem has been shifted to a more proximal level. 
Stabilization of the foot in the plantigrade position by a 
procedure like tibiocalcaneal fusion should be done in 
these cases. 

Avoiding overloading of scars in the forefoot: A variety of 
surgical solutions are available to correct excessive load 
falling on the scar leading to récurrent ulcération. In order 
to décidé what excatly one should do in a given case, one 
must examine the foot clinically as well as radiologically 
with care, besides taking a detailed history about how the 
ulcer originated, the treatments carried out as well as the 
measures taken for preventing its récurrence. One should 
look for obvious and not so obvious abnormalities. 14 
Palpatory examination should include feeling the scar, its 
relation to the underlying bone or joint as well as the 
integrity and mobility of the joints of the foot. In order to 
confirm one's conjectures, radiography of the weight- 
bearing foot with a marker at the site of the ulcer/scar will 
be needed. 
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Standing and walking footprints using a Harris mat is 
very helpful. 15 Even if Harris mat is not available, one can 
take a plain walking footprint. For this, it is best to hâve a 
sheet of polythene or other thin plastic material held 
stretched over a sufficiently large MS wireframe. Printer's 
ink is spread evely over the plastic sheet using a printer's 
roller. This frame is placed on smooth ground surface, the 
inked surface facing downwards over a white paper with 
another paper covering the plastic sheet. The patient stands 
with one foot on the paper (with the other foot on the 
ground) to obtain a standing footprint. A walking footprint 
is then taken since excessive loading may occur only 
during walking. 14,15 After gathering ail information 
(historical, clinical and radiological), one should décidé 
the reason for récurrent ulcération and whether to eliminate 
the same by footwear modification alone or by surgery. 
The various procedures that hâve been found useful in 
preventing récurrent ulcération are briefly discussed below 
(Fig-7). 

Plantar condylectomy U/16 is done when there is frequent 
récurrent ulcération under a metatarsal head, but no 
deformity can be made out in the metatarsophalangeal 
(MTP) joint région, and both standing and walking 
footprints show high pressures localized to the scar. It is 
then assumed that the cause of high pressure under that 
metatarsal head is its shape. In some persons, the meta¬ 
tarsal head is wedge-shaped causing sharp increase in 
pressures under the wedge. Unfortunately it is very 
difficult to demonstrate the shape of the head of the 
metatarsal by ordinary radiography. The abnormality is 
assumed, and surgery is proceeded with. In this procedure, 
the undersurface of the concerned metatarsal is shaved to 
eliminate sharp or wedge-shaped projection and provide 
an increased weight-bearing area. The approach is through 
a dorsal longitudinal incision centered over the MTP joint. 
Retracting the extensor tendons, the MTP joint is opened 
into and the head of the metatarsal levered up. Using a 
thin narrow osteotome horizontally, or a Mclndoe's 
compound action bone cutting forceps, the projecting 
undersurface of the metatarsal is removed. 

Metatarsal sling procedure 7 is indicated when récurrent 
ulcération occurs under the central two or three metatarsal 
heads especially, when there is dorsal migration of the 
proximal phalanges over the neck of the metatarsals, and 
the metatarsal head feels like a pebble just dorsal to the 
scar. The heads become even more prominent when the 
proximal phalanx is pusehd along its long axis. Usually, 
the walking footprint shows grossly increased pressures 
under the concerned metatarsal heads, while standing 
footprint may not show any high pressure, or shows only 
mildly increased pressures. It is best to combine this 
procedure with condylectomy of the concerned metatarsal. 
After condylectomy, the long extensor tendon is divided 



Metatarsal sting (Srinivasan) 



Metatarsal osteotomy (Helal) 


Metatarsal Resection 



Fig. 7: Procedures used for prévention of récurrent 
ulcération in the fore-foot 

sufficiently distally, the subluxated proximal phalanx is 
repositioned to be in its normal location in front of the 
metatarsal head, the long extensor tendon is passed 
through a hole in the neck of the metatarsal and sutured 
back to itself under moderately high tension (Fig. 8). The 
bail of the foot previously presenting a convex outline 
mediolaterally now présents a concave outline in the région 
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Figs 8A and B: Corrective procedure for third degree clawing: 
(A) Toe with third degree clawing; (B) Correction by condylec- 
tomy, repositioning of the proximal phalanx and proximali- 
zation of the long extensor tendon 


of the central metatarsal heads which are held lifted up by 
the long extensor tendons of the toes. 

Displacement osteotomy of the metatarsal 17 is another 
procedure that has been found to be useful, particularly 
when the unstable adhèrent scar is located under the first 
metatarsal head. An oblique osteotomy just proximal to 
the neck of the metatarsal is done such that when pushed 
from the plantar aspect, the metatarsal head along with 
the toe gets displaced dorsally and slightly proximally. 
Similar osteotomy may be used for the fifth metatarsal also. 

Resection ofa metatarsal head may be required when it is 
badly deformed and chronically infected. When the related 
toe is also badly deformed, it will be better to do a ray 
excision rather than just metatarsal head resection. Ray 
excision should be confined to one of the central three 
digital rays only, and excision of the first and fifth rays 
should be avoided as far as possible. Some authors hâve 
advocated resection of ail metatarsal heads, and even ail 
metatarsals just distal to their bases hâve been advocated 
as a radical solution for the problem of plantar ulcération 
in the forepart of the foot. 18,19 Since resection of head of 
one metatarsal is sometimes followed by increased 
pressure under an adjacent metatarsal leading to its 
excision, and this process may go on until ail the metatarsal 
heads eventually get resected, it has been argued that one 
might as well remove ail metatarsal heads in the beginning 
itself. Of course, this is a counsel of despair and cannot be 
recommended. Nevertheless, if one finds one has to resect 
more than two metatarsal heads, it is better to resect ail of 
them. Better than that will be to do a transmetatarsal ampu¬ 


tation and do a radical metatarsal resection, only when 
the patient cannot be persuaded to undergo transmeta¬ 
tarsal amputation. After resection of the metatarsals, the 
toes get bunched up and become floppy and are more of a 
nuisance for wearing any kind of footwear, nor are they 
cosmetically satisfactory. 

Sesamoidectomy —resection of the médial and latéral 
sesamoids of the big toe—is sometimes necessary to prevent 
récurrent ulcération under the head of the first metatarsal. 6 
In these cases, the scar has become adhèrent to a deformed 
and distorted (usually médial) sesamoid bone, and is 
subjected to very high pressures. Dissecting out and 
removing both the sesamoid bones through a médial 
longitudinal incision éliminâtes the problem. 

In some long-standing cases of ulcération under the 
central metatarsal heads, a typical deformity known as 
"crumpled toes" results. The central metatarsals are 
shortened with dorsal migration of the central toes. The 
big toe having lost the support of the second toe develops 
secondary valgus deformity which can be so severe that 
the big toe lies almost transversely in front of the other 
toes. The forepart of the foot looks as if it has been squeezed 
mediolaterally by a giant fist. It does not participate any 
more in weight transfer, and during walking the entire 
body is pivoted over the first metatarsal head at the push- 
off phase leading to very high local pressures and 
conséquent intractable or récurrent ulcération at this site. 
Transmetatarsal amputation is the best solution for these 
cases. But many patients cannot be persuaded to hâve this 
done. In such a situation, instead of grossly shortening 
the first and fifth metatarsal so that ail metatarsal are of 
comparable length (which is another solution), one can 
reconstruct the forefoot. That would involve shortening 
the first digital ray and correction of secondary hallux 
valgus, the tenotomy of long extensor tendons of central 
toes to pull them out distally, surgical syndactylia to anchor 
them with a relatively stable big toe and the fourth toe or 
the little toe, and full thickness skin grafting over the 
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dorsum of the foot near the base of the toes. One may also 
hâve to arthrodèse the proximal interphalangeal joints of 
the central toes in the straight position. It is worth 
reconstructing the forefoot in this way, as it helps very 
much in preventing récurrent plantar ulcération in these 
feet besides improving the appearance of the foot. 

Reducing excessive load on heel scars: Very often chronic and 
récurrent ulcération of the heel leads to irregular, vertical, 
bony projections from the undersurface of the calcaneus 
over its médial tubercle. These projections sharply increase 
the point load at that site. Sometimes, the médial tubercle 
itself is too prominent and too pointed and causes 
increased point load in the heel pad. It should be noted 
that the "calcaneal spurs" projecting horizontally forwards 
from the front of the médial tubercle do not cause increased 
pressures in the heel pad. When one suspects the médial 
tubercle and the downward projecting irregularities rela- 
ted to it to be the cause of increased pressures over the scar 
in the heel, that should be confirmed by taking radiographs 
(latéral view) of the weight-bearing calcaneus with a 
marker placed over the scar. When the radiograph confirms 
the relation between the site of récurrent ulcération and 
the calcaneal prominence, one attempts to relieve the high 
pressures by surgery. 20 Surgery here aims to remove the 
médial tubercle. The undersurface of the calcaneus is 
exposed from behind the heel through a semicircular 
incision along the posterior margin of the heel down to the 
bone. The heel pad is lifted off the undersurface of the 
body of calcaneus using a periosteal elevator. Using a wide 
thin-bladed osteotome, the médial and latéral tubercles 
are cleanly removed to produce a broad weight-bearing 
area. The heel pad is sutured back in place with a drain if 
need be after making sure that there are no sharply project¬ 
ing bony spiculés. This procedure not only removes the 
irregular or wedge-shaped projections, but it also provides 
a much broader weight-bearing surface so that the same 
load is now borne over a larger area, thus, reducing the 
point load. One should take care to remove only the 
tubercles. Removal of too much of the calcanéum will 
abolish the posterior pillar of the arch of the foot with 
serious adverse conséquences. If possible, this procedure 
of bumpectomy may be combined with mobilizing a local 
interposition fat flap to be placed between the scar and the 
bone. 8 

Patients with repeated heel ulcers are often treated with 
plaster casts. In some patients, the calcaneus becomes 
porotic and progressively collapses with the development 
of calcaneus recurvatum or a boat-shaped calcanéum. In 
these cases, the undersurface of the calcanéum becomes 
convex and the anterior part of the heel, not the center of 
the heel pad is subjected to high pressures from this 
convexity with the development of ulcération at this site. 


This ulcer, while it is ready to heel is equally ready to 
recur. In these cases, prévention of récurrence is achieved 
by restoring the shape of the calcanéum and restoring the 
posterior pillar of the arch of the foot through an oblique 
osteotomy commencing behind the posterior talocalcaneal 
joint and extending downwards and forwards. 13 The 
posterior fragment is shifted downwards with some 
forward rotation and retained in place by Steinmann's 
pin held in position by incorporating it in the plaster cast. 
Adéquate displacement and rotation of the posterior 
fragment is facilitated by lengthening of tendocalcaneus 
and resection of an inferiorly based wedge of bone from 
the anterior fragment. Too much rather than too little 
displacement must be aimed at so that the posterior frag¬ 
ment is at a lower level than the anterior fragment in order 
to ensure an adequately restored posterior pillar. 

Eradicating Infection 

It was pointed out that one of the causes of récurrent 
ulcération is lurking infection which flares up periodically 
under favorable conditions. Elimination of this cause of 
récurrence involves eradicating the infection so that there 
are no deep hidden foci of infection for them to flare up at 
a later date. Thorough debridement of the ulcer, laying 
open of ail sinuses, ruthless excision of ail dead, dying 
and badly infected tissue, and ensuring adéquate drainage 
are the procedures thathelp to eradicate infection. 8 Use of 
an appropriate antibiotic for a sufficiently long period also 
helps in eradicating the infection. In chronic osteomyelitis 
with sclerotic infected foci in the bone, the affected bone 
must be removed in order to eradicate the infection. The 
problem becomes complicated when tarsal bones are thus 
involved. In these cases, éradication of infection becomes 
the priority aim, and any resulting deformity or instability 
will hâve to be dealt with later after the infection has been 
got rid of. 

Sometimes patients présent with intractable infection 
of the body of the calcanéum. The bone becomes dense 
with some cavities and sinuses, and there is periodic 
development of acute infection and inflammation despite 
adéquate drainage procedures and antibiotic therapy. In 
such cases, it is best to get rid of the persistent focus of 
infection by subtotal resection of the calcaneus. 13,21 The 
approach is through a long latéral incision extending from 
the base of the fifth metatarsal running across the latéral 
aspect of the heel and extending upwards along the 
tendocalcaneus for 8 to 10 cm. Tendocalcaneus is detached 
from the bone and the body of calcaneus is cleared and 
excised. The line of the bone section is from just behind the 
posterior talocalcaneal joint running obliquely 
downwards and forwards at a level just below the peroneal 
tendon, and ending just proximal to the calcaneocuboid 
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articulation. The chronically infected body of the calca- 
neus is dissected out and removed. After resecting the major 
portion of calcanéum, the tendocalcaneus is pulled down 
and sutured to the soft tissue of the sole. Weight bearing 
absolutely prohibited for three weeks is permitted later, 
the exact time depending on the local condition. This 
procedure gives satisfactory results, and many patients 
who had not walked for months at a time hâve been 
enabled to walk comfortably after this procedure. A proper 
footwear in which the heel is built up in the insole using 
microcellular rubber helps a lot for normal walking. 

CONCLUSION 

It should be évident from the foregoing discussion that we 
can do a lot by means of surgery, even in cases where the 
outlook superficially appears bleak, and amputation 
appears to be the only way out. Unfortunately, most persons 
including the treating physicians and surgeons are too 
defeatist in their outlook and are ready to give up the fight. 
The author's own expérience has shown that such 
defeatism is unwarranted, and one can work out a solution 
to the problem of chronic or récurrent ulcération in almost 
ail cases. What is required is the knowledge and conviction 
that it can be done and the détermination and the skill to 
do it. As mentioned earlier, with the information gained 
from a detailed history, careful and detailed clinical and 
radiological examination of the foot and spending some 
time in trying to work out what has happened to the 
particular foot and what is happening to the particular 
part of the foot, one can eventually develop a plan of 
treatment to prevent récurrent ulcération and provide a 
useful foot. It should be emphasized once again, that 
préventive surgery, however, ingenious, sophisticated and 
clever it might be is only one part of the treatment program, 
the other parts being proper footwear and diligent practice 
of foot care by the patients themselves. Préventive surgery 
should not be done without ensuring the latter two 
components; otherwise it is bound to fail. 
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Paralytic Deformities of 
the Foot in Leprosy 


PK Oommen 


INTRODUCTION 

Paralytic deformities of the foot in leprosy occur due to 
damage to the latéral popliteal (common peroneal) nerve 
at the level of the neck of the fibula and the posterior tibial 
nerve at the level of the ankle. Paralysis of the latéral 
popliteal nerve results in drop foot deformity, while 
paralysis of the posterior tibial nerve results in the claw 
toes deformity. 

DROP FOOT 

The latéral popliteal (common peroneal) nerve is very often 
affected in leprosy. Involvement of this nerve is almost as 
common as that of the ulnar nerve in the upper limb, but 
damage to the nerve resulting in motor paralysis is not as 
common as with the ulnar nerve. Actual paralysis of the 
latéral popliteal nerve occurs in only about 3 to 5% of 
leprosy patients. 13 Compared to some other nerve trunks 
that are frequently paralyzed in leprosy, the potential for 
this nerve to recover full function spontaneously is quite 
high. For this reason, definitive surgical reconstruction to 
correct the drop foot deformity is withheld for about six 
months to one year after the onset of paralysis of the nerve, 
and the condition is treated medically (antileprosy 
treatment, steroid therapy) and with physiotherapy. 6,26 

In leprosy, the latéral popliteal nerve is usually affected 
at the level of the neck of the fibula where the nerve is 
superficial and lies against the bone. At this location the 
nerve passes under the tight overhanging edge of the origin 
of peroneus longus. In this confined space, also called the 
"fibular tunnel", 9 the nerve has to slide during the move- 
ments of the foot, particularly inversion and plantar 
flexion. The thickened and diseased nerve is also subject 
to external compression at this site which would also 
contribute to nerve damage. 


Neuritis of the latéral popliteal nerve may présent in 
an insidious manner with mild to moderate tenderness of 
the nerve, or as in some patients, there may be acute neuritis 
with severe pain and tenderness. In such acute cases, 
similar neuritis of other nerve trunks is often seen. Silent 
or quiet nerve paralysis may also occur with drop foot 
developing without severe nerve pain or tenderness. 

Paralysis is complété if the lésion affects the main trunk 
of the nerve involved. In that case, both the anterior 
compartment muscles (tibialis anterior, extensor hallucis 
longus, extensor digitorum longus) as well as those of the 
latéral compartment (peroneus longus and brevis) are 
paralyzed (Fig. 1). Quite often, there is incomplète para¬ 
lysis, in which case only one of the two main branches of 
the common peroneal nerve is affected. Usually it is the 
anterior tibial (deep peroneal) nerve that is affected 
resulting in paralysis of the dorsiflexing muscles of the 
foot and toes, with sparing of the evertors of the foot. 
Isolated paralysis of the peronei is less common. It is not 
uncommon to discover isolated weakness of extension of 
the big toe as the earliest sign of damage to the common 
peroneal nerve. 

Paralytic footdrop is a gait disorder characterized by 
exaggerated ankle equinus and increased hip and knee 
flexion during the swing phase of the walking cycle. Hence, 
even in a patient with established paralysis, no deformity 
is seen while the patient is standing or resting, and the 
condition becomes obvious only when he or she starts 
walking. The anterior compartment muscles of the leg corne 
into action during the swing phase of the walking cycle, 
from the time of toe-off and continue to act up to the early 
stance phase. The function of the anterior compartment 
muscles in swing phase is to clear the foot off the ground 
by dorsiflexion of the ankle. When the anterior compart¬ 
ment muscles are paralyzed, the foot hangs down during 
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Fig. 1 : Drop foot (right). Patient is unable to 
lift right foot and toes 


the swing phase, and in order to clear the foot off the 
ground, the whole limb is lifted high as if the peron is 
climbing up steps. This gait, characteristic of drop foot is, 
therefore, referred to as "stepping" or "high stepping" gait. 
At the end of the swing phase, the heel strike which initiâtes 
the stance phase does not occur in these feet. Instead, the 
inverted plantarflexed foot cornes down and the outer part 
of the forefoot strikes the ground first. The heel cornes down 
and contacts the ground after the forefoot. The resulting 
disability manifests as instability caused by unbalanced 
paralysis around the ankle and subtalar joints. These joints 
are balanced by muscles acting ail round them. Paralysis 
of the dorsiflexors and evertors of the foot upsets this 
balance leading to instability of these joints, as a resuit of 
which standing on tip toes and running becomes difficult. 
This disability becomes severe when there is bilateral drop 
foot. Paralysis of the evertors interfères with the normal 
pattern of transmission of body weight during walking, 
and results in accumulation of stress in the latéral part of 
the forefoot and ulcération. In long-standing cases of drop 
foot, adaptive shortening of the tendocalcaneus occurs 
resulting in the foot becoming stiff in plantarflexion and 
inversion (acquired equino varus deformity). This coupled 
with récurrent ulcération along the latéral border of the 
foot results in the destruction of the latéral toes and much 
of their metatarsals with heavy scarring along the latéral/ 
dorsilateral aspect of the foot (Fig. 2). Only the médial toes 
and the medial-facing sole are left intact, since these parts 
do not corne into contact with the ground. 



Fig. 2: Neglected drop foot. Note: (i) severe drooping of forefoot, 

(ii) destruction and ulcération of outer part of the foot and, 

(iii) that the big toe is relatively well preserved 

Differential Diagnosis 

The differential diagnosis of drop foot includes neuro¬ 
pathies involving the peroneal nerve, sciatic nerve, the 
lumbar plexus and lumbar radiculopathy as well as central 
nervous System lésions that may preferentially involve the 
dorsiflexors of the ankle. 

In an orthopédie clinic when a patient présents with 
drop foot, some of the common conditions that cause drop 
foot should be considered and one should not forget that 
in an endemic area, leprosy is probably the single most 
common cause of this condition. The other conditions that 
cause drop foot are damage to the common peroneal nerve 
or to the sciatic nerve at a higher level. 27,28 Damage to the 
nerve may be from external compression, 29 direct injury to 
the nerve, or traction injury sustained by the nerve. 30 
Prolapsed intervertébral disk at lumbosacral level may 
precipitate common peroneal palsy resulting in foot drop. 17 
In addition, diabetic neuropathy, poliomyelitis, lead neuro- 
pathy, primary amyloidosis of peripheral nerves, peroneal 
muscular atrophy, pseudohypertrophic muscular 
dystrophy, meningomyelocele, spina bifida occulta, 
cérébral palsy with spasticity of calf muscles, generalized 
peripheral neuropathy are some other conditions that may 
need to be differentiated. In leprosy, thickening of the 
nerve trunk and its cutaneous branches—with or without 
tenderness—associated with loss of sensibility in the area 
of supply of the nerve and other signs of past or présent 
leprosy make the diagnosis relatively easy. 

Management of Drop Foot 

Early Cases 

As mentioned earlier the chances for recovery are quite 
high in the case of latéral popliteal paralysis, if the 
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condition is detected early and treated adequately. A 
generally accepted timeframe during which recovery may 
be expected is one year. Patients presenting with drop foot 
of less than one year duration are fully assessed to 
ascertain and record the status of the nerve, whether 
enlarged, thickened, tender or painful, and a detailed motor 
and sensory assessment is made. If there is no gross muscle 
wasting and the motor status indicates incomplète 
paralysis with some power left in some of the muscles 
supplied by the common peroneal nerve, the chances of 
recovery are quite high. Even when ail muscles are 
completely paralyzed, if they show electrical activity, there 
is still some hope of recovery. The line of management in 
these cases of early and incomplète paralysis is medical. 6,26 
The patient is put on antileprosy chemotherapy if that has 
not been done earlier. In addition, the patient is put on 
steroid therapy. In adults, prednisolone up to 60 mg per 
day is given as a single dose or in divided doses. A foot- 
raising strap or spring is attached on to the footwear to 
restore normal gait and to prevent stretching of the 
paralytic muscles. In addition, where facilities are 
available, daily electrical stimulation by galvanic current 
is given to prevent denervation and atrophy of the muscle. 

The motor and sensory status of the nerve is monitored 
regularly. If signs of recovery such as resolution of nerve 
pain and/or tenderness and improvement in motor and 
sensory status are seen, the drug regimen is continued 
and the dosage of prednisolone is reduced at fortnight 
intervals to 40 mg, 30 mg, 20 mg and tapered off 
subsequently. On the other hand, if worsening of 
symptoms and signs are noted, surgical décompression of 
the latéral popliteal nerve is done and steroid therapy is 
continued. Similarly, if no improvement occurs by two to 
three weeks of medical treatment, surgical décompression 
of the nerve is carried out, and steroid therapy is continued 
for a period of another six to eight weeks. 

Patients presenting with paresis of recent onset (6 
months or less), if treated with a judicious mix, starting 
with medical therapy and supportive physiotherapy 
complemented with surgical décompression of the latéral 
popliteal as stated above, hâve shown to give good results. 
Adopting the above line of management, good functional 
recovery has been obtained in 60 to 70% of patients 
presenting with recent paresis. 

Surgical décompression of the latéral popliteal nerve: This 
procedure is done under local infiltration anesthésia with 
the patient lying prone, or on the opposite side. The latéral 
popliteal nerve is one of the two terminal branches of the 
sciatic nerve, and in the lower third of the thigh, it courses 
along the posterior border of biceps femoris tendon. An 
incision is made along the posterior edge of the biceps 
femoris tendon. The nerve is located quite superficially 


here, covered only by the crural fascia, and incision of the 
latter exposes the nerve. 9 The nerve is traced in its course 
posterior to the biceps femoris tendon and is followed 
distally up to where it winds round the neck of the fibula 
in direct contact with the periosteum. Here it is seen to 
pass under the fibrous arch providing attachment to the 
peroneus longus muscle. An enlarged nerve at this site is 
subjected to compression between the fascial arch of origin 
of peroneus longus and the bone over which the nerve 
lies. Just beyond this fibrous arch, the common peroneal 
nerve divides into its superficial and deep branches, the 
superficial peroneal branch passing through to the 
peroneus muscle mass, and the deep peroneal nerve going 
to the anterior compartment. 

This fibrous arch, which can be shown to become taut 
when the knee is extended, is carefully slit and raised up 
as a flap along with a portion of the peroneus muscle. 
Care should be taken to avoid damaging the motor branch 
which enters the muscle mass at this site. It is not 
uncommon while doing this procedure to find a smooth 
bulbous swelling of the nerve just proximal to the fibrous 
arch. To ensure adéquate décompression of the nerve 
fascicles, the epineurium is also slit (epineurotomy). 
Postoperatively, steroids are continued as mentioned 
earlier. 

Management of Established Drop Foot 

Once it is established, drop foot is best corrected by surgery. 
The goal of management of drop foot is to change the 
balance of forces around the ankle and subtalar joints so 
that: (i) the pathognomonic and stigmatizing stepping gait 
is abolished and the normal heel-to-toe gait is restored, 
and (ii) the destruction of the outer part of the foot due to 
overloading of that part is prevented by distributing the 
load on the foot more evenly during walking. 12,13 These 
goals are achieved by preventing "dropping" of the foot 
during the swing phase of the walking cycle and holding 
the foot in the neutral (not inverted) position during the 
stance phase of the walking cycle. The above goals can be 
achieved by using orthotic appliances or by corrective 
surgical procedures. The preferred method of treatment in 
drop foot due to leprosy is surgical correction 31 because: 
(i) some feet with stiff joints cannot be corrected by orthosis, 
and (ii) the appliance has to be worn for the rest of the life 
of the patient, which means that the patient has the 
additional burden of taking proper care of the appliance 
besides taking care of his or her insentive foot, and get the 
appliance repaired or replaced in time because wearing 
an ill-fitting appliance is worse than wearing none. 

Use of appliances adds thus to the patients' responsi- 
bilities and expenditure. Surgery as a one time intervention 
avoids most of these problems, and is, therefore, advocated 
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in preference to appliances. Nevertheless, drop foot 
appliances are usually needed for temporary use, until 
surgery is done. They are recommended as permanent 
measures only when corrective surgery is for some reason, 
not available or possible. 14,32 

Surgical corection: The condition of the foot détermines the 
type of procedure to be used for correction of drop foot in 
leprosy. 33,34 If the foot is supple without much stiffness at 
the subtalar joint, active correction by tendon transfer is 
preferred to passive correction procedures like posterior 
bone block or anterior tenodesis. However, if the foot has 
developed acquired equinovarus deformity (fixed plantar 
flexion-inversion), none of the procedures mentioned above 
will help, one will then hâve to do a corrective triple 
arthrodesis of Lambrinudi type, so that even with the talus 
in full plantar flexion, the foot is held at right angles to the 
leg during the swing phase, is plantigrade, (not in equi- 
nus) during midstance, and is also in the neutral position 
(not in varus) during mid stance and toe-off phases of the 
walking cycle. 10,35 

In leprosy, the médial popliteal nerve which supplies 
the muscles in the posterior compartment of the leg, 
including the tibialis posterior muscle, is virtually never 
damaged, and paralysis or even weakness of these muscles 
supplied by this nerve is extremely rare. Therefore, the 
tibialis posterior muscle is always available for transfer 
and for this reason this muscle is most frequently used for 
correcting drop foot in leprosy patients. 11,12,36,37 

Correction by tendon transfer: In this procedure, the tendon 
of tibialis posterior is detached from its insertion in the 
tuberosity of the navicular bone, rerouted to run in front of 
the ankle and attached to the foot such that this muscle, 
normally an invertor and plantarflexor acts now to 
dorsiflex the foot in place of the paralyzed dorsiflexors. 12 

The imbalance of force around the ankle and subtalar 
joints is also corrected by this procedure. In drop foot due 
to complété paralysis of the common peroneal nerve, the 
ankle joint is deprived of muscular forces anteriorly due to 
paralysis of the muscles of the anterior compartment, and 
the subtalar joint is deprived of muscular forces on the 
latéral side due to paralysis of the peroneal muscles. 
Shifting the tendon of tibialis posterior to run in front of 
the joint restores anteroposterior balance of forces at the 
ankle by providing a counterforce to triceps surae. It also 
restores mediolateral balance of forces at the subtalar joint 
by removing the tibialis posterior from the médial side 
where it was previously acting unopposed because of 
peroneal muscle paralysis. 

This procedure restores dorsiflexion of the foot but not 
the eversion movement. Furthermore, after tibialis posterior 
transfer, there is considérable loss of active inversion of 


the foot but that does not seem to cause any significant 
disability to the patient. On the contrary, the patients find 
that they can walk faster and even run quite well after 
surgical correction by tibialis posterior transfer. 

Various modifications in the operative procedure of 
tibialis posterior tendon transfer to correct footdroop hâve 
been described. These involve the route of the tendon to 
reach the front of the ankle joint and the mode of fixation 
of the transferred tendon. The tendon could be brought 
anterior to the ankle either through an opening in the 
interosseous membrane in the lower third of the leg 
(interosseous route), or subcutaneously (circumtibial 
route) 38 , and, the transferred tendon could be fixed on the 
dorsum of the foot: (i) to bone, usually the intermediate 
cuneiform, or (ii) to the thick cuneonavicular ligament, 11 
or (iii) to one or more tendons. In the last case, the tibialis 
posterior tendon is split into two or more slips or "tails" 
which are fixed to the tendons of the great toe extensor 
hallucis longus (EHL) and those of the other toes (EDL) 
tendons, 12 or to the tibialis anterior and the EDL tendons. 
Other variations in distal fixation of the tendon hâve also 
been reported. When the tibialis posterior tendon is 
attached in the bone or the ligament, it is used as a whole, 
whereas it is split into two or more slips for effecting 
tendon-to-tendon fixation. 

Each mode of routing and attachment has its own 
advantages and disadvantages. Attachment of tendon to 
bone (ober's procedure) has been discarded in leprosy, 
because of the fear of percipitating neuropathie tarsal 
disorganization. 39 Tunneling the tibialis posterior tendon 
through an opening in the interosseous membrane has 
definite biomechanical advantage, as the tendon courses 
directly in front of the ankle and exerts a direct pull, when 
compared to the circumtibial route in which the tendon 
approaches the ankle from the médial side. However, its 
main disadvantage lies in the fact that the interosseous 
route requires deep dissection, (and so a bloodless field) 
for excising the lower one-third of the membrane further. 
In many cases, the introsseous space may be too narrow 
for the bulky muscle to be brought forward into the anterior 
compartment. 

French surgeons, Carayon 3 et al hâve reported a 
procedure in which the tendons of the tibialis posterior 
and the flexor digitorum longus muscles are transferred. 3 
These tendons are divided behind the médial malleolus 
and brought to the anterior compartment of the leg through 
the interosseous membrane. The tibialis posterior tendon 
and the flexor digitorum longus tendon are attached to the 
extensor tendons in the lower leg. They hâve reported good 
results with active dorsiflexion of more than 5°. This 
procedure also—it will be noticed—requires considérable 
deep dissection and a bloodless field. 
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In patients in whom only the anterior compartment 
muscles are paralyzed, and the latéral compartment 
muscles are intact, the tendon of peroneus longus muscle, 
instead of that of tibialis posterior has been transferred to 
the dorsum of the foot with very good results. The peroneal 
muscle functions "in-phase" with the dorsiflexors during 
walking and so postoperative re-education is very easy 
after peroneus longus transfer. The patient acquires a heel- 
to-toe gait without any difficulty. The only caution here is 
that one should ensure that both peronei are functioning, 
and that there is no reasonable likelihood of these muscles 
becoming paralyzed later. 32,37,40 

Review of the literature makes it clear that in correction 
of drop foot in leprosy, tibialis posterior is the muscle of 
choice to be used as a dorsiflexor. The benefits from 
different techniques in the mode of routing the transfer or 
its attachment appear to be only marginal. The general 
opinion favors circumtibial route and tendon-to-tendon 
attachment which is an easy procedure to do. 

Dr Grâce Warren, reporting from Hong Kong, has 
drawn attention to the fact that among the Chinese patients 
in whom she had operated for footdrop deformity using 
the standard tibialis posterior transfer procedure, 
instability of the talonavicular joint associated with 
breakdown of the tarsal cuboid or the calcaneus resulting 
in latéral déviation of the forefoot occurred in a good 
number of cases. 7 According to her, this outcome is related 
to the removal of the dynamic support to the talonavicular 
joint provided by the tibialis posterior tendon. 9 In order to 
avoid this complication, she leaves a distal stump of about 
5 cm of the tibialis posterior tendon which is then attached 
to the flexor digitorum longus tendon just above the médial 
malleolus, where these tendons lie close together. This 
mode of attachment allows the flexor digitorum longus 
tendon to pull on the tibialis posterior and provide some 
muscular support to the summit of arch of the foot and the 
talonavicular joint. 

It must be mentioned that the Indian expérience has 
been quite different, and the kind of complication noted by 
Grâce Warren in her Chinese patients has hardly ever been 
noticed in India. The occurrence of collapse of the arch of 
the foot and tarsal breakdown following detachment of 
the tibialis posterior tendon from its insertion for correcting 
drop foot is not commonly seen in Indian patients. The 
médial longitudinal arch of the foot is maintained primarily 
by the configuration of the bones held together by strong 
ligaments. However, anatomical observation of the course 
and attachment of the tibialis posterior tendon suggests 
that removal of this tendon should favor some flattening 
of the arch when support from a strong tendon like the 
tibialis posterior is removed. In leprosy patients who 
undergo surgery for drop foot correction by transfer of 


tibialis posterior, it may be an advantage to incorporate a 
médial arch support in the insole of the footwear. That 
would not only support the arch that may hâve been 
weakened by removal of the tibialis posterior tendon, but 
it would also help to spread the load on the sole of the foot 
over a larger surface as than before, and thereby reduce 
the point load (pressure) and minimize the chances of 
plantar ulcération. 

In leprosy patients, many surgeons correcting drop foot 
surgically, including the author, prefer to use the procedure 
of two-tailed transfer of tibialis posterior tendon 
circumtibially to the extensor hallucis longus (EHL) and 
extensor digitorum longus (EDL) tendons. 

Preoperative Evaluation and Physiotherapy 

The patient should be assessed from the viewpoints of 
leprosy, general health and suitability for tendon transfer 
surgery, and the foot should be assessed for its suitability 
for corrective surgery and choice of procedure. As for 
surgical correction of the hand here also, the patient: (i) 
should hâve been treated for leprosy, (ii) should be 
responding to treatment satisfactorily, (iii) should hâve 
had no attacks of reaction or neuritis of any major nerve 
trunk during the previous six months, and (iv) should not 
be having any septic spots or open sores anywhere in the 
body. In addition, the nerve trunks in the affected limb, 
including the médial popliteal nerve behind the knee, 
should be examined for tenderness, and surgery should 
be deferred if tenderness is elicited. 2,6 

From the general health point of view, the patient 
should be assessed as a routine for diabètes, hypertension, 
anémia, etc. and corrective measures should be taken as 
needed before surgery is undertaken. From the point of 
view of suitability for tendon transfer, the results of such 
surgery are not so good in very young (less than 10 years 
old) and very old (over 60 years old) patients, especially 
the very old who hâve problems in reeducating their 
muscles to do new jobs. 37 

The foot should be examined to ascertain that the ankle 
and tarsal joints are not stiff or disorganized, and that no 
open ulcers or septic spots are présent. It may be mentioned 
here that loss of toes is not a contraindication for two- 
tailed transfer of tibialis posterior tendon. The extent of 
muscle paralysis and the strength of tibialis posterior (it 
should be 5 or at least 4+ on the MRC scale) muscle should 
be assessed and recorded. The resting posture of the foot 
and the extent of passive dorsiflexion should be measured 
using a foot goniometer and recorded. 

It is important to ascertain preoperatively that passive 
dorsiflexion of the ankle to about 20° beyond the neutral 
position is possible with the knee straight. If that is not 
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possible, and in most feet that is not possible due to mild 
to moderate contracture of the tendocalcaneus, it is 
important to lengthen the tendocalcaneus by closed 
tenotomy, or open or semiopen lengthening along with 
drop foot correction. This helps to ensure good dorsiflexion 
and also to neutralize the strong plantar flexion force 
which may cause overstretching of the transferred tendon. 
It is probably advisable to do lengthening of tendo¬ 
calcaneus in ail cases as a routine procedure. 

Having decided on correcting drop foot by transfer of 
tibialis posterior tendon, it is necessary to train the patient, 
preoperatively to practice isolated contraction of this 
muscle. 32,40 The patient sits in a chair or high stool with 
the affected leg crossed and resting over the contralatéral 
knee such that the médial border of the affected foot is 
uppermost, and the sole of the foot faces the opposite side. 
The patient now lifts the foot upwards with the big toe 
moving towards the ceiling. The examiner should check 
by inspection and palpation of tendocalcaneus, that the 
patient is not contracting the calf muscles and flexing the 
toes during the procedure. If that happens, the patient 
should be trained to avoid the same and contract only the 
tibialis posterior. Usually, training for a few days 
preoperatively is quite sufficient. This makes postopera- 
tive retraining of the tibialis posterior to function as a 
dorsiflexor much easier. 

Operative Procedure (Fig. 3) 

The procedure is done under spinal or local infiltration 
anesthésia. A bloodless field and so a tourniquet is not 
essential as there is hardly any deep dissection. 

With the patient lying supine on the table, passive 
dorsiflexion of the ankle with the knee straight is checked 
for. A closed tenotomy of the tendocalcaneus will suffice 
in most cases to ensure adéquate passive dorsiflexion. 
Open or semiopen lengthening of tendocalcaneus may also 
be done. The tendon of tibialis posterior is exposed through 
a short transverse incision near its insertion in the 
navicular tuberosity. The tendon is held with a stay stitch 
and using a tendon knife or a no. 11 blade, it is divided 
close to its insertion, and its proximal synovial 
attachments (mesotenon) are also severed. The flexor 
retinaculum is also slit open through the same incision. A 
slightly curved incision is then made over the médial aspect 
of the lower third of the leg, with its lower end about a 
hand's breadth proximal to the médial malleolus. The skin 
flap is raised along with the subcutaneous fatty layer. The 
deep fascia is slit well beyond the limits of the skin incision. 
The flexor digitorum longus muscle is retracted out of the 
way, and the tibialis posterior muscle and tendon are 
identified in the deep plane. Using an appropriate 
instrument and the finger, the tibialis posterior tendon is 



Fig. 3 : Two-tailed circumtibial transfer of Tibialis posterior 
tendon to EHL and EDL tendons over dorsum of foot 
(Srinivasan et al 1968) 12 


hooked up and withdrawn through the médial leg 
incision. The tendon and muscle may be gently stripped 
for a short distance in a proximal direction so as to ensure 
adéquate length of the tendon. In that case, care should be 
taken not to severe the nerve to the muscle. 6,11,12 
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The single thick tendon is split longitudinally to give 
two slips. Two curvilinear incisions are then made over 
the dorsum of the foot proximal to the summit of the tarsal 
bones (tarsal boss), and a little distal to the dépréssion on 
the front of the ankle. Through the médial incision, the 
tendon of the extensor hallucis longus (EHL) is identified 
and isolated, and through the latéral incision the tendons 
of the extensor digitorum longus (EDL) are identified and 
isolated. If the tendon of the peroneus tertius is seen that is 
also hooked up along with the EDL tendons. A curved 
Andersen tunneler is then passed into the médial dorsal 
incision and pushed proximally in the subcutaneous plane, 
superficial to the extensor retinaculum, directing the tip of 
the tunneler towards the médial leg incision (Fig. 3). The 
lower slip of the split tibialis posterior tendon is caught, 
and the tunneler with the tendon slip is withdrawn care- 
fully bringing it out through the médial dorsal incision. 
The second slip of the tibialis posterior is then brought 
through in a similar manner to the latéral incision on the 
dorsum of the foot. 1,2,5,12 

Keeping the leg bent at the knee and the foot in maximal 
dorsiflexion, the two "tails" of the tibialis posterior tendon 
are laced through and fixed to the EHL and EDL tendons 
respectively with two or three nonabsorbable sutures. 
During this procedure, the hooked up EHL and EDL 
tendons are held pulled in a proximal direction, and the 
slips of the tibialis posterior tendon are kept pulled distally 
to get adéquate tension. It is important to maintain a little 
higher tension on the latéral slip to avoid tendency for 
inversion postoperatively. 

The limb is then immobilized for the next three weeks 
in a below-the-knee plaster cast or two (anterior and 
posterior) plaster of Paris (POP) slabs, with the foot in 
about 70° dorsiflexion. 

Postoperatively, after three days, the POP cast is fitted 
with a walking device, and the patient may be discharged 
to go home. 

After three weeks the plaster cast is bivalved, stitches 
are removed and nonweight-bearing re-educative exercises 
are commenced. The patient practices isolated contraction 
of the tibialis posterior muscle, initially with gravity 
eliminated and later, after a week or ten days, against 
gravity, for the next three weeks. In between periods of 
exercise, the limb is kept in the bivalved POP cast, and the 
patient is permitted to move around with crutches, but 
without putting the operated leg on the ground. Weight- 
bearing is started from the seventh postoperative week. 
Initially, only partial weight bearing is allowed and the 
patient practises standing. Later, the patient starts walking 
between parallel bars holding them for support. In order 
to ensure acquiring the normal heel-to-toe gait, the walking 
exercises are practised in front of a tall mirror kept at one 


end of the walk way. The patient learns to walk normally 
by observing his or her gait in the mirror and correcting 
the same as needed. 

The tibialis posterior is a plantar flexor and invertor of 
the foot, and it normally acts during the stance phase of 
the walking cycle, whereas the dorsiflexors are maximally 
active during the swing phase. It is, therefore, important 
that the patient must learn the isolated used of the muscle, 

i.e. he must consciously dorsiflex the foot by contracting 
the transferred muscle during the swing phase, relax it 
during the stance phase, and contract it again to dorsiflex 
the foot, as the foot leaves the ground at the stage of toe- 
off. 32 ' 37 ' 40 

During the swing phase the patient must keep the 
tibialis posterior contracted until heel strike. Best results 
are obtained if in the resting position, the foot makes an 
angle of about 95° with the leg and the range of active 
dorsiflexion is about 20°. 

Causes of failure: Tibialis posterior transfer to correct 
footdrop is a relatively easy surgical procedure, and the 
results are generally quite satisfactory. However, failures 
do occur for the following reasons (Figs 4 and 5). 

1. Adhesion of the transferred tendon to the surrounding 
tissues, particularly where it courses over the tibia 

2. Persistent equinus deformity of the foot due to contrac¬ 
tion of the tendocalcaneus (which has been missed 
and left uncorrected) 

3. Postoperative infection 

4. Inadéquate length or improper fixation of the motor 
tendon resulting in detachment of transferred tendon 
from its insertion 

5. Inadéquate tension on transferred tendon 

6. Failure to learn to use the transferred muscle 

7. Paralysis of the transferred muscle during the 
postoperative period (a very rare event) due to précipi¬ 
tation of acute neuritis of the médial popliteal nerve 
(tibial nerve) by surgery . 8 

Orthoses for Drop Foot 

During normal walking, the descent of the foot to the floor 
after heel strike is a continuons, graduai and smooth 
process achieved by controlled relaxation of the anterior 
compartment muscles of the leg. In drop foot, the paralyzed 
anterior leg muscles may be substituted by a tendon transfer 
procedure as described above, or by a suitable foot-raising 
orthotic device using an anterior or posterior spring or 
elastic strap. In cases of early drop foot during the expectant 
period of conservative management, a drop foot spring or 
strap is fitted to the footwear. In established cases of drop 
foot when facilities for surgical correction are not available, 
or if surgery is contraindicated or refused by the patient, a 
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Figs 4A and B: Resuit after two tailed transfer of tibialis posterior tendon (right side): (A) Front view (B) Latéral veiw 



Figs 5A and B: Resuit after two tailed transfer of tibialis posterior tendon (left side). (A) Preoperative view, 
(B) Same foot postoperative view, patient attempting dorsiflexion of foot 


drop foot appliance or a short leg iron with drop-foot stop 
can be used. 29,32,41 

When an appliance is planned to be used for a short 
period only, anterior spring or strap device may be used 
for dorsiflexing the foot. However, this has the disadvan- 
tage of not being readily acceptable cosmetically, and it is 
also not very efficient functionally. For long-term use, a 
short leg brace with a 90° posterior stop fitted at the ankle 
is advocated. To this a latéral T-strap may be added for 
correcting any inversion deformity. The short leg brace 
has the added advantage of being more acceptable to 
patients. 


Management of Neglected Drop Foot 

When drop foot has been neglected for years with no 
corrective appliance or surgery, the foot becomes deformed 
and stiff, developing an acquired equinovarus deformity. 
The foot is fixed in plantar flexion and inversion. The outer 
parts of these feet are destroyed because of repeated ulcéra¬ 
tion with scarring and destruction of the latéral toes and 
digital ray s. 

A foot which has developed a fixed equinovarus defor¬ 
mity cannot be passively dorsiflexed or held in the neutral 
posiüon. Such a foot is not suitable for correction by tendon 
transfer operation or appliances. 
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Nevertheless, it is necessary to correct these feet and 
make them plantigrade in order to prevent further damage 
which will eventually end in Syme's or below-knee 
amputation. The desired correction is obtained by 
Lambrinudi type of triple arthrodesis, 10 in which even as 
the talus is held in plantarflexion, the foot is maintained 
in the plantigrade (not equinus) and in the neutral (not 
inverted) positions by removal of appropriate dorsally and 
laterally based wedges of bone and abolition of the subtalar 
articulation. 4,5,6,42 These procedures can be done as 
successfully in the denervated feet of leprosy patients as 
in any others, with sound bony union in most cases. In 
addition, tibialis posterior transfer may be done 
subsequently, if that is felt to be needed for providing acüve 
dorsiflexion. 

CLAWTOES 

Damage to the posterior tibial and plantar nerves is very 
common in leprosy. This results in plantar anesthésia and 
the deformity of claw toes. 42 The claw toe is hyperextended 
at the metatarsophalangeal joint and flexed at the 
interphalangeal joints. The nerve is involved at the level of 
the ankle where it becomes superficial after coursing in 
the deepest part of the posterior compartment in the leg as 
the médial popliteal nerve. 

At the level of the médial aspect of the ankle, the nerve 
lies just under the flexor retinaculum, the thick fibrous 
sheet passing from the tibial malleolus to the posterior 
part of the subjacent calcaneus and forming the roof of the 
tarsal tunnel. This tunnel is further converted by fibrous 
septa into four separate canals. These canals contain: (i) 
the tendon of the tibialis posterior, (ii) the tendon of the 
flexor digitorum longus, (iii) the posterior tibial nerve and 
vessels and their plantar divisions, and (iv) the tendon of 
the flexor hallucis longus, in that order from before 
backwards. 

This location of the nerve provides the common factors 
associated with peripheral nerve damage in leprosy, viz 

(i) superficial location and, therefore, a lower température, 

(ii) proneness for external compression because of passage 
through narrow osseofibrous tunnels, and (iii) répétitive 
trauma to the nerve by virtue of its being situated adjacent 
to the ankle joint causing stretching and angulation of the 
nerve each time the joint moves. 

However, the deformity of claw toes does not cause 
any disability to the patients. Many patients are not even 
aware of the deformity. Since the function of the toes is not 
particularly individualized and since the deformity is not 
recognized in the earlier stages, it is neglected till it becomes 
severe and fixed. Severe clawing perpétuâtes plantar ulcéra¬ 
tion in the forefoot under the meta tarsal heads. 


Recognizing Damage to 
Posterior Tibial and Plantar Nerves 

As mentioned at the outset, the posterior tibial nerve is 
damaged and paralyzed most often in the lower limb in 
leprosy, and because of adverse sequelae in the long run, 
it is necessary that damage to this nerve is recognized 
early and remédiai actions taken. 

The posterior tibial nerve divides under the flexor 
retinaculum into its two terminal branches, médial and 
latéral plantar nerves, which supply the skin and muscles 
in the sole of the foot. The médial calcaneal branch of the 
nerve supplying the skin of the heel usually arises at a 
higher level, and depending on the level of damage to the 
posterior tibial nerve, the heel may or may not lose 
sensibility along with the rest of the plantar skin. The 
cutaneous distribution of the médial and latéral plantar 
nerves in the sole of the foot corresponds more or less to 
that of the médian and the ulnar nerves, respectively in 
the palm. In motor supply also, the médial plantar nerve 
corresponds with that of the médian nerve except that the 
flexor digitorum brevis is an intrinsic muscle of the foot, 
unlike its counterpart in the upper limb (flexor digitorum 
superficialis) which is an extrinsic muscle. 

It has been found that while anesthésia of the sole 
prédisposés the foot to plantar ulcération, the risk of 
ulcération increases enormously, by ten times or more, 
when there is paralysis of plantar intrinsic muscles in 
addition. 45 While it is easy to recognize paralysis of 
intrinsic muscles of the hand by the appearance of wasting 
of thenar-hypothenar eminences and claw deformity of 
the finger, it is not that easy to recognize similar changes 
in the foot. Clawing of the toes becomes évident only after 
a long time after the onest of muscle paralysis, and it is not 
always pathognomonic of plantar intrinsic muscle para¬ 
lysis. Therefore, for recognizing damage to the posterior 
tibial nerve, besides looking for clawing of toes, one must 
test the foot for plantar intrinsic muscle paralysis. 

The toes are rarely used individually and toe move- 
ments are rarely used discretely, so, it is difficult to test ail 
plantar intrinsic muscles individually, and some muscles 
(like flexor accessorious and the lumbricals (cannot be 
tested at ail). 

The médial plantar division of the posterior tibial nerve 
is assessed by: (i) examining for loss of sensibility and loss 
of sweating in the médial half of the bail of the foot, and (ii) 
testing for paralysis of the abductor hallucis-flexor hallucis 
brevis muscle complex and flexor digitorum brevis. The 
abductor hallucis-flexor hallucis brevis muscle complex 
is tested by assessing the ability to flex the big toe at the 
metatarsophalangeal (MTP) joint only, without flexion at 
the IP joint. The movement should be demonstrated and 
the patient should try to imitate it a number of times in the 
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normal as well as the affected foot, as this is an unfamiliar 
movement. If it can be done in the normal foot but not in 
the affected foot, one can safely conclude that these mus¬ 
cles are paralyzed in the affected foot. If the patient cannot 
perform this movement on both sides, it would appear 
that the patient does not know what to do, or has not learnt 
how to do it. Another way of testing this muscle complex 
is as follows. Ask the patient to place the foot firmly on the 
ground and then lift the outer four toes while pressing the 
ground with the terminal phalanx of the big toe. When the 
abductor and short flexor muscle of the big toe are 
paralyzed, this action is carried out by flexor hallucis 
longus causing marked flexion of the distal phalanx of the 
big toe. Flexor digitorum brevis is tested asking the patient 
to "retract" the toes with the foot firmly placed on the 
ground. When this muscle is paralyzed, flexor digitorum 
longus is used instead and the toe arches as a whole instead 
of flexing only at the PIP joint with no flexion of the terminal 
phalanx, as it would if flexor digorum brevis were 
functioning. In that case, the tips of the toes scrape the 
ground instead of the terminal toe pads gripping the 
ground. 

The latéral plantar division of the posterior tibial nerve 
is assessed by: (i) looking for loss of sensibility and 
sweating in the outer half of the front part of the sole of the 
foot, and (ii) testing for abductor digiti minimi and 
interosseous muscles as a whole by asking the patient to 
lift the foot off the ground and spread the toes as much as 
possible. If the interosseous muscles of the toes (ail 
supplied by the latéral plantar nerve) are functioning, ail 
the toes including the little toe will fan out. Secondly, ask 
the patient to place the foot firmly on the ground, lift up ail 
the toes (only the toes and not the foot itself), and move 
only the little toe outwards (abduct the little toe). This 
movement is not possible if abductor digiti minimus is 
paralyzed. 

For testing each of these nerves, it is necessary to do 
more than one test so that one is sure of the diagnosis 
regarding nerve damage. That is because ail the 
movements tested are unfamiliar to the patient, and a test 
may give a négative resuit because the patient is unable to 
perform the given movement because of its strangeness. 

Mechanism of Claw Toes 

The mechanism of clawing of toes is the same as that of 
claw fingers in the hand, i.e. paralysis of the lumbricals 
and interosse and other intrinsic muscles of the toes 
resulting in imbalance of forces around the metatarso- 
phalangeal and interphalangeal joints. 

A number of investigators (Basmajian 16 and Bentson 
1954), 15 Mann and Inman, 1964 20 hâve done extensive 
EMG investigations to study the activity of the intrinsic 


muscles of the foot. They hâve shown that during standing 
the intrinsic muscles show no activity, but during walking, 
particularly in the later part of stance phase and during 
the push-off phases, the intrinsic muscles are very active. 
Paralysis results in loss of this activity, as a conséquence 
of which the forefoot is subjected to excessive loads and 
stresses, repeatedly while walking. The soft tissues of the 
anesthetic foot on being repeatedly traumatized, break 
down from within, producing initially a blister which 
ruptures later to manifest as a typical plantar ulcer. 43,44 

It, therefore, stands to reason that neglect of clawing of 
toes has far reaching conséquences with regard to the 
réhabilitation of the patient, since it is this récurrent plantar 
ulcération which progressively handicaps the patient. 

Severity of Claw Toes Deformity 

The claw toes deformity is described as mild (grade 1), 
moderate (grade 2) or severe (grade 3) depending on 
whether the deformity is mobile or fixed and if fixed, which 
joints are affected. 18,24 

First degree or clawing of mild degree is the early stage 
of uncomplicated paralysis of the intrinsic muscles in 
which there are no contractures and the deformity is 
mobile. The metatarsophalangeal (MTP) joints and the 
interphalangeal joints are mobile and on passive 
stabilization of the proximal phalanx in flexion, the patient 
can extend or straighten the toes using the extrinsic toe 
extensors very much like in claw fingers without contrac¬ 
tures. The toes can also be passively straightened fully at 
ail joints as there are no contractures. 

In second degree or moderate clawing, the toe has 
developed flexion contracture at the PIP joint and cannot 
be straightened fully actively when the proximal phalanges 
are held in flexion by the examiner. For that matter, the toe 
cannot be straightened at the PIP joint even passively. 

In third degree or severe clawing, there is in addition 
stiffness of the MTP joint in hyperextension, and the toe 
cannot be straightened at this joint as well. At this stage, 
there is subluxation or dislocation of the MTP joint, and 
the proximal phalanx has migrated dorsally and is located 
on the metatarsal head which is pressed down by this 
bone and can be felt in the sole of the foot like a pebble. The 
tips of the toes do not contact the ground since they are 
perched on the dorsum of the foot. In third degree clawing, 
there is often associated ulcération under the metatarsal 
head, in contrast to toe tip ulcération associated with first 
and second degree clawing. 

Differential Diagnosis of Claw Toe Deformity 

The claw toe deformity is a manifestation of imbalance in 
the forces acting on the toes. 24 Often no spécifie etiology 
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can be defined and it is commonly seen in many normal 
people who are habituated to wearing shoes from their 
childhood. Nevertheless, the claw toes deformity is also 
seen in association with a cavus type foot, in many 
neuromuscular disorders including poliomyelitis, 
degenerative disk disease, muscular dystrophies including 
Charcot-Marie-Tooth disease, foliowing trauma in which 
a compartment syndrome has left sequelae of contractures 
of the long extensor and flexor tendons and also in diabetic 
neuropathy. However, idiopathic claw toes is also quite 
common. Claw toes due to leprosy does not occur as an 
isolated abnormality, and it is diagnosed as such only 
when other signs of leprosy are made out. 

Surgical Correction of Claw Toes 

The management of claw toes deformity is related to the 
degree and severity of cia wing. 

First Degree or Mild Ciawing 

As mentioned earlier, in this stage, the toes are mobile and 
there is no stiffness or contracture of the joints. In this 
situation, satisfactory correcüon may be obtained by tendon 
transfer operation. Several techniques hâve been reported 
in the literature. Taylor 25 transferred the long and short 
flexors of the toes to the extensor expansion over the 
proximal phalanx, 46 and he stated that Professor GR 
Girdlestone first carried out this operation. Taylor noted 
that in younger patients the results were good and poor 
results were attributed to failure to flex the metatarso- 
phalangeal joints. Forrester Brown transferred the flexor 
hallucis longus into the extensor hallucis and fused the 
interphalangeal joint in order to correct claw deformity of 
the hallux. 47 The extensor digitorum longus tendon was 
divided and looped around the neck of the metatarsal in 
each of the latéral 4 toes. Hibbs advised that the long 
extensor tendons to the latéral 4 toes be divided and 
transposed to the latéral cuneiform. 46 Garceau advised 
sélective neurectomy 48 Dwyer 49 performed an angulation 
osteotomy of the calcaneus to correct the cavus deformity 
of the foot and thus secondarily corrected the claw toes. 17,48 
Dixon and Divelely transferred the extensor hallucis 
longus tendon to the flexor hallucis longus tendon and 
fused the interphalangeal joint of the big toe, but did not 
advise operative procedures on the other toes. 50 

In order to correct the claw toe deformity, one must 
bring the proximal phalanx into a neutral position in 
relation to its metatarsal. In doing this and maintaining 
the dynamic function of the toes, Parrish recommends 
dorsal transposition of the flexor digitorum longus tendon 
over the midportion of the proximal phalanx of the toe. 2 
The flexor then becomes a dynamic depressor of the 
proximal phalanx and since the extensor digitorum longus 


can now act effectively, the interphalangeal joints are 
straightened. 

The standard operation for correction of the mobile 
claw toe deformity is dorsal transposition of the flexor 
digitorum longus tendon of each affected toe. Through a 
midlateral incision over the latéral aspect of the toe, the 
long flexor tendon is detached from its insertion, 
withdrawn and inserted into the extensor tendon over the 
proximal phalanx. 22 In order to avoid rotational 
deformities of the toes, it is préférable to divide the flexor 
digitorum longus tendon into two slips, withdraw each 
slip on either side, and route it to the dorsum, and attach it 
to the extensor expansion over the proximal phalanx. The 
transferred tendon flexes and MTP joint and extends the 
interphalangeal joints to correct the deformity. The foot is 
immobilized in a below-knee walking plaster cast for three 
weeks. The cast is then removed, and then the patient is 
permitted to walk with appropriate footwear. This 
procedure is relatively simple and canbe done under local 
infiltration anesthésia. However, it is not being done as 
often as it needs to be, as most patients reject any surgery 
at this stage. It is very likely that, if carried out at this stage 
itself, it will prevent plantar ulcération of the forefoot. 

Second Degree or Moderate Ciawing 

In this stage, there is flexion contracture of the proximal 
interphalangeal joint, and the tip (not the pulp) of the toe 
is often seen to be ulcerated, scarred or worn out. Here, 
because of the contracture, a tendon transfer procedure 
will not be adéquate to correct the deformity. PIP joint 
arthrodesis needs to be done in these cases to keep the toe 
straight and avoid toe tip ulcération. Interphalangeal 
arthrodesis is done using a K-wire or by spike 
arthrodesis. 19,24 

Third Degree or Severe Ciawing 

Severe ciawing of toes is diagnosed when the metatarso- 
phalangeal joint is stiff in extension. The proximal phalanx 
is subluxated or dislocated and is located on top of the 
metatarsal head. This dorsal migration of the toes depresses 
the head of the metatarsal giving rise to localized areas of 
very high pressure on the plantar surface of the forefoot 
causing chronic and récurrent ulcération at this site. 44 

In this stage of the deformity, correction even by 
interphalangeal arthrodesis is not useful. Different 
procedures based on the clinical évaluation of each foot 
are advocated. These procedures would include: (i) soft 
tissue release to obviate dorsal contracture along with MP 
capsuloplasty, 17 (ii) resection of metatarsal head, (iii) open 
réduction of MTP joint dislocation, (iv) proximal shift of 
the long extensor tendon to the metatarsal neck, (v) inter- 
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Figs 6A to E: Showing different steps of dorsal transposition of 
long flexor tendon of the toe for correction of claw toe. 
(A) Incision, (B) Exposture of extensor expansion, (C) Exposure 
of long flexor tendon, (D) Long flexor tendon severed and 
delivered out of the wound, and (E) Sutured to extensor 
expansion 


phalangeal arthrodesis, (vi) condylectomy of the metatarsal 
head, and (vii) sometimes surgical syndacty lia. 44,51 

The above procedures often need to be done in some 
combination, based on the structural abnormalities présent 
in each toe. Once the toe is straightened and restored 
permanently to its original position in front of the 
metatarsal head, the ulcération under that metatarsal head 
is reduced to a considérable extent. It should be 
remembered that, more than mere cosmetic correction of a 
deformity, what is aimed at in doing these procedures is to 
eliminate areas of high pressure on the plantar aspect of 
the forefoot, thereby, minimize the chances of récurrent 
plantar ulcération. 51 

COMBINED DROP FOOT AND 
CLAW TOE DEFORMITY 

When there is paralysis of both the common peroneal nerve 
and posterior tibial nerve, the clawing of the toes is 
obviated due to paralysis of the long extensors of the toes, 
and the deformity of the toes is manifested by marked 
flexion of the interphalangeal joints due to unopposed 
action of the long flexor. There is no hyperextension of 
MTP joints. The toes hâve a // hook"-like appearance. 
Correction is obtained by arthrodesis of the interphalangeal 
joints in the straight position. 
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Neuropathie Disorganization of 

the Foot in Leprosy 

GN Malaviya 


INTRODUCTION 

Leprosy is a disease of the skin and nerves. The involve- 
ment of the peripheral nerve trunks and the résultant 
damage leads to deformities and disabilities. The posterior 
tibial and common peroneal nerve damage results in 
denervation of sole, loss of bone and joint sensations and 
paralysis of anterior tibial muscles and intrinsic muscles 
of the foot. For certain mechanical reasons, the active but 
insensitive foot becomes prone to ulcération. As a 
conséquence to the loss of sensations, skeletal éléments 
may also be primarily affected at least in some patients, 
which may lead to disability in due course of time. The 
involvement of the skeletal éléments is mostly seen in foot 
affecting the spongy cancellous bones of the tarsal joints 
leading to secondary luxations and deformities. The 
disruption of the skeletal structure of the foot secondary to 
sensory loss is usually referred to as neuropathie 
disorganization. Since the condition usually occurs in the 
tarsal bones, it is also known as neuropathie tarsal disinte- 
gration. It is usually progressive if not treated properly 
and is seen in only those feet which lack cutaneous 
sensibility and a substantial proportion of deep sensibility. 
It is different from the Charcot's arthropathy or neuropathie 
arthropathy which is characterized by the involvement of 
larger joints like knee and ankle). Major motor palsies alone 
in the absence of sensory loss do not lead to bone 
disintegration. The mechanical factors in the form of 
prolonged walk appear to play an important rôle. The 
condition is usually unilatéral but at times may be bilateral. 
It présents clinically as swelling of foot and local increase 
in skin température. In majority of cases, it is conséquent 
to a closed injury. It is more common in borderline 
tuberculoid cases. 

In a study on patients confined to a sanatorium in Hong 
Kong, Patterson (1961) 18 found that 2% of the cases had 


evidence of neuropathie disorganization. Warren (1988) 28 
has reported that 24% of four hundred consequetive 
admissions to a leprosy hospital were for tarsal 
disintegration. She also found that the condition developed 
in 10% of the cases, where the leg was immobilized in 
plaster for some weeks and on its removal who started 
unsupervised walking. She also noted that in 72% of these 
affected cases, talonavicular involvement was seen and 
calcanéum was involved in only 24% of the cases. Horibe 
et al (1988) 6 hâve found an incidence of 14% in patients 
admitted to a sanatorium in Japan. The neuropathie 
disorganization is not very common in our country. Warren 
(1971) 26 has reported a high prevalence among Chinese 
patients in Hong Kong. The incidence is undoubtedly 
higher where shoes are not worn and in localities where 
the terrain is rough. 

Anatomical Considérations 

The human foot has two main functions to perform— 
weight bearing and propulsion. These functions can be 
performed satisfactory only when there is a coordination 
between the architecture and the muscle action. The foot is 
a dynamic structure. Two distinct mechanical units can 
be identified in the foot: (i) the skin, and (ii) skeletal 
structure comprising of the bones, joints, ligaments and 
the muscles. 

The arches of the foot help to regulate the various 
stresses and strains during different phases of the gait 
and are maintained by the shape of the tarsal bones, 
ligaments, muscles and tendons. The actions of ail these 
supporting éléments are coordinated by the feedback from 
the sensory nerve endings widely distributed in ail the 
components of the supporting éléments. The foot can be 
regarded as a tripod consisting of three pillars (Fig. 1). 
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Fig. 1 : The tripod of pillars of the foot 


The three pillars are: (i) posterior pillar—the body of 
talus, posterior talocalcaneal joint and the calcanéum, 
(ii) médial pillar—the neck and the head of the talus, the 
talonavicular joint, navicular and the naviculocuneiform 
joints, and (iii) latéral pillar—the anterior part of 
calcanéum, calcaneocuboid joint, cuboid and cubometa- 
tarsal joints. 

The plantar ligaments, the intrinsic muscles and 
plantar fascia join the pillars of the tripod together. The 
talus is the keybone of the arch and it lies at the apex. The 
vertical line of the load divides here into the anterior and 
posterior pillars. The talus and navicular bear a very high 
load—the compression stress—as the whole weight of the 
body is transferred to the forefoot during the later part of 
the stance phase of walking and in the final push-off. This 
is because both talus and navicular are nearer to the axis 
of the load. The lines of the stress in the anterior pillar 
continue through the upper part of the navicular to the 
cuneiforms and the base of the metatarsals, becoming less 
and less defined as the length of the lever arch of the 
metatarsals increases. The posterior pillar is less 
vulnérable because of the shorter lever arms from the 
calcaneus to the ankle mortise and also because heel strike 
is more or less a passive event in the walking cycle as 
compared to the push-off phase. The individual joints are 
ail provided with very strong plantar ligaments. These 
include the short and long plantar ligaments between the 
calcanéum and the cuboid continuing on to the bases of 
the metatarsals and the calcaneonavicular ligament from 
the sustentaculum tali to the navicular. The actual weight 
distribution dépends upon the position of the center of 
gravity and the tone of the long muscles. While standing, 
the center of gravity lies in front of the ankle joint, and the 
stability is achieved by the tone of triceps surae muscle 
through the tendoachilles. The distribution is monitored 
at the spinal level by the afferents from the skin and the 
bones of the foot. 
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Fig. 2: Showing altered weight bearing with sensory loss 

In anesthetic feet such control is likely to be impaired 
resulting in erratic distribution of weight and abnormal 
plantar pressures. Patil et al (1994) 17 hâve demonstrated 
conclusively that the sensory loss in the foot results in 
altered weight bearing (Fig. 2). 

It can be presumed that the capsular and periosteal 
sensations are frequently lost in leprosy and that the 
response elicited by the passive joint motion represents 
the outputs from the muscles spindles from the opposing 
group of muscles, which are healthy and not paralyzed 
(Fritschi, 1985). 4 The joints of the foot appear to be in a 
form of closed kinematic chain System. The movement of 
one joint initiâtes the movement in another joint (Huson, 
1985). 7 This means that any abnormality of the movement 
of one joint will produce abnormality of movements in 
other joints. Therefore, the process of damage of the joints 
will gradually affect the whole foot. 

Etiopathogenesis 

The tarsal disorganization is precipitated by some event 
in a predisposed foot (Fig. 3). The event may be so trivial 
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Neuritis 



Fig. 3: Events causing the onset and progression of neuropathie disorganization 


that it is usually forgotten, or there may be a history of 
mild injury causing a pathological fracture which is not 
painful enough to restrict walking. 

There may be a history of vigorous activity for some 
time in the recent past producing a stress fracture. 

Predisposing Factors 

The most important predisposing factor for such a 
vulnerability is osteoporosis which may resuit because of : 
(i) prolonged immobilization of the patient as in récurrent 
lepra reactions or intercurrent illnesses, (ii) the 
immobilization of the leg as after surgical operations on 
the foot or plaster cast application for plantar ulcers, (iii) at 


times a history of prolonged high dose steroid therapy 
(steroid dépendent cases of multibacillary leprosy) is 
obtained, and (iv) the osteoporosis may also be due to 
increased vascularity secondary to the septic process. 

Karat et al, 1968 9 hâve suggested that the hyperemia in 
some cases of trophic ulcers—those under the head of the 
fifth metatarsal head or heel may directly affect the tarsal 
bones, and may be responsible for a relationship between 
such ulcers and tarsal disintegration. 

In the severely osteoporotic bone, even the stresses 
generated by normal walking may produce a pathological 
fracture. The skeleton of the foot comprises of mutually 
supporting cancellous bones in the hind and midfoot 
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attached to tubular long bones—metatarsals and 
phalanges in the forefoot. These bones differ in their 
responses to hyperemia and in their mode of healing after 
injury (Jhonson, 1967). 8 In long bones the adjacent 
hyperemia causes a periosteal osteoclastic reaction 
resulting in concentric absorption of the shafts. However, 
the cancellous bones respond with a different osteoclastic 
reaction causing thinning and dimineralization of the 
trabeculae which can collapse under normal physiological 
strains or minimal injury. 

Rôle of autonomie neuropathy: The contribution of autonomie 
neuropathy has not been studied, but it may be a factor 
both in ulcération and tarsal disintegration. Sympathetic 
nerves are known to run along the artérioles to the bones 
(Sherman, 1963). 23 

Sympathetic denervation due to nerve damage results 
in dilatation of the arteries and the artérioles increasing 
the blood supply of the foot. This is associated with 
arteriovenous shunting and loss of venivasomotor reflex. 
Both these factors cause increased venous pressure and 
pooling of blood promoting tissue edema. The blood supply 
to the bones is increased resulting in demineralization 
(Brower et al, 1981). 2 

Léchât, 1962 12 has démonstrated leprous granuloma 
in the tarsal bones. These granulom at a become very 
vascular during the bouts of lepra reaction causing 
demineralization of bone. The displacement of the 
supporting structures of the plantar arch following 
muscular paralysis is an invitation to trauma at a site, 
where the loss of sensibility has impaired the reflex 
response to injury. Normally, the plantar ligaments are 
strong enough to withstand the static strains placed upon 
them (Basmajian and Stecko, 1963). 1 If these ligaments are 
softened and slackened from any cause and the plantar 
extrinsic foot muscles are paralyzed, then the ligaments 
are expected to be stretched. The stress of walking also 
stretches the edematous ligaments. When this happens, 
the talar head drops, because it is subject to powerful forces 
which tend to depress the head, and if the talus is 
unsupported may extrude the entire bone forward and 
downward altering the lines of thrust and the mechanics 
of the midtarsal joints and other joints of the foot. Without 
the protection of pain, the joints get damaged and 
neuropathie destruction sets in. 

Factors which would soften or damage the plantar 
ligaments are sepsis anywhere in the foot, trophic ulcéra¬ 
tion in foot, painless fractures of the foot bones—ail causing 
edema and hyperemia. 

Damage to the support of the head of the talus is an 
additional factor in the breakdown of the arch of such 
foot. The breakdown or damage to the support is initiated 
by a valgus posture conséquent upon weight bearing on 


the unprotected foot. In valgus, the talus slides forwards 
and medially relative to the calcanéum so that the head 
loses most of its bony support and slides more on the 
calcaneonavicular ligament. This movement of the talus 
is accentuated by: (i) the upward and backward pull of 
strong calf muscles on the calcanéum, (ii) the forward and 
downward thurst imparted to the talus by the body weight, 
(iii) loss of tibialis anterior so that the additional strains 
fall on the spring ligament, and (iv) removal of the tibialis 
posterior for the correction of the drop foot (Kulkarni et al, 
1983). 

Kulkarni et al, 1985 10 hâve also suggested that due to 
the paralysis of tibialis anterior muscle the stresses are 
concentrated on talonavicular area. Horibe et al, 1988 6 
hâve postulated that paralysis of tibialis anterior muscle 
leads to concentration of stress on the talonavicular area 
during the push-off phase of walking. Shanti et al, 1994 22 
hâve made similar observations using mathematical foot 
modeling techniques. 

The fracture of the navicular bone results from longi¬ 
tudinal compressive forces associated with dorsiflexion 
of the foot (Main et al, 1975). 16 These longitudinal forces 
are transmitted along the metatarsal ray and compress 
navicular producing a vertical crush and causes a 
longitudinal central fragment to be extruded dorsally 
(Rymaszewski et al, 1988). 19 

Precipitating Factors 

The common precipitating factor is microtrauma from 
whatever cause. The reduced pain perception of anesthetic 
foot allows the patient to continue the activities with his 
foot which interfères with the natural process of wound 
healing. As a resuit the injured foot is further damaged. 
The arrest of the activity at any stage will permit 
spontaneous healing and recalcification of the damaged 
area with some residual deformity. If neglected, progressive 
destruction of the foot structure results with further reactive 
osteoporosis, the presence of sepsis also accelerates the 
process. 

The initial injury may be a trivial one as to pass off 
unnoticed or may be of little more intensity causing 
pathological fracture but not painful enough to confine 
the patient to the bed. Bone absorption occurs around the 
fracture line resulting in séparation of fragments and 
deformity. Continued use of the foot causes further damage. 
The fracture may occur as a resuit of fatigue (stress 
fractures). Horibe et al, 1988 6 hâve emphasized the rôle of 
repeated trauma and abnormal stresses in the genesis of 
such lésions. Forcible dorsiflexion or plantar flexion may 
produce severe injury in a predisposed foot. In the absence 
of pain—the warning signais—the patient continues to 
use the foot thereby damaging the bones further. The 
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subséquent damage is because of the discontinuity of the 
bones. The usual transmission and distribution of forces 
are interfered with. As a resuit, loads and the stresses 
accumulate at abnormal sites causing further damage to 
the bones. 

The injuries set up a State of chronic inflammation and 
hyperemia leading to further demineralization and 
weakening of bones resulting in a progressive breakdown 
of the foot skeleton. In extreme cases, the midfoot is totally 
disrupted and the leg bones (tibia and fibula) descend 
into the foot. If the skin of the foot is intact, the foot may 
become flail and lie at the side of the leg, and the patient 
actually walking on his tibia resulting in ulcération of the 
foot (Fig. 4) under the médial malleolus. 

Harris and Brand (1966) 5 hâve grouped the tarsal 
disorganization into five main patterns: 

1. Posterior pillar: The calcanéum is primarily affected 
usually as a resuit of sudden heavy loading like 
landing on the calcanéum. The calcanéum is flattened. 
The pull of the tendoachilles results in a calcanéum 
recurvatum deformity. Ultimately, the leverage of the 
tendoachilles is lost on the forefoot, and the weight of 
the body cornes straight to the center of the foot. The 
vertical compression forces further destroy the foot 
(Fig. 5). 

2. Central type: Here the talus is primarily affected. The 
talus may get damaged because of the subtalar 
incongruity resulting from flattening of the calcanéum. 
When the body of the talus is damaged, the foot 
becomes completely unstable and may turn over 
completely into valgus with the tibia resting directly 
on the ground. 

3. Anterior pillar—médial arch collapse: In early cases, latéral 
radiographs show localized sclerosis and osteophytes 
at the upper margins of the tarsal bones and wedging 
and narrowing of the upper end of the navicular and 
cuneiform bones. The condition may progress to 
complété collapse of the médial arch by fracture and 
disintegration of the navicular bone, or occasionally 
the head of the talus (Fig. 6). 

4. Anterior pillar—latéral arch: This pattern is dominated 
by sepsis. An inverted foot is more at risk because the 
outer border of the foot is poorly cushioned and is being 
subjected to concentrated weight bearing. Perforating 
ulcers under the fifth metatarsal head and the cuboid 
bone allow direct pénétration of the septic process to 
the central part of the arch. Once the link between the 
calcanéum and the metatarsals is lost, the tendoachilles 
pulls the calcanéum backwards resulting in the 
descent of talus and disruption of the talonavicular 
joint (Fig. 7). 

5. Cuneiform—metatarsal base: This is the least frequent 
and is a resuit of direct trauma. Srinivasan and 



Fig. 4: Ulcération of the foot due to walking on descended 
leg bones (i.e. tibia and fibula) 



Fig. 5: Posterior pillar collapse due to vertical 
compressive forces 


Malaviya (1990) 25 hâve observed that in patients from 
north India, the forefoot-midfoot disruption occurs at 
the level of cuneiometatarsal joint whereas in south 
Indian patients, the disruption occurs at naviculo- 
cuneiform level (Fig. 8). The reasons for such an 
occurrence are not very clear. Probably shoe-wearing 
habits hâve something to do with it—the north Indians 
using a closed shoe whereas south Indians preferring 
open sandals or not using any footwear at ail. 

In actual practice, usually a combination of patterns 
is seen because bones of the foot are arranged in a closed 
kinematic chain. 

The damage to the tarsal bones can occur in any of the 
following phases of gait: 

1. An osteoporotic calcaneus may fracture and eventually 
elongate or flatten due to the impact of ground reaction 
at heel strike. 
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Fig. 6: Fracture and disintegration of the naviular 
bone and head of the talus 



Fig. 7: Descent of talus and disruption 
of the talonavicular joint 


2. In an equinovarus foot, foliowing footdrop, the latéral 
border of the foot is subjected to more pressures during 
the midstance, which can lead to ulcération. Later on, 
the calcaneocuboid junction also suffers. Likewise the 
peronei might get sloughed from their insertion 
resulting in ineffective pull. This pull is also lost in a 
foot with flattened arch and intact peronei, as the 
distance from the origin to insertion of peroneus longus 
is decreased, causing it to work with a less than optimal 
length-tension ratio. 



Fig. 8 : Midfoot disruption occurring at the level of cuneiometa- 
tarsal joint whereas in south Indian patients the disruption 
occurs at naviculocuneiform level 

3. The second order lever active during the push-off 
phase gets changed due to the break of the foot at the 
talonavicular junction instead of at the metatarso- 
phalangeal joint, putting the gastrosoleus at a 
mechanical advantage. Due to the shortened leverage, 
the pull of the gastrosoleus gets concentrated at the 
center of the foot as it normally occurs. The body weight 
passes through the center of the foot directly causing 
more destruction (Kulkarni et al, 1983). 10 

Clinical Features 

The condition needs to be recognized early. The history is 
usually nonspecific and there is no memory of recent 
trauma. In some cases, there is a history of truama—a fall 
or a jerk or a twist to the foot while walking. A history of 
vigorous activity in the recent past canbe obtained at times. 
The only complaint is swelling of the foot. 

Early Stage 

In the early stages, the clinical signs are few. There is 
warmth around the malleoli and some swelling on the 
dorsum of the midpart of the foot (Lennox, 1964). 13 Tender 
spots over the navicular and cuneiform bones can be elicited 
on deep pressure. The swelling may subside on élévation 
of the foot overnight but warmth persists (Fig. 9). 

Advanced Cases 

In advanced cases, there is considérable swelling of the 
foot, not subsiding on overnight élévation of the foot. There 
is local warmth and a palpable irregularity of the tarsal 
bones. The swelling increases with activity and is warm 














Neuropathie Disorganization of the Foot in Leprosy 773 



Fig. 9: Swelling of foot—“hot foot” 


and boggy. In such situations the swelling can be wrongly 
diagnosed as an acute abscess and drained. If drained, a 
gelatinous substance containing degenerated tissue and 
tiny fragments of bone is seen to corne out (Srinivasan, 
1966). 24 

More Advanced Cases 

In more advanced cases, the arch flattens and a globular 
smooth swelling may appear in talonavicular area 
(Warren, 1972). This is because of protruding talar head 
whichhas descended down (Fig. 10). 

Late Cases 

In late cases, there is a palpable crepitus and the "sépara¬ 
tion" of forefoot and hindfoot canbe demonstrated (Fig. 11). 

The ulcération is a very late feature and when sets in, it 
is usually accompanied with spreading secondary 
infection ascending along the tendon sheaths into the leg. 
The clinical features then comprise of collapsed 
longitudinal arch, déviation of forefoot, descent of talus 
and navicular, swelling of médial side of foot and ulcer 
(Fig. 12). 

In cases where the progress of the destruction has been 
arrested in the advanced stage, there is swelling, defor- 
mity and instability of foot without any local warmth. 

Certain clinical stages hâve been worked out based on 
the sequence of events taking place. Horibe et al (1988) 6 
hâve broadly grouped the events into three sequential 
stages. 

1. The stage of development 

2. The stage of coalescence 

3. The stage of reconstruction. 

The success of management dépends upon early 
récognition of the condition. Therefore, the possibilities 
should be kept in mind while examining a swollen foot of 



Fig. 10: Protruding head of talus which has descended down 



Fig. 11 : Séparation of forefoot and hindfoot in late case 

a leprosy patient. The other benign causes of swollen foot 
in leprosy patients are gravitational edema, phlebitis, 
chronic lymphangitis and lymphedema. Sepsis has to be 
ruled out. 

The presence of local warmth in midfoot région and 
swelling which subsides on élévation of the limb overnight 
calls for a radiological évaluation of foot. 

Management 

To help such patients number of factors are to be consi- 
dered, viz ability to walk, pain and swelling, location of 
the lésion in bone, contralatéral limb problems, availability 
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Fig. 12: Ulcer on médial side of foot 


of shoes, presence of infection, any pre-existing foot 
deformity which prédisposés to further disintegration and 
the stability of the foot. The overall risk to the foot is 
evaluated keeping the above factors in mind. 

The treatment of neuropathie foot is usually conser¬ 
vative. The operative fusion is difficult to achieve because 
of the associated plantar ulcers (Selvepandian et al, 1968). 20 

Ideally any anesthetic foot presenting at a clinic should 
be palpated for warm and tender spots and if so, rested till 
it looks and feels normal. The foot should be radiographed 
in dorsoplantar, oblique dorsoplantar and latéral views. 
The latéral views should be obtained in weight-bearing 
and nonweight-bearing positions. 

Localized warmth with swelling which do not 
disappear after overnight élévation are the best parameters 
and provide high index of suspicion. Radiological studies 
may not be very helpful at this stage because stress fractures 
are radiologically visible only at six weeks or more after 
injury. By that time more damage takes place. 

Early radiological changes, even though described as 
"certain signs" are not very spécifie. In very early stages, 
there may not be anything very obvious in the skiagram. 
There may be some roughening of the dorsal surface of 
the cuneiforms, navicular and talus visible in latéral 
skiagrams. The talus may show bony—projections 
"beaking" in response to concentration of stresses in this 
area. The trabecular disruption and hairline fractures may 
be seen in some cases in skiagrams of good quality. 

If the process continues for some more time, the fracture 
line can be clearly seen. Little later, in cases where médial 
arch System is affected, the navicular canbe seen "sqeezed" 
out. The contents of the navicular are seen to be protruding 
out, as it is being compressed between the head of the 
talus and cuneiforms (Figs 13A to D). The disruption of 
talonavicular joint is a late event. 



Figs 13A to D: The contents of the navicular are seen to be 
protruding out as it is being compressed between the head of 
the talus and cuneiforms 


There is no evidence of new bone formation. Diffuse 
osteoporosis may be quite évident with some sclerotic areas 
highlighting the previous infection of the bone. The 
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individual joint outlines can be made out if there is not 
much destruction. 

Management of an Early Case 

The foot is examined and radiographed in suitable 
positions to evaluate the problem. The affected limb is 
elevated and the patient is asked to hâve complété bed- 
rest so as to take off the weight bearing and also to reduce 
the amount of swelling. 

The sepsis is ruled out. If sepsis is there appropriate 
form of antibiotics and drainage need to be given as 
required. The limb élévation is continued for a week or ten 
days till most of the swelling subsides. 

A walking plaster contact cast is applied with Bohler 
iron brace, the foot positioned at right angles to the leg 
leaving the toes free to move. The cast should be carefully 
applied and properly moulded. Application even in a 
slightly varus or valgus position will subject the foot to 
undue stresses. 

If an ulcer is there, a window can be left open to dress 
it. The use of Bohler iron permits little weight bearing and 
helps in minimizing the disuse osteoporosis. 

The cast is retained for six weeks and replaced in 
between if it becomes loose to maintain adéquate contact 
among the various bones. Once the limb is out of plaster, it 
should be carefully examined to detect any site of activity 
(tender spots), if the healing has remained incomplète. 
There should be no tenderness and the bony contors should 
be regular. 

A check radiograph is obtained and if the consolidation 
of the bones is obvious the plaster is discarded. The foot is 
measured and a well-fitting fixed ankle brace with 'Tibial" 
weight-bearing System and a properly moulded insole is 
provided. If consolidation has not been satisfactory, the 
limb is put back in plaster again for four weeks. The 
minimum period of immobilization is three to four months. 
Risk of damage to the contralatéral limb is always there 
with Bohler iron braces are used. 3 

Since the leg has been put in plaster and taken off the 
weight bearing, a regimen of trial walking must be given 
immediately after the plaster is removed to avoid 
récurrences for disuse atrophy will be présent rendering 
the bones vulnérable even to modest activity. 15 

For trial walking, the foot is firmly bandaged and 
suitable shoes are provided. The patient is asked to walk 
around his bed for three minutes on three occasions spaced 
60 minutes apart. The foot is checked for warmth and 
swelling after each walk. If the foot has remained quiet on 
day two, the walking is repeated as on day one, but the 
duration is increased to five minutes. If every thing goes 
well, the duration of walking is increased to 10 minutes 


on day four and so on, so that at the end of first week the 
patient walks three times a day for 30 minutes. 

The progression is slowed if swelling occurs. If the 
swelling subsides on élévation, it is likely to be gravitational. 
Persistent warmth suggests incomplète healing, and the 
foot is put into plaster again for four to six weeks. 

Sharangpani et al (1985) 21 hâve described another 
method of graduai weight bearing on the affected foot using 
a bathroom scale (weighing machine). The patient is asked 
to put only his affected foot on the weighing balance, and 
while looking at the balance put just enough pressure to 
register a weight of 10 kilograms. The process is repeated 
many times till the patient gets used to the feedback form 
sensations and can put 10 kg of pressure without looking 
at the balance. Once he can do that, he is allowed to walk 
with crutches and asked to put only the predetermined 
weight on the affected limb. After two weeks, if there is no 
swelling the weight is increased by further 10 kilograms, 
and the process is repeated every two weeks till the patient 
can take his full weight in about 12 to 16 weeks. 

The patient is asked to use the appliance ail through 
the day and is reviewed every month for three months. In 
about 12 to 18 months, a good Consolidated fibrous union 
occurs. Once healing has occurred, every effort should be 
made to prevent récurrences. The patient is told about his 
condition and is advised to restrict his activities. Plantar 
ulcers and ulcer-related problems need to be given due 
attention. 

The risks for ulcers are aggravated by existing foot 
deformities—drop and claw toe deformities. The primary 
deformity should be corrected by standard tendon transfer 
using tendon to tendon techniques as far as possible. The 
bones should be left intact and undisturbed. 

Footwear modifications: None of the cases will do well unless 
a shoe is worn. The shoe needs are to be told to the patient 
with spécial reference for renewal of microcellular rubber 
insoles, suitable moulding of the insoles for plantar 
irregularities and footwear modifications like metatarsal 
bars, a moulded heel counter and a rubber-laminated heel 
to reduce the impact of pressure and disperse local strains, 
and for médial pillar problems—use of valgus insoles 
supplemented with an external metatarsal bar placed 
under the instep and valgus raise incorporation into 
internai moulding (Plastazote shoes) to provide support 
from below. If the arch is severely depressed, use a rigid 
under sole with a rocker. The récurrences are rare if the 
foot is adequately protected, and surgery is rarely indicated 
except for ulcers and sinuses. Any excessive protruding 
bone can be shaved off, if required. 
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Management of Established Cases 

These are the feet which are swollen, warm and boat- 
shaped with radiological evidence of arthropathy in one 
or more pillars. In cases where the plantar arch has 
collapsed but is still reducible, it can be manually reduced 
and contact plaster cast can be applied for 12 weeks 
(Warren, 1972). 27 Even such feet develop sound bony 
fusion after prolonged immobilization, but uncertainities 
of the outcome remains. Surgical intervention yields more 
definite outcome even though prolonged immobilization 
is required after surgery too. 

Lennox (1965) 14 recommended an early fusion of the 
joint on the grounds that bone destruction and sclerosis 
make the operation difficult and distorts the relationship 
of the bone. The fusion is easier in an early case. It stabilizes 
the foot and arrests the progression. 

The fracture in cancellous bones heals by direct union 
of trabeculae at the point of contact. This healing process 
is enhanced by light compression. The bones in anesthetic 
foot heal as in normal foot, but the process takes longer 
time. Moreover the neuropathie damage to the cancellous 
bones causes increase in the fibrous tissue contents of the 
bone and reduced osteoblastic activities. 

Since the osteoblastic population is diminished, the 
fresh cancellous autogenous bone grafts are required. Such 
grafts are obtained from iliac crest and are inlaid along the 
lines of weight transmission in order to enhance the talar 
stability and the union both. Before surgery, the patient 
should be hospitalized for correction of anémia, skin 
problems and also to heal the existing ulcers of the foot. 
The surgery should be performed at least 12 weeks after 
the healing of the ulcer. 

The indications for surgical intervention are: 

i. unstablefoot 

ii. severe deformity making the foot a high risk type 

iii. latéral pillar problems and 

iv. presence of sepsis. 

In cases of advanced tarsal disintegration, the 
objectives of surgery is to create a walking appendage 
centered on and firmly fused to the lower end of tibia. In 
such cases, the cosmetic resuit is less important than 
stability and function. The plantar tissues should corne in 
good contact with the ground after fusion surgery. 

The aims of surgery are as follows: 

1. To simplify and stabilize the remaining foot 
skeleton. 

2. To restore the foot to a plantigrade position without 
any latéral déviation. 

3. To restore the 1:3 lever ratio at the point of 
application of body weight to the foot skeleton. 

4. To shorten the anterior lever so as to the reduce the 
dorsiflexion strains when the ankle is arthrodesed. 


The indications for various types of interventions are 
as follows: 

1. For progressive lésions involving only médial 
pillar, a bone graft is inlaid spanning across the 
talonavicular joint or can even extend into the 
cuneiforms provided the subtalar joint is normal. 

2. If subtalar joint is affected, triple arthrodesis is the 
operation of choice. 

3. For early posterior pillar lésions with subtalar joint 
involvement, a subtalar arthrodesis is performed. 
If collapse of the arch has occurred, interposition of 
a block of iliac cancellous bone is required to restore 
the normal spatial relations of the talus and 
calcanéum and also to maintain the normal 
relationships of the médial and latéral pillars. 

4. Early lésions of the latéral pillar are treated by triple 
arthrodesis. 

It is not possible to apply a standardized operation to 
each variation, but the principle of treatment are simple. It 
is stabilization of the skeleton of the foot by whatever 
technique that seems best suited to a particular case. The 
bones in these cases often show sclerosis, and tough 
interosseous tissue may be encountered which should be 
removed and large cancellous bone grafts are inlaid or a 
strut graft is used along with cancellous bone chips. 

The use of compression techniques promotes faster 
union. The duration or time of the union is enhanced by: 

(i) large cancellous surface in close contact without 
interposition of tissue or cancellous fragments, and 

(ii) application of light compression. 

Management of Advanced Cases 

Such foot présents with a picture of major destruction. The 
deformities are varied, therefore, the surgical intervention 
is more or less individualized and dépends upon the merits 
of the case. 

In cases of hindfoot loss, the tibial end can be 
arthrodesed in a somewhat forward position into the top 
of the remaining tarsus. Whenever the ankle movement is 
abolished, the forefoot should be shortened in order to 
reduce the dorsiflexion strains across the arthrodèses. 

For cases having grade-III radiological changes in foot 
bones, Warren (1988) 28 has suggested that if the fracture is 
unstable and good bone is seen radiologically adjacent to 
the fracture site, fusion can be attempted when warmth 
subsides. If good bone tissue is not visible amputation is a 
better option. 

The postoperative care for the arthrodèses: The foot is kept 
elevated and straight leg raising and knee flexing exercises 
are begun after 48 hours. After four weeks, the skin sutures 
are removed and radiographs are obtained. 
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Weight-bearing is allowed after 12 to 16 weeks by which 
time evidence of radiological union appears. The foot is 
then fitted with a shoe and trial walking is begun. The foot 
is examined for any muscle imbalance and treated 
appropriately. 

The surgeon who sets out to salvage badly damaged 
foot must accept that he is operating on a bad and risky 
case and be prepared to lose an occasional foot. Many of 
these feet would in any case be probably amputated, so 
there is little to lose in attempting a salvage. 14 If the patient 
is told in the beginning not to hope for too much, the 
disappointments will be much less. 

The difficulties of fitting the limb with an anesthetic 
stump, the cost of prosthesis, its maintenance and care are 
by no means easy. A salvage procedure with the assistance 
of an orthosis appears to be more convenient. The cost of 
hospitalization and the duration of morbidity after surgical 
procedure are considérable but much less as compared to 
that of an amputee with an anesthetic stump. 

Even though the foot may appear ugly it gives good 
function and service, if properly cared for. Only those 
patients who understand their problem and are motivated 
enough to look after themselves should be chosen for such 
operations, as they are likely to be benefitted from these 
often intricate procedures. 

Prévention of Disorganization 
and its Récurrences 

Even though ail patients with anesthetic feet are at risk, 
but certain predisposing and precipitating factors do exist. 
Neuropathie disorganization is difficult to treat but can 
be easily prevented if the possibility of its occurrence is 
kept in mind. 

Measures should be taken to educate the patient about 
preulcerative lésions of foot, viz. blisters, fissures, swelling, 
etc., how to care for the foot and use of footwear. The need 
for regular and constant use of a well-moulded shoe with 
appropriate modifications should be emphasized to the 
patient. The patients must realize that their handicap is 
permanent and only great care will enable their feet to 
survive and serve. They should be told that running, 
jumping or fast walking over a rough terrain will reduce 
the life of the foot and will make it degenerate. 

Prognosis 

The prognosis in early stages is good and if taken proper 
care. The process subsides in about 6 to 8 weeks, and the 
bones begin to consolidate. Even in advanced cases, the 
problem settles with a tibial weight-bearing walking 
contact plaster cast. However, the treatment is more 
prolonged. 


The stabilizing procedures are required only for severe 
disruption. Any surgical intervention involving bones, viz. 
joint fusion requires prolonged immobilization making 
the bones further osteoporotic. Therefore, the surgery 
should be carefully considered and the options weighed. 

In cases where the disorganized foot is severely 
infected, a below-knee amputation and prosthesis is the 
best available option. 

Septic or Secondary Disorganization 

In long-standing cases, repeated plantar ulcération can 
lead to destruction and disruption of bony forefoot. Such a 
condition is usually secondary to sepsis and is called as 
septic disorganization of the foot. This is a very slowly 
progressive process in which the foot is destroyed from 
before backwards. 

However, if the septic process involves the tarsal bones, 
it results in severe disabilities. In majority of the cases, 
there is evidence of plantar ulcération in the form of an 
ulcer scar and absorption of the toes. 

A midfoot or heel ulcer may spread to tarsal bones and 
damage them. Osteomyelitis or septic arthritis of the 
midtarsal joints may set in. The affected bones, usually 
cuboid and at times calcanéum, may suffer pathological 
fractures. The infection can also spread to the neighboring 
joints and may ascend up into the leg along the tendon 
sheaths. 

In drop foot patients, the ulcers over the latéral border 
of the foot under the fifth metatarsal head or at the fifth 
metatarsal base commonly produce such problems. 

The patients who sit cross-legged can develop such 
ulcers over the latéral malleolus which may spread along 
the tendon sheaths into the leg. 

The clinical features are those of acute osteomyelitis or 
septic arthritis with the usual systemic and local symptoms 
and signs. The patient may hâve fever and toxemia. There 
is gross swelling of the foot and ankle with deep-seated 
tenderness. The pus and séquestra may be extruded out or 
remain localized. Any major bony destruction will produce 
instability and deformity of foot predisposing the foot to 
further ulcération. 

The prognosis is good if treated early with appropriate 
antibiotics and drainage. The patient usually gets a stable 
though stiff foot. 
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Amputations and Prosthesis 
for Lower Extremities 


S Solomon 


INTRODUCTION 

The loss of sensory, motor, and autonomie modalities in 
the foot from involvement of the posterior tibial nerve 
behind the médial malleolus is probably the most serious 
and important problems in the réhabilitation of patients 
with leprosy affecting the lowed extremity. Plantar ulcers 
may develop, multiply, and become complicated because 
of lack of treatment or in spite of it. The end resuit is usually 
an amputation which should generally be undertaken at 
the most distal level possible, because their is every change 
that the stump left behind is also anesthetic and may well 
ulcerate again in a vicious cycle. Therefore not only is the 
quality of the surgical procedure of paramount importance, 
but also the quality of the prosthetic device and the care of 
the stump by the patient. 

Amputations in patients with leprosy are similar to 
those without it. This chapter will merely focus on spécifie 
areas that need to be borne in mind in adapting the 
procedures to anesthetic limbs as in those with leprosy. 

The adaptation of a prosthesis to a stump without 
sensation demands a strict application of the following 
principles: (i) impeccable surgery, (ii) proper stump care, 
(iii) correct prescription for the prosthesis, (iv) its skilled 
technical construction, (v) constant control of the 
prosthesis, and (vi) good prosthetic training. These 
conditions are fundamental in réhabilitation of the 
amputee with leprosy. 

THE AMPUTATION 

The aim in amputation is not only to remove pathological 
tissue but, to obtain a good stump for wearing the 
prosthesis is equally important. These basic principles 
must be followed particularly in patients with leprosy. 

The advantages and disadvantages of various sites for 
amputation, and the general principles of surgical 


technique applicable to each case must be carefully 
considered—as amputations for patients with leprosy 
must be perfectly planned and executed to avoid most of 
the problems incident to wearing a prosthesis. Skin flaps 
must be of an adéquate size, so they will not become tense 
or redundant in the closure. They must hâve adéquate 
circulation, and the healed scar should not be in a 
vulnérable location. A breakdown of a suture line will 
cause unnecessary additional scarring in an already 
deprived limb. Muscles and aponeurosis should be 
conserved wherever possible to provide smoothness of 
contor as well as bulk and soft tissue panding wherever 
bony prominences may possible project and become areas 
of high pressure. On the other hand, ail muscle tissue 
possessing gross pathological changes should be removed, 
especially when its presence will create a deformity of the 
stump. Division of nerves should be sharp and non- 
traumatic, an placed at least 1 inch above the level of 
amputation to minimize and avoid the development of 
neuroma. Although the nerve may be defunct, there may 
be a few fibers still functioning, this is very much possible 
especially if the level of amputation is much higher than 
the level of nerve involvement. Unnecessary trauma to the 
periosteum is avoided to prevent the development of 
exostoses, which in turn may become bony projections. 

Types of Amputations 

Closed types of amputations are préférable, as long as there 
is a reasonable possibility for normal healing. An open 
amputation should be considered only in situations where 
there is gross infection, and when a definitive révision 
will be possible at a la ter date, by which time the patient's 
local or general condition may be expected to hâve 
improved. 
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The Stump 

As for amputations in general, the stump must provide 
stability to the prosthesis as well as support the patient 
and accept the trauma incident to the interaction of the 
body weight and prosthesis when walking. The features 
of a good stump include: (i) an acceptable functional length 
(this does not infer the greatest possible length), (ii) a good 
contor without excess tissue, (iii) firm consistency and 
elasticity, (iv) a liner, nonadherent scar in mobile, pliable 
skin, and located in a nonweight-bearing area, (v) a smooth 
rounded end of the amputated bone, and (vi) muscles with 
adéquate strength and functioning properly. 

Level of Amputation 

In general, it is préférable to avoid any réduction in the 
area of weight-bearing plantar skin. When planning such 
procedures, in the first instance, plantar incisions must be 
avoided as far as possible, especially in cases in which the 
chances of primary wound healing are somewhat doubtful. 
In the second instance, if this is unavoidable, the surgeon 
must aim to obtain healing by first intention in ail plantar 
incisions/suture lines to avoid development of scar which 
will then make that area useless for weight bearing. 

Phalangeal Level/Disarticulation of theToes 

It is usually not necessary to amputate toes. Even in 
instances of severe clawing or deformity (Grade III claw 
toes), partial resection of phalanges in order to obtain 
suitable alinement may be adéquate. A flail toe is unlikely 
to be a source of high pressure predisposing to ulcération. 
However, it is important to conserve as much of the great 
toe as possible. 

Transmetatarsal Level 

Transmetatarsal level is préférable to amputation at a 
higher level, as it provides a better functioning stump. The 
healed incisional scar should be planned to be on the 
anterior, superior aspect of the stump. Ray amputations of 
the latéral one or two metatarsals in cases where there is 
much deformity of the toes 3, 4, and/or 5 are highly 
satisfactory. 

In patients where there is a significant projection of ail 
the metatarsal heads, a multiple metatarsectomy may be 
undertaken. Here the heads of the metatarsals are 
approached through linear or slightly curvilinear incisions 
in the intermetatarsal régions on the dorsum of the foot 
using one incision for any two contiguous shafts. The 
heads are excised, and the necks of the metatarsals 
carefully nibbled in order to prevent any sharp spiculés 
projecting especially on the plantar side. 


Lisfranc-Chopart 

Lisfranc-Chopart type of amputation is not advisable, 
because it leaves a poor stump (often assuming an equinus 
position) which is vulnérable to increased pressures, and 
which becomes prone to develop plantar ulcers. If this 
level of amputation is unavoidable, the anterior tibial 
tendon must be reinserted to avoid subséquent develop¬ 
ment of an equnius deformity. In patient who hâve 
footdrop, and also require this level of amputation, a 
correction of the footdrop by any suitable method (e.g. 
tibialis posterior transfer) must be undertaken either before, 
along with, or after the amputation in order to prevent the 
development of equinus. 

Syme 

Amputation done at this level provides almost total weight 
bearing on the tip of the stump, though it results in minimal 
overall shortening of the limb. This may be advantageous 
in elderly patients, who may then be able to ambulate on 
the stump without necessarily having to put on a 
prosthetic device every time. This convenience for patients 
who need to get up often at nights to use a toilet is extremely 
rewarding. 

Except for this advantage, the Syme amputation does 
not hâve much more to offer as a primary reason for it to be 
undertaken. The operative procedure needs more care than 
usual. Problem with circulatory impairment of the stump 
are fairly common. Correct molding of the stump is 
necessary to hâve it firm, with the scar anteriorly. The 
tendons are dissected and eut off high to avoid their 
deforming the stump. It produces esthetic problem 
especially for women, and it is difficult to construct a 
prothesis that approaches the appearance of the 
unaffected contralatéral side. 

Below-knee (BK) 

Below knee (BK) term is applied to ail levels of amputations 
above the Syme level and below the knee joint. The insertion 
of the muscles in the proximal aspect, and the absence of a 
muscle mass plus poor circulation in the distal third makes 
the BK amputation level best at the junction of the upper 
and the middle third of the leg. The highest level and the 
depth of the loss of sensation in the extremity must be 
taken into account, one tries to obtain a stump that 
possesses the least possible anesthésia for more satis¬ 
factory and functional use. The debatable advantages of a 
long stump in adapting to the prosthesis are counter- 
balanced by increased problems of the skin and poor 
circulation. 

The BK amputation conserves the complété functional 
use of the knee, but it does not allow weight bearing on its 
and—which must receive firm, soft, and uniform pressure 
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from ail directions to promote the circulation and avoid 
edema. The scar must be placed away from the end of the 
stump. The anterior aspect of the lower end of the tibia 
must be rounded, and the fibula should be divided at a 
level at least 1 inch higher. 

Knee Disarticulation and Above-knee (AK) 

These levels of amputations are seldom utilized for 
problems in the lower extremity attributed either directly 
or indirectly to leprosy. Also, this level is not warranted 
on the sole basis of obtaining a stump with sensation, as 
loss of knee function is not easily equated. This amputation 
can be performed, of course, for other problems that occur 
in patients with leprosy—such as malignant tumors, 
vascular problems, etc. The guidelines for writing a 
prescription and following the principles for adaptation 
of the stump to the prosthesis are similar to those for other 
amputées. It is not common to find loss of sensation above 
the knee. 

General Remarks 

The réhabilitation team must always include the patient, 
and be aware of his/her needs, especially the psycho- 
logical trauma of amputation, from the moment the 
decision for amputation is made to the beginning of 
adapting the stump to the prosthesis. The main objectives 
are to develop the best possible stump and to create the 
best conditions for the functional use of the prosthesis by 
foreseeing any complications that may arise in the 
postoperative period. 

Preoperative Care 

The patient is prepared psychologically, and his general 
health is improved to the maximum in préparation for the 
surgery. Care is taken to correct changes due to chronic 
infection or to toxic States. The patient must accept the 
amputation as being indicated and as being in his best 
interests. In more than a few instances, patients with 
chronic récurrence of ulcers will voluntarily request 
amputation. 

One can then proceed with conditioning the muscles 
and joints in the extremity to be amputated, besides 
exercising and training the muscles of the upper extremity 
and shoulder girdle for use in crutch walking. Quadriceps 
exercises are mandatory. Simultaneously, attention must 
be paid to ensure that the other foot is suitable for weight- 
bearing. 

Postoperative Care 

Following the surgery, the réhabilitation team must work 
in close coordination to expedite the return of the patient 
to normalcy. The wound must be cared for to obtain good 


healing. The sutures are removed in 10 to 15 days. The 
dressings are applied loosely, and the postural position of 
the stump is maintained. Prévention of knee flexion 
contracture does develop, it is disastrous, since the 
leverage that may hâve been provided by the nows- 
amputated limb is not available to assist in correction of 
the contracture. 

Instructions for taking care of the stump mustbe clearly 
and explicity given to the patient. It is necessary to 
emphasize the importance of maintaining it in good 
condition, and to point out the conséquences of 
perspiration and macération. 

Patients may exhibit psychological readjustment 
problems to the surgical trauma. Despair and loss of 
confidence must be avoided, and readjustment is 
favourably influenced by the following factors: 

1. Attentive and adéquate medical care. 

2. Sufficient information on hygienic éducation. 

3. Quick adaptation of the prosthesis. 

4. Favorable comparisons with other amputées in clinical 

sessions. 

Réduction of the stump is essential before fabrication 
of the prosthesis is begun, and it must be maintained. Two 
features occur during this process—a decrease of the 
subcutaneous fat, and an atrophy of the muscles due to 
disuse. The process may be relatively slow. The use of a 
firm (not tight) compression bandage applied as soon as 
the sutures are removed can produce a réduction of 70 to 
80% of the edema—if the bandage is correctly applied. 
The patient and a relative must be taught the proper way 
to undertake this. 

CONCLUSION 

The process of undertaking an amputation in a patient 
with leprosy is perhaps similar to that for other conditions, 
with the one, and that a very major, différence namely, the 
possibility of loss of sensation in the remnant of the 
appendage. The need for extreme care in evaluating 
prosthetic devices cannot be overstated. Wheres in 
nonanesthetic extremeties, the patient is in a position to 
State and identify location(s) of improper fit or tightness, 
this may not be possible in our patients, and it is not 
uncommon to find amputées coming back to the clinics 
much earlier than expected, with abrations and ulcération 
due to an ill-fitting prosthesis. Additionally, especially in 
BK amputées, a change in the circumference of the stump— 
resulting in looseness of fit—is almost always seen, soon 
after the patient returns home. Perhaps this may be related 
to the meagerness of food at home as compared to a fairly 
nutritious hospital diet with subséquent loss of weight, 
and bulk, both generally as well as in the stump. 
Additional stockings or socks will compensate for this to 
an extent. 
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INTRODUCTION 

The réhabilitation of leprosy patients commences right 
from the time of diagnosis of the disease. Physiotherapy 
and occupational therapy both play an important rôle in 
this process. The deformities and disabilities associated 
with leprosy are the ones that are primarily responsible 
for the stigma associated with this disease. 

The physiotherapist as a member of the deformity 
disability prévention squad has a very important rôle to 
play in educating the patients in the care of their hands 
and feet, in preventing the occurrence, worsening and 
récurrence of deformity and disability, in the management 
of pre-existent deformities and disabilities, and in the ré¬ 
éducation of the patient before and after corrective surgery. 

PHYSIOTHERAPY IN LEPROSY 

In leprosy, patients suffer from disorders of movement due 
to motor paralysis, but they may also suffer from painful 
complications like acute neuritis. As such, physiotherapy 
plays an intégral part in the treatment of these compli¬ 
cations. However, one must remember that physiotherapy 
can only give symptomatic relief and cannot be expected 
to cure the underlying condition. Physiotherapy is also 
needed during reactional épisodes and acute neuritis to 
prevent limb deformities. 6 In situations where nerve 
damage is in the réversible stages, physiotherapy is needed 
to maintain the integrity of the denervated muscle fibers 
and joints until the muscle are reinnervated. 5 Lastly pre- 
and postoperative physiotherapy plays a vital rôle in the 
success of reconstructive surgery. Preoperative physio¬ 
therapy is needed to préparé the part and provide optimal 
conditions for corrective surgery. Postoperative physio¬ 
therapy is needed to obtain maximum benefit from correc¬ 
tive surgery. 10 In tendon transfer surgery in particular, no 
matter how skillfully the transfer has been done, the whole 


procedure will be vitiated if it is not preceded and followed 
up by appropriate physiotherapy. 

Physical Therapy Modalities 

Wax Therapy 

Wax therapy 1 or wax packing as it is otherwise known is 
very useful in the treatment of stiff and painful hands, and 
is used as a routine preliminary measure before giving 
other treatments like oil massage, exercise and splinting. 
The hot wax permits sustained heating of the part for a 
considérable period, for about 20 minutes or longer and 
relieves pain. The wax softens the dry skin making it supple 
and the heat increases blood flow through the skin (Fig. 1). 
Wax therapy also stimulâtes the sweat glands, especially 
those which retain their nerve supply. This therapy is also 
used for relief of pain of acute neuritis around the wrist, 
elbow and ankle joints. The heat of the molten wax does 
not penetrate deep, so, wax therapy has only limited value 
in deep-seated pain. 

The main contraindication for wax therapy is the 
presence of blisters or open sores, but a small wound can 
be sealed with adhesive strip, and the treatment can then 
be given. 

It must never be forgotten that leprosy patients needing 
wax therapy will be having insensitive hands. Therefore, 
there is a great danger of scalding the insensitive areas 
with the hot wax, if utmost care is not taken during the 
treatment. The température of the wax must not exceed 
120°F (49°C) when the treatment is started and this must 
be checked every time wax therapy is given, by freshly 
checking with thermometer after making sure that the bulb 
of the thermometer is clean and not covered with solidified 
wax. If the immersion technique is used, one must also see 
that the hand does not touch the sides and bottom of the 
wax tub. Electrically operated wax baths fitted with 
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Fig. 1 : Wax therapy: The right hand has just been coated with 
wax, the left hand is covered with a plastic hood, it will be left 
on for 20 minutes to allow the maximum benefit of the heat to 
reach the patient 

thermostatic control are available in the market. Even when 
they are used it is better to check the température of the 
wax afresh, as a safety précaution. When commercial wax 
baths are not available, wax therapy can still be given 
using an ordinary stove. Wax can be heated in the stove, 
preferably in a water bath, and used for wax packing. In 
such cases, extreme care must be taken to see that the 
inflammable wax does not corne into contact with the 
naked flame of the stove. 

OU Massage 

Oil massage is usually given to the hands of leprosy 
patients and is one of the methods of passively stretching 
the fingers and thumb web. 16 Oil is used as a lubricant 
and except for the nonspecific effect of softening the skin, 
oil has no particular therapeutic value in itself. Therefore, 
any vegetable oil or Vaseline may be used for this purpose. 

Oil massage is used to prevent the onset of contrac¬ 
tures. In claw deformities, the fingers are flexed and cannot 
be actively extended fully at the interphalangeal joints 
because of paralysis of the small muscles. If the condition 
is neglected, the soft tissues on the flexor aspect undergo 
adaptive shortening, and the fingers developing flexion 
contractures are unsuitable for corrective surgery until the 
stiffness is abolished. Regular, daily oil massage prevents 


flexion contracture, as the fingers get fully extended during 
the massage. The thumb can also develop contracture of 
the web, in patients with thenar paralysis. Thumb web 
contracture is also prevented by passive stretching during 
oil massage. Oil massage is used in cases with intrinsic 
paralysis of the hand including those which hâve not 
developed stiffness. Oil massage is also used as a routine 
before doing exercises and after wax therapy. 

Oil massage is contraindicated in hands with blisters, 
injuries infections, and in acutely inflamed hands. It is 
customary to practice exercises after oil massage. 

Active Exercises 

Active exercises are those in which movements are carried 
out actively, i.e. the patient consciously using muscles 
normally responsible for those movements without 
assistance from any other agency. When a muscle is 
completely paralyzed, active exercise involving that muscle 
is obviously not possible. But when there is incomplète 
paralysis of a muscle, active exercise will cause hyper- 
trophy of the intact muscle fibers and increase their power 
of contraction and thus compensate for the nonfunctioning 
of the paralyzed muscle fibers. Therefore, active exercises 
are most useful in cases with early incomplète motor 
paralysis. However, it must be remembered that weak 
muscles get fatigued easily, and active exercises, therefore, 
should not be overzealously performed. Active exercises 
are also used for correcting mild to moderate stiffness of 
joints, provided the joint is not diseased. Therefore, active 
exercises are used to prevent disuse atrophy of muscles. 7 
When the limb is encased in a plaster cast or when a patient 
is bedridden for a considérable time, the muscles of limbs 
and trunk—if they are not exercised—become weak, atonie 
and undergo disuse atrophy. This can be prevented by 
actively exercising these muscles. 

Active Assistée! Exercises 

Active assisted exercise are used in clawhands, in order to 
prevent stretching of the extensor apparatus. When 
intrinsic muscles of the hand are paralyzed, the 
metacarpophalangeal joints become unstable and 
hyperextended, and this prevents full extension of the 
interphalangeal joints. These can still be extended fully by 
the long extensor tendon provided the metacarpo¬ 
phalangeal joints are stabilized in any position other than 
hyperextension (Figs 2A to C). When interphalangeal joint 
extension becomes déficient, these joints develop a flexed 
posture. If the deformity persists for any length of time, the 
extensor expansion is likely to be permanently stretched 
making successful correction of clawing by tendon transfer 
operation difficult. Active assisted exercises prevent 
permanent stretching of extensor expansion. These 
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Figs 2A to C: Active assisted exercises: (A) the metacarpophalangeal joints of the right hand is being stabilized in the palm of 
the left hand, (B) the patient actively extends (and flexes) his interphalangeal joints, (C) active extension of the interphalangeal 
joint of the thumb, after stabilizing the proximal phalanx 


exercises are called active "assisted" because active move- 
ments are practised with the assistance of an externat 
agency to stabilize the unstable joints. 13 Assisted active 
exercises are also used in the thumb to prevent stretching 
of extensor expansion over the interphalangeal joint. 

Passive Exercises 

When deformities like claw fingers and drop foot are 
neglected, the tissues on the flexor aspect undergo 
shortening while the soft tissues on the extensor side get 
stretched. This leads to fixation of the deformity with 
limitation of active and passive extension. Correction of 
the deformity by tendon transfer operation will not be 
successful if such contractures are présent. It is necessary 
that the part is free from contracture for corrective surgery 
to be done. This is achieved by passive exercises. 

The aim of passive exercises is to put the affected joint 
through its normal range of movements and thus prevent 
contractures. Established contracture canbe overcome by 
forced passive movements. But this mustbe done extremely 
carefully in the anesthetic extremities of leprosy patients. 
If excessive force is used, the contracted soft tissue will be 
badly torn with the development of traumatic inflammation 
and subséquent repair by heavy scarring which will make 
the contracture worse than before treatment. This danger 
is very real when forced passive stretching is used to 
overcome contractures in insensitive fingers, and utmost 
care must be taken while doing so. Oil massage described 
earlier in an example of passive exercise. So is the thumb 
web stretching exercise. These prevent fixed flexion 


deformity of the interphalangeal joints of the digits and 
contracture of the thumb web, respectively. Fixed plantar 
flexion (equinus) deformity of neglected drop foot is 
prevented by the passive stretching of the tendocalcaneus 
by the therapist, 11 or by the patient standing and walking 
up a ramp, or by other passive dorsiflexion exercises. One 
simple method is for the patient to sit on his haunches and 
lean forwards, without lifting the heel off the ground. 
Alternatively, the patient stands with his back to a wall 
and repeatedly attempts to sit without losing contact with 
the wall. Another alternative is when the patient stands 
about two feet away from and facing the wall and touching 
it with the hands stretched forwards, and the feet are kept 
fiat on the ground. Then, the paüent leans forward bending 
only at the elbow and ankle keeping the spine, the hips 
and the knees straight. This is done 10 to 15 times, twice a 
day. During the exercise, the feet are kept fiat on the ground 
without lifting the heel. He may progressively move 
backwards, continuing to hâve the palm of the hand 
maintain contact with the wall, and the feet moving further 
and further away. These exercises will prevent contracture 
of the heel cord in patients with drop foot. 

Splinting 

Splinting is done: (i) to rest the part, (ii) to immobilize the 
part, (iii) to prevent movement in a particular direction, 
(iv) to provide continuous traction, (v) to stabilize a joint, 
and (vi) to maintain the release of contractures obtained 
by passive stretching. The last objective is achieved by the 
method of serial splinting. 9 
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1. Splinting to rest the part: When the part of the body 
especially the extremities is injured or inflammed, it 
can be most conveniently rested in a splint. In these 
cases, splinting is done in such a way that even if the 
part becomes stiff, the limb would still remain useful. 
Acute neuritis, reaction hand, injury or infections of 
the hand are the conditions met with in leprosy 
patients which would need resting the part temporarily 
in a splint, usually in a plaster slab. Plaster casts used 
for healing plantar ulcers also serve the same purpose. 

2. Splinting for immobilization: Immobilization, i.e. 
prévention of ail movements is required most often after 
a major injury or surgery involving tendons, joints or 
bones. In leprosy patients, immobilization is usually 
required after corrective operations like arthrodesis, 
tendon transfers or tendon grafting. In the latter case, 
the hand or the foot is immobilized in such a position 
that will throw least strain on the sites of tendon sutures 
to protect these sites and prevent disruption of tendon 
anastomosis during the immédiate postoperative 
period. Plaster slabs and casts are used for this purpose. 

3. Splinting to prevent spécifie movements: Sometimes total 
immobilization is not necessary and only some 
movements need to be prevented. This is needed when 
an appliance is worn as a permanent or long-term 
measure for correcting a deformity. Therefore, these are 
made of leather and movements in unwanted directions 
are prevented by springs, straps or stops. The need for 
these type of splints is rather limited in leprosy patients. 
Cock-up splint for wrist drop, drop foot appliances 
and "knuckle-duster" type of finger splints for claw 
deformity are examples of such splints. 

4. Splinting to provide continuons traction: Sometimes 
splinting is done to provide continuons traction. In 
these cases, the splint very often serves merely as a 
rigid frame against which the splinted part is 
continuously pulled, either by adhesive tapes (skin 
traction) or through a Steel wire or pin through the 
bone (skeletal traction). Continuons traction is most 
helpful in overcoming spasm of muscles seen after 
major injuries to limbs, or when there is disease of major 
joints. Continuous traction is also used for overcoming 
contractures and can be used for treating finger 
contractures in leprosy patients. Continuous traction 
of fingers obtained by incorporating circular or semi- 
circular wire frame to a forearm plaster cast, and pulling 
on the fingers continuously by means of elastic fixed at 
the other end of the wire frame. Dynamic splints must 
be used very carefully in leprosy patients for fear of 
causing ulcération due to continuous pressure on 
anesthetic fingers. Such splints are not essential as a 
routine, for studies hâve shown that dynamic splinting 


is not particularly superior to static serial splinting for 
releasing flexion contractures in these fingers. 

5. Splinting to stabilize joints: The limb functions as an 
articulated chain of levers, and instability at one joint 
greatly limits the usefulness of the limb distal to the 
unstable joint. In these cases, stabilization of the 
uns table joint permits efficient use of the limb. Apart 
from knuckle-duster kind of splints for paralytic claw 
fingers, splinting for this purpose is not often needed 
in leprosy patients. But some patients after tendon 
transfer operations for correction of claw fingers find it 
difficult to use the transferred tendon in the early 
postoperative re-educative period until the wrist joint 
is stabilized in the neutral position or in mild extension 
in a plaster cast. 

6. Serial splints: Serial splinting is the method of 
repeated splinting at regular intervals, and is resorted 
to when contractures are to be released. 9 Although mild 
contractures can be overcome by active and passive 
movements, more severe contractures need serial 
splinting. This technique is used extensively in leprosy 
patients for releasing flexion contractures of claw 
fingers. 18 

The flexed finger is passively straightened as much as 
possible without using excessive force, and is held in that 
position in a plaster cast (cylindrical finger splint) (Fig. 3). 
Excessive stretching of the contracted soft tissue causing 



Fig. 3: Cylindrical finger splint. 
Note finger tips are left exposed 
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injury to this tissue must be avoided. At any one sitting, 
straightening of the finger by about 2° can be achieved 
without much injury to the tissues. The release obtained is 
then maintained by splinting the fingers. After a couple of 
days (usually every third day), the splint is removed and 
the finger is again straightened a little bit more, and 
splinted again in the corrected position. This is repeated 
until the contracture is fully overcome. Thus, the contracture 
is released gradually and in stages, i.e. serially, and the 
release obtained is maintained by the splint, in this case, 
the cylindrical finger cast. Thumb web contractures are 
also amenable to release by serial splinting. 

Objectives of Physiotherapy in Leprosy 

The chief objectives of applying physiotherapeutic 
measures in leprosy are as follows: 

1. To prevent deformity and disability occurring in 
patients with early nerve involvement and in patients 
in reactions 

2. To provide relief of pain, e.g. in acute neuritis 

3. To prevent worsening, and development of secondary 
complications like stiff contracted joints, absorption of 
digits, etc. in patients with established deformities and 
disabilities 

4. To obtain best results from corrective surgery by 
appropriate pre- and postoperative treatment. 

In order to achieve these objectives, it is necessary that 
patients are periodically assessed from the point of 
impairments leading to deformity-disability. These 
assessments are done by the therapist and are carried out 
as indicated below. 3 ' 6,17 

Assessment of Patient 

Before instituting physiotherapy the patient must be 
assessed from the point of view of deformities, 7 and 
disabilities, and the findings must be recorded. A routine 
using one or more proformas or charts must be followed 
so that important items of information are not missed by 
oversight. The assessment is done to hâve an idea of the 
deformity status of the patient, and the record gives the 
baseline data for evaluating the progress during and after 
treatment. During the first assessment, the entire patient, 
irrespective of his particular complaint or deformity, 
should be examined. The State of the skin, nerves, muscles 
and joints of hands, feet and face are noted, and the 
presence of deformities is also recorded. 

Skin 

Skin of hands and feet is examined for anesthésia and 
analgesia, sweating, scars, injuries and ulcers. Abnor- 


malities observed can be conveniently recorded in charts 
containing outline drawings of hands and feet. 

Nerves 

The major nerve trunks of the limbs, viz. ulnar, médian, 
radial, common peroneal and tibial nerves are palpated 
through out their course, and the sites and nature of 
thickening and tenderness are recorded. 

Muscles 

The muscles of the limbs below the elbow and knee and 
those of the face are examined and tested individually. 

Strength of the Muscles 

The power of the muscle is graded according to the MRC 
scale of grading the muscle. In some cases, as with small 
muscles of the hands and feet and muscles of the face, it is 
not possible to grade the muscles as above. In those cases, 
the power of the muscles may be recorded as normal, weak 
or paralyzed. While testing muscles, care mustbe taken to 
see that the examiner is not misled by "trick movements". 

Wasting of Muscles 

The presence of atrophy or wasting of muscles must also 
be looked for and recorded. A good way to judge the bulk 
of the muscles in the forearm and leg is to measure the 
circumference of the calf and upper third of the forearm at 
a spécifie level, say 15 cm below the tibial tubercle and 8 or 
10 cm below the olceranon respectively. 

Joints 

The joints of the hand and foot must be examined 
individually for any abnormality in appearance, range of 
active and passive movements, and any instability. Range 
of movements should be measured and recorded. These 
measurements are very important and should be taken for 
every joint which shows any abnormality. It is customary 
to take four angle measurements for fingers, three angles 
for the thumb, and two angles for the foot. 

1. Finger joints angles: Active extension of the inter- 
phalangeal joints is déficient in claw fingers because 
of paralysis of the interosseous and lumbrical muscles. 
The condition is worsened by injury to extensor 
expansion or stretching of this structure, or flexion 
contractures. Therefore, angle measurements are taken 
to assess: (i) the severity of claw deformity, (ii) intrinsic 
muscle deficiency, (iii) integrity of the extensor 
expansion, and (iv) presence of contractures. The 
measurements are conveniently done with a trans- 
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parent protractor fitted with a movable pointer or a 
finger goniometer. 3,4,7 Precalibrated disks of needed 
sizes and shapes are very useful, particularly for simul- 
taneously measuring of the angles at two adjacent 
joints of the finger and for the thumb web. 16 

a. Assessment ofclaw deformity: The severity of claw 
deformity is assessed by measuring the angles of 
hyperextension at the metacarpophalangeal joint 
and flexion at the proximal interphalangeal joint 
when the patient has fully opened his fingers. 
Measurement is made easier if precalibrated 
wooden disks are used. Direct measurement of the 
angles is made by fitting disks over the 
metacarpophalangeal joint région and the middle 
phalanx. 

b. Assessment ofintrinsic muscle deficiency: This is judged 
by measuring the so-called "unassisted extension 
angle" (Fig. 4). The patient is instructed to hold his 
fingers in the lumbrical position, i.e. fingers flexed 
at the metacarpophalangeal joints and extended at 
the interphalangeal joints. Such a posture is not 
possible when the intrinsic muscles are paralyzed 
and when it is attempted, inevitably there is some 
associated flexion at the proximal interphalangeal 
joint. The amount of flexion is measured and noted 
as "unassisted extension angle." This angle 
indicates the extent by which the finger falls short 
of full extension at the proximal interphalangeal 
joint when it is functioning without the intrinsic 
muscles. In the normal hand this angle is zéro. 4,7,16 

c. Assessment ofintegrity ofextensor expansion: This is 
done by measuring the so-called "assisted extension 
angle". Even the claw finger with intrinsic para- 
lysis can be fully straightened at the inter¬ 
phalangeal joints by the long extensors, provided 
the metacarpophalangeal joints are stabilized in a 
position other than hyperextension. But, full 
extension is not possible if the digital extensor is 
weak, or if the extensor expansion has been 
damaged by injury or has got stretched due to 
prolonged neglect of the deformity. In such cases, 
the results after corrective surgery will not be 
satisfactory. Therefore, it is necessary that one has 
information about the integrity of extensor 
expansion, and this is obtained as follows. Press 
down the goniometer or the base of the protractor 
over the dorsum of the proximal phalanx to keep it 
fully flexed at the MCP joint and let the pointer of 
the gonio- meter rest on the dorsum of the middle 
phalanx (Fig. 5). Ask the patient to straighten the 
middle phalanx as much as possible. If full 
extension is possible (angle zéro) it is normal. 
Otherwise, note the amount (angle) by which it falls 



Fig. 4: Measurement of unassisted extension 
angle finger joint angles 


short of full extension. Presence of assisted exten¬ 
sion angle indicates damage to extensor expansion 
or weakness or the extensor muscle. In the normal 
finger this angle is zéro. 

d. Assessment of contractures: Satisfactory results after 
corrective surgery can be obtained only if the 
involved joints are free from contractures. Therefore, 
the state of the finger joints, especially that of the 
proximal interphalangeal joint regarding the 
presence and extent of contractures must be 
examined and the findings recorded. This infor¬ 
mation is obtained by measuring the contracture 
angle or passive extension angle (Fig. 6). The finger 



Fig. 5: Measurement of assisted extension angle: The protrac¬ 
tor is stabilising the metacarpophalangeal joint in flexion 
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Fig. 6: Measuring contracture angle: the observer's left hand is 
trying to extend the PIP joint to correct any contracture that 
may be présent 

is passively at the PIP joint to reach full extension, 
and the angle at this joint is measured and recorded 
as the contracture angle. This angle is zéro when 
there is no contracture. 

2. Angles ofthumb: Angles of the thumb are measured and 
recorded in order to obtain information regarding: (i) 
the presence of contracture of thumb web, (ii) integrity 
of the extensor mechanism, and (iii) contractures of the 
interphalangeal joint. Thumb web contracture is 
assessed by measuring the angle between the 
metacarpals of the thumb and index when the thumb 
is passively held in maximal abduction in a plane at 
right angles to the palm. Thumb web angle can be 
measured with the finger goniometer protractor fitted 
with pointer, or more easily by fitting in the thumb web 
a suitable disk from a set of precalibrated wooden disks. 
Integrity of the extensor apparatus and presence of 
contracture are assessed by measuring the assisted 
extension and passive extension angles, respectively, 
at the interphalangeal joint of the thumb, in the same 
way as in the finger s. 

3. Foot angles: Angle measurements in the foot are taken 
in patients with évident or suspected drop foot to assess: 
(i) the extent of weakness of the dorsiflexors, and (ii) 
the presence of tightness of tendocalcaneus. Infor¬ 
mation on these two points is obtained by measuring 
the active and passive dorsiflexing angles respectively. 
a. Active dorsiflexion angle: The patient sits on a high 

stool with the leg hanging down. He is asked to 
dorsiflex the foot (lift only the foot) as much as 
possible, and the angle between the leg and foot is 


measured. Normally the foot can be dorsiflexed to 
the extent of 60 to 70°, i.e. the foot makes an angle of 
60 to 70° with the leg. When dorsiflexors are weak, 
this angle (active dorsiflexion angle) increases and 
is well over 90° when they are paralyzed. 11,13,16 
b. Passive dorsiflexion angle: Assessment of tightness 
of tendocalcaneus is done by passively dorsiflexion 
of the foot with the patient seated on a high stool as 
before, and measuring the angle between the leg 
and the foot. Normally, passive dorsiflexion is 
possible up to about 60°. Passive dorsiflexion angle 
of more than 75° would indicate contracture of 
tendocalcaneus. 

DEFORMITIES 

Apart from recording the State of skin, muscles, etc. ail 
deformities of the fingers, feet and toes are also noted and 
recorded. These include clawing, intrinsic plus deformity, 
shortening. The sole of the foot is examined for scars, ulcers 
and cracks. A note is made of ail positive findings. 

Physiotherapeutic Management to 
Prevent Deformity and Disability 

When there is involvement of nerves, loss of autonomie 
function, loss of sensibility and muscle paralysis are the 
possible sequelae depending upon the type of nerve 
affected, the site affected and the extent of affection. 
Therefore, it follows, that a detailed baseline assessment 
of peripheral nerve status at the time of diagnosis of leprosy 
and commencement of treatment is very important. The 
physiotherapist shoulders this responsibility to do a 
detailed assessment and recording of the nerve status in 
order to recognize nerve damage at as early a stage as 
possible. 17 

During the early phase of nerve damage, the paralyzed 
muscles should be prevented from atrophy or 
overstreching. 5 Physical therapy at this stage is needed to 
prevent atrophy of muscles, maintain the mobility of the 
joints, thereby preventing contractures and to prevent 
overstretching of the paralyzed muscles. In addition, 
nutritional status of denervated muscles needs to be 
maintained by good blood circulation. Electrical 
stimulation is given once or twice daily by faradism to 
produce contraction of the muscles distal to the site of the 
lésion. This helps to prevent atrophy of the muscles. 
Appropriate splinting is used to prevent overstretching 
and adaptive shortening of the paretic muscles. Following 
recovery of the nerve, strengthening exercises in the form 
of assisted exercises are given so that the weakened 
muscles become strong. 
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Treatment of Hand and Foot during 
Reactional Episodes 

In the multibacillary forms of leprosy, patients tend to get 
lepra reactions on and off. During these bouts of reaction, 
the hands and feet are vulnérable to deformity which is 
very difficult to correct surgically, unlike motor paralytic 
deformities. Physiotherapy plays an extremely important 
rôle in preventing the deformities of hands and feet in 
reaction . 6 

During the reactive phase, the limbs particularly at the 
extremities are swollen and painful. The reactive 
inflammation results in hyperemia and washing away of 
the calcium in the bones causing osteoporosis and making 
them vulnérable to pathological fractures. The most 
important objectives in the management of reaction hand 
are: (i) to get the inflammation resolved as early as possible, 
(ii) to protect the hand from trauma, and (iii) to prevent 
stiffness by maintaining mobility of the joints . 16 

Medical treatment to control reaction is given, and 
simultaneously the hand is subjected to a careful regimen 
of physical therapy. The hand should be splinted keeping 
the joints in the functional position, élévation is to be 
provided to reduce edema, and the joints need to be put 
through full range of passive movements using minimal 
force, on daily or twice daily basis. If this is not done, by 
the time reaction is brought under control, hand will hâve 
developed deformities of a bizarre nature due to contrac¬ 
tures following resolution of edema. Normal muscular 
pulls and minor trauma will precipitate collapse and 
fractures of the small bones of the hand. On resolution of 
the reaction, the bones reconsolidate but with deformity. 
Deformed hands due to neglect during reactive phase are 
very résistant to surgical correction. The skin condition is 
poor-being stretched and shiny and papery thin to feel. 
Joint capsules and other structures including intrinsic 
muscles of the hand may hâve got fibrosed. In essence, 
deformities in hands following bouts of lepra reaction are 
virtually impossible to correct, and there is very little hope 
of surgically achieving any worthwhile restoration of 
function. 

It can not be overemphasized that properly monitored 
physiotherapy is the mainstay of preventing the 
deformities of reaction hands. Wax packing and élévation, 
splinting in functional position to protect and rest the 
hands, and giving passive movements to ail joints are the 
most essential modes to be used in the management of 
hands involved in reaction. This is equally applicable to 
the feet also, if they are involved in reactions. 

To Provide Relief of Pain in Acute Neuritis 

During acute neuritis a patient has severe nerve pain, and 
the affected nerve can be damaged permanently, if the 


inflammatory process is not brought under control 
rapidly . 5,6 

The objective is to achieve resolution of the inflam¬ 
mation and relief of pain. Medical therapy is commenced 
along with physiotherapy. The latter is provided in the 
form of heat application to the affected segment of the nerve 
and rest to the nerve by splinting. Heat application is 
provided by any of the following methods, namely wax 
therapy, infrared radiation or dry fomentation. These 
provide only superficial heat. To effectively heat deeper 
tissues around the nerve, where available, short-wave or 
microwave diathermy may be given under close 
supervision . 5 Energy provided by sound waves in the form 
of ultrasonic therapy has also been found to be very effective 
in the treatment of acute neuritis . 16,17 

To effect early resolution of inflammation, it is essential 
to rest the inflamed nerve trunk besides providing heat 
therapy. This is achieved by providing a well-padded 
plaster slab in which the limb is supported. The plaster 
splint is worn at ail times except when giving heat or 
ultrasonic therapy. 

The plaster slab must extend well above the elbow or 
the wrist in the case of ulnar and médian nerve neuritis. In 
the lower limb, the slab should extend well above the knee 
for latéral popliteal neuritis. The limb should be positioned 
in such a manner in the plaster slab as to maintain the 
concerned nerve in a State of mild stretch. This ensures 
that on resolution of inflammation—neural fibrosis that 
takes place—occurs in the stretched position of the nerve 
to permit normal stretching associated with joint 
movement. 

To Treat Established Paralytic Deformity 

Motor paralysis of long duration (more than one year) with 
atrophy of the paralyzed muscles which do not respond 
to electrical stimulation can be considered as beyond 
recovery. In cases of established paralysis, physiotherapy 
is needed to prevent secondary complications like 
contractures and also to préparé the part for reconstructive 
surgery and after corrective surgery. 

To keep the deformed hands and feet supple and 
mobile, physiotherapy in the form of wax therapy, oil 
massage, passive and assisted active exercises and 
splinting needs to be done. 

Preoperative Physiotherapy 

Preoperative physiotherapy helps to provide optimum 
condition for surgical correction of the deformity. 

Ai ms of Preoperative Physiotherapy 

Physiotherapy before the corrective operation has the 
following objectives: (i) assessment of the part to the 
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operated, (ii) treatment of contracture if présent, and 
(iii) spécial training of the muscle that is to be 
transferred. 3,16 

Assessment: A detailed assessment of the part that is to be 
operated must be done to check that no contractures are 
présent, that the muscle proposed to be transferred is 
normal, that there is no active neuritis and also to see 
whether there are any other minor anomalies that are likely 
to influence the resuit after operation. These anomalies 
include subluxation of joints, slipping, reduced excursion 
or any other abnormality of tendons in the région. The 
finding are to be recorded. The methods of assessment 
hâve already been described earlier. 

Contracture: It is diagnosed when there is an abnormal 
restriction of the range of passive movements in a joint. 
Results after correction procedure will not be good when 
contractures are présent. The contractures must be 
overcome, and the joints must be made supple before 
undertaking correction of the deformity. 13 

Cause of contractures: Broadly speaking, contractures resuit 
from three main causes: (i) scarring inside in the joint 
(ankylosis), (ii) fibrosis outside the joint, and (iii) long- 
standing deformity. Scarring inside the joints follows 
injury or infection involving the joint and destruction of 
articular cartilages. This may resuit in fibrous or bony 
ankylosis of the joint with deformity. Contractures found 
in reaction hands, and those that follow injury or infection 
of the soft tissues of the fingers, resuit from fibrosis or 
scarring outside the joint. Long-standing deformity leads 
to contractures because of adaptive shortening of soft 
tissue on one side of the joint. Fibrosis or scarring outside 
the joint is the most common cause of contractures of 
fingers in leprosy patients. 

Management: Stiffness of joints due to fibrous or bony 
ankylosis cannot be corrected by physiotherapy, and a 
normal joint with normal mobility cannot be restored. At 
best, the deformity can be corrected surgically so that the 
part, though stiff, is in a functionally more useful position. 
Established, severe and long-standing contractures do not 
respond well to treatment, and prolonged physiotherapy 
will be needed to achieve even partial correction. So, it is 
better to anticipate contractures and take measures to 
prevent them rather than treat them after their occurrence. 

Contractures are treated by passive stretching with or 
without serial splinting. In some, contractures can be 
overcome by continuous traction. Residual contractures, 
résistant to such treatment may require division, 
lengthening or removal of the contracted structures. 

1. Passive stretching and serial splinting: The principles and 
methods of passive stretching hâve already been 
mentioned earlier. It will suffice only to reiterate here 


that passive stretching must be done gently, firmly and 
in stages, and not forcibly, jerkily or abruptly in one 
stage. Otherwise, the patient is likely to end up with 
more stiffness than before. The correction obtained by 
stretching is maintained by splinting. For this purpose, 
serial splinting is commonly used, particularly for 
overcoming flexion contractures of fingers, and 
contracture of thumb web. For flexion contractures of 
fingers, serial cylindrical splinting is used. The finger 
is wrapped in three or four layers of wet plaster of 
Paris bandage (5 cm width) and held in the corrected 
position as the plaster is setting. The rigid plaster 
cylinder will prevent the finger from reverting to the 
original position. During splinting, care must be taken 
to avoid pressing on the knuckle over the proximal 
interphalangeal joint, otherwise necrosis of the skin of 
this area will occur and create a lot of difficulty in further 
management. The finger tip must be left exposed so 
that one can check that there is no circulatory embarras- 
sment due to too tight a plaster cast. The patient should 
be instructed as to how to recognize too tight a cast 
(pain is not a reliable guide as the part may hâve 
complété loss of sensibility) by noting the color 
changes, and remove the cast immediately by soaking 
the hand in tap water and unraveling the bandage. 
The cylindrical finger splint is retained for three days 
and then removed. The finger is straightened a little bit 
more and splinted again in the improved position. This 
is repeated till the contracture is fully overcome, or until 
no further improvement is noticed. Contracture of a 
major joint like the knee or ankle can also be overcome 
by passive stretching and serial splinting. 

2. Continuous traction: As mentioned earlier, contracture 
can also be overcome by continuously pulling on the 
contracted joint with the aid of appropriate de vices. 
For reasons mentioned earlier, this method is not 
advocated as a routine in leprosy patients. 

Training the Muscle to be Transferred 

Correction of paralytic deformities in leprosy patients is 
often corrected by tendon transfer procedures. This means 
a muscle is made to hâve an action different from its normal 
action. Thus, tibialis posterior, an invertor and plantar 
flexor of the foot, is transferred in case of drop foot to act as 
a dorsiflexor. 11 Extensor carpi radialis longus or brevis, 
an extensor of the wrist is transferred for correction of claw 
fingers so that this muscle can act as a flexor of the meta- 
carpophalangeal joint and extensor of the interphalangeal 
joints. In such cases, the patient has to learn consciously 
to use the transferred muscle to execute the desired 
movement. This can be quite difficult, but postoperative 
re-education can be made easier if the training is started 
well before the operation. 10,15 
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The patient is instructed and trained, wherever 
possible, to practice isolated contraction of the muscle that 
is to be transferred, and carry out movements similar to 
the postoperative re-educative exercises. For example, the 
patient awaiting drop foot correction by tibialis posterior 
transfer is made to practice isolated contraction of this 
muscle by inverting the foot against gravity (by keeping 
the leg in the horizontal plane, over the other knee, and 
"lifting" the foot up) without active plantar flexion. 
Similarly, wrist extension exercises without extending the 
MCP joints of the fingers (lifting up the wrist without lifting 
the fingers up) are practised by patients awaiting 
correction of claw fingers by Brand's operations. Training 
the patient to contract palmaris longus (in cases of 
proposed transfer of that muscle) is shown in Figure 7. 
Such exercises are helpful because these are to be performed 
after the corrective operation. 

Postoperative Physiotherapy 

After an operation for correcting deformities, physio¬ 
therapy is necessary to ensure success of the operation. 10 
It must be stressed that only with proper postoperative 
physiotherapy can maximum benefit be derived from 
corrective surgery. 

Aims of Postoperative Physiotherapy 

The aims of postoperative physiotherapy are: (i) clearing 
the edema during the immédiate postoperative period, (ii) 
mobilizing joints that had become stiff during the period 
of postoperative immobilization, (iii) preventing unwanted 
movements that will strain the site of tendon anastomosis, 
(iv) re-educating the patient in the proper use of the 
transferred muscle, in case of tendon transfer operations, 
and (v) training the patient to use the operated limb. 

1. Clearing edema: The operated part of the limb is usually 
encased in a plaster cast or plaster slabs for varying 
periods of two to six weeks or more depending on the 
type of operation. During this period of immobilization, 
unless it is specifically forbidden, the limb as a whole 
and the rest of the body must be exercised to maintain 
the tone of the muscles, improve the general wellbeing, 
improve the circulation generally, and improve the 
venous drainage from the operated site in particular. 
Otherwise, postoperative edema due to circulatory 
stasis is likely to persist and become troublesome 
because of the stiffness of joints that follows such edema. 

If the hand had been operated on and immobilized 
in a forearm cast, the whole upper limb must be exer¬ 
cised from the second day after the operation. Similarly 
lower limb exercises must be practised in case of 
operations on foot. In this manner, venous drainage is 



Fig. 7: Isolation of muscle palmaris longus at wrist; of the two 
tendons, the médial one is the palmaris longus; the other is 
that of fl exor carpi radialis 

improved and the operated part will be cleared of the 
edema by the time the splints are removed. General 
exercises also help as they improve the wellbeing and 
tone up circulation. Edema that persists after the splints 
are removed can be got rid of by high élévation, wax 
packing, contrast baths and elastic bandaging. 

2. Mobilizing joints: As the limb is immobilized during 
the postoperative period, the enclosed joints become 
stiff. They must be loosened up by active exercise. This 
becomes more necessary when there is any residual 
edema. Such stiffness, if uncorrected by active 
movements, can persist for a long time and interfère 
with restoration of normal function. Mobilization is 
facilitated by heat therapy, by wax packing, and in its 
turn mobilization helps to clear the edema. 

3. Avoiding strain at sites of tendon sutures: Many operations 
for correction of paralytic deformities involve tendon 
transfers with or without the use of free tendon grafts. 
Although sutured tendons unité in two or three weeks, 
the sites of tendon anastomosis remain weak and need 
to be protected for another two to three weeks from 
excessive strains that may be caused by movement in 
certain directions. For example, after operations for 
correction of claw fingers, flexion of interphalangeal 
joints will throw considérable strain on the sites of 
tendon anastomosis in the extensor expansion. These 
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sites can be protected by preventing flexion of 
interphalangeal joints by using cylindrical splints for 
the fingers. Similarly, sites of tendon sutures after 
tendon transfer operations for thenar paralysis are 
protected by using elastoplast splinting of the thumb 
to keep it in abduction and opposition. 

4. Re-education to use the transferred muscle Although a 
muscle may be transplanted to a new location to restore 
a particular movement that was not previously 
possible, because of paralysis of the muscle normally 
responsible for the same, the patient will not be able to 
achieve the aim unless he is able to contract the 
transferred muscle in the right sequence. 15 Only 
movements and not individual muscles are represented 
in the brain, i.e. we do not contract individual muscles 
to execute any particular movement, instead we wish 
to execute a particular movement and the muscles 
necessary for the movement automatically corne into 
action. Therefore, even after transfer, the transferred 
muscle will corne into action only according to its 
original pattern of activity. For example, even after the 
tibialis posterior muscle is transferred to lie in front of 
the ankle, so that it can work as a dorsiflexor, the patient 
will not be able to dorsiflex the foot just by desiring to 
do, for the tibialis posterior does not normally corne 
into action during dorsiflexion of the foot. 

Therefore, the patient must be re-educated to use 
the transferred muscle. This is done by establishing a 
strong mental association between the movement that 
is to be restored, and the transferred muscle that has to 
perform this movement. Initially this is achieved by 
the patient desiring to do the movement for which the 
transferred muscle is normally responsible, and 
visually observing that the actual movement that 
occurs is different from the desired one. Thus, in the 
example given earlier, the patient should desire to invert 
the foot for which movement the tibialis posterior is 
normally responsible and observe that when he desires 
to do this, the foot, instead of going into inversion is 
actually dorsiflexed. 

In course of time, because of practice and visual 
observation of the movements, a new association 
between the movement and the muscle is established 
in the brain, and the patient learns to use the transferred 
muscle to produce the actual movement without 
consciously desiring to do the movement for which the 
muscle was originally responsible. Proper use of the 
transferred muscle is not possible until this assocaition 
is established, and this can happen only by practice 
and understanding on the part of the patient. Initially, 
the movements are hésitant and the range is poor, but 
these improve with practice. If the association is not 


established, the transferred muscle will not be used 
when needed, and it may even stop working and 
undergo atrophy. 

The therapist, therefore, must know what opera¬ 
tion has been done and devise appropriate exercises 
and see that the patient is properly re-educated in the 
use of the transferred muscle. 15 As pointed out earlier, 
if these exercises are taught to the patient even before 
the operation, re-education becomes less difficult, and 
it is also less confusing to the patient. It must be realized 
that a tendon transfer operation, or any corrective 
surgery, is only the first step, though an essential one, 
in improving the disability and that it will fail if it is 
not followed up with proper training and re-education 
of the patient. 

5. Re-education in the use ofthe limb after surgery Because of 
the disability due to motor paralysis, the patient 
develops new patterns of postures and movements 
involving the limb as a whole in order to compensate 
for the loss. Thus, the patient with drops foot develops 
a stepping gait, and one with claw fingers develops a 
flexion deformity of the wrist. Similarly, a patient with 
combined médian and ulnar paralysis develops a 
complex pattern of movement for picking up objects, 
involving wrist flexion and ulnar déviation, excessive 
pronation of the forearm and abduction and médial 
rotation of the shoulder, and the use of long flexors of 
the digits. These abnormal patterns do not disappear 
and normal patterns are not restored automatically 
after tendon transfer operations even after the patient 
had learnt to contract the transferred muscle. The 
abnormal patterns acquired unconsciously are to be 
avoided only by conscious relearning of the normal 
pattern. For this physiotherapy is essential. The patient 
must be taught not only to use the transferred muscle, 
but also to use the limb as a whole properly. The 
abnormaliües must be pointed out and the patient must 
be taught to walk normally, by practising walking in 
front of a full length mirror in which he/she can observe 
himself/herself and consciously correct abnormalities 
in gait. Similarly, after corrective surgery for thenar 
paralysis, the patient must be taught not only to use 
the transferred muscle to abduct the thumb, but he/ 
she must also be taught to pick up objects and hold 
them by abducting and opposing the thumb without 
pronating the forearm and abdacting and medially 
rotating at the shoulder joint. Otherwise, the patient 
will continue to use it as if he were still disabled, 
although the disability has been anatomically 
corrected. Game therapy and occupational therapy 
help because they make the functioning of the 
transferred muscle oriented towards carrying out 
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certain meaningful acts rather than perform a set of 
uninspiring movements, unrelated to any activities of 
daily life. 14 In the absence of an occupational therapist, 
the physiotherapist has to bear the responsibility for 
this type of re-education of the pateint. 

OCCUPATIONAL THERAPY IN LEPROSY 

Occupational therapy is an essential part of any 
comprehensive program and is concerned with helping 
patients physically and mentally to their normal place in 
society. 12 The approach involves treating the patient's 
personaly, as a whole, i.e. a person with a particular family 
responsibilities, from a particular work environment. It 
involves working towards ensuring that the patient is 
capable of taking up these responsibilities especially after 
treatment in institutions away from their homes. Very 
severely disabled patients may require a longer period of 
réhabilitation training before this is possible. The less 
deformed need only functional treatment and thorough 
training in taking care of their anesthetic limbs following 
the reconstructive surgery or ulcer treatment. In ail these 
cases, the occupational therapist, when available can play 
a very crucial rôle as indicated below. 

Early Treatment 

Most leprosy patients nowadays hâve had their treatment 
fairly early and even those who are hospitalized for some 
complication or ulcer treatment are left with little or no 
deformity and hâve nearly normal function. Nevertheless, 
they may hâve experienced rejection by family, friends or 
employer from the time when their first ulcer or their 
paralysis occurred. The patient's psychological reaction 
to these expériences may be expressed in many different 
ways, and the occupational therapist is trained to 
understand their signs, like those of anxiety, passivity or 
aggression, and to help the patient. 

These patients can return to their home and work 
following treatment, and do not require any further 
réhabilitation. Occupational therapy following hand 
surgery is carried out postoperatively for 3 to 5 weeks. 
These patients can return to their normal place in society 
without needing to still consider themselves leprosy 
patients. Too many of them unfortunately gain admission 
to "réhabilitation" institutions, preferring the security they 
find there, and so they often increase the problem of 
réhabilitation instead of returning home to integrate with 
their own community. 

Preoperative Treatment and Orientation to the 
Functional Possibilities of Reconstructive Surgery 

For patients who requires reconstructive surgery, 
occupational therapy begins preoperatively with an 


assessment of the patient's functional ability. This is done 
by means of a sériés of tests for assessment of the main 
functions of the hand including opposition, pinch and 
manipulative skill as well as his/her ability to grasp 
different sizes of objects. Spécifie assessments related to 
the patient's work are also carried out. 14 In this way, 
preoperatively a more adéquate évaluation of the need for 
reconstructive surgery is made, and postoperatively the 
functional improvement is realistically assessed. 

It is necessary to know the details of each patient's 
work and the particular difficulty in carrying it out before 
we can assess how far surgery may be effective in helping 
to improve those functions. The process of gaining this 
information from the patient and recording it helps him to 
think realistically about his work as well as enabling the 
therapist to plan his treatment and réhabilitation 
effectively. 

Following Reconstructive Surgery 

Following reconstructive surgery, the occupatinal thera¬ 
pist aims at training patients in the following ways: 

1. To work with the tools of trade, learning to use one's 
hands in the correct position, so that re-education of 
the transferred tendons to do their new functions takes 
place while doing useful activities at work place. 
Otherwise, on returning to work the patient is liable to 
use the hand in the same way as before the surgery. 

2. To hold one's tools in the way least likely to cause 
injuries, finding out for oneself which method of 
protection one is most willing to use and having 
practice in using it. 

3. To prove to oneself that one is both able to handle one's 
tools and to handle them safely. 

4. To hâve confidence in oneself and in one's ability to 
work. 

Patients may be referred for occupational therapy two 
weeks after the plaster has been removed. By this time, 
they would hâve learnt, through physiotherapy, how to 
use their transferred muscles correctly and are ready for 
improving their muscle power and develop dexterity in 
using their hands for spécifie functions. This treatment 
canbe carried out for one hour after removal of the splints 
which are re-applied subsequently. 

Treatment consists of graded activities encouraging 
the function of the transferred muscles. After lumbrical 
replacements, the function is encouraged by the use of 
lumbrical blocks for sanding and printing. IP flexion is 
not usually allowed during the first week of functional 
treatment. In the second and third weeks, IP flexion is 
gradually encouraged with the use of enlarged handles, 
e.g. for grinding, and printing, or wire twisting. Different 
handles are attached to the printing block by means of 
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Velcro, so that they may be easily changed. Carpentry tools 
with specially enlarged handles are used. As IP flexion 
increases, smaller handles are used, and the treatment 
media is graded up according to the patient's work. 
Farmers are given practice in using spades, crowbars, etc 
with strong cotton gloves to protect their hands. Tailors 
need to practice fine stitching and learn to use padded or 
spring scissors. After opponens replacement, a variety of 
activities are used to encourage opposition to each finger 
using printing with cork, fiber weaving, knotting, etc. 

During this postoperative treatment, the patients are 
assessed weekly with the same functional tests used before 
operation to demonstrate to the patient and the therapist 
how much improvement has been achieved. In ail the 
activities patients are taught to beware of danger areas, 
the activities and the tools which could injure the hand if 
used the wrong way or for too long a time. The therapist 
should discuss with women patients and those who cook 
their own meals, lighting fires, cooking processes, 
handling hot vessels cleaning pots, etc. the methods of 
protection acceptable to them and which they can use 
without problems. If they are taught a method that is not 
acceptable to them, then it is most likely that it will not be 
used when they go home. 

Functional Hand Splints 

These will be required for: 

i. preventing deformity due to early paralysis, 

ii. correcting postoperative deformities when necessary, 
and 

iii. enabling an improved function in hands with 
residual disability. 

Splints which hâve been devised for preventing 
contractures in hands with early ulnar paralysis are 
usually made of spring wire (padded to prevent undue 
pressure) or a leather cuff with elastic traction for the 
fingers or thumb. Night splints made from PVC hosepipes 
and Velcro fastener hâve been found to be easy to make 
and effective. A spiral splint made of MS wire (8 gauge) 
threaded through thick-walled laboratory tubing is very 
useful as a knuckle-duster splint during day time, as it 
does not interfère too much with the use of the hand, 
besides being cheap and easy to make. For early médian 
paralysis, the opponens splint made of leather loops and 
rubber bands or elastic cords has been found to be quite 
useful. 8 ' 14 

Spring wire is also used for finger and thumb extension 
splints which help to correct hooding and Z-thumb 
deformity. The cock-up or wrist extension splint is used 
for early radial paralysis. It can also hâve a pocket attached 
for holding a spoon or a comb for patients who hâve triple 
paralysis. 


Adaptation for Utensils and Tools for 
Patients with Very Severe Deformities 

Patients who hâve complété or nearly complété loss of 
digits due to injuries are unable to use their hands for 
most of the normal daily activities which require holding 
objects. 

A firm 2" strap is fastened to the hand by Velcro and 
tools like spoon, knife, comb, etc. can be inserted into 
appropriate loops, and the hand can then be used for many 
activities of daily living. For patients with severe fixed 
deformiües of fingers and thumb, implements can be fitted 
with grip-aids using Modulan or M seal material which 
are moulded over handles of the implements and tools to 
suit the deformed hand. 

Contribution of the Visiting Clinic Team 

As a member of a visiting clinic team, the occupational 
therapist can play a vital rôle in helping those patients 
with anesthésia to become aware of the potential dangers 
in their working environment and in their homes by finding 
out from them exactly what their daily life and work 
involves in order to identify the areas of potential danger. 
These are pointed out and then by inspecting his/her 
hands patients are made aware of the causes of their 
injuries past and présent, and encouraged to discuss how 
to avoid them. If the patient is involved in working out a 
solution for his or her problem, it is more likely that it will 
be put into practice. The chosen method of protection is 
then recorded in the patients clinical record book, next to 
the injury chart, so that the therapist is reminded to follow 
up the case subsequently. Some protective measures that 
hâve proved useful in practice are listed in Table 1. 

Réhabilitation 

In addition to the responsibilities listed above, ocupational 
therapists hâve their traditional rôle in institution-based 
physical and vocational réhabilitation of those disabled 
due to leprosy, as with any other category of disabled 
persons. Their tasks in this regard include prevocational 
assessment, training in spécifie jobs, developing 
adaptation of tools, vocational guidance and counseling, 
etc. as well as acüvely participating in training of healthcare 
personnel and leprosy-affected persons in "disability 
prévention". 

Disability Prévention 

The ultimate goals of a disability prévention program in 
leprosy is that the impairment-disability status of the 
affected individual should not deteriorate. Unless spécial 
measures known as "disability prévention practices" are 
taken, the impairment-disability status of every person who 
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TABLE 1 : Protective methods for common situations 


Type of injury 

Reasons for the injuries 

Methods of protection 

Blisters due to heat 

Cooking 



• Holding hot vessels 

Use a thick cloth 


• Steam 

Use a long handled spoon 


• Spilling hot liquid 

Avoid straining rice by using the right amount of 
water 


• Sitting too near the fire 

Sit away from the fire 


• Pushing hot wood into fire 

Use tongs or another piece of wood for feeding the 
fire 


• Peeling hot potatoes 

Allow them to cool first 


• Removing chapatis 

Use tongs or a fiat ladle 


• Eating hot food 

Allow it to cool slightly and test it with a 
nonanesthetic part, before eating 


• Holding hot tumblers 

Use a cloth or allow it to cool. Insulated mugs are 
also useful 


• Walking on hot ground (e.g. blacksmith) 

Place gunny sacks on the floor of the working area, 
or use socks if shoes are not permitted 

Blisters due to 

• Walking without shoes or with shoes causing friction 

Use suitable footwear 


• Using spades, sickles, crowbars, axes. 

Use strong flexible gloves or mittens, or attach thin 


carpentry tools etc. 

MCR or cloth padding to handle 


• Cleaning vessels 

Use large pads or coir or coconut husk 


• Washing clothes 

Allow clothes to soak with soap chips in water and 
rinse, avoid rubbing and banging 

Cuts, pricks and 

• Harvesting and cutting grass 

Be aware of the danger, by looking carefully ail the time 

scratches 

• Cutting vegetables 



• Collecting firewood 

Use glove protecting 


• Walking without footwear 

Use suitable footwear 


has any leprosy related impairment will inevitably 
deteriorate because of development of secondary 
impairments in course of time. For most part, these spécial 
measures hâve to be taken by the affected persons 
themselves, and practised for the rest of their lives, 
irrespective of whether corrective surgery has been 
successfully done and whether the patient has been 
vocationally rehabilitated or not. Anesthetic parts will get 
injuries, infections, ulcers, tissue destruction and scarring, 
and joints affected by muscle paralysis will develop 
contractures, and intact muscles will undergo adaptive 
shortening, both leading to stiffness and worsening of 
deformity and disability. The only way these adverse 
conséquences can be prevented is by the affected persons 
practising disability prévention measures with active help 
and support from their family members, local community 
and health care professionals including those working in 
leprosy programs and in the general health sector. This 
necessarily requires that the affected persons are 
empowered to practice disability prévention by acquiring 
the necessary knowledge and skill and receiving the 
needed mental, material and moral support to enable them 
to use their knowledge and skills for promoting their health. 
Therefore, the immédiate goals of a disability prévention, 
program are: (i) to provide the knowledge needed for 
disability prévention, (ii) to train the target groups to acquire 


the needed skills for practising disability prévention, (iii) to 
promote a supportive climate in the local community to 
become sympathetic and helpful towards disability 
prévention, and (iv) to strengthen the necessary infra¬ 
structure in the health sector for successfully treating 
locally treatable conditions and develop and strengthen 
appropriate referral mechanisms and facilities for higher 
level medical care like corrective surgery, management of 
complicated foot problems and provision of orthotic, 
prosthetic and other spécial appliances. Technical 
personnel like orthopédie and reconstructive surgeons, 
physiotherapists, physiotherapy technicians, occupational 
therapists and health educators hâve a vital rôle to play in 
such a program both in training healthcare professionals 
at the peripheral level as well as for providing higher level 
care at a more central régional level. 

Disability prévention practices include: (i) care of 
anesthetic dry skin—to prevent development of cracks by 
daily soaking-scrubbing-oiling, 2 (ii) care of wounds and 
ulcers—to get them healed at the earliest by cleaning and 
dressing (direct application of zinc oxide adhesive plaster 
is very useful in this regard) the wound and resting the 
part, (iii) care of insensitive hands—to protect them from 
injuries at work place and at home, (iv) care of insensitive 
feet—to protect them from injuries, 2 (v) care of joints affected 
by muscle paralysis—to prevent and correct contractures. 
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(vi) primary care of swollen hand or feet—to prevent 
worsening of infection and disorganization, (vii) care of 
eyes—to prevent progressive eye lésion and loss of vision, 
and (viii) monitoring for onset or extension of nerve damage 
by checking for onset, extension, or loss of sensibility and 
motor weakness in parts supplied by thickened nerves. 
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INTRODUCTION 

Ail feet which hâve lost sensation in part of the sole, and 
which hâve also got paralysis of the small muscles of the 
foot are in danger of getting ulcers. Therefore, the aim is to 
hâve ail these patients wearing some kind of protective 
footwear. In the Indian context, this is not an easy task. 
First of ail, the wearing of any kind of footwear itself is 
uncommon, especially in rural areas. Secondly, cultural 
factors such as the use of outside footwear inside a home, 
or even the use of animal products such as leather are very 
often taboo. Therefore, it becomes impérative that both 
patients with anesthetic lower limbs and their relatives be 
educated about the importance of wearing something on 
their feet, if not for any other reason than pure physical 
protection from trauma. 

As has been discussed elsewhere in this section, the 
danger to anesthetic feet in the pressure (kgs of body weight 
per square centimeter sole weight bearing surface) to which 
the sole of the foot is subjected, even in ordinary activities 
like standing and walking. Ail footwear for leprosy patients 
should aim at reducing this pressure to the minimum. Since 
the body weight may be assumed to be more or less static, 
the only feasible method would be to increase the area of 
weight bearing on the plantar surfaces of the feet, thus 
overall reducing the pressure there. 

General Principles: Manufacture 

Footwear for persons with anesthetic lower limbs in 
leprosy should be manufactured keeping in mind the 
following principles. 

Covering 

There should be a covering to prevent injury from heat, 
sharp stones or thorns. Almost any shoe will take care of 


this, but there is one spécial activity which requires 
unusual and somewhat spécial covering, and that is when 
the patient needs to work in wet mud, as when the patient 
is planting rice. For this purpose, a car inner tube may be 
eut into a suitable length and stuck at one end, which 
forms the toe end of a hybrid shoe! Alternatively, a gum 
boot, used in rainy seasons may be used for this purpose 
with some success where the patient will agréé to using it. 

Avoidance of N ails 

No nails or other sharp metallic Staples should be used in 
the construction of the footwear, especially the rôle to 
prevent accidentai pénétration of the anesthetic plantar 
skin. Stitching or gluing of components is recommended. 

Padding 

It will help if there is some amount of padding in the insole 
to lesson the effect of the muscular wasting, to give a soft 
surface for any hard bony projections, and also to 
compensate somewhat, for the loss of fat under the scar of 
a previous ulcer. Additionally, such padding is essential 
for absorption of impact as on heel strike just as a crash 
helmet protects the brain by absorption of impact and 
reducing the rate of décélération at impact, so the foot must 
be preserved. There is an admirable mechanism the plantar 
fatty subeutaneous tissue and the bulk of the intrinsic 
muscles to achieve this, but in most ulcer prone feet these 
two mechanisms are defective. 

Such padding may be unnecessary for moulded insoles 
(described later), when footwear is custom made, with 
moulding being undertaken on a plaster of Paris model 
last of the patients foot. 

Padding is usually provided by a layer of soft rubber. 
The recommended material is Microcellular Rubber of the 
grade shore. This has proved very satisfactory in practice. 
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It is relatively cheap and readily available. Another 
material sometimes used is "Plastazote". This is good and 
where it is available it is useful, but it is expensive and less 
durable than microcellular rubber except in one particular 
application. Rubber tends to perish when it cornes in 
contact with oil. Plastazote does not. So Plastazote is 
particularly useful when the patient works in place where 
he cornes in contact with oil. 

Moulding of Insole 

For the more advanced type of deformed foot, moulded 
insoles rigid rocker soles, and certain other more complex 
footwear may become necessary. These are described later 
in this chapter. Moulding is the term used when the upper 
surface of the sole of the shoe is not fiat, but is made to 
conform accurately to the sole of the wearers foot. This is 
perhaps the most useful modification of footwear. 

Its benefits may be attributed to : (i) increase in the area 
of weight bearing by transferring some of the weight to the 
arch of the foot which normally does not touch the ground 
this increase the area of weight bearing plantar surface, 

(ii) or achieving a similar effect, the moulded insole can be 
made to extend up the sides of the foot for one cm on the 
ou ter side and about three cm on the inner side thus 
increasing still further, the area of pressure bearing, 

(iii) finally, the moulded insole canbe adjusted to relieve 
weight completely off from the place where there are hard 
bony prominences. 

In both of the above instances (padding and moulded 
of insole) the choice of material as well as the expertise to 
utilize the same. 

Leather is the time honored material. It is readily 
available and when wetted at can easily be stretched over 
a plaster last and moulded to any desired shape. It is very 
durable. It absorbs physiological humidity, and it is 
capable of adapting itself progressively to the finer shaping 
of the foot. It is not résilient but also not unduly hard. If 
allowed to, it may alter its shape when it has been soaked 
with water. 

Plastazote is a synthetic material which is available in 
different degree of resilience and with different colors and 
finishes. It has the basic properly of being easily moulded 
directly on the patient's foot without requiring a specially 
prepared mould. This is done by heating the material to 
140° C when it can be removed by hand and directly applied 
to the patient's foot without burning him because it is a 
poor conductor of heat. After moulding it still has the 
property of adapting with use, which is not bad for the 
sole of a shoe, but which makes undesirable its use as a 
material for lining sockets of prosthesis. It is expensive but 
durable. 

Microcellular Rubber is excellent material in terms of 
its resilience and is probably the best imitation of normal 


foot padding, in so far as it replace the fat-filled cells of the 
plantar pad, with air-filled micro-cells (from which it draws 
its name) in an elastic framework. It can be shaped by 
grinding on a grinder. Its greatest use is as an impact 
absorber and in simple fiat sandals, or as a readymade 
arch support. 

Rigidity 

Rigidity is particularly important when a moulded insole 
shoe has been prescribed, since it prevents the insole from 
being deformed, and therapy losing its congruity, every 
time the patient "pushes off". 

Additionally, it assists in réduction of pressure on the 
sole, by distributing the weight over the entire foot, even 
during the push-off phase, when high pressure is applied 
to the metatarsal head area, because the entire body weight 
is transmitted to the ground over a small area of the forefoot. 

In this situation, if the sole of the shoe is made rigid by 
inserting a Steel shank between the inner and ou ter soles, 
this high pressure at the toe-break may be avoided, but in 
order to make it possible for the person to walk it then 
becomes necessary to provide a rocking effect with a rocker 
fitted below the shoe or else the patient will hâve to walk 
with an uncomfortable fiat foot gait. 

Rigidity also helps to protect the joints and bones of 
the foot, it reduce the sheering stress in forefoot thrust, and 
prevents undue stress between normal skin with fat, and 
scar which is fixed to a bony prominence. 

Stability 

The footwear should be stable and high heels should be 
avoided. This is especially important in view of the 
possibility of neuropathy of the tarsal and ankle joints. 
Not only must the relationship of the shoe with the foot be 
stable in the various phases of the weight bearing cycle, 
but the bones of the foot itself must not be allowed to move 
as freely as a normal foot would during walking. 

“Mouldable” Uppers 

Generally, plastics/rubber footwear are contraindicated, 
because they do not mould to the patients feet after 
prolonged usage, but retain their original shape and size. 
Therefore, if a shoe is tight, or bites somewhere, or is 
uncomfortable for any other reason, it contributes to remain 
so always. Leather uppers, however dd adapt and change 
their shape to conform after continued usage, and we ail 
know how important it is to "break in" a new pair of shoes. 
It is therefore ail the more important for the prescribing 
surgeon and the rothotist/ shoemaker to ensure that the 
footwear fits correctly for patients with anesthetic feet, 
since they may be unable to identify a tightness or a shoe- 
bite owing to lack of sensation. 
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General Principles: Prescription 

The majority of patients will require only simple protec- 
tive footwear. In such instances, any commercially 
manufacturée! footwear may be provided it conforms to 
the principles outlined above. 

Patients who hâve scarred feet, and those with 
deformities, especially fixed deformities involving the 
ankle and foot joints will need more individualized 
footwear. These range from the "low-moulded" to the 
"high-moulded" and more sophisticated "spécial" custom 
made footwear (see prescription of suitable footwear 
summary). 

Principles of Footwear Adaptations 

Moulding 

The normal weight-bearing area of the sole of the foot is 
approximately 100 sq cm in an average Indian adult 
weighting about 70 kg. The used of just MCR itself, as an 
insole, without any inserts or modifications will increase 
the weight-bearing surface by about 10%. This can be 
increased by another 35% simply by making use of the 
skin under the arch, i.e. by providing an arch support. 
Finally, to this could be added a further 40% by building 
up the sides and preventing latéral expansion when weight 
bearing. Thus, a full mould with built-up sides will 
practically increase the weight-bearing surface to about 
180% and thereby reduce the pressure on any one part of 
the sole by about half. 

Moulding to be effective must be accurately located 
with reference to the contour of the plantar surface of the 
foot. A trough in the mould must match a projection in the 
foot, and as élévation in the mould (such as in the arch 
région) must fill a hollow in the foot. To obviate the danger 
of a mismatched contour, it is therefore essential that the 
pattern of the upper be such that minimum side-to-side or 
anteroposterior play be permitted in the shoe that has any 
kind of insert or moulded insole. A heel strap is essential, 
and a heel counter would be probably safer, but more 
expensive. Therefore, it is also essential that if readymade 
arch supports are used, great care should be taken that 
these are of the correct size and shape, and that their 
placement in the shoe is in the correction position. 

The Arch Support and Metatarsal P ad (AS MP) 

Three arches that require support in the foot need to be 
considered, viz. the médial longitudinal, the transverse 
metatarsal and the latéral longitudinal. 

The médial longitudinal arch may be utilized for weight 
bearing by incorporating a classical "D" shaped arch 
support. 


With intrinsic muscle paralysis, it is reasonable to assist 
in the maintenance of the transverse metatarsal arch by 
providing an appropriate support, this is the teardrop 
shaped metatarsal pas that must be fitted just behind the 
metatarsal heads at the level of their necks. 

A combination of these two most important inserts 
along with a small extension for the latéral longitudinal 
arch is now popularly used. It is designed to carry the 
médial arch between the metatarsal shafts and the 
calcaneus, the latéral arch between calcaneus and base of 
fifth metatarsal, and the transverse metatarsal arch at the 
necks of the metatarsal by the metatarsal pad (Figs IA 
to D). 



Figs 1A to D: Composite arch support and metatarsal 
support (ASMP), and (btod) fitting of the ASMP into a sandal 
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This support is made in several sizes and the 
appropriate size is selected and fitted into the shoe, 
carefully adjusting the position with reference to the 
calcaneus posteriorly, the base of fifth metatarsal 
anterolaterally and the necks of the metatarsal distally. 

The Prescription of Suitable Footwear 

The prescription of suitable footwear for patient with 
leprosy is summarized in Table 1 (numbers refer to Fig. 2 
"Prescription Summary Wheel"). 


The Moulded Insole 

The moulded insole is probably the most significant 
orthopédie device to play a definitive rôle in the 
management and prévention of récurrence of plantar ulcers, 
hence, it is being described in some detail. It is a rather 
complex process, it also requires trained shoemakers to 
make a good job of it. It is consequently therefore relatively 
expensive. 

The device matches the plantar surface of the foot so 
accurately that there is total contact between foot and insole. 



Shortleg 
brace with 
90 back-stop 


Patel ter tendon 
bearing boot (PTB) 


Hxed ankle brace 
FA B waEker 


Fig. 2: Prescription summary wheel 
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TABLE 1 : Prescription of suitable footwear for leprosy patients 

Type of patient/foot condition Footwear recommended for use 


1. Nonanesthetic feet of leprosy patients 

2. Anesthetic, but undeformed feet, or these with healed soft scars 

3. Minimally deformed feet with old ulcer scars 

4. Badly deformed feet, those with hard scars or bony 
prominence or moderately shortened feet 

5. For patients with footdrop 

6. Instability of ankle joints early neuropathie feet or after 
Arthrodèses at foot/tarsal level 

7. Badly deformed feet with less than l/3rd of "good" weight 
bearing skin left on the foot: "rocker bottom" foot 

8-12. Amputations at various levels 


Any protection will be useful in the long run 
Microcellular rubber insole no inserts necessary 
MCR insole, arch supports and metatarsal pad inserts back 
strap or heel counter essential 

Moulded insole with a rigid rocker sole normally fitted into 
sand also or orthopédie boots 

Footdrop springs (either anterior or posterior) or a short-leg 
brace with a 90° posterior check stop 
Fixed ankle brace (FAB) shoes 

Patellar tendon bearing (PTB) shoe or orthopédie device 

Prosthetic devices wherever suitable wheelchair for final 
stages of réhabilitation 


This results in the maximum weight-bearing surface being 
utilized and consequently, minimum pressure (bony 
weight per unit area) being delivered to the shoe of the 
foot. It takes up the arch of the foot, as well as a few 
centimeters on the sides of the foot, and therapy increases 
significantly the weight-bearing area. 

The Taking ofthe Mould (Figs 3A to C) 

The foot of the patient is smeared with vaseline. A short 
length of rubber tubing or malléable métal strip is also 
smeared and laid on along the dorsum of the foot from the 
toe to the midcalf this is to protect the skin when the plaster 
is being eut open (Fig. 3A) 

Plaster of Paris bandage is soaked and applied over 
the foot evenly, covering the slightly dorsiflexed toes 


completely and extending to just above the ankle. When 
the plaster has almost set, a vertical line is marked on to 
the tube/strip, and crosshatch marks at intervals of 
about an inch are also marked to assist inaccurate 
reapproximation of the eut edges, after removal of this shell 
(Fig. 3B). 

The tube is then pulled out, and the tunnel used to 
admit the nose of a bandage scissors with which the plaster 
is quickly eut open, if a malléable strip has been used, the 
plaster cutting scissors are deployed against this rather 
than the skin. The mould is then carefully removed from 
the foot without breaking it. On removal it is reconstituted 
to close the front incision, using the crosshatched lines as 
checks for accuracy (Fig. 3C). This is then covered with a 
strip of plaster bandage to close the mould completely. It is 
completely left to set and dry. 



Figs 3A to C: Method of preparing the plaster mould: (A) the plaster being applied to the foot, (B) cutting the mould to 
removed note aluminum strip under incision line to protect the foot, and (C) the finished rough mould 
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Casting the Model 

After it has dried, a positive model of the foot is made in 
this mould. A sufficient quantity of plaster of Paris powder 
is taken with a little sait added and mixed into a creamy 
consistency with cold water. Tilting the mould forward to 
facilitate the escape of air-bubbles, the cream is poured in 
to fill it up to just above the ankle level. Before it is completely 
set, a short length of pipe, Steel rod or wooden strip is 
inserted in the open end to facilitate its being help in a vice 
(Figs 4A to C). The model is carefully removed from the 
mould by pulling the later off, it will not be required again. 
The mould is then left to dry completely. 

The Préparation ofthe Model 

The model is now taken and ail the rough extrusion of 
plaster are removed. With a little plaster of Paris cream the 
toe clefts are filled up, the toes covered, smoothened over 
and squared off to ensure plenty of room for them. A little 
extra plaster is applied very carefully over any scars of old 
ulcers or prominent bony projections (Figs 5A and B). A 
general touching up is done to ensure a smooth surface 
and the model is ready for covering to reinforce it. A length 
of thin stockinette is drawn over it, and this is painted 
with shellac and left to dry. This becomes the plaster last. 

The Moulding ofthe Insole 

A piece of leather is taken, soaked in water, and kneaded 
until soft. The piece should be wide enough to corne well 


up on both sides of the foot and the heel behind. When it is 
thoroughly soaked, it is applied over the plaster last, 
stretched over the sole and nailed around the heel. The toe 
portion is left protruding in front after ensuring contact 
with the slightly extended toe tips. The sole is then nailed 
onto the cast. Which is then left out in the sun to dry 
thoroughly (Figs 5A and B). 

CorkBuild-up 

The dried sole is now released from the nails attaching it 
to the last. The edges are roughly skived off and the insole 
replaced on the last. Taking some 1 /4 cork sheet, the arch 
is built-up from its deepest by sticking on top of each other 
a sériés of horizontal sheets supplemented by médial 
vertical ones as the build-up is completing. The corkbuild- 
up is continued until the skived off and the entire insole is 
achieve. The edges are now finely skived off and the entire 
insole finished on a grinder. The toe and protrusion is cut- 
off in the finally desired shape. 

The Uppers and Rigid Sole 

The uppers are then made and fitted to the lower sole with 
an intervening strip of Steel or aluminum to make it rigid. 
This rigidly should extend up to justbeyond the metatarsal 
heads. The choice of the pattern of the uppers, we hâve left 
as far as possible to the patient, so as to ensure that he or 
she may make the best of what is inévitable a rather thick 
and heavy shoe (Fig. 6). 



Figs 4A to C: Costing the model: (A) The mould reformed after removal from the foot, (B) Pouring the plaster, and 

(C) Removing the model from the mould 
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Figs 5A and B: (A) The prepared model is covered with stockinet and being treated with shellac to make 
the last for the shoe, and (B) the model last with stretched leather insole nailed to it 



Indicates for Prescribing of the Moulded 
Sole Rigid Rocker Shoe 

This shoe is intended for any foot which has numerous 
scars on any part of it but still, sufficient healthy 
plantigrade, weight-bearing skin ( not less than 30% 
including the arch) left. The foot needs to be plantigrade, 
i.e. with the plantar skin squarely on the weight-bearing 
surface. Any tendency to inversion or other displacements 
mustbe corrected surgically before this shoe is prescribed. 


Fig. 6: The finished moulded insole and the complété shoe 
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INTRODUCTION 

Shock occurs when the circulation of the arterial blood is 
inadéquate to meet tissue metabolic needs, with résultant 
tissue hypoxia threatening damage to vital organs. The 
treatment must be directed both at its manifestations and 
its cause. 

Classification 

Acute hemorrhages is classified into four subgroups 
(Table 1). 

Hypovolémie Shock 

Decreased intravascular volume resulting from loss of 
blood, plasma or fluids and electrolytes may be obvious or 
subtle. Compensatory vasoconstriction temporarily 
reduces the size of vascular bed and may temporarily 
maintain the blood pressure but if fluids are not replaced, 
hypotension occurs, peripheral résistance increases, 
capillary and venous beds collapse, and the tissue 
progressively becomes hypoxie. 

Cardiogenic Shock 

Severe left ventricular failure with hypotension (BP 
< 8 mm Hg) and elevated pulmonary capillary wedge 
pressure (> 20 mm Hg) accompanied by oliguria (< 20 ml/ 
hour), peripheral vasoconstriction, dulled sensorium and 
metabolic acidosis. 

Obstructive Shock 

Obstruction of the pulmonary of systemic circulation 
impairs the blood flow, e.g. pericarditis, cardiac tamponage, 
mitral stenosis, pulmonary embolism, tension pneumo¬ 


thorax, etc. It requires echocardiography and aggressive 
management. 

Distribution Shock 

Réduction in systemic vascular résistance from diverse 
étiologies such as anaphylaxis, Addisons's disease, septic 
shock, etc. resuit in inadéquate cardiac output despite 
normal circulatory volume. There are two main types: 
(i) septic shock, and (ii) neurogenic shock. 

Septic shock: This is due to gram-negative bacteremia. In 
early stage, there is vasoconstriction followed by vaso- 
dilation, with venous pooling in microcirculation. Morta- 
lity is usually very high. 

Neurogenic shock: Psychogenic or neurogenic factors such 
as spinal cord injury, trauma pain, gastric dilation may 
produce reflex vegal stimulation with decreased cardiac 
output, hypotension and decreased cérébral blood flow. 

Hémorrhagie (Hypovolémie) Shock 

Hémorrhagie (Hypovolémie) shock is the most common 
type of shock occurring in patients of polytrauma. 5 The 
earliest manifestation of shock is high puise rate. Initially, 
the blood pressure is maintained by vasoconstriction due 
to physiological response. 

Pelvic ring injuries are associated with other injuries 
in more than 90% of cases. Although notorious for 
hémorrhagie, bleeding from a pelvic ring injury is the major 
cause of death in only 7 to 18% of fatal cases. 1,2,6 

Diagnosis 

Shock should be suspected if patient has hypotension 
(systolic BP < 90 mm Hg) postural giddiness, cold clammy 
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TABLE 1 : Classes of acute hemorrhage 11 


Class I 

Class II 

Class III 

Class IV 

Blood loss (ml) 

750 

1000-1250 

1500-1800 

2000-2500 

Blood loss (units) 

1-2 

2-3 

3-4 

5 

Blood loss* (%) 

15 

20-25 

30-35 

40-50 

Puise rate + (bmp) 

72-84 

> 100 

> 120 

> 140 

Blood pressure ++ (mm Hg) 

118/82 

110/80 

70-90/50-60 

< 50-60 cyst 

Blood pressure (mm Hg) 

36 

30 

20-30 

10-20 

Capillary blanch test 

Normal 

Delayed 

Delayed 

Delayed 

Respiratory rate 

14-20 

20-30 

30-40 

> 35 

Urine output (ml/h) 

30-35 

25-30 

5-15 

Negligible 

Central nervous System mental status 

Slightly anxious 

Mildly anxious 

Anxious and confused 

Confused léthargie 

Fluid replacement 

Crystalloid 

Crystalloid 

Crystalloid + blood 

Cyrstalloid blood 


Percentage of blood volume in a standard 70-kg man 
+ Assume normal of 72 bpm 
++ Assume normal of 120/80 mm Hg 

(From Pellegrini VD (Jr) et al. Complications: Fractures in Adult Rockwood and Green (4th ed) 1:426. 


extremities, also may hâve mental symptoms such as 
restlessness, agitation, confusion and lethargy or coma. 

Laboratory Studies 

A complété blood count is obtained immediately, and one 
sample is sent for grouping and cross-matching. 
Electrolytes, blood glucose, créatinine and electrolytes are 
very important to confirm the diagnosis. Arterial blood 
gases of oxymetry give valuable information about 
acidosis/alkalosis. 

Treatment 

Treatment dépends upon prompt assessment of the cause, 
type, severity and duration of shock. 

Position 

Patient should be placed in Trendelenburg or supine posi¬ 
tion with legs elevated to maximize cérébral blood flow. 

Oxygénation 

Oxygen is very essential as there is ventilation perfusion 
mismatch, and many patients may develop adult 
respiratory distress syndrome. 


Analgésies 

Severe pain if présent should be managed with IV 
morphine 8 to 15 mg. Since there is inadéquate absorption 
of the drug from the subeutaneous région, that route should 
not be used. Morphine like drugs are not indicated in 
unconscious State, severe head injuries, in patients with 
hypotension or respiratory dépréssion. 

Urine Flow 

Both oliguric and nonoliguric rénal failure may occur in 
shock. 

In patients organ perfusion should be assessed with 
the help of urinary output. Catheterization must be 
done and the rate of urine output should be around 0.5 ml/ 
kg/h. If the rate is less than 25 ml/h, rénal hypoperfusion 
should be suspected, if not treated in time, rénal tubular 
necrosis may set in. 

Monitoring of Central Ve no us Pressure (CVP) and/or 
Puimonary Capillary Wedge Pressure (PCWP) 

In patients with shock, minute to minute information about 
cardiac function is very essential. CVP is not sensitive, 
whereas PCWP through Swan-Ganz cathéter gives more 
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information, but it is not available in many institutes so 
CVP becomes more informative. Low CVP suggests need 
for the fluids, and rapid administration of fluid improves 
the general condition of the patient. If CVP is high, serious 
problems like cardiogenic shock, septic shock, etc. should 
be considered. 

Volume Replacement 

The term crystalloid in clinical practice refers to a balanced 
sait solution. The term colloid refers to the class of solutions 
that contains a balanced sait solution in addition to a 
suspension of particles or macromolecule. The crystalloid 
administration expands the entire extracellular space. In 
contrast, colloid preferentially expands the intravascular 
volume without simultaneously expanding the interstitial 
water. 

The goal of treatment of hypovolémie shock is to restore 
safely adéquate intravascular volume and oxgyen- 
carrying capacity. Rapid administration of the fluids is 
the main issue. There are many factors that détermine what 
type of fluid should be given to the patient. If hematocrit is 
above 35%, there is no need to transfuse blood, and in this 
situation colloids, crystalloids will be very helpful. 
Ringer's Lactate 3 was the crystalloid of choice because of 
its decreased chloride load compared with normal saline. 
It is called as "white blood". An initial rapid fluid bolus of 
1 to 21 of lactate Ringer's solution in the adult patient and 
20 ml/kg in the pédiatrie patient is recommended. 7 

In the meanwhile blood transfusion should be 
arranged. 

Colloids 

The clinically available colloids are balanced sait solutions 
containing either 5% albumin, Dextran 40, or hydroxyethyl 
starch (Hespan) as the osmotically active molécule. 
Albumin has been found to extravasate into the lungs and 
other organs. 4 Dextran 40 may interfère with clotting 
mechanism. 3 

These high molecular weight substances do not readily 
diffuse across normal capillary membranes and increase 
the oncotic pressure and drag water from the interstitium. 
But in shock, the capillary membrane is often damaged 
and this type of fluid with colloids therapy is not 
recommended in ail patients. 7 Fresh whole blood or packed 
red blood cells is an idéal solution in shock treatment. 


Complications of blood transfusion canbe prevented. 
In hémorrhagie shock, the clotting mechanism is 
disturbed. 7 Macropore filters remove platelet aggregate and 
débris. Therefore, it is recommended in massive blood 
transfusion. 

Hypothermia can be developed secondary to massive 
blood transfusion. Hypothermia can cause coagulation 
defects, cardiac irregularity. Therefore, fluid given should 
be prewarmed. 

lonotropic Agents 

Dopamine, dobutamine and noradrénaline are used for 
maintenance of blood pressure once the blood loss is 
adequately corrected. In the early stage of the illness, 
dobutamine is better than dopamine and does not hâve 
pro-arrhythmogenicity. There is no utility of combination 
of dopamine and dobutamine. In disparate situation, 
noradrenaline may be started as drip. A close check on the 
puise rate and skin changes is mandatory. There is no rôle 
of low dose dopamine "rénal dopamine" to augment the 
rénal perfusion. 

Antibiotics 

Antibiotics hâve a major rôle in the management of septic 
shock. Combination of parentéral antibiotics is mandatory. 
The choice of antibiotic therapy dépends up on the blood, 
urine culture reports. Appropriate antibiotic therapy helps 
control of infection significantly. 

Recently, monoclonal antibodies hâve been available 
for the control of such infection but are not widely 
employed in the management because of the high cost. 

Corticosteroids 

Parentéral corticosteroid—hydrocortisone, méthyl¬ 
prednisolone hâve found extremely effective in correcting 
anaphylactic and septic shock. There is a slight fear in the 
minds of treating consultants about exacerbation of the 
infections but many times, steroid therapy may prove life- 
saving. 

Prognosis 

Prognosis dépends on many factors such as âge of the 
patient, associated systemic illnesses, duration of the 
illness, promptness of corrective measures and stage at 
which the debridement is performed. In spite of ail these 
measures, still mortality is significantly high. 
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INTRODUCTION 

Crush syndrome or traumatic rhabdomyolysis is due to 
prolonged continuons pressure on muscle tissue. This 
clinical entity often is seen in earthquake victims who are 
rescued from beneath rubble after several hours or days of 
entrapment. 4 It is also seen in patients of drug addiction 
who hâve compressed their own extremity. 

Pathophysiology 

The basic defect proposed by Knochel is impairment of 
sarcolemmic sodium-potassium-adenosine triphosphate 
activity. 3 Once the pressure is released, the metabolics 
accumulated in the ischémie area are released into 
circulation. This is called as reperfusion. Large amount of 
intracellular potassium, phosphorus, lactic acid and 
myoglobin are released into the circulation. Fluid shifts 
can produce shock. Rénal failure results in acidosis. 1,6 

Hyperkalemia, hyperphosphatemia, hypocalcemia, 
myoglobinuria, and metabolic acidosis may begin within 
hours of rescue in the extricated and untreated patient. 

Treatment 

Emergency treatment should be started with saline 
infusion. When a urine flow has been established, a forced 
mannitol-alkaline diuresis of up to 8 l/d should be 


maintained (urine pH greater than 6.5). Alkalinization 
increases the urine solubility of acid hematin and aids in 
its excrétion. 2 This may protect against rénal failure and 
should be continued until myoglobin no longer is 
détectable in the urine. 5 

Mannitol also removes oxygen-free radicals. Allo- 
purinol may help in limiting the reperfusion injury by 
inhibiting xanthine oxidase activity. It is also effective in 
limiting the hyperuricemia often found in this syndrome 
and aiding in rénal protection. Rénal failure generally can 
be averted with the aggressive treatment. 
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INTRODUCTION 

Disseminated intravascular coagulation (DIC) canbe very 
mild or devastating. If patient has only biochemical 
abnormality but no clinical manifestations, such patients 
do not require any treatment. When the underlying 
condition is correctable, patients require only supportive 
treatment. Rôle of heparin is very controversial. It should 
be administered if DIC is not correctable with supportive 
management and patients are in very serious condition. 
Replacement therapy includes administration of platelets, 
fresh frozen plasma or replacement of fibrinogen with 
cryoprecipitate. If there is an evidence of excess fibrinolysis, 
patient may require tranexamic acid or aminocaproic acid. 

Administration of low molecular weight heparin 
[LMWH] is effective if there is an evidence of thrombosis. 
It is usually employed in disparate situations and not as 
the primary modality in consultation with the physician 
or hematologist. 

Disseminated intravascular coagulation (DIC) 1,2 is 
characterized by consumption of coagulation factors and 
increased fibrinolytic activity that leads to excessive 
bleeding. DIC develops in those situations in which 
coagulation System is stimulated. There are many causes 
of DIC, but in orthopédie practice, the most common causes 
are fat embolism, sepsis, trauma, etc. 

With the sophisticated equipment and tests, it has 
become easier to diagnose this condition quite early. 

Pathogenesis 

DIC following trauma is a multifactorial process— 
hypoxia, hypotension, thromboplastin release from the 
damaged tissues sepsis ail contribute in the pathogenesis. 

Diagnosis 

Clinical manifestations vary from only mild bleeding 
tendency to an acute fulminating hémorrhagie disorder. 


Patients bleed from the gut, venipuncture sites and surgical 
incisions. Multiple intravascular thrombi usually occlude 
the microcirculation resulting in ischémie changes in vital 
organs. Cérébral involvement is characterized by convul¬ 
sions, coma and mental changes. Oliguria and anuria 
suggest rénal involvement. In severe cases, irréversible 
circulatory collapse leading to death is common. 

DIC falls in roughly four categories: (i) reduced levels 
of platelets and coagulation factors, (ii) presence of 
products of coagulation such as fibrin microthrombi in 
the plasma, (iii) evidence of increased fibrinolytic activity, 
e.g. presence of fibrin dégradation products (FDP), and 
(iv) results of défibrination such as fragmented 
érythrocytes. 

Platelet count, activated partial thromboplastin time 
(APTT), prothrombin time (PT) and clotting time are the 
standard tests of coagulation. 

In DIC, platelet count is low and other tests are 
prolonged. Fibrin concentration is decreased whereas the 
levels of FDP are raised. Spécifie assays of factor V and 
factor VIII are decreased suggesting consumption of 
clotting factors. 

According to David Ayers, 2 one of the most helpful 
and simple tests is the glass tube clotting test. As little as 
1 ml of whole blood is placed in a clear glass tube and 
tilted gently every 30 seconds until clotting occurs 
(normally within 10 minutes). The tube is observed at 30 
minute intervals for break-up of the dot. If the dot does not 
dissolve but begins to retract after an hour, the diagnosis 
of DIC is unlikely. Classically, the dot in DIC forms nor¬ 
mally and then rapidly undergoes dissolution. The antici- 
pated results of these laboratory tests are given in Table 1. 

Treatment 

Patients should be treated aggressively. 3-5 If the problem 
is because of infection, antibiotic treatment should be 
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TABLE 1 : Expected results of selected laboratory tests in 
disseminated intravascular coagulation 


Tests 

Positive resuit 

Platelet count 

Low 

Prothrombin time 

Prolonged 

Partial thromboplastin time 

Prolonged 

Thrombin time 

Prolonged 

Measurement of fibrin dégradation products 

Increased 

Assay for factors V and VII 

Low 

Quantitative fibrinogen estimation 

Low 

Protamine test for fibrin monomers 

Positive 

Fibrin peptide A/B 

Présent 

Arelethrombin III 

Low 

Platelet procoagulant activity 

Increased 


(From David Ayers, David Murray. Charles Epps (Ed): Compli¬ 
cations in Orthopédie Surgery Lippincott: Philadelphia 1994;1: 
1-47). 


started immediately. Bleeding must be managed with fresh 
frozen plasma which contain ail the clotting factors. 
However, this form of therapy is only a temporary measure. 


Heparin therapy should be started to prevent micro- 
thrombi. Patients on heparin should be frequently 
monitored with fibrinogen estimation, platelet count and 
clinical assessment. The one-stage PT is the most reliable 
test as it is not affected by heparin therapy. It is prolonged 
in DIC. Shortening of one-stage PT is considered as 
decrease in DIC. Frequently FDP should be checked. As 
the dose of heparin needs to be titrated according to the 
laboratory reports, there is no fixed schedule for heparin 
therapy for DIC. Usually, an infusion of heparin 8 to 15 
units/kg/hour is often successful. 
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DEEP VEIN THROMBOSIS (DVT) 

There are many causes of DVT. Even today, the Virchow's 
triad hold true: Hyperviscosity, clotting factor abnor- 
malities and vascular disorders. There are many causes of 
DVT including hereditary or congénital hematological 
abnormalities or acquired disease. Protein C deficiency, 
protein S deficiency, antithrombin III deficiency, Leiden V 
Mutations are some of the examples of congénital 
abnormalities associated with DVT. 

Pathogenesis 

Exact pathogenesis of deep vein thrombosis is not known. 
It has been hypothesized that activated clotting factors are 
released from the site of injury and enter the bloodstream. 
These factors may become concentrated in areas of slower 
flow, particularly in dilated veins in the lower extremities, 
where the flow is impeded by valve cusps. When the 
concentration of these flow is impeded by valve cusps. 
When the concentration of these factors reaches a critical 
level, a thrombus forms, which propagates proximally, 
breaks and causes embolism. Thrombus usually is formed 
in the tibial veins and soleal sinuses of the claf and extend 
toward the thigh. The formation is positively influenced 
by reduced cardiac output, diminished blood flow, muscle 
relaxation, preexisting varicosities, and limb immobility. 
The other predisposing causes are obesity, old âge and 
patient with known malignancies. Factors that prédisposé 
thrombosis formation include injuries to the pelvis or lower 
extremities, degree and length of immobilization, traumatic 
or operative shock, and extent and duration of surgery. 
Prophylactic measures should be considered for any 
patient who is in any of these categories. 


Investigations 

DVT should be suspected clinically, if patients hâve 
swelling involving the calf muscle. Homan's sign and 
other signs are very late signs. Doppler study helps to 
confirm the diagnosis at the earliest. Sometimes 
venography may be needed for the confirmation of the 
diagnosis. D-dimer is another hematological test. If both 
the tests are positive, diagnosis of the venous thrombosis 
is definite. Many tests like plathysmography, radiolabeled 
fibrinogen are of experimental value and are expensive as 
well. 

Diagnosis 

The classic signs of deep vein thrombosis are calf or thigh 
tenderness, swelling, increased warmth, and a positive 
Homans signs (i.e. pain on passive dorsiflexion of foot). 
However, these signs are very common and unreliable, 
therefore, the diagnosis of venous thrombosis is often 
missed. Current methods of détection are venography, 
high-resolution B-mode ultrasonography, impedance- 
plethysomography (IPG). 12,13 Radioactive fibronogen 
(I-fibronogen) is a reliable test. 

Treatment of DVT 

Low molecular weight heparins [LMWHs] are the 
mainstay of treatment for DVT. They act by preventing 
ongoing process of thrombosis and the natural mechanism 
of fibrinolysis helps to dissolve the clôt. LMWH has 
predictable response, does not require hospitalization and 
relatively lesser bleeding risk. Only problem is these agents 
are expensive. 

Oral anticoagulants like warfarin should be started 
along with enoxaparin to raise the prothrombin time (PT) 
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to 1.5 to 2.5 international normalization ratio (INR). 
LMWH is administered for at least 5 to 6 days and then 
oral anticoagulants are continued. This treatment should 
be continued for 6 months are more depending on the 
underlying pathology. 

Thombolytic therapy with streptokinase should be 
offered to the patient if [a] the clôt is already organized 
and there is no adéquate response to LMWHs. [b] clôt is 
very extensive. 

Thromboembolectomy should be done if the clôt is 
extensive and is not likely to respond to thrombolysis. 

Prévention 

Patients with récurrent DVT require long-term treatment 
with warfarin. If the underlying pathology is not 
correctable, such as malignancy, patient should be on oral 
anticoagulation for life. In most of the other situations, 
therapy should be started and maintained for 6 to 9 months. 

Complication 

The main complication is pulmonary embolism. 

Antithrombic Agents 

Anticoagulant 

Warfarin (Coumadin): It is probably the most extensively 
used anticoagulant drug. It inhibits synthesis by liver the 
clotting factors. Heparin is used subcutaneously. It 
enhances the action of antithrombin. 

PULMONARY EMBOLISM 

Pulmonary embolism is the most serious complication of 
deep vein thrombosis. Pulmonary embolism occurs in 
approximately 10% of the patients who hâve deep vein 
thrombosis. The clinical signs of acute massive 
embolization are a sudden onset of a feeling of 
appréhension, coupled with feeling an urgent need to hâve 
a bowel movement as hemorrhoidal veins dilate. 
Respiratory distress and dyspnea quickly ensue with signs 
of low blood pressure. Progressive hypotension occurs as 
the right ventricular failure occurs. Many of these patients 
die before the diagnosis can be substantiated or effective 
treatment begun. If they survive long enough for effective 
treatment to be instituted, the prognosis for survival is 
greater than 66% even in cases with more than 50% 
occlusion. With a small shower of emboli, pulmonary 
embolism manifestations are not so sudden. Localized 
chest pain and shortening of breath are the main symp- 
toms. Hemoptysis may occur. Pulmonary angiography is 
a reliable test. Radioisotopes, lung scanning, blood gas 
tests, ECG are the main investigations. 


Treatment 

Emergency treatment consists of general supportive 
measures, including oxygen administration and judicious 
circulatory and cardiac support. Anticoagulation is begun 
as soon as the diagnosis is made. Intravenous heparin is 
administered as outlined for the treatment of deep vein 
thrombosis, followed by long-term anticoagulation with 
warfarin. Interruption of the inferior vena cava by means 
of percutaneously inserted filters or ligation are associated 
with complications. 
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Fat Embolism Syndrome: 
Adult Respiratory Distress 
Syndrome (ARDS) 


U Phatak 


INTRODUCTION 

Fat embolism syndrome (FES) and adult respiratory 
distress syndrome (ARDS) is a major cause of morbidity 
and mortality after fractures in the patient with multiple 
injuries. 

Acute respiratory insufficiency after skeletal trauma 
and shock may hâve multiple causes such as pulmonary 
embolism, aspiration of gastric contents, pulmonary 
edema after cardiac resuscitation, airway obstruction and 
pneumonia. The characteristic features of respiratory 
distress are dyspnea, tachycardia, and hypoxia. These 
respond poorly to increases in inspired oxygen 
concentration. 1 Fat embolism is one of the categories of 
adult respiratory distress syndrome. 

Fat embolism syndrome develops when fat droplets 
become impacted in pulmonary microcirculation and other 
microvascular beds especially in the brain and is 
characterized by respiratory failure, cérébral dysfunction 
and petechiae. 

Fat embolism syndrome occurs almost exclusively as 
an early complication of traumatic fracture of the pelvis 
and the long bones, particularly the shaft of the fémur. 
Delays in the stabilization of the fracture and periods of 
systemic hypoperfusion after trauma increases the risk of 
the syndrome. About 2.25% of people with fresh long bone 
fractures develop this syndrome. FES/ARDS is now 
increasingly recognized as an important complication 
reaming of medullary canal and in bilateral total hip 
replacement. Its incidence in elective surgery is very rare. 
Other causes are: massive soft tissue injury, severe burns 
and liposuction, prolonged corticosteroid therapy, fatty 
liver, acute pancreatitis, chronic osteomyelitis and 
conditions producing bone infarction like sickle cell 
anémia. In more recent years, prévention of the fat 
embolism syndrome by early fracture fixation and patient 


mobilization has become the focus of a wave of clinical 
investigations. 

Diagnostic Criteria 

The clinical signs and symptoms associated with the fat 
embolism syndrome are évident in 0.5 to 2% of the patients 
with long bone fractures and in nearly 10% of those with 
multiple skeletal fractures associated with unstable pelvic 
injuries. It is rare in children. The diagnosis of ARDS is by 
exclusion of other casues of dyspnea. This requires a high 
index of suspicion of ARDS. Symptoms are shorteners of 
breath, which may begin relatively suddenly folio wed by 
restlessness and confusion. 

Arterial hypoxemia is the hallmark associated 
tachypnea and tachycardia. Another striking feature is 
the changing neurologie picture: the onset of restlessness, 
disorientation followed by marked confusion, stupor, or 
coma. Urinary incontinence may occur. Recovery may take 
several months. 

Peptic may seen on second or third day, charac- 
teristically located across the chest, the axilla and root of 
the neck and in the conjunctivae. They may fade rapidly 
and occur periodically. Clinical manifestations as 
described resuit from a reduced blood flow to vital organs, 
such as the lungs with dyspnea and cyanosis, the cérébral 
cortex with dyspnea, disorientation, and restlessness, and 
occasionally, the kidneys. 

Fat embolism or ARDS should be suspected if patient 
has: (i) unexplained dyspnea, tachycardia, arterial 
hypoxemia, fever and diffuse alveolar infiltrâtes on the 
chest radiograph, (ii) unexplained confusion and other 
signs of cérébral dysfunction, and (iii) petechiae over the 
upper half of the body including axillae, conjunctivae and 
oral mucosa. 
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Coma develops rapidly and is accompanied by marked 
respiratory distress. Occasionally, the patient 
demonstrates hemoptysis, and pulmonary edema becomes 
manifest. Often, the symptoms and signs of fat embolism 
syndrome are masked by shock or coma, or by an 
anesthetized State in a patient undergoing early operative 
treatment. If these symptoms develop immediately or 
within 2 to 3 days, fat embolism or ARDS should be 
considered. After 72 hours, other causes of above symptom 
complex such as pulmonary edema, thromboembolism 
infections, etc. should be taken into account. It is also likely 
that many cases of mild fat embolism syndrome are 
overlooked. 

Investigations 

There is no diagnostic test for this condition. Broncho- 
alveolar lavage and staining with Oil Red O can 
demonstrate neutral fat. Microscopie examination of the 
blood for fat globules when it is collected from pulmonary 
circulation through Swan-Ganz cathéter is the diagnostic 
test. 

Arterial blood gas measurement is important 
investigation. P0 2 values less than 60 mm indicates ARDS. 
Thrombocytopenia 1,50,000 may occur. Radiograph of 
chest shows snowstorm like pulmonary infiltration. ECG 
demonstrates prominent S-waves arrhythmias, inversion 
of T waves. Analysis of the sputum or urine for fat has not 
proved to be accurate. 7 

Pathogenesis 

Pathogenesis of ARDS is controversial. Fat droplets are 
liberated into bloodstream from the site of injury or during 
manipulation of fractures of long bones. 

The pathogenesis is complex. This is not due to mere 
obstruction of the pulmonary circulation by fat globules, 
but the fat globules are broken down by an enzyme 
lipoprotein lipase, and fatty acids are released which cause 
endothélial damage leading to increased microvascular 
permeability and fluid leaks into the interstitium. An 
abundance of tissue thromboplastin is released with the 
marrow éléments after longbone fractures. This activâtes 
the complément System and the extrinsic coagulation 
cascade through direct activation of factor VII. 
Intravascular coagulation byproducts such as fibrin and 
fibrin dégradation products then are produced. These 
products act on the endothélial lining of blood vessels 
and increase the vascular permeability. Fat emboli may 
only act as catalyst for a single early step in a long chain of 
events leading to the final common pathway of increased 
pulmonary vascular permeability in response to many 
forms of systemic injury. 


Patient expériences dyspnea, tachycardia and 
hypoxemia. He/she may hâve confusion because of 
hypoxia. Cérébral symptoms are usually due to direct injury 
into the brain. 

After trauma, the fat droplets enter into venous 
circulation and reach the lungs and the brain. Exact 
mechanism(s) of petechiae and its peculiar distribution is 
not yet clearly understood. 

Treatment 

1. Maintain airways blood volume and fluid electrolyte 
balance. 

2. If the degree of hypoxia is severe and respiratory failure 
is impending, prompt mechanical ventilatory assis¬ 
tance is mandatory. Endotrachéal intubation is the 
preferred method, because it provides suction and 
prevents aspiration. It has the disadvantage of causing 
trachéal necrosis. 7 

Oxygen should be administered to correct hypoxemia. 
Oxygen concentration should be maintained between 75 to 
90 mm Hg. 

Fluid restriction, diuretics may be given to the patient. 
The rôle of steroids is controversial once fat embolism 
develops. Methylprednisone (Solu-Medrol) 10 mg/kg/day 
in three divided doses (8 hourly) intravenously for two 
days reduces the risk of fat embolism syndrome. It does 
help to improve oxygénation probably by its anti- 
inflammatory vascular spasm. 

Rôle of Fracture Stabilization 

It has been shown by many workers 3-6 that early fracture 
fixation within a day or two has considerably reduced the 
incidence of ARDS. Early intramedullary fémoral nailing 
canbe accomplished in severely injured patients without 
increasing the risk of the fat embolism syndrome. 

Pillegrini 7 States that, performing early internai fracture 
fixation, optimizing pulmonary function and the 
mechanics of breathing by eliminating the enforced supine 
position, decompressing the fracture hematoma as an 
ongoing sources of fat emboli and retained necrotic débris, 
and eliminating the pain and physiological stress 
associated with continued fracture motion ail likely 
contribute to reduced ventilatory dependence and, in turn, 
improve late survival. 7 Prophylactic mechanical 
ventilation has reduced incidence of ARDS. 

Reaming: It has been shown that reaming of medullary 
canal has caused increased incidence of fat embolism. 
Therefore, reaming is contraindicated in patients with chest 
injuries. Unreamed nails are now available and are 
probably préférable. 
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Prognosis 

The prognosis for recovery from the fat embolism syndrome 
is poor in patients who hâve marked pulmonary failure 
and coma. Mortality is high with these complications. 7 In 
summary, embolization of major fat is a common 
complication of multiple skeletal injuries, and it may 
présent as a clinical variant of the adult respiratory distress 
syndrome. Early corticosteroid administration may aid in 
the treatment of fat embolism syndrome. 2 Early fracture 
fixation providing for rapid mobilization of the patient 
with multiple injuries provides hope for preventing the 
respiratory failure associated with the fat embolism 
syndrome in the setting of multiple injury, in which 
multiple organ System failure often is fatal. 

ADULT RESPIRATORY SYNDROME 

Management of ARDS requires treatment with mechanical 
ventilator. Currently, invasive and non-invasive venti- 
lators are available. Patients should be taken on ventilator 
as per the guidelines. This requires help of intensivist. 


physician, anesthesiologist and trained staff for round- 
the-clock management of such patients. 
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Orthopédie Manifestations of 
Sickle Cell Hemoglobinopathy 


SS Babhulkar 


INTRODUCTION 

Sickle cell hemoglobinopathy is a common genetic disorder 
with a typical racial and topographie distribution. It is 
common in central India and is commonly seen in 
scheduled castes and tribes. Skeletal manifestation is one 
of the présentations of this multisystem disorder. 

Sickle cell disease is a hereditary familial chronic 
disease which varies widely in its clinical manifestations 
from mild symptoms and normal life span to early onset of 
severe symptoms and consequently reduced life 
expectancy. It is manifested clinically by frequent painful 
crises, severe anémia, fatigue and weakness, bone and joint 
pains, and récurrent infections requiring frequent 
hospitalization. 

There is no cure or established treatment regimen to 
arrest the progression of this genetic disorder. Adéquate 
éducation, early détection and genetic counselling appears 
to be the best approach to influence the incidence of this 
disorder and reduce morbidity. 

HISTORY 

Herrick JB (1910), a cardiologist from Chicago was the 
first to describe sickle cell anémia as a separate entity. 1 
Skeletal changes in sickle cell disease were first observed 
by Graham in 1924. 2 Caffey (1937), Henderson (1946), 
Golding (1959) and Diggs (1965) were the other clinicians 
to report such changes in detail. 3 ' 6 LeWald LT (1932), first 
observed changes in the skull while Brandau GM (1932) 
observed changes in the long bones. 7,8 Aseptie necrosis of 
the fémoral head was described by Moseley JE and Manly 
JB (1953). 9 Ivy RE and Howard FH (1953), reported a case 
of hand foot syndrome for the first time. 10 


PATHOLOGY 

Sickle cell hemoglobinopathies represent a family of related 
molecular disorders which include sickle cell anémia 
(homozygous SS), sickle cell trait (heterozygous SA), sickle 
cell hemoglobin C disease, sickle cell thalassemia, sickle 
cell hemoglobia D and G disorder, and sickle cell hereditary 
spherocytosis. 

Hemoglobin in patients with sickle cell disease is 
characterized by the presence of an abnormal beta chain 
where glutamic acid is replaced by valine at the sixth 
position. This alters the surface characteristics of the red 
cell membrane which takes the typical shape of a sickle in 
stress conditions like déhydration, acidosis and anoxia. 

The configuration of the cell membrane and the 
physical State of the cellular contents play a rôle in 
hemolysis seen in sickle cell hemoglobinopathies. 

Bone changes in sickle cell disease occur mainly 
because of hyperplasia of the bone marrow secondary to 
hemolysis and vascular insufficiency resulting in 
thrombosis and infarction. Bone infarction prédisposés 
these patients to various hematogenous infections. The 
rise in érythrocyte count increases the blood viscosity, leads 
to stasis, capillary thrombosis and finally infarction. 
Associated bone infection is quiet common leading to 
osteomyelitis and séquestration. 

The susceptibility to infection and osteomyelitis is 
supposed to be due to combination of the following factors. 

1. Tissue injury from vascular insufficiency and 
infarction. 

2. Impaired phagocytosis at low oxygen tension. 
Increased hemolysis with stasis of sickled érythrocytes 
in sinusoidal beds of the liver and spleen overburdens 
and inhibits normal phagocytic function of 
macrophages in the réticuloendothélial System. 
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3. Decreased splenic function due to fibroma (auto- 
splenectomy). 

4. Defective marrow cell formation. 

5. Abnormalities of compliments. 

6. Peripheral bile broth formation. 

7. Elevated sérum levels of iron foliowing hemolysis due 
to sickling which potentiates the infection by bacteria 
requiring iron from growth. 

8. Focal areas of hypoxia favor growth of anaérobie 
organisms. 

9. Increased exposure to infection due to repeated 
hospitalization. 

SYMPTOMATOLOGY 

Musculoskeletal pain prompts the patients of sickle cell 
disease to seek orthopédie assistance. Thus, the orthopédie 
surgeon may be the first physician to diagnose the disease. 
Early diagnosis and prompt treatment may not cure the 
disease but it certainly can help in arresting the progression 
of the disease thereby reducing morbidity and complica¬ 
tions. 

With the help of anthropométrie studies (Babhulkar 
1992), it has been possible to establish a "sickler faciès" 
(Fig. I). * * 3 4 5 6 * * * * 11 This can help in detecting cases of sickle cell 
disease and trait early in the course of disease especially 
in spécifie known communities. 

Patients with sickle cell trait hâve a normal life 
expectancy. The âge of présentation is usually in the first 
and second decade of life. There is no sex prédilection. 

There are various orthopédie manifestations observed 
in this disease and the skeletal changes may be divided 
into the folio wing heads. 

1. Changes in long bones (Bone infarction and chronic osteo- 
myelitis): These changes are common in the meta- 
physis and diaphysis of long bones. The presenting 
feature in early stages is acute onset bone pains. In the 
later stages there is thickening of the involved bone 
with multiple discharging sinuses. The infection 
usually starts in the medullary cavity of long tubular 
bones and in certain cases may spread to involve the 
adjacent joint. The common organisms causing 
osteomyelitis are E. coli, Staphylococcus and Salmonella 
species. 

2. Avascular necrosis of bone: In decreasing order of 
frequency this is seen in the fémoral head, humerai 
head and rarely lunate and tarsal navicular. 

It is one of the commonest causes of painful hip in 
older children and adults in régions where sickle cell 
disease is common. The onset being just before the 
closure of epiphyseal plate and involving only a part 
of the epiphysis (Babhulkar 1981). 12 

The common presenting complaint is a painful hip 
with restriction of movements depending on the stage 
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Fig. 1: A child with classical sickler faciès 

of the disease. In the late stage it may lead to gross 
deformity, shortening and a painful hip. The disease 
is frequently bilateral. 

The progress of the disease is slower when the 
humerai head is involved as shoulder is a non-weight 
bearing joint. Avascular necrosis of the smaller bones 
présents as a painful wrist or foot depending on the 
site. 

3. Handfoot syndrome: This is typically seen in children 
below 5 years of âge. This may be the first and the only 
présentation of sickle cell disease. It manifests as a 
bilaterally symmetrical swelling of hands and feet of 
acute onset with fever. The patients are usually seen in 
the stage of sickle cell crisis with features of 
déhydration, poor general condition hematologically 
by severe anémia and leucocytosis. 

4. Changes in the skull: These are rarely symptomatic. 

5. Changes in the vertebra: These manifest as pain in the 
back with kyphoscoliotic deformity of the spine due to 
osteoporotic collapse of the vertébral bodies. It is 
important to note that the incidence of tuberculosis of 
spine is very high in these patients. 

6. Pathological fractures: These usually resuit from trivial 

trauma to the porotic bones. It is common in the weight 

bearing long bones. Similar changes are seen in the 

vertébral bodies. The fracture is not only a complication 

of thin and fragile bones but also because of central 

bone infarct and osteomyelitis. 
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Fig. 2: Leg ulcération in a patient with sickle cell disease 


7. Arthralgia: This presence as a painful swelling of the 
involved joint and is commonly monoarticular. There 
is no clinical evidence of infection and the surrounding 
bones are normal. 

8. Leg ulcération: Chronic nonhealing ulcers are common 
over the malleoli. There is associated hyperpigmenta¬ 
tion of the skin and rarely osteomyelitis of the 
underlying bone (Fig. 2). 

9. Growth disturbances: These occur due to involvement 
of the epiphyseal blood vessels and prématuré closure 
of the growth plate. This manifests as shortening and 
angular deformity of the limbs. 

INVESTIGATIONS 

Hematology 

1. A routine hemogram shows features of anémia and 
the érythrocyte sédimentation rate is raised. In infec- 
tive conditions there is polymorphonuclear leuco- 
cytosis. 

2. Sickling test is done by a sealed moist préparation 
described by Donald Castle (1948). 13 Two percent 
solution of sodium metabisulphite is used as the 
reducing agent. The érythrocytes are observed 
immediately, after 15 minutes, and after 24 hours for 
delayed sickling. 

3. Hemoglobin electrophoresis is done by paper 
electrophoresis. This is important to recognize the 
various variants of sickle cell hemoglobinopathy. The 
type of hemoglobin most frequently seen is AS followed 
by SS and SF. 


Radiology 

Johnson et al (1966), divided the skeletal changes into two 
categories. 14 

Early Osseous Changes 

1. Hyperplastic bone marrow 

2. Osteoporosis 

3. Thinning of cortex 

4. Jelly-like marrow 

Late Osseous Changes 

1. Thickening of cortex 

2. Osteoblastic hyperplasia 

3. Narrowing of medullary cavity 

4. Normal calcification 

The radiological features of the various affections are 
as follows. 

1. Changes in long bones (bone infarcts and chronic osteo¬ 
myelitis) 

a. There is widening of medullary cavity, fine 
trabeculations, cortical thinning, and osteoporosis 
of the long bones (Fig. 3). 

b. The periosteal reaction is seen. 

c. There is a "Bone in bone appearance" (cortex within 
cortex) due to récurrent épisodes of infection which 
lead to periosteal new bone formation on the inner 
side of cortex due to vascular insult. There is an 



Fig. 3: Changes in the long bones 
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apparent increase in the width of the bone due to 
réduction of the medullary cavity and new bone is 
added on the inner surface of the cortex. There is 
cortical fissuring, i.e. line of démarcation which 
gives a classical appearance of cortex within cortex. 

d. "Overflowing bone around appearance" is seen due 
to addition of a new layer of bone formed by the 
periosteum secondary to infection. This results in 
increase in the width of the bone and widening of 
the medullary cavity. This is because of infarction 
of bone which results in formation of abundant, 
swarming subperiosteal bone. 

e. Séquestra formation follows changes like fissuring, 
lysis and fragmentation of the necrotic cortex. The 
séquestra formed are large due to extensive 
involvement of the diaphysis. 

2. Avascular necrosis of humerai and fémoral head (Figs 4 
and 5) 

Avascular necrosis présents early with changes in 
density of the subchondral bone, presence of a sclerotic 
zone and increased density, crescent sign, and 
occurrence of infarction and fragmentation. 

Later there is collapse of the head of humérus of 
fémur and secondary osteoarthritic changes take place. 

Initial infarcts occur in the subchondral bone only 
in the part of epiphysis where there is maximum 
sickling and circulation through collaterals is poor and 
limited. 

3. Handfoot syndrome (Fig. 6) 

a. There is soft tissue swelling and the small bones of 
the hand appear. 

b. There is cortical thinning and irregular intra- 
medullary deposits, areas of spotty destruction 
(moth eaten appearance) and periosteal new bone 
formation in the metacarpals and phalanges. 



Fig. 6: Radiography of patient with hand foot syndrome 


4. Changes in skull (Fig. 7) 

a. The outer table is thickened. 

b. There is widening of the diploic space together 
osteoporosis. 

c. At times the outer table is thinned out and is 
perforated and destroyed by the hyperplastic 
marrow. The marrow proliférâtes under the 
invisible periosteum and new bone is laid down 
perpendicular to the inner table giving a "hair on 
end" appearance. 

5. Changes in Vertebra (Fig. 8) 

a. There is increased translucency and coarse trabec- 
ulation. 
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Fig. 7: Changes in the skull 



Fig. 8: Changes in the vertebrae 



The classical "step sign" described by Raynold is 
produced due to central dépréssion of the fiat dense 
plate secondary to chronic ischemia and résultant 
retardation of endochondral growth. 

6. Pathologicalfeatures : These results because of lysis and 
central necrosis (Fig. 9). Associated changes like 
osteoporosis and cortical thinning prédisposé the bone 
to pathological fractures. Most often these are 
subperiosteal and minimally displaced. 

7. Artharlgia: There is soft tissue swelling with no osseous 
changes. 

8. Growth disturbances: These are a resuit of damage to the 
epiphyseal circulation and infarction. The changes seen 
are epiphyseal shortening, cone-shaped epiphysis 
with cup and channel deformity of metaphysis (Fig. 10). 
This may be secondary to osteomyelitis and destruction 
of the growth plate. 


b. Flattening of the vertébral bodies occurs. 

c. Fish vertebra deformity is présent. 

d. Kyphoscoliotic deformity is seen secondary to 
multiple compression fractures. 

e. Compression fractures occur. 

f. Raynold's step sign is positive. 

g. Changes of associated tuberculosis are seen. 


TREATMENT 

As there is no cure for this disorder, the aim of treatment is 
protection of the skeleton from the various complications. 
The management may be considered under the following 
heads. 

1. Drugtherapy 

2. Management of sickle cell crisis 
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Fig. 10: Radiography showing growth disturbance 

3. Management of spécifie problems 

4. Anesthetic care 

Drug Therapy 

The aim is to prevent stress conditions. The patient is given 
adéquate doses of buffer solution, soda bicarbonate, zinc 
and folie acid. Hypoxia, acidosis and déhydration are 
avoided. 

Management of Sickle Cell Crisis 

In addition to the above treatment precipitating causes 
like infection and déhydration should be properly treated. 
Adéquate intravenous infusions of packed red cells are 
often required to correct the anémia. Transfusion of whole 
blood is rarely required and should be avoided. 

Management of Spécifie Problems 

1. Changes in long bone (Bones infarcts and osteomyelitis): 
Patients with bone infarcts must be given antibiotics to 
prevent secondary infection. In the acute stages 
drainage of pus and corticotomy is frequently required 
whereas in the chronic stage sequestrectomy and 
saucerization is required in patients who do not 
respond to adéquate conservative treatment. 

2. Avascular necrosis: Early détection is the key to 
successful management of this condition. In the early 
stages it is possible to save the fémoral head by 


procedures like decoring and Phemister bone grafting, 
and in some cases by muscle pedicle grafting and 
osteotomy. 

In advanced stages the treatment options are 
excision arthroplasty and total joint replacement. Both 
hâve their merits and demerits. 

The shoulder affection rarely requires surgery 
though similar procedures of decoring and bone 
grafting are described in literature. Prosthetic replace¬ 
ment is infrequently indicated. 

3. Handfoot syndrome: Apart from treatment of sickle 
cell crisis these patients require splinting of the hands 
and feet as this is a self-limiting conditions. 

4. Arthralgia: The involved joint is immobilized for rest. 
Analgésies and antibiotics are also indicated. 

5. Pathological fractures: These are managed like any 
other fracture but with attention to spécifie problems 
related to the disease. 

Anesthetic Care 

Preoperative: Achievement of a "steady State" (Hb% 7-9 
gm//dl) is essential before any surgical procedure is 
performed. Exchange transfusion of fresh compatible blood 
with buffy coat free packed red blood cells is given to reduce 
the HbS fraction to less than 40%. 

Intraoperative: Adéquate intravenous infusions and 
hyperventilation are required to prevent stress situations. 
Accurate replacement of the blood lost during surgery and 
prévention of acidosis and hypothermia are the other 
important measures. 

Postoperative: Steps similar to those taken in the 
intraoperative period are essential to prevent crisis in the 
postoperative period. 

Genetic Counseling 

This is important for a patient in particular and the sickler 
community at larger. Investigation of parents and siblings 
of a sickler is mandatory. Hemoglobin electrophoresis helps 
in differentiating patients with sickle cell disease and trait. 
Following this patients with sickle cell trait, who hâve a 
normal life expectancy are advised to avoid unphy- 
siological conditions. Diagnosed cases are discouraged to 
marry another sickler in an effort to reduce the incidence 
of the disease in the community. 

PROGNOSIS 

Most of the patients of sickle cell trait hâve a normal life 
expectancy. The patients of sickle cell disease usually 
succumb early because of récurrent infections and other 
medical problems. The aim of treatment should be early 
détection, patient éducation and prévention of 
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complications. Prompt treatment of patients in sickle cell 
crisis helps in avoiding long-term disability. Effective 
genetic counselling will help in the long run to influence 
the incidence of this disorder. 
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109.1 Gas Gangrené 

SV Sortur 


INTRODUCTION 

Gas gangrené is one of the most serious complications of 
traumatic wounds of highway accidents. Gas gangrené is 
due to Clostridium perfringens, which are nonmotile, gram- 
positive, anaérobie bacillus without spores. Clostridial 
infections are caused not by the extravirulence of the 
organism, but rather by unique local conditions, such as 
necrosis of muscles. 7 The exact mechanism that converts 
the benign saprophytic State to the fulminating gangrenous 
State is not known. The clinical feature of gas gangrené is 
due to exotoxins produced by the organisms in the dead 
tissue. 

Anaérobie cellulitis or necrotizing fascitis is a clostri¬ 
dial infection of ischémie tissue, usually occurring after 
se ver al days, in an inadequately debrided wound. The 
other common gas-forming organisms include the coliform 
bacteria, anaérobie streptococci 1 and anaérobie 
bacteroides. 5 

Gas gangrené has recently become rare because of 
proper care of the open wounds. However its possibility 
must be considered in every case of contaminated wound. 
Mortality rate is almost 50%. It is associated with 
production of gas and general toxicity. Muscle necrosis 
may occur. 

Clinical Findings 

There is a history of deep injury to muscles. Pain, swelling 
and discharge of darkish fluid are characteristic. It is often 
associated with fever, high puise rate and disorientation. 


The patient becomes toxic, may go into shock. There is 
peculiar musty odor. Crepitus of gas is felt. Gas gangrené 
must be differentiated from the streptococcal infection. The 
characteristic pain of gas gangrené is présent in 
streptococcal infection, gas formation and slight 
seropurulent discharge are common. Toxemia is less. 
Crépitation by gas can be produced by entrapped air from 
outside or gas produced by other organisms. In these cases, 
the signs and symptoms are either absent or very mild. 
However, crepitus near a wound should be carefully 
assessed. 

Treatment 

Prophylaxis is thorough debridement of wounds, 
especially of the buttock and care not to hâve tight plaster 
cast. The use of antitoxin for passive immunization has 
largely been abandoned. The treatment of established case 
is an early diagnosis and prompt surgical décompression 
and debridement repeated if necessary on daily basis. 
Fasciotomy, excision of dead tissue and if necessary 
amputation. Each muscle should be carefully inspected 
and if infected, it should be resected to the point of origin. 
Ail dissection should be done without tourniquet to allow 
continuous oxygen to leaving tissue. Ail wounds should 
be left open at least for 48 hours. Penicillin is an antibiotic 
of choice. Large intravenous dosages of penicillin, 3 million 
units every 3 hours should be administered. In most 
patients who are allergie to penicillin, a cephalosporin or 
clindamycin would be effective treatment. Hyperbaric 
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oxygénation 2 ' 4 is a good adjunct. Anti gas gangrené, 
antitoxin is given intravenously (45,000 to 60,000 IU). 
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109.2 Tetanus 

SV Sortur 


INTRODUCTION 

Tetanus has become very rare because of its awareness in 
the society, thorough debridement of open wounds and 
extensive active immunization. Clostridium tetani, an 
anaérobie, gram-positive bacillus found widely in soit and 
in the intestines of man and domestic animais. The spores 
are very résistant to sterilization, requiring autoclaving at 
120° C for 15 minutes for destruction. The organisms 
produce potent exotoxin. The incubation varies between 7 
and 14 days. 

Clinical Findings 

The most important common symptoms are trismus, risus 
sardonicus, and difficulty in swallowing. Opisthotonus 
is common. 

The toxin causes muscle stiffness with trismus and 
dysphagia. The characteristic facial appearance is called 
"risus sardonicus." 

Prévention 

Prévention is of paramount importance, because of the 
simplicity and effectiveness of immunization, tetanus has 
been called the inexcusable disease. 

Treatment 

Use of Tetanus Toxoid 1 ’ 24 

Every infant must receive three doses of diphtheria, 
pertussis and tetanus toxoid (DPT) vaccine. 6 The first dose 
is given at 3 to 4 months of âge, second and third doses are 


given at 4 to 6 months intervals. Booster doses are given at 
the âge of one year and at fifth or sixth year and every ten 
years. A nonimmunized adult is also similarly immunized. 
When a patient cornes with a severe contaminated wound, 
even if he/she is immunized, injection tetanus antitoxin 
(human globulin) is given. If he/she is not immunized or 
not taken a booster dose during the last ten years, then 
antitetanus toxin sérum is given and also along with a 
tetanus toxoid because tetanus toxoid takes a few weeks 
to produce immunization. If the active immunization is 
doubtful, then both passive and active immunization is 
carried out. Dramatic réduction of tetanus is due to 
widespread use of tetanus toxide. Meticulous debridement 
is an essential part of prophylaxis. 

Treatment 7 of a Developed Case of Tetanus 

Treatment of an established case is to give human 
globulin, 3 antibiotics and a good nursing care. The wound 
is thoroughly debrided, human tetanus immunoglobulin 
(TIG) is given (minimum of 500 units). The organisms are 
sensitive to penicillin, tétracycline and erythromycin. 
Benzodiazépine Controls the spasm and convulsions. 
Careful respiratory management is essential. Nasotracheal 
intubation may be necessary. 
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The synovial fluid is a plasma transudate from synovial 
capillaries modified by the secretary activities of the type 
B synovial lining cells. 

Functions of the Synovial Fluid 

Synovial fluid is required for proper lubrication and 
functioning of the joints. This property of the synovial fluid 
is attributed to the hyaluronic acid-protein complex 
(mucin) content. It also helps to cushion the shock of impact 
on the articular surfaces of the joints. The heat conductivity 
of the synovial fluid allows rapid heat transfer on the 
sliding surfaces. The nutrition of the hyaline cartilage 
dépends on synovial fluid exchange by diffusion plus 
compression, and décompression of the cartilage during 
motion and weight bearing. 

Synovial Fluid Analysis 

Analysis of joint fluid should be performed as part of the 
diagnostic évaluation in joint disease and an effusion. 
Examination of joint fluid is especially important in 
monoarticular arthritis, in which septic arthritis must be 
distinguished from a wide variety of possible causes. 
Spectrum of synovial fluid analysis and the normal values 
are shown in Tables 1 and 2. 

Analysis of synovial fluid differs in three important 
respects from that of other body fluids: 

• Synovial joints are rarely affected by neoplastic 
processes 

• Récognition of noncellular particulate material, such 
as crystals and cartilage fragments, as well as 
microorganisms, is essential for understanding the 
disease process within the joint 

• The greatest diagnostic information cornes not only 
from récognition of cell types but also from their 
quantification (Currey et al 1976, Revell 1982) 


TABLE 1 : Synovial fluid analysis: Types of studies 

Routine 

• Gross analysis 
— Color 

— Clarity 
— Viscosity 
— "Mucin" clôt 

• Microscopie 

— Leukocyte concentration 
— Differential leukocyte count 

— Wet smear inspection by polarized and phase contrast 
microscopy 

Spécial 

• Microbiologie 

— Culture for bacteria, fungi, viruses, tubercle bacilli 
— Analyses for microbial antigens or nucleic acids 

• Sérologie 

— Hemolytic complément titration (C'H 50 ) 

— Complément components (C3 and C4) by 
immunodiffusion 

• Chemical 

— Glucose 
— Total protein 
— Enzymes 
— Other molécules 


TABLE 2: Normal synovial fluid values 



Range 

Mean 

pH 

7.3-7.43 

7.38 

WBC/mm 3 

13-180 

63 

Differential WBC (%) 



Polymorphonuclear 

0-25 

7 

Lymphocytes 

0-78 

24 

Monocytes 

0-71 

48 

Clasmatocytes 

0-26 

10 

Synovial lining cells 

0-12 

4 

Total protein (g/dL) 

1.2-3.0 

1.8 

Albumin (%) 

56-63 

60 

Globulin (%) 

37-44 

40 

Hyaluronate (g/dL) 


0.3 
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Gross Analysis 

The gross analysis of joint fluid is a simple procedure. Its 
purpose is to divide a given fluid into one of four groups: 
normal, non inflammatory (group I), inflammatory (group 
II), purulent (group III), or hémorrhagie (group IV). 
Examples are given in Table 3 and 4. 

Volume 

The amount of effusion can help serve as one measure of 
the severity of arthritis and can be used for comparison 
with previous arthrocentesis results. Low volume does 
not mean absence of an important intra-articular process. 
Effusion may be difficult to aspirate because of thick fibrin, 
rice bodies, and other débris. Fluid may be loculated and 
not accessible by the route chosen. 

If no fluid is identified in the syringe after attempted 
aspiration and manual milking around the joint, a drop of 
blood or tissue fluid may be found in the needle if suction 
is maintained on the syringe during withdrawal. One can 
use a single drop for crystal examination, gram stain, or 
culture. If no fluid is obtained and infection is suspected. 


the joint can be irrigated with a small amount of normal 
saline, and this irrigating fluid canbe obtained for culture. 

Normal fluid is often difficult to obtain and it is scant 
and viscous. The normal knee joint, the body's largest, 
contains only a few drops to a maximum of 4 mL. 

Normal fluid in increased amounts is found in the knee 
in myxedema, congestive heart failure, anasarca, and other 
conditions causing tissue edema. Transient, asymptomatic, 
noninflammatory synovial effusions may accompany 
high-dose corticosteroid therapy. 

Color 

Truly normal fluid is colorless. It is likely that the dia- 
pedesis of red cells, accompanying even mild inflammation, 
and their subséquent breakdown release hemoglobin, the 
heme moiety of which is metabolized locally to bilirubin, 
giving a yellow (xanthochromie) color to the fluid. 
Leukocytes render the fluid white, and the degree of 
whiteness is proportional to their concentration. Pus, 
containing 150,000 to 300,000 leukocytes/mm 3 , is 
characteristically cream-colored, the off-white being due 


TABLE 3: Examples of diseases producing fluids of different groups 

Noninflammatory (Group I) 

Inflammatory (Group I) 

Purulent (Group III) 

Hémorrhagie (Group IV) 

Osteoarthritis 

Rheumatoid arthritis 

Bacterial infections 

Trauma, especially fracture 

Early rheumatoid arthritis 

Reiter's syndrome 
(reactive arthritis) 

Tuberculosis 

Neuroarthropathy (Charcot joint) 

Trauma 

Crystal synovitis, acute 
(goût, pseudogout, other) 

Pseudosepsis 

Blood dyscrasia (e.g., hemophilia) 

Osteochondritis dissecans 

Psoriatic arthritis 


Tumor, especially pigmented 
villonodular synovitis or hemangioma 

Osteonecrosis 

Arthritis of inflammatory 
bowel disease 


Chondrocalcinosis 

Osteochondromatosis 

Viral arthritis 


Anticoagulant therapy 

Crystal synovitis; 
chronic or subsiding goût 
and pseudogout 

Rheumatic fever 


Joint prostheses 

Systemic lupus erythematosus 

Behcet's disease 


Thrombocytosis 

Polyarteritis nodosa 

Fat droplet synovitis 


Sickle cell trait or disease 

Scleroderma 

Some bacterial infections, 
e.g., coagulase négative 
staphylococcus, neisseria, 
borrelia, moraxella 


Myeloproliferative disease 

Amyloidosis (articular) 
Polymyalgia rheumatica 

High-dose corticosteroid therapy 



Milwaukee shoulder syndrome 
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TABLE 4: Classification of synovial effusions 

Gross examination 

Normal 

Noninflammatory 

Inflammatory 

Septic 

Volume (knee) 

< 1 ml 

Often > 1 ml 

Often > 1 ml 

Often > 1 ml 

Viscosity 

High 

High 

Low 

Variable 

Color 

Colorless to straw 

Straw to yellow 

Yellow 

Variable 

Clarity 

Transparent 

Transparent 

Translucent 

Opaque 

WBCs/pl 

< 200 

50-1000 

1000-75,000 

Often > 100,000 + 

PMN 

< 25% 

< 25% 

Often > 50% 

> 85% 

Culture 

Négative 

Négative 

Négative 

Often positive 

Mucin clôt 

Firm 

Firm 

Friable 

Friable 

Glucose (AM fasting) 

Nearly equal to blood 

Nearly equal to blood 

< 50 mg/ dl lower 
than blood 

> 50 mg/dl lower than 
blood 


to heme pigments or to chromogen from the invading 
bacteria. Staphylococcus aureus adds golden pigment and 
the saprophytic serratia marcescens a reddish hue. 

A grossly bloody fluid may be due to the arthrocentesis 
itself, which is usually évident during the procedure when 
the fluid entering the syringe shows an uneven distri¬ 
bution of blood. Bleeding owing to needle-induced trauma 
may decrease as aspiration continues or more commonly, 
blood may appear for the first time in the syringe near the 
end of the procedure. A hematocrit reading should always 
be obtained on a truly bloody effusion to détermine 
whether it is blood per se, or whether it is blood admixed 
with joint fluid. A truly bloody effusion, unlike that caused 
by a bloody tap, often fails to clôt because of fibrinolysis. 

Récurrent bleeding into a knee joint that appears 
normal on physical and radiologie examination between 
épisodes is almost diagnostic of a hemangioma (McCarty 
1989). 

Bone marrow in joint fluid, either as fat droplets or 
blood-forming éléments, is suggestive of a fracture into the 
joint. 

Black or gray débris from métal or plastic fragments 
after prosthetic arthroplasty can also discolor the fluid. 

Clarity 

If print cannot be read easily through the fluid, the effusion 
is cloudy, and this finding suggests an inflammatory 
process. 

Fluids with higher leukocyte counts from inflammed 
joints are opaque, and the degree of opacity is proportional 
to the leukocyte count. 

Viscosity 

Normal and group I fluids are viscous owing to the high 
concentration of hyaluronate. An approximation of 


viscosity can be obtained by watching the fall of a drop of 
fluid during transfer from aspirating syringe to glass tube. 
Viscous fluid strings out like molasses, often to a length of 
10 cm or more. It strings out when a drop is compressed 
between thumb and index finger, which are then pulled 
apart suddenly. More précisé data can be obtained by using 
a viscometer. 

Low-viscosity fluid drips from a syringe like water. 
Highly viscous fluid is seen in hypothyroid effusions and 
in ganglions or osteoarthritic mucous cysts. Viscosity is 
generally decreased in inflammation but is also low in 
edema fluid. 

Clôt Formation 

Normal synovial fluid does not clôt because it lacks 
fibrinogen as well as prothrombin, factors V and VII, tissue 
thromboplastin, and antithrombin. Most pathologie fluids 
do clôt, however, and the rapidity of clotting and the size 
of the clôt are roughly proportional to the severity of 
inflammation. 

Mucin Clôt 

Although synovial fluid hyaluronic acid can be measured 
by several different techniques, the qualitative mucin clôt 
test is the most practical. 

Add 1 ml of synovial fluid to 4 ml of 2% acetic acid and 
mix with glass rod. Normal fluid form a single tight clump. 
If inflammatory cells are présent, they dégradé the mucin 
so that the clump is easily fragmented. 

Microscopie Analysis 

Routine Cytology 

A total leukocyte count is obtained on synovial fluid and 
care must be taken to thoroughly mix the contents of the 
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tube to uniformly resuspend the cells. Cells also sédiment 
in vivo. Normal saline must be used as diluent instead of 
acetic acid, or the bulk of the leukocytes will be entrapped 
in a minimucin clôt. Erythrocytes will be lysed prefe- 
rentially if hypotonie saline (0.3 g/dL) is used as diluent. 
This facilitâtes énumération of leukocytes, which should 
be done at x 400 magnification. A summary of the findings 
in normal fluids and in those of groups I, II and III is 
shown in Table 5. 

Leukocyte Count 

The leukocyte count is important because it is the basis for 
classification of an effusion as septic, inflammatory, or 
noninflammatory. Synovial fluid leukocyte counts, along 
with volumes, can be used as a rough measure of the 
intensity of inflammation in sequential samples. Normal 
joint fluid usually has only 50 to 100 leukocytes, so counts 
about 200/mm 3 clearly represent at least a low-grade 
inflammatory response such as is seen, for example, in 
some patients with osteoarthritis. 

Rheumatoid arthritis fluid usually has a leukocyte 
count of 2000 to 75,000/mm 3 . Counts above 60,000 should 
raise a suspicion of infection. Patients with rheumatoid 
disease, psoriatic arthritis, Reiter's syndrome, and crystal- 
induced arthritis may hâve leukocyte counts above 100,000 
cells/mm 3 . 

Leukocyte counts of 200 to 2000/mm 3 are generally 
termed noninflammatory. Counts of less than 1000 
leukocytes/mm 3 are most frequently due to osteoarthritis. 
More than 1000 cells/mm 3 should suggest considération 
of one of the very many inflammatory diseases. SLE, 
rheumatic fever, chronic goût, and scleroderma are 
examples of diseases that may hâve relatively low 
inflammatory cell counts. 

Crystalline Material 

Common crystals and their characteristics are shown in 
Table 6. Se ver al classes of crystalline materials are found 
in the joints. Monosodium urate monohydrate crystals are 
needle-shaped 5 to 30 pm in length and highly biréfringent. 
They can be distinguished from other crystals as they are 
negatively biréfringent when viewed in polarized light 
with an interposed quarter wave plate. These crystals, 
especially when intraleukocytic, are diagnostic or goût. If 
found within the background of a high cell count, their 
presence usually signifies acute goût. 

Calcium pyrophosphate dihydrate crystals (CPPD) 
accumulate normally within joints with advancing âge. 
In elderly patients, they can therefore be regarded as a 
normal finding, a condition known as chondrocalcinosis. 
Sometimes the crystals are associated with a high 


TABLE 5: Cellular peculiarities in synovial fluid 

Quantitative 

Eosinophilia 

• Rheumatoid arthritis 

• Rheumatic fever 

• Parasitic infection 

• Metastatic adenocarcinoma 

• Arthrography 
— Air 

— Dye 

• Therapeutic x-irradiation 

• Urticaria 
— Acute 
— Chronic 

• Idiopathic (éosinophilie synovitis) 

• Lyme disease 

• Hyperéosinophilie syndrome 
Monocytosis 

• Acute, self-limited 
— Viral arthritis 
— Sérum sickness 
— Idiopathic 

• Chronic 

— Ro (SSA) positive SLE 
— Undifferentiated connective tissue disease 

• Lymphocytosis 
— Early RA 

— Eosinophilie fascilities 
— Chronic lymphocytic arthritis 
Qualitative 

Nonspecific 

• Ragocytes (PMN with large peripheral granules) 

• Lupus erythematosus cells 

• Reiter's cells (macrophages containing PMNs) 

• Bone marrow cells 
Spécifie 

• Sickled érythrocytes 

• Gaucher cells 

• Tumor cells 


nucleated cell count in an acute monoarthritis. This is the 
typical présentation of pseudogout. The presence of 
calcium pyrophosphate crystals in association with 
otherwise typical features of osteoarthritis (OA) is 
characteristic of hypertrophie OA (Dioppe et al 1983 ). 

Hydroxyapatite within synovial fluid indicates 
damage to calcified cartilage or underlying subarticular 
bone. Loss of cartilage, sufficient to expose these structures, 
is seen most commonly in OA and RA. The crystals are too 
small and amorphous to be seen with the light microscope, 
but staining with alizarin red stain produces a biréfringent 
red product which is easily visualized (Paul et al 1983). A 
spécifie arthropathy. Milwaukee shoulder, is associated 
with larger apatite microspherules (McCarty et al 1981). 

Lipids enter synovial fluid in inflammatory joint 
disease, in fracture of juxta-articular bone and in 
hemarthrosis. They canbe distinguished from one another 
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TABLE 6: Morphologie features of some synovial fluid crystals associated with joint disease 

Crystals Size (pim) Morphology Biréfringence Diseases 


MSU 

2-10 

Needles, rods 

CPPD 

2-10 

Rhomboids, rods 


Apatite like clumps 

5-20 

Round, irregular clumps 

Calcium oxalate 

2-10 

Polymorphie, 
dipyramidal shapes 

Cholestérol 

10-80 

Rectangles, often with 
missing corners; needles 

Depot glucocorticoids 

4-15 

Irregular rods, rhomboids 

Lipid liquid crystals 

2-8 

Maltese crosses 

Charcot-Leyden 

17-25 

Spindles 

Immunoglobulins 

3-60 

Polymorphie, rods 


Intensely négative 

Acute and chronic goût 

Weakly positive 

CPPD crystal déposition disease, 
osteoarthritis 

None 

Periarthritis, acute or chronic 
arthritis, osteoarthritis 

Intensely or weakly positive 

Rénal failure 

Négative or positive 

Chronic rheumatoid or 
osteoarthritic effusions 

Intensely positive or négative 

Iatrogénie postinjection flare 

Intensely positive 

Acute arthritis, bursitis 

Positive and négative 

Eosinophilie synovitis 

Positive and négative 

Multiple myeloma, 
cryoglobulinemia 


by their shape and differential solubility in hydrocarbon 
solvents. Following intra-articular injection of depot 
corticosteroids, the crystalloid remains within the joint for 
up to 10 weeks and may mislead the unwary if they are 
not recognized (Kahn et al 1970). 

Noncrystalline Particles 

Synovial joints are lined by cartilage and synovium and 
may be crossed by ligaments and bands of fibrocartilage. 
Alteration to the physical structure of any of these 
components by primary disease or trauma may lead to 
small fragments appearing free within the synovial fluid. 
Most common are fragments of articular cartilage or, 
depending on the joint, internai ligament and fibro¬ 
cartilage. 

Articular cartilage has a silken sheen in polarized light. 
In OA, the most common disorder in which cartilage is 
found free in the joint, fragments typically show in crimping 
of early fibrillation and clustered chondrocytes. 

Fragments of fibrocartilage can be recognized by the 
curved arrays of collagen fibers and flattened chondrocytes 
they contain. They are typically found within traumatized 
knee joints. 

Both in traumatized joints and in RA, small fragments 
of ligament may be found within synovial fluid. They 
consist of long, thin twisted fibrils of no more than a dozen 
collagen fibers. 

With the advent of prosthetic surgery, and particularly 
as the number of aging prostheses increases, wear of 


implanted material leads to foreign material within the 
joint. Many modem plastics, such as high-density poly- 
ethylene, used in prostheses, methylmethacrylate cernent 
and composites such as Dacron and carbon fiber, mimic 
crystals if they fragment and can cause diagnostic prob- 
lems. Métal débris from metal-based prostheses appear as 
tiny black particles, although difficult to recognize these 
may be important harbingers of imminent prosthetic 
failure. 

Ragocytes are cells of various lineages characterized 
by the presence of cytoplasmic refractile granules which 
are larger than conventional granulocyte granules. 
Ragocytes were first described in Rheumatoid arthritis 
(RA), in which they hâve been shown to contain immune 
complexes (Rawson et al 1965). They are not restricted to 
RA, being a feature of ail inflammatory arthropathies, so 
that their diagnostic value is somewhat limited. However, 
with the exception of RA, septic arthritis, goût and 
pseudogout, ragocytes rarely account for more than 50% 
of ail nucleated cells. If a crystal arthropathy is excluded, 
ragocyte counts above 70% are diagnostic of RA, and above 
95% diagnostic of septic arthritis. The latter is diagnostic 
even in the absence of détectable organisms. 

Dried Smears for Staining 

Synovial smears are made using one or two drops of fluid 
from a heparin or EDTA-containing tube on slides in the 
same manner as with peripheral blood smears. 
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Wright stain is the single most useful stain although 
cellular features in a wet préparation can also be amplified 
with a supravital stain (Traycoff et al 1976, Villanueva et 
al 1987, Louthrenoo et al 1991). Smears should be 
examined under low magnifications to look for such 
findings as lupus erythematosus cells. Iron-laden 
chondrocytes hâve been seen in cartilage fragments in 
hemochromatosis. 

The smear is next examined carefully under oil 
immersion. Cells can be fairly easily separated into 
polymorphonuclear leukocytes (PMNs), monocytes, small 
lymphocytes, and large mononuclear cells. 

Smears for gram stain are made as for Wright stain. 
The absence of bacteria on gram stain is common in 
infection and does not exclude the possibility of a septic 
arthritis. Culture and synovial biopsy are usually needed 
to define tuberculosis. Periodic acid-Schiff staining may 
show deposits in synovial macrophages in Whipple's 
disease. Prussian blue staining can identify iron in 
synovial lining cells in pigmented villonodular synovitis 
or in hemochromatosis. 

Spécial Tests 

Glucose 

Glucose should be analyzed simultaneously on fasting 
sérum and synovial fluid for comparison (Ropes et al 1953). 
Synovial fluid glucose concentration is normally slightly 
less than that of blood. Equilibration between blood and 
synovial fluid after a meal is slow and unpredictable, so 
fasting levels are most reliable. Effusions for glucose 
should be placed in a fluoride tube to stop glucose 
metabolism in vitro by the synovial fluid leukocytes. A low 
level of glucose in synovial fluid suggests joint infection. 
Most effusions in rheumatoid arthritis hâve a synovial 
fluid glucose level of less than half that of the blood, and 
occasionally as low as in infections. 

Complément 

Synovial fluid complément is of value when it is compared 
with sérum levels and with sérum and synovial fluid 
protein déterminations (Bunch et al 1974). Fluid must be 
centrifuged promptly and the supernatant stored to -70°C 
for total hemolytic complément. In rheumatoid arthritis, 
the sérum complément level is usually normal, but the 
synovial fluid level is often less than 30% of this. In SLE 
and hepatitis, both sérum and synovial fluid levels may 
be low. Synovial fluid complément levels in infectious 
arthritis, goût, and reactive arthritis may be high, but this 
is largely the resuit of elevated sérum levels. Complément 
component C3 or C4 can also be measured by immuno¬ 
diffusion in addition to or instead of hemolytic 


complément. Measurement of activation fragments such 
as C5a may be of more interest (José et al 1990). Synovial 
fluid complément level may be low in normal or 
noninflammatory fluids in which there is little escape of 
complément or other proteins into the joint space. 

pH and other Chemistries 

The pH of normal fluid is 7.4, and this is slightly lower in 
inflammation. Joint fluid P0 2 also falls in many 
inflammatory conditions (Lettesjo et al 1998). This tends 
to correlate with severity of leukocytosis and also with 
synovial fluid volume, which may lower P0 2 by affecting 
blood flow to the joint (Richman et al 1981). Relative 
ischemia may also be a factor in rheumatoid arthritis. 

Total protein normally averages only 1.7 g/dl, but this 
level rises with inflammation. Protein levels, however hâve 
not been shown to be of any diagnostic value. Fibrinogen 
and its products are normally absent, so normal fluid does 
not clôt on standing. Bence Jones kappa light chains hâve 
been demonstrated in amyloid arthropathy secondary to 
multiple myeloma. 

Culture 

Prompt and careful culture of synovial fluid is important 
if there is any suspicion of infection. Most laboratories 
prefer that fluid be delivered immediately in the syringe 
rather than handled outside the microbiology laboratory. 

Sérologie Tests 

Antinuclear antibodies, rheumatoid factor, immuno- 
globulins, and other substances involved in immune 
reactions can be measured in synovial fluid. Results of 
tests for antinuclear antibodies and of latex fixation for 
rheumatoid factor are occasionally positive in effusions 
when they are négative in the sérum. However, the 
significance of such positive synovial fluid results is not 
established. Several causes of faise-positive results for 
rheumatoid factor in synovial fluid hâve been described 
(Seward et al 1973). Immune complexes canbe measured 
with a variety of techniques, but the implications are not 
clear. 

Gas Chromatography 

Gas chromatography on synovial fluid has been suggested 
as an aid in identifying bacterial products in culture- 
negative infections (Borenstein et al 1982). Elevated 
synovial fluid lactic acid measurements hâve been found 
in untreated nongonococcal septic arthritis. Succinic acid 
levels are also elevated in septic arthritis and tend to persist 
even after treatment. Neither lactic nor succinic acid is 
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spécifie for infection but may complément other tests for 
early diagnosis of infectious arthritis. 

Polymerase Chain Reaction 

Bacterial and other antigens can be sought in synovial 
fluid by counterimmunoelectrophoresis. Molecular probes 
can detect DNA or RNA sequences of a growing list of 
organisms in synovial fluid or tissue (Vitanen et al 1991, 
Rahman et al 1992, Bas et al 1995, Gérard et al 1998). 
Polymerase chain reaction has also led to the identification 
of Chlamydia trachomatis DNA and RNA in joints in 
reactive arthritis (Nanagara et al 1995). Polymerase chain 
reaction analysis has been used to identify tropheryma 
whippelii in joints of patients without the classic features 
of Whipple's disease who then responded well to antibiotic 
therapy (O'Duffy et al 1998). 
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INTRODUCTION 

Synovial membrane forms the lining of joints, tendons, 
and bursae. In addition its cells synthesize hyaluronate 
and facilitate exchange of substance between blood and 
synovial fluid. Electron microscopically two cell types hâve 
been identified (Barland et al 1962). 4 Type A cells are 
characterized by filopodia and are predominantly involved 
in phagocytosis under appropriate conditions. Type B cells 
are reminiscent of fibroblasts and possibly represent 
functional modulation of them. Provisionally on the basis 
of monoclonal antibody studies Burmester et al (1983) 10 
hâve recognized three cell types. Type I and II are from 
monocyte lineage, former having phagocytic function. Type 
III cells express fibroblastic antigen and can proliferate. 

Majority of the disorders affecting synovial membrane 
are systemic disorders but occasionally synovial 
membrane can be the site of primary disorders and usually 
in such cases single joint is affected. Primary disorders of 
synovial membrane are pigmented villonodular synovitis, 
synovial chondromatosis, secondary synovial chondro- 
matosis, synovial hemangiomas and synovial lipomatosis 
which are discussed below. 

PIGMENTED VILLONODULAR SYNOVITIS 

Pigmented villonodular synovitis (PVNS) is the most 
common disorder of synovium and was first described by 
Chassaignac (1952) who referred it as a "cancer of the 
tendon sheath". Subséquent other names as synovial 
xanthomas, giant cell tumor of tendon sheath, giant cell 
fibrohemangioma, benign synovioma, villous arthritis, 
villous synovitis, benign synovial histocytoma only 
underscore the lack of agreement concerning its basic 
nature and line of différentiation. 


Pathogenesis 

Jaffe et al (1941) 26 gave the unifying concept that pigmented 
villonodular synovitis (PVNS), pigmented villonodular 
bursitis (PVNB), pigmented villonodular synovitis of 
tendon sheath (PVNSTS, PVTS) are manifestation of a 
single disease. Since then there has been much controversy 
as to whether it is a reactive (vide suffix "itis") or a 
neoplastic (suffix "orna") process. Observations favouring 
the reactive nature are the evidence of trauma in nearly 
half the cases, multifocal origin in some cases, and that 
intra-articular injection of blood produces similar lésion 
in animais (Hoaglund 1967). 23 Cytogenetic studies indicate 
a clonal abnormality which is supported by the ability of 
this lésion for autonomous growth. Apoptosis résistance 
may contribute to the survival of the proliferating synovial 
cells in PVNS (Berger et al 2005). 5,6 Mitochondrial 
dysfunction may be primary in the pathogenesis of diffuse 
type PVNS (Ijiri et al 2004). 25 

Ultrastructural and immunohistochemical findings 
support prolifération of both type A and type B cells, 
predominantly the former. Enzymatic and cell marker 
studies support monocyte lineage as presence of acid 
phosphatase, (3-glucuronidase and a-naphthyl acetate 
esterase hâve been documented. Immunohistochemically 
the presence of CD68, HAM56, MAC386 and PG-M1 
support both monocyte and synovial cell prolifération 
(Berger et al 2004). 5,6 

Cytogenetic findings and DNA ploidy studies by 
several authors suggest clonal cytogenetic abnormalities 
predominantly involving chromosome 1 and 2, suggesting 
neoplastic pathology. Trisomy of chromosome 5 and 7 
reported by Ray et al (1991) 31 and Abdul-Karim et al (1992) 1 
also support this concept. 
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Classification and Features 

The lésion occurs in two primary forms, one localized 
(nodular tenosynovitis) and the other diffuse form that 
can develop in both joints and extra-articular locations. 
Intra-articular lésions are common and some authors 
restrict the term pigmented villonodular synovitis (PVNS) 
to lésions within the joint and the term giant cell tumor of 
tendon sheath (GCTTS) to the localized form of the disease. 
The term PVNS will be applied here to ail the lésions, 
irrespective of whether they are localized or diffuse form 
of the disease. 

Localized form of PVNS 

It can affect any âge group but is most common between 30 
to 50 years with a female prépondérance. The tumors occur 
predominantly in hand adjacent to interphalangeal joints. 
Feet, ankle, wrist and elbow are involved less commonly 
in that order (Ushijima et al 1986). 36 

Clinical Features 

Natural history of development spans a long period of 
graduai progression. On local examination these are non- 
tender, firm irregular nodules of variable size fixed to 
underlying structures, free (except in distal phalanx) from 
skin. 

Pathology 

Grossly the lésion is a 0.5 to 4 cm circumscribed lobulated 
mass with shallow grooves. Cut section shows a pink- 
grey background flecked with yellow-brown areas. Micro¬ 
scopie appearance varies depending upon proportion of 
mononuclear cells, giant cells, xanthoma cells and degree 
of collagenisation. Most tumors are moderately cellular 
with sheets of round/polygonal cells that blend with 
hypocellular collagenised zones. Cleft like spaces are 
occasional. Multinucleated giant cells are scattered 
throughout the lésion. They are formed by fusion and hâve 
variable (3-4 to 50-60) nuclei. Xanthoma cells are also 
frequent. Rao and Vigorita (1984) 30 found > 3 mitotic figures 
per 10 HPF in >10 % of cases significance of which is 
uncertain. Cartilaginous or osseous metaplasia is rare. 

Radiology 

Radiographs show circumscribed soft tissue mass in about 
half the cases. Cortical érosion occurs in some of cases 
being more frequent in lésions around foot. Magnetic 
résonance imaging may not be vary helpful in discerning 
these (localized form) lésions because of variable 
hemorrhage (Barile et al 12004). 3 


Differential Diagnosis 

The condition may resemble foreign body granuloma, 
fibromas of tendon sheath, necrobiotic granulomas, tendon 
xanthoma, and fibrosis of tendon sheath which should be 
differentiated and excluded. 

Behavior and Treatment 

GCTTS are benign lésions but can recur locally. Most 
authors hâve reported récurrence of 10 to 20% in their 
studies (Chin et al 2002, Bisbinos et al 2004). 12/8 Récurrence 
is more in lésions with increased mitosis and in patients 
who undergo simple énucléation (Rao et al 1984, Adem et 
al 2002). 30,2 Local excision with a euff of normal tissue is 
usually adéquate even for a lésion with increased 
cellularity and mitotic activity. More extensive surgery can 
be planned for persistently recurring lésions. 

Diffuse form of PVNS 

Compared with localized form it is uncommon (Rowlands 
et al 1994). 32 There is a tendency for this lésion to occur in 
younger patients of less than 40 years. There is a slight 
female prépondérance (Schwartz et al 1989). 34 

Clinical Features 

There is a long history of pain in the affected joint over 
se ver al years with joint effusion, hemarthrosis, locking 
and limitation of movements signifying articular 
involvement. Swelling is disproportionate to the degree of 
pain. Most common joint affected is knee foliowed by ankle 
and foot. Wrist, finger, elbow, hip and sacroiliac joints are 
infrequently involved in that order. Rare cases involving 
posterior éléments of spine hâve been reported (Giannini 
et al 1996). 19 Polyarticular involvement may be seen in 
foot (Wendt et al 1986, Fetsch et al 2003). 37,17 

Pathology 

Aspiration reveals xanthochromatic to brownish stained 
serosanguineous fluid. Gross specimen shows the frequent 
absence of collageneous capsule with paucity of 
pseudoglandular spaces (cf- localized form and synovial 
sarcoma). Two types of villi are présent in the diffuse form 
of PVNS, including coarse villi with a "shag carpet" 
appearance and fine or fernlike villi. Prédominant cell is 
round or polygonal having clear to deep brown cytoplasm 
with hemosiderin. The ubiquitous presence of hemosiderin 
gives the characteristic pigmented appearance. Presence 
of spindle cell, xanthoma cell, giant cell and chronic 
inflammatory cell gives a highly polymorphie appearance. 
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Radiology 

Both soft tissue and bony abnormalities occur. Intra- 
articular effusion, dense lobulated masses and 
displacement of overlying fascial planes are major soft 
tissue findings. Angiograms demonstrate a vascular lésion 
with "puddling" and tumor blush which is indistinguish- 
able from malignancy. Arthrography reveals intrinsic 
filling defects of joint cavity. MRI is the most informative 
investigation (Barile et al 2004, Cheng et al 2004). 3,13 
Proliférative synovial masses are found throughout the 
confines of a joint cavity. The presence of multiple areas of 
low signal intensity on ail puise sequences especially in 
periphery is due to hemorrhage. Hypointensity is due to 
interaction of iron in ferrie (Fe +3 ) State with water 
molécules. Differentiating calcifications from hemosiderin- 
laden foci in the setting of PVNS may be difficult in MRI 
and radiographs may be required for visualizing 
calcification. PVNS tends to invade local tissues, and a 
characteristic finding is the invasion of the subchondral 
bone with résultant cyst formation. Bone in "tight" joints 
like hip, ankle and elbow shows marginal and pressure 
érosions. Concentric érosion of fémoral neck produces 
"apple-core" deformity. Marginal érosions may give 
"bubbly" appearance to bone (Goldberg et al 1983). 20 

Differential Diagnosis 

Tuberculosis, synovial osteochondromatosis, hémophilie 
arthropathy, synovial hemangioma, and amyloid 
arthropathy ail must be kept in mind as differentials. 

Behavior and Treatment 

Although considered benign, the diffuse type is more likely 
to recur in view of increased cellularity (Flandry et al 
1994). 18 Récurrence rates for PVNS hâve been reported as 
25% by Schwartz et al (1989) 34 and 46% by Byers et al 
(1968) 11 . Incomplète excision has a cumulative probability 
of récurrence of 15% at 5 years and 35% at 25 years. 
However, morphologie features hâve not been found to be 
prédictive of récurrence. 

Treatment is to remove the lésion as completely as 
possible without producing severe disability for the 
patient. Wide resection may produce significant morbidity; 
and a less radical approach should be used. Complété 
open synovectomy is complicated by development of 
painful adhesions and partial or complété ankylosis and 
stiffness. Arthroscopic synovectomy may prove a less 
invasive alternative to conventional synovectomy and is 
being increasingly done. Capsule sacrificing procedures 
as suggested by Enneking lead to significant morbidity 
and compromise mobility and stability of joint. Ancillary 


procedures such as patellar chondrectomy for chondro- 
malacia patellae and proximal extensor realignment in 
PVNS of knee due to chronic distension of suprapatellar 
pouch may be required. 

The rôle of radiotherapy is unclear due to limited 
expérience. Intra-articular radiation synovectomy 
using Yttrium-90 is still experimental (Shabat et al 2002). 35 
TNF-a blockade therapy may be helpful in résistant cases 
of PVNS (Kroot et al 2004). 28 Arthrodesis and arthroplasty 
should be restricted for cases in which no chance of 
preserving a functional joint exists. 

SYNOVIAL CHONDROMATOSIS 

This is a benign condition with metaplasia and hyper- 
plasia of synovium of joints and tendon sheath. It is also 
known as synovial osteochondromatosis and synovial 
chondrometaplasia and is characterized by formation of 
hyaline cartilage nodules in synovial membrane. 

Pathogenesisand Evolution 

Primary synovial chondromatosis (cf- secondary synovial 
chondromatosis) is an idiopathic disorder and has three 
stages of évolution (Milgram 1977). In the first stage 
subsynovial fibroblasts undergo metaplasia and form 
cartilage nodules in synovium. Many of these nodules 
become calcified and undergo endochondral ossification. 
Ossification of these nodules has led to affection being 
called synovial chondromatosis. In second stage, these 
nodules gradually migrate to synovial surface and become 
detached to form loose body in the joint. The high 
concentration of procollagen II C peptide in these cases 
suggests chondrogenesis (Kobeashi et al 2002). 27 Finally 
joint gets filled with numerous cartilaginous and osseo- 
cartilaginous loose bodies of varying sizes. Even when 
nodules become loose bodies they may continue to grow 
in size nourished by synovial fluid. Surface of synovial 
membrane also has innumerable cartilaginous bodies in 
different stages of development and séparation. Disease 
can occur in joint, bursae and also tendon sheaths. 

Clinical Features 

The disease peaks in fifth decade with a range of 45 to 65 
years. The male to female ratio is 2:1. Usually one joint is 
affected with knee being the commonest site (70%), elbow 
is the next most common joint involved foliowed by hip, 
wrist, ankle, shoulder and temporomandibular joint (Crotty 
et al 1996, Coles et al 1997). 14,15 The patient présents with 
a gradually increasing swelling that précédés pain by 
se ver al months. Grating sensation in the joint, crepitus, 
transient locking and limitation of movements are other 
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complaints. The symptoms span several months to years. 
The swelling may be palpable and characteristically move 
between examinations- "migrating mouse sign". 

Extra-articular synovial chondromatosis is also 
referred to as chondroma of soft parts or extra skeletal 
chondroma and is commonly seen in tendon sheaths of 
hands and feet (Chung et al 1978). 13 Common bursae 
affected are biceps tendon bursa, iliopectineal bursa and 
ischial bursa. Occasionally chondromatosis may be seen 
in bursa over large exostosis. 

Pathology 

Grossly two forms are seen - one diffuse and the other one 
localized. In diffuse form multiple nodules occur involving 
almost ail of the synovium. Localized form in contrast is 
represented by discreet mass. 

Microscopically synovial membrane shows multiple 
nodules of hyaline cartilage in various stages of 
calcification and ossification. The chondrocytes often show 
mild atypia, binucleated chondrocytes and rare mitotic 
figures. These features of chondrocytes comparable to 
grade 1 or 2 chondrosarcoma are indicative of malignancy 
in an intra-osseous neoplasm, but in the setting of synovial 
chondromatosis these features are not an indication of 
malignancy. Endothélial ossification is frequent and 
lésions with well developed ossification are also referred 
to as osteochondromatosis. Lésions that présent as single 
cartilage nodule in joint capsule are called "synovial 
chondromas" typical in temporomandibular joint. 

Investigations 

MRI is the best investigation to show cartilaginous bodies 
before ossification has occurred. In later stages calcified 
and ossified nodules (mostly free in joint) are seen on 
radiograph as ring shaped "egg-shell like" densities since 
calcification occurs at the periphery of nodules (Figs 1A 
and B). Some of these densities coalesce into one large 
osteochondral mass termed giant synovial chondro¬ 
matosis (Sarmiento et al 1975). 33 The calcified bodies or 
nodules are well marginated corresponding to the margin 
and limits of affected joint and bursa. Long standing 
chondromatosis may show pressure érosions of bone and 
reduced joint space due to damage to articular cartilage. 
Erosion, however, is not a feature of aggressiveness. 

Arthroscopy shows the lésion clearly and helps to 
confirm diagnosis with simultaneous opportunity of 
removal of the loose bodies. 

Treatment and Behavior 

Synovial chondromatosis is a local, non-neoplastic, self 
limiting disease but if left untreated the joint cartilage will 
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Figs IA and B: Synovial chondromatosis of (A) shoulder, and 
(B) knee joint. Calcified nodules as well as loose bodies are 
visible 

get damaged. The treatment is with synovectomy and 
removal of loose bodies (Figs 2A and B). Incomplète 
synovectomy especially in active phase of disease usually 
results in récurrence. In some cases extra-articular tendon 
involvement may be seen. Large size of lésion, diffuse form, 
binucleate and large chondrocytes or extra-articular 
tendon involvement does not indicate aggressive beha- 
viour. 
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Figs 2A and B: (A) Arthroscopically removed calcified loose 
bodies, (B) Excised specimen of synovium following 
synovectomy of the knee joint shown in Figure 1 B. Nodules of 
varying sizes are présent in the synovium (For color version, 
see Plage 9) 

Prognosis 

Following synovectomy the prognosis is good. Note 
should be taken of three features of synovial chondro- 
matosis which may lead to erroneous diagnosis of 
chondrosarcoma. One, synovial chondromatosis may be 
massive and produce a large soft tissue mass. Second is 
the possibility of récurrence after excision. Third, 
chondrocyte atypia may be interpreted as evidence of 
malignancy. Chondrosarcoma almost never occurs in 
synovial membrane. Synovial chondrosarcoma is known 
to occur but is extremely rare and has been reported in 
only ten cases by Bertoni et al (1991)7 Only reliable 
diagnostic feature of synovial sarcoma is appearance of 
metastasis. In the ten documented cases following 
distinguishing features hâve been seen. Firstly, 
chondrocytes are arranged in solid sheet instead of clusters 
typical of synovial chondromatosis. Secondly chondrocytes 
of synovial chondrosarcoma are much more atypical and 


hâve numerous mitotic figures. Thirdly, the chondrocytes 
of synovial chondrosarcoma become spindle shaped at 
the periphery of the lésion. 

SECONDARY SYNOVIAL CHONDROMATOSIS 

The clinicopathological condition "synovial chondro¬ 
matosis" is usually not prefixed with the word primary, 
but there is a similar clinical entity of different etiology 
and this is commonly termed as "Secondary Synovial 
Chondromatosis" and this is described in this section. In 
many joint diseases like osteoarthritis and osteonecrosis, 
small fragments of articular cartilage and subchondral 
bone get detached and may become embedded in synovial 
membrane where they stimula te cartilage metaplasia. 
These metaplastic cartilage nodules are variable in sizes 
depending largely on the size of detached cartilage-bone 
fragment and gradually tend to calcify and ossify and form 
osteocartilaginous bodies like the ones seen in primary 
synovial chondromatosis. 

Histologically, nodules shows central nidus of 
articular cartilage with pale basophilie matrix sometimes 
along with fragment of necrotic bone. Metaplastic cartilage 
is arranged in concentric rings around the nidus because 
of lamellar growth. Growth in size from further accretion 
of metaplastic cartilage may continue even when nodule 
becomes a loose body in the joint. 

Secondary synovial chondromatosis is usually seen 
in older individuals and affects multiple joints. Larger 
loose bodies can cause locking and pain and need to be 
removed. This condition may be mistaken for synovial 
chondromatosis. In secondary synovial chondromatosis 
loose bodies are fewer in number, are of different sizes and 
joint space is reduced. Whereas in synovial chondro¬ 
matosis (primarily a disease of synovial membrane), the 
loose bodies are numerous and of nearly similar size and 
joint space becomes reduced only after a long standing 
disease due to development of secondary degenerative 
osteoarthritis in the joint. 

SYNOVIAL HEMANGIOMA 

Synovial hemangioma is a rare vascular tumor of synovium 
and belongs to the category of soft tissue tumors (Bruns et 
al 1994)7 Most patients are adolescents and adults. Knee 
is the commonest joint involved, and rarely it may occur in 
elbow and ankle (Devaney et al 1993). 16 Around 200 cases 
of articular synovial hemangioma hâve been described. 
Extra-articular synovial hemangiomas are rare still and 
occur in hand and wrist. Symptoms are long history of 
recurring épisodes of pain, swelling and locking. Mass of 
hemangioma when localized and sufficiently large can be 
palpated as a soft mass that decreases in size on élévation 
of extremity. On other occasions there may be diffuse 
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tendemess throughout the joint. Often symptoms are vague, 
no mass is palpable and tenderness is poorly defined. 

Pathology 

This tumor is variable in size and gross appearance is of 
dark blue grape-like mass bulging under shiny synovium. 
Cut surface of tumor is spongy but thrombosis and 
organization may make it indurated. When localized and 
pedunculated it may cause mechanical block to joint 
movements. Microscopie picture is of thin walled capillary 
and cavernous spaces. Rarely blood filled spaces may 
resemble veins. Sometimes tumor may be in the form of 
diffuse villous growth over part or most of synovial 
membrane. Areas of intravascular thrombosis and 
abundant hemosiderin deposits may be présent. It may 
occasionally develop into papillary endothélial 
hyperplasia like lésion. 

Radiographs are usually inconclusive. Angiography 
shows pooling of blood over the mass. MRI is the most 
useful diagnostic method (Greenspan et al 1995, Llauger 
et al 1995). 21,29 On Tl weighted image signal is similar to 
that of muscle and on T2 weighted image signal is very 
bright. It appears as a mass having punctate or linear areas 
of low signal density corresponding to fibrofatty septae. 
Lésion may be misdiagnosed as PVNS. 29 

Treatment is surgical excision of synovial hemangioma 
which is curative. Temporary embolisation to control 
bleeding during surgical excision is helpful. Permanent 
embolisation can be done if isolated large feeder can be 
identified. 

SYNOVIAL LIPOMATOSIS 

Lipomas of joints and tendon sheath are rare. Two types 
are recognised. First type comprise of fatty masses 
extending along the tendons for varying distance, 
distinctly termed as "endovaginal tumors" to differentiate 
from the common lipoma occurring in subeutaneous and 
other fatty tissue. The other type is lipoma like lésion with 
hypertrophie synovial villi seen in région of knee joint 
(lipoma arborescens). 22 Traumatic prolifération of fatty 
tissue in retropatellar portion of knee joint is sometimes 
known as Hoffa's disease (Hoffa 1904). 24 

Lipoma of tendon sheath usually occurs in hands and 
wrist. Males and females are equally affected in the âge 
group 15-35 years. About half the cases are bilateral. It 
may présent as carpal tunnel syndrome or trigger finger. 

Synovial lipomatosis is basically a hyperplasia of 
adipose tissue in synovial membrane. Microscopically fatty 
infiltration is deep to synovial lining cells. Knee is the 
commonest joint affected, typically its suprapatellar pouch. 
Rarely glenohumeral joint, subdeltoid bursa and elbow 


hâve been found to be involved. Lipomatosis usually 
accompanies some underlying joint disorder such as 
meniscal tear or osteoarthritis suggesting that adipose 
tissue prolifération is a reactive disorder rather than a 
neoplastic one. Hallel (1995) 22 proposed the term "villous 
lipomatous prolifération of synovial membrane" for this 
disorder. Clinically patient présents with an insidious 
swelling of knee joint with épisodes of pain and effusion 
due to mechanical injury to enlarged synovial fronds along 
with symptom and signs of underlying disorder. 

Radiographs are not informative and only show soft 
tissue swelling. Arthrography depicts irregular, non- 
specific filling defects most commonly in posteromedial 
aspect of suprapatellar pouch. MRI is the best diagnostic 
aid and shows villous intra-articular mass with signal 
density of fat. Unlike other synovial diseases like PVNS 
and synovial chondromatosis, the synovial lipomatosis 
does not cause bony érosions. 

Treatment is by surgical excision and the condition 
does not recur. 
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INTRODUCTION 

Rheumatoid arthritis is a disease of unknown cause, and 
the current thinking is that an interplay between genes, 
sex hormones and an infectious agent contribute to 
initiating an autoimmune disease mechanism that results 
in inflammation, dominantly at limb joints, often with 
destructive features. 

The term rheumatoid arthritis is not a précisé one. 
Many rheumatologists hâve suggested that rheumatoid 
arthritis defined purely on the basis of clinical charac- 
teristics is probably a group of diseases in which chronic 
polysynovitis is a major manifestation. One such group of 
polysynovitis patients are less than 16 years of âge when 
the symptoms onset is observed, and they are classified as 
"juvénile rheumatoid arthritis". At the other end of the 
âge spectrum, the symptom pattern differs and is termed 
as "polymyalgia rheumatic and rheumatoid arthritis 
overlap of the elderly." A few patients hâve self-limiting 
attacks of synovitis affecting one or two joints at a time in 
succession, and this description is known as "palindromie 
rheumatism." The remaining patients are vast majority of 
young adult and middle âge groups that hâve persistent 
symmetric polysynovitis and commonly referred to as 
"rheumatoid arthritis". 

ETIOLOGY 

Genetic Environment and Other Factors 

Population studies of the 1960s revealed a marginal 
increase in frequency of rheumatoid arthritis in first degree 
relatives of patients (Lawrence, 1970). A decade later, the 
tissue typing techniques for HLA (histocompatibility locus 
antigen) class II became available, and HLA-DR4 was 
identified in over 60% of the rheumatoid arthritis patients 
in Caucasian populations, compared to 20% in normals 


(Panayi et al, 1979). Israeli Jews and Asian Indian 
immigrants in United Kingdom hâve higher incidence of 
HLA DR1. However, an increased incidence of the above 
two genes is not found in ail races and ethnie groups, and 
a study on Greek patients reported no HLA association 
(Goldstein and Arnett, 1987). Perhaps, other susceptibility 
genes hâve to be identified, and better characterization of 
these genes may yield the true answer in future. 

An environmental factor, such as an infectious agent 
may play a part in the etiology of rheumatoid arthritis. 
Attempts of demonstrating organisms directly from joints 
hâve largely failed. From épidémiologie surveys, the 
classical due for an infection background of case clustering 
is never observed. The organisms that hâve been implicated 
are Epstein-Barr virus (Venables et al, 1981, Mycobacterium 
tuberculosis (Cohen et al, 1985) and Proteus mirabilis 
(Ebringer et al, 1985). 

Other than possible infectious agents, there hâve been 
suggestions that sex hormones may accelerate or retard 
the rheumatoid disease (Lahita, 1990). This notion is 
largely based on the higher incidence of the disease in 
premenopausal females compared to males of similar âge 
groups, and the protective effect of the progesterone- 
containing oral contraceptive. Other etiological factors that 
hâve been proposed are diet (Buchanan et al, 1991) and 
stress (Aider, 1985), but their rôle in initiating the disease 
process is unlikely, though they may alter disease 
manifestation or outcome. 

Autoimmunity 

Rheumatoid arthritis was classified as an autoimmune 
disease, chiefly following the discovery of IgM rheumatoid 
factor in the blood of the patients. The rheumatoid factor- 
secreting plasma cells hâve been demonstrated in the 
rheumatoid synovium, thus implicating them at the site of 
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the disease. Other "autoantibodies" that occur in the 
rheumatoid arthritis patients include natural antibodies, 
antinuclear antibodies, anticollagen antibodies, 
antikeratin antibodies and an IgG perinuclear factor. 
However, these antibodies do not always react with 
antigens at the site of disease, and hence, are considered 
as associated with the disease process but not directly 
involved in the pathogenesis. Another set of antibodies 
identified in rheumatoid arthritis patients are directed 
against antigens présent in cartilage, such as collagen type 
II, IX, and XI, and chondrocyte-specific antigens. Their 
actual rôle in the disease process is not known. 

In the context of autoimmune disease, the environ- 
mental factors are seen as triggers, rather than directly 
involved at the site of inflammation. The popular 
hypothesis for induction of autoimmunity is that of 
"antigenic mimicry." This hypothesis implies that an 
external antigen (usually a microbe), that closely resembles 
an autoantigen elicits an immune response that cross reacts 
with the autoantigen. If long lasting immune response is 
perpetuated by the autoantigen as the external antigen is 
eliminated. 

Another concept proposed is that a local immune 
response to environmental antigens may release adéquate 
cytokines to up-regulate local antigen-presenting capacity, 
so allowing autoantigens otherwise "hidden" from the 
immune System due to lack of HLA class II expression to 
be presented to immunocompétent T cells that hâve 
escaped élimination or induction of tolérance (Feldmann, 
1989). In rheumatoid arthritis, cartilage autoantigens such 
as collagen type II, IX and XI recognized by T and B cells 
may fulfil this rôle. These antigens as well as other 
cartilage- or chondrocyte-specific antigens could be 
responsible for initial localization to synovival joints. 

A more recent debate is whether rheumatoid arthritis 
should be considered as a single disease with same 
etiology factor(s), or whether it is a syndrome with many 
etiological factors that initiate the same pathogenetic 
mechanism, clinically manifested by similar symptoms 
and signs (Maini and Feldmann, 1993). 

Pathophysiology 

The stages of pathogenetic process is depicted in a 
simplified flow chart 1. 

The Initial Events 

The présentation of a relevant antigen (causative factor) to 
an immunogenetically susceptible host is believed to 
trigger rheumatoid arthritis. The macrophages or dendritic 
cells that serve as the antigen presenting cells are the first 
to be involved in the human immune response. The relevant 
receptors on the antigen presenting cells are the class II 


major histocompatibility complex (MHC) molécules, which 
perhaps détermine the susceptibility of the individual to 
the disease. The macrophages (or dendritic cells) ingest, 
process and présent the foreign antigen to T-lymphocytes 
which in turn initiate a cellular immune response and 
stimulate the B-lymphocytes into plasma cells that secrete 
antibodies. 

The cellular immune response of the earliest stage of 
rheumatoid arthritis does not produce any symptoms, and 
there does not appear any scope of treating the disease 
unless manifestations are perceived by the patient. 

Organization of Inflammation 

The immune response becomes organized in the 
perivascular areas in the synovial membrane, as the 
increase in the number of T-cells leads to the prolifération 
and différentiation of B-cells. Macrophages from the 
synovial tissue secrete cytokines (class 1 and class 2 
heparin-binding growth factors) which activate the endo¬ 
thélial cells to proliferate and organize themselves into 
blood carrying tubes, and thereby develop an extensive 
network of new blood vessels in the synovival membrane 
(Koch et al, 1986). Neovascularization of synovival 
membrane coincides with the circulating lymphocytes 
adhering to the endothélium in postcapillary synovial 
venules, and they migrate through the blood vessel walls 
and characteristically aggregate in the microenvironment 
around the blood vessels below the synovial surface. 
Helper-inducer T lymphocytes (CD 4 ) adhéré better to the 
endothélial adhesive proteins than do the suppressor- 
inducer subset (CD 8 ), that enables them to gain access more 
easily to the extracellular matrix of the synovial membrane. 
Also, within the synovial fluid of an inflamed rheumatoid 
joint, there is Virtual absence of the suppressor-inducer T 
cells, and marked increase of the helper-inducer T cells 
(Lasky et al, 1988). The T-lymphocytes and presence of the 
relevant antigen activate the B lymphocytes in synovial 
membrane to differentiate into antibody secreting cells 
(Lipsky, 1989). These steps are mediated by another group 
of cytokines, particularly interleukin-2. The antibodies 
secreted in majority of patients (observed in a clinical 
setting) are immunoglobulins directed against the Fc région 
of the IgG, and hâve been named as rheumatoid factors. 
They form large complexes that are capable of activating 
the complément cascade. Another characteristic of 
rheumatoid factors is to precipitate out with IgG in 
superficial layers of cartilage and form complexes that serve 
as attractants for the invasive and destructive pannus that 
appears. 

The cytokines such as interleukin-1, neovas¬ 
cularization of the synovium, and many other not well- 
understood factors enhance the invasion of joint tissues 
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Flow Chart 1 : Simplifiée! flow-chart of the stages of pathogenesis process 


by neutrophils from the circulation and also facilitate the 
delivery of nutrients to proinflammatory and proliferating 
cells. Neutrophils are attracted into the joint cavity by 
complément Va, leukotriene B4 and platelet activation 


factor. The neutrophils after gaining access into joint cavity 
release enormous quantities of protéinases and additional 
chemoattractant molécules (Weiss, 1989). Plasmin found 
from plasminogen by plasminogen activator is chiefly 
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instrumental for protéinases release. More than a billion 
neutrophils enter the rheumatoid joint each day, and 
remain there as there is no path of egress. There are 
inhibitors of majority of the protéinases released into the 
joint space, but in presence of overwhelming large amounts 
of the protéinases, their respective natural inhibitors 
become saturated or destroyed, allowing unrestricted 
enzymatic dégradation of articular cartilage, menisci and 
ligaments. 

Rheumatoid arthritis becomes symptomatic at this 
stage. The hands, wrists and knees are usually the first to 
be affected. General fatigue and malaise may précédé the 
joint symptoms and these constitutional symptoms are 
perhaps caused by cytokines such as interleukin-1 and 
tumor necrosis factor. Morning stiffness which is a 
reasonably spécifie symptoms of rheumatoid arthritis is 
probably due to increase fluid in and around the joint. The 
proliferated and dilated synovial vessels cause the joint to 
feel warm, and in fair skinned individuals a reddish 
discoloration of overlying skin may be observed. 

The Destruction Phase 

The proliferating synovial membrane organizes itself into 
an invasive front that erodes into cartilage's, tendons and 
subchondral bone. It behaves much like a localized 
neoplastic process. The mesenchymal cells in the 
rheumatoid synovium are in a State of intense activation. 
One subset of these cells, namely the dendritic cell has a 
high level of collagénase and interleukin-1 production. 
The production of proteolytic enzymes and prostaglandins 
by synovial cells is induced directly by cytokines such as 
interleukin-1 at the level of transcription. Besides 
collagénase, the rheumatoid synovium cells also release 
stromelysin, and both these protéinases are capable of 
destroying almost ail matrix protein présent in articular 
cartilage and bone. 

Pathology of Rheumatoid Arthritis (RA) 

Rheumatoid arthritis (RA) is a progressive inflammatory 
arthritis of unknown origin involving multiple joints and 
characterized by a tendency to spontaneous remissions 
and subséquent relapses. Arthritis is the most prominent 
manifestation and being a generalized multisystem 
connective tissue disorder it may involve paraarticular 
structures such as bursae, tendon sheaths, tendons and 
extraarticular tissue such as the subcutis, cardiovascular 
System, lungs, spleen, lymph nodes, skeletal muscle, central 
and peripheral nervous Systems and eyes. 

As stressed in the previous account, there, are no 
absolute features for the clinical diagnosis and using 
certain criteria patients can be classified into probable, 
definite or classical RA. Further, there is no certain 


diagnostic laboratory test and to compound the problem 
the histological features too are of a nonspecific nature. 
However, using a close clinical, serological and 
histological scoring pattern, a fairly reproducible dia¬ 
gnostic picture emerges. 

The following description is confined to changes in 
the synovium and joints. 

Early stage: The joints in early rheumatoid arthritis show 
redness, pain, heat and localized swelling. There is a 
synovial effusion containing increased number of 
polymorphonuclear leukocytes. In this stage, the synovial 
membrane is congested swollen and shows a pronounced 
villous pattern. Histological examination shows increased 
amount of polymorphs and fibrin giving rise to a suspicion 
of an infective process. More often, there is a chronic 
inflammatory appearance with abundant lymphocytes, 
plasma cells, fibrin, polymorphonuclear cells and an 
increase in synovial lining cells (Figs 1 and 2). 



Fig. 1: Histopathology of rheumatoid synovial tissue 
in low magnification 



Fig. 2: Histopathology of rheumatoid synovial tissue 
in high magnification 
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Later stages: As the disease progresses more destructive 
changes occur within the joint and chief among which are 
the following: 

1. Pannus which is the vascular granulation tissue. 

2. Erosive destruction of bone secondary to patchy loss of 

articular cartilage. 

At this stage, the synovial membrane starts assuming 
a typical villous appearance with yellowish brown areas 
due to iron deposits (Figs 3 and 33). 

The light microscopie appearance in well-established 
rheumatoid arthritis shows marked inflammation with 
inflammatory cells comprising diffuse lymphocytes and 
plasma cells, and lymphocyts arranged in follicles, some 
also containing germinal centers. A typical villous 
appearance with thickened intimai cells is noted. Surface 
fibrin deposits or fibrin incorporated into the superficial 
portion of the membrane are seen. Detached fibrinoid "Rice" 
bodies are often noted and are by no means particular to 
RA and may be seen in tubercular synovitis and chemically 
irritated bursae. Chronic villous synovitis is also 
encountered in osteoarthritis and joints subjected to 
repeated trauma. 

Pathognomonic Features (True Rheumatoid Nodule) 

These are occasionally formed in synovial tissue and are 
diagnostic. They are more common in séropositive patients. 
The nodules may also be found in bursal and tendon 
sheaths. An arteritis is often found close to the nodule. 
The center of the nodule shows fibrinoid necrosis, which 
is rimmed by palisading macrophages. 

In contradistinction to similar but smaller nodules of 
rheumatic fever, the rheumatoid nodules develop and 
regress slowly and are less rich in hydroxyproline than 
the former. Structures resembling rheumatoid nodules 
which hâve partly discharged their contents into the joint 
space are sometimes seen, and they hâve been called 
"hemigranulomas". These hâve been seen in psoriatic 
arthritis, ankylosing spondylitis and osteoarthritis. Large 
focal collections of fibrin that hâve been incorporated into 
the synovial membrane, organized and surrounded by 
macrophages are the probable explanation for hemi- 
granulomas. 

Immunohistochemical Methods 

Plasma cells (présent in the inflamed synovial membrane) 
usually contain IgG, followed in frequency by IgA and 
then IgM. 

Immunoperoxidase light microscopy and immunogold 
électron microscopie studies hâve shown that the synovial 
intimai cells (type A synoviocytes) are labeled with 
monoclonal antibodies for HLA-DR, lysosomes, L- 
antitrypsin and a number of macrophage markers, while 



Fig. 3: Typical hypertrophied villous appearance 
of excised rheumatoid synovium 

other (type B synoviocytes) contain and produce 
fibronectin. These cells hâve been shown to be surrounded 
by type IV collagen and laminin. Characterization of 
synovial inflammatory cells show prépondérance of T cells 
with CD 4 + cells more numerous than CD 8 + cells both in 
the lymphoid follicles and perivascular lymphocyte 
collections. There are also B lymphocytes in the follicles 
and these may contain germinal follicles. 

Differential Diagnosis 

Various forms of chronic synovitis are known to occur as 
a part or in association with other diseases. The affected 
patients hâve no evidence of rheumatoid factor in their 
blood, and the disorders are often put together as a 
séronégative group. 

These include, ankylosing spondylitis, psoriatic arth¬ 
ritis, Reiter's syndrome, enteropathic arthritis, Behcet 
syndrome, systemic lupus erythematosus (SLE), sclero- 
derma and familial Mediterranean fever and even 
osteoarthritis. 

Value of Synovial Biopsy 

In a proper clinical setting of a polyarthritis séropositive 
for RA, a chronic villous synovitis exhibiting perivascular 
lymphocyte-plasma cell infiltrate and scattered lymphpoid 
follicles is considered diagnostic of RA. However, the 
problem arises when similar histological picture is 
encountered in séronégative cases and in cases with mono- 
articular involvement. In patients with overwhelming 
clinical evidence of RA, biopsy may show fibrin deposits 
and heavy neutrophilie exudate, which may be interpreted 
by the pathologist as signs of pyogénie arthritis. In other 
words, biopsy has very little rôle to play in a definitive 
diagnosis of RA. The only exception to this assertion is the 
presence of rheumatoid nodule, which is universally 
accepted as pathognomonic of RA. Unfortunately, it is 
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indeed rare to encounter this feature in most biopsies. The 
clinician is often relying on the biopsy to rule out 
tuberculosis. 

Conclusion 

From the above discussion, it is only to be reiterated that 
the histological appearances are of an overall nonspecific 
nature and can be seen in a host of other joint diseases. It is 
now the responsibility of both the rheumatologist and the 
pathologist to closely cooperate, develop a comprehensive 
checklist and make limited dogmatic conclusions without 
excluding other possibilities. In India, the most important 
value of the synovial biopsy is to rule out tuberculosis. 

Clinical Featuresand Manifestations 

Rheumatoid arthritis is a systemic disease with mani¬ 
festations in many organs. Thirty years ago, rheumatoid 
arthritis was described as "a chronic systemic inflam- 
matory disorder of unknown etiology characterized by the 
manner in which it involves the joints". There, is no exact 
définition of rheumatoid arthritis, but the several attempts 
to delineate criteria are dominated by symptoms and signs 
of the locomotory System. The most recently published 
criteria are from the American College of Rheumatology 
(Arnett et al, 1988), and rheumatoid arthritis is diagnosed 
if 4 of the 7 criteria are met (Table 1). These criteria were 
developed by observing a number of typical patients 
considered to be suffering from rheumatoid arthritis by 
experienced rheumatologists, and the mean disease 
duration was 7.7 years. The performance of these criteria 
in epidemiological work has not been assessed, and they 
may best be used in clinical trials aimed at patients with 
well-established disease. 

Onset 

One-third of patients hâve an acute or a subacute onset, 
and in one-tenth of them palindromie rheumatism occurs 


for months or years before the persistent symptoms. The 
remaining majority hâve an insidious onset, and it is not 
uncommon for patients to report constitutional symptoms 
(fatigue, malaise, weight loss and myalgias) for many 
weeks before localizing joint pain. Precipitating events 
such as infection, vaccinations, physical trauma or psycho- 
logical stress are frequently reported by patients. 

Articular Involvement 

Symmetric synovitis of the hands and feet with sparing of 
the distal interphalangeal joints may be the single most 
characteristic feature of rheumatoid arthritis. Occasionally, 
the dominant side is more severely affected (Owsianik et 
al, 1980), and in hemiparetic patients the déficit limbs are 
relatively spared (Thompson and Bywaters, 1961). The 
initial involvement may be limited to a few joints, and 
progressively other joints may be affected over many 
months. 

A few features of hand joints affection are pathogno- 
monic. Tender and boggy swelling of proximal inter¬ 
phalangeal and metacarpophalangeal joints, wrists and 
caput ulnae are common early signs. Tenosynovitis of the 
flexor and extensor tendons, occasionally with small 
palpable nodules is another feature. Interosseal muscles 
atrophy rapidly and often obvious within a month of the 
onset of pain. Limitation of wrist dorsiflexion and finger 
flexion is common. As the disease progresses, signs of 
irréversible damage appear. Ulnar déviation of the fingers 
is usually the first to be observed, followed by volar 
subluxation of the metacarpophalangeal joints, loosening 
of distal radioulnar joint with protrusion of ulnar head. 
Subsequently, the swan neck and buttonhole deformities 
of the fingers occur in various combinations. The eventual 
functional loss is characterized by inability to make a fist, 
pinch thin objects, and weakened grip strength. 

The elbow affection usually develops with extension 
limitation and sometimes without patients noticing 
anything abnormal. Synovial inflammation is best 


TABLE 1 : The revised criteria of 1987 (American College of Rheumatology) 

Criterion 

Comments 

1. Morning stiffness 

2. Arthritis of at least 3 areas 

3. Arthritis of hand joints 

4. Symmetric arthritis 

5. Rheumatoid nodules 

6. Sérum rheumatoid factor 

7. Radiographie changes 

Duration > 1 hr lasting > 6 weeks 

Soft tissue swelling or exudation lasting > 6 weeks 

Wrists, metacarpophalangeal joints or proximal interphalangeal joints lasting > 6 weeks 

At least one area, lasting > 6 weeks 

As observed by a physician 

As assessed by a method positive in less than 5 percent of control subjects 

As seen on anteroposterior films of wrists and hands 
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recognized at the groove between the olecranon and latéral 
épicondyle, as a fullness associated with tenderness, and 
passive pronation and supination are painful. 

Shoulders are affected in ail patients, and synovitis of 
the glenohumeral joints is elicited as tenderness on cranial 
palpation from below the axilla, with pain on active and 
passive movement. Acromioclavicular synovitis usually 
accompanies, giving a painful arch above 100°. Also not 
uncommon is rotar or cuff tendinitis with variable 
supraspinatus inflammation causing much pain. 
Occasionally, synovitis is présent in the sternoclavicular 
joint. 

Feet involvement parallels that of the hands. Forefeet 
pain on walking is often the presenting feature. Metatarsal 
joints synovitis is elicited by tenderness at palpation of 
these joints (metatarsalgia). Ankle synovitis is elicited by 
pain on plantar or dorsiflexion of the foot and tenderness 
on direct palpation just distal to the malleoli. Feet 
deformities appear with disease progression, usually seen 
as latéral déviation of toes, cock-up toes and valgus defor- 
mity (eversion) at the ankle. Interestingly, feet deformities 
appear later in Indians compared to Caucasians, 
presumably due to the open footwear choice of the former. 

The knees are usually affected within five years of 
progression and sometimes at the onset. Synovitis is first 
identified by supra- and infrapatellar swelling, patella click 
or the bulge sign. The knee joint communicates with 
popliteal bursae, which may get distended and merge into 
a large Baker's cyst. This can grow and dissect down into 
calf muscles or occasionally into the thigh. The natural 
course of long-standing knee involvement is valgus 
instability, flexion contracture and inability to walk. Knee 
destruction appears earlier in Indian patients than 
observed in Caucasians, and as is speculated for 
osteoarthritis, the frequent squatting habit of Indians may 
be contributory. 

Hip involvement is less common and usually a late 
feature. Once stated, the érosion of cartilages causes severe 
pain on load bearing, restriction of the rotations and 
abduction and limb shortening. Adduction contractures 
are occasionally observed in patients with disease onset 
before the âge of 20 years. 

Cervical spine is affected in over half the patients with 
over a decade disease duration (Bland, 1974). The main 
symptoms in early phases are occipital pain, muscle spasm 
and crépitation. Facet joint synovitis from C 1 to C 4 is 
frequently observed, and symptoms improve by immobi- 
lization with a cervical collar. An occasional patient can 
hâve subluxation of vertebrae causing cord compression. 

Temporomandibular joints are affected in one fourth 
of patients usually symmetrically and causing no major 
disability. In severe destructive cases of rheumatoid 


arthritis, the attritis, the attrition of joint cartilages and 
bone loss causes malocclusion of teeth (Chalmers and 
Blair, 1973). 

Synovitis of the cricoarytenoid joints is a rare mani¬ 
festation in rheumatoid arthritis. The typical symptoms 
are a sensation of foreign body with hoarse and weakened 
voice, as well as nocturnal stridor. Rarely, this may become 
severe leading to suffocation. On laryngoscopic exami¬ 
nations the vocal cords appear red, swollen and 
immovable. 

Nonarticular Manifestations 

Rheumatoid nodules appear in less than 10% of Indian 
patients who are séropositive and hâve an aggressive 
arthropathy, and usually at extensor aspect of forearms or 
pressure areas throughout the skin. Occasionally they may 
be detected in lung, gallbladder and heart. The histological 
appearance is that of a central necrotic area surrounded 
by palisades of fibroblasts, histiocytes and macrophages. 
These are considered as a manifestation of necrotizing 
vasculitis, and may ulcerate (Fig. 4). 

Palmar erythema is commonly observed in patients 
during Rare up of the polysynovitis (Spector, 1989). Besides 
this, vaculitis manifests as nailfold splinter hemorrhages, 
punched-out ulcers on lower extremities or as palpable 
purpura. The ulcers heal spontaneously, if superadded 
infection is controlled. 

Vasculitis may affect the eyes, and most commonly 
manifests as scleritis (Tessier, 1985). It is very painful and 
causes blurred vision that may last for many weeks. In 
severe cases, the inflamed sciera may perforate. 

Lymph node enlargement is common, but seldom are 
they palpable on clinical examination. Occasionally, the 
presenting feature of rheumatoid arthritis is generalized 
lymphadenopathy, simulating Hodgkin's disease. 



Fig. 4: Typical Aschoffs rheumatoid nodules 
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Pleuritis that usually is asymptomatic is observed in 
around one-third of patients (cumulative frequency) of 
Caucasian patients, and far less in Indians. Interstitial 
fibrosis occasionally appears, and usually after one or two 
décades of persistent polyarthritis. 

Pericarditis is minimal and infrequent in adults though 
more common in children. Valvular insufficiency due to 
endocarditis or nodulosis is rare. 

Secondary Sjogren's syndrome (keratoconjunctivitis 
sicca) is observed frequently after two décades of the 
persistent disease. Osteoporosis and generalized 
myopathy (loss of type II muscle fibers) are usually 
associated. 

Variants 

juvénile rheumatoid arthritis (rheumatoid factor positive 
polyarthritis): The majority of children affected hâve onset 
of symptoms after âge of 10 years. The hands and feet are 
first to be affected, followed by knees and ankles. Those in 
whom the onset is before âge of 10 years, the wrist, ankles 
and hindfeet are usually first to be affected. Both groups 
take a progressive course with increasing generalized 
stiffness and eventual affection of shoulders, hips and 
neck. Fever is never observed in patients of juvénile 
rheumatoid arthritis, though most suffer initial body 
weight loss followed by subséquent failure to thrive. 

Palindromie rheumatism: The pattern of joint affection is 
characterized by récurrent attacks of acute and self-limiting 
arthritis. Most frequently, patients are in the third decade 
of life at onset of symptoms, and the hands, wrists, knees 
and feet are affected. Occasionally patient may hâve the 
great toe involvement, simulating goût. The attacks appear 
at irregular intervals, and on an average around 20 a year. 
The majority of them enter prolonged spontaneous 
remission within five years of onset, and a few evolve to 
suffer persistent polyarthritis. 

Séronégative rheumatoid arthritis of the elderly (rheumatoid 
arthritis and polymyalgia rheumatica overlap): Pain and 
stiffness of shoulder and/or pelvic girdle— that appears 
in persons above the âge of 55 years—and sometimes 
associated with polysynovitis at the limb joints are the 
typical features. The limitation of shoulder/pelvic 
movements is most obvious in the early morning hours, 
and the full range is attained later in the day. Dramatic 
relief with a small dose of prednisolone 10 mg/day is 
usually observed. 

Principles of Management of Rheumatoid Arthritis 

The crux of rheumatoid management is nonsurgical. This 
conservative management requires to be a descrete 



Fig. 5: Conservative management of rheumatoid arthritis— 
the prime triad or three-pronged attack (“Mercedes Benz”) 

combination of three modalities (Often referred to as the 
prime triad or three-pronged attack Fig. 5). We hâve 
adopted what we consider an even more apt terminology— 
the "Mercedes Benz"! 

Pharmacotherapy (Chemotherapy) 

The number of drugs used in the treatment of rheumatoid 
arthritis has steadily increased. The use of the drugs, more 
effective patient éducation, physical exercises, occu- 
pational therapy and surgery hâve contributed to some 
extent in the overall improvement of the patient care, but 
the final outcome is far from desired (Rasker and Cosh, 
1989). 

Nonsteroidal antiinflammatory drugs (NSAIDS): These are 
prescribed periodically of continuously to ail patients, 
chiefly for obtaining symptomatic relief. Their mechanism 
of action is to inhibit the cycloxygenase, inhibit neutrophil 
motility, stimulate suppressor lymphocytes and reduce 
the synthesis of rheumatoid factor (Brooks and Day, 1991). 
Commonly used ones are ibuprofen, piroxicam, diclofenac 
sodium, naproxen, indomethacin and salicylates. In 
experimental Systems, high doses of NSAIDs hâve been 
found to inhibit the synthesis of proteoglycans by 
chondrocytes. This has caused spéculation about the 
potential harmful effects after long-term use in human 
disease, though no convincing evidence of NSAID- 
induced cartilage damage is produced. 

NSAIDs contain an asymmetrical carbon atom, and 
inactive (R), and active (S) enantiomers. In vivo , conversion 
occurs from (R) to (S) but not from (S) to (R). A variable rate 
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of conversion perhaps contributes to variation in response 
and adverse effects. A large number of comparative short- 
term trials hâve failed to reveal relevant différences 
between NSAIDS, although individual patients preferences 
hâve been suggested (Scott et al, 1982). 

NSAIDs can broadly be divided into two groups, those 
with short and those with long half-life. The former are 
often available in slow-release formulations, allowing them 
to be administered once or twice daily, for which improved 
compliance is claimed. 

Aspirin was for long the preferred first-line NSAID 
based on its effectiveness and low price. However, a number 
of trials hâve shown it to be less well tolerated than other 
newer NSAIDs, and thus it is no longer considered the 
first choice. This does not apply to non-acetylated 
salicylates. NSAIDs should be prescribed one at a time. If 
the optimal dose of one NSAID has no satisfactory effect at 
end of 3 to 4 weeks, then another should be tried. Combined 
use of two or more NSAIDs is common practice, but its 
rationale is not well founded. Prescribing indomethacin 
at bedtime is popular because of its combined analgésie 
and sédative effect, besides being relatively cheap in India. 
Claims that suppositories and parentéral injections are 
safer and more effective than oral préparations are 
debatable, and perhaps not justified. 

Adverse effects are common, and may be life-threa- 
tening. Patient éducation is essential, chiefly to inform of 
the side effects. Gastrointestinal problems are to be viewed 
seriously. Complications and death in bleeding peptic 
ulcération of the stomach and perforation of the upper 
gastrointestinal tract are no infrequent. Prophylactic 
regimens with sucralfate, H 2 -blocking agents, and in 
particular with prostaglandin E a analogue, misoprostol 
hâve been suggested and should be helpful for patients at 
increased risk of gastrointestinal complications (old âge, 
female sex and previous peptic ulcer). Smallbowel toxicity 
has also been suggested from biopsy studies, which show 
membranes and strictures as well as Crohn-like lésions 
(Banerjee, 1989). 

Impaired rénal blood flow is likely to occur in patients 
with preexisting kidney diseases, and is thought to be 
related to procirculatory prostaglandins. It is important to 
prevent déhydration, which may precipitate rénal failure 
in patients taking NSAIDs. 

NSAIDs must be carefully prescribed, and only on strict 
indications. For adult patients, paracétamol in adéquate 
dosage of 1 gm three times a day is often useful analgésie 
when NSAIDs are contraindicated. 

Diseuse modifying drugs: Antimalarials modulate the 
immune System by potent inhibition of intracellular protein 
Processing, and accumulation in the cellular acid-vessel 
System for transport of macromolecules. They hâve a well- 


documented, moderate disease-suppressive action in 
rheumatoid arthritis, and cause very few adverse reactions 
(Tett et al, 1990). Safety and little need for laboratory surveil¬ 
lance make them as inexpensive first choice among 
disease-suppressing agents, idéal in the Indian context. 
Eye toxicity is extremely rare at the dosage of 4 mg/kg/ 
day for chloroquine and 6 mg/kg /day for hydroxy- 
chloroquine. Given in combination therapy with 
aurothiomalate, hydroxychloroquine improved efficacy 
without increasing any adverse reactions (Scott et al, 1989). 
There is now evidence that antimalarials may diminish 
liver toxicity caused by methotrexate (Fries et al, 1991). 
Antimalarials in combination with D-penicillamine, on 
the other hand, caused more adverse reactions and less 
therapeutic effect. 

Soluble gold salts hâve been administered parenterally 
since the 1930s and still considered among the most potent 
disease-suppressing agents in rheumatoid arthritis. 
Experimental data hâve shown inhibition of antigen 
presention by macrophages, perhaps mediated by enzyme 
inhibition. This results in diminished lymphocyte 
function. Aurothiomalate has been most studied, and 
proved superior to placebo and auranofin, and equal to 
sulfasalazine. Adverse reactions, inefficacy, and thera¬ 
peutic escape are the causes of its limitation as a single 
drug (Sambrook et al, 1982). Aurothiomalate is given once 
weekly in doses between 10 and 50 mg. When clinical 
remission is achieved, the injections are reduced to every 2 
to 6 weeks. However, in practice, only half of patients 
remain on therapy after 2 years and one-fifth after 4 years. 
It is yet to be ascertained whether this can be improved by 
using combination therapy. Adverse reactions to parent 
gold are numerous, and chiefly the mucocutaneous 
(chyriasis, dermatitis, stomatitis), rénal (proteinuria, mem- 
branous glomerulonephritis, hematuria) and hématologie 
(eosinophilia, neutropenia, thrombocytopenia, pancyto- 
penia, aplastic anémia). 

The mechanism of action is not known, but D-peni¬ 
cillamine inhibits T-lymphocyte activation, probably 
through a direct interaction with the T cell. It also reduces 
the amount of circulating immune complexes as well as 
rheumatoid factor. These effects are synchronous with 
therapeutic response. It has chelating effect, and should 
therefore be ingested without food or other drugs. The 
recommended dose is 125 to 750 mg daily, though most 
Indian patients benefit by daily dose not exceeding 250 
mg. Paradoxically, D-penicillamine causes a number of 
autoimmune complications such as, immune-complex- 
mediated glomerulonephritis, systemic lupus erythe- 
matosus, myasthenia, dermatopolymyositis and 
Goodpasture's syndrome. After stopping D-penicillamine, 
these conditions undergo slow remission, although poly- 
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myositis may be fatal if not detected early. Other side effects 
are bone marrow suppression, various forms of skin 
lésions (including pemphigoid) and rénal. It is contrain- 
dicated in pregnancy due to possible tératogénie effect. 

Sulfasalazine: The mechanism of this drug remain 
hypothetical, but its efficacy is comparable to gold and D- 
penicillamine (Porter and Capell, 1990). Most of the 
ingested drug is split into 5-amino-salicylic acid and 
sulfapyridine by bacteria in the colon, and many of its 
side effects are sulfapyridine-related (nausea, abdominal 
pain and dizziness). The bénéficiai action probably résides 
in the intact molécule. Sulfasalazine is given orally in doses 
starting with 0.5 gm and increased to mantainer dose of 1 
gm twice daily. The bénéficiai effect is generally perceived 
after two or three months of initiating the therapy. 

Cytotoxic drugs Methotrexate, a folie acid antagonist has 
become widely used in rheumatoid arthritis in the past 
decade. It is distinguished as a rather rapid disease 
suppressing effect when administered orally or 
parenterally in low doses of 5 to 15 mg/week (Grosflam 
and Weinblatt, 1991), and it has found excellent patients 
acceptance. It induces immunosuppression by mecha- 
nisms related to the antidihydrofolate reductase effect. The 
most common adverse reaction is gastrointestinal intolé¬ 
rance that usually is not severe. Methotrexate may cause 
severe septic complications, and it is advisable to stop the 
drug a few weeks before arthroplasty. The question 
regarding the long-term liver toxicity remains unresolved, 
but routine liver biopsy is not necessary during the first 
five years of the low dose once a week therapy. NSAIDs 
increase toxicity with high dose methotrexate the same is 
not observed with the lower recommended dose. Used as 
a single drug, methotrexate has a better "survival" at the 
end of 4 or 5 years compared to gold and D-penicillamine. 
Combination therapy with gold, D-penicillamine and 
hydroxychloroquine is being studied currently, and may 
be useful (Paulus, 1990). 

Auranofin is a lipophilie gold compound for oral use 
that is effective in rheumatoid arthritis though less 
efficacious than parentéral gold (Champion et al, 1990). 
The effective dose is 3 mg twice daily, and it takes 3 to 4 
months for benefits to be perceived by the patient. The 
most common side effects are diarrhea and other mild 
gastrointestinal disturbances. It has failed to gain 
popularity on account of the adverse reaction and 
comparatively high cost. 

Azathioprine the purine analogue is an effective disease 
suppressive drug in rheumatoid arthritis given in doses 
between 1.5 to 2.5 mg/kg daily, although the onset of action 
is slow. Nausea is common, and occasionally the bone 
marrow and liver toxicity may occur. 

Chlorambucil 0.1 to 0.2 mg/kg/day, and cyclo¬ 
phosphamide 100 to 150 mg/day are alkylating agents that 


suppress rheumatoid arthritis. No comparative studies 
hâve been published, but the toxicities (bone marrow 
suppression, gonadal failure, malignancy inducing) limit 
their use other than for severe systemic disease. 

Cyclosporin-A has a spécifie inhibiting effect on T 
lymphocyte prolifération and is an attractive drug for 
immune modulation/suppression in rheumatoid arthritis. 
In clinical trials (van Rijthoven et al, 1986, Tugwell et al, 
1990), it is found to be moderately effective, but the main 
problem is that it induces hypertension in many patients 
and is nephrotoxic in low dosages of around 5 mg/kg/ 
day. The long-term conséquences are not known, and as 
of today is considered an experimental therapy. 

Glucocorticoids hâve a large number of effects on the 
immune function and régulation, and cell movements and 
adhesion. It is the most effective and predictable drug to 
obtain immédiate symptomatic relief, but the long-term 
effects are among the most controversial issues in the 
treatment of the disease (George and Kirwan, 1990). The 
list of side effects is long, and diabètes, hypertension, 
obesity, cataract, arteriosclerosis and osteoporosis are 
among them. Pulsed intravenous megadoses of 1000 mg 
méthylprednisolone do not appear superior to 100 mg. 
Intraarticular use of crystalline préparation is effective for 
a solitary inflamed joint that remains refractory to disease 
modifying and nonsteroidal drug benefits, but at the risk 
of immédiate and late septic arthritis (Ostensson and 
Geborek, 1991). A new oxazoline analogue of predniso- 
lone, named deflazacort, has promising features in being 
less diabetogenic and causing less osteoporosis (Gray et 
al, 1991). In contrast to prednisolone, it does not inhibit 
adrenal cortisol sécrétion. If these benefits are confirmed, 
then it may prove an important alternative to the présent 
day use of glucocorticoid. 

Changing perspective of the treatment: For the past quarter 
century, clinicians hâve followed a program of sequential 
administration of drugs as illustrated by the "therapeutic 
pyramid". The rationale for this conservative program was 
that rheumatoid arthritis is usually a benign disease, 
slowly evolving and sometimes spontaneously remitting. 

In this model, the base of the pyramid is a salicylate or 
one of the many NSAIDs. They are regarded as relatively 
safe agents that hâve a rapid onset of analgesia and 
antiinflammatory activity and thus attractive to patients, 
particularly those with mild disease. These médications 
are effective for only a portion of patients, and it has become 
customary to use a number of them sequentially trying to 
find an effective one, a process often taking considérable 
time. 

The next step in the pyramid is to the second-line 
agents, such as gold préparations, chloroquine médi¬ 
cations, penicillamine or sulfasalazine. These préparations 
differ from NSAIDs in their delayed onset of action and 
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lack of analgesia. They are thought to be capable of 
modifying the disease in a more basic fashion and hâve 
become known as "remission inducing" or diseases 
modifying antirheumatic drugs (DMARDs), even though 
remission, defined as prévention or slowing of 
radiographie evidence of joint érosions is difficult to 
demonstrate. When such drugs prove ineffective pro¬ 
gression in the pyramid leads to cytotoxic and immuno¬ 
suppressive médications, corticosteroids, experimental 
and investigational agents, or novel thérapies. 

In evaluating the conventional pyramid, several 
concerns arise. First , NSAIDs may not be so simple and 
safe as once thought. When coupled with skin, central 
nervous System, hepatic and rénal events, these 
preparaüons rival or exceed toxicities of drugs traditionally 
placed higher in the pyramid. Second , the perceived success 
of the pyramid has been based not only on therapy of 
patients with benign disease but also on the false assump- 
tion that short-term clinical responsiveness equals long- 
term control. The inflammatory process in RA is complex, 
composed of humoral and cellular components with 
inflammatory mediators, tissue destructive enzymes and 
amplifying cytokines leading to joint damage. Although 
there are drugs available that can partially or temporarily 
control inflammation, no "magic bullet" is available to 
completely control the process for a long period. Unfor- 
tunately, most of the drugs that interfère with immune 
dysregulaüon are relatively global and not highly targeted. 
Other than corticosteroids or perhaps methotrexate, studies 
hâve shown that fewer than 10% of patients continue taking 
a single DMARD after 3 years, discontinuing them because 
of toxicity, lack of efficacy or a poorly understood 
phenomenon of "therapeutic escape." Third, when using 
single sequential drug therapy, approximately 5 to 8 years 
are required to work through the therapeutic pyramid. In 
some patient of rheumatoid arthritis (with aggressive 
disease), studies hâve shown that damage occurs in the 
first 2 years of the disease. Thus, the early part of the illness 
may be the critical time not only to prevent joint damage 
but to inhibit build up of an increasingly complex inflam¬ 
matory process, one progressively difficult to control. 

Current drugs only partially or temporarily control 
inflammation. Their definitive mode of action is not well 
understood. Because their onset of action varies, we 
assume that each has a different mechanism of action. 
Some, like corticosteroids, work almost immediately, others 
like methotrexate, hâve an intermediate onset of action in 
weeks, and still others, like penicillamine, may take the 
better part of a year. 

A révolution is occurring in the treatment of rheumatoid 
arthritis. This re-evaluation has been forced by the 
accumulating evidence that the traditional therapeutic 
program fails to prevent joint damage and disability in 


many patients. It has been further stimulated by the 
progress of molecular biology defining the molecular, 
humoral, and cellular events in rheumatoid inflammation 
that promise opportunities to define thérapies for 
inhibiting spécifie events in the inflammatory process. 

Because single drug therapy is inadéquate or short- 
lived, the use of combination therapy seems to be an alter¬ 
native approach. The rationale for combination therapy is 
multifaceted and includes combining drugs with different 
sites of action to increase efficacy, combining drugs with 
different toxicity to minimize risk, using lower doses of 
toxic drugs in combination to decrease toxicity, or using 
higher doses of toxic drugs in combination to eradicate 
rheumatoid arthritis, a "nonmalignant B-cell lympho¬ 
proliférative disease". The true benefits of combination 
chemotherapy are yet under investigation. 

The other major therapeutic hopes for the future are 
rationally derived biological agents that interfère with 
critical steps in the pathogenesis of RA (such as interleukin- 
1 receptor antagonists or soluble cytokine receptors, agents 
that affect T cells and adhesion of inflammatory cells to 
endothélium). Studies of several classes of these agents 
are just beginning to be reported. We can only hold 
optimism that these biological agents will provide us with 
the long-awaited "magic bullets". 

Splintage 

Rationale of immobilization and its principle: From times 
immémorial, the most important key factor of management 
of inflammation is "rest". However, at the very outset it 
may be mentioned that some clinicians believe that 
physical activity to some extent is essential to maintain 
function in a damaged joint and/or soft tissue. It is in fact 
the clinical assessment which would détermine the exact 
proportion in which these apparently divergent views 
could be reconciled. The spécifie management in any case 
would dépend on severity and rapidity of progress of the 
disease. 

According to Asher (1986)/ specially when systemic 
features are évident, a period of bed-rest may be very 
helpful in the treatment of active rheumatoid arthritis 
despite the risks to a wide range of body Systems. Duthie 
et al (1964)** opines that patients with acute onset when 
admitted fared better than those with less active and more 
chronic forms. They argue that this may be partly due to 
early exposure to physical methods of treatment. In the 
same context, Mill et al (1973)*** found that more active 
cases benefitted from more severe restrictions. 

Asher: In Scott JT (Ed) Copeman's Textbook of the Rheumatic 

Diseases (6th ed) 2: 1484, 1986. 

Duthie et al: supra n. 1, p 1484. 

*** Mill et ah supra n. 1, p 1485. 
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For bed-rest, a firm mattress coupled with proper 
positioning of the patient is desired. Ideally, and more 
logically, the patient should be made to lie prone, 20 to 30 
minutes, twice or thrice a day to prevent flexion 
contractures. However, in practice and reality, whether 
the painful inflamed joint condition of the patient would 
permit such ideals is a matter for the therapist and the 
clinician to judge and would vary from patient to patient. 

A délicate balance has to be struck at the active stage 
between the need to complété immobilization, whether at 
hospital or home, and the essence to prevent widespread 
wasting of muscles and other complications of prolonged 
bed-rest. Perhaps the answer is well-monitored suitable 
exercises. It is a fact that, even at times, passive movement 
cannot be tolerated exaggerating pain in the inflamed joints 
and spasm of the muscles. A compromise is achieved by 
designing a régime of isométrie exercises, the success of 
which would dépend on the tolérance of patient and the 
expertise of the therapist. 

The muscle atrophy from disuse can be prevented or 
controlled by strong and frequent isométrie exercises which 
bring about change in the tone of the muscle without a 
change in its length. In such cases, the "hold-relax 
technique" is found useful within the limits of disability, 
pain and fatigue. The period of "hold" helps to obtain a 
build up of excitation with contraction of shortened 
muscles, the activity of their antagonists being facilitated, 
and when facilitated, the lengthening reaction of the 
shortened muscles increases thereby voluntary relaxing 
the muscles. 

A form of partial rest by judicious use of splintage and 
supports should be aimed at, thereby, permitting certain 
amount of physical activity while preventing painful 
stresses. The foundation of management at this stage is 
immobilization and splintage intercepted by spécifie 
limited exercises. 

Varieties ofstatic and dynamic splints: These are made of a 
variety of materials which vary in their relative merits. 
The properties needed are strength, lightweight, comfort 
and speed of supply. Materials frequently used include 
plaster of Paris, "polythene", which is light but strong, 
"polypropylene" which, is rather soft but can be easily 
reinforced. 

The stage of the disease and types of splints détermine 
their wearing schedule. A broad classification of splints, 
namely 

i. static or rest splint (Figs 6A to D and 

ii. dynamic or functional splint 7AtoD 

iii. corrective splint. 

Static or rest splints are normally applied during 
periods of inactivity to immobilize involved joint or joints. 
Dynamic or functional splints are normally applied during 



Figs 6A to D: (A) Static cock-up splint, (B) Dynamic splints for 
interphalangeal joints, (C) Dynamic flexor splints using elastic 
bands, and (D) Dynamic extension splints for fingers and wrist 
joint 

periods of activity to immobilize or protect the involved 
joint or joints and the surrounding muscles. Specially, in 
the subacute phase, with increase in the patients physical 
activity, these splints are important in the areas of 
exaggerated disease activity. Corrective splints are used 
to modify soft tissue contracture. 

Splints, in general, help to decrease inflammation, 
diminish pain, maintain proper position of joint or joints 
in a pain-free range with minimum intraarticular pressure, 
prevent the development of contractures, decrease or 
alleviate symptoms of nerve entrapment and support 
ligaments. 

Physiotherapy 

Physiotherapy is concerned with the maintenance of total 
body function, joint mobility and muscle power of the 
limbs. In addition, it also focuses on early mobilization 
and réhabilitation. Sélection of the appropriate technique 
for a particular patient at a particular time is the 
foundation of good physiotherapy. It is not uncommon 
that ail the patient's joints may be in different stages of the 
disease. For example, joints of the hands mjay be in the 
State of acute inflammation, while the feet or knees are in 
the chronic stage or vice-versa. In such a case, each must be 
appropriately treated according to the stage of the disease. 
The program may range from simple instructions 
regarding do's and dont's to the patient in the management 
of his daily activities, a régime of well-planned préventive 
home exercise and patient éducation to intensive long- 
term réhabilitation combining thermal modalities, hydro- 
therapy and other physiotherapeutic armamentry. 
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Principles of active/passive mobilization and its rationale: Once 
the acute phase recedes and gives way to the subacute 
stage, emphasis swings from rest to active physiotherapy. 
The amount of physical therapy that should ideally be 
given to a patient at any stage would be determined by 
striking a délicate ratio between maximum tolérance to 
exercise within the limits of pain or fatigue, occurring either 
during or after exercise, interspersed with phases of rest. 
On the one hand, too little of exercise would mean increased 
weakness and stiffness leading to contractures and/or 
deformity, whereas on the other hand too much of exercise 
will perhaps mean increase of pain and exacerbation of 
symptoms and the disease. There is no documentation to 
indicate that an exercise program can change the course 
of disease or prevent ail deformities. However, by keeping 
muscle strength and joint range of motion as normal as 
possible, contractures can be prevented and other 
deformities slowed down without further damaging the 
diseased intra- and extraarticular tissues. Ideally, 
exercises, whatever be their description ought to be simple 
and of a type which the individual can easily learn. These 
exercises should be aimed at functional independence and 
réhabilitation. 

The patient should be cautioned of initial pain and 
soreness at the start of exercise therapy which should not 
cause unnecessary alarm or stop the patient from doing 
exercises. However, pain lasting more than few hours after 
exercises or any increased pain in the same joint the next 
day indicates that quantum of exercise should be 
decreased. 

The aims of therapeutic exercise are to mobilize stiff 
joints, to maintain or restore muscle tone, to strengthen 
weak muscles, to prevent atrophy of muscles and bone 
resulting from inactivity, to improve the patient's general 
condition particularly with regards to respiration and 
posture, and to restore and maintain function. 

Exercises are of three types, viz. isométrie, assisted and 
active. These are tailored to influence spécifie muscles, 
muscle groups or mass movement patterns like the 
proprioceptive neuromuscular facilitation. These exercises 
may be either subjective or objective. What is most 
significant is to plan the idéal starting position, explain 
the spécifie instructions, monitor the speed and duration 
of exercise and inculcate coopération of the patient. 
Depending on the nature of exercise, its extent, intensity 
and duration of its performance, relaxation, joint mobility, 
muscle power and tone, confidence and préparation for 
ADL are achieved. 

In free exercises, the working muscles are subject, at 
the most, only to the forces of gravity with or without 


résistance offered by the weight of the limb or part of the 
limb acting upon the part moved or stabilized. 

In assisted exercises the patient actively collaborâtes 
with the therapist by contracting muscles, while the latter 
assists the movement when the normal range is limited by 
pain which may or may not be accompanied by weakness. 
Suspension exercises in Gutherie-Smith apparatus are 
most valuable, a simpler version of which may be arranged 
at the patient's home. 

Once this is achieved the emphasis swings more from 
achieving range to developing the power and endurance 
of the muscles by means of resisted exercises. An external 
force may be applied to the body levers to oppose the force 
of muscular contraction thereby increasing the tension in 
the muscles and the response is an increase in power and 
hypertrophy. What is prescribed for the patient suffering 
from rheumatoid arthritis are low-resistance and high- 
repetition exercises. The résistance force to exercises may 
be provided by the physiotherapist, patient, weights, 
weight and pulley circuit, springs, water, etc. 

A spécifie technique called "proprioceptive neuro¬ 
muscular facilitation (PNF)" is designed to increase degree 
of central excitation enabling a greater extent of muscular 
contraction and relaxation. It enhances reflex muscular 
activity, thereby reinforcing voluntary effort which may 
otherwise be impaired by pain, muscle weakness, joint 
stiffness, or diminished excitability of the anterior horn 
cell, peripheral nerve or muscle. This is achieved by 
stimulating sensory receptors of the skin and muscle 
causing increased excitation of anterior horn cells. 

The performance of exercise is as important as the 
éducation of the patient regarding exercises. Movements 
should be done slowly and smoothly, with the patient 
concentrating on doing each individual movement 
precisely and correctly. 

With spécifie reference to cases of rheumatoid arthritis, 
an additional method useful for mobilizing patients and 
individual joints, specially those bearing weight is 
"hydrotherapy". The buoyancy of water in a warmwater 
pool supports the limbs and helps to relieve pain and 
muscle spasm. In addition, varieties of exercise programs 
can be performed in the pool giving the patient the benefit 
of a gravity eliminated as well as against gravity plane. 
This freedom of movements gives the patient confidence 
and encourages the exercise program helping to achieve 
mobilization, strengthening as well as ambulation. The 
varieties of hydrotherapy pool are deep pool, Whirlpool 
and contrast bath. The contraindications are poor cardiac 
status, limb in plaster, incontinence, open and/or infected 
wounds. 
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Figs 7A to D: (A) Knee cage with knee lock, (B) Polypropylene 
above-knee orthosis, (C) Polypropylene below-knee orthosis, 
and (D) Corrective splint for knee deformity 

Postural correction and gait training are essential. An 
idéal posture is one which achieves the objectives with 
maximum efficiency and minimum effort. The common 
aids used for ambulation are forearm or elbow or Canadian 
crutches, axillary crutches, canes, and/or walkers. Some 
suitable splintage and/ or callipers (weight relieving type) 
as well as spécifie adjustment on the boots are at times 
required. It may well be essential to design suitable 
arrangements in the walkers and/or canes and crutches 
to suit individualistic problems keeping in mind the exact 
status of the upper extremity (Figs 6A to D and 7A to D). 

To rehabilitate a patient means to achieve maximum 
possible functional activity at home and at work keeping 
in mind the limits of disability. Réhabilitation is a sériés of 
treatment programs embracing the total therapy and has 
five main aims: (i) relief of pain, (ii) if prévention of defor¬ 
mity, (iii) correction of existing deformity, (iv) improvement 
of functional capability, (v) control of systemic 
manifestation. 

Additional physiotherapy armamentary used: Depending on 
the exact clinical assessment of the joint or joints involved, 
spécifie modalities are prescribed. Electrotherapy 
modalities can be either based on heat or cold therapy. 
Heat, in turn, can be either superficial or deep in nature. 


Superficial heat can be given by moist heat pack, paraffin 
wax bath and infrared therapy, local and general steam. 
Moist heat packs are silica gel filled in canvas packs and 
heated in hot-water baths. 

Paraffin wax bath is primarily used to treat peripheral 
joints of the hands and feet. It has an effect on small joints 
which are inflamed thereby helps to reduce swelling and 
stiffness. It is also useful as a prologue to exercise therapy. 

Infrared rays are emitted from lamps which are either 
luminous giving primarily a counterirritant effect or 
nonluminous where the effect is sédative on the superficial 
nerve endings and, therefore, the latter is useful in cases of 
inflammation. 

Moist heat helps to relax the spasmodic muscle 
overlying any joint, thereby helping to facilitate joint 
mobilization with comparatively less pain. 

Deep heat modalities include, amongst others, the short 
wave diathermy, micro wave diathermy, ultrasonic 
therapy, interferential therapy, etc. These are ail high 
frequency waves except the interferential which is the 
medium frequency wave. These modalities differ in their 
wave frequency and in their depth of pénétration but hâve 
certain effects in common. They ail bring about a local rise 
of température except in cases of ultrasound, where 
externally heat is not felt. Heat, in turn, helps in the relief 
of pain. They help reducing subacute or chronic 
inflammation by increasing the flow of blood as a resuit of 
reflex vasodilatation. 

Before proceeding further, it would not be out of context 
to put in a word about cold therapy, also referred to as 
cryotherapy, which has gained tremendous significance 
in the western world, as it has the significant advantage of 
avoiding ail the dangers of burns that are inhérent risk 
with heat modalities if not supervised cautiously. 
Practically, it can be given with ice towels, ice packs, ice 
cubes and cryotherapy machine. 

The effect of cryotherapy is to reduce pain, swelling 
and to promote repair. It provides excitatory stimulus when 
the muscles are inhibited. Hence, it is found very useful 
for acute inflammatory joint to undertake isométrie 
exercises. It also helps to temporarily anesthetize the area 
treated, thereby, facilitating mobilization exercises in an 
otherwise painful joint which would prove to be more 
difficult to exercise. 

Transcutaneous electrical nerve stimulation (TENS) 
acts so as to deliver sufficient charge current to a pair of 
électrodes so that the current density produced by the 
résultant electric field is able to carry along large diameter 
afferent fibers, and this can produce presynaptic inhibition 
of transmission of nociceptive A-delta and C-fibers at 
substantia gelatinosa of the pain gâte (Melzack and Walls 
Gâte Control Theory). 
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The latest of the gamut of physiotherapy treatment is 
the "soft laser therapy". Broadly speaking, laser therapy 
is the application of electromagnetic radiation, the energy 
being interpreted as a stream of minute particles or photons 
which interact intensely with biological structures. Soft 
laser useful for physiotherapy has a wavelength between 
600 to 1100 nm. 

The indication of laser therapy would be relief of pain 
for the conditions where tender painful spots, trigger point 
pains and painful involvement of soft tissues in and 
around the joint commonly seen in rheumatoid arthritis. 

Dr Frank Krusen, a pioneer of physical medicine and 
réhabilitation once said, "The day the arthritic goes to bed, 
is the day he becomes a cripple". The methods hereinabove 
explained are based on a logical approach coupled with 
skilled therapy to achieve useful relief throughout the 
disease process. Successful management of disease is 
assessed by quality of life achieved by the patient 
throughout this period. 

The modem approach to this progressive crippling 
disease is based on skilled supervised physiotherapy as a 
significant part of a total réhabilitation team, which has 
the advantage of minimizing the side effects of drug 
therapy, thereby, helping the patient to be functionally 
comfortable and to carry on activities of daily living to the 
best of his ability so that he continues to remain as a useful 
member of society. 

Scope ofOperative Treatment 

The essence of management must be combined teamwork 
between the physician/rheumatologist, the physio- 


therapist, and the orthopédie surgeon. The rôle of the 
surgeon usually emerges when the drugs and the physical 
therapy are not able to curb the disease process. Active 
disease is not a contraindication to surgery, as was once 
thought. The indications for surgery and sélection of an 
operative procedure will vary, e.g. timely synovectomy 
serves the purpose of éradication of the offending 
rheumatoid granulation, thereby, saving articular carti¬ 
lage, tendons, and other connective tissue from irréparable 
destruction. It is a joint and function saving procedure. 
Other soft tissue and bony procedures could be for 
correction of grotesque deformities. Finally, there are proce¬ 
dures like total joint arthroplasties and tendon transfer as 
a means of reconstruction for salvaging function. 

RHEUMATOID HAND AND WRIST 

We prefer to begin with the rheumatoid hand and wrist 
because these so aptly illustrate and accurately interpret 
the stages of the pathogenesis, shown earlier in the flow 
chart. 

Extra-articular Manifestations 

Extensor Tenosynovial Cysts 

Extensor tenosynovial cysts are commonly seen at the wrist 
level. The tendon sheaths are infiltrated by the rheumatoid 
pannus resulting in multicystic swellings containing 
granulation material and effusion. If there is no improve- 
ment by conservative measures, synovectomy is indicated 
to prevent tendon infiltration, which may eventually lead 
to tendon rupture (Figs 8 to 10). 



Figs 8 to 10: Extensor tenosynovial cyst dorsum of the hand with pathological tendon rupture; 
Required synovectomy and reconstruction of the ruptured tendons 
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Tendon Rupture 

The tendons commonly involved are the extensor pollicis 
longus, where its direction changes at the level of the 
Lister's tubercle, extensor digitorum to the little finger at 
the wrist level, and the extensor carpi ulnaris at the wrist 
level. Apart from the infiltration by the rheumatoid pannus, 
other factors probably influence the site of the rupture, e.g. 
the already disease-infiltrated tendon of extensor pollicis 
longus sustains further mechanical friction at the Lister's 
tubercle where it changes its direction for better mechanical 
advantage. The vascularity/nutrition of some tendons is 
also precarious at sites, where proximal and distal axial 
vessels peter out and not anastomose, thereby, leaving a 
"critical point" which is more prone to ischémie necrosis 
and rupture (Smith, 1946 and Trevor, 1950). Direct suture 
of the ruptured tendons or even short bridge tendon gratis 
are doomed to failure because of possible infiltration by 
the rheumatoid pannus again. Tendon transfer of a healthy 
motor unit is the best solution, e.g. extensor indicis proprius 
to trimmed distal end of the flexor pollicis longus. 

Flexor Tenosynovitis 

When the tenosynovial swelling extends from the distal 
forearm to the palm through the carpal tunnel, it can 
présent with symptoms of médian nerve compression. On 
increasing in size, the swelling cross-fluctuates between 
the palm and the wrist, hence, is referred to as a 
"compound palmar ganglion." Synovectomy of the 
affected flexor synovium along with the granulation and 
"rice bodies" gives gratifying results (Figs 11 and 12). 

“Swan Neck” Deformity 

The deformity of flexion at the metacarpophalangeal joint, 
hyperextension at the proximal interphalangeal joint, and 
a compensatory flexion at the terminal interphalangeal 
joint is caused by the involvement of the intrinsic 
lumbricals by the disease process extending from the flexor 
tendon synovial sheath due to its immédiate contiguity, 
and subsequently producing fibrosis and contracture. The 
deformity is an exaggerated représentation of the normal 
action of the lumbrical muscle. The deformity is corrected 
by dividing/excising the fibrosed oblique fibers of the 
lumbrical insertion into the extensor expansion, provided, 
of course, the disease has not involved the joints. 
Maintenance of the correction by adéquate splintage and 
physiotherapy is essential {Littler, 1956} (Figs 13 and 14). 

“Dinar Drift” 

Médial déviation deformity of ail the digits at the meta¬ 
carpophalangeal joint level is probably due to a 
combination of factors. Involvement of the knuckle hood 



Fig. 12 


Figs 11 and 12: Compound palmar ganglion in rheumatoid 
flexor tenosynovitis requiring synovectomy—note the “rice 
bodies” in the excised synovial sac 



Fig. 13: Classical swan-neck deformity 
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Fig. 14: Correction of classical swan-neck deformity by 
Littler's operation 


by the disease process produces atténuation of the 
retinacular reins of the extensor apparatus and the 
collateral ligaments. Due to the normally médial devia- 
tional pull of the extensors, and constant pressure of usage 
from the radial to ulnar side, further assisted by the 
anatomical asymmetry of the metacarpal heads which 
slope medially in the coronal plane (Hakstian and 
Tubiana, 1967)—the extensor tendons gradually dislocate 
into the interkunckle groove, becoming ulnar deviators 
rather than extensors and further enhancing the deformity. 
Provided joint changes hâve not occurred, a satisfactory 
correction can be obtained by relocation of the extensor 
apparatus by releasing the médial capsule and plicating 
the latéral capsule of each joint (Bunnell, 1955). Extensor 
indicis proprius transfer to the latéral aspect of the index 
finger helps in motivating and strengthening radial 
déviation and combatting the ulnar deviational tendency 
(Figs 15 and 16). 

“Boutonnière ” or Buttonhole Deformity 

The deformity of flexion at the proximal interphalangeal 
joint, with a compensatory hyperextension at the terminal 
interphalangeal joint is due to rupture of the central slip of 
the digital extensor tendon apparatus. There is a side- 
slipping of the latéral bands on either side of the proximal 
interphalangeal joint, causing a flexion deformity and 
extension lag (like a vertical buttonhole slipping on each 
side of the button when it is put on). In the authors' 
expérience, these patients usually report late, and hence 
repair by reattachment of the central slip and relocation of 
the latéral bands, give disappointing results. Although 
several reconstructive procedures hâve been described, 
(Easton, Green) they merely provide some salvage of 
function. In the authors' hands, a tendon reconstruction 



Fig. 16 


Figs 15 and 16: “Ulnar drift” deformity corrected by Bunnell’s 
operation—relocation of the extensor apparatus by release 
and plication of the capsule 

operation described by Ivan Matev has given reasonably 
satisfactory results (Matev, 1969). The ulnar collateral band 
is transected more distally at the distal interphalangeal 
(DIP) joint level, and the radial band at the middle phalanx 
level, the longer ulnar band is transferred across to the 
distal radial stump, whilst the shorter radial band is put 
through the central tendon slip and then anchored into 
the periosteum of the dorsum of the middle phalanx in an 
advanced position. This is followed by 3 weeks immobili- 
zation with metacarpophalangeal (MP) joint flexed to 45 
degrees and interphalangeal (IP) joints in full extension, 
and subséquent protected mobilization (Figs 17 and 18). 
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Fig. 18 

Figs 17 and 18: “Boutonnière” deformity; late reconstruction 
by Matev’s operation 


Intraarticular Manifestations 

Wrist Joint 

The wrist is commonly involved in rheumatoid arthritis, 
along with the inferior radioulnar joint which is usually 
in a more advanced stage. Progressive synovial swelling, 
painful restriction of movements, flexion-ulnar déviation 
deformity, and subluxation of the inferior radioulnar joint 
are the common clinical manifestations. Timely 
synovectomy can save the joint from irréparable 
destruction. The Smith-Peterson médial approach permits 
excision of the distal ulna, and thereon a good exposure of 
the wrist joint. Another advantage of this approach over 
the standard dorsal one using strutbone grafts or plates 
for fusion is that there is no interférence with the tendons 
of the flexor and extensor compartments, thereby, allowing 
early pain-free movements of the fingers postoperatively. 
Depending on the degree of damage to the articular 


cartilage, a decision can be made whether to do a joint- 
saving synovectomy or to proceed with an arthrodesis by 
erasing the remaining cartilage and inserting a bony corti- 
cocancellous strut removed from the excised ulna, into a 
groove in the lower radius and a tunnel in the distal carpus 
for attaining stability in the optimal position of 10 degrees 
of dorsiflexion. The incidence of fusion is good in about 3 
months, and the pronation/supination range is retained 
(Figs 19 to 21). 



Fig. 21 

Figs 19 to 21 : Synovectomy/arthrodesis of the wrist by 
Smith-Peterson ulnar approach; stages of the procedure 
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Although wrist joint replacement arthroplasties hâve 
been tried recently, the results hâve not been good enough 
to justify the procedure. A fused wrist in the optimum 
position with free pronation-supination leaves very little 
functional disability. 

Finger Joints 

Metacarpophalangeal joint: These are the most frequently 
and severely involved, producing gross deformities and 
pathological dislocations, if not checked in time. 
Synovectomies are quite easily done through a transverse 
dorsal incision, and should be maintained postoperatively 
by adéquate splintage followed by controlled mobilizaüon. 
When the joints are beyond rédemption, the best salvage/ 
reconstruction is by joint replacement. Fused meta¬ 
carpophalangeal joints are functionally very poor, whilst 
excision arthroplasties are equally inadéquate because of 
the gross instability created. 


Evolution of metacarpophalangeal and proximal 
interphalangeal joint arthroplasty has passed through the 
phases of the metallic hinged prosthesis (Flatt AE, 1962) 
which proved to be too rigid and mechanically unsound, 
followed by the 1-piece silastic prosthesis (Swanson, 
Nicolle) which appears to hâve stood the test of times, and 
more recently the 2-piece snap-fit isoelastic prosthesis 
(Mathys), which is also rather rigid for providing the 
universal mobility that is necessary in fingers, (apart from 
being very expensive). In our expérience, the Swanson's 
model silasüc prosthesis has scored over the other patterns 
in the long-term assessment of results. This is because of 
its 1-piece construction, elasticity of the prosthesis, 
wherein movements occur not only at the "joint", but also 
due to sliding of its prongs in the reamed medullary cavities 
on each side. At the same time, satisfactory stability within 
the initial 3 to 4 weeks is achieved due to a fibrous 
periprosthetic capsule formation (Figs 22 to 25). 



Fig. 24 Fig. 25 

Figs 22 to 25: Silastic joint replacement (Swanson’s model) of ail metacarpophalangeal joints of 
the hand in advanced rheumatoid destruction; stages of the procedure 
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The proximal interphalangeal joint In the earlier stages of 
synovial thickening, synovectomy of this joint gives 
gratifying results. Several approaches hâve been followed, 
viz collateral approach which may be hazardous to the 
neurovascular bundles in inexperienced hands, dorsal 
approach or volar approach, both of which would produce 
stiffness due to dorsal or volar tendinous and para- 
tendinous adhesions. Our personal preference is by a 
unilatéral incision, dividing the oblique collateral ligament 
which allows a vast exposure for synovectomy. If the 
collateral is meticulously repaired, the stability of the joint 
is more than adéquate to allow early mobilization 
(Lipscomb, 1967). Fusion of this joint in advanced disease 
is not satisfactory, silastic joint replacement being a far 
superior alternative (Figs 26 to 28). 



Fig. 26 


The terminal interphalangeal joint: For some unexplained 
reason, terminal interphalangeal joint is not commonly 
involved in rheumatoid arthritis (unlike hypertrophie 
degenerative osteoarthrosis). Fusion in 20 degrees of 
flexion is the only solution in advanced disease. 

Trapeziometacarpal joint of the thumb: It is less commonly 
involved in rheumatoid arthiritis than osteoarthrosis. 
Functional disability is considérable in the advanced 
stages, requiring one of the following alternative 
procedures. 

1. Excision of the trapezium producing a pseudoarthrosis 
results in considérable thumb instability and weakness 
of grip and pinch. 

2. Trapeziometacarpal fusion is probably best for a young 
manual worker. Achieving a bony union is usually 
difficult. Since the advanced rheumatoid is unlikely to 
require great strength for manual work, it is not an 
appropriate choice of operation. 

3. Silastic prosthetic replacement of the trapezium can 
give good results in the elderly, barring the occasional 
rejection of the silastic. 

4. Tendon interposition arthroplasty ("anchovy opera¬ 
tion") has given the best results in our hands. After 
excision of the trapezium, palmaris longus or split 
abductor pollicis or extensor pollicis brevis from the 
same hand is rolled into a bail to fill the space and 
anchored by a capsular repair and immobilization in 
a plaster thumb spica in the functional position for 
about 6 weeks. One can achieve a satisfactory combi¬ 
nation of pain relief, stability, and mobility. Finally, 
rejection of the interposing tendon is not possible, 
because it is an autogenous graft (Figs 29 and 30). 



Fig. 28 


Figs 26 to 28: Lipscomb’s unilatéral approach for synovectomy 
of the proximal interphalangeal joint of the finger; stages of 
operation 
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Figs 29 and 30: Tendon interposition arthroplasty of the trapeziometacarpal joint of 
the thumb after excision of the trapezium 


Other Joints 

Although every synovial joint in the body is susceptible to 
rheumatoid disease, the more commonly involved joints 
will be discussed from the surgical point of view. 

Knee Joint 

Being an important weight-bearing joint, wherein mobility 
and stability are vital, the patient tends to report early. 
Effusions and synovial thickening, if not checked, lead to 
fixed flexion deformity, posterior subluxation, eventually 
going on to triple dislocation and ankylosis. 

Synovectomy of the knee is a reliable procedure as a 
joint-saving measure, provided it is undertaken at the 
opportune time. It relieves pain and lessens the quantum 
of the antigenic granulation material. Hence, it is believed 
by many to be responsible for sympathetically improving 
the clinical state of other affected joints also. Through a 


parapatellar (Timbrell-Fisher) approach most of the 
synovium canbe meticulously removed, except, of course, 
that in the popliteal région. Early mobilization with the 
aid of a continued passive motion (CPM) machine, and 
active quadriceps exercises, a good range of knee flexion 
can be regained and the initial extension lag rapidly 
overcome (Figs 31 to 34). 

Arthroscopic biopsy is bénéficiai as it accurately locates 
the diseased area to be collected. Arthroscopic syno¬ 
vectomy in early cases is also gaining popularity. 

Deformities like fixed flexion and triple subluxation 
are more difficult to correct by soft tissue releases. In this 
context, recent expériences of some with the use of external 
fixation-distraction assemblies for very graduai 
correction/maintenance has met with some encouraging 
successes. 

When the joint is destroyed beyond rédemption, the 
only salvage alternatives available are arthrodesis, or total 



Figs 31 to 34: Stages of subtotal synovectomy of the knee joint—note the yellowish 
brown pigmented areas in the hypertrophie synovium due to iron (hemosiderin) deposits 

(For color version, see Plate 10) 
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Figs 35 and 36: Total knee replacement for advanced destruction in the rheumatoid knee 


knee joint replacement arthroplasty. Since the disease is 
quite often bilateral or liable to become so, arthrodesis is 
not really an acceptable alternative. 

Total knee joint replacement implants and technique 
hâve made great progress in the last two décades, 
providing a very viable solution for the advanced 
rheumatoid knees (Figs 35 and 36). 

Hip Joint 

The disease usually présents with pain, limp, and later 
with a fixed flexion deformity and progressive restriction 
of motion. Bilateral involvement is of high incidence. At 
this stage, a serious attempt must be made to control the 
progress by chemotherapy, physiotherapy and gait 
training with necessary walking appliances, and 
sometimes a small shoe raise. In advancing disease, 
attempts at saving the joint by a synovectomy or a 
subtrochanteric osteotomy are doomed to failure because 
of the tendency to rapidly stiffen. Even cup arthroplasties 
and hemiarthroplasties, at the best, are time biding 
procedures in younger subjects. Total hip replacements 
provide the only worthwhile salvage, although the long- 
term results are somewhat inferior to those done for 
degenerative osteoarthrosis (Figs 37 and 38). Total hip 
replacements, their complications in the rheumatoid, and 
problems, technical and otherwise, are discussed in a 
separate chapter. 

Elbow Joint 

The elbow is a fairly frequently involved joint. In the earlier 
synovitis stage, wherein the joint destruction is minimal, 
synovectomy gives encouraging results. Timely excision 
of the radial head can increase the range of movements— 
flexion and pronation/supination. In advanced disease. 


Figs 37 and 38: Bilateral total hip replacements for 
advanced rheumatoid hips 

excision arthroplasty can reduce pain and increase the 
range of motion, but usually at the expense of considérable 
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instability. Arthrodesis in the optimum position can 
provide a satisfactory salvage provided the adjacent joints, 
and the opposite elbow are in a satisfactory state. Total 
elbow replacement arthroplasty can be very gratifying since 
the demands of the rheumatoid patient are limited. 
However, the procedure is yet not as well substantiated as 
hip and knee replacements. 

Shoulder Joint 

The shoulder appears to be involved to a lesser degree in 
the Asian and other oriental populations. In the advanced 
disease, impingement pain and can be relieved by 
acromionectomy. Arthrodesis proves useful as a salvage 
procedure, as the overall mobility of the girdle due to 
scapulothoracic movements provides the necessary 
maneuverability. Indications for shoulder hemiarthro- 
plasty or total joint replacements are very few in the Asian 
population. 

Ankle and Foot 

As elsewhere, synovectomy of the ankle can provide a 
reprieve, but for advanced disease, ankle arthrodesis is 
the only satisfactory solution. Arthroplasties of the ankle, 
by and large, hâve not proved successful. 

Intractable pain and stiffness arising from the joints of 
the hindfoot and forefoot, are effectively relieved by the 
triple arthrodesis. Excision arthroplasty of the big toe 
metacarpophalangeal joint (Keller) and similar excisions 
for other deformed toes are well-accepted procedures, 
particularly in the elderly rheumatoid. They provide 
freedom from pain and a better shaped foot which is more 
easily accommodated in standard footwear. 

Spine 

The cervical spine is commonly involved, particularly in 
the upper segments. The atlantoaxial région is known to 
get odontoid subluxation or destruction, resulting inneuro- 
logical complications, or even tetraplegia. Stabilization 
devices like skull traction, cervical orthoses, halo traction, 
surgery for cord décompression, and stabilization by bony 
fusions are discussed more extensively in another chapter. 
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INTRODUCTION 

Ankylosing spondylitis is an inflammatory arthritis 
belonging to the group of séronégative spondyloarthropathy. 
Other important clinical entities of séronégative 
spondyloarthropathy group are psoriatic arthritis and 
reactive arthritis (Reiter's disease). Two patients of 
ankylosing spondylitis were first described by Strumpell 
(1884) in his textbook. Pierre-Marie (1888), gave detailed 
description of ankylosing spondylitis. Therefore, it is also 
knownby the eponym of "Marie-Strumpell" disease. Exact 
incidence of disease in general population is not known 
but it is estimated that up to 5 persons per 1000 of 
Caucasian population are affected, though less than 10% 
of these will develop pronounced symptoms. 

ETIOLOGY 

Exact etiology is not known and it appears that both genetic 
and environmental trigger factors are responsible. 
Approximately, 10% of patients with ankylosing 
spondylitis hâve close relatives suffering from disease. 
Identical twins are 5 times more likely to be concordant for 
the disease than non-identical twins. It is estimated that 
in over 90% of cases, genetic make up is important in 
causation of disease. Genetic inheritance is autosomal 
dominant trait with incomplète penetrance. This is 
supported by presence of HLA-B27 in 81 to 96% of patients 
of ankylosing spondylitis, whereas HLA-B27 is présent in 
only 5-10% of general population (Burmeister et al 1995, 
Sieper et al 1995). 3,9 The association with HLA-B27 is 
independent of disease severity. Ankylosing spondylitis 
is strongly associated with inflammatory bowel disease, 
including both ulcerative colitis and Crohn's disease. 
Inflammatory bowel disease is a risk factor for ankylosing 
spondylitis independent of HLA-B 27. Other important 
etiological factor in ankylosing spondylitis is an 


environment trigger of microbial infection with Yersinia 
or Klebsiella organisms. The infection elicits an 
antibacterial immune response that cross reacts with HLA- 
B27 molécule itself (Yu et al 1989 ). A good amino acid 
sequence homology exists between HLA-B27 and proteins 
produced by Yersinia and Klebsiella organisms. Both these 
organisms are also known to produce reactive arthritis. 

PATHOLOGICAL FEATURES 

Basic pathological changes in ankylosing spondylitis is 
"enthesopathy" or "enthesitis" which results in ossifi¬ 
cation at place of insertion of tendons and ligaments. Sites 
of tendon and ligament insertion are also known as 
"entheses". Enthesopathy begins with erosive 
inflammatory process at ligament insertion, followed by 
new bone formation to fill in the defect when bone has 
been eroded. At the same time eroded end of ligament also 
becomes ossified. Thus, a new insertion forms above the 
original eroded surface producing an irregular bony 
prominence and sclerosis of underlying cancellous bone 
(Bail 1956). 1 Axial skeleton is predominantly involved and 
in the spine, erosive lésions occur at ligament insertion at 
the peripheral attachment of annulus at the margins of 
vertébral body. Bony prominences of adjoining vertebrae 
later fuse together, forming a bridge of bone. 

Pathological changes in synovial joint are similar to 
that of rheumatoid arthritis. Se ver e synovitis first occur s 
and destructive pannus forms. Acute chondrolysis may 
also occur and in this process, an inflammatory infiltrate 
forms in subchondral bone and erodes the articular 
cartilage from underneath. Healing occurs with fibrous 
tissue formation and often with new bone formation. Bone 
formation leading to joint ankylosing is common in 
sacroiliac and hip joints. Synovial fluid shows 
prépondérance of lymphocytes. Histology of synovial 
membrance shows nonspecific changes. 
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CLINICAL FEATURES 

Males are affected three times more commonly than females. 
Typical âge of onset is around 20 to 30 years of âge. Onset 
after 40 is rare. Juvénile onset can occur especially in males. 
In juvénile onset disease early clinical manifestations are 
frequent in peripheral skeleton with enthesopathy 
affecting feet, ankles and knees, with subséquent 
progression to axial skeleton. The course of ankylosing 
spondylitis is variable and in most patients the disease 
remains mild and self limiting (Carette et al 1983 ). 4 In 
small number of patients disease has a progressive course 
over many years. Earliest présentation is with pain and 
stiffness at dorsolumbar junction, low back and buttocks 
with pronounced morning stiffness and the pain may 
become worse at night often waking the patient from sleep. 
Pain may radiate to posterior aspect of thigh but not below 
the knee. Morning stiffness, night pain and pain not 
radiating below the knees are in contrast to symptoms 
arising from dise prolapse. 

Lumbar spine movements in ail planes are restricted 
and often painful. Cervical spine is also affected similarly 
at a later stage. Loss of movements is accompanied by 
flattening of lumbar spine, progressive thoracic kyphosis 
and forward bend of cervical spine. These deformities may 
be so severe that patient may not be able to see forward 
more than a few feet from his own feet and this greatly 
hinders with independent walking (Fig. 1). Patient is 
unable to lie down supine due to spinal kyphosis. 
Osteoporosis occurs and this may lead to progressive 
wedging of vertebrae with further worsening of thoracic 
kyphosis. Ankylosis of cervical spine is a potential risk 
factor for cervical fracture during accidents. 

Tenderness on ischial tuberositis, plantar fascitis and 
Achillis tendinitis are common. Painful, swollen and 
tender sternoclavicular and manubriosternal joints may 
develop in some cases. Costochondral and costovertebral 
joints become painful and chest expansion gradually 
reduces. In advanced disease rib cage may become fixed 
and breathing becomes entirely diaphragmatic. Apical 
pulmonary fibrosis and cavitation mimicking tuberculosis 
is seen and pulmonary infection with bacteria or fungi 
can occur in some cases. 

The Schober test is a useful measure of flexion of lumbar 
spine. The patient stands erect, with heels together, and 
marks are made directly over the spine 5 cm below and 10 
cm above the lumbosacral junction. The patient thenbends 
forwards maximally, and the distance between the two 
marks is measured. The distance between the two marks 
increases 5 cm or more in case of normal mobility and less 
than 4 cm in the case of decreased mobility. 

Hip joints become affected in 25 to 30% of cases and in 
50 to 90% cases of hip joint involvement both hips get 



Fig. 1 : Severe kyphosis of the spine makes 
forward gaze difficult 


affected. Hip joints become painful, range of movements 
gradually reduces, flexion deformity develops and 
eventually a tight fibrous ankylosis or true bony ankylosis 
occurs with serious functional disability (Fig. 2). Hip 
deformities can be grotesque and may make walking 
impossible. Knee joints are affected less often as compared 
to hips. When affected knee also becomes painful, loses 
movements and may develop fibrosis or bony ankylosis in 
variable degree of flexion often making even assisted 
standing impossible. 



Fig. 2: Anteroposterior radiograph of pelvis of a patient with 
ankylosing spondylitis. Both hip joints show bony anklylosis, 
sacroiliac joints are fused and ischial tuberosities demonstrate 
“whiskering” 
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Extra-articular manifestations usually occur in those 
with long standing disease. Iritis occur s in one-third of 
patients while isolated posterior uveitis is rare. Cardiac 
involvement occur s in less than 1% of cases of ankylosing 
spondylitis especially those with more systemic features. 
Aortic incompétence and conduction defects are other 
important and serious complications which may occur 
during the course of disease. 

Fully developed clinical picture of ankylosing spondy¬ 
litis with advanced deformity of typical question mark 
body posture and difficulty in walking and inability to 
look forward is very easy to recognize. Since the disease is 
not common and nowadays effective drugs hâve become 
available, it is important to recognize the disease at very 
early stage. It is recommended that any young patient 
presenting with non-mechanical low backache and 
sacroiliac joint tenderness should hâve ESR measurement. 
ESR is elevated in 75% of patients of ankylosing spondy¬ 
litis. If history is suggestive of ankylosing spondylitis with 
a 50% probability, then positive HLA-B27 increases the 
likelihood of disease to a probability of 90%. Under such 
circumstances a négative HLA-B27 is a strong evidence 
against the diagnosis of ankylosing spondylitis since only 
5 to 10% of persons with ankylosing spondylitis are HLA- 
B27 négative. C-Reactive protein may be elevated in some 
individuals during active phase of disease. 

This coupled with New York criteria for diagnosis of 
ankylosing spondylitis (Khan et al 1990) 8 shown in 
Table 1, will allow identification of disease at an early 
stage. 

ROENTGENOGRAPHY 

1. Sacroiliac joints: Radiological changes in sacroiliac 
joints are one of the definite criteria for diagnosis of 
ankylosing spondylitis. Changes in sacroiliac joints 
develop slowly and can be graded from 0 to 4 (Câlin 
1993, Dhaon 1994) 5,6 as below 
0 Unequivocally normal 

1 Possibly normal 

2 Definite marginal sclerosis 

3 Definite érosion and sclerosis 

4 Complété oblitération and ankylosis 
Posteroanterior view is better compared to anter- 

oposterior and oblique views for assessing radiological 
changes at sacroiliac joints. Early changes are most 
obvious in lower third of joint which is synovial part 
of the joint. Marginal sclerosis is often more pronounced 
on iliac side. Sclerosis is followed by érosion and 
widening of joint space and ultimately ankylosis of 
joint can occur (Fig. 2). CT shows sacroiliac joint 
changes better as compared to radiographs. MRI with 
fat suppression techniques is able to show very early 
changes with marrow edema and should be considered 


TABLE 1 : New York criteria for ankylosing spondylitis (1966) 

1. Pain at dorsolumbar junction or lumbar spine 

2. Limitation of motion in anterior flexion, latéral flexion, and 
extension 

3. Chest expansion less than or equal to 2.5 cm at fourth 
intercostal space 

Diagnostic requirements 

Either grade 3 to 4 bilateral sacroilitis with one or more clinical 
criteria 

Or grade 3 to 4 unilatéral or grade 2 bilateral sacroilitis with 
clinical criterion 2 

Or grade 3 to 4 unilatéral or grade 2 bilateral sacroilitis with 
criteria 1 and 3 


in young adults and adolescents presenting with low 
back pain with an inflammatory component (Braun 
and Sieper 1996). 2,9 

2. Dorsolumbar spine: In early stages érosions are seen at 
the vertébral margins followed by new bone formation 
(syndesmophytes) and sclerosis. Progression of 
syndesmophyte formation ail around margins of 
vertébral body produces the appearance of squaring of 
vertébral body. Calcification of spinal ligaments with 
squaring of vertebrae produces classical radiological 
picture of Bamboo Spine at advanced stage of disease 
(Fig. 3). The intervertébral dise, anterior longitudinal 
ligament and posterior longitudinal ligament constitute 
the anterior compartment. Ligamentum flavum and 
posterior longitudinal ligament make up the posterior 
compartment. The posterior compartment disease 
starts earlier and progresses faster (Dhaon 1994). 6 
Spinal pseudarthrosis can develop and should be 
carefully looked for in patients of advanced disease 
who develop récurrence of severe pain. 

3. Cervical spine: Gradually progressive calcification of 
both anterior and posterior columns of cervical spine 
occurs and two parallel lines of calcification are nick 
named Rail Track Lines. Odontoid may be eroded. 
Subluxation of at atlantoaxial joint can occur. 

4. Hip and knee joints: Radiological changes in hip joint 
follow same course as the synovial part of sacroiliac 
joint consisting of marginal érosion, irregular reducüon 
in joint space, complété disappearance of joint space, 
sclerosis of subchondral bone and ultimately fibrous 
and bony ankylosis. 

5. Other sites: Other radiological changes seen in case of 
ankylosing spondylitis are érosion at insertion of tendo- 
Achilles, plantar spurs, calcification at insertion of 
tendons at greater and lesser trochanters of fémur and 
ischial tuberosity. 
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Fig. 3: “Bamboo-spine” appearance in advanced stage of 
ankylosing spondylitis 

COMPLICATIONS 

1. Serious physical handicap and even loss of ambulatory 
ability from combination of spinal, hip and knee 
deformities and restriction in ability to see forward due 
to cervical spine deformity. 

2. Cervical spine fracture with cord damage in a 
ankylosing spine following injury especially in road 
traffic accidents. 

3. Pseudarthrosis with potential for complété fracture and 
cord damage from minor injury at the dorsal and 
lumbar spine junction. This is also known as Anderson 
Lésion and Romanus Lésion. Pseudarthrosis occurs 
through dise and neural arches and is seen on latéral 
radiographs as lucent area extending from anterior to 
posterior with significant adjacent sclerosis. 

4. Lungs: Restrictive lung disease, apical fibrosis, and 
increased chances of pyogénie, tubercular and fungal 
infection. 

5. Cardiac: Aortic incompétence and conduction defect 
which can be serious. 

6. Eyes: Iridocyclitis, posterior uveitis. 

7. Tubercular infection of spine can also occur. 


MANAGEMENT 

Combination of following measures is necessary for 

treatment. 

1. Drugs: Nonsteroidal drugs are mainstay of the 
treatment and are usually given in cyclic manner 
during periods of increased pain and disease activity. 
Some severely affected patients respond to methotrexate 
and cyclophosphamide. Recently some still better 
disease modifying drugs hâve become available. Long- 
term steroid therapy has no rôle in treatment of 
ankylosing spondylitis. 

2. Physical therapy: Regular and intermittent supervised 
physical therapy is of paramount importance in the 
total management to minimize degree of deformity and 
disability. Chest expansion and deep breathing 
exercises help to maintain vital capacity and guard 
against restrictive lung disease. Adopting correct 
posture both during day and night will prevent 
development of severe kyphosis of spine. Active 
mobilization of peripheral joints especially hips, knee 
and ankles will avoid development of grotesque 
deformities and maintain ambulatory capacity. 
Immobilization in corset is inadvisable since it hastens 
process of spinal ankylosis. 

3. Spinal osteotomy: Spinal osteotomy is done to overcome 
physical handicap of severe thoracic and cervical spine 
kyphosis. The osteotomy was first described by Smith- 
Peter son et al in 1945. 10 Since then many modified 
techniques hâve been described, but the general 
principle is acute angular correction of the spinal 
deformity below the conus medullaris thereby reducing 
the risk of neurological damage. The aim is to restore 
horizontal gaze and sagittal alignment of the spine so 
that C-7 vertebra is centered over the sacrum (Figs 4A 
and B). The basic technique described by Goel (1968) 
and Thomasen et al (1985) 7,12 is favored by most of the 
surgeons. The lamina and pedicles of L-3 vertebra are 
removed and the vertébral body is decancelized. 
Finally, an osteotomy of the posterior vertébral cortex 
is performed. Extension of the spine closes the 
osteotomy and créâtes an extension-compression 
fracture. The correction is held with pedicle screw 
instrumentation and the spine is formally arthrodesed. 
The screws should be inserted before the osteotomy is 
completed. The advantages of this technique are that 
by shortening the spine, neural tension is avoided and 
the risk of aortic rupture is reduced. In severe thoracic 
kyphosis (with normal or increased lumbar lordosis 
and normal cervicothoracic alignment), multiple level 
thoracic ostéotomies can be done to correct the 
deformity. In cases where primary deformity is at the 
cervicothoracic junction, an extension osteotomy is 





Ankylosing Spondylitis 877 



Fig. 4A: Pedicle subtraction spinal osteotomy: Preoperative and postoperative radiographs 

of the patient shown in Figure 1 



Fig. 4B: Clinical photograph of the same patient 
postoperatively 


performed at the C-7 and T-l vertébral level (below the 
entrance of the vertébral arteries in the transverse 
processes of C-6. Relatively capacious spinal canal at 
this level gives some safety from spinal cord 
compression. The final correction should achieve a 
balanced spine in the sagittal plane with the center of 
gravity passing through the sacrum. 

4. Total hip replacement: This is the best available option 
to correct disabling deformities and restore mobility at 
hip joints. Correction of major deformities allows 
previously bedridden patients to walk. Bilateral hip 
replacement either during same anesthésia (one stage 
bilateral) or during same admission (staged bilateral) 
is idéal when both hips are severely affected since in 
such cases spacing each hip operation a few months 
apart has very great risk of récurrence of deformity in 
the earlier operated hip. Non-cemented implants are 
preferred since patients are younger and hâve good 
bone stock (Fig. 5). Procedure in ankylosed hips is 
technically demanding. Prolonged supervised 
physiotherapy is required to achieve maximum 
possible range of motion in replaced hip. Patients 
should be counseled about possibility of gaining lesser 
of range of motion in replaced hip as compared to when 
replacement is done for osteoarthritis, development of 
hétérotopie ossification and future révision joint 
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Fig. 5: Postoperative radiograph of pelvis of the patient shown 
in Figure 2. Bilateral non-cemented total hip replacement was 
done as a single stage procedure 


replacement (Sochart et al 1997). 11 Hétérotopie 
ossification with loss in the range of movements and 
reankylosis is of concern when total hip replacement 
is done in patients of ankylosing spondylitis. Presence 
of bony ankylosis in spine and bony fusion at hips 
significantly increase the risk of development of 
hétérotopie ossification after total hip replacement. 
Steps to prevent this complication include meticulous 
surgery minimizing tissue trauma and necrosis, good 
lavage with copious amount of saline to remove bone 
débris, and administration of drugs like indomethacin 
postoperatively. 

5. Total knee replacement: Ankylosed knee in more than 
20° of flexion will make walking very difficult and even 
impossible if other knee and/or ipsilateral hip is 
similarly affected and deformed. Knee destruction and 
disability can also be well managed by total knee 
replacement but the patient must be counseled as for 
hip replacement. 

ANKYLOSING SPONDYLITIS IN FEMALES 

Initially it was thought that ankylosing spondylitis does 
not occur in females but in recent years it has corne to be 
established that disease can affect females also though 
incidence is much less as compared to males. A few female 
patients will présent with classical clinical picture of 
ankylosing spondylitis described in the foregoing section. 


Majority of women présent with initial peripheral arthritis 
which is mistaken for rheumatoid. Symptoms of low back 
in women may be attributed to pelvic inflammatory disease 
and due to the risk of radiation injury to ovaries there is 
always réluctance to radiograph pelvis in young females 
which may show changes in sacroiliac joints. In majority 
of females the disease runs a milder course. 

JUVENILE ANKYLOSING SPONDYLITIS 

Adolescents often présent with oligoarticular peripheral 
arthritis of the lower limbs. Heel pain is common. This 
slowly evoles into classical ankylosing spondylitis. The 
radiological changes of sacroilitis appear late and due to 
presence of peripheral joint arthritis quite often these 
patients are diagnosed and treated as juvénile rheumatoid 
arthritis. 
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INTRODUCTION 

Musculoskeletal pain is not an uncommon problem in 
children, occurring to the extent of 30% in some population 
studies. Most of the major causes of musculoskeletal pain 
are covered by the mnemonic ARTHRITIS (Table l). 12 

Juvénile chronic arthritis (JCA), 1,4,10,17 the most 
common cause of childhood arthritis is a diagnosis of 
exclusion. It differs from adult rheumatoid arthritis in 
many respects. Oligoarthritis involving large joints like 
knees, wrists or ankles and systemic manifestations are 
more frequent. A positive rheumatoid factor and subcuta- 
neous nodules are unusual, while antinuclear antibodies 
are frequently detected. It is essential to hâve a high index 
of suspicion for JCA, as it leads to significant functional 
disability and sometimes even blindness. 

Childhood inflammatory arthritis was first described 
by Cornil, in 1864. But the crédit for documenting the 
clinical features and distinguishing it from adult 
rheumatoid arthritis goes to GF Still (1897). Juvénile chronic 
arthritis, is an arthritis of minimum three weeks duration, 
with onset arbitrarily before the âge of 16 years, when other 
disorders with similar manifestations like arthritis, fever 
and rash are excluded. The American College of 
Rheumatology (ACR) criteria laid downby Brewer (1972) 
hâve been modified by Cassidy in 1986 (Table 2). The 
EULAR classification (Wood, 1978) includes the spondylo- 
arthropathies and needs a minimum duration of three 
months. The subtypes are based on the clinical features in 
the initial six months—pauciarticular (< 5 joints), 
polyarticular (> 5 joints) and systemic (fever > 2 weeks, 
rash and extraarticular features). Each individual joint is 
counted separately except the carpals and cervical spine 
which are counted as one. The term juvénile idiopathic 
arthritis is expected to replace the European (JCA) and the 
American (JRA) nomenclatures. 


TABLE 1: Differential diagnosis of musculoskeletal 
disorders in children 

• Avascular necrosis and: Perthes, osteochondritis, slipped 
upper fémoral epiphysis degenerative disorders 

• Reactive arthritis: Poststreptococcal, postenteric, postviral 

• Trauma 

• Hematological: Leukemia, lymphoma, hemophilia 

• Rickets and other metabolic disorders 

• Infection: septic arthritis 

• Tumor: Benign—osteoid osteoma, pigmented villonodular 
synovitis malignant—synovial sarcoma, osteosarcoma 

• Idiopathic pain syndromes: Localized and generalized 

• Systemic connective tissue disease: SLE, vasculitis (HSP, 
Kawasaki's) dermatomyositis, scleroderma 

TABLE 2: Juvénile chronic arthritis—diagnostic criteria 3 

1. Age at onset <16 years 

2. Arthritis in one or more joints defined as swelling or effusion, 
or the presence of two or more of the following signs—limited 
range of motion, tenderness or pain on motion and increased 
heat 

3. Duration of disease > 6 weeks 

4. Type of onset of disease during the first 6 months classified 
as: 

— Polyarticular—5 joints or more 
— Pauciarticular—4 joints or fewer 

— Systemic disease—with arthritis and intermittent fever 

5. Exclusion of other forms of juvénile arthritis 

Epidemiology 5 ’ 7 ’ 9 ’ 10 

The incidence of chronic arthritis in childhood is about 
one new case per year for every 10,000 children, as shown 
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by many studies ail over the world. The prevalence in 
Europe was 12 to 13.9/100,000 reflecting the restrictive 
définition. The peak âge of onset is below the âge of 5 years. 
Girls are affected about twice as frequently as boys. The 
systemic onset type is an exception in having an equal âge 
and sex distribution. 

There is lack of epidemiological data from India though 
the clinical profile of JCA has been described from different 
parts of the country. Over the past 3 years, we hâve seen 
80 cases of JCA attending our rheumatology clinic. The 
data is presented in Table 3 and compared with the Indian 
and Western data. 

Etiopathogenesis 

The etiopathogenesis of juvénile chronic arthritis is yet to 
be elucidated. On the basis of current understanding, 
multiple factors like abnormal immune régulation, cytokine 
production, immunogenetic prédisposition, latent 
infection and immunodeficiency are implicated. There is 
an increase in circulating B cells in children with systemic 
and polyarticular JCA. There is an increase in the 
suppressor T cells with a decrease in the helper subset. 
Hypergammaglobulinemia and autoantibodies are also 
seen in JCA. Though the twin studies show only low 
concordance rates, the overrepresentation of certain HLA 
antigens in JCA lends credence to the immunogenetic factor. 
Systemic onset JCA is associated with HLA DR5, 
polyarticular onset with histocompatibility locus antigen 
(HLA) DR4 and pauciarticular onset with HLA B27, DR5 
and DR8. Deficiencies of IgA, gamma globulin and C2 
hâve been shown to be associated with an increased 
incidence of JCA. The latent infection theory implicates 
viruses especially rubella and parvo besides the bacteria 
Borrelia burgdorferi (lyme disease), based on circumstantial 


TABLE 3: Comparing various studies: Juvénile chronic 
arthritis (JCA) 



Cassidy 

% 

Brewer 

% 

Chandrs- 

ekharan 

% 

Malaviya 

% 

Our 

data 

% 

Systemic 

10 

30 

10 

7 

15 

Polyarticular 

40 

25 

49.5 

47 

35 

RF +ve 

10 

10 

6 

14 

12.5 

RF -ve 

30 

15 

43.5 

33 

22.5 

Pauciarticular 

50 

45 

40.5 

46 

50 

SSA like 

— 

15 

8 

38 

22.5 

Others 

— 

30 

32.5 

8 

27.5 


evidence. The interleukins IL1, IL2 and IL6 also play a 
major rôle in the inflammatory response in JCA. 

Clinical Features (Table 4) 

The presence of morning or inactivity stiffness and night 
pains are general characteristics of JCA. The children 
usually cannot express spécifie symptoms and may présent 
with increased irritability, limbs in protected position (e.g. 
flexion of limbs to reduce joint pain) or inability to walk. 
Therefore, careful observation and questioning of parents 
are necessary. Many patients hâve also low grade fever, 
fatigue, anorexia, weight loss and stunted growth. 

Polyarticular JCA 5 

There is synovitis of five or more joints and it constitutes 
40% of the patients. The beginning may be abrupt or 
insidious with symmetrical involvement of the large joints 
(knees, wrists, elbows and ankles) more than the small 


TABLE 4: Different types of juvénile chronic arthritis (JCA) 



Polyarticular 

Pauciarticular 

Systemic 

Relative frequency 

40% 

50% 

10% 

Number of joints involved 

> 5 

< 4 

Variable 

Sex ratio (F:M) 

3:1 

5:1 

1:1 

Extraarticular involvement 

Moderate 

Only uveitis 

Prominent 

Seropositivity 




Rheumatoid factor 

15% 

Rare 

Rare 

ANA 

40% 

85% 

10% 

Clinical course 




Systemic features 

Mild 

Absent 

Self-limited 

Morbidity arthritis 

Unremitting arthritis in 50% 

Uveitis 

Chronic destructive 

Prognosis 

Moderate to good 

Excellent 

Moderate 
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joints (distal interphalangeal metacarpophalangeal). 
Affected joints are usually warm, swollen, tender and 
restricted in motion but not red. Cervical spine involvement 
leads to a painful stiff neck, but cord compression is rare. 
Temporomandibular joint affection leads to limitation of 
bite and micrognathia, but rarely progresses to ankylosis. 
Low grade fever, hepatosplenomegaly and lymphadeno- 
pathy may be présent. Chronic uveitis is seen in only 5% 
of the patients, and pericarditis is also infrequent. 
Subcutaneous nodules are unique to this subset and along 
with a positive rheumatoid factor imply a poor outcome in 
the form of progressive polyarthritis and deformities. 

Pauciarticular JCA 

Pauciarticular JCA is the most common subtype (50%) and 
involves four or fewer joints. The knees are most commonly 
affected (monoarthritis) followed by the ankles, while the 
hips are rarely involved. Chronic uveitis is the only extra- 
articular manifestation seen (20-30%). It is nongranulo- 
matous and may précédé the arthritis by even months to 
years. It is treacherous in being often asymptomatic, until 
failing vision compels medical attention. It is a common in 
younger girls who are antinuclear antibody (ANA)- 
positive. It becomes bilateral in two-third of the patients. A 
routine eye check is necessary at the time of diagnosis and 
should be repeated periodically. A subtype of older boys 
with asymmetric involvement of lower limb joints, who 
are HLA B27 positive but séronégative evolve into 
ankylosing spondylitis on long-term observation. 

Systemic Onset JCA 15 

Systemic onset JCA forms about 10% of JCA patients. The 
severe systemic and constitutional features may occur even 
several months before the arthritis. The patients commonly 
undergo elaborate investigations for pyrexia of unknown 
origin. The intermittent high spiking fever and the classical 
skin rash are seen in over 90% of the patients. The fever 
may be associated with chills, and spikes occur once or 
twice daily followed by rapid return to the baseline. It is 
noteworthy that the patients are strikingly ill when febrile, 
but surprisingly well during rest of the day. The rash 
comprises discrète red macules over the trunk, face or 
extremities including the palms and soles. It is evanescent, 
migratory, nonpruritic and may be precipitated by trauma 
(Koebner's phenomenon), hot baths and psychologie 
stress. Generalized lymphadenopathy is frequent espe- 
cially involving the cervical, axillary and epitrochlear 
lymph nodes. The hepatosplenomegaly is usually seen in 
the early stage. Hepatic dysfunction may be part of the 
disease or secondary to nonsteroidal antiinflammatory 
drug (NSAID) therapy. 


The joint involvement may vary from arthralgia alone 
to a florid poly arthritis. Myocarditis may manifest only 
with tachypnea and disproportional tachycardia. The 
pericarditis is diagnosed only on careful observation for 
an evanescent pericardial rub, cardiomegaly and 
échocardiographie changes. It rarely leads to tamponade. 
Perionitis and peluritis may also occur with the former 
presenting as abdominal pain. Neurological features may 
be part of the disease or secondary to viral infection or 
salicylate toxicity. Rénal involvement is very infrequent 
with glomerulitis as the primary lésion or papillary necrosis 
following therapy. 

Differential Diagnosis 3 

PolyarticularJCA 

Acute rheumatic fever: The asymmetric and migratory 
arthritis of large joints, low grade fever, pericarditis, 
abdominal pain and elevated ASO may be common to both 
conditions. But features like intermittent fever, onset below 
the âge of 4 years, cervical spine involvement, generalized 
lymphadenopathy, poor mucin clôt on synovial fluid 
analysis and persistence of polyarthritis for two or more 
months favor JCA. 

Fever and polyarthritis may also be seen in sérum 
sickness or drug reaction. Presence of urticaria, rémittent 
fever and reduced complément level differentiates them 
from JCA. 

Viral arthritis is usually self-limited. In viral hepatitis, 
the arthritis and urticaria vanish with the onset of 
jaundice. Viral markers (HBsAg) and hepatic dysfunction 
are supportive. Rubella is characterized by rising antibody 
titers and lack of neutrophils in the synovial fluid. 

Fibromyalgia: Its frequent occurrence in children is not well 
appreciated. It may be primary or secondary. 

Pauciarticular JCA 14 

The monoarthritic présentation should be differentiated 
from septic, traumatic or tuberculous arthritis by synovial 
fluid analysis and synovial biopsy. Other disorders with 
oligoarticular présentation include hemophilia, sickle cell 
disease, Lyme disease, sarcoidosis, psoriasis, Reiter's 
syndrome and inflammatory bowel disease. 

Systemic Onset JCA 

Infection should always be ruled out. The other causes of 
high fever, rash and joint pain like systemic lupus 
erythematosus, Henoch-Schônlein purpura, Kawasaki's 
disease and other systemic vasculitides and leukemia 
should be considered in the differential diagnosis. 
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Systemic lupus erythematosus (SLE): Generalized lymph- 
adenopathy, hepatosplenomegaly and high fever are 
common to childhood SLE and JCA. The oral mucosal 
lésions, rénal involvement and presencre of anti-dsDNA 
antibodies support the diagnosis of SLE. ANA titers are 
usually higher in SLE as compared to JCA and négative 
ANA virtually excludes SLE. Thrombocytopenia and 
leukopenia are rare in JCA. 

Systemic vasculitis is distinguished by the presence of 
purpura, hypertension and nephritis. Kawasaki's disease 
is characterized by a strawberry tongue, red lips, conjuncti- 
vitis, erythema of palms and soles, and indurative edema 
of hands and feet. Leukemia is differentiated by the 
profound anémia, purpura and erosive changes in the 
joints. Inflammatory bowel disease is characterized by 
erythema nodosum and mucosal ulcers. 

Investigations 

Anémia, thrombocytosis, elevated ESR and C-reactive 
protein are frequent in JCA except in the pauciarticular 
variety. A striking neutrophilie leukocytosis is typical of 
systemic onset JCA. Febrile proteinuria may be found on 
urine analysis. 

IgM rheumatoid factor is seen in 10 to 20% of the 
patients, characterizing a subgroup of polyarticular JCA 
with late onset (12-16 years), subeutaneous nodules and 
poor functional outcome. 

Antinuclear antibody (ANA) is found in about 50% of 
the patients. It is more frequent in girls below 6 years with 
pauciarticular involvement and may be a forerunner of 
chronic uveitis. HLA-B27 is supportive in diagnosing 
patients with the présentation of séronégative 
spondyloarthropathy. 

Synovial fluid analysis gives variable results and may 
not correlate with clinical activity. It is useful to rule out 
sep tic arthritis. Sérum ferritin is an acute phase reactant, 
and its extreme élévation supports the diagnosis of 
systemic onset JCA (Still's disease) in older children. 

Radiography in the early stages, the radiographie 
changes are nonspecific including juxtaarticular 
osteoporosis, soft tissue swelling and occasional perio- 
steal prolifération. Erosions are seen in the later stages. 
Intraarticular bony ankylosis (carpal fusion), epiphyseal 
compression fractures and growth disturbances are 
common in childhood arthritis. Fusion of the upper cervical 
apophyseal joints is also characteristic. 

Management 2 

While considering management of JCA, medical, social, 
and educational aspects hâve to be kept in mind, the 
disease being chronic and incurable. This needs 


multidisciplinary support. Like any other rheumatic 
disorder, the aims of treatment are pain relief, control of 
inflammation and the disease process, préservation of joint 
function and treatment of complications. Additional 
considérations are ensuring proper nutrition and growth. 
Coopération and support of family members are important. 

Physiotherapy and Occupational Therapy 

During phases of acute inflammation with pain and 
swelling, rest with the use of splints, coupled with 
supervised range of motion exercises is advocated. Later 
as the inflammation and pain subsides, assisted and active 
exercises are introduced. This is to ensure maintenance of 
muscle strength. In the subacute and chronic stage, though 
the child is allowed to détermine the activities, under or 
overexertion should be prevented. Leg length discrepancy, 
hip flexion contractures, neck deformities need spécial 
attention. Education at school should be encouraged. 

Medical Treatment 

The drug treatment 8,13 canbe considered as follows. 

1. Aspirin and other NSAIDs 

2. Disease modifying antirheumatic drugs (DMARDs) 
also called as slow acting antirheumatic drugs 
(SAARDs) 

3. Corticosteroids 

4. Immunosuppressive drugs 

5. Experimental modalities. 

Aspirin and NSAIDs: Aspirin is often the first choice, given 
in a dose of 75 to 90 mg/kg/d in four divided doses. 
Children generally tolerate aspirin well. Therapeutic sérum 
level is 20 to 25 meg/d. To avoid gastric irritation, it is 
given after milk or food. Occasionally hepatic enzymes 
may be elevated but are rarely accompanied by clinical 
manifestations. Reye's syndrome is a serious complication. 
Aspirin and other NSAIDs should be stopped in any child 
with viral infection or who develops vomiting. 

Intolérance or nonresponse in a period of 2 to 3 months 
is an indication to use other NSAIDs. Ibuprofen (35 mg/ 
kg/d—max daily dose 2400 mg), indomethacin (1.5 mg/ 
kg/d—max daily dose 150 mg), diclofenac sodium (3.0 
mg/kg/d—max daily dose 150 mg), naproxen (15 mg/ 
kg/d—max daily dose 750 mg) are some of the commonly 
used NSAIDs. Gastrointestinal, rénal, hematological and 
other side effects need to be borne in mind. Paracétamol is 
useful supplementary analgésie. 

DMARDs or SAARDs: These are employed when aspirin 
or NSAIDs fail to control the disease adequately. Some 
facts need to be noted: (i) DMARDs do not hâve any 
antiinflammatory action—NSAIDs need to be used 
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concurrently, (ii) onset of action as discerned clinically 
takes few weeks and full effect may not be apparent till a 
few months of treatment, and (iii) toxicity is significant 
and hence the need to use judiciously. Table 5 gives details 
of some of the commonly used agents. A close liaison with 
a rheumatologist is essential. 

Chloroquine (in India) and hydroxychloroquine are 
useful drugs with a low incidence of serious toxicity. The 
only feared toxicity is retinal. Pretreatment eye check-up 
and a regular 3 monthly check-up are essential. 

Gold is injectable form is often the next choice. Test 
doses of 0.25 mg/kg followed by 0.5 mg/kg after one week 
précédé weekly 1 mg/kg (maximum 50 mg) injections. 
Close monitoring of urine, complété blood counts and other 
side effects are essential. After 3 to 6 months if adéquate 
response is obtained, the drug is administered at longer 
intervals (once in 15 days to once a month). Oral gold is an 
alternative. In addition to the toxicities seen with IM gold, 
diarrhea is commonly noted. 

Sulfasalazine acts relatively rapidly. It is usual practice 
to increase the dose on a weekly basis. It is maintained till 
adéquate response is obtained. The maintenance dose is 
25 mg/kg/d in divided doses. G6 PD deficiency, known 
suif a aller gy are contraindications to use of sulfasalazine. 
Prior hepatic and rénal diseases also contraindicate its 
use. Periodic blood counts (once in 1-2 months) are 
necessary. 

D-penicillamine is an effective DMARD, often used if 
gold fails. It has a toxicity profile similar to gold, and close 
monitoring (initially every 2 weeks and gradually reduced 
to once every two months) of blood counts and a routine 
urine check-up are essential. 

Corticosteroid: Prednisolone (up to 0.5-1 mg/kg/d) is the 
preferred préparation. The drug is indicated in sy s ternie 
variety and in other varieties with life-threatening 
complications. Local steroids can be used in uveitis and 
intraarticularly, the latter with standard guidelines. Steroid 
toxicity is a major problem. Dose should be reduced or 


drug discontinued as soon as possible. Lately intravenous 
méthylprednisolone puises hâve been used. Regular 
calcium and vitamin D suppléments are advocated. 

Immunosuppressive drugs: These drugs are generally 
reserved for patients nonresponsive to above treatment. 
Bone marrow suppression, infections, oncogenicity, 
sterility and amenorrhea are some of the serious toxicities. 
Methotrexate has lately found favor with rheumatologists. 
It is given as weekly doses. Blood counts, hepatic enzymes 
and sérum albumin, sérum créatinine need to be monitored 
(every 2-3 months) on hepatotoxicity is a major worry. 
Acute alveolitis is another serious side effect. These entail 
drug discontinuation. In presence of rénal failure, the drug 
should not be used. 

Experimental modalities: These include IV human gamma 
globulin and cyclosporin A. 

Orthopédie Surgery 

Synovectomy has limited rôle in the early stages for 
relieving joint pain and mechanical impairment. 
Arthroscopy and synovial biopsy are very useful in the 
diagnosis of monoarthritis. Soft tissue release helps in 
refractory flexion deformities, while osteotomy and 
arthrodesis are useful in realinement. Reconstructive 
surgery in the form of joint replacement is necessary in 
older children with marked disability. But this should be 
performed only after the bone growth has ceased (e.g. 18 
years for hip). 

Education and Counseling 

It is not easy to imagine the impact of chronic arthritis on 
the life of a child and family. It results in significant 
psychological disturbance besides the physical disability. 
Therefore, it is vital to explain the disease, its course and 
outcome to the parents and the child. This helps in allaying 
their anxiety and in better management of JC A. 


TABLE 5: Second line drugs in juvénile chronic arthritis (JCA) 


Drug 

Frequency and Route 

Dose 

Onset of action 

Important side effects 

Chloroquine 

Once daily 

4 mg/kg/d 

2-4 months 

Ocular/ dermatitis 

Hydroxychloroqine 

Once daily 

6 mg/kg/day 

2-4 months 

Ocular/ dermatitis 

Gold 

IM once daily 

PO BID 

1 mg/kg/wk 

0.15 mg/kg/d 

3-6 months 

2 months 

Skin rashes, bone marrow suppression rénal 

Same as above + Diarrhea 

Sulfasalazine 

PO BID/QID 

50 mg/kg/d 

2-4 months 

Dermatitis, bone marrow suppression 

d-penicillamine 

PO BID 

10-15 mg/kg/d 

6-18 months 

Azospermia, Skin, Bone Marrow suppression, rénal, 
autoimmune syndromes 

Methotrexate 

Once weekly 

10 mg/m 

6-12 weeks 

Hepatic, infections, Bone marrow suppression 
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Complications 

Growth abnormalities may be generalized resulting in 
short stature due to disease, undernutrition or steroid 
therapy. Limb length discrepancies are localized distur¬ 
bances in growth. Anémia and osteoporosis are also 
common. Blindness may resuit from progressive refractory 
uveitis in some children with pauciarticular disease. 
Cataract and glaucoma also contribute to the visual 
impairment. Amyloidosis occurs in children with pro- 
longed active polyarthritis. It is heralded by proteinuria, 
diarrhea or unexplained anémia. It leads to rénal failure— 
a major cause of morbidity and mortaltiy. 

Course and Prognosis 

The course of the JCA dépends on the mode of onset. 
Pauciarticular patients usually do well, except some who 
evolve into polyarthritis. Uveitis is an important cause of 
morbidity in this group. Polyarticular patients hâve flares 
and remissions but some progress unremittingly. Systemic 
onset children may hâve a predominantly polycyclic 
systemic course with flare up of fever and rash but minimal 
joint involvement. Half of them develop a chronic destruc¬ 
tive polyarthritis while the remaining recover completely. 
The mortality in JCA varies from 2 to 7% in different 
studies, with amyloidosis leading to rénal failure and 
infections being the major contributors. 

Childhood Spondyloarthropathies 

The spondyloarthropathies as a group hâve the foliowing 
features in common: HLA-B27 association, familial 
aggregation, enthesitis, arthritis of the axial skeleton, 
récurrent asymmetric involvement of joints usually 
including the lower limbs and absencre of rheumatoid 
factor. The clinical features in children differ from that of 
the adults. 

Juvénile Ankylosing Spondylitis 1116 

Juvénile ankylosing spondylitis constitutes 5 to 8% of 
childhood arthritis. The incidence is 12 to 18/100,000 
population. Ten percent of ankylosing spondylitis patients 
hâve their onset in childhood. The arthritis begins in the 
lower extremity involving the hip, knee, ankle or feet. The 
initial course is episodic. Enthesopathy in the form of 
Achilles tendinitis and plantar fascitis précédés the 
arthritis. Insidious la te involvement of the axial skeleton 
is characteristic in children, besides precocious hip 
destruction needing early arthroplasty. Systemic 
complications inlcude iritis, aortic insufficiency, 
atlantoaxial subluxation and amyloidosis. The long-term 
outcome is variable, and there is some limitation of 
functional capacity though gainful employment is the rule. 


Treatment consists of physiotherapy and NSAIDs 
especially indomethacin. 

Psoriatic Arthritis 

Childhood psoriasis has its onset between the âges of 5 and 
15 years. Less than 5% of them develop psoriatic arthritis. 
The skin disorder might lag the onset of the arthritis by 
several months to years. It differs from other SS As in having 
a female prédilection. According to the Vancouver criteria, 
arthritis with any three of : dactylitis, nail pitting, psoriasis- 
like rash and a family history of psoriasis confirms the 
diagnosis. Therapy consists of NSAIDs, physiotherapy 
and in severe cases methotrexate. 

Reactive Arthritis 

Children can hâve Reiter's syndrome following enteric 
infection with salmonella, shigella, yersinia and 
campylobacter. A pauciarticular arthritis has also been 
observed in children with inflammatory bowel disease. It 
usually coincides or occurs after the onset of the bowel 
disease, but may also précédé it. Treatment of the bowel 
inflammation usually résolves the arthritis. 

Neuropathie Joint Disease 6 

Neuropathie joint disease is a progressive degenerative 
arthritis which develops after sensory loss to a joint and 
continued weight bearing. It was first described by JM 
Charcot, in patients with tabes dorsalis, in 1868. Spinal 
dysraphism, especially meningomyelocele is the most 
frequent cause of neuropathie arthropathy in children. The 
tarsal and ankle joints are commonly affected. Congénital 
insensitivity to pain—a rare disorder is also associated 
with neuropathie joints in children. It involves the ankles 
most frequently foliowed by the tarsal joints, elbows, spine 
and hips in that order. The affected joint is usually swollen 
and painless with abnormal mobility. Muscle wasting and 
spontaneous fractures or dislocations are commonly seen 
in association. Joint effusions, soft tissue swelling and 
osteophytes are common to osteoarthritis, while 
subluxation, paraarticular débris and bony fragmentation 
strongly favor neuropathie arthropathy. Prompt joint 
immobilization, cessation of weight bearing, accommo- 
dative footwear and patient éducation often stabilize the 
neuropathie joint. Total joint replacement is usually not 
performed for fear of rapid lossening and subluxation. 

Pigmented Villonodular Synovitis 

This term coined by Jaffe et al in 1941 encompasses a group 
of conditions characterized by exubérant prolifération of 
synovial cells and mesenchymal supporting tissue 
affecting joints, tendons and bursae. Its exact etiology is 
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unclear. It is probably a benign prolifération in response 
to blood following trauma or some other unknown trigger. 
It is a rare disorder more common in adults than in 
children. It classically présents as a monoarthritis invol- 
ving the knees (80%), followed by the hip, ankle and 
shoulder. The lésions may be localized or diffuse. The latter 
are more progressive and tend to occur after treatment. 
Pain is the most common symptom which may be worsened 
by torsion or infarction of a nodule of abnormal tissue. 
Swelling, warmth, tenderness and one or more synovial 
masses may be found on examination. Locking of the knees 
is seen with localized lésions. Plain radiographs may show 
soft tissue swelling, multiple subchondral cysts and 
érosions. Calcification, juxtaarticular osteoporosis and 
osteophyte formation are conspicuously absent. Though 
serosanguinous synovial fluid is suggestive of pigmented 
villonodular synovitis, a synovial biopsy is essential for a 
definitive diagnosis. Malignant synovioma, synovial 
chondromatosis, tuberculous arthritis, amyloidosis and 
hémophilie arthropathy, enter into the differential 
diagnosis. The localized form needs only marginal excision 
and has good prognosis. Radiation synovectomy is 
preferred to surgery in the diffuse form, while advanced 
cases require total arthroplasty. 
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Spondyloarthropathies include clinical entities of anky- 
losing spondylitis, reactive arthritis, psoriatic arthritis, 
enteropathic arthritis or arthritis associated with inflam- 
matory bowel disease, juvenile-onset spondyloarthritis, 
and undifferentiated spondyloarthritis. Ankylosing 
spondylitis has been known as a distinct disease entity 
but the other types of arthritis were grouped with 
rheumatoid disease and only in recent décades certain 
distinguishing features hâve enabled clear distinction 
from rheumatoid disease and formation of a separate group 
of diseases along with ankylosing spondylitis (Brown and 
Sieper 1996, Brown and Wordsworth 1997). 3,4 Ail the above 
mentioned clinical entities of spondyloarthropathies share 
common pathological features and differ from rheumatoid 
disease on following points: 

1. Absence of rheumatoid factor, and due to this, the group 
is often referred to as "Séronégative Spondylo¬ 
arthropathies (SSA)." 

2. Presence of extra synovial inflammation at the point of 
attachment of joint capsule and adjoining subchondral 
bone. This is often called, "Entheses". 

3. A tendency to involve axial skeleton. 

4. A variable association with the gene HLA-B27. 
European spondyloarthropathy group has laid down 

the criteria for diagnosis of spondyloarthropathy and 
these are shown in Table 1. 

A patient is considered to hâve a spondyloarthopathy 
if the sum of the weighted scores is greater than or equal 
to 6. 

Ankylosing spondylitis, though included in this group 
of diseases has long been known as a separate entity, and 
is discussed in the following chapter (Chapter 113). This 
chapter includes description of other diseases of this 
group. 


TABLE 1 : Criteria for diagnosing spondyloarthropathies 


A. 

Clinical symptoms or past history of 



Lumbar or dorsal pain during the night or 
corresponding morning stiffness 

1 


Asymmertrical oligoarthritis 

2 


Buttock pain 

1 


Affecting the right or the left buttock 

2 


Sausage-like toe or digit 

2 


Heel pain 

2 


Iritis 

2 


Nonspecific urethritis or cervicitis within 

1 month of the onset of arthritis 

1 


Acute diarrhea within 1 month of the onset of arthritis 

1 


Presence or history of psoriasis, balanitis, or 
inflammatory bowel disease 

2 

B. 

Radiologie finding 

Sacroilitis (grade > 2 if bilateral; grade > 3 if unilatéral) 

3 

C. 

Genetic background 



Presence of HLA-B27 or familial history of ankylosing 
spondylitis, reactive arthritis, reactive arthritis, 
uveitis, psoriasis, or chronic enterocolopathies 

2 

D. 

Response to treatment 



Clear-cut improvement of rheumatic complaints with 
NSAIDs in less that 48 h or relapse of the pain in less 
than 48 h if NSAIDs discontinued 

2 


REACTIVE ARTHRITIS 

Reactive arthritis (ReA) refers to acute nonpurulent arthritis 
following an infection elsewhere in the body. It is also 
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referred to as "Reiter's syndrome" since this was the first 
description of disease comprising arthritis, conjunctivitis 
and urethritis given in 1916 by Hans Reiter during the 
first World War. Usually arthritis présents without the 
classical features of Reiter's syndrome and therefore, it 
has been now appropriately renamed as "Reactive 
Arthritis" (Keat, 1983; Hughes et al 1994). 8,9 Commonly 
the disease starts a week or two following enteric infection 
with organisms such as Shigella, Salmonella , Campylobacter 
or Yersinia (called "Postenteric Reactive Arthritis"), or 
following Chlamydia trachomatis infection of génital tract 
(called "Sexually Acquired or Postveneral Reactive 
Arthritis"). Incidence of postenteric and postveneral 
reactive arthritis varies in different geographical régions. 
The disease is most common in individuals 18 to 40 years 
of âge, but it can occur both in children over 5 years of âge 
and in older adults. Postveneral reactive arthritis is usually 
seen in young adults with a male prédominance. However, 
it may be that disease is underdiagnosed in females in 
whom urethritis and cervicitis may be asymptomatic. 
Postenteric (post dysenterie) reactive arthritis is more 
common in India, has an equal sex incidence and is also 
seen in young children. About 0.5 to 1% of persons with 
non spécifie urethritis and 1 to 2% of persons following 
Shigella dysentery develop reactive arthritis. HLA-B27 is 
présent in 60 to 80% of patients. 1 In the setting of HIV 
infection, the association with HLA-B27 is not necessarily 
found. Bacteria may be cultured from primary site of 
infection at appropriate stage but synovial fluid is stérile, 
although there is recent evidence of presence of non viable 
or altered bacteria in inflammed joints. 

Reactive arthritis is a good example of an inflammatory 
arthritis precipitated by an environmental agent in a 
genetically susceptible host. The mechanism by which 
HLA- B27 confer susceptibility to reactive arthritis and 
what is the mechanism in 20% patients, who are HLA- 
B27 négative, is not yet known. Unlike the synovial CD4 T 
cells in rheumatoid arthritis, which are predominantly of 
the T h 1 type, those in reactive arthritis also show T H 2 
phenotype. It is likely that these antigen spécifie T cells 
may play an important rôle in the pathogenesis of reactive 
arthritis but exact mechanism remains to be determined. 

Histologically, synovial membrane shows changes of 
chronic inflammation (Brown and Wordsworth 1997). 
Enthesitis shows increased vascularity and macrophage 
infiltration of fibrocartilage. 4 

Clinical Features 

The clinical features of reactive arthritis constitute a 
spectrum ranging from an isolated, transient monoarthritis 
to severe multisystem disease. Onset of arthritis is acute, 
commonly beginning with constitutional symptoms, low 


grade fever and weight loss following occurrence of 
urethritis, dysentery or conjunctivitis in preceding one 
month. Joint involvement evolves rapidly and is usually 
asymmetrical and additive, with involvement of new joints 
occurring over a period of few days to 1 to 2 weeks. The 
joints of lower limb, especially knee, ankle and metatarso- 
phalangeal joints, are the most common sites of involve¬ 
ment. Diffuse swelling of one whole toe can occur. The 
wrist and fingers can be involved as well. Dactylitis, or 
"sausage digit," a diffuse swelling of a solitary finger or 
toe is a distinctive feature but can also be seen in poly- 
articular goût and sarcoidosis. Low back pain is common 
in early stage of disease but usually settles in few weeks. 
Achillis tendinitis and plantar fascitis can develop and 
become troublesome. Often tender swelling with 
pigmentation develops on médial aspect of the ankle. 

Conjunctivitis is usually mild but can be severe and it 
often settles in 1 to 3 weeks. Uveitis may be severe and 
récurrent with pain and photophobia and occurs along 
with chronic erosive disease and sacroilitis. Muco- 
cutaneous lésions develop and include keratoderma 
blenorrhagica (Hyperkeratotic lésions occurring on palms 
and soles) which can occasionally become widespread 
mimicking pustular psoriasis. In patients with HIV 
infection, these lésions are often extremely severe and 
extensive. Circinate balanitis (painless superficial 
coalescing ulcération around glans pénis), painless 
ulcération of hard palate and nail dystrophy similar to 
psoriasis can develop in few patients. Sacroilitis at one 
sacroiliac joint develops late in the course of disease and 
presence of sacroilitis is of both diagnostic and prognostic 
value. Sacroilitis may often be asymptomatic. Diagnostic 
criteria given in Table 2 are sufficient for diagnosis and 
not much is gained by testing for rheumatoid factor and 
HLA-B27. However (HLA-B27 positive individuals, fare a 
worse outcome than HLA-B27 négative patients). 1 

Rarely other Systems may be involved and patient can 
develop aortic incompétence, pericarditis, cardiac 
conduction defects and neurological manifestations like 
myelopathy and cranialnerve lésions (Nordstrom, 1996). 10 

Investigations 

1. Hemoglobin is usually normal but with prolonged 
disease, normocytic normochromic anémia may 
develop. 

TABLE 2: Diagnostic criteria for reactive arthritis 

• Predominantly lower-limb asymmetric oligoarthritis 

• Evidence of infection such as diarrhea or urethritis in the 
preceding month or laboratory confirmation of infection 

• The presence of extra-articular manifestations (e.g. conjuncti¬ 
vitis, iritis, mucocutaneous manifestation) 
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2. ESR and C - reactive protein (CRP) are elevated during 
acute stage of disease and are useful to monitor progress 
during treatment. 

3. Synovial fluid looks turbid and sometimes is nearly 
purulent but culture is stérile. It has markedly elevated 
WBC count of 50-100,000 per cu.mm. with prédomi¬ 
nance of polymorphonuclear leucocytes. 

4. Serology may demonstrate rising titre of antibodies to 
organisms such as Shigella, Salmonella , Yersinia or 
Chlamydia. ELIS A for Chlamydia can detect 50% of those 
with génital infection and ligase chain reaction of early 
morning urine sample is also useful in detecting 
Chlamydia. 

5. Radiographs 

i. Sacroiliac joints may show sacroilitis at the outset 
but usually changes develop with time. Sacroilitis 
is typically asymmetrical and unilatéral in contrast 
to symmetrical changes seen in ankylosing 
spondylitis. MRI is more sensitive in detecting early 
changes of sacroilitis but corrélation of MRI 
changes with clinical course of the disease has not 
yet been fully established (Brown and Sieper 1996). 3 

ii. Syndesmophytes form on vertebrae but these are 
larger, coarser, asymmetrical and nonmarginal 
arising from the middle of a vertébral body, a 
pattern rarely seen in ankylosing spondylitis. 
Progression to spinal fusion is uncommon. 

iii. Plantar spurs and periosteal new bone formation 
also occur. 

6. HIV infection should be ruled out since reactive 
arthritis is common and more severe in patients with 
HIV infection. Reactive arthritis and other peripheral 
spondyloarthritis hâve now become the most common 
rheumatic disease in Africans in the wake of the AIDS 
épidémie, with no association with HLA-B27. 

Differential Diagnosis 

1. Disseminated gonococcal disease may produce 
diagnostic dilemma. Both diseases can be venerally 
acquired and associated with urethritis. However, in 
contrast to reactive arthritis, it tends to involve both 
upper and lower limbs equally, lacks back symptoms 
and is associated with characteristic vesicular skin 
lésions. A positive uréthral culture for gonococcus does 
not exclude the diagnosis of reactive arthritis, however, 
presence of bacteria inblood, skin lésions or synovium 
establishes the diagnosis of disseminated gonococcal 
disease. PCR may be helpful. Occasionally one may 
need a therapeutic trial of antibiotics for différentiation. 

2. Psoriatic arthropathy shares many features in common 
with reactive arthritis. However, it tends to affect 
primarily the upper extremity, the onset of arthritis is 


usually graduai in onset, there is less associated 
periarthritis; and there are usually no associated mouth 
ulcers, urethritis, or bowel symptoms. 

Prognosis 

Most patients recover within 1 to 4 months of the first 
épisode. Récurrences occur in 50% of patients. Thirty 
percent of patients develop a chronic course with 
intermittent exacerbations resulting in morbidity similar 
to rheumatoid arthritis. Patients with Yersinia induced 
arthritis appear to hâve less chronic disease than those 
folio wing shigellosis. 

Management 

1. Drugs: Treatment of acute stage of arthritis is with 
nonsteroidal anti-inflammatory drugs. Indomethacin, 
75 to 150 mg/d in divided doses, is the initial treatment 
of choice. Intraarticular injection of corticosteroid will 
suppress the synovitis and prevent irréversible joint 
damage. On some occasions multiple intraarticular 
corticosteroid administrations may be necessary. 
Persistent synovitis, chronic course and those who do 
not respond to NSAIDs in acute phase need to be treated 
with drugs such as sulfasalazine and methotrexate. 
There is little evidence that antibiotic treatment of 
urethritis and enteritis is effective at shortening the 
course of disease. But treatment of génital tract infection 
in the patients and their sexual partners with 
doxycycline for 2 weeks will help to prevent spread of 
infection, reinfection and long term sequelae of sterility 
and pelvic inflammatory disease. 

2. Inflammed joint should be aspirated to reduce swelling 
with concomitant intraarticular administration of 
steroid, splinted and rested. Mobilization and weight 
bearing should be graduai since disabling structural 
damage may occur in joints, commonly in feet, 
following aggressive mobilization. With persistent 
synovitis and chronic course of disease, an orthosis is 
necessary to protect the joint and footwear should be 
carefully assessed to prevent damage to joints of foot. 

3. Uveitis may require aggressive treatment with 
corticosteroids. Skin lésions usually require only 
symptomatic treatment. In patients with HIV infection 
and reactive arthritis, the skin lésions in particular 
respond to anti-retroviral therapy. Cardiac compli¬ 
cations are managed conventionally; management of 
neurological complications is symptomatic. 

PSORIATIC ARTHRITIS 

Psoriatic arthritis (PsA) refers to an inflammatory arthritis 
that characteristically occurs in individuals with psoriasis. 



Séronégative Spondyloarthropathies 889 


The association was noted in the nineteenth century. 
Psoriatic arthritis has some features common to both 
rheumatoid arthritis and ankylosing spondylitis and is 
included in group of séronégative spondyloarthropathy 
due to following reasons: 

1. Frequent occurrence of psoriasis in patients with 
ankylosing spondylitis and some association with 
HLA-B27. The gene HLA-B27 is présent in about 60% 
of patients with psoriatic arthritis (as compared to 90% 
incidence in ankylosing spondylitis patients). There is 
increased prevalence of other HLA antigens - B12, B17 
and CW6 in patients of psoriatic arthritis. 

2. Peripheral arthropathy is more common than axial 
disease in psoriatic arthropathy but there is greater 
tendency for ankylosis of affected joints unlike 
rheumatoid arthritis. 

3. Asymmetric sacroilitis or even spondylitis without 
sacroilitis is common in psoriatic arthritis. 

4. More florid syndesmophyte formation occurs in 
psoriatic arthritis. 

The prevalence of Psoriatic arthritis (PsA) in patients 
with psoriasis is about 5 to 10% but figures as high as 
30% continue to be reported. First degree relatives of 
patients with psoriasis hâve an elevated risk for 
psoriasis, for psoriatic arthritis itself, and for other forms 
of spondyloarthritides. 

Pathogenesis 5 

Psoriatic arthritis (PsA) is almost certainly immune 
mediated. Synovium shows infiltration with T cells, B cells, 
and macrophages. CD 8+ T cells are more frequent. 
Cytokine production resembles that in psoriatic skin 
lésions and in rheumatoid arthritis, as IL-2, IFN-y, TNF-a 
etc. 

Pathology 

Synovium resembles that of rheumatoid arthritis, however, 
with less hyperplasia and cellularity and greater 
vascularity. There is a higher tendency for synovial fibrosis 
in Psoriatic arthritis (PsA). 

Clinical Features 

Psoriasis is one of the commonest skin diseases affecting 
1% of population. About 5% of psoriasis patients develop 
arthritis. Skin lésions may be présent for sometime before 
or appear along with arthritic manifestations. In 15 to 20% 
patients, arthritis précédés appearance of skin lésions by 
months or years. There may be family history of psoriasis 
or psoriatic arthritis in about one third of patients and this 
may aid diagnosis when arthritis occurs before appearance 


of skin lésions. Males and females are equally affected 
and disease is common in third and fourth décades of âge 
(Veale et al. 1994 12 , Helliwell et al 1991 7 ). Clinical picture 
is not uniform and following 5 types of patterns are seen: 

1. Oligoarticular involvement is commonest présentation 
and is seen in 60 to 70% of patients. There is asymmetric 
joint involvement usually of metacarpophalangeal 
(MCP), proximal interphalangeal (PIP) and distal 
interphalangeal (DIP) joints. Larger joints may also be 
affected in asymmetric fashion with a tendency for more 
frequent lower limb large joints being affected than 
those of the upper limb. 

2. Distal interphalangeal joint (DIP) involvement in 
hands and feet is most characteristic pattern and is 
seen in 10% of patients. 

3. Rheumatoid arthritis like picture develops in 15% of 
cases with prominent constitutional symptoms and 
presence of psoriatic skin lésions helps in diagnosis. 

4. Spondylitis like picture resembling ankylosing 
spondylitis develops in 5% of cases although more 
neck involvement and less thoracolumbar spinal 
involvement is characteristic, and nail changes are not 
found in ankylosing spondylitis. 

5. Arthritis mutilans occurs in 5% of cases and consists 
of destructive erosive arthropathy of small joints. It 
tends to be asymmetrical (in contrast to rheumatoid) 
and is likely to be associated with sacroilitis and axial 
arthritis. Skin lésions tend to be more severe and 
widespread. 

These patterns are not fixed, and in many patients the 
presenting pattern may differ from initial pattern. Dactylitis 
occurs in >30% patients. Enthesitis and tenosynovitis are 
also common. Shortening of digits ("telescoping") because 
of underlying osteolysis is particularly characteristic of 
psoriatic arthritis. There is much greater incidence of 
fibrous and bony ankylosis of small joints as compared to 
rheumatoid arthritis. Back and neck pain and stiffness are 
also common in psoriatic arthritis. 

Extraarticular involvement is in the nails. Six patterns 
of nail involvement are identified: pitting, horizontal 
ridging, onycholysis, yellowish discoloration of the nail 
margins, dystrophie hyperkeratosis, and combination of 
these. Ocular involvement is of iritis and episcleritis and 
is relatively rare. Rarely séropositive rheumatoid arthritis 
and psoriasis may coexist. 

Investigations 

1. Laboratory investigations are not helpful in diagnosis 
and may show low hemoglobin and elevated ESR. Uric 
acid may be raised in 15 to 20% of cases. Rheumatoid 
factor is positive in about 5% of cases. Elevated levels 
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of complément occur but are of no diagnostic 
significance. Synovial fluid and synovial histology 
changes are nonspecific. 

2. Radiographs: The disease produces bone destruction 
on both sides of joint. Bone formation may coexist with 
erosive changes. Juxtaarticular osteoporosis is absent 
and DIP joint is involved (in contrast to rheumatoid). 
Destructive lésion is commonly seen at DIP joints and 
extensive bone destruction may produce "pencil in 
cup" appearance caused by disintegration of distal 
end of proximal bone and splaying of proximal end of 
distal bone. Axial involvement is an asymmetrical 
sacroilitis, asymmetrical broad syndesmophytes with 
skipped lésions in spine. There is severe cervical spine 
involvement, with a tendency to atlantoaxial 
subluxation but relative sparing of the thoracolumbar 
spine; and paravertebral ossification. Ultrasound and 
MRI can detect occult enthesitis and tendon sheath 
effusions. 

Prognosis 

Oligoarticular and DIP joint arthritis patterns of disease 
hâve good prognosis. Rheumatoid arthritis like picture 
has a variable course but disease is generally milder than 
classical rheumatoid arthritis. Spondylotic changes hâve 
a course similar to ankylosing spondylitis. Arthritis 
mutilans type of disease has bad prognosis and responds 
poorly to treatment. 

Treatment 5 

Ideally, coordinated therapy is directed at both the skin 
and joints in psoriatic arthritis. In majority of cases 
psoriatic arthritis is mild, self limiting and has good 
prognosis, especially so in cases who hâve pathological 
changes of enthesopathy rather than erosive rheumatoid 
like changes. Initial treatment in most cases is with 
Nonsteroidal anti-inflammatory drugs. When few 
accessible joints are involved, intraarticular steroid 
injection gives good relief. Patients with spondylotic type 
of disease hâve to be managed like the patients of idiopathic 
ankylosing spondylitis. Cases of multiple joint 
involvement, persistent synovitis and erosive type of 
disease are treated as those of rheumatoid arthritis. Both 
methotrexate and azathioprine are useful in controlling 
severe skin and articular manifestations. Sulfasalazine is 
also effective in controlling articular disease but has no 
effect on skin lésions of psoriasis. Antimalarials and 
steroids are generally not used since both of these can 
exacerbate skin manifestations of psoriasis (Gladman 
1992). 6 Recently use of the anti-TNF-a agents namely 
etanercept and infliximab hâve shown resolution of both 
skin and arthritic lésions. 2 Other agents with efficacy in 


psoriasis reported to benefit psoriatic arthritis are 
cyclosporine, retinoic acid dérivative, and psoralen cream 
plus ultraviolet light (PUVA). 

SAPHO Syndrome 

SAPHO (synovitis, acné, pustulosis, hyperostosis, and 
osteitis) syndrome is characterized by a variety of 
dermatological manifestations (palmoplantar pustulosis, 
psoriasis, acné conglobata, acné fulminans, and hid- 
radenitis suppurativa) and musculoskeletal manifes¬ 
tations comprising a spectrum of disorders that share some 
clinical, radiologie and pathologie characteristics. At one 
end of the spectrum is chronic récurrent multifocal 
osteomyelitis, and at the other end is sternocostoclavicular 
hyperostosis. Between these two extremes are less well 
defined varieties of musculoskeletal manifestations. 

Involvement of the sternum, clavicles and anterior 
portions of the ribs occurs in both adult patients and 
children with chronic récurrent multifocal osteomyelitis. 
In both situations the patients may or may not hâve 
associated pustulosis palmaris and plantaris. In other sites 
subchondral lésions may be évident, particularly in the 
disco vertébral junction, symphysis pubis and in the 
sacroiliac joints. On radiographs, bone sclerosis is a domi¬ 
nant abnormality. Sclerosis may simulate that of osteitis 
condensans ilii, osteitis pubis, idiopathic hemispherical 
sclerosis of a vertébral body, or condensing osteitis of the 
clavicle. HLA-B27 is présent in about 30% cases. 

Treatment is symptomatic with NSAIDs. Recently 
pamidronate and anti-TNF-a agents hâve shown 
promising results. 

ENTEROPATHIC ARTHROPATHY 

This is also referred to as arthritis complicating inflam- 
matory bowel disease. This séronégative arthropathy 
occurs in 5 to 10% of persons with inflammatory bowel 
disease especially Crohn's disease and ulcerative colitis. 
Incidence of development of arthritis is twice as high with 
Crohn's disease as compared to ulcerative colitis. 
Enteropathic arthropathy can présent in two different 
clinical forms (Orchard et al. 2000). 11 

Type I arthropathy 

This type is pauciarticular (fewer than five joints), with 
acute épisodes developing along with exacerbation of 
inflammatory bowel disease (IBD) and is also strongly 
associated with extra intestinal manifestation of IBD. 
Arthritis manifestations are self limiting and in 60% of 
cases improve within 10 weeks. Control of IBD with 
medical or surgical treatment leads to control of 
arthropathy also. 
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Type II Arthropathy 

This type is polyarticular, symmetric, runs a course 
independent of IBD and patients may develop uveitis but 
not the other extra intestinal manifestations of IBD. Course 
of arthropathy is chronic with symptoms persisting from 
month to years. 

Type I disease is moderately associa ted with presence 
of HLA-B27, HLA-B35 and HLA-DR103. Type II disease 
is associated with HLA-B44. 

Treatment 

Arthropathy responds to many available drugs. Initially 
treatment should be with simple analgésies and 
intraarticular steroids. NSAIDs are usually not tolerated 
due to gut disease. Out of second line drugs sulfasalazine 
is effective for both IBD and arthropathy. Mesalazine is 
newer dérivative of sulfasalazine but this is effective only 
for bowel disease and not for articular involvement. When 
systemic steroids are given for bowel disease, they will 
also control articular disease. Methotrexate and 
azathioprine are also useful drugs. Infliximab also appears 
to be useful for both the bowel and joint disease. 
Interestingly spondyloarthritides respond to both 
infliximab and etanercept, whereas only infliximab has 
efficacy in Crohn's disease and neither is effective in 
ulcerative colitis. 

WHIPPLE DISEASE 

Whipple disease is a systemic disease most likely caused 
by a gram-positive bacterium, Tropheryma whippelii. 
Although the first descriptions of the disorder described a 
malabsorption syndrome with small intestine 
involvement, the disease also affects the joints, CNS, and 
cardiovascular System. The disease is believed to be due to 
a disordered host response to the bacterium T whippelii. 
Interestingly, patients with HIV infection do not acquire 
the disease. 

The classic présentation is that of a wasting illness 
characterized by arthralgias, arthritis, fever, and diarrhea. 
At least 75% patients develop an oligoarthritis or 
polyarthritis. The arthritis is abrupt in onset, migratory, 
lasts for hours to a few days and then résolves completely. 
Treatment of choice is therapy with penicillin or 
ceftriaxone and streptomycin for two weeks followed by 
trime thoprim-sulfamethoxazole for 1 to 2 years. 

UNDIFFERENTIATED AND JUVENILE ONSET 
SPONDYLOARTHRITIS 

Patients, who présent with some features of one or more 
spondyloarthritis but lack criteria for their diagnosis, are 
said to hâve undifferentiated spondyloarthritis. HLA-B27 


is présent in 50% of cases. Response to anti TNF-a therapy 
has been documented. 

In juvénile onset spondyloarthritis, which begins 
between the âges of 7 andlô years, most commonly in boys, 
an asymmetric, mainly lower extremity oligoarthritis and 
enthesitis without extraarticular involvement is the typical 
mode of présentation. The prevalence of HLA-B27 in this 
condition, also known as SEA (séronégative, enthesopathy, 
arthropathy) syndrome is about 80%. 

BEHCET’S SYNDROME 

This is a rare multisystem disorder and its clinical features 
include oral and génital ulcérations, uveitis, skin lésions, 
arthritis, thrombophlebitis, neurological and intestinal 
symptoms. Arthritis associated with Behcet's syndrome 
is chronic, séronégative and usually nondestructive and 
usually affects the knees and ankles. It is associated with 
HLA-B5 and HLA-B12. Corticosteroids control the 
symptoms but relapses are common. 
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INTRODUCTION 

Despite tremendous advances in the last century, peri- 
pheral nerve repair remains one of the least conquered 
frontiers in the surgery of the extremities. Although 
techniques and technology hâve shown quantum jumps 
in the recent past, the final outcome of nerve surgery, viz., 
the régénération of axons to their target organs and 
subséquent recovery of function is still far from perfect or 
even consistently predictable (Rosen 1981, Lundborg 1982, 
Orgel 1984). 1-3 There are se ver al factors which lead to this 

i. The nature of nerve healing itself—there is a long lag 
period, aberrant nerve interaction and muscle 
substitution. 

ii. There is no fixed end point for the surgeon to judge 
the quality of results intraoperatively. 

Despite these problems, the clinical outcome of nerve 
repairs is definitely improving. Before we commence the 
formai discussion on nerve repair, it would be worthwhile 
to recapitulate our knowledge of the basic sciences 
involved. 

Embryology 

Ail living organisms are characterized by the ability to 
respond to stimuli. From a phylogenetic standpoint, a few 
surface cells of early organisms became specialized in the 
récognition and response to stimuli. The progress of 
evolutionary biology has led to the development of the 
complex command and control mechanism that we call 
the human nervous System. 

Due to its phylogenetic origin, the human nervous 
System develops from the multipotent ectodermal layer. In 
the third week of intrauterine life, a thickened, elongated 
and disk-shaped area develops in the ectoderm and is 
called the neural plate. This then has two distinct areas— 


the neural tube and the neural crest. The central nervous 
System develops from the neural tube, while the peripheral 
nervous System arises from the neural crest cells in the 
ectoderm. 

This includes cranial nerves, spinal nerves and ail 
types of ganglia. In addition, the Schwann's cells, pigment 
cells, etc. also arise from the same source. 

Anatomy 

In this chapter emphasis is given on the spinal nerves 
since their disorders are mainly treated by the recons¬ 
tructive and/or orthopédie surgeons. 

Spinal nerves are composite neural entities (Fig. 1) 
containing motor, sensory as well as autonomie fibers. In 
keeping with the symmetrical, segmentai origins of the 
human form, we hâve spinal nerves corresponding to each 
segment coming out bilaterally from the spinal cord. These 
are originating in two roots: (i) the dorsal root with its 
spinal ganglion which is the sensory part, and (ii) the 
ventral root arising from the anterior horn cells of the gray 
matter of the spinal cord which is the motor part. The gray 
and white rami communicans constitute the afferent and 
efferent autonomie fibers by intercommunicating with the 
autonomie ganglia. 

Histology 

Basically, the peripheral nerve is composed of neurological 
and connective tissues. The smallest neurologie unit is 
known as the axon. In addition they hâve their own arterial 
supply, venous drainage and lymphatics. The proportion 
of neural and connective tissue can vary between 25 and 
35 percent of the cross-section of a nerve. The connective 
tissue is generally greater over areas of stress such as joints, 
so that motion does not affect function. 
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Fig. 1: Cross-section of a nerve showing perineurium, 
epineurium and endoneurium 


Essentially, the connective tissue is mesodermal in 
origin and helps to create the internai architecture of a 
nerve. It also helps to divide and subdivide the groups of 
axons into organizational units. Briefly the algorithm given 
is as follows. 

• The basic neurological unit is an axon or fiber which is 
the external extension of a cell body or neuron 

• Several fibers form a fascicle 

• Many fascicles form a funiculus 

• Many funiculi form a peripheral nerve. 

This is adapted from the report of the Committee on 
Nomenclature of the International Society of Reconstructive 
Microsurgery (Millesi and Terzis, 1983,1984). 4,5 

The connective tissue has three main components. 

1. Epineurium (internai and external) 

2. Perineurium 

3. Endoneurium. 

Epineurium 

Epineurium is the outer most, connective tissue covering. 
It also sends septae internally which separate fascicles 
and funiculi. Within the epineurium are the blood vessels, 
lymphatics and fibroblasts of mesodermal origin, which 
contribute the collagen fibers forming the backbone of the 
structure. They are also extremely important in repair and 
healing. 

Perineurium 

Perineurium is a unique structure surrounding individual 
fascicles. It is well-defined and strong, and has a lamellar 
structure with six to nine lamellae. It has been shown to 
hâve three concentric zones or layers, and these are 


responsible for its physiological action. It basically 
séparâtes the internai and external environment of the 
nerve fibers and forms a barrier. It maintains the 
intrafascicular pressure from proximal to distal. It also 
protects nerves from stretch injuries and consequently is 
thicker over joints. It blocks the diffusion of a wide variety 
of macromolecules to and from the axons. Thus, perineural 
integrity is essential to the functioning of nerves as against 
epineurium which may be removed in neurolysis without 
delirious conséquences. 

Endoneurium 

The endoneurium is the supporting connective tissue 
filling the spaces between the fibers in a fascicle. It con- 
tains capillaries but no lymphatics. The endoneurium 
resists élongation and protects the integrity of individual 
axon units which it invests. 

Etiology of Nerve Palsies 

Nerve injuries occur either as isolated injuries are more 
commonly as part of a larger composite limb injury. In an 
unpublished study from our institute, an analysis of 1,500 
consecutive hand injuries showed a 25% incidence of 
nerve injury. 

In our practice, the causes are as follows. 

1. Trauma—vehicular accident, glass cuts, etc. 

2. Assault with sharp weapons. 

3. Agricultural machine injuries. 

Physiology of the Damaged 
Nerve and its Target Tissues 

When a nerve is transected or crushed, dramatic changes 
take place, both distal and proximal to the area of injury. 
The distal changes were described by Waller and are still 
referred to as Wallerian degeneration. 

The axons distal to the point of transection start 
degenerating and die. The degeneration is aided by 
enzymes présent in axonal éléments. Within 1 to 2 weeks, 
the degeneration is complété. The myelin is phagocytosed 
by Schwann cells and ultimately by the end of 3 to 4 weeks, 
empty endoneutrial tubes are ail that remain. 

The proximal axon survives except the last node of 
Ranvier just next to the point of transection. Within hours 
acute swelling occur s at the extreme end. For the first 3 
weeks, no growth of axons occurs, however, the cell body 
hypertrophies, and its protein synthesis goes in an 
Overdrive. This protein and other material migrate down 
with the axoplasm and participate in the formation of 
sprouting axons and régénération. The rate of axonal 
régénération is roughly 1 mm/day. 
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Muscle Cell Changes 

Muscle cells are constantly stimulated by the normal motor 
axon. This is essential for their well-being. After injury, 
the stimulation stops and the muscle cell shrink. The 
mesenchymal architecture of endo- and périmysium 
thickens, ultimately the fibers may disintegrate after 2 
years. This denervation-induced atrophy can only be 
reversed by reinnervation. However, for reinnervation to 
succeed the motor end plates need to be intact. This is 
definitely possible till the end of about one year. After that 
it becomes increasingly difficult and after two years, it 
would be futile to attempt reinnervation. 

Sensory End Organs 

Unlike the motor end plate, the sensory end organs survive 
without innervation for long periods. However for fine 
sensation to return early, accurate repair is important. 
Delayed repair will allow only protective sensation to 
return. 

Classification of Injury 

Nerve injuries hâve been graded by Sunderland and 
Seddon (Table 1). 

Technique of Nerve Repair 

Timing of Repair 

Unless there are spécifie contraindications, primary nerve 
repair under proper magnification is the best option. 
Contraindications are: 

i. Massive associated injuries with a physiologically 
unstable patient 

ii. Doubtful limb viability 


iii. Significant crushing and contamination 

iv. Segmentai loss with poor quality of the remainder 

v. Lack of proper instruments and lack of personnel 
trained in microsurgery. 

Primary Nerve Repair 

A repair done soon after injury or up to a week after (delayed 
primary) is defined as primary repair. 

Indications and prerequisites 

1 . Clean eut injury 

2. Absence of /or minimal contamination 

3. No gross skeletal instability 

4. Good skin cover 

5. Good vascularity 

6. Appropriately trained staff 

7. Stable patient. 

Secondary Nerve Repair 

A delayed nerve repair after the initial healing of skin and 
soft tissues is defined as secondary nerve repair. If primary 
nerve repair is contraindicated, it is often préférable to do 
a formai secondary repair rather than a less than 
satisfactory primary repair, since the latter will inevitably 
fool the team into delaying any further reconstruction in 
the belief that primary repair is done. 

Techniques: The anatomical methods of nerve repair are 
based on the structure of the nerve. Four main methods 
are: 

i. Epineurial 

ii. Fascicular (perineurial) 

iii. Group fascicular 

iv. Mixed. 


TABLE 1 : Shows SunderlancTs grades of nerve injury and the corresponding Seddon’s classification 



Sunderland 7 

Seddon 6 

I. 

Epi, péri, endoneurium and axon sheath intact. 

Functional membrane problem. Recovery 6-8 weeks 

Neurapraxia 

II. 

Epi, perineurium and Schwann cell sheath intact, axonal 
degeneration présent, recovery up to 

6 months but usually spontaneous 

Neurapraxia (more severe variety recovery takes much 
longer) 

III. 

Epi, perineurium intact, Schwann cell sheath and endoneurium 
disrupted, some mixing of recovering sensory motor fibers 

Axonotmesis (might hâve substantial though mixed 
recovery with some inappropriate innervation) 

IV. 

Only epineurium intact, neuroma in continuity produced 

Axonotmesis (surgery recommended, in presence of partial 
function intraoperative electrophysiology required) 

V. 

Complété transection of nerve 

Neurotmesis 
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Epineural repair: Historically and till today this is the 
traditional method of nerve repair in practice. 

Currently use of magnification and improvement in 
material and quality of sutures has considerably enhanced 
the results of repair undertaken by this technique. 4X 
loupes or a microscope is désirable. After preparing the 
ends with suitable microdebridement, sutures are placed 
only in epineurium to approximate the ends. Longitudinal 
vessels such as the médian artery or size of fascicles on 
either side canbe used for matching. Drawing the fascicles 
on either side and then matching the similar sized fascicles 
are useful method as long as it is not across a gap in an 
area where the nerve fibers are mixing and rapidly 
changing course. Materials used: 8-0 nylon for larger 
nerves and 10-0 or 11-0 for smaller nerves. This choice 
remains the same in other methods as well. 

Fascicular repair: This method sutures matching fascicles 
using perineurial sutures. The method essentially dépends 
on studying and matching the cross-sectional views of the 
proximal and distal ends after they are resected back to 
healthy eut ends. It implies a better resuit since mismatching 
is minimized and the axons are likely to meet the target 
end organs more effectively. No tension canbe allowed in 
this method and the choice of repair material is usually 
10/0 nylon. 

Group fascicular repair: The fascicular method is suitable 
for smaller nerves with limited number of fascicles. With 
larger nerves, it is préférable to use the grouped fascicular 
method which is conceptually an extension of the earlier 
method on a larger scale. 

The chance of error is reduced since large groups are 
simpler to match more accurately. The number of sutures 
required is much less than the fascicular repair resulting 
is less fibrosis of the site of anastomosis. 

Mixed repair: In the end, the authors prefer this method 
which uses éléments from ail of the above, i.e. first a splint 
formed by epineurial stitches takes away the tension and 
fascicles and/or groups of fascicles can then be matched 
and approximated without tension. 

Recent Advances 

Ail methods of nerve repair approximate the neural 
connective tissue and 'healing' implies collagenous union 
mediated by wound fibroblasts. The task of the correct 
axon to find the correct end organ is still left largely to 
nature apart from matching the geometrical shapes and 
sizes. 

Internationally several methods are being explored to 
use in vivo physiological tests to détermine motor and 
sensory fibers and to try and match them exactly. 


Electrical stimulation: Proximally electrical stimulation can 
be used to study sensory evoked potentials in cases of 
sensory fibers. In awake stimulation, a highly sedated 
patient is asked to identify if he Telt' the stimulus which 
would happen only in sensory fibers. 

Distally this works only prior to Wallerian deg- 
eneration, i.e. in very early cases (up to first 3-4 days) and 
will separate the motor units by virtue of their distal target 
muscle contraction. 

Histochemistry: This is largely experimental as the resuit 
takes a few hours to be available, hence intraoperative use 
becomes difficult. Acétylcholine esterase and carbonic 
anhydrase are sought to be identified to differentiate 
fascicles. 

Nerve Graft 

The entire preceding discussion assumes an end-to-end 
approximation. However, in late repair with firbosed 
retracted ends or in injuries with segmentai nerve loss, 
this is not always feasible. 

How much of the gap can be closed by approximation 
remains a vexed question. Techniques like extensive 
mobilization or anterior transposition (ulnar nerve at 
elbow) will allow large gaps to be closed, but this will 
damage the segmentai blood supply of the nerve and may 
not be conducive to the ultimate biological outcome. In 
view of the fact that newly growing axons cross only one 
scar barrier, end-to-end repair is obviously préférable to 
nerve grafts, where 2 barriers are inévitable. However, 
tension at a suture site increases collagen déposition and 
ultimately makes it a difficult scar to penetrate for the 
growing axons. 

Obviously a balance needs to be struck. Wilgis has 
commented that, "It seems logical then that an operation 
that is technically possible can be nonetheless undesirable 
and that there is a biological limit for closure or large gaps 
that is stricter than the anatomical limit." 

The work of Millesi (1977,1980,1986) 8 " 10 and others 
has shown that a well-done nerve graft will give equally 
good results. It is now generally accepted that a gap larger 
than 4 cm should not be repaired with end-to-end repair 
but with nerve grafts. 

Type of nerve grafts 

1. Trunk graft 

2. Cable graft 

3. Pedicled nerve graft 

4. Interfascicular nerve graft 

5. Free vascularized nerve transfer. 

The above list of course assumes the use of autogenous 
nerves to bridge nerve defects. Alternative materials like 
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freeze thawed muscle, veins etc. hâve also been used and 
are currently being tried in clinical practice and will be 
discussed later on in the chapter. 

Trunkgraft: In trunk graft, a whole nerve trunk is utilized 
to bridge a defect across a large nerve. They hâve generally 
not become very common in practice. One of the biological 
constraints is the large volume of tissue which needs to be 
revascularized by the process of neovascularization. Since 
the relation between the external surface area attracting 
the neovasculature and internai tissue volume receiving 
the perfusion is rather adverse especially compared to the 
interfascicular method where multiple slim nerves are 
used. 

Cable graft: A cable is created by unifying the strands of a 
nerve graft in a unit to be placed between the two damaged 
stumps. The anatomie realinement is not better than 
interfascicular and the technique is not commonly 
employed. 

Pedicled nerve graft: Described by Strange (1947) 11,12 this 
method is currently not commonly used. The idea was to 
preserve the blood supply while transferring the nerve. 
However, the mobilization required in the second stage is 
considérable, and hence, the benefit of preserving the blood 
supply is a moot point. 

Interfascicular graft: Millesi (1972, 1976,1977) 8,13,14 pione- 
ered the microsurgically performed interfascicular nerve 
graft. Currently this is the most common technique in use. 
The identification of proximal and distal matching fascicles 
are before and nerve grafts are used to bridge the gaps. 
Once again it might be groups of f ascicles and/or 
individual fascicles depending on the local situation. One 
or two sutures of 10/0 nylon are used for each graft. 
Advancing TineTs sign is expected around 4 weeks and 
should be monitored after that period. 

Immobilization should be generally for 3 weeks after 
which "gentle active" mobilization can start. In Millesi's 
sériés results are shown to vary inversely with size of defect. 
The author's expérience though more limited is similar. 

Free vascularized nerve transfer: Conceptually, this is a very 
élégant idea. It was put to practical use first by Taylor and 
Ham (1976). 15 Other reports hâve followed subsequently. 
Bonney et al (1984) 16 reported a sériés of 30 cases of 
brachial plexus injuries where ulnar nerve on the ulnar 
vascular pedicle was transferred. 

Gilbert reported vascularized nerve grafts in 8 cases. 
The results from various sériés are equivocal. The end resuit 


as yet has not been convincingly better. However, in a 
poor quality scarred bed, vascularized nerve grafts seem 
to be more appropriate and this is in conformity with the 
basic principles of wound biology. 

Sources of Grafts 

Autogenous nerves 

1. Sural nerves are most commonly used 

2. Médial cutaneous nerve of the forearm 

3. Latéral cutaneous nerve of the forearm 

4. Terminal branch of posterior interosseous nerve 

5. Superficial radial nerve (should be used only if pre- 
existing high radial nerve palsy is présent). 
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lectro diagnostic Assessment of 
Peripheral Nerve Injuries 


M Thatte 


INTRODUCTION 

Damage to a peripheral nerve is frequently encountered 
by orthopédie surgeons. The nerve injury may be acute 
and primary accompanying trauma to other structures or 
it might occur subacutely or even evolve over several years 
secondary to bony abnormalities. This chapter is limited 
to the electrodiagnosis of acute and subacute neuropathies 
resulting from direct damage to the nerve by cuts, traction, 
acute compressions and/or vascular insufficiency. In the 
EMG department of the Bombay Hospital and Medical 
Research Centre, nerve injuries formed 11% of the referrais 
in 1993 and 1994 (Table 1). 

TABLE 1 : Cases admitted due to peripheral nerve injuries 
(Bombay Hospital and Medical Research Centre) 


Total No. of cases (1994) 1806 

Brachial plexus and cervical root lésions 43 

Multiple nerve injuries 40 

Mononeuropthies affecting the lower limb 17 

Radial nerve injury associated with fracture humérus 26 

Radial neuropathy due to injections 6 

Médian 11 

Ulnar 20 

Posterior Interosseous 4 

Facial 4 

other nerves 4 


Injury to the peripheral nerve may involve the distal 
segment of the nerve or the brachial/lumbar plexus at a 
more proximal site or the preganglionic nerve roots. Often 
splinting or tourniquet application may complicate the 
findings by causing chronic or acute compressive or 


ischémie neuropathies. Orthopédie manipulations may 
also cause acute or delayed nerve damage. In patients who 
hâve other serious complications of trauma, the nerve 
damage may not be detected for a while, and if it happens 
to be a nerve prone to compression, it might become clini- 
cally impossible to say whether the nerve damage is 
primarily due to the injury or secondary to prolonged 
compression. 

The purpose of the electrodiagnostic examination is to 
détermine the site of damage, the neural constituents 
involved (whether "axonopathic" or // myelinopathic ,/ ) and 
when appropriate detect motor/sensory régénération. 
Nerve injuries may also be assessed intraoperatively to 
guide the surgeon about nerve suturing or grafting. 

Utility of Electrodiagnosis 

• Objective localization of the site of nerve damage, 
provided sufficient time has elapsed between the injury 
and the study for pathological changes to evolve 

• Assessment of the severity and probable neuro- 
pathology of the lésion 

• Idea regarding prognosis and nerve régénération 

• Early détection of muscle reinnervation 

• Intraoperative nerve conduction can assess whether 
viable, regenerating nerve fibers hâve crossed the injury 
site. 

Pathology of Nerve Damage 

In acute nerve injuries, the pathological features, (irres¬ 
pective of the causative agent) are reflected in: 

i. segmentai demyelination 

ii. wallerian degeneration and axon loss, and 

iii. combination of the two. 

Seddon's classification 22 of nerve injuries is based on 
the continuity of the nerve sheath and axons. 
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Neurapraxia 

Axons are intact but do not conduct—the lésion may be 
focal myelin loss. Prognosis is good and spontaneous 
recovery occurs by myelin reconstruction provided no 
axonal degeneration takes place and the offending agent 
is removed. The most common cause of neurapraxia is 
acute and prolonged compression, e.g. during deep sleep, 
due to splints, plaster casts, crepe bandages, tourniquets, 
restrains, hand cuffs, posture at work, hematomas and 
posture of the limb during surgery. 

Axonotmesis 

The nerve trunk and its surrounding connective tissue is 
divided. Electrophysiology would show changes of axonal 
degeneration. Sunderland 24 has further subdivided this 
classification. Ail cases of neurotmesis would require 
surgical intervention. 

ELECTRODIAGNOSTIC TESTS ROUTINELY USED 

1. Sensory nerve action potential (SNAP) recording 

2. Motor nerve conduction 

3. Needle electromyography (EMG) 

4. Somastosensory evoked potentials (SSEP) 

5. Intraoperative nerve action potential (INAP) 

Nerve Conduction Studies 

Sensory nerve action potential (SNAP) measures the 
conduction in the postganglionic segment of the peripheral 
nerve. The assessment of the SNAP is important, as it 
immediately helps to localize the site of damage (specially 
in closed traction injuries and brachial plexus vs root 
lésions as described later). 

Segmentai supply to sensory nerves 20 (Root value 
plexus peripheral nerve) 

• C 6 upper trunk superficial radial posterior cord 

• C 6 upper trunk médian nerve (digits latéral cord 1 
and 2) 

• C 7 middle trunk médian nerve (digit 3) latéral cord 

• C 8 lower trunk ulnar nerve (digit 5) médial cord 

• L 4 Saphenous 

• L 5 Superficial peroneal 

• S 1 Sural 

If the damage is at the level of the branchial plexus (i.e. 
postganglionic) involving, e.g. the upper trunk, the 
superficial radial and the médian (from digits 1 and 2) 
sensory nerve action potentials would be attenuated or 
absent. However, if this damage involves the C56 roots 
(i.e. preganglionic), the sensory nerve action potentials 


would be well preserved even with clinical sensory loss. 2,30 
In fémoral neuropathies, the saphenous nerve action 
potential is absent, while in L34 root lésions the action 
potential is preserved. 

The motor nerve conduction studies measure the 
amplitude or size of the compound muscle action potential, 
which reflects the number of functioning axons. The nerve 
conduction time across a particular segment of the nerve 
is important in entrapment neuropathies. 

The "F" wave 13 is triphasic potential recorded over the 
muscle, when stimulating its motor nerve. It was called 
the "F" wave, as it was first recorded from the small 
muscles of the foot, however, it can be recorded from any 
muscle. It is also termed as a "late" response as it foliows 
the direct muscle response. The afferent and efferent 
pathway for the response are the motor axons of the 
peripheral nerve. When the motor nerve is stimulated, part 
of the response travels along towards the spinal cord, 
where it activâtes the motor neurons, antidromically. They 
in turn fire back and that réponse travels down the motor 
fibers of the nerve to the recording electrode and is recorded 
as the F wave. The shortest latency of 10 recordings is 
measured. F wave measurements are more useful for 
documenting slowing in the proximal segments in 
demyelinating peripheral neuropathies. There is no 
particular utility of F waves in peripheral nerve injuries, 
however, measurements are done as part of routine studies. 

Following Partial Axonal Nerve Damage 
(Incomplète nerve damage) 

Day 1: Following the injury as day 1 the sensory and 
motor action potentials distal to the site of the lésion remain 
normal. On stimulating the nerve at or above the site of the 
lésion, there is a drop in the amplitude of the motor-evoked 
response. At this stage, it is not possible to distinguish 
whether the lésion is a partial neurapraxia or there is 
partial axonal discontinuity. 

After about 5-7 day s : 21 depending upon the length of the 
distal stump, the axon loss due to Wallerian degeneration 
is complété and there is a rapid (over 1-2 days) drop in the 
sensory and motor compound muscle action potential 
amplitude. 5,8,29 However, as long as even one conducting 
axon remains, the motor nerve conduction velocity 
continues to be normal. 18,29 

As recovery proceeds by régénération, the axons are 
thin and poorly myelinated, so, it is technically difficult 
using surface électrodes to record a nerve action 
potential. Later studies show improvement in the muscle 
action potential amplitude and the conduction velocity 
may return to normal or some amount of slowing may 
persist. 4,7 
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Following Partial Axon Loss (e.g. Nerve Transaction) 

Day 1: The nerve conductions, both sensory and motor, 
remain normal in the distal stump. The nerve is excitable 
above the site of the lésion, but the action potential cannot 
traverse the injured area (axonal noncontinuity conducüon 
block). It is not possible at this time to comment whether 
this is due to axonal discontinuity or neurapraxia. 

As Wallerian degeneration proceeds (4-7 day s) the 
sensory and motor evoked responses drop rapidly and 
disappear, the nerve being no longer excitable. 

Nerve Conductions in Neurapraxis Lésions (Figs IA to C) 

In such cases there being only a focal myelin abnormality, 
the sensory and motor-evoked responses always remain 
normal distal to the site of the lésion. On stimulating the 
nerve at or just above the site of the block, there is a sudden 
drop in the amplitude of the motor-evoked response 
sometimes accompanied by slowing of the conduction 
velocity across the injured segment of the nerve. These 
lésions hâve a good prognosis and recover spontaneously. 

Electromyography 

The assessment of electrical activity of the muscles is called 
"electromyography" (EMG). It helps to locate the site and 
extent of the lésion and characterize it. It is also 
indispensable for assessing motor régénération. 

Elecromyographic Pattern Following Partial Axonal 
Nerve Injury 

Immediately following the nerve damage, there is 
weakness of the muscles supplied, but as changes of 
degeneration take time (1-4 weeks), electrical evidence of 
axonal loss is évident only after this time period has 
elapsed. 

Following the nerve damage one day 1, EMG would 
just show a reduced recruitment pattern with bi-or triphasic 
motor unit potentials, or the patient may not be able to 
activate any motor units due to the severe pain. At this 
stage, it is impossible to distinguish whether the lésion is 
neurapraxic or degenerative. 

After about 1-4 weeks 4 (depending on the length of the 
distal stum), 28 the muscle would show increased 
spontaneous activity at rest, i.e. fibrillations and positive 
sharp waves. (Fig. 2). These are unequivocal evidence of 
axonal degeneration (Figs 2A and B). 

After 3 to 6 months following the injury, needle EMG is 
done to look for recovery. 

Recovery from injury to the nerve can take place by: 

i. Collateral sprouting, or 

ii. Régénération of the nerve fibers. 


SNAP Stimulation site : Médian nerve (digit 2) 
Recording site : Above elbow 



SNAP Stimulation site : Médian nerve (digit 5) 
Recording site : Above elbow 



Symptomatic si de 
Dinar nerve (motor) 
Recording site : ADM muscle 



5llV| CMAP at the elbow 

0 5 ms 

ms = millisec, m = sec, pV = micro volt 

Figs IA to C: Neurapraxic lésion affecting the médian and 
ulnar nerves at the elbow: (A and B) showing absent sensory 
nerve action potentials (SNAPs) in the symptomatic arm while 
recording above elbow-the asymptomatic arm showing normal 
potentials. The distal SNAPs recorded at the wrist were normal 
in both hands, and (C) showing a partial motor conduction 
block at the elbow in the ulnar nerve. This patient’s arm was 
caught at the elbow between 2 rollers and compressed for 
about an hour. He developed a wrist drop and weakness of 
the grip. When he came for the test the wrist drop had improved 
significantly 

Collateral sprouting of the uninjured axons is a quicker 
method and more effective in producing good recovery. It 
is seen following less severe and partial nerve damage. 
Small branches grow from the nodes of Ranvier and 
reinnerate muscles of nearby units. Reinnervation by this 
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10 ms 



Figs 2A toD: (A and B) Spontaneous electrical activity 
(fibrillations and positive Sharp waves) recorded from the 
brachioradialis muscle, in a patient who developed a radial 
neuropathy following a fracture mid-shaft humérus, (C) early 
reinnervation by régénération, detected 4 months later, and 
(D) a large triphasic motor unit potential signifying mature 
reinnervation 


electromyography would show presence of very small, 
dispersed polyphasic units called "nascent units" which 
indicate that there is ongoing reinnervation (Fig. 2C). These 
nascent units finally mature into large amplitude, long 
duration motor unit potentials (Fig. 2D). Appearance of 
"nascent motor units does not guarantee good 
reinnervation, because sometimes few nascant units 
develop and then disappear. 16 It is important to check 
many muscles before a conclusion of failed reinnervation 
is drawn. Aberrant innervation is common and effective 
régénération may not be possible without surgical 
intervention. 

When "electrical" reinnervation is complété, i.e. only 
large wide triphasic units are seen, it indicates that no 
further electrical change is possible though muscle power 
may improve further. 

Electromyography in total axon loss e.g. nerve 
transection The initial findings would be the same as 
above, however, the electrical evidence of reinnervation 
would not be seen when expected. If a total transection is 
suspected, a surgeon would need to explore the injury 
site. 

Electromyographic Pattern in Pure Neurapraxic Lésions 19 


method can take place even if 80% of the axons are 
degenerated. 6 Recovery is more effective and rapid as these 
axons hâve to travel very short distances. Aberrant 
reinnervation is not a common sequela. As reinnervation 
by sprouting occurs, the area of the surviving motor units 
increases. These sprouts are immature and conduct slowly. 
The neuromuscular transmission also varies and the 
electrical potential so picked up by the recording electrode 
is seen as a satellite potential 3 occurring 30 to 40 msec. 
after the parent unit. The satellite potential is not always 
seen accompanying the parent unit, as it may be blocked 
at the insecure neuromuscular junction. As the sprout 
matures, the satellite unit gets doser to the parent unit and 
finally merges to form large amplitude and long duration 
motor unit potentials. If the satellite unit is incompletely 
merged into the parent unit, the potential looks polyphasic 
(i.e. it has more than 3 phases—normal motor units 
potentials are bi-or triphasic). This process occurs over 3 
to 6 month following the injury. 

Régénération ofthe Nerve Fibers: If the injury is very severe 
or complété, recovery then takes place by régénération 
which is a slow process. It takes about 7 to 10 days 26 for 
the axons sprouts to cross the injury site (in idéal 
circumstances), and once they reach the distal stump they 
elongate at a rate of about 1 to 3 mm/day. 11,25 Only about 
50 percent of the sprouts enter the distal stump. Needle 
electromyography detects reinnervation by régénération 
long before there is any clinical evidence of recovery. Needle 


In such lésions, there is only a reduced recruitment in 
partial lésions and no activity in complété lésions. 
However, spontaneous activity at rest, i.e. fibrillations and 
positive sharp waves do not develop and as the conduction 
block improves, the electromyographic pattern cornes back 
to normal. 

Acute compressive lésions that cause neurapraxia as 
well as changes of axonal degeneration show evidence of 
both, depending on which pathological feature is 
prédominant. Very often the nerve injuries seen in the EMG 
laboratory are combined lésions. 

Somatosensory evoked potentials (SSEPs) are useful in 
localizing proximal lésions of the brachial plexus and roots. 
In the upper limbs, the cutaneous or mixed nerves are 
stimulated and the orthodromie volleys are simultaneously 
recorded at the Erb's point, the cervical spine and the 
contralatéral hemisphere. Conduction along the various 
segments gives an idea of the site the lésion and also its 
severity. It is our expérience that SSEP studies are 
particularly useful to confirming EMG/NC evidence of 
total root avulsions (Figs 3A to E). Intraoperative SSEPs 
are also done by stimulating below or above a plexus lésion 
during surgery. The advantages are that the C5 segment 
can be evaluated, doubel site lésions can be determined, 
and it can be confirmed if the lésion is partial or 
total. 12,14,18,23 

In any nerve damage the clinician is keen to détermine 
the nature of the lésion, i.e. whether the lésion is 
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Figs 3A to E: (A ,B, and C) showing evoked potential responses 
recorded at the Erb’s point, cervical spine and the contralatéral 
cortex, stimulating the médian nerve at the wrist, (D) showing 
a normal Erb’s point potential, reflecting normal afferent volley 
to the brachial plexus, and (E) recorded from the cervical spine 
(Cv6) of a patient with a flail arm following a motorcycle 
accident, showing no cervical spinal potential, which confirmed 
the EMG findings of (at least) a C 6 root avulsion in this patient 

neurapraxic, axonal degeneration or a combination of both, 
as the prognosis is very dépendent on that. The findings 
can be summarized as follows. 


Electrophysiological correlates of a pure neurapraxic 
lésion 1 ’ 9 

1 . Preserved sensory and motor nerve conduction in the 
distal sgement, i.e. distal to the site of injury 

2. Conduction block, slowed conduction or dispersed 
responses on stimulating the nerve just above the site 
of lésion depending on the number of axons that are 
conducting. 

Electrophysiological correlates of axonal division 1 ’ 9 ’ 10 

1 . Reduced / absent sensory nerve action potential (SNAP) 
amplitude 

2. Reduced/absent compound muscle action potential 
(CMAP) amplitude with essentially normal motor 
nerve conduction velocity in the surviving axons 

3. Changes in muscle electrical activity, i.e. "spontaneous 
activity" at rest recorded with a needle electrode, about 
2 to 3 weeks following the injury. 

Often the lésion is a mixed one, i.e. there may be a 
combination of neurapraxia along with Wallerian degene¬ 
ration and in such cases electromyography and nerve 
conductions help to define the prédominant pathology 
and aid in the prédiction of the recovery. 

Acute ischémie lésions damage not only nerves but 
also the muscle fibers directly. The outlook for recover is 
poor, as these muscles are prone to severe fibrosis (e.g. 
compartment syndromes and Volkmann's contractures). 

SOME IMPORTANT CONSIDERATIONS 

There are some physiological factors to be borne in mind 
when interpreting electrophysiological data. 

1. The distal stump of even a completely severed nerve is 
able to conduct normally for almost 7 days, (SAP is 
preserved till 12 days and CMAP till about 5 days) 
after which conduction stops abruptly. The actual time 
interval dépends on the length of the stump. This 
implies that even if the nerve is eut into 2, nerve 
conduction studies done on day one after the injury 
would be incapable of differentiating between a 
neurapraxic lésion and an axon division 

2. Axonal degeneration manifests as spontaneous 
electrical activity in the muscle after about 10 to 15 
days (again, shorter the distal stump, the earlier it is 
seen) 

3. Electrodiagnostic studies cannot differnetiate between 
total axonotmesis and neurotmesis 

4. Conventional electrodiagnostic techniques do not 
detect axons that hâve regenerated across the injury 
site but hâve not reinnervated any distal tissue (see 
intraoperative studies) 
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5. The distal limit of a lésion or additional distal nerve 
damage associated with proximal lésions cannot 
always be confirmed by electromyography and nerve 
conduction study (EMG/NCS) 

6. The electromyographic parameters of reinnervation 
hâve nothing to do with "functional" recovery and 
quality. 

Electrodiagnostic Localization 

In nerve lésions the site of damage is inferred from the 
muscular branches that it gives off at various levels. This 
also helps in prognosis, as lésions which are more 
proximally situated along the nerve hâve poorer prognosis 
as far as muscle power recovery is concerned, e.g. lésions 
of the médian nerve above the elbow show incomplète 
and ineffective reinnervation of the distal hand muscles 
as compared to more distally situated lésions. 

Différentiation Between Brachial Plexus and 
Root Injuries 

Preganglionic lésion affecting the nerve roots has a poor 
prognosis and is a contraindication for direct surgery on 
the plexus. Injuries that damage both, nerve roots as well 
as spinal nerves, are fairly common, e.g. fall from a 
speeding two wheeler. It is important at this stage to 
demonstrate which lésion is more severe as the prognosis 
dépends on that. 

The most important electrophysiological parameter for 
différentiation is that, lésions proximal to the dorsal root 
ganglion (preganglionic) do not affect the SNAP 2,30 
(Fig. 4A), i.e. lésions of the sensory rootlets before formation 
of the brachial plexus, show preserved SNAPs even in the 
presence of sensory loss, that is because the dorsal root 
ganglion (cell body) is in continuity with its peripheral 
axons. The associated muscle weakness would also then 
be at the radicle level, as there is close anatomical proximity 
between the dorsal and ventral roots. On the other hand, 
lésions at or distal to the level of the brachial plexus 
(always show abnormalities (absence/atténuation) of the 
appropriate SNAPs (Fig. 4B). If there is a combination of 
nerve root and brachial plexus lésion, then needle EMG of 
the proximal muscles, innervated directly from the anterior 
rami (serratus anterior C 5-7 and rhomboids (C5) helps to 
détermine the proximal extent (root or spinal nerve) of the 
lésion. Cervical paraspinal EMG also helps to localize the 
lésion at the root level, though cross-innervation from other 
spinal segments makes it difficult to define the act level. 

Somatosensory evoked responses also aid in 
diagnosing root lésions. Here the Erb's point potential 
would be normal with an absent cervical cord potential 


Preganglionic lésion............. SNAP preserved 

Q 


Postganglionic lésion.... SNAP absent 



Figs 4A and B: (A) A diagram depicting a preganglionic lésion 
with a preserved sensory nerve action potential (SNAP), and 
(B) a diagram depicting a postganglionic lésion with an absent 
SNAP 

suggesting conduction failure through the dorsal roots 
(Fig. 2). 

Severity of the Lésion and Prognosis 

Severity of the lésion dépends on the axon loss 

1. The SNAP will be affected depending on the site of 
lésion 

2. In the initial stages foliowing the injury, axonal loss is 
reflected in the compound muscle action potential 
(CMAP) amplitude. In partial lésions the amplitude of 
the CMAP slowly goes down as axonal degeneration 
proceeds and in severe nerve damage the CMAP may 
be unrecordable. A motor response elicited more than 
a week following the injury suggests a lésion in 
continuity 

3. On needle EMG, spontaneous electrical activity in the 
muscles is seen 2 to 3 weeks following the injury. Initial 
examination may use the recruitment ratio, which is 
calculated as a ratio of the maximal firing rate of the 
fastest firing motor unit and the total number of motor 
units recruited. This gives a semiquantitative measure 
of the motor units that are under voluntary control. 
The density of the spontaneous activity which appears 

about 2 weeks following the injury does not correlate with 
the severity of the lésion. However, its presence is 
unequivocal evidence of axonal degeneration. 
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Late/follow-up Examination for Assessing Recovery 

1. As recovery proceeds in a partial nerve injury, needle 
EMG shows the évolution of motor unit reconstruction 
from "nascent" to maturity by the process of "collateral 
sprouting". If the reinnervation is not complété or on- 
going, the parent motor unit potential becomes 
polyphasic. This process occurs over 3 to 6 months. 
The most proximal muscle is reinnervated first and 
subsequently the reinnervation progresses distally. 

Aberrant reinnervation frequently occurs with proxi¬ 
mal lésions of nerves supplying distal muscles and at 
times prevents useful movements for fine tasks. 
Aberrant reinnervation is common with proximal 
injuries involving the plexus and cranial nerves, e.g. 
the facial nerve. 

2. An increase in the amplitude of the CM AP on follow- 
up examination points to increase in innervated muscle 
fibers 

3. SNAPs, though sensitive for initial diagnosis rarely 
help in assessing recovery. Even with good clinical 
sensory reinnervation, the appropriate SNAP may 
never be recordable by surface électrodes. 

Postoperative Examination 

The functional outcome following surgery is dépendent 
on the number of nerve fibers Crossing the suture site and 
successfully innervating the appropriate end organ. Needle 
EMG examination gives the first indication of muscle 
reinnervation, long before there is clinical improvement. 

Détection of motor unit potentials in previously 
completely denervated muscles suggests ongoing reinner¬ 
vation, but it does not confirm functional recovery as 
various other factors including misdirection of fibers play 
a major rôle in that. 

A base line preoperative EMG/NC examination is 
essential for confident postoperative prédications 

Intraoperative Studies 

Intraoperative nerve studies were first developed and 
reported by Kline in 1968. 14-17 Many centers utilize this 
study in the management of peripheral nerve injuries. The 
study is done during surgical exploration 19,27 (Fig. 5). When 
there is no electrophysiological evidence of recovery as 
expected in a injured nerve which is in continuity, an 
explorative surgery along with intraoperative nerve 
conduction studies may be indicated. 

Intraoperatively, nerve conduction (intraoperative 
nerve action potential—INAP) is recorded across the site 
of the lésion to look for viable nerve fibers Crossing the 



Fig. 5: A normal intraoperative nerve action potential (INAP) 
recorded over the exposed ulnar nerve in the midarm (above 
the site of thickening) in a case of leprous ulnar neuropathy 

injury site. Such studies are not done routinely. 
Intraoperatively the nerve trunk or the plexus is stimulated 
using spécial bipolar électrodes. The potential is recorded 
distal to the lésion. If a intraoperative nerve action potential 
(INAP) is présent, neurolysis alone would help 
régénération suggesting that there may be endoneural 
fibrosis hampering effective régénération. If there is no 
evoked INAP response distally across the injury site, the 
surgeon may need to resect the nerve and introduce a 
graft. 15,17,19 Simultaneously, the limit of conduction in the 
proximal stump may be found out. The distal margin of 
the injury cannot be identified. This forms a more reliable 
method of assessing nerve function than visual inspection 
even under the operating microscope. 

Guidelines for Electrodiagnostic 
Evaluation and Referral 

1. Early base line study in the first week, provided there 
is no edema locally or open wounds very close to 
examination site or the limb is in a plaster cast. This 
would provide a basis for the next examination though 
it may not characterize the lésion 

2. After 3 weeks the site, extent and nature of the lésion is 
detected with more confidence 

3. Three to six months or postoperatively examine the 
previously affected muscles for evidence of reinnerva¬ 
tion. Look for an increase in the CM AP amplitude. 
Sequential electrodiagnostic studies can give valuable 

information to the clinician regarding management of the 
nerve injury if the study treated as an extension of clinical 
examination. 
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Painful Neurological 
Conditions ofUnknown Etiology 


GS Kulkarni 


INTRODUCTION 

There is a group of conditions in which there is severe 
pain in the limb of unknown etiology and is extremely 
difficult to treat. They are: 

i. causalgia 

ii. reflex symphethetic dystrophy 

iii. phantomlimb 

iv. Sudeck's atrophy. 

CAUSALGIA 

Causalgia is a syndrome resulting from injury to the 
peripheral nerve. The characteristic and cardinal features 
are intense burning pain in association with trophic and 
vasomotor changes in the injured extremity. Its cause is 
not unknown. Devor 1 suggested that most of the features 
of causalgia could be explained by sproutings from the 
injured terminal nerve endings which would be 
mechanosensitive. Sympathetic System is activated. 
Burning type of pain is présent in the distal part of 
extremity—hand or foot. It is not confined to the auto- 
nomous zone of the injured nerve. The pain is intolérable 
and intense burning type. The intensity varies with 
emotional and other stimuli such as anxiety, anger, fear, 
noises or lighting the room. The paitent does not a allow 
the part to be touched. Causalgia is usually associated 
with nerve injury or a major fractures. 

The history seems to suggest that the disorder might be 
entirely psychogenic in character. The motor and sensory 
losses are difficult to détermine for usually the patient 
refuses to move the part or permit it to be touched. In 
addition, there is usually marked stiffness of the joints, 
probably due to disuse. 

The skin may be cold, glistening and may be associated 
with loss of hair. Profuse sweating may be présent. 
Radiograph may show osteoporosis. 


Nashold et al 4 hâve reported better pain control with 
the use of implanted électrodes for prolonged stimulation 
of injured peripheral nerves. They hâve obtained relief of 
pain in 50% of patients in the upper extremity (mainly in 
the médian nerve) but in only 31% in the lower extremities. 

Treatment 

These cases are extremely difficult to treat. According to 
Lowdon 3 interruption of the sympathetic, chain has 
consistently been the most efficacious procedure and the 
results of preganglionic section are superior to those of 
postganglionic sympathetic chain by block, sometimes 
repeated several time, is followed by dramatic relief. It is 
instantaneous and absolute. This is a definite indication 
for surgical sympathectomy, in the case of the leg, the 
second, third and fourth lumbar ganglia are removed and 
usually the patient is free of pain on walking, and remains 
so. Similarly, in the arm an appropriate preganglionic 
resection is followed by dramatic relief. The operation 
should be done early to prevent the crippling deformity of 
the joints which follows prolonged voluntary immobili- 
zation of the painful limb. 

Reflex Symphethetic Dystrophy 

See section "Hand." 

Phantom Limb 

When amputation is done the patient feels that the 
amputated part is présent and often very painful. As the 
days passed, the distal part hand or foot may become 
shortened and get attached to the stump. In majority of the 
cases, the phantom limb disappears. Reamputation should 
never be done as the results are unsatisfactory. Sympathetic 
block with local anesthetic should be tried. One or more 
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injections of the local anesthetic or an appropriate 
sympathectomy may be successful, but if these fail, the 
contralatéral spinothalamic tract should divided well 
above the level at which the plexus from the limb joints the 
cord. This cordotomy should not be unduly delayed in 
cases in which the symptoms are severe lest pain fixation 
becomes a cérébral condition for which such procedures 
as postcentral cortical ablation or frontal leukotomy may 
hâve to be considered. 

Noninvasive 5 treatments, such as increased prosthetic 
limb use, physical therapy modalities, intermittent 
compression, and transcutaneous electrical nerve stimu¬ 
lation, often will decrease symptoms. 

Transcutaneous electrical nerve stimulation (TENS) 
has been applied with good results, although rarely of 
any duration. Finsen et al 2 hâve studied the effect of TENS 
on stump healing, postoperative and late phantom pain 
after major amputations. 

Phantom limb sensation, the feeling that ail or part of 
an amputated limb is présent, occurs in virtually ail adults 
foliowing an amputation. It usually diminishes with time. 
Phantom pain is a burning, painful sensation in the 
distribution of the amputated part. It is présent in less 
than 10% of adults with acquired amputations. 


Sudeck’s Atrophy 

Sudeck's atrophy usually occurs after injury to the wrist. 
It is commonly seen after the fractures of the lower end of 
the radius. It is associated with severe pain, stiffness of the 
hand and swelling. Radiograph shows severe osteo- 
porosis. But the outlines or the carpal bones are 
maintained. 

This differentiates it from tuberculosis of the wrist 
(carpal bones) in which the outlines of the carpal bones 
are destroyed. The treatment of Sudeck's atrophy is active 
physiotherapy, if this fails, the patient may need 
sympathectomy (chemical and surgical). 
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Management ofAdult 
Brachial Plexus Injuries 

Anil Bhatia, MR Thatte, RL Thatte 


Anatomy 

The brachial plexus is formed by the anterior primary rami 
of the fifth, sixth, seventh and eighth cervical and the first 
dorsal spinal nerves on each side. Each spinal nerve is 
formed by the union of an anterior motor root and a 
posterior sensory root arising from the respective horns of 
the gray matter in the spinal cord, the latter showing 
presence of a spinal ganglion. The anterior and posterior 
roots unité at the intervertébral foramen and exit from the 
spinal canal as the spinal nerve. This immediately divides 
into anterior and posterior primary rami (Fig. 1). The 
posterior branch supplies a twig to the adjacent 
intervertébral joint and then proceeds to innervate the 
posterior paraspinal musculature. The anterior primary 
rami (termed roots of the brachial plexus) join to form the 
upper (C 5 C 6 ), middle (C 7 ) and lower (CgT^ trunks (Fig. 2). 
Each trunk divides into anterior and posterior divisions. 
The anterior divisions form the posterior cord (named 
according to their positions with respect to the axillary 
artery behind the pectoralis minor muscle). These 
eventually divide into the terminal branches (axillary, 
radial, musculocutaneous, médian and ulnar nerves). 

Branches 

From Roots of Plexus 

Long thoracic nerve This arises near the roots with a 
constant C 5 , C 6 contribution with very frequent and 
variable contributions of C 7 , C 8 and T t (especially C 7 ). It 
supplies the serratus anterior muscle. 

From Trunks 

Suprascapular nerve Arising from the upper trunk passes 
inferiorly, posteriorly and laterally under the supra- 



Fig. 1: Formation of a spinal nerve 

scapular ligament to supply the supraspinatus and, 
subsequently, around the spine of the scapula to the 
infraspinatus muscles. 

From Cords 

Latéral cord Branches arise to supply the clavicular head 
of the pectoralis major and pectoralis minor muscles and 
then to provide the latéral component of the médian nerve. 

Médial cord This gives rise to the médial cuntaneous nerves 
to the arm and forearm, the sternocostal head of the 
pectoralis major and the médial component of the médian 
nerve. The two components of the médian nerve unité 
behind or just distal to the pectoralis minor in front of the 
axillary artery. 
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Fig. 3: Types of plexus formation 
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Fig. 2: Schematic représentation of brachial plexus 

Posterior cord This provides motor branches to the 
latissimus dorsi (thoracodorsal nerve), subscapularis and 
teres major (upper and lower subcapsular nerves) muscles 
before terminating as the axillary and radial nerves. 

Collateral Branches 

Collateral branches include nerves to the levator scapulae 
and to the rhomboids which can arise from the C 4 (deep 
cervical plexus) or C 5 . 

Phrenie Nerve 

Phrenic nerve may receive a variable contribution from 
the C 5 root. 

Autonomie Nervous System Fibers 

The T 1 root communicates with the stellate ganglion 
carrying the fibers of the autonomie nervous System. 

Anatomical Variations 

Variations in origins of roots: Seddon defined the classic 
variations as "prefixed" when the plexus is formed by C 4 , 
C 5 , C 6 , C 7 and C 8 and "postfixed" when it is formed by C 6 
to T 2 . 

Variations in the components of the cords The anterior 
division of the middle trunk contributes in a variable 
manner to the formation of the latéral and médial cords 
giving rise to the different patterns A, B and C noted by 
Alnot 2-6 and Huten (Fig. 3). 


BRACHIAL PLEXUS INJURIES 

Excluding direct trauma by means of penetrating injuries, 
lésions of the brachial plexus are mainly due to stretching 
forces. These lésions can occur at any level from the spinal 
cord to the terminal branches (zones 1 to 5—Fig. 2) and 
canbe differential according to Sunderland's grades. The 
stretching force acts on the segments of the plexus between 
fixed points, e.g. the roots at the intervertébral foramina, 
the suprascapular nerve at the suprascapular notch, the 
axillary nerve in the quadrilatéral space of Velpeau, the 
musculocutaneous nerve at its entry into the coraco- 
brachialis and the different cords below the coracoid 
process with the arm in abduction. 

Both peripheral and central mechanisms can be 
distinguished. There are three possible peripheral 
mechanisms. 

1. Downward pull of the shoulder away from the cervical 
spine. 95% of these lésions occur following motorcycle 
accidents associated with a fall on the shoulder. The 
severity of the lésion dépends largely on the position 
of the arm and degree of abduction with maximum 
stress being caused by rétropulsion of the shoulder 
with the arm in 90 degrees of abduction. 

2. Stretching of the upper extremity in maximum 
abduction which may cause paralysis of C 8 and T v 

3. Anteroposterior trauma or dislocation of the shoulder 
may cause lésions due to stretching of ail the roots. 
The central mechanism, secondary to extreme 

movements of the cervical column caused by violent 
trauma to the head can induce intrinsic stretching of the 
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rootlets at the level of the cord without associated lésions 
of the dura. 

The lésions of the brachial plexus can be classified 
according to their location as supraclavicular, i.e. affected 
the roots and trunks (75% of cases), and infraclavicular 
(25% of cases) affecting the cords and their terminal 
branches. These differ in their causative mechanisms, 
patterns of lésions seen, possibility of spontaneous 
recovery or of surgical repair and prognosis for ultimate 
recovery of function. 

Supraclavicular Injuries 

Supraclavicular injuries can againbe classified as follows. 

1. Root avulsions : Occurring within the spinal canal at 
the origins of the anterior and posterior roots from the 
spinal cord. Being proximal to the dorsal root ganglia, 
they can be termed as supraganglionic injuries. They 
are associated with tearing of the durai sleeve with the 
leakage of cerebrospinal fluid and formation of pseudo- 
meningoceles. Nonavailability of a proximal stump for 
surgical repair or reconstruction renders these lésions 
inopérable. Intraspinal ruptures of the roots prior to 
the intervertébral foramina can also be included in this 
group. 

2. Extraforaminal ruptures: These can occur more or less 
distally ranging from just after their exit from the spinal 
canal between the scalenus anterior and médius, latéral 
to the scalenus anterior at the level of the trunks or 
their divisions. 

Very proximal lésions can cause rétrogradé dege- 
neration associated with lésions of the anterior horn cells 
or with damage to the sensory cells of the posterior root 
ganglia équivalent to an avulsion injury. 

The more distal injuries hâve better prognosis 
following surgical repair and reconstruction. 

One must note, however, that supraclavicular injuries 
can be associated with infraclavicular lésions either at or 
below the level of the cords (15% of ail supraclavicular 
lésions). 

Pathologie lésions due to traction are not localized but 
spread over a significant length of roots or trunks. Hence 
root avulsions can coexist with extraforaminal ruptures. 
In general, the lower root (C 8 and T a ) are more prone to be 
avulsed, while C 5 and C 6 tend to rupture in the 
interscalenic space. This occurs because the C 8 and 
spinal nerves assume a horizontal position with the arm 
in abduction and are directly subjected to maximal 
stretching forces, while the C 5 , C 6 and, to a certain extent, 
C 7 nerves hâve a relatively oblique course and suffer 
traction injuries along their extraspinal course. Thus, the 
following patterns may be seen. 


Complété Supraclavicular Injuries 

Total paralysis is the most frequent involving 75 to 80% of 
the cases worldwide. Typically, these cases présent with 
avulsion of the C 7 , C 8 and T x roots and rupture of the C 5 
and C 6 roots (one or two roots may thus be utilizable for 
surgical reconstruction). Often, ail roots are avulsed. Less 
commonly, the upper and middle trunks are injured. 

Incomplète Supraclavicular Injuries 

These canbe: 

i. upper plexus palsies affecting the C 5 , C 6 +/- C 7 roots 
(20 to 25% of cases), or 

ii. lower plexus palsies affecting the C 8 and T x roots 
(2 to 3% of sériés worldwide) with sparing of the rest 
of the plexus. 

Management of Supraclavicular 
Brachial Plexus Injuries 

Diagnosis 

History more than 90% of these injuries occur following 
traffic accidents with a very large percentage being 
motorcycle accidents. 90% of these patients belong to the 
age-group of 15 to 40 years. There is often associated head 
injury with loss of consciousness for a variable period of 
time. Multistage injuires of the affected extremity with 
fractures of the clavicle, scapula, humérus, radius and ulna 
with or without arterial injuries (rupture of the subclavian 
or axillary artery) may be présent. 

Clinical Examination 

Detailed charting of the motor and sensory déficit at the 
time of the initial clinical examination is essential in 
arriving at a diagnosis of the extent of injury and for 
comparison with subséquent examinations. Affection of 
the serratus anterior muscle implies a very proximal lésion 
and hence a poor prognosis. Horner's syndrome 
represented by ipsilateral myosis, ptosis and enoph- 
thalmos indicates very proximal interruption of the C 8 and 
T a roots. 

A positive TineTs sign in the supraclavicular fossa 
points to a neuroma in the supraclavicular portion of the 
plexus and hence a complété interruption of the nerve 
pathways. 

Investigation 

No recovery of an initially complété brachial plexus palsy 
in the first 2 to 3 months postinjury or recovery of some 
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muscles (usually distal forearm and hand—C 8 and T a ) 
with persistent paralysis of the shoulder and elbow motors 
constitutes an indication for investigation with a view to 
surgical exploration and repair. In total brachial plexus 
palsy, investigations are directed towards identification 
of root avulsions and détermination of the probable number 
of proximal nerve stumps utilizable for grafting. The 
following investigations help to provide this information. 

Myelography: Though earlier authors reported signs of 
durai lésions accompanying intraspinal root injuries of 
the brachial, plexus. 19,21,26,29,37,41,42 It was Yeoman 46 in 
1968 who first published a sériés of myélographies 
performed in 60 patients with severe brachial plexus 
injuries. He used Myodil as contrast medium. An axon 
reflex test was performed in forty patients and the results 
correlated to the myélographie findings. Seventy-eight 
traumatic meningoceles were noted in the 60 patients. 
Eighteen false-positive and 14 false-negative myélographie 
findings were detected. 

With the use of water-soluble dyes and improvement 
in radiographie techniques, better images are now obtained 
with a much higher sensitivity and specificity of this 
procedure. Nagano 31 et al in 1989 hâve reported their 
results of métrizamide myelography performed in 90 
patients of brachial plexus injuries. They classified the 
myélographie findings as: 

N — Normal 

A 1 — Slightly abnormal root sleeve shadow 

A 2 — Oblitération of the tipof the root sleeve with the 
shadow of root or footlets showing 

A 3 — Oblitération of the tip of the root sleeve with no 
root and rootlets shadow visible 

D — Defect instead of root sleeve shadow 

M — Traumatic meningocele. 

The myélographie findings were confronted with 
clinical examination of the root at surgery and somato- 
sensory evoked potentials recorded intraoperatively. Their 
results showed that N is a sign of normality or a 
postganglionic lésion (90.3% correction). A x was decided 
not to be a sign of either post or preganglionic lésion and 
can occur with partial root avulsion, rupture of the very 
proximal root, slight intradural scarring or low 
concentration of contrast medium. A 3 is taken as a sign of 
a preganglionic lésion (97% specificity). A 2 may mean 
rupture of the very proximal root or a partial root avulsion. 
D also appeared to signify a preganglionic lésion (84.2% 
specificity). M corresponded to a intraspinal lésion in 96.3 
of the cases. 

David, 16 Alnot, 2 ' 6 Folinais, Aubin, Jardin and 
Benacerraf reported their expérience with myelography 


combined with CT myelography in brachial plexus injuries 
in 1990. Forty-four patients underwent this procedure and 
35 of them subsequently were explored surgically. 

They described the CT-myelographic appearance of a 
normal nerve root from its origin at the spinal cord to its 
exit at the intervertébral foramen. In addition, images of 
root sleeve tears with leakage of dye, signs of root avulsion 
(absence of root shadows arising from the spinal cord) 
and traumatic meningoceles were defined. They found 
myelography had 97% sensitivity for intraforaminal root 
lésions. 

Electromyography: An EMG of the posterior paraspinal 
musculature may help to identify a root avulsion. 
However, the specificity of this procedure is doubtful, as 
these muscles share a multisegmental innervation. Two 
successive EMGs of the proximal shoulder muscles 
(supraspinatus, infraspinatus, latissimus dorsi, deltoid 
and pectoralis major) will help to detect presence or 
absence of reinnervation not detected by clinical 
examination. Such reinnervation (in the second or third 
month) indicates the presence of second degree lésions 
and therefore a good prognosis for spontaneous recovery. 

Treatment 

For a long time, these injuries were considered inopérable 
and the only treatment offered was one of masterly 
inactivity awaiting spontaneous recovery failing which 
an above-elbow amputation was performed with fitting of 
a prosthetic limb. These prostheses were bulky and 
cumbersome and were very infrequently used by the 
patient. This pessimistic attitude was partly due to failed 
early attempts at surgical repair with positioning of the 
head for prolonged periods in latéral flexion. 

Millesi 27,28 proved that the main deterrent to a useful 
nerve repair was tension at the suture site and showed the 
utility of interfascicular nerve grafting. 

Subséquent use of this technique and that of nerve 
transfers by Kotani, 23 Narakas, 32 Allieu, 1 Sedel 39 and 
Alnot 2 ' 4 along with the use of improved microsurgical tech¬ 
niques and of fibrin glue has shown that surgical treatment 
of brachial plexus injuries needs to be justified. 

Complété Palsies 

Aims of Surgery 

1. Stabilization of the shoulder 

2. Restoration of the ability to hold objects between the 
arm and the thorax 

3. Restoration of active flexion of the elbow against gravity 

4. Recovery of protective sensation over the palm. 



914 Textbook of Orthopedics and Trauma (Volume 1) 


Timing ofSurgery 

Apart from penetrating injuries, which need to be explored 
in emergency, traction injuries of the brachial plexus 
should be explored as early as the second month postinjury 
in the absence of recovery and with a positive Tinel's sign 
in the supraclavicular fossa. 

Operative Technique 

The procedure is carried out with the patient in the supine 
position and the head end raised, the head being turned to 
the opposite side. The incision runs along the latéral border 
of the sternomastoid, turns at the clavicle to run parallel to 
it for a short distance and is then continued distally across 
the coracoid process into the deltopectoral groove up to 
the anterior axillary fold. The infraclavicular dissection 
proceeds between the deltoid and the pectoralis major 
muscles. The artery to the anterior part of the deltoid arising 
from thoracoacromial trunk often needs to be ligated. 
Retraction of the deltoid and the pectoralis major reveals 
the pectoralis minor and the combined tendon of coraco- 
brachialis and short head of the biceps inserting on the 
coracoid process. Dissection then proceeds between these 
two muscles to expose the musculocutaneous nerve at its 
entry into the coracobrachialis thus ruling out a distal 
double lésion of this nerve. This is then traced proximally 
under the pectoralis minor to the latéral cord, latéral root 
of the médian nerve and the branches to the pectoralis 
major. The posterior cord lies behind the latéral to the 
axillary artery with branches to the latissimus dorsi and 
subscapularis before terminating as the axillary and radial 
nerves. 

The supraclavicular dissection passes deep to the 
platysma. The triangular flap marked by the incision is 
raised to reveal the underlying fat and veins, some of which 
need to be ligated. The key to this area is the omohyoid 
muscle, arising from the superior border of the scapula 
and Crossing in front of the brachial plexus. Identification 
of this muscle and its division at the intermediate tendon 
of its double belly exposes the upper trunk with the 
suprascapular nerve. The plexus is usually crossed at this 
level by the transverse cervical and dorsal scapular vessels 
which need to be ligated. In case of a more proximal injury 
of the upper plexus, the trunks and the suprascapular 
nerve are found at a lower level just above or behind the 
clavicle. In such a case, the latéral border of the sterno¬ 
mastoid is retracted to expose the underlying scalenus 
anterior muscle. The phrenic nerve is identified running 
on its anterior surface and its function is confirmed using 
a nerve stimulator. The nerve is then followed upwards to 
where it crosses the C 5 spinal nerve at its exit from the 
intervertébral foramen. The C 6 spinal nerve can be found 


just below and slightly posteriorly. Injury at a more 
proximal level is ruled out by stimulation of these nerves 
to check for contraction of the serratus anterior muscle 
Some authors (Nagano 30,31 and Sugioka 40 ) routinely record 
somatic evoked potentials over the contralatéral frontal 
cortex following stimulation of these spinal nerves in order 
to detect a preganglionic lésion which would preclude 
their utilization. 

The supraclavicular and infraclavicular areas can be 
connected by dissecting close to the plexus behind the 
clavicle and the subclavius muscles (dissection through 
this muscle is to be avoided to prevent injury to the veins 
within its mass). 

Surgery for brachial plexus reconstruction can involve 
the following procedures. 

Nerve grafting: Following the pioneering work of 
Millesi, 27,28 the concept of bridging nerve gaps by inter¬ 
position of multiple cables of sensory nerves is well 
accepted. Nerve grafts are usually the sural nerves 
bilaterally, the médial cutaneous nerve of the ipsilateral 
forearm and the superficial branch of the ipsilateral forearm 
radial nerve. These nerves are harvested with atraumatic 
technique and divided to form multiple cables of adéquate 
length to permit microsuture to the proximal and distal 
nerve stumps without any tension. One attempts to cover 
the entire free surface of the proximal nerve stump to 
provide a conduit for the maximum number of regenerating 
axons towards the distal effectors. 

In the presence of large gaps (> 10 cm), the use of 
vascularized nerve grafts (by free microvascular transfer 
or pedicled) has been proved to be better (Bonney 8 et al 
1984). In the presence of a proved preganglionic lésion of 
the C 8 and T 1 roots, the ipsilateral ulnar nerve canbe used. 
The portion of the ulnar nerve in the arm and proximal 
forearm can be raised retaining its vascularity from the 
superior ulnar collateral artery which arises from the 
brachial artery around 4 cm distal to the lower border of 
the pectroalis major. It is then turned and the distal end is 
sutured to the proximal nerve stump (usually C 5 or C 6 or 
the upper trunk), while the proximal end (divided above 
the pedicle) is sutured to the effector nerves (musculo¬ 
cutaneous, médian or radial nerves). The forearm portion 
of the ulnar nerve trunk can be harvested along with the 
ulnar vessels as a free transfer, the pedicle being then 
anastomosed to the transverse cervical artery and the 
external jugular vein in the supraclavicular fossa. 

Use of such large nerve trunks as free nonvascularized 
grafts leads to ischémie degeneration and marked fibrosis 
which interfères with passage of regenerating axons. These 
problems are avoided by using a vascularized nerve graft. 
The problem of inadequacy of available nerve grafts can 
also be thus overcome. In addition, régénération is found 
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to progress at a faster rate through these nerve trunks 
though the ultimate functional recovery is not significantly 
better. 

Nerve transfer or neurotization: In the presence of 
inopérable root injuries (root avulsion or intraforaminal 
rupture) distal effectors can be reinnervated using this 
technique. This implies the division of a normally 
functioning nerve and its connection by direct suture or 
nerve grafting to the distal stump of an irretrievably 
damaged nerve. The loss of function foliowing division of 
such a donor nerve is not detrimental or is less detrimental 
than the possible function regained by adéquate 
regenerating axons for the targeted distal nerve. In the 
study published by Bonnel 7 et al (1979), the number of 
myelinated fascicles in the different components of the 
brachial plexus were counted (Table 1). Their figures were 
later confirmed by Narakas 32-34 (1984). 


TABLE 1: Number of myelinated fascicles in different 
components of brachial plexus 


C 5 

7000-33000 

Suprascapular 

3500 

C 6 

12000-39000 

Axillary 

6500 

C 7 

16000-40000 

Musculocutaneous 

6000 

C 8 

14000-41000 

Médian 

18000 

Ti 

10000-35000 

Ulnar 

16000 



Radial 

19000 


The sources of donor axons that can be used in 
complété brachial plexus lésions are: 

Spinal accessory nerve 1500-1700 myelinated fibers 
Intercostal nerves 1200-1300 myelinated fibers 

each 

Motor branches of the 4000 myelinated fibers 
deep cervical plexus (average) 

Spinal Accessory Nerve 

The idea of using the spinal accessory nerve to repair the 
upper brachial plexus is attributed by Narakas 32-34 to the 
American surgeon Tuttle (1912). On 8.11.1912, while 
operating on a Polish worker with a C 5 C 6 palsy following 
a knife attack, Tuttle found the proximal nerve stumps 
severely retracted, while the upper trunk was intact behind 
the clavicle. He could not approximate the spinal 
accessory nerve divided at the margin of the trapezius 
muscle to the upper trunk and had to resort to use of the C 4 
root. Kotani, 23 in 1972, first published his expérience with 
the use of the spinal accessory nerve for neurotization of 
the musculocutaneous nerve, the upper trunk and the 
radial nerve. However, he performed direct sutures between 
the donor and récipient nerves which involved extensive 
proximal dissection of the musculocutaneous nerve. 


osteotomy of the clavicle and maintenance of exaggerated 
positions in the immédiate postoperative period. 

Since then several units, notably Allieu 1 in Montpellier 
and Alnot 2-4 and Sedel 39 in Paris (France), Narakas 32-34 
in Lausanne (Switzerland), Morelli and Raimondi in 
Legnano (Italy), hâve reported on the use of spinal 
accessory nerve neurotizations for the musculocutaneous, 
suprascapular, axillary and radial nerves and upper and 
middle trunks. Ail these authors use one or two strands of 
sural nerve graft to connect the proximal and distal nerve 
stumps. 

Anatomy: This nerve, in its extracranial course, passes 
through the upper one-fifth of the sternocleidomastoid 
(SCM) muscle innervating it. It exits at the posterior border 
of this muscle, crosses the posterior triangle and enters the 
trapezius around 5.3 cm above the clavicular insertion. It 
provides ail the motor innervation of the SCM, while it 
shares a variable proportion of the innervation of the 
trapezius with the deep cervical plexus. The accessory 
nerve is usually uninjured in brachial plexus lésions. It is 
possible to section this nerve after it has supplied the upper 
and middle portions of the trapezius and transfer it to the 
brachial plexus without completely paralyzing the 
trapezius. 

Transfer to the suprascapular nerve can be direct or 
with a very short nerve graft. The two nerves are also more 
or less equal in size. Transfer to the musculocutaneous 
nerve involves a nerve graft of 7 to 15 cm. 


Results 

Muscle 

Power 

Results 

Nerve neurotized and< 3 
no. of cases 

3 

> 3 

MCN (33) 

11 

10 

12 

Upper trunks (5) 

3 

1 

1 

Suprascapular (20) 
Posterior cord 
Axillary nerve 

6 

5 

9 

Radial nerve (11) 

5 

5 

1 


As can be seen 22 of 33 patients (67%) recovered useful 
elbow flexion following transfer of XI to MCN. These 
figures were further updated in a recent publication by 
Alnot 2-4 (1993), where he reports a sériés of 12 patients of 
whom 9 (75%) recovered elbow flexion more than or equal 
to grade 3, while transfer to the suprascapular nerve 
produced shoulder stability in a corresponding proportion 
of cases. Transfer to the radial nerve or posterior cord has 
not proved as successful and has gradually been 
abandoned. 

Intercostal Nerves (ICN) 

Seddon first used the intercostal nerves 3 and 4 via an 
ulnar nerve graft to neurotize the musculocutaneous nerve 
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achieving useful elbow flexion. Since then, several authors 
hâve reported their expérience with transfer of intercostal 
nerves as the sole therapeutic operation (Tsuyama 43 et al 
1968,1972) or along with nerve grafting of other portions 
of the plexus (Dolenc 17 1984, Chuang 15 et al 1992, 
Nagano 30,31 et al 1992). Intercostal nerve transfers hâve 
also been used to innervate free muscle transfers for elbow 
flexion and finger flexion (Krakauer 24 and Wood, 1994). 

Anatomy: The intercostal nerves are the anterior primary 
rami of the corresponding thoracic spinal nerves. The first 
thoracic nerve provides a large component to the brachial 
plexus and then continues as the first ICN along the first 
rib to termina te as anterior and superior branches. The 
second ICN has a large latéral cutaneous branch to the 
inner aspect of the arm (intercostobrachial nerve). The third 
to the eight nerves run initially between the external and 
transverse thoracic muscle layers and subsequently 
between the transverse thoracic muscles and the 
endothoracic aponeurosis. Their course lies just under the 
free border of the corresponding rib, and they are 
accompanied by the intercostal vessels. At the midaxillary 
line, the latéral cutaneous branch séparâtes out, runs along 
the lower border of the corresponding intercostal space 
and terminâtes as anterior and posterior branches. Each 
intercostal nerve terminâtes in the parasternal région as 
an anterior cutaneous nerve. 

The lower four intercostal nerves contribute to the 
innervation of the abdominal musculature as well. 

Harvesting of the intercostal nerves involves careful 
subperiosteal dissection around the rib with or without 
resection of a 1 cm segment. The nerve is identified between 
the midclavicular and anterior axillary lines and is 
followed posteriorly with or without the accompanying 
vessel. Each ICN contributes 1200 to 1300 myelinated 
fibers of which around 30% are motor fibers, the percentage 
being around 40% just distal to the origin of the latéral 
cutaneous branch. Dissection usually proceeds up to the 
latéral border of the scapula. Nagano 30,31 et al prefer direct 
suture of three ICNs, usually third to fifth, to the terminal 
branches of the musculocutaneous nerve with the latéral 
cutaneous branches being grouped together to be sutured 
to the médian nerve or the sensory portion of the 
musculocutaneous nerve. Morelli et al and Celli 14 et al 
had earlier suggested harvesting the ICNs right up to their 
origins and their passage extrapleurally into the 
supraclavicular région, but this approach was 
subsequently given up as being too extensive. 

Results: Though initial reports described use of the upper 
ICNs for the musculocutaneous nerve and the lower ones 
for the radial or médian nerves, poor results associated 
with diffusion of the small number donor axons over 


several branches led to the concentration of ail efforts 
towards recovery of one single function (elbow flexion). 

Chuang 15 et al hâve reported five stages of recovery as 
follows. 

Induction of chest pain by squeezing the biceps at 3 
months postsurgery. Proximal biceps contraction with 
deep inspiration without elbow joint movement appears 
at 3 to 6 months while distal biceps contraction with deep 
inspiration, but without elbow joint movement appears at 
12 months. Elbow flexion against gravity appears at 12 to 
18 months after surgery. The muscle power then improves 
at the rate of 0.5 kg every 6 months (ability to hold flexion). 
The voluntary contraction of the biceps can gradually be 
performed independently of respiration. This phenomenon 
has also ben confirmed in an elaborate electromyographic 
and spirometric study reported by Malessy from Leiden in 
Holland. 

Chuang 15 et al reported an overall success rate of 67% 
for useful elbow flexion, while Nagano 30,31 et al obtained 
9 excellent and 19 good results in 35 cases of total root 
avulsion. 

Anterior Branches of the Cervical Plexus 

Brunelli 10,11 studied the myelinated fiber content of the 
supraacrominal, supraclavicular and greater auricular 
nerves and the sensory branches of the transverse cervical 
plexus and of the motor nerves to the SCM, rhomboids, 
levator scapulae and trapezius arising from the deep 
cervical plexus. He found the sensory branches to 
contribute 3250 fibers, while it is much higher than the 
1700 fibers provided by the spinal accessory nerve. He 
reported on the use of these voluntary motor nerves to 
neurotize the suprascapular and musculocutaneous 
nerves in a sériés of 29 patients of which 18 patients had 
adéquate postoperative follow-up. Eleven of these 18 
patients recovered useful elbow flexion. 

Contralatéral C 7 Root 

Gu 18 et al in 1992, published their expérience using the 
ventral primary ramus of the C 7 spinal nerve of the opposite 
(normal) plexus, sectioned at the scalenus anterior or at its 
posterior division, as the donor nerve for regenerating 
axons. This was then connected to the affected plexus by 
interposition of a 20 cm long sural nerve graft in two cases 
and by means of a pedicled or free vascularized ulnar 
nerve graft (anastomoses with the transverse cervical 
vessels) in the remaining 45 patients. The rationale of this 
procedure was the large number of donor axons obtainable 
and lack of significant motor or sensory déficit produced 
by division of the C 7 nerve on the opposite side. This nerve 
transfer was the only procedure performed in 15 of these 
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patients. Though the lack of permanent damage on the 
normal side has been elaborately documented in their 
initial report and in subséquent clinical and experimental 
studies (Gu 18 et al 1994), the clinical results are not very 
clear. 

Surg ica I Strategies 

Complété Palsies 

No roots utilizable 

• XI to musculocutaneous nerve or 

• XI to suprascapular nerve and ICNs 3 to 5 to musculo¬ 
cutaneous nerve. 

One root utilizable: XI to suprascapular nerve and C 5 to 
anterior division of upper trunk (if root large and without 
much fibrosis) or C 5 to musculocutaneous nerve (if root 
small but with no fibrosis). 

Two roots utilizable: XI to suprascapular nerve if injury 
proximal to upper trunk 

C 5 to anterior division of upper trunk and C 6 to 
posterior division or vice versa 

C 5 to musculocutaneous nerve and C 6 to radial nerve 
proximal or distal to branches to triceps (with interposition 
of vascularized ulnar nerve). 

Three or more roots utilizable (very rare): Usually the lésion is 
distal and grafts are interposed between the proximal 
stumps of the upper and middle trunks and the latéral 
and posterior cords. 

Incomplète Palsies 

C 5 C 6 or C 5 C 6 C 7 lésions: One root available C 5 to anterior 
division of upper trunk or latéral cord or musculocutane¬ 
ous nerve. 

Two roots available: Strategies as above. 

No roots available XI to musculocutaneous nerve, or 
XI to suprascapular nerve and ICNs to musculocutaneous 
nerve, or XI to suprascapular nerve and fascicle of intact 
ulnar nerve directly sutured to the musculocutaneous 
nerve 35 or XI to suprascapular nerve and branch of médial 
cord to pectoralis major directly sutured to the musculo¬ 
cutaneous nerve. 9 

Postoperative Care 

The limb is immobilized against the trunk with the elbow 
in flexion for three weeks after which gentle mobilization 
of the shoulder is permitted. The patient is encouraged to 
allow the limb to hang free without use of a sling so as to 
avoid stiffening and contractures of the shoulder in 
internai rotation. The physiotherapist is instructed to 
maintain supple mobility of the shoulder, elbow, wrist 


and hand while awaiting recovery of the reinnervated 
muscles. Electrical stimulation of the paralyzed muscles 
to maintain their mass has been described but has not 
been proved to be uniformly useful. 

The patient is reviewed a month postsurgery to start 
mobilization and then every three to six months over the 
first three years. The progress of the TineTs sign distally 
from the supraclavicular fossa is noted. Muscle-building 
exercises are advised once recovery is clinically visible. 
Swimming is encouraged for improvement of shoulder 
girdle muscles. Ordinarily, it takes 15 to 18 months for the 
earliest clinical signs of biceps recovery to appear, while 
supraspinatus recovery can be noted from the sixth 
postoperative month onwards. 

Infraclavicular Injuries 

These distal lésions constitute 25% of the brachial plexus 
injuries undergoing surgery (Alnot 2-4 et al 1987,1990). 

Mechanisms of Injury 

1. Anteroinferior shoulder dislocation which causes most 
of the isolated lésions of the axillary nerve and of the 
posterior cord 

2. Violent downward and backward movement of the 
shoulder which causes stretching of the plexus 

3. Complex trauma with multiple fractures of the clavicle, 
the scapula or proximal humérus which causes more 
diffuse lésions of the cords and terminal branches, often 
accompanied by vascular damage 

4. Knife or gunshot wounds. 

In addition, 15% of supraclavicular injuries are 
associated with infraclavicular lésions. These occur when 
the arm is forced violently into abduction. Middle part of 
the plexus is blocked temporarily in the coracoid région. 
Terminal branches (musculocutaneous nerve at its entry 
into the coracobrachialis, axillary nerve in the quadrilatéral 
space, the suprascapular nerve in the coracoid notch) are 
thus torn and then supraclavicular injuries occur when 
the head is concomitantly jerked violently to the opposite 
side. 

Clinical Picture 

Posterior cord injury: The posterior cord is particularly prone 
to damage because of its short free course before its first 
fixed point of the axillary nerve in the quadrilatéral space. 

This lésion produces weakness in abduction of the 
shoulder. Some degree of abduction and external rotation 
by the intact supra- and infraspinatus muscles innervated 
by the suprascapular nerve, while the deltoid and teres 
minor are paralyzed. Affection of active internai rotation 
will dépend on the level of lésion and involvement of the 
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branches of the latissimus dorsi, subscapularis and teres 
major muscles. 

Sensory déficit is variable over the latéral aspect of the 
upper third of the arm and the dorsum of the first web 
space. 

îsolated or associated injuries of the terminal branches of the 
plexus: Lésions may involve the axillary nerve either alone 
or in association with the suprascapular, musculo- 
cutaneous or radial nerves. Isolated axillary nerve injuries 
with shoulder dislocations hâve a good prognosis. In 80% 
of the cases, these are neurapraxic lésions and recover 
spontaneously in 4 to 6 months. 

Trauma by violent downward and backward move- 
ment of the shoulder leads to more widespread and severe 
lésions of the cords or terminal branches. 

Combined axillary and suprascapular nerve lésions 
resuit in paralysis of shoulder abduction and elbow 
flexion. Tricky movements using gravity (active abduction 
and antépulsion by the intact supraspinatus and pecto- 
ralis nerve) or forearm muscles (Steindler phenomenon) 
hâve to be watched for. 

Lésions of the latéral and médial cord: Injury to the latéral 
cord is rare. This results in paralysis of elbow flexion and 
forearm pronators and wrist and finger flexors and sensory 
loss over the latéral part of the forearm and hand. Proximal 
injuries affect the innervation of the upper part of the 
pectoralis major muscle. 

Injury to the médial cord is even rarer. High médian 
ulnar palsy, complété over the ulnar motor territory and 
partial over the médian territory (particularly FPL and FDP 
to the index and middle fingers) with or without 
involvement of the lower part of the pectoralis major along 
with sensory loss in the area of the médial cutaneous nerve 
of the forearm should arouse a suspicion of this injury. 

Latéral and medical cords may be injured by fractures 
of surrounding bones (clavicle, scapula, proximal humérus 
or first rib) which would be revealed on radiography or by 
open wounds (glass and knife injuries). Either of these 
lésions may be accompanied by a radial nerve injury with 
sparing of the triceps in association with a fracture of the 
shaft of the humérus. 

Associated Vascular Injuries 

Axillary or subclavian artery rupture with acute ischemia 
of the affected upper limb demands immédiate exploration 
and repair or reconstruction with a vein graft. The nerve 
lésions are rarely tackled at the same time, as it is difficult 
to détermine the exact extent of traction injury to the cords 
and terminal branches. However, subséquent nerve 
exploration and repair are rendered more difficult by the 
fibrosis resulting from the emergency surgery. Hence, it is 


helpful to identify the different injured nerve trunks 
and to tag them at some distance from the reconstructed 
vessels. 

Vascular trauma in the absence of acute ischemia must 
lead to early exploration for the nerve injuries with 
avascular reconstruction being performed at the same time. 
This improves the trophicity of the extremity and the 
prognosis of muscular recovery following nerve repair. 

Iatrogénie Lésions 

These may occur during excision of nerve tumors, e.g. 
schwannoma affecting the infraclavicular plexus or during 
surgical procedures for récurrent shoulder dislocation 
such as the La Target's technique. The posterior cord and 
the musculocutaneous nerve are prone to injury during 
the approach or may be strangulated during muscle repair. 
Abnormal postoperative pain should arouse one's 
suspicion. Paralysis of active elbow flexion or shoulder 
abduction is an indication for immédiate exploration. 

Therapeutic Indications 

These are based on repeated clinical examinations, electro- 
myograms and cervical myelography and CT-myelo- 
graphy. 

Intact serratus anterior and supra- and infraspinatus 
muscles, absence of a TineTs sign in the supraclavicular 
fossa and a normal myelogram points to an infraclavicular 
fossa and a normal myelogram points to an infraclavicular 
lésion. Knowledge of common clinical patterns of injury is 
helpful. 

In 60% of infraclavicular lésions, recovery is spon- 
taneous which is heralded by EMG signs of reinnervation. 
The rate of return of function dépends on the distance 
from the lésion of the effector muscle. Absence of clinical 
or electromyographic recovery indicates the need for 
surgical exploration, as nerve grafting or neurolysis 
produces much better results under these circumstances 
than with supraclavicular lésions. 

Supplementary Surgery 

Complété supraclavicular brachial plexus palsies: Nerve 
reconstruction in these cases frequently results in a stable 
shoulder with some abduction (supraspinatus), elbow 
flexion (biceps with or without shoulder antépulsion 
(pectoralis major). However, the recovery of active external 
rotation is quite poor. In such cases, as the patient flexes 
his elbow, the forearm slides along the trunk. This appears 
ungainly and is not very useful for the patient. To correct 
this and to bring the elbow flexion in a useful plane, a 
derotation osteotomy of the humérus at the upper third- 
middle third junction can be performed. This can be com¬ 
bined with a transfer of latissimus dorsi or teres major (if 
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these hâve recovered adequately) to the infraspinatus 
tendon insertion to provide some active externat rotation 
of the shoulder. 

The automatic supination associated with recovery of 
the biceps with a paralyzed forearm and hand may need 
to be rectified by fusion of the wrist and distal radioulnar 
joint in pronation. 

Similarly, the tendency of the paralyzed fingers to 
assume a clawed position can be corrected by fusion of the 
proximal interphalangeal joints of the long fingers in a 
better position. 

Recovery of brachioradialis or wrist extensors can be 
utilized to achieve finger flexion by transfer to the flexor 
pollicis longus and flexor profunds tendons. 

Sometimes, simultaneous recovery of triceps (foliowing 
grafting to anterior and posterior divisions of upper trunk) 
produces disturbing contractions interfering with elbow 
flexion. In such cases, a triceps to biceps transfer (Caroll 13 
1970) canbe performed. 

Incomplète Palsies 

Failure of recovery of elbow flexion against gravity (grade 
II or 11+) following nerve surgery can be remedied and 
improved to grade III by performing a Steindler's transfer 
of the common flexor origin with the médial épicondyle 4 
cm proximally on the humerai metaphysis. In some cases, 
this can be supplemented with a shift of the costal origin 
of the pectoralis minor to the biceps tendon. 

Absence of active wrist extension with intact finger 
flexion in C 5 C 6 C 7 palsies can be treated by a tenodesis of 
the digital extensors at the distal radius. 

Overall Results of Surgery of the Brachial Plexus 

Narakas, 32,33 Allieu, 1 Brunelli, 10,11 Merle, Santos-Palazzi 
and Sedel, 39 together, presented their results in the mono- 
graph of the French Hand Society (GEM) on brachial plexus 
lésions in 1990 (Table 2). 

Other significant reports, in recent years, hâve been 
those of Nagano 30,31 et al (1992). Chuang 15 et al hâve 
classified their cases as ail roots avulsed (35 patients) and 
upper root avulsions (31 cases). However, the results of 
useful elbow flexion (44 of 66 patients) following intercostal 
nerve neurotization hâve been separated according to 
complété and incomplète initial palsies. 

Thus, classified results of nerve reconstruction are 
available only for complété supraclavicular palsies. 

It is évident that in complété supraclavicular palsies, 
useful elbow and shoulder function can be obtained in 65 
to 70% of the patients following nerve surgery. Protective 
hand sensation is recovered in a majority of cases. 


Infraclavicular Palsies Alnot 2 et al (1984,1987) 

1. Isolated musculocutaneous nerve lésions—7 patients. 
Elbow flexion grade 3+ to 4 in ail patients. 

2. Cord lésions—73 patients 

59 patients with posterior cord lésions treated by 
neurolysis or graft. Associated lésions of médian and 
musculocutaneous nerves occurred in 30% of these 
patients. Results are not clearly analyzable because of 
associated lésions and because of combined procedures 
(neurolysis and grafts) in the same patient. 

3. In 25 patients with axillary nerve lésion—9 associated 
with other injuries (4 suprascapular nerve and 5 
musculocutaneous nerve) and 16 isolated injuries. 
Results were good after neurolysis of the suprascapular 
nerve and graft of the axillary nerve, whereas shoulder 
abduction was disappointing in associated axillary 
and suprascapular nerve ruptures. Satisfactory 
shoulder abduction and elbow flexion was obtained 
in 5 patients with combined axillary and musculo¬ 
cutaneous nerve ruptures. 

Eleven of the 12 patients with isolated axillary nerve 
rupture who underwent a nerve graft had good deltoid 
recovery at 1-year follow-up. 

Sedel 39 1982 reported on 8 patients in whom at least 
one main trunk was grafted, and 5 patients were treated 
with lésions in continuity. 

Uniformly good results were obtained for elbow flexion 
following latéral cord of musculocutaneous nerve grafting. 
Similarly radial nerve grafting produced triceps and wrist 
extensor recovery in each case. However, recovery of finger 
flexors as well as that of thenar muscles following médian 
nerve and latéral cord grafting was poor. Neurolysis of 
lésions in continuity uniformly produced almost complété 
recovery. 

Pain in Brachial Plexus Injuries 

One of the most distressing features of avulsion lésions of 
the brachial plexus is the severe pain felt by most of these 
patients. The onset of this pain may be immédiate or 
delayed. 

The pain is highly characteristic and has two distinct 
features. One is a constant background pain, usually 
described as burning (as if the arm is in vise or is being hit 
repeatedly with a hammer), or at times, as feeling like a 
razor blade cutting through the skin. This pain persists 
throughout the day is invariably présent if waking at night 
and hardly ever varies in intensity. The second feature is 
pain characterized by periodic sharp paroxysms that shoot 
through the arm, lasting a few seconds at a time. These 
can sometimes be more difficult to deal with than the 
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TABLE 2: Classified results of nerve reconstruction 


Ail roots avulsed 

1. GEM—15 cases studied 

Functions No. of cases (gr 3 or more) 

Shoulder addn 15 

Shoulder abdn 15 

Elbow flexion 15 

Wrist flexion 15 

Pollici-digital pinch 15 

Sensation 

Useful resuit 

7 

8 

11 

2 

0 

Failures 

8 

7 

4 

13 

15 

5 of these patients recovered protective sensation over 

the latéral forearm and thumb and radial one-third of the hand 

2. Nagano et al\ 




Elbow flexion 

35 

28 

7 

3. Alnot et al: 




Elbow flexion 

12 

9 

3 

One root utilizable (C 5 rupture, C 6 -T 1 avulsed) 



1. GEM—24 cases 




Shoulder addn 

18 

6 

12 

Shoulder abdn 

18 

7 

11 

Elbow flexion 

24 

11 

13 

Active wrist flexion 

24 

0 

24 

Pollici-digital pinch 

24 

0 

24 

Protective sensation over radial half of forearm and hand in 16 of the 24 cases 


2. Nagano et al: 9 cases 




Elbow flexion 

9 

8 

1 

3. Alnot et al: 23 cases 




Elbow flexion 

23 

17 

6 

Shoulder addn 

16 

12 

4 

Shoulder abdn 




(XI-SS or C 5 -SS) 

16 

7 

9 

Finger and/or 




Wrist flexion 

16 

5 

11 

Two roots utilizable (C 5 C 6 rupture, C 7 -J 1 avulsed) 



1. GEM—24 cases 




Shoulder addn 

22 

12 

10 

Shoulder abdn 

22 

6 

16 

Elbow flexion 

24 

7 

17 

Hand to mouth 

22 

4 

18 

Wrist flexion 

22 

4 

18 

Pollici-digital pinch 

22 

2 

20 

Protective hand sensation 

in 17 of the 24 patients. 



2. Nagano et al: 9 cases 




Elbow flexion 

9 

8 

1 

3. Alnot et al: 9 cases 




Elbow flexion 

9 

7 

2 

(the two failures recovered good triceps function which was then transferred to the biceps to obtain elbow flexion against gravity) 

Shoulder addn 

8 

6 

2 

Shoulder abdn 

7 

3 

4 

Wrist flexion 

8 

3 

5 

Wrist extension 

5 

1 

4 

Three roots utilizable (C 5 C 6 

C 7 distal ruptures, C 8 T 1 

avulsed) 


1. GEM—19 cases 




Shoulder addn 

18 

13 

5 

Shoulder abdn 

18 

4 

14 

Elbow flexion 

18 

4 

14 

Hand to mouth 

18 

10 

8 

Wrist flexion 

18 

5 

13 

Finger flexion 

18 

1 

17 

Pollici-digital pinch 

18 

2 

16 

2. Alnot et al —6 cases 




Elbow flexion 

6 

6 

0 

Shoulder addn 

6 

6 

0 

Shoulder abdn 

6 

2 

4 

Wrist flexion 

4 

1 

0 
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constant background pain, for they take the patient by 
surprise and may cause him/her to cry out or drop objects. 
The frequency of these paroxysms varies from many 
shooting pains per hour to 2 to 3 per day or a few per week. 
Over a period of time, the paroxysms tend to become less 
frequent, but in a significant proportion of the patients, 
they represent a very severe disability. Cold weather and 
intercurrent illness are potent aggravating factors. 
Emotional stress, too, can increase the pain. 

Gripping the arm or moving the fingers may 
temporarily relieve the pain. The single most constant 
factor for relief of pain or at least making it more bearable 
is distraction, such as being deeply involved in work or in 
absorbing hobbies. 

Mechanism of Causation of Pain 

Pain in brachial plexus injuries is explained on the basis 
of the neurophysiological concept of the deafferentation 
pain which applies to ail painful sensations arising from 
any part of the body whose usual afferent information has 
been partially or completely interrupted by a lésion of the 
peripheral or central somatosensory pathway. 

Changes in the Peripheral Nervous System 

Complété severance of a nerve without repair or a poor 
repair results in the formation of a neuroma. The 
regenerating axons and demyelinated fibers at the site of 
injury are particularly sensitive to pressure (TineTs sign), 
ischemia and adrénaline and noradrenaline and begin to 
produce spontaneous nervous discharges after a few days. 
Abnormal spontaneous cellular discharge is also observed 
in dorsal root ganglia after nerve injury. These changes 
contribute significantly to pain. 

Changes in the Central Nervous System 

Massive degeneration of afferent terminais can be seen in 
the spinal cord after lésions of dorsal roots and, to a lesser 
extent, after severing the peripheral nerves. Inhibition 
usually exerted by AB afferent fibers on transmission of 
nociceptive messages by C fibers are reduced. the neurons 
in layers four, five and six of the dorsal horns become 
responsive to other afferent fibers of closely situated intact 
nerves and develop new peripheral réceptive areas. This 
can explain the appearance of induced pain in the upper 
limb when stimulation is exerted by touch or pressure of 
the thorax. 

Abnormal spontaneous cellular activity can be found 
in convergent tactile and nonciceptive neurons in the 
dorsal horn of the spinal cord during the first 2 months 
following injury. Later on, a spontaneous abnormal 


epileptic type of activity can be recorded in the thalamic 
and somatesthesic cortical areas representing the 
projections of the deafferented limb. 

These neurophysiological considérations can explain 
certain facts concerning therapy. 

1. Narcotic and nonnarcotic analgésies and nonsteroi- 
dal antiinflammatory drugs (NSAID) are not useful 
unless inflammatory reactions are complicating the 
effects of nerve injury. 

2. Amputation or disarticulation does not alter the pain 
that persists in the missing limb. 

3. Reconstructive nerve surgery, when possible and 
successful, results both in motor recovery and sensi¬ 
tive reafferentation of the central nervous System. 

4. Transcutaneous or medullary electrical neurostimu¬ 
lation is possible only in partial injuries of the brachial 
plexus (distal lésions of two nervous trunks or proximal 
lésions involving one or two roots). Stimulation of large 
fibers peripherally or of the medullary dorsal column 
produces an inhibitory control in the dorsal horn of 
the spinal cord. 

5. Antiepileptic drugs such as clonazepam (1 to 4 mg/ 
day) or carbamazepine (300 to 600 mg/day) can con¬ 
trol the medullary, thalamic or cortical epileptic activity 
that is responsible for the impressions of electric shocks, 
painful shots or paroxystic painful attacks such as 
crushing pain 

6. Tricyclic antidepressants in additions to their anti- 
depressor effect seem to hâve an analgésie effect, 
probably mediated by their influence on monaminer- 
gic descending inhibitory Systems in the spinal cord. 

7. Some mental techniques such as relaxation or hypno- 
sis, probably acting through central inhibitory path- 
ways, can help to control permanent pain and aggra¬ 
vation of pain by emotional stress. However, they 
cannot control paroxysmal pain. 

Nonoperative TreatmentofPain 

1. As mentioned above antiepileptic drugs such as 
clonazepam (1 to 4 mg/day) or carbamazepine (300 to 
600 mg/day)—If successful in controlling pain, they 
should be continued for 6 to 12 months. 

2. Tricyclic antidepressants such as imipramine (40 to 
75 mg/day) help in some cases. 

3. Transcutaneous nerve stimulation This needs to be 
given for many hours a day, for weeks on end, before it 
canbe judged as ineffective. The effects are cumulative 
and technique of giving stimulation is ail important. 
The électrodes are placed just proximal to the most 
proximal site of anesthésia. It is essential to apply the 
électrodes over an area where there is sensory input. 
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as a placement over an anesthetic area is not useful. 
For a total lésion, this means placing an electrode over 
the inner side of the ear, over the T 2 input and over the 
neck or the shoulder over the C 2 , C 3 or C 4 dermatome. If 
C 5 or C 6 roots are spared, the électrodes can be placed 
over the arm. Patients are encouraged to wear the 
stimulator for se ver al hours a day. Treatment is not 
stopped until the patient has reported no change at ail 
after a full week's trial utilizing different positions and 
different settings of the parameters (puise width, 
amplitude and répétition rate). 

Surgical Treatment of Pain 

In 1979, Nashold and Ostdahl described a procedure for 
intraspinal coagulation of the dorsal root entry zone 
(DREZ) as a treatment of severe pain responding poorly to 
conventional therapy. This destroys the area of the spinal 
cord where the spontaneous ongoing firing of neurons 
released from afferent inhibition is taking place. Wynn 
Parry, 45 Frampton and Monteith (1987) hâve reported 
dramatic relief of pain in 17 of the 22 patients referred by 
them to David Thomas at The National Hospital of 
Nervous Diseases, London for Nashold's procedure. The 
pain relief was maintained for 2 years and more. 

A further sériés of good results (20 out of 24 patients 
having > 75% relief of pain) was reported by Bruxelle, 12 
Travers and Thiebaut in 1988. These authors hâve slightly 
modified the original technique to destroy the greatest 
possible proportion of the deafferented dorsal horns at the 
level of avulsion. 

After performing an extensive cervical laminectomy 
and opening the dura, the arachnoid is dissected under 
magnification and the dorsolateral sulcus is identified. 
The level is determined by recognizing the attached roots 
below and above the avulsed area. A sériés of focal 
radiofrequency heat lésions are produced by a tiny 0.25 
mm electrode inserted every 2 mm into the dorsal root entry 
zone. Hemostasis (75 degree for 15 seconds) is controlled 
by a thermocouple. To produce complété destruction of 
the abnormal dorsal horns, a 2.5 mm deep incision is 
performed with a microrazor blade. 

Pain relief is noted in the immédiate postoperative 
period and is maintained at long-term follow-up. 

Complications 

1. CSFfistula 

2. Slight postoperative sensory or motor déficit of the 
homolateral lower limb which may persist in some 
cases without actually impairing normal gait 

3. Sensory disturbances may extend to the thoracic région 
with mild intermittent constrictive sensations. 


CONCLUSION 

Surgical repair of traumatic brachial plexus palsies 
improve prognosis. It is more effective for patients who 
sustain infraclavicular lésions, or for supraclavicular 
lésions when at least two roots can be used for grafting. 
Even if only a nerve transfer is possible, there is still a lot to 
be gained. Concentrating on grafting one distal nerve gives 
better results. 
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HISTORICAL BACKGROUND 

Smellie 34 was the first to give a clinical description of 
brachial plexus palsy as a resuit of birth injury. In his 
treatise on midwifery which was written in 1768, he 
described an infant who was born with bilateral arm 
paralysis after a face présentation. He believed the 
paralysis was caused by pressure of the pelvis on the arms. 
The paralysis resolved in a few days. Doherty 9 in 1844 
and Jacquemier 19 in 1846, also published observations on 
transient upper brachial plexus paralysis. The first 
anatomie description was given in 1851 by Danyau, 7 who 
carried out an autopsy of a neonate who died shortly after 
a traumatic forceps delivery. The infant also had a facial 
nerve paralysis and was found to hâve damage to his 
brachial plexus. Danyau 7 attributed the damage to 
improper application of forceps. The term obstétrical 
paralysis or palsy was introduced by Duchenne 10 de 
Boulogne in 1872 in his treatise on localized electrical 
stimulation, in which the described four cases of upper 
brachial plexus palsy that occurred during childbirth. 
Other isolated cases were described by Gueniot, 17 and 
Depau 18 several years before Duchenne. 10 In 1874, Erb 12 
wrote a monograph on brachial plexus injuries in adults 
in which he reported his experiments on electrical 
stimulation of the brachial plexus. Erb 12 discovered that 
the characteristic paralysis of the deltoid, biceps, 
coracobrachialis and brachioradialis could be caused by 
disruption of C 5 and C 6 roots where they emerge just 
between the scalene muscles. Electrical stimulation at this 
point (which has been named after him) resulted in 
contraction of ail these muscles, while ail other muscles 
remained relaxed. 

Seeligmuller 32 described three patients with total 
paralysis of the plexus associated with Horner's 
syndrome. 


Klumpke, 23 in 1885, identified the paralysis that 
resulted from damage to the lower roots of the plexus C 8 
and T a . The sympathetic roots are usually damaged by 
avulsions of these lower roots, resulting in a typical 
Horner's syndrome. 

Etiopathogenesis 

Once the problem has been recognized and described, 
efforts were directed towards determining its cause with a 
view to devise préventive measures. At first there were 
two main théories as to the reasons for the paralysis. 

One group believed that compression was the cause of 
the paralysis, either by direct pressure of the blades of the 
forceps or a finger in the axilla or by pressure between the 
clavicle and transverse processes of the cervical spine. A 
second group believed that traction was the main étiologie 
factor. This occurred while the head was abducted away 
from the shoulder resulting in rupture of the nerves. Other 
théories attempting to explain the condition as a form of 
polio 5 or as a resuit of abnormal toxicity of the blood in the 
asphyxiated State of a baby following a traumatic delivery 36 
did not gain many supporters. 

Experimental studies were then performed on cadavers 
to reproduce the damage to the brachial plexus, and it was 
determined that longitudinal traction alone without latéral 
neck flexion was insufficient to cause rupture of the nerves. 
Sever 33 discovered that latéral neck flexion always caused 
rupture of the suprascapular nerve and that the damage 
to the brachial plexus always began at C 5 or C 6 and worked 
downward. He found that very little traction was necessary 
to damage the plexus and when the clavicle was fractured, 
injuries occurred with less force. Sever 33 was unable to 
produce any significant pressure on the plexus by 
compression between the clavicle and the rib. Fieux, in his 
experimental studies showed that Erb's point was too small 




Obstétrical Palsy 925 


to be affected by pressure alone and believed that finger 
pressure was an unlikely cause of damage, as there was 
nothing for the finger to press against and that less force 
was required to rupture the lower roots than the upper 
roots probably due to the straighter direction these roots 
take after leaving the intervertébral foramen. The traction 
theory of etiology was also supported by Taylor 39 who 
thought that the brachial plexus fibers give way while 
pulling on the head during a particularly difficult delivery. 

In 1912, Lange 25 revived another theory originally 
proposed by Kustner 24 and stated that the problem was 
caused by a lacération of the shoulder capsule, which upon 
healing produced a twist in the humérus. Vulpius 41 and 
Thomas 40 also wrote in support of this idea, ail of them 
focusing on the shoulder dislocation that was often seen 
in the older child. 

Bentzon 3 , in his thesis, "Clinical and experimental 
studies on obstétrical paralysis of the brachial plexus, with 
spécial respect to the pathogenesis and orthopédie 
treatment", reviewed the earlier literature, and established 
in convincing experiments that Duchenne-Erb's paralysis 
always develops as a sequel to overstretching of the plexus 
by simultaneous latéral flexion of the neck and contra¬ 
latéral dépréssion of the opposite shoulder. To quote, 'The 
uniform sélection of certain shoulder and arm muscles 
results from the fact that these muscles are innervated by 
nerves which are especially exposed to overstretching on 
account of their anatomical position. They originate from 
the upper part of the plexus which is most severely 
stretched by latéral flexion of the cervical spine and, in 
addition, they are so connected to the skeleton and muscles 
of the upper extremity that a strong pull is exerted on them 
when the shoulder is depressed." 

Obstétrical Factors 

Contrary to popular belief, obstétrical brachial plexus palsy 
is more common in multiparous than in primiparous 
mothers. Paralysis has been reported foliowing 15 or 16 
normal deliveries. 42 In the majority of cases, there is a 
history of prolonged labor, and the affected infants are 
usually of larger than normal size. However, the injury 
has been reported in prématuré infants and even those 
delivered by cesarean section. 11,18,29,37 These latter could 
be explained on the basis of excessive vigor when removing 
the baby from the utérus or due to a trial of labor with 
prolonged uterine contractions without progressive 
descent of the baby. 

The actual number of paralyzed infants following 
vertex delivery is greater than after breech delivery. 
However, considering that the incidence of breech births 
in the normal population is about 3 percent, the risk of 
having an affected child following breech delivery is up to 


175 times greater than that following a corresponding 
vertex delivery. 

Damage to the upper roots of the brachial plexus 
usually occurs during vertex delivery, when shoulder 
dystocia nécessitâtes excessive latéral flexion of the neck 
to free the shoulder from the pubic arch. The right arm is 
paralyzed more often than the left, and this has been 
attributed to the more common left occiput anterior position 
of the descending fétus, which jams the right shoulder 
under the pubis. 

During breech deliveries, the upper roots are also more 
commonly affected, usually during delivery of the arms or 
the aftercoming head. Damage to the lower roots can occur 
during breech delivery when there is arm hyperextension, 
but these lower injuries most commonly occur during a 
face présentation with hyperextension of the head. Bilateral 
involvement is far more common following a breech birth. 

Forceps are often implicated as an étiologie factor, but 
they are probably indicative of a difficult delivery rather 
than being the direct instrument of damage. At least one 
study has shown that forceps can in fact decrease the risk 
of injury during breech extraction. 37 

Development 

The spontaneous évolution of obstétrical palsy lésions has 
been extensively described, but the performed in a calm 
atmosphère with the child relaxed. With a few simple aids 
(e.g. a toothbrush and keys), the examiner should try to 
stimulate active movement by the baby and, at the same 
time, palpate the muscles between two fingers to feel the 
slightest contraction. Active shoulder rotation should be 
noted. 

Reaction on pincing, trophic changes, nail and hair 
growth and the color of the fingers give an approximate 
indication of sensation in the infant. Presence of Horner's 
syndrome signifies serious T 1 root injury. 

It is crucial to examine the other extremities to rule out 
néonatal tetraplegia, which has a poor prognosis. 

Radiographs of the shoulder should be done to exclude 
fractures of the clavicle and epiphyseal séparations. These 
are more often associated lésions than differential 
diagnoses. 

A radiograph of the chest will help to detect paralysis 
of the ipsilateral hemidiaphragm which will point towards 
phrenic nerve involvement. 

The subséquent évolution is variable. 

Sometimes, in a few days, full recovery occurs without 
the need for any physiotherapy. 

At times, the extent of the paralysis régresses and a 
total palsy becomes limited to the affection of the upper 
roots. This partial régression is not indicative of a good 
prognosis and does not imply a future régression of upper 
root palsy. 
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Finally, at times no change is noted during the first few 
days, and one has to reconcile oneself to observation 
without any physiotherapy of the affected limb. 

Clinical examination is repeated at the âge of three 
weeks when, again, two clinical types are found. 

The paralysis of the upper roots, even if it has not 
recovered can certainly evolve during the next two months 
towards complété spontaneous recovery. An initial 
electromyogram can be performed and appropriate 
physiotherapy initiated. The splints classically described 
for maintaining the arm in abduction-external rotation are 
useless and dangerous as they can cause abduction 
contractures. 

The total palsies with positive Horner's syndrome 
remain unchanged and signify serious lésions with root 
avulsions. The indication for operative treatment is 
évident. Only simply waiting up to 2 to 3 months to 
increases safety. 

The évaluation is carried out at three months. Clinical 
examination, an EMG and a myelogram, in a child who 
has not yet recovered permit proper définition of the lésions 
and helps to décidé on surgery. Surgery needs to be 
undertaken at the earliest after due considération for safety. 

Surgical Treatment 

Historical background: Surgery specifically meant for these 
lésions was introduced at the beginning of the 20th 
century, more or less exclusively in the US. Kennedy, 22 in 
1903, described the first three cases operated upon by him 
who had C 5 C 6 palsies. He resected the neuroma and 
approximated the free ends directly. He proposed that the 
period of obtaining spontaneous recovery should be 
limited to 2 months and demonstrated a satisfactory resuit 
in a child operated on at the âge of two months. Materials 
used for suture included catgut, fine silk or linen. A gap of 
3 cm or less was bridged by approximating the head to the 
shoulder and holding it in a brace for several weeks. 

Clark 6 et al described seven patients operated upon 
similarly. They decided to wait a year before operating. 
Two of these seven children died as a resuit of the operation. 
Other cases were published by Lange, 25 Fairbanks 13 and 
Spitz. 35 In 1916, Wyeth 43 and Sharpe published a report of 
81 patients operated upon for birth palsy. They gave no 
results although they did specify that surgery be carried 
out at one month of âge in patients with total paralysis 
and at three months in patients with partial paralysis. 

In 1920, Taylor 39 described his expérience with 200 
patients with birth paralysis, 70 of whom were operated 
upon. The same technique was employed although 
mortality was low (3 patients). Results were satisfactory 
although no details were given. 


In 1930, Lauwers 26 proposed neurotization when the 
roots were avulsed (nerve transplants) using nerves 
preserved in alcohol. Nine cases were described in most of 
whom a neurolysis was performed. 

There followed a period when enthusiasm for surgery 
diminished because results were unconvincing and 
morbidity was high. For the next 50 years, a "wait and 
see" policy prédominated. The traumatic origin of these 
lésions—so clearly demonstrated earlier—was now 
questioned in favor of medullary théories (Thomas 40 ) or 
congénital théories (Ombredanne 30 ). It was not until the 
development of microsurgery and particularly surgery of 
the adult brachial plexus (Millesi, Narrakas) that physi- 
cians showed renewed interest in the surgical treatment 
of obstétrical palsy. 

Some surgeons continued to operate on these lésions 
and Janec 20 et al reported on 29 patients in 10 years most 
of whom underwent neurolysis. The technique described 
and results were unconvincing. These authors proposed 
surgery at six weeks for infraganglionic lésions. 

Présent indications for surgery: Folio wing the study conduc- 
ted by Tassin 38 on patients treated nonoperatively, Alain 
Gilbert, 14,15 one of the foremost experts in the field of surgery 
of obstétrical palsy, has prescribed surgery in the folio wing 
cases: 

1. Total palsy at birth with a positive Horner's syndrome. 

2. Upper root palsies with no sign of recovery at the third 
month. 

3. Upper root palsies with no recovery of deltoid or biceps 
at the third month (as the deltoid is difficult to test 
clinically in these infants, absence of biceps contraction 
is taken as an indication for surgery). 

According to Gilbert, 14,15 the greatest difficulty is faced 
when these infants are seen late around the 6th to 8th 
month. They often show some biceps contractions even 
though this recovery may hâve appeared at the 5th to 6th 
month. The parents, overjoyed at the motor recovery do 
not accept easily the idea that this recovery will not 
progress to full restoration of motor function. In these 
conditions, it is very difficult to prescribe surgery, as one 
cannot honestly promise a good resuit with any certainty. 

It is therefore necessary to take decisions latest by the 
third month. 

Rôle ofEMG and myelography: Preoperative EMG often does 
not give a correct idea of the extent of the lésions as recovery 
of even a few muscle fibers is sufficient to produce a positive 
sign on the EMG without corresponding clinical recovery. 
This is especially so in case of obstétrical palsy and is not 
a common feature of palsies in adults. 
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However, a négative EMG at three months practically 
always indicates a root avulsion. 

Myelography is performed immediately before surgery. 
Gilbert 14,15 has reported on his expérience with myelograms 
performed in 79 infants. Of the 395 roots studied, only 12 
false-negative and 10 f aise-positive results were obtained 
for détection of traumatic meningoceles. Hence it is 
possible to predict the extent of these lésions with a 
significant degree of certainty. Therefore, the test is of great 
help. 

Surgical technique: The procedure is performed under 
general anesthésia with the patient supine and the 
shoulder elevated by a cushion. After infiltration with 
saline—adrénaline solution, the skin and platysma are 
incised along the posterior border of the sterno- 
cleidomastoid and then horizontally along the clavicle. 
The skin and platysma flap is retracted followed by a 
similar flap of the underlying areolar tissue exposing the 
omohyoid muscle. This is divided and the plexus exposed 
between the scalenus anterior and médius muscles. Often 
there is severe fibrosis encircling the scaleni and the plexus, 
and dissection can be difficult. It is important to identify 
and isolate the phrenic nerve running on the anterior 
surface of the scalenus anterior together with the almost 
constant communicating branch to the C 5 nerve. 

The neuroma is usually located over the C 5 and C 6 
spinal nerves and the divisions of the upper trunk at the 
level of the clavicle. 

Sometimes, there is no neuroma but the roots are soft, 
pale and do not respond to stimulation. This is most often 
seen in infants of low birth weight, born by breech delivery 
and also showing meningoceles on myelography. 
Somatosensory evoked potentials are useful in such 
situations. 

In cases of total palsy, the entire plexus needs to be 
explored extending into the infraclavicular région. The 
pectoralis major is detached from its insertion, and the 
clavicle is sectioned obliquely between two periosteal flaps. 
The entire plexus is thus exposed and the lower roots 
explored. This dissection extends as proximally as possible 
up to the intervertébral foramina. 

The avulsion of the lower roots is sometimes obvious 
with the dorsal root ganglia being seen outside, while at 
other times the root is still présent in the intervertébral 
foramen. In these cases, only SEPs in conjunction with the 
clinical picture and that on myelography can help to décidé 
the status of the root and its further exploration. 

Lésions Found 

Gilbertl 4,15 —of the 183 cases operated up to 1986: 

• C 5 C 6 lésions—65 cases of which 49 ruptures and 16 

avulsions 


• C 5 C 6 C 7 lésions—59 cases of which 46 ruptures and 14 
avulsions 

• Total lésions—54 cases of which almost ail had some 
avulsions. 

These lésions are always above the clavicle and may 
therefore be repaired by limited surgery. 

Generally, a neuroma in continuity is found. Following 
the poor results obtained with neurolysis by Narrakas and 
by Gilbert,14,15 the latter now prefers resection of the 
neuroma and grafting in almost ail cases. Resection has to 
be prudent to avoid damage to branches to the serratus 
anterior which originate very high on the spinal nerves. 
These are usually intact. 

Surgical strategies: For ruptures of C 5 , C 6 and C 7 , two ends 
are found that can be connected by interposition of cables 
of sural nerve graft. The nerve ends are sutured using 10/0 
nylon under microscope magnification followed by 
application of fibrin glue. Use of fibrin glue reduces the 
number of sutures required and, therefore, the amount of 
foreign material at the nerve suture site and also the time 
of surgery. 

In complété palsies, C 8 and T 1 hâve usually been 
avulsed. If C 5 , C 6 and C 7 hâve been ruptured, their stumps 
are used to reinnervate the three cords and the 
suprascapular nerve. If only C 5 and C 7 remain, Gilbertl4,15 
recommends neurotization of the latéral cord (médian and 
musculocutaneous nerves) and the ulnar nerve with C 5 
and C 6 . This is intraplexural neurotization where éléments 
of the plexus itself are redistributed. The posterior cord is 
sacrificed. If possible, the suprascapular nerve is 
reinnervated. The stability of the shoulder can be 
reestablished later by transfer of the trapezius. Raimondi 
prefers to neurotize the suprascapular nerve using the 
spinal accessory nerve as in adults. 

If only C 5 is seen to be intact, it is used to graft the 
musculocutaneous and the suprascapular nerves and 
sometimes the latéral root of the médian nerve. The second 
to the fifth intercostal nerves are used to neurotize the 
médial root of the médian nerve or the entire médian nerve. 

In case of isolated avulsion of C 5 and C 6 , there is no 
possibility of direct repair. These are never associated with 
lésions of the lower plexus and almost always follow 
breech delivery in an infant of low birth weight. Here, the 
musculocutaneous nerve may be neurotized by the médial 
pectoral nerve by direct suture. At times, the contralatéral 
normal latéral pectoral nerve is connected by a sub- 
cutaneously passed sural nerve graft to suprascapular or 
the axillary nerve. 

Thus, in constrast to adult brachial plexus injuries, in 
obstétrical palsy one attempts to reinnervate the médian 
and ulnar nerves, as these infants hâve a very high 
regenerative potential. 
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At times the intraoperative finding of a slack nerve 
without fibrosis associated with total palsy does not 
correlate with the myélographie findings and recorded 
SEPs. In these cases, it is best to close the incision without 
any therapeutic action and to wait for further progression. 
When the information correlates, the affected roots are 
immediately neurotized. 

After repair, if the clavicle has been sectioned, it is 
rejoined with absorbable material. The wound is closed in 
two layers and the arm immobilized in a sling. The child 
is immobilized in a plaster splint which is prepared 
preoperatively and holds the head vertically and the arm 
and forearm against the trunk. This continues for 20 days 
postoperatively. 

Postoperative Treatment 

Three weeks later, the plaster is removed and gentle 
physical therapy résumés. This is given every day and is 
accompanied by electrical stimulation. 

Clinical évaluation is repeated every 3 months and 
electromyography every 6 months. The date of appearance 
of muscular contractions is noted as this is of great 
prognostic value. Particular attention is paid to screen for 
signs of joint stiffness especially limitation of passive 
external rotation of the shoulder, extension of the elbow, 
supination and pronation. Stiffness needs to be treated by 
energetic physiotherapy or if that fails, by surgery. 

A muscle recovery appears, the child should be 
encouraged to utilize the affected extremity in daily 
activities to promote bimanual dexterity. 

Results 

(Gilbert 14,15 et al 1991—280 patients operated between 
1977-1989 of which 178 had more than three years follow- 
up). 

The muscles were graded M 0 -M 3 and the shoulder I-V 
according to Mallet's 28 scale modified by Tassin. 38 

C 5 C 6 Lésions—65 Cases 

For the ruptures repaired, the shoulder was graded at three 
years as: 

• III in 20% of the cases 

• IV in 40% of the cases 

• V in 40% of the cases. 

Thus, a normal (V) or nearly normal (IV) shoulder is 
obtained in 80% of the patients. 

In cases of root avulsions the results were poorer with 
shoulders graded as: I or II in 40% of the patients, III in 
20% and IV or V in 40% of the patients. 

The biceps recovered in ail cases except one irrespective 
of the procedure (grafting or neurotization). 


C 5 C 6 C 7 Lésions—59 patients 

At three years, the shoulders were graded as: 


Grades 

Percentage ofthe case 

i 

5 

n 

5 

m 

25 

IV 

40 

V 

25 


Thus, 75% of these patients recovered a grade IV or V 
shoulder. 

The triceps always recovered while the wrist exten- 
sors recovered in 70% of the cases. 

Total Palsies 

Taking into account cases of reconstruction of the entire 
plexus using intra- and extraplexual neurotizations (32 
cases) at five years follow-up: 

• Shoulder—II15%, III50%, IV 20%, V15% 

• Wrist flexors—M 0 or M l7 60%, M 2 or M 3 40% 

• Finger flexors—M 0 or M 1 25% and M 2 or M 3 75% 

• Intrinsics—M 0 50%, M 2 15%, M 3 35%. 

These excellent results seem to justify attempts at total 
reconstruction of the plexus. 

Ail these results compare most favorably with those 
obtained following spontaneous recovery as long as the 
biceps was O at three months. 

Functional Limitations 

The majority of patients who do not recover completely 
are left with some limitation of shoulder function, usually 
limitation of active external rotation. This interfères with 
activities of daily living such as eating, dressing and 
combing the hair. Usually the patients compensâtes by 
abduction and forward flexion of the shoulder which 
makes the elbow stick out at the side, and this is very 
awkward. Even while walking, the internai rotation 
deformity of the shoulder and flexion contracture of the 
elbow disrupt the natural movement of the arms and 
produces an awkward gait. Procedures requiring 
bimanual dextrity are also made more difficult, e.g. riding 
a bicycle. 

The majority of patients adapt exceedingly well and 
many do not consider themselves handicapped at ail. It is 
often the patients with the most severe paralysis who make 
the best adaptations. In addition, as these patients hâve 
grown up with their disability, they hâve a very different 
outlook towards their affected extremity, amputation and 
prosthetic fitting are therefore never indicated in obstétrical 
palsy regardless of the severity. 
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Residual Deformity 

The amount of deformity présent dépends largely upon 
the extent of reinnervation as well as the treatment the 
patient received during the years of growth. A residual 
deformity of adduction and internai rotation can be 
corrected by a simple procedure of osteotomy just distal to 
the deltoid tuberosity. 

The deformities in the untreated patients are as follows: 

1. The affected limb is shorter than the opposite side. Ail 
the bones including the clavicle and scapula are 
smaller 

2. The shoulder is usually in the position of internai 
rotation and slight flexion and adduction. The hume¬ 
rai head canbe suluxated or dislocated posteriorly due 
to a combination of muscle imbalance (strong pectorals 
with lack of recovery of external rotators) and the 
smaller size of the glenoid and humerai head which 
limit bony stability. 

3. The coracoid and acromion tend to be hooked down- 
wards, and the scapula is usually rotated upward and 
forward. 

4. There is usually a fixed flexion contracture of the elbow 
and occasionally dislocation of the radial head. 
Forearm rotation is limited with the usual position 
being of some degree of pronation 

5. Hand function dépends on the degree of involvement 
of lower roots. 

Treatment 

1. Shoulder deformity: An internai rotational deformity not 
responding to manipulative correction can be treated 
by a Sever's 33 release which involves section of the 
tendons of the pectoralis major and subscapularis 
muscles. This improves the passive range of motion 
and removes the hindrance to recovery of motor power 
in the external rotators. 

In a patient seen late with recovered elbow flexion 
but with no recovery in the infraspinatus and teres 
minor, derotation osteotomy of the humérus improves 
the plane of elbow flexion. However, the deformity can 
recur. If the latissimus dorsi and teres major are of 
sufficient power, their tendinous insertions can be 
divided and repositioned under the latéral head of the 
triceps to convert them to external rotators of the 
shoulder (L'Episcopo procedure). Another alternative 
is to transfer the latissimus dorsi to the infraspinatus 
insertion (Zachary's transfer). 

In patients with severe secondary bony changes or 
severe proximal paralysis, Kleinberg recommended 
shoulder arthrodesis. Results can be satisfactory when 
the trapezius, rhomboids and serratus anterior muscles 
are strong. 


When active shoulder abduction does not recover 
adequately, either as a conséquence of spontaneous 
recovery or following nerve surgery, Gilbert recom- 
mends transfer of the trapezius insertion to the humérus 
to supplément abductor power. 

2. Elbow and forearm deformity: The elbow flexion deformity 
is often présent even when the triceps is stronger than 
the biceps. It may be caused by radial head dislocation 
due to aggressive pronation-supination exercises or 
the use of splints. However, most patients do not hâve 
a dislocated radial head nor a bowed ulna. An 
increased range of motion can be obtained by physical 
therapy and corrective casts, but the gains are rarely 
permanent. The flexion contracture is usually func- 
tional in presence of a weak biceps. 

Another common problem is the loss of forearm 
rotation. When the contracture is fixed with no active 
or passive rotation, the simplest solution is closed 
osteoclasis as recommended by Blount. Overcorrection 
is attempted as the deformity is likely to recur. 
Zaoussis 46 has reported an osteotomy of the upper end 
of the radius to correct the supination deformity. 
When a patient has a supination contracture and some 
active rotation, Zancolli's 44,45 operation can give good 
results. 

3. Wrist and hand deformity: This is uncommon as the lower 
roots generally escape injury. However, in C 5 C 6 C 7 
injuries, a weakness of wrist extension may remain. 
This can be corrected by a tenodesis of the finger 
extensors at the distal end of the radius. 

Hand function following nerve reconstruction can be 
improved by suitable tendon transfers and tenodesis 
procedures. 

CONCLUSIONS 

Following a review of recent literature on the results of 
surgical treatment of obstétrical palsy, certain basic points 
need to be clarified. 

1. Obstétrical brachial plexus palsy is traumatic in origin 
as a resuit of forcible lowering of the shoulder during 
delivery. 

2. The lésions may affect ail the roots, however, the upper 
roots are usually ruptured, whereas the lower roots 
are always avulsed. 

3. Spontaneous recovery is possible but its quality 
dépends on how early it begins. If biceps recovery has 
not commenced by three months, better results are 
obtained by surgery than by allowing spontaneous 
recovery. 

4. Early total reconstruction of the brachial plexus 
provides much better recovery of hand function than 
in adult palsies. 
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When injection is given into the nerve, Chemical necrosis 
occurs. The two nerves, i.e. radial and sciatic nerves are 
commonly affected. When injection is given on the latéral 
side of the upper arm, the radial nerve is in danger of 
neuritis. Similarly if the injection given in gluteal région, 
the sciatic nerve is at risk. When a nerve is injected, 
suddenly there is severe pain with paralysis of the muscles 
supplied by the nerve. With radial nerve affection wrist 
drop occurs, and foot drop occurs when sciatic nerve is 


involved. Nerve conduction studies are done. If the 
injection is nearby the nerve, then recovery occurs. The 
treatment consists of initially splinting, cock-up or foot- 
drop splint. If there is no recovery within 3 weeks, then 
treatment is neurolysis of the radial nerve as done by 
author in 15 cases. Of the 15 cases, 9 cases hâve recovered. 
If there is no recovery after 2 to 3 months, tendon transfer 
is indicated. 





MEDIAN NERVE INJURIES 
Introduction 

The médian nerve, formed by the junction of latéral and 
médial cords of the brachial plexus in the axilla, is 
composed of fibers from C 6 , C 7 , C 8 and T a . Médian nerve 
injuries often are caused by lacérations, usually in the 
forearm or wrist and médian nerve palsy is most often the 
resuit of compression syndromes. It is also seen in cases of 
peripheral neuropathy such as diabètes, traction injuries 
to the brachial plexus and infections such as polio and 
leprosy (Fig. 1). 

In the upper arm the nerve can be injured by relatively 
superficial lacérations, excessively tight tourniquets and 
humerai fractures, and when it is injured near the axilla, 
the ulnar and musculocutaneous nerves and the brachial 
artery are also commonly injured. At the elbow, the nerve 
may be injured in supracondylar fractures and posterior 




dislocations of the elbow. 4 Rana et al 3 reported division of 
the médian nerve in a dislocation of elbow. Médian nerve 
déficits as seen in the pronator syndrome, 8 may resuit from 
compression of the nerve at the pronator teres, the lacertus 
fibrosus, 7 or the fibrous flexor digitorum sublimis arch or 
from anomalies including a hypertrophie pronator teres, 
a high origin of the pronator teres, fibrous bands within 
the pronator teres or accessory tendinous arch of the flexor 
carpi radialis arising from the ulna. The anterior 
interosseous nerve may be injured in fractures and 
lacreations or may be compressed or entrapped by any 
other following: the tendinous origins of flexor digitorum 
sublimis or the pronator teres, variant muscles such as the 
palmaris profundus and flexor carpi radialis brevis, 
accessory muscle slips and tendons from the flexor 
digitorum sublimis to the flexor pollicis longus, an 
accessory head of the flexor pollicis longus (Gantzer's 
muscle), by aberrant radial artery, by thrombosis of ulnar 
collateral vessels, enlargement of the bicipital bursa or VIC 
(Volkmann's ischémie contracture). 

At the wrist nerve may be injured by fractures of the 
distal radius and by fractures and dislocation of carpal 
bones, Wolfe and Eyring 9 reported the unusual occurrence 
of médian nerve entrapment in callus after a fracture of the 
distal radius. 1 Excision of the callus, and repair of the 
nerve were recommended. 

Examination 

The muscles of forearm and hand supplied by the médian 
nerve that can be tested with relative accuracy are the 
pronator teres, flexor carpi radialis, flexor digitorum 
sublimis, and abductor pollicis brevis. Substitution 
movements caused by action of intact muscles may cause 
confusion during examination. The following muscles are 
particularly investigated to rule out médian nerve injury. 


Fig. 1: Autonomous sensory zone of médian nerve 
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Abductor Pollicis Brevis 

The action of this muscle is to draw the thumb forwards in 
a plane at right angles to the palm of the hand. To test this 
muscle, the patient is asked to lay his or her hand fiat upon 
the table with the palm looking upwards and touch with 
his or her thumb a pen held in front of it—the pen test. 

Opponens Pollicis 

The patient is unable to touch the ends of the fingers with 
the tip of the thumb. This is a reliable test of médian nerve 
palsy, but be careful to note that the patient carries out a 
real opposition (i.e. swinging the thumb across the palm) 
and not a vicarious movement caused by the adductor 
pollicis supplied by the ulnar nerve. 

Flexor Pollicis Longus 

The patient is unable to bend the terminal phalanx of the 
thumb, while the proximal phalanx is held firmly by the 
clinician to eliminate the action of the short flexors. 
Remember that this test should not be employed in cases 
where the nerve is injured at the wrist. It is only of value 
when the lésion lies above the elbow, e.g. supracondylar 
fracture of the humérus. Similar test can be applied to the 
forefinger. 

The lumbricals cannot be descretely tested because they 
cannot be palpated and because their function may be 
confused with that of the interosseous muscles. Sensory 
loss is similar to low lésions. 

Low Lésions 

Low lésions may be caused by the cuts in front of the wrist 
or by carpal dislocations. The patient is unable to abduct 
the thumb, and sensation is lost over the radial three and 
a half digits. In long-standing cases, the thenar eminence 
is wasted and trophic changes may be seen. 

Nerve entrapment in the carpal tunnel is common. 
Symptoms are usually mild and intermittent—pain in the 
hand with tingling and numbness in the médian nerve 
distribution—especially at night when the hand is tucked 
in with the wrist flexed and immobile. Nerve conduction 
velocity is reduced across the wrist. 

High Lésions 

High lésions are generally due to forearm fractures or elbow 
dislocation, but stabs and gunshot wounds may damage 
the nerve at any level. The signs are the same as those of 
the low lésions but, in addition, the long flexors to the 
thumb, index and the middle fingers, the radial wrist 
flexors and the forearm pronator muscles are ail paralyzed. 
Typically the hand is held with the ulnar fingers flexed 
and the index straight (the "pointing finger"). 


In the rare anterior interosseous nerve syndrome, this 
short motor branch of the médian nerve may be trapped 
just below the elbow under the humerai part of the pronator 
teres muscle. According to Spinner, 5,6 anterior 
interosseous nerve syndrome may cause varying signs and 
symptoms. The patients complain of pain in the forearm 
and feeble pinch due to weakness of thumb and index 
finger flexion. There is no sensory abnormality. Nerve 
conduction test will confirm the diagnosis. 

Variations in the sensory supply of the médian nerve 
may also be confusing, but usually the volar surface of 
thumb, of the index and middle fingers, and of the radial 
half of the ring finger and the dorsal surfaces of the distal 
phalanx, of the index and middle fingers are supplied by 
the médian nerve. The smallest autonomous zone of the 
médian nerve covers the dorsal and volar surfaces of the 
distal phalanges of the index and middle fingers. The 
iodine-starch test or triketohydrinedene hydrate 
(Ninhydrin) print test may be helpful in diagnosis. 
Autonomie changes such as anhydrosis, atrophy of the 
skin, and narrowing of the digits because of atrophy of the 
pulp are also valuable signs of sensory déficit. 

Treatment 

Operative treatment of médian nerve may be indicated in 
most of the lésions listed earlier. Surgical exploration and 
décompression of the médian nerve for refractory pronator 
teres syndrome, as reported by Hartz et al 2 has been 
successful in relieving symptoms in 80 to 90% of patients. 
For the anterior interosseous nerve syndrome, Spinner 5,6 
recommends following plan. If the onset of paralysis has 
been spontaneous, the initial treatment is nonoperative. 
Surgical exploration is indicated in the absence of clinical 
or electromyographic improvement after 12 weeks. If an 
anterior interosseous nerve injury caused by a penetrating 
wound, primary repair is recommended. If the nerve is 
divided, suture or nerve grafting should always be 
attempted. Extensive nerve mobilization may be necessary, 
the incision sometimes extending above the elbow. 
Postoperatively the wrist is splinted in flexion to avoid 
tension, when movements are commenced, wrist extension 
should be prevented. 

Nerve entrapment at the wrist is treated by slitting the 
transverse carpal ligament to decompress the carpal tunnel. 
Neurolysis, by incising the epineurium may also be per 
formed. 

Late lésions are sometimes seen if there has been no 
recovery. The disability is severe because of sensory loss 
and déficient pincer action. If sensation recovers but not 
opposition, one of the superficialis tendon usually of the 
ring finger can be transferred to the distal end of opponens 
pollicis. 
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ULNAR NERVE INJURIES 
Anatomy 

Ulnar nerve arises from médial cord of brachial plexus 
and descends the interval between axillary artery and vein. 
It runs downwards on médial side of brachial artery as far 
as middle of arm. At the insertion of coracobrachialis, nerve 
pierces médial intermuscular septum, enters the posterior 
compartment of the arm under cover of the médial head of 
triceps. At the elbow, it lies behind the médial épicondyle 
of the humérus and enters the front of the forearm by 
passing between two heads of flexor carpi ulnaris. It then 
runs down the forearm between flexor carpi ulnaris and 
flexor digitorum profundus muscles. At the wrist ulnar 
nerve becomes superficial and lies between tendons of 
flexor digitorum superficialis and flexor carpi ulnaris. It 
enters the palm of hand by passing superficial to flexor 
retinaculum and latéral to the pisiform bone under the 
hook of hamate along with the ulnar artery (Guyons canal). 

Ulnar nerve supplies skin of médial one and half 
fingers. Deep branch supplies ail the intrinsic muscles of 
the hand except the muscle of thenar eminence and first 
two lumbricals which are supplied by médian nerve (Fig. 2). 

Etiology 

The nerve is injured most commonly in the distal forearm, 
in these locations it may be injured by gunshot wounds, 
lacérations, fracture or dislocations. In civilian life 
lacérations cause most of the injuries at the wrist. Traction 


Fig. 2: Autonomous sensory zone of ulnar nerve 

of the nerve, subluxation or dislocation of the nerve, and 
entrapment syndromes may also cause ulnar nerve déficits 
that may require surgical treatment. 

Tardy ulnar nerve palsy 2 may develop after malunited 
fractures of the latéral humerai condyle in children, 
displaced fractures of the médial humerai épicondyle, 
dislocations of the elbow and contusions of the nerve. 
Tardy ulnar nerve palsy may also develop in patients who 
hâve a shallow ulnar groove on the posterior aspect of the 
médial humerai épicondyle. 

Entrapment or compression of the ulnar nerve may 
also occur at the supracondylar process of the humérus 
medially, at the arcade of Struthers near the médial 
intermuscular septum, between the heads of origin of the 
flexor carpi ulnaris, and at the wrist in Guyon's canal. In 
1958 Feindel and Stratford 4 coined the term cubital tunnel 
syndrome to describe a compression neuropathy of the 
ulnar nerve about the elbow with no antécédent trauma. 
In other areas, the nerve may be compressed by tight f ascia 
or ligaments, neoplasms, rheumatoid synovitis, 
aneurysms, vascular thromboses, or anomalous muscles. 

Postoperative ulnar nerve palsy may resuit from either 
direct pressure on the ulnar nerve at the elbow or prolonged 
flexion of the elbow during surgery. The ulnar nerve is 
especially vulnérable to compression when the forearm is 
allowed to rest in pronation. Alvine and Schurrer 1 hâve 
suggested that some patients may hâve a preexisting 
subclinical cubital tunnel syndrome that may prédisposé 
them to this complication. 

Clinical Features and Examination 

Low lésions are often caused by cuts at or around wrist. 
Numbness occur s in ulnar one and half fingers. Hand 
assumes a typical posture, i.e. "claw hand" with 
hyperextension at metacarpophalangeal joint and flexion 
at interphalangeal joint of ring and little finger. Depending 
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upon the severity of nerve injury, there is hypothenar 
wasting of the palm of the hand. As patient is asked to 
grasp book between thumb and other fingers instead of 
adductor pollicis, flexor pollicis longus is being used 
(Froment's sign), causing flexion of IP joint of thumb. There 
is weakness of pinch. 

Low lésions of ulnar nerve may also be caused by 
entrapment in Guyon's canal. In long distance cyclists 
who lean with pisiform pressed against cycle handles, 
may hâve ulnar nerve palsy (other functional déficit is 
weakness of pinch). 

High lésion occurs with elbow fractures and 
dislocations. In high lésion, the flexor carpii ulnaris is 
paralysed and there is "ulnar paradox" i.e. higher the 
injury lesser the deformity as along with the intrinsic 
muscles extrinsic muscle are also paralyzed. Médial half 
of flexor digitarum profundus muscle is paralyzed, 
resulting in lesser amount of clawing than in lower nerve 
palsy. Otherwise motor and sensory loss in the hand are 
the same. The sensory examination usually is 
straightforward, one need to examine only the middle and 
distal phalanges of the little finger, which make up the 
autonomous zone of the ulnar nerve. Complété anesthésia 
to pinpricks in this area strongly suggests total division of 
the nerve. 

In patients suspected of having cubital tunnel syn¬ 
drome, a positive percussion test over the ulnar nerve at 
the level of the médial épicondyle and a positive elbow 
flexion test are strongly suggestive of a significant 
compressive neuropathy. With the elbow fully flexed, the 
patient will complain of numbness and tingling in the 
small and ring fingers, often within 1 minute. 

Nerve conduction studies will demonstrate slowing 
in the ulnar nerve velocities across the elbow. 
Electromyography may demonstrate fibrillations in the 
ulnar innervated intrinsic muscles. 

Ulnar neuritis 6 may be caused by chronic entrapment 
of the nerve in médial épicondyle tunnel causing tardy 
ulnar nerve palsy in severe valgus deformity of the elbow. 

Treatment 

Acute clean eut injuries of ulnar nerve should be treated 
by exploration and end-to-end anastomosis. 

Methods ofClosing Gaps 

Gap in the ulnar nerve can be closed more easily than in 
any other nerve, primarily because the nerve can be 
transposed to the antecubital fossa to gain length. If the 
lésion is distal to the muscular branches in the forearm, 
gaps of 12 to 15 cm can be closed by mobilizing and 
transposing the nerve, flexing the wrist and elbow. 


intraneural dissection of the motor branches up the nerve, 
and sacrificing the articular branches. The nerve should 
be transposed only after the most painstaking intraneural 
dissection of the branches to the flexor digitorum profundus 
and flexor carpi ulnaris. The nerve may be transposed 
anteriorly either subcutaneously or deep to the flexor- 
pronator muscles by removing their origins from the médial 
épicondyle. The médial intermuscular septum should be 
divided proximal to the elbow to allow flexion and 
extension of the joint without kinking or stretching the 
nerve. As an alternative to awkward positioning and 
extensive mobilization of nerve, interfascicular nerve 
grafting should be considered. 

Results of Sutures of Ulnar Nerve 

Motor recovery is more important than sensory recovery. 
After suture of the ulnar nerve about half of these patients 
may be expected to show return of function in the long 
flexors of the fingers and wrist, and some useful function 
in the interossel and hypothenar intrinsic muscles. Only 
5% of the patients may recover independent function of 
the interossei, 78% may regain useful motor recovery under 
favorable circumstances, and 16% may show independent 
finger motion. 

Critical Limit of Delay of Suture 

Useful motor recovery of the ulnar nerve should not be 
expected if suture is delayed 9 months after injury in high 
lésions or 15 months in low lésions. Sensory recovery rarely 
occurs after 9 months in high lésions, but has been said to 
occur as late as 31 months after injury in low lésions. 3 

Conservative treatment for cubital tunnel syndrome 
should be attempted before surgical treatment. In cases of 
refractory tardy ulnar nerve palsy, removal of the nerve 
from its groove, neurolysis if necessary and anterior 
transposition 7 of the nerve to the flexor surface of the elbow 
may be required. 

The surgical treatment of cubital tunnel syndrome 3 
includes simple décompression, médial epicondylectomy, 5 
and anterior transposition of the ulnar nerve either into a 
subeutaneous, intramuscular, or submuscular bed. 
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RADIAL NERVE INJURIES 
Anatomy 

Radial nerve is a continuation of the posterior cord of the 
brachial plexus, consists of fibers from cervical fifth, sixth, 
seventh, eighth and sometimes from first dorsal. It is 
primarily a motor nerve. It descends below the third part 
of the axillary artery. The entry of the nerve in upper arm is 
accompanied with profunda brachii artery between the 
long and médial head of triceps. The radial nerve does not 
travel in the spiral groove, but instead it lies on the upper 
part of the médial triceps separated from the underlying 
bone by a layer of muscle approximately 3 to 4 mm thick. 
The nerve is in direct contact with the humérus only in the 
distal arm where it enters in the anterior compartment by 
piercing the latéral intermuscular septum. Branches to the 
triceps are given in the arm. 

At a distance of 10 cm proximal to the latéral 
épicondyle, radial nerve enters the anterior compartment 
of arm through the latéral intermuscular septum and lies 
between brachialis and brachioradialis. The motor bran¬ 
ches to branchioradialis and extensor carpi radialis longus 
are given off in this area above the elbow. A branch is also 
given to brachiailis, but is predominantly supplied by 
musculocutaneous nerve. The radial nerve divides into 
superficial and deep branch at about the level of latéral 
épicondyle. The level of bifurcation varies from 4.5 cm 
above the latéral épicondyle to 4 cm below with division 
at or below the épicondyle. It is at the same level that radial 
nerve gives branch to extensor carpi radialis brevis. 19,22 

After the bifurcation of the superficial and deep 
branches, the superficial branch continues distally and 
dorsally under the cover of brachioradialis. It emerges from 
under this muscle at the junction of middle and distal 
thirds of the forearm to continue subcutaneously along 
the dorsoradial aspect of the forearm to supply the skin on 
the latéral part of the dorsum of the wrist and hand. 

The posterior interosseous nerve is purely motor with 
the exception of the several sensory branches to the wrist 
joint at its terminal extent. The posterior interosseous nerve 
passes from proximal anterior forearm to the posterior 
forearm through the supinator muscle, the proximal margin 
of the supinator muscle forms a fibrous arch called as the 
arcade of Frohse through which the nerve passes. 23 The 


posterior interosseous nerve exits the supinator 
approximately 8 mm below the elbow joint and 
immediately divides into multiple branches. The branches 
seemed to be arranged in two major groups: first group 
supplies the superficial layer muscles, e.g. extensor 
digitorum communis, extensor digit minimi, extensor carpi 
ulnaris, and the second group supplies the deep layer, e.g. 
abductor pollicis longus, extensor pollicis longus, extensor 
pollicis brevis, extensor indicis proprius. 

Etiology 

The nerve is injured most often by fractures of humerai 
shaft 12 . The reported incidence of high radial nerve palsy 
associated with humerai shaft fracture is 2 to 15%. 

Of the radial nerve injuries 33% are associated with 
fracture of middle third, 50% with fracture of distal one- 
third of humérus. 7% with supracondylar fracture of the 
humérus and 7% with dislocation of radial head. 12 

Gunshot wounds are second most common cause of 
radial nerve injury, other causes include lacérations of 
arm and proximal forearm infection, injuries and 
prolonged local pressure (Saturday night palsy). In the 
axilla, the use of crutch which is not properly adjusted 
results in a wrist drop (crutch palsy). The nerve may be 
injured during surgery of the upper arm. 

Entrapment Syndromes 

The entrapment of the radial nerve develops when the 
nerve or one of its branches is compressed at some point 
along its course. Compression of radial nerve in the arm 
may be caused by the fibrous arch of latéral head of the 
triceps muscles. The posterior interosseous nerve may be 
compressed by the fibrous arcade of Frohse, fracture 
dislocations or dislocations of elbow, fractures of the 
forearm, VIC, neoplasms, enlarged bursae, aneurysms, or 
rheumatoid synovitis of the elbow. 

According to Spinner 22 posterior interosseous nerve 
entrapment is of two types. In one type ail muscles supplied 
by nerves are completely paralyzed these include extensor 
digitorum communis, extensor indicis proprius, extensor 
digiti quinti, extensor carpi ulnaris, abductor pollicis 
longus and extensor pollicis brevis. 

In the second type, only one or few of these muscles are 
paralyzed. Rôles and Maudsley 18 hâve emphasized that 
entrapment of posterior interosseous nerve may be a cause 
of chronic and refractory tennis elbow, such entrapment 
is called radial tunnel syndrome. 11,14 It may occur at: (i) the 
origin of extensor carpi radialis brevis, (ii) adhesions about 
the radial head, (iii) the radial récurrent arterial fan, and 
(iv) the arcade of Frohse. Occasionally the compression 
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occurs at the distal border of the supinator as the nerve 
exits. 

Examination 

The following muscles supplied by radial nerve can be 
tested accurately because their bellies or tendons or both 
canbe palpated—triceps brachii, brachioradialis, extensor 
carpi radialis, extensor digitorum communis, extensor 
carpi ulnaris, abductor pollicis longus and extensor 
pollicis longus. 

Inspection: Note any typical attitude of the wrist drop. 

Palpation: Besides palpating on the usual lines feel for the 
texture and pliability of subcutaneous tissue and muscles 
supplied by radial nerve. 

Palpation ofthe nerve 

1. If there is tenderness on pressure along the course of 
the nerve, it indicates irritational stage of the nerve 
which is présent in an incomplète lésion inflammation 
ofthe nerve. 

2. In the course of a nerve, where complété division of 
nerve is expected feeling of a neuroma (a firm, tender, 
nodular mass at the distal end of the proximal segment) 
and a glioma (a firm almost nontender, fibrous mass at 
the proximal end of the distal segment) almost confirms 
the diagnosis. 

3. Tinel's sign (Jules Tinel 1917) The importance of TineTs 
sign is in determining: (i) whether a nerve is interrupted, 

(ii) whether a nerve is in process of régénération, 

(iii) rate of régénération, and (iv) whether a nerve suture 
has succeeded or failed. However, even in incomplète 
régénération this sign may be positive. 

Method 

Press the nerve gently or percuss about 2.5 cm below the 
site of lésion or nerve suture. If young axis cylinders are 
présent, the patient will feel a sensation of "pins and 
needles" for a few seconds along the course of the nerve. 
According to the progress of régénération of the axis 
cylinder, the site of formication also advances. Tap along 
the course of the nerve starting from the periphery. The 
moment the level of régénération is reached, pain and/or 
tingling will be felt along the course of the nerve. 

Assessment of the Muscle Power 
According to MRC scale 

Triceps 

Extend the shoulder and ask the patient to extend the elbow 
against gravity and then against résistance, weakness of 
triceps suggest a lésion at mid humerai level or an 


incomplète high lésion. Loss of ail triceps activity suggest 
a high plexus lésion. 

Brachioradialis 

The muscle is tested by asking the patient to flex the elbow 
joint keeping the forearm in midprone position against 
the résistance. The muscle will stand out prominent. 

Extensor Muscles of Wrist Joint 

The elbow should be flexed and hand placed in pronation. 
Support the wrist and ask the patient first to try and 
straighten the fingers and then to pull back the wrist—if 
there is any activity, judge the strength by applying the 
counterpressure on the fingers of the hand. 

Supinator 

The elbow must be extended to eliminate the supinating 
action of biceps. Ask the patient to turn his or her hand 
while y ou apply the counterforce. Loss of supinator 
suggests a lésion proximal to exit of the supinator tunnel. 

Extensor pollicis longus 

Extension of the IP joint of thumb may be checked against 
résistance. 

Mapping out the déficits in sensations: The sensory 
examination is relatively unimportant even if the nerve is 
divided in axilla because there is usually no autonomous 
zone. When présent the autonomous zone is usually over 
the dorsal aspect between first and second metacarpal. 

Investigations 

Electrodiagnosis 

These provide more or less quantitative assessment of the 
nerve déficit. The important ones are: 

i. Motor nerve conduction test 

ii. Strength duration curves 

iii. Electromyography. 

Motor nerve conduction test: It is based on ability of the 
nerve to transmit an electrical impulse. 

Strength duration curve: Depending upon the excitability 
of the nerve and muscle a graph is prepared by plotting 
the minimal voltage required for the muscle to contract 
against duration of stimulus in milliseconds. The status 
of a muscle as regards innervation, denervation or 
reinnervation can be indicated by these curves. 

Electromyography: The electrical changes going on in a 
muscle are suitably amplified and assessed in the form of 
Sound patterns or recorded in the form of tracing. 
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Principles of Treatment 

Civilian nerve injuries, specially due to closed humerai 
fractures, resulting in neurapraxia or axonotmesis hâve a 
high spontaneous recovery rate. 1 If recovery is delayed, 
neurolysis becomes extremely valuable. Functional return 
after neurolysis in lésions in continuity can be excellent. 

After neurotmesis, return of muscle function after 
primary radial nerve repair or nerve grafting can be 
expected in 77% of patients. 12,23 

Initial treatment of radial nerve palsy dépends on the 
nature and severity of the injury. Crush injuries, low- 
velocity gun shot wounds and closed fractures, resuit in 
neurapraxia or axonotmesis and they should be treated 
initially with observation. In open injuries such as open 
fractures and lacérations, the nerve should be explored 
and repaired if possible during the initial irrigation and 
debridement of the wound. Partial paralysis indicates the 
continuity of the nerve and is a good prognostic sign. 
Functional recovery can be expected. Kaiser et al suggested 
that patients suffering a comminuted middle third fracture 
of humérus with immédiate onset radial nerve palsy hâve 
the poorest prognosis for nerve recovery. 8 The poor 
prognosis is related to the high-energy involved in this 
fracture. They suggested immédiate exploration of nerves 
injured with this fracture pattern. Holstein Lewis suggested 
that a spiral oblique fracture of the distal humérus places 
the radial nerve at particular risk for entrapment in the 
fracture site. 7 According to them, early exploration is 
indicated if this fracture pattern is associated with radial 
nerve palsy, more so following closed réduction. Pollock 
et al who had a 92% spontaneous recovery rate 
irrespective of the fracture pattern, recommend initial 
observation in ail closed humérus fractures with 
associated radial nerve palsy. 23 If nerve function shows 
no signs of improvement in 3 to 4 months, exploration of 
the nerve with neurolysis or neurorrhaphy is performed. 

Segmentai defects are repaired with an interfascicular 
nerve graft. Functional nerve return can be expected in as 
many as 77% of patients. 23 As a general rule, nerve 
régénération progresses at a rate of 1 mm per day 24 Lésions 
above the elbow may progress at a slower rate. 

The importance of maintaining supple joints free of 
deformity with the use of splints and physical therapy 
while awaiting nerve recovery and before considering 
tendon transfers cannot be overemphasized. 16 Splinting 
must be individualized. A simple palmar cock-up splint 
may increase the grip strength 3 to 5 times. 3,16 A patient 
requiring greater excursion of the fingers may prefer a 
dynamic splint with extension assist for the wrist with 
metacarpophalangeal joints. 16,22,24 


Methods of Closing Gaps 

Gaps in the radial nerve are closed less easily than those 
in ulnar and médian nerves. In general, however, some 
extensive mobilization and positioning of the extremity 
enable to close most of them. In the axilla and in proximal 
arm on the médial side proximal to the joint of emergence 
of the branches to the triceps, closing a gap of more than 6 
to 7 cm is difficult without sacrificing the branches to 
triceps, this is hardly justifiable except when treating 
radial nerve injury in association with humerai nonunion 
or a fracture that has not yet united. (Resecting humérus 
rarely is feasible at any level) Gaps here are best closed 
either by mobilizing the nerve and the posterior cord of the 
brachial plexus proximally to the clavicle and the nerve 
distally well into the latéral side of the arm or by 
interfascicular grafting. 

In the middle third of the arm, defects of 10 to 12 cm 
may be closed by mobilizing the nerve from the elbow to 
clavicle and widely stripping the branches of the nerve by 
flexing the elbow, by externally rotating and strongly 
adducting the arm across the chest and finally if necessary 
by sacrificing the branch to brachioradialis (if biceps is 
functioning). In the presence of a nonunited fracture of the 
humérus, repair of the radial nerve should almost never 
be necessary. 

In this distal third of arm at the elbow and in the 
forearm, the procedures mentioned here will allow closure 
of almost any gap of 10 to 12 cm. 

Resutts of Suture 

Only motor recovery is important in suturing of the radial 
nerve. Among the patients with suture of these nerves 89% 
will obtain recovery of proximal muscle, 63% will regain 
useful function of ail muscles supplied by radial nerve, 
and 36% will sometime regain control of the finger and 
thumb. 20 

Critical limit ofdelay: Return of motor function should 
not be expected, when suture has been delayed for more 
than 15 months. 

Tendon transfers for radial nerve palsy is discussed 
elsewhere. 
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INTRODUCTION 

Conventionally tendon transfers are usually reserved for 
cases where nerve repair has failed or is not possible. 

Tendon transfers are designed to replace or substitute 
paralyzed muscles. Despite advances in microsurgery and 
nerve repair, tendon transfers remain perhaps the most 
important tool in the hands of the reconstructive surgeon 
treating nerve paralysis in the extremities. There are a 
number of methods for each given set of circumstances, 
and considérable controversy exists over the choice and 
timing of tendon transfer. 24 

Timing 8 

Timing is one of the most vexed questions which faces a 
hand surgeon dealing with a nerve palsy. This is especially 
true if primary repair of a traumatized nerve is known to 
hâve been done. The classical debate centers around the 
timing of transfers. Should such transfers await recovery 
of nerve function and muscle activity or whether one should 
go ahead with a tendon transfer following a nerve palsy. 

Obviously reinnervation of paralyzed muscles with a 
well-done nerve repair would restore normal function and 
balance with the least disturbance in muscle power. 
Therefore, it is theoretically the more logical alternative. It 
must be emphasized, however, that this is often not possible 
and in fact "waiting for the nerve to recover is likely to 
cause more damage due to the associated changes that 
take place in periarticular tissues, skin quality, and in 
general the viscoelastic résistance of the various éléments 
in the hand. Normal connective tissue and skin are 
responsive to patterns of mechanical stress imposed on 
them. Skin is loose at joints to allow normal motion. This 
loose excess skin and the underlying ligaments can shorten 
and later hamper motion if the joint is not put through its 


entire range of motion (Brand). It is, therefore, impérative 
that excellent facilities for active and passive physio- 
therapy as well as splintage are available if a wait and 
watch policy is to be adopted. This also takes for granted a 
lot of motivation on part of the patient. In our country 
several factors are against adopting this course. 

1. Absence of physiotherapy and occupational therapy 
backup in several centers 

2. Absence of a social security net in the unrecognised 
sector 

3. Illiteracy and lack of motivation. 

In view of the above, it is often advisable to restore 
early movement by means of a tendon transfer and avoid 
creating a stiff immobile hand. It should also be noted that 
even under the best of circumstances, ail nerve repairs 
will not reinnervate the intended target muscles especially 
if the following are présent. 

1. Contused lacerated injury to the nerve 

2. Segmentai loss 

3. Concomitant vascular jeopardy 

4. Presence of infection and scarring 

5. Injury to nerve at a considérable distance from its point 
of entry in the target muscles, e.g. a high ulnar palsy in 
the upper arm will require almost two years before it 
reaches the intrinsic muscles. As discussed in the earlier 
chapters, the neuromuscular end plates might be 
destroyed by this time and therefore are of no use to the 
recovering axons. 

The indications for waiting for the recovery could be 
as follows. 

1. Clean eut wound repaired primarily 

2. Good intrafascicular repair done under magnification 

3. Good vascular status and absence of gross scarring 

4. Injury to the nerve fairly close to the muscle 

5. Availability of support services like electrical 
stimulation, physiotherapy and splintage. 
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In the absence of one or more of the above, it is désirable 
to do an early tendon transfer. 

Sélection of Muscles for Transfer 2 ’ 6 ’ 7 

Bunnel (1948) used to call tendon transfers "muscle 
balance operations". This statement highlights an impor¬ 
tant aspect of tendon transfer surgery. In the face of nerve 
paralysis, certain muscles or groups of muscles are 
irrevocably lost. It is the task of the reconstructive surgeon 
to assess and redistribute the remaining functioning 
muscles so as to achieve a functional balance. We cannot 
aim to restore normal strength and power in a paralysed 
extremity. However, we can restore function and balance 
to make it a productive and useful extremity. 

The features desired in an idéal motor are as follows. 

1. Synergy with the paralysed muscle 

2. Relative disposability 

3. Normal or grade 4 power 

4. Minimal movement required in the route of transfer 

5. Roughly equal strength and recursion as the muscle to 
be replaced. 

It must be noted that it is not always possible to satisfy 
ail the idéal criteria listed above. It is, however, important 
to try and ensure that a near idéal choice is available before 
embarking on the tendon transfer. The following are the 
idéal conditions for a transfer. 

Condition of the Extremity 

The limb should be free from inflammation, edema and 
excessive scarring along the route of transfer. If not, a 
program of passive motion exercises, massage, wax bath, 
etc. should be instituted to create a soft supple and mobile 
extremity. Extensive scarring needs prior treatment by 
excision and appropriate skin flap transfer to create an 
environment amenable to the gliding of tendons. 

Range of Motion 

A tendon transfer will not exceed the preoperative passive 
range of motion. It is therefore extremely important that 
sufficient passive range of motion exists in the paralysed 
joints before tendon transfer is considered. 

Ulnar Palsy 518 

Common etiology in this country is as follows. 

1. Hansen s diseuse 3,17 : This affects the nerve commonly 
behind the médial épicondyle and therefore constitutes 
a high ulnar palsy 

2. Assault: In urban areas, especially slums, the use of 
swords and choppers is alarmingly high and results 
in several crime-related nerve palsies. These can be 


located anywhere along the course of the nerve but are 
often associated with the eut wrist or the "spaghetti 
wrist" 

3. Industrial accidents: Likely to be in the hand or the wrist. 

High ulnar palsy: In addition to the paralysis of most the 
intrinsic muscles of the hand, three forearm muscles are 
involved, viz flexor carpi ulnaris (FCU), flexor digitorum 
profounds (FDP) to little finger and ring finger. If the palsy 
is of traumatic origin and repaired appropriately, the 
forearm muscles are likely to recover, but the hand muscles 
almost ne ver recover. A tendon transfer for the intrinsic 
palsy as early as possible is indicated. In cases of leprosy 
as well, motor recovery is highly unlikely and tendon 
transfers remain the treatment of choice. 

Low ulnar palsy: This essentially paralyses ail the interos- 
sei, the two ulnar lumbricals as well as the adductor 
pollicis. The two radial lumbricals are often innervated by 
the médian nerve. However, as the reader is well aware, 
this is subject to considérable variation. It is best to think 
that ail intrinsic muscles are paralysed in a low ulnar 
palsy. 

It is often argued that ulnar palsy really affects only 
the two ulnar fingers. This reasoning assumes that the 
two radial lumbricals will initiate metacarpophalangeal 
joint flexion and effectively prevent clawing of the index 
and middle fingers. While this might be true in an early 
palsy, with the passage of time, the lumbrical muscles with 
a very small cross-sectional area are quite incapable of 
maintaining the dynamic balance even in the index and 
ring finger. Therefore, it is désirable to restore ail four 
fingers in the initial operation itself. This is also very 
strongly suggested by authorities like Brand (Brand and 
Watson, 1982). 

The Claw Hand 4 

Figure 1 shows the normal dynamic balance of force vectors 
in a normal finger. Figure 2 shows the loss caused by an 
ulnar palsy. It should be obvious from these two figures 
that the balance of the remaining force vectors will cause 
the extensor digitorum communis (EDC) to put the meta¬ 
carpophalangeal joint in hyperextension and the extrinsic 
flexors, viz flexor digitorum sublimis (FDS) and FDP to 
pull the interphalangeal joints in flexion resulting in the 
classic claw deformity (Fig. 3). 

A point needs to be made to differentiate the claw 
deformity from the claw disability. The claw disability as 
discussed by Bradsma and Brand (1992) is defined as "the 
inability to flex the finger joints sequentially from proximal 
to distal when the hand is being used in functional 
activities." Sequential finger flexion enables the patient to 
grasp objects of different shapes and sizes. The mechanism 
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Fig. 1: Normal force balance in a finger (FDS—flexor 
digitorum sublimis, EDC—extensor digitorum communis) 





Fig. 2: Force verctors lost due to low ulnar palsy (FDP—flexor 
digitorum profundus, FDS—flexor digitorum sublimis, and 
EDC— extensor digitorum communis) 

is reversed in the claw finger since the lumbrical fails to 
initiate metacarpophalangeal joint flexion. Due to this 
reversed finger closure mechanism, where flexion is 
initiated at the distal interphalangeal joint by the FDP and 
then proceeds proximally, objects tend to be pushed out of 
the hand when an attempt is made to grasp them. 

Brand and Brandsma (1989) and Hastings (1982) hâve 
shown that restoration of normal grasping is only possible 


with dynamic tendon transfers and not with static 
procedures. 

Static v/s dynamic procedures for the ulnar or ulnar médian 
claw: As discussed earlier, the authors believe that even 
a pure ulnar claw should be treated as if it is a complété 
ulnar médian claw, and hence the operations to treat these 
deformities are being clubbed together. 

The Lasso procedure: This procedure as described by 
Zancolli and modified in this country by Atul Shah is a 
procedure which at best can be described as a combination 
of the static and dynamic operations. In this operation, the 
FDS tendon or a split slip of it (Atul Shah's modification of 
dividing one FDS into four slips for ail four fingers) is 
turned around itself at the Al / A2 pulley and sutured to 
its proximal end under appropriate tension. An attempt to 
flex the hand causes the FDS to contract which in turn 
pulls at the pulley System and through it at the proximal 
phalanx bringing it into flexion and thus initiating 
metacarpophalangeal flexion as desired. However, this 
does not directly restore power to the lumbrical tendon 
and the extensor expansion, and therefore, cannot be 
convincingly classified as a dynamic operation. However, 
unlike a static tenodesis, it does hâve a backing of a 
dynamic muscle tendon unit and therefore is not clearly a 
static operation. 

Static operations 

• Arthrodesis 

• Capsulodesis 

• Tenodesis. 
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Dynamic operations: These operations used various motor 
to actively restore the function of the lumbricals in 
particular and the extensor expansion in general. 

Finger flexors: Stiles 25 (1922) was the first to describe a 
procedure for claw finger. He used individual FDS tendons 
to correct the claw. This was later modified by Bunnel 
(1942) and Brand (1958) who used one tendon (ring or 
middle FDS) and split it into four slips to correct ail fingers. 
This is then tunneled distally, volar/planar to the deep 
transverse metacarpal ligament and attached to the latéral 
band of the extensor expansion under appropriate tension. 

Sequelae: The loss of FDS is known to lead to two 
deformities. 

1. Check rein deformity 

2. Swan neck def ormity. 

It has been suggested that the method of harvesting 
FDS may hâve a bearing on the incidence of the above 
deformities. However, Brandsma and Ottenhoff de Jonge 
(1992) in a large sériés hâve shown that the incidence of 
the deformities was irrespective of the method of harvest. 

Falmaris longus (Figs 4 to 9) Antia 1 in 1969 showed 
very good results by the use of palmaris longus for 
lumbrical replacement. Essentially the operation is similar 



Fig. 4: Exposure of palmaris longus for harvest 


to the other operations. A tendon graft—usually the 
plantaris is necessary to lengthen the muscle tendon unit. 
Results are quite satisfactory in supple hands. There are 
several advantages to the palmaris longus muscle as a 
motor. 

1. It is entirely disposable. 

2. It almost always simultaneously contracts in the act of 
making a fist and therefore is an idéal synergist 



Fig. 5: Harvest of palmaris tendon 



Fig. 6: Formation of four tails with palmaris longus 
(PL) using plantaris graft 



















944 Textbook of Orthopedics and Trauma (Volume 1) 



Fig. 7: Incisions to expose latéral bands of 
extensor expansion 



Fig. 9 


Figs 8 and 9: Postoperative function 


3. Due to above, very little retraining is required and 
cortical représentation is appropriate 

4. Its cross-sectional area very nicely resembles those of 
the four lumbricals that it seeks to restore unlike other 
motors which may prove to be too powerful. 

RV Joshi has used both, the flexor sublimis four tail 
and the palmaris longus four tail (extended with plantaris 
tendon graft) using "The measured tension method". The 
authors hâve personal expérience with this method and 
find it is the most objective and rational of ail tendon 
transfer modalities. 

The wrist extensor (The Brand technique): Even though 
Brand is widely credited with this technique, it was Littler 
in 1949 who first suggested the use of extensor carpi 
radialis longus (ECRL) in the technique. The tendon and 
the graft is taken around the radius under the 
brachioradialis and into the palm to be inserted like ail the 
other s. In the presence of a normal extensor carpi radialis 
brevis (ECRB) and a extensor carpi ulnaris (ECU), wrist 
extension is not materially affected. 

In the earlier variation of this technique, the tendon 
grafts were tunneled from the extensor side through the 
interosseus spaces of the metacarpals into the palm and 
then on to the fingers. This technique probably suffers from 
one serious flaw, i.e. it causes the reversai of the metacarpal 
arch and therefore is not used frequently at the présent 
time. 

Radial Nerve Palsy 

Loss of the radial nerve causes significant crippling of 
hand function. The entire dorsal muscle mass is supplied 
by the radial nerve in addition to the triceps and latéral 
half of brachailis. 

The tendon transfers mainly discussed in this chapter 
are used to restore the paralysis of forearm extensor groups 
and not for those of the triceps muscle because triceps 
palsy due to radial nerve injury is relatively rare. 

Etiology 

1. Fracture of the humérus 12 

2. Injection palsy (the authors hâve seen many cases of 
this type when unqualified "doctors" hâve adminis- 
tered intramuscular injections) 

3. Assault with sharp instruments 

4. Crush injury. 

Radial palsy with fracture humérus has evoked 
considérable controversy about the need, nature and timing 
of surgery. Various schools of thought exist. 

These include the foliowing: 

1. Early exploration 

2. Exploration after 6 to 8 weeks if no improvement 

3. Exploration after 4 to 6 months if no improvement. 
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Advantages ofearly exploration 

1. Planes of dissection are easy 

2. Positive visual identification of nerve status possible 

3. The fracture of the humérus can be fixed with nerve 

repaired, released or protected under vision. 

If the fracture of the humérus is such that it definitely 
merits open réduction and internai fixation, then little 
argument ensues and the above advantages become an 
added bonus. 

However, even in the well-known Holstein Lewis 23 
fracture where the original authors felt that the radial nerve 
was in particular danger of being damaged, other authors 
like Sazalay 23 and Rockwood hâve not found significant 
incidence of permanent palsy in unoperated cases. 

Thus if the fracture can be treated by nonoperative 
means, then, the hand surgeon needs to make a choice 
between (i) early exploration on one hand, and (ii) 
exploration after 6-8 weeks if no improvement or (iii) 
exploration after 4 to 6 months if there is no improvement, 
on the other. The présent authors use the following 
philosophy. 

In unstable fractures requiring open fixation or in cases 
of deep and sharp injuries as in assault, it is rational to 
look at the radial nerve primarily. 

In other cases immédiate exploration is debatable. A 
course of conservative treatment of the fracture along with 
splinting of the hand for radial palsy as well as 
physiotherapy to keep the range of motion intact and 
muscle bellies supple is perhaps a useful alternative. At 
the same time, serial EMG and NC studies at 6 to 8 weeks 
interval will effectively show if any change/improvement 
is occurring. If there is no improvement and degeneration 
is obvious in electrophysiological studies, then an 
exploration of the nerve is indicated. This will be between 
3 and 6 months from original injury. In ail cases, splintage 
to maintain joint motion and ligament length is mandatory. 

Tendon transfers for radial palsy: The tendon transfers are 
essentially for three functions. 

1. Wrist extension 

2. Metacarpophalangeal joint extension 

3. Thumb extension. 

In posterior interosseous palsy as against radial nerve 
palsy, the radial wrist extensors are spared. A complété 
radial palsy and ail three transfers will be discussed below. 

This is perhaps the one situation where a multitude of 
possible transfers hâve been discussed. Many of the 
variations are successful and each has its adhérents. A 
glance at the Table 1 quoted from Boyes' 27 work will show 
many possible pairings. 

Early transfer proposed by Burkhalter but also sup- 
ported by other workers such as Orner and Brand, this is a 
sélective PT-ECRB transfer done as an adjunct to nerve 
repair. It is supposed to act as an 'internai splint'. 


TABLE 1 : Relative strengths of forearm muscles (work 
capacity in mkg) 


Donors 


Recepients 


BR 

1.9 

APL 

0.1 

PT 

1.2 

ECRB 

0.9 

FCR 

0.8 

ECRL 

1.1 

PL 

0.1 

EPL 

0.1 

FCU 

2.0 

EDC 

0.1 

FDG 

4.8 

EPB 

0.1 

FDP 

4.5 

EP 

0.5 

FPL 

1.2 

ECU 

1.1 


It restores the power grip quickly and effectively since 
wrist extension is restored. 

The advantages are as follows: 

1. It works as a substitute during nerve regrowth and 
largely éliminâtes a splint 

2. Subsequently the transfer aids the newly innervated 
and weak wrist extensor 

3. It continues to act as a substitute in case nerve recovery 
is poor or absent. 

Conditions for any transfer are: 

1. It should not decrease residual hand function 

2. It should not create a deformity in case function returns 

3. It should enable phase conversion. 

Burkhalter believes that ail of the above are met. 

History The name that invariably is associated with 
this subject is that of Sir Robert Jones. 15,16 In fact even 
today the standard operation now performed is often called 
the Robert Jones 15,16 transfer—though the technique has 
changed considerably since its original description. 

Sir Robert Jones described two sets of tendon transfers 
in 1916 and 1921. 

They are depicted in Table 2. 


TABLE 2: Tendon transfers as described by Sir Robert 
Jones 


1916: PT 

—> 

ECRL and ECRB 

FCU 

-> 

EDC III, IV AND V 

FCR 

—> 

EDC II, EIP and EPL 

1921: PT 

—> 

ECRL AND ECRB 

FCU 

-> 

EDC III, IV and V 

FCR 

—> 

EIP, EDC II, EPL, EPB, APL 


PT—pronator teres, EIP—extensor indicis proprius, EPL—extensor 
pollicis longus, EPB—extensor pollicis brevis, APL—abductor 
pollicis longus, II—index finger, III—middle finger, IV—ring finger, 
and V—little finger 
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None of the above are commonly used today. However 
as described by him, the PT continues to be used as a wrist 
extensor substitute. 

The current standard transfer is depicted in Fig. 10 
and Table 3. 

Other various are 

Boyes' superficials transfer technique is depicted in 
Table 4. 

Flexor carpi radialis (FCR) transfer: This is same as the 
standard but FCR is used for EDC instead of FCU. 

Postoperative régime: The régime preferred by the authors 
is as follows. On the operating table a below elbow cast is 
applied in midprone position with wrist in 45 to 50° 
extension metacarpophalangeal joints 0° interphalangeal 
joint 0°. Thumb is in full extension and abduction. After 4 
weeks, the splint and sutures are removed and a second 
splint applied again in midprone or neutral position, wrist 
10 to 15° extension, metacarpophalangeal joints 10 to 15° 
flexion and interphalangeal joints free. This is for 2 weeks 
and the interphalangeal joints are mobilized. At the end of 
6 weeks, the cast is removed and a removable cock-up 
splint in 5 to 10° wrist extension is given and the hand 
fully mobilized. A night splint continues till the end of 
eight weeks. 

Médian Nerve Palsy 59 ’ 18 ’ 20 ’ 22 

From a functional stand point, the two main important 
functions of the motor part of the médian nerve are as 
follows. 

1. Power grip 

2. Thumb opposition. 


TABLE 3: Current standard tendon transfer protocol 


PT 

—> 

ECRB 

FCU 

—> 

EDC 

PL 

—> 

EPL (after rerouting it on palmar side) 


TABLE 4: Boyes 9 superficialis tendon transfer 

PT 

—> 

ECRL and ECRB 

FDS III 

—> 

EDC 

FDS IV 

—> 

EIP and EPL 

FCR 

—> 

EPB and APL 


A proximal palsy will affect both while a distal one 
only the latter. 

The common étiologies are as follows: 

1. Hansen's lower palsy 

2. Trauma (this could be high or low) 

a. Industrial 

b. Assault 

c. Vehicular 

3. Extrapment neuropathies (see relevant chapter) 

a. Carpal tunnel syndrome (chronic untreated cases) 

b. Anterior interosseous syndrome 

c. Pronator syndrome. 

In this Chapter we will principally discuss the 
operation of opponens plasty to correct the biomechanics 
of the palsied thumb. 

A high or a low médian nerve 11 palsy paralyses the 
APB, OP, FPB (one head) from the thenar muscle mass. 
This effectively prevents opposition. The action of 
opposition is perhaps one of the more complex of hand 



Fig. 10: Schematic représentation of standard transfer of radial palsy 
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functions. In addition to abduction, there is rotatory 
element causing pronation of the thumb to achieve pulp to 
pulp opposition. Ail operations for opponens palsy are 
designed to achieve abduction and if possible pronation 
of the thumb by means of a transferred muscle tendon 
unit. 

Donor muscle: Almost every muscle has been used to try 
and achieve opposition. The common ones are as follows. 

1. FDS of ring finger 

2. EIP/EDM 

3. PL 

4. ADM. 

The following are the basic requirements of an 
opponens plasty: 

1. Appropriate motor 

2. Fulcrum with or without pulley 

3. Distal tendon should be long enough to reach the 
thumb. 

Flexor digitorum sublimis (FDS) of ring finger: Described by 
Royle, modified by Thompson and popularized by Bunnel, 
this is perhaps the most common method. 

The variations are in the pulley and in the distal 
insertion. 



Fig. 11 : Bony insertion of transferred flexor 
digitorum sublimis (FDS) 


Variation of insertion: There has been considérable debate 
about the site of insertion of the transferred tendon. 

Various options are depicted in Table 5 for both the 
slips of FDS: 

Nonbony attachments (Fig. 12) 

1. Littler : Weave through APB tendon 26 

2. Riordan 21 : Weave through APB tendon—but passed 
distally to EPL and extensor hood over metacarpo- 
phalangeal joint 

3. Brand: Insertion into APB and then onto EPL dorsally 
and finally attached to adductor pollicis attachment. 
Brand's and Littler's methods are perhaps the most 

commonly used today. Brand's method is idéal to achieve 
opposition 10,14 and stabilize metacarpophalangeal joint 
and hence suitable for an ulnar médian palsy. 

Littler's method is advantageous in that it brings home 
the point that APB action is the crucial action to be replaced 
if choices are limited, it can also be used for other motors 
with only one distal attachment like the EIP. 


TABLE 5: Options for slips of Flexor digitorum sublimis (FDS) 



Slip 1 

Slip 2 

1. Royle Thompson: 

lst metacarpal 

Dorsally over 


interosseous insertion 

extensor expansion 
and then to slip 1 on 
ulnar side 

2. Bunnell: 

Intraosseous dorsal 

Attached to slip 1 

(Fig. 11) 

ulnar aspect of 

passed through 


proximal 

proximal phalanx 



Fig. 12: Various soft tissue insertions for opponens plasty 
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Pulleys: Various structures hâve been used as pulleys so 
as to reroute the donor tendon in an appropriate direction 
which would achieve the desired final action. The options 
used by several authors are listed below. 

Royle: Tunneled the FDS through the FPL canal 

Thompson: Modified Royle's method and used the distal 
end of transverse carpal ligament as well as ulnar border 
of palmar aponeurosis as the pulley. 

Bunuel: Created a pulley out of the FCU by cutting half its 
width in its distal 4 to 6 cm at the proximal end and rolling 
the eut slip longitudinally to reattach near the pisiform. 
The FDS tendon was then rerouted through this tendinous 
ring (pulley). 

Joshi PV and others hâve done a large sériés by rerouting 
the FDS around an intact FCU as the pulley with good 
results. 

Ulnar border offorearm: This is used for transfers involving, 
EIP, EDM, etc. 

Disadvantages of FDS 

1. FDS harvest leads to check rein and swan neck 
deformities in the donor finger 

2. Removing a second FDS tendon (often from the middle 
finger) for claw correction can seriously weaken grip 
strength. 

Contraindications 

1. Heavy scarring near wrist 

2. Repaired or reinnervated FDS. 

Other Motors 

Palmaris longus (described by Camitz): In this operation, the 
palmaris longus tendon is extended by harvesting a strip 
fascia in continuity and rerouted to the APB tendon and 
attached to it. This has several advantages. 

1. APB and PL are similar in their strengths 

2. PL is a natural agonist in opposition and hence 
retraining is minimal 

3. Almost no donor déficit. 

Extensor Indicis Proprius (EIP) (Fig. 13) 

Gives excellent results. Careful repair of dorsal extensor 
expansion is necessary to avoid metacarpophalangeal 
joint extension lag. This transfer only allows an APB 
attachment since the length is generally insufficient to 
extend beyond the APB. It is very useful when muscles 
from the flexor side are unavailable due to weakness or 
scarring as is frequently the case in volar wrist injuries. 

Extensor digiti minimi (EDM): (Fig. 14) Described by 
Huber 13 and Nicolaysen. 19 It canbe used with great facility 
in pure médian palsies. This muscle simulâtes the APB 



Fig. 13: Plan for extensor indicis proprius (EIP) 
opponens plasty 



Fig. 14: Plan for abductor digiti minimi (ADM) 
opponens plasty 
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well. It also fills out thenar muscle mass since muscle bulk 
is also transferred. It is important to preserve and take care 
of the neurovascular bundle during the transfer. 

Postoperative care: The authors use FDS/EIP. Splintage is 
with 10 to 15° wrist flexion and full abduction of thumb 
for 4 weeks. At 4 weeks sutures are removed and a splint 
with wrist neutral or 5° extended is given for 2 more weeks 
before retraining and mobilization begins. 
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Entrapment Neuropathy in 
the Upper Extremity 


MR Thatte, RL Thatte 


INTRODUCTION 

Apart from carpal tunnel syndrome, the other compression 
neuropathies are often unrecognized by the surgeon. 
Therefore, it is important to hâve the appropriate 
knowledge and a reasonable index of suspicion to avoid 
irréversible damage. Entrapment neuropathy is essentially 
an injury cases by unphysiological compression of a 
peripheral nerve. To understand the pathophysiology, we 
should briefly recapitulate the vascular anatomy. 

Blood Supply of a Nerve 8 9 

Apart from spécifie named or unnamed axial vessels like 
the médian artery in the case of the médian nerve, ail nerves 
get segmentai vascular supply from local networks 
through filmsy mesoneurial structures. This supply 
originates from the dominant axial vessel of the area. 

These vessels form an epineurial network sending 
branches within the substance of the nerve. The branches 
ramify along the internai epineurium to form the 
interfascicular network forming a plexus along the 
perineurium. Beyond this, only small end artérioles and 
capillaries penetrate the perineurium of individual 
fascicles. 

A compression neuropathy therefore leads to the 
following sequence of events. 

General Principles 

To diagnose an entrapment neuropathy, certain basic 
guidelines can be used. 


Compression 

i 

Venous obstruction + ischemia 

i 

Anoxie segment 

Neural edema and dilatation of small vessels 

i 

Exacerbation of original compression 
Continuation of vicious cycle 
Persistent edema + anoxia/hypoxia 
Fibrosis 

i 

Impairment of supply 
Deficiency of vital nutrients 
Functional impairment 

i 

Permanent impairment of function if left untreated 

1. The common sites should be known 

2. Corrélation of distal motor/sensory déficit requires 
adéquate knowledge of clinical neurology. This can 
help to differentiate levels of compression in the same 
nerve 

3. Point tenderness over common classical sites where 
nerves are entrapped 

4. Muscle wasting/ dysfunction 
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5. Electrophysiological studies showing muscle changes 
and segmentai slowing of nerve conductin at and below 
the site of compression. 

Various nerves undergo entrapment neuropathies at 
various sites. It is beyond the scope of this chapter to discuss 
ail of them in detail. Some of the more common and 
clinically relevant compression neuropathies hâve been 
discussed here. 

Médian Nerve 17 

The médian nerve is known to suffer from three important 
compression neuropathies, from distal to proximal. These 
are as follows. 

1. Carpal tunnel syndrome. 

2. Anterior interosseous syndrome. 

3. Pronator syndrome. 

Carpal tunnel syndrome : 4-6 This is a compression 
neuropathy of the médian nerve in the carpal canal below 
the tight transverse carpal ligament. The name was coined 
by Moersch in 1938, though the initial description is 
attributed to Sir James Paget in 1863. In modem times, it 
was Phalen after World War II who devoted considérable 
effort and published copiously to fully elucidate the 
problem. 

Anterior inter osseous syndrome 10 (Fig. 1): This syndrome is 
generally manifested by weakness of the forearm muscles 
supplied by the anterior interosseous nerve. Pain is 
exacerbated by exercise and relieved by rest. The muscles 
particularly affected are the flexor digitorum profundus of 
the index finger, flexor pollicis longus and pronator 
quadratus. Sensory symptoms are not significant in this 
syndrome. 

Anatomical causes: Several structures are implicated, but ail 
of them require an exploration of the proximal half of the 
forearm to identify the médian nerve, as it enters the deep 
compartment and gives off its anterior interosseous branch. 
Some of the causes are as follows: 

1. Lacertus fibrosus tightness 

2. Tight musculotendinous arch of flexor digitorum 
sublimis (FDS) origin 

3. Band from the origin of pronator teres 

4. Abberrant or thrombosed blood vessel. 

Appropriate identification of the cause following 

exploration and division of the offending structure releases 
the compression and treats the disease. 

Pronator syndrome 3 (Fig. 2) This described by Kopell and 
Thompson, is the most proximal entrapment of the médian 
nerve. The combination of pain and weakness in forearm 
flexors and reduced sensation in the radial three and a 
half fingers points to a proximal origin of the problem. 



Fig. 1 : Showing site of compression in anterior 
interosseous syndrome 



Fig. 2: Showing site of compression in 
pronator syndrome 


Anatomical sites of compression 

1. Between médial épicondyle and ligament of Struthers 

2. Below lacertus fibrosus 

3. Between the two heads of pronator teres 

4. The musculotendinous arch of the FDS origin. 

Differential diagnosis of the sites of compression This is 
applicable more or less to both the preceding syndromes. 
The following clinical studies are indicative of the site of 
compression if exacerbation of pain and symptoms are 
caused by: 

i. Flexion of elbow against résistance between 120 
and 135 degrees—ligament of struthers 

ii. Flexion of elbow with forearm in pronation— 
lacertus fibrosus 

iii. Pronation against résistance combined with wrist 
flexion—two heads of pronator teres 

iv. Resisted flexion of FDS of middle finger—mus¬ 
culotendinous arch of FDS origin. 
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Treatment 

Exploration of distal 5 to 8 cm of the course of the médian 
nerve in the arm combined with its course in the upper 
forearm ensures that ail possible sites are checked and 
appropriate release done. 

Ulnar Nerve 

The ulnar nerve gets entrapped at two common sites. 

1. Attheelbow 

2. Guyon's canal. 

Elbow entmpment ; This is also referred to as cubital tunnel 
syndrome. 

Signs and symptoms 

1. Pain in the ulnar side of the forearm 

2. Hypoesthesia, paresthesia, anesthésia over ulnar one 
and a half fingers and corresponding area of the palm 

3. Weakness of two ulnar bellies of flexor digitorum 
profundus (FDP). 

Applied Anatomy 

The cubital tunnel starts at the groove between the 
olecranon and the médial épicondyle. It is covered by a 
fascial layer which can prove to be tough and unyielding 
and become a cause for compression (especially in the 
face of swelling caused by inflammatory processes as in 
leprous neuritis as well as neuritis caused by repeated 
subluxation). The canal then proceeds between the fibrous 
arcade spanning the two heads of the flexor carpal ulnaris 
and then through the muscle bellies of the flexor carpal 
ulnaris. Thus, this canal, is the transition zone in which 
the ulnar nerve passes from extensor to the flexor side of 
the upper limb. 

Causes ofentrapment: A multitude of structures hâve been 
described by various authors to cause entrapment. 
Prominent amongst them are as follows. 

1. Arcade of Struthers 

2. Tight fascial band over the cubital tunnel 

3. Médial head of triceps 

4. Aponeurosis of flexor carpi ulnaris 

5. Récurrent subluxation of the ulnar nerve in itself can 
cause neuritis and can lead to compression as 
discussed earlier. 

Treatment 

This consists of décompression of the nerve by division of 
the basic offending structure. Some authors recommend 
the addition of an anterior transposition of the ulnar nerve 
to this operation. The transposition could be subcutaneous 


or submuscular. A médial epicondylectomy has also been 
recommended. 

Anterior transposition though favored by many has 
its drawbacks as well. Briefly the indications of anterior 
transposition are as follows. 

1. Récurrent subluxation with elbow flexion 

2. Vaigus deformity of elbow following fracture malunion 

3. Positive pain test on elbow flexion with persistent 
neuritis 

4. Failure of décompression earlier. 

Problems of anterior transposition are listed below. 

1. It requires extensive mobilization which dénudés the 
vasculature of the nerve and can lead to ischemia 

2. It may damage the motor branches to flexor carpi 
ulnaris (FCU) and the ulnar half of the FDP in the course 
of the dissection 

3. It créâtes a scarred bed in which the nerve has to be 
placed. This is not conducive to good long-term nerve 
function. 

Médial epicondylectomy: This has the advantage of helping 
to remove the offending structure without disturbing the 
nerve in its natural bed. Flowever, it should be accompanied 
by adéquate release proximally at the médial intermuscular 
septum and distally at the arcade of the origin of the FCU. 
This procedure is not commonly practised today. 

Entrapment at Guyon's canal (Fig. 3): This canal was first 
described by a young doctor, Félix Guy on 2 in 1861. The 
canal consists of: 



Fig. 3: Ulnar nerve exposed in Guyon’s 
canal—schematic view 
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i. The roof, composed of the palmar carpal ligament 
blending into the FCU tendon attaching to the 
pisiform and the pisohamate ligament, 

ii. The médial wall formed by the pisiform and the 
pisohamate ligament, and 

iii. The latéral wall composed of the hook of the hamate 
and some fibers of the transverse carpal ligament. 

Causes of compression 

1. Ganglion lipoma 

2. Malunited fracture of hamate 

3. Malunited fracture of fourth/fifth metacarpals 

4. Anomalous muscles passing through the canal 

5. Occupational trauma—professions in which the ulnar 
nerve is subjected to repeated to blunt trauma and 
compression at this site for e.g. workers using 
pneumatic tools. 

Applied anatomy: The dorsal cutaneous branch, of the ulnar 
nerve séparâtes much earlier in the distal third of the 
forearm. Hence, Guyon's canal compression will not cause 
dorsal sensory disturbance. This becomes clinically 
evidence to help in localizing the site of compression. In 
addition, the proximal compression causes motor 
disturbance in the FCU and the two ulnar bellies of the 
FDP which is missing in the Guyon's canal compression. 

Treatment consists of operative release of the canal by 
reflecting the FCU, pisiform and pisohamate ligament 
ulnarly. If required, carpal tunnel and Guyon's canal 
release can be combined in one incision if placed 
judiciously. 

It is important to release the distal deep fascia of the 
forearm below the wrist crease to avoid leaving behind a 
secondary cause for compression. 

Radial Nerve 

Unlike the médian and the ulnar nerves, the radial nerve 
is less commonly implicated in entrapment. The well 
known sites are as follows. 

1. Latéral intermuscular septum in the arm 

2. Radial tunnel near the elbow 

3. Wartenberg's syndrome affecting the superficial radial 
nerve at the wrist. 

Applied anatomy: The latéral intermuscular septum is 
pierced by the radial nerve at the junction of the middle 
and distal third of the upper arm where it crosses from the 
posterior to the anterior compartment of the arm. Here it is 
between the brachialis and the brachioradialis. It then splits 


near the radial head into superficial and deep branches. 
The superficial branch travels inferiorly deep to the 
brachioradialis and in close proximity with the radial 
artery in the anterior compartment of the forearm. In the 
distal third of the forearm, it exists dorsally to the anato- 
mical snuff box to supply the dorsum of the thumb, the 
first web and the area up to the proximal interphalangeal 
joint of the index, middle and the radial half of the ring 
finger. 

The deep branch, however, enters the radial tunnel 
near the elbow and exists as the posterior interosseous 
branch at the inferior border of the supinator. Four factors 
are implicated in the radial tunnel compression. 

1. Fibrous bands lying anterior to the radial head at the 
entrance of the tunnel 

2. Fan-shaped leash of radial récurrent vessels 

3. Tendinous margin of extensor carpi radialis brevis 
(ECRB) 

4. Arcade of Frohse which forms a ligamentous band over 
the deep branch when it enters the supinator. 

Some authors point to a fifth cause, viz. a band at the 

exit from under the supinator muscle. 

Treatment: As in other compression neuropathies, therapy 
consists of exploration and appropriate division of the 
compressing structures. 
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NERVE INJURIES IN THE LOWER LIMB J 



INTRODUCTION 

Sciatic nerve is injured in the following conditions 
(Table 1): 

1. Posterior dislocations and fracture dislocations of the 
hip. 


2. During surgery around the hip joint such as internai 
fixation of the acetabular fracture or open réduction of 
the dislocated hip. In this condition, it is usually due 
to traction on the nerve. 

3. Intramuscular injection in the gluteal région. 


TABLE 1 : Injuries of the nerve of the lower limb 


Nerve roots 

Muscles supplied 

If paralysed 

Deformity produced 

Femoral/L 2 -L 4 

Quadriceps femoris 

Sartorius 

Pectineus 

Inability to extend lower leg 

Absence of knee reflex 

Paralysis of iliopsoas évident 
by inability to flex hip 

Gait disturbed. 

Patient steps 
carefully, avoiding 
flexion of knee 

Obturator/L 2 -L 4 

Adductor longus 

Adductor brevis 

Adductor magnus 

Gracilis 

Obturator externus 

Adduction, and to a slight extent 
external and internai 
rotation impaired 


Inferior gluteal/L 5 -L 2 

Gluteus maximus 

Abduction and particularly 
extension at hip joint hampered 

In walking leg swings 
too far inward—also 
excessive lifting and 
forward tilting of pelvis 

Superior gluteal/L 4 -L 4 

Gluteus médius 

Gluteus minimus 

Tensor fasciae latae 

Loss of abduction and 
circumduction of thigh 


Médial popliteal/L 4 -L 2 

Gastrocnemius 

Soleus 

Tibialis posterior 

Flexor digitorum 

Flexor hallucis longus 

Loss of plantar flexion of foot 
and toes. Patients unable to lift 
himself upon tips of his or her toes 
Walking difficult 

Claw position of toe 
(pied-en-griffe). Pes 
calcaneus or valgus. 

Latéral popliteal/L 4 -L 2 

Tibialis anterior 

Extensor hallucis longus 
Extensor digitorum longus 
Peroneus longus 

Extensor digitorum brevis 

Foot falls from its own 
weight, and cannot be raised 
nor can first phalanx be extended. 
Walking difficult, toes scrape the 
floor. 

"Footdrop". Foot 
remains in equinovarus 
position 
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4. Gunshot wounds: In the thigh, the sciatic nerve may be 
injured by penetrating injuries, gunshot wounds and 
fractures of the fémoral shaft. 

Due to its superficial location vis-a-vis the trbial 
component in the gluteal région and being fixed at two 
locations, i.e. the greater sciatic notch and the neck of fibula 
usually the peroneal half of the sciatic nerve is affected. 
Several reports of méthacrylate cernent burn of the sciatic 
nerves during total hip replacement are appearing. 

Clinical Features 

In a complété lésion of the sciatic nerve, there is usually 
paralysis of ail the muscles below the knee, but the 
hamstrings are usually spared. Sensation is abolished in 
the foot over a zone described as the "slipper" area (Fig. 1). 
Trophic plantar ulcération may occur. The common sites 
are under the fifth metatarsal head on the terminal phalanx 
of the great toe. They may perforate and involve the bone. 

Examination 

Muscles innervated by sciatic nerve should be carefully 
tested. The tibial component supplies hamstrings, the 
gastrosoleus, the tibialis posterior and the long flexors of 
the toes. Deep peroneal nerve supplies tibialis anterior 
and the long extensors of the toes. Superficial peroneal 
nerve supplies both peroneus, longus and brevis. Sciatic 
nerve palsy causes equinus foot, clawing of toes and 
atrophy of muscles. Ail the muscles below the knee are 
paralyzed. 

EMG is of help in evaluating this nerve. TineTs sign 
may help in locating the injury. 

Treatment 

Exploration of the nerve is indicated in fractures and 
dislocations. End-to-end suturing or nerve grafts may be 
used. Results of sciatic nerve repair are poor since long 
distances hâve to be covered by the regarding oxory. 
Causalgia or hyperalgesia or pain is common. 


Sartorium muscles 
Hamstring muscles- 

Biceps femoris 
(Long head) 

Biceps femoris^ 
(Short head) 

Tibial nerve 
Posterior tibial nerve 

Distribution of 
plantar nerves 
Posterior tibial, 
nerve 

Médian calcanean 
nerve 

Latéral 
plantar nerve 

Médian 
plantar nerve 

Plantar 
digit nerve 



Sciatic nerve 


Adductor magnus 


Gastrocnemïus 
Plantaris 
Soleus 
Poplité us 

Common peroneal nerve 
(Cutaneous) 

Tibialis posterior 
Flexor digitorum longus 
/ Flexor hallucis longus 


Su rai nerve 

Médian and latéral 
oalcanean nerve 


Fig. 1 : Sciatic nerve entrapment 
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INTRODUCTION 

As the peroneal nerve winds around the head of the fibula 
in the upper calf, it is subject to many kinds of damage. 
There is a known mechanism for entrapment since the 
nerve has to pass through a fibro-osseous tunnel between 
the edge of the peroneus longus muscle and the fibula, 1,2 
but the majority of peroneal neuropathies are from other 
causes. 

Etiology 

1. Common peroneal nerve may be injured in the 
comminuted fractures of the head of fibula. 

2. Severe varus injuries of the knee, and penetrating 
wounds may damage this nerve. 

3. Compressive causes of peroneal damage include 
improperly applied plaster casts, tight stockings, 
bandages, and garters patients are particularly 
susceptible to these lésions when they are 
unconscious from drug ingestion, anesthésia, or acute 
illness with stupor or coma. Some patients damage 
the nerve by falling asleep with the side of the leg 
resting against a sharp or protruding object. 

4. Surgical operations in which the leg was improperly 
positioned, particularly in the lithotomy position, may 
lead to an acute neural déficit—this was more 
common in the past than in modem medical practice. 

5. Distraction ofthe nerve: Half pins of the external fixator 
or wires of the Ilizarov ring fixator may injure the 
nerve. This is a new causative agent. Distraction for 
limb lengthening by Ilizarov method is known to 
cause common peroneal nerve palsy. 

6. Surgery around the knee such as tibial osteotomy, 
excision of the head of the radius is associated with 
this nerve injury. 

7. Leprosy: It may involve the common peroneal nerve 
causing neurosis. There may be an abscess formation 


in the nerve and destruction of the nerve fibers with 
résultant sensory and motor déficit. The commonly 
involved nerves are those which are subcutaneously 
situated. Ulnar nerve at the elbow and common 
peroneal nerve at the neck of the fibula are commonly 
involved. Other nerves may also be involved (see 
leprosy section). 

8. Peroneal damage may resuit from a number of 
occupational practices causing compression and 
ischemia of the nerve. Sandhu and Sandberg 8 
reported seven cases of common peroneal nerve 
compression among farm workers. Occupations that 
require sitting, squatting, or kneeling (such as picking 
strawberries or weeding a garden) may provoke a 
sudden, painless footdrop. Sandhu and Sandberg 
postulate that in the fixed knee of a person who squats 
for long periods, compression occurs in the tendon of 
the posterior border of the peroneus longus at the 
level of the head of the fibula. There may also be a 
contribution from compressing by the tendon of the 
biceps femoris in the distal thigh. 

9. Entrapment lésions of the peroneal nerve at the head 
of the fibula are rare, but when they occur such lésions 
are progressive and frequently painful. 10 The fibular 
tunnel is apparently the source of the difficulty. The 
floor of the tunnel is the fibula itself and the roof is 
composed of the tendinous edge of the peroneus 
longus muscle. 9 The two heads of this muscle 
originate in the neck of the fibula, but the peroneal 
nerve is flattened as it passes between them. It is 
roughly at this point where the nerve divides into its 
deep and superficial branches, that it is susceptible 
to entrapment. 11 

10. The peroneal nerve is also subjected 12 to compression 
from a variety of masses, including ganglia or tumors 
of the nerve itself or of neighboring structures. 10 
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Anatomy 

Common peroneal nerve is comprised of fibers from L 4 , L 5 , 
S 1 and S 2 . The peroneal nerve contains two divisions, 
superficial and deep (Fig. 1). The nerve divides just as it 
passed by the neck of the fibula, and at that level either the 
common peroneal nerve or its branches may be affected by 
compression, ischemia, the peroneus injury. If the 
superficial branch is affected, the peroneus longus and 
brevis muscles lose innervation, with resulting weakness 
of eversion. The sensory loss associated with a lésion of 
the superficial branch is extensive, covering the latéral 
calf, the latéral malleolus, the dorsum of the foot, and the 
médial three or four toes up to the interphalangeal joint. 

The deep division of the nerve, by contrast, supplies a 
larger number of muscles but has a smaller sensory supply. 
The muscles affected are the anterior tibial and the 
extensors of ail the toes, and the sensory supply is a small 
area located between the first and second toes and the web 
space and the adjacent portion of the dorsum of the foot. 

The extensor digitorum brevis may be supplied by 
either branch of the nerve, in 72% of patients it is supplied 
by the deep branch. 4 This small muscle is important to 
inspect since it is a good indicator of nerve damage and is 
quick to show atrophie changes. 



Fig. 1: Muscular branches and sensory supply 
of the common peroneal nerve 


Clinical Features 

The signs and symptoms of peroneal palsy are familiar. 3 
They include a footdrop due to paralysis or weakness of 
the dorsiflexors of the foot. Weakness of eversion is usually 
not noticed by the patient, but is apparent to the examiner. 
The peroneal nerve does not innervate the muscles that 
invert the foot, and this is a very useful differential point 
in identifying a lésion of the sciatic nerve or of the 
lumbosacral roots. Only with long-standing lésion, there 
is any deformity of the structure of the foot itself due to 
muscular imbalance. 

The symptoms of peroneal palsy vary somewhat 
according to the cause of the condition. In the common 
types of acute compressive lésions, the symptoms usually 
consist of a painless loss of motor power. There are few or 
no sensory symptoms, although in some patients a partial 
sensory loss in either the superficial or the deep peroneal 
nerve territories canbe outlined. Patients with entrapment 
or chronic progressive lésions due to tumors, cysts, or other 
compressive lésions hâve radiating pain and slowly 
progressive motor and sensory disturbance. 8 

Investigations 

Electrophysiologic évaluation: EMG is most commonly used 
in the differential diagnosis of the patient with footdrop, 
but it is also helpful in establishing prognosis and in 
identifying early signs of reinnervation before they are 
apparent clinically. Nerve conduction studies also help 
in the diagnosis. 

Differential Diagnosis 

L 5 radiculopathy may resemble peroneal palsy. In most 
patients, root lésions are caused by herniated lumbar disk 
or other lumbosacral spine disorders, and they are 
accompanied by back pain and sciatic pain that radiâtes 
through the whole course of the sciatic nerve. However, 
rare patients may hâve little or no back or thigh pain with 
L 5 radiculopathy. Three other observations that indicate 
an L 5 radiculopathy rather than peroneal palsy should be 
considered. 

Weakness of the inversion of the foot: The muscle 
responsible for this movement is the tibialis posterior, 
which is not innervated by the peroneal nerve. 

Loss of sensation above the midpoint ofthe calf on the outer 
surface: The upper part of the calf receives its sensory 
supply form the separate branch arising from the common 
peroneal nerve in the popliteal fossa, which does not 
accompany the peroneal nerve around the neck of the 
fibula. In clear-cut lumbar L 5 lésions, however, the sensory 
loss may occur above the midpoint of the calf. 
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Greater weakness of the extensor hallucis than of the 
anterior tibial which receives more L 4 innervation than 
does EHL and is therefore less involved. 

Complété paralysis of the dorsiflexors of the foot favors 
a peroneal palsy. 3 Most radiculopathies partially spare 
the muscles innervated by the afflicted root owing to 
overlap of innervation. 13 

The peroneal nerve may be damaged at levels below 
the knee. The anterior compartment of the calf is a common 
location for compartment syndrome with high tissue 
pressure, muscle location and a compressive lésion of 
nerves passing through the compartment. The deep 
peroneal nerve is damaged by an anterior compartment 
syndrome, and the resuit is footdrop (sparing the evertors 
of the foot). At a more distal level, there may be damage to 
the deep peroneal nerve at the ankle (anterior tarsal tunnel 
syndrome), which produces an asymptomatic atrophy of 
the extensor digitorum brevis as well as a sensory loss in 
the web space between the first and second toes. 

The sciatic nerve contains two separate bundles that 
divide to become the posterior tibial and common peroneal 
nerves. This division may continue throughout the course 
of the sciatic nerve, certainly as high as the level of the 
gluteal fold. Ail through the thigh the fibers that eventually 
become the peroneal nerve are more susceptible to pressure 
lésions than are those of the posterior tibial. This is 
extensively discussed by Sunderland 9 who points out that 
the susceptibility probably relates to the intraneural 
topography and arrangement of the fiber bundles in the 
sciatic nerve. It may also relate to the location of the 
peroneal division of the nerve in the pelvis, where it is 
vulnérable to damage by fractures, hip dislocations, and 
similar injuries. 9 Thus, it is not rare for a patient with a 
compressive or neoplastic lésion of the sciatic nerve related 
to damage in the pelvis or the région of the sciatic notch to 
show prédominant disorder of the peroneal, or sensory 
loss on the sole of the foot may indicate that the sciatic 
nerve is affected, but there may be a marked prépondérance 
of peroneal nerve findings. 

A number of different illnesses include in their course 
a peripheral neuropathy. Asymmetric neuropathy in 
diabètes mellitus is probably a vascular lésion causing 
infarction of the nerve trunk. The common peroneal nerve 
is a frequent site for such lésions. In a group of 75 patients 
with peroneal palsy, Berry and Richardson 3 studied 103 
diabetics, and found 13 patients with peroneal lésions. 

Treatment 

Acute Injury 

Penetrating injury is treated by exploration and nerve 
suturing. Nerve injury associated with major ligamentous 
injury of the knee is treated by suturing if possible. 7 This 
injury may need nerve grafting. 5 


Treatment for the common lésion of the peroneal nerve, 
which is an acute compressive lésion with motor 
disturbance, should consist of bracing. Because the gait is 
quite unstable in the presence of a marked footdrop, the 
ankle joint is functionless. Appliance now used is a plastic 
orthosis molded to the posterior calf and projecting in the 
shoe onto the plantar surface of the foot to provide stability. 
Various braces of other types hâve been used in the past. 

With the use of this type of brace, a compressive lésion 
of the nerve can be watched for several months before any 
considération of a surgical approach is made. Berry and 
Richardson 3 find that there is no indication for diagnostic 
investigation in a typical case since the neurologie findings 
are so characteristic they do not need to be confirmed by 
electrical studies. However, at a later point nerve 
conduction tests may be useful for establishing prognosis. 

Treatment of Slowly Progressive Lésion 

In patients with a slowly progressive disturbance of pero¬ 
neal nerve function in which there is pain and progressive 
motor and sensory loss, entrapment neuropathy, ganglion, 
cyst, or other tumor should be considered. In such patients, 
relatively early exploration is indicated since little is gained 
by further delay and simple entrapment is unlikely. No 
large sériés of surgically treated patients has been reported, 
although in patient with ganglia and other cysts, the 
expected resuit is quite favorable. Sunderland 9 stages that 
in entrapment neuropathies, décompression at the site of 
entrapment results in rapid and complété recovery in most 
but not ail patients. The failure could be due to intraneural 
fibrosis related to chronic trauma. 

Late Reconstruction Following 
Latéral Popliteal Nerve Injury 

If the nerve does not recover and function is sufficiently 
impaired, a worthwhile procedure is transfer of the tibialis 
posterior through the interosseous membrane and 
insertion of the tendon into the médial cuneiform on the 
dorsum of the foot as described by Barr (1947). The tendon 
of the tibialis posterior is freed from its insertion into the 
médial cuneiform and other bones. This will provide active 
dorsiflexion of the ankle joint to a right angle and improve 
gait. In the presence of inversion and eversion weakness 
in addition to the above, it is necessary to stabilize the 
hindfoot by triple arthrodesis. 
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INTRODUCTION 

Anterior tarsal tunnel syndrome is an entrapment of the 
terminal portion of the deep peroneal nerve as it runs 
below the dense superficial fascia of the ankle. 

Clinical Features 

The symptoms of anterior tarsal tunnel syndrome are 
chiefly sensory. 1 Numbness, paresthesias occur in the first 
dorsal web space, and occasionally there is aching and 
tightness about the ankle and dorsum of the foot. If the 
latéral, chiefly motor division of the nerve is affected, the 
syndrome is rather difficult to recognize, since the 
characteristic paresthesias are absent and the patient 
expériences only aching pain over the dorsum of the foot. 3 
Many patients note that the pain is made worse by holding 
the foot in certain positions and by inactivity. Some 
patients, however, 9 note that the pain can be relieved by 
holding the foot in particular postures, such as extension 
or eversion of the ankle, which apparently relax any stress 
put on the nerve by its investing fascia. Anterior tarsal 
tunnel syndrome commonly causes nocturnal foot pain 
and tingling that may awaken the patient, but is relieved 
by moving the foot about. 5 This resembles the nocturnal 
paresthesias of carpal tunnel syndrome. 

On examination, there may be a sensory loss in the 
first dorsal web space. It does not usully extend to the level 
of the tips of the toes and its total extent may be rather 
limited. TineTs sign may be elicited over the area of nerve 
injury, which is commonly at the level of the ankle. The 
nerve runs a few millimeters médial to the dorsalis pedis 
artery and the Tinel sign should be searched for at this 
level. 4 

Innervated by the deep peroneal nerve, the extensor 
digitorum brevis muscle forms a small mound of tissue 
located over the metatarsal bones on the latéral side of the 
foot. 11 While others muscles will extend the toes, making 


weakness or paralysis clinically asymptomatic, atrophy 
is easy to detect (Fig. 1). The deep peroneal nerve also 
supplies the first dorsal interosseous muscle, but atrophy 
or loss of function is very difficult to assess here. 14 

Etiology 

The exact mechanism of anterior tarsal tunnel syndrome 
is a matter of some debate. Kopell and Thompson 10 
described trauma to the dorsum of the foot that can injure 
the nerve because it is lying on the bone. Violent plantar 
flexion and inversion of the foot can injure the peroneal 
nerve but usually such an injury is at a higher level. In this 
cadaveric studies Borges et al 13 hâve found the deep 
peroneal nerve was flattened and widened by the overlying 
extensor retinaculum while its passage through the anterior 
tarsal tunnel. It was found that firm plantar flexion at the 
ankle with dorsiflexion of the toes stressed the nerve to the 
maximum degree. 8 The point of contact appeared to be 
cartilage overlying the talonavicular joint. Wearing high- 
heeled shoes put the same degree of stress on the deep 
peroneal nerve. Borges et al 13 pointed out that while the 
normal nerve may be able to withstand this degree of stress, 
any pathological adhesions between the epineurium and 
the surrounding fascia and extensor retinaculum may 
inhibit mobility. 

Electrophysiologic Evaluation 

Borges et al 13 indicated that the distal motor latency of the 
peroneal nerve to the extensor digitorum brevis can be a 
useful diagnostic measurement, a normal value is 5 msec 
or less. EMG may show chronic or acute denervation in 
the extensor digitorum brevis. 12 However, this is a common 
finding in many other peripheral nerve diseases and even 
in normal subjects, so, it must be correlated with clinical 
examination. 2 
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Fig. 1: Anatomy (Redrawn after Gessini L, Jandolo B, Pietrangeli A. JBJS 1984;66A:786) 


Differential Diagnosis 

If only the latéral division of the peroneal nerve is affected, 
the chief symptom is foot pain which may be mimicked by 
local arthritic changes, stretch of ligaments, and a number 
of other bone problems. 6 In these cases, the only due to 
anterior tarsal tunnel syndrome is the local atrophy of the 
extensor digitorum brevis. 10 

Superficial peroneal nerve may also be damaged by a 
tight boot or cast at the level of the ankle. In these cases, 
there will be no motor loss and sensory loss involves 
dorsum of the foot and the base of the latéral toes. The area 
supplied by the deep peroneal nerve, between the first and 
second toes, is spared. 7,14 

L 5 radiculopathy may cause pain radiating into the 
dorsum of the foot. In these situations, the familiar findings 
of L 5 radiculopathy should be looked for—sensory loss 
over the latéral part of the calf and weakness of dorsiflexion 
or eversion and inversion of the foot. 

Treatment 

It may be possible to splint the foot, apply an orthosis to 
change foot position, and continue to treat the patient 
conservatively. Rask 15 reported a patient to local steroid 
injection but who shortly required surgical release of an 
entrapment. In other patient, a 2 mm diameter tissue band 
was binding the epineurium of the nerve to the 
undersurface of the distal fibers of the extensor hallucis 
longus, 13 there was a good surgical resuit after this tissue 
band was severed. 
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INTRODUCTION 

Lésion of the latéral fémoral cutaneous nerve hâve been 
identified for long time. Bernhardt 1 called the condition 
meralgia paresthetica from the terms meros, meaning 
"thigh," and algo, meaning "pain." Initially Sigmund 
Freud believed that it has psychological cause although 
in later years his views changed. It was often used to 
explain any pain in the région of the thigh. It has to be 
differentiated from degenerative arthritis of the hip and 
trochanteric bursitis. A number of théories arose about 
various toxic, metabolic, and infectious causes, but our 
current understanding of the illness puts it into perspec¬ 
tive as a typical entrapment neuropathy sharing features 
with many others. 

Anatomy 

The latéral fémoral cutaneous nerve is a branch of the 
upper lumbar roots. It takes a course through the pelvis, 
entering the leg at the level of the upper and latéral end of 
the inguinal ligament, it is at this point that entrapment 
can take place. The symptoms therefore involve the territory 
of the nerve in the outer and upper surface of the thigh. 
Since the nerve is entirely sensory, there are no motor 
symptoms or signs. 

Clinical Features 

Patients usually complain of unpleasant paresthesias in 
the upper and latéral thigh. Majority of the times condition 
is unilatéral, patient describes it as burning or tingling 
sensation in the thigh and localizes the sensations to the 
skin itself. Paresthesias in the thigh can be initiated by 
tapping over the level of inguinal ligament. Some patients 
note that pain and paresthesias become worse after 
extending the thigh posteriorly. Often the symptoms are 


aggravated by walking or standing for long periods of 
time, and are relieved by sitting. Burning sensation is 
char acteris tic. 

The findings on examination are entirely sensory over 
the affected area. A patch of skin corresponding to the 
location of pocket in a pair of pants, is the typical area 
affected. Some patients hâve a pronounced hyperpathic 
or paresthetic response to pinprick that may build up with 
répétitive pain testing. A period of paresthesias and pain 
is often followed by graduai disapperance of these symp¬ 
toms, which are replaced by relatively minor and 
asymptomatic sensory loss in the area of the nerve, which 
may persist indefinitely. 

Etiology 

The usual cause is entrapment of the nerve as it passes 
underneath or through the inguinal ligament at the origin 
of the ligament in the anterior iliac spine. Many times blunt 
trauma or penetrating injury to the anterior thigh can 
precipitate the symptoms. 

A number of anomalies of the passage of the nerve 
from the abdomen into the leg hâve been recorded. Stevens 
found that the nerve could pass at any point within several 
inches of the actual tip of the anterior iliac spine, and that 
it might hâve different layers of the fascia investing it at 
this point. 

The nerve may penetrate through the fibers of the 
inguinal ligament rather than below them. It is believed 
that these anomalous arrangements of the nerve can cause 
entrapment, but there is no direct proof. 

Electrophysiologic Evaluation 

The sensory action potential of the latéral fémoral 
cutaneous nerve can be studied orthodromically. In one 
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study of nine patient with unilatéral disease, ail had 
abnormal sensory action potential (SAP), six registered no 
SAP at ail, and three showed slowing of conduction 
velocity. Electromyographic study of the quadriceps 
muscle is important, if abnormalities are found, then an L 4 
radiculopathy or fémoral neuropathy should be suspected 
and the diagnosis of meralgia becomes unlikely. 

Differential Diagnosis 

The differential diagnosis consists of an anatomie excercise 
to establish whether the latéral fémoral cutaneous nerve is 
the only structure affected. It has to be differentiated from 
fémoral neuropathy or radiculopathy involving second or 
third lumbar nerve roots. In these conditions, whether 
caused by intraspinal or extraspinal disease, there is 
general motor disability consisting of atrophy or weakness 
of hip flexors of the quadriceps muscle. The knee reflex is 
usually innervated chiefly by L 4 root fibers. Herniated 
lumbar disk at an upper lumbar level, such as the L 2 -L 3 or 
L 3 -L 4 interspaces, may produce radiating pain in the upper 
thigh. Cases are recorded in which the only neurologie 
symptom was burning pain over the anterior upper thigh 
in the approximate territory of the latéral fémoral cuta¬ 
neous nerve, due in fact to intraspinal tumors. Lésions of 
the rétropéritonéal space in the upper parts of the lumbar 
plexus in its passage across the psoas muscle must also be 
considered. 

Treatment 

Since most patients with meralgia hâve mild symptoms, 
conservative management ought to be followed. This 
should consist of the patient's avoiding any new or recently 
started form of excercise, and removing constricting 


binders, corsets, or tight belts. If pregnancy or weight gain 
is a provocative factor, the passage of time and weight 
réduction will improve the matters. Occasionally se ver al 
nerve blocks may help. 

If the symptoms are relatively long-lasting or very 
painful, surgery may be required, consisting of the release 
of the entrapment at the level of the nerve's exit under the 
inguinal ligament. If the nerve is eut, unpleasant 
paresthesias may increase rather than the decrease. Since 
the symptom of meralgia paresthetics are so mild and often 
improve with time, the frequency of the surgical approach 
has steadily declined. 
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treatment 2: 1069 

dedifferentiated chondrosarcoma 2: 1067 
âge 2: 1067 

clinical features 2: 1068 
histopathology 2: 1068 
imaging 2: 1068 
prognostic factors 2: 1068 
sex 2: 1067 

sites of involvement 2: 1067 
mesenchymal chondrosarcoma 2: 1068 
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clinical features 2: 1068 
histopathology 2: 1068 
imaging 2: 1068 
prognostic factors 2: 1069 
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âge 2: 1067 

clinical features 2: 1067 
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histopathology 2: 1067 
imaging 2: 1067 
prognosis 2: 1067 
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sites of involvement 2: 1067 
primary chondrosarcoma 2: 1061 
âge 2: 1061 
biopsy 2: 1063 
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clinical features 2: 1062 
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CT/MRI 2: 1062 
gross findings 2: 1064 
histopathology 2: 1064 
prognosis 2: 1065 
prognostic factors 2: 1065 
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treatment 2: 1064 
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clinical features 2: 1066 
gross 2: 1066 
histopathology 2: 1066 
imaging 2: 1066 
prognostic factors 2: 1066 
sites of involvement 2: 1066 
treatment 2: 1066 
Chopart's amputations 4: 3915 
Chordoma 2: 1118 

Chronic compartment syndrome 2: 1364 
Chronic hémophilie arthropathy 4: 3442 
prévention 4: 3443 
treatment of contractures 4: 3443 
Chronic instability of shoulder 3 : 2560 
Bankart procedure 3 : 2565 
surgery 3 : 2566 
Bankart's lésion 3 : 2562 
classification 3 : 2562 
clinical diagnosis and assessment 3 : 2562 
anterior instability 3 : 2562 
appréhension test 3 : 2562 
inferior instability 3 : 2563 
posterior instability 3 : 2563 
etiology 3 : 2561 
Hill Sach's lésion 3 : 2562 
loss of movements 3 : 2563 
investigations 3 : 2563 
management 3 : 2564 

arthroscopic procedure 3 : 2564 
postoperative program 3 : 2565 
normal functional anatomy 3 : 2560 
pathological anatomy of the essential lésion 3 : 2562 
Classes of lever 1: 81 
classification 2: 1350 
first class lever 1: 81 
second class lever 1: 81 
third class lever 1: 81 
Classification of ambulation 4: 3476 
Claw toes 1: 762 

differential diagnosis 1: 763 
mechanism 1: 763 

severity of claw toes deformity 1: 763 
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recognizing damage to posterior tibial and plantar nerves 
1: 762 

surgical correction of claw toes 1: 764 
first degree of mild clawing 1: 764 
second degree or moderate clawing 1: 764 
third degree or severe clawing 1: 764 
Clinical and surgical aspects of neuritis in leprosy 1: 658 
diagnosis 1: 662 

management of neuritis and nerve damage 1: 662 
acute neuritis 1: 662 

décompression of individual nerves 1: 665 
early paralysis 1: 663 
nerve damage 1: 662 

surgical aspects of neuritis in leprosy 1: 663 
modes of onset and progress of nerve damage 1: 661 
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insidious onset 1: 661 
nerve damage of la te onset 1: 661 
sudden onset 1: 661 

pathology of nerve lésions in leprosy 1: 659 
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nerve in lepromatous leprosy 1: 659 
nerve in tuberculoid leprosy 1: 659 
patterns of involvement, damage and recovery 1: 660 
stages of nerve involvement and damage 1: 658 
stage of clinical involvement 1: 658 
stage of host response 1: 658 
stage of nerve destruction 1: 659 
stage of parasitization 1: 658 
stage of réversible nerve damage 1: 659 
Clinical applications of splints 3: 2390 
Clinical biomechanics of the lumbar spine 3: 2691 
anatomy 3: 2692 

intervertébral disk 3: 2692 
pedicle 3: 2692 
history 3: 2691 
instability 3: 2691 

mechanics of instrumentation 3: 2692 
Clinical examination and radiological assessment 3: 2499 
assessment of complications due to pathology in and 
around the elbow 3: 2505 

test for impending/threatening Volkmann's ischémie 
contracture 3: 2505 
inspection 3: 2500 
measurement 3: 2504 
linear 3: 2504 
circumferential 3: 2505 

measurement of cubitus varus and cubitus valgus 3: 2505 
methodology 3: 2499 
attitude 3: 2499 
prerequisites 3: 2499 
movements 3: 2502 
elbow proper 3: 2502 

method of assessing the movements 3: 2502 
rotational movements 3: 2503 


palpation 3: 2500 

palpation of epicondylar région 3: 2501 
palpation of joint line 3: 2501 
palpation of supracondylar ridges 3: 2500 
subfluid in the joint 3: 2502 
test for cubital tunnel syndrome 3: 2507 
test for médial epicondylitis 3: 2507 
tests for latéral epicondylitis 3: 2506 
Clinical examination and X-ray évaluation glenohumeral 
joint 3: 2540 

acromioclavicular joint tests 3: 2549 
cross adduction test 3: 2549 
Paxinos sign 3: 2549 
clinical application 3: 2545 
O'Brien test 3: 2546 
posterior instability 3: 2545 
slap 3: 2546 
tears 3: 2546 

examination proper 3: 2541 
fallacies 3: 2544 

ligament laxity 3: 2544 
sulcus test 3: 2544 
long head of biceps 3: 2550 
speed test 3: 2550 
Yergasson's test 3: 2550 
nerve tests 3: 2550 

compression neuropathy of suprascapular nerve 3: 2551 
serratus anterior 3: 2550 
trapezius 3: 2550 
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rotator euff tests 3: 2547 
infraspinatus 3: 2548 
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subscapularis 3: 2548 
supraspinatus 3: 2547 
tests for instability 3: 2543 

anterior instability Drawer's test 3: 2543 
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Clinical examination in pédiatrie orthopedics 4: 3381 
body proportions 4: 3382 
early childhood 4: 3382 
general examination 4: 3382 

examination of joint mobility 4: 3382 
examination of lower limb 4: 3382 
examination of the affected part 4: 3382 
limb length measurement 4: 3383 
shoulder and upper limbs 4: 3383 
spine 4: 3383 
newborn 4: 3381 
normal development 4: 3381 
Clinical examination of a polio patient 1: 527 
ambulatory status 1: 527 
anterior abdominal wall muscles 1: 536 
latéral abdominal flexors 1: 537 
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observation of gait/gait analysis gait pattern in 
poliomyelitis 1: 527 
abductor lurch 1: 527 
calcaneus gait 1: 529 
extensor lurch 1: 529 
foot drop gait 1: 530 
hand to knee gait 1: 529 
short limb gait 1: 530 
technique muscle charting 1: 534 
tensor fasciae latae contracture 1: 534 
Clinical examination of gait 4: 3478 
Clinical examination of knee 4: 2961 
bakers cyst 4: 2964 
clinical examination 4: 2962 
gait 

inspection 4: 2962 
genu recurvatum 4: 2964 
genu varum/valgum 4: 2963 
measurements 4: 2967 
Q angle 4: 2967 
movements 4: 2966 
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synovium 4: 2966 
palpation 4: 2964 
arthritis 4: 2964 
bony components 4: 2965 
capsule injury 4: 2964 
fibular head 4: 2964 
fluid-wave test 4: 2965 
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meniscal injury 4: 2964 
patellar tendon (Jumpers' knee) 4: 2964 
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tenderness 4: 2964 
patellar tap 4: 2965 
fluctuation 4: 2965 
trans-illumination 4: 2965 
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presenting complaints 4: 2961 
instability 4: 2962 
locking 4: 2962 
pain 4: 2961 
swelling 4: 2961 
triple deformity 4: 2964 
Clinical features of dislocations 2: 1208 
classification of fractures 2: 1211 
pinless external fixator 2: 1215 

preoperative planning and principles of réduction 2: 1214 
soft tissue injuries 2: 1214 
emergency management of fractures 2: 1208 
compression 2: 1211 


definitive treatment of fracture 2: 1208 
documentation 2: 1211 
immobilization 2: 1209 
plating 2: 1211 

principles of internai fixation 2: 1210 
spécial splints 2: 1208 
radiographie findings 2: 1208 
Clubfoot complications 4: 3138 

complications associated with nonsurgical treatment 4: 3138 
bean-shapped deformity 4: 3138 
failure of correction 4: 3138 
fiat top talus 4: 3138 
fractures 4: 3138 
pressure sores 4: 3138 
spurious correction 4: 3138 

complications associated with surgical treatment 4: 3139 
aseptie necrosis of the navicular 4: 3140 
avascular necrosis of the talus 4: 3140 
bony damage 4: 3139 

failure to achieve or loss of correction 4: 3140 
neurovascular complication 4: 3139 
overcorrection 4: 3140 
persistent médial spin 4: 3141 
physeal damage 4: 3139 
récurrence of the deformity 4: 3141 
reduced calf girth and foot size 4: 3141 
sinus tarsi syndrome 4: 3141 
skew foot (serpentine foot) 4: 3141 
skin slough and wound dehiscence 4: 3139 
undercorrection 4: 3141 
Collateral ligament injury 4: 2975 
Colles' fracture 3: 2432 

Combination of open réduction and primary arthrodesis 
4: 3081 

incongruity of the joint 4: 3081 
prognostic factors 4: 3081 
Combined drop foot and claw toe deformity 1: 765 
Comparison of endoscopie, mini-incision and conventional 
carpal tunnel release 3: 2491 
Compartment syndrome 2: 1356 
clinical features 2 : 1357 
diagnosis 2: 1358 
etiology 2: 1356 

commonest fracture 2: 1356 
commonest underlying causes 2: 1356 
decreased compartment size 2: 1356 
increased compartment content 2: 1356 
pathophysiology 2: 1357 
Compartment syndrome 3: 2144 
complications 3: 2158 

compartment syndrome 3: 2159 
infection 3: 2159 

knee pain following nailing 3: 2159 
nonunion 3: 2158 
extended uses of plating 3: 2148 
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external fixation 3: 2149 
intra-articular extension 3: 2148 
nonunion 3: 2149 
open fractures 3: 2149 
interlocking nail 3: 2149 

general principles of interlocking nailing 3: 2149 
management 3: 2145 

functional cast brace 3: 2146 
goals of treatment 3: 2146 
nonoperative treatment 3: 2146 
operative management 3: 2147 
plate fixation 3: 2147 
modifications of plate fixation 3: 2147 
biological plating 3: 2147 
locking plates 3: 2148 
nailing in open fracture 3: 2157 
dynamisation 3: 2158 
nailing in polytrauma 3: 2157 
postoperative care 3: 2157 
splinting 3: 2158 
weight bearing 3: 2158 
radiographie studies 3: 2145 
arteriography 3: 2145 
CT scan and MRI 3: 2145 
plain X-rays 3: 2145 
technique 3: 2151 
anesthésia 3: 2151 

comminuted and segmentai fractures 3: 2156 
distal third fractures 3: 2154 
interlocking screws 3: 2153 
proximal third fractures 3: 2153 
Complex régional pain syndrome (CRPS) 3: 2327 
associated movement disorders 3: 2328 
axillary sympathectomy 3: 2334 
technique 3: 2335 
clinical features 3: 2328 
complications of sympathetic block 3: 2337 
lumbar sympathetic block 3: 2337 
stellate ganglion block 3: 2337 
diagnosis 3: 2327 
etiology 3: 2329 

importance of objective findings 3: 2327 
laboratory diagnostic aids 3: 2330 
laparoscopie sympathectomy 3: 2338 
médications used to treat chronic pain 3: 2332 
microangiopathy 3: 2329 
myofascial pain syndrome in CRPS 3: 233 
opiates in CRPS 3: 2339 

intrathecal baclofen 3: 2339 
morphine pump 3: 2339 
patients variable response 3: 2338 
persistent minimal distal nerve injury 3: 2329 
post-laminectomy burning foot syndrome 3: 2336 
treatment 3: 2336 
post-pelvic trauma CRPS 3: 2336 
treatment 3: 2336 


post-sympathectomy pain 3: 2337 
pros and cons of sympathetic block 3: 2333 
value of sympathetic block 3: 2333 
psychosocial modalities 3: 2331 
satellite ganglia block 3: 2334 
technique 3: 2334 
sequential drug trials 3: 2332 
spinal cord stimulation 3: 2338 
sympathectomy of the lower limb 3: 2335 
technique 3: 2335 
sympathetic books 3: 2333 
thermogram 3: 2330 
thermogram and bone scan 3: 2330 
treatment 3: 2331 

Complication of biphosphonate 1: 175 
Complications in spinal surgery 3: 2824 

complications in cervical spinal surgery 3: 2824 
anterior surgery 3: 2824 
bleeding 3: 2825 

complications related to bone grafting and fusion 3: 2825 
CSFleak 3:2825 
Horner's syndrome 3: 2825 
implant-related complications 3: 2826 
infection 3: 2826 
instability 3: 2825 
neural injury 3: 2824 
posterior surgery 3: 2824 
récurrent laryngeal nerve plasy 3: 2825 
respiratory complications 3: 2826 
complications in lumbar spinal surgery 3: 2827 
incidence of durai tear 3: 2827 
infection 3: 2828 
instability 3: 2828 
neural injury 3: 2827 
vascular and viscéral injuries 3: 2828 
complications in thoracic spinal surgery 3: 2826 
implant related complications 3: 2827 
instability 3: 2826 
neural injury 3: 2826 
viscéral structure damage 3: 2827 
complications related to fusion 3: 2828 
implant related complications 3: 2829 
récurrence of symptoms 3: 2829 
Complications of limb lengthening: rôle of physical therapy 
2: 1776 

joint stiffness 2: 1777 
joint subluxation 2: 1778 
muscle contractures 2: 1776 
muscle weakness 2: 1777 
nerve injury 2: 1778 
refracture 2: 1778 
weight bearing 2: 1777 
Complications of open repair 3: 2577 
Complications of total knee arthroplasty 4: 3788 
clinical features 4: 3788 
diagnosis 4: 3788 
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extensor mechanism rupture 4: 3790 
investigations 4: 3788 
neurological injury 4: 3791 
causes 4: 3791 
treatment 4: 3791 
patellar clunk syndrome 4: 3790 
patellar failure 4: 3790 
patellar fracture 4: 3790 
treatment 4: 3790 
patellar loosening 4: 3790 

patellar maltracking/ patello-femoral instability 4: 3789 
causes 4: 3789 
treatment 4: 3790 

patello-femoral complications 4: 3789 
periprosthetic fracture 4: 3791 
classification 4: 3791 
supracondylar fémur fracture 4: 3791 
treatment 4: 3791 

prophylaxis against infection 4: 3789 
tibial fractures 4: 3791 
classification 4: 3791 
treatment 4: 3791 
treatment options 4: 3789 
vascular injury 4: 3790 
prévention 4: 3790 
treatment 4: 3791 
wound complications 4: 3791 

treatment of wound complications 4: 3792 
Components of computerized gait analysis 4: 3478 
Components of externally powered Systems 4: 3927 
Otto Bock System 4: 3927 
Controls 4: 3927 

enhancements to body powered elbows 4: 3927 
préhension force 4: 3927 
préhension mechanism 4: 3927 
Comprehensive réhabilitation 1: 60 
appliances for paralysis 1: 60 
réhabilitation 1: 607 
Computerized gait analysis 4: 3478 
advantages 4: 3478 
disadvantages 4: 3479 
Concept of damage control surgery 1: 14 
Congénital absence of pain (Analgia) 4: 3571 
differential diagnosis 4: 3572 
treatment 4: 3572 

Congénital and developmental anomalies 3: 2518 
Congénital anomalies 4: 3414 
classification 4: 3415 
congénital torticollis 4: 3415 
differential diagnosis 4: 3416 
pathology 4: 3416 
teratology 4: 3414 
treatment 4: 3416 

nonoperative 4: 3416 
operative 4: 3417 


Congénital anomalies of the upper limbs 4: 3417 
congénital dislocation of radius 4: 3417 
treatment 4: 3418 
congénital high scapula 4: 3417 
congénital humeroradial synostosis 4: 3419 
longitudinal suppression 4: 3417 
Madelung's deformity 4: 3418 
clinical features 4: 3419 
differential diagnosis 4: 3419 
etiology 4: 3418 
transverse suppression 4: 3419 
Congénital deformities of knee 4: 2977 
congénital dislocation of the knee 4: 2977 
clinical findings 4: 2978 
diagnosis 4: 2978 
etiopathogenesis 4: 2977 
treatment 4: 2978 

congénital dislocation of the patella 4: 2978 
clinical feature 4: 2978 
treatment 4: 2979 

congénital tibiofemoral subluxation 4: 2979 
clinical findings 4: 2979 
pathology 4: 2979 
radiological findings 4: 2979 
treatment 4: 2979 

Congénital deformities of upper limbs 3 : 2314 
bone lengthening 3 : 2323 
congénital amputations 3 : 2314 
arthrogryposis 3 : 2322 
congénital ring syndrome 3 : 2320 
duplicate thumb 3 : 2318 
macrodactyly 3 : 2319 
phacomelia 3 : 2315 
polydactyly 3 : 2318 
postaxial polydactyly 3 : 2319 
radial club hand 3 : 2316 
syndactyly 3 : 2317 
trigger digits 3 : 2321 
deformity correction 3 : 2323 
microsurgical reconstruction 3 : 2323 
Congénital dislocation of patella 4: 2953 
treatment 4: 2953 

Congénital pseudarthrosis of the tibia 2: 1674 
classification 2: 1674 

angulated pseudarthrosis 2: 1675 
clubfoot type 2: 1675 
cystic type 2: 1675 
late type 2: 1675 
clinical features 2: 1675 
complications of treatment 2: 1680 
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etiology 2 : 1674 
natural history 2 : 1674 
pathology 2 : 1674 
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periostal grafting 2: 1680 
prognosis 2: 1680 
radiological appearances 2: 1675 
treatment 2: 1676 

Congénital short fémur syndrome 4: 3603 
classification 4: 3603 

Aitken classification 4 : 3603 
congénital short fémur severity grade 4 : 3603 
clinical feature 4 : 3604 
évaluation 4 : 3604 
Paley's classification 4 : 3604 
mobile pseudarthrosis 4 : 3606 
stiff pseudarthrosis 4 : 3604 

subtrochanteric osteotomy and limb lengthening 4 : 3604 
treatment 4 : 3604 
treatment CFD type 2 4 : 3609 

treatment of type 3a: Diaphyseal deficiency, knee range of 
motion 4 : 3609 
Congénital syphilis 1: 285 
clinical features 1: 285 
differential diagnosis 1: 288 
pathology 1: 287 
radiological features 1: 286 
diaphyseal 1: 287 
metaphyseal 1: 286 
periosteal 1: 287 
treatment 1: 288 
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clinical features 4 : 3153 
closed manipulation 4 : 3154 
etiology 4 : 3152 
pathoanatomy 4 : 3152 
radiology 4 : 3153 
surgical treatment 4 : 3154 
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treatment 4 : 3154 
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préventive interventions 1: 650 
fifth-level interventions 1: 651 
first-level interventions 1: 360 
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second-level interventions 651 
sixth-level interventions 1: 651 
third-level interventions 1: 651 
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aérobic exercise 3 : 2762 
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Waddle signs 3 : 2763 
diagnosis and évaluation 3 : 2752 
etiology 3 : 2752 

degenerative cascade 3: 2752 


psychologie cascade 3 : 2753 
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yog 3 : 2756 
médication 3 : 2763 
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intervertébral disk 3 : 2752 
zygapophyseal (facet) joint 3 : 2752 
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anterior capsular stretches 3 : 2607 
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phasic programe 3 : 2607 
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goals 4: 3927 
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bioelectric/acoustic 4: 3928 
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treatment of residual chronic phase 1: 522 
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Bone Tumors — Introduction, 
Classification and Assessment 


MV Natarajan 


INTRODUCTION 

Ail tumors are a challenge for the medical fraternity and 
a frightening expérience for the patient, but none more 
so than tumors of the skeletal System. This is so even when 
bone tumors account for only a very small fraction of the 
malignant and benign tumors of the body. The very 
présentation of the tumors, the varied differential 
diagnosis that are possible from the clinical and even 
radiographie présentations, the prevalence in young 
individuals and the virulence of some of the malignant 
tumors evoke a sense of awe in the most seasoned 
Orthopédie surgeons. 

The complexity in présentation of the tumors 
clinically, radiographically and histologically présent an 
enormous challenge to the Orthopédie surgeon, 
radiologist and the pathologist who deal with these 
tumors. This complexity is also compounded by the 
various advancements in the field where over the past 
several décades a sériés of strategies hâve evolved to treat 
these tumors by surgical, chemotherapeutic and 
radiological techniques. Hence a thorough knowledge of 
the basics is vital for the budding orthopédie surgeon 
interested in the field of orthopédie oncology. 

Age and Sex Distribution 

The distribution of these tumors varies considerably with 
âge. In general, bone tumors can occur from the âge of 
1 to over 70 years of âge. Some of these tumors also show 
a great variance individually adding to the complexity 
of diagnosis, but generally ail these tumors follow a 
pattern. Most benign bone lésions, osteosarcoma and 
Ewing's sarcoma occur in the second and third decade 
of life. Giant cell tumor usually occur s in the third or 
fourth decade, while multiple myeloma, chondro- 


sarcoma, fibrosarcoma, and metastatic bone tumors 
frequent the older âges. 

Most of the benign and malignant tumors of bone with 
the exception of giant cell tumor are slightly more 
common in the male. 

Etiology 

The etiology of bone tumors still belongs to the realm of 
the unknown, even though a large body of work has corne 
up suggesting various etiological factors. The most 
prominent and most significant is the genetic basis for 
some of these tumors. The genetic basis for some tumors 
has for long been suggested by the increased incidence 
of bone sarcomas in patients with hereditary multiple 
osteocartilaginous exostoses and osteogenesis imperfecta 
(Figs IA and B). Osteosarcomas hâve also been reported 
in siblings and in greater frequency first cousins of 
patients with Osteosarcoma. Other diseases such as 
solitary Osteochondroma, Ollier's disease, Maffucci's 
syndrome, Paget's disease and fibrous dysplasia are 
associated with a higher incidence of sarcoma than in 
the general population. The true incidence of sarcomas 
in Paget's disease is considerably less than 1% of the 
patients affected with the disorder but contributes to a 
second peak occurrence of osteosarcomas noted in 
patients of the fourth, fifth and sixth décades. 

The genetic basis of these tumors is based on the 
concept of oncogenes, tumor-suppressor genes and 
mutation. Oncogenes are mutated versions of normal 
cellular genes. The function of the oncogenes varies but 
is generally related to growth factor stimulation of cells. 
They could be growth factors, growth factor receptors or 
they could be involved in signal transduction. These 
retroviral oncogenes are dominant in the sense that they 
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Figs IA and B: Clinical photograph and X-ray of a child with multiple osteocartilaginous exostoses with 

secondary chondrosarcoma of scapula 


induce tumors to form. In contrast, tumor-suppressor 
genes prevent tumors from developing. Affected 
members carry germline mutations in these tumor- 
suppressor genes and are susceptible to tumor formation. 
Apart from mutations resulting in oncogenes or mutated 
tumor-suppressor genes, other forms of mutations 
affecting a particular gene can also resuit in tumor 
formation. Gross chromosomal rearrangements can resuit 
in duplication, délétion, translocation of amplification of 
large segments of the genome, e.g. the characteristic 
genetic abnormality of Ewing's sarcoma is the t(ll:22) 
translocation which occurs in 90% of cases. 

Irradiation has also been postulated as an etiology for 
bone sarcomas. This is confirmed by the fact that an 
increased incidence of bone sarcomas is seen in bone 
irradiated for bone tumors or in bone that fell within the 
radiation fields employed in treatment of other diseases. 
Strict criteria for identifying such sarcomas hâve been 
established and include a relatively long symptom-free 
latent period between the radiation exposure and 
occurrence of the sarcoma. 

A viral etiology for bone sarcomas has also been 
postulated and several animal models of virus-induced 
diseases hâve been investigated. Support for such a 
finding in human osteosarcomas has been provided by 
Morton and Malgren who demonstrated cytotoxic 
antiosteosarcoma antibodies in associâtes and family 


members with osteosarcoma. But in spite of these 
investigative efforts, no viruses hâve so far been recovered 
from any of the human bone tumors. 

Trauma has also been implicated in the etiology of 
bony neoplasms but there has been no evidence or body 
of work to prove its causal rôle. 

CLASSIFICATION OF TUMORS 

Bone tumors usually are reflective of the various 
constituents that go to make that solid material that we 
call bone, including the osseous tissues, the bone marrow 
and supporting connective tissues along with its 
component nerves, blood vessels and fat. 

A general accepted classification System is based on 
the prédominant matrix component and type of cell 
différentiation within the lésion (Table 1). Each type of 
tissue contained within the bone may give rise to one or 
in most cases several clinically, radiologically and 
histologically distinct benign and malignant neoplasms 
each having their own biological behavior. 

But this classification System has a few pitfalls. In 
many instances, the lésion arises directly from the same 
type of tissue (e.g. osteosarcoma arises from the osseous 
tissue) but there are a few exceptions. Chondrosarcoma, 
e.g. frequently occurs in locations which normally contain 
no cartilage. The classification System divides ail lésions 
into 'benign' and 'malignant' categories for each tissue 
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TABLE 1 : Showing the various primary bening and malignant tumors among from the various tissues that 
constitute bone 


Tissue oforigin 

Benign 

Malignant 

Bone 

Osteoid osteoma 

Juxta-cortical osteosarcoma. 


Osteoblastoma 

Central osteosarcoma. 


Osteoma 

Telangiectatic osteosarcoma, 

Low grade medullary osteosarcoma 

Paget's sarcoma 

Radiation induced osteosarcoma 

Cartilage 

Osteocartilaginous exostosis 

Exostotic chondrosarcoma 


Enchondroma 

Enostotic chondrosarcoma 


Chondroblastoma 

Mesenchymal chondrosarcoma 


Chondromyxoid fibroma 

Clear cell chondrosarcoma 


Juxta-cortical chondroma 

Dedifferentiated chondrosarcoma 

Fibrous 

Fibrous dysplasia 

Fibrosarcoma 


Unicameral bone cyst 

Aneurysmal bone cyst 

Fibrous cortical defect 

Non-ossifying fibroma 

Subperiosteal desmoid 

Desmoplastic fibroma 

Malignant fibrous histocytoma 

Blood vessels 

Hemangioma 

Hemangiosarcoma 


Glomus tumor 

Hemangiopericytoma 


Angiomatosis 

Gorham's disease 

Fat 

Lipoma 

Liposarcoma 

Myxosarcoma 

Marrow 

Histiocytosis 

Primary Hodgkin's lymphoma 

Primary non-Hodgkin's lymphoma 

Ewing's sarcoma 

Myeloma 

Notochord 

- 

Chordoma 

Neural 

Neurofibroma 

N eurilemmoma 

Neurofibromatosis 

Ganglioneuroma 

Neurofibrosarcoma 

Unknown 

- 

Giant cell tumor 

Adamantinoma 


but it might be a bit misleading for beginners because 
there is little evidence to suggest that the malignant 
lésions occur as différentiation of their benign counter- 
parts. Furthermore, the distinction between benign and 
malignant tumors is not always clear with certain tumors 
such as the giant cell tumor or chondroblastoma, 
occasionally behaving in a very aggressive and some- 
times in a frankly malignant manner. Another pitfall is 
that some of the malignant tumors hâve variable degrees 
of histological aggressiveness so that a chondrosarcoma 
may be classified as low, intermediate or high grade and 
show a conforming pattern of biological behavior. 

However, the System as defined provides a useful 
framework in which to organize the spectrum of 
heterogeneous lésions which bone morphs into. It also 


has the advantage that it is possible to categorize ail but 
about 1% of the bone tumors using this System. 

Principles of Diagnosis 

Evaluation of a bone tumor is a complex procedure 
requiring a good amount of expertise. It requires a multi- 
phased work up. Most times teamwork between the 
orthopedists, radiologists, pathologists, radiotherapists 
and medical oncologists is necessary for évaluation and 
institution of appropriate therapy. Much of this dépends 
on the prebiopsy or "first-phase screen" which generally 
includes a detailed history, physical examination, 
laboratory tests, plain roentgenograms or xeroradiograms 
of the lésion, radionuclide bone scans and a chest 
radiograph. 
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The goal of this first phase of procedures is to arrive 
at a tentative decision whether the lésion is a benign of 
malignant primary bone tumor, a metastatic deposit or a 
marrow cell lésion. 

The first step is to elicit a detailed history. Usually the 
history presented with most bone tumors is nonspecific. 
Most often the patient complains of pain, which is first 
noted after minor trauma, but many benign and 
occasionally malignant lésions are discovered 
incidentally on radiographs obtained for other purpose. 
Sometimes a lump or a pathological fracture may be the 
presenting problem. Usually the pain is dull and aching 
unless there is an associated pathological fracture. A 
notable exception is the osteoid osteoma in which the pain 
is described as sharp and boring, often worse at night 
and relieved by taking aspirin. 

On examination, benign lésions may hâve minimal 
findings. An osteoid osteoma may show local tenderness 
and joint limitation or in children may présent with a 
scoliosis, limp or growth disturbance. Malignant lésions 
are often associated with a palpable soft tissue mass 
which is tender to palpate. The mass should be assessed 
accurately for its size, the distinctness of its margins, its 
consistency, mobility and location. Large lésions are more 
likely to be malignant as are tumors that are tender to 
palpate. 

In some malignant and occasionally even in benign 
tumors, signs of inflammation may be présent making 
the différentiation from infection difficult. Systemic 
findings are usually lacking except patients with Ewing's 
sarcoma or lymphoma who may présent with fever, chills, 
anorexia and weight loss consistent with a chronic or 
subacute infectious process. 

Laboratory tests should include a complété blood 
count and Erythrocyte sédimentation rate. These are 
helpful in excluding diseases such as myeloma, leukemia 
and infection. Calcium and phosphorous détermination 
are useful in determining the presence of metabolic bone 
disease as well as the hypercalcemia which occurs in 
patients with secondaries. It is also increased in patients 
with osteosarcoma, lymphoma or Ewing's sarcoma. A 
sérum immunoelectrophoresis helps to détermine cases 
of multiple myeloma. Plain roentgenograms of the lésions 
in two or more planes are very helpful in the screening 
process (Fig. 2). The lésion is assessed for location, size, 
cortical integrity, margination and the presence or 
absence of a soft tissue mass. The xeroradiogram is 
particularly helpful in delineating a soft tissue extension 
of the lésion. The radionuclide bone scan (Fig. 3) usually 
99mTc is important not only in assessing the activity of 
the lésion relative to its bone production and blood flow, 
but also in determining the presence or absence of bony 



Fig. 2: X-ray of a patient with Ewing’s sarcoma of humérus 





Fig. 3: Bone scan showing multiple skeletal métastasés 
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Figs 4A and B: (A) X-ray of patient with GCT of the distal fémur showing a showing a lytic lésion in the 
médial condyle (B) Spiral CT shows the complété destruction of the condyle 



Figs 5A and B: (A) X ray of a 12-year-boy with osteosarcoma of distal fémur showing the characteristic 
periosteal reaction (B) MRI shows the extent of osseous and soft tissue involvement 


lésions at other sites. One should note that on occasion 
lésions such as éosinophilie granuloma, simple bone cyst 
and multiple myeloma may appear normal or actually 
decreased in activity on bone scan. A chest radiograph is 
obtained on any patient with a suspected malignant bone 
tumor to search for evidence of metastatic disease or a 
primary focus from which a metastasis may hâve arisen. 


After these preliminary studies, a decision is made. If 
further work up is found necessary, then second-phase 
studies are required. These include a CT scan (Figs 4A 
and B) of the lésion, a MRI (Figs 5A and B) and 
arteriogram studies. A CT is superior in the détection of 
lesional mineralization and cortical abnormalities adding 
specificity to the examination. CT is also useful for 
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Figs 6A and B: (A) Radiograph of a patient with osteosarcoma 
of the fibula (B) MRI shows the true extent of the tumor along 
the medullary canal and into the soft tissues 


evaluating areas such as the ribs where motion artifact 
can make MRI examinations difficult or impossible to 
interpret. MRI (Figs 6A and B) can help in the diagnosis 
of solitary bone lésions if it reveals soft-tissue and/or 
marrow edema. This finding is the rule with a handful 
of benign bone tumors including osteoid osteoma, 
osteoblastoma, chondroblastoma, etc. Infact the general 
utility of MRI in imaging bone tumors is now well 
established. Many authorities feel MRI is the single most 
useful imaging modality for local staging. The use of 
gadolinium enhancement in dynamic contrast-enhanced 
MRI (DCEMRI) for tumor évaluation has received 
considérable attention. The value of DCEMRI cornes from 
the observation that tumor blood flow is provided by 
vessels that are larger in caliber and exhibit greater flow 
and earlier contrast enhancement than is seen in fibrotic 
scar tissue or edematous péritumoral tissue. Arteriograms 
are necessary in cases presumed to be resectable or to 
assess the extent of the vascular involvement. 

Sometimes computed tomograms of the chest are also 
mandatory preoperatively on patients with malignant 
bone tumors. Sometimes additional studies such as 
mammograms, urinalysis, intravenous pyelography, acid 
phosphatase détermination, thyroid scan may be 
necessary to détermine the site of a primary tumor. For 
tumors thought to be round cell lésions (Ewing's tumor, 
myeloma and lymphoma), further staging studies should 
include a gallium scan, abdominal CT and lymphangio- 
graphy. Myeloma patients require a sérum immuno- 


electrophoresis, a skeletal bone survey and a bone 
marrow study before biopsy of the lésion. 

Once these hâve been worked out, the third order 
study or biopsy is done to confirm the preliminary 
diagnosis. Once the diagnosis has been fixed, the 
Orthopédie surgeon works out his strategy in 
consultation with the Medical oncologist and 
radiotherapist, if necessary. 

New Concepts in the Evaluation 

Immunoidentification Systems for the various tumors of 
bone are still being attempted with varying degrees of 
success but hâve met with only partial successs. Immune 
détection of osteosarcoma on study of tissue samples is 
not nearly as confirmatory as one would like, but as an 
adjunct to histological diagnosis adds some reliability to 
the System. 

The old âge problem of grading based on the 
pathologist's ability to assess cellularity, pleomorphism 
and mitotic activity is being sought to be mitigated to a 
certain degree by flow cytométrie analysis of nuclear 
DNA concentration which has been introduced as a rapid, 
accurate and sensitive adjunct to histological assessment. 
The technique involves computerized collection of 
fluorescent signais from a highly focused laser beam 
which intersects a flow cell in which suitably stained 
nuclei pass at rates ranging from 500 to 5,000 per second. 
If the cells are stained with epithidium bromide or 
propidium iodide, it is possible to obtain a direct 
détermination of the percentage of cells in diploidy 
(normal value for DNA content of somatic cells). S-phase 
(increasing DNA concentration during the mitotic cycle), 
tetraploidy (double the diploid concentration, occurring 
in G2 or the mitotic phase of the cycle), and aneuploidy 
(a DNA concentration greater or lesser than the normal 
diploid values). 

Using algorithms which include the percentages of 
diploid, tetraploid and aneuploid cells the System has 
been shown to be highly accurate for cartilage or osseous 
tumors in determining the grade of tumor but as yet has 
not demonstrated a reliable relationship to prognosis, i.e. 
a local récurrence or distant metastasis. 

In the investigation modalities, PET imaging [18F] 2- 
fluoro-2-deoxy-D-glucose-PET [FDG PET] imaging can 
demonstrate the glucose utilization of tumors. FDG 
becomes trapped in the Kreb's cycle, accumulating in 
areas of high glucose utilization. Concentrations of FDG 
thus identify foci of elevated metabolic activity. 
Tomographie nuclear imaging of the positrons emitted 
by 18F provides excellent spatial resolution. 

FDG uptake can be expressed as the metabolic rate of 
FDG, a technique that is well accepted but requires 
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arterial blood sampling. Excellent corrélation of this 
method with the much simpler method of standard 
uptake values (SUVs) which correct for dose, patient 
size and isotope half life has been shown in a sériés 
of sarcomas. Though this technology has been 
available for many years, recent improvements in 
hardware and greater dissémination of this 


technology hâve allowed FDG-Pet to be used for a 
greater range of purposes. 

The orthopédie surgeon has gained a great deal of 
knowledge in recent times about bone tumors which has 
improved his ability to treat them many bounds. But it is 
important for him to realize that he is treating a human 
being and not just a tumor. 




Botte Tumors — Diagnosis, 
Staging Treatment Planning 

Ajay Puri, MG Agarwal 


Bone sarcomas by virtue of their rarity often pose both 
diagnostic and therapeutic dilemmas for the orthopédie 
surgeon. An integrated multi specialty approach to the 
diagnosis and treatment of these intriguing lésions helps 
to formulate a rational and logical management pathway 
with the best chance of obtaining an optimal resuit. 

The last few décades hâve seen tremendous advances 
in the management of bone and soft tissue sarcomas. 
Besides improving survival, an increased incidence of 
limb salvage has enabled préservation of function in 
extremity sarcomas without jeopardizing local control. 
In order to ensure that the patient's management is 
optimized, it is impérative for the treating clinician to be 
aware of the various definitive treatment modalities and 
formulate a diagnostic strategy that would provide 
maximum information without compromising local 
control options and overall survival. 

Like neoplasms occurring in other areas, bone tumors 
too may be benign or malignant. Benign tumors are 
generally slow growing and rarely metastasize. Malig¬ 
nant bone tumors are those which are biologically more 
aggressive. Not only do they cause rapid local destruction 
but they also hâve a greater incidence of spread and 
metastasis. Bone tumors can be classified based on their 
cell of origin as has been mentioned in the earlier chapter. 
Though histopathological analysis is vital in establishing 
a diagnosis in the majority of these tumors, a biopsy 
should only be the final step in a systematic approach to 
arriving at a diagnosis. Corrélation of clinical data such 
as the âge of the patient, site of the disease combined 
with its clinical course and the radiological imaging helps 
to narrow the prospective diagnosis prior to obtaining a 
tissue sample. Additional ancillary investigations can be 
performed depending on the differential diagnosis 
obtained after clinicoradiologic corrélation. Diagnostic 


and staging imaging procedures provide more accurate 
information if they are done before rather than after a 
biopsy and must therefore be completed prior to a biopsy 
to maximize their usefulness. Communicating ail this 
relevant information to the pathologists also helps them 
in arriving at an accurate diagnosis . 

Sérologie and biochemical tests are of limited value 
in the diagnosis and staging of primary bone sarcomas. 
The alkaline phosphatase level is high in about half the 
cases of osteosarcoma. Currently there is an absence of 
consensus regarding the prognostic value of this test prior 
to initiating treatment or its value in monitoring the 
course of the disease. A wide variation in values can occur 
because of growth spurts during adolescence when this 
disease most commonly occur s. Similarly, LDH levels are 
of doubtful prognostic value in patients with Ewing's 
sarcoma. 

Plain X-rays are the gold standard for arriving at a 
diagnosis in bone tumors. MRI, because of its excellent 
soft tissue contrast, its sensitivity to bone marrow and 
soft tissue edema, and its multiple imaging planes adds 
valuable information in the évaluation of musculoskeletal 
tumors. It helps détermine whether the tumor has 
breached normal anatomical boundaries and also 
illustrâtes its relation with the adjacent neurovascular 
structures. MRI also helps to detect skip lésions and is 
useful in helping the surgeon décidé on the extent and 
planes of resection. 

An orthopédie surgeon must be constantly aware of 
the fact that other conditions may often simulate bone 
tumors. Trauma, metabolic bone disease and infection, 
especially tuberculosis may often mimic tumors and be 
a pitfall for the unsuspecting clinician. 

Diagnosis in bone sarcomas is like a jigsaw puzzle 
where ail the pièces, comprising clinical findings , 
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radiology and histopathology must sit in perfect unison. 
If any of the pièces is a misfit one must seriously 
reconsider the diagnosis and re-evaluate each of the 
individual components to minimize the chance of an 
erroneous diagnosis. 

The aim of the diagnostic work up is to help in staging 
the disease, both for local extent and distant spread in 
order to obtain information regarding the aggressiveness 
of the lésion and help in formulating a management 
strategy. The lung is the most common site for metastasis 
in bone and soft tissue sarcomas and metastatic spread 
to the lung via the hematogenous route may be seen in 
approximately 10% of patients at présentation. A CT scan 
of the chest at initial évaluation can help in the détection 
of disseminated disease. A Tc-99 bone scan while 
documenting the extent of local pathology also helps to 
rule out multifocal disease or skeletal metastasis. Newer 
modalities like PET scan are evolving to further help in 
early identification of metastatic or multifocal disease. 

The purpose of a staging System for musculoskeletal 
neoplasms is to provide prognostic information and 
suggest possible treatment strategies while permitting 
comparison of outcome studies in similar cohorts of 
patients. Staging describes the anatomie extent of the 
lésion, the degree of aggressiveness and the presence or 
potential to develop metastasis. The stage of the tumor is 
therefore influenced by its histological grading, local 
extent and distant spread. 

There are two commonly foliowed staging Systems. 
Though both the Systems differ in their manner of 
grouping, there is general agreement about the important 
prognostic variables. Tumor grade, its local extent and 
the presence or absence of metastasis are the key factors 
in staging for sarcomas. 

The TNM staging System (Table 1) as advocated by 
the UICC/ American Joint Committee on Cancer is based 
on histological grade, tumor size, presence or absence of 
régional lymph nodes and distant metastasis. 


G - Histological grade 

G1 - Well differentiated 
G2 - Moderately differentiated 
G3 - Poorly differentiated 
G4 - Undifferentiated 

T - Primary tumor 

TX - Primary tumor cannot be assessed 
TO - No evidence of primary tumor 
Tl - Tumor 8 cm or less in greatest dimension 
T2 - Tumor more than 8 cm in greatest 
dimension 

T3 - Discontinuons tumors in the primary 
bone site 

N - Régional lymph nodes 

NX - Régional lymph nodes cannot be assessed 
NO - No régional lymph node metastasis 
NI - Régional lymph node metastasis 

M - Distant metastasis 

MX - Distant metastasis cannot be assessed 
MO - No distant metastasis 
Ml - Distant metastasis 
Mla - Lung 

Mlb - Other distant metastasis 

The other common staging System followed is the 
simpler Musculoskeletal Tumor Society (Table 2 and 3) 
staging System as devised by Enneking. This System was 
designed for sarcomas arising from the mesenchymal 
connective tissue of the musculoskeletal System. Lésions 
derived from the marrow, réticuloendothélial tissue and 
mesenchymal soft tissue are excluded. Thus, it is not 
applicable to leukemias,plasmacytoma, lymphomas, 
Ewing's sarcoma, undifferentiated round-cell lésions, and 
metastatic carcinomas. 

It is based on histological grade, local tumor extent 
(whether confined to an anatomical compartment or not) 
and the presence or absence of metastasis. 

Sarcomas respect anatomical borders and local 
anatomy influences tumor growth by setting natural 


TABLE 1 : Stage grouping 


Stage IA 

Tl 

No 

Mo 

Gl,2 

Low grade 

Stage IB 

T2 

No 

Mo 

Gl,2 

Low grade 

Stage IIA 

Tl 

No 

Mo 

G3,4 

High grade 

Stage IIB 

T2 

No 

Mo 

G3,4 

High grade 

Stage III 

T3 

No 

Mo 

Any G 


Stage IVA 

Any T 

No 

Any M 

Any G 


Stage IVB 

Any T 

NI 

Any M 

Any G 



Any T 

Any N 

Mlb 

Any G 
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TABLE 2: Enneking System for malignant tumors 


Stage 

Grade 

Site 

Metastasis 

IA 

Low (Gl) 

Intracompartmental (Tl) 

No régional or distant metastasis 

IB 

Low (Gl) 

Extracompartmental(T2) 

No régional or distant metastasis 

IIA 

High (G2) 

Intracompartmental (Tl) 

No régional or distant metastasis 

IIB 

High (G2) 

Extracompartmental(T2) 

No régional or distant metastasis 

III 

Any (G) 

Any (T) 

Régional or distant metastasis 


Enneking has also devised a staging System for benign bone tumors which is based on the biologie behavior of these tumors. 


TABLE 3: Enneking System for benign tumors 


Stage 

Définition 

Behavior 

Example 

1 

Latent 

Remains static or heals spontaneously 

Non-ossifying fibroma 

2 

Active 

Progressive growth but limited by natural barriers 

Aneurysmal bone cyst 

3 

Locally aggressive 

Progressive growth but not limited by natural barriers 

Giant cell tumor 


boundaries to spread. Anatomie compartments hâve 
natural barriers to occult tumor extension. In bone, the 
barriers are cortical bone and articular cartilage; in 
joints,articular cartilage and joint capsule; and in soft 
tissues, the major fascial septae and the tendinous origins 
and insertions of muscles. Sarcomas grow along the path 
of least résistance and initially extend within the compart- 
ment they arise from. In a later stage with advancing 
disease they violate their compartmental barriers and 
become extracompartmental. Unlike benign tumors 
which are enclosed by a true capsule composed of comp- 
ressed normal cells, sarcomas are generally surrounded 
by a pseudocapsule or reactive zone. High grade 
sarcomas hâve a poorly defined reactive zone that may 
be locally infiltrated by tumor leading to satellite lésions 
at some distance from the tumor. In addition they may 
form "skip metastasis" within the same compartment 

(Fig. 1). 

Based on this concept and the relationship of the 
dissection plane to the tumor and its pseudocapsule four 
types of surgical excisions are described (Fig. 2). 



Fig. 1: Tumor and its surrounding spread 
(For color version see Plate 11) 


TABLE 4: Enneking surgical margins for resection of tumors 


Margin 

Surgical procedure 

Resuit 

Intralesional 

Piecemeal debulking or curettage 

Leaves macroscopie disease 

Marginal 

Shell out en bloc through pseudocapsule 
or reactive zone 

May leave either 'satellite' or "skip" lésions 

Wide 

Intracompartmental en bloc with euff of 
normal tissue 

May occasionally leave "skip" lésions if not 
recognized by prior imaging 

Radical 

Extracompartmental en bloc entire compartment 

No residual local disease 
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Fig. 2: Margins of surgical excisions 
(For color version see Plate 11) 


Depending on the pathology and aggressiveness of 
the lésion it is possible to plan a surgical procedure 
capable of obtaining the desired margins for local control. 
A benign giant cell tumor can be adequately managed 
with an intralesional procedure in order to retain 
maximum function whereas an aggressive osteosarcoma 
would require a wide or radical excision in order to gain 
adéquate local disease clearance (Table 4). 

Though surgical resection remains the mainstay of 
treatment in musculoskeletal tumors it is uncommon for 
a patient with a high grade sarcoma to be treated by 
surgery alone. Adjuvant modalities like chemotherapy 
and radiotherapy play an essential part in the integrated 
management of these patients. A majority of bone tumors 
would receive chemotherapy while some like Ewing's 
sarcoma would benefit from additional radiotherapy. 
Continuous interaction and coordination between the 
various treating disciplines is important in order to 
provide the different treatment modalities in the most 
optimum sequence at appropriate times. 

The survival of patients with musculoskeletal 
sarcomas is governed by a complex interaction of host, 
tumor and treatment parameters. With the advent of 
effective adjuvant modalities and the recent emphasis on 
function preserving surgery a coordinated multimodality 
approach with appropriate application of these different 
specialties is necessary to optimize the patients survival 
and ensure the best possible local function. 


Research is underway to détermine biologie factors 
that could be important in determining prognosis of these 
tumors. Identification of spécifie biologie markers with 
targeted treatment strategies in coming years could 
further help in enhancing the efficacy of existing and 
newer treatment modalities. 

RADIOLOGY OF BONE TUMORS 

A careful pattern of analysis is required when a bone 
tumor is found. The key to adéquate and accurate 
évaluation, diagnosis and treatment of bone tumors is 
an organized and integrated approach involving the 
treating surgeon, radiologist and pathologist. With 
various treatment options available and attempts towards 
limb salvage surgeries, accurate staging of the tumor 
becomes important. 

IMAGING MODALITIES 
Plain Radiographs 

Despite the wide variety of imaging modalities available, 
radiographs remain the mainstay. Radiographs provide 
information regarding location, margin, matrix minerali- 
zation, cortical involvement and adjacent periosteal 
reaction (Fig. 3). 



Fig. 3: Giant cell tumor. Plain radiograph shows a well-defined, 
osteolytic lésion, with a narrow zone of transition involving the 
lower metaphysis and epiphysis of the fémur, extending upto 
the articular margin, without any significant matrix, with 
trabeculations 
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CT 

CT is performed with intravenous contrast adminis¬ 
tration to maximise the contrast between the soft tissue 
component, adjacent soft tissue structures, bone and 
marrow. With the newer multi-slice Systems, it is possible 
to perform a multi-phasic study to obtain angiographie 
images as well. In ail studies, a high-resolution bone 
algorithm should be used to depict the cortex and 
medulla. 

In tumor imaging, CT is useful for both détection and 
characterization. Détection of tumors in fiat bones and 
bones with complex anatomy is best done with CT, 
especially in bones such as the scapula, ribs, pelvis, etc 
(Fig. 4). The matrix is also well seen with CT, especially 
when it is necessary to differentiate osseous from 
chondroid matrices. 

CT is superior to MR in the détection and characteri¬ 
zation of matrix mineralization, cortical involvement and 
periosteal reaction. Certain lésions are well characterized 
on CT, such as osteoid osteomas (Fig. 5), fibrous 
dysplasias and hemangiomas. 


With the newer multi-slice scanners, isotropie 
visualization in ail planes is possible as with MRI, 
allowing excellent visualization of the lésion and its 
relationship with the adjacent structures (Fig. 6). 

MRI 

MR using the principle of résonance of hydrogen protons 
with a static magnetic field, gives excellent soft tissue and 
bone contrast to allow the visualization of various 
structures in multiple planes. 

MR studies require at least one T2W axial sequence 
and a STIR sequence in the coronal or sagittal plane for 
purposes of staging, followed by a contrast-enhanced 
scan, preferably dynamic to assess for necrosis and 
enhancement patterns, as well as vascular involvement 
(Fig. 7). TIW images help in assessing the anatomy as 
well as serve as baseline images to compare post-contrast 
images with. 

It is superior to CT for évaluation of invasion of 
muscle, neurovascular structures, adjacent fat planes and 
the degree of marrow involvement (Fig. 7). MR is also 



Figs 4A to D: Osteochondroma scapula. Plain radiographs (A, B) show a suspicious protubérance from the 
scapula. The axial CT image (C) clearly shows an osteochondroma, as does the reconstruction image (D) 
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Figs5Ato D: Osteoid osteomafémur. Plain radiograph (A) shows 
subtle abnormal sclerosis involving the médial aspect of the sub- 
trochanteric région of the right fémur. The CT (B) clearly shows 
the small osteolytic lésion with a nidus, with surrounding cortical 
thickening and marrow sclerosis. The MRI images, a STIR coronal 
image (C) and a T2W axial image (D) also show the lésion well, 
with the associated marrow edema 



Figs 6A to C: Osteoid osteoma fémur. Isotropie CT images from a 64-slice CT with a 0.37mm resolution, in the axial 
(A), coronal (B) and sagittal (C) planes, show a cortical osteolytic lésion with surrounding sclerosis. AN planes show 
a similar resolution 
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Figs 7A to G: Osteosarcoma fémur. TIW sagittal (A) and STIR (B) coronal images show a large lésion involving the epiphysis, 
metaphysis and lower diaphysis of the fémur with a large soft tissue component. Note the remarkable délinéation of the margins 
of the lésion. The contrast enhanced sagittal (C) and coronal (D) images show a heterogeneous neoplasm. The mean curve 
analysis (E) shows the enhancing tumor component (yellow) as compared to the artery (red) and the areas of necrosis, which 
hardly enhance (green) (For color version see Plate 11). The angiogram images (F, G) show the overall tumor vascularity and 
lack of encasement 


superior in assessing intra-articular extension and the 
presence of intra-tumoral necrosis and hemorrhage . 

Contrast-enhanced MRI can help in characterization 
and vascular involvement, e.g. hyaline cartilage tumor s 
shows peripheral and septal enhancement. Contrast- 
enhanced MRI can be valuable in showing the solid 
component of the tumor from which a biopsy can be 
obtained. 

Dynamic contrast-enhanced MRI has been reported 
to be useful in assessing response to chemotherapy. It 
also differentiates reactive edema around the tumor from 
viable tumor as viable tumor enhances in the early phase 
while reactive edema enhances in the delayed phase. 
Using time-intensity curves, benign from malignant 


tumors may be differentiated. In osteosarcomas and 
Ewing's sarcoma, the extent of necrosis after chemo¬ 
therapy can be very well evaluated with a dynamic study. 
This dynamic study is performed usually over 5 minutes 
with 3 to 5 images obtained in a longitudinal plane, such 
that one artery and the centre of the tumor are seen in 
the same plane. The contrast dynamics in various parts 
of the tumor are compared with that of the artery 
(Fig. 7). 

A recent study using MRI spectroscopy indicates that 
choline can reliably be detected in large malignant bone 
and soft tissue tumors by 1H spectroscopy and can help to 
differentiate malignant from benign tumors. This however 
is still experimental and undergoing clinical research. 
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Fig. 8: Osteosarcoma humérus. A bone forming lésion is seen 
involving the metaphysis of the upper left humérus with a wide 
zone of transition 



Fig. 9: Osteochondroma tibia. A well-defined lésion showing a 
cartilage matrix and cap is seen arising from the upper tibial 
diaphysis 

Classification 

Bone neoplasms can be classified as primary and 
secondary (metastatic). Metastatic bone tumors are far 
more common than primary bone tumors especially in 
the older âge. Primary bone tumors can be classified 
based on histology. 



Fig. 10: Fibrous dysplasia humérus. A well-defined, osteolytic 
lésion is seen in the humerai diaphysis showing a ground-glass 
matrix 

Bone forming tumors hâve an osseous matrix. Benign 
bone forming tumors include osteoma, osteoid osteoma 
and osteoblastoma, while their malignant counterparts 
include osteosarcomas (Fig. 8) of various types. 

Cartilage forming tumors hâve a chondroid matrix 
that shows calcification in many cases. Benign chondroid 
tumors are chondroma, osteochondroma (exostosis) 
(Fig. 9), chondroblastoma and chondromyxoid fibroma. 
Malignant chondroid tumors include chondrosarcomas 
of various types. 

Fibrous tumors include benign tumors like non- 
ossifying fibroma, benign fibrous histiocytoma and 
fibromatoses. Malignant fibrous lésions are fibrosarcoma 
and malignant fibrous histiocytoma. 

A ground-glass matrix (Fig. 10) is invariably seen in 
patients with fibrous dysplasia. 

Tumors involving bone marrow are almost always 
malignant and include Ewing's sarcoma, lymphoma, 
leukemia and plasma cell tumors such as plasmacytoma. 
Vascular tumors affecting bone are hemangioma, glomus 
tumors (benign), hemangiopericytoma and hemangio- 
endothelioma (malignant). 

Other tumor like lésions affecting bone include giant 
cell tumor (GCT), solitary bone cyst (SBC), aneurysmal 
bone cyst (ABC), éosinophilie granuloma (EG), fibrous 
dysplasia, lipoma, osteofibrous dysplasia, implantation 
epidermoid and adamantinoma. 
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Figs 11A to D: Chondroblastoma left fémur. Plain radiograph (A) of the pelvis and both hips, 
shows an osteolytic lésion involving the left fémoral epiphysis, showing a well-defined sclerotic 
rim and narrow zone of transition. TIW axial image (B) shows a hypointense lésion. T2W 
coronal (C) and post-contrast TIW coronal (D) images show a mixed intensity lésion with 
enhancement. Note the marrow enhancement, which occurs in chondroblastomas 


Détection 

Détection of bone tumors is usually with plain radio- 
graphs. Commonly, patients hâve pain or tenderness at 
the site of the lésion and plain radiographs demonstrate 
the lésion well. In situations where the plain radiographs 
are equivocal or normal, MRI is the next best modality 
for identifying the presence of a lésion (Fig. 5). In fiat 
bones, CT may be a better modality, though often times, 
it is performed after an MRI has been performed and 
found to be equivocal. Rarely nuclear medicine is 
required for the primary détection of bone tumors, when 
good MRI examinations are available. 


Tumor Characterization 

The factors that help to arrive at the differential diagnoses 
of tumors include âge of the patient, location, margin of 
the lésion, periosteal reaction and soft tissue mass. 

Age : The majority of bone tumors show a peak incidence 
confined to one or more décades. Métastasés are the most 
common malignant lésions in elderly patients and a 
sclerotic malignancy with spiculated margin in a 
70-year-old man is more likely to be metastasis from 
prostate than primary osteosarcoma. Malignant lésions 
of the first decade include leukemia and métastasés from 
neuroblastoma, while osteosarcoma and Ewing's 
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Figs 12A to C: Simple bone cyst humérus. Plain radiograph of the humérus (A) shows a well-defined 
diaphyseal lésion with a narrow zone of transition, with a fracture. The T1W coronal (B) image and the STIR 
coronal (C) image show a cystic lésion with well-defined margins. Note the “fallen-fragment” sign 


a 

I Fig. 13: Fibrous cortical defect tibia. 

Plain radiograph of the tibia shows an 
I expansile, well-defined lésion involving 
I the diaphysis, intra-cortical in location, 
[_with a narrow zone of transition 

sarcoma are prévalent in the second decade. GCT almost 
always occurs in the mature skeleton with closed 
epiphyses. 

Location : Almost ail tumors originate from a particular 
portion of the bone such as the epiphysis, metaphysis or 
diaphysis. Tumors/lésions arising in the epiphysis and 
apophysis include chondroblastoma (Fig. 11), 
éosinophilie granuloma, clear cell chondrosarcoma. 


Fig. 14: Parosteal osteo- 
sarcoma tibia. Plain radio¬ 
graph shows a classic, 
bone-forming neoplasm 
arising from the posterior 
aspect of the upper tibia, 
juxta-cortical in location, 
with a narrow pedicle 

Brodie's abscess, GCT, intra-osseous ganglion and 
subchondral cyst (geode). Lésions arising from the 
diaphysis include simple bone cyst (Fig. 12), Ewing's 
sarcoma and periosteal osteosarcoma. The rest of the 
tumors arise within the metaphysis (Figs 3, 7, 8), which 
is the most common site affected by tumors. 

The transverse location also is helpful. Central 
medullary tumors include enchondroma (Fig. 18), simple 
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Fig. 16: Osteosarcoma fémur. 
Plain radiograph shows an 
aggressive lésion arising from 
the lower fémur metaphysis 
with a wide zone of transition. 
It shows a sun-ray appearance 
of periosteal reaction. Note the 
Codman’s triangle 

bone cyst (Fig. 12) and fibrous dyplasia (Fig. 10). Cortical 
lésions include osteoid osteoma (Fig. 5), osteoblastoma, 
fibrous cortical defect (Fig. 13) and adamantinoma. 
Parosteal osteosarcoma (Fig. 14), osteochondroma and 
the periosteal tumors, such as periosteal osteosarcoma, 
chondroma and chondrosarcoma are usually juxta- 
cortical. 

Tumor margin or zone of transition : Tumor margin is the 
most important factor in différentiation of benign from 
malignant lésions. Benign lésions grow slowly hence 
enlarge by gentle pressure and cause less destruction of 
adjacent bone. This results in a narrow zone or sharp 
margin surrounding the lésion (Figs 3, 9, 10, 13). 
Malignant lésions grow faster and destroy the adjacent 
régions resulting in a wide zone of transition (Figs 8,15, 
16). However, a wide zone of transition is not spécifie for 
malignant lésions as aggressive (fast growing) lésions like 
infection also show a wide zone of transition. Radio- 
graphs are superior to CT and MR for evaluating the zone 
of transition. Because a fibrous pseudocapsule surrounds 
both, benign and malignant lésions, malignant lésions 
often lack a typical aggressive appearance on CT and MR. 
However, the degree of soft tissue and marrow reaction 
around the lésion is best seen on MR. 


Periosteal reaction: Periosteal reaction can help in 
differentiating benign from malignant lésion when 
combined with other factors. However, it is not spécifie 
for malignant lésions. Some characteristic appearances 
such as a spiculated appearance or a multilayered 
reaction are suggestive of malignancy (Fig. 16). Periosteal 
reactions are best appreciated on CT and radiographs. 

SPECIFIC FEATURES 

Spécifie features of few common tumors are discussed 
below. 

Métastasés 

Métastasés are usually multiple and affect the axial 
skeleton most commonly. Métastasés could be osteolytic, 
scierotic or hâve a mixed appearance. Multiple myeloma 
is differentiated from métastasés by a generalized 
decrease in bone density and cold spots on the bone scan. 
Carcinoma breast is responsible for 70% of skeletal 
métastasés in women while the majority of skeletal 
métastasés in men are from carcinoma prostate and lung. 

Osseous/Bone Forming Tumors 

Osteosarcoma (Figs 7, 8, 16) 

Osteosarcoma is the second most common primary 
malignant bone tumor after multiple myeloma. It affects 
patients between 10 to 25 years of âge, arises from the 
metaphysis of long bones and almost half of ail 
osteosarcomas occur around the knee joint. Radiological 
features include irregular sclerotic or osteolytic lésions 
with a sunburst periosteal reaction and a Codman's 
triangle. Cortical disruption with a large soft tissue mass 
is a common feature. The lésion is usually dark on both 
TIW and T2W images because of the osseous matrix. 
Métastasés to lungs are common. 

Osteoma 

It is an uncommon bone-forming benign tumor. It is 
typically seen as a sclerotic lésion in paranasal région. 

Osteoid Osteoma (Figs 5, 6) 

This benign lésion clasically présents clinically with bone 
pain, severe during nights and relieved by aspirin. 
Characteristic radiological appearances include a 
radiolucent nidus measuring 1.5 to 2 cm in the cortex 
surrounded by marked scierosis. The lucent nidus may 
show a central calcified nodule. CT best démonstrates 
the lucent nidus with a central calcified nodule in the 
cortex. 


Fig. 15: Ewing’s sarcoma 
tibia. Plain radiograph of the 
tibia shows an aggressive, 
permeative lésion with a wide 
zone of transition 
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Figs 17A to C: Chondrosarcoma acetabulum. T2W axial MRI (A) shows a lobulated lésion with hyperintense areas at the 
periphery and low signal in the centre. Predominantly peripheral enhancement is seen (B) with a mild blush on the capillary 
phase of the contrast-enhanced angiogram (C) 


Osteoblastoma 

This benign bone-forming tumor affects individuals in 
the second and third decade. The spine is the most 
common location followed by the fémur and talus. 
Radiological appearances include a geographical pattern 
of osteolysis with or without a surrounding rim of 
sclerosis in the medulla or cortex of the bone. A small 
soft tissue mass is common. 

Chondroid/Cartilage Forming Tumors 

Chondrosarcoma (Fig. 17) 

This malignant, cartilage forming tumor involves a wide 
range of patients from 4 to 60 years and can affect any 
cartilaginous bone. The pelvis, proximal fémur and 
proximal humérus are commonly affected. Osteolytic, 
expansile destructive lésions with a wide zone of 
transition in the meta-diaphyseal région, are the usual 
feature. Matrix calcification, stippled, popcorn-like or 
irregular, is seen in more than two-thirds of the cases. 
Lamellated or spiculated periosteal reaction is seen. 
Because of the high water content of the chondroid 
matrix, cartilaginous tumors are bright on T2W images. 



Fig. 18: Enchondroma phalanx. Plain radiograph showsawell- 
defined, osteolytic lésion, involving the epi-metaphyseal région 
of the proximal phalanx of the middle finger, mildly expanding 
the central medullary cavity 
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Figs 19A to E: Osteochondroma ilium. TIW coronal image (A) shows a well-defined osteochondroma showing continuity of the 
marrow. A focal hyperintense lésion is seen at the tip of the osteochondroma on the STIR coronal (B) and T2W axial (C) images, 
with peripheral enhancement (D). This represents a bursa with inflammation and was the cause of pain in this patient. Note the 
normal cartilage cap on the T2W sagittal image (E) 


Enchondroma (Fig. 18) 

They are benign lobules of cartilage situated within the 
medullary cavity. The small bones of the hand are most 
commonly affected. They are seen as osteolytic, expansile 
lésions with a lobulated contour and endosteal scalloping. 
Matrix calcification is common. Multiple enchondromas 
occur in Ollier's disease. When enchondromatosis is 
associated with hemangiomas, the condition is called 
Maffuci's syndrome. 


Osteochondroma (Figs 9, 19) 

These are cartilage-capped exostoses or outgrowths from 
the cortex. The medullary cavity also shows contiguity 
into the lésion. The long bones are commonly affected, 
specially around the knee. Malignant degeneration into 
chondrosarcoma is common with multiple osteo- 
chondromas (diaphyseal aclasis). The cartilage cap is seen 
bright on T2W images and is the site of malignant 
degeneration. 
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Chondroblastoma (Fig. 11) 

This rare benign chondroid neoplasm classically arises 
in the epiphysis and affects the immature skeleton in the 
second decade. The fémur, tibia, talus and calcanéum are 
commonly affected bones. It is seen as a spherical, 
osteolytic, well-defined lésion in the epiphysis. Matrix 
calcification and periosteal reaction are common in long 
bone lésions. 

Chondromyxoid Fibroma 

This rare lésion affects the immature skeleton. Most 
lésions are eccentric and metaphyseal involving the 
cortex. The tibia and fémur are the most commonly 
affected bones. 

Fibrous Neoplasms 

Fibrosarcoma 

Fibrosarcomas are rare primary malignant bone tumors 
of fibrous origin and usually affect individuals in the 
second to fifth decade. They arise in the metaphyses of 
long bones. The tibia and fémur are commonly affected. 


Radiologically, they are seen as highly destructive, 
osteolytic, eccentric medullary lésions. They produce 
large soft tissue masses and rarely show periosteal 
reaction. It is the only malignant bone tumor that shows 
a sequestrum. Tumors with a fibrous matrix are dark on 
both TIW and T2W images. 

Non-ossifying Fibroma/Fibrous Cortical Defect (Fig. 13) 

This benign lésion is seen in the immature skeleton in 
patients less than 20 years of âge. The majority of them 
occur in the lower limbs, particularly in the tibia and 
fémur. They are classically seen as soap-bubble intra- 
cortical lésions in the metaphyses. 

Lésions Arising from the Marrow 

Ewing’s Sarcoma (Figs 15, 20) 

It is primitive malignant bone tumor arising from marrow 
stem cells and is one of the round cell tumors. It affects 
patients between 10 to 25 years of âge. It arises in long 
tubular bones such as the fémur, tibia, fibula and fiat 
bones such as the pelvic bones. The diaphysis is the classic 



Figs 20A to C: Ewing’s sarcoma left ilium. Plain radiograph (A) does not clearly reveal the pathology. 
Contrast enhanced TIW images in the coronal (B) and axial (C) planes, clearly show the aggressive 
lésion with cortical breaks and extra-osseous soft tissue with necrotic areas 
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Figs 21A to E: Giant cell tumor radius. Plain radiograph (A) shows a classic expansile, trabeculated metaphyseal lésion, 
extending upto the articular surface. The TIW (B) and STIR (C) coronal images and the TIW (D) and T2W (E) axial images 
show a hypointense lésion on the TIW images turning mildly bright on the T2W and STIR images. The extent of the lésion is 
extremely well seen 


location. Radiological appearances include a diaphyseal 
permeative lésion with a délicate onion-skin periosteal 
response. Cortical saucerization is characteristic sign. It 
can metastasize to other bones. 

Lymphoma 

It can be primary or secondary. It usually présents as 
multiple osteolytic lésions that are dark on TIW and 
bright on T2W images as other round cell tumors. It needs 
to be differentiated from métastasés and multiple 
myeloma. Hodgkin's lymphoma may présent as an ivory 
vertebra. 

Plasma Cell Tumors 

Solitary plasma cell tumors are called plasmacytomas and 
multiple polyostotic, multi-system disease is called 


multiple myeloma. Multiple myeloma is the most 
common malignant bone tumor and affects elderly 
patients. Generalized decrease in bone density is an early 
sign. Multiple osteolytic, punched-out lésions are seen 
in the skull, vertebrae and pelvis. They are characteri- 
stically cold on bone scans. 

Other Bone Neoplasms 

Giant Cell Tumor/Osteoclastoma (GCT) (Figs 3, 21) 

It occurs in fused epiphysis, i.e. the mature skeleton, in 
patients between 20 to 40 years of âge. The classical 
appearance includes an osteolytic, eccentric lésion in the 
epiphysis without a sclerotic margin, usually within a 
centimeter of the articular margin. It may show a soap- 
bubble appearance. The fémur, tibia and radius are 
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Figs 22A and B: Aneurysmal bone cyst talus. Plain radiograph (A) shows a mildly expansile lésion involving the talus with 
multiple septae and trabeculations, with a narrow zone of transition. T2W sagittal MRI (B) shows fluid-fluid levels, which are 
commonly seen in this tumor 


commonly affected. Periosteal reaction is rare but when 
présent suggests a pathological fracture. GCT can be 
locally aggressive. It may show a fluid-fluid level and a 
secondary aneurysmal bone cyst component. Contrast 
enhanced MRI identifies solid components from which 
a biopsy can be obtained. 

Aneurysmal Bone Cyst (ABC) (Fig. 22) 

They are blood-filled, expansile, sponge-like tumors 
containing numerous giant cells. They affect children and 
adolescents and originate in the metaphyses of long bones 
and posterior éléments of the vertebrae. ABCs are seen 
as osteolytic, expansile, eccentric lésions in the 
metaphysis. Fluid levels are often seen due to previous 
épisodes of hemorrhage within MRI is usually diagnostic 
in such cases. 

Solitary Bone Cyst (SBC) (Fig. 12) 

It is also called a simple or unicameral bone cyst and 
affects children in the first and second decade. They arise 
in the metaphyses and are central or medullary. The 
proximal humérus and proximal fémur are common sites. 
An SBC contains serous or sero-sanguinous fluid. They 
are seen as osteolytic, expansile lésions causing thinning 
of the cortex. Often with a fracture in the SBC, a "fallen- 
fragment" sign is commonly seen. 


Eosinophilie Granuioma (EG) 

This multi-system disease usually occurs in the second 
and third décades. Skeletal affection includes 
geographical lésions in the skull and spine with vertebra 
plana often seen, associated with soft tissue masses. It 
affects the epiphyses in the long bones. A sequestrum 
may be seen in an EG lésion and may simulate infection. 

Fi brou s Dysplasia (Fig. 10) 

Fibrous dysplasia can be mono-ostotic or poly-ostotic. 
Long bones such as the tibia, fémur and pelvis and skull 
are usual affected. It's classical appearance includes a 
ground-glass medullary lésion sometimes affecting the 
entire bone. Cortical blisters may be seen. 
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INTRODUCTION 

Bone scanning with radioactive isotopes has had an 
illustrious history ever since Gopal Subramanian and 
John McAfee introduced the extraordinary technetium 
labeled bone-seeking agents into clinical practice several 
décades ago. There is perhaps no nuclear medicine 
establishment in any country that does not carry out bone 
scanning; its use in détection of métastasés in cancer is 
so universal and so widespread that it is no wonder that 
bone scanning at least in this country has been referred 
to as the 'bread and butter' of nuclear medicine. Liver 
scans were cast aside when USG and CT took over and 
brain scans got jettisoned when MRI of the brain became 
widely available. But bone scans hâve never been 
replaced as the most sensitive means of establishing the 
presence of métastasés even in asymptomatic patients. 
The knowledge that détection of métastasés on bone 
scanning antedated their appearance on conventional 
radiology by several months only served to emphasize 
the important rôle of this imaging technology. 

WHAT IS BONE SCANNING? 

For those few who may be unaware of this, bone scanning 
employs, like most of nuclear medicine studies, a 
technetium label and a spécifie compound or radio- 
pharmaceutical (RP) that will localize in the organ of 
interest, which in this case is phosphate for bone. Nuclear 
medicine is distinct from anatomical imaging 
technologies by the fact that it utilizes information of the 
physiology of the organ in question to obtain its image. 
In the case of bone, the matrix is a combination of calcium 
and phosphorus. The RP is therefore a phosphate agent. 
This RP incorporâtes itself into the hydroxy-apatite 
crystals of bone. Wherever there is active remodeling 


going on, this RP will concentrate. It is easy to understand 
therefore why smaller and thinner bones take up 
relatively less of the RP, bigger and thicker bones take 
up more, and growing ends of bones concentrate large 
amounts. Whenever the bone equilibrium is disturbed 
either by injury or by benign or malignant disease, there 
is a rush of the repair force to the site and osteoblastic 
activity immediately begins. On a bone scan this 
osteoblastic activity shows up as soon as the damage 
occurs, as a focus of increased tracer uptake. The bone 
scan is therefore very sensitive to identify the site of 
disease but as may hâve been obvious from the foregoing, 
it cannot détermine the précisé pathology that caused the 
disturbance. Osteomyelitis, osteoid osteoma, a recent 
fracture or a granuloma may be as 'hot' as a metastatic 
focus; while three phase bone scanning and clinical 
corrélation may help differentiate some of them, often 
this may be quite tough to do. Specificity therefore is very 
low in bone scanning; but it is the sensitivity in picking 
up lésions as soon as they occur that is invaluable in the 
récognition of métastasés in the work-up of cancer. 
Approximately 40% of bone loss is necessary before such 
a lésion becomes apparent on a radiological image. And 
this takes time to happen. 

WHO REQUIRES A BONE SCAN? 

It is tempting to say that ail patients of cancer should 
hâve a pretreatment bone scan to rule in or rule out the 
presence of skeletal métastasés at présentation since this 
event impacts the treatment strategy. In actual practice, 
however, this is often not done for several reasons. 
Indiscriminate bone scanning in ail patients regardless of 
clinical staging may indeed be wasteful and unreasonable 
from a cost-cutting perspective; but it would be equally 
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unreasonable and even risky to avoid doing it on the same 
ground because of its potentiality to deny patients more 
effective therapy had the presence of skeletal spread been 
known at the outset. There is another aspect to consider 
as well. Often, post-treatment scans are requested by the 
treating oncologists, and this may, many times, show the 
presence of disease in bone. Without the benefit of a 
pretreatment bone scan to compare, it would be near 
impossible to détermine whether the bone scan 
appearance indicates failure of primary therapy or is 
indeed, merely représentative of a reduced involvement 
of bone. How is one to know? The argument therefore, in 
favor of doing bone scans a priori as it were at first visit of 
the patient to the hospital is a compelling one and one 
which oncologists would do well to ponder over. 

WHAT DOES A BONE SCAN INVOLVE? 

Basically, no fasting or other preparatory procedures. No 
interruption of any thérapies the patient may be on either. 
It is a 'come-as-you-are' test and is performed by an 
intravenous injection of the RP on the morning of the 
study. After the injection, the patient is free to go and 
continue with whatever he or she is required to do; the 
patient must return to the scan department three hours 
later. This is the time it takes for the RP to leave the blood 
stream and localize in the bone. 

HOW IS A BONE SCAN PERFORMED? 

The scan is performed on a gamma caméra. The patient 
lies on his back on the examining table and the gamma 
caméra moves over his body from head to toe. Some 
gamma caméras hâve two detector heads and thus both 
anterior and posterior views are taken simultaneously, 
saving time. With single head detectors, the patient 
merely changes over to a prone position after the anterior 
view is completed or, if the patient finds this changeover 
difficult, the gamma caméra is swung round to beneath 
the patient for the posterior view. Typically, a scan takes 
about half an hour to complété. Modem Systems complété 
the processing quickly as it were and the image is ready 
to view and transfer to hard copy soon after the scan is 
done (Fig. 1). 

WHAT IS AN ABNORMAL SCAN? 

Presence of single or multiple foci of uptake at sites that 
are not part of the normal skeletal uptake described 
above, would be characterized as abnormal. These are 
referred to as 'hot' spots. Ail such sites of uptake however, 
are not necessarily unequivocal evidence of spread of 
cancer. There are, it must be emphasized, no characteristic 



Fig. 1 : The dual head gamma caméra. Performs a bone scan 
front and back in twenty minutes (For color version see 
Plate 12) 


appearances of metastatic disease; the most commonly 
accepted picture is that of multiple sites of abnormal 
uptake of the RP in several parts of the skeleton. Benign 
causes of multiple 'hot' spots do exist as for example 
multiple fractures in osteomalacia but this is something 
that can be easily excluded by other means. Occasionally, 
the pattern of the bone scan abnormality may offer some 
dues as to the origin of the primary. For instance, lésions 
showing a prédilection for the diaphyseal portion of long 
bones rather than the axial skeleton may suggest a 
primary marrow related disease like leukemia or 
lymphoma. Sometimes, disease in the lower abdomen 
may spread contiguously into neighboring bone and it is 
not unusual to find the hip bone invaded by a primary 
tumor originating in a pelvic mass (commonly prostate) 
or a neighboring vertebra in a case of esophageal 
carcinoma. It is not unusual to find entire ribs or 
significant portions of ribs along their length showing 
abnormal uptake on the same side as a breast carcinoma. 
Lymphatic spread rather than hematogenic is often the 
reason for such occurrences. Figure 2 shows a normal 
bone scan with uniform uptake in the symmetrical bones 
and increased uptake in the thicker bone éléments. Figure 
3 shows an abnormal scan with multiple hot spots in ribs, 
spine, skull and pelvis. 

• It is the solitary abnormal focus that may pose a problem. 
The location of the abnormality frequently helps in 
this case. Solitary foci over the ribs may dénoté a 
benign cause like an old fracture or other non-specific 
injury especially in the elderly; the same single focus 
over the vertébral column if over the pedicles for 
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Fig. 2: A normal bone scan 



Fig. 3: An abnormal bone scan 


instance would be highly suspicious for malignancy. 
Over fiat bones these may often be innocuous cysts 
or bone islands; over the long bones these may once 
again be benign more often than malignant. 



Fig. 4: Cold area over left fémoral head 
in avascular necrosis 


'Cold areas' are seen many times on bone scans and may 
even be seen in large tumor invasions. This happens 
usually in fiat bone invasion where both the tables 
are destroyed leaving no peripheral rim to show 
osteoblastic activity; any surviving bone latéral to the 
métastasés may show signs of osteoblastic activity 
giving rise to 'dough nut' appearances. Confusion 
may arise sometimes in dough nuts with intense 
peripheral uptake that may be due to abscesses with 
peripheral inflammatory reactions around the 
necrosis or in cases of tumors with central breakdown. 
A classic cold area surrounded by a rim of increased 
uptake is seen in avascular necrosis of the hip; usually 
the pattern is so characteristic that diagnosis is not 
difficult. Figure 4 shows the cold spot seen over the 
fémoral head in AVN. 

Non-skeletal uptake ofthe bone seeking RP; there are many 
situations when the RP localizes in non-skeletal tissue 
and here are some of them. The kidneys, ureters and 
urinary bladder stand on ail bone scans; they are the 
excretory channels for the RP. Occasionally, 
unsuspected urinary tract abnormalities may be 
detected on a bone scan for this very reason. Other 
than these, the soft tissues that can and do take up 
the RP are edematous tissue as for example 
lymphedema of the ipsilateral upper limb following 
mastectomy, inflammation or injury to muscle as in 
myositis or conséquent upon a deep intramuscular 
injection, infracted myocardium in the first week (after 
the first week, the uptake déclinés), a cérébral infarct. 
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atrial myxomas, and occasionally the gut. The 
lymphedema of the arm is at times helpful in 
determining if the lymphatic obstruction is 
conséquent upon the axillary dissection or because of 
a more central obstruction by tumor. In the latter case, 
the edema will be seen to extend to above the axilla, 
whereas if it is due to the surgery, it will be seen 
peripheral to the axillary dissection. 

HOW DOES AN ABNORMAL BONE SCAN 
CONTRIBUTE TO PATIENT MANAGEMENT? 

As discussed earlier, the presence of secondaries to bone 
often upstages the tumor to Stage IV from whatever other 
clinical stage he may hâve been found to be. If the patient 
has not been started on any particular therapeutic 
regimen, a rethink on strategy may be induced by the 
finding of multiple bone secondaries on présentation. If 
already started on therapy or subjected to surgery 
already, the therapeutic regimen may be altered to a more 
aggressive and thereby, a more effective one. With the 
exception of the purely lytic lésions of myeloma, and at 
times thyroid cancer, the bone scan is without doubt the 
best and the most sensitive means of detecting early, 
involvement of bone by malignant disease. 

DO DIFFERENT MALIGNANCIES HAVE DIFFERENT 
MANIFESTATIONS OF SKELETAL INVOLVEMENT 
AS WITNESSED ON A BONE SCAN? 

On the whole, no incidence of skeletal métastasés varies 
with the stage of the disease and is greater for some 
cancers than others, e.g. in prostate cancer, incidence in 
stage I is 5%, increasing by 5% with each successive stage 
viz. 10% in stage II and 20% for stage III. In Non-small 
cell lung cancer, symptomatic patients hâve a far greater 
incidence of bone métastasés than asymptomatic ones. 
With breast cancer, a more favorable primary (e.g. 
absence of lymph node metastasis at présentation) may 
be associated with a lower incidence of subséquent 
development of bone metastasis. In prostate cancer, serial 
scanning is of immense value, if there is no progression 
seen at 6 and 12 months, the survival if reported at 60 
and 80 % respectively as against 7 and 41% if the scans 
show progression at those times. 

• Whichever the cancer , disseminated disease remains then 
most characteristic pattern of skeletal involvement on 
a bone scan. Occasionally contiguous spread into 
neighboring bone as described above for breast, 
esophagus, and pelvic tumors may be seen but the 
commonly observed pattern of bone métastasés is of 
generalized involvement indeed. The implications of 
bone métastasés may vary; thus, positive bone scans 



Fig. 5: Numerous skeletal hot spots on the bone scan 
indicating multiple métastasés 

in symptomatic patients of lung carcinoma may carry 
an ominous prognosis, with a life span of six months 
from diagnosis (Fig. 5). 

DOES BONE SCANNING HAVE A ROLE IN THE 
EVALUATION OF PRIMARY BONE TUMORS? 

A first impression might suggest that radiologie 
investigation will suffice in ail primary bone tumors but 
this is not the case. Two indications stand out. One—the 
détection of multicentric or polyostotic disease which 
cannot be established by radiological examination since 
whole body X-rays are not feasible or realistic. The whole 
body bone scan is easy and fast to perform in contrast 
and involves no radiation risk. Two—follow up of 
primary bone tumors known to spread to other skeletal 
sites, through the period at which the patient is at risk 
for developing bone métastasés. The superior sensitivity 
for such détection makes the bone scan, the investigation 
of choice for this purpose. The three phase bone scan has 
been used to détermine amount of viable tumor after 
therapy; absence of significant uptake in the vascular, 
blood pool and the skeletal phase may suggest absence 
of viable tumor tissue. The bone scan may not offer 
accurate information about précisé extent of the primary 
tumor because of technical reasons (lighter scans make 
lésions look smaller and darker scans make them look 
larger). But its ability to detect multicentric disease, soft 
tissue involvement and viability of tumor are invaluable 
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Figs 6A and B: Three phase bone scan: Flow study showing increased flow in an osteosarcoma involving the lower end of 
the left fémur with the third phase showing increased irregular uptake with areas of breakdown within it 


aids in the management of such tumors as osteosarcoma, 
Ewing's family of tumors and when indicated, the beingn 
tumors of bone as well (Fig. 6). 

THE ROLE OF PET SCANNING IN BONE TUMORS 
AND TUMORS METASTASING TO BONE 

F-18 asfluoride: The positron emitting isotope of fluorine, 
namely F-18 as fluoride actually antedated the 
technetium labeled bone-seeking agents but lost out due 
to the poor quality of the scanners. Improved resolution 
of the later génération instruments for PET scanning has 
once revived interest in the use of F-18 fluoride for bone 
scanning. The mechanism of localization of this 
compound into bone is more or less similar to that of the 
technetium compounds and it gets incorporated into the 
hydroxyl apatite crystals as fluoroapatite. The 
accumulation is more onto the mineralizing surface of 
bone than the tumor itself. The localization is blood flow 
dépendent and the résidence of this agent is in areas of 
increased osteoblastic activity by chemisorption. 

Fluorodeoxyglucose: The availability of fluorode¬ 
oxyglucose (FDG) has seen an increase in the number of 
referrals of patients for the purpose of detecting whole 
body spread of tumor. For bone métastasés, it has not 
been yet established that PET scanning is superior to 
conventional technetium phosphate bone scanning. This 
is more often a theoretical advantage and studies hâve 
shown that FDG PET scans may not show ail lésions 


identified on bone scanning. But compared to bone 
scanning with F-18 fluoride, scanning with FDG is 
préférable because a whole body scan may identify 
métastasés anywhere in the body and not just in the bone. 
FDG PET scanning has this additional advantage that 
accumulation of FDG unlike that of F-18 fluoride, is into 
the tumor and not merely onto the skeletal surface. 
Uptake of FDG into tumor may also be due to tumor 
hypoxia, which results from increased glycolysis. 

The GLUT proteins: FDG unlike ordinary glucose does 
not get metabolized after it enters the cell and is trapped 
inside, facilitating the taking of images (Fig. 7). The uptake 
into tumor is facilitated by the GLUT proteins 1 to 5. 
Studies are currently underway to détermine if FDG PET 
scanning helps identify tumor spread in cases of elevated 
PSA levels in prostate cancer and of Ca 15.3 in the case of 
breast cancer. PET scanning is perhaps best reserved for 
cases where tumor viability is to be established in which 
situation its utility is unparalleled. 

FDG PET in primary bone tumor: There is a direct 
relationship between tumor uptake of FDG and tumor 
grade in most soft tissue and bone sarcomas. Further, the 
FDG uptake in low-grade sarcomas being generally low, 
this modality may not be idéal to differentiate such 
sarcomas from benign lésions of bone. Depending on the 
type of treatment given, FDG uptake may be seen as a 
rim uptake in fibrous pseudo capsules that develop 
following radiotherapy or as persistent uptake in fibrous 
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Blood 



Molécules that facilitate glucose uptake into the cell are called GLUT proteins. 
There are five in ail GLUT 1 to 5 and are often over expressed in cancer cells 

Fig. 7: Schéma of FDG uptake and rétention 


tissue that sets in during the healing process following 
chemotherapy. This sometimes complicates clear 
définition of partial versus complété response. 

Whether FDG PET scanning can replace bone scanning 
for skeletal métastasés in major organ cancers is a 
difficult question to answer: Certainly FDG PET identifies 
tumor presence regardless of site and is unaffected by 
benign bone disease. Since the uptake is within cancer 
cells and not on the bone per se, and since FDG uptake is 
directly proportional to the tumor activity, it would be 


possible to grade tumor, predict prognosis and monitor 
treatment response. In addition, FDG PET has the ability 
to demonstrate marrow involvement as well (Fig 8). 

On the question ofsclerotic versus lytic métastasés , FDG 
uptake is seen to be greater in lytic métastasés than the 
sclerotic ones. The précisé reason for this is unclear but it 
maybe that there is less tumor tissue in sclerotic lésions 
and that they are thus less active metabolically; the 
aggressive lytic lésions may outstrip blood supply and 
tendering the cells hypoxie, resuit in enhanced FDG 



Fig. 8: FDG uptake in RCT of right fémur with extensive marrow involvement 
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Bone scan PET scan 


Figs 9A and B: (A) Prostate carcinoma sclerotic métastasés. Bone scan shows them better than PET 
(B) Lung carcinoma lytic métastasés. PET scan shows them better than bone scans 


uptake. Figure 9 shows a comparison of bone scan and 
PET in lytic métastasés of lung Ca and the sclerotic méta¬ 
stasés of prostate Ca to illustrate this différence. 

CONCLUSION 

The rôle of bone scanning in evaluating tumors 
originating in or metastasing to bone is one of superior 
sensitivity in the détection of polyostotic disease and the 
presence of métastasés. The rôle in follow up of such cases 
is also now established as invaluable. The debate on 
whether ail tumors should hâve bone scanning as part of 
the initial work-up should be decided in favor of doing 
the bone scanning as the benefits of détection of bone 
spread at présentation and the attendant alteration in 
management options may far outweigh any considé¬ 


ration that it is a wasteful and unnecessary expense in 
tumors that may not hâve a prédilection to metastasize 
to bone. Radiation risks are negligible and multiple scans 
do not impose radiation burdens that compare with 
repeated radiological investigations for the same purpose. 
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Biopsy for 
Musculoskeletal Neoplasnts 
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A biopsy is perhaps the most important step in the 
workup of bone tumors. A histological diagnosis 
establishes the identity of the neoplasm before any 
treatment is offered. In a way it is like the final conclusive 
identification of the "criminal" where clinical and 
imaging dues help us to narrow down the possibilities. 
A badly performed biopsy is the most common iatrogénie 
complicating factor in this era of limb salvage surgery. 
Mankin reported a 15.9% complication rate with 3% 
unnecessary amputations in his analysis of data of 597 
patients from questionnaires sent to members of the 
musculoskeletal society. While the procedure by itself is 
not technically demanding, it has to be meticulously 
planned in concordance with the final procedure to be 
carried out. Again, in this modem era the histopathology 
is not an end in the diagnosis. Immunohistochemistry, 
microscopy and cytogenetics are additional tools in 
complicated cases. This chapter focuses on the practical 
aspects of the biopsy and attempts to answer common 
questions like how, when and which tumors to biopsy. It 
is important that a clinician knows how to obtain 
adéquate material in the least traumatic way and without 
jeopardizing the limb salvage procedure. Ill-advised and 
improperly-performed biopsy frequently reduces the 
patient's chance of a limb saving surgery or even cure. 
Infact a poorly-placed biopsy incision, a badly-placed 
drain, or the complications of a biopsy are the commonest 
cause for an amputation instead of an otherwise possible 
limb salvage surgery. 

WHEN SHOULD THE BIOPSY BE DONE? 

"Biopsy should be regarded as the final diagnostic 
procedure, not as a shortcut to diagnosis." 

This statement by Jaffe sums up the answer to the 
question posed above. The biopsy should be done only 


when ail imaging studies hâve been completed. The 
optimum intégration of clinical and radiographie 
information prior to biopsy has important implications 
for the diagnosis of bone tumors, and is necessary for 
accurate pathologie interprétation. A surgeon must resist 
the temptation of getting to an instantaneous diagnosis 
by a hasty biopsy. In such a situation the pathologist has 
the most difficult task of giving a diagnosis purely from 
the microscopie appearance. This can be dangerous 
especially for the bone and soft tissue tumors which are 
known to be extremely heterogenous. The correct 
approach is to narrow down the differential diagnosis. 
The histopathology merely confirms the strongly 
suspected diagnosis. This is where the multidisciplinary 
coopération between radiologist, clinician and the 
pathologist becomes vital. Prior imaging helps to narrow 
down the differential diagnosis. Lésions like lipomas, 
hemangiomas and aneurysmal bone cysts can be 
confidently identified by imaging, especially an MRI and 
may not require a formai biopsy prior to intervention. 
Imaging can also help identify the best areas to biopsy. 
The sclerotic, ossified, calcified or necrotic areas will not 
yield tissue for a diagnosis. In most instances the 
diagnosis is obvious on imaging and a biopsy merely 
confirms the diagnosis. 

DO ALL RADIOLOGICAL LESIONS 
NEED A BIOPSY? 

As a rule ail suspected malignant tumors and aggressive 
benign tumors should be biopsied prior to treatment. It 
is often difficult to be certain about the nature of some 
tumors, e.g. some osteosarcomas resemble a classical 
giant cell tumor on X-ray. Conversely some giant cells 
appear extremely aggressive resembling malignant 
tumors on imaging. The surgeon as well as the pathologist 
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must be familiar with radiology of bone tumors. 
Osteochondromas and enchondromas or fibrous cortical 
defects which are asymptomatic or latent, do not need a 
biopsy. In certain conditions, the final treatment can be 
carried out at the same time as a biopsy, e.g. in a 
unicameral bone cysts (UBC) and histiocytosis, which are 
benign and hâve a characteristic appearance on X-ray, 
once the needle biopsy confirms the diagnosis(on frozen 
section), a steroid can be injected through the same 
needle. Osteoid osteomas can be treated by coring or 
surgery without a histological diagnosis. Some typical 
lésions like a GCT in the distal radius or a non-ossifying 
fibroma (NOF) in the distal fémur can be treated by 
biopsy and surgery in the same sitting, if the surgeon is 
experienced in tumors and the pathologist is certain about 
the diagnosis on frozen section. This may be the situation 
in just a handful of centres today and it may be safest to 
biopsy and get a firm diagnosis prior to final manage¬ 
ment. In cases of a local récurrence or metastatic disease 
where the primary diagnosis is known, one may safely 
proceed with management after a frozen section confirms 
the diagnosis. Even in situation of métastasés, in 
particular solitary métastasés in the proximal fémur, a 
primary tumor like a chondrosarcoma must be ruled out 
by a frozen section biopsy prior to final management. A 
common error is to assume a diagnosis of chronic 
osteomyelitis and proceed with debridement without a 
biopsy only to find out later that it was an Ewing's 
sarcoma. 

WHO SHOULD DO THE BIOPSY? 

At several centres in the world, the needle biopsies, 
especially the ones requiring image guidance, are done 
by the interventional radiologists. At other places the 
pathologist does the biopsy to ensure adequacy of 
material. In both these situations tremendous coopération 
and teamwork is necessary to ensure correct placement 
and technique. The biopsy is always done in consultation 
with the surgeon who will be deciding the final 
management. In most centres including ours, the biopsy 
is done by the surgeon himself. This is idéal as the site is 
chosen correctly and biopsy done in a manner not to 
compromise the final limb salvage procedure. A surgeon 
who has first seen the patient should resist the temptation 
of doing a biopsy himself unless he is familiar with the 
limb salvage procedures. As alluded to earlier, Mankin's 
article points out that even in advanced centres in the 
west, biopsy-related complications hâve often been the 
cause of an unnecessary amputation. The rate of these 
complications is higher when the biopsy is done at centers 
not specialized in oncology. 


WHAT IS THE CORRECT SITE? 

Regardless of the type of biopsy its placement is critical. 
For appropriate placement of the biopsy, the surgeon 
needs to know the probable diagnosis and the extent of 
the tumor and should hâve established an operative plan 
prior to biopsy. He should not be concerned only with 
obtaining a tissue diagnosis but should also think about 
the definitive operative procedure. 

Transverse incisions in the extremities are almost 
always contraindicated because they require excessive 
tissue removal for en bloc removal with the longitudinally 
directed incisions. Therefore, a longitudinal biopsy 
incision must always be used in the extremity. The major 
neurovascular structures should be avoided because if 
they are contaminated during the biopsy they may hâve 
to be sacrificed during the definitive procedure that 
follows. The biopsy tract also should not transverse a 
normal anatomical musculoskeletal compartment in 
order to reach a compartment that is involved by tumor, 
so that it will not be necessary to remove both 
compartments at the time of the definitive procedure. It 
is best to violate only one compartment. The joint should 
never be violated; attention to this is important especially 
around the knee. As a rule no biopsy should be done 
through the joint or arthroscopic for any aggressive 
tumor. 

Standard operative approaches employed in 
orthopédie procedures may prove inappropriate for a 
biopsy. As an example, biopsy of the humérus through 
the deltopectoral interval causes dissémination of tumor 
cells at a distance through normal neurovascular planes. 
It would be more appropriate to biopsy the tumor 
through the anterior deltoid so as to contain the 
hematoma and then to resect en bloc the biopsy (Fig. 1) 
contaminated deltoid with the humérus during the 
definitive procedure. Similarly, an anterior midline 
approach is not the preferred approach for knee tumors. 
We prefer either a médial or latéral approach as we 
usually preserve the rectus femoris (Fig. 2). 

The correct sites are given in the Table 1. We wish to 
point out that these recommendations are based on the 
currently used limb salvage procedures by us. The final 
decision is of course that of the surgeon going to do the 
final procedure. 

WHAT PART OF THE TUMOR SHOULD BE 
BIOPSIED? 

Sarcomas grow centripetally and therefore hâve viable 
cells in the periphery. The centers of many rapidly 
growing tumors are necrotic. The best material for 
diagnosis is therefore from the periphery. Biopsy from 
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Fig. 1: Correct site for biopsy from the proximal humérus. It 
should be through the anterior deltoid so that the hematoma 
can be contained by the muscle. The standard deltopectoral 
site would allow tracking of hematoma and tumor cells along 
loose areolar planes 


TABLE 1 : Correct biopsy site 

Through an incision that is parallel 
to the long axis of the cia vicie. 

An oblique incision which passes 
from superior latéral over the 
acromion to distal médial near the 
level of the inferior corner of the 
scapula. 

Through anterior deltoid (Fig. 1) 
Posterior arm in midline 
Along a line passing from the pubic 
tubercle to the anterior superior iliac 
spine over the iliac crest and to the 
posterior superior iliac spine 
depending upon the location of the 
lésion. Another incision line from 
ASIS to greater trochanter. Ne ver 
through the buttock. 

Hip and proximal fémur Through the latéral approach. Do not 
cross IM septum. 

Distal fémur (Fig. 2) Anterior, médial or latéral and 
proximal to the suprapatellar pouch. 
Never through the rectus femoris. Do 

not enter the joint. 

Proximal tibia (Fig. 5) Anteromedial or antérolatéral 
aspect. Do not enter the joint. 
Never midline exposing through 
the patellar tendon. 


Clavicle 
Scapula (Fig. 3) 


Proximal humérus 
Distal humérus 
Pelvis (Fig. 4) 



Fig. 2: The correct site for biopsy of distal fémur tumor is médial 
or latéral depending on where the tumor has maximum extent. 
The biopsy scar is excised en bloc with the tumor 


the soft tissue comportent of a bone tumor is as 
représentative as that from the bone and does not risk a 
fracture. Obviously ossified or calcified tissue should be 
avoided as these areas are paucicellular. Lytic areas 
provide the most représentative tissue. Image guidance 
with a c-arm or CT scan is often useful when imaging 
points to the most suitable région to biopsy. This is most 
important for a needle biopsy where the maximum 
number of errors are created due to wrong targeting. 



Fig. 3: The incision for scapulectomy extends from angle of 
acromion laterally to inferior pôle of scapula medially. The site 
for biopsy should be along this line 
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Fig. 4: General incision for pelvic resections : Line joining pubic 
symphysis to anterior superior iliac spine(ASIS) and then along 
iliac crest to posterior superior iliac spine. The second part of 
the incision begins just behind the ASIS and moves along the 
latéral thigh towards the greater trochanter and moves along 
the gluteal crease upto ischial tuberosity. The biopsy should 
be along these lines 



Fig. 5: Incision for the proximal tibia is anteromedial or 
antérolatéral, a safe distance from the margin of the patellar 
tendon. Utmost care should be taken to prevent contamination 
of the patellar tendon 



Figs 6A and B: Skin excision after biopsy: Figure on the top 
shows excision of the open biopsy tract and the picture below 
shows skin excision after a needle biopsy. After needle biopsy 
tract excision closure is never a problem 

NEEDLE BIOPSY AND OPEN BIOPSY— 

AN OVERVIEW 

Traditionally an open biopsy has been used. The tissue 
is obtained by an operative procedure which involves an 
incision into the tumor. The material obtained is generally 
adéquate in quantity and less challenging to the skills of 
the pathologist. The matrix, cells as well as the architecture 
of cells can be studied and if necessary spécial tests can 
be done. The errors in diagnosis are therefore less. 

An open biopsy has to be scheduled as any other 
operative procedure. General anesthésia is usually 
required. It is therefore a more expensive affair than a 
needle biopsy which is done as a percutaneous outpatient 
procedure. An open biopsy is also a more traumatic 
procedure. It involves greater tissue trauma, more blood 
loss and a higher risk of complications such as hematoma, 
infection and pathologie fracture. If a tourniquet is used 
there is always a fear that the oozing from tumor vessels 
after the tourniquet is released may contaminate large 
areas of the limb. Ail this makes an open biopsy a less 
forgiving procedure and a correct technique is of utmost 
importance if limb salvage is considered. The skin 
removed at final procedure is more and may compromise 
closure during salvage surgery (Fig. 6). 

In contradistinction to fine-needle aspiration biopsy, 
large gauge percutaneous cutting-needle or core-needle 
biopsy yields solid specimens that are amenable to 
histologie analysis. Multiple samples can be obtained 
from the same puncture site by slightly changing the 
angle of approach. Core biopsy is especially helpful in 
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difficult areas, such as the spine, pelvis and hips. Here it 
can be done image intensifier guided or CT guided. 

Percutaneous biopsy of bone offers several 
advantages compared with open procedures. The 
methods are simple and economical; the biopsy can be 
done as an outpatient procedure, saving the time and 
extent of hospitalization. With the current impetus 
towards cost containment, core-needle biopsy offers 
major savings compared with open biopsy. Healing of a 
wound is not endangered and thus, treatment with 
radiation and chemotherapy can be started appropriately. 
The opportunities of a limb salvage are improved, since 
there is less disruption of soft tissue and fascial planes. 
There is less risk of increased stress risers and pathological 
fractures. The rate of complications has been less than 
1% in most sériés. Needle biopsies can reach deep areas 
of the skeleton that are otherwise accessible only by open 
operation and multiple specimens can be obtained 
without increasing morbidity. When a needle biopsy is 
non-diagnostic, it can easily be repeated, or an open 
biopsy can be performed without major morbidity to the 
patient. It does however require a skilled and experienced 
pathologist to reach an accurate diagnosis from the small 
sample of tissue. This may be possible only in specialized 
centres. The error rates are higher than with an open 
biopsy. 

WHAT IS THE ACCURACY OF A NEEDLE BIOPSY? 

The diagnostic accuracy for trucut biopsy for soft tissue 
tumors approaches 96%. The diagnostic accuracy 
reported in literature for closed bone biopsy of bone 
tumors is about 80%. In our expérience, histopathological 
diagnosis was obtained in 89% (121 of 136) patients. 
The specimen was non-representative in 15 patients. 
96.9% (62 of 64) patients who had a confirmed final 
diagnosis had an accurate J needle histopathological 
diagnosis. 

What needle to use? 

To biopsy a soft mass we use the trucut-needle biopsy 
System consisting of a cannulated needle with an inner 
trocar that contains a specimen notch. We use a spring 
loaded System to reduce crushing artifacts and pain 
(Fig. 7). The trucut needle mounts onto a spring loaded 
gun. Alternatively, disposable single use spring loaded 
guns for core biopsy are commercially available. 

For obtaining cores from bone we use the Jamshidi 
needle which consists of an outer cannula and an inner 
trocar (Fig. 8). A stylet to remove the cores from the 
cannula complétés the set. The needle is sharp enough to 
penetrate metaphyseal bone. For the spine a coaxial bone 



Fig. 7: The biopsy gun used by us at TMH. The trigger(t) 
releases the spring(s) which drives the trucut needle (N) into 
the tumor to yield a core 
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Fig. 8: The Jamshidi needle for bone biopsies, 
c: cannula; t: trocar; s: stilet 


needle like the cook's needle is used. Generally 2-3 cores 
are adéquate. 

TECHNIQUE FOR NEEDLE BIOPSY 

A trucut biopsy is done after infiltrating skin with local 
anesthetic. Too much infiltration can increase the area of 
contamination. The needle is advanced till it enters the 
tumor. The trigger is released and the needle withdrawn 
to obtain the core. 

For bone the Jamshidi needle is advanced through 
the stab incision until the trocar touches the bone. With 
rotatory motion the outer cortex is pierced and the trocar 
is withdrawn. The cannula is further introduced into the 
bone and rotated to core out the tissue. The cannula is 
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withdrawn and the core removed from the cannula using 
a stylet. The trocar is replaced in the cannula and the 
procedure repeated from the same puncture site by 
slightly changing the angle of approach. 

The needle should penetrate different areas of the 
tumor from the same point of entry by changing the angle 
of approach. Sarcomas are often heterogenous; some 
areas appear low grade whereas some may be very high 
grade. Often necrotic areas are présent and there may be 
areas of dedifferentiation. Sampling multiple areas can 
thus reduce the errors. After adéquate cores are obtained 
(we usually take three), the wound is closed using a single 
skin suture. In general, the procedure is well tolerated 
with local anesthésia. In our expérience, in no patient did 
we fail to complété the procedure for any reason. 

PRINCIPLES OF OPEN BIOPSY TECHNIQUE 

During an incisional biopsy attention to technical details 
is important for high specimen quality and reduced 
tumor spread. It is emphasized that the biopsy is a very 
important step in the évaluation of musculoskeletal 
lésions and that it requires careful planning and execution 
as in any surgery. Biopsy is not to be regarded as a simple 
minor procedure. Close attention to asepsis, skin 
préparation, hemostasis and wound closure is necessary 
to minimize complications. 

1. Place the skin incision in such a manner so as not to 
compromise a subséquent definitive surgical 
procedure (avoid transverse incisions). The incision 
should be in line with the planned final surgical 
incision and should be as small as compatible with 
the obtaining of an adéquate tissue specimen. 

2. No flaps should be raised. One should eut directly 
into the tumor. This reduces contamination and 
minimizes tissue loss at final surgery. 

3. The periphery of any malignant tumor is its most 
viable, représentative and diagnostic portion, whereas 
the central portion is often necrotic. The area of the 
Codman triangle should be avoided because of the 
risk that the reactive bone will be interpreted as an 
osteosarcoma. It is not necessary to biopsy the bone 
containing a malignant bone tumor unless there is no 
soft tissue extension. Violating the cortex of a bone 
that contains malignant tumor may lead to 
pathological fracture. If the bone must be opened a 
small circular hole should be made with a trephine, 
so that only minimum stress-risers are created. 

4. Meticulous hemostasis is necessary so that substantial 
postoperative hematoma is prevented. 2,4,8 If a hole has 
been created in the bone, it should be plugged with 
Gelfoam or methylmethaacrylate to prevent bleeding 
into the soft tissues. 



Fig. 9: Example of a badly place drain site (white arrow). It 
should hâve been ideally situated at wound ends marked A 
and B 


5. Be certain that an adéquate amount of représentative 
tissue is obtained and that the pathologist préparés 
the slides in a manner that will allow a definitive 
diagnosis. 

6. Biopsy site must be closed carefully to prevent 
necrosis. 

7. Suction drains should not be used if malignant disease 
is likely, as the drainage tube tract can be a site for 
tumor spread and will hâve to be excised en bloc with 
the biopsy site. If a drain must be used, the tract should 
be adjacent to and in line with the biopsy incision. 
Drain exiting away from incision means more 
contaminated skin and more excision at time of 
resection (Fig. 9). 

THE PATHOLOGY REPORT ... READ BETWEEN 
THE LINES 

1. Ensure that the material was adéquate and 
représentative. 

2. No diagnosis does not always mean a failed biopsy. 
In lésions like UBC it can rule out other differential 
diagnoses. 

3. In a needle biopsy the diagnosis is not often 
"confident" or complété. If the diagnosis is consistent 
with the clinico-radiologic picture then treatment can 
be started immediately, e.g a diagnosis of a sarcoma 
without clear osteoid is consistent with a diagnosis of 
an osteosarcoma in a 15-year-old child with a classical 
X-ray picture. 

4. If the pathologist cannot make a diagnosis because of 
unfamiliarity with bone and soft-tissue tumors, urge 
him/her to seek consultation promptly. 
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Figs 10A to C: A case of a proximal tibial tumor in a 22-years- 
old woman. A and B show a well defined eccentric lésion in the 
latéral condyle of the tibia. This was curetted elsewhere without 
a biopsy and cernent packed. 12 months later she presented 
with a new lytic lésion anterior to the cernent. Biopsy done 
revealed a spindle cell tumor with giant cells and 20-30 mitosis/ 
hpf. This was reported as a sarcoma. Clinico-radiologic picture 
was that of a GCT so the case was discussed with the 
pathologist. It was then labeled as a GCT with an unusually 
high mitotic rate as the cells did not show sarcomatous 
character. This case illustrâtes the importance of correlating 
the pathology with clinico-radiological picture and also highlights 
the importance of communication between the surgeon and 
the pathologist 

5. If the diagnosis does not match the clinico-radiologic 
picture then the pathologist should be asked to review 
the diagnosis. If necessary one can repeat the biopsy 
or do an open biopsy (Fig. 10). 

6. Additional tests such as immunohistochemistry, 
électron microscopy and molecular cytogenetics can 
help diagnosis in some cases. For example these tests 
can help differentiate between lymphoma and 
Ewing's sarcoma (both are small round cell tumors). 

SOME MORE RULES 

1. If the orthopedist or the institution is not equipped to 
perform accurate diagnostic studies or definitive 
surgery and adjunctive treatment, the patient should 
be referred to a treating center prior to performance 
of the biopsy. 

2. Ail the material collected at biopsy should be 
processed at one place. It is a bad idea to divide the 
material and send it to different pathology 
laboratories. Due to the heterogenous nature of many 
sarcomas this can lead to different reports and more 
confusion. For any discrepancy, it is better to seek a 
second opinion on the same material by sending slides 
and blocks. 



Fig. 11: A case of a primary malignant giant cell tumor. Note 
the giant cell tumor like areas (black arrow) alongside the 
sarcomatous component (white arrow). A needle biopsy initially 
had sampled only the GCT like component and a diagnosis of 
GCT was made. Only after resection of the specimen was a 
correct diagnosis of a sarcoma made. This sampling error is a 
potential pitfall with a needle biopsy 

3. The pathologist should be provided with ail the 
clinical and imaging information. Without this 
background the diagnosis can be seriously wrong. 

4. If the needle biopsy yields only fluid or blood an 
FNAC can be done to establish the diagnosis. 

5. Beware of heterogenous or dedifferentiated tumors. 
A needle biopsy may sample only one area and give 
an incorrect diagnosis. The dedifferentiated compo¬ 
nent may not be sampled or only a low grade area 
may be sampled from a tumor which is otherwise high 
grade (Fig. 11). 

THE ROLE OF FINE NEEDLE ASPIRATION 
CYTOLOGY 

Fine-needle aspiration of soft tissue masses can be carried 
out with a relatively small needle (0.7 mm in diameter). 
The fine needle aspiration has had variable (64-96%) 
diagnostic accuracy for soft-tissue tumors and the rate 
has been as low as 54% for primary malignant tumors of 
bone. The most frequent cited disadvantage of needle 
aspiration biopsy has been the small size of the sample 
that is obtained. The cytopathologist is asked to make a 
diagnosis on the basis of very small amount of tissue that 
may not be truly représentative of the lésion. The 
specimen may be adéquate in volume but inadéquate in 
character. Crush artefact, necrotic débris, and the 
prédominance of blood in the aspirate can hinder accurate 
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interprétation. Lésions that are sclerotic, blastic or 
cartilaginous, or that contain areas of necrosis can présent 
diagnostic difficulties. 

The correct technique: A18 to 23 gauge needle is introduced 
into the area of interest and négative pressure applied 
with the syringe. Without abandoning the lésion, the 
needle is pulled back and forth several times in various 
directions, and finally, as one no longer applies négative 
pressure, the needle is withdrawn. The contents of the 
needle are used to préparé the smears, especially the 
contents of the needle hub. The syringe contents are 
washed in alcohol solution and sent for analysis 
separately. 

THE ROLE OF FROZEN SECTION 

This process allows the surgeon the flexibility of 
intraoperative decision making. The tissue obtained 
during surgery can be studied histologically and report 
available in 10 to 15 min. This would be useful in the 
following situations: 

1. The diagnosis is reasonably certain on the basis of 
clinical findings and the imaging. In such situations, 
inorder to avoid the delay associated with a formai 
paraffin section histology, a frozen section may be 
used intraoperatively prior to carrying out the final 
procedure, e.g. a suspected giant cell tumor of the 
distal radius. Curetting canbe done immediately after 
a frozen section report. 

2. Suspicious margins: Any area where the surgeon is 
unsure about margins can be sent for frozen section 
and further decisions can be made. 

3. Pathological fractures in metastatic disease where the 
primary is known or the workup strongly suggests 
the primary. The frozen section can confirm the 
diagnosis and allow the final procedure to be carried 
out at the same time. 

4. Core needle biopsies: This can confirm whether the tissue 
is représentative or not. 

Drawbacks of Frozen Section 

1. Bone section needs décalcification: An accurate diagnosis 
is not possible unless a soft tissue component is 
présent. 

2. Major decisions such as amputation are best taken on 
final paraffin section report. 

3. While it may be possible to differentiate a benign from 
a malignant lésion, the grading of the malignancy is 
not reliable. 


ADDITIONAL TESTS 

As has been stated earlier, today the diagnosis does not 
end with histology. Certain additional tests such as 
immunohistochemistry (IHC), électron microscopy and 
cytogenetics can help subtype the tumor. This may hâve 
a bearing on the treatment or prognosis, e.g. immuno¬ 
histochemistry can be used to identify cell of origin in 
spindle cell sarcomas. An Ewing's tumor can be 
differentiated from a lymphoma using IHC—The former 
shows MIC2 antigens. The material for these tests is the 
same as that submitted for a formai biopsy. 

SUMMARY 

The biopsy should be done only after appropriate 
imaging. It should be done at the centre by the team which 
will perform the final procedure. A needle biopsy is safer 
but requires a skilled pathologist for interprétation. A 
clinico-radiologic corrélation is necessary for final 
pathologie diagnosis and calls for co-ordination between 
the surgeon, radiologist and the pathologist. Additional 
diagnostic tools like immunohistochemistry and 
cytogenetics can aid differential diagnosis. The surgical 
principles and technique should be meticulously adhered 
to failing which an unnecessary amputation may resuit. 

Before doing a biopsy think. After reading a biopsy 
report, think again. 
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Principles of Treatment of 
Bone Sarcomas and Current 
Rôle ofLimb Salvage 


Robert J Grimer 


The treatment of bone sarcomas has been transformée! 
over the past five years by improvements in imaging, 
chemotherapy and surgery. The previous inévitable 
sequence of diagnosis, amputation, metastasis and death 
has now been changed by these advances and well over 
50% of patients with sarcomas can be cured, many 
retaining a useful functioning limb. 

One of the keys to success in treating sarcomas is early 
diagnosis. Patients presenting with large fungating 
tumors and multiple métastasés hâve little prospect of 
limb salvage or cure. Diagnosing bone tumors is however 
very difficult because they présent in a very subtle 
manner. The initial symptoms are very nonspecific with 
aches and pains. Gradually however the patient will be 
aware of a more constant pain in the affected bone and 
will often be kept awake by the pain. Non-mechanical 
bone pain of this sort should always be investigated as it 
usually means that there is a pathological cause for it, 
either infection or tumor. Most patients actually présent 
with a bony mass, many of which will reach a surprisingly 
large size by présentation. 

THE BIOPSY 

The principles of biopsy of bone sarcomas hâve been well 
established by Mankin and others and nowadays most 
bone biopsies will be done using a bone needle biopsy. 
This will give a generous core of tissue, which should 
include the tumor itself and the interface with the 
surrounding tissues, as this can be a key to détermine if 
the condition is malignant or not. The principles of biopsy 
are covered in detail in the chapter on biopsy. Whenever 
a suspected bone tumor is biopsied, it is mandatory that 
specimens should be sent for microbiological analysis, 
including tuberculosis if this is thought possible in the 
differential diagnosis. 


The key person in establishing the diagnosis is the 
pathologist. Errors in diagnosing bone tumors are 
extremely common and most experienced bone tumor 
pathologists will be reluctant to provide a diagnosis 
without review of the X-rays and scans or discussion with 
an experienced radiologist. Differentiating between such 
things as fracture callus and osteosarcoma can be difficult 
as well as differentiating between aneurysmal bone cysts 
and osteosarcoma. The lower the grade of the tumor the 
more difficult the histology often becomes as 
differentiating between low-grade chondrosarcomas and 
benign cartilage lésions is often more a radiological than 
a histological diagnosis. 

PRINCIPLES OF MANAGEMENT 

The main aim in treating a patient with a bone sarcoma 
is to cure the patient. Anything which compromises this 
aim should be undertaken with caution. The first step is 
always to identify whether the patient is likely to benefit 
from chemotherapy or other neoadjuvant treatments. If 
this is indicated then this treatment should be 
commenced as soon as possible according to established 
international protocols (Table 1). 

Neoadjuvant Chemotherapy 

Neoadjuvant chemotherapy began to be used for 
osteosarcoma in the early 1980s. It was initially used 
because of the time required to manufacture a prosthesis 
for patients undergoing limb salvage surgery. Since then, 
however neoadjuvant chemotherapy has become normal 
practice in ail bone tumors requiring chemotherapy. The 
advantages of neoadjuvant chemotherapy are that, in the 
vast majority of cases, it will allow early treatment of 
potential micrometastases which are known to be présent 
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TABLE 1 : Treatment modalities generally used for different tumors 


Tumor 

Chemotherapy ? 

Radiotherapy? 

Surgery? 

Osteosarcoma 

Yes 

Only for palliation 

Essential for cure 

Periosteal osteosarcoma 

Y es 

No 

Essential for cure 

Parosteal osteosarcoma 

No 

No 

Essential for cure 

Ewing's sarcoma 

Yes 

If poor response or not 
completely resectable 

Usually indicated 

Chondrosarcoma 

No 

No 

Essential for cure 

Dedifferentiated chondrosarcoma 

Yes 

Only for palliation 

Essential for cure 


in over 80% of patients with osteosarcoma and probably 
in ail patients with Ewing's sarcoma. The other advantage 
is that in most cases, it will allow the primary tumor to 
shrink down and thus become safer to operate on. Finally, 
the use of preoperative chemotherapy will allow an 
assessment of the effectiveness of this chemotherapy 
when the resected tumor is analysed histologically. It is 
now well established that in cases where there is more 
than 90% necrosis of the tumor from neoadjuvant 
chemotherapy, there is a significant survival advantage 
to the patient. Conversely however no one thus far has 
shown that changing chemotherapy for poor responders 
leads to any survival advantage. 

Neoadjuvant Radiotherapy 

Neoadjuvant radiotherapy is not usually used in most 
bone tumors but can occasionally be used in Ewing's 
sarcomas which are not responding well to chemo¬ 
therapy. Ewing's sarcoma is a slightly unusual tumor in 
that it was initially treated by radiotherapy alone with 
excellent local control but subséquent development of 
métastasés in virtually ail cases. As a resuit of this 
chemotherapy has been used. It was initially combined 
with radiotherapy alone to provide local control but we 
now know that up to 20% of patients who only hâve 
chemotherapy and radiotherapy will develop local 
relapse which has a very poor prognosis. Thus, in general, 
ail patients with Ewing's sarcoma should be considered 
for chemotherapy and surgical resection of the tumor 
while radiotherapy is reserved for patients who hâve 
close margins of excision or poor response to 
chemotherapy. In selected sites where the morbidity of 
surgical resection is great, radiotherapy alone can still 
sometimes be used (e.g. the pelvis). 

Surgical Decision Making 

The decision about what type of surgery is going to be 
required for an individual patient will dépend very much 


upon the diagnosis, the site of the tumor, the extent of 
the tumor (especially into soft tissues), the response of 
the tumor to neoadjuvant chemotherapy as well as the 
patient's âge, background and in some cases their 
financial means. 

The key principle for the surgeon however is that any 
surgery must first of ail completely resect the tumor and 
any adjacent involved soft tissues. 

The aim of tumor surgery is to achieve wide margins 
whenever possible. This is not always possible and 
sometimes a decision has to be made as to whether the 
marginal excision of a tumor is acceptable or whether an 
amputation should be carried out to obtain wide or 
radical margins. 

The main hazard of narrow margins of excision is local 
récurrence. Local récurrence is usually a disaster for the 
patient as it will often mean that they require further 
surgery, sometimes amputation. In up to one half of cases, 
local récurrence will be accompanied by distant 
métastasés appearing at the same time, but in the other 
half of patients, local récurrence will be an isolated event. 
In these patients, cure can still be achieved by wide 
excision of the local récurrence. The significance of local 
récurrence on overall survival remains contr over sial; but 
it seems likely that a local récurrence probably has a small 
but significant effect on the prospect of cure. The likely 
risks of local récurrence based on margins of excision and 
response to neoadjuvant chemotherapy are shown in 
Table 2. 

LIMB SALVAGE OR AMPUTATION? 

The first decision as to whether limb salvage or 
amputation is préférable will be based upon the margins 
of excision that can be achieved and whether this will 
allow préservation of sufficient structures that are useful. 
In general, if the main nerve to the limb has to be 
sacrificed along with bone then usually limb salvage is 
not going to produce a very useful limb and amputation 
should be considered. If however the main blood vessels 
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TABLE 2: Risk of local récurrence related to margins of excision and response to neoadjuvant chemotherapy 


Tumor type 

Intralesional 

Marginal 

Wide 

Radical 

Osteosarcoma with >90% necrosis 

30% 

10% 

4% 

0 

Osteosarcoma with <90% necrosis 

50% 

25% 

10% 

2% 

Ewing's sarcoma with >90% necrosis 

4% 

2% 

1% 

0 

Ewing's sarcoma with <90% necrosis 

30% 

25% 

12% 

2% 

Chondrosarcoma 

50% 

25% 

15% 

2% 


need resecting and can easily be replaced, this is not an 
absolute contraindication to limb salvage. 

The key point about limb salvage surgery is that it 
should only be carried out if it is oncologically safe to do 
so and if functionally and cosmetically it produces a resuit 
which is as good as if not better than amputation at an 
équivalent level. The presence of a pathological fracture 
is not a contraindication to limb salvage, providing there 
is a good response to neoadjuvant chemotherapy. The 
higher up the limb, the more likely it is that limb salvage 
will be bénéficiai to the patient. For instance, a below knee 
amputation for a tumor around the ankle produces an 
excellent functional outcome which is difficult to beat 
with any method of limb salvage. Conversely, tumors of 
the upper fémur treated by limb salvage produce a 
significantly better functional resuit that can be achieved 
for patients requiring disarticulation of the hip or hind 
quarter amputation. 

Assessing the outcome of limb salvage surgery has 
proved notoriously difficult. The North American 
Musculoskeletal Tumor Society has produced a clinician 
derived scoring System (the MSTS score) whilst a patient 
derived score has many attractions (the TESS score). 

The risks and benefits of the proposed limb salvage 
procedure must be discussed with the patient so that they 
are aware of any increased risk of local récurrence and 
other complications as opposed to the outcome that might 
be achieved with amputation. Many types of limb salvage 
hâve been described for tumors at different sites but the 
categories below summarize the main ones, with some 
of their advantages and disadvantages. In most cases the 
lower limb has been selected to give examples as it is 
where most bone tumors occur. 

Types of Limb Salvage 

• Autografts 

• Allografts 

• Bone lengthening 

• Endoprosthetic replacement 

• Rotationplasty 

• Arthrodesis 


Autografts 

Autograft involves taking a bone from the patient 
themself and using it to fill the defect created by the tumor 
resection. The autograft can be vascularized or non 
vascularized. The idéal vascularized graft is one which 
has a well-documented blood supply, and which is 
reasonably strong, such as the fibula. It is particularly 
useful to replace bones in the upper limb and has been 
used extensively to replace tumors of the distal radius 
(where it fits almost perfectly) and parts of the humérus. 
In the growing child, it is possible with great care to 
harvest the proximal fémoral epiphysis with its own 
blood supply and there are reports of this epiphysis 
continuing to grow, thus allowing replacement of the 
humerai head or distal radial growth plate in young 
children. 

In the lower limb, an isolated autograft is unlikely to 
be sufficiently strong to allow weight bearing until it has 
thickened up and hypertrophied. This can take 18 months 
or more and most authors agréé that a single vascularized 
graft is not appropriate for lower limb reconstruction but 
should usually be combined with some other form of 
bone graft. 

Non vascularized graft can also be harvested from 
the fibula or from other long bones. The classic example 
of this is when a segment of the tibia or the fémur is moved 
to replace a defect around the knee, often combined with 
fibula or some other bone graft to form an arthrodesis. 

Recently there has been a lot of interest in using the 
patient's own tumor bone and replacing it after it has 
been sterilized. Methods of sterilization described hâve 
included the use of autociaving, microwave, pasteurizing, 
liquid nitrogen and radiotherapy. The principle of ail is 
the same — the tumor is removed from the patient, the 
soft tissues and ail macroscopie tumor is removed and 
the remaining bone is sterilized before being reimplanted 
by whatever technique has been selected. The advantage 
is that the bone fits perfectly and although the bone is 
dead, it should unité fairly rapidly. The bone is thus acting 
with the properties of an allograft and as it is dead will 
eventually fail. The technique is thus often combined with 
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a vascularized graft to produce a long term good outcome. 
Thus far, the methods of sterilization selected appear to 
produce good results. The technique is relatively time 
consuming but cheap to use and as the patient's own bone 
is used it gets over any moral or ethical problems of using 
allografts. An essential prerequisite however is that the 
bone should initially not be damaged significantly by the 
tumor otherwise it will become too weak to use once 
sterilized. 

Of ail the available methods described, extracorporeal 
irradiation and reimplantation of bone is one of the most 
useful. This technique was first reported in 1968 but 
recently has become more popular. A dose of 
radiotherapy between 50 and 300 Gray (the idéal dose 
has not yet been established) is usually used. The 
technique has particular attraction in sites such as the 
pelvis and ankle région where conventional recons¬ 
truction using other techniques is difficult. Medium-term 
results are now available from several authors and look 
encouraging. In particular, it would appear that the risk 
of local récurrence in the irradiated bone is very low. It is 
certainly a technique which may hâve greater 
applications in the future. 

Allografts 

An allograft is a dead piece of bone, harvested from a 
bone donor. Allografts of long bones need to be kept 
under very précisé and careful conditions because of the 
high risk of contamination both from the donor and the 
storage process. The American Association of Tissue 
Banks provide clear guidance about this. Establishing a 
tissue bank such as this is time-consuming and expensive 
and relies upon the willingness of patients and families 
to donate parts of the body after death as well as having 
dedicated staff available to retrieve the bones. 

Allografts hâve however for many years been an 
alternative to endoprostheses in limb salvage surgery. 
The complications associated with allografts are well- 
known with a high incidence of delayed or nonunion at 
the bone junction (about 35%), infection (15 to 20%) and 
delayed fracture (25%). Also, there has been much debate 
about the best method of fixing allografts and what 
should be done to try and prevent the complications. Most 
authors now agréé that if an allograft is used it requires 
some form of structural support inside it and this can 
either be achieved by filling it with bone cernent or by 
filling it with a vascularized autograft. 

The combination of allograft (or indeed an irradiated 
bone) and a vascularized fibula graft has considérable 
attractions and the technique has been produced 
impressive results. The combination of allograft with a 


vascularized fibula graft allows early weight bearing on 
the allografts which gradually becomes redundant as the 
vascularized graft unités proximally and distally with the 
host bone and then hypertrophies. As a resuit, within a 
few years, the allograft becomes superfluous and the 
vascularized graft is taking ail the weight. 

The best results of allograft use are in diaphyseal 
resections. Osteoarticular allografts can also be used to 
replace the end of long bones, preserving the articular 
cartilage. Most authors hâve rather indifferent results 
using this technique although the long-term results from 
Muscolo et al in South America are impressive. 

An allograft prosthesis combination has been used 
by others to theoretically give the best of both worlds, 
replacing the joint with a prosthesis and the bone with 
an allograft. Others would suggest that this combines the 
complications of both techniques without the advantage 
of either! 

There is no doubt that allografts will remain in use 
for the foreseeable future where they are available. 

Bone Lengthening 

Bone lengthening uses the principles of either epiphyseal 
distraction or callotasis. A variety of methods hâve been 
described for its useful following resection of bone 
tumor s. In some situations, the bone is stabilised using 
an external fixator and bone is then transported to fill 
the defect. In other situations, an acute shortening can be 
carried out, followed a later date by lengthening 
procedure. Others hâve described the option of 
distracting the epiphysis adjacent to tumor before settling 
it and then filling the defect with an allograft. 

Ail of these techniques are time-consuming and 
intricate. There is a high incidence of complications, 
particularly in patients undergoing chemotherapy. The 
main advantage of this technique however is that, once 
successfully accomplished, the patient has a vascularized 
new bone that replaces the old one. The time taken for 
this to happen and until function can be restored is 
however considerably longer than in patients not having 
chemotherapy and it should be anticipated that the length 
of treatment will be approximately two months for each 
centimètre of bone that is excised. 

Endoprosthetic Replacement 

Métal replacements hâve been used as a natural artificial 
replacement for resected bones for over 50 years. Advan- 
ces in bioengineering, materials and joint replacements 
hâve meant that these reconstructions hâve become 
increasingly sophisticated with time. The main challenge 
in designing an endoprosthetic replacement has been to 
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find a material which is biologically inert yet which can 
be tolerated by the body. Titanium seems to be the 
optimum métal to use, being light and strong, although 
expensive to manufacture. The bearing surface is also a 
major problem. Bearing in mind that many patients who 
undergo an endoprosthetic replacement will be young, 
those who survive their tumor will put their prosthesis 
to good use and wear of the articulation can become a 
problem. High-density polyethylene is the traditional 
bearing surface used at the hip and the knee but wear 
products can be a major problem in the longer term 
leading to loosening of the prosthesis. Métal on métal 
articulations at the hip hâve recently proved successful 
alternatives in younger patients undergoing hip joint 
replacement and it appears likely that similar benefits 
could be achieved in young patients undergoing 
endoprosthetic replacement. 

At the knee, the simplest type of reconstruction is a 
straightforward hinged knee with a HDPE bearing and 
axle. Theoretically this puts a lot of rotational strain on 
the fixation site and may be a cause of early loosening. 
The use of a rotating hinge is thus to be preferred 
whenever possible and does seem to lead to reduced 
problems with both wear and loosening. 

The fixation of the prosthesis is another area where 
there is considérable debate. Some prostheses rely almost 
exclusively on an uncemented fixation whilst others are 
cemented in place. The former can lead to problems with 
stress shielding and bone resorbtion as well as requiring 
time for the fixation to be secure. Cemented fixation 
provides immédiate strength but can lead to problems 
with loosening in the longer term, with aseptie loosening 
being the main problem, possibly aggravated by wear 
débris from any HDPE articulation. A neat combination 
of the two is to use a cemented fixation of the prosthesis 
stem with a hydroxyapatite collar on the prosthesis at 
the prosthesis-bone junction. This allows ingrowth of the 
bone into the collar around the prosthesis whilst having 
ail the advantages of immédiate stability with the 
cemented stem. The bone ingrowth in effect Tocks' the 
prosthesis in place and acts as a biological 'purse string' 
to prevent wear débris tracking along the side of the stem 
to cause loosening. 

Modem endoprostheses are frequently modular, 
allowing the surgeon to choose the bits he wants to use. 
This has the advantage of expediency whilst limiting the 
reconstructive options. For many reconstructions in 
adults, a modular prosthesis will work perfectly whilst 
in children and in unusual situations a custom-made 
implant may still be needed. 

The main problems with endoprostheses are of 
infection, wear, breakage and loosening. Of these. 


infection is by far the most serious for the patient. 
Infection can arise acutely either in the early days 
following surgery or following a bacteremia from some 
other cause (infection elsewhere in the body such as an 
infected central line, an ingrowing toenail or dental sepsis 
being some of the most common). The most frequent 
organisms to cause acute infection are staph aureus and 
streptococci. The idéal treatment is immédiate drainage 
of the infection and intravenous antibiotics. Despite this 
only about 20% of these infections can be cured by this 
treatment. Most acute infections turn into chronic ones 
and are then treated the same way as the late onset 
subacute /chronic infections, usually due to coagulase 
négative staph (staph epidermidis). These late infections 
often présent insidiously with pain and increasing 
stiffness around a previously good functioning prosthesis. 
Any patient with pain and radiological loosening should 
be suspected of having infection until proved otherwise. 
Either or both the ESR and CRP will be raised (often not 
by much) but the definitive test is a positive culture 
obtained by aspiration of the prosthesis cavity. 

Treatment of chronic infection usually requires 
removal of the prosthesis and ail infected material 
followed by filling the resulting cavity with an antibiotic 
spacer (usually constructed using tubes of antibiotic 
cernent moulded to the shape of the missing prosthesis 
and containing the relevant effective antibiotics—often 
Gentamicin and Vancomycin) before reimplantation of 
a new prosthesis once ail signs of infection hâve resolved. 
This technique is effective in about 80% of cases in 
controlling infection, but in some patients infection can 
only be controlled by amputation. 

The risk of infection arising is related to the type of 
prosthesis used (tibia and pelvis are at greatest risk), 
whether there has been local radiotherapy used 
(increased risk) but is mainly related to repeat operations. 
Every operation on an existing prosthesis carries a 
potential risk of introducing or activating latent 
infection—this risk being about 2% per-operation. 

Particular endoprosthetic reconstructions pose 
particular challenges. In the upper limb, proximal 
humerai endoprostheses act as little more than a spacer 
and although there hâve been various attempts to 
improve function with various shoulder joint replace¬ 
ments, these hâve been largely unsuccessful. Most 
patients with an endoprosthesis of the proximal humérus 
will hâve limited movements and few will be able to 
elevate their arm above shoulder height. The more muscle 
that can be preserved the better the function is likely to 
be. Function usually approaches about 80% normal (using 
both MSTS and TESS scores) and once inserted the 
prostheses usually cause few problems with a failure rate 
of about 0.5% per year. 
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The distal humérus can be successfully replaced with 
reasonable long term results. A floppy hinge type 
prosthesis fixed to the ulna is usually preferred, the main 
problem being loosening or breakage. 

The proximal fémur is a frequent site for an endo- 
prosthesis to be required, particularly for patients with 
metastatic disease. The main problem of resecting a tumor 
at this site is the loss of the abductor lever arm attached 
to the greater trochanter. In some situations where the 
greater trochanter is not involved with tumor this part of 
bone can be reattached to the prosthesis but more 
frequently the bone cannot be safely resected and the 
gluteus médius muscle is best attached to the fascia lata. 
No one has successfully thus far been able to reattach 
muscle to a prosthesis. Dislocation of the fémoral head is 
also a problem, particularly in the elderly when there has 
been significant muscle resection. The use of a large 
fémoral head seems to reduce this risk and in patients 
with limited life expectancy the use of a unipolar head 
may be appropriate. 

Distal fémoral resections are the most common 
reconstructions following treatment of primary bone 
tumors and on the whole work well. If the tumor involves 
the knee joint then an extra-articular resection should be 
carried out. Many patients hâve near normal function 
following a distal fémoral replacement but wear and 
loosening frequently become a problem. A failure rate of 
about 2% per year is reported from most sériés, although 
there are some patients who still hâve a normal 
functioning prosthesis for over 30 years. 

The proximal tibia is a complex area to reconstruct. 
The main problem being the loss of the extensor 
mechanism attachment at the tibial tubercle and the 
subcutaneous nature of the replaced bone. Most surgeons 
would now routinely cover the prosthesis with a 
gastrocnemius muscle flap which serves the dual purpose 
of providing soft tissue coverage to the prosthesis and 
also allowing the patella tendon to be attached to this. 
Despite this proximal tibial endoprostheses hâve the 
highest risk of complications, especially infection and also 
mechanical failure. 

It is possible to replace other bones, with pelvic 
endoprostheses being the most common other site. These 
operations are technically complex with a high risk of 
complications but can be justified in some situations. 

Endoprostheses are expensive. The cost of using one 
has to be balanced against the benefits and also against 
the predicted likely failure rate of the implant and against 
the alternatives. If the prosthesis that is inserted has a 
low failure rate and will produce a predictably good 
functional outcome, then it is likely to be cost-effective. 


Rotationplasty 

The principle of rotationplasty is to excise the diseased 
or damaged part of the limb and then join the remaining 
parts together but in so doing, rotating them through 180°. 
The most common site where rotationplasty is used is 
for tumors of the distal fémur. In this situation the patients 
would undergo an en bloc excision of the lower half or 
two thirds of the thigh and knee joint and the tibia and 
calf would then be joined to the upper thigh. The vessels 
can be divided and reanastomosed but the sciatic nerve 
has to be carefully removed from the resected portion 
and retained inside the anastomosed segments. The 
rotation is necessary as otherwise the foot would end up 
pointing forwards—once rotated however, the ankle now 
becomes the knee and the foot becomes a useful 
attachment for a below knee prosthesis. Because the 
sciatic nerve is preserved, the foot will work and the 
patient ends up with several advantages. Firstly he will 
hâve a very useful functioning below knee amputation 
équivalent rather than a high above knee one and 
secondly there will be no phantom pain as there has not 
been an amputation. 

Winkelmann has shown that a very attractive option 
for young children with tumors involving the entire 
fémur is to simply resect the fémur and insert the latéral 
tibial plateau into the hip joint, producing a rotated limb 
with a false hip. In children under the âge of 6 this will 
remodel to produce a remarkably good hip joint! 

Arthrodesis 

Traditionally, excision and arthrodesis was one of the first 
type of limb salvage operations carried out for tumors 
around the knee. Various methods hâve been used 
involving turn up or turn downs of parts of the fémur or 
tibia as well as the use of allografts or vascularised fibula 
grafts. The main advantage of this operation is that it is 
relatively cheap and straightforward. It is particularly 
useful for manual workers who do not hâve to kneel. It 
has complications including a high risk of delayed or non 
union and fracture but many patients will live a very full 
life with an arthrodesis. It does however hâve functional 
drawbacks. An arthrodesed knee is awkward and causes 
problems when sitting, particularly in public transport 
such as buses, trains and planes. It very much dépends 
upon the likely lifestyle of the individual patient as to 
whether this reconstruction will be acceptable. 

CONCLUSION 

The surgeon remains the key player in orthopédie 
oncology. He must décidé with the patient what is the 
best surgical procedure for that individual and he is then 
responsible for achieving adéquate margins or resection 
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around the tumor and reconstructing the limb if limb 
salvage is chosen. The patient will hâve to live with the 
results of the surgeon's expertise and will hâve to face 
the conséquences of local récurrence or poor function and 
complications if ail do not go according to plan. Better 
outcomes are likely to be achieved with centralization of 
expertise at régional centers so that surgeons and their 
teams can offer a full range of surgical options to their 
patients, based upon expérience and knowledge. 
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134.1 Systemic Therapy of Malignant Bone and 

Soft Tissue Sarcomas 

PM Parikh, A Bakshi, PA Kurkure 


This chapter will deal with the systemic therapy of 
ostéogénie sarcomas, Ewing's sarcoma family of tumors 
and soft tissue sarcomas. 

SYSTEMIC THERAPY OF OSTEOGENIC SARCOMA 
(OGS)—PRINCIPLES 

Prior to the introduction of effective chemotherapy, 
surgery with/ without radiotherapy was the mainstay of 
treatment of ostéogénie sarcoma. However, using these 
modalities, the outcome was poor with 2 years overall 
survival rates of about 15 to 20%. This was predominantly 
related to the development of metastatic disease. The 
introduction of multi-agent chemotherapy has dramati- 


cally improved the survival of ostéogénie sarcoma and 
the current five year survival is in the range of 60 to 70%. 

The present-day management of ostéogénie sarcoma 
uses a multimodal approach. Neoadjuvant chemotherapy 
(i.e. chemotherapy administered prior to definitive 
surgery) is the first step. Early delivery of chemotherapy 
targets not only the primary tumor but also the 
micrometastases. It also provides an opportunity to order 
or manufacture a customized endoprosthesis for limb 
salvage procedures. Subséquent surgery permits the 
évaluation of the histologie response to chemotherapy, 
which is a strong predictor of survival in OGS. 
Neoadjuvant chemotherapy is followed by surgical resec¬ 
tion (with wide margins) and adjuvant chemotherapy 


Cycle 

Al 

B1 

A2 
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B2 
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AC 

IA 
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IE 

CE 
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1= Ifosfamide 1800 mg/m 2 /day over 1 hour-Day 1 to Day 5 ( with Mesna uroprotection), A=Adriamycin 25mg/m 2 /day 
as continuous infusion over 24 hours -Day 1 to Day 3, C=Cisplatin 120 mg/m 2 /day over 4 hours -Day 1 only (with 
intravenous hydration), E= Etoposide 150 mg/m 2 /day over 1 hour- Day 1 to Day 3 


Fig. 1: Chemotherapy schedule for ostéogénie sarcoma (OGS-99 protocol) 
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thereafter. Ostéogénie sarcoma being relatively radio¬ 
résistant, radiotherapy does not play a major rôle in its 
management. 

Chemotherapeutic Agents and their Scheduling 

Cisplatin, doxorubicin, methotrexate (in high-doses), 
ifosfamide, and etoposide are the most active 
chemotherapeutic drugs in this disease and majority of 
the protocols use these agents. The rôle of high-dose 
methotrexate in the management of ostéogénie sarcoma 
is controversial with some studies reporting a survival 
benefit while others hâve failed to prove so. Figure 1 
shows the chemotherapy protocol being foliowed at Tata 
Memorial Hospital (OGS-99 protocol). 

Use of preoperative chemotherapy has become the 
standard approach in the management of ostéogénie 
sarcoma. Attempts hâve been made to intensif y or modify 
chemotherapy based on histologie response to 
neoadjuvant chemotherapy but hâve not been shown to 
improve survival. Although several studies hâve tried to 
intensify chemotherapy in patients with poor histologie 
response, this approach has not been shown to improve 
survival. Similarly intensification of therapy during 
preoperative treatment and lengthening the duration of 
neoadjuvant chemotherapy has not been found to be 
bénéficiai. Intra-arterial chemotherapy does not offer a 
significant advantage over systemic chemotherapy. 
Studies are underway evaluating the rôle of interferon-a 
as maintenance therapy in ostéogénie sarcoma. Mono¬ 
clonal antibody based thérapies are under évaluation in 
the management of osteosarcomas. Radioimmuno- 
chemotherapy and gene therapy are also being explored. 
The outcome of patients with clinically détectable 
métastasés at présentation is not good. The management 
of these patients follows the same principles as for the 
patients presenting with localized disease but the survival 
is inferior (10-20%). Patients who relapse following the 
use of chemotherapy and surgery hâve a significantly 
lower probability of survival. The management of these 
patients dépends on the site and number of récurrent 
tumors, initial therapy and time to récurrence. Patients 
with pulmonary metastasis may benefit from surgical 
resection and further chemotherapy and as many as 40% 
of these patients survive more than 5 years after relapse 
using this approach. 

SYSTEMIC THERAPY OF EWING’S FAMILY OF 
TUMORS-PRINCIPLES 

Ewing's family of tumors comprises a spectrum with 
Ewing's tumor as an undifferentiated form at one end 
and Primitive neuroectodermal tumors (PNET) at the 


Neoadjuvant 

_► Local therapy _► 

Maintenance 

chemotherapy 

(Surgery ± RT+ CT) 

chemotherapy 


Fig. 2: Schéma of treatment of Ewing’s family of tumors 


differentiated end. Recent immunohistochemical, 
cytogenetic and molecular studies indicate that these 
tumors are of neural crest origin (precursor cell capable 
of neuroectodermal différentiation). 

The treatment of Ewing's family of tumors has 
evolved over a period of last four décades. Prior to the 
introduction of chemotherapy, these tumors were treated 
with surgery (in resectable tumors) and radiotherapy. The 
long-term outlook was poor with a 5-year survival of less 
than 20%. Majority of the patients used to succumb to 
distant métastasés despite good local control of disease. 
The introduction of chemotherapy has significantly 
improved the survival of localized Ewing's family of 
tumors. With the use of such multimodality treatment, 
the overall long-term survival now approaches 60%. 

The current management of Ewing's family of tumor 
uses a multimodal approach comprising of local therapy 
in the form of surgery and/ or radiotherapy to tackle the 
primary site and chemotherapy for systemic control. Both 
local control measures and chemotherapy are important 
to improve the survival rates. A typical treatment plan 
includes neoadjuvant chemotherapy followed by local 
treatment in the form of surgery and/or radiation. Local 
treatment is followed by prolonged maintenance 
adjuvant chemotherapy (Fig. 2). 

The use of chemotherapy in the management of these 
tumors started in the 1960s. Vincristine, actinomycin D, 
cyclophosphamide, ifosfamide, anthracyclines, and 
etoposide hâve been shown to hâve significant single 
agent activity in the treatment of these tumors. Presently, 
combination chemotherapy is the standard of care in the 
management of Ewing's family of tumors. 

Figure 3 shows the institutional protocol being 
followed at our centre (EFT-2001 protocol). 

Despite its usual présentation as a localized solid 
tumor arising in bone, Ewing's sarcoma is really a 
systemic disease with micrometastatic disease at the time 
of diagnosis. This understanding has resulted in the 
incorporation of neoadjuvant chemotherapy (i.e. 
administration of chemotherapy prior to the local 
therapy) as initial management in almost ail the studies. 
Neoadjuvant chemotherapy reduces the tumor bulk and 
permits limb-sparing surgeries in extremity tumors. In 
non-extremity lésions, it permits less extensive resections. 
Neoadjuvant chemotherapy increases the number of 
patients with négative surgical margins thereby 
minimizing the need for radiotherapy. It also provides 
an in vitro assessment of chemosensitivity. 
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Fig. 3: Chemotherapy schedule for Ewing’s sarcoma/PNET (EFT-2001 protocol) 


Dose intensity and dose density of drugs (particularly 
that of doxorubicin) hâve been shown to be important 
factors predicting survival. Chemotherapy dose 
intensification is restricted by the myelosuppressive 
effects of cytotoxic drugs particularly neutropenia. 
Although the prognosis of patients with Ewing's sarcoma 
has improved with modem multimodal therapy, the 
improvement in survival has been modest despite the 
use of more and more intensive protocols. In the studies 
conducted till date for patients with metastatic disease, 
dose intensive chemotherapies, whole lung irradiation 
and autologous transplants hâve failed to improve the 
survival. Further studies are underway exploring the dose 
intensification of chemotherapeutic agents in patients 
with localized disease. The identification of early and 
spécifie prognostic markers should guide aggressiveness 
of treatment (Risk adapted therapy). 

ROLE OF CHEMOTHERAPY IN 
SOFT TISSU E SARCOM AS 

Soft tissue sarcomas represent a rare and heterogeneous 
disease and the treatment approach dépends on the 
histology, site, size, depth and stage of tumor. Soft tissue 
sarcomas if diagnosed at an early stage are potentially 
curable. Unfortunately many cases are locally advanced 
or metastatic at présentation and can be rarely cured. 

Presently >50% of patients die within 5 years of 
diagnosis, mostly due to metastatic disease involving the 


lungs. Patients with large, deep-seated, localized, high- 
grade soft tissue sarcoma are more prone to develop 
métastasés. Médian survival from the time of diagnosis 
of metastatic disease is 8 to 12 months. 

The management of patients with soft tissue sarcomas 
often needs a multimodality approach. The mainstay of 
treatment for ail soft tissue sarcomas of the extremity and 
trunk is en bloc surgical excision. 

Chemotherapy in opérable soft tissue sarcomas has 
been tried in adjuvant and neoadjuvant settings. The 
major risk to life in sarcoma patients is uncontrolled 
sy s ternie disease. Chemotherapy has been explored in 
high risk soft tissue sarcomas with the aim of targeting 
the micrometastatic disease and improving the disease 
-free and overall survival. However, the utility of 
chemotherapy remains controversial. In most trials, the 
use of adjuvant chemotherapy was associated with 
decreased local-recurrence rates and increased disease 
-free survival. However, an overall survival advantage 
has not been observed in ail the studies. Overall, the 
benefit from the adjuvant use of chemotherapy is modest. 
It appears that chemotherapy is delaying rather than 
preventing récurrence. Presently we can conclude that 
postoperative adjuvant chemotherapy should be 
considered as an option in patients with high risk soft- 
tissue sarcomas. 

Preoperative (neoadjuvant) chemotherapy involves 
the administration of chemotherapy prior to surgery. It 
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is aimed at controlling the occult micrometastatic disease 
and may permit a less radical and less morbid surgical 
resection. In extremity soft tissue sarcomas, neoadjuvant 
chemotherapy may permit a limb-sparing surgery and 
help avoid an amputation. It also provides an in vivo test 
of chemosensitivity. An improved response rate may be 
particularly important for the preoperative management 
of high-grade, borderline resectable lésions or pulmonary 
métastasés, particularly in younger patients. 

Numerous single agents hâve been tried in the 
management of soft tissue sarcomas but only anthracyc¬ 
lines, ifosfamide and DTIC hâve shown reproducible 
single-agent activity (response rates above 20%). 

In several trials, a dose response effect has been 
observed for anthracyclines (doxorubicin, epirubicin) and 
ifosfamide. Dose response is well established for 
doxorubicin in the range of 25 to 75 mg/m 2 with lower 
doses leading to inferior response rates. Therefore, a full 
dose should be used in single agent and combination 
chemotherapy. A dose escalation of doxorubicin above 
75 mg/m 2 is not recommended. 

Epirubicin results in response rates of 18 to 32%. It 
has been used in doses up to 180 mg/m 2 in patients with 
advanced soft tissue sarcoma and a dose response effect 
has been observed. A threshold of maximum efficacy is 
reached in a dose range of 75 to 100 mg/m 2 of epirubicin. 

In general, response rates following combination 
chemotherapy seem superior to those achievable with 
single agent treatment, however at the cost of increased 
toxicity and mostly without translating into prolongation 
of progression-free or even overall survival. 

Doxorubicin-containing regimens produce superior 
response rates as compared to those containing 
actinomycin-D. The combination chemotherapy 
regimens using ifosfamide and anthracycline hâve 
resulted in response rates in the range of 40 to over 50% 
in adult patients with advanced soft tissue sarcomas. The 
combination epirubicin with cisplatin has been shown 
to produce a significantly superior response rate, 
progression-free survival and overall survival as 
compared to epirubicin alone 

Intra-arterial chemotherapy, régional hyperthermia 
with isolated limb perfusion, whole body hyperthermia 
with extracorporeal heating of blood and intravenous 
chemotherapy, isolated lung perfusion (for treatment of 
solitary pulmonary métastasés), are the other experimental 
approaches which are currently under investigation. 

OTHER APPROACHES IN THE MANAGEMENT OF 
SOFT TISSUE SARCOMA 

Due to poor response of the various chemotherapeutic 
agents, immunotherapy with a variety of cytokines. 


bacterial-cell wall components, dendritic cell vaccines, and 
lymphocyte activated killer cells, T-cell immunotherapy 
and peptide vaccination are being studied as a therapeutic 
modality but hâve not shown any significant responses 
up-till now. 

Angiogenesis inhibition is being explored in the 
management of soft tissue sarcomas. Thalidomide has 
anti-angiogenic properties and has been found to be 
active in AIDS related Kaposi's sarcoma. 

CONCLUSION 

The treatment of bone and soft tissue tumors involves 
high cumulative doses of alkylating agents and 
topoisomerase inhibitors. These drugs are capable of 
inducing second cancers like AML, MDS, ALL, NHL, 
squamous cell carcinoma and liposarcoma .After high 
doses of radiotherapy, ostéogénie sarcomas are known 
to occur in the radiation field. As more and more patients 
with these tumors are surviving, the late effects of cancer 
treatment and the quality of life of surviving patients hâve 
become increasingly important. The occurrence of 
delayed surgical complications (limb length discrepancy, 
secondary osteoarthritis) is also a matter of concern. 

Future studies should be focused on the development 
of active regimens, resulting in complété remission rates 
that can be expected to translate into longer survival. 
Finally, well designed and appropriately powered 
randomized trials, using established prognostic and 
prédictive factors, should be carried out, preferably in 
younger patients and in the context of a potentially 
curative multimodality approach. Patients with advanced 
disease should be encouraged to participate in trials of 
new drugs and experimental approaches. It is expected 
that with better understanding of the molecular and 
genetic aspects of sarcomas, soon a cure would be possible 
in at least some histologie types of sarcomas. 
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134.2 Radiotherapy for Bone and Soft Tissue 

Sarcomas 

Siddhartha Laskar 


RADIATION THERAPY 

Involves the use of ionizing radiation for the treatment 
of malignant and non-malignant conditions. 

Mechanism of Action of Radiation 

Radiation acts by interacting with certain critical targets 
in a cell. The critical site for radiation-induced injury is 
believed to be the DNA strands, although there are other 
sites in the cells (cellular membrane/ microtubules) that 
could play a supplementary rôle in the process of 
cytotoxicity. When radiation interacts and is absorbed in 
a biological System, it interacts with the target sites either 
directly or indirectly. 

Direct action of radiation - In the direct action, the 
radiation beam interacts with tissues and produce 
secondary électrons. These secondary électrons interact 
directly with the DNA strands of the cell and lead to either 
a single or double strand breaks that later manifest as 
cell damage. This mechanism of cell damage usually 
accounts for less than 25% of the cell kill. 

Indirect action of radiation - In the indirect action, 
the secondary électrons produced in the tissues by the 
radiation beam interacts with the water molécules to 
produce highly uns table and reactive free radicals. These 
free radicals interact with the DNA strands of the cell 
and cause cell damage. Indirect action of radiation 
accounts for majority of the cell damage caused by 
ionizing radiation in tissues. 

Radiosensitivity 

The sensitivity of tumor cells to the effects of radiation 
varies widely. Various factors hâve been implicated to 
influence radiosensitivity - 

Intrinsic (genetic) radiosensitivity of the cells 

Extrinsic (epigenetic factors): 
clonogen fraction 
histologie type 
oxygénation 
tumor cell kinetics 

Conventionally sarcomas hâve been thought to be the 
least sensitive to radiation when compared to carcinomas 
and lymphomas. Lymphomas are considered to be the 
most sensitive to radiation. 


Types of Radiation Therapy 

Teletherapy (tele-distance): is the method of radiotherapy 
where the radiation source is kept away from the patient 
and the radiation beam is directed to the area of interest. 

Brachythempy (brachy-short): is the method of radiation 
therapy where the radiation source is either placed close 
to the surface to be treated or inserted into the tissue to 
be treated. 

Types ofbrachytherapy: 

Interstitial - Soft tissue sarcomas, breast, etc. 
Intracavitary - Cervix, endometrium, etc. 
Endoluminal - Esophagus, bronchus, etc. 
Endovascular 

Surface mould - Skin cancers, etc. 

RADIOTHERAPY FOR SOFT TISSUE 
SARCOMAS (STS) 

Rôle of radiotherapy in the treatment of soft tissue 
sarcomas has evolved over the years. Radiation therapy 
plays an important rôle in the multimodality manage¬ 
ment of STS. It allows substantial réduction in the extent 
of surgical resection required for achieving acceptable 
local control rates while preserving effective function. 

Radiotherapy can be used in the following Manner 

Radiotherapy alone - The local control rates achieved with 
radiation therapy alone appear to be inferior to those 
obtained with radical surgery alone or conservative 
surgery with adjuvant radiation therapy. In order to 
achieve better control rates with radiation alone, one 
needs to deliver doses in the range of 7500 to 8000cGy, 
which carries significant risk of normal tissue 
complications. In view of the inferior results, radiation 
therapy alone is only used in the following situations: 
Patients with medical contraindications for surgery 
Patients with primary or récurrent, inopérable disease 
Patients with metastatic disease 
Palliation in advanced disease. 

Combination of Surgery and Radiotherapy - The combination 
of conservative surgery in the form of wide local excision 
and adjuvant radiation therapy has the advantage of 
achieving a high degree of local control with acceptable 
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cosmetic and functional results. Radiotherapy in this 
combined modality approach can be delivered either 
preoperatively or postoperatively. Both these forms of 
radiotherapy hâve their advantages and disadvantages. 

Preoperative Radiotherapy 

Advantages: 

1. Inactivation of tumor cells by radiation therapy may 
decrease the risk of tumor cell implantation in the 
surgical wound and decrease the risk of metastatic 
spread during surgery. 

2. The volume to be treated can be limited to clinically 
and radiologicallly évident tumor and the adjacent 
tissues at risk for microscopie extension. 

3. Many borderline resectable masses can be rendered 
resectable. 

4. Sensitivity to radiation is maximum in view of the 
intact vascular supply. 

Disadvantages: 

1. Delay in surgical resection. 

2. Chances of postoperative complications increased. 

3. Exact dimensions/extent of the tumor and the 
histopathological features not known to the radiation 
oncologist while planning radiation therapy. 

Postoperative Radiotherapy 

Advantages: 

1. Immédiate surgery. 

2. No risk of radiation induced delay in wound healing. 

3. Entire specimen of tumor is available for histo¬ 
pathological examination. 

4. Exact size and extent of disease can be determined 
before starting radiation therapy. 

Disadvantages: 

1. Postoperative treatment volume is generally larger 
than that required for preoperative radiotherapy 
because of handling of normal tissues during surgery 
and the possible local spread of malignant cells. Thus 
increasing the possibility of post-treatment normal 
tissue toxicity. 

2. Delay in wound healing or surgical complications 
might delay the starting of radiotherapy, thereby 
allowing residual microscopie tumor to grow. 

We prefer postoperative radiation therapy. It can be 
delivered by two methods - 

• External radiotherapy alone 

• External radiotherapy + Intraoperative Interstitial 
Brachytherapy. 

External radiation therapy is started as soon as the 
operative wound is completely healed (2-3weeks 
postoperatively). When external radiotherapy is used 


alone, the initial radiation volume (phase I) involves the 
tumor bed along with a margin of 6 to 7 cm of normal 
tissue on either side. This is foliowed by a boost to the 
tumor bed (phase II) with 2-3 cm margins, thus delivering 
a higher dose to the tumor bed and the tissues 
immediately surrounding it. The radiation portais are 
shaped and directed in a way to spare the uninvolved 
compartment, thereby reducing the possibility of 
treatment related morbidity. Spécial techniques of 
external radiation therapy like 3-Dimensional Conformai 
Radiation Therapy (3D-CRT) and Intensity Modulated 
Radiation Therapy (IMRT) are used for treating areas like 
retroperitoneum, pelvis, and the head and neck région 
where the tumor bed generally lies close to vital 
structures. The total radiation dose generally ranges 
between 6000-7000cGy delivered over 6 to 7weeks. 

Intraoperative brachytherapy plays an important rôle 
in the treatment of STS. By using intraoperative interstitial 
brachytherapy, it is possible to deliver a high dose of 
radiation very precisely to the tumor bed while 
minimizing the radiation dose to the surrounding normal 
tissues, thereby reducing normal tissue toxicity. 
Interstitial brachytherapy is usually used as a method 
for tumor bed boost, but it can also be used as the lone 
radiation modality in a select group of patients with small, 
superficial, intermediate grade tumors that hâve been 
completely resected. In view of the definite advantages 
of interstitial brachytherapy, it is essential that the 
surgeon and the radiation oncologist carefully evaluate 
ail patients with STS preoperatively for the feasibility of 
intraoperative brachytherapy. Contraindications for 
interstitial brachytherapy include (a) proximity or direct 
contact with neurovascular bundle (b) tumor going across 
interosseous membranes (c) tumors going into joint 
cavities (d) tumors in direct contact with bone where 
periosteum has been stripped off (e) tumors at 
inaccessible sites. Interstitial brachytherapy can be 
delivered either using Low Dose Rate (LDR) Iridium 192 
wires or using a High Dose Rate (HDR) computer 
controlled afterloading machines. The brachytherapy 
treatment is usually started about 72 hours after the 
surgery to allow for appropriate wound healing and 
strength. The dose delivered using brachytherapy varies 
according to the intended use (boost vs radical brachy¬ 
therapy) and the dose rate (LDR vs HDR). Intraoperative 
interstitial brachytherapy is of great importance in the 
management of pédiatrie soft tissue sarcomas where the 
use of high dose external radiation therapy could 
influence the future growth of the child. 

RADIOTHERAPY FOR EWING’S SARCOMA/PNET 

Current management of these tumors includes a multi- 
modality approach involving multiagent chemotherapy. 
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radiotherapy and surgery. Local control can be achieved 
by surgery and/or radiation. Surgery is generally the 
preferred approach if the lésion is resectable. Radiation 
therapy is employed for patients who do not hâve a 
surgical option that préserves function and for patients 
whose tumors hâve been excised but with inadéquate 
margins. The radiation dose is adjusted depending upon 
the extent of residual disease after the initial surgical 
procedure. No radiation therapy is recommended for 
those who hâve no evidence of microscopie residual 
disease following surgical resection. Although the 
primary goal remains long-term cure, improvements in 
therapeutic results mandate considérations of quality of 
life among survivors, with prime importance to the 
maximization of functional and cosmetic results. Three 
Dimensional Conformai Radiotherapy (3D CRT) and 
Intensity Modulated Radiation Therapy (IMRT) are 
recent specialized radiotherapy with external 
radiotherapy techniques by which the radiation dose can 
be delivered to the target volume with high précision 
while minimizing the dose to the surrounding normal 
tissues. The radiation dose generally ranges between 45 to 
65Gy delivered over 5 to 7 weeks, depending upon the 
tumor status (microscopie vs. gross residual disease) 
(Table 1). 

Lung Bath (Whole Lung Irradiation) 

Ail patients with metastatic disease to the lungs at 
présentation receive whole lung irradiation ("Lung 
Bath"), even if complété remission of pulmonary meta¬ 
static disease has been achieved after chemotherapy. 

RADIOTHERAPY FOR OTHER BONE TUMORS 
Primary Bone Lymphoma 

Primary lymphoma involving the bone accounts for 
approximately 7% of ail primary bone tumors and 5% of 
ail Extranodal Non-Hodgkin's lymphoma.Majority of the 
primary bone lymphomas présent with disease confined 


TABLE 1 : Radiation dose depending on postopera- 
tive surgical margins and histopathology necrosis 
évaluation 


Surgical margins 

Radiotherapy dose 
if necrosis 100% 

Radiotherapy dose 
if necrosis <100% 

Négative 

No Radiotherapy 

45Gy 

Marginal resection/ 
Close 

45Gy 

50Gy 

Microscopie positive 

45Gy 

50Gy 

Gross positive 

50Gy 

55Gy 


to the involved bone without any nodal involvement. 
There may be associated soft tissue component. Most of 
them are of diffuse large B cell type.Lymphomas are 
sensitive to radiation and chemotherapy. Athough there 
still remains a controversy regarding the need for 
combined modality management (chemotherapy and 
radiotherapy) in small volume tumors, the current 
management of primary bone lymphomas involves a 
combination of chemotherapy and radiotherapy. Surgery 
is reserved for patients with impending or frank fracture 
especially in weight bearing bones. 

Plasmacytoma and Multiple Myeloma 

Plasma cell neoplasms are usually very sensitive to 
radiation and chemotherapy. Radiotherapy remains the 
current mainstay in the treatment of plasmacytomas, 
whereas the treatment of multiple myeloma involves a 
combined modality approach using chemotherapy and 
radiotherapy. In multiple myeloma the indications are: 

• Palliation of pain not controlled by chemotherapy 
from bone lésions of disseminated disease. 

• Prévention of pathological fractures in weight bearing 
bones. 

• Relief of spinal cord compression or nerve root 
compression. 

• Postoperative residual disease. 

Skeletal Metastasis 

Radiotherapy has been effectively used in palliation of 
skeletal metastasis. 

Indications: 

• Prévention of fracture in weight bearing bones. 

• Post stabilization (surgical) of bones with pathological 
fracture. 

• Prévention of impending spinal cord compression in 
patients with vertébral mets. 

• Relieve spinal cord compression. 

• Pain relief in patients with painful bony lésions. 

Extracorporeal Radiotherapy 

Extracorporeal radiotherapy involves surgical resection of 
the involved bone segment followed by external beam irradia¬ 
tion under aseptie conditions and then re-implantation of 
the irradiated bone. This radiation therapy procedure has 
been primarily used in the treatment of ostéogénie 
sarcoma, but with expérience the indication could be 
extended to other radiosensitive tumors like Ewing's 
sarcoma and PNET. A radiation dose of 20,000 to 
30,000cGy is delivered to the midplane of the bone in a 
single fraction (for osteosarcoma). 
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Extracorporeal irradiation has a few theoretical 
advantages: 

1. Avoids the problem of early and late loosening of 
prosthesis. 

2. No danger of breakage of joint. 

3. No problems associated with allograft, e.g. Graft 
rejection and Organisation of Bone bank. 

4. No extracost of artificial prosthesis. 

5. Suggested that dead tumor cells may stimulate the 
body's immune System. 

This technique of radiotherapy is investigational and 
needs further research. 

RADIOTHERAPY RELATED SEQUELAE 
Acute Effects 

Short-term radiation related sequelae dépend upon the 
anatomical site receiving radiation therapy. For the 
extremities the side effects is restricted to "Moist 
Desquamation" in the high dose région. These are 
generally significant in areas with skin folds like groin, 
axilla and the head and neck région. "Surgical Wound 
Complications" like delayed healing and wound 
dehiscence occur in about 5 to 15% of patients receiving 
radiotherapy, and 25 to 35% for patients receiving post- 
operative RT. 

Late Effects 

Long-term sequelae are related to the site of treatment, 
radiotherapy volume, total radiotherapy dose/ 
fractionation. The possible late sequelae are subcutaneous 
fibrosis, distal limb edema and pain, restriction of joint 
mobility due to fibrosis, contracture of joint and bone 
fracture. In specialised centers the incidence of moderate 
to severe late effects is less than 10%. The risk of these 
complications can be reduced to a large extent by proper 
radiotherapy planning like sélection of radiation beams 
to spare uninvolved compartment in extremities. 


avoiding treatment of full circumference in the 
extremities, shielding joints from high doses of radiation 
and proper physiotherapy during and after radiation 
therapy. For tumors involving the abdomen/ pelvis, 
techniques like 3D Conformai Radiation Therapy (3D- 
CRT) and Intensity Modulated Radiation Therapy 
(IMRT) help reducing these complications to a large 
extent. Postoperative radiotherapy canbe safely delivered 
to areas with skin graft used for repair of surgical defects, 
provided appropriate time (2-3 weeks) is allowed for 
wound healing after surgery. 

CONCLUSION 

The guiding principles for the use of radiation therapy 
and the technology available for delivery of radiation 
therapy for soft tissue sarcoma and bone tumors has 
evolved over the years. Future studies need to address 
issues like the use of 3D-CRT/ IMRT for réduction of RT 
related side effects. There is also a need to optimise the 
sequencing and dose of radiation therapy in the multi- 
modal management of STS. 
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135.1 Benign Cartilage Lésions 

Dominic K Puthoor, Wilson lype 


Benign cartilage lésions can be: 

Neoplastic 

a. Composed of mature cartilage 

Chondroma (Enchondroma, Periosteal chondroma) 

b. Composed of immature cartilage 
Chondroblastoma, Chondromyxoid fibroma 

Hamartomatous 

Osteochondroma, Hereditary Multiple Exostoses 

Dysplastic 

Enchondromatosis (Ollier's disease, Muffucci's 
syndrome). 

OSTEOCHONDROMA (SOLITARY 
OSTEOCARTILAGINOUS EXOSTOSIS) 

Osteochondroma is a developmental anomaly of bone 
that results in the formation of an exophytic outgrowth 
on the surface of bone. 

Incidence 

Osteochondroma, is the most common skeletal neoplasm. 
This cartilage capped subperiosteal bone projection 
accounts for 30 to 50% of benign bone tumors and 10 to 
15% of ail bone tumors. 



Fig. 1 : Age at présentation. Adapted from Atlas of orthopédie 
pathology by Wold, Adler, Sim and Unni) 


Age and Sex 

Osteochondromas occur most frequently in the first two 
décades of life (Fig. 1) with a ratio of male to female of 
1.5 toi. 

Site 

Osteochondromas are found most often in long bones, 
especially the distal fémur and proximal tibia, with 40% 
of the tumors occurring around the knee. Crestal border 
of ilium, vertébral border of scapula and ends of cia vicies 
are not unusual sites. The relative distribution at various 
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Fig. 2: Site in 615 cases of solitary exostosis (Adapted from 
Bone and Soft tissue Tumors by Mario Campanacci) 

sites are given in Figure 2. Osteochondrornas are not seen 
in carpal and tarsal bones as these bones develop like the 
epiphysis of the tubular bone, from a centrifugally 
expanding center of ossification. But it is seen in 
calcanéum which has a secondary nucléus of ossification. 

Clinical features 

Osteochondroma is usually symptom less and therefore 
is only discovered by feeling a painless lump on the 
involved bone or by an incidental radiographie finding. 
It may présent with pain due to: 

1. Mechanical irritation or pressure of surrounding 
muscles and tendon in the course of normal function. 

2. Ischémie necrosis of osseous component. 

3. Perilesional bursitis. 

4. Fracture through the stalk of the lésion. 

5. Malignant changes can produce pain but that is 
unusual. 

The other factors that draw attention to the 
osteochondroma are 

1. Growth disturbance of an extremity. 

2. Compromised joint motion. 

3. Secondary impingement of soft tissues(tendon, nerve, 
and vessels). 

Lésions around the knee producing latéral popliteal 
nerve palsy and pseudo aneurysm of popliteal artery are 
not rare. 

An enlarging exostosis of the spinal column may cause 
an angular kyphosis or spinal compression. There is a 
report of odontoid osteochondroma that caused sudden 
death. 



Fig. 3: Osteochondroma with pedunculated bony stalk 

Osteochondroma will grow till skeletal maturity. 
Further increase in size is an ominous sign, as it can be 
due to sarcomatous change. 

Spontaneous resolution of osteochondroma is rare but 
well-documented. This phenomenon is probably due to 
termination of growth of cartilage cap followed by active 
résorption of the osseous part. This can occur after 
fracture of the stalk of exostosis altering the vascular 
supply and compromising its growth. 

Radiographie Features 

Plain films are normally enough to diagnose osteochond- 
romas. There are several pathognomonic radiographie 
findings associated with an osteochondroma. 

1. The lésions protrude on the host bone as pedunculated 
bony stalks (Fig. 3) or a sessile (broad-based) one (Figs 
4,9 and 10). Sessile lésions cover a wide area and as a 
resuit cause metaphyseal widening or a "trumpet 
shaped deformity" on X-ray. Lésions with stalks are 
often found more distally and are common over the 
posterior fémoral metaphysis. 

2. It occurs either in the metaphysis, or as the main 
epiphyseal plate grows away from the lésion in the 
diaphysis. It is never found in the epiphysis. 

3. The cortex and cancellous bone of the osteochond¬ 
roma blend with the cortex and cancellous bone of 
the host (Fig. 5). This is the main radiographie finding, 
and any déviation from this feature should raise 
suspicion of a more serious lésion. CT is helpful in 
determining if the marrow and cortices of the lésion 
are continuons with the bone. 
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Figs 4A and B: Sessile osteochondroma having intense 
radiopaque areas within 


4. The lésion can vary in size. 

5. Ail osteochondromas particularly pedunculated ones 
are directed away from the growing end of long bones 
(Fig. 3). 

There may be slight metaphyseal widening at the site 
of the exostosis. Although the cartilaginous cap is not 
radiographically visible, partial calcification of the 
cartilage may be seen as small area of radiopacity. 

In the fiat bones, such as the ilium or scapula, 
exostoses are usually sessile and are located near the 
cartilaginous borders of the bone. The osteochondroma 
in the spine is rarely visualized on plain radiographs. If 
there is evidence of cord compression, CT and MRI will 
clearly show the impingement. 

Structure of exostosis is that of mature cancellous 
bone. But the calcification is neither regular nor orderly 
according to the stress lines (as it is a useless structure, 
like ail hamartomas). In addition there will be areas of 



uncalcified cartilaginous islands. This gives rise to 
radiographie images of intense radiopaque areas within 
the exostosis which in large lésions are diffuse and 
confluent. This finding was erroneously considered to 
be a sign of suspected malignancy (Fig. 4). This finding 
alone is not a sign of malignancy provided it has well 
defined margins. 

Rôle of Ultrasound 

1. Ultrasound helps to détermine the thickness of the 
cartilaginous cap. Steady growth of the cartilaginous 
cap is acceptable during childhood and early 
adolescence, but growth should cease when skeletal 
maturity is reached. If the cartilaginous cap continues 
to grow after skeletal maturity malignant transfor¬ 
mation should be considered and the appropriate 
follow-up studies undertaken. Structures and the 
thickness of the cartilage cap are best delineated with 
MRI. 

2. A bursa developing overlying an osteochondroma has 
been described. Ultrasound helps to delineate the 
extent of the swollen bursa especially of the rib. 

Pathology 

On gross examination, an osteochondroma is an irregular 
bony mass with a bluish gray cap of cartilage (Figs 6A 
and B). Opaque yellow cartilage has calcification within 
the matrix. The base of the lésion has a rim of cortical 
bone and central cancellous bone .Occasionally, a bursa 
develops over an osteochondroma. Normally, the 
cartilage cap ranges from 1 to 3 mm thick but a thicker 
cap can be seen in younger patients. Over 2 cm of cartilage 
after skeletal maturity or renewed growth of a dormant 
lésion are signs of possible malignant transformation. 

Under the microscope, (Figs 7A and B) an 
osteochondroma has endochondral ossification on the 
basal surface of hyaline cartilage so it resembles a normal 



□ Bone □ Marrow | Cartilage 
Fig. 5: Showing pathogenesis and structure of osteochondroma 
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Figs 6A and B: Show large sessile osteochondroma removed alone with a segment of fibula from which it arises 

(For color version see Plate 12) 



Figs 7A and B: Showing microscopie appearance of osteochondroma. It resembles a normal 
growth plate (For color version see Plate 13) 


growth plate with rows of chondrocytes. The cartilage is 
more disorganized than normal, has binucleate 
chondrocytes in lacunae, and is covered with a thin layer 
of periosteum. 


prominences (Fig. 5). The lésions occur only inbones that 
develop from cartilage (endochondral ossification). 
Osteochondromas are also seen after radiation therapy 
in children. 


Pathogenesis 

Osteochondromas are most likely caused by either a 
congénital defect or trauma of the perichondrium which 
results in the herniation of a fragment of the epiphyseal 
growth plate through the periosteal bone euff. This leads 
to misdirected growth of that portion of the physeal plate, 
causing development of eccentric cartilage capped bony 


Differential Diagnosis 

Because of their typically distinct radiographie 
appearance solitary osteochondromas are usually easily 
diagnosed. On occasion, they may be confused with a 
juxtacortical chondroma or, less commonly, with myositis 
ossificans with a cartilaginous cap and rarely parosteal 
osteosarcoma. Juxtacortical chondromas usually hâve 
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Figs 8A and B: Show sessile osteochondroma in 3 year old 
child. It is not advisable to do excision at this âge for reasons 
given in the text 


scalloped cortical defect with a sclerotic margin. With 
myositis ossificans the apparent tumor does not blend 
with the cortex and cancellous bone of the host bone, even 
though it may be attached to the periosteum. This is 
usually apparent radiographically, thus distinguishing 
the long-standing lésion of mature myositis ossificans 
from an ostechondrornas. The fact that osteochondroma 
does not increase in size after adolescence and its clear 
radiological boundaries distinguish it from parosteal 
osteosarcoma. In the skeletally mature individual, 
enlargement of the solitary osteochondroma particularly 
one that is associated with progressive discomfort must 
alert the physician to the possibility of malignant 
transformation into a chondrosarcoma. 


Treatment 

There is no treatment necessary for asymptomatic 

osteochondrornas. Indications for excision are: 

1. Symptoms from pressure on adj acent nerves, vessels, 
tendons or bones. 

2. Mechanically blocking joint movements. 

3. Fracture of the pedicle of the pedunculated exostosis. 

4. Bursitis of the overlying bursa. 

5. When radiological features suggest malignancy, or 
when rapid growth has occurred recently. 

6. Cosmetic-this is not an absolute indication but the 
commonest reason for excision. 

7. Rarely if the diagnosis cannot be established by 
studying the roentgenograms, then for taking biopsy. 
If possible, excision should consist of an en bloc 

resection of osteochondroma with a rim of normal bone 

surrounding its base or stalk and the entire overlying 


bursa. The exposed lésion at surgery is larger than seen 
in X-ray especially in younger patients due to the 
radiolucent cartilaginous cap. 

Excision of osteochondromas should, if possible, be 
postponed until later adolescence, for the following 
reasons. 

1. The growth potential of osteochondromas in younger 
children is unknown, and the full extend of the tumor 
cannot be appreciated until its growth potential is 
recognized 

2. Because there are small pockets of cartilaginous cores 
within the spongiosa in bone of osteochondromas in 
young children, the risk of local récurrence following 
excision is significant .In this situation, if the 
osteochondroma is removed, the perichondriun along 
the base of the lésion need to be excised 

3. Because of this dissection, the potential for growth 
arrest exist if the osteochondroma is very near a 
physis. In the maturing adolescent, the excision does 
not need to be quite as extensive because potential 
for récurrence is considerably less. 

4. Malignant transformation of osteochondroma is very 
rare in childhood. 

Sarcomatous Changes 

Malignant transformation of solitary osteochondroma 
leads to chondrosarcoma. It is rare, less than 1%. The more 
distal the lésion less is the chance for malignant 
transformation. In lésions distal to knee and elbow, 
malignant transformation is uncommon while in pelvis, 
scapula, rib and vertibra, it is as high as 10%.Clinical 
suspicion of malignant transformation must be 
considered when there is rapid increase in size of the 
lésion in a child or increase in size in an adult after 
epiphyseal closure. In addition unexplained pain and 
local rise of température are ominous signs. Imaging 
criteria differentiating osteochondroma from chondro¬ 
sarcoma are provided in the Table 1. 

HEREDITARY MULTIPLE EXOSTOSES (MULTIPLE 
OSTEOCARTILAGINOUS EXOSTOSIS, 
DIAPHYSEALACLASIS) 

Hereditary multiple osteochondromatosis (HME) is an 
autosomal dominant condition that affects numerous 
areas of the skeleton that hâve been preformed in cartilage 
producing multiple exostoses, skeletal shortening and 
deformity. The incidence of transformation into chondro¬ 
sarcoma is more frequent than that in solitary exostosis. 

The term diaphyseal aclasis (commonly used in British 
literature) points out that the modeling of the entire 
affected bone area is abnormal. 
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TABLE 1: Differentiating criteria of osteochondroma and chondrosarcoma 


Criteria 

Osteochondroma 

Chondrosarcoma 

Relation to parent bone 

Continuity of cortex and medullary cavity 
with parent bone 

Graduai loss of continuity of cortex 
Fuzzy and indistinct. 

External surface of tumor 

Cartilaginous cap (best visualized on MRI) 

Distinct, well demarcated thin < 1cm 

Thick, > 3 cm, lobulated extending 
into soft tissues 

Matrix pattern 

Dense at periphery with solid cortex 

Normal cancellous bone centrally 

Periphery granular in appearance 

With small areas of raréfaction and 
disorganized calcification. 

Later, blotchy areas of calcification 
within centre of tumor with streaky 
densities extending peripherally 

Adjacent soft tissues 

Normal 

Large soft tissues mass containing 
disorganized areas of calcification 



Fig. 9: Age at présentation in hereditary multiple osteochon- 
dromatosis (Adapted from Bone and Soft tissue Tumors by 
Mario Campanacci ) 


Frequency 

The frequency ratio of hereditary multiple osteochondro- 
matosis to solitary osteocartilaginous exostosis is 
approximately 1:10. Thus it is an infrequent condition. 

Age and Sex 

Due to the multiplicity of the exostosis, manifestation is 
earlier than solitary exostosis, generally before 10 years. 
(Fig. 9). Males/Female ratio is 2:1. 

Heredity 

The disorder is of autosomal dominant inheritance, with 
penetrance approaching 96%. If a person whose family 
is affected by hereditary multiple exostoses has not had 


an exostosis by 12 years of âge, it is unlikely that exostoses 
will develop la ter. However, there remains a small risk 
that a particular individual will hâve affected children 
because the gene is nonpenetrant in approximately 4% 
of carriers. Most of the carriers are females. Approxi¬ 
mately 10% of affected individuals hâve no family history. 

Numerous genetic studies hâve found anomalies on 
chromosomes 8, 11, and 19, making this a genetically 
heterogenous disorder. 

Clinical Features 

In addition to the symptoms caused by individual 
exostosis, the following clinical features are common in 
HME. 

1. Knobby appearance due to exostosis on many of the 
bones (Fig. 10). This appearance is so striking that the 
condition can be diagnosed by mere inspection of the 
subject. 



Fig. 10: Knobby appearance in HME 
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2. The stature is short or even dwarfed. The limb is short 
in relation to the trunk with superficial resemblance 
to achondroplasia. 

3. Deformity of forearm. This is seen in 40 to 60% 
patients.The ulna is shorter than the radius and the 
radius is bowed laterally, with its concavity toward 
the short ulna.Often the distal end of the ulna is more 
severely affected than the distant end of the radius, 
leading to this discrepancy in length. A mild flexion 
deformity of the elbow is usually présent. Loss of 
forearm pronation and supination occurs with 
increasing âge. Dislocation of the radial head occurs 
and is usually associated with a négative ulnar 
variance. The resulting forearm deformities are 
usually asymmetric. Often, the patient's main 
complaint is undesirable cosmetics appearance. The 
natural history of these deformities has been described 
as progressive, with variable weakness, functional 
impairment and worsening cosmetics deformities of 
the extremity. Some authors, however, report that the 
deformities are well tolerated and lead to little loss of 
function. 

4. Tibiofibular synostosis. Develops from chronic 
apposition of osteochondromas proximally or distally 
but rarely causes symptoms or functional impairment. 

5. Genu valgum 

6. Coxa valga. 

Radiological Features 

Unlike solitary osteochondroma, HME involves a 

significantly greater portion of the metaphysis. Overtime, 


lésions that begin in the metaphysic migrate into 
diaphysis of the long bones making the bone more 
irregular in shape. 

Pathology 

The gross pathologie and microscopie features of HME 
are similar to that of solitary osteochondromas. 

Differential Diagnosis 

Achondroplasia and multiple enchondromatosis are 
conditions that mimic HME. How they are differentiated 
are given in Tables 2 and 3. 

Treatment 

Treatment involves (1) Excision of symptomatic exostosis 
(2) Correction of deformity and limb length discrepancy. 

Guidelines for excision of exostosis are same as that 
for solitary lésion. Correction of deformity and shortening 
involves (1) lengthening by distraction osteogenesis, 
(2) shortening of the bone, (3) epiphyseal stapling, 
(4) corrective ostéotomies. 

Forearm deformities are very common in HME and 
should be treated early and aggressively in an effort to 
prevent further progression and to reduce disability. 
Masada et al (1989) had classified forearm deformity as 
follows (Fig. 11). 

Type I showed a combination of ulnar shortening and 
bowing of the radius secondary to osteochondromas of 
the distal ulna. 


TABLE 2: Achondroplasia 



Achondroplasia 

HME 

Pathology 

Anomaly of growth plate leading to 
interférence with longitudinal growth 

Dissipation of longitudinal growth force in a 
latéral direction 

Stigma ta of Achondroplasia. 

Présent 

Absent 

Angular Deformities 

Absent 

Présent 

Changes 

Symmetric 

Not symmetric 


TABLE 3: Ollier’s disease (Multiple enchondromatosis) 


Ollier's disease 

HME 

Originate from islands of fertile cartilage detached from 

Herniation of a fragment of the epiphyseal growth plate through 

growth plate 

the periosteal bone euff. This leads to misdirected growth of that 
portion of the physeal plate. 

Lésion is inside the bone 

Eeccentric 

Not hereditary 

Hereditary 

Hand is the most involved site 

H and is rare site 

X-ray show fusiform metaphyseal expansion 

Trumpeting of metaphysic 
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Fig. 12: Age at présentation (Adapted from Atlas of 
orthopédie pathology by Wold, Adler, Sim and Unni) 

composed of mature cartilage,that is usually found in the 
short tubular bones of the hands and feet. 

Incidence 



Fig. 11: Classification of forearm deformities caused by HME 
(From Masada K. et al) 

Type II showed dislocation of the radial head, either 
with osteochondromas of the proximal radius (Type Ha) 
or secondary to more distal involvement (Type Ilb). 

Type III had relative radial shortening due to 
osteochondromas at the distal radius 

Recommended surgical procedures 
Type I Excision of osteochondrom Osteotomy of the 

radius 

Immédiate ulnar lengthening 
Type Ha Excision of osteochondroma 
Osteotomy of the radius 
Immédiate ulnar lengthening 
Excision of the radial head 
Type Ilb Excision of osteochondroma 
Osteotomy of the radius 
Graduai ulnar lengthening 
Type III Excision of osteochondroma 

ENCHONDROMA 

Enchondroma is a solitary, benign, intramedullary tumor 


Enchondroma occurs rather frequently accounting for 
approximately one-fourth of ail benign tumours. It is the 
most common primary tumor in the hand. 

Age and Sex 

Though the enchondroma initiâtes its development 
during childhood, it usually does not manifest clinically 
until the third or fourth decade of life. It may remain 
asymptomatic for the entire life time. Figure 1 shows the 
âge at présentation. Both sexes are almost equally affected 
(Fig. 12). 

Site 

More than half of enchondromas are found in the tubular 
bones of the hand; more often the first phalanx. Figure 2 
shows the sites involved. Enchondroma is formed in 
proximity of epiphyseal plate, i.e. proximal part of 
phalanges and distal part of metacarpal. In the hand, the 
tumor may extend to the entire diaphysis. In the long 
bones it is metadiaphyseal or diaphyseal, as a resuit of 
migration in the course of bone growth (Fig. 13). 

Clinical Features 

Enchondroma often remains asymptomatic. It can présent 
in the following ways 

1. Swelling especially in the hand. 

2. Pathological fracture. 

3. Incidental radiological finding. 

If enchondromas become painful without patho¬ 
logical fracture malignancy is suspected. 
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Fig. 13: Site in 334 cases of enchondroma (Adapted from 
Bone and Soft tissue Tumors by Mario Campanacci) 


Radiographie Features 

Enchondroma appears as a well-circumscribed, distinct 
area of raréfaction that expands and at times deforms 
the bone (Fig. 14A). As the lésions become old, areas of 
calcification appear inside. This is secondary to 


degeneration and necrosis followed by calcification. 
These calcifications are at times spotty or puncta te. This 
radiological appearance is considered as pathognomonic 
of enchondroma. Calcification also occurs following 
pathological fracture (Fig. 14B). 

Radiographie Differential Diagnosis 

1. Bone infarct. When an enchondroma has significant 
amount of calcification, it may be confused with bone 
infarct. However, in general the calcification seen with 
bone infarcts is more peripherally located. 

2. Epithelial inclusion cyst if the lésion is in the 
phalanges. 

3. Simple bone cyst and nonossifying fibroma in 
metacarpal. 

4. Giant cell tumor and chondroblastoma can be 
differentiated from their epiphyseal location and 
absence of calcification. 

Pathology 

Gross 

Enchondroma is made of hyaline cartilage. It appears as 
glistening white or blue-gray (Fig. 15). Consistency varies. 
It becomes grittier with calcification. The tumor is easily 
eut with a knife, as if it were a soft chalk. Due to degene- 
rative changes, some areas become softer resembling 
boiled rice. Myxoid foci should arouse suspicion of 
malignancy. 

Microscopy 

Cartilage matrix containing nests of chondrocytes within 
it (Fig. 16). Cells do not show atypia. 

Histologically it is not very easy to differentiate 
chondroma from Grade 1 chondrosarcoma. Clinical and 
radiological features play a great rôle in the decision. 




Figs 14A and B: (A) Enchondroma expanding the bone, Fig. 15: Gross appearance of enchondroma in a phalanx 

(B) Punctate calcification pathognomonic of enchondroma (Forcolor version see Plate 13) 
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Fig. 16: Cartilage matrix with chondrocytes in lacunae 
{For color version see Plate 13) 


Features Favouring Malignancy are 

1 . Pain without pathologie fracture. 

2. Rapid increase in growth. 

3. More proximal lésions. (In lésions of hand and foot 
malignancy is rare). 

4. Multiple enchondromatosis (Ollier's disease and 
Maffucci's Syndrome) 

5. Large unmineralised component and significant 
thinning of the adjacent cortex in X-ray. 

6. Bone scan activity greater than that of the anterior 
superior iliac spine on comparison. 

Pathogenesis 

Enchondroma is a hamartoma originating from an island 
of fertile cartilage, which is detached from growth 
cartilage. 

Course 

Enchondroma grows slowly. Like any hamartoma, 
growth potential gets exhausted after skeletal maturity. 
In adults it undergoes necrosis followed by calcification. 
Nevertheless, as is the case in exostosis, the quiescent 
cartilaginous remains in the adult may give origin to 
chondrosarcoma in less than 1% of cases. 

Treatment 

A benign appearing, asymptomatic enchondroma that 
is not structurally weakening the bone needs no treatment 
except observation. 

If the lésion is symptomatic, curettage and bone 
grafting is the treatment. It is advisable to treat the walls 



Fig. 17: Multiple enchondromatosis of hands and feet in a 34- 
year-old man with grotesquely misshapen hand. This photograph 
is of historical interest because it is one of the first to illustrate 
the disease process. It dates to 1889 (From Ollier M; 
Exostosesosteogeniques multiples Lyon Med, 88:484-6,1898) 

with burring and phénol. Care must be taken, not to allow 
implantation of small pièces of cartilage in the soft tissue. 

If malignancy is suspected it is wiser to take a biopsy. 
Depending on the pathology, either wide excision or 
curettage is to be done. 

If a fracture has occurred, curettage and bone grafting 
should be delayed until the fracture has healed and the 
continuity of the bone has been restored. 

MULTIPLE ENCHONDROMATOSIS 

Multiple enchondromatosis is a non-heritable condition 
also known as Ollier's disease or Dyschondroplasia. 
(Fig. 17). Multiple enchondromas with hemangiomas of 
soft tissue is otherwise known as Maffucci's Syndrome. 
In both conditions, males are affected more than females 
and the disease process often affects only one side of the 
body. In both diseases, there is a 30% risk of malignant 
transformation of the enchondromas. Deformity, bowing 
of bone and shortness of stature are présent because of 
epiphyseal involvement. 

PERIOSTEAL (JUXTACORTICAL) CHONDROMA 

Periosteal(juxtacortical) chondroma is a benign cartilage 
growth that forms beneath the periosteum or in the 
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Fig. 18: Age at présentation (Adapted from Atlas of 
orthopédie pathology by Wold,Adler,Sim and Unni) 


insertion site of the tendons and ligaments and external 
to the cortex of bone. Since it arises on the surface of the 
bone and grows mainly outwards, the term ecchondroma 
was also used. 

Incidence 

This is an uncommon tumor with less than 100 cases 
reported in the literature. 

Site 

Metaphyseal or metadiaphyseal régions of the long bones. 
Proximal metaphysis of humérus is its favored location 
(Fig. 18). 

Age and Sex 

Age at présentation is given in Figure 9. Male: Female 
ratio is 2:1. 

Clinical Features 

Periosteal (juxtacortical) chondroma présents as a 
swelling which is usually painless or as an incidental 
radiographie finding. In contrast to enchondromas and 
cartilage-capped exostoses, juxtacortical chondromas 
sometimes appear and continues to grow past skeletal 
maturity, giving rise to considérable concern about the 
true nature of the growth. The récognition and awareness 
of this behavior may help to avoid the mistaken diagnosis 
of a chondrosarcoma and it's subséquent over treatment. 

Radiographie Features 

Periosteal chondroma présents as radiolucent lésion in 
the surface of the bone with localized soft tissue mass of 
less than 4 cm, having a rim of osteosclerosis. There will 
be areas of calcification inside the lésion. Generally, there 



Fig. 19: Show érosion in a saucer-like fashion, with secondary 
sclerosis of the adjacent cortical bone. It also show, bone spur 
or “buttress” 

is no pénétration into medullary canal. Characteristic 
finding is in the base of the lésion which shows érosion 
in a saucer-like fashion, with secondary sclerosis of the 
adjacent cortical bone. At the end of the érosion, especially 
proximally, the periosteum produces a bone spur or 
"buttress" which is elevated from the cortex, and 
embraces the base of the tumor (Fig. 19). 

Radiographie Differential Diagnosis 

1. Fibrous cortical defect. 

2. Soft tissue neoplasm secondarily involving the cortical 
bone. 

3. Periosteal chondrosarcoma. 

4. Periosteal osteosarcoma. 

Pathology 

Contains cartilage matrix and cells. Compared to 
enchondroma, cells are more in number with atypical 
features. This makes a wrong diagnosis of chondro¬ 
sarcoma a possibility. Clinical and radiographie features 
help in this situation 

Treatment 

Observation is enough if diagnosis is sure and patient is 
asymptomatic. Otherwise en bloc excision and bone 
grafting is the preferred method of treatment. Curettage 
is not recommended because of high chance of 
récurrence. 
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CHONDROBLASTOMA 

Chondroblastoma is a rare, primary benign bone tumor 
arising from immature cells of epiphyseal cartilage with 
preferential localization in epiphysis or apophysis. 

Chondroblastoma was first described in detail by 
Codman in 1931 and so are occasionally referred to as 
Codman's tumor. 


Incidence 

It is extremely rare and accounts for less that 1% of ail 
primary bone tumors 


Age and Sex 


In most cases it manifests between 10 and 20 years of âge 
(Fig. 20). It is believed that the growth is initiated during 
the period of skeletal growth. As its growth is slow and 
takes long time to produce symptoms, late présentation 
is not uncommon. The tumor has a preference for males 
over females. 



Age in décades 


Fig. 20: Age at présentation. Adapted from Atlas of 
orthopédie pathology by Wold, Adler, Sim and Unni) 


Site 

Classical location is epiphysis or apophysis close to the 
growth plate. In its expansion, the tumour tends to 
destroy the growth cartilage, and thus it may extend from 
the epiphysis to the adjacent metaphysis. There are 
exceptional cases of chondroblastomas developing in the 
opposite side of the growth cartilage, that is, in the 
metaphysis. Common sites are upper humérus, upper 
tibia and lower fémur. The relative distribution is given 
in Figure 21. The mean âge of présentation is approxi- 
mately 20 years. 

Clinical Features 

Clinically, chondroblastoma présents with pain near a 
joint without history of trauma. A secondary synovitis 




Fig. 21 : Site in 113 cases of chondroblastoma (Adapted from 
Bone and Soft tissue Tumors by Mario Campanacci) 


can be induced by the tumor. Occasionally,aspecially 
about the knee, pain may suggest internai dérangement 
of knee. Pathological fracture is extremely rare. 

Radiographie Features 

The diagnosis of chondroblastoma can usually be made 
by radiograph when the âge of the patient and location 
of the lésion are considered. The most common site for 
chondroblastoma is the epiphysis (Figs 22A and B). The 
lésion is lytic with well defined margins. Scalloping or 
expansion of cortical bone may be présent. Fine 
calcifications, either punctate or in rings, may be visible. 
The following aspects of behaviors of chondroblastoma 
évident in X-ray give an indication of its aggressive 



Figs 22A and B: Chondroblastoma in its classical location 
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behavior which is a little different from a classical benign 
bone lésion. 

1. Pénétration of open epiphysis 

2. Periosteal reaction. 

Cysts are présent about 20% of the time and both MRI 
and CT can demonstrate the fluid levels. CT is also useful 
for defining the relationship of the tumour to the joint, 
integrity of the cortex, and intralesional calcifications. 

Radiographie Differential Diagnosis 

1. Giant cell tumor. 

2. Infective process like tuberculosis. 

3. Aneurysmal bone cyst. 

4. Central chondrosarcoma. 

5. Eosinophilie granuloma. 

Pathology 

On gross examination, chondroblastoma is made up of 
friable, soft, grayish pink tissue intermixed with gritty, 
calcified, cholesterol-laden tissues. There will be 
hémorrhagie areas and cystic cavities of varying 
proportion. Because of cystic or degenerated areas, the 
amount of tissue removed may be less than expected 
based on the radiographie appearance. . 

Chondroblastoma is made up of uniform, polygonal 
cells (Fig. 23) (chondroblast) that are closely packed. These 
primitive cells are derived from the epiphyseal cartilage 
plate and hâve abundant cytoplasm. Giant cells are often 
présent in between the polygonal cells. In between these 
cells, there is scanty chondroid matrix. Chondroid matrix 
is superimposed by a pericellular deposit of calcification 
that gives the lésion appearance of "chicken-wire" 
.Possibly because of rapid prolifération, an immature 



Fig. 23: “Chicken-wire” appearance in chondroblastoma 
(For color version see Plate 13) 


chondroblast hardly gets time to produce chondroid 
matrix. That is why in chondroblastoma chondroid 
matrix is scanty and we do not get chondrocytes in 
lacunae as in case of enchondroma. 

Treatment 

Curettage with use of adjuvant liquid nitrogen or phénol 
and a mechanical burr is the preferred treatment. 
Récurrence rate after curettage is about 20%. En bloc 
excision can be done if the location of the lésion permits 
it without significant compromise of the neighboring 
joint. Occasionally in large lésions that compromise the 
joint with a pathologie fracture resection with a wide 
margin and reconstruction with allograft, prosthesis, or 
arthrodesis may be necessary. Limb length discrepancy 
and deformity is reported after curettage of physeal 
lésions in children. 

Aggressive Behavior and Metastasis 

The rare development of pulmonary metastasis in 
histologically benign chondroblastomas is well 
documented. However these metastasis are clinically non 
progressive and can often satisfactorily be treated by 
surgical resection or occasionally simple observation. 

CHONDROMYXOID FIBROMA 

Chondromyxoid fibroma (CMF) is a benign cartilaginous 
tumor that also has myxoid and fibrous éléments. 

Incidence 

It is extremely rare and accounts for less than 1% of ail 
primary bone tumors. 

Age and Sex 

It présents in the second to third decade (Fig. 24). It has a 
male to female ratio of 2 to 1. 



Fig. 24: Age at présentation (Adapted from Atlas of 
orthopédie pathology by Wold, Adler, Sim and Unni) 
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Fig. 25: Site in 33 cases (Adapted from Bone and 
Soft tissue Tumors by Mario Campanacci) 


Site 

CMF arises from the metaphysis. With time it may exp 
and and move towards diaphysis. It is much commoner 
in the lower limb, most often around the knee, especially 
in the proximal tibia (Fig. 25). 

Clinical Features 

1. Chronic pain of mild nature. 

2. Swelling when the involved bone is of small diameter 
as in fibula. 

3. Incidental radiological findings. 

Radiographie Features 

Radiological findings are rather typical and are the key 
to diagnosis. X-ray demonstrates an eccentrically placed 
lytic lésion with well defined margins in the metaphysis 
of the lower extremity (Figs 26A to C). It is oval in shape 
with its major axis parallel to the length of the diaphysis. 
But as the lésion progresses it becomes lobulated with 
hemispheric "bitelike" cortical destruction. The lésion 
usually has a sclerotic margin of bone. Ridges and grooves 
that appear in the margins secondary to scalloping falsely 
appear to be trabeculae. Another important radiographie 
finding is absence of periosteal reaction. 

CT helps to define cortical integrity and confirms that 
there is no mineralization of the matrix, unlike other 
cartilage tumors. Lobulation with hemispheric "bitelike" 
cortical destruction are better appreciated in CT. CMF 
has the same appearance on MRI as other cartilage tumors 
which hâve decreased signal on T1 weighted images and 



Figs 26A to C: (A) Shows CMF in its commonest site. Note the 
sclerotic margin. (B) Shows CMF in lower tibia. See the 
lobulations. (C) shows the CT appearance. See hemispheric 
“bitelike” cortical destruction 

increased signal on T2 weighted images. MRI is helpful 
in preoperative planning and staging. 

Radiographie Differential Diagnosis 

1. Fibrocortical defect. 

2. Aneurysmal bone cyst. 

3. Fibrous dysplasia. 

4. Unicameral bone cyst. 

Pathology 

The gross specimen is solid and lobulated like hyaline 
cartilage, but is less blue, more glistening, and more 
slippery (Fig. 27). It has a sharp border often with an outer 
surface of thin bone or periosteum. It may also hâve small 
cystic foci or areas of hemorrhage. 

Histologically, CMF appears very similar to 
chondrosarcoma. They are so close in histology that often 



Fig. 27: Gross appearance of CMF 
(For color version see Plate 13) 
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Fig. 28: Histopathology of CMF 
(For color version see Plate 14) 

radiology helps to make the final diagnosis. According 
to Jaffe, CMF represents the type of bony lésion where it 
is particularly important not to lose sight of the X-ray 
appearance and clinical behavior in evaluating the 
histological findings. The prédominant features of CMF 
are the zonal architecture and lobular pattern. Nodules 
of cartilage are found in between (Fig. 28) fibromyxoid 
areas. In some fields the loose myxoid material dominâtes 
and in other the dense chondroid dominâtes. The 
chondrocytes are plump to spindly in shape and hâve 
indistinct cell borders in sparsely cellular lobules of 
myxoid or chondroid matrix. There are also more cellular 
zones of the tumor with some giant cells at the edges. 
The sharp borders of each lobule and the lésion itself help 
to differentiate it from chondrosarcoma. 


135.2 


BENIGN FIBROUS HISTOCYTIC 

The term benign fibrous histiocytoma has been adopted 
for lésions that are regarded as true tumors, but that hâve 
the same histological features as the non-neoplastic 
metaphyseal fibrous defects(fibrous cortical defect; 
nonossifying fibroma). Benign and malignant fibrous 
histiocytoma are relatively new additions (1993) to the 
WHO histological classification of bone tumors. Unlike 
fibrous cortical defect and nonossifying fibroma, benign 


Treatment 

Many of these lésions hâve been effectively treated by 
simple curettage. In younger patients however, 
incomplète removal may lead to récurrence which is 
estimated to occur in as many as one-fourth of patients. 
Therefore en bloc excision should be considered. Because 
of the benign nature of this tumor, the surgeon should 
avoid radical procedures. If the lésion is near the physis, 
considération should be given to delaying surgical 
intervention until the tumour has grown away from the 
physeal area. 
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fibrous histiocytomas occur in older patients and involve 
the diaphyses or epiphyses of long bones and the pelvis, 
rib, clavicle, or spine (Table 1). Benign fibrous histio¬ 
cytoma is also known as fibroxanthoma and primary 
xanthoma of bone. 

Incidence 

Benign fibrous histiocytoma of bone is a rare tumor. Only 
few cases had been reported. 


Benign Fibrous Histocytic Lésions 

Dominic K Puthoor, Wilson lype 
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TABLE 1 : Distinction between nonossifying fibroma/fibrous cortical defect and benign fibrous 
histiocytoma of bone 



Nonossifying fibroma/fibrous cortical defect 

Benign fibrous histiocytoma 

Incidence 

Very common(approx. 20% of children) 

Very rare. 

Age 

Children, adolescents and young adults. 

Adults above 25 years 

Symptoms 

Asymptomatic(except when fractured) 

Painful(without fracture) 

Location 

Fémur and tibia (metaphysis) 

Any skeletal site especially sacrum and 
ilium, long bones(epiphysis or diaphysis) 


Age and Sex 

Age at présentation is given in Figure 1. Males and 
females are almost equally affected. 

Site 

Commonest site is ilium (Fig. 2). 

Clinical Features 

1. Local pain. 

2. A mass if the lésion involves a superficial bone. 

3. Pathological fracture. 

Radiographie Features 

Benign fibrous histiocytoma appears as lytic lésion with 
sharp margin, often with sclerotic rim and expansion of 
affected bone. There is no matrix mineralization. Larger 
lésions destroy the cortex and extend into soft tissues. 
(Fig. 3). 



Fig. 2: Site given as percentage (Adapted from Atlas of 
orthopédie pathology by Wold, Adler, Sim and Unni) 



Age in décades 


Fig. 1: Age at présentation. (Adapted from Atlas of 
orthopédie pathology by Wold, Adler, Sim and Unni) 



Fig. 3: X-ray of benign 
fibrous histiocytoma in the 
floor of acetabulam 
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Fig. 4: Histopathology of benign fibrous histiocytoma with 
spindle cells and giant cells (For color version see Plate 14) 


Pathology 

Appearance is identical with that of fibroma (Fig. 4). 
Hemosiderin and lipid-laden histocytes as well as giant 
cells are also seen. 


Treatment 

Treatment consists of careful and complété curettage 
and filling of the defect with bone graft. High récurrence 
rate is reported in some sériés. En bloc resection is a 
better option if it does not produce major functional 
disability. 

BIBLIOGRAPHY 
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135.3 Benign Osteoblastic Lésions 

Dominic K Puthoor, Wilson lype 


OSTEOID OSTEOMA 

Osteoid osteoma is a benign bone lésion consisting of a 
well-demarcated osteoblastic mass called a nidus of less 
than 2 cm surrounded by a distinct zone of reactive bone 
sclerosis. 

Incidence 

Osteoid osteoma is not a rare tumor. It accounts for 
approximately 10 % of benign bone tumors. In frequency 
it is preceded only by osteochondroma and nonossifying 
fibroma. 

Age and Sex 

The tumor occurs most frequently in the second decade 
of life and rare before âge of 5 and after âge of 30 (Fig. 1). 
It affects males twice or more often than females. 

Site 

Osteoid osteoma occurs in the diaphyseal shaft or 
towards the metaphysis. It is rare in the epiphysis and 


fiat bones. It is unknown in bones of membranous origin 
(cranium and cia vicie). The proximal fémur is the most 
common location followed by tibia and posterior éléments 
of the spine. Osteoid osteoma is found in the proximal 
end of the bone more often than the distal end (Fig. 2). 



Age in décades 


Fig. 1 : Age at présentation (Adapted from Atlas of orthopédie 
pathology by Wold, Adler, Sim and Unni) 
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Fig. 2: Site in 448 cases of osteoid osteoma (Adapted from 
Bone and Soft tissue Tumors by Mario Campanacci) 



Fig. 3: X-ray of osteoid osteoma radius 


Clinical Features 

Osteoid osteoma has a distinct clinical picture of dull pain 
that is worse at night and disappears within 20 to 30 
minutes of treatment with nonsteroidal anti- 
inflammatory médication. Pain is not related to position 
or function. Pain is often exacerbated when alcoholic 
beverages are drunk due to vasodilatation. 

On examination, the overlying skin will be normal. 
Swelling is uncommon though in diaphyseal lésions a 
slight fusiform prominence may be palpated. Pain is 
elicited by local pressure. Some osteoid osteomas of long 
bones occurring during childhood may cause lengthening 
of bone and angular deformities. Many a times the patient 
cannot locate the site of pain, leading to attribution of 
symptoms to the nearby joint or to a radicular or nervous 
irradiation, like sciatica. Osteoid osteoma is suspected in 
the vertébral column when a patient aged under 30 years 
complains of constant back pain, when the spine is stiff 
and scoliotic, and SLRT is positive with no signs of nerve 
root compression. 

Radiological Features 

The classic radiological présentation of an osteoid 
osteoma is a radiolucent nidus surrounded by a dramatic 
reactive sclerosis in the cortex of the bone (Fig. 3). The 
center can range from osteolytic, partially mineralized 
to entirely calcified région. The lésion occurs mostly in 
the cortex but can occur in both the cortex and medulla. 


or only in the medulla. 5% are subperiosteal. The 
radiological differential includes osteoblastoma, non- 
suppurative osteomyelitis of Garre, Brodie's abscess, 
stress fracture and enostosis. Early stages of non-ossifying 
fibroma, osteosarcoma and Ewing's sarcoma also can be 
a differential diagnosis. 

Essential tests for diagnosis of osteoid osteoma are 
bone scan and computed tomography scan. Technetium- 
99 bone scan demonstrates an intense focal increase in 
uptake in the nidus resembling a "headlight in the fog" 
(Campanacci). The "double density sign," which is a focal 
area of increased activity with a second smaller area of 
increased uptake superimposed, is also described and 
said to be diagnostic of osteoid osteoma. If the bone scan 
is négative, diagnosis of osteoid osteoma may be 
excluded. If positive, CT scan is carried out, with a 
window for the bone, in the area of increased uptake. 
Classically, lésion of osteoid osteoma in computed 
tomography scan will appear like "bulTseye" with central 
nidus and surrounding reactive bone (Fig. 4). CTscan 
helps to plan surgery. Thin sections (1.0 to 
2.0 mm) may be needed for optimal detail for planning 
surgery. 

MRI will demonstrate the soft tissue and bone 
marrow edema that accompanies osteoid osteoma. 
However, MRI is rarely needed because CT demonstrates 
the nidus better and also aids in differentiating between 
the nidus and reactive bone. 
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Fig. 4: CT scan of osteoid osteoma shaft of fémur 



Fig. 5: Gross appearance of osteoid osteoma a close view 
(For color version see Plate 14) 


Pathology 

At the time of surgery, grossly the cortical bone overlying 
the osteoid osteoma may be mildly pink compared with 
the surrounding cortex because of the increased local 
vascularity. The tumor (nidus) is red in colour (Fig. 5). It 
is easily enucleated from its skeletal bed. Texture dépends 
on the maturity of the lésion. In the early stages, it is soft 
and granular because of vascularity. Later it becomes 
dense and gritty due to calcification. 

Microscopically, the nidus consists of immature bone 
(osteoid) surrounded by osteoblasts. Stroma is cellular 
with fibroblasts and osteoclasts in addition to osteoblasts. 
It also contains blood filled capillaries (Fig. 6). The pain 
associated with osteoid osteoma was thought to be caused 
by the numerous nonmyelinated axons that are présent 
within the nidus. More recently, high level of prosta- 



Fig. 6: Low power microscopie appearance of osteoid osteoma 
with immature bone (osteoid), blood filled capillaries and cellular 
stroma (For color version see Plate 14) 

glandin and prostacyclin were found directly in the nidus 
and hâve since been implicated as being responsible for 
reactive sclerosis, nonspecific inflammatory changes of 
soft tissue, and pain in osteoid osteomas. As the lésion 
matures, it become less cellular and vascular. 

Course 

Osteoid osteomas are self-limiting lésions that may 
mature spontaneously over the course of several years. 
The nidus will gradually calcify, then ossify, and finally 
blend into the scierotic surrounding bone. During the 
maturation period, the local pain gradually diminishes. 
There are reports of osteoid osteoma transforming into 
osteoblastoma. There is no report of malignant 
transformation of osteoid osteoma. 

Treatment 

Conservative treatment with NSAIDs or aspirin is an 
option in the management of osteoid osteoma as the 
lésion usually heals over the course of several years. But 
that is not recommended because of the intensity of pain, 
long time (several years) for the lésion to subside and the 
favorable outcome with surgery. So surgery is the 
preferred option of treatment. Relief from the pain is 
immédiate, dramatic, and permanent. 

The purpose of surgery is to eradicate the pain 
producing nidus. Accurate intraoperative localization of 
the nidus is crucial for the success of surgical intervention. 
The following methods help: 

1. Conventional intraoperative radiograph of the excised 
specimen to confirm the presence of nidus. 
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2. CT-guided localization and excision performed under 
anesthésia in the radiology department. 

3. Tétracycline labeling in children above 8 years of âge. 
This is based on the fact that tétracycline is avidly 
taken up by the nidus. Tétracycline is administered 
orally 1 or 2 days preoperatively. Tétracycline 
fluoresces under ultraviolet light, thus providing an 
intraoperative method of determining whether the 
nidus has been removed. With the operating room 
lights dimmed and a Wood's lamp emitting the 
ultraviolet light, the nidus can be readily identified 
in the resected portion. In younger children this 
method is not applicable because tétracycline can 
cause permanent staining of the teeth in them. 

4. Radioisotope can be used intraoperatively to assist in 
identifying the osteoid osteoma. The isotope is 
administered preoperatively and a scintillation probe 
is used intraoperatively to detect the increased counts 
per minute in the area of the lésion. However, few 
centers use this method because of the expense 
involved and the equivocal results at times. 

The two most common surgical methods for removing 
the nidus are en bloc resection and the burr-down 
technique. En bloc resection is performed by placing drill 
bits around the lésion and confirming their placement 
with fluoroscopy in the operating room. The lésion is then 
removed en bloc with the margin of reactive bone. This 
requires a larger resection of bone than the burr-down 
technique, and therefore either bone grafting or internai 
fixation may be necessary. With the bur-down technique, 
the sclerotic reactive bone is burred until the nidus is 
visible. The nidus is then curetted and the specimen is 
send to pathology. The cavity of the lésion is then 
thoroughly burred. This technique has even been applied 
arthroscopically in the talus. The advantages of this 
procedure over en bloc resection include removal of less 
reactive bone (thus reducing the need for bone grafting) 
and a decrease in the risk of a postoperative pathologie 
fracture. An alternative method suggested by Johnston 
is to shave the reactive bone with a sharp osteotome until 
the nidus is encountered, then remove the exposed nidus 
with a curette. 

Percutaneous radiofrequency ablation or PRA is a 

new technique that has been used for soft tissue lésions 
and has been applied successfully in osteoid osteoma. 
The PRA is done under general anesthésia. Patient is 
positioned in a CT scanner and the nidus or core of the 
lésion is identified. A thin needle is placed into the center 
of the tumor and a biopsy is taken. The needle is replaced 
by a spécial thin probe, which is then connected to a 
radiofrequency generator. This results in the tip of the 
needle becoming mildly hot for a few minutes. The heat 


kills the tumor cells and the procedure is over in a few 
minutes. The patient's pain is often gone by the time, he 
or she leaves the hospital that day. 

OSTEOBLASTOMA 

Osteoblastoma is a solitary benign bone tumor 
histologically similar to osteoid osteoma but differing in 
its behavior by progressive growth and absence of 
reactive perifocal bone formation. 

The hypothesis that osteoblastoma is an overgrown 
osteoid osteoma when the host bone fails to contain its 
growth by reactive sclerosis, explains many of its features. 
Like giant cell tumor, this is regarded as potentially 
malignant and grouped under benign (Occasionally 
Malignant) tumors of bone in CampbelTs operative 
orthopedics. 

Following features are common to osteoid osteoma and 
osteoblastoma. 

1. Age: Both tumors occur most frequently in the second 
decade and are rare before 5 years and after 30. 

2. Both affect males twice as often females. 

3. Histology: Both lésions consist of osteoid, osteoblast 
and fibrovascular stroma. 

Age and Sex 

Age is given in Figure 7. Affect males twice as often 
females. 

Site 

Commonest location is vertébral column most often the 
posterior element (Fig. 8). 


Clinical Features 

The symptoms are those of any slow growing benign 
bone tumor. It is not characterized by the sharp and 



Fig. 7: Age at présentation (Adapted from Atlas of orthopédie 
pathology by Wold, Adler, Sim and Unni) 
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Fig. 8: Site in 91 cases of osteoblastoma (Adapted from Bone 
and Soft tissue Tumors by Mario Campanacci) 


typical pain of osteoid osteoma. There will be pain of 
varying intensity and of long duration up to 2 years. Slight 
local tenderness and palpable swelling of increasing size 
may also be noted. If the bone affected is involved in 
weight bearing, the patient may limp. Pathological 
fractures can occur. 

In the vertébral column, the complaints of pain or 
aching somewhere in the back, is usually overshadowed 
by neurological difficulties. Specifically, a lésion located 
in the thoracic vertebra is likely to give rise to weakness 
of the lower limbs, paresthesia, or even paraplegia, due 
to pressure upon the spinal cord. Complaints from a 
lésion in the lumbar vertebra will be pain radiating down 
the legs, associated with a spasm of the lumbar part of 
the column. Complaints from a lésion in the sacrum, too, 
are likely to become dominated by the effects of pressure 
on the local nerves. 

Radiographie Features 

There is nothing particularly distinctive about the X-ray 
of osteoblastoma. The picture may vary from case to case, 
depending on the size and site of lésion and extent of 
calcification. The lésion is well circumscribed with a thin 
rim of sclerosis (Fig. 9A). In some cases the tumor appears 
to be totally osteolytic like a cyst. In others there is diffuse 
ground glass opacity not unlike fibrous dysplasia. Still 
in other cases there will be irregular more intense 
opacities which in CT scan appear like "cotton wool" 
(Fig. 9B). This is due to calcification of the tumor tissue. 



Figs 9A and B: CT scan in osteoblastoma. (A) lésion is lytic 
while in (B) it is sclerotic with “cotton wool” appearance 

If that is présent, it constitutes the most important 
radiological feature leading to the diagnosis of 
osteoblastoma. Radiopacity is the expression of the 
quantity and the degree of maturation of the neoplastic 
osteoid substance. Thus, it changes with the évolution 
and the aging of the tumor. Typically, osteoblastoma 
becomes very radiopaque after radiation therapy 

Radioisotope bone scan is helpful in localizing smaller 
osteoblastomas especially in the spine that are not readily 
apparent on plain radiographs. 
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Pathology 

Gross appearance: Like the nidus of osteoid osteoma, it 
is red in color and the consistency varies with maturation. 
It is very vascular particularly in vertebrae. Incision of 
the tumor provokes hemorrhage of oxygenated blood, 
which is quite intense and at times slightly pulsatile. 
Unlike aneurysmal bone cysts, it does not hâve blood 
filled cavities. Cortical bone is thinned and often 
expanded. In some areas it may be absent. The tumor 
abutting the soft tissues is covered by a pseudocapsule. 

Histopathology: Essentially the picture is same as an 
osteoid osteoma (Fig. 10). How they differ is given in 
Table 1. 

Differential Diagnosis 

The following conditions are to be considered in the 
differential diagnosis histologically. 

1. Osteoid osteoma: Différences are given in Table 1. 

2. Osteosarcoma: Presence of osteoid, large plum 
osteoblasts and presence of atypical cells in the 
histopathology of osteoblastoma make the mistaken 
diagnosis of osteoblastic osteosarcoma a possibility. 
Clinical and radiological features are important in 
differentiating these two conditions. The fact that 
osteoblastoma does not cause an increase in sérum 
alkaline phosphatase is another useful hint. Helpful 


histological aspects in separating osteoblastoma from 
osteoblastic osteosarcoma are given in Table 2. 

3. Giant cell tumor and aneurysmal bone cyst also cornes 
under the differential diagnosis. Distinction is not that 
difficult and the management is somewhat similar. 

Treatment and Prognosis 

Curettage and bone grafting is the usual treatment. In 

lésions in the small bones of the feet, fibula, rib and 



TABLE 1 : Both tumors vary in the following ways 


Osteoblastoma Osteoid osteoma 


Incidence 

One-fifth as common as osteoid osteoma 

10 % of benign bone tumor 

Commonest location 

Vertébral column most often the posterior element. 

Proximal fémur 

Clinical présentation 

Pain inconsistent 

Rapid increase in size 

Pain persistent, nocturnal 

Limited growth potential 

Radiography 

Size of lésion more than 2 cm 

Perifocal osseous reaction is missing or only slight 
Dense soft tissue mass 

Size of lésion is less than 2 cm 

Perifocal osseous reaction is constant and marked 

No soft tissue mass 

Histology 

Osteoid trabeculae with discontinuons and irregular 
bone formation 

Abundant fibrous stromal reaction 

Many multinucleated osteoblastic giant cells 

Osteoid trabeculae with continuous and regular 
bone formation. 

Scanty stromal reaction. 

Multinucleated osteoblastic giant cells rare 


TABLE 2: Histological aspects in separating osteoblastoma from osteoblastic osteosarcoma 


Features 

Osteoblastoma 

Osteosarcoma 

Bone and osteoid production 

Thick osteoid and woven bone 

Fine compact strands of osteoid 

Poorly calcified woven bone 

Stroma 

Vascularized 

Little with sparse vascularity. 

Mitosis 

No atypia; low rate 

Atypical; high rate 

Tumor growth 

Pushing 

Permeating 

Tumor margin 

Well-defined 

Infiltrative 

Cartilage 

Absent unless fracture 

May be présent 
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spinous process of vertebra resection is not difficult. Due 
to a high rate of récurrence (up to 20%) after curettage 
the tumor should be removed with a surrounding margin 
of normal bone. For lésions arising in the neural arch of 
the vertebra, décompression of the extradural component 
must be done even if complété removal fails. If complété 
removal is not possible, local irradiation may hâve to be 
considered post operatively. Sélective arterial 
embolization immediately prior to surgery will be of help 
in vertébral and pelvic lésions to reduce vascularity. 

“Malignant” Osteoblastoma 

In 1976, Schajowicz and Lemos described under the 
heading of "malignant" osteoblastoma eight patients with 
locally aggressive growths microscopically characterized 
by increased mitotic rate as well as cellularity, plump 
hyperchromatic nuclei, nuclear atypia, and numerous 
osteoclastic giant cells. Aggressive (malignant) 
osteoblastma was added as a separate entity in the second 
édition (1993) of WHO histological classification of bone 
tumors. Whether a distinct entity as "Malignant" 
osteoblastoma exists is controversial. Campanacci 
suspects that at least those cases which metastasized were 
not osteoblastomas, but osteosarcomas from the start, 
which went unrecognized because of the low grade of 


malignancy, or because they were characterized by 
atypical histology. Huvos feels these neoplasms may 
represent a progressive continum from a typical 
osteoblastoma through aggressive osteoblastoma, to 
malignant osteoblastoma, to low grade osteoblastic 
osteosarcoma, spanning the theoretical gap between 
clearly benign lésion and clinically malignant tumors. 
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INTRODUCTION 

First described by Sir Astley Cooper in 1818, giant cell 
tumor of bone is the commonest benign bone tumor 
encountered by an orthopédie surgeon. It is characterized 
radiographically as a lytic lésion occurring in the ends of 
bones and has a well known propensity for local 
récurrence after surgical treatment. 

Current treatment modalities including a meticulous 
curettage with extension of tumor removal using high 
speed burrs and adjuvant therapy has significantly 
lowered the récurrence rates to less than 10% from 60% 
reported in the past with curettage alone. 

EPIDEMIOLOGY 

Although the incidence of giant cell tumor in the United 
States is relatively low, constituting 5% of ail skeletal 
tumors and 21% of the benign ones, in the Orient, it may 
account for 20% of ail skeletal neoplasms. The prépondé¬ 
rance of giant cell tumor is a common feature of many 
reports from India and the incidence is about 30% of ail 
bone tumors. GCT generally occurs in skeletally mature 
individuals with its peak incidence in the third decade 
of life. Less than 2% are found in patients with open 
epiphyses and only about 10% of cases occur in patients 
older than 65 years. GCT of the small bones of the hand 
and foot seem to occur in a slightly younger âge group 
and demonstrate a higher incidence of multicentricity than 
those in other locations. Distal fémur and proximal tibia 
are the commonest sites followed by the distal radius. 

PATHOLOGY 

Giant cell tumor typically involves the epiphysio- 
metaphyseal région of long bones. The tumor often 


extends up to the adjacent articular cartilage, which 
remains intact and, rarely, when neglected, it may involve 
the diaphysis because it may attain immense size. In the 
skeletally immature it is metaphyseal and generally does 
not cross the growth plate .The tumor is usually eccentric 
to the long axis of the bone but may be centrally located. 

The overlying cortex has usually undergone résorp¬ 
tion and the contour of the bone is expanded by the tumor 
which is covered by a thin shell of subperiosteal new 
bone. The tumor is gray to reddish brown in color and is 
composed of a soft, vascular and friable tissue. Firmer, 
gray-yellow areas of fibrosis and collagenisation, and 
osteoid production may be found as a resuit of previous 
fracture and degeneration. 

Histologically the lésion is composed of osteoclast- 
like multinucleated giant cells in a moderately 
vascularised network of proliferating round, oval or 
spindle shaped stromal cells. The stromal cells contain a 
single large nucléus which correspondingly has a round, 
oval or spindle shape surrounded by an indistinct 
cytoplasm. The multinucleated giant cells hâve a variable 
number of nuclei that are similar to the nuclei of the 
stromal cells. Mitosis, which may be numerous, as well 
as intravascular extension of the tumor, do not indicate a 
malignancy in giant cell tumors. There is no corrélation 
between histologie appearance and biologie behaviour. 
Numerous histological features such as DNA ploidy, 
histological grade, necrosis, hemorrhage, number of giant 
cells and vascularity hâve been studied but not correlated 
to the outcome. Histological variability is présent between 
and also within the tumors. Ossification and osteoid 
production are noted in small foci at the periphery of the 
lésions, particularly in soft tissue extensions. 
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CLINICAL PRESENTATION 

The commonest âge is the 3rd or the 4th decade with a 
slight female prédominance. Giant cell tumors are 
generally symptomatic in more than 97% of patients. The 
presenting complaint in the majority of patients is pain 
of variable severity that may be associated with a mass 
présent from a few weeks to se ver al months. The duration 
of symptoms is generally 1 to 18 months. Trauma or a 
pathologie fracture may direct attention to the site of 
involvement and lead to discovery of the tumor. 5 to 10% 
présent with a pathological fracture However the clinical 
présentation is nonspecific and similar to other skeletal 
neoplasms. 

The knee is the commonest site followed by the distal 
radius. The other less common but not infrequent sites 
are sacrum, distal tibia, proximal humérus, proximal 
fémur and proximal fibula. The small bones of the hands 
and feet, ribs and spine are rare sites of involvement. 

IMAGING STUDIES 
Conventional Radiography 

In long bones, GCT demonstrates a lytic lésion centered 
in the epiphysis but involving the metaphysis and 
extending at least in part close to the adjacent subchondral 
bone. The tumor usually bulges beyond the confines of 
the cortex, which has undergone varying degrees of 
résorption. Apart from a thin shell of subperiosteal new 
bone outlining the outer surface of the tumor, no 
periosteal reactions are appreciated unless a pathological 
fracture is présent. The margins of the lésion bordering 
the adjacent cancellous bone are generally well defined, 
or sometimes ill defined, and seldom a thin shell of 
reactive bone may be présent. Peripheral bony ridges of 
a lobulated tumor give the radiographie appearance of 
trabeculations. There is no mineralised tumor matrix 

(Fig. 1). 

Magnetic Résonance Imaging (MRI) 

Currently the best imaging modality for GCT because of 
its superior contrast resolution. Multiplanar imaging 
capabilities allow accurate tumor délinéation. GCT shows 
low intensity on Tl (Fig. 2) and high intensity on T2 
weighted images. Therefore intramedullary tumor is best 
seen on TIW, while its extraosseous portion is best 
appreciated on T2W images. MRI is useful in determining 
extraosseous extent and joint involvement' however 
subtle cortical destruction is better demonstrated by CT. 
Fluid levels may be seen secondary to an aneurismal bone 
cyst component 



Fig. 1 : Lower end radius GCT 



Fig. 2: Lower end radius GCT-T1 weighted MRI 


CLASSIFICATION 

Numerous attempts hâve been made to classify these 
lésions but they hâve not proved to be prognostically 
useful. The most common System is the Enneking's 
classification of benign tumors. This is based mainly on 
the clinical features and radiographie appearance. 
Tumors are graded as Stage 1- latent. Stage 2 - active. 
Stage 3 - aggressive. 
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Fig. 4: GCT treated with “extended intralesional 
curettage” and cementation 


Fig. 3: Campanacci’s grading of GCT 

Campanacci attempted to grade the lésions based on 
radiological appearance. The invasion of the joint space, 
too, was inferred from the radiograph. Ail of the tumors, 
both primary and récurrent, are graded radiographically, 
using the désignations Grade I, Grade II, Grade II with 
fracture, and Grade III (Fig. 3). 

• Grade I tumor had a well marinated border of a thin 
rim of mature bone, and the cortex was intact or 
slightly thinned but not deformed. 

• Grade II tumor had relatively well defined margins 
but no radiopaque rim; the combined cortex and rim 
of reactive bone was rather thin and moderately 
expanded but still présent. Grade-II lésions with a 
fracture are graded separately. 

• Grade III designated a tumor with fuzzy borders, 
suggesting a rapid and possibly permeative growth; 
the tumor bulged into the soft tissues, but the soft- 
tissue mass did not follow the contour of the bone 
and was not limited by an apparent shell of reactive 
bone 

TREATMENT 

The treatment of GCT is directed towards local control 
without sacrificing joint function. This has traditionally 
been achieved by intralesional curettage with autograft 
reconstruction by packing the cavity of the excised tumor 
with morcellized iliac cortico-cancellous bone. Regardless 
of how thoroughly performed, intralesional excision 
leaves microscopie disease in the bone and hence has a 
récurrence rate as high as 60%. Although a marginal or 
wide excision of the involved bone is curative if contami¬ 
nation is avoided, it is associated with reconstruction and 
disability problems. 

In order to counter the above problems, a great deal 
of effort has been expended on attempting to "extend 
the curettage or intralesional excision" by Chemical or 
physical means. 

Use of a high power burr to break the bony ridges 
and extend the curettage is recommended. Though 


adéquate removal of the tumor seems to be a more 
important prédictive factor for the outcome of surgery, 
adjuvants such as phénol used in a percentage varying 
from 5 to 80 % after completion of curettage may be of 
additional benefit in helping to decrease récurrence rates 
after curettage. In vitro studies hâve also demonstrated 
the efficacy of using hydrogen peroxide as adjuvant 
therapy after extended local curettage for benign giant 
cell tumors of bone. 

Cementation using methylmethacrylate has shown 
encouraging results (Fig. 4). It is postulated that the 
exothermic reaction of methylmethacrylate generates 
local hyperthermia which induces necrosis of any 
remaining neoplastic tissue, yet it does not extend to the 
normal tissues to resuit in local complications. In theory, 
the possibility that the polymérisation of methylmetha¬ 
crylate may produce a local Chemical cytotoxic effect 
cannot be excluded. Cryosurgery using liquid nitrogen 
first propagated by Marcove though used in some centres, 
is associated with a high incidence of local wound and 
bone complications. 

If the patient is treated by cementation, especially in 
cases of minimal residual subchondral bone there is a 
school of thought that believes it may lead to late articular 
degeneration. To try and forestall this potential problem 
of late articular degeneration some authors recommend 
a technique combining the use of bone graft and cernent 
as a filler material. This is indicated in subarticular lésions 
where the amount of residual subchondral bone after an 
extended curettage is less than 1 cm. The cavity is 
reconstructed in layers. A mixture of morcellized auto 
and allograft (about 1 cm thick) is packed adjacent to the 
subarticular surface. A layer of gelfoam is layered over 
this and the remaining cavity is packed with cernent (Figs 
5 and 6A to C). The subarticular bone graft after 
consolidation should theoretically prevent subarticular 
degeneration. Another perceived advantage is, that 
should récurrence occur, the danger of damage to 
articular cartilage during removal of cernent is reduced. 











1046 Textbook of Orthopedics and Trauma (Volume 2) 



Fig. 5: Reconstruction of GCT with minimal 
subchondral bone 


Depending on the residual structural integrity of the host 
bone it may be necessary to augment the construct with 
internai fixation. The incidence of local récurrence has 
been reduced to less than 10% by a combination of the 
above methods of "extended intralesional excision". 

Reconstruction After Marginal/Wide Excision 

If marginal/ wide local excision is elected as the treatment 
of the lésion, either primarily or in récurrence, then, 
reconstruction necessarily implies reconstruction of the 
joint surface, since GCT invariably involves the end of a 
long bone and causes significant dysfunction of joint 
surface . The options include use of a megaprosthesis for 
joint replacement (Figs 7 A and B) biologie reconstructions 
including autograft arthrodesis with fixation, live 
microvascular fibula reconstructions, Ilizarow method of 
bone régénération or the use of osteo-articular allografts. 


The Rôle of Chemotherapy and Radiotherapy 

Occasional giant cell tumors of bone demonstrate 
profound responses to chemotherapy but these cases are 
anecdotal and its incidence is disappointing. At the 
présent time there are no recognised effective 
chemotherapeutic agents available for the management 
of these tumors. Literature documents a close association 
of secondary sarcomatous transformation in the région 
of giant cell tumors treated by radiation therapy. In the 
rare unresectable primary or secondary lésions with a 
clear eut diagnosis, high voltage irradiation therapy has 
a place in their management. 

In lésions involving the axial skeleton, with the 
exception of the sacrum, it is felt that excision with 
stabilization of the spine as dictated by the resection and 
biologie reconstruction of the anterior column, followed 
by reduced levels of irradiation based on the assumption 
that you are dealing with microscopie residual tumor 
only, would offer the patient the best chance of long term 
local control. 

The Rôle of Embolisation and Biphosphonates 

Unresectable giant cell tumors (e.g. certain sacral and 
pelvic tumors) can be managed with transcatheter 
embolisation of their blood supply. Since flow reconsti¬ 
tution invariably occurs, embolisation is performed at 
monthly intervals until significant pain palliation is 
achieved. Subséquent embolisations are performed when 



Figs 6A to C: (A) X-ray showing a GCT of proximal tibia note the 
thin layer of subchondral bone, (B) Immédiate post-op X-ray 
showing the various cayers of bonegraft, GEL foam cernent, 
(C) Follow-up X-ray showing restoration of bonestock 
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Figs 7A and B: Large récurrent GCT with pathological fracture; treated with resection and 

megaprosthesis 


there is symptomatic or radiographie relapse of the tumor. 
Tumors in these areas amenable to surgical resection also 
benefit by preoperative embolisation in an attempt to 
reduce the amount of intraoperative blood loss. Recently 
researchers hâve demonstrated the efficacy of 
bisphosphonates as an effective adjunctive modality in 
the management of large unresectable lésions. 

Evaluation of Local Récurrence 

Local récurrences appear to be related to the surgical 
margin and are clinically characterized by pain and 
radiologically by lysis of the bone graft or the adjacent 
cancellous bone. 

Following curettage and cementation an osteolytic 
zone caused by thermal injury measuring 2 mm 
surrounds the cernent. This radiolucent zone is bordered 
by a thin outer sclerotic rim for about 6 months. Lysis or 
failed development of the sclerotic rim between the 
cernent and cancellous bone may suggest récurrence. Soft 
tissue récurrence is visible on plain radiographs because 
of its tendency towards peripheral calcification. 

Metastasis in Giant Cell Tumors 

The incidence of métastasés is estimated to be from 1% 
to 6%. The metastatic lésions are histologically identical 
to the primary lésions, showing no tendency to 
dedifferentiate. The majority of metastatic lésions are to 
the lung. Solitary metastasis to régional lymph nodes, 
the mediastinum and the pelvis hâve been reported, as 
has involvement of the scalp, bone and para-aortic nodes. 
The mean interval between the onset of the tumor and 


the détection of lung métastasés is about 4 to 5 years. The 
natural history of metastatic lésions is unpredictable. 
Complété excision of métastasés has been very successful 
with good long-term survival, but those with inopérable 
disease may die from métastasés. Hence, metastatic 
lésions should be resected if possible. Radiation and 
chemotherapy hâve enjoyed limited success. Steroids 
hâve been successfully used in the control of unresectable 
métastasés. Though rare, there are several reports where 
the métastasés hâve completely regressed spontaneously 
or hâve remained static for years. There hâve been several 
reports of long-term survival even with residual 
pulmonary tumors. Metastatic disease in giant cell tumor 
does not carry the same poor prognosis as malignant 
tumors. Therapy should be directed at achieving 
adéquate local control and if possible complété excision 
of the metastatic lésions. 
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INTRODUCTION 

Ostéogénie sarcoma (osteosarcoma) is defined as a 
primary malignant tumor in which the neoplastic cells 
produce osteoid matrix. It is the most common primary 
malignant tumor of bone, excluding hemopoietic origin. 

Its estimated incidence is 2 to 3 per million people 
per year, and approximately 600 to 800 cases occur 
annually in the United States. Males are more affected 
by a ratio of about 3:2. The most common sites are the 
distal fémur, proximal tibia, and proximal humérus. It 
tends to be a disease of the metaphysis (91%) or diaphysis 
(<9%). Primary involvement of the epiphysis is extra¬ 
or dinarily rare. The peak incidence is in the adolescent 
year s, but a second peak is seen in advanced âge. The 
gender sélection tends to become less dramatic with 
increasing âge. 

CLASSIFICATION 

It is feasible that ostéogénie sarcoma comprises several 
distinct disorders with different étiologies and outcomes. 
Primary, high-grade ostéogénie sarcoma is the most 
frequent type which is characterized by its aggressive and 
rapid growth and its common origin from the medullary 
cavity (Fig. 1). Secondary ostéogénie sarcoma arises in 
the background of a previous bone disorder such as 
Paget's disease, bone infarct, fibrous dysplasia, or prior 
radiation. Secondary ostéogénie sarcoma is hardly seen 
in young patients, but it accounts for more than half of 
the patients over 60 years of âge. These high-grade tumors 
show a poor prognosis and do not respond well to 
adjuvant therapy. Primary, low-grade, intramedullary 
ostéogénie sarcoma is a rare variant that is well 
differentiated with a low potential for metastasis. The 
tumor has potential to transform into high-grade 


ostéogénie sarcoma, especially after local récurrence. It 
arises from within the medullary canal, unlike most low- 
grade ostéogénie sarcomas, 

Formerly, a term Parosteal ostéogénie sarcoma has been 
used to denominate a tumor arising directly adjacent to 
but distinct from the external surface of a bone. The most 
frequent site for the tumor is on the posterior aspect of 
the distal fémur (Fig. 2). Most of the tumors are low-grade 
and hâve a favorable prognosis, but some are high-grade 
and metastasize rapidly. In addition, invasion of the 
medullary canal is possible both with low and high-grade 
tumors. The diversification in behavior makes the term 
parosteal ostéogénie sarcoma dangerous and unsatisfactory. 
Since the term has historically been associated with well- 
differentiated lésions submissive to surgery only, 
unsuspecting physicians may perform inadéquate 
treatment for the rare high-grade tumor. In order to avoid 
such confusion, the term parosteal should be replaced in 
favor of juxtacortical or surface ostéogénie sarcoma , which 
should be further désignated as high or low grade. Every 
low-grade ostéogénie sarcoma of ail varieties should not 
be given any chemotherapy. 

Periosteal ostéogénie sarcoma is another variant of 
ostéogénie sarcoma that similarly should be renamed and 
included in the group of juxtacortical ostéogénie 
sarcomas. Periosteal ostéogénie sarcoma has indicated a 
lésion arising from the diaphyseal cortex or periosteum, 
frequently located in the proximal tibia. The tumor has 
particular feature that it contains a remarkable 
cartilaginous component, which occasionally makes it 
difficult to distinguish from chondrosarcoma. Although 
most lésions show intermediate in grade, and the 
prognosis as a whole is better than conventional high- 
grade ostéogénie sarcoma, like parosteal ostéogénie 
sarcomas, these tumors also hâve great variability in 
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Figs IA and B: Ostéogénie sarcoma of the fémur. (A) A destructive bone formative lésion in 
the diaphysis to distal metaphysis of the fémur demonstrates the classic radiographie 
présentation of ostéogénie sarcoma. Typical periosteal reactions such as Codman triangle, 
onion peel appearance and sunburst appearance are seen. (B) After induction chemotherapy, 
extensive bone formation is seen 



Fig. 2: Low-grade juxtacortical ostéogénie sarcoma. Plain 
radiograph shows a tumor on the posterior aspect of the fémur, 
which is a classic location for juxtacortical ostéogénie sarcomas 


behavior. Previously, such variability has led to confusion 
over proper treatment; therefore it would seem best to 
replace the term periosteal ostéogénie sarcoma with 
juxtacortical or surface ostéogénie sarcoma , which should 
cover either high or low grade. 


ETIOLOGY 

The genetic abnormalities of ostéogénie sarcoma is 
complicated and only beginning to be understood. 
Although no spécifie translocation or any other 
diagnostically structural alternation has been confirmed 
to ostéogénie sarcomas, involvement of certain 
chromosomal régions is récurrent. 

According to the loss of heterozygosity (LOH), 
chromosome arms 3q, 13q, 17p, and 18q are most 
frequently involved. The incidence of LOH is high at 
3q26.6-26.3, this area has been suggested to contain a 
putative suppressor gene. Ring chromosomes hâve been 
reported in most of cases of juxtacortical ostéogénie 
sarcoma. 

It is known that patients with hereditary retino- 
blastoma hâve an increased risk of ostéogénie sarcoma 
development. These patients hâve a germline mutation 
in the tumor suppressor Rb gene, and due to the loss of 
heterozygosity they hâve only one copy of a functional 
Rb gene. A subséquent point mutation in this normal gene 
is the critical genetic event leading to retinoblastoma in 
the eye. The same "two-hit hypothesis" could be applied 
to the development of ostéogénie sarcoma. In patients 
without hereditary retinoblastoma, different mutational 
mechanism inactivating the Rb gene may be important 
to the pathogenesis of ostéogénie sarcoma. 
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Li-Fraumeni syndrome patients with germline 
mutation in p53, another tumor suppressor gene, also 
hâve an increased risk of ostéogénie sarcoma develop¬ 
ment. The Li-Fraumeni syndrome is rare, and one study 
revealed that only 3% had germline mutations in p53 in 
235 ostéogénie sarcoma patients. However, like the Rb 
gene, different mechanisms can inactivate p53 and thus 
it has been estimated that up to 50% of ostéogénie 
sarcomas may hâve perturbations of p53. Experimental 
works in animais clearly demonstrated the rôle of p53 in 
the development of ostéogénie sarcoma. The p53 déficient 
mice hâve a markedly increased incidence of ostéogénie 
sarcoma. 

The pathogenesis of ostéogénie sarcoma cannot be 
fully explained by mutations in Rb and p53, since some 
tumors and cell lines do not hâve any mutations of these 
genes. Instead of them, other tumor suppressor genes, 
such as pl6 and p21, may be substantial, and it is believed 
that a putative tumor suppressor gene is présent on 
chromosome 3q. 

Although the research on oncological genetics has 
provided many suggestive dues, there is still no definite 
figure of ostéogénie sarcoma development and 
pathogenesis. Therefore, we hâve only limited préventive 
measures at présent. Avoiding exposure to ionizing 
radiation is a reliable general principle, but the risk would 
not rise significantly until the dose exceeds 30 Gy. 
However, radiation of benign bone tumors may induce 
ostéogénie sarcoma at markedly higher rates, and this 
should be chosen only under extraordinary situations. 
High-risk patients with familial cancer syndromes such 
as hereditary retinoblastoma and Li-Fraumeni syndrome 
should be taken care of with genetic counseling and 
regular follow-up. Patients with predisposing abnor- 
malities of bone, such as Paget's disease, post radiation 
treatment, fibrous dysplasia, or bone infarct may also 
benefit from periodic observation. 

CLINICAL MANIFESTATIONS 

Most patients usually présent with persistent pain at the 
affected site which wax and wane initially. Pathologie 
fracture is an unusual but dramatic présentation. A deep, 
firm, fixed mass may be recognized in some patients, but 
swelling may be faint, especially where there is 
considérable soft tissue covering the lésion such as the 
thigh. The tumor may produce relatively mild symptoms 
that are frequently ascribed to minor trauma, especially 
in active children. 

Examination usually demonstrates the presence of the 
mass with tenderness over the lésion. The girth of the 
limb mostly shows an increase in circumference. Warmth, 


erythema, and occasionally bruits can be perceived with 
highly vascular tumors like telangiectatic ostéogénie 
sarcoma. 

DIAGNOSIS 

Plain radiographs of classic high-grade ostéogénie 
sarcoma demonstrate a remarkable osteoblastic lésion. 
In children, only a few clinical entities can mimic this 
feature, and the diagnosis is firmly indicated by the 
radiographs. The lésion generally arises in the 
metaphysial portion of a long bone and outgrows from 
the medullary canal to extraskeletal région. The tumor 
displays représentative features of a malignant lésion, 
such as a permeative growth pattern, indistinct margins, 
and cortex érosion. And the existence of periosteal 
reaction with formation of a Codman's triangle or 
"sunburst" appearance is often seen. 

It is important to emphasize that the tumor may show 
wide variety of radiographie appearance, and the classic 
features described above are often missing. Some of 
histologie subtypes, such as the telangiectatic, and small 
cell variants, may demonstrate purely lytic lésions in bone 
with little or no ossified matrix. Therefore, to diagnose 
lytic lésions of bone automatically as "bone cysts" may 
be perilous (Fig. 3). Similarly, permeative, destructive 
lésions in children must always include ostéogénie 
sarcoma in the differential diagnosis. 

In establishing the diagnosis of ostéogénie sarcoma, 
CT and MRI scans are not as instrumental as plain 



Fig. 3: Telangiectatic ostéogénie sarcoma of the proximal fémur. 
Telangiectatic ostéogénie sarcoma can produce a lytic lésion 
with little ossification. This can be mistaken for an aneurysmal 
bone cyst radiogaphically 






Ostéogénie Sarcoma 1051 


radiographs, but these studies can provide anatomie 
information precisely that is indispensable for surgical 
planning. MRI is excellent for describing lésions 
especially in the marrow, which is helpful to détermine 
the level of resection, to screen for skip lésions, and to 
décidé whether juxtacortical tumors invade the 
medullary canal. Involvement of the epiphysis and 
pénétration of the physeal cartilage occurs frequently, 
which is easily proved on MRI but may hardly seen on 
plain radiographs. 

HISTOLOGY 

The principal and essential histologie feature of 
ostéogénie sarcoma is that malignant spindle cells directly 
produce tumor osteoid. The tumor cells mustbe directly 
adjacent to osteoid with no intervening, normal 
osteoblasts lining the osteoid. However, besides the 
osteoblastic components, there may be other components 
showing various degrees of cartilage, fibrous tissue, 
vascular spaces, and sheets of small round cells. The 
histologie subtypes of primary high-grade ostéogénie 
sarcoma, such as osteoblastic, chondroblastic, fibroblastic, 
telangiectatic, and small cell variants are classified by 
which type of tissue dominâtes. Although the prognostic 
significance of the different histologie subtype is still 
uncertain, a recent study analyzing 1058 patients with 
ostéogénie sarcoma of the extremities demonstrated that 
the 5-year survival rate was significantly higher in 
fibroblastic (83%) and telangiectatic (75%) tumors than 
osteoblastic (62%) and chondroblastic (60%) tumors. 

High-grade ostéogénie sarcoma is composed of 
pleomorphic malignant cells with large, hyperchromatic 
nuclei, and frequent mitotic figures. On the other hand, 
low-grade ostéogénie sarcoma is characterized by scarcity 
of pleomorphic cells and mitotic figures. Although 
osteoid is présent, the areas of well-differentiated bone 
can make the discrimination between the tumor and 
hétérotopie ossification (myositis ossificans) difficult, 
especially in a juxtacortical région. Low grade juxta¬ 
cortical ostéogénie sarcomas typically hâve bland 
fibroblastic tissues between bony trabeculae rather than 
bone marrow. Periosteal variants typically hâve a 
cartilaginous base. The crucial key to diagnosis is to 
identify foci of obviously malignant, neoplastic cells. 
Another diagnostic features is that hétérotopie 
ossification (myositis ossificans) may demonstrate a 
zonation phenomenon with more mature, ossified matrix 
on the periphery, while tumors tend to show more 
immature matrix on the periphery. 

Occasionally, it may be very difficult to make the 
histologie diagnosis of ostéogénie sarcoma, for fracture 
callus can masquerade as ostéogénie sarcoma especially 


in the condition of a pathologie fracture through a fibrous 
tumor. In some cases of ostéogénie sarcoma, the 
production of osteoid may be minimal and its presence 
may be difficult to detect since there is no spécifie stain 
that clearly confirm its presence. Therefore, small cell 
ostéogénie sarcoma may be taken for round cell tumor 
such as Ewing's sarcoma; telangiectatic ostéogénie 
sarcoma can be mistaken for aneurysmal bone cyst; and 
chondroblastic ostéogénie sarcoma may be confused with 
chondrosarcoma. As it is currently conceived that 
ostéogénie sarcoma contains heterogenous genetic and 
morphologie profiles, ostéogénie sarcoma may actually 
be a group of disorders that hâve similar clinical features 
of disease. Molecular diagnosis and staging may make it 
possible to subclassify the disease and direct targeted 
therapy. 

STAGING 

As staging System, the Musculoskeletal Tumor Society 
staging System is most commonly used. Low-grade 
tumors are categorized as stage I lésions, which hâve a 
much different behavior and prognosis than stage II or 
III lésions. However, these low-grade tumors are 
relatively infrequent, and the majority of tumors are 
classified into the stage IIB. That means the current 
staging System does not discriminate between subsets of 
patients that may show markedly different prognosis 
with current treatment. Further study is necessary to 
improve stratification of patients for chemotherapy and 
other treatment protocols. 

There hâve been found a number of factors with 
possible prognostic importance besides those currently 
used for staging. The location of the tumor is critical. 
Trunk and pelvic tumors show far worse prognosis than 
tumors of the extremities. The différence can be ascribed 
to the difficulty in achieving négative surgical margins 
and increased frequency of vascular invasion. Elevated 
alkaline phosphatase level above 400 and lactose 
dehydrogenase (LDH) level above 400 hâve both been 
shown to be independent predictors indicating poor 
prognosis. One study reported that race may be 
important, with blacks having a worse outcome. 
Secondary ostéogénie sarcomas associated with radiation 
or Paget's disease, hâve a worse prognosis. A displaced 
pathologie fracture through the lésion is suggested with 
lower survival rate. Skip lésions, which may imply bone- 
to-bone métastasés, hâve been correlated with a poor 
prognosis. Although there is one early study reporting 
that 25% of ail patients had skip lesions,other studies 
indicate that this is an uncommon event with the 
incidence of fewer than 5% of patients. 
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Staging work-up should include chest X-ray and CT, 
as the lung is most commonly affected site of metastasis. 
A whole-body bone scan screens for bony métastasés, 
which are the second most common site of metastasis, as 
well as skip lésions. Thallium scans may be helpful for 
monitoring disease activity, response to chemotherapy, 
and distant métastasés. Of the laboratory tests, the 
alkaline phosphatase and LDH levels should be checked 
with particular attention. 

TREATMENT 

Surgery 

For low-grade ostéogénie sarcoma, regardless of the 
location (intramedullary or juxtacortical), only wide 
surgical excision is the treatment of choice, and the overall 
survival is considered to be greater than 90% in studies 
with at least 5-year foliow up. Both intralesional and 
marginal excisions are inappropriate, and local 
récurrence rates range from 50 to 100% with such 
treatment. Principally, adjuvant chemotherapy is not 
applied for those patients. However, they should receive 
regular, periodic long-term follow-up for systemic and 
local relapse. 

For high-grade ostéogénie sarcoma, it is crucial to 
combine surgical excision of the primary tumor with 
adjuvant chemotherapy. Historical data shows that 
survival rate is less than 20% with ablative surgery alone. 
Improvements in surgical technique and adjuvant 
therapy hâve made it possible to perform limb-sparing 
surgery for the majority of patients. However, it is still 
vitally important to perform oncologically sound 
operation. The prognostic factors for local récurrence are 
influenced by both surgical margin and response to 
chemotherapy. Marginal excision leads to a high rate of 
récurrence, especially in patients with poor responses to 
chemotherapy. With intralesional procedures, there has 
shown an even higher rate of récurrence. The develop¬ 
ment of a local récurrence préludés poor prognosis for 
the patients and 5-year survival rate is only 11 to 19%. 

Rougraff et al. reported in combined review of 
ostéogénie sarcoma of the distal fémur, that the rate of 
local récurrence was 0% for hip disarticulation, 7.8% for 
transfemoral amputation, and 11% for limb-sparing 
surgery. Winkler et al. reported local récurrence of 2.2% 
for amputation or rotation whereas 11.1% for limb- 
sparing procedures. Picci et al of Rizzoli Institute reported 
that local récurrence was 0% for rotation plasty and 
radical amputation, 8% for wide amputation, and 10% 
for limb-sparing surgery. Poor responders to 
chemotherapy with narrow surgical margins suffered 


local récurrence in 20% of cases. Ail of these studies 
suggest that amputation is more favorable to control local 
disease than limb-sparing surgery. An important question 
is whether overall survival rate was affected by this. In 
the study of Rougraff et al. they showed no statistical 
différence in overall survival despite the différence in 
local control. One possible explanation of the data is that 
survival is not affected by local récurrence. It is assumed 
that undetectable, microscopie pulmonary metastasis has 
already appeared in most patients at the time of diagnosis. 
Patients with poor response to chemotherapy will lose 
their lives as a resuit of these métastasés progression, 
regardless of whether local récurrence develops. Another 
interprétation is that, though the current studies are 
relatively large, they were not powerful enough to detect 
a little différence in survival. It should be noted that 
sélection bias usually exists in determining which patients 
undergo ablation, that is to say, the more advanced 
tumor s tend to be treated by amputation. We can find no 
randomized surgical trials addressing this issue. 
Although overall survival is still the same, it may be 
possible that there may be a slight survival advantage 
for amputation. Goorin reported in his study with 46 
patients that survival was 62% for amputation compared 
to 55% for limb-sparing surgery, but the différence was 
not statistically significant. 56 Winkler et al. revealed that 
26% of patients having wide excision developed 
pulmonary métastasés compared to 13% of patients 
having amputation in the 1980 Cooperative Osteosar- 
coma Study Group (COSS study), but the différence again 
was not statistically significant. Although still 
inconclusive, these results should promote the surgeon 
to exercise caution and be prudent when selecting limb 
preserving surgery. It is considerably important to resist 
the séductions to expand the indications for limb-sparing 
surgery to situations where it may not be reasonable. 

As for pulmonary metastasis, some patients can 
receive survival benefit from surgical excision of the 
lésion. Patients that présent with metastatic disease show 
a poor prognosis of only 11% surviving at 5 years. 
However, aggressive treatment including excision of 
pulmonary métastasés and intensive chemotherapy can 
extend most patients survivais and sometimes can cure 
some patients completely. Bacci et al. referred to this issue 
and reported that 10 of 23 patients were continuously 
disease free at a mean of 30 months, and Tabone et al. 
reported that the event-free survival rate at 3 years was 
27%. It seems that the most critical factor is complété 
resection of récurrences for a successful outcome. 
Répétitive pulmonary metastasectomy can cure some 
patients if enough functional lung can be preserved. 
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Reconstruction 

Improvements in reconstructive techniques and the 
accumulated expérience of surgeons hâve increased the 
number of limb-preserving surgery. A wide variety of 
novel techniques hâve been used to repair the defect after 
resection of tumor-bearing bone and surrounding tissues 
(Figs 4 to 6). 

Indication of limb-sparing is determined by tumor 
location and its relation with major neurovascular 
bundles. The interrelationship between surgical margin 
and the effectiveness of adjuvant thérapies must be taken 
into account. Currently, over 80% of patients with 
extremity ostéogénie sarcomas canbe candidates for limb- 
sparing surgery. However, it should be noted that 
advances in prosthetics hâve increased the potential 
function following amputations in the lower extremity, 
especially in children. And it should also be remembered 
that adéquate local control must not be compromised in 
an attempt to save a limb. 

Reconstructions should address deficiencies of bone, 
joint, and soft tissue. Since most ostéogénie sarcomas 
occur about the shoulders and the knees in children and 
adolescents, the majority of limb-salvage procedures 
require restoration of the structural integrity of shoulder 



Fig. 4: An osteoarticular allograft was used to reconstruct the 
proximal tibia. Note that the medullary canal of the graft is filled 
with bone cernent to enhance graft strength and improve plate- 
screw fixation 



Figs 5A and B: (A) Allograft-prosthetic reconstruction of the 
proximal humérus takes advantage of the soft tissues of the 
allograft to reattach the rotator euff. (B) This reconstruction of 
the proximal fémur can provide the hip abductor attachment 



Fig. 6: Van Nés rotationplasty is usually performed on small 
children, but it can also be applied to adults to achieve good 
function. The ankle functions as a knee, and it can extend as 
well as flex. The orthosis is somewhat different from 
conventional BKA orthoses 
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or knee. The surgical options available for bony 
reconstructions so far are biologie materials (autologous 
or allogeneic bone graft), metallic endoprostheses and 
their composites. There is no perfect reconstructive 
strategy and there are advantages and disadvantages for 
each approach. 

Allogeneic Bone Graft 

Bulk allografts of bone hâve been used extensively for 
major reconstructions. Allograft reconstructions offer the 
ability to reconstruct articular surface, ligaments, and 
tendon attachments. Single sides of joints canbe replaced 
by osteoarticular allografts. In addition, allografts are 
fundamentally appealing because they are a biologie 
reconstruction and provide a scaffold for the potential 
régénération of living tissue. The major problems with 
allografts include fracture, nonunion, and infection. The 
overall rate of fracture is 16 to 27%. The occurrence of a 
fracture is not always a catastrophic event, and 75% of 
allografts can be salvaged by internai fixation and bone 
grafting. The most serious problem is infection which 
occurs in 6 to 13% of patients. Since the graft is not 
vascularized, infections are difficult to cure, and in most 
cases removal of the graft is necessary. The rate of 
infection is especially high for large pelvic allografts. 
Long-term study of 118 knee allografts showed that 5- 
year allograft survival rate and limb-salvage rate were 
73% and 93% respectively. It was reported that nonunion 
rate of allografts was 27 to 32% for the patients who 
received chemotherapy as compared with 11 to 12% for 
the patients who did not receive chemotherapy. These 
results may suggest that chemotherapy affects the union 
of allografts to the host bone. 

Autogenous Bone Graft 

Autogenous bone grafts hâve the advantages that they 
do not hâve the problem with immunogenicity and 
transmission of infectious disease, but they are not used 
as extensively as allografts for large skeletal defects 
because of the risk of seriously weakening the donor bone. 
However, if the structural integrity is not affected severely 
by the tumor, it is possible to reinsert the resected bone 
into the defect after removal of the tumor from the 
resected bone and sterilization such as autoclaving, 
massive radiation, and pasteurization (prolonged 
hyperthermia). Although this approach has not been 
popular in the United States, it has been a major method 
of reconstruction in many parts of the world where large 
bone banks do not exist. Another major option is 
vascularized autogenous grafts which can be either local 
pedicular grafts or free grafts. The free fibular graft is the 


most versatile. Although vascularized grafts hâve several 
theoretical advantages such as being less prone to 
infection, less susceptible to fatigue damage, more likely 
to undergo hypertrophy, and more apt to heal promptly 
than allografts, it has been suggested that they hâve not 
fulfilled ail previous expectations. This may reflect loss 
of blood flow to the graft in a certain fraction of the cases. 
Improvement of the technique and innovative uses, such 
as combining vascularized grafts with allografts and 
endoprostheses may expand indications for the 
procedure. 

Endoprosthesis 

Endoprostheses offer the advantages of immédiate 
skeletal stability and mechanical fixation that allow early 
ambulation and usage. This is an important considération 
in a patient who may not hâve very long time to live. 
Similar to allografts, endoprostheses are prone to a 
number of complications. Infection occurs in 2 to 9% of 
patients and usually results in removal of the implant. 
Amputation may be needed to cure obstinate infections 
especially if they would delay resumption of 
postoperative chemotherapy or jeopardize the patient's 
life. In contrast to allografts, fracture of prothesis and 
periprosthetic bone fractures are less common and occur 
in 5% of patients. The major cause of loosening is aseptie 
loosening, which is a problem unique to endoprostheses. 
There are numerous factors affecting the rate of aseptie 
loosening. The location of the implant is important, and 
the rate of loosening is highest for the proximal tibia, 
followed by the distal fémur, proximal humérus, and 
finally proximal fémur. The âge of patient affects 
prosthetic survival, and younger, more active patients 
shows significantly higher failure rates. 29 The amount of 
resected bone also affects the rate of loosening. Distal 
fémoral resections that remove more than 40% of the 
length of the fémur hâve a higher rate of failure than 
resections of less than 40%. The use of less constrained 
implants such as rotating hinge prostheses for the knee 
has improved longevity of implants. The use of an 
extramedullary ring of porous ingrowth surfaces has also 
shown to retard the loosening rate by enhancing fixation 
with extracortical bone and inducing the formation of a 
fibrous euff, which seals the medullary canal from 
particulate débris. Although custom-made implants were 
commonly used previously, they are rarely used recently 
because of the progress in modular prostheses. In 
addition, expandable endoprostheses hâve been 
developed to avoid limb length discrepancies. The 
concept is attractive, nevertheless there are a number of 
limitations for the procedure. The very young patients 
who would benefit most from the device are not 
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candidates since their bones are too small to accept 
endoprostheses. The lengthening needs multiple 
surgeries. Finally, the rate of aseptie loosening and overall 
rate of failure seems to be higher than those of 
nonexpandable prostheses. Before using these prostheses 
for children and adolescents, we should always consider 
that they hâve a limited longevity and they need to cross 
an uninvolved growth plate. 

Composite Reconstruction 

Composite reconstructions employ a combination of 
biologie and synthetic materials. Currently, the majority 
of composite reconstructions involve alloprostheses 
which are composed of allografts and endoprostheses. 
Alloprostheses may offer the best solution theoretically 
by combining the advantages of allografts and 
endoprostheses. The main advantage of this procedure 
is that it provides tendinous and other soft tissue 
attachment to the endoprostheses. Another advantage is 
that restoration of bone stock. Since the current génération 
of implants will not outlast a young patient who is cured 
of disease, if endoprostheses alone used with no attempt 
to restore bone stock, progressive bone loss with each 
révision will make reconstruction increasingly difficult. 
The disadvantages of the procedure also exist. The 
operation is more complicated and time consuming than 
those for allografts or prostheses alone, which may 
increase the risk of infection. 

Arthrodesis: Currently, arthrodesis is not often performed 
as primary reconstruction and tends to be preserved as a 
salvage procedure, especially after deep infection. This 
procedure can provide a pain-free and stable limb with 
loss of motion. This can be tolerated surprisingly well in 
certain joints, such as hip, but it render functional 
problems in other joints, such as the elbow, where a wide 
range of motion is essential. Arthrodesis after tumor 
resection is difficult, because there is usually a large 
skeletal defect. Options for bridging this defect include 
vascularized grafts, nonvascularized autogenous grafts, 
allografts, and/or endoprostheses. Although allografts 
most readily span the gap, they hâve been associated with 
a high rate of late fracture and failure when used in this 
setting, and thus they may not provide a durable 
reconstruction. Another problem is that some form of 
immobilization is required postoperatively until bone 
union occurs, which can create considérable hardship for 
the patient. 

Resection arthroplasty: Resection arthroplasty indicates 
simply excising the cartilage and contiguous bones of a 
joint without reconstructing the joint. The advantage of 
this approach is the exact opposite of arthrodesis. The 


motion of the joint is kept at the expense of stability and 
shortening of the limb. Fibrous scar tissue fills the empty 
space gradually and a limited stability is obtained. Certain 
régions are suitable for this procedure such as the 
proximal fibula, clavicle, and ribs because the functional 
disability is minimal. However, for most major joints, 
resection arthroplasty is not performed often since 
function is usually better with a prosthesis or allograft. 
Resection arthroplasty may be appropriate in certain 
cases of internai hemipelvectomy. Reconstruction with 
massive pelvic allografts or endoprostheses may not 
practical since they hâve met with a high rate of infection 
and fracture. 

Rotationplasty: The van Ness' rotationplasty is another 
surgical option for large ostéogénie sarcoma of the distal 
fémur in a child less than 10 years old especially when 
pathologie fracture is présent. The function is usually 
quite good and similar to that of below-knee amputation. 
In addition, the procedure allows for continued growth 
of the limb and the healing of bone in rotationplasty is 
usually prompt. It is reported that delayed union occurred 
in only 2% of patients. The complication rate was reported 
to be lower and the functional outcome was better in 
patients with rotationplasty compared to those with limb- 
salvage. Finally, there is no phantom pain, and foot 
remains fully sensate. Despite these advantages, the 
procedure has not achieved universal acceptance 
primarily because of the cosmetic appearance of the limb. 
For proximal fémoral lésions, variations of the van Ness' 
rotationplasty that involve fusion of the distal fémur to 
the pelvis can be applied. 

Leg lengthening: Leg lengthening with distraction 
osteogenesis (callotasis) using external fixation and/or 
intramedullary nail can restore some of the lost length 
after resection of the tumor. Although this approach may 
provide sufficient strength, stability, and durability, 
practically this is a difficult and complicated procedure 
which needs long period to achieve with painful process 
to patients. This procedure can be an option for patients 
with good long-term prognosis and for growing children. 

Radiation 

Radiation therapy was once commonly used before the 
emergence of modem chemotherapy, it no longer plays 
a part of the standard treatment for primary tumors. As 
limb-sparing surgery develops, the high rate of local 
control has been achieved, and accordingly, the addition 
of radiation with its collateral complications becomes 
impractical. It is known that high doses of radiation are 
needed to be effective on ostéogénie sarcoma. Even doses 
of 60 Gy hâve inconsistent response. At doses of 70 to 
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80 Gy, tumoricidal effects become more definite, but 
attendant damage to normal tissues certainly increases 
as well. In addition, even after the treatment with high 
doses of radiation and chemotherapy, it has been proved 
that there still remain the areas of viable tumor. Therefore, 
it could be concluded that radiation alone is not adéquate 
as primary treatment. However, for certain problematic 
lésions, such as the craniofacial or spinal région, which 
may be difficult for surgery with adéquate margins, 
radiation may be applied for as an adjuvant treatment to 
surgery or in some cases, as primary treatment. In cases 
with displaced pathologie fracture that are decided to 
treat with limb-preserving surgery, adjuvant radiation 
therapy may also be employed. 

Adjuvant Therapy 

In most cases of high-grade ostéogénie sarcoma, it is 
recognized that there is microscopie metastasis already 
at the time of initial diagnosis, and systemic adjuvant 
chemotherapy is essential to extermina te these lésions. 
Despite many progresses in the chemotherapy hâve been 
made, the chemotherapy alone is not so effective yet that 
it could be used without surgery. The survival rate with 
chemotherapy alone was very disappointing (less than 
25%). Although the most common vital lésion of 
metastasis is the lung, it is noteworthy that whole lung 
irradiation showed no effect as an adjuvant therapy for 
pulmonary micrometastasis. 

Initially, there was skepticism and résistance to the 
concept of adjuvant chemotherapy since ostéogénie 
sarcoma was believed to be unresponsive to chemo¬ 
therapy. Various phase II trials demonstrated the 
response rate to single-agent therapy was only 0 to 33%. 
The issue was resolved definitively by several 
randomized studies which had to be terminated 
prematurely because the poor survival was obviously 
seen in the surgery-only group of the trial. 

A fundamental principle that was demonstrated by 
ostéogénie sarcoma is that chemotherapeutic agents do 
not take an all-or-none effect. This may be applied for 
other malignant tumors that are currently recognized as 
unresponsive to chemotherapy. The agents may be 
effective, if they are administered with substantially high 
dose intensity and in the right combination. In addition, 
a positive adjuvant effect can be seen even in patients 
without any apparent clinical response to chemotherapy. 

Jaffe et al. reported a prospective finding that high- 
dose methotrexate (HDMTX) with leucovorin rescue 
could achieve régression of pulmonary métastasés. This 
observation led to demonstrate that HDMTX could 
improve survival when used in an adjuvant setting after 


excision of nonmetastatic tumors. HDMTX has since been 
included in most protocols for ostéogénie sarcoma and it 
still continues to be a major component of current 
multiagent regimens. 

The success of HDMTX-based regimens dépends 
critically on a sufficiently high dose of metho¬ 
trexate. 14,190,192 Previously, the définition of the term "high 
dose" has been ambiguous, and numerous trials that 
failed to achieve a positive resuit may be attributed to 
insufficient dose of the agent. The range of doses 8 to 
12 g/m 2 is considered high dose, but generally the high 
end of the spectrum (12 g/m 2 ) are required to children. 
Rosen et al. reported that some tumors which did not 
respond with an initial dose of approximately 8 g/m 2 of 
methotrexate, subsequently showed a dramatic response 
with the increased doses of 12 g/m 2 or more. However, 
a recent study analyzing 1083 courses of HDMTX 
revealed that very high methotrexate exposures were 
associated with poorer outcome. There may be a 
threshold level, achieved with most modem regimens, 
and eve higher levels provide little additional benefit. 

In addition to HDMTX, other agents were found to 
hâve efficacy afterward, such as doxorubicin 
(Adriamycin) and cisplatin. Mosende et al. reported that 
the combination of bleomycin, cyclophosphamide, and 
dactinomycin (BCD) was effective against metastatic 
disease and consequently, this combination was emp¬ 
loyed in institutional and national protocols. However, 
recent studies hâve suggested it is more bénéficiai to 
intensify more-active agents in stead of these less-active 
agents. 

The results of multiple studies hâve demonstrated the 
superiority of multiagent adjuvant chemotherapy to 
single-agent adjuvant therapy. Rosenburg et al. reported 
that HDMTX alone gave only a 38% survival rate at 
2 years, and Cortès et al. reported only 39% survival with 
doxorubicin alone. 35 Several sériés hâve been reported 
that 5-year disease-free survival rates of multiagent 
chemotherapy are in the range of 55 to 76%. 

It was reported that the T4,5, 7,10, and 12 protocols, 
used previously for 279 patients with nonmetastatic 
disease at Memorial Sloan-Kettering showed 65% 
disease-free 5-year survival rate. These protocols were 
based primarily on HDMTX and doxorubicin, in the 
combinations with other agents, such as cyclophos¬ 
phamide in T4 and T5, BCD in T7, and BCD with cisplatin 
for poor responder in T10 and T12. It is notable that for 
the subset of 104 patients under 22 years of âge with a 
primary tumor in the extremity, 76% disease-free 5-year 
survival rate was obtained, and the survival rate did not 
decrease significantly at 10 years. It was also reported 
that the overall 5 and 10-year cumulative incidences of 



Ostéogénie Sarcoma 1057 


second malignant neoplasms in long-term survivors of 
osteosarcoma were 1.4% and 3.1%. 

Although the protocols used at Memorial Sloan- 
Kettering showed satisfactory improvement, more 
progress is required and the search for more effective 
agents and combinations of chemotherapy are going on. 
It is noteworthy that simple addition of more drugs to 
current regimens could cause confusion of the dose 
intensity of the most active agents, and that simple 
increase of the drugs does not improve survival. Thus, 
there hâve been attempts to find certain agents which 
can substitute for others. Especially, the efficacy of BCD 
has been suspicious. COSS 82 trial indicated that there 
was no différence in survival between cisplatin and BCD, 
though the response to preoperative chemotherapy 
employing cisplatin seemed favorable. The foliowing 
COSS 86 trial demonstrated the achievement of a 68% 
disease-free survival rate with HDMTX, doxorubicin, and 
cisplatin while excluding BCD. Similar results were also 
obtained previously at Memorial Sloan-Kettering. 

High-dose ifosfamide has been found to be active in 
phase II trials, and one group reported a high percentage 
of good chemotherapeutic responses when it was given 
preoperatively. A recent study comparing the effect of 
ifosfamide and that of cisplatin both in the combination 
with doxorubicin demonstrated that there was no 
différence in survival rate. 

Muramyl tripeptide phosphoethanolamine (MTP-PE) 
is a synthesized lipophilie analogue of muramyl 
dipeptide and represents a form of biologie therapy. MTP- 
PE activâtes circulating monocytes and pulmonary 
macrophages and induces them to become tumoricidal. 
Since it is not a cytotoxic agent and has minimal side 
effects, it should not compromise the dose intensity of 
the conventional chemotherapeutic agents. MTP-PE has 
been shown to be effective in a randomized, double- 
blinded study in dogs and phase II trial. A large phase III 
trial by the Pédiatrie Oncology Group (POG) and the 
Children's Cancer Group (CCG) was designed to 
détermine whether adding two agents, ifosfamide and/ 
or MTP-PE can improve survival compared with the 
conventional protocols using HDMTX, doxorubicin, and 
cisplatin. However, the results were confusing and not 
published yet. The unpublished results show an 
interaction between the ifosfamide and MTP-PE 
treatments. In spite of the méthodologie problems in this 
study, it can be concluded that ifosfamide is not essential, 
although it has shown effectiveness. It is a good choice 
for patients who had an inadéquate response to other 
regimen. 

It should be noted that chemotherapy has strong 
relevance to surgical treatment. Mostly, chemotherapy 


for ostéogénie sarcoma has included a preoperative, so- 
called neoadjuvant phase. Preoperative chemotherapy is 
thought to hâve many advantages as follows; (1) it could 
immediately treat micrometastatic disease; (2) it enables 
us to evaluate the effect of each drug directly by imaging; 
(3) it provides a safety margin for resection; (4) it may 
permit potentially less resection of normal tissue if there 
is a significant response; (5) it allows time for surgical 
planning, manufacture of custom prostheses, and 
procurement of allografts. Nevertheless, there is no study 
which demonstrates a clear survival benefit for 
neoadjuvant therapy. 

One of the remarkable advantages of preoperative 
chemotherapy is that it enables us to analyze the 
histologie response to chemotherapy in the surgical 
specimen. There are various scoring System for the 
histologie response. The one currently used at Memorial 
Sloan-Kettering for histologie response is modified from 
Huvos original description including four grades: 
grade I, 0 to 50% necrosis; grade II, 51 to 90% necrosis; 
grade III, 91 to 99% necrosis; grade IV, 100% necrosis. 
Patients with a grade III or IV response demonstrate 
significantly higher disease-free survival at 5 years than 
patients with grade I or II response. However, it should 
be emphasized that the response is highly dépendent on 
the kind of agents and the period of neoadjuvant 
chemotherapy. Single-agent neoadjuvant chemotherapy 
generally results in a poor response, but subséquent 
multiagent chemotherapy may eventuate in a higher 
survival rate. To the contrary, although a long term of 
preoperative chemotherapy may resuit in mostly good 
response, the survival rate may be much less. 

Theoretically, the idea seems attractive to administer 
different agents postoperatively when a patient shows 
poor response to the preoperative agents. This "tailor- 
made" chemotherapy unfortunately has not resulted in 
improved survival for patients with poor response. 
Nevertheless, the idea is still so appealing that researchers 
keep trying to devise novel therapeutic approaches based 
upon the response to initial chemotherapy. It should be 
kept in mind that even if patients may show a poor 
response to preoperative chemotherapy, there still exists 
a survival advantage to receiving adjuvant chemo¬ 
therapy. In the study from Memorial Sloan-Kettering, the 
patients with a grade I or II chemotherapeutic response 
still showed better survival than historic Controls of 
patients who received surgery only. In addition, there 
was not a statistical différence in survival between grade 
II and grade III chemotherapy response, which may mean 
that there is a continuum in the responsiveness and 
effectiveness of chemotherapy. Therefore, chemotherapy 
should be performed even if there is poor response. On 
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the contrary, the patients with a grade I or II response 
are exactly the ones who need the most diligence and 
endurance to achieve maximum dose intensity. It is also 
notable that divergence from protocol and delays in 
resumption of chemotherapy after surgery resuit in 
decreased in survival for these patients. 

There was initially some interest in intra-arterial 
chemotherapy which can deliver high doses to the 
primary tumor. Although impressively higher necrosis 
of the primary tumor was observed, particularly with 
cisplatin, the rates of local récurrence, disease-free 
survival, and overall survival hâve not been shown to be 
improved as compared with conventional intravenous 
chemotherapy. This seems to be reasonable because most 
deaths from ostéogénie sarcoma occur not as a resuit of 
local problem but as a resuit of distant pulmonary 
metastasis. Since intraarterial chemotherapy is 
considerably more complicated and difficult to give than 
intravenous chemotherapy, this route of drug 
administration is not routinely employed in most centers. 
However, intra-arterial chemotherapy may be helpful 
when the risk of local récurrence is estimated to be high 
after limb-sparing surgery, such as in the condition of a 
displaced pathologie fracture. And a recent report 
insisting on the superiority in the survival rate (92% 
10-year overall survival ) by intra-arterial chemotherapy 
may reopen the debate. The local therapeutic effects can 
be further intensified by régional limb perfusion, which 
permits very high doses in the tumor while limiting 
systemic toxicity. This complex intervention should be 
performed in the operating room with the limb under 
tourniquet. At présent, it remains an investigative 
procedure and is not indicated for most patients. 

Future directions for adjuvant therapy include the use 
of biologie modifiers and other means to increase the 
therapeutic window for traditional chemotherapeutic 
agents. Granulocyte Colony-Stimulating Factor (GCSF) 
and Granulocyte-Macrophage Colony-Stimulating Factor 
(GMCSF) are the examples already in use which are 
applied to treat neutropenia and enable dose intensi¬ 
fication of cytotoxic agents that are limited by bone 
marrow suppression. The development of cardioprotec- 
tive agents may allow to increase doses of doxorubicin. 
Similarly, isolated lung perfusion may permit extremely 
high doses of doxorubicin in pulmonary métastasés while 
limiting cardiac and systemic toxicity. 

Elucidation of the drug résistance mechanism is of 
paramount importance. Active investigation into the rôle 
of the multidrug résistance genes, p-glycoprotein, 
dihydrofolate reductase amplification, and other 
processes are now in progress. It should be noted that 
drug résistance may not be limited to proteins within the 


cell. Problems with delivering drugs to the cell and across 
the cell membrane may be concerned with the résistance. 
A full understanding of drug résistance will be essential 
to develop strategies to enhance the effectiveness of 
current cytotoxic drugs. 

Although dose intensification of chemotherapy is 
important, efforts aiming to reduce dosage are equally 
important in the long run. More sophisticated stratifi¬ 
cation of patients is also needed, and chemotherapeutic 
regimens should be tailored better to the patient's 
prognosis and expected outcome. It should be 
remembered that 15 to 20% of patients were cured by 
surgery alone and those patients must be identified to 
avoid the ravages of chemotherapy. The development of 
biologically based, noncytotoxic thérapies may play an 
important rôle in future. MTP-PE may be one step in this 
direction and represents an attempt at immunotherapy. 
Although previous attempts with interferon and BCG 
were not successful, it was indicated that other agents 
that increase the immune response such as interleukin-2 
(IL-2), may hâve some effectiveness. Further élucidation 
of the molecular mechanism underlying pathogenesis of 
ostéogénie sarcoma will ultimately lead to novel thérapies 
such as gene-based therapy that can reverse genomic 
mutations. 

BIBLIOGRAPHY 

1. Araki N, et al. Intraoperative extracorporeal autogenous irradiated 
bone grafts in tumor surgery. Clin Orthop 1999;368:196-206. 

2. Araki N, Uchida A, Kimura T, Yoshikawa H, Aoki Y, Ueda T, 
et al. Involvement of the retinoblastoma gene in primary 
osteosarcomas and other bone and soft-tissue tumors. Clin Orthop 
1991;270:271-7. 

3. Aung L, Gorlick RG, Shi W, Thaler H, Shorter NA, Healey JH, et 
al. Second malignant neoplasms in long-term survivors of 
osteosarcoma: Memorial Sloan-Kettering Cancer Center 
Expérience. Cancer 2002;95(8):1728-34. 

4. Bacci G, et al. Neoadjuvant chemotherapy for osteosarcoma of 
the extremity: intensification of preoperative treatment does not 
increase the rate of good histologie response to the primary tumor 
or improve the final outcome. J Pediatr Hematol Oncol 2003; 
25(11): 845-53. 

5. Bacci G, et al. Ostéogénie sarcoma of the extremity with détectable 
lung métastasés at présentation. Results of treatment of 23 patients 
with chemotherapy followed by simultaneous resection of 
primary and metastatic lésions. Cancer 1997;79(2):245-54. 

6. Bacci G, et al. Primary chemotherapy and delayed surgery 
(neoadjuvant chemotherapy) for osteosarcoma of the extremities. 
The Istituto Rizzoli Expérience in 127 patients treated 
preoperatively with intravenous methotrexate (high versus 
moderate doses) and intraarterial cisplatin. Cancer 1990; 
65(ll):2539-53. 

7. Bacci G, Picci P, Ferrari S, Orlandi M, Ruggieri P, Casadei R, et al. 
Prognostic significance of sérum alkaline phosphatase 



Ostéogénie Sarcoma 1059 


measurements in patients with osteosarcoma treated with 
adjuvant or neoadjuvant chemotherapy. Cancer 1993;71(4):1224- 

30. 

8. Berrey BH Jr., Lord CF, Gebhardt MC, Mankin HJ. Fractures of 
allografts. Frequency, treatment, and end-results. J Bone Joint Surg 
Am 1990;72(6):825-33. 

9. Bertoni F, Bacchini P, Fabbri N, Mercuri M, Picci P, Ruggieri P, et 
al. Osteosarcoma. Low-grade intraosseous-type osteosarcoma, 
histologically resembling parosteal osteosarcoma, fibrous 
dysplasia, and desmoplastic fibroma. Cancer 1993;71(2):338-45. 

10. Brigman BE, Hornicek FJ, Gebhardt MC, Mankin HJ. Allografts 
about the Knee in Young Patients with High-Grade Sarcoma. Clin 
Orthop 2004;421:232-9. 

11. Cahan WG. Radiation-induced sarcoma—50 years later. Cancer, 
1998;82(l):6-7. 

12. Cammisa FP Jr., Glasser DB, Otis JC, Kroll MA, Lane JM, Healey 
JH. The Van Nés tibial rotationplasty. A functionally viable 
reconstructive procedure in children who hâve a tumor of the 
distal end of the fémur. J Bone Joint Surg Am 1990;72(10):1541-7. 

13. Campanacci M, Giunti A. Periosteal osteosarcoma. Review of 41 
cases, 22 with long-term follow-up. Ital J Orthop Traumatol 
1976;2(1): 23-35. 

14. Campanacci M, Laus M. Local récurrence after amputation for 
osteosarcoma. J Bone Joint Surg Br 1980;62-B(2):201-7. 

15. Campanacci M, Picci P, Gherlinzoni F, Guerra A, Bertoni F, Neff 
JR. Parosteal osteosarcoma. J Bone Joint Surg Br 1984;66(3):313- 
21 . 

16. Cannon SR. Massive prostheses for malignant bone tumours of 
the limbs. J Bone Joint Surg Br 1997;79(3):497-506. 

17. Capanna R, Morris HG, Campanacci D, Del Ben M, Campanacci 
M. Modular uncemented prosthetic reconstruction after resection 
of tumours of the distal fémur. J Bone Joint Surg Br 1997;76(2): 
178-86. 

18. Choong PF, Pritchard DJ, Rock MG, Sim FH, McLeod RA, Unni 
KK. Low grade central ostéogénie sarcoma. A long-term foliowup 
of 20 patients. Clin Orthop 1996;322:198-206. 

19. Cool WP, Carter SR, Grimer RJ, Tillman RM, Walker PS. Growth 
after extendible endoprosthetic replacement of the distal fémur. 
J Bone Joint Surg Br 1997;79(6):938-42. 

20. Dick HM, Strauch RJ. Infection of massive bone allografts. Clin 
Orthop 1994;306:46-53. 

21. Dorfman HD, Czerniak B. Bone cancers. Cancer 1995;75 
(1 Suppl) :203-10. 

22. Enneking WF, Springfield D, Gross M. The surgical treatment of 
parosteal osteosarcoma in long bones. J Bone Joint Surg Am 
1985;67(1): 125-35. 

23. Finn HA, Simon MA. Limb-salvage surgery in the treatment of 
osteosarcoma in skeletally immature individuals. Clin Orthop 
1991;262:108-18. 

24. Gherlinzoni F, Picci P, Bacci G, Campanacci D. Limb sparing 
versus amputation in osteosarcoma. Corrélation between local 
control, surgical margins and tumor necrosis: Istituto Rizzoli 
expérience. Ann Oncol 1992;3(Suppl 2):S23-7. 

25. Goorin AM, Schwartzentruber DJ, Dévidas M, Gebhardt MC, 
Ayala AG, Harris MB, et al. Presurgical chemotherapy compared 
with immédiate surgery and adjuvant chemotherapy for 
nonmetastatic osteosarcoma: Pédiatrie Oncology Group Study 
POG-8651. J Clin Oncol 2003;21(8):1574-80. 


26. Gottsauner-Wolf F, Kotz R, Knahr K, Kristen H, Ritschl P, Salzer 
M. Rotationplasty for limb salvage in the treatment of malignant 
tumors at the knee. A follow-up study of seventy patients. J Bone 
Joint Surg Am 1991;73(9):1365-75. 

27. Grimer RJ, Belthur M, Carter SR, Tillman RM, Cool P. Extendible 
replacements of the proximal tibia for bone tumours. J Bone Joint 
Surg Br 2000;82(2):255-60. 

28. Han CS, Wood MB, Bishop AT, Cooney WP 3rd. Vascularized 
bone transfer. J Bone Joint Surg Am 1992;74(10):1441-9. 

29. Hansen MF. Molecular genetic considérations in osteosarcoma. 
Clin Orthop 1991;270:237-46. 

30. Harrington KD, Johnston JO, Kaufer HN, Luck JV Jr., Moore TM. 
Limb salvage and prosthetic joint reconstruction for low-grade 
and selected high-grade sarcomas of bone after wide resection 
and replacement by autoclaved [corrected] autogeneic grafts. Clin 
Orthop 1986;211:180-214. 

31. Hazan EJ, Hornicek FJ, Tomford W, Gebhardt MC, Mankin HJ. 
The effect of adjuvant chemotherapy on osteoarticular allografts. 
Clin Orthop 2001;385:176-81. 

32. Hejna MJ, Gitelis S. Allograft prosthetic composite replacement 
for bone tumors. Semin Surg Oncol 1997;13(l):18-24. 

33. Hornicek FJ, Gebhardt MC, Tomford WW, Sorger JI, Zavatta M, 
Menzner JP, et al. Factors affecting nonunion of the allograft- 
host junction. Clin Orthop 2001;382:87-98. 

34. Horowitz SM, Glasser DB, Lane JM, Healey JH. Prosthetic and 
extremity survivorship after limb salvage for sarcoma. How long 
do the reconstructions last? Clin Orthop 1993;293:280-6. 

35. Jaffe N, Carrasco H, Raymond K, Ayala A, Eftekhari F. Can cure 
in patients with osteosarcoma be achieved exclusively with 
chemotherapy and abrogation of surgery? Cancer 2002;95(10): 
2202 - 10 . 

36. Kawai A, Healey JH, Boland PJ, Athanasian EA, Jeon DG. A 
rotating-hinge knee replacement for malignant tumors of the 
fémur and tibia. J Arthroplasty 1999;14(2):187-96. 

37. Kawai A, Muschler GF, Lane JM, Otis JC, Healey JH. Prosthetic 
knee replacement after resection of a malignant tumor of the distal 
part of the fémur. Medium to long-term results. J Bone Joint Surg 
Am 1998;80(5):636-47. 

38. Kenan S, Bloom N, Lewis MM. Limb-sparing surgery in skeletally 
immature patients with osteosarcoma. The use of an expandable 
prosthesis. Clin Orthop 1991;270:223-30. 

39. Langlais F, Lambotte JC, Collin P, Thomazeau H. Long-term 
results of allograft composite total hip prostheses for tumors. Clin 
Orthop 2003;414:197-211. 

40. Lin J, Leung WT, Ho SK, Ho KC, Kumta SM, Metreweli C, et al. 
Quantitative évaluation of thallium-201 uptake in predicting 
chemotherapeutic response of osteosarcoma. Eur J Nucl Med 
1995;22(6):553-5. 

41. Lindner NJ, Ramm O, Hillmann A, Roedl R, Gosheger G, 
Brinkschmidt C, et al. Limb salvage and outcome of osteosarcoma. 
The University of Muenster expérience. Clin Orthop 1999;358:83-9. 

42. Malizos KN, Nunley JA, Goldner RD, Urbaniak JR, Harrelson 
JM. Free vascularized fibula in traumatic long bone defects and 
in limb salvaging following tumor resection: comparative study. 
Microsurgery 1993;14(6):368-74. 

43. Manabe J, Ahmed AR, Kawaguchi N, Matsumoto S, Kuroda H. 
Pasteurized autologous bone graft in surgery for bone and soft 
tissue sarcoma. Clin Orthop 2004;419:258-66. 



1060 Textbook of Orthopedics and Trauma (Volume 2) 


44. Mankin HJ, Gebhardt MC, Jennings LC, Springfield DS, Tomford 
WW. Long-term results of allograft replacement in the 
management of bone tumors. Clin Orthop 1996;324:86-97. 

45. Mclntyre JF, et al. Germline mutations of the p53 tumor 
suppres-sor gene in children with osteosarcoma. J Clin Oncol 1994; 
12(5):925-30. 

46. Menendez LR, Fideler BM, Mirra J. Thallium-201 scanning for 
the évaluation of osteosarcoma and soft-tissue sarcoma. A study 
of the évaluation and predictability of the histological response 
to chemotherapy. J Bone Joint Surg Am 1993;75(4):526-31. 

47. Meyers PA, Heller G, Healey J, Huvos A, Lane J, Marcove R, et al. 
Chemotherapy for nonmetastatic ostéogénie sarcoma: the Memorial 
Sloan-Kettering expérience. J Clin Oncol 1992;10(1):5-15. 

48. Miller CW, Aslo A, Won A, Tan M, Lampkin B, Koeffler HP. 
Alterations of the p53, Rb and MDM2 genes in osteosarcoma. J 
Cancer Res Clin Oncol 1996;122(9):559-65. 

49. Minami A, Kutsumi K, Takeda N, Kaneda K. Vascularized fibular 
graft for bone reconstruction of the extremities after tumor resection 
in limb-saving procedures. Microsurgery 1995;16(2):56-64. 

50. Mittermayer F, Krepler P, Dominkus M, Schwameis E, Sluga M, 
Heinzl H, et al Long-term followup of uncemented tumor 
endoprostheses for the lower extremity. Clin Orthop 2001;388:167- 
77. 

51. Muscolo DL, Ayerza MA, Aponte-Tinao LA. Survivorship and 
radiographie analysis of knee osteoarticular allografts. Clin 
Orthop 2000;373:73-9. 

52. Okada K, Frassica FJ, Sim FH, Beabout JW, Bond JR, Unni KK. 
Parosteal osteosarcoma. A clinicopathological study. J Bone Joint 
Surg Am 1994;6(3):366-78. 

53. Onda M, et al. ErbB-2 expression is correlated with poor prognosis 
for patients with osteosarcoma. Cancer 1996;77(l):71-8. 

54. Ozaki T, Hillmann A, Bettin D, Wuisman P, Winkelmann W. High 
complication rates with pelvic allografts. Expérience of 22 sarcoma 
resections. Acta Orthop Scand 1996;67(4):333-8. 

55. Pan G, Raymond AK, Carrasco CH, Wallace S, Kim EE, Shirkhoda 
A, et al. Osteosarcoma: MR imaging after preoperative 
chemo-therapy. Radiology 1990;174(2):517-26. 

56. Picci P, Sangiorgi L, Rougraff BT, Neff JR, Casadei R, Campanacci 
M. Relationship of chemotherapy-induced necrosis and surgical 
margins to local récurrence in osteosarcoma. J Clin Oncol 1994; 
12(12): 2699-705. 

57. Raymond AK. Surface osteosarcoma. Clin Orthop 1991;270:140-8. 

58. Roberts P, Chan D, Grimer RJ, Sneath RS, Scales JT. Prosthetic 
replacement of the distal fémur for primary bone tumours. J Bone 
Joint Surg Br 1991;73(5):762-9. 


59. Rodriguez-Galindo C, Shah N, McCarville MB, Billups CA, Neel 
MN, Rao BN, et al. Outcome after local récurrence of 
osteo-sarcoma: the St. Jude Children's Research Hospital 
expérience (1970-2000). Cancer 2004;100(9):1928-35. 

60. Rosen G, et al. Serial thallium-201 scintigraphy in osteosarcoma. 
Corrélation with tumor necrosis after preoperative chemotherapy. 
Clin Orthop 1993;293:302-6. 

61. Rougraff BT, Simon MA, Kneisl JS, Greenberg DB, Mankin HJ. 
Limb salvage compared with amputation for osteosarcoma of the 
distal end of the fémur. A long-term oncological, functional, and 
quality-of-life study. J Bone Joint Surg Am 1994;76(5):649-56. 

62. Schajowicz F. Juxtacortical chondrosarcoma. J Bone Joint Surg Br 
1977;59-B(4):473-80. 

63. Schindler OS, Cannon SR, Briggs TW, Blunn GW. Stanmore 
custom-made extendible distal fémoral replacements. Clinical 
expérience in children with primary malignant bone tumours. J 
Bone Joint Surg Br 1997;79(6):927-37. 

64. Sheth DS, Yasko AW, Raymond AK, Ayala AG, Carrasco CH, 
Benjamin RS, et al. Conventional and dedifferentiated parosteal 
osteosarcoma. Diagnosis, treatment, and outcome. Cancer 1996; 
78(10): 2136-45. 

65. Tsuchiya H, Tomita K, Minematsu K, Mori Y, Asada N, Kitano S. 
Limb salvage using distraction osteogenesis. A classification of 
the technique. J Bone Joint Surg Br 1997;79(3):403-11. 

66. Unwin PS, Cannon SR, Grimer RJ, Kemp HB, Sneath RS, Walker 
PS. Aseptie loosening in cemented custom-made prosthetic 
replacements for bone tumours of the lower limb. J Bone Joint 
Surg Br 1996;78(1):5-13. 

67. Unwin PS, Cobb JP, Walker PS, Distal fémoral arthroplasty using 
custom-made prostheses. The first 218 cases. J Arthroplasty 1993; 
8(3): 259-68. 

68. Unwin PS, Walker PS. Extendible endoprostheses for the 
skeletally immature. Clin Orthop 1996;322:179-93. 

69. Vander Griend RA. The effect of internai fixation on the healing 
of large allografts. J Bone Joint Surg Am 1994;76(5):657-63. 

70. Wilkins RM, et al. Superior survival in treatment of primary 
nonmetastatic pédiatrie osteosarcoma of the extremity. Ann Surg 
Oncol 2003;10(5): 498-507. 

71. Winkelmann WW. Hip rotationplasty for malignant tumors of 
the proximal part of the fémur. J Bone Joint Surg Am 1986;68(3): 
362-9. 

72. Wuisman P, Enneking WF. Prognosis for patients who hâve 
osteosarcoma with skip metastasis. J Bone Joint Surg Am 1990; 
72(1): 60-8. 




Chondrosarcoma is a malignant tumor of cartilage 
producing cells. The term chondrosarcoma is used to 
describe a heterogeneous group of lésions with diverse 
morphologie features and clinical behavior. They hail 
from the family of cartilage producing tumors which 
range from the common latent enchondroma to high 
grade or dedifferentiated chondrosarcoma. Cartilaginous 
tumors most often are found in bones arising from 
endochondral ossification. Chondrosarcoma is the most 
common sarcoma of bone in patients over 20 years of 
âge. It represents about 25% of ail sarcomas and typically 
occurs in adults aged between 30 and 60 years. 

WHO CLASSIFICATION OF MALIGNANT 
CARTILAGINOUS TUMORS 

Bone 

Chondrosarcoma ; 

Central vs. Peripheral 
Primary vs. secondary 
Juxtacortical (Periosteal) Chondrosarcoma 
Dedifferentiated Chondrosarcoma 
Mesenchymal Chondrosarcoma 
Clear Cell Chondrosarcoma 

Soft Tissue 

Extraskeletal Myxoid Chondrosarcoma 
Mesenchymal Chondrosarcoma 

PRIMARY CHONDROSARCOMA 
Introduction 

A malignant cartilage tumor arising centrally in a 
previously normal bone is known as primary chondro¬ 
sarcoma. It is also known as central or conventional 


chondrosarcoma. After myeloma and osteosarcoma it is 
the third most common primary malignancy of bone. Of 
the chondrosarcomas, more than 90% are of primary 
(conventional) type. 

Age 

This is a tumor of adulthood and old âge; usually beyond 
the 3rd decade of life. Peak incidence is in the 5th to 7th 
décades of life. 

Sex Distribution 

Males are affected twice as often as females. 

Sites of Involvement 


Pelvis is the most common site of skeletal involvement 
(the ilium is the most frequently involved bone) (Fig. 1) 



Fig. 1 : Chondrosarcoma of the pubis 
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followed by the proximal fémur, proximal humérus, 
distal fémur and ribs. Primary chondrosarcoma is 
uncommon in the small bones of the hands and feet 
accounting for less than 1% of ail chondrosarcomas. Spine 
and craniofacial bones are very rare sites for 
chondrosarcoma. 

Clinical Features 

Pain is the most common and often the only présentation 
in these patients. More than 50% of patients hâve rest or 
night pain. Nearly 80% of patients with intermediate or 
high grade chondrosarcoma hâve pain. Pathologie 
fractures through the tumor are rare and occur in about 
3 to 8% patients with chondrosarcoma. 

Radiologie Findings 

On plain radiographs, the typical findings are expansion 
of the medullary portion of the bone and thickening of 
the cortex; but periosteal reaction is scant or absent. It 
also shows endosteal scalloping as well as annular, 
punctate or comma shaped stippled calcifications (Fig. 
2A). Rarely, a soft tissue mass may be présent. Enchon- 
dromas and low grade intramedullary chondrosarcomas 
of long bones can appear radiologically similar. Both 
tumors may show stippled calcifications, and endosteal 
scalloping on plain radiographs. They are usually located 
in the metaphysis of fémur, humérus or tibia. The extent 
and degree of endosteal scalloping correlate with the 



t. 


Fig. 2A: Chondrosarcoma of the distal fémur showing 
expansion of the medullary portion of the bone, endosteal 
scalloping as well as annular, punctate or comma shaped 
stippled calcifications. The site of needle biopsy is clearly visible 


likelihood of the lésion being a chondrosarcoma. 
Murphey found that 71(75%) of 95 patients with 
chondrosarcoma had endosteal scalloping of more than 
2/3rd of the cortical thickness, compared with 8(9%) of 
92 patients with enchondroma. 

Chondrosarcomas can show adaptive and aggressive 
radiologie signs. Cortical expansion and thickening are 
adaptive changes, and cortical disruption and soft tissue 
masses are aggressive radiological changes. 

The plain radiographie and CT findings in low and 
high grade chondrosarcoma hâve been summed up by 
Rosenthal as follows. 

Low Grade Features 

• Dense calcification forming rings or spiculés 

• Widespread or uniformly distributed calcifications 

• Eccentric lobular growth of a soft tissue mass. 

High Grade Features 

• Faint amorphous calcification 

• Large non-calcified areas 

• Concentric growth of a soft tissue mass. 

Localization in the axial skeleton and size > 5 cms. 

hâve been shown to be a reliable predictor of malignancy. 
Symptomatic intramedullary cartilaginous tumors that 
display neither adaptive nor aggressive radiologie 
changes are likely to be enchondromas or low-grade 
chondrosarcomas. Appearance of lysis within a 
previously calcified area may herald tumor progression. 
However, enchondroma in a short tubular bone of the 
hand is an exception, which often demonstrates marked 
endosteal scalloping, large areas of lysis and cortical 
expansion. Though radiologically aggressive their clinical 
behavior is benign. 

Bone Scan 

Murphey graded radionuclide uptake in the bone from 
Grade 1 to 3, with grade 1 indicating uptake less than 
that in the anterior superior iliac spine(ASIS); grade 2 
similar to that in the ASIS; and grade 3, uptake greater 
than that in the ASIS. Most enchondromas demonstrate 
some activity on bone scan. A whole body bone scan with 
a grade 3 uptake within the lésion is more consistent with 
chondrosarcoma than enchondroma. In their study of 
51 patients with chondrosarcoma, 42(82%) had grade 
3 uptake, compared with 14 of 67 patients (21%) with 
enchondroma. 

CT/MRI 

Endosteal scalloping and bone disruption is best seen in 
a CT scan. MRI is useful in determining the intra- 
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Fig. 2B: MRI showing marrow replacement by the tumor 

medullary extent of the tumor, soft tissue extension and 
accurately demonstrates marrow replacement by the 
tumor (Fig. 2B). MRI accurately delineates the relation- 
ship of soft tissue mass to important structures such as 
the neurovascular bundle. Ail this information is vital 
for surgical planning. 

Biopsy 

It is important to establish the diagnosis before any 
definitive therapeutic intervention is planned. The grade 
and nature of the lésion influence the surgical options. 
In a large number of cases, chondrosarcoma can be a 
radiological diagnosis. However, it is difficult to comment 
on the subtype and the exact grade of the lésion. Biopsy 
can be performed either as a minimally invasive 
procedure using a core needle (needle biopsy) or as a 
formai open procedure (open biopsy). 

However, biopsy may not by itself be adéquate to 
establish a complété diagnosis. It is of vital importance 
to know the clinical behavior and radiologie appearance 
of these lésions; especially if the differential diagnosis is 
between a low grade chondrosarcoma and an enchon- 
droma. It is, therefore, important to provide the 
pathologist with these details in order to aid the diagnosis, 
as the histological appearance of low grade 
chondrosarcoma and an enchondroma is similar. 

It is also important to know that a single lésion may 
hâve areas of varying grades of disease. Therefore, it is 


important to sample different areas of the lésion from a 
single point of entry. The grade of the disease is decided 
by the highest grade found in the sample of tissue or in 
the specimen. Rarely, it is possible that the grade of the 
lésion after complété excision is higher than the grade 
on biopsy. Biopsy specimens taken from areas of bone 
destruction and areas showing a high degree of endosteal 
scalloping and lysis may be more indicative of the true 
grade of the tumor. 

Clinicopathologic Grading 

The majority of primary chondrosarcomas are well 
differentiated. A small number of conventional chondro¬ 
sarcomas develop due to a malignant transformation 
within the cartilage cap of a pre-existent osteochondroma 
(secondary chondrosarcoma). Both central and secondary 
chondrosarcomas are classified into 3 grades based on 
the cytologie and histologie appearance using the criteria 
of Evans. This is the single most important prognostic 
sub-classification of chondrosarcoma. 

Diagnosis of Grade 2 (intermediate grade) and grade 
3 (high grade) chondrosarcomas can usually be made on 
the basis of cytologie or histologie features. However, 
Grade 1 (low grade) chondrosarcoma has cytological and 
histological features similar to those of enchondroma. 
Therefore, anatomical location, clinical behavior and 
radiologie findings must be considered along with 
histologie criteria to differentiate enchondroma from low 
grade chondrosarcoma. 

Occasionally a symptomatic cartilaginous lésion in a 
long bone has the radiologie appearance of a low grade 
chondrosarcoma and histologie appearance of an 
enchondroma. This lésion has been variously referred to 
as a grade 0.5 chondrosarcoma, borderline chondro¬ 
sarcoma, low grade 1 chondrosarcoma, grade 0 
chondrosarcoma, painful enchondroma or atypical 
enchondroma. Marco prefers the term "chondrosarcoma 
in situ ", which implies that the lésion is benign and should 
not metastasize unless there is malignant transformation. 
They also believe that tumors with both the radiologie 
and the histologie appearance of a low grade 
chondrosarcoma should be considered "chondrosarcoma 
in situ" because these lésions do not metastasize if treated 
properly. 

Cartilaginous tumors in the hand and pelvis behave 
differently as compared to the intramedullary carti¬ 
laginous lésions of the long bones with similar histologie 
appearances. The phalangeal bones may hâve ominous 
histological features while demonstrating a relatively 
indolent clinical course. Enchondromas of the short 
tubular bones in the hand frequently, cytologically and 
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Fig. 3 : Cut surface of chondrosarcoma demonstrating a 
translucent blue-gray color corresponding to the presence of 
hyaline cartilage (For color version see Plate 14) 


histologically, resemble grade 1 chondrosarcoma. 
Although these tumors may occasionally recur after an 
intralesional procedure, they do not metastasize. 
However, most patients with a histologically similar 
lésion in the pelvis will hâve a local récurrence after 
intralesional excision. 

Up to 13% of récurrent chondrosarcomas exhibit a 
higher grade of malignancy than the original neoplasm. 

Gross Findings 

The cut surfaces of chondrosarcoma tend to hâve a 
translucent or blue-gray or white color corresponding to 
the presence of hyaline cartilage (Fig. 3). A lobular growth 
pattern is a consistent finding. There may be zones 
containing myxoid or mucoid material and cystic areas. 
Yellow-white chalky areas of calcium deposits are 
commonly présent (mineralization). Erosion and 
destruction of the cortex with extension into soft tissue 
may be présent especially in chondrosarcoma of the fiat 
bones. 

Histopathology 

Grade 1 Chondrosarcoma 

The salient histologie characteristic is the exclusive 
presence or marked prépondérance of small densely 
staining nuclei. The intercellular matrix varies from 
chondroid to myxoid. Calcification and bone formation 
are frequent but not exclusive features of low grade 
chondrosarcoma. Multiple (2 or more) nuclei within one 
lacuna are easily found in most grade 1 chondrosarcomas. 


Grade 2 Chondrosarcoma 

These contain areas in which a significant proportion of 
the nuclei are at least of moderate size but the mitotic 
rate is low (less than 2 mitoses per 10 high power fields). 
Typically there is increased cellularity in these régions. 
The background in the more cellular régions tends to be 
myxoid rather than chondroid. The nuclei are polar 
staining and hâve visible intranuclear detail. These 
findings suggestive of grade 2 chondrosarcoma may be 
limited to isolated areas of the tumor and large portions 
may show features of grade 1 chondrosarcoma. 
Therefore, multiple sections must be studied. 

Grade 3 Chondrosarcoma 

Principal criteria for a grade 3 chondrosarcoma is the 
presence of 2 or more mitoses per 10 high power field in 
the most active areas of the tumor. The greatest cellularity 
is located towards the periphery of the tumor lobules in 
isolated areas of the tumor. Here, the nuclear size is 
generally greater than that seen in grade 2 chondro¬ 
sarcoma. The cellularity may be so dense it may appear 
as a spindle cell sarcoma with no appréciable chondroid 
or myxoid matrix. Extensive areas in grade 3 chondro¬ 
sarcoma may hâve appearance of low grade 
chondrosarcoma. 

Treatment 

These tumors are generally not sensitive to chemotherapy 
and radiotherapy and therefore, do not respond to these 
modalities of treatment. Thus, surgery is the only reliable 
treatment for these tumors. 

Treatment of "Chondrosarcoma in situ": Chondrosarcoma 
in situ" is a symptomatic intramedullary cartilaginous 
tumor without adaptive or aggressive radiologie changes 
but with histologie findings consistent with an 
enchondroma or low grade chondrosarcoma. These 
patients hâve an intramedullary low grade chondro¬ 
sarcoma of the long bones that can show a high degree 
of endosteal scalloping, but no adaptive or aggressive 
radiologie signs. These tumors are usually painful. 
Treatment of grade 1 chondrosarcoma without adaptive 
or aggressive radiological changes is controversial. These 
patients can be treated with intralesional excision instead 
of a wide excision, which usually requires bone and joint 
sacrifice. The combined local récurrence in 3 separate 
studies was 1% (1 out of 92 patients) for tumors that meet 
the criteria for diagnosis of chondrosarcoma in situ. None 
of these patients had metastasis or died of disease. It 
should be noted that chondrosarcoma in situ can 
occasionally demonstrate malignant behavior. 
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Figs 4A and B: Chondrosarcoma of proximal fémur treated 
with wide resection and replacement with a custom 
megaprosthesis 


Treatment of chondrosarcomas with adaptive or aggressive 
radiologie changes: A wide resection is recommended for 
grade 2 and grade 3 chondrosarcomas of long bones (Fig. 
4). In the case of grade 1 chondrosarcomas in long bones 
with adaptive or aggressive radiological findings a wide 
resection is préférable for adéquate margins. 

Treatment of chondrosarcomas of the axial skeleton: 
Cartilaginous lésions in the pelvis and sacrum are worri- 
some. These lésions frequently recur after intralesional 
excision even if the histologie appearance is benign or 
suggestive of a low-grade neoplasm. Therefore, wide 
excisions are recommended for nearly ail cartilaginous 
lésions of the pelvis and sacrum. For chondrosarcoma 
involving the axial skeleton, wide excision is the 
treatment of choice as it is associated with lower local 
récurrence rates of 13 to 25% compared to intralesional 
procedures which hâve a récurrence rate ranging from 
67 to 100%. 

A report at the Musculoskeletal Society Tumor 
meeting showed that prolifération of chondrocytes from 
chondrosarcoma expiants was inhibited and apoptosis 
was induced following treatment with ciprofloxacin. It 
has been proposed that ciprofloxacin may cause a 
magnésium deficiency, inhibit proteoglycan synthesis, or 
enhance production of the apoptogenic interleukin-1. 
Ciprofloxacin is also known to interfère with the enzyme 
topoisomerase II, inhibiting DNA synthesis. Immature, 
poorly differentiated chondrocytes appear to be 
susceptible to the effects of ciprofloxacin. The clinical 
relevance of this finding is not known. 


Treatment of local récurrence: Aggressive treatment of local 
récurrence should be performed in patients who do not 
hâve métastasés when the local récurrence is diagnosed. 
These patients hâve a cumulative survival rate of 64% at 
5 years as compared to 5% for those presenting with 
simultaneous local récurrence and métastasés. 

Prognostic Factors 

The single most predictor of local récurrence and 
metastasis is the histological grade. None of the grade 1 
chondrosarcomas metastasized, while métastasés were 
observed in 10% of grade 2 and 71% of grade 3 lésions. 

Prognosis 

The survival of patients with chondrosarcoma should be 
determined at 10 years rather than at 5 years. Most 
pulmonary métastasés or local récurrences occur within 
the first 5 years of initial présentation. However, 
compared to most sarcomas, chondrosarcoma has a 
higher prevalence of local or distant récurrence after 5 
years. 

Patients with Grade 1 chondrosarcoma that has been 
completely resected are almost always cured of the 
disease. 

Survival rates at 10 years were 89% for grade 1, 53% 
for grade 2 and 38% for grade 3 chondrosarcomas. 

SECONDARY CHONDROSARCOMA 
Introduction 

Chondrosarcoma arising in a known benign precursor 
lésion is known as a secondary chondrosarcoma. This 
precursor lésion may either be an osteochondroma or an 
enchondroma (Figs 5A and B). The risk of chondro¬ 
sarcoma arising in a solitary osteochondroma has been 
reported to be < 1%. However in osteochondromatosis, 
this risk increases to 1-5%. 

It is difficult to prove malignant transformation in an 
enchondroma. Often the diagnosis is based on clinical 
and radiological findings. Patients with Ollier's disease 
and Maffucci's syndrome hâve a 25-30% risk of 
developing chondrosarcoma. 

Secondary chondrosarcomas develop at a somewhat 
earlier âge than primary chondrosarcoma. They are 
usually of low grade malignancy and hâve a favorable 
prognosis. 

Chondrosarcomas developing on the surface of a bone 
as a resuit of malignant transformation within the 
cartilage cap of a pre-existent osteochondroma is also 
called as a peripheral chondrosarcoma. 
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Figs 5A and B: Radiograph and axial MRI of a secondary 
chondrosarcoma which developed in an osteochondroma 


secondary chondrosarcoma. Sudden onset of pain or 
increase in size of the swelling are frequent complaints. 

Imaging 

Plain roentgenograms show irregular mineralization and 
increased thickness of the cartilage cap in osteochon- 
drornas. In pre-existing enchondromas, plain roentgeno¬ 
grams reveal destructive perméation of bone and 
development of soft tissue mass. 

CT and MRI are helpful in delineating the thickness 
of the cartilage cap in osteochondroma and presence of 
cortical destruction and soft tissue mass in an 
enchondroma. The thickness and staining characteristics 
on (dynamic) MRI of the cartilaginous cap of 
osteochondroma are useful guides in diagnosing a 
malignant change. A cartilage cap of >2 cms thickness is 
suspicious of malignancy. 

Gross 

Secondary chondrosarcomas due to a malignant 
transformation in an osteochondroma show a thick 
(>2 cm) cartilage cap. This cartilage usually shows cystic 
cavities. Secondary chondrosarcoma arising in 
enchondromas are usually very myxoid; unlike the solid 
blue areas of enchondroma. 

Histopathology 

Secondary chondrosarcomas are generally grade 1 
tumors. Invasion of the surrounding tissues and marked 
myxoid changes in the matrix are features useful in 
making the diagnosis. 

Treatment 

Treatment of choice is complété surgical excision of the 
lésion. The cartilaginous cap should not be violated 
during resection of a chondrosarcoma arising in an 
osteochondroma as it will increase the risk of local 
récurrence. 


Sites of Involvement 

Any part of the skeleton may be involved. However, 
pelvic and shoulder girdle bones are more commonly 
affected. 

Clinical Features 

A change or onset of clinical symptoms in a patient with 
a known precursor lésion (osteochondroma or 
enchondroma) is the usual clinical présentation of 


Prognostic Factors 

Patients with secondary chondrosarcoma in osteochon- 
dromas hâve excellent prognosis. 

Secondary chondrosarcoma in enchondromatosis has 
the same prognosis as conventional chondrosarcoma. 
Thus, here the prognosis dépends on the grade and site 
of tumor. 

Other rarer types of chondrosarcoma are listed below. 
The principles of treatment are essentially similar to 
conventional chondrosarcomas. 
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PERIOSTEAL CHONDROSARCOMA 
Introduction 

This is a rare malignant cartilage forming tumor arising 
from the outer surface of bone and is possibly of periosteal 
origin. It is also known as juxtacortical chondrosarcoma. 

Age 

This tumor occurs in adults. Highest incidence is in the 
4th decade. 

Sex 

There is a male prédominance. 

Sites of Involvement 

Mostly occurs in the metaphysis of long bones; especially 
the distal fémur. 

Clinical Features 

The usual présentation is pain, with or without local 
swelling. 

Imaging 

The general radiologie and pathologie features are similar 
to conventional (medullary) chondrosarcomas. 

Radiologically, it is often round in shape and appears 
to involve the cortex of bone with indistinct and irregular 
margins. It is a radiolucent lobulated lésion with stippled 
calcification and tends to affect the metaphyseal cortex. 
It is covered by elevated periosteum. It lies on the cortical 
bone surface and may show variable degree of érosion 
of the bone underneath. 

Gross 

It is usually a well-differentiated lobulated cartilage mass 
with stippled calcification and endochondral ossification. 
Tumor osteoid or bone is absent in the disease mass. 

Histopathology 

It shows a cartilaginous lobular pattern limited to the 
surface and rarely infiltrating the cortex of the bone. Areas 
of spotty calcification and endochondral ossification may 
be seen. 

Differential Diagnosis 

Secondary peripheral chondrosarcoma: Juxtacortical 
chondrosarcomas should be differentiated from 
secondary peripheral chondrosarcoma since they hâve a 


better prognosis, which is excellent after adéquate local 
surgery. 

Periosteal osteosarcoma: Periosteal osteosarcoma is 
also largely cartilage. However, it has a worse prognosis. 
On plain roentgenogram, juxtacortical chondrosarcoma 
is often round in shape, containing granular or 'popcorn' 
opacities. On the other hand, periosteal osteosarcoma 
more commonly involves the diaphyseal bone. It is 
elongated along the long axis of bone, and shows multiple 
calcified spiculés perpendicular to the long axis of the 
underlying bone. 

Prognosis 

The prognosis is excellent after adéquate surgical excision 
and is better when compared to a central chondrosarcoma 
of a similar grade of malignancy. 

DEDIFFERENTIATED CHONDROSARCOMA 
Introduction 

This is the most malignant of ail chondrosarcomas and 
has a very poor prognosis. Dedifferentiated chondro¬ 
sarcoma (chondrosarcoma with additional mesenchymal 
component) is a variety of chondrosarcoma containing 
two clearly distinct pathological tissue components; one, 
a well differentiated cartilage tumor, either an enchon- 
droma or a low grade chondrosarcoma, and the other, a 
high grade non-cartilaginous sarcoma, with a remarkably 
sharp junction between both components. The non 
cartilaginous component may express features of 
malignant fibrous histiocytoma (MFH), osteosarcoma, 
fibrosarcoma, rhabdomyosarcoma or angiosarcoma. 
Most frequently, MFH features are présent. The sharp 
interface between the two varieties of pathological tissue 
is an important issue in the diagnosis of dedifferentiated 
chondrosarcoma and its distinction from grade 3 
conventional chondrosarcoma. 

Around 10% of ail reported chondrosarcomas are 
dedifferentiated chondrosarcoma. 

Age 

The average âge of présentation is between 50 and 60 
years. 

Sex 

Males and females are equally affected. 

Sites of Involvement 

The most common sites of involvement are pelvis, the 
proximal fémur, proximal humérus, distal fémur and ribs. 
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Clinical Features 

Pain is the most common presenting symptom. However, 
swelling, paresthesia and pathological fractures are also 
common présentations. 

Imaging 

Radiographie présentation is variable. On plain 
roentgenograms, the tumor usually shows a poorly 
defined, lytic, intraosseous lésion with associated cortical 
perforation and extraosseous extension into the soft 
tissues producing a large mass. The cartilaginous portion 
of the disease is sharply distinct from the lytic, permeative 
and destructive component. The large size of the soft 
tissue mass and the presence of métastasés at présentation 
are useful dues to the possible diagnosis. 

Gross 

On the eut surface of the tumor, both tumor components 
are grossly apparent in varying proportions. The 
lobulated low grade cartilaginous component is blue-grey 
in color, and is usually central in location, while the 
hémorrhagie high grade component is predominantly 
extraosseous. 

Histopathology 

The hallmark of this lésion is the appearance of an 
aggressive sarcoma engrafted on an indolent appearing 
chondrosarcoma. The cartilaginous component is usually 
a low grade chondrosarcoma. The most frequent compo¬ 
nent reported in the high grade sarcoma component is 
MFH. However, osteosarcoma, fibrosarcoma and 
rhabdomyosarcoma are also encountered. There is abrupt 
démarcation between the two components. This feature 
is a useful aid in establishing the diagnosis. 

Prognostic Factors 

Dedifferentiated chondrosarcoma are aggressive tumors 
and hâve a very poor prognosis. Despite aggressive 
treatment, approximately 90% of the patients die with 
distant métastasés within 2 years. Distant métastasés 
usually consist solely of the high-grade anaplastic 
component. Certain reports advocate the use of 
chemotherapy (similar to that used in osteosarcoma) in 
improving outcomes. 

MESENCHYMAL CHONDROSARCOMA 
Introduction 

Mesenchymal chondrosarcoma is a malignant tumor 
characterized by a bimorphic pattern that is composed 


of highly undifferentiated small round cells and islands 
of well differentiated hyaline cartilage. 

It is a rare lésion representing less than 1% of ail 
malignant bone tumors. It accounts for <3-10% of ail 
primary chondrosarcomas and may occur at any âge. 

Age 

The tumor affect ail âges (5-74 yrs) with a peak occurrence 
in the 2nd and 3rd décades. 

Sex 

Males and females are equally affected. 

Sites of Involvement 

The craniofacial bones (especially the jaw bones), the ribs, 
the ilium, and the vertebrae are the most common sites. 
Patients with involvement of multiple bones hâve been 
reported. Approx 1 /5th to 1 /3rd of the lésions primarily 
affect the somatic soft tissues. The méningés are the most 
common sites of extraskeletal involvement followed by 
the leg or thigh. Métastasés to régional and distant lymph 
nodes and to other bones are common; unlike 
conventional chondrosarcoma. 

Clinical Features 

The chief presenting symptoms are pain and swelling 
which range in duration from a few days to several years. 
Often these symptoms are présent for more than a year 
in duration. 

Imaging 

Radiologically, in most cases it resembles conventional 
chondrosarcoma. The bony lésions are primarily lytic and 
destructive with mottled calcification and indistinct 
margins. At times, this tumor may in addition exhibit 
characteristic permeative growth pattern similar to round 
cell tumors. Some hâve a sclerotic rim with clearly defined 
margins. The bone is frequently expanded. Cortical 
destruction or cortical breakthrough with extra-osseous 
extension of soft tissue is a common finding. 

Histopathology 

It is a highly malignant tumor and has a typical biphasic 
pattern. It is composed of scattered areas of more or less 
differentiated cartilage, together with highly vascular 
mesenchymal tissue comprising of small undifferentiated 
spindle cells or round cells with scant cytoplasm. The 
microscopie appearance of these two components is 
strikingly different. The amount of the hyaline cartilage 
is highly variable. The cartilaginous areas are usually 
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small, sharply demarcated and cytologically benign or 
of low grade. When recognizable cartilage is absent, the 
cellular mesenchymal component can be confused for 
Ewing's sarcoma or a malignant vascular tumor 
(hemangiopericytoma). Osteoclast like multinucleate 
giant cells may occasionally be seen, and osteoid and even 
bone may be présent. 

The differential diagnosis includes Ewing's sarcoma, 
small cell osteosarcoma and dedifferentiated chondro¬ 
sarcoma. 

Prognostic Factors 

Mesenchymal chondrosarcoma is a rare but highly 
malignant tumor with a strong tendency for local 
récurrence and distant metastasis. It may manifest even 
after a delay of more than 20 years. This makes long term 
follow-up mandatory. Mesenchymal chondrosarcoma 
has a poor 10 yr. survival of 28%. Certain reports advocate 
the use of chemotherapy (similar to that used in Ewing's 
sarcoma) in improving outcomes. 

CLEAR CELL CHONDROSARCOMA 

Introduction 

This is a rare low grade type of chondrosarcoma first 
described as a spécifie entity in 1976. Its clinical behavior 
is usually less aggressive than that of conventional 
chondrosarcoma. It has a prédilection for the epiphyseal 
end of the long bones. Histologically, it is characterized 
by presence of bland clear cells in addition to the hyaline 
cartilage and hence the name. It is a highly uncommon 
sarcoma, comprising less than 4 % of ail chondrosarcomas 
in the Mayo clinic sériés. 

Age 

The reported âge range is from 12 to 84 years. Most 
patients are between 25 and 50 yrs. 

Sex 

The male to female ratio of occurrence of this disease is 
around 3:1. 

Sites of Involvement 

Clear cell chondrosarcoma has been reported in most of 
the bones. However, approx. 2/3 of the lésions occur in 
the fémoral head or humerai head. The most commonly 
affected sites are the proximal part of the fémur, humérus 
or tibia. 

Clinical Features 

Pain is the most common presenting symptom. 55% of 
patients hâve pain longer than a year. 


Imaging 

Radiologically clear cell chondrosarcoma usually présents 
as a well defined, slightly expansile, lytic lésion, often 
with a sharp margin, in the epiphysis of a long bone. It 
may occasionally hâve a sclerotic rim. Some lésions may 
contain stippled radiodensities characteristic of a cartilage 
tumor. The radiographie appearance may resemble a 
chondr oblas toma. 

Histopathology 

Clear cell chondrosarcoma is a low-grade malignant 
tumor consisting primarily of lobular group of cells which 
are characteristically large and rounded with centrally 
located nuclei and clear, empty cytoplasm with distinct 
cytoplasmic membranes. Mitotic figures are rare. The 
clarity of the cells has been explained to be due to the 
presence of abundant intracellular glycogen and a paucity 
of cellular organelles and matrix. 

Frequently, microscopie areas mimicking chondro- 
blastoma, GCT, ABC, osteoblastoma and even osteo¬ 
sarcoma are found in the lésion. This is a common source 
of confusion and misdiagnosis. 

A chondroid and osseous matrix, trabeculae of 
reactive bone and numerous osteoclast-like giant cells are 
unique features seen in this tumor. These areas may 
contain foci of calcification which may be seen on plain 
roentgenogr ams. 

Treatment 

Récurrence after intralesional curettage is common. Wide 
resection is the treatment of choice. Marginal excision or 
curettage has an 86% récurrence rate. En bloc excision 
with clear margins usually results in cure. 

Prognostic Factors 

Metastasis is rare. Approximately 15% of the patients, 
however, die of their tumor s. 

In the incompletely excised cases, métastasés, usually 
to the lungs and other bones may develop. Dedifferen- 
tiation to high grade sarcoma has been reported. 

EXTRASKELETAL MYXOID CHONDROSARCOMA 
Introduction 

Extraskeletal myxoid chondrosarcoma is a relatively rare 
but well recognized clinico-pathological entity. They 
usually develop in the deep soft tissues of the extremities. 
It has also been referred to as chondroid sarcoma. Well- 
differentiated extra-skeletal chondrosarcomas are rare 
and if such a tumor is encountered in the soft tissues, it is 
more likely an extension of metastasis of a bone tumor. 
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Age 

The reported âge range is from 6 to 89 years with a médian 
of 52 years. 

Sex Ratio 

Male to female ratio is 2:1. 

Sites of Involvement 

Extraskeletal myxoid chondrosarcoma occurs within the 
deep subcutaneous tissue or deeper soft tissues. Almost 
4/5th occur within the proximal part of the extremities 
or the limb girdles. 

Clinical Features 

Usual présentation is of as progressive painless swelling. 
In some cases local pain may also be a presenting 
symptom. 

Histopathology 

The tumor cells are aligned in cords and strands and are 
separated by large amounts of myxoid matrix. 


Prognosis 

There is a high rate of local récurrence (48%) in this 
disease following surgery. About 46% cases develop 
metastasis. Survival may be prolonged in some metastatic 
cases. However, death rate is high. The estimated 5-, 10- 
and 15- year survival rates are 90%, 70% and 60% 
respectively. Histological grading is of no prognostic 
value. 
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INTRODUCTION 

Ewing sarcoma is the third most common primary tumor 
of bone overall but the second most common malignant 
bone tumor of late childhood and early adulthood 
accounting for approximately 1% of childhood cancers 
and 9% of ail malignant tumor s in the Mayo Clinic Sériés. 
Ewing felt that this non-osteogenic tumor that bears his 
name had distinctive features and initially classified it as 
an endothélial myeloma. Although the précisé cell of 
origin is unclear, this small round blue cell tumor is felt 
to dérivé from primitive mesenchymal cells that are 
modulated by the EWS/FLI1 fusion gene. Cytogene- 
tically, Ewing sarcoma cells hâve a reciprocal 
translocation t(ll:22) (q24;ql2) in 85% of cases. The 
EWS/FLI-1 fusion transcription factor is produced by this 
translocation. The Ewing gene EWS produces a protein 
FLI-1 that acts as a transcriptional activator, the product 
of which transforms fibroblasts to malignant cells. When 
prominent neurogenic différentiation is observed, the 
term primitive neural ectodermal tumor (PNET) of bone 
tumor is applied. 

The peak incidence of Ewing sarcoma is in the first 
two décades of life and is more common in males than 
females by a ratio of 1.4 to 1. This disease is uncommon 
in black individuals and occurs in only 1-2% of cases. 
The tumor occurs throughout the skeleton but is most 
common in the long bones, especially the fémur and 
pelvis. Unlike osteosarcoma there is a greater distribution 
of disease presenting in the acral skeleton. Involvement 
of the collective bones of the feet is more common than 
the hand by a ratio of 4 to 1. 

The most common clinical symptoms are pain and 
swelling. The pain may occur spontaneously or occur in 
association with a minor traumatic event. Occasionally 


patient présent with signs and constitutional symptoms 
of systemic infection. For this reason, the tumor is often 
confused with infection. In fact, rare cases of concurrent 
osteomyelitis and Ewing sarcoma has been reported. In 
the spine, neurologie symptoms hâve been reported in 
58% of cases. In the pelvis and other axial sites, the 
diagnosis is often delayed and the tumor is generally 
much larger at the time of diagnosis and initiation of 
treatment. Pathologie fracture has been reported in 2-15% 
of cases. Weight loss and anorexia are more often 
associated with advanced disease. 

Laboratory findings are generally non-specific but 
may include anémia, leukocytosis and élévations in 
lactate dehydrogenase levels (LDH). 

RADIOGRAPHIC EVALUATION 

Following a complété history and careful physical 
examination, standard radiographs in orthogonal planes 
are essential in diagnosing bone tumors and lead to the 
correct diagnosis in most cases. The entire bone should 
be imaged to include the joint above and the joint below 
the lésion. In addition, PA and latéral views of the chest 
should be obtained in any patient with an aggressive 
appearing bone lésion to look for métastasés. 

Radiographs generally show a non-matrix producing 
destructive lésion in the metadiaphysis and diaphysis of 
the long bones with an aggressive periosteal reaction that 
is described as onion-skinning (Fig. 1). The radiographie 
differential diagnosis of Ewing sarcoma includes: 
osteomyelitis (Fig. 2) Langerhans' cell histiocytosis 
(Fig. 3), metastatic neuroblastoma, lymphoma and certain 
subtypes of osteosarcoma (small cell osteosarcoma). 
Pathologie fractures are not uncommon as illustrated in 
this 20-year-old woman with Ewing sarcoma of the 
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Fig. 1 : Destructive non-matrix producing radiolucent lésion in 
the proximal radius with onion-skinning periosteal reaction in a 
21-year-old female 



Figs 2A and B: (A) Destructive non-matrix producing 
radiolucent lésion in the diaphysis of the radius with periosteal 
new bone (arrow). (B) T2-weighted MR sequence of the forearm 
with diffuse hyperintense signal changes in the marrow and 
soft tissue. Acute bacterial osteomyelitis 



Fig. 3: Destructive radiolucent non-matrix producing lésion in 
the proximal tibial diaphysis with a laminated periosteal reaction 
in a 2-year-old male. Langerhans’ cell histiocytosis 

proximal metadiaphysis of the radius. There is a large 
circumferential soft tissue mass in most cases (Figs 4A 
and B). 

In the spine Ewing sarcoma is a destructive and non- 
matrix producing tumor although dense sclerosis has 
been described in rare cases. Extensive tumor 
involvement can resuit in fracture and loss of vertébral 
height (vertebra plana), absence of pedicles on the AP 
radiograph and deformity in the sagittal and or coronal 
planes. A large paravertebral soft tissue mass is often seen 
on axial imaging studies and occasional spread to 
adjacent vertébral segments is possible. Rarer still is a 
report of Ewing's sarcoma resembling aneurysmal bone 
cyst. 

In other axial disease locations such as the sacrum, 
pelvis and chest wall, radiographie changes can be subtle 
and often missed on initial examination. A rare form of 
periosteal-based Ewing sarcoma has been reported that 
arises on the periosteum of long bones with saucerization 
of the cortex but without underlying medullary extension. 
(Figs 5 A to C) Periosteal new bone may be présent in the 
form of an onion-skinned pattern or Codman's triangle. 

Bone Scintigraphy 

Te" pyrophosphate scans are obtained to observe the 
extent of tumor involvement in bone but more 
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Figs 4A and B: (A) (T2 STIR coronal MR) Proximal radius in a 20-year-old female. This study demonstrates high 
signal change throughout the marrow with a large circumferential soft tissue mass. A pathologie fracture is présent 
(white arrow). (B) (Tl coronal MR) There is complété marrow replacement with perméation of tumor through the 
cortex of the proximal radius with a large soft tissue mass (arrows) 



Figs 5A to C: (A) AP radiograph of the right distal fémur in a 24-year-old male with periosteal Ewing sarcoma of the left mid- 
femur. There are erosive changes in the médial cortex (arrow), (B and C) (Tl and T2 coronal MR) There is a médial periosteal- 
based soft tissue mass without apparent marrow changes 


importantly, to detect other sites, either skip lésions 
within the same bone or distant sites of tumor spread. 
The uptake pattern is generally intense and diffuse. 
Ozcan, et al studied chemotherapy-induced changes in 
bone sarcomas with 99Tcm-MDP three-phase dynamic 
bone scintigraphy (TPBS) in 27 patients with malignant 
bone tumors of which 5 had Ewing sarcoma. Ail patients 
received 99Tcm-methylene diphosphonate TPBS before 


and after neoadjuvant chemotherapy and each phase of 
the imaging was evaluated qualitatively and 
quantitatively. The actual extent of tumor necrosis was 
assessed histologically on resected specimens. The 
authors found the accuracy in predicting necrosis to be 
88% on three phase scanning and 74% on static bone 
scintigraphy. They concluded that three phase 99Tcm- 
methylene diphosphonate TPBS scanning is useful in 
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monitoring the effect of chemotherapy in patients with 
malignant bone tumors. 

COMPUTED TOMOGRAPHY (CT) 

This modality is superior in delineating the extent of 
cortical destruction in bone but is less effective in 
demonstrating the extent of tumor involvement in the 
medullary portion of bone as well as the soft tissue 
component. CT scanning is necessary to assess the 
presence or absence of distant métastasés in the lungs at 
the time of initial présentation and during tumor 
surveillance of Ewing sarcoma. 

MAGNETIC RESONANCE IMAGING (MRI) 

MRI is the best imaging modality to assess the degree of 
intraosseous and extraosseous extension of disease in 
bone and is essential in the initial staging and surgical 
planning for patients with Ewing sarcoma. MR is also 
useful in assessing the response to chemotherapeutic 
intervention using diffusion weighting techniques in 
conjunction with 18FDG-PET scanning. Dynamic 
Contrast-enhanced MR imaging is useful in detecting the 
most viable areas of tumor and acts as a baseline standard 
to assess changes in metabolic activity after therapeutic 
intervention. In a study by El Khadrawy, dynamic 
contrast-enhanced MR predicted the early tumor 
response to chemotherapeutic intervention, absence of 
tumor récurrence, presence of necrosis and lack of 
fracture healing confirmed by histopathology. MR 
spectroscopy has been evaluated in determining the 
amount of tumor necrosis following chemotherapy but 
is limited by cost, prolonged scanning time, and 
standardization of voxel placement. 


GROSS PATHOLOGY 

The lésion occurs in the metadiaphysis and diaphysis 
predominately and there is extensive invasion of the 
medullary bone with destruction of the endosteum and 
cortex. Periosteal new bone formation is seen with a large, 
often circumferential grayish-white soft tissue mass with 
focal hemorrhage and necrosis. Occasionally, the tumor 
is liquefied to the extent that it resembles pus. 

HISTOPATHOLOGY 

Ewing sarcoma is composed of sheets of monomorphic 
small round blue cells with pale and indistinct 
cytoplasmic borders and small hyperchromatic nuclei 
(Fig. 6A). Occasionally the cells can take on spindled 
features (Fig. 6B). Periodic acid-Schiff staining is positive 
due to the presence of intracellular glycogen and 
pseudorosettes may be présent in primitive neuro- 
ectodermal tumors. 

HBA-71 is an immunohistochemical marker that is 
positive in Ewing sarcoma and may be helpful in 
distinguishing it from neuroblastoma and lymphoma. 
Rhabdomyosarcoma is another small round blue cell 
tumor that can be confused with Ewing sarcoma 
histologically but rarely occurs primarily in bone. Small 
cell osteosarcoma is a rare and peculiar subtype of 
osteosarcoma that occurs in the diaphyseal area of long 
bones. This tumor, unlike Ewing sarcoma, forms a fine 
lace-like pattern of osteoid. Other tumors or tumor-like 
conditions in the differential diagnosis include: 
osteomyelitis, Langerhan's cell histiocytosis, mesen- 
chymal chondrosarcoma, myeloma and metastatic 
carcinoma. 



Figs 6A and B: (A) (Hematoxylin and Eosin 250X) Characteristic monomorphic small round blue cells with hyperchromatic 
nuclei and pink cytoplasm with indistinct borders, (B) (Hematoxylin and Eosin 400X) Ewing sarcoma with both round cell and 
spindled cell components (For color version see Plate 15) 












Ewing Sarcoma Bone 1075 


PROGNOSTIC FACTORS 

The most important factors in survival for patients with 
Ewing sarcoma are site of disease, tumor stage (presence 
or absence of métastasés), tumor size and response to 
chemotherapeutic intervention. Abudu, et al studied the 
effect of chemotherapy on tumor volume and 
demonstrated that significant réduction in tumor volume 
following chemotherapy was associated greater degrees 
of tumor necrosis. Increased tumor necrosis significantly 
influenced survival (p < 0.05). 

Patients with appendicular tumors hâve improved 
survival compared to patients with pelvic sites of disease. 

Age has been cited in a number of studies as a 
significant variable in outcome, however, Bacci, et al 
noted similar survival in a group of patients over 40 years 
old compared to a group of patients less than 40 years 
old treated at the same institution with the same 
chemotherapeutic regimen. 

It has been suggested that neural différentiation is a 
négative prognostic factor. In a study of 44 patients with 
non-metastatic PNET of bone at a mean follow-up 
interval of 4.5 years, 23 patients (52%) were event free, 
20 relapsed (45%) and one died of chemotherapy-related 
toxicity. The overall survival in the PNET group was 
62.7% versus 78.3% in a cohort group of patients with 
Ewing sarcoma (p < 0.002). 

Gender (male), high LDH levels, fever and anémia 
hâve also been shown to be associated with decreased 
survival. 

There is an association between c-myc and Ki-67 
expression and decreased survival. Patients with disease 
relapse had elevated and uniform expression of c-myc 
protein and Ki-67 compared to disease free patients. 

Expression of p 53 protein was studied immuno- 
histochemically in 52 patients with Ewing sarcoma of 
bone to assess the relationship between p53 expression 
and prognosis for patients with Ewing sarcoma. Patients 
with over expression of p53 tended to hâve more 
advanced disease at diagnosis and poorer responses to 
chemotherapy than individuals without p53 expression. 
This relationship was independent of tumor site, local 
treatment or extent of tumor necrosis. Based on these 
findings it was concluded that p53 expression in patients 
with Ewing sarcoma is an independent and poor 
prognostic factor. 

BIOPSY AND TREATMENT 

Patients with Ewing sarcoma and any other primary bone 
tumor should be evaluated and undergo biopsy and 
treatment in a dedicated sarcoma treatment center. It is 
important that the biopsy material be adéquate for 


diagnosis and that tissue be obtained for molecular 
diagnosis for the EWS/FLI-1 fusion transcript when 
Ewing sarcoma is suspected. Appropriate placement of 
the biopsy track is also important when surgical resection 
and limb salvage is anticipated. Open biopsies are not 
necessary to obtain sufficient tumor for diagnosis since 
fine needle and core biopsies are adéquate. Needle 
biopsies are preferred since they hâve a high diagnostic 
yield and are associated with minimal complications. 
Needle biopsies can be done in the office under local 
anesthésia and therapy can begin immediately. 

Treatment for patients with Ewing sarcoma requires 
a multidisciplinary approach amongst surgeons, 
radiologists, pathologists, and medical and radiation 
oncologists. Systemic multi-agent chemotherapy is 
essential in ail patients and surgery, radiation or a 
combination of the two is important for local disease 
control. The choice of modalities for local disease control 
dépends on the âge of the patient, the extent of the disease 
at the time of présentation, tumor site, functional 
considération and concern for delayed or late effects of 
therapy such as fractures and secondary malignancies. 

CHEMOTHERAPY 

Systemic chemotherapy is the mainstay of treatment for 
patients with Ewing sarcoma and response to 
chemotherapy is probably most important prognostic 
factor for patients with this disease. Picci and associâtes 
devised a histopathologie grading scheme for assessing 
chemotherapeutic response to therapy for patients with 
Ewing sarcoma. They assess tumor response to therapy 
in three grades: I (macroscopie viable tumor), II 
(microscopie viable tumor) and III (no viable tumor). 
There was a statistically significant différence observed 
between the three groups and outcome. For patients with 
a grade III response the five year survival was 95% 
compared to 68% for grade II and 34% for grade III 
responders (p<0.0001). 

Although âge is an important prognostic factor, the 
therapy for adults is the same as that for children. The 
clinical features, dose intensity and toxicity of 
chemotherapy as well as the outcome in one sériés of 23 
adult patients was comparable to the findings observed 
in 327 patients younger than 40 years treated at the same 
institution with the same therapy. 

The addition of ifosfamide and actinomycin-D in the 
induction phase to vincristine, cyclophosphamide and 
doxorubicin (VAC) is felt to improve histologie response 
to chemotherapy and thus, prognosis in patients with 
non-metastatic Ewing sarcoma. Verrill, et al also reported 
équivalent results in adult patients with Ewing sarcoma 
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TABLE 1 : Effect of adding ifosfamide to VAC 


Author 

Year 

#patients Survival VAC 

Survival 

VAC+IFOS 

Craft, et al 

1998 

243 

41% 

62% 

Wexler, et al 

1996 

54 

45% 

64% 

Grier, et al 

2003 

398 

54% 

69% 

Elomaa, et al 

2000 

** 

43% 

58% 

Ferrari, et al 

1998 

119 

** 

87% 


treated with an ifosfamide, vincristine, actinomycin and 
doxorubicin regimen compared to pédiatrie patients. 
Greater myelotoxic effects were observed but did not 
mitigate against the use of multiagent therapy in adults 
with Ewing/PNET tumors. 

Although survival is improved with the addition of 
ifosfamide to VAC in the induction phase of therapy for 
patients with non-metastatic Ewing sarcoma, (Table 1) 
the addition of ifosfamide alone or in combination with 
etoposide was of no significant benefit in the maintenance 
phase of treatment. 

Myeloabalative therapy and stem cell transplantation 
is of uncertain value in the treatment of patients with 
aggressive or advanced Ewing sarcoma. In a study from 
Memorial Sloan Kettering Cancer Center, 32 patients with 
newly diagnosed Ewing sarcoma metastatic to bone and 
or bone marrow were treated with high dose melphalan, 
etoposide and total body irradiation with autologous 
stem cell support. This approach failed to improve event 
free survival (EFS). 

LOCALTHERAPY 

Surgery and radiotherapy hâve been the principle modes 
of local disease control in patients with Ewing sarcoma. 
The rôle of radiotherapy as a primary means of local 
control has diminished for a number of reasons. The most 
significant reason for this is the apparent survival benefit 
seen in patients with non-metastatic Ewing sarcoma 
treated with chemotherapy and surgery. Aparicio, et al 
in a analysis of 116 patients with Ewing or PNET of bone 
treated at a single institution showed that patients 
undergoing surgical resection had a superior disease free 
survival than those treated without surgery (45% versus 
18% at 10 years p=0.0009) (41) Bacci, et.al. demonstrated 
that the 5 year EFS and local control were significantly 
lower in patients treated with radiotherapy alone when 
compared to patients treated with surgery or a 
combination of surgery and radiotherapy (48% versus 
66%) and (80% versus 90%) respectively. Ozaki and co- 
workers reviewed outcomes of 69 patients with Ewing 
sarcoma of the fémur and concluded that survival after 


radiotherapy alone for local disease control was worse 
than that for surgery treated patients with or without 
radiotherapy. In addition, they found that pathologie 
fractures did not influence outcomes. 

The use of preoperative radiotherapy and 
chemotherapy followed by surgery for patients with non- 
metastatic Ewing sarcoma of bone resulted in excellent 
local disease control with no isolated cases of local 
récurrence in a sériés of 42 patients. Local relapse in 
conjunction with métastasés occurred in two patients and 
distant métastasés alone occurred in 15 patients. Surgical 
complications, however, were significantly increased and 
occurred in 12 of 42 patients, more frequently in patients 
with axial than appendicular tumors. It does not appear 
that preoperative radiotherapy and chemotherapy 
followed by surgery is a better than chemotherapy and 
surgery alone or in conjunction with postoperative 
radiotherapy. Increased wound complications mitigate 
against this approach, especially for axial tumors of the 
skeleton. 

At the University of Florida, radiotherapy has been 
the principle means of local control for patients with non- 
metastatic Ewing sarcoma. In a study by Bolek, et al 37 
patients were identified with Ewing sarcoma that 
underwent radiotherapy for local disease control. There 
were 31 patients who received radiation alone, three that 
had combined radiotherapy and surgery and three that 
underwent amputation. When comparing patients that 
had once daily treatment versus patients undergoing 
twice daily treatment, actuarial local disease control was 
77 and 81% respectively. The investigators found that 
there were no pathologie fractures in the fractionated 
group and five fractures in the once daily treated group 
of patients. Functionally, the patients undergoing 
fractionated treatment had less loss of range of joint 
motion and muscle atrophy. They concluded that 
radiotherapy alone is an adéquate means of local disease 
control for patients with non-metastatic Ewing sarcoma 
and that fractionated therapy had distinct functional 
advantages. 

There is a known dose-dependent risk of secondary 
malignancy following radiotherapy. Although the overall 
risk of second malignancies after radiotherapeutic 
intervention for patients with Ewing sarcoma is similar 
to that observed with treatment for other childhood 
cancers, the dose-dependency relationship to secondary 
sarcomas should resuit in lower radiation doses to 
minimize this risk. Longhi, et al reported a case of a 17 
year-old female with Ewing sarcoma of the left fémur 
treated with limb sparing surgery followed by 45 Gy of 
local radiotherapy and vincristine, doxorubicine, 
cyclophosphamide and actinomycin D. (75) This case 
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under scores the potential of secondary malignancy with 
relatively low radiation doses and the long latency 
between treatment and development of a secondary 
malignancy. 

Eighty five patients with non-metastatic Ewing 
sarcoma treated at MD Anderson Cancer Center over a 
22-year period were evaluated to détermine whether 
surgery was a factor in treatment outcome. Givens, et al 
found that patients who underwent surgery as part of 
planned treatment of their primary tumor had 
significantly better local disease control and disease free 
survival than patients who did not undergo resection. 

Sluga, et al reviewed 85 patients with non-metastatic 
Ewing sarcoma to evaluate the rôle of surgery and 
resection margins and outcome. They found that the 
overall survival after radical or wide resection was 60.2% 
in comparison to 40.1% after marginal or intralesional 
resection. They concluded that adéquate resection 
margins significantly influenced outcome in patients with 
non-metastatic Ewing sarcoma. 

Elomaa, et al analyzed 88 patients treated with four 
chemotherapy cycles, each consisting of two courses of 
vincristine, doxorubicin, ifosfamide, alternating with one 
course of cisplatin, doxorubicin, and ifosfamide at 3 
weekly intervals. Surgery was performed in 60 patients 
(68%); surgical margins were wide in 35, marginal in 14 
and intralesional in 3. The investigators reported 
metastasis free survival (MFS) in only 58% of patients 
however, patients with tumors that were resected with 
wide margins had an MFS of 90%. 

Patients with Ewing tumor treated with radiotherapy 
alone are at greater risk for pathologie fracture during 
and after systemic treatment due to irréversible cellular 
changes in bone that limit its ability to remodel. Lower 
extremity swelling and induration, physeal arrest 
resulting in limb length discrepancy and angular 
deformity as well as restricted joint range of motion are 
other adverse conséquences of radiation therapy. In 
addition, the subséquent radiologie changes in bone are 
difficult to interpret during surveillance for tumor 
récurrence. 

For these reasons, local control for resectable non- 
metastatic Ewing tumors of bone are best managed by 
either surgery alone when adéquate tumor margins can 
be obtained or a combination of surgery and radiotherapy 
when positive or close margins resuit foliowing surgical 
resection. 

APPENDICULAR 

Appendicular tumors are best treated with surgery, either 
limb sparing or amputation in combination with systemic 


treatment. Bacci, et al evaluated local and systemic control 
in patients with Ewing sarcoma of the fémur treated with 
chemotherapy and locally with radiotherapy and or 
surgery. In this study, there were 91 patients with non- 
metastatic Ewing sarcoma of the fémur. Survival without 
local récurrence was significantly higher in the surgery 
treated patients (88%) compared to patients treated with 
radiotherapy alone ( 59%). The investigators concluded 
that Ewing sarcoma of the fémur is best treated by 
chemotherapy and surgery with or without radiotherapy. 

In another study from the same institution, Bacci 
evaluated 172 cases of non-metastatic Ewing sarcoma of 
the extremities and found an improved disease free 
survival in patients who underwent surgery (66.9%) 
versus radiotherapy alone. The authors reasoned that the 
higher percentage of local récurrences observed in the 
group of patients treated with radiotherapy alone 
resulted in worse survival outcomes. Thus, they 
concluded that local disease control should always be 
achieved by surgery when possible. 

PELVIS 

The treatment of patients with Ewing sarcoma of the 
pelvis is controversial. Earlier studies showed no 
significant survival benefit comparing patients treated 
with radiotherapy versus resection. Sucato, et al however, 
showed a significant survival benefit in surgery treated 
patients but no observable différence in functional 
outcome. This was noted without significant différences 
in tumor size, stage or patient âge. Although functional 
status instruments showed superior function in the non- 
surgical group of patients, the différence between surgery 
and non-surgery groups of patients was not statistically 
significant. 

Rodl, et al evaluated 36 patients with pelvic Ewing 
tumors ail treated with surgery, radiotherapy and 
chemotherapy. They reported an overall 5 and 10 year 
survival rate of 45% and only 33% for patients presenting 
with primary métastasés. There were only two local 
récurrences. Complications were frequent but 
hindquarter amputation was avoided in ail patients. The 
authors concluded that surgery was essential in achieving 
adéquate local control with reasonable functional results 
(59%) using the Musculoskeletal Tumor Society 
évaluation. 

Burgers, et.al. evaluated 35 patients with pelvic Ewing 
sarcoma from 1967 to 1994 to détermine whether newer 
chemotherapy strategies and improved radiotherapy and 
surgical techniques had any impact on outcome. Overall 
survival was 31%. Only four patients were treated with 
surgery, the majority were treated with radiotherapy for 
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local disease control. There were twelve local récurrences, 
only one of the four surgically treated patients. The 
authors found no significant différences in outcome in 
patients treated before or after 1983. 

SPINE 

Treatment of Ewing sarcoma of the spine consists of multi 
agent chemotherapy with surgery and radiation therapy 
for local disease control. Surgery for local disease control 
seems to confer a survival benefit in the appendicular 
skeleton. In the spine, however, surgery is generally 
reserved for patients presenting with progressive 
neurologie déficits. In these cases, décompression and 
stabilization is necessary before initiation of systemic 
therapy. Radiotherapy is very effective in achieving local 
disease control as well with optimal doses around 
5000cGY. Radiation osteonecrosis can lead to pathologie 
fracture and vertébral collapse causing deformity and 
possible neurologie injury. Spine deformity is also seen 
in young patients undergoing radiotherapy for local 
disease control. In doses over 5000cGY myelopathy has 
been reported. 

Barbiéri, et al treated 28 patients with non-metastatic 
Ewing sarcoma of the spine over a 14-year period. Ail 
patients underwent chemotherapy as well as radio¬ 
therapy for local disease control. Fourteen patients in this 
sériés underwent surgery as well (6 laminectomies, 6 
excisions and 2 vertebrectomies). The five year survival 
rate was 43.5% which was intermediate between survival 
observed in patients with appendicular tumors of bone 
and patients with pelvic tumors. There was an increased 
rate of métastasés to the brain and skeleton in patients 
with primary Ewing tumors of the spine compared to 
other sites of disease. Local disease control, however was 
similar to that seen in other sites despite the use of lower 
radiation doses and the use of surgery in only one half of 
patients. 

METASTATIC DISEASE 

In every major study of patients with Ewing sarcoma, 
metastatic disease is a significant négative prognostic 
factor. Generally patients with lung involvement do 
better than patients with bone métastasés. In an analysis 
of 171 patients with disseminated Ewing tumor from the 
European Intergroup trial, overall EFS was 27% four years 
after diagnosis. For patient with isolated lung métastasés 
EFS was 34%, for bone métastasés 28% and for combined 
lung and bone métastasés 14%. Paulussen, et al evaluated 
114 patients with Ewing sarcoma and primary lung 
métastasés from the European Intergroup Cooperative 
Ewing's Sarcoma Studies patients (CESS81, CESS 86, 


EICESS92). Five year event free survival was 36% and at 
10 years, 30%. Risk factors for poor outcomes after 
univariate and multivariant analysis were poor response 
of the primary tumor to chemotherapy, metastatic lésions 
in both lungs and treatment without additional lung 
irradiation. 

Patients with brain métastasés hâve the worst 
prognosis. The addition of ifosfamide does not improve 
survival for patients with metastatic disease. In another 
study by Frohlich, et al there was no observed benefit of 
high dose therapy for patients presenting with metastatic 
disease but some benefit for patients with métastasés to 
multiple organs and early relapse of disease. 

SECONDARY MALIGNANCIES 

In the EICESS study of 687 patients, six treated patients 
developed secondary malignancies, two of the six 
occurred after myeloablative therapy. In another study 
from the Instituto Rizzoli nine patients developed 
secondary malignancies of the 518 patients with 
osteosarcoma and the 299 Ewing sarcoma patients 
entered into neoadjuvant protocols. There were 5 patients 
with leukemia, one astrocytoma, one liposarcoma, one 
parotid and one breast carcinoma. Only one patient with 
Ewing sarcoma developed leukemia. 

In the German Ewing's Sarcoma Studies (CESS 81 and 
CESS 86) 674 patients with Ewing sarcoma were 
registered. Eight of the 674 patients developed a secon¬ 
dary malignancy, 5 were acute myelocytic leukemias and 
one a myelodysplastic syndrome. There were three 
secondary sarcomas. The authors concluded that the risk 
of leukemia after treatment of Ewing sarcoma was 
approximately 2% and the risk of solid tumors in the first 
ten years after treatment was reasonably low in the range 
of 5% after 15 years. Less than 1% of ail deaths in the 
CESS study were related to secondary malignancies and 
salvage for secondary sarcomas was possible. 

In a Mayo Clinic study by Fuchs, et al, 397 patients 
were treated for Ewing sarcoma over a 25 year period. In 
that group of patients, 29 secondary malignancies 
developed in 26 patients (6.5%). The mean interval 
between treatment and diagnosis of a secondary 
malignancy was 9.5 years (1- 32.5 years). There were eight 
hematomyelopoetic malignancies (28%), twelve sarcomas 
(41%) and nine carcinomas (31%). The authors felt that 
the carcinomas could be explained by the general risk of 
developing a carcinoma in a healthy population of 
patients. The sarcomas, however, were thought to arise 
from radiotherapy and the hematomyelopoetic tumors 
from chemotherapy. Patients with sarcomas and 
hematomyelopoetic malignancies had a dismal 
prognosis. 
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SURVEILLANCE 

Bacci, et al in a study of 402 patients with non-metastatic 
Ewing sarcoma showed that overall survival at 5,10,15 
and 20 year follow-up was 57.2, 49.3, 44.9 and 38.4% 
respectively. They concluded that local or systemic 
relapses, treatment complications and second 
malignancies are more common after 5 years from initial 
treatment and thus long term foliow up is essential. 

TARGETED THERAPY 

Despite significant advances in chemotherapeutic 
intervention and improved surgical techniques, patients 
with Ewing sarcoma and high risk factors are at 
significant risk for distant relapse and tumor-related 
death. Tumor relapse is most common in the first five 
years after diagnosis and treatment but late tumor 
récurrence, drug toxicity and secondary malignancies 
remain problematic. For this reason, novel thérapies are 
needed that target molécules and or receptors responsible 
for tumor growth and development. 

SUMMARY 

Ewing sarcoma is the second most common sarcoma of 
bone in children and adolescents yet accounts for only 
1% of pédiatrie malignancies. Ewing sarcoma cells hâve 
a reciprocal translocation t(ll:22)(q24;ql2), are PAS 
positive and express HBA-71 immunohistochemically. 
Ewing sarcoma arises throughout the skeleton but is most 
common in the long bones, especially the fémur and 
pelvis. 

The radiographie features can be confused with other 
small round blue cell tumors such as: lymphoma, 
neuroblastoma, small cell osteosarcoma, Langerhan's cell 
histiocytosis, myeloma and carcinoma. 

The prognosis for patients with this tumor dépends 
on tumor stage, size and response to chemotherapy. 
Patients with tumors in pelvic sites hâve poor outcomes 
as well. Treatment for this tumor involves a 
multidisciplinary approach that involves systemic 
chemotherapy, surgery and radiotherapy. For 
appendicular tumor sites, there appears to be improved 
survival for patients that undergo surgical resection with 
adéquate margins. Radiotherapy alone or in combination 
with surgery provides acceptable local disease control 
but is associated with uncommon but significant late 
effects; most worrisome are secondary sarcomas. There 
does not appear to be a rôle for preoperative radiotherapy 
for patients with this disease. 

Although significant advances in chemotherapeutic 
intervention, principally with the addition of ifosfamide 
and etoposide to induction therapy, toxicity limits with 


these agents hâve been maximized and outcomes for 
patients with metastatic disease, especially to non- 
pulmonary sites is dismal. (93) For this reason a better 
understanding of the molecular basis of this disease is 
needed along with targeted thérapies to improve survival 
for patients with advanced disease. 
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UNICAMERAL BONE CYST (UBC) 

Unicameral bone cysts are developmental anomalies of 
the physis where there is a transient failure of ossification 
of physeal cartilage and cyst formation. Recognized for 
many years as benign lésions, Virchow originally 
described these cystic structures in 1891 as abnormalities 
in the local circulation. Unicameral bone cysts are also 
known as solitary, or simple, bone cysts. Multiloculated 
bone cysts are usually included in this category. 

Epidemiology 

UBC occur in patients during the first and second décades 
of life and 85% of patients are under 20 years of âge. They 
occur in males more frequently than in females by a ratio 
of 2.5:1. Usually found incidentally or after a fracture, 
they spontaneously résolve in late adolescence and rarely 
persist into adulthood. 

Location 

There are active and latent cysts : active cysts are 
juxtaposed to the physis and latent cysts are located away 
from the physis. The most common sites are proximal 
humérus, proximal fémur, and the anterior aspect of 
calcanéum in older adolescents and young adults. 

Pathogenesis 

Various mechanisms hâve been proposed for the 
pathogenesis of unicameral bone cysts : 

1. On the basis of electron-microscopic findings, Mirra 
considered them to be intraosseous synovial cysts. 

2. Jaffe and Lichtenstein observed dysplastic areas, 
which they believed developed in response to trauma. 

3. Cohen hypothesized that the cyst forms as a response 
to venous occlusion in the intramedullary space. 


4. Histologie examination of these lésions has been 
relatively unrewarding in regard to their 
pathogenesis. Generally, the cyst walls are lined with 
a fibrous membrane, with occasional giant cells. There 
is no evidence of endothélial lining. It has been 
proposed that there are synovial cells in the lining, 
resembling the type A and B cells seen in synovial 
tissue. The fluid within the cyst has been analyzed 
and shown to contain high levels of oxygen-free- 
radical scavengers and prostaglandins (prostaglandin 
E2, interleukin-1, and proteolytic enzymes). These 
substances, which cause bone résorption, may play a 
rôle in the formation and growth of cysts. 

5. More recent research supports the theory that a 
vascular occlusion phenomenon occurs within the 
cyst. The pressures within a cyst are elevated above 
venous pressures. It appears that if radiopaque dye 
is injected into the cyst with enough pressure, the dye 
can be extruded into the venous System of the limb. 
Reestablishing these outflow channels may assist in 
the involution of the cyst. Others hâve proposed that 
simply lowering the interstitial pressure by multiple 
perforations may cause cyst involution. 

Pathology 

UBC are generally seen in the metaphysis of long bones 
in the skeletally immature. They are benign, fluid-filled 
cavities that tend to expand and weaken the local area. 
The cyst is filled with thin, yellowish fluid that is often 
blood-tinged. The cyst wall is composed of fibrovascular 
tissue with giant cells and reactive bone. In long standing 
lésions, cholestérol clefts and macrophages with 
hemosiderin déposition are seen. UBC usually présent 
with a pathologie fracture; such fractures occur through 
thin, weakened bone and are generally not grossly 
displaced, nor are they difficult to treat. 
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Clinical Features 

The symptoms of unicameral bone cysts are most often 
brought on by trauma. On examination, the area is 
slightly warm and swollen. At diagnosis, many cysts are 
immediately adjacent to, and appear to involve, the 
epiphyseal growth plate, which supports the theory that 
this is a growth disturbance rather than a true tumorous 
process. Minor growth disturbances occasionally occur. 
When fractures do become évident, they rarely involve 
the growth plate itself. Diaphyseal cysts do occur and 
can fracture. 

Cysts progress from active to quiescent to an 
involutional stage in the course of their natural history. 
The difficulty for the clinician is to assess the current stage 
of the cyst at the time of diagnosis. Treatment of an active 
cyst may be unsuccessful, whereas treatment of a 
quiescent or involutional cyst may be successful but 
unnecessary. The cyst usually progressively shrinks as 
the patient approaches skeletal maturity and may heal 
spontaneously after growth is completed. 

Radiographie Features 

UBC are well marginated, centrally located radiolucent 
lésions that expand and thin the cortex (Figs IA and B). 
The fallen fragment sign (a comminuted fracture 
fragment within the cyst) is seen in patients with 
pathological fractures. The differential diagnosis includes 
aneurysmal bone cyst and fibrous dysplasia. 

MRI most accurately delineates the central fluid 
collection, and if a pathologie fracture has occurred, a 
fluid level may be visualized, mimicking the appearance 
of an aneurysmal bone cyst. 

Indications for Treatment 

Occasionally, the cyst is discovered incidentally during 
investigation for another complaint. In such cases it is 
important to décidé whether the cyst is in the active, 
latent, or involutional stage. The mere size of the cyst 
itself is probably of less importance than the structural 
properties of the area. If a cyst is discovered incidentally 
in an asymptomatic patient, it may be reasonable to 
choose close observation rather than a surgical procedure. 
If the cyst is active and obviously enlarging during 
observation (3 to 6 months), treatment may be 
appropriate. If, however, a cyst remains asymptomatic 
and the patient is able to maintain normal activities, 
continued observation is warranted, because the cyst may 
eventually résolve on its own. One exception to this 
guideline is when a large cyst involves the subtro- 
chanteric région of the fémur. Early treatment may be 
needed to avoid fracture due to the high forces to which 
that area is normally subjected. 



Figs IA and B: Radiographie features of an active 
metaphyseal UBC of the proximal fémur in a 7 year old boy 


Usually, however, the cyst is symptomatic or is 
associated with a pathologie fracture (68% of cases in one 
study) (Fig. 2). A cyst that is symptomatic has an 
incompetent osseous structure and has undergone either 
an obvious or an undetected pathologie fracture. Some 
authors hâve suggested that such a cyst will then undergo 
an involutional process and heal. However, in closely 
observed sériés, this occurs less than 10% of the time. In 
light of this statistic, the consensus is that the surgeon 
should allow the cyst to heal before proceeding with 
treatment. By waiting, internai fixation can usually be 
avoided. The exception is when the fracture is in a high- 
stress weight-bearing area, such as the fémur. 

Treatment 

The treatment options include 

• observation 

• aspiration and injection of steroids or bone products 

• curettage and bone grafting. 
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Fig. 2: Diaphyseal UBC of the humérus 
with pathological fracture 


Most texts recommend treatment consisting of 
aspiration and injection for large and active lésions. The 
procedure involves injecting méthylprednisolone into the 
cyst under fluoroscopie control while using radiopaque 
dye to confirm entry into the cyst. Aspiration of the cyst 
is done prior to injection. The return of clear, straw- 
colored fluid is confirmatory of the diagnosis. If grossly 
bloody fluid is encountered, a formai biopsy is advised 
to ascertain whether the lésion is an aneurysmal bone 
cyst or another type of lésion. The cyst is then flushed 
with saline, and méthylprednisolone is injected with 
either a one-needle or a two-needle technique. The two- 
needle technique allows efflux of the saline and excess 
fluid through an outflow needle in another région of the 
cyst. Although in principle this procedure would seem 
to be advantageous by decreasing the morbidity due to a 
major surgical procedure, unfortunately it has not proved 
to be very effective and usually involves multiple 
injections and anesthetics. Overall, a review of the 
literature revealed récurrence rates of 15 to 88% after an 
average of three injections. It is unclear what effect the 
méthylprednisolone actually has on the local anatomy. 

Resection or curettage plus bone grafting has been 
employed as the definitive treatment for unicameral bone 
cysts. Bone grafting is especially optimal in patients with 


a large lésion in the proximal fémur where pathological 
fracture risk has increased morbidity. 

The technique of resection or curettage is relatively 
straightforward. Once an approach has been made to the 
bone, a cortical window is made, which allows access to 
the entire contents of the cavity. The clear fluid should 
be removed, and the fibrous membrane curetted from 
the cyst wall. If the cyst is immediately adjacent to or 
involves the epiphyseal growth plate, care must be taken 
to avoid injury to the plate. It is not necessary to remove 
structural bone from the outer cyst wall. It is also not 
necessary to use adjunctive materials, such as phénol or 
liquid nitrogen, to perform this procedure. Such materials 
hâve secondary complications and may interfère with 
graft and bone healing. Furthermore, to employ these 
toxic and damaging agents is to imply that the local cells 
are the primary étiologie factors. There is no evidence to 
support this hypothesis. The choice of autologous bone 
graft or a substitute is dépendent on the orthopédie 
surgeons preference. Autologous bone marrow, allograft, 
demineralized bone matrix (DBM), and other bone 
substitute materials hâve been used successfully. 

Despite treatment, récurrence is common, especially 
in active cysts, and historically, rates hâve ranged from 
20 to 50% after the various forms of treatment (Fig. 3). 
Various authors hâve attempted to détermine prognosis 
on the basis of patient âge, site, size, or history of previous 
fracture, but for any single cyst, these factors are 
unreliable (Fig. 4). 



Figs 3A and B: Pathological fracture of an active proximal 
humerai metaphyseal UBC. Union with partial cyst resolution 3 
months later 
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Figs 4A to G: Pathological fracture of neck of fémur UBC in a 24 year male. Union following 
bone grafting, fixation, and quadratus femoris muscle pedicle graft surgery 
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FIBROUS DYSPLASIA 

Fibrous dysplasia is an intrinsic defect of enchondral bone 
maturation that results in an incomplète or immature 
ossification pattern. This abnormal pattern is charac- 
terized by a benign fibrous stroma stipled with bony 
islands of metaplastic bone, resulting in structural 
weakening of the bone and pathological fractures. 
Progressive deformities can occur due to microscopie 
fractures. The disease is most commonly solitary, but may 
also be multifocal. The degree of skeletal involvement in 
patients with polyostotic fibrous dysplasia is highly 
variable. Albright's syndrome is a combination of 
polyostotic fibrous dysplasia, café-au-lait spots, and 
endocrinopathies. 

Location 

The most frequently involved bones are : rib, fémur, 
humérus, tibia, and maxilla. 

Clinical Features 

The clinical spectrum of fibrous dysplasia varies from 
asymptomatic, monostotic lésions to extensive skeletal 
deformities associated with polyostotic involvement. 70% 
of patients présent with complaints of bone pain. Most 
patients develop skeletal deformities by 10 years of âge, 
but some remain essentially asymptomatic until late in 
life. Régression of bone lésions has rarely been 
documented. Patients with fibrous dysplasia hâve an 
increased risk for developing secondary sarcomas, 
usually osteosarcoma. 

Radiographie Features 

Fibrous dysplasia in long bones is either metaphyseal or 
diaphyseal and may be centrally or eccentrically located 
(Fig. 5). The lésions show well defined géographie type 
of destruction with deep endosteal scallops and érosions 
lead to cortical thinning. They are frequently associated 
with a zone of reactive scierosis. They show a prominent 
ground glass matrix : intramedullary radiolucencies with 
a hazy quality. The weakened bone often develops 
secondary deformities, especially in weight-bearing 
bones : the proximal fémur may develop a shepherd's 
crook deformity from multiple récurrent microfractures 
(microfractures always occur on the tension side of 
affected bones). Malignant transformation is suggested 
by poorly defined areas of osteolysis, cortical destruction, 
and soft tissue masses adjacent to the cortical disruption. 
Bone scans show intense activity over the area of the 
lésion. 


Fig. 5: Fibrous dysplasia of the 
humérus in a 26 year male with 
polyostotic fibrous dysplasia 

Microscopie Pathology 

Fibrous dysplasia consists of poorly oriented thin osseous 
trabeculae that is without a prominent osteoblastic lining 
and fibrous stroma. The arrangement of the osseous 
trabeculae is reminiscent of Chinese letter characters. 
Small foci of cartilage may be présent and areas of 
hemorrhage and osteoclastic giant cells may be seen. 

Treatment 

Most monostotic lésions are asymptomatic and need no 
treatment. The rôle of treatment includes preventing 
deformity and treating pathological fractures. The 
indications for surgical treatment include : 

1. severe or progressive deformity of an extremity 

2. nonunion of a fracture 

3. fémoral shaft fracture in an adult 

4. persistent pain 

The following guidelines are important : 

• If bone graft is used, cortical allograft is idéal because 
it provides structural support and is resorbed less 
readily than autograft or cancellous allograft 

• Internai fixation is a useful adjunct to bone grafting 
in the proximal fémur and other locations where there 
is a risk of pathological fracture 
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• Internai fixation does not alter the basic disease 
process, but provides mechanical support of the 
structurally compromised bone 

• Progression of lésions is observed in women taking 
oral contraceptives and also during pregnancy, 
underlining the functional importance of estrogen 
receptors in this tumour 

• Radiotherapy plays no rôle in the treatment of fibrous 
dysplasia. 

Rôle of Biphosphonates 

Recently, second génération bisphosphonates (pamidro¬ 
nate) hâve shown promise in the treatment of patients 
with fibrous dysplasia. In fibrous dysplasia, an activating 
mutation of the alpha subunit of Gs proteins leads to 
différentiation abnormalities of the osteoblastic lineage, 
which are responsible for development of fibrous tissue 
in the medulla and increased osteoclastic activity. This 
increased bone résorption has been the rationale to use 
bisphosphonates (intravenous pamidronate 180 mg every 
6 months and calcium and vitamin D suppléments, in 
combination with oral phosphate and calcitriol in patients 
with fibrous dysplasia who also hâve rénal phosphate 
wasting). The bisphosphonates inhibit osteoclastic bone 
résorption and therapy with intravenous bisphos¬ 
phonates hâve shown that pain intensity significantly 
decreases with treatment, biochemical markers of bone 
turnover are significantly reduced, and about 50% of 
patients hâve improvement of bone lésions on 
radiographs, evidenced by filling of osteolytic lésions 
and/or cortical thickening. Bone minerai density is also 
substantially increased in patients with fibrous dysplasia 
involving the hip. There is, however, no significant 
clinical or biological predictor of positive radiographie 
response to pamidronate treatment. 

FIBROUS CORTICAL DEFECT / NON-OSSIFYING 
FIBROMA / FIBROXANTHOMA 

Fibroxanthoma is the most common musculoskeletal 
tumor, occurring in up to 30% of children. Other names 
for the same entity include fibrous cortical defect and 
metaphyseal cortical defect. Fibroxanthoma is also known 
as non-ossifying fibroma, but because the natural 
tendency for this lésion is to involute and ossify, this 
description is confusing. Although terminology remains 
controversial, it appears that a non-neoplastic fibrous 
prolifération occurs commonly in the metaphysic of long 
bones in children. This eccentric lésion is probably a 
developmental defect. Many of these lésions sponta- 
neously involute, others persist as small lytic lésions that 
may gradually "move" towards the diaphysis as the bone 


grows in length. Enlarging lésions may involve the 
medullary cavity and may be complicated by pathological 
fractures. 

Epidemiology 

The tumor is recognized during the first 2 décades of life 
and is generally self limiting. 

Location 

These lésions typically affect long tubular bones of the 
lower extremity. The most common sites are fémur, tibia, 
and humérus. In 8% of patients they may be multiple. 
Multiple lésions are also commonly seen in neurofibro- 
matosis. 

Clinical Features 

Most lésions are asymptomatic and incidental détections. 
The larger lésions may be associated with a pathological 
fracture. 

Radiographie Features 

Non-ossifying fibromas are larger and more symptomatic 
than fibrous cortical defects, however, they hâve a similar 
appearance. The lésions are well marginated, circular or 
oval, eccentrically located radiolucent lésions (Fig. 6). A 
benign rind of sclerosis with smooth or lobulated edges 
is often présent. The lésions cause cortical thinning, 
however, they do not expand the cortex. The periosteal 
surface is non-reactive. 

Histopathology 

Non-ossifying fibromas are characterized by a prolifé¬ 
ration of benign spindled fibroblasts. With pathological 
fracture, variable amounts of hemorrhage, hemosiderin 
déposition, reactive new bone formation, and osteoclastic 
giant cells may be présent. 

Treatment 

The treatment is observation unless the lésion présents a 
risk for pathological fracture. Two variables hâve been 
identified to be associated with an increased risk for 
pathological fracture; tumor size exceeding 50% of the 
diameter of bone and longitudinal extension greater than 
22 mm. These criteria should also ideally take into 
considération the site of lésion, and the extent to which 
the lésion has already ossified at the time of diagnosis. 
For lésions at risk of pathological fracture, curettage and 
bone grafting with or without internai fixation is 
optimum. For pathological fractures, immobilization and 
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Fig. 7: Ossifying fibroma tibia 


Figs 6A and B: Non-ossifying fibroma distal fémur 


reassessment of the tumor after fracture healing is 
indicated. Chemotherapy and radiation therapy play no 
rôle in the treatment. 

OSSIFYING FIBROMA/ADAMANTINOMA 

Ossifying fibromas are well circumscribed, usually 
monostotic lésions that are seen at an early âge. There 
remains controversy as to whether ossifying fibroma 
represents a precursor of adamantinoma or is on a 
continuum with this malignant process. 

Epidemiology 

Ossifying fibroma/adamantinoma is generally diagnosed 
during the first and second décades of life as an incidental 
finding unless there is associated deformity and/or a 
fracture. 

Location 

These lésions hâve a strong prédilection for the anterior 
cortex of the tibia. They are also frequently seen in the 
mandible in adults. 

Clinical Features 

Pain is commonly the first symptom and in one review 
was présent from 6 weeks to 17 years. Sometimes the 
presence of a mass first attracts the attention of the 
parents. 


Radiographie Features 

These radiolucent lytic lésions with confluent, groundglass 
(Fig. 7), or vacuolated appearance are eccentrically located 
in the diaphysis or metaphysis. They show cortical 
expansion and are rimmed by reactive bone (Fig. 8). 

Pathology 

These are slow growing tumors whose origin is unknown. 
Anterior tibial bowing may be présent. Fractures and 
pseudofractures are not uncommon. 

Microscopie Pathology 

In ossifying fibroma, the lésion is strikingly similar to 
fibrous dysplasia except that the osseous trabeculae hâve 
prominent osteoblastic rimming. Immunohistochemical 
studies hâve revealed the presence of cytokeratin in most 
examined specimens. 

Adamantinoma is similar, but contains nests of 
epitheloid cells. 

Treatment 

Observation with serial radiographs is recommended in 
ossifying fibroma to document the presence or absence 
of disease progression. Bracing is recommended for 
young patients with bowing deformities. In young 
patients with dramatic bowing deformities in whom 
bracing is difficult, impending pathological fractures or 
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Figs 8A and B: Adamantinoma tibia 


fracture nonunions, resection with bone transport using 
Ilizarov may be indicated. For adolescents and adults 
with progressive, symptomatic disease or impending 
pathological fracture, complété surgical excision is 
indicated with bone grafting and internai fixation. 

Adamantinoma is a low grade malignancy treated by 
wide extraperiosteal surgical resection. 

ANEURYSMAL BONE CYST (ABC) 

Aneurysmal bone cysts are expansile, blood-filled, 
intramedullary lésions occurring in the région of the 
metaphysis of young adults. It can occur in the ends of 
long bones or in the vertebrae. Although the aetiology of 
aneurysmal bone cysts remains unclear, many medullary 
based ABC are secondary to other benign antécédent 
tumors such as chondromyxoid fibroma, fibroxanthoma, 
or osteoblastoma. Trauma may be an étiologie factor in 
surface aneurysmal bone cysts. 

Radiographie Features 

ABC are eccentric and cortically based radiolucent lésions 
that show marked expansion and thinning of the cortex 
and periosteum. Honey-combed internai architecture 
caused by osseous septations and well-defined margins 
are usually présent, but may be poorly defined in spine 
tumors. Prominent fluid-fluid levels may be présent on 
MRI and CT. 


Pathology 

On gross examination, ABC reveal a mass of blood spaces 
filled with frank blood. On histology the walls of the 
cavernous spaces are made up of fibrous tissue containing 
some thin strands of osteoid tissue, but rarely an 
endothélial lining. Giant cells may be présent, particularly 
in the more cellular areas of the tumor. Stromal cells are 
usually fibroblastic. 

Treatment 

The accepted guidelines for the surgical management of 
ABC include (Fig. 9): 

• excision for cortically based or surface tumors 

• extended intralesional curettage (burring, and 
thermal or Chemical adjuncts) with bone grafting or 
cementing for central lésions 

Récurrence rates for medullary lésions can be as high 
as 25%, and récurrences in spinal ABC is very common. 
Spontaneous régression has been reported. 

Embolisation is used as the primary treatment in 
vertébral aneurysmal bone cysts with no bony spinal 
canal compromise. Embolisation may also be used as a 
preoperative adjunct in sites where a tourniquet cannot 
be used, e.g. vertébral ABC and pelvic ABC. 

The rôle of radiotherapy in the primary or adjunct 
treatment of this disease is not well defined, but is 
probably best reserved for either récurrences, or non- 
resectable tumor sites such as spinal or sacral ABC. 
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INTRODUCTION 

Treatment of bone tumors of the pelvis remains one of 
the most difficult problems in orthopédie oncology. The 
complex régional anatomy and the necessity for wide 
surgical margins make resections especially demanding. 
Historically, dismal results were reported and most 
patients required external hemipelvectomy as treatment 
for pelvic tumors. However, recent advances in 
orthopédie oncology hâve improved the outlook for these 
patients, including sophisticated imaging to more clearly 
delineate the extent of the lésion, effective neoadjuvant 
chemotherapy, as well as improved techniques of 
resection and reconstruction. These advances hâve 
enabled surgeons to carry out limb saving resections 
without compromising local control or patient survival. 

Depending on the extent and location of bone that 
needs to be resected for local disease control, the 
functional conséquences can be devastating. The pelvis 
not only contains important structures from the 
genitourinary, neurological, gastrointestinal, and 
vascular Systems, it also serves as the only structural 
connection between the axial skeleton and the lower 
extremities. It is, therefore, critical to be aware of the 
conséquences of bony resections of the pelvis, both in 
terms of mechanics and function. A thorough 
understanding of reconstructive options is also essential. 

SACRO-PELVIC ANATOMY 

The anatomy of the pelvis is complex. Surgical 
intervention may require a multidisciplinary team of 
physicians. Indeed, major anatomie structures from the 
vascular, neural, gastrointestinal, and genitourinary 
Systems are ail course within the pelvis, necessitating 
availability of specialists comfortable operating on each 


of these structures should the need arise. Surgical 
management of tumors can be made more difficult by 
distorted anatomy due to mass effect, previous surgery, 
or post-radiation changes. A firm grasp of the normal 
anatomy of the région is, therefore, essential if one is to 
operate in areas of distorted anatomy. 

Partial resections of the iliac wings (type I resection), 
or resection of the pubic rami (type III resections) are 
generally tolerated well, without the need for 
reconstruction. Resections involving the acetabulum 
(type II), or resections that create discontinuity between 
the acetabulum and the sacrum, generally require 
reconstructive effort due to intrinsic loss of mechanical 
stability. 

It is difficult to quantify the amount of bony SI joint 
that can be sacrificed, while still maintaining bony 
stability and continuity of the pelvis. Certainly complété 
unilatéral or bilateral loss of an SI joint would require 
bony stabilization and reconstruction using complex 
methods that involve lumbo-iliac arthrodesis, which will 
be discussed later in the current chapter. Cadaveric 
biomechanical studies hâve suggested that compete 
transverse amputation of the sacrum below the SI level 
(sacral ala), and even involving a small portion of the ala 
may be managed without reconstruction. Subséquent 
studies confirming this are lacking, however. 

One should also consider the neurological éléments 
in this région while preoperatively planning. In addition 
to providing sensation for the buttocks, perineum, and 
posterior lower extremities, the sacral nerve roots are also 
essential for maintaining urinary and fecal continence, 
and sexual function. These nerves exit ventrally and are 
frequently involved in pre-sacral malignancies. Complété 
unilatéral sacrifice of the SI-4 nerve roots has been shown 
to be tolerated well by patients. Although there is 
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ipsilateral loss of sensation in the effected dermatomes, 
these patients hâve been shown to hâve near normal 
urinary/rectal continence, and are able to enjoy gratifying 
sexual activity postoperatively. Bilateral sacrifice, 
however, compromises neurological function and would 
leads to incontinence and sexual dysfunction. The 
pudendal nerve, with contributions from the S2-S4 nerve 
roots exits the pelvis through the greater sciatic foramen, 
only to re-enter through the lesser sciatic foramen on its 
way to the perineum. This nerve must be identified and 
protected if possible for maintenance of sexual function. 
The SI nerve root is of additional importance as this nerve 
root provides plantar sensation to the foot, and flexion 
power both at the ankle and knee. Sacrifice of the SI nerve 
root will resuit in ipsilateral loss of protective sensation 
to the plantar foot and may cause gait disturbance. 

PATIENT EVALUATION 

The general approach to patients with osseous pelvic 
tumors begins with a thorough history and physical 
exam. These tumors typically présent with an insidious 
onset of vague symptoms, often attributed to other causes. 
Diagnosis is often delayed. Age and sex of the patient 
are important, and can aid in the accurate diagnosis of 
tumors, as many tumors follow patterns of démographie 
prédilection. Pain quality and pattern are also important. 
Osseous tumors typically cause progressively worsening 
dull, aching, unrelenting pain that is présent at rest. 
Trauma immediately preceding pain should heighten 
concern for possible pathological fracture. Unintentional 
weight loss is also a common finding in those with 
undiagnosed neoplasms. History of fever, abdominal 
fullness, change in caliber of stools, frequency of bowel 
movements, and presence of blood in stools are also 
important. Previous surgery or irradiation to the région 
will be important in the diagnosis as well as the surgical 
planning. A history of sensory or motor disturbance in 
the peri-anal région or lower extremities may suggest 
involvement of neurological éléments. Spécifie history 
of incontinence (fecal or urinary), or sexual dysfunction 
should be elicited. Multi-focal pain should increase the 
awareness of potential metastasis. 

Physical examination of these patients must include 
rectal exam, abdominal exam, spinal and lower extremity 
examination including attention to distal neurovascular 
status. Often, large intrapelvic masses are either palpable 
by abdominal exam, or trans-rectally at the time of 
diagnosis. Thorough neurological exam of the lower 
extremities and périnéal région again will help delineate 
the extent of neurological compromise présent. 
Hemoccult of stool may help evaluate direct extension 


into the viscera. Manual examination of régional lymph 
nodes is helpful, although these tumors rarely metastasize 
via lymphatics. 

Radiographie évaluation of osseous tumors in the 
pelvis should always begin with plain radiographs. X- 
rays and other forms of imaging should be compared to 
previous imaging if possible, as this is an invaluable tool 
in documenting any change in tumor size or 
characteristics (which can be helpful in making the 
diagnosis). The X-ray view most helpful in the initial 
évaluation of the pelvis is the antero-posterior radio- 
graph. This can help localize the lésion and subséquent 
views can then be obtained thereafter to better 
characterize the lésion. Although not routinely ordered, 
Judet views are useful in evaluating lésions that involve 
the iliac wings or acetabuli. Judet views are also helpful 
in assessing SI joint involvement (as the SI joint is seen in 
profile on the iliac oblique view of a Judet sériés). Inlet 
and outlet views are more useful in evaluating the 
integrity of the pelvic ring, and any deep extension of 
tumors into the pelvis (anterior surface of the sacrum and 
posterior surface of the pubic symphysis). It is important 
to carefully scrutinize radiographs in this région as poor 
quality X-rays, overlying bowel gas, or relative osteopenia 
can make them difficult to interpret. The radiographie 
characteristics including size, appearance of tumor matrix 
(lytic, blastic, calcified, etc.), and a description of the bone- 
lesion interface (géographie, moth-eaten, permeative, etc.) 
should be noted as well. These parameters can often give 
the clinician an overall indication of aggressiveness of 
the lésion. 

In addition to adéquate plain radiographs, it is 
essential to obtain cross sectional imaging when 
evaluating lésions in the pelvis. These images help to 
define the soft tissue and bony extent of the tumor in 
order to aid in making the correct diagnosis, and for 
planning future biopsy or eventual surgical intervention. 
MRI and/or CT scan of the pelvis are therefore essential. 
Three-dimensional reconstructions, if available, are also 
helpful in planning surgical resection. Spécial attention 
should be paid to the relationship of the lésion to the 
natural anatomie planes (SI Joint, adjacent viscera, 
relationship to lumbar and sacral nerve roots, etc.). While 
benign lésions tend to respect natural anatomie planes, 
more aggressive lésions (i.e., malignancies) do not. 

In general, primary osseous tumors metastasize 
hematogenously with the most common site of metastasis 
being the lung, and the second most common distant site 
being other bones. Depending on the type of malignancy, 
metastasis to the liver, kidney, brain, and lymphatics are 
also possible. The general metastatic workup for 
suspected osseous tumors therefore should include CXR, 
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Anterior view Posterior view 

Figs IA and B: A diagram of the “utilitarian incision” (For color version see Plate 15) 


CT scan of the chest, and bone scan. By far, the most 
common lésions of the bony pelvis in those over 50 years 
of âge are metastatic lésions. Common metastatic lésions 
to bone include carcinoma of the prostate, breast, kidney, 
thyroid, and metastatic lung carcinoma. Myeloma and 
lymphoma should also be considered in the differential 
of pelvic bone lésions as well. Detailed discussion of 
workup of metastatic lésions is outside the scope of this 
chapter. 

Biopsy Techniques 

As in any other area, a good biopsy is important not just 
for diagnosis but also to avoid contamination for future 
resections. The General principles hâve been explained 
in the section on biopsy. Trans-rectal biopsy should be 
avoided in pelvic tumors, as contamination of the rectum 
would necessitate its inclusion in any future surgical 
resection. The site of biopsy is along the standard 
utilitarian incision (Fig. 1) described subsequently. Core 
needle biopsy is an attractive option in this région. This 
is a minimally invasive, low morbidity option that can 
usually be performed by administering a simple local 
anesthetic while using direct palpation, CT scan, or 
ultrasound "guidance" to sample the lésions. 

SURGICAL CONSIDERATIONS 

Indications for Surgery 

The indications for surgical intervention with osseous 
lésions of the pelvis include malignant lésions, and locally 
aggressive benign lésions. Neuro-vascular compromise 
or pain due to mass effect or joint destruction is an 


indication for intervention as well. Resections in this 
région carry with them significant potential morbidity. 
One should therefore exhaust any effective non-operative 
or lesser invasive options, especially when dealing with 
benign lésions. The lesser invasive options are lésion 
spécifie and are discussed later in this chapter along with 
descriptions of the spécifie tumors. 

Preoperative Considérations 

Careful preoperative planning is essential in dealing with 
pelvic lésions. Resection in this région can be extremely 
morbid. Perioperative complication rates for sacral 
tumors specifically approaching 50% and mortality rates 
of 10% hâve been reported in the literature. 

Frequently, neoplasms in the pelvis involve invasion 
of soft tissue planes and distortion of normal anatomy. 
Diverting colostomy, although not performed routinely, 
should be considered if there is significant risk of 
incidental enterotomy during the planned resection. This 
is especially important in aggressive lésions and those 
found in the previously operated or post-radiation field. 
If deemed necessary, diversion colostomy should be 
performed as the first portion of a two stage surgical 
procedure, at a separate surgical sitting, to minimize the 
risk of cross-wound contamination and infection. Bowel 
préparation should be routinely performed preopera- 
tively. Along the same lines of reasoning, preoperative 
urétéral stent placement may aid in identifying and 
protecting the ureters as well. Preoperative antibiotics 
should not only be aimed at skin flora, but should also 
cover gram négative and anaérobie organisms. 
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The potential for significant blood loss in this région 
is especially high during surgical resection. The pre-sacral 
venous plexus, large intra-pelvic blood vessels, and the 
frequently large cancellous bone surfaces that are exposed 
can lead to rapid exsanguination. Preoperative arterio- 
graphy and embolization can help minimize blood loss 
in highly vascular lésions. Meticulous surgical technique 
is important. Availability of blood products and various 
means of hemostasis should be at the disposai of the 
operative surgeon to help curb the potential for bleeding 
complication. Intra-operative hypothermia should be 
avoided, as this may lead to coagulopathy. Erythrocyte 
recycling Systems should be avoided when dealing with 
malignancies because of the theoretical risk of systemic 
tumor dissémination. 

The rôle of nutrition cannot be understated, especially 
in the elderly. A thorough preoperative nutrition panel 
including pre-albumin, albumin, and transferrin should 
be obtained and used as a guide to the nutritional need 
so of the patients peri-operatively. In addition, these can 
be drawn postoperatively with prolonged hospitaliza- 
tions as surveillance against malnutrition during the 
hyper-catabolic State that ensues following surgery. If 
necessary, supplémentai enteric or intravenous nutrition 
should be considered in the peri-operative period. 

Operative Planning 

This first step in dealing with pelvic tumors is to 
accurately characterize the lésion, both in terms of type 
(usually through biopsy) and location (through use of 
plain and cross sectional imaging). This process was 
described earlier in this chapter. Once a tumor has been 
accurately characterized, a deliberate plan for addressing 
the tumor can then be devised. 

The goals in the surgical management of pelvic tumors 
are to (1) safely remove the tumor: either through wide, 
marginal, or intra-lesional excision depending on the type 
of tumor, and (2) to maximize the postoperative 
functionality of the patient. These goals are often 
conflicting, with safe removal of the tumor resulting in 
functional déficit. It is important to hold the first goal 
(safe removal of the tumor) in the highest priority, 
realizing that at times one may hâve to sacrifice function 
in order to achieve local control. Failure of local control 
of these lésions often results from a surgical plan that 
overemphasizes the functional outcome at the cost of 
jeopardizing the desired margin. Although operative 
options will be discussed based on the spécifie location 
of lésions, realize that a combination of the described 
surgical approaches may be warranted, depending on 
the size and extent of the lésions involved. 


Commonly, with large malignant lésions of the pelvis, 
the first issue encountered is whether a lésion can be 
safely removed using a limb-sparing approach, or 
whether amputation (i.e. external hemipelvectomy) is 
warranted. This can be a difficult decision, and dépends 
on a number of factors, including whether the tumor 
abuts the critical neuro-vascular contributions to the 
lower limbs and what reconstructive options the surgeon 
has at his or her disposai. For operative planning 
purposes, one should pay spécial attention to the 
relationship of the tumor to the lumbosacral plexus, 
fémoral neurovascular bundle, and hip joint. As a general 
rule, if any 2 of these 3 structures can be preserved while 
still safely removing the tumor, a limb-sparing approach 
is warranted. If 2 or 3 of these structures must be removed 
as part of the tumor margin, the functional conséquences 
outweigh the added morbidity of attempts at limb 
préservation, and amputation should be strongly 
considered. 

Limb-sparing approaches hâve been met with 
increased success in recent years. Current overall local 
récurrence rates in large sériés are 17%, with microscopie 
margin being the best predictor of local control. This is 
down from previous large reports of 28% local récurrence. 
The improvement is primarily a resuit of improved 
surgical techniques and the effectiveness of neoadjuvant 
chemotherapeutic regimens in reducing the size and 
viability of the lésions, making them more easily 
resectable. In addition, cross-sectional imaging has 
improved substantially over the last 20 years, making it 
easier to delineate (and therefore, safely remove) tumors 
within the pelvis. 

EXTERNAL HEMIPELVECTOMIES 

External hemipelvectomy is the procedure of choice when 
a limb cannot be safely spared, or the functional 
conséquence of extirpation of the tumor is such that the 
residual limb is functionless. There are multiple variations 
of the external hemipelvectomy. The two most commonly 
performed types are briefly described below. The overall 
complication rate with these procedures has been 
reported as high as 60% with the commonest complica¬ 
tions being infection (17%) and flap necrosis (15%). 

Posterior Flap Hemipelvectomy 

Posterior flap hemipelvectomy is the "classic" 
amputation for sarcomas involving the pelvis or upper 
thigh. Fortunately, with advances in neoadjuvant 
thérapies and innovative surgical techniques, this 
procedure is far less common than in décades past. The 
indications include large pelvic tumors, proximal thigh 
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tumors, or infections that contaminate multiple compart- 
ments or neuro-vascular structures such they cannot be 
removed safely while maintaining a functional lower 
extremity. This procedure can also be used in the salvage 
situation (after failed limb-sparing surgery) to achieve 
local control. Posterior hemipelvectomy is most effective 
when the buttock région is un-involved with the lésion, 
as this is the source of the tissue flap for closure. 

Briefly, the patient is positioned in the latéral position 
with the affected extremity up. The first portion of the 
incision is essentially an ilio-inguinal approach. Incision 
begins at the PSIS and is carried out along the pelvic brim, 
towards the ASIS, and extends towards the pubic 
tubercle. The incision then curves posteriorly towards the 
ischial tuberosity, laterally along the gluteal crease, and 
then superiorly to intersect the ilio-inguinal incision just 
latéral to the ASIS. 

The dissection begins with the ilioinguinal approach. 
The abdominal musculature is freed from attachment to 
the pelvic brim. The inguinal ligament is divided and 
the fémoral triangle is explored. The fémoral nerve, 
external iliac artery, and vein are identified and ligated 
within the pelvis. The rectus is released from its 
attachment to the pubis and the iliopsoas tendon is 
released. The spermatic cord is mobilized and retracted 
medially. 

The next step is the ischiorectal space dissection. Using 
the périnéal portion of the incision, the adductors and 
hamstrings are released from their origins on the pubis 
and ischium. Care must be taken to avoid injury to the 
bladder or urethra while dissecting medially. Once 
exposed, the symphysis pubis can be divided sharply 
with retractors protecting the bladder and urethra. 

After the symphysis pubis has been divided, the 
iliacus and gluteus maximus muscles can then be 
dissected free from the iliac wing (while respecting tumor 
margins). The posterior flap should include skin, 
subcutaneous tissue and gluteus maximus if possible for 
subséquent closure of the wound, as this may decrease 
the incidence of flap necrosis. Dissection is carried 
posteriorly along the iliac wing to the level of the SI joint 
and deep to the level of the greater sciatic foramen. Care 
is taken not to injure the inferior gluteal vessels, which 
pass through the notch, as these will serve as the 
prédominant blood supply to the posterior flap. The SI 
joint can be disarticulated at this point, or a more 
conservative hemipelvectomy, with osteotomy through 
the iliac wing, can be performed using a Gigli saw passed 
through the greater sciatic foramen. 

Once the anterior and posterior ostéotomies hâve been 
made, the extremity is flexed and abducted and the pelvic 
floor musculature is released from the brim of the true 


pelvis. The sciatic nerve is then sharply divided. The 
sacrospinous and sacrotuberous ligaments are divided 
as well. The bony hemi-pelvis and lower extremity are 
then freed up and delivered from the operative field. The 
posterior flap is then closed over large drains after 
hemostasis is obtained. 

Anterior Flap Hemipelvectomy 

This is a variation on the classic hemipelvectomy, which 
utilizes the anterior thigh and quadriceps muscles (based 
on the fémoral neurovascular pedical) as a local 
myocutaneous flap for closure. The indications for this 
procedure are similar to that of the posterior flap 
hemipelvectomy. This procedure is more advantageous, 
however, when the lésion has contaminated the buttock 
région, rendering that tissue unfit for use in closure. This 
procedure may hâve a lower incidence of flap necrosis 
and wound problems as compared to the posterior flap 
hemipelvectomy. 

The patient is placed in the "sloppy" latéral position 
to allow for rolling the patient back and forth. The incision 
begins at the ASIS and curves posteriorly along the pelvic 
brim to the PSIS. It then turns inferiorly staying just latéral 
to the gluteal cleft and 2-3 cm latéral to the anus as it 
courses towards the ischial tuberosity. Once Crossing the 
ischial tuberosity, the incision heads towards the pubic 
tubercle and turns distally and courses longitudinally 
along the médial aspect of the thigh. The incision 
continues distally, then turns laterally across the anterior/ 
distal thigh at the junction of the proximal 2/3 and distal 
1 /3 of the thigh. Once across the front of the thigh, the 
incision curves proximally along the latéral aspect of the 
thigh (to encompass the entire quadriceps compartment) 
and ends at the starting point, adjacent to the ASIS. 

Deep dissection begins along the brim of the Ilium. 
The abdominal muscles are released from their pelvic 
attachments. Posteriorly, the paraspinal and latissimus 
muscles are dissected free from the pelvis. The gluteus 
maximus is elevated free just enough to expose the pelvic 
brim. The hip is then flexed and the périnéal portion of 
the incision is explored. The sacrotuberous ligament is 
released, while dissecting latéral to the ischiorectal space 
in line with the pubic tubercle. 

The anterior incisions are then developed. Begin 
laterally and create a full thickness flap including the 
vastus lateralis and the tensor fascia lata. Care must be 
taken when dissecting near the intermuscular septum 
here that deep perforators are recognized and ligated to 
facilitate hemostasis. The quadriceps are then transected 
anteriorly at a point where the proximal 2/3 and distal 
1 /3 of the thigh meet. The dissection is then carried along 
the médial thigh. Care must be taken not to dissociate 
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the muscle from the overlying cutaneous tissues 
inadvertently during the manipulation of tissues. This 
may be avoided by placing full thickness sutures along 
the distal flap edge temporarily during dissection. 

Distally, the saphenous vein is ligated. The superficial 
fémoral artery and vein are identified in Hunter's canal 
and ligated as well. The flap is then developed in a distal 
to proximal fashion dissecting quadriceps off the anterior 
fémur subperiosteally, and by dissecting along the vessels 
and ligating any small médial branches encountered. Any 
latéral branches (feeding the flap) should be left intact, if 
possible. The profunda femoris is encountered in the 
proximal portion of the flap, and should be ligated. To 
free the flap proximally, the sartorius and rectus femoris 
muscles are then released from their origins at the ASIS, 
AIIS, and hip capsule. The flap is retracted medially. The 
rectus abdominus is released from the pubis. The bladder 
and urethra are then protected and the symphysis is 
divided sharply. 

The lower extremity is then flexed and abducted. The 
vessels are then traced proximally, and the internai iliac 
artery is ligated. The fémoral nerve should be protected, 
as it will provide sensation to the myocutaneous flap. 
The psoas muscle can then be divided as it enters the 
pelvis. Release the adductors and hamstrings from their 
origins on the inferior pubic ramus. Lumbosacral nerve 
roots are ligated and the SI joint is disarticulated to 
complété the amputation. Hemostasis is then obtained 
and the wound is closed with the large anterior flap over 
drains. 

INTERNAL HEMIPELVECTOMIES 

Internai hemipelvectomy is a limb-sparing procedure 
which, when performed on the appropriate patient, can 
maximize functional outcomes while not sacrificing local 
control, or endangering the longevity of the patient. These 
procedures are indicated when the tumor can be safely 
removed, while sparing at least 2 of the following 
3 structures: (1) the fémoral neurovascular bundle, 
(2) the lumbosacral plexus, and (3) the hip joint. Internai 
hemipelvectomies can be less functionally debilitating 
and outwardly deforming when compared to external 
hemipelvectomy, and are therefore preferred when the 
circumstances permit. 

The morbidity created by these procedures is quite 
variable, depending on which structures are involved in 
the resection. Often (especially with type II resections), 
reconstruction may be necessary following resection of 
the tumor. Occasionally (for example, with a classic type 
III hemipelvectomy) reconstruction may not be necessary 
at ail. The various reconstructive techniques available will 
be reviewed later in this chapter. 



Fig. 2: This diagram illustrâtes the various types of internai 
hemipelvectomy 


Local récurrence rates are acceptable, with an overall 
récurrence rate of 17% in patients undergoing limb- 
sparing internai hemipelvectomies for malignancy. The 
highest risk of is in the iliosacral région (38%), while the 
periacetabular région has demonstrated lower propensity 
for local récurrence (8-24%). 

The three standard internai hemipelvectomies are 
described below (Fig. 2). The extremity is draped free. A 
"sloppy latéral" position is used such that both front and 
back of the pelvis is accessible (Fig. 1). A "utilitarian 
incision" is used for each of the subtypes described below. 
The incision is curved, starting at the pubic tubercle and 
heading towards the ASIS, following the pelvic brim 
ending at the posterior superior iliac spine. The second 
arm of the incision then extends from the ASIS inferiorly 
along the mid-thigh, curving posteriorly in line with the 
gluteal crease. This second arm of the incision créâtes a 
tissue "trifurcation" in which flap necrosis can occur 
(Fig. 1). The inferior/médial flap is the most vulnérable 
based on blood supply and geometry of the flaps created. 
To minimize flap necrosis, the take-off angle of the second 
arm of the incision should be kept as close to 90 degrees 
as possible. The sartorius muscle also should be kept with 
the inferior/médial flap, in order to keep this a full 
thickness myocutaneous flap. It is helpful early in the 
procedure to suture the skin and muscle at the leading 
edge of this flap together, to avoid inadvertent séparation 
of the two. These measures will minimize flap necrosis 
along the trifurcation région. Ail or part of the "utilitarian 
incision" can be used when gaining exposure for each of 
these procedures. There are also modifications to be used 
in spécifie instances as outlined below. 
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Type I Pelvic Resection 

A type I hemipelvectomy involves resection of the iliac 
wing. Major postoperative morbidities associated with 
this procedure are usually due to loss of hip extensor and 
abductor strength (with loss of ail or part of the bony 
origins of gluteus médius and maximus). This procedure 
is designated type I-S when a portion of the sacrum is 
resected along with the ilium. 

Briefly, the patient is placed in the latéral position, 
and the effected extremity is draped free. Aseptie 
préparation is carried out to the level of the rib cage 
superiorly, with latéral préparation beyond the midline 
both anteriorly and posteriorly. The ilio-inguinal portion 
of the utilitarian incision is then undertaken as described 
above. 

The abdominal obliques are then dissected free of the 
outer brim of the ilium. Tumors in this région often abut 
the gluteal and iliacus muscles, and therefore the gluteus 
médius and iliacus muscles are frequently taken as part 
of the specimen to maintain a safe margin. The tensor 
fascia lata, sartorius, and rectus femoris are transected at 
their origins. Care should be taken when separating the 
iliacus muscle fibers from that of the psoas, as the fémoral 
nerves lies within the interval between the two. The 
inguinal ligament is then divided and the fémoral neuro- 
vascular bundle is identified and gently retracted 
medially. 

Dissection is then carried deep within the pelvis along 
the planes adjacent to the gluteus médius and iliacus 
muscles to the greater sciatic notch. A Gigli saw is then 
passed with care through the greater sciatic notch around 
the médial aspect of the ilium at a level between the ASIS 
and the AIIS. A malléable retractor should be used to 
protect the sciatic nerve and gluteal vessels, which are in 
proximity. Osteotomy is then performed. The specimen 
is then delivered after the SI joint is exposed and 
disarticulated. 

Type II Pelvic Resection 

Type II hemipelvectomies involve resection of the peri- 
acetabular région of the pelvis. This type of resection 
involves three ostéotomies: one in the ilium (just above 
the acetabulum), and one each for the pubic and ischial 
rami, just médial and inferior to the acetabulum. If the 
hip joint is contaminated, and the fémoral head is taken 
as well, the procedure is designated a type II-A. 

The previously described utilitarian incision is again 
used here. The ilioinguinal portion of the incision is used 
to identify the fémoral nerve and vessels. These are gently 
retracted laterally along with the iliopsoas tendon to 
expose the superior most portion of the pubic ramus. The 


spermatic cord identified and retracted medially. The 
rétropéritonéal space is explored and the iliac vessels are 
mobilized. The hypogastric artery is ligated if necessary. 
The dissection is continued medially. The bladder is 
identified and protected. The ipsilateral rectus muscle is 
released from its insertion. Osteotomy of the pubic rami 
is then performed with a Gigli saw with a malléable 
retractor placed to protect the intra-pelvic contents. 

The dissection then is carried out laterally. Along the 
inner iliac wing, the abdominal muscles are freed from 
the brim of the ilium, and the dissection is taken deep. 
Frequently, the iliacus must be left on the ilium in order 
to maintain margin on the tumor. The extra-pelvic 
posterior dissection is then performed to develop the 
retrogluteal space. The dissection should be limited to 
that necessary to gain exposure for the planned resection, 
and avoid damage to viable gluteal musculature. The 
gluteus maximus is released from its insertions on the 
fémur and iliotibial band and retracted medially. This 
exposes the gluteus médius and external rotators, as well 
as the sciatic nerve. Again, frequently the gluteus médius 
and minimus must be taken to maintain a margin on the 
tumor, but if not, they should be dissected from the bone 
in an anterior to posterior direction to create a flap based 
on the gluteal vessels. This flap is re-attached once the 
osteotomy of the iliac wing is completed. External rotators 
are released. The greater trochanter canbe osteotomized 
at this point to gain exposure. The fémur can be 
osteotomized, if necessary at this point as well. Remember 
that if the hip joint is contaminated, the osteotomy should 
be at the base of the fémoral neck (extra-articular) to 
maintain margin. The sciatic notch is visualized, and the 
gluteal vessels and sciatic nerve should be identified early 
and protected. The sacrospinous and sacrotuberous 
ligaments must be divided. The pudental vessel is 
identified and ligated. The Gigli saw can then be passed 
through the sciatic notch (with retractors placed to protect 
the sciatic nerve and gluteal vessels). The iliac osteotomy 
can then be made. 

At this point, the ischium is readily accessible and 
can be osteotomized at the appropriate level. 
Sacrospinous and sacrotuberous ligaments are released. 
The specimen is then carefully delivered from the wound. 

Type III Pelvic Resection 

A type III hemipelvectomy involves resection of the 
ischio-pubic région of the pelvis to the latéral portion of 
the obturator foramen (Fig. 3). Type IIIA involves the 
fémoral neurovascular bundle and enveloping muscles 
as well. The patient is positioned with a small bump 
under the effected side and the extremity is draped free 
in the standard fashion. The ilio-inguinal portion of the 
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Fig. 3: Type ill hemipelvectomy. Generally, no reconstruction is required 


utilitarian incision (ASIS to pubic tubercle) is then used 
to expose the inguinal canal and contents. The pubic 
insertion of the inguinal ligament is released and the 
spermatic cord is identified and protected. The fémoral 
nerve and vessels are dissected and mobilized laterally. 

The incision then turns at the pubic tubercle and 
extended posterior towards the ischial tuberosity. This 
allows access to the médial osteotomy at the symphysis 
pubis. The adductors, pectineus, gracilis, and hamstrings 
are then released from their origins on the pubis and 
ischium and reflected laterally. Retractors then protect 
the pelvic contents as the symphysis is divided sharply. 

The iliopsoas and fémoral neurovascular bundle can 
then be gently retracted medially, and using a malléable 
retractor for protection, the rami can be osteotomized at 
a level appropriate for the treated lésion. The more 
proximal ischium can be accessed through the posterior 
portion of the approach (described above in the type II 
resection) and osteotomized higher, if necessary. Tumor 
resection in this région often leaves a large dead space 
and it is advisable in these instances to use local muscle 
flap to help facilitate closure and wound healing. 

PELVIC RECONSTRUCTION TECHNIQUES 

Pelvic reconstruction following internai hemipelvectomy 
is indicated when one of two structural conditions exist: 
(1) there is loss of pelvic continuity between the 
acetabulum and the sacrum (i.e. complété type I, IA, or 
IS resections) such that force cannot be transmitted from 
the lower extremity to the axial skeleton via the pelvis, 
or (2) the acetabulum is resected (i.e. type II, IIA 
resections). Partial type I resections and complété type 
III resections typically do not require reconstructions. 


Adéquate reconstruction is the key to good functional 
outcome following internai hemipelvectomy. There are 
a number of options available to reconstruct defects of 
the pelvis. In general, reconstructive options can be 
categorized as either "prosthetic" (i.e. total hip arthro- 
plasty, saddle prosthesis, etc.), or "biologie" (arthrodesis 
through direct apposition, or the use of allograft/ 
autograft). Sélection of the appropriate technique is 
complex process, and dépends on a number of factors. 

The functional demands of the patient postoperatively 
are important to consider. Younger patients will often 
place significant stresses on their reconstructions more 
than lower demand patients (i.e. thin, elderly). In addition 
to overall higher level of activity, the younger patient will 
also require more longevity from the reconstruction, 
assuming long-term survival. Patient habitus can 
certainly place additional demand on the reconstruction 
as well. In general, the higher the functional demand on 
the patient, the more one should lean towards the 
biological reconstructions; while lower demand patients 
(elderly, thin) may do better with prosthetic type 
reconstructions. 

The postoperative neurological function is also 
important in to consider in choosing a reconstruction 
technique. Due to the volumétrie loss of the resected 
pelvis and the loss of any neurological structures (and 
subsequently muscle tone) which may hâve been 
involved in the tumor mass, soft tissue tensioning and 
balancing may be difficult to achieve. Any prosthetic 
reconstruction techniques that rely on soft tissue 
tensioning should therefore be approached with caution 
in this setting, as instability can be problematic. The 
implant System selected should provide the option of a 
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constrained acetabular liner in the event that the surgeon 
feels that soft tissue compromise places the patient at high 
risk for dislocation. 

The social status of the patient should also be 
considered. Prosthetic type reconstructions require 
adéquate long-term follow up with frequent clinical and 
radiographie surveillance. If a patient's social situation 
is such that he or she is likely to be lost to follow-up, a 
more "permanent", biological type of reconstruction may 
be advisable. 

Reconstruction of Type I Resections 

Complété type I, IA, or IS resections require bony 
reconstruction in order to reconstitute mechanical 
continuity of the acetabulum and the sacrum. This is 
necessary to adequately transmit force from the lower 
extremity to the axial skeleton. Joint surfaces are not 
involved here, and therefore prosthetic reconstructions 
are not indicated. 

Often, if the distance between the remaining ilium 
and the sacrum is small, a direct appositional iliosacral 


arthrodesis can be performed. The remaining SI joint is 
denuded of cartilage and a wire construct can be used to 
"close down" the pelvis, by hinging the remaining hemi- 
pelvis through the flexible symphysis pubis joint 
anteriorly (Fig. 4). Although this reconstruction will alter 
the hip joint mechanics somewhat, it does provide a 
durable arthrodesis, which heals readily due to the 
compression of the two broad, fiat cancellous surfaces. 
The course of the sciatic nerve must be respected when 
performing this type of reconstruction. Occasionally, the 
inferior portion of the remaining ilium must be shaped 
to allow for egress of the nerve from the pelvis without 
mechanical impingement. The lower extremity should 
be immobilized in a spica cast postoperatively for 2-3 
months until clinical and radiographie bony union is 
achieved. 

When the gap is too great to be closed using the direct 
apposition technique, some sort of strut graft must be 
introduced to span the gap. Autograft fibular struts 
should be considered (plus or minus vascularity) in the 
setting of unfavorable biological conditions (i.e. smokers, 
diabetics, infection, post-radiation tissue, or anticipated 



Fig. 4: Type I hemipelvectomy is reconstructed with direct apposition of the ileum to the sacrum 
by “hinging” at the pubic symphysis (For color version see Plate 16) 
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radiation) to help facilitate the bony healing. In younger 
patients, with a favorable soft tissue envelope, allograft 
fibula is a good option that has been shown to reliably 
incorporate and avoids donor site morbidity. Autoclaved 
autograft and vascularized iliac wing autograft hâve been 
described in this setting as well. 

Reconstruction of Type II Resections 

These resections présent the biggest challenges in 
reconstruction due to the loss of the hip joint itself. There 
are a multitude of reconstructive options here and the 
principles described previously in this chapter regarding 
the type of reconstruction selected should be considered. 

Iliofemoral arthrodesis is a popular and effective 
means of reconstruction following resection of the 
acetabulum. This can be achieved using many different 
techniques. The fémoral head is osteotomized to produce 
a fiat, cancellous surface, which is amenable to 
arthrodesis. The osteotomy on the fémoral side may be 
made at or below the level of the base of the fémoral neck, 
in the région where the blood supply is more robust and 
the likelihood of successful arthrodesis is increased. The 
fémoral head may be "notched" to articulate with the 
iliac osteotomy preserving some limb length. This is then 
apposed to the transverse resection along the iliac wing 
using a "cobra" type plate to achieve stability and 
compression (Fig. 5). Wiring techniques of fixation hâve 
been described as well, but are less stable. The patient 
must be protected postoperatively in a spica cast for 3 to 
4 months to allow for bony union to take place. Intercalary 
fémoral allografts are occasionally used to minimize the 
post-operative limb length discrepancy, but at the added 
cost of higher risk of nonunion and infection. Extremity 
positioning is critical. The position of the lower extremity 
should be the same as that described for hip arthrodesis 


(0 degrees adduction, 0-5 degrees flexion, 5 degrees 
external rotation) to maximize postoperative 
functionality. Once arthrodesis has been achieved, the 
patient is left with an extremely durable and functional 
reconstruction. 

Ischiofemoral arthrodesis is another reconstructive 
option. This technique involves compressive screw 
fixation of the proximal fémur to the adjacent ischium 
(Fig. 6). This has the advantage of maintaining more leg 
length than is typically the case with an ilio-femoral 
arthrodesis. This is a good option in those lacking 
sufficient ilium post-resection to form an iliofemoral 
arthrodesis. Unfortunately, this construct is intrinsically 
less stable than that of an iliofemoral arthrodesis. Due to 
the presence of greater shear forces across the arthrodesis 
site, fusion is more difficult to achieve. In the Mayo 
expérience, only about 1 /3 of these successfully go on to 
Sound bony fusion. In addition, if solid ischiofemoral 
fusion is achieved, there is significant motion through 
the symphysis pubis, which can be painful for patients. 
Because this construct is less stable, postoperative 
immobilization in a spica cast should be 3-4 months, 
followed by brace immobilization for another month or 
two until bony union is achieved. 

Another option in the reconstruction of type II déficits 
is that of arthroplasty. The resected bone defect can be 
reconstituted, using either size-matched allograft pelvis, 
or autoclaved autograft (if appropriate), which is fixed 
with the use of screws and plates. This is followed by 
arthroplasty using standard techniques. Constrained 
liners are often necessary to achieve hip stability, as the 
neurological and soft-tissue insult is large, resulting in 
little ability to intrinsically stabilize the hip. The 
acetabular component should be redundantly stabilized 
in anticipation of high bone interface forces due to the 



Figs 5A and B: This type ll-lll hemipelvectomy was reconstructed using ilio-femoral arthrodesis 

by use of a “cobra” type fixation plate 
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Postoperative 


Figs 6A and B: This Type l-ll hemipelvectomy was reconstructed using ischio-femoral arthrodesis 



Fig. 7: Intraoperative photo of a saddle prosthesis. Note the 
médial placement of the perch and the notch in the ilium (For 
color version see Plate 16) 


remaining ilium, which gives the construct vertical 
stability. Eventually, the "articulating" portion of the 
prosthesis gradually becomes encased by bony and 
fibrous tissues, which confer some degree of stability 
(Fig. 8). Proximal migration of these components over 
time has been reported, though, and instability can be an 
issue as well. Functional abductors facilitate this form of 
reconstruction as they enhance the soft tissue tensioning 
necessary for stability. The notch created for the 
prosthesis should be medialized, if possible, to reduce 
the torque on the remaining ilium. 

At times it is appropriate to leave patients with a 
pseudarthrosis (Fig. 9). This is especially true in patients 
with deep-seated infections in which the introduction of 
prosthetic components or devascularized bone is not 
advisable. Although pseudarthroses are not typically as 
functional as successful arthrodèses or prosthetic 
reconstructions, they can create a pain-free moderately 
functional extremity. 


nature of the constrained liner. Outcomes of this recons¬ 
truction are variable with infection and stress fracture 
being commonly reported complications. 

Followng acetabular resection, reconstruction may 
also be performed with a saddle prosthesis (Fig. 7). This 
technique provides stability and maintains leg length of 
the patient. The prosthesis rests within a notch in the 


Reconstruction of Type III Resections 

Type III resections do not generally require reconstruction 
if acetabular stability can be maintained. Patients are 
advised of postoperative loss of adduction strength and 
the potential for stress fractures and reactive changes in 
the ilio-sacral région. Function in these cases has been 
reported to be excellent. 
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Figs 8A to C: Pre (A,B) and postoperative (C) X-rays of type 
Il hemipelvectomy and saddle prosthesis reconstruction 


Fig. 9: Pseudarthrosis following type ll-A hemipelvectomy 


SURGICAL APPROACH TO SACRAL TUMORS 

The surgical principles when approaching sacral tumors 
are similar to that of other pelvic tumors: safely remove 
the tumor and maximize postoperative functionality. A 
wide spectrum of lésions can be found in the sacrum, 
both benign and malignant. While some less aggressive 
benign lésions are amenable to intra-lesional curettage 
to achieve local control, aggressive lésions require some 
form of sacral resection to achieve wide margins. The type 
of sacral resection required to achieve local control will 
vary, depending on the location, extent, and type of 
tumor. In general, resections can be categorized as either 
partial sacrectomy (transverse, sagittal, or combination ) 
or total sacrectomy (Fig. 10). 

Transverse hemi-sacrectomy is an attractive option 
when dealing with lésions isolated to the caudal end of 
the sacrum. As previously stated, transverse hemi- 
sacrectomies, up to, and even involving, a portion of the 
sacral ala are tolerated well without need for pelvic 
reconstruction. This type of resection involves bilateral 
nerve root resections to the margin level. This can lead to 
bowel and bladder incontinence if the S2 and S3 nerve 
roots are sacrificed bilaterally. Transverse hemisacrec- 
tomy is best performed with a straight posterior approach 
(see description below) if the lésion is below the level of 
S3. For lésions cephalad to S3, a combined anterior and 
posterior approach (described below) is recommended 
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Figs 10A to C: Types of hemisacrectomy: (A) transverse, (B) sagittal, (C) combined (Forcolor version see Plate 17) 


as this can help facilitate the safe mobilization of the pelvic 
contents anteriorly, avoiding injury to the important 
structures there and tumor contamination. 

Sagittal hemi-sacrectomy is a considération if the 
lésion lies entirely to one side of the mid-line. This 
involves osteotomizing the sacrum in the sagittal plane 
with complété unilatéral sacrifice of the necessary sacral 
nerve roots. This resection can extend into (or beyond) 
the SI joint, depending on pénétration of the tumor. 
Although complété sagittal hemi-sacrectomy requires 
complex pelvic reconstruction (unilatéral lumbo-iliac 
arthrodesis), the neurological outcome is generally well 
tolerated, with maintenance of urinary / fecal continence 
and sexual function. This resection requires cephalad 
exposure (above the level of S3), and therefore is most 
safely performed through combined anterior and 
posterior approach, which will be discussed later in the 
chapter. 

Total sacrée tomy is reserved for those tumor s that 
involve the entire sacrum such that hemi-sacrectomy 
would not allow for margins free of disease. This involves 
sacrifice of bilateral nerve roots S1-S5 and requires 
complex pelvic (bilateral lumbo-iliac arthrodesis) 
reconstruction techniques. This is a neurologically 
devastating procedure with the expected loss of bowel/ 
bladder continence, sexual function, and SI nerve root 
function. 

For lésions cephalad to the S3 level, the combined 
anterior and posterior approach should be employed, 
which allows for better visualization of anterior structures 
and facilitâtes their safe mobilization. This involves a two- 
stage procedure in which the patient is positioned supine 
for the anterior approach, followed by prone positioning 
for the posterior approach. 

The anterior stage of the procedure begins with either 
trans-abdominal or rétropéritonéal approach (unilatéral 
or bilateral). Briefly, the descending colon and rectum 


are mobilized and displaced anteriorly and to the 
patient's right. The iliac vessels and ureters are mobilized 
and protected. In lésions proximal to S3, the internai iliac 
vessels, middle sacral, and latéral sacral vessels are then 
ligated as well. At this point, the margins of resection are 
delineated, dissecting the tumor free from the non- 
involved anterior and latéral tissues. Adhèrent structures 
are left with the specimen to be removed en bloc through 
the posterior approach. The dissection can be carried out 
laterally to involve resection of the ilio-psoas if necessary. 
The fémoral nerve, obturator nerve, and lumbosacral 
trunk are mobilized and protected. It is often helpful to 
isolate and divide the involved sacral nerve roots at the 
level of the anterior sacral foramen at this time. Before 
closing anteriorly, a vertical rectus abdominus flap is 
mobilized on its vascular pedicle and placed within the 
pelvis for subséquent retrieval during the posterior stage 
of surgery to be used as posterior coverage. The anterior 
wounds are then closed. 

At this point, the patient is placed in the prone position 
and direct posterior approach is employed (Fig. 11). A 
transverse Mercedes or vertical midline incision may be 
utilized. We prefer a vertical midline incision (encom- 
passing previous biopsy site) is created with dissection 
of the gluteus maximus laterally to expose the posterior 
sacrum (see Fig. 7). The latéral dissection is carried out 
by dividing the sacrotuberous and sacrospinous 
ligaments and identifying and protecting the pudendal 
nerve and vessels adjacent to these structures. The 
piriformis muscle is then divided, exposing the sciatic 
notch. The Sciatic nerve is then easily identified and 
protected. Endopelvic fascia is then entered to expose the 
anterior surface of the sacrum to the level of the proposed 
resection. Laminectomy is then performed posteriorly to 
isolate those nerve roots which can be preserved. The 
durai sac is then ligated below this level, followed by 
complété transection of the sacrum using an osteotome. 
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Figs 11A to D: The posterior approach to the sacrum (For color version see Plate 17) 


and en-bloc removal of the specimen. The posterior 
wound is then closed over drains with the use of the 
previously prepared rectus abdominus rotation flap. 

Sacral Reconstruction Techniques 

Those patients who undergo complété sacrectomy 
generally require some form of reconstruction. Without 
the sacrum, the ability to transmit forces from the lower 
extremities (via innominate bones) to the central skeleton 
is gone. Conversely, the central skeleton no longer has a 
support on which to sit and is therefore free to translate 
in ail planes, constrained only nominally by the soft 
tissues. The translation that occurs canbe significant, and 
may cause problems with pain, or mechanical kinking of 
blood vessels or viscera when doing such simple 
movements as going from an upright to a supine position. 
Having a flail axial skeleton also precludes ambulation. 
For these reasons, we recommend lumboiliac arthrodesis 
in this setting. 

The need for sacral reconstruction following partial 
sacrectomy is variable, depending on the type and extent 
of resection performed. Certainly, if there is complété 
unilatéral loss of the sacrum (sagittal hemisacrectomy), 
then reconstruction is indicated in order to reconstitute 
the pelvic ring. Transverse hemisacrectomies of the 
caudal sacrum are tolerated fairly well. The exact amount 
of caudal sacrum that can be amputated, while 
maintaining the mechanical ability to reliably transmit 
loads without failure, is not entirely clear based on the 
current literature. The sparse information available on 


this topic suggests that resection up to (and even 
involving a small portion of) the sacral ala is tolerated 
well from a mechanical standpoint, without the need for 
reconstruction. 

Techniques of Sacral Reconstruction 

Sagittal hemisacrectomies can be reconstructed by re- 
creating bony continuity between the ilium and the 
remaining sacrum with (auto or allograft) strut fixation 
and eventual fusion. This can be reliably accomplished 
through the use of an allograft fibular strut. Autograft or 
vascularized struts should be considered in the patient 
population with anticipated healing difficulty (smokers, 
diabetics, or tissue beds that hâve been previously 
radiated, or those in which postoperative radiation is 
anticipated). 

Transverse hemisacrectomies involving the majority 
of the sacral ala, or complété sacrectomies should be 
reconstructed using techniques of lumbo-iliac fusion. This 
has been accomplished in the past with Luque or 
Galvaston type or rod and wire/hook constructs. The 
current recommended technique uses the newer 
génération of top-loaded rod and screw constructs for 
spinal fixation. 

Briefly, bilateral pedicle screws are placed at the L4 
and L5 levels posteriorly. An oval réceptacle is created 
using a bur in the inferior endplate of the L5 vertébral 
body and anteriorly along the mid-aspect of the 
iliopectineal lines bilaterally. 4 spinal fixation screws 
(2 in each side) are also place in an inside-out orientation 
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Figs 12A and B: This is an example of modem reconstruction 
techniques, using top-loaded screws and trans-sacral bars, in 
combination with allograft fibulae to enhance fusion 

within the ilium to provide the distal fixation. Two fibular 
grafts (auto or allograft) are then placed distally within 
the previously created iliopectineal réceptacles and 
proximally within the L5 réceptacle to create a triangular 
construct. The fixation bars are then bent and positioned, 
and laminar spreaders are used to compress the construct. 
The bars are then tightly secured. Bone graft is placed at 
the distal and proximal réceptacles, as well as in the 
postérolatéral aspects of the L4 and L5 transverse 
processes to facilita te solid bony arthrodesis (Fig. 12). 

SUMMARY 

There is a wide range of osseous lésions of the pelvis. 
Fortunately, most of these tumors are rare. Treatment 
principles for these lésions are essentially the same as 


those for other malignant or locally aggressive tumors 
throughout the body. A systematic and deliberate 
approach should be taken when planning operative 
intervention. Margins must be respected, while consider- 
ing the serious functional conséquences that can occur 
with resection of pelvic lésions. Pelvic continuity must 
either be maintained or reconstructed folio wing resection 
if limb-sparing surgery is elected. 
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Metastatic and Primary 
Tumors of the Spine 


142.1 Metastatic Disease of the Spine 

Shekhar Y Bhojraj, Abhay Nene 


INTRODUCTION 

Metastatic neoplasms are by far, the most common 
malignant bone tumors affecting 40 times as many 
patients as are affected by ail other types of bone 
carcinoma combined. The spine is the most common site 
for skeletal métastasés irrespective of the primary tumor 
involved. More than 70 percent of patients dying of cancer 
had evidence of vertébral métastasés at careful post- 
mortem examination. In fact, the earliest manifestation 
of malignant disease may be the appearance of spinal 
métastasés. 

An atypical mode of présentation varying between 
only pain and various grades of neurological déficit 
makes the diagnosis of spinal métastasés difficult, thus, 
a high index of suspicion is essential to identify this 
pathology at an early stage. 

The life-expectancy of cancer patients is increased 
with newer developments in the fields of chemotherapy, 
radiotherapy and hormonal manipulations. This has led 
to a concomitant increase in the incidence of metastatic 
spine disease. Modem surgical stabilization techniques, 
including the use of methylmethacrylate has resulted in 
improved quality of life providing better palliation, as 
complété cure is usually not possible. 

Incidence and Frequency 

The axial skeleton is the third most common site of 
métastasés after the liver and lung, with the majority of 
foci involving the thoraco - lumbar spine, followed by 
the thoracic, cervical and the lumbar spine. 


Though any primary tumor can metastasize to the 
spine, the most frequent primary tumors for spinal 
métastasés are prostate (84%), breast (80%), thyroid (50%), 
lung (47%) and kidney (35%). These lésions are referred 
to as the 'osteophilic' or bone seeking cancers. Among 
the less frequent osteophobic primary cancers are those 
of the skin, oral cavity, esophagus, cervix, stomach and 
colon with together account for less than 10 percent of 
ail spinal métastasés. In children, métastasés from 
neuroblastomas, retinoblastomas, leukemia and Ewing's 
sarcoma hâve been reported. 

Most of the cases of spinal métastasés présent with 
involvement of more than one vertebra usually detected 
by bone scintigraphy. The vertébral body is the most 
common site of seeding of the lésion being involved seven 
times more than the posterior éléments. This is 
presumably due to the higher vascularity of the red 
marrow in the body. Intramedullary metastasis hâve been 
described, but is rare. 

Pathophysiology 

It is the ability of a tumor cell to be transported from its 
primary location to a distant site and to establish a viable 
metastatic focus at that site that qualifies it as a 
malignancy. The mechanism of tumor metastasis can be 
briefly summed up as: 

1. Release of tumor cells from the primary focus 

2. Invasion of efferent lymphatic or vascular channels 

3. Dissémination of these cells to tissues distant from 
source. 
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These metstasis can be: 

i. osteolytic (70%), due to destruction of normal bony 
trabaculae. 

ii. osteoblastic/sclerotic (10%) due to increased 
reparative response to tumor lysis, e.g. from prostate, 
breast. 

iii. mixed (20%)—various grades of lysis mixed with 
sclerotic patches. 

Clinical Features 

1. Pain: Pain is the most frequent manifestation noted 
in more than 90 percent of patients with spinal méta¬ 
stasés. Pain is usually proportional to, and gradually 
increases with the involvement of the vertébral body. 
A sudden exacerbation of pain could make one 
suspicious of an insufficiency fracture of the vertebra. 
Three types of pain are described in metastatic 
vertébral disease - 

i. Tumor pain': a dull, localized, constant pain, 
including night pain, due to periosteal stretch. 

ii. Radicular pain due to irritation of the nerve root 
by the tumor tissue. 

iii. Instability pain: axial pain increased by loading 
activity, and is relieved by rest. This is due to 
progressive mechanical failure of the anterior 
column. In patients who hâve undergone treat- 
ment, récurrence of pain after initial response to 
therapy should make the clinician suspect 
récurrence of the tumor. 

2. Cord compression: This is usually preceded by radicular 
type of pain especially in the thoracic région (which 
is usually a guide to the level of vertébral involve¬ 
ment). Motor déficits (usually upper motor) usually 
précédé sensory signs due to the typical anterior 
location of cord compression. Loss of sphincter control 
is a late sign and indicates profound cord involve¬ 
ment. The sensory level is not a reliable indicator of 
the level of cord compression. 

Most of the cases (70%) with cord compression hâve 
moderate to severe neurological déficit at initial 
présentation. 

Présentation with acute onset paralysis usually is the 
resuit of vascular compromise (cord infarct) than direct 
cord compression. This is usually seen in the thoracic 
spine, especially in the zone from T4 to T9 where the 
blood supply to the cord is precarious (this is referred to 
as the critical vascular zone of the spinal cord.). The upper 
three segments of the thoracic spine are associated with 
the worst prognosis probably due to the fact that thoracic 
kyphosis is more acute in this area, thereby, encouraging 
posterior extrusion of bone and tumor débris whenever 
vertébral collapse ensues. 


Patients who are ambulatory at the time of initial 
treatment for a spinal metastasis are much more likely to 
remain ambulatory after intervention. Conversely, 
patients with profound déficit are less likely to regain 
function. 

Evaluation and Diagnosis of Spinal Metastasis 

Assessment of patients with suspected spinal column 
metastasis is based on détection and localization of the 
lésions, estimation of neural element compromise, bony 
destruction, and clinical instability. It is also critical to 
know of concomitant bony and / or soft tissue metastasis, 
to détermine the philosophy of management. 

Clinical évaluation includes a detailed history on the 
progress of symptoms of pain, weakness, numbness and 
bladder bowel function apart from constitutional 
symptoms. A thorough neurological examination is 
impérative prior to commencement of treatment. 

Laboratory studies are rarely of much value except in 
preparing a patient for surgical intervention. Acid 
phosphatase levels are increased in secondaries from 
prostatic carcinoma. Malignant hypercalcemia may be 
présent in some cases of myeloma and breast carcinoma. 
Détection of prostate-specific antigens (PSA) and other 
spécifie breast carcinoma markers are tests helpful in 
making a spécifie diagnosis. In cases of suspected 
multiple myeloma, sérum electrophoresis to detect M 
band is used along with estimation of alkaline phos¬ 
phatase, calcium levels and ESR. 

Roentgenography : Though plain X-rays are the first 
radiological investigation ordered, a 'normal' plain X-ray 
cannot rule out vertébral body métastasés. Between 30 
and 50% of the vertébral body must be destroyed prior 
to any changes being recognized on plain X-rays. 

Typically, metastasis causes vertébral collapse with 
sparing of dise spaces. This is an important differentiating 
feature from infection. Asymmetric destruction of the 
pedicles shows up as the classical 'winking owl sign' seen 
on plain X-rays. 

Most of the metastatic lésions are osteolytic with a 
variable osteoblastic response. Breast and prostate 
carcinomas often generate osteoblastic lésions, whereas 
lung, rénal, and gastrointestinal tumors produce 
osteolytic lésions. The pattern of collapse and the extent 
of canal impingement seen on a latéral film may be an 
indication of the risk of neurological involvement. 

Radiological instability can also judged by bending 
and stress radiographs using standard criteria. 

Bone scintigraphy: Tc-99 bone scan is much more sensitive 
than plain X-rays, and less expensive than MRI scans in 



Metastatic and Primary Tumors of the Spine 1107 


the détection of vertébral metastasis. It is commonly used 
as a cost effective 'screening' test to rule out bone 
metastasis in clinically suspected cases. 

Destructive lésions with poor bone repair may appear 
as cold spots, while the majority are seen as hot spots 
with increased tracer uptake. 

Lack of specificity is the biggest drawback of this 
investigation, and false-positives may occur in patients 
with degenerative disease, trauma, or metabolic bone 
disease. False-negatives may occur in case of 
plasmacytoma and myeloma, as well as in some cases of 
thyroid and rénal metastasis with extensive bone 
destruction. 

In cases where infection may be a possible differential 
diagnosis, a leukocyte labeled bone marrow scan is 
resorted to for confirming the diagnosis. This, however 
has a limited clinical utility in clinical situations in our 
expérience. 

Rôle of PET Studies 

Recent literature seems to suggest a high prédictive value 
of fluorodeoxyglucose (FDG) positron émission tomo- 
graphy (PET) studies in detecting benign from malignant 
lésion in the spine. However, so far, little evidence is 
available on the ability of the PET scan to differentiate 
primary from metastatic spine tumors. 

The rôle of a PET scan is important when a 'solitary 
mets' has to be differentiated from an 'apparently solitary 
mets' (where multiple micro-metastasis are présent, but 
not visualized 'structurally' on MRI scans.). 

CT Scan/CT Myelography 

Computed tomography is the best imaging modality for 
visualization of the bony anatomy of a vertébral body 
metastasis, and is extremely useful in surgical planning. 
Sagittal reformats make up for difficulties in visualization 
by plain X-rays in the cervico-thoracic région. CT-myelo- 
grams are used in cases where MRI is contraindicated, 
especially in operated cases with neurological symptoms 
in presence of stainless Steel implants. 

Magnetic Résonance Imaging (MRI) 

MRI remains the gold standard investigation in vertébral 
metastasis. It delineates the anatomy of lésion, nature and 
extent of neural compromise, and is fairly spécifie in early 
détection and diagnosis. MRI can pick up the earliest 
changes in marrow enhancement, and is hence extremely 
sensitive. It has the obvious advantage of being a non 
invasive test. 


Most lésions appear hypointense on Tl-weighted 
images and hyperintense on T2-weighted images. Neural 
éléments can be visualized in the sagittal and the axial 
planes, making MR imaging critical for pre op planning. 
Cost, (which is now reducing) has been the only 
drawback for this investigation. 

Biopsy in Suspected Metastasis 

Confirmation of diagnosis is a must before treatment for 
metastatic disease of the spine can be started. Presence 
of the primary malignancy should be confirmed, by 
investigations like CT scan of the chest, abdomen, and 
pelvis, a radiograph of the chest, a bone scan, and 
appropriate laboratory studies, apart from physical 
examination. Occasionally, the primary tumor is never 
found despite ail available investigations. 

While the search for the primary is on, histopathology 
of the vertébral lésion should be obtained. This is usually 
done by a CT guided biopsy of the most accessible lésion. 
Occasionally, an open 'surgical' biopsy may hâve to be 
resorted to for establishing the diagnosis. In multifocal 
lésions, once the diagnosis of metastatic disease has been 
confirmed at one lésion, it is not necessary to obtain 
another biopsy specimen from the spine for subséquent 
lésions if the imaging studies and time are consistent with 
metastasis. 

Differential Diagnosis of Spinal Metastasis 

Various common and uncommon pathologies mimic 
vertébral metastasis. It can often be a difficult task coming 
to a diagnosis on a typical 70-year-old male with a history 
of benign prostatic hypertrophy presenting with 
backache and vertébral body lésions on an MR scan. The 
list of DDs in such situations are as follows: 

1. Degenerative changes 

2. Infection (commonly TB, rarely others) 

3. Fractures (osteoporotic or other) 

4. Primary bone tumor 

5. Spinal Metastasis 

Ail aspects of the clinical history, examination 
findings, laboratory and radiological investigations need 
to be closely studied while making the diagnosis. 
Relevant past history (especially of malignancy), and MRI 
characteristics (e.g. Paradiscal lésion suggesting TB, 
permeative bony lésion suggesting malignancy) are the 
most important non invasive contributors to diagnosis. 

Needle biopsy has to be resorted to, as mentioned 
before, for a number of cases, but can still be 
inconclusive. 
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Management Strategies in 
Spinal Metastatic Disease 

Chemotherapy and Hormonal Manipulation 

In general, chemotherapy for spinal mets is dictated by 
the nature of the primary tumor. 

Patients with no symptoms, a positive bone scan and 
radiographie evidence of spinal métastasés without 
vertébral collapse are good candidates for chemotherapy 
in an effort to hait the destructive process. Diffuse 
metastatic involvement with widespread spinal pain with 
signs of impending collapse and neurological déficit is 
also an indication for chemotherapy. Chemotherapy has 
no rôle in restoration of cancellous or cortical bone 
destroyed by tumor. 

High dose, intravenous corticosteroids (méthyl¬ 
prednisolone) are bénéficiai in many round cell tumors 
like lymphoma and neuroblastoma, where it is the 
primary treatment modality even in cases of neoplastic 
cord compression. 

Chemotherapeutic agents are also useful in reversing 
malignant hypercalcémie syndromes. 

After chemotherapy, however, subséquent surgical 
intervention is fraught with risks of poor wound healing 
and infection due to immunological compromise. Hence, 
unless chemotherapy is likely to preclude need for 
surgical intervention, it is given only after satisfactory 
wound healing post op. 

Hormonal manipulations are most effective in 
métastasés from prostatic and breast carcinomas, which 
are known to respond well to this treatment. Hormonal 
manipulation can be in form of hormone suppléments 
(e.g. Progestérone / estrogen in CA breast) or surgery 
(e.g. orchidectomy for CA prostate). 

Radiotherapy 

Radiotherapy is one of the mainstays in the management 
of spinal métastasés, and at times is the only treatment 
given. Radiation is appropriate therapy for patients with 
radio-responsive tumors, minimal or no neurologie 
déficits with no neural compression by bone and no 
evidence of spinal instability. Metastasis from breast and 
prostate, and hematopoietic tumors like lymphomas are 
known to be radiosensitive, while those from lung and 
thyroid are considered intermediately responsive. 
Melanoma, rénal cell, and gastrointestinal tumors are 
radio-resistant. 

Radio therapy is used alone in cases where only pain 
is the prédominant symptom, while it is combined with 
surgical décompression in cases with neurological déficit 
to eradicate and suppress residual tumor and provide 


pain relief. Also, in cases with multilevel involvement, 
where surgery may not be a practical option, radiotherapy 
is resorted to as the primary treatment modality. 

The usual dose is about 200 cGy/day for a total of 
3000 cGy using a single posterior port, whose field 
includes two segments above and below the level of 
treatment. 

The complications of radiotherapy are dose related, 
with the threshold being between 3000 and 3500 cGy 
which is also the minimum dose essential to prevent 
tumor récurrence. Complications of radiotherapy include: 

(i) radiation myelopathy presenting as cord dysfunction 
post irradiation, due to cord atrophy / devascularization 

(ii) radiation osteitis presenting as intractable pain with 
vertébral collapse, and (iii) problems in wound healing 
and bone graft incorporation. Hence, as for chemo¬ 
therapy, unless radiotherapy is likely to preclude the need 
for surgery, it is given only 2-3 weeks after surgery. 

Surgical Management of Spinal Metastasis 

Philosophy of surgery for spinal metastasis: It is generally 
acceptable to say, that any treatment for a metastatic 
malignancy, is at best palliative, and not curative. The 
life expectancy is unlikely to be altered by surgical 
intervention, except in a handful of cases. Hence, while 
considering the option of surgery, the clinician has to 
weigh the pros and cons of such an intervention, as 
regards life expectancy and severity of presenting 
symptoms. The quality of life that can be attained by the 
patient with surgery, vis a vis the expected life span 
during which he can enjoy this pain free life, has to be 
assessed in consultation with the medical oncologists, and 
later, even with the patient and immédiate family. 

For example, a patient with spinal mets from a CA 
prostate with vertébral collapse and spinal instability 
would deserve a surgical intervention as survival rates 
are likely to be high, and the presenting disability is 
severe. On the other hand, a similar spinal mets from a 
poorly differentiated thyroid adenocarcinoma with 
multiple other concomitant mets in the brain, lungs, etc. 
may not be the best candidate for surgery. 

Contraindications to Surgery 

Relative contraindications to surgery include poor life 
expectancy (<3 months) and severe immuno-compromise 
from chemotherapy or from the primary disease itself. 
Radio sensitive tumors (lymphoma, myeloma) in patients 
with minimal symptoms are treated with radiotherapy 
initially. Patients with dense sensori-motor déficit of 
greater than 24 hours are unlikely to regain function 
despite operative décompression. 
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TABLE 1 : Scoring System for évacuation of metastatic 
spine tumors 



Score 

General condition (performance status) 

Poor (PS 10-40%) 

0 

Moderate (PS 50-70%) 

1 

Good (PS 80-100%) 

2 

No. of extraspinal bone métastasés foci 

>3 

0 

1-2 

1 

0 

2 

No. of métastasés in the vertébral body 

>3 

0 

2 

1 

1 

2 

Métastasés to the major internai organs 

Unremovable 

0 

Removable 

1 

No métastasés 

2 

Primary site of the cancer 

Lung, stomach 

0 

Kidney, liver, utérus 

1 

Other, unidentified Thyroid, prostate. 

2 

breast, rectum 

Spinal cord palsy 

Complété 

0 

Incomplète 

1 

None 

2 


From: Tokuhashi Y, et al. Scoring System for the preoperative 
évaluation of metastatic spine tumor prognosis. Spine 1990; 
15:1110-3. 


Tokuhashi developed (Table 1) an assessment System 
to détermine the prognosis and life expectancy of patients 
with metastatic spine tumors. This System assigns a point 
value to six parameters that are totaled to détermine a 
prognostic score. 

They recommended that patients with a score of 9 
points or greater hâve surgical excision of tumor, whereas 
a palliative operation is indicated for patients scoring 5 
points or less. No recommendations were made for 
patients with a total score of 6 to 8 points. 

Tomita et al proposed a prognostic scoring System 
similar to the scheme of Tokuhashi et al to provide a 
treatment strategy for patients with spinal métastasés. 
The sélection of the surgical procedure is based on a score 
derived by assessing three prognostic factors: (1) grade 
of malignancy (slow growth, 1 point; moderate growth, 
2 points; rapid growth, 4 points); (2) viscéral métastasés 
(no metastasis, 0 points; treatable, 2 points; untreatable, 
4 points); and (3) bone métastasés (solitary or isolated, 1 
point; multiple, 2 points). Summation of these three 
factors gives a total prognostic score between 2 and 10 
points. For patients with a score of 2 to 3 points, the 
treatment goal is long-term local control and a wide or 
marginal excision is recommended. For a score of 4 to 5 


points, marginal or intralesional excision is recommended 
for middle-term local control. For a score of 6 to 7 points, 
the treatment goal is short-term palliation and palliative 
surgery is recommended. Finally, a score of 8 to 10 points 
indicates non-operative supportive care. 

Indications for Surgery 

The indications for surgery, as summarized by 
Harrington include the following: 

1. Progressive impingement of the spinal canal and 
compression of spinal cord by radio-resistant tumor, 
by récurrent tumor in an area that has already been 
subjected to maximum irradiation or by bone and soft 
tissue that has been extruded into the canal as a resuit 
of progressive spinal deformity. These patients 
require decompression-anterior/posterior or 
antérolatéral, with or without stabilization. 

2. Progressive kyphotic deformity with intact posterior 
structures, but with intractable pain due to mechanical 
causes. Such patients need anterior décompression 
with stabilization. 

3. Progressive kyphotic deformity with posterior 
element disruption and progressive shear defor¬ 
mity—anterior and posterior décompression with 
stabilization. 

Harrington divided patients with spinal métastasés 
into five classes based on the extent of neurological 
compromise and bone destruction and recommended 
treatment for each class: 

1. Class I: no significant neurological involvement. 

2. Class II: involvement of bone without collapse or 
instability and minimal neurological involvement. 
Recommended treatment for Class 1 and 2: chemotherapy 
and hormonal manipulations. If no response, 
radiotherapy is indicated. 

3. Class III: major neurologie impairment without 
significant involvement of bone. 

Recommended treatment for Class 3: usually only 
radiotherapy suffices if acute onset neurological 
déficit—add steroids. 

4. Class IV: vertébral collapse with pain attributable to 
mechanical causes or instability but without 
significant neurologie compromise. 

5. Class V: patients with vertébral collapse or instability 
with major neurologie impairment. 

Recommended treatment for Class 4 and 5: surgical 
management with adjuvant radiotherapy. 

Rôle of Angiography 

Pre operative évaluation of tumor vascularity by digital 
subtraction angiography, and tumor embolization in case 
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of vascular tumors (like melanoma, hypernephroma, 
thyroid carcinoma) has been a widely used and effective 
strategy in the treatment of vertébral metastasis. Materials 
used for embolization include gel-foams, coils, etc. and 
the duration of effective devascularization after 
embolization dépends on the material used. 

Tumors that are hypointense on T2 weighted MRI 
images, and hâve a lot of soft tissue component, are more 
likely to be vascular. 

Tumor embolization should be performed 12 to 24 
hours prior to surgery for it to remain effective in 
controlling operative blood loss. After angiography, the 
pattern of tumor vascularity is studied, and embolization 
is contraindicated in cases where common arterial feeders 
supply the spinal cord as well as the tumor, for fear of 
cord infarction. 

Rôle of Open Biopsy 

Surgical biopsy is indicated where non invasive / semi 
invasive methods hâve failed to obtain histopathological 
diagnosis. 

SURGICAL PRINCIPLES 
Approach 

For patients with anterior compression, an anterior 
approach should be used. For patients with posterior 
compression only, (which is rare) a posterior approach 
should be considered. 

Co-morbidities often preclude extensive trans 
cavitatory anterior approaches, especially if long term 
prognosis is guarded. In such situations, anterior 
debulking with or without reconstruction through the 
posterior (trans-pedicular or antero-lateral) approach is 
popularly used. This has the advantage of 'global' 
décompression with long segment posterior 
instrumentation in a single approach. The trans-pedicular 
approach has been extensively used by the authors in 
spinal metastasis surgery, with gratifying results. 

Progressive or potential kyphosis (destruction of 
anterior and middle column) demands posterior 'tension 
band' instrumentation with anterior column 
reconstruction. In the absence of significant kyphosis, 
though, one could get away with trans pedicular décom¬ 
pression with posterior stabilization through the same 
approach. 

If the posterior structures are intact, the entire 
surgery-decompression and stabilization, can be done 
from the front. 

The Anterior approach has the major advantage of 
the surgeon's ability to resect the tumor directly. 


decompress the neurological structures from the site of 
their compression and 'jack' open the collapsed vertébral 
space, thereby, correcting the kyphotic deformity of the 
spine. 

Disease Clearance 

Unlike in primary tumors, 'en bloc' or extra-lesional 
'curative' tumor resection is rarely the goal of surgery. 

Usually, tumor 'debridement' enough to afford spinal 
cord décompression, is acceptable. 

Reconstruction 

Reconstruction of the spinal column to regain stability is 
important after décompression. In patients with a limited 
life expectancy or in whom postoperative radiation is 
planned, bone cernent is a good choice for anterior 
reconstruction because of its immédiate stabilizing effect 
and excellent résistance to compressive loads. 

The use of metallic cages containing bone / cernent 
has gained popularity. 

When life expectancy is long (in years), the use of 
allograft or autograft bone could be considered. 

Bone grafts are essential for long-term stability but 
hâve a drawback in that they require 3 to 4 months for 
incorporation. This may delay stability and hence, post 
op return to function. This is not désirable in a patient of 
widespread malignant disease for whom the quality of 
life and improved survival is associated with early 
ambulation. Bone graft incorporation is delayed for a long 
time in the presence of previous or concomitant 
irradiation with a high chance of graft résorption. A dose 
of less than 1500 cGy is needed for graft incorporation, 
but this increases chances of récurrence. 

Instrumentation 

Spinal instrumentation augments early stability and 
expedites post operative return to function. Anterior or 
posterior, rarely combined, instrumentation can be used 
depending on the approach and area of instability. Denis' 
three column concept of spinal stability, though not 
directly applicable to the metastatic spine, does give the 
clinician broad guidelines as to the nature of instability, 
and the approach for reconstruction. 

Posterior, segmentai fixation is important from the 
point of view of early stability. Sublaminar wires, hooks 
and pedicular screws can be used with various available 
implant Systems. 

Anteriorly, screw rod Systems (single or double) are 
used, with or without 'Cages' which serve as spacers for 
the excised vertébral body. 
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Titanium implants hâve the advantage of possibility 
of post op MRI évaluation, which could be required in 
these cases of spinal tumors. 

Rôle of Vertebroplasty 

Vertebroplasty-augmentation of the vertébral body 
strength by bone cernent (polymethly méthacrylate - 
PMMA), is gaining popularity in the palliative treatment 
of vertébral metastasis and myeloma. 

It provides immédiate pain relief to the patient. There 
is also an enhancement of mechanical stability in the 
appropriately selected cases. 

The technique involves pressurized injection of liquid 
bone cernent into the vertébral body through both 
pedicles, under fluoroscopy in two planes (AP and 
Latéral) under local or general anesthésia. 

Complété collapse (greater than 70% of the original 
vertébral height) and fractured posterior cortex of the 
vertébral body, are relative contraindications, while 
pulmonary embolism and épidural cernent leak are 
potential complications. 

Authors’ Expérience 

In the ten years between 1993 and 2003, forty-six cases of 
spinal metastasis were operated at our center, for varying 
indications, mainly spinal instability and compressive 
neurological déficit. The largest subgroup was 
secondaries from the GI tract (n=12), Breasts (n=10) and 
Prostate (n=6). Rarer primaries included CA endo- 
metrium, CA larynx, and even a rare case of a seminoma 
metastasis. 

Thirty three had posterior surgery, 10 had an anterior 
reconstruction and 3 had anterior + posterior single stage 
procedure. 


Nine cases had an intra op blood loss greater than 
800cc, 4 had intra op durai tears, 4 had implant problems, 
2 wound problems, and 3 had post op radiculopathy. 

As many as 28 patients did not follow up with us after 
discharge from the hospital, and we hâve been unable to 
assess their survivorship post op. 

Fourteen of the 46 metastatic tumors operated, 
survived for over one year post op, with the longest 
survivorship being a 5 year follow up to date, of a 49 
year old lady with Tll level breast metastasis, operated 
in 1998. She had a single stage front and back surgery, 
and received radio as well as chemo therapy post op. 

Four patients had local récurrence post op, and 3 
developed metastasis at other sites. 

The shortest survival was for 3 weeks post op in a 72 
year old male with Tll prostate mets with complété 
sensori-motor paraplegia. 
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142.2 Primary Tumors of the Spine 

Shekhar Y Bhojraj, Abhay Nene 


INTRODUCTION 

Primary tumors arising from the spine are relatively 
uncommon, compared to their metastatic counterparts 
and primary tumors of the extremities. Primary spine 
tumors represent less than 10% of ail bone tumors. Benign 
primary spine tumors are much less common than 
malignant primary spine tumors, and usually occur in a 
much younger population (average âge less than 20 
years). 


They présent diagnostic and therapeutic difficulties, 
not only because of their proximity to the spinal cord, 
enhancing possibility of neural injury, but also their 
propensity to hamper the load bearing capacity of the 
vertébral column. 

Unlike in metastatic tumors, where most forms of 
treatment are atbest palliative, surgery for primary spinal 
tumors is potentially curative, making it a challenging 
task for ail spine surgeons. 
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The most common benign spine tumors are (Table 1): 

1. Hemangioma 

2. Osteochondroma 

3. Osteoid osteoma 

4. Osteoblastoma 

5. ABC 

6. GCT 

Common malignant primary spine tumors are : 

1. Multiple myeloma 

2. Solitary plasmacytoma 

3. Osteosarcoma 

4. Ewing's sarcoma 

5. Chondrosarcoma 

6. Chordoma 

Tumors from the fibrous tissue, fat cells and lymphatic 
System are rare, and will not be discussed separately in 
this chapter. Their properties remain similar to their 
extremity counterparts. Nerve tumors are usually intra 
durai, and their treatment is beyond the scope of this 
chapter. 

Authors’ Expérience with Primary Spine Tumors 

Between 1993 and 2003, the authors' surgically treated 
78 primary spinal tumors. The commoner ones were: 
(i) Solitary Plasmacytoma (n=13) (ii) Lymphomas (n=13) 
(iii) Multiple myelomas (n=10) (iv) Aneurysmal Bone 
Cyst (n=8) (v) Giant cell tumors (n=6). 

Rare primary tumors in our sériés included one 
Malignant Synovial Sarcoma, one chondrosarcoma, and 
a hemangiosarcoma amongst others 

CLINICAL EVALUATION OF SPINAL TUMORS 

1. Past history is seldom very important in these cases, 
except in tumor récurrences, a well-known and 
common problem in spinal GCTs. 

2. Modes of présentation of spinal tumors are similar to 
metastatic tumors, as mentioned in the chapter on 
spinal metastasis. Specifically, painful spasmodic 
scoliosis/ torticollis has been described as a charac- 
teristic feature of primary spine tumors, especially 
osteoid osteoma. 

Clinical évaluation - symptoms and signs - should 
give information regarding: 

a. aggression of the tumor - short or long history of 
symptoms 

b. suggestion of malignancy - constitutional 
symptoms like weight loss 

c. Presence of neural compression - cord, conus and 
root and the approximate clinical level. 

d. Presence of clinical instability 

e. General medical status of the patient, including 
comorbidity 


TABLE 1 : Types of primary spine tumors, based on tissue 
of origin 


Tissue of origin 

Benign tumor 

Malignant tumor 

Fibrous tissue 

Fibroma 

Fibro-sarcoma 


fibrous dysplasia 

Malignant fibrous 
histiocytoma 

Cartilage 

Chondroblastoma 

Enchondroma 

Chondrosarcoma 


Chondromyxoid 

fibroma 


Bone 

Osteoid osteoma 
Osteoblastoma 

Osteosarcoma 

Hematopoietic cells 


Plasmacytoma 
Multiple myeloma 
Lymphoma 

Fat cells 

Lipoma 

Liposarcoma 

Vascular System 

Hemangioma 

Angiosarcoma 

Lymphatic System 

Lymphangioma 

Lymphangio- 



sarcoma 

Nerve 

Schwannoma/ 

neurilemmoma 

Neurofibroma 

Malignant nerve 
sheath tumor 

Notocord 


Chordoma 

Unknown 

Aneurysmal bone 
cyst (ABC) 

Giant cell tumor 

Ewing's sarcoma 


(GCT) 



3. Laboratory investigations - The diagnostic utility of 
laboratory investigations is limited. Spécifie lab 
markers for individual tumors, if any, are mentioned 
later in the sections on individual tumors. 

4. Imaging studies - Plain X-rays, CT scans, MRI, Bone 
scan and angiograms can ail be useful in their own 
way. Details of utility of each of these radiological 
investigations are similar to the account of imaging 
studies in the chapter on spinal metastasis. 

BIOPSY IN SPINAL TUMORS 

1. CT guided biopsy - every attempt should be made to 
gain histo-pathological diagnosis by minimally 
invasive methods. The most commonly used 
procedure at most centers is the CT guided needle 
biopsy. However, practical problems like location of 
the tumor close to important vascular structures, the 
likelihood of the biopsy tract to traverse lung fields 
causing pneumothorax, or the lack of adéquate soft 
tissue in the lésion, make this procedure technically 
difficult. Diagnostic yield by this procedure varies 
from centre to centre and has been reported to be as 
high as 90% in experienced centres. 

2. The trans pedicular 'core' biopsy, done under IITV 
control, under sédation and local anesthésia and 
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performed by the surgeon, is a good emerging 
alternative to the CT guided biopsy. 

3. Surgical biopsy may hâve to be resorted to in cases 
where diagnosis is still found wanting. Thoracoscopy 
can be used as a minimal access technique for biopsy 
of suspicious vertébral lésions in the thoracic spine. 

4. Intraoperative frozen section has an important rôle 
in the surgery of undiagnosed spinal tumors, where 
critical decisions regarding the type of surgery and 
nature of reconstruction hâve to be made. 

Problems with Spinal “Needle” Biopsy 

The lésion is often in the vertébral body, surrounded by 
solid bone, making 'minimally invasive' biopsy 
technically difficult. Vital structures being close to the 
lésion, radiologists at times décliné to perform CT guided 
needle biopsies for fear of damage to them. The other 
more serious problem seems to be that of incorrect 
diagnosis on needle biopsies. Relying on the security of 
a diagnosis based on needle biopsies alone can prove to 
be treacherous at times. Inadéquate tissue samples, 
damage to the normal histological pattern during needle 
biopsy procedure, and actual histological similarity of 
some tumors - ail contribute to this occasional 
discrepancy. It is hence, critical to make a diagnosis based 
on ail available evidence. 

Differential Diagnosis of Spinal Tumors 

The differential diagnosis of a primary spine tumor, is 
similar to that of a vertébral metastasis. Clearly, metastatic 
spine tumors are much commoner than primaries. Other 
differentials are: 

1. Degenerative changes 

2. Infection (commonly TB, rarely other s) 

3. Fractures (osteoporotic or other) 

The âge at présentation, clinical picture and 
radiological characteristics contribute heavily in making 
the initial diagnosis, which is usually followed by a 
confirmatory biopsy. 

PRINCIPLES OF TREATMENT OF 
PRIMARY SPINAL TUMORS 

After the diagnosis has been confirmed, the treatment 
plan should be clearly chalked out by the concerned spine 
surgeon, medical oncologist and radiation oncologist. 
Merits of surgery, chemotherapy and radiotherapy 
should be weighed in terms of curative value, to ensure 
maximum survival rates in this usually young population 
of patients. Treatment options dépend on variables like: 

1. 'Aggression' of the tumor - benign, locally aggressive 
or malignant 


2. Chemo / radio sensitivity of the tumor 

3. 'Urgency' of treatment - neurological compromise, 
instability, etc. 

4. Extent of tumor - intra compartmental (intra osseous) 
or extra compartmental. 

5. Presence of metastasis. 

The aim of treatment is always total disease cure. This, 
however, may not be feasible in some cases. In such 
situations, 'maximal' surgical disease control, with 
adéquate back up treatment and close follow up for 
récurrence is the general protocol. 

A combination of surgery, chemotherapy and 
radiotherapy is usually required in most cases. The order, 
however, could vary from case to case. 

Treatment Oriented Classification of Spinal Tumors 

The authors hâve devised a 'surgical' classification of 
spinal tumors, to provide treatment guidelines. 

Type I: Non osseous spinal tumors: These include non 
osseous, soft tissue tumors / neural tumors in and around 
the spine e.g. meningioma, liposarcoma (intra / extra¬ 
dural or medullary). 

Proposed line of treatment: Décompression only. No back 
up therapy 

Type II: Osseous (vertébral) tumors 

Type II A: Benign tumors: With no risk of spread/ 
récurrence, e.g. ABC, Osteochondroma, Osteoid osteoma. 

Proposed line of treatment: Surgical resection and 
reconstruction, no chemo/radio therapy. 

Type II B: Locally aggressive tumors: With a potential for 
récurrence and/or malignant conversion, as well as local 
spread, e.g. Solitary plasmacytomas. 

Proposed line of treatment: Meticulous surgical resection 
and reconstruction with back up chemo or/and radio 
therapy. 

Type II C: Highly malignant tumors: With spread or local 
invasion, e.g. multiple myeloma, osteosarcoma. 

Proposed line of treatment: Palliative surgery for immédiate 
stability and cord décompression (to reduce 'tumor load' 
and improve quality of life), with pre op/back up chemo/ 
radio therapy. 

Type IID: Metastasis: Spinal metastasis from Kidneys, GIT, 
Breast, Prostate, Lung, etc. 

Proposed line of treatment: Same as for type II C, but usually 
poorer prognosis. 
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Surgical Alternatives in Primary Spinal Tumors 

1. Biopsy- open surgical biopsy, thoracoscopie biopsy, 
intraop frozen section. 

2. Extra lesional tumor resection - extra cortical excision 
of affected area (e.g. laminectomy in an osteoid 
osteoma of the lamina), corpectomy in tumors 
involving vertébral body, and 'en bloc' vertebrectomy 
in tumors involving the entire vertebra. 

3. Palliative resection - performed for relief of presenting 
symptoms like neurological compromise, in tumors 
that are extra compartmental, and /or those that hâve 
excellent radio/chemo sensitivity (e.g. multiple 
myeloma with cord compression by fragment of 
collapsed bone). Trans pedicular décompression is an 
example of this. 

4. Reconstruction - this has to accompany ail major 
resections, which destabilize the spine (e.g. 
corpectomy for GCT of vertébral body). It is also 
performed in cases where there is a need to augment 
the inherently déficient spinal stability (e.g. 
lymphoma with vertébral collapse and kyphosis). 

BENIGN PRIMARY TUMORS OF THE SPINE 

Osteoid Osteoma and Osteoblastoma 

Osteoid Osteoma and Osteoblastoma are identical 
histopathologically, and présent in a similar manner with 
rest/night pain with or without radiculitis, and 
spasmodic scoliosis in a young person. There is usually 
an absence of physical signs. Theoretical différentiation 
between Osteoid Osteoma and Osteoblastoma is as 
follows (Table 2): 


TABLE 2: The différences between osteoid osteoma and 
osteoblastoma 



Osteoid osteoma 

Osteoblastoma 

Age at présentation 

10 to 20 years 

above 20 years 

Size of tumor 

< 1.5 cm 

Larger 

Histology 

Classical nidus 

Expansile mass. 


surrounded by 

with less sclerotic 


sclerotic bone 

tissue 


Technetium bone scan has a high diagnostic 
sensitivity, and is the investigation of choice. X-rays are 
often normal even in presence of clinical symptoms; 
though later they show a focal area of sclerosis, often in 
the lamina or pedicle. A 'hot spot' on a bone scan is 
usually followed up with localized, close CT cuts, to 
demonstrate the sclerotic lésion and, if présent, the nidus 
(which may be missed if the CT cuts are more than 5 mm 
apart). 


Surgical excision of the lésion in toto is the recom- 
mended treatment. In the spine, such an extra cortical 
excision may be in the form of a laminectomy, a 
facetectomy or a pedicle excision, which may need 
stabilization. 

Pain résolves dramatically, but the scoliotic deformity 
could take months to résolve. 

Case example: A 22-year-old female student was referred 
to us for non localizing thoracic back pain. She had, most 
investigations including X ray s, MRI, routine bloods, etc. 
but none were contributory. She also had a psychiatry 
opinion for her back pain. We had her bone scan done, 
more to complété our investigation protocol, than out of 
any strong clinical suspicion. The bone scan showed a 
characteristic 'hot spot' on the pedicle of the T 7 vertebra, 
which was subsequently CT scanned, and turned out to 
be an osteoid osteoma. Ail her symptoms disappeared 
with surgical excision. 

Bone scan should form a part of investigations for ail 
young patients with non localizing back pain, and non 
contributory MRI. 

Aneurysmal Bone Cyst (ABC) 

These 'tumors' of unknown etiology hâve a prédilection 
for the posterior éléments of the vertebra, and the lumbar 
spine. Seen predominantly in adolescents, they are not 
true cysts, in that they do not hâve a cyst wall or a typical 
histology. 

They are seen as expansile radioluscent lésions, which 
can encroach into the spinal canal and cause neurological 
symptoms. On CT scan, as on MRI, a thin bony shell, 
with fine strands traversing it is seen. ABC is one of the 
differentials of a vertebra plana, which occurs in ABCs 
arising in the vertébral body, causing instability and 
eventually vertébral collapse. 

Diagnosis is usually clinico radiological. 

Though non malignant, they are rarely, if ever, 
asymptomatic, due to their propensity to expand. 
Eventually, they either cause root/ cord compression or 
spinal instability due to vertébral destruction. Hence, 
surgical excision with reconstruction, as required, is the 
only treatment. Though there some isolated reports of 
spontaneous resolution following needle biopsy, we 
rarely perform a needle biopsy in these highly vascular 
lésions. 

Preoperative tumor embolization is recommended to 
reduce blood loss and allow a relatively dry surgical field 
to aid thorough tumor excision. 

Surgical approach dépends upon the location of the 
tumor, as does the method of reconstruction. 

Récurrence after surgery is extremely rare. 






Metastatic and Primary Tumors of the Spine 1115 


Author's expérience: Six spinal ABCs hâve been 
operated at our clinic in the last 10 years or so. Five out of 
these were in the posterior éléments of the lumbar spine, 
and ail had posterior excision with or without 
stabilization. One was a Cl C2 ABC, and was operated 
by a back and front surgery. We hâve a five year follow 
up of 2 of these, with no récurrence. 

Giant Cell Tumor (GCT) 

It is the most aggressive benign tumor of the spine, with 
a high prédilection for récurrences. 

Clinical présentation is similar to that of an ABC, and 
radiological appearance too is of a cystic lésion. 'Soap 
bubble' appearance has been described. As against an 
ABC, a GCT often affects the vertébral body. Soft tissue 
outside the cyst is often seen on CT / MR scans, and seems 
to suggest local aggression. 

CT guided needle biopsy can be attempted to plan 
surgery. If not possible, or non conclusive, an intra 
operative frozen section becomes mandatory. 

As the tumor is extremely close to important neuro 
vascular structures, and has usually broken through the 
cortex by the time it is diagnosed, extra lesional / en bloc 
resection is generally not possible, though it is the 
treatment of choice. 

Thorough intralesional curettage, and meticulous 
excision of as much tumor as possible is important. The 
tumor wall has the diagnostic features on histology / 
frozen section. 

Recommended method of reconstruction is by cernent 
or metallic cages. Bone graft can also be used though if 
post operative irradiation is used it could hamper graft 
fusion. 

Though earlier literature seemed to suggest that 
irradiation converts benign GCTs to malignant ones, with 
modem radiotherapy techniques this may no longer be 
true. 

Chances of récurrences are very high, and regular 
follow up with CT scan is recommended. An X-ray of 
the chest is also done as occasionally GCTs can hâve 
pulmonary metastasis. 

Author's expérience: Of the six spinal GCTs operated at 
our institute between 1993 and 2003, four were in the 
thoracic spine, and one each in the cervical and lumbar 
spine. Four presented with neurological déficit. Two had 
an anterior surgery, 2 posterior and 2 had anterior and 
posterior surgery. 

Clinical case example: A 35-year-old male engineer was 
operated for a Giant cell tumor of the C5 vertébral body, 
by anterior corpectomy and bone grafting by the senior 


author (SYB) 13 years ago. He did not receive post op 
radiation therapy, and the tumor recurred after a year. 
This time, he had a complex back and front reconstruction 
with back up radiotherapy, which ensured a long tumor 
free period . The 'aggressive' Giant cell tumor, however, 
recurred at 8 years post op, and a redo anterior recons¬ 
truction with fibular graft and plating had to be 
performed. Further radiation could not be given post op 
due to potential danger of radiation myelopathy, as 
maximum possible doses had been previously received. 
There has been no récurrence till date. 

Treatment of such aggressive GCTs is clearly adéquate 
resection (Fig. 1) with back up radiotherapy, and in spite 
of this, récurrences are possible, which hâve to be looked 
for, and tackled appropriately by the surgeon. 

Hemangioma 

By far the commonest benign tumor of the spine, it is an 
incidental finding in 10% of the population. Hence, mere 
radiological presence of a hemangioma does not imply 
that treatment is necessary. 

Coarse vertical striations on plain x rays, hypointense 
lésions on T 2 images of MR scans, and cold spots on 
radio nucleoid bone scans are typical radiological 
features. 

Characteristically, hemangiomas with péri vertébral 
soft tissue are the ones that are likely to cause trouble in 
future, by cord compression or vertébral collapse. 

Symptomatic vertébral hemangiomas, (which form 
<1% of ail vertébral hemangiomas), présent with bone 
pains and later neurological symptoms. 

Primary treatment option is radio therapy, to which 
they respond excellently. Being tumors of vascular origin, 
they also regress with therapeutic embolization by 
angiography. If surgical excision is necessary, pre 
operative embolization is recommended, as is post 
operative radiotherapy. 

Vertebroplasty, augmentation of the vertébral body 
strength by bone cernent (polymethyl-methacrylate- 
PMMA), is also gaining popularity in the treatment of 
hemangiomas. 

Author's expérience: Three hemangiomas hâve been 
operated at our institute (apart from a few treated with 
radiotherapy). Ail presented with upper motor déficits. 
In one case, the diagnosis was thought to be tuberculosis 
pre op, and anterior surgery was carried out, without pre 
operative embolization, resulting in an intra op blood loss 
of 1200 cc. 

Clinical Case example: A 65-year-old Indian lady was 
advised lumbar décompression surgery while on a 
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Figs 1A to D: A case of GCT of vertébral body, (A) AP - X-ray showing a lésion within the vertébral body (B) CT 
scan showing destruction of the posterior cortex (C) MRI shows the encrochment of the neurological structures 
(D) Corpectomy was done and a cage with bone graft and instrumentation was done 


holiday in USA, for acute gait disturbances and lower 
limb weakness. Her Lumbar spine MRI showed moderate 
degenerative lumbar canal stenosis, and she was 
transferred to our institute for surgery. Clinical 
examination, however, revealed upper motor signs in the 
lower limbs, which did not fit in the picture of lumbar 
canal stenosis. Plain X-rays revealed an hncidental' 
hemangioma in the thoracic spine. A whole spine MRI 
subsequently performed revealed a hemangioma of T 6 
with extensive intra canal soft tissue component causing 
cord compression. She recovered completely by T5-6-7 
laminectomy after a pre op embolization. 


Clearly, 'incidentaT hemangiomas could be the major 
pathology, and cannot be overlooked in a given clinical 
setting. 

Osteochondroma 

Though a common tumor in the appendicular skeleton, 
they are a rare phenomenon in the spine. Most cases of 
spine osteochondromas (also known as exostosis) are a 
part of multiple familial exostosis. In the spine, they hâve 
a prédilection for the cervical spine, and are seen in CT 
scans / MR scans as eccentric bony protrusions from the 
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neural foramen. These slow growing masses can cause 
neural compression, and may need surgical excision. 

Author's expérience: We hâve had a chance to treat a pre 
adolescent boy with extra canal (posterior element) 
osteochondroma of C 5, with mechanical neck symptoms. 
He underwent fixation after tumor excision, because of a 
high chance of developing a swan neck deformity post 
op. 

Eosinophilie Granuloma (EG) 

This perplexing granulomatous tumor is a condition seen 
in more commonly in children than adults. After the skull 
and pelvis the spine is the commonest location in the 
body. Children with EG often présent with acute onset 
of neck or back pain, with spasmodic scoliosis / torticollis. 
Radiologically, a cavitatory mass in the early stages, or a 
classical vertebra plana (complété, concentric vertébral 
body collapse with intact adjacent dise spaces) may be 
seen. 

Treatment is controversial. Spontaneous resolution is 
common with no treatment or after needle biopsy. Open 
biopsy and curettage are the surgical interventions 
possible. 

TB is a close differential diagnosis of EG, and in a 
given clinical setting, it can be a real problem trying to 
prove or disprove one or the other. Often, 'therapeutic 
trials' of AKT are tried. A good clinico radiological 
response to AKT, often cannot be differentiated from the 
'self resolving' natural history of EG, and the case gets 
labeled as 'TB' (Table 3). 


PRIMARY MALIGNANT TUMORS OF THE SPINE 

TABLE 3: Various tumors that occur in the spine showing 
their radio and chemosensitivity 


Tumor 

Radiosensitive 

Chemosensitive 

Plasmacytoma 

Y es 

Yes 

Multiple myeloma 

Y es 

Yes 

Osteosarcoma 

Unsure 

Yes 

Ewing's 

Yes 

Yes 

Chondrosarcoma 

No 

No 

Chordoma 

No 

No 


Solitary Plasmacytoma and Multiple Myeloma 

Plasmacytoma and multiple myeloma are lymphocytic 
neoplasias with propensity for bony destruction (Table 4). 
These plasma cell tumors, which présents as solitary or 
multiple spinal lésions respectively, are histologically 
similar to each other, and are differentiated as follows: 


TABLE 4: Différences between plasmacytoma and 
multiple myeloma 



Plasmacytoma 

Multiple Myeloma 

Number of lésions 

Classically one 
(at most two) 

Multiple 

Extra spinal lésion 

No 

Yes - skull, pelvis, etc. 

Bone marrow cytology 

Normal 

Myeloma cells seen 

M band on sérum 
protein electrophoresis 

Négative 

Positive 

Bence Jones pro teins 
in urine 

Absent 

Présent 


Though the above features are generally true for the 
respective tumor, there can be an overlap of certain 
properties in a given case. Plasmacytomas can 'convert' 
to full blown multiple myelomas at variable times. 

Clinical Présentation 

Solitary plamacytoma of the spine présents like any other 
destructive vertébral lésion, with axial pain, radiculo- 
pathy and instability. Constitutional symptoms are 
usually absent. 

(Plasmacytomas can also be extramedullary in nature, 
occurring in the upper airway passages, GIT and lypmh 
nodes.) 

Age at présentation is lower than multiple myeloma 
(40 to 60 years as against >60 years in Multiple Myeloma) 
Multiple myeloma, on the other hand, présents as a 
systemic malignant disorder, with constitutional 
symptoms, very high ESR (usually >100) with low 
hemoglobin, neutropenia and thrombocytopenia. 
Hypercalcemia is commonly seen. The spinal lésions, 
though usually présent, are often asymptomatic. 
Vertebrae, ribs, skull, pelvis and sternum, ail sites of active 
bone marrow, can be affected. 

Diagnosis 

Diagnosis is made by laboratory tests as mentioned, and 
CT guided biopsy. 

CBC, ESR, S. calcium levels, S. protein electrophoresis 
(for M band), Albumin:Globulin ratio and urine for 
Bence-Jones proteins, are ail done in suspected myelomas. 
Bone scans and bone marrow aspiration and biopsy are 
also performed prior to instituting therapy. In fact, being 
a close differential for generalized osteoporosis on X-rays, 
these tests (also called the myeloma profile) are often done 
to rule out myeloma in ail cases with severe osteoporosis 
presenting with vertébral fractures and bone pains. 
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A skeletal survey can be done by plain X-rays if bone 
scan is not available. The characteristic features in the 
spine are severe osteoporosis with or without collapse of 
vertebrae. Skull X-rays show the characteristic 'punched 
out' appearance in multiple myeloma. 

Plasmacytomas at a higher risk of conversion into 
multiple myeloma, are those with extra osseous soft 
tissue, multiple plasmacytomas, poorly differentiated 
plasma cells on histology, and presence of paraprotein 
in sérum or urine. Paraprotein also serves as a marker 
for récurrence. 

Treatment 

Both, plasmacytoma and multiple myeloma, are radio 
responsive as well as chemosensitive. Hence, patients 
who présent without symptoms due to vertébral destruc¬ 
tion like spinal instability, and without neurological 
déficits, are very well treated non-surgically. Even cases 
with early neurology, can be given a trial of intra venous 
methyl prednisolone, to which these tumors are known 
to respond dramatically. 

Surgery in the form of décompression and recons¬ 
truction with metallic cages or bone cernent, is reserved 
for those patients who présent with acute spinal 
instability or neurological déficits. 

As a principle, maximum tumor éradication should 
be attempted during surgery for solitary plasmacytomas, 
as they are known to remain quiescent for even a decade 
after treatment. As against this, surgery in multiple 
myeloma is essentially palliative. 

Both tumors require angiographie embolization pre 
operatively as they are highly vascular in nature. Also, 
post operative back up with chemo or radiotherapy is 
mandatory. A close watch for récurrences and 
'conversion' of plasmacytoma to multiple myeloma is 
impérative after completion of treatment. 

The authors hâve had the opportunity to treat 13 
solitary plasmacytomas, and 10 multiple myelomas 
surgically in the last 11 years. It is notable, that the longest 
survivor has not yet converted to a multiple myeloma 
for 10 years now. 

OSTEOSARCOMA 

Osteosarcoma is the second commonest primary 
malignancy of the bone, after myeloma. About 10% of 
osteosarcomas occur in the axial skeleton, and 2% occur 
in spine. 

Incidence peaks in the second decade of life, especially 
around the adolescent growth spurt. 

'Secondary' spinal osteosarcomas arising as a side 
effect of radiotherapy (to a benign lésion or to a 
malignancy of an area other than the spine) are known. 


Commonest clinical présentation is bone pains, 
présent ominously, even at rest. Often a bone scan, 
prescribed for non-localized back pain in an otherwise 
healthy adolescent, first picks up the lésion. 

X-rays can show a destructive vertébral body lésion 
or a sclerotic lésion. MRI scans are important; especially 
to detect soft tissue extension and skip lésions on the 
whole spine sequences. 

Very high sérum levels of Alkaline phosphatase give 
a due to diagnosis. They may also be useful in monitoring 
response to therapy though currently there is an absence 
of consensus regarding the prognostic value of this test 
prior to initiating treatment or its value in monitoring 
the course of the disease. A wide variation in values can 
occur because of growth spurts during adolescence when 
this disease most commonly occurs. 

A CT guided bone biopsy is recommended for tissue 
diagnosis. If this is inconclusive, an open surgical biopsy 
may hâve to be performed. 

Osteosarcomas are known to be highly vascular, and 
apart from neo adjuvant (pre operative) chemotherapy, 
angiographie embolization is mandatory before 
attempting surgical excision. 

Apart from surgical en bloc excision, neo adjuvant as 
well as post operative chemotherpy, and post operative 
irradiation is the recommended treatment. 

Surgery may also be indicated in spinal osteosarcomas 
that are not amenable to surgical excision, for instability 
and neurological décompression. 

Survival dépends upon sensitivity with chemo¬ 
therapy (percentage of tumor 'kill'). A five year survival 
of 85% can be expected if the tumor kill is > 90% with pre 
operative chemotherapy (as against a 25% 5 year survival 
rate if tumor kill is<90%). 

EWING’S SARCOMA 

4 to 8% of ail Ewing's sarcomas occur in spine. Average 
âge of présentation is 16 years, and there is a distinct 
prédilection for males. The sacrum is the most favored 
site in the spine, foliowed by the lumbar spine. Presenting 
symptoms are as in any other malignant tumor (pain, 
radiculopathy with or without instability and neurology). 

Multi modality treatment is recommended, with 
surgery as indicated (for instability, neurological déficits 
or biopsy), and back up chemo and radiotherapy. 

5-year survival has improved significantly with 
modem treatment régimes, especially when surgical en 
bloc resection is possible. 

CHORDOMA 

Chordomas are slow growing, locally invasive primary 
malignant tumors, arising from the notocord, and found 
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predominantly in the axial skeleton. 50% of chordomas of 
the spine occur in sacrum. They are known to reach large 
sizes, and can metastatize. 

They présent at any âge, but according to literature, 
about 50% of patients report between 50 and 70 years of 
âge. 

On plain X-rays, bony destruction with a large soft 
tissue mass, with or without calcification is characteristic. 
On MRI, adjacent vertébral bodies are commonly 
involved, with sparing of dise spaces. Epidural extension 
of tumor is common. 

Complété surgical resection is the treatment of choice, 
though in many advanced cases, this may not be feasible. 
Often, the surgery is extensive, necessitating sacrifice of 
several sacral nerves, at times resection of bowel loops 
with colostomy, complex sacral / bony reconstruction 
with allografts or prosthesis, and often, myocutaneous 
flaps to ensure soft tissue cover. Involvement of general/ 
onco surgeons and plastic surgeons is judicious in these 
cases. 

Though local récurrence is common, distant 
metastasis is relatively uncommon. 

Though the tumors are usually radio résistant, 
radiotherapy could be offered for palliative purposes and 
pain control. It does not affect survival rates. 

CHONDROSARCOMA 

5 to 10% of ail chondrosarcomas occur in spine. These 
occur de novo, or from pre existing benign cartilaginous 
tumors like osteochondromas. They are graded from low 
to high grade, based on their cellular atypia and amount 
of hyaline matrix. 

Being slow growing tumors, there is often a long 
history of pain. They rarely, if ever, présent with 'acute' 
instability or neurological déficit. 

Radiological findings are that of large radiolucent 
areas with stippled calcification, and trabeculation on 
plain x-rays and CT scans. 

MRI is the most important pre operative investigation 
to delineate tumor margins. 

It is often difficult to differentiate benign from 
malignant cartilage tumors on a needle biopsy, and open 
biopsy/intra operative frozen section is often necessary. 

Surgical 'en bloc' resection is important, as these 
tumors respond poorly to chemo/radiotherapy. 

LYMPHOMA 

Lymphoma is a primary malignancy of the lymphatic 
tissue. Extranodal présentations account for 15 to 30% of 
ail lymphoma cases with vertébral and épidural 
involvement is seen in about 1 to 5 % of cases. 


Non-Hodgkin's Lymphoma (NHL) has a propensity 
to involve and présent in the extradural space, compared 
with Hodgkin's lymphoma. 

The spine lésions présent with symptoms of neural 
compression - radiculopathy or sensory/motor déficits. 
Occasionally, these can be the first symptoms in a 
previously healthy patient. 

Extra nodal / spinal lymphoma, even when localized, 
is known to be an aggressive disease, and demands 
aggressive management. Fortunately, it is a chemo and 
radiosensitive tumor, and surgery is usually required 
only for biopsy (if needle biopsy is inconclusive). In the 
spine, extensive bony involvement resulting in 
pathological fractures or instability is usually not an issue 
in patients with lymphoma and, therefore, some of the 
stability problems that resuit from other malignant 
épidural processes are not as much a concern with 
épidural lymphoma. 

Occasionally, emergent surgical décompression may 
hâve to be resorted to in acute neurological déficit. 
However, before exercising the surgical option, one has 
to keep in mind the fact that in spinal lymphomas, even 
compressive myelopathy responds to radiotherapy and 
intra venous methyl prednisolone, and that, acute and 
complété neurological déficit could be of a vascular 
etiology (due to cord infarct). 

With appropriate therapy, five-year survival is high 
in these conditions, and can be predicted by immuno- 
histochemistry studies. 

In our practice, lymphoma has been an important 
differential diagnosis for spinal tuberculosis, especially 
in central body lésions with dise sparing. The fact that 
both show a good early response to steroids can make 
matters more confounding. 

Author’s Expérience 

Of the 13 lymphomas operated at our clinic, 4 were of 
the non-Hodgkin's variety, while the rest were Hodgkin's 
lymphomas. 

10 had posterior surgery, 2 anterior, and 1 had a 
combined front and back surgery. 

Ail received post op chemo / radio therapy. Longest 
post op survival was 5 years after a front and back 
resection - stabilization with adjuvant therapy for a Cl 
C2 lymphoma. The shortest survivor died 3 months post 
op. 

NewerTrends in Surgery for Spinal Tumors 

Pre operative chemo therapy is being increasingly used 
in some tumor types, especially ostéogénie sarcoma, with 
good results. The use of intra operative radiotherapy. 
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though generally considered unsafe for the spine due to 
proximity of neural structures, is being reported recently 
from some centers. 

Tomita gave the concept of 'en bloc' resection for 
tumors amenable to 'curative' surgical resection. His 
procedure, which he first published in 1997, is 
recommended for spinal tumors with tumor free margins 
within the vertébral column, to get a wide margin 
resection. Malignant tumors with poor radio/chemo 
sensitivity, like chondrosarcoma, and benign tumors with 
high chances of local récurrence, like giant cell tumor, 
are idéal for this type of surgery, which is technically very 
demanding. The entire resection is carried out from a 
single posterior approach, with the posterior éléments 
being resected in toto, after cutting the pedicles with a 
'gigli' type of saw. This is followed by blunt finger 
dissection around the vertébral body, which is the 
'delivered' from behind, with or without nerve root 
sacrifice. 

Other trends are in the implants / spacers used for 
anterior reconstruction after resection. Metallic cages of 
various alloys, (many MRI compatible, like titanium - 


allowing tumor assessment post operatively) are being 
upgraded regularly, as are newer methods of rigid 
anterior fixation, innovative spacer methods like using 
bone cernent contained in plastic tubes (like refashioned 
inter costal drain tubes) hâve also been used by the 
authors to good effect. 
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INTRODUCTION 

Metastatic bone disease is a painful condition that can 
develop in conjunction with malignancies of breast, 
prostate, lung or other organs. It occurs when malignant 
cells at an original site metastasize (travel) to bone. It is 
an advanced event in the course of the primary disease, 
potentially catastrophic for the patient and has a poor 
prognosis. Improvements in imaging techniques hâve 
helped in earlier détection and determining the extent of 
disease. A clearer understanding of the molecular and 
genetic basis of the multistep mechanism of metastasis 
has encouraged new therapeutic strategies. A 
multidisciplinary approach incorporating judicious use 
of chemotherapy, hormonal manipulation, radiation, 
nutrition and surgical intervention is essential for 
adéquate management. 

INCIDENCE AND EXTENT OF DISEASE 

The skeleton is the third most common site of metastasis 
after lung and liver. Metastatic deposits are the most 
common malignant tumor of bone, affecting more than 
40 times as many patients as are affected by ail other types 
of bone cancer combined. Besides myelomas and 
lymphomas, the common tumors which metastasize to 
skeleton are mostly from breast, prostate, lung, kidney 
and thyroid. The prevelance of skeletal disease is highest 
in breast and prostate carcinoma, reflecting the high 
incidence and long clinical course of these diseases. These 
two cancers probably account for more than 80% cases 
of metastatic bone disease. The incidence of bony 
metastasis in different type of commonly metastasizing 
tumors to bone is between 14 and 100% Table 1. Jaffe has 
stated that if careful postmortem examinations were 
performed on ail patients dying of malignancies, over 


TABLE 1 : The incidence of metastasis to bone from 
various common malignant tumors 


Diagnosis 

Incidence of advanced disease 
(bony métastasés) 

Myeloma 

95-100% 

Breast 

65-75% 

Prostate 

65-75% 

Lung 

30-40% 

Kidney 

20-25% 

Thyroid 

60% 

Melanoma 

14-45% 


90% would show evidence of skeletal metastasis. The 
incidence of complications occurring in bony metastasis 
is uncertain, pathological fracture occur in approx. 10% 
cases while spinal instability is the case of back pain in 
about 10% of patients with cancer. The axial skeleton and 
lower extremities, particularly the hip région are most 
frequently affected. The vertébral column is affected in 
69% cases, pelvis in 41% cases and hip région in 25% 
cases. Upper extremities are relatively uncommonly 
involved probably 10 to 15%. According to classical 
teaching, it is rare to find metastasis distal to knee and 
elbow in appendicular skeleton (acrometastasis). 

MECHANISM OF METASTASIS 

Skeleton is a favorite site for metastasis and at the same 
time apparently offers a favorable micro-environment for 
tumor metastasis to grow. It has also been proven 
clinically and experimentally that not ail cancer cells form 
metastatic colonies in bone; cancer of endometrium, 
urothelium and head and neck cancers cause bone 
metastasis less frequently than breast or prostate 
carcinoma. This proves that some malignancies like breast 
and prostate hâve certain intrinsic properties that 
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Detacbment of tumor cells from surrounding 
cells at primary site 

1 

Invasion of adjacent tissue in primary organ 


Attachment to basement 
membrane 

I 

Disruption of membrane by 
enzymes 

I 

Migration through basement 
membrane 


Entry into tumor capillaries 

1 

Transport through circulation 

1 

Homing - attraction towards likely sites 


Attachment to basement 
membrane 

I 

Disruption of membrane 
by enzymes 

I 

Migration through basement 
membrane 


Entry into metastatic site 

1 

Growth of metastasis 


Flow chart 1: Depicts the simplifiée! version of the likely 
steps of métastasés 


facilitate development of bone metastasis. In fact 
establishment of successful metastasis is the conséquence 
of a multistep interplay of several host tumor and 
metastatic site factors (Flow chart 1). 

Génération of new vessels is essential for prolifération 
of tumor as well as for metastasis. A high degree of tumor 
vascularisation increases the chances of tumor cells 
entering the circulation. Newer blood vessels may also 
be more permeable to tumor cells. Angiogenesis is 
increased by certain growth factors secreted by the tumor 
called angiogenic factors which include heparin binding 
fibroblast growth factor family, transforming growth 
factor, angiogenin, vascular permeability growth factor 
(VPF) and vascular endothélial growth factor (VEPF). 


The attachment of tumor cells to other cells and to 
extracellular structures is critical to the metastatic process. 
Certain cell adhesion molécules (CAMS) play a key rôle 
in the invasion and attachment of the tumor cells. Loss 
of spécifie CAMS at the primary site causes disruption of 
interconnection between cancer cells and promotes the 
detachment of cancer cells form the primary tumor. This 
results in initiation of local invasion and ultimate 
métastasés. Conversly increased expression of CAMS at 
the metastasis site might be a prerequisite for the 
circulating cancer cells to get attached to extracellular 
matrix. 

Tumor cell invasion is the process of translocation of 
the tumor cells across the extracellular matrix barrier. 
Certain changes occur in a small subset of tumor cells at 
the biochemical and genetic level which enables them to 
be capable of this process. The destruction of the basement 
membrane of blood vessels and the tissue stroma, are 
the processes which are essential for egress of tumor cells 
from the circulation. This is possible with the help of 
proteolytic enzymes secreted by the tumor cells or the 
host cells. Matrix metalloproteineases are a family of zinc 
binding enzymes, which are a prominent example of such 
proteineases. An over expression of these metallo¬ 
proteineases is directly related to aggressiveness of the 
tumor. On the other hand, these proteolytic enzymes are 
inhibited by endogenous inhibitors called tissue inhibitors 
of metalloproteineases (TIMPS). Over expression of 
TIMPs is associated with the decrease in osteolytic bony 
lésion in case of breast carcinoma. 

Once free in the circulation, the cancer cells are able 
to migrate depending on the local organ blood flow, 
general pattern of systemic circulation and particular 
vulnerability of peripheral tissue ( like bone marrow) due 
to peculiarities of sinusoidal permeability. Less than one 
percent of circulating tumor cells survive. They tend to 
survive once they travel in aggregates and seem to be 
protected by a fibrin-platelet coagulum which surrounds 
groups of tumor cells. 

Tumor prolifération at the secondary site is required 
to establish metastasis. Various endogenous growth 
factors are regulators of tumor prolifération. Bone is a 
large repository of such growth regulatory factors and 
that is the reason for the skeleton being a favored site of 
metastasis. The most common effect of metastasis on bone 
is in the form of osteolytic or destructive bone lésions. 
This occurs mainly by stimulation of osteoclasts rather 
than by direct résorption of bone by tumor cells. 

Clinical Manifestation of Metastatic Bone Disease 

Metastatic bone disease results in considérable morbidity. 
The various clinical manifestations include: 
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1. Bone pain 

2. Hypercalcemia 

3. Pathological fractures 

4. Spinal cord or nerve root involvement 

5. Bone marrow infiltration/Leukoerythroblastic 
anémia. 

Bone Pain 

Pain is the most feared clinical manifestation of metastatic 
bone disease and is obviously responsible for 
détérioration of quality of life in these patients. It has been 
mostly described as continuons deep boring type of pain 
accompanied by épisodes of stabbing discomfort. It is 
often worse at night, not relieved by sleep or lying down. 
It sometime présents as radiating neurogenic pain 
probably due to stimulation of periosteal nerves. 

There are several likely mechanism of the metastatic 
bone pain. 

1. Direct pressure and destruction of mechano and 
nociceptors in the bone due to invasion of the bone 
by tumor. 

2. Release of various pain mediator Chemicals like 
prostaglandins, histamine and bradykinin 

3. Hormonal influence - this hypothesis is supported 
by the fact that endocrine manipulation like use of 
diethylstilbesterol, steroids and hypophysectomy 
relieves bone pain in certain different situations 

4. Mechanical instability - Spinal instability is the cause 
of back pain in 10% of cancer patients. Slightest 
movement causes pain which is not relieved by any 
médication and spinal fusion is the only cure. 

There seems to be a direct relationship between rate 

of bone résorption and bone pain. Bisphosphonates and 
similar compounds are helpful in controlling metastatic 
bone pain by preventing bone résorption. 

The control of bone pain requires a multidisciplinary 
approach which includes: 

a. Drug therapy like analgésie drugs and bisphos¬ 
phonates 

b. Physical therapy e.g. splints 

c. Radiotherapy and use of radiopharmaceuticals 

d. Anesthésia methods e.g. blocks 

e. Neuro surgical methods e.g. Hypophysectomy 

f. Behavioral approaches e.g. relaxation techniques. 

Hypercalcemia 

This is the most common metabolic complication of 
metastatic bone disease. Some tumors are particularly 
associated with this complication like - squamous cell 
carcinoma of lung, adeno carcinoma of breast and kidney, 
hematological malignancies like multiple myeloma and 


lymphomas. There are several mechanisms described for 
this: 

1. Osteoclastic bone résorption, it is of two types: 

(a) multifocal (e.g. metastatic breast carcinoma) 
prostaglandins, growth factors, cytokines and tumor 
necrosis factor seem to be responsible for this. 

(b) Generalised - This is mediated by systemic release 
of bone resorbing hormonal factors like Para Thyroid 
Hormone related protein. 

2. Impaired rénal function due to: déhydration (hyper¬ 
calcemia itself acts as diuretic), déposition of myeloma 
protein in kidney, etc. 

3. Production of Vit D like métabolite by certain tumors 
like lymphomas. 

Hypercalcemia leads to dysfunction of GI tract, 
Kidney, Central nervous System and in advanced stages, 
cardiac arrhythmias. 

Pathological Fractures 

With the increased life expectancy in patients of 
malignant disease, the incidence of skeletal metastasis 
and subséquent pathological fractures has increased. 
Patients with malignancies such as breast and prostate 
carcinoma who hâve a favorable prognosis for long term 
survival after development of bony métastasés hâve the 
highest probability of eventually sustaining a 
pathological fracture. The incidence of pathological 
fracture developing in malignant patients is reported to 
be about 8 to 10%. Metastatic destruction of bone reduces 
its load bearing capabilities, resulting initially in trabe- 
cular destruction and microfractures and subsequently 
in total loss of bony integrity. Prévention of pathological 
fracture in a metastatic deposit by proactive surgical 
intervention has many advantages over the treatment 
initiated after the fracture occurs. There are several factors 
which can help in evaluating the possible risk of patho¬ 
logical fractures secondary to metastatic bone disease. 

Patient Factors 

Pain is an important but controversial criterion. Pain 
inspite of irradiation and pain in an osteolytic lésion are 
supposed to be an indication for prophylactic fixation. 
Pain may be a valuable indicator of decreased mechanical 
strength. 

Lésion Factors 

Size: A lésion 2.5 cm or larger in size or 50% or more of 
cortical destruction increases the risk of pathological 
fracture. Anatomie location: Subtrochanteric location of 
the metastatic deposit (even if less than 50%) is more at 
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risk of pathological fracture than a lésion in a non weight 
bearing bone. Lytic lésions are more likely to fracture than 
blastic or mixed lésions. The response of the lésion to 
medical/radio therapy also needs to be taken into 
considération. 

Mirels, in 1989, developed a scoring System to 
quantify the risk of pathological fracture where points 
were given based on various criteria (Table 2). 


TABLE 2: Mirel’s scoring System 


Variable 

Risk score 

1 

2 

3 

Site 

Upper limb 

Lower limb 

Péri trochanter 

Pain 

Mild 

Moderate 

Weight 

bearing 

Lésion 

Blastic 

Mixed 

Lytic 

Size w.r.t to 
bone diameter 

<1/3 

1/3 to 2/3 

>2/3 


Adding the points from each category détermines the 
score. Mirels suggested that a score of less than or equal 
to 7 out of 12 is indicative of a lésion at minimal risk of 
fracture. A score of 8 out of 12 is associated with a 15% 
risk. The risk of fracture is 33% in patients with a score 
of 9. Mirels concluded that a score of 9 or more should be 
an indicaton for prophylactic fixation. 

Spinal Cord Compression 

This is one of the most dreadful manifestations of 
metastatic bone disease and has a very poor prognosis 
unless the management is aggressive and prompt. This 
issue is addressed in the chapter on metastatic spine 
disease. 

Important laboratory studies in a case of unknown 
primary with bone metastasis include those of blood, 
enzymes, proteins, and minerais. Sérum protein immune 
electrophoresis and urine examination for Bence Jones 
proteins should be performed routinely to exclude 
multiple myeloma. Hypercalcemia may be found in 
patients with bony métastasés. Other markers are sérum 


alkaline and acid phosphatase, which is elevated in 
patients who exhibit large lytic lésions and sérum prostate 
spécifie acid phosphatase, which is associated with cancer 
of the prostate. Carcinoembryonic antigen (CEA) is 
another indicative test, especially in GI tumors. Elevated 
CA-125 (cancer antigen) is indicative of serous 
adenocarcinomas of the female génital tract. 

Radiological Diagnosis of Bone Metastasis 

Bone scintigraphy is an excellent method for the early 
détection of skeletal métastasés, especially in cases where 
bone lésions remain radiologically occult and has been 
the preferred imaging screening modality. In a patient 
with a known primary tumor, a scan showing multiple 
lésions strongly suggests métastasés. However, only 50% 
of solitary foci represent métastasés, even with patients 
with cancer. Magnetic résonance imaging is probably 
more sensitive in the détection of axial lésions, but 
additional development is needed before it can replace 
the isotope scan in évaluation of the long bones. Newer 
modalities like positron émission tomography (PET) 
using fluoro-deoxyglucose (FDG) can detect abnormal 
areas of glucose metabolism and may be useful in the 
early détection of bone metastasis. 

The finding of a lésion at scintigraphy should induce 
an additional évaluation, such as a plain radiograph, CT 
or MRI and probably the performance of a biopsy. 
Conventional radiographs are highly accurate in 
differentiating metastatic bone lésions from primary bone 
tumors. 

Imaging modalities are helpful in getting a due 
regarding the primary tumor. Certain commonly seen 
features are given in Table 4. 

NON-OPERATIVE TREATMENT OF 
SKELETAL METASTASIS 

Radiotherapy is an effective method of treatment for 
skeletal metastasis. The primary aim is relief of pain, 
restoration of function, and arrest of tumor growth. In 
patients who exhibit multiple lésions, it is reasonable to 


TABLE 3: Radiographie features that are helpful in differential diagnosis 


Feature 

Metastasis 

Primary tumor 

Infection 

Expansion 

Rare 

(Except liver and thyroid) 

Common for certain lésions 

Rare 

Acral location 

Rare 

Very rare 

Common 

Soft tissue mass 

Rare 

Common 

Swelling not 
mass is seen 

Soft tissue 

Ossification 

Rare 

Common 

Rare 
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TABLE 4: Typical radiographie features of metastasis 
from various primary tumors 


Commonly lytic 

Commonly blastic 

Commonly mixed 

Lung 

Prostate 

Breast 

Kidney 

Bladder with prostate 

Lung 

Thyroid 

Bronchial carcinoid 

Ovary 

Adrenal 


Testis 

Utérus 


Cervix 


use radiotherapy for the most symptomatic areas. Unlike 
curative therapy, in which a high dose of radiation is 
administered over several weeks to eradicate tumor, the 
dose administered with palliative irradiation is generally 
lower and given over a shorter period of time. Palliative 
radiation should resuit in sufficient tumor régression to 
relieve symptoms for the duration of the patient's life. 

If effective chemotherapy and/or hormonal therapy 
is available, it should be used. Such therapy is commonly 
used in metastasis from breast, prostate or in cases of 
multiple myeloma. Additional treatment with biphos¬ 
phonates has been proven to prevent fractures or the 
necessity of additional radiotherapy and may induce 
sclerosis of lytic bone lésions. Biphosphonates are also 
effective in the treatment of hypercalcemia, and can 
inhibit osteoclast activity. Bone lésions not amenable to 
surgery should be monitored and treated with great care. 
In cases, such as diaphyseal lésions of the upper 
extremity, a brace may prevent the occurrence of a 
pathologie fracture; in lésions of the lower extremity, 
partial weight bearing is often obligatory. Radiotherapy 
and chemotherapy not only affect the tumor, but they 
also may hâve adverse effects on the adjacent normal 
bone. In some cases of metastatic disease of the skeleton, 
radioactive isotopes are used to palliate pain. Iodine 131 
can provide for pain relief in patients with osseous 
métastasés due to thyroid carcinoma, and it may hait 
tumor progression. Other radiopharmaceuticals available 
for clinical application include 89 Sr,rhenium-186, 
phosphorus -32, tin-llm-diethylenetriamine-pentaacetic 
acid, samarium -153, and gallium nitrate. 

PRINCIPLES OF SURGICAL TREATMENT 

The treatment of bone métastasés is usually palliative. 
The primary goals of treatment are relief of pain, 
restoration of function, facilitation of nursing care and to 
anticipate or stabilize pathological fractures in the 
appendicular skeleton. In selected cases the complété 
resection of an isolated bone metastasis may improve the 
survival of the patient. The decision whether to perform 
prophylactic surgery on a patient with metastatic 


carcinoma to bone can be a difficult one, which dépends 
on several complex factors which hâve been alluded to 
earlier. Factors such as overall health status, expected 
length of survival, compliance, and patient expectations 
and needs also need to be considered. 

Major progress has been made in the surgical 
management of metastatic skeletal disease. As much 
tumor destroyed bone as possible should be removed, 
and the risk for a second procedure should thus be 
élimina te. Many techniques hâve been developed to treat 
bone defects. Routinely used are tumor resection and 
replacement with endoprosthesis or tumor curettage 
combined with cemented osteosynthesis. Use of local 
adjuvants (phénol) to improve margins of sterlization and 
polymethyl méthacrylate (PMMA) to enhance structural 
strength are also common. Radiotherapy is often 
employed as an adjuvant modality both after tumor 
curettage and cemented osteosynthesis or endoprosthetic 
replacement for skeletal metastasis. 

When managing metastasis related fracture the 
foliowing are the guiding principles: 

• The procedure should provide immédiate stability 

• The surgeon must assume that the fracture will not 

unité 

• The fixation should aim to last the lifetime of the 

patient. 

It may be advantageous to use an endoprosthesis 
rather than internai fixation in management of metastasis 
because endoprosthesis are not dépendant on fracture 
healing which is poor and they are designed to replace 
bone and joints where as implants are designed to be load 
sharing. 

Pathological fractures of the fémoral neck rarely heal, 
even if undisplaced, and should be managed by 
prosthetic replacement (Figs 1 and 2). If there is any 
evidence of acetabular involvement on either plain 
radiography or bone scintigraphy, replacement of both 
the acetabulum and the proximal fémur by a total hip 
arthroplasty should be considered. If the acetabulum is 
not involved a fémoral endoprosthesis is sufficient. 
Commonly a long-stemmed fémoral component (140-200 
mm) should be used to reinforce prophylactically the 
remaining proximal fémur, which is often also weakened 
by lytic métastasés. Fractures of the intertrochanteric, 
subtrochanteric and diaphyseal fémur are best managed 
by an interlocking nail that includes a proximal extension 
of the de vice into the fémoral head. In situations where 
there is extensive osteolysis from tumor obviating rigid 
internai fixation even by an interlocking intramedullary 
nail, augmentation of such fixation by the use of 
polymethylmethacrylate polymerizing in situ may be 
necessary (Figs 3 and 4). Some surgeons hâve advocated 
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Fig. 1: Case of breast carcinoma with pathological fracture in 
proximal fémur managed by prosthetic replacement 


Fig. 2: Bone scan of the case shown in Figure 1 

replacing the entire proximal fémur with a custom 
proximal fémoral prosthesis, rather than salvaging the 
intact fémoral head and hip joint, concluding that 
prosthetic replacement allows a more rapid resumption 
of walking and enhances nursing care for the more 
debilitated cancer patient who may never regain an 
ambulatory status. Extramedullary fixation devices of the 
type used in conventional intertrochanteric fracture 
fixation offer much less rigid stabilization of tumor 
fractures and a coincidentally higher rate of fixation 
failure even if augmented by polymethylmethacrylate. 
In proximal humerai fractures surgery aims to regain 
shoulder stability and pain relief rather than restore 
rotator cuff function. Fractures of the head or surgical 
neck can be treated with standard endoprostheses. 


CRT- 

jH 


ne:- 

/ 

r 

Füsl- - 

V 

I 

R.L. 

LiL. 

à 

; % 

■ANT 

* ■ 

î 


L.ÀÔ, % 

> 

■ 

1 _ 

ÀNT. 

* * 


Fig. 3: Carcinoma lungs with pathological fracture in subtro- 
chanteric région managed by interlock nail augmented by bone 
cernent 
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Fig. 4: Bone scan of the case shown in Figure 3 

whereas extensive proximal bone destruction is treated 
with custom proximal humerai replacements. Impending 
and complété diaphyseal fractures can be treated 
effectively with either intramedullary nail fixation or 
plate fixation. Rigid fixation, which can be achieved with 
dual plate fixation, is optimal because patients can begin 
immédiate unrestricted activities using the upper 
extremity. Methylmethacrylate is an effective adjuvant 
for filling defects and for augmenting the fixation of 
intramedullary nails and screws. 
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TABLE 5: Common sites of bony metastasis of various malignant tumor 


Name of 
the cancer 

Métastasés 
at présentation 

Type of 
métastasés 

Bones 

involved 

Clinical 

présentation 

Spécial features 

Lung 

50% 

Lytic 

Spine 

pelvis, skull 

Most common to give rise 
to solitary lésion with occult 
primary 

Can présent as subperiosteal or 
intracortical lésion. Most common 
to give rise to acral métastasés. Can 
give rise to bilateral symmetrical 
métastasés in unusual sites such as 
patella 

Gastric 

45% 

Lytic 

Spine, ribs, 
fémur, skull 

Occasionally solitary lésion 
may be presenting feature 

Usually métastasés seen in stage III 
disease 

Colorectal 

23% 

Lytic 

Spine, fémur, 
skull, pelvis 

Most common GI cancer to 
manifest as solitary skeletal 
métastasés 

May involve unusual sites such as 
patella, acralmetastases and 
temporomandibular joint. 

Kidney 

30% 

Lytic 

Spine ribs pelvis, 
fémur, skull 

May manifest as solitary 
skeletal métastasés with 
occult primary 

Can metastasize to unusual sites 
such as skin, tongue, eye, heart 
muscle, acral skeleton,breast. Some 
lésions can hâve fibrosarcoma or 
MFH like lésions giving rise to a 
diagnosis of primary bone tumor. 

Thyroid 


Lytic 

Spine, skull, pelvis 

Can hâve solitary métasta¬ 
sés with occult primary. 
Métastasés can présent even 
20 years after treatment of 
primary disease 

Ail variants can metastasize but 
mainly well differentiated type that 
too follicular type 

Breast 

— 

Lytic,> mixed,> 
sclerotic 

Vertebra, pelvis, 
fémur 

Solitary or multiple skeletal 
lésions at présentation. 


Prostate 


Sclerotic 

Vertébral 
bodies, pelvis 

May give rise to diffuse 
skeletal sclerosis. Lytic 
lésions in poorly differen- 
tiated carcinoma with 
Gleason's score of 9 or 10 
or in small cell variants 

At times blastic reaction can be so 
pronounced so as to give rise to 
négative report on biopsy. Treated 
cancer cells might mimic 
histiocytes. Documentation of 
épithélial markers such as keratin 
may help in diagnosis. 

Pancréas 


Lytic 

Pelvis, 

vertébral bodies 

Can présent as solitary 
skeletal métastasés 

Carcinoma of body and tail hâve 
more metastatic potential than that 
of head. Least survival rate among 
ail cancers under surveillance 
(<10% at 5 yrs) 


PROGNOSTIC FACTORS IN 
SKELETAL METASTASIS 

The prognosis of the patient who suffers from skeletal 
metastasis play s a major rôle in the therapy concept. In 
case of a short life expectancy, major surgery should be 
avoided. Factors contributing to an unfavorable prognosis 
are aggressive primary tumor, short récurrence free 
internai after primary treatment, radiographie absence 
of bone sclerosis in métastasés initially and after systemic 


therapy, multiple bone lésions, involvement of more than 
one organ by métastasés (especially the liver), high overall 
tumor burden, and poor general condition. The optimal 
way to treat a patient with skeletal metastasis should be 
assessed by a multidisciplinary consultation. 
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Rôle of Custom Mega 
Prosthetic Arthroplasty in Limb 
Salvage Surgery ofBone Tumors 


MV Natarajan 


Management of patients with musculo-skeletal 
neoplasms has corne a long way since the days where 
only amputation was the only treatment option available. 
So much so that Orthopédie oncology has become well 
accepted as a sub-speciality in Orthopédie surgery. Limb- 
salvage surgery after coming into vogue has 
revolutionized the management of patients with 
musculoskeletal tumors. The aim of limb-salvage in bone 
tumor management is to eradicate the disease, retain the 
integrity of the skeletal System and preserve a limb with 
useful function. 

Sir John Bruce's quote, "Drastic clearance and 
reconstruction surgeries, exact from the surgeon, the 
imagination of an artist, the courage and ruthlessness of 
a battle soldier and technical virtuosity of a high order" 
though uttered in a different context reflect the truth 
about limb-salvage surgeries. 

Limb salvage should be based on accurate staging to 
ensure an oncologically sound procedure, an 
orthopedically sound reconstructive procedure and most 
importantly be customized to the individual patient. For 
a limb salvage procedure to be a viable alternative in the 
management of patients, it must meet two important 
criteria. First is the local control of the tumor. This requires 
that the récurrence rate must be comparable to that with 
ablative surgery. Second, the resection must be 
compatible with maintenance of a functional status that 
is an improvement over the status after amputation and 
fitting of a prosthesis. 

The technique of limb salvage involves three surgical 
phases: 

Resection of Tumor 

This strictly follows the principles of oncologie surgery. 
Avoiding local récurrences is both the criterion of success 


and the main déterminant of the amount of bone and 
soft tissue removed. 

Skeletal Reconstruction 

The average skeletal defect following adéquate bone 
tumor resection measure is 15 to 20 cms. Techniques of 
reconstruction with prosthetic replacement vary. 

Soft-tissue and Muscle Transfer 

Muscle transfer is performed to cover and close the 
resection site and to restore lost muscle power. Adéquate 
skin and muscle coverage is mandatory to decrease post- 
operative morbidity. 

SKELETAL RECONSTRUCTION 

Reconstruction of the skeletal defect after resection for 
local tumor clearance can be by: 

1. Bone grafting, either autograft or allograft 

2. Endoprosthesis either modular or custom-made, 
either cemented or uncemented. 

3. Allograft prosthetic composites. 

The choice of a spécifie reconstructive technique best 
suited for a particular patient must be individualized, 
taking into account the patient's âge, anatomie site, 
lifestyle and occupational needs. The goal of 
reconstruction in orthopédie oncology is to restore as 
much function as possible. Endoprosthetic reconstruction 
after bone tumor resection is perhaps the best option to 
achieve this objective. It is superior to the use of 
osteoarticular allografts or the performance of arthrodesis 
in limb salvage procedures. From a functional perspective 
prosthetic reconstruction is superior to the other 
reconstructive or ablative alternatives. It allows rapid 
mobilization and réhabilitation. 
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MEGAPROSTHESIS 

Megaprostheses are defined as spécial segmentai bone 
and joint prosthesis which bridge large defects of joints 
and bones. The term "megaprosthesis" was used first in 
the International Workshop on Design and Application 
of Tumor Prosthesis, held at Mayo Clinic in 1981. 

Megaprostheses are available as custom-made 
prostheses and as a modular System. Custom-made 
prostheses are individually manufactured for each 
patient and, therefore, give an accurate fit. However, they 
hâve to be ordered, made and delivered and delays can 
occur. Modular Systems are always available and allow 
variable resections due to their multicomponent design. 
But "the patient is required to fit the prostheses". 

As the implantation of megaprosthesis is a 
demanding and risky operation, the following 
considérations should be taken into account: 

A. The disease: It should be assessed if it would be 
possible to perform the resection in a healthy bone 
segment and whether it would be possible to cure the 
disease. If a wide or radical resection cannot be 
achieved then megaprostheses should not be used. 

B. The remaining function: For a successful implan¬ 
tation of megaprosthesis sufficient blood vessels, 
nerves and muscles must be retained and additional 
reconstructive procedures like micro-vascular flaps 
and tendon or muscle transfers must be workable. 

C. The patient: It is important to assess whether the 
patient is cooperative and whether he needs the 
prosthesis for a better quality of life and it should be 
weighed against the risk factors like vascular disease, 
diabètes, prolonged chemotherapy and infections. 

D. The alternatives: Whether a megaprosthesis is 
superior to arthrodesis, allograft, rotationplasty or 
amputation with regard to final function, complica¬ 
tions, hospital stay and costs. 

CUSTOM MEGAPROSTHESES 

A metallic prosthesis, tailor-made for a particular patient, 
with spécifie measurements is called custom prosthesis. 
Custom made orthopédie implants is an exciting and 
expanding field. It has always had an important place in 
orthopédie reconstruction. In recent years, the striking 
advances in three dimensional computer modeling and 
in CAD (Computer aided design) and CAM (Computer 
aided manufacturing) technology has led to exciting new 
possibilities in the area of custom prosthesis. In addition, 
with the advances in materials such as bone growth 
stimulating coatings, bone substances and polymeric 
composites, the resuit is likely to be a steady expansion 
in the use of custom implants in the future. The 


International Society for study of custom prosthesis is at 
the leading edge of custom implant designs and brings 
together a unique group of individuals - Surgeons, 
Engineers, Scientists and Manufacturers from around the 
world who interact in this technology of custom 
prosthesis. 

Limb salvage by custom prosthesis, inspite of 
pioneering efforts by a few orthopédie oncologists is still 
in infancy in India due to the developing technology for 
fabrication and the high cost. 

ROLE IN ORTHOPEDICS 

Custom prosthetic implants hâve been used in 
Orthopédie surgery not only in the field of orthopédie 
oncology after resection of bone tumors in the limbs but 
also for skeletal reconstruction after traumatic segmentai 
bone loss and vertebrectomy and anterior stabilization 
of the spine. 

LIMB SALVAGE BY CUSTOM-MADE 
ENDOPROSTHESIS 

One of the recent advances in tumor resection defects 
involves the use of custom-built joints for the replacement 
of defects near the hip, knee and shoulder. The 
development of metallurgy and bone cernent and their 
successful use in joint replacement surgery gave way to 
the use of endoprosthesis in bridging defects in joint and 
long bones. An individually designed, custom-made bone 
and joint replacement prosthesis is the optimum method 
of obtaining the best possible results for the patients. 

Moore and Bohlman (1940) were among the first to 
remove a giant cell tumor (GCT) from the proximal fémur 
in a 46-year-old man and fill the defect with a custom- 
made métal prosthesis to replace the head and neck area. 
When the patient after a year and half to an unrelated 
cause, there was no evidence of récurrence at autopsy. 

The next encouraging report in literature was from 
Stanmore,UK. Burrows, Wilson, Scales (1975) related their 
expérience with 24 patients with malignant bone tumors 
treated between 1950 and 1969. Their initial attempts 
using polyethylene or acrylic resin failed. They then 
advanced to C-Cr-Ml alloys with success. They reported 
only one infection and 2 local récurrences. 

Indications and Contraindications 

Cases of osteosarcoma (Figs 1A and B), Chondrosarcoma, 
malignant osteoclastoma are included in the limb salvage 
program. Extensive muscle infiltration, neurovascular 
involvement and inappropriate and infected biopsy scar 
are excluded. 
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Fig. IA: Preoperative X-ray of a patient with 
osteosarcoma of the distal fémur 



Fig. IB: 6 years follow up X-ray after wide resection 
and custom megaprosthetic replacement 


INVESTIGATIONS 

The investigations done include plain radiographs, 
scanogram, CT scan, MRI scan, angiogram, digital 
subtraction angiography (DSA) and technetium bone 
scan. A scanogram is done in ail cases to evaluate the 
extent of the tumors and level of resection. Angiograms 
are done in cases of osteosarcomas to détermine the 
relation of major vascular bundles to the tumor and its 
vascularity. CT scans are done in cases of sarcomas to 
détermine the extent of the lésion and presence of 
metastasis. CT scans are used to evaluate the intra- and 
extraosseous extension of the tumor. MRI scans are more 
sensitive for soft tissue extension. CT of the chest is done 
in case of sarcomas to detect early metastasis. The CT 
and MRI scan is used for determining the dimensions of 
the prosthesis to be manufactured. 

BIOPSY 

Closed biopsy is done for tissue diagnosis in tumors. 
Frozen section studies are done during surgery to 
détermine tumor clearance. Electron microscopie studies 
are done on the excised tumors. 

PREOPERATIVE CHEMOTHERAPY 

Patients with osteosarcoma undergo three cycles of pre¬ 
operative chemotherapy with usually with three drugs, 
namely ifosphamide, epirubicin and cisplatin. The pre¬ 
operative chemotherapy also serves as in vivo sensitivity 
check on the tumors. 

DESIGNING OF CUSTOM PROSTHESIS 

The CT of MRI scan enables the following dimensions to 
be evaluated accurately for manufacturing the custom 
prosthesis: 

Distal Femur/Proximal Tibia 

1. Level of tumor clearance. 

2. Level of resection (length of body of prosthesis). 

3. Outer diameter of bone at resection level (diameter 
of body of prosthesis). 

4. Inner diameter of remnant bone (intramedullary 
component length and diameter). 

5. Dimension of the adjacent bone (condyle and IM 
component). 

Proximal Humérus 

1. Diameter of humerai head (prosthesis head 
diameter). 
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2. Level of resection (length of the body). 

3. Outer diameter of bone at resection level (diameter 
of body). 

4. Inner diameter of remnant bone (IM component 
length and diameter). 

Prosthesis Design 

With the CT/MRI assisted dimensions, a blueprint 
drawing is made of the required custom prosthesis. This 
is given to the manufacturer. An average period of 1 week 
is required to fabricate the prosthesis. It is made of 
stainless Steel or titanium. Ail the prostheses hâve the 
required intramedullary cernent fixation. 

The first génération of the joints were of the Stanmore 
fully constrained hinge type. The présent génération of 
knee joints are of the Stanmore rotating hinge variety. 
The proximal fémoral prosthesis is of the body of the 
prosthesis. The proximal humérus prosthesis is of the 
Protec Muller, total hip type with varying lengths and 
diameter of the body of the prosthesis. The proximal 
humérus prosthesis is based on the Italian Rizzoli 
Institute variety. The distal humérus and elbow is of the 
Austrian Kotz model. The currently used prosthesis for 
distal fémur by the author is the distal fémoral prosthesis 
with thrust bearing pad and rotating axis mechanism 

(Fig- 2). 

PATHOMECHANICS OF IMPLANT 
FIXATION TO BONE 

Three basic forms of implant fixation hâve been used in 
customized segmentai replacement reconstruction: 

1. Mechanical fixation through interférence press fit 

2. Macrointerlock with bone cernent (PMMA) and 

3. Biologie microinterlock through tissue ingrowth. 
Each fixation method has advantages and 

disadvantages but none is free of short and long term 
problems in segmentai bone and joint replacement. Short 
term problems include infection, dislocation, fracture (of 
the implant or bone) and loosening. The long-term 
problems involve articulating surface wear, material 
dégradation, systemic reaction to implant material and 
bone remodeling or résorption due to physiologie load 
alteration. There could also be loosening and implant 
fracture. 

TREATMENT PROTOCOL 

Intraoperative guidelines are a careful dissection of soft 
tissues, préservation of an adéquate bone stock, 
reconstruction of soft tissue function and overall coverage 
of the prosthesis with viable soft tissue, sufficient 



Fig. 2: The indigenously manufacturée! distal fémoral prosthesis 
with thrust bearing pad and rotating axis mechanism 

drainage and proper bandage. According to the extent 
of resection and reconstruction the patients need bed rest 
for some days. However, passive motion with the help 
of the physiotherapist is possible within the first post- 
operative week. Active motion and partial weight bearing 
is usually allowed after three to four weeks. Patients with 
osteosarcoma undergo six cycles of post-operative 
chemotherapy with ifosphamide, epirubicin and 
cisplatin. 

COMPLICATIONS 

Despite ail précautions, the overall complication rate is 
high. Major ISOLS sériés report a percentage of up to 50%. 

Complications can be placed under three groups, 
biological, oncological and mechanical. 

The biological complications include skin necrosis, 
superficial infection, deep infections. Interoperative 
complications include injury to the vessels and nerves. 

The oncological complications include local 
récurrence and distal metastasis. Local récurrence is an 
indication for limb ablation. Chest metastasis will require 
aggressive excision of the metastatic nodule or lobectomy. 

The mechanical complication of the prosthesis include 
aseptie loosening, stress fracture of the prosthesis, 
subluxation or dislocation of the prosthesis. Radiographie 
évaluation include bone remodeling, interface. 
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anchorage, implant body problems, implant articulation 
problems and extracortical bone bridging. 

Fortunately most of these complications can be 
managed successfully without major conséquences on 
limb salvage and functional outcome. Mechanically failed 
implants can be revised with useful function. Flap 
necrosis can be avoided by adéquate soft tissue coverage. 
Deep infection can be controlled in a staged procedure 
of debridement and removal of prosthesis and later after 
control of infection, reimplantation. Failure will hâve to 
resuit in limb ablation. 

THE CHENNAI EXPERIENCE 

An expérience of 1,000 cases oflintb salvage by Custom 
megaprostheses in 17 years 

As Arthur C. Clarke famously said once "new ideas 
pass through three periods: (1) It cannot be done (2) It 
probably can be done but it is not worth doing and (3) I 
knew it ail along." 

Orthopédie oncology has passed through ail the three 
periods and now has corne to be accepted as an important 
subspeciality in the field of orthopedics. The author 
himself has passed through the three periods regarding 
his work in limb salvage using various modalities. A short 
gist of the author's work is presented below to highlight 
the kind of work that can be done in the field of 
Orthopédie Oncology using indigenous technology in a 
country like India which is starved of material resources. 

The Work 

Over a time period of 17 years from 1988 to 2004, 1000 
cases of Custom Megaprosthetic replacement hâve been 
performed by a single surgeon as part of the Madras Bone 
Tumor Service comprising four Institutions namely, 
Government General Hospital, Cancer Institute, Apollo 
Cancer Hospital and MN Orthopédie Hospital. 

Patient Profile 

The âge of the patients ranged from four years to 74 years 
averaging 26 years. 608 of them were males and 392 were 
females. The patients hailed from fifteen Indian States 
and 7 neighboring countries. 

Histopathological Diagnosis 

The histopathological diagnosis was osteosarcoma in 58% 
of the patients, Giant cell tumor in 21%, chondrosarcoma 
in 6%, metastasis in 5%, Ewings sarcoma in 3% and 
malignant fibrous histiocytoma in 2% of the patients. The 
various other tumors that were diagnosed in small 
numbers where aneurysmal bone cyst, aggressive 


fibromatosis, Paget's sarcoma, soft tissue sarcoma, fibrous 
dysplasia, non-Hodgkin's lymphoma, Brown tumor, 
chondromyxoid fibroma, fibrosarcoma, plasmacytoma, 
synovial sarcoma. 

Anatomical Location 

Anatomically the distal fémur was the commonest site 
involved (43%) followed by proximal tibia (27%) (Figs 
3A to C), proximal humérus (11%) and proximal fémur 
(10%). The other sites involved were soft of fémur (2.2%), 
distal radius (1.8%) (Figs 4A to C), soft of humérus (16%), 
distal tibia (16%), pelvis (8%), distal humérus (8%). A 
small number of patients had involvement of the 
infrequent anatomical sites like shaft of tibia, scapula, 
proximal ulna, fibula, carpus. 

Staging 

Staging of the tumors was done according to the Musculo- 
skeletal Tumor Society (MSTS) System. The stage 
distribution was B2-46,B3-98,1A 94,1B100, LIIA-313,IIB- 
317, IIIA -21,IIIB-11. 

Biopsy Details 

Ours being a referral center - 62% of patients came to us 
after open biopsy, and only 13% had a closed needle 
biopsy as desired. The diagnosis was confirmed by FNAC 
in 12%. 

Custom Megaprostheses 

The dimensions of the prosthesis were determined using 
scanograms, CT scan or MRI. The custom megaprosthesis 
that was used manufactured indigenously, and stainless 
Steel prosthesis was used in 87% and titanium alloy 
prosthesis in 12%. Various types of prostheses were used 
depending on the anatomical région replaced. 

Treatment Modality 

The margins of excision achieved were wide in 72%, 
marginal in 26% and contaminated in 6% of the patients. 
Majority of the patients (47%) had between 100 and 
150 mm of bone resected. 53% of the patients with high 
grade malignant tumors, had chemotherapy according 
to the regimen that was in use at that particular period of 
time. 4% of the patients underwent radiotherapy for 
conditions like Ewings sarcoma, lymphoma. 

Results 

The results were analyzed in 900 patients, of whom 33 
patients were lost to follow up during various periods of 
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Fig. 3A: Preoperative X-ray of a patient with 
osteosarcoma of the proximal tibia 



Fig. 3B: Postoperative X-ray after custom 
mega prosthetic replacement 



Fig. 3C: Follow-up photograph of the patient showing excellent function 

















Rôle of Custom Mega Prosthetic Arthroplasty in Limb Salvage Surgery of Bone Tumors 1135 



Fig. 4A: Preoperative X-ray of a patient with giant cell tumor 
of the distal radius with destruction of the cortex 



Fig. 4C: Follow-up picture showing the excellent 
functional outcome 


the study. Analysis was done based on the modified 
rating scale of the Musculoskeletal Tumor Society. The 
functional resuit achieved was excellent in 60%, good in 
23%, fair in 11% and poor in 6 %. At the time of the most 
recent follow up, 770 patients (77%) were continuously 



Fig. 4B: Postoperative X-ray after wide resection 
and custom mega prosthetic replacement 


disease free, 19 % had died due to disease and 3% were 
alive with the disease. 

CONCLUSION 

Neoplasms of the musculoskeletal System are the least 
common of ail tumors. Though feared earlier, their 
diagnosis and management hâve changed at a 
revolutionary pace within the past decade. Advances in 
radiographie imaging, chemotherapy, radiation therapy 
and biotechnology, coupled with an understanding of 
the biological behavior of mesenchymal neoplasms, hâve 
led to a rational basis of diagnosis, staging and surgical 
treatment. 

The rôle of custom prostheses in skeletal recons¬ 
truction after resections for bone tumors has become a 
well-accepted and established technique and is no longer 
considered experimental in the global scénario. But the 
problems associated are numerous and this work should 
be taken up by selected centers of excellence where 
Orthopédie Oncology is practiced as a separate speciality. 

India, through the pioneering work of many stalwarts 
in the field, no longer remains a backwater in the field of 
Orthopédie Oncology. But a lot more needs to be done to 
address the problem of ignorance even among 
Orthopédie Surgeons in the field of Limb-Salvage 
Surgery. 
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"If it were possible immediately after death to transplant the 
tissues and organs, no elemental death would occur and ail the 
parts of the body would continue to live. A supply of tissues 
would be constantly readyfor use and could be sent to surgeons 
who need them." 

— Alexis Carrel (1912), "Father of Vascular and 

Transplant Surgery" 

INTRODUCTION 

Reconstruction of bone defects has always been a 
challenge to the orthopédie surgeon. While the use of 
autografts in such situations remains the gold standard, 
there are shortcomings. An additional incision is required 
for the recovery of the autograft, increasing operating 
time, blood loss as well as costs. In addition there is 
significant morbidity associated with the harvest of iliac 
crest bone graft, the most common site for procuring 
ostéogénie graft. Major complications, such as cutaneous 
nerve damage, chronic donor site pain, vascular injury, 
infection, and iliac fracture, hâve been reported in 
approximately 10 to 25% of patients (Fernybough et al; 
Banwart et al.; Kreibich et al., 1994; Lim, 1996; Cockin, 
1971; Laurie et al., 1984; Summers and Eisenstein, 1989). 
This morbidity is in direct proportion to the quantity of 
graft harvested. 

Allografts provide an excellent alternative to 
autografts without donor site morbidity. They are 
especially useful in massive defects or in children where 
the quantity of available autograft is limited and growth 
plates are open. They are also useful for reconstructing 
bone defects in large bones like fémur and tibia where 
the only autograft available, the fibula, may be 
inadéquate. 


HISTORY 

The first recorded bone transplant was a xenografting 
performed in 1682. A Dutch surgeon Job Van Meekeren 
repaired a traumatic defect in the cranium of a Russian 
soldier with bone from a dog. The Russian Orthodox 
Church condemned the transplant as a "barbarie method 
of treatment" and excommunicated the patient. The 
patient sought to remove the graft but by that time it had 
already incorporated. After his death the graft had to be 
removed in order that he could be given a Christian 
burial. 

The pioneering use of human bone allograft was 
described in éloquent detail by MacEwen in 1881. He used 
fresh bone allografts obtained as surgical residues from 
a live donor to reconstruct the humerai shaft of a child 
with osteomyelitis. In 1908, Lexer, a German surgeon, 
reported on the implantation of 34 allograft hemi- and 
total joints procured from freshly amputated limbs and 
cadavers. In 1959 animal studies of Herndon and Chase, 
and Curtiss and co-workers indicated that freezing 
reduces the immunogenicity of allograft. Stimulated by 
this observation, Ottolenghi, Volkov and Parrish in the 
1960s and 1970s separately reported large sériés of 
patients in whom frozen allografts were used. Parrish 
described the use of bone grafts in limb salvage treatment 
for primary high grade malignancies in bone. He reported 
satisfactory functional results but could not predict the 
ultimate fate of the grafts. 

Enneking continued Parrish's work in bone tumor 
surgery. He showed that these grafts are not well 
incorporated into host bone and are subject to infection 
and fatigue fractures. Also starting in the 1970's, was 
Mankin, who has produced the largest clinical sériés of 
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skeletal allograft replacements for bone tumors. He 
showed that satisfactory results of long bone replacement 
could be expected in about 75% of patients, and that good 
results are diminished when radiation and chemotherapy 
are used. 

During this period of bone transplantation, one of the 
biggest problems was the lack of available bone. There 
was no means of long-term préservation of tissues, and 
almost ail the allografts were obtained from amputated 
limbs and stored by réfrigération or freezing. It was not 
until the 1940's that methods were developed to store 
tissue for more than a few days. Crédit goes to Dr George 
Hyatt, the first Director of the Navy Tissue Bank in 
Bethesda, USA. Foreseeing a potential military need for 
bone allografts, in 1949, he began the banking of surplus 
bone from surgical procedures, in a small freezer. This 
soon developed into a bone bank at the Naval Medical 
School, which served as a center for the procurement, 
processing, storage and shipment of tissues to ail medical 
facilities in the Navy. Since the shipment of frozen bone 
overseas was difficult because of the need to maintain 
the graft in the frozen State, Hyatt, in collaboration with 
Flosdorf, who had been responsible for the production 
of large scale lyophilisers for freeze-drying plasma, 
adapted the principles of lyophilisation to the storage of 
bone. Bone could now be preserved at room température 
for several years if necessary. Having developed 
processing technology that continues to be used even 
today, Hyatt then turned his attention to establishing 
procedures to aseptically recover bone and tissue from 
cadavers using extensive screening protocols. An 
operating room dedicated exclusively to the aseptie 
recovery of tissues from cadavers was opened in a new 
tissue bank set up under Hyatt at the Naval Medical 
School. The first post mortem recovery of tissues in this 
facility was performed on 28 May 1951. 

As the availability of bone allografts improved, and 
as surgical procedures became more complex, the 
demand for bone allografts increased, and a number of 
hospitals began banking bone in freezers. 

Over the next two décades the focus slowly shifted 
from the availability of bone allografts to their safety. The 
risk of transmission of viral, bacterial and fungal 
pathogens through transplanted tissues became a major 
concern. HIV and Hepatitis C hâve been reported. An 
important fact that emerged from these cases of viral 
transmission was that ail the grafts that transmitted the 
AIDS virus contained blood and bone marrow because 
they were unprocessed. In contrast, the grafts that did 
not transmit the virus had been processed to remove 
blood and bone marrow. Keeping this in mind, today 
tissue banks hâve developed a variety of bone washes 


which are virucidal, and clean room technology has been 
adopted with stricter environmental Controls of tissue 
préparation. With these newer methods, in the USA, of 
the more than one million bone allografts that hâve been 
transplanted, there has been no reported case of HIV 
transmission since 1985. 

BONE BANKING IN INDIA 

While bone banking is well developed and regulated in 
the USA and Europe, in India it is still largely arbitrary. 
It is done by a few clinicians primarily for use in their 
own patients. Methods differ from one clinician to the 
next and one institute to another, largely depending on 
the surgeon's particular interest and expertise, and the 
resources available. Since tissue banks canbe established 
in India without regard to licensing, inspection or 
adhérence to any standards, many hospital bone banks 
operate at sub-optimal standards. 

The most commonly used methods for banking bone 
are freezing between -20°C and -80°C or Defatting 
followed by freeze-drying and sterilization by ethylene 
oxide. If not used, bone grafts are often re-sterilized after 
six months. Reports hâve described the préservation of 
bone in 0.5% formalin solution and the use of autoclaved 
bone. 

TATA MEMORIAL HOSPITAL TISSUE BANK 

The Tata Memorial Hospital (TMH) Tissue Bank is a 
pioneering effort in the country to develop a non-profit 
facility that can provide a variety of safe and functionally 
reliable human allografts. Started in 1988, it is part of an 
International Atomic Energy Agency (IAE A) program to 
promote the use of ionizing radiation for the sterilization 
of biological tissues, and is the first Tissue Bank in the 
country to provide lyophilised, irradiated bone allograft 
for transplantation. 

In 2001 the TMH Tissue Bank was registered with the 
Maharashtra State Health Authorities under the 
Transplantation of Human Organs Act 1994. It is a 
member of the Asia Pacific Association of Surgical Tissue 
Banks (APASTB) and follows the standards laid down 
by IAEA. In May 2004 the TMH Tissue Bank received 
ISO 9001:2000 certification of its quality Systems, 
becoming the first bank in the country to do so. 

BONE DONATION 

The source of bone for transplantation may be either 
cadavers or live donors. In the case of cadaver donors, 
tissues must be retrieved as soon after death as is 
practically possible. Usually, procurement of musculo- 
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skeletal and osteoarticular tissues should commence 
within 15 hours after death. Tissues may be recovered 
within 24 hours of death provided the cadavers hâve 
been well preserved in the cold within 12 hours of death. 
Often tissues are obtained from multi-organ donors 
where tissues are collected within a few hours after 
death. Alternatively they may be obtained during post 
mortems. Tissues from live donors are obtained as 
surgical residues conséquent to surgical procedures. 
Individuals undergoing a primary hip replacement, and 
who are otherwise healthy, donate the bone that is 
removed in the course of their surgery. Similarly, tibial 
shavings from total knee replacement surgery for 
osteoarthritis, or bone wedges from tibial ostéotomies are 
donated and preserved in the Tissue Bank. These tissues 
are collected in stérile boxes and sent to the tissue bank. 
If there is a delay of more than a few hours, the box 
should be stored in a refrigerator. Bone is also procured 
from limbs that are donated following amputations. A 
blood sample and donor consent forms are sent along 
with the tissue. 

ETHICAL ASPECTS 

Since bone donation is a precious gift, ethical consi¬ 
dérations form an essential component of bone banking. 
When bone is removed during a surgical procedure for 
therapeutic purposes other than to obtain tissue (e.g. joint 
replacement surgery, traumatic amputations) the donor 
must be informed of the donation, the possible use of the 
bone and the requirement of a blood sample for the 
détection of HIV 1 and 2, Hepatitis and syphilis. In the 
case of a deceased donor the legal next-of-kin must be 
similarly informed. Informed written consent of the 
donor or the legal next-of-kin in the case of a cadaver 
donor, with respect to the above, must accompany every 
bone donation. No donation or removal of bone can take 
place when there is an open or presumed objection to 
the above on the part of the living or deceased donor, 
and coercion must not be exerted in any manner to obtain 
permission for donation. 

In the case of non-living donors, the removal of tissue, 
the reconstruction of the body and the closure of the 
incisions must be done with respect for the deceased and 
with sensitivity for the relatives. Appropriate arrange¬ 
ments must be made to accommodate the family's funeral 
arrangements. Since tissue donation is a gift there can be 
no monetary compensation, but any expenses necessarily 
incurred through the process of donation may be 
reimbursed. 


DONOR SELECTION 

The first step in donor sélection is the screening of 
potential donors for infectious diseases, or diseases of 
unknown origin that could prove infectious. Information 
regarding the donor's âge and medical history is obtained. 
In the case of cadaveric donors, physical examination, 
behavioral history, probable cause of death and autopsy 
findings, if performed, is reviewed. If any adverse 
information emerges with reference to the above, the 
donation is refused. 

Exclusion Criteria 

The following conditions contraindicate the use of tissues 
for therapeutic purposes: 

• History suggestive of hepatitis B or C 

• History of, or clinical evidence, or suspicion, or 
laboratory evidence of HIV infection. 

• Risk factors for HIV, HBV and HCV (drug abuse, 
homosexual behavior, etc.) 

• Presence or suspicion of central degenerative 
neurological diseases of possible infectious origin, 
including dementia (e.g. Alzheimer's disease, 
Creutzfeldt-Jakob disease or familial history of 
Creutzfeldt-Jakob disease and multiple scierosis). 

• Septicemia and systemic viral disease or mycosis or 
active tuberculosis at the time of procurement 
preclude procurement of tissues. 

• Presence or history of malignant disease. Exceptions 
may include primary basal cell carcinoma of the skin, 
histologically proven and non-metastatic primary 
brain or bone or soft tissue tumor. 

• Significant history of autoimmune connective tissue 
disease (e.g. systemic lupus erythematosus and 
rheumatoid arthritis or multiple sclerosis) are criteria 
for exclusion because not enough is known to 
détermine the risks to the récipient of disease 
transfer with allografting. Patients on maintenance 
dosages of steroids for more than three months are 
also excluded because their bones are often 
too osteoporotic and brittle to provide structural 
integrity. 

• Significant exposure to a toxic substance that may be 
transferred in toxic doses or damage the tissue (e.g. 
cyanide, lead, mercury and gold). 

• Presence or evidence of infection. In particular, 
unexplained fever or any suspicion of septicemia must 
be fully investigated. Similarly, patients dying after 
recent major surgery or burns are excluded because 
they frequently hâve positive blood cultures. 
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• Presence or evidence of irradiation at the site of 
donation. 

• If the cause of death is unknown after an autopsy the 
donation is refused, since many of the more unusual, 
transmitted infections like Rabies, CJD and AIDS 
corne from donors who die for unknown reasons. 

Age Criteria 

There are no maximum âge criteria if the bone is to be 
morsellised, or is not to be used for weight bearing 
purposes, whether procured from a cadaver donor or 
from fémoral heads and other surgical residues obtained 
from living donors. When large skeletal segments are 
obtained to provide structural support, the donor should 
be free of any significant osteoporosis and preferably 
below 55 years of âge. When metaphyseal and epiphyseal 
segments are obtained and are to provide a structural 
support, closure of epiphyseal growth plates of the donor 
must be taken into account. 

Viable cartilage or osteochondral allograft or meniscus 
donors should preferably be under 45 years of âge. 
Tendons or fascia late (if for structural purposes) should 
be obtained from donors less than 65 years of âge. 

LABORATORY TESTS 

The minimum testing universally accepted includes: 

1. VDRL (Although there is no case of transplant - 
transmitted syphilis, the VDRL test is routinely 
included in the screening program for potential 
donors as it reflects the life-style of the potential donor 
who might also harbor HIV.) 

2. Hepatitis B surface antigen 

3. Hepatitis C antibodies 

4. HIV antibody 

5. Microbiology culture of small donor tissue samples 
or swabs to screen for pathogens. 

TYPES OF GRAFTS 

Different types of bone grafts are available for use. These 
include: 

1. Deep-frozen allografts: These are procured under 
stérile conditions and frozen at various températures 
in liquid nitrogen or in electric freezers with or 
without cryopreservatives like glycerol or DMSO. 
Bone kept at -20°C is suitable for transplant use for 
up to 6 months. Deep-freezing at -70°C to -80°C 
préserves bone for up to 5 years. 

2. Irradiated frozen bone: Frozen bone is irradiated in 
the frozen State using 25 to 35 kGy of gamma 
radiation. 


3. Processed Bone: 

• Bone can be pasteurised at 60°C for 3 hours in an 
incubator prior to freezing. Alternatively 
pasteurisation may be carried out in a water bath. 

• Soaking bone in 0.5% sodium hypochlorite for 1 
hour to inactivate the human immunodeficiency 
virus and Hepatitis B virus. 

• Defatting bone with éthanol 

• Demineralising bone with hydrochloric acid 
(0.5 - 0.6M). 

4. Lyophilised, irradiated bone: Bone is lyophilised to 
remove 95% of the moisture and terminally sterilized 
with 25 kGy of gamma radiation. 

5. Freeze-dried, chemo sterilized bone: Ethylene oxide 
has been used as a sterilizing agent, but its use is now 
banned because of its toxic residues that are 
carcinogenic. 

TISSUE PROCESSING 

At the Tata Memorial Hospital (TMH) Tissue Bank 
donated bone is processed to render it suitable for 
transplantation. Once the screening criteria hâve been 
satisfied the bones are pasteurised (Fig. 1) and then eut 
into the required shapes and sizes (Fig. 2) to increase the 
efficiency of the cleaning and defatting processes. The 
bone pièces are subsequently washed free of blood and 
bone marrow using jet lavage (Fig. 3) and treated with 
70 % éthanol, a virucidal agent which also removes fat. 
70% éthanol was found to completely inactivate HIV 
within one minute of exposure. It also inactivâtes hepatitis 
B and C. The cleaned bones are stored at -80°C to interrupt 
the dégradation process and to freeze them prior to 
freeze-drying. The frozen grafts are finally freeze-dried 
to remove 95% of the moisture (Fig. 4), appropriately 
labelled and double packed in polyethylene sleeves or 
containers, in the laminar airflow cabinet (Fig. 5). 
Moisture content is determined for each batch freeze- 
dried (Fig. 6). Freeze-dried samples are cultured to 
détermine the microbiological bioburden of the grafts. 
Terminal sterilization is achieved by exposure to 25 kGy 
of gamma radiation using a Cobalt 60 gamma chamber 
unit. Alternatively, grafts are sent to ISOMED, the ISO 
9001:2000 certified radiation plant of the Government of 
India. This dose is 40% above the minimum required to 
kill the most radiation résistant Bacillus pumilus E601. The 
sterility assurance level (SAL) using this dose is 10“ 6 which 
means that the probability of failure (finding an unsterile 
graft) is only one in a million provided the product has a 
low initial bacterial count. Sterility tests are performed 
to validate the sterilizing dose. Simmonds in their study 
concluded that the removal of blood together with the 
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Figs 1A to D: A 22-year-old lady treated for osteosarcoma elsewhere with a resection and interlocking nail (A) The nail broke at 
2 years (B) The defect was resconstructed by us using an allograft combined with a live fibula (C) A longitudinal slot was made 
in the allograft to accommodate the fibula. Excellent incorporation of the allograft with the host bone and the fibula is seen at 6 
months itself (D) 

exposure to treatment solutions like éthanol during 
processing, freeze-drying and irradiation could reduce 
the risk of transmission to practically nil. 

In order to ensure this high safety factor it is necessary 
to reduce the bioburden of the product at every stage of 
handling. In fact determining the bioburden of the 
product prior to sterilization is more important than 
sterility tests on random samples after radiation. The 
main sources of contamination are four: Donor, 
Environment, Equipment and Personnel. At the TMH 
Tissue Bank measures taken to reduce the up-front 
bioburden of the graft include: 

• A layout and physical infrastructure that permit the 
séparation of different procedures to prevent 
environmental contamination 

• The use of aseptie techniques 

• The use of protective clothing while handling the 
product 

• Thorough debridement and cleaning of grafts 

• The use of treatment solutions (alcohols, surfactants) 

• Environmental monitoring 

• Quality control. 



Figs 2A to C: Reconstruction with the “sandwich” method. (A) 
Giant cell tumor of the distal fémur in a 16-year-old girl. Note 
the extent upto the subarticular area. (B) Postoperative X-ray 
showing reconstruction after extended curettage with allograft 
bone in subschondral area and cernent in the rest of the cavity. 
A layer of gelfoam (the radio lucent line) séparâtes the two 
layers in this ‘sandwich’ method. (C) 6 months follow-up X-ray 
showing excellent incorporation of the allograft 
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Figs 3A to D: Non-ossifying fibroma in a 14-year-old boy. Preoperative X-rays (A) show a lytic lésion in the diaphysis of the 
fémur. Note the sclerosis at the margin indicating a bening lésion. The T2 sequence on MRI (B) shows a hyperintense signal with 
a low signal border. This patient presented with severe pain indicating cortical insufficiency and impending fracture. A meticulous 
curettage wad done and cavity reconstructed with allograft fibular struts as seen on the postoperative X-ray (C). No internai 
fixation was used and the child was put in a cast for 6 weeks and then mobilized non-weight bearing with a hinged knee brace. 
The defect healed uneventifully as seen on the X-ray taken at 9 months (D) 



Figs 4A to C: GCT distal fémur in a 21-year-old treated with 
the sandwich method (A) Preop X-ray showing the subarticular 
extent. (B) Immédiate postoperative X-ray showing 
reconstruction with the “Sandwich” method. Note that the 
convexity of the latéral condyle. (C) 3 months X-ray showing 
collapse of the condyle due to allograft résorption. This can be 
avoided by the use of an iliac creast strut 

Bone grafts produced at the TMH Tissue Bank include 
struts, iliac crest, fémoral heads and ground bone. 

REDUCING IMMUNOGENECITY 

At the TMH Tissue Bank four steps are employed to 
destroy the antigenicity of the graft. First the removal of 


ail the bone marrow which is highly antigenic, followed 
by freezing at -80°C, freeze-drying and radiation ail of 
which destroy the transplantation antigen. Hence, tissue 
typing is not required for the transplantation of processed 
bone allografts. 

Besides reducing the antigenicity of the graft freeze- 
drying also lowers the oxygen tension and removes 90% 
of the water and so does not support enzyme activity. 
This prevents détérioration of the graft thereby increasing 
its shelf life. Freeze-dried grafts can be conveniently 
stored and/or transported at room température. 

Freeze-drying, however, damages the bone matrix 
causing micro cracks to appear along the collagen fibers. 
Using a rat model it has been shown that freeze-drying 
reduces compressive strength by up to 30%, with little or 
no change in stiffness. Bending strength falls by about 
41% and torsional strength is reduced by 60%. Removal 
of moisture makes the bone brittle, but the material 
properties can be at least partially regained by rehyd¬ 
ration prior to grafting. 

Sterilization 

Due to concerns about the transmission of disease 
following allograft use, ideally, aseptie processing 
techniques should be employed. Key strategies include 
the use of stérile techniques during the recovery of the 
donor bone, processing the tissue in a clean room 
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Figs 5A to H: Anteoposterior (A) and latéral (B) X-rays showing a parosteal osteosarcoma in the posterior part of the lower end 
of fémur in a 21-year-old female. The MRI (C and D) showing that a large portion of the tumor is unossified and not visible on 
plain films. A hemicortical excision including the tumor was done preserving the knee joint. A distal fémoral allograft was shaped 
and fit into the defect and fixed with circlage wires and a plate, seen on the postoperative X-rays (E and F). X-rays at 9 months 
showing complété incorporation of the allograft strut (G and H) 



Figs 6A to G: X-rays (A) of a periosteal 
osteosarcoma of the distal fémur in a 16- 
year-old boy. Note the lamellated 
periosteal reaction with perpendicular 
streaking with a classical scalloping of 
the underlying cortex. The tumor was 
resected with the underlying bone and 
the defect reconstructed with a 
lyophilized rediated allograft fixed with a 
long DCS plate (B). The specimen (C) 
bisected to show the tumor on the surface 
well ossified after chemotherapy. X-rays 
at 9 months (D) not showing any healing 
of the junction. Autogenous iliac bone 
grafting resulted in bridging callus at the 
junctions (E). F and G show the bridging 
magnified 
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environment using aseptie techniques, stringent 
environmental monitoring and quality control. Since such 
aseptie processing is tedious and expensive, however, 
many tissue banks hâve begun to use terminal 
sterilization to reduce the constraints while processing 
even as they ensure sterility of the graft. The two most 
common methods of terminal sterilization are ethylene 
oxide and gamma irradiation. 

Ethylene Oxide (EtO) 

When EtO has been used, however, host reactions hâve 
nécessitated the removal of intra-articular grafts; the rate 
of failure of such grafts has been high in several clinical 
studies and some hâve suggested that it should not be 
used for weight-bearing fusion sites. EtO treated grafts 
with residual concentration below 20 ppm hâve been 
shown to be incorporated more poorly than irradiated 
tissue. Osteoinductivity of demineralized bone matrix is 
also destroyed with EtO. 

Gamma Radiation 

At the TMH Tissue Bank the preferred choice of terminal 
sterilization is gamma radiation which is well established 
as an efficient and convenient technique for achieving a 
high level of sterility in medical supplies. Over 200 
commercial plants are in operation ail over the world 
using this technique. One such is the ISOMED which was 
set up by the Government of India at Trombay in 1974. 

Radiation sterilization is a simple and safe process 
involving the exposure of products to gamma radiation 
from a Cobalt-60 source, for a predetermined time so as 
to receive a prescribed dose. Products sterilized in this 
way do not become radioactive and are completely safe. 

Radiation sterilization has a number of advantages: 

• Its high pénétration power enables the products to be 
sterilized in the fully packaged form. Further, 
products of any shape, size and density can be 
effectively sterilized. 

• Since sterilization is effected after final packaging the 
product sterility is limited only by the integrity of the 
packaging. 

• Being a "co\à" process heat sensitive products like 
tissues, remain unaffected. 

• Radiation stérilisation is a continuous, fully auto- 
mated process with a single parameter to be 
controlled, namely time of exposure. This is in contrast 
to steam and Chemical (EtO) sterilization, which apart 
from being batch processes, require more than one 
parameter (température, pressure and humidity) to 
be controlled. 


• It requires no quarantine period as there is no residual 
toxicity. 

• It is believed to reduce further the antigenicity of 
processed grafts. 

Use of Allografts 

The early use of bone grafting was largely confined to 
the treatment of fracture nonunion and to stimulate spinal 
fusion. With the advent of successful multi-drug 
chemotherapy for malignant bone tumors and the 
massive expansion in the number of joint arthroplasties, 
there has been an increasing demand for large quantities 
of allograft bone for reconstructive surgery. The 
requirements of surgeons hâve also become increasingly 
sophisticated, with the need to reconstruct anatomy and 
restore bone strength in addition to the more basic 
concept of providing a source of ostéogénie stimulus. 
However, the successful use of allograft requires a good 
understanding of the biology incorporation, knowledge 
of the effect of processing on strength and incorporation 
and basic surgical guidelines for use in spécifie situations. 

Biology of Incorporation 

Unprocessed fresh allografts are rejected by the host 
immune System and gets rapidly absorbed. Therefore, 
ail allografts are processed to reduce the antigenicity. 
Broadly there are two types of bone allografts; cortical 
and cancellous. Allografts incorporate by revasculari- 
zation. After revascularization the bone incorporâtes with 
the host bone and can remodel by Wolff's law. Cancellous 
bone chips are incorporated significantly more quickly 
and more completely than cortical segments because they 
are more easily revascularized. The cancellous allograft 
is slowly resorbed by the host and new bone laid in and 
around the scaffold provided by the cancellous chips. The 
graft is not completely incorporated and some necrotic 
graft can be found even many years after implantation. 

Cortical allografts incorporate very slowly. The 
osteoarticular segments though containing metaphyseal 
areas behave like cortical grafts. While cancellous 
allograft incorporâtes to a large extent, retrieval studies 
of cortical allografts hâve shown only partial 
incorporation. These grafts, therefore, do not remodel and 
are prone to fatigue and fracture. They, therefore, behave 
like implants. Ennekings study showed that union occurs 
at the cortex-cortex junction slowly by formation of 
external callus. Union at cortical-cortical junctions 
occurred slowly (approximately twelve months) by host- 
derived external callus that bridged the junction and filled 
the gap between abutting cortices. The bone in the gap 
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did not undergo stress-oriented remodeling even after 
many years, and, when the union was intentionally 
disrupted, failure occurred at the cernent line that marked 
the allograft-host junction. Repair of the necrotic graft 
matrix was both external and internai. External repair 
consisted of the apposition of a thin seam of host bone 
on the outer surface of the graft, coating about 40% of the 
surface at one year and 80% at two years. Internai repair 
was confined to the ends and the periphery of the cortices 
and penetrated so slowly that only 15 to 20% of the graft 
was repaired by five years, after which deeper repair 
seldom occurred. Soft tissues become firmly attached to 
the graft by a seam of new bone. Partial segment cortical 
struts unlike the full segment grafts used to bridge partial 
defects in bone incorporate rapidly and well as they are 
exposed to well vascularized host tissue on ail sides. 

Clinical implication : full segment struts take a long time 
to incorporate and thus need to be supported rigidly with 
a nail or plate till incorporation. Combining a full segment 
strut with a vascularized fibula provides vascular tissue 
ail around the graft and allows early incorporation as in 
partial segment struts (Fig. 1). 

Effect of Processing on Biomechanical Strength 

For the allograft to function effectively, it must provide 
and retain strength in order to support mechanical loads 
in the human body. The processing of allograft is vital 
for viral and bacterial inactivation as well as for reducing 
the immunogenecity. The properties of the graft like 
strength (maximal load that may be withstood before 
breaking), elastic modulus (spring constant or stiffness), 
and work-to-fracture (a function of both the load and the 
deformation; the energy that is absorbed) before failure 
are ail affected negatively by the processing. Freezing of 
bone tissue for storage has very little effect on bone 
properties. Freeze drying causes réduction of strength by 
producing microcracks along the collagen fibers. These 
effects appear to be magnified when freeze-drying and 
gamma irradiation are used together. Compressive 
strength is reduced by up to 30%, bending strength by 
41% and torsional strength was decreased by 60%. Bone 
becomes more brittle when the moisture is removed, but 
the material properties can be at least partially regained 
by rehydration before the grafting procedure. Radiation 
also makes the bone more brittle; this means that little 
displacement causes a fracture. This effect is magnified 
if freeze-drying is also used. Cancellous bone grafts in 
contrast are far more résistant to damage from gamma 
irradiation without much réduction in strength in doses 
upto 5 mrad. The clinical implication of strength 


réduction is that freeze dried and radiated bone is very 
brittle, reaming or cutting hâve to be done very carefully. 
In order to regain strength rehydration by immersing the 
graft in saline for at least 30 min prior to implantation 
must be done. Packing the medullary canal with cernent 
also improves the strength. 

Clinical Use of Allografts 

Broadly there are two types of bone defects: cavitary and 
segmentai. Cavitary defects are generally in well 
vascularized host bone. A common example is the defect 
left after curetting benign tumors like giant cell tumor 
(Fig. 2) or tumor-like conditions like aneurysmal bone 
cysts. Here the allograft is used as a graft expander. It is 
combined with either small amount of autograft or host 
bone marrow to improve the osteoinductive potential. 
Incorporation is generally seen in 3-6 months. In small 
defects allografts and autograft hâve the same rate of 
incorporation. In larger defects (>60cc) the allograft 
incorporâtes slowly and often incompletely. The cavities 
are best packed with morselized graft. Morcellization is 
done using a bone mill or grinder. This allows tight 
packing of the cavity with very few intervening spaces. 
Radiologically this appears dense white like cernent and 
makes a récurrence easy to spot. The morselized allograft 
can be combined with allograft or autograft struts 
wherever structural support strength is required. We 
hâve often used allograft fibular struts with high rate of 
success (Fig. 3). In the case of tumors adjacent to joints 
where less than 5 mm of subchondral bone remains, there 
is a risk of collapse of the condyle and résorption of the 
allograft (Fig. 4). We recommend using autograft strut to 
support the condyle and prevent collapse and even 
internai fixation may be necessary. 

Uncontained morcelised graft in our expérience, has 
a high failure rate. It may be indicated in select indications 
like layering for posterior spinal fusion and packing cages 
for anterior fusion. We occasionally use it for augmenting 
autograft strut bone in knee arthrodesis. Wherever 
possible, one must ensure a well vascularized bed in 
which the allograft is placed. In a vascularized bed the 
incorporation is good and fast. 

Partial cortical struts hâve a high success rate in our 
expérience. We hâve used it for reconstructing the 
hemicortical defects left after excision of low grade surface 
tumors like a parosteal osteosarcoma (Fig. 5). In such cases 
the hemicortical segment is accurately carved out of the 
full bone and fixed to the host with circlage wires and a 
buttress plate. Incorporation is rapid and predictable. This 
is because of well vascularized tissue around the allograft 
strut. 
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Full segment struts are most challenging. Intercalary 
defects left after joint sparing tumor resections especially 
in children hâve been the most common indications 
(Fig. 6). Adjuvant treatment such as chemotherapy and 
radiotherapy are likely to interfère with incorporation. 
The ends must be carefully prepared for accurate 
apposition with minimum gap. Autografting junction can 
also help incorporation. For cases where incorporation is 
delayed, autografting of junctions may be required. We 
routinely pack the canal with cernent to improve the 
strength. We hâve used a rigid plate to stabilize the 
reconstruct. A single unicortical screw through the 
allograft provides rotational and translational stability 
to the allograft. We hâve minimized holes in the allograft 
to reduce the incidence of fracture. 

Osteoarticular allografts hâve been used with varying 
success for reconstructing tumor related defects. Hemi- 
condylar or total condylar grafts may be used depending 
on the clinical situation. The technique is demanding, size 
matching is important to prevent incongruity. Ligaments 
and capsule hâve to be resutured for stability. Mankin et 
al in their sériés report a 73% success rate with a long- 
term follow-up. They also showed that grafts hâve a high 
risk of infection in the first year and a fracture in the third 
year. After the fifth year these grafts were shown to be 
stable. One third of patients show radiological evidence 
of joint degeneration after 5 years. We ourselves hâve no 
Personal expérience of osteoarticular grafts. 

Combining Allograft with a Prosthesis 

Long term studies with osteoarticular allografts has 
shown that over a period of time the articular cartilage 
degenerates causing collapse and fragmentation. It is 
therefore, an attractive concept that the bone length be 
reconstructed with bone and the joint surface with a 
prosthesis. This would offer advantages of both. In the 
hip this is especially useful where the bonestock can be 
restored with the allograft and the joint function with a 
prosthesis. The allograft also permits biological 
attachment for the musculature, especially the abductors. 
Around the knee, the alloprosthetic-composite may last 
longer than the prosthesis or allograft alone. 

Allograft with a Live Fibula 

Also known as the Capana's procedure, here the allograft 
is combined with a live fibula graft placed in the allograft 
intramedullary canal through a slot eut into it. This now 
provides a well vascularized surface in the canal of the 
allograft thus providing vascularity ail around. The 
allograft provides the strength till the fibula incorporâtes. 
The vascular bed also allows faster incorporation of the 


allograft and possibly a more complété uptake also 

(Fig. 1). 

Indications for Allografts 

1. Packing cavities left after benign tumor excision or 
trauma tic defects. 

2. Wedges or blocks for arthrodesis of spine or 
osteotomy. 

3. Packing a cage for spinal fusion. 

4. Partial cortical defects, post-traumatic or after tumor 
excision. 

5. Full segment defects like those after tumor excision. 

6. Osteoarticular segment replacement after tumor 
excision. 

7. Intercalary struts for arthrodesis as in knee or 
shoulder. 

8. Correction of deformity or packing cavities in révision 
joint replacement. 

9. Onlay strut grafting for periprosthetic fractures. 

Complications with Allografts 

The most feared complication with allografts is infection 
which has been reported in 5 to 10% of cases. Our own 
expérience has been much the same. As in joint 
replacement, infection can occur late from hematogenous 
inoculation from an infective source elsewhere in the 
body. Allograft retrieval studies hâve shown that almost 
70% of large allograft strut may remain non-vascularized 
and this may explain some of the delayed infections. The 
principles of managing the infection are much the same 
as in joint replacement. Early infections can be salvaged 
with a wound wash and debridement with long term 
parentéral antibiotic therapy. In other cases allograft may 
require removal. In some cases even an amputation may 
be necessary. 

Stérile drainage has occurred in some our cases, 
particularly with morcelized graft. This is seen more 
frequently where large quantity of allograft is used. Graft 
résorption to variable extent sometimes occurs. This can 
be problematic in subchondral areas where the condyle 
may collapse. We, therefore, do not recommend the use 
of allograft alone when less than 5 mm of subchondral 
bone remains in Giant cell tumors. 

Non union and fracture are well known complica¬ 
tions of strut allografts. Adjuvant thérapies like chemo¬ 
therapy and radiation may interfère with incorporation. 
Autografting at the non-union site generally results in 
union. For fractures the graft may require replacement. 
Adding cernent in the intramedullary canal and rigid 
fixation are means of protecting the allograft. It is 
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advisable not to drill holes into the allograft to reduce 
fractures. 

CONCLUSION 

Allografts can help reduce donor site morbidity. They 
are invaluable in children and for large long bone seg¬ 
ments where no suitable autograft is available. 
Incorporation rates hâve been very good in selected cases. 
Though complications like infection can occur, the 
advantages outstrip the drawbacks. The properties of the 
allograft dépend on the kind of processing and this must 
be taken into considération prior to the clinical use. 
Unprocessed graft is not safe from risks of disease 
transmission. Allografts offer an orthopédie surgeon 
more choices for reconstruction. Proper technique is vital 
to minimise complications especially with large allografts. 
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Palliative Care in 
Advanced Cancer and 
Cancer Pain Management 

MA Muckaden, PN Jain 


Most patients with bone and soft tissue tumors would 
hâve received chemotherapy followed by surgery and 
or radiation therapy for tumor control. However, this 
does not always lead to a cure of the disease. Some of the 
patients relapse either while still on therapy, immediately 
after cessation or after the passage of some months. They 
hâve already been physically, mentally and spiritually 
challenged and yet the disease is not under control. These 
patients and their families continue to need support and 
care. 

Palliative care ensures an enhanced quality of life 
through advancing disease to death and bereavement. It 
ultimately hinges on effective symptom control and 
issues that need to be addressed in these patients include 
disease growth, decreasing general condition, despair of 
patient and family, diminishing medical options and 
depleted financial resources. 

Therefore in a case of advancing cancer we need to 
care for the physical, mental, psychosocial and spiritual 
aspects of the patient and his family members. 

The cardinal principles of good symptom control are: 

Evaluation 

• Ail symptoms need to be evaluated individually and 
treated accordingly. 

• A scientific recording of each symptom is impérative, 
if possible on a body chart so that one can go back 
and assess response (e.g. Pain chart of intensity and 
site) 

• At follow up, one must record response, side effects 
of drugs, change of médication, etc. and go back to 
the first principle. 

Explanation 

• It is important to explain what we are doing and why 
in a manner and language that the patients and their 
families under stand. 


• Ail procedures and their side-effects must be 
explained and consent taken. Sometimes the side- 
effects are worse than the disease and if not antici- 
pated would make the patient even more distresssed. 

îndividualize treatment 

• In this présent era of evidence based medicine and 
protocol based therapy, the palliative care patient is 
unique. Symptomatic care, therefore, must be 
individualized for the current status of the patient and 
family. 

Supervision 

• At every visit, the symptom relief and side-effects 
must be assessed, recorded and dosage of medicines 
titrated. As few drugs as possible should be used. It 
is important to keep in mind that the patients do not 
hâve an appetite and too many drugs will only take 
away what little there is. 

• The side effects may be counter-productive. However, 
sometimes the side effect of a drug is bénéficiai e.g. 
Amytriptylline prescribed for neuropathie pain has 
an antidepressant effect which is bénéficiai. 

Attention to detail 

• The small things patients may be afraid to tell us 
because they think it is silly, will make the différence 
between success and failure. In an atmosphère created 
of mutual trust, they will feel free to discuss difficulties 
with the care giver. Good care is also based on a good 
partnership between caregivers and patients, which 
evolves over time. Family members must always be a 
part of the team and enlisted as such. 

Palliative care requires a team approach. Many a time, 

the multiple issues involved in good palliative care are 

difficult to solve, and the help of the various members of 

a team is mandatory. The team includes a palliative care 
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oncologist, a pain care specialist, nurses trained in 
palliative nursing, home care services, an occupational 
therapist, a medical social worker, a dietician. In Palliative 
Care ail team members are equally important as they hâve 
their own spécial skills to contribute. 

Symptoms that commonly need to be addressed in 
palliative care are: 

Pain 

Often, the major symptom is moderate to severe pain. 
Clinicians should reassure patients and their families that 
most pain can be relieved throughout the course of illness. 
Health professionals should encourage patients to be 
active participants in pain management. 

Pain control merits high priority for various reasons. 
First under-relieved pain causes unnecessary suffering. 
Because pain diminishes activity, appetite, and sleep, it 
can further weaken an already debilitated patient. The 
psychological effect of cancer pain can be devastating. 
Chronic unrelieved pain can lead patients to reject active 
treatment programs. Uncontrolled pain prevents patients 
from working productively, enjoying récréation or taking 
pleasure in their usual rôle in the family and society. Pain 
control, therefore, merits a high priority not only for those 
with advanced disease, but also for the patient whose 
condition is stable and whose life expectancy is long. 

Pain is defined as 'an unpleasant sensory and 
emotional expérience associated with actual or potential 
tissue damage or described in terms of such damage' 
(International Association for the Study of Pain). The 
perception of pain is modulated by the patient's mood, 
morale and the meaning of the pain for the patient. Pain 
in cancer may be caused by the cancer itself or by its 
treatment (radiation, chemotherapy and surgery) or its 
related debility or concurrent disorder. Bone pain is the 
most common kind of pain caused by cancer. Osteolytic 
lésions are the major source of pain causing difficulty in 
ambulation, neurologie déficits and pathologie fractures. 
Skeletal involvement with neoplastic disease is the third 
most common metastatic site after lungs and liver. Up to 
85% of patients dying from breast, prostate or lung cancer 
demonstrate bone involvement at autopsy. Vertébral 
metastasis with or without épidural cord compression 
can be another cause of pain in oncology patients. The 
most common tumors causing metastatic épidural cord 
compression or cauda equina syndrome are from breast, 
lung, prostrate, thyroid and kidney. The spread is usually 
hématologie leading to vertébral body collapse and 
formation of an épidural mass. Direct invasion of tumor 
through the intervertébral foramina from a paravertebral 
source can also occur. 


The goals of pain management are: 

• Relief at night 

• Relief at rest during the day 

• Relief on movement (this is not always completely 
possible) 

Relief of pain may be achieved by the following methods: 

• Explanation 

• Modification of pathological process 

• Elévation of pain threshold 

• Interruption of pain pathways 

• Modification of lifestyles and immobilization 
Even if disease-modifying treatment is prescribed, this 

does not mean that analgésies should be withheld. Best 
results are usually obtained by adopting a multi-modality 
approach combining two or more modalities of treat- 
ments. The use of analgésies and other drugs is simply 
one way of elevating the patient's pain threshold, thus 
reducing perception of pain. Whether pain is somatic 
(localized and sharp), viscéral (diffuse and dull aching), 
neuropathie (burning, sharp current like shooting pain, 
tingling) or mixed, each component needs to be assessed 
continually. The pain score should be assessed on 0-10 
scale, where 0 is "no pain" and 10 is "worst possible pain". 
Reassessment is a continuing necessity. Old pains may 
get worse and new ones may develop. For pain caused 
by cancer, drugs usually give adéquate relief provided 
the right drug is administered in the right dose at the 
right time intervals. 

The following principles govern the use of analgésies: 

• "By the mouth"—The oral route is the preferred route 
for analgésies, including morphine. 

• "By the clock"—Persistent pain relief requires 
préventive therapy. This means that analgésies should 
be given regularly and prophylactically. "As needed" 
médication is irrational and inhumane. 

• "By the ladder"—use a three-step WHO analgésie 
ladder: 

Step 1: non narcotics (NSAIDS) 

Step 2: mild opioids (Codeine, pentazocine) 

Step 3: strong opioids (morphine) 

If a drug falls to relieve, move up the ladder. Do not 
move laterally in the same efficacy group. 

• "For the individual"—The right dose of an analgésie 
is the dose that relieves the pain. 

• "Monitored treatment"—The response to treatment 
must be monitored to ensure that benefits of treatment 
are maximized and adverse effects minimized. 

• "Use adjuvant drugs"—A laxative is almost always 
necessary with an opioid. More than 50% of patients 
need an anti-emetic. 
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Oral analgésies are the mainstay of therapy for cancer 
pain. An estimated 70 to 90% of patients can be rendered 
relatively free of pain, when rational principles of 
pharmacological management are applied in a thorough 
and careful manner. The World Health Organization has 
adopted a Tadder' approach to cancer pain management 
that relies exclusively on the administration of oral 
analgesia. 

I. Non-opioid (Non-narcotic) Analgésies 

These agents are effective when administered as the sole 
drug treatment for mild pain. They may be combined 
with opioids to treat moderate to severe pain. NSAID's 
hâve analgésie, anti-inflammatory and antipyretic 
activity. They inhibit the formation of prostaglandins 
from arachidonic acid via the cyclo-oxygenase pathway. 
Bone destruction also causes prostaglandin release, 
therefore, pain arising from bone métastasés may be 
treated effectively with NSAIDS. NSAID's include 
paracétamol, ibuprofen, naproxen, diclofenac and 
mephenamic acid. They can be given orally, rectally, 
intramuscularly as well as by topical applications and 
are the first line agents for mild to moderate cancer pain. 
There is increasing evidence to suggest that these drugs 
may hâve unique rôle in management of certain kinds of 
pain from bone métastasés. Their side effects include 
heartburn, nausea, vomiting, diarrhea, bleeding, gastric 
ulcération, perforation and occasionally hepatic and rénal 
dysfunction, etc. Recently, COX-2 NSAIDS (e.g. rofecoxib, 
valdecoxib) hâve been introduced in practice, which are 
considered relatively safe. 

II. Opioids (Narcotic) Analgésies 

Opioids are the mainstay in the management of moderate 
to severe cancer pain because of their effectiveness, ease 
of titration and favorable risk-to-benefit ratio. Opioids 
do not hâve a ceiling effect to their analgésie efficacy and 
will not reverse or antagonise the effects of other opioids 
within this class given simultaneously. Side effects 
include constipation, nausea, vomiting, itching, urinary 
rétention, confusion, sédation and respiratory dépréssion, 
drug tolérance, physical dependence and addiction. 
However, addiction in cancer pain is encountered rarely. 

Morphine is the most commonly used opioid for 
moderate to severe pain because of it's availability in a 
wide variety of dosage and forms. It has well charac- 
terized pharmacokinetic and pharmacodynamie profile 
and relatively low cost. 

Adjuvants play a major rôle for pains that are 
insensitive to opioids. They are also useful in 
counteracting the side effects of the pain médications like 


nausea, vomiting, itching, dyspepsia, constipation, etc. 
The mainly used adjuvants are as follows: 

1. Corticosteroids 

2. Antidepressants (amitryptyline) 

3. Anticonvulsants (gabapentin) 

4. Other drugs: Antacids, H2 blockers, laxatives, stool 
softeners, antiemetics, antihistaminics and 
antipsychotic drugs. Radiopharmaceutical agents like 
bisphosphonates may be used as an infusion in bone 
metastasis with good relief. Injection calcitonin also 
has a rôle in pain relief due to osteolytic lésions. 

Non-pharmacological Management of Cancer Pain 

This plays a very important rôle in selected group of 
cancer pain patients who do not respond to analgésie 
therapy at ail or cases wherein giving a neurolytic block 
or other non-pharmacological approaches will benefit 
more than giving only analgésies. These approaches are 
of two types: 

a. Non-invasive Approaches 

Physical and behavioral modification approaches which 
may include cutaneous stimulation and massage, 
acupuncture, hypnosis, méditation and biofeedback, 
patient éducation, counseling and group discussions. 

b. Invasive Approaches 

Anesthetic nerve blocks and neurosurgical procedures, 
intrathecal pump implantation, etc. These procedures 
may be attempted when NSAIDS and opioids do not 
provide adéquate pain relief but increase the side effects 
only. Sensory nerves may be destroyed using neurolytics 
e.g. phénol or alcohol under imaging guidance after 
ascertaining the desired effect of block with lignocaine 
beforehand. These nerve blocks are usually performed 
by anesthetists in pain clinics. 

a. Diagnostic block: To détermine source of pain (e.g. 
somatic nerve versus sympathetic pathways) 

b. Therapeutic block: To treat painful conditions that 
respond to nerve blocks. 

c. Prognostic block: To predict outcome of the permanent 
interventions such as neurolysis and rhizotomy. 

d. Pre-emptive block: To prevent painful sequelae of 
procedures that may cause phantom limb or causalgia 
pain, etc. 

Though pain is a major symptom in a large number 
of patients, other conditions that may necessitate care are: 

Fungating Wounds Due to Advanced Cancer 

Most fungating wounds are caused by excessive growth 
of the tumor which infiltrâtes the skin. The blood supply 
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does not grow as fast as the tumor and therefore, there is 
a lot of necrosis. This leads to super added infection which 
is especially anaérobie. The tumor is foui smelling which 
distresses the patient and can often lead to isolation. 

Wound cleaning should be done with normal saline 
or boiled cooled water as anti microbiais prevent 
granulation in the absence of good vascularity. If the 
dressing is stuck, saline soaks should be used before 
removal, to prevent bleeding. Change of dressing should 
be done as often as it is soaked. Gentle debridement 
removes necrotic material but can increase the ooze and 
therefore, has to be skilled. Occasional use of hydrogen 
peroxide during cleaning is very helpful. 

The wound should be liberally dressed with 
"Metrogyl" gel. Antibiotic creams are of no useful benefit. 
A gel dressing should then be applied so that it does not 
stick during removal. If there is ooze or bleeding, local 
ethamsylate or tranxemic acid tablets crushed and 
applied with xylocaine gel in a pressure dressing will stop 
it. If not then more aggressive measures need to be 
considered. 

Lymphedema 

This is commonly seen with fungating wounds. The 
treatment involves: 

• Limb élévation 

• Gentle massage 

• Crepe bandage or custom made sleeves 

• Occasional use of steroids and diuretics. 

• If it is caused by a draining node above tumor which 
can be given anti-cancer treatment, then this will help 
in reducing the swelling. 

Nausea and Vomiting 

Not very common in musculoskeletal tumors. However, 
care must be taken to identify the site of the receptor that 
is being triggered, as the management is spécifie to that 
receptor. 

A. Centrally acting (rare due to brain metastasis) 

• Cyclizine and Levomepromazine are the drugs of 
choice but are not available in India. 

• Haloperidol 1.5-3 mg once a day 

• Metoclopramide in high dose may be tried with 
steroids. 

B. Acting at the chemoreceptor trigger zone (caused by 
drugs like morphine, digoxin, etc.) 

Most commonly used drugs are Dopamine antago- 
nists. 

• Metaclopramide 10 mg x 8 hrly 

• Domperidone 10 mg x 8 hrly 


C. Caused by stimulation of the 5HT3 recep tors is most 
often caused by stretch of the gut wall due to radio- 
therapy, chemotherapy or stasis caused by obstruc¬ 
tion. The most effective is Onandsetron 4-8 mg x 8 
hrly; Granisetron. 

D. For ail types, addition of steroids may help. 

Constipation and Diarrhea 

Again, a very common symptom, especially since the 
patients do not hâve an appetite, eat less, and are 
immobile. It is often iatrogénie. Small tasty meals, 
movement and consumption of liquids help. Common 
médications prescribed are: 

Bulk forming Isapghula husk 2-3 tbsp HS 

Methyl cellulose 2-3 tbsp HS 
Salines and Milk of Magnesia, liquid paraffin - 

lubricants 30 ml HS 

Contact laxatives Polyphenolics bisacodyl - 10 mg HS 
Sodium picosulphate - 10 mg or 
senna HS 

Osmotic agents Lactulose 30 mg HS 
Sorbitol - 30 ml HS 

A combination of a stool softener along with an 
intestinal motility agent is usually required especially to 
counteract the effect of morphine. Fecal impaction needs 
to be manually evacuated after softening with a 
suppository or arachis oil. This is followed by a Phosphate 
(Practoclyss) enema to remove any further retained fecal 
matter. The oral drugs hâve to be continued. 

Occasionally patients présent with diarrhea. It is 
important to rule out spurious diarrhea which has to be 
managed as fecal impaction. True diarrhea is treated with 
drugs to reduce motility e.g. Loperamide. As with ail 
symptoms, regular review is mandatory. 

Respiratory Distress 

It is generally caused by lung metastasis. Lung paren- 
chymal deposits or pleural based nodules may cause 
sympathetic effusion or pericardial disease. Correctable 
causes must be attended to, as timely pleural or 
pericardial tapping will relieve the distress immediately. 
If the effusions are répétitive, installation of talc after 
intercostal drainage may prevent a fast refilling. 
Occasionally antibiotics may be needed. 

Use of drugs for relieving asthma attacks - Salbutamol 
- 1-2 mg x 8 hrly 

Nebulised inhalers hâve been recommended 
occasionally. Non drug measures must be advised (cool 
breeze, relaxing techniques, gentle back massage, etc.). 
They prevent subséquent panic attacks. Low dose steroids 
occasionally are of benefit. Terminal breathlessness needs 
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anti anxiolytics to reduce the awareness of breathing with 
sublingual Lorazépam 1-2 mg x 6-8 hrly or Midazolam 
10-20 mg SC as required. A balance between excessive 
drowsiness and acute discomfort has to be achieved. 
These drugs are combined with Morphine in a dose of 
5 mg x 4hrly if the patient is opioid naive. If not, then 
the dose of Morphine has to be increased by 50% to 
decrease the awareness of terminal breathlessness. If the 
sécrétions are excessive, however, gentle suction is 
needed along with the above. 

Anxiety and Dépréssion 

This is very common with advancing cancer. It is often 
associated with sleeplessness. The common drug used is 
Amytryptilline 25 -75 mg HS with slow incréments. The 
effect is felt within a week. It is cheap and effective but 
causes a dry mouth. The added advantage of its 
usefulness for the neuropathie component of pain makes 
it the cornerstone in India. Paroxetene and fluoxetine are 
also useful. 

Though limited, there is a rôle for conventional anti 
cancer treatment modalities in a palliative setting. 
Majority of the patients may hâve already received full 
treatment, yet they could still obtain additional benefits 
from these conventional modalities. 

Radiation therapy: This modality would remain the 
backbone of "good symptom control". The concept of 
Osteosarcoma being "radio résistant" has to be 
appreciated in relative terms. The judicious use of a short 
term high dose schedule can relieve pain, bleeding and 
reduce the size of a massive tumor in many patients with 
unresectable disease. Ewing's family of tumors are 
innately "radiosensitive" tumors. The patients keep 
presenting with new bony or soft tissue lésions as do some 
of the soft-tissue sarcomas. Radiotherapy can cause 
immédiate tumor shrinkage and relief of symptoms. 

Chemotherapy: At relapse though there is no standard 
régime the use of some of the experimental drugs do lead 
to tumor shrinkage and relief of symptoms. 

Surgery: Amputation and other forms of ablative surgery 
are considered when ail else fails for symptom control in 
terminal disease. 


Skilled palliative care can provide good symptom 
control to help alleviate the pain and suffering of 
terminally ill cancer patients. Though it may occasionally 
be necessary to provide it in a hospital setting where the 
expertise of specialists is available, wherever possible a 
patient should be provided good symptom control at 
home. Palliative radiotherapy, minor surgical procedures, 
chemotherapy, physiotherapy, occupational therapy and 
nutritional care are readily available in the hospital. If 
necessary the patient can be admitted for a day or two 
till these treatments are given and symptom control is 
achieved. However, 90% of the time oral médication is 
adéquate and an indwelling subeutaneous cathéter can 
be managed at home. Though most Indian patients résidé 
in villages and the medical care is extremely basic, they 
would still wish to spend the final days in familiar 
surroundings. Since the care is basic, this can be arranged 
by training doctors and nurses from the rural areas. The 
family members can be taught to dress wounds and give 
oral médications. When this cannot be achieved, 
admission to a hospice where an adéquate quality of life 
canbe assured should be arranged. Alternately, a training 
center is an intérim arrangement where the patients can 
be admitted for a few days, and the family members 
trained to take care of the patient at home after they 
return. There is a "limit to cure" but there is "no limit for 
caring". 
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The Management of 
Soft Tissue Sarcomas i 

Peter FM Choong, Stephen M Schlicht 


Soft tissue sarcomas arise primarily from the mesen- 
chyme and collectively account for a highly hetero- 
geneous group of malignancies. The spécifie tissue 
classification of sarcoma dépends on the most differen- 
tiated tumor cell type seen. Although, the majority of 
tumors are mesodermal in origin, some tumors do arise 
from the neuroectoderm and are included in the 
classification of soft tissue sarcomas (Table 1). 

INCIDENCE 

Soft tissue sarcomas are rare, accounting for less than 1 
in 1000 of ail cancers. The population incidence has been 
reported to be between 1 and 3 per 100,000 head of 
population. There is an association between the âge of 
diagnosis and histotype with rhabdomyosarcomas and 
synovial sarcomas occurring in young patients, 
liposarcomas in middle aged patients, and malignant 
fibrous histiocytomas in older patients. However, soft 
tissue sarcomas of any histotype may occur at any âge. 

ETIOLOGY 

Radiation induced sarcomas are a recognised 
conséquence in approximately 0.1% of patients who 
survive beyond 5 years following treatment that includes 
high dose radiotherapy. The diagnosis of a radiation 
induced sarcoma may be considered if the sarcoma 
develops within the field of previous radiotherapy, the 
histology is confirmed by pathologie examination, and 
that area was documented to be normal prior to the 
development of the sarcoma. Such sarcomas often arise 
in adulthood, and there is a prédilection for women 
because of the gender incidence of breast and 
gynaecological cancers which require radiotherapy as 
part of the treatment régime. The commonest histotype 


TABLE 1 : Classification of malignant soft tissue tumors 


Fibrous tumors 

Adult Fibrosarcoma 
Congénital and infantile 
fibrosarcoma 

Inflammatory fibrosarcoma 
Postradiation fibrosarcoma 
Cicatricial fibrosarcoma 
Fibrohistiocytic tumors 
Malignant fibrous 
histiocytoma 

- Storiform pleomorphic 

- Myxoid 
Giant cell 

- Inflammatory 

- Angiomatoid 
Adipose tumors 

- Liposarcoma 
Well differentiated 

- Myxoid 

- Round cell 

- Pleomorphic 

- Dedifferentiated 
Muscle tumors 
Smooth muscle 

- Leiomyosarcoma 

- Epithelioid leiomyosarcoma 
Striated muscle 

- Rhabdomyosarcoma 

- Ectomesenchymoma 


Vascular tumours 

Intermediate malignancy 

- Hemangioendothelioma 

- Hemangiopericytoma 
Malignant 

- Angiosarcoma 
Synovial tumors 
Synovial sarcoma 
Malignant giant cell tumor of 
tendon sheath 
Peripheral nerve tumors 
Malignant schwannoma 
Neuroepithelioma 
Malignant granular cell tumor 
Autonomie ganglion tumors 
Neuroblastoma 
Ganglioneuroblastoma 
Malignant melanotic schwannoma 
Malignant paraganglioma 
Cartilage and bone forming 
tumors 

Extraskeletal chondrosarcoma 
Extraskeletal osteosarcoma 

Others 

Alveolar soft part sarcoma 
Epithelioid sarcoma 
Clear cell sarcoma 
Extraskeletal Ewings sarcoma 
Unclassified soft tissue sarcoma 


of radiation induced sarcoma is malignant fibrous 
histiocytoma which occur s in almost 70% of cases. Other 
tissue types include osteosarcoma, fibrosarcoma and 
angiosarcoma. Most of these tumors are high grade and 
the survival statistics are commensurate with this grade 
giving 5 years overall survivais of between 5 and 25%. 

Genetic aberrations occasionally give rise to rare 
syndromes of neoplasia that include soft tissue sarcomas. 
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The Li-Fraumeni familial cancer syndrome is associated 
with abnormalities in the p53 tumor suppressor gene and 
the incidence of both bone and soft tissue sarcomas is 
notably higher in this group than the natural incidence. 
The retinoblastoma gene is another tumor suppressor 
gene that if mutated may give rise to sarcomas. 
Neurofibromatosis 1 gene abnormality is inherited as an 
autosomal dominant trait and is characterised by the 
stigmata of von Recklinghausen's disease, or multiple 
familial neurofibromatosis. Between 1-5% of patients with 
von Recklinghausen's disease develop malignant 
degeneration of their neurofibromata which convert to 
malignant peripheral nerve sheath tumor s. The neuro¬ 
fibromatosis 1 gene is thought to express tumor 
suppressor activity, and its mutation is believed to be 
linked with malignant degeneration. Soft tissue sarcomas 
are associated with very distinct chromosomal trans¬ 
locations and many of these hâve subsequently been 
shown to express gene fusion products that hâve 
tumorigenic properties. It is unclear if these gene 
translocations give rise to the tumor or develop after the 
tumor forms. 

The acquired immunodeficiency syndrome (AIDS) is 
associated with Kaposi's sarcoma in a small but defined 
group of patients. However, the relationship between the 
human immunodeficiency virus type I (HIV-I) that gives 
rise to AIDS remains spéculative and it is not clear if the 
incidence of Kaposi's sarcomas is as a resuit of HIV-I 
infection alone or in combination with other factors. 
Immunodeficiency, per se, has also been linked with the 
development of a rare form of angio/lymphangio 
sarcoma, which is recognised in the Stewart-Treves 
syndrome. In the Stewart-Treves syndrome, chronic 
lymphoedema following irradiation for other tumors 
such as breast or lymphoma, may be associated with a 
réduction in régional immunosurveillance, and this 
mechanism is thought, in part, to be responsible for 
sarcoma formation. 

There is a tenuous association with trauma. While 
trauma has been reported to précédé the development 
of soft tissue sarcoma, it more likely that trauma is often 
the antécédent event which draws attention to the mass. 
Some, however, hâve reported the development of soft 
tissue sarcomas in the immédiate area of post-traumatic 
scarring. Chemical agents which hâve been implicated 
in the development of tumors including sarcomas are 
polycyclic hydrocarbons, asbestos, dioxins and polyvinyl 
chloride. 

PRESENTATION 

There are 4 ways in which patients with soft tissue 
sarcomas présent, and the treatment will dépend on this. 


Patients may présent (i) with an incidental finding of a 
lump, (ii) following excision of a lump that is 
subsequently shown to be a sarcoma, (iii) with a local 
récurrence of a previously excised soft tissue sarcoma and 
(iv) very late with a massive and complicated tumor. Each 
will be discussed separately below. 

The Virgin Tumor 

Soft tissue sarcomas présent more commonly in the 6th 
and 7th décades of life and express a slight prédisposition 
for males. Some tumors such as synovial sarcomas and 
liposarcomas, however, may présent in patients as young 
as their 3rd decade. 

There is often a history of the insidious appearance 
of a small painless lump which remains quiescent for 
about 6 to 9 months before suddenly demonstrating 
progressive growth. In fact, the tumor would hâve been 
présent but undetected for several years at that site and 
the apparent accélération of growth is nothing more than 
the exponential part of the growth curve when the tumor 
population has reached clinically significant numbers. For 
example, doubling of tumor cell population is insigni¬ 
fiant when going from 1000 to 2000 cells. However, when 
there are 100 million cells, doubling to 200 million is likely 
to be dramatic despite the fact that the doubling time 
remains the same as for 1000 cells. The majority of soft 
tissue sarcomas measure over 5 cm in largest diameter 
when first noted. 

The painless nature of the tumor is an important 
reason why many tumors are ignored and hâve reached 
5 cm or more in diameter when medical attention is first 
sought. Furthermore, soft tissue sarcomas may présent 
in any number of shapes and sizes, thus masquerading 
as something other than a malignancy. When tumors 
reach a significant size, pain may arise from compression 
of surrounding structures, or from intratumoral infarction 
or hemorrhage as they begin to outgrow their blood 
supply. Pain, however, may be characteristic of certain 
tumors such as synovial sarcoma which is often small 
and painful and contrasts strongly with most other soft 
tissue sarcomas which are often large and painless. Other 
tumors that may be painful include neural tumors, 
hemangiomas, glomus tumors and angiolipomas. 

Soft tissue sarcomas favor the lower limb and in 
particular, the proximal part of the lower limb. The 
abundance of muscle in the thigh often disguises the 
graduai increase in size of soft tissue sarcomas which can 
reach very large sizes by the time medical attention is 
sought (Fig. 1). Sarcomas arising within the abdomen and 
pelvis are also likely to présent late with a large size 
because of the capacity of the abdomen and pelvis to hide 
the presence of such tumors. This contrasts with upper 
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Fig. 1 : Young patient with a large malignant fibrous 
histiocytoma of the posterior thigh 

limb tumors which are more easily recognised if a soft 
tissue anomaly is présent. Over half of soft tissue 
sarcomas arise beneath the deep fascia. An important 
characteristic of soft tissue sarcomas is the manner in 
which these tumors respect anatomie boundaries and 
fascial planes. Rarely do soft tissue sarcomas invade 
surrounding structures, unless they présent late in the 
course of their natural history. An important dictum may 
be that any tumorfound deep to the deep fascia or larger than 
5 cm should be regarded as a soft tissue sarcoma untü proven 
otherwise. If this dictum is followed, it is likely that most 
soft tissue sarcomas will be detected at présentation. 

A common mistake is to diagnose a lump as a chronic 
hematoma rather than a soft tissue sarcoma. Perhaps, this 
is because of the incidental history of minor trauma that 
the patient may présent with. To legitimise a diagnosis 
of chronic hematoma, there must be clear history of 
significant musculoskeletal trauma to account for the 
presumptive hematoma. In time, hematomas résolve. 
They do not increase in size. Another important dictum 
should be that there is no such thing as a chronic hematoma. 
If a diagnosis of chronic hematoma is ever to be 
entertained then the differential diagnosis should always 
include a soft tissue sarcoma. 

Occasionally, patients with soft tissue sarcomas of the 
flexor fossae may présent with evidence of deep vein 


thrombosis. Tumors arising at this site may grow to 
considérable sizes because of the lack of fascial planes 
within the flexor fossae, and thus reach a size sufficient 
to compress the vascular structures of which the vein is 
most vulnérable. Détection of the soft tissue sarcoma is 
often delayed because its size is frequently attributed to 
the edema of venous congestion. 

The management of virgin tumors is usually 
uncomplicated with the principles of oncology being the 
need to détermine the local and systemic extent, the 
physical nature, and the histotype of the tumor. Ideally, 
ail these principles will be met in the setting of a 
multidisciplinary approach as a préludé to developing a 
management plan. 

The Unexpected Diagnosis 

Soft tissue sarcomas that are undiagnosed until after their 
excision pose many challenges for the treating team. 
Often, these tumors being mistaken for benign lésions 
such as lipomas, sebaceous cysts and hematomas, are 
excised with surgical margins that are oncologically 
unacceptable or even transgressed. Transgression of the 
tumor capsule allows spillage of tumor cells which when 
admixed with a surgical hematoma or in the presence of 
an extensive wound gives rise to serious operative field 
contamination. This may be further compounded by the 
presence of important structures within the contaminated 
field such as vital neurovascular structures, the joint 
cavity and the viscera that may need to be sacrificed 
because of their contamination. Contamination may also 
occur from a poorly performed biopsy that allows 
hematoma formation. As a conséquence of wide conta¬ 
mination, full clearance of the area of contamination to 
minimise the risk of local récurrence may not be possible 
without limb amputation, or in the cases of axial tumors 
such as those involving the trunk wall, retroperitoneum 
or neck, the contamination may be so great as to remove 
the possibility of complété surgical excision where the 
only option afterwards may be palliative adjuvant 
radiotherapy or chemotherapy. In such cases, local 
récurrence is almost a certainty (Fig. 2A to C). 

Tumors Presenting as Local Récurrence 

Patients may présent with a mass within or immediately 
adjacent to the operative field where previous surgery 
was performed to resect a soft tissue sarcoma (Fig. 3). 
Local récurrence usually occurs because of inadéquate 
margins but may also présent as a local manifestation of 
a biologically aggressive tumor, and in the latter this may 
eventually be associated with the appearance of systemic 
disease such as metastatic disease to the lungs. The local 
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Figs 2A to C: (A) A 63-year-old woman with a large posterior neck soft tissue sarcoma which was incompletely excised via a 
transverse posterior incision. This was complicated by hematoma that extended down the front and back of her chest wall. This 
resulted in (B and C) extensive tumor formation throughout the path of the hematoma ( For color version see Plate 17) 



i_i 

Fig. 3: A 72-year old woman with a local récurrence of soft 
tissue sarcoma along the incision used to excise a forearm soft 
tissue sarcoma ( For color version see Plate 18) 

treatment of local récurrence is the same as for the 
primary tumor. 

Tumors Presenting Late 

Patients may présent very late with tumors that are 
extremely large. In these cases, the tumor is noted when 
it is small, but for a number of reasons including cultural. 



Fig. 4: A 82-year-old man with a soft tissue sarcoma that had 
erupted through the skin of the left elbow after late présentation 
(For color version see Plate 18) 


socioeconomic, psychological, poor éducation or fear, 
patients choose not to seek medical help until much later. 
Frequently, the size of the tumor prevents adéquate or 
limb sparing surgery, and for many the large size is 
associated with distant spread of disease (Fig. 4). In these 
patients, palliation with combinations of surgery, 
radiotherapy and/or chemotherapy is the only option 
for management. 
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INVESTIGATIONS 

If a soft tissue sarcoma is suspected, then a full sériés of 
staging investigations must be obtained prior to biopsy. 
The purpose of staging investigations is to détermine the 
nature, and local and systemic extent of the tumor. In 
principle, ail tumors should be imaged prior to biopsy, 
because the edema, hemorrhage or inflammation of 
biopsy may confound sensitive tests such as magnetic 
résonance imaging, making it difficult to differentiate the 
artefact of biopsy with the local aggressiveness of the 
tumor. Inappropriate interprétation of the test may 
subsequently lead to over- or undertreatment of the 
tumor. 

Plain Film Radiography 

Whilst not as useful in évaluation as for primary bone 
lésions plain films are usually the first imaging modality 
employed in clinically suspected soft tissue masses. Often 
they will be normal and non-contributory however they 
may reveal a focal skeletal abnormality presenting as a 
soft tissue mass. They are important in assessing the 
presence of soft tissue calcification which maybe 
characteristic in lésions such as the phleboliths seen in 
hemangioma allowing a spécifie diagnosis to be made. 
Fine punctate calcification may alert the clinician to the 
possibility of synovial sarcoma. The presence of the 
typical marginal calcification seen in myositis ossificans 
will be more easily appreciated on plain films compared 
with magnetic résonance. For local staging plain films 
however are not particularly useful but the presence of 
underlying cortical destruction will indicate extra- 
compartmental spread. 

Magnetic Résonance Imaging 

Magnetic résonance imaging (MRI) has been one of the 
most valuable modalities for anatomie imaging over the 
last 2 décades. The advantages of this non-ionising 
technique over other imaging modalities are its multi- 
planar imaging capabilities, (though the latest génération 
multislice CT units are also capable of this), unrivalled 
soft tissue contrast and ability to image whole compart- 
ments. Additionally, the intramedullary canal of bone 
can be accurately visualised to détermine the marrow 
extent of tumor, skip lésions or the resolution of edema, 
which may accompany intraosseous tumors. With 
contrast enhanced MRI, improved tumor-muscle contrast 
can be obtained which is particularly useful for delineat- 
ing spécifie muscular compartments affected as well as 
depicting the invasion of individual muscles by a 
neoplasm. MRI is also extremely valuable for 
demonstrating the neurovascular structures adjacent to 



Figs 5A and B: Whole body magnetic résonance image of a 
patient with (A) malignant tumor of the right médial fémoral 
condyle and evidence of metastatic lésions to the 
subtrochanteric area (arrows), and (B) the sacrum and vertebrae 
(arrows) 

tumors, which is important in determining the 
resectability of tumors and the anticipated quality of 
surgical margins. More sophisticated software now 
allows dynamic scanning which permits an assessment 
of blood flow and thus, MR angiography. This technique 
also provides clinically important incrémental 
information regarding sites of tumor viability prior to 
biopsy and improved tissue characterization. Whole body 
MRI is available in selected centres and is an excellent 
tool for visualising the whole body with the same 
resolution as seen with conventional MR imaging of 
individual régions (Figs 5A and B). In the future, this may 
be a more sensitive method of performing a skeletal 
survey or for supplementing a whole body bone scan. 

Although, MRI is an excellent modality for anatomie 
imaging, it has several shortcomings including a lack of 
specificity. It may be very difficult to differentiate 
between infection, trauma and benign or malignant 
tumor. The traditionally held criteria for benignity, which 
include small size, smooth borders and homogeneous 
signal, can be unreliable. Identification of a large mass 
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with a heterogeneous signal, surrounding edema deep 
to the deep fascia and or associated with bone destruction 
increases the likelihood of malignancy. MRI is also 
susceptible to métal and motion artefact. The availability 
of titanium implants and improved image suppression 
software can help to reduce but not totally remove this 
problem. The high sensitivity of MRI may also be 
susceptible to significant local artefact if the tumor is 
surgically manipulated prior to MR imaging. 
Inflammation, edema and scarring are characteristics of 
surgery that may confound the interprétation of MRI and 
prevent satisfactory délinéation of tumor. As MRI has a 
fundamental rôle in local staging of tumor, no surgery 
including biopsy should be performed prior to this test 
being performed. Unfortunately there are some 
conditions which will preclude the performance of a MR 
examination notably patient's who hâve a pacemaker or 
defibrillator in situ. It is best to consider the MRI findings 
in the context of other available imaging information prior 
to making a provisional diagnosis of tumor. 

Computed Tomography 

Computed tomography (CT) is readily available in the 
community and is particularly sensitive for determining 
bone destruction and identifying calcified tumor matrix. 
Indeed CT is more sensitive than MRI for detecting and 
assessing calcified tumor matrix and cortical changes such 
as destruction or conversely new bone formation. MRI is 
relatively insensitive to the latter and the problems of 


motion artefact with MRI when imaging areas such as 
the chest wall highlight the utility of CT scanning for these 
situations. With contrast enhancement, soft tissue lésions 
can also be demonstrated with great accuracy using CT. 
The availability of sophisticated computer software now 
permits three-dimensional reconstruction of anatomy, 
and this is of high quality for bone (Figs 6A to C) but is 
not as good with soft tissue as MRI. Image co-registration 
allows the combination of CT scanning with other 
multiple modalities of imaging on the same picture frame. 
This new technique permits the union of biologie 
information from metabolic scanning to be incorporated 
with structural imaging thereby improving the value of 
information derived from the each scanning modality. 
This may be particularly useful for guiding biopsy, 
differentiating between récurrent tumor and granulation 
tissue, and demonstrating response to treatment. CT 
scanning is now a fast technique and multislice machines 
can dérivé very fine detail from each examination in any 
image plane desired like MRI. The contraindications to 
MRI include the presence of métal hardware or débris in 
the patient and pacemakers, and these underscore the 
ongoing rôle of CT scanning in the work-up of musculo- 
skeletal tumor s. 

A disadvantage of CT scanning is the restriction of 
image acquisition to the axial plane. As yet, image 
reconstruction to provide coronal or sagittal views are 
inferior to what can be attained using MRI. Soft tissue 
contrast may also be difficult if tumors are isointense with 
muscle or fat. 



Figs 6A to C: Computed tomography of (A) soft tissue sarcoma of the posterior thigh. Note the excellent bony imaging and good 
contrast between fat containing and muscle tissues. (B) Computed tomographie sagittal reconstruction the thorax and abdomen, 
and (C) 3-dimensional reconstruction of the pelvis demonstrating posterior periacetabular destruction. Note that colorization of 
the adjacent internai iliac vessels allow their identification in relation to the tumor which assists in preoperative planning (For 
color version see Plate 18) 
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Fig. 7: A patient with a latéral thigh mass is noted to hâve a soft tissue mass that is engaging the deep 
fascia. The functional imaging strongly suggests that the upper aspect of the mass contains the most 
metabolically active tissue targeting it for spécifie biopsy (For color version see Plate 19) 


Nuclear Medicine 

The most widely used and well-recognised nuclear 
medicine technique in evaluating bone and soft tissue 
tumors is the bone scan. 

Another technique known as functional metabolic 
imaging assesses the basal metabolic activity of tumors 
using radioisotopes that are metabolised by or 
concentrated in the tumor. In contrast to technetium- 
MDP scans that measure the response of bone to the 
tumor, metabolic imaging looks at the activity of the 
tumor itself. Thallium-201 chloride (TI-201) scanning is 
a good example of metabolic imaging. TI-201 is a 
potassium analogue that is actively concentrated in tumor 
cells by the sodium-potassium ATPase pump and by a 
cotransport System mediated by a calcium-dependent ion 
channel. Enhanced metabolic activity often increases 
activity of these pumps and therefore, malignant tumors 
frequently concentrate this tracer more avidly than 
normal soft tissue or bone particularly on delayed images 
(Fig. 7). High affinity for Tl-201 has been demonstrated 
in bone and soft tissue sarcomas. Other radioisotopes 
used in metabolic imaging of bone and soft tissue 
malignancies include F-18 flouromisonidazole, TC-99m 
sestamibi, and gallium-67 citrate. 

Positron émission tomography (PET) is another 
example of metabolic imaging which is developing an 
increasingly important rôle in orthopédie oncology. 


Metabolic imaging has utility not only for grading 
tumors, but also allows comparison between pre- and 
post-treatment images, which is a potential means of 
foliowing therapeutic response. Since heterogeneity of 
proliférative activity often exists within tumors, metabolic 
imaging approaches can also be helpful to guide biopsy 
of the most active and viable parts of the tumor improving 
diagnostic yield and minimising sampling errors. 

Ultrasound 

Ultrasound has at most only a limited place in the 
assessment of soft tissue sarcomas. Its main rôle is in 
determining whether a mass is solid or cystic. This can 
be useful in the popliteal fossa where an uncomplicated 
Baker's cyst can be readily distinguished from a solid 
lésion. However ultrasound has a number of significant 
shortcomings which include it is a real time operator 
dépendent modality making subséquent image review 
difficult for the treating surgeon. 

BIOPSY 

Once the staging studies hâve been performed, histologie 
confirmation is required, and this is achieved through 
biopsy. In principle, there are 2 methods of biopsy, 
namely, open and closed biopsy. Open biopsy is the 
harvest of tissue through a formai surgical incision while 
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a closed biopsy obtains tissue percutaneously with the 
aid of biopsy needles usually under image guidance and 
these hâve been discussed in the section on biopsy. 

CHEMOTHERAPY 

Approximately 40% of patients with soft tissue sarcomas 
develop metastatic disease. This is despite excellent rates 
of local control of disease with the combination of surgery 
and radiotherapy. The high rate of systemic récurrence 
has lead to substantial efforts to develop chemothera- 
peutic régimes to address this problem. In contrast to its 
use in many other solid tumors, chemotherapy has not 
enjoyed the same level of success in soft tissue sarcomas. 
Disappointingly, it has not shown a significant 
improvement in either metastasis or disease free survival 
when combined with surgery. In principle, the worse 
cases with the highest metastatic risk should be selected 
out for chemotherapy, as these patients are more likely 
to demonstrate an effect when treated with potent 
chemotherapy. Chemotherapy may hâve a slight 
bénéficiai effect in limb tumors. Chemotherapy may hâve 
a salvage rôle in patients with metastatic tumors. 

RADIOTHERAPY 

Radiotherapy has an established rôle in the management 
of soft tissue sarcomas. The primary purpose of 
radiotherapy is to inactivate the microscopie extensions 
of tumor that exist beyond the tumor capsule, to allow 
surgery with narrower margins. Indeed, since the 
introduction of radiotherapy, there has been a réduction 
in the use of radical margins and an increase in wide or 
even marginal margins. Prior to the use of radiotherapy, 
local récurrence rates even with adéquate surgery hâve 
been reported as high as 30%. With the combination of 
radiotherapy and surgery, the rates of local récurrence 
hâve decreased to less than 15%. 

Successful radiotherapy aims at a treatment volume 
that closely conforms to the tumor volume while 
minimizing injury to normal tissue, both of which 
increases the patient's tolérance, target dose and 
probability of tumor control. 

The dose range of radiotherapy varies between 50 to 
65 Gy between different centers. Several strategies of 
combination radiotherapy and surgery are practiced. The 
advantages of post-operative radiotherapy include early 
surgery, viable tumor for pathological examination and 
minimal wound complications. The disadvantages 
include an extended treatment volume because the whole 
of the operative field requires irradiation, and a delay in 
treatment until the wound has healed, which may effect 


the efficacy of radiotherapy. The advantages of 
preoperative radiotherapy include a smaller treatment 
volume, early radiotherapy, tumor shrinkage, potentially 
smaller resection area and the development of a fibrous 
layer around the tumor. The disadvantages include a 
frequently necrotic tumor making pathological 
examination difficult and higher wound complications. 
Brachytherapy and intraoperative électron beam therapy 
advantages include an overall reduced treatment time 
with delivery of radiation specifically to the operative 
bed. The disadvantages are potential exposure to 
treatment staff and the inability to extend the radiation 
field unless combined with external beam therapy. 
Radiotherapy in the pédiatrie âge group may also hâve a 
detrimental effect on the open growth plate with 
conséquent local growth deformities or retardation. The 
incidence of second cancers is unclear but exists as a risk. 

Wound healing remains a significant risk with the use 
of radiotherapy whether as a preoperative or post- 
operative modality. Important surgical considérations 
should include careful tissue handling, minimal 
undermining of tissue, oblitération of dead spaces, 
adéquate drainage of operative bed, wound closure under 
minimal tensions and the judicious use of vascularised 
soft tissue reconstructions. 

Radiosensitisers are a modality of the future. By 
sensitising tumor cells to the léthal effects of radiation, 
there is the potential for a greater efficacy of this treatment 
with perhaps smaller doses. 

SURGERY 

The challenge of surgery is to achieve oncologically sound 
margins. If these can be realised with a viable and 
potentially functioning limb, then limb sparing surgery 
should be considered. If however, achieving oncologically 
sound margins requires sacrifice of vital structures that 
leave the limb non-functional, then amputation must be 
considered. Appropriate and adéquate resection must 
never be compromised in favor of a functioning limb. 

Regardless of the grade of tumor or its histotype, the 
surgical preference is for resection with wide margins. 
The local surgical treatment must be as good for low 
grade as high grade tumors, as the local conséquence of 
local récurrence is the same no matter whether the tumor 
is low or high grade. Occasionally, wide resection may 
include adjacent important neurovascular structures, 
which may jeopardise limb function. To avoid this and 
yet maintain good local control of tumor with soft tissue 
sarcomas, marginal margins that spare the neurovascular 
structures are combined with radiotherapy. 
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Limb Sparing Surgery 

The principle of surgery for musculoskeletal tumors is 
the removal of the tumor with the safest oncologie 
margin. A second impérative is that decisions regarding 
reconstructive options should not take precedence over 
the need to achieve oncologically sound margins. The 
third principle is that there must be adéquate soft tissue 
cover to protect the reconstruction either by direct wound 
or flap closure. Soft tissue sarcoma resections tend less to 
require major joint or bone resections. 

LONG-TERM SEQUELAE 
Local Récurrence 

Local récurrence is a known sequel of surgical resection. 
The risk of local récurrence is at its highest in the first 
two years after surgery before rapidly declining after that. 
The overall rate of local récurrence reported by major 
tumor centres is less than 15% following modem 
modality treatment. Liposarcoma is unusual in that it may 
recur many years after primary resection. Follow-up 
programs should take this into considération. 

There remains controversy over the significance of 
local récurrence. While local récurrence is strongly linked 
with metastasis, preventing local récurrence by 
improving local control of disease has not been shown to 
improve the metastatic rate. If local récurrence occurs 
despite surgery with good oncologie margins, then this 
is a harbinger of poor prognosis because the local 
récurrence is likely to be a local manifestation of a 
biologically aggressive tumor which will manifest itself 
systemically shortly after the local récurrence. 

The management of local récurrence of disease 
dépends very much on the extent of the récurrence. If 
limb sparing surgery is possible, then this is what should 
be done. If not, then amputation should be considered. It 
is usual to combine surgical treatment with preoperative 
radiotherapy, although very large and high risk 
récurrences may be deemed candidates for chemo- 
therapy. It is impérative that a thorough search for 


métastasés is conducted when patients présent with local 
récurrence. 

Pulmonary Métastasés 

Soft tissue sarcomas metastasise commonly to the lungs. 
The overall rate of pulmonary metastasis is approxi- 
mately 35%. In 50% of cases, the lung is the only site of 
systemic spread and in 50% of these, métastasés are 
usually solitary. This being the case, pulmonary 
metastasectomy is a salvage option for patients with 
metastatic soft tissue sarcoma. Because of the hitherto 
poor response of soft tissue sarcoma to chemotherapy, 
pulmonary metastasectomy remains an important 
salvage procedure for patients with pulmonary 
involvement. Long-term survival of 10 to 40% for adult 
soft tissue sarcoma patients has been reported following 
pulmonary metastasectomy. Favorable factors for 
survival include a metastasis-free period of greater than 
18 months, fewer than 2 to 4 métastasés, metastasis size 
less than 2 cm and achieving complété metastasectomy. 

Multidisciplinary Team Approach 

The most important aspect of modem modality treatment 
is the close collaboration between treating specialists, 
diagnosticians and therapists. This multidisciplinary 
approach ensures adéquate discussion between treating 
groups which capitalises on each individuaTs expertise, 
and allows for a regimented plan to be developed. The 
optimal resuit of a multidisciplinary approach to sarcoma 
management is an improvement in long-term survival 
of patients. 
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Multiple myeloma is the malignant prolifération of a 
single clone of plasma cells. A solitary collection of plasma 
cells is known as plasmacytoma. 

INCIDENCE 

Multiple myeloma is a hematological neoplasm and 
accounts for less than 1% of adult cancers. The incidence 
of myeloma increases with advancing âge. In India 
multiple myeloma accounts for about 10% of 
hematological malignancies and 1% of ail forms of cancer. 
It is slightly more common in males than females. 

ETIOLOGY AND PATHOPHYSIOLOGY 

The exact etiology of multiple myeloma is unclear. 
However significant advances hâve been made in the 
understanding of its pathophysiology. The most 
important development has been an appréciation of the 
rôle of the bone-marrow microenvironment in the 
progression of this disease in addition to the known rôle 
of malignant plasma cells. The myeloma plasma cells 
originate from the postfollicular B cells that hâve already 
undergone immunoglobulin gene rearrangements and 
somatic hypermutation. Cytogenetic and molecular 
genetic studies hâve recently shown that these plasma 
cells are characterized by complex chromosomal abnor- 
malities. The most important chromosomal aberrations 
involve translocations of the immunoglobulin heavy- 
chain gene locus on chromosome 14 that lead to 
dysrégulation of many different partner genes on other 
chromosomes. In addition to these abnormalities, 
délétions of 13ql4 locus hâve been proven to hâve a very 
important adverse prognostic implication. 

Bone destruction is the clinical hallmark of myeloma. 
Bone marrow stromal cells and plasma cells hâve been 


shown to engage in a complex web of reciprocal 
interactions (both positive and négative) that eventually 
leads to activation of osteoclastic résorption of the bone 
and plasma cell prolifération. The mediators of this 
complex interaction between the plasma cell and its 
micro- environment are cytokines like interleukin-6 (IL- 
6), macrophage inflammatory protein la (MIP la), 
receptor activator of nuclear factor kappa B (RANK), the 
RANK ligand, osteoprotegerin, tumor necrosis factor 
alpha (TNFa), vascular endothélial growth factor (VEGF) 
and insulin-like growth factor 1 (IGF1). The élucidation 
of the rôle of these factors in the progression of myeloma 
is one of the major achievements of recent times. The exact 
rôles and interactions of these and other cytokines is a 
fascinating subject but beyond the scope of this chapter. 

Of ail the patients with myeloma, about 60% hâve IgG 
paraproteins while IgA is présent in about 24%. IgD and 
other myelomas are rare. Biclonal myeloma is rare but 
when présent IgG and IgA are found together more 
commonly than IgG and IgM type. Monoclonal M band 
may be absent in the sérum and urine in some patients 
with multiple myeloma and these patients hâve a non- 
secretory multiple myeloma. Other patients may manifest 
only light chains in the urine without a corresponding M 
band in the sérum. These patients with light chain 
myeloma hâve poorer prognosis compared to those in 
whom complété immunoglobulin molécules are présent. 

CLINICAL FEATURES 

Multiple myeloma is largely a disease of elderly 
population and is characterized by osteolytic lésions, 
rénal failure, bone marrow suppression, hypercalcemia, 
récurrent infections and neurological abnormalities. The 
patients usually présent with complaints of bone pains, 
sometimes due to compression fractures of thoracic or 
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lumbar vertebrae. Uncommonly distal long bones may 
also be involved. The pain is well-localized and 
aggravated by movement. Sometimes marked osteoporo- 
sis is the only finding. In very few cases sclerotic bone 
lésions are noted. 

Solitary osseous plasmacytoma can occur in 3 percent 
of patients with solitary osteolytic lésions. About one- 
third of these patients elaborate M-protein. Some of these 
patients progress to the full clinical picture of multiple 
myeloma. Extramedullary plasmacytomas are usually 
detected in nasopharynx and paranasal sinuses or gastro¬ 
intestinal tract and usually do not progress to multiple 
myeloma. 

Besides skeletal complaints other clinical features may 
include: 

Rénal Dysfunction and Electrolyte Abnormalities 

Patients with multiple myeloma are prone to rénal failure 
which is multifactorial in etiology. The common causes 
of rénal impairment are hypercalcemia, uric acid 
nephropathy, déhydration, light chain nephropathy, 
amyloidosis of the kidneys, septicemia and adminis¬ 
tration of nephrotoxic drugs. Hypercalcemia is a common 
finding in myeloma and often manifests as nausea, 
vomiting, constipation, and mental status changes 
(hypercalcémie encephalopathy). Occasionally false 
hyponatremia can occur due to marked increase in M- 
protein (pseudohyponatremia). 

Anémia 

Anémia is a common finding in multiple myeloma and 
its frequency increases with the progression and duration 
of disease. It is multifactorial in origin — direct involve- 
ment of marrow by tumor cells or amyloid, anémia of 
chronic disease, infections, and rénal dysfunction. 
Approximately 50% of patients with anémia due to 
multiple myeloma hâve low sérum erythropoietin levels. 

Infections 

Patients with multiple myeloma hâve defects in both cell- 
mediated and humoral immunity. These patients are 
prone to repeated infections, particularly pneumococcal 
pneumonia. Streptococci, Staphylococcus aureus, Klebsiella 
pheumoniae , Escherichia coli and other gram-negative 
organisms are some common pathogenetic organisms 
identified in these patients. 

Neurological Involvement 

Neurological abnormalities are common in multiple 
myeloma and ail patients should be evaluated for the 
same. The neurological abnormalities can manifest as 


mental status changes, cord compression or peripheral 
neuropathy. 

POEMS (Polyneuropathy, Organomegaly, Endo- 
crinopathy, M-protein, Skin changes) syndrome is 
associated with osteosclerotic myeloma. The skin changes 
in POEMS syndrome usually manifest as hypertrichosis, 
hyperpigmentation and skin thickening. 

Involvement of Other Systems 

Cardiac involvement is rare but can be due to amyloid 
changes in the heart. It manifests as cardiomyopathy and 
congestive cardiac f ailure. Pulmonary involvement due 
to multiple myeloma/plasmacytomas is rare. It can 
présent as a pulmonary mass. In advanced cases pleural 
effusion may be seen. Rarely plasmacytoma can be 
detected in the gastrointestinal tract. Occasionally the 
patient can hâve coagulation defects and bleeding 
tendency. 

Amyloidosis 

Amyloidosis develops in about 15% of patients with 
multiple myeloma and may manifest as nephrotic 
syndrome, rénal failure, peripheral neuropathy, carpal 
tunnel syndrome, restrictive cardiomyopathy, mal¬ 
absorption, protein losing enteropathy, polyarthropathy, 
skin nodules, skin infiltrâtes, periorbital purpura and 
macroglossia. 

Diagnostic Evaluation 

The diagnosis of multiple myeloma should be suspected 
from the clinical picture. The foliowing table shows the 
recommended investigations in a newly diagnosed 
patient with multiple myeloma. 

Diagnostic évaluation of multiple myeloma 

• History and physical examination 

• Complété blood count with differential 

• Erythrocyte sédimentation rate 

• Blood urea and sérum créatinine 

• Sérum electrolytes 

• Sérum calcium 

• Sérum albumin and globulin levels 

• Sérum Immunoelectrophoresis and immunofixation 

• 24 hour urine for electrophoresis and immunofixation 

• Skeletal survey for lytic lésions (skull, spine, long bones and 
pelvis) 

• Bone marrow aspiration and biopsy (morphology, cytogenetics 
and plasma cell labeling index) 

• Sérum (3-2 microglobulin 

• Sérum lactate dehydrogenase levels 




1164 Textbook of Orthopedics and Trauma (Volume 2) 



Fig. 1 : Bone marrow aspirate showing malignant plasma 
cells (For color version see Plate 19) 


A detailed history and physical examination is an 
essential part of the work-up with emphasis on 
neurological findings. 

Patients with multiple myeloma usually hâve a 
normochromic, normocytic anémia, the severity of which 
worsens as the disease progresses. Examination of 
peripheral smear usually shows increased rouleaux 
formation. The plasma cells are not usually seen in the 
peripheral smear examination. When this occurs, the 
condition is referred to as plasma cell leukemia. Very high 
érythrocyte sédimentation rate (ESR) can be seen in 
multiple myeloma and this diagnosis should be suspected 
in such patients. The bone marrow biopsy and aspirate 
show increased plasma cells (Fig. 1) some of which may 
hâve abnormal morphology. 

The sérum and urine electrophoresis reveal a 
characteristic M (monoclonal) band in the gamma région 
(Fig. 2). Immunofixation studies using monospecific 
antisera helps to identify the type of immunoglobulin. 
The urinary proteins precipitate on heating at 56 to 60°C 
and dissolve at 90 to 100°C. Positive test for Bence-Jones 
proteinuria by heat test should always be confirmed by 
electrophoresis and immuno-electrophoresis of the 
concentrated urine. The dipstick test for urinary albumin 
does not detect Bence-Jones proteins. The quantification 
of M band in the sérum and urine at baseline is important 
for response évaluation after treatment. 

The skeletal survey characteristically shows multiple 
lytic lésions usually involving the skull, vertebrae, pelvis 
and rarely the long bones. Isotope bone scans are not 
sensitive in détection of bone lésions in myeloma and 
are not recommended. MRI is more accurate in the 
assessment of intra-osseous and soft tissue extents of the 
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Fig. 2: A typical sérum electrophoresis resuit showing the 
monoclonal M band in the y région 


disease. The lesional tissue gives a low-intensity signal 
on T-l and brighter signais on T-2. In patients with 
otherwise solitary skeletal plasmacytoma MRI of the 
spine may help to uncover more extensive disease. 

Diagnostic Criteria 

The criteria for the diagnosis of myeloma (Salmon and 
Durie) are as follows: 

Major criteria: 

1. Bone marrow plasmacytosis of greater than 30%. 

2. Biopsy confirmation of plasmacytoma. 

3. Monoclonal sérum globulin by electrophoresis greater 
than 3 gm% (IgG) or greater than 2 gm% (IgA) 

4. 24-hour urine excrétion of greater than 1 gm of kappa 
(K) or lambda (A) light chains. Requires 24-hour urine 
total protein estimation and electrophoresis. 

Minor criteria: 

a. Bone marrow plasmacytosis of 10 to 30% 

b. Monoclonal sérum globulin less than the levels for 
major criteria. 

c. Discrète lytic bone lésions 

d. Réduction of normal sérum immunoglobulin to IgM 
less than 50 mg percent, IgA less than 100 mg%, or 
IgG less than 600 mg% 

The following combinations of the above criteria are 
regarded as diagnostic: 

1 + (b or c or d) 

2 + (a or b) or (c or d) 

3 + a 

4 + a 

a + b + c 
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However some patients with low disease burden may 
not fit into these criteria despite having symptomatic 
myeloma. Recently the International Myeloma Working 
Group has proposed new criteria for diagnosis of 
monoclonal gammopathies. The criteria are as follows: 

• In monoclonal gammopathy of undetermined 
significance (MGUS), the monoclonal protein is 
< 3 gm/dL and the bone marrow plasma cells < 10% 
with no evidence of multiple myeloma, other B-cell 
proliférative disorders or amyloidosis. 

• In asymptomatic (smouldering) myeloma the 
M-protein is >_3 g/dL and/or bone marrow plasma 
cells > 10% but there is no related organ or tissue 
impairment or end-organ damage, which is typically 
manifested by increased calcium, rénal insufficiency, 
anémia, or bone lésions attributed to the plasma cell 
proliférative process. 

• Symptomatic multiple myeloma is characterized by 
sérum and/or urine M protein, clonal plasmacytosis 
in the bone marrow or solitary plasmacytoma and 
related organ or tissue impairment (anémia, 
hypercalcemia, rénal failure, bone lésions, récurrent 
infections, hyperviscosity, and amyloidosis). 

Staging of Multiple Myeloma 

Patients of myeloma are staged on the basis of 
hemoglobin, quantity of M-protein and hypercalcemia. 



Stage I 

Stage II 

Stage III 

Hemoglobin 

>10 gm/dL 

8.5-10 gm/dL 

<8.5 gm/dL 

Sérum calcium 

< 8.5 mg% 

8.5-12 mg% 

>12 mg% 

Number of bone 
lésions 

Monoclonal protein 

0-1 

2-3 

>3 

IgG 

< 5 gm/dL 

5-7 gm/dL 

>7 gm/dL 

IgA 

< 3 gm/dL 

3-5 gm/dL 

>5 gm/dL 

Urinary light chains 
(24 hrs) 

< 4 gm 

4-12 gm 

>12 gm 


Patients are further sub-grouped as stage A (normal 
sérum créatinine) or Stage B (sérum créatinine concen¬ 
tration >2 mg/dL) . 

Differential Diagnosis 

Metastatic carcinoma can also présent with lytic bone 
disease and can be confused with multiple myeloma. 
Bence Jones proteins are not spécifie to multiple myeloma 
and can be detected in patients with amyloidosis, adult 
Fanconi syndrome, hyperparathyroidism and benign 
monoclonal gammopathy. False positive tests for Bence 


Jones proteins can be encountered in connective tissue 
disorders like rheumatoid arthritis, polymyositis, or 
Wegener's granulomatosis, chronic rénal insufficiency, 
lymphomas, leukemias and metastatic carcinoma. 

Prognostic Factors 

Untreated multiple myeloma patients hâve a médian 
survival of 3.5-11.5 months while the médian survival of 
the patients treated with melphalan and prednisolone 
regimen is about 3 years. Light chain myeloma has poorer 
prognosis than IgG and IgA myelomas. Patients without 
symptoms, anémia, hypercalcemia and rénal failure tend 
to do well compared to patients with these features. (3 2 
microglobulin levels and délétion of 13ql4 hâve been 
shown to hâve very important independent adverse 
prognostic implications. 

Management of Multiple Myeloma 

Multiple myeloma has a spectrum of manifestations and 
the disease course can vary from indolent (as in 
smouldering myeloma) to fulminant and rapidly fatal (as 
in plasma cell leukemia). However the diagnosis of 
monoclonal gammopathy does not represent an 
immédiate mandate for treatment. Patients with Stage I 
myeloma, smouldering myeloma and monoclonal 
gammopathy of unknown significance (MGUS) can be 
safely followed without treatment. Solitary plasmacyto- 
mas are treated with irradiation alone and do not need 
chemotherapy. However the patients with solitary 
plasmacytomas should be observed for progression to 
multiple myeloma. 

The indications for treatment for multiple myeloma 
are as follows: 

1. Ail patients with stage II and stage III myeloma 

2. Stage I patients with Bence-Jones proteinuria 

3. Progressive lytic bony lésions 

4. Refractory hypercalcemia 

5. Vertébral compression fractures 

6. Severe bony pains 

7. Récurrent infections 

8. Severe bone marrow suppression 

9. Rising M component levels or doubling of M 
component levels in < 1 year 

10. Presence of rénal failure. 

Chemotherapy 

Since MM is a disseminated plasma cell neoplasm, the 
primary approach to its treatment is systemic 
antineoplastic chemotherapy. Chemotherapy involves 
remission induction and maintenance phases. The 
mainstay of remission induction therapy in patients with 
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multiple myeloma involves administration of cytotoxic 
drugs either singly or in combination with or without 
glucocorticoids. 

The alkylating agents melphalan and cyclophos¬ 
phamide hâve shown significant activity in multiple 
myeloma. They hâve been used in the standard as well 
as high doses in the management of this disease. Multi- 
agent combination chemotherapy regimens hâve also 
been routinely used. The two most commonly used 
regimens in the initial treatment of patients are melphalan 
plus prednisolone (M-P) and vincristine plus doxorubicin 
plus dexamethasone (VAD). M-P has the advantage of 
oral administration and same overall survival compared 
to combination regimens. However melphalan is stem- 
cell toxic and this regimen cannot be used in patients with 
rénal impairment. It is commonly preferred in older 
patients who are not candidates for autologous 
transplantation. The VAD regimen involves continuons 
intravenous administration over 96 hours necessitating 
an infusion pump and central venous line. It has the 
advantage of faster onset of action, being non-stem-cell 
toxic and appropriate for use in patients with rénal failure. 
It is preferred in younger patients and those who are 
candidates for autologous transplantation in the future. 
Ail patients are at risk of developing tumor-lysis 
syndrome after the start of chemotherapy. This syndrome 
is characterized by hyperuricemia, rénal failure and 
various dyselectrolytemias. Standard préventive 
measures like hydration, alkalinization of urine and 
administration of allopurinol should be implemented in 
ail patients to prevent this complication. Patients are also 
at significant risk of developing serious infections. A high 
index of suspicion and early initiation of empirical broad- 
spectrum antibiotics is of vital importance. 

Patients are typically treated for six or more cycles of 
chemotherapy to attain the plateau State, which is defined 
as stable urine and M component level with no other 
evidence of progression of disease. The value of continued 
therapy beyond this point (maintenance therapy) has 
been a matter of debate and is not standard. 

In the last 15 years it has been shown that autologous 
stem-cell transplantation (ASCT) conducted as part of the 
initial management after several cycles of conventional 
chemotherapy, results in superior survival compared to 
no transplantation. The ability to harvest stem-cells from 
peripheral blood and the ready availability of 
hematopoietic growth factors has facilitated the 
widespread adoption of this procedure. Despite its high 
cost and significant morbidity ASCT may be considered 
standard treatment in eligible patients. 

Recently it was shown that thalidomide is an active 
agent in the treatment of advanced and refractory 


patients. Thalidomide acts by inhibiting angiogenesis and 
through its immuno-modulatory actions. Rapid strides 
hâve been made in the use of this agent and it is 
increasingly being used (with good results) in earlier 
stages of this disease. Bortezomib is a novel agent that 
belongs to a new class of drugs known as protéasome 
inhibitors. These agents inhibit the NFkB induced 
synthesis of antiapoptotic proteins, adhesion molécules 
and cell prolifération factors. The initial results of this 
drug in advanced or refractory patients hâve been very 
promising and it is expected to be an important agent for 
the treatment of this disease in the near future. 

Many other drugs like idarubicin, interferon, 
méthylprednisolone, carmustine and etoposide possess 
anti-myeloma activity and hâve been used in the 
treatment of multiple myeloma. 

Supportive Care 

Multiple myeloma is the prototype of a multi-system 
disease and appropriate supportive care is of vital 
importance in its management. These patients are often 
elderly, hâve comorbid illnesses and are vulnérable to 
infections. Clinical problems like bone pain, hyper- 
calcemia, anémia, hyperviscosity syndrome, cardiac 
failure and rénal failure need spécial attention. Ail 
patients should be advised to ensure high daily fluid 
intake throughout their lives; this simple measure has 
the potential to prevent or delay many complications. 
Nephrotoxic drugs like intravenous contrast media, 
NSAIDs and aminoglycosides should be used carefully 
in these patients. 

Anémia is a common complication of multiple 
myeloma. Severely anémie patients with myeloma should 
receive packed cell transfusions. Recombinant human 
erythropoietin has been shown to be effective in 
correcting the anémia in about 80% of the patients. Any 
coexisting deficiency of iron, folie acid and cobalamin 
should be corrected before using erythropoietin. Patients 
with multiple myeloma are predisposed to infections 
because of defects in humoral immunity. Chemotherapy 
and radiotherapy can add to the immuno-compromised 
State. Monthly infusions of intravenous immunoglobulins 
(0.4 g/kg) hâve been found to reduce the frequency of 
life threatening bacterial infections and patients who are 
deemed to be at high risk of serious infections should be 
considered for such therapy. Bisphosphonates are a class 
of compounds that principally act by inhibition of 
osteoclastic bone résorption, which is the hallmark of 
myeloma. This therapy has been found to significantly 
reduce the number of skeletal related events in multiple 
myeloma. Bisphosphonates hâve been shown to reduce 
bone pain, slow the progression of lytic lésions, reduce 
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the frequency of pathologie fractures and prevent or 
reverse hypercalcemia. The commonly used bisphospho¬ 
nates are pamidronate (90 mg once per month, over 
3 hours) and zoledronic acid (4 mg once per month over 
15 minutes). It is currently recommended that bisphos¬ 
phonates should be administered to ail patients with 
skeletal disease and continued indefinitely or until there 
is such a substantial décliné in the patients' condition that 
they are unlikely to benefit from continued therapy. 

Radiotherapy 

Pain in multiple myeloma can be quite severe .The initial 
best approach for the management of such pain should 
be simple analgésies along with spécifie chemotherapy. 
Palliative irradiation (20-30 Gy in 5-7 fractions over one 
to two weeks) should be considered only in patients with 
localized disease not responding to above measures. 
Concurrent chemoradiotherapy should be avoided as it 
can cause severe myelosuppression and generally an 
interval of three weeks should be maintained between 
the two. Patients who are at a risk of fracture can also be 
given local radiotherapy to the osseous lésions. 

Other indications for local radiotherapy include 
sphenoid or orbital bone involvement causing proptosis, 
or compressive lésions producing neurological symptoms 
(e.g. cranial nerve palsies, spinal cord compression), or 
dental or facial abnormalities secondary to myeloma. 

CONCLUSION 

Multiple myeloma remains an incurable disease. None 
of the présent day treatment protocols can claim to effect 
a cure. Newer therapeutic approaches are needed and 
many are being actively researched. Alkylating agents, 
steroids and some older chemotherapy drugs, either 
alone or in combination, remain the standard initial 


treatment. Autologous transplantation has improved the 
outcome and is currently offered to ail eligible patients. 
Supportive measures like bisphosphonates hâve 
improved the quality of life of these patients and perhaps 
also improved survival. The importance of common sense 
measures like avoidance of unnecessary nephrotoxic 
insults and prompt treatment of infections cannot be 
overemphasized. Novel treatments like cytokines, anti- 
angiogenic therapy, immuno-modulators and protéa¬ 
some inhibitors hâve shown great promise. Greater 
insights into the biology of this plasma cell dyscrasia will 
likely translate into refinement of its management and 
better outcome in the near future. 
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INTRODUCTION 

The last several décades hâve been marked by 
tremendous gains in the understanding of the biology of 
musculoskeletal tumors and in their treatment. However, 
the fact that not ail patients can be cured of disease and 
that the function and survival of reconstructed limbs do 
not match that of a normal limb indicates that we must 
continue to strive to make improvements in these areas. 
In this chapter, we will outline some of the recent 
innovations in orthopédie oncology with an eye towards 
what the future may hold. 

BASIC SCIENCE 

Advances in molecular biology using gene array analysis 
hâve led to the description of genetic defects associated 
with particular tumors. While this has aided the ability 
to accurately diagnose these tumors, these defects are 
only one piece in the puzzle of the complex process that 
is tumorigenesis. Current thought regarding tumor 
development has expanded into considering the broad 
principles of cell physiology instead of single genetic 
defects and current research is underway to alter these 
molecular pathways rather than one single gene. 

Hanahan and Weinberg outlined these principles in 
an approach to thinking about tumorigenesis. Cells must 
undergo six physiologie alterations in order to become a 
tumor: self-sufficiency in growth signais, insensitivity to 
growth-inhibitory signais, évasion of programmed cell 
death (apoptosis), limitless réplicative potential, 
sustained angiogenesis, and tissue invasion and 
metastasis. Thus an understanding of the growth factors 
and receptors, tumor suppressor genes, and oncogenes 
that are altered in spécifie tumors can lead to novel 
treatment strategies. 


Angiogenesis is currently another very active area of 
investigation in sarcomas. Proangiogenic factors such as 
vascular endothélial growth factor and basic fibroblast 
growth factor are balanced in normal tissues by 
antiangiogenic factors such as angiostatin, endostatin, 
and vascular endothélial growth inhibitor. The balance 
is tipped towards angiogenesis in some tumors leading 
to the thought that antiangiogenic therapy might be 
possible. Although the expérience in sarcomas is limited, 
approaches to decrease tumor growth in general include 
antibodies or receptor blockers for the proangiogenic 
factors and the delivery of a higher level of antiangiogenic 
factors to the tumors. This area of research is only in its 
infancy regarding sarcomas, although protocols using 
antiangiogenic therapy such as thalidomide has been 
tried in advanced disease in osteosarcoma. 

Another exciting area of research is using the native 
immune System to affect the altered physiologie 
pathways in tumor cells. Current treatment strategies 
include methods to increase the innate immune response 
broadly with interferon or interleukin-2 or alternatively, 
the use of tumor vaccines. As more information about 
the particular genetic defects in a tumor become available, 
these mutations and the novel proteins they create 
represent tumor associated antigens that can be targets 
for directed immunotherapy. 

As we learn more about the molecular biology of 
sarcomas and cancer in general, our treatment will likely 
be directed at spécifie genetic alterations in a given tumor 
cell. In certain tumors, such as the GIST (gastrointestinal 
stromal tumor) this is already occurring. Imatinib 
mesylate (imatinib, glivic/gleevec) is an orally 
administered compétitive inhibitor of the tyrosine kinases 
associated with the KIT protein and has been shown to 
be effective in the treatment of patients with advanced 
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gastrointestinal stromal tumor (GIST), in which KIT is 
abnormally expressed. Much of the focus of the current 
protocols for osteosarcoma and Ewing sarcoma/PNET 
in the US centers around banking tissue for genetic study 
so that we may better understand the biology of sarcomas 
and explore potential treatment strategies. We may 
someday classify tumors by their genetic phenotype, 
rather than their histologie appearance. In addition areas 
of tissue engineering may lead to better limb salvage 
reconstructions. 

SARCOMAS OF BONE 

Recent technical innovations in limb salvage reconstruc¬ 
tion methods hâve increased the ability to salvage useful 
limb s and improve the longe vity and function of the 
reconstructions. Osteoarticular and intercalary allografts 
are often used to reconstruct bony defects following 
surgical resection of bone tumors. They offer the advant- 
age of a potentially enduring construct as the patient's 
own bone invades and replaces the graft, however, 
nonunions at the host-graft junction and fractures are not 
uncommon. The new locked plating Systems offer the 
potential to decrease rates of nonunion_and fracture by 
providing better fixation with fewer holes in the graft. 
As each screw is locked into the plate, it acts as a mini- 
blade plate thereby imparting the mechanical advantage 
of a fixed angle device. These Systems also allow 
unicortical fixation which decreases the number of holes 
in the allograft, thereby decreasing stress-risers. Large 
sériés evaluating these plates in allografts, however, are 
lacking and so their true efficacy in decreasing rates of 
nonunion and fracture remains to be seen. 

Advances hâve also been made in the prosthetic 
options to reconstruct defects after resection of bone 
sarcomas. Traditionally, surgeons that used endopros- 
theses for limb salvage had to order a custom prosthesis 
and these were cemented into place. Now there are 
several modular prostheses available which makes the 
planning of the limb sparing procedures much easier. 
Most of these stemmed implants were cemented into 
place, and although these might be predicted to hâve a 
short longevity, they hâve done reasonably well over 
time. Recently, uncemented stems hâve been introduced 
for megaprostheses in the United States. These 
uncemented stems offer the potential for longer prosthetic 
survival in these often young patients and several 
European studies hâve demonstrated decreased rates of 
aseptie loosening in comparison with cemented 
prostheses. Stress-shielding on the other hand is far more 
common in uncemented stems and can lead to aseptie 
loosening. A new implant has been designed with a 
spring-loaded device that confers a compression force 


from the prosthesis against the bone thereby increasing 
stress transference to the bone and decreasing stress 
shielding. This is a novel concept and design that may 
prove bénéficiai, but longer follow-up results with this 
type of fixation is necessary. Since the cemented stem 
has done so well in the past, it remains to be seen whether 
either of these non-cemented alternatives will be better 
in the long run. 

Limb length discrepancy has been a difficult problem 
in reconstructing limbs in young patients with bone 
sarcomas. Amputation or rotationplasty was often the 
only alternative. Expandable prostheses now allow 
graduai lengthening of the affected limb to equal the 
contralatéral side at the end of growth. The most recent 
innovation in this arena, Repiphysis (Wright Medical 
Technology, Arlington, TN), allows noninvasive 
lengthening using a compressed spring encased in a 
polymer. When the polymer is heated under an electro- 
magnetic field, the spring expands in a controlled fashion. 
The expansion is stopped when the electromagnetic field 
is removed. Early reports of stem breakage resulted in 
some modifications, but early expérience has otherwise 
been promising. 

While these advances show promise in improving 
outcome for current techniques of limb salvage, the future 
is likely to take a different approach: limb reconstruction 
using the patients own cells through tissue engineering. 
The process involves culturing spécifie cell types and then 
delivering them on an appropriate scaffold to the defect. 
Although bone and cartilage can be grown from 
periosteal cells and chondrocytes, re-creating the complex 
three-dimensional structures of these tissues has proven 
difficult. In the future, improvements in cell and matrix 
engineering to achieve an ordered structure for 
replacement of bone and cartilage defects in the future. 

With the ad vent of modem chemotherapy protocols 
and radiation therapy for sarcomas of bone, patient 
survival rates hâve increased dramatically. The focus 
from a surgical perspective has thus turned to improving 
the functional outcome after surgery for bone sarcomas. 
It has proven difficult, however, to compare such vastly 
different procedures as amputation, rotationplasty, and 
the various methods of limb salvage surgery in terms of 
functional outcome and quality of life. The development 
of validated instruments to assess functional outcomes 
and quality of life are in their infancy and very few studies 
hâve directly compared one type of reconstruction with 
another. As we look to the future, the hope is that with 
more multi-center coopération, better tools for évaluation, 
and longer, objective follow-up information comparing 
these outcomes can be gathered and used to base 
recommendations for a surgical procedure. 
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SOFT TISSUE SARCOMA 

Soft tissue sarcomas are mesenchymal neoplasms 
encompassing many histologie tumor types. For purposes 
of treatment, however, we stratify them into low or high 
grade and for the most part treat the various histologies 
similarly in adults (the exception is childhood rhabdo- 
myosarcoma where there are well established chemo- 
therapy protocols). Beyond histologie grade, however, we 
are beginning to understand that there are many 
prognostic factors for these tumors, and they must be 
taken into account when making recommendations for 
treatment. Adjuvant chemotherapy has not been 
conclusively shown to be bénéficiai for adult patients with 
soft tissue sarcomas, so identifying prognostic groups 
through review of large sériés of patients is important to 
identify high risk groups of patients that may benefit from 
it. Further, novel thérapies developed through the basic 
science principles discussed above would also be more 
appropriate to trial in patients in the poor prognosis 
group as the benefits may outweigh the risks in some of 
these cases. It is also important to recognize that adjuvant 
chemotherapy for adult soft tissue sarcomas taken as a 
group has not had a substantial bénéficiai effect on 
survival, some sarcomas like the synovial sarcoma seem 
to be more responsive, whereas others such as leiomyo- 
sarcoma and alveolar soft parts sarcoma are very 
résistant. 

Surgery for soft tissue sarcomas has gradually moved 
from predominantly amputations in the past to predomi- 
nantly limb salvage surgery in the présent. Advances in 
three-dimensional imaging, improvements in soft tissue 
coverage, and the use of adjuvant radiotherapy hâve 
made this possible. Questions still exist however as to 
whether the radiation should be delivered pre- or post- 
operatively. Preoperative radiation has the advantage of 
a smaller volume of radiation, but the disadvantage of 
increased wound complications. Postoperative radiation, 
while involving larger volumes of radiation has a lower 
incidence of wound complications. Despite several large 
comparison studies, neither has been shown conclusively 
to be superior with respect to tumor control, but the long 
term functional results of preoperative irradiation may 
be superior. 

The development of techniques in radiotherapy to 
decrease the radiation dose delivered to neighboring 
normal tissue has also increased surgical options. This 
includes intensity modulated radiation therapy and 
proton beam therapy. These techniques may offer the 
advantages of preoperative radiation (lower treatment 
volume), but avoid the wound complications associated 
with standard external beam radiation since more normal 


tissue is spared. Studies of larger number of patients and 
longer follow-up will hopefully be available soon. 

Much like surgery for bone sarcomas, we are 
beginning to understand that survival is not the only 
important outcome measure for these patients. Studies 
regarding the functional outcome and quality of life after 
treatment for soft tissue sarcomas are even fewer in 
number than for bone sarcomas. Since the possibility now 
exists to achieve the same rate of local récurrence and 
survival with wide or radical margins as with focally 
marginal margins combined with radiation, the hope is 
that more normal tissue can be spared and thereby, 
improved postoperative function can be achieved. The 
development of validated instruments and multi-center 
coopération in the future may lead_to more objective 
information. 

CONCLUSION 

Orthopédie oncology is undergoing a surge in research 
into both the basic science and technical aspects of limb 
reconstruction and into the functional and psychological 
outcomes of the treatment options. This is an exciting time 
for orthopédie surgeons as well as medical and radiation 
oncologists who treat patients with bone and soft tissue 
sarcomas. Coopération across specialties and continents 
is impérative as we strive towards common goals and 
this will only be made easier with the advancements in 
informatics and computer technology that hâve 
accompanied research efforts. The hope is that these 
relationships will continue to flourish and resuit in 
answers to our difficult questions and improvements in 
outcome. 
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Biomaterials canbe defined as being "natural or synthetic 
substances, capable of being tolerated permanently or 
temporarily by the human body" 

BIOMATERIALS USED IN ORTHOPEDICS 

1. Métal and métal alloys: discussed in separate article 

2. Ceramics and ceramometallic materials 

3. Tissue adhesives in orthopedics 

4. Bone replacement materials and allografts 

5. Carbon materials and composites, polymers 

Ceramics and Ceramometallic Materials 

Ceramic is synthesized, inorganic, solid, crystalline, 
materials, excluding metals they can be classified into: 

Bioinert Ceramics 

They are incorporated in the bone in accordance with 
pattern of contact opsteogenesis. There two types viz. 
alumina ceramics (A1 2 0 3 ) and Zirconia ceramics (Zr0 2 ). 
Alumina ceramics contain entirely hexagonal crystals and 
hence are stable in vivo as against zirconia ceramics consist 
of three crystallographical phases viz. cubic, tetragonal 
and monoclinic and transformation takes place under 
various change in température, Chemical mechanical 
stress and humidity. Chemical stablizers like Y 2 0 3 , Ce0 2 
and A1 2 0 3 are added to form partially stabilized zirconia 
(PSZ) 

Alumina is chemically more stable than PSZ in vivo , 
while PSZ is mechanically stronger than alumina and 
both of them exhibit much better wear résistant 
characteristics compared to stainless Steel or cobalt 
chromium alloy when assessed in form of bearing 
components of hip prostheses. For these reasons alumina 
is used to fabricate ceramic on ceramic hip prostheses 
where head size is not a key-issue while PSZ is used to 


fabricate ceramic on polyethylene hip prostheses where 
head size must be made reasonably made reasonably 
small. One reason why zirconia on zirconia or alumina 
or zirconia hip prostheses hâve not yet been brought to 
market is that even with PSZ, its long-term 
crystallographical stability in vivo is not been confirmed. 

Bioactive Ceramics 

There hâve a characterisitc of osteoconduction and the 
capability of Chemical bonding with living bone tissue in 
accordance with the pattern of "bonding osteogenesis". 
These include glasses, glass ceramics and ceramics that 
elicit a spécifie biological response at the interface 
between the material and the bone tissue which results 
in the formation of a bond between them. Bioglass, apatite 
wollastonite containing glass ceramics (AW-GC) and 
synthetic hydroxyapatite 6 (HA) are représentative 
materials currently used for clinical applications. As the 
bending strength of HA is lower than cortical bone, HA 
cannot be used to fabricate weight bearing prosthesis, 
instead they are used for filling bone voids, coating of 
prostheses. Mechanically stronger bioactive material is 
AW-GC which has significantly greater bending and 
compressive strength than cortical bone and dense HA. 
Bone bonding occurred earliest with bioglass. And then 
HA. Considering this, using AW-GC various bone 
prostheses like vertébral prosthesis, iliac crest prostheses, 
intervertébral spacers, laminoplasty spacers were 
fabricated. 

Bioresorbable ceramics 

These are gradually absorbed in vivo and replaced by bone 
in the bone tissue. The pattern of their incorporation in 
the bone tissue is considered similar to contact 
osteogenesis, although the interface between bioresorb¬ 
able ceramics and bone is not stable as that observed with 
bioinert ceramics. 
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Tissue Adhesives in Orthopédie Surgery 

Tissue adhesives should possess following properties: 

1. It should be moderately viscous so that once applied 
it remains in the field, but yet spread readily and 
conforms to wound contours. It needs to set rapidly. 

2. Its ability to dégradé at a appropriate rate, which 
preferably be biofeedback controlled régénération. 

3. Biocompability. 

Types of Tissue Sealant 

Fibrin: Source is from plasma either pooled donor or 
autologous donor. Variation between products arise from 
source of plasma, mode of précipitation, mode of 
purification. 

Each product has two components: 

1. A lyophilzed concentrate of pooled human 
fibrinogen/ factor XII which is reconstituted with 
an antifibrinolytic solution. 

2. Bovine thrombin which is reconstituted with a 
solution of calcium chloride. 

The fibrinogen is converted by thrombin into fibrin 
monomer. These assemble into fibrils which eventually 
aggregate to form a three dimensional gel. Factor XIII 
activated by thrombin in presence of calcium induces 
covalent bond formation between the assembled fibrin 
monomers, this increases its over ail strength and 
stiffness. 

The three dimentional structure of fibrin gel may be 
modified by changing concentration of fibrinogen, 
thrombin, or calcium ionic strength, pH, température 
Leading to formation of fine gel (< 2 pm) or course 
gel (>2 pm) 

Fine gels irrespective of degree of crosslink âge, hâve 
a lower shear compliance then do coarse gels although 
they are more prone to permanent deformation, i.e. they 
are characterized by more viscous behavior. Increase in 
thrombin concentration results in increase in ultimate 
tensile strength and Young's modulus. The fibrin sealant 
has more bonding strength than sutures up to 4th 
postoperative day, after which no différence between two 
groups was observed. 

Fibrin composites: When mixed with hyaluronic acid, 
it increased viscosity of glue. 

Fibrin collagen composite hâve a higher binding 
strength than pure fibrin. 

Albumin: Crosslinkage of albumin results in excellent 
adhesiveness. It is also used as a vehicle for site spécifie 
delivery of growth factors to accelerate tissue repair. 
Glutaraldehye albumin microsphere complexes are used 
as vehicle for delivery of proteins and polymers including 
progestérone, insulin, heparin, etc. crosslinkage of 


albumin with activated polyethylene glycol yields a 
hydrogel which has proved useful for the delivery of 
drugs such as acetaminophen, theophyline, hydrocorti¬ 
sone as well as enzymes such alkaline phosphatases, 
lysozyme, etc. Prosthestic de vice coating has also been 
used. 

Cyanoacrylates: N butyl cyanoacrylates hâve proved to be 
promising rôle in tissue adhesion. They can be used to 
embolize arteries because of its thrombogenic effect. 

Mucopolysaccharides: The blue mussel producing mussel 
adhesive protein (MAP) serves to affix mollusk to rocks. 
MAP has been used as basement membrane and because 
of its adhesiveness it has been used for fixation of 
chondrocytes and osteoblasts. This may be in clinical use 
in permanent adhesion such as implant fixation in hard 
tissues. 

Other adhesives: Gelatin resorcinol formaldéhyde is used 
for animal trials with concern of cytotoxity of formal¬ 
déhyde. 

Bone Substitutes 

They are grouped under 

• Calcium phosphate bone substitutes 

• Xenografts 

• Others 

Calcium phosphate bone substitutes: Synthetic are produced 
by moulding machining raw materials into various 
shapes and porosities prior to sintering. In case of 
biological ceramics, manufacturing process mostly consist 
of thermal treatments to modify organic components. 

When placed in doser contact with healthy bone 
tissue, autologus ostéogénie cells grow along the implant 
and produce extracellular bone matrix directly in contact 
with surface without fibrous interlayering. Undifferen- 
tiated cells from bone marrow can differentiate into 
spécifie bone cells on surface of ceramics, where they 
exhibit osteoblastic phenotyping. 

Résorption dépends on material solubility. Pure 
crystallized hydroxyapatite is known to be poorly soluble 
as against tricalcium phosphate ceramics are reobserved 
in few years. The résorption can be osteoclastic or by 
dissolution into the extracellular fluids. 

These properties are dépendent on pore size. 
Macropores allow bone cells to penetrate and form new 
bone internally. Micropores are thought to be protein 
fixation by capillary and thus facilitate cell différentiation. 
However increase in porosity produces decrease in 
mechanical strength. Pure HA or TCP can be as résistant 
as cortical bone, should the total porous volume not 
exceed 30% of the external volume. 
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Classification 

Hydroxyapatite ceramics (HAC): Synthetic/natural are 
available in various shapes (granules blocks, cylinders) 
for general void filling or in anatomical shapes designed 
for spécifie indications like ostéotomies, spinal 
arthrodesis. 

Tricalcium phosphate ceramics (TCPC): These are purely 
synthetic maerials. Total résorption canbe radiologically 
observed after few months in highly porous implants. 
However, implants with 30% porosity are visible even 
after two years. Like HAC, TCPC are made available in 
different sizes. 

Biphasic calcium phosphate ceramics (BCPC): Composed of 
a mixture of synthetic HA and TCP, BCPC exhibit 
intermediate intégration and résorption rates. At présent 
these are proposed only for general bone void filling, and 
présent high poroity factors. 

Calcium phosphate cements 3 : These consist of paste like 
structure that can harden in physiological media to form 
calcium phosphate compounds. During hardening a 
hydrolysis or acidobasic reaction takes place. Once 
hardening is complété, the porosity is low, thus allowing 
minimum bone growth. 

Xenografts: These are either bovine or porcine. Cancellous, 
corticocancellous or cortical specimens treated to preserve 
alveolar structure as well as mechanical properties of 
natural bone but no osteoinductive productive proteins. 

Others 

Calcium sulphate 2 : Plaster of paris in the form of sense 
pallets, either pure or in combination with antibiotics are 
used but the résorption rate is high 1 . So that strength 
decreases significantly during first few weeks of 
implantation. 

Coral: They are chemically treated to eliminate organic 
phase. The résorption rate is governed by porosity. 

CARBON COMPOUNDS AND POLYMERS 

Carbon Compounds 

In spite of unrivalled endurance to fatigue, biomédical 
carbon is not gaining popularity I plates or prosthetic 
ligaments due to less structural flexibility, less bending 
résistance, intolérance to lengthening. Particles found in 
the spleen mean that we should be careful in using these 
components. 

Poiymers 

Silicones: These are chemically inert, hâve good 
biotolerance, and high hydrophobie capacity. They are 


used in plastic surgery or in orthopedics in the form of 
elastomer, rubbers for joint prostheses of fingers. 

Polyacrylics: Polymethyl meth acrylate (PMMA) is used 
as bone cernent 

Saturated polyesters: There are represented by polyethylene 
terepthalate is used in prosthetic ligament (dacron). 

Polyolefins: Ultrahigh molecular weight polyethylene 
(UHMWPE) is used for making friction component of 
prostheses. Polypropylene can be used for ligament. 

Growth Promoter: General Principles and 
Experimental Studies on BMP 

BMP is a différentiation factor with active osteoinduction 
capacity. Native extract contain TGF1 and 2, BMP -2,-3,- 
4,-6 and -7 in this protein complex. The different types of 
BMP are: Extract of native human BMP: Préparation 
includes pulverization, demineralization by 0.6N HCL, 
extraction with 4 M GuHCL, tangential flow filtration, 
dialysis HPCL chromatography with three different 
extracts 

• Extract of Native Bovine BMP 

• Extract of Reindeer BMP 

• Human Recombinant 4 BMP-2 

• Human recombinant BMP-7 

The rhBMP-2 and rh BMP-7 hâve been registered as 
implants for use with spécial diagnostic groups, the 
former for spinal fusion and the latter for treatment of 
lower leg fractures. The économie settings of these 
osteoconductive bioimplants is very high. 

There may be some side effects such as local allergie 
reactions, local heterotrophic bone formation, develop¬ 
ment of antibodies against BMP; some complications like 
infection; some problems in respect of high solubility 
profile of BMP or to the carrier or framing material. 

The controversy as to différence in action native BMP 
extract and recombinant BMPs with natural BMP being 
more active than recombinant type. 

Biomaterials Produced by Human Cellular and 
Tissue Engineering 8 

Tissue engineering is a multidisciplinary field that enlists 
the knowledge and expérience of scientists involved in 
materials science, biomédical engineering, cell and 
molecular biology, and clinical medicine to produce of 
biomaterials that can replace ill functioning or missing 
tissues or organs when implanted into living host by 
cellular response that has a structure that has the 
biochemical and structural properties to carry out the 
required physiological function. 

Tissue 5 engineered biomaterials are clearly an 
important development. We can imagine being able to 
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reach into the freezer, take out a cell culture, treat it with 
growth factors on a scaffold matrix, and produce almost 
any tissue in the human body. This may be a common 
clinical practice in future. 
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151.1 Metals and Implants in Orthopedics 

DJ Arwade 


HISTORY 

With the introduction of antiseptie surgery between 1860- 
1870, by Lord Lister and anesthésia by Morton (ether) 
and Simpson (chloroform), the surgery developed 
rapidly. 

Implant surgery similarly developed as the develop¬ 
ment in technology of metallurgy and plastics took place. 
The advent of aseptie surgery helped to make these 
procedures safe. The discovery of X-rays by Roentgen 
and their clinical use from 1896 onwards gave a further 
impetus to internai fixation of fractures by showing the 
results of closed réduction as unsatisfactory on many 
occasions. As majority of the implants are used for 
fracture fixation, let us see their évolution. 

IMPLANTS FOR FRACTURE FIXATION: EVOLUTION 

In the pre-Listerian days, many surgeons were using 
books, pins, and wires made of various metals—gold, 
silver, platinum or iron to manipulate and hold fractured 
fragments in position. Bell in 1804 used silver-coated Steel 
pins and noted corrosion in them. It was noted even at 
that time that two different metals produced electrolytic 
corrosion. Lavert after many animal experiments found 
in 1829 that platinum was the most inert métal. However, 
platinum, gold as well as silver were found to be too soft 
for clinical use. 

The real development of implant surgery for fracture 
fixation started after the advent of aseptie surgery. Lister 
himself was one of the first to successfully wire a fractured 


patella using a silver wire. Among the early exponents 
of plate and screw fixation was Hansmann (1866). His 
implants were made of nickel-plated sheet Steel. Since 
the certainty of corrosion and break-up of the implant 
was well known if left inside the body for an appréciable 
duration of time, Hansmann's plates had one end bent 
at right angle, and it was allowed to protrude through 
the wound. Likewise, the screws were also applied so 
that the heads were outside the skin. The whole implant 
was removed by 6 to 8 weeks, when the fractured 
fragments were expected to be gummy. 

More than any other early pioneer it was Sir 
Arbuthnot Lane who placed plate and screw fixation of 
fractures on a sound footing. He devised his form of 
plates. These plates and screws were made of "stout Steel" 
a high carbon Steel, of considérable hardness and 
containing a fairly high percentage of carbon. As the 
danger of infection of wounds was still very high, he 
devised his "no-touch" technique. His own results bear 
testimony to his great skill and attention to details. 
However, he and many surgeons after him failed to 
distinguish between real infection in the wound and the 
after results of metallic corrosiion. Moreover, many of 
his plates, being brittle in nature used to break at the 
junction of central bar and the first hole. Corrosion was 
another factor for breakage of the implant. 

At the time that Lane was popularizing his ideas in 
UK, the Lambotte brothers Elie and specially Aldin were 
working in Belgium on the fixation of fractures. They used 
among other metals, aluminum, silver, brass, magnésium 
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and copper plates as well as steel-coated with gold or 
silver. Their plates were curved to fit the curvature of 
the bones. The total disintegration of the magnésium 
plates used with Steel screws underlined the effects of 
electrial corrosion when two separate metals were used. 

Von Bayer in 1908 introduced pins for fixation of 
"small fragments" at the intra-articular level. 

Earnest Hey Groves in 1893 stressed the value of rigid 
fixation and showed that movement at the fracture site 
encouraged corrosion and break-up of the fixation de vice. 
He was the first to try fixing fractures of the fémoral neck 
by round pins introduced through the trochanter, as well 
as the use of round intramedullary rods for fractures of 
the shaft of long bones. This idea was forgotten till revived 
by Kuntscher in 1940. 

The next major advances came from Sherman (1912), 
in USA. He improved the design of the Lane's plate to 
make it stronger. His implants were also now made of 
"Vanadium Steel", an alloy containing much less carbon 
and 0.1 to 0.15% of vanadium along with small amounts 
of chromium and molybdenum. In spite of this, it was 
found that staining of tissues by iron occurred indicating 
presence of corrosion products. 

The story of stainless Steel, it is said, started in Siberia 
with the discovery of a new minerai "chromite" way back 
in 1776. The métal chromium extracted from this minerai, 
a decade later, was found to possess an unusual property, 
an extremely good résistance to corrosion. Chromium 
plating or covering of a metallic surface with a thin layer 
of chromium to shield it from corrosive forces then 
became a common practice. 

The discovery of chromium prompted scientists in 
Europe and America to alloy it with iron. The idea was 
to produce a good engineering material at a reasonable 
cost. It was L Guillet of France who was the first to make 
alloy Systems close to what we now call stainless Steel. 
But their outstanding property of rustlessness which 
cornes about when the concentration of chromium is at 
least 13% in the alloy, was first noticed by P Monnartz of 
Germany who published a detailed account of his 
findings in 1911, after three years of research. However, 
it was Henry Bearly, a Sheffield metallurgist, who is 
credited with recognizing the commercial utility of 
stainless Steel as cutlery material. 

The 18-8 SMo was the first stainless Steel to perform 
satisfactorily as a surgical implant. 

Venable and Stuck (1926) did considérable work in 
confirming the electrolytic corrosion dangers from the 
use of metals, which were not inert in the human body. 
They introduced their own design of plates (Venable 
plates) made from Steel with a composition of 18% 
chromium and 8% nickel in addition to iron. This type of 


Steel was used for many years in spite of some tendency 
to corrosion. 

Large (1926) reported very favorably on the use of 
implants made from a modified type of Steel containing 
2 to 4 molybdenum in addition to 18% chromium and 
8% nickel. This work was ignored till 1940 when the use 
of this type of Steel (18-8 SMo Steel) became generally 
acceptable. Its corrosion résistance is very high, and it is 
the best form of Steel at présent available. 

However, its use was not without problems. In 1959, 
Bechtol, Fergusson and Laing published their 
authoritative work, "Metals and Engineering in Bone and 
Joint Surgery", which described the superior properties 
of type 316 stainless Steel. Type 316 then became the 
popular material for implants. Further work has been 
done which has developed an even better material type 
316L stainless Steel. 10 

This material has an extra low carbon content of 0.03% 
maximum which insures against the occurrence of 
Carbide précipitâtes. Carbide précipitâtes and delta 
ferrites make stainless Steel susceptible to intergranular 
corrosion. This condition would reduce the body 
compatibility of the métal. Therefore, type 316L is now 
replacing type 316. This is now possible with the advent 
of vacuum melting, electric furnaces which reduce the 
impurities to a bare minimum. This property of 316L 
makes it préférable for implants of a permanent nature 
while inferior formulae with slightly higher contents 
of Carbide are better suited for implants of a shorter 
duration but ones requiring greater strength like K- 
nails, Kirschner wires and Austin Moore pins, ail of 
which are removed in some time. 

In the years that followed, implants made of other 
alloys were placed on the market, vitellium4 or vinertia 
was developed in 1929 and used experimentally by 
Venable and Stuck. However, its use has found greater 
favor since 1945, as manufacturing techniques hâve 
improved. It contains no iron, being an alloy of cobalt, 
nickel and molybdenum mainly. 

Titanium was another métal which has corne into use 
in the last 30 years. It has found more favors with 
neurosurgeons for covering skull defects and in repair of 
hernias. It as well as vitallium are almost totally inert in 
the body. These metals hâve the fabrication versatality 
and strength of stainless Steel and excellent compatability 
in the body. The unalloyed type is widely used in Britain 
and used to a limited extent in the United States and 
Canada. The titanium 6 Al, 4V alloy is being clinically 
evaluated in the United States. This métal was developed 
primarily for aerospace applications and are just starting 
to be used in the fabrication of surgical implants. 
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A brief review of the various advances in the design 
of implants for fracture fixation other than plates and 
screws is interesting. For fractures of fémoral neck, Smith- 
Peterson in 1937 introduced the solid triflanged nail. 
Johnson modified it into a cannulated nail and introduced 
the technique of blind nailing. Thornton and McLaughlin 
separately introduced the extra-plate attachment to 
improve the fixation of the distal fragment. Numerous 
other models including the Jewett onepiece fixation 
device hâve been since introduced. For fractures of shaft 
of long bones specially the fémur, tibia and humérus, 
Kuntscher revived the idea of intramedullary fixation but 
improved on Hey Groves original idea of round rods by 
using either clover leaf or V-shaped nails. Rush later 
introduced his round pins and a host of other designs 
that hâve corne to the market. 

Use of compression to bring about early fracture 
healing has found increasing favors. Denis (1940) of 
Belgium was the first to write about the biomechanics of 
fracture healing produced by a compression force when 
using a spécial compression plate and screws. He was 
first to describe "primary healing" of fracture. Charnley 
introduced and popularized the compression method of 
arthrodesis of joints specially the knee. 

The AO group was formed in Switzerland by some 
17 surgeons in 1950. A combination of high-powered 
technology, metallurgical excellence and a high level of 
technical skill in optimum operating conditions has 
allowed a total change in the concept of treatment of 
many fractures by combining the principles of rigid 
fixation compression and early mobility. 

PHYSICAL PROPERTIES 

When formulating a standard spécification for instrument 
and an implant, the following requirements are given due 
considération. 

1. Material sharpness of cutting instruments, free- 
dom from surface defects. 

2. Corrosion résistance. 

3. Fatigue résistance. 

4. Shape and dimensional compatibility. 

5. Tensile, torsional and bending properties. 

6. Interchangeability. 

7. Performance and ease of operation. 

8. Sterilization. 

9. Freedom from toxic effects. 

10. Marking and packaging. 

In a standard spécification, either ail or few of the 
above requirements are incorporated with detailed test 
methods. 



Fig. 1 : Mini moly kit 


TESTING OF IMPLANTS 

Implants can be tested under following categories: 

1. Physical 

2. Chemical 

3. Structural 

4. Biological. 

Physical Tests 

Following points are considered under this category. 
Appearance: ISI spécification directs that the implants 
should be free from cracks, drawmarks, pits, burrs and 
surface contamination. They should be polished bright 
and passivated. 

Weight: Screws of identical diameter, geometry and length 
should weigh same, provided they are of the same alloy. 
By weighing similar size screws of different companies 
or of different batches of the same company, one can 
deduce whether the métal composition is same or not. 

Magnetism: The austinic stainless Steel (ISI 316) is 
nonmagnetic. A magnet is applied to the implant and 
tested for its magnetism. A small implant can be lifted 
up by the magnet (Fig. 1), while large implant when 
suspended will be found to zoom with the magnet. 

Hardness: It is the ability to resist plastic deformation 
under identical load. Rockwell superficial hardness 
testing to scale 30T is used to comply with nondestructive 
testing and to check even the small components as well. 
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Fig. 2: Bone screw showing strong magnetism 


This test involves a load of 30 kg and an indentor of 
1/16 inch diameter bail. Two readings are taken and the 
mean is calculated. 

Another method for identifying the strength-tough- 
ness is the "impact test" with an elevated standard 
pendulum, the implant is struck and the energy absorbed 
in the fracture is measured. 

Spark test: Molybdenum has a characteristic spark profile. 
It shows detached spear heads at the tips. 

The implant is abraded on a standard grinding wheel, 
and spark trajectories are noted for the characteristics. 

Microstructure: The sectioned surface of the implant after 
due polishing and etching is examined under a 
microscope to reveal the grain pattern. ISI spécifiés that 
the grain size should not be coarser than grain size 4 
(ASTM number, i.e. 2 4-1 grains per square inch at 100 
multiplication sign magnification). Fine grain size ensures 
better mechanical properties as well as more uniform cold 
forming characteristics. 

Chemical Tests 

These are studied under the foliowing heads: 

1. Molybdenum détection test 

2. Molybdenum percentage estimation 

3. Corrosion test 

ISI 316 Steel should contain molybdenum between 2.0 
and 3.5%. 

Molybdenum détection test: "Mini moly detector" kit 
(produced by Met Associates, Navsari, Gujarat State, 


Fig. 2) is available in the market. It consists of a specially 
developed electrolyte solution and électrodes with a 
portable dry cell power source. The test procedure is as 
follows. 

A drop of the electrolyte is placed on the stainless Steel 
under test, and the electrods is placed against the 
electrolyte solution to turn pink or rosy red. If moly¬ 
bdenum is présent, the drop will retain its hue and if not, 
the hue will fade rapidly. 

Molybdenum percentage estimation : This can be carried out 
by various métal testing laboratories in ail major cities. 

Corrosion test Aqua regia: Contains hydrochloric acid and 
nitric acid in the proportion of 3:1, and it is a strong 
solvent. If the implants are of identical alloys, they should 
dissolve identically. The percentage loss is estimated and 
compared with the standard one. 

Structural Characteristics 

These are considered under the following two heads: 

1. Design spécification 

2. Mechanical stability. 

Design spécification: ISI has laid down spécifications for 
each implant. For example, bone screw can be checked 
against the following points: 

1. Angle and diameter of the head 

2. Slots 

3. Thread diameter 

4. Core diameter 

5. Edge width 

6. Angle of the thread and pitch 

7. Angle of the tip and flûtes. 

Mechanical stability: Geometry of the bone plates with 
regard to the location of screw holes, thickness and acute 
bends are studied and compared with the ISI 
spécifications. 

Biological Compatibility 

ISI has specified methods for testing biological compati¬ 
bility of metals for surgical implants. 

Surface appearance is the property which can 
definitely be improved without significant efforts. 
However, there is an involved risk that polishing may 
mask several underlying defects which may become 
obvious at a later date. 

Weighing of screw would be a simple and reliable 
test, provided standard data is laid down for compari- 
son. BIS can lay down average weights of the screws with 
proper allowances. 
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Magnetism would form a simple, direct and reliable 
test within the reach of every practising orthopédie 
surgeon. Magnetic implants are liable to corrode by 
galvanic reaction in the body and, hence, should be 
rejected. 

There has been argument that during manufacturing 
process, cutting tools would impart certain magnetism 
to implants. This argument is not tenable since in the 
process of buffing and subséquent cleaning, the magnetic 
particles would be wiped away and the implant should 
become nonmagnetic. 

Hardness of the implant should be specified. Harder 
the implant, more brittle it is. Hardness of the implant 
needs to be specified by the manufacturer to ensure a 
consistent reproducible manufacture. 

Spark test, though reliable requires expertise. It has 
no limitation in detecting molybdenum, however, it can 
not estimate the percentage. Better tests are available. 

Microstructure though useful in laboratory work 
involves destruction of the implant and as such has very 
little clinical application. 

Of the various Chemical tests, molybdenum détection 
by "Mini moly" kit appears to be of practical utility. It is 
a simple, quick, direct, reliable, non-destructive and 
cheap test. Percentage of molybdenum can not be 
estimated by this test, but a rough idea can be obtained 
by comparing various shades of pink coloration 
developed. 

Every surgeon should test ail his implants before 
purchase by this method. 

Various métal testing laboratories can give précisé 
information regarding the composition of the implants. 
Since these tests involve sacrifice of the implant, these 
tests hâve limited application to the individual surgeon. 
However, in case of doubt, molybdenum percentage 
should be checked in the laboratory by random sampling. 

Corrosion test also has a limited application because 
of disintegration of the implant. 

About the structural characteristics, screw and plate 
design has been well specified by BIS and should be 
rigidly followed, there does not appear to hâve any 
justification for poor workmanship. 

Regarding mechanical stability, certain biomechani- 
cal principles need to be strictly adhered to. They are: 

(i) holes in the plates are potential sites of weakness, 

(ii) thicker the plate, more rigid it is, (iii) acute angles and 
sharp bends in the implants should be avoided, and 
(iv) one piece implant is better mechanically than joined 
implant. 

Nonmetallic Implants 

Biomaterials now hâve a large subsection of nonmetallic 
implants which find use in miscellaneous other 
indications. 


Biomaterials can be defined as being " natural or 
synthetic substances, capable of being tolerated 
permanently or temporarily by the human body" Bio- 
compatibility of these biomaterials could be graded as 
inert(ceramics), interactive (tantalum), viable (biodégrad¬ 
able polymers), replant (cultured native tissue). 

Biomaterials used in Orthopedics 

1. Métal and métal alloys:as discussed above. 

2. Ceramics and ceramometallic materials 

3. Tissue adhesives in orthopaedics 

4. Bone replacement materials and allografts 

5. Carbon materials and composites, polymers. 

CERAMICS AND CERAMOMETALLIC MATERIALS 

Ceramic is synthesized , inorganic, solid, crystalline, 
materials, excluding metals. They can be classified into: 

Bioinert Ceramics 

They are incorporated in the bone in accordance with 
pattern of contact osteogenesis. 

There two types viz. alumina ceramics (A1 2 0 3 ) and 
Zirconia ceramics (Zr0 2 ). Alumina ceramics contain 
entirely hexagonal crystals and hence are stable in vivo 
as against zirconia ceramics consist of three crystallo- 
graphical phases viz. cubic, tetragonal and monoclinic 
and transformation takes place under various change in 
température, Chemical mechanical stress and humidity. 
Chemical stabilizers like Y 2 0 3 , Ce0 2 and A1 2 0 3 are added 
to form partially stabilized zirconia( PSZ). 

Alumina is chemically more stable than PSZ in vivo, 
while PSZ is mechanically stronger than alumina and 
both of them exhibit much better wear résistant 
characteristics compared to stainless Steel or cobalt 
chromium alloy when assessed in form of bearing 
components of hip prostheses . 

For these reasons alumina is used to fabricate ceramic 
on ceramic hip prostheses where head size is not a key 
issue while PSZ is used to fabricate ceramic on 
polyethylene hip prostheses where head size must be 
made reasonably small. One reason why zirconia on 
zirconia or alumina on zirconia hip prostheses hâve not 
yet been brought to market is that even with PSZ, its long- 
term crystallographical stability in vivo is not been 
confirmed. Long-term results of alumina on polyethene 
yet to corne. Though considered inert small particles 
ingested by cells can lead to adverse biological reaction 
and cause periprosthetic osteolysis. 

Bioactive Ceramics 

These hâve a characteristic of osteoconduction and the 
capability of Chemical bonding with living bone tissue in 



1184 Textbook of Orthopedics and Trauma (Volume 2) 


accordance with the pattern of "bonding osteogenesis". 
These include glasses, glass ceramics and ceramics that 
elicit a spécifie biological response at the interface 
between the material and the bone tissue which results 
in the formation of a bond between them. Bioglass, apatite 
wollastonite containing glass ceramics (AW-GC) and 
synthetic hydroxyapatite (HA) are représentative 
materials currently used for clinical applications. As the 
bending strength of HA is lower than cortical bone, HA 
cannot be used to fabricate weight bearing prosthesis , 
instead they are used for filling bone voids, coating of 
prostheses. Mechanically stronger bioactive material is 
AW-GC which has significantly greater bending and 
compressive strength than cortical bone and dense HA. 
Bone bonding occurred earliest with bioglass. And then 
HA. Considering this, using AW-GC various bone 
prostheses like vertébral prosthesis, iliac crest prostheses, 
intervertébral spacers, laminoplasty spacers were 
fabricated. 

Bioresorbable Ceramics 

These are gradually absorbed in vivo and replaced by bone 
in the bone tissue. The pattern of their incorporation in 
the bone tissue is considered similar to contact osteo¬ 
genesis, although the interface between bioresorbable 
ceramics and bone is not stable as that observed with 
bioinert ceramics. 

TISSUE ADHESIVES IN ORTHOPEDIC SURGERY 

Tissue adhesives should possess following properties: 

1. It should be moderately viscous so that once applied 
it remains in the field, but yet spreads readily and 
conforms to wound contors. It needs to set rapidly. 

2. Its ability to dégradé at a appropriate rate, which 
preferably be biofeedback controlled régénération. 

3. Biocompability. 

Types of Tissue Sealant 

Fibrin: Source is from plasma either pooled donor or 
autologous donor. Variation between products arise from 
source of plasma, mode of précipitation, mode of 
purification. 

Each product has two components: 

1. A lyophilsed concentrate of pooled human 
fibrinogen/ factor XIII which is reconstituted with 
an antifibrinolytic solution. 

2. Bovine thrombin which is reconstituted with a 
solution of calcium chloride. 

The fibrinogen is converted by thrombin into fibrin 
monomer. These assemble into fibrils which eventually 
aggregate to form a three-dimensional gel. Factor XIII 


activated by thrombin in presence of calcium induces 
covalent bond formation between the assembled fibrin 
monomers, This increases its overall strength and 
stiffness. 

The three dimentional structure of fibrin gel may be 
modified by changing concentration of fibrinogen, 
thrombin, or calcium ionic strength, pH, température. 

Leading to formation of fine gel (< 2 pm) or course 
gel (>2 pm) Fine gels irrespective of degree of crosslink 
âge ,have a lower shear compliance than do coarse gels 
although they are more prone to permanent deformation, 
i.e. they are characterized by more viscous behavior. 
Increase in thrombin concentration results in increase in 
ultimate tensile strength and Young's modulus. The fibrin 
sealant has more bonding strength than sutures upto 4th 
postoperative day, after which no différence between two 
groups was observed. 

Fibrin composites: When mixed with hyaluronic acid, 
it increased viscosity of glue. 

Fibrin collagen composite hâve a higher binding 
strength than pure fibrin. 

Albumin: Crosslinkage of albumin results in excellent 
adhesiveness. It is also used as a vehicle for site spécifie 
delivery of growth factors to accelerate tissue repair. 
Glutaraldehye albumin microsphere complexes are used 
as vehicle for delivery of proteins and polymers including 
progestérone, insulin, heparin, etc. Crosslinkage of 
albumin with activated polyethylene glycol yields a 
hydrogel which has proved useful for the delivery of 
drugs such as acetaminophen, theophyline, hydrocorti¬ 
sone as well as enzymes such alkaline phosphatases, 
lysozyme, etc.Prosthestic device coating has also been 
used. 

Cyanoacrylates: N butyl cyanoacrylates hâve proved to be 
promising rôle in tissue adhesion.They can be used to 
embolize arteries because of its thrombogenic effect. 

Mucopolysaccharides: The blue mussel producing mussel 
adhesive protein(MAP) serves to affix mollusk to 
rocks.MAP has been used as basement membrane and 
because of its adhesiveness it has been used for fixation 
of chondrocytes and osteoblasts.This may be in clinical 
use in permanent adhesion such as implant fixation in 
hard tissues. 

Other adhesives: Gelatin resorcinol formaldéhyde is used 
for animal trials with concern of cytotoxity of 
formaldéhyde. 

BONESUBSTITUTES 

They are grouped under: 

• Calcium phosphate bone substitutes 
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• Xenografts 

• Others 

Calcium phosphate boue substitutes: Synthetic are 
produced by moulding or machining raw materials into 
various shapes and porosities prior to sintering.In case 
of biological ceramics, manufacturing process. Mostly 
consist of thermal treatments to modify organic 
components. 

When placed in doser contact with healthy bone 
tissue, autologous ostéogénie cells grow along the implant 
and produce extracellular bone matrix directly in contact 
with surface without fibrous interlayering. 

Undifferentiated cells from bone marrow can 
differentiate into spécifie bone cells on surface of ceramics, 
where they exhibit osteoblastic phenotyping. 

Résorption dépends on material solubility. Pure 
crystallized hydroxyapatite is known to be poorly soluble 
as against tricalcium phosphate ceramics are resorbed in 
few years. The résorption can be osteoclastic or by 
dissolution into the extracellular fluids. 

These properties are dépendent on pore size. 
Macropores allow bone cells to penetrate and form new 
bone internally. Micropores are thought to be protein 
fixation by capillary and thus facilitate cell différentiation. 
However increase in porosity produces decrease in 
mechanical strength. Pure HA or TCP can be as résistant 
as cortical bone, should the total porous volume not 
exceed 30% of the external volume. 

Classification 

Hydroxyapatite ceramics(HAC): Synthetic/natural are 
available in various shapes ( granules, blocks,cylinders) 
for general void filling or in anatomical shapes designed 
for spécifie indications like ostéotomies, spinal 
arthrodesis. 

Tricalcium phosphate ceramics(TCPC): These are purely 
synthetic materials .Total résorption canbe radiologically 
observed after few months in highly porous implants. 
However, implants with 30% porosity are visible even 
after two years. Like H AC, TCPC are made available in 
different sizes. 

Biphasic calcium phosphate ceramics(BCPC): Composed of 
a mixture of synthetic HA and TCP, BCPC exhibit 
intermediate intégration and résorption rates. At présent 
these are proposed only for general bone void filling, and 
présent high porosity factors. 

Calcium phosphate cements: These consist of paste like 
structure that can harden in physiological media to form 
calcium phosphate compounds. During hardening a 
hydrolysis or acidobasic reaction takes place. Once 


hardening is complété, the porosity is low, thus allowing 
minimum bone growth. 

Xenografts: These are either bovine or porcine. Cancellous, 
corticocancellous or cortical specimens treated to preserve 
alveolar structure as well as mechanical properties of 
natural bone but no osteoinductive proteins. 

Others 

Calcium sulphate: Plaster of paris in the form of dense 
pellets, either pure or in combination with antibiotics are 
used but the résorption rate is high. So that strength 
decreases significantly during first few weeks of 
implantation. 

Coral: They are chemically treated to eliminate organic 
phase. The résorption rate is governed by porosity . 

CARBON COMPOUNDS AND POLYMERS 
Carbon Compounds 

In spite of unrivalled endurance to fatigue , biomédical 
carbon is not gaining popularity I plates or prosthetic 
ligaments due to less structural flexibility, less bending 
résistance, intolérance to lengthening. Particles found in 
the spleen mean that we should be careful in using these 
components. 

Polymers 

Silicones: These are chemically inert ,have good 
biotolerance, and high hydrophobie capacity.They are 
used in plastic surgery or in orthopedics in the form of 
elastomer,rubbers for joint prostheses of fingers. 

Polyacrylics: Polymethyl meth acrylate (PMMA) s used 
as the polymer of choice in securing implant to bone since 
its introduction in 1970s by Sir Charnley. 

It is provided in 2 parts, liquid monomer which helps 
méthacrylate powder to polymerise. Radioopaque 
barium sulphate or zirconia helps its visulaisation on 
radiographs . The reaction is exothermic .Clinical studies 
show that thermal necrosis caused by the heat does not 
affect overall performance. Antibiotics added can aid in 
prophylaxis or treatement of infection. Percentage 
elution is determined by préparation technique of the 
said antibiotic impregnated cernent. Low viscioty 
préparations can be delivered under pressure, porosity 
réduction thus achieved decreases the chances of implant 
loosening. 

Saturated polyesters: These are represented by poly- 
ethylene terepthalate is used in prosthetic ligament 
(dacron). 
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Polyolefins: Ultra high molecular weight polyethylenes is 
a group of novel linear polymers with high surface wear 
résistance and low coefficient of friction.These résilient 
properties hâve made it a vital component in the weight 
bearing component like the acetabular and tibial plateau 
surfaces in joint replacement surgeries. 

Ultrahigh molecular weight polyethylene (UHM- 
WPE) is used for making friction components of 
prostheses. Distinction in the types is determined by 
branching of molécules and their molecular weight. 
There was a major concern of osteolysis caused by débris. 
Gamma radiation used to stérilisé UHMWPE exacer- 
bated dégradation. Alternations hâve now been made to 
achieve right balance of decreased wear and toughness 
required for joint replacement surgeries. 

Biodégradable polymers: These compounds get resorped in 
a controlled fashion and get replaced by natural tissue. 
These are currently used in research in an attempt to use 
them as primary scaffold in bone healing, as drug delivery 
Systems and as hydrogeles in tissue engineering of 
cartilage and bone. These include polylactic acid, 
polyglycolic acid, polydiaxanone 

Use in orthotics and prosthetics: Thermoplasts and 
theromsets are used to design custom made orthotics and 
prosthetics to suit demands of shock absorption, shear 
réduction, shape, thickness of various body parts. 

Growth promoter: General principles and experimental 
studies on BMP. 

BMP is a différentiation factor with active osteo- 
induction capacity .Native extract contain TGF1 and 2, 
BMP -2,-3,-4,-6 and-7 in this protein complex. The 
different types of BMP are 

Extract of native human BMP: Préparation includes 
pulverization,demineralization by o.6N HCL,extraction 
with 4 M GuHCL,tangential flow filtration,dialysis, 
HPCL chromatography with three different extracts 

• Extract of Native Bovine BMP 

• Extract of Reindeer BMP 

• Human Recombinant BMP-2 

• Human Recombinant BMP-7 

The rhBMP-2 and rhBMP-7 hâve been registered as 
implants for use with spécial diagnostic groups, the 
former for spinal fusion and the latter for treatment of 
lower leg fractures. The économie settings of these 
osteoconductive bioimplants is very high. 


There may be some side effects such as local allergie 
reactions, local heterotrophic bone formation, develop¬ 
ment of antibodies against BMP; some complications like 
infection; some problems in respect of high solubility 
profile of BMP or to the carrier or framing material. The 
controversy as to différence in action of native BMP 
extract and recombinant BMPs with natural BMP being 
more active than recombinant type. 

Biomaterials produced by human cellular and tissue 
engineering: Tissue engineering is a multidisciplinary field 
that enlists the knowledge and expérience of scientists 
involved in materials science, biomédical engineering, 
cell and molecular biology, and clinical medicine to 
produce of biomaterials that can replace illfuncitoning 
or missing tissues or organs when implanted into living 
host by cellular response that has a structure that has the 
biochemical and structural properties to carry out the 
required physiological function. 

Tissue engineered biomaterials are clearly an 
important development. We can imagine being able to 
reach into the freezer, take out a cell culture, treat it with 
growth factors on a scaffold matrix, and produce almost 
any tissue in the human body . This may be a common 
clinical practice in future. 
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151.2 Bioabsorbable Implants in Orthopedics 

MS Dhillon 


INTRODUCTION 

The principal focus in modem implant development is 
on developing devices that are stronger, durable and 
more acceptable to the body. Biodégradable implants 
hâve allowed a paradigm shift away from bionic 
(mechanical replacement) engineering and towards true 
biologie solutions in orthopaedic reconstruction. There 
are inhérent problems with the use of these metallic 
devices like stress chielding phenomenon, pain, local 
irritation. Retained metallic implants carry risk of 
infection. Métal ion release implants is recorded, though 
long-term effects of these are not yet known. 

HISTORY 

Low molecular weight polyglycolic acid was synthesized 
by Bischoff and Walden in 1893. The first synthetic 
absorbable suture was developed from polyglycolic acid 
(PGA) by American Cyanamid Co. in 1962. 'Vier y T has 
been successfully used since 1975; similar materials hâve 
shown no carcinogenic, tératogénie, toxic, or allergie side 
effects; mild nonspecific inflammation may be 
encountered sometimes. Use of PGA as reinforcing pins, 
screws, and plates for bone surgery was first suggested 
by Schmitt and Polistina. 

Polyglycolic acid (PGA) is a hard, tough, crystalline 
polymer with an average molecular weight of 20,000 to 
145,000 and melting point of 224 to 230°C. Polylactic acid 
on the other hand is a polymer with initial molecular 
weights of 180,000 to 530,000 and a melting point of about 
174°C. In orthopédie implants poly-L-lactic acid (PLLA) 
has been used more extensively because it retains its 
initial strength longer than poly-D-lactic acid (PDLA). 
PGA belongs to the category of fast degrading polymers, 
and intraosseously implanted PGA screws hâve been 
shown to completely disappear within 6 months. PLLA 
on the other hand has a very long dégradation time and 
has been shown to persist in tissues for as long as 5 years 
post-implantation. 

For orthopédie usage, the main hindrance to develop¬ 
ment of bioabsorbable implants has been the question of 
obtaining sufficient initial strength and retaining this 
strength in the bone. With the use of self-reinforcing (SR) 
technique the material was sintered together at high 
température and pressure, resulting in initial strengths 
5 to 10 times higher than those implants manufactured 


with melt moulding technique. Though initial strengths 
of SR-PLLA screws are lower than SR-PGA, strength 
rétention in the former is longer than the latter. Nowa- 
days, bioabsorbable implants show no différence in the 
in the stiffness, linear load and failure mode when 
compared with metallic devices. 

ADVANTAGES 

The biggest advantage is that since these implants hâve 
the potential for being completely absorbed, the need for 
a second operation for removal is overcome and long- 
term interférence with tendons, nerves and the growing 
skeleton is avoided. Additionally, the risk of implant- 
association stress shielding, peri-implant osteoporosis 
and infections is reduced. An important aspect is that 
these implants do not interfère with clinical imaging, 
allowing MRIs at any stage after surgical implantation. 

Current Uses 

Biodégradable implants are available for stabilization of 
fractures, ostéotomies, bone grafts and fusions parti- 
cularly in cancellous bones, as well as for reattachment 
of ligaments, tendons, meniscal tears and other soft tissue 
structures. 

Arthroscopic surgery is the most recent orthopédie 
discipline to embrace biodégradable implant technology. 
It is used extensively for ACL reconstruction in the form 
of interférence screws and transfixation screws. Osteo- 
chondral fractures canbe well fixed by using arthroscopic 
techniques and biodégradable pins. Meniscal tacks and 
biodégradable suture anchors hâve opened new avenues 
for soft tissue reconstruction in complex knee injuries; 
these can be used via open or arthroscopic surgical 
techniques. In the shoulder rotator euff tears, shoulder 
instability, and biceps lésions that require labrum repair 
or biceps tendon tenodesis can be managed with these 
implants. 

Bioresorbable implants hâve been used as interbody 
spacers in lumbar interbody fusion; although the foreign 
body reactions and strength currently nuclear for 
bioabsorbable cages, the early appearance of osteolysis 
associated with use of poly (I-lactide-co-d,I-lactide) cages 
raises questions regarding their value in this situation. 
Bioabsorbable anterior cervical plates hâve been used and 
studied as alternatives to métal plates when a graft 
containment de vice is required. 
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Bioresorbable material use in pédiatrie situations was 
perhaps the earliest recorded use in orthopédie literature. 
These hâve been used as self-reinforced absorbable rods 
for fixation of physeal fractures, in pédiatrie olecranon 
and elbow fractures, and as screws for fixation of subtalar 
extra-articular arthrodesis. 

Ankle fracture fixation is another area where self- 
reinforced absorbable rods hâve been successfully 
employed. Bioabsorbable implants offer spécifie 
advantages in the foot where removal of the hardware is 
mandatory in some fixations like syndesmotic disruptions 
and Lisfranc's dislocations. 

There are bioabsorbable implants now available for 
use in humerai condyle, distal redius and ulna, radial 
head and other metaphyseal areas. Bioabsorbable meshes 
are available for acetabular reconstructions. Bioabsorb¬ 
able implants are also variously used in craniomaxillo- 
facial surgery and dental surgery. 

Dégradation 

Crystalline polymers hâve regular internai structure and 
because of the orderly arrangement are slow to dégradé. 
Amorphous polymers hâve a random structure and are 
completely and more easily degraded. Semi-crystalline 
polymers hâve crystalline and amorphous (random 
structure) régions. Hydrolysis begins at the amorphous 
area leaving the more slowly degrading crystalline débris. 

Some earlier biodégradable implants hâve had 
problems with dégradation time and tissue reactions. One 
commonly used material, polyglycolide (PGA), is 
hydrophilic and dégradés very quickly, losing virtually 
ail strength within one month and ail mass within 6 to 12 
months. Adverse reactions can occur if the rate of 
dégradation exceeds the limit of tissue tolérance and 
incidence of adverse tissue reactions to implants made 
of PGA hâve been reported from 2.0 to 46.7%. So PGA in 
isolation is rarely used these days in the manufacture of 
bioabsorbable implants. 

Another material, Poly L Lactic Acid (PLLA), has a 
much slower rate of absorption. This homopolymer of L 
lactide is highly crystalline due to the ordered pattern of 
the polymer chain and has been documented to take more 
than five years to absorb. 

The newer génération of implants remain 
predominantly amorphous after manufacturing due to 
controlled production processes of copolymers. D lactide 
when copolymerized with L lactide increases the 
amorphous nature of these implants. This increases the 
bioabsorbability of these devices. The idéal material is 
perhaps one that has "medium" dégradation time of 
around 2 years, as by that time the purpose for which the 
implant was put has been served. 


DISADVANTAGES 

There are quite a few problems that need to be addressed 
with the use of these devices. Primarily the inadéquate 
stiffness of the device and weakness compared to métal 
implant can pose implantation difficulties like screw 
breakage during insertion and also make early mobili- 
zation precarious. The other potential disadvantages are 
an inflammatory response described with bioabsorbable 
implants, rapid loss of initial implant strength and higher 
refracture rates. Bostman et al in reported an 11% 
incidence of foreign body reaction to PGA screws in 
malleolar fracture. However the fracture fixation did not 
suffer in any case. 

Problem areas of concern regarding faster resorbed 
implants are due to the fact that the body mechanisms 
are not able to clear away the products of dégradation, 
when they are produced at faster rate. This leads to a 
foreign body reactions, which however has only been 
recorded in the clinical situation. No experimental study 
has been able to document this, nor hâve the exact 
mechanisms and causes identified. 

Many manufacturers are introducing colored 
implants, as sometimes visualization inside the joint may- 
be a problem which non-colored devices. This definitely 
easier to implant (personal expérience), but the literature 
records significantly higher rates of inflammatory 
reaction with the use of colored implants. 

FUTURE 

Bioabsorbable implant research is an evolving science. 
Résorbable plates can be covalently linked with 
compounds such HRP, IL-2, and BMP-2 and represents 
a novel protein delivery technique. BMP-2 covalently 
linked to résorbable plates has been used to facilitate bone 
healing. Covalent linking of compounds to plates 
represents a novel method for delivering concentrated 
levels of growth factors to a spécifie site and potentially 
extending their half-life. 

An area for future development would hâve to focus 
on developing implants that dégradé at the "medium 
term". Since the screw that persists in its track for 5 years 
or more does not offer the advantage of bioresorbability, 
newer molécules may hâve to be studied. 

In vitro studies hâve shown promising results of 
antibiotic elution from bioabsorbable micropheres and 
beads. Animal in vivo tests hâve shown that antibiotic 
impregnated polymers can successfully and beads. 
Animal in vivo tests hâve shown that antibiotic 
impregnated polymers can successfully treat induced 
osteomyelitis in rabbits and dogs. 
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Ail in ail, this is a concept that has perhaps corne to 
stay. What the future holds in this sphere, is something 
we will hâve to wait and see. 
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INTRODUCTION 

Understanding the basic events in fracture healing is very 
important to plan the treatment. Recent development and 
research hâve shown many factors in the process of 
healing of fracture. First is the healing of fractures and 
its relation to axial micromotion. Axial movements at the 
fracture site are not only helpful but are crucial for 
fracture healing. Secondly, distinction also must be made 
between the healing of diaphyseal fractures and 
cancellous bone fractures of the intra-articular and 
metaphyseal area, where compression of the fragment is 
useful. Thirdly, many biochemical messenger substances 
are identified which stimulate healing of fractured bones. 
Bone matrix also contains a variety of cytokines, including 
growth factors that stimulate bone formation. 15 
Spontaneous healing of fracture, common in animais is 
usually due to a closed low energy fracture. The rôle of 
the surgeon in treating simple fractures of this type may 
be that described by Voltaire, "to amuse the patient while 
nature heals the injury." Fourthly using new methods of 
internai fixation, external fixation and réhabilitation, we 
can now successfully treat even the most severe fractures 
and many severe joint injuries. 15 New biologie approaches 
to promoting tissue repair and régénération will further 
improve treatment of these injuries. 15 Latest édition to 
the fracture fixation implant is Locked Compression Plate 
(LCP), which appears to be very promising. 15 Today the 
fracture is usually due to a high energy industrial, 
vehicular (including train and plane accidents), ballistic 
or bomb fracture and many of them are polytrauma. The 
greater the energy, the more is comminution, the more is 
the number of bones fractured. 


Types of Bone Formation 

In nature currently four types of bone healing are 
identified. 13 

1. Secondary healing: The first and the common type is 
formation of a callus consisting of cartilaginous and 
fibrous tissue. The callus is then converted into 
lameller bone. This replacement of fibrocartilage by 
bone is known as endochondral, indirect bone for¬ 
mation or secondary healing. 

2. Primary healing: In the primary healing, bone is 
directly formed from one fragment to another as in 
compression plating. Osteons cross from one fragment 
into the other, when both fragments are compressed 
together. 

3. Distraction histiogenesis: In this type when a callus is 
slowly distracted new bone is formed in the gap. 

4. Transformation osteogenesis: In this the pathological 
tissue is transformed into a new bone. This type is 
described by James Aronson, 1 e.g. infected nonunion 
or pathological fracture in chronic osteomyelitis, 
when distracted the fracture heals by new bone 
formation. 

Healing of fracture is unique. Almost ail other tissues 
in the body heal by fibrous replacement of the injured 
portion. Injured bone is replaced by new bone, not by 
fibrous tissue. 11 

White and Punjabi 14 hâve described the healing in four 
overlapping stages, while Cruess 6 and Dumont in three 
phases. Common to ail is the concept that the fracture 
initiâtes a biological cascade, a sequence of steps activated 
by and depending on the previous steps. The sequences 
are of inflammation, repair and remodeling, which 
restore the injured bone to its original State. 
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Inflammatory Phase 

Inflammatory phase consists of massive cellular 
prolifération. The enormous massive wall is formed in 
and around the fracture site in the first week. Injured 
tissue and platelets release vasoactive mediators such as 
serotonin, histamine, etc. The inflammatory phase is 
identical to any inflammation due to other causes (e.g. 
foreign body). The fracture site is invaded by neutrophils, 
basophils, lymphocytes and phagocytes that participate 
in clearing away necrotic débris, accompanied by 
vasodilation and hyperemia. Ail these are presumably 
mediated by histamines, prostaglandins, and various 
cytokines. Severely damaged periosteum and marrow as 
well as other surrounding soft tissues may also contribute 
necrotic material to the fracture site. The necrotic tissue 
is resorbed. The inflammatory phase peaks within 48 
hours and is quite diminished by 1 week after fracture. 
After the fractures, the bony ends become avascular. The 
undifferentiated pluripotential cells of parosteal tissues 
are of greater importance in this respect than are cells of 
the adult periosteum. Parosteal vessels tremendously 
proliferate and supply blood to the healing fracture. The 
pluripotential cells proliferate between muscle fibers and 
around vessels. An intense prolonged inflammatory 
response may increase the extent of tissue damage, delay 
repair, or cause excessive scarring, and it is not clear that 
successful healing requires inflammation. 7 

Stage of Callus Formation or Reparative Phase 

Fracture hematoma should preferably be called as frac¬ 
ture exudates because, fluid at the fracture site contains 


not only blood but many biochemical messenger 
substances secreted by the cells. Many factors such as, 
bone morphogenetic protein (BMP), growth factors, 
prostaglandins (PGE2), hormones and many unknown 
factors stimulate prolifération and regulate cell migration, 
différentiation of the totipotent mesenchymal cell into 
fibroblast, osteoblast and chondroblast and synthesis of 
callus. This différentiation is under the influence of local 
factors. Local mediators that may influence repair cell 
function include growth factors released from cells and 
platelets and oxygen tension (Table 1). Acidic fibroblast 
growth factor (FGF) basic, FGF, and TGF-/3 stimulate 
chondrocyte prolifération and cartilage formation, 
osteoblast prolifération and bone synthesis. TGF-/? 
synthesis is also associated with cartilage hypertrophy 
and calcification at the endochondral ossification front. 8 

The cells of the callus origin chiefly from the marrow, 
the periosteum and messenchymal cells of the soft tissue 
around the fracture (Fig. 1). Cells from the cambium layer 
of the periosteum form the earliest bone. 15 

Ail these biochemical substances influence cell 
migration, prolifération différentiation, as well as matrix 
synthesis. The cell migrate and proliferate also produce 
the biochemical substances which in turn stimulâtes the 
pluripotent mesenchymal cell (Table 2). Thus, one 
population of cells produces factors that attract and 
influence the function of the next population of the cells. 
When the fibroblasts appear, they continue to produce 
factors that influence fibroblast function throughout 
repair. 

Osteoblasts will elaborate an organic matrix called 
osteoid. This osteoid tissue is mineralized and forms 


TABLE 1: Growth factors involved in fracture repair 



Growth Factor 

Location 

Function 

Comment 

Transforming growth factor-/! 

Platelets, osteoblasts. 

1. Increase osteoblast-chondrocyte 

Widely distributed, both in normal 

(TGF-ft, TGF-ft) 

chondrocytes, bone matrix 

prolifération 

bone and fracture repair 

Insulin-like growth factor 

Found in bone and cartilage 

2. Increase proteoglycan synthesis 

3. Decrease collagen synthesis 
Stimulâtes cartilage growth 

May be important in causing 

(IGF) or somatomedin C 
Platelet-derived growth 

Platelets, monocytes 

1. Increase osteoblast-chondrocyte 

différentiation of bone cells 

Very important in soft tissue healing. 

factor (PDGF) 

endothélial cells 

prolifération 

Rôle in bone less clear 

Fibroblast growth factor (FGF) 

Inflammatory cells. 

2. Increase protein synthesis 
(collagen and noncollagen) 

1. Increase cell réplication 

Important in angiogenesis and 

Tumor necrosis factor (TNF) 

osteoblasts, 

chondrocytes 

Macrophages 

2. Indirectly increase collagen 
production 

1. Increase bone résorption 

2. Increse cell réplication 

cartilage formation 


Reproduced from Glynne Andrew (1993), P. 538 by kind permission of the Medicine Group (Journals) Ltd. 
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Fig. 1: 1—External callus, 2—periosteum, 3—intracortical 
callus, 4—intramedullary callus, 5—fibrous tissue, 6—hema- 
toma, 7—osteoblast and chondroblast, and 8—blood vessels 

TABLE 2: Pluripotent cells 

Osteoblasts Myoblasts Other cells 


Chondroblasts Fibroblasts 


Bone Cartilage Muscle Fibrous tissue Fat cells, etc. 

formation formation formation Tendons, 

Ligaments 

woven bone, which is finally converted into lamellar 
bone. The process of mineralization is also under the 
control of osteoblasts, mineralization should not be 
confused with calcification, which is a déposition of 
calcium salts in a structureless, often necrotic organic 
material. 3 Signais evoked by bone and soft tissue strains 
control callus formation. 

The external callus of fracture formed on both sides 
is gradually joined together and bridges the fragments. 

Electronegativity is found in the région of a fresh 
fracture and may stimulate osteogenesis. The reparative 
phase becomes activated within the first few days after 
fracture and persists for se ver al months. A callus consists 
of cartilage, fibrous tissue, osteoid, woven bone and 
vessels. The primary callus formation does not continue 
indefinitely. It is a time bound phenomenon. If the 
primary callus fails to bridge the fracture gap within a 
few weeks, it may cease to grow and may be resorbed. 

At this stage, the microenvironment about the fracture 
is acidic, which may affect cell behavior during the early 
phases of repair. As repair 4 progresses, the pH gradually 
returns to neutral and then to a slightly alkaline level. 
When an alkaline pH is attained, the activity of the 


alkaline phosphatase enzyme is optimal and promotes 
mineralization of the fracture callus. Periosteum play s 
an important rôle in formation of early callus and bone. 
Bone ends deprived of blood supply become necrotic, 
which, however, is replaced by new bone. 

Phase ofHard Callus or Woven Bone Formation 

If the primary callus bridges the fracture ends, healing 
progress to form osteoid or woven bone (hard callus). 
Woven bone formation occurs throughout the callus. 
Mineralization of the callus may be due to direct bone 
formation by osteoblasts or by endochondral ossification, 
depending on the local oxygen tension. The formation of 
fibrous chondroid or osteoid tissue dépends upon the 
mechanical, electrical, Chemical and biological 
environment. The bone formed initially at the periphery 
of the callus by intramembranous bone formation is the 
hard callus. The soft callus forms in the central régions 
with low oxygen tension and consists primarily of 
cartilage and fibrous tissue. Bone gradually replaces the 
cartilage through the process of endochondral ossifi¬ 
cation, enlarging the hard callus and increasing the 
stability of the fracture fragments. 15 

When there is low oxygen tension chondroblasts form 
chondroid tissue. When there is excessive mobility, 
fibroblasts form fibrous tissue. Compression discourages 
the formation of fibrous tissue. Intermittent shear forces 
promote normal calcification of newly formed fibro- 
cartilage, whereas intermittent hydrostatic stress inhibits 
calcification. 

As callus begins to mineralize (approximately 14 to 
17 days after fracture in the rat), neutral proteases and 
alkaline phosphatase show parallel increases and peaks 
in activity. As mineralization proceeds, the bone ends 
gradually become enveloped in a fusiform mass of callus 
containing increasing amounts of woven bone. An 
immature fracture callus is weaker than normal bone, 
and it only gains full strength during remodeling. 

The external bridging callus is relatively rapid in its 
appearance. It has the ability to bridge gaps and is quite 
tolérant of movement. It is critically dépendent on 
presence of viable external soft tissues. Total rigidity will 
inhibit its production. 

Intramedullary or internai callus: Limited résorption of the 
fracture occurs. A résorption of the entire fracture surface, 
leading to a radiographically visible widening of the 
fracture gap occurs only in the presence of inter- 
fragmentary instability. 12 

Concomitant with formation of the bridging callus, 
the medullary callus is formed. The mechanical factors 
do not influence the medullary callus. Therefore, the 
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medullary callus continues to form bone, even though 
the external callus has ceased to progress. 

Phase of remodeling: In the process of remodeling, woven 
bone is converted into the lamellar bone. When the callus 
becomes hard and rigid, the fracture becomes stable. The 
woven bone is remodeled by osteoclasts and osteoblasts 
into the lamellar bone. The processes of remodeling 
continues for several years till cortical bone and 
medullary canal are formed. When the bone is converted 
into lameller bone, this structure gives bone its strength. 
Remodeling occurs under conditions of cyclic loading. 
At the same time, résorption of the external callus occurs. 
Remodeling occurs in the direction of forces. Fracture 
repair dépends on régulation of gene expression in the 
repair cells. 15 

Healing of fractures through cancellous bone: Fracture 
healing in cancellous bone is different from that of the 
cortical bone. The extent of bone and marrow necrosis 
following these fractures is much less than that seen in 
compact bone fractures. This is because of good 
circulation. Prolifération of cells occurs and the fracture 
gap is filled up. Direct lamellar bone is formed when the 
fragments are stabilized. Primary healing occurs. 
Endochondral bone formation is exception, and occurs 
only if the fragments are grossly unstable. Secondary 
healing is rare. Union between the fragments occurs early. 
Charnley has shown that when the cancellous fragments 
are compressed, bone formation occurs in three weeks. 
The formation of new bone leads to an absolute increase 
in density which in the presence of a narrow gap is seen 
on radiographs as one ill-defined radiodense band. When 
the gap is wider, two ill-defined bands are seen. When 
union occurs bands fuse. When the fragments are grossly 
displaced and the fracture is unstable, an external callus 
will develop. 11 

Primary and secondary bone healing: When the fracture is 
rigidly stabilized by dynamic compression plate, healing 
can occur without callus formation. As the fragment 
surfaces are in contact, direct bone formation occurs. This 
type of fracture healing is called as primary bone healing 
or osteonal healing. 10 There are two types of primary bone 
healing: (i) contact healing, and (ii) gap healing. When 
the bone ends are in direct contact, lamellar bone is 
formed across the fracture line. This is done by a cutting 
cône which consists of a cluster of osteoclasts followed 
by blood vessels and osteoblasts. This cutting cône bur- 
rows directly into the apposite fracture surface, and 
osteoblasts form new bone. In large gaps, 200 microns to 
1 mm cells fill the defect with woven bone. Haversian 
remodeling occurs, and cutting cône deposits the lamellar 


bone. If a large segment of cortical bone is necrotic, gap 
healing by direct extension of osteons still occurs, but at 
a slower rate, and areas of necrotic cortical bone remain 
unremodeled for a prolonged period. Parren noted that 
compression of a fracture éliminâtes the résorption of the 
cortical bone ends. 10 When the fracture is not rigidly fixed 
and movements occur as in the functional treatment by 
cast or brace, huge callus formation occurs. The callus is 
replaced by bone. This is called secondary bone healing. 

Osteoinduction and Osteoconduction 

Osteoinduction is the first step in bone healing. It consists 
of a Chemical, humoral, or physical signais that initiâtes 
and sustains the various stages of bone régénération 
process. 

The safe inductor factors are BMP, growth factors, 
hyaluronidase. Négative electricity at the fracture site has 
inductive properties. 

Osteoinduction causes mesenchymal cells to differen- 
tiate into various cells which then proliferate. These 
proliferated cells also produce messenger substances 
which further stimulate the mesenchymal cells to 
differentiate. This good cycle continues till healing. 

In osteoconduction, a scaphold of collagenous 
network has developed, upon which the reparative cells 
can produce callus and bone. Osteoconduction facilitâtes 
déposition of bone in an orderly fashion and helps the 
callus to bridge the gap between the fragments. Allografts 
hâve powerful osteoinductive and osteoconductive 
properties. 

Factors that Influence the Fracture Healing 

Cruess and Buckwalter 6 hâve divided the variables into 
four groups: (i) injury variable, (ii) patient variable, 
(iii) tissue variable, and (iv) treatment variable. 

Severity of Injury 

1. Soft tissue injuries: Severe soft tissue injury associated 
with open and high energy fractures is an important 
cause of adverse effect. Loss or damage to periosteum 
and reduced and of blood supply to the fracture site 
are due to severe injury. Displaced fractures heal 
slowly than undisplaced. 

2. Open fractures: This type of fracture indicates more 
severe injury. There is more soft tissue damage and 
may be significant loss of bone. In open fracture, there 
is always the risk of infection which may lead to 
delayed union or even nonunion. Exposed bone and 
soft tissue may become desiccated, further increasing 
the volume of necrotic tissue. Early use of vascularized 
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soft tissue flaps to cover bone exposed by severe open 
fractures can facilita te healing of these injuries. 
There is always some amount of injury to the soft 
tissue (muscles, ligaments, nerves, blood vessels, etc). 
Injuries to these tissues may be more difficult to treat and 
leave patients with more significant permanent disability 
than fractures. Therefore, management of soft tissue 
injuries is extremely important. 

Intra-articular Fractures 

Most intra-articular fractures heal if stably fixed by AO 
principles. The principle of treatment of intra-articular 
fractures are reconstruction of the joint surface, stable 
fixation of ail fragments and early mobilization. To these, 
fourth factor is recently added. Arthrodiatesis or joint 
distraction allows early mobilization and prevents 
arthrofibroses. 15 The joint requires mobilization, whereas 
the fracture requires mobilization. In addition, synovial 
fluid may hinder healing. Synovial fluid contains 
collagénases that can dégradé the matrix of the initial 
fracture callus and thereby retard the first stage of fracture 
healing. They extend into joint surfaces and because joint 
motion or loading may cause movement of the fracture 
fragment, intra-articular fracture can présent challenging 
treatment problems. 15 

Segmentai Fracture 

In segmentai fracture, the blood supply to the middle 
segment is disturbed. One end of the segmentai fracture 
usually unités with the proximal or distal fragment, and 
other end goes into nonunion. Nonunion is often seen in 
segmentai fracture of the tibia because of less soft tissue 
coverage. Therefore, it is important to preserve the soft 
tissue attachment of the middle fragment. 

Soft tissue interposition: It should be suspected when 
there is the difficulty in reducing the fracture. Open 
réduction is necessary to release the fracture fragments. 

Infection: Infection causes delayed healing or nonheal- 
ing. Infection may cause necrosis of normal tissue, edema 
and thrombosis of blood vessels, thereby, retarding or 
preventing healing. 

Pathological fracture usually needs bone grafting for 
healing. Fractures through malignant bone will not heal. 
Fractures through bones with nonmalignant conditions 
like simple bone cysts usually heal. 

Bone necrosis: If a fragment of fracture is avascular, the 
fracture may unité but slowly, and nonunion may ensure. 
The avascularity may be due to injury to blood vessels 
and infection. Radiation may cause bone necrosis by 


producing thrombosis of the vessels and fibrosis of the 
marrow. Infection causes delayed healing or nonhealing. 
Infection may cause necrosis of normal tissue, edema and 
thrombosis of blood vessels, thereby retarding or 
preventing healing. 

Factors Concerned with Patient (Table 3) 

Age: In infants and children most fractures heal rapidly. 

Effects of hormones: Corticosteroids, anti-inflammatory 
drugs, anticoagulants hâve been blamed to inhibit 
fracture healing. Experimentally it has been shown that 
growth hormone, thyroid hormones, calcitonin, insulin, 
anabolic steroids, etc. enhance fracture healing. 


TABLE 3: Factors influencing bone healing* 


Factors claimed to promote 
bone healing 

Factors claimed to retard 
bone healing 

Growth hormone 

Corticosteroids 

Thyroid hormones 

Diabètes 

Calcitonin 

Anémia 

Insulin 

Bone wax 

Vitamin A 

Delayed manipulation 

Vitamin D 

Denervation 

Anabolic steroids 

Chondroitin sulfate 

Anticoagulants 

Hyaluronidase 

Electrical fields 

Anti-inflammatory drugs 

Fracture hyperbaric oxygen 
Physical exercise 

Growth factors 

Demineralized bone matrix 
Bone marrow cells 

Radiation 


*Modified from Table 5.2 page 267. Rockwood green Vol. 1 
edn. 4. 


Nutrition In India the nutritional status of the patient is 
poor. A single long bone fracture can temporarily increase 
metabolic requirements 20 to 25%, and that multiple 
injuries and infection can increase metabolic require¬ 
ments by 55%. Therefore, nutrition of the patient is an 
important factor. Which increases mortality and surgical 
complications, including infection, wound dehiscence, 
impaired healing, and slower réhabilitation. 

Systemic and local diseases like diabètes, rénal failure 
may affect healing, so also the local neoplasms and 
infections. 

Médications: Experimental work shows that a variety of 
médications including corticosteroids, some nonsteroidal 
anti-inflammatory drugs, anticoagulatns, diphospho¬ 
nates, cancer chemotherapy agents, and possibly others 
may adversely affect musculoskeletal tissue healing, 
especially bone healing. Confirmation of the effects of 
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médications on healing of musculoskeletal injuries in 
human studies is difficult because of the large number of 
patient and treatment variables involved, especially since 
patients using médications may hâve systemic or local 
diseases or metabolic abnormalities that may also affect 
healing. 

Tissue Variables 

1 . In cancellous bone healing is faster. This is because of 
the good vascularity, cellularity and surface area of 
contact is more. 

2. Pathological fracture: Malignant tissue prevents heal¬ 
ing. Pathological fracture in benign tumors such as 
bone systs, fibrous dysplasia, heal well if the frag¬ 
ments are stabilized. In osteoporosis the fracture 
healing is normal. However, the implant holding 
capacity of the bone is much less. This may lead to 
implant failure and nonunion. 

Blood supply of a long bone: Préservation of blood supply 
is perhaps one of the most important factors in fracture 
healing. 

Vasodilation and angiogenesis occur rapidly after 
fracture. Gupta et al showed that blood vessels crossed 
the fracture line after about 3 weeks in fractured dog 
tibias. Some bones hâve a peculiar anatomy and a large 
proportion of the surface is articular. When fracture of 
such bones occur, one fragment is almost avascular and 
undergoes avascular necrosis leading to nonunion. The 
examples are talus, carpal, scaphoid 2 and fémoral neck 
fractures. 

Osteoporosis 

Osteoporosis is a common metabolic bone disease. 
Though it does not interfère in fracture healing, 
stabilization by internai or external fixation is difficult 
because of implant holding capacity of bone is reduced. 15 

Treatment Variable 

1. Réduction of fracture: Anatomical réduction causes 
rapid healing as compared to the healing of displaced 
fragments. Ail attempts must be made to reduce 
anatomically. With good réduction, the soft tissues 
around are also in good apposition, this improves 
circulation. Decreasing the fracture gap decreases 
volume of repair tissue needed to heal a fracture. 15 

2. Axial micromotion: Controlled induced cyclical load- 
ing of a fracture site stimulâtes bone formation, while 
decreased loading delays fracture healing. Therefore, 
excercises can increase the rate of repair. Keinwright 
and Goodship hâve shown that axial micromotion is 
not only bénéficiai but crucial also to fracture healing. 


Fracture fixation devices which allow axial 
micromotion accelerates fracture healing. 

3. Fracture stability: Nonunion is actually the resuit of 
two influences on bone tissue: (i) mechanical forces 
(strain), and (ii) the lack of vascular supply. The 
différence between motion in the fracture gap, which 
induces callus formation foliowed by secondary bone 
healing, and too much motion, which leads to 
nonunion, is extremely small. 

Until recently, the amount of motion necessary 
had not been quantified. Data, now are available, that 
will indicate how much motion (strain) a fracture can 
tolerate. It seems that a few cycles of motion per day 
(in an experimental model 10 cycles/day) enhance 
callus formation, whereas after 10,000 cycles per day 
callus formation stops and a nonunion occurs. 

Stability of the fracture is an important factor in 
healing of the injured bone. Mechanical factors are of 
utmost importance in bone formation. If properly 
stabilized, fracture unités in spite of infection or avas- 
cularity of one fragment, e.g. anatomically reduced 
and stably fixed, fracture neck of the fémur unités in 
about 80 to 90% of the cases. Therefore, the fracture 
must be immobilized till it unités. Immobilization of 
the fracture without mobilizing the joints causes 
fracture disease. Prolonged cast immobilization is well 
known to cause disuse osteoporosis, calcium loss and 
occasionally nonunion. 

4. Rigid fixation: With the help of DCP* rigid fixation 
leads to primary union of the fracture. Stable fixation 
allows early mobilization of the joints. This prevents 
"fracture disease" (stiffness, los of joint motion, 
weakness of the muscles edema). 9 Rigid fixation is 
useful in stabilizing the intra-articular fractures, 
fractures of the radius and ulna, unstable spine 
fractures and hip fractures. The disadvantages of rigid 
fixation are extensive surgical exposure may increase 
the risk of infection, and may reduce blood supply. 
Underneath the plate osteoporosis may occur because 
of the reduced blood supply. Stress shielding may 
contribute to osteoporosis and may lead to fracture 
after removal of the plate. Screw hole as stress riser 
may contribute to fracture. If anatomical réduction is 
not achieved or if there is comminution, motion may 
occur between the fragments. It is difficult to stably 
fix small butterfly fragments. This may lead to 
nonunion. Osteoporosis is another important cause 
of implant failure because the bone may not hold the 
implant. Stress of weight bearing or function may 
cause motion at the fracture site and may lead to 
nonunion. In the fractures of the fémur, the stresses 

*Dynamic compression plate (DCP). 
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are enormous. Therefore, fixation by plate is 
associated with more number of failures. 

5. Bone grafting: It is osteoinductive as well as osteo- 
conductive. It contains the Chemical substances such 
as BMP which stimulâtes healing. Bone grafting is 
specially useful when there is a gap. There are four 
types of bone grafting. 

i. Autografts are grafts transferred from a donor site 
to another site in the same person. 

ii. Isografts are grafts transferred between people 
who hâve identical histocompatibility antigens 
(i.e. identical twins). 

iii. Allografts are grafts transferred between geneti- 
cally dissimilar members of the same species. 

iv. Xenografts are grafts transferred from a member 
of one species to a member of another species. The 
best bone graft is autografts. 

6. Ultrasound: Recent experimental and clinical reports 
describe accélération of fracture healing by low- 
intensity pulsed ultrasound. It can provide a safe 
noninvasive method of facilitating fracture healing 
in human. 

7. Demineralized marrow: The factors in bone marrow 
are known to stimulate bone formation. Bone marrow 
contains mesenchymal cells that can differentiate into 
osteoblasts and form bone. In experimental animais, 
bone marrow has shown improved bone healing. 
However, this needs further study. 

Pririciples of Treatment of Fracture 

Principles of treatment of fractures are: (i) internai fixation 
should be stable enough to permit fracture healing, (ii) 
allow for some micromotion permitting endosteal and 
periosteal callus formation, (iii) minimize the further 
damage to the soft tissue, especially, blood vessels which 
is already injured, and (iv) allow full functioning of the 
limb. 

Blaster cast immobilization: Axial micromotion is 
immobilization of one joint above and one joint below. 
Old fashioned treatment of fracture in a plaster cast 
immobilization leads to fracture disease. Immobilization 
without function reduces the blood supply to the fracture 
site which may lead to delayed healing or even nonunion. 

Healing infunctional cast or brace: Functional cast causes 
axial micromotion and stimulâtes healing. It also 
increases the blood supply to the fracture site. Therefore, 
nonunion is almost nonexistent. 

Healing of the fracture by Open réduction and internai 
fixation: Open réduction and internai fixation (ORIF) 
interfères with the process of healing. It causes additional 


injury to soft tissue and reduces blood supply to the 
fracture site. It drains out the exudate containing 
important factors, biochemical messenger substances like 
BMP growth factors, etc. The implant alters the mode of 
healing. Any open réduction causes tissue injury. 
Reaming and intramedullary roding destroy the 
medullary blood circulation. Plating interfères with 
cortical blood supply. Interférence with circulation is 
proportional to the area of plate bone contact. 
Conventional DCP (low contact) causes more interférence 
with circulation, therefore, more osteoporosis than low 
contact dynamic compression plate (LCDCP) and point 
contact DCP. In the latter implant, the area of contact 
with bone is minimal. Therefore, minimal circulatory 
disturbance and osteoporosis. Chances of refracture after 
LCDCP are much less. 

Fracture healing in compression plate: 9 With compression 
plating, primary healing occurs. It is a load-bearing 
device. Underneath plating 13 osteoporosis of the cortical 
bone occurs, which may cause refracture, after removal 
of the plate. Previously it was thought that the stress 
shielding effect of the plate was the cause of osteoporosis, 
but now it is believed that the cause of osteoporosis is 
disturbed vascularity of the bone. Metalic implants may 
cause tissue reaction. Titanium has been shown to be the 
least tissue reaction. 

Parren's theory of interfragmentary strain: 10 This concept 
presented by Parren and Cordey concerns the 
deformation of an individual cell in the fracture gap 

M 

S OC - 

G 

where, 

S = Strain 
M = Motion 
G = Gap. 

Strain theory of Parren: The degree of instability is best 
expressed as magnitude of strain (deformation of the 
repair tissues). If strain is too low, mechanical induction 
of tissue différentiation ( by irritation) fails. In stably fixed 
fractures with low strain, internai remodeling of bone 
seems to be induced by necrotic areas. Optimum strain 
is required for tissue différentiation. 

The critical parameter determining the effect of 
instability upon cellular éléments is the resulting strain. 
Fracture healing should be analyzed in terms of strain of 
the repair tissues, because strain expresses the 
deformation of the tissue element (e.g. cell) and allows 
the surgeon to détermine the amount of critical 
deformation by considering relative displacement 
(instability of fracture) and fracture gap width. The 
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analysis of mechanical conditions using the concept of 
strain allows one to understand why fractures with a 
single gap are very intolérant of even minute amounts of 
displacement (such displacement may not be detected 
by vision but must be "detected by intellect"). Instability 
is better tolerated by multifragmentary (comminuted) 
fractures because the overall displacement is shared 
between many fracture gaps. Therefore, at any single gap 
relative displacement is greatly reduced. If the réduction 
is not précisé, the situation is furthermore tolérant to 
displacement, as the strain is reduced due to larger gap 
width. 

If the strain within the repairing tissues (in and 
around the fracture) exceeds a critical limit, further 
différentiation and thus healing may be prevented. The 
expression of instability in terms of strain within the 
repair tissues allows for a logical understanding of the 
bone healing process. It explains why some fixation 
methods without total abolition of interfragmentary 
mobility may allow healing (e.g. in nonunions fixed using 
intramedullary nailing), while other methods leaving 
only very small gaps do not tolerate even macroscopically 
invisible displacement. 

Load applied to a material produces stress within the 
material, and thus invariably results in deformation 
(strain) of the material. Strain is expressed as relative (e.g. 
percentage) increase or decrease in length in relation to 
original length. Increasing load (stress) may reach the 
critical level of strength. Deformation may also reach the 
critical level of élongation at rupture or strain at rupture 
and the material may fracture. In the initial stage of 
fracture healing, when strength and stiffness of the repair 
tissue do not play a relevant rôle, it is more appropriate 
to specify the critical condition of the tissues involved in 
fracture healing in terms of tolerated strain than in terms 
of stress (Table 4). 


TABLE 4: Critical strain levels of repair tissues 


Elongation at rupture of different tissues 

(Percentage) 

Granulation tissues 

100 

Dense fibrous tissue 

20 

Cartilage 

10 

Cancellous bone 

2 

Lamellar bone 

2 


The values taken from Yamada and Evans 1970 show 
that critical élongation (at rupture) of lamellar bone is 
small. The value of parenchyma has been taken to replace 
the missing date for granulation tissue. 

If the strain is to be reduced to minimal, either the 
interfragmentary motion must be minimal or absent, or 


the gap must be wide. Interfragmentary strain influen¬ 
ces the différentiation of pluripotential or precursor cells 
invading the gap. Highly specialized ostéogénie cells can 
tolerate only a very small strain. Chondrocytes can 
tolerate greater deformation than osteoblasts can. Fibers 
or granulation tissue tolérâtes the strain to a great extent. 
When the gap is narrow, even a small motion will lead 
to nonunion. This strain theory is important in treating 
fractures with plating. Any motion in this narrow gap 
subjects the individual cell to high strains and thus 
renders the formation of a bony uniting callus impossible. 
Formation of external callus seems to dépend less on bone 
strains than on strains to which soft tissues surrounding 
the fracture site are submitted. We usually associate 
external callus formation with a fracture. However, it is 
important to remember that increased deformation of a 
given intact bone can induce apposition of new bone at 
its periosteal surface in the abscence of a fracture. 

It is nature's way to limit peak strains. Increased bone 
strength causes bone formation, whereas overloading 
causes new bone formation which is interpreted as a 
protective mechanism. 

Consequently, Uhthoff concluded that localized, 
mechanically induced periosteal bone formation can 
occur in the absence of a fracture. It foliows that the 
presence of an external callus after internai fixation of a 
fracture is not necessarily a sign of interfragmentary insta¬ 
bility, it can be the resuit of increased bone deformation 
accentuated by the régional acceleratory phenomenon. 

Rigid plates will suppress bone and soft tissue strains 
and thus inhibit formation of an external callus. It seems 
as if nature were unable to sense the presence of a fracture. 
It perceives the fracture only as a defect that must be filled. 
This process relies exclusively on the activity of the 
haversian envelope and is accompanied by increased 
intracortical remodeling. Exclusive reliance on the 
haversian envelope for fracture healing necessarily entails 
a delay in consolidation. They could show that cyclic 
deformation of an externally fixed osteotomy with a 
3 mm gap leads to increased periosteal bone formation 
when compared with a statically fixed gap osteotomy. 

In summary, interfragmentary strains will control 
cellular activity between fragments, whereas bone strains 
and periosseous soft tissue strains will détermine that 
kind of periosteal and parosteal tissue reaction. 

Plates currently in use allow static preloading and 
thus intimate contact of the fracture surface, which 
effectively decrease or abolishes any interfragmentary 
motion. Unfortunately, these advantages are curtailed by 
the disadvantage of a high degree of load bearing by the 
rigid plate. This reduces cyclic, intermittent bone strains 
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at the fracture site. Under compression plating two types 
of bone healing occurs. 

Contact healing: With et al hâve estimated that the area 
of contact never exceeds 20% of the entire surface. In this 
contact area direct bone formation occurs. At the 
remaining part, gaps exist, and they will be filled with 
woven bone, which is then converted into lameller bone. 
This is called gap healing. Union cannot be assessed 
radiologically, and there is no external callus. Process of 
complété healing takes at least 18 months. 

Uhtoff et al 13 believe that a less rigid but stable plate 
fixation éliminâtes some of the disadvantages. It permits 
load sharing by bone, thus, transmitting more loads 
through bone. Consequently, a bony external callus will 
develop. Moreover, it will reduce the amount of bone 
lost during the later phase of remodeling. Experimental 
evidence suggests that the increase in interfragmentary 
strain remains low enough for direct bone formation to 
take place between the fragments at an early stage. The 
advantages of less rigid fixation when using titanium 
alloy compression plates were documented in dogs. They 
later used these plates clinically in forearm fractures, and 
the formation of a radiologically visible callus bridging 
the fragments without radiological evidence of fibro- 
cartilage formation was observed. Moreover, widening 
of the fracture gap never occurred. Thus, less rigid fixation 
does not cause interfragmentary instability. In our 
patients, the plates were removed at 10 and 12 months. 
The biocompatibility of these plates was better than that 
of stainless Steel plates. Details of the phase of modeling- 
remodeling were studied experimentally. They showed 
that less rigid plates cause a much smaller degree of 
disuse osteoporosis than do the more rigid stainless Steel 
plates, again confirming the advantages of a reduced load 
bearing by plates. 

Healing of fracture after intramedullary naïl fixation: Intra - 
medullary nail is a load-sharing device. As the bones bear 
some weight, stress shielding is minimal. Unlocked nail 
and dynamised locked nail allow axial micromotion. 
There is no disturbance of the periosteal blood supply, 
and the disturbed intramedullary blood supply is 
restored within a few days. 

They are known to promote callus formation. 
Torsional immobility is prevented by interlocking. 
Interdigitating spikes at the fracture site partly by bracing 
also prevents rational instability to some extent. However, 
in comminuted fractures and fractures at the ends of a 
long bone, torsional forces may lead to nonunion without 
interlocking. 

Interfragmentary strains can be expected to be 
moderate with tight-fitting rods but high with loose- 


fitting nails, since intramedullary fixation does not per¬ 
mit static preloading as is achieved with compression 
plates. Therefore, early direct bone formation in the gap 
cannot be expected. High strains at the fracture site leads 
to external callus formation. As the bone shares the axial 
loading, there is no stress protection, therefore, no disuse 
osteoporosis. For ail these reasons, intramedullary nail 
is now preferred to plating. 

Fracture healing in external fixator: When a monolateral 
external fixator of the type of AO or Asculap, etc. is 
applied, both types of (primary and secondary) healing 
occurs. Axial micromotion occurs on weight bearing. It 
dépends upon the four factors. 

1. Configuration of external fixator: Axial micromotion is 
directly proportional to the flexibility of the fixator. 
Ilizarov type of ring fixators and dynamised 
conventional fixators allow more micromotion. 

2. Fracture gap condition: The axial motion dépends 
upon the type of fracture and mode of réduction. If 
the fracture is unstable due to comminution or 
obliquity the axial micromotion is more. If the 
réduction is anatomie, the micromotion is less. Also 
if the fracture fragments are compressed, there is 
almost no micromotion at ail. If there is a gap or 
overriding, there is more movements. 

3. Physiological loading: Weight bearing causes cyclic 
movements of fracture fragments if the fracture ends 
are not in contact. 

4. The micromotion also dépends upon pin bone inter¬ 
face. If the pins are loose, movements at fracture site 
may occur in any direction. 

Electrical stimulation: It has been shown to accelerate 
normal bone healing. The subject is still controversial. 
Optimal clinical use of electrical fields to treat delayed 
union and nonunions requires further study. 5 

Bone transport: Bone transport 1 offers an alternative to 
bone graft treatment of a nonunion secondary to a 
segmentai bone loss. 

Biochemical substances: The Chemical messenger 
substances stimulate the mesenchymal totipotent cells to 
differentiate into various types of cells. Prolifération of 
these cells leads to development of callus which 
mineralizes bone formation and finally remodeling into 
lamellar bone. BMP stimulâtes osteoprogenitor cells. 

When is a fracture healed? It is critical to détermine 
when fractures are healed. Clinicians are well aware that 
physical examination and/or radiogrphs do not always 
provide reliable documentation of healing. A mechanical 
test (or tests) of "strength" of the repaired bone is 
probably the most précisé. However, the mechanical tests 
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are more useful in experimental évaluation of fracture 
repair rather than in clinical practice. Ultrasound is 
noninvasive and nondestructive test and gives a fair idea 
of fracture healing. Stress radiographs are useful though 
they cause some damage to the callus. Pathological 
fracture usually needs bone grafting for healing. 

Healing of Injuries of Cartilage 15 

Articular cartilage injuries are of two types: 

i. Pure articular cartilage damage without involve- 
ment of the subchondral bone. 

ii. Articular cartilage damage with involvement of the 
subchondral bone. 

Type I 15 : Pure articular cartilage damage without 
involvement of the subchondral bone may occur due to 
blunt trauma or due to direct injury. Current information 
suggests that acute blunt trauma to articular cartilage may 
damage it even when there is no grossly apparent tissue 
disruption and these injuries may lead to later 
degeneration of the articular surface. 15 This damaged 
cartilage is more vulnérable to subséquent injury and 
progressive détérioration. Direct injury to cartilage may 
resuit in lacérations, splits of articular cartilage or 
séparation of fragment of cartilage or chondral fracture. 
Only a limited healing occurs due to chondrocytes. 
Healing response as in bone does not occur. There is no 
evidence that the cell activity stimulated by the injury 
restores the articular cartilage to its original State. 15 

15 Type II: Articular cartilage damage alongwith 
involvement of the subchondral bone. When the articular 
cartilage injury occurs alongwith subchondral bone the 
bony part responds to healing as in any other fractures 
of the bone, passing through the stage of inflammation, 
callus formation and remodeling. The repair tissue that 
fills cartilage defects from subchondral bone initially 
differentiates towards dense fibrous tissue or bone. 
Following type of injuries occur. 

1. Open injuries of the joint: When cartilage is exposed to 
air dégradation starts. However, if the synovial 
membrane and soft tissue around it, chondrocyts 
repair the damage. However, prolonged exposure of 
the articular surface to air can desiccate the cartilage. 

2. Osteochondral injury: The osteochondral piece may be 
undisplaced or displaced. Healing of the subchondral 
bone occurs, in the bone defect and the chondral 
defect. Some of the mesenchyman cell assume a 
rounded shape and being to synthesize a matrix which 
closely resembles articular cartilage. They rarely if 
ever restore the matrix to the original State of the 
cartilage but they may succeed in producing a form 
of fibrocartilaginous scar that maintains the integrity 


of the articular surface and provides clinically 
satisfactory joint function for years. However, in many 
other injuries the cartilage repair tissue deteriorates. 
A fibrous tissue eventually exposes the under lying 
subchondral bone, resulting in arthritis. 

Variables 15 that Influence Cartilage Healing 

i. Cartilage healing dépends on the extent of injury, 
extent of subchondral bone and joint capsule injury. 
In comminution of the articular surface, incongruity 
and instability of the joint, cartilage healing is poor. 

ii. Age of the patient, obesity and activity level are ail 
clinically important. 

iii. Healing also dépends on the treatment. If properly 
reduced and fixed, cartilage repair may occur. 
Experimental work indicates that smaller defect in 
articular cartilage tend to heal more successfully, it 
seems reasonable to expect that treatments that 
decrease the volume and surface area of a chondral 
defect, hâve bénéficiai effect on healing. 

iv. Immobilization of joint: Prolonged immobilization 
of a joint, following osteochondral fractures can lead 
to arthrofibrosis as well as détérioration of uninjured 
cartilage, resulting in poor function of the joint. Early 
motion helps repairs, as the opposite bone and 
cartilage help reducing the fracture fragment. 
However, excess loading such as weight bearing 
may damage chondral repair and displace 
fragments. 

v. Restoration of articular surface: Significant joint 
incongruity causes mechanical joint dysfunction 
including instability, locking, catching and restricted 
range of motion and may be associated with 
progressive détérioration of articular cartilage. 
Simple incongruities of a few millimeters should not 
cause immédiate or long-term problems. Exact 
amount of step that is clinically significant is not yet 
defined. 

vi. Stable internai fixation of osteochondral fractures 
increase the chances of satisfactory healing. 
Restoring articular cartilage, congruity and stable 
fixation also allows early controlled loading and 
motion. 15 
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INTRODUCTION 

Fracture is defined as a break in the continuity of the bone. 
It is classified in several ways: (i) open or closed—open 
fracture is one in which the fracture is opened to the 
atmosphère and closed at when the skin is intact, (ii) by 
anatomical location—proximal, distal and middle, 
(iii) by direction of fracture line—transverse, oblique, 
spiral, comminuted, (iv) greenstick fracture occurs in 
children—here only one cortex is fractured and bone is 
usually bent, (v) when one fragment is driven into its 
cancellous extremity, it is called impacted, e.g. fracture 
of the neck of the fémur, (vi) pathological fracture—this 
is one which occurs with or without a trivial injury in an 
area weakened by a pre-existing disease, e.g. pathological 
fractures in metabolic diseases like osteoporosis, rickets, 
and malignancy. 6 The strength of the bone is dépendent 
on the density of the bone, minerai content and the quality 
and amount of collagen (osteoporosis, osteomalacia, 
scurvy), and (vii) stress fracture—stress fracture of the 
bone occurs due to fatigue by repeated loading. A crack 
developed may become a complété fracture. 

Biomechanics 

Biomechanics is the application of mechanical principles 
to biological Systems. Fundamentals and basic knowledge 
of biomechanics is necessary for orthopédie surgery. Bone 
fracture dépends on the extrinsic and intrinsic forces. 
Ramsey et al 6 hâve defined some of biomechanic terms. 

A force is an action or influence, such as a push or 
pull, which, when applied to a free body, tends to 
accelerate or deform it (force = mass x accélération). 
Forces having both magnitude and direction may be 
represented by vectors. When force causes rotation it is 
termed as moment and hence, has a moment arm. It is 


the perpendicular distance of the muscle force from the 
center of rotation of the joint. A load is a force sustained 
by a body. If no accélération results from the application 
of a load, it follows that a force of equal magnitude and 
opposite direction (i.e. reaction) opposes it (Newton's 
third law). 

Stress may be defined as the internai résistance to 
deformation or the internai force generated within a 
substance as the resuit of the application of an external 
load. Stress is calculated by the formula: 

Load 

Stress = - 

Area on which the load acts 

Stress cannot be measured directly. Both stress and 
force may be classified as tension, compression or shear. 
Tension attempts to pull a substance or material apart, 
compression does the reverse. The stresses evoked by 
such forces resist the lengthening or squashing, because 
these stresses act at right angles to the plane under 
considération, they are called normal stresses. A shear 
stress acts in a direction parallel to the plane being 
considered. 2 

Stress is usually expressed as pounds per square inch 
(psi) or kilograms per square centimeter (kg/cm 2 ). 

Strain is defined as the change is linear dimensions 
of a body resulting from the application of a force or a 
load. Strain is a change in length divided by the original 
(unloaded) length. Tensile strain and compression strain 
respectively, increase or decrease in length per unit of 
the starting length and may be expressed as inches per 
inch, as centimeters per centimeter, or merely as a 
percentage of the starting length. Tensile and compressive 
strains are normal, i.e. they act perpendicular to the cross- 
section of the structure and are designated as epsilon. 
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Shear strain acts parallel to cross-section.Toughness can 

be defined as the work carried out to fracture a construct 
or material. 

Iritrinsic Factors 

Energy-absorbing capacity: Energy is the capacity to do 
work, and work is the product of a force moving through 
a displacement (i.e. work = force x distance). According 
to Frankel and Burstein, 4 the energy absorbed to produce 
failure of a fémoral neck has been found experimentally 
to be 60 kg cm. However, in falls, kinetic energy far in 
excess of this level is produced. This energy—if it can be 
dissipated by muscle action, elastic and plastic strain of 
the soft tissues, and other mechanisms—will not produce 
a fracture. In old âge, these mechanisms become 
progressively impaired, and this is a potent factor in the 
production of fractures of the elderly. 

Young’s Modulus and Stress-strain Curves 

When a rubber b and is stretched, once the deforming 
force is removed, the band will revert to its resting length, 
in other words, there has been a stretch deformation, i.e. 
recoverable, and this is known as elastic strain. However, 


if greater stress is applied to the material, its power to 
recover may be exceeded, and it remains permanently 
deformed. This is known as plastic strain. Eventually, if 
the strain increases, a point will corne when the material 
fails. This is known as the break point (Fig. 1). 

A material that undergoes plastic deformity is said to 
be ductile, and those that fail soon after the yield point 
are brittle. 

Fatigue Strength 

When a material is subjected to repeat or cyclical 
stresses, it may fail, even though the magnitude of the 
individual stresses is much lower than the ultimate tensile 
strength (UTS) of the material. This is known as fatigue 
failure. 

Biomechanical Properties of Bone 

The basic structure of bone which consists of single 
collagen fibrils and apatite crystals embedded in the same 
is dealt within three aspects. The collagen minerai ratio, 
the orientation of the fibrils and the growing density of 
haversian Systems within this network. This progression 
of histology enhances the strength of the normal and the 



Bending 



Fig. 1 : Bone fixation, bone construct set up in a testing machine that tests the force applied and 
the resulting displacement at the point of application 
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healing bone. Thus the healing callus which starts as a 
disorganized random array of fibers reorganizes along 
the lines of major body forces. The initial callus which 
grows periosteally outwards offers a mechanical 
advantage by increasing the moment of inertia and hence 
the initial stiffness of the bone. 

The interfragmentary theory helps to relate the type 
of tissue formed to the amount of strain experienced at 
the healing fracture ends. Large strains (>100%) develops 
granulation tissue, smaller strains (>10%) resuit in 
cartilage and very small strains (< 2%) produce bone. This 
does not mean absolute lack of motion at the fracture site 
would produce the strongest bone. Some axial micro 
motion is essential for bone healing. 

When compared with cast iron, bone is three times as 
light and ten times more flexible, but both materials hâve 
about the same tensile strength. The bone contains 
collagen and minerai. This composite structure owes its 
tensile strength to its collagen and its rigidity and 
résistance to compression to its minerai content. Bone has 
a tensile strength compression to its minerai content. Bone 
has a tensile strength of about 140 meganewtons/m 2 and 
a compression strength of 200 meganewtons/m 2 . Bone 
is stronger in compression that in tension. The trabecular 
bone at the metaphyseal ends is weaker in compression 
than the diaphyseal bone in shear. A gap in the cortical 
bone significantly weakens the bone. When the diameter 
of the hole is greater than 30% of the diameter of bone, 
the weakening effect becomes exponential. Examples are 
harvesting cortical bone grafting or resecting of a lésion 
from bone. Hence, when such a procedure is essential, 
eut ends need to be round than square, since the edges of 
the square act as stress risers and further weaken the bone. 

After such procedure, the affected bone must be 
protected from stress or to graft defects with cancellous 
bone after removing lésions. When an implant is used, it 
weakens the bone and prédisposés to fracture by two 
effects: (i) stress shielding of bone underneath the 
implant, and (ii) stress rising effect at the end of the 
implant. Because bending movements are proportional 
to the length of the lever, it follows that persons with 
long, slender bones are at greater risk than those with 
short bones with large diameters. 12 

Fusion of hip or knee, subtrochanteric or supra- 
condylar fracture respectively cause the longer bending 
movement and absence of energy dissipating function 
of the mobile joint. 

An important property of biologie tissues is 
viscoelasticity. This means, when a constant load is 
applied to tissues over a long time, tissues undergo elastic 


deformation and remain in the stretched State when the 
forces are removed. This basic has long been exploited in 
yogasanas and other stretching exercises. This property 
is also utilized in certain types of fixations like spinal 
fixations. 

Loading rate dependence implies an increase in 
stiffness of the tissue at higher loading rates. This explains 
how at low loading rates a ligament fails, while at higher 
loading rates as the ligament gets tougher, avulsion of 
the bony attachments of the ligament occurs. 

Biomechanics of Fractures 

It is important to understand terms of mechanisms. The 
important mechanical function of the bone is to act as a 
supporting structure and transmit load. The bone is 
exposed to following forces: (i) compression, (ii) bending, 
and torque or twisting force. 

Pure compression forces act usually on the cancellous 
bone such as the vertébral body, calcaneus and 
metaphyseal area of long bone. 

According to Schatzker, 12 transverse fractures are the 
resuit of bending force. They are associated with a small 
extrusion wedge which is always found on the 
compression side of the bone. If this extrusion wedge 
compresses less than 10% of the circumference, the 
fracture is considered a simple tr ans ver se fracture. If the 
extruded fragment is larger, the fracture is considered a 
wedge fracture and the fragment a bending or extrusion 
wedge. Because it is extruded from bone under load, it 
retains little of its soft tissue attachment and has, there- 
fore, at best, a precarious blood supply. This must be kept 
in mind when planning an internai fixation. Attempts to 
secure fixation of such extruded fragments may resuit in 
their being rendered totally avascular. If very small they 
may be ignored. If larger, it is best to leave them alone 
and fill the defects created with cancellous bone. 

Oblique fractures are also the resuit of bending force. 
The extrusion wedge remains attached to one of the main 
fragments. The fissure between it and the main fragment 
is not visible on radiograph. If looked for at the time of 
an open réduction, it can be readily found. During closed 
intramedullary nailing, this undisplaced extrusion wedge 
is often dislodged and becomes apparent on radiograph. 
The butterfly fragment results from a combined bending 
and compression force. 

Finally âge, peak bone density and cross sectional 
shape of the bone which détermines the moment of inertia 
détermines the extent and geometry of fracture 
fragments. 
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Classification of Fractures by Mechanism of Injury 

Indirect Forces 

Indirect (twisting) forces cause spiral fractures. They are 
often associated with single or multiple spiral wedge 
fragments. Spiral fracture is due to low energy, therefore, 
the soft tissue damage is much less. Hence, the prognosis 
is good. High velocity injuries are associated with severe 
comminution of the bone and cause greater damage to 
soft tissues. Therefore, the blood supply to the smaller 
fragments is jeopardized. Hence, the prognosis is poor. 

Indirect Trauma 

In indirect trauma, the force is acting at a distance from 
fracture site. A powerful muscle can pull a fragment 
apart, e.g. fracture of the patella or olecranon. 

Fractures produced by a force acting at a distance from 
the fracture site are said to be caused by indirect trauma. 
The examples are, traction fractures. Traction injury is 
usually due to muscular traction (e.g. fracture patella or 
olecranon). The médial malleolus may be pulled off by 
the deltoid ligament in eversion and external rotation 
injuries of the ankle. 

Angulation Fractures 

In angulation fractures, tensile forces are created on the 
convex side, and compression forces are created on the 
concave side. The compression causes a wedge-shaped 
fragment. If the force is severe, comminution occurs on 
the concave side. The best example is subtrochanteric 
fracture. 

Mechanism of angulation fracture is that if a bone is 
angulated, tensile forces are created on the convex side, 
and compressive forces are created on the concave side. 
Compressive forces cause comminution. A good example 
is the subtrochanteric fracture. 

Rotational Fractures 

Rotational forces cause spiral fractures. The spiral is 
caused by failure in tension. Diaphyseal cylinder is rarely 
fractured by upper fracture forces. 

Compression Fracture 

In compression fracture, the shaft of long bone is driven 
into the cancellous end causing T- or Y-shaped fractures. 
Example is lower end of the humérus or upper end of 
tibia. 


Direct Trauma 

Direct trauma causes tapping fracture, crush fractures 
and penetrating fractures. 6 

1. Tapping fractures: When a large force is applied over a 
small area, tapping fractures occur. 

2. Crush fractures: It occurs when forces act on a large 
area causing extensive soft tissue damage. 

3. Penetrating/gunshot fracture: Penetrating fractures are 
produced by projectiles and for ail intents and 
purposes, they can be called gunshot fractures. A 
distinction should be made between high velocity and 
low velocity missiles. 

Clinical Features of Fractures 

In the majority of fractures the diagnosis is easy. Any 
fracture causes pain and tenderness. However, the inten- 
sity varies according to the site of fracture and pain 
tolérance of the patient. Often the pain may be absent, 
but tenderness is always présent. Gentle palpation, 
generally confirms the presence of tenderness. 

Loss of function: Function is lost owing to pain and the 
loss of a lever arm in most fractures. There are some 
exceptions in impacted fracture of the neck of the fémur, 
patient may walk. 

Deformity: Fracture causes shortening, angulation, rota¬ 
tional deformity. There is swelling due to hematoma and 
edema. 

Attitude: Attitude of the patient is sometimes diagnostic. 
When a patient supports his or her chin on the hands, 
there is probably a fracture of the odontoid or subluxation 
of C_y C_ 2 vertebrae. 

Abnormal mobility and crepitus: These signs should not be 
elicited. This causes pain, and may damage neurovascular 
structures. It is extremely important to examine the 
neurovascular status of the limb/s and should be 
carefully documented. Patient must be informed about 
neurovascular injury. Otherwise patient may blâme, that 
the neurovascular damage was done during réduction 
or operative procedure. Certain fractures are prone to 
cause nerve injuries such as supracondylar fracture in 
children. 

Radiological Investigations 

Radiography confirms the diagnosis. Se ver al views may 
be required, and joints at the each end of the bone should 
be included in the radiograph. Fracture shaft fémur may 
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be associated with fracture of the proximal end of the 
fémur. Hip should be included in the radiographs. 
Fracture scaphoid may not show on the initial 
radiographs but may be évident after two weeks. In 
doubtful cases, CT scan or MRI are indicated. 

GENERAL PRINCIPLES: CLINICAL FEATURES 
OF DISLOCATIONS 

A dislocation is a complété disruption of a joint so that 
the articular surfaces are no longer in contact. Sub¬ 
luxations are minor disruptions of joints where a portion 
of the articular surface is still in contact. Many 
subluxations are associated with fractures of the joint. 

1. Pain is an important symptom. 

2. In anterior dislocation of the shoulder, the flattening 
of the deltoid. Characteristic deformity occurs after 
dislocation at a particular joint, e.g. in posterior 
dislocation of elbow, the olecranon becomes 
prominent. In posterior dislocation of elbow, the three 
points of the elbow are disturbed and olecranon is 
prominently seen. 

3. Loss of motion both active and passive motion of the 
dislocated joint is limited or lost. 

4. Attitude, the position held by the dislocated joint is 
often diagnostic. Flexed adducted and internally 
rotated hip is characteristic of posterior dislocation. 
In anterior dislocation, the hip is abducted and 
externally rotated. 

Neurovascular injury: Dislocation may be associated with 
injury to the nerve and vessels. Posterior dislocation of 
the knee may cause further damage to popliteal artery 
and peroneal nerve. 

Radiographie Findings 

Radiograph confirms the diagnosis. Posterior dislocation 
of the shoulder is often missed because axillary view is 
not taken. 

Emergency Management of Fractures 

While examining an injured patient, the first important 
examination is to observe the vitals. Whether the patient 
is breathing properly, circulation is good or not and 
whether he or she has a brain damage. Examine the whole 
body for any other injuries. Examination of the whole 
body is a must to detect any other not so obvious injury. 

Splinting: The injured limb splinting is very important 
because: (i) by splinting the limb further injury to the 
soft tissue (nerves and vessels) and most importantly 
closed fractures are prevented from becoming open. 


(ii) immobilization relieves the pain, and (iii) trans¬ 
portation of the patient becomes easy and safe. At the 
site of injury often on the road, any rigid longitudinal 
article like walking stick, umbrella, or straight wood. Even 
rolled newspaper may be used as a splint. The pillow 
may be used for splinting the leg and ankle. There are 
various types of conventional splints. The idéal splint is 
efficient, light, inexpensive, easily applied to a variety of 
anatomical locations, easily stored or carried, and 
radiolucent. The common splints are: (i) wooden splint, 
(ii) splint of various types of plastic material, and (iii) 
cramer wire splints. 

Spécial Splints 

There are various types of spécial splints. 

Thomas splint: Sir Robert Jones introduced this splint in 
World War I to immobilize the fracture of the fémur. It is 
on the ring and two iron rods and a canvas. The Thomas 
splint and its modifications are still used to immobilize 
temporarily the fractures of the hip and fémur. In most 
emergency services, the half ring is used. The other 
modification are Pearson attachment to mobilize the knee. 

Aluminum malléable splints: It can be easily molded around 
the injured limb. Sugar-tong or U splint can be made to 
immobilize the forearm and humérus. 

Definitive Treatment of Fracture 

Definitive treatment of fractures must be delayed until 
the general condition of the patient is stabilized. Treat¬ 
ment of life-threatening injuries, e.g. management of chest 
injuries, head injury and other serious injuries take 
precedence over the management of fractures. Blood 
circulation is restored by adéquate blood transfusion. The 
definitive treatment of fractures are of three types: 

(i) Closed treatment by cast brace, splint, or traction. 

(ii) Various types of external fixators. (iii) Open réduction 
and internai fixation by screws, plates, wires or splinting 
by intramedullary nail. 

Closed treatment: Réduction of the fracture forms an 
important part of the close treatment. The sooner the 
réduction of a fracture is done better, it is because swelling 
of the extremity increases with time, hemorrhage and 
edema of the soft tissues make réduction a difficult 
procedure. 

Technique of réduction: To achieve a réduction following 
steps are usually advised. 

1. Apply traction in the long axis of the limb. 

2. Reverse the mechanism that produced the fracture. 

3. Aline the fragments that can be controlled with the 
one that cannot, e.g. distal fragment of the forearm 
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fracture is aligned with the proximal fragment. In 
most fractures, there is soft tissue bridge connected 
to the fragment of the fractures. One must be careful 
to preserve the soft tissue linkage during manipulative 
réduction. The réduction may be difficult in situations: 

(i) Interposition of soft tissue between fragments. 

(ii) Buttonholing of a fragment in the muscle, (iii) A 
large hematoma reduces the elasticity of the soft 
tissues and the fragment may not be pulled out to 
length owing to the soft tissue résistance, and (iv) Soft 
tissue interlocking. The soft tissue hinge may act as 
an obstruction to réduction by traction when the 
fragment ends are interlocked. Excessive traction will 
rupture the soft tissue hinge, making further traction 
difficult. 

Reversing the mechanism of injury: The second method of 
réduction is to reverse the displacement of the fragments. 
While traction is given réduction may be accomplished 
by reversing the mechanism of injury, e.g. a Colles' 
fracture, is reduced by traction of fingers and by 
pronating and flexing the distal fragment. 

Alignment of the fragment: The proximal fragment is usu- 
ally fixed, therefore, the distal fragment can be aligned 
with the proximal fragment. In a subtrochanteric frac¬ 
ture, the proximal fragment is flexed, abducted and 
externally rotated and is beyond the control of the 
surgeon. Therefore, the distal fragment can be aligned 
by flexing, abducting and externally rotating. 

Immobilization 

Once the fracture is reduced, it must be maintained until 
healing. Immobilization may be achieved by a plaster 
cast, brace, splint or continuons traction. The genius who 
first impregnated a dressing with dehydrated gypsum 
and used in the treatment of battlefield-injuries was a 
Flemish military surgeon named Antonius Mathijsen. 6 

Plaster of Paris is hemihydrate of calcium sulfate. 
When water is added, the calcium sulfate takes up its 
water of crystallization (CaS0 4 , H 2 0 + H 2 0 = CaS0 4 , 
2H 2 0 + heat). This is an exothermic reaction. Setting may 
be accelerated by increasing the température of the water 
or by adding alum and slowed by adding common sait. 

Methods of application of plaster casts: Skin tight cast is 
hazardous, and it may cause pressure sore and circulatory 
problems, therefore, it has been abandoned, generous 
amounts of cotton are applied to the limb. Plaster bandage 
is wrapped around with "just the right amount of 
tension,"—not more not less. Stockinette may be applied 
over the entire limb. If one anticipâtes swelling, more 
sheet wadding is applied. Bony prominences like head 


of fibula médial and latéral malleoli should be covered 
with extra cotton to prevent pressure sore. The rolled 
plaster bandage must be thoroughly immersed in water 
until air-bubbles stop rising. 

The ends of bandage in each hand are gently 
squeezed. The plaster bandage is rolled on the limb in 
the same direction as the wadding. Each turn of the 
bandage should overlap the preceding turn by hald. The 
bandage should always be rolled transversely, tucks are 
taken in the lower border to make the bandage transfer 
transversely. The surface is smoothed by the left hand or 
by assistants. The cast should ne ver be indented by finger 
tips, because this will produce plaster sore in the 
underlining skin. 

In molding the cast to achieve three-point fixation, 
one hand must exert pressure over the fracture site on 
the side opposite the sort tissue bridge, while the other 
hand gently massages the distal fragment in the proper 
direction to close the gap. As Charnley advised, "it takes 
a curved cast to produce a straight bone." 

Once the cast becomes solid, no more manipulations 
to be done because the cast may crack. Forearm or above- 
elbow cast should spread up to knuckles and should cover 
only half of the palm (across the proximal flexion crease). 
At the end of the cast, the patient should be able to 
completely flex the finger and make a fist. The thumb 
should hâve unrestricted motion. 

Lower-extremity casts: Long-leg casts may be applied with 
the knee flexed or extended, but if weight bearing is to 
be allowed, the knee should be neutral. Ail toes should 
be free to move. In fractures of the lower third of tibia, 
plantar flexion of the foot frequently causes angulation 
of the fracture. In such a situation, the foot should be 
either in neutral position or 5 to 10 degree plantar flexion, 
and a walking heel is applied. 

Patellar tendon-bearing casts (PTB): These casts were 
devised by Sarmiento to immobilize fractures of the tibial 
shaft and at the same time allow the knee to bend. We 
use an above-knee straight cast as recommended by 
Dehne, for the first 4 weeks after réduction, and then 
replace it with a PTB cast. PTB allows function of the knee. 
The cast is applied above knee and is trimmed. The cast 
is molded around the patella. Hip and shoulder spica 
casts are now rarely used. These are very uncomfortable 
and requires a lot of care to prevent plaster sores. Instead, 
plastic braces are preferred. 

Wedging the casts: Wedging of the cast is needed to correct 
the angular deformity. The plane of the deformity is 
determined from the AP and Latéral radiographs similar 
to the method to find out the oblique plane deformity 
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(see Ilizarov section on deformity). Wedge is accurately 
calculated. 

Hinge is placed at the apex of the deformity, the 
plaster is eut transversely at the level of the deformity. 
An open wedge is created on the concave side. Some 
surgeons place a little block of wood in the open wedge. 
Care must be taken that this block of wood should not 
cross the plaster edge, to prevent pressure on the 
underlying skin. The plaster bandage is applied around 
the open wedge. 

Fracture stability in a cast: If there is soft tissue hinge, the 
fracture is inherently stable after réduction. If the cast is 
applied with a three-point fixation, then the plaster cast 
works efficiently. If there is no soft tissue bridge, the 
fracture is not stable and is likely to deform in the cast. 
Sarmiento has shown the hydrodynamic effect of plaster 
cast. In a plaster cast, the soft tissues stabilize the fracture. 
In the fracture of the forearm, an above-elbow cast 
prevents the muscles spanning the elbow, from exerting 
their action on the elbow joint. As a resuit, their pull is 
transmitted distally to the fracture sites. 

Fïberglass casts: It is light weight, durable and radiolu- 
cent and contains 45% polymerthane resin and 55% 
fiberglass. The prepolymer is methylene bisphenyl di- 
isocyanate (MDI, which converts to a nontoxic polymeric 
urea substance.) 


the plate to develop a thin callus bridge. Clinically, this 
is probably of limited importance because thanks to rapid 
remodeling, cortical healing, following application of a 
normal DCP is successful in a large majority of cases. 11 

The biological plating—the bridge plate or wave plate 
do not disturb the blood supply of the comminuted 
segments of the bone. Thus, it préserves the blood supply 
at the fracture site. It spans the fracture area. The strain 
is distributed between the fracture fragments, and 
therefore, the strain is much less. The fatigue failure of 
the implant is avoided. 

Stability and rigidity: It is important to distinguish between 
rigidity and stability. Stability protects implant, whereas 
rigidity prevents deformation of the implant. According 
to Schatzker, 12 rigidity is the physical property of the 
implant. It refers to its ability to withstand deformation. 
Thus, in an internai fixation, the fixation devices 
employed may be rigid, but the fixation of the fragments 
may be unstable. 

The fracture is stabilized by the compression. In a 
stable fixation, the forces are directly transferred from 
one fragment to the other and not through the implant. 
Therefore, in a stable fixation, the bone protects the 
implant and prevents fatigue failure of the implant. Stable 
fixation restores load-bearing capacity to the bone. Stable 
fixation means a fixation with a little displacement under 
load. 


Prepolymer + H 2 0 


co 2 

Polyuréthane polymer 


Principles of Internai Fixation 

Allogower, Muller and Perren 1 of AO hâve given an 
excellent slogan, "Life is movement and movement is 
life."They hâve shown that full, active, pain-free 
mobilization results in a rapid return of normal blood 
supply to the bone and the soft tissues. It also enhances 
articular cartilage nutrition by the synovial fluid, and 
when combined with partial weight bearing, it greatly 
decreases post-traumatic osteoporosis by restoring. 1,3 
With a stable internai fixation, full active pain-free 
mobilization of the limb is possible. This is especially 
important in a polytrauma patient to prevent acute 
respiratory distress syndrome (ARDS). The basic 
principles of fracture treatment proposed by AO hâve 
stood the test of time. 

It is now known that the cortical osteoporosis under- 
neath the compression plate is not due to stress protection, 
but is due to decreased vascularity by the pressure of the 
plate. LCDCP causes less osteoporosis than DCP with a 
fiat undersurface and allows the cortical bone underlying 


Biomechanics of instability: Instability induces bone 

résorption and fibrocartilage différentiation instead of 
bone and this in turn increases the instability of fixation, 
either by plates or screws. Therefore, bone résorption 
induced by even minimal instability at the interfaces may 
compromise the results of an internai fixation. When 
techniques are applied which allow the maintenance of 
relative stability which allows adéquate axial micro¬ 
motion at the fracture site enhances bone union. Rigid 
stability does not mean maximum bone formation just 
as no stability means granulation tissue formation. 
Hence, the concept of flexible fixation of fractures has 
corne into vogue of fixation. 12 

Loading dynamic and static: The compression exerted by 
an implant applied under tension is static. The forces 
generated by the function of the limb (e.g. locomotion) 
are dynamic or functional forces. A fracture of the patella 
treated by tension band wiring is a dynamic fixation. 

Perren 11 in AO manual has described the different 
mechanical conditions in a fracture fixation, e.g. tension 
band wiring of patella or tension band plating of shaft 
fractures without interfragmentary compression hâve the 
following areas: 

1. A site immediately adjacent to a compression plate 
may expérience a high compressive load which could 
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eventually exceed the strength of the bone cortex, 
leading to irréversible deformation such as localized 
microfractures, superimposed. 

2. A site that is a little farther from the plate may 
expérience a high static load but within the limits of 
strength of the bone and with a small component of 
dynamic load superimposed (stable condition). 

3. A site even farther from the plate may exhibit a 
balance, with lesser stabilizing and greater desta- 
bilizing forces resulting in intermittent contact. 

4. At the opposite cortex, the fracture gap may remain 
open continuously, with a changing gap width as the 
varying (dynamic) tensile forces continuously exceed 
the compressive stabilizing forces. 11 

Therefore, tension band plating of shaft fracture 
without interfragmental compression (either by prebend- 
ing of the plate or by interfragmentary lag screw) bears 
an inhérent risk of the delayed union. The use of plates 
only, without lag screw or prebending, should, therefore, 
be avoided. 11 

In fractures of the patella treated by tension band 
wiring shows ail types of fracture healing. Underneath 
the tension band wiring, there is preliminary contact 
healing. In the intermediate area, there is primary gap 
healing and underneath the cartilage is the secondary 
healing. Load causes strain at the fracture site. 

Increasing load (stress) may reach the critical level of 
strain. Deformation may also reach the critical level of 
élongation at rupture (or strain at rupture), and the 
material may fracture. Each tissue has a critical strain level 
as described by Yamada and Evans (Table 1). 


TABLE 1 : Critical strain levels of repair tissues 13 


Elongation at rupture of 
different tissues 

Percentage 

Granulation tissue 

100 

Dense fibrous tissue 

20 

Cartilage 

10 

Cancellous bone 

2 

Lamellar bone 

2 


The values taken from Yamada and Evans, 13 1970 
show that critical élongation (at rupture) of lamellar bone 
is small. The value of parenchyma has been taken to 
replace the missing data for granulation tissue. 

Granulation tissue tolérâtes the strain and will not 
rupture under mobility. However, some mobility will 
rupture the bone. Repeated excessive strain at the frac¬ 
ture site may lead to nonunion and instability at the 
fracture site may lead to implant failure, fragment of the 
implant or screw pulling out or breakage of screw. 


Plating 

A plate without an interfragmental compression would 
not provide sufficient stability to prevent fragment and 
résorption induced by micromotion between the 
fragment ends. 11 A small gap is created in such a situation, 
the plate bears ail the load at the fracture site and is prone 
to fatigue failure. Therefore, simple plating without 
compression has no place in modem orthopedics. 

Plate fixation, therefore, requires the use of inter¬ 
fragmental compression by screws and/or axial 
compression by the plate with or without prebending of 
the plate (or contact brought about by functional load) to 
ensure bony contact able to carry load without 
intermittent displacement. 11 

An important function of the plate is to at least 
partially unload the fractured bone previously fixed with 
one or more lag screws. Stress shielding is, therefore, a 
prerequisite, and not primarily a disadvantageous side 
effect, of the treatment. This fact has often been 
misunderstood in recent years. 11 

Compression by plating: The static compression applied 
decreases only gradually over a period of se ver al months. 

Compression 

Compression effectively stabilizes the fracture due to 
preloading. The fracture surface remains in contact under 
physiological loading. The compressed surfaces resist 
sliding displacement, shearing or torsional forces. 

One or two lag screws are not adéquate to prevent 
displacement under the physiological load. Therefore, the 
lag screw fixation needs protection by a neutralization 
(protection) plate. A combination of lag screw and a 
neutralization plate is a very satisfactory fixation of 
fractures of long bones. 7 

Documentation 

Documentation is extremely important for the proper 
treatment of the patient, for paper présentation, for 
research work and for any legal complications especially 
in this era of Consumer Protection Act. 

Classification of Fractures 1 (Comprehensive 
Classification of Fractures of Long Bones) 

"A classification is useful only if it considers the severity 
of the bone lésion and serves a basis for treatment and 
for évaluation of the results." 

—Maurice E Muller 
Comprehensive classification proposed by Muller 
et al in 1990 is very useful in the management and for 
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Fig. 2: The bones and their segments—an overview of the whole 
skeleton: (1) Humérus and its three segments—proximal, 
diaphyseal, and distal, (2) radius/ulna and its three segments— 
proximal, diaphyseal, and distal, (3) fémur and its three 
segments—proximal, diaphyseal, and distal, (4) tibia/fibula and 
its four segments—proximal, diaphyseal, distal, and mallcolar, 

(5) spine and its three segments—cervical, thoracic, and lumbar, 

(6) pelvis and its two segments—extraarticular and the 
acetabulum, (7) hand, (8) foot, (9) other bones: (91.1) patella, 
(91.2) clavicle, (91.3) scapula, (92) mandible, (93) facial bones 
and skull. (From Muller et al 1990) 


predicting prognosis. This classification is not based on 
original features of a bone or the fracture geometry 
(emphasis are discarded). They are generic and apply to 
the whole skeleton. This classification indicates the 
severity of the fracture and guides in the management 
and prognosis. The classification is formulated on the 
basis of three fracture types, i.e. A, B, and C which 
represent fracture types in ascending order of severity. 
Each fracture type has three groups A x , A 2 , A 3 , B 2 and B 3 
and Q, C 2 and C 3 and each group has three subgroups, 
Al.l, A1.2, etc. The groups and the subgroups of each 
are also organized in an ascending order of severity. This 
organization of fractures in the classification in an 
ascending order of severity has introduced great clinical 
significance to the récognition of a fracture type. 


Dîagnosis 


where? what? 



Fig. 3: Alpha-numeric coding of the diagnosis 
(= location + morphological characteristic) 



Segments 


1 Proximal 


2 Diaphyseal 


3 Distal 
(4 malleolar) 


Fig. 4: The segments of the four long bones—the proximal 
and distal segments are defined by a square (exception proximal 
fémur) 


Al indicates the simplest fracture with the best prog¬ 
nosis, and C3 the most difficult fracture with worst 
prognosis. Thus, when one has classified a fracture, one 
has established its severity and obtained a guide to its 
best possible treatment (Figs 2 to 7). 11 

A long bone is divided into three segments, one 
diaphyseal, and two end segments. Because the 
distinction between the diaphysis and the metaphysis is 
rarely well defined anatomically, the classification makes 
use of the rule of squares to define the end segments with 
great précision. The location of the fractures has also been 
simplified by noting the relationship which is the center 
of the fracture bears to the segments. 12 

The new précisé terminology divides fractures into 
simple and multifragmentary. The multifragmentary 
fractures are further subdivided into wedge and complex 
fractures, not on the basis of the number of fragments, 
but rather on whether after the réduction, the main 
fragments hâve retained contact or not. A multifrag¬ 
mentary fracture with some contact between the main 
fragments is considered a wedge fracture. It has a 
recognizable length and rotational alinement. This is lost 
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Fig. 5: The diaphyseal fracture types: (A) simple fracture, (B) wedge fracture, and 
(C) complex fracture (From Muller et al 1990) 




Fig. 6: The fracture types of segments 13- and 33-, 21- and fracture; C, complété articular fracture. 
(From Muller et al 41-, 23- and 43- a extraarticular fractures, B, partial articular 1990) 
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Type Group Sub-group ScaÉe of severity 



Fig. 7: The principle of the classification 
represented schematically 


in a complex fracture where contact between the main 
fragments cannot be established after réduction. 

A fracture is diagnosed according to its location of 
fractures and morphological characteristics and is coded 
alphanumerically. The bone of the skeleton has been 
assigned numbers. The segments are numbered from one 
to three proceeding from proximal to distal. The 
alphanumeric code is for computer entry and not for 
verbal communication. The open fractures are classified 
according to Gustillo and Anderson's classification, and 
closed fractures by Tscherne and Gotzen's classification. 

Soft Tissue Injuries 

Schatzker has stressed the importance of soft tissue 
injuries. Prognosis of high velocity injuries is poor because 
of the greater damage to the soft tissue envelope. Long- 
term disability following a fracture is almost never the 
resuit of damage to the bone itself, it is the resuit of 
damage to the soft tissue and of stiffness of neighboring 
joints. 

In a closed fracture, injury causes inflammation. The 
whole part is swollen associated with outpouring 
fibrinous fluid. Fibrine leads to fibrosis. The muscles and 
tendons are glued together into a function less mass. 12 


The muscles and tendons cannot glide on one another. 
In an open fracture, infection further adds inflammation 
and fibrosis. Because of the immobilization the 
neighboring joints become stiff. Articular cartilage is 
nourished by synovial fluid and mobility is necessary for 
the health of cartilage. Prolonged immobilization causes 
necrosis of the articular cartilage, and this necrosis and 
intraarticular adhesions hâve the tethering effect of this 
scarred soft tissue leading to joint stiffness. 

Preoperative Planning and Principles of Réduction 

Preoperative planning and principles of réduction hâve 
been excellently described by J Mast and Ganz 8,9 in the 
monogram. Preoperative planning is extremely impor¬ 
tant when one is treating fractures by internai fixation or 
external fixation (monolateral type or the Ilizarov ring 
type). By preoperative planning, the surgeon can know 
the fracture geometry and the three-dimensional 
displacement, each fractured fragment is traced and 
therefore he/ she can plan the fixation of each fragment 
to the main shaft and other fragments. One can exactly 
locate the position of each fragment. Preoperative 
planning will guide the surgeon in selecting the type of 
fixation, external or internai, type of implant to be used 
and also the position of screws or K-wires. Also one can 
décidé the instrumentation required (Fig. 8). 

Equipment needed: The following equipments are needed. 

1. Radiograph of good quality, AP, latéral, right and left 
oblique films. Radiographs of the normal side are also 
important. If necessary CT and MRI to détermine the 
three-dimensional configuration of the fragments. 

2. A good view box with strong lights. The authors hâve 
modified a small table and fitted a view box to the 
surface of the table (Fig. 9). 

3. Trace papers, goneometers, scale measure, angle 
measure, ordinary and colored pencils. It is better to 
hâve the patient nearby. 

Technique: This technique is described by Mast. First, a 
tracing of the fractured bone is made in the plate of 
reference. If, for example, this tracing is made in the AP 
projection, and the latéral projection evaluated on the AP 
tracing, the posterior fracture lines should be 
differentiated by using dotted lines or a different colored 
pen. In complex fracture, the fragments may be retraced 
on a separate piece of tracing paper, increasing the 
distance between them for easier understanding. Then a 
tracing of the normal bone is made in the same 
projection—simple overlay drawing using the normal 
side, as the template is then carried out. 

Direct overlay techniques: Tracings of the various fracture 
fragments on separate sheets of paper allow one to 
manipulate the tracings directly into réduction. 
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Soft tissue 
bridge under 




Fig. 8: To maintain the réduction of the fracture, a three-point System must be used. The cast should be molded so that soft 
tissue bridge is under tension. This means that the forces must be applied as in this diagram. Should one of the three forces be 
moved, the System becomes unstable After Charnley J: The Closed Treatment of Common Fractures (3rd ed) 



Fig. 9: A small table used in the office can be converted into a 
view box for postoperative planning. The authors hâve found it 
very useful and satisfactory. The table can also be used as a 
writing table 

Use oftemplates: Inboth of the techniques described above, 
one selects the appropriate transparent template 
preprinted with outlines of standard implants. By 
overlying this, one may détermine the optimal type and 
length of the implant and the best position of the screws. 

Planning from the physiological axes: This technique is 
mainly applicable to periarticular fractures. It is more 
difficult, but allows the surgeon to simulate the steps of 


the réduction and, therefore, more readily to understand 
the kinetics of the particular case in question. 

Additional preoperative planning: When an unfamiliar 
operation is to be carried out, practising on plastic bones 
conveys a first-hand "feel" of the surgical procedure and 
enables one to see how the proposed fixation is 
accomplished. 

The Pinless Externat Fixator 

AO has developed an innovative type of external fixator. 
This can be attached to tibia by clamps that are inserted 
through the soft tissue. These clamps are tightened by 
means of removable handles, which allows the surgeon 
to adjust the tension by feel until the fixation is stable. 
After removing the handles, the clamps are connected to 
an AO/ASIF fixator. 6 

The pinless fixator is useful when immédiate 
intramedullary fixation is contraindicated and later on 
to be used. If other type of external fixator is used, the 
possible pin tract infection may be dangerous after 
intramedullary nail. 

The biggest problem of pin tract infection is whether 
to do internai fixation after the external fixator, especially 
the intramedullary nailing. There are conflicting reports. 
McGraw et al 10 reported that 7 of 16 patients treated by 
external fixation and intramedullary fixation developed 
severe deep infection (Figs 10 and 11). 
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Figs 10A to C: A simple fracture of the midshaft of the fémur. Holes 4.5 mm in diameter are made in the proximal and distal 
fragments such that they will not interfère with the definitive implant after réduction, (B) with the fémoral distractor attached, 
distraction of the fracture fragments is carried out. With distraction, there is a tendency towards straightening of the fémur, and 
if distraction forces are high, creating a deformity in the opposite direction from the distraction force—in this case a varus, and 
(C) the tendency towards straightening may be corrected by carrying out the distraction over a bolster. The bolster acts as a 
fulcrum to maintain the antecurvatum of the fémur 


Figs 11A to D: An angled blade plate, may be 
employed in the proximal fémur. The fracture is 
distracted with the articulated tensioning device 
off the end of the plate in distraction mode and 
(A) bone-holding forceps is used to hold the 
plate to the bone—in this case on the distal 
fragment, (B) with distraction, the tendency for 
comminuted fragments to reduce is increased 
by restoring length. They may be teased into 
their final stage of réduction with a small 
instrument, and the leg may be maneuvered into 
a position that facilitâtes this réduction, and (C 
and D) once the fragments hâve been reduced 
into the fracture gap, they are held in place with 
a pointed réduction forceps 
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Stress fractures occur in normal bone when the bone is 
subjected to abnormal or unaccustomed stresses. This 
condition is distinct from insufficiency fractures, wherein 
normal stresses applied to abnormal bone produce 
fracture. 6 Majority of stress fractures occur in the lower 
extremity with 50% of cases involving the tibia and fibula. 
Although most heal with only rest certain stress fractures 
pose a challenge to achieve and maintain union. Among 
these, fractures of the fifth metatarsal proximal diaphysis, 
tarsal navicular, anterior tibial diaphysis, and fémoral 
neck frequently require surgical treatment. 

PATHOMECHANICS 

According to Wolff's law, normal loads produce normal 
bone remodeling consisting of initial osteoclastic bone 
résorption followed by osteoblastic new bone formation. 
Résorption peaks at 3 weeks, but it takes 3 months to 
adequately create new bone. Stress fracture resuit from 
continued loading superimposed on the focally decreased 
bone mass generated by progressively larger résorption 
sites .Ground and joint reaction forces and muscle forces 
stress the bone. Stress, a measure of the load applied, 
produces strain or bone deformation. When optimally 
loaded and enough time is provided for remodeling, and 
bone mass remains static, no stress fracture ensues, and 
the bone becomes stronger. In stress fractures répétitive 
loading, outstrips bone's ability to create new bone and 
engenders remodeling process that actually weakens the 
bone . Initially,vascular congestion occurs, followed by 
osteoclast-mediated bone résorption in the haversian 
canals and interstitial lamellae. Small cracks appear at 
the cernent lines of the haversian Systems, which 
propagate into microfractures. Simultaneously, new bone 
formation occurs as a resuit of increased periosteal 
osteoblastic activity. 


RISK FACTORS 

Stress fractures occur in people of ail âges with peak 
incidence in late adolescence and early adulthood. An 
increased incidence in women has been noted. Menstrual 
disturbance, eating disorders and osteopenia., known as 
female athlete triad is a known risk factor. 6 Poor baseline 
physical fitness, Increased training volume, inappropriate 
training prédisposé. In contrast to osteoporotic/ 
insufficiency fractures individuals hâve normal bone 
density.Anatomic and alignment factors such as tibia 
vara, pronation, cavus, limited joint motion, and 
decreased vascularity may be contributing factors. Other 
factors which locally increase strain on bone like smaller 
bone size, peculiar bone geometry, Leg length discre- 
pancy, are also associated with increased stress fractures. 
Review of training surface, use of running shoes, 
restricting high-impact activities can reduce the incidence 
of stress fractures in military recruits. 

CLINICAL PRESENTATION 

Initially graduai onset of vague pain présent only during 
stress or activity may be the complaint. A careful history 
of load-related pain often points to diagnosis of stress 
fracture. Non athlètes give a history of a recent atypical 
increase in activity (e.g., more walking, a new aérobic 
exercise program), atheletes give a history of increase in 
training volume or change in technique, surface, or 
footwear. Especially in the foot, soft-tissue swelling can 
be seen. Symptoms may progress to persistent pain at 
rest, and even night pain. History of previous stress 
fractures or other painful sites, potential risk factors like 
leg length discrepancy, deformity, muscle imbalance, 
eating disorders, menstrual irregularities should be 
evaluated. A stress fracture of the tarsal bones or tibia 
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should be suspected in the foot with pronation just as a 
stress fracture of a metatarsal should be considered in 
the cavus foot. 6 Findings vary depending on fracture's 
location, time from injury. When accessible, local swelling 
with percussion pain are présent. Inaccessible sites 
require indirect tests, e.g. stress fractures of the pars 
interarticularis pain produced by hip extension. The 
anatomical location can help in some, e.g. fémoral dia- 
physeal fractures occur typically in the médial cortex, so 
latéral thigh pain is not correlated with a stress fracture. 4 

RADIOLOGICAL INVESTIGATIONS 

Diagnosis is mostly based on careful history and a classic 
physical examination, radiographie modalities just help 
clinician for definitive documentation and differential 
évaluations. 

X-RAYS 

Stress fractures hâve more ability to remodel but the 
response is seen later in the course, and the later response 
is often apparent on plain X-rays. Findings include 
periosteal bone formation, horizontal or oblique patterns 
of scierosis, endosteal callus, and a frank fracture line. 
Sign of a progressing stress fracture is the gray cortex, a 
low-density cortical area due to increased osteoclastic 
bone résorption activity . As the process evolves cortical 
hyperostosis, radiolucent line with extension partially or 
completely across the cortex can be seen. In cancellous 
bone fracture lucency oriented perpendicular to 
trabeculae appears. Healing is noted by focal sclerosis in 
areas of cancellous bone, whereas diaphyseal healing 
involves both periosteal and endosteal cortical thickening. 
X-rays are poorly sensitive but highly spécifie thus 
yielding high false-negative rate in initial days. Findings 
rarely appear before 2 to 3 weeks. New periosteal bone 
formation, does not appear until 3 months films of tibia, 
fibula and metatarsals yield high results. While fémur, 
pars, and tarsal bones are least likely to yield remarkable 
findings 

SCINTIGRAPHY 

Te bone scan is most sensitive test but not coupled with 
high specificity, so clinical features must be correlated. 
Given a correlating history and physical examination, the 
scintigraphie diagnosis of stress fracture is made by focal 
increased uptake on the third-phase images. Stress 
fractures are positive on ail three phases, but periostitis 
develops positive foci only on the delayed images. A 
grading System, based on the scintigraphie appearance, 
allows classification into milder or more severe stress 


fractures which assists in prescribing the requisite rest 
and réhabilitation intervals. Minimally symptomatic 
Grade I or Grade II stress fractures résolve more quickly 
and completely. Radionuclide scans can be positive 
within hours of a bone injury and uptake gradually 
diminishes over 3 to 6 months, but some uptake can last 
up to 1 year, even in uncomplicated stress fractures so its 
not particularly useful for monitoring healing. 20 

MRI 

MRI gives anatomie visualization, précisé localization 
and différentiation from other possible conditions. The 
bony tissue, with comparatively few mobile protons, is 
not represented instead MRI accentuâtes reactive edema 
in the soft tissues and marrow which are seen best in T2- 
weighted,(STIR) scans. Due to improved ability to differ- 
entiate conditions producing similar localized uptake like 
osteoid osteoma, osteomyelitis, bony infarct, and bony 
dysplasias MRI provides identical sensitivity but superior 
specificity compared to scintigraphy. MRI scanning may 
be the diagnostic method of choice in difficult diagnostic 
dilemmas or problematic cases (Fig. 1). 


Grading of stress fracture 


Grade 

Bone scan 

MRI 

I 

Small, ill defined increased 
uptake 

Mild periosteal edema on 

T2 + SUR 

II 

Well defined increased 
uptake 

Periosteal edema + 

Marrow edema on T2 + 

STIR 

III 

Fusiform wide increased 
uptake 

Periosteal edema on T2, 
Marrow edema on Tl, T2, 
STIR 

IV 

Transcortical increased 
uptake 

Clear fracture line with 
above findings 


CT 

CT scans provide anatomie detail and improve treatment 
decisions for certain bones such as tarsal navicular. Pars 
and sacral stress fractures are also well characterized. 
Single-photon émission CT (SPECT scanning) enhances 
the sensitivity in these areas. Longitudinal fracture lines 
in diaphyseal locations can also be elucidated. 

TREATMENT 

Rationale 

The fundamental principle of initial management is to 
break the cycle of accelerated résorption by eliminating 
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Fig. 1: MRI showing the 
Complété stress fracture 
of lower 1/3rd Tibia 

inciting strain and allowing new bone formation to catch 
up. This includes brief rest period of 4 to 8 weeks for 
nonathletes and alternative training (bicycling, swimm- 
ing, or water running) to athlètes to keep their fit ness 
level. A graduated return to impact activity is started after 
resolution of pain. The most common fractures involving 
the proximal and distal tibia, fibula, 7 calcaneus, and 
central metatarsals readily respond to this regimen. 
Surgery is rarely required for managing certain fractures- 
Femoral neck, Anterior tibia, Tarsal navicular, Fifth 
metatarsal (Jones). 

Fémoral Neck 312141618 2123 

Younger patients présent with inferior or médial neck 
lésions, commonly known as compression-side stress 
fractures. Older patients are prone to superior, tension- 
side fractures, and these are more likely to fail and 
displace with continued activity. 7 Patients complain of 
activity-related diffuse groin or anterior hip pain at the 
limits of hip rotation. 8 MRI scans may be more accurate 
and provide differential information for tendonitis, bone 
cysts, or avascular necrosis of fémoral head (Fig. 2). 
Stage 1 or 2 injuries are treated with non-weight bearing 
until pain résolves. 9 Fracture healing may require up to 
2 months. Return to activity requires resolution of pain, 
a full range of motion of hip, restoration of muscle 
strength and radiographie evidence of a healed fracture. 
Stage 3 compression injuries, can be managed 
nonoperatively but stage 3 tension injuries need 


stabilization. Stage 4 injuries with cortical crack or even 
frank displacement demand operative stabilization 
(Figs 3 and 4). 10 In young emergent open réduction with 
internai fixation is mandatory, varus malreduction with 
an increased risk of avascular necrosis and poor function 
are complications of delayed surgery. In older patients, 
hip arthroplasty can be considered depending on the 
individual situation. 1,22,24 

Fémoral Shaft 6 

Fémoral diaphyseal stress fractures occur proximally in 
the médial or posteromedial cortex. These lésions occur 
in sites of compressive stress, are stable, heal with 
modified rest protocols. Only complété failures require 
reamed intramedullary stabilization. 4 



Fig. 2: Incomplète stress fracture of neck of fémur 



Fig. 3: Complété stress fracture without displacement 
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Tibia 

Tibial stress fractures are most commonly reported 
fractures. Majority are posteromedial compression 
injuries in proximal or distal thirds fracture has transverse 
orientation and respond well to cessation of the répétitive 
loading activity, surgery is not required for this condition, 
but return to activity can take up to 3 months. 19 

Other overuse injuries require a différentiation . 

1. Inflammation of tenoperiosteal origins of tibialis 
posterior, soleus and fascial attachments to the 
posterior médial border of the tibia produces pain 
previously termed shin splints typically occurs 
along the médial border of the tibia, improves after 
warm up, and is worse in the morning. 

2. Exertional compartment syndromes of the anterior 
or deep posterior compartments présent with 
muscle aching and subjective tightness that 
increase shortly after exercise begins. No bony 
tenderness. 2 

Tibial stress fracture pain is progressive, graduai onset 
exacerbated by exercise, worse with impact, ultimately 
occurring while simply walking, or even at rest or at night. 
Tenderness is localized and bony. More unusual tibial 
stress fracture appears in the middle-third of the anterior 
cortex (Fig. 5). This tension-side injury results from 
répétitive stress of jumping seen inbasketball players and 
ballet dancers. Bone pain, palpable periosteal thickening 
may be présent. These fractures frequently progress to 
nonunion, and complété fractures because of tension side 
and poor vascularity. In chronic cases, a transverse, 
wedge-shaped defect in the anterior cortex, dubbed as 
dreaded black line, is seen with cortical hypertrophy. 
Tissue obtained shows limited biologie potential, 
consistent with a pseudarthrosis. Initial prolonged 
modified rest, with or without immobilization, over 4 to 
6 months should be tried.If symptomatic transverse 
drilling, removal of the fracture and adjacent callus en 


bloc and bone grafting with cancellous bone stimulâtes 
healing a protective splint during the healing phase helps. 
Reamed intramedullary nailing works well for 
récalcitrant cases, multiple stress fractures. 

MEDIAL MALLEOLUS 

Seen with répétitive running and jumping, vertically 
oriented fracture line originates at the junction between 
the malleolus and plafond directly above the médial 
border of the talus. It is characterized by bony tenderness 
and ankle effusion. For Grade I and II injuries, impact 
avoidance for 6 to 8 weeks suffices. For grade III and IV 
stress fractures, healing may take 4 to 5 months 
depending on chronicity and the demands of the patient. 
Drilling may enhance healing but screw fixation is 
advocated for displaced fractures, nonunion, chronic 
cases, and elite performers 

Navicular Fracture 

Répétitive running and jumping activity risks tarsal 
navicular stress fracture. Torg observed limited ankle 
dorsiflexion, limited motion of subtalar joint, shortening 
of first metatarsal, metatarsus adductus, and hypovas- 
cularity of central one third navicular are known 
predisposing factors. Vague médial arch pain accom- 
panies dorsal navicular tenderness. CT or MRI scans 
provide spécifie information. Fracture usually occurs in 
sagittal plane in avascular central third of bone. Six weeks 



Fig. 5: Radiograph of latéral view 
of tibia - Stress fracture in the 
anterior margin of tibia - lucent 
line in the anterior margin 
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of non-weight-bearing cast immobilization yields high 
union rates in less than 25%. In cases of displaced 
fractures, delayed unions, and nonunions, surgical 
stabilization is undertaken. Compression screw fixation 
atone usually provides adéquate stability. Non-weight 
bearing after fixation is advised. 

METATARSALS 

Metatarsal stress fractures are common in distance 
runners and ballet dancers. Second metatarsal neck is the 
most likely site for stress fracture, but ail metatarsals are 
susceptible. Modified rest usually leads to symptom 
resolution. A second metatarsal plantar base stress 
fracture recognized only in female ballet dancers 
secondary to en pointe position also responds to rest and 
activity modification. Proximal diaphysis of fifth 
metatarsal, common in basketball players, often are slow 
to heal, hâve high récurrence rates. Proximal 1.5 cm of 
diaphysis, is relatively avascular with a narrow 
medullary canal where cortical hypertrophy commonly 
occurs in running and jumping athlètes, rendering the 
zone more fragile. Treatment choices are predicated on 
the stage of the lésion as described by Torg. Acute injuries 
show clear fracture lines with no medullary sclerosis and 
little or no cortical hypertrophy. Healing in most acute 
fractures ensues with a 6- to 8-week course of non-weight- 
bearing cast immobilization. Surgical management of 
acute stress fractures, in athlètes, is recommended to 
avoid prolonged healing. Sliding bone graft procedures 
and intramedullary compression screw fixation 
techniques usually resuit in satisfactory healing within 
3 months. Delayed unions démonstrate a wider fracture 
with some medullary sclerosis. A very wide gap with 
periosteal new bone formation and complété medullary 
sclerosis characterizes established nonunions. Delayed 
unions may heal with prolonged non-weight-bearing cast 
immobilization, but functional recovery often requires 6 
months. Most active patients with delayed union and 
virtually ail with an established nonunion recover faster 
with surgical management. Torg advises sclerotic bone 
debridement and inlay bone grafting. Others propose a 
sliding bone graft or compression screw fixation. 
Avulsion fractures of proximal tuberosity of 5th 
metatarsal (dancers fracture) generally heal well with 
conservative means. 11 

OTHER SITES 

Transverse patella stress fractures, are usually seen in 
runners and jumpers, respond to extension immobili¬ 
zation for 4 weeks followed by progressive réhabilitation. 


Failure to improve and acute displacement mandate open 
management with tension band stabilization. Fibula 7 
stress fractures occur in runners 1 to 2 inches above ankle 
joint line, usually respond to modified rest protocols. 
Talar neck stress fractures are rare. Stress fractures of 
latéral process of talus usually respond to a 6-week non- 
weight bearing, excision may be considered for récalci¬ 
trant or displaced cases. Calcaneal stress in soldiers, 11,17 
runners, jumpers fractures are typically transverse 
through tuberosity. Conservative treatment measures are 
always sufficient. 

UPPER EXTREMITY 

Upper limb stress fractures are associated with récurrent 
loading activities such as rowing, swimming, and 
throwing. Modified rest and technique corrections almost 
always resuit in early healing. Humérus stress fractures, 
occur in baseball pitchers, tennis players, weight lifters, 
can be managed with modified rest and graduai activity 
resumption. Transverse olecranon stress fracture occur 
in athlètes in throwing sports or gymnastics, présent with 
gradually increasing elbow pain. Some patients complain 
more of acute elbow pain related to a tip avulsion fracture. 
Excision of fractured tip allows early return but with 
classical stress fractures pain that recurs when throwing 
résumés. Among baseball players, the olecranon is the 
most common site for stress fracture. When displaced or 
delayed in healing, tension band fixation is effective. 
Stress fractures ulna occur in underhanded softball 
pitching, two-handed tennis backhand strokes. Healing 
occurs with modified rest for 4 to 6 weeks and progressive 
resumption of activity. Stress distal radial physis is 
common in young gymnasts. Athlètes who begin a high- 
stress weight program are at risk for developing a radial 
stress reaction. Tennis players may be susceptible to 
second metacarpal fracture because racquet provides a 
fulcrum. Rest from the activity will yield healing and 
return to the sport within 4 weeks, provided technique 
errors and training overload are altered. 

Pelvis 

Stress fractures pubic rami in female distance runners 
causes groin pain. Deep palpation elicits significant pain. 
8- to 12-week modified training regimen allows 
graduated return to activity. Sacral stress fractures 
présent with low back and buttock pain demonstrate 
localized tenderness to palpation and stress of sacroiliac 
région. MRI scanning is more spécifie. Initial protected 
weight-bearing followed by progressive activity leads to 
uneventful healing 
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SUMMARY 

A modified rest protocol successfully addresses the 
majority of stress fractures, and this initial conservative 
approach should be considered for ail stress fractures and 
certain high-risk or problematic stress fractures may 
benefit from early surgery. Displaced fractures and 
established sclerotic nonunions require open réduction 
internai fixation and supplémentai bone graft. Grade III 
or Grade IV tension fémoral neck stress fractures should 
be stabilized with multiple screw fixation. Anterior tibial 
stress fractures with an established transverse cortical 
lucency hâve limited healing potential, reamed 
intramedullary nailing predictably leads to healing . For 
navicular stress fractures, with delayed diagnosis or 
delayed union, compression screw stabilization provides 
high union rates. Acute fifth metatarsal stress seldom 
require surgical intervention but delayed union injury is 
preferentially managed with intramedullary compression 
screw placement after the medullary canal has been 
adequately drilled to remove fibrous tissue and sclerotic 
bone. The established nonunion requires open 
debridement of the fracture gap with placement of graft, 
combined with intramedullary screw placement. 
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1. Two Systems of fracture fixation 

2. Preoperative planning 

3. Fracture réduction 

4. Biological fixation 

5. Minimally invasive surgery 

6. General principles of fixation of fractures of segments 
of a long bone 

7. Timing of surgery 

8. Postoperative care. 

1. TWO SYSTEMS OF FRACTURE FIXATION 

Today any fracture is stabilized by one of the two Systems 
of fracture fixation. They are, 

i. Splinting System. 

ii. Compression System. 

Meticulous preoperative planning of surgical procedure 
has improved the outcome of fracture management. Very 
important developments in fracture management are 
techniques of fracture réduction, biological fixation and 
minimally invasive surgery. 

History of Fracture Fixation 

The fracture management may be divided into five eras: 
1. Era of external splints. 2. Era of early attempts of 
internai fixation. 3. AO era. 4. Era of biological fixation. 
5. Era of 21st century: locking head plate was developed. 
Each era is definite improvement over the previous. 

1. Era of external splintage: A century ago almost ail 
fractures were treatment with immobilization with 
splints or plaster cast one joint above and one joint below, 
till the fracture united. Prolong immobilization by plaster 
cast or traction produced fracture disease. Chronic edema, 
soft tissue atrophy, severe osteoporosis, thinning of the 
articular cartilage, severe joint stiffness, and sometimes 


chronic régional pain syndromes. Fracture disease 
resulted in delayed return of function. 

2. Era of early internai fixation: The first report on plate 
osteosynthesis was published more than a century ago. 
The use of internai fixation did not gain wide acceptance. 
Aseptie operation room conditions were not established. 
The development of intramedullary nailing and plate 
osteosynthesis occurred almost simultaneously, but the 
material, design and properties initially were too weak 
to provide sufficient stabilization. Biometallurgy was in 
its infancy. The causes of failure were mainly, 
methodology of fracture fixation, the material used was 
of poor quality, and high rate of postoperative infection. 
The implant material was mechanically too weak and 
prone to érosion. Proper biomechanics of the fracture was 
not well development to provide sufficient stabilization. 

3. AO era: Modem era of fracture fixation began in 1958, 
when a group of surgeons (Mourice Muller, Willenegar, 
Allgower and other from, Switzerland) introduced a 
fracture repair System. This System popularly known as 
AO method. 

With this AO method there was tremendous 
improvement in the management of fractures of bones 
and AO System spread rapidly ail over the world. 
However, surgeons faced new problems. This System 
created a zeal for reducing every fragment perfectly, by 
extensive dissections, which resulted in refracture after 
removal of the plate. Extensive dissection and longer 
operative time resulted in infection and often infected 
nonunion. Over emphasis on mechanics was given at the 
expense of biology. Surgeons face many complications 
due to open réduction and rigid fixation. The 
complications were delayed union, nonunion, infection, 
infected nonunion, implant failure, and refracture after 
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removal of plate. Surgeons began to challenge this 
philosophy. In the late 1980s, Mast 4 et al described the 
treatment of patients with fracture emphasizing 
biological rather than mechanical principles. This System 
is now termed as a biological fixation of fracture. 

4. Era of biological fixation: The biological fixation consists 
of (i) Indirect réduction (ii) Fixation of fracture away from 
fracture site. 

5. Era oflocking head plate: The era of 21st century is the 
locking head plates. LCP and LISS locking System along 
with the biological fixation has revolutionized the 
treatment of the fractures. Today the fracture fixation is 
by one of the two Systems. (1) Compression System by 
lag screws. (2) Splinting System with the biological 
fixation with or without locking head screw. 

AO Principles: Classic and Current Approaches 

Every fracture is a complex tissue injury to bone and 
surrounding soft structures. Fracture leads to local 
inflammation, pain, leading to circulatory disturbances. 
These circulatory disturbances, inflammation and pain 
due to dysfunction of joints and muscles leads to "fracture 
disease" (Lucas-Championniere 1907). 

Fracture disease is caused by pain and lack of 
physiologie challenge to bone and muscle complex that 
is normally given by movements and changing 
mechanical load. 

Fracture disease is a clinical condition of chronic 
edema, soft tissue atrophy and patchy osteoporosis. 
Edema induces intermuscular fibrosis and muscle 
atrophy and unphysiologic adhesions to bone and fascia, 
thereby, leading to stiffness. 

The effect of load consists of deformation of bone. This 
produces an internai State of stress within the material. 
Stress due to load applied results in deformation (strain) 
of the material. Strain is relative increase or decrease in 
length in relation to original length. Deformation of cells 
is critical. For very small gaps in cells (< 0.1 mm), an 
imperceptible displacement (due to motion) can resuit 
in very high strain (>1008). 

Small displacement (5 microns) in a small gap results 
in 50% strain. Larger displacement (10 microns) in a small 
gap results in the limit of strain tolérance of cell. 

Strain on tissue éléments of repair tissue may be 
reduced by widening of gap and /or by shearing the 
overall displacement by multiple serial gaps (as seen in 
multifragmentary fractures). A small displacement, e.g. 
5 microns in an initially wide gap of 40 microns results 
in 12% strain which is tolerated by dense fibrous tissue. 
Even larger displacement of 10 microns in an initial gap 


of 40 microns results in 25% strain which is tolerated by 
granulation tissue (Fig. 1). 

Thus, nonoperative methods achieve splinting the 
broken ends of bone adequately to prevent malunion, 
reduce excessive motion to prevent nonunion and allow 
earlier function thereby reducing pain. 

• Fracture réduction and fixation to restore anatomical 
relationships 

• Stability through fixation with compression or 
splinting, as required by the fracture pattern and the 
injury 

• Préservation of the blood supply to the soft tissues 
and bone through careful handling and gentle 
réduction techniques 

• Early and safe mobilization of the area being treated 
and of the patient as a whole 

These concise principles still continue to be the AO 
philosophy of patient care. In today's approach, the 
emphasis is still very much on maintaining the blood 
supply to the soft tissues and bone. It is now confirmed 
that blood supply to the soft tissues is of utmost 
importance for healing of fractures. 

These new and exciting techniques of (i) Minimally 
invasive surgery and (ii) Indirect réduction and splinting 



Figs IA to D: (A and B): Effects of small and large displace¬ 
ment in small gaps, and (C and D) effects of small and large 
displacement large gaps 
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System (iii) Compression System using L.C.P. are 
becoming more and more popular. Surgeons can now 
treat such diverse fracture as acetabular, around the knee 
and ankle, calcaneus, proximal humérus, distal radius of 
the hand, with minimal dissections or no dissection. 

A good bone contact achieves the stable fixation of 
fracture of long bones and préserves the mobility of joints 
and muscle strength. If the mechanics of fracture fixation 
and biology are respected healing is ensured. Today 
biology is more important than the mechanics. 

DEFINITIONS (TABLE 1) 

Absolute Stability 

Stability is defined as the amount of displacement 
between fracture fragments, after loading. Rigidity is 
defined as the physical properties of the implant or the 
ability of the implant to counter deformation. Absolute 
stability means that there is no displacement of the 
fragments under a physiological load. Relative stability 
are achieved using elastic flexible splinting. When the 


loading cycle is completed, the implants will return to 
their original form when unloaded-reversible defor¬ 
mation. This requires an anatomical précisé réduction and 
interfragmental compression. Healing is by direct bone 
union. The degree of stability varies depending upon the 
bone contact or methodology. 

3 types of stability: (1) Absolute stability when there is 
absolutely no fragment movement. (2) Relative stability 
when some movement occurs but fragments and implant 
return to initial form on unloading. Unstable means when 
there is permanent deformity (plastic deformity), 
secondary displacement leading to malunion or 
nonunion. 

Relative Stability 

The principle of relative stability is defined as 
displacement between fracture fragments that is 
comparable with fracture healing. This motion is below 
the critical strain level of repair tissue as determined by 
the strain theory. Relative stability is associated with 


TABLE 1 : AO principles: Classic and current approaches 

Classic Internai Fixation Approach Current 

1. Fracture site is opened surgically to expose the fracture 1. Fracture site is not opened at ail 

2. Subperiosteal dissection 2. Epiperiosteal dissection 

3. Dissection often extensive 3. Minimal dissection. Réduction MIS, MIPO 

Réduction 

4. Anatomie réduction 4. Anatomie (réduction or) axial alignment, mechanical axes of proximal 

and distal fragments are collinear. Anatomical réduction is required for 
intra-articular réductions. Axial alignment, rotation, length 

5. Circumferential forceps and clamps Open réduction 5. Indirect réduction of fracture by distaction by various techniques 

Stabilization 


6. Primary (direct ) bone healing by absolute stability by 6. 

compression by large screws, load-sharing device 

7. Rigid Fixation- Intra-articular and metaphyseal fractures 7. 

requires absolute stability 

8. Short neutralization or protection plates with multiple 8. 

screws 

9. Fixation at the fracture site 9. 

10. Fracture hematoma drained 10. 

11. More attention to mechanics than biology 11. 

12. Préservation of blood supply 12. 

13. Early protection 13. 

14. Compression of plate to bone 14. 

i 

Toggling usually bicortical 


Bone healing by callus formation (indirect) as a resuit of biologie 
integrity and relative stability 

Flexible Fixation- Relative stability fragments move to some extent. 
Joint surface needs anatomie réduction 

Long plate or bridge plates with few screws. For comminuted fracture 
zone 

Fixation away from fracture site 
Fracture hematoma not drained 
More attention to biology than mechanics 

Préservation of the blood supply to soft tissues and bone by careful 
handling and gentle indirect réduction techniques and a newly 
designed bone-implant interface 

Early and safe mobilization of the part and the patient. Early active 
motion can also be carried out because splint fixation is stable enough 
to allow postoperative functional care 
Angular stability 

i 

No toggling 

Usually unicortical, biocortical radius and ulna, porotic. 
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indirect healing and callus deformation. It is based on 
principles of splinting with implants which are less rigid 
than bone. With flexible fixation, the vascularity is more, 
possibly because of large callus. With unstable fixation 
with large tissue strains blood supply is reduced in the 
fracture gap. 

Local résistance to infection: Titanium is more inert 
biologically than Steel. Vessels grow right upto the edge 


of plate. With stainless Steel may be less effective 
therefore, more chances of infection. 

Compression System (Table 2) (Fig. 2) 

Compression method by lag screws, compression plates 
(LCDCP), (LCP) or axial compression by compression 
distraction device. This System import absolute stability 
and primary healing with no callus formation. Absolute 


TABLE 2: Two Systems of fracture fixation (Modified from A.O. Manual-lnternal Fixators, 2006) 


System 

Stability 

Technique and implant function 

Bone healing 

Indication 

Compression 

Static 1 fracture under 

Absolute stability 

Lag screw (conventional screw) 

Direct primary bone 
healing with no callus 
formation 

Intra-articular 

fractures 

compression-implant 
under tension 


Lag screw and protection plate 
neutralization 

Cancellous bone 
Metaphysis 



Compression plate 



Dynamic 2 
compression of 
fracture during 
fraction 

Relative stability 

Tension band, e.g. patella 




Tension band plate, e.g. 
subtrochanter plating. 





Buttress plate, 6 e.g. upper 
and tibia. 



Splinting System 

(Locked splinting 
with control of 
length, alignment, 
and rotation) 

Locked 3 



Indirect secondary 
healing with callus 
formation 

Communited fracture 
in (i) Metaphysis 
(ii) Diaphysis 

External splinting 


External fixator 



Intramedullary 

splinting 


Intramedullary nail 



Internai extra- 
medullary splinting 


Bridging with standard 
plate—Good bone 





Bridging with locked 
internai fixator—Osteoporotic 
bone. Also good bone 



External splinting 


Conservative fracture 
treatment (cast, traction) 



Unlocked 4 

Intramedullary 

splinting 5 


Elastic nail 




K-wire 




1 Fracture under compression-implant under tension. 

2 Compression under function. 

3 Locked splinting with control of length, alignment and rotation. 

4 Splinting with limited control of length, alignment and rotation. 

5 Can be changed to dynamic compression in case of dynamically locked nail or dynamic external fixator. 

6 Using an angular stable plate-screw construct (i.e., LISS, or LCP with LHS) as buttress plate, the plate acts as a blade plate. Occasionally 
a buttress plate may be considered splint. 
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Fig. 2: Compression System ( Redrawn and modified from AO 
Manual- Internai fixators 2006, Ed. by Michael Wagner, Robert 
Frigg) 

stability is best achieved through interfragmental 
compression using the lag-screw technique. 

1. Indications for compression System (Absolute 
stability): Indications are intra-articular or meta- 
physeal fractures. Simple fractures of metaphysis or 
diaphysis. 

2. Indications for splinting System are comminuted 
fracture in the metaphysis or diaphysis. 
Compression consists of pressing two surfaces— 

implant to bone and bone to bone—together. Efficient 
stabilization is achieved with minimal implants. Two 
types are distinguished: 

i. Static —compression which does not change 
with time 

ii. Dynamic —results in periodic partial loading and 
unloading of the contacting surfaces due to 
dynamic forces resulting from function. 


Compression Produces 

i. Preloading—surfaces remain in close contact (till 
applied compression is larger than opposite acting 
forces) 

ii. Friction—compressed surfaces resist sliding dis¬ 
placement till friction is larger than shearing force 
applied. 

In case of transverse fractures, torque produces shear 
while in oblique fractures, axial compression produces 
shear. 

Tension Band Fixation (Fig. 3) 

The principle of tension is used in internai fixation of 
eccentrically loaded bone. In order to restore load-bearing 
capacity of an eccentrically loaded fractured bone and 
minimize the forces borne by the fixation de vice, it is 
necessary to absorb tensile forces and convert them into 
compressive forces. Dynamic component of functional 
load is used. Tension forces on the convex surfaces of the 
curved bone are converted to compression forces on the 
side of concavity. Tension band allows for some load- 
induced movement. This fixation is often used at 
metaphyses in the cancellous bone. 

Compression device: Muller devised an articulated 
tensioning device to generate compression across the 
fracture. 

Compression is used: (i) to provide stability of fixation 
where motion-induced résorption must be prevented, 
and (ii) to protect the implants and to improve their 
efficiency by unloading them (Fig. 4). 

Advantages of Compression System 

1. It restores the précisé anatomy. 2. It implants stable 
internai fixation by interfragmentary compression. Lag 



Figs 3 A to D: Subtrochanteric fracture treated by tension band principle (MIPO) using MIPO technique 
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Fig. 4: Muller articulated tension device to apply axial 
compression to a tension band plate 


screw is the best technique to achieve interfragmentary 
compression. 3. The oval hole of the plate allows 
angulation of screw to fix even the oblique fractures. 

4. The reduced bone fragments share the load. 

5. Compression System allows early mobilization and 
early function. 

Advantages of Splinting System 

1. Internai fixation with préservation of biological 
integrity. 

2. Closed indirect réduction. 

3. Splinting minimizes biological damage due to the 
surgical approach and réduction technique, and by 
anchoring the implant only in the main fragments. 

4. Flexible (less stable) fixation that stimulâtes callus 
formation, facilitating early solid union. 

Requirements for Compression System 

Compression System of fracture fixation requires: 

1. Précisé of anatomie réduction. 

2. Stable fixation or Stabilization by lag screws or axial 
compression. This will give absolute stability by 
interfragmentary compression, resulting in no motion 
between the fracture fragments. 

3. ORIF with respect for soft tissue. 

4. Placing plate over the periosteum. 

5. Countering of plate is mandatory. 

6. Prebending of plate is required in certain situations 
to achieve précisé alignment and full contact of the 
fragments. Extensive open surgical approach to the 
bone for réduction, insertion, and fixation of the plate. 

7. Bicortical insertion of the screws. 

8. Compression between the implant and the bone. 
Stability results from friction between the plate and 
the bone and/or a preloaded lag screw. 


9. Good bone quality (sufficient screw holding capacity 
of bone). 

Methods of Compression 

1. Lag screws 

2. Lag screws with plate. Lag screws through the plate 
or outside the plate. 

3. Axial compression by compression distraction device. 

4. Dynamic compression plate. Dynamic compression 
can be achieved using the tension band technique, by 
tension band plating or buttress plating. Compression 
occurs during functioning. 

5. Dynamic butter plating: When the bone is 
excentrically loaded tensile forces act on the convex 
side and compression forces on the conquave side, 
e.g. subtrochanteric fracture of fémur. In this situation 
the implant is applied to the tension or convex side 
and the tensile force is transformed by the implant to 
dynamic compression on the opposite side to the 
implant. 

It is important to ensure that there is an intact 
buttress opposite the tension cortex. 

6. Compression based on elastic recoil of plate (bending 
of plate). 

7. Axial compression by tensioning the plate (tension 
band plate). 

Disadvantages of Compression System 

The disadvantages of the compression System by LCDCP 

are: 

1. Open anatomie fracture réduction. 

2. Excessive soft tissues dissection resulting in damage 
to blood supply. 

3. Osteoporosis occurs underneath the plate due to 
compression of the periosteal vessels. This leads to 
refracture after removal of plate 

4. Infection is more compared to LCP. 

5. Delayed union-nonunion. 

6. Precontouring of the plate is necessary. The shape 
of the plate needs to adopted. If the shape of the 
plate and bone do not match, the primary réduction/ 
alignment of the fracture will be lost. 

7. Compression screws can be overtightened. 

8. Compression screws are preloaded. 

9. Secondary loss of réduction (loosening of screws) 
leads to malalignment and instability due to 
togglmg. 

10. In osteoporotic bone and in metaphysis, compres¬ 
sion System has a high complication rate of loosing 
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of the implant, due to poor holding capacity of the 
bone. 

Splinting System (Table 2) (Fig. 5) 

Second System is splinting System. In this method the 
fracture zone is splinted allowing some mobility of the 
fragments resulting in abundant callus formation by 
indirect (secondary) healing. Splinting System is a 
biological fixation with or without locking head screws. 
Splinting consists of connecting a stiff device to a 
fractured bone. Splinting reduces mobility of fracture in 
proportion to its stiffness. Splint reduces fracture 
mobility. Thus, pain is reduced and limb is protected from 
excessive deformation. Plaster cast, plate and medullary 
nails, external fixator. 

Locked splinting: External fixators, locked nails and 
locked internai fixators are locked splints. 

The doser the implant position to the intramedullary 
position the stronger it is and weakest the further away 
it is, therefore, the IMN is the strongest as it is in the centre 
of medullary canal. 

Splinting with Standard Plates and Cortex Screws 

New methods involving minimal risk were therefore 
developed to accelerate bone régénération and bone 
healing in difficult fractures. Whereas anatomical 
réduction of the fracture was the goal in the conventional 
plating technique. The aim in bridge plate osteosynthesis 
for multifragmentary shaft fractures is to reduce vascular 
damage to the bone. The use of indirect réduction, as 
advocated by Mast and colleagues was intended to take 
advantage of the soft-tissue attachments, which align the 
bone fragments spontaneously when traction is applied 
to the main fragments. 

Disadvantages of Splinting Method 

Closed réduction are not easy as Wagner points out. 



Fig. 5: Splinting System ( Redrawn and modified from AO 
Manual- Internai fixators 2006, Ed. by Michael Wagner, Robert 
Frigg) 


Liss and LCP can be used in splinting method and 
MIPO. There are advantages of using LISS or LCP as a 
splint over the conventional plate. The great advantages, 
there is no need for précisé contouring of the plate when 
using MIPO technique, because it is extremely difficult 
to bent the plate intraoperatively. Monocortical fixation 
as an added advantage. Locked splinting can be used in 
osteoporotic bone. LISS causes less damage to soft tissue 
and vascularity than the conventional plate as a splint. 

Fragment Mobility 

The fracture site is continually subject to displacement 
due to muscular and functional forces. This displacement 
of fracture triggers a chain of reactions at the fracture 
site through the biochemical messenger substances, like 
BMP, hyaluronates, etc. leading to callus formation. 
Callus formation reduces the mobility and deformation 
at the fracture site. For this the most important factor is 
the blood supply to the fracture area. 

A flexible fixation allows an appréciable inter- 
fragmentary movement under physiological loading. In 
a flexibly fixed fracture, the interfragmentary mobility 
induces callus formation 3 which can be observed in 
diaphyseal fractures splinted by intramedullary nails, 
external fixators, or bridge plating. 

Stiffness of Implant 

Stiffness of the intramedullary nail dépends on the 
diameter of the nail and the geometry and number of the 
locking bolts and of their spatial arrangement. 

The stiffness of fracture stabilization by external 
fixation dépends on a number of factors (See chapter on 
External Fixator). 

The external fixator is the only System, which allows 
the surgeon to control flexibility of the fixation. Plates, 
which span in comminuted fracture, provide elastic 
splinting. 

Biomechanics of Flexible Fixation 

With flexible fixation, the fracture fragments displace in 
relation to each other when load is applied across the 
fracture site. A typical example is "Splinting' by nail or 
bridging plate, in contrast to compression plating which 
is non-flexible. 

Fragment displacement increases with applied load 
and decreases with the rigidity of the splint. 

The two types of behaviour under flexible fixations 
are: 

1. Elastic: The load results in réversible deformation of 
the splint. After unloading, the fragments of the 
fracture spring back into their former relative position. 
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2. Plastic : The load results in an irréversible deformation 
of the splint, and the fracture fragments maintain 
permanent displacement. 

When there is appréciable interfragmentary move- 
ment under functional weight bearing, the fixation 
method is called flexible fixation. 

Flexibility of the fixation differs depending on how 
the device is applied and loaded. However, ail of them 
allow interfragmentary movement, which can stimulate 
callus formation 

If there is excessive flexibility which results in 
excessive mobility of fragments, which in turn inhibits 
healing. 

Intramedullary Nail 

Intramedullary nailing is a flexible System. The classical 
küntscher's nail has good stability against bending and 
shearing forces, but is weak in torsional and axial loading. 
However, due to interlocking, the nail can withstand 
torsional and axial loading. The stability under torsional 
and axial loading dépends on the diameter of the nail 
and the geometry and number of locking bolts and of 
their spatial arrangement. 

The bending flexibility dépends on the fit of the nail 
within the medullary canal (the working length) and the 
extent of the fracture area, and can be as small as the 
bending flexibility of the nail itself. 

The great advantage of intramedullay nail is 
mechanical axis of the bone and the nail are the same. 
This differs from what occurs with the plate fixation. 


Flexible Fixation 

Flexible fixation stimulâtes callus formation. This can be 
observed clinically as the diaphyseal fractures heal well, 
when splinted by intramedullary nails, external fixator 
or bridge plating. However, if the interfragmentary strain 
is excessive (instability), or the fracture gap is too wide, 
bony bridging by callus is not obtained in spite of good 
potential callus formation due to good biological 
environment (hypertrophie nonunion). When there is a 
large gap callus formation is insufficient when the gap is 
reduced by axial shortening bony bridging may occur. 

If the fixation System is too stiff, interfragmentary 
mobility does not occur. Therefore, the strain is too low 
to stimulate the callus formation. This results in non- 
union. If the gap is too wide, the strain is also too low to 
form callus. 

Baumgaertel 1 has illustrated that if a long rod is held 
at the ends and bending force applied, the rod bends 
uniformly throughout. However, if the rod is held and 
the distance between the two holding points is reduced, 
the force will be concentrated in the center of the short 
segment, leading to breakage of the rod. This is the 
principle of biological plating. In the same way if a short 
segment of plate is applied with screws near the fracture 
site as shown in the Figures 6A and B, the plate may fail 
unless bone grafting and external support is given. 
However if a long plate is used and the fixation is done 
away from the fracture site, the stresses are distributed 
over the entire length of the plate and the plate may not 
fail. 



Figs 6A and B: (A) Illustration of “stress concentration” (B) Illustration of “Stress Distribution” 
on the model of strip of plywood (From A.O. Manual, 2001) 
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Flexible Methods of Fixation 

1. Intramedullary nailing. 

2. Bridge plating 

3. External fixator 

4. Internai fixator 

5. K wires 

6. Functional cast or brace 

7. Traction. 

Indications 

Flexible System is mainly used for communited 
multifragmentary fracture. 

1. Metaphyseal multifragmentary fracture. 

2. Diaphyseal multifragmentary fracture. 

Flexible System in Simple Fracture 

The simple fractures should be treated by compression 
System however, if splinting System is to be used then 
one or two holes on either side of the fracture is not 
utilised to make the System flexible. However, this may 
lead to delayed union therefore, it is preferred not to use 
flexible System in simple fractures except nailing. 

Flexibility 

In splinting System of fracture fixation elastic flexible 
fixation can only be achieved without inter-fragmentary 
compression. A splint is a rigid structure that reduces, 
but does not eliminate elastic displacement of fragments 
during loading. 

Flexibility dépends on the following factors. 

1. Size of the métal: The thinner the métal, more the 
flexibility. 

2. Type of métal: Titanium plates are more flexible. 

3. Longer the plate more flexible is the System. 
Flexibility of splinting dépends on the length of the 
lever provided by the plate on each side of the 
fracture site. Long plate with small number of screws 
is more flexible. 

4. Number of screws: More the number of screws, more 
rigid is the implant. 

5. Position of screws: Position and placement of screws 
is more important than the number of screws. The 
crucial positions are screws immediately next to the 
fracture zone on either side and the screws at both 
ends of the plate. These 4 screws are important. 

Working Length 

The working length of the plate is the distance between 
two screws doser to the fracture side in each fragment. 


i.e. the distance between distal screw of proximal 
fragment near the fracture site and proximal screw of 
distal fragment near to the fracture site. Working length 
détermines the elasticity of the fracture fixation and, more 
importantly for the implant, also détermines the 
distribution of the induced deformation when load is 
applied to the construct. The greater the working length 
the more the flexible implant. The greater the working 
length the more uniform load transference and will 
reduce the plastic deformation (permanent deformation) 
which leads to malunion. With a short plate segment the 
fragment will be over stressed leading to plastic 
deformation (Figs 7A and B). 

Number of Screws and Flexibility 

It is not necessary to fill ail the holes apart from the four 
crucial screws described above. Addition of screws to the 
adds little to the stability. The fracture zone is untouched. 
No screw is to be inserted in this fracture zone, unless 
the fracture zone is too long. An elastic bridge with three 
unoccupied screw holes spanning the fracture line helps 
distribute the induced stress over an adéquate plate 
length. 

When there is severe comminuted multifragmentary 
fragments over a long distance, movement of the 



Figs 7A and B: (A) Short-segment of plate applied with screw 
near the fracture site, with high concentration of forces, the 
plate will break (B) Long plate and fixation done away from 
fracturesite. Forces are uniformally distributed over the working 
length (WL) 
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fragments is not limited. Under loading fragments move 
more than that required to heal. The maximal elastic 
deformation of the splint has to be reduced by adjusting 
the number and position of screw insertions, by applying 
a plaster cast, limiting weight bearing, or other 
appropriate means (e.g. additional temporary external 
fixator) or adding a screw in the fracture zone. 

Working length in IMN is the length where the IMN 
touches the inner cortex of proximal and distal cortex. 
Working length détermines the deformity. This is induced 
deformity and mobility of fragment. Flexibility of plate 
dépends on length of plate as well as the working length. 

Torsional Strength 

In the upper limb there is tremendous torsional forces 
because the upper limb is moved in ail directions. So there 
is excessive rotation. The torsional strength is mainly 
dépendent on a number of screws. Therefore, the fracture 
of the humorous and radius should be treated by a plate 
with large number of screws on either side of the fracture 
zone. Additional screws besides the four crucial screws 
increase the stability against the torsional forces. 

2. PREOPERATIVE PLANNING 

Indirect réduction requires careful study of the geometry 
of the fracture fragments, assessment of injury to soft 
tissue and meticulous preoperative planning. Image 
intensifier is necessary. Indirect réduction has an 
enormous advantage because they do minimal damage 
to tissues already traumatized by fracture and preserve 
the fracture haematoma. Ail the instruments and 
implants used for indirect réduction are applied away 
from the fracture zone. Fracture planning is first and an 
important step in the operative management of any 
fracture. Meticulous preoperative planning has improved 
the outcome of fracture treatment. The maxim is "failing 
to plan is planning to fail (Figs 8 and 9)." 

Assessment: Radiology is the mainstay of diagnosis. CT 
and MRI are necessary for intra-articular fractures. 
Preoperative checking of ail implants and instrumenta¬ 
tion is mandatory. Type of implant, measurements of 
implants and its availability—ail should be checked. 

Patient: A day before surgery the patient should be 
carefully examined for any infection at the operative site, 
in pustules dermatitis should be noted. General and 
systemic examination for fitness of the patient for surgery. 

X-ray of the entire bone including proximal and distal 
joints is taken and fracture fragments are traced on a trace 
paper. Displacements of the fragment along three axis of 



Figs 8A and B: Preoperative radiograph showing 
AP, latéral view of fracture upper third tibia 


the bone (sagittal, coronal and horizontal x, y, and z axis) 
are traced, on a trace paper. The fragments are separated 
and numbered. X-ray of the contralatéral normal bone is 
taken and reversed 180° and used as a template. Ail the 
deformities are corrected on the paper. The fracture 
geometry is carefully studied and reconstructed in case 
with fracture of fémur, draw the anatomical axis from 
pyriformis fossa to 1 cm médial to center of knee. 

Draw 81° at the knee joint try and aline both the lines 
so as to get the proximal and distal end of fracture 
anatomically reduced: also planning can be done by 
ploting mechanical axes of both the proximal and distal 
ends (Figs 10). 

Today preoperative planning can be done with spécial 
software. This planning software can be used for 
corrective as well as acute surgery. 1 

3. REDUCTION OF FRACTURE 
INDICATIONS AND TECHNIQUES 

When AO/ASIF group first introduced internai fixation 
of fracture, their aim was anatomie réduction and rigid 
internai fixation of fragment. Primary bone healing 
without formation of callus was the goal, which was 
achievable when fractures were reduced anatomically 
and fixation was rigid. This requires extensive subperio- 
steal exposure of the bone for réduction of fracture. The 
rigid fixation of ail bony fragments then was achieved 
by using clamp, forceps and lag screws placed in 
mechanically optimal direction. But this implant was in 
close contact of bone and caused porosis of bone. Due to 
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Figs 9A to E: Preoperative planning of fracture fixation (for description see text) 
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Fig. 10: Anatomical axis of proximal fragment of tibia is aligned 
with anatomie axis of distal fragment. No need to anatomically 
reduce the multifragments of zone 


above reasons principles were then shifted to biological 
fixation by indirect réduction. 4 

Aim of indirect réduction is to correct alignment of 
adjacent joints. Réduction of the diaphyseal fracture is to 
bring the proximal and distal fragment into correct 
relationship to each other. Mechanical axes of the 
proximal fragment and distal are made collinear. 

Anatomie réduction of the fractures, though idéal is 
not necessary in ail situations. It is absolutely necessary 
in the intra-articular fractures to restore the articular 
surface. However, in the diaphyseal and metaphyseal 
fractures restoration of the alignment, mechanical axis, 
length and rotation are more important than anatomie 
réduction. Anatomie réduction of each fragment is not 
necessary; réduction methods are: The method of 
réduction chosen has to spare the soft tissues surrounding 
the fracture as much as possible. It is important to 
preserve any remaining vascularity of the fragments. 
Adéquate blood supply to the repair tissues is crucial. 
Healing of fractures dépends on 1) Mechanical status at 
the fracture site and 2) Biological factors of healing. 

Réduction Techniques 2 

Satisfactory réduction increases the stability. It may be 
called as internai stability. When the fragments are in 
opposition the healing is rapid. The method of réduction 
should be as genetic as possible to prevent further damage 
to the soft tissues and the vascularity at the fracture site. 

This is important to achieve bony union, prevent 
infection, and restore function. Réduction manipulation 
is central to the art of fracture surgery. 


Types of Réduction 

Fundamentally there are two types of réduction 
techniques: 

1. Direct réduction 

a. Open direct réduction. 

b. Percutaneous direct réduction. 

2. Indirect réduction 

a. Closed indirect réduction 

b. Open indirect réduction. 

Direct réduction: The fracture lines are exposed 
surgically, and the bone fragments are reduced under 
direct vision and with instruments directly applied to 
each fragment, usually near the fracture site. Direct 
réduction is of two types, (a) Open réduction: by exposing 
the fracture site and manually reducing under direct 
vision. Manipulation and forces are applied directly over 
the fracture zone, (b) Percutaneous direct réduction: The 
fracture site is not exposed surgically but réduction is 
done by instruments such as K-wire pointed réduction 
forceps or collinear réduction clamps is the best way of a 
atraumatic réduction. 

Indications for Direct Réduction 

1. Intra-articular fractures. 

2. Simple transverse/metaphyseal or diaphyseal 
fractures. 

3. Forearm fractures 

The intra-articular fractures must be précisé and 
anatomical. The depressed fragment may need to be 
elevated. While doing open réductions soft tissue damage 
should be as minimum as possible with meticulous soft 
tissue handling and with limited epiperiosteal exposure 
of the bone. There is no need to anatomically reduced 
individual fragments in the multifragmentary area. This 
may devascularized the tissues. Open réduction requires 
use of compression of the fragments resulting in absolute 
stability. To compress the fragments accurate réduction 
is mandatory. 

In the direct réduction the fracture site is opened 
surgically and the fragment are reduced by instrumen¬ 
tation and internally fixed. 

The most important and demanding part of operative 
fracture treatment is alignment of the fracture fragment. 
The réduction must be gentle and a traumatic so as to 
preserve the blood supply at the fracture site, to the 
fragments and soft tissue. This shown to improve fracture 
healing time, reduce nonunion rates, and reduce infec¬ 
tion. 

Indirect réduction: Indirect réduction means that the 
forces and moments acting away from the fracture are 
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used to manipulate and finally reduce the fracture, by a 
limited open exposure. 

The fracture lines are not directly exposed and 
visualized, and the fracture area remains covered by the 
surrounding tissues. Réduction is carried out with 
instruments or implants that are introduced away from 
the fracture zone. 

Ganz and Mast 2 hâve developed and popularized the 
technique of indirect réduction without opening the 
fracture site. The goal of indirect réduction is to achieve 
alignment and correct rotation and shortening. 
Mechanical axis of both proximal and distal fragment, in 
ail horizontal, coronal and saggital planes, must be co- 
linear. It is not absolutely necessary to reduce anatomi- 
cally the fragment of the middle segment. Distraction of 
the soft tissues- muscular envelop, capsule, ligaments etc.- 
produces indirect réduction. Distraction of capsule, 
ligaments and tendons realign the epiphyseal and 
metaphyseal fractures. Traction applied to the entire limb 
through a fracture table produces indirect réduction. 
However, indirect réduction achieved by large distractor 
(Fémoral distractor) or by an implant is more effective 
and réduction canbe fine-tuned. Similarly external fixator 
canbe used to achieve indirect réduction. In the diaphysis 
and metaphysis, correct alignment of the two main 
fragments carrying the joint surfaces is important. The 
mechanical axis of the proximal and distal fragment 
should be collinear. The aim is to restore alignment length 
and rotation. 

Types of Indirect Réduction 

a. Closed indirect réduction 

b. Open indirect réduction 

Both need image intensification. 

(a) Closed indirect réduction: Biological fracture fixation is 
used usually after some form of réduction. Biological 
fixation methods are like locked nails, locked internai 
fixators, and external fixators. The fixation is elastic, with 
relative stability, (b) Open indirect réduction: Open indirect 
réduction involves an open approach, but with indirect 
réduction maneuvers and a "no-touch" technique. Ail 
open indirect réduction requires exposure to apply the 
réduction de vices, but not to visualize the fracture. The 
réduction devices are usually remote Example of open 
indirect réduction is élévation of a depressed fragment 
of tibial plateau fracture using intramedullary nail in one 
fragment. 

The Advantages of Indirect Réduction 

1. The only cause minimal additional surgical damage 

to tissues that hâve already been traumatized by the 

fracture. 


2. Réduction is carried out using instruments away from 
the fracture site. 

3. Blood supply to the fracture site is preserved. 
Disadvantages of indirect réduction are technically 

demanding and meticulous planning is required. Indirect 
réduction gives relative stability. 

Indications for indirect réduction is multifragmentary 
metaphyseal and diaphyseal fractures. Complex 
multifragmentary fracture is most suitable for indirect 
réduction. Indirect réduction is more difficult, requires 
careful assessment of the fracture geometry meticulous 
preoperation planning. 

Principles of Surgical Exposure of the Fracture 

1. Incision should be both straight and long enough to 
release tension during retraction. 

2. No incision should be made over subcutaneous bones 
or in skin areas showing contusion and soft tissue 
damage. 

3. No subcutaneous flaps should be created. 

4. Minimum exposure. 

After réduction of the fracture a temporary fixation 
device such as clamps or K wire is applied. 

Methods of Indirect Réduction 

1. Traction on a fracture table 

2. Ligamentotaxis, e.g. distal end radius, tibial plateau 
fractures. 

3. External fixator. 

4. Fémoral distractor. 

5. Implant, e.g. intramedullary nail, plate. 

6. Combined plate with external fixator or distractor. 

7. Clamps. 

8. Bone spreader—Lamina spreader + plate. 

9. Plate and AO compressor—distractor device . 

10. Steinmann pin, e.g. fracture of calcaneus. 

Traction for Indirect Réduction 

The most important mechanism for reducing a fracture 
is traction along the axis of the limb. When traction is 
applied in the long axis of the limb réduction is achieved. 
However, this works only when the fragments are still 
connected to some soft tissues. Traction may be applied 
manually, through a fracture table or by the use of 
distractor or a Steinmann pin. 

Ligamentotaxis is the principle of moulding fracture 
fragments into alignment as resuit of tension applied to 
fracture by the surrounding intact soft tissues. 
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1. Use of Fracture Table (Fig. 11) 

Traction is applied on a fracture table; the fracture is 
reduced in majority of the cases. However, the fracture 
table has the disadvantages that traction must be applied 
across at least one joint. Another disadvantage is the limb 
is not free to be moved by the surgeons and the surgical 
approach is frequently compromised. Advantage of 
fracture table is rotational alignment can be achieved 
easily and the image intensifier can be easily moved 
around the limb. 

2. Pin Traction 

Traction may be applied through Steinmann pin inserted 
into the bone (e.g. fracture of the distal fémur / proximal 
tibia/ distal tibia / calcaneus). 



Fig. 11 : Reduce fracture by using traction on a fracture table. 
(Redrawn and modified from AO Manual Internai Fixators, 2006) 



Fig. 12: Fracture réduction by fémoral distractor (Redrawn 
and modified from A.O. Manual Internai Fixators, 2006) 



Figs 13A and B: (A) A distal fémoral fracture has been pulled 
into recurvatum by gastrocnemius (B) Knee flexion over a pad 
relaxes the gastrocnemius and allows fracture réduction. The 
angle is therefore altered. (Redrawn and modified from 
Rockwood and Green’s Fracture in Adults 6th ed. Vol. 1) 

3. Large Distractor (Figs 12 and 13) 

The large distractor (fémoral distractor) is applied directly 
to the main fragment. The advantage is, that it permits 
maneuvering of the limb during surgery. With the 
distractor under load, angular or rotational corrections 
are difficult and the construct may be cumbersome. As 
there is an inhérent tendency for curved bone to 
straighten during the distraction procedure, the eccentric 
force produced by the unilaterally mounted distractor 
may produce additional deformity. 

4. Forceps (Figs 14to 17) 

The pointed réduction forceps may be used for direct and 
indirect réduction, as it is more gentle to the periosteal 
sleeve. Pointed forceps can be applied to main fragments 
of a transverse fracture. Réduction is achieved by manual 
distraction. Oblique fractures can be also réduction 
forceps may be applied percutaneously. 

5. Réduction Clamps (Fig. 18) 

Spécial réduction clamps such as pelvic clamp or the 
Farabeuf clamp may be used for indirect réduction. 

6. Implant used for Indirect Réduction (Figs 19 to 21) 

The implant can be used to reduce the fracture as well as 
to stabilize it. Réduction may be obtained with an implant 
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Fig. 14: The technique of using two pointed réduction forceps 
in an oblique fracture. The first forcep fixes the distal 
fragment. Traction is then used to restore length. The second 
forcep is oriented perpendicular to the fracture line and 
compresses both fracture ends together. Gentle rotation of both 
clamps allows for an anatomie fit of the fracture edges. 
(Redrawn and modified from Rockwood and Green’s Fracture 
in Adults 6th ed. Vol. 1) 




Figs 16A and B: Direct manual réduction using two pointed 
réduction forceps. (Redrawn and modified from A.O. Manual 
Internai Fixators, 2006) 



Figs 17A and B: Fracture réduction by push-pull technique. 
Bone spreader is used to distract the fragments to reduce. Once 
the fracture is reduced compression may be achieved by using 
Verbrugge clamp. (Redrawn and modified from AO Manual 
Internai Fixators, 2006) 



Fig. 15: Indirect réduction using forceps with bail points. 
(Redrawn and modified from A.O. Manual Internai Fixators, 
2006) 


Fig. 18: Use of réduction clamp 
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Figs 19A to C: (A) Réduction of subtrochanteric fracture by 
inducing 95° angled blade plate or dynamic condylar screw. 
The fragments may be distracted using a hemoral distractor. 
(B and C) Compression of the fragments by compression 
device. ( Redrawn and modified from A.O. Manual Internai 
Fixators, 2006) 



Fig. 20: Open but indirect réduction with a bone spreader and 
a plate. (Redrawn and modified from AO Manual Internai 
Fixators, 2006) 



Fig. 21: Figure showing Indirect réduction of Supracondylar fracture fémur without assistance of fémoral distractor 
or external fixator. One screw and K wire is passed to hold the anatomical réduction of intercondylar fracture 

• First figure from left shows dynamic condylar screws inserted into fémoral condyle. 

• Second and third figure shows barrel plate pointing laterally. The barrel is then turned through 180°resulting in the plate now 
facing the bone. 

• Fourth and fifth figure shows after giving traction réduction is achieved as the screws are tightened. 


through interférence with the bone. An anatomically 
shaped intramedullary nail can be used to manipulate 
and to reduce the fracture. As the nail crosses the fracture 
from one fragment to the other, réduction in the coronal 
and saggital planes must occur. In multi fragment shaft 
fracture some lengthening can be achieved after distal 
locking by hammering the nail further distally. Similarly 
a gap at the fracture site can be closed after distal locking 
and then back strokes and finally inserting the proximal 
screws. 

One can reduce the fracture by using a plate. The plate 
is fixed in one fragment and at the other fragment AO 


compression-distraction device is attached to the other 
end of the plate and by distraction or compression the 
fracture can be reduced. 

The dynamic condylar plate can be used for indirect 
réduction with or without the assistance of fémoral 
distractor or an external fixator. First a dynamic screw is 
inserted into head of the fémur (in case of subtrochanteric 
fracture) and the barrel plate is inserted over it. Then, 
the shaft is reduced to the barrel plate using the réduction 
forceps to hold the two together. The plate is inserted in 
the sub-muscular tunnel over the periosteum along the 
fémoral shaft. With the barrel pointing laterally the barrel 
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is then turned through 180° resulting in the plate now 
facing the bone. Length, anatomical axis and réduction 
are corrected with longitudinal traction and réduction. 

Antiglide plate: Antiglide plate can gently reduce the 
fracture 

Réduction screws: A cortex screw can be used to reduce 
the bone segment onto the plate or to reduce a severely 
displaced butterfly fragment. 

Whirlybird instruments: The whirlybird instruments 
allows correction of varus and valgus deformities with a 
Liss-in-postion. 

Permanent fixation may also serve as an indirect 
réduction aid. A slightly angulated pseudarthrosis of the 
tibia is reduced with an intramedullary nail. A plate 
applied to the convex side of an angulated pseudarthrosis 
also aligns the bone, while at the same time creating a 
dynamic tension band. 

7. Liss Distractor 

The LISS distractor allows a controlled application of 
force (distraction and/or compression) by the réduction 
maneuvers. This makes réduction possible against the 
plate before final fixation of the LISS plate 

8. External Fixator 

The external fixator can be used for indirect réduction, 
but gentle lengthening is more difficult than with the 
distractor. Réduction is achieved by ligamentotaxis. The 
main fields of application for this device are multifrag- 
mentary metaphyseal/ epiphyseal fracture. In this 
Ilizarov frame is excellent. Graduai 3 diameter. 

9. Joystick Réduction (Figs 22 and 23) 

Thread K wires or Shanz screws can be used to reduce 
the fracture. This technique is mainly used for the intra- 
articular fracture, e.g. fractures of the distal radius, 
proximal humérus. 

10. Kapandji Réduction for Distal End Radius 

In this technique K wire is introduced through fracture 
line. The fragment can be manipulated and the wire is 
fixed into opposite cortex of the radius. 

K Wire Technique 

Kirschner wires are extensively used to reduce and 
stabilize the fracture fragments. They are more useful in 
the hand and foot. They can also be used in other 
situations, e.g. fracture of the proximal humérus. 


Threaded K wires are more useful. K wires are more often 
used in children fracture, e.g. supracondylar fracture 
humérus. 

Techniques 

Indirect réduction of bone fragments typically is achieved 
by distracting the soft tissue with a distractor, and 
external fixation or plates fixed to one main fragment. 



Fig. 22: Joystick technique of reducing the fracture. Fémoral 
distractor is used to distract the fragments. (Redrawn and 
modified from A.O. Manual Internai Fixators, 2006) 



Fig. 23: Use of réduction by joy stick method 
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used in combination with distraction devices along with 
fluoroscopy, this method of applying distraction and even 
sometimes over distraction known as soft tissue taxis 
(Ligamentotaxis). 

Articular fracture must be reduced anatomically 
because residual incongruity leads to post-traumatic 
arthritis. To reduce intra-articular fracture soft tissue 
traction as well as élévation of fragment can be done when 
necessary, sometimes open réduction may be necessary. 

In severely comminuted fractures, the plate provides 
a bridge by connecting the proximal and distal fragment. 
In bridge plating, the fracture bone is not preloaded 
thereby high stresses on the implant and the implant bone 
interfaces are relieved. However, this method, allows an 
almost subcutaneous placement of this implant in cases 
of comminuted segmentai fracture where a load sharing 
construct is not possible. When these techniques are used 
correctly, excellent healing is obtained and there is 
virtually no need for primary bone grafting. But using 
this bridge plating technique, the plate becomes a load 
bearing devices. So, until callus is formed, the use of 
secondary implant or external fixator may be necessary 
to increase stability of the construct. Weight-bearing 
needs to be postponed. 

Procedure 

Soft tissue distraction also called as "soft tissue" and/or 
"ligamentotaxis". This method is used in réduction of: 

i. Fracture Distal end radius 

ii. Fracture Tibial shaft 

iii. Fracture fémoral shaft 

iv. Fracture subtrochanteric fémur 

v. Fracture supracondylar fémur 

vi. Fracture supracondylar humérus 

vii. Pilon fracture. 

Some fracture particularly intra-articular fracture, soft 
tissue distraction along with closed percutaneous pinning 
had given good resuit, e.g. distal end radius. Also some 
fractures require closed percutaneous lag screw fixation 
over a K wire, i.e. cannulated screws, e.g. tibial plateau 
fractures. 

Assessment of Réduction 

Assessment of réduction is done by clinical assessment, 
image intensifier, arthroscope or computer guided 
System. 

Intraoperative Techniques of Checking for 
Assessing Réduction 

Length of the limb is measured and compared with the 
contralatéral limb. Length of the tibia is assessed by 


clinical methods and simple fibula fracture is used to 
assess the length of tibia, the amount overlapping of 
fibular is the amount of shortening of tibia. 

The cable technique: The long cable of the electrocautery 
is put on the centre of the head and to the centre of the 
ankle, with the patella forward varus/ valgus alignment 
of knee can be easily assessed. 

Assessment of Rotation of the Limb 

Clinical assessment is not very accurate. 

Assessment of Fémoral Rotation 

Fémoral rotation can be assessed by 1. Lesser trochanter 
sign, 2.The cortical step sign, and 3.The bone diameter 
sign. 

1. Lesser trochanter sign: Visualization of lesser trochanter 
indicates external rotation. 

2. Cortical step sign: In transverse or short oblique 
fractures, the correct rotation can be judged by the 
thickness of the cortices of the proximal and distal 
main fragments. 

3. Bone diameter sign: With malrotation, the diameters of 
proximal and distal main fragments appear to be of 
different sizes, when the bone is oval. 
Computer-assisted réduction: The most recent 

developments include the use of computer guided 
Systems to assist placement of instruments and implants 
and to reduced bone fragments three-dimensionally. 

CONCLUSION 

Since last decade AO/ ASIF technique of internai fixation 
has shifted from direct réduction and rigid fixation to 
indirect réduction and biological internai fixation. 
Biological internai fixation is characterized by 
préservation of bone and soft tissue vascularity and 
relative rather than absolute mechanical stability. 
Réduction is achieved by using soft tissue taxis, while 
obtaining axial and rotational alignment. Stabilization is 
performed, when possible by compression plating bridge 
plating for comminuted fractures. By virtue of indirect 
réductions, opening the fracture site is prevented and this 
leads to préservation of fracture hematoma from draining 
which contain many biochemical messenger substances. 
Sufficient stabilization allows the fracture to unité early 
and solidly. 

4. BIOLOGICAL FIXATION 

In fracture management the two most important factors 
are the biology and biomechanics of the fracture. The 
main aim of internai fixation is to achieve early healing 
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and early function of the injured limb. However, one must 
note that even the strongest implant will fait if the biology 
is not respected. Internai fixation cannot permanently 
replace a broken bone but provides temporary support. 

Biologie fixation of fracture implies that the fracture 
site is not opened and the device is generally fixed to the 
main fragments of the bone away from fracture site after 
indirect réduction. 

Mechanical and Biological Effects of Fractures 

1. Mechanical Effects 

A fracture is the resuit of single or multiple overloads. 
Stress fracture occurs due to repeated overload and 
pathological fracture is due to a small load. A fracture 
occurs within a fraction of millisecond. It results in 
damage to soft tissue due to rupture and an implosion- 
like process. Rapid séparation of fracture surfaces créâtes 
a vacuum resulting in severe soft tissue damage. 

A fracture causes damage to blood vessels within the 
bone and also of the soft tissue. Periosteum, which is an 
important structure in fracture healing, may be stripped 
off. 

2. Biological Effects 

The reaction results in callus formation and résorption 
of bony ends. These two processes dépend on the blood 
supply. Biological messenger substances PGE 2 platelet 
factors, growth factors, BMP and many other unknown 
substances are released at fracture site. The bone is the 
only tissue in the body, which if broken is restored only 
by its original tissue that is bone. Ail other tissues are 
repaired by the fibrous tissue. For this the most important 
factor is the blood supply to the fracture area. 

Blood supply: Blood supply to the fracture site and the 
surrounding soft tissue is damaged by : 

1. The force, which cause the fracture periosteal and 
endosteal blood vessels are ruptured blood vessels 
and also damaged by improper transportation from 
the fracture site to hospital and to operation rooms. 

2. Surgery may also damage the vessel. The implant may 
injure the blood vessels. Reaming and intramedullary 
nailing may cause damage to endosteal vessels. 

3. The blood vessels between the plate and the bone are 
damaged by close contact of the plate and bone. 

4. Capsular tamponade may cause damage to the blood 
vessels in the bone e.g. the fracture neck fémur. 
Hematoma and swelling at the fracture site increase 

the hydraulic-pressure effect, although only temporarily, 
and may also hâve a transient stabilizing effect. 10 


Dynamization: Dynamization is of two types 1) when 
the fragments are in contact axial micromotion occurs. 
2) When there is a gap between two fragments dynamiza¬ 
tion progressively reduced the gap. 

Methods of Dynamization 

In intramedullary nailing removal of locking bolts on the 
longer segment of band. 

Biological plating or Bridge plating is done where 
intramedullary nailing (IMN) is not possible. Therefore 
the results or IMN are superior to plating. Complex 
fractures with multiple fragments, especially near the 
joints when treated with biological plating hâve shown 
to produce excellent results. Epiphyseal and metaphyseal 
fractures are best suited for biological plating. 

Biological Fixation Works on Three Principles 

1. Préservation of fracture hematoma and the vascularity 

of the fracture site by indirect réduction. 

2. Préservation of the soft tissue, muscles, tendons, etc. 

around the fracture site. 

3. Elastic fixation of the fracture. 

Comminution of fracture of a long bond indicates 
severity of injury along with severe soft tissue damage 
around the fracture site. 

As comminuted fracture fragments hâve precarious 
blood supply through remaining soft tissue attachment, 
the surgeon must reduce the fracture by indirect methods 
without interfering with the blood supply of the 
individual fragments. When distraction is applied by 
various methods controlled pull of the muscle and 
periosteum attachments to the fragments align the 
fragments and satisfactory fracture réduction occurs. 
Furthermore, a muscle envelope under distraction exerts 
concentric pressure on the shaft, aligning and reducing 
the fragments. This is accomplished by fixing the fracture 
by plating. 

In biological plating, either end of the plate is 
adequately fixed to the main fragment by three to four 
screws. Strength of fixation to each main fragment should 
be balanced. Balancing of strength at both ends is 
important. If there is a severe comminution and a long 
fracture zone, plate may bend or angular deformity may 
occur, due to too flexible implant. In such a situation 
monolateral external fixator may be used or a few lag 
screws inserted into the main fragments of the fracture 
zone. Lag screws are not inserted through the plate. A 
long plate bridging an extensive zone of fragments with 
only short fixation or either end of the bone undergoes 
considérable deforming forces. However, the bending 
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stresses are distributed over a long segment of plate from 
the distal screw of the proximal fragment to the proximal 
screw of the distal fragments. Therefore, the stress per 
unit area in the plate is correspondingly low which 
reduces the risk of plate failure. This System being flexible, 
construct allows micro motion between the fragments in 
the comminuted areas, resulting in good callus formation 
and early healing. 

In a fracture fixed with a short plate répétitive bending 
stresses will be concentrated and centered on a short 
segment or a screw hole of the plate, which will thereby 
break more easily due to fatigue. If a longer plate is used 
despite short zones of comminution stresses are 
distributed over a proportionately longer section of the 
plate and thus the risk of mechanical failure is consider- 
ably reduced. This is accomplished by fixing the plate 
end, well away from the fracture. The entire construct 
becomes 'elastic', and even simple fracture patterns can 
be successfully bridged. 

Perquisites for Biological Plating 

1. Fracture is a closed fracture. In open fracture chances 
of infection are more if plate is used. 

2. Fracture can be reduced by indirect method. 

3. Bone and soft tissue should allow, sliding of the plate 
over the periosteum, e.g. in humérus and radius due 
to tendons, vessels and nerves, the plate cannot be 
slided. So biological plating is difficult to apply to 
these bones. 

Methods of Biological Fixation 

• Closed IM Nailing with interlocking 

• Biological plating - Minimally invasive plate 
osteosynthesis (MIPO) 

• External Fixator. 

• Percutaneous pinning 

• Percutaneous screws fixator. (Cannulated screws) 

Requirements of Biological Fixation 

Functional Cast (FC) or brace is also a biological method 
of stabilisation of fracture. 

1. Biologie fixation requires meticulous planning by 
tracing X-rays and CT scans, operating on the paper. 

2. Indirect réduction by various methods such as 
ligamentotaxis, external fixator, fémoral distractor, 
spécial clamps etc. 

3. A limited or precutaneous approach. Fracture site is 
not opened as ail. Large surgical incision to expose 
the fracture site is replaced by limited or precutaneous 
approaches. 


These surgical techniques were designed to 
preserve the blood supply of the fragment to improve 
rates of fracture healing and to decrease the need for 
any additional bone grafting. 

4. Fracture fixation is away from the fracture site in most 
cases. 

5. The fixation is flexible and non-rigid. 

The biological fixation was based on two observation 
firstly the clinical observation that the internai fixation 
based on reducing the mobility of the fragments which 
may resuit in solid healing. Ganz and his colleagues 
improved the procedure and created a System that 
preserved the biology of the none intact. He coined the 
term "biological external fixation". The internai splinting 
resulted in reduced mobility at the fracture site but did 
not eliminate the slight mobility that helped to keep bone 
fragments vital. Indirect healing resulted in early and 
reliable solid union and the complications rate also 
diminished. According to Parren, 1 the severity of the 
complications of healing that could be treated easily by 
reducing mobility at the fracture site taking care not only 
of the soft but even so of the hard tissue paid off. 

Biological internai fixation is based on achieving a 
balance between stability and biological integrity. 

Buttressing is a spécial type of stiff splint which serves 
to maintain the shape of bone after complex fracture or 
in presence of a defect. The implant bridges the segment 
of a bone that cannot carry load. Hence, implant is 
subjected to full functional load till bone résumés the load. 
Hence, implant needs to be protected. 

Splints must be coupled to bone to be effective, e.g. 
plate is coupled to bone with screws and interfragmen- 
tary screws. External fixator is coupled by Schanz pins 
to bone. 

5. MINIMALLY INVASIVE SURGERY 

Minimally invasive surgery with a small incision results 
in minimal injury to soft tissue and bone. This has a great 
biological advantage not only for fracture healing but also 
for the whole body, as demonstrated by damage-control 
surgery in the polytraumatized patient. The best example 
is closed intramedullary nailing of diaphyseal fractures 
using short incisions which results undisturbed fracture 
healing by callus formation. Another example is bridge 
plating for fractures of the epi- or metaphysic extending 
into the shaft. Réduction tools may be used. Non contact 
plates like LCP with angular stable screws are a great 
advantage. Réduction is done by indirect closed 
percutaneous length usually. However, percutaneous 
direct réduction may be done. 
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Minimally invasive plate osteosynthesis (MIPO) and 
the introduction of less invasive stabilization System 
(LISS) for distal fémoral and the proximal tibial fractures 
opened new possibilities for minimally invasive plate 
osteosynthesis (MIPO) (Figs 24 A to F). 

Arthroscopic and endoscopie surgery has opened up (MIS) 
a new era 

1. MIS consists of small soft tissue window, through a 
small skin incision, as well as a MIS small soft-tissue 
window, which allows insertion of implants or 
instruments. 

2. Causes minimal additional injury to the soft tissue 
and fracture fragments. 

3. Use of indirect réduction or a gentle direct réduction. 
In majority of the cases it gives relative stability and 
only rarely absolute stability. Following implants are 
used for MIS technique. 

i. Closed intramedullary interlocking nailing 

ii. MIPO 

iii. External fixator 

iv. Internai fixator 

v. Percutaneous K wire or screw fixation. 

Indications for MIPO 

1. MIPO is used where intramedullary nailing is not 
possible. 

2. Intra articular fractures 

3. Metaphyseal fracture-simple metaphyseal fractures 
should be treated by compression System by using 
the lag screws and plating. However, MIPO is useful 


when there is multifragmentary metaphyseal or 
diaphyseal fracture. 

4. Fractures with open growth plate. 

Preoperative planning is of paramount importance 
while using MIPO technique. Implants used may be a 
conventional plate or LCP. 

MIPO in Spécifie Segments 

MIPO technique is very useful in the following bones: 

Fémur 

The whole length of fémur is amenable to MIPO on the 
latéral side, as there are no important neurovascular 
structures. 

a. Communited subtrochanteric fractures 

b. Shaft fémur 

Most of the shaft fractures are treated by intra¬ 
medullary nailing. 

c. Diaphyseal fracture extending into metaphyseal area. 

d. Polytrauma patients where nailing is contra indicated. 

e. Péri prosthetic fractures. 

f. Distal fémur. 

Extra-articular distal fémoral fractures are a good 
indication for MIPO. 

Tibia 

Entire length of tibia is available to MIPO both the médial 
and latéral aspect may be used. On the médial side 
insertion of plate is easier. On the latéral side, the plate is 
covered by muscle. 



Figs 24A to F: Communited distal metaphyseal fracture of fémur and ipsilateral communited proximal tibia fracture both 
treated by biological fixation (MIPO) presenting splinting System of fracture fixation 
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a. Proximal tibia: Proximal tibial fractures are better 
treated with MIPO technique (Figs 24A to F). 

b. Shaft fractures: Tibial shaft fractures extending into 
knee (Fig. 25) joint or ankle joint, is well suited for 
tibial plate because nailing of the fractures in the 
proximal third of tibia is associated with 
complications. MIPO is a better option. A simple 
fractures of the tibia should be treated by compression 
plate, if nailing is not possible. Complex multifrag- 
mentary fracture is better treated by bridge plate. 



Fig. 25A: DCP introduced through a small incision for 
fracture of lower fourth tibia 



Fig. 25B: After introduction of plate and 
screws with small incision 


using MIPO technique. Fractures of the distal tibia is 
treated by MIPO. 

Procedure for Plating 

1. Ail the instrumentation and plates, ail of them are 
available, are checked before surgery. 

2. Fracture is reduced by indirect réduction techniques. 

3. A small incision is taken near the joint and extra 
periosteal tunnel is made with help of a long plate 
bridging the fracture site to the distal part well away 
from the fracture site. 

4. Small incision at the distal end: proximal and distal 
ends are then fixed with three or four screws-(Stab 
incision is taken over the plate hole.) 

Biological fixation is a semiclosed technique. 

Indication 

i. Peritrochanteric fractures 
Intertrochanteric 
Subtrochanteric 

ii. Distal fémur 

iii. Proximal tibial fractures especially the metaphyseal 
fractures 

iv. Distal metaphyseal fractures. 

Relative indication: Diaphyseal fractures. 

6. GENERAL PRINCIPLES OF FIXATION OF 
FRACTURES OF PART OF A LONG BONE 

A. Intra-articular fracture 

B. Metaphyseal fracture 

C. Meta-diaphyseal Fracture 

D. Diaphyseal fracture. 

Intra-articular Fracture 

Principles of Intra-articular fractures are , 

1. Atraumatic anatomical reconstruction of the articular 
surfaces. Réduction may be indirect or by open 
method. 

2. Stable fixation of the intra-articular fragments 

3. Reconstruction of the metaphysis with bone grafting 
and buttressing by a buttress plate and bone grafting 
if needed. 

4. Compression System remains the treatment of choice 
for the fixation of intra-articular fractures. 

5. Intra articular fractures can be reduced by traction or 
external fixation (Indirect réduction) and if needed 
by open method. Fixations of fragment are done by: 

a. Percutaneous lag screws and plates. 

b. Percutaneous K wires in small bones such as distal 
radius fractures. 
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c. Percutaneous Olive wires fragments fixation such 
as pilon fractures. 

d. External fixation -unilatéral or ring fixator System. 

6. Surgery should be done as early as possible because 
any delay may cause permanent deformity, as the 
articular fragments unité rapidly. It is difficult to 
reduce them. Preserving blood supply and preventing 
injury to soft tissue envelope of the metaphysis is the 
key to success. Atraumatic anatomical réduction of 
the articular surfaces because any residual incongruity 
becomes permanent and can lead to post-traumatic 
arthritis. Any residual diaphyseal deformities can be 
corrected by osteotomy. 

7. Fixation may be by percutaneous lag screws and 
supplemented by external fixator or buttress plate or 
LCP. Indirect réduction and minimally invasive 
techniques (MIPO) are mandatory. Use of precon- 
toured plate is considered. 

8. Early mobilizations on post-operative day 1. No 
external immobilization is needed. It may cause 
stiffness of joint. 

9. It is not enough to reconstruct articular surface but 
also to restore the mechanical and anatomical axis of 
the bone in both coronal and sagittal planes, e.g. in 
treating fractures of distal fémur it is not enough to 
reconstruct articular surface but to prevent varus, 
valgus, procurvatum, recurvatum and rotational 
malalignment. 

Metaphyseal Fractures 

Metaphyseal fractures are more difficult and challenging. 
This injury may be associated with complications of 
compartment syndrome and articular injury especially 
by displaced fractures. Higher rates of malunion also 
occur. Often fracture is with associated soft tissue damage 
which may lead to stiffness of the joint. 

Metaphyseal fragment are very vascular and cellular. 
If the fragments are rigidly fixed crevices are filled with 
osteoid tissue and healing occur s within a short period. 
If there is a large cavity it may require bone grafting which 
can be done percutaneously. Metaphysical and intra- 
articular fractures not involving the joints are better 
treated by compression by lag screws or plate and screws 
and minimally invasive techniques. 

In the région of metaphysis and epiphysis when 
distraction is applied, joint capsule ligaments and tendons 
are under tension and reduce the fracture. This method 
is called "Ligamentotaxis" coined by Vidal. Thus fémoral 
distractor or external fixator and plate can be combined. 
Ail simple metaphyseal fracture are treated by 
compression method. Nailing is usually not possible. 


Comminuted metaphyseal fractures are treated by 
splinting System using conventional or hybrid plate 
(combined conventional screws and LHS). 

Meta-diaphyseal Fracture 

The meta-diaphyseal area is under continuous bending 
loads and therefore is prone to delayed healing. These 
fractures, if comminuted are better treated by MIPO, 
using splinting method (bridge plating). If there is simple 
metadiaphyseal fractures, it should be treated by 
compression method using lag screws and plates. It is 
elastic fixation, préserves blood supply and has given 
satisfactory results. However, if the fracture site is more 
than 6 to 8 cm away from the articular surface. The 
fracture of proximal tibia can be treated by IMN using 
modification such as latéral entry point, polar screws etc. 
However, LISS appears to be a better fixation. 

Diaphyseal Fracture (Fig. 26) 

A decade back ail diaphyseal fractures were reduced 
anatomically and fixed. However, today it is known that 
anatomical réduction of every fracture fragments is not 
necessary for normal limb function. However, fractures 
of the radius and ulnar require anatomical réduction. This 
is because these bones are concerned with supination 
pronation, which involve proximal and distal radioulnar 
joints. In the leg while treating diaphyseal fractures the 
normal mechanical axis should be restored. Shortening, 
angulation and rotational deformity should be prevented. 
The anatomical and mechanical axis of the proximal and 
distal fragments should be collinear. However, the 
middle fragment of fragments may not necessarily by 
anatomically reduced. In the lower limb 1 to 2 cm of 
shortening is acceptable. In the leg upto 5° of anterior or 
posterior angulation and 5° of varus or valgus deformity 
are acceptable. 


la h h i 

Figs 26A to C: Diaphyseal fracture réduction by using Hohmann 
retractor. (Redrawn and modified from A.O. Manual Internai 
Fixators, 2006) 
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Comminution and displacement indicates the soft 
tissue damage and severity of the fracture. The diaphyseal 
fracture should be reduced indirectly as gentle as 
possible to preserve ail exiting blood supply. Meticulous 
preoperative planning should be done. Diaphyseal 
fractures are treated by: 

1. Intramedullary nailing 

2. Plating. 

3. External fixator. 

1. Intramedullary nailing: Most of the fractures are 
treated by IMILN. IMN are internai splints, which are 
load sharing and allow early weight bearing. As there 
is some degree of mobility at the fracture site, callus 
formation occurs, which leads to early union. If there 
is severe comminution intramedullary nail helps to 
maintain length of the bone. 

2. Plating: Plate and screws are used when diaphyseal 
fracture extends into metaphysic. In such a situation 
intramedullary nailing is not possible. The plate can 
be inserted subcutaneously sub-muscular tunnel over 
the periosteum. Complex metaphyseal multifrag- 
mentary fractures can be treated by plating by MIPPO 
technique with indirect réduction and bridge plate. 

Here the plate acts as bridge, leaving the fracture 
zone untouched. Simple fracture of metaphysis is 
treated by compression plate. 

3. External fixator: External fixator is indicated in open 
fractures and if there is severe soft tissue injury. In 
such a situation internai fixation is hazardous. 
However, with external fixator healing may be 
delayed and there is a problem of pin track infection 
and loosening. 

Therefore, external fixators are not a popular choice 
for definitive fixation. After the soft tissue injury is taken 
care of and skin coverage of the open fractures change 
over to internai fixation should be done as early as 
possible, preferably within a week or two. 

Fracture of the diaphysis with severe comminution 
or segmentai fractures, the endosteal blood supply is 
usually interrupted. The fragment survives on the 
precarious blood supply from the periosteum and the soft 
tissues. During extensive dissection for open réduction, 
the periosteum is damaged due to stripping. Simple type 
diaphyseal fractures require a high degree of mechanical 
stability, which can be obtained quite well by compres¬ 
sion plating or intramedullary nailing. For closed IMN 
rather than plating is preferred because damage to soft 
tissue including periosteum is almost nil. Therefore the 
results of closed IMN are excellent. 

Diaphyseal comminuted C fractures involving not 
only two main fragments but numerous intermediate 
pièces are better treated by IMN. 


7. TIMING OF SURGERY 

Fracture surgery is emergency, urgent or elective. 
Emergency surgery is immédiate for life and limb- 
threatening problems. Whereas urgent surgery occurs 
within 12 hours, elective is planned after 24 hrs. 
Preoperative, operative, postoperative are planned 
properly. Timing of surgery is not determined by the 
fracture but by the patient's physiological condition and 
soft tissue injury and co-morbidities. 

Timing of Internai Fixation 

Optimal timing of internai fixation whereas with different 
fractures. 

1. Fractures of the proximal fémur: The fracture of neck 
of fémur and intertrochanteric should be done as early 
as possible, after assessment of patients fitness for 
surgery and making him fit for surgery. Surgery 
should be done early because early surgery reduces 
mortality. 

2. Juxta-articular fractures and intra-articular fractures: 
Juxta-articular fractures and intraarticular fractures 
are usually associated with soft tissue swelling. If 
surgery is done in the swollen tissues, infection rate 
is very high. Therefore, it is better to wait till the 
swelling subsides as indicated by wrinkles of skin and 
flattening of blisters. In severe case two stage or 
multistage procedure might be necessary. 

3. Diaphyseal fractures: Definitive immédiate stabiliza¬ 
tion of open long bone fractures with intramedullary 
(IM) nails is a safe technique and is associated with 
better results than external fixation. 

4. Polytrauma: This consists of - (a) Emergency surgery, 
(b) Plant surgery, and (c) Reconstructive surgery 
discussed in the chapter on Polytrauma. 

Tourniquet 

Tourniquet is very useful in surgery of the limbs. 
Advantages of tourniquet are, 

1. It provides a clearer view of the anatomie field. 

2. A tourniquet also resulted in reduced operating time. 

3. Reduced intraoperative blood loss. 

4. No delay in bone healing if a tourniquet is used. 

Disadvantages of Tourniquet 

1 . Limb reperfusion after tourniquet ischemia may cause 
pulmonary microvascular injury. Higher incidence of 
infection hâve been found and a relation with 
postoperative compartment syndrome. In reamed 
nailing a tourniquet may be associated with an 
increased risk of thermal necrosis. 
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2. Nervepulsy: Pressure-related nervepulsy may occur, 
especially in the upper limb. Ail the nerve may be 
paralysed for the patient. This is a horrible situation 
i.e., limb is totally paralysed. However, almost ail 
cases recover within a period of few weeks to few 
months. Usually 3 to 4 months. 

8. POSTOPERATIVE CARE 

The most important single factor in deciding about 
mobilization and functional loading is the stability of 
fracture fixation. When the stability is in doubt, 
mobilization should be delayed and carefully monitored. 
If the fixation is stable then early active mobilization is 
very bénéficiai. Continuons passive motion should 
always be used and combined with active muscle 
exercise. 

The most stable combination for weight bearing is a 
perfectly reduced transverse fracture of the middle of 
lower limb bone fixed anatomically with a tight-fitting 
dynamically locked intramedullary nail. This is a great 
advantage of nailing over plating which does not tolerate 
early weight bearing. 

The most unstable combination would be a 
multifragmented fracture, extending almost from 
metaphysis to diaphysis, treated by an external fixator. 
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INTRODUCTION 

Internai 1 fixation of fractures had enormous progress in 
its development since the first plating was performed by 
Hansmann 16 in 1886. Names like Lambotte, 32 Lane, 33 
Shermann, 59 Küntscher, 31 Danis, 12 and Müller 43 are 
closely related to its history. In 1940, Küntscher 31 
introduced the technique of intramedullary nailing for 
internai fixation of fractures and the technique of reaming 
to increase stability of fracture fixation. In 1958, Müller, 
Allgôwer, Willenegger and Schneider founded the 
"Association for the Study of Internai Fixation" (ASIF). 
They established the AO Research and Development 
Institute in Davos, where basic research in biology and 
biomechanics of the bone as well as métal research hâve 
taken place since then. As a resuit of this, the "Manual of 
Internai Fixation", now in its third édition, was published 
in many languages ail over the world in 1991. 45 

Today the principles of internai fixation as outlined 
by the ASIF in the third édition of the AO Manual are 
widely accepted. They are valid for plating as well as for 
intramedullary nailing. These principles are: 

1. Anatomical reconstruction of fracture fragments, 
especially in articular fractures, 

2. Stable internai fixation by interfragmentary 
compression, 

3. Préservation of viability of the bone and soft tissue 
by atraumatic operation technique, 

4. Early and active mobilization of patients. 
Continuons research in internai fixation, however, has 

led to some changes and improvements. Goal of every 
fracture treatment is still to gain a stable fixation of the 
bony fragments for early movement and weight bearing 
in order to avoid fracture disease. When reviewing the 
new findings of internai fixation it seems, that they ail 
concern either design, material or application technique. 


Some of the changes hâve brought forth évident 
improvements, some are more hidden and the advantage 
is obvious only by comparing long term results. 

In the following pages we will analyze some recent 
advances in internai fixation, which seem important to 
us, even if they hâve not yet been validated by long term 
results. 

BIOLOGICAL OSTEOSYNTHESIS 

In 1958, when the AO/ASIF was founded, one of the 
major principles of fracture treatment was the anatomical 
reconstruction of the fracture fragments. 45 While this is 
still valid in full extent for articular fractures, the 
treatment in multifragmentary diaphyseal and 
metaphyseal fractures of long bones has changed. 
Increasing knowledge concerning bone biology and 
cortical blood supply 39,64 showed, that excessive 
devascularization of fracture fragments in addition to the 
soft tissue trauma, should be avoided. The new idea of 
the "biological osteosynthesis" is to leave the fracture 
zone untouched in situations where there is a 
combination of extensive soft tissue and bone trauma. 
The correct reconstruction of length, axis and rotation is 
done as far as possible by indirect réduction and fixation 
of the osteosynthesis material only in the proximal and 
distal main fragment of the bone. This is possible either 
by locked intramedullary nailing technique, external 
fixator or bridging plate osteosynthesis as shown by 
Müller /Witzel in 1984 42 and Heitemeyer/Hierholzer in 
1985 19 (Figs IA to C). 

LIMITED CONTACT-DYNAMIC COMPRESSION 
PLATE (LC-DCP) 

Continuous development in plate fixation of fractures led 
to a new implant, the Limited Contact-Dynamic 
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Figs 1A to C: Multifragmentary fracture of the humérus shaft (A) Preoperative X-ray at the right side, postoperative view after 
biological osteosynthesis with a long condyle plate at the left (B) X-rays of the fracture 2 months later with visible callus formation 
(C) Anteroposterior and latéral view 15 months after osteosynthesis: métal removal took place, the fracture is Consolidated 


Compression Plate (LC-DCP). Forerunners of the LC- 
DCP were the Dynamic Compression Plate (DCP) 50 and 
the Dynamic Compression Unit (DCU). 28 

The new concept of the LC-DCP aims at: 52 

1. Minimal damage to blood supply during operation, 

2. Maintenance of optimal bone structure near the 
implant, 

3. Improved healing in the critical zone of contact 
between plate and bone, 

4. Minimal damage to the bone lining at the time of plate 
removal with reduced risk of refracture, 

5. Optimal tissue tolérance of the implant material. 

This could be realized by changing the application 
technique, design and material. 

Pure titanium, instead of high quality stainless Steel, 
was chosen for the LC-DCP. Beside the attractive 
biological characteristics of commercial pure AO titanium 
(cp Ti) when cold worked to high strength, allergie 
reactions to métal implants made of pure titanium hâve 
not been reported so far. 61 Métal alloys, as used for 
implant material, contain nickel, chromium and cobalt, 
which can act as aller gens. The Steel used most widely in 
internai fixation (ISO 5832/1) contains 13% nickel and 
18% chromium. This is an important fact for the incidence 
of nickel allergies ranging from 5% to 17% of the 
population and has even increased over the last few years 
especially in women. 38,46 Also nickel allergies with regard 
to implants were found most frequently in groups with 
complications after internai fixation. 53 Titanium, as used 
for the LC-DCP, has a surface finish that consists of an 


enhanced oxide film of standard thickness (a very dense 
and stable layer of titanium oxide, Ti0 2 ), which explains 
the high corrosion résistance of this métal. The surface 
layer is produced by an electrochemical process and its 
thickness accounts for the color of the implant surface. 
In case of the LC-DCP we find a golden appearance as a 
resuit of optical interférence. 

Titanium is a material twice as flexible as Steel 
(Young's modulus is only about half that of stainless 
Steel). Under conditions of limited deformation its fatigue 
characteristics are good. This is valid for plates as well 
as for screws. Titanium is also known for its tendency to 
bind under conditions of contact between two titanium 
surfaces. The spécial surface finish used in AO titanium 
implants as mentioned above, has led to reduced débris 
of métal. In practical use of titanium plates and screws, it 
was found that métal débris could be produced subject 
to fretting conditions by instability of fixation. Such débris 
causes a grey or black coloration of the surrounding 
tissues, which is harmless and not a resuit of corrosion. 52 

The design of the LC-DCP differs completely from 
the DCP. Its cross section is trapezoid and therefore, the 
contact area between plate and bone reduced. This leads 
to the formation of low and thick bone lamellae along 
the plate with a blunt upper end compared to thin and 
sharp edged lamellae in plates with a rectangular cross 
section. This trapezoid cross section of the LC-DCP makes 
plate removal easier, because the low and thick bone 
lamellae are more résistant to damage. The thin and sharp 
edged lamellae are easily damaged by plate removal and 
once damaged, the lamellae loose their stabilizing effect. 
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Fig. 2: Possible tilting of 20° in the DCP 
and 40° in the LC-DCP 


The damage may then act as a stress riser and eventually 
results in a refracture. 52 The plate holes of the LC-DCP 
are of uniform spacing even in the middle part (where 
there are no holes in the DCP). This allows easy shifting 
of the plate at surgery or reoperation. Even the form of 
the plate hole has changed, they are symmetric now. 
While the DCP plate hole is made of one inclined and 
one horizontal cylinder meeting at an obtuse angle, the 
plate hole of the LC-DCP is made of two inclined and 
one horizontal cylinder meeting at the same angle. This 
permits self compression in two directions with the LC- 
DCP. 

Spécial neutral and load LC-DCP drill guides for the 
4.5 mm and 3.5 mm cortex screws and universal drill 
guides were designed. Oblique marked undercuts of the 
undersurface at both ends of each plate hole reduce the 
contact area to the bone and allow 40° tilting each way 
along the long axis of the plate inspite of only 20° tilting 
in one way in the DCP. Plate screws, which function as 
lag screws can then be used to stabilize short oblique 
fracture surfaces. By using a shaft screw 29 as a lag screw, 
designed with a shaft corresponding to the outer diameter 
of the screw thread, secondary wedging canbe prevented 
and therefore, the axial compression and the self 
compressing effect to the plate is up to 40% higher 

(Fig- 2). 

In order to reach an evenly distributed stiffness along 
the long axis of the LC-DCP the cross sectional area 
between the plate holes was reduced by grooves in the 
undersurface of the plate. The DCP with nonequalized 
stiffness tends to deform within the plate hole by bending, 
where the strength of the DCP is smallest. This leads to a 



Fig. 3: Surface and undersurface of the DCP with asymmetric 
formation of the holes at the right side and surface and 
undersurface of the LC-DCP with the oblique marked undercuts 
at both ends of each plate hole, the trapezoid cross sections 
and the grooves to minimize the plate to bone-contact, at the 
left 

particular stress concentration at the plate holes and 
finally fatigue and fretting may resuit. In the LC-DCP 
with its constant stiffness, the holes are protected by the 
flexible cross section between the holes, whereby shaping 
enforced (restricted) deformation is shared in order to 
keep the deformation of the plate hole minimal. Thus, 
plate bending in the LC-DCP can be performed easier, 
more even and with less risk for the implant (Fig. 3). 

The undersurface of the LC-DCP allows for a small 
amount of callus formation and callus bridge at the most 
critical area, the fractured zone, where it increases 
strength. 52 The trapezoid cross section of the plate, the 
grooves of the cross sectional area between the plate holes 
in the undersurface of the plate and the oblique marked 
undercuts of the undersurface at both ends of each plate 
hole reduce the area of the LC-DCP in contact with the 
bone as much as possible. This improves the cortical blood 
supply and the blood supply of plated bone segments 
significantly and by this late bone osteoporosis is reduced, 
as shown by Vatollo 68 and Jôrger. 26 The LC-DCP with ail 
its innovations must be understood as being part of the 
concept of biological plating rather than just a new 
implant. Not only the avoidance of soft tissue damage is 
the one important goal, but also the additional crucial 
aspect, realized by the LC-DCP. 

We see the indication for the LC-DCP in fresh 
fractures of the humérus, forearm, fémur and lower legs, 
sometimes in nonunions and ostéotomies. Pure titanium 
remains the material of choice for implants to be used in 
patients suffering from métal allergy. 
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POINT CONTACT FIXATOR (PC-FIX) 

The point contact fixator (PC-Fix) is a new System for 
internai fracture stabilization, which combines the 
advantages of plate osteosynthesis with the ones of 
external fixation in order to minimize vascular damage 
to the bone. The PC-Fix has been developed by the AO/ 
ASIF Research and Development Institute in Davos since 
1987 with the goal to reduce the risk of infection in plate 
osteosynthesis. 67 

It was shown, 52 that conventional plating with the 
DCP or LC-DCP relies on friction against the bone for 
load transfer. For stability these plates need a bicortical 
screw anchorage and a relatively large plate to bone 
contact area. Vascular damage is produced by compres¬ 
sion of the periosteal tissue by the plate and drilling 
through the bone for bicortical screw anchorage 
(endosteal and intramedullary damage). Due to the 
resulting local bone necrosis, fracture healing is delayed 
by the slow bone substitution through the process of bone 
remodelling 51 or even complicated by sequester forma¬ 
tion or infection. In order to increase the résistance to 
infection, it was tried to lower the vascular damage to 
bone by reducing the compression of periosteum by 
plating. But réduction of the area of plate-to-bone contact 
beyond of what was possible with the LC-DCP, asked 
for a different mechanism of load transfer. This, after 
many studies led to an experimental implant, the point 
contact fixator. Like the LC-DCP pure titanium was 
chosen as material for the PC-Fix. In order to eliminate 
plate-to-bone contact as far as possible, the undersurface 
of the plate is so shaped that it has only point contact. 
These points do not hâve load transfer function. They 
only keep the plate in place during its application. The 
load transfer is taken over by providing the screws with 
conical heads, which can securely lock in the conical holes 
of the plate. The angle of the cône is below the friction 
angle, so the screws will not loosen and therefore, only 
the near cortex needs to be engaged (self-cutting 
monocortical screws). The screws are serving as pin or 
peg, not as an anchor. 67 The principle of fracture com¬ 
pression has been left with the point contact fixator 
(Figs 4A and B). 

A sériés of animal experiments hâve been performed 
since 1988 to démonstrate the advantages of the Point 
Contact Fixator. Fractured bones treated with the PC-Fix 
showed no vascular damage to the periosteum and no 
local bone necrosis. The experiments showed an 
accelerated healing of the PC-Fix treated fractures com- 
pared to conventional plating, thus reducing the risk of 
infection and refracture. Weight bearing and implant 
removal could most likely be performed earlier (Figs 5 A 
and B). Encouraged by these findings, a prospective 



Figs 4A and B: PC-Fix. (A) Surface of the PC-Fix with conical 
headed screws, which are securely locked in the conical holes 
of the plate (B) Under surface of the PC-Fix with the self-cutting 
screws and the point contact areas of the plate 



Figs 5A and B: Forearm shaft fracture (A) Isolated fracture of 
the right radius, and (B) Postoperative latéral view, notice the 
monocortical screws and the pin point contact of the PC-Fix 












Recent Advances in Internai Fixation of Fractures 1253 



Figs 6A to C: Forearm shaft fracture (A) Dislocated complété fracture of the right forearm, (B) Postoperative X-rays after 
reposition and fixation with two PC-Fix plates and one compression screw for the fracture zone, and (C) 1 year later métal 
removal and fracture consolidation 



Figs 7A and B: Forearm shaft fracture (A) Dislocated complété fracture of the right forearm, (B) Postoperative 
X-rays after reposition and fixation with two PC-Fix plates and one compression screw for the fracture zone 


clinical study on diaphyseal fractures of the radius and 
ulna has been started in May 1993, and a worldwide 
multicenter study in May 1994. Results of these clinical 
studies were presented at the 59th Annual Meeting of 
the German Society of Traumatologie Surgery in Berlin 
in November 1995. They seem to confirm the positive 
findings by animal experiments. 15, 21 Further clinical 
studies especially for multifragmentary fractures of the 
lower limb are in préparation (Figs 6A to C and 7A and 
B). 

For us, this new concept of plating with the PC-Fix 
seems to be promising, but at this time its use is restricted 
to those centers participating in the clinical studies. 


UNIVERSAL SPINE SYSTEM 

The universal spine System (USS) is a new internai spine 
fixator. It is universal because it can be used for spine 
deformity, spinal fractures and degenerative instability 
of the thoracolumbar and the lumbosacral spine. Beside 
its broader spectrum of indications, the handling of the 
USS in practical use is much easier compared to the old 
AO-spine fixator interne (as described in the AO-Manual 
of Internai Fixation). 45 This is due to the use of even 
longitudinal rods in spite of rods with a thread, where 
the newly designed pedicle screws, schanz screws, cross 
links, clasps, transverse bars and clamps can easily be 
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Figs 8Aand B: Universal Spine System (A) Bending and cutting 
instruments for the rods (B) Pedicle screws, cross links, 
transverse bar, Schanz screws, pedicle opening and deepening 
awls 

fixed and changed either by screws or nuts. Another 
advantage of the USS is, that the longitudinal rods can 
be shaped and eut with a spécial bending and cutting 
instrument, according to the requirements. This is of 
spécial interest in the lumbosacral région (Figs 8A and 
B). 

In experimental and clinical use it could be shown, 
that with this newly designed internai fixator a true three- 
dimensional spine reconstruction for one or more 
segments is possible in thoracolumbar and lumbosacral 
spine injuries, nontraumatic instability, and deformation 
without loss of rigidity. 13 In application of the internai 
fixator the préparation of the pedicles for insertion of the 
schanz screw is much quicker and easier using the new 
designed pedicle opening and deepening awls, than 
before with K wires and drilling. This has the positive 
side effect, that the spongiosa along the pedicle is 
condensed, for the stiffness characteristics of the 
transpedicular screw fixation Systems are determined 
primarily by screw anchorage into the pedicle of the 
spine. 13 A further innovation is, that by putting a pin- 



Figs 9A and B: Thoracolumbar fracture (A) Anteroposterior 
and latéral view of a burst fracture L 1, and (B) Postoperative 
control after ventral spondylodesis with a corticospongious block 
and dorsal fixation with the USS 

driver on the schanz screw it is possible to correct the 
kyphosis and after reposition, to fix the schanz screw to 
the longitudinal rod in this position. Distraction and 
compression is performed easier by using a spécial 
distraction and a spécial compression forceps and new 
clamps. Cross links can be fixed at any time to the 
longitudinal rods in unstable fractures. The last point to 
mention is that the new internai spinal fixator (USS) is 
also available in titanium instead of high quality stainless 
Steel, which is important, for the incidence of nickel 
allergies is increasing, as mentioned before (Figs 9A and 
B, 10A and B). 

INTRAMEDULLARY MAILING 

Intramedullary nailing together with the technique of 
reaming, introduced by Küntscher 31 is an excellent 
osteosynthesis technique in simple transverse and 
transverso-oblique fractures of the medio-diaphyseal 
région of the fémur and tibia. The problem of rotation 
instability and telescoping of multifragmentary fractures 
was solved by introduction of the interlocking technique 
in 1972 by Klemm and Küntshcer. 69 Since then 
intramedullary nailing is indicated for ail shaft fractures 
of the fémur or tibia. 71 According to the AO/ASIF- 
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Figs 10A and B: Thoracolumbar fracture (A) CT scan of a 12th 
fracture with narrowing of the spinal canal (B) Postoperative X- 
rays of the same fracture treated with ventral spondylodesis 
(corticospongious block) and dorsal fixation using the USS 

classification of fractures of the long bone, 44 these are 
diaphyseal fractures of the fémur 32/A/B/C with 
subgroups, some distal fractures of the fémur 33 Al, 
diaphyseal fractures of the tibia 42 A/B/C with ail 
subgroups, and certain distal tibial fractures 42 AI. By 
using nails, perforated at both ends for the percutaneous 
insertion of self tapping screws or bolts for rotation 
stability, the tight fit of these intramedullary nails in the 
medullary canal in order to control rotation, was no 
longer needed, 74 Reaming was, therefore, apparently only 
necessary to enable the insertion of a large and 
mechanically strong nail. 

In animal experiments and clinical studies 17,37 it has 
been shown, that reaming of the intramedullary cavity 
leads to great increase of the intramedullary pressure and 
of cortical température. 17,41,62,65,71 Both factors were 
increased even more by fast pénétration of the reamer, 73 
and by using blunt reamers 40 Elévation of intramedullary 
pressure to higher levels hâve also been seen with the 
introduction of an unreamed nail to the fémur and less 


to the tibia. 17 Increase in the compression force by the 
surgeon led to an increase in the diaphyseal and 
metaphyseal pressure. 62 Reaming of the medullary cavity 
leads to compression of the highly viscous medullary fat 
and destruction of the numerous arterial and venous 
blood vessels (medullary blood supply) of the cavity. The 
reamer removes the endosteal surface (endosteal blood 
supply) of the cortical bone and the bone débris is mixed 
with the medullary fat and blood clots in addition. 

There is immediately a partial loss of the cortical blood 
supply by interruption of the medullary and endosteal 
vessels, which is even enlarged by oblitération of the 
Haversian canals, the Volkmann canals and the nutritient 
arteries. Due to increased intramedullary pressure bone 
marrow is pressed into these structures and even into 
the blood circulation. 63,73 The resulting zone of local 
aseptie cortical necrosis is even larger, when higher intra¬ 
medullary pressure is obtained. 63,66 In unreamed nailing 
technique, there is only little rise of the intramedullary 
pressure and minimal interférence with the endosteal 
blood supply by slow and careful introduction of the 
nail. 66 In fractures, the vitality of bone is reduced and 
will even change for worse by reaming the medullary 
cavity. Therefore, in open fractures and in fractures with 
severe soft tissue injuries with high potential for infection, 
the reaming technique is contradicted. But it is indicated 
in closed uncomplicated diaphyseal fractures, nonunions 
and pseudarthroses of the fémur and the tibia. 71 This is 
due to stimulation of callus formation in the fracture gap 
by autogenous and cancellous bone grafting, as bone 
débris, produced by reaming. 

Impairment of pulmonary circulation and respiratory 
function are typical and feared complications of fémoral 
fractures. To become manifest as pulmonary damage or 
adult respiratory distress syndrome (ARDS) certain 
cofactors mustbe présent. 72 These are volume déficit and 
shock, multiple trauma and pre-existing restrictive pul¬ 
monary disease. 73 By means of transesophageal echocar- 
diography, sonography of the distal vena cava and 
histological investigation, Wenda in 1990 showed, 72 that 
rising of the intramedullary fémoral pressure results in 
an increased bone marrow intravasation. Configured 
emboli, consisting of a core of bone marrow, surrounded 
by thrombotic aggregate, appeared in reaming of the 
medullary fémoral cavity (with pressures about 200 to 
600 mm Hg). Sonographically seen snowflurry was an 
indication for small amounts of bone marrow. It appeared 
in nailing procedures using the unreamed technique 
(intramedullary pressure increases up to 70 mm Hg). 
Even during movement of nonstabilized fémoral 
fractures (values up to 90 mm Hg) small amounts of bone 
marrow were constantly pressed into the circulation. By 
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this, the benefit of early operation in multiple injured 
patients is easy to understand. 

These findings are valid for the fémur only. In tibial 
fractures configured emboli were not observed during 
reaming procedures before medullary nailing . 73 An 
explanation for this might be the unique venous drainage 
System of the fémur in the supracondylar area, which is 
not seen in the area of the pilon tibial. The venous 
drainage System of the tibia is much smaller and due to 
the triangle shape of the tibial diaphysis bone marrow is 
more likely to flow back beside the reamer, than to be 
pressed in the small venous drainage System . 73 According 
to this it is obvious, that the reaming technique in multiple 
injured patients with fractures of the fémur is 
contradicted, especially in those patients suffering from 
pre-existing restrictive pulmonary disease, shock and 
thoracic trauma. Patients with open fractures of the tibia 
and fémur, or fractures with severe soft tissue injuries, 
as well as multiple injured patients will benefit of the 
unreamed nailing technique, which is indicated in these 
cases. The alternative use of an external fixator enlarge 
the risk of infection by pin-tract infection and in most 
cases secondary nailing after compensation of the 
cofactors is necessary. 

Beside ail its advantages, the main problem of the 
unreamed nailing technique is the delayed union. This, 
however, can be easily solved by changing the unreamed 
nail to a reamed nail. Unreamed and reamed nailing 
technique is contradicted in diaphyseal fractures of the 
growing skeleton. 71 In unreamed nailing technique 
supplementary interlocking is indispensable, because the 
relatively slender solid nail, which is not cannulated like 
the AO-universal tibia and fémur nail, cannot by itself 
provide adéquate bone contact and hence satisfactory 
stability. 

Unreamed Tibia Nail (UTN) 

The unreamed solid tibia nail (UTN) was made of high 
quality stainless Steel, but today it is also available in 
titanium. The former used Herzog curvature in reamed 
nails and changed according to the anatomy of the tibial 
medullary cavity 18 (Figs 11,12A and B). 

The distal end of the nail is flattened for better 
introduction to the medullary cavity, the proximal end 
is designed according to the anatomy of the proximal 
insertion point. Distal, crosswise or transverse static 
locking, even far distally, is possible by using spécial self 
trapping locking bolts. Holes for static and dynamic 
locking are found proximally (Figs 13A to C and Figs 14A 
and B). 


Fig. 11 : From right to left: unreamed tibia 
nail, old reamed AO tibia nail with the 
Herzog curvature, new reamed AO 
universal tibia nail 


i 


41 I 



Figs 12A and B: UTN (unreamed tibia nail) (A) Proximal holes 
for static and dynamic locking (B) Right: flattened end of the 
UTN for better introduction with distal holes for crosswise or 
transverse locking, left; distal end of the old AO tibia nail without 
locking holes 

Unreamed Fémur Nail (UFN) 

The unreamed solid fémur nail (UFN) is made of titanium 
(titanium-aluminum-niobium alloy). It was designed 
after the medullary cavity of the fémur according to 
investigations of Winquist 76 and Zuber, 77 with distal 
(static) and proximal (dynamic and static) locking holes. 
The indication spectrum for the UFN has been broadened 
by introduction of the New Fémoral Nail System. Beside 
the Standard Interlocking Technique (static and dynamic) 
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Figs 13A to C: Lower leg fracture (A) Open torsion fracture of the tibia shaft with fibula head fracture (B) Postoperative X-ray 
of the fracture treated with a locked UTN (C) Pictures after métal removal and fracture consolidation 1 year after the injury 



Figs 14A and B: Lower leg fracture (A) Closed fracture of the 
left tibia shaft with fibula head and shaft fracture (B) Pictures of 
fracture fixation with a reamed and locked AO universal tibia 
nail 

for diaphyseal fractures of the fémur, there are in 
addition: The Spiral Blade Interlocking Technique for 
subtrochanteric and pathologie fractures (to reduce the 
risk of rotational or varus collapse), the Miss-A-Nail- 
Technique for ipsilateral neck/shaft fractures (with a 


spécial aiming jig for stabilizing the fémoral neck at two 
or three points) and the 130° Antegrade Interlocking 
Technique for shaft or reverse oblique subtrochanteric 
fractures (permits insertion of a 4.9 mm locking boit into 
the calcar). One insertion instrument can be used for ail 
UFN System options. Instrument identification is easy 
with color-coded instruments and implants, achieved by 
a spécial anodizing of the titanium implants (Figs 15A to 
C and 16). 

Intramedullary nailing, by means of unreamed nailing 
technique, closed réduction and percutaneous 
interlocking technique, has enhanced its value and 
significance as a biological osteosynthesis. It allows 
consolidation of long bone fractures with a low rate of 
complications and a complété récupération of the 
function in most cases, even in open fractures or fractures 
with severe soft tissue injuries and in multiple injured 
patients. 

MINIMAL INVASIVE OSTEOSYNTHESIS OF 
ARTICULAR FRACTURES 

Knowing that articular fractures need anatomical 
reconstruction of their fracture fragments and, that 
additional soft tissue trauma with further devas- 
cularization of fracture fragments by large surgical 
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Figs 15A to C: UFN (unreamed fémur nail) (A) UFN with spiral 
blade, proximal and distal interlocking (self trapping locking 
bolts) (B) Insertion instrument forthe UFN with the introduction 
instrument for the spiral blade (C) Insertion instrument for the 
UFN with 130° antegrade interlocking technique 



Fig. 16: Fémur fracture: right: A—P view of an open dislocated 
fracture of the proximal fémur shaft, left: A—P view after fracture 
fixation with a locked UFN and 130° antegrade interlocking 
technique 


approaches should be avoided, led to the idea of minimal 
invasive osteosynthesis of articular fractures under 
arthroscopic management. Because the approaches to the 
knee joint for arthroscopy are various and quite easy and 
the space in the joint is wide enough for working with 
arthroscopic instruments, we will concentrate on this 
joint. Nevertheless, it is possible to perform minimal 
invasive osteosynthesis of articular fractures under 
arthroscopic management in nearly every other joint. 
However, for the shoulder, elbow, wrist, hip and ankle 
this should be reserved at the moment for trauma centers, 
where spécial research in this subject is performed. 

At the knee joint osteochondral fractures of the fémur 
condyles and pure split and pure dépréssion fractures of 
the tibial plateau in younger people with dense cancellous 
bone and without ligament injuries are suitable for 
arthroscopic management. 27,30,47,58 After examination of 
the stability of the knee joint under anesthésia the 
arthroscope is introduced opposite to the fracture side. 
Once the hemarthros has been lavaged, the joint surface, 
the position of the fracture, the menisci and the ligaments 
can be inspected. If there are concomitant injuries of the 
menisci, they can either be resected or sutured 
arthroscopically, if necessary. The réduction and fixation 
of osteochondral fragments are done with the help of 
arthroscopic instruments either with two screws or two 
biodégradable pins (as described later). The head of the 
screws or pins must be sunk carefully under the cartilage 
surface. 

Closed réduction and percutaneous screw fixation by 
two 4.5 mm cancellous screws with washers are done 
under arthroscopic view of the pure split fracture 
(Figs 17A and B). 

In dépréssion type fractures, the depressed articular 
surface fragments are elevated en masse with a probe 
inserted through a cortical window in the proximal tibial 
metaphysis, before bone grafting from the iliac crest and 
percutaneous screw fixation. Postoperative functional 
treatment without cast and with partial weight-bearing 
of 20 kg for 10 to 12 weeks is performed. 

CALCANEUS FRACTURES 

Intra- and extra-articular fractures of the calcaneus hâve 
been treated predominantly by conservative methods in 
the past. 3 But because closed réduction especially in case 
of intra-articular fractures is difficult to maintain and loss 
of position may resuit in broadening of the hind foot, 
surgeons frequently relied on closed approximate fracture 
reposition and percutaneous K wire fixation followed by 
casting. The results of these treatment methods were often 
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Figs 17A and B: Tibia plateau fracture type B 2.2 (AO 
classification) (A) Anteroposterior and latéral view ofthe fracture 
(B) Anteroposterior and latéral X-ray after percutaneous 
réduction, bone grafting and fixation with 2 cancellous bone 
screws with washers 


poor and lead to rapidly progressing, early arthrosis in 
the subtalar and calcaneocuboid joint. Alternatively, an 
arthrodesis because of intractable pain becomes necessary 
in some cases. 

Today the method of choice in displace fractures of 
the calcaneus is open réduction and internai fixation. 80 
The principal aims of the operative treatment are 
restoration of height, length and width of the calcaneus, 
exact reconstruction of the subtalar and the 
calcaneocuboid joint surfaces and a stable osteosynthesis 
by using a H-plate or reconstruction plate and screws 
made of titanium (Fig. 18). Conservative treatment is 
indicated in nondisplaced intra-articular and extra- 
articular fractures and in exceptions to surgery by general 
or local contradictions, such as severe peripheral vascular 
disease or diabètes and severe infirmity. 

Since Bôhler in 1930 4 and Essex-Lopresti in 1952, 14 
first classified the calcaneus fractures and described their 
mechanism of injury, numerous fracture classifications 
hâve been created by different au thors. 10 ' n ' 34 ' 48 ' 55 ' 60 ' 70 ' 75 
Currently, there is no consensus regarding the classi- 



Fig. 18: Titanium H-plate on the right side and 
double H-plate on the left 


fication of calcaneus fractures. Whereas the CT scan 
classification of Sanders, 57 based on the number and 
location of articular fracture fragments in the computed 
tomography (CT), is valid for intra-articular fractures 
only, Zwipp and Tscherne 79 developed a classification 
for ail fractures. The simple différentiation into two to 
five fragments with zéro to three joints involved, 
encompasses the full range of injury. Both classifications 
help in the judgement of fracture severity, sélection of 
approach, choice of implant and the further prognosis. 

For preoperative planning a standard latéral and axial 
roentgenogram of the calcaneus, the anteroposterior of 
the foot, four Broden views 9 and an axial and coronal CT 
scan are necessary. Surgery should be performed best in 
the second week, but within three weeks after injury, after 
local swelling has decreased significantly, due to 
élévation of the leg and application of ice. For the 
operation the patient is placed in the supine position and 
a torniquet is used. In simple extra-articular two- 
fragment-fractures, a médial approach modified after 
Mc Reynolds 35 with spécial attention to the posterior tibial 
neurovascular bundle is used. If the subtalar joint is 
involved, an additional latéral approach modified after 
Palmer 48 is performed which allows reconstruction of the 
subtalar joint. The réduction is stabilized with a medially 
located prebent H-plate with screws, if the sustentacular 
fragment is big enough to be fixed. In cases with massive 
comminution or comminution of the sustentacular frag¬ 
ment, an extended boomerang-shaped, latéral approach 
(raising of a single flap consisting of skin, soft tissue and 
periosteum is important 80 described by Zwipp 81 is used. 
The length of the calcaneus can be resorted by distraction 
using two schanz screws anchored in the tuber calcanei 
and so cunéiforme or navicular bone. Stability is then 
achieved by the application of a double or triple H-plate 
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Figs 19A and B: Calcaneus fracture (A) Latéral and axial view 
of a joint dépréssion type calcaneus fracture (B) Postoperative 
control after réduction, bone grafting and fixation with an H- 
plate and screws from latéral. The length and form of the 
calcaneus is reconstructed 

to the latéral wall of the calcaneus after réduction with 
correction of the axial alignment and, if necessary 
cancellous bone grafting (Figs 19A and B). 

During operation réduction is always preliminary 
fixed using K wires and controlled by intraoperative 
roentgenograms of the calcaneus in two planes and 
additional 20° Broaden view before stable fixation with 
3.5 mm titanium cortical screws and either médial or 
latéral plating. Postoperative active circumrotatory exer¬ 
cises of the foot from the first postoperative day on under 
supervision of a physiotherapist are of great importance. 
Until wound healing a removable cast is worn. Partial 
weight bearing with 20 kg is normally performed for 6 to 
12 weeks depending on the fracture configuration. 

By following the concept of open réduction and stable 
fixation of displaced calcaneus fractures many 
authors 2,5,14,35,36,78 obtained good to very good results in 
up to 80%, compared to rather poor results by conser¬ 
vative methods. Possible complications are wound edge 
necrosis, hematoma, wound and deep bone infection, 
latéral impingement syndrome of the peroneal tendons, 
sural neuritis, shoe problems and subtalar arthritis and 
arthrosis. But most of these complications beside wound 
edge necrosis, hematoma and infection are rather found 
after conservative treatment of displaced calcaneus 
fractures. 


BIODEGRADABLE MATERIAL 

In an attempt to avoid implant removal after fracture 
healing, there hâve been many experiments in osteo- 
synthesis with biodégradable material 8 since 1984. The 
materials used were polyglycolid, polylactid and 
polydioxanon. 8 Polylactid material and copolymers 
showed a durability for more than 6 months and a slower 
dégradation than the two others, which is important for 
a stable internai fixation of fractures. 8 It has also been 
demonstrated in experimental studies, that by the use of 
polyglycolid pins wide stérile osteolysis zones in the 
implant beds developed between the 6th and lOth 
postoperative week in many cases, whereas by the use of 
polylactid pins only few cases showed a small osteolysis 
after 18 months. 54 Since 1984, some clinical trials hâve 
been conducted using biodégradable polyglycolid pins, 
later screws for hand fractures, 7 distal radius fractures, 24 
radius head fractures, 1,23,25 traumatic epiphysiolysis in 
children, 7 and most often malleolar fractures. 1,6,22,49,56 The 
main problem in these early studies was a high complica¬ 
tion rate of 6.5 to 8.5%, mainly in the form of a stérile 
inflammatory foreign body reaction and only in about 
1% in a failure of fracture fixation. 8 With the use of a 
biodégradable L/DL-polylactid 70/30 pin these compli¬ 
cations could be diminished, as shown in a multicenter 
study of the AO/ASIF. 20 For visualization, the heads of 
the pins bear X-ray opaque markers made of Zr0 2 . These 
pins, called "Polypins", hâve a diameter of 2 mm and 
wear small ridges and a profiled small head (Figs 20A 
and B). 

For application, a specially designed set of instru¬ 
ments was developed. There is a depth gauge combined 
with a built-in shortening knife and a small insertion- 
drive with a silicone tip to prevent damage of cartilage 
surfaces. 

At the moment the indications for the biodégradable 
pins are: 

1. Osteochondrosis dissicans or osteochondral fractures 
of the fémur condyle and the talar ankle joint. 

2. Radius head fractures, wedge fractures of the patella 
and fractures of the proximal and distal end of the 
metatarsals and metacarpals. 

3. Spongious, non-weight-bearing fragments of 
calcaneus and acetabulum fractures, non- 
weight-bearing corticospongious chips (Figs 21A to 
24B) 

Further investigations and long term studies will hâve 
to confirm the positive impressions found and may 
extend the indications for its application in order to 
decrease the number of operations for implant removal. 
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Figs 20A and B: Biodégradable material (A) 
Biodégradable L/DL polylactid 70/30 pin 
(= “Polypin”) (B) Insertion drive with a Polypin 
on the right side and depth gauge combined 
with a built-in shortening knife on the left 






Figs 21A and B: Radial head fracture (A) Dislocated fracture 
of the radial head (B) Postoperative views after réduction and 
internai fixation with 2 Polypins. The arrow marks the small 
visible X-ray opaque marker in the head of the pin 



Figs 22A and B: Patella fracture (A) Traumatic osteochondral 
fracture of the patella wedge (marked by arrows) (B) 
Postoperative control after reposition and fixation with 1 Polypin 



Figs 23A to C: Osteochondrosis dissecans of the knee (A) 
Right preoperative A—P view of the left knee with the 
osteochondrosis area (marked by one arrow); left A—P view 
after fixation with 3 Polypins (marked by two arrows) (B) 
Preoperative MRT scan of the right knee with the 
osteochondrosis area in the médial fémur condyle (C) A—P 
view and latéral view after cartilage-bone transfer in the defect 
area and fixation with 2 Polypins and one K wire from médial 
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Figs 24A and B: Talar ankle (A) Osteochondral fracture of 
the left talus, (B) X-ray control after fixation with 2 Polypins 
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Nonoperative Treatment of 
Fractures of Long Bones 


157.1 Functional Treatment of Fractures 

DK Taneja 


INTRODUCTION 

Science of orthopedics as we ail know is advancing by 
leaps and bounds. What we learnt ten years back, today 
that knowledge is being challenged. Fracture treatment 
has undergone full circle. It started with splints 
(Hippocrates and Sushruta) to plaster of Paris immobili- 
zation (Mathysen), open réduction and internai fixation, 
rigid fixation by AO. Simple to semirigid fixation and 
again to the closed treatment with modifications where 
micromotion is encouraged and exploited. It is now 
believed and has been proved that micromotion is 
extremely bénéficiai to callus formation. In fact repeated 
fracture of the callus further stimulâtes osteogenesis. The 
idea of promoting healing of fractures of tibia and fémur 
by bracing that permits ambulation is not new. This was 
practised by Henry Smity way back to 1855. But this 
approach was not accepted widely, and the practice of 
immobilizing the joint above and below continued. This 
method advocated by Hugh Owen Thomas in UK (1834- 
91) had powerful influence on the contemporary sur¬ 
geons. But at the same time, his contemporary in France 
Lucas Championniere (1910) believed in limited motion 
and early weight bearing. The bracing was reenergized 
in 1960s when Dr. Sarmiento and his colleagues at the 
University of Miami started experimenting with methods 
of accelerating healing of fractures of long bones. 9 On 
the basis of their expérience of Patellar tendon-bearing 
(PTB) prosthesis, they started treating tibial fracture by 
PTB Plaster of Paris (POP) cast. Their initial results were 


very encouraging. Fracture united without osteoporosis 
or stiffness of the joint. After two years of experiment 
with PTB POP cast, they decided to leave the ankle joint 
free. This was accomplished by applying total contact cast 
from the malleolar région to the knee and attaching shoe 
to the cast by means of single axis métal joint. Encouraged 
with their resuit, they tried to replace POP by thermo¬ 
plastic materials like orthoplast. The latest advance in the 
thermoplastic material is "ORFIT" which can be reused. 
But their availability is a problem, besides this, they are 
costly. Functional bracing of fractures specially using POP 
bandages is probably the real answer to our problems in 
this country. 

Use of the brace is ail the more relevant in our country, 
because there is no standardization of operation room 
facilities. The OT discipline is not adhered to and as a 
resuit there is high incidence of postoperative infection. 
The open réduction and internai fixation, though 
fascinating, has many disadvantages. 

1. Simple fracture is converted into an open fracture 

2. Postoperative infection 

3. Reaming may hâve adverse effects on fracture healing 

4. Failure of operative treatment is more difficult to 
salvage 

5. Other risks of anesthésia and surgery 

6. Implant failure, bent nails, migrated nails, broken 
plates, loosening of implant, etc. 

7. Delayed union and nonunion 

8. Distraction of fragments 
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It should not be forgotten that badly done open 
réduction with internai fixation (ORIF) and its compli¬ 
cations are far more difficult to treat than badly managed 
fracture with closed method. 

Functional cast bracing 1 is a closed method of treat- 
ing fractures based on the belief that continuing function 
while a fracture is uniting encourages osteosynthesis, 
promotes healing of tissues and prevents the joint 
stiffness, thus accelerating réhabilitation. It is now well 
accepted that callus(c) formation is directly proportion 
to circulation(c) and micromotion(m), and is expressed 
as c = m x v. 

The fracture brace is an external splint which can be 
applied to a fractured limb in such a way as to provide 
adéquate support for the fracture while permitting 
maximum function of the limb until union is complété. 

In most instances, fracture brace 5 should be regarded 
as the second stage of management of fracture. Bracing 
does not reduce the time a fracture takes to unité. The 
benefits of this method of treatment are the réduction in 
disability caused by prolonged immobilization. 

Mechanism of Action 10-12 

Experimental studies carried out at University of Miami 
Bioengineering Laboratory hâve shown that a 
combination of factors are involved in the mechanism of 
fracture stability. These factors are: 

i. Hydraulic environment, 

ii. Viscoelastic properties of soft tissues around 
fractures sites, and 

iii. Supporting rôle of interosseus membrane. 

The weight bearing créâtes forces which are 
transmitted to incompressible fluid of muscles mass 
surrounding the fractured fragments. This keeps the 
fragments in position. During the initiation of load, the 
dead space between skin and the brace is filled with fluid- 
like tissues. This allows the fist degree of motion at 
fracture site at low load. After this stiffening of the limb 
occurs which goes on increasing. As a resuit, minimal 
deflection is noted per unit load. The early weight bearing 
and motion of the joints lead to muscle contraction, 
increased circulation and thermie changes. The 
intermittent compression of osseous and soft tissue 
during walking promotes normal reparative ostéogénie 
process. The brace is so designed that it takes full 
advantage of the soft tissues around the fracture site, 
which has its own intrinsic strength and incompressible 
fluid properties. 

When to Apply 

Functional brace usually are not applied at the time of 
injury. Conventional cast which immobilizes the joints 


above and below the fractures or traction may be needed 
initially. Care being taken during this time to correct any 
angulation or rotational deformity. With this initial 
treatment, internai stability is achieved which is judged 
on the basis of foliowing points. 

i. When minor movements at the fracture site are 
painless, 

ii. When fracture ends are sticky, 

iii. When there is reasonable résistance to telescop- 
ing, and 

iv. When shortening does not exceed one-fourth inch 
for tibia and one-half inch for fémur. 

When ail these are achieved, it is called "internai 
stability" at fracture site. Only when there is stability, 
the brace should be applied. 

Contraindications 

Application of functional brace is contraindicated in: 

i. Mentally retarded patients, 

ii. Uncooperative patients, 

iii. Pateints with peripheral vascular disease and 
peripheral neuropathy, 

iv. Very obese patients, 

v. Skin loss or any skin problems like allergy to plaster 
of Paris, 

vi. Galeazzi fracture dislocation, and 

vii. Monteggia fracture dislocation. 

Time of Brace Application 14 

Approximate time for application of brace is given below. 
It is only a guide, but the criteria of internai stability must 
be adhered before the brace is applied (Table 1). 


TABLE 1 : Time for brace application for fractures at 
different sites 


Fracture sites 

Time for brace 
application 

1 . 

Fracture of shaft fémur 

4-6 weeks 

2. 

Fracture around knee 

3-4 weeks 

3. 

Fracture of shaft tibia 

2-3 weeks 

4. 

Fracture around ankle 

2 weeks 

5. 

Fracture of humérus 

10-15 days 

6. 

Fracture of radius and ulna 

2-3 weeks 

7. 

Fracture of lower end of radius 

Same day or 7-10 days 

8. 

Fracture around elbow 

2-3 weeks 


Fractures that Can be Well 
Treated by Cast Bracing 

Tibial fractures: 2,3 Idéal fracture for bracing is closed spiral 
fracture of middle third of tibia with associated fibula 
fracture. Even fracture in tibia with intact fibula can also 
be treated by tibial brace. 7,8 
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Fractures involving knee joint: Idéal treatment is of course 
ORIF, but knee brace can be used in severely comminuted 
intra-articular fracture and can also be applied post- 
operatively for mobilization of the joint. 

Fracture involving shaft fémur: 

1 . Fracture in middle and distal third are quite amenable 
to bracing 

2. Even fractures of proximal fémur where fixation is 
inadéquate and where the fracture has been treated 
by traction can also be treated by bracing. 

Fracture involving humérus: Shaft fractures are best treated 
by the brace. 

Supracondylar fracture: Brace is indicated in those cases 
who had compound fracture and ORIF has been done 
and where mobility from day one is important. 

Forearm fractures: 

1. In both bones fractures 

2. After internai fixation, if the fixation is not rigid. 
Colles fractures: These are treated by wrist brace. 

Functional Cast Bracing for Knee Joint 6 

Out of ail the braces, it is the knee brace which is most 
commonly used, therefore it will be described in detail. 

Indications 

1. For fractures in distal one-third of fémur shaft 
including supracondylar fracture 

2. For fractures proximal to one-third of tibial shaft 

3. Comminuted fractures of condyles of tibia and fémur 

4. Those condylar fracture of fémur and tibia in which 
open réduction and internai fixation are not indicated. 

Material 

Brace: A unicentric brace is found in two sizes— bigger 
one for adult and smaller one for children made up of 
aluminum. They are available from ALIMCO. The wings 
are made of thin malléable aluminum sheet to enable easy 
alternation according to the variation of thigh and leg. 

Alinement jig: To hold the brace and maintain the correct 
axis. 

Stockinet: Of appropriate sizes and about four feet length 
is required as the initial compressive material. 

Sofrol : To protect the skin over bony prominences. 

Plaster of Paris bandages: A good quality of fast setting 
commercial bandages of 4" and 6" size is required in six 
numbers each. 


Screwdriver and bar bender: For opening the screw and to 
free the hinge and to bend the bar of brace in required 
angle. 

Spirit and antifungal powder: To clean the whole skin area 
of thigh and leg and to prevent the itching and infection. 

These seven items should be available in ail types of 
bracing. 

Technique 

• No anesthésia is required. 

• First of ail the central screws of the hinge are opened 
to make the hinge free, then long bar of thigh portion 
and short bar of leg portion of brace are bent in such 
a manner that after application, it should be about 4 
to 5 cm apart from knee on both sides and approxi- 
mately 8 to 10 cm proximal and distal to the joint line. 
Portion of bar from hinge should be away from knee 
on both sides so as to hâve easy movement of the 
hinges. The bending levels should be at equal level 
on both bar on both ends. The wings of thigh and leg 
portions are curved according to the required need 
for full contact. 

• Whole extremity from groin to toe is thoroughly 
cleaned with spirit, and an antifungal powder is 
spread ail over the area to prevent any itching. 

• If there is any remaining wound, e.g. tibial pin extrac¬ 
tion wound, it should be cleaned and dressed 
properly. 

• Now the marking of joint axis is done. The knee axis 
roughly correspond to the level of origins of the 
médial and latéral collateral ligaments at the médial 
and latéral épicondyles of the fémur respectively or 
the middle point of patella and about 2 cm posterior 
to the midline in sagittal plane. A line is drawn 
vertically along the middle of patella on médial and 
latéral sides of knee, then on both side horizontal lines 
are drawn perpendicular to the above lines at the mid 
level of knee in sagittal plane. Then 2 cm below and 
parallel to these lines, other two lines are drawn on 
both sides. The intersecting points are actual position 
for hinges of brace. Another line over patella is drawn 
from above downward and central point of patella is 
marked. 

• Then keeping the brace with hinges exactly on same 
plane as marked above, the central bar of jig is kept 
just over the center of patella and side bars on both 
sides over the hinge of brace and with maintaining 
the position, ail screws of jig are tightened to hold the 
brace. 

• Stockinet of appropriate size is applied from groin to 
toes, and a second layer is again applied extending 
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from mid of thigh to mid of leg. To avoid wrinkling 
and slipping, a sling is passed from latéral portion of 
stocknet and it is kept tight by the patient. 

• The patient is brought at the edge of the table, and 
the limb is abducted and held in neutral position by 
an assistant. 

• Thigh portion of the cast is applied by 6" plaster 
bandages extending from ischial tuberosity level to 
the just above the knee, and it is firmly moulded in 
upper thigh by applying pressure anteroposteriorly 
and from side to side by the help of another assistant. 
Clearance of 1 cm is allowed above the brim of cast, 
on médial side to prevent the impingement in the 
perineum. This amount of clearance permits patient 
to walk or sit in the cast brace without discomfort and 
avoids skin irritation. 

• The below knee portion of cast is completed after well 
padding the ankle by sofrol and taking care to avoid 
any wrinkling. The leg should be in neutral position, 
leg cast should extend from just below the knee to 
the toes, and normal plantar arch is maintained during 
the setting of the plaster. 

• Now brace is applied with the jig in exact position. 
The patellar center over the stockinet is again marked. 
The wings of brace are added with sofrol. Maintaining 
this position, the cast is completed by incorporating 
the brace. 

• Trimming of cast is done, above and below the knee 
to allow full flexion of knee. 

• The outer layer of stockinet is split and turned around 
over the knee and incorporated within the finishing 
layers of plaster. 

• Now the central screw of hinge is tightened, and 
plaster is allowed to set for at least 24 hours. The limb 
is kept elevated to avoid edema. 

• To avoid effusion in knee, a compressive bandage is 
usually necessary. 

• From second day after releasing the screw, active knee 
movements are allowed. Patient is allowed to stand 
and bear weight and walk with crutches after 48 
hours. 13 

Ankle Brace 

Indications 

1. Fracture middle and lower third of tibia 

2. Bilateral fractures 

3. Fractures in elderly people. 

Technique 

• No anesthésia is required. 


A below knee plaster of Paris patellar tendon bearing 
brace is applied with the patient sitting on the edge 
of the table with his/her hip and knee flexed at 90°. 
Single layer of stockinet is put on the leg, and pads of 
foam are placed on bony prominences to avoid 
pressure sores. 

Plaster of Paris bandages are wrapped from ankle to 
tibial tuberosity and moulded on bony prominence 
of tibia along its entire length. The posterior and 
superior portion of the cast is moulded to produce a 
triangular shape at the top. Before this portion of the 
cast is completely set, the knee is extended to 40° of 
flexion and is held in this position by resting the heel 
on surgeon's lap. Further plaster of Paris bandages 
are applied above the proximal end of patella. It is 
firmly moulded over patellar tendon and popliteal 
fossa so as to produce a contour similar to that of 
patellar tendon bearing prosthesis. Moulding is 
maintained and continued till plaster is dry. 
Proximately the anterior trim was extended to expose 
only the proximal portion of the patella, and this part 
of the cast is closely contoured to the condyles of 
fémur, extending as far posteriorly as possible. The 
posterior wall of plaster cast should not be very high, 
otherwise it will irritate the hamstring tendons during 
walking and prevent full flexion of knee. The posterior 
portion of the cast is eut down to the level of 
midpopliteal région. The distal portion of the cast is 
trimmed to preserve snug moulding of the cast 
around the latéral and médial malleoli for permitting 
complété plantar and dorsiflexion of the ankle. 
Metallic ankle joint with two metallic bars in 
incorporated in plaster across the brace line of heel of 
shoes on its plantar surface. The hinge is placed at 
joint level. The lower ends go into the Socket of shoe 
as in caliper. 

This preassembled shoe with upright and mechanical 
ankle joint is put on the foot of fractured leg having, 
plaster of Paris. The médial upright of the joint is 
carefully placed exactly opposite to the apex of médial 
malleolus, and latéral upright is placed slightly 
postérolatéral so that normal toe out of 10° is 
maintained during walking. The proximal metallic 
sleeves are then incorporated within plaster of Paris 
bandages. 

After twenty-four hours of application, patient is 
encouraged to move the ankle and knee joints and to 
start weight bearing on the affected limb—first with 
the help of axillary crutches, then with the help of a 
stick, and is finally encouraged to discard ail type of 
support as soon as possible. 
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Follow-up 

Once the patient has started full weight bearing without 
support, skiagram is taken to check the position of 
fragments after weight bearing. Patients are encouraged 
to return to their jobs with the instruction to keep the 
limbs elevated while sitting. Each patient is reviewed 
every two weeks. On subséquent visits, patient is 
examined for range of movements, and to see whether 
brace is providing sufficient stability to fracture 
fragments. If it is found that the cast is loose and not 
providing required stability, the plaster brace is reapplied. 

At the time of review the clinical union is assessed by 
two test. 

1. After holding the heel of fractured leg, it is first pulled 
and then pressed vertically. Absence of pain at 
fracture site indicates that fracture has united 

2. The knee of fracture leg is held in left hand and ankle 
in right hand. On rotating the ankle externally or 
internally and also the knee in the same direction, 
produces no pain at fracture site is diagnostic of 
clinical union. 

Cast brace is removed for clinical and radiological 
examination at regular interval of 4 to 6 weeks to see 
progress of union and then reapplied. Usually 2 to 3 
applications are needed in majority of the cases. In 
patients who hâve pain at fracture site on weight bearing 
but clinically fracture had united, were given leg sleeve 
for a period of 2 to 4 weeks. 

Functional Thigh Sleeve 6 

Application of functional thigh sleeve is a conservative 
method of treating fractured shaft fémur but can also be 
used as supplément after intramedullary nailing. It 
provides stabilizing influence at fracture site and allows 
negligibile movements at fractures site which are 
désirable. At the same time, it allows early weight bearing 
and movement at knee and hip joints. Weight is 
transmitted from fémoral condyles to ischial tuberosity 
and through quadrangular socket to soft tissue. More than 
60% of weight is transmitted through muscle mass 
sorrounding the fracture site. 

Indications 

1. Mid third fractures of shaft fémur 

2. Postintramedullary nailing of shaft fémur. 

Contraindications 

1. If fracture is wobbling 

2. Upper third shaft fémur fractures 

3. Subtrochanteric fractures 


4. Supracondylar fracture shaft fémur 

5. Bilateral fractures shaft fémur 

6. Floating knee. 

Technique 

Thigh sleeve is applied usually 4 weeks after the injury 
when the fracture has become sticky, and intrinsic 
stability has been achieved. After spreading antifungal 
powder, stockinet is rolled up from below the knee up to 
the groin. 

Patient is placed on the Watson-John's fracture table, 
and fracture limb is abducted in a neutral position. The 
plaster of Paris bandages are wrapped and thigh sleeve 
applied, which extends from inferior pôle of patella 
anteriorly and midpopliteal level posteriorly up to 
anterior superior iliac spine (ASIS) anteriorly and ischial 
tuberosity posteriorly. The sleeve is strengthened by 
incorporating 4 slabs (anterior, posterior, médial and 
latéral). The sleeve is firmly moulded in the upper thigh 
by applying pressure anteroposteriorly and side to side 
by the help of an assistant. In the lower part of the thigh, 
sleeve is well moulded over patella and fémoral condyles. 
Clearance of about half an inch is allowed on brim of the 
sleeve a médial side to prevent the impingement on the 
perineum. This permits patient to walk or sit comfortably 
and avoids skin irritation. 

Postapplication Management 

After 24 hours of application of thigh sleeve, patient is 
advised to start active knee, hip and leg raising exercises 
and is allowed partial weight bearing with axillary 
crutches. The patient is reviewed every 2 weeks and 
assessed clinically. Every four weeks, sleeve is removed, 
a skiagram taken and fracture site assessed for clinical 
and radiological union. Any breakage or loosening of 
sleeve calls for change. Sleeve is discarded when the 
fracture is united clinically as well as radiologically. 

Hip Brace 

Indications 

1. Subtrochanteric fractures 

2. Trochanteric fractures 

3. Upper one-third fémur fractures 

4. After IM mailing. 

Technique 

• The hip brace consists of single uniaxial joint, thigh 
upright and pelvic upright to which pelvic band is 
attached. It is applied 4 to 6 weeks after the injury. 
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during which the fracture site becomes sticky, and 
intrinsic stability is achieved. 

• Stockinet is rolled up from just below the knee joint 
to above the groin and cast padding applied over the 
bony prominences as well as lower abdomen and 
back. 

• The hip joint axis roughly corresponds to level just 
above the greater trochanter and lies about 1 to 2 cm 
anterior to the greater trochanter. 

• Thigh portion of the cast is applied by 6" plaster 
bandages extending from ischial tuberosity level to 
superior border of the patella, and it is firmly moulded 
in upper thigh by applying pressure in antero- 
posteriorly and side to side by assistance. The cast is 
well moulded over fémoral condyles and patella. 

• Pelvic portion of the cast is applied with 6" bandages 
extending from just below the xiphisternum to iliac 
crest level. Prior to application of pelvic portion, 
abundant cotton is kept over the abdomen to 
accommodate the abdominal movements which occur 
with respiration. 

• Then the hip brace is placed on the latéral aspect with 
the uniaxial joint at level just superior and anterior to 
the hip axis, and it is incorporated by wrapping POP 
bandages in the thigh and pelvic casts. 

• Active hip and knee movements are started after 24 
hours, when the cast brace is completely dried and 
partial weight bearing with axillary crutches is 
allowed. Gradually the patient is encouraged to walk 
with a stick and finally ail types of external support 
discarded. 

• Patient is reviewed every two weeks, and on 
subséquent visit patient is examined for the range of 
movements and to see if the brace is providing 
sufficient stability. If the brace is loose and not 
providing the required stability, it is changed. 

• Cast brace is removed for clinical and radiological 
examination at regular interval to see the progress of 
union. Brace is discarded when the fracture is 
clinically and radiologically united. 

Humerai Sleeve 

Indications 

Ail diphyseal fractures of humérus specially in middle 

one-third. 

Technique 

• Stockinet is applied to the arm from shoulder to elbow. 
Give a proper stretch to stockinet and apply cast 
padding evenly over the bony prominence. POP 
bandages application started medially 2.5 cm below 


axilla, and laterally it extends up to the point just 
below the acromion process, application of POP 
bandages should be given. Lower down it extends 
medially 1.0 cm above the médial épicondyle of the 
humérus. Laterally, it should extend just above the 
latéral épicondyle. During application of sleeve, minor 
correction in alinement of fracture can be carried out, 
and it is to be moulded well over the shape of the soft 
tissue structures, over the arm. Sleeve must allow the 
complété range of motion of the shoulder and elbow 
joint. 

• A shoulder harness, sometime, may be applied to the 
proximal portion of sleeve and looped around the 
neck to prevent slippage of sleeve downward. This is 
likely to occur in patient with large and flabby 
extremities. 

Follow-up 

After sleeve application check radiograph should be 
taken and the alinement seen and the patients is called 
next day for réévaluation. After one week check the 
alinement radiologically. At this time, pendulum exer¬ 
cises of shoulder are started. Again check radiograph is 
to be taken after 1 week if alinement is satisfactory, 
reexamination should be done at 3 to 4 weeks interval 
and at each visit of the patient, clinically as well as 
radiologically assessment is done. Sleeve is removed after 
the fracture union. 

Wrist Brace 

Indications 

1. Colles fractures 

2. Fracture at lower end of radius and lower end of ulna. 

Metallic Wrist Brace 

Brace is made of aluminum and it consists of two blades. 
The proximal blade is longer, and it is incorporated in 
the proximal plaster, and distal blade which is smaller is 
incorporated in the small plaster of the hand. Two blades 
are joined together in the form of uniaxial joint which is 
freely mobile in one axis. 

Procedure 

• The brace is applied immediately after réduction in 
cases where there is no swelling. The plaster is now 
applied over the forearm and hand keeping forearm 
in full supination/midpronation. The plaster has two 
components, i.e. proximal and distal. The proximal 
portion of the plaster is applied over the forearm with 
a supracondyler extension to prevent supination and 
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pronation, but permitting complété elbow flexion 
movement, full extension restricted up to 30°. 

• Plaster of Paris is applied over the distal portion of 
hand. A well-moulded POP encircles the distal part 
of the hand, just proximal to knuckle dorsally and up 
to distal palmar crease on the palmar aspect so as to 
permit full range of finger movements. 

• The proximal blade of metallic brace is long and is 
incorporated in the forearm, and the distal small blade 
is incorporated in the hand. Brace is applied on the 
ulnar aspect of the wrist. 

A well-applied wrist brace should: 

i. allow elbow restricted flexion and extension 

ii. prevent supination and pronation 

iii. permit full palmar flexion and dorsiflexion of the 
wrist 

iv. permit full range of finger movements. 

Olecrano Condylar Brace (OCB) 

Indications 

1. Fractures both bones of forearm in position 

2. Displaced fractures both bones of forearm treated 
conservatively by closed réduction and above elbow 
POP cast. These fractures can be given an OCB after 
three weeks 

3. Ail operated cases of fractures of both bones of 
forearm including Monteggia fracture dislocation and 
Galeazzi fracture, where rigid fixation is a doubt 

4. Isolated fracture of ulna in position. 

Method 

• Ideally the brace should be applied in the anatomical 
position of upper limb, i.e. keeping the forearm in full 
supination, where full range of elbow joint movement 
is possible, but it could well be applied in the 
functional position of the upper limb, i.e. keeping the 
forearm in midprone position. 

• The patient is seated comfortably on the stool with 
his/her upper limb by the side of the chest. An 
assistant holds the elbow and the latéral three fingers. 
Keeping it in functional position with the elbow in 
90° flexion, sprinkle an antibiotic/antifungal powder 
over the forearm and then roll over the length of 
stockinet distal to proximal. Extend it proximally to 
the elbow joint. A layer or two of cast padding is 
applied at the proximal end over the olecranon and 
both the condyles. Over the distal end just proximal 


to the wrist and strip along with subcutaneous border 
of ulna. Required numbers of plaster bandages are 
soaked into water, and a forearm cast is quickly 
applied leaving the wrist and elbow free. At the 
proximal end, the plaster is moulded over both the 
latéral and médial condyles and over the tip of the 
olecranon. Particular attention should be given in this 
moulding, as this keeps the plaster brace to the limb 
and is the key to a successful bracing. Care should be 
taken that the plaster does not eut into the flexion 
crease of elbow. Similarly the plaster is moulded over 
the wrist to allow upper grip. 

• A sufficiently thick slab is made with plaster bandages 
which extends distally from the knuckles at 2" 
proximal to the point of elbow. The patient is asked 
to keep the wrist in about 30° dorsiflexion. The slab 
now is applied over the dorsal aspect of limb and is 
held in position by plaster bandages. As the cast sets 
in the sharp edges and pointed ends of the plaster are 
rounded off with small strips of plaster bandages, the 
extra stockinet is eut away and the elbow and hand 
are cleaned. An idéal OCB is light weight yet strong 
enough. 

After Treatment 

• Active movement of elbow and wrist are commenced 
after one day as the plaster becomes completely dry. 
The OCB permits an elbow movement from 30° short 
of full extension and a wrist range of movement 
(ROM) from full palmar flexion to 30° dorsiflexion, 
but it does not allow pronation and supination. Thus, 
OCB is a restricted motion functional brace. 

• The patient compliance is usually good as he/she 
regains the maximum ROM within the confines of 
brace in a fortnight or so. The brace is anesthetic and 
because both the elbow and wrist joints are free, 
patient can carry out his/her routine work 
unhindered. 

• The brace is usually worn until there is evidence of 
Sound union. Any breakage or loosening in between 
calls for a repair or removal and reapplication. 

Elbow Cast Brace 

Indications 

1. Intercondylar fracture humérus 

2. Badly comminuted fracture at lower end humérus 
which cannot be fixed 

3. Side sweep injuries of elbow 

4. Fracture BBFA upper third, after IM nailing. 
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Technique 

• A double stockinet is applied extending from the hand 
to the shoulder after préparation of skin and dusting 
mycoderm powder. 

• The patient is sitting while an assistant keeps the 
stockinet pulled and holds the limb so that the: 

i. shoulder is in slight abduction to facilitate 
application of cast 

ii. the elbow is kept in flexion 

iii. forearm in midprone position. 

• The two humoral condyles, the olecranon and the j oint 
line are marked by the marking pencil 

• A well-moulded cast is applied (using one POP 
bandage) over the arm extending from the insertion 
of deltoid/anterior axillary crease to just above the 
condyles. 

• Anteriorly this cast is curved proximal to the elbow 
joint so as to permit full flexion. 

• Next a well-moulded cast is applied over the forearm 
so as to extend proximally from the level of radial 
head to the wrist joint. 

• The brace is now so moulded so as to fit to the contours 
of the arm and forearm and so that it does not hinder 
the elbow movement. The hinge of the brace is kept 
just anterior to the axis of the elbow joint. 

• Long arm of the brace are kept proximally or distally 
depending on the fracture site, so that the arm of the 
brace extend beyond the fracture site. 

• Now keeping the brace in the required position, POP 
bandages are firmly applied over the arm and forearm 
with the précaution that the brace does not slip from 
the required position. 

Results 14 

The average healing time for tibial fracture is 15 to 16 
weeks, which is more in fémoral fracture, i.e. 16 to 20 
weeks. The movement at the knee is achieved to about 
90° in two weeks time, and it immediately increases after 
removal of the brace. Similarly almost full movements 
are achieved in 4 weeks in ankle and subtalar joint after 
application of ankle brace. In most of the sériés, the 
average shortening is 1 to 1.5 cm which is acceptable. 
The angulation has been reported to be less than five 
degrees in 80 to 85% cases. This is also very well 
acceptable. Patients treated with cast brace rarely show 
any rotational deformity. About 65% patient returns back 
to work by approximate 8 weeks. 14 


Complications 

The usual complication of plaster application also occurs 
in brace treatment. The joints may develop swelling, 
ischemia, etc. But the complications in brace treatment 
are particularly related to métal brace, like loosening, 
breaking and bending. Even few cases may develop 
nonacceptable augation and shortening. Delayed union 
and nonunin may also occur. 

The cast bracing treatment is an excellent method of 
treating fractures. It is safe, simple and cost-effective. It 
avoids the hazard of plaster disease in conservative and 
infection in surgical treatment. It has high patient 
acceptability. It allows early return to sedentary 
occupation. It does not reduce the healing time but 
significantly reduce the incidence of delayed and 
nonunion. It is appropriate and best suited middle path 
régime in the management of fractures in our country. 
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157.2 Treatment of Fracture of Shaft of Long 
Bones by Functional Cast 

GS Kulkarni 


INTRODUCTION 

"The fracture of the tibial shaft heals not because of the 
surgery performed on it but in spite of it"—A Sarmiento. 5 

Functional cast has been the most useful and of the 
greatest benefit in the management of fractures of the 
tibial shaft. The other long bone satisfactorily treated by 
functional cast in the humérus. Majority of fractures of 
tibia and humérus can be treated with the functional cast, 
with results equal to or perhaps superior to those of 
internai fixation. Complications of functional cast 
treatment are preventable. Nonunion is virtually 
nonexistent. Shortening of the limb by a few mms and a 
few degrees of angulation are functionally and 
cosmetically acceptable. A shoe raise is préférable to 
nonunion. 

This is especially true in our country. If the hospital 
has no facilities to use plastic braces, after the initial 
treatment of the fracture of the long bone by plaster cast, 
the surgeon may continue to use plaster cast till the 
fracture unités. This method is extremely useful in district 
hospitals and rural set-up. 

Bohler (1936) was the first to advocate a weight- 
bearing plaster cast for fractures of the tibia. However, 
he recommended initially skeletal traction for three 
weeks. Dehne 1 and Sarmiento 5 popularized the 
functional cast or brace. The vast majority of the tibial 
fractures will heal with nonoperative treatment. 

Basic Principles of Functional Treatment 7 

Basic principles of closed treatment of fractures by 
functional cast and cast-brace hâve been extensively 
studied by Dehne, Sarmiento and other s. 

The initial shortening: Soft tissues of the leg encased in 
a plaster cast stabilize the fracture and prevent 
shortening. On weightbearing, the initial shortening does 
not increase. 

Initial shortening dépends upon the extent of soft 
tissue damage. However, on weight bearing the initial 
shortening recurs if the fragments are not anatomically 
reduced or hooked. 

Therefore, it is important to measure the initial 
shortening. If it is more than 15 mm of shortening, it is 


necessary to reduce the shortening by external fixation, 
for 4 to 5 weeks and then change over to functional cast. 

Function favors osteogenesis: Healing of a fracture is 
directly proportional to vascularity of the area. Function 
enhances muscle activity. Physiologically, it is estimated 
that vascularity increases 20 times when a muscle is 
contracting. When a muscle is immobilized its blood 
supply decreases. There is overwhelming evidence that 
function rather than rest is more bénéficiai in obtaining 
uneventful osteogenesis 

Less muscular atrophy: When functioning, the strength 
of the muscles of the fractured limb is maintained till 
fracture healing occurs. Soft tissue injury also heals better 
when function is added to the treatment. When the soft 
tissue are gliding, development of inelastic deep scar of 
the soft tissues. Pumping action of muscle helps to clear 
tissue edema and enhance mineralization of bone. 

Joint functions recover early and no stiffness of joints 
occur. Rigid fixation of fractures is not only essential for 
fracture healing but is unphysiological. 10 The suppression 
of peripheral callus by surgical introduction of plates and 
screws is a severe interférence with the normal process 
of bone union. Such interférence is demonstrated by the 
need to delayed removal of métal devices for about twice 
the time than it normally takes for a callus to become 
structurally efficient and Consolidated. Fractures heal not 
because they are rigidly fixed but in spite of it. 

The functional treatment of fractures has consider- 
ably reduced the cost of management of many common 
fractures and the period of hospitalization. 

Patient starts function very soon. He or she is up, can 
attend to his or her work earlier after healing of fractures. 
This has the effect of psychological well-being. The 
patient can return to a near normal functional activity 
during healing period. 

Functional cast or brace is very suitable to fractures 
of long bones such as tibia, humérus where angulation, 
rotation and shortening can be controlled. However, its 
application to intra-articular and periarticular fractures 
is very limited. 7 

Anatomie réduction is not necessary for fracture 
healing. Overriding fractures heal better. 4 
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Motion 

Motion is life. Ail tissue move with function and become 
elastic. Stress and motion hâve bénéficiai effect on the 
newly formed healing tissues. Stabilization, not 
immobilization is important to reduce pain, maintain 
alinement and to prevent deformity, but it is nor required 
for fracture healing. Immobilization is detrimental and 
unnatural. Prolonged immobilization of the limb, not the 
fracture itself causes "fracture disease". 

Immobilization of fragments one joint above and one 
below is not essential for fracture healing. Motion 
between the fragments enhances osteogenesis. 

Nonunion is virtually absent: The huge periosteal callus 
formed provides structural rigidity and stabilizes the limb 
in the early as well as late stages of healing. Fracture 
healing is almost assured in a functional cast (97 to 98%). 

Complications Preventable 

Malunion—angularly rotatory deformity and shortening 
are preventable so also compartment syndrome and 
thromboembolie disease. 

Keep the closed fractures closed and open fractures 
open. An important dictum for treating fractures of tibia 
is not to open the closed fracture for internai fixation and 
not to close the open fractures at the primary 
management (debridement). Today closed fractures and 
open fractures grade I and II (even grade IIIA) are treated 
by closed locked intramedullary nailing, with or without 
reaming. 

Rôle of Soft Tissue 

Soft tissue Controls the amount of motion at the fracture 
by three mechanisms. 

1. The soft tissues act as pseudofluid. It has hydraulic 
effect and therefore is incompressible. The muscle 
compartments act as fluid like structures when 
surrounded by a rigid plaster cast. The soft tissues 
compress the fracture site and act as an internai splint. 
For this "hydraulics" 8 effect of the tissue, proper snug 
fit of the cast or brace to the leg is necessary. Therefore, 
loose cast should be changed. 

2. The second mechanism is the intrinsic strength of the 
soft tissue as they support the bone fragments. 

3. The powerful interosseus memberane that bridges the 
two bones also plays in important rôle in stabilizing 
fragments, if it is intact. 

Sarmiento 8 summarizes the rôle of soft tissue in the 
stabilization of tibial fractures. 

Initial shortening at the time of fracture when 
immobilized in functional cast remains essentially 


unchanged. The position is maintained despite the fact 
that function, or weight bearing is permitted prior to 
development of intrinsic stability. Hydraulic stability is 
important in the prévention of shortening at the fracture 
site, while in fractures of tibia interosseous membrane 
and elastic soft tissue play a significant rôle in the 
prévention of shortening, but the combination of ail is 
potentially responsible for the maintenance of stability 
of a fracture of the tibia during weight bearing function. 

Ian Macnab quotes Girdlestone, 3 "It is perhaps timely, 
therefore, to remember the words of Girdlestone who 
stated in 1932. 

There is danger inhérent in the mechanical efficiency 
of our modem methods of treating fracture by internai 
fixation, danger lest the craftsman forgets that union 
cannot be imposed but may hâve to be encouraged. 

For, a long bone is a plant, with its roots in the soft 
tissues, and when its vascular connections are damaged, 
it often requires, not the technique of a cabinate-maker, 
but the patient care and understanding of a gardener. 

The inévitable damage to the periosteum occurring 
during open réduction and internai fixation must, 
préfacé, jeopardize the blood supply to the distal 
fragment and thereby delay union. Unless skillfully 
performed, the potential disasters inhérent in an open 
réduction of a fractured tibia far outweight its theoretical 
advantages. 

Sarmiento 6 makes the following observations "Surgical 
intervention by internai fixation of long bones is a 
violation of the physiological process of osteogenesis. 
Fractures of the appendicular skeleton heal, not because 
of the surgery performed, but in spite of it. 

Internai fixation of fractures is often resorted to 
because of the fear that on functioning or weight bearing, 
the limb would become short, such a fear it ill-founded. 
A large number of cases treated by the functional method 
and reported in the literature show that limb does not 
become short on weight bearing. 

Rigid fixation is unphysiological and deprives the 
skeletal structures of subjection to the normal stresses 
which maintain the physical and metabolic properties of 
bone. Likewise, the premise established by Robert Jones, 
the 'Test enforced, uninterrupted and prolonged is the 
main foundation of Sound healing" when rigidly adhered 
to is misleading and often damaging. "Function provides, 
a healthy milieu where intermittent muscular function 
and weight bearing, motion of adjacent joints and 
increased circulation create a désirable thermie, electric 
metabolic physiological environment." 

The concept that rigid fixation is necessary for 
osteogenesis has been proved untenable. Slight, 
controlled fracture motion associated with functional 
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weight bearing provides early callus response most 
beneficially. The concept that closed treatment demands 
absolute immobilization of the joint proximal and distal 
to the fracture has also been disproved, particularly by 
the work of Sarmiento. The evidence abounds that the 
functional motion rather than forced immobilization is 
most compatible with effective healing. 

The results of operative treatment, even in the most 
experienced hands, may corne close functional manage¬ 
ment. The surgeon who elects to perform open réduction 
of fracture tibia assumes or causes the patient to assume, 
the risk that are unnecessary in the majority of the 
fractures. 

Vascutarity 

Bone formation is directly proportional to the vascularity 
at the fracture site. Periosteal blood supply is crucial to 
the formation of perpheral callus. When a fracture occurs 
blood supply is eut off. Most of the vascular response 
cornes from the surrounding soft tissue. Medullary 
circulation is slow to establish. Therefore, more the 
damage to the soft tissue, less is the blood supply. 
Therefore, it is mandatory for the surgeon to preserve 
vascularity during debridement and further treartment. 
This is true for comminuted open fractures. Tissue-respect 
to preserve even small blood vessel is very important. 
Ail the soft tissue attachment of bony fragments must be 
preserved. However, careful the surgeon is a significant 
amount of vascularity is disturbed during internai 
fixation of fracture. This is one of the important objections 
to the internai fixation. 

Functional cast treatment should be postponed or 
resorted to other modes of treatemt of initially treatment 
by external fixator and then transferred to functional cast 
in the following situation of the fracture of tibia. 

1. Initial shortening more than 2.0 cms 

2. Grade III open fractures 

3. Severe comminution in open or closed fractures 

4. Long oblique fracture. Weight bearing would lead to 
unacceptable shortening 

5. Intra-articular extension 

6. Initial wide displacement with severe soft-tissue 
injury. In this situation if functional cast is given it 
may lead to compartmental syndrome. 

7. Functional cast is unsuitable for mentally incompe¬ 
tent or uncooperative patients. 

8. Patients with impaired sensation due to injury, 
diabètes, leprosy, etc. 

9. Patients with spastic disorders. 

Mechanical Stimulation in the 
Treatment of Tibial Fractures 

John Kenwright el al 2 hâve studied the controlled 
mechanical stimulation in the treatment of tibial fractures. 


He has shown that healing process is extremely sensitive 
to small changes in mechanical environment, especially 
in early weeks. The early application of axial micro- 
movement for a short period each day will enhace the 
healing process when using external skeletal fixation. 

Method of Functional Cast 

The fracture is reduced as early as possible, often on the 
same day. Sarmiento States that, sudden réduction of 
fracture in a swollen limb may cause compartmental 
syndrome. We hâve not had this expérience. Fracture is 
reduced usually under diazepam and pentazocine, rarely 
under general anesthésia. Both the limbs are allowed to 
hang at the edge of the table. The uninjured leg is 
compared with while reducing the fracture. Anatomie 
réduction is attempted. 

Sarmiento does not try anatomie réduction but, just 
alines the fragments. According to him overriding 
fragments heal better. However, we feel réduction is 
essential. After the réduction below-knee-plaster cast is 
given. Care is taken to keep the foot at right angle to leg 
to prevent equinus deformity of the foot. Then, the plaster 
is extended to justbelow the groin. The plaster is moulded 
around the ankle and knee to take the shape of the thigh 
and leg. As the tibia is slightly in varus position, attempt 
is made to keep the leg slightly varus and not straight. 

Subséquent Management 

"Contrary to popular ideas the operative treatment of 
fractures is much simpler than nonoperative" 

—John Charnley. 6 

1. Elévation: The élévation of the limb is to be continued 
for 5 to 7 days, preferably by an overhead suspension. 
The patient actively works on toe movements, and 
isométrie quadriceps and leg muscle exercises and leg 
raising. Pain on passive extension of toes and undue 
pain in the leg should alert the physician to look for 
compartment syndrome. 

2. The radiographs after réduction should always 
include the knee and ankle on one film in order to 
assess the alinement. The patient should be out of bed 
as soon as possible even the next day and move on 
crutches or walker and bear weight to tolérance. 
Radiographs are repeated after a week. 

Crutches should be measured properly to put the 
hand piece at proper height. The patient is instructed 
to take the weight on his or her hands and not in the 
axillae. The opposite shoe needs a lift of 3/4 to 1 inch 
to compensate for the straight knee and the thickness 
of the plaster on the volar aspect of foot of the 
fractured leg. 

Gradually he or she takes weight on the injured 
leg to tolérance. At about 2 weeks, he or she should 
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discard the crutches and take a cane in the opposite 
hand or no walking aid at ail. He or she is encour- 
aged to attend to his or her work. The patient is usually 
discharged from the hospital within 3 to 7 days. 

3. At two weeks radiograph is taken to detect any 
angulation. If it is présent, it is corrected by wedging. 

4. After 4 weeks plaster is removed, radiograph taken. 
A PTB or below knee cast is applied. Wedging to 
correct angular deformity can be done up-to 6 weeks. 
Two weekly follow-up radiographs should be done 
for the first several weeks to detect any changes in 
alinement or loosening of the cast. 

It is interesting to note that Schatzker 11 also follows 
almost the same protocol. 11 He allies the fracture by 
gravity réduction with the patient in the sitting 
position. Patient is admitted to hospital to monitor 
for any impending compartment syndrome. Within 
two to three days, the patient is encouraged to stand 
upright and begin weight bearing. As much as he can 
tolerate. Usually between the 7th and 14th day full 
weight bearing with the use of crutches may be 
achieved. Depending on the type of fracture présent, 
the above-knee cast may be converted to a below-knee 
patellar-bearing plaster or to a functional cast brace 
between the fourth and eighth week. However, there 
are some fractures that are best left in an above-knee 
plaster, namely, those occurring close to the knee 
joint, and those associated with an intact fibula 
(Figs IA to C). 

5. The average healing time with fractures treated in this 
manner is 14 to 20 weeks. The most important clinical 


criterion is weight bearing stability. The weakest link 
in the study of tibial fractures is the method of 
determining when the fracture has healed. 

6. Clinical union is more important than radiological 
healing. If there is no tenderness, no mobility of the 
fragments, and if the patient can bear weight without 
pain, the fracture is clinically united, and the patient 
is allowed to walk without plaster. If there is any 
doubt below-knee plaster cast and weight bearing 
should be continued for another four weeks. 
Swelling of the extremity may be a problem. The 
patient is told that he or she must elevate the extremity 
whenever he or she is not actually walking. An elastic 
compression type of stocking may be applied in the 
morning. More attention is paid to strengthening 
the muscle groups of the lower extremity from hip 
to toe. Walking, cycling and swimming helps réhabili¬ 
tation. 

Most important critical point is to décidé whether the 
fracture has united or not. Radiographs can be deceptive. 
The huge callus may superimpose on the nonunion line 
or gap, in both AP and latéral view. 

Twenty week is accepted to be the point at which the 
fracture is labeled as delayed union. It is also difficult to 
define the moment when delayed union becomes 
nonunion. Sclerosis of the fractured ends, flaring of these 
ends, closure of medullary cavity, a clear gap at the 
fracture site, pain on weight bearing and tenderness 
indicate nonunion. 

In summary, in the early phase compartment 
syndrome must be taken care of and in the later phase 




Figs 1A to C: (A) Above-knee walking cast for early weight-bearing treatment in tibial fractures, (B) a functional patellar 
bearing below-knee cast, and (C) functional brace allowing ankle and knee motion 
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prevent redisplacement of the fracture leading to malunion 
and detect thromboembolie disease. 

Acceptance of Réduction 

Anatomie réduction of course is an idéal one. 

1. Up to 15 mm of shortening is functionally acceptable 

2. 5 to 10° of angulation is acceptable 

3. Rotation should be nearly perfect. 

If the principle that function and union must be the 
first considération is accepted, then one must accept 5 to 
10° of angulation in any direction, up to 15 mm shortening 
and 5 to 10° of external rotation. The deformity within 
this limit is functionally and cosmetically satisfactory. 
Shortening more than 15 mma will require a shoe raise. 

An initially satisfactory alinement usually can be 
achieved by closed réduction, perhaps including cast 
wedging. Alternative treatment is generally indicated for 
alinement that is or becomes unacceptable. 

Shortening: Without skeletal fixation or traction, 
shortening dépends upon the extent of soft tissue disrup- 
tion and the quality of fracture fragment interlocking. 
Early, aggressive restoration of length in a severely 
injured limb may increase the risk of compartment 
syndrome unless adéquate fasciotomies hâve been 
performed. If significant shortening persists for a week 
or more, the opportunity to restore length with closed 
réduction is often lost. If réduction is anatomical or the 
fracture ends can be hooked on, length will be 
maintained. Shortening is anticipated in (i) comminution, 
and (ii) initial displacement more than 15 mm. Here 
external fixator (or open réduction with internai fixation) 
is indicated. We prefer external fixator. IM nailing is not 
suitable for comminuted or spiral fractures, unless the 
nail is locked. IM nail poorly Controls the rotational 
deformity. Reaming may cause compartmental 
syndrome. 11 Plate and screws are best suited for tibial 
shaft fractures with intra-articular extension and for spiral 
fractures. If there is significant soft tissue damage plating 
is associated with many complications. External fixator 
is best suited to correct deformities angulatory and 
rotational and shortening. 

Angulation 

Even 5° of valgus angulation becomes more visible 
because normally tibia is in slight varus position. Ankle 
and knee joint surfaces should be parallel to each other 
to prevent maldistribution of weight bearing stresses. 
Some varus is cosmetically better. Some valgus 
angulation is cosmetically noticeable, and the patient has 
to walk with foot in slight equinus. Healing is obviously 
more rapid, and delayed union or nonunion is much less 


possible when there is little or no displacement of the shaft 
fragments. This view is challenged by Sarmiento who 
thinks that overriding fragments heal better. 

There is a temptation during the alinement of fractures 
of the tibial to make the cast as straight as possible. This 
frequently results in the introduction of valgus to the limb 
since the straight cast does not take into considération 
the usual normal varus bowing of the tibia. 

Rotational deformity: Rotational deformity, more than 5 to 
10°, does not interfère with function or appearance. A 
few weeks of immobilization in a plaster cast or external 
fixator solves this problem. Rotational deformity is 
corrected by alinement of patella, leg and foot. Internai 
rotation becomes more obvious than external rotation. 

Equinus deformity: Sarmiento 1 2 3 4 5 6 7 8 9 10 States, "It is important, that 
excessive anterior bowing and recurvatum deformities 
be prevented. The time of initial plaster stabilization is 
the most désirable time to acheive this réduction. This 
can probably be explained since equinus contractures of 
the ankle develop rapidly. A foot held in equinus for even 
as short a time as two weeks cannot be passively 
dorsiflexed to neutral. The sudden freedom of motion of 
the ankle and introduction of weight bearing "on the bail 
of the foot"results in a dorsiflexion movement at the ankle 
and recurvatum of the distal fragment of tibia. When the 
patient bears weight on the equinus foot, this results in 
recurvatum deformity of the tibia. 

Delayed union: Most of the fractures in a functional cast 
unité within 20 weeks. If the fracture does not unité at 
21 st week, bone grafting should be considered to hasten 
healing. 

Complication of Functional Cast (Table 1) 

TABLE 1: Results of 1050 cases of fractures of the 

tibia 


1. Malunion acceptable—152 

unacceptable—12 

2. Nonunion—18 

3. Chronic osteomyelitis—ail open fracture—8 
Draining sinus, sequestri, ail healed after surgery 

4. Compartmental syndrome—1 
Fasciotomy— Minor clawing toes 

5. Stiffness— Knee—Nil 

Ankle stiffness—16 
Disabling in—3 

6. Edema feet for 6 months—8 

1 year—3 
Chronic edema—1 

7. Equinus deformity—2 

8. Arterial insufficiency—Nil 

9. Nerve injury—Nil 

10. Refracture—Nil 
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Disadvantages ofFunctional Cast 

1 . Constant vigilance for loss of réduction and to prevent 
malunion 

2. Cumbersome plaster—Compartmental syndrome, 
chronic edema, etc. 

3. Repeated radiographs. 

Fractures of the Humérus Treated by 
Functional Cast 

On day one cylindrical cast is given from shoulder to 
elbow as shown in the figure. Pendulum movements are 
allowed from next day. After 15 days the cast is changed 
to plastic brace with velcro attachment. Patient is asked 
not to remove the brace. He or she may tighten it if it is 
loose. Majority of the fractures (95%) unité. In majority 
the radial nerve palsy recovers. The wrist drop is treated 
by cock-up splint. If the hospital has no facilities for plastic 
brace, plaster cast may be reapplied whenever it becomes 
loose. Usually the cast needs to be maintained for a period 
of 3 to 4 months. At our set-up, we use functional cast. 


followed by alkathin brace, only for the fractures of the 
tibia and humérus in selected cases. 
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Open fractures (the term 'Compound fractures' being no 
longer preferred) are those in which a bone or joint 
structure is exposed to the environment due to disruption 
of the soft tissues and overlying skin. These are usually 
high energy injuries with severe bone and soft tissue 
involvement and are often associated with decreased 
vascular supply, contamination, degloving of skin and a 
variable degree of soft tissue damage. Many of them occur 
as a part of major polytrauma and a team approach is 
essential to save the life and restore the function of the 
limb. Improvements in intensive care management, the 
availability of powerful antibiotics and development of 
surgical principles of radical debridement, immédiate 
bone stabilization and early soft tissue cover hâve largely 
improved the outcome. However these injuries continue 
to remain a major challenge to the trauma surgeon as 
there is still a high incidence of amputations, infections 
and poor outcome at the end of treatment. 

HISTORY OF MANAGEMENT 

The history of management of open injuries can be traced 
through the four eras of life préservation, limb 
préservation, infection control and now finally, the era 
of functional restoration (Table 1). 

In the time of Hippocrates, a major crush injury of a 
limb essentially meant loss of either the limb or life. This 
situation prompted Hippocrates to advise that "a 
physician should avoid the treatment of such patients if 
he has a reasonable excuse to do so because the risk is 
enormous, success so small." He also considered that it 
was justifiable to lose a limb in order to save a life and 
amputation was the standard treatment. Lack of 
knowledge for the need for debridement and indiscri- 
minate closure of wounds continued to be causes for a 
high mortality rate of 41% even during the Franco- 


TABLE 1 : Evolution of open fracture management 


Era of life préservation 

Era of limb préservation 
(1860-Early 1900) 

Era of infection prévention 
(after 1940) 

Era of functional restoration 
(Post 1970) 


• Before the advent of antibiotics 
and principles of aseptie surgery 

• Post Lister Era 

• Evolution of aseptie surgery 

• Following advent of antibiotics 

• Principles of debridement 

Advent of principles of 

• Early resuscitation of shock 

• Refinement of debridement 
techniques, modem soft tissue 
and bone reconstruction 
principles. 

• Team approach- // Orthoplastic" 
approach. 


Prussian War (1870). The birth of the principles of 
antisepsis in the late parts of 19th century (mainly due to 
the contribution of Louis Pasteur and Joseph Lister) and 
the understanding of bacterial contamination and cross 
infection lead to a vast improvement in results. 
Application of principles of antisepsis, immédiate 
splintage of fractures and availability of chloroform 
which allowed better cleaning of wounds helped to 
reduce mortality rate of these fractures from 60 to 25% 
during World War I. 

Préservation of life and limb continued to challenge 
surgeons till the discovery of penicillin by Alexander 
Fleming in 1929. Karl Landsteiner (1883-1943) pioneered 
the study on blood groups and slowly the importance of 
blood volume replacement was recognised. Early blood 
volume replacement and revival from shock led to the 
decrease in the incidence of pulmonary failure. Early 
revival of shock by adéquate fluid and blood replacement, 
use of powerful antibiotics, immédiate splintage of limb 
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with early debridement and leaving wounds open and 
quick transportation helped the American Army to 
reduce mortality rates to less than 9% in the Afghan war. 

With control of mortality, the focus of attention 
changed to control of infection. Surgeons realized that 
the essential différence between success and failure was 
the ability to control infection. It became established that 
infection could not be controlled by antibiotics and 
success rested on adéquate debridement and early soft 
tissue cover. Development of microsurgical techniques 
allowed free transfer of tissues and this along with bone 
transport techniques allowed reconstruction of large 
defects making limb salvage highly successful. 

With improvement in infection control, attention has 
changed to maximizing functional restoration. This will 
be possible only by a team approach involving trauma 
anesthetists, orthopédie surgeons and plastic surgeons 
committed to the treatment of open injuries. 

PATHOPHYSIOLOGY OF OPEN INJURIES 

In India, road traffic accidents form the single largest 
contributor of open injuries with approximately 85000 
people being killed every year and more than 1.2 million 
having serious limb injuries. Industrial and work-place 
accidents, sports injuries and gun short injuries are the 
other contributor s for open injuries. 

The damage that results to a limb due to an injury is 
the resuit of a high energy impact between an object and 
the limb. The amount of energy dissipated during this 
collision is determined by the équation, KE=mv 2 /2 where 
KE is the kinetic energy, m is the mass and v 2 represents 
the square of the speed. According to the law of 
conservation of energy, the entire energy is transferred 
to the limb (Table 2). During the collision phase, energy 
is stored in the soft and hard tissues until the strength of 
the respective material is exceeded. This energy may 
resuit in serious comminution of the bone with extensive 
periosteal stripping and soft tissue damages. The 
comminuted bone pièces may acquire significant 
velocities which propel them into the surrounding soft 
tissues resulting in additional local damage. If the injury 


is severe, the limb absorbs the energy and then releases 

TABLE 2: Energy transmitted by injury mechanism 

Fall from curb 

100 

Skiing injury 

300-500 

High-velocity gunshot wound (single missile) 

2000 

20-mph bumper injury (assumes bumper 

100,000 

strikes fixed target) 



Data from Chapman MW. Rôle of bone stability in open fractures. 
Instr Course Lect 1982;31:75-87 . 



Fig. 1 : Assessment of the severity of trauma in an open injury 
must be done by a careful évaluation of the damage to ail the 
components of the limb and not merely by the size of the wound. 
The above injury shows only a small wound but was associated 
with extensive degloving and also severe comminution of the 
bone. During debridement, most of the comminuted fractures 
had to be removed leading to a large bone loss making the 
injury a INB injury. The other factors to be assessed are the 
extent of degloving, degree of contamination and devitalization 
of soft tissues 

it in an explosion that tears apart the skin and créâtes a 
momentary vacuum that sucks adjacent foreign material 
into the depths of the wound. The extent of devitalization 
and contamination cannot be determined by the 
dimensions of the wound (Fig. 1). 

A severe damage to the soft tissues may also resuit 
later in an enormous swelling of muscles. Although one 
of the compartments may be exposed by the open injury, 
the swelling can cause a severe compartment syndrome 
of the intact compartments of the limb. The treating 
surgeon should be aware that the incidence of 
compartment syndrome is infact more in open injuries 
than closed fractures. 

INITIAL EVALUATION AND MANAGEMENT 

A patient with an open injury can hâve associated life 
threatening injuries and mustbe evaluated and managed 
by the established principles of ATLS. Focus of attention 
should be on adequacy of airway, breathing and 
circulation. Primary survey must be performed by an 
experienced person to rule out injury to the chest. 
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Fig. 2: The surgeon must not fall for the obvious in a patient 
with open injury, but must examine the patient in detail as many 
of them may hâve associated life threatening injuries. This 
patient with a type NIA fracture of the tibia had only a small 
wound on the forehead but investigations showed a severe 
head injury with bleed which required décompression 

abdomen and pelvis which can lead to rapid détérioration 
(Fig. 2). The loss of blood volume must be quickly 
evaluated and measures to replace blood volume be 
rapidly done. Prolonged shock has been shown to be 
associated with increased mortality and unacceptable 
high rate of complications like infection, nonunion and 
pulmonary complications. 

The wound itself must be covered by stérile 
compression dressings to control bleeding and the limb 
must be splinted and elevated to reduce pain and edema. 
Apart from a quick évaluation of the nature of injury and 
ruling out neurovascular déficits, there is hardly any 
benefit in an elaborate examination of the wound in the 
casualty. No attempt must be made to probe the wound 
as it may resuit in bleeding due to dislodgement of 
hematoma or fresh injury to the vessels. Attempts to 
blindly clamp a bleeding vein or artery may also lead to 
permanent damage to the neurovascular structures by 
inadvertent clamping and crushing of a neighboring 
nerve or artery. It is only rarely that élévation and 
application of compression bandage would be inadéquate 


TABLE 3: Signs of vascular injury 

Hard signs 

• Absent puises. 

• Severe hemorrhage. 

• Expanding and pulsatile hematoma. 

• Bruit or thrill. 

Associated signs 

• Associated numbness and neurological déficit. 

• Différence in skin température distal to injury. 

• Absence of pulse-oximeter reading, no capillary 
blanching. 


to arrest the bleeding. A temporary tourniquet is only 
very rarely necessary till the patient is shifted to the 
operating theater for proper exploration and hemostasis 
under anesthésia. 

It is important that ail wounds are photographed to 
document the severity of injury and contamination. An 
initial assessment and grading according to the criteria 
of Gustilo et al can be done but the full grading must be 
done after complété assessment at the end of debride- 
ment. Joint dislocations must be reduced at the earliest. 
If palpable puises are not présent, the limb must be 
brought to an anatomical location and vascularity 
rechecked (Table 3). 

If puises are absent even by a Doppler examination, 
additional investigations like a regular or CT angiogram 
must be performed to evaluate vascular injury. CT 
angiograms not only point the location of the block but 
also can evaluate the adequacy of collateral blood flow 
(Fig. 3). 

Considering the body of evidence indicating hospital 
contamination for infections in open injuries, ail efforts 
must be taken to prevent contamination after entry into 
the hospital. The wound once covered with stérile 
dressing must not be removed till the patient is in the 
operating theater. A complété orthopédie examination 
is then performed with the examiner noting any areas of 
pain (if the patient is alert), any obvious deformities, or 
any lacérations or bruises. Approximately 25% of skeletal 
injuries missed are in patients with multiple trauma. 
These injuries are often in the hand and foot, and these 
areas should be evaluated carefully. If the patient is stable 
and there are no vascular injuries, a radiographie 
examination of ail known and suspected injury sites is 
performed at this time. 

Pain relief is also a major point of concern and it is 
good if patients can hâve a local block once the 
neurovascular status has been assessed. Complété pain 
relief can be achieved, especially in the upper limbs by 
régional blocks and the patient is more cooperative for 
further évaluation and treatment. In our unit, after rapid 
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Fig. 3: In patients with suspected vascular injury, CT angiograms allow an easy and accurate method of diagnosing the extent 
and site of the block. They also demonstrate the presence and adequacy of the collateral blood flow. The above patient with a 
upper tibial injury had a vascular compromise. CT angiogram done immediately demonstrated the site of the block and a poor 
collateral blood flow indicating the necessity for a vascular repair 


resuscitation and évaluation to rule out contraindications, 
most patients hâve a régional block before they are shifted 
for radiological assessment. Pain relief makes the patient 
gain confidence in the treating team and makes him more 
cooperative for appropriate radiological examination. 

EVALUATION AND CLASSIFICATIONS 

Open injuries vary from each other in the extent of 
severity of injury to the different structures of the limb 
and it is important that they are thoroughly examined 
and ail damages properly documented. The value of a 
photograph clearly depicting the nature of the wound 
cannotbe overemphasized. It is also important to classify 
the wound correctly as it is relevant for planning 
treatment and also comparing results from different 
institutions. 

Till 1960s, most surgeons merely classified fractures 
as open or closed. Ellis (1958) and Nicol (1964) were the 
first to subdivide their open fractures as minor moderate 
and severe but this was highly subjective. Further 
attempts at classification were made by Couchoix (1965) 
and later by Allgower (1971) and Anderson (1971) who 
individually classified fractures as Type I, Type II and 
Type III depending upon the characteristics of the wound. 
However, it was Gustilo and Anderson (1976) who first 


proposed the classification which is now followed 
worldwide (Table 4). Gustilo et al (1984) subsequently 
subdivided Type III open fractures into three subtypes 
depending upon the size of the wound, degree of 
contamination, amount of periosteal stripping and 
presence of arterial injury requiring repair for viability 
(Fig. 4). Gustilo's classification, thus, provided a practical 
System for classifying injuries according to the severity 
and differentiating between low and high energy trauma. 

While the size of the wound is important, other factors 
like the extent of degloving of the skin, degree of 
contamination, extent of periosteal stripping, crushing 
and devitalization of soft tissues and delay for 
debridement are also important factors in determining 
the Gustilo's grading of injury (Table 5). Although a 
preliminary grading can be done before debridement, it 
may need to be revised at the end of debridement as an 
accurate évaluation of the extent of loss of tissues can be 
done only after debridement. The Gustilo's grading has 
undergone many minor changes in description in 
literature but generally it is accepted that wounds which 
do not require a plastic procedure for wound cover are 
Grade IIIA injuries and wounds which require a flap 
procedure are Grade IIIB injuries. Irrespective of the size 
of the wound, a vascular compromise which requires 
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TABLE 4: Gustilo and Anderson’s classification of open fractures 

Type 

Wound 

Level of 
contamination 

Soft tissue injury 

Bone injury 

I 

< 1 cm long 

Clean 

• Minimal 

• Simple, 

• Minimal comminution 

II 

> 1 cm long 

Moderate 

• Moderate, 

• Some muscle damage 

• Moderate comminution 

IIIA 

Usually < 10 cm long 

High 

• Severe with crushing 

• Usually comminuted; soft tissue 
coverage of bone possible 

IIIB 

Usually >10 cm long 

High 

• Very severe loss of coverage 

• Usually requires soft tissue 
reconstructive surgery 

• Moderate to severe 
comminution 

me 

Usually >10 cm long 

High 

• Very severe loss of skin 
coverage plus vascular injury 
requiring repair; may require 
soft tissue reconstructive 

• Bone coverage poor; variable, 
may be moderate to severe 
comminution 




surgery 



• Gustilo RB, Anderson JT(1976). Prévention of infection in the treatment of 1025 open fractures of long bones: rétrospective and 
prospective analysis, J Bone Joint Surg (Am) 58A: 453-8. 

• Gustilo RB, Mendoza RM, Williams DM(1984). Problems in the management of type III (severe) open fractures. A new classification 
of type III open fractures, J Trauma 24:742-6. 



Fig. 4: The above three injuries depict the characteristics of type NIA, B and C injuries as per Gustilo’s classification. NIA injuries 
hâve exposure of the fracture area but the associated damage to the skin, muscles and bone are minimal. IIIB injuries hâve 
extensive soft tissue disruption and are associated with severe comminution of the bone and contamination to a variable degree. 
They also as a rule require plastic procedures for soft tissue cover. NIC injuries hâve vascular injury and require vascular repair 
for survival of the limb 
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TABLE 5: Characteristics of type INB wounds 
regardless of the size of the wound 

• High energy injuries with severe comminution of the bone, 
segmentai fractures or primary bone loss at accident site. 

• Severe crush of the limb with extensive devitalization of soft 
tissues. 

• Extensive degloving of the skin or deep abrasions requiring 
debridement of the skin. 

• Farm yard injuries or contamination with fecal matter, 
sewage or oral flora. 

• Delay in treatment for more than 12 hours. 


vascular repair for survival of the limb will make the 
injury Grade IIIC. 

Gustilo's classification was shown to hâve some 
prognostic value for rate of infection, incidence of non- 
union and requirement of soft tissue reconstruction and 
bone grafting procedures. Although Gustilo's classi¬ 
fication is the most widely used classification, it has many 
inhérent limitations. It does not address the question of 
salvage when the injury is so severe that the surgeon is 
in a dilemma of whether to attempt salvage or amputate 
the limb. The value of this classification and its 
applicability in open injuries of joints such as the ankle, 
foot and hand injuries is unknown. The System relies on 


subjective terms such as 'extensive soft tissue damage' 
or 'significant periosteal stripping' which leads to wide 
variation of interprétation between surgeons. The inter 
observer agreement of Gustilo's classification has been 
found to be only moderate to poor, highly case dépendant 
and varying with the expérience of the surgeon. Type III 
B group of injuries includes a wide spectrum of injuries 
ranging from the easily manageable to the almost 
unsalvageable (Fig. 5). The management and prognosis 
of these injuries are highly variable making this 
classification too generalized, ail inclusive and therefore 
nonspecific or not much of use in prognostication. 

OTHER OPEN INJURY SCORES 

The two major challenges to the trauma surgeon when 
faced with type IIIB injury is to predict salvage and also 
to plan the reconstructive procedures accurately. It is 
important that the possibility of limb salvage and the need 
for amputation is accurately assessed at the beginning of 
treatment itself as secondary amputations are associated 
with increased pain and suffering and unnecessary loss 
of finance and man days to the patient. Many injury 
severity scores for the lower limb hâve been developed, 
the more important of which are the Mangled Extremity 



Fig. 5: One of the main criticisms regarding Gustilo’s classification is that IIIB classification includes injuries of wide spectrum of 
severity of injury. Ail the above four injuries are by définition type IIIB injuries as they involve soft tissue loss, exposure of the 
fracture site and moderate to severe damage to the soft tissues. However, it is clearly seen that the injuries vary from the easily 
manageable to the barely salvageable. The treatment requirements and prognosis vary widely between these injuries. As a 
resuit, it is difficult to prognosticate the outcome and also compare the results of IIIB injuries from different institutions 
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TABLE 6: Mangled Extremity Severity Score (MESS) 


Type 

Définition 

Points 

A 

Skeletal/soft tissue injury 



Low energy (stab; simple fracture; / civilian / 
GSW) 

1 


Medium energy (open or multiple fractures; 
dislocation) 

2 


High energy (close-range shotgun or 'military' 
GSW; crush injury) 

3 


Very high energy (above and gross 
contamination; soft-tissue avulsion) 

4 

B 

Limb ischemia 



Puise reduced or absent but perfusion normal 

1* 


Pulseless; paraesthesias; diminished capillary 
refill 

2* 


Cool; paralysed; insensate; numb 

3* 

C 

Shock 



Systolic BP always > 90 mmHg 

0 


Hypotensive transiently 

1 


Persistent hypotension 

2 

D 

Age (years) 



< 30 

0 


30-50 

1 


> 50 

2 


* Score doubled for ischemia > 6 hours. 

• Johansen K, Daines M, Howey T, Helfet D, Hansae ST(1990). 
Objective criteria accurately predict amputation following lower 
extremity trauma, J Trauma 30: 568-72. 

Severity Score (MESS); the limb salvage index; the 
prédictive salvage index; the Nerve injury, Ischemia, Soft 
tissue injury, Skeletal injury, shock and Age of patient 
(NISSA) score and the Hannover fracture scale-97. These 
scores, however, hâve been designed to assess limbs with 
combined orthopédie and vascular injuries and are poor 
predictors for Type IIIB injuries. A prospective évaluation 
of their clinical use found that they performed poorly 
when applied to Type IIIB injuries in which vascularity 
was intact. They are cumbersome and therefore hâve not 
been regularly used in clinical practice. Of these scores, 
the Mangled Extremity Severity Score is the most 
commonly used. 

MANGLED EXTREMITY SEVERITY SCORE (MESS) 

The Mangled Extremity Severity Score (MESS) proposed 
by Johansen et al in 1990 is a relatively simple rating scale 
for lower extremity trauma based on the extent of skeletal 
or soft tissue injury, the extent of limb ischemia, the 
degree of shock and the patient's âge (Table 6). 

By a rétrospective study, it was proposed that a score 
below 7 indicates a high degree of salvage while a score 
of 7 and above required amputation. The biggest 
disadvantage with MESS is that it is applicable only to 


lower limb injuries with vascular injury and its 
applicability for upper limb injuries with or without 
arterial injury and lower limb injuries without arterial 
injury is not known. 

There is a need for a single scoring System which has 
a high sensitivity and specificity for salvage in Type IIIB 
injuries and which can predict clinical outcome. 

GANGA HOSPITAL OPEN INJURY 
SEVERITY SCORE (GHS) 

The Ganga Hospital Open Injury Severity Score was 
proposed to fill in the need for a single scoring System 
which has a high sensitivity and specificity for salvage 
in Type IIIB injuries and which can predict clinical 
outcome. 

One to five points are allocated, according to the 
severity of injury, to each of the three components of the 
limb: the covering tissues (skin and fascia), the skeleton 
(bones and joints) and the functional tissues (muscles, 
tendons and nerve units). Systemic factors, which may 
influence treatment and outcome, are given two points 
each and the final score is arrived at by adding the 
individual scores together (Table 7). 

Covering Tissues (Skin and Fascia) (Figs 6A to E) 

Wounds without skin loss which hâve an adéquate soft 
tissue bed and can be approximated without tension after 
debridement are given a score of one if they do not overlie 
the fracture and two if they expose it. Wounds with 
primary skin loss or which require extensive debridement 
of the skin due to friction burns or delgoving hâve a score 
of three if they are not over the fracture site and four if 
they expose it. Wounds involving skin loss over the entire 
circumference of the limb hâve a score of five. 

Skeletal Structures (Bone and Joints) (Figs 7A to E) 

Transverse or oblique fractures or a butterfly fragment 
involving less than 50% of the circumference hâve a score 
of one. The presence of a large butterfly fragment 
involving more than 50% of the circumference indicates 
a score of two and extensive comminution or segmentai 
fractures without loss of bone a score of three. Primary 
or secondary loss of bone of less than 4 cm has a score of 
four and of more than 4 cm a score of five. 

Functional Tissues (Muscles, Tendons and 
Nerve Units) (Figs 8Ato E) 

Exposure of musculotendinous units of any size with only 
partial direct damage of muscle units has a score of one, 
a complété but repairable injury with no résultant loss of 
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TABLE 7: Ganga hospital injury severity score 


Criteria 

Score 

Covering structures: skin and fascia 

Wounds without skin loss 

Not over the fracture 

1 

Exposing the fracture 

2 

Wounds with skin loss 

Not over the fracture 

3 

Over the fracture 

4 

Circumferential wound with skin loss 

5 

Skeletal structures: bone and joints 

• Transverse/oblique fracture/butterfly fragment< 50% 

1 

circumference 

• Large butterfly fragment > 50% circumference 

2 

• Comminution/ segmentai fractures without bone loss 

3 

• Bone loss < 4 cm 

4 

• Bone loss > 4 cm 

5 

Functional tissues: musculotendinous (MT) 
and nerve units 

• Partial injury to MT unit 

1 

• Complété but repairable injury to MT units 

2 

• Irréparable injury to MT units/partial loss of a 

3 

compartment/complété injury to posterior 
tibial nerve 

• Loss of one compartment of MT units 

4 

• Loss of two or more compartments/ subtotal 

5 

amputation 

Co-morbid conditions: add 2 points for each 
condition présent 

• Injury— debridement interval > 12 hours 

• Sewage or organic contamination/farmyard injuries 

• Age > 65 years 

• Drug-dependent diabètes mellitus/cardiorespiratory diseases 

leading to increased anesthetic risk 
• Polytrauma involving chest or abdomen with Injury Severity 

Score > 25/fat embolism. 

• Hypotension with systolic blood pressure < 90 mmHg at 

présentation 

• Another major injury to the same limb/compartment 
syndrome 



• Rajasekaran et al. A score for predicting salvage and outcome 
in Gustilo type IIIA and type IIIB open tibial fractures. JBJS(B) 
Vol 88-B, No.10, October 2006 


function a score of two, and irréparable injury resulting 
in partial loss of a compartment or a complété injury to 
the posterior tibial nerve has a score of three. Extensive 
damage of one entire compartment has a score of four 
and loss of more than one compartment a score of five. 

Comorbid factors. Factors which hâve a négative 
influence on the management, either by increasing the 
anesthetic risk for major surgical procedures or the 
outcome in open injuries, are each given a score of two. 
An interval of more than 12 hours before debridement of 


the injury, farmyard injuries or sewage or organic 
contamination, âge above 65 years, drug-dependant 
diabètes mellitus, the presence of cardiorespiratory 
diseases leading to an increased anesthetic risk, 
polytrauma involving chest and abdominal injuries with 
an Injury Severity Score > 25, fat embolism, hypotension 
with a systolic pressure of less than 90 mm Hg at 
présentation, a compartment syndrome or another major 
injury to the same limb are each given a score of two and 
the final score computed. 

The scoring is assessed after debridement when the 
severity of injury to ail components of the limb has been 
established accurately. 

A threshold score of 14 was found to hâve a high 
sensitivity and specificity to predict amputation. The 
score was found to hâve better prédictive rates than MESS 
for predicting amputation, especially in patients who had 
a very severe crush injury of the limb but where the 
vascularity was intact. 

The total score was used to assess the possibilities of 
salvage and the outcome was measured by dividing the 
injuries into four groups according to their scores as 
foliows: group I scored less than 5, group II6 to 10, group 
III11 to 15 and group IV 16 or more. Ail limbs in group 
IV and one in group III underwent amputation. Of the 
salvaged limbs, there was a significant différence in the 
three groups for the requirement of a flap for wound 
cover, the time to union, the number of surgical proce¬ 
dures required, the total days as an in-patient and the 
incidence of deep infection. The individual scores for 
covering and functional tissues were also found to offer 
spécifie guidelines in the management of these complex 
injuries. 

MICROBIOLOGY 

Contamination is the rule in open fractures but the 
relevance of initial contamination in causing the final 
infection is controversial. Gustilo et al hâve shown that 
bacteriae are présent prior to debridement in 60-70% of 
open injuries, increasing to 86.8% positive cultures in IIIB 
injuries. The majority of these bacteriae are however 
normal skin commensals like coagulase négative 
staphylococci and streptococci or environmental species 
such as Bacillus, Enterobacter aerogenes, enterococci, 
diphtheroids and Clostridium. These organisms are rarely 
the causative organisms when an infection is established. 
A poor sensitivity and specificity has been noted between 
the preoperative cultures and the development of 
subséquent infection. Most studies indicated that only 3 
to 7% of open injuries that were subsequently infected 
had the same organism as that of predebridement 
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Figs 6A to E: Ganga Hospital Score for covering tissues: Photographs showing A) Score 1 , wound without skin loss and not 
over the site of the fracture, B) Score 2, wound without skin loss but exposing the fracture site, C) Score 3, wound with skin loss 
and not over the fracture site, D) Score 4, wound with skin loss and over the fracture site and E) Score 5, circumferential wound 
with bone circumferentially exposed 



Figs 7A to E: Ganga Hospital Score for bones: Radiographs showing A) Score 1, transverse/oblique fractures/butterfly fragments 
< 50% circumference, B) Score 2, large butterfly fragment > 50% circumference, C) Score 3, comminution/segmental fractures 
without bone loss, D) Score 4, bone loss < 4 cm, E) Score 5, bone loss > 4 cm 
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Figs 8A to E: Ganga Hospital Score for functional tissues: Photographs showing A) Score 1 , partial injury to musculotendinous 
units, B) Score 2, complété but repairable injury to musculotendinous units, C) Score 3, irréparable injury to musculotendinous 
units involving one or more muscles in a compartment or complété injury to the posterior tibial nerve, D) Score 4, loss of one 
entire compartment and E) Score 5, loss of two or more compartments or subtotal amputation 


TABLE 8: Microbiology of open injuries 

• 33-86% of open injuries are contaminated and can grow a 
positive culture. 

• Majority of wounds hâve only normal skin commensals and 
nonpathogenic organism. 

• There is a poor sensitivity and specificity between preoperative 
cultures and subséquent infections. 

• Quantitative culture analysis of the bacterial load has not been 
found to be clinically useful. 

• Most of the infections in open IIIB injuries are the resuit of 
acquired hospital infection. 


cultures and in most injuries bacteria of initial cultures 
could never be recovered in subséquent infections. The 
change in the bacterial flora along with the fact that many 
infected IIIB injuries show hospital strains may indicate 
that most infections in open injuries are acquired by 
hospital contamination rather than from the site of the 
injury (Table 8). 

Spécifie pathogens are associated with certain types 
of environmental exposure gas gangrené caused by 
Clostridium perfringens usually follow farmyard injuries. 
Exposures to fresh water are associated with infections 
by Pseudomonas aeruginosa and Aeromonas hydrophila. 
Sait water contamination is associated with infection by 
micro-organisms such as Aeromonas , Vibrio and 
Erysipelothrix. 


THE PROBLEM OF INFECTION IN OPEN INJURIES 

Infections in Type I and II open fractures are infrequent 
and the overall incidence is similar to that of closed 
fractures. The infection rate in Type I fractures range from 
0 to 2% and in Type II fractures from 2 to 7%. Type III 
fractures are, however, associated with a high infection 
rate of 10 to 25% but it can be as high as 50% in Type IIIB 
and IIIC injuries. 

The organism for wound infection is likely to originate 
from three main sources (Fig. 9). Many of these injuries 
hâve contamination at the time of injury and the bacterial 
flora dépends according to the type of environmental 
exposure. However, these organisms are rarely the cause 
for persistent infection. Seventy percent of the clinically 
significant infections are due to multidrug résistant 
Staphylococcus aureus or coagulase négative staphylococci. 
The remaining organisms include gram-negative bacilli, 
mostly coliforms and enterobacteria and methicillin 
résistant Staphylococcus aureus and Pseudomonos 
aeruginosa. These organisms are rarely found in the 
community or at the site of accidents and are invariably 
due to cross contamination in the hospital. Patients can 
also be infected from endogenous sources from organisms 
of the mucous membranes, primarily the gastrointestinal 
tract (endogenous bacteria and anaérobie bacteria) and 
genitourinary tract. Presence of shock which causes 
violation of the mucosal barrier of the gastrointestinal 
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Fig. 9: The organism for wound infection in open injuries is 
from 3 main sources. Although majority of Grade INB injuries 
are contaminated, their significance in subséquent infections 
is debated. Endogenous infections are common in patients with 
severe shock where the mucosal barrier of the gut is lost and 
there is bacteremia of coliform organisms. Hospital 
contamination with résistant strains is, however, the most 
common cause for infection 

tract due to ischemia or catheterizations prédisposé to 
such endogenous infections. 

The high risk for infection after trauma is related to 
several factors: the extent of nonviability of tissues, the 
number and virulence of organisms, host résistance, 
adequacy of surgical debridement, and underlying 
medical conditions (Table 9). 

Presence of foreign débris such as wood splinters or 
glass fragments, or métal implants allow pathogens to 
circumvent skin and mucosal barriers and persist on these 
foreign surfaces. The presence of hematoma or 
accumulation of sérum, or devitalization or ischemia of 
injured tissue, provides a favorable environment for 

TABLE 9: Factors increasing risk for infection 

Local factors 

• Organic, farm yard or sewage contamination 

• Poor debridement with rétention of foreign débris and non - 
viable tissues 

• Inadéquate skeletal stabilization 

• Presence of dead space 

• Debridement later than 12 hours 

Systemic factors 

• Presence of shock and ARDS 

• Presence of co-morbid factors like âge above 65 years, metabolic 
disorders like diabètes mellitus 

• Compartment syndrome 

• Prolonged hospital stay and exposure to résistant organisms 

• Poor nutrition 


growth of pathogens, including anaérobie bacteria with 
decreased access of immune responses. Delay in 
resuscitation of systemic shock and presence of local 
hypoxia as a conséquence of poor blood perfusion are 
other significant factors leading to infection. Oxygen 
tension of 5 and 20 mm of Hg hâve been recorded in non- 
healing wounds and values less than 30 mm of Hg is 
recorded in infected and traumatized tissues. The 
probability of wound healing is extremely high if tissue 
oxygen tension (p0 2 ) is > 40 mm of Hg, but healing is 
unlikely to occur at levels of < 20 mm Hg. 

The surgeon can influence prévention of infection by 
early resuscitation of shock and also performing an early 
debridement which will remove ail foreign bodies, 
contaminated tissues, hypovascular tissues and also 
eliminate dead spaces. Early wound cover is also essential 
to prevent hospital contamination and colonization by 
hospital strains. 

THE ROLE OF ANTIBIOTICS 

It is important that for units treating a large number of 
open injuries to hâve a strict antibiotic protocol as this is 
one area where misuse and overuse of antibiotics is very 
common. 

Intravenous antibiotics must be given as soon as 
possible in ail patients with open injuries as the efficacy 
in reducing infections has been well-documented. About 
60-70% of the open injuries are contaminated at the time 
of arrivai to the emergency department and the organism 
may vary according to the ambience of injury. The 
antibiotic should hâve a broad spectrum of action and 
our first choice is either the first or second génération of 
cephalosporins. In open injuries involving proximal 
fémur or pelvis or with associated abdominal or périnéal 
injuries, it is prudent to add an aminoglycoside and 
metrogyl as there is an increased chance of fecal 
contamination. Similarly in farmyard injuries or 
contamination with animal faeces, penicillin must be 
added to prevent clostridial infection. The tetanus 
prophylaxis status of the patient must be assessed and 
must be supplemented if necessary. There is also a rôle 
for anti-gas gangrené sérum in patients with severe 
organic and fecal contamination. 

While care must be taken to institute antibiotic therapy 
immediately, the duration of antibiotic therapy must also 
be carefully monitored. Prolonged and indiscriminate use 
of antibiotics will lead to emergence of résistant strains 
and also to adverse effects of prolonged antibiotic 
therapy. It is prudent to stop antibiotics after a few days 
so that any occult or deep seated infection may surface 
allowing for culturing the organism. When multi-staged 
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reconstructive procedures are required, antibiotic therapy 
may be restarted just before each surgery and continued 
for a few days rather than prolonging the therapy during 
the entire inpatient stay. 

Patients with polytrauma, prolonged shock, 
abdominal injuries requiring gut or bladder handling and 
those with ARDS and metabolic disorders like diabètes 
may, however, need a longer period of antibiotic therapy, 
the duration and nature of which must be carefully 
decided on a patient to patient basis. 

DEFINITIVE MANAGEMENT 
The Question of Salvage 

The question of salvage must be addressed by the surgeon 
not only when there is an obvious vascular insult but also 
when there is a viable limb that is so severely mangled 
that the functional outcome after salvage is questionable. 
It is important that the question of salvage is not 
addressed by a single surgeon but collectively by an 
experienced team along with the patient and his relatives. 
Amputation when necessary should be discussed in 
depth and decided on the day of injury or as soon as 
possible as postponement of the decision prolongs the 
agony of the patient. The basis on which a fool-proof 
decision for primary amputation can be taken is still 
insufficient and the decision must be made on patient to 
patient basis. In case adéquate facilities are not available, 
it is important that patients are referred to specialist 
centres in time where salvage may be possible. 

The absolute indications for primary amputation are 
given in Table 10. However, many patients may fall into 
a grey zone of indeterminate prognosis where the 
decision of an experienced team is invaluable. The 
surgeon must not fall into the trap of "Victory of surgical 
enthusiasm over practical wisdom" and must not embark 
on a risky multi-staged reconstruction procedure which 

TABLE 10: Indications for primary amputation 

• Warm ischemia time over 8 hours and the limb is completely 
nonviable. 

• Vascular injury which is nonrepairable with no collateral flow 
seen in arteriograms. 

• Limb is severely crushed with minimal viable tissue. 

• Presence of severe and debilitating systemic diseases where 
lengthy surgical procedures to preserve the limb will endanger 
life. 

• Presence of severe multisystem injuries with an Injury Severity 
Score of 25 or more where salvage may lead to MODS and 
death. 

• Damage is so severe that ultimate function will be less 
satisfactory than prosthesis 


can endanger the life of the patient or lead to a salvaged 
but non-functional or painful limb. The local factors 
commanding attention would be the mechanism of 
injury, fracture patterns, extent of vascular injury, 
presence of neurological injury, associated ipsilateral 
extremity injury, and the degree of contamination. Apart 
from the severity of the injury to the limb, patient-related 
factors like âge, severity of shock, presence of co-morbid 
factors like uncontrolled diabètes mellitus, preexisting 
vascular diseases, smoking behavior and any systemic 
disease which can make a lengthy operation unduly risky 
must be considered. 

Based on the above discussed variables, many 
prédictive scoring Systems hâve been proposed, ail of 
which may assist the surgeon but cannot completely 
substitute expérience. Ail of these give weightage to a 
variable degree to the factors like presence of shock, 
presence of vascular and neurological injury, time since 
injury and also âge and presence of co-morbid factors. 
Of these, the most extensively used is the the mangled 
extremity severity score (MESS) which was proposed by 
Johansen et al in 1990 (see Table 6). In both prospective 
and rétrospective studies a MESS score of greater than 
or equal to 7 had a high prédictive value for amputation. 
In our expérience the score is very reliable in patients 
who hâve had a vascular injury. However, in situations 
where the limb is very mangled but without a vascular 
injury, the MESS often gives a very low score leading to 
failed salvages and secondary amputations (Fig. 10). 

The "Ganga Hospital Open injury severity score" has 
been found to be more reliable in Grade IIIB injuries. A 
unique feature of the score was that apart from proposing 
definite cut-off points for amputation and salvage, it also 
provided a grey zone in-between. A rigid threshold score 
for amputation would be scientifically incorrect in a 
situation as complex as in severely injured limbs. Injuries 
with a score of fourteen and below were recommended 
for salvage, those above seventeen for amputation and 
those in between to be decided by an experienced team 
depending upon the nature of injury and the expectations 
of the patient. An intermediate grey zone between salvage 
and amputation is required where the injuries in this 
category must be evaluated on the background of other 
important influencing factors such as the expertise of the 
treating team, the social and cultural background of the 
patient, the cost provider and the personality of the 
patient himself. 

DEBRIDEMENT 

The single most important factor, which détermines 
success or failure in the management of open injuries, is 
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Fig. 10: Clinical photograph and radiograph of a patient with 
severely injured type INB injury of tibia. There was extensive 
devitalization of the muscles with segmentai fracture and 
comminution of tibia requiring amputation. MESS scored only 
5 as there was intact vascularity whereas the Ganga Hospital 
Score was 17 correctly depicting the requirement for 
amputation. In patients with intact vascularity but with severely 
injured limb, Ganga Hospital Score is superior to other scores 
in predicting salvage 

infection. Infection can lead to complications like pain, 
secondary bone and soft-tissue loss, an increase in use of 
antibiotics and their associated complications, secondary 
surgical procedures, nonunion and even secondary 
amputation. Debridement is perhaps the most important 
step that can help to prevent infection. 

Debridement must be done as soon as possible and 
must be performed by experienced and senior members 
of the team and not by the junior inexperienced members 
(Table 11). Expérience is required as inadéquate debride¬ 
ment will set the stage for failure while overenthusiastic 
and aggressive removal of tissues may also lead to failures 
by making reconstruction very difficult. At the end of 
the debridement, the wound must hâve been fully 
explored, thoroughly cleaned of ail contamination and 
must hâve only fully viable and vascular tissues. There 
is a lot to be said for a combined orthopédie and plastic 


TABLE 11 : Principles of debridement 


Debridement - 
Principles 

• Must be performed by an experienced team 
and as early as possible. 

• Involvement of orthopédie and plastic surgeon 
at this stage is essential. 

Steps 

• A pre-debridement photograph is taken. 

• After initial lavage, tourniquet must be 
inflated without exsanguination. 

Skin and fascia 

• Wounds must be longitudinally extended to 
provide adéquate visualization of deeper 
structures. 

• Margins must be trimmed upto bleeding 
dermis to create a clean wound edge. 

• Gentle handling of the skin and prévention of 
degloving is a must. 

• Ail avascular fascia must be excised. 

Muscle 

• Ail muscles in the compartment must be 
evaluated for viability and debrided. 

Bone 

• Bone ends and medullary cavity must be 
carefully examined for impregnated paint, 
mud and organic material. 

• Ail fragments without soft tissue attachment 
must be excised. 

Lavage 

• Adéquate quantity of fluid with low pressure 
Pulsatile lavage is préférable. 

Completion 

• Deflate tourniquet and evaluate viability of ail 
retained structures. 

• Assess loss of tissues and document with 
photograph for future reference and planning. 

• Décidé on method and timing of wound 
closure or coverage and bone stabilization. 

• Document sequence of reconstruction 


team approach during debridement as this will help to 
document the extent of tissue loss, plan reconstruction 
and also sequence the reconstructive procedures 
appropriately to the benefit of the patient. 

While there is a controversy over the use of tourniquet, 
our expérience strongly advocates performing 
debridement under tourniquet control. Use of tourniquet 
has been criticized as it may make assessment of 
vascularity of the tissues difficult. However, without 
tourniquet the field is very bloody and it is very easy to 
overlook contamination. Also, injury to neurovascular 
structures is possible. Having a bloodless field during 
debridement helps to protect the vital structures, carefully 
explore the various compartments and muscle planes, 
identify and remove contamination, explore the joint 
cavities when necessary and also save unnecessary blood 
loss in a patient who may already be in shock. At the end 
of the debridement, tourniquet can be released and the 
viability of ail the tissues can be ascertained comfortably 
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and safely. Vascular tissues appear pale while under 
tourniquet and blush immediately on release while non- 
vascular muscle appears dark red even while under 
tourniquet with no change after release of tourniquet. 

The wound must be enlarged as it is difficult to assess 
the zone of injury on day one. It is usual to find even 
small sized wounds concealing severely crushed soft 
tissues, comminuted bone pièces completely stripped of 
periosteum and particulate contamination embedded 
deep within the muscle planes. The extension of the 
wound must be done in an extensile manner so as to 
preserve skin viability and allow for subséquent skeletal 
stabilization. 

Debridement must be performed systematically and 
begins with careful excision of the wound edges. Even 
large skin flaps may hâve adéquate vascularity and it may 
be prudent not to be hasty in removing such flaps without 
careful and sequential trimming of the edges. If in doubt, 
it is not harmful to retain the skin flaps and to proceed 
accordingly on the findings at second look debridement. 
In the upper limbs, thigh and around the knee, large flaps 
may be still viable and préservation of these flaps will 
help to prevent unnecessary drying and degeneration of 
underlying tissues. Once the skin is debrided, ail necrotic 
fascia tendons and muscle must be carefully excised. 
Retaining nonviable fascia or muscle with dead spaces 
must be avoided carefully. Muscle is evaluated on the 
basis of the four Cs—contractility, color, consistency and 
capacity to bleed (Table 12). Contractility is best tested 
by the surgeon squeezing the muscle belly with a pair of 
forceps or touching it lightly with a cautery tip. Muscle 
that does not contract, disintegrates to touch, is pale or 
discolored, or fails to bleed when eut must be excised. 


TABLE 12: Assessing muscle viability 


Color 

• Normally beefy red. 

• When tourniquet is applied, the 
appearance of the muscles will be altered. 
The viable muscle will appear pale in 
comparison to dead muscle which may 
appear beefy red. On release of tourniquet, 
the viable muscles will appear more pink 
than the nonviable muscles. 

Consistency 

• Viable muscle is firm and not easily 


disrupted 

Capacity to bleed 

• Bleeding margins of eut muscles indicates 


viability. 


• Can be deceiving because artérioles in 


necrotic muscle can bleed. 

Contractility 

• Contracts to tactile or forceps pinch or low 


cautery stimulation. 


TABLE 13: Wound lavage in open injuries 

• Adéquate quantity of fluid must be used for lavage. For 
example, 9 liters of fluid are used for type III B fractures. 

• Lavage clears blood clôt, nonviable tissues and débris from 
tissue planes and dead spaces. 

• Lavage reduces bacterial population. 

• No advantage in adding antiseptie solutions to lavage fluid. 

• Use of hydrogen peroxide, alcohol solution, povidone iodine 
and other Chemical agents may impair osteoblast function, 
inhibit wound healing and cause cartilage damage. 

• Advantage of addition of antibiotics in the lavage solution has 
not been documented. 

• High pressure pulsatile lavage can reduce bacterial load by 
100 folds but has a disadvantage of microscopie damage to the 
bone, considérable soft tissue damage and may push the 
bacteria contamination to deeper tissue plane. 

• Low pressure pulsatile lavage (14 psi @ 550 pulsations) is 
equally effective as high pressure pulsatile lavage (70 psi @ 
1050 pulsation per minute) and has lesser disadvantages. 


Not infrequently, entire muscle bellies hâve to be 
removed. 

Evaluation of bone must also be done with a lot of 
care and diligence. It is not unusual for large amount of 
contamination to be présent in the medullary cavity of 
bones and the ends of the fragments must be carefully 
inspected under adéquate lighting. The ends of the bone 
may contain deep imprégnation of paint, mud and other 
organic material and it is safer to nibble away the edges 
till adéquate clearance is achieved. Free floating cortical 
butterfly fragments must be carefully evaluated for 
periosteal attachment and adequacy of blood supply. 
Whenever in doubt, they must be considered as potential 
sequestrum and must be removed. It is better to hâve a 
bone gap which can nowadays be easily treated with re¬ 
constructive and transport techniques rather than risk 
infection (Fig. 11). Bone fragments that hâve reasonable 
soft tissue attachments can be retained. Large 
metaphyseal fragments and osteochondral fragments that 
are important for joint alignment and reconstruction must 
be preserved and stabilized by internai fixation. 

During the process of debridement and after 
completion, it is important that the wound is frequently 
washed thoroughly by copious lavage (Table 13). Low 
pressure puise lavage has been documented to reduce 
the contamination and improve results. However, the 
advantage of addition of antibiotics to the lavage fluid 
and the use of local antibiotics has not been clearly 
démons trated. 

Debridement is complété only when the wound is 
completely devoid of ail contamination, avascular bone 
fragments and nonviable soft tissues. One of the common 
pitfalls in open injury management is inadéquate 
debridement for the fear of removing Too much tissues'. 
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Fig. 11 : Grade INB injury of tibia with extensive comminution and free floating fragments with minimal soft tissue attachment and 
doubtful viability. Removal of the fragments led to bone gap which was reconstructed successfully by bone transport. When in 
doubt, it is better to excise comminuted fragments of bone so that they do not form sequestrum and a source of persistent 
infection. Modem techniques of bone transport allow even large gaps in bone to be bridged successfully provided there is no 
infection (For color version see Plate 20) 


The surgeon must remember that inadéquate treatment 
often leads to infection which will prevent any form of 
reconstruction. It is better to hâve larger but cleaner 
wound than a smaller potentially contaminated wound 
(Fig. 12). Once debridement and irrigation is complété, 
the bone must be stabilised. It is a good practice to 
completely redrape the limb and proceed further with a 
clean set of instruments. 

BONE STABILIZATION 

Skeletal stabilization is important to success and it also 
permits easier mobilization of the patient and to provide 
nursing care and réhabilitation without much pain. 
Wound inspection and wound care is made easier when 
there is perfect stability making these procedures less 
painful to the patient. Bone must be stabilized taking care 
to restore the alignment and length of the limb as this 
will stabilise the soft tissues to proper length and remove 
the kink in the neurovascular structures. Proper 
stabilisation improves venous return, reduces edema, 
decreases the inflammatory response and promotes local 
neovascularisation. Stable fixation also reduces dead 
space, which prédisposés to hematoma and infection. 


minimizes pain, edema and stiffness of joints by allowing 
physiotherapy. 

CHOICE OF BONE STABILIZATION 

Three main choices of skeletal stabilisation are available 
- the external fixator, the interlocking nails and the 
traditional plates and screw Systems. For each patient the 
choice of the implant must be made as per the nature 
and size of the wound, the provision for immédiate soft 
tissue cover, the degree of contamination, the presence 
of comorbid factors which will détermine the swiftness 
with which the procedure must be completed. Each of 
these hâve their own merits and demerits and an 
experienced surgeon can use them in combination or 
alone to the best advantage of the patient. 

EXTERNAL FIXATION 

External fixators are the workhorse in open fractures as 
it provides an easy and versatile mechanism to address a 
wide variety of fractures. They are cost effective, can be 
used in a modular fashion which allows the surgeon to 
provide a stable fixation on the principles of biological 
fracture management by avoiding additional muscle 
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Fig. 12: Extensive injury of left leg with a large soft tissue loss and free fragments of tibia lying free with minimal soft tissue 
attachments. Removal of ail the fragments led to a large bone loss which was reconstructed with a free fibular graft. The soft 
tissue loss was reconstructed with latissimus dorsi free flap. The patient went on to hâve an excellent resuit. Extensive debridement 
led to a larger wound with more soft tissue and bone loss. However, this also presented a clean wound which allowed successful 
reconstruction (For color version see Plate 20) 



Fig. 13: Ipsilateral polytrauma of right lower limb with INB injuries of both fémur and tibia. Patient also required immédiate 
damage control surgery for intra-abdominal injury. External fixators allow a quick and effective method of stabilization irrespective 
of the site or pattern of fracture 




















Open Fractures 1295 


TABLE 14: External fixators in open injuries 

Advantages 

• Provides easy and versatile mechanism for fixation. 

• Can be modular to suit any anatomical région and fracture 
pattern. 

• No additional exposure or periosteal stripping required. 

• Less time consuming and allows early vascular repair. 

• Cost effective. 

Disadvantages 

• Usually a temporary mechanism and needs révision 
procedures. 

• Transfixes the soft tissues and can produce stiffness. 

• Pin tract infections are common and can interfère with 
secondary internai fixations. 

• Pins can interfère with plastic surgical procedures 


stripping and damage (Fig. 13). Their use especially in 
tibia where adéquate soft tissue cover is frequently not 
available is immense. The many modifications and 
designs available currently in the market make it easy 
for the surgeon to provide stabilization in a safe and swift 
manner even in the most trying circumstances. The 
important advantages and disadvantages of the use of 
external fixators in open injuries are listed in Table 14. 

External fixators are now mainly used for temporary 
stabilization in the initial phase and later converted to 
definitive fixation. When conversion is done to an 
intramedullary device within the first week, the infection 


rates are very low. However, when the conversion is 
delayed by more than 3-4 weeks or when the sterility of 
the pin tracks is doubtful, it is wise to remove the pins 
and stage the internai fixation after a temporary period 
of stabilization in a plaster cast (Figs 14A to C). 

The principles of application of the fixator and the 
variable use of modular devices and ring fixators are not 
discussed in detail here. However, the basic principles 
of the application of the unilatéral frame fixators are given 
below. 

1. Fracture réduction is the first step in the application, 
minimizing tissue disruption and maximizing 
maintenance of blood supply while reducing any 
direct contamination of the fracture site. 

2. After initial fracture réduction, the most proximal and 
distal pins that will be placed are inserted. If possible, 
it is bénéficiai to use centrally threaded, positive 
profile, full pins for both the proximal and distal pins. 
These pins should be placed parallel to the joint 
surface to which they are closest. When using positive 
profile threaded pins, predrilling the hole with a drill 
bit that has a diameter approximately 10% smaller 
than the shaft diameter of the pin is recommended. 
A small incision is made in the skin over the site of 
pin placement with a No. 10 or No. 15 scalpel blade. 
If there is a significant amount of soft tissue between 
the skin and bone at the site of pin placement, it may 
be bénéficiai to bluntly dissect through the soft tissue 



Figs 14A to C: (A) INB injury of right tibia with severe comminution and soft tissue loss which required a transposition flap. 
(B) Patient had a temporary stabilization with external fixator which allowed soft tissue reconstruction. (C) At five weeks the 
external fixator had to be converted to a locking nail. The external fixators was removed and a POP cast was given till closure of 
pin tract wounds were achieved. This was followed by a successful locking nail 
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to provide a tunnel for the pin to be placed without 
engaging the surrounding tissue. An appropriately 
sized drill bit with a sleeve is then used to create a 
pilot hole through both cortices of the bone. 

3. Once the most proximal and distal pins hâve been 
placed, the connecting rods are connected if using a 
traditional fixator. 

• Two pins per major fragment is the minimum 
number that is acceptable - additional pins per 
fragment increase the biomechanical strength of 
the construct, however, using more than 4 pins 
per major fragment has no additional biomechani¬ 
cal advantages. 

• Ail pins must penetrate both corticles of the bone 

• Pins should be placed at a distance equal to Vi the 
diameter of the bone away from the ends of 
fracture fragments and joints 

• The diameter of the pins used should be no more 
than 20 to 25% of the diameter of the bone they 
are placed in 

• Pins should be placed in locations that minimize 
the amount of soft tissue présent between the bone 
and skin, and in areas that avoid impinging on 
ligaments, tendons, articular structures, nerves 
and vessels. 

• The use of threaded pins is bénéficiai when 
possible as they possess 10X the holding power of 
smooth pins 

• Full pins are biomechanically superior to half pins 

• When using smooth pins between the proximal 
and distal pins, the pins should be placed at 
20-30° angle to the long axis of the bone and the 
direction should be alternated between pins. 

Many complications may be encountered while the 
patient is on external fixator but most of them can be 
avoided with a protocol which is strictly followed. The 
rate of complication also increases with the duration of 
the treatment and hence it would be prudent to keep the 
patient on an external fixator only as long as it is 
necessary. Pin tract infections and local cellulitis can be 
présent in up to 60% of the patients and if left untreated 
can proceed to osteomyelitis which will not only require 
change of pins but also cause problems if an intra- 
medullary nail is necessary. Patients must be advised 
adequately regarding pin tract care and to report early 
in case of problems. Pin loosening and breakage can also 
happen whenever there is infection or instability. The pins 
frequently violate muscular compartments and this can 
give rise to joint stiffness whenever the pins are placed 
close to the joints. Care must be taken to avoid trans- 
gressing the important muscles and also the suprapetallar 
pouch when fémur is involved. Joint stiffness is also 


increased whenever there is pin tract infection or when 
adéquate physiotherapy is neglected. Damage to the 
neurovascular structures during the insertion of the pins 
must be carefully avoided by a thorough knowledge of 
the local anatomy. When the frame is maintained for a 
long time or when it is used as a definitive skeletal 
stabiliser delayed union and non unions hâve been 
reported upto 40%. This will require conversion to other 
modes of internai fixation and also supplémentation with 
bone grafting. 

Interlocking Nails 

Although there was an initial phobia in the use of intra- 
medullary devices, their usage has become widespread 
not only in Grade I and II but even in Grade III injuries. 
There is now ample clinical evidence that in a well 
debrided wound interlocking procedures do not 
contribute to additional risk of infection (Figs 15A to D). 
There is, however, a controversy whether the nailing 
must be performed with or without reaming. The initial 
enthusiasm for the use of unreamed nails has slowly 
waned in favor of reamed nailing. Unreamed nails are 
quicker, more biological, cause less cortical devasculari- 
zation and also hâve low incidence of fat embolism and 
thermal necrosis. Despite these advantages, it is 
associated with increased implant failure like nail or 
screw breakage, fracture disruption and high rate of non- 
union and malunion. In contrast, reaming allows the use 
of larger and stronger nails with advantages of early 
weight bearing and less implant failure. It improves 
fracture site stability by achieving better réduction and 



Figs 15A to D: (A) and (B) Open injury of tibia which was treated 
by debridement followed by stabilization with locking nail and 
primary closure (C) and (D). There is ample evidence that 
locking nails do not lead to additional complications provided 
debridement is adéquate (For color version see Plate 21) 
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Figs 16A and B: (A) NIC fracture of lowerend of tibia which required immédiate fixation and vascular repair. (B) Afterdebridement, 
the bone was stabilized by a buttress plate which afforded good stability for vascular reconstruction and soft tissue cover 


better nail to bone contact across the length of the implant. 
However, overreaming, which has the twin disadvant- 
ages of weakening of the bone and thermal necrosis, must 
be avoided. 

PLATE STABILIZATION 

Fracture involving metaphysis, especially when there is 
comminution and articular fractures, frequently require 
the use of plates to achieve exact anatomical restoration 
and stable fixation (Figs 16A and B). Lag screws must be 
used to reconstruct the joint and neutralization can be 
done by the use of either a plate or an external fixator. In 
our center, plate osteosynthesis is our primary choice for 
ail fractures of the upper limb, especially in forearm 
fractures. The introduction of locking plates has further 
improved the possibility of achieving excellent stability 
even in the presence of comminution. 

SKIN AND SOFT TISSUE RECONSTRUCTION 

Apart from adequacy of debridement, the single most 
important factor that will ensure success in any open 
injury is to quickly convert it to a closed injury by 
providing adéquate soft tissue cover. Here lies the 
advantage of involving the plastic surgeon from the very 
beginning. Leaving a wound open has numerous 
disadvantages. It can lead to desiccation of tissues, 
infection, complications with prolonged treatment and 
ultimately a poor resuit. Soft tissues like tendons, fascia 


and periosteum quickly die when they are left exposed 
even under adéquate dressings. This increases the rate 
of infection and also the extent of secondary tissue loss. 
However, the treating surgeon must understand the 
différence between 'wound cover' and 'wound closure'. 
While wound cover is always désirable, primary wound 
closure should be done very carefully and only by 
experienced hands 

Primary wound closure should notbe done whenever 
there is a delay in debridement, severe contamination, 
primary skin loss or when the skin margins cannot be 
approximated without any tension. In severely contami- 
nated wounds and where adequacy of debridement is 
not ensured, there can also be a high rate of infection. It 
is more prudent to leave the wounds open and perform 
secondary closure by split skin grafting or appropriate 
flap procedures. 

The principles guiding the soft tissue reconstruction 
and the numerous techniques available are explained in 
a separate Chapter 159. 

THE PROBLEM OF BONE LOSS 

A frequently encountered challenge is bone loss which 
can be so extensive that it can tilt the balance towards 
amputation. Bone loss may be primary due to the severity 
of the injury itself. Fragments of bone may be lost at the 
site of injury or may be removed due to lack of soft tissue 
attachments and vascularity or presence of severe 
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BONE DEFECT 




Without associated 
neurovascular injury 


With associated neurovascular 
injury Ganga Hospital Open 
Injury Severity Score >17 


SIZE OF DEFECT 

I I 


Consider 

primary amputation 


< 4 cm 






> 4 cm 




L 


Acute shortening 
+ Stabilization 
(Shortening does not 
interfère with functioning) 


ZTA 


Stabîlize 

preserving 

length 


Acute shortening and 
corticotomy and 
lengthening 


Upper limb 

1 

Lower limb 

1 

Ho major soft 1 

tissue defect j 

1 

Soft tissue defect | 


Stabilization + 
bone transport | 


Stabilization + Soft 
tissue cover 


Delayed bone grafting 


Bone transport 


Fig. 17: An algorithm for the management of bone defects in open injuries 


contamination. Surgical management would dépend on 
the location and extent of bone loss, the presence of 
infection and the adequacy of soft tissue cover. If infection 
is présent, the presence of nonviable bone fragments or 
avascular bone ends may itself be the cause for infection. 
It is always better to remove the fragments and débridé 
till the ends are viable. A larger bone gap without 
infection is a more easily manageable problem than a 
smaller gap in the presence of infection. 

Management of bone gaps dépend on the site and 
extent of bone loss (Fig. 17). Generally, bone gaps in the 
upper limb can be managed by bone shortening and bone 
grafting. Gaps in the humérus even up to 3-4 cm can be 
easily managed by shortening the bone, adéquate 
stabilization, supplemented with bone grafting. Soft 
tissues adapt very quickly to shortening in the upper limb 
and there is rarely any residual weakness after adéquate 
physiotherapy. In the forearm, bone shortening is a less 
viable option because of the presence of two bones and 
the easier option of bone grafting. In the lower limb, the 
extent of bone loss détermines the option. Losses of less 
than 2 cm are well-tolerated and primary shortening can 
be safely done, avoiding prolonged reconstructive 


procedures. Whenever the loss is only partial or when 
the circumferential loss is less than 3 cm, copious amount 
of iliac crest bone grafting would suffice (Figs 18A to C). 
When the loss exceeds 4 cm, the choice is between 
primary bone shortening and subséquent lengthening or 
making good the gap by bone transport. While Ilizarov 
and other ring fixator modifications has been the 
traditional method of treatment, the unilatéral orthofix 
Systems now offer the advantages of ease and quickness 
of application and being more patient-friendly. 

SEQUENCING THE RECONSTRUCTION IN OPEN 
INJURIES—AN ORTHOPLASTIC APPROACH’ 

The accepted principle of open injury management invol¬ 
ves resuscitation, adéquate survey, early debridement, 
skeletal stabilization, soft tissue reconstruction and 
definitive bony procedures. In most of the centres around 
the world, these are routinely performed in a staged 
fashion where following debridement and temporary 
skeletal stabilization, there is a time gap between soft 
tissue procedures and definitive bony procedures 
(Fig. 19). This is usually because of an artificial séparation 
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Figs 18A to C: (A) Extensive comminution of lower end of fémur 
with intracondylar extension (B) The articular surface was well- 
reconstructed and the bone stabilized with 1 cm shortening. 
Copious amount of iliac crest bone grafts were added to fill the 
gap. (C) At 6 months, good bone union has been achieved 


Options for reconstruction 
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Fig. 19: In the traditional approach, debridement and bony 
stabilization is performed on day one and soft tissue procedures 
reconstruction is postponed to a later date. It would be far better 
to perform global reconstruction wherever possible by an 
‘orthoplastic approach’ 

of the open injury into a soft tissue and bony problem, 
each managed by the plastic and the orthopédie surgeons 
separately. Soft tissues require bony stabilization for 


healing and bone healing requires adéquate soft tissue 
cover. In units where both plastic and orthopédie surgery 
facilities are available, it is important to overcome this 
artificial séparation by a global approach, which can be 
termed as 'orthoplastic approach'. An anesthetist 
interested in trauma management and skilled in 
resuscitation and régional anesthetic techniques will form 
a sheet anchor of the team as providing safe anesthésia 
in an acute trauma set up is crucial for lengthy reconstruc¬ 
tive procedures. 

The plastic and the orthopédie surgeon must be 
involved together as a team from the stage of initial 
évaluation, primary debridement and plan for reconstruc¬ 
tion. At the completion of debridement, the combined 
team must tabulate what is lost; what needs reconstruc¬ 
tion, how it is going to be reconstructed and when it is 
going to be reconstructed. Unless there is a contra- 
indication, the reconstruction procedures must follow 
debridement on the same day or at least as soon as 
possible. In our institute it is a protocol that complété 
reconstruction will be performed during the index 
procedure itself whenever the patient's general condition 
allows it and the local factors are suitable. This we hâve 
termed it as global reconstruction. The advantage of this 
protocol is obvious. Unnecessary drying, desiccation and 
loss of soft tissues is avoided and secondary colonization 
of bacteria is prevented (Figs 20A to C). The bone being 
covered by the patient's own tissues is kept moist and 



Figs 20A to C: (A) IIIB injury of tibia with extensive soft tissue 
loss. The bones were stabilized with an external fixator after 
thorough debridement. Soft tissue reconstruction had to be 
deferred for a week due to poor general condition of the patient. 
(B) The exposed bone had completely dried and had to be 
excised increasing the secondary loss of bone. (C) The two 
large bone fragments which were excised 
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does not nécrosé. The normal environment having been 
recreated, there is rapid resolution of inflammation, 
edema and swelling. There is very little pain and the 
patient is cooperative for physiotherapy leading to better 
functional results. The number of hospital inpatient days, 
the number of secondary procedures required and the 
complication rate are ail reduced. 

The above mentioned protocol, however, demands 
an experienced multidisciplinary team of anesthetists, 
orthopédie surgeons and plastic surgeons, the absence 
of which is a contraindication for this demanding 
procedure. Patients with polytrauma, very elderly 
patients who cannot withstand prolonged surgical 
reconstructive procedures and the presence of comorbid 
factors like previous cardiopulmonary diseases or 
uncontrolled diabètes mellitus are also other 
contraindications. 

RECONSTRUCTION OPTIONS 

Although the need for definitive skeletal fixation and 
early wound cover is now well-known, the dilemma for 
the trauma surgeon is the sequencing of the various 
procedures. Various management options are available. 
Traditional teaching involves early wound debridement 
and temporary skeletal fixation, followed by relook 
debridements and later a definitive wound cover. The 
delay for the definitive wound cover may sometimes be 
prolonged as the orthopédie surgeon may do the initial 
debridement and the patient referred later for definitive 
plastic surgery. There would be another period of delay 
waiting for the flap to settle before a definitive skeletal 
fixation can be done. Bone defects will frequently need 
bone grafting at a later stage. This protocol canbe termed 
as 'Wait, Watch, Stage and Perform Protocol' and is the 
standard routine in most trauma units around the world. 
This protocol has obvious disadvantages of prolonging 
the treatment time, increasing the number of inpatient 
days and secondary procedures and the possibility of 
increased infection rate. It is better to adopt a more 
aggressive approach and perform early reconstructions. 
We hâve found the GHS to offer guidelines in choosing 
the correct sequencing of procedures. Depending upon 
the total score of the GHS and also the individual scores, 
the patient is managed by any one of the following 
protocols. 

6 Fix and Close’ Protocol 

Injuries with a total score of five or less by GHS (Group 
1), and with a skin and bone score of two or less are 
managed by the 'Fix and Close' protocol, irrespective of 
the size of the wound. A low score for the bone and skin 


TABLE 15: Primary wound closure in open injuries: 
‘When in doubt - Don’t’ 

Indications 

• Wounds without skin loss either primarily or secondarily after 
debridement 

• Ganga Hospital Skin Score 1 or 2 and Total Score of 10 or less 

• Injury-debridement interval less than 12 hours. 

• Presence of bleeding wound margins which could be apposed 
without tension. 

• Stable fracture fixation achieved either by internai/external 
fixation 

Contraindications 

• Grade IIIC injuries 

• Skin loss primarily or secondarily during debridement 

• Wound margins cannot be opposed without tension 

• Ganga Hospital Skin score of 3 or more and a total score of >10 

• Sewage or organic contamination/ farmyard injuries 

• Polytrauma involving chest or abdomen with injury severity 
score > 25 

• Hypotension with systolic blood pressure < 90 mmHg at 
présentation 

• Peripheral vascular diseases/TAO 

• Drug-dependant diabètes mellitus / connective tissue disorders / 
peripheral vasculitis 


means that a definitive fixation and wound closure can 
be performed during the index procedure itself whenever 
the surgical team is happy with the adequacy of debride¬ 
ment. Since 1993, it has been our policy to primarily 
provide wound closure if the indications listed in 
Table 15 are satisfied. 

The protocol of primary closure in open injuries is 
controversial and requires an experienced team. The 
widely accepted standard of care in the management of 
open wounds is to leave the wound open after 
debridement and to delay the closure to a later date. This 
concept has been carried over from the expériences and 
results of wounds from war setting and needs to be 
reevaluated in the présent situation of advanced clinical 
care. Figure 21 shows a type IIIB open injury of the tibia 
with exposure of the bone. The wound measured 11x4 
cm at the end of debridement but there was no skin loss. 
Although it is common teaching to leave the wound open, 
this would hâve the disadvantages of the risk of drying 
and desiccation of the bone periosteum and soft tissues. 
There may be need for secondary debridements and 
further secondary loss of tissues, which will lead to the 
need for a flap. The chances of contamination from 
hospital strain also increases. It may be advantageous to 
evaluate wounds at the end of the debridement and 
follow a protocol of primary closure if the wound can be 
closed without tension. 

In a sériés of 728 consecutive open injuries, over a 
5-year period, 173 Type III open fractures fulfilled the 
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Fig. 21 : ‘Fix and Close’ protocol: Open injury of tibia of 11 cm x 4 cm exposing the fracture. The skin score was only 2 as there 
was no loss; bone score was 1 and musculotendinous score was 1, with no comorbid factors. After thorough debridement and 
skeletal stabilization by an interlocking nail, the wound was primarily closed. Both bone and skin went on to primary union and 
the patient recovered to normal function (For color version see Plate 21) 


above criteria and were primarily closed. The average 
foliow up was 25 (18-62) months. Age varied from 3 to 
75 years and the involved bone was humérus in 13, elbow 
in two, forearm in 31, wrist in one, fémur in 35, knee in 
10, tibia in 79 and ankle in two patients. The injury was 
grade IIIA in 122, and IIIB in 29 injuries. Skeletal fixation 
was performed according to the fracture pattern. At an 
average follow up of 36.5 months, superficial infection 
was seen in 11 (6.3%) and deep infection in five (2.8%) 
injuries. Delayed union or nonunion was seen in 13 (7.5%) 
patients. Wound dehiscence requiring flap was needed 
only in three and secondary suturing in one patient. No 
other complication spécifie to primary closure was 
observed. 

The need for a thorough debridement by an 
experienced team cannot be overemphasized. Wounds 
must be extended so that better visualization is achieved. 
Skin must be delicately handled and there must be 
réluctance to excise the skin without discrétion. Most 
often, the only debridement required at skin level is a 
marginal excision of the skin, not extending more than a 
few mms. Excision to document bleeding margins is 
important. Deep abrasions, degloving and distally based 
flaps do increase the chance of skin necrosis but excising 


such skin in the presence of bleeding margins must not 
be done. Gentle handling of the skin avoiding forceful 
retraction and elevating flaps of skin for better exposure 
must be condemned. 

Ability to suture the skin ends without any tension is 
the most important prerequisite. The size and orientation 
of the wound may not clearly reflect the presence of skin 
loss during the initial assessment. A fractured limb always 
shortens and this tends to widen the wound giving an 
appearance of skin loss. Once the skeleton is brought to 
length and stabilized, the wounds appear more linear 
and approximation of the skin margins may be possible 
without tension (Figs 22A and B). The decision to retain 
skin flaps needs expérience and must be taken after 
carefully considering the circumstances, the most 
important being presence of bleeding margins (Fig. 23). 

When wounds are closed, deep suction drains must 
be used and more than one drain is required if there are 
pockets of dead space that may collect a hematoma. In 
patients in whom large muscles hâve been debrided we 
sometimes also prefer to keep dépendent corrugated 
drains so that collection of hematoma in dead spaces is 
totally avoided. 
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Figs 22A and B: (A) A fractured limb always shortens due to 
overriding and angulation of the bones leading to gaping of the 
wound. This can give an appearance of skin loss. (B) Once the 
bone length is restored during bone stabilization, the margins 
become close to each other revealing the true nature of the 
wound (For color version see Plate 22) 

‘Fix, Bone Graft and Close’ Protocol 

It is now accepted that internai fixation in the presence 
of a well debrided and immediately covered wound does 
not increase the rate of infection. The question that follows 
is 'Can bone grafts be added during the index procedure 
to fill gaps arising from bone loss primarily or during 
debridement?. Early addition of bone grafts in open 
injuries has earlier been reported to be safe. It has been 
our policy to add corticocancellous iliac bone grafts to 
fill such bone loss during the index procedure provided 
immédiate wound closure or wound cover is possible 
(Fig. 24). This is possible when the skin score of GHS is 
two or less but the bone score is three or four. Here 
addition of bone grafts is necessary for early fracture 
union whenever skin closure is possible. 

Immédiate bone grafting in patients with bone loss 
not only obviâtes the need for a secondary surgical 
procedure but also has the added advantage of reducing 
the dead space. Placement of the grafts must be done in 
such a way that it does not cause tension either in the 
soft tissues or the skin. This is invariably not a problem 
in the fractures of the humérus and fémur but has to be 
carefully done in the forearm and tibia. We hâve termed 
this technique as Fix, Bone graft and close' technique. 
This is possible only when the wound can either be closed 
or covered after the placement of the grafts. 

6 Fix and Flap’ Protocol 

This is possible for patients in Group II and in patients 
with a skin score of three or four and a bone score of 
three or less. Here, there is an actual skin loss and 
irrespective of the size of the wound, a flap would be 



Fig. 23: Type III open injury of the left elbow with fracture of the 
olecranon and exposure of the elbow joint. The wound was 
debrided well, the olecranon fracture fixed by tension band 
technique and the wound closed primarily. Both wound and 
bone healed primarily. The patient regained good elbow 
movements in twelve weeks time (For color version see 
Plate 22) 

required. The bone score being less reflects an injury 
without bone loss and it would be wise to hâve a 
definitive skeletal fixation during the index procedure. 
Performing a flap with a temporary fixation has the 
disadvantage of protracted treatment schedules. Once the 
flap is performed, definitive skeletal fixations hâve to be 
postponed till the flap settles. Patients in developing 
countries often résidé very far away from the treating 
hospital and there is not only the inconvenience of 
transport but many corne back with doubtfully infected 
pin tracts making interlocking nail more risky if not 
impossible. It is our strong recommendation that ail type 
III injuries with a bone score of three and below should 
hâve a definitive fixation foliowed by a flap. 

The timing of the flap may be immédiate or staged 
depending upon the status of the soft tissues and the zone 
of injury. A 'Fix and Early flap' technique is advocated 
in low-energy injuries and where the zone of injury is 
not extensive. These patients hâve a GHS total score of 
ten or less (Fig. 25). A musculotendinous score of more 
than three indicates high-energy injury or the presence 
of a crush element with an extensive zone of injury. When 
the total GHS score is more than ten, a Fix and Delayed 
flap' technique is advocated (Fig. 26). The delay that is 
required is usually only a few days and must preferably 
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Fig. 24: ‘Fix, Bone Graft and Close Technique’: Multifragmentary supracondylar fracture of the fémur, with a skin score of 2, 
bone score of 3, and a musculotendinous score of 1. A thorough debridement was performed and the fracture was stabilized by 
95°dynamic condylar screw and plate. A large volume of corticocancellous bone graft was inserted during the index procedure. 
The wounds healed by first intention and the patient had good functional restoration as early as the 4th month (Forcolor version 
see Plate 23) 



Fig. 25: ‘Fix and Immédiate Flap Technique’: Open injury of the tibia (skin score 4, bone score 2, musculotendinous score 1 ) with 
no comorbid factors. During debridement, there was an increase in skin loss as the ragged margins required excision. The 
fracture was stabilized by an interlocking nail and the wound defect was closed by an immédiate flap during the index procedure 
(For color version see Plate 23) 
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Fig. 26: ‘Fix and Delayed Flap Technique’: Open injury of tibia (skin score 4, bone score 2, musculotendinous score 3). The high 
score for the skin and musculotendinous structures reflect the high energy of injury. Flere, it is better to avoid immédiate soft 
tissue reconstructive procedures. The bone was stabilized by an interlocking nail during the index procedure and a free latissimus 
dorsi flap was done on the 4th day to cover the defect (For color version see Plate 24) 


Fig. 27: ‘Stabilize, Wait, Assess and 
Reconstruct’ Technique: High velocity open 
injury of right tibia in a 30-year-old male, due 
to a motor cycle accident. The patient had 
open injury of the right leg (skin score 5, bone 
score 5, musculotendinous score 3). After 
debridement, the bone was stabilized by an 
external fixator. The anterior compartment 
was completely lost, along with the anterior 
tibial vessels. Due to the extensive zone of 
injury and the presence of only a single 
vessel, the soft tissue defect was recons- 
tructed by a cross-leg flap. The bone defect 
was made good by bifocal bone transport. 
Bone grafting was further required at the 
docking site to secure union. The patient’s 
limb was successfully salvaged and he was 
back on his feet 7 months after injury (For 
color version see Plate 24) 
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be restricted to less than a week as good results are still 
possible. 

The judicious decision of an experienced plastic 
surgeon is crucial in deciding the time of flap cover. The 
nature and timing of the flap will dépend on the energy 
of violence, the extent of the zone of injury, the région of 
injury, the presence of systemic injuries and the general 
condition of the patient. The GHS can provide guidelines 
in the choice of protocol. A skin score of 3 and above will 
require a flap. A skin score of 5, bone and musculotendi- 
nous scores each of 3 and above, or a total score of more 
than 5 (group 2) ail indicate a high-energy injury. Here it 
would be wise to delay the flap until the extent of zone 
of injury is fully revealed. 

‘STABILIZE, WATCH, ASSESS AND 
RECONSTRUCT’ PROTOCOL 

Patients with a total score of more than ten, (group III), 
usually hâve a score of four and above in at least two of 
the individual tissue scores and some associated co- 
morbid factors. The energy of the injury is high and here 
a Stabilize, Assess and Reconstruct' protocol is 
advocated (Fig. 27). The zone of injury is very extensive 
and will frequently manifest fully only after a few days. 
After a thorough debridement, one or two further 
debridements may be necessary to achieve a clean 
wound. Reconstructive procedures embarked before the 
swelling has completely settled down may be fraught 
with disasters. Inappropriate or hasty skeletal and soft 
tissue reconstructions at this stage may also burn 
important bridges and may close future Windows of 
opportunity. It is necessary that caution and safety be 
the rules of the game in the management of these 
challenging injuries. 


CONCLUSION 

The above algorithm has been evolved by the practical 
expérience of treating more than 300 open injuries a year. 
The teamwork between the orthopédie surgeons, plastic 
surgeons and anesthesiologists formed the basis on which 
success was built into the program. Providing continuity 
of care by the same team from resuscitation through 
reconstruction and réhabilitation ensured commitment 
to excellence and success on the part of the treating team 
and confidence and comfort for the patients. A close and 
warm relationship was built between the patient, his 
family and the treating team, which was instrumental in 
pushing the surgeons to go the extra-mile to salvage limbs 
and achieve best outcomes. A combined outpatient 
follow-up clinic with the orthopédie and plastic team 
présent together ensured that the patients outcome were 
properly measured and secondary procedures required 
to optimize and improve results were not left wanting 
for need of communication or logistical reasons. This has 
been our practice for the last 15 years and it is our view 
that the success in management of open injuries will be 
attained only by teamwork, continuity of care and a policy 
of early reconstruction and réhabilitation. 
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Soft Tissue Coverage for 
Lower Extremity < 


S Raja Sabhapathy 


INTRODUCTION 

Infection and nonunion are the two major problems of 
open fractures with soft tissue loss. Both these 
complications can be reduced by timely and proper 
management of associated soft tissue loss. Writing on open 
tibial fractures where soft tissue loss overlying the fracture 
is critical, Court-Brown 1 had this to say, "Thus in the last 
20 years, improved results in the management of open 
fractures of the tibia hâve been attributed to the use of 
dynamic compression plates, rigid external fixation, 
dynamic external fixation and both reamed and unreamed 
intramedullary nails. In reality, the use of different 
metallic implants or expiants has probably had little effect 
on the incidence of infection or nonunion foliowing open 
fracture, these outcome criteria depending mainly on the 
nature of the injury and quality of the treatment of the 
soft tissue injury associated with the fracture. It is likely 
that the prognosis of an open tibial fracture is governed 
mainly by the adequacy of the initial debridement and 
the skill with which the soft tissues are treated by the 
plastic surgeons This is not to denigrate the rôle of the 
orthopaedic surgeon and the choice of implant. There is 
no doubt that outcome criteria such as the incidence of 
malunion, the requirement for open bone grafting, joint 
mobilization and return of patient to full function and 
work are affected by the choice of treatment method." 

Thus, the quality of debridement and early soft tissue 
cover become the vital factors to prevent infection and 
nonunion. Established principles of management of soft 
tissue loss in open fracture is detailed in this chapter. 

BACTERIOLOGY OF THE WOUND IN OPEN 
FRACTURES—ROLE OF WOUND CULTURES 

Swab studies of the wound in open fractures is common 
practice. It is worthy to discuss the evidence available to 


value this step. The commonly isolated organisms from 
established infection are Staph. aureus, Pseudomonas, 
Proteus and E. Coli. None of them are in the environment 
where accidents occur, i.e. either on the roads or in the 
industrial environment proving that ail of them are 
acquired after admission to the hospital. 

Valenziano et al 2 did initial aérobic and anaérobie 
cultures of the wounds of 117 consecutive open extremity 
fractures. Of the 7 cases which got infected, 5 initially 
did not grow any organisms. Of the isolâtes that grew 
from the initial cultures, none were the organisms that 
eventually led to wound infection. They concluded that 
primary wound cultures in open extremity injuries has 
no value in the management of patients suffering long 
bone open fractures. In a prospective study of 101 
consecutive open fractures in our center, predebridement 
swabs were found to be of no value. While predebride¬ 
ment swabs hâve universally been found to be of no 
value, studies hâve found some corrélation between the 
postdebridement colony counts (quantitative wound 
cultures) and wound infection. 3 If postdebridement 
wound cultures yield 10 5 bacteria per gram of skin tissue 
or significant colonies are grown in muscle tissue, there 
was increased incidence of infection. It takes time to get 
results of quantitative wound cultures and hence it is also 
not useful in the acute situation. Lee 4 did a rétrospective 
analysis of 245 open fractures to détermine the prognostic 
value of wound bacterial cultures and concluded that 
both predebridement and postdebridement bacterial 
cultures from open fracture wounds are of essentially no 
value, and it is no good doing either. 

In view of the numerous evidence presented, there 
does not seem to be any rôle for doing wound cultures 
either in the predebridement or in the postdebridement 
phase. 
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Wound cultures are useful to isolate organisms and for 
finding the antibiotic sensitivity in the presence of clinical 
infection. Adhérence to the good surgical principles of radical 
debridement and early soft tissue cover are the only proven 
steps to prevent infection. 

DEBRIDEMENT—IMPORTANCE AND TECHNIQUE 

The adequacy of debridement détermines the rate of 
wound infection, bone union and the ultimate success of 
reconstruction. Introduction of microsurgery has 
increased our capability to cover wider defects and it has 
changed the way wounds are debrided. There are two 
protocols of debridement - 

1. Serial debridement. 

2. Radical debridement. 

In serial debridement, tissues that are clearly dead 
are excised. Doubtfully viable tissue is retained in the 
hope that it would become alive. A 'second look' 
procedure is carried out under anesthésia 24 or 48 hours 
later and the process is repeated. This is done quite a few 
times till the surgeon is sure that there are no nonviable 
tissues. Each time tissues appearing nonviable are 
excised. 

On the other hand radical debridement follows the 
principle of wound excision. Only tissues that are 
definitely viable are retained. Between removing tissues 
appearing nonviable and retaining only tissues that one is sure 
is viable there is a big différence. That sums up the différence 
between serial debridement and radical debridement. In 
most instances the final defect after serial debridement 
may be bigger than what it would hâve been had primary 
radical debridement. This is because of additional loss of 
tissue due to exposure and desiccation that is unavoidable 
when serial debridement is practiced. Serial debridement 
is advocated in cases like electrical burns where the zone 
of injury is difficult to be précisé. In open fractures, most 
often it is possible to assess the extent of damage and 
perform primary radical debridement. Radical 
debridement is mandatory for primary reconstruction 
and is described in detail. 

The technique was popularized by Lister and Scheker 5 
when they started performing emergency free flaps. In 
this situation since the wound was covered by a free flap 
within 24 hours, there was no scope for doing serial 
debridement. Hence, they were aggressive in debride¬ 
ment. It was then found that wound infection rates were 
much lower in this protocol than with serial debridement 
with better functional outcome in a shorter time span. 
Gupta et al 6 call it 'wound excision' and hâve given a 
step by step account of the procedure which is detailed 
below. 


Debridement must always be done under tourniquet. 
In a blood less field the surgeon will be able to better 
distinguish between viable and non viable tissue. Healthy 
tissue under tourniquet is bright and homogenous in 
colour and the subcutaneous fat is yellow. Dead tissue 
or tissues with compromised blood supply are dull and 
dark, with foreignbodies and irregular tissue consistency. 
Blood less field helps to clear dirt and road dust between 
the muscle planes. If the raw area is large, debriding 
under tourniquet considerably reduces the blood loss. 
This is kinder to the patient who has already lost blood 
due to the injury and is stressed. If one wants to be sure 
by noting the bleeding edges for adequacy of debride¬ 
ment, the tourniquet may be let down at this stage of 
debridement and the wound assessed. Areas of no 
bleeding are noted. The tourniquet is reinflated and the 
areas of inadéquate bleeding are further debrided. This 
staged release of tourniquet allows the viability of ail 
structures to be assessed and debridement to proceed 
without torrential bleeding obscuring the surgeon's view. 
If one were to perform debridement without tourniquet, 
bleeding may place vital structures at risk of being 
injured. Bleeding from adjacent live tissue may make it 
appear that devitalized tissue is bleeding and therefore 
alive. 

Loupe magnification is a must for debriding the 
wound. Magnification helps in being more accurate in 
debridement and in achieving hemostasis. 

Debridement is started by excising 2 mm of skin edges 
and is proceeded inwards. Lacerated and crushed skin 
edges are sharply excised to yield clear vertical edges. 
Skin edges may be degloved. If adéquate attachment is 
présent, it is retained. Otherwise it is excised. Avulsed 
skin which appears like a full thickness graft must be 
excised. The only time when we may be conservative in 
skin excision is when a strip of skin is available in an 
otherwise circumferentially degloved extremity. This 
strip may be useful to carry precious venous drainage in 
the immédiate post-injury phase and it could be excised 
later during definitive reconstruction. The wound is 
excised by passing through normal tissue just beneath 
the injured and contaminated surface moving inwards 
from periphery. One can be radical in cutting back muscle 
and subcutaneous tissue to normal looking tissue. Fascia 
is excised if it avulsed from muscle. The contaminated 
surface of tendons can be debrided and continuity 
maintained if possible. Blood vessels and nerves are 
isolated and we are conservative only in debriding nerves 
and blood vessels. The epineurium is gently excised 
under magnification if it is contaminated. This might take 
time, but is worth it. This technique of stripping of the 
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longitudinal structures is called as 'skeletonization of 
longitudinal structures/ 

Bone debridement is then done. Structurally relevant 
bone fragments are preserved. If a bone segment is 
crushed and contaminated, it is excised. Bone with 
complété periosteal stripping and fragments without any 
soft tissue attachment are removed. Inadéquate bone 
debridement is one of the principal causes of wound 
infection and failure of primary reconstruction. 7 Ail the 
time, the wound is kept moist by gentle irrigation. At the 
end of debridement, the wound must look like a 
surgically created wound. 

High pressure pulsatile lavage is not necessary. 
Bhandari et al 8 found in vitro models of contaminated 
tibial fracture that high pressure pulsatile lavage (seventy 
pounds per square inch, 1200 ml per minute) resulted in 
bacterial seeding into the intramedullay canal and 
significant damage to the architecture of the bone and 
soft tissues. In another study 9 they found that low 
pressure pulsatile lavage (fourteen pounds per square 
inch) was equally effective in removing bacteria within 
three hours debridement delay. 

In our expérience we find that pulsatile lavage is not 
necessary if we concentrate on surgical technique of 
wound excision. Forceful irrigation frequently drives the 
road dust into deeper muscle planes and into joint 
cavities. Particular care has to be taken while debriding 
lower third of leg, ankle or dorsum of foot. We wash the 
wound just to remove the superficial contaminants and 
then do surgical excision. We use rubber bulb lavage for 
irrigation of the wound. If the wound is grossly 
contaminated washing is first done to remove gross 
contaminants and then we do surgical debridement. 
Lavage is mainly done after surgical debridement since 
we find that when done early, the fluid drives the dirt 
into inner pockets. This is particularly true while 
debriding composite losses on the dorsum of the foot or 
hand. There are too many pockets in between the tarsal 
and carpal bones and hence one has to be more careful 
in debriding such areas (Figs IA to F). 

A common mistake in debridement is to place 
complété reliance on wound lavage to perform the 
debridement and minimally excise only the most 
obviously dead tissue without magnification. In one 
study 10 ultrasonic lavage removed 70 percent of the 
silicone sand rubbed into experimental wounds. 
Although impressive, this finding means that 30 percent 
of the particles were not removed. Such debridement 
which leaves heavy contamination and devitalized tissue 
or both is a common cause for failure. So, one must rely 
on the knife rather than irrigation for adéquate 
debridement. 


DEBRIDEMENT OF CHRONIC AND 
NEGLECTED WOUNDS 

Inadéquate primary debridement is the commonest cause 
of a chronic or neglected wound. Post-debridement defect 
of a chronic wound is always more extensive because in 
addition to the loss of tissue due to the injury there is the 
loss of tissue due to exposure and infection. Fibrosis of 
the edges and the base of the wound make debridement 
difficult. Fibrosis occurs not only on the exposed surface 
but extends proximally and distally along the eut muscles 
and tendons and along the tissue planes. So, it is not 
unusual to find difficulty in accessing blood vessels for 
attachment of free flaps even far away from the wound 
in chronic situations. In the acute phase, edema spreads 
along the tissue planes and edema fluid if left long is 
organized into fibrous tissue. 

Debridement of a chronic wound must again be done 
under tourniquet and loupe magnification. The plan is 
to excise ail the scarred tissue and leave behind healthy 
tissue for starting of reconstruction. Wound excision is 
done through normal tissue. When eut through fibrosed 
margins bleeding could be more, because the surrounding 
fibrosis prevents the retraction of eut blood vessels. If 
functionally important structures like nerves are 
entrapped in the scar, the dissection is commenced in 
the healthy surrounding tissue passing towards the scar 
and peeling away the scar from the nerves. Loupe 
magnification and patience are required for this part of 
debridement. Bone debridement is the most difficult part 
of the operation. Ail exposed parts of the bone and bone 
without periosteum are removed, as are any areas of bone 
around which there is a soft tissue defect. If there is severe 
intramedullary infection, this dénotés the presence of 
contaminants. The anterior cortex of the bone could be 
removed and cancellous bone is debrided. When the area 
is covered by a muscle flap it will fill up the cavity and 
élimina te the dead space. 

TIMING OF DEBRIDEMENT 

While it appears logical to keep the injury- debridement 
interval as short as possible, few studies are available to 
dénoté the eut off time beyond which primary 
reconstruction should not be done or beyond which 
infection rates are higher. Conventionally debridement 
is recommended to be done within 6 hours of injury. 
Khatod et al 11 retrospectively studied one hundred and 
seventy eight patients with 191 consecutive fractures to 
find the relationship to infection and timing of treatment. 
23% of patients had infection and 6% had osteomyelitis. 
The average time to treatment was not significantly 
different in infected versus noninfected fractures across 
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Fig. IA: Major crush injury involving left foot and both ankle 
with extensive contamination (For color version see Plate 25) 


Fig. IB: Postdebridement view of the left foot. Note the extent 
of wound excision. Ail pockets in the foot and ankle are laid 
bare (For color version see Plate 25) 


Fig. 1D: Postdebridement and fixation picture of the right ankle 
with exposure of the screws. Upto this stage ail were done 
primarily (For color version see Plate 25) 


Fig. 1 F: Fasciocutaneous flap cover was done for the right ankle 
and the resuit at one year (For color version see Plate 25) 


Fig. IC: The dorsum of the foot covered with collagen sheet, 
after debridement. Patient also had other injuries which required 
attention and primary flap cover was not possible (For color 
version see Plate 25) 


Fig-1 E: Latissimus dorsi microsurgical free flap cover was done 
after 48 hours and the resuit at one year (For color version 
see Plate 25) 
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fracture types. No infection occurred when the time to 
surgery was within 2 hours, however, no significant 
increase in infection was discovered with respect to 
patients treated after 6 hours compared to those treated 
within 6 hours. It could be taken to mean thaï the quality of 
debridement done is more significant than the timing. Even in 
polytrauma patients and patients with comorbid factors 
like diabètes, hypertension or heart disease, debridement 
and at least temporary skeletal fixation must be done as 
early as possible. Patients with comorbid factors must be 
treated aggressively since they tolerate blood loss and 
infection much more badly than normal individuals. 

TIMING OF SOFT TISSUE COVER 

Vital structures like bone and tendons do not tolerate 
exposure. Exposure leads to desiccation and nonviability 
of these structures. Even frequent dressing changes 
cannot keep the tissues moist and exposed tendons 
become nonviable very fast. If they hâve lost the sheen 
the tendons must be removed. Covering dead bones and 
tendons with flaps does not make them alive. On the other 
hand rétention of these dead structures is the commonest 
cause of infection beneath the flap and cause for long 
standing sinuses. Infection and sinuses clear only when 
the offending bone ends and tendons are removed. 

We hâve found that coverage of the fracture ends and 
tendons with collagen sheets immediately after 
debridement helps to keep the structures moist for about 
48 hours. 12 Collagen sheets could buy a little time before 
definitive soft tissue cover is given. These sheets are 
removed at the time of soft tissue cover. Collagen sheets 
must not be applied to undebrided or inadequately 
debrided wounds since it would increase infection. 

If one is sure of the adequacy of debridement, flap 
coverage could be done primarily. Lister and Scheker 5 
found primary free flap coverage (done within 24 hours 
of injury) resulted in lesser infection rates, higher flap 
success rates, lesser hospitalization period and cost. 
Godina 13 found lesser microsurgical flap failure rates 
when they are done within 72 hours compared to flaps 
done after 72 hours and 3 months after injury. Early flap 
cover requires expérience to détermine the extent and 
zone of injury. When successful it is always much better 
than late flap cover. Evidence of the benefit of early soft 
tissue cover is plenty in the literature and hence every 
attempt must be made to cover the wound with well 
vascularized tissue as early as possible. 

FLAP COVER AND TYPE OF SKELETAL FIXATION 

Initially external fixation was the favored type of skeletal 
fixation in open fractures associated with soft tissue loss. 
Now there are many sériés to prove the safety of using 


intramedullary nails foliowed by early soft tissue cover. 14 
Provided we are convinced of the adequacy of 
debridement and reliability of soft tissue cover, the 
optimal fixation System for the type of fracture could be 
chosen. If external fixators are used, discussion with the 
plastic surgeon prior to siting of the pins would be helpful. 
In the leg, if free flaps are to be used, the posterior tibial 
artery will usually be the récipient vessel and hence the 
pins are sited laterally. If the reverse flow flaps like the 
sural neurocutaneous flap is to be used, the pins are sited 
on the anteromedial side. Joint consultation between the 
orthopédie team and the plastic team is good for the 
patient. Presence of the plastic surgeon during debride¬ 
ment will help him assess the zone of injury, extent of 
degloving and injury to the perforators to décidé if local 
flaps would be safe. The decision, thus, made can guide 
the orthopédie surgeon to décidé on the site of pin 
placement and the type of fixation. External fixator pins 
must not be placed through the wound. This will make it 
difficult to cover the raw area. 

TYPE OF SOFT TISSUE COVER—DOES IT 
MAKE A DIFFERENCE? 

Open fractures could either be covered by skin flaps like 
fasciocutaneous flaps or muscle flaps. Both could be 
raised from local tissues in the leg or brought as free 
micro-vascular flaps. Transposition flaps and rotation 
flaps of skin adjacent to the defect, sural neurocutaneous 
flaps are examples of pedicled skin flaps whereas 
antérolatéral thigh flaps, scapular flaps are examples of 
micro vascular skin flaps. Gastrocnemius and soleus are 
local muscle flaps whereas latissimus dorsi and gracilis 
are commonly done microvascular free flaps. Local flaps 
hâve limitation of size of tissue available whereas free 
flaps are not restricted by size. Muscle flaps can fill in 
cavities and are known to bring in good blood supply. 
Claims hâve been made for increased bone union rate 
with muscle flaps. 15 But there is actually little clinical 
evidence that this is the case and the apparently improved 
union time associated with the use of muscle flaps may 
well merely be a reflection of the lower infection rate 
associated with good flap cover. 16 The impression of our 
clinical expérience also points out that there is no 
différence between muscle flaps or fasciocutaneous flaps. 
The critical point is the adequacy of debridement and 
primary healing of the wound. 

If secondary procedures like bone grafting or 
arthrodesis are to be done and access is to be gained 
through the flap, most surgeons feel comfortable with 
skin flaps, muscle flaps because they are denervated, 
atrophy and there is actually little bulk after a few years. 
Access is best gained by incising the margin away from 
the pedicle of the flap and lifting the flap. While there is 
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no fixed minimum time after which the flap could be 
raised again, it is best to wait for induration to settle and 
the edges to become soft and supple. 

DEGLOVING INJURIES ASSOCIATED 
WITH FRACTURES 

Degloving occurs when squeezing and shearing forces 
are applied to the limb. It is critical to correctly assess the 
viability of the degloved skin. This becomes more impor¬ 
tant if degloving is associated with an open fracture. 

Degloving is of two types. It is called anatomical 
degloving when degloving is obvious due to skin 
disruption. It is called physiological when there is no open 
wound. The significance of physiological degloving can 
be missed if one is not vigilant. Another complication of 
physiological degloving is hematoma formation under 
the flap which may get infected. 

The blood supply of the skin is compromised because 
the plane of degloving is always superficial to the fascia. 
The viability is then dépendent only on subdermal plexus 
of vessels and upon the intact perforators at the base of 
the degloved flap. In forearm where there are numerous 
perforators, chances of viability are higher whereas the 
same extent of degloving will cause necrosis in the lower 
leg due to paucity of perforators. So, we must be radical 
in debriding the delgoved skin in the leg. Ail physio- 
logically degloved skin need not be opened. It dépends 
upon the extent of degloving. Since assessment may be 
difficult on day one, close and frequent follow up is 
necessary. 

In summary, goal of open fracture treatment is 
primary bone union. The fracture cannot unité primarily, 
unless the wound over it heals primarily without 
infection. The critical factors for preventing infection are 
radical debridement and early soft tissue cover. Ail other 
factors are of secondary importance. Coordinated efforts 
by the Orthopédie and Plastic Surgical Team is vital to 
achieve this objective. 17 
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The science, technology and clinical applications of bone 
grafting hâve advanced remarkably over the last twenty 
years. Skeletal defects can be repaired using a variety of 
different types of graft, each having relative advantages 
and disadvantages for any spécifie reconstructive surgery. 
Given the présent techniques of bone grafting, there are 
relatively good indications for ail forms and types of 
grafts, but these indications are changing as further 
advances are made. 

It is likely that our current preferred grafting techni¬ 
ques will be supplanted with newer, more effective 
methods of restoring skeletal integrity as our 
understanding of the physiologie cascade of bone healing 
and régénération improves. Recombinant technology 
now offers the potential to produce unlimited quantities 
of local growth factors. The application of these 
recombinant proteins to clinical problems will be 
scientifically studied and refined over the next decade, 
and will undoubtedly alter our clinical approach to con¬ 
génital and acquired skeletal defects. 

The focus of this chapter is on the current status of 
bone grafting with an emphasis on the sélection of spécifie 
graft materials. 

Autograft (ABG) has long been considered the gold 
standard method of grafting because ABG contains ail 
three components: (1) the bone marrow contains the 
osteoprogenitor cells; (2) the morcellized surfaces of the 
bone chips acts as a scaffold; and (3) the osteoinductive 
factors résidé within the bone chips. ABG most commonly 
is taken from the iliac crest because of the cancellous 
structure and available volume; however, complication 
rates range from 9 to 50% hâve been associated with the 
procedure. 5 


CLASSIFICATION 

There are numerous ways to classify bone grafts. Grafts 
can be distinguished as to their source (autograft, 
allograft, or xenograft) (Table 1), bony architecture and 
structure (cancellous, cortical, or corticocancellous), site 
of origin (local or distant), blood supply (nonvas- 
cularized or vascularized), or their préservation method 
(fresh, frozen, freeze dried, or demineralized). The 
biology, immunology, and mechanical properties of graft 
materials vary with their source, architecture, vascular 
supply, and préservation techniques. 9 When using a graft, 
it is helpful to describe the spécifie type of material, e.g. a 
fresh iliac crest corticocancellous autograft or irradiated 
chips of freeze dried cancellous allograft. Such a 
description allows one to assess what effect the form of 
graft material may hâve on the clinical resuit. 


TABLE 1 : Bone graft terminology 25 


Type of graft 

Tissue transfer 

Comments 

Autograft 

From one site to 
another in the same 
individual 


Allograft 

From two genetically 
different individuals 
of the same species 


Xenograft 

From one species to 
a member of a 
different species 


Isograft 

From one monozygotic 

Usually done in 


twin to the other 

laboratory experiments 
with transfer from 
inbred genetically 
identical strains of 
animais 
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Grafts may also be categorized according to their 
primary structural or physiologie function. The terms 
osteoconductive, osteoinductive and ostéogénie are often 
used to distinguish the three major functions of a graft 
material. Osteoconductive grafts imply the presence of a 
porous structure or scaffold in the graft for the normal 
vascular and cellular events of bone régénération. No 
inhérent Chemical or cellular stimulus for the production 
of bone by the récipient is présent. 

Osteoconduction is provided by ail grafts and 
biomaterials such as ceramies. This process supplies the 
three-dimensional configuration as a scaffold for the 
ingrowth into the graft of host capillaries, perivascular 
tissue and osteoprogenitor cells from the récipient. 25 

Osteoinductive grafts possess a Chemical matrix 
which provides molecular signais to the host that recruit 
or stimulate cellular activity for bone régénération. The 
signais are the BMPS, TGFS, PDGF, etc. 

This induction of stem cells does not require viable 
graft cells because it is a property of bone matrix. BMP is 
présent, to some degree, in ail bone that has been 
preserved with any number of methods that do not 
destroy it. 25 

These matrix signais are released from the graft 
during its résorption and support the mitogenesis of 
undifferentiated perivascular mesenchymal cells, leading 
to the formation of osteoprogenitor cells with the capacity 
to form new bone. Ostéogénie grafts actually contribute 
graft derived cells which survive transplantation and 
participate in the early stages of osteogenesis. With some 
graft materials, the distinction between osteoconductive 
and osteoinductive is ill-defined. For example, the 
osteoconductive calcium phosphate material called inter- 
porous hydroxyapatite is generally considered to serve 
primarily as a scaffolding for new bone régénération. 
When it is implanted into an ectopic intramuscular site 
in primates, however, bone formation within the pores 
of the hydroxyapatite will occur. 21 

It is thought that the hydroxyapatite substratum 
functions as a solid-phase domain for anchorage of local 
growth factors released during its implantation. These 
histologie findings should not be interpreted as evidence 
that hydroxyapatite, despite this formation of bone in an 
ectopic site, is an osteoinductive material. 

Osteogenesis is the physiologie process whereby new 
bone is synthesized by graft cells or cells of the host. 
Surface cells, which survive with transplantation of either 
cortical or cancellous grafts, can produce new bone. This 
new bone initially may be important for the development 
of callus during early graft incorporation. Note that 
cancellous bone, because of its large surface area, has a 
greater potential for forming new bone than does cortical 
bone. 25 


While a detailed description of the biology of bone 
graft incorporation is outside the scope of this chapter, it 
is important to remember that bone régénération is a 
collaborative effort of the host and graft. The host milieu 
is critical for angiogenesis and most, if not ail, cellular 
activities. The graft provides a scaffolding for these 
cellular events and limited, if any, osteoinductive or 
ostéogénie stimuli. Additionally, the graft, if derived from 
cortical bone, may also possess sufficient structural 
strength to augment the remaining local bone and any 
internai fixation. 

The initial response by the surrounding tissue is 
similar to a comminuted fracture. Most of the 
transplanted cells die as a resuit of ischemia. Fortunately, 
mesenchymal cells are relatively résistant to ischemia and 
many survive to begin différentiation and prolifération. 
Efficacy of the ABG is intimately linked to the survival 
of these committed cells, which are believed to be the 
most vital component of fresh ABG. 5 

Known complications to this grafting method is are 
(1) Second site of morbidity including the potential for 
fracture and infection. (2) Increased surgery time. 
(3) Increased blood loss. (4) Limited bone supply. (5) Poor 
quality of bone and relative paucity of ostéogénie cells in 
older patients which are especially noteworthy. 
(6) Infection (7) Hernea through the cavity is iliac bone 
has been noted. 5 

Nonvascularized Autografts 

Nonvascularized autografts are the most commonly used 
types of grafts and are considered to be the "gold 
standard" against which other graft materials are 
compared (Figs IA to E). This strong clinical preference 
for autografts is attributable to their ostéogénie capacity 
and rapid incorporation. Nonvascularized autografts are 
usually inserted as cancellous or corticocancellous chips 
or blocks depending upon the need for structural support. 
Their rate and completeness of repair differ. The 
resorptive phase of pure cancellous grafts is very short 
compared to that of cortical autografts. Cancellous grafts 
hâve pore dimensions idéal for rapid revascularization 
and appositional new bone formation. 

Autografts are considered to be osteoconductive 
(especially cancellous grafts) and osteoinductive. Most 
osteoprogenitor cells in fresh autografts die shortly 
following implantation, but some do survive and contri¬ 
bute to bone formation. The spacial and temporal 
sequences of bone repair and remodeling following the 
insertion of a nonvascularized autograft are in many 
ways analogous to normal fracture repair. The recruit- 
ment, différentiation, and maturation of cells are 
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Figs 1 A and B: (A) Anteroposterior, and (B) Oblique 
radiographs of an ununited tibial fracture nine months following 
injury. The original Grade II open fracture was treated with 
debridement and a nonreamed, small diameter interlocking nail. 
An exchange nail, locked only proximally, was inserted at three 
months but the fracture failed to heal. There was no evidence 
of infection 



Figs 1C to E: (C) Treatment included the insertion of autologous 
cancellous bone graft from the iliac crest using a postérolatéral 
approach to the nonunion. Approximately 5° of rotatory 
instability at the nonunion site was noted at the time of surgery 
and therefore the distal locking screws were inserted through 
the nail to further stabilize the nonunion, (D) Anteroposterior, 
and (E) Latéral radiographs six months following bone grafting 
demonstrate full incorporation of the cancellous bone graft with 
cross union of the tibia and fibula. The patient was full weight- 
bearing on the extremity without pain 


optimized with this form of graft material. There is no 
immunological response to the autograft and no risk of 
transfer of the disease (Table 2). 

The graft is well under way to complété résorption 
and new bone formation by 6 months after transplan¬ 
tation. The remodeling and complété replacement of the 
nonviable graft bone is influence by Wolff's Law. By 1 


year, incorporation is usually complété; the graft is 
completely resorbed and replaced with viable new 
bone. 25 

The major disadvantages of non-vascularized 
autograft are their limited supply and donor site morbi- 
dity. Extensive posterior spine fusions and segmentai 
defects of long bones often require volumes of autograft 


TABLE 2: Comparative properties of bone grafts 


Types of graft Mechanical properties* Osteoconduction Inductiveness Osteogenesis graft derived 

new bone formation by graft and host bed 


Autograft cancellous 

± 

+++ 

+++ 

+++ 

Cortical 

+++ 

++ 

++ 

+ 

Allograft Cancellous Frozen 

± 

++ 

+ 

— 

Freeze dried 

— 

++ 

+ 

— 

Cortical Frozen 

+++ 

+ 

± 

— 

Freeze dried 

+ 

+ 

± 

— 

Demineralized allogeneic 

— 

+ 

++ 

— 


*Defined as the graft's ability to conter structural strength. 

— = No activity; ± = Little activity; + = Mild activity; ++ = Moderate activity; +++ = Significant activity 
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beyond that available from the iliac crest or other distant 
sites. Augmenting the volume of graft is possible with 
the addition of allograft or synthetic bone graft 
substitutes. The prevalence of donor site morbidity has 
been documented by many investigators. 13 They are: 

1. Bone marrow: Another form of nonvascularized 
autograft which has been popularized in the last ten 
years is that of injectable autogenous bone marrow. 6 
Marrow contains osteoprogenitor cells as well as 
hematopoietic cells. Aspirated marrow, independent 
of the bone tissue, can be effectively used as an 
ostéogénie graft. 

2. Bone marrow and periosteum are essential 
contributors to the fracture repair process. 14 

3. The frequency number of progenitor or stem cells 
within the bone marrow population is very low and 
decreases dramatically with âge. A healthy young 
adult has approximately one progenitor cell per 
100,000 nucleated bone marrow cells. Despite this 
paucity of cells, the pool of résident progenitor cells 
generally is sufficient to form bone in response to 
injury or other stimuli. 14 

Clinical applications of non-vascularized autografts 
include acute comminuted fractures, traumatic segmentai 
defects of long bones, nonunions, arthrodèses, and 
reconstructive surgeries such as total joint arthroplasty. 
Although the use of autograft in acute fractures dates back 
to the early twentieth century, 1,20 there still are no 
universally accepted guidelines for when grafting is 
indicated. Open tibial and other long bone fractures often 
require delayed bone grafting, and forearm diaphyseal 
fractures hâve traditionally been grafted in cases in which 
greater than a third of the circumference of the bone is 
comminuted. Data are lacking, however, as to the optimal 
indications and timing for autografts. 

A clean, well-vascularized host bed is critical in 
providing the satisfactory host environment. Wide 
excision of the scar tissue, treatment of infection, 
protection of the blood supply and satisfactory soft-tissue 
coverage are mandatory. A stable fixation and contact 
between the host bone and the graft is central to the 
successful incorporation of the bone graft. 25 

Connolly 6 and others 11 hâve developed techniques for 
percutaneous insertion of marrow into nonunions. 

Bone Marrow Concentrate 25 

Following mechanical disruption of the periosteum and 
surrounding soft tissues by a fluoroscopically-guided 
needle, a potential dead space around a nonunion is 
created. A large volume of aspirate, usually exceeding 
can then be injected into the dead space. For atrophie or 
récalcitrant nonunions, sequential bone marrow 


injections can be applied over a period of time. While the 
current technique of bone marrow injection has limited 
usefulness, the development of methods for the isolation, 
purification, and cultural expansion of marrow-derived 
mesenchymal cells may expand its indication. 

Vascularized Autografts 

Autografts with preserved blood supply from a 
transferred or re-anastomosed vascular pedicle do not 
undergo necrosis and thus, shorten the length of the 
reparative process. This éliminâtes the initial necrotic and 
inflammatory stages of bone repair which are présent 
with nonvascularized grafts. Résorption of any dead 
transplanted bone theoretically does not occur with such 
vascularized grafts, and rapid union of the host to grafted 
bone is expected. 

Vascularized autografts hâve indeed been found to 
be biologically and mechanically superior to non¬ 
vascularized grafts. 12 They are considered idéal for 
clinical defects of long bones with compromised local host 
soft tissues and blood flow. Common indications include 
segmentai osseous defects in soft tissues which are 
severely scarred or previously irradiated or infected. 
Despite a dysvascular milieu, the grafts will hypertrophy 
under physiologie loading. 

The major disadvantage to vascularized autograft is 
the limited availability of donor sites. Fibula, iliac crest 
and rib, vascularized grafts are the most common sources. 
Normal tissues must be sacrificed and permanent 
morbidity at the donor site is possible. Sophisticated 
microsurgical techniques are necessary for a successful 
resuit. An additional disadvantage of such grafts is that 
when they are used in major sites of loading, osseous 
hypertrophy may occur too slowly to prevent fracture of 
the graft. These disadvantages of vascularized autografts 
are sufficiently great to warrant limiting their use to only 
the most demanding bony defects. 

Vascularized autografts hâve been applied to a variety 
of reconstructive problems. The best indication is 
reconstructive segmentai defects with a compromised 
local environment. They hâve also been used in cases 
where the local bone is biologically déficient such as with 
congénital pseudoarthrosis of the tibia. Récalcitrant 
nonunions and reconstructive surgery following tumor 
ablation are also relative indications for this type of 
grafting. The success rate of vascularized grafts in large 
traumatic segmentai defects has been reported to be 
approximately 80%. 18 Despite this success rate, simpler 
forms of grafting, especially nonvascularized cancellous 
autografts, are preferred for most segmentai defects in 
long bones. 



1316 Textbook of Orthopedics and Trauma (Volume 2) 


Fresh Allografts 

The biology of allograft incorporation is distinctly 
different and inferior to that of autografts regardless of 
the mode of préservation of the allograft. Due to the 
genetic disparity between the host and récipient, 
allografts evoke variable immune responses. The 
inflammatory reaction associated with ail types of 
allografts is thereby magnified and incorporation of the 
allograft is delayed. With revascularization and early 
résorption of allografts, previously covered foreign 
antigens are exposed causing a chronic low grade inflam¬ 
matory response. Despite these biologie disadvantages, 
allografts hâve proven to be valuable in many clinical 
settings. 

Fresh allografts are primarily used to resurface 
osteochondral defects. The allograft tissue is harvested 
stérile and is stored in an antibiotic solution at 4°C. 
Depending upon the need for chondrocyte viability, the 
allograft is normally implanted within 3 to 7 days after 
harvesting. While histocompatibility différences between 
the host and récipient are important, tissue typing is 
generally not performed. 

The major advantages of fresh allograft are the 
absence of any need for complex préservation techniques, 
the possibility of transplanting viable articular cartilage, 
and the utility of these allografts for joint resurfacing. The 
major disadvantages include an intense immune response 
to these fresh tissues, the fact that the need and 
availability of tissue may not coincide and the limited 
time available to test for possible viral transmission. The 
présent concerns regarding disease transmission through 
the transplantation of fresh allogenic tissue hâve 
narrowed the indications for such allografts. Clearly, 
fresh allografts should not be used for routine grafting 
purposes. 

The preferred clinical use of fresh allografts is joint 
resurfacing after trauma, degenerative disorders, or 
tumor ablation. Due to problems of matching the size 
and shape of donor and récipient tissues and restoring 
the normal kinematics of joints, fresh osteochondral shell 
allografts hâve been found to be most effective for 
resurfacing only one side of a damaged joint. Osteo¬ 
chondral defects from trauma or from osteochondritis 
dessicans represent the idéal indication for such fresh 
allografts. 16 While unicompartmental degenerative 
arthritis of the knee can be treated with resurfacing of 
both sides of the joint with fresh allografts, the graft 
material does wear rapidly, resulting in clinical failure. 
Malunited joint fractures such as those of the tibial plateau 
are also a relatively good indication for such fresh 
allografts. Osteochondral shell allografts hâve also been 


used to resurface the fémoral head in cases of osteo- 
necrosis, especially in early stage III disease where the 
acetabular cartilage has been well preserved. 17 Even with 
proper restoration of the mechanics of the joint, the 
articular cartilage of fresh osteochondral allograft does 
degenerate over time. 3 Fresh allografts should therefore, 
only be considered temporizing procedures which may 
postpone, but not eliminate, the need for an artificial joint 
replacement. Because of the limited indications and the 
logistical inconvenience of scheduling surgery based on 
availability of donors, fresh osteochondral allografts are 
the least commonly used type of allograft. 

Frozen Allografts 

Frozen allografts are harvested in a stérile fashion, 
stripped of soft tissues and frozen at approximately— 
70°C prior to implantation. If cartilage préservation is 
desired, the cartilage may be treated with glycerol or 
DMSO prior to deep freezing. Prior to freezing and after 
thawing, cultures are taken to confirm sterility of the graft. 
The bone marrow éléments are often lavaged out prior 
to implantation, thus minimizing the immunologie 
response to the allograft. 

Frozen allografts are one of the most commonly used 
forms of allogeneic bone tissue (Fig. 2). The grafts are 
simple to use and are less immunogenic than fresh 
allografts. Cartilage cryopreservation is feasible if a joint 
surface is being replaced. Freezing of the allograft tissue 
does not alter its normal mechanical properties and 
therefore, these allografts hâve been found to be idéal 
for massive osteoarticular and segmentai defects. 

The major disadvantage of frozen allografts is that 
viral transmission from the donor to the host is possible. 
Several documented cases of HIV transmission from 
frozen allografts hâve been documented in the United 
States. Storage of these grafts may be expensive and no 
secondary sterilization of the graft is possible. While 
cryopreservation is feasible, the chondrocytes that do 
survive the deep freezing process hâve limited viability. 
When the grafts are used to replace large segments of 
weight bearing bones, infection and fracture through the 
grafts are unfortunately common. 2 

The best clinical indications for frozen allografts are 
massive osteochondral defects, intercalary diaphyseal 
defects, and bone loss encountered at révision joint 
arthroplasty. Following tumor ablation and occasionally 
major trauma, massive osteochondral frozen allografts 
can be used to restore the length of the limb and the joint 
congruity. They allow for reattachment of soft tissues, 
and they avoid some of the fixation problems which are 
encountered with metallic prostheses in younger patients. 
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Figs 2A and B: (A) Anteroposterior radiograph of the left hip of 
a 60-year-old male fifteen years following a total hip 
replacement. Gross loosening of both the acetabular and 
fémoral components with marked osteolysis was évident, and 
(B) Révision surgery included the use of noncemented fémoral 
and acetabular components with a long stem fémoral 
component spanning across a subtrochanteric osteotomy used 
to restore the alignment of the proximal fémur. Deep frozen 
cortical allograft was applied along the latéral aspect of the 
fémur. This radiograph at one year demonstrates nonunion of 
the subtrochanteric osteotomy site and résorption of the allograft 
struts. Inadéquate stabilization of the osteotomy was achieved 
with this surgical construct 



Figs 2C and D: (C) Postoperative radiograph of a second 
révision surgery where a larger diameter, long stem 
noncemented fémoral component was used. Deep frozen 
cortical allograft struts were placed medially and laterally and 
the nonunion site was further stabilized with a postérolatéral 
plate. Stable fixation was achieved, and (D) Four years following 
the second révision surgery, union of the sub-trochanteric 
osteotomy and excellent incorporation of the cortical strut 
allografts was noted both medially and laterally. Any further 
révision surgery which might be necessary will be facilitated by 
the improved bone stock provided by the allografts 


Large cortical frozen allografts occasionally are used for 
post-traumatic and post-tumor resection intercalary 
defects of the fémur and tibia. 

In the United States, large corticocancellous frozen 
allografts hâve their highest utilization in révision joint 
arthroplasty. A frozen allograft can be morsellized for 
cavitary defects. Alternatively, large struts of frozen 
cortical allograft can be used to reinforce a weakened 
proximal fémur at the time of révision hip replacement. 
Similarly, blocks of frozen allograft hâve been implanted 
to replace massive acetabular defects. However, 
résorption of these allografts can resuit in aseptie 
loosening of the révision components. 

The rate of bone formation in frozen allografts is 
dépendent upon the histocompatibility différences 
between the donor and récipient. 23 In an osteochondral 
allograft model in dogs, the rate of consolidation of tissue- 
antigen matched and mismatched grafts were compared. 
There appeared to be a direct corrélation between success- 
ful graft incorporation and a decreased immunogenicity 
of the allograft. Despite the importance of histocompati¬ 


bility différences, routine tissue typing of frozen allografts 
is not performed. 

The issue of disease transmission with frozen 
allografts remains a major concern in the United States. 
Rigorous screening of donors has decreased the risk of 
such disease transmission and the rate of transmission is 
now considered to be acceptably low. The overall clinical 
results with frozen allografts are good and they will 
continue to hâve a clear rôle in reconstructive surgery. 
Nevertheless, autografts remain superior to allografts if 
adéquate quantity of graft material is available. 

Freeze Dried Allografts 

Freeze dried allografts can be harvested using a clean 
but not stérile technique and secondarily sterilized. 
Following freeze drying, they can be stored at room 
température indefinitely and are, therefore, quite easy to 
transport. The freeze drying process also decreases their 
immunogenicity. 10 Despite these advantages of freeze 
dried allografts, their clinical use remains restricted. The 
préservation technique is complex and expensive, and it 
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does alter both the biological and mechanical properties 
of the graft. Freeze dried allografts slowly incorporate 
and are biomechanically inferior to their frozen counter- 
parts. 19 Additionally, no cartilage préservation is feasible, 
thereby limiting their use for periarticular defects. 

Freeze dried allografts are used for a variety of 
different clinical entities. Small cystic defects and small 
traumatic metaphyseal defects can be filled with freeze 
dried allograft chips. Freeze dried allograft chips can also 
be used to augment insufficient volume of autograft for 
the grafting of a larger sized defects. Freeze dried 
allografts hâve also been used as an alternative to frozen 
allografts to supplément osteolytic bone during révision 
total joint arthroplasty. Freeze dried allografts hâve also 
found a rôle in anterior spinal arthrodesis, especially of 
the cervical spine. 26 In this latter indication, autografts 
hâve been found to incorporate earlier, but the nonunion 
rate is only 5% with freeze dried allografts. 

The simplicity and decreased immunogenicity of 
freeze dried allografts will ensure their continued use in 
various traumatic and reconstructive problems with 
osseous defects. 

In an effort to improve incorporation of cortical 
allografts, new méthodologies hâve been developed. 
Perforation of the graft increases the available surface area 
for ingrowth and ongrowth of new bone and provides 
easier access to the intramedullary canal. Perforated grafts 
are reported to hâve more new bone ingrowth than 
similar nonperforated grafts. 25 

Demineralized Bone Matrix 

Demineralization of allografts resuit in the production 
of a potent osteoinductive graft material. Such allografts 
are easy to store and transport. Unfortunately, the 
demineralization process mechanically weakens the graft 
and, therefore, in the majority of clinical situations, it must 
be supplemented with internai fixation. Demineralization 
is a complex process and requires spécial laboratory 
capabilities. Demineralization allografts are radiolucent 
and thus, are difficult to assess radiographically. 

In 1881, Macewen published his expérience with the 
use of human allogeneic bone for reconstruction. 
Demineralized bone was first described by Urist. 
Although the potential of demineralized bone matrix 
(DBM) was first reported 40-years-ago, it only has been 
available clinically since the early 1990s. Recently FDA 
has approved many productions of DBM. 5 

Processing 

DBM is formed after a mild acid extraction of cadaveric 
bone that removes the minerai phase. DBM is osteo¬ 


inductive because a superfamily of polypeptide growth 
factors retained from the original bone remain intact after 
processing. Bone morphogenetic proteins (BMPs) that 
play a pivotai rôle in bone formation and repair. Other 
noncollagenous bone signalling proteins such as 
osteocalcin and osteopontin also are contained within the 
DBM. The osteoconductive properties of DBM are a 
reflection of the collagen matrix. 5 

DBM is form of allograft bone and is processed much 
like other allografts, beginning with appropriate donor 
screening. The risk of transmitting human immuno- 
deficiency virus (HIV) through an appropriately screened 
donor is less than 1 in 1.6 million and only 1 case of 
hepatitis B and 3 cases of hepatitis C hâve been reported. 5 

During the processing virus and other microbial are 
destroyed maintaining the biologie signal molécules. 

Urist and associâtes reported that hydrochloric acid, 
commonly used in DBM processing, mixed with alcohols 
produces noninductive DBM. Some antibiotics, such as 
erythromycin, penicillin, and streptomycin, hâve no 
inhibitory effect on osteoinductivity. If at least 60% of 
the minerai is not removed, a low inductivity will resuit 
because demineralization is necessary to expose the 
osteoinductive proteins. 19,20 The size of the particulate 
bone used in the formulation has been shown to be most 
inductive within the range of 75 mm to 2 mm. 5 

Gamma irradiation has been reported to diminish or 
destroy the osteoinductive potential of bone. Ethylene 
oxide also has been reported to reduce or eliminate 
osteoinductivity. Processing and sterilization techniques 
greatly influence the osteoinductivity of the product. 
However there is no standards currently are applied for 
biologie efficacy (osteoinductivity), either between 
products or even between lots of the same product. 5 

Clinical Expérience 

DBM has been used alone and augment ABG in the repair 
of cysts, fractures, nonunions, and spine fusions. Healing 
with DBM was comparable to healing with iliac crest bone 
graft in arthrodesis of hindfoot and spine. DBM has been 
shown to be a successful extender to ABG in spine fusion, 
and in some indications, its performance is équivalent to 
ABG. It is important that DBMs differ by préparation and 
carrier. Bone marrow aspirate enhances the activity of 
DBM, and its use in conjunction with DBM should be 
considered, when feasible. 5 

Synthetic Bone Grafts 

Synthetic bone grafts consist primarily of porous calcium 
phosphate materials with physical and Chemical 
compositions conducive to bone formation. Such porous 
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biomaterials permit the attachment, spreading, division, 
and différentiation of cells with the production of lamel- 
lar bone directly on its minerai surfaces. The spacial 
configurations of these biomaterials must be favorable 
to support the growth, vascularization and remodeling 
of bone. 

The issues of high variability and chance of viral 
transmission in naturally derived bone grafts hâve led to 
the development and use of synthetic alternatives. 

Idéal Bone Substitutes 

1. It should be biodégradable not to early six to eight 
weeks or not to late one to two years. If resorbed early, 
the bone formation has no time if it is too late more 
than a year. The substitutes interfère with bone 
formation. 

2. The pore size should be 100 microns to 500 microns. 
The pores allow ingrowth of cells, blood vessels. 

3. The substitutes can be combined with osteoinductive 
materials, including DBM, bone marrow aspirâtes 
(BMA), or BMPs. 

Calcium phosphates are of three types. (1) Tricalcium 
phosphate (TCP), (2) Calcium phosphate cements, 
(3) Coralline-based hydroxyapatites (HA). 

Tricalcium Phosphate 

TCPs are less crystalline than HA and therefore more 
soluble. There are basically two forms of TCP: œ-p and 
p-TCP. The former is more soluble and, hence, more 
biodégradable than the latter and is widely available, 
FDA-approved material with more than six manufac- 
turers, and various forms are available in the United 
States. Unlike calcium sulfates that chemically dissolve 
within a few weeks of implantation, p-TCP is resorbed 
by osteoclastic activity. This fundamental différence is 
very important: calcium sulfates disappear from their 
implantation site, regardless of whether formation occurs. 
In comparison p-TCP functions similarly to ABG by 
undergoing osteoclastic résorption as well as signaling 
for osteoblastic activity. Therefore, the p-TCP will not 
disappear until new bone is formed. p-TCP with higher 
porosity and larger pore-size ranges will allow for greater 
cell infiltration and faster résorption. 5 

Porous calcium phosphate ceramics of hydroxya- 
patite or tricalcium phosphate are biocompatible and 
stimulate no inflammatory reaction in the récipient. The 
pore dimensions and channel configurations can be 
manipulated to optimize bone régénération. Unfortu- 
nately, these biomaterials are weak and brittle and are 
unable to withstand cyclical loading. 15 These poor 
biomechanical properties are somewhat improved with 


bone régénération into the pores, but still are relatively 
weak in bending and shear. These minerai ceramics 
undergo variable rates of bioresorption with hydroxy- 
apatite resorbing at a much slower rate than tricalcium 
phosphate. The retained ceramic adversely affects the 
mechanical properties of the regenerated bone and has a 
deleterious effect on bone remodeling. 

Many different calcium phosphate-based materials 
are being clinically studied (Fig. 3). The first such material 
to be approved by the United States Food and Drug 
Administration is called interporous hydroxyapatite or 
Pro-Osteon (Interpore International, Irvine, California). 
This porous hydroxyapatite material is derived from a 
South Pacific scier actinian cor al called Gonioptera. The 
exoskeleton of this coral possesses longitudinal channels 
approximately 500 to 600 microns in diameter. These 
parallel channels are connected by interconnecting 
fenestrations approximately 200 to 230 microns in 
diameter. This spacial relationship of the channels is 
continuons throughout the entire coral exoskeleton. 

Approximately twenty years ago, a simple hydro¬ 
thermal conversion reaction technique was developed to 
convert the coral carbonate of the Gonioptera coral to pure 
hydroxyapatite. During this conversion, ail of the organic 
material is washed out and the unique microarchitecture 
of the coral is maintained. The résultant, highly crystalline 
hydroxyapatite porous material mimics human 
cancellous bone in its appearance and architecture. 

Collagraft 

A second synthetic bone graft substitute is called 
Collagraft. Collagraft is a type I bovine-derived, fibrillar 
collagen and porous calcium phosphate ceramic (65% HA 
and 25% TCP). 5 

Unlike interporous hydroxyapatite, this porous 
material consists of a granular composite of hydroxy¬ 
apatite and tricalcium phosphate to which is added a 
bovine dermal collagen. Prior to implantation, this paste 
is supplemented with autogenous bone marrow aspirate. 8 
The minerai ceramic and bovine collagen serve as 
osteoconductive matrices for bone régénération and the 
autogenous marrow adds small quantities of 
osteoinductive agents and viable cells. In a randomized, 
prospective study at multiple trauma centers in the 
United States, the efficacy of Collagraft was compared to 
autogenous cancellous bone graft. 8 It was used primarily 
for the filling of traumatic defects in either the metaphysis 
or diaphysis of long bones. The rate and time to union 
was comparable in the study and control groups, and 
FDA approval for general use was obtained in 1993. 
Collagraft is currently released in the United States as a 
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Figs 3A to C: Anteroposterior radiographs of a tibial plateau fracture preoperatively (left), postoperatively (center), and following 
hardware removal (right). Following élévation of the articular fragment, the metaphyseal defect was filled with a block of the 
interporous hydroxyapatite. Excellent maintenance of the articular congruity was achieved. Biopsy through the central portion of 
the retained hydroxyapatite showed approximately 40% bone ingrowth 


bone graft substitute for the filling of traumatic defects 
of long bones stabilized by internai or external fixation. 
Patients should be assessed preoperatively for sensitivity 
to bovine collagen. 

A third synthetic bone graft substitute made of pure 
betatricalcium phosphate is called Orthograft. While this 
material is not released by the United States Food and 
Drug Administration, it has been studied extensively for 
various traumatic and nontraumatic defects of long bones 
in humans. The granular tricalcium phosphate is resorbed 
through dissolution, especially when it is surrounded by 
soft tissue. It has been found to be an effective filling agent 
for benign tumors, cysts, and small traumatic defect 
(Fig. 4). 

CALCIUM PHOSPHATE CEMENTS (NORIAN SRS) 

Injectable calcium phosphate bone cements harden in situ 
but usually hâve no weight-bearing capability. When 
cured, they form an apatitic compound similar to bone 
minerai. These cements generally do not dégradé during 
the patient's lifetime, but they are more bioactive than 
polymethylmethacrylate (PMMA), a commonly used 
bone cernent. After the powder and solvent hâve been 
mixed, the resulting ceramic is a paste-like material that 
can be injected or molded into a non-weight bearing 
defect with a setting time of approximately 10 to 30 
minutes, depending on formulation. 

One calcium phosphate cernent is Norian SRS 
(Synthes, USA, Paoli, PA), a powder composed of œ-TCP 
monocalcium phosphate monohydrate and calcium 



Figs 4A and B: Preoperative (left) and postoperative (right) 
anteroposterior radiographs of the right hip in an adolescent 
male with a peritrochanteric unicameral bone cyst. The cyst 
was treated by curettage and packing with tricalcium phosphate 
granules. The cyst subsequently healed with no récurrence or 
fracture 


carbonate combined with a solution of sodium 
phosphate. 5 

A more recent synthetic bone graft substitute has been 
developed which consists of a hydroxyapatite cernent. 7 

CALCIUM SULFATE 

Calcium sulfate (plaster of Paris) has been used as a 
synthetic graft material for well over 100 years. Calcium 
sulfate has no weight-bearing ability, and it resorbs 
relatively quickly, in as little as 6 weeks after implan¬ 
tation. It has shown promise as a carrier for antibiotics, 
DBM powder, BMPs, or any other small molécule being 
delivered to a defect side. Osteoset was an efficacious 
bone graft material. 5 
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There is a large amount of ongoing research on 
synthetic bone graft substitute materials. The idéal pore 
dimensions of the hydroxyapatite and tricalcium 
phosphate materials are being studied. It is clear that a 
pore size of at least 100 microns and less than 600 microns 
is necessary to get bone formation. The idéal pore dimen¬ 
sions may dépend upon the spécifie clinical indications 
for this synthetic bone graft substitute. The Chemical 
composition and crystallinity of the material has a 
profound effect, not only on the rate of bone régénération, 
but also on the rate of bioresorption of the material. It is 
unclear still which minerai will prove to be most effective. 
The brittle, mechanical properties of these synthetic graft 
materials are being improved by the use of composites. 
Whether these composites will be sufficient to allow these 
materials to be subjected to major loading during bone 
régénération is yet undetermined. Finally, and most 
importantly, the adverse effect of these materials on bone 
remodeling is being studied. Until techniques are 
developed to augment the résorption of the ceramic 
materials, their deleterious effect on bone remodeling will 
severely limit their clinical applications. 

LOCAL GROWTH FACTORS 

Since the discovery of the osteoinductive properties of 
demineralized bone matrix (DBM) by Urist in 1965, 
attention has focused on the rôle of BMPs in both 
embryologie bone formation and bone repair in the 
postnatal skeleton. BMPs are a group of noncollagenous 
glycoproteins that belong to the transforming growth 
factor-beta (TGF-p) superfamily. Fifteen different human 
BMPs hâve been identified. BMPs hâve been shown to 
induce a complex sériés of cellular events culminating in 
bone formation. 22 The primary functions of BMPs are 
(1) Activate inactive mesenchymal stem cells, (2) Migra¬ 
tion, (3) Differentiate into osteoblast, chandroblasts and 
fibroblast. 

BMPs are believed to be important physiologie 
mediators of fracture repair. BMP-2 showed maximal 
expression on day 1 after fracture. BMP needs to be added 
to a carrier to ensure its targeted delivery and sustained 
release at its designated site of action. 

p-tricalcium phosphate (p-TCP) as a carrier for BMP. 
BMP also hâve been evaluated extensively in spine fusion 
models. Sandhu and associâtes demonstrated efficacy 
with BMP-2. 22 

BONE MORPHOGENETIC PROTEIN-2 

Bioabsorbable collagen sponges impregnated with 
0.43 mg/mL of rhBMP-2 were applied to the fracture. 
BMP-2 was used in the treatment of stage I and stage II 


osteonecrosis of the fémoral head. rhBMP-2 mixed with 
autogenous blood (1 mg/10 mL) at the time of core 
décompression. 22 Results were encouraging. 

BONE MORPHOGENETIC PROTEIN-7 
(OSTEOGENIC PROTEIN-1) 

Recently, rhBMP-7 (rhOP-1) received FDA approval for 
use in postérolatéral spine fusions, based on clinical trials 
demonstrating its efficacy in this circumstance. 22 

GENE THEORY 

Currently available carriers and delivery System for 
rhBMPs include type I collagen, DBN synthetic polymers, 
hyaluronic acid gels, and a variety of so-called bone graft 
substitutes including calcium phosphate containing 
préparations such as hydroxyapatite and œ-BSM (Etex, 
Cambridge, Massachusetts). Gene theory is an approach 
that may allow BMPs to produce therapeutic effects 
substantially greater than those achieved with recombi¬ 
nant proteins. 22 

Urist 24 was the first to note that implantation of 
demineralized bone with its retained local growth factors 
can resuit in bone formation at extracellular sites. He 
chemically extracted and purified what he referred to as 
a bone morphogenetic protein. 

BONE BANKING 

Bone banking has radically changed in the United States 
over the last twenty-five years. Strict donor sélection 
criteria and processing guidelines for bone, cartilage, and 
connective tissues, originally offered as voluntary 
recommendations of the American Association of Tissue 
Banks, hâve now become mandatory. In 1993, the United 
States Food and Drug Administration issued similar 
guidelines which now must be foliowed by ail institutions 
involved in tissue banking. 4 

The problem of viral transmission of disease has 
accelerated the development of spécifie donor criteria. 
Careful medical history and laboratory testing must be 
performed in ail cases. Prospective donors with bacterial, 
viral, or fungal infections, a history or laboratory findings 
suggestive of hepatitis, HIV, or other slow viruses, malig- 
nancy, metabolic bone disease, or suspicious death, 
should be excluded from the donor pool. Other potential 
donors who are high risk such as male homosexuals, 
intravenous drug abusers, hemophiliacs, and prostitutes, 
should also be excluded. The minimum Food and Drug 
Administration requirements for laboratory testing 
include tests for hepatitis B and C and HIV I and II. Ail 
HIV testing involves DNA testing with the polymerase 
chain reaction. 
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Ail tissues from acceptable donors need to be handled 
using the guidelines of the American Association of 
Tissue Banks. Close adhérence to these guidelines FDA 
and American Association of Tissue Banks will minimize 
any contamination of the tissue prior to implantation. 
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INTRODUCTION 

Many orthopédie patients who hâve sustained multiple 
injuries benefit from the early total care of major bone 
fractures. However, the strategy is not the best option, 
and indeed might be harmful, for some multiply injured 
patients. Damage control orthopedics emphasizes the 
stabilization and control of the injury, often with use of 
spanning external fixation, rather than immédiate 
fracture repair for such patients. The concept of damage 
control orthopedics is recent but it has evolved out of the 
rich history of fracture care and abdominal surgery. This 
article traces the roots of damage control orthopedics, 
reviews the physiologie basis for it, describes the 
subgroups of patients and injury complexes that are best 
treated with damage control orthopedics, reports the early 
clinical results, and provides a rationale for modem 
fracture care for the multiply injured patient. 

DEFINITION OF DAMAGE CONTROL 
ORTHOPEDICS 

Damage control orthopedics is an approach that contains 
and stabilizes orthopédie injuries so that the patient's 
overall physiology can improve. Its purpose is to avoid 
worsening of the patient's condition by the "second hit" 
of a major orthopédie procedure of definitive fixation and 
to delay definitive fracture repair until a time when the 
overall condition of the patient is optimized. Minimally 
invasive surgical techniques such as external fixation are 
used initially. Damage control focuses on control of 
hemorrhage, management of soft-tissue injury, and 
achievement of provisional fracture stability, while 
avoiding additional insults to the patient. 


HISTORICAL BACKGROUND 

In 1980s, the accepted care of a major fracture was early 
or immédiate fixation. 1 Eleven studies were published 
during this period to substantiate this approach. Of these 
eleven studies the one by Bone et al 2 is most frequently 
cited. Bone et al. reported that the incidence of pulmonary 
complications (adult respiratory distress syndrome, 
pneumonia, and fat embolism) was higher and the stays 
in the hospital and the intensive care unit were increased 
when fémoral fixation was delayed. 

During 1990s, more was learned about the parameters 
associated with adverse outcomes in multiply injured 
patients and about the systemic inflammatory response 
to trauma. 3 It became clear that fracture surgery, espe- 
cially intramedullary nailing, has systemic physiologie 
effects. This changed prevailing practice of that time and 
a more sélective approach to fracture fixation was 
introduced; however, early fixation was still performed 
in most cases. 

The era of damage control orthopedics started around 
1993. Two reports described temporary external fixation 
of fémoral shaft fractures in severely injured patients. 
They compared patients treated with early definitive 
fixation with those treated initially with external fixation 
and later on intramedullary fixation. Second group had 
more severe injuries, with higher injury severity scores 
and transfusion requirements in the initial twenty-four 
hours but had better outcome. Since then the term 
"damage control orthopedics" began to be used in the 
orthopédie literature. 

HISTORY OF ABDOMINAL DAMAGE CONTROL 

Rotondo and Zonies, in 1993, coined the term "damage 
control" and it was first used in abdominal surgery to 
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describe a systematic three phase approach designed to 
disrupt a léthal cascade of events leading to death by 
exsanguination. 4 Phase one involved an immédiate 
laparotomy to control hemorrhage and contamination. 
Phase two was resuscitation in the intensive care unit with 
improvement of hemodynamics, rewarming, correction 
of coagulopathy, ventilatory support, and continued 
identification of injuries. Phase three consisted of a 
reoperation for removal of intra-abdominal packing, 
definitive repair of abdominal injuries, and closure and 
possible repair of extra-abdominal injuries. The benefits 
of damage control are improved survival of patients. 

PHYSIOLOGY OF DAMAGE CONTROL 

The physiologie basis of damage control orthopedics is 
beginning to be understood. Initial massive injury and 
shock give rise to an intense systemic inflammatory 
syndrome. When this inflammatory response (first hit) 
is severe it may lead to either adult respiratory distress 
syndrome (ARDS) or multiple organ failure (MOF). When 
the stimulus is less intense and it may résolve without 
conséquence. However patient is vulnérable to secondary 
insults (secondary hit) that can reactivate the systemic 
inflammatory response syndrome and precipitate late 
ARDS/MOF syndrome. The second insultmay be sepsis 
and surgical procedures. Currently it is challenge for 
surgeon to décidé when and how much to do for a 
vulnérable multiply injured patient. These concepts of 
biological responses to different stimuli (first and second 
hits) hâve now become the basis of damage control 
orthopedics. It is safer to practice damage control 
orthopedics in a patient who is vulnérable for "second 
hit". 

Following trauma, the production of immunoglo- 
bulins and interferon decreases. Defects in neutrophil 
chemotaxis, phagocytosis and lysosomal enzyme content 
hâve also been reported. These changes produce 
immunosuppression and make patient prone for sepsis. 

MARKERS OF INFLAMMATION 

Inflammatory markers may hold the key to identifying 
patients at risk for the development of post-traumatic 
complications such as multiple organ dysfunction 
syndrome. Common sérum markers can be divided into 
markers of mediator activity such as C-reactive protein, 
tumor necrosis factor-a (TNF-a), IL-1, IL-6, IL-8, IL-10, 
and procalcitonin and markers of cellular activity such 
as CDllb surface receptor on leukocytes, endothélial 
adhesion molécules (intercellular adhesion molecule-1 
[ICAM-1] and e-selectin), and HLA-DR class-II molécules 
on peripheral mononuclear cells. It appears that, at 


présent, only two markers, IL-6 and HLA-DR class-II 
molécules, accurately predict the clinical course and 
outcome after trauma. IL-6 measurement has already 
been implemented as a routine laboratory test in several 
trauma centers. Because of the additional laboratory 
processing required for tests of HLA-DR class-II molé¬ 
cules, the use of such tests has not found great clinical 
acceptance. 

Genetic Prédisposition and Adverse Outcomes 

Biological variation and genetic prédisposition are 
increasingly mentioned as explanations of why serious 
posttraumatic complications develop in some patients 
and not in others. Some individuals may be "prepro- 
grammed" to hâve a hyperreaction to a given traumatic 
insult. 

INDICATION FOR DAMAGE CONTROL 
PRINCIPLE IN ORTHOPEDICS 

Because biological and genetic testing is currently not 
practical, it remains a clinical decision when to shift from 
early total care to damage control orthopedics. Patient's 
overall physiologie status and injury complexes décidé 
when patient should be treated with damage control 
orthopedics instead of early total care. Many trauma 
scoring Systems (e.g. the abbreviated injury scale, injury 
severity score, revised trauma score, anatomie profile and 
Glasgow coma scale) hâve been developed in an attempt 
to describe the overall condition of the trauma patient. 
However, currently there is no score that assists in 
decision-making during the acute resuscitation phase. 
Therefore, it one cannot rely exclusively on a scoring 
System. 

Patients who hâve sustained orthopédie trauma hâve 
been divided into four groups: stable, borderline, 
unstable, and in extremis. 5 Stable patients, unstable 
patients, and patients in extremis are fairly easy to define. 
Stable patients should be treated with the local preferred 
method for managing their orthopédie injuries. Unstable 
patients and patients in extremis should be treated with 
damage control orthopedics for their orthopédie injuries. 
The term "borderline patient" describes a prédisposition 
for détérioration. Pape and colleagues hâve defined 
borderline patients as patients with polytrauma and 

• An injury severity score of >40 points in the absence 
of thoracic injury 

• An injury severity score of >20 points with thoracic 
injury 

• Polytrauma with an abdominal and pelvic trauma 
(Moore grade > 3) and hémodynamie shock with 
blood pressure < 90. 
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• A chest radiograph showing bilateral lung contusions 

• An initial mean pulmonary artery pressure of >24 mm 

Hg 

• An increase in pulmonary artery pressure of >6 mm 
Hg during nailing 

These patients are probably best treated with damage 
control orthopedics. 

Among other factors, thoracic trauma appears to play 
a crucial rôle in this prédisposition. However, whether 
fémoral fractures in patients with chest trauma should 
be treated with definitive stabilization or should be 
stabilized with a temporary external fixator remains a 
subject of debate. The clinical situation, including the 
presence or absence of a criterion indicating borderline 
status and factors associated with a high risk of adverse 
outcomes, should détermine how the patient is treated. 
Some of the additional clinical criteria that we hâve used 
as a basis for shifting to damage control orthopedics 
include 

• An unstable difficult resuscitation. 

• Coagulopathy with platelets < 90,000. 

• Hypothermia (< 32 centigrade). 

• Shock requiring more than 25 units of blood for 
resuscitation. 

• A Glasgow Coma head injury less than 8 or bleeding 
into the brain. 

• Multiple long-bone fractures plus a truncal injury (AIS 
of 2.) 

• Estimated operation time greater than six hours. 

• Arterial injury and hemo-dynamic instability. 

• An exaggerated inflammatory response (Interleukin 
6 > 80 pico grams per millimeter). 

Furthermore, certain spécifie orthopédie injury 

complexes appear to be more amenable to damage control 
orthopedics; these include, for example, fémoral fractures 
in a multiply injured patient, pelvic ring injuries with 
exsanguinating hemorrhage, and polytrauma in a 
gériatrie patient. 

FEMORAL FRACTURES 

Fémoral fractures in a multiply injured patient are not 
always treated with intramedullary nailing because of 
concerns about the second hit phenomenon. In addition 
to the second hit, which results in an additional systemic 
inflammatory response, embolie fat from use of 
instrumentation in the medullary canal will worsen the 
pulmonary status. Patients with a chest injury (an 
abbreviated injury score of >2 points) are most prone to 
détérioration after an intramedullary nailing procedure. 6 
Bilateral fémoral fracture is a unique scénario in 
polytrauma that is associated with a higher mortality rate 


and incidence of adult respiratory distress syndrome than 
is a unilatéral fémoral fracture. 7 

PELVIC RING INJURIES 

Exsanguinating hemorrhage associated with pelvic 
fracture is another injury complex suitable for damage 
control orthopedics. Damage control orthopedics for a 
pelvic ring injury with exsanguinating hemorrhage 
involves rapid clinical decision-making and multiple 
teams for resuscitation and minimally invasive pelvic 
stabilization (e.g., with a pelvic binder, external fixator, 
pelvic c-clamp, or pelvic stabilizer). Patients who do not 
respond to these measures should be considered for 
angiography and embolization or should be considered 
for pelvic packing. 

GERIATRIC TRAUMA 

Elderly trauma patients require spécial évaluation and 
treatment because of their higher mortality rate foliowing 
trauma, even relatively less major trauma. Greenspan et 
al. reported that the average LD 50 injury severity score 
was 20 points for individuals more than sixty-five years 
of âge. 8 This value is essentially half of the LD 50 injury 
severity score for individuals between twenty-four and 
forty-four years of âge. These différences highlight the 
importance of considering damage control orthopedics 
for elderly patients. 

When it is safe to carry out secondary procedures? 

One of the most important issues in damage control 
orthopedics is the timing of the secondary surgical 
procedures (definitive osteosynthesis). Days 2 to 4 are not 
safe for performing definitive surgery. During this period, 
marked immune reactions are ongoing and increased 
generalized edema is observed. A recent prospective 
study demonstrated that multiply injured patients 
subjected to secondary definitive surgery between days 
2 and 4 had a significantly increased inflammatory 
response compared with that in patients operated on 
between days 6 and 8 (p < O.OOOl). 9,10 Alternative plan to 
this "fixed time" protocol is re-evaluation of clinical and 
laboratory parameters like IL-6. 

Concept of Occult Hypoperfusion 

In recent years, the presence of occult tissue 
hypoperfusion has been demonstrated to hâve significant 
bearing on patient survival. Lactic acid is a byproduct of 
anaérobie metabolism, which occurs during local tissue 
hypoxia. Sérum lactate measurements hâve been shown 
to correlate with tissue perfusion and reversai of the shock 
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State. Several studies hâve revealed that occult 
hypoperfusion, defined as elevated blood lactate levels 
without signs of clinical shock or sérum lactate levels 
equal to or greater than 2.5 mmol/L is associated with 
increased patient mortality and morbidity. In a group of 
high risk, hemodynamically stable, surgical patients, 
traditional markers such as blood pressure, or urine 
output, are not sufficient indicators of adéquate tissue 
perfusion. Lactic acid levels, on the other hand, correlated 
strongly with mortality. Early intramedullary fixation of 
fémoral fractures in polytrauma patients, who had occult 
hypoperfusion, was associated with a high incidence of 
postoperative complications. Ail patients with signs of 
prolonged occult hypoperfusion (sérum lactate >2.4 
mmol/L persisting >12 h from admission) should hâve 
definitive monitoring and resuscitation in spite of normal 
vital signs and that non-urgent surgery should be delayed 
until the tactic acid levels are corrected. 

Evidence Suggesting Efficacy of Damage 
Control in Orthopedics 

Study published from Hanover, 11 Germany, a rétrospec¬ 
tive évaluation, studied trauma patients during three 
different time-periods. In the early total care period, the 
protocol for the treatment of a fémoral shaft fracture was 
early definitive stabilization (within less than twenty-four 
hours). In the intermediate period, the usual protocol for 
treating a fémoral shaft fracture in a multiply injured 
patient at risk for post-traumatic complications changed 
from early definitive stabilization to early temporary 
fixation. In the damage control orthopedics period, the 
protocol for such an injury in such a patient was early 
temporary stabilization (within twenty-four hours) 
followed by secondary conversion to intramedullary 
nailing. The rates of multisystem organ failure and adult 
respiratory distress syndrome were found to be 
significantly higher (p < 0.05) in the earlier time-periods 
when damage control orthopedics was not practiced. 


Practical Considérations for Damage 
Control Orthopedics 

The use of spanning external fixation carries the risk of 
pin-track infection. This can be minimized when the 
duration of external fixation is brief. Practical considér¬ 
ations for spanning external fixation include the use of 
an external fixation System that is user-friendly and can 
be applied rapidly. Self-drilling pins, which can be 
manually inserted, can be applied quickly with a limited 
need for fluoroscopy. Operating time can be decreased 
by multiple operating teams working on opposite ends 
of the same limb or on different extremities. External 
fixation Systems that employ snap-and-click clamps can 
be assembled rapidly. In addition, a System that allows 
flexibility in pin placement is préférable so that areas of 
future incisions can be avoided. 

FUTURE 

At présent we hâve some knowledge about inflammatory 
mediators but we can't modify them. Once we hâve 
ability to modify them, outcome of severely injured 
patient will improve to great extent. Similarly genetic 
factors also play important rôle in producing response. 
It is likely that we shall be able to distinguish people who 
are likely to produce severe response and will be able to 
manage them more aggressively. These advances may 
reduce the need of damage control orthopedics 
altogether. 

OVERVIEW 

Damage control orthopédie surgery requires an 
understanding of the physiological condition of the 
patient, their response to the first hit of injury and 
application of orthopédie stabilization for the long bone 
injuries based on the need to minimize the second hit or 
surgical insult, and thus improve the physiological 
response of the patient to their injuries (Fig. 1). Damage 
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control orthopedics is idéal for an unstable patient or a 
patient in extremis. It has some utility for the borderline 
patient as well. Spécifie injury complexes for which 
damage control orthopedics should be considered are 
fémoral fractures (especially bilateral fractures), pelvic 
ring injuries with profound hemorrhage, and multiple 
injuries in elderly patients. It is also indicated for the 
patient who présents with one or more long-bone 
fractures associated with severe multisystem trauma as 
evidenced by shock, high volume of blood replacement 
or high lactic or base excess, pulmonary parenchymal 
injury, hypoxia, decreased urinary output, elevated 
interleukin 6, and major head injury. 
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Abdomen covers area from the diaphragm to the pelvic 
floor. For practical purposes, the abdominal area extends 
from the nipple that is the highest point of dôme of 
diaphragm, to the inguinopubic level. Hence in lower 
thoracic trauma either diaphragm or abdominal organs 
are presumed to be injured unless proved otherwise and 
vice versa. Similarly in lower abdominal and périnéal 
trauma pelvic organs are likely to be involved. Abdomen 
is an area unprotected by bony cage and hence very 
venerable for trauma. Additionally abdomen is crowded 
with viscera with variable structural patterns some of 
them when injured either bleed profusely or contaminate 
the peritoneal cavity with highly pathologenic organisms. 
Ail the major vessels run vertically in the midline and 
hence midline penetrating injuries are more serious than 
those in the flanks....There are certain peculiar 
pathological processes following abdominal trauma like 
'Abdominal compartment syndrome' which leads 
rapidly to metabolic disturbances and multiple organ 
dysfunction or failure. Nearly 30% of the operations 
performed for trauma are done for abdominal trauma. 
Unrecognized injury to intra-abdominal organs remains 
a distressingly preventable cause of death. 

PREVENTION 

Public éducation, governmental infrastructure policies 
and legal provisions play a substantial rôle in preventing 
some injuries including abdominal ones. Disciplinary 
action against drunken and intoxicated drivers, adéquate 
design and maintenance of roads proportionate to the 
number of vehicles, strict limitations on the vehicular 
speed, prévention of overcrowding and overloading of 
vehicles, minimizing rail-road direct Crossing, régulations 
of arm licenses, alertness to unattended baggage and 
suspicious movements of persons, appointing servants 


with proper identity, high quality intelligence network, 
efficient antiterrorist squad, strict précautions during 
public meetings and sports events and in time démolition 
of structures unsuitable for residential purpose are some 
of the major areas where improvement and proper action 
will prevent number of deaths and disabilities. 

It has become necessary to train persons in efficient 
trauma care and to establish Level I, II and III trauma 
centers. 

GEOGRAPHY AND DEMOGRAPHY 

Geographical distribution of blunt and penetrating 
injuries is variable. Penetrating injuries mainly due to 
stabs and gunshots are more common in urban areas and 
régions infested with terrorist, while blunt injuries mainly 
due to falls and blows are more common in rural areas. 
Vehicular accidents occur more often on highways. 1,7 In 
blunt polytrauma, especially in major accidents, many 
organs are involved with variable severity but in targeted 
injuries head, thorax and abdomen are commonly 
attached. However with rapid industrialization, urbani- 
zation, increased number of vehicles, easy availability of 
crude weapons and various conflicts in societies, ethnie 
groups and nations any type of injury can occur anywhere 
in country and medical persons must remain alert and 
trained to provide urgent treatment. Régional hospitals 
should be equipped to deal mass causalities and be 
familiar with principles of triage and rapid transpor¬ 
tation. 

PREHOSPITAL TREATMENT 

At the site of accident especially in polytrauma ABC and 
other general principles of trauma must be followed as 
early as possible. 9 immédiate measures for isolated 
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abdominal trauma consists of not to pull out any foreign 
object embedded in the abdomen as it may lead to 
uncontrolled bleeding. The extruded viscera should not 
be pushed inside. Instead they should be covered with 
clean cloth. 

Prehospital triage scheme of trauma patients from the 
American College of Surgeons Committee on trauma 
based on the presence of physiologie dérangement, 
spécifie anatomical injuries, mechanism of injury and co- 
morbid conditions along with the resources and facilities 
available should be followed. The distance to spécial 
center and methods of transport available should also be 
considered. 15 

In many injuries both thorax and abdomen are 
involved and in every thoracic injury, abdominal injury 
is presumed until proved otherwise. 

CLASSIFICATION OF INJURIES AND MECHANISMS 

Abdominal trauma is classified according to the type and 
mechanism of injury: 

1. Blunt trauma 

2. Penetrating trauma 

3. Blast injury 

4. Iatrogénie injury 

Blunt trauma is due to rapid décélération and hard 
impact over the abdominal wall disrupting the intra 
abdominal tissues through the effects of crushing, 
bursting or shearing. Noncompliant parenchymatous 
organs like spleen, liver and kidneys are more prone to 
injury then follow viscera, often resulting in massive 
bleeding and shock. Vehicular accidents account for 75 
percent of blunt abdominal injuries. Though initially look 
benign, intra-abdominal damage can be severe resulting 
in high morbidity and mortality. 

Upper abdominal injuries are more dangerous than 
lower abdominal injuries. Multiorgan and multisystem 
injuries are more common in blunt trauma. In countries 
where use of seat-belts is mandatory, though incidence 
of head, chest and solid organ injuries has decreased, 
there in slight increase in incidence of injuries to pancréas, 
mesentery and intestines due to their compression against 
spinal column. These injuries should be suspected in 
patients with abrasions or hematoma related to seat belts. 

Penetrating injuries are either low velocity stab 
injuries often due to sharp knifes or high velocity injuries 
due to fire arms. The severity of low velocity injuries 
dépends upon length of instrument, force, location and 
stretcher of the victim. Sharp forceful stab in midline in 
thin person is more dangerous as it is likely to injure great 
vessels than that in the flank in hefty person. Gun shot 
injuries due to modem high velocity firearms are 


disastrous leading to multi-organ injuries, hemorrhage and 
shock. Penetrating injuries in upper abdomen may involve 
thoracic organs and in lower abdomen may involve 
genitourinary organs. Sepsis is more common in 
penetrating injuries. 

Suicidai bomb blasts are often used to solve 
différences between various ethnie groups, nations and 
occasionally individuals. Though the magnitude of 
damage dépends upon whether the blast occurs in open 
air, water or confined quarters, the pattern of injuries is 
more or less consistent. The proximity to detonating 
device is more important than the size of the bomb. The 
people at the distant of 8 m from the device are less likely 
to sustain major blast injury. There are three mechanisms 
involved. Primary mechanism effects gas containing 
organs like ears, lungs and bowel. Ear drums or internai 
ear may be damaged. Most dangerous and important is 
pulmonary blast injury resulting in alveolar capillary 
disruption and bronchopleural fistula. Bowel injury may 
resuit in contusion, hematoma and rarely perforation 
which may be delayed. The second mechanism is due to 
penetrating objects like bomb fragments, bolts, nuts and 
Steel pellets incorporated in bomb causing indiscriminate 
damage to multiple organs. The tertiary mechanism is 
due to the victim being propelled against an object by 
blast wind and/or local burn. 8,16 

Iatrogénie injuries mostly occur during endoscopie 
and laparoscopie procedures. 

PATHOPHYSIOLOGY 

Injury to the abdomen may cause contusion, hematoma 
or disruption of solid organs or mesentery and perfo¬ 
ration of the bowel. Hemorrhage may be either intraperi¬ 
toneal or rétropéritonéal. Depending upon the amount 
of bleeding the patient may show variable degrees of 
hémodynamie changes. With massive bleeding the 
patient may go in profound and sometimes irréversible 
shock. 

The development of Abdominal Septic Complications 
(ASCs) in patients with abdominal trauma and surgery 
for the same is a complex phenomenon resulting from 
multiple risk factors during preoperative, intraoperative 
and postoperative periods. Disruption of hollow viscus 
may lead to peritonitis and late abscess formation. Rarely 
infection may be due to foreign body being carried in 
side. Leakage from stomach causes first Chemical and 
then bacterial peritonitis. Injury to the small bowel causes 
moderate peritonitis while that of large bowel and rectum 
above peritoneal reflection leads to worst polymicrobial 
peritonitis. Small leaks may get sealed but may lead to 
either sub diaphragmatic or pelvic abscess formation 
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presenting as fever even after prolongée! antibiotic cover. 
Hollow viscéral injury is more common in penetrating 
trauma. Infection is more severe if Abdominal Trauma 
Index (ATI) is more than 24 and Injury Severity Score 
(ISS) greater than 16. 2,10 

Abdominal compartment syndrome is a léthal 
complication of blunt trauma or commonly surgery for 
same. It follows increased intra-abdominal pressure 
causing progressive hypoperfusion and ischemia of 
intestine and other intraperitoneal and extraperi¬ 
toneal organs releasing harmful agents. This leads 
to translocation of gut bacteria, rapid multiorgan 
dysfunction and failure. Abdominal compartment 
syndrome affects vital Systems like hémodynamie, 
respiratory, rénal and neurological. During monitoring 
watch must be kept on intra-abdominal pressure and 

early decompressive laparotomy may save some 

• ?n 
patients. 

CLINICAL EXAMINATION 

In the history spécifie details of the mechanisms of injury 
should be obtained from the patient or from the 
eyewitness. Ail the external signs like ecchymosis, 
abrasion, lacérations and penetrating injuries on the 
abdomen including back, lower thorax and perineum 
should be recorded in detail. Signs of hypovolaemic 
shock, abdominal distension, localized or generalized 
tenderness, guarding and rigidity suggest intraabdominal 
injury. Vomiting suggest either intracranial injury or 
gastric outlet obstruction due to hematoma. Vomiting or 
aspiration of blood suggests injury to upper aerodigestive 
passage, esophagus or stomach. Bleeding per rectum 
suggest rectal injury. Similarly bleeding per urethra or 
vagina suggest genitourinary injury. Ecchymosis or 
tenderness on back suggests possibility of injury to 
kidneys, pancréas, rétropéritonéal colon or spine. 

MANAGEMENT 

RESUSCITATION AND EVALUATION 

Nearly one-third of the blunt abdominal injuries with 
significant intrabdominal hemorrhage may not hâve 
overt clinical signs of peritoneal irritation. Rétropéritonéal 
injuries are still more subtle and difficult to diagnose 
during primary évaluation and observation and repeated 
évaluation is mandatory. In polytrauma abdominal and/ 
or rétropéritonéal injuries are suspected if hemorrhage 
or shock cannot be attributed to other injuries and when 
patient fails no respond to initial bolus fluid therapy and 
primary management of other injuries. 7 

In isolated abdominal injury in conscious alert and 
responsive patient history and physical examinations are 


most important tools in predicting significant viscéral 
injuries. Laboratory, radiological and invasive procedures 
are adjutant means to confirm the same. However, in 
polytrauma especially when brain is involved inability 
to recognize severity of abdominal injuries or shock 
unexplainable by other injuries additional diagnostic 
modalities are significantly helpful. 7 

In hemodynamically unstable patient examination 
and resuscitation should proceed simultaneously. After 
caring for ABC of trauma, nasogastric tube and urinary 
cathéter are passed to empty stomach and bladder and 
to monitor urinary output. The patient is kept warm and 
oxygenated with mask. Good wide bore intravenous line 
is set to draw blood for various biochemical examinations 
and for grouping and matching and to deliver lactated 
Ringer's solution and plasma expanders if required. 
Broad spectrum antibiotics and anti tetanus dose are 
administered. Ail hematological and biochemical 
investigations help in assessing blood loss and form a 
baseline for further monitoring. A patient in shock with 
obvious signs of hemoperitoneum and or peritonitis is 
directly taken to the operation theater for laparotomy. 

INVESTIGATIONS 

Plains X-ray of abdomen may be taken with portable 
machine in erect, supine and in both decubitus positions. 
However sonography with portable machine or focused 
handheld sonography (FAST) is easy and is more 
informative to assess intra-peritoneal bleeding and in 
assessing and grading injuries of the solid viscera and 
can be performed in unstable patient when resuscitative 
measures are going on. Sonography cannot detectbowel 
injury or rétropéritonéal bleeding. If the patient is stable, 
spiral CT examination is more sensitive in assessing 
various injuries including those of hollow organs and is 
useful during conservative management. 4,14 It is also 
advised if the patient has hematuria and fracture of lower 
ribs, lumber spine or pelvis even if sonography is 
négative. Laparoscopy is used in some centers to detect 
and assess the degree of injury and may also be used to 
carry out some surgical procedures. It is an invasive 
procedure. MRI though very précisé is rarely used. 
Recently contrast sonography is reported to be as useful 
as CT in blunt abdominal trauma for assessing solid organ 
injuries. 19 

Abdominal paracentesis and lavage is very easy and 
useful bedside procedure to detect intra-abdominal 
injuries especially in peripheral centers. Peritoneal lavage 
is better than four quadrant tap. It has high sensitivity 
and specificity. 11 Physician and radiologist hâve to décidé 
jointly which diagnostic method is appropriate after 
initial présentation. In severe polytrauma patient, the 
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diagnostic endpoint is to identify the nature and extent of 
various injuries in order to plan the therapeutic approach. 

TREATMENT 

Damage Control Surgery 

In patient with extensive abdominal injury leading to 
massive bleeding or peritoneal contamination due to 
rupture of hollow viscus, rapid changes occur leading to 
acidosis, hypothermia and coagulopathy. This leads to 
multi-organ dysfunction and failure unless controlled 
promptly. The principles of damage control surgery are 

1. Immédiate temporary control of bleeding by packing 
or clamping aorta, to close or tieperforated viscus and to 
temporary close abdomen or laparostomy. 2. To stabilize 
patient by correcting hypothermia, hypotension, acidosis 
and other metabolic changes in ICU and 3. To transfer 
the patient within 6-24 hours to suitable center for 
definitive surgery. 12 Though associated with significant 
complications and readmissions, long term benefit and 
survival of damage control surgery are indisputable. 18 

Laparotomy 

The trend in the management of blunt and penetrating 
trauma is changing. With précisé and accurate diagnosis, 
most of the hemodynamically stable patients with blunt 
and penetrating trauma and few due to gunshot injury 
can be managed conservatively. 6 

Indications for laparotomy are: 

1. Hémodynamie instability in spite of adéquate fluid 
resuscitation. 

2. Significant abdominal tenderness, guarding and 
rigidity 

3. Loss of bowel sounds 

4. Eviscération of the viscus 

5. Diagnostic studies indicating need for surgery 

The patient on conservative treatment must be 
repeatedly observed and monitored preferably with 
repeated CT scans and taken for surgery with any of the 
indications mentioned above. 

Penetrating injuries involving major vessels and liver 
cause severe and early shock. Fortunately they are less 
frequent. Penetrating injuries to spleen, pancréas and 
kidneys usually bleed less massively unless major vessel 
to the organ is involved. A patient in shock with 
penetrating abdominal injury who fails to respond to 4L 
of fluid replacement should be immediately operated 
following chest radiograph. 

Routine exploration for penetrating trauma is being 


gradually replaced by more conservative approach based 
on expérience of large trauma centers and also because 
of increased availability and accuracy of modem 
diagnostic techniques. 17 Angiography and embolization 
can be used to control bleeding avoiding some laparo¬ 
tomies. 

Penetrating injuries of hollow viscera cause sep sis, 
when full bowel is perforated and signs of peritonitis soon 
become obvious. However when empty bowel or 
rétropéritonéal portion of bowel is injured, spillage of 
contents is less and per abdominal findings may be 
minimal. Increasing abdominal tenderness and disten¬ 
sion demand further investigations and exploration. 
Elevated white blood cell count or fever appearing after 
hours gives due for further radiological évaluation. 

In hemodynamically stable patient with lower 
thoracic and abdominal stab injuries who exhibits signs 
of peritonitis need immédiate surgery. The policy 
regarding treatment of hemodynamically stable patient 
without signs of peritonitis is less clear. When depth of 
pénétration is in doubt, local exploration to rule out 
peritoneal pénétration is advised. Laparoscopy will be 
use to detect internai injuries. 12 In appropriate setup, even 
grade III and IV injuries of solid organs can be managed 
conservatively with high success rate and low compli¬ 
cation rate. 3 Ail gunshot wounds of lower chest and 
abdomen should be explored as there is greater incidence 
of injuries to multiple structures. In much selected 
patients if a good clinical examination, CT scan, DPL and 
laparoscopy can rule out major bleeding and perforation, 
non-operative management can be used in very good 
setup but has some risks. 13 Management of penetrating 
injuries on back or flank is problematic. 

A long midline incision is preferred as it gives rapid, 
bloodless and wide exposure and can be extended on to 
the thorax if required. Laparoscopie surgery is gradually 
replacing conventional open surgery. It is useful for 
diagnosis, assessing the severity and for definitive 
surgery. In every case of blunt and penetrating thoracic 
and abdominal injuries diaphragmatic rupture should be 
excluded before termination of procedure. 5 

The mortality from the abdominal trauma is mainly 
due to hemorrhage and sepsis. In many cases it is 
preventable. A detail history of mechanism of injury, 
thorough physical examination coupled with appropriate 
investigations will minimize both the morbidity and 
mortality. If physical signs and diagnostic results are 
equivocal, an exploratory laparotomy should be 
considered which is not only relatively safe but could be 
life saving. Throughout the treatment optimum nutrition 
should be maintained for rapid recovery. 
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INTRODUCTION 

Since older times injuries of the chest hâve been 
synonymous with death, and its treatment has been a 
subject of controversy. Although mortality from chest 
injuries has decreased considerably in last 50 years, 
importance of early and précisé assessment and treatment 
of injuries of chest should be emphasized. 

Chest injuries can be broadly classified into two types: 

i. blunt trauma, and 

ii. penetrating trauma. 

Blunt trauma is responsible for majority of chest 
injuries (70%), and road traffic accidents are the most 
common cause of blunt trauma to chest. Blunt trauma 
could be direct or indirect. Indirect trauma occurs in case 
of high-speed accidents. 

Penetrating injuries of chest are commonly caused by 
high-speed projectiles like gunshot and splinters from a 
bomb-blast or from stabbing by a knife. 

Emergency Room Evaluation and Treatment 

Many injuries of thorax are capable of causing severe 
cardiorespiratory embarrassment soon after injury, the 
resuit being fatal if prompt and accurate évaluation and 
treatment are not undertaken. Continuons reassessment 
of the patients condition and realinement of therapy 
where indicated are also necessary. 

Diagnosis 

Assessment of the adequacy of ventilation and 
circulation is the main aim of initial évaluation of patient. 
Insurance of a patent and adéquate airway is of para- 
mount importance. Chest wall stability and prominence, 
position of trachea, presence of subcutaneous emphy- 
sema and the évaluation of breath sounds and bilateral 


percussion of chest can ail provide rapid helpful 
information. Simultaneously the circulation can be 
grossly assessed. Rate and intensity of puise in the 
extremities are helpful guides to the patients cardiac 
output. 

Initial Resuscitation 

Foreign bodies, sécrétions and blood in the pharynx or 
larynx should be evacuated immediately. Endotrachéal 
intubation could be necessary in cases of severe 
oropharyngeal bleeding and sécrétions. Emergency 
tracheostomy should be done in spécifie conditions of 
mechanical obstructions such as severe facial or laryngeal 
trauma. Sealing an open sucking wound of chest wall 
and stabilizing a flail segment will significantly improve 
the ventilation. 

If tension pneumothorax is suspected, rapid insertion 
of a wide bore intravenous needle, immediately improves 
the ventilation and circulation till definitive therapy is 
instituted. Some patients hâve massive blood loss into 
the pleural cavity and may require rapid transfusion of 
blood of plasma expanders. Pericardiocentesis or thoraco- 
tomy may be required if cardiac tamponade is suspected. 
Majority of patients just require intercostal tube drainage 
for blood or air. 

Indications for Early Thoracotomy 4 

Thoracotomy is not commonly required in cases of chest 
injury. Relative indications for early thoracotomy are: 

i. massive or continuons intrapleural hemorrhage 

ii. cardiac tamponade initially or after its récurrence 
following pericardiocentesis 

iii. ruptured esophagus 

iv. an aortogram confirming aortic transection 
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Figs 1 A and B: (A) Subcutaneous emphysema results from one of these three mechanisms: (1 ) a major disruption of the pleura 
and intercostal muscles, (2) an extension of médiastinal emphysema, or (3) direct communication with an external wound, and 
(B) Notice the fractures from second to tenth rib on the right side when surgical emphysema 


v. massive air leak or other findings suggesting 
rupture of major bronchus 

vi. traumatic diaphragmatic tear. 

Spécifie Injuries 

Thoracic Cage: Soft Tissue 

Though in itself not of much importance, soft tissue 
injuries of chest wall frequently provide a due to 
underlying thoracic trauma. 3 

Subcutaneous emphysema: Subcutaneous emphysema 
occurs when air is forced into the subcutaneous tissue 
and dissects along musculocutaneous planes (Figs 1A and 
B). Air enters these planes by one of the three routes: 

i. major disruption of lung, pleura and intercostal 
muscles 

ii. as an extension of médiastinal emphysema, and 

iii. by direct communication with an external wound. 
In cases of tension pneumothorax, there could be 

sudden and dramatic increase in subcutaneous 
emphysema ail over the body. 

Treatment of subcutaneous emphysema is directed 
towards its cause, and condition will gradually reverse 
once its source is controlled. 

Clavicular Fractures 

Included in cia vicie fracture. 


Rib Fractures 

Simple rib fracture is a trivial injury in most patients but 
in elderly patients and those with reduced respiratory 
reserve, it can cause serious complications like atelectasis 
and pneumonia in adjacent lung due to fracture splinting 
and chest wall muscle spasm. 

Secondary injuries to adjacent structures in chest or 
abdomen can cause serious complications (Fig. 2). 

Treatment of rib fracture mainly consists of pain relief 
with analgésies to allow the patient to cough and breath 
deeply. Intercostal nerves block can provide good 
analgesia. Strapping of the thoracic cage is contraindi- 
cated especially in elderly patients, because it reduces 
the chest wall motion and ventilation leading to 
atelectasis. 

Flail Chest 

Flail chest occurs when there is fracture of three or more 
ribs on both sides of the point of impact resulting in loss 
of continuity of the intervening segment, with the 
remainder of thoracic cage. This unstable area of the chest 
wall moves paradoxically during respiration. Due to 
severe impact of blunt trauma, there is also contusion of 
underlying lung. If rapid crystalloid infusion in large 
volumes is given, contused lung responds by interstitial 
and alveolar filling by proteinaceous and cellular mate- 
rial. Ventilatory function decreases and arteriovenous 
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Figs 2A and B: (A) Multiple rib fractures resuit in a paradoxical segment of chest wall and loss of normal bellows 
mechanism, and (B) stabilization of the chest wall is provided by internai pneumatic stabilization 


shunting occurs. This along with paradoxical respiration 
can lead to severe respiratory embarrassment. In some 
patients, initial treatment is to stabilize the flail segment 
by putting manual pressure or a sandbag on the flail 
segment. Positive-pressure ventilation (PPV) may be 
required in some patients if respiratory insufficiency is 
seen at the first instance, or if patients respiratory status 
deteriorates (Fig. 3A). 

Sternal Fractures 

Sternal fractures are not common in chest trauma and 
are usually associated with other intrathoracic injuries 
because a very severe impact is needed to fracture 
sternum. Contusion of underlying heart can occur. 
Patients with sternal fracture should be admitted and 
observed for few days. 

Open Pneumothorax 

An open or sucking wound of the chest is a surgical 
emergency because it can lead to severe respiratory 
embarrassment. Because of open wound, there is collapse 
of ipsilateral lung, médiastinal shift and decrease in 
venous return to the heart, due to loss of négative 
intrathoracic pressure leading to severe cardiorespiratory 
insufficiency. 

Primary treatment is to cover the open wound with 
whatever material available to convert it into a closed 
pneumothorax. Later on a chest tube is inserted, and open 
wound is debrided and closed (Fig. 3B). 



Figs 3A to D: (A) Flail chest, (B) open pneumothorax, 
and (C) Tension pneumothorax 

Pleural Space 

Closed pneumothorax: It is commonly seen with blunt 5 or 
penetrating injury of chest, associated rib fracture is 
common. On clinical examination, decreased breath 
sounds, hyperresonance on percussion and decreased 
movement of hemithorax is found. Chest radiograph 
confirms the diagnosis. It is usually associated with some 
amount of hemothorax. 
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Treatment: If pneumothorax is more than 20 percent of 
hemithorax, chest tube drainage should be done. In 
elderly patients with reduced respiratory reserve like 
chronic obstructive pulmonary disease (COPD), even 
smaller pneumothorax can cause severe respiratory 
embarrassment and should be drained. 

Chest tube is removed once the lung is fully expanded, 
drainage is minimal, and air leak stops. Persistent or 
massive air leak suggests bronchial injury and initially 
treated conservatively and if it does not stop in 2 to 3 
weeks, thoracotomy and closure may be required. 

Tension Pneumothorax 

Tension pneumothorax is caused by progressive and 
rapid accumulation of air in the pleura due to a one-way 
flap valve tear in the lung or tracheobronchial tree. It is 
usually fatal if not promptly detected and treated. 

Massive accumulation of air under pressure not only 
compresses the ipsilateral lung, but it also shifts the 
mediastinum towards opposite side compressing the 
other lung also, and also reducing the venous return of 
the heart, so causing severe cardiorespiratory 
embarrassment. 

Prompt diagnosis is essential to save the life. Patient 
usually develops sudden, severe respiratory embarrass¬ 
ment. Absent breath sounds, hyperresonant on 
percussion, shift of trachea to opposite side and 
sometimes rapid and progressive development of 
subcutaneous emphysema point to diagnosis of tension 
pneumothorax. 

Once diagnosed or even suspected, immédiate aim 
of treatment is équilibration of the pleural space with 
atmospheric pressure by inserting a wide bore needle. 
Later on a tube thoracotomy is done (Fig. 3C). 

Hemothorax 

Hemothorax 2 is one of the most common manifestation 
after a blunt or penetrating chest trauma (Fig. 4). 

Large hemothorax can lead to shock. Respiratory 
embarrassment occurs due to collapse of ipsilateral lung. 
Decreased breath sounds are heard over the involved 
chest. Trachea is shifted to other side and percussion is 
dull. Upright chest radiograph shows fluid in involved 
pleura. Aspiration of blood confirms the diagnosis. 

Treatment: Prompt pleural drainage is the aim of treat¬ 
ment. Tube thoracotomy using a wide bore tube should 
be done. Tube thoracotomy not only évacuâtes blood and 
reexpands lung, but coaptation of lung to chest wall 
reduces further bleeding. Periodic loss of blood can also 
be assessed. 



Fig. 4: Hemopneumothorax due to fracture rib. 
Note the level of the fluid in the pleural cavity 


Lost blood volume should be replaced with blood or 
colloid. Sometime if blood is not drained early, it can lead 
to clotted hemothorax and even emphysema in neglected 
cases. 

Lungs 

Pulmonary Contusion 

Lung contusion can occur either due to severe blunt or 
penetrating trauma or due to high-energy shock waves 
produced in explosions. Usually a segment or a lobe of 
the lung is involved. There could be associated serious 
injuries. Chest radiograph is usually diagnostic with 
changes in lung occurs within minutes of injury. These 
patients should be treated and observed in intensive care 
unit. Associated pneumo or hemothorax are drained. 
Mechanical ventilation with positive-end expiratory 
pressure (PEEP) may be required in severe cases. 
Prophylactic antibiotics should be given as infection to 
contused lung is the most common complication. 

Lung Lacération 

Lacération of lung most commonly occurs due to 
penetrating chest trauma but can occur in blunt trauma 
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with inward protrusion of the fracture ribs. They usually 
présent with pneumothorax, hemothorax or hemopneu- 
mothorax. Most of these patients can be treated with 
simple tube thoracotomy and observation. Severe life- 
threatening lung lacération needing thoracotomy and 
other surgical interventions are rare. 

Tracheobronchial Injuries 

Actual incidence of tracheobronchial injuries is difficult 
to establish because majority of patients with major 
tracheobronchial injuries die before being diagnosed or 
reaching hospital. It occurs mainly due to severe blunt 
trauma commonly in motor vehicle accidents. In recent 
times, there is increased incidence of tracheobronchial 
injury because of more high-speed vehicular travel. It 
causes closed pneumothorax or sometimes tension 
pneumothorax. After tube thoracotomy, there is massive 
and persistent air leak. Operative closure is required in 
major disruption or if air leak persists for few weeks. 

Heart and Heart Vessels 

Blunt cardiac trauma is présent in about one-fifth of 
patients with severe crushing injury of chest. It is one of 
the most common cause of fatal chest trauma. The 
spectrum of cardiac trauma ranges from myocardial 
contusion, myocardial rupture, septal rupture, valvular 
rupture to disruption and thrombosis of the coronary 
arteries. 

Myocardial contusion 1 is the most common blunt 
cardiac injury. Most of the signs and symptoms of cardiac 
contusion are like myocardial infarction. Treatment is 


complété bed rest with cardiac monitoring for any 
arrhthmias or cardiac decompensation. 

Penetrating trauma to heart and great vessels due to 
gunshot or stabbing are usually fatal before reaching 
hospital because of rapid exsanguination or cardiac 
tamponade. 

Diaphragm 

Traumatic rupture of diaphragm occurs in about 5 
percent of cases of chest trauma. It is usually occurs in 
blunt trauma but can occurs due to penetrating injuries. 
Ninety percent occurs on left-side because of buttressing 
effect on liver on right-side. Patient usually présents with 
breathlessness due to herniation of abdominal organs like 
stomach and intestines into the chest causing collapse of 
lung. 

Treatment is operative repair either through 
transthoracic or transabdominal route depending on 
presence of associated injury to abdomen. 

REFERENCES 

1. Daty DB, Anderson AE, Rose EF, et al. Cardiac trauma—clinical 
and experimental corrélation of myocardial contusion. Am Surg 
1974;180:52. 

2. Griffith GC, Todd EP, McMillin RD, et al. Acute traumatic 
hemothorax. Am Thorac Surg 1978;26:204. 

3. Jones KW. Thoracic trauma. Surg Clin North Am 1980;60(4). 

4. Renl GJ, Beall AC, Mattox KL, et al. Recent advances in the 
operative management of massive chest trauma. Am Thorac Surg 
1973;16:52. 

5. Wilson RF, Murray C, Antoneue DR. Nonpenetrating thoracic 
injuries. Surg Clin North Am 1977;57:17. 




INTRODUCTION 

Entire urinary tract has very close relations with the bony 
skeleton, i.e. ribs, spine and pelvic bones. Therefore, it 
foliows that injuries involving these bony structures may 
also cause injuries to the urinary tract. Hence, it is essential 
that during assessment of the bony injuries, possibility 
of urinary tract damage should be kept in mind. 

This chapter briefly outlines important basic aspects 
of injuries to the urinary tract. 

INJURIES TO THE KIDNEY 

Traumatic injuries to the kidney are not common. 
However, they are potentially serious and may be 
complicated by injuries to other organs. Normal kidney 
is well protected by its surrounding tissues and hence 
needs severe trauma to cause serious injury to it. 
However, even mild trauma may rupture an abnormal 
kidney (e.g. hydronephrotic kidney). 

SURGICAL PATHOLOGY 36 

Local anatomical factors significantly influence the extent 
of rénal damage, e.g. paravertebral muscles, lower ribs, 
lumbar spine, amount of perirenal pad of fat, and the 
relative fixity of the vascular pedicle of the kidney. 

Typically, the rénal injuries occur either from blows 
of the loin or the abdomen or following road traffic 
accidents (Fig. 1). The rénal vascular pedicle can get 
damaged as a resuit of a fall on the buttocks. 

Rénal injuries can be of various types, e.g. simple 
bruising and ecchymosis, subcapsular or perirenal hema- 
toma, parenchymal fissures and lacérations, vascular 
pedicle injuries. 




Clinical Features 3 ’ 46 

Over 95 percent of the patients with clinically détectable 
rénal injuries hâve gross or microscopie hematuria. 
However, the degree of hematuria does not necessarily 
correlate with the severity of the injury. 

Symptoms and signs of shock and hemorrhage are 
présent with severe rénal injuries. 

Extravasation of blood and urine may cause fullness 
in the flank. Local tenderness may be présent. If the 
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peritoneum overlying the kidney is torn, evidence of 
peritonitis may be présent. 

Diagnostic Procedures 13 ’ 6 

Serial hematocrit estimations are of importance. Progres¬ 
sive anémia indicates progressive hemorrhage. 

A plain film of the abdomen is very useful. In addition 
to fractures of ribs and spine, ground glass appearance 
may be noted in paraspinal areas. 

An intravenous urogram should be performed 
whenever possible in patients with blunt trauma that is 
accompanied by microscopie or gross hematuria. If shock 
is présent, infusion urogram may be necessary. 
Nonvisualization of the kidney on the affected side does 
not necessarily indicate severe damage. Lack of function 
may be secondary to shock or reflex in origin, even though 
the damage is minimal. Intravenous urogram will also 
provide vital information about normality or otherwise 
of the opposite kidney. This is most important in cases 
where nephrectomy of the injured kidney is inévitable. 

When the intravenous urogram is abnormal or 
visualization is incomplète, computed tomography is 
indicated. Ultrasonography may be useful to detect 
perirenal collections. 

Rénal angiography is rarely indicated if injury to rénal 
vascular pedicle is suspected. 

Principles of Management 46 

Majority of the patients with blunt rénal trauma can be 
managed with conservative measures. Even some of the 
ruptured kidneys heal without surgical intervention. 

Absolute indications for surgical intervention include 
an expanding, pulsatile abdominal mass. Severe urinary 
extravasation, impaired perfusion of rénal parenchyma 
and suspected rénal vascular injuries are some of the 
relative indications. Progressive hemorrhage and shock 
in spite of resuscitation are also an indication for 
exploration. 

Depending upon the condition of the injured kidney, 
various management options hâve to be considered, e.g. 
drainage of extravasation, stenting of the ureter, suturing 
of rénal lacération, partial nephrectomy or total 
nephrectomy. Rénal vascular injuries require vascular 
repair. 

Prognosis 

Majority of the patients with blunt rénal trauma respond 
satisfactorily to conservative measures. Rénal lacérations 
hâve tendency to heal spontaneously. 

Arteriovenous fistulas, hypertension and hydro- 
nephrosis are troublesome late complications. 


RUPTURE OF THE URINARY BLADDER 
Surgical Pathology 25 

Urinary bladder has both extraperitoneal as well as 
intraperitoneal relations. Therefore, it follows that 
bladder rupture can resuit in either extraperitoneal or 
intraperitoneal extravasation of urine. 

Rupture is extraperitoneal in about 80 percent of the 
cases. Extraperitoneal rupture is usually a complication 
of severe disruption of the bony pelvis. 

Intraperitoneal rupture is usually caused by a blow 
on the abdomen. This injury is less common and is likely 
to occur if the bladder is full and the victim is off his 
guard, so that the abdominal musculature is not braced 
to receive the blow. 

Clinical Features 1 ’ 56 

Intraperitoneal Rupture 

There is sudden severe pain in lower abdomen following 
the blow. Patient may be in shock. Once the initial pain 
and shock subside, the pain becomes less as urine enters 
into peritoneum. Abdominal distention gradually 
develops as urine leaks into peritoneum. Patient has not 
desire to micturate. 

On abdominal examination, rigidity and tenderness 
are présent. After some time abdomen becomes disten- 
ded. There is in hypogastrium, but no suprapubic 
dullness corresponding to distended bladder. If the urine 
is stérile, symptoms and signs of peritonitis are delayed. 
Rectal examination may reveal bulging in the rectovesical 
pouch or oblitération of normal landmarks. 

Extraperitoneal Rupture 

This is often difficult to distinguish from a rupture of the 
posterior urethra. 

Fracture of the pelvis is a common finding here. If the 
patient can urinate, hematuria is common. However, he 
may not urinate at ail. Bladder may not be palpable, but 
a suprapubic mass be felt or percussed as the perivesical 
collection of fluid develops. 

Diagnosis 1 ’ 5 

Radiological studies are helpful. A plain film of the 
kidney, ureter and bladder (KUB) région may reveal 
fractures of the pelvic bones. Rétrogradé urethrogram and 
catheterization will help in differentiating extraperitoneal 
bladder rupture and ruptured posterior urethra. 

Cystogram is the most dependable test for the bladder 
rupture. Extraperitoneal injuries will show extravasation 
of dye in perivesical areas, while intraperitoneal 
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injury will show dye in the peritoneum around the bowel 
loops. 

The passage of cathéter may be helpful to detect 
uréthral injuries. However, this may sometimes give false 
results and may even aggravate uréthral injury. 
Urethrocystoscopy is usually not useful, as bleeding and 
clots obscure vision. 

A peritoneal tap may be of value in some doubtful 
cases. 

Management Principles 356 

Emergency Measures 

Treatment of hemorrhage and shock are of prime 
importance. A thorough assessment should be made to 
rule out other organ injuries. 

Spécifie Measures 

Extraperitoneal bladder ruptures are usually managed 
with a suprapubic cystostomy in men and with a uréthral 
cathéter in women. If the extravasation is significant, the 
site of collection is drained to prevent pelvic abscess 
formation. 

Intraperitoneal bladder ruptures generally requires 
exploration through lower abdominal incision. Peritoneal 
urine is drained. The lacération is debrided and sutured. 
Suprapubic cystostomy is used to drain the bladder. 

Prognosis 

The urinary bladder has extraordinary regenerative 
properties. Therefore, morbidity can be minimal, 
provided proper diagnosis is made and treatment 
instituted early after injury. 

INJURIES TO THE URETHRA 
Surgical Pathology 1 ’ 56 

As the membranous urethra traverses through the 
urogénital diaphragm, it is very closely related to the 
symphysis pubis and adjacent pubic bones. This close 
anatomie relationship makes urethra vulnérable to injury 
during fractures of the pelvis. 

Injuries to the urethra are divided into two main types 
depending on whether injury takes place above the 
urogénital diaphragm or below it (Fig. 2). 

1. Injuries to the bulbar urethra: In this type, injury takes 
place below the urogénital diaphragm. This is the 
most common accident. Almost without exception, 
there is history of a fall astride a projecting object. 

2. Injuries to the membranous urethra: In this type, injury 
takes place above the urogénital diaphragm. 



Extra pelvic rupture 

(i.e. injuries to bulbar urethra) 


Fig. 2: Mechanism of rénal injuries 

Intrapelvic rupture of the urethra occurs in the 
membranous portion near the apex of the prostate. It 
is usually the resuit of fracture of the pelvis or 
dislocation of symphysis pubis. 

Clinical Features 1 ’ 56 

Injuries to the Bulbar Urethra 

The time-honored triad of signs of a ruptured bulbar 
urethra are as follows. 

1. Bleeding perurethra: Even few drops of blood at the 
external meatus should alert one to the possibility of 
uréthral injury. 

2. Périnéal hematoma: Bruising may occur in the perineum 
in a typical butterfly distribution. 

3. Rétention of urine: This is due to a reflex spasm of the 
external urinary sphincter. 

Injuries to the Membranous Urethra 

The clinical signs of fractured pelvis are usually évident. 
Since patient cannot pass urine, bladder becomes 
palpable. Bleeding perurethra is almost always présent. 

Diagnosis 1 ’ 2 ’ 56 

In the emergency room, uréthral injury should be 
suspected in the foliowing situations. 

1. Patient having pelvic crush injury with fractures to 
the bony pelvis. 

2. Patient with bleeding perurethra. 

3. Patient with périnéal hematoma. 

The rôle of diagnostic uréthral catheterization in 
acute uréthral injuries is still contro ver sial. The dangers 
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of diagnostic catheterization in cases of uréthral injury 
are: 

i. the risk of introducing infection 

ii. the risk of damaging the partially injured urethra, 
and 

iii. the risk of a false diagnosis. 

Urethrography is generally safe and fairly reliable test. 
This should preferably be done before decision to try 
uréthral catheterization. 

Management Principles 356 

The basic principles of managing bulbar and mem- 
branous uréthral injuries are essentially same. 

1. Patient is advised not to attempt to pass urine. Under 
broad spectrum antibiotic cover, rétrogradé 
urethrography using water-soluble contrast material 
is performed. 

2. If only partial rupture is suspected, catheterization is 
attempted. If this is successful, cathéter is maintained 
for about 8 to 10 days. 

3. If any résistance of difficulty is encountered in pas- 
sing the cathéter, the procedure should be terminated 
and a suprapubic cystostomy performed. 

4. If urine has extravasated, the local tissues must be 
drained. 

5. The suprapubic cathéter should be left in place for 
about 6 weeks to allow local tissues to heal. The extent 


of the stricture is then assessed with rétrogradé and 
micturating urethrograms. Uréthral reconstruction— 
either endoscopie or open—is then undertaken. 

6. Controversy exists over primary uréthral recon¬ 
struction versus delayed secondary repair. Primary 
repair of the injured urethra is indicated only if 
immédiate operative réduction of pelvic fractures is 
necessary. 

Prognosis 

"Rupture of the urethra is one of the most serious acci¬ 
dents and unless your skill can prevent the development 
of a stricture, you are presiding at the opening of a lifelong 
tragedy" 

—Rutherford Morrison 
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INTRODUCTION 

Head injury is one of the common injuries suffered by a 
victim of any accident. Contrary to popular belief major 
strides hâve been made over the past three décades in 
reducing the mortality and morbidity from head injury. 

The essential éléments of intensive care is to maintain 
an optimal illness in the injured brain to facilitate healing 
and to prevent secondary injury to the damaged brain. 
This means providing the brain with adéquate oxygen 
and avoiding hyponatremia and hyperglycemia. 

Head injury can be classified in many ways: 

By mechanisms 

1. Closed 

a. High velocity (automobile accidents) 

b. Low velocity (falls, assaults) 

2. Penetrating 

a. Gunshot wounds 

b. Other open injuries 

By severity (according to Glasgow coma scale) 

1. Mild—GCS 13-15 

2. Moderate—GCS 9-12 

3. Severe—GCS 8 or less (comatose) 

By morphology 

1. Skull fractures 

a. Vault 

i. linear or table 

ii. depressed or non-depressed 

b. Basilar 

i. with or without CSF leak 

ii. with or without VII nerve palsy 

2. Intracranial lésions 
a. Focal 

i. extradural 


ii. subdural 

iii. intracérébral 

b. Diffuse 

i. mild concussion 

ii. classic concussion 

iii. diffuse axonal injury 

It is advisable to consider évaluation and management 
depending on the severity of the head injury. This is 
determined on the basis of Glasgow coma scale. 

Approximately 80 percent of the patient with head 
injury fall under the category of mild head injury. These 
patient are awake but may be amnésie for events 
surrounding the injury. There may be history of brief loss 
of consciousness. 

Most patients with mild head injuries make 
uneventful recovery, however, about 3 percent of patient 
deteriorate unexpectedly. Such patients usually hâve 
depressed or decreasing level of consciousness, focal 
neurological signs or penetrating injuries. 

Ideally a CT scan should be obtained in ail patients 
with the history of loss of consciousness or amnesia after 
head injury. The cervical spine and other parts must be 
radiographed if there is any pain or tenderness. 

Patient with a normal CT scan or in whom CT scan 
cannot be obtained is kept under observation for about 
24 hours with symptomatic treatment. 

If a lésion is noted on CT scan, the patient must be 
admitted and managed according to his or her 
neurological progress for the next few days. 

Patients with moderate head injuries constitute 
approximately 10 percent of head injury patient (GCS 
9-12). They are able to follows simple commands and may 
hâve focal neurological déficits such as hemiparesis. This 
patient must be admitted and a CT scan of the head must 
be obtained. He or she is then treated according to CT 
findings. 
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Patient with severe head injury are those (GCS 8 or 
less) who are unable to follow simple commands even 
after cardiopulmonary stabilization. They constitute 
about 10 percent of the head injury patients. Prompt 
diagnosis and treatment are of the utmost importance. 
Management of airway, blood pressure, passing of 
indwelling uréthral cathéter, nasogastric tube, etc should 
be done sequentially and expeditiously. Latéral and 
anteroposterior cervical spine radiographs, chest, plain 
radiograph of abdomen (KUB) and radiographs of the 
extremities should be obtained. General examination is 
done. Look for other injuries also. 

Neurological examination involves documenting 
Glasgow coma scale, pupillary response to light, eye 
movements, motor power and gross sensory 
examination. 

The diagnostic procedures available for head injury 
patients include CT scan, angiography, and 
ventriculography. The last two are advised only if CT 
scan is not available. The therapeutic options are either 
surgical or medical. 

Treatment 

1. MRI of brain is not advised in acute head injury. It is 
done only for progressive purpose when patient 
remains unconscious for prolonged period. 

2. Main goal of head injury is to reduce the intracranial 
pressure either surgically or medically. 

Surgically by evacuating the hematoma or contusion 

or doing décompression hematoma and duoplasty. 

Hyperventilation helps in reducing intracranial 
pressure. 

Surgical 

The indication for surgical therapy is a mass lésion 
causing a midline shift of 5 mm or more. Most extradural, 
subdural or intracérébral hematomas associated with 
midline shift of 5 mm or more are surgically evacuated. 
For a patient who has a small hematoma or contusion 
causing less than 5 mm shift and is stable can be 
maintained by recording intracranial pressure if such 
facilities are available. Other indications for surgery are: 
depressed fractures which are compound, associated with 
durai tear, cérébral compression, cosmetically unsightly 
or patients having posterior fossa hematomas. 


Medical 

Some of the more commonly used drugs in head injury 
are reviewed here. 

Anticonvulsants: Rôle of prophylactic anticonvulsants 
remains controversial. The main factors associated with 
a high incidence of late epilepsy are early seizures 
occurring within the first week, an intracranial hematoma 
or a depressed skull fracture. 

Mannitol: Twenty percent solution is commonly used in 
a dose 1 to 2 gm/kg, IV as a bolus to reduce raised 
intracranial pressure. 

Frusemide: A dose of 0.3 to 0.5 mg/kg IV is reasonable 
given alone or in conjunction with mannitol in the 
treatment of raised intracranial pressure. 

Barbiturates: They exert a protective effect on the brain in 
cérébral anoxia and ischemia. They also reduce 
intracranial pressure. 

Steroids: Currently available steroids in standard dose 
regimens hâve not proven to be valuable in severe head 
injury. They should, therefore, be not used. 

Prognosis 

The Glasgow outcome scale (GOS) hâve been widely 
accepted as a standard means of describing outcome in 
head injury patients. 

Glasgow Outcome Scale (GOS) 

• Good recovery (G)—patient returns to preinjury level 
of function 

• Moderately disabled (M)—patient has neurological 
déficit, but is able to look after self 

• Severely disabled (SD)—patient is unable to look after 
self 

• Végétative (V)—no evidence of higher mental 
function. 
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INTRODUCTION 

Fractures of the mandible occur more frequently than any 
other fracture of the facial skeleton. 3 Injuries to the 
mandible must be managed with careful attention to the 
restoration of form, function and esthetics. 

Mandibular fractures occur commonly due to inter- 
personal violence, road traffic accidents and fall. 

Classification 

Mandibular fractures are classified according to the site 
of fracture, 2 as follows (Fig. 1). 

1. Fractures of the condyle 

2. Fractures of the coronoid process 

3. Fractures of the ramus 

4. Fractures of the angle and the body 



Fig. 1: The anatomie régions of the mandible: (1) symphysis, 
(2) parasymphysis, (3) body, (4) angle, (5) dentoalveolar, 
(6) ramus, (7) coronoid process, and (8) condylar process 


5. Fractures of the parasymphyseal région 

6. Fractures of the symphysis 

7. Dentoalveolar fractures. 

The bilateral fractures of the mandible tend to occur 
in typical combinations, depending on the direction of 
the impact. A parasymphyseal fracture is usually asso- 
ciated with fracture of the angle or condylar neck on the 
opposite side. A fracture at the symphysis is usually 
associated with the bilateral fracture of the condylar 
neck. 2 

The elongated canine roots and the erupting third 
molars présent inhérent weakness in the mandible, where 
a fracture readily occurs on impact. The fractures in the 
angle and symphysis région are markedly influenced by 
the muscles attached. A fracture of the angle where the 
fracture line runs anteriorly and inferiorly from a point 
distal to the last molar tooth resists the displacing forces 
of the elevator muscles, whereas if the fracture line runs 
posteroinferiorly, the proximal fragment is pulled up by 
the masseter and médial pterygoid muscles. This is 
termed as horizontally unfavorable fracture. 9 

Similarly if the fracture line runs anteromedially from 
a point on the buccal cortex, the proximal fragment is 
displaced medially by the médial pterygoid muscle. This 
is called as vertically unfavorable fracture. 9 

Signs and Symptoms of Mandibular Fractures 

Patients with a fractured mandible complain of pain and 
swelling in the région of the fracture and inability to either 
close or move the mandible freely. The swelling in the 
région of fracture is usually obvious with or without the 
external wound. The mandible should be palpated from 
the temporomandibular joint, anteriorly along the lower 
border. 2 Bony tenderness or obvious step at the lower 
border indicates a fracture. Intraoral examination consists 
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of a thorough examination of ail the teeth and oral 
mucosa. There is usually a step deformity in the occlusal 
plane at the site of fracture. Ecchymosis or hematoma of 
the lingual mucosa or floor of the mouth is almost pathog- 
nomonic of mandibular fractures. 9 The undisplaced frac¬ 
tures of the condylar neck or coronoid process are 
sometimes difficult to diagnose clinically and are diag- 
nosed only on radiographs. Fractures of the body or 
symphysis région can be easily diagnosed clinically by 
eliciting unnatural mobility of the fragments. 

Teeth involved in fracture line were extracted rou- 
tinely as a part of the treatment procedure, but the current 
trend is to preserve them as far as possible provided they 
are not extremely mobile, fractured on infected. 1,7,13 

Radiographs 

The following radiographie views are helpful in diag- 
nosing the mandibular fractures. 

1. Right and left latéral oblique views: provide a good 
visualization of mandibular body, angle, ramus, 
coronoid and condylar processes 

2. Posteroanterior view: The standard 30° AP Towne's 
projection demonstrates the condylar région well. 
However, to view the fractures of the symphysis and 
parasymphysis, head must be rotated from this 
position where the fracture is in the line of the vertical 
beam 

3. Intraoral periapical view: There are helpful especially 
to diagnose minute incomplète fractures of the den- 
tate mandible and also in dentoalveolar fractures 

4. Orthopantomograph: gives excellent view of the whole 
of the mandible and has become indispensable to 
diagnose any major pathology affecting mandible 

5. Computed tomography: gives excellent picture of con¬ 
dylar fractures especially if they are comminuted 
variety, but its use in isolated fractures of the man¬ 
dible is not justified on either clinical or economical 
grounds. 

Management 

The principles of management of mandibular fractures 
are similar to those used in any other fractures. The 
presence of teeth provides an accurate guide in most of 
the mandibular fractures to aline the fragments 
satisfactorily. Attainment of good occlusion generally 
provides good alinement of fragments in the région of 
body, symphysis and parasymphysis. 2 In severely 
displaced fractures, especially in the région of angle and 
ramus, it is difficult to aline the fragments with dental 
manipulation alone, and open réduction and fixation of 
the fracture becomes necessary. 


Considérable controversy surrounds the management 
of the fractures of the condylar process. In the présent 
scénario, most of the authors agréé that the intracapsular, 
undisplaced fractures of the condyle and the fractures of 
the condylar neck with minimal displacement should be 
treated conservatively by intermaxillary fixation for 4 to 
6 weeks. 14 The period of immobilization is reduced in 
children due to the likelihood of developing tempo- 
romandibular joint (TMJ) ankylosis. However, the 
fractures of the condylar process with the fractured 
fragment displaced out of the glenoid fossa should be 
treated by open réduction and fixation by either 
interosseous wires or noncompression miniplate 
fixation. 14 

Methods of Immobilization 

• Intermaxillary fixation 

1. Dental wiring 

a. Direct 

b. Eyelet 

2. Arch bars 

3. Cap splints 

4. Gunning type splints 

• Intermaxillary fixation with nonrigid osteosynthesis 

1. Transosseous wiring 

2. Circumferential wiring 

3. External pin fixation 

4. Bone clamps 

5. Transfixation with Kirschner wires 

• Rigid/semirigid osteosynthesis without inter¬ 
maxillary fixation 

1. Dynamic compression plates 

2. Noncompression miniplates 

3. Lag screws. 

Intermaxillary Fixation 

Dental wiring: Intermaxillary fixation is the simplest and 
widely used method of immobilization. The mandible is 
fixed to the maxilla with the help of occlusion as a 
guideline. The upper and lower teeth can be wired 
together in their correct occlusion by direct interdental 
wiring. The disadvantage of this technique is that any 
replacement of wires nécessitâtes removal of ail inter¬ 
maxillary wires. This problem can be avoided by fixing 
individual eyelets to the maxillary and mandibular teeth 
and placing tiewires between the maxillary and 
mandibular eyelets (Fig. 2). 

Arch bars: These are very commonly used and the most 
widely used among them is the Erich arch bar which is 
commercially available, inexpensive, malléable and has 
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hooks on its buccal surface to place tiewires or elastics. 
The arch bars are fixed to the upper and lower arches by 
interdental wires. In older fractures, the occlusion can be 
achieved by a slow traction using intermaxillary elastics. 
On achieving the occlusion, the elastics are replaced by 
tiewires. The wires used for inter dental wiring are 0.45 
mm soft stainless Steel wires. 

Cap splints: The use of cap splints is now restricted to only 
a few situations, namely, to splint loose teeth during the 
period of intermaxillary fixation, to immobilize the 
comminuted fractures of the dentate portion of the 
mandible, and to maintain the fractured fragments in 
their correct positions when a portion of the mandible is 
missing with substantial soft tissue loss. 2 The splints are 
made either of acrylic resin or in métal and are either 
cemented to the teeth with dental cements or fixed with 
circumferential wiring (Fig. 3). 

Gunning type splints: These are made in acrylic resin and 
are used to immobilize the fractures of edentulous 
mandibles. These splints are similar to the artificial 
dentures and are fixed to the mandible by circumferential 
wiring. The upper and lower gunning splints are held 
together with tiewires to achieve complété immobiliza- 
tion of the mandible. 

Intermaxillary Fixation with 
Nonrigid Osteosynthesis 

Although even the displaced fractures of the mandible 
can be treated adequately by intermaxillary fixation, open 
réduction and some type of internai fixation are needed 
in many patients to obtain good approximation of the 
fragments at the lower border and to reinforce the fixation 
achieved at the dental arches. 8 



Fig. 3: Use of a circummandibular wire to reduce a comminuted 
fracture fragment. The wire passes above the arch bar 



Transosseous wiring: This type of wiring across the frac¬ 
ture line is an effective method of immobilizing the 
fractures of the body, symphysis, parasymphysis and 
angle of the mandible. This is done extraorally through a 
small submandibular incision. A single direct 
transosseous wire is sometimes not sufficient due to the 
tendency of the fragments to override. Therefore, it can 
be reinforced with a second wire tied in a figure of "8" 
fashion across the fracture line 14 (Fig. 4). The transosseous 
wiring in the symphysis région can be done intraorally 
through an incision placed in the labial sulcus. The 
advantages of this method are that it does not need any 
spécial instruments and can be safely done in 
comminuted or infected fractures. The disadvantage is 
that it is nonrigid and has to be supplemented by 
intermaxillary fixation for 4 to 6 weeks. 

Circumferential wiring: It is indicated in certain oblique 
and comminuted fractures of the body and symphysis 
région. It is also used to fix the gunning splints and cap 
splints to the mandible which are used to treat mandi- 
bular fractures in edentulous patients are children res- 
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pectively. It is performed with the help of a straight bone 
awl and a length of 0.45 mm soft stainless Steel wire 
(Fig. 3). 

External pin fixation: It consists of insertion of 3 mm 
titanium or stainless Steel pins into the fractured frag¬ 
ments transcutaneously, which diverge from each other 
and are connected to each other by connecting bars and 
universal joints. 2 This technique is rarely used now. It is 
indicated to control the fragments in extensive 
comminuted fractures, where open réduction is not 
indicated to avoid necrosis of the smaller fragments due 
to periosteal stripping. 14 

Bone clamps: This procedure is very similar to the external 
pin fixation. Instead of pins, bone clamps are secured to 
the lower border of each fractured fragment. The clamps 
hâve pins projecting out, which are then connected by 
connecting bars and universal joints. 

Tansfixation ofKirschner wire: Kirschner (K) wires in man- 
dibular fractures are used only in emergency situations 
to provide temporary stabilization of the fractured 
mandible. The fractured fragments held in reduced 
position, and the wire/wires is/are drilled through the 
fragments so that part of the wire passes through 
undamaged bone on each side. The method is versatile 
and can be applied in any part of the mandible. 

Rigid/Semirigid Osteosynthesis without 
Intermaxillary Fixation 

Rigid or semirigid osteosynthesis without intermaxillary 
fixation can be achieved with some form of bone plate or 
lag screws. The bone plates which are in use today are 
small dynamic compression plates based on AO/ASIF 
principles and the miniaturized noncompression plates 
(miniplates) introduced by Champy (1978). 5 The use of 
lag screws is now somewhat limited to the oblique 
fractures of the mandible. 

Dynamic compression plates: These plates utilize bicortical 
screws and are therefore placed at the lower border to 
avoid damage to the roots of the teeth. The plates can be 
placed intraorally in the symphysis région and extraorally 
in the région of the body and angle of the mandible. After 
positioning the plate, the bur holes are drilled through 
the narrow portions of the plate holes. While tightening 
the screws, the screw head in the plate hole moves 
towards the fracture line due to the slope built inside the 
plate holes, thus, compressing the fragments against each 
other. The compression of the fragments avoids the 
formation of the intermediate callus, and thus, hastens 
the healing process 11 (Fig. 5). 



Fig. 5: Dynamic compression plating 


Sometimes the superior portion of the fracture opens 
up during final tightening of the screws. To overcome 
this problem Schilli (1977) 12 designed eccentric 
compression plates which hâve oblique sliding holes in 
addition, to achieve compression at the superior région. 
The use of dynamic compression plates is not essential 
in the mandibular fractures and fixation and 
noncompression miniplates is usually sufficient. 

Lag screws The principle behind the lag screw osteo¬ 
synthesis is that the screw threads engage only the distant 
fragment and upon tightening, the screw head engages 
the outer cortex, and the fractured fragments are 
compressed against each other (Fig. 6). The hole drilled 
in the outer cortex is of a larger diameter than the 
diameter of the screw threads. Lag screws are now used 
occasionally to treat the oblique fractures of the 
mandible 10 (Fig. 7). 

Noncompression miniplates: The miniplates which are now 
widely used were introduced by Champy (1978). 5 The 
argument is that there is a natural line of compression 
along the lower border of the mandible, and thus there is 
no need of compression osteosynthesis in the treatment 
of mandibular fractures. 6 Champy formulated an 




Fig. 6: The lag screw osteosynthesis 
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Fig. 7: A symphyseal oblique fracture fixed with a lag screw 



Fig. 8: The osteosynthesis line (Champy et al 1978) 



Fig. 9: Mandibular right parasymphysis fracture fixed with 2 mm non-compression miniplates (For color version see Plate 26) 



Fig. 10: Mandibular left condylar neck fracture fixed with 2.0 mm miniplate 
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osteosynthesis line to guide the placement of miniplates 
(Fig. 8). This line was formulated according to the 
distribution of stress trajectories within the mandible 
during function. This implies that the fractured fragments 
are fixed in the région, where they tend to separate and 
not in the région, where they tend to compress (upon 
each other). The fractures at the angle need a single 
miniplate to be placed at the superior border, over the 
external oblique ridge. The fractures of the body require 
one miniplate to be fixed just below the roots, and the 
fractures in the symphysis and parasymphysis région 
need fixation of two miniplates, one below the roots and 
the other at the lower border to achieve a stable fixation 
of the fracture (Figs 9 and 10). 

A temporary intraoperative intermaxillaryfixation should 
be performed to obtain optimum réduction of the fractured 
fragments and to maintain the correct occlusion ofteeth. 

Miniplates are available in various shapes and 
lengths. The thickness of these plates is 0.9 mm. The screw 
holes hâve a minimum diameter of 2.1 mm with a bevel 
of 30°. The screws are monocortical and are available in 
lengths ranging from 5 to 15 mm. The screws are self- 
tapping. The plates can be placed intraorally at any région 
from angle to symphysis, thus, avoiding the visible scar. 
The plates are available in titanium and stainless Steel 
and can be left permanently in tissues, although Cawood 
(1985) 4 recommends their removal on theoretical grounds 
because of their continuing effect on functional forces 
within the bone. 

Locking Miniplates 

The locking miniplates hâve been developed to overcome 
the frequent complications of the popular non-compres¬ 
sion miniplates, such as loosening of the screws and 
splaying of fragments, especially in the région of angle 
of mandible. 15 The plates used in facial fractures are 
usually of 1-2 mm in thickness, screws with outer 
diameter of 2 mm. The screws are self-tapping or self 
drilling and tapping. Since the plates need not be adapted 


precisely to the underlying bone, there is no excessive 
bending of plates and there is less pressure over the 
periosteum. The locking plates do not dépend on the 
friction between the plate and the bone for stability and 
hence act as a fixator. 16 The secondary (late) dislocation 
of the screws is also minimized due to the secure locking 
of the screws to the plates. The 2.00 mm locking 
miniplates hâve shown excellent clinical results. 
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INTRODUCTION 

Craniomandibular articulation is a complex synovial 
System composed of two temporomandibular joints (TMJ) 
together with their articular ligaments and masticatory 
muscles. Each articulation comprises two joint 
compartments, i.e. upper and lower, that provide for 
combined hinge and sliding motion. 3 

The articular disk which divides the joint into the 
upper and lower compartments is composed of dense 
fibrous tissue, that is nonvascularized and noninnervated 
except for the peripheral nonpressure-bearing area. It is 
a separate functioning unit of the joint and its movements, 
although coordinated, are independent of the osseous 
components of the joint 3 (Fig. 1). 

Etiology of Temporomandibular Disorders 

Local Factors 

On closure of the mandible, the condyles are in their most 
superoanterior position in the glenoid fossa with the 
articular disks properly positioned, and there is even and 
simultaneous contact of ail the teeth. Any dérangement 
of dental occlusion and change in the function or tone of 
masticatory muscles can change the position of the 
condyles and affect the joint integrity. This inter- 
relationship of dental occlusion, muscles of mastication 
and the temporomandibular joints is vital and any change 
in one of these components affects the joints. 3 Adjacent 
inflammatory conditions such as otitis media and 
mastoiditis can also affect the joints. 

Systemic Factors 

The systemic conditions which affect the temporoman¬ 
dibular joints are autoimmune diseases such as rheu- 



Fig. 1: Temporomandibular joint (sagittal section): (1) thin 
central segment of the disk, (2) anterior extension of the upper 
joint compartment, (3) bundles of upper head of latéral ptery- 
goid muscle, (4) posterior extension of the lower joint compart¬ 
ment, and (5) retrodiskal tissue 

matoid arthritis, infections such as gonorrhea and men¬ 
tal stress, which acts indirectly through various 
parafunctional habits such as bruxism. 8 

Trauma 

Trauma to the mandible affects the TMJ to a variable 
extent depending on the extent of the injury, ranging from 
a temporary arthralgia to the ankylosis of the joint. 

Classification 

Temporomandibular disorders are classified according 
to their clinical symptoms into five classes (Bell, 1990). 3 

1. Masticatory muscle disorders 

2. Disk interférence disorders 

3. Inflammatory disorders of the joint 

4. Chronic mandibular hypomobilities 

5. Growth disorders of the joint. 
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A useful addition to this classification would be a class 
comprising mandibular hypermobilities. 

Signs, Symptoms and Management 

Masticatory Muscle Disorders 

Masticatory muscle disorders constitute the most com- 
mon temporomandibular disorders. They are further 
categorized as follows. 

1. Protective muscle splinting 

2. Masticatory myospasms 

3. Masticatory myositis. 

These are characterized by functional myalgia, muscle 
dysfunction and soreness at rest. 

Management: Any root cause such as infection or occlu- 
sal dérangement should be corrected first. Palliative 
therapy includes, limiting the jaw movements with 
intermaxillary elastics or elastic head gear starps, inter- 
maxillary fixation is not necessary. A light massage, 
external thermal application, vapocoolants and relaxation 
techniques in tense individuals is bénéficiai. Symptomatic 
treatment with nonsteroidal antiinflammatory drugs is 
indicated, but for a short period. The use of muscle 
relaxants such as diazepam, methocarbamol or 
orphenadrine citrate acts as a useful adjuvant. 

Disk Interférence Disorders 

Disk interférence disorders occur due to the loss of 
coordination between the movements of the condyle and 
the articular disk. 7 This in turn happens due to increased 
articular pressure, structural irregularity of the joint, 
noninflammatory degenerative disease of the joint, and 
dérangement of the disk condylar complex. 3 

These are characterized by abnormal sensation in the 
joints, noises (clicks) and abnormal movements of the 
joints. 3 The cause of these disorders would be identified 
and treated. The occlusal dérangement or bruxism is 
treated by occlusal correction splints. 8 The disk condyle 
adhesions which cannot be treated conservatively are 
managed by arthroscopic surgery or disk repositioning 
and rarely by diskectomy. 

Inflammatory Disorders of the Joint 

Inflammatory disorders of the joint are further classified 
according to the joint structures involved. 

1. Synovitis and capsulitis Inflammation of the synovial 
and fibrous capsule 

2. Retrodiskitis Inflammation of the retrodiskal tissue 

3. Inflammatory arthritis which comprises of traumatic 
arthritis, infectious arthritis, degenerative joint dis¬ 
ease and rheumatoid arthritis. 


These inflammatory conditions are characterized by 
joint pain and tenderness. The pain is eccentuated on 
every mandibular movement. Traumatic arthritis is 
typically a single joint condition due to external trauma. 
Infectious arthritis occurs either in conjunction with 
systemic infections (e.g. gonorrheal arthritis) or due to 
the spread of infection from adjacent structures (e.g. otitis 
media). Purulent bacterial infections can occur as well 
due to penetrating injuries. Active antibiotic therapy with 
spécifie antimicrobial agents usually suffices. A regular 
follow-up is essential in these cases to rule out any 
structural changes in the joint which may lead to 
ankylosis of the joint. 7 

Degenerative arthritis: (Osteoarthritis or osteoarthrosis) It 
usually starts as a réduction in the joint space due to 
displacement of the disk. This is followed by clicking of 
the joint on movement and associated pain. The disk can 
be repositioned at this stage by occlusal splint therapy or 
surgical repositioning of the disk. Progressive disease 
causes érosion of the condyle leading to reduced height 
of the condylar process. The articular disk is displaced 
posteriorly and the condyle progressively remodels with 
associated pain and crepitus. At this stage, surgery is 
necessary to recontour the condyle or replace the disk 
with a silastic implant. 

Rheumatoid arthritis: It is an autoimmune disease affect- 
ing synovial joints. Patient with rheumatoid arthritis of 
temporomandibular joint is usually already under 
treatment for bilateral proliférative (Fig. 2). 

Aberrant development: This includes congénital and growth 
disorders that occur during skeletal maturation. 
Hyperplasia of condyles cause facial asymmetry when 


i-1 



Fig. 2: Typical asymmetric growth due to ankylosis of the 
right TMJ during growing period 
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présent unilaterally and cause prognathism when présent 
bilaterally. However, masticatory System adapts well, and 
no functional problems are encountered even in the 
presence of gross structural abnormality. 

Acquired change in the joint structure: Few changes such as 
condylar hyperplasia may occur after the completion of 
the skeletal growth. The most common changes occur 
due to trauma. 

Neoplasia: In temporomandibular joint, neoplasia is rela- 
tively rare. Tumors of cartilage and bone are reported, 
these include chondroma, osteochondroma and 
osteoblastoma. 

Hypermobility of the Joint 

Subluxation: It is habituai dislocation of the condyle out 
of the glenoid fossa which can be reduced spontaneously 
by the patient himself or herself. Subluxation can be 
treated by either restraining the condylar movement or 
facilitating smooth movement of the condyle out of and 
back in the glenoid fossa. 

Methods to Restrain the Condylar Movement 

1. Chemical capsulorrhaphy by injecting sclerosing 
agents around the capsule, e.g. sodium psylliate, 
sodium tetradecyl sulfate (0.5%) 

2. Restitution of capsule by excising a strip of capsule 
and suturing the capsule along with a temporalis 
muscle flap 

3. Ligation of the condyle with a length of faciae latae 
or Dacron sutures to the zygomatic arch 

4. Augmentation of the articular eminence by autog- 
enous iliac crest grafts of alloplasts 

5. Prévention of dislocation by removal of activating 
muscle, e.g. latéral pterygoid muscle 

6. Prévention of dislocation by fracturing the zygomatic 
arch at its root and positioning it just below the 
articular eminence. 

On the contrary to above methods, the articular 
eminence can be removed (eminectomy) so that patient 
can easily take the condyle back into the glenoid fossa 
after dislocation, without any difficulty. 

Dislocation: It is displacement of the condyle out of the 
glenoid fossa which cannot be reduced by the patient and 
need the expertise of a trained medical personnel. It 
commonly occurs due to trauma, excessive opening of 
the mouth and prolonged dental treatment procedures 
with overextended use of mouth gag. 

Dislocation can occur in any direction. Anterior dis¬ 
location is most common and is associated with pain and 


inability to close the mouth. The mandibular movements 
are limited due to spasm of the masticatory muscles 
which usually follows dislocation. Most of the 
mandibular dislocations can be reduced manually with 
or without local anesthésia. Sédation with diazepam 
which also relaxes the muscles is bénéficiai. To reduce 
bilaterally dislocated condyles, the mandible is held with 
both the hands bimanually, with the thumbs pressed 
down on molar teeth and the mandible grasped 
extraorally with the remaining fingers. The mandible is 
pressed down posteriorly while lifting the chin up. This 
procedure rotâtes the mandible and moves the condyles 
down. The mandible is then pushed back in the same 
position and then released slowly. 15 The whole procedure 
takes a few seconds and is successful in most of the cases. 

If the above procedure fails, dislocation can be cor- 
rected under general anesthésia. Rowe and Killey (1968) 
described the use of bone hooks to pull the condyles down 
by engaging the sigmoid notch. If ail the methods fail, 
the joint can be opened surgically to correct the 
dislocation. But this is rarely necessary. 

Ankylosis: It is fusion of the condyle with glenoid fossa 
by either fibrous or bony union. It is essentially an intra- 
capsular phenomenon and the extracapsular conditions 
which also cause trismus such as fusion of the coronoid 
process with zygomatic arch should be termed as 
pseudoankylosis (Fig. 3). 7 

Ankylosis is caused commonly by trauma, infections 
of the joint or degenerative joint disease. 6 Trauma is a 
major cause especially in children owing to the weak 
condylar process which fractures readily with seemingly 
minor trauma. 7 

Patients with ankylosis exhibit limited mouth opening 
and lack of growth on the affected side. 15 Treatment of 



Fig. 3: Ankylosis of the right TM joint 
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Fig. 4: Release of the Lt TMJ ankylosis with a pre-auricular 
approach and raising the temporalis flap for interposition 
(For color version see Plate 26) 


ankylosis consists of release of ankylosis by either 
condylectomy or gap arthroplasty with or without joint 
reconstruction. 

Gap arthroplasty is indicated in adult patients in 
whom there is excessive bone formation at the joint where 
condyle as such cannot be recognized. 12 A gap of about 5 
to 10 mm is created by excising a piece of bone at some 
distance from the temporal bone, i.e. at the condylar neck 
and a temporalis muscle flap is interposed to prevent 
reankylosis (interpositional arthroplasty) (Figs 4 and 5). 

However, in many cases condylectomy can be per- 
formed safely. In children, the condyle should be replaced 
with an adaptive growth center which can sustain the 
mandibular growth in near normal fashion. 7 Autogenous 
costochondral rib grafts are most commonly used for this 
purpose. Sternoclavicular grafts hâve also been used with 
comparable success. 13 Usually fifth or sixth rib is 
harvested with about 1 cm of attached cartilage. The joint 
is approached by a submandibular incision along with a 
periauricular incision for condylectomy. 7 The rib is scored 
to adapt to the posterior border of the mandible and is 
fixed with transosseous wires. However, these grafts are 
not very predictable and résorption as well as aggressive 
growth of the grafts has been reported. 5 

Condylectomies in adults can be followed by inser¬ 
tion of alloplastic implants made of titanium or silastics 
(Figs 4 and 5) or the joint cavity can even be left empty 
without any reconstruction. 



Fig. 5: Closure of the preauricular incision and the bulge of 
the temporalis flap over the zygomatic arch 


Temporomandibular Joint Imaging 14 

Radiography 

Despite many limitations, radiography is the most use- 
ful diagnostic tool. The radiographie views which give 
good picture of the TMJ are transcranial and transpha- 
ryngeal views. These views give good profile view of the 
TMJ. The transorbital view gives good frontal view of 
the TMJ, although not much of use in diagnosis of TMJ 
disorders. 

Tomography 

Tomography provides an accurate radiographie visu- 
alization of TMJ. It shows médial and central portions of 
the joint which cannot be seen in transcranial views. 

Computed Tomography 

CT provides excellent visualization of the entire joints. 
Both the joints are visualized in a single film. Three- 
dimensional computed tomography provides excellent 
three-dimensional view of the joint, but is still very 
expensive and not available to ail the center s. 

MRI 

MRI has a distinct advantage over other methods that it 
provides visualization of the soft tissues that fills the 
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articular space. It is fast becoming an essential tool to 
diagnose the intracapsular joint disorders. 

Arthroscopy 

Arthroscopy is very useful for diagnosing the internai 
dérangements of the joints but is not necessary in the 
presence of obvious bony changes seen in the radio- 
graphs. 

Arthroscopy surgery has become popular and 
effective in treating TMJ disorders. It involves placement 
of at least 2 cannulas into the superior joint space. One is 
used for visualization with the arthroscope and the other 
for instrumentation. Arthroscopic surgery has been used 
to correct many intracapsular dérangements such as, 
displacements, hypomobility due to fibrosis or adhesions 
etc. 

Surgical Approaches to the 
Temporomandibular Joint 1011 

There are four major surgical approaches to the TMJ 
(Fig. 6). 

Postauricular Approach 

The incision lies behind the auricle and extends into the 
temporal région. The advantage of this approach is that 
the scar is completely hidden. 1 The postoperative stenosis 
of the auditory canal and inadéquate access to the anterior 
portion of the joint are the main disadvantages. 9 This 
approach is rarely used now. 

Endaural Approach 

The endaural approach avoids the transection of the 
auditory canal. The incision runs just médial to the tragus, 
starting from the incisura terminalis below, to the point 
between the meatus and the upper edge of the auricle. 
The incision then runs superiorly in the temporal région, 
similar to the postauricular incision. The tragal cartilage 
is separated and reflected anteriorly. The advantage of 
this approach is good exposure of anterior, latéral and 
posterior part of the joint. 4 

1. The postauricular incision 

2. The endaural incision (Kreutziger 1987) (Davidson 
1956) 

3. The preauricular incision 

4. The submandibular incision (Al Kayat and Bramley 
1978) (Risdon 1934). 

Preauricular Approach 

Preauricular approach is the most widely used approach 
to the TMJ. Various incisions hâve been described, but 




1. The postauricular incision 2. The endaural incision 

(Kreutziger 1987) (Davidson 1956) 



3. The preauricular incision H 4. The submandibular incision 
(Al Kayat and Bramley 1978) I (Risdon 1934) 


Fig. 6: Approaches to the temporomandibular joint 

the one described by Al Kayat and Bramley 2 is well 
accepted and utilized. The incision is based on the 
relationship of the facial nerve, its branches and the 
superficial temporal vessels to the TMJ. The skin incision 
is question mark-shaped and begins in the temporal 
région anteriorly and superiorly to the pinna. It curves 
backwards and inferiorly, posterior to the branches of 
the temporal vessels till it meets the superior attachment 
of the ear, it then follows the anterior attachment of the 
auricle and ends at the inferior attachment of the ear. 2 

The temporal incision is carried through the skin 
superficial fascia to the level of temporal fascia. The nerve 
filaments run in superficial fascia and are thus reflected 
with the temporal flap which is done with by blunt 
dissection above the temporal fascia to a point about 2 
cm above the zygomatic arch. At this level, the temporal 
fascia splits into superficial and deep lamina to enclose 
the zygomatic arch. A 4-cm long incision is made into 
the superficial lamina of the temporal fascia, from the 
root of the zygomatic arch, running anteriorly and 
superiorly at an angle of 45° to the arch. Further dissection 
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inferiorly is carried out deep to the superficial lamina to 
avoid the branches of the facial nerve which run in the 
superficial lamina. The zygomatic arch is exposed, and 
the dissection is carried out further inferiorly to expose 
the temporomandibular joint capsule. The capsule is 
incised to expose the joint. During wound closure, the 
incised superficial lamina of the temporal fascia is closed 
without tension before closing the wound. 2 

A temporary paresis of the facial nerve branches 
sometimes occurs due to overzealous retraction of the 
tissues which usually disappears over 2 to 3 months 
without treatment. 10 

Submaridibular Approach 

Submandibular approach is utilized for reconstruction 
of the joint with autogenous bone grafts. 7 The graft 
insertion is easier by this approach. A submandibular 
incision is taken 1 cm below the lower border and 
posterior to the posterior border if needed. The dissection 
is carried out below the platysma muscle and later along 
the mandible to expose the condylar process. 
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DEFINITION 


Iricreased Compartiment Content 


Acute compartment syndrome is defined as an élévation 
of intercompartment pressure to a level and for a duration 
that without décompression will cause tissue ischemia 
and necrosis. 

INTRODUCTION 

Compartment syndrome is characterized etiologically by 
swelling arising from diverse causes resulting in 
compromise of the blood supply of tissues within a 
confined osseofascial space. Such a situation causes 
necrosis that may involve not only the muscles and nerves 
but even the skin causing blisters and ulcers. Ultimately 
there is replacement with fibrous tissue that results in 
contractures. The most common sites, are the volar 
compartment of the forearm and the anterior 
compartment of the leg (anterior tibial syndrome). 

Etiology 

Increased pressure within a confined space may cause 
oblitération of the circulation resulting in gangrené in 
severe cases and necrosis of tissues in milder cases when 
the pressure is sufficient to obliterate only the smaller 
vessels. This increased pressure can be due to a number 
of causes. Matsen (1980) 1 has classified the cause of 
increased pressure leading to compartment syndrome as 
follows. 

Decreased Compartment Size 

1. Surgical closure of fascial defects, e.g. muscle hernias. 

2. Tight dressing and splintage (common in India 
resulting in a typical syndrome of "compression 
ischemia") 

3. Localized external pressure. 

4. Burns. 


1. Bleeding 

a. Major vascular injury 

b. Bleeding disorders 

2. Increased capillary permeability 

a. Postischemic swelling 

b. Exercise, seizure and eclampsia 

c. Trauma 

d. Burns 

e. Intra-arterial drugs 

f. Orthopédie surgery. 

3. Increased capillary pressure 

a. Exercise 

b. Venous obstruction 

4. Muscle hypertrophy 

5. Infiltrated infusion 

6. Nephrotic syndrome 

7. Leukemic infiltration 

8. Viral myositis 

9. Acute hematogenous osteomyelitis 

10. Diabètes 

11. Hypothyroidism 

12. Crush syndrome 

13. Ruptured ganglia and cyst 

14. Snakebite. 

Commonest Underlying Causes 

1. Fracture 

2. Soft tissue injury. 

Commonest Fracture 

1. Tibial diaphyseal 

2. Distal radial and forearm diaphyseal. 
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Risk Factors for Development of or Late Diagnosis of 
Acute Compartment Syndrome 

• Démographie 

• Youth 

• Male gender 

• Tibial fracture 

• High energy fémoral diaphyseal fracture 

• High energy forearm fracture 

• Bleeding diathesis 

• Anticoagulant 

• Altered pain perception 

• Altered conscious level 

• Régional anesthésia 

• Children 

• Associated nerve injury. 

Pathophysiology 

Normal tissue pressure is approximately 0 mm Hg. As 
swelling occurs within a compartment, there is a 
precipitous drop in the blood flow as the pressure reaches 
30 mm Hg (the normal pressure in the artérioles or small 
vessels). It is not necessary for the pressure rise to be 
sufficient to occlude the major vessels for ischemia to 
develop. 

Aggarwal (1980) 2 performed arteriography in of 
compression ischemia (Fig. 1) and showed patent major 
arteries, the rise or pressure being sufficient to occlude 
the small vessels in the muscle substance and cause 
ischemia of muscle localized to the area of compression. 
This is a distinct type of syndrome labelled as 
compression ischemia by the author and is due to 
application of tight splints by quacks in the villages. It 
affects the tissues in the area of tight splintage and as 
distally in a circular fashion (the flexor and extensor 
muscles and in the severe cases the nerves). The increased 
pressure within a compartment leads to decreased blood 
supply, i.e. ischemia and this causes more swelling. A 
vicious self-perpetuating cycle gets established which 
unless interrupted either by cessation of causes and /or 
surgical décompression, will resuit in tissue necrosis due 
to the réduction of oxygen tension from a réduction in 
the perfusion of the compartment. Although the level of 
oxygénation is insufficient for muscle survival, it is 
adéquate for the growth of collagen which proceeds 
unhampered, thus, contractures resuit. 

Théories for Acute Compartment Syndrome 
Pathogenesis 

1. Critical closing pressure theory 

2. Arteriovenous gradient theory 

3. Microvascular occlusion theory 



Fig. 1 : Arteriography shows patent radial and ulnar arteries 
but diminished anterior interosseous and absent smaller 
intramuscular vessels 

Reperfusion syndrome is a group of complications 
following reestablishment of blood flow to ischaemic 
tissues and can occur after fasciotomy and restoration of 
muscle blood flow in acute compartment syndrome. 

Reperfusion is followed by an inflammatory response 
in the ischémie tissue which can cause further tissue 
damage the duration of muscle ischemia dictâtes the 
amount of necrosis although some muscle fibers are more 
vulnérable than other to ischemia. For example the 
muscle of anterior compartment of leg contain type 1 
fibers or red slow twitch fibers and gastroenemius contain 
mainly type 2 or white fast twitch fibers type 1 fiber 
dépends on oxidative and are more vulnérable to oxygen 
déplétion. 

Clinical Features 

Increased pressure within the compartment will 
compress nerves and vessels that course through it. 
Following trauma (or due to other causes enumerated 
previously) intractable deep pain develops. There is 
progressive swelling and tenseness or induration over 
the compartment. Stretch pain is typical, e.g. extension 
of the fingers is limited and painful when the forearm is 
involved. Dépréssion of function of nerves passing 
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through the compartment may resuit in hypoesthesia 
followed by motor weakness and even complété motor 
and sensory paralysis. The classic signs of ischemia are 
pain, pallor, paresthesia, pulselessness and eventually 
paralysis. Waiting for ail or most of these to develop is 
likely to prove disastrous, and a decompressive procedure 
should be done before paralysis has developed. Late 
décompression after paralysis had occurred is followed 
by recovery only occasionally (Bhalla, Lobo, Aggarwal, 
1982). 3 Irréversible changes take place long before 
peripheral puises are obliterated. 

Peripheral puises may be palpablein acute compart¬ 
ment syndrome. 


a transducer recorder. The wick cathéter technique with 
a transducer recorder. The wick keeps the orifice of the 
cathéter open and permits continuons monitoring, thus, 
the effect of exercise on the pressures can be monitored. 
Compartment pressurecan also be recorded and fluid 
need not be injected into the compartment. Another 
method is slit cathéter method. 

Matsen et al (1980) * 1 * found that nerve déficits 
developed as the intracompartmental pressure reached 
45 mm of mercury. Mubarak and Owen (1977) 6 hâve 
however, recommended that décompression should be 
done as soon as pressure reaches 30 mm. At this level no 
déficits will develop. 


Diagnosis: Pressure Studies 

When a high index of suspicion exists pressure studies 
are necessary to détermine whether the contents of 
compartment are threatened. Various methods hâve been 
devised. The method described by Whitesides (1975) 4 is 
a popular and accurate method. A large bore needle or 
cannula is inserted into a compartment and connected 
through a fluid-filled assembly to a mercury manometer 
(Fig. 2). The pressure necessary to overcome the résistance 
within the compartment when attempting to inject fluid 
into the compartment is noted. The normal tissue 
pressure is about 0 to 4 mm mercury. Mubarak et al 
(1976) 5 hâve preferred the wick cathéter technique with 


Recommended cathéter placement for 
compartmental pressure monitoring 


Anatomie area 

Thigh 

Leg 

Foot 

Forearm 

Hand 


Cathéter placement 
Anterior compartment 
Anterior compartment 
Interosseous compartment 
Flexor compartment 
Interosseous compartment 


Depending upon the anatomical location of the 
compression, difficult types of syndromes can be 
identified. 

1. Forearm syndromes 

a. Deep forearm syndrome (leading to Volkman's 

contracture) 
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The tissue pressure is measured by determining the 
pressure required to overcome the pressure within the 
compartment when injecting fluid. (Whitesides, T.E., et. al. 
Clin. Orthop., 113: 43, 1975) 


Fig. 2: Whitesides’ method of compartment pressure measurement 
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b. Compression ischemia (involving both flexors and 
extensors). 

2. Anterior tibial syndrome 

3. Deep posterior tibial syndrome 

4. Peroneal compartment syndrome 

5. Superficial post-tibial compartment syndrome. 

FOREARM SYNDROME 

Deep Forearm Compartment Syndrome 
(Volkmann’s Ischemia) 

At the elbow, the lacertus fibrosus fans out medially from 
the biceps tendon and alongwith the pronator teres 
muscles créâtes a tight space through which the brachial 
artery and médian nerve enter the forearm and may get 
compressed can also be recorded and fluid need not be 
injected into the compartment. The brachial vessels may 
be injured by the sharp edge of a supracondylar fracture 
and by swelling conséquent to the fracture. The radial 
vessies and the common interosseous branch of the ulnar 
artery which divides into the anterior and posterior 
interosseous vessies pass under the pronator teres. The 
anterior interosseous artery passes distally on the 
interosseous membrane and supplies the flexor digitorum 
profundus and flexor pollicis longus muscles. 

Following a supracondylar fracture there may be 
damage to the brachial vessels primarily from the sharp 
proximal fragment or secondarily as a resuit of the 
swelling arising from the fracture (Fig. 3). This results in 
a severe drop in the circulation in the group of muscles 
supplied by the anterior interosseous vessies resulting in 
the classic Volkmann's ischémie—injury to the brachial 
artery with distal ellipsoidal ischémie necrosis of deep 
forearm flexor muscles. The collateral circulation around 
the elbow does not reach the deep anterior muscles and 
while it may be sufficient to save the superficial muscles 
and preserve the limb, these deep muscles get necrozed. 
It is also possible for the médian nerve to be compressed 
beneath the lacertus fibrosus or the pronator teres muscle. 

Cl in ica I Picture 

A few hours after trauma, deep severe, unrelenting pain 
develops in the forearm. The volar aspect of the forearm 
is swollen, red and warm and exquisitely tender on 
palpation. The fingers cannot be extended and stretch 
pain is présent. This is a sign of the ischemia, that has 
occurred, and subséquent contracture that is likely to 
develop. Distal hypoesthesia and even anesthésia in the 
médian nerve territory, and in more severe cases, in the 
ulnar nerve territory may occur. Peripheral puises may 
be absent from the beginning if the cause is occlusion of 



Fig. 3: Brachial artery injury after supracondylar fracture 

the brachial artery, but their absence is commonly a late 
feature occurring in a severely swollen limb. Within a 
few days, the pain and swelling subsides and is replaced 
by woody induration. There is a deformity which is both 
paralytic and contracturai. When the ischemia is mild, 
only the flexor profundus and flexor pollicis longus are 
involved. When the wrist is extended, the fingers get 
flexed (Volkmann's sign). In severe and moderate 
ischemias, the médian nerve and sometimes the ulnar 
nerves are involved. The resuit is an intrinsic minus hand, 
with loss of sensation in the médian and ulnar innervated 
area of the hand. In the severe ischemias, ail the flexors 
and even the extensor muscles may be involved and glove 
type anesthésia may be présent. Skin ulcération and later 
on scarring may be présent. Forearm mobile wad 
compartment contained brachioradialis and extensor 
carpi radialis. 

Treatment in the Acute Stage 

Récognition at the stage when stretch pain is présent may 
save severe damage. Immédiate élévation, release of 
constricting dressings, gentle improvement in the 
position of the fractures, administration of sublingual or 
injectable fibrinolytic and proteolytic enzyme 
préparations may resuit in some improvement. Release 
of the lacertus fibrosus and pronator arch will be helpful. 
The main artery should be inspected and released from 
its bed. Periarterial stripping will prove helpful. Infil¬ 
tration with 2.5 percent papaverine has been recommen- 
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ded. The artery may be found to be continuons but 
occluded by a thrombus, and resection with a vein graft 
is best under these circumstances. Décompression of the 
compartment and epimysiotomy of each muscle should 
be done. Grayish necrotic muscle should be excised. There 
is immédiate improvement in the circulation of the 
compartment. Décompression is urgent and preferably 
done within six hours of the development of acute 
ischemia. If delayed beyond 24 hours, the tissues become 
badly damaged and surgical intervention may prove 
disastrous, microorganisms gaining entry through the 
surgical wound. The dead tissues are unable to combat 
the contamination and sloughing may resuit. 

Treotment of Established Contracture 

If ischemia is severe and/or the patient has reported late 
contracture is inévitable. In initial stages, passive 
stretching is helpful in preventing severe deformities. 
Skin ulcération should be looked after by proper aseptie 
dressings. Patients should be assessed for loss of sensation 
and warned against thermal injury. The dynamic splint 
or so-called lively wire splint maintains the fingers in 
extension by leather loops, the force being provided by 
rubber bands or spring wire. However, it should be used 
only if the sensation of the fingers is maintained or when 
it has recovered, otherwise pressure ulcération will occur. 
If more than six months hâve elapsed after the initial 
insult, surgical measures to relieve the contracture will 
be required, as the fibrous tissues get matured and will 
not respond to stretching. These are described elsewhere 
in the text. 

Compression Ischemia of Tight Splintage 

Compression ischemia due to tight splintage has been 
defined as a separate syndrome by the author (Aggarwal 
et al, 1969). 7 Sixty-eight such cases admitted to the 
Rajindra Hospital, Patiala between 1960 and 1965 were 
analyzed. Ail were caused by tight application of short 
bamboo stick splints (Fig. 4) to injured limbs by traditional 
village bonesetters. There were a number of features 
common to these cases. 

1. There was gross edema of the limb with blistering 
distal to the splint. 

2. Main arteries remained patent but the intramuscular 
vessels were partly or totally obliterated. 

3. The limb distal to the splint was always congested, 
blue and warm. 

4. Sensory loss was of the glove or stocking type and 
gradually recovered proximodistally. The tips of the 
toes and fingers remained anesthetic for long periods 
of time. 



Fig. 4: Short bamboo splints applied by quacks in villages 
resulting in blistering and compression ischemia 


5. The limbs were normal in size and texture above the 
level of splints but shrunken and atrophied at the level 
of the pressure and beyond at later assessment after 
removal of the splint (Figs 5 and 6). 

6. When surgically exposed the muscles were normally 
proximal to the level of the compression, but pale, 
vascular and noncontractile distal to the level of 
tight splintage and beyond. 

7. Late skeletal changes include thinning and shortening 
of the bones as a resuit of loss of muscles and 
diminished circulation to bones (Aggarwal, 1970). 2 

Treotment 

The possibilities of restoration of function dépend upon 
the extent of the damage. Patients hâve to be kept under 
observation for a long time before they become suitable 
for reconstruction. Preliminary operations like pedicled 



Fig. 5: Established contracture in compression ischemia 
affecting the forearm 







Compartment Syndrome 1361 



Fig. 6: Compression ischemia affecting the leg 


graft may be required to replace scarred skin. Critical 
analysis of deformities, sensory loss and muscle power 
is required for preoperative planning (Aggarwal, 1970). 8 
It is possible to release the contracture by a muscle slide 
operation, but this will be bénéficiai to the patient only if 
some muscles hâve been spared proximal to the level of 
tight splintage. The muscle power should be adéquate 
(grade 3+ or 4). Extensive release of the muscles is 
performed starting at the commonflexor origin with 
anterior transposition of the ulnar nerve and release of 
the flexor carpi ulnaris, profundus and pollicis longus 
bellies from the shafts of the forearm bones and the 
interosseous membrane right down to the area where 
they become tendinous. Procedures like tendon transfers 



Fig. 7: Bone block operation between first and second 
metacarpal to restore opposition 

and capsulotomy of stiff joints, bone block operation 
between first and second metacarpal (Fig. 7) and 
arthrodesis of the wrist may be selected depending on 
the individual requirement (Aggarwal et al, 1970). 8 
Shortening of the forearm bones may be done when 
malunion of fractures is being corrected to decrease 
tension on the muscles and relieve contractures. 

ANTERIOR COMPARTMENT SYNDROME OF LEG 
(ANTERIOR TIBIAL SYNDROME) 

The anterior compartment syndrome is also known as 
the anterior tibial syndrome as it affects the muscles in 
the anterior compartment which are enclosed by the 
tough crural fascia anteriorly, the interosseous membrane 
posteriorly, the tibia medially and the fibula laterally. The 


Compartment of the thigh, their contents and signs ofacute compartment syndrome: 


Compartment 

Content 

Signs 

Anterior 

Quadricep muscle 

Sartorius 

Pain on passive knee flexion Numbness in médial leg/ 
foot weakness on knee extension. 


Fémoral nerve 


Posterior 

Hamstring muscle 

Scia tic Nerve 

Pain on passive knee extension sensory changes rare 
weakness 



On knee flexion. 

Adductor 

Adductor muscles 

Pain on passive hip abduction 


Obturator nerve 

sensory changes rare weakness 

On hip adduction. 
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Compartment ofthe leg, their contents and clinical signs ofacute compartment syndrome: 


Compartment 

Content 

Signs 

Anterior 

Tibialis anterior extensor 

Pain on passive flexion of Ankle toes 


Digitorum extensor hallusis 

Numbness of first web space weakness 


longus peroneus tertius 

Deep peroneal nerve and vessels 

of ankle toe flexion 

Latéral 

Peroneus longus peroneus 

Pain on passive foot inversion 


Brevis superficial peroneal nerve 

Numbness of dorsum of foot weakness of eversion 

Superficial 

Gastrocnemius soleus 

Pain on passive ankle extension 

Posterior 

Plantaris sural nerve 

Numbness on dorsolateral foot. Weakness 
on plantar flexion 

Deep 

Tibialis posterior flexor 

Pain on passive ankle/toe extension foot 

Posterior 

digitorum longus flexor 

eversion. Numbness of sole of foot 


Hallucis longus posterior 

Weakness of toe/ankle flexion, foot 


Tibial nerve 

inversion 

Compartment offoot and their contents : 

Compartment 

Contents 


Médial 

Intrinsic muscles of great toe 


Latéral 

Flexor digiti minimi Abductor digiti 

minimi 

Central superficial 

Flexor digitorum brevis 


Deep (Calcaneal) 

Quadratus plantae 


Adductor hallucis 

Adductor hallucis 


Interosseous x 4 

Interosseous muscles digital nerves 


Compartment of the arm, 

their contents and clinical signs ofacute compartment syndrome: 

Compartment 

Contents 

Signs 

Anterior 

Biceps, Brachialis coracobrachialis 

Pain on passive elbow extension 


Médian nerve ulnar nerve musculo- 

Numbness with médian/ulnar distribution. 


cutaneous nerve latéral cutaneous 

Numbness of volar/lateral distal forearm. Weakness 


nerve. Antebrachial nerve. Radial 

on elbow flexion. Weakness in 


Nerve (distal third) 

Médian/Ulnar motor function 

Posterior 

Triceps Radial nerve 

Pain on passive elbow flexion 


Ulnar nerve (Distaly) 

numbness in ulnar/radial distribution 

Weakness of elbow extension 

Weakness in radial/Ulnar motor function 

Compartment of the forearm, their contents and signs ofacute compartment syndrome: 

Compartment 

Contents 

Signs 

Volar 

Flexor carpi radialis longus and 

Pain on passive wrist/finger extension 


Brevis flexor digitorum superficialis 

Numbness with médian/ulnar 


and profundus. Pronator 

distribution. Weakness of wrist/ 


quadratus pronator teres 

finger flexion weakness in médian 


Médian nerve ulnar nerve. 

Ulnar motor function in hand 

Dorsal 

Extensor digitorum extensor 

Pain on passive wrist/finger flexion 


Pollicis longus abductor 

Extensor carpi ulnaris. 

Weakness of wrist/finger flexion 

Mobile wad 

Brachioradialis extensor 

Pain on passive wrist flexion. Elbow 


Carpi radialis. 

extension. Weakness on wrist 

Extension/elbow flexion. 


Compartment ofhand and their content : 


Compartment 


Contents 


Thenar 
Hypothenar 
Dorsal interosseous x 4 
Volar interossei x 3 
Adductor pollicis 


Abductor pollicis brevis. Flexor pollicis brevis opponeus pollicis 
Adductor digits minimi flexor digiti minimi opponeus digiti minimi. 
Dorsal interossei 
Volar interossei 
Adductor pollicis. 
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anterior tibial nerve and vessels pass through this 
compartment. The most common cause of this syndrome 
is unaccustomed vigorous exercise in nonacclimatized 
athlètes. There is a sudden onset of severe, unrelenting 
pain localized to the compartment which is tense and 
indurated. With increase in the swelling, there is further 
ischemia and further swelling. The muscles start 
becoming paralyzed and hypoesthesia occurs due to the 
anterior tibial nerve becoming involved. Waiting for 
definite signs of ischemia to develop may resuit in 
irréversible damage. Pressure studies should be 
immediately carried out, and surgical décompression 
undertaken if indicated. 

PERONEAL COMPARTMENT SYNDROME 

The latéral or peroneal compartment syndrome is a rare 
condition and usually occurs in young healthy individual 
after strenuous activities. The compartment contains the 
peroneal muscles and the superficial peroneal nerve. 

SUPERFICIAL POSTERIOR COMPARTMENT 
SYNDROME 

Superficial posterior compartment syndrome is rare. The 
compartment contains the soleus, gastrocnemius and 
plantaris muscles. The only significant nerve is the sur al 
nerve which innervâtes the dorsolateral aspects of the 
foot and ankle. 

DEEP POSTERIOR COMPARTMENT 

The deep posterior compartment is separated from the 
superficial compartment by a transverse intermuscular 
septum. It contains the flexor hallucis longus, the flexor 
digitorum longus, tibialis posterior and the posterior tibial 
and peroneal arteries. The syndrome commonly foliows 
trauma after a latent period of few hours. It is the counter- 


part of the deep forearm flexor muscle contracture. 
Stretch pain of toes is an early sign, followed by plantar 
hypoesthesia and ultimately equinus deformity and claw 
toes. Tenderness perceived in the distal médial part of 
the leg between the tibia and the triceps surae and 
induration in this area are diagnostic. Immédiate 
décompression will prevent permanent sequelae like 
claw toes and posterior tibial neuropathy. 

Surgical Treatment 

Various surgical techniques of décompression hâve been 
described. When the ischemia is localized to a single 
compartment like the anterior tibial, it may be approa- 
ched directly. If the limb is involved as a whole as often 
happens in trauma due to the swelling associated with a 
fracture, the double incision technique as described by 
Mubarak and Owen (1977) 6 may be used (Fig. 8). A 
15-cm antérolatéral incision half way down the leg is 
given 2 cm anteriorly to the fibular shaft. The anterior 
compartment fascia is incised 2 cm anterior to the incision, 
while the latéral compartment fascia is incised 2 cm 
posterior to the incision in line with the fibular shaft. 
Another 15-cm incision is made posteromedially in the 
distal part of the leg 2 cm posterior to the posterior border 
of the tibia. The deep posterior compartment is opened 2 
cm anteriorly to the incision, i.e. in line with the posterior 
border of the tibia, and the superficial posterior 
compartment opened 2 cm posterior to the incision. 

When the décompression is done early, the 
underlying pale grayish muscles immediately "blush" 
and start bleeding with an immédiate improvement in 
the circulation. The skin may be left open for secondary 
closure or skin grafting. 

Management of fasciotomy wounds : Never be closed 
primarily. Left open and dressed and at 48 hours a second 
look procedure to ensure viability of ail muscle group. 


Saphenous nerve 

Posteromedîal incision 
tibial nerve 

Deep posterior 
compartment 

Intermuscular 

septum 



Deep peroneal nerve/ 
anterior compartment 

Antérolatéral 
incision 

Anterior intermuscular septum 
Superficial peroneal nerve/lateral 

Compartment fi bu la 
Posterior intermuscular septum 


Sural nerve superficial 
posterior compartment 


Fig. 8: Double incision fasciotomy after Mubarak and Owen (1977) 
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Wound may be closed by delayed primary, closure if 
possible without tension or split skin grafting or dermato 
traction technique. Recently introduced vacuum assisted 
closure. 

Management of Associated Fracture 

It is now generally accepted that fractures especially of 
the long bones should be stabilized in presence of acute 
compartment syndrome treated by fasciotomy. Treat- 
ment of fracture should not be altered by presence of 
compartment syndrome. Fasciotomy should be 
performed before fracture stabilization. 

An alternative procedure is a transfibular approach 
(Kelly and Whitesides 1967) 9 which will decompress ail 
compartment. Through a long latéral approach, a portion 
of the fibula may be removed. This is particularly useful 
to release the edema and pressure that occurs after 
restoration of circulation following temporary arterial 
occlusion (Ernst and Kaufer 1971). 10 

Fasciotomy should not be delayed unduly. Early 
récognition of the acute syndrome is important because 
if the diagnosis is made only when a footdrop has 
developed, then the prognosis is poor. Bradley (1973) 11 
reported complété recovery in only 13 percent where 
footdrop was présent at the time of diagnosis. However, 
if the diagnosis was made when there was no definite 
footdrop but only muscular weakness, fasciotomy 
resulted in complété relief in 98 percent of patient. 
Virtually complété recovery has been reported by 
fasciotomy within 6 hours (Leach et al, 1967). 12 

In severe ischemia particularly if more than 24 hours 
hâve elapsed since onset it is better to accept the ischemia 
and wait for contracture to develop, as décompression 
may be associated with sloughing and severe infection 
(Bhalla, Lobo and Aggarwal, 1982). 3 

Complication of Acute Compartment Syndrome 

Delay to fasciotomy of more than 6 hours is likely to cause 
(1) Muscle contractures (2) Muscle weakness (3) Sensory 
loss (4) Infection (5) Nonunion of fracture. In severe cases 
amputation may be necessary because of infection or lack 
of function. 

CHRONIC COMPARTMENT SYNDROME 

Some athlètes develop symptoms after exercise causing 
them to discontinue exercise and thus hâve a chronic 
manifestation of the syndrome. Such individuals at rest 
hâve pressures as high as 15 mm Hg (more than the 
normal intracompartment pressure of 0-4 mm Hg). 
Following exercise the pressure rises very high, even up 


to 75 mm Hg and at the completion of exercise may 
remain elevated more than 30 mm Hg for five or more 
minutes. 

The patient is usually an athlete presenting with 
récurrent pain over the affected compartment and 
occasionally a temporary paresthesia and numbness. The 
patient is asked to limit his or her activities till he or she 
gets afasciotomy which is the only permanent solution. 

Différentiation from intermittent claudication and 
stress fractures may pose a difficulty. Muscle hernias, if 
présent, may provide a due to the diagnosis. Canal 
stenosis can be differentiated by a detailed history. "Shin 
splints" occur only at the beginning of the exercise season. 
There is pain and tenderness at the origin of the tibialis 
anterior only. 

Another distinct entity described, is the médial tibial 
syndrome in which there is pain and tenderness over the 
médial aspect of the distal tibia. Pressure studies hâve 
shown that it is not a compartment syndrome but rather 
a periostitis or stress reaction of the bone. 
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169.1 Orthopédie Anesthésia and 
Postoperative Pain Management 

BM Diwanmal 


INTRODUCTION 

Perhaps no other subspecialty of anesthésia requires 
facility with a greater variety of anesthetic techniques 
than orthopédie anesthésia. A well-managed anesthésia 
set up takes into considération the type of patient, the 
surgical requirements, and the organization of facilities 
and staff. Orthopédie procedures pose unique problems, 
such as nonsupine positions, tourniquets use, difficult 
intubations, and blood loss in major surgeries, use of bone 
cernent and implantation of prosthetic joints. As an 
alternate to general anesthésia, many procedures may 
perhaps be better managed under régional anesthetic 
techniques or with combined régional/general anesthetic 
techniques. Adéquate trained staff and facilities are 
important for safely extending the régional anesthésia in 
to the postoperative period. 

Orthopédie anesthésia demands a high degree of skill 
and facilities during management of difficult complex 
airway problems using fiber optic bronchoscope, 
hypotensive technique, hemodilution, intraoperative cell 
saver techniques, invasive hemdynamic and evoked 
potential monitoring. Although many of the procedures 
are short, others are long, requiring attention to body 
positioning, restriction of access to monitoring, airway, 
body température, fluid balance, préservation of 
peripheral blood flow. Positioning also créâtes a potential 
for stress on joints, pressure on nerves, ischemia over 
bony prominence, shifts in blood volume, restriction of 
ventilation and alteration in pulmonary gas exchange. 


A plan for cardiopulmonary resuscitation (CPR) 
should be considered if the patient is in nonsupine 
position, having upper body casts, or appliances, and the 
surgeon should receive early notification if cardiovascular 
System (CVS) collapse is imminent. 

Most intraoperative anesthetic problems can be 
anticipated and avoided by careful preoperative 
évaluation and planning. Correctable problems such as 
congestive cardiac failure (CCF), uncontrolled diabètes, 
hypertension, hypovolemia, anémia, bronchospasm or 
pulmonary infection are indications to delay elective 
surgeries. If delay is impossible, invasive monitoring can 
provide additional data for timely appropriate inter¬ 
vention. Pulmonary assessment is used to predict the risk 
of intraoperative hypoxemia and need for postoperative 
ventilatory support. However, CVS assessment some- 
times is difficult in patients who are immobilized by 
trauma or arthritis, and in such situations invasive 
monitoring is indicated. 

Pédiatrie Anesthésia 12 

Infants and children may hâve congénital anomalies, 
deformities, infection, and trauma. Congénital defor- 
mities dictate positioning, access for cathéter insertion, 
airway management, and monitoring. Systemic disorders 
of CVS, respiratory, hemopoietic, endocrine, neuro- 
muscular Systems may be présent. These disorders 
together with physical handicap, repeated hospitaliza- 
tion, surgeries and anesthetic, and prolonged 
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immobilization may lead to deeply rooted psychiatrie 
problems. Spécial efforts must be made in mentally 
retarded patients to render their hospital stay as tolerable 
as possible. These patients benefit from psychological as 
well as pharmacological preoperative préparation. 

Malignant hyperthermia may occur with greater 
frequency in Duchenne's muscular dystrophy, myotonia 
congenita, osteogenesis imperfecta and possibly 
arthrogryposis. Use of succinylcholine, halothane is 
contraindicated. 

Children with cérébral palsy may présent technical 
difficulties with contracture that make intraoperative 
positioning difficult. Many of them are born prematurely 
and suffer from residual bronchopleural dysplasia with 
tracheomalacia, irritable airways, and residual lung 
dysfunction. Récurrent aspiration due to gastroeso¬ 
phageal reflux is common. Preoperative hypothermia due 
to hypothalamic dysfunction which may be a component 
of CP is more likely. 

Airway difficulties may be encountered due to 
congénital deformities of spine. Generalized ligamentous 
laxity of cervical spine and atlantoaxial subluxation or 
stenosis of foramina magnum, abnormalities of odontoid 
process présent a risk of spinal cord injury during 
intubation and positioning. Anesthetic management 
must prevent flexion of the neck and maintain stability 
of the cervical spine (Table 1) 


TABLE 1 : Orthopédie patients in whom intubation of 
the trachea may be difficult 


Diagnosis 

Causes of difficulties 

Ankylosing spodylitis 

Fusion of cervical spine 

Juvénile rheumatoid arthritis 

Ankylosis of cervical spine 
Hypoplasia of mandible 

Adult rheumatoid arthritis 

Multiple deformities 

Ankylosis and instability of 
the cervical spine 

Prior spine fusion 

Ankylosis and limited 

extension 

Congénital deformities of the 
cervical spine 

Epiphyseal dysplasia 
Dwarfism (achondroplasia) 

of the cervical spine 

Fractured cervical spine 

Limited motion, risk of 
quadriplegia 


SPECIFIC PROBLEMS OF THE ORTHOPEDIC 
PATIENT 

Rheumatoid Arthritis 3 

Rheumatoid arthritis is a disease of unknown origin 
characterized by immune mediated synovitis. The 
patients who présent the most significant challenge to 


the anesthesiologist are those with advanced disease 
having deformity, instability, and destruction of many 
joints throughout the body. The cervical spine, hips, 
shoulders, knees, elbows, ankles, wrists, and metacarpo- 
phalangeal joints may ail be affected. Although cardiac 
valvular lésions, pericarditis, and pulmonary interstitial 
fibrosis do occur, these secondary features of the disease 
are usually not clinically significant. On the other hand, 
there is an increased incidence of ischémie heart disease 
(presumably secondary to corticosteroid treatment), 
cancer (secondary to chemotherapeutic agents), and 
infections, ail of which contribute to only a 50% 
5-year survival in advanced cases. These patients also 
hâve an impaired immune System, wasted musculature, 
and underlying hypermetabolism. Ail these factors 
contribute to an increased rate of postoperative infections 
and other complications. 

The anesthesiologist's immédiate concerns, however, 
tend to be technical. Arterial lines may be difficult to place 
because of small calcified radial arteries that may be 
inaccessible owing to flexion deformities of the wrist joint. 
These patients hâve a high incidence of carpal tunnel 
syndrome, which may prédisposé them to récurrent 
symptoms postoperatively if radial artery lines are 
inserted. Central venous lines may be difficult to insert 
because of fusion and flexion of the neck. The lumbar 
spine, however, is not often affected in rheumatoid 
arthritis, so spinal and épidural anesthésia are usually 
str aightf or war d. 

Other technical problems of concern are airway 
management and cervical spine instability. The trachea 
may be difficult to intubate for a number of reasons that 
are most prominent in those with juvénile rheumatoid 
arthritis. Atlantoaxial instability develops in many 
patients with adult onset of rheumatoid arthritis. 
Symptoms include neck pain, headache, or neurological 
symptoms in the arms or legs with neck motion. 
Atlantoaxial subluxation develops from érosion of 
ligaments by rheumatoid involvement of the bursa 
around the odontoid process of C2. Acute subluxation 
may resuit in cord compression and/or compression of 
the vertébral arteries with quadriparesis or sudden death. 
Subluxation occurs with flexion of the neck. Anesthetic 
management must prevent flexion of the neck and 
maintain stability of the cervical spine. This may be 
accomplished by fiber optic trachéal intubation under 
topical anesthésia and positioning the patient awake. 
Régional anesthésia with the patient minimally sedated 
and the neck stabilized is a reasonable perioperative 
alternative. 

Patients with severe rheumatoid arthritis are apt to 
develop airway obstruction postoperatively from narco- 
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tics or sédatives. Therefore, judicious use of narcotics or 
épidural analgesia for pain relief should be considered 
postoperatively, together with the administration of nasal 
oxygen and puise oximetry if feasible. Cardiopulmonary 
resuscitation is difficult in rheumatoid patients, and 
emergency tracheotomy is almost impossible in severe 
cases. Jet ventilation via a percutaneous cathéter through 
the cricothyroid membrane may be required. 

Ankylosing Spondylitis 3 

Ankylosing spondylitis, more common in men, involves 
ossification of ligaments at their attachment to bone. 
Progressive ossification involves the joint cartilage and 
dise space of the axial skeleton, with eventual ankylosis. 
Arthritis and ankylosis may also develop in the hips, 
shoulders, and costovertebral joints. 

Lung function is impaired owing to the development 
of rigidity of the rib cage. Vital capacity is minimally 
reduced if diaphragmatic activity is preserved. Aortic 
régurgitation and bundle branch block may develop, 
necessitating aortic valve replacement or pacemaker 
insertion. There is an ever-present risk of spine fracture 
and cervical spine instability in these patients, so careful 
positioning in the operating room is important. 

Anesthetic considérations include (1) use of fiber optic 
techniques for trachéal intubation, (2) positioning while 
awake, and (3) the choice of axillary rather than 
interscalene blocks when using régional techniques in the 
upper extremity. Caudal anesthésia can be readily 
obtained. The vertébral column is usually fused, making 
lumbar épidural or spinal anesthésia difficult or 
impossible. 

Gériatrie Patients 419 

Risk of perioperative death increases with advancing âge. 
Three major risk factors appear to détermine mortality 
rates for elderly patients: the need to perform surgery on 
an emergency basis, the operative site, and the physical 
status of the patient at the time of surgery. Postoperative 
myocardial infarction, pulmonary complications, 
infection, sepsis and pulmonary embolus account for the 
most of the mortality. 

Preoperative évaluation of the elderly patients 
includes considération of the likely presence of coexisting 
diseases independent of the reason for surgery (Table 2). 
A recent change in mental function should not be 
attributed to aging until cardiac or pulmonary disease 
has been eliminated as an etiology. The hazards of 
coexisting diseases are emphasized by the increased 
postoperative mortality especially when emergency 
surgery is necessary. Inadéquate préparation and cursory 


preoperative évaluation, commonplace in elderly 
patients, are likely to be even more haphazard in an 
emergency. In addition, the nature of surgery and its 
conséquences (such as hemorrhage, déhydration, 
ischemia, and acidosis) may injure the patient 
irreversibly. Finally, infection and sepsis continue to be 
major causes of death despite vigorous antibiotic 
thérapies. Nevertheless, proper évaluation and optimal 
préparation should be undertaken in emergencies. 
Anémia and orthostatic hypotension owing to 
hypovolemia are common preoperative findings. Age 
related osteoporosis, arthritis and reduced skin and soft 
tissue perfusion may increase the likelihood for iatrogénie 
injury if positioning for surgery is not done with great 
care. Decreased lacrimation makes eye protection even 
more critical than in young patients. Any prosthetic 
devices worn or implanted must be searched and 
protected. Assessment of airway should consider poor 
dentition, presence of dentures, neck and TM joint 
mobility. More complex airways require awake fiberopic 
intubation, blind nasal or translumination techniques. 
Head positioning requires careful attention if there is 
carotid or vertébral artery disease. Thromboembolism, 
fat embolism, osteoporotic bones, cérébral changes, senile 
dementia, poor intake, psychological problems are 
additional factors which affect morbidity and mortality. 

TABLE 2: Co-existing diseases that often accompany 

aging 4 

• Essential hypertension 

• Ischémie heart disease 

• Cardiac conduction disturbances 

• Congestive heart failure 

• Chronic pulmonary disease 

• Diabètes mellitus 

• Subclinical hypothyroidism 

• Rheumatoid arthritis 

• Osteoarthritis 


Drug pharmacokinetics and pharmacodynamies are 
altered. The elderly patient is likely to be taking several 
different drugs which can resuit in adverse effects or drug 
interactions. Sélection of anesthetic techniques and 
spécifie drugs requires careful review of the physical 
status of patient and drug history. Those médications that 
can impair hemostasis must be stopped in adéquate time 
so that normal blood clotting ability is regained in elective 
surgical cases. Patients taking NSAIDs are advised to stop 
taking these médications 7 to 10 days before surgery to 
allow for return of normal platelet function, 5 although 
some hâve suggested this length of time off NSAIDs 
before surgery is not necessary. 6,7 Steroid treatments with 
stress doses for surgery should be used in patients who 
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hâve been treated with steroid médications within 6 
months of surgery. The induction and maintenance of 
anesthésia must consider changes in organ function as 
well as altered responses to drugs. Delayed onset of action 
of anesthetic drugs and delayed recovery is usually seen. 

Intraoperative conservation of body heat is a must to 
avoid the stress of hypothermia on CVS and metabolism. 
Careful observation and treatment of hypoxia and 
myocardial ischemia in postoperative period is 
important. Oxygen supplémentation for at least 24 hours 
should be strongly considered. Early ambulation 
decreases the likelihood of pneumonia or DVT. Post¬ 
operative confusion and impairment of memory 
(cognitive function disorder) may also contribute to 
morbidity. 

Régional anesthésia (RA) is acceptable alternative to 
GA in selected elderly patients. Prerequisite for RA is an 
alert and cooperative patient. As compared to younger 
patients, the spread of local anesthetic drug in spinal or 
épidural anesthésia is more due to âge related changes 
in spinal canal. 8 The advantages of RA over GA include 
réduction in perioperative blood loss and decreased 
incidence of DVT, pulmonary embolism, confusion in the 
postop period. 9 Anticoagulants and aspirin may alter 
coagulation and platelet function. Hence, RA techniques 
should be carefully considered. 

Trauma Patients 10 

The majority of patients who require surgery for trauma 
hâve orthopédie injuries. Multiple injuries require an 
assignment of priorities, but some injuries may hâve 
delayed présentation, e.g. head injuries. An unstable 
cervical spine requires précautions to avoid spinal cord 
damage. The urgency of initial surgery dépends on the 
nature of the injury. Surgery is urgently necessary in cases 
of vascular damage which may cause hemorrhage or 
ischemia, or if there is a compound fracture with risk of 
infection. However, most emergency orthopédie surgery 
can be performed on a semi urgent basis. The decision to 
operate is reached jointly between surgeon and 
anesthetist, considération being given to the surgical 
problems and the possibility of improving the general 
condition of the patient before surgery. Factors which are 
of particular relevance to anesthésia for trauma surgery 
include the following: 

Patient Assessment 

The administration of sédatives and anesthésia must be 
preceded by a thorough patient évaluation. One must 
obtain the medical history including current médications, 
previous allergie or adverse drug reactions, and 


coexisting diseases. In patients with trauma of particular 
importance are the time of last oral intake, any alcohol or 
drug abuse, hémodynamie status, presence of other 
injuries, neurological status especially head injury and 
cervical cord damage, and the airway status. 

Oral Intake Précautions 

In general, significant pulmonary aspiration is not 
common in elective patients. In otherwise healthy 
children, the liberal intake of clear fluids (apple juice 
without the pulp, water, sugar water) is recommended 
until 2 to 3 hours before elective surgery. 1,2 In adults 
starvation for 6 to 8 hours is acceptable. However, in 
trauma patients, the time interval between the last oral 
intake and injury is critical factor in the rétention of gastric 
contents. The gastric emptying is delayed due to pain, 
trauma, and significant amount of gastric volume is found 
even after the required period of starvation. Caution is 
necessary to avoid the morbidity and mortality of 
aspiration pneumonia. The increased risks are carefully 
weighed against the benefits of early surgical procedure. 
The other factors like pregnancy, extreme obesity, gastro¬ 
esophageal reflux, bowel obstruction and the raised 
intracranial pressure also increase the risk for 
régurgitation and aspiration. If the procedure can wait, 
then a fasting period of at least 4 hours is indicated. 
Intravenous fluids should be started to prevent déhy¬ 
dration in the interval. Patient hunger on présentation 
for treatment is not a good indicator of an empty stomach. 
Médications that increase the gastric emptying and 
decrease the gastric volume (e.g. ranitidine, omeprazole, 
pantoprazole, metoclopramide) are useful when 
indicated and should be administered one hour before 
anesthésia. 

If the surgical procedure is very urgent and the 
régional anesthésia is not feasible, the safest approach is 
to use general anesthetic with protected airway and 
judicious use of sédatives during and in postoperative 
period. 

Hémodynamie Status 

The magnitude of blood loss especially in children from 
the injuries is not always readily apparent. Long bone 
fractures and head injuries in children, thoracoabdominal 
trauma may easily hâve associated with large, concealed 
hemorrhages. It is important to assess the patient's 
volume status accurately before sédation and anesthésia. 
Deep sédation and anesthésia in a hypovolémie patient 
may interfère with catecholamine mediated 
compensatory mechanisms and produce profound 
hémodynamie instability. 
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TABLE 3: Calculation of normal blood pressure 
by âge in children 

80 + (2 x âge in years) = Normal systolic BP for âge 
70 + (2 x âge in years) = Lower limit of normal systolic 
BP for âge 


In trauma patients, blood pressure monitoring 
(Table 3), alone does not provide a good indication of 
volume status. Children can maintain a normal blood 
pressure for their âge in the face of a 30 to 40% decrease 
in intravascular volume. 11 Sinus tachycardia, mottling, 
cool extremities, poor urine output or an altered State of 
consciousness may indicate hypovolemia. Volume 
correction should be of key importance before 
administration of sédation and/or anesthésia. 

Coexisting Head Injury 

Serious head injury accounts for majority of trauma. 
Respiratory dépréssion from sédatives with résultant 
hypercarbia and hypoxia, may aggravate an underlying 
closed head injury. In addition, pharmacologie change 
in the patient's State of consciousness may confuse the 
neurological évaluation. Close consultation with the 
neurosurgeon is advised before the sédation of patient. 
Standard resuscitative médications and equipment 
should be available in the emergency room. 

In the first few days after extensive muscle trauma 
and crush injuries, upper and lower motor neurone 
diseases, spinal cord injuries or denervation, burn 
injuries, fatal hyperkalemia resulting in cardiac arrhy- 
thmias and even arrest can occur when succinylcholine 
is given, and this response may last several months. 
Consequently, the choice of muscle relaxants is restricted 
to nondepolarizing agents. 

Orthopédie emergency operations which are 
associated with spécifie anesthetic problems are 
discussed. 

Spinal Fractures 1011 

The possibility of fractured vertébral must be considered 
in any patient who has suffered major trauma. An 
unstable fracture is more liable to dislocation, resulting 
in spinal cord damage. This is particularly more 
important in case of cervical spine which is vulnérable to 
anesthetic maneuvers. Both flexion and extension 
movements must be avoided, preferably by application 
of some form of fixation. This may render trachéal 
intubation difficult and may require fiber optic intubation 
or tracheostomy. 


Hip Fractures 

Hip fractures are most common in elderly individuals 
who are often handicapped by CVS, respiratory 
disorders, diabètes, anémia, déhydration, mental 
détérioration, and sometimes hypothermia. Many 
patients may hâve hypoxemia, perhaps due to fat 
embolism, and this may be made worse by operation. 
Usually, it is possible for surgery to be delayed so that a 
stable general condition may be achieved and medical 
treatment instituted. Surgical fixation permits early 
mobilization and improved outcome. Many of these 
patients would not survive if they were confined to bed 
for a prolonged period. 

The choice of anesthetic technique is determined by 
the proposed surgical procedure (internai fixation or total 
hip replacement-THR), duration of surgery, and 
condition of patient. Any anesthésia, if carefully applied 
and kept low is usually safe. Patients who are in poor 
condition may be managed by combination of fémoral 
nerve block, IV ketamine and diazepam, unilatéral 
lumbar plexus block or carefully done segmentai épidural 
block. Controlled épidural anesthésia utilizing épidural 
cathéter, combined spinal and épidural (CSE) techniques 
are successfully used in "bad or high risk" patients for 
surgery. 12 RA techniques additionally offer satisfactory 
postoperative pain relief, early mobilization. 

Positioning for Orthopédie Surgery (Table 4) 

Patients are placed in a variety of positions for orthopédie 
procedures. Improper positioning may resuit in 
intraoperative and postoperative problems. 

1. Air embolism: This may occur when operative field is 
above the level of heart. This may be a problem in 
surgeries of cervical spine, or shoulder in sitting 
position, in THR, or in lumbar spine surgery in prone 
position. The diagnosis of air embolism should be 
considered if untoward circulatory compromise 
occurs. 

2. Stretch or malposition of joints: This may account for 
variety of nonspecific postoperative discomforts. 
Patients with rheumatoid arthritis, osteoporosis, 
osteogenesis imperfecta or contractures must be 
carefully positioned. 

3. Direct pressure especially over bony prominences 
direct pressure may cause tissue ischemia and or 
necrosis, particularly after prolonged surgery when 
hypotensive anesthésia is used. Direct pressure on the 
soft tissue of the orbit in prone position may lead to 
retinal artery occlusion, retinal injury, and direct 
pressure over other peripheral nerve may resuit in 
postoperative neuropraxia. 
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TABLE 4: Sites of peripheral nerve injury in orthopedics 

Nerve injury site 

Cause 

Comment 

Upper extremity 



Brachial plexus 

Abduction, external rotation or extension 
of shoulders 

Traction of shoulder 

Usually résolves but may require several months 

Ulnar nerve 

Pressure at the elbow 

Traction of C8-T1 dermatomes over the 
lst rib 

Not uncommon 

Postoperative palsy results in numbness of ring 
and 5th fingers 

Radial nerve 

Pressure behind the arm 

Results in wrist drop 

Head 



Supraorbital nerve 

Pressure on supraorbital ridge when 
lying prone 

Results in numbness of fore head 

Lower extremity 

Latéral fémoral cutaneous 
nerve of thigh 

Pressure over anterior iliac crest in latéral 
or prone position or over latéral thigh 

Results in numbness of the latéral aspect of the 
thigh and knee 

Fémoral nerve 

Pressure to the groin of the dépendent limb 
in latéral decubitus position 

Results in numbness of the anterior thigh and 
médial aspect of lower leg 

Common peroneal nerve 

Pressure below the head of the fibula 

May be due to compartment syndrome. Results 
in foot drop 

CHECK LIST 


Check for preoperative nerve dysfunction 
Check tourniquet problems—duration and pressure 

Check postoperative position, splints, tight bandages, rule out compartment syndrome 

Check intraoperative surgical factors 

Risk of neuropraxia is common in prolonged surgery. 


4. Compression of the veins and/or arteries: Prolonged 
venous obstruction at the axillary vein is best 
prevented by a axillary roll positioned beneath the 
upper thorax. Similarly, with patients in latéral 
position, the stabilizing posts must be carefully placed 
to prevent any pressure over fémoral vein. Venous 
obstruction may lead to a compartment syndrome. 
Arterial obstruction of a limb may be checked by using 
a puise oximeter or palpation of distal arterial 
pulsation. 

While positioning the rheumatoid patient, care must 
be taken not to excessively flex the neck. Régional 
anesthésia is particularly suitable, as neck stability is 
maintained by patients themselves. Excessive motion 
may occur in patients who are anesthetized and in 
paralyzed State resulting in neuroproxia, joint dislocation, 
and stretch or muscle trauma. Maximum care is necessary 
to maintain a clear airway, especially in prone position. 
Endotrachéal tube kinking or dislodgement may occur. 


Choice of Anesthetic Technique 13 

In most cases, the choice of régional (RA) or general 
anesthésia (GA) dépends on some or ail of the folio wing 
factors. 

1. Patient's preference 

2. Age of the patient 

3. State of health of the patient, illnesses and médication 

4. Expertise of the anesthesiologist 

5. Duration of the procedure 

6. Surgeon's preference 

7. Position of the patient on the table. 

In general, most extremity procedures can be 
performed under régional anesthésia alone, but longer, 
more complicated and disfiguring operations such as 
allograft replacements, major tumor surgery, reconstruc¬ 
tive procedures, and repair of major trauma can be more 
conveniently performed under general anesthésia. 
Alternatively, combined techniques using continuons 
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régional anesthésia (e.g. lumbar épidural and axillary or 
fémoral sheath techniques) supplemented with light to 
moderate depths of GA may be particularly useful where 
deeper levels of GA might be poorly tolerated. 

Shorter procedures (less than 3 hours) of the 
extremities are readily performed under régional 
anesthésia. Patient sédation is achieved by supplé¬ 
mentation with intravenous benzodiazépines (diazepam, 
midozolam), propofol, barbiturates, and/or low doses of 
narcotic analgésies. Régional anesthésia may be 
mandated by patient disease. For example, where 
intubation of the trachea might be difficult, as in the 
rheumatoid arthritic patient, shorter procedures might 
be better performed under régional anesthésia. In longer, 
more complicated cases, however, bony abnormalities 
cause intolérable discomfort when such patients are 
required to lie awake without changing position for more 
than 2 hours. In these cases, general or combined régional 
and general anesthésia should be used with trachéal 
intubation done under fiber optic visualization. 
Nonsupine patient position for prolonged time (more 
than 2 hours) can be more conveniently performed under 
general anesthésia. 

Local Anesthésia 

Single or multiple appropriate nerve blocks and 
infiltration with local anesthetic is sufficient for limited 
procedures in cooperative patients. These blocks may be 
particularly applicable to minor localized procedures not 
requiring use of tourniquet for any extended time. 

Régional Anesthésia 

Upper Extremity 

Orthopédie procedures in the arm may be performed 
under a variety of brachial plexus block techniques, 
intravenous régional anesthésia (IVRA), or by using 
combinations of individual nerve blocks in the arm. The 
sélection of a particular technique dépends on the need 
for a tourniquet and on the site of anticipated surgery. 

The deep structures of the shoulder are largely 
innervated by the C5 and C6 dermatomes. This explains 
why shoulder surgery can be performed under 
interscalene block alone, although skin infiltration may 
be necessary if the skin incision extends toward the axilla. 
Paravertebral nerve blocks of T2-T3, although once 
advocated, are not necessary as these dermatomes do not 
innervate the deep structures of the shoulder. Open 
shoulder surgery or arthroscopy performed in the sitting 
position under interscalene block may be complicated by 
épisodes of bradycardia and/or hypertension in up to 


20% of cases. These are felt to be vasovagal reactions best 
prevented by fluid loading and pretreatment with 
intravenous atropine. 

Elbow surgery can be performed by either interscalene 
or axillary blocks, or by a combination of both. 
Alkalinization of local anesthetics has been shown to 
more effectively anesthetize the C8T1 dermatomes 
during interscalene blocks. Intercostobrachial blocks (Tl- 
T2) in the axilla may be necessary as a supplément to 
axillary blocks if médial incisions are performed in the 
upper arm. 

Hand and forearm surgery can be performed under 
any of the above techniques. Axillary blocks may be 
préférable for surgery of the médial aspect of the hand 
and forearm (C7-C8, Tl) as this area is sometimes 
incompletely blocked by the interscalene approach. 
Continuons axillary blocks may be préférable for 
prolonged cases (>2 hours). Intravenous régional 
anesthésia is most applicable for shorter cases (approx. 1 
hour). 

Combined or individual block of the radial, médian, 
and ulnar nerves at the elbow and the wrist constitute 
techniques with which the orthopédie anesthetist should 
be familiar. These blocks may be particularly applicable 
to minor localized procedures not requiring use of a 
tourniquet for any extended time. 

Lower Extremity 

Surgery of the forefoot can be performed satisfactorily 
under ankle or midtarsal block or by anesthetizing the 
branches of the sciatic and fémoral nerves proximally. 
The common peroneal nerve can be anesthetized as it 
courses superficially below the head of the fibula, or both 
branches of the sciatic nerve can be blocked in the 
popliteal fossa. In any surgery involving the médial aspect 
of the foot, the saphenous branch of the fémoral nerve 
must be anesthetized either at the level of the ankle or 
perhaps higher up (e.g., inferomedial to the knee). These 
techniques preclude the use of thigh tourniquets. For 
ankle blocks, Esmarch bandages applied immediately 
above the ankle enable at least 2 hours of surgery to be 
performed without tourniquet pain. 

Ankle surgery cannot be reliably performed under 
ankle block. Epidural anesthésia for ankle surgery is 
satisfactory, but onset of analgesia may be delayed for 
up to 30 minutes until complété anesthésia of the L5-S1 
nerve roots develops. Caudal anesthésia is an option in 
patients with prior lumbar spine surgery as is spinal 
anesthésia. The addition of an épidural narcotic, 
epinephrine, clonidine, or bicarbonate to the local 
anesthetic may also enhance the quality of the anesthésia. 
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Also, sciatic block in combination with fémoral or 
saphenous nerve block are suitable for ankle surgery. The 
deep structures of the ankle are ail innervated by branches 
of the sciatic nerve, which explains why sciatic blocks 
alone are usually sufficient to reduce ankle fractures. 

Fémoral and/or sciatic blocks may also be used for 
surgery of the thigh or the leg. The blocks required 
dépend on the site of the surgery and the necessity for a 
tourniquet. Three-in-one blocks (fémoral plexus block) 
may be used for knee arthroscopy provided that 
prolonged tourniquet times can be avoided. A number 
of sciatic block techniques hâve been described that are 
perfectly adéquate for surgery below the knee if 
tourniquets are not used. 

The anterior approach to the sciatic nerve in 
combination with fémoral blocks may be suitable for 
fracture patients who cannot readily be moved to the 
latéral or prone positions without causing severe pain. 

The technique of eliciting paresthesia is discouraged, 
because it is associated with persistent, postoperative 
paresthesia, possibly due to nerve trauma. Nerve can be 
located less traumatically by using a nerve stimulator. 

Intravenous Régional Anesthésia (Bier's block, IVRA) 

is easy to perform and rapid in onset and recovery. 
Tourniquet pain can be reduced by using double 
tourniquets. Tourniquet can be deflated only after a 
minimum period of 45 minutes, and the anticipated 
surgical period should be within 1 to 1.5 hr. Risk of local 
anesthetic toxicity is significant, especially during 
injection (leak under the cuff) and after release of the 
tourniquet, because a potentially toxic dose is deliberately 
placed intravenously. 

Epidural and subarachnoid (spinal) block are major régional 
anesthetic techniques for surgery involving the lower half 
of the body. 

Régional anesthésia (spinal and épidural), offers 
se ver al advantages over general anesthésia. 6 These are 
as follows: 

1. Reduced incidence of postoperative deep vein 
thrombosis probably due to increased lower limb 
blood flow, reduced activation of factor VIII, reduced 
viscosity. 

2. Lower risk of aspiration and cardiorespiratory 
complications. 

3. Reduced blood loss. 

4. Reduced négative nitrogen balance and inflammatory 
response. 

5. Réduction of the stress response to surgery. 

6. Ability to continue the analgesia postoperatively. 

7. Early ambulation. 


8. Préservation of full mental and other reflexes 

9. Better for theater environment and less costly. 

Contraindications for régional anesthésia are: 

1. Patient refusai. 

2. Lack of operation expérience. 

3. Coagulation disorders or patients who are on 
anticoagulants. 

4. Massive bleeding, hypotension. 

5. Emotionally unstable patients, psychiatrie illnesses. 
However, intraoperative anticoagulation with 

heparin appears relatively safe if épidural cathéters are 
inserted 2-3 hours prior to anticoagulation. 14 

The major side effect of spinal and épidural block is 
hypotension from sympathetic vasodilatation. This is 
more pronounced if patient is hypovolémie or block is 
extensive. The side effect that patients most fear is 
neurological injury. Although rare, this can occur from 
traumatic needle insertion, infection, épidural hematoma, 
spinal cord or cérébral ischemia. 

Headaches after spinal blocks are more common in 
young female patients and with the use of large gauge 
needles. Fluids, caffeine, abdominal binders offer 
symptomatic relief. The headache is completely relieved 
by épidural injection of 10 to 15 ml of freshly drawn 
autologous blood. 

The combined spinal épidural (CSE) technique was 
introduced by Brownridge in 1981 to exploit the advant¬ 
ages of épidural and spinal blocks and popularized by 
André Van Zundert. 15 The CSE technique reduces or 
éliminâtes some of the disadvantage of spinal and 
épidural anesthésia, while the reliability of a spinal block 
and flexibility of épidural anesthésia with postoperative 
extension of analgesia are combined in a single technique. 
This technique is gaining popularity and is the method 
of choice in ail surgical interventions of the lower 
extremities. 16 

Continuous spinal catheterization technique has 
technical problems related to very small cathéters (32.G), 
increased incidence of postspinal headache, transient 
neurological impairment and cauda equina syndrome. 

The combination of general and régional anesthésia 
can be advantageous. In prolonged procedures, the 
discomfort of the conscious patient in an immobilized 
position is avoided. Régional anesthésia reduces the 
amount of GA needed and thereby reducing the excessive 
cardiac depressant effect of general anesthetic. Surgical 
stress response is reduced. Postoperative régional 
analgesia is provided using opiates with or without local 
anesthetic. 
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MAJOR ORTHOPEDIC PROCEDURES 
Total Hip Replacement (THR) 

Anesthetic management of total hip replacement (THR) 
varies according to the complexity of the surgery, 
complications that may arise during the surgery, and the 
medical status of the patient. Complex procedures such 
as those involving acetabular bone grafting, insertion of 
a long-stem fémoral prosthesis, removal of a prosthesis, 
révision surgery, or surgery in patients with acetabular 
protrusion (which entails a risk of entering the pelvic 
cavity and/or the iliac vessels) complicate the 
management of the anesthetic. 

Anesthetic Management 

Monitoring: Because most candidates for total hip 
replacement hâve only a limited ability to exercise, their 
cardiopulmonary function canbe difficult to assess. This 
often elderly population frequently has underlying 
systemic diseases. Fluid administration must be carefully 
managed during this type of extensive surgery. 
Furthermore, there is an increased likelihood to develop 
hypoxemia and/or pulmonary edema due to pulmonary 
endothélial injury from fat or bone marrow emboli, and 
from ventilation/perfusion (V/Q) mismatching. It is, 
therefore, reasonable to use invasive hémodynamie 
monitoring perioperatively in the elderly or medically 
compromised patient undergoing THR, especially when 
this involves complex or révision surgery. 

Blood loss: 2,17 Extensive studies during and following 
THR show that use of either hypotensive or régional 
(épidural or spinal) anesthésia reduces the blood loss by 
approximately 30 to 50%. Lowering intraoperative mean 
arterial pressure (MAP) to 50 mmHg reduces blood loss 
more effectively than an MAP of 60 mmHg. 

Blood loss during THR is significantly greater during 
révision surgery and when noncemented components are 
used. Because hypotensive anesthésia reduces blood loss 
intraoperatively, it reduces the requirements for blood 
transfusion. Preoperative autologous blood donation and 
cell-saver techniques may also reduce transfusion 
requirements. 

Positioning: The majority of THRs nowadays are 
performed in the latéral decubitus position. This créâtes 
a potential V/Q mismatch with résultant hypoxemia, a 
problem that appears most often in patients with 
underlying lung disease. The latéral decubitus position 
can create neurovascular problems as well because the 
dépendent shoulder presses on the axillary artery and 
brachial plexus, and the anterior stabilizing post 


compresses the fémoral triangle. These problems can be 
minimized by placing an axillary roll beneath the upper 
thorax and by careful positioning of the anterior 
stabilizing post at the dépendent groin. Patients who are 
given hypotensive anesthésia may be at greater risk of 
neurovascular injury, as less extrinsic pressure is required 
to compress a less tense vessel. 

Cernent fixation: The quality of the cement-bone interface 
is improved if there is no blood covering the cancellous 
bone as the cernent is applied. Hypotensive anesthésia 
has been shown radiographically to improve the quality 
of cernent bone fixation, as it reduces bleeding from 
bone. 13,17 

Intraoperative Hypotension 

Profound hypotension immediately following insertion 
of cemented fémoral prostheses has resulted in cardiac 
arrest and death. These events are not seen with 
noncemented prostheses. Therefore, it seems likely that 
hypotension is related in some way to the use of cernent). 
Attempts to minimize this complication hâve included 
(1) the use of a plug in the fémoral shaft to limit the distal 
spread of cernent in the fémur, (2) venting of entrapped 
air, and (3) waiting for cernent to become more viscous 
before its insertion. Because severe hypotension is not 
common (incidence less than 5%), it is difficult to study. 
Two possible explanations are that (1) it may be caused 
by direct vasodilatation and/or cardiac dépréssion from 
methyl méthacrylate, or (2) it may be due to the forced 
entry of air, fat, or bone marrow into the venous System 
with résultant pulmonary emboli. Large echogenic 
emboli hâve been described following insertion of 
fémoral prostheses; this supports the concept that the 
circulatory collapse is embolie rather than from a toxic 
effect of the methyl méthacrylate. 18 The emboli may occur 
following impaction of the cemented prosthesis or as the 
hip joint is relocated. The emboli may induce a release of 
vasoactive substances from the lung, which may 
contribute to circulatory collapse. 

Hypoxia has been described immediately following 
insertion of a cemented fémoral prosthesis and for up to 
5 days into the postoperative period. In the event of 
hypoxemia, one must first ascertain whether it has a 
spécifie cause such as atelectasis of the dépendent lung, 
hypoventilation, or fluid overload. Even with no spécifie 
cause, hypoxemia may persist for some days following 
hip surgery and is thought to be secondary to the embolie 
effects of fémoral shaft cernent or fat embolism. 
Postoperative management should include nasal oxygen 
and puise oximetry (if necessary for several days), 
judicious use of narcotics to provide analgesia and yet 
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avoid hypoventilation or airway obstruction, and 
appropriate fluid management. Hypoxia and fluid 
overload may further increase pulmonary pressures and 
thus increase the likelihood of pulmonary edema or right 
heart failure. Possibly, hypoxia represents a more 
fundamental response to tissue injury. 

Total Knee Replacement (TKR) 

Patients who need total knee replacement (a major 
surgical procedure) frequently hâve severe rheumatoid 
arthritis, degenerative osteoarthritis, or other significant 
co-morbidities that compound the difficulties of the 
operation. Average duration of the procedure is 1.5 to 
3 hours. 

Anesthetic Management 

Unilatéral versus bilateral total knee replacement: 
Bilateral TKR causes twice the surgical trauma that a 
unilatéral replacement does. Because of the added 
surgical stress, invasive hémodynamie monitoring lasting 
24 to 48 hours must be considered for patients (parti- 
cularly elderly or infirm patients) undergoing bilateral 
procedures. 

Bone cernent: When acrylic cernent is applied to the cavities 
of the tibia, fémur, and patella, acute hémodynamie 
responses seldom follow. Such responses do occur, 
however, when long-stem fémoral prostheses are inserted 
foliowing extensive fémoral reaming. Lesser degrees of 
fémoral reaming may reduce the incidence of embolie 
events, but the significance of these events is unclear. 
Pressures in the fémoral canal of 300 mmHg or more hâve 
been recorded during impaction of the fémoral 
component although this does not appear to adversely 
affect Pa0 2 or pulmonary artery pressures. 

Blood loss during TKR: The use of tourniquets 
intraoperatively makes blood loss negligible, but 
postoperative drainage averages 500 to 1,000 ml per 
knee. 2 Therefore, postoperative monitoring, possibly in 
the post-anesthetic care unit, for 24 hours or more may 
be necessary in high-risk patients until wound drainage 
slows. Patients undergoing bilateral procedures are at 
additional risk of becoming hypovolémie during the first 
few hours after the operation. Preoperative autologous 
blood donation can minimize homologous transfusions 
in this setting. 

Postoperative Pain Management 

TKR is associated with significantly more pain than total 
hip replacement, and the use of continuous passive 
motion devices or early mobilization of the knee increases 


the pain. This pain makes it appealing to use épidural 
analgesia for 24 to 72 hours. 

SPINAL SURGERY 310 

The basic aim of surgery for scoliosis is to prevent 
progression of the curvature of the spine, maintain 
posture, and prevent progression of pulmonary 
dysfunction. Scoliosis can be congénital or can develop 
during adolescence or later in life. Co-morbidities in 
adolescent scoliosis include restrictive lung disease, 
which may lead to pulmonary hypertension, and an 
increased incidence of malignant hyperpyrexia. Patients 
with congénital scoliosis may hâve congénital heart 
disease, airway abnormalities, and pre-existing 
neurological déficits. Patients with neuromuscular 
disease such as muscular dystrophy, poliomyelitis, 
dysautonomia, spinal cord injury, and neurofibromatosis 
may also develop scoliosis. 

Perioperative considérations include intraoperative 
positioning, spinal cord monitoring, minimization of 
blood loss, prévention of postoperative hyponatremia, 
and postoperative respiratory care. Nowadays, many of 
these patients undergo both anterior and posterior 
procedures, which may be staged or performed under 
one anesthetic and which frequently involve a 
thoracotomy. Postoperative ventilatory support and pain 
management are more complex in patients who hâve had 
double procedures and in those with preoperative 
neuromuscular disorders. 

Particular attention should be focused on positioning 
of the neck, arms, and eyes to protect pressure points 
adequately, particularly if hypotensive anesthésia is to 
be used. Patients may be moved slightly as a resuit of 
surgical manipulation following a wake-up test or 
following alterations in the position of the table. There¬ 
fore, reassessment of patient positioning is advisable at 
regular and pertinent intervals intraoperatively. 

Monitoring 

Somatosensory Evoked Potentials (SSEPs) 

Intraoperative spinal cord function monitoring is 
important if correction of spinal curvature is to be 
undertaken. Distraction of the spine may lead to ischemia 
of the spinal cord as anterior spinal artery flow may be 
compromised. 

There are two approaches to spinal cord function 
monitoring: (1) somatosensory evoked potential (SSEP) 
monitoring and (2) wake-up test. Disruption of spinal 
cord function results in changes in both amplitude and 
latency of SSEPs. The SSEPs, however, can also be altered 
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by the use of inhalation agents such as isoflurane, 
halothane, or enflurane. On the other hand, they are 
minimally disturbed by the nitrous oxide-narcotic- 
relaxant technique. It is less clear whether deliberate 
hypotension or moderate hypothermia influence the 
interprétation of SSEPs, but profound hypotension and 
shock do cause significant inhibition of the responses. 
SSEP monitoring may be also used when placing pedicle 
screws, other spinal instrumentation, or during cervical 
spine surgery. 

Wake-up Test 

SSEPs assess posterior spinal cord function. A réduction 
in anterior spinal artery blood flow, however, produces 
ischemia of the anterior régions of the cord, which may 
resuit in motor weakness of the lower extremities. In some 
cases this may occur without observed alterations in 
SSEP. For this reason, a wake-up test has been extensively 
used in many centers in addition to SSEPs during scoliosis 
surgery. Briefly, patients receive nitrous oxide-narcotic- 
relaxant anesthésia throughout the procedure. Potent 
anesthetic vapors are not administered. The wake-up test 
can be performed by discontinuing nitrous oxide and, 
using peripheral nerve stimulation, ensuring that 
neuromuscular blockade is relatively shallow (two or 
three twitches on train-of-four stimulation). Within 3 to 
5 minutes from discontinuation of nitrous oxide, patients 
will usually respond to verbal commands to move their 
hands and their feet. The presence of motion in the feet 
suggests that there is not complété ischemia of the spinal 
cord. 

Use of potent anesthetic vapors may delay wake-up 
for as much as 30 minutes. Intraoperative antagonism of 
narcosis or of neuromuscular blockade should not be 
done, as this may cause overly sudden alertness and 
dangerously excessive movement on the operating table. 
In the partially paralyzed narcotized State, however, this 
technique is easy to perform and has worthwhile 
prédictive value regarding the safety of spinal cord 
distraction. It is not psychologically traumatic to the 
patient because amnesia is nearly complété and there is 
no recollection of pain or discomfort. Anesthésia is 
reinduced as soon as movement is demonstrated. 

Overall, it is crucial for the operative surgeon to hâve 
an ongoing dialogue with the anesthesiologist before and 
during these tests to reduce unfortunate miscommuni- 
cations and their attendant complications. 

Conservation of Blood Resources 

Because major blood loss is to be expected, autologous 
blood donation (3 to 4 units if possible), designated 


donors, intraoperative hemodilution, use of the cell saver, 
and induced hypotension should ail be considered 
Intravenous desmopressin has been shown to reduce 
blood loss during scoliosis surgery. 

Hemodynamics 

Since blood loss during spinal procedures is considérable 
(2 to 10 units, depending on how many segments are to 
be fused), moderate levels of hypotension (to a mean of 
55 to 60 mmHg) will effectively reduce blood loss, limiting 
the likelihood of homologous blood transfusion. Invasive 
monitoring should be carried out with arterial lines, 
central venous or pulmonary artery cathéters, and Foley 
cathéter for fluid management and replacement therapy. 

Postoperative hyponatremia sometimes occurs and 
has been attributed to inappropriate antidiuretic hormone 
sécrétion. The actual cause of this is not clear; however, 
sodium excrétion tends to be increased postoperatively. 
Severe hyponatremia may in the worst cases resuit in 
seizures. Monitoring of sérum sodium perioperatively is 
important, and appropriate crystalloid therapy should 
be given perioperatively in order to minimize this 
problem. 

Postoperative Care 

Postoperatively, patients with significant co-morbidity 
should be more carefully monitored. Patients with neuro¬ 
muscular diseases, significant restrictive pulmonary 
disease, congénital heart disease, or evidence of right 
heart failure may require ventilation for 24 hours or 
longer, and admission to an intensive care unit should 
be planned in advance to ensure précisé hémodynamie 
and fluid monitoring and to allow maximum therapy for 
pain relief during this time. 

Major Allô- or Autograft Transplantation Surgery 3 

Major segmentai skeletal defects, particularly in the long 
bones of the extremities, may occur as a resuit of tumor 
resection, trauma, or osteonecrosis. Repair of these lésions 
to eventually permit weight-bearing in the legs or 
restoration of mechanical function to the arms requires 
bone grafting. Either banked allografts obtained from 
living or dead donors or vascularized autografts, usually 
of the fibula, are used to bridge résultant bony gaps. The 
duration of these procedures is long (2 to 10 hours), and 
many patient candidates may hâve been poorly mobile 
for several months as a resuit of pain, trauma, or infection, 
or debilitated as a resuit of radiation therapy, chemo- 
therapy, or chronic infection. 

Frequently, tumor resection is followed by immédiate 
replacement grafting. The surgical procedure consists of 
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two phases for the anesthesiologist: first, the surgical 
resection is often bloody, requiring attention to details of 
fluid management and blood conservation and 
replacement; subséquent fitting of the graft and fixation 
to adjacent structures followed by wound closure may 
require se ver al hours of reconstructive surgery. Major 
anesthetic considérations are monitoring requirements, 
fluid and transfusion therapy, and postoperative pain 
relief. In longer procedures, meticulous attention to 
prévention of pressure necrosis, neuropraxia, joint 
stiffness, and arthralgia is necessary. 

Anesthetic Management 

In anticipation of a long procedure, patients should be 
positioned on a carefully padded operating table, 
preferably on a water mattress. Pressure points such as 
elbows, knees, heels, and occiput should be meticulously 
padded. Monitoring requirements may include direct 
measurement of arterial pressure via cathéter, central 
venous pressure measurement, at least one large-bore 
intravenous cannula, and Foley cathéter for transfusion 
and fluid management. Adéquate heated humidification 
and warmed intravenous solutions should be provided 
in addition to a warmed thermal mattress and increased 
ambient températures in order to prevent patient 
hypothermia. 

Régional anesthésia alone should not be attempted 
because of the length and complexity of these procedures. 
However, continuous épidural combined with general 
anesthésia is an excellent choice because postoperative 
pain is intense. Management of pain may be optimized 
by continuous postoperative épidural administration of 
local anesthetics and opioids for several days. General 
anesthésia alone should be supplemented, particularly 
as the case nears completion, with liberal dosage of 
narcotic analgésies. 

Whatever the choice of anesthetic technique, intra¬ 
operative hemodilution combined with deliberate 
(induced) hypotension should be strongly considered as 
it is désirable to limit blood loss and to provide as dry a 
surgical field as possible during the procedure. 
Préservation of the vascularized graft is vitally important. 
Patient température, circulatory blood volume, and 
cardiac output must be maintained and if possible graft 
flow augmented by a sympathetic blockade. Other 
measures include intravenous mannitol and 
anticoagulation with heparin. Postoperatively, these 
patients should be kept in spécial care units so that the 
wounds can be monitored for graft patency by visual 
inspection, Doppler flow probe, and puise oximetry 
monitoring. 


Pelvic and Sacral Resections/Fractures 

Major bony resections of the sacrum or pelvis are 
performed as primary treatment of usually cancerous 
bone tumors. Major pelvic surgery is also done for repair 
of complicated pelvic or acetabular fractures. As in major 
spinal or hip surgery, care in positioning for a long 
procedure is important, because many of these operations 
are done in the latéral or prone positions. 

Anesthetic Management 

Measures for conservation of blood resources and body 
heat should be carefully followed. Invasive monitoring 
may be essential, and improved postoperative analgesia 
via épidural cathéters should be strongly considered If 
the dissection is to involve major pelvic vasculature or 
nerve roots, the following additional measures might be 
taken: puise oximetry in the lower extremity (toe) will 
aid in judging adequacy of circulation; and SSEP 
monitoring of L4-L5 to S2 nerve roots may help to lessen 
the possibility of nerve damage during en bloc dissections 
of the sacrum or during repair of pelvic fractures. If SSEP 
monitoring is used, épidural anesthésia and inhalation 
anesthetics may be contraindicated. Additional large-bore 
intravenous cannulae may be needed in anticipation of 
rapid fluid and blood infusion during major resections. 

BLOOD LOSS IN ORTHOPEDIC SURGERY 

During orthopédie procedures, most blood loss is lost 
from raw bone and muscle surfaces rather than from 
identifiable blood vessels. This limits the surgeon's ability 
to control bleeding directly, allows much of the shed 
blood to escape collection by suction cathéters or gauze 
sponges, and ensures that bleeding continues after the 
wound is closed. Surgeons and anesthetists almost always 
underestimate blood loss and it has been shown that 
estimâtes of blood loss were on average, 50% of the true 
measured loss in major orthopédie procedures. 18 Blood 
loss will be greater than usual in the following 
circumstances: 

1. Proximal surgery without a tourniquet 

2. Large areas of raw bone 

3. Previous surgery at operative site 

4. Radiation therapy at operative site 

5. Infection at operative site 

6. Tumor at operative site 

7. Surgical technique 

8. Proliférative bone disease (e.g. Paget's disease) 

9. Surgeries involving open correction of nonunion, 
malunion and deformities of long bones like fémur, 
humérus. 
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Management of Blood Loss 

Conservation of blood resources and safety of blood 
replacement beginbefore elective surgery by encouraging 
autologous predonation of 2 to 4 units of blood in 
relatively otherwise healthy patients. 

Intraoperatively, the measures to avoid or minimize 
the blood requirement include normovolémie hemodilu- 
tion, induced hypotension, and use of cell saver devices. 
These should ail be strongly considered, as public 
awareness of the blood transfusion has increased as a 
resuit of AIDS, viral hepatitis risks. The use of banked 
blood may hâve other harmful effects on patients like 
impairment of immunocompétence which may lead to 
various postoperative infections. 19 

Reduced bleeding in the operative field not only 
facilitâtes surgery but might also, in some cases, improve 
surgical results. Lowering intraoperative mean arterial 
pressure (MAP) to 50-60 reduces the blood loss signi- 
ficantly. However, patients with chronic hypertension are 
unable to autoregulate cérébral blood flow at lower levels, 
their pressure should only be reduced to 50 mm of Hg 
below their normal MAP. 13 Contraindications to induced 
hypotension include fever, anémia, occlusive cerebro- 
vascular disease. Hypotensive drugs that are commonly 
used are sodium nitroprusside and nitroglycérine. Severe 
réductions in blood pressure may impair spinal cord 
perfusion. The risk of pressure injury is increased by 
hypotension especially in latéral decubitus and prone 
positions. Rebound hypertension can be prevented by 
graduai return to normal MAP, propranolol pretreatment 
or captopril. 

Monitoring in Orthopédie Surgery 

To promote quality patient care, monitoring oxygénation, 
ventilation, and circulation parameters is necessary by 
the qualified personnel in the operative theater as well 
as in the recovery and emergency room. Monitoring of 
patient after the procedure is as important as monitoring 
during the procedure. Often after the procedure, when 
patients are no longer stimulated, they become uninten- 
tionally deeply sedated or develop airway obstruction. 

Decisions about monitoring are closely related to the 
fluid management, patient's medical status, and surgical 
procedures. During major procedures lasting longer than 
three hours and with anticipated blood loss more than 
20% of the blood volume, invasive hémodynamie 
function monitoring is required. An arterial cathéter, 
central venous pulmonary artery cathéter and Foley's 
cathéter are commonly used. Invasive monitoring is likely 
to be required to elderly patients undergoing major 
surgery, because the risk of myocardial infarction 


correlates with duration of surgery. Blood conservation 
methods like intraoperative hemodilution or induced 
hypotension warrant doser, more invasive monitoring. 

In procedures that expose large vein and in THR, 
venous air embolism is a possibility. Precordial Doppler 
ultrasound is a sensitive monitoring tool for right heart 
air, and CVP is one method of removing some of the air. 

The noninvasive monitors like puise oximeter, end 
tidal C0 2/ ECG, température, noninvasive BP are some 
of the complimentary essential monitoring devices that 
greatly help anesthetist in the management. 

Spécial Considération during Orthopédie Surgery 

Tourniquets 320 

Tourniquets are an indispensable aid to orthopédie 
surgery of the limbs. Tourniquet reduces blood loss and 
provides a dry field, making exposure and dissection 
more précisé. They must be applied carefully in order to 
avoid tissue damage. The correct position is the midpoint 
of the thigh or upper arm, where muscle bulk is greatest 
using adéquate cushioning underneath the tourniquet. 
Care should be taken not to allow antiseptie solution used 
to préparé the skin going under the tourniquet lest 
Chemical burns occur. Exsanguination of the limb may 
be achieved with an Esmarch bandage, but lower limb 
exsanguination increases CVP, especially if performed 
bilaterally. This is more significant in cardiac patients. 
Simple élévation is sufficient if Esmarch bandage is 
contraindicated. 

Overinflation of tourniquet increases the likelihood 
of underlying tissue damage. The tourniquet is inflated 
to a pressure of 50 mm of Hg above systolic arterial 
pressure for the upper limb and 100 mm of Hg above 
systolic pressure for the lower limb. It is usual to use a 
pneumatic euff, the modem types which maintain a 
preset pressure are préférable to the other manual 
varieties, which need constant vigilance. These equip- 
ments as with any medical devices require periodical 
inspection and calibration. 

The tourniquet is as such, unphysiological and is 
associated with a number of disadvantages. Pneumatic 
tourniquet produces tissue ischemia, cell damage and 
death of cells inevitably fallows if ischemia is prolonged. 
The prolonged inflation may lead to soft tissue damage, 
nerve injuries. Recommendations as to the permissible 
inflation time hâve been based on électron microscopie 
evidence of cell disruption and déplétion of high energy 
phosphate stores. From 90 to 120 minutes seems to be an 
appropriate interval, with reperfusion periods of 5 to 30 
minutes allowed between épisodes of tourniquet 
inflation. 13 
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The tourniquet pain represents a maximal pain 
stimulus, perhaps carried by C-fibers. In unanesthetized 
patients, the dull aching pain at the site of the tourniquet 
which progressively increases in intensity with the time 
rules out the use of this device if local anesthésia alone is 
to be used. In some but not ail patients with GA, 
progressive increase in the blood pressure not responding 
to usual doses of narcotics or inhalation anesthetics has 
been observed after the tourniquet application in the first 
hour. Direct acting vasodilators like sodium nitroprusside 
or trimethaphan may be suitable to reduce the blood 
pressure. Higher doses and higher concentrations of local 
anesthetics, addition of narcotic or bicarbonate solution 
to the local anesthetics are used for épidural anesthésia 
and local blocks suitably. Supplémentation of anesthésia 
through an indwelling cathéter is also recommended to 
overcome the tourniquet pain. 

Severe peripheral vascular disease with incipient limb 
ischemia is contraindication to the use of tourniquet. 
Usually, sickle cell disease is considered to be contra¬ 
indication, although there hâve been several reports of 
the uneventful use of the tourniquets in these conditions. 

Summary of Effects of Tourniquets 

Neurological effects: Abolition of somatic sensory evoked 
potential and nerve conduction occurs within 30 minutes. 
Tourniquet for more than 60 minute causes pain and 
hypertension. Application for more than two hours may 
resuit in neurapraxia resulting in paresis or complété 
paralysis of the limb. However, the tourniquet palsy 
completely recovers in almost ail cases. 

Muscle changes: Cellular hypoxia develops within 
10 minutes, cellular creatine déclinés, and progressive 
cellular acidosis occurs. Endothélial capillary leak 
develops after two hours, and limb becomes 
progressively colder. 

Systemic effects after inflation : Increased arterial and 
pulmonary artery pressure are more pronounced when 
anesthésia is light. 

Systemic effects after release: Transient fall in core 
température, transient metabolic acidosis, transient fall 
in venous oxygen tension, release of acid métabolites in 
central circulation, transient fall in systemic and 
pulmonary pressure, transient increase in end tidal C0 2 . 

Fat Embolism 3 

A certain degree of lung dysfunction occurs in ail patients 
following long bone fractures, but clinically significant 
fat embolism syndrome as such develops in only 10 to 
15% of these patients. The syndrome of fat embolism 


typically appears 12 to 48 hours (rarely more than 
72 hours) after a long bone fracture fémur or tibia. The 
pulmonary dysfunction may be limited to arterial 
hypoxemia (always présent) or may be fulminant, 
progressing from tachypnea to alveolar capillary leak and 
adult respiratory distress syndrome. Central nervous 
System dysfunction ranges from confusion to seizures and 
coma. Petechiae, especially over the neck, shoulders, and 
chest, occur in at least 50% of patients with clinical 
evidence of fat embolism. Coagulopathy and thrombo- 
cytopenia are probably related to other complications of 
severe trauma, including disseminated intravascular 
coagulation. An increased plasma lipase concentration 
or the presence of lipiduria is suggestive of fat embolism 
but may also occur after trauma in the absence of this 
problem. Température increases up to 42°C and tachy- 
cardia are often présent. The source of fat producing fat 
embolism is undocumented but may represent disruption 
of the adipose architecture of bone marrow. 

Treatment 

The treatment of fat embolism syndrome includes early 
récognition, oxygen administration and management of 
adult respiratory distress syndrome. Immobilization of 
long bone fractures should be undertaken early. 
Prophylactic administration of corticosteroids for patients 
at risk may be useful, but the efficacy of corticosteroids 
for the established syndrome has not been documented. 
With appropriate fluid management, adéquate 
ventilation, and the prévention of hypoxia, outcome is 
usually excellent. 

Deep Vein Thrombosis and Pulmonary Embolism 

Deep vein thrombosis (DVT) in the legs and pelvis is more 
common in the elderly who are immobilized, patients 
on oral contraceptives, those with carcinoma, hip 
fractures, and after certain operations like pelvic surgery, 
hip surgery, THR, TKR. 

The clinical présentation may be unexplained fever, 
fainting, dyspnea, substernal discomfort, pain. The onset 
may coincide with physical straining. Sudden onset of 
chest, pain from second to fourteenth day after operation 
may strongly indicate DVT. Clinical manifestations of 
pulmonary embolism are nonspecific, and the diagnosis 
is often difficult to establish on clinical grounds alone. A 
high index of suspicion is important in recognizing the 
patient with pulmonary embolism. The thrombus may 
be small or large and fatal. 

Venous stasis, endothélial damage, hypercoagulabi- 
lity as may accompany anesthésia and surgery prédisposé 
to venous embolism. Anesthetic techniques that enhance 
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lower extremity blood flow or minimize the preoperative 
hypercoagulable State hâve been advocated. 

Epidural anesthésia significantly reduces DVT 
following hip surgery. However, decreased cardiac 
output, deliberate hypotensive anesthésia, hypovolemia, 
excessive blood loss, or hypothermia may ail play a rôle 
in DVT formation irrespective of the type of anesthésia 
given. 

The current view is that distal deep vein thrombi 
(below the knees or arms) rarely resuit in clinically 
significant pulmonary emboli, therefore, anticoagulant 
therapy is probably not necessary . 3 Treatment of proximal 
deep vein thrombosis (iliofemoral) which can produce 
life threatening pulmonary embolism, is with heparin 
(5000 units IV) as a single injection, followed by a 
continuous intravenous infusion of heparin adjusted to 
maintain the activated partial thromboplastin time 1.5 to 
2 times normal. Alternatively, subcutaneous low- 
molecular-weight heparin administered once daily may 
be as effective and safe as intravenous heparin; 
Intravenous heparin therapy is usually continued for 
10 days although a 5-day course may be adéquate. As 
such, perioperative subcutaneous heparin prophylaxis 
may be viewed as a cost-effective means of decreasing 
postoperative mortality from pulmonary embolism in 
selected patients. This does not mean that some other 
method of prophylaxis (elastic stockings, oral 
anticoagulants) could be used in addition to, or instead 
of, subcutaneous heparin. Aspirin has not proved 
efficacious in the prévention of deep vein thrombosis. 

Institution of subcutaneous heparin therapy 
introduces concern regarding the subséquent use of 
régional anesthésia and the possibility of hematoma 
formation, especially in the épidural space although 
increase in surgical bleeding is insignificant. In this 
regard, a suggestion that the start of subcutaneous 
heparin therapy can be delayed until after surgery would 
be attractive. The incidence of postoperative DVT and 
pulmonary embolism in patients who hâve undergone 
THR, TKR is decreased by greater than 50% in patients 
receiving épidural or spinal anesthésia compared with 
those undergoing the same surgery under GA. Never- 
theless, deep vein thrombosis still occurs, and long-term 
outcome is not affected by the choice of anesthésia. 
Presumably, the bénéficiai effect of régional anesthésia 
compared with general anesthésia is due to vasodilatation 
that maximizes venous blood flow and to the ability to 
provide optimal postoperative analgesia with associated 
early ambulation. 9 Furthermore, patients given régional 
anesthésia are often given fluid loads that could decrease 
viscosity of blood and offset venous stasis. Local 
anesthetics may even exert a bénéficiai effect by inhibition 


of platelet aggregation. By contrast, GA may contribute 
to an increased incidence of deep vein thrombosis by 
virtue of decreased leg blood flow, estimated to be as 
much as 50%. 

Measures to Prevent Infection 21 

Wound infections can be catastrophic, especially in 
patients with implanted prosthesis, so orthopédie 
surgeons spare no measure that might prevent infection. 
Some of these measures affect anesthetic practice. 

Laminar flow air filtration System, ultraviolet light 
rays in operation theatresll reduce the bacterial count in 
the air in the operation theatre. Laminar air flow System 
increases surface cooling of the patient. Patients are there¬ 
fore vulnérable to inadvertent hypothermia, especially 
when large areas of skin are soaked with antiseptie 
solutions. In addition to the usual risks of increased 
oxygen consumption, tachycardia and hypertension as 
the patient rewarms, hypothermia interfères with 
coagulation mechanisms potentially increasing blood 
loss. Patients exposed on fracture tables are especially 
vulnérable and require careful draping to prevent 
cooling. 13 

Prophylactic antibiotics are most effective when given 
shortly before the skin incision and are ineffective if given 
later. In some cases, surgeons may withhold antibiotics 
until specimens can be obtained from the wound for 
culture. Aminoglycoside antibiotics such as gentamycin, 
amikacin may reduce the required dose of nondepola- 
rizing neuromuscular blocking drugs. 

The possibility of HIV infection has become a cause 
of concern for orthopédie surgeons. This has led to 
adoption of double gloves, clear face-shields and even 
"space-suits". When blood and bone chips fly from the 
operative field throughout the room, anesthetists must 
also give thought to protecting themselves, as well. 

Postoperative Analgesia in Orthopedics 22 25 

Several studies hâve documented the under-treatment 
of pain in hospitalized patients. Perfect pain relief is often 
not attainable in practice. Pain free at rest is a reasonable 
aim. 

Pain relief is necessary for both humanitarian and 
therapeutic reasons. Inadéquate pain relief may cause 
peripheral vasoconstriction, myocardial ischemia and 
impaired ambulation and ventilation reduces functional 
residual capacity (FRC) and sputum clearance, and 
reduced patient coopération, psychological dépréssion, 
insomnia. 

Severity of acute surgical pain dépends on: 22 
i. The site, nature and duration of surgery. 
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ii. The type and extent of the incision and other surgical 
trauma, 

iii. The physiologie and psychological make up of the 
patient, 

iv. The preoperative psychological and pharmacologie 
préparation, 

v. The presence of complications related to surgery, 

vi. The anesthetic management before, during and after 
surgery, 

vii. The quality of postoperative care and 

viii. Preoperative treatment to eliminate painful stimuli 
prior to surgery (pre-emptive analgesia). 

Pre-emptive Analgesia 23 

The traditional approach to postoperative analgesia is to 
begin therapy when surgery is completed and pain is 
experienced. Recent evidence points to advantages of 
administrating analgésies or nerve block techniques prior 
to surgical stimulation. Intense noxious stimulation can 
sensitize portions of the surgical incision may lead to 
functional CNS changes that later cause postoperative 
pain to be perceived as more "painful" than it would 
otherwise hâve been. It has been reported that local 
infiltration, nerve block, épidural opioids prior to surgery 
may block the sensitizing effect and resuit in significant, 
réduction of postoperative pain and the analgésie dose 
requirement. Preoperative analgesia also offers 
prophylaxis against certain pathologie chronic pain States 
like phantom limb-pain after amputation. 

Methods of Pain Relief 9 

Recent innovations in postoperative pain management 
to which major contributions hâve been made by 
anesthesiologists include (1) the use of patient-controlled 
analgesia(PCA); (2) continuous intravenous narcotic 
infusions; (3) sublingual or transdermal narcotic 
administration; and (4) épidural infusions of narcotics 
and/or local anesthetics; and (5) the adjunctive use of 
NSAID médications such as diclofenac or ketorolac, COX- 
2 inhibitors ( parecoxib, valdecoxib,eterocoxib), synthetic 
opioid (Tramodol) and alpha-2 agonists such as clonidine. 

Techniques employing continuous sy s ternie narcotic 
administration are improvements on the traditional 
intramuscular régimes and appear to provide more 
satisfactory analgesia. 

However, systemic opioids lead frequently to 
inadéquate pain relief, as there is a highly variable 
pharmacodynamie and pharmacokinetic dose response 
curve for patients. Although IM injections are generally 
considered safe, requiring no spécial précautions, apnea, 
hypoxia, and abnormal respiratory patterns may occur. 


As these drugs invariably cause nausea and vomiting, 
an antiemetic is regularly combined. 

Intravenous narcotic infusions can abolish wide 
swings in drug concentration and permit prompt titration 
of the drug to the needs of individual patient. However, 
this carries the risk of rapid induction of ventilatory 
dépréssion. Therefore, this technique is employed only 
by anesthetist in the immédiate recovery period or in the 
intensive therapy unit. 

Transdermal delivery of fentanyl after surgery has 
been shown to be effective. This method avoids the 
discomfort of injections. Therapeutic blood levels are 
achieved, but the normal side effects of narcotics are seen. 

Sublingual administration of buprénorphine has been 
equally found to be effective, as it is highly lipid soluble 
and it is readily absorbed across the membrane. It is a 
partial agonist and should not concurrently be adminis- 
tered with morphine and like drugs. A major disadvant- 
age of this drug is the greater degree of sédation 
compared to morphine. 

Local Anesthetic Techniques 

A variety of nerve blockade techniques continued into 
the postoperative period can resuit in effective and safe 
analgesia. These include local infiltration of incisions with 
long acting local anesthetics by surgeons, peripheral 
nerve or plexus blocks, and continuous block techniques 
at various sites. Long acting local anesthetics used for 
nerve or plexus blocks during surgery also eliminate early 
postoperative pain. 

Postoperative local anesthetic infusions into the 
axillary sheath, fémoral sheath, sciatic sheath, hâve been 
used to maintain analgesia and sympathetic blockade 
after a variety of surgical procedures. These techniques 
may be particularly useful after revascularization or 
reimplantation surgery and in maintaining a normal 
range of movements foliowing joint surgery. 

Intra-articular bupivacaine 30 ml of 0.25% with or 
without adrénaline or morphine which has a less intense 
but longer lasting effect, or a combination of the two, is 
effective after arthroscopic surgery of the knee and other 
joints. 6 

The severe pain often experienced by patients at the 
donor site of iliac crest; bone grafts can be relieved 
temporarily at the end of the procedure by infiltration of 
local anesthetic solution or by long-term infusion 
administered through a cathéter placed in the wound. 

Epidural Analgesia 3 

The épidural route is more popular because of the 
simplicity and familiarity of the technique and cathéter 
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technique helps in managing both anesthésia as well as 
postoperative analgesia. The options available to the 
anesthetist are: (i) épidural morphine, fentanyl, buprénor¬ 
phine, tramadol or local anesthetic, and (ii) the 
combination of both a local anesthetic and a narcotic. 5 

The bolus doses of épidural morphine may cause late 
respiratory dépréssion due to cephalad spread of narcotic 
through CSF to the medulla. Prolonged duration of 
analgesia (12-24 hours) is produced by a single injection. 
If local anesthetics are used, motor weakness and 
hypotension are to be kept in mind. However, if both 
local anesthetic and a narcotic are used, the dose of both 
agents can be reduced, and total pain relief can be 
achieved with significant réduction of side effects. These 
drugs may be given in a continuons infusion technique. 
Late ventilatory dépréssion, urinary rétention, itching, 
nausea and vomiting are the side effects of which 
ventilation dépréssion remains the significant hazard and 
needs close monitoring even after 8 to 20 hours. With 
daily monitoring, épidural cathéter can be used for as 
long as a week. Systemic infection and systemic anti¬ 
coagulation are contraindications. It is recommended that 
this technique should be employed only when the patient 
is nursed in an intensive therapy or high dependency 
unit. 

Chronic Pain 

Pain is an unpleasant sensation together with the patient's 
psychological response to it, both of which need attention. 
The patient with intractable pain requires careful 
évaluation, diagnosis and sympathetic understanding. 
The multidisciplinary approach has been advocated for 
the successful management of chronic pain. 

Postoperative Nausea and Vomiting 

Postoperative nausea is common in children, although 
not particularly after peripheral orthopédie procedures. 
Young female patients are more likely to suffer from 
postoperative nausea and vomiting. 

Many classes of drugs hâve antiemetic properties. Ail 
of them work better when used prophylactically rather 
than to treat ongoing nausea and vomiting. A combi¬ 
nation of agents is sometimes more effective than any 
one agent, and a patient's response to an agent cannot 
readily be predicted prior to administration of the drug 26 
(Table 5). 


TABLE 5: Pharmacologie approach to postoperative 
nausea 


Agent 

Dosage 

Route 

Promethazine 

0.25-0.5 mg/kg 

IV or 

(Phenergan) 


per rectal 

Metoclopramide 

0.1 mg/kg 

IV or IM 

(Reglan) 

(maximum dose, 5 mg) 


Ondansetron 

0.15 mg/kg 

IV 

(Zofer) 

(maximum dose 4 mg) 



Additional helpful measures include not forcing 
intake of oral fluids until the patient is hungry, 
maintaining adéquate hydration and minimizing early 
postoperative ambulation, especially when opioids hâve 
been given. 

Cardiac and Respiratory Arrest 1113 

Cardiac arrest may be due to primary cause related to 
cardiac diseases or primary noncardiac cause—where 
patient is healthy or relatively healthy and heart stops 
because of major trauma and hemorrhage, foreign body 
in the airway, anesthetic complications occurring either 
in operation theater or in the recovery room. Cardio- 
pulmonary resuscitation is the one most emergency 
situation faced by the anesthetist. 

Cessation of heart beat occurs in different forms, 
namely, 

i. Ventricular fibrillation (VF) commonest in adults, 

ii. Asystole most common in children, and 

iii. Electromechanical dissociation (EMD). 

Causes of Cardiac Arrest 

1. Effect of anesthetic drugs: The cardiac arrest can often 
be shown to be due to errors in technique, overdose 
or hypoxia. Anesthetic drugs may cause myocardial 
dépréssion, vagotonie effect, and sympathetic 
stimulation, increased excitability of myocardium, 
hypotension, hypoxia and hypercarbia due to 
respiratory dépréssion. 

2. Vagal reflex mechanism: Bradycardia and asystole may 
resuit from vagal stimulation. 

3. Electrolyte changes: Hyperkalemic States like anuria, 
déhydration, diabetic acidosis, crush injuries, burns, 
paraplegia, massive blood transfusion, and hypoxia 
prédisposé to cardiac arrest. Depolarizing muscle 
relaxants like succinylcholine is better avoided in 
these situations as potassium level is further raised. 
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4. Hypoxia: Hypoxia resulting from either faulty oxygen 
delivery from equipments, airway obstruction and 
deranged oxygen transport mechanism in the body. 

5. Circulating catecholamines: Myocardium is more 
sensitive to adrénaline in presence of halothane, 
trilene and in presence of myocardial hypoxia. 
Catecholamine levels are increased with adrénaline 
infiltration before surgery, anxiety, hemorrhage and 
adrenal tumors. Safer dose and concentration of 
adrénaline are chosen for infiltration. 

6. Air embolism: It occurs during the surgical 
procedures. 

7. Hemorrhage: Massive hemorrhage may cause cardiac 
arrest due to fall in coronary perfusion pressure. 

8. Cardiac disease: Fixed cardiac output States like 
valvular stenosis, constrictive pericarditis, severe 
pulmonary hypertension, cardiac tamponade, etc. 

• Myocardial ischemia 

• Acute circulatory obstruction caused by atrial 
myxoma and bail valve thrombus. 

• Cardiomyopathies 

• Rheumatic and diptheritic myocarditis 

• Toxemia from severe infection. 

9. Hypothermia 

10. Drug reactions. 

Prévention of Cardiac Arrest 

1. Preoperative assessment and sélection of suitable 
anesthetic technique. 

2. Preoperative préparation of patient to the optimal 
required condition for the surgery. 

3. Checking of anesthetic apparatus and other equip¬ 
ments like ECG defibrillation unit and other monitors 
before anesthésia administration. 

4. Stocking of emergency drugs, correct labeling of 
syringes containing drugs. 

5. Care during positions of patient for surgery especially 
while adopting nonsupine positions regarding the 
airway maintenance and hémodynamie status. 

6. Continuous monitoring of vital parameters and 
anesthetic levels during surgery. Monitoring to be 
continued till the patient is totally safe in the recovery 
period. 

7. A CPR plan in case of cardiac arrest should be 
discussed and rehearsed beforehand. This is of 
paramount importance in situations like nonspine 
surgical position, patients having body casts and body 
deformities. 

8. Training of hospital personnel in the technique of 
CPR. 

It has been proved that, the factors which are asso- 

ciated with the poor outcome of CPR are as follows: 


1. Long duration of arrest before CPR. 

2. Prolonged ventricular fibrillation without definitive 
therapy. 

3. Inadéquate coronary and cérébral circulation during 
CPR. 

Optimal survival from VF is obtained only if basic 
CPR is started within 4 minutes and defibrillation applied 
within 8 minutes. The longer a heart fibrillates, the more 
difficult is defibrillation. Early defibrillation is so 
important that it, should take precedence over ail other 
resuscitative efforts. Also attention should be paid to 
search for treatable underlying cause of the arrest. 
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169.2 Local Anesthésia and Pain 
Management in Orthopedics 

Sandeep M Diwan 


Régional Anesthésia Technique (RAT) of extremities does 
wonders in the management of high risk patients and is 
useful alternative to General Anesthésia (GA). RA has 
attracted greater interest and attention because, of its 
single drug regimen, reliability, économies and 
productivity. 

It reduces stress response to surgery! But is it bénéficiai 
is still debatable. Neural stimuli play a major rôle in 
releasing the endocrine-metabolic stress response to 
surgical stimuli. Hence the million dollar question is 
whether the inhibition of the stress response is bénéficiai 
to the postoperative outcome. 1 A summary of data from 
controlled studies comparing postoperative morbidity in 
patients receiving different techniques of RA versus GA 
suggests that réduction of surgically induced neural 
activity is bénéficiai. 2 These data support the original 
theory of anociation developed by George Crile. 

Majority of the data that exist are on the effect of the 
épidural anesthésia with local anesthetics that modify the 
surgical stress response. (Kehlet H Manipulation of 
metabolic response in clinical practice. World J Surg 
2000;24:690). 

Epidural anesthésia in the lower half of the body 
produces pronounced inhibitory effect on the endocrine 
and metabolic response, in contrast, this has not been 


observed in the surgical procedures of the thorax and 
upper half of the body. 1 Does it mean there are still 
various other inputs that need to be blocked? Of interest 
would be the unblocked vagal afferents, unblocked 
phrenic afferents and the unblocked pelvic afferents! A 
thoracic paravertebral block if correctly placed provides 
simultaneous somatic and viscéral neural blockade thus 
producing a small réduction in catecholamine, glucose 
and cortisol response to cholecystectomy. 1 

Initial Expérience 

My first stint with orthopédie surgeon 12 years ago 
proved to be a mémorable one. A severely diabetic 
(controlled), portai hypertension and hemo-mandibulec- 
tomy done needed open réduction, cementing and 
fixation of the #shaft humérus. The surgical procedure 
needed an unknown duration of time. I unknowingly 
inserted a 22 g intracath after obtaining paresthesia 
through the interscalene space injected 25 ml of 0.5% 
bupivacaine. The stylet was removed and plastic 
cannulae was placed in situ. Top ups of 5 ml 1.5% 
xylocaine was injected twice. At the end of the procedure 
8ml 0.25% bupvacaine was injected. What a way to get 
away? But this taught me anything is possible if you keep 
your senses alive. 
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Economie Impact of Régional Anesthésia 

An excellent chapter on cost effectivness is devoted in 
the Textbook of Régional Anesthésia by Prithvi Raj, 2002. 
In one of the studies the author conclude that in controlled 
randomized double blind studies comparing épidural 
infusion verses patient controlled infusion with morphine 
for post-thoracotomy pain a better pain relief was 
observed with the later. 3 Improved analgesia is not the 
only mechanism for improved outcome but the positive 
effect on the coagulability and improvement in the 
gastrointestinal motility results in rapid recovery from 
surgery and a reduced PACU stay. New and safe RA 
techniques are developing and lot of researsch is carried 
out. This is because the RA tends to be cheaper, especially 
significant for the underdeveloped and developing 
countries. 4 

In the authors practice, régional techniques are 
purposefully employed. 

Interscalene block 0.25% 8 ml administered with the 
aid of PNS at 0.3 mA for ail the cases of shoulder 
manipulations. 

Resuit—Reduced hospital stay and immédiate 
physiotherapy. 

Fémoral Nerve Blocks in Unilatéral /Bilateral TKR 
0.5% Bupivacaine 12 ml provides 18-20 hr analgesia 
decreasing the épidural requirement, which is kept in 
reserve for acute pain. 

Resuit—Second day physiotherapy, decrease épidural 
LA and opiates. 

Monitoring in Régional Anesthésia 

The author has also corne across hypoxia after an 
interscalene block for upper limb surgery in a patient who 
did not elaborate history of COPD to anybody. A drop in 
oxygen saturation concomitant with irrelevant talk made 
a tentative diagnosis of bronchospasm requiring 
immédiate bronchodilators. 

The author emphasizes the routine perioperative use 
of end tidal C0 2 in patients undergoing closed réduction 
of # shaft fémur. This can detect the early épisode of 
embolism. 

An awake patient is the best monitor of the cérébral 
function. In ail régional anesthésia techniques sédation 
is withheld till the block acts. The authors practice is to 
keep talking to the patient on various issues the patient 
is interested in. 

An awake patient is the best cérébral function monitor. 

The threefundamental ingrédients to ensure a perfect block 
are: 

a. Perfect understanding of anatomy. 

b. Perfect placement of the needle and injecting without 

displacing the needle tip. 


c. Appropriate volume of local anaethetic. 

Textbooks of régional anesthésia explain the relevant 
anatomy of the brachial plexus. Cadaveric dissection hâve 
revealed superficial landmarks and recent Ultrasono- 
graphic, CT scan and MRI studies hâve the distances 
calculated from these landmarks. This applies to ail the 
plexus blocks which hâve been described in detail. In the 
upper extremity if you trace the origin of the roots of the 
brachial plexus and follow its course along the midpoint 
of the clavicle down into the axilla and extending it 
further to the midpoint of the humérus you get a skin 
régional anesthetic line. 5 This skin line créâtes a guide 
that may be helpful in the correct positioning of the 
needles or cathéters used for anesthésia or analgesia of 
the plexus from the interscalene to infraclavicular or 
axillary routes. 

This method aids in conceptualizing the anatomical 
extent of the brachial plexus, and optimizes anesthetic 
approaches to the brachial plexus. 

The fundamental statement: "Performing a régional 
block is a simple exercise of applied anatomy" by Winnie 
underlies the philosophical basis of many clinical studies. 

Blocks can be performed with paresthesia, fascial 
click, perivascular or elicited motor response to electrical 
stimulation. Which technique leads to needle tip that is 
closest to the nerve sheath? In the past the author used to 
use paresthesia technique with great précision based on 
anatomical orientation. In this case the needle had to be 
place close to the nerve sheath after obtaining a 
paresthesia. The direction of the needle tip to be oriented 
in a way that that you need to hâve spatial orientation, a 
three-dimensional image created in your brain and 
projected in the front. The needle then had to advanced 
in the same direction. 

Localization of Peripheral Nerves 

Peripheral nerve stimulator 7 
Ultrasonography. 

Supraclavicular Brachial Plexus Anatomy 

The upper extremity régional anesthésia requires a 
thorough knowledge of brachial plexus anatomy to 
facilitate the technical aspects of block placement and 
optimize the procedure spécifie block sélection. 

The brachial plexus is defined as that network of 
nerves supplying the upper extremity and formed by the 
union of the ventral primary rami of cervical nerves 
5 through 8 (C5-C8), including a greater part of the first 
thoracic nerve (Tl). Variable contributions may also corne 
from the fourth cervical (C4) and second thoracic (T2) 
nerves. 2 The ventral rami are the roots of the brachial 
plexus and are variable in their mode of junction. 
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The C5 and C6 rami unité near the médial border of 
the middle scalene muscle to form the superior trunk of 
the plexus, the C7 ramus becomes the middle trunk, and 
the C8 and Tl contributions unité to form the inferior 
trunk. 

Infraclavicular Brachial Plexus Anatomy 

The 3 trunks undergo primary anatomie séparation into 
anterior (flexor) and posterior (extensor) divisions at the 
latéral border of the first rib. Divisions undergo yet 
another stage of reorganization into cords. 

The anterior divisions of the superior and middle 
trunks form the latéral cord. 

The posterior divisions of ail 3 trunks form the posterior 
cord. 

The anterior division of the inferior trunk forms the 
médial cord. 

The three cords divide and give rise to the terminal 
branches of the plexus, with each cord possessing two 
major terminal branches and a variable number of minor 
intermediary branches. 

The latéral cord contributes the musculocutaneous 
nerve and the latéral root of the médian nerve. 

The posterior cord generally supplies the dorsal aspect 
of the upper extremity, the radial and axillary nerves. 

The médial cord contributes the ulnar nerve and the 
médial root of the médian nerve. 

Important intermediary branches of the médial cord 
include the médial antebrachial cutaneous nerve of the 
forearm, médial cutaneous nerve of the arm. 

Axillary Sheath 

The axillary sheath is a collection of connective tissue 
surrounding the neurovascular structures of the brachial 
plexus. It is a continuation of the prevertebral fascia 
separating the anterior and middle scalene muscles. The 
sheath is a multicompartmental structure formed by thin 
layers of fibrous tissue surrounding the plexus. Nerves 
are thus enmeshed in this tissue rather than lying separate 
and distinct. These compartments could functionally limit 
the circumferential spread of injected solutions, thereby 
requiring separate injections into each compartment for 
maximal nerve blockade. 

Motor innervation is clinically relevant as a means of 
matching a peripheral nerve stimulator (PNS)-induced 
motor response to which major nerve(s) has been 
stimulated. 

Superior trunk stimulation at the interscalene level 
results in shoulder élévation. 

Médian nerve stimulation results in forearm 
pronation, wrist flexion, and thumb opposition. 


Ulnar nerve motor responses include ulnar déviation 
of the wrist, finger extension, and thumb adduction. 

Radial nerve stimulation causes wrist and finger 
extension. 

Brachial Plexus Block (BPB) 

BPB for upper limb surgeries hâve greatest potential for 
wider applications in anesthésia practice. The rôle of BPB 
gets further magnified in High Risk Surgical Patients 
(HRSP) where in a patient may not be fit to undergo a 
general anesthésia. 

Some of the HRSP were operated on modified day 
case basis (the patients were shifted from ICU to OT, 
operated and sent back to ICU for further management). 

Brachial plexus is formed by the anterior rami of lower 
cervical nerves C5-8, Tl. As they leave the foramina to 
form the plexus it is accompanied by a continuous 
perineural, perivascular sheath that extends several cm 
beyond the axilla. This very concept of this sheath 
described convincingly by Winnie et al makes the block 
to perform simple. 

This space can be entered at any level, i.e supra- 
clavicular or infraclavicular depending on the site of 
surgery. 

Distribution of Block 

An interscalene block provided excellent anesthésia in 
the shoulder area. The dislocated/fracture shoulder of 
neck humérus were operated satisfactorily under 
Interscalene block. The ulnar area is spared in more than 
50% of blocks and the movements of the hand could be 
observed in spite of good analgesia in the C5-C6 
dermatomes. 

A SCBPB provided nearly 95% block in the 
distribution of upper arm and mid arm with adéquate 
muscle relaxation. 

The surgeries on the forearm and hand can be carried 
in ail the patients. 

An axillary BPB provides 95% block in C8-T1 
distribution and greater than 50% in C5-6 distribution. 
The block is adéquate for surgeries of the hand and in 
75%of patients tourniquet could be applied when 
35-40 cc LA was injected. This implies that the Musculo¬ 
cutaneous is blocked with larger volume of local 
anesthetics. 

The combined approach éliminâtes ail the 
disadvantages of Single approach. cAXIS, the Combined 
Axillary with InterScalene Block and has been recom- 
mended by Urmey WF for operations on the elbow. 

The author has used the the cAXIS i.e Combined 
Axillary Interscalene for the operations on the shoulder 
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and multiple operations on the upper extremity and may 
be the futurisitic RAT for the upper extrimity. 

Basic Approaches to Brachial Plexus are 

• Interscalene (ISBPB) 

• Subclavian Perivascular (SPBPB) 

• Axillary (AxBPB) 

Interscalene Block 

The Interscalene block is performed at the level of C6. 
The latéral margin of sternocleidomastoid (SCM, 
clavicular head) is palpated and the fingers should roll 
behind SCM to lie on the anterior scalene and try to 
identify the inter scalene groove between the anterior and 
the middle scalene. 

A 24 g needle is then directed at C6 level 
perpendicular to the scalene muscle in the caudad, 
mesiad (needle towards the middle scalene) direction. 
After elicitation of paresthesia or when a desired response 
is evoked by nerve stimulator i.e deltoid motor response, 
and, biceps contractions the LA is injected with frequent 
aspiration . 

The PNS helps in accurate localizing the plexus and 
the phrenic nerve stimulation can be avoided. Current 
concept is to insert needle wherever the ISG is most felt. 

One of the earliest signs predicting successful block 
as noticed by Ekatodramis G and Borgeat A is the fullness 
in the IS triangle "Triangular sign" the moment you start 
injecting in the interscalene groove. 

According to Urmey, Phrenic nerve block the 
incidence of which is 100% in the Interscalene approach 
should be considered as "an expected sequel." 



Fig.1 : Relation of brachial plexus and scalene 
muscle at thoracic inlet 


The IsBPB 3 is suitable for the surgeries on the 
Shoulder, Upper arm and Elbow. 

A nerve stimulator and insulated needle is used. The 
insulated needle is placed in the IS groove and deltoid, 
biceps contraction are sought at 0.5 mamp. 

A volume of 25 ml is sufficient in Indian population 
of 1.5% xylocaine 10 ml and 0.5% bupivacaine given 
separately. 

Onset of block is in 10 min during which painting 
and draping are done without pain. 

In 25-35 min the block is dense and surgical incision 
can be taken. 

The patient is monitored with NIABP, Sa0 2 , and ECG. 
0 2 mask is placed at 3-4 Lt/min. 

Sédation in the form of IV midazolam 2 mg 
incréments or diazepam 5 mg. 

Opiate analgésies like IV fentanyl 25-50 meg can be 
administered. 

Alternatively a drip of IV propofol administered at 
rate of 1-2 mg /kg/hr can be initiated. 

Surgery on the Surgical Neck Humérus 
under Inter Scalene Block 

• Dye in the interscalene space (Fig. 2). 



Fig. 2: Surgery on surgical neck humérus 
under inter scalene block 


Interesting Findings 

In authors practice often it is found that the patients 
coming for a redo surgical procedure of the neck 
Humérus the deltoids are atrophie and donot contract 
after PNS, often it is associated with circumflex nerve 
injury. 

In another group of patients with proximal fracture 
the biceps donot contract after a PNS it was found after 
exploration the biceps had ruptured. 







Anesthésia in Orthopedics 1387 


Subclavian Perivascular 

The subclavian perivascular technique was described in 
1964 using percutaneous location and popularised by 
Winnie as Single injection to provide plexus anesthésia. 
The block is carried out at a point where the plexus is 
reduced to its few components and a small volume local 
anesthetic is required to achieve a high success rate. 

The interscalene groove is identified and traced lower 
down towards the clavicle, here the pulsations of 
Subclavian artery is felt and a 24-guage needle is inserted 
superior to palpating finger and the needle directed 
caudad and slightly medially. The first rib is to considered 
as protective shield and notbe hit at. A paresthesia elicited 
in the middle two fingers increases the success rate of 
block to a near 100%. Here the needle strikes one of the 
trunks in the vertical plane. 

The easy anatomical landmarks, a small short bevel 
needle, appropriate needle direction and concentration 
and volume of local anesthetic increases the success and 
minimizes the complications of block. 

Continuous Supraclavicular Blocks 

Continuons supraclavicular blocks are useful for 
prolonged surgeries and chronic pain relief. Haasio and 
Rosenburg hâve described the use of commercial set for 
continuous Brachial plexus (Contiplex set; B.Braun). 

Retaining the cathéter is a difficult job and the 
cathéters tend to back out. 

The interscalene approach with its oblique approach 
seems to be more idéal for the shoulder procedures. POPR 
is achieved by 0.25% continuous infusion of bupivacaine 
in a dosage of 1 ml/10 kg/hr. 1 

Continuous Interscalene Blocks 4 

These continuous interscalene blocks are utilized for the 
redo/unanticipated prolonged time for the open 
réductions of proximal fractures head humérus. 

Axillary Approach 

The axillary approach is most popular method amongst 
the novice. In the supine position the arm is abducted to 
80- 85 degrees, externally rotated and flexed. 

The axillary artery is palpated and a 22-24 g needle is 
directed superior to the palpating finger. A click is felt as 
the the needle enters the perivascular, perineural sheath 
paresthesia may or may not be elicited 30-35 cc of LA is 
injected. 

During injection, distally a thumb compression is 
given to obliterate the sheath so that the LA bathes the 
axillary plexus. After injection is complété firm pressure 



Fig. 3: Continuous block useful in prolonged 
surgeries and chronic pain relief 



Fig. 4: Continuous axillary block 
(For color version see Plate 26) 


and massage is done for 7-10 minutes this increases the 
success rate. 

Continuous Axillary Block (Fig. 4) 

Continuous axillary block is recommended for 
postoperative analgesia and in chronic pain releif 2 They 
conclude the method provides a safe, effective and 
versatile approach only to the axillary BPB. 
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Figs 5A to D: (A to C) Urgent coracoid block. (D) Dye in the infraclavicular space (For color version see Plate 27) 


Crush injury of Hand, Debridement, Tendon 
Repair under CAxBPB 

Infraclavicular Approach 

The infraclavicular approach was reintroduced in 1973 
and popularized by Prithvi Raj and concludes that the 
infraclavicular approach deposits the LA in the middle 
of plexus. This approach is more suitable for prolonged 
analgesia in chronic pain relief and the cathéters are more 
stable in this position. 

Recently there hâve been several variations in the 
infraclavicular approach. 

• Latéral approach. 

• Vertical approach. 

• Coracoid 

Coracoid Block (Fig. 5) 

The anatomical landmark is the coracoid process and the 
needle is inserted vertical 1 cm médial and inferior to the 
Coracoid process. At around 4-5 cm in our population 
with the help of PNS the desired muscle contraction can 
be evoked. 


Elbow flexion, Wrist flexion. The volume required is 
30 ml. 

The advantage is musculocutaneous is blocked. 
Continuous coracoid cathéters can be retained. 

The need to block above and below the cia vicie. 
Urmey in 1993 described the Combined Axïllary with 
Interscalene block to achieve more complété spread of the 
local anesthetic above and below the clavicle. He 
recommends this technique for the procedures on the 
elbow. 

The technique has two benefits: (1) Complété blockade 
of the plexus. (2) Avoidance of pneumothorax. 

Pain on injection is one point where we should stop 
administrating the LA, it might be a possible intraneural 
injection! 

Lower Limb Block 8 9 

Lumbar Plexus Block 

Lumbar plexus block, being a true plexus block has a 
much higher success rate in achieving anesthésia of the 
entire lumbar plexus. Additionally, the relatively recent 
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introduction of equipment for continuons blocks makes 
it possible not only to administer the block, but also to 
introduce a cathéter for prolong pain management, which 
has triggered an additional interest. 

Anatomy of Lumbar Plexus 

Lumbar plexus is composed of paravertebral branches 
of the roots of L1 to L4. Lumbar plexus is situated in a 
cleavable space within the psoas muscle. This space is 
limited superiorly by the insertion of the muscle psoas 
on the body of the vertebra and behind by its insertion 
on the transerverse process of the vertebrae. 

This compartment, posteriorly is bordered by the 
lumbar rachis and the péridural space, limited anteriorly 
by the aponeurosal continuation of the fascia iliaca, thus 
producing a true sheath which allows diffusion of local 
anesthetics within the sheath. 

Indications 

Lumbar plexus block is indicated for 

• Anesthésia of the fractures of the fémoral neck (ORIF, 
CRIF) 

• Anesthésia of the fractures of the higher or mid shaft 
of the fémur 

• Debridement of the thigh 

• Skin Harvesting from the antérolatéral aspect of the 
thigh 

• Early analgesia after hip prosthesis surgery. 

Along with a block of the sciatic nerve we can achieve 

complété anesthésia of the lower limb. 

Similarly, insertion of the lumbar plexus cathéter and 
continuous infusion technique is indicated for 
postoperative analgesia after extensive hip and knee 
surgery. 

Neurolytic LPB can be provided for Cancer pain in 
the distribution of the LP. 

Contraindications 6 

• Infection in the lumbo-sacral région 

• Polytrauma contraindicating latéral decubitus 
position 

• Disorders of coagulation 

• Prior surgery of the retroperitoneum 

• Anticoagulant or antiplatelet therapy. 

Equipment 

The author prefers the insulated needles with the PNS to 
facilitate the muscular contractions. The fémoral nerve 
is contacted in this process—quadriceps contraction. 

For the single-shot technique, the author use the 
insulated 100 mm needle. 



Fig. 6: Surface marking for a lumbar plexus block 


For the cathéter technique, the author uses a set with 
100 mm long needle which is designed to allow 
introduction of the cathéter through the needle. 
Continuous plexus sets are now avalaible. 

Anatomical Landmarks 

In sitting position a line is drawn vertically up and 
another line is drawn horizontally from L3 to intersect 
the first line. The point of insertion of needle is just inside 
the point of intersection of the above lines. 

Technique 

Lumbar plexus block is a deep block and it is accom- 
plished at depth of between 60 mm and 100 mm from 
the skin (Fig. 6). 

The patient is positioned in the latéral decubitus 
position with the side to be blocked up, tilted 30° forward 
and the leg to be anesthetized flexed at the knee at 90°. 
Alternatively go in for the sitting position. 

The performer is approaching the patient from the 
back and observes the limb to be blocked for onset of 
muscle twitches of the quadriceps group. 

The fémoral nerve lies in the midst of the plexus and 
is the target of the PNS. 

An assistant is useful with this block. 

Localizing LP with the aid of PNS. End point is 
quadriceps stimulation (Fig. 7). 



Fig. 7: Localizing LP with the aid of PNS. End point is 
quadriceps stimulation 
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Puncture 

The needle is introduced at the point of puncture 
perpendicular to the skin. The intensity of stimulation is 
regulated between 1.5 mA for one duration of 0.1 ms 
stimulation. 

The needle progresses slowly through the muscular 
masses until the contact of the TP or until the required 
stimulation of the fémoral nerve on the level of the lumbar 
plexus (patellar dance). 

I believe that a response to 0.6 mA is sufficient. 
Careful aspiration is performed to ensure the absence 
of blood or CSF. 

Single Injection Technique 

For a short surgical procedures single injection a volume 
of 20-25 ml of anesthetic solution is necessary. This 
volume assures adéquate spread of local anesthetic. 

It is important to rule out the épidural spread, intra¬ 
peritoneal, épidural or too cephalad placement of the 
cathéter. 

Continuous Technique 5 

An épidural cathéter can be inserted in the psoas 
compartment (PC) after the plexus has been identified. 

The depth and the direction of the needle are noted 
and the épidural needle is inserted in the same direction 
and at the same depth . A pop is felt the moment the tip 
enter s the PC. The épidural cathéter in inserted 4-5 cm in 
the PC. A test dose of 4-5 ml of 1.5% xylocaine is 
administered. The cathéter serves for intra and 
postoperative purposes. 

Test Dose 

It is essential to use a test dose with this block. I suggest 
3 ml of lidocaine 2% with adrénaline to rule out IV or 
intraspinal injection. The injections must always be 
administered slowly and in divided doses. 

Local Anesthetic Solutions 

1.5% Xylocaine and Adrénaline 20-25 ml in noncardiac 
cases. 

0.5% bupivacaine 20 ml with 1.5% xylocaine 5 ml in 
cardiac patient and prolonged surgical procedures. 
Total volume required to block 20-25 ml. 

Continuous Infusion 

Bupivacaine 0.25%: 10 ml per hour 

Bupivacaine 0.25%: 5 ml per hour and bolus of 10 ml/ 
30 mn monitoring 



Fig. 8: Dye localizing the lumbar plexus 
in psoas compartment 

Observe for absence of épidural spread (bilatérali¬ 
sation of the block). 

Hémodynamie conséquences (épidural spread) 
Assistance at the time of getting out of bed is essential: 
risk of fall due to weak quadriceps. 

Dye Studies (Fig. 8) 

The author uses 2-3 ml of omnipaque dye before injection 
of local anesthetic solution in the postoperative period 
in order to check the proper position of the cathéter and 
diffusion of the dye in the psoas space. The form in 
spindle corresponds to the drawing of the muscle psoas 
with the pool showing the space between the muscle 
psoas and the quadratus lumbarum. 

Conclusion 

The LPB is an effective anesthetic technique in the elderly 
and those with cardiac and pulmonary lésions. The 
limited dermatomal anesthésia and sympathectomy with 
effective postoperative analgesia makes it a choice and 
an alternative to central neuraxial blocks. Though the 
author admits the difficulty in blocking the multiple 
nerves in the lower limb and inconsistent analgesia makes 
it a doubtful starter. 

The lumbar plexus block is routinely employed in the 
author's practice for postoperative pain relief, particularly 
for fractures of the neck and shaft fémur. 

Fascia lliaca Block 8 ’ 9 (Fig. 9) 

Fascia iliaca compartment block is considered when 
spread beyond the fémoral nerve is désirable. The FIB 




Anesthésia in Orthopedics 1391 


Internai oblique 
muscle 


Fascia 

lliaca 


Inguinal 

ligament 


Fig. 9: Surface marking of a fascial iliaca block 

(Fascia iliaca block) is relatively simple to perform and 
provides anesthésia to the fémoral 100%, LCFN 90% and 
obturator 75%. The drug spreads below the fascia iliaca. 

Anatomy of Fascia Iliaca Compartment 

The fémoral vessels lie within the fémoral sheath between 
the fascia lata and iliaca whereas the fémoral nerve lied 
deep to fascia iliaca and separate from the vessels. 

Dalens popularized the technique and termed fascia 
iliaca compartment block. 

Dalens proposes the spread of the local anesthetic 
laterally and medially blocking the LFCN and the 
obturator (?) a part from convincingly blocking the 
fémoral nerve. 


Extern al 
oblique 
a pon eurosis 


An te ri or su péri or 
lliac spine 


Latéral cutaneous- 
nerve of thigh 



Indication 

The block is effective particularly in pédiatrie group for 
the hip and the fémur surgeries along with light GA and 
for postoperative pain relief for the hip and the fémur 
surgeries. 

Technique 

The needle is inserted 0.5 cm below the junction of latéral 
1/3 and médial 2/3 of inguinal ligament. The needle 
23 g is inserted perpendicular at the above point and a 
pop is felt as needle pierces the fascia lata and then a 
second pop through the fascia iliaca. 

If there no résistance, LA is injected at a dose of 0.7 
ml/kg in children 0.25% bupivacaine. 

If a nerve stimulator is used contractions of quadriceps 
are visualized at 0.4-0.5 mAm (Figs 10A to D). 




Figs 10A to D: FICB with 23 g needle 
Dye Study of Fascia Iliaca compartment block 
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Sciatic Nerve Block 8 ’ 9 

Technique 

The patient is positioned on the side with the side to be 
blocked facing up. The leg is flexed at the hip and knee. 
A line is drawn between the posterior superior iliac spine 
and the greater trochanter. The midpoint of this line is 
identified, and a line is drawn perpendicular (caudally) 
to the first line. Needle entry is 5 cm caudal to the first 
line along this perpendicular line. This mark should 
overlie a line drawn between the greater trochanter and 
the sacral hiatus. 

A 23-gauge stimulating needle is inserted, through 
the skin and advanced until a a motor response is 
evoked—a plantar flexion (tibial nerve) is obtained. A 
20 ml of 0.5% Bupivacaine in injected perineurally. 

Indications 

The sciatic nerve block is used to provide anesthésia and 
analgesia for surgery on the lower extremity. It is 
commonly combined with latéral fémoral cutaneous, 
fémoral, and obturator nerve blocks. The sciatic nerve 
block can be combined with the saphenous nerve block 
at the knee to provide anesthésia and analgesia for lower 
leg and foot surgery. 

Popliteal Fossa Block 8 9 

Anatomy 

The sciatic nerve travels through the posterior aspect of 
the upper leg until it reaches the upper aspect of the 
popliteal fossa, which is located on the back of the upper 
leg behind the knee. Its upper latéral border is the médial 
aspect of the biceps femoris muscle, and its médial border 
is the latéral aspect of the semitendinous ligament. 
Caudally, the two heads of the gastrocnemius muscle 
border the fossa. 

When the sciatic nerve reaches the upper aspect of 
the popliteal fossa, it divides into two branches: the tibial 
nerve and the common peroneal nerve. The tibial nerve 
is larger and passes straight through the popliteal fossa 
and enters the lower leg between the heads of the 
gastrocnemius muscle. The common peroneal nerve 
passes more laterally and travels under the biceps femoris 
muscle. It then wraps anteriorly around the head of the 
fibula and divides into the deep and superficial peroneal 
nerves. 

Technique 

The needle is inserted at the most cephalad point of the 
popliteal fossa at the junction of the biceps femoris and 


semitendinous muscles. A 23-gauge stimulating needle 
is inserted, through the skin and advanced until a a motor 
response is evoked—a plantar flexion (tibial nerve) is 
obtained. Occasionaly a dual response is obtained along 
with the dorsiflexion/eversion of the foot. A 20 ml of 
0.5 % bupivacaine in injected perineurally. 

Indications 

Blockade of the branches of the sciatic nerve at the 
popliteal fossa can be used for surgery on the lower leg 
and the foot. It may need to be combined with saphenous 
nerve block to provide complété anesthésia for lower leg 
procedures. 
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170.1 Medicolegal Aspects in Orthopedics 

S Sane 


INTRODUCTION 

Orthopédie surgery is one of the critical branch of surgery 
where majority of patients land up in emergency. It is 
this fact that makes this branch more vulnérable for 
medicolegal suits. 

This does not mean that the sélective orthopédie 
surgery is not vulnérable for suits against the orthopédie 
surgeon, but that will dépend upon the promises given 
by the surgeon to his/her patients. It is dépendant upon 
the assurances about the results following surgery. Even 
though the rules applicable to any medical faculty in 
respect to négligence remain the same for the orthopédie 
surgeon, the orthopédie surgeon remains vulnérable not 
only from the point of legal suits, but it is said that every 
orthopédie patient is a walking advertisement of the 
orthopédie surgeon's skill—"good, bad and ugly". 

Many orthopédie surgeons prefer to put the boards 
like "24-hour service," "emergency service available," 
"accident clinic," and some such similar types of boards 
which are advertisements seeking better practice. But it 
must be realized that such boards impose a legal 
responsibility of making skilled doctor available ail the 
24 hours and nothing less. Even though theoretically, it 
is possible, still barring institutions it becomes practically 
impossible task for private practitioners to hâve a 
"24 hours skilled doctor's services available" without a 
lapse. This is so important because if there is delay in 
attendance to a patient by the qualified doctor which 
results into any damage, then doctor can be held guilty 


and responsible for the medical négligence irrespective 
of the results. Even though such cheap advertisement 
appears to be lucrative, it is said that any private doctor 
who prefers to hâve such advertisement must be 
prepared for dangers in profession to such advertisement 
unless one really means to serve the humanity ail the 
24 hours. 

With industrialization even at the smaller townships, 
industrial accidents make a patient to go to orthopédie 
surgeon in the near locality. In taluka places where there 
are qualified orthopédie surgeons, practice of making a 
surgeon 24 hours available is the only problem. The 
patient is received by the réception and nursing staff. It 
is needless to say that the paramedicals including nursing 
staff is inadequately trained and/or experienced in exper¬ 
tise management of trauma care. In case there are cases 
of polytrauma, the situation becomes bad to wrose in 
taluka and district places. So-called nursing staff here is 
nothing but white-dressed girls with or without ability 
to read English. When such a situation exists, it makes 
ail treating doctors more responsible and mistakes 
increase in geometrical proportions. Any wrong doings 
by the so-called nursing staff is entirely on the shoulders 
of the treating doctor. Even though it is not mandatory 
to hâve a qualified nurse to attend to any patient, it must 
be borne in mind that nonqualified staff is an entire 
liability of the hospital owner and/or treating surgeon. 
The surgeon cannot hold out that the damage done to 
the patient in every inadéquate management was due to 
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inefficient or improper training of paramedicals, because 
treating doctor ought to hâve known the inadequacy and 
shorcomings of the paramedical assistances and should 
hâve acted with this knowledge. This puts additional 
stress on the treating doctor/surgeon. 

Any disabililty or deformity, which makes earning 
member of a family incapable of working shakes his/ 
her family both mentally and financially. When hunger 
strikes mind will be driven mad and in the modem society 
and surroundings, he/ she naturally resorts to litigations. 
The doctors hâve lost their godly immage which existed 
in the previous génération, and they hâve remained only 
as human soûls and nothing else. Doctor's godly image 
is still a situation at many places in villages, but times 
are changing fast, hence, it becomes necessary for a young 
budding surgeon to take proper guidance so as to prevent 
litigation rather than face it. 

Every orthopédie surgeon must know his/her 
limitations in skill. No one can be best in every branch of 
orthopédie surgery barring few exceptions. Hence, one 
must realize that he/she is to deal into a limited arena of 
orthopédie surgery. It is he/she, who has to décidé as to 
which type of orthopédie surgery, he/she does the best, 
and which branch of orthopédie surgery he/she performs 
to the standards at least of average and reputable. It is 
he/she who would understand, which orthopédie 
surgery he/she does not do so well; hence, it is better 
that he/she should deal in the branches of orthopédie 
surgery which he/she does better than average rather 
than attempting any surgery that cornes to his/her. It is 
true that surgeon learns with every case, but in private 
practice this éducation will prove costly and fatal. It is 
alright when there is someone to correct such wrong 
doings in institutions, hence, a number of orthopédie 
surgeons after obtaining their qualifications prefer to 
work as assistants either under a well known and 
experienced orthopédie surgeon or prefer to work in a 
full-time job where they learn a lot. It is said that a surgeon 
learns better after obtaining qualifications and more than 
before obtaining the postgraduate qualification. It is also 
true to an extent, that after obtaining postgraduate 
qualifications, the person understands as to what to learn, 
and what he/she ought to hâve learnt. It is at that time 
that his/her superior who entrusts the work to him/her 
and out of this responsibility, he/she gets his/her 
expérience. He/she learns from his/her own results. He/ 
she learns from his/her own mistakes, and this is only 
possible when you treat the patient either in free hospital 
or you learn by watching good surgeons. 

With modem advancement in orthopédie surgery, 
fracture réductions hâve become mechanical job and with 
number of high-tech equipments, patients expect better 
results. 


It is needless to understand that every surgeon has to 
remain abreast with the advancement scientifically. If he/ 
she remains in the arena of outdated surgical training, 
he/she will vanish soon. That is why the number of 
institutions prefer to buy high-tech equipments. If one 
can afford there is nothing better. Sea-arm has become 
like an original and basic equipment to an orthopédie 
surgeon. Radiological support like CT scan, MRI and 
neurosurgical support are added advantages. When a 
person invests so much amount, he/she expects to pay 
his/her loans at the earliest and with that tempérament, 
he/she tempted to undertake surgery on each and every 
patients. When a bad resuit cornes to the forefront, 
following issues are debated in the court of law: 

i. Whether surgery was essential, 

ii. Whether there were other alternatives or simplified 
procedure, 

iii. Whether it is done properly, adequately and capably, 
and 

iv. Whether monetary considération were in forefront 
of the treating doctor. 

Ail these discussions even though hurting to a treating 
doctor become inévitable. 

Contributing to journals for recent advancements is 
the rational way of learning newer techniques and newer 
thoughts, but it must be borne in mind that these articles 
are not necessarily the truth, the whole truth and nothing 
but the truth. It may not be accepted by the entire 
orthopoedic fraternity, till it becomes a part and parcel 
of textbooks. 

So far as the orthopédie surgeons treat the patient 
according to the method prescribed in the orthopédie 
textbooks. He/she will not hâve to worry about. The other 
available methods or newly published articles as well as 
new techniques only narrâtes the expériences of the 
authors, and it cannot be imitated by each and every 
surgeon till similar skill is acquired by another. It would 
be rational for any treating doctor to hâve a little 
conservative approach rather than radical thinking as a 
matter of abundant caution. It is true that the theory 
thinkers act in haste, but when lady luck does not smile, 
the surgeon cornes to tears. When Consumer Protection 
Act is becoming more active and general public becoming 
more aware of their rights. It is better to be cautious rather 
than rash. No one can save an orthopédie surgeon for 
his/her bravery if the results are far from satisfactory, 
and one must realize that fortune does not smile every 
time. 

It is heartening to note that younger group of surgeons 
are more prone to attend the various conférences and 
CME programs. This action gives an additional support 
to justify his/her knowledge and training. In one case, 
where it was proved that doctor had not read his book 
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for 25 years and he failed to treat the fracture case pro- 
perly and adequately, he was held guilty of négligence. 

If any otheopedic surgeon is not having the facility of 
radiology, MRI, etc., he/she has to seek it from his/her 
counterpart and has to transfer the patient to that place 
for such investigations. It must be noted that it is the entire 
responsibility of the treating doctor to attend on this 
patient either by himself/herself or through his/her 
assistants (for whose actions, the orthopédie surgeon shall 
be held liable). It has been held that surgeon who was 
treating the patient of fracture of radius and ulna failed 
to appreciate the head injury, relying on his/her 
assistants. Ultimately, the patient expired due to head 
injury which orthopédie surgeon realized only on 
development of decerebrate rigidity. Many orthopédie 
surgeons hâve X-ray machines. However, radiology is 
separate specialty branch of medicine. It is better to hâve 
a qualified radiologist attending the department for at 
least reporting rather than doing everything entirely by 
the orthopédie surgeon. One must realize that in case, a 
family member of an orthopédie surgeon suffers an 
injury, and radiological investigations are to be 
interpreted whether he/she would take opinion of a good 
radiologist or not. Naturally, whatever is considered right 
for the family members of a orthopédie surgeon hâve to 
be right things for his/her patients also. 

A few cases get infected following accidentai injuries. 
Trauma cases are more liable for infections, and 
orthopédie surgeon ought to hâve appreciated this 
situation in any case. Failure on his/her part to take 
adéquate précautions, nonadministration of adéquate 
and proper antimicrobial drugs can lead to such damages. 

Consent 

The informed consent is at best an intégral part of a 
contract between the patient and treating doctor. The 
orthopédie surgery is usually done in multiple stages. 
On number of occasions, the surgeon has to deal with 
the patient for adjustment of the clamps or frames for 
bones and joints. It must be understood that, however, 
minor may be the procedure, every procedure or part 
thereof, requires consent of the patient every time. A 
blanket permission obtained at the time of admission is 
not sufficient, and orthopédie surgeon is vulnérable for 
even a minor procedure that he/she undertakes with the 
patient. It may not be possible for the surgeon to explain 
each and every pros and cons of the surgical procedures. 
It may not be possible for the surgeon to explain ail the 
probable complications that one could meet during any 
surgical procedure, but the Law will expect the surgeon 
to explain to the patient al least the most common or most 


likely complications that are observed during such 
procedures. It is this small stage which is missed by many, 
and this small mistake assumes monstrous appearance 
in cases of litigations. 

The consent should be obtained in the presence of a 
witness whose signature also should be recorded along 
with the address. It must be also kept in mind that out 
country being a multilingual nation, the consent form 
should make it clear as to which language the 
information was given to the patient and by whom. 

It is idéal that the treating surgeon should give it 
himself/herself, but whenever this is not practical, his/ 
her assistant could do the job but always on the shoulders 
of the treating doctor. In cases of minor children, or insane 
patient, the consent should be from the legal guardian 
only and nobody else. In cases of accident, when the 
patient is not in a physical or mental condition to give 
consent and if legal guardian is not available, the district 
magistrate is competent to give a consent. These powers 
are usually vested to the district superintendent of police 
also, but it must be borne in mind that the consent 
obtained from such persons shall be valid only for the 
procedure to save the life, and any consent for further 
surgical procedures either for cosmetic reasons or as a 
permanent corrective surgeries, surgeon ought to wait 
till other patient or his/her legal guardian is available 
and willing. 

No payment or inadéquate payment cannot be 
sufficient reasons for a surgeon to abandon surgical 
treatment, as inadéquate monetary compensation cannot 
be sufficient and good reason to break the established 
agreement. Even "promise to pay" is sufficient for validity 
of the contract. It is this fact, or situation, which makes 
many doctors ask for an advance money before the 
treatment is even started. It sounds unfair, unethical, but 
it is legal alright. One must realize that having accepted 
the patient for treatment and having admitted the patient 
to your hospital, nonpayment of advance cannot be a 
good and valid reason to postpone or delay the treatment. 
Any damage that may resuit due to delay in treatment 
will be the entire responsibility of the treating surgeon, 
and nonpayment cannot be a good defense. 

The surgical equipment or prosthesis should be 
properly tested and selected by the surgeon if one wants 
to avoid future problems. If the patient brings inferior 
quality prosthesis, surgeon must make it a point to 
explain that use of such inferior quality of prosthesis 
cannot yield given results and if a patient insists on using 
such prosthesis only, bad results cannot be the 
responsibility of the treating surgeon. But one must 
appreciate that the patients are smart individuals to put 
it to the surgeon that you select the best and demands 
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the best results. Any economy on the part of the surgeon 
that results into inferior results cannot be justified by the 
surgeon. Unfortunately, law does not accept that the 
results should be nothing short of idéal unless it is so 
specifically promised. Hence, a resuit that could be 
obtained by an average and reputable surgeon in the 
given locality will be the yardstick used by the judiciary 
to measure négligence. A small mistake on the part of 
the surgeon at the fag end of the treatment may spoil the 
entire good job done by the surgeon, hence, it would be 
idéal for the surgeon to hâve a good dialogue with the 
patient or his/her legal guardian as regards the stage 
when both the parties are driving way the patients 
without doing the complété job. It is termed as 
abandonment, and such an act is suicidai; hence, the 
surgeon should see the patient through entire procedure 
till the results are found to be more than satisfactory. 

Preoperative investigation is another headache from 
the law point. When a surgeon is faced in an emergency, 
the investigations that cannot be avoidable is must, but 
whenever it is elective surgery ail basic investigations and 
specialized test as should be done. One must bear in mind 
that each and every investigation asked for must be 
justifiable. It should not be to oblige a pathologist and/ 
or radiologists for reasons best known to ail. Every 
investigation sought should hâve a bearing and need in 
the treatment. A surgeon should not be caught on the 
wrong foot for excessive investigations as well as less 
investigations. In case good results is the outcome of 
treatment in spite of no investigation, no one can question 
a surgeon why the investigations were not done, but in 
case of minor complications also, inadéquate investi¬ 
gations can be questioned in the court of law and can be 
deemed as négligence. 

Documentation 

A complété, chronological correct and comporehensive 
case records are the keywords in the documentations. In 
case the record is not maintained properly, it could be 
suicidai. Error of omissions is much better to defend than 
error of commission. One must realize that these case 
records is the basis on which the judiciary is going to 
rely and adjudicate. Every treating doctor has to preserve 


the case papers for at least 10 years in case of medicolegal 
matters and in case of children, it should be at least till 
the child patients become 21 years old or 10 years from 
the date of injury whichever is later. Every patient and/ 
or his/her close relative is entitled to xerox copies of the 
entire case records, and refusai to give such papers is 
inviting litigation. It is needless to say that ethically, the 
doctor who has a common interest in the patient is also 
entitled for such records. This is so important because 
company doctors who hâve the legal responsibility for 
treatment of the employées of a company or their family 
members to which he/she is a medical officer may 
demand the case records and somtimes, arrogant treating 
surgeon refuse the same. One must realize that the privity 
of the case papers is very very minimal. To many 
surgeons who hâve more ego than ability are susceptible 
persons to this trap. 

Certificates 

The surgeon must know that "light duty" must be clear. 
It has been observed that patient asked for fitness 
certificate of a future date, and the surgeons do comply 
with that. It has been also observed that certificates are 
issued where the date of fitness is future dates, this 
amounts to forecast certificate. Some patients do ask for 
certificates in terms of approximate expenditure. Some 
patients ask for enhancement in the bills. Some patients 
request the treating doctors /surgeons that certificate 
should show exaggerated injury or seriousness in the 
disease and/or conditions of the patients. Ail such 
certificates are a point trap. Those who get caught in the 
trap get punishment where others escape but if you 
always certify the truth only, it will always keep you safe 
and would be wise rather than the person who are 
otherwise. 

One must realize that we hâve taken this profession 
by our choice. No one has forced it on his/her part. The 
humanity is a virtue, as surgeon always works 
impulsively. If an orthopédie surgeon is having adéquate 
knowledge, fairly good skill and rational thinking, he/ 
she must know and rest assured that law is always with 
him/her and he/she has nothing to fear. 
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170.2 Medical Practice and Law 

BS Diwan 


INTRODUCTION 

Can one expect high regards for the medical person? The 
modem practice is fast changing. The line between 
business and profession is getting obliterated. The active 
consumerism has brought the existence of the Consumer 
Protection Act into focus. With rapid progress in the 
medical field, the element of the technical skill is 
becoming too large and, therefore, it is becoming 
increasingly difficult to distinguish the professional from 
the technician. One of the characteristic of the profession 
is the element of discrétion in the Judgement—some 
indefinable human quality, acquired out of expérience. 
Unfortunately technical rules are getting more 
prominence than judgement. The medical person is 
feeling insecure, and there is a tendency to follow 
défensive medicine. The understanding of our legal 
position, our rights and obligations will relieve these 
tensions. 

Doctor-patient Relation 

The ability of a doctor to affect the lives of those who 
corne into contact with the medical service is in extreme 
and in some way unique. The medical consumer is often 
in no position to agrue with the medical man, let alone to 
shop around. The process of contact starts with the 
signboard of clinic or hospital. In the legal sense, these 
signboards amount to "Invitation for offer". The patient 
approaches the medical person with offer to avail himself 
or herself the services of the doctor. As soon as doctor 
accepts this offer, the legal binding contract is concluded. 
Taking the history of a patient, starting the clinical 
examination, bonafied actions of your assistance or even 
the téléphonie talk will amount the acceptance of patient's 
offer. The doctor-patient relation is an implied civil 
contract. 

Right to Refuse a Patient 

Before the contract is final as described above, the medical 
person has absolute right to choose or refuse his/her 
patient. The doctor is not responsible for any resuit of 
such refusai. Such refusai may even resuit in a death of a 
person. However, this legal position needs to be modified 
in the view of a landmark decision by the Suprême Court 
in Paramanand Katar a vs Union of India. In this case, the 
Medical Council of India has stated on oath that "A 


physician is free to choose whom he will serve, we should, 
however, respond to any request for his assistance in an 
emergency or where temperate public opinion expects 
the service." Subject to these ethical limitations, a doctor 
is not obliged to provide emergency service station. But 
if doctor provides such center, it will be his or her duty 
to accept each and every case cornes to that center. When 
a signboard of the doctor reads as "Fracture and Accident 
Hospital, 24-hour emergency service available or 
Intensive care unit," it is not an invitation for offer, but is 
a firm offer and doctor is bound to accept every patient 
cornes to his center. 

Right to Restrict the Practice 

The doctor is within rights to restrict his or her practice 
in respect of following: 

1. He can restrict his practice to a particular specialty or 
subspecialty and refuse to work otherwise though he 
or she may be capable of working. 

2. A doctor can restrict his or her practice within par¬ 
ticular géographie locality. 

3. A doctor can exclude the house visit. 

4. The doctor has got right to détermine the time and 
frequency of appointment. 

5. A doctor can give consultation without intention of 
taking over the patient. 

However, in ail above cases, there must be express of 
implied intimation to the patient before starting the 
treatment. 

Consent 

Due to wide publicity of some decisions of the consumer 
fora, the medical fraternity overreacted. The doctor s are 
scared. There is a great demand for an idéal consent form. 
They think that if widest possible is taken they will be 
out of legal net. Some medical associations hâve supplied 
to their members 10 pages consent forms. One must keep 
in mind that ail medical probabilités cannot be given in 
such printed forms. Even the medical persons after his 
or her training is unable to appreciate and expect medical 
resuit accurately. The doctor-patient relationship is an 
implied civil contract for which both must agréé on same 
thing in same sense. If a patient undergoes an operation 
of sterilization with the impression that this operation is 
to improve the fertility, his/her consent for such 
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operation is not valid. He/She will be able to recover the 
damages from the surgeon. The doctor is a dominant 
party to the contract and he/she has got specialized 
knowledge, therefore, it is his/her duty to take an 
informed consent. The amount of information must be 
such which permits the patient to décidé for himself or 
herself whether or not to undergo the recommended 
treatment. The information should include risks of death 
and bodily harm, probable results, problems of 
récupération and alternative mode of treatment. 
Exhaustive infomation about rare complications is not 
necessary. 

The physician should obtain the consent of adult 
patient. The thumb impression of the patient should be 
attested preferably by his or her near relatives. A collateral 
consent of a near relative is désirable so that the consent 
of the patient may not be challenged in the event of death 
of the patient. 

A single consent for the multiple procedures would 
appear to be valid, provided they are related operations 
and form the part of the continuity of patient's treatment. 
But if operation is unforeseen, a fresh consent would 
appear necessary. For minor procedures, the consent is 
more frequently implied. 

Where a dismembering surgery such as amputation, 
sterilization is contemplated, a spécial consent mention- 
ing extent of the surgery such as level of amputation is 
necessary. 

In the case of a minor and an unconscious or unsound 
adult, a near relative or guardian must sign the consent. 
Minor's consent is valid if such person sufficiently 
understands what the consent implies. Such consents are 
not valid for organ or blood donation or experimental 
operations. 

When consent is not possible and delay would be 
dangerous, the hospital and the staff act as agent of 
necessity, and this necessity negates the liability in torts. 

A written consent is better protector of the doctor. 
However, in the absence of written consent, it may be 
possible to prove by the actions of the patient. The consent 
of the spouse is not mandatory but is désirable to avoid 
matrimonial proceedings. Husband's consent is vitally 
necessary for artificial insémination. 

Due Care 

A doctor, by taking a charge of a case, impliedly repre- 
sents that he or she possesses, and the law places upon 
him or her the duty of possessing, that reasonable degree 
of learning and skill that is ordinarily possessed by a 
doctor in the locality in which he or she practices. The 
degree of knowlege and skill is to be decided by those 


conversant with the employment as is necessary to 
qualify him or her to engage in the profession. Therefore, 
every medical person has to keep himself or herself 
abreast in the advancing knowledge and modem skills 
available to the profession. One cannot plead in the 
defence that he or she is unaware of the medical advance. 
The doctor must at least hâve skill and knowledge which 
he or she has conveyed to the patient that he or she 
possesses. Your qualification conveys and law présumés 
that you hâve got particular skill and knowledge. By your 
name-plates you are projecting your skill and knowledge. 
Your place of practice also affects the expectations. The 
doctors working in the teaching institutions should hâve 
more knowledge. The doctors practising in the cities 
which are known to be medical centers, a better treatment 
is expected. The amount of fees will also be taken into 
considération. In brief, the standard care is one which is 
reasonably to be expected, is equal to a practitioner of 
the same status, expérience, qualifications and working 
under same conditions. 

Locality Rule 

The expectations from the doctor will change from 
geographical as well as professional localities. The stan¬ 
dard of medical treatment will be different in 
metropolitian, district places or mofussil areas. The 
professionally advance part of the country will hâve 
better standard of medical treatment than backward 
areas. However, due to rapid transport available, the 
locality rule is fast changing. The régional standard will 
be applicable to the specialists, the superspecialist will 
be governed by the national standard. 

Négligence 

Mostly medical person is accused of négligence. In some 
cases, if he or she fails to take consent, there may be 
accusation of assault and betray. Sexual assault, grievous 
hurt or even murder are offenses registered against 
doctor. 

A négligence is a tort, i.e. a civil wrong. This can be 
explained in four Ds: (i) duty, (ii) dereliction of that duty, 
(iii) direct causation, and (iv) damage. 

Duty 

There is legal duty to take due care. The additional duties 
may dépend on the précisé circumstances, e.g. the 
intention of a doctor to act on advise of a patient especially 
in plastic and orthopédie surgery for correction of 
defomities. 



Medicolegal Aspects 1399 


Dereliction 

Dereliction of duty can occur due to failure of skill and 
knowledge, i.e. failure to know what he or she is doing if 
a reasonably prudent person would hâve known. There 
may be also failure of deligenece, i.e. physician knows 
but does not do it carefully or omits to do it. Extrême 
failure of deligence is considered as criminal négligence. 

Direct Causation 

There must be direct relation between the négligent act 
and the damages asked for. Loss of earnings because of 
négligence is permitted. 

But loss of oppotunities being remote are not allowed. 

Damage 

The object of damages is not to punish the doctor but to 
place the patient, so far as money can do so, in the same 
position as he or she would hâve been for the doctor's 
négligence. This sometimes leads to absurd conclusions 
such as it is cheaper to kill the patient than to keep him 
or her in a main conditions. The rich person can get more 
compensation than poor person. The general damages 
are awarded in respect of présent and future financial 
loss and expenses, pain and sufferings, loss of 
expectations and amenities of the life, breadwinner and 
disability. The actual loss and expenses are termed as 
spécial damages. 

It is bonus of the patient to prove ail ingrédients of 
the négligence except in the cases covered by Res Ipsa 
îoquitur means the things speaks for itself. Remaining a 
swab or an instrument in a abdomen is best illustration 
of this principle. 

With this preliminary knowledge of the law, day-to- 
day actions in the medical practice is discussed in this 
chapter. 

Diagnosis 

The medicolegal problems in respect of diagnosis arise 
under two circumstances. There might be failure to 
discover the disease, or there might be diagnosis of 
disease which patient is not acually suffering. Diagnosis 
of nonexistent conditions like pregnancy, leprosy, 
tuberculosis may be disatrous. However, it is not possible 
to do correct diagnosis ail the time. The expectation of 
law is minimum. The doctor must do ail necessary things 
so as to put himself or herself in a position to make a 
diagnosis. He or she need not be right in diagnosis. Once 
doctor does necessary clinical examination and 
investigatios, the diagnosis is a judgement. The error in 
the judgement is always excused. Not taking a radiograph 


when there is clinical evidence of fracture will be 
négligence. But if there is no clinical suspicion crack 
fracture is detected subsequently, it will be error of 
judgement. 

Treatment and Results 

The doctor undertakes to make a careful (not necessarily 
correct) diagnosis and plan of treatment and to use good 
judgement in carrying out that treatment. He does not 
guarantee the results. If he gives a guarantee, he or she 
will be responsible. Carrying out ineffective treatment 
with reactions will be a cause of action. But in a terminally 
ill patient, such continuation will be justifiable with 
information to the relatives. When medical opinion is 
divided over the medical investigations and treatment, a 
doctor need not foliow the majority. It is sufficient to show 
that his or her action is approved by a "respectable 
minority." When nature of illness is such that the usual 
treatment is hazardous, a departure from it is not a 
négligence, e.g. treating a hémophilie with conservative 
treatment, when standard treatment is open réduction 
of a fracture. A treatment which is unknown and 
disapproved by peers is not permissible. However, 
innovative treatment is permissible if standard treatment 
fails and patient has got hazardous illness. In that case it 
is necessary to take an informed consent explaning the 
standard treatment and its risks, and new treatment and 
its risks. 

The progress of the medicine is not possible without 
experimental medicine. This is permissible under law 
provided a spécifie consent is taken and the risk to the 
life or health is reasonable. Experimental medicine is not 
permitted in the case of minors lunatics. 

Duty to Refer and Consult 

Whenever a doctor is in difficulty, he or she will refer or 
consult his or her colleague. Sometimes the consultation 
is necessary to share the responsibility. However, the 
consultation and reference become mandatory in the 
following situation: 

1. When a patient requests: It is right of a patient to hâve 
second opinion, consultation or reference. If doctor is 
not the agreeable, only way is to terminate the patient- 
doctor contract. 

2. When the doctor is in doubt and in dificulty about 
diagnosis or treatment. 

3. When the quality and care of the management can be 
conceivably enhanced by reference or consultation. 
A case of a suppression of urine has to be referred to 
the center where dialysis is available. Ethics and law 
impose duty on a doctor to keep himself or herself 
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abreast, i.e. to be aware of changing concepts and 
developments. However, he or she is not bound to 
use everything new. Usefulness must be reasonably 
established. The doctor should use "Benefit versus 
Risks rule" while taking the decision. Once he or she 
décidés to refer or consult he or she is under obligation 
to select a proper consultant or referai center. He is 
also under further obligation to take consent of 
patient, explain to the patient the roll of new physi- 
cian, pass on necessary information to the consultant, 
and explain the consultation report to the patient. In 
the case of serious patients, the doctor will also see 
that an appropriate transport is there. 

Consultation and reference may raise following 
medicolegal points. 

1. The referring doctor is responsible for doing too little 
and too late and too much and overreaction. Safest 
way in the difficulty is to foliow accepted standard. 

2. In the case of transfer referring doctor has got no 
liability except under the doctrine of "négligent 
choice." It is expected that the doctor should guide 
his or her patient to get best benefit from the consul¬ 
tation and reference. It should not be a useless 
exercise. 

3. In the case of joint treatment, primary responsibility 
is of consultant. However, the referring doctor has 
got duty of observing, recognizing or knowing the 
substandard treatment of consultant. 

4. If consultant notices substandard treatment of refer¬ 
ring doctor, and if that is correctable without 
irréparable harm and if the patient is not inquisitive, 
the consultant need not volunteer the information. 
However, there is irréparable harm or patient ask, it 
is duty of consultant to inform. The doctor will be 
excused from referring or consultation if appropriate 
consultant or facility is not available, if reasonable 
transport is not available, or if knowledge of the 
profession is such that the consultation would be of 
no avail. 

Medical Records 

The medical record is an account of medical facts pre- 
served in the permanent form such as clinical history, 
prescriptions, investigation reports, preserved specimens, 
slides, radiographs etc. The ownership of these records 
dépend on the circumstances such as who has paid for 
the same as well as what is contract between the parties. 
If hospital reserves right of ownership by spécifie 
conditions, the ownership will be of hospital only 
irrespective of who made the payment. However, the 
patient has got absolute right of information of his or her 


record. It must be made available on demand of the 
patient. The doctor can take reasonable fees for searching 
the record and duplicating it. This previlege of right of 
information is even extended to the next of kin in the 
event of death of a patient and patient's succeeding 
physician and attorney. The doctor is bound to keep the 
confidentiality of the medical records. He can not disclose 
it to any other person without the consent of the patient. 
There is no absolute standard about details expected from 
the records. However, it must be remembered that the 
absent, déficient, inaccurate or falcified record will go 
against the defense of the doctor. The cause of action of 
medical acts may arise any time in future on the date 
when the négligence is detected for the first time. A 
foreign body left in the body during operation may be 
detected many years after the operation. So, there is no 
legal limit for the préservation of the medical records. It 
is préférable to preserve it during lifetime of the doctor. 

Medical Fees 

Apart from the offer and acceptance, the third essential 
of the contract is considération of fees. Medical fees are 
the considération in the doctor-patient relationship. There 
is no legal limitation on the fees provided the fees are 
informed to the patient in advance. In absence of such 
advance intimation, only reasonable fees are expected. 
The reasonable fees will be decided by the average fees 
in the area of the practice. The particular doctor is known 
for his or her high fees in the locality, his or her fees will 
be reasonable for his or her services only. The doctor has 
got on lien over the dead body of a patient for the recovery 
of the fees. Handing over the dead body to the relatives 
cannot be withheld for recovery of bills. The proper legal 
way for recovery of bill is civil suit. The doctor is justified 
to terminate his or her doctor-patient relationship if the 
patient fails to deposit sufficient advance for the 
treatment. 

Medical Certificates 

The medical certificates should mention only facts and 
true opinions. Always take signature or thumb impres¬ 
sion of the person on the certificate or on your case paper 
so that the certificate will not be misused by impersoni- 
fication. Remember that it is very difficult to identify a 
patient if seen after lapse of time. The society has given a 
privilage in respect of certificates. This respect is getting 
erroded day by day because of misuse of this privilage 
by the medical persons. Reasonable fees can be charged 
for the certificates. However, the death certificate must 
be issued without delay and free of charge. 
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Police Reports 

Ail medicolegal causes and cases of accidents except 
minor injuries must be reported to the police station of 
area where you are practising. Passing of information to 
the police station of proper jurisdiction is duty of doctor. 
Undertaking from the parties that they hâve no police 
complaint is not protection for the doctor. In the case of 
death, if doctor has not arrived at probable cause of death 
the police should be informed. 

As per Suprême Court direction the treatment of the 
injured will hâve priority. The doctor should start the 
treatment immediately and should not wait for the 
completion of the medicolegal formalities. 

Court Attendance 

The court attendance after the summons is mandatory 
in both criminal and civil courts. As an expert witness 
the doctor can ask his rémunération. Courts are usually 
considerate but doctor cannot insist on particular fees. 
The Suprême Court has also given directions to the 
judiciary to call the doctor only if absolutely necessary 
and relieve them from the court as early as possible. 

Défensive Medicine 

Due to existence of the consumer protection act and over- 
action to some decisions, the medical persons are trying 


to be more défensive. The doctor feels that doing ail 
investigations possible and prescribing gunshot therapy 
might protect him or her from the allégation of 
négligence. One must remember that the law is basically 
rétrospective. The law foliows the people. If majority of 
people are trespassing for long time, trespassing of that 
place does not become offense. Similarly if majority of 
doctors start doing unncessary things for long time, they 
might présumé that the unnecessary things are necessary, 
and prudency of the majority will be decided with this 
presumtion. Statistically risk of one getting conviction for 
the négligence is very remote. One should foliow his or 
her scientific judgement without fear to avoid any 
complications. 

One must take inhérent risk in the profession. It will 
be appropriate to enumerate the causes of complaints 
against doctors. 

1. Breakdown of doctor-patient relationship. 

2. Occurence of unexpected event during the treatment. 

3. Large medical bills. 

4. Growing consumer movement. 

5. Unreasonable expectations of the patient. 

6. Undue actions of physician (usually based on the guilt 
or anger). 

7. Unwarranted remarks of colleagues. 
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INTRODUCTION 

Most tibial shaft fractures were treated conservatively 
with réduction and plaster, which is safe and resource 
sparing. But it is not suitable for ail cases as it does not 
always maintain length and angulation, rotational 
deformity is frequent. It also leaves wounds relatively 
inaccessible in compound fractures (Puno et al 1986). 1 

AO dynamic compression plate (Reuedi, Webb, 
Allgower 1976), 2 has yielded unacceptably high rates of 
infection (Smith 1974). 3 It is now given up as a treatment 
for shaft fractures in favor of interlocking nailing by most 
of the trauma centers in the world. 

External fixation is used mainly for the treatment of 
compound tibial fractures and is not suitable for final 
treatment. Closed, fractures (De Bastini, Aldegheri, Brivio 
1984; Court Brown, Hughes 1984; Evans, McLaren, 
Shearer 1988) were also treated by external fixation 
though it has disadvantages of bulky frames, frequent 
pin tract infection, nonunions and malunions (Holbrook 
et al 1989). 4-7 Today it is mainly used as primary treat¬ 
ment of Grade IIIB and IIIC compound fractures till the 
soft tissues heal and then it is replaced with interlocking 
nail. 

Intramedullary devices like Kuntscher, Ender and 
Lottes nails tends to give shortening or rotational defor- 
mities in unstable and comminuted fractures. The recent 
introduction of interlocking nails has greatly increased 
the scope of the technique of intramedullary nailing. 

EVOLUTION 

It is recorded that the Aztecs used wooden intramedul¬ 
lary nails 500 years ago. Early orthopédie surgeons such 
as Senn, Lambotte and Hey Groves investigated the use 
of ivory, bone and metallic nails. 


The intramedullary techniques that are in common 
use today are derived mainly from the work of Gerhard 
Kuntscher, father of reamed intramedullary nailing in 
Germany, and the Rush family in the USA. Herzog used 
Kuntscher's fémoral nail and designed a nail with a clover 
leaf cross-section suitable for the tibia. 

Since Kuntscher's time, the nail has been modified to 
incorporate the natural anterior bow of the fémur 
(Fig. 1) although the overall shape of the tibial nail has 
remained essentially unchanged. 

The second modification is the introduction of inter¬ 
locking nail. It was initially introduced by Kuntscher but 
the design has been modified by Huckstep, Klemn, 
Grosse, Kempf and others. Most current designs permit 
two cross-screws distal to the fracture with either one, 
two or three proximal cross-screws. Commonly used 
examples of this type of nail are Grosse-Kempf nail and 
the AO nail. 

TIBIA 

The tibial V nail has been extensively used in India. This 
is introduced either from the médial side of the upper 
end of tibia in which case the nail has to be thin and 
flexible to negotiate the upper end of tibia, or if the nail is 
thicker then it can be introduced from the upper end, 
médial to the tibial tuberosity. This nail does not control 
rotation and hence it needs postoperative plaster till the 
fracture heals. 

This being a weaker nail has been associated with an 
unacceptable high rate of complications like shortening, 
and rotational and recurvatum deformity. The other 
mainly used nail is the Rush pin which does not require 
reaming for its insertion. 

Two or three Rush pins can be used to gain stability 
in a wider medullary canal in the tibia. The opposing 
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Fig. 1: Interlocking nail with an antérolatéral bend matches 
the normal fémoral curvature 



Fig. 2: Distal fixation with fins in a Broker Willis nail 


forces produced by insertion of the two appropriately 
bent nails provide stability. In spiral or comminuted 
fractures Rush pins do not provide the same stability as 
a locked nail. 

Interlocking Nail 

Most surgeons perceive that the hardest part of inserting 
a locked intramedullary nail is the insertion of the distal 
cross-screws. The problem of distal screw insertion has 
led to a new design of reamed locked nail, the flanged 
nail. This modification has been introduced in the Brooker 
Wills, Derby and Medinov nails. It is a curved nail of 
clover leaf cross-section with a métal insert carrying two 
sharp flanges. After nail introduction the flanges are 
advanced and a proximal screw is used to maintain the 
flange extension by pressing down on the central métal 
rod that lies between the proximal screw and the distal 
flanges (Fig. 2). This nail abolishes the problems of distal 
screw insertion, although occasionally the flanges may 
be difficult to retract prior to nail extraction. Use of this 
type of nail for Indian patients with thinner diameter is 
yet unproved and hence at présent its status is 
undetermined and at présent AO nail or GK nail is the 
one which is being used. 

Indications for Nailing 

There are a number of situations where intramedullary 
interlocking nailing has been shown to be effective and 
is advocated by many surgeons. These are the following. 


1. Ail closed fractures of tibia except at the ends of the 
bone 

2. Open fractures up to Grade III A tibial diaphyseal 
fractures 

3. Aseptie nonunions 

4. Pathological fractures 

5. Malunions 

6. Limb lengthening procedures 

Open fractures which were treated by external 
fixations until now gave many problems like delayed 
union, frequent pin tract infection and necessity to change 
the fixator treatment to more definite treatment like 
plaster or interlocking nail. Today most centers hâve 
shown excellent results with primary interlocking nail 
in compound fractures up to Grade III A after debride- 
ment and wound care. 

Preoperative Assessment for Interlocking Nail 

Certain fémoral and tibial fractures near the ends of the 
bone are not suitable for intramedullary nailing, e.g. if 
the fracture has an intra-articular extension. The only 
other contraindication to nailing is the presence of an 
excessively narrow medullary canal. 

Bone Quality 

Intramedullarly nailing is a suitable technique for bone 
of poor quality. Techniques such as plating and external 
skeleton fixation are less appropriate in elderly bones 
because of the problems of maintaining screw position. 
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Fig. 3: Tibial interlocking nail Fig. 4: Tibial interlocking 
AO type nail GK type 

In undeformed osteoporotic or ostéomalacie bone, nailing 
is straight forward, and it is advisable to insert ail possible 
cross-screws as there is an increased tendency for the 
cross-screws to back out of such bone. 

Closed Nailing of the Tibia 

The Grosse-Kempf nails and AO tibial nails are slightly 
different from each other with the Herzog's bend in the 
AO nail (Fig. 3) being distal to the one in the Gross-Kempf 
nail (Fig. 4). Closed intramedullary nailing can be 
undertaken better with an appropriate operating table 
which can allow traction and réduction of fractures before 
closed nailing and interlocking. 

These tables are now available in India, manufac- 
tured in India. The use of a C-arm is a very helpful for 
closed réduction. In tibia it is easy to do closed nailing 
without the C-arm and the spécial table. The new type of 
AO distractor is very useful for closed nailing, but it is 
not as easy as it is claimed. 

On the spécial table and the C-arm the patient is 
positioned supine, the calcaneal pin is passed, and the 
knee is fixed in 90° of flexion (Fig. 5). The fracture is 
reduced by application of traction to the foot through a 



Fig. 5: Position on a traction table 




Fig. 6: The tibial entry point 

calcaneal pin. Traction can theoretically be applied 
through an orthopédie boot but a calcaneal pin is essen- 
tial particularly when there is delay prior to surgery or if 
distal cross-screws are required. 

Care should be taken in positioning the calcaneal pin 
as an incorrect position may lead to varus or valgus 
malalignment. 

A vertical midline incision is preferred for the entry 
point. Access to the proximal tibia can be gained by either 
splitting the patella tendon or retracting the patellar 
tendon laterally, the latter is preferred as it allows access 
to the long axis of the tibia without damaging the tendon. 

A large curved bone awl is used to open the proximal 
tibial cortex anteriorly at a point 1 to 1.5 cm below the 
joint line (Fig. 6). If placed too high there is a risk of joint 
damage and if too low proximal comminution of the tibia 
may occur. 

It is extremely important that the bone awl should be 
inserted in a curved manner so that its handle cornes to 
be parallel to the tibial shaft. Failure to this may resuit in 
pénétration of the posterior cortex and possible arterial 
damage. Although this has been reported it will never 
occur if the bone awl and subséquent hand reamers are 
used in the correct manner. 

A hand reamer is passed from the point of entry in 
the tibia into the metaphyseal bone connecting the entry 
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point to the medullary cavity. The tissue protector is used 
to prevent the reamer from coming in contact with the 
skin. Once the metaphysis has been penetrated there is 
no need to pass the hand reamer more distally in the 
medullary cavity. 

An olive tipped guide wire is passed into the 
medullary canal. Closed réduction is carried out and the 
guide wire is negotiated in the distal fragment. 

After the successful introduction of the guide wire, 
the tibia can be reamed over the olive guide wire which 
stops the reamer from progressing into the joint. The tibia 
should be reamed to a size 1 mm greater than the 
diameter of the nail which is to be inserted. 

After the medullary canal has been reamed to the 
correct length and width, the reamers can be removed 
and the olive tip guide wire exchanged, without losing 
the réduction of the fracture, by a flexible teflon sleeve 
passed down over the olive guide wire until it is across 
the fracture site. After positioning the sleeve, the olive 
tipped guide wire is removed and the nontipped guide 
wire passed down the tibia. The tibia nail is passed over 
this wire. Most teflon sleeves hâve a small métal marker 
close to their tip to facilitate localization. If the guide wire 
is graduated then assessment of the nail length can be 
done directly. Subtraction of the exposed guide wire from 
the total length of the guide wire gives the length of the 
nail. 

The nail is mounted on the insertion jig (Fig. 7). It can 
usually be passed to the level of the fracture with 
comparative ease if the medullary canal has been 



adequately reamed. Minor degrees of malreduction can 
be corrected merely by the passage of the nail over the 
fracture particularly if the fracture is near the isthmus. 
After the nail has been pushed in the distal fragment, the 
guide wire can be withdrawn. Proximal locking screws 
are passed with the help of the premounted jig after 
releasing the traction. 

Distal Locking 

Distal locking is impossible without an image intensi¬ 
fier. Mechanical aiming equipment fitted to the proxi¬ 
mal side of the nail does not actually work because the 
nails change shape on being passed down the medullary 
canal of either the tibia or fémur, thus the distal screw 
holes do not end up correctly aligned with the jig unlike 
proximal locking where the distance is short and nail 
torsion does not occur at that level. There are various 
techniques described for locating the distal holes. 

1. The use of spécial distal aiming device (standard) with 
C-arm. 

2. Use of radiolucent drilling attached to C-arm 

3. With the help of laser 

4. With the help of ultrasound 

5. With the help of fluoroscopy 

6. Free hand with C-arm, which needs great deal of 
expérience. 

Time required for distal locking is more than proxi¬ 
mal and carries more risk of radiation to the patient and 
surgeon. 

Standard Technique with Aiming Device 

The patient's âge is located between the source of image 
intensifier and the aiming device. The image intensifier 
is positioned so that the locking hole appears as a perfect 
circle on the monitor. The point is marked by positioning 
the tip of the bone awl, scalpel or the tip of the K wire in 
the center of the holes. The incision is located over the 
marked locking holes. In some cases a single incision is 
convenient than two smaller separate incisions. 

The distal aiming device and aiming trocar are 
pressed on the nearby cortex and slightly rotated to center 
the direction finder's central dot in the circle. The aiming 
device is moved parallel along the axis of the bone until 
the central dot of the aiming trocar is centered in the 
locking hole. 

To prevent accidentai latéral displacement the aim¬ 
ing device is pressed firmly against the surface of the bone 
and the tip allowed to dig in slightly. 

The aiming trocar is removed and replaced with the 
4.5 mm drill sleeve. The aiming device is recheck for 
correct alignment. Its position is correct if the image of 
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the locking hole in the nail is circular and concentric with 
the drill sleeve. The 4.0 mm outer diameter drill bit on 
the 4.5 mm shaft is used to drill through both cortices, 
passing through the hole in the nail. The direction finder 
is constantly checked to keep the drill correctly aligned. 
The drill sleeve and the depth gauge inserted directly 
through the aiming device to measure the length of tibial 
locking boit required. 

The self-cutting tibial fixation boit is inserted through 
temporarily. The distal locking boit is inserted through 
the 8 mm protection sleeve. Then the fixation boit in the 
proximal hole is removed and replaced by the proximal 
locking boit, then the aiming device is removed. Once 
the nail is locked on both sides, the patients are mobilized 
on partial weight-bearing the next day and gradually on 
full weight-bearing once the fracture starts consolidating 
in about 10 to 12 weeks. 

In thinner nails of 8 and 9 mm, weight-bearing is not 
possible and hence partial weight bearing is ail what can 
be allowed. In 10,11 and 12 mm nails full weight bearing 
can be permitted from the beginning. 

This method of distal locking is not feasible in India 
due to lack of C-arm in most of the hospitals and hence 
Dr. D D Tanna of Bombay has devised the method of 
distal locking without the C-arm. 

Operative Technique: Indian Expérience with 
C-Arm Modified Nail by Dr. Tanna Nail 

It is a tubular, hollow nail of 2 mm wall thickness, 
available in diameters of 7, 8 and 9 mm and length 28 to 
38 cm which suits Indian patients who hâve a narrow 
medullary cavity and short stature. 

Proximal locking holes are situated at a distance of 1 
and 3 cm from the Herzog's bend. Distal holes are situated 
at 1 and 3 cm from the tip. Distal holes are in the 
anteroposterior direction hence it is easier to lock without 
the C-arm because the nail just under the anterior cortex 
of the tibia which makes it easier to see the hole in the 
nail with the naked eye. The hole size allows a 4.5 mm 
cortical screw to be used in the 9 mm nail, and 3.5 mm 
cortical screw in the 7 and 8 mm nails. 

Procedure 

Measure correct length from opposite leg, knee joint line 
to ankle joint line and subtract 4 cm. The patient lies 
supine at the edge of table so that the leg hangs free at 
90° flexion. After application of the tourniquet the patellar 
tendon is retracted laterally and cortex perforated with a 
curved awl directed anteriorly, centered 15 mm posterior 
and proximal to the insertion of the patellar tendon. The 
medullary cavity is opened with a 7 mm medullary 
reamer. A straight guide wire is passed on a T handle till 


the fracture. Closed réduction is done with traction and 
a little external rotation and varus. The guide wire is 
negotiated across the fracture into the distal fragment by 
the feel of the bone when grating is felt. The position is 
confirmed on radiography. 

The nail is pushed inside the medulla, checking 
rotation from time to time by rotating the jig so that the 
distal holes remain in perfect anteroposterior direction. 
Proximal locking is done by the help of a jig as usual. 

Method to Negotiate Guide Wire in Distal Fragment 
without C Arm, without Fracture Table 

Procedure is done on an ordinary table in fresh fractures. 
The tip of the guide wire is bent by 20° to 30 degrees, 1 
cm from the tip the guide wire passed till the fracture 
site—since the tip of the guide wire is bent one can feel 
the résistance of the medulla and when the guide wire 
crosses the fracture site into the soft tissue the feel of 
résistance is lost. Traction is given to the distal fragment 
manually or through a pin in the distal fragment to reduce 
the fracture and the guide wire is pushed in the distal 
fragment. If the résistance of the medulla is not felt then 
the guide wire is in the soft tissue. The procedure by 
rotating the guide wire by 90° is repeated each time till 
the guide wire is negotiated in the distal fragment. 

DISTAL LOCKING 

Distal locking was earlier done with an identical second 
nail where the distal holes matched. This was then 
replaced by a distal aiming localizer, which is another 
nail of exactly the same shape, distal holes are exactly at 
same level from the lower end of the nail. This can be 
fixed to the upper end of the nail lying in the tibia. Length 
of this is adjusted according to length of nail used, by 
sliding the knob which locks at fixed length. 

This is though not a jig, like the proximal end, because 
the nail bends to adjust the small curve of the medullary 
cavity and hence perfect distal jig is not possible. 

After adjusting the length of the nail and fixing the 
localizer to the top the nail inside the tibia, 2 K wires of 2 
mm diameter are drilled in the outer through the holes 
of the localizer. After removing the localizer an X-ray is 
taken to see the relation of tip of the K wire and the distal 
locking holes. Often the K wires are on the holes or within 
a range of 2 to 3 mm. The wires are removed a single 
incision made, tibialis anterior tendon retracted, 
periosteum elevated, and the impression made on the 
bone by the site of drilled K wires is located (Fig. 8). 

The correct drilling point for locking is judged from 
the radiograph, accordingly a point exactly on the hole 
of the nail inside is selected. At that spot, a second K wire 
is used to make another impression on the judged spot 
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Fig. 8: Relation of the K wires and the locking holes 

and a 4.5 mm drill hole is made in the near cortex on this 
marker so that the drill does not skid, and this hole is 
countersunk to improve the angular vision inside the 
tibial medullary cavity where the nail is lying. This hole 
is washed out with saline to remove blood and make the 
view inside the tibial medullary cavity clear. In spite of 
the tourniquet small oozing does occur. With the help of 
3 to 4 mm suction tip and a good light source one can see 
the hole inside the tibia nail and a K wire can be used to 
feel the hole. Once the hole is located, the cortex is drilled 
with a 3.2 mm drill through the hole, tapped and a 4.5 
mm screw of the desired length passed. The same 
procedure is repeated for other holes (Fig. 9). The cortical 
hole may be expanded if required as in case of inability 
to find the distal hole. 

With increasing expérience the accuracy of distal 
locking with this procedure is 100% thus reducing 
radiation hazard to the surgeon and the patient. 

In the author's expérience when ail patients were 
statically locked, stability provided by tubular nails was 
excellent. Ordinary 4.5 cortical screws were used for 9 
mm nails, and 3.5 for 7 and 8 mm nails. Weight bearing 
was delayed in the latter group. With 4.5 mm screws 
partial weight bearing could be started much earlier. 

Time taken for healing and other complications were 
almost the same as described in other published sériés in 
literature. 

In an Indian set-up these cheaply available nails and 
instruments, hâve been very useful in locking tibial 
fractures without the C-arm with very good results in 
the authors sériés of 240 patients. 



Fig. 9: Distal tibial locking 


PROXIMAL TIBIAL FRACTURES 89 

Treatment of the proximal tibia; fractures with a 
intramedullary device is an attractive option. It has the 
advantage of being biological, acting as a long internai 
splint and having skin incisions away from the fracture 
site. However, the proximal tibial is more roomer than 
the diaphyseal intra medullary canal. This mismatch 
prevents intimate contact between the nail and bone thus 
allowing the loss of réduction usually resulting in varus 
and anterior bowing. The rate of malunion for proximal 
fractures is 58% as compared to 7% for middle third 
fractures . However, these problems can be over corne 
by following certain steps that are a modification of the 
conventional technique. 

MODIFICATION IN DESIGN 

The older locking nails had a Herzog bend at a more distal 
point , this resulted in the Herzog bend being at the 
fracture site in case of proximal third fractures resulting 
in worsening of the deformity. The placement of the 
Herzog bend of 10° at 50 mm results in a more proximal 
location with fewer tendencies to open the fracture 
posteriorly. 

PROXIMAL LOCKING 

The use of a single locking screw in the proximal fragment 
is not considered satisfactory, at least two locking screws 
are required to maintain the stability and prevent 
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Figs 10A and B: The importance of entry point in both frontal and sagittal planes. A. In the frontal plane a médial entry point 
causes opening of the fracture as the entry point is taken laterally, the fracture reduces. B. In the sagittal view improper entry 
point causes opening of the fracture 




secondary loss of réduction. Newer designs with the 
locking screws placed obliquely to each other rather than 
parallel, shows an increased biomechanical stability. 

PATIENT POSITIONING 

Conventional nailing is attempted with the patient on a 
fracture table and the knee in an attitude of flexion, this 
position worsens the initial deformity of proximal tibial 
fractures resulting in opening of the fracture posteriorly 
by the foliowing mechanisms: 

1. Stretching of the extensor mechanism, this further 
pulls on the proximal fragment worsening the 
deformity. 

2. The knee rest pushes on the proximal fragment 
anteriorly further displacing it and opening it out the 
fracture. 

Thus for the proximal third fractures nailing should 
be attempted in a semi-extended position. This may 




require modification in the proximal aiming device to 
allow locking in the semi-extended position. 

ENTRY POINT 

In the earlier part of the text the entry point for conven¬ 
tional nailing has been described, in the case of proximal 
third tibial fractures a more latéral and proximal entry 
point is required. This results in less varus and anterior 
angulation of the fracture (Figs 10A and B). 

POLLER (BLOCKING) SCREWS 10 

Krettek, in his study of 23 proximal tibial fractures, has 
shown that with the use of poller screws ail fractures 
united with a mean loss of réduction of 0.5° in the frontal 
plane and 0.4° in the sagittal plain. The benefits (Figs 11A 
and B) of the poller screw are both as a guide to réduction 
and an effective means of preventing the secondary loss 



Figs 11A and B: Showing how the use of poller screws corrects and guides the nail as it is being 
inserted in both the frontal and sagittal planes 
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Figs12A to C: A. Preoperative X-ray showing extraarticular fracture of the proximal 3rd of the tibia. Note the charachateristic 
displacement and angulation at the fracture. B and C. Postoperative X-ray showing the fixation of the fracture with ILN with 
oblique proximal locking and poller screws. Note that in both AP and LAT views there is correction of the angulation at the 
fracture site 


of réduction. This involves the use of intramedullary 
screws to guide the nail as it is passed; the screws prevent 
the nail tip's tendency to migrate posteriorly and laterally. 
Initially stout K wires are used while the nail is being 
inserted, which are replaced by screws on completion of 
proximal locking. Even though the use of poller screws 
requires the use of a smaller diameter nail, the additional 
benefits they offer far outweigh that of a larger diameter 
nail without poller screws. 

Considering the difficulties in obtaining anatomical 
réduction and preventing malunion in cases of proximal 
tibial fractures treated with interlocking nails, the 
proximal tibial locking compression plate has proved to 
be boon for these fracture. The plate maintains réduction 
through the use of locking screws which act as fixed 
angled plate construct, the plate can also be inserted in 
the biological fashion without opening of fracture site 
(Figs 12A to C). 

FEMUR 

Unlocked Nails 

Standard medullary Kuntscher nails are still serving their 
function well. They fill the medullary canal and rigidly 
control the rota tory and angulatory forces. 

Kuntscher nail is a straight clover leaf nail, and in 
India it is mainly introduced by open réduction as 
adéquate facilities for closed nailing are not available. It 
is introduced in a rétrogradé mode from the tip of 
trochanter with the slit lying anteriorly. Straight 
Kuntscher nails more than 10 mm in diameter are stiffer 



Fig. 13: Straight K nail, tip in a supracondylar fossa 

hence while driving them in the fémur, which has a 
normal antérolatéral bow, either the distal end perforâtes 
through the anterior cortex of fémur or the fémoral 
curvature straightens out at the fracture site (Fig. 13). 

Fémoral transverse fractures usually hâve an irregular 
surface and if accurate réduction is obtained, then the 
interdigitation of the bone ends aid stability. Adéquate 
fit at the isthmus ensures union. After the use of an 
adéquate sized nail, if the stability is not good, then it 
can be improved by the following. 

1. In low diaphyseal fractures stability is improved by 
placing the nail into the harder subchondral bone. 

2. The stability can be improved by putting in a small 
plate on the unstable fixation of fracture after nailing. 
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with the screws placed only through one cortex when 
two cortex are not possible. 

3. In associated butterfly fractures cerclage stainless Steel 
wiring or plastic Petrech band techniques can be used 
to stabilize the bone. 

4. Alternatively after nailing, a 3.5 mm lag screw through 
the oblique or the butterfly piece can increase the 
stability. 

Fractures proximal to the isthmus unsuitable for 
treatment by nailing as proximal stability dépends solely 
on the contact between the nail and the proximal fémoral 
cortex, thus the réduction may not be maintained and a 
coxa vara may resuit. 

An interlocking nail if available is an idéal solution 
for ail fractures. 

It is important to realize that open surgical techni¬ 
ques combined with intramedullary nailing increases the 
amount of soft tissue damage at the fracture site and 
hence delay fracture union. 

Locked Nails 

The invention of locked nails has revolutionized intra¬ 
medullary nailing by extending the technique to include 
ail diaphyseal and many metaphyseal fractures. Most 
locked nails consist of a slotted tube of appropriate shape 
for the fémur perforated by holes (Fig. 14). The insertion 
of screws through the holes in the nail increases the 
stability by stopping ail rotation movements. Ideally the 
nailing should be bone by closed methods in order to 



Fig. 14: Fémur interlocking nail with a 
antérolatéral bow 



Fig. 15: Latéral position for fémur interlocking 


achieve best results without disturbing the fracture 
hematoma. 

Closed Nailing of the Fémur 

A spécial fracture table and C-arm are necessary for 
closed nailing. Traction canbe applied through a skeletal 
pin or through an orthopédie boot (Fig. 15). In a thin 
patient and fresh fractures skeletal traction is not always 
required and the use of the orthopédie boot may be 
satisfactory. However, should the patient be fat or well 
muscled, or should there be a delay before surgery, then 
skeletal traction through the lower fémur should be used. 
Care must be taken that the pin does not obstruct nail 
insertion. Some overdistraction aids réduction. Close 
nailing is difficult if the fracture is more than 10 days 
old. 

The latéral position on the traction table is the pre- 
ferred position as it provides easy access to the greater 
trochanter. However, others find it more difficult to 
visualize the upper fémur on the image intensifier in the 
latéral position. It may also be difficult to control the 
position of the distal fragment in distal fémoral fractures 
with the patient in the latéral position. The fragment tends 
to drift into valgus. 

The flexion deformity associated with hip osteo- 
arthritis makes the approach to the proximal fémur 
difficult in the supine position, and latéral position is more 
suitable. 

The supine position is preferred by many surgeons 
particularly in thin patients as the set-up time is less. The 
patient is placed supine on an orthopédie table hence it 
is easy to assess the correct length and rotations, however, 
entry point exposure is difficult. To reduce the fracture 
sufficient traction is applied to the leg which is adducted 
to allow access to the greater trochanter. This is important 
as if the leg is not adducted, difficulty in gaining access 
to the proximal fémur may resuit in incorrect nail 
placement and considérable bony damage. 
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Fig. 16: Showing the importance of positioning of the end point 
of the olive tip guide wire in both the AP and LAT planes to 
prevent malunion. (Fig. from . Kemp I, Leung KS. The Practice 
of intramedullary locked nails: scientific Basis and Standard 
techniques. Springer, Berlin, 2002.) 

The incision for closed fémoral nailing starts at the 
level of the greater trochanter and is carried proximally 
for approximately 10 cm. The most common mistake 
regarding the incision is to center it on the greater 
trochanter. This means that the incision will hâve to be 
extended proximally preoperatively to accommodate the 
instruments. 

Subcutaneous fat and deep fascia are incised. 
Subséquent surgery is carried out by palpation rather 
than visualization of the relevant structures. There is 
debate about the optimal point of entry in the proximal 
fémur. Some surgeons suggest that the tip of the greater 
trochanter is the correct location whereas others feel that 
the more centrally located piriformis fossa (Fig. 16) 
provides more direct access to the fémoral shaft. The entry 
point is identified and perforated with the bone awl. 

If the starting position is too far latéral (latéral to the 
tip of the greater trochanter) then it is difficult to pass a 
nail round the curve into the medulla and a proximal 
fémoral fracture may ensue. In addition a latéral starting 
position often results in the nail twisting as it is passed 
down the fémoral shaft. This may not matter if a straight 
Kuntscher nail is used but if the nail is contoured to match 
the bow of the fémur, may resuit in bony damage. It will 
also ensure difficulty in placement of the distal cross- 
screws. If the starting position is too médial then not only 
is it difficult to pass the nail into the medullary canal but 
a fémoral neck fracture may occur. The bone awl should 
be driven right through the cortex. 


After removal of the bone awl it is impossible to pass 
a guide wire down the medullary canal unless the 
metaphyseal bone is soft. A small hand reamer is passed 
through the cortical defect into the medullary canal. Care 
must be taken that the hand reamer is driven in the correct 
direction as it is possible to perforate the médial cortex if 
the wrong directing is chosen. 

After removal of the hand reamer, an olive tipped 
guide wire is passed down the medullary canal as far as 
the fracture site, the presence of the bend in the distal 
guide wire allows the surgeon to "feel" for the distal 
fragment. By rotating the guide wire it is usually possible 
to engage the distal fragment. An untipped guide wire 
should not be used at this stage as the olive tip permits 
removal of the reamers which become stuck in the 
medullary canal. The fracture should be reduced and the 
guide wire passed into the distal fragment. 

The olive tipped guide wire should be passed into 
the center of the distal fragment if treating lower shaft 
fractures. The reamers and the nail always foliow the 
guide wire and therefore, an eccentrically located guide 
wire results in a malpositioned nail. Thus, it is very 
important that the guide wire be centrally located on both 
the anteroposterior and the latéral radiograph scan. Since 
the guide wire is placed close to the médial or latéral 
cortices, a valgus or varus deformity will ensue. The guide 
wire should be placed firmly into the metaphyseal bone 
of the distal fémur to minimize the risk of it backing out 
later. 

Reamers are introduced over the olive tipped guide 
wire. The initial reamer is end cutting and enlarges the 
track to 9 mm. Subsequently side-cutting reamers are 
used to expand the track in 0.5 mm incréments. Care 
should be taken to ream the whole length of the fémur. 
Hand reamers hâve no place in closed nailing of a fracture 
except initially to breach the proximal metaphysis. If the 
reamer does get stuck inside the medullary canal, a 
number of procedures can be undertaken to release it. 
Gentle use of the drill may free the reamer although as 
the drill overheats it may lose power. A period of rest to 
allow the drill and the surgeon to cool down may be 
necessary. The flexible drive of the reamer can be reversed 
by using either a drill or a spanner applied to its top. 
However, some flexible reamers are made of coiled Steel 
and reversai of direction may cause the reamer to uncoil. 

Reaming should always be carried out so that the 
résultant track in the medullary canal is 1 mm wide than 
the intramedullary nail that the surgeon propose to use. 
The surgeon should never merely ream to the same size 
as the nail. 

In transverse or short oblique fractures located at or 
very close to the isthmus, after reaming if there is a good 







Intramedullary Nailing of Fractures 1415 


Fig. 17 GK type nail for right 
fémur 


contact of 2 cm on each side of the fracture, locking may 
be avoided. Reaming of the comminuted area is 
unnecessary and potentially harmful to the muscle 
envelope around the fémur. The reamer should be 
pushed through the comminuted area. 

The nail can now be mounted on the appropriate 
introducer and placed over the plain guide wire, which 
exchanged from olive tip as in tibia. If a locking nail with 
an oblique proximal screw is used (like GK type) then 
care should be taken that the correct right or left sided 
nail is used (Fig. 17). Locking nails with a transverse 
proximal screw hole (like AO nails) are interchangeable 
between either side. 

The nail can now be hammered into the fémur. 
Initially it should be introduced so that the tip is just over 
the fracture site. The fracture should then be fully reduced 
and the nail hammered home. Excess traction should be 
slackened to facilitate réduction. The guide wire should 
be removed after the nail is across the fracture but before 
it is finally embedded in metaphyseal bone. 

Proximal cross-screws are used when there is 
inadéquate contact between the intramedullary nail and 
the endosteal surface of the cortex in the proximal 
fragment. In the Grosse-Kempf System the proximal 
cross-screw is obliquely placed between the greater and 
lesser trochanters whereas in the AO nail the proximal 



Fig. 18: Distal fémur locking with 4.5 mm screws 


cross-screw is transverse in orientation. The oblique cross- 
screw is preferred because the more proximal entry hole 
créâtes less of a stress riser than the more distal entry 
point of the transverse proximal cross-screw. With the 
Grosse-Kempf System the proximal cross-screw can be 
used to gain stability in a fracture in the subtrochanteric 
area provided the lesser trochanter is intact. The proximal 
cross-screw is inserted in a standard manner. Initially a 
drill sleeve is inserted into the proximal screw jig and a 
4.5 mm drill bit is passed down the drill sleeve. If the 
drill bit hits the métal nail then a check should be made 
that the jig has not become loose on the nail. Distal locking 
is done in a similar way as described for the tibia 
(Fig. 18). 

COMPLICATIONS 

Late Complication due to Faulty Surgery 

Prématuré dynamization can resuit in shortening and 
instability with ail their conséquences. Should dynami¬ 
zation be indicated the bolts hâve to be removed from 
the longer fragment to allow a thorough control of the 
shorter one. 

Tips 

Anterior surface of the proximal end of the nail should 
be seated flush with the anterior cortex of the tibia; if it 
remains out, the patient will hâve anterior knee pain due 
to patellar tendonitis from mechanical irritation of the 
tendon during flexion of the knee. 

The distal end of the nail should be at least 2 cm away 
from the articular surface of the tibia leaving behind some 
space for telescoping of the nail in case dynamization is 
required in the distal fragment. 
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One might miss a hole while using a free hand 
technique in distal locking for which the outer cortical 
hole needs expansion, or if it becomes oval the screw head 
might sink inside cortex. In such a situation either a 
washer or a small reconstruction plate are used. 

The nail should never be hammered directly from the 
entry point. The cancellous bone in the metaphysis should 
always be reamed so that the nail can be negotiated up 
to the medulla without hammering. The idea is not to 
ream the medulla but create a passage so that the nail 
can be pushed upto the diaphysis easily. 

While hammering the jig has a tendency to loosen 
from the conical boit hence the locking nut should 
repeatedly be checked and tightened otherwise the nail 
rotâtes inside the medulla. 

The screw length should be longer by 2 to 3 mm; if 
the screw breaks the other end of the screw can also be 
removed. 

If the screw hole is located within 5 cm of the frac¬ 
ture the chances of nail breakage are very high, as this 
hole becomes a stress riser hence such fracture should be 
preferably supported with a cast brace and weight- 
bearing should be delayed. 

In fractures located in a distal fourth of the tibia and 
fibula, the first distal screw cornes at the fracture site 
hence ideally two screws cannot be locked in distal 
fragment. If there is associated fibular fracture, it should 
be nailed so that the length of the fibula is restored and a 
single distal screw is supported by external plate, for 
sufficient time. 

Biomechanics 

Interlocking nails act as internai splints serving as load 
sharing devices, stabilizing fracture fragments, and main- 
taining alignment while permitting small amount of 
bending mobility during functional activities. At the 
fracture site the critical amount of strain for healing is 
not exceeded. By allowing movement of adjacent joints, 
réhabilitation is concurrent with treatment and stress 
shielding is minimal. 

Nails hâve been tested on human cadavers with 
respect to the strength of whole bone in static bending 
and torsion. The bending strength of the Kuntscher type 
open section design provided strength and stiffness equal 
to or greater than comparable solid designs, however, 
torsional rigidity was lowest for the open section nails 
compared to solid nails. Under segmentai defects when 
stimulated with combined bending/ compression loads, 
the interlocking nails supported 300 to 400% of body 
weight and plate Systems failed at loads of 100 to 200% 
of body weight. 


Biology 

Long bones of adults receive their blood supply from 
three vessel System—the nutrient, the metaphyseal, and 
the periosteal vessels. The nutrient artery is responsible 
for the perfusion of the marrow and the inner two-thirds 
or three-quarters of the diaphyseal cortex. The periosteal 
vessels supply the outer parts of the cortex but there is 
some overlap in the nutritional responsibilities of both 
Systems. Meta-physeal vessels provide numerous 
anastomoses with the branches of the nutrient artery. 

The debate over medullary versus periosteal contri¬ 
bution to the cortex remains unsettled. In many instances 
the trauma that produced the fracture of a long bone is 
sufficient to disrupt the nutrient artery and blood flow 
to the periosteum and surrounding soft tissue is also 
damaged at the time of injury. Close nailing is preferred 
to open procedures to preserve periosteal blood supply 
and minimize surgical trauma adjacent to the fracture as 
insertion of an IM nail may further damage the medullary 
blood supply. The design of most nails is such that space 
around the nail is available for reconstitution of a 
medullary blood network although much of the healing 
and stability of fracture is peripheral. 

Fractures fixed with IM nails displayed higher values 
for whole bone and fracture site blood flow which 
remained elevated for a longer time than those managed 
with rigid plate fixation. These findings correlate with 
increased peripheral callus for the nail group. 

Fracture Healing following Intramedullary Nailing 

The periosteal circulation is generally maintained, the 
reaming process causes little additional damage. If the 
fracture is stabilized by a conventional or interlocking 
nail, it has been observed repeatedly that small vessels 
grow into existing gaps between the bone and the nail in 
an astonishingly short period of time, from where they 
penetrate into the neighboring malperfused cortical bone 
and initiate endosteal bone formation. Perhaps the 
reaming dust is of significance as well because it 
participâtes in the induction of endosteal callus. 

Experiments show that the medullary canal is revas- 
cularized more quickly following nonreamed nail 
Systems. 

THE EFFECTS OF REAMING AND INTRAMEDULLARY 
NAILING ON FRACTURE HEALING 

Reaming 

Implantation of a medullary nail without reaming causes 
minor damage to the blood circulation, which is major 
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Fig. 19: Grade Ilia compound fracture of tibia 


after reaming, most after first reaming. Subséquent 
reaming has little effect on cortical vascularity or viability. 

Reaming particles, acting as bone grafts, are consi¬ 
dérée! to be of great importance in fracture healing. 

Intensive new bone formation can be observed around 
the reaming dust on histologie sections and in roentgeno- 
grams, if it is surrounded by vital tissue. On the other 
hand, the reaming dust represents a large amount of 
necrotic particles or microsequestrae and if they are 
deposited in devitlized zones of the medullary canal, it 
is more prone to infection. This is the reason why reaming 
is not advised in open fracture nailing. 

The medullary canal is irregular in size in the long 
axis as well as in cross-section. Stable intramedullary 
fixation requires a firm fit for a variable distance. In 
reaming the medullary canal a cylindric channel of 
uniform diameter is prepared for the nail which improves 
the stabilizing effect of the implant (Figs 19 and 20). 
Furthermore, the bending stiffness increases with 
progressively larger diameter nails. Therefore, it has its 
advantages which hâve to be weighed against the 
disadvantages. 

The main theoretical advantage of using unreamed 
nails is that the medullary blood supply is less trau- 
matized than if it is reamed out prior to nail insertion. 

This theory may be correct but the success of reamed 
locked nails in healing both fémoral and tibial fractures 
suggests that the intramedullary blood supply may be 



Fig. 20: Position lost in external fixator 


only one parameter that affects bone union. Rhinelander 
(1968) demonstrated a rapid régénération of the nu trient 
System in fractures stabilized with intramedullary nails. 
Rand et al (1977) showed a greater overall blood flow in 
ulnar ostéotomies which were nailed compared to those 
plated on experimental dogs. 

Recent work by Strachan et al (1990) using radioactive 
labelled microspheres suggests that the importance of the 
medullary blood supply and the nutrient arterial supply 
in long bone diaphyses has been exaggerated. They hâve 
shown that it is the periosteal blood supply that is 
important and they argue that the periosteal blood supply 
reserve is so great that it will more than compensate for 
any damage to the medullary supply. 

Reaming can generate excessive heat which may also 
be destructive. This excessive heat génération may be 
secondary to dull reamers, accumulation of bone débris 
within the reamer flûtes, reaming with the tourniquet 
inflated (?) or reaming of greater than steps of 0.5 to 1.0 
mm. Excessive heat production can cause necrosis of bone 
and soft tissue. Theoretically reaming produces bone 
débris which can occlude the bone vessels preventing 
microvascular tissue from regenerating. 

Therefore, reaming is both good and bad. It is a 
destructive technique that must be respected. When used 
judiciously in long bone fractures, intramedullary 
reaming has been a safe and effective technique which 
has markedly improved functional outcomes of long 
fractures. 
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It has been effectively shown by Wenda that showers 
of emboli occur during reaming as shown by 
intraoperative 2D écho by esophageal lead and this is 
more harmful in polytrauma patients who has more 
chances of fat emboli if reaming is done in early post¬ 
injury phase. It is thus contraindicated. Some surgeons 
go to the extent that to stabilize the poly trauma patients, 
plating used as a temporary measure to be replaced by 
nailing at a later date when patient has stabilized. 

Dynamization 

Dynamic locking refers to placing screws at one end of 
the nail only while in the static mode screws are inserted 
at the both ends (Figs 21A and B). The theoretical 
advantage of dynamic locking is that it permits axial 
movement at the fracture site. This was thought to be 
useful for fracture healing and hence was a normal 
practice to correct the initial static locking to the dynamic 
mode for fracture healing. Dynamization is done by 
removing locking screw from the longer fragment 
converting the static mode of fixation to the dynamic 
mode. But now most studies report that the healing of 
the fracture occurs in about 80% without any dynamiza¬ 
tion, and so this is only carried out if the fracture is not 
consolidating between 16 and 18 weeks. Static locking 
gives stability to the fracture allowing for the maintenance 
of length and correct alignment. However, axial loading 
of the fracture is minimized. 

There has been much debate concerning whether or 
not dynamization is bénéficiai in the healing of fracture 
of long bones. 



Figs 21A and B: United fracture, proximaly dynamized 


Numerous comminuted or other types of fractures 
consolidate very well without dynamization. So the 
systematic procedure of dynamization oriented solely to 
time intervals and not to radiological observation of 
fracture healing has to be rejected like infection and 
shortening regardless of the fact that complications can 
occur when the procedure is carried out routinely. 

Management of Open Fracture 

The gold standard for treatment of open tibial fractures 
since the 1970s has been external fixation. This approach 
has significantly improved our ability to care for the 
patient initially. It allows debridement of wounds and 
stabilization of the fracture acutely. 

However, external fixation has been far from an idéal 
treatment. Complications rates hâve remained high— 
nonunion is reported in 7 to 20% of cases, malunion in 
9 to 37%, contaminated pin sites in 50%, and infection in 
2 to 10%. To achieve early union when external fixation 
is applied to a severe, open fracture of the tibia, auto- 
genous cancellous b one grafting is generally recommen- 
ded. Union of the fracture is always a problem in external 
fixation and hence today it is accepted that the results of 
interlocking nail are best for treatment of open fractures 
from Grade I to III A. This has now become the treatment 
of choice. 

Bone necrosis is a conséquence of reaming leads to 
infection following nailing hence it is recommended to 
do unreamed static locked nailing in ail open fractures. 

To reduce the infection rate open tibia fractures are 
aggressively managed: 

1. The wound is covered immediately with stérile 
bandage, opened only in the theatre. 

2. Antibiotics are used immediately. 

3. Wound debridement and irrigation is done. 

4. Fracture stabilization with the nail is performed 
immediately. 

5. The wound is kept open, to be closed later. 

6. The external fixator is used temporarily in fracture 
types. Gustillo III B and C, it is changed to an inter¬ 
locking nail once the wounds hâve been dealt with. 

COATING OF NAILS 911 

The coating of nails enables them to serve a dual function 
as a mechanical stabilizer and as a carrier for various 
substances. The use of tibial nails coated with growth 
factors or antibiotics will stimulate healing and control 
infection while not affecting the biomechanical stability 
of the fixation. The appropriate substance can be given 
in a targeted and individual manner according to the 
indication. 
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Although animal studies hâve proved the efficacy of 
such coated nails more clinical trials are required. 
Govender in his study on 450 patients with open tibial 
fractures being fixed with routine intramedullary nailing 
or implants containing rhBMP-2 the patients containing 
the rhBMP-2, nails had a faster overall rate of healing 
than the control group. Recently, the use of Gentamicin 
coated nails in compound fractures of the tibia has been 
carried out with no signs of systemic toxicity of 
Gentamicin. 
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PART I: BONE SCREWS 

Bone screws and plates are commonly used implants in 
orthopedics. Bone screws will be described first and then 
the plates. 

BONE SCREWS 3 (AGASHE VM) 

A screw is a simple machine commonly used in 
orthopedics (Fig. 1). The threads of the screw represent 
an inclined plane. It changes the rotational motion into 
translational motion while providing a mechanical 
advantage. Screws hâve three basic components: (i) core, 
(ii) a hélix (called a thread), and (iii) a head. A bone screw 



Fig. 1: Schematic details of the orthopédie bone screw. 
Enlarged view of the thread. (Redrawn from The Eléments of 
Fracture Fixation 2nd édition 2007 Ed. by Anand J. Thakur) 


is used for internai fixation more often than any other 
implant. Though it appears a simple device, a great deal 
of complex engineering technology has contributed to 
its design. 

Each component plays an important rôle in the 
functioning of the screw. The pitch of a screw is the 
distance between the threads. 

The core forms the support of the screw, the head is 
attached to the core, and a helical thread is wrapped 
around it (Fig. 2). The cross sectional area of the core 
détermines the torsional strength of the screw. Since the 
strength varies with the cube of the diameter, a very small 
increase in the core size greatly increases the strength of 
the screw. The thread provides the inclined plane. 



Fig. 2: An incline plane wrapped around a shaft 
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Major dia. 



Hélix angle 


Fig. 3: Major diameter is the outer diameter from crest to crest. 
Root diameter has the inner diameter of the screw. Pitch is the 
distance between threads. (Redrawn from Rockwood and 
Green’s Fractures in Adults 6th édition 2006 Ed. by Robert W 
Bucholz et al) 



Fig. 4: When gap is left on the cortex opposite that to which the 
plate is attached, bending of the plate at the fracture site can 
cause the plate to fail rapidly in bending. Right: Compressing 
the fracture surfaces not only allows the bone cortices to resist 
bending loads, but the frictional contact and interdigitation helps 
to resist upon. (Redrawn from Rockwood and Green’s Fractures 
in Adults 6th édition 2006 Ed. by Robert W Bucholz et al) 

The diameter of the thread détermines the screw size. 
The spacing between the adjacent threads is called the 
pitch (Fig. 3). 

The lead of the screw refers to the distance that the 
screw will advance with each turn. The smaller the lead, 
the greater the mechanical advantage of the screw (the 
stronger cortical screw hâve a smaller lead as compared 
to cancellous screw). The third part of the screw is the 
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Figs 5A to E: Designs of screw heads (A) Single slot, (B) Cru¬ 
ciate, (C) Phillips, (D) Recessed hexagonal, (E) Torx-6 
Stardrive. (Redrawn from The Eléments of Fracture Fixation 
2nd édition 2007 Ed. by Anand J. Thakur) 

head which serves two purposes. It is the means of 
applying the twist force to the core and the thread. At 
the top of the head, a screwdriver can be engaged in a 
slot, cross-slot or a recessed Hex. The recessed Hex has 
proved to be most useful. The other function of the head 
is to act as a stop when it contacts the surface, thus, 
arresting the translational motion of the screw. Only after 
the translation motion of the screw has been stopped can 
any compression be generated (Fig. 4). 

Recess has a slot for the screw driver. There are 
various types of slots (Fig. 5): 

1. Single slot head: The single slot is an inefficient design. 

2. Cruciate head: Cross-slot drives are more effective than 
single slot. 

3. Phillips head: This design resembles the cruciate head, 
but the slots stop short of the periphery and are 
recessed. 

4. Recessed hexagonal head (Hex head): This is currently 
the most popular design. The hexagonal head driver 
makes a strong and alignment-insensitive connection 
with the screw and offers a good latéral guidance that 
allows blind insertion and removal. 

5. The new socket and driver tip, Stardrive (Synthes) 
maintains the advantages of the hex but offers a better 
résistance to stripping, as the flats orientated more 
perpendicularly to the applied force. Further the size 
of the drive connection now conforms to general 
technical standards. 1 

Countersink 

The countersink, or the undersurface of the head, is either 
conical or hemispherical. 

A new type of screw with conical threaded surface 
and very steep sidewall like a Morse cône is being used 
since 2000. It is used only in a locked internai fixator plate 
hole (Fig. 6). The pitch of the thread on the head is identical 
to thread on the shaft. The shape of the plate hole is same 
as the screw head with a misfit of 0.13° and has threads 
matching those on the screw head. The steep conical 
design of the screw-to-screw hole does not allow for much 
inclination of the screw or for compression of the fracture 
and locks efficiently, extending angular and axial stability 
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Fig. 6: A screw with threaded conical undersurface: The threads 
engage in the plate hole that has matching threads. (Redrawn 
from The Eléments of Fracture Fixation 2nd édition 2007 Ed. 
by Anand J. Thakur) 

to the screw. The design calls for minimum rotational 
force (torque) less than one-third of the usual torque. This 
screw locks even when minimal axial tension is produced 
during insertion. The form fit of this design locks 
efficiently against any tilting motion of these two 
properties is that the screw cannot pull-out during 
insertion. This property is valuable in minimally invasive 
surgery. However, the threaded design does permit 
inconsequential amount of inclination between screw and 
body, allowing locked misfit. A conical screw with shallow 
threads on the countersink is easier to remove than a 
similar screw with smooth walls because the latter pattern 
easily welds with the plate on over tightening 1 (Fig. 6) 

THE SHAFT 

The shaft or shank is the smooth link between the head 
and the thread. The shaft length is variable; in a standard 
cortical bone screw it is almost non-existent but in a 
cortical 'shaft screw' or in a cancellous screw it is 
significant. Screws with long shafts are used as lag screws. 
The smooth shaft has no purchase in the proximal hole 
and ensures compression by lagging (Fig. 7). 



Fig. 7: The shaft length varies with type of the screw: Partially 
threaded cortical screw, fully threaded cortical screw, partially 
threaded cancellous screw. (Redrawn from The Eléments of 
Fracture Fixation 2nd édition 2007 Ed. by Anand J. Thakur) 




Figs 8A to C: (A) V-Thread, (B) Buttress thread, (C) Buttress 
thread with rounded base. (Redrawn from The Eléments of 
Fracture Fixation 2nd édition 2007 Ed. by Anand J. Thakur) 

Run Out 

The 'run out', the transitional area between the shaft and 
the thread, represents a location of significant stress 
concentration (stress riser) because of abrupt changes in 
the diameter and presence of sharp corners. 

THE THREAD 

A screw thread can be visualized as a long inclined plane 
or a wedge encircling core (root) (Fig. 8). 

Core Diameter 

The core diameter, also known as the inside or root 
diameter represents the narrowest diameter of the screw 
across the base of the threads. It is also the weakest part 
of the screw. 

Pitch 

The pitch is the distance between the adjacent threads. A 
cortical screw with a fine thread has a small pitch whereas 
a cancellous screw with a coarse thread has a large pitch, 
the bone (cortex), the smaller the pitch; the weaker the 
bone (cancellous), the larger the pitch. 

Lead 

The lead of a screw means the distance it travels on a 
complété turn. 

Outside Diameter (Thread Diameter) 

Outside diameter refers to the diameter across the 
maximum thread width; it affects the pull-out strength 
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Figs 9A to E: Five types of screw tips: (A) Blunt tip for ST 
cortical screw; blunt tip of NST cortical screw, (B) corkscrewtip 
of cancellous screw, (C) Trocar tip, (D) Self drilling, (E) Self 
tapping tip. (Redrawn from The Eléments of Fracture Fixation 
2nd édition 2007 Ed. by Anand J Thakur) 

of the screw. The larger the outside diameter, the greater 
the résistance to pull-out, the greater the holding power. 

Thread Design 

The screw thread maybe of a 'V' or buttress profile. 

THE TIP 

There are five types of tips of bone screws (Fig. 9). 

Self-tapping Tip 

Included in the self-tapping (ST) tip is a thread cutting 
device called a 'flûte'. This mechanism cuts threads in 
the bone over which the screw advances. 

The main advantage of this screw is simplicity, as it 
requires no pre-tapping of the bone before insertion. 

Nonself-tapping Tip 

The rounded tip accurately guides the screw into the pre- 
tapped hole. 

Corkscrew Tip 

A corkscrew tip is used in cancellous screws where the 
tip clears pre-drilled hole. 

Trocar Tip 

A trocar tip functions somewhat like a self-tapping screw. 
The trocar does not produce a true thread but rather 
displaces the bone as it advances. 

Self-drilling Self-tapping Tip 

A screw tip similar to a conventional drill bit has been 
available since year 2000. The screw is used directly only 
in a locked internai fixator plate hole and pre-drilling is 
not required. 1 


SELF-TAPPING SCREW 

'Self-tapping screw' is inserted directly into a pre-drilled 
hole without first tapping a thread. Self-tapping screw 
thread-forming and thread-cutting screws. 

The main advantage of self tapping screw is 
(1) simplicity, as pre-tapping is unnecessary. (2) a very 
tight fit of screw thread to bone is ensured as the screw 
cuts its own précisé thread. 1 

NONSELF-TAPPING SCREW 

A nonself-tapping screw allows précision placement in 
hard cortical bone. 

Types of Screws 

There are two main types of screws: (i) the wood screw, 
and (ii) the machine screw. To understand the différence 
between these types, one should recapitulate Newton's 
third law, "every force has an equal and opposite reaction 
force". Once the screw is set, the force pulling the two 
forces together must be generated by an elastic reaction 
somewhere within the screw or the material into which 
it is to be inserted. 

A wood screw has relatively large threads and usually 
a tapering shape. The wood screw is put into the material 
with a small pilot hole. The threads of the screw form 
their own mating threads by compressing the material. 
The screw is much stiffer than the wood into which it is 
inserted, therefore, the spring or elastic force which draws 
the two surfaces held by the screw together, arises from 
the deformation of the surrounding material and not the 
screw. 

A cancellous bone screw is a wood screw. Its large 
threads form companion threads in the bone by 
compression and deforming the bone trabeculae. 

A machine screw differs from a wood screw in that it 
is intended to be placed into thread which hâve already 
been eut by a tool known as a tap. A pilot hole of the 
correct size matching the screw hole is first drilled and 
then tapped by a tool that is twisted into a hole and cuts 
the threads with a sharp edge. 

Screws are coupling or holding devices to fasten plates 
or similar implants to bone. Different screw designs are 
used for different parts of bone to suit fixation of spécifie 
part like cortical or cancellous bone. 

The manner in which screw is inserted also 
differentiates self-tapping from nonself-tapping screw. 
Self-tapping screw can be directly inserted in a pilot hole 
drilled to match the core diameter of the screw, while 
nonself-tapping needs cutting threads with a 
corresponding tap prior to the screw insertion. 
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Cortex screws are fully threaded. They are nonself- 
tapping. Various sizes are required as holding power of 
a screw diminishes as the diameter of the screw nears 40 
percent of the diameter of the bone. Each screw size has 
corresponding drill bit and tap size. 

Cancellous screws are with thin core and wide and deep 
threads. They are available as full threaded which are 
used to fasten plates in metaphyseal or epiphyseal areas, 
or partial threads as 16 mm or 32 mm thread lengths 
which are used as lag screws. They are nonself-tapping, 
and threads must be tapped only in the near cortex as 
holding power is increased if threads are not eut 
completely and screw compressed trabeculae when 
tightened. In epiphyseal areas, cannulated cancellous 
screws can be inserted even percutaneously over then 
Kirschner wires by minimal invasive technique. 

Shaft screws are designed to hâve better contact with the 
pilot hole in the near cortex, thereby, avoiding stress at 
the thread areas of cortex screws used as a lag screw, 
fixed with overdrilling of the near cortex (Fig. 11.) 

A self-tapping machine screw has the cutting lip of 
the tap actually milled into the tip of the screw and 
therefore no separate tapping operation is needed. In case 
of a machine screw placed in métal, the source of the 
elastic reaction which lends the screw the compressive 
force, cornes primarily from the shank of the screw itself, 
which deforms physically rather than the much larger 
cross-section of the surrounding material. 

On the other hand, for a machine screw placed in a 
cortical bone, the elastic force needed to maintain the 
compression by the screw cornes from the surrounding 
bone just as in case of a wood screw. This is because the 
modulus of the elasticity of the screw is more than 10 
times than that of the bone, therefore, much of the elastic 
deformation occurs in the bone. 

Screws in Bone: Elastic Force from Bone 

The machine screw (cortical bone screw) may be self- 
tapping or nonself-tapping. It was formerly though that 
a self-tapping screw provided a poorer hold in the bone 
because it created more damage at the time of insertion 
and became embedded in the fibrous tissue rather than 
in bone. This has been shown to be incorrect. Size for 
size, the different thread profiles of a self-tapping and a 
nonself-tapping screw hâve almost the same holding 
power (Fig. 10). The advantage of a nonself-tapping screw 
is that it can be inserted in the bone with far greater ease 
and précision, particularly when screw cornes to lie 
obliquely through the thick cortex. 



Screw Insertion 

Careful insertion increases the effectiveness and holding 
power of the screw. To insert a nonself-tapping cortical 
bone screw, a pilot hole is the first step. The diameter of 
the drill should be same as the core of the screw. The 
drill point should be sharp. A blunt drill causes thermal 
necrosis of the bone. A drill guide should be used. It 
prevents the drill point from wandering across the bone 
and protects the soft tissues. Initially the drill should be 
rotated slowly to bite the bone. Once the drilling angle is 
established, it should be maintained during drilling, 
tapping and placing of the screw. A wobble during these 
procedures could damage the hole. 

Excessive speed and thrust on the drill machine will 
cause thermal necrosis of the bone. Excessive thrust may 
bend the drill and destroy the shape of the hole. In the 
extreme case, a drill may break. As the drill enters, the 
far cortex, the thrust should be relieved. This avoids 
microfracture of the bone and excessive pénétration of 
the soft tissues. 

The drill should be rotated in the same direction, even 
while withdrawing it from the hole. If the drill bit jams, 
the drilling machine should be taken away. The bit should 
be removed with the help of a tap handle. The drill should 
not be reversed because it will break. The drill fluting is 
designed to push the dust out of the hole. Trying to 
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reverse the drill will only force dust back into the hole, 
making it difficult to remove. The hole should be irrigated 
while drilling. Saline reduces the friction and avoids 
thermal damage by cooling. 

When used without a plate, the bone should be 
countersunk to avoid damage by wedging effect of the 
screw head. The length of the screw should be measured 
before tapping the thread. The depth gauge may damage 
the thread by tearing the bone. The hole should be hand- 
tapping for better quality of thread. The tap center line 
should coincide with the hole center line. This is 
facilitated by the long taper on the bone tap. Such 
centering produces maximum thread strength. Any 
movement away from the center line will eut an uneven 
thread. The tap should be gently twisted and should 
progress by the rate governed by the hélix angle of the 
thread. Any thrust will distort the thread. In the extreme, 
it may bend or break the tap. 

As the hole is tapped, the material eut away forms a 
thread chip. If the tap is reversed, it allows the chips to 
break off and accumulate within the flûtes that run along 
the side of the tap. It is a good practice to make a half 
back turn after every two front turns. Excessive force 
against a restive torque could break the tap inside the 
bone. The tapping should continue till the two threads 
emerge from the far cortex. The tap should be removed 
by gently twisting in the reverse direction. A pull on the 
tap could damage the threads. The tapped hole should 
be irrigated, and the débris should be cleared by suction. 
The débris in the hole could cause the screw to jam and 
to destroy the threads. 

To insert a self-tapping cortical bone screw, a separate 
tapping operation is unnecessary. The screw can eut its 
own thread. Pursuit of précautions mentioned for tapping 
operation would ensure satisfactory screw insertion. 

A relatively small pilot hole is ail that is necessary to 
insert a cancellous bone screw. It is safer to use a matching 
tap if hard cortical bone is encountered in the near cortex. 
The tapping should be limited to the cortical bone. The 
far cortex need not be tapped. 

Holding Power 

The so-called holding power of the screw is difficult to 
define because it largely dépends on how it is measured, 
and a great many techniques hâve been used. In any test 
of holding power, the conditions must be carefully 
duplicated when comparing different types of screws. 

There are several ways of measuring holding strength. 
Two common tests are: (i) the measurement of the pull- 
out strength, and (ii) the measurement of maximum axial 
tension that a screw can develop as it is being tightened. 


To détermine pull-out strength, screws are pulled along 
their longitudinal axis and the force required to rip the 
threads is measured. The pull-out strength, which is the 
function of both the size of the screw and the number of 
threads engaged, is usually specified in units of 
Newton's/mm (of screw length). For this reason, a 
bicortical screw will hold better than a unilatéral screw 
in the same bone. 

The maximum axial tension that a screw can produce 
may be a more useful measurement since it is a 
measurement of how tightly a screw can compress when 
lagged across a fracture site, or how tightly a screw can 
fasten a plate to bone. Because of specialized instrumen¬ 
tation required, this measurement is somewhat difficult 
to obtain. 

The holding strength of a screw is determined by a 
number of factors, including the thread area, core area, 
thread profile or the number of threads engaged. Holding 
strength is dépendent upon both the screw and the screw 
material. In addition, when screws are implanted, tissue 
reactions and bone growth also affect the holding 
strength. 

When a machine screw is placed in métal, it is the core 
area of the screw that is most critical factor in determining 
how much the screw can be tightened before the screw 
fails. In bone, the threaded hole plays a more important 
rôle since the bone threads will fail before the screw snaps. 
The larger the hole in the bone, up to reasonable limit, the 
larger the size and surface area of the threads that are 
engaged, and the greater the holding power. This rule 
assumes a pitch which allows engagement of at least three 
intact threads in a cortical bone. Obviously, constraints 
are placed on the hole and the screw sizes by the size of 
the bone in which they are being used. Nevertheless, in 
placing a screw in bone, the goal should be to engage five 
to six threads in a cortical bone in order to achieve 
maximum holding power, this permits a margin of error 
in case some threads are broken or defective. 

Interfragmentary Lag Screw (PS Bhide) 

When compression is produced by application of a screw 
with purchase of the threads only in the farcortex near 
the tip of the screw. No threads engage in the fragment 
near the head of the screw. This can be achieved by either 
overdrilling the proximal cortex (fragment near the head 
of the screw) or by using spécial design of a screw where 
there are no threads in the segment near the head. Lag 
screw on tightening produces interfragmental 
compression. 

This compression is static and does not change with 
load. But lag screw cannot withstand single overload and 
may fail. 
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Fig. 11 : Shaft screw inserted as a lag screw 


Lag screw should be ideally inserted in the middle of 
a fragment directed generally at right angles to the plane 
of a fracture. If the inclination is wrong, displacement 
may be produced on tightening a screw. Lag screw alone 
is not sufficient to hold fragments as it acts on a very 
small adjacent area. Hence, it must be supplemented with 
a protection or neutralization plate. Lag screw alone are 
used in intra/juxta-articular fractures, epiphyseal 
injuries, metaphyseal fractures, depressed articular 
fractures, or avulsion fractures. Lag screw inserted 
through a plate increases strength of a construct. 

Types of Screws 

There are numerous types of screws available today. Each 
style possesses unique advantages in different 
applications. Bone screws may be categorized as cortical 
or cancellous, self-tapping or nonself-tapping, solid or 
cannulated and fully threaded or partially threaded. 

Cortical vs. Cancellous 

If these two types of screws are placed side by side, 
variations in design can be immediately observed. The 
wood screw generally possesses a smaller core with larger 
threads spaced farther apart than its métal counterpart 
(Fig. 12). 

The métal screw, on the other hand, must hâve small 
threads closely spaced to pierce through the screw hole 
in the métal. This design does not provide as much thread 
pénétration, but the small pitch assures that more threads 
are in contact with métal. 

On the other hand, métal screws could be driven into 
wood, but the grip would not be nearly as strong and the 
screw would eventually fail (eut out) in most cases. 

Self-Tapping vs. NonSelf-Tapping 

Muller et al suggest that nonself-tapping screws should 
not be used in thin fiat bones such as those in the face, 
skull, pelvis. 



Fig. 12: (A) Cortical bone screws. (B) Cancellous bone screw: 
The bone always deforms to provide the elastic force. (Redrawn 
from The Eléments of Fracture Fixation 2nd édition 2007 Ed. 
by Anand J. Thakur) 

Solid vs. Cannulated Screws 

According to Muller 4 et al large cannulated screws are 
commonly utilized in long bone fracture fixation in 
metaphyseal areas such as the fémoral neck, fémoral 
condyles and tibial plateau. 

CANNULATED SCREW 

A cannulated screw is used in minimally invasive surgery 
and for précisé insertion in metaphyseal or epiphyseal 
site over a guide wire reducing the problem of having to 
remove and reposition an incorrectly placed screw. It may 
be inserted percutaneously. 

A cannulated screw for cancellous bone should be self- 
cutting and self-tapping. 

Herbert Screws 

Herbert screws are unique in that they possess threads 
of different pitch on each end of the screw. The shank of 
the screw is unthreaded at the center, whereas the ends 
hâve threads of different diameters and different pitch. 
The leading end of the Herbert screw is used for 
pénétration and thus has threads that are small in 
diameter. It is the différence of the thread pitch on the 
proximal and distal threads that create compression effect 
to the fractured proximal and distal fragments. 

Interfragmentary compression is achieved by the 
différence in thread pitch: the coarser pitch moves the 
screw a greater distance through bone with each turn 
than does the finer pitch. As the screw is turned, the bone 
surfaces corne together creating compression. A screw 
head is therefore not required. In absence of a screw head 
it is possible to insert this screw through articular surfaces 
without the head being prominent. A cannulated version 
is available: Cannulated Herbert screw facilitâtes 
percutaneous scaphoid fracture fixation, avoids 
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prolongée! cast immobilization and allows a more rapid 
return to sport or work. 

Screws are essential to modem fracture management. 
An understanding of the principles by which they 
perform will help the orthopedician to use them most 
effectively. 

Cerclage 

Cerclage is presented in various forms such as 
monofilament or twisted or braided multifilaments of 
stainless Steel or titanium, or Steel or nylon bands. 

Cerclage can be used for making tension bends, direct 
fracture fixation, fastening plate to bone, preventing 
rotational instability of intramedullary devices, fixing 
comminuted bone fragments on conjunction with IM 
nailing, fixing tendon or ligament to bone, bone graft 
fixation and tightening spinal bone éléments. Cerclage is 
specifically useful for fixation in osteoporotic bone in 
which preserving bone stock is the primary importance 
or where the use of screws is impossible. Cerclage Systems 
are often used for plate fixation (bone graft or métal plate) 
of periprosthetic fractures because bicortical screws 
cannot be employed and the mechanical quality of the 
bone is poor. 

A newly developed unique application of twisted wire 
with screws has been reported for fixation of complicated 
fractures of metaphyseal areas of long bones. Twisted 
wires can be manufactured with premade holes for screw 
insertion so that there is no significant motion at the wire- 
screw junction. Compared to other heavier devices, this 
System préserves local blood supply. 

Compression generated is very large to the tune of 
2000 to 4000 N. This compression is exerted from within 
the fracture surface as against the plate which is 
asymmetrical. Direction of application of a lag screw must 
be perpendicular to the fractured surface. 

Compression acts only over a limited area of bone. 
Therefore, single lag screw cannot provide protection 



Fig. 13: Correct method of insertion and application of lag 
screw in fixing displaced articular fracture 


from torque or rotation. Therefore, it needs additional 
protection of a neutralization plate (Fig. 13). 

Screw Failure 

Screw fixation can fail in several ways. The screw itself 
may break when a load greater than the screw's ultimate 
tensile strength is placed across it. This may occur as the 
screw is being inserted or when the screw is being loaded 
the first several times. If a load smaller than the screw's 
ultimate tensile strength is placed across the screw 
repeatedly, the screw may fatigue. The number of 
répétitions a screw may endure dépends on how close 
the fatigue load is to the load that would cause immédiate 
failure. This mode of failure is usually been several 
months after screw insertion, and it occurs when fracture 
fixation has not been stable and the bone healing has not 
occurred. 

Another delayed mode of screw failure is caused by 
corrosion. Older style bone screws were corroded by the 
saline environment of the body and failed because the 
continued corrosion weakened them. The stainless Steel 
screws used today are more résistant to corrosion because 
they form a protective oxide or passivation layer on the 
surface. This layer prevents interaction between the 
underlying métal and the corrosive environment. In 
addition polishing of the surface reduces the surface area 
exposed to the corrosive environment. Anything which 
damages the surface will allow corrosion to occur until a 
new passivation layer can form. Repeated damage such 
as a loose screw rubbing against a plate will prevent 
formation of a passivation layer allowing corrosion and 
possibly screw failure to occur. 

The material into which a screw is placed may also 
fail. Usually, this failure occurs in the threaded portion 
of the hole. If a screw is overtightened, the threads may 
strip and a screw may lose its holding power. A large 
enough force along the longitudinal axis of the screw will 
also cause the hole threads to fail as the screw is ripped 
free. 

PART II: PLATES 

Bone plates hold together the fractured ends of a bone. 
These plates are a popular splinting device and are 
available in ail sizes of the plates has taken place over 
many décades. Early in the 20th century Lane and 
Lambote applied plates merely to fix two bone fragments 
in an approximate alignment. Mechanical failures were 
frequent owing to poor metallurgy, implant. 1 Inadéquate 
understanding of biology and biomechanics of fracture 
healing and implants. 
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In 1949, Danis of Belgium was the first surgeon to 
report the use of interfragmentary compression by 
applying plates under tension along the longitudinal axis 
of the bone. Muller and AO group however developed 
plating System for fracture fixation. Weber developed the 
concept of bridge plating. Distinction then was made 
between the compression System with absolute stability 
and splinting System with relative stability. 21st century 
started with popularity of locking head screws (LHS), 
locking compression plate (LCP) and LESS. Plates are 
fastened to bone to provide fixation. As per their function, 
they can be neutralization, buttress, compression or 
tension band plates. 

According to Thakur 1 regardless of their length, 
thickness, geometry, configuration, or type of holes, ail 
plates may be classified in four groups according to their 
function. 

1. Neutralization plates 

2. Compression plates 

3. Buttress plates 

4. Condylar plates. 

1. Neutralization plate: Neutralization forces transmit 
forces from one fragment to the other fragment. It acts as 
a bridge plate. A plate used in combination with a lag 
screw is also a various neutralization plate, who counter 
acts various forces that tend to disturb the fracture 
stability. 

The lag screw contributes the interfragmentary 
compression and the stability. The neutralization plate 
protects the lag screws. Therefore, it is préférable to call 
this plate protection plate rather than neutralization plate. 
If the geometry of the fracture permits, a neutralization 
plate can produce compression at the fracture site. 

Its one used in addition to a lag screw which protects 
the interfragmental compression achieved with a lag 
screw from ail torsional, bending and shearing forces (Fig. 
15). The plate is fixed with multiple screws so as these 
distribute the load over wider area of bone. Prebending 
such a plate achieves uniform compression across the 
fracture surface as seen before. Plates may be contoured 
to fit the anatomie shape of the bone. Contouring may be 
done with bending irons or a spécial plate bender which 
produces smooth curvatures due to three-point pressure. 
Plate may also be twisted. But, rebending the plates must 
be avoided as this makes the plate prone to fatigue and 
failure. Ail holes should not be drilled at one time and 
screws inserted later. 

2. Compression plate: Compression forces reduces the 
compression force across the fracture site. Pretensioned 
plate is fixed to bone in such a way that bone fragments 
are in contact and thus able to carry load. Compression 



Fig. 14A: This is weak construct. The plate is located on the 
compression side of the bone. (Redrawn from The Eléments of 
Fracture Fixation 2nd édition 2007 Ed. by Anand J. Thakur) 



Fig. 14B: The plate is located on tension side and load is shared 
by the plate-bone construct. The fracture is compressed during 
physiological activities. (Redrawn from The Eléments of 
Fracture Fixation 2nd édition 2007 Ed. by Anand J. Thakur) 



Fig. 14C: The screws here are subjected to bending and 
rotational forces and may fail under the load. (Redrawn from 
The Eléments of Fracture Fixation 2nd édition 2007 Ed. by 
Anand J. Thakur) 



Fig. 14D: Double plating provides the strongest fixation 
regardless of the direction of applied force. (Redrawn from The 
Eléments of Fracture Fixation 2nd édition 2007 Ed. by Anand 
J. Thakur) 

plates act a static compression plates and produce 
compression in the direction of the long axis of bone. This 
can be achieved by tension device or taking advantage 
of the DCP holes alone. DCP holes alone are capable of 
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displacement only through 1 mm. Articulated tension 
device can generate compression of 30 to 120 kg. 

Method ofApplying Compression Plate 

Fragments are held reduced with the help of a réduction 
clamp. A straight plate is fixed to one fragment. Tension 
device is fixed to second fragment in such a way that its 
hook engages in a notch présent at the undersurface of 
the end hole, and its other end is fixed to the second 
fragment with a cortex screw. On tightening the spindle 
of the tension device, the plate is brought under tension 
and the fracture under compression (Schenk and 
Willenegger, 1964). Plates can be pre-stressed with a 
tension device. However, this is asymmetrical more 
towards the near cortex and less at the far cortex. 
Overbending or prebending the plate distributes this 
compression uniformly ail along the fracture. 

Whenever possible, the interfragmentary screws 
should be inserted through the plates. The round hole 
plate allows screw to be inserted only at right angles to 
plate. DCP with oval holes and spheric screw head allows 
screw to be inclined through 20 degrees only. This may 
hâve limitation in case of a short oblique fracture. To 
overcome this LC-CDP has got undercut recess to 
facilitate inclination of 40 degrees in each direction and 
7° transversely. 

Prebending: When a plate is exactly contoured is axially 
tensioned, it exerts compression only at the near cortex. 
When a plate that is bent so as to elevate its midsection 
from the bone is tensioned, it produces compression of 
the far cortex also. This increases friction over wider area 
and thereby stabilizes fracture against torque and shear. 
Prebent plate can withstand single overload as opposed 
to a lag screw which fails at it (Figs 16 and 17). 

Prebending is superior for small and porous bones 
and interfragmentary lag screw compression is superior 
in large and dense bones. Prebending offsets asymmetric 
compression produced by a plate, but plate should not 
be soft. 

Cortical screw produces 3 KN force on an average, 
while plate produces 0.6 KN. 

3. Tension Band Plate (Dynamic Compression Plate): The 
principle of tension band plate is widely used in fracture 
fixation. Eccentrically loaded bones hâve one cortex 
loaded in tension and the other in compression (Pauwels). 
It is proved through models that in such a bone tension 
is along the convex side and compression on the concave 
side. Tension band applied on the tension side of bone 
takes away deforming forces on the bone and converts 
them into compressive forces which generate friction 
across the fracture and thereby stabilize the fracture 



Fig. 15: Lag screw fixation of a spiral fracture 



Figs 16A and B: Réduction by antiglide plate (Weber) 


against torque, shear or angulation. The tension band 
device must resist tensile forces and should be pre- 
stressed. The bone must be able to withstand compres¬ 
sion, i.e. it should not be comminuted. On eccentric 
loading such a bone within limits as the physiologie 
activities like movements of a limb, the tensile forces are 
converted to compressive forces which are uniformly 
distributed across the fracture. Dynamic component 
increases when the bone is subjected to bending. Even if 
dynamic component is taken away due to pre-stressing 
in the tension band, the bone remains loaded in 
compression (Figs 14A to D). 

If tension band plate is fixed to bone that is déficient 
under load, the plate itself will be loaded and will fatigue 
and fail or break. The best example is subtrochanteric 
fracture fixed by 95° angled plate or DCS. Another 
example is the fracture patella. 
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Fig. 17: Method to show how prebending produces uniform 
compression in a plate 


Self-compressing plates exert compression by virtue of their 
designs. Semi-tubular, 1/3 tubular plates are déformable 
and borders bite into the bone surface when screws are 
tightened. They are idéal on round bones as radius or 
iliac crest. Today indications are limited as the plate itself 
is only 1-mm thick and not strong. 

Dynamic compression plating: DCP results in rigid fixation. 
Absolute stability diminishes the strain at the fracture 
site to such an extent that allows for direct healing without 
visible callus. Direct bone formation occurs (primary 
healing). Compressive pre-load does not produce 
pressure necrosis. 2 

When fracture surfaces are compressed against each 
other, friction is installed. Friction counteracts shear forces 
that act tangentially so sliding displacement is avoided. 


Shearing stems, in most cases, from torque applied to the 
limb and is more important than forces acting 
perpendicular to the long axis of the bone. The amount 
of friction dépends on the compression between the 
surfaces. Compression produced by a large screw is not 
only large, but it is acts optimally from within the fracture 
in contrast to the compression produced by plates. When 
leg screw is used neutralization plate should always be 
used. The lag screws should not be overtightened. If it is 
over-tightened the bone threads are partially damaged 
and the screws is tightened, the greater the risk that it 
will lose résistance, i.e. its holding power. 

DCP versus—Bridge Plating 

It has been shown that osteoporosis occurs underneath 
the DCP and after removal of the plate re-fracture may 
occur. Previously it was thought to be due to stress 
protection by metallic implant, which is more rigid than 
the bone, but now it has been shown that it is due to 
reduced vascularity. This is due to the plate and bone 
being pressed together by screws. Therefore, newer 
designs developed by AO hâve reduced contact between 
the bone and plate and is called internai fixator System, 
in which a space is created in the bone-plate-interface, to 
protect the blood vessels. (BV) This new type of plate 
functions as subcutaneous or sub-muscular external 
fixator rather than a plate and the whole construct is 
covered by soft tissues and skin. The newer plates 
LCDCP, PC-FIX, LISS hâve less bone-plate contact to 
prevent compression of blood vessels to the bone. PC-fix 
consists of a narrow plate contoured. Its shape conforms 
to the anatomical contour. 

DCP has a spécial geometry of screw holes (Fig. 18). 
The screw hole is a combination of inclined and horizontal 
cylinder which permits downward and horizontal 
movements of a sphere—a screw head. Spheric screw 
head moves in a reciprocally contoured through only in 
one direction given by the oval hole on tightening. The 
first screw in one fragment is inserted centrally using 



Figs 18A to C: Spécial geometry of screw holes of DCP 
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Figs 19A to F: Contouring followed by pre-stressing by 
overbending a plate distributes compression uniformly 


central drill guide. The screw hole adjacent to the fracture 
in the second fracture fragment is drilled with an eccentric 
drill guide. On tightening the second (eccentric) screw, 
the head slides downwards as well as horizontally 
towards the fracture. This movement is resisted by the 
bone as the fragments are in close apposition, hence on 
tightening further, this movement of the screw results in 
axial compression in bone and the tension in the plate. 
After anatomie réduction, one screw can generate about 
50 to 80 kp compression. When substantial load is requi- 
red, tension de vice should be used first (Figs 19 and 20). 

LC-DCP: The stress protection/shielding resulting 
from DCP is avoided as the contacting area is reduced. 
Screw holes are evenly distributed. It allows up to 40 
degree inclination of the screws in both the directions. 
Structured undersurface allows improved circulation and 
enhances callus bridge. Incidence of stress fractures is 
reduced on removal of the implants. Specially 
manufactured CPIT with 90 percent strength of that of 
stainless Steel is used. Titanium is the most bioacceptable 
material for tissue tolérance and avoidance of low-grade 
immunologie complications. LC-DCP requires spécial 
drill guides and is expensive today. 

4. Buttress plates are applied in order to support the 
metaphyseal areas of cancellous bones. It should be 
accurately contoured for the bone and should be fixed 
starting from holes near the fracture proceeding towards 
the ends of plate. 

T, spoon, cloverleaf, cobra are various shapes of 
buttress plates to suit various anatomie locations and do 
not differ in principles. The plate prevents the bone from 
collapsing during the healing process. It is usually 
designed with a large surface area to facilitate wider 
distribution of the load. A buttress plate must be firmly 
anchored to the main fragment. It must fit the underlying 
bone cortex snugly, or the deformity could recur. 1 

5. Condylar plate: The condylar differ s from the plates 
described above because of its distinct mechanical 
function. It helps in reconstructing in the articular surface 
and compression of the epi-metaphyseal fragments. The 
examples are distal fémoral condylar buttress plate and 
the tibial condylar plate. 

6. Angled plates: Angled plates hâve a "U" profile and is a 
reinforced plate by virtue of its design and is useful in 
situations like hip fractures. 

7. Reconstruction plates: Reconstruction plates are thin 
plates which can be relatively easily contoured and are 
used in situations like fractures of the pelvis. The plate 
can be axially twisted, bent or eut to size also. 
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Fig. 20: Technique of fixation of DCP 


8. Wave plate (biologie fixation technique): A plate is fixed 
with minimal number of screws on either side of the 
comminuted fracture. The stability with this fixation may 
not be adéquate and may need enhancement. 

STAPLES are useful in metaphyseal areas to hold and 
the corrections in ostéotomies or to fix the ligaments to 
bones. 


Important Rules for Plate Fixation 

1. Plate should be strong enough. The strength dépends 
on the breadth and thickness. The length of the plate 
dépends upon the type and fixation. Compression 
plate is shorter compare to the longer plate used in 
splinting System. For example, a bridge plate. The 
number of screw should be optimum. 
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2. The minimum 2 to 3 screws in each fragment are 
necessary to prevent rotation. Screws and plate are of 
the same material to minimise rotation. 

3. If the bone quality is poor locking plate is preferred. 

4. Plate should be fixed on the tensile side (convex side). 
If the plate is fixed, concave, i.e. the compression side 
loading open the fracture because of the tensile forces. 
Therefore, it is necessary to fix the plate on the tensile 
side. If the plate is applied at right angles to the convex 
side. The construct is weaker. Double plating is 
strongest construct, however, requires more 
dissection. 


PART III: LOCKING PLATE 

During the last two décades tremendous advances are 
made in the internai fixation of fractures by plating. The 
internai fixator System was first developed by a group of 
Polish surgeon in the 1980's. They developed the 
ZESPOL-system. They based the design of their implants 
on a number of principles. 

1. The screw should be fixed to the plate. 

2. Compression between the plate and the bone should 
be éliminated. 

3. The number of screws necessary for stable fixation 
should be reduced. 

4. Plate stability and Interfragmentary compression 
should be preserved. 1 


History of Fixation of Fractures by Plate 

1890-1910 Lane (open fracture treatment) 

Lane plate 

Lambotte's sériés 

W. Sherman (métal alloys) 

Hey-Groves (locking screw) 

1950-1960 Danis (osteosynthesis) 

1990-2000 Blatter and Weber (waveplate) 

Minimally invasive percutaneous 

osteosynthesis 

Schuhli nut 

Locking plates 

2000-2010 Locking and minimally invasive 

percutaneous osteosynthesis hybrid. 

Using interfragmentary lag screws the main aim was 
to achieve anatomie réduction, rigid stability, and direct 
bone healing. Articulated tensioning devices were 
originally used by Danis. 


Development of Locking Plate (Figs 21A to F) 

The following devices lead to development of the internai 
fixator. 


1. Schuhli locked plate: This was devised by J. Mast. 
Schuhli nuts keeps the plate away from bone. It has 
three sharp projections. It acts as low profile internai 
fixator, making less direct contact between the plate 
and bone and resulting in préservation of blood 
supply. The nut can also reduce the mobility of the 
screw within the screw hole, leading to less motion 
between the screw and the plate. In addition, in the 
case of missing cortical bone, Schuhli nuts can act as 
proximal cortices and make bicortical fixation feasible. 

2. Point contract fixator (PC-FIX) device préserves the 
blood supply of the periostic by point contact. Point 
contact fixator has minimal contact with the bone and 
is secured by monocortically inserted screws. The 
tapered head of the screw ensures that it lodges firmly 
in the plate hole and provides the required angular 
stability. Minimal contact between the plate and the 
bone is still necessary to ensure axial stability, like 
the limited contact-dynamic compression plate (LC- 
DCP). 

PC-FIX was the first plate in which angular stability 
was achieved. PC-FIX was the basis for the further 
development of LISS and then to PCP. In these two 
plates there is no need for any contact with the bone. 
So from point contact plate lead to no contact plate 
with simply functions as a external fixator placed 
inside the skin hence called as internai fixator. 

3. The angled blade plate devised by AO is the strongest 
implant proving that fixed angle gives improved 
stability. 



Figs 21A to F: Showing the under surfaces and side profile of 
various plates used for internai fixation. A-DCP, B-LC-DCP, 
C-PC-FIX , D-LISS (noncontact plate), E-LCP with cortex 
screws, F-LCP with locking head screws (noncontact plate) 
(Redrawn and modified from AO Manualinternal fixators 2006, 
Ed. by Michael Wagner, Robert Frigg) 




































1434 Textbook of Orthopedics and Trauma (Volume 2) 


4. Interlocking nail used in comminuted diaphyseal 
fracture proved that open anatomical réduction of 
fragments is not necessary and close treatment of the 
comminuted fragments with splinting by intra- 
medullary nail produces abundant callus and solid 
healing. 

These four developments, Schuhli nut, joint 
contact plate (PC-FIX), fixed angled blade plate, and 
locked intramedullary nail naturally lead to the 
development of locked head plating and to the 
development of internai fixator by locked head plate. 

5. During the last two décades bridge plating showed 
the flexible fixation System. The second important 
development was less invasive and minimally 
invasive surgery. Finally M. Wagner and R. Frigg 
developed the locking compression plate (LCP), 
combining locking and conventional plate, using 
benefits of both plate Systems. This was a real break 
through. It was widely accepted and has revolutioni- 
zed operative fracture fixation. 

Locking screws: Threaded head of the screw is fixed in the 

threaded hole of a plate to give a fixed angled effect (Fig. 

22 ). 


SeILtapping 

flûtes 



recess 


Fig. 22: Locking screw 



Fig. 23: The locking screws made with threaded 
plate holes helps to form a fixed angle 


Types of Locking Screws 

1. Polyaxial screws: The first technique uses cold welding 
of the screw head and the plate. The screw head is 
made of a titanium alloy, which is harder than the 
plate. The threaded head can screwed into the plate 
hole without threads and locked by cold welding. 
These screws can be tilted in the desired direction. 

2. Second technique uses a threaded head that is 
screwed into a threaded screw hole. The direction of 
the screw is predicted by the orientation of the threads 
of the hole. This principle is used by the AO/ASIF 
for their implants. The locking compression plate 
(LCP) uses a combi-hole to place either a fixed-angle 
screw or a conventional compression screw (Figs 23 
and 24). 



Fig. 24: The plate must be centered in the diaphysis. If the plate is malalign with bone, it leads to the screw at the end of the plate 
may be intracortical. The fixation then is unstable. If the screw intracortical, it should be removed and conventional screw 
allowed angulation in the plate hole which allows angulation in the plate hole is inserted. (Redrawn and modified from AO 
Manual-lnternal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 
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Fig. 25: Self-drilling and self-tapping locking head screws 
should only be used in the diaphyseal bone segment and only 
as monocortical screws. The cutting pitch of the screw touches 
the far cortex. The bone threads in the near cortex are 
preserved. Therefore, monocortical screws are not used where 
the multifragmentary canal is narrow as in radius ulna and fibula. 
(Redrawn and modified from AO Manual-lnternal fixators 2006, 
Ed. by Michael Wagner, Robert Frigg) 

Monocortical Screws 

Monocortical, (1) Préserves medullary circulation. (2) No 
structural bone loss of the opposite cortex. (3) Ease of 
application only one cortex is to be drilled. This has great 
advantage in MIPO (Fig. 25). 

Advantages of Monocortical Screws 

Time saving: As no need to drill other cortex, tap and 
measure. It préserves blood supplyby not perforating for 
cortex. Plate acts as a second cortex. Monocortical screws 
are advantageous in the blind MIPO technique. 

Bicortical Screws 

Bicortical provides improved stability too in the epi- 
metaphyseal area and in osteoporotic cortical bone. 
Bicortical screws needed in small diameter bones such 
as radius, ulna and fibula (Fig. 26). 



Biomechanics of Conventional Plates 

Frictional force and concept oftoggling: Acts as load-bearing 
devices that dépend on the friction between the inner 
surface of the plate and the cortical bone that lies 
underneath. As screws are inserted through the plate in 
the cortical bone, the torque applied compresses the plate 
to the bone. Torque force applied to screw head is 
converted to frictional force between plate and bone. This 
force holds the screws to the plate and the plate to the 
bone. As an axial load is applied to the bone, the friction 
between the plate and the bone in the far cortex resists 
this force. When the load is applied the tendency of the 
screws is to toggle with the plate, thereby causing 
micromotion at the fracture site. As long as the applied 
load is less than the frictional force holding the plate 
against bone, fracture fixation, is adéquate. However, 
when the load applied is greater than the force between 
plate and bone, failure of fixation occurs. When 
unicortical screws are used a much smaller force may 
lead to displacement. In osteoporotic bone, the applied 
load is constant but the purchase of the screws is 
decreased dramatically. Due to poor holding power of 
screws in the bone implant failure occurs due to toggling 
of the screws (secondary displacement) 3 (Figs 27 to 29). 

In compression technique, load transferred from one 
fragment to the other directly. If the load is more than 
the frictional force, shearing type movement occurs 
resulting in loss of réduction, screw loosening or implant 
breakage. 

Biomechanics of Locking Head Plate 

Locking head plate (LHP) and compression plate work 
entirely different biological and mechanical principles 
and créâtes different biological environments conductive 
to bone healing. 



Figs 26A to D: The working length of monocortical screws dépends on the thickness of the bone cortex. (A) In normal bone, this 
working length is sufficient; (B) In osteoporotic bone the cortex is thin through the working length is insufficient. (C) A normal 
bone anchorages a sufficient withstand rotational tissue placements. (D) In osteoporotic bone secondary displacements and 
instability occur. (Redrawn and modified from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 
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Fig. 27: Light gray areas indicate the areas where force is being 
applied to the bone. Note that the force is applied to the bone 
the entire length of the plate and, through the screw threads, to 
the near cortex of the bone. (Courtesy of Synthes, USA.) 



Fig. 28: When a load is applied parallel to the long axis of the 
plate and perpendicular to the axis of the screws, the tendency 
is for the screws to toggle within the plate and allow for motion 
at the fracture site. (Courtesy of Synthes, USA) 



Pr ^~ - FB— 



Figs 29A and B: Toggle of screws when screws are not 
locked to the plate 

Single beam construct: Plate and screw are a single unit. 
Locked plate Controls the axial orientation of the screw 
to the plate, thereby enhancing screw-plate-bone 
construct stability by creating a single beam construct. In 
a single beam construct there is no motion between the 
components of the beam, i.e. the plate, screw, and bone. 
Single beam construct is four times stronger than load- 
sharing beam construct where motion occurs between 
the individual components of the beam construct. Locked 
plate is a single beam construct by design. In contrast 
conventional plate can function as single beam construct 
only in the idéal circumstances, i.e. good bone that 
permits screw torques greater than 3 Nm, sufficient 
coefficient of friction between the plate and the bone, and 
physiological loads lesser than 200N, where there is no 


motion between the plate and the bone. When these idéal 
circumstances cannot be met the locked plate will 
continue to function as a single beam construct whereas 
the conventional plate is likely to fail, particularly if it is 
functioning as a load-bearing de vice. 

Fixed angled device: The basic principle of the internai 
fixator is its angular stability. It does not rely on 
compression of the screws. Stability is gained by the bone 
fragments being connected to the fixator through ail the 
screws. The internai fixator screws hâve to neutralizé ail 
bending forces. Each screws acts as fixed angled blade 
plate. So this multiple fixed angular stability System is 
very stable. Locked screw provides better anchorage both 
in elastic bridge fixation and in absolutely stable fixation. 
Anchorage of the screw in the plate hole means that the 
bone thread can no longer be stripped during insertion. 
The primary anchorage of the screw in the bone is 
therefore ensured even in poor quality bone. 

Functioning as a fixed angled device, the plate 
enhances fracture fixation in circumstances where 
fracture configuration or bone quality does not provide 
sufficient screw purchase to achieve the plate bone 
compression necessary to minimize gap strain with 
conventional plate-screw construct. Locking plate 
converts shear stress to compressive stress at the screw- 
bone interface. Each screws acts as fixed angled device. 
Therefore the System is multiangled fixed device. 
Therefore it is strong device. 

In the LHP load transfer from one fragment of bone 
occurs through the lock screw head to the plate and from 
the plate to the screws of the other fragment, from these 
screws to the plate and to the opposite fragment as shown 
in Figures 30A and B. 

Load transfer: In the LHP screws are the main load 
transferring éléments (Figs 31 and 32). 

En block fixation: In locked plates, the strength of the 
fixation equals the sum of ail screw-bone interfaces rather 
than that of the single screw's axial stiffness or pull-out 
résistance as seen in the conventional plates. The inhérent 
angular and axial stability of locked plates further 
improve fixation (Fig. 33). 

Internai fixator: Locked plate acts as Tnternal-external 
fixator' and are extremely rigid because of their close 
proximity of the bone and fracture site. In external fixator 
doser the bar to bone, more rigid is the external fixator. 

Elastic fixation: Uni-cortical screws increase elasticity. 
Strain at the fracture site is optimized. So that secondary 
bone healing with callus formation occurs. Stability across 
the fracture becomes a function of the mechanical 
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Fig. 30A: In a compression System with absolute stability the 
load is transferred from one bone to other and through the screw 
and plate to the opposite fragment. (Redrawn and modified from 
AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, Robert 
Frigg) 



Fig. 30B: In splinting System load passes from screw to the plate and screws in the other fragment. The bone in the fracture zone 
does not take part in load transfer. (Redrawn and modified from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, 
Robert Frigg) 



Fig. 31: The load is transferred directly from one segment to 
the other. (Redrawn and modified from AO Manual-lnternal 
fixators 2006, Ed. by Michael Wagner, Robert Frigg) 



Fig. 32: Plate with locking head screw in the one combi hole. 
(Redrawn and modified from AO Manual-lnternal fixators 2006, 
Ed. by Michael Wagner, Robert Frigg) 




Figs 33A to D: The conventional screw fails sequentially one-by-one whereas locking head screws fail en block. 
(Redrawn and modified from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 
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Figs 34A and B: (A) Bridging bone (B) Bridging the fracture 
zone with LCP and LHS in osteoporotic bone. MIPO technique 
is used for both. (Redrawn and modified from AO Manual- 
Internal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 

properties of the plate. Relative stability of the fracture is 
achieved by adjusting length of the plate to the loading 
situation. 

As an 'internai fixator, locked plate no longer relies 
on frictional force between the plate and the bone to 
achieve compression and absolute stability. The plate is 
away from bone. The blood supply to the periosteum is 
preserved that allows rapid bone healing. Maintained 
bone perfusion decreases infection rate, bone résorption, 
delayed and nonunion, and secondary loss of réduction. 
Fracture fixation using a locked internai fixator does not 
dépend significantly on the quality of the bone or the 
anatomical région of anchorage. Précisé contouring is not 
necessary (Figs 34A and B). 

Divergent or Convergent Screws: Angular stability of 
locking head screws prevents toggling of the screws even 
in the osteoporotic bone and this avoids loss of fracture 
réduction (Figs 35A to D). 

When locking head screws are inserted into a bone 
segment at divergent and convergent angles to one 
another, their combined pull-out force can be increased 
several times. Unlike diverging compression screws, 
locking head screws cannot align themselves in parallel 
under traction and therefore create a larger area of 
résistance. The effect of en-block fixation can be reinforced 
by convergent or divergent positioning of the screws. 



Fig 35A to D: Divergent and convergent screws increase the 
stability. (A) Thin profile at one end. (B) One of the combi holes 
is elongated. (C) Section of combi holes, (D) The other end of 
the plate is tempered with suture hole 

Failure can only be due to pullout of the entire System or 
to plate failure. (En-block failure). 3 

Mono block Concept 

a. En block Failure or Simultaneous Failure 

LHS plate acts as single intrinsically stable construct. 
Locking head screws are anchored into both the plate 
and the bone creating a single fixation construct that is 
extremely stable. Locking head plate functions as a single 
fixation unit which works as "mono block fixation". This 
mono block fixation System is extremely stable even in 
porotic bone. If failure occurs in locking head plate pull 
out of the screws occurs simultaneously. So called en 
block failure. Ail the screws corne out simultaneously. 

b. Sequential Failure 

In compression plate (LC-DCP) loading occurs in the 
screw therefore, if pull-out of the screw occurs by bending 
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Figs 36A to D: (A) LHS plate for distal tibia. (B) LHS plates for distal humérus (C) LHS plates for distal radius (D) LHS plates for 
proximal humérus. (Redrawn and modified from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 



Fig. 37: Multiwave plate: When the screws are inserted in 
divergent or convergent fashion, the pull-out strength is 
increased. The waves facilitâtes convergent or divergent 
insertions of LHS. (Redrawn and modified from AO Manual- 
lnternal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 

load, the screws fait one by one. This is called sequential 
screw loosening. When compression plate faits the last 
screw faits first and then the neighboring one faits. A 
screws of DCP loosen independently of other screws, one 
after another conventional screws are stand alone screws, 
sequential loosening of the screws occurs when force is 
applied. In the case of fixed-angel application, en-block 
fixation is achieved. Pull out can only occur en-block. 

LHP in Flexible System 

LHP acts as a splinted. Therefore, it is flexible and elastic. 
Elastic System of the fixator provides a relatively stable 
fixation that allows for induction of new bone, solid 


reliable, indirect fracture healing takes place by callus 
formation. 

No Contact Plate 

There is no contact between the bone and the plate 
therefore, the blood supply to the periosteum is 
preserved. Therefore, no necrosis of the bone occurred 
underneath the plate, as in a compression plate no 
necrosis occurs therefore, the infection rate is much 
reduced. 

Contouring 

Précisé contouring of the fixator is not necessary. Whereas 
screw tightening in poorly contoured conventional plates 
causes fracture malalignment, (primary displacement) 
the internai fixator holds the fragments in position. 
Anatomically contoured LHS plates are available for 
spécifie bones. For example fractures of the proximal 
humérus, distal humérus, distal radius, distal fémur, 
proximal tibia etc (Figs 36A to D). 

Refracture: As there is no compression between plate and 
bone, no osteoporosis underneath the plate occurs. So 
therefore, no refracture after removal of plate, as it occurs 
after removal of LC-DCP. 

LHP and MIPO 

LHP is an idéal for minimally invasive plate. Osteosyn- 
thesis can be used as MIPO. Since the bone is not "pulled 
towards" the plate during tightening of the screws, the 
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procedure for minimally invasive plate osteosynthesis 
(MIPO) is greatly facilitated. The plate no longer needs 
to be anatomically contoured, which would hardly be 
possible in a closed procedure. LCP can play an important 
rôle in fracture healing, and as the minimally invasive 
MIPO technique préserves the periosteum, union tends 
to be enhanced. 

LHP and Osteoporosis 

Screws locked in a divergent direction hâve higher pull- 
out strength than locked parallel screws. This fact is 
especially important in osteoporotic metaphyseal 
fractures. 

Primary Displacement 

Prévention of primary displacement: As there is no 
contouring necessary and internai fixator is away from 
bone, primary displacement does not occur. When 
conventional plate is used, it needs precontouring. If not 
precontoured primary displacement occurs. 

Toggling 

Prévention of secondary displacement by toggling (Figs 
38A and B): As the screw is fixed to the plate toggling 
does not occur and therefore, secondary displacement 
does not occur. 



Fig. 38A: Primary loss of réduction due to improper 
contouring of the conventional plate 


Fig. 38B: Secondary loss of réduction due to toggling 


Periprosthetic Fracture 

Using in periprosthetic fracture: As mono-cortical screws 
are used in diaphysis, LCP has a great advantage for the 
treatment of periprosthetic fractures. 

LHP and Infection Rate 

Lower infection: As there is no infection of bone underneath 
the plate which has been shown that there is lower 
susceptibility to infection. 

Bridge and Wave Plating (Fig. 37) 

Bridge plating is a form of biological fixation. Treatment 
using long plates to bridge the fracture zone is known as 
bridging-plate osteosynthesis. Bridge plating is a form 
of biological fixation. The principal idea is to leave the 
fracture zone and its fragments untouched, by fixing the 
plate to the intact part of the bone on the proximal and 
distal sides of the fracture zone, away from the fracture 
side. 

Bridge Plating has Four Advantages 

1. Blood supply is preserved. It allows better perfusion 
of the fragments. 

2. When the plate spans an extended fracture area, there 
is more uniform deformation of the part of the plate 
that is not fixed to the bone-preventing excessive 
deformation that could lead to fatigue failure. 

3. Bridge plating reduces but does not abolish mobility 
of fragments. Thus facilitâtes abundant callus 
formations and early solid indirect healing. 

4. It maintains length rotation and axial alignment and 
the mechanical axis of the bone. 

This plating technique is mainly indicated for the 
fixation of multifragmentary fractures. If a simple 
transverse or oblique fractures is closely reduced and 
plated, then absolute stability has to be achieved using 
interfragmentary compression; otherwise failure is likely 
to follow due to excessive strain at the fracture site. 
Clinical expérience with locked plates has shown that 
close indirect réduction and splinting of simple fracture 
is possible and leads to indirect fracture healing but 
sometimes to delayed bone healing. In bridge plating the 
bone does not contribute to the mechanical stabilization 
of the fracture, or only contribute to it partially. Currently 
biological internai fixation is based on achieving a balance 
between stability and biological integrity. 3 

Biological Plating (BP) acts as an extramedullary 
splint, fixed to the two main fragments, while the fracture 
zone is virtually untouched. The comminuted fracture 
area is bridged by the plate. This System of fixation 
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combines adéquate mechanical stability offered by the 
plate with uncompromised natural fracture biology to 
achieve rapid interfragmentary callus formation and 
fracture consolidation. There is no need for bone grafting. 

Biological plating is done where intramedullary 
nailing is not possible, as results of closed IMN are 
superior. Most of the diaphyseal fractures are treated 
satisfactorily by IMN. Ail complex fracture with multiple 
fragments, especially near the joints are treated by 
biological plating with excellent results. 

Today comminuted fracture is treated by flexible 
fixation by splinting method. 

Types of Bridge Plate 

i. Internai fixator using locking head screws (LHS) or 

ii. By splinting with conventional plate. 

Requirement of Bridge Plating 

1. Indirect réduction: Indirect réduction avoids précisé 
anatomie réduction. L and rotation are restored. 
Alignment of proximal distal fragment is necessary. 

2. Insertion of plate by MIPO technique. With a small 
incision the plate is inserted sub muscularly over the 
periostia. MIPO technique used is more cosmetic and 
biological with early solid healing. 

3. Fracture zone not touched. 

4. Elastic fixation by bridge plate. 

5. Long plate and less number of screws. 

6. Fixation of long implants to the proximal and distal 
main fragments only. 

7. Plate needs to be pre-contoured to the shape of bone. 

8. Usually bicortical screws are used. 

It is flexible elastic fixation results indirect healing 
with abundant callus formation. 

Persistent Poor Réduction 

If there is persistent unsatisfactory réduction which needs 
to be corrected by a plate, then conventional screws can 
be used to reduce the fracture. 

Indications 

1. Multifragmentary fractures: Internai fixators are ideally 
used to bridge metaphyseal and diaphyseal 
multifragmentary fractures by splinting method using 
both MIPO or conventional ORIF. In the distal fémur 
and fémoral diaphysis, internai fixators are associated 
with less secondary loss of réduction than conven¬ 
tional plates and rétrogradé fémoral nailing. 

2. Simple fractures: Common mistake in the treatment of 
supra condylar fracture is not to lag the metaphyseal 


fragment to epiphyseal fragment. The intra-articular 
fracture is fixed by lagging and DCS or condylar 
buttress plate is fixed without compressing the simple 
fracture at the metadiaphyseal junction or in the 
metaphysis. This is neither a compression method nor 
a splinting method. It is bound to fail because of high 
stresses at the fracture site. Plate usually fractures at 
the fracture site. A simple supracondylar fracture of 
the fémur or simple metaphyseal fracture of the tibia 
need to be fixed by compression System using lag 
screws and buttress plating. LCP is very useful in 
these metaphyseal fractures, after compressing the 
simple metaphyseal fractures either by lag screws or 
by compression distraction de vice. The locking head 
screws are used to further stabilise the fracture. In a 
osteoporotic bone using LHSP is mandatory. When 
hybrid System (using both conventional and locking 
head screws in the same plate) is used, the 
conventional screws are fixed first and then locking 
head screws. This is an important rule. 

3. Intra-articular fractures: Compression osteosynthesis 
remains the treatment of choice for the fixation of 
intra-articular fractures. 

4. Type C fractures: The intra-articular fragment are first 
fixed with compression osteosynthesis. The 
comminuted metaphyseal zone is bridge by splinting 
System used in MIPO and fixation in the diaphyseal 
fragment with few screws. So the type C fractures are 
treated by both Systems of fracture fixation - 
compression System for the intra-articular fragments 
and splinting for the metaphyseal fragment. In this 
type C fractures it is shown that bridging with internai 
fixator with LHS is superior to conventional plate and 
screws. 

Biomechanical tests hâve shown that unilatéral 
fracture fixation of bicondylar tibia plateau fractures 
with an internai fixator is équivalent to conventional 
double plating. It has also been shown that internai 
fixators are particularly useful in the treatment of 
osteoporotic fractures, especially those of the proximal 
humérus, distal humérus, distal radius, distal fémur 
and proximal tibia (Table 1). 


TABLE 1 : Type of LCP and indications 


Plates 

Indications 

LCP broad 4.5/5 

Fracture of fémur, large 
humérus non-union tibia. 

LCP narrow 4.5/5 (Figs 40A to D) 

Tibia and humérus 

LCP 3.5 

Radius, ulna, humérus, distal 
tibia, clavicle, tibial plateau 

LCP 3.5 reconstruction 

Humérus, symphisis, pubes, 
acetabulum 
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Figs 39A and B: This patient had valgus recurvatum 
deformity of the ankle and foot 



Figs 39C and D: This was treated by varus procurvatum 
osteotomy using the spécial locking médial, distal tibial plate 



Figs 39E and F: Looking at this X-ray it was felt that there is 
multiple failure with ail the screws coming out but this is not so 


5. Periprosthetic fracture: Pre-operative planning is very 
important. Internai fixator is very useful in these 
fractures. 



Fig. 39G: The osteotomy has solidly united with full correction 
of the deformity. This is the case of meningomyeLocele 


LCP IN HYBRID FIXATION (FIGS 39 TO 42) 

Axial Compression 

After anatomical réduction and precontouring of the 
plate, conventional screw is inserted on one side of the 
fracture and interfragmentary compression is achieved 
using an eccentric screw in opposite fragment. Finally, 
locking head screws (LHS) are inserted on both sides 
(Fig. 43). 

Transverse Fracture 

Second option for transverse fracture: After anatomie 
réduction the plate is fixed with LHS to one fragment. 
Then compression is achieved by inserting the eccentric 
screw. An eccentric cortex screw is inserted in the 
dynamic compression part of the combination hole at the 
other end of the plate. Finally LHS are added (Fig. 44). 

Transverse Fractures in Osteoporotic Bone 

After anatomie réduction LCP is placed on the bone. LHS 
is inserted on one side. With compression device the 
fragments are compressed together. Finally ail LHS are 
inserted on both sides. 

Oblique Diaphyseal Fracture 

After anatomie réduction a lag (conventional) screw is 
inserted through LCP and the fragments are compressed. 
Finally LHS are added on both sides. 
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Figs 40A and B: 3.5 mm Médial distal tibia plate 



Figs 40C and D: (C) 3.5 mm LCP T-plates 4 holes ahead (D) 3.5 mm LCP T-plates 3 holes ahead 


Oblique Fracture 

If a lag (conventional) screw cannot be inserted through 
the LCP hole, it may be inserted outside the plate as an 
independent lag screw. 

LCP as a Splint (Splinting System) 

Bridge plating can be carried out with both standard 
screws and locking head screws. With combi holes of LCP 


it is possible to use both conventional screws and LHS in 
normal bone. Also in osteoporotic bone. 

Locked internai fixator is a stable System. The plate 
with locking heads is similar to the external fixator but is 
placed subcutaneously or sub-muscularly. Therefore it 
is called as internai fixator. 

Advantages of Internai Fixator (LCP) (Figs 45 to 50) 

1. As precontouring is not necessary primary 
displacement does not occur. 
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Fig. 41 : Calcaneal plate 



Figs 42A and B: Interfragmentary compression using a 
tensioning device. (Redrawn and modified from AO Manual- 
Internal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 


2. The screw is incapable of toggling, sliding, or 
becoming dislodged. Therefore no secondary loss 
of réduction. Locking the screw into the plate ensures 
angular, as well as axial, stability and éliminâtes any 
unwanted movement of the screw. 

3. As the plate is away from the bone, blood supply is 
preserved. 



Fig. 43: Multifragmentary compression using combi hole plate. 
Conventional screw are inserted first on both sides of the 
fracture side and fracture is compressed using eccentric position 
of the screw. Finally LHS are inserted. Note the compression 
of the plate to the bone between the conventional screw and a 
gap between the plate and bone at the LHS. (Redrawn and 
modified from AO Manual-lnternal fixators 2006, Ed. by Michael 
Wagner, Robert Frigg) 



Figs 44A and B: Compression also can be achieved. First 
inserting LHS on one side of the fracture and compression is 
achieved by inserting an eccentric cortex screw. In the dynamic 
compression part of the combination hole at the other end of 
the plate. Finally additional LHS is inserted. (Redrawn and 
modified from AO Manual-lnternal fixators 2006, Ed. by Michael 
Wagner, Robert Frigg) 

4. Screws with multiple angular stability in the 
epiphyseal and metaphyseal fragments make the 
construct very stable. 

5. There is improved stability in multifragmentary, 
complex fractures with loss of a medial/lateral 
buttress or bone loss. 

6. There is no need for reconstruct of the opposite 
déficient cortex. This avoids double plate, e.g. the 
proximal tibial plateau fractures and distal fémoral 
fracture. There is also no need for bone grafting. 

7. There is no need to contour the plate. 

8. Internai fixator is a Biological plate and is an elastic 
fixation. Therefore, natural healing is abandon to 
callus formation occurs, and better clinical results 
and faster healing. LCP is préférable as a bridge plate 
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Figs 45A to C: In osteoporotic bone subsequently compression 
can be applied by a tensioning device. (Redrawn and modified 
from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, 
Robert Frigg) 




Figs 47A and B: Locking head screw can be independent screw 
outside the plate. The plate is fixed with LHS. (Redrawn and 
modified from AO Manual-lnternal Fixators 2006) 



Fig. 48: Prerequisite for using the LCP as a locked internai 
fixator. (Redrawn and modified from AO Manual-lnternal 
Fixators 2006) 



Figs 49A and B: If self-drilling and self-tapping locking head 
screw should be only used as monocortical screws. If used as 
bicortical screw, it may damage the soft tissue outside the far 
cortex. Self-tapping screw can be used as bicortical screw as it 
is a smooth tip. (Redrawn and modified from AO Manual-lnternal 
Fixators 2006) 


Figs 46A and B: Lag screw can be fixed through the plate and 
compression achieved. Then the locking head screws are 
inserted on both sides of the fractures (Redrawn and modified 
from AO Manual-lnternal fixators 2006, Ed. by Michael Wagner, 
Robert Frigg) 

to a conventional plate and screws because when 
we use a conventional plate a precontouring is 
necessary. If precontouring is not done for conven¬ 
tional plate primary displacement may occur. 


9. Internai fixation is ideally suited in osteoporotic 
bones, with less pull-out of the screws. 

10. Divergently or convergently locked screws improve 
the pull-out résistance of the whole construct—for 
example, using anatomically preshaped plates or a 
plate bent into slight but continuous or multiple 
undulations (known as a multiple-wave plate). 

11. Even if precontouring of the conventional plate, the 
plate may be away from the bone. If this plate is 
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Fig. 50: In osteoporotic bone bicortical screw is recommended. 
(Redrawn and modified from AO Manual-lnternal fixators 2006, 
Ed. by Michael Wagner, Robert Frigg) 

compressée! to the bone, there may be a valgus / 
varus deformity. Once inserted it is impossible to 
bend the plate. When LCP is used it is not necessary 
to compress the plate to the bone. Therefore, MIPO 
technique is easier with LCP. (Internai Fixator) 

12. LCP can transmit more load to the plate. 

13. Locked internai fixators are noncontact plates; no 
compression of the plate into the bone is required. 
There is no disturbance to the periosteal blood 
supply. Therefore, there is no risk of refracture after 
removal of plate. 

14. Polyaxial screws hâve an advantage. It can be angled 
in a desired direction. 

Indications for LCP as a Splinting Method Using 
MIPO Technique (internai fixator) 

1. Multifragmentary fractures of the diaphysis and 

metaphysis. This is the main indication. 

2. Fractures where intra-medullary nail cannot be used 

as in: 

a. Very narrow intra-medullary canal 

b. Deformed bone 

c. Fractures in children with open physis 

d. Peri-prosthetic fractures 

e. Tumor surgery. 

LCP as a bridging splint or bridging internai fixator 
needs a longer plate. The longer the plate better it is. 

When using an LCP as a splint it is extremely 
important to avoid stress concentration at the fracture 
site. In the communited fracture the fracture zone should 
hâve no screws. If a simple fracture, transfer or s, oblique 
is to be treated by splinting method then at least two holes 
on either side should be left out to prevent stress 
concentration at the fracture site. 


Combinations of Two Systems 

1. Compression System and splinting System is done 
when there are two fractures in the same bone. For 
example intra-articular fractures and metaphyseal or 
diaphyseal multifragmentary fracture. In this 
situation intra-articular fractures are treated by 
compression method and metaphyseal or diaphyseal 
multifragmentary fracture is treated by splinting 
method. 

2. Segmentai fracture at one side: There is simple fracture 
which needs to be treated by compression method. 
At the second side there is a multifragmentary fracture 
zone which is treated by splinting method. 

Combination of Different Screws 

1. While using LCP the surgeon may use both the 
conventional screws and LHS in the same plate. 
Conventional screws are used to compress the 
fragment and LHS are added to further stabilise the 
fracture, especially in osteoporotic bone. 

2. In treating a simple intra-articular fractures and 
simple metadiaphyseal fracture conventional screws 
are used to compress the fractures. Intra-articular as 
well as the metadiaphyseal. The simple metadia¬ 
physeal fracture is treated by axial compression by 
using a conventional screw. Then the LHS are added. 
For example in a C-l fracture of the distal fémur first 
the intra-articular fractures are treated by lag screws 
in the LCP or outside the LCP (independent lag 
screw). Finally the simple fracture in the metaphysis 
or metadiaphyseal junction is treated by axial 
compression then LHS are added. 

Whenever both conventional and LHS are used the 
important principal first is conventional screws are 
inserted and then the LHS because if LHS used first and 
then the conventional screws the threads of the locking 
head may get damage. 

Rules of Screw Placement of Locked 
Plating 1 (Table 2) 

A. Conventional screws are 

1. Inserted before locking screws 

2. Can reduce bone to plate 

3. Can be used to lag fracture fragment together 
through the plate or independent of the plate. 

B. Locking screws, 

1. Will not reduce the bone to the plate has form a 
fixed angle construct with the plate, greatly 
increasing the stability in osteoporotic bone (Figs 
51A and B). 

2. Lag before log: After placing locking screws, no 
additional compression or réduction of fragments 
is possible. 
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Figs 51A and B: When a lag screw is used the plate is 
compressée! to the bone. In a compression System the plate is 
compressée! to the bone reducing the periosteal vascularity. 
The LHS plate is away from the bone and préserves the 
vascularity. (Redrawn and modified from AO Manual-lnternal 
fixators 2006, Ed. by Michael Wagner, Robert Frigg) 


3. Locking screws should be placed as the final step 
of osteosynthesis. 

Complications and Disadvantages of 
Locking Head Screw and Plate 

1. Fixed direction: The locking head screws are inserted 
in one direction only. Therefore, the screw may 
perforate the articular cartilage. Currently with 
polyaxial screw the surgeon may inserts screw in 
the desired direction. 

2. There is lack of bone feel when tightening the LHS 
because the screw lock into the plate, ail screws 
abruptly stop advancing when the threads are 
completely seated into the plate. There is no bony 
feel while tightening the screw. The screw may be 
entirely out of the bone. Even if the screw entirely 
out of the bone the surgeon may feel it. Therefore, it 
is important to use image intensifier to check the 
position of the plate in the center of the bone. 

TABLE 2: Rules of screw placement of locking plate 

(From James P. Stannard, Fractures, Ed. Donald A Wiss. 

2nd ed. Lippincott Williams and Wilkins) 

Number Rule 

1. Conventional screws are inserted before locking screws. 

2. Conventional screws can reduce the bone to the plate. 

3. Conventional screws can be used to lag fracture fragments 
together through the plate. 

4. Locking screws will not reduce the bone to the plate. 

5. Locking screws form a fixed-angle construct with the plate 
to a remarkably increasing stability in poor quality bone. 

6. Lag before you lock. After placing locking screws, no 
additional compression or réduction of fragments is 
possible. 

7. Locking screws should be placed as the final step of 
osteosynthesis. 


3. Jamming of screw: If the screw is over tightened the 
head may get jammed. This may be prevented by 
torque limiting screw driver. 

4. LCP cannot reduce the fracture. Once a locked screw 
is placed above and below a fracture line, no further 
réduction adjustment is possible unless the screws 
are completely removed. However, a spécial 
instrument is used to pull the plate dawn to the bone. 

5. Rigidity of the LCP: If there is a minor gap at the 
fracture site, the gap is held rigidity may resuit in 
nonunion because no load sharing can occur with 
locked screws on either side of fracture. If 
repetitively loaded the plate may fracture. 

6. Plate bending: Any attempt to contour locked plates 
could potentially distort the screw holes and 
adversely affect screw purchase. Bending may 
deform the threads of the screw if at ail necessary. 
The plate should be bend between the holes. 

7. When using locking plates, hardware removal may 
be more difficult, especially if locked screws become 
cold-welded to the plate. Current Systems offer 
torque-limiting screwdrivers that may minimize this 
concern. 

8. If the head is difficult to remove drilling with 
revolving Carbide drill bit with the irrigation System 
and suction de vice. When the head is completely 
destroyed remove the plate and remove the part of 
the screw. 

9. Helicopter effect: If one end of the plate is not fixed to 
the bone while tightening the other end, the plate 
may move and damage soft tissues. 

10. Screw loosening: Screw loosening may occur if 
incorrectly tightened. 

11. Too short plate may cause stress concentration at 
the fracture site and may cause non union. Two 
phase screws may cause instability of the fracture. 

The less invasive stabilization System (LISS): The LISS 
is important breakthrough in the management of 
fractures of the distal fémur and proximal tibia. The LISS 
plate is designed for the distal latéral fémur aspect (LISS- 
DF) and the proximal latéral tibia (LISS-PLT). It is a 
precontoured buttress plate. The LISS-DF and the LISS- 
PLT are available in three lengths (5,9 and 13 holes), right 
and left version (Figs 52 and 54). 

It is an aiming devise so that the screws can be inserted 
percutaneously. The fracture réduction often has to be 
fine-tuned during the LISS procedure. The cooling device 
is called as whirly bird allows fine adjustment of the 
angulation and translation of fragments in the frontal 
plane. The plate is inserted by MIPPO techniques, it is 
inserted sub-muscular tunnel over the periosteum and 
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screws are inserted percutaneously through the aiming 
de vice. 

AIDS in Réduction and LISS Fixation 

A.O. Manual of internai fixator 2006 has suggested the 
foliowing aids. 

1. Muscle relaxation during surgery 

2. Supracondylar towel rolls under the distal fémur 



Fig. 53: LISS for tibia. (Redrawn and modified from AO Manual- 
Internal fixators 2006, Ed. by Michael Wagner, Robert Frigg) 


3. Réduction and prevent sagging of distal fémur by 
contraction of gastrosoleus through manual traction 

4. Schanz screw is used as joystick to reduce distal 
fragment. 

5. Cooling de vice called Whirlybird is used to proximal 
fragment to the LISS fixator. 

6. Malet can be used to push the distal part of the fémur. 

7. Large distractor or external fixator can be used to 
reduce the fracture. LISS for proximal tibial fracture. 
Intra-articular and metaphyseal fractures of the 

proximal tibia can also be treated by LISS, the plate is 
inserted sub muscularity over the periosteum and may 
advice is attached, screws are inserted percutaneously. 
Certain précautions are to be taken while using locking 
head plates and screws. 

1. The plate must be centered properly on the shaft of 
the bone while inserting the screw. The surgeon does 
not feel quality of bone. Therefore, the screw may be 
outside the bone or in the cortex. 

2. Self drilling, self tapping locking head screws should 
only be used as monocortical screws, to prevent 
damage to the soft tissues opposite the plate. In order 
to gain purchase in both cortices, the self-tapping 
screw has to protrude from the bone. However, due 
to the relatively smooth screw tip, no damage to the 
neurovascular structures opposite the plate occurs. 

3. The working length of monocortical screws dépends 
on the thickness of the bone cortex. In osteoporotic 
one, working length is insufficient because of thin 
none. Therefore, by cortical screws are recommended. 

4. While using a unicortical screw, they should not touch 
the opposite cortex because if the screw touches the 
opposite cortex, bone thread distracting cared, which 
leads to loosening. Therefore, unicortical screws are 
not recommended where the intramedullary canal is 
narrow, e.g. radius ulna and fibula. 

In these bones by cortical screw is recommended. Also 
in osteoporotic bone, choosing the appropriate length of 
the LCP (and of ail plates) is one of the most important 
steps in internai fixation. It dépends on the fracture 
pattern and the method and mechanical principle being 
used for fixation. 

Effect of Length and Position of Screws 

Length of the plate, number of screws and positions of 
the screws in the plate affect the mechanical and 
biological environment. The screws in the ends of the 
plates are critically and maximally loaded. The force can 
be reduced by increasing the length and le ver âge. The 
longer the plate the smaller the pull-out force acting on 
the screws. The longer plate reduces the stress as well as 
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Figs 54A and B: The less invasive stabilization System (LISS) 
(A) LISS-DF i.e. LHS plate for distal fémur. (B) LISS-PLT i.e. 
LHS plate for proximal tibia fracture. 

(Redrawn and modified from AO Manual-lnternal fixators 
2006, Ed. by Michael Wagner, Robert Frigg) 

on the screw. In a longer plate the force is distributed ail 
over the plate. Michael Wagner 3 suggests for practical 
use there are some basic rules: 

1. Length of plate: First détermine the fracture length, then 
chose the plate length three times the fracture length 
(Fig. 55). 

2. Number ofscrews and position ofscrews: Few screws but 
position precisely planned, only 50% of plate holes 
occupied with screws. 

3. A minimum of 3 screws per main fragment is 
recommended. 

The longer plates reduce the stress in the plate as well 
as to the screws. From the mechanical point of view, it is 
therefore better to use very long plates. In compression 
plating, after précisé réduction of a simple fracture, with 
the plate and the bone both sharing the load, the two 
middle plate screws can be inserted as closely as possible 
to the fracture site, with the peripheral screws inserted 
at each end of the plate. In simple fractures without 
précisé reduction-leaving a gap and splinting the fracture, 
leave two to three plate holes without screws to avoid 
stress concentration at a small plate segment. However, 
this may caused delayed union. Splinting method for 
simple fracture is not favoured. 

Plate length, placement and position of screw are 
extremely important. The placement and position of the 
screws is more important than the number of screws. 



Figs 55 A and B: When the working length is less there is high 
strain of the plate and the stress concentration occurs at the 
fracture site in a simple fracture. In a multifragmentary fracture 
zone the working length is more. The stress is disrupted over a 
large area leading to low implant strain and higher résistance 
to fatigue failure. (Redrawn and modified from AO Manual- 
Internal-fixators 2006, Ed. by Michael Wagner, Robert Frigg) 


Length of the plate: An external fixator bridges almost 
the entire length of the bone. In the past, short plate was 
used. Currently with MIPPO technique long plate can be 
used without additional soft tissue dissection. The idéal 
length of the plate can be increased. 

Position and number ofscrews: It is not necessary to fill 
ail the holes of plate. For adéquate stabilization, it is much 
more important to insert few screws with high plate 
leverage to reduce the load on the screws. A minimum 
of three screws per main fragment is recommended. The 
four screws are critical. (1) The two screws near the 
fracture site on each fragment and (2) The two end plate 
screws. 

These four crucial screws are important. 

Idéal Length and Number and Position of Screws 

The plate is divided into three segments—a segment 
covering the fracture zone is the middle segment. The 
segments covering the proximal and distal fragments are 
the proximal and distal fragments respectively. The 
length of the plate and the number of screws are 
determined by two parameters (Fig. 56). 

1. Plate span ratio 

2. Plate screw density. The plate span ratio is length of 
the plate to the length of the fracture zone. AO 
suggests the plate span ratio to be 2:1 or 3:1 and greater 
than 8:1, 9:1, and 10:1 in simple fractures. 
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The plate screw density is the ratio of number of 
screws to the number of holes in the proximal and distal 
segment of the plate. AO recommends 4:10 or 5:10. This 
indicates fewer than half of the plate holes are occupied 
by screws. 

Plate L 3 

Plate span =-= — 

Fracture L 1 

No. of screws 

Screw density =- 

Number of holes 

4 5 

= or <- or — 

10 10 

Hybrid Fixation 

LCP in contoured compression plate both long heads and 
conventional screws are used in some situation. Absolute 
stability is achieved by compression length. 

Indications for Hybrid Fixation 

1. Simple fractures of the diaphysis and metaphysis. In 
this fractures, précisé anatomical réduction is 
necessary. Simple transverse and oblique fractures are 
treated by compression System achieving absolute 
stability. First the conventional screws are used to 
compress the fragment and then locking head screws 
are inserted. 



Fig. 56: Plate screw density and length. For description see 
text. (Redrawn and modified from AO Manual-lnternal fixators 
2006, Ed. by Michael Wagner, Robert Frigg) 


2. Intra-articular fractures (buttress plate). Delayed 
union or nonunion. Closed-wedge ostéotomies. 
Complété avascularity of the bone fragments. 

LCP in Compression Plating 

LCP can be used in compression System imparting 
absolute stability by lag screws. Main indications are, 

1. Intra-articular fractures 

2. Metaphyseal fractures 

3. Simple transverse or oblique fracture 

4. Delayed union, nonunion 

5. Close-wedge osteotomy. 

Ail the prerequisite required for compression plating 
are also required for LCP as a compression de vice. Also 
the same techniques for LCD-CP are used for LCP- LAG 
screws and compression distraction de vice. 

PART IV: PRECONTOURED 
SPECIAL PLATES* 

Anand J Thakur* 

Precontoured plates are natural évolution from the basic 
bone plates like, Sherman, Lane, Lambote and AO. 

Characteristics are that the geometry matches the 
anatomy of the patient with a little or no bending. 
Depending upon the need, screw holes are strategically 
deployed to obtain maximum purchase. Ail the 
biomechanical needs of the région are addressed while 
designing a precontoured plate. The design not only 
reduces operation room time spent in contouring a plate 
but also minimizes soft-tissue irritation and soft tissue 
dissection. Unlike straight plates, a precontoured plate 
acts as guide or template for restoring the patient's 
original anatomy when reconstructing a highly 
comminuted fracture, a malunion or a nonunion. 

Today the technology of minimally invasive percuta- 
neous osteosynthesis (MIPO) is gaining acceptance and 
momentum. To be able to slide an implant into the body 
and along the bone surface from a small incision remote 
to the fracture site appears to be appealing. It may even 
be important in cases with skin contusion. Every surgeon 
will carefully avoid approaching bone through contused 
skin. The chances of delayed healing of such traumatized 
skin are considérable. Such complications may not be 
expected when the plate or the internai fixator is slide 
between soft tissue layers at a distance to bone and skin. 


*With kind permission from Trauma Society of India. This section is 
from the hands out given at the IOA Conférence, New Delhi, 2006. 
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A precontoured plate is a welcome design for this new 
technique. Most of them are locking head screw plates. 

Spécial plates for epi-metaphyseal fractures are 
thinner. Therefore, hâve less interférence with soft tissues. 
Thinners allows to use screws one size smaller. These 
thin plates with divergent or convergent screw geometry 
are best suited near a joint. They are anatomically 
precontoured. Intraoperative contouring is not necessary. 
Guiding blocks facilitate screw insertion. 

Most of them are locking head screw plates. There is 
great demand for precontoured plates. 

Advantages of Precontoured Plates 

1. Intraoperative shaping is not required. 

2. Plate helps achieving the anatomical réduction. 

3. Aiming blocks to insert the locking head screws are 
available. 

4. There is a clear indications for a given implant. 

5. Placement for given implant is defined. 

6. Screw placement according to the anatomical région 
is optimized; to achieve convergent or divergent 
position of screws and to prevent joint pénétration. 

Precontoured Plates 

• Clavicle plates 

• Proximal humérus plate 

• Helical plate for shaft 

• Plates for lower end of humérus 

• Radial head plates 

• Distal radial plates 

• Olecranon plates 

• Coronoid plates 

• Plates for upper fémur 

• For distal fémur 

• Proximal tibia 

• Distal tibia 

Clavicle Plate 

Clavicle plate is pre-contoured to match the natural 
S-shape of the clavicle and has rounded outline and a 
low-profile screw-plate interface, which causes less 
irritation of the skin and soft tissue. It is used for repairing 
fractures located from the middle third to the distal third 
of the clavicle. Pre-contoured plate geometry matches the 
anatomy of the clavicle with little or no bending and may 
also act as guide or template for restoring the patient's 
original anatomy when reconstructing a malunion, 
nonunion, or a highly comminuted fracture, unlike 
intramedullary rods/pins or straight plates. As it fits the 



Fig. 57: Proximal humérus plate 


form, time spent on contouring the implant is saved. This 
strong titanium plate is applied on the superior aspect of 
the bone that is biomechanically superior to other sites. 
For central one-third applications, there are three different 
curvatures in both left and right version and for distal as 
well as latéral fractures a specialized "J" colour coded 
plate is available. 1,2 


Proximal Humérus Plate (Fig. 57) 

Precontoured and anatomically shaped plate for proximal 
humérus has 5 holes in the section abutting the head. 
These locking screw holes are variedly directed to 
improve the fixation. The first two holes are slanting at 
an angle of 95° to the plate and are inclined slightly 
upwards: these screws ascend in the head. The next row 
also has two screw holes that are at 90° to the plate and at 
angle of 50° to one another, spreading out in the head. 
The fifth hole is an integrated hole and is set at an angle 
of 90° to the plate. This portion of the plate is bent 
upwards so the screw ascends in the head. The proximal 
section also has several holes of 2 mm diameter through 
which suture are passed to repair and stabilize the rotator 
cuff. These holes also serve as placement points for the 
aiming block. The block sits on the plate to guide the 
threaded drill sleeve and subsequently the drill bit to the 
perfect angle of screw insertion in the humérus head. Use 
of the aiming block is mandatory when applying this 
plate. In the plate segment abutting the shaft, four 
integrated screws holes are deployed. These are used to 
apply placement screws either of conventional or locked 
variety. 
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Figs 58A to D: Precontoured plate for humérus 


Diaphyseal Humérus Plate (Figs 58A to D) 

When considering straight versus non-straight implants 
the first question must certainly address the shape of the 
bone surface to which the implant undersurface will be 
attached. While the bones of a small animal often appear 
to be quite twisted, the bones of larger animais and of 
humans are mostly straight. Even if the periosteal bone 
surface does not require a modification of the straight 
implant, it is still necessary to consider an optimal fit in 
respect to the soft tissues around the bone. This is 
especially obvious when considering humérus plating in 
view of the close relation of some aspects of bones and 
nerves. Even for straight bone like humérus the internai 
surface may profit from an implant shape that represents 
a good fit in different planes. If there is a need to perform 
biological plating over a long distance on the humérus 
extending into the proximal third, a latéral plate can be 
applied to the proximal third and anterior implant to the 
mid and distal thirds. This distribution is préférable for 
anatomical reasons. Anterior plates on the proximal 
humérus would interfère with the long head of the biceps; 
latéral plates in the mid third would put the radial nerve 
at risk. Using a helical implant this should be possible to 
perform the fixation with MIPO. 

Distal Humérus Plate 

Precontoured in three planes, the distal humérus plates 
are known as Mayo Clinic Congruent Elbow Plate 
System. They corne as latéral and médial column Plates. 
Médial Column Plate extends distally down to, or wrap 


around the médial épicondyle or even extend down onto 
the médial trochlea. Extending up the condylar ridge, 
these colour-coded plates offer solid fixation and 
compression. This fixation is maximized when the screws 
in the articular fragments can interdigitate with those 
coming from the latéral side. Latéral Column Plates 
improve upon posterior plating biomechanically by 
enabling the use of longer screws that interdigitate with 
screws coming from the médial side. 

Olecranon Plates 

Equally capable of treating ostéotomies and fractures, the 
olecranon plate provides excellent fixation in the 
proximal ulna. The prongs on the proximal tip of the 
olecranon plates offer provisional stability into the triceps 
tendon, assisting with réduction, and improving final 
stability. These prongs also allow for placement of the 
plate directly over the triceps tendon without pinching 
it, thereby eliminating the need for a triceps split. 
Individually contoured for left and right side to match 
the anatomie bow of the ulna, these are 11 mm wide and 
2.1 mm at the thickest point. Each olecranon plate enables 
placement of four to six screws in the proximal olecranon, 
and ail but proximally extended plate offer triceps prongs 
to provide provisional stability. 

Coronoid Plate 

Coronoid plates are designed to act as a buttress to the 
coronoid and counteract this tendency of the elbow to 
subluxate. With sharp prongs to grasp the coronoid 
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fracture fragments, the coronoid plates stably fix the 
fractures. Right and left side plates are colour coded. 
Fractures of the coronoid are challenging in both their 
détection and treatment. While typically a small fracture, 
the impact that they hâve on elbow stability is profound. 
Traditional fixation of these fractures involved capture 
of the coronoid fragments with screws or sutures coming 
from the posterior side of the ulna. This means of fixation 
has often proved inadéquate against the strong anterior 
dislocating force of the distal humérus. 

Radial Head Plate 

Designed for fractures where the radial head is 
salvageable but traditional fixation is inadéquate the 
anatomical plate design is complemented by having 
multiple proximal screw holes to capture and hold the 
radial head fragments. The plate fits within the "safe 
zone" of the radial head with little or no bending. Screw 
holes are recessed to allow for greater screw angulation 
while maintaining a flush screw/plate interface. 
Increased angulation permits screw interdigitation 
creating a stable, fixed-angle configuration. Plate is highly 
polished with beveled edges to minimize soft tissue 
irritation. 

Distal Volar Radius Plate 

(Hand innovations, Miami, Florida USA) 

A contoured volar plate for both volar and dorsal 
displaced fractures of distal radius uses fixed angle 
technology to get optimum support for the often- 
problematic distal radius fractures. The plate is indicated 
for unstable fractures in either dorsal or volar direction, 
intra-articular fractures, nascent malunions fixation of 
corrective ostéotomies of established malunions. The 
vertical arm of the T-plate has holes to accept 
conventional cortical screws for fixation to the shaft. The 
transverse arm anatomically fits the volar surface of distal 
radius, supports marginal fragments and ail aspects of 
the subchondral plate. It has holes in two rows of for 
locked pegs and screws: proximal row is normally used. 
Ail the peg holes on the proximal peg row are always 
filled because these provide the stability crucial to prevent 
dorsal re-displacement of the fractures. The proximal row 
pegs follow anatomical contour and support dorsal aspect 
of subchondral plate. A peg in the first hole on the ulnar 
side stabilizes the lunate fossa. Smooth pegs offer the 
strongest support to subchondral bone and are routinely 
used but a threaded peg is required to capture dorsal 
comminuted fragments. Cancellous screws are used for 
volar fractures. The distal row of peg holes provides 
additional support to the central and volar aspect of the 
subchondral plate. The holes in the distal row are used 


when there is extensive comminution or severe 
osteoporosis. Both, the transverse and vertical limbs hâve 
small holes to place in Kirschner wires for temporary 
fixation of proximal and distal fracture fragments and 
for plate alignment. The implant is of value in 'complex 
articular fracture of the distal radius' (subgroup C3.2 
according to the Comprehensive Classification of 
fractures) where combined dorsal and volar plate fixation 
is advocated. Right and left sided implants are available 
in 5 sizes. 3 

Dorsal Nail Plate for Distal Radius Fractures 

A combination of interlocked nail and plate for distal 
radius fracture is useful when réduction can be achieved 
by closed means and articular involvement is not severe. 
The implant holds well in the porotic bone stock. It is 
inserted through 3 to 4 cm long surgical exposure, which 
is désirable in elderly and polytraumatized patients. The 
device is applied over the flattened Lister's tubercle on 
the floor of the 3rd compartment, between the extensor 
tendons after mobilizing the extensor policis longus 
tendon. A properly applied implant does not impinge 
on the tendons. 

Proximal Fémur 

Sliding hip screw and plate, Medoff plate, Gottfried plate 
and screws are well known examples of precontoured 
plate. These mentioned here only for completion and not 
described in any detail. 

Distal Fémur Plates 

A dynamic compression screw or a condylar plate is the 
device of choice as it maintains réduction of the segments 
that are usually intra-articular. Compression could be 
achieved, giving more stability. Early mobilization of 
these complex fractures is essential. The condylar plate 
rigidly fixes the metaphysis to the shaft and thus helps 
early mobilization. In biomechanical terms these fractures 
frequently hâve short periarticular segments and long 
working length because of frequent metaphyseal 
comminution as well as absence of bony support on the 
médial side. The fixed angle of the plate overcomes the 
coronal plane instability and prevents conséquent 
collapse. 

Compression may be achieved, giving more stability. 
Early mobilization of these complex fractures is essential. 
The implant rigidly fixes the metaphysis to the shaft and 
thus helps early mobilization. 

The two prévalent methods of inserting the condylar 
screw/blade plate at two third and one third junction of 
the latéral condyle produce a degree of external rotation 
because the plate rotâtes over the outer surface of fémoral 
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Figs 59 A and B: LCP proximal latéral tibia and LCP distal fémur 


shaft as the placement screws are tightened. This rotation 
is minimized if the plate is inserted at three-fourth—one- 
fourth junction. Additional advantages of method— 
3 A-V4 are that its use does not require a patellofemoral 
Kirschner wire and insertion of condylar screw 
perpendicular to the bone is sufficient for accurate 
placement. There is no risk of pénétration of the condylar 
screw within the intercondylar fossa. Whenever a longer 
plate is required, it automatically aligns with the fémoral 
shaft whereas in the previous methods it leads to some 
anterior prominence of the plate due the curvature of the 
lower end of fémur 4 (Fig. 59A). 

The Condylar Buttress Plate 

The plate is designed for porotic, comminuted and intra- 
articular fractures of distal fémur that cannot be managed 
with a condylar blade plate or a dynamic compression 
screw. The implant is anatomically pre-shaped and cornes 
in a right and left versions. It is a buttressing implant 
and cannot apply compression along the longitudinal 
axis. In newer development, implants with locking screw 
facility are now available that combine the benefits of 
compression as well as of locking plate technique because 
the new System is able to use either locking or 
compression screws. Locking screws in the head of the 
plate form a stable angular screw-plate construct. 
Integrated hole permits use of either standard or locked 
screw. Biomechanical studies hâve compared function 
of locking condylar buttress plate to an unlocked condylar 
buttress plate, 95°-angled blade plate, a rétrogradé nail, 
and a dynamic condylar screw. The locking fémoral 
buttress plate was biomechanically superior in its ability 
to resist applied loads and had less irréversible 
deformation. Although limited, these early biomechani¬ 
cal studies demonstrate that a locking plate can provide 


stability comparable or superior to current commercially 
available devices (Fig. 59B). 

Tibial LIF Plate 

LIFP metaphyseal plate for lower end of the tibia (LCP 
tibial plate Synthes Paoli, is precontoured to meet the 
shape and thickness requirement of the area and mode 
of application. Its bullet tip enables easier application of 
a minimally invasive surgical technique. The thinned 
plate profile, especially designed for the distal end 
provides easy contouring of the plate and takes the 
peculiarities of the metaphyseal area into account. The 
long hole helps to optimize fine-tuning of the réduction 
in the longitudinal axis. The dense net of integrated holes 
in the thinned plate area of the distal end covering the 
malleolar région allows a doser insertion of the screws 
and therefore, provides a higher purchase with a better 
stability. The integrated holes provide a choice of 
dynamic compression and angular stability in one 
implant. The angulation (11 degrees) of the two outermost 
hole units towards the center of thinned plate area allows 
a doser juxta-articular plate placement. A small hole is 
intended for temporary fixation with a K-wire. The 
undercuts on the surface abutting bone face maintain 
good visualization of the periosteum. Plates with similar 
design are available for fractures in the metaphyseal areas 
that reach into proximal tibia, the proximal and distal 
shaft of the humérus, fibula, and proximal and distal 
radius as well as ulna. 
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INTRODUCTION 

External fixation is now often used and is a method of 
immobilizing fractures and ostéotomies by means of pins 
passed through the skin. The term external fixation of 
fractures is a misnomer in that, it is achieved by staunch 
pins traversing the bony fragments at an angle to the long 
axis of the bone. In some situations, these pins pierce the 
limb completely, while in others pénétration is only from 
one side. In ail instances, the protruding pins are joined 
outside the limb by a rigid scaffolding, of which many 
different designs exist. It is this scaffolding that is external 
and lends the name to the method. 

In external fixation, the fracture éléments can be 
realined, compressed or distracted at will. The wound 
area is easily exposed, local lavage, flushing, dressing and 
surgical procedures are easily carried out with minimal 
patient discomfort. The stabilization of the segment, thus, 
achieved facilitâtes limb élévation as early movements 
of adjacent joints. A good understanding of the principles 
involved would be useful for any student of orthopedics. 

History 

The external fixation is generally attributed to Malgaigne, 
the Parsian surgeon, but the essential principle was 
recognized by Hippocrates, who did the best he could 
with the means available to him (Le Vay). 19 He placed 
tight leather cuffs containing sockets at the knee and ankle 
and inserted by bending, three or more pairs of rather 
too long springy wooden rods to apply distraction (Fig. 
1). The mechanism, if well arranged, will make the 
extension both correct and even consistent with the 
normal alinement, and will cause no pain in the wound 
since the external pressure, if any, will be diverted partly 
to the foot and partly to the thigh, and the wound is both 
easy to examine and handle. 




Fig. 1 : Hippocrates’ concept of external fixation 


Malgaigne in 1885 described and used a de vice on a 
few patients. Parkhill (Denver, Colorado 1894), developed 
three fixators: (i) one for the fémur, the tibia and humérus, 
(ii) one for the radius and ulna, and (iii) one for the clavicle 
and the metacarpals. 

He presented a sériés of 14 cases and claimed 100% 
union rate. Most patients had pseudoarthrosis of the 
humérus and the tibia. Lambote (Belgium, 1907) invented 
devices which were practical to use (Fig. 2). "I could avoid 
many amputations which seemed inévitable thanks to 
the external fixator", he said. Both, Parkhill and Lambote 
used unicortical pins. 

Alfred Schanz (1870-1932), Professor of Orthopedics 
at Dresden, (then famous for osteotomy of fémur for old 
fracture of the neck and congénital dislocation of the hip) 
devised an implant now known after him in 1905. 

Henri Judet, a Frenchman and father of more famous 
brothers—Robert and Jean—was the first to transfix both 
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Fig. 2: The pins gripped the near cortex in Lambotte’s 
external fixation 


the cortices of a bone in 1934. He wrote in details about 
instrumentation for osteosynthesis by external fixation. 

The idea of external fixation was taken up and 
developed in different ways by a number of surgeons 
(Anderson, 1934, Lewis, Briedenbach and Stader 1942). 
The method was extensively used in the European theater 
of World War II (Kimmel) but fell into disrepute due to 
an unacceptably high incidence of complications. The 
biomechanical principles were poorly understood, the 
time was not ripe, and there were technical and 
technological problems which were unsolvable at the 
time. Osteomyelitis, pin-track infections, delayed and 
nonunion were common occurrences (Johnson and 
Stovall, 1950). 

Raoul Hoffmann 17 designed a System in 1938 and 
modified it in 1954. In the 50s and 60s many more fixator 
Systems were introduced. The threaded rod fixator 
(Charnley), the fixator with moving parts (Wagner), and 
the AO fixator with modular System are a few examples. 
Ilizarov, in the 50s worked in the erstwhile USSR and used 
circular fixator to stabilize the fractures. This 
development was largely unknown outside that country 
until the beginning of the 80s. 

In late 1960's external fixation enjoyed a revival due 
to persistent efforts of Burny and Vidal. 4,5 The 1970s were 
dominated by bilateral configurations of external frames, 
but clinical expérience and the realization that the frames 
were unsafe and unsatisfactory lead to the search for 
better designs. In 80s unilatéral configurations were 
tested, as search for efficient models continued. Increased 
clinical expérience, modifications in the pins, improved 
designs of clamps and rods, better metals and superior 
technical knowledge renewed interest in external fixation. 


TABLE 1 : Indications for external fixation 

Diaphyseal and metaphyseal area 

• Compound fractures 

• Fractures requiring plastic surgery 

• Closed fractures with severe associated soft tissue injuries 

• Closed fracture treatment by ligamentotaxis 

• Fractures with compartment syndromes 

• Polytraumatized patients 

• Infected nonunions 

• Replantations 

• Deformity corrections 

• Bone lengthening 

• Stress-shielding device to protect internai fixation 

Articular area (arthrodesis) 

• Degenerative and posttraumatic arthrosis 

• Septic arthritis 

Selected fractures ofpelvis 


Indications for Application of External Fixator 

Modular frame external fixation broadens the indications 
in general (Fernandez DelTOca, A). In situations where 
operation room conditions are far from idéal, when there 
is an increased risk of infection due to any reason, when 
sets of internai fixation instruments and implants are not 
available or are incomplète and lack of trained surgeons 
who command the complex internai fixation techniques 
exists, external fixation is a welcome alternative to 
internai fixation (Table 1). These indications are relevant 
in the third world countries. 

Classification 

External fixators are grouped as: 

i. pin fixators, and 

ii. ring fixators. 

Unilatéral Pin Frames 

Pin frames of unilatéral type for example Orthosys, 
Orthofix, AO, half-time Hoffmann, Shearer, Dynabrace 
are excellent for routine work, as these are quickly applied 
to stabilize most of the diaphyseal fractures of major long 
bones (Fig. 3). Wound access is excellent and management 
of soft tissue injuries approaches idéal conditions. 
Majority of these frames can be dynamized. 

Disadvantages: Unilatéral frame has the following 
disadvantages. 

The fracture must be reduced before construction of 
the frame. The presence of a fixed bar—remote from the 
axis of the bone—reduces the ability to adjust for 
angulatory and rotatory deformity. However, presence 
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Fig. 3: Unilatéral pin trames 

of a joint between the pin clusters does overcome this 
problem to some extent. Being a cantilevered System, it 
does not allow axial loading at fracture site like a ring 
fixator, hence, incidence of delayed union or nonunion 
is high unless the fixator is modified, or early bone 
grafting is carried out. Unilatéral frames are not suitable 
for progressive correction of complex deformities. Pin 
frames of comprehensive type. Hoffmann frame is shown 
in Figure 4. 

These frames enable a progressive build-up of 
components and allow the treatment of complex 
fractures. Such frames are idéal for treatment of pelvic 
fractures and juxtaarticular or intraarticular injuries 
around the elbow, wrist, knee or ankle (Fig. 5). These are 
also suitable for major arthrodesis including that of the 
hip joint. Comprehensive pin frames can deal with most 
situations but tend to evolve in bulky configurations 
which may obstruct plastic surgery and make 
réhabilitation difficult. 

Ring or Circular Frames 10 

Ring frames hâve an important place in complex recon¬ 
struction of a limb (Fig. 6). The frames provide sufficient 
stability even for the most complicated diaphyseal 



Fig. 4: Comprehensive pin frame 



Fig. 5: Slatis frame for pelvic stabilization 


fracture complex. They replicate the structure of a long 
tubular bone, hence, are something like an exoskeleton. 
They are an elastic fixator as the tensioned wires, and 
weight bearing produces micromovement which favors 
quick healing. Multiplane deformity correction, both in 
the bone and in the soft tissue can be performed by using 
these frames. 

Disadvantages: Circular frames are heavy, cumbersome. 
It is time consuming to plan and construct a frame. Poor 
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Fig. 6: Circular frame 


access to the soft tissues make plastic procedures difficult. 
There is a risk of damage to neurovascular structures, 
becuase it is not possible to follow the safe corridors in 
ail the situations. From a practical point of view, thin 
tensioned wires prédisposé to low levels of pin tract 
infection. Edema is common occurrence in circular frames 
than in unilatéral frames. 

On the positive side, ring fixa tors are excellent for 
progressive deformity correction, limb lengthening, 
management of nonunion, but these should be avoided 
if the clinical problem can be treated with a simple device. 

Instrumentation 

Any fixator structure is a combination of its individual 
components, each of which raises its own spécial 
feature—be they biological, mechanical or clinical. 
Schematically, the components common to ail fixators 
are as labeled in Figure 7: (a) attchement to the bone by 
pins, (b) clamps, (c) couplings, (d) central body, and (e) 
compression/distraction System. The grip on the bone 
segments is achieved which may either be a through- 
passing pin for bilateral fixator or a nonthrough-passing 
half pin for unilatéral fixation. 

The clamp provides the connection between the bone- 
grip éléments and other components of the fixator. A 
clamp must be adaptable to the variations in the number 
of pins and the distance between them in different frame 
configurations. Clinically, a clamp is positioned as close 
to the bone as possible to reduce the bending moment on 



Fig. 7: Basic components of external fixator 


the pin at the same time providing a space of at least 
1 cm between it and the skin. The coupling (présent in 
certain models of external fixators) connects the clamp 
and the central body. The articulating coupling facilitâtes 
application and permits the same model to be used for 
different indications. 

The central body is the structure which connects the 
clamps through the couplings. It maintains proper 
alinement and allows compression or distraction of the 
main bone segments. 

The standard components of the external fixator 
System which is frequently used in India are described 
in some details. 

External Fixator Pin 1 

The external fixator pin (Schanz screw, half pin, pin, are 
synonyms) is the mainstay of an external fixator. The pin 
is a modified cortical screw. It is used only as a holdfast 
and does not exert interfragmental compression like a 
cortical screw. To serve this purpose, it has been modified 
and it does not hâve a head but has a very long shaft. 
The pin shaft is stronger than that of a cortical screw. 
The inner diameter (core diameter) of the pin is slightly 
larger than the inner diameter of corresponding cortical 
screw, e.g. 3.4 mm instead of 3 mm for a 4.5 mm screw. 
This change improves the torsional and bending strength 
of the pin approximately by 30%. 

The external fixation pin is described under four 
headings (Fig. 8). 

1. The tip: The triangular tip, rounded at the front and 
sharp at the sides prevents injuries, but cuts its own 
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Figs 8A and B: (A) Anatomy of external fixation pin tip 
(B) Profiles of different external fixation pins 

thread in the predrilled bone. A pilot hole needs to be 
drilled before inserting the pin. The pin with short 
thread can be used everywhere in the large bones 
irrespective of the bone diameter. This is why only a 
small sélection of pins of different lengths is necessary. 

2. The threads: These take hold in the bone and provide 
a secure purchase. Depending on the length of the 
threaded portion, a pin may hâve a hold in one or 
both cortices (Fig. 8B). The external pin has a short 
thread (14 mm) which engages only in the distal 
cortex. The pin with a short thread (14 mm) Crossing 
the near cortex as a solid bar offers greater stiffness 
than a pin with a long thread in both cortices, as its 
stiffness corresponds to the diameter of the shaft and 
not to that of the core of the thread. For example, a 
4.5 mm pin with short threads anchoring only in 
the far cortex given an even more rigid System than 
5.0 mm pin with long threads. 

3. The core: It measures 3.5 mm in diameter. It is possible 
to use the standard 3.5/4.5 mm instruments when 
preparing the holes for the pin. 

4. The shaft: It is the strongest part of the pin. The 
unthreaded shaft measuring 4.5 mm in diameter 
engages the near cortex. This is more rigid than a pin 


with a long thread engaging both cortices. The rigidity 
of a pin corresponds to its diameter—the smooth shaft 
has larger diameter than the threaded section. The 
shaft diameter détermines the size of the pin. The shaft 
is used to fasten the pin to the clamps. 

Steinmann pin, a classic component of skeletal traction 
System is often used in bilateral frames. A minor variation 
of Steinmann pin has a threading in the middle of the 
shaft to improve purchase on the bone. In many frames, 
a Steinmann pin is used as connecting element. 

Clamp 

A clamp securely fixes the external fixation pins and rods, 
passing the stresses from the bone to the rods via external 
fixation pins and vice versa. The pin/clamp interface 
affects the stability of the frame. The design of the clamp 
is the major factor in deciding the stability of a frame. 
The clamp is of four types 

• The swivel clamp 

• The fixed clamp 

• The rod-to-rod clamp 

• The transverse clamp. 

The swivel clamp: The swivel clamp consists of two main 
parts—external fixation pin holding part and rod holding 
part. These parts can be rotated and clamped at an angle. 
The clamp slides along and rotâtes around a rod. The 
external fixation pin holding portion of the clamp opens 
like a book and can accommodate the sleeve assembly. 
This is useful as these clamps can be spaced along a rod, 
and the assembly can function like an alinement jig. The 
external fixation pin holding section can be fixed at any 
angle to rod. This gives a freedom of pin placement in a 
bone segment. Prestressing the pin is easier, as there are 
two separate nuts to control the clamp-rod position and 
to hold the pin firmly. 

The disadvantages of the swivel clamp is that the 
required number of clamps must be threaded over the 
rod before the proximal and the distal external fixation 
pins are clamped to the rod. It is not possible to add-on a 
clamp to an already constructed frame except at the ends. 
The other disadvantage is that the fracture needs to be 
alined reasonably well as only a small degree 
malalinement can be corrected after external fixation. 

This clamp allows a pin to be placed in many 
directions (Fig. 9). It accepts the composite drill sleeve 
System for insertion of a pin. The sleeve allows proper 
placement of a pin. The sleeve also prevents damage to 
the adjacent soft tissues. The clamp is adjustable and 
allows for minor correction in ail the planes. This feature 
permits minor adjustments in fracture alinement. 
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Fig. 9: The swivel clamp 



The fixed clamp: This clamp can be applied as an 
additional hold after the frames has been constructed to 
increase the frame stability (Fig. 10). That is why it is 
sometimes called as "add-on clamp". This clamp slides 
and rotâtes along the rod. It has only one nut which 
tightens external fixation pin as well as the rod. The pin 
always remains at the right angle to rod making a very 
sturdy frame. 



The "add-on" possibility is a major advantage over 
the swivel clamp. The pin holding segment of the clamp 
does not accommodate the sleeve, and the clamp cannot 
be used as guide for pin placement. 

The rod-to-rod clamp: It consists of two rod holding sections 
which rota te and can be clamped at any angle (Fig. 11). 
These clamps are used to connect rods in each 
main fragment. Rod-to-rod clamps allow secondary 
corrections, as the rods can be moved in relation to each 
other and fixed in any position. Use of rod-to-rod clamps 
permits pin placement at any angle in the bone to suit 
the soft tissue needs. The malalinement can be corrected 
at any time after insertion of the pins. 

Rod-to-rod clamp has made the System "modular". 
The pins canbe placed at any angle and fracture réduction 
is possible at any stage. The humerai and pelvic fracture 
fixation is an example of the versatility of these clamps. 
This rod-to-rod clamp is useful in securing a transarticular 
fixation as well as in construction of a triangular 
assembly. 

The pin adjusting clamp (transverse clamp): The component 
is useful in the fixation of a short bone fragment when it 
is impossible to get a lengthwise footing for two external 
fixation pins (Fig. 12). The pin adjusting clamp allows 
the surgeon to place two or more pins in a transverse 
plane in a short bone fragment assuring a stable 
anchorage. Thus, metaphyseal fractures canbe stabilized 
with a T-shaped unilatéral one plane frame. The pin 
adjusting clamp is also useful for bone segment transport. 

It is advisable to carry a complété range of clamps, as 
they are useful in various clinical settings. 
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Fig. 12: The pin adjusting clamp 


TABLE 2: Configurations of single pin fixator 


Type 1 

Unilatéral frames 


IA unilatéral uniplanar frames 


IB unilatéral biplanar frames 

Type 2 

Bilateral frames 

Type 3 

Bilateral 3D frames 

Type 4 

Modular 


The Rod 

The rods are available in various lengths from 150 to 
600 mm and hâve an outer diameter of 11 mm. It is 
worthwhile to remember that a hollow rod is stronger 
than solid bar. Thus, a hollow rod is more suitable for 
bridging long distances. 

Frames 

Single pin fixators are commonly applied in following 
configurations (Table 2). 

Unilatéral frame —Type-IA assembly—is easy to 
construct and is best suited for the stabilization of régions 
where the local topography and functional considérations 
make the érection of a double frame or of a triangulated 
assembly inadvisable or impossible. 

Unilatéral frame advocated by Behrens et al has stood 
the test of time and is popular (Fig. 13). Its stiffening in 
the sagittal plane is higher than a bilateral frame. It 
neutralizes the bending forces which cause displacement 
of the fragments. A pin inserted for construction of 
unilatéral frame in the "safe corridor" of various limb 
segments ensures the safety of the nerves and vessels. 
There is no impairment of muscle or tendons. The joint 
function is maintained, while frame is in place after the 
removal of the fixator. Walking is greatly facilitated, and 
the patient can sit cross-legged. Fewer skin-entry holes 
reduce the possibility of a bacterial contamination and 
the number of scars. The anatomie restrictions for 
application of a frame are minimal. A disadvantage of 
this frame is that should infection occur, the anterior tibial 
crest, the strongest portion of tibia could be damaged 
severely. 



Fig. 13: Unilatéral uniplanar frames 

Unilatéral uniplanar frame is used for definitive 
treatment of tibial fracture. In the upper extremity, the 
frame is useful in stabilizing the humerai shaft, ulna, and 
radius. However, modular frame is safer to apply for 
humerai fractures. If there is a clinical indication for 
external fixation in open fractures of the fémur, the 
unilatéral one-plane frame is the one most frequently 
used. In the fémur, the use of the external fixator should 
be restricted to the treatment of third-degree open 
fractures with extensive comminution to the treatment 
of chronic osteitis or nonunion and to fémoral 
lengthening. 

In general, this unilatéral uniplanar frame is useful 
for management of open fractures, limb lengthening, 
bone transport and correction osteotomy. Although there 
is freedom of pin placement, but there is almost no 
possibility of improving réduction alinement after frame 
is completed. 

Type-IB frames, unilatéral biplanar frames: 

This frame is most stable of the unilatéral frames and 
is well suited for the treatment of tibia fractures since its 
large surface is covered by skin alone (Fig. 14). The 
external fixation pin can be inserted at various angles 
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without going through muscles, tendons, nerves or 
vessels. The frame is very élégant way to achieve an 
extremely stable fixation of the tibia whilst retaining 
freedom of pin placement. This frame is useful for 
prolonged period in external fixation, or where there is 
bone loss or severe soft tissue damage. 

Bilateral uniplanar frame: The bilateral frame finds its 
chief application in fractures of the tibia. Its application 
dépends on the clinical condition. In presence of good 
bone contact, e.g. in a transverse or short oblique fracture 
or an osteotomy, axial compression can be applied (Fig. 
15). The Steinmann pins in the proximal and distal 
fragments are preloaded 23 or bent toward the fracture or 
osteotomy. When the fracture is oblique or spiral and has 
a tendency to slide, it is best to achieve interfragmentary 
compression with one or two lag screws. Depending on 
the stability produced by the lag screws, the bilateral 
frame is applied either with axial compression or used 
simply to neutralizé bending and shearing forces. 

In presence of a bone defect or severe comminution, 
one cannot apply compression for the fear of producing 
shortening. The stability of the frame is improved by 
prestressing the pin within each main fragment (Fig. 16). 

The symmetry of the bilateral assembly offers certain 
mechanical advantages over a unilatéral frame of the 
same size. It almost completely éliminâtes latéral 
movements of the fragments, it allows for uniform 
distribution of stresses on the cortices and the external 
structure of the construct. However, when the assembly 
does not provide for conditions of perfect pin alinement. 




Fig. 16: Prestressing the pins in each main fragment 


irregularities in the distribution of stresses resuit with 
conséquent overstressing of the bone, leading to the 
deformation of the pin-entry hole and the réduction of 
the pin's grip on the bone itself. Moreover, the good 
degree of stability offered by the bilateral frame implant 
is often reduced over time as a resuit of the abnormal 
stresses to which the bone is subjected. The effect of the 
pin on the skin exposes it to two possible sources of 
bacterial contamination and double the number of scars 
upon removal. Lastly, as the pin bridges a bilateral frame. 
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it is faced with applicational restriction on limbs as a resuit 
of the anatomical configuration of the various segments. 
A transverse pin can be safely passed only at limited 
places. Thus, a frame of the kind can, in fact, be used 


only for lésions of the leg and the supracondylar région 
of the fémur. 

The frame though popular initially was later found 
to hâve considérable anatomical, clinical and mechanical 
disadvantages. Bilateral frames are considerably weaker 
than unilatéral sagittal frame in the sagittal plane, where 
most of the clinically relevant stresses apply. The 
transfixing pin could damage the nerves and vessels. 
Impaiement of muscles and tendons obstructs the normal 
function of the joints. Access to the wound is difficult, 
and the frames are cumbersome to wear and are source 
of discomfort to the patients. 

Bilateral 3D triangulated assembly: This frame is indi- 
cated mainly in the tibia, occasionally in the distal fémur, 
and very rarely in the région of the elbow (Fig. 17). The 
three-dimensional assembly is an alternative to the 
bilateral V-shaped frame. 

The frame offers excellent torsional stability with only 
a few pins in the bone. The frame is very useful in 
presence of large bony defect in achieving arthrodesis of 
the knee and of the elbow. 

Modular frame: It is a modification of the unilatéral 
uniplanar frame (Fig. 18). The standard unilatéral 
configuration of the external fixator does not allow 
secondary correction without new pin placement. The 
configuration also does not allow pin placement to 



Figs 18A to E: Modular frame. Schematic représentation (A and B) Application to humérus 
(C) Stabilization of pelvis (D) Réduction and stabilization in tibia (E) 
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TABLE 3: Advantages of modular frame 

• Total freedom of pin placement 

• Improved réduction possibilities 

• Stable fixation 

• Convertibility to sliding frame 

• Increase or decrease in the number of pins 

• Control of segmentai fractures 

• Bone segment transport 


accommodate soft tissue conditions. Often in polytrauma, 
it is necessary to deal rapidly with fractures. A modular 
frame can be constructed quickly in such a situations. 

This method offers an unprecendented freedom of 
placement of the pins and permits their positioning in 
different planes according to the anatomy and the nature 
of soft tissue damage (Table 3). Modular frame with rod- 
to-rod clamps is simple to construct. The two pins placed 
in each fragment are connected to a short rod (Figs 18A 
and B). The two short rods are obliquely connected by a 
third short rod and a rod-to-rod clamp. The réduction of 
the fracture is achieved by maneurvering the two short 
rods of the two main fragments, while the assisting 
surgeon tightens the rod-to-rod clamps at the opportune 
moment. In the event of primary malalinement secondary 
corrections is easily achieved fixations pins in one plane 
may be converted to a three-rod unilatéral external fixator 
by utilizing two rod-to-rod clamps. 

Another example for such an application is the 
external fixation of the humérus, where damage to the 
radial nerve is avoided by applying the pins in two planes 
at right angles to each other (Fig. 18C). In treatment of 
unstable pelvic fracture a modular frame constructed 
quickly with rod-to-rod clamps achieves stability without 
internai fixation (Fig. 18D). Modular frame can be 
converted to a sliding frame, a technique most useful in 
tibia (Fig. 18E). 

Mechanical Properties of External Fixator 

To use an external fixation without considering its 
principles is as unwise as an architect pondering on the 
design of water taps for a new house before considering 
the foundations and drainage. An external fixator 
attached to the bone with loose pins is as useful as a 
dwelling built on quicksand. 

The aim of application of external fixation is to achieve 
an environment conducive to fracture and soft tissue 
healing. Some of the factors which are bénéficiai are 
known, while there are gray zones as far as the optimal 
stiffness is concerned. The incidence of delayed union 
with external fixation is high. An important reason is 
extensive injuries predisposing to delayed and nonunion 


irrespective of the methodology used. External fixation 
devices provide the surgeon with a wide variety of 
mechanical parameters which allow very rigid to very 
flexible fixation of many types of diaphyseal and 
metaphyseal fractures. The option is always available in 
any configuration to change the rigidity of the fixation 
during the progress of treatment (Kenwright et al, Aro et 
al, Latta et al. 18 Because the variety of parameters is so 
vast and the applications so varied, it is impossible to 
attempt to cover ail of them. However, it is possible to 
identify some parameters which affect the rigidity and 
the strength of fixation over which the surgeon has 
complété control in any given application, both in the 
choice of the initial fixation and in the continued rôle of 
that fixation throughout the treatment program. 

Changing the configuration within a given frame-type 
changes the overall rigidity of the frame. The important 
factors influencing rigidity are the number of pins used, 
the pin diameter and the distance from the bone to the 
support column of the fixator (Fig. 19). Pin séparation 
distance and the stiffness of the support column also 
influence overall fixator stiffness. Pin-bone interface, pin- 
clamp and rod-clamp junctions play important rôle, as 
most of the loss of position of the bone fragments 
generally occurs because of slippage at these junctions 
or loosening at the pin-bone interface causing permanent 
displacement of the bone fragments. 

The Number of Pins Used 

More the number of the pins better is the stability. 
However, the number is governed by anatomical and 
clinical factors. Minimum of two pins segment in case of 
tibia and three per segment in fémur appear to be 
essential. 


Number and 
orientation of 
sidebars 



-4— Pin séparation —► 
across fracture 
comportent 


Fig. 19: Factors influencing the stiffness of the frame and 
stability of the fracture fixation 
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The Pin Diameter/Pin Configuration 

The factors considered are 

i. outer diameter, 

ii. core diameter, and 

iii. pitch. 

The outer diameter: The optimal diameter for tibia/fémur 
appears to be between 4.5 and 5.5 mm and for radius 
ulna it is 3.5 mm. The metacarpals and metatarsals can 
take 2.5 mm pins. 

Core diameter: The core diameter of external fixation pin 
is usually slightly more than core diameter of the 
comparable cortical bone screw, e.g. core diameter of 4.5 
mm pins in 3.4 mm instead of 3 mm. The core diameter 
détermines the torsional and bending strength of an 
external fixation pin. The différence between the thread 
and core diameter or thread depth détermines the 
anchorage of the external fixator pin. The tapered thread 
profile popularized by De Bastiani et al appears to be the 
best design at présent. 

Distance from the Bone to the Support Column 

The doser the pin clamp can be to the pin-bone inter¬ 
face, minimizing the pin span, the more rigid the fixation 
will be for any given configuration. The optimal distance 
appears to be 4 cm to allow space for soft tissue swelling 
and dressings. 

Pin-bone Interface 

The pin-bone interface is the Achilles heel of external 
fixation, and as such présents a major clinical problem. 
Biomechanically, there seems to be a race between the 
gradually increasing load-carrying capacity of a healing 
bone and failure of the pin-bone interface. Under various 
loading modes, pins are primarily subjected to bending. 
In an unstable fracture, the bone stress at the pin tract 
can approach a high level, which may create localized 
yielding failure. Such stresses can be reduced by 
increasing the bending rigidity of the pin (high-modulus 
pin material, large pin diameter), reducing the side-bar 
séparation, and applying a bilateral full-pin confi¬ 
guration. Half pins generate high stress primarily at the 
entry cortex, and stress related pin-bone failures of these 
pins occurs mainly at the entry cortex. According to 
analytical studies, the location of maximum stress within 
a pin group varies according to the loading mode. The 
stresses at the pin-bone interface are easily reduced by 
prévention or réduction of weight bearing, but this does 
not meet the biological needs of the fracture. A 
compromise has to be made between the provision of 


the necessary mechanical stimulus for the healing fracture 
tissue and the need to minimize the stresses at the bone- 
screw interface—achieving this balance is a constant 
challenge. To prevent high pin-bone interface stresses, 
weight bearing is avoided in fractures without cortical 
contact. On the other hand, axial dynamization of an 
external fixator restores the cortical contact in stable 
fractures and thus decreases the pin-bone stresses. 
Undoubtedly, the surgical pin insertion technique plays 
an important rôle for the uneventful performance of the 
pin-bone interface (Fig. 20). If the pin insertion technique 
is inadéquate (such as eccentric location of the pins, or 
thermal necrosis of the bone tissue due to the use of a 
blunt drill bit), the loosening and failure at the pin-bone 
interface can be predicted. 

Preloading 2 

Preload is a static force of sufficient magnitude applied 
to an implant to overcome ail dynamic and muscular 
contraction forces and to maintain uninterrupted bone 
contact. In external fixation, the potential for relative 
movement between the pin and the bone is high due to 
the fact that the pin is not preloaded (tensioned) as in 
internai fixation. 

Laboratory studies indicate that lack of tension at pin- 
bone interface leads to micromotion. Such micromotion 
induces loosening of the pin in the bone. A pin must be 
firmly against the cortex if pin loosening is to be avoided. 

Figure 20A shows a longitudinal section through bone 
and pin assuming that the dimension of the pin fits 
exactly one of the holes within the cortical bone. Two 
contact surface, the more proximal (left) and the more 
distal (right) will undergo different loading conditions 
when the bending load is applied to the pin. A load from 
right to left will load the left contact surface. The bone at 
the left contact surface will be compressed and elastically 
deformed (Fig. 20B). The pin can move slightly to the left 
and a gap appears at the right contact surfaces. A dis¬ 
placement in the contact area is very small (a few 
micrometers) but compared to the size of the tissue cells, 
such displacement may be very large (or more exactly) 
strain in such a case is high. 

The biological process which leads to pin loosening 
is visualized schematically in the Figure 20C. It consists 
of bone surface résorption by osteoclasts which start at 
the periosteal or endosteal bone surface and progresses 
along the pin into the bone. Eventually, the two processes 
unité and resuit in complété loosening of the pin. The 
biological process of bone résorption removes only some 
tenth of a millimeter of bone around the pin, but the pin 
will loosen with this minimal résorption, as the 
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Figs 20A to F: Pin-bone interface—pin precisely fits the bone (A), bending load produces different deformation on two surfaces 
of the hole (B), pin loosening mechanism (C), axial preloading of the pin (D), radial preloading (E), and optimal pin-pilot hole 
mismatch is 0.1 mm (F) 


characteristics of the bone and the métal correspond to a 
very stiff spring where large forces resuit only in minimal 
deformation and vice versa. 

The Figure 20D illustrâtes how one can avoid 
micromotion at the interface by preloading the pins along 
the long axis of the bone. An additional functional load 
along the long axis of the bone increases compression at 
the left and opens the gap further at the right. A functional 
load to the right reduces compression and the gap. Such 
bending preload or preload along the long axis of the 
bone stabilizes only one of the interfaces as seen on the 
longitudinal section of bone. The interface at the opposite 
surface of the pin will gape and move, though with 
relatively small strain due to the increased distance 
between the surfaces. 

If one studies the pin/bone interface in a section 
perpendicular to the long axis of the pin, one observes 
that the best way to preload the interface would consist 
of a radial press fit (Fig. 20E). This can be achieved by 
inserting a pin which is larger in diameter than the 
predrilled hole. 

The radial misfit preloads the entire surface of the pin 
within the cortex. Additional functional load will increase 
compression on one side and reduce compression on the 
other side. This additional load results in changes only 
of the applied preload, and intermittent gaping is not 
produced if adéquate preload has been applies. While it 
is obvious that too small a preload will not stabilize 
enough. 


How much radial misfit can bone tolerate? Biliouris 2 
et al (1991) studied the effect of different mismatches in 
size and pinhole diameter. In a sheep experiment, it was 
demonstrated that the optimal misfit was 0.1 to 0.2 mm. 
A mismatch of more than 0.4 mm results in permanent 
mechanical damage, instability and conséquent 
micromotion induced bone résorption. 

To prevent pin loosening, an external fixation pin 
which preloads radially by a slight mismatch between 
the pinhole and pin core diameter is an idéal percuta- 
neous implant (Fig. 20F). De Bastiani et al 6 carried out 
experiments to measure the maximum bending moment 
acting on the screw-bone interface at the proximal and 
distal cortices. They observed that the bending moment 
at distal cortex was less than the proximal and 
conclusively calculated that the minimum diameter 
required at the distal cortex is smaller than at the proximal 
cortex. For manufacturing reasons and in-use versatility, 
the pin (nonthreaded shank) diameter is standardized at 
6 mm. The pin is self-tapping, and tapered, with a 6 mm 
diameter on the smooth cylindrical nonthreaded part and 
a diameter tapering from 6 to 5 mm on the threaded 
section. The tapered thread provides for better grip and 
tightening adjustment in the event of mobility arising 
from résorption, it also makes for painless removal, which 
is always performed without anesthetic. 

The thread pitch and the shape of the thread were 
obtained through expérimentation by considering 
features such as the density, structural homogenecity and 
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TABLE 4: Factors influencing fracture healing 


Systemic 

Local 

Age 

Degree of local trauma 

Hormones 

Vascular injury 

Functional activities 

Type of bone affected 

Nerve functions 

Degree of bone loss 

Nutrition 

Degree of immobilization 

Infection 

Local pathological conditions 


strength of bony tissue (both cortical and cancellous). This 
gave rise to two kinds of threads: self-tapping and cutting 
thread at a pitch of 1.75 mm for cortical bone, and self- 
tapping and compressive thread at a pitch of 3 mm for 
cancellous bone. 

Pin-clamp slippage is avoided by tightening pin clamps 
regularly to maintain adéquate grip. 1 The clamps are 
independently adjustable. These should be regularly 
tightened in the clinic and in selected cases at home by 
the patient. 

Fracture Healing with External Fixation 8 

The unique feature of failure healing is restoration of the 
original tissue structure with mechanical properties equal 
to those before the fracture. Injured skin, muscle, and 
tendon are unable to copy such a real régénération 
process after injury. Factors that influence fractures 
healing are both local and systemic (Table 4). 

Unilatéral Versus Bilateral, Two-Plane External Fixation 

Bilateral, two-plane configuration significantly improves 
the rotational stiffness as well as the bending stiffness in 
the plane perpendicular to the plane of half pins of the 
unilatéral fixation. The bilateral two-plane configuration 
induced less periosteal callus formation and in vivo 
measurement of osteotomy stiffness showed higher 
values compared with the unilatéral fixation. Higher 
rigidity external fixation results in osteotomy healing with 
less callus formation and stiffer union during the healing 
process. Bilateral fixation provides a healing pattern 
similar to primary bone healing. 

Unilatéral External Fixation with Different Rigidity 

The less rigid external fixation results in enhanced 
periosteal callus formation, but at the same time, increases 
bone porosity without any bénéficiai effects on the 
strength of callus. The low initial stiffness of external 
fixation increases the potential for pin loosening 
problems. An optimal degree of rigidity is essential for 
normal bone healing. 


Compression Versus No Compression 
Under External Fixation 

The compression applied through an external fixation 
System increases the rigidity of fixation. Relative to the 
rigidity of the intact tibia, this increase is small, and no 
significant biological or biomechanical benefits to pro- 
mote the bone union process were observed. Therefore, 
static compression does not seem to enhance healing. 
Although compression can be applied through the 
external fixation frames, this is of far less significance in 
obtaining good fixation than in plate fixation. 

Constant Rigid Versus Dynamic 
Compression Under External Fixation 

Under external fixation, the rigidity of the fixator causes 
mechanical stimulation at the fracture site through 
relative displacement of the fracture ends, such 
stimulation can be classified into three categories. 

1. Static stimulation The compressive load is applied 
to the fracture site upon weight bearing. When the 
load is removed, the fracture gap will return to its 
neutral mode. 

2. Dynamic stimulation This is achieved by releasing the 
axial displacement constraint from the side bar of the 
fixator, thus, allowing uniform axial compression of 
the fracture ends under loading, while the stiffness 
properties in bending and torsion are maintained. The 
fracture gap will remain closed even when the load 
is removed. This is also defined as "dynamization". 

3. Controlled stimulation The axial displacement is 
introduced cyclically by a computer-controlled 
actuator through either displacement or load control. 
Such axial dynamization does not require weight 
bearing. Dynamic loading helps in formation of 
periosteal callus and hastens laudable secondary bone 
healing. 

Effect of Fracture Type on Fracture 
Healing in External Fixation 16 

Fracture healing can be achieved regardless of the pattern 
of bone fragments (type of fracture, i.e. simple or complex 
anatomy) as long as sufficient stability is guaranteed by 
the external fixator. Pseudoarthrosis is not determined 
by the fracture type as long as the stability required by 
the healing process is provided by the external fixator. 
The average duration of external fixation in the case of 
simple configuration fractures was longer than in case of 
complex fractures. Simple fractures needs a high stability 
with the external frame, as ail the displacement takes 
place at one fracture gap, and excessive instability leads 
to a high strain situation at the only fracture plane, thus 
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inhibiting fracture healing. Multifragmentary fractures 
are less suspectible to instability as the displacement is 
shared between several fracture gaps. However, both 
fracture types can be treated with an external fixator 
alone. 

Use of Minimal Internai Fixation 

Additional internai fixation in combination with external 
fixation is tempting but does not offer any important 
advantage. Use of lag screw increases the stiffness of the 
external fixation, and the fracture may heal by direct bone 
healing without much callus formation as seen in the case 
of internai fixation by plates. The advantage of this 
method is the possibility of anatomical réduction. 
However, "minimum internai fixation" may delay the 
fracture healing process. 5 There is a higher rate of 
refracture when minimum internai fixation is used. 
Besides this method causes increased rate of skin 
complications. 

Bone Grafting in External Fixation 

Bone grafting in external fixation can be considered in 
two ways: 

i. additional procedure in delay or arrest of the healing 
process, and 

ii. to accelerate fracture healing in the early stages of 
consolidation. 

Early bone grafting in external fixation, before any 
delay in fracture healing is noted, could be a useful 
alternative. 24 Bone marrow injection has been used to 
prevent and treat delayed and nonunion. This method 
is less traumatic than standard bone grafting and holds a 
big promise. The use of a strain gauge device for 
monitoring fracture healing in tibial fracture is a good 
indicator of the need for a cancellous bone graft. 9 

Dynamization is defined as the alternation of axial 
forces across the fracture site without distraction of the 
fragment. 21 Many experimental and clinical studies hâve 
shown that a degree of micromovement and loading of 
fracture callus is needed for healing to progress 
effectively. The exact mechanical characteristics of the 
optimal loading régime are not known, but it is probably 
important for some degree of strain to be applied from 
the early days after fracture. Controlled or limited 
instability in external fixation has a bénéficiai effect on 
the time to fractures can heal with different histological 
patterns according to the degree of gap présent at the 
fracture site and the mechanical conditions which apply, 
in most fractures treated by external skeletal fixation 
healing progresses by secondary (indirect) methods with 
external and endosteal callus formation. 


The term "dynamization" embraces both the appli¬ 
cation of micromovement and loading of the fracture site 
and can be effective by increasing the load placed upon 
the fracture, by encouraging patient activity or by one of 
the following methods. 

1. The use of an elastic frame with overall low rigidity 

2. Progressive dismantling of the frame 

3. Increased weight bearing with a frame of low stiff¬ 
ness in the axial mode 6 

4. Biocompression: Lazo-Zbikowski et al (1986) hâve pro- 
posed the use of a unilatéral frame which allows free 
sliding. The patient's weight bearing Controls the axial 
strain applied to the fracture, and it is hypothesized 
that a feedback mechanism will then ensure the most 
appropriate strain at the fracture for each stage of 
healing. 

On the practical side, if one is interested in "dyna- 
mizing" the fixation as healing progresses, one of the 
easiest ways to accomplish this is to loosen the pin clamps 
and slide them away from the skin, providing a much 
longer pin span as well as by reducing the number of 
planes of fixation to achieve flexibility or compliance in 
the fixation. Most alterations of pin span and bar 
configuration will tend to increase the bending 
compliance to a greater degree than axial or torsional 
compliance. 

Method of Application of External Fixation 

External fixation pins are inserted without damaging 
neurovascular structures. Although the "safe corridors" 
for ail the limbs hâve been worked out, but in reality there 
are no safe zones, only hazardous and dangerous zones— 
safe corridors should be followed with caution. 

As far as possible the pins are so inserted as to 
construct a stable frame with maximum access to the 
injured soft tissues (Table 5). 20 

Minimum distance between two single pins should 
be 3.5 cm. The pins should be prestressed (preloaded) in 
each fragment (see Fig. 16). When a clamp takes multiple 
pins, a pin-guide is used. The fracture is reduced and a 
frame is constructed. The first rod should be as near the 
body as possible allowing enough space for dressing the 
wound. Optimum skin-rod distance is 4 cm. The second 
rod significantly increases the rigidity of the frame. Rods 
longer than the limb tend to restrict the movements of 
the adjacent joints, e.g. dorsiflexion of ankle or extension 
of the knee. Always test stability of réduction and see 
radiographie films before the patient is out of anesthésia. 
Ail connecting units, nuts and bolts are tightened. 

Timing of Removal of External Fixation 

The external fixator is removed after the fracture has 
solidly healed, unless the decision is taken to perform 
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TABLE 5: Good pin insertion practice 


• Make liberal skin incision, spread deeper soft tissues with 
hemostat 

• Lift periosteum with small elevator to prevent damage by drill 
bit 

• Use trocar to mark pin insertion point 

• Employ sleeve to drill a pilot hole and to insert a pin 

• Use power drill 

• Sharp drill bit with simultaneous saline irrigation prevents 
thermal damage 

• Often clean drill bit flûtes 

• Use depth gauge for accurate pin length 

• Insert pin with hand instrument 


secondary internai stabilization or fracture treatment by 
a functional brace, once the soft tissues allow such a step. 
Assessment of fracture healing is usually done by 
radiographs. Reading radiographs is to a certain degree 
individual and subjective which means that an external 
fixator may be left in situ longer than nécessitated by the 
fracture healing. The decision to remove the fixator is 
often governed by screw loosening or screw tract infection 
rather than fracture healing. 

Régional Applications 

In certain limb segments in the body external fixation is 
very useful, reasonably safe and can be used for a 
considérable length of time. These are based on the soft 
tissue envelop and position of the bone. The limb 
segments can be classified in two groups. 

The concentric limb segments are those where the 
bones are surrounded by muscle mass on ail sides (Fig. 
21). The fémur, humérus, radius and proximal phalanges 
are the examples of this type. 
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Fig. 21: Concentric limb segments 
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Fig. 22: Eccentric limb segments 


The external fixation pin always passes through a 
thick wad of muscles and other soft tissues. The move- 
ments between the shaft of the pin and the soft tissues 
prédisposé to a high incidence of pin tract infection, 
fibrosis of muscles and joint stiffness. The problem of 
neurovascular complication abounds. In concentric limb 
segments, the external fixation is used only as temporary 
stabilizer. It is replaced by another form of fixation as 
soon as the soft tissue healing is complété. 

In an eccentric limb segment, at least one border or 
surface of the bone is subcutaneous. Ulna, tibia, 
metacarpal, metatarsal and pelvis fall into this group (Fig. 
22 ). 

The pin travels through a minimum thickness of the 
soft tissues in the eccentric limb segments. Pin tract 
infection, joint stiffness following muscle impaiement, pin 
breakage and bending are minimal in these segments. 
Thus, external fixation can be used as definitive form of 
treatment in managing fractures in eccentric limb 
segments. Safe corridors hâve been worked out for most 
log bones (Fig. 23) by Baharin. 

Tibia 

A leg is an eccentric limb segment and fractures of tibia 
are commonly treated in external fixation. The 
percutaneous border of tibia prédisposés it to compound 
injuries. Plate fixation of tibia is fraught with 
complications, and external fixation is comparatively 
easy. Tibial fractures can definitively be treated in external 
fixation with minimal risk of joint stiffness. 

Minor open fractures are treated as closed fractures. 
Surgical handling of severe open tibial shaft fractures is 
demanding because of the poor soft tissue and muscle 
cover. Stabilization can be achieved by external fixation 
possibly followed by a second sequential procedure. 11 
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Fig. 23: Safe corridors at various levels of tibia 


Unilatéral uniplanar frame is useful in management 
of tibial fractures. The modular frames is versatile. These 
are effective in stabilizing fractures in polytraumatized 
patients. Both, simple and compound fractures can be 
treated definitively on modular frame. Early bone 
grafting when indicated hastens bone healing. 
Percutaneous bone marrow injection is an alternative 
which is as effective as bone grafting, but has far less 
morbidity (Thakur AJ 1994). The modular tibia frame 
transforms to a sliding frame— this facilitâtes early 
weight bearing. 

Periarticular fractures of the lower leg: In extraarticular 
metaphyseal fractures, the joint surface is still intact and 
the vexing problem is of implant anchorage in an often 
short, metaphyseal main fragment. The distal fragment 
is too short for two external fixation pins in the long axis. 
One solution is to bridge the joint using a transarticular 
external fixator to be replaced by an internai fixation later. 
A better solution is to place two external fixation pins in 
horizontal direction in the distal fragment and use a pin 
adjusting clamp to stabilize and facilitate early 
mobilization of the ankle joint. 



Fig. 24: External fixation of ankle 


In intraarticular fractures, anatomical réduction of the 
joint surface is mandatory. Often bone grafting is 
essential. 

Several options are available to treat an open pillion 
fracture. Internai fixation of the fibula to restore length is 
combined with a temporary transarticular external 
fixation and secondary minimal internai fixation to 
replace the transarticular external fixator. The second 
option offers primary internai fixation on the closed side 
(fibula), primary minimal fixation of the tibia and external 
fixator (pin adjusting clamps or transarticular 
application), thus, buttressing and protecting the fracture. 
The third option envisages primary internai fixation the 
closed side in combination with traction and secondary 
internai fixation on the open side. This procedure is 
préférable in cases where the condition of the soft tissue 
will permit internai fixation after a short interval. 

External fixation of the ankle and foot: A pin in the 
calcanéum, another in the first metatarsal bone and two 
in the tibia provide anchorage to construct a frame for 
temporary stabilization in ankle and foot (Fig. 24). Small 
external fixator is useful in this situation. 

Fémur 

The bone is enveloped by strong muscles on ail sides in a 
concentric limb segment. Ail the problems associated 
with external fixation are frequent in this région. The bone 
has an anterior curve which is straightened by the 
external fixator making it difficult to obtain a good 
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Fig. 25: Monteggia for external fixation of fémoral fracture 

alinement. Open fémur fractures are successfully 
managed by medullary nailing or plating. However, 
fractures of the fémur can usually be healed by external 
fixation alone 22 (Fig. 25). These authors treated 173 fémur 
fractures both open and comminuted in the Afghanistan 
war by external fixation alone. Delayed union was seen 
in 10% and deep infection in 12% of the patients. 22 

External fixation of closed fémoral fracture in an adult 
may be applicable as a temporary measure in 
polytraumatized patients. The long-term treatment in 
external fixation is uncomfortable, and pin track 
complications are not infrequent. Loss of knee flexion is 
almost a rule, when early movements are neglected. In 
children, fémur fracture could be treated definitively in 
external fixation. 

Intertrochanteric fractures of fémur: Dhal et al 3 ' 7 hâve used 
external fixation in management of intertrochanteric 
fractures of fémur. They treated 154 fractures in patients 
who were considered poor risks for formai internai 
fixation. Under spinal or épidural anesthésia, they 
inserted two or three external fixation pins in the neck 
area under radiographie control. Another 2 to 3 pins were 
inserted in the shaft area. The rods were applied on the 
latéral side. The stability gained was effective to achieve 
union in normal time. Early limited mobilization was 
possible. The authors recommend technique claiming that 
it is simple, quick, inexpensive and inflicts minimal 
surgical trauma. 


Radius and Ulna 

External fixation is rarely used in open fractures of the 
forearm. The risk of pseudoarthrosis and malrotation is 
considérable in external fixation. Sequential procedures 
with early secondary plate fixation seems indicated when 
a primary external fixation is used. The functional results 
with early secondary plate fixation after a short time in 
external fixation were superior when compared to 
functional results with external fixation alone. 

External fixation of the wrist and hand: External fixation 
exerts steady traction on the comminuted fracture of 
lower end of radius by ligamentotaxis. This helps in 
obtaining and maintaining the réduction. Incidence of 
in-plaster-reduction loss is very high for comminuted 
fractures, and decreases when these fractures are treated 
in external fixators. The results of treatment of 
comminuted fractures in the external fixation seems to 
be better than those treated in plaster cast. 

Humérus 

The bone is wrapped ail around by thick muscles. Three 
important nerves wind around the bone and are at risk 
during pin insertion. Operative stabilization of humerai 
shaft fractures in general is controversial, but most 
authors agréé that it is indicated in open fractures, as these 
are unstable and difficult to manage by nonoperative 
treatment. Similarly in a polytraumatized patient, 
humerai fracture should be treated by operative method. 
An external fixator application on the humérus with the 
rod-to-rod clamps allows placement of pins in different 
planes averting the feared damage to the radial nerve. 

Open fractures with segmentai bone defect: Management of 
segmentai bone defects in open fractures is a difficult 
problem. Primary amputation of a limb with a Mangled 
Extremity Severity Score under 6 (Helfet et al 1990) is not 
recommended, as the limb still has a good chance of 
surviving with a satisfactory functional resuit. Shortening 
of the injured limb and subséquent shortening of the 
contralatéral limb is one possibility—massive repeted 
cancellous bone grafting to achieve bone healing is 
another method. Two efficient ways to produce bone is 
autogenous grafting with optimal vascular support and 
by bone segment transport. 15 

There are two ways to proceed in presence of 
segmentai bone defect. 

• Primary shortening and secondary callus distraction 

monofocal transport 

• Maintaining the length of the limb and primary callus 

distraction—bifocal bone segment transport. 

The first method offers some advantages with regard 
to the soft tissues since primary shortening facilitâtes soft 
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TABLE 6: Bone segment transport 

A fixator should be 

• Rigid enough to fix the fragments and prevent 
displacement 

• Allow controlled transport 

• Allow the functional activity of the limb 


tissue healing without additional procedures. The second 
alteranative may require soft tissue coverage by means 
of a local or free muscle flap. 


Simple limb lengthening with unilatéral fixators: The 
principle of distraction osteogenesis can be used with 
unilatéral fixator as well, however there are drawbacks. 
Angulation is frequent especially with lengthening of 
more than 3 cm. The quality of regenerate is inferior than 
one achieved with ring fixator. The method is not 
useful in complex deformities. The main advantage 
is its simplicity and is useful for lengthening up to 2 to 
2.5 cm. 

Pelvis 


Bone Segment Transport 

Bone transport is now common place technique for bone 
defects longer than 4 cm (Table 6). A new bone génération 
is distinctively advantageous over bone grafting. Ring 
fixator though useful is complicated and demanding 
technique. De Bastiani performed distraction osteo¬ 
genesis using unilatéral fixator. AO group has modified 
the AO unilatéral fixator for this purpose. Standard steps 
of the procedure are shown in Figure 26. 

Polytrauma Patients 

Early bone fixation is important in improving the 
prognosis of a polytraumatized patient. When internai 
fixation is not practical because of the long operating time 
and inadequacy of postoperative intensive care, external 
fixation is carried out swiftly and effectively. The major 
fractures of the long bones and joints can be fixed using 
modular external fixation frames without much blood 
loss. 

External fixation is not a panacea for the poly¬ 
traumatized patient. Active support in intensive care unit 
is almost always essential. As and when such services 
are not available, then every effort should be made to 
move the patient to such a unit at the earliest possible 
opportunity. 



Fig. 26: The principle of callotaxis—this technique for lengthen¬ 
ing, angulation correction and segment transport can be applied 
to the treatment of a defect at a site away from the corticotomy 
site 


Indications for external fixation ofpelvic ring injuries (after 
tile, M) 25 

Type B Vertically stable, rotationally unstable injuries 

B1 open book—to provide definitive treatment 

B2/B3 Latéral compression—to aid and maintain 
réduction 

Type C Vertically unstable injuries—to produce partial 
stability in order to reduce bleeding, relieve pain, and 
aid in nursing the patient. 

1. Unstable fracture, temporary stabilization 

2. Stable or partially unstable fracture as definitive 
treatment 

3. To aid réduction of displacements, especially a 
fixed latéral compression deformity and as 
supplementary to internai fixation. 

Screw placement in the pelvis: It is important that the pins 
hâve firm anchorage into the pelvis. These are placed with 
utmost care in the strongest area of the bone (Fig. 27). 
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There are two main sites for pin fixation. 

1. Iliac crest 

2. The anterior edge of ilium. 

General anesthésia is preferred, but it is possible to 
erect a frame under local anesthésia. The bone pins can 
be applied transcutaneously or after exposing the bone 
into which they are to be applied. In the former case, it is 
difficult to find the right direction for the pins, especially 
if the pelvic ring is disrupted. When in doubt, it is safe to 
make an incision and introduce the pins under direct 
vision. If possible, some réduction of fragments should 
be performed before making a skin incision. It is 
important that the pins do not exert pressure on the 
skin—this prevents skin necrosis which may jeopardize 
subséquent internai fixation. The iliac crest is palpated 
between the thumb and the index finger. A small incision 
is made against the iliac crest. The thicker parts of the 
ilium are used. One screw is placed just behind the 
anterior superior iliac spine, and another one is placed 
in the iliac tubercle. In these thicker part of the ilium, the 
pins could be driven in up to 5 to 6 cm to achieve a good 
grip. The connection between two sides is made anteriorly 
and a simple anterior rectangle frame could be created. 

In children, when the ilium is underdeveloped or 
fractured, the anterior approach may be the only alter¬ 
native. The anterior edge of the ilium is rather sharp here, 
and the bone screw may slip very easily unless an 
appropriate site of insertion is chosen—this usually needs 
a wider incision. 

Advantages of external fixation of pelvis: Early application 
of the external fixation and réduction of the pelvic volume 
to the normal size before collection of a large hematoma 
may then produce tamponade in the restricted soft tissue 
spaces and reduce further bleeding. The fixator reduces 
shear and cuts down bleeding from the fresh cancellous 




Figs 28A to D: Various trames are in use for 
stabilization of pelvis 


TABLE 7: Indications for external fixation of pelvis 


Compound fractures 

Grade II and III 

Closed 

Polytraumatized patients 

fractures 

Head injury, burns 

Ostéotomies 

Unstable pelvic fractures 

Increased motor tone and spasticity 
Failure to maintain the réduction by 
closed methods 

In obese children in whom internai 

Lengthening procedures 

fixation is tenuous and 
in whom the abnormal shape 
of the extremity precludes castings 


bone surfaces. It helps to protect the newly formed clôt 
against further damage (Fig. 28). 

Use of External Fixation in Children 

In young patients external fixators can be used to good 
advantage for the management of open and closed 
fractures, closed fractures associated with burns, and 
multiple trauma, as well as in presence of increased motor 
tone and spasticity (Table 7). 

The rod-to-rod clamps and modular frames are 
extremely useful in this group. Modular System has 
proved to be a good tool in the treatment of children's 
fractures, because they offer a complété free choice of pin 
placement. Pin insertion is adapted to the fracture pattern, 
and damage to cartilage growth plate is avoided by 
placing the most distal and the most proximal external 
fixator pin away from the growth plate under fluoro¬ 
scopie control. It is important to remember that the width 
of the physis is 4 to 6 mm. However, because of its 
undulating shape, it is necessary to allow a gap 1 cm for 
thermal changes which occur at 2.5 to 5.0 mm from the 
drill point. Assuming that 5 mm is a "safe drilling zone", 
it appears that 2 cm is an adéquate distance from the 
growth plate for insertion of the external fixator pins (Fig. 
29). 

Easy réduction of closed fractures could be done in 
casualty area with or without minimum radiographie 
control obtained by using the fixator as a handle. External 
fixation for reconstructive surgery in children is also 
useful. The parents should be involved in the frame and 
pin care, and standard pin care technique should be 
taught to them. Frame care instructions are necessary to 
make sure that ail the connecting bars as well as the 
clamps are securely and adequately tightened. 

The use of external fixation in children is not without 
problems. It is associated with a greater occurrence of 
delayed and nonunion than plaster immobilization, 
however, external fixation is used often for the severe 
injuries. Hope and Cole 13 who reviewed patients at 2 to 
10 years, after the surgery observed a notable incidence 
of continuing morbidity like pain at the healed fracture 
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Fig. 29: Pins are placed away from epiphyseal 
plate to avoid damage 

site (50%), restriction of sporting activity (23%), joint 
stiffness (23%), cosmetic defects (23%) and minor leg- 
length discrepancies (64%). Open tibial fractures in 
children are frequent in children are associated with a 
high incidence of early and late complications, which are 
frequent in children with Grade III injuries. Secondary 
fractures through the pin site do occur. Hospital stay is 
longer than expected. 26 External fixation for fractures in 
children is simple and élégant, but has considérable 
complications, while presumed advantages are not 
always obtained. In selected cases, it is an attractive 
alternative, but the indications must be restricted and care 
should be taken to avoid the complications. 
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Fig. 30: Profile of poorly manufacturée! pins 


The profile of external fixation pin influences the 
firmness of anchorage. The optimum pull-out strength 
is obtained when the threads are almost at right angles 
to the shaft of the screw. Smooth and polished surface 
finish facilitâtes pin insertion and minimizes corrosion. 
Poor surface finish causes thermal necrosis during 
insertion and together with early corrosion, it is 
predisposed to loosening and infection. 

Soft tissue-related causes: The pins in the concentric limb 
segments are predisposed to infection and lossening 
when compared to pins in the eccentric limb segments. 


Complications 

Infection and Pin Loosening 14 

Pin track problems, although adequately controlled in 
the modem external fixators, hâve remained one of the 
potential drawbacks of external fixation. Infection and 
pin loosening are indeed, two important issues in practice 
of external fixation. Various known causes are as follows: 

External fixation pin related causes: The external fixation 
pin is a self-tapping implant. The cutting threads of the 
pin initiâtes the thread formation in the bone and sizing 
threads bring them up to the required shape and size. It 
is impérative for good thread formation that the cutting 
edges should extend up to the first sizing thread. 
Inadequately manufactured pins form bone threads of 
poor grade leading to early pin loosening (Fig. 30). 


Surgeon related causes: A generous skin incision at the site 
of pin insertion relieves the tension on the skin (if 
necessary, additional cuts are to be made around the pin). 
Puckering of skin around the pin could lead to its necrosis. 
An attempt to perforate the skin with the pin should be 
discouraged as pin tips pushes bits of dermis under the 
skin causing discharging sinuses after the pin removal. 

Blunt drill bits cause thermal and mechanical damage, 
therefore sharp drill bits are used. The use of a power 
drill with cooling facility is recommended. Biomechanical 
and video analysis of pin insertion procedure by power 
and hand drilling shows that hand drilling induces a 
"wobble factor" during pin insertion. The round drill hole 
turns to an oval shape. Oval shape prédisposés to inferior 
pin bone interface and early loosening. It is worthwhile 
to use a power drill with plenty of coolant for drilling a 
pilot hole. The pins should be inserted by hand. 
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TABLE 8: Pin sepsis prévention protocol 

• Make sharp skin incision 

• Spread deep soft tissue with a hemostat 

• Lift the periosteum with a small elevator 

• Use sharp drill bit 

• Prevent overheating by start-and-stop drilling action 

• Irrigate the drill bit with a cold saline solution 

• Clean periodically—remove the chafe from the drill bit flûtes 

• Use a depth gauge to measure thread length accurately 

• Insert the pin manually 


The pins are preloaded for stability. The pins placed 
without preloading are predisposed to micromotion and 
loosening. Adéquate skin care is essential for long-term 
external fixation. The skin incisions are not sutured. 
Petroleum jelly-based ointments are avoided as these 
block the discharges from flowing out. A minor amount 
of discharge from the pin site is common. Ail the dry 
discharge from the vicinity of the pin should be removed. 
It is best to educate the patient to keep the external fixator 
clean. This assures optimum upkeep. Prévention protocol 
for pin sepsis is depicted in Table 8. 

External Fixator, What Next 12 

The question "What foliows external fixation?" may be 
met by chorus of replies. The straight answer will dépend 
on which bone we are talk about, what type of fracture, 
what type of patient, who is the attending surgeon, where 
will he/she treat the patient, what techniques are 
available to him/her at that place and which techniques 
can he/she safely master. Severe open fractures with 
considérable soft tissue damage require immédiate 
stabilization preferably by an external device. Once the 
soft tissues hâve healed, the surgeon is confronted with 
the question of how to proceed. He/she has two options. 

1. The fracture is treated with the external fixator 

2. The initially applied external fixator is replaced by 

an internai fixation. 

The surgeon should anticipate with reference to the 
soft tissue conditions, whether the fracture will be treated 
in external fixation alone (Table 9) or a secondary internai 
fixation may be necessary (Table 10). The fixator 
configuration should be adapted to the planned internai 
fixation, e.g. pins should not be placed at the proposed 
site of the plate. If soft tissue healing is complété within 3 
weeks, a change to internai fixation is safe and 
comfortable for the patient. If tissue healing is expected 
to take more than 3 weeks, it is safer to apply the fixator 
as first and final device and to adapt its configuration 
correspondingly. Early cancellous grafting should be 
considered to enhance bone healing. Percutaneous bone 
marrow injection is a viable alternative with added 


TABLE 9: First and final external fixator 


Advantages 

Disadvantages 

• No second operation 

• Clumsy external device and 
long duration of external 
fixation 

• Less risk of infection 

• Implant removal 
without anesthésia 

• Considérable rate of delayed 
union and pseudoarthrosis 

• Pin loosening and pin track 
infection 

TABLE 10: Secondary internai fixation 

Advantages 

Disadvantages 

• Short period of external 

• risk of osteotis after internai 

fixation 

fixation 

• Earlier consolidation 

• Further operation of internai 
fixation and implant removal 

• Less risk of pseudoarthrosis 


advantage of minimal postoperative morbidity. Pin 
loosening does not mean a change to internai fixation is 
mandatory. A loose pin should be removed and new ones 
be inserted at a fresh site to continue the treatment. 

If late change to internai fixation are unavoidable, a 
free interval to allow the pin tracks to heal and antibiotic 
coverage lowers the risk of infection. Hard data is not 
available in literature on details of these intervals and 
duration of antibiotics. 

The Patient’s Perception of the Fixator 

Patients usually try to appear optimistic when talking to 
their orthopedist. They may hâve great difficulty in 
admitting that they are less than happy about their 
treatment and in particular their external fixator. One 
simple technique for assessing the patient's perception 
of his/her fixator is to ask the patient to draw himself 
herself in the fixator. 

When asked to draw himself/herself, the sick patient 
tends to create either a positive or a négative body image. 

Positive Body Images 

The positive body image, however, crude the depiction, 
is typically associated with a rapid and trouble-free 
recovery. A positive body is portrayed in the accom- 
panying drawing (Fig. 31). 

Négative Body Images 

The négative body image is more primitive (Fig. 32). 
Detail is lacking. The expression is unhappy. Portrayal 
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of the fixator is minimal. The injured part may be shown 
abnormally small or even be left out of drawing 
altogether. The patient is clearly less than happy about 
drawing himself. 




Fig. 33: Change of positive body image to a 
négative one 

The injury is suppressed and the affected part with the 
fixator is rejected. Such négative body images typically 
reflect a poor clinical resuit. Négative body images are 
frequent with upper limb injury, as unpleasant scowl in 
the sick diagram reflects the feelings of an unhappy 
patient. 

Value of patients' drawings: During treatment, the change 
of body image from positive to négative or vice versa can 
highlight the patient's attitude to his treatment and lead 
the clinician to review the management (Fig. 33). 
Whatever the radiological appearance and however 
biomechanically Sound the fixation, a wise clinician will 
carefully review management, as the patient is unlikely 
to do well. 

The body image drawings provide not only a fasci- 
nating insight into the patient's deepest feelings as to his/ 
her treatment and his/her attitude to his/her surgeon, 
but also help the clinician to continually assess the 
probability of success. 

The Developing Countries, Natural 
Calamities, War and External Fixation 

The external fixation is a very important tool in 
developing countries where the operating environment 
is often far from idéal. The risk of infection for open 
réduction and internai fixation is usually high. Many a 
times a full set of the necessary instruments and implants 
is not available. This makes external fixation a valid 
therapeutic option, as the procedure is less demanding 
with low risk of infection. 

Cheap external fixators are often presented as the 
correct way to meet the demands of the third world 
countries. The simplest fixator consisting only of external 
fixator pins being held in plaster of Paris could be a cheap 
solution for the poor countries. But this type of "external 
fixation" cannot be maintained for sufficiently long time 
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without loosing the stability of the fracture, nor can it 
effectively stabilize fémur or pelvic fractures. In practical 
terms, use of cheap and improperly made external fixator 
is very expensive in long term. Inefficient external fixation 
leads to postoperative infection, loss of réduction and 
delayed and nonunions. There is no real saving in using 
inefficient fixators which are usually available cheaply. 
"Economy is a virtue and consists not in saving but 
sélection"—Edmund Burke (1729-1779). The external 
fixation pins should not be reused. Small bend in the pin 
damages the pin hole in the next patient and prédisposé 
him/her to pin loosening and infection. 

The loss of fixator appliances is not a common feature 
in the developing countries, and a high retrieval rate of 
external fixators has been noted by many centers. This 
could be further improved by organization. Trained, 
salaried personnel to contact the patients every week after 
the discharge from the hospital helps in maintaining the 
communication lines. Thus, interférence in the treatment 
by well meaning but uninitiated medical personnel could 
be avoided. 

Expérience has taught us that using cheap and 
imperfectly made external fixator is more expensive than 
good quality items. Developing countries need cheap and 
properly constructed external fixators and not poorly 
constructed external fixators. 

External Fixation in Natural Calamities and War 

Medical situation in natural catastrophe or war is much 
the same. There is a sudden rush of severely injured 
patients, causing overloading of the available facilities. 
These patients hâve to be treated in casualty on arrivai 
by young and inexperienced surgeons in far from idéal 
conditions. 

What should be the choice—internai or external 
fixation? 

In such situation, it will seldom be possible to keep 
track of ail the instruments and implants required for 
open réduction and internai fixation. It will neither be 
easy to achieve optimal operation room conditions to 
reduce postoperative infection risks, not will it be possible 
to find highly skilled surgeons at short notice to perform 
complex operations under difficult conditions. 

A simple user-friendly external fixator frame 
consisting of only a few éléments and being quick and 
easy to insert is almost certainly to be preferred to 
conventional internai techniques in situatios of natural 
calamities and war. 

The external fixation System will enable less trained 
surgeons to fix multiple fractures quickly and 
atraumatically. The external fixation System is simple. 


using only a few éléments, can be adapted to fix both open 
and closed fractures, and stable fixation can be achieved 
using the most simple of frames. A System with total bone 
réduction possibilities is a must in these situations. 

An idéal pack for war situation? A fixator with a very 
small frame in a neat package to fit into a soldier's pocket 
has been presented as the idéal war external fixator. It is 
difficult to visualize a soldier carrying his/her own 
fixator, his/her antibiotics and saline solution for wound 
lavage and his/her pain killers in his pocket ready for 
external fixator insertion. It is not realistic to envisage 
the soldier being externally fixed in the field with his/ 
her pocket fixator by his/her friend. A field hospital is 
the place where an external fixator could be fixed using 
anesthésia and radiographie facilities. A hand drill will 
be available and a small stock of the fixators would be 
maintained. Modular f rames applied with simple pin 
fixators is an excellent choice. 

External skeletal fixation with its wide variety of 
applications now has a firm place in the armamentarium 
of techniques available to the trauma surgeon in the 
management of significant limb injuries. There is no 
doubt that external fixation is not the panacea of skeletal 
surgery, but it offers solutions for a large number of 
difficult fracture situations. 
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INTRODUCTION 

The Dynamic Axial Fixator (DAF) was developed in 1979 
in Verona (Italy). The manufacturer, Orthofix (OF), based 
the System on a design patented by the Italian orthopédie 
surgeons Giovanni De Bastiani, Roberto Aldegheri and 
Lodovico Renzi Brivio. On the basis of clinical expérience 
with other fixators, the designers set out to fulfill spécifie 
objectives in the development of this new de vice. The 
target requirements for the System were that it should be 
monolateral, axial and dynamic, incorporating the 
principle of compression and an attractive, lightweight 
design; other important prerequisites were articular 
movement in different planes, simplicity of application 
and versatility for application in a range of traumato- 
logical and orthopédie indications. These principles were 
implemented in the DAF, which is a monolateral System 
with a central body and clamps axially coupled by bail 
joints. The compression-distraction System is détachable 
from the main body (Figs 1 and 2). 

SCREWS 

To ensure appropriate strength, another important 
considération was the material used for the screws. The 
spécial AISI316L stainless Steel used for this purpose has 
a relatively low breaking strength safety factor coefficient 
(K=1.54); this is made possible by the bail joint 
incorporated into the fixator, which limits the maximum 
load on the screws and the risk of pin breakage. For 
manufacturing reasons and to ensure versatility of use, 
the diameter of the screw in its unthreaded portion has 
been standardized as 6 mm. The screw is self-tapping 
and tapered, with a graduai réduction in diameter from 
6 mm at the base of the thread to 5 mm at its tip. This 
taper, made possible by the lower stress on the distal 


Fig. 1: Standard DAF fixator on the 
médial face of the left tibia. Use of 
cortical screws, applied perpendicularto 
the longitudinal axis of the tibia with a 
few threads protruding from both 
cortices. The fixator body must be 
parallel to the diaphyseal axis, not only 
to limit stress on the screws and bail 
joints but also to allow uniform 
dynamization across the whole of the 
fracture site 

cortex, ensures better grip and allows tightening in the 
event of pin mobility caused by résorption; it offers the 
further advantage that pin removal is painless and 
requires no anesthetic. 

FIXATOR 

The fixator is made of a light, aluminium-based alloy 
(55 kg/mm tensile strength, 50 kg/mm yield strength). 
To enhance résistance to corrosion (disinfectants. 
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Fig. 2: DAF on the latéral face of 
the left humérus. The two distal 
pins are in seats 1 and 4 of the 
clamp, to ensure a safe distance 
from the radial nerve. The first 
screw inserted in this application 
must be the most distal, which 
must be parallel to the joint line 

perspiration) and provide electrical insulation, the alloy 
is treated chemically. The fixator components, which are 
subject to greatest stress under the spécifie pressure of 
high loads, are made of stainless Steel. The resulting 
tensile strength (65 kg/mm 2 ) and hardness (HB 200) are 
far higher than those obtainable with light alloy s. The 
dimensions of the body, clamp, bail joint, screws and 
compression unit are the resuit of detailed biomechanical 
analysis of the bone-fixator configuration, with careful 
évaluation of ail possible compression, traction bending 
and torsional stresses. 

The structural characteristics détermine the following 
advantages of the DAF in clinical use: 

i. Single axis System, reducing stress and enhancing 
fixation on the frontal plane. 

ii. Possibility of dynamic compression, offering exten¬ 
sive biological advantages. 

iii. Lightweight design, reducing stress on bone 
fragments and thus on pins and anatomical joints. 

iv. Articular movement, provided by an extremely 
versatile bail joint System. 

v. No torsional stresses on the screw while the clamp 
is being tightened, as it is secured by two locking 
nuts. 

vi. Completely modular System. 

vii. Ail adjustments possible with the same wrench. 


viii. Easy application. 

ix. Convenient maintenance. 

There are also two important limitations: 

i. The axial design, with a telescopic central body, 
imposes fixed minimum and maximum distances 
between the clamps. 

ii. The specially designed instrumentation must be 
used to achieve perfect screw positioning. 

DYNAMIZATION 

The various fixation Systems can produce different kinds 
of synthesis and thus differ in terms of their impact on 
osteogenesis and callus formation, according to the design 
and use of the fixator. 

A rigid bilateral System is biologically négative, and 
also limits muscular activity and weightbearing on the 
segment concerned. 

An elastic System involves exertion of forces on the 
fracture site, not only in the direction of the weightbearing 
axis but also in other planes, and this can cause instability. 

The philosophy of the DAF is that the idéal external 
fixator should be sufficiently rigid to guarantee stable 
synthesis when required, but allow dynamic stress on 
the fracture site and only in the longitudinal axis. The 
fixator's rigid components allow stable immobilization; 
the telescopic structure of the body gives scope of 
movement only in the axial direction, with dynamization 
providing the main stimulus for periosteal and, therefore, 
natural fracture healing. 

Dynamization offers many mechanical and clinical 
advantages: 

i. Impaction of bone fragments and contact healing to 
fill the initial fracture gap. 

ii. Easier maintenance of réduction and rapid healing 
without nonunion. 

iii. Unlike passive dynamization, callus distribution is 
symmetrical and uniform across the fracture site, 
since the unlocked fixator does not restrict 
movement across the near cortex, provided that 
there are no torsional forces preventing axial 
movement of the fixator body. 

iv. With the fixator unlocked, the fragments are stable 
and the pins do not bend under weightbearing. 

v. Stress is considerably reduced at the pin-bone inter¬ 
face, as are the risks of osteolysis or infection. 

The action mechanism of the physical stresses 
determined by dynamization has still to be demonstrated. 
It seems to stimulate production of E2 prostaglandins, 
which promote synthesis of DNA in osteoblasts but not 
in fibroblasts. There is probably a close association 
between physical stresses and Chemical metabolism; once 
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this relationship has been clarified, it will be possible to 
optimize control of mechanical forces. 

Our clinical expérience enables us to State that active 
dynamization is extremely effective in many situations. 
It improves healing of open or closed diaphyseal 
fractures, especially when stable. It should be applied as 
soon as mineralization of connective tissue begins. Active 
dynamization enhances the solidity of the newly formed 
callus and promotes conversion of fibrocartilaginous 
tissue to bone in the central area especially in the adult. 
It is also indicated in diaphyseal ostéotomies following 
passive dynamization. In lengthenings, controlled dyna¬ 
mization with a silastic ring (Dynaring) and free 
dynamization are used at different times. Controlled 
dynamization to accelerate consolidation is also possible 
once distraction is complété. The mechanical stability of 
the fixator must also be regulated by the surgeon, in 
relation to callus development. As the elasticity of callus 
decreases, so dynamization should become active. 
Equally, as the biological stability of callus increases, so 
dynamization becomes less important. Current 
knowledge of the changing mechanical stability of a 
fracture does not allow absolute certainty as to the exact 
timing of weightbearing and dynamization. There are a 
number of variable to take into account, such as the type 
fracture, the âge and psychological status of the patient, 
the patient's pain threshold and the presence of an 
isolated fracture or polytrauma. 

In stable fractures (Fig. 1), we proceeded with about 
30% weight-bearing from the first day after surgery; grad- 
ually increasing, until complété active dynamization was 
applied by day s 20 to 30. In uns table fractures, weight¬ 
bearing is more limited in the initial postoperative period. 
Complété dynamization dépends on callus formation, 
and is generally possible on day s 40 to 50. Comminuted 
fractures and very unstable fractures are not governed 
by a spécifie protocol, and treatment of each case must 
be evaluated on its own merits (Fig. 3). 

INDICATIONS 

Some indications for the DAF can be considered spécifie 
or absolute. In open fractures no extraneous material is 
introduced into the fracture site and the fixator allows 
treatment of soft tissue injuries, the more severe these 
lésions, the stronger the rationale for external fixation. 
Complicated closed fracture, in which mechanically perfect 
internai synthesis is not possible, or involve risk of 
infection or severe edema, is another indication. 

DAF is also indicated for some pelvic fractures, partic- 
ularly where there is a gap in the symphysis pubis (Fig. 
4). Patients with multiple injuries can be effectively 



Fig. 3: DAF on the latéral 
face of the left fémur, with a 
supplementary screw for 
réduction and synthesis of 
the diaphyseal fragment. 
Fémoral applications always 
require three cortical pins for 
each fragment, because of 
the considérable distance 
between bone and fixator 
and the large muscular mass 



Fig. 4: The lowa model DAF, for réduction of the symphysis 
pubis. Screws are self-tapping and are placed in both bones of 
the ilium, from top to bottom as in the figure or from anterior to 
posterior in the supra-acetabular région 


treated, with excellent reconstruction and reduced 
mortality. Applied as an emergency procedure, the fixator 
facilitâtes intensive care of patients suffering from 
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Fig. 5: The OF Pennig wrist fixator for réduction 
and stabilization of epiphyseal radial fractures, and 
the mini-Pennig for fixation of diaphyseal meta- 
carpal and metatarsal fractures. On the left wrist, 
3 to 3.5 mm pins are inserted in the 2nd metacarpal 
bone and the radius. The fixator allows passive 
and active flexion and extension, with the reduced 
fracture in distraction 


Fig. 6: The lowa model applied to the 
left fémur and right ilium, to reduce 
central dislocation of the left hip by 
ligamentotaxis 


Fig. 7: The DAF slide body 
used to lengthen the left fémur 
by the callotasis technique. 
Three cortical screws per 
fragment are used. The distal 
pins are close to the 
osteotomy site to ensure that 
they are at a suitable distance 
from the knee 


rétropéritonéal hemorrhage and shock. Stabilization of 
the pelvis, in this case, reduces the rétropéritonéal space 
and blood loss. The indication in the pelvis clearly 
demonstrates the need for modular Systems in the 
operating theater. However, when the fracture is 
extremely unstable, external fixation should be combined 
with internai synthesis. 

For highly comminuted epiphyseal and articularfractures, 
especially of the wrist (Fig. 5) and hip (Fig. 6), the 
ligamentotaxis technique affords excellent results and is 
widely used. 

Other absolute indications are infected nonunions, bone 
loss, correction of congénital and acquired defects, and 
lengthening, (Figs 7 and 8). Cases which require rapid 
treatment, and therefore, a simple application technique, 
are another excellent indications. These include 
polytrauma, patients requiring prolonged intensive care or 


bedrest, elderly patients in poor general condition, and cases 
where skeletal injury is a secondary priority in relation to life- 
saving procedures. In these cases, the fixator is an excellent 
means of stabilization and approximate réduction, 
pending definitive treatment. A simple, quickly applied 
fixator which will subsequently provide definitive 
réduction is obviously préférable. Other indications 
which the surgeon may select according to expérience 
and personal preference are closed fractures, articular 
fractures, aseptie nonunions, osteotomy (Fig. 9) and 
arthrodesis. 

Further nonroutine indications of considérable 
interest are pertrochanteric fractures; vertébral applications 
for myelitic fractures, infection, tumors and instability; 
arthrodiatasis in the joint stiffness caused by soft tissue 
retraction or cartilaginous ankylosis; casualties from 
theaters of war or natural calamity; and other "life-saving" 
situations. 
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Fig. 8: DAF slide body, with three groups of 
three cortical pins. This is used for bifocal 
callotasis and for proximal callotasis with 
distal angular correction or vice versa, as well 
as for reconstruction of bone loss by the bone 
transport technique (from top to bottom or 
from bottom to top) 


Fig. 9: DAF with self-aligning articulated body 
for proximal hemicallotasis in tibia vara. During 
distraction, the bail joint allows alignment of 
the diaphysis with the joint line of the knee 


There are contraindications. These are: 

i. Unsuitable psychological status of patient. 


ii. Poor bone stock (severe osteoporosis, osteogenesis 
imperfecta). 

iii. Skin infections near pin sites. 
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ILIZAROV METHOD—BASICS 


i 



The Magician of Kurgan: 
Prof GA Ilizarov i 


HR Jhunjhunwala 


Gavril A Ilizarov, MD PhD, DSc, Honored physician of 
the Russian Republic, Professor of Orthopedics, and 
Director of the Kurgan Research Institute, now called as 
"VKNC VT O". He was born in erstwhile USSR in 1921. 
Ilizarov's contributions to orthopedics and traumatology 
are monumental (Fig. 1). 

His three important contributions are: (i) he discovered 
the hitherto unknown phenomenon in nature, namely, 
distraction histogenesis, (ii) his second discovery, is 
corticotomy, and(iii) he developed the versatile ring 
fixator—this discovery constitutes one of the most 
remarkable advances in the history of musculoskeletal 
research. 

He had to treat a large number of wounded soldiers 
of the second world war. There was a large flood of 
patients to this small village. The conditions in which he 
worked were very primitive, he lacked many necessary 
medicines and instruments. He was called as "Magician 
from Kurgan." Early in the 1960s, Dr Ilizarov reported 
the first successful lengthening of lower extremities upto 
10 inches. 

In 1958, he exhibited the versatile, modular ring fixator 
in Moscow. The new institute of orthopedics in Kurgan 



Fig. 1: Prof GA Ilizarov 


has become the largest orthopédie center in the world, 
with 1200beds, 350 orthopédie surgeons, 60 scientists with 
PhD degrees, and a staff of 1500 nurses, therapists, and 
ancillary personnel. In the summer of 1991, he passed 
away. 






PART I: COMPARISON OF 
MONOLATERAL AND RING FIXATOR 

INTRODUCTION 

Biomechanics of the Ilizarov external fixator has been 
extensively studied, clinically and experimentally by 
Ilizarov, 8 Flamingo, Paley, 10 Kristiansen, Pope and many 
others. Mainly there are two types of external fixator s, 
they are as follows: 

CantileverType 

The conventional type of external fixators with large 
diameter (4 to 6 mm) stiff pins, generally threaded, fixed 
to bone in one plane (uniplanar) act as cantilevers. They 
are rigid type of external fixators, and hâve the effect of 
"spring-board". 

Their advantages are as follows: 

1. Minimal transfixion of soft tissue 

2. Less bulky 

3. Ease of assembling. 

Their disadvantages are as follows: 

1. They are rigid and do not allow axial micromotion, 
dynamization is not as effective as the Ilizarov 
fixator. They may become jammed 

2. The forces, acting on the surface of bone are in 
one plane as cantilever, causes angulations and 
deformity, at the fracture or nonunion or dis¬ 
traction site. Cantilever loading créâtes increasing 
moments under larger loads that lead to 
uncontrollable forces within the ostéogénie zone. 
Counter forces are manually difficult and 
mechanically impossible to effect 


3. Pins being large are more prone to pin-tract infec¬ 
tion and loosening of the assembly, especially in 
the osteoporotic bone. 

Ilizarov Type 8 9 

The second type, the ring fixator (Ilizarov type) has 
smooth, thin (1.5 and 1.8 mm) pins, and also called 
transfixion System. Cross Kirschner wires are used for 
circumferential multilevel, multiplanar, and multi- 
directional transosseous osteosynthesis-transfixion of 
fractures, limb-lengthening, deformity correction, etc. 

The advantages of Ilizarov fixator are as follows: 

1. They are elastic type of external fixators (when ail 
wires are used) and allow axial micromotion 
which is conducive to healing of fractures and 
corticotomy. 

2. The pins being thin do not cause much damage to 
soft tissue. 

3. Comparatively, pin tract infection is less. 

4. Three-dimensional correction can be achieved 
during surgery and also during postoperative 
period. 

5. Ilizarov's fixator differs from other fixators in its 
capacity for mechanical diversity. Most other 
fixators function undirectionally. 

In most applications, the half pins are attached to the 
frame work on one side only. But Ilizarov's apparatus 
makes it possible to distribute forces in a more useful 
direction. Idéal external fixator should hâve stability of 
fragments of the bone in alinement and at the same time 
should allow axial micromotion by its elasticity. Thus, 
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the fixator should hâve stability and elasticity. How does 
the llizarov fixator function in this regard? 

The thin Kirschner wires hâve fairly great flexibility. 
The llizarov method obtains the stability and elasticity 
with this elastic material by: 

1. The wires are tensioned—the greater the tension 
on the wire, the greater is its solidity, at the ex- 
pense of elasticity. In Ilizarov's method, fixation 
of wires at both ends and tensioning them is a 
fundamental principle. 

2. Inserting not only one traction wire, but two, 
intersecting almost in the same plane and 
approximately perpendicular to each other. In this 
way, a linear traction force is replaced by a traction 
force acting on a plane, with the advantage of a 
much greater and more even distribution of forces. 
Yet certain residual elasticity remains, and this is 
not separate from the solidity, since it is connected 
to the two perpendicular wires. The elasticity of 
the wires which is tangential is transformed into 
a planar elasticity, extended to the whole plane 
passing through the wire. This possibility is 
peculiar to the llizarov method, in which the thin 
Kirschner wires as fixators permit the installation 
of two wires on almost identical planes. This is 
physically impossible with other fixators. 

The disadvantages are as follows: 

1. As the pin passes from one side of the limb to the 
other it transfixes the soft tissues 

2. Apparatus is bulky and time consuming to 
assemble and, 

3. Steep learning curve. Thus, biomechanically 
principles of two Systems of external fixators are 
different (Table 1). 

According to FJ Kummer, circular fixators hâve more 
isotropie mechanical properties in bending, nonlinear 
axial rigidity, and ability to readily create configurations 
for complex correction. For any fixator System, there are 
two fundamental interrelated considérations, stability 
and rigidity. For loads to 100 N, the llizarov frame is less 
stiff in axial loading than other frames. At higher loads 
(< 500 N), the llizarov frame exhibits similar stiffness. 
This nonlinear behavior of the llizarov frame is 
attributable to increasing wire tension under loading. The 
llizarov frame is less stiff in bending, particularly in the 
lateralmedial direction, but its values for lateralmedial 
and anteroposterior bending are similar, bending stiffness 
increases with increasing axial loading. In torsion, the 
llizarov frames are somewhat less stiff. Large distances 
between rings can lead to buckling or increased torsional 
displacement of the frame. 


Wires of conventional llizarov System can be replaced 
by the half pins. The size and configuration of the half 
pin Systems are very important factors to maintain the 
frame in an adéquate stability. 

Biomechanics of The Wire 5 

Tensioning of the Wire 

The tensioned wires are considered nonlinear, self- 
stiffening pins. When the thin (1.5 or 1.8 mm) wire is 
tensed, it achieves rigidity equal to half pins. However, 
they retain the elasticity and low axial stiffness to axial 
loading, 75% lower than conventional fixators. The 
optimum tension required is still not finalized. Bagnoli 
argues that one should not exceed 50% of the yield 
strength of the wire to be on the safer side and minimize 
breakage and stretching (ductility) of the wire. This would 
be 105 kg for 1.5 mm wires and 150 kg for 1.8 mm wires. 
Bagnoli routinely uses 80 kg tension clinically for fractures 
and nonunions. llizarov recommends 80 to 90 kg. 

Maximum limits are 90 kg for 1.5 mm wire and 
130 kg for 1.8 mm wires because of the yield strength of 
the stainless Steel and slippage at the wire holders. It is 
interesting to note that the increase in stiffness is 
nonlinear (rate of increase decreases with increasing 
tension). 

The wires are made of stainless Steel type, austen class 
ASIS 320, with a mechanical résistance of about 120 kg 
per square millimeter obtained by drawing, with cold 
réduction of the section by about 40% and with a 
métallurgie make up of austenite crystals elongated in 
the direction of the drawing. The material is magnetic as 
a resuit of cold drawing. 

Recently with the advent of the new calibrated wire 
tensioning device (dynamometer), spécifie tension can 
be achieved. 

The Lecco group routinely uses 130 kg tension for full 
rings and 90 kg for half rings. While theoretically one 
might expect an increased wire fracture rate, this has not 
proved to be the case clinically. While increased tension 
provided increased stability, by increasing the wire 
stiffness, it also decreases the axial excursion of the wire 
on loading. 

Tension of the soft tissues also détermines how much 
tension be applied to the wire. For example, in a limb 
lengthening, one can expect to generate increased tension 
in the wires due to the increasing soft tissue tension from 
distraction. This may increase the wire tension by as much 
as 50 kg. In a worst case analysis, ail 50 kg are added to 
each wire then the yield point of the wire may be 
approached if the wire is initially tensioned to the full 
amount of 130 kg. In a fracture situation where no 
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TABLE 1: Comparison of monolateral with ring fixator 

Monolateral External Fixator ïlizarov Ring Fixator 


Advantages 

1. Minimally tranfixes the soft tissues 


2. The apparatus is cantilever type, less bulky 

3. Easy to assemble the apparatus. They are simple and readily 
accepted by the patients. They are easy to care for during the 
postoperative period 

4. Half pin Systems use fewer pins, there are fewer sites to clean, 
fewer sites become infected and fewer sites to impinge soft 
tissues 

5. Half pins using ïlizarov technique hâve dramatically reduced 
the pain. This feature has simplified physical therapy for the 
patients, increased ambulatory capacity, and reduced the 
requirements of analgésie pain médication substantially. 

Disadvantages 

1. They are rigid and do not allow axial micromotion. Dynamiza- 
tion is not as effective as the Ïlizarov fixator. They may become 
jammed. 

2. Forces acting on the surface of bone are in one plane as canti¬ 
lever, causes angulations and deformity at the fracture non- 
union or distraction site. Cantilever loading créâtes increasing 
moments under large loads that lead to uncontrollable forces 
within the ostéogénie zone. Counter forces are manually dif- 
ficult and mechanically impossible to affect. 

3. Does not permit immédiate weight bearing 

4. They leave large holes in the bone, once the pins are removed. 

5. Another significant deficiency of monolateral fixators is their 
limited capacity for correction of angular or rotational defor- 
mities and loss of bone substance. 


6. Unilatéral fixators do not provide enough support in patients 
with osteoporosis 

7. These frames are difficult to use when lengthening in the 
presence of a history of sepsis (i.e. after removing a septic knee 
prosthesis) 

8. Stuart Green has used titanium half pins with almost negligi- 
ble pin tract infection. However, they are costly. 

9. In juxta-articular area mounting pins cause loosening and 
create a large hole. 


Disadvantages 

1. Pin passes from skin one side to other and transfixes the 
soft tissue, thereby causes pain, joint stiffness subluxation 
or frank dislocation, and joint contractures 

2. The apparatus is more bulky 

3. It is difficult to assemble and takes lot of time, therefore 
pre-construction is necessary to save operating time. 
Patient's acceptance is less. 

4. The whole procedure is labor-oriented to the doctor as 
well as the patient. 


Advantages 

1. They are elastic type of external fixator and allow axial 
micromotion which are conducive to healing of fractures 
and regenerate 

2. Forces acting in the circular fixator are in a plane. It is a 
multilevel, multiplanar fixator. Ilizarov's circumferential 
rings distribute stresses more evenly across the fracture 
or osteotomy sites. Therefore, three-dimensional correc¬ 
tion is possible. Axial distraction or compression angular 
and translational corrections are ail possible using graduai 
mechanical technique 

3. Circular fixator is a stable fixator and elastic. These fixators 
allow immédiate weight bearing and function 

4. As the wires are thin the holes are small 

5. Circular fixator can hâve capacity for three-dimensional 
correction. The ïlizarov device is able to control shear at 
the fracture site while allowing axial and bending 
dynamization producing an idéal environment for bone 
healing. Wire stoppers add shear rigidity to the System 

6. Circular fixators are better for patients with osteoporosis 
using wires 

7. Circular fixators can work in a septic environment 
permitting correction of limb length discrepancy due to 
aseptie pseudoarthrosis or following the removal of a 
stable implant 

8. Wire tract infection is common 

9. In Ilizarov's assembly most patients complain of pain, 
mild or severe. Patient acceptance is poor. 


additional tension is to be applied to the wires except for 
weight bearing, one can afford to tense the wires to 
130 kg. In limb lengthening, where added tension will 
be applied during the lengthening process, it might be 
safer to tense the wires to only 80 to 90 kg. 

Increasing the wire tension from 90 to 130 kg increases 
the bending and axial stiffness but lowers the torsional 
stiffness. Ail the uni- and biplanar fixators show very high 


axial stiffness to axial loading. In contrast, they ail show 
significantly lower stiffness to bending loading. 

Multiplanar positioning of wires on each side of the 
rings or introduction of more wires further apart with 
the posts or accessory rings/half rings increases the 
stability of the assembly. If the length between the two 
rings of the component is more, it is préférable to 
minimize unsupported length by introduction of drop 
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wires or use of more connections and/or empty ring 
(without wire). These wires act as small springs within 
the more rigid System of rings and threaded connecting 
rods. 

Number of Wires 

The more the number of wires, the more stable is the 
fixator. Minimum of two wires, preferably three, must 
be transfixed to each ring. Bending and axial stiffness is 
directly proportional to the number of wires. The use of 
"olive" (stop) wires significantly improves the bending 
stiffness and stability by minimizing translation of the 
bone along the wires. 

Wire Spread 

When 45/135 configuration is used, as shown in the 
Figure 1, it shows lower stiffness in AP bending. The 
différence between a wire spread of 90/90° and 45/135° 
is that the latter was found to be significantly less stable 
in flexion. Plane of the pins where the pin spread was 
135°, but no différence as compared to latéral bending, 
torsion and axial loading. The idéal configuration is 90/ 
90, though often anatomical constraints do not permit 
this (Fig. 1). 

The highest shear stiffness was achieved by llizarov 
90/90°, off-centered, 130 kg tension by using olive wires. 
llizarov studied the effect of instability on distraction 
osteogenesis, which is the process of bone régénération 
under distraction as is seen in limb lengthening. Under 
conditions of stability, one normally sees parallel 
longitudinally oriented bone trabeculae forming directly 
from a thin fibrous interzone between the regenerating 
bone ends. Intramembrenous type of bone is formed. 
Under conditions of instability, the longitudinal 
trabeculae become wavy and oblique in their orientations, 
and the interzone becomes thickened with fibrous tissue. 
Fibrocartilage appears to be the prédominant effect of 
shear and if not corrected will lead to a pseudoarthrosis. 
Clinically, shear-type fractures and fractures exposed to 
shearing forces are noted to hâve increased problems with 
healing if the shearing forces are not resolved. 



Fig. 1 : The llizarov configurations that were tested 


Off-centering 

The bone's off-centering was associated with a higher 
axial stiffness and a lower torsional stiffness than the 
centered configuration. 

Seif-stiffening Effects of Wires 

Wire achieves increasing rigidity with increasing 
deflection. When loaded deflection of the wire occurs and 
they become more stiff because tension arises. Thus, wire 
dérivés increasing rigidity with increasing deflection. 

When the deflection load is released, the wires spring 
back to its original axially tensioned position. This 
mechanical behavior of tensioned wires stimulâtes 
osteogenesis, according to llizarov. Nevertheless, 
regenerate bone forms quite nicely when a half pin 
cantilever fixator is employed for limb lengthening, 
provided Ilizarov's biological principles are followed. 

Olive Wires 

Olive wires increase the stability of the whole assembly 
and lead to significant increase in the bending, torsion 
and axial stiffness. The olive wires significantly increase 
the bending shear stiffness but not the torsional shear 
stiffness. Bagnoli showed that counteropposed olive 
wires greatly increased the stability of fixation for oblique 
fractures. Each component of the frame has olive (stop) 
wires at médial and latéral surfaces, preferably they 
should be used at each level of fixation for oblique 
fractures. This can also be very advantageous for 
deformity correction or deformity prévention, such as 
during a limb lengthening. 

Dror Paley puts forth a working hypothesis. 

1. Cyclic axial micromotion is bénéficiai to fracture 
healing 

2. Translational shear at the fracture site is 
deleterious to fracture healing 

3. It is not possible to conclude anything yet as 
regards cyclic bending micromotion based on the 
available literature to date. Dror Paley summarizes 
that the llizarov fixator possesses some of the most 
optimal biomechanical characteristics for fracture 
healing. It differs significantly from conventional 
large pin fixators in that it maintains axial 
elasticity. Conventional external fixators may be 
adopted to these conditions by applying the pins 
in a more advantageous orientation (AP) and by 
axial dynamization. Two types of dynamization 
are currently available: (i) ail or nothing (orthofix, 
AO, Hoffmann) and, (ii) elastic/adjustable 
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(Oxford Dynabrace). Since none of these fixators 
are inherently dynamic, upon dynamization, jam- 
ming of the telescoping segments remains a 
problem. 

Wire Diameter 

The increase in wire diameter increases wire tension, and 
decreased ring diameter increased the stability of the 
apparatus to axial loads. The optimum diameter of the 
wire is 1.5 mm for children and thin bones—1.8 mm for 
the adults and large bones, to optimize this low stiffness 
property while maintaining sufficient strength and 
stiffness increase as the square of the diameter of the wire. 
Wire elasticity in the biomechanical sense is purely a 
material property and does not change with wire 
diameter. In fact, what we generally call the elasticity of 
the wire is really due to decreased stiffness of thin wires. 

Biomechanics of Rings 

Stability of assembly dépends on number, size and 
position of the rings. As the number of rings are increased 
the stability of the System is also more. In treating 
fractures in a four rings assembly, the doser the middle 
two rings are to the fracture site, more stable is the 
configuration. The distance between the rings that lie on 
the same side of the fracture was not that important. 

The rings are fabricated of stainless steel-type 
martensite class ASIS 410, with a mechanical résistance 
greater than 90 kg per square millimeter, and a 
métallurgie make-up of superfine ferrie carbides. The 
resulting material is magnetic. 

Réduction of the two centimeters in ring radius 
resulted in a 77% rise in axial stiffness under 100 N load 
and 86% under 500 N load. Increasing the ring radius 
reduced the axial stiffness by 32% and the bending 
stiffness by 15%. Only torsional stiffness increased with 
increased ring diameter. 

As the diameter of the ring increases, the wire span 
must also increase in lowering the stability. Obviously, 
ring diameter is limited by the size of the limb segment 
at that level. Ilizarov recommends a two centimeter 
minimal distance between the ring and the skin to allow 
for swelling of the soft tissues and pin site care. In 
accordance with this, the smallest ring possible should 
be selected. 

There must be a minimum of two levels of the fixation 
on each component. 

Carbon Fi ber Rings u 

In Ilizarov technique, stainless Steel rings are replaced 
by carbon fiber rings. Carbon fiber rings are stronger. 


lighter and radiolucent. However, the carbon fiber rings 
are more expensive than stainless Steel (because of the 
cost of fabrication). 

As the carbon fiber rings are little wider and thicker, 
certain components like buckles hâve to be modified to 
suit the carbon fiber rings. 

Advantages of carbon rings 

1. The carbon rings are radiotransparent. Therefore, they 
allow better visualization of the X-ray during the 
postoperative period 

2. The carbon rings, being elastically rigid over the whole 
range of loads applied, avoid the plastic deformation 
exhibited by the Steel rings 

3. They are 45% lighter than the Steel rings. This would 
be important particularly in the treatment of children, 
where the weight of the apparatus could be a limiting 
factor in the réhabilitation process 

4. The reuse of metallic éléments could prove dangerous, 
may cause the loss of biomechanical characteristics 
shown at high loads. The carbon rings exhibit a linear 
load deformation response. Therefore, they can be 
reused. 

The carbon rings are available in sizes ranging from 
98 to 178 mm in internai diameter. They weigh approxi- 
mately 45% of the corresponding métal ring. The 
traditional 5 mm thick steel rings were made of stainless 
Steel AISI304. The carbon rings were made using a carbon 
sandwich structure with openbody-oriented fibers, made 
of a modified epoxy resin, 8 mm thick. They are 2 mm 
broader and the ring is 2 mm less in diameter (N Ubaldo). 

From the biomechanical studies, the following are the 
principles of clinical application: Kummer suggests some 
of the most important considérations for fixation stability 
include the following: 

1. Use the smallest rings possible (allowing for soft tissue 
swelling) 

2. Minimize the unsupported length between rings, use 
more or larger ring connectors or an intermediate free 
ring 

3. Use olive wires for control of bone segments or free 
ends, particularly in compression 

4. Use larger wires or a greater number per ring with 
maximum tension to control stiffness. Reuse of wire 
holding bolts is not recommended because of possible 
failure of these components caused by yielding during 
tightening 

5. Attempts to provide wire Crossing angles of at least 
60°, where this is not possible, add on offset wire or 
another ring with wire(s) at least 4 cm away. 

The intrinsic factors are as described by Paley. 

1. Area of contact between bone ends (Fig. 2) 
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2. Mechanical configuration and interlock between 
bone ends 

3. Tension of soft tissues surrounding bone 

4. Length of gap between bone ends—anatomical 
réduction 

5. Modulus of elasticity of tissue between bone ends. 

Intrinsic Biomechanical Effects 

1. Areas of contact between bone ends: The larger the area 
of contact between the two fragments of bone, the 
better the healing. The bone ends must be shaped to 
achieve this (Fig. 2) 

2. Mechanical configuration and interlock between the bone 
ends: Stability is easily achieved if the bone fragment 
margins fit into each other or engage with compres¬ 
sion. In case of oblique bone fragment margins, 
llizarov recommends resection in a shape for the 
purpose of stabilisation because obliquity of bone ends 
reduces the stability. 

Interlocking of the bone ends significantly contributes 
to the internai stability of the System. Therefore, 
surgical reshaping of the bony ends is important. One 
bone may be inserted into the other or hâve a good 
surface for compression. There are five main shapes 
of bone ends, the combination of which will account 
for ail corresponding bone defects. These shapes are: 
(i) cylindrical, which is excellent for the bone contact 
and stability, (ii) rhomboidal, in which stability and 
bone contact should be enhanced by the use of side- 
to-side compression, (iii) pencil-like, which should be 
overlapped for at least 2 cm for side-to-side compres¬ 
sion or resected up to the healthy bone margins, (iv) 
trapezoidal, which is probably best resected to the 
appropriate shape in order to achieve better stability 
and compression, and (v) marginal, which is dealt 
with by resecting a thin part of the bone or 
transporting an osteotomized fragment of bone into 
the defect (Fig. 2). 

3. Tension ofsoft tissues surrounding bone: When distracted 
the soft tissues are also tensioned up to 50 kg. This 
adds to the stability. Soft tissue forces, primarily 
muscles play an important rôle in loading the tibia 
during distraction. 1 Strong postérolatéral muscles 
cause flexion-valgus deformity in tibial lengthening. 

4. Length ofgap and area of tissue contact between bone ends: 
The longer the gap between the fragments, the more 
obstacles are on the way of a moving fragment. The 
smaller the tissue contact between bone ends, the 
more difficult it is to achieve fusion. 

In most of the cases of nonunions, bone loss and 
pseudoarthrosis, there are a lot of scar tissues in 
between the bone fragment. With bone transport or 
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Figs 2A and B: (A) Five main shapes of bone ends, and (B) 
different ways to reshape the bone ends for better contact and 
stability 

distraction compression techniques, the scar tissues 
can displace the fragment and prevent opposition. In 
this case surgical removal of scars and reshaping of 
both ends is recommended. 

5. Modulus of elasticity of tissue between bone ends: Rigid 
and stiff tissue between the bone ends prevents 
movements of the fragments. 

Biomechanics of Fulcrums 

The use of olive or plane wire as fulcrum is important. 
The concept of using a fulcrum in a deformity correction 
is a natural one. When trying to straighten out a bent 
stick, it is much more efficient to put it over one's knee 
while staightening. Trying to straighten a deformity 
without a fulcrum requires much more energy, and the 
System is much less efficient. Unless one has excellent 
control of the bone ends, they can slip or rotate rather 
than straighten the deformity. In the llizarov apparatus, 
if one fits the bone with only one ring at each of the 
extremities, distraction on the concavity would lead the 
apparatus to slip toward the concavity. This occurs 
because of the smooth wires. The distraction widens the 
space between the rings on one side and not the other. If 
the slippage force is less than the force needed to 
straighten the deformity, then the length of the bone will 
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remain the same, and the bone will move to the région of 
the apparatus that corresponds to that length rather than 
straighten. This is why slippage always occurs toward 
the narrower part of the apparatus (concavity). The 
slippage is prevented by appropriate placement of 
fulcrums. Fulcrums for frontal plane deformities are 
usually olive wires. 

Fulcrums for sagittal plane deformities are usually 
smooth wires in the frontal plane but may also be olive 
wires. The distance of the fulcrum to the apex of the 
deformity is important—the doser to the apex, the more 
efficient. This is why for joint contracture, placement of 
a wire through the center of rotation of the joint greatly 
increases the efficiency, since the joint is the apex of the 
joint contractures. In general, the fulcrum wires should 
be two or three finger breadth away from the apex. In 
the case of the foot, where there are several joints on either 
side of the apex, the fulcrum must be placed adjacent to 
the osteotomy with no interposing joints. If this is not 
done, the force of correction will act through the joint as 
well as the deformity. 

Biomechanics of Hinges 7 

Understanding biomechanics of hinges, the position of 
hinge in relation to the deformity, the level arms the 
osteotomy site, etc. is very important in correcting 
deformities of the limb. The rule of thumb or before point 
bending techniques are used with olive wires to transmit 
bending forces successfully to the bone. 

Hinge construction is generally performed with two 
female parts connected with a boit and nut. Using 
threaded rods of various lengths, the hinge can be 
positioned along the limb for the desired effect. Lock nuts, 
nylon nuts stabilize the construct. The level of application 
of the hinge détermines several types of angular and 
translational déviation. 


If the hinge is placed at position (1), latéral translation 
occurs which is désirable because the mechanical axis of 
the limb is partially corrected. If the hinge is placed at 
level (2), médial translation occurs as the hinge is distal 
to the peak of the deformity. If the hinge is kept above 
peak of the deformity, i.e. at position (3) no translation 
occurs (Fig. 3). 

Translation of point 1 and 2 dépends on the degree of 
correction and the distance from the rotation centers 
(Fig. 3). 

Positioning of the hinge at the level of the body 
deformity for angular correction occurs with equal trans¬ 
lation of points 1 and 2, which maintain the reciprocal 
relationship, and the longitudinal axis is concentric. 

Placement of the hinge at the level of deformity will 
also affect the local distraction and compression, 
depending upon its position in the transverse plane. 

The Rule of Thumbs 

Four-point bending is the principle of correction in 
angular deformities. Olive wires are placed at the fulcrum 
point on opposite sides of the apex of the deformity and 
at the distraction points at either end of the bone. The 
location of the olive wires can be remembered by thinking 
of the four point bending rule of thumbs (Fig. 4), the olive 
is located at the points where the thumbs press on the 
apex, and the index fingers press on the ends of the bone. 

Four olive wires are used according to the rule of 
thumb (Fig. 4). The proximal and distal wires, olive as 
on the concave and for the two central, the olive is on the 
convex side as shown in the figure (Fig. 5). Instead of 
olive wires half-pins may be used. 

In order to correct tibial nonunion in varus, a central 
hinge créâtes both distraction medially and compression 
laterally within the nonunion. Overall limb length will 



Figs 3A to C: Détermination of the application level of hinges: (A) at the level fo the first proximal ring, 
(B) at the level of the second ring (distal to deformity), and (C) at the level of the deformity 
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Fig. 5: Application of hinge to correct varus deformity of the 
tibia. Application of fulcrum in the middle of nonunion focus 

change only by angular correction. If the hinge is placed 
at the convex level, at the apex of the deformity, axial 
correction causes only distraction of the nonunion. Some 
extra lengthening is achieved (Figs 6A and B). If the hinge 
is placed latéral to the apex of the deformity, axial 
correction is associated with lengthening of the center 
(Fig. 7). The farther from the center of nonunion is the 
hinge, the greater will be the lengthening. 

Hinge placement successfully reduces any deformity. 
The rings are placed perpendicular to each segment as 
shown in the figure. When the hinge is situated at the 
level of the proximal ring at point 1, the two rings become 
parallel, but significant translation of the segment occurs. 
When the hinge is situated at the level of the fracture at 
point 2, the two rings become parallel with less 
translation. When the hinge is placed at the level of the 
distal ring at point 3, the two rings become parallel with 
traslation of the segment to the opposite side. When the 
hinge is placed at point 4 (Fig. 8), determined by the point 
of intersection between the individual segment axis, the 
rings become parallel with perfect réduction of the 
fragments. 


Figs 6A and B: (A) Application of fulcrum of level of convexity, 
and (B) opening wedge hinge—hinge of the opex of deformity— 
distraction on concave side 



Fig. 7: Distraction hinge—application of fulcrum laterally to 
the convexity, lengthening during the deformity correction 

There are two basic variations of hinges. 

1. Angular distraction 

2. Apical compression. 

Angular distraction: It consists of four rings and use of olive 
wire as described above. 

Apical compression: It is created by two half rings located 
above and below the deformity to push transversely on 
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Fig. 8: Application of hinges in axial réductions. 1-4- 
Different sites of hinge placement and their effects 




Fig. 9: Assembly of apparatus for the axial correction with 
four rings, olive wires and hingers, for distraction 

the convex apex from a fulcrum plate connecting the 
proximal and distal rings (Fig. 9). Hinges mustbe located 
on each ring to allow subséquent angular corrections. 
Pure compression force is applied axially to the deformity 
site. 

This technique is useful for hypertrophie nonunions. 
A combination of both angular distraction and apical 
compression is the most powerful method of correcting 




Fig. 10: Assembly of apparatus with two intermediate rings 
connected with a long connection plate 


deformity (Fig. 10). It is constituted by four rings 
connected to each other so as to form a proximal and a 
distal block. A long connection plate on the convex side 
makes it possible to exert transverse push at the level of 
the two intermediate rings. Two telescopic rods applied 
on the concave side exert longitudinal push. This 
assembly may be used for hypertrophie nonunions with 
severe contracture, large muscle masses (fémur), and 
se ver e angulations. 

Biomechanics of the llizarov Fixator for 
Fracture Fixation 

According to Calhoun, for many internai and external 
fracture fixation Systems, bone compression has been 
shown to account for a major part of fracture loading. 
Furthermore bone compression is important for fracture 
and nonunion healing. Without bone contact many 
fracture fixation Systems cannot be used or resuit in loss 
of réduction or de vice fatigue failure. This is seen for casts, 
braces, plates, screws, intramedullary nails, and external 
fixators. Bone contact increases the compression stiffness 
to that of other Systems. 

High levels of bone compression may promote early 
healing, early weight-bearing, and the healing of 
nonunions. Compression stiffness is increased by 
compressing the rings together, adding more wires, and 
using olive wires for oblique fractures. Dynamization can 
be achieved by wire removal or ring séparation. The idéal 
System, according to Calhoun et al 2 is a four-ring eight- 
wire frame with bone compression. 
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Bone compression had a greater effect on stiffness 
than did the number of wires for compression and 
distraction stiffness. If the bone fragments were preloaded 
with bone compression, then the number of wires on the 
frame could be decreased with little effect on stiffness. 
Olive wires were found to be two to five times more stiff 
in the oblique fracture model than the smooth wires were 
for compression and distraction stiffness. Bone 
compression was also important for the oblique fractures. 

Stiffness was more dépendent on bone preload than 
wire number, wire type, or frame design. High stiffness 
was achieved by bone wire type, or frame design. High 
stiffness was achieved by bone preloading, by compress- 
ing the rings together, by increasing the number of wires 
and by using olive wires. The stiffness can be decreased 
(dynamization) by separating the rings and by removing 
wires. 

To improve the results of fracture treatment by 
llizarov method following steps should be taken: 

1. Absolute anatomical réduction, which can be 
achieved by ring fixator. 

2. Compress the fragments: Compression increases the 
stability of the fracture. 

3. Make the patient hear weight: Stress put on the fracture 
causes some micromotion. Function also improves 
circulation. 

4. Autogenous bone grafting ensures early healing. 

PART II: USE OF HALF PINS OR 
SCHANZ: HYBRID/STEM 346 

USE OF HALF PINS 

Stuart Green, Catagni and others started using half pins 
instead of wires. The wires passing through the soft tissue 
like muscles and tendons cause many complications such 
as se ver e pain, contractures of the neighboring joints, 
subluxation or frank dislocations, neurovascular 
problems, etc. 

The combination of transosseous wires with half pins, 
i.e. in the leg the half pin inserted on the sagittal plane 
crosses the transverse wire at 90°, allows for stability 
without transfixion of muscular masses. The Cattaneo, 
Catagni group of Lecco surgeons hâve used combination 
of wires and half pins in the assemblies obtaining good 
results. Patient tolérance has significantly increased, and 
earlier mobilization has been achieved without the aid 
of crutches or other supports (Fig. 11). 




Figs 11A and B: Diagram for the introduction of wires and 
half-pins: (A) hybrid traditional System, and (B) hybrid advanced 
System associated to internai osteosynthesis (1—open 
réduction, 2—centralisation, 3—réduction and 4—fixation) 

The Lecco group hâve described three types of 
assemblies: 

Type I: Using ail wires is called as conventional llizarov 
method. The assembly is flexible, however, the 
disadvantages are soft tissues impaiement. 

Type II: It is called hybrid traditional (HT) in which 
proximally half pins were used. Less number of wires 
are used. 

Type III: (HA) is called hybrid advanced in which most 
of rings are fixed with almost by half pins and minimum 
number of wires are used. They claim that results are 
equally good. Pain is much less. Therefore, the patient 
acceptance and tolérance is better, and patient starts 
moving early without much pain. The assembly is easy 
to apply and there is no soft tissue impaiement pain, 
neurovascular complications are much less, joint stiffness 
are reduced. It is a less invasive procedure. The half pins 
increase the stability of the assembly. It obviâtes the 
necessity of using olive wires which are more painful, 
associated with more infection and slightly more difficult 
to remove. Application time of assembly is decreased 
(Fig. 12). 

As a conséquence, the indications in which Ilizarov's 
philosophy can be applied can be extended to a larger 
number of cases. Half pin fixation has the advantages of 
inserting at the site away from the neurovascular 
structures. The half pin can be fixed to the arch or ring 
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using monopin fixation boit or multiple pin fixation 
clamp or Rancho cubes. They are available in different 
lengths with 1 to 5 holes. 

According to Catagn, the hybrid System is better. 
Many surgeons think that, the elasticity of the System 
allowing elastic deformation to be responsible for the 
good results obtained by the Ilizarov's method, the 
question is as to how rigid an external fixator should be. 
Two different philosophies were represented on the one 
hand by the supporters of the "rigid" external devices 
such as the Wagner external fixator, the Orthofix, the 
Hoffmann and other devices, and on the other hand by 
those who would rely on Ilizarov's device or other circular 
frames whose means of fixation would strictly be wires. 

For the conservative supporter of the original method 
according to Ilizarov, the use of Steinmann pins for 
fixation appeared to be contradictory with the principles 
of elasticity taught by the Russian school. According to 
them, the good results achieved by the new System were 
due to the remaining overall elasticity of the frame which 
was provided by its fixation with wires. The clinical 
success of the procedures which combined both pins and 
wires as means of fixation, however, soon convinced even 
the most conservative supporter of the original Ilizarov's 
method, and the hybrid System has been increasingly 
applied since then. 

Ilizarov himself never related his success to the 
elasticity of the device but always stressed the impor¬ 
tance of the assembly stability. The complété process of 
bone régénération and consolidation is less likely to occur 
under unstable conditions, and the risk of pseudo¬ 
arthroses is much higher under those circumstances. The 
hybrid System is satisfactorily applied in clinical practice 


with good results. The new System does not greatly 
reduce the overall elasticity which is a characteristic of 
Ilizarov's external fixator. Furthermore, it makes its 
fixation to the limbs easier. It increases its stability and is 
better tolerated by patients. 

PART III: BIOMECHANICS OF 
TITANIUM PINS AND HYBRID 
MOUNTINGS 6 

TITANIUM PINS 

At Rancho, Stuart Green has introduced the titanium 
pins, because titanium is an inert material and tissue 
tolérance to titanium is very good. The half pins hâve 
decreased pin site sepsis, reduced patient discomfort, 
lessened the need for the analgésie médication while the 
frame was in place, and shortened the overall time of 
external fixation by enhancing ossification and matura¬ 
tion of the regenerated new bone. Titanium is better 
tolerated by tissues than stainless Steel. However, smooth 
titanium wires hâve not proven successful for skeletal 
fixation. Because titanium has the undesirable property 
of "notch failure" that may lead to wire breakage during 
the time a wire-mounted fixator is secured to a limb. There 
is no reaction of tissue, hence the pin track infection is 
only 2%. The titanium is being soft métal and is more 
flexible than the stainless Steel pins. Therefore, the 
apparatus is not rigid. 

HYBRID MOUNTINGS 

For more substantial fragments that include not only the 
articular end of the bone but also metaphyseal région, 
various combinations of pins and wires hâve proven 
successful for mounting circular external fixation. The 
stability of these mounting strategies is based upon work 
by Calhoun and Li. They analyzed a number of different 
pin and wire combination to détermine the relative 
amount of stability available, as one converts from an ail 
wire mounting technique to one that employs only half 
pins. Using two crossed tension wires as the standard, 
Calhoun and Li learned that the popular "T" 
configuration (consisting of a transfixion wire and 
perpendicular half pin) is not as stable as two tension 
wires crossed at 90°. Indeed, Calhoun and Li learned that 
whenever a wire is removed from a circular fixation 
configuration, it should be replaced by two half pins. 
Thus, to achieve stability comparable to two tensioned 
wires at 90° to each other, one would require either one 
wire and two half pins or three even four half pins 
mounted in a reasonable géométrie configuration. 
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At Rancho, they are fond of using a certain conf¬ 
igurations in the periarticular and epiphyseal-meta- 
physeal régions of bones that hâve proven stable in our 
clinical expérience. The first of these mountings is what 
they call the "H" mounting consisting of two counter- 
pulling olive wires (at about the same level), and a single 
half pin, i.e. either perpendicular to the two wires or at 
some angles between 60 and 120° to the wires. This 
configuration is especially valuable in the distal radius. 

The "T" mounting consisting of a single wire and 
perpendicular half pin is not particularly stable, as 
mentioned above. The T mount can be however, 
considered stable if the wire also passes through an intact 
bone, e.g. transfixing the distal radius and ulna with a 
single wire would then require only a single half pin to 
complété the mounting of the distal radial fragment. Of 
course, the radius cannot be lengthened when it is fixed 
to the ulna, but such a configuration is useful in bone 
transport cases and similar mounting needs. 

Another strategy we often employ is the "A" 
mounting, where two half pins are inserted at an angle 
between them measuring from 60 to 120° at the same 
transverse level in the bone. A single wire (preferably an 
olive wire) is then inserted perpendicular to the line 
between the angle between the half pins. (The crossed 
implants make up the letter "A" within the bone. This 
mounting is useful for a proximal tibial fixation. With 
ingeniunity, an orthopédie surgeon can design other 
mounting configurations that achieve adéquate stability 
with a minimum of implant hardware. 

Juxta-articular Mounting 

One might wonder why we concerned with the type of 
wire available when we hâve shown that threaded pin 
mountings are as good if not better than wire-mounted 
frames. Lately, Green, et al hâve corne to the conclusion 
that in certain anatomie locations, wire mounts are 
actually superior to pin mountings, regardless of the 
material from which the implant has been fabricated. In 
general, wire provides better fixation in the juxta-articular 
régions of a long bone, whereas half pins are generally 
superior for diaphyseal locations. Threaded pins are less 
than idéal for fixation of the cancellous bone near a joint 
surface for several reasons. First of ail, threads do not 
hold well in spongiosa, especially if any degree of 
osteopenia is présent. Secondly, even when a threaded 
pin achieves initial stability in a juxta-articular fragment, 
the passage of time frequently leads to loosening, because 
the loss of a very small volume of bone around the 
implant diminishes fixation more rapidly than a 


comparable loss of bone volume around a threaded 
implant secured in cortical bone. Thirdly, once the fixation 
of a half pin in a small juxta-articular fragment has been 
diminished by résorption of osseous tissue from around 
the implant, a substantial hole has been created that limits 
the anatomie options for additional or subséquent 
fixation. On the other hand, when a wire is used to secure 
juxta-articular fragments, the bone hole is tiny, and the 
loosening that does occur becomes established without 
creating a very large hole. 

Furthermore, multiple cross-wires can be placed in a 
fairly small fragment, thereby, creating a trampoline 
effect that supports the bone. Also, in most locations, there 
are no muscle bellies surrounding juxta-articular bone. 
For the most part, such fragments are adjacent to either 
tendons or neurovascular structures that can, with care, 
be avoided during wire placement. Furthermore, most 
of these neurovascular structures are either anterior or 
posterior to the articular bone fragments, leaving the 
medial-lateral corridor for safe wire insertion. 

PART IV: BIOMECHANICS OF 
STOPPER-WIRE/INCLINED-ROD 
METHOD 

The stopper-wire/inclined-rod method entails using 
stopper wires that pierce the projectile cortices and are 
fastened only on one end to inclined threaded rods 
mounted on a hinged support. A minimum of two 
stopper wires are required to provide stability to the 
transported bone. The threaded rods are advanced at a 
prescribed rate to effect a movement of the bone projectile 
of about 1 mm per day linearly across the defect. 
Simultaneous rotation of the threated rod at its pivot point 
(hinge) is required to prevent bending of the wire 
between the bone projectile and anchor point. Failure to 
rotate at the hinge will cause unintended loads that may 
impede stable control of bone transport. If the hinge is 
left freely mobile, the tension will automatically rotate 
the threaded rod into proper alinement. 

Although the stopper wires are of equal diameter, 
they no longer hâve the axial springiness of the tensioned 
ring wires and function as linearly elastic Steel lag screws. 
As long as the wire is pulled under tension, it is rigid. If 
wire tension is lost, the wires act as thin columns with no 
mechanical stop to prevent the bone from sliding down 
the wire. 

There are two important considérations in using the 
stopper-wire/ inclined-rod technique that resuit from the 
geometry of the System. As the bone projectile approaches 
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a transverse plane through the pivot points, the 
inclination angle decreases. As this angle decreases, the 
relationship between wire and bone projectile changes 
dramatically. As the angle of inclination decreases, both 
movement and force transmission are affected. First, 
smaller incréments of threaded rod wire travel are needed 
to transport the bone projectile at a rate of 1 mm per day, 
and second, greater tension force is required in the wire 
to overcome the same résistance to bone transport. 

The pivot points (hinges) of the inclined stopper wires 
should be located at least one fourth of the ring diameter 
beyond the target zone. In this manner, this inclination 
angle never falls below 30°, maintaining wire forces in a 
safer range. 

When the bone projectile is in the zone of 15 to 50% of 
a ring diameter away from the target zone, a threaded 
rod movement rate of 0.75 mm per day will resuit in 
above movement rate within acceptable limits. 

When the bone projectile is doser than 15% of a ring 
diameter away from the target zone, a distraction rate of 
0.5 mm per day will resuit in a bone movement rate 
within acceptable limits. 

Therefore, the rate of threaded rod advancement is a 
function of the remaining distance from transport bone 
to target zone, divided by the ring diameter. Rate changes 
should be made at 50 and 15% in order to deliver rates of 
bone transport within allowable biologie limits. The 
patients can then be instructed to perform either four, 
three or two quarter turns every day. In acute docking, 
the wires are caught in between the two fragments. 

Stopper wire transport reduces the cutting path of 
wires through soft tissues but requires a more complex 
maintenance program. Following transport, successful 
transformational osteogenesis may also require an 


additional operative procedure to exchange a transport 
right for the stopper wires in order to achieve adéquate 
compression forces. Ring transport, although more simple 
to construct and maintain, requires significant 
transgression of soft tissue by the perpendicular wires. 
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When fracture callus is slowly distracted, new bone is 
formed in the gap, this procedure is called distraction 
osteogenesis, heither to unknown phenomenon to the 
biologists, discovered by G. A. Ilizarov. It is based upon 
the "tension-stress principle" as proposed by G. A. 
Ilizarov. The new bone formed in the distraction gap is 
called regenerate which bridges the gap and remodels to 
the normal bone macrostructure rapidly. 1, 2/ 21-23 This 
method was developed by Ilizarov after he observed the 
process in one of his patients in 1956. Since that time, he 
refined the technique, ultimately treating innumerable 
patients for complex deformities, as well as nonunions 
and chronic osteomyelitis. Using modular ring external 
fixators and transosseous wires tensioned to stabilize the 
bone fragments, he regenerated more than eighteen 
centimètres of new bone through a single operative 
intervention and often doubled the baseline bone 
length. 22, 23 These highly modular fixators allow for 
formation of new bone in almost any plane, as the 
distraction osteogenesis follows the vector of the applied 
force. 21, 22 Ilizarov found success with his method in 
children and even older adults, as long as the patient 
had fracture-healing potential. Distraction osteogenesis 
has been demonstrated to regenerate living bone, 
capable of bearing load, at a rate of one centimètre per 
month in children and one centimètre per two months in 
adults. 16 ' 7 ' 30 ' 32 

The essence of this technique is the graduai distraction 
of a fracture callus after low-energy "corticotomy" of the 
long bone with careful préservation of the soft tissue 
envelops surrounding the bone and under stable 
mechanical conditions. Distraction osteogenesis has wide 
applications in orthopaedics, traumatology, craniofacial 
and maxillary surgery and peripheral vascular disease. 
We can now treat congénital deformities, which were not 


satisfactorily treated by conventional methods. Limbs can 
be safely lengthened. Dwarfs can made taller. Infected 
nonunions and gap nonunions can be treated. Bony 
defects secondary to trauma, tumor or infection can be 
recons tructed. 

Essential for Distraction Osteogenesis 

1. Low energy corticotomy. 

2. Graduai controlled distraction of fragments. 

3. Mechanically stable external fixator. 

By distracting the caller slowly, we create a new 
growth plate in an new adults. 

However, the exact cellular and molecular mecha- 
nisms of régénération are not fully known. Both 
periosteum and local neovascularity greatly contributed 
to the bone formation during distraction. Ilizarov 
emphasises that the shape and size of the bone and its 
blood supply are important. Distraction is accompanied 
by a corresponding increase in the blood supply. Loading 
(weight bearing or function) increases in the blood 
supply, which in turn leads to an increase in size of the 
regenerate and early consolidation. Bone grafting is 
usually avoided. Distraction osteogenesis regenerates 
living bone, capable of bearing load at a rate of one 
centimeter per month in children and one centimeter per 
two months in adults. Recent molecular investigations 
indicate that the growth factor cascade is likely to play 
an important rôle in distraction osteogenesis. According 
to Danis, mechanical stretching multiplies the fibroblastic 
population of undifferentiated mesenchymal cells and 
hypoxia, by vessels elongagtion and cellular compaction, 
induces ostéogénie stress protein metabolism. Progressive 
return to aérobic conditions by neoangiogenesis assures 
the permanency of the new osseous structures. 
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Définitions 

Distraction osteogenesis: It is the production of new bone 
between vascular bone surfaces which are separated 
through graduai distraction. Distraction is most 
commonly achieved through a corticotomy at a rate one 
millimeter a day, divided into 0.25 millimeter incréments 
four times a day, foliowing a five-day latency period. A 
corticotomy is a low-energy osteotomy which is 
performed using an osteotome to eut only the cortical 
surface, thus, preserving the medullary canal and 
periosteum. Following the corticotomy, the initial healing 
response is allowed to bridge the eut bone surfaces before 
distraction is initiated. This period of time is called the 
latency. The rate and rhythm of distraction are critical in 
formation of new bone. The rate is the number of 
millimeters that the bone surfaces are pulled apart each 
day, while the rhythm is number of distractions per day 
is equally divided incréments totalling the rate. The 
number of centimeters of new bone divided by the 
number of months from the surgery to date of full, 
unaided weight bearing is referred to as the healing index. 

Transformation osteogenesis: It is the conversion of 
nonosseous tissue, such as fibrocartilage in nonunions, 
synovial cavities in pseudarthroses, or muscle in delayed 
unions into normal bone. This is accomplished through 
combined compression and distraction forces, at times 
augmented by a nearby corticotomy. 

TYPES OF OSTEOGENESIS 

1. Indirect (secondary) bone formation, e.g. functional 
cast. 

2. Direct bone formation (DCP) 

3. Distraction osteogenesis 

4. Transformation osteogenesis 

Bone transportation: It is the régénération of inter-calary 
bone defects through both corticotomy and distraction 
and transformation osteogenesis. 

Arthodiatasis : In the slow distraction of joint resulting in 
lengthening of ligaments and joints. 

Histology: James Asonson has done extensive study of the 
histology of distraction osteogenesis. 

Histology 

The histology of distraction osteogenesis was investi- 
gated by examining préparations from biopsy and whole 
bone sectioning in the coronal and transverse planes 
(Fig. 1). As expected, the initial healing response during 
the latency period following corticotomy appears to be 
no different than in routine fracture healing. Fibrin- 
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Fig. 1: Histology of distraction osteogenesis 


enclosed hematoma and inflammatory cells fill the 
corticotomy gap. As distraction is initiated, mesenchymal 
cells begin to organize a bridge of collagen and 
immature vascular sinusoids. As this bridge forms, it 
appears to organize parallel to the direction of distraction. 
This collagen network becomes more dense and less 
vascular, almost resembling tendon, while the vascular 
channels remain closely approximated to corticotomy 
surfaces. 1,2,5/ 8 ' 9 ' n 

During the first week of distraction, the central zone 
of relatively avascular fibrous tissue bridges the six to 
seven millimeter corticotomy gap, and is known as the 
Fibrous Interzone (FIZ). At this time, spindle-shaped cells 
(which resemble fibroblasts) are loosely interpersed 
between collagen bundles, osteoid and osteoblasts are not 
présent. Von Kossa staining and back-scattered scanning 
électron microscopy of nondecalcified specimens confirm 
the absence of bone minerai. 1,2/ 5/ 8/ 9/11 

By the second week of distraction, clusters of 
osteoblasts appear on each side of the FIZ adjacent to the 
vascular sinuses, and collagen bundles fuse with an 
osteoid-like matrix. As these primary bone spiculés 
gradually enlarge by circumferential apposition of 
collagen and osteoid, the osteoblastic cells become 
enveloped within the matrix. Later in the second week, 
the osteoid begins to mineralize, these bone spiculés are 
known as the Primary Mineralization Front (PMF). They 
extend from each corticotomy surface toward the central 
FIZ like stalagmites and stalactites. 5 This process of 
ostéogénie bone formation uniformly covers the cross- 
section of eut bone including the medullary spongiosa 
and periosteum. 

After the third week, the FIZ undulates across the 
center of the distraction gap with an average thickness 
of six millimeters. The previously described minerali¬ 
zation process continues, and as the gap increases a 
bridge is formed by the élongation of the new bone 
spiculés. The tips of the spiculés begin at a diameter of 
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seven to ten microns and expand to 150 microns near the 
corticotomy surface. Large, thin-walled sinusoids 
surround each Microcolumn of new bone. This zone is 
referred to as Microcolumn Formation, or MCF. 2 At the 
end of distraction, the FIZ ossifies, and the MCF unifies 
completely bridging the gap. The mode of bone formation 
in distraction osteogenesis is primarily intramembranous 
ossification. 

Distraction osteogenesis has been referred to as a 
growth plate, and in the sense of bone régénération, it is. 
However histologically, it is intramembranous ossi¬ 
fication in its purest form. The zone of Ranvier is the only 
part of a growth plate that resembles distraction 
osteogenesis, where the periosteum which is stretched 
across the physis, undergoes direct appositional bone 
growth. 25 Kojimoto et al showed that in the rabbit model, 
the distraction site is bridged with columns of plump cells 
which are surrounded by a matrix resembling cartilage. 24 
This observation may be a species-related artifact, as in 
ail experimental canine tibial lengthenings by various 
investigators as well as human biopsies, intramemb¬ 
ranous ossification has been the primary finding. 2,15/ 20 

Physiology 

The local and régional blood supply probably the most 
important physiologie factor in distraction osteo¬ 
genesis. 29 Large vascular sinusoids completely surround 
each column of new bone. Clusters of osteoblasts appear 
at the tip of each column in close proximity to these 
sinusoids. These vessels parallel the bone columns and 
distraction force, but very few actually cross the FIZ. This 
is demonstrated by India ink injection studies with 
Spalteholz clearing technique, which confirm the relative 
avascularity of the FIZ. 1,7 

The ostéogénie area appears as an intensely hot région 
by technetium scintigraphy, with a central cool area 
corresponding to the FIZ. These findings canbe measured 
by quantitative technetium scintigraphy during flow, 
pool, and bone phases. Blood flow is best demonstrated 
during the initial or flow phase. 26 Studies show that blood 
flow peaks at seven times normal during the first four 
weeks of distraction, and then decreases but remains 
elevated at three times normal for the next three months. 7 
Osteoid production best correlates with the delayed or 
bone phase of the scan, which demonstrates a 12-fold 
increase in uptake during distraction. Similar to the blood 
flow, this increased uptake then falls to a plateau at five 
times normal for the next three months. 7 

Pathophysiology 

As Ilizarov first proposed and as confirmed in later basic 
science studies, certain conditions reliably lead to poor 


osteogenesis. These factors include excessive rate, 
sporadic rhythm, frame or bone-to-fixator instability, 
poor local or régional blood supply, traumatic 
corticotomy, inadéquate consolidation period and initial 
diastasis. The importance of rate and rhythm may involve 
the biosynthetic pathways at the cellular level by rate- 
limited steps such as protein synthesis and mitosis. 
Macromotion (especially shear forces) that results from 
instability can disrupt the délicate bone and vascular 
channels. Peripheral vascular disease may limit régional 
vascularity, and a traumatic corticotomy may severely 
disturb the local blood flow. Initial diastasis of the 
corticotomy can inhibit the formation of a primary 
fibrovascular bridge. 

If sites of failed osteogenesis are biopsied, ischémie 
atrophie fibrous tissue is the prédominant finding. In 
addition, the eut bone surfaces are devoid of red blood 
cells and ostéocytes. In instances where initial distrac¬ 
tion is greater than one centimeter or when distraction 
occurs too quickly, islands of cartilage proliferate in the 
gap. Fibrocartilage 14 nonunion has also been demon¬ 
strated in cases where prématuré destabilization of the 
frame has led to breakdown of the microcolumns of new 
bone. 6,10,11 

At ail stages of distraction osteogenesis, it is helpful 
to be able to assess the progress of bone formation. 10,12 
Based on this assessment, variables can be manipulated 
to promote osteogenesis including the latency period and 
the rate and rhythm of distraction. Assessment of the 
ostéogénie area is also important during the consolidation 
period in order to détermine when the new bone is strong 
enough to allow fixator removal. 

At surgery the corticotomy is assessed for complete- 
ness with intraoperative fluoroscopy, distracting no more 
than two millimeters, angulating no more than 10 to 15°, 
and rotating no more than 20 to 30°. 2 If the corticotomy 
is greensticked, some distasis can occur, but multi- 
directional angulation is prevented and rotation is 
eccentric. To allow for uniform distraction, the 
corticotomy must be complété. 

Fluoroscopy or plain radiographs, which are neces- 
sary to confirm adéquate réduction of the corticotomy as 
the frame is fully assembled, can ensure that the 
ostéogénie bridge is not compromised and can thereby 
decrease local hemorrhage. Local a vascular deficiency at 
the time of corticotomy may be indicated by excess 
bleeding from local arterial injury or lack of bleeding due 
to systemic disease or local vascular insufficiency. In these 
cases, the latency period can be extended an additional 
14 days as needed. However, experimental evidence 
indicates that prématuré consolidation can occur as early 
as 14 days postcorticotomy in the metaphyseal région and 
at 21 days in the diaphysis. 1 
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Fig. 2: Treatment of regenerate 


Length and alinement of the distraction gap can be 
checked weekly or biweekly with standard radiography. 
New bone minerai usually appears by the third week of 
distraction as fuzzy, radiodense columns extending from 
both eut surfaces toward the center. Orthogonal views 
should be specified and obtained parallel to the rings and 
between the support rods in reproducible fashion to allow 
for adéquate comparison. 

As distraction continues, the central FIZ is visible as 
a four to eight millimeter undulating, radiolucent 
zone. 31,32 New bone formation proceeds at each end of 
the distraction gap. This new bone should span the entire 
cross-sectional area of the host bone eut surfaces, 
therefore, if it appears to be bulging and the FIZ is 
narrowing, the distraction rate should be accelerated. 15 
Conversely, if the new bone develops an hour-glass 
appearance and the FIZ widens, the distraction rate 
should be decelerated (Fig. 2). 15 

If there is no evidence of mineralization radio- 


graphically by the third week, further évaluation may be 
indicated. 2,5/15 Although ultrasound has been shown to 


be a sensitive tool in detecting mineralization within 
cartilage in néonatal hips before appearance on plain 
radiographs, it has not been as reliable with distraction 
osteogenesis. Vascular channels may mimic new bone 
microcolumns, the high-resolution probe may not fit 
between the rings (even with Silicon spacers), and 
circumferential examinations are usually obscured by the 
fixator and anatomy. Ultrasound is useful in identifying 
the cystic cavities that may rarely form during distraction. 
If a cyst is identified, distraction must be stopped and 
the gap gradually closed until the corticotomy surfaces 
engage. Another latency then foliows before beginning 
distraction again. 

Quantitative computed tomography (QCT) has been 
useful in measuring the mineralization of the ostéogénie 
area, which occurs in predictable pattern. 5 Through a 


sériés of transverse cuts through the ostéogénie area, a 
computer generates the average number of Hounsfield 
units per pixel in a région of interest that is drawn by 
hand around the perimeter of the area. With only minimal 
interférence from the connecting rods or aluminium 
telescopic rods, these quantitative values are reproducible 
and reliable. 4 Measurements should be avoided in areas 
with heavy metals such as rings, wire fixation bolts, or 
the Steel head of the clicker as they cause significant 
interférence. The average QCT density of the affected 
extremity is compared to a similar région on the normal 
contralatéral limb, and described as a percentage of 
normal. During distraction, the FIZ should be about 25 
to 35%, the PMF 40 to 55% and the MCF 60 to 70% can 
proceed despite radiolucency on plain radiographs if this 
uniform sequence is présent by QCT. 

In cases where new bone formation cannot be 
demonstrated by radiographs or QCT, triphasé bone scan 
can be helpful. As discussed earlier, both sides of the 
distraction gap should be intensely hot in ail three phases. 
If poor vascularity is noted at operation or if the 
cotricotomy is traumatic, a triphasé bone scan can be 
obtained after the latency period to confirm adéquate 
flow to both sides of the corticotomy. If the ostéogénie 
area is cold, distraction must be stopped and the local 
problem carefully assessed. In these circumstances, 
arteriography can occasionally be indicated (Fig. 3). 

During the consolidation period, plain radiographs 
are obtained on a monthly basis until cortex and 
medullary canal are seen in the ostéogénie area on 
orthogonal views. Bone density may remain severely 
reduced despite these radiographie findings, but QCT can 
quantitatively demonstrate stability. Clinical and 
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experimental expérience demonstrates that if the density 
of any area within the distraction gap is less than 60% of 
the normal side, the regenerate is at increased risk to 
buckle under normal loads. 1 

The central zone is comprised of type-I collagen, 
bridges adjacent zones of vascular ingrowth. FIZ remains 
about 4 mm long throughout the period of distraction. 
Zone of microcolumn formation (MCF) resembles 
stalagmities and stalacities. These cônes reach maximum 
diameters of 150 to 200 mm at the corticotomy surface. 
When distraction is stopped, the gap begins to 
consolidate. Remodeling occurs to form laminar bone at 
about four months. Sustained cell prolifération occurs 
during the entire distraction period. Highest proliferating 
occurs in the primary mineralization front (MCF). 

The cells in the distraction zone are metabolically very 
active. Preosteoblasts line along collagen fibers. They 
differentiate into osteoblast. 

Radiological Appearance 

X-rays during the distraction period shows three distinct 
zone: 

1. Central radiolucent zone (FIZ). 

2. A zone of increased bone density. 

3. A zone of low density. 

Aronson reported that the rate of linear bone 
formation ranged from 200-400 microns/day in the 
experimental models. This is 4 to 8 times faster than the 
fastest physical growth in an adolescent (50 micrones/ 
day) and is équivalent to that occurring in the fêtai fémur. 

Mode of Ossification 

Modes of ossification occur during distraction osteo¬ 
genesis. Intramembraneous bone formation is the 
commonest mechanism of ossification. Endocondral bone 
formation also occurs in the early stage. 

Angiogenesis 

A significant increase of blood supply during distraction 
osteogenesis, up to ten times at the site of bone formation 
(Fig. 4). However, the blood flow reduces in the range of 
three times up to 17 weeks after corticotomy. Endothélial 
cells appear to differentiate in to osteoblasts. Endothélial 
cells also take part in forming new blood vessels. Active 
angiogenesis occurred during the latency and distraction 
phase. 

During the early distraction period, periosteal vessels' 
prolifération was more conspicuous than that of endosteal 
vessel. Thus periosteum is an important structure 
performing foliowing functions: 1. Provides osteoblasts 
2. Participâtes in formation of neogenesis. Therefore 



periosteum must be carefully preserved during 
corticotomy. The blood vessels grow in the direction of 
the distraction between the microcolumns of the new 
bone. During the consolidation phase vascular networks 
from both fragments of corticotomy are completely 
connected to each other at the distraction side. 


Collagen and Osteogenetic Markers 

During active distraction, collagen type I is expressed in 
the periosteum and the PMF, whereas collagen type II 
transcripts are localized to discrète régions on the perio¬ 
steal surfaces, immediately adjacent to the osteotomy 
ends. There is abundant alkaline phosphatase activity. 

Growth Factor and Cytokine 

Increasing evidence indicates that there are critical 
regulators of cellular prolifération, différentiation, 
extracellular matrix biosynthesis and mineralization. 37 
Bone morphogenetic proteins (BMPs) and other growth 
factors including insulin-like growth factor (IGF), basic 
fibroblast growth factor (BFGF) transforming growth 
factor beta (TGF-beta), growth/différentiation factor 5 
(GDF-5), and vascular endothélial growth factor (VEGF) 
play an important rôle in regulating bone formation in 
distraction osteogenesis. 

BMP level especially BMP 2 and BMP 4 level was 
maintained during the entire distraction phase and then 
gradually disappeared during the consolidation phase. 

Factors Affecting Angiogenesis and 
Mineralization (Fig. 3) 

1. Many mechanical and biological variables appear 
to affect not only the différentiation of osteoblasts 
and chondrocytes within the regenerate originating 
from the same pool of progenitor cells, but also 
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1. Rate > 1 mm/day 

2. Rhythm < 4 times/day 

3. Diastasis > 2 mm 

4. Translation 

5. Latency < 4 days 

6. Instability 

7. Infection 

8. Bone - quality 
(Blood supply) 

9. Quality of corticotomy 

10. Age—1 to 20, 21 to 30. > 30 

11. Cross-sectional area 

12. Site of corticotomy 

13. Activity—Function 

14. Soft - tissue padding 
and bone - humérus 

15. Previous surgery—scar 


Fig. 5: Quality of regenerate 

vascular prolifération 29 and blood supply for 
angiogenesis and mineralization during distraction 
osteogenesis. 

Effect ofmechanical loading on the regenerate: Carter et 
al studied mechanical loading and concluded (a) 
direct intramembranous bone formationis permitted 
in areas of low stress and strain; (B) low to moderate 
magnitudes of tensile strain and hydrostatic tensile 
stress may stimulate intramembranous ossification; 
(c) poor vascularity can promote chondrogenesis in 
an otherwise ostéogénie environment. Weight 
bearing and function increases the speed of 
regenerate bone formation and maturation. 

2. Instability due to poor fixation of the external fixator 
causes excessive motion of the pin tract and between 
the two distracted bone segments. Unstable fixation 
causes loosening of the pins, which in term increases 
the instability, creating a vicious circle, leading to 
poor quality of regenerate. 

3. Poor quality of osteotomy disturbs the vascularity 
and the periosteum leading to poor quality of the 
regenerate. Wide displacement of the fragments or 
comminution may resuit in fibrous nonunion. 

4. High distraction rate disturbs the vascularity, 35 
increases fibrous tissue between the bony fragments 
and may lead to nonunion or delayed consolidation. 
High distraction may resuit in formation of 
chondroid or fibrous tissue instead of osseous tissue 
in the distaction gap. 


5. Poor vascularity in the area of osteotomy is another 
important cause of delayed consolidation. The poor 
vascularity may be due to previous surgery, 
osteomyelitis or trauma. 

6. Using uncooled power tools causes thermal necrosis 
of the bony surfaces resulting in poor formation of 
regenerate. It is observed that osteotomy using 
oscillating saw has delayed bone consolidation. The 
magnitude (strain) rather than the frequency of 
mechanical loading Controls the différentiation of 
bone cells and the subséquent formation of bone 
tissue. 

7. Age: Age is one of the most important déterminants 
for bone formation. Palay et al. showed that up to 
19 years there is faster rate of healing. After 19 to 
30 years the healing rate is moderated. After 30 it is 
less. 

Aronson 36 reported, on the basis of over 100 clinical 
cases of patients ranging in âge from 18 months to 
49 year, that regenerated bone formed at an average 
rate of 213/lm/day in adults and 385/lm/ day in 
children. 

8. Nutrition: Lumpkin studied the impact of total 
enterai nutrition of distraction osteogenesis in rar 
model. They observed that this form of nutritional 
support dramatically increased the mineralized bone 
formed over 20-day distaction period, and 
accelerated entry into the remodeling phase of 
consolidation. 

9. Drugs: Methortexate and steroids appear to hâve no 
effect. However, this needs further studies. Ail 
endronate and other biphosphonates enhance 
regenerate. 

10. Smoking: Smoking affects the regenerate in a négative 
way. 

Stimulation of Regenerate 
Formation and Maturation 

1. Injection of bone marrow, which supplies mesen- 
chymal stem cells enhance angiogenesis and 
mineralization. Transplantation of stem cells enhance 
in animal expérimentation has shown to improve the 
quality of regenerate. Bone healing is also f aster. 

2. The application of résorbable calcium sulfate material 
to newly distracted bone increased the rate of 
osteogenesis and consolidation. 

3. The administration of bisphosphonates, 18 pamidro¬ 
nate and zoledronic acid can improve the BMD, BMC 
and mechanical properties of a bone undergoing 
distraction osteogenesis. It reduced the disuse 
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TABLE 1 : Complication risk factors from Dahl 


Deformity Type 1 

Type 2 

Type 3 Type 4 Type 5 

Length% <15 

16-25 

26-35 36-50 >50 

Lesser factors 


Greater factors 

Angulation 


Congénital deformity 

Translation 


Multisite deformity 

Rotation 


Multiple surgeries 

Contracture 


Previous lengthening 

Prior infection 


Nonunion 

Anatomie location 


Bone loss 

( femur,forearm, or 

foot) 

Active infection 

Age (adult) 

Obesity 

Poor nutrition 


Preoperative instability 

Neurologie déficit 




The average lengthening index was 1.0 months/ cm for children 
(<18 years old) and 1.8 months/cm for adults 


osteoporosis normally associated with lengthening 
when an external fixator is used, and increased the 
amount and density of the regenerate bone. 

4. Vitamin D 3 increases the callus volume. 

5. Although the use of growth factor is rapidly 
expanding the application to the human subjects is 
still under development. 

6. Low intensity, ultrasound is shown to stimulate 
regenerate. 

7. Electrical stimulation during graduai distraction 
promotes new bone formation in the early rétention 
period in a rabbit model. 

Complications of Distraction Osteogenesis 

Dahl 38 has developed severity scale to correlate 
complication rates with the complexity of the condition. 
The severity of the deformity was rated according to the 
initial length discrepancy Type 1, <15%; and Type 2, 
16-25%; Type 3, 26-35%; Type 4, 36-50%; and Type 5, 
>50%. The severity type increased one level if three lesser 
risk factors, or two greater risk factors, were présent in 
addition to the discrepancy. Lesser risk factors add to 
the complexity of treatment but, with proper planning, 
usually do not compromise the end resuit. Greater risk 
factors significantly alter treatment planes, and can 
seriously compromise the end results 28 (Table 1). 

The fémur is considered more difficult to lengthen 
than the tibia. New bone formation and mineralization 
were better and faster in metaphyseal than in diaphyseal 
bone. DeBastiani et al and Aldegheri et al termed this 
the "healing index, calculated as the number of days of 
external fixation treatment per centimètre of DG. 
Expressed this index in months per centimeter and 


termed it the lengthening index. To calculate the external 
fixation treatment time, multiply the distraction amount 
planned by the distraction-consolidation index (DCI). 
Fracture of the regenerate is common when extensive 
lengthening is done. 19 It also occurs when there is 
osteoporosis and poor quality regenerate. 

The Effect of Excessive Distraction on 
Articular Cartilage 39 (Fig. 6) 

Deborah F. Stanitski studied the effect of limb lengthening 
or articular cartilage and observed that direct evidence 
of cartilage injury during the lengthening. 27 This is 
especially true when extensive lengthening is done in 
cases, e.g. achondroplesia. 

Knee Range of Motion in Isolated 
Fémoral Lengthening 

It is observed that the fémoral lengthening causes 
decrease in the range of motion of the knee. 33 Fémoral 
lengthening should be suggested if the knee flexion 
diminishes to 45°. 17,34 

Future 

In the future, gene therapy may offer ways of enhancing 
bone formation, as in fracture healing, by altering the 
expression of desired growth factors and extracellular 
matrix molécules. 

To avoid limitation of knee flexion following 
précautions are suggested: 

1. The reference wire is placed just behind the bulk of 
the quadriceps. 

2. Two half pins are place between the croncips and the 
hamstrings. 

3. At the level of the adductor tubercle fascial should be 
released. 

4. Causes of loss of range of motion in lengthening are: 
I. Muscle and tendon contractures due to transfixion 
by pins, Il.Previous pathology causes preoperative 
loss of motion, III. Longer lengthening, IV. Longer 


Cause of stiffness 

• Impaling soft tissue 

• Intra-articular cartilage damage 

• Fibrosis in muscles and tendons 
Treatment- Extensive physio. 

Pin placement 

Fig. 6: Effect of regenerate on neighboring joint 
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external fixation period, V. No joint motion during 
lengthening. 
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To achieve the successful outcome of the Ilizarov 
treatment, the most important factor is the stability of 
the apparatus. The stability of apparatus dépends on 
proper wire insertion, the spread of two wires, proper 
tensioning, number of wires, positioning and number of 
rings, and finally tightening of ail the nuts and bolts. The 
intrinsic factors are, area of contact between interlocking 
bone ends, the gap and tension of the soft tissues. 

Proper wire insertion techniques are critical to achieve 
the stability of the apparatus, to avoid pain, to maintain 
function and to hasten healing. The wire bone interface 
must be stable. Bayonet wire tips on 1.5 mm and 1.8 mm 
diameter wires are specially designed for hard cortical 
bone, whereas the trocar tips are reserved for 
metaphyseal cancellous bone. Late frame instability is 
generally caused by loosening at the wire-bone interface 
by wires that are not properly inserted. 

Prévention of Thermal Necrosis 

1. Stop-Start technique: Stop the drill periodically. 

2. Use low révolutions (fewer than 1,500 per minute) in 
order not to overheat the bone cause necrosis of the 
pin tract, which could lead to secondary loosening 
and infection. 

3. Smoke indicates severe burns. Stop drilling and insert 
wire at a different site. Check sharpness of the tip. 

4. While inserting the wire, use continuously cold saline 
at the entry point of wire. 

5. Hold wire with a wet betadine gauze. 

6. See that ends of wires and half pins are sharp. 

7. Avoid very hard sclerotic areas of bone for wire 
insertion. If sclerotic bone is encountered, drilling 
should be performed at lower speed or with 
intermittent stops to avoid thermal necrosis. 1.8 mm 
diameter in adults and 1.5 mm in children. The two 


wires of each pair should be in parallel planes, about 
0.5 cm apart. The wires should always hâve bayonet 
points, which penetrate more easly into the diaphyseal 
cortex and thus minimize heating of the bone and the 
soft tissue. Wires should pass through the safe 
corridors so that the neurovascular structures are not 
in danger. 

Preconstruction of Assembly 2 

It is important to preconstruct the assembly a day prior 
to surgery and send the apparatus for autoclaving. A 
properly preconstructed assembly saves a lot of time 
during the surgery. Patient is brought to the office and 
the size of the ring is decided by measuring the 
circumference of the segment of the limb at its maximum 
girth. One-third circumference plus 6 cm is the diameter 
of the required ring for tibial preconstruction. For tibial 
preconstruction, the size of ail the rings should preferably 
be the same size as this will facilitate inserting threaded 
rods directly into the adjacent rings. If a smaller ring is 
used, plates are to be used. The placement of the rings is 
decided by noting the length of the segment of the limb, 
the pathology and the radiographs, e.g. for a fracture or 
nonunion of the tibia in the middle third, four rings are 
required: 2 rings proximal to the fracture, and 2 distal. 
The rings adjacent to the fracture site should be at least 
3 cm away from the fracture site, because if they are too 
close to the fracture site, this will hamper the radiograph 
viewers later on (Fig. 1). The proximal ring and the distal 
ring should be as close to the joint as possible. From the 
radiograph and the patients leg, position of reference wire 
is marked on the limb parallel to the adjacent joint. On 
the patients limb, with the help of radiographs mark the 
patella, flare of tibia, fibular head, midline tibia, fractures 
site, malleoli and knee and ankle joint line. Mark the 
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Figs 1A to E: Fixator constructs for tibia fractures: (A) fractures of the upper third, two proximal rings, a ring below the fracture, 
a distal ring, (B) fracture of tibe middle third, two proximal and two distal rings. The two intermediate rings are as close as 
possible to the fracture site, (C) fractures of the distal third, two distal rings, a ring above the fracture site and a proximal ring, (D) 
proximal epiphyseal or metaphyseal fracture, it is necessary to extend the assembly to the distal fémur for stability. The articulation 
of the knee is preserved with a hing, (E) distal epiphyseal or metaphyseal fracture, the apparatus is extended to the calcaneus. 
Transarticular fixation provides increased stability for fracture of the ends of the tibia. These extensions can be removed after 
initial fracture healing créâtes increased internai stability (Catagni) 


proximal reference line at the flare of tibia parallel to the 
knee joint. The distal reference wire should be 3 cm away 
from ankle joint and parallel to it. From the above 
considérations, the position of the 4 rings are marked on 
the patients leg (Fig. 2). 

Operative Procedure 910 

Wire Formula 12 

Under épidural or general anesthésia, patients leg is 
positioned on leg supports as shown in the (Fig. 3). The 
distance between adjacent rings are measured and 
preassembly is made using threaded rods one anteriorly 
and one posteriorly. Reference wires are inserted one 
parallel to the knee joint and other parallel to the ankle 
joint. The assembly is opened like a clam shell brought 
around the leg. Rings are fixed with ring fixation bolts 
and tightened. The assembly is fixed to the reference 
wires by wire fixation bolts. It is important that ail ring 
fixation bolts are on the crest and parallel to it. The wires 
are tensioned (Fig. 4). While tensioning the wires, the 
assembly must be held firmly. Then, the two oblique 


wires are inserted on the surface of the middle two rings. 
Entry point of the oblique wire is 1 cm latéral to the tibial 
crest. The exit point should be in the posteromedial border 
of the tibia in front of tibialis posterior tendons. Then, 
the fibular wires are inserted proximal and distal. The 
ring should be at least 3 cm away from the skin ail around. 
This is necessary to avoid indentation of the rings into 
the skin when edema occurs. 

Finally, two wires in the frontal plane for the middle 
two rings are inserted. Each wire of course is tensioned 
immediately, it is inserted and ail wire-ends are twisted 
so that the tip of the wire should not scratch on surgeons 
body. This is extremely important in these days of HIV 
pre valence. 

Instead of wires, one can use half-pins which are 
equally efficient. Half pins hâve obviated the olive wires. 
The rings must be parallel to each other and 
perpendicular to the segment of the bone. The rods are 
parallel to the tibial crest. 

The wires and half-pins provide the key element to 
successfully controlling the biology of healing. Corrective 
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Fig. 2 : Alinement of llizarov apparatus on the tibia in the 
absence of deformity. Note that the anterior line of the fixator is 
parallel to the crest of the tibia on both AP and latéral views. 
The proximal ring is parallel to the knee, and the distal ring is 
parallel to ankle the rings are perpendicular to the shaft 



forces must be transmitted comfortably through soft 
tissues and stability to bone from the circular frame. 
Proper wire insertion technique is critical to avoid pain 
to maintain function. 

The wires/bone interface mustbe stable. Bayonet wire 
tips on 1.5 and 1.8 mm diameter wires are specially 
designed for hard cortical bone, whereas the trocar tips 
are reserved for metaphyseal cancellous bone. If sclerotic 
bone is encountered, drilling should be performed at 
lower speed or with intermittent stops to avoid thermal 
necrosis. Late frame instability is generally caused by 
loosening at the wire/bone interface if wires are not 
properly inserted. 




Figs 4A and B: Wire insertion and fixation technique: (A) Using 
a power drill, the wire is pushed through the skin and soft tissues 
down to bone. It is then drilled through the first and second 
cortices of the bone. Hence, it is through the second cortex, it 
is tapped through to the other side rather than using the drill. 
When the wire is inserted through the anterior compartment, 
the ankel is plantarflexed so as to transfix any muscles in their 
maximally stretched position. Similarly, when the wire exits 
posteriorly, the ankle is first dorsiflexed so as to stretch the 
posterior compartments, (B) The wire is then fixed to the ring of 
the fixator using wire fixation bolts and is then tensioned to 
about 130 kg 

Safe Corridor 12 

Transfixed wires endanger neurovascular structures if 
inserted without regard to cross-sectional anatomy. The 
area which is safe to insert the wire is called as the safe 
corridor by Behrens. 1 In the operation room, photostat 
copy of the zone diameter should be available. Introduce 
the wire from the most vulnérable side containing critical 
structures, e.g. to insert proximal wire at tibia, start from 
latéral side to avoid injury to common peroneal nerve. 
Never start the drill before reaching the bone. 
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For maximum stability, two wires Crossing each other 
at a right angle are needed at each place of fixation. 
Unfortunately due to anatomie constraints, transfixion 
wires usually end up Crossing each other at a more acute 
angle, thereby, diminishing fixator stability. To overcome 
that, one wire and one half-pin can be used very safely 
on each ring. This combination is fairly stable as the angle 
between the two can be almost 90° (Fig. 5). 

Self-Stiffening Effect of Wire 

The other technical principle important for stabilizing a 
transfixion wire fixator is mechanically tensioning the 
wire axially. With enough tension, a transfixion wire 
behave like a stiff transfixion pin. Moreover, a deflection 
load applied to a tensioned wire (be a bone segment) 
tensions the wire even further increasing stiffness and 
résistance to additional deflection. When the deflection 
load is released, the wire springs back to its original 
axially tensioned position. This mechanical behavior of 
tensioned wires stimulâtes osteogenesis, according to 
Ilizarov. Nevertheless, regenerate bone forms quite nicely 
when a half-pin cantilever fixator is employed for limb 
lengthening, provided Ilizarov's biological principles are 
followed. 

Muscle Positioning 

Muscle must be properly positioned for wire placement 
to maximize excursion of adjacent joints. Prior to 
impaiement, each muscle should be stretched maximal 
at the adjacent joint. In the example, the ankle plantar 
flexors are stretched by maximum dorsiflexion of the foot 
during posterior wire passage and then the foot is 
maximally plantarflexed as the wire passes out dorsally. 
Postoperative réhabilitation of the joint and normal 
ambulation is facilitated by careful attention to this detail, 
i.e. construction of the frame, (i) fixation of wires to rings, 
and (ii) assembly of threaded rods to connect the rings. 

Other important principles of transfixion-wire 
technique ensure maximum functional use and joint 
mobility of an externally stabilized limb: (i) do not transfix 
synovium, (ii) avoid impaiement of tendons, and (iii) 
penetrate muscles at their maximum functional length. 
The last rule, critically important for a successful long- 
term application means that the position of a nearby joint 
must change as a wire passes through the flexor and 
extensor muscle groups, e.g. when inserting a wire from 
antérolatéral to posteromedial in the distal fémoral 
metaphysis, flex the knee to 90° before inserting the wire 
into the quadriceps. 

When inserting a wire into the lower leg, plantarflex 
the foot when transfixing the anterior compartment, 
invert the foot when inserting wires into the peroneal 



Fig. 5: Safe corridor, safe area in the bone 
to insert pins and wires 

muscle and dorsiflex the foot during triceps surae 
impaiement. 

Skin Positioning 

Flexing the knee during fémoral wire insertion pulls the 
lower anterior thigh skin distal. Therefore, prior to wire 
insertion, the skin must be pulled proximal. Likewise, 
shift the skin and subeutaneous tissues distally when 
mounting a ring proximal to the osteotomy. 

Try whenever, possible to select wire placement 
locations that normally hâve limited skin movement 
during flexion or extension of an adjacent joint. In the 
distal humérus, e.g. when the elbow is flexed, anterior 
lower arm skin moves proximal, while the posterior skin 
moves distally, with elbow extension, these same tissues 
move in the opposite directions. Between the flexor and 
the extensor surface, however, a fairly stationary tissue 
plane exists, around which the upward-downward 
movements of anterior and posterior tissues revolve. This 
plane of limited skin motion lies along the médial and 
latéral supracondylar ridges of the humérus, an idéal 
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location for transfixion wire placement. Unfortunately, 
the distal humérus flattens and widens at the elbow, two 
supracondylar transfixion wires (in the same transverse 
plane) will not hâve enough of an angle between them 
for stable fixation. A far better strategy is to cross the two 
wires in the frontal plane. Insert wires into both 
épicondyles, exiting the humérus proximal out the médial 
and latéral supracondylar ridges, taking care not to 
transfix either the ulnar or radial nerves. A third wire 
straight across from one supracondylar ridge to the other 
complétés the mounting. Attach the crossed wires to a 
partial ring with posts extending above and below the 
ring's plane. When the mounting is complété, the elbow 
should flex and extend fully without skin tension (A 
mechanical block to full tension mains that one or more 
wires has entered the olecranon fossa of the distal 
humérus). 

Check the wire-skin interface for evidence of tissue 
tension. Interface tension will create a ridge of skin on 
one side of a wire. Do not incise the skin to enlarge the 
skin hole as a way to relieve the tension around 
transosseous pins. Instead, slowly withdraw the wire 
(with pliers and mallet) until its tip drops below the skin 
surface. Allow the skin to shift to a more neutral location 
and advance the wire again until it passes through the 
skin in improved position. If the interface tension exists 
on the wire insertion side of the limb, snip off the wire's 
blunt end obliquely (to create a point) and advance the 
wire to just below the skin surface by the pliers-mallet 
method on the limb's far side. Tap the wire back through 
the skin after making a position adjustment. 

Occasionally, a fourth technique is needed to 
minimize soft tissue tension, modifying fixation after an 
acute correction of a deformity. When applying a fixator 
to manage a congénital coxa vara, e.g. a portion of the 
correction can be accomplished immediately after 
corticotomy. The skin may pull distally on the transfixion 
wires or pins as subtrochanteric valgus angle is 
established. Therefore, while inserting a pin, pull up the 
skin. If necessary shift the skin upwards and insert 
additional transosseous fixation, remove the original 
hardware after the modified fixation secures the bone. 

Wire Formula 

At the distal metaphyseal level, wire is introduced 
between the tibialis anterior and extensor hallucis longus 
tendons (keeping in mind that beneath the tendon of the 
extensor hallucis longus and the tendons of the extensor 
digitorum longus lies the anterior tibial neurovascular 
bundle). 

The space between the two tendons mentioned above 
can be easily found by palpation, even in a swollen joint 


by means of passive flexion and extension of the ankle. 
The wire is inserted from latéral to médial, aiming 
posteriorly at about 50° to the horizontal toward the 
posteromedial tibial border. 

Support for the Leg 

There are three supports: (i) behind or proximal to the 
knee, (ii) at the heel, and (iii) to support the leg. There 
are various types of frames to support the legs. 

Assembly of Threaded Rods to Connect the Rings 

The rods (threaded and/or telescopic) which are used to 
connect the rings are placed parallel to one anther and 
must at the same time be parallel to the mechanical axis 
of the bone. The rods must be approximately at an equal 
distance from each other on the circumference of the ring 
placed anterolaterally, anteromedially, posterolaterally, 
and posteromedially. Four rods are used to connect rings. 

Rotational correction is easily produced by placing 
ail rods parallel to each other but obliquely in holes 
adjacent to the perpendicular. As the nuts are tightened, 
the rods become perpendicular to the rings by 
approximately 10° of rotation per hole plate. 

Corticotomy 13 

First Method 

Percutaneous corticotomy is now a standard procedure 
for limb lengthening. llizarov introduced the corticotomy 
which préserves intramedullary circulation, and also 
endosteal circulation. However, recently it has been 
shown that periosteum is the most important structure 
to produce a good quality regenerate. It has been shown 
that medullary circulation is not important. Therefore, 
one can eut the posterior cortex by Gigli saw technique 
which disturbs the medullary circulation. The another 
important factor is the low energy osteotomy. If power 
saw is used, it causes thermal necrosis of the bone ends 
and delays new bone formation. Low energy osteotomy 
is done by using osteotome and hammer or a Gigli saw. 
A 5 to 10 mm longitudinal incision over the crest of the 
tibia is deepened to the bone. Periosteum is elevated with 
a short thin periosteal elevator. Note, the médial surface 
is oblique, whereas the latéral surface is oriented straight 
anteroposteriorly. Cut the anterior cortex of the tibia, 1 
then the médial 2 and latéral 3 cortices. The cut is advanced 
to the posteromedial 4 border. The pitch suddenly 
decreases. Similarly cut the latéral cortex and 
postérolatéral corner. Apply wrench to the hexagonal 
handle of the osteotome and twist the osteotome. A crack 
should be heard as the posterior cortex of the tibia is 
fractured. 6 Then, the distal ring is rotated externally to 
complété the osteotomy by rotational osteoclasis. Frame 
is reconnected (Fig. 6). 
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Fig. 6: Fémoral corticotomy using the round bone method (see 
text discussion). (Form Paley D: The llizarov Technique, JB 
Lippincott: Philadelphia inpress; with permission) 


Second Method 

Drilling the posterior cortex: After cutting the médial and 
latéral cortices, a 4 mm drill bit is passed through the 
anterior eut. Four or five holes are perforated through 
the posterior cortex and rotational osteoclasis is done. 

Third Method 

Through the anterior incision, periosteum of both the 
médial and latéral side is elevated. A second incision is 
made at the posteromedial border of the tibia. Periosteum 
is elevated. Aneurysmal needle or tape is passed around 
the posterior through posteromedial incision and is 
brought out through the anterior incision. A Gigli saw is 
attached, and the bone is eut by the saw till it reaches the 
médial cortex. Then, a periosteum elevator is passed 
subperiosteal, and corticotomy is completed. The 
periosteum protects the skin (Fig. 7). 

Fourth Method 

Oblique osteotomy: Oblique ostéotomies provide some 
cortical support during lengthening, which decreases the 
tendency for axial déviation. An oblique osteotomy also 
has a larger surface area for bone régénération than do 
transverse ostéotomies. Spiral ostéotomies offer even 
greater cortical apposition and surface area. Transverse 
ostéotomies are easier to complété, and they facilitate 
radiographie assessment. 


Kurgan Technique 

In most centers in Russia including Kurgan, wires are 
used and they are tensioned. 8 They ne ver use threaded 
pins for external fixation, because they believe that a pin's 
large diameter and threads damage the bone marrow's 
ostéogénie potential. The angle between the wires should 
ideally be 90°. However, anatomical situation does not 
allow the wires Crossing 90° within the bone at most 
locations. The minimum requirement of angle between 
wires is 40°. Less than 40° would cause sliding of the 
frame, back and forth. Olive wires are used to further 
stabilize the frame to reduce the butterfly fragments and 
to correct angular deformities. 

Hybrid Technique 

Catagni, Green, Paley 2 and others hâve used half-pins 
instead of wires and this is called hybrid System. When 
more wires and less number of pins are used, it is called 
hybrid traditional, when more half pins and less wires 
are used it is called hybrid advance. The author often 
uses ail half pins in the fémur. 

Drilling 

Although transfixion wires are smooth, they can cause 
damage while spinning within tissues. For this reason, 
when inserting a wire, push it straight down through the 
soft tissues to the bone. Begin drilling when the wire's 
tip is within the bone's surface. As soon as the wire 
emerges from the bone's opposite side, stop drilling, and 
drive the wire through the limb's soft tissues with a mallet 
and plier s. 

Thermal Necrosis 

If a wire emerges with blackened bone on its tip, then 
the wire has burnt the bone, remove the wire, cool it, and 
reinsert it elsewhere. Do not use a burnt bone hole for 
external skeletal fixation, as the bone around the hole has 
no résistance to invading microbes. 

Fixation to a Ring 

Tensioning a wire when securing it to a ring will 
straighten any bend or curve in the wire. Soft tissues on 
the either side of a bent wire may suddenly be stretched 
during wire tensioning, causing intense postoperative 
pain. The stretched soft tissues canbecome necrotic. This 
invites pin tract infection. Therefore, the wire is not bent 
towards the frame, but it is built up by washers or posts 
and thus fixing the wire where it lies. 
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Figs 7 A to K: The Gigli saw method for tibial corticotomy (see text discussion). 

(From Paley D: The llizarov Technique, JB Lippincott: Philadelphia inpress; with permission) 
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Wire Tensioning 

It is preferred to use wire tensioners by dynamometer. 
When using olive wire, do not tighten olive side of the 
wire until it has served as a stabilizing element for the 
assembly. Then tighten olive side wire fixation boit, give 
tension from the opposite side. Finally, tighten the 
opposite side of the olive. 

With the fixation boit method, the wire is twisted 
around its own fixation boit, tensioning it. Maneuver 
requires two hands, one for the nut and the other for the 
boit. Hâve an assistant securely stabilize the ring. After 
fixing the wire to the ring on the opposite side, tighten 
the nut until the wire is loosely gripped. Next, rota te the 
fixation boit and its nut together, twisting the wire 90° 
around its own fixation boit. Because the wire displaces 
slightly with this method, try to displace the wire slightly 
during initial fixation so that it will be straight through 
the tissues when tensioning is complété. 

Rancho Technique 3 8 

At Rancho Los Amigos Medical Center, Stuart Green 1 
and his colleagues applied first circular transfixion wire 
external skeletal fixator in 1986. Since then, they hâve 
gradually modified the technique now they use titanium 
half-pins for most mountings. In this way, they avoid 
muscle impaiement with transfixion pins or wires. 

Their decision to use half-pins for both the proximal 
and distal mountings in most long-bone locations is based 
to some extent on the observation that good regenerate 
bone forms in the distraction gap when half-pins are used 
for élongation, provided the surgeon follows Ilizarov's 
principles of marrow and periosteal préservation during 
corticotomy, stability, latency (delay before distraction), 
and high-frequency distraction. They avoid creating a 
cantilever System with pins perpendicular to the bone. 
Instead, the half-pins are splayed out in different 
directions and different planes, with some inserted 
obliquely into each bone segment (Fig. 8). 

Furthermore, they try to mount the half-pins as 
circumferentially around the bone as possible, attempting 
to gain the purchase where the osseous surface is located 
subcutaneously. The tibia and ulna are particularly suited 
to this type of mounting, because these bones are 
subcutaneous throughout their length (Fig. 9). The fémur 
and humérus hâve subcutaneous surfaces proximally and 
distally. For small juxtaarticular fragments, the author 
continues to use wires. Three or four wires can be easily 
inserted into fragments that are unsuitable for half or full 
threaded pins. 

They use titanium pins rather than stainless Steel, 
titanium seems particularly well-tolerated by both bone 



Fig. 8: Preassembly System diagram: Note half pins are 
splayed in different direction cantilever is avoided 



Fig. 9: Diagram for HT osteosynthesis strategy in complex 
fractures of both bones of the forearm (Catagni) 

and soft tissues. If a titanium pin site does become septic, 
they rarely observed the extensive inflammatory reaction 
(involving adjacent portions of the limb) that they hâve 
noted with Steel implants. Occasionally, a threaded 
titanium pin becomes strongly bonded to bone, 
suggesting bone-to-metal bonding similar to the type of 
fixation that may occur with titanium total joint implants. 

Titanium is more flexible than steel, hence, when 
correcting deformities with titanium half-pin 
configurations. It is observed more pin bending than one 
would expect with stainless Steel pins. Therefore, they 
routinely use 5 mm titanium pins for tibial and humerai 
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Fig. 10: Diagram for hinge construction (catagni) 

mountings and 6 mm titanium pins in the fémur. Because 
of the flexibility of titanium half-pins, Rancho mountings 
behave in a way similar to Ilizarov's transfixion wire 
configurations—the bone lags behind the fixator during 
deformity correction or lengthening due to pin deflection. 
They can limit this problem but cannot eliminate it by 
ring sizes that closely match the limb's circumference at 
each level of fixation. This tactic results in a contoured 
frame that for the thigh tapers from proximal to distal 
and for the lower leg increase in diameter around the 
calf and then becomes small at the ankle. For substantial 
lengthening, the author includes a transfixion wire at each 
and of the mounting, to better balance the forces around 
the ring. 

One might wonder why they go to the trouble of 
applying a circular external fixator if they use mostly half- 
pins for the mountings—why not use a unilatéral or delta 
frame configuration instead? 4 There are several reasons 
for using a circular configuration with the half-pins. First, 
whenever, a rotational deformity requires graduai 
correction, a circular external fixator is the only apparatus 
that allows counterrotation of the configuration^ 
sections. Second, a circular frame permits us to apply 
hinges and distractors anywhere around the circum¬ 
ference of a bone (Fig. 10). In this way, they can locate a 
hinge axis wherever, needed to produce the desired bone- 
fragment angulation. Third, a circular fixator gives them 
the option of using wires—especially olive wires—when 
needed for interfragmentary compression, réduction of 
fracture, or juxta-articular fragment fixation. When these 
features are not required, they use unilatéral or delta 
configuration fixator s. 

Pin Technique 6 8 

Since fixators are in place for many months, meticulous 
pin technique is needed to ensure long-term fixation. 


When inserting half-pins, they take the following 
measures that are not ordinarily used for external skeletal 
fixation. 3-5 

1. After making the skin incision, they use a mosquito 
clamp to spread the tissue down to the bone. 

2. Next, a joker or narrow periosteal elevator is used to 
elevate the periosteum from the bone at the pin site. 
This measure reduces periosteal damage caused by 
the spining drill bit. 

3. They use a drill sleeve and trocar with tangs (or points) 
that can be driven into the bone, ensuring both 
stability of the sleeve and less interposed soft tissue 
during drilling. 

4. They irrigate the drill bit with a cold irrigating solution 
during drilling. 

5. They use a stop-and-start drilling motion to prevent 
the drill bit tip from overheating. 7 

6. When penetrating dense cortical bone, they 
periodically removes the drill bit from the sleeve and 
wipe out bone chaff from the flûtes, another measure 
to prevent overheating. 

7. They use a depth gauge and insert a properly sized 
half-pin with hand-held driver. 

When they started using half-pins instead of wires 
for fractured upto pin llizarov method surgeries, they 
noted that the corticotomy often. In these cases, the 
5 mm pin hole acts as a stress riser. This problem also 
occurs when wires are located near a corticotomy site. 

They solved the problem of corticotomy extension into 
a pin hole by inserting the pins closest to the corticotomy 
site after hâve completed the corticotomy. Thus, when 
they perform an llizarov procedure, each fragment is 
stabilized by splayed-out half-pins inserted at a distance 
from the proposed corticotomy site. The final half-pins 
are inserted after the frame is reassembled on completion 
of the corticotomy. 

The final modification needed for half-pin mountings 
deals with the skin. When bone transport or limb 
lengthening follows application of a wire fixator, the 
wires eut through the skin by bunching up and necrosing 
tissues in the direction of wire movement. The skin heals 
and seals behind the wire. Since a 5-mm half-pin is far 
larger than a wire, the skin does not yield as readily as 
one would like. Wagner, when using his half-pin 
apparatus for limb lengthening, often incises the skin in 
clinic to accommodate the moving implant. 

Their technique involves prereleasing the skin 
adjacent to the pin hole when the fixator is applied. The 
incision follows the path that the pin will take through 
the skin and soft tissues. We suture the skin closed 
immediately after making the incision. The healing 
wound séparâtes as the pin moves through it. 
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With a limb lengthening, the pin-site incisions on both 
sides of the corticotomy should be on the proximal side 
of the proximal pins and distal to the distal pins. 
Moreover, the incisions are longest for the pins nearest 
the corticotomy and shortest for pins farthest away. If a 
rotational correction is needed, then the incisions should 
be slanted in the proper direction. 

The use of half-pins in place of wires offers an added 
dimension to Ilizarov's methods. For transfixion wire 
external fixation, the wires must be spread out along the 
length of a bone fragment for maximum stability, thereby, 
placing some wires close together on either side of the 
corticotomy. Distraction of the fixator will cause excessive 
stretching of skin trapped between the nearest wires. 
With half-pin mountings, enhanced fixation can be 
gained, close to the corticotomy site while simultaneously 
providing enough skin between the two nearest half-pins 
of both sides of the corticotomy. They accomplish this by 
obliquely slanting the nearest pins toward the 
corticotomy from both sides. 

Thus, combining the concept of oblique pins with the 
principle of inserting pins close to the corticotomy after 
completing the corticotomy, their présent technique 
involves proximal and distal mountings with two or three 
half-pins into each segment, followed by a corticotomy 
at the appropriate level. Thereafter, the final pin into each 
fragment is inserted obliquely, directed toward the 
corticotomy. Finally, they prerelease the skin on both 
sides of the appropriate pins and suture the wounds 
closed. 

Using the oblique half-pin technique, they gain 
stability by having pins close to the corticotomy yet 
maintain adéquate skin between the nearest implants for 
proper stretching of deformity. Since they hâve been 


using half-pins for mountings, problems with physical 
therapy (inhibition of muscle and joint action by wires) 
and pin sepsis hâve greatly improved. 6 
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INTRODUCTION 

In the summer of 1991, Professor Gabriel A. Ilizarov 
passed away. Had he lived another ten years, he would 
hâve seen his methods of orthopedics and traumatology 
become a part of the training of most young orthopédie 
surgeons in the world. 

As with every great advance in Clinical Medicine, 
Ilizarov's principles were, at first, dismissed by most 
right-minded clinicians and researchers. With time, 
however, it has become increasingly clear that professor 
Ilizarov has unlocked from within bone a previously 
hidden capacity to regenerate osseous tissues under 
appropriate conditions of distraction, stabilization and 
préservation of bone forming tissues. 

The Ilizarov method as we know it today did not 
spring full blown as a mature System of orthopedics when 
Ilizarov first discovered the principles of distraction 
osteogenesis in 1951. Instead, there has been a steady 
évolution of his method over the years. As with any 
clinical advances, there hâve been many apparent 
avenues of research that hâve proven to be dead-end 
pathways. Nevertheless, the remarkable expansion of 
clinical indications for Ilizarov's methods hâve proceeded 
steadily during the 40 years from 1951 to 1991. 1 

In a large measure, these advances were a resuit of 
Ilizarov's limitless ingenuity and single-mindedness of 
the purpose. Most of the fundamental Ilizarov strategies 
were developed by the professor himself, working in a 
single room clinic in far off Siberia. As Ilizarov's 
réputation grew, increasing numbers of patients flocked 
to his facility for treatment. The Soviet Ministry of Health, 
responding to a clamor for care at the Professor's facility 
made funds available for the graduai expansion of his 
clinic. By the time Western orthopédie surgeons arrived 


in the Siberian city of Korgan, where Professor Ilizarov 
spent his entire professional career, the facility had grown 
to become the world's largest orthopédie center, with a 
full-time professional staff of 350 orthopédie surgeons. 
Many of these practitioners and researchers hâve 
contributed in one way or the other to the Ilizarov 
method. 

ILIZAROV’S METHODS 

The numerous components of Ilizarov's apparatus were 
designed to meet spécifie requirements as the critical 
application of Ilizarov's methods expanded. Professor 
Ilizarov's original circular fixator consisted of solid rings 
with four holes for the longitudinal connecting rods of 
the frames. Transfixion wires were secured to the ring 
with sliding buckles. The fixation bolts came later. 
Likewise, twisted plates, telescopic rods, sliding bushings 
and other pièces of equipment hâve been introduced to 
fill spécifie needs. While the specialized components are 
helpful, they are not absolutely necessary. As a matter of 
fact, it is surprising how few different components are 
actually needed to successfully complété most of Ilizarov 
treatment strategy. 

Historically, Ilizarov's fixator evolved from earlier 
devices. At first, Professor Ilizarov connected two 
Kirshner wire bows to longitudinal distraction rods 
which served as a device for overcoming knee flexion 
contractors. In 1951, when he was assigned to a war 
veteran's clinic in Kurgan Siberia, young Dr Ilizarov was 
responsible for treating a large number of individuals 
who had sustained fémoral fractures during the Second 
World War, with long leg casts. These individuals, many 
of whom had fibrous ankylosis of a flexed knee, were 
cured in Ilizarov's distraction apparatus which was 
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attached to the fémur with a single transfixion Kirshner 
wire and to the tibia with second Kirshner wire. The wires 
were tensioned with the Kirshner wire bows which were 
pulled apart, by the connecting rods, thereby overcoming 
the flexion deformity. 

Ilizarov modified his device somewhat to achieve a 
compression arthrodesis of the knee as part of the 
treatment of articular tuberculosis. After discovering the 
phenomenon of distraction osteogenesis, Professor 
Ilizarov gradually made improvements in his fixator 
device as the clinical indications for it expanded. 

ADVANCES IN ITALY 

In 1981, Ilizarov invited a group of Italian orthopédie 
surgeons to Kurgan to learn his method. As often 
happens, the surgeons were not only impressed with 
Ilizarov's results, but also anxious to begin applying the 
professor's methods to problems in their own clinics. It 
did not take long for these Italian specialists to make 
certain modifications in Ilizarov's technique and 
equipment. Spinelli of Rome, along with his mentor 
Montechelli, modified Ilizarov's device by re-introducing 
solid rings and clamping components to either the inner 
or ou ter rims of these rings. 2 (Spinelli and Montechelli 
were primarily interested in limb lengthening by 
epiphyseal distraction. Their frame was well suited to 
that application, but, unfortunately, has proven 
somewhat cumbersome for many other indications.) 

In Northern Italy, Dr. Bianchi-Miocchi and his group 
from Milan and Lecco started out as Ilizarov purists. As 
a matter of fact, Bianchi-Miocchi signed an European 
licensing agreement with Professor Ilizarov for the 
manufacture and distribution of the Ilizarov apparatus. 
Bianchi-Miocchi added to the Ilizarov equipment certain 
new components that proved very useful. For example, 
the Italian "clickers" (distraction rods) which helped both 
the surgeon and the patient during the process of limb 
élongation and deformity correction. Likewise, paired 
hemispherical washers permit a surgeon to connect a 
threaded rod to a ring (or other piece of hardware) at an 
angle that varies from the perpendicular by as much as 
seven degrees. In 1986, the Lecco group started to employ 
threaded Hoffmann half-pins instead of transfixion wires 
for proximal fémoral mountings. 3,4 

Meanwhile, in nearby Verona, Italy, Professor 
DiBiastiani learned of distraction osteogenesis from his 
neighbors in Lecco, but found that he could employ his 
Orthofix unilatéral half-pin fixator for distraction 
osteogenesis during limb élongation. 5 DiBiastiani also 
observed that the technique of corticotomy need not be 
performed by the classic Ilizarov transcutaneous 


approach. Instead, a limited open subperiosteal exposure 
of the bone yielded distraction regenerate of quality 
which he felt was comparable to the new bone formation 
with the percutaneous Ilizarov corticotomy. 

ADVANCES IN NORTH AMERICA 

North American orthopédie surgeons were exposed to 
Ilizarov's methods by Italian surgeons in the mid-1980's. 

As expected, North American Surgeons made further 
modifications in the Ilizarov technique. Among the most 
useful of these modifications has been the fabrication of 
components of the Ilizarov apparatus from radiolucent 
carbon-fiber. These rings and plates, which are slightly 
thicker and wider than the original stainless Steel design 
are particularly helpful when the component overlies a 
région of the bone requiring radiographie évaluation. The 
carbon-fiber rings are more expensive than stainless Steel 
(because of the cost of fabrication) and they can not be 
used over and over again as often as stainless Steel rings 
(because the carbon fiber tends to delaminate when 
subjected to the ring distorting forces that are associated 
with limb élongation). For most applications, however, 
the carbon fiber rings can be used wherever a stainless 
Steel ring would hâve been employed. Because the 
carbon-fiber rings are slightly wider than the Steel rings, 
enlarged buckles and certain other components hâve also 
been fabricated to use with the carbon fiber rings. 

TITANIUM PINS 

At Rancho Los Amigos Medical Center, the author and 
his co-workers started employing tensioned-wire circular 
external fixation in October, 1986, after learning of the 
method from Italian orthopédie surgeons. After 
comprehensive training in Kurgan, the author applied a 
substantial number of tensioned-wire fixators according 
to Ilizarov's teaching. 6 (That is, the frames were secured 
to the limb with tensioned transfixion wires). After 
learning of DiBistiani's success with half-pin unilatéral 
fixators, the author started using half-pins to secure 
Ilizarov's circular fixator to long bones requiring either 
limb lengthening or deformity correction. 7 In this manner, 
the adaptability of the circular device was retained, but 
the problem of muscle impairment and transfixion was 
eliminated, especially in bones like the ulna or tibia, that 
hâve a large subscutaneous surface. At first, threaded 
half-pins were substituted for transfixion wires in 
diaphyseal régions of the bones, but, in time, entire fixator 
mounting configurations were designed that employed 
half-pins exclusively as the means of fixation (Figs 1 
to 3). 
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Fig. 1: Limb lengthening with a titanium mounted circular 
external fixator 


Fig. 2: Bone transport with a titanium mounted circular 
external fixator 


In 1992 the author and co-workers reported on their 
early expérience with half-pin circular fixation, 
comparing the first ten cases mounted in this manner 
with the last ten patients wearing wire mounted frames. 8 
While the two groups were not quite comparable, it was 
évident that substituting half-pins for wires had 
decreased pin site sepsis, reduced patient discomfort, 
lessened the need for analgésie médication while the 
frame was in place, and shortened the overall time of 
external fixation by enhancing ossification and 
maturation of the regenerate new bone. 

The author believes that the réduction in implant site 
sepsis was, to a large measure, the principal factor that 
reduced discomfort while the frame was in place. 9,10 This 
led, in turn, to enhanced weight-bearing capabilities and 
greater functional use of the limb while in the frame. The 
réduction in implant-site sepsis is a conséquence of the 
use of pins made from a titanium alloy rather than 
stainless Steel. Se ver al years earlier while working with 
the Ace-Fisher external fixator, the author (and others) 
observed a réduction in pin site sepsis when titanium 
pins were substituted for stainless Steel in Ace-Fisher 
mountings (the company made both types of implants 
available to surgeons). The author assumed that titanium 



Fig. 3: One hole and two hole pins gripping clamps for the 
llizarov apparatus 


was better tolerated by the body's tissue than stainless 
Steel. Dr. Ronald Huckstep of Australia made a similar 
observation with intramedullary nails. 11 Likewise, 
Gustilo and other total joint surgeons hâve noted a lower 
incidence of total hip sepsis when titanium prostheses 
were used. 12 

To further élucida te the mechanism of titanium tissue 
tolérance, Gustilo and his co-workers studying stainless 
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Steel, pure titanium, titanium alloy and cobalt-chromium 
added these powdered metals to a mixture of bacteria 
and viable human polymorphonuclear leukocytes. 13 The 
authors then measured the "respiratory burst activity" 
(a measure of intracellular bacterial killing by WBCs) at 
various times after the beginning of incubation. They 
found that titanium (and to a lesser extent cobalt- 
chromium) resulted in only a slight inhibition of the 
normal respiratory burst activity when compared to the 
controlled mixture that did not contain any metallic 
powder. Stainless Steel, on the other hand, caused a 
marked réduction in respiratory burst activity, suggesting 
interférence with a critical step in the bacterocidal activity 
of human polymorphonuclear leukocytes. This inhibition 
of a vital cellular function probably has the effect of 
reducing host résistance to implant site sepsis. The toxic 
effect of Steel upon cellular function may be related to 
the elution of certain metallic ions perhaps nickel or 
chromium, from the implant's surface. The use of 
titanium pins does not completely eliminate pin site 
sepsis; effect is to reduce the incidence of pin tract 
infections by about 50%. Moreover, we hâve noted that 
when implant site infections do occur around titanium 
pins, the problem stays localized in the immédiate 
environment around the implant. Extensive cellulitis that 
extends for many centimeters around the pin hole which 
is such a common phenomenon when stainless Steel pins 
are employed occurs rarely, if at ail, with titanium alloy 
implants. 

Because of the favorable effect that titanium pins hâve 
upon external fixation techniques, we had hoped that 
titanium wires would be available for use instead of the 
stainless Steel Kirshner wires that are still employed to 
secure fixator frames to limb segments. Unfortunately, 
smooth titanium alloy wires hâve not proven successful 
for skeletal fixation. Titanium has the undesirable prop- 
erty of "notch failure" that may lead to wire breakage 
during the time a wire-mounted fixator is secured to a 
limb. 

JUXTA-ARTICULAR MOUNTINGS 

One might wonder why be concerned with the type of 
wire available when we hâve shown that threaded pin 
mountings are as good if not better than wire-mounted 
frames. Lately, we hâve corne to the conclusion that in 
certain anatomie locations wire mounts are actually 
superior to pin mountings, ragardless of the material from 
which the implant has been fabricated. In general, wires 
provide better fixation in the juxta-articular régions of a 
long bone, whereas half-pins are generally superior for 
diaphyseal locations. Threaded pins are less than idéal 


for fixation of the cancellous bone near a joint surface for 
several reasons. First of ail, threads do not hold well in 
spongiosa, especially if any degree of osteopenia is 
présent. Secondly, even when a threaded pin achieves 
initial stability in a juxta-articular fragment, the passage 
of time frequently leads to loosening because the loss of 
a very small volume of bone around the implant 
diminishes fixation more rapidly than a comparable loss 
of bone volume around a threaded implant secured in 
cortical bone. Thirdly, once the fixation of a half-pin in a 
small juxta-articular fragment has been diminished by 
résorption of osseous tissue from around the implant, a 
substantial hole has been created that limits the anatomie 
options for additional or subséquent fixation. On the other 
hand, when a wire is used to secure juxta-articular 
fragments, the bone hole is tiny, and the loosening that 
does occur becomes established without creating a very 
large hole. 

Furthermore, multiple cross-wires can be placed in a 
fairly small fragment, thereby creating a trampoline effect 
that supports the bone. Also, in most locations, there are 
no muscle bellies surrounding juxta-articular bone. For 
the most part, such fragments are adjacent to either 
tendons or neurovascular structures that can, with care, 
be avoided during wire placement. Furthermore, most 
of these neurovascular structures are either interior or 
posterior to the articular bone fragments, leaving the 
medial-lateral corridor for safe wire insertion. 

HYBRID MOUNTINGS 

For more substantial fragments that include not only the 
articular end of the bone, but also metaphyseal région, 
various combinations of pins and wires hâve proven 
successful for mounting circular external fixation. The 
stability of these mounting strategies is based upon the 
work of Calhoun and co-workers. 14 They analyzed a 
number of different pin and wire combinations to 
détermine the relative amount of stability available as 
one converts from an ail wire mounting technique to one 
that employs only half-pins. Using two crossed tension 
wires as the standard, Calhoun and co-workers learned 
that the popular "T" configuration (consisting of a 
transfixion wire and perpendicular half-pin) is not as 
stable as two tension wires crossed at 90°. Indeed, 
Calhoun and Li learned that whenever a wire is removed 
from a circular fixator configuration, it should be replaced 
by two half-pins. Thus, to achieve stability comparable 
to two tensioned wires at 90° to each other, one would 
require either one wire and two half-pins or three or even 
four half-pins mounted in a reasonable géométrie 
configuration (Fig. 4A). 
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Fig. 4A: Mounting strategies for hybrid 
configurations. 2 half pins 



Fig. 4B: Bone transport with 
Orthofix device: “H” mounting 



Fig. 4C: llizarov’s motorized distractor: “T” mounting 



Fig. 4D: Self-lengthening nail: “A” mounting 

At Rancho, we are fond of using a certain configura¬ 
tions in the periarticular and epiphyseal-metaphyseal 


régions of bones that hâve proven stable in our clinical 
expérience. The first of these mountings is what we call 
the "H" mounting, consisting of two counter-pulling olive 
wires (at about the same level) and a single half-pin that 
is either perpendicular to the two wires or at some angle 
between 60° and 120° to the wires. This configuration is 
especially valuable in the distal radius (Fig. 4B). 

The "T" mounting, consisting of a single wire and 
perpendicular half-pin is not particularly stable, as 
mentioned above. However, the T mount can be 
considered stable if the wire also passes through an intact 
bone (Fig. 4C), e.g. transfixing the distal radius the ulna 
with a single wire would then require only a single half- 
pin to complété the mounting of the distal radial 
fragment. Of course, the radius cannot be lengthened 
when it is fixed to the ulna, but such a configuration is 
useful in bone transport cases and similar mounting 
needs. 

Another strategy we often employ is the "A" 
mounting, where two half-pins are inserted at an angle 
between them measuring from 60° to 120° degrees at the 
same or nearly the same transverse level in the bone (Fig. 
4D). A single wire (preferably on olive wire) is then 
inserted perpendicular to the line between the angle and 
the half-pins. (The crossed implants make up the letter 
"A" within the bone). This mounting is useful for a 
proximal tibial fixation. 

With ingenuity, an orthopédie surgeon can design 
other mounting configurations that achieve adéquate 
stability with a minimum of implant hardware. 

LENGTHENING OVER AN INTRAMEDULLARY NAIL 

Professor llizarov contended that the marrow blood 
supply is critically important for regenerate maturation 
and ossification. For this reason, he was careful to avoid 
transection of the medullary vessels when he performed 
a cortical osteotomy. Work by Japanese orthopedists, 
however, has shown that the contribution from the 
endosteal and marrow sources to the forming regenerate 
bone is inconsequential compared to the rôle played by 
periosteal new bone formation. 15 For this reason, a 
number of authorities hâve started to lengthen limbs with 
a medullary nail in place. The nail serves a track to help 
stabilize the lengthening bone and prevent translational 
déviation or angulation of the separating fragments, 
(llizarov, himself, has on occasion used a large diameter 
wire for the same purpose). 

By employing an interlocking nail for lengthening, it 
is possible to remove the external fixator used for limb 
élongation and insert the transverse locking screws before 
the regenerate has fully matured. In this manner, the 
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patient need no longer wear an external fixator during 
the "neutral fixation" phase of regenerate bone 
ossification. 

Paley of Baltimore has the maximum expérience with 
the technique of lengthening a limb over an intra- 
medullary nail that will later be stabilized by interlocking 
the nail with transverse screws. To prevent pin site sepsis 
from contaminating the intramedullary nail, Paley has 
developed a spécial alignment jig that permits a surgeon 
to place external fixator half-pins behind an 
intramedullary nail in the trochanteric région of the fémur 
flares outward, there is usually enough room for the 
insertion of half-pins a few millimeters anterior or 
posterior to the intramedullary nail in this région. 

The osteotomy for lengthening can be accomplished 
with the nail in place or by withdrawing the nail for the 
procedure. Indeed, intramedullary saw (originally 
designed for closed fémoral shortening) can be used for 
the osteotomy. The rate and rhythm of distraction 
following insertion of an intramedullary nail and con¬ 
comitant application of an external fixator on the same 
bone follows the usual every six hour protocol designed 
by Professor Ilizarov. When the desired length has been 
achieved, the patient is taken back to the operating room 
where the distal locking screws are inserted into the fémur 
(under fluoroscopie control) and the frame removed. (The 
proximal locking screw was inserted at the time of the 
initial operation). To prevent contamination of the 
surgical site, during distal inter-locking, Paley and his 
group now recommend inserting the distal transverse 
locking screws from the médial, rather than the latéral, 
side of the limb. In this way, the contamination at the 
distal pin sites will not be inoculated into the incision for 
transverse screw fixation. 

To properly mount the fixator without the spécial jig 
(guide), it is necessary to use a fracture table and place 
the patient supine, with the fluoroscopie machine 
positioned in a way to obtain a true latéral of the proximal 
fémur. In this manner, the surgeon will find a portion of 
the proximal end of the fémur posterior to the 
intramedullary nail wide enough to permit insertion of 
6 mm threaded half-pins. The pins can be inserted by 
first placing a guide-wire in the proper location, and then 
drilling over this guide-wire with a cannulated drill-bit. 
(A drill sleeve should be used to protect the soft tissues 
from the spinning drill.) After the bone hole is made, both 
the guide-wire and drill-bit are removed, and a 6 mm 
threaded pin is inserted into the prepared hole in the 
proximal fémur. A second (and even third) pin can be 
inserted in similar fashion immediately below the first 
one. Checking back and forth between the anteroposterior 



Fig. 5: Orthofix external fixator for limb lengthening 

and latéral projection fluoroscopie views will give the 
surgeon the proper sense of orientation. 

Once the proximal pins are inserted, the distal 
implants can be placed in the bone, taking care not to 
make contact with the intramedullary nail within the 
canal. 

The half-pins can be connected to any type of fixator 
that permits distractional élongation. The Orthofix device 
is the most suited for this type of lengthening, since the 
intramedullary nail provides enough intrinsic stability 
to the bone to obviate the need for a circular fixator device 
(Fig. 5). Indeed, any comparable self-lengthening 
unilatéral external fixator would do for this application. 16 

SELF-LENGTHENING NAIL 

A self-lengthening nail has been developed in Europe. 17 
The device, contains an internai rachet mechanism that 
is activated by rotating one segment of the nail with 
respect to the other about 30°. The nail, which is straight 
(rather than curved like an ordinary fémoral nail) is 
inserted into a reamed fémur which has also been 
subjected to an internai intramedullary circular saw 
osteotomy. When the bone is broken, the nail is 
introduced and secured proximally and distally with 
transverse locking screws (Fig. 6). Thereafter, the patient. 
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Fig. 6: Motorisée! limb lengthening 


or someone in the family, externally rotâtes the knee 30° 
with respect to the hip, racheting out the nail 
1/4 of a mm. 

The device has not yet been approved for use in the 
United States. There are certain concerns about the nail 
that will require a thorough clinical investigation, e.g. it 
is reported that the action of externally rotating the limb 
30° at the osteotomy site can be rather painful. Likewise, 
the fact that the nail is straight whilst the fémur is curved, 
may create certain changes in mechanical axis that could 
cause long-term problems for the patient. Where the 
fémur is lengthened over intramedullary nail the bone is 
lengthened in its own anatomie axis, rather than in the 
body's mechanical axis. In this manner, the knee joint is 
medialized; that is, the knee is pushed in the direction of 
the other knee, increasing the valgus stress on the joint. 
In time, the effect would be to shift the limb's mechanical 
axis laterally as it passes through the knee joint, possibly 
leading to degenerative arthritis later in life. 

THE DANGERS OF LIMB ELONGATION 

The conséquences of bone élongation upon the adjacent 
joints has only recently gained attention. It stands to 
reason that lengthening a long bone will increase tension 


on periarticular soft tissues that cross the joint. Such 
tension may compress the articular surface, leading, 
perhaps, to irréversible damage that terminâtes in 
degenerative osteoarthrosis. 

To study the effect of bone élongation on articular 
cartilage, Bell and co-workers subjected a group of 
experimental animais to limb élongation in an external 
skeletal fixator. 18 They learned that even a small amount 
of lengthening causes definable and consistent ab- 
normalities in the articular cartilage of the adjacent joint. 
It was felt that some of these changes would be réversible, 
but when the bone lengthening exceeded 30% of original 
length, the abnormalities had the staining characteristics 
of irréversible damage. 

COMPUTERIZED DISTRACTION 

Professor llizarov and his co-workers hâve shown, both 
in experimental and clinical examples, that the quality 
of regenerate new bone in a widening distraction gap is 
related to highly fractionation of the élongation process. 
In these groups of experimental animais, llizarov 
lengthened the bones 1 mm in one step every 24 hours, 
1 mm in four steps (every 6 hours), and 1 step in a 
motorized distractor that elongated the limb every 24 
minutes with the total lengthening being 1 mm a day. 
The quality of regenerate bone was best in animais with 
the most highly fractionated distraction. For this reason, 
llizarov and his group designed a motorized distractor 
to achieve élongation (Fig. 7). 

After visiting llizarov in Kurgan, a group of 
orthopédie surgeons from Alaska, working in conjunction 
with an engineer, designed a computer-controlled 
motorized distractor that is commercially available in the 
United States. When initially introduced, the equipment 
had certain technical problems (including inability to sub¬ 
merge in water). With time, however, the company 
overcame these difficulties and perfected the equipment. 
Unfortunately, the concept of computer-controlled 
motorized distraction has not proven very popular with 
American orthopédie surgeons for the following reasons: 
First, the equipment is heavy on the limb, adding to the 
already considérable weight of the external frame. 
Second, the equipment is leased to the patient for a fairly 
high charge. Third, the initial clinical results of the first 
30 patients treated with the Alaska equipment failed to 
demonstrate a clear-cut improvement in the quality of 
regenerate bone that formed within the widening 
distraction gap. This particular problem was difficult to 
understand, based on Ilizarov's experimental and clinical 
expérience. Additional studies are under way in an 
attempt to refine the data in this regard. 
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Fig. 7: Elongation over a nail 


GROWTH FACTORS 

The discovery of bone morphogenetic protein (BMP) by 
Dr. Marshall Urist 19 has led to the hope that fracture 
healing and bone formation could be stimulated by the 
injection of bone growth factors into a région where one 
would like to see new bone form rapidly. Clearly, 
distraction osteogenesis should be a fertile field for such 
research. 

At the 1995 meeting of ASAMI-North America 
(Association for the Study of the Methods of Ilizarov) in 
Orlando, Florida, USA, two groups of researchers 
presented their efforts at using growth factors to speed 
up the maturation of the distraction regenerate tissue that 
is formed in the widening distraction gap of an elongating 
bone. One research consortium, consisting of medical 
scientists form the USA and Russia, each working with 
slightly different fractions of BMP, found that there was, 
indeed, apparent stimulation of bone formation within 
the regenerate caused by injection of the substance into 
the center of the regenerate. They also noted, however, 
that the strength of the regenerate bone (as measured on 
a testing machine at the time the distraction fixator was 
removed) was the same whether or not the BMP used. 


Hence, they found no benefit from the use of growth 
factors in their experiments. 

Another group of researchers from Korea, using a 
more refined growth factor (TGF-p) found that the 
injection of the substance into the marrow cavity did, 
indeed, resuit in enhanced bone formation within the 
regenerate. 

Clearly, more research will be coming along, that will 
eventually permit surgeons to inject substances into a 
région of the skeleton where bone formation is needed, 
and then sit back and watch the rapid accumulation of 
new osseous tissue on sequential radiographs. 

CONCLUSION 

In the fourteen years since non-Soviet surgeons hâve been 
using Ilizarov's methods, many modifications of both the 
apparatus and the clinical strategies hâve been evolved. 
Such changes hâve mirrored the advances in Ilizarov's 
techniques which hâve been developed during the same 
period of time by Professor Ilizarov and his staff in 
Kurgan, Russia. As with every discipline in clinical 
medicine, constant refinements in technique led to 
improvements in safety and efficacy. This has certainly 
occurred with Ilizarov's methods since G. A. Ilizarov first 
recognized the potential for distraction osteogenesis in 
the 1950's and will continue to occur throughout our life- 
times and into the future. 
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INTRODUCTION 

Bone transport is a new useful operation described by 
Ilizarov. The indications for this surgery are gap 
nonunion, infected gap nonunion, loss of bone segment 
in a long bone, resection of the tumor, which has created 
a large gap. The operation consists of corticotomy at one 
end of the long segment of the bone. The intercalary 
segment is transported gradually, 1 mm per day. The gap 
is closed by two methods: (i) the graudal method, and 
(ii) acute docking. The graduai method consists of 
transporting the segment 1 mm per day, till the distal 
end docks the proximal end of the distal fragment. Then 
the two fragments are compressed together. The 
apparatus is kept till the regenerate consolidate. In acute 
docking, the gap is acutely closed and the two fragments 
are compressed. At the corticotomy, the fragments are 
distracted till the limb length is restored. 

Problems of Acute Docking 

The most important problem is the possibility of the 
neurovascular compromise, due to fibrosis around the 
fracture site. Therefore, one has to be careful and 
continuously monitoring the vascularity and neurological 
integrity of the limb during surgery and immédiate 
postoperative period. If there is any sign of neurovascular 
déficit, acute docking is undone by distraction. There is a 
possibility of venous and lymphatic obstruction leading 
to edema. If so, the limb must be kept elevated. At the 
acute docking site, there is a bulge of soft tissues between 
two rings on either side of the fracture and this remains 
bulged, because these two rings are not distracted. When 
the rings on the either side of the corticotomy are 
distracted, the limb between these two rings becomes 
thinner. Thus, the patient has a funny looking limb like a 


snake who has just swallowed a frog. Incision may be 
problematic also, if acute docking is to be done, the 
incision must the tr ans ver se. Otherwise on acute docking, 
a diamond-shaped wound is created which is impossible 
to close. 



Fig. 1: 1—Gap nonunion, 2—corticotomy, 3—regenerate after 
distraction, 4—intercalary segment, 5—acute docking of the 
gap—gap is closed acutely, 6—consolidation of the regenerate, 
7—union of the two fragments, and 8—Ilizarov assembly 
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Problems of Graduai Docking 

Bony Problems 

During lengthening and bone transport, the moving 
fragment may angulate or rotate, thus, causing malunion 
and deformity of the limb. At the time of docking, there 
may be translation, angulation or rotation of the 
transporting fragment in relation to distal fragment. 
There may be delayed union, malunion, nonunion at the 
site of docking because of the interposition of the fibrous 
tissue (Fig. 1). 


Soft Tissue Problems 

During the process of bone transport there is an empty 
space between the moving fragment and the distal 
fragment. This empty space is filled with fibrous tissue, 
sometimes in abundance. Thick fibrous tissue may 
obstruct the migration of transporting fragment. The 
compressed fibrous tissue may lead to nonunion, delayed 
union or malunion. The skin may be pulled in to cause a 
valley. Therefore, many advise that at the time of the 
docking, to open up the docking site, remove the fibrous 
tissue, freshen the bony ends and if necessary, bone graft. 
Acute docking avoids ail these problems. 




With an advent of interlocking Intra-medullary nail 
(ILIMN) and locking compression screws (LCP), 
indications for Ilizarov methodology is very much 
restricted. Open fractures of the shafts of the long bones 
are treated in majority of the cases by cast brace or 
primary internai fixation. When these modalities of 
treatment cannot be applied, Ilizarov ring fixator can be 
used. Definite indications for ring fixator are severely 
comminuted diaphyseal fractures with extension into the 
neighbouring joint, grade 3B or 3C closed fractures. The 
results of closed severely comminuted fractures treated 
with Ilizarov ring fixator are satisfactory. 

INTRA-ARTICULAR FRACTURE 

The problem of Intra-articular fracture is stiffness of the 
joint because of arthrofibrosis and incongruity of the 
articular surfaces. The principles of treatment of intra- 
articular fracture are (i) anatomical réduction of ail the 
fragments so as to reconstruct the articular surface; (ii) 
stable fixation of ail fragments; (iii) early mobilization 
preferably on day one after surgery; and (iv) to these three 
principles, recently arthrodiastas is (distraction of the 
joint) is added to improve the results. 

The intra-articular fractures involving only the 
epiphysis can very well be treated by AO internai fixation 
using lag screws and plates. However, severely 
communited intra-articular fractures with metaphyseal 
extension hâve poor results when treated with lag screws 
and plates. This is because the surgery is extensive with 
higher rate of infection. Therefore, since last few years 
we hâve treated intra-articular fractures of the proximal 
tibia, pilon fractures, fractures of the lower end of the 
fémur and radius with percutaneous lag screw fixation 
and Ilizarov ring fixator. 


With an advent of LCP, fracture of distal fémur, 
proximal tibia, pilon and distal radius are now treated 
with LCP with satisfactory results. Many Schatzker group 
V and VI are treated by LCP has shown excellent results. 
Intra-articular fractures of the upper end of the tibia with 
metaphyseal extension (epiphysio-metaphyseal) are 
treated with a combination of 6 mm lag screws and 
external fixation. In majority of the cases, the articular 
fragments can be satisfactorily reduced with traction on 
a fracture table. If there is no good réduction, joint is 
opened and the fragments are anatomically reduced. This 
is required only in about 5% of the cases. After the 
réduction of the fragments K-wire is passed through the 
main fragments and percutaneous cannulated lag screws 
are introduced to compress the fragments. Sometimes 
upto 4 lag screw may be needed. 

We use the Ilizarov external fixator with 3 rings. The 
first ring is at the flare of the tibia. Olive wires are used 
to further reduce and compress the fragments. Distally 
two rings are used beyond the fracture line. It is important 
to reduce ail the fragments anatomically. Postoperatively 
patient is not allowed to bear weight for a period of 
8 weeks. Then graduai weight-bearing is allowed. If there 
is dislocation or ligamentous tear, the apparatus is 
extended to the lower end of the fémur where two rings 
are used—one 5/8 ring and the other full ring. Hinge is 
placed between the fémoral and tibial blocks so as to 
mobilize the knee joint. We hâve treated 30 patients with 
excellent results in 15, good in 10, fair in 3 and poor in 2. 

Indications for Fracture Management 
by Ilizarov Method 

Currently Ilizarov methodology indicated in the 
foliowing situations (Figs 1 and 2). 
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Figs IA to C: Pilon fracture treated by llizarov method 

1. Severely open fractures with contamination. 

2. Fractures with soft tissue infection around. In these 
situations internai fixation by nailing or plating is 
contraindicated. 



Figs 2A to D: Tibial plateau fracture treated by llizarov method 
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3. In fractures around the joints with severe soft tissues 
damage internai fixation is not possible. This is an 
indication for Ilizarov ring fixator which may be 
definitive treatment or a first stage to reduce the 
inflammation and edema of the soft tissue. So in this 
case the external fixator is on for a week or to till the 
edima of soft tissues subsides skin wrinkles appears 
and blisters flatten. Examples are: 

a. Schatzker type five and six fractures of the tibial 
plateau. 

b. Pilon fracture. 

c. Fractures around the elbow. 

d. Supracondylar fracture of the fémur. 

Serial check X-rays are to be taken. If satisfactory 
evidence of bony healing is not seen, bone marrow can 
be injected in the fracture site or bone marrow with 
decalcified bone or allograft or autograft. This hastens 
unions. If the gap is large then cancellous bone grafting 
may be done. 


Operative Treatment 

If the skin condition is good, the surgeon has the expertise 
and ail implants and instrumentation are available, ORIF 
gives satisfactory results. 

External fixator of Ilizarov type is useful as it achieves 
indirect réduction by ligamentotaxis, does not require 
open surgery and small fragments can be reduced and 
compressed by thin wires and olive wires. Percutaneous 
lag screws may be used as mini internai fixation along 
with Ilizarov assembly. 

Postoperative Management 

Postoperatively, place the patient in a posterior splint 
with the ankle at 90° and encourage active dorsiflexion 
for 1 to 2 weeks. The limb is elevated after surgery. 
Movements of the knee are started as early as possible. 
Non weight-bearing ambulation is allowed (Figs 3A to D). 



Figs 3A and B: (A) Mr M had a 
comminuted intra-articular 
fracture of the lower end of the 
fémur and upper end of tibia as 
seen in AP and LAT views, and 
(B) Oblique views 


Figs 3C and D: (C) Ail fractures fixed with AO 
lag screws. Metaphyseal extension of the 
fractures on both sides of the knee was treated 
by Ilizarov apparatus on the fémur as well as on 
the tibia. Both these assemblies were connected 
with hinges at the center of the rotation of the 
knee. Arthrodiastasis of 10 mm was done (1 mm 
per day for 10 days), and (D) Final X-rays. AN 
the fractures hâve united and he had 90° of 
movements of the knee. The screw seen at the 
joint level is not in the actual joint. This was 
confirmed in the image intensifier by rotating the 
knee 
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Complications 

Intra-operative complications include malreduction and 
failure to achieve length of tibia and fibula. 

These can be avoided by taking intraoperative X-rays. 
Post-traumatic arthritis is common often after the 
communited intra-articular fracture. In severe arthritis 


ankle fusion may also be necessary. Superficial or deep 
infection is common in open pilon fractures. This leads 
to chronic osteomyelitis. Stiff ankle is another common 
complication. Sloughing of the skin, non-union and 
malunion may occur (Figs 4A to D). 





Fig. 4C: Two AO lag screws were inserted. They could not be 
placed parallel because of comminution. Comminuted fracture 
shaft fémur was treated with interlocking nail. Notice the fémoral 
extension of the llizarov apparatus to achieve the 10 mm of 
distraction 



Figs 4A and B: (A) This patient had polytrauma, with fracture Fig. 4D: Ail fractures united with normal 

of the shaft of the fémur (B) Intracondylar fracture of the tibial range of movement of the knee 

plateau. Notice the médial subluxation of the knee 
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INTRODUCTION 

Nonunion of a fracture of long bone is a State in which 
ail the healing processes hâve corne to a hault as judged 
by clinical and roentgenographic evidence, beyond the 
stipulated period of healing for a particular bone due to 
mechanical or biologie failure, with a gap being filled with 
the fibrous or dense fibrocartilaginous tissue, usually 
requiring a change in treatment. 

In 1986, 12 for purposes of testing bone-healing devices, 
an FDA pannel defined nonunion as "established when 
a minimum of 9 months has elapsed since injury and the 
fracture shows no visible progressive signs of healing for 
3 months." But this criterion cannot be applied to every 
fracture. A fracture of the shaft of a long bone should not 
be considered a nonunion until at least 6 months after 
the injury; because often union requires more time, 
especially after some local complication such as an 
infection. In contrast, a fracture of the fémoral neck can 
sometimes be defined as a nonunion after only 3 months 
especially if it had displaced. 21 

Day one nonunion can be guessed in the following 
situations, 

1. Fracture neck fémur as unsatisfactory réduction, 

vertical shear fracture and poorly placed implants. 

2. A gap in the fracture after internai fixation by plate. 

The AO 13 calls it nonunion if the fracture remained 

ununited for a period of 6 to 8 months. 

Interestingly, nonunions seem to occur with far 
greater frequency in humans than in other animal species. 
In fact, experimental nonunions are difficult to produce 
reliably in animais without extraordinary surgical means 
(e.g. major distraction or large surgical defects of bone 
with the interposition of large muscles or nonbiologic 
substances such as Silicon). 


Aseptie nonunion of fractures of long bones; Aseptie 
nonunion of fractures of long bone occurs because of 
improper surgery of internai fixation. Today any fracture 
is treated by one of the two methods. 1. Compression 
System with absolute stability. 2. Flexible System by 
relative stability. 

We analyzed the cases of aseptie nonunion referred 
to our institute. We find the fractures are treated often 
combining the two Systems. Comminuted fractures 
should be treated by flexible System either by bridge 
plating or intramedullary nailing. Simple fractures of the 
metaphyseal area should be treated by compression 
System using lag screws and plate. 

We find that the simple metaphyseal fractures are 
treated without compression. This is neither a flexible 
System nor a compression System. Usually, the fracture 
results in nonunion in flexible System. While treating 
comminuted fractures with flexible System by bridge 
plating—position, number, type of screws and length of 
plate are not taken into considération. Working length is 
often too small. These resuit in nonunion. So while 
treating simple fractures or multifragmentary fractures 
the surgeon must clearly understand the principles of 
absolute fixation by compression and relative fixation by 
flexible System to avoid nonunion. 

Causes of Nonunion 

1. Today open fractures with infection perhaps are the 
most common causes of nonunion. If meticulous and 
thorough debridement is done, the chances of 
nonunion are less. 

2. Second common cause is infection after open 
réduction and internai fixation (ORIF). Infected nail 
or plate is a common scénario today in India. This is 
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Figs IA and B: AP and latéral radiographs of fracture distal 
and fémur treated with a condylar buttress plate in a 40 years 
old man. This modality neither confirms to compression nor 
flexible Systems of fracture fixation. Non-union is thus a natural 
resuit 



Figs 2A and B: This was revised with compression by a lag 
screw and neutralisation by hybrid LCP. Fracture united in 
4 months. Note the lag screw in the intercondylar notch 


usually due to inadéquate facilities in the operation 
room. At the authors' center use of ultraviolet light 
since last 14 years has drastically reduced the rate 
of infection of ORIF. If the infection rate of an 
institution is more than 2%, the surgeon should not 
undertake ORIF. 

Infection per se does not cause nonunion as, fracture 
healing has been shown to continue independently 
of the associated infectious process. Flowever, 
infection, despite its inflammatory general increase 
in surrounding soft-tissue blood supply, also leaves 
large areas of the fracture ends dead and scierotic. 
Butterfly and other fragments become sequestrii, 
isolated and devitalized by pus and infectious 
granulation tissue, which makes fracture healing 
difficult if not impossible. Infectious granulation 


tissue also causes osteolysis, giving rise to gaps that 
invite nonunion. When osteolysis occurs around 
implants, they loosen, leading to motion, instability, 
and nonunion. Thus, infection causes nonunion 
earlier than in noninfected patients. 

3. Unstable Fixation : Inadéquate fixation of a fracture 
by plate or by nail is a common cause of nonunion. 

a. Plate Fixation—Often a simple plate is used to 
fix the fragments. In modem treatment of 
fractures, there is no place for a simple plate. 
Compression plate (CP) produces a stable 
fixation. Plate — DCP, LCDCP, LCP LISS. 

b. Number and size of screws used are less than 
adéquate. 

c. Lag screw and neutralization principles of AO 
are not strictly adhered to. A thorough 
knowledge of AO technique and adéquate 
instrumentation are very important to avoid 
nonunion (Figs 1 and 2). 

d. Faulty plate and screws due to manufacturing 
defects and use of poor quality métal are 
common, therefore, ail screws and plates must 
be carefully scrutinized and tested. 

e. Nails may be loose due to small diameter nail 
used (see metallergy section). Nail may be shorter 
so that there is mobility at the fracture site. 

f. Nail may be used at the proximal or distal third 
of shaft. As the bone ends are usually funnel- 
shaped, the nail is loose, and there is a rotational 
instability leading to nonunion. Therefore 
improper site of nailing of fracture is an 
important cause of nonunion. In such situations, 
interlocking is a must. 

g. An early implant removal 

h. After removal of a compression plate, if there is 
osteoporosis underneath the plate due to 
vascular disturbance, the fracture must be 
protected in plaster for a few weeks. This may 
resuit in refracture and nonunion. 

i. Osteoporosis Implant Failure—The implant may 
be broken, bent or may pull apart from the bone. 
Screw may break or pull out. Implant failure is 
secondary to nonunion and indicates nonunion. 
Failed implant is usually removed for definitive 
treatment of nonunion. 

4. In a segmentai fracture, one end of the middle 
fragment usually unités, and the other end goes into 
nonunion because of impaired blood supply. 

5. Comminuted fracture by severe trauma 

6. Delayed weight-bearing or function: Treatment by 
a functional cast especially in the tibia weight bearing 
should be started as early as possible. 18,19 In fractures 









1554 Textbook of Orthopedics and Trauma (Volume 2) 


of tibia, the author gives a straight functional cast 
with knee in extension and allows the patient to bear 
weight right on the next day to tolérance on crutches. 
The author forces the patients to bear weight on the 
fractured tibia. One must watch for two 
complications: first, compartment syndrome with 
severe pain; upward stretching of toes causing pain. 
The plaster should be split. After plaster is split 
élévation of limb is advised. The second, compli¬ 
cation that may occur in malunion such as 
shortening, angulation or rotational deformity. 
Angulation is treated by wedging the cast. If weight- 
bearing delayed more than 3 weeks, the initial 
response of the huge callus formation is much less. 
If no weight-bearing for more than one month in a 
cast may lead to nonunion. 

7. Intact fibula or early union of fibula may cause 
nonunion of tibia. With oblique fibulotomy or 
excision of 1 cm of fibula, tibial usually unités. 

8. Distraction by either traction, plate or screws. 

9. Treatment by ill advised open réduction. 

10. Soft tissue injury in open or closed fracture—May 
lead to lack of blood supply and nonunion. 

11. Peculiar anatomy—The fracture neck of the fémur, 
talus and scaphoid anatomically hâve a peculiar 
blood supply and are prone to nonunion and 
avascular necrosis. 

12. Gap—Gap between the fragment may be due to soft 
tissue interposition, loss of bone substance or 
distraction by traction or plate. 

13. General factors, e.g. old âge, poor nutrition, 
concomitant steroid, anticoagulant therapy, 
smoking, radiation therapy, or burns do not cause 
nonunions, but they are predisposing factors. 

Causes of nonunion may be divided into two types: 

i. a mechanical failure, and 

ii. a biological failure. 

(i) Mechanical failure are usually due to inadéquate 
immobilization or inadéquate internai fixation. This leads 
to hypertrophie type of nonunion with very slight 
mobility and pain. The fracture wants to unité but has 
instability. Once the stability is restored, the fracture heals 
quickly. Fragments hâve good blood supply. 

(ii) Biological failure is due to loss of blood supply to the 
fracture site and/or infection or loss of healing factors 
such BMP due to drainage of hematoma as in open 
fractures or ORIF. Here in addition to restoring stability, 
additional procedures of stimulation of healing such as 
bone grafting or electrical stimulation or low intensity 
ultrasound is necessary. The bone ends are atrophie, 
therefore no callus seen on the radiograph and there is 


mobility. Bone scan or MRI may help detecting 
vascularity of bony ends. 

To summarize, clinically the factors that cause 
nonunion are motion at fracture site, gap, loss of blood 
supply and infection (Table 1). 

TABLE 1 : Causes of nonunion 9 

I. Excess motion: Due to inadéquate immobilization. 

IL Gap between fragments. 

A. Soft-tissue interposition, 

B. Distraction by traction or hardware 

C. Malposition, overriding, or displacement of fragments 

D. Loss of bone substance. 

III. Loss of blood supply 

A. Damage to nutrient vessels. 

B. Excessive stripping or injury to periosteum and muscle 

C. Free fragments, severe comminution. 

D. Avascularity due to hardware with peculiar anatomy, 
e.g. Fracture neck fémur. 

IV. Infection (?) 

A. Bone death (sequestrum) 

B. Osteolysis (gap) 

C. Loosening of implants (motion) 

V. General: Age, nutrition, steroids, anticoagulants, radiation, 
burns, etc. prédisposé but do not cause nonunion. 

VI. Smoking 

Classification of Aseptie Nonunion 

1. AO 14 Classification (AO manual) 

2. Paley's modification of Ilizarov's classification. 15 

AO Classification (Weber) 23 

AO recognizes two basic patterns of nonunions: 

(i) hypertrophie (reactive, hypervascular) nonunion— 
This is usually due to mechanical failure due to instability. 
Radiograph shows florid callus. There is excellent blood 
supply, if adequately immobilized, the fracture heals 
rapidly. Therefore, there is no need to resect the bony 
ends, and bone grafting is usually unnecessary. 

(ii) Atrophie type—This is due to biological failure. 
Nonreactive more or less avascular nonunion. 
Radiologically callus is absent and the interpositioning 
tissue is usually loose fibrous tissue. These require bone 
grafting, electrical low intensity, ultrasound stimulation 
in addition to restoring stability. The hypertrophie 
nonunions are subdivided as follows. 

Eléphant foot nonunions: These are hypertrophie and 
huge in callus. They resuit from insecure fixation or 
prématuré weight bearing in reduced fracture whose 
fragments are viable. 

Horse ho of nonunions: These are mildly hypertrophie and 
poor in callus. They typically occur after a moderately 
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uns table fixation with plate and screws. The ends of the 
fragments show some callus, insufficient for union, and 
possibly a little sclerosis. 

Oligotrophic nommions: These are not hypertrophie, and 
callus is absent. They typically occur after major 
displacement of a fracture, distraction of the fragments, 
or internai fixation without accurate apposition of the 
fragments. In oligotrophic type, the bone ends are still 
viable or vascular. These are difficult to differentiate from 
the atrophie type, however, bone scan, serial radiographs, 
and operative inspection will confirm their vascularity. 
Their prognosis is far better than the avascular type, and 
therefore différentiation is important. 

Atrophie type: is due to biological failure. Studies of 
strontium 85 uptake in these nonunion indicate a poor 
blood supply in the ends of the fragments. Avascular 
nonunions are subdivided as follows. 

1. Torsion wedge nonunions: These are characterized by 
the presence of an intermediate fragment. Blood 
supply is decreased or absent. The intermediate 
fragment has united to one main fragment but not to 
the other. These typically are seen in tibial fractures 
treated by plate and screws. 

2. Comminuted nonunions: These are characterized by the 
presence of one or more intermediate fragments that 
are necrotic. The roentgeno-grams show absence of 
any sign of callus formation. Typically these 
nonunions resuit in the breakage of any plate used in 
stabilizing the acute fracture. 

3. Defect nonunion: These are characterized by the loss 
of fragment of the diaphysis of a bone. The ends of 
the fragments are viable, but union across the defect 
is impossible. As time passes, the ends of the 
fragments become atrophie. These nonunions occur 
after open fractures, seques-tration in osteomyelitis, 
and resection of tumors. 

4. Atrophie nonunions: These are usually the final resuit 
when intermediate fragments are missing and scar 
tissue that lacks ostéogénie potential is left in their 
place. The ends of the fragments hâve become 
osteoporotic and atrophie. 

Paley’s 15 Modification ofllizarov’s Classification 

Ilizarov classifies nonunion into mobile and stiff 
nonunion (Table 2). Paley et al modified Ilizarov's 
classification. They devided nonunions clinically and 
radiologically into three major types: 

i. Type A —those nonunions with bone loss less than 
1 cm 

ii. Type B —those nonunions with bone loss more than 
1 cm 

iii. Type C —associated with infection. 


TABLE 2: Classification (Paley) 15 

Stiff 

Mobile 

i * 

Infected 

Lax type Stiff 

Al A2 

Bl B2 

No gap No gap 

Shortening Shortening 

n 

B3 C 

Gap and 

Shortening 

r 

Type A2: 1 

With 

deformity 

i 

Type A2: 2 

Without 

deformity 



They further divided the type A into the following. 

Type Al (Lux type): Lax nonunion hâve limited mobility 
and usually some fixed deformity. Most of these 
nonunions are normotrophic. They are treated by 
compression of the bone ends for 2 weeks at 0.5 mm/ 
day followed by graduai distraction to correct length and 
deformity. 

Type A2.1 (Stiff nonunion with deformity): Stiff nonunion 
corresponds to AO hypertrophie type of classification. 

Type A2.2 (A stiff nonunion with a fixed deformity): Stiff 
nonunion is due to thick fibrous or fibrocartilaginous 
tissue interposing between the ununited bone ends. 
Distraction of this tense fibrocartilaginous tissue leads to 
new bone formation. 

The nonunion tissue acts as an interzone (the 
pseudogrowth zone of distraction osteogenesis). If the 
fibrous tissue is less organized, compression followed by 
distraction may be neces-sary to stimulate osteogenesis. 
Thus, only distrac-tion of hypertrophie nonunion leads 
to healing. 

Mobile type: Corresponds to atrophie type of AO 
classification. The gap is more than 1 cm. They are 
subdivided into three types. 

Type Bl: There is a bony defect but not shortening. The 
fibula is intact and therefore maintains the length of the 
leg in fractures of tibia. 

Type B2: In B2 type, there is shortening but no gap. 

Type B3 : There is both gap and shortening. In the fractures 
of the tibia, there is overridding of the fibula. 

Type C: Type C is infected nonunion. This may be stiff 
(type A) or mobile (type B). 

Synovial pseudarthrosis : When a nonuinon develops a 
pseudoarthrosis with a synovial-like lining and even joint 
fluid in the pseudarthrosis cleft or cavity, it is called a 
synovial pseudarthrosis. There is always motion 
clinically, and in addition to the findings of nonunion, a 
wide gap will be présent radiographically. The quantity 
of callus will dépend on vascularity. On bone scan, there 
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TABLE 3: Clnical features of nonunion and delayed 
union 



Nonunion 

Delayed Union 

Clinically 

Duration more than 

Less than 6-8 

8 months 

months 


Mobility 

Mobility 

Pain. Usually 

Slight 

More. 

radiograph shows 

Sclerosed ends 

No sclerosis 
of the end/s. 


Closed medullary 

Open medullary 


cavity 

cavity 

Change in 

Usually required 

May unité 

treatment 


without change 

Gap 

Gap usually présent 

Gap usually 

Présent 


is a cold cleft between hot ends. Operative intervention 
(excision of synovial tissue) is the only reliable method 
of gaining union in synovial pseudarthroses. 

Clinical Feature 

The patient usually has mobility at the fracture site, pain. 
Nonunion may be associated with infection with a 
draining sinus (Table 3). 

Treatment of Nonunions 

In recent years many advances hâve been made in the 
treatment of nonunions with or without infection. 
Récognition of the type of nonunion, whether infected, 
uninfected or hypertrophie (stiff), atrophie (mobile), is 
important because correct treatment can be planned. 

Objective of Nonunion Therapy 

1. Healing of fracture 1,2 

2. Correcting the deformity 

3. Mobilization of the adjacent stiff joints 

4. Complété éradication of infection 

Treatment of Uninfected Nonunion 

The common requirements to ail successful techniques 
are, réduction and firm stabilization of the fragments with 
or without sufficient bone grafting. 

1. The first and important step is to classify and décidé 
the type of nonunion, after studying the clinical 
picture and radiographs. 

2. Soft tissue considération—soft tissue plays an 
important part in healing of the fracture and decision 
making regarding treatment. 

a. Skin: The condition of the soft tissues surrounding 
a nonunion must be considered in treatment 
planning. Unyielding scar tissues, especially on 


the concave side of a deformity may resuit in skin 
necrosis, deep scarring may prevent bone 
transport, and need for skin grafting may influence 
treatment sélection. Soft tissue contractures must 
be considered if treatment of the nonunion will 
resuit in lengthening of the extremity. The 
contractures of the soft tissue may create a valley 
or dépréssion in the gap between the two 
fragments. This needs élévation or some sort of 
plastic surgery to make way for the bone transport 
or réduction of nonunion. 

b. Vascular injury: If the limb is ischémie due to 
vascular injury and lack of collateral cir-culation, 
the nonunion will take a long time to heel. 
Amputation may be considered. 

c. Nerve injury: Any nerve injury should be carefully 
evaluated. If the limb is senseless due to nerve 
injury it is better to amputate. If possible, the nerve 
should be repaired. Occasionally an extremity 
must be shortened to gain length in repairing a 
nerve defect. The Ilizarov technique may be 
considered for graduai lengthening and treatment 
of the nonunion. 

3. Type of treatment dépends upon whether the 
nonunion of the fracture is infected or not. 

Requirements for uninfected nonunion are: 
(i) good réduction of the fragments with sufficient contact 
area of the bone ends, (ii) stable fixation, (iii) Stimulation 
to bony healing by bone grafting, corticotomy, 
biochemical messanger substances like bone marrow 
injection, BMP, etc. and electrical stimulation and low 
intensity ultrasound. 

Reducing the Fragments 3 

1. Fibrous tissue between the fragments: When the 
fragments are in good position but are separated by 
fibrous tissue, extensive dissection usually is 
undesirable, leaving periosteum, callus and fibrous 
tissue intact about the major fragments préserves their 
vascularity and stability, and, after a bridging grafts, 
hâve united. The fragments, the intervening fibrous 
tissue and callus ossify. 

2. If the fragments are displaced bayonet type or 
angulated, it can be gradually reduced by external 
fixator. The external fixator is applied for a few days 
to restore the length, the fixator is removed, and a 
closed medullary nailing or plating with bone grafting 
is performed. 

Alternatively, an Ilizarov frame can be used to restore 
length, appose fragments, and stabilize the fragments 
until union. 
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If plating is to be done in a displaced nonunion, scar 
tissue around the fracture site must be excised so that 
the grafts can be covered by relatively normal tissue. The 
rounded ends must be resected to give good contact area. 
Therefore, medullary canals are opened up to aid 
medullary osteogenesis. If one chooses, one may do 
intramedullary nailing, closed or open, reamed or 
unreamed. Currently Intramedullary nailing is 
performed to plating for juxta-articular nonunions 
compression plating is idéal. 

Treatment of Hypertrophie Nonunion 

Options are as follows. 

1. Closed intramedually nailing with or without 
reaming and with or without interlocking gives 
excellent results. Widest possible nail is used to gain 
maximum stability. If the closed nailing cannot be 
performed, then open intramedullary nailing or 
tension band plating is the alternative method of 
treatment. First, ream both fragments from the 
nonunion site in a rétrogradé manner, followed by 
further orthograde reaming and intramedullary 
nailing. Bone grafting is unnecessary as the 
hypertrophie callus provides more than enough bone 
for healing. However, some surgeons still prefer to 
remove excess callus, eut it into small fragments, and 
use it as a bone graft on the nonunion site to increase 
healing potential. 

2. If one prefer s compression plate, it also gives equally 
good results. 

3. In hypertrophie type if Ilizarov method is used, 
distraction alone gives excellent results. The authors 
prefer Ilizarov method because often it is extremely 
difficult to pass a nail through the sclerotic ends, 
especially if closed nailing is attempted. Plating may 
also be extremely difficult because of the large bump 
of the hypertrophie callus, which needs excision. 
Ilizarov method has the advantages: (i) it is a closed 
method, (ii) much easier than nailing and plating, as 
there is no need to negotiate the hypertrophie callus, 
and (iii) simultaneous correction of angulation, 
translation, limb length discrepancy and rotation 
possible. 

Distraction compression of the hypertrophie nonunion: It 
has been observed that healing index months/cm is 
higher, in distracting the hypertrophie callus. 
Lengthening at the hypertrophie nonunion site should 
not be attempted. 

Our Protocol 

1. First correct the deformity, angulation, translation, 
etc. 


2. Then distraction of the nonunion side is carried out 
0.25 mm twice a day for a period of 20 to 30 days, i.e. 
1 to 1.5 cm of distraction is done. 

3. We keep the distraction for another 20 days to 
consolidate the regenerate. 

4. Then we compress the regenerate 0.25 mm twice a 
day till the fragment surface touch each other. 
Functional cast is applied for 4 to 6 weeks, after 

removal of the assembly. 

Treatment of Atrophie Nonunion 

In atrophie type of nonunion, the intervening fibrous 
tissue along with the avascular bony ends are resected, 
till, one gets a punctuate bleeding eut surface and contact 
area. The area of contact must be wide enough. Shingling 
should be done carefully and confined to a thin slice of 
bone for 2 to 3 cm on either sides of fracture because the 
bones are osteoporotic. Add a bone graft. 

If intramedullary nail is used, reaming must be done 
carefully. If compression plating is done, screws that do 
not hold in severely osteoporotic cortical bone should be 
reinforced with liquid methyl méthacrylate cernent 
injected with a syringe into the loose screw holes. If 
Ilizarov method is used, corticotomy and bone transport 
are usually necessary. 

Metaphyseal Articular Nonunion 911 

The most difficult nonunions are metaphyseal/articular 
nonunion where: (i) the small proximal or distal articular 
fragments are extremely porotic and often displaced, 
(ii) the joint is stiff secondary to adhesions, muscle 
contracture, and malalinement; and (iii) the pesudo- 
arthrosis is considered by nature to be the joint as the 
neighboring joint is stiff. Mobility occurs at the nonunion 
site instead of the joint. 

The stiff joint must be mobilized either at initial 
operation or as a separate operation. The joint is opened 
capsulectomy is done. Arthrolysis is done by excising the 
adhesions and hypertrophie synovium. Loose fragments 
and bodies are removed. Adjacent muscles are released 
by excising adhesions to the bone and contracted fibrous 
tissue. Contracted ligaments and capsule are released, 
and the joint is made freely mobile. 

Reconstruction of articular surf ace: The articular surface 
is reconstructed and fixed temporarily with Kirschner 
wires. Interfragmentary lag screw/s may be used. If there 
is a defect in the bone it is filled with autograft. Axial 
compression used for stabilizing. The fragments may be 
compressed to the shaft by dynamic condylar screw 
(DCS) or condylar plate, T or L plate. If the metaphysis is 
small, temporary overbridging of the joint may be 
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considered if necessary. Cernent in screw or blade holes 
may occasionally be necessary in porotic bone. Juxta- 
articular fracture is difficult to treat. These fractures are 
treated by compression, giving absolute stability and bone 
grafting. 

Physiotherapy: Start early active motion of adjacent joints 
by prompt removal of temporary external splints, 
physiotherapy and continuous passive and active 
mobilization (hinged cast braces may occasionally be 
necessary for added protection). 8,19 

Treatment of Synovial Pseudarthrosis 23 

Synovial pseudarthrosis is opened up, the fibrous tissue, 
cartilage and the bony ends are resected. Medullary canal 
is opened up and stabilized by internai or external 
fixation. 

Electrical stimulation 12 : In various forms, electrical 
stimulation is said to induce union. Electrical stimulation 
does not work in the following situations: (i) with gaps 
of more than 1 cm, (ii) in avascular and synovial 
pseudarthroses, (iii) where motion at the fracture to 
control fragments (i.e. proximal fémur or humérus), (iv) 
in metaphyseal nonunions. Electrical stimulation does not 
correct malposition or shortening, often requires long 
plaster, nonweight-bearing immobilization causing 
atrophy of bone and soft tissue, stiffness of joints and 
loss of function. 

Management of Nonunion of Fractures by llizarov 
Method 4 

Divisions of nonunions into mobile (atrophie) and stiff 
(hypertrophie) categories is based primarily on the 
radiographie appearance. Unfortunately, in any instances 
radiographie appearance does not adequately reflect 
ostéogénie potential at the nonunion site. The second 
important point is with an intact fibula, it is difficult to 
clinically décidé the mobility of the fracture. The mobility 
of a tibial pseudarthrosis can be better evaluated when 
the healed fibula is osteotomized (when indicated). 

llizarov external fixation achieves union, corrects 
deformity eradicates infection, re-establishes limb length 
and éliminâtes bone defects while at the same time 
maintaining articular function and permitting weight 
bearing as tolerated. Although dramatic results can be 
obtained, this method is technically demanding and 
requires thorough training and expérience. 

The stiffness of nonunion dépends on type of tissue 
between the ununited bone ends. Stiff nonunions hâve 
loose connective tissue, interposing muscle or a true 
synovial cavity. Distraction of dense, fibrous fibrocartila- 


ginous tissue leads to new bone formation. 7 The nonunion 
tissue acts as an interzone (the pseudogrowth zone of 
distraction osteogenesis). If the fibrous tissue less 
organized, compression followed by distraction may be 
necessary to stimulate osteogenesis. 

Management of Various Types of Nonunions 

Lax nonunion (Al): Lax nonunions hâve limited mobility 
and usually some fixed deformity. Most of these 
nonunions are normotrophic. They are treated by 
compression of the bone ends for 2 weeks at 0.5 mm/ 
day followed by graduai distraction to correct length and 
deformity. 

Stiff nonunion without deformity (A2.1): Stiff 
hypertrophie nonunion responds very well to only 
distraction 0.25 mm four time a day. Compression at the 
fracture site is equally effective. 

Treatment of Stiff Hypertrophie Nonunion 

Stiff hypertrophie nonunion, so-called fibrous nonunion 
is due to mechanical failure and is treated by stable 
internai fixation or external fixation by compression 
plating or intramedullary nailing with or without 
interlocking and with or without reaming. If it is 
associated with angulation, rotation and shortening, this 
can be very well treated by llizarov method. Graduai 
distraction of the nonunion stimulâtes healing. 

Our protocol: Stiff nonunion with deformity (A2.2): The 
deformity is first corrected using hinges and then 
distracted to achieve bony union. 

Treatment of Atrophie Nonunion 15 

Atrophie nonunion is treated by corticotomy and bone 
transport of the intercalary segment through the limb. 
This strategy is followed even there is no segmentai defect 
or shortening. For this reason, the regenerate new bone 
at the corticotomy site is often no more than 5 or 6 mm 
long. Nevertheless, llizarov daims good results with this 
tactic, based on two principles: (i) the corticotomy 
increases the limb's local vascularity (a stimulus to 
healing), and (ii) the corticotomy serves to decrease the 
lever arm at the nonunion site by creating a temporary 
floating segment (between the corticotomy and the 
nonunion). This floating segment will more readily unité 
at the nonunion site under the influence of compression. 
Atrophie nonunion usually needs shingling and 
autograft. 

Mobile type {(Bl) (more than 1 cm bone loss)}: In this type, 
there is bony defect but no shortening and the fibula is 
intact. The gap may be from 1 to 15 cm. 
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The idéal treatment is bone transport. Once docking of 
the two fragments is achieved, compression of the 
nonunion is continued, 0.25 mm every 3 days to maintain 
stability until the callus is visible on the radiograph. 
Fibulectomy is not required for this type of nonunion. 
The bony ends must be resected to achieve good contact 
area. 

Mobile type (B2) shortening with bony defect : Here the 
fibula is over ridding and there is shortening of the limb. 
But the fragments are in good contact. If the fragments 
are not in good contact, there is no need for resection of 
the fragments. Corticotomy is done. Limb lengthening is 
achieved, and the fragments are compressed at the 
fracture site. Fibular osteotomy is necessary if it has 
united. Fibula is fixed at the both ends by wires. 

Mobile type (B3) bony defect and shortening: The 
recommended treatment is bifocal or trifocal osteo- 
synthesis. The distraction must be continued to élimina te 
the limb length discrepancy. Compression is continued, 
0.25 once in 3 days. For the tibia, lengthening should be 
initiated before compression, so as to avoid prématuré 
consolidation of the fibula. If this occurs, further 
lengthening would be impossible, and a second fibular 
osteotomy would be necessary. 

Oblique Nonunions 

The fragments must be gradually reduced. Often a push 
configuration using long plates in the mounting is needed 
to apply sufficient force on the deformity's apex. Obtain 
interfragmentary compression by inserting counter- 
pulling olive wires that transverse the limb from opposite 
directions. 

Nonunion of Fémoral Shaft 

Uninfected nonunions are usually treated by interlocking 
intramedullary nail using at least 2 mm wider nail. 11 After 
removal of the nail, the medullary canal is reamed 2 mm 
wider than the previous nail if possible. If the fracture 
site is opened to remove the implant, then bone grafting 
should be routinely done. With closed intramedullary 
nailing, bone grafting is usually unnecessary. If the fémur 
is crooked and intramedullary nail cannot be used, 
plating may be done. 

If the nail is broken the distal fragments may be 
removed by one of several techniques described by 
Chapman. It may be possible, under fluoroscopie control 
to grasp its proximal end with a strong bronchoscopy or 
similar forceps and pull it out. Chapman refers to use a 
coat hanger especially bent for this procedure. A standard 
métal coat hanger without a painted finish is straightened. 
One end is bent into a hook with a very sharp radius. It is 


best to custom-fit it to the tip of the nail to be removed if 
another one is available. Fashion the other end at an 
appropriate length into a T-handle. Sterilize the hanger, 
insert it down the inside of the nail, hook the end of the 
nail, and extract it. The authors hâve removed by using a 
3 mm wire in a similar way. Chapman suggests, if it is 
impossible to remove the distal section of the nail by one 
of these techniques, make a small window in the bone 
distally and tap it out, or open the nonunion site to extract 
the remaining portion of the nail. 

Nonunion of Supracondylar Fracture of Fémur 

Supracondylar nonunions may be entirely extra-articular 
or may hâve an intra-articular component. With 
interlocking nails, it is possible to treat any nonunion, 
i.e. sufficiently proximal to the knee joint by placing two 
distal cross-locking screws. In most cases, the placement 
is about 10 cm proximal to the knee joint. According to 
Chapman, modification of the nail by cutting off part of 
its tip to allow it to be placed more distally may permit 
the treatment of more distal nonunions, but this is a 
specialized technique. If the nonunion is intra-articular, 
then 2 or 3 percutaneous lag screws are used to reduce 
and compress the intra-articular fragments, and the 
interlocking intramedullary nailing can be used to 
stabilize the metaphyseal nonunion. 

It is important that ail fragments must be compressed 
by lag screws and plate. Plating is préférable to 
interlocking intramedullary nailing. 

Bone grafting is usually necessary. Most supra¬ 
condylar nonunions can be created by dynamic condylar 
screw (DCS), 95° L plate or condylar plates. If the joint is 
already stiff and cannot be mobilized, it is better to fuse 
the joint and nail, fixing the supracondylar fracture along 
with bone grafting. 

Nonunion with gap or shortening or both may be 
treated by bone grafting, fibular double grafting or bone 
transport by Ilizarov method. 

Nonunion of Tibia 

Tibial nonunion is one of the very common problems in 
India, which causes severe disability. The nonunion leads 
to multiple operations, prolonged hospitalization, and it 
créâtes a financial strain in the family. The main cause of 
nonunion is high-energy trauma causing loss of blood 
supply at the fracture sight. Open fractures, commi- 
nution, displacement, bone loss infection, etc. are the main 
causes of nonunion. Perhaps lack of blood supply is the 
most important factor in the etiology of nonunion. 
Nutrient artery is the most important. The degree of 
periosteal stripping and the résultant amount of 
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devascularized bone varies with the fracture type, 20 ORIF 
with DCP. Increased stripping, as seen in high-grade open 
fractures, contributes substantially to delayed union or 
nonunion. 

Treatment dépends upon whether the nonunion is 
uninfected or infected. Status of the skin and soft tissue, 
presence of sinuses, type of nonunion (atrophie of 
hypertrophie) previous treatment contractures, joints 
stiffness osteoporosis, gap, etc. should be carefully 
assessed. Amputation is a reasonable alternative to heroic 
efforts at gaining union in a tibia with major bone loss, 
infection, and a posterior tibial nerve palsy. There is no 
point in preserving a totally senseless foot. 

Uninfected atrophie type 

1 . If the bone ends are in apposition and hâve good area 
of contact, then closed nailing and static interlocking 
give excellent results. Percutaneous bone grafting or 
marrow injection hastens healing. 

2. If there is a gap, bone transport by Ilizarov method of 
massive bone grafting is needed. If there is no 
associated deformity, Ilizarov method is indicated 
(Fig. 3). 



Figs 3 A and B: (A) Nonunion of patella—gap is seen between 
the fragments, and (B) tension band wiring and bone grafting 
is done 


Hypertrophie Type (Fig. 4) 

1. If reaming is possible through the hypertrophie area, 
interlocking nail is an idéal implant. 

2. If the ends are too much hypertrophied and scierotric 
reaming is extremely difficult. By Ilizarov method the 
fragments compressed and excellent stabilization is 
achieved. Distraction in the authors' expérience takes 
a longer time to heal. 

3. If there is a deformity, Ilizarov method is idéal. 

INFECTED NONUNION 

Infected nonunion (INU) is one of the greatest problems 
in orthopedics. Its incidence is more in India because of 
high incidence of road traffic accidents. The treatment of 
infected nonunion becomes extremely difficult because 



Figs 4A to D: (A) Hypertrophie nonunion of tibia with deformity, 
(B) primary distraction done and deformity is corrected, (C) 
Regenerate is compressed to achieve early corticalization, and 
(D) solid union with correction of deformity 

two major problems to be solved simultaneously: 
(i) Nonunion, (ii) Infection. 

Problems Associated with Long Standing Infected 
Nonunion 

Gustilo has described the following problems. 6 

1. In most cases, the patient has been operated on at 
least two to three occasions, with résultant scarring 
and cicatrization of the surrounding soft tissue, 
rendering the environment around the fractures site 
avascular. Soft tissue loss or atrophy may create a 
problem. 

2. A sinus tract has usually formed by the end of 6 
months, leading into the fracture site, indicating the 
presence of sequestrum. 

3. Osteomyelitis has usually developed, involving a 
considérable length of bone and resulting in 
thrombosis of the blood vessels of the haversian 
canals, with résultant bone sclerosis and dead bone. 
Délinéation between dead and living bone becomes 
very difficult. Radiographs usually show sclerosis 
of bone ends of varying length. There is usually an 
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interval of scar tissue, which is avascular, between 
the sclerosed bone ends. The application of 
differential bone scanning or magnetic résonance 
imaging (MRI) may help in delineating the extent 
of the infectious process and dead bone. 

4. Limited joint motion or stiffness is not unusual 
because of prolonged immobilization or repeated 
surgical procedures with resulting scarring of the 
muscles involved, particularly close to the joint. The 
extremity may well be dystrophie, following a long 
period of infected nonunion. 24 

5. Mixed and drug-resistant infecting organisms of 
both gram-positive and gram-negative bacteria, 
develop after the patient has been on for a long time. 
The other problems associated with nonunion are: 

6. Limb length discrepancy due to loss of bone at initial 
injury or removal of sequestrum 

7. Pointed atrophie fracture ends with or without 
persistent soft tissue infection. This may be 
associated with draining sinuses. 

8. Infected gap nonunion. Bone loss créâtes a gap 
which may be as large as 15 cm. This may be due to 
loss at the initial injury or debridement or removal 
of sequestrum. 

9. Disuse osteoporosis: This requires spécial considéra¬ 
tion in the treatment. 

10. Complex deformities may consist of one or more of 
the following—shortening, rotation, angulation, and 
translation. The sequence of correction of these 
deformities are angulation, shortening, rotation, 
finally translation in that order. 

Before starting the treatment of nonunion, one must 
assess clinically and radiologically the presence and the 
gravity of these problems and one must address them. 

Classification of Infected Nonunion 

Rosen et al 17 in the AO manual hâve divided the infected 
nonunion in two broad categories: (i) infected non- 
draining nonunion, and (ii) infected draining nonunion. 

Infected Nondraining Nonunion 

It is further divided into: (i) quiescent (dry, nondraining 
for at least three months), and (ii) active (nondraining 
but with abscess and fever). He has suggested different 
methods treatment for each category. 

Author’s Classification 9 

With an expérience of more than 200 cases of infected 
nonunion treated by various method, the authors hâve 
developed a classification of infected nonunions 
depending on the severity of infection, apposition 


fragments, presence or absence of deformity. The 
classification indicates guidelines for treating infected 
nonunions. The infected nonunions are divided into three 
type. 7 

Type 1: Fragments in apposition with mild infection and 
with or without implant, stable implant in situ with mild 
infection. On pressing the wound, a bead of pus may 
observe at the sinus. Type 1 also includes nondraining, 
dry for atleast 3 months (Rosen type la) There is no gap, 
shortening or deformity. 

Type 2: Fragments in apposition with severe infection 
with a large or small wound. If the wound is large, plastic 
surgical procedure may be needed to cover the wound. 
Active, nondraining with abscess and fever (Rosen type 
lb) is included in this type. In type II also there is no gap, 
shortening and deformity. 

Type 3: Severe infection with a gap or deformity or 
shortening or combination 

Type 3A: Defect with full circumference of the cortex 

Type 3B: Defect more than one third of the cortex is 
présent. In this situation, papineau type of bone grafting 
is very useful. 

Type 3C: With deformity 

Fracture gap less than 2 cm is also included in this type. 
Type 3 is satisfactorily treated by Ilizarov technique. 

Principles of Treatment 12 8 

Fracture healing can occur when there is (a) decreased 
bacterial activity, (b) stable fixation of fracture and (c) a 
surrounding vascular environment. 

Based on this following are the principles of 
treatment: 

i. Eradication of infected tissue by radical debride¬ 
ment, and local such as beads and a rod 

ii. achievement of vascular or viable environment 
around and at fracture site 

iii. Fracture stability 

iv. Adéquate soft tissue coverage 

v. Early and massive bone grafting, repeated if 
necessary 

vi. Aim at early joint mobilization 

vii. Correction of any deformity and limb length 
discrepancy. 

Treatment of Infected Nonunion 

Treatment consists of (1) Radical debridement (2) Stabi¬ 
lisation (3) Bone graft (4) Skin cover. 
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First operative procedure consist of three steps. Step I- 
Radical debridement with reaming of intramedullary 
canal, Step II-Wound closure with beads and rod. 
Step III—Initial stabilization by external fixation by ring 
fixator or long leg plaster cast with a window for dressing. 

Step I (a) Radical Debridement 

Aim of radical debridement is achievement of a vascular 
or viable environment around and at the fracture site. 
Excision of sinus tract and infected soft tissue is 
performed to produce active bleeding in the area of 
margins surrounding the fracture site. 

Necrotic bone and sequestrii are removed to prevent 
the growth and multiplication of bacteria in avascular 
environment. 

Implant should be removed even if it gives stability 
to the fracture, as a biofilm is formed around the implant 3 
by the bacteria, which protects them. The only exception 
is that are signs of healing the implant is retaining stability 
to the fragment, infection is mild no frank sequestrii in 
the nonunion site and no gap created after debridement. 

The avascular infected bony end is resected till the 
punctuate bleeding surface is observed at the eut end. 
Tourniquet is released. The segment being removed is 
assessed by the amount of sclerosis as indicated by plane 
X-rays, MRI or bone scan. 

Resection is done cm by cm till bleeding is seen. The 
bony eut must be perpendicular to the long access of the 
bone. Removal of the infected and avascular soft tissue 
and bony ends an most important step in the 
management of the infected nonunion. 

1. Implant should be removed: Removal of necrotic bone 

and sequestrum is often difficult to achieve in chronic 
osteomylitis because of the surgeon's inability to 
differentiate between normal and dead bone. Surgeon 
goes on removing of avascular bone till he or she 
reaches the bleeding surface. Ail dead bone must be 
removed with sharp rongeurs and osteotomes 
(Intramedullary canal must be opened). Repeated 
debridement may be needed. Avascular boney ends 
must be excised till punctate bleeding surface is seen. 
Intramedullary canal must be reamed because it 
contains lot of small sequestrii and infective 
granualation tissue. Intramedullary.intravenously. 

2. Fracture stability: After creating a viable fracture area 
the second most important factor in achieving union 
is stability of the fracture. External fixator hâve played 
a very important rôle in stabilizing the infected 
nonunions. Advantages of External Fixator are: (i) it 
provides good stability, (ii) facilitate wound care, 
(iii) allows plastic surgical procedures in skin 
co ver âge, (iv) no additional trauma to soft tissue. 


Step I (b) Reaming of Medullary Canal 

The next important step is to ream the medullary canal. 
The medullary canal contains infected granulation tissue, 
small siquestrii and infected marrow tissue. Unless the 
infected material is cleared off from the intramedullary 
canal, récurrence of infection and perpétuation of non- 
union occurs. Therefore reaming of the intramedullary 
canal of the proximal fragment and the distal fragment 
is very essential. Reaming of the proximal fragment is 
done through the entry point used for intramedullary 
nailing. The distal fragment is reamed by taking out the 
proximal end of the distal fragment into the wound and 
flexible reamer is passed into the distal fragment. 

Material must be collected for culture and sensitivity 
from the depth of the wound for proper therapys should 
be given intravenously. Copius irrigation of the nonunion 
site and the medullary canal of both fragments, by jet 
lavage using bacitracin-polymyxin B solution or normal 
saline is performed. 

By doing such a thorough debridement the nonunion 
site and the medullary canal are almost free from 
infection. 

Infected Nonunion Secondary to 
Chronic Osteomylities 1622 

Removal of necrotic bone and sequestrum is often 
difficult to achieve in nonunion secondary to chronic 
osteomyelitis because of the surgeon's inability to 
differentiate between normal and dead bone. Surgeon 
should go on removing of avascular bone till he or she 
reaches the bleeding surface. Ail dead bone must be 
removed with sharp rongeurs and ostéotomies. 
Intramedullary canal must be opened. Repeated 
debridement may be needed. 

Treatment of Wound 

Once the radical debridement is done thoroughly, wound 
created needs treatment. 

1. The traditional method: The traditional method is to 
keep the wound open and packed every day with 
most dressings soaked with solution or plain normal 
saline solution. Repeat debridement after two to three 
days under general anesthésia is mandatory to ensure 
complété removal of dead bone and infected tissue. 
When the infection is under control, granulation tissue 
is developed. The wound is closed by any plastic 
surgical procedures. Stabilization of fracture is by 
internai fixation, external fixation or plaster cast or 
brace or a splint. 

The disadvantages of this method are: Takes a 
prolonged period (1 to 2 years) for healing of wound. 
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2. Secondary infection by opportunistic bacteria. After 
debridement and reaming the canal we treat the 
wound with a new method, which we hâve 
developed. This method appears to be an excellent 
procedure because the wound is primarily closed. This 
method consists of packing the nonunion site with 
beads and inserting the clad (usually antibiotic clad) 
6 or 7 mm K-nail is inserted from the proximal end 
into the distal end and the wound is closed. The local 
clears the infection from the medullary canal and from 
the nonunion site. This has given us good results. 

The advantages are great. 

1. The wound is closed and sutures are removed on lOth 
day like any other uninfected operative procedure. 

2. The infection is cleared in a very short period. The 
total period of treatment is drastically cut-shot. 

3. Comfort of patients is great. 

Technique of Preparing the AB Rod and Beads 

Step III Stabilization of Fracture 

Initial stabilization. Definitive stabilization 

i. Initial stabilization is performed after the radical 
debridement and insertion of rod and bead or by 
long leg (Plaster cast) or by external fixator. 
Stabilization by antibiotic rod may be done with 
functional cast or external fixator. For tibial 
nonunion with a AB rod and external fixation, 
preferably ring fixator or functional casts with knee 
in extension. 

ii. Definitive stabilisation may be performed by 
intramedullary nailing with interlocking or external 
fixator monolateral or ring fixator or by plating. 
Definitive stasbilization is done 6 to 8 weeks after 
the AB rod insertion. 

Intramedullary Nailing with Interlocking 

At the end of 6 to 8 weeks, the antibiotic rod is removed. 
In majority the infection is cleared or is minimal. When 
the infection is minimal with slight drainage, immédiate 
reinsertion of a large nail following reaming is advocated. 
The main danger of IM nailing is the potential hazard of 
massive osteomyelitis involving entire shaft of long bone. 
The advantages of intramedullary nailing are: (i) Stable 
fixation especially in fémur because of the amount of 
surrounding soft tissues and in fractures located I middle 
third of fémur, (ii) early weight-bearing, (iii) better 
fixation in osteoporotic bones either due to disease or 
prolonged immobilization, (iv) at appropriate sites, it 
gives better fixation than plates or external fixators like 


upper segment of shaft of fémur or subtrochanteric area or 
distal one-third area with interlocking nails. Recently 
infected nonunions hâve been treated with: (i) through 
debridement of the nonunion site, (ii) removal of ail the 
implants plate or nail, and (iii) reaming of the medullary 
canal. 22 (iv) Insertion of AB rod and beads. (v) 6 to 8 weeks 
a nail is introduced and the fracture site is compressed 
and static interlocking is done. The wound is closed over 
beads. (vi) If there is no infection bone grafting may be 
done. 

Bone Graft 

If there is delay healing of the nonunion cancellous bone 
grafting is indicated. Bone grafting is done at the time of 
insertion of IMILN, at the second stage. 

Bone grafting: (i) Through the fracture nonunion site, 
(ii) Harmon's procedure 

Postérolatéral bone grafting (Harmon's procedure): 

Infected nonunion of the tibia with indolent ulcération 
or draining sinus anteriorly, usually with poor skin, 13 
postérolatéral bone grafting, and cast immobilization, or 
external fixator is recommended. A better than 90 percent 
success rate of union with cessation of drainage anteriorly 
has recently been reported. Usually the patient's leg is in 
a cast for 4 to 5 months. The other alternative is external 
fixation either or a ring fixator, we prefer ring fixation. 

Therapy: (i) systemic , (ii) local 

Appropriate massive are given intravenously there is 
controversy regarding the use of which? how many days 
or weeks ? what route intravenous or oral? with the advent 
of local AB beads and rod the duration of AB may be eut 
short. We give AB intravenously for 1 to 2 weeks and 
then orally for 1 to 2 weeks; for 2 to 4 weeks and then 
orally for 2 to 4 weeks. After the culture and sensitivity 
appropriate antibiotic should be started intravenously. 
Before the culture reports arrive, cephalosporin may be 
given during and after surgery. In general, cephalosporins 
are effective against gram-positive and a number of gram- 
negative bacteria except Pseudomonas. Usual dose 6 to 
12 gms depending on type of cephalosporin and severity 
of infection. If infection caused by gram-positive bacteria 
(coagulase-positive, Staphylococcus) , the drug of choice is 
penicillin. Seventy percent of cases of coagulase-positive, 
Staphylococcus and infected nonunion are résistant to 
penicillin. Hence, oxacillin and cephelosporint are the 
drug of choice, in 6 to 12 gm dosages. 

Wounds that hâve been left open for a long time, super 
added infection with gram-negative rods or mixed 
infection with gram-negative rods and coagulase-positive 
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Figs 5A to D: (A) A patient came with infected nonunion of 
fémur, (B) Debridement was done sequestrum and screw were 
removed, llizarov fixator applied over the nail to achieve 
compression, (C) As nonuni9on and infection were persistent, 
llizarov fixator and nail were removed, radical debridement was 
done, gentamicin beads were put and interlocking nail was put, 
and (D) Infection was controlled- radiograph shows union 

Staphylococcus présents a very difficult problem. Such 
organisms are sensitive to only aminoglycosides, which 
hâve potential nephrotoxic and ototoxic complications. 
Hence, patient is placed on program of aminoglycoside 
therapy for 10 days during initial debridement and 
cancellous bone grafting. When wound is closed, patient 
is placed on second course of aminoglycoside therapy 
for another 10 days, and daily sérum créatinine levels 
and sérum drug levels are monitored for toxicity levels 
and bioavailability of drug. 

It is now established that the beads hâve a definite 
place in the management of open contaminated fractures 
and infected nonunions. Gentamicin is released from 
polymethylmethacrylate beads in high concentration and 
pénétrâtes to surrounding tissues including bone. The 
authors préparé their own beads mixing the s and bone 
cernent. Beads are left in place for 3 to 6 weeks and 
removed when cancellous bone grafting or IM nailing is 
done. 



Fig. 6: After implant removal shows good union 

Technique of Preparing Rods and Beads 

40 grams of bone cernent is taken and mixed with 2 to 4 
grams of powder when the dough is semisolid. It is 
wrapped around K-nail of the size of 6 or 7 mm. Then it 
is rolled between the two palms. The rod is then passed 
through the holes of the nail major usually 9mm or 8 mm, 
to maintain uniformity of diameter (Figs 7 A and B). 

Treatment of Infected Nonunion Type I (Figs 5 and 6) 

In this type the fragments are in apposition with mild 
infection. The procedure consists of the three steps- 
debridement with insertion of AB rod and bead and 
wound closure and application of ilizarov frame 
described above. 

In majority of cases this treatment is sufficient to 
achieve union. 

Pain fails to unité, the antibiotic rod is removed. 
Reaming is repeated. If infection is minimal, IMILN is 
inserted. External fixator is applied. Bone grafting may 
be needed when infection is cleared. 

The alternative ring fixator in functional long leg 
plaster cast. Patient should start weight bearing as early 
as possible. A window may be eut it necessary for wound 
care. Two ilizarov rings are applied, one in the proximal 
end and one in the distal end, with one empty ring 
between the two. The advantages of two Ilizarov ring 
fixator are: 

The fracture site can be compressed or distracted. It 
increases the stability of the fracture by preventing 
rotation. There is no need for plastercast and it helps in 
dressing of the wound care becomes easier. However, it 
is important that the wires or half pins are inserted at 
least 2 mm away from the nail, to prevent intramedullary 
infection from pintract. In fémur and tibia it is easiest to 
do so as the metaphyseal areas are broader. 
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Fig. 7A: Préparation of antibiotic impregnated nail 



Fig. 7B: Left over cernent is converted into beads. Note the 
shape of the rod prepared for tibia with Harzog’s angle 

Management of Type II Infected Nonunion 

Ist stage: The first stage of surgery consist of : 

1. Thorough debridement 

2. Insertion of rod and beads . 

3. Closure of the wound by primary suturing if possible 
or by plastic surgical procedure. Weight-bearing is 
allowed to tolérance. 

4. Application of Ilizarov frame (Fig. 8). 

2nd stage: The antibiotic rod is changed over to 
interlocking intramedullary nail. If necessary bone 
grafting is added. If there is still suspicion of presence of 
intramedullary infection a fresh antibiotic rod or 
soframycin or any other rod is inserted after doing culture 


and sensitivity test. The rods are removed after 6 to 8 weeks. 
Interlocking nail is then inserted if necessary with bone 
grafting if necessary. 

If there is a large wound uniplanar external fixator is 
idéal, as it helps for soft tissue coverage. With ring 
fixators, it is difficult, though possible to do plastic 
surgical procedures. Initially, uniplanar fixator is applied 
till the wound coverage is complété. If infection is 
moderate but wound is large, plastic surgery is required 
for skin coverage. If the skin is papery thin, it may break 
down repeatedly and cause ulcération. There may be 
severe scarring at the nonunion site. The fibrous tissue 
may be présent in the gap between two fragments. In 
this situation, (i.e. large wound, papery skin and severe 
scarring) plastic surgical procedure—to cover the wound 
after removing the papery thin skin and the scar tissue— 
is needed. 

Treatment of Infected Nonunion Type 3 (Severe 
infection with gap and/or deformity or shortening) (Figs 
9 and 10): After debridement, removal of séquestrai and 
freshening bony ends, a large infected gap is created. This 
gap is filled with AB beads. If medullary canal is infected 
AB rod may be inserted. The nonunion may be associated 
with shortening, with or without a gap and other 
deformities (angular, rotational, translation or combi¬ 
nation). There may be a large wound with draining pus. 
Nonunion is best treated by Ilizarov method, because it 
simultaneously addresses ail the problems - deformity, 
gap, shortening of the limb and infection. Type 3 is 
divided into two subgroups. Corticotomy for bone 
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Figs 8A and B: Fractures of the both the fémoral in an adult male aged 40. 
He was treated with bilateral K-nailing outside. Both severely infected 



Figs 8C and D: Debridement and cemented rod was inserted on both sides. 
Two months after rods were removed 


transport may be done in lst stage if the strim is healthy. If 
bone and soft tissue are not good. Corticotomy may be 
done at a latéral stage. 

Ilizarov external fixation achieves union, corrects 
deformity eradicates infection, reestablishes limb length 
and éliminâtes bone defects while at the same time 
maintaining articular function and permitting weight 
bearing as tolerated. Although dramatic results can be 


obtained, this method is technically demanding and 
requires thorough training and meticulous postoperative 
care. 

Type 3A defect of full circumference of cortex with 
large wound. When there is a gap with full circumference, 
bone transport is necessary. Bone grafting will hasten 
healing. 

Type 3B defect with partial circumference. If the cortex 
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Figs 8E and F: Two months after interlock intramedullary 
nailing were done on both sides 


r 



Figs 8G and H: Solid union at 8 months 


is one more than one-third of circumference présent with 
good blood supply then papineau type of staged bone 
graft is helpful. 

Postérolatéral Bone Grafting (Harmon’s Procedure) 

Infected nonunion of the tibia with indolent ulcération 
or draining sinus anteriorly, usually with poor skin, 
postérolatéral bone grafting, and cast immobilization, or 
external fixator is recommended. A better than 90% 
success rate of union with cessation of drainage anteriorly 


has recently been reported. Usually, the patient's leg is in 
a cast for 4 to 5 months. The other alternative is external 
fixation for immobilization and postérolatéral bone 
grafting. 

Therapy 

Appropriate massive are given intra-venously for 4 to 6 
weeks and then orally for 3 to 6 weeks. After the culture 
and sensitivity appropriate antibiotics should be started 
intravenously. Before the culture reports arrive. 
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cephalosporin may be given during and after surgery. In 
general, cephalosporins are effective against gram- 
positive and a number of gram-negative bacteria except 
Pseudomonas. Usual dose 6 to 12 gms depending on type 
of cephalosporin and severity of infection. If infection 
caused by gram-positive bacteria (coagulase-positive, 
Staphylococcus). The drug of choice is penicillin. Seventy 
percent of cases of coagulasepositive, staphylococcus and 
infected nonunion are résistant to penicillin. Hence, 
oxacillin and cephelosporint are the drug of choice, in 6 
to 12 gm dosages. 

Wounds that hâve been left open for a long time, 
superinfection with gram-negative rods or mixed 
infection with gram-negative rods and coagulase-positive 
staphylococcus présents a very difficult problem. Such 
organisms are sensitive to only aminoglycosides with 
hâve potential nephrotoxic and ototoxic complications. 
Hence, patient is placed on program of aminoglycoside 
therapy for 10 days during initial debridement and 
cancellous bone grafting. When wound is closed, patient 
is placed on second course of aminoglycoside therapy 
for another 10 days, and daily sérum créatinine levels 
and sérum drug levels are monitored for toxicity levels 
and bioavailability of drug. 

Local Beads 

It is now confirmed that the gentamicin beads hâve a 
definite place in the management of open contaminated 
fractures and infected nonunions. Gentamicin is released 
from polymethylmethacrylate beads in high concen¬ 
tration and pénétrâtes to surrounding tissues including 
bone. The authors préparé their own beads mixing the 
antibiotic and bone cernent. Beads are left in place for 
two to three weeks and removed when cancellous bone 
grafting or IM nailing is done. 

PLATING 

Currently, in general, plating is not done in most centers 
as it gives poor results. 

However in the juxta-articular area where nailing is 
not possible, plating may be used. For the upper end of 
tibia buttress condylar plate, lower end of fémur DCS 
and for lower end of tibia cio ver leaf type or DCP. Plating 
is done only when the infection is completely healed and 
remains healed for at least 3 months. Biological plating 
is preferred, without opening the fracture site, if possible. 
If fracture site needs to be opened autogenous bone graft 
should be done. 


Management of Infected Nonunion of 
Fractures by llizarov Method 4 

Divisions of nonunions into mobile (atrophie) and stiff 
(hypertrophie) categories is based primarily on the 
radiographie appearance. Unfortunately, in any instances 
radiographie appearance does not adequately reflect 
ostéogénie potential at the nonunion site. The second 
important point is with an intact fibula, it is difficult to 
clinically décidé the mobility of the fracture. The mobility 
of a tibial pseudarthrosis can be better evaluated when 
the healed fibula is osteotomized (when indicated). 

llizarov external fixation achieves union, corrects 
deformity eradicates infection, reestablishes limb length 
and éliminâtes bone defects while at the same time 
maintaining articular function and permitting weight 
bearing as tolerated. Although dramatic results can be 
obtained, this method is technically demanding and 
requires thorough training and expérience. 

The stiffness of nonunion type of tissue between the 
ununited bone ends. Stiff nonunions hâve loose 
connective tissue, interposing muscle or a true synovial 
cavity. Distraction of dense, fibrous fibrocartilaginous 
tissue leads to new bone formation. The non-union tissue 
acts as an interzone (the pseudogrowth zone of dis¬ 
traction osteogenesis). If the fibrous tissue less organized, 
compression followed by distraction may be necessary 
to stimulate osteogenesis. 

Management of Various Types of Nonunions 

Lax Nonunion (Al): Lax nonunions hâve limited mobility 
and usually some fixed deformity. Most of these 
nonunions are normotrophic. They are treated by 
compression of the bone ends for 2 weeks at 0.5 mm/ 
day followed by graduai distraction to correct length and 
deformity. 

Stiff nonunion without deformity (A2:l): Stiff 
hypertrophie nonunion responds very well to only 
distraction 0.25 mm four times a day. Compression at 
the fracture site is equally effective. 

Treatment of Stiff Hypertrophie Nonunion 

Stiff hypertrophie nonunion, so-called fibrous non-union 
is due to mechanical failure and is treated by stable 
internai fixation or external fixation by compression 
plating or intramedullary nailing with or without 
interlocking and with or without reaming. If it is 
associated with angulation, rotation and shortening, this 
can be very well treated by llizarov method. Graduai 
distraction of the nonunion stimulâtes healing. 
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Stiff nonunion with deformity (A2:2): The deformity is 
first corrected using hinges and then distracted to achieve 
bony union. 

Treatment of Atrophie Nonunion 15 

Atrophie nonunion is treated by corticotomy and bone 
transport of the intercalary segment through the limb. 
This strategy is followed even there is no segmentai defect 
or shortening. For this reason, the regenerate new bone 
at the corticotomy site is often no more than 5 or 6 mm 
long. Nevertheless, Ilizarov daims good results with this 
tactic, based on two principles: (i) the corticotomy 
increases the limb's local vascularity (a stimulus to 
healing), and (ii) the corticotomy serves to decrease the 
lever arm at the nonunion site by creating a temporary 
floating segment (between the corticotomy and the 
nonunion). This floating segment will more readily unité 
at the nonunion site under the influence of compression. 
Atrophie nonunion usually needs shingling and 
autograft. 

Mobile type (Bl) more than 1 cm bone: The idéal 
treatment is bone transport. Once docking of the two 
fragments is achieved, compression of the nonunion is 
continued, 0.25 mm every 3 days to maintain stability 
until the callus is visible on the radiograph. Fibulectomy 
is not required for this type of nonunion. The bony ends 
must be resected to achieve good contact area. 

Mobile type (B2) shortening with bony defect: Here the 
fibula is overriding and there is shortening of the limb. 
But the fragments are in good contact. If the fragments 
are not in good contact, there is no need for resection of 
the fragments. Corticotomy is done. Limb lengthening is 
achieved, and the fragments are compressed at the 
fracture site. Fibular osteotomy is necessary if it has 
united. Fibula is placed at the both ends by wires. 

Mobile type (B3) bony defect and shortening: The 
recommended treatment is bifocal or trifocal osteo- 
synthesis. The distraction must be continued to élimina te 
the limb length discrepancy. Compression is continued, 
0.25 ounce in three days. For the tibia, lengthening should 
be initiated before compression, so as to avoid prématuré 
consolidation of the fibula. If this occurs, further 
lengthening would be impossible, and a second fibular 
osteotomy would be necessary. 

Oblique Nonunions 

The fragments must be gradually reduced. Often a push 
configuration using long plates in the mounting is needed 
to apply sufficient force on the deformity's apex. Obtain 
interfragmentary compression by inserting counterpull- 


ing olive wires that transverse the limb from opposite 
directions. 

Infected Nonunion of the Humérus 

Infected nonunion of the humérus is first thoroughly 
debrided and usually treated by eternal fixator in 
unilatéral type or ring fixator. Once the infection is clear, 
bone grafting may be needed. 

Nonunion of Fémoral Shaft 

Uninfected nonunions are usually treated by interlocking 
intramedullary nail using at least 2 mm wider nail. After 
removal of the nail, the medullary canal is reamed 2 mm 
wider than the previous nail if possible. If the fracture 
site is opened to remove the implant, then bone grafting 
should be routinely done. With closed intramedullary 
nailing, bone grafting is usually unnecessary. If the fémur 
is crooked and intramedullary nail cannot be used, 
plating may be done. 

If the nail is broken the distal fragments may be 
removed by one of several techniques described by 
Chapman. It may be possible, under fluoroscopie control 
to grasp its proximal end with a strong bronchoscopy or 
similar forceps and pull it out. Chapman refers to use a 
coat hanger especially bent for this procedure. A standard 
métal coat hanger without a painted finish is straightened. 
One end is bent into a hook with a very sharp radius. It is 
best to custom-fit it to the tip of the nail to be removed if 
another one is available. Fashion the other end at an 
appropriate length into a T-handle. Sterilize the hanger, 
insert it down the inside of the nail, hook the end of the 
nail, and extract it. The authors hâve removed by using a 
3 mm wire in a similar way. Chapman suggests if it is 
impossible to remove the distal section of the nail by one 
of these techniques, make a small window in the bone 
distally and tap it out, or open the nonunion site to extract 
the remaining portion of the nail. 8 

Infected Nonunion of Fémur 
(3 or 4 stage-procedure) 

First step is to do radical debridement. Implants if any 
are removed. If there is any infection of the medullary 
canal due to a nail, the intramedullary canal is reamed 
and lavaged. 24 The external fixator is applied or a plaster 
splint is given. The wound is kept open and daily irrigated 
and dressed. After a week or two, one is sure of a 
clearance of infection, an intramedullary nail is inserted 
and statically locked. The wound is kept open and daily 
irrigated and dressed for about a week. The second option 
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Figs 9A to D: (A) Infected nonunion of 6 years duration, (B) 
Infected bone excised completely and gap is created, (C) Fibular 
graft is put to fill the gap-IM nails are put for stabilization, llizarov 
fixator applied to achieve compression, and (D) union achieved 



Figs 10A to D: (A) Infected nonunion of radius and ulna, (B) 
infected bone excised, (C) fibular graft is put to fill the gap, 
stabilized by intramedullary nails, llizarov fixator applied to 
compress the nonunion side, and (D) solid union achieved 



Figs 11A to C: (A) Infected nonunion tibia, (B) Radical debridement done with removal of ail loose pièces—corticotomy done 

for limb lengthening, (C) Sound union with limb lengthening achieved 
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Fig. 12: Nonunion médial malleolus should be 
fixed by a lag screw and bone grafted 


is to use gentamicin beads closure of the wound. In the 
third stage, cancellous bone grafting is done. Lastly, 
closure of the wound by suturing or skin-grafting. 

Nonunion Médial Malleolus 3 (Fig. 12) 

A fracture of the médial malleolus occasionally fails to 
unité, especially after closed treatment, usually due to 
invagination of the periosteum in the fracture site. The 
treatment consists of: 

1. Excision of the fragment if the fragment is small. 

2. Nonoperative treatment, if the fragment is small and 
patient's work is sedentary. Ankle korset may be 
prescribed. 

3. Bone grafting and cancellous screw. Second option is 
sliding of the cortex at the nonunion side. 

NONUNION OF THE FRACTURES OF THE TIBIA 

Diaphyseal fractures: Diaphyseal fractures are usually 
treted by interlocking nail, in the following type of non 
union. 

Diaphyseal nonunion tibia: 

A. Nonunion treated by conservative method (Plaster 
cast) 18,19 

B. Nonunion after nailing. In this type of nonunion 
exchange nailing with a longer nail after reaming. 

C. Nonunion after plating may be treated with non union 
nailing and bone grafting. 

D. Atrophie nonunion may be treated with nailing and 
bone grafting. 

E. Electrical stimulation or low intensity ultra 
sonography may be added. Hypertrophie nonunion. 
If the nail can be negotiated through the sclerotic area, 
interlocking use satisfactory results. However, 
distraction and compression by Ilizarov technique is 
a better option. 


Partial fïblectory: Weight bearing, intact finula or early 
union of the fibula or early union of the fibula for two 
results. 

1. The fibula acts as bolstering effect and does not allow 
close apposition of the tibial fragments. 

2. Secondly it prevents full axial loading of the tibia. 
Therefore, partial fibulectomy by allowing doser 
apposition and weight-bearing on the tibia may 
promote union. Sorensen listed four advantages to 
this technique. (1) it is technically simple, (2) it allows 
correction of malposition, (3) it avoids opening the 
fracture site and thus decreases the risks of infection 
and réduction of the vascular supply to the fracture 
fragments, and (4) it allows later bone grafting with 
or without internai fixation if union fails to occur. 

Plate for tibial nonunion: Plate is not correctly flowered 
because interlocking intramedullary nail is given 
consistently good results. However, it may hâve 
advantage over tibial intramedullary nailing in 
patients who had external fixators, since it avoids the 
pin tracks. 

External fixation: Ilizarov ring fixator or orthofix type 
monolateral fixator may be used for tibial diaphyseal 
nonunion especially in hypertrophie type where 
compression distraction (Fig. 11). 

Fibular nonunion: Latéral malleolus. 

Nonunions of the latéral malleolus rarely require 
treatment. Many are asymptomatic; some eventually 
healed spontaneously. Therefore, the nonunion of 
latéral malleolus need not betreated surgically. 

Nonunion of fibular shaft: In adult nonunion of fibular shaft 
does not called any symptoms nor any complications, as 
it is not a major weight bearing bone. Therefore, no 
treatment is required in adults. In children, persistent 
nonunion or gap results in valgus deformity of the ankle 
as growth progress. The gap may be due to congénital 
pseudoarthrosis of fibula or due to resection of fibula use 
as a bone graft in grice subtalar arthrosis. To prevent 
valgus deformity of the ankle, it is recommended to fuse 
the distal fragment with tibia. In children, it is better to it 
subperistal resection of the fibula and the periosteal tube 
is field with olograft or bone substitute, the fibula is nicely 
reconstructed. The valgus deformity needs to be corrected 
by supra malleolus osteotomy. 

PATELLA 

Nonunion ofPatella is rare: Fibrous union with fragments 
in good position is compatible with satisfactory function, 
therefore, does not require any treatment, if asympto¬ 
matic. The symptomatic nonunion is treated by internai 
fixation of bone grafting. If there is severe osteoarthrosis 
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of the only patella fémoral joint, patellectomy may be 
indicated. 

When the fragments of a nonunion are in good position, 
fibrous union may be compatible with satisfactory function 
: the severity of later arthritic changes is about proportional 
to the irregularity of the articular surface of the patella. 
When the fragments are separated, partial or complété 
excision of the patella, as for a fresh fracture, is indicated. 

FEMUR 

Supracondylar fracture: If the fractures are severely 
osteoporotic, screws used with the plate should be 
augmented with bone cernent, longer plate should be 
used autogenus bone graft is mandatory. 

When comminution is severe or the distal fragment 
is small, fixation can be accomplished by an 
intramedullary nail traversing the fémur, knee joint, and 
proximal tibia. Autogenous bone grafts are placed in and 
about the nonunion. 

(Campbell) 3,21 when the knee joint is severely 
damaged, the knee joint should be fused and internai 
fixation should be augmented with bone graft. 

When the fracture site is opened, shingling 
(décortication) of the fragments 2 cms on either side of 
the nonunion side and bone graft are done. Small gaps 
less than 2 cms are closed by back stroking the intra¬ 
medullary nail. Bone grafting with a small incision or a 
cancellous bone through a tube may be necessary. Large 
gaps also can be treated with the ilizarov external fixator 
and internai bone transport. 

PELVIS AND ACETABULUM 

Nonunion of Pelvis and Acetabulum do agréé 
occasionally and required treatment. Patient présents 
with pain, limp, instability and deformity. CT scanning 
is helpful. The case of nonunion is considered to be 
inadéquate, immobilization. The treatment is stabilization 
by open réduction and internai fixation with plate and 
screws. Bone grafting is usually necessary. 

Internai fixation: Unless patient is difficult because of 
severe osteoporotic, therefore, it is better not to operate 
on these patients, for the great risk of implant failure. 
Patients with good bone stock are treated with rigid 
internai fixation and cancellous bone grafting. 

Proximal humérus: A tension band construction that fixes 
the rotator cuff and proximal fragment to the remainder 
of the shaft, in addition to two or three cancellous screws 
in the proximal fragment is recommended. A T plate with 
screws and tension band wire through the rotator cup. 


Combination tension band and buttress plate technique 
for nonunion of proximal humérus can be used. 3 

Heavy nonabsorbable suture is woven through rotator 
cuff using Krackow stitch and is fixed to T-plate to reduce 
pull of rotator cuff on proximal fragment and avoid pull- 
out of proximal metaphyseal screws. 

SHAFT OF HUMERUS 

Nonunion of the humérus shaft is not uncommon. Gaps 
may resuit from distraction, overriding, soft tissue 
interposition, or loss of bone. 

Most humerai nonunion can be treated by open 
réduction, bone grafting, and compression plating. We 
use tricortical graft from the iliac rest, in the medullary 
canal to improve the stability and rate of union. Excision 
of the fibrous tissue with freshening of the bone ends 
usually improves results (Fig. 13). 

Intramedullary nail of humerai nonunion has not as 
successful as in the nonunion of fémur or tibia. DSP 
appears to be superior to nailing. If, there is a gap of 4 to 
5 cms shortening and closing a gap is an accepted 
procedure because in the upper limb shortening to 5 cms 
is little conséquence. The longer defect can be bridged 
with a tricortical gap or a fibular graft combined with 
shortening of 4 to 5 cms. One end of the transplant should 
be inserted in the metaphyseal part, proximally or 
distally. Distally latéral condylar area is preferred. 
Fixation done by screws. 

The ilizarov method of internai bone transplant also 
can be used for humerai nonunions with bone loss. 

Nonunion of latéral condyle of humérus: Nonunion of latéral 
condyle of humérus occurs in childhood, with tubetous, 
valgus deformity, instability and science of pressure of 
the ulnerner. Nonunion in children gap treated up to 4 
months, by bone réduction, bone grafting and stable 
fixation by lack screws. Many recommend no surgery 
when the nonunited fragment is in very poor position. 
In adults, when the elbow is asymptomatic, no treatment 
is indicated other than anterior transposition of the ulnar 
nerve for relief of ulnar neuritis. Elbow is painful and 
unstable. ORIF is indicated. 

Technique: Freshen and appose the fracture surfaces and 
fix the fragment to the humérus with two screws. Fill the 
space proximal to the restored condyle with iliac bone. 
Ulnerer is transposed anterior. 

Suprachondylar or despite achieving union, elbow 
motion is usually reduced. Nonunion of monteggia 
fracture, radial head and as much of the neck as necessary 
are resected. The fragments of the ulna are fixed with an 
intramedullary nail or a compression plate, and iliac 
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Fig. 13: Combination tension band and buttress plate technique for nonunion of proximal humérus, as described by Healy, 
Jupiter, Kristiansen, and White, Heavy nonabsorbable suture is woven through rotator cuff using Krackow stitch and is fixed to 
T-plate to reduce pull of rotator cuff on proximal fragment and avoid pull-out of proximal metaphyseal screws. (Redrawn from 
Healy WL, Jupiter JB, Kristiansen TK, White RR: J Orthop trauma 4:424,1990) 


grafts are placed about the nonunion. Nonunion of both 
bones of the fora. 

Defects in the radial head or neck or the distal 5 cm of 
the ulna are treated by excising the fragment. Very large 
defects in the radius can be treated by making a single 
bone fora by an operation 

Gaps in both bones of the fora, when gaps are présent 
in both bones, the sclerotic end should be excised, plating 
and grafting is done, equalizing the bones. If the gaps 
are longer, whole fibula or tricortical graft can be used. 
Another option is lengthening by Ilizarov method. 

Amputations 3 : It is important to take a decision of 
amputation of severally injured limp with irréparable 
damage to the muscle, tendons, nerves or vessels; or 
unsatisfactory skin coverage. To reconstruct such a limp 
takes a long time, patient may undergo severe économie 
hardships and if it is unsuccessful and amputation is then 
advised patient becomes very unhappy. Indications for 
amputations are: 

1. Senseless foot with damaged muscles 

2. Function is severely compromised 

3. Reconstruction is impossible. 

Amputation in such a patient is kinder to the patient 
with proper fitting, patient goes back to work at earlier 
date. 

Unreduced dislocation of the knee: 

Unreduced dislocation of the knee is rare. Option for the 
treatment for bone réduction, arthroplasty or arthrodesis. 


HIP JOINT 

Old unrealized dislocations of the hip are not uncommon. 
They are usually due to trauma or due to septic or 
tuberculosis arthritis. The option of treatment are: 

1. Closed réduction 

2. Open réduction 

3. Traction in abduction 

4. Subtrochanteric osteotomy 

5. Resection of the hip and pelvice osteotomy 

6. Arthrodesis and 

7. Hip replacement. 

Chronic in reduced anterior dislocation: It is rare injury. 

Chronic Infection and Infected Nonunion 

Granulation tissue develops and is eventually trans- 
formed into a layer of dense fibrous tissue. This memb¬ 
rane isolâtes the host from the infected area and acts as a 
barrier around the séquestra and devitalized bone. 

Glycocalys (slime), a hydrated mucopolysaccharide 
layer, covers avascular material, for example, necrotic 
bone or métal implants. 5 This slime protects the bacteria 
in a sessile State, the effects of s. 

Furthermore, ail patients with chronic osteomyelitis 
must be considered as potential MRSA (methicillin- 
resistant staphylococci aureus carriers who require 
spécial isolation. Most gram-negative bacteria do not hâve 
a biofilm-forming capacity, with the exception of 
Pseudomonas aeruginosa. 
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Clinical and laboratory findings: Extent of the infection, the 
degree of bone necrosis. 

ESR C-reactiveprotein(CRP). 
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184.1 Normal Lower Limbs Alignment and 

Joint Omentation 


To understand deformities of the lower extremity, it is 
important to first understand and establish the 
parameters and limits of normal alignment. 

MECHANICAL AND ANATOMIC BONE AXES 

The mechanical axis of a bone is defined as the straight 
line connecting the joint center points of the proximal 
and distal joints. The anatomie axis of bone is the mid- 
diaphyseal line. The mechanical axis is always a straight 
line connecting two joint center points, whether in the 


frontal or sagittal plane. The anatomie axis line may be 
straight in the frontal plane but curved in the sagittal 
plane, as in the fémur. In the tibia, the anatomie axis is 
straight in both frontal and sagittal planes (Figs 1 and 2). 

As noted above, the mechanical axis passes through 
the joint center points. 1 

For the hip, the joint center points is the center of the 
fémoral head can be best identified using Mose circles. 
Practically, we can use the circular part of goniometer to 
define this point. 2 


Mechanical Anatomie Mechanical Anatomie Mechanical Anatomie Mechanical Anatomie 

axis axis axis axis axis axis axis axis 



Figs 1A to D: Mechanical and anatomie axes of bones. The mechanical axis is the line from the center of proximal joint to the 
center of the distal joint. The mechanical axis is always a straight line because it is always defined from joint center to joint 
center. Therefore, the mechanical axis line is straight in both the frontal and sagittal planes of the fémur and tibia. The anatomie 
axis of a long bone is the mid-diaphyseal line of that bone. In straight bones (A, C), the anatomie axis follows the straight mid- 
diaphyseal path. In curved bones (B, D), it follows a curved mid-diaphyseal path. The anatomie axis can be extended into the 
metaphyseal and juxta-articular portions of a bone by extending its mid-diaphyseal line in either direction 
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Figs 2A and B: (A) The tibial mechanical and anatomie axes 
are parallel but not the same. The anatomie axis is slightly 
médial to the mechanical axis. Therefore, the mechanical axis 
of the tibia is actually slightly latéral to the midline of the tibial 
shaft. Conversely, the anatomie axis does not pass through 
the center of the knee joint. It intersects the knee joint line at 
the médial tibial spine. (B) The fémoral mechanical and 
anatomie axes are not parallel. The fémoral anatomie axis 
intersects the knee joint line generally 1 cm médial to the knee 
joint center, in the vicinity of the médial tibial spine. When 
extended proximally, it usually passes through the piriformis 
fossa just médial to the greater trochanter médial cortex. The 
angle between the fémoral mechanical and anatomie axes 
(AMA) is 7 ± 2°) (© Springer Verlag Berlin Heidelberg 2003) 


fémoral head. The center of the fémoral 
head is located where the distance to the 
médial border of the fémoral head is the 
same as half of the longitudinal diameter 
(ii). Practically, we can use the circular part 
of gonimeter to define this point (iii). 
r, radius. (B) The midpoint of the knee joint 
line corresponds to the midpoint between 
the tibial spines on the tibial plateau line 
and the apex of the intercondylar notch 
on the fémoral articular surface. These 
points are not significantly different from 
the mid condylar point of the distal fémur 
and the mid plateau point of the proximal 
tibia (modified from Moreland et al. 1987). 
(C) The midpoint of the ankle joint line 
corresponds to the midpoint of the tibial 
plafond measured between the médial 
articular aspect of the latéral malleolus 
between the médial articular aspect of the 
latéral malleolus and the latéral articular 
aspect of the médial malleolus. The mid 
Figs 3A to C: (A) The midpoint of the fémoral head is best identified using Mose width of the talus and the mid-width of the 

circles (i). If these are unavailable, measure the longitudinal diameter of the fémoral ankle measured clinically yield the same 

head and divide it in two. Use this distance to measure from the médial edge of the point (modified from Moreland et al. 1987) 
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The center of the knee joint is approximately the same 
using a point at the top of the fémoral notch, the midpoint 
of the fémoral condyles, the center of the tibial spines, 
the midpoint of the soft tissue around the knee, or the 
midpoint of the tibial plateaus (Fig. 3B). Using the top of 
the fémoral notch or tibial spines is the quickest way to 
mark the knee joint center point without measuring the 
width of the bones or soft tissues. 

Similarly, the ankle joint center point is the same 
whether measured at the mid-width of the talus, the mid- 
width of the tibia and fibula at the level of the plafond, 
or the mid-width of the soft tissue outline (Fig. 3C). The 
mid-width of the talus or the plafond is the easiest to use. 

Joint Orientation Anlges and 
Nomenclature (Fig. 4) 

The joint lines in the frontal and sagittal planes hâve a 
characteristic orientation to the mechanical and anatomie 
axes. For purpose of communication, it is important to 
name these angles. These joints orientation angles hâve 
been given various names. 


In the frontal and sagittal planes, a joint line can be 
drawn from the hip, knee and ankle. The angle formed 
between the joint line and either the mechanical or 
anatomie axis is called the joint orientation angle. The 
name of each angle spécifiés whether it is measured 
relative to a mechanical (m) or an anatomie (a) axis. The 
angle may be measured médial (M), latéral (L), anterior 
(A), or posterior (P) to the axis lines. The angle may refer 
to the proximal (P) or distal (D) joint orientation angle of 
a bone (fémur (F) or tibia (T). Therefore, the mechanical 
latéral distal fémoral angle (mLDFA) is the latéral angle 
formed between the mechanical axis line of the fémur 
and the knee joint line of the fémur in the frontal plane. 
Similarly, the anatomie LDFA (aLDFA) is the latéral angle 
formed between the anatomie axis of the fémur and the 
knee joint line of the fémur in the frontal plane. Sagittal 
plane angles can just as easily be named. For example, the 
anatomie posterior proximal tibial angle (aPPTA) is the 
posterior angle between the anatomie axis of the tibia and 
the joint line of the joint line of the tibia in the sagittal plane. 

Schematic drawings of the nomenclature of the 
mechanical and anatomie frontal (Figs 5A and B) and 



Figs 4A to H: (A) Ankle joint orientation line, frontal plane. Connect two points at either end of the ankle plafond line. (B) Ankle 
joint orientation line, sagittal plane. Connect two points from anterior to posterior lip of joint. (C) Proximal tibial knee joint orientation 
line, frontal plane. Connect two points on the concave aspect of the tibial plateau subchondral line. (D) Distal fémoral knee joint 
orientation line, frontal plane. Draw a line tangent to the two most convex points on the fémoral condyles. (E) Proximal tibial knee 
joint orientation line, sagittal plane. Draw a line along the fiat portion of the subchondral bone. (F) Distal fémoral joint orientation 
line, sagittal plane. Connect the two anterior and posterior points where the condyle meets the metaphysic. For children, this is 
drawn where the growth plate exits anteriorly and posteriorly. (G) Hip joint orientation line, frontal plane. Draw a line from the 
proximal tip of the greater trochanter to the center of the fémoral head. (H) Neck of fémur line, frontal plane. Draw a line from the 
center of the fémoral head through the mid-diaphyseal point of the narrowest part of the fémoral neck 
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sagittal (Fig. 5 C) plane joint orientation angles are shown. 
Each axis line and joint orientation line intersection forms 
two angles. Either angle could be named with this 
nomenclature. For example, the mechanical médial distal 
fémoral angle (mMDFA) and the mLDFA are 
complementary to each other (they add up to 180°). Al- 
though either angle could be used to name the joint 
orientation angle of the knee to the mechanical axis of 
the fémur, the mLDFA is the one used in this text 
(Fig. 5A). The angle chosen in this text are those that are 
normally less than 90° (normal value of the mLDFA = 87° 
and normal value of the mMDFA = 93°). If the normal 
joint orientation was 90°, such as for the mechanical latéral 
proximal fémoral angle ( mLDFA) and mechanical médial 
proximal fémoral angle (mMPFA), the latéral angle was 


chosen as the standard angle in this text. When it is 
obvious that the joint orientation angle refers to the 
mechanical or anatomie axis, the m or a prefix can be 
omitted. For example, sagittal plane orientation angles 
usually refer to the anatomie axis because mechanical axis 
lines are rarely used in the sagittal plane. The prefix m or 
a is omitted because anatomie axis is implied. Because 
the mechanical and antomic axes of the tibia are parallel, 
the médial proximal tibial angle (MPTA) and latéral distal 
tibial angle (LDTA) hâve the same value whether they 
refer to the mechanical or anatomie axis. It therefore does 
not matter whether the prefix m or a is used. Finally, 
because LPFA is used by convention to describe joint 
orientation of the hip relative to the mechanical axis and 
MPFA is used relative to the anatomie axis, the m and a 
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Figs 5 A to E: (A) Frontal plane joint orientation angle nomenclature and normal values relative to the mechanical axis. (B) Frontal 
plane joint orientation angle nomenclature and normal values relatives to the anatomie axis. MNSA, médial NSA. (C) Sagittal 
plane joint orientation angle nomenclature and normal values relatives to the anatomie axis. aPPFA, anatomie posterior proximal 
fémoral angle; aADTA, anatomie anterior distal tibal angle. (D) Anatomie axis-joint line intersection points, JCDs for the frontal 
plane. (E) Anatomie axis-joint line intersection points. JERs for the sagittal plane. 
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Figs 6A to C: Malalignment test (MAT): (A) Step 0, measure the MAD. The normal range is 1-15 mm médial, relative to the 
center of the joint, médial MAD greater than 15 mm is considered varus, and latéral MAD is considered valgus(insets). (See 
Figure 7). (B) Step 1. measure the LDFA. The normal range is 85°-90°. LDFA less than 85° means that fémoral bone deformity 
is a source of latéral MAD (valgus). LDFA greater than 90° means that fémoral bone deformity is a source of médial MAD(varus). 
(C) Step 2. Measure the MPTA. The normal range is 85°-90°. MPTA greater than 90° means that tibial deformity is a source of 
latéral MAD (valgus). MPTA less than 85° means that tibial deformity is a source of médial MAD (varus) 



Figs 7A to C: (A) Step 3. Measure the JLCA. The normal range is 0°-2° médial convergence of the joint lines. Médial JLCA 
convergence of greater than 2° means that latéral ligamentocapsular laxity or médial cartilage loss is a source of médial MAD 
(varus). A latéral JLCA means that ligamentocapsular laxity or latéral cartilage loss ia source of latéral MAD (valgus). FC, 
fémoral condyle; TP, tibial plateau. (B) Addendum 1. compare the midpoints of the fémoral and tibial joint lines. They should be 
collinear within 3 mm. if the midpoint of the tibial joint line is more than 3 mm latéral or médial to the midpoint of the fémoral joint 
line, knee joint subluxation is the source of latéral or médial MAD, respectively, d,distance. (C) Addendum 2.i, compare the joint 
lines of the médial and latéral plateaus with each other. They should be collinear. If the latéral plateau is angled or depressed, 
this is a source of latéral MAD (valgus). If the médial plateau is angled or depressed, this is a source of médial MAD (varus). ii, 
compares the lines tangential to the médial and latéral fémoral condyles. They should be collinear. If the latéral condyle is very 
hypoplastic or is angled or depressed, this is a source of laterl MAD (valgus). If the médial condyle is very hypoplastic or is 
angled or depressed, this is a source of médial MAD (varus) 


préfixés can be omitted. Therefore, the only time the m 
or a prefix must be used is with reference to the LDFA. 
The mLDFA and the aLDFA are both normally less than 
90° and are different from each other. Therefore, the prefix 
should always be used to define which LDFA is being 
referenced. 

The angle formed between joint orientation lines on 
opposite sides of the same joint is called the joint line 


convergence angle (JLCA) (Fig. 5A and B). In the knee 
ankle joints, these lines are normally parallel. 

Two mid-diaphyseal points define anatomie axis lines. 
The intersection of the anatomie axis with the joint line is 
fairly constant and is important in understanding normal 
alignment and in planning for deformity correction. The 
distance from the intersection point of anatomie axis lines 
with the joint line can be described relative to the center 
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Figs 8A to D: Example of the MAT for médial MAD (A) Media 
MAD, mLDFA = 94°, MPTA = 87°, JLCA = 0: malaglignment 
due to fémoral deformity. (B) Médial MAD, mLDFA = 87°, 
MPTA= 82°, JLCA = 0: malalignment due to tibial deformity. 
(C) Médial MAD, mLDFA = 94°, MPTA = 82°, JLCA = 0: 
malalignment due to fibular and tibial deformity. (D) Médial MAD, 
mLDFA = 87°, MPTA = 82°, JLCA = 7°: malalignment due to 
tibial deformity and latéral collateral ligament laxity 


Figs 9A and B: (A) Malorientation of the ankle joint at or near 
the level of the plafond produces no MAD. (b) Malorientation of 
the hip joint at or near the level of the fémoral head produces 
no MAD 



Fig.10 A abd B: (A) Normal ankle joint line orientation to the mechanical (i) and anatomie 
(ii) axes of the tibia is 89 ± 3°. (B) Normal hip joint orientation can be measured from the tip of 
the greater trochanter (T) to center of fémoral head (Fl). The mechanical (i) and anatomie (ii) 
axis lines are at mLPFA = 90 ± 5°. respectively. The angle between the neck axis and the 
anatomie axis of the fémur is the MNSA(iii), which is 130 ± 5° 
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Figs 11A and B: Ankle MOT (A) MPTA is normal, and no 
diaphyseal deformity is présent (see text). i, using mechanical 
axis, ii, Using anatomie axis. (B) MPTA is abnormal or 
diaphyseal deformity is présent (see text). i, Using mechanical 
axis.ii, Using anatomie axis 


of the joint line or to one of its edges. I the frontal plane, 
the distance on the joint line between the intersection with 
the anatomie axis line and the joint center point is called 
the anatomie axis to joint center distance (aJCD) (Fig. 5D). 
In the sagittal plane the distance between the point of 
intersection of the anatomie axis line with the joint line 
and the anterior edge of the joint sis called the anatomie 
axis to joint edge distance(aJED). The anatomie axis : joint 
edge ration (aJER) is the ratio between the aJED and the 
total width of the joint. Similarly, the antomic axis : joint 
center ratio (aJCR) is the ration of the aJCD and total 
width of the joint. 

The normal value and ranges are illustrated. 

Mechanical Axis and 
Mechanical Axis Déviation (MAD) 3 

Alignment refers to the collinearity of the hip, knee, and 
ankle. Orientation refers to the position of each articular 
surface relative to the axes of the individual limb 
segments (tibia and fémur). Alignment and orientation 
are best judged using long standing AP radiographs of 


the entire lower (See Figure 6) extremity on a single 
cassette, so that one can also assess the MAD. 

In the frontal plane, the line passing from the center 
of the fémoral head to the center of the ankle plafond is 
called the mechanical axis of the lower limb. By définition, 
malalignment occurs when the center of the knee does 
not lie close to this line. Although normal alignment is 
often depicted with the mechanical axis passing through 
the center of the knee, a line drawn from the center of the 
fémoral head to the center of the knee. 

The distance between he mechanical axis line and the 
center of the knee in the frontal plane is the MAD. The 
MAD is described as either médial or latéral. Médial and 
latéral MADs are also referred to as varus or valgus 
malalignment, respectively, the MAD was 9.7+ 6.8 mm 
médial (Paley et al 1994). 

Examples of the use of the MAT 4,5 are shown in (Fig.8). 
It is important to emphasize that the MAT identifies only 
which bone or joint source contributes to the MAD that 
is measured. It does not indentify the level of deformity 
in the fémur or tibia. Identifying the précisé level is 
discussed. Also note that the MAT does not identify any 
sagittal plane component of deformity. 
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184.2 Radiographie Assessment 


Radiographs of lower limbs are obtained in orthogonal 
reference planes: frontal plane, AP view; sagittal plane, 
lat view. The true AP view of the knee is obtained the 
knee forward position (patella centered on the fémoral 
condyles). (Fig. 1) The knee forward plane corresponds 
to the frontal plane. For standing radiographs, the 
radiography technologists are usually taught to position 
the patient with the feet together in the "stand at attention" 
posture. If the patient has external or internai tibial 
torsion, such positioning will resuit in the knee cap's 
pointing inward or outward, respectively. (Fig. 2) The 
correct method is to orient the patella forward, 
irrespective of the foot position. To orient the patella 
forward, feel the patella with the index finger and thumb 
of one hand and rotate the foot until the patella is pointing 
forward. The radiograph confirms the correct position, 
showing the patella centered between the fémoral 
condyles. One pitfalls of this method occurs when there 
is fixed subluxation or dislocation of the patella. In full 
extension, the patella is usually centered on the fémoral 
condyles, even in patients with patellar instability. 
However, patients with large amounts of distal fémoral 
valgus often hâve true latéral patellar subluxation in full 
knee extension. In these cases the patella cannot be used 
to identify the knee forward position. Because the frontal 
plane of the knee forward position is almost the same as 
the plate of the knee flexion-extension axis, the latter can 
be used to position the limb in the frontal plane (Hollister 
et al 1993) 1 . The limb should be positioned such that the 




Fig. 1 : (A) Illustration of the lower limb of a patient with internai 
tibial torsion. When the foot is forward, the patella faces outward. 
When the patella is facing forward, the foot points inward. 
(B) To position the knee for a true AP views, the patella is 
palpated between the thumb and index finger. The foot is rotated 
internally and externally until the patella feels like it is pointing 
forward 

plane of the knee flexion-extension axis is perpendicular 
to the beam (parallel to the film). The plane of the knee 
flexion-extension axis is approximately 3° externally 
rotated to the frontal plane. A différence of less than 5° of 
rotation of the fémur does not significantly alter the joint 
orientation angles (Wright et al 1991). 2 Therefore, whether 
the radiograph is obtained in the true frontal plane or 
perpendicular to the knee flexion axis, the angles 
measured should be approximately the same. 



Fig. 2: (A) Illustration of the latéral patellar subluxation. The marked valgus deformity leads to latéral displacement of quadriceps 
patellar tendon mechanism. (B and C) The limb can be oriented into a true AP view based on the flexion-extension axis of the 
knee and without considération of the position of the patella. The limb is positioned so that the X-ray beam is perpendicular to the 
flexion-extension axis of the knee. The knee joint axis is parallel to the X-ray film cassette 





















































Correction of Deformity of Limbs 1583 


To study frontal plane alignment, long-standing 
radiographs are preferred for the AP view (Fig. 3). The 
hip, knee, and ankle can be viewed together on one long 
film. Most children can fit on a 3 ft (1 m) film. For most 
adults, the hips will not be included on a 3 ft film. For 
this reason, a 51 in (1.3 m) cassette is preferred. This size 
film and cassette is commonly used for angiography. If a 
51 in cassette is not available, then two or three standard 
sized cassettes can be stacked. This is not idéal and leaves 
gaps between the films (the width of métal edges of the 
cassettes) that must be taped together at the correct (Fig. 4) 


alignment while maintaining the correct amount of gap 
between films. 

Alternatively, two separate films canbe obtained: one 
of the tibia alone and the other of the fémur alone. The 
patella should be positioned in the same manner as 
described above. Although MAD cannot be measured 
from separate films of the fémur and tibia, the MAT can 
still be performed, measuring the MPTA and the mLDFA 
from the tibial and fémoral radiographs, respectively. 
This method is particularly useful in the operating room, 
where standing long radiographs cannot be obtained. To 




Fig. 3: (A) AP view standing radiographs are obtained with the 
patient standing in a bipedal stance in front of the long film 
cassette. The radiography tube is positioned 10ft (305cm) away. 
The film cassette should be long enough to include the hips, 
knees, and ankles. The magnification with this setup is usually 
approximately 5%. The X-ray beam should be centered on the 
knee joint. (B) Full-length AP view standing radiograph 



Fig. 4: Measuring MPTA and mLDFA from separate film of the 
tibia and fémur. (A) The radiograph can be oriented in different 
way. (B) To maximise the field of intent 



Fig. 5: Patients with LLD should hâve the short side supported 
on a lift to eliminate the need for compensatory mechanisms of 
LLD that could affect the alignment and length measurements 



View from above 


Fig. 6 : For the long LAT view radiograph, the patient is 
positioned with limb of interest in the LAT view. The knee is 
kept in full extension. To see the proximal fémur, the pelvis is 
rotated posteriorly 30 Q -45 Q without rotating the knee on the study 
side 
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do this correctly, for the fémur, center the beam on the 
knee, so that a correct LDFA can be measured. For the 
tibia, the beam should also be centered on the knee, to 
measure the MPTA. To ensure that the beam will cover 
the entire bone length, it may be necessary to angle the 
beam generator diagonally. 

Long radiographs should be obtained with the 
radiography tube at a distance of 10 ft (305 cm) from the 
film. Magnification on a 51 inch (130 cm) cassette at 10 ft 
is approximately 4 to 5%, compared with 10 to 20% for 
radiographs obtained on 17 inch (43 cm) cassettes at a 
doser distance. The longer beam length produces less 
parallax distortion. A magnification marker positioned 
in the mid-sagittal axis of the limb can be used to measure 
the précisé magnification factor. We use a 3 cm steel bail. 

In the operating room and in circumstances in which 
a standing long radiograph is not possible or available, 
the MPTA and the mLDFA can still be measured from 
separate films of the tibia and fémur (a). The radiograph 
must include the joint above and below. The radiographs 
can be oriented in different ways to maximize the field 
of intent (b) (Fig. 4). 

If there is a limb length discrepancy (LLD), elevate 
the shorter limb on blocks adjusted to the approximate 


discrepancy. This prevents the patient from using 
compensatory mechanisms such as contralatéral knee 
flexion, ipsilateral ankle equines, pelvic tilt, and scoliosis 
to try to compensate for the LLD. These compensatory 
mechanisms cause uneven loading of the limbs and may 
alter the alignment and leg length measurement on the 
radiograph. Leveling the pelvis also allows for more 
accurate assessment of acetabular coverage (Fig. 5). 

Separate LAT view radiographs of the fémur and tibia 
can be used to assess the fémur and tibia separately 
(Fig. 6). Comparison radiographs of the other side serve 
as a template in deformity planning if the other side is 
not deformed. When separate radiographs of the fémur 
or tibia is obtained, it is important to specify where to 
center the beam. To better assess the joint orientation of 
the proximal tibia or the distal fémur, the radiographs 
should be centered on the knee. 
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184.3 Frontal Plane Mechanical and Anatomie 

Axis Planning 


Angular deformity of the fémur or tibia involves 
angulation not only of the bone also of its axes. The point 
at which the proximal and distal axis lines intersect is 
called the center of rotation of angulation (CORA). The 
axis line of the proximal bone segment is called the 
proximal mechanical axis (PMA) or proximal anatomie 
axis (PAA) line, and axis line of the distal bone segment 
is called the distal mechanical axis (DMA) or distal 
anatomie axis (DAA) line. In cases of deformed bones, 
draw the PMA or PAA and the DMA or DAA lines to 
identify the CORA at their points of intersection and 
measure the magnitude of angulation (Fig. 1). 

When the fémur or tibia is angulated, the axis line is 
also angulated. Where there was one axis line to represent 
the bone, there are now two axis lines: proximal and 
distal. In the tibia, because mechanical and anatomie axes 
are almost the same, the PMA and PAA lines are almost 
the same, as are the DMA and DAA lines. In the frontal 


plane fémur, because the mechanical and anatomie axis 
lines are not the same, the PMA and PAA lines and the 
DMA and DAA lines are not the same, respectively. 

a. Mid-diaphyseal angulation. 

b. Proximal angulation. 

c. Distal angulation. 

Determining the CORA by Frontal Plane Mechanical 
and Anatomie Axis Planning: Step by Step 

Before performing mechanical axis planning, it is essential 
to perform the MAT on the frontal plane radiographs of 
both limbs to détermine whether MAD is présent and, if 
so, from which source. This step is labelled step 0 as a 
reminder that it cornes before and step in the preoperative 
planning process. It is performed before tibial and fémoral 
mechanical and anatomie axis planning of frontal plane 
deformities. 
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Fig. 1 : Drawing mechanical and anatomical axis of segments in midshaft and proximal aspects of fémur and tibia 






Figs 2A to C: Tibia Mechanical axis planning. Step 1: Draw 
the PMA of the tibia. (A) If the ipsilateral fémur has a normal 
mLDFA, extend its mechanical axis distally to become the 
mechanical axis of the proximal tibia. (B) If the ipsilateral mLDFA 
is not normal but the contralatéral MPTA is normal, use the 
contralatéral MPTA to draw the mechanical axis of the proximal 
tibia. (C) If the ipsilateral mLDFA and the contralatéral MPTA 
are not normal, use a normal value (87°) for the MPTA 

Step 0: MAT : The mechanical axes of both lower limbs 
are drawn, and the MAD is measured. The mLDFA, 
MPTA, and JLCA are measured on both sides to 
détermine the source of the MAD on the deformed side 
and to détermine whether the other side is normal. If one 
side is considered normal, its angles and distance can be 
used as templates for the deformed side. 

Mechanical Axis Planning of Tibial Deformities 12 

The following steps are drawn directly on the long 
radiograph. 

Step 1 : Draw the proximal tibial mechanical axis line 
(Fig. 2). 

A. Normal ipsilateral mLDFA: if the fémur is not 
contributing to the MAD, as revealed by the MAT, its 
mechanical axis line can be extended distally through 


Figs 3A to C: Tibia Mechanical axis planning. Step 2: Draw 
the mechanical axis of the distal tibia, and perform the MOT for 
the ankle. (A) Draw a line from the midpoint of the tibial plafond 
parallel to he shaft of the tibia (parallel to the anatomie axis 
mid-diaphyseal line). Measure the LDTA of the ankle plafond 
line to this line. (B) If the shaft of the tibia distal to the deformity 
is very short and an accurate parallel line cannot be drawn and 
the opposite. LDTA is within normal limits, use it to orient the 
mechanical axis of the distal tibia. (C) If the deformity level is 
very distal and the contralatéral LDTA is not within normal limits, 
use the normal values of 90 Q to orient the DMA line 


the center of the knee to become the proximal tibial 
mechanical axis line. This step assumes that the distal 
fémoral joint line and the proximal tibial joint line are 
nearly parallel (JLCA < 2°). If they are not, the 
planning method is modified. 

B. Abnormal ipsilateral mLDFA and normal contralatéral 
MPTA: If the ipsilateral fémur is contributing to the 
MAD, its mechanical axis line should not be used as 
the PMA of the deformed tibia. If the contralatéral 
MPTA is normal, it is used as a "template angle". The 
proximal tibial mechanical axis line on the deformed 
side is drawn from the center of the knee at the 
template angle to the tibial plateau joint line. 
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C. Abnormal ipsilateral mLDFA and contralatéral MPTA: If 
the ipsilateral fémur is contributing to the MAD and 
the contralatéral tibia has an abnormal MPTA, neither 
should be used to generate the PMA of the deformed 
tibia. Instead, the average normal MPTA of 87° is used. 
The PMA is drawn at an angle 87° to the tibial plateau 
joint line through the center of the knee. 

Step 2: Draw the distal tibial mechanical axis line, and 

perform the MOT of the ankle (Fig 3). 

A. Normal distal tibia diaphysis: If there is no obvious distal 
tibia deformity, the distal tibia mechanical axis line is 
drawn from the center of the ankle joint line parallel 
to the diaphysis of the tibia (the mid-diaphyseal axis 
of the tibia is the anatomie axis, and the mechanical 
and anatomie axes of the tibia are parallel). Although 
there may not appear to be a distal tibial deformity, 
the MOT is performed for the ankle after drawing the 
DMA line. Therefore, always draw the ankle plafond 
line and measure the LDTA to confirm that it is 
normal. (Because of the variability in the normal range 
of the LDTA, especially the mild normal valgus 
tendency, it is best to draw the DMA referenced off 
the mid-diaphyseal line rather than the ankle joint 
orientation line.) 

B. Distal tibial deformity with normal contralatéral LDTA: 
In cases of distal tibial deformity, there may be 


insufficient length of nondeformed distal diaphysis 
from which to draw a reference mid-diaphyseal line. 
In such cases, reference off the ankle joint orientation 
line. If the contralatéral LDTA is normal, use it as a 
template angle. The distal tibial mechanical axis line 
is drawn as a line extending proximally from the 
center of the ankle at the template angle to the ankle 
joint line. 

C. Distal tibial deformity with abnormal contralatéral LDTA: 
In cases of distal tibial deformity, if the opposite LDTA 
is deformed or unavailable, the normal average LDTA 
of 90° is used. The distal tibial mechanical axis is 
drawn from the center of the ankle at an angle 90° to 
the ankle joint line. 

Step 3: Décidé whether this is uniapical or multiapical 
angulation: mark the CORA (s), and measure the 
magnitude (s) (Fig. 4) 

A. CORA corresponds to the obvious deformity level: If the 
intersection of the proximal and DMA lines 
corresponds to the obvious level of angulation, mark 
this as a single CORA and measure the magnitude of 
angulation at this point. 

B. CORA does not correspond to obvious deformity level: If 
the CORA does not correspond to an obvious level of 
angulation, there is either a second apex of angulation 
or a translation deformity. Translation deformities are 



Figs 4A to C: Tibial mechanical axis planning. Décidé whether this is uniapical or multiapical angulation. Mark the CORA (s) and 
measure the magnitude(s) (A) The intersection point of the PMA and DMA lines is the CORA. Magnitude of angulation (Mag) is 
measured between the proximal and distal axis lines. The CORA corresponds to the obvious apex of angulation. The knee and 
ankle are normally orientated to the proximal and distal axis lines, respectively. Therefore, this is a uniapical angular deformity. 
(B) If the CORA is not at the obvious apex, there is more than one apex of the angulation (i) or there is a translation deformity (ii) 
In the former case, draw a third line corresponding ot the mechanical axis of the mid-tibia. Start on the distal axis line at the level 
of the obvious apex, and draw the third line parallel to the tibia. Mark the two CORAs, and measure the magnitude of angulation 
of the two deformities. (C) If the angle between the DMA line and the ankle plafond line (LDTA) is not within normal limits, there 
is an additional CORA at the level of the ankle joint. Draw the LDTA from the other side to draw the plafond axis line or, if the 
other side LDTA is not normal, use 90° as the normal value to generate the plafond axis line (third axis line). Measure the 
magnitude of angulation of the angle between the plafond axis line and the distal tibial mechanical axis 
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usually obvious and are discussed. In cases in which 
there is a second deformity apex, a third axis line must 
be drawn to represent the mechanical axis of the 
middle segment. This axis line is drawn starting with 
a point at the obvious apex on the axis line that passes 
at the level of the obvious apex. 

This third line is referenced parallel to the mid- 
diaphyseal line and is extended until it crosses both 
proximal and DMA lines, producing two CORAs. One 
of the CORAs corresponds to the apex of the obvious 
deformity and the other to hidden apex. Measure the 
magnitude of angulation at both CORAs. 

C. CORA corresponds to obvious deformity level and 
ipsïlateral LDTA is abnormal: If the CORA corresponds 
to the obvious level of angulation but the LDTA 
between the DMA and the ankle joint line is abnormal, 
there is a second angular deformity causing ankle joint 
malorientation. The contralatéral LDTA should be 
measured, and if it is normal, its value is used as 
template angle. A third line is drawn at the template 
angle from the center of the ankle joint line. If the 
opposite LDTA is abnormal, use an average angle of 


90°. The center point of the ankle joint is the level of 
the second CORA. Measure the magnitude of 
angulation at both CORAs. 

Although this step-by-step method may seem 
complex at first glance, the individual steps are very 
simple and follow an easy-to remember order: step 1, 
mechanical axis of knee joint segment; step 2, mechanical 
axis of ankle joint segment and ankle MOT; and step 3, 
décidé whether the angulation is uniapical or multiapical, 
draw the third axis line, if applicable, mark the CORAs, 
and measure the magnitude (s) of angulation. The same 
order of steps is used for fémoral mechanical axis 
planning. Example of tibia mechanical axis planning are 
illustrated. 
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184.4 Translation and Angulation-Translation 

Deformities 


TRANSLATION DEFORMITY 

By convention, we describe translation deformity as 
displacement of the distal segment relative to the 
proximal segment. This rule applies to the lower and 
upper extremities from the humerai and fémoral necks 
distally. In the spine, convention is reversed. The 
displacement is described as the proximal relative to the 
distal. The spine convention also applies to the fémoral 
and humerai heads. This will be discussed separately in 
reference to slipped capital fémoral epiphysis deformities 
Translation deformity occurs secondary to fractures and 
ostéotomies. 

Translation deformity is measured in units of distance. 
Translation of bone ends leads to loss of bone contact 
and soft tissue disruption. In contrast, angulation leads 
to stretching of soft tissues with maintenance of bone 
contact. Therefore, translation deformity is often 
associated with nonunions. When the translation 
deformity is greater than the diameter of the bone at that 


level, there is complété loss of bone contact. When this 
occurs, further external def orming forces, weight bearing 
forces, and muscle pull forces lead to shortening of the 
bone ends. 

A translation deformity may also appear in both 
perpendicular planes (Figs IA to C). Since translation is 
a direct linear measurement and not an angular déviation, 
the Pythagorean or graphie methods described above are 
both accurate for the assessment of translation deformities 
in planes oblique to the frontal projection. Both the 
magnitude and the true plane of translation can be 
determined. 

Shortening is displacement in the axial direction. 
When we refer to translation, we refer to displacement 
perpendicular to the long axis of the bone. Shortening 
and translation often go together. The région of bone 
overlap represents the level of translation. 

Translation deformities are described using the same 
four parameters as those for angulation 
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Figs IA to B: Translation deformity may also be seen in two 
planes. This tibial nonunion has a posterior and latéral 
translation deformity 


Fig. IC: The posterior translation measures 2 cm, while the 
latéral translation measures 2.7 cm. When these are plotted 
on a graph, it demonstrates that the true translation is 33 mm 
in a plane oriented 36°to the frontal plane. This graph is drawn 
as for a right leg 



Figs 2A to D: Translation deformity parameters (A) Plane (plane of mid-axial lines). 
(B) Direction. (C) Magnitude (magnitude of translation in true plane of translation). (D) Level 
(distance from knee of régions of overlap of bone segments) 


The plane of translation is also divided into anatomie 
and oblique planes. Anatomie plane translation 
deformities hâve translation visible on either AP or LAT 
radiographs. (Fig. 2A) Oblique plane translation 


deformities hâve translation visible on both AP and LAT 
radiographs. 2 The orientation of the translation deformity 
is described relative to one of the anatomie planes. The 
orientation of an oblique plane translation deformity is 
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calculated by using a simple trigonométrie formula or 
by direct measurement using the author's previously 
described graphie method (Fig. 3A). 

The graphie method provides a close approximation 
of angular deformity. The same graphie method when 
used to analyze oblique plane translation deformity is 
exact and not an approximation. 


The magnitude of translation deformity is measured 
in millimeters from corresponding points on the bone 
ends (center to center/cortex to cortex). (Fig 2C) The 
magnitude of anatomie plane translation is measured 
directly from the AP or LAT radiographs. The magnitude 
of an oblique plane translation is calculated using the 
magnitudes measured from orthogonal AP and LAT 



Figs 3A to D: Translation graphs (A) The graphs for translation are labeled the same as for angulation. The 
directions médial (M), latéral (L) anterior (A) and posterior (P) refer to directions of translation of the distal relative 
to the proximal segment. The graphs are mirror images for right and leftg legs. (B) Left tibia: Latéral frontal plane 
translation (15 mm) shown graphically (left). Posterior sagital plane translation (15 mm) shown graphically (right). 
(C) Oblique(obl) plane graph shows the magnitude, orientation of plane (pin) and direction of translation deformity 
(left box)The magnitude of oblique plane translation (21 mm) is the length of the line measured from the origin of the 
graph to the point (-15,-15). The magnitude can be measured directly in millimeters if the graph is labeled so that 
1 mm on the graph = 1 mm of translation. This corresponds to the distance between the mid-axial lines on the axial 
projection of the box diagram (see panel d ) The plane of translation relative to the frontal or sagittal plane is the 
angle between the vector above and the x or y axis, respectively (middle). The direction of translation is indicated 
by arrow on the end of the line. In this case, the direction is postérolatéral (PL). (D) Oblique (OBL) plane translation 
shown in three-dimensional box diagram. In the center is the true deformity. Because the direction of translation is 
postérolatéral and because we are looking into the box from the anteromedial side, we see the bone segments 
overlapped in the same oblique plane. On the left wall is the AP projection; on the right wall lies the LAT projection; 
on the floor is the axial projection. The axial projection shows the graph, which is labeled according to the perspective 
of the box diagram. The plane of angulation is measured relative to the frontal or sagittal plane 
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radiographs by the pythagonal AP and LAT radiographs 
by the Pythagorean formula or by the graphie method 
with equal accuracy (Fig. 3B). 

The direction of translation follows the convention 
describing the position of the distal bone end relative to 
the proximal end. (Fig. 2B) As with angulation, the 
direction is described as anterior, posterior, médial, and 
latéral displacements for anatomie plane translation 
deformities and as combinations of these for oblique 
plane deformities (anteromedial (AM), antérolatéral (AL), 
posteromedial(PM), and posterolateral(PL) (Fig. 2C). 

The level of translation deformity is defined as the 
région in which the bone ends are translated to each other. 
This corresponds to the région in which there is bone 
overlap caused by shortening (Fig. 2D). 

Two Angulations Equal One Translation 

Angulation at two levels in the same plane and in opposite 
directions has the net effect of translation (Figs 4A to D). 

Therefore, each translation can be resolved into two 
angulations. Osteotomy correction for translation canbe 
achieved by performing one osteotomy and translation 
correction or by performing two ostéotomies with 
opposite angular corrections at each level. In the latter 
strategy, the bone ends atg the level of the osteotomy are 
not displaced. 

Translation Effects on MAD 

Angular deformity is well known to cause MAD, which 
can lead to late degenerative changes in the knee. The 
effect of translation deformity on MAD is not usually 
considered. Translation deformity of the fémur and/or 
tibia in the frontal plane produces MAD and can lead to 
late degenerative changes in the knee (Figs 5A and B). 

Médial and latéral translation deformities of the tibia 
lead to médial and latéral MAD, respectively. Médial and 
latéral translation deformities of the fémur lead to latéral 
and médial translation deformities, respectively. The 
reason for the opposite. 

OSTOTOMY CONSIDERATION 

True apex: If there is shortening angulation, and 
translation due to a fracture, the fracture unités with the 
callus formation. This créâtes a false apex especially if 
the callus is large. The true apex is formed by intersection 
of the middiaphyseal lines. In the presence of angular 
deformity, the idéal level of osteotomy is through the true 
apex of the deformity. In the presence of pathologie bone 
and soft tissues, it may be préférable to perform the 


osteotomy either proximal or distal to the true apex. In 
such an eventuality, it is necessary to translate the bone 
segment in addition to correcting its angulation (Figs 6A 
to D). This compensâtes for the nonapical level of the 
osteotomy. 

Translation Deformity Treatment 

(Osteotomy through the true apex as described above). 
This may cause a step in the shaft of the bone. When the 
step in bone is on the latéral side of the tibia, it causes no 
problem because this portion is covered by the anterior 
muscle compartment. When the step is in the tibia on the 
médial side, it may be quiten. 

Translation Deformity Treatment 

(Osteotomy through the true apex as described above). 
This may cause a step in the shaft of the bone. When the 
step in bone is on the latéral side of the tibia, it causes no 
problem because this portion is covered by the anterior 
muscle compartment. When the step is in the tibia on the 
médial side, it may be quite noticeable, creating an 
obvious contour of the tibia is of concern, then this 
translation-angulation point is a good level for the 
osteotomy. If the patient is concerned with the 
appearance, then the following method may be used: The 
hinge is placed at the true apex and an oblique 
corticotomy is performed through the hypertrophie 
callus. This would not only achieve correction but also 
improve cosmesis. 

Order of Deformity Correction 

When considering complex deformities, that involve not 
only angular deformities but also length discrepancy or 
rotational malalignment or translational deformation, 
then the order of deformity correction is quite important. 
Because the rings are angled to each other, it is easiest to 
first correct angular deformity. Once the rings are parallel 
to each other, one can then proceed with lengthening, 
followed by rotation and then translation. Alternatively, 
angular correction and lengthening can be performed 
simultaneously. 3 

Noticeable, creating an obvious contour of the tibia is 
of concern, then this translation-angulation point is a 
good level for the osteotomy. If the patient is concerned 
with the appearance, then the following method may be 
used: The hinge is placed at the true apex and an oblique 
corticotomy is performed through the hypertrophie 
callus. This would not only achieve correction but also 
improve cosmesis. 
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Figs 4A to D: (A) Two angular (a) deformities in the same plane, of equal magnitude and in opposite directions, 
hâve the net effect of a single translation (t) deformity. (B) Translation deformity at a single level can be resolved 
into two angular deformities kin the same plane and in opposite directions and of the same magnitude. 
(C, D) Correction of these deformities can be achieved by performing a single osteotomy with translation of the 
bone ends or by performing two levels of osteotomy with angulation at each level 



Figs 5A and B: (A) Latéral and médial translation of the fémur leads to médial and latéral MAD, respectively, 
(B) Médial and latéral translation of the tibia leads to médial and latéral MAD respectively 


COMBINING ANGULATION AND TRANSLATION 

Angular Deformity with Translation 

This deformity sometimes goes unrecognized. This is 
because an angular and translation may act as 
compensatory deformities if they are in opposite 
directions, e.g. a latéral translation associated with a varus 
deformity decreases the effect of the varus deformity on 
mechanical axis déviation. In fact, the mechanical axis 
may be completely undisturbed by compensatory 
deformities. Nevertheless, the joint tilt relative to the 


mechanical axis is not changed by the translation. 
Translation in the same direction as axial déviation 
produces a greater malalignment than either deformity 
with latéral translation accentuâtes the effect on the 
mechanical axis malalignment. 

To measure translation in the presence of angulation, 
one must follow a convention so that measurement is 
obtained in the same way from case to case (Fig. 7). We 
define the magnitude of translation as the perpendicular 
distance from the proximal axis line to the distal axis line 
at the level of the proximal end of the distal fragment. 
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Figs 6A to D: Translation ostéotomies. Part of the decision 
regarding the level of osteotomy dépends on the configuration 
of the bone ends and callus. L.(length). (A) Transverse eut at 
the level of the previous fracture, no callus. (B) Transverse eut 
at a level different from that of the previous fracture, no callus. 
(C) Transverse eut at the level of the previous fracture, callus 
trimmed off. (D) Oblique eut to simultaneously regain length 
and translation 



Fig. 7: Measurement of translation magnitude in the presence 
of angular deformity (A) The translation can be measured as 
the perpendicular distance from the proximnal axis line to the 
distal axis line at the level of the proximal end of the distal 
segment. (B) Alternative^, it can be measured as the 
perpendicular distance from the distal axis line at the level of 
the distal end of the proximal bone segment. If there is 
shortening and the shortening is referred to the proximal axis 
line, the first method is most applicable because the amount 
of shortening relative to the proximal axis line does not change 
with changes in length. If the second method is used, there is 
a différence in the measured amount of translation with and 
without shortening 


Alternatively, we could hâve chosen to measure the 
perpendicular distance from the distal axis line to the 
proximal axis line at the level of the distal end of the 
proximal fragment. 

Both methods are valid. They reveal the maximum 
and minimum amount of translation présent. The author 
prefers the method shown in because translation 
deformities are often associated with shortening and we 
usually think of shortening relative to the axis of the 
proximal segment. In oblique plane deformity analysis 
of angulation-translation (angulation-translation) 
deformities, the translation magnitude must be measured 
the same way and at the same level on both the AP and 
LAT radiograph. 

ANGULATION-TRANSLATIONAL 
DEFORMITIES AND MAD 

Both angulation and translation hâve an effect on MAD. 
Translation deformities can be compensatory or additive 
to the effect of angulation on MAD. 1 (Fig. 8) 

In the tibia, the effect on MAD of translation in the 
opposite direction of the apex of angulation is additive. 


In the fémur, translation in the direction of the apex of 
angulation is additive and translation in the opposite 
direction of the apex of angulation is compensatory 
regarding. 

Graphie Analysis of Angulation-translational 
Deformities 

Because angulation and translation frequently 
accompany each other in post-traumatic deformities, it 
is important to understand their spatial (and spécial) 
interrelationships. Angulation and translation can be 
analyzed independently, even when they occur 
simultaneously. 

Fracture deformities (malunions, nonunions, and 
fractures) with angulation and translation combined may 
look very similar to each other. A careful analysis of the 
plane of angulation the plane of translation, and the level 
of the CORA on the AP radiograph as compared with 
the LAT radiograph can separate and characterize 
different types of combined angulation and translation 
deformities. The graphie method is used to illustrate the 
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Figs 8A and B: Angulation and translation deformities both affect MAD. Some combinations are 
compensatory to each other, reducing the MAD whereas others are additive, increasing the MAD (A) In 
the tibia, translation in the apical direction is compensatory and translation away from the apex of 
angulation is additive. (B) In the fémur, translation in the apical direction is additive and translation 
away from the apex of angulation is compensatory 


relationship between the planes of angulation and 
translation. 

Angulation-translation deformities are divided into 
angulation and translation in the same plane and in 
different planes. The variants of these differ according to 
whether angulation and/or translation are in the 
anatomie or oblique planes. 

Type 1: Angulation and translation in the Same Plane 

Variant 1: Anatomie Plane Deformity. 

In this variant (Fig. 9) one of the anatomie plane 
radiographs shows angulation and translation whereas 
the other anatomie plane radiograph perpendicular to 
the first shows no deformity ( no deformity = no 
angulation or translation) (e.g. AP radiograph shows 
angulation and translation but LAT radiograph shows 
no deformity or AP radiograph shows angulation and 
translation). The translation deformity shifts the level of 
the CORA proximal or distal to the fracture level. This 
CORA is called the a-t point and represents the CORA of 
the combined a-t deformity ( true apex). The fracture level 
is the apparent apex. 

Variant 2: Oblique Plane Deformity 

This variant (Fig. 10) is the same deformity as that 
shown for Variant 1 but in an oblikque plane. Therefore, 
angulation and translation are visible on both AP and 
LAT radiographs. The CORA (a-t point) is at the same 
level for both the AP and LAT radiographs, either 
proximal or distal to the fracture level. The planes of 
angulation and translation plotted using the graphie 
method are the same. An oblique radiograph will show 
angulation and translation when the radiograph is 


obtained perpendicular to the plane of deformity. The 
amount of angulation and translation measured is greater 
than the amount seen on the AP and LAT radiographs. 
The level of the CORA will be the same as the level seen 
on both the AP and LAT radiographs. A radiograph 
obtained in line with the oblique plane will show no 
deformity. 

Type 2 : Angulation and Translation in Different Planes. 

Variant 1: Anatomie Plane Deformity with Angulation 
and Translation 90° Apart. 

In this variant (Fig. 11) one of the anatomie plane 
radiographs shows angulation but no translation; and the 
other anatomie plane radiograph shows translation but 
no angulation ( e.g. AP radiograph shows angulation and 
LAT radiograph shows translation or AP radiograph 
shows translation and LAT radiograph shows angulation. 
The CORA is at the fracture level. 

Variant 2: Oblique Plane Deformity with Angulation and 
Translation 90° Apart. 

This variant (Fig. 12) is the same deformity as that 
shown for variant 1 but in an oblique plane. AP and LAT 
radiographs show angulation and translation. The CORA 
on the AP radiograph is at a level different from that of 
the CORA on the LAT radiograph. One CORA is 
proximal to the fracture line, and the other is distal. The 
plane of angulation is 90° to the plane of translation. An 
oblique radiograph obtained perpendicular to the plane 
of maximum angulation would show angulation with no 
translation. Similarly, the orthogonal oblique radiograph 
of the plane of maximum angulation would be at the 
fracture level. 
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Figs 9A and B: Two examples of left tibial malunion depicting angulation and translation in the same plane (anatomie 
plane variant) are shown. (A) This tibial malunion has the angulation and translation deformities both in the frontal 
plane. The CORA is distal to the fracture site. The graph depicts the plane of angulation and translation. In this 
case, it corresponds to the X axis. (B) This tibial malunion has the angulation and translation deformities both in the 
sagittal plane. The CORA is distal to the fracture site. The graph depicts the plane of angulation and translation. In 
this case, it corresponds to the Y axis 



Fig. 10: Left tibial malunion depicting angulatin and translation in the same plane (oblique plane variant). Angulation 
and translation deformities are both in the same oblique plane. Angulation and translation are seen on both AP and 
LAT views. The CORA is at the same level on both AP and LAT views. This indicates that they are in the same 
plane. The graph depicts the plane of angulation and translation using the graphie method. Both are in the same 
plane but are in different directions 
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Figs 11A and B: Two examples of left tibial malunion depicting angulation and translation in different planes are shown. The 
planes are both anatomie (i.e. anteroposterior and latéral) and they are perpendicular to each other. The angulation is in one 
anatomie plane, and the translation is kin the other anatomie plane. (A) Left tibia with angulation in the frontal plane and 
translation in the sagittal plane. There is no translation seen in the frontal plane and no angulation in the sagittal plane. The 
CORA is at the level of the fracture because there is no translation in the plane of angulation. The graph depicts the plane of 
angulation and translation. Angulation is in on the x axis, and translation is on the y axis. The angle between the two lines is 90° 
. (B) In this example of a different left tibial malunion, the translation is in the frontal plane, and the angulation is in the sagittal 
plane. There is no angulation seen in the frontal plane and no translation in the sagittal plane. The CORA is at the level of the 
fracture because there is no translation in the plane of angulation. The graph depicts the plane of angulation and translation. 
Translation is on the x axis, and angulation is on the y axis. The angle between angulation and translation is 90° 
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Fig. 12: Left tibial malunion depicting angulation and translation in different planes. Both are oblique non-anatomic planes and 
are perpendicular to each other. (A) Angulation and translation are in different oblique planes. Both AP and LAT projection hâve 
angulation and translation. The différence in the projections is the anterior instead of posterior translation seen on the LAT view. 
The CORA is proximal to the fracture on the AP view and distal on the LAT view. The CORAs’ being at different level is the 
hallmark that angulation and translation are in different planes. The graph depicts the plane of angulation and translation. Both 
plane lines are in oblique planes 90° apart 
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Variant 3: One Anatomie and One oblique Plane 
Deformity with Angulation and Translation in Different 
Planes less than 90 Apart 

In this variant (Fig. 13) both angulation and translation 
can be seen on one of the anatomie reference plane 
radiographs (AP or LAT) but only angulation or 
translation can be seen on the other (e.g. AP radiograph 
shows angulation and translation and LAT radiograph 
shows translation only or AP radiograph shows 
angulation only and LAT radiograph shows angulation 
and translation or AP radiograph shows translation only 
and LAT radiograph shows angulation and translation 
and LAT radiograph shows angulation only ) Because 
one of the deformity components (angulation or 
translation) appears on both anatomica reference plane 
radiographs, it is in an oblique plane. The other deformity 
component (angulation or translation) is kin an anatomie 
plane. The plane of each component, when plotted 
graphically, shows the planes of angulation and 
translation to be different but less than 90° apart. An 
oblique radiograph obtained in the plane of the oblique 
plane component will show only the anatomie plane 
component. An oblique plane radiograph obtained 
perpendicular to the oblique plane deformity will show 
the maximum deformity for that component of lesser 
magnitude to that measured in the anatomie plane. If 
angulation is the anatomie plane component, its CORA 
will appear to be either proximal or distal to the malunion 
on the AP or LAT radiograph. If angulation is the oblique 
plane component, the CORA will appear proximal or 
distal to the fracture on the view with maximum 
translation and at the level of the fracture on the view 
without the translation. 

Variant 4: Oblique Plane Deformity with Angulation and 
Translation less than 90° Apart. 

In this variant (Fig. 14) angulation and translation are 
seen on both AP and LAT radiographs, as with Variant 2. 
When the planes of ail the components of the deformity 
are determined, they are different from each other but 
are less than 90° apart. As with Variant 2, the CORAs on 
the AP and LAT radiographs are at different levels, one 
proximal and one distal to the level of the fracture. 
Because both dreformities are in an oblique plane and 
because the oblique planes are less than 90° apart, four 
different oblique radiographs would be necessary to show 
the maximum and minimum angulation and translation 
components, respectively. The oblique radiograph that 
shows the maximum translation would also show some 
angular deformity of lesser magnitude to the actual 
oblique plane angulation. The oblique plane radiograph 
obtained orthogonal to the previous one shows the 
absence of translation deformity but the presence of 


angulation. The same is true for translation deformity on 
the radiographs obtained in and perpendicular to the 
oblique plane of angular deformation. Therefore, there 
is no plane in which the radiographie projection does not 
show the presence of either angulation or translation. 

Osteotomy Correction of Angulation-translational 
Deformities 

Correction of angulation and translation when they occur 
simultaneously dépends on the magnitude and plane of 
each deformity and its significance in that plane. 
Although it is appealing to correct everything at once, it 
may be easier and more practical to correctr only those 
deformities that are judged to be clinically relevant. For 
example, translation and angulation in the sagittal plane 
are much better tolerated than in the frontal plane and 
therefore may not need to be corrected. 

Osteotomy Correction of Angulation and 
Translation in the same Plane 

When angulation and translation are in the same plane, 
there are two strategies for osteotomy correction: 
(a) osteotomy at the angulation-translation (a-t) CORA, 
and (b) osteotomy at the point of maximum translation 
(Fig. 15). 

The a-t CORA is the point at which the axes of the 
proximal and distal bone segment cross. Closing or 
opening wedge correction at this level will simulta¬ 
neously correct both the angulation and the translation 
by means of a single bone eut. 

Osteotomy through the point of maximum translation 
involves sequential correction of the angulation and then 
translation or translation and then angulation. 

Osteotomy at the a-t CORA avoids the previous 
fracture level. The bone at the previous fracture level is 
often sclerotic, hypovascular, previously contaminated 
from an open fracture, and/or under poor soft tissue 
coverage. The a-t point is usually a safer level for 
osteotomy through a previously uninjured level with 
good soft tissue coverage and an open medullary canal. 

A bisector line is drawn through the a-t CORA. 
Opening, closing, or neutral wedge angular corrections 
can be performed at this level. Straight or focal dôme 
ostéotomies at different levels require angulation with 
translation of the osteotomy site. 

When angulation and translation are in the same 
oblique plane, the correction can be performed through 
the a-t point in the same manner as for anatomie plane 
deformities. The main disadvantage of corrections 
through the a-t level is the residual bump at the malunited 
previous fracture site. In the tibia, if the bump is on the 
subeutaneous médial border, it may be bothersome and 



Correction of Deformity of Limbs 1597 



Figs 13A and B: Two examples of left tibial malunion depicting angulation and translation in different planes are 
shown. One plane is anatomie, and one is oblique. They are less than 90°apart from each other. Because only one 
is kin an anatomie plane, angulation and translation must be less than 90° apart. The graph depicts the plane of 
angulation and translation. One of the plane lines is on the x or y axis, and the other is kin an oblique plane. The 
angle between the two plane lines is less than 90°. (A) Left tibial malunion with which angulation and translation are 
seen on the AP view and only translation with no angulation is seen on the LAT view. (B) A different left tibial 
malunion with which angulation and translation are seen on the AP view and only angulation with no translation is 
seen on the LAT view 



Fig. 14: Angulation and translation are in different planes, both oblique, less than 90°. Angulation and translation 
are seen on both the AP and LAT views. The CORA of each view is at a different level, indicating that angulation and 
translation are in different planes. The graph depicts the plane of angulation and translation. Both plane lines are in 
oblique planes and the angle between the two plane lines is less than 90° 
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Fig. 15: Angulation and translation in the same plane. Angulation and translation are seen on the AP view. The 
graph depicts the plane of angulation and translation, both are in the same anatomie plane. When angulation and 
translation are in the same plane, anatomie or oblique, the osteotomy can be made at the level of the a-t CORA. The 
bisector line would be drawn through this point 







Figs 16A and B: (A) Angulation and translation in the same plane. When the bump is on the médial 
subeutaneous border of the tibia, it is very obvious. To avoid leaving a bump, it is necessary to perform the 
osteotomy at the original fracture site. The correction involves angulation and translation, in either order, There 
is no residual bump with this stgratgegy of treatment. With acute corrections, it is préférable to perform translation 
first and then angulation. With graduai correction, the reverse is preferred. (B) Closing wedge osteotomy— 
Angulation first, then translation 
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Figs 16C and D: (C) Opening wedge osteotomy—Angulation first, then translation, 
(D) Opening wedge osteotomy—Translation first, then angulation 


esthetically displeasing. If the b ump is on the latéral side 
of the tibia, it is not obvious because it is covered by the 
muscle compartment. Ostéotomies at the a-t point do not 
lend themselves to intramedullary fixation because the 
osteotomy créâtes a zigzag deformity of the medullary 
canal between the osteotomy level and the previous 
fracture level. 

If eliminating the bump is an important considération 
to the patient or using an IMN is preferred by the surgeon, 
the ostgeotomy should be performed through the previous 
fracture at the level of maximum translation. (Fig. 16) Both 
angulation and translation are corrected at this level. This 
type of correction lends itself to intramedullary fixation 
because the medullary canal can be realigned. 

Correction of Angulation and Translation in 
Different Planes 

When angulation and translation are in different planes, 
five strategies of treatment can be considered. (a) correct 


only the significant components of angulation and/or 
translation while ignoring the less significant components 
(b) correct oblique plane angulation and frontal plane 
translation by an osteotomy at the frontal plane a-t level, 
and correct sagittal plane translation through the same 
level (c) correct oblique plane angulation and sagittal 
plane translation by an osteotomy at the sagittal plane a-t 
level, and correct frontal plane translation through the 
same level (d) correct the oblique plane angulation and 
translation through the malunion site' and (e) perform 
two ostéotomies, one at the frontal plane a-t level and 
the other at the sagittal plane a-t level. 

Strategy 1 

One of the deformities is considered to be insignificant 
and unworthy of correction (Fig. 17). 

Insignificant may refer to the magnitude of angulation 
and/or translation relative to the plane in which they 
occur (e.g. mild angulation or translation in the sagittal 
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Fig. 17: Osteotomy solution for the case shown above. In this example, angulation and translation are in 
different planes and the translation deformity on the LAT view is considered clinically insignificant. The oblique 
plane angular correction opening wedge is performed atg the AP a-t CORA. The translation on the AP view is 
automatically corrected. This leaves some residual translation deformity on the LAT view, which is considered 
insignificant and is therefore not corrected 


plane is usually of no functional significance; angulation 
with compensatory translation does not significantly 
displace the mechanical axis or malalign the hip or ankle 
relative to the knee) The osteotomy is performed to correct 
the most significant component(s) of the deformity while 
accepting the less significant component(s). 

Strategies 2 and 3 

The a-t point in the frontal (strategy 2) or sagittal 
(strategy 3) plane is chosen as the primary deformity apex 
for the correction of angulation. 

Both the frontal and sagittal components of angulation 
are correction at the a-t level of one of the anatomie planes, 
the translation in that anatomie plane is fully corrected 
(Fig. 18). In the case of oblique plane angular correction 
at the frontal plane a-t point, the translation on the AP 
radiograph is eliminated with the correction of 
angulation. On the LAT radiograph, however, there 
remains a translation deformity. If this translation is not 
significant, no further correction is performed (strategy 1). 
If this translation is significant, it should be corrected by 
translation of the osteotomy. In the sagittal plane, the 
limiting factor for this type of correction is the bone-to- 
bone contact at the osteotomy site. In the case of oblique 
plane angular correction at the sagittal a-t point, the 
translation seen on the LAT radiograph is eliminated with 
the angular correction. This produces a zigzag deformity 
due to residual translation on the AP radiograph. 


Strategy 4 

With the fourth option the deformity is corrected through 
the malunion or nonunion région (Fig. 19). The angulation 
is corrected in its plane, and the translation is corrected 
in its plane. Because the correction is through the original 
fracture région, realignment is associated with good bone 
to bone apposition. An understanding of the relationship 
between angulation and translation is essential to the 
réduction of these deformities. 

Strategy 5 

With the fifth option the two levels of intersection 
of angulation and translation, as defined on the AP and 
LAT radiographs, are considered as separate levels 
(Fig. 20). The deformity is considered as a double level 
multiplannar angular deformity. One plane of angulation 
correction is the frontal plane, and the other is the sagittal 
plane. 

In considering ail bypass options (strategies 1, 2, 3, 
and 5) one must take into considération that a bump may 
remain despite accurate realignment. 

MULTILEVEL FRACTURE DEFORMITIES 

Multilevel fracture deformities follow the same planning 
steps as with multiapical or uniapical solutions. 
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Fig. 18A to C: (A) Angulation and translation in different oblique planes in which ail components of the deformity 
are significant. (B) Opening wedge osteotomy is performed at the AP a-t CORA correcting the oblique plane 
angulation at that level. This leaves residual translation is corrected by translating the osteotomy in its plane. 
This leaves two bumps on the bone, one at the original fracture level and one at the osteotomy site. This 
strategy is practical only if the residual translation to be corrected at the osteotomy site is small and the fractgure 
bump is aesthetically acceptable. (C) The same as in B, except performed with a closing wedge technique 
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Figs 18D and E: (D) Opening wedge osteotomy is peformed at the Lat A-T CORA, correcting the oblique plane 
angulation atg that level. This leaves residual translation in the other (AP) anatomie plane. The residual translation 
is corrected by translating the osteotomy in its plane. This leaves two bumps on the bone, one at the original 
fracture level and one at the osteotomy site. This strategy is practical only if the residual translation to be 
corrected at the osteotomy site is small and the fracture bump is aesthetically acceptable. (E) The same as in 
d except performed with a closing wedge correction 


Bowing Deformities 

The more severe the bowing, the more ostéotomies and the 
shorter the segments required. For most bowing deformities, 
only a single-or-double-level osteotomy need be performed. 
In milder cases, the deformity can be resolved into a single 
apex using the mechanical axis method outlined. This 
would correct only the mechanical axis and does not 
correct the anatomie axis of the bone. For larger bowing 
deformities, it is préférable to perform at least two 
ostéotomies to straighten the bone. 

For multiapical deformities, osteotomy rule 3 is 
applied as described in the section osteotomy consi¬ 


dérations. Often one of the apices is obvious, while the 
other is subtle. This happens when one of the deformities 
is diaphyseal and the other is juxtaarticular. Examples 
are anteromedial and postérolatéral bows of the tibia (Figs 
21A to F). 

Usually a varus or valgus diaphyseal def ormity exists 
with a compensatory juxta-articular angular def ormity 
at the level of the proximal tibial physis. Correction 
requires two ostéotomies : angulation-translation in the 
proximal tibia and angulation in the middiaphyseal 
région. These are called compensatory bowing defor¬ 
mities because one def ormity compensâtes for the other. 
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Figs 19A to C: (A) Angulation and translation are both in oblique planes, approximately 90°apart. In this 
sériés, the correction is performed through the original fracture site. (B) The angulation is corrected in its 
oblique plane, and the translation is corrected in its oblique plane. This éliminâtes the bump. Translation is 
corrected first, then angulation, This is the most practical solution. (C) Angulation is corrected first, then 
translation. (D) Fracture réduction follows the same strategy as that presented in b translation first. Then 
angulation. Hands are placed along the plane of translation to reduce translation. Hands are manipulated in 
the plane of angulation to correct the angular deformity 
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Fig. 20: (A) Angulation and translation are in different planes, such that the two CORA’s are distantly separated 
from each other. The correction will be peformed using two ostéotomies because the two apices are far apart from 
each other. One osteotomy is made at the AP a-t CORA. The other osteotomy is made at the LAT a-t CORA. 
Angulation at the former osteotomy is performed for frontal plane correction only and at the latter osteotomy for 
sagittal plane correction only. The deformity is treated as a double level biplanar angular deformity ( i.e. two single 
level uniplanar angular deformities.) (B) Opening wedge osteotomy 


There is usually little déviation of the mechanical axis. 
The amount of mechanical axis déviation (MAD) with 
bowing deformities secondary to soft bone disease is 
usually marked. The authors call these "noncompen- 
satory deformities." 

True (noncompensatory) bowing is a continuous, 
multiapical deformity that develops in soft bone such as 
in rickets Paget's, and osteogenesis imperfecta (Figs 22A 


to H, 23A and B, 24A to C). Whether due to remodeling or 
ongoing multiple stress fractures, these deformities 
demonstrate no single or double apex. While a bow can 
be considered as having a single apex, realignment 
through the apex corrects only the mechanical axis and 
does not improve the anatomical axis of the bone. It is 
préférable to perform at least two ostéotomies to 
straighten a bowed bone. 
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Figs 21 A to F: Anteromedial tibial bow. (A) The frontal plane alinement of the tibia demonstrates an obvious varus deformity 
of the mid diaphysis and a subtle valgus deformity of the juxta-articular région of the tibia. There is also a very mild distal 
fémoral valgus and a leg length discrepancy. (B) The ostéotomies were performed in the proximal metaphysis and in the 
mid diaphysis. The distal osteotomy is for the correction of the varus and the procurvatum deformities; the proximal osteotomy 
is for the correction fo the juxta-articular valgus deformity. Notice the pattern of the olive wires, which provide the necessary 
fulcrums and distraction points for this correction. (C) The apparatus is shown in the immédiate postoperative period. Each 
ring is oriented perpendicular to its own bone segment. The mid diaphyseal hinge is properly located. The proximal tibial 
hinge was incorrectly located at the level of the osteotomy. This was one of the author’s earliest cases before complété 
understanding of the principles of angulation plus translation for juxta-articular deformities. (D) At the end of the correction, 
ail of the rings are parallel and the hinges are straight. (E) The AP and latéral radiographs demonstrate the realinement of 
the tibia on both views as well as double level lengthening to equalize the limb length in equality. (F) The final radiograph 
deformity and slight overcorrection of the proximal angular deformity, which made up for the lack of translation at the 
proximal osteotomy. The preoperative planning of this case is illustrated 
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Figs 22A to C: (A) Back view of an 18-year-old woman with severe bowleggendness from hypophosphatémie rickets. (B) The 
radiographs demonstrate the severity of the preoperative deformity. Both legs do not fit on the width of a normal film, even when 
the legs are crossed. Notice that the bowing in the fémur is diffusely distributed throughout the length of the fémur, as is the 
bowing in the tibia. Notice also the latéral compartment joint laxity in the knee, which contributes the varus deformity. (C) The 
apparatus is shown during construction in the operating room. The fémoral apparatus is applied first, followed by the tibial 
apparatus. The two devices need to be coordinated to allow at least 90° of free flexion of the knee. Care must be taken so that 
the most distal fémoral and most proximal tibial rings do not collide. For this reason incomplète rings (5/8 rings) open posteriorly 
are applied adjacent to the knee 



Figs 22 D to F: (D) The tibial apparatus from the frontal view. The hinges are locked at the measured deformity. The incision for 
the distal corticotomy of the tibia is shown adjacent to the hinge. There are two levels of fixation within the proximal and distal 
segments.(E) At the completion of the realinement ail of the rings of both are fémur and the tibial are parallel. Notice the axial 
increase in length from realinement of these severely bowed bones. (F) After removal of the apparatus the patient was left with 
a 10-cm leg-length discrepancy. The realined limb stands in marked contrast to the uncorrected side 
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Figs 22 G and H: (G) The second side was corrected after a 4-month 
hiatus. Notice that the left tibia was slightly overcorrected to try to 
compensate for the latéral knee joint laxity. On the right side the proximal 
fibula was pulled down 1 cm to tighten the latéral knee joint. Notice that 
even in bipedal stance the latéral knee joint is wider on the left than on 
the right leg. Notice also that the fibular head lies more distally on the 
right then on the left side. (H) The final clinical appearance of both legs 
shows normal alinement with an excellent cosmetic and functional resuit 



Figs 23A and B: (A) A latéral photograph of the marked anterior bow (saber 
shin) deformity of the leg in a 75-year-old woman. (B) The latéral radiograph 
demonstrates monostotic Paget’s disease with two levels of ununited stress 
fractures and an intact posterior fibular strut 
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Figs 24A to C: (A) Bilateral genu varum from varus deformities of both fémurs and the 
right tibia. Both tibias hâve been previously operated upon. The right tibia still has a 
varus deformity. The preoperative planning of the right side of this deformity was 
illustrated. (B) A single level of osteotomy was chosen for both the tibia and the fémur. 
One could justify two levels of osteotomy within each bone; however, since the amount 
of bowing in each bone was not severe, it was felt that this could be treated as a single 
apex angular deformity, recognizing that it truely was a multi-apex angular deformity. 
Therefore, we chose to ignore the anatomie axis of the tibia and realine both the 
mechanical axis of the tibia and the joint orientation of the knee and ankle. This gives 
the patient a resuit similar to that ahieved on the plated left side. The alternative would 
hâve been a combined proximal and distal tibial osteotomy, which would normalize 
both the anatomie and the mechanical axis of the tibia. An acute correction was performed 
in the fémur at a level distal to the apex of the deformity, to minimize the latéral indentation 
of the side that would resuit from a single-level more proximal osteotomy at the apex. 
(C) The resuit demonstrates complété realinement of the hip, knee, and ankle joint 
orientations as well as the mechanical axis. On the opposite side the osteotomy was 
performed slightly distal to the apex of the deformity and, therefore, a lesser amount of 
translation was needed. The resuit in terms of joint alinement and orientation is identical 
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184.5 Oblique Plane Deformity 


Determining the True Plane of the Deformity 

Purl varus-valgus deformities are in the frontal plane. 
Procurvatum or recurvatum deformities are in the sagittal 
plane. Between these two planes, any deformity lies in 
an oblique plane somewhere in the frontal and sagittal 
plane. 1 Both AP and latéral views show the angular 
deformity. One may mechanically think that the 
deformity is in two planes. But the deformity is in only 
one plane, and that is the oblique plane (Fig. 1). 

Geometrically speaking, however, two lines can 
subtend only one plane. If we consider each bone segment 


as a line, these two lines can form an angle with each 
other only in one plane, irrespective of the presence of 
angulation, rotation, translation, or length deformities. 
A second plane of angulation can exist only if a second 
angular deformity at another level is introduced into these 
bone segments or lines. 

There are several ways to détermine the magnitude 
and true plane of a deformity in a plane oblique to the 
frontal plane. The simplest method is to rota te the limb 
until it appears straight (Figs 2A to R). The true plane of 
deformity is the plane where the projection of a deformed 
limb appears straight. The plane 90° to this projection 




Fig. 1 : For each plane of angulation, there are two possible apical directions. Here in the coronal 
plane, the two possible directions are varus and valgus 



Figs 2A to C: (A) Malunion of the tibia with 20° of varus and 13 mm latéral 
translation. (B) The latéral projection demonstrates 25° of procurvatum and 
10 mm posterior translation. (C) Observation of the patient from the front 
demonstrates the varus deformity of the tibia 
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Figs 2D to G: (D) When the patient turns his foot inwards, the varus deformity seems to disappear and the tibia appears straight. 
(E) Examination from the side demonstrates the procurvatum deformity of the tibia. (F) When the patient turns his foot inward 
again, the maximum angular profile of the deformity is seen. (G) The maximum angular profile is captured radiographically on 
this latéral oblique view of tibia. It measures 32° 



Figs 2H to J: An internai rotation AP oblique radiograph. In the plane of the deformity the tibia appears straight. The translational 
component of the deformity can be appreciated on this view. (I) The measurement of 20° varus and 25° procurvatum were 
plotted on a graph. The vector obtained by the point 20-25 represents the magnitude 32° and true orientation 51.5°to frontal 
plane of the oblique plane angular deformity. Superimposed on this graph the magnitude of translation on the AP and LAT are 
plotted. The magnitude of the oblique plane translation is 16 mm oriented 35°to the frontal plane. The translation and angulation 
planes are 88°apart. This confirms the radiographie findings. (J) The malunion was split obliquely 

































Correction of Deformity of Limbs 1611 



Figs 2K to M: (K) Notice the appearance of the apparatus in relationship to the left. The hinges hâve been placed relative to the 
apex of the oblique plane deformity. Notice that the distance of the hinge rods to the central bolts differs for the médial and the 
latéral hinge, demonstrating that the hinges are oriented obliquely to the anatomie planes. (L) A true latéral view of the deformity 
alines the hinges with the apex in the oblique plane. (M) In this manner distraction of the concavity leads to realinement of the 
diaphysis on the latéral view of the tibia simultaneous with realinement on the AP view 



Figs 2N to R: (N) Ail that remains is to correct the translation deformity. (O) By applying translational rods, the tibia was 
narrowed, bringing the cortical ends together side to side. (P) Appearance of the callus at the time of the removal of the apparatus 
23 weeks after application. Notice that there is no corticalization of the callus between the bone ends. The patient was, therefore, 
protected in a PTB cast. The final AP (Q) and latéral (R) radiographs demonstrate the récurrence of deformity that occurred due 
to prématuré removal of the apparatus prior to complété corticalization of the distraction callus. Notice in addition the ring 
sequestrum from one of the pin sites (arrow) 
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Fig. 3: llizarov's method for détermination of the plane of the 
oblique deformity. A line is drawn from the center of the knee to 
the center of the ankle on both the AP and latéral views. The 
distance from this line to the apex of the deformity is measured 
on both views. These are plotted on a graph, and the orientation 
of the résultant vector from the AP or latéral plane is measured. 
This represents the plane of the apex of the deformity 


should demonstrate the maximum angulation profile of 
the deformity. Radiographs taken in these two planes can 
be used to détermine the orientation of this plane and 
the magnitude of the true deformity. 

The oblique plane deformity can be calculated by 
graphie method. Ilizarov plots the apical déviation from 
the axial midline on the anteroposterior and latéral views 
as x and y coordinates and détermines the plane of 
deformity graphically (Fig. 3). The Ilizarov apparatus 
allows the surgeon to make use of these calculations. By 
determining the true plane of deformity, the surgeon can 
also détermine the axis of the deformity's apex. This axis 
of the deformity is always perpendicular to the plane of 
the deformity (Figs 4A to C). By applying a hinge at the 
true apex of an oblique plane deformity perpendicular 
to the true plane of this deformity, the surgeon can 
simultaneously correct the anterposterior and latéral 
projections of this deformity (Figs 5A and B). 
Alternatively, the apparatus could be applied to correct 
the deformity in the anteroposterior plane, afterward the 
hinges would be reoriented to correct the deformity in 
the latéral plane. This is more time-consuming. 

Graphie Method (Figs 7A to G) 

Step 1: Draw a graph with the axes orthogonal. The x- 
axis represents frontal plane, and the y-axis represents 
sagittal plane. The plane of the graph represents the 
transverse plane. 


Step 2: Label the two ends of each axis of the graph with 
the direction of the apex of angulation. 

Step 3: Mark the magnitude of angulation measured on 
AP and LAT radiographs on x and y axes respectively, 
such that 1 mm = 1°. 

Step 4: Draw a line from the origin of the graph (0,0) to 
the (x,y) coordinates (AP, LAT) that corresponds to the 
magnitude of angles ap and lat, respectively. 

Step 5: The angle pln-f, is an approximation of the 
orientation of pin to the frontal plane (x-axis). Measure 
the length of the line generated, 1 mm = 1°. This 
measurement is an approximation of the obi. Finally the 
direction of the apex of this oblique plane deformity is 
indicated by the quadrant( AM, AL, PM, PL or by the 
axis line(A, P, M, L). 

GRAPHIC METHOD ERROR 

The graphie method is an approximate method for 
détermination of angles oblique and plane. The error is 
4° for ail values of AP and LAT less than 45°. Error of 2° 
when one parameter less than 45° the other less than 20°. 
30° for values less than 30°, the other less than 45°. 

An alternative method to the graphie and trigono¬ 
métrie methods is the base of triangle measurement 
method, which is as accurate as trigonométrie method, 
first proposed by Ilizarov (1992) 2,3 

Oblique plane deformity may be varus procurvatum, 
varus recurvatum, valgus procurvatum, and valgus 
recurvatum. It is a geometrical law that when two lines 
join together they are in one plane. The oblique deformity 
is uniplanar, but is not in the anteroposterior or latéral 
planes, but rather in an oblique plane. The plane of the 
deformity can be ontained on a graph paper. The angle on 
AP and latéral are plotted on x- and y- axis respectively. 
Then the magnitude of the résultant vector represents the 
magnitude of the true deformity in the oblique plane. 

AXIS OF CORRECTION OF ANGULAR DEFORMITIES 

The ACA is perpendicular to the plane of angulation. 
Oblique plane deformities hâve their axis of correction is 
perpendicular to the plane of angulation (Figs 7A to C). 

SUMMARY 

Four parameters are reqired to characterize an angular 
deformity: 

a. Level of CORA 

b. Orientation of plane 

c. Apical direction 

d. Magnitude. 

The graphie method yields ail but CORA . 







Correction of Deformity of Limbs 1613 



Figs 4A and B: Graphie preoperative planning of hinge placement in oblique plane deformities. (A) Step 1: Measure the 
diameter of the tibia on the AP and LAT views and mark on the graph as shown. The latéral aspect of the tibia should be marked 
on the upper side of the y axis and the width on the AP should be marked to the minus or plus side on the x axis for right and left 
respectively. These markings should be to normal scale with 1 mm on the radiograph equal to 1 mm on the graph. The points on 
the x and y axes are connected with a line to form a triangle. This represents the cross section of the tibia at the level of the apex 
of angulation. If a different level of bone is chosen, the représentative x section for that apical level should similarly be centered. 
(B) Step 2: The hinge axis is always perpendicular to the plane of angulation. If an opening wedge hinge placement is chosen, 
it should be placed at the convex edge of the bone. The direction of the convexity is shown by the arrow. The hinge axis is 
therefore drawn perpendicular to the plane of angulation axis passing tangential to the convex cortex of the bone 


Step 3 



Fig. 4C: (C) Step 3: In order to détermine the hinge holes a 
ring of the appropriate size for the limb should be placed on the 
graph. To center the ring the reference marks of the ring must 
be defined. The line connecting the central bolts represents 
the AP axis of the frame. Since the rings are normally centered 
over the latéral edge of the central bolts of the ring should be 
placed on the y axis. The ring is normally spaced 2 
fingerbreadths from the anterior skin of the leg. This can be 
marked on the graph by noting the thickness of the anterior 
skin followed by a 2-fingerbreadth space anterior to that. The 
position of the ring on the y axis fixes it in place. The hinges 
are placed in the holes where the hinge line intersects the ring. 
The distraction rod on the concavity is places where the plane 
axis line intersects the ring on the concave side of the angulation 




























1614 Textbook of Orthopedics and Trauma (Volume 2) 



Figs 5A and B: (A) Valgus malunion of the tibia 
with aggravating latéral translation. (B) The 
deformity measures 22° of valgus with an apex 
proximal to the level of the malunion 



Figs 6A and B: (A) Box diagram shows the frontal plane projection of the bone on one wall and sagittal 
plane projection on the other wall. In the center, the true deformity plane is seen oblique to the frontal 
plane. The axial view projected on the floor shows the orientation of the true plane of the deformity to the 
frontal and sagittal planes. The axial view is graphed and labeled for the anatomie directions. The true 
plane of angulation is oriented at angle pin, 45.5° to the sagittal plane. An enlargement of the graph with 
the anterior reoriented to the top of the page is shown below. The magnitude of the oblique plane 
angulation is greater than the magnitude in the frontal or sagittal planes. (If the same analysis is conducted 
trigonometrically rather than graphically, as described in the text, the magnitude would measure 31 ° and 
the plane orientation 45°. Although the trigonométrie method is more accurate, the graphie results are 
very close to the calculated results and for most practical purposes, are accurate enough). AM anteromedial. 
(B) Because this is a uniplanar angular deformity, it can be corrected by a single axis with a single 
opening (upper) or closing (lower) wedge. The ACA is marked on the graph perpendicular to the plane of 
the angulation (PLN) 
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Figs 7A to F: Graphie method of oblique plane analysis (A) Step 1, (B) Step 2, (C) Step 3 — The magnitudes are marked with 
scale of 1 mm = 1 ° (D) Step 4/Plane angulation, (E) Step 5 — The magnitude plane orientation and apical direction of the oblique 
plane deformity, (F) Final charting and measurement of L of deformity is oblique plain 
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Fig. 7G: Graphie method of oblique plane analysis 
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Figs 8A to C: The ACA is perpendicular to the plane of angulation. The axis line can be marked on the graph perpendicular 
to the line that represents the plane of angulation. (A) Frontal plane, (B) Sagittal plane and (C) Oblique plane angulation 
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184.6 Sagittal Plane Deformities 


Malalinement in the sagittal plane is better tolerated and 
of less significance than similar degrees of malalinement 
in the frontal plane. Malalinement in the sagittal plane is 
compensated for by the hip, knee, ankle, subtalar, and 
midfoot joints. Nevertheless, malalinement in the sagittal 
plane may be symptomatic and may also be associated 


with late degenerative changes. Distal tibial recurvatum 
malalinement uncovers the talus and is associated with 
late degenerative changes. Distal tibial procurvatum 
deformity may lead to anterior tibiotalar impingement 
and pain. Proximal tibia recurvatum may be associa¬ 
ted with chondromalacia patella. Proximal tibial 
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Figs 1A to E: (A) A push construct was applied to the tibia. Notice the single level of fixation in the proximal and distal tibia and 
three floating levels of fixation on opposite sides of the stress fractures. Anteriorly, a sliding plate suspends the three floating half 
rings. The threaded rods off this plate are used to push in the apex of the deformity. On the concave side there are two distraction 
rods, of which only one can be seen on the photograph. Both a knee and an ankle Dynasplint unit were used to help prevent joint 
contractures. (B) The apparatus is shown in situ at the beginning of the deformity correction. A fibular osteotomy was performed. 
The posterior aspect of the two nonunions can be seen to open slightly as the combined distraction and apical translation are 
carried out. (C) At the end of the deformity correction there is an opening wedge at both nonunion sites. The proximal and distal 
tibial rings as well as the three floating half rings are ail parallel. (D) The apparatus was removed when a complété wall of cortical 
bone was seen posteriorly and when the fibula had united. This correction also equalized the patients leg length. (E) The clinical 
appearance is excellent 


procurvatum is associated with knee flexion deformity, 
chondromalacia, and pain. Distal fémoral procurvatum 
deformity also produces an apparent flexion deformity 
of the knee and can be associated with stretching out of 
the posterior capsule of the knee and chondromalacia. 
Distal fémoral recurvatum is associated with loss of knee 
flexion. Proximal fémoral flexion and extension 
deformities are rarely symptomatic due to compensation 
by the lower spine. Nevertheless, fixed flexion deformity 
is associated with hyperlordosis of the spine, whereas 
fixed extension deformity is associated with a lack of hip 
flexion. In full knee extension, the sagittal mechanical axis 
of the lower limb, running from the center of the fémoral 
head to the center of the ankle, passes anterior to the knee 
joint, allowing passive locking of the knee joint in full 
extension. The mechanical axis of the lower limb passes 
through the center of rotation of the knee joint when the 
knee is in approximately 5 degrees of flexion. During 
single-leg stance, the knee does not usually extend past 5 
degrees of flexion. Full extension or hyperextension of 
the knee in the nonparalytic situation rarely occurs. Even 
patients with significant passive hyperextension of the 
knee do not hyperextend the knees during gait. This 
appears to be under cortical and proprioceptive control 
rather than static ligamentous or capsular restraints. The 
tibia demonstrates that the line drawn on the anterior 


aspect of the distal fémur is colinear with the anterior 
tibial cortex of the proximal tibia. This line is a good guide 
to alinement in the lower extremity (Figs 1 to 3). 

FFD of the Knee 

FFD of knee is a disabling deformity. It has profound 
effect on gait proportional to the degree of FFD. FFD also 
produces LLD, with apparent shortening on flexedside. 
Even small amount of FFD can lead to quadriceps muscle 
fatigue because knee cannot be extended to neutral or 
locked.The more flexed the knee during the stance, the 
more the quadriceps has to work to prevent the knee from 
buckling and to keep the propulsion of the body forward. 
Therefore even small degrees of FFD (5 degrees) may be 
symptomatic and require treatment. Manipulation 
nonsurgically by physiotherapy, stretching exercises, 
casts and orthotics, if fails, can be treated surgically by 
soft tissue release or bony procedure. 

HE of Knee 

Recurvatum deformity of the knee is usually asympto- 
matic. Maximum extension of the knee in the neurologi- 
cally competent person is governed by muscles and 
proprioception rather than by a bony or capsuloligamen- 
tous stop. For example, a person who can hyperextend 
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Fig. 2: (A) In full knee extension, the sagittal mechanical axial 
line of the lower limb runs from the center of the fémoral head 
to the center of rotation of the ankle joint, passing anterior to 
the center of rotation of the knee joint. (B) When the knee is 
flexed 50°, the sagittal mechanical axis line of the lower limb 
passes through the center of the knee joint 


the knee 20 degrees while standing will not hâve HE 
while walking. During normal gait, the knee does not 
fully extend. During gait, the maximum knee extension 
is usually 3 to 5° short of full extension. The extension 
stop produced by the capsule and posterior cruciate 
ligament does not corne into play to prevent knee HE if 
the hamstring muscles are functioning normally. 

As with FFD, HE may be due to soft tissue and/or 
bone causes. To differentiate between these. The MAT 
and MOT are performed. If the PPTA or PDF A are greater 
than 85 degree or 87 degree, respectively, there is tibial 
or fémoral recurvatum deformity, respectively. 
Recurvatum due to fémoral deformity is very different 
from recurvatum due to tibial deformity. In the former, 
there is a loss of knee flexion range of motion, whereas 
in the latter, knee flexion range of motion, whereas in 
the latter, knee flexion is unaffected. Tibial recurvatum 
causes the knee to hâve the appearance of being 
posteriorly subluxed with an anterior dépréssion of the 
tibia relative to the fémur. The clinical appearance of the 
knee with fémoral recurvatum is normal. Tibial 
recurvatum is usually more symptomatic than fémoral 
recurvatum because the anterior décélération stop to the 
fémur is lost. The shear produced from weight bearing 
on the anteriorly sloped proximal tibial articular surface 



Figs 3 A to C: (A) Bilateral genu varum from varus deformities of both fémurs and 
the right tibia. Both tibias hâve been previously operated upon. The right tibia still 
has a varus deformity. The preoperative planning of the right side of this deformity 
was illustrated. (B) A single level of osteotomy was chosen for both the tibia and the 
fémur. One could justify two levels of osteotomy within each bone; however, since 
the amount of bowing in each bone was not severe, it was felt that this could be 
treated as a single apex angular deformity, recognizing that it truly was a multi-apex 
angular deformity. Therefore, we chose to ignore the anatomie axis of the tibia and 


realine both the mechanical axis of the 
tibia and the joint orientation of the knee 
and ankle. This gives the patient a resuit 
similar to that achieved on the plated left 
side. The alternative would hâve been a 
combined proximal and distal tibial 
osteotomy, which would normalize both 
the anatomie and the mechanical axis of 
the tibia. An acute correction was 
performed in the fémur at a level distal to 
the apex of the deformity, to minimize the 
latéral indentation of the side that would 
resuit from a single-level more proximal 
osteotomy at the apex. (C) The resuit 
demonstrates complété realinement of 
the hip, knee, and ankle joint orientations 
as well as the mechanical axis. On the 
opposite side the osteotomy was 
performed slightly distal to the apex of 
the deformity and, therefore, a lesser 
amount of translation was needed. The 
resuit in terms of joint alinement and 
orientation is identical 
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Fig. 4: Sagittal plane malalinement test: (A) Fémur: line from 
the center of the fémoral head to the junction of the anterior 
and middle thirds of the distal fémoral joint line. The posterior 
distal fémoral angle (PDFA) should be between 83 + 4°. 
(B) Tibia: line from the midpoint of the distal tibial joint line to 
the junction of the anterior and middle thirds of the proximal 
tibial joint line. The posterior proximal tibial angle (PPTA) should 
be between 81 +3°. The anterior distal tibial angle should be 
80 + 2° 

can lead to posterior tibial subluxation, patella baja, 
chondromalacia, and tibiofemoral and patellofemoral 
joint degeneration. (Bowen et al 1983). To compensate 
for the tendency for the tibia to slide posteriorly or for 
the fémur to slide anteroinferiorly during gait, the 
quadriceps muscle tries to pull the tibia forward. This 
puts increased stress on the patellofemoral joint, often 
leading to anterior knee pain. 

Preoperative planning of the level of angulation in 
the sagittal plane is performed using the anatomie axis 
method. The anatomie axis of diaphyseal segments is the 
middiaphyseal line. Identifying the anatomie axis of 
extraarticular segments requires a point of intrasection 
and an angle of orientation to the joint line. The 
information is most easily obtained if there is an opposite 
normal side to act as a template. If an opposite normal 
side is not available, the normal average value for the 
location of this point should be used. The method foliows 
the same steps described previously for anatomie axis 
planning in the fémur. 


Sagittal plane malalinement may be due to fémoral 
deformity, tibial deformity, knee joint contracture, knee 
joint laxity, or joint subluxation. 

Sagittal Plane Malalinement Test 

The purpose of MAT in sagittal plane is important to 
identify wheather there is flexion or extension 
malalignment. 

The malalinement test for the sagittal plane (Fig. 4) is 
based on the normal orientation limits of the proximal 
and distal joints. A line is drawn from the junction of the 
anterior and second quarter of the proximal tibial joint 
line to the point 50 percent back on the distal tibial joint 
line. The posterior proximal tibial angle (PPTA) is 
measured (average normal, 80°, range, 77 to 84°). For the 
fémur the line from the center of the fémoral head to the 
junction of the anterior and middle third of the distal 
fémoral joint line is drawn, and the posterior distal 
fémoral angle (PDFA) measured normal average, 83°, 
range 79 to 87°). 

To détermine whether there is flexion malalignment, 
a long LAT view radiograph with knee in full extension 
is needed. For extension malalignment, max HE 
radiograph of tibia and fémur are needed. Because of 
compensatory flexion malalignment, respectively, may 
not be présent despite the presence of deformity in the 
fémur or tibia. Therefore, the MAT for the sagittal plane 
can be very misleading. To détermine whether there is a 
sagittal plane bone deformity, we need to rely on a MOT. 

Sagittal Plane Malorientation Test 

The normal orientation of the distal fémur and of the 
proximal tibia has already been described previously. 
The normal average PPTA is 81 ± 4°. The normal average 
PDFA is 83 ± 4° . The normal average ADTA is 81 ± 4°. 

Any déviation from the above mentioned values are 
considered as abnormal and the respective malorien¬ 
tation of the joint. 

Step 1: Draw the mid-diaphyseal line of the tibia or fémur 
(Fig. 5). 

A. If there is no diaphyseal deformity, extend this line 
both proximally and distally. 

B. If there is diaphyseal deformity draw two separate 
middiaphyseal lines proximal and distal to the apex 
of the deformity. 

Step 2: Measure the following angles between the 
middiaphyseal line and the joint line—ADTA, PPTA, and 
PDFA. 
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Figs 5A and B: Sagittal plane malorientation test: (A) No 
diaphyseal deformity: Extend the mid-diaphyseal line proximally 
and distally (tibia) or distally only (fémur) and measure the angle 
between the mid-diaphyseal line and the proximal and distal 
(tibia) or distal only (fémur) joint lines. (B) Diaphyseal deformity 
présent: Draw separate diaphyseal lines for the proximal and 
distal segments and measure the angle between each mid- 
diaphyseal line and its respective joint line. If the PPTA, ADTA 
or PDFA are not within normal limits, then there is malorientation 
of that joint to the anatomie axis line 


Step 3: If these angles fall outside the limits stated 
previously, there is malorientation of the joint involved 
in the sagittal plane. 

Preoperative Planning of Level of Angulation 

Step 1: Draw the middiaphyseal axis line(s) (Figs 6A and 

B). 

A . If there is no obvious diaphyseal line to represent the 
axis of the diaphysis. 

B. Identify any obvious diaphyseal deformities, and 
draw middiaphyseal lines proximal and distal to the 
obvious diaphyseal deformity. If there is not joint 
malorientation relative to these middiaphyseal lines, 
as demonstrated on the malalinement test, the only 
apex of angulation is diaphyseal. 

Step 2: If the malorientation test shows joint 
malorientation at either end of the bone, draw the juxta- 
articular anatomie axis of that end of the bone. 

A. If the opposite side is available and normal, use the 
intersection point and angle of orientation of the 
opposite mid-diaphyseal line to the corresponding 
contralatéral joint line. If the joint width is the same 
on both sides, use the ratio product as described 
previously in the fémoral anatomical axis method. 
Extend the juxtaarticular anatomie axis line toward 
the middiaphyseal line, starting at the determined 
intersection point oriented at the angle as measured 
on the contralatéral corresponding normal side. 






□ 


Figs 6 A and B: (A) Step 2 (continuée!): Draw the joint axis line 
from the above-determined point at the angle for that joint (b). 
If there is an opposite normal side, use the angle measured on 
that side. If there is not an opposite normal side, then use a 
normal average value for this angle: PPTA-80 deg; ADTA-80 0 ; 
and PDFA-83 0 . (B) Step 3: Mark the CORA at the intersection 
of the axis lines. Measure the magnitude of angulation 
between the axis lines. Step 4: Draw the bisector line through 


the CORA 


B. If an opposite corresponding normal side is not 
available, use average normal values. For the 
intersection point measured from the anterior joint 
margin, use one-fourth of the joint width for the 
proximal tibia, one-third for the distal fémur, and one- 
half for the distal tibia. Use an angle of 80° for the 
PPTA, 83° for the PDFA, and 81° for the ADTA. 

Step 3 and 4: Mark ail the CORAs, measure the magnitude 
of the deformities, and mark the bisector lines. 
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SAGITTAL PLANE ANATOMIC AXIS PLANNIN FOR 
TIBIAL DEFORMITY CORRECTION (Fig. 7) 

Step 1: Draw the mid-diaphyseal line(s) to represent the 
diaphysis of the tibia. Each mid-diaphyseal line segment 
is the anatomie axis line for that bone segment. Perform 
the MOT between the proximal and distal-most mid- 
diaphyseal lines and the knee and ankle joint lines, 
respectively. 

Step 2: Décidé whether the joint orientation angles are 
normal (PPTA, ADTA) 

A. l. If the PPTA is normal, there is no more proximal 

CORA or anatomie axis line. 

2. If the PPTA is abnormal, draw an anatomie axis line 
referenced to the knee joint orientation line. The 
reference point can be obtained from the opposite 
normal side, if available, or starting at an aJER of one 
fifth. Use the PPTA of the contralatéral normal side 
as a template angle, if available. If the opposite PPTA 
is unavailable or abnormal, the average normal PPTA 
of 81° is used instead. 

B. Measure the ADTA to the-distal most tibial mid- 
diaphyseal line. 

1. If the ADTA is normal, there is no more distal CORA. 

2. If the ADTA is abnormal, draw an anatomie axis line 
referenced to the ankle joint orientation line. The 
referenced point can be obtained from the opposite 
normal side, if available, or, in an adult, this line can 
be drawn from the midpoint of the joint line. Use the 
ADTA of the contralatéral normal side as a template 
angle, if available. If the opposite ADTA is 
unavailable lor abnormal, the average normal ADTA 
of 80° is used instead. 

Step 3: Décidé whether this is uniapical or multi-apical 
angulation. Mark the CORA(s) and measure the 
magnitude(s). 

A. If there is only one pair of lanatomic axis lines drawn, 
there will only be one CORA and one magnitude. 

B. For each additional anatomie axis line, there will be 
one additional CORA and magnitude. 

Sagittal Plane Anatomie Axis Planning of 
Fémoral Deformity Correction (Fig. 8) 

Step 1: Draw the mid-diaphyseal line(s) to represent the 
diaphysis of the fémur. Each mid-diaphyseal line segment 
is the anatomie axis line for that segment of bone. Perform 
the MOT between the distal mid-diaphyseal line and the 
knee joint line. 

Measure the PDFA to the distal fémoral mid- 
diaphyseal line. 

Step 2: Décidé whether the joint orientation angle is 
normal (PDFA). 


A. If the PDFA is normal, there is no more distal CORA 
or anatomie axis line. 

B. If the PDFA is abnormal, draw an anatomie axis line 
referenced to the knee joint orientation line. The 
reference point can be obtained from the opposite 
normal side. If available, or, in an adult, this line can 
be drawn starting 1 cm médial to the center point of 
the knee joint. Use the PDFA of the contralatéral 
normal side as a template angle, if available. If the 
opposite PDFA is unavailable or abnormal, the 
average NORMAL PDFA of 83° is used instead. 

Step 3: Décidé whether this is uniapical or multiapical 
angulation. Mark the CORA(s) and measure the 
magnitude(s). 

A. If there is only one pair of anatomie axis lines drawn, 
there will only be one CORA and one magnitude. 

B. For each additional anatomie axis line, there will be 
one additional CORA and magnitude. 

Proximal fémoral deformity is not considered at this 
point in the planning method because up to and including 
the fémoral neck, anatomie axis lines can be used. The 
relation of the fémoral head orientation to the fémoral 
neck is discussed in detail elsewhere. 

Correction of Sagittal Plane 
Deformities by Osteotomy 

Sagittal plane deformities can be a resuit of joint 
contracture of fixed bony deformities. It is important to 
differentiate between the two. In knee flexion deformity, 
the magnitude of the total deformity can be determined 
both clinically and radiographically by measuring the 
angle between the tibia and fémur in full extension of 
the knee. The magnitude of the flexion deformity is then 
compared with the measured bony deformities. If the 
bony deformities equal the total flexion deformity, there 
is a soft tissue component contributing to the flexion. In 
this situation, a bony correction through osteotomy as 
well as a soft tissue release are indicated, hyperextension 
before correcting the bony recurvatum of the knee. 1 The 
biggest mistake to make with this type of deformity is to 
correct the bony recurvatum deformity fully and end up 
with fixed flexion deformity of the knee. 2 

Ostéotomies for FFD Knee 

Osteotomy is preferred when there is true bone deformity 
or when there is predominantly bone and little soft tissue 
contracture. Soft tissue stretching, distraction, or release 
is used when the prédominant deformity is a soft tissue 
contracture. 1 Many cases hâve éléments of both and 
require both bone and soft tissue procedures. When the 
origin of FFD is complex (more than one source), one may 
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Figs 7A to F: Sagittal plane anatomie axis planning of tibial deformity correction. (A) Mid-diaphyseal deformity (B) Proximal 
tibial deformity (C) Distal tibial deformity (D) Combination of A and B (E) Combination of A and C (F) Combination of A, B and C 
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Figs 8A to C: Sagittal plane anatomie axis planning of fémoral deformity correction. 
(A) Mid-diaphyseal deformity (B) Distal fémoral deformity (C) A + B 


consider performing ail the correction in one bone. 
Performing ail the correction in the fémur is more 
physiologically Sound than performing ail the correction 
in the tibia because it préserves the important posterior 
tilt of the tibia (Figs 9 to 12). Fémoral overcorrection 
extension osteotomy loses flexion because the fémoral 
condyles permit only a limited arc. Tibial overcorrection 
extension osteotomy does not cause loss of flexion; 
however, with the loss of the posterior tilt of the tibia, 
the normal fémoral rollback mechanism is affected and 
the important bone décélération mechanism of the fémur 
during gait is lost. Therefore, the tibia should not be 
corrected beyond a PPTA of 90°. 

When the complex FFD is due to joint contracture and 
bone deformity, ail the correction can be performed in 
the bone (Figs 13 and 14). 

Tibial extension osteotomy should not be performed 
to correct for procurvatum deformity of the fémur. This 


could lead to posterior subluxation of the knee. Although 
the normal HE of the knee is only 3 to 5 degrees, chronic 
FFD of the knee can lead to stretching of the posteriors of 
tissues (Fig. 15). 

In the neuromuscularly compromised patient with 
FFD due to bone procurvatum and incomplète HE 
compensation, the procurvatum should be corrected to 
5°. Complété correction can lead to uncontrollable HE of 
the knee, because the hamstring muscles are weak 
(Fig. 16). 

Supracondylar knee extension osteotomy tightens the 
hamstrings. Postcorrection hamstrings stretching or 
recession or lengthening may be required to obtain and 
extended knee after osteotomy. 4 

Younger children with flaghtening of the predomi- 
nantly cartilaginous distal fémur and in intraarticular 
osteochondromas of the distal fémur are the two causes 
of FFD due to intraarticular deformities, lead to graduai 
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Figs 9A and B: Osteotomy solutions for 29° mid-diaphyseal tibial deformity. (A) Opening wedge, (B) Closing wedge 




Figs 10A and B: Osteotomy solutions for 34°diaphyseal fémoral deformity. (A) Opening wedge, (B) Closing wedge 




Figs 11A and B: Osteotomy solutions for 18° proximal tibial deformity. (A) Opening wedge, (B) Closing wedge 
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Fig.12: Osteotomy solutions for 32° distal tibial deformity. (A) Opening wedge, (B) Closing wedge 



+ + 


10° Joint 10° Soft tissue 

contracture lengthening 



O 

20° Fémoral 
osteotomy 


Fig. 13: Knee flexion deformity due to combine fémoral 
procurvatum and knee flexion contracture 



contracture lengthening 

Fig. 14: Knee flexion deformity due to procurvatum 
deformity/tibia and knee flexion contracture 


récurrence of FFD as the distal fémoral physis tries to 
reorient itself. In the face of récurrent knee contracture 
or very scared soft tissue, it may be préférable and safer 
to perform an osteotomy. 

HE and Recurvatum Knee Deformity (Figs 17 and 18) 

Because the knee is in position of flexion during single 
leg strains, in the recurvatum knee, MCL is lossest in 
approx. 20° of flexion. Therefore, recurvatum of the tibia 
does need to be addressed, because fémoral recurvatum 
is usually asymptomatic, the only indication for corrective 
surgery is limitation of flexion range. 


Other Joint Considérations for Frontal and Sagittal 
Plane Deformities (Fig. 20) 

Other joint considérations, as discussed for the knee, 
pertain to both the hip and ankle. One must always ensure 
that the direction of joint correction by osteotomy does 
not produce a fixed deformity of the joint. Therefore, 
before osteotomy correction, each joint must be checked 
for compensatory contractures. In the ankle, a valgus 
deformity of the plafond of the tibia may be compensated 
by a varus of the subtalar joint. If the compensatory varus 
is rigid, correction of the valgus bony deformity will 
unmask the fixed varus deformity of the heel. Therefore, 
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20* Flexion contracture 



Fig. 15: Knee flexion deformity due to distal fémoral condyle 


Fig. 16: Knee HE due to distal fémoral recurvatum 



bony correction should only be done if the fixed subtalar 
joint varus can be corrected at the same time. 

In the hip, the amount of correction in a valgus 
osteotomy is limited by the amount of preexisting 
adduction of the hip. The amount of varus correction is 
limited by the amount of abduction possible of obtainable. 
In the absence of sufficient hip abduction preoperatively, 
if abduction is achievable by adductor soft-tissue releases, 
valgus bony correction can be performed. 




Fig.18: Knee HE deformity due to combine 
fémoral and tibial recurvatum 

Center of Rotation Hinge Technique 

The basic construct for angular deformity correction using 
hinges consists of two levels of fixation proximal and two 
levels distal to the apex of deformity (Fig. 21). Each level 
of fixation is perpendicular to either the anatomical or 
mechanical axis of the bone fragment to which it is 
affixed. The hinge connects the proximal and distal blocks 
of fixation articulating between them at the desired center 
of rotation for correcting the angular deformity. 3 
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Figs 19A and B: (A) Draw the joint axis line from the above-determined point atthe angle for that joint (b). If there is an opposite 
normal side, use the angle measured on that side. If there is not an opposite normal side, then use a normal average value for 
this angle: PPTA—80°; ADTA—80°; and PDFA—83°. (B) Mark the CORA at the intersection of the axis lines. Measure the 
magnitude of angulation between the axis lines. Draw the bisector line through the CORA 


If the hinge is placed at the apex of the deformity on 
the convex side, then distraction of the concavity will lead 
to an opening wedge correction. 

If the hinge is placed at a distance from the convex 
side of the apex of the deformity, then lengthening will 
occur together with correction of angular deformity 
(Figs 22 to 23F). Placing the hinge on the concave side of 
the deformity will lead to compression of the bone ends 
with angular correction (Figs 24 to 25C). If the hinge is 
placed either proximal or distal to the level of the 
osteotomy, then translation of the bone ends will occur 
with angular correction during distraction of the 
concavity (Figs 26 and 27). 

Therefore, it is important to keep the hinge at the level 
of the osteotomy to avoid any translation of the bone ends 
with respect to each other, unless translation is planned 
as part of the correction. Conversely, if translation of bone 
ends is desired, then the proper level of the hinge should 
be selected. The level of the hinge is also governed by the 


bisector line of the angular deformity (Fig. 28). To ensure 
that the desired correction is produced, the bone must be 
prevented from slipping along the wires (Figs 29A to D). 
The bone must be locked into the apparatus in such a 
way that the bone ends will follow the angular correction 
of the rings. To create such a constrained System, the 
appropriate fulcrum and distraction points must be built 
in. The positions of fulcrum and distraction points is best 
described as a four-point bending maneuver. The "rule 
of thumbs" is used to détermine the location of the 
fulcrum and distraction points for simple angular 
corrections without translation of the bone ends. In 
coronal plane deformities, olive wires in the frontal plane 
are inserted according to the four-point bending rule of 
thumbs. For sagittal plane deformities, transverse smooth 
wires in the frontal plane are used at ail four levels of the 
rule of thumbs instead of olive wires. Alternatively, 
threaded half-pins can serve as fulcrums for either sagittal 
or coronal plane deformities. It is préférable to use two 
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Figs 20A to C: Analysis of knee flexion deformity. Knee flexion deformity may be due to distal fémoral deformity, proximal tibial 
deformity, or joint contracture. (A) Analysis for fémoral deformity using the opposite normal side as a template. There are 13 deg 
of procurvatum angulation in the distal fémur. (B) Analysis tibial deformity using the opposite normal side as a template. There 
are 21 deg of procurvatum angulation in the proximal tibia, (C) Analysis of knee flexion deformity. Knee flexion deformity may be 
due to distal fémoral deformity, proximal tibial deformity, or joint contracture. The total flexion deformity is 44 deg measured off 
the long latéral radiograph with the knee in maximum extension. The tibial component of the deformity is 21 °and the fémoral 
component is 13°. The total of these two is 34°, 10° less than the total flexion deformity. Therefore, there is a 10-° soft-tissue 
contracture element of the deformity. The flexion deformity can be corrected through bone (tibia and fémur) and through soft 
tissue 




Fig. 21 : Opening wedge hinge. The hinge is located at the 
level of the osteotomy overlying the convex cortex of the bone. 
Distraction of the concavity leads to an opening wedge 
correction without séparation of the convex cortices of the bone 




Fig. 22: Distraction hinge. The hinge is located away from the 
convex cortex of the bone but still at the level of the osteotomy. 
Distraction of the concavity leads to simultaneous lengthening 
with angular correction. The regenerate has the appearance of 
a trapezoid with a wider séparation on the concave side than 
on the convex side 
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Figs 23A to F: Application of distraction hinges for lengthening and correction of deformity. (A) A 5-year- 
old girl with bilateral genu varum and shortening due to meningococcemia septic emboli. She has skin 
grafts adhèrent to the bone and, therefore, distraction must be performed very gently. (B) Standing 
radiographs show the deformities and the preoperative planning markings for the placement of olive 
wires. (C) The apparatus has a hinge located latéral to the convex aspect of the osteotomy. To augment 
the stability of the fixation the distal hinge has a threaded rod applied through the center of the anterior 
and posterior hinge point. This can be performed only with distraction hinges. (D) Toward the end of the 
correction notice the increased length achieved through the distraction hinges without lengthening on the 
hinge rods. Ail of the lengthening is performed by distraction of the concavity. Notice that this method is 
gentle on the skin and there were no skin problems. (E) The final radiographs demonstrate 8 cm of 
lengthening of both tibias with realinement. Notice the bilateral triangular shaped tali. Both feet were 
plantigrade at the end of the correction. (F) The final appearance of both legs at the end of the lengthening 
and correction of deformities 
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Fig. 24: When the hinge is placed on the conquave side compression occurs on the 
convex side. Therefore a wedge is removed when a base on the convex side 



Figs 25 A to C: Application of compression hinge: (A) valgus deformity with nonunion of knee arthrodesis site, (B) the apparatus 
was applied with a hinge overlying the center of the knee joint so that distraction of the concavity would produce compression of 
the médial aspect of the nonunion and distraction of the latéral aspect of the nonunion, and (C) the final resuit demonstrates 
correction of deformity and union 
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Fig. 26: Translation hinge. If the hinge is located 
proximal or distal to the level of the osteotomy, 
distraction of the concavity will lead to translation of 
the bone ends. In this example, the hinge is located 
at the intersection point to the convex cortices of the 
two bones and therefore, distraction of the concavity 
leads to correction of angulation and translation of 
the bone ends 


Fig. 27: (A) Application of translation hinge. Equinus malunion of ankle 
arthrodesis. (B) This was treated by a supramalleolar osteotomy with 
application of a translation hinge. The hinge was located at the level of 
the calcaneotibial fusion; the osteotomy was performed 3 cm proximal to 
that. (C) Simultaneous lengthening, angulation and translation were carried 
out. Notice the position of the tibia overlying the mid-foot. The entire foot 
has translated posteriorly to give this girl a heel and to shorten the stiff 
forehoot, improving her ambulation. Notice the translational pattern of the 
trabeculae 



Fig. 28: Détermination of hinge placement level by the bisector 
concept. (A) distraction hinge; (B) opening wedge hinge; 
(C) compression hinge 



Figs 29A and B: The principle of constraint of the apparatus to 
the bone. (A, B) It smooth wires only are used, distraction of 
the concavity of a deformity will lead to slippage on the smooth 
wires. The bone does not want to elongate with the correction 
but would rather more toward apart of the apparatus in which 
there is less élongation. Therefore, the bone moves from the 
convex side of the apparatus toward the concave side of the 
apparatus. This slippage heads to incomplète correction of the 
bone by the time the rings are in a corrected position, and is 
may lead to impingement of the skin against the ring on the 
convex side of the deformity 
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Figs 29 C and D: The principle of constraint of the apparatus 
to the bone. (C,D) Applying olives over the apex of the deformity 
prevents slipping. The concave bone and soft tissues are forced 
to elongate 

olives counteropposed on the same side as the fulcrum 
or distraction point whenever possible. In the fémur, 
threaded half-pins often substitute for olive wires. For 
pure frontal plane translational correction, the olives are 
placed counteropposed between blocks but on the same 
side of the two levels of fixation within a block. Therefore, 
the proximal two olive wires are on the same side and 
the distal two olive wires on the counteropposed side. In 
this pattern, the olives act to push the bone's distal 
segments from its translated position toward the properly 
alined proximal segment. For a combined angular and 
translational deformity correction using a hinge, the olive 
wires are placed in a modified rule of thumbs to effect 
both translation and angulation. This requires the 
addition of a third olive wire on the side without the 
hinge. The third olive wire is the translation wire that 
forces the translational correction simultaneous with the 
angular correction. If half-pins are used they act to 
constrain the construct, thus, replacing the need for olive 
wires. 

In preoperative planning, first détermine the level of 
osteotomy and identify the magnitude and true plane of 
the deformity. Construct an apparatus to correct the 
deformity. Two blocks of fixation are constructed, each 
with two levels of fixation. The spacing between levels is 
planned according to the strategy of correction. If only 
angular correction is required, then the blocks should be 
as wide as possible, with only a hand breadth separating 
the blocks at the level of the deformity. If significant 
lengthening is planned, the distance between blocks must 
be greater to avoid skin entrapment. In this situation, the 
width of each block is narrower. The hinge is placed in 


the axis of rotation of the angular deformity, 
perpendicular to the plane of deformity. In addition to 
the plane of the hinge axis, the level of the hinge and its 
function must be chosen. A hinge is placed either at the 
level of the osteotomy or at a different level. The latter 
will produce a translational effect during correction. 
Usually the hinge is placed at the level of the deformity's 
apex and the osteotomy is done as close to that level as 
other considérations permit. The function of the hinge as 
opening wedge or distraction will détermine its distance 
from the center of the ring. Once the hinge location is 
determined, the hinge is set at the calculated magnitude 
of angular deformity and locked in that position. A 
distraction rod is also placed between adjacent rings at a 
point halfway between the hinges on the opposite side 
of the limb. The preconstructed frame is then ready for 
application. 

Push/Pull Constructs 

The push/pull construct uses one fixed level within each 
bone fragment. The proximal-most and distal-most levels 
are each affixed to a ring, distraction rods are applied on 
the frame's are articulated with a long plate. The 
articulation on the plate acts as both a pivot and sliding 
joint. The apex of the deformity is either pushed or pulled 
into the concavity. A push construct uses smooth wires 
perpendicular to the plane of the deformity. A pull 
construct uses olive wires in the plane of deformity. The 
push wires are connected to a translational apparatus. 
The pull olive wires are connected using a slotted 
threaded rod translation apparatus. 

Because there is only one fixed level within each bone 
segment, this construct is less stable than the hinge 
construct. Therefore, this frame should be applied only 
to relatively stable pathologies such as stiff nonunions, 
bowing deformities with a large résistive tension band 
of soft tissue on the concavity (see Figs 1A to E), and bones 
that do not hâve great loads applied to them, such as the 
forearm. The most stable configuration for angular 
deformity correction is constructed by a mix of push and 
hinged construct. The levels of fixation within each bone 
segment articulated with hinges and a distraction rod on 
the concavity are augmented by a push construct on the 
apical two rings of the deformity to achieve augmented 
fixation and augmented constraints on the deformity. 

Construct Considérations 

For Rotational Deformities 

Most rotational deformities are corrected by rotational 
modifications of the basic hinge frame. The rotational 
vertical inclined plane hinge, while a theoretical 
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possibility, is usually too complex to be readily applied 
(see Fig. 27). Two types of rotational corrections can be 
achieved with the circular frame—acute and graduai. The 
rotational correction can be performed acutely but 
disconnecting the frame and rotating one section with 
respect to the other. This can be done at time of surgery. 
Because acute correction is too painful in most outpatient 
situations, a controlled acute method is préférable. One 
of these methods is to angle the rods between one ring 
and the other and then tighten them. If ail the rods are 
angled one or two holes over, then an acute derotation of 
one or two holes is achieved, resulting in 5° to 10° of 
derotation depending on the ring diameter. This can be 
repeated every few days until the correction is completed, 
usually with minimal discomfort. An alternative method 
is to shift the wire on the ring so as to blow each end of 
the wire in as opposite direction like a pinwheel, when 


the wires are tensioned, the bone rotâtes. This method is 
usually too complex, time-consuming, and painful, since 
ail the wires need to be loosened and retensioned. 
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Calculating Rate 
and Duration of Distraction 
for Deformity Correction 


JE Herzenberg 


Rule of Similar Triangles 12 

A practical method to calculate the appropriate number 
of turns per day of the distractor is to use the rule of 
similar triangles (Figs 1 to 7). The rule of similar triangles 
with matching angles is constant. This géométrie 
relationship can be applied to the Ilizarov apparatus to 
calculate the appropriate number of distractor turns. 

AB = BC 
AD DE 

(BC = 1) 

Fig. 1 : Rate calculations 

In the example of an opening wedge hinge for 
correction of Blount's deformity, you can clinically 
measure the distance AB from the hinge to the médial 
edge of the corticotomy and AD from the hinge to the 
distractor. The desired distraction rate at the edge of the 
corticotomy (BC) is 1 mm/day. Solving for DE gives you 
the amount of distraction needed daily. This amount 
should be divided into four "doses", and needs to be 
recalculated weekly or biweekly, as the angulation is 
corrected (Figs 1 and 2). 

The second clinical example is that of any equinus 
soft tissues contracture being corrected with an Ilizarov 
foot construct (Fig. 3). Here, the hinge is placed directly 
over the center of rotation of the ankle joint. How fast 
should the posterior distractor be turned? In this case, 
specify that the heel cord (BC) should stretch at a rate of 
1 mm/day. We can directly measure the distance AB from 
the hinge to the heel cord and AD from the hinge to the 
posterior distractor. Solving for DE will tell us how much 
to turn the distractor daily. This figure is then divided 
into three or four doses spread out over the day. For 



Fig. 2: Distraction hinge 


example, if our équation tells us to distract 3 mm per day 
at the distractor, you may tell the patient to distract 
1 mm (one complété turn) three times daily. 

Rule of Radius Concentric Circles 12 

While the rule of similar triangles works well, another 
method of looking at this problem is based on latest radius 
concentric circles. This theory is based on the observation 
that the Ilizarov apparatus for correcting deformities is 
like an engineer's compass. If you draw concentric circles 
centered on the hinge, you get a slightly more accurate 
estimation. This is particularly true when your frame is 
unusual as is often the case from translation hinge frames. 
The next illustration recréâtes the first example of an 
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Fig. 3: Correction of equinus contracture 



Fig. 5: Distraction hinge 




opening wedge hinge for Blount's disease. To use this 
method, draw a circle centered at the hinge where the 
radius AB is the distance from the hinge to the médial 
edge of the bone. Draw another circle centered on the 
hinge where the radius AC is the shortest distance from 
the hinge to the distractor. The ratio of these to radii AC/ 
AB is the amount that you need to distract daily to get 
1 mm of lengthening at the médial edge of the osteotomy 
site (Fig. 4). 

The next example shows the concentric circles that 
would be drawn for a distraction hinge to correct Blount's 
disease with shortening (Fig. 5). 


A distraction translation hinge construct is illustrated 
in the next example. Note how the distractor has been 
extended by an imaginary line to allow us to draw the 
appropriate circle (Figs 6 and 7). 

Finally, the example of equinus correction is created 
using concentric circles, instead of the previous method 
of similar triangles (Fig. 8). 

There are several sources of error in the System used 
to calculate rate of distraction—the measurements are not 
précisé, and they change slightly with each distraction. 
For this reason, they should be recalculated at each visit. 
It is not known if more accurate calculations might 
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AB 

1 

AC 

= X 


Fig. 8: Correction of equinus contracture 

improve the clinical results. However, improved accuracy 
can be achieved using frame measurements which do not 
change throughout the treatment. These numbers are 
the distances from the hinge point to the far rings and 
the distance from the hinge line to the distractor 
connection. These numbers along with measurements 
of the angle of the deformity and the distance from the 
hinge point to the site of desired 1 mm/day growth can 



Fig. 9: Joint contracture 


be used to obtain accurate calculations for the 
appropriate distraction rates. 

Biomechanics of Soft Tissue Contractures During 
Limb Lengthening 2 

Muscle tendon unit is the main hurdle in limb 
lengthening. When the bone is lengthened the soft tissue, 
especially the muscle does not keep pace with the bone. 
The soft tissue develops contractures if adéquate 
physiotherapy is not given (Fig. 9). 

The knee tends to extend during fémoral lengthening 
and valgus and flexion during tibial lengthening. The foot 
tends to equinus (varus or valgus) during tibial 
lengthening. The shoulder tends to lose abduction, while 
the elbow tends to lose flexion during a humérus 
lengthening. The elbow loses extension and the wrist 
tends to lose dorsiflexion during lengthening of the 
forearm. Réhabilitation is based upon a strategy to 
overcome résistance of the stronger muscles which create 
these deformities. Stretching of the muscles stimulâtes 
the muscle growth and maintains the length and prevents 
joint deformity. With inadéquate physiotherapy, soft 
tissue contractures may be severe. Tenotomy has as a last 
resort may be needed during lengthening. 3 
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INTRODUCTION 

Bowing deformity is common in our country. The patient 
usually présents in the late stages. Bowing deformity 
causes abnormalites of the joints. Because the joints 
develop compensatory deformation, in the severe varus 
deformity of the fémur and tibia, the subtalar joint goes 
into severe valgus deformity. Therefore, correction of the 
deformity should be done at early âge. 

The bowing deformity is a multiapical deformity. 
Therefore, usually two or more ostéotomies are necessary 
to correct the deformity and to restore the mechanical 
axis of the lower limbs. Ilizarov method is ideally suited 
to correct the bowing deformities. Because the correction 
is done slowly during the postoperative period, if there 
are any neurovascular problems that develop during 
distraction, one can stop the distraction. Ostéotomies can 
be performed with 1 cm incision. One can choose the 
number of osteotomy one or two or more, and also the 
levels of osteotomy. 

Bowing is a continuons multiapical deformity. As a 
bow has multiple apices, usually more than one 
osteotomy is needed for its correction. 

Causes of Bowing 5 

1. Congénital, e.g. congénital short fémur is usually 
associated with bowing 

2. Soft bone conditions such as osteogenesis imperfecta, 
rickets, Paget's disease 

3. Partial growth arrest secondary to either infection or 
trauma leads a bowing deformity 

4. Antérolatéral bowing in congénital pseudarthrosis of 
the tibia 

5. Other causes such as dysplasias, e.g. Shepherd's, 
pseudoachondroplasia. 


Multiapical deformities allow more versatility in the 
choice of level and magnitude of correction. Although 
the proximal and distal bone axes are fixd, the middle 
axis can be manipulated to alter the levels and 
magnitudes of the angulation. The magnitude and level 
of the first osteotomy will détermine the magnitude and 
level of the second osteotomy (osteotomy rule 3). 

Bowing deformities can be resolved to a single level 
and can also be corrected by a single acis of angulation 
passing through a point on the bisector line of this level 
(resolved CORA). This produces a zig-zag in the anatomie 
axis of the bone and therefore leaves a small bump on 
the bone. This may represent a cosmetic problem if the 
bump is on the subeutaneous surface of the bone. The 
bump is usually of no functional significance because the 
mechanical axis is realined, and the joint orientation is 
restored to normal (corollary to osteotomy rule 3). 

In case No. 3, concept of middle segment (osteotomy 
rule 3 of Paley) was used. Three ostéotomies were done. 
In this patient the infected nonunion, the bowing 
deformity of the fémur and the valgus deformity of the 
knee. Ail these were corrected with one apparatus and 
one procedure. 

In case No. 1, the corollary of osteotomy rule 3 of Paley 
was applied and only one osteotomy was done. 

Preoperative Planning of Bowing Deformity 5 

As in a simple angular deformity, perfect preoperative 
planning is necessary before correction. It differs from 
simple angular deformity in that unlike simple deformity 
it has multiple apices. 

Steps of Planning 

Step 0: Draw the mechanical axis line from center of 
the head of fémur to the center of ankle. See that there is 
marked mechanical axis déviation. 
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SteplA : Draw the j oint orientation lines of the hip knee 
and ankle 

Step IB: Draw the respective mechanical axis relative 
to these joint orientation lines, i.e. the line from center of 
the hip, the center of the knee, and from center of the 
knee to the center of the ankle. The intersection point of 
the proximal and distal fémoral and tibia mechanical 
axes gives total angular deformity in each bone. If single 
osteotomy is performed at each of these levels, 
mechanical alinement and joint orientation become 
normal. However, anatomical axis remains abnormal in 
both the bones. 

Step 2A: In fémoral deformity, apex is in the middle of 
the diaphysis. So, one can do osteotomy distal to the apex 
at the junction of middle and lower third. Half of the 
deformity is corrected through this osteotomy. 

Step 2B: After correction at one osteotomy, one can 
locate where the two mechanical axis lines subsequently 
intersects. This intersection point gives the level of second 
osteotomy. So, the site of first osteotomy can be selected 
at the level that empirically appears best for correction. 

Step 3: The second apex is determined and the 
remaining correction of the angle is done. This way 
alinement of the anatomical axis as well as mechanical 
axis is achieved. 

Step 4: The mechanical axis line of the corrected fémur 
is then extended distally. This line also represents the 
mechanical axis of the proximal tibia. Intersection of 
proximal and distal tibial mechanical axes lines gives total 
angular deformity in tibia. Half of the correction is done 
at a distal osteotomy. 

Step 5: After correction of half the deformity at distal 
level, intersection of proximal and distal mechanical axes 
lines gives second level of osteotomy. At that level, the 
remaining deformity is corrected. 

There is an alternative method for preoperative 
planning of bowing deformity. 

Step 0: Draw mechanical axis of the limb from the center 
of the hip to the center of the ankle. 

Step 1: Draw proximal and distal mechanical axes of 
the bone. 

Step 2: The intersection gives total angle of the bow. If 
the total angle is less than 20 degrees, the deformity can 
be corrected at this level with the single osteotomy. But 
if it is more two ostéotomies are necessary. 

Step 3: To find out two levels of osteotomy "middle 
segment concept" is given by Dror Paley. Draw midaxis 


line of the middle segment of tibia. Where it intersects 
proximal and distal mechanical axes lines are the two 
levels of ostéotomies and the angle subtended at each 
level gives the angle of correction to be done at that level. 

Step 3A: The middle segment can be made smaller. 

Step 3B: The middle segment can be shifted distally or 
proximally for the convenience of the level of 
ostéotomies. 

Step 4, 4A and 4B: Show complété correction of the bow 
by taking middle segment at different levels. 

According to Paley and Tetsworth, recognizing the 
importance of joint reference lines and individual 
segment mechanical axis lines allows the orthopédie 
surgeon to preoperatively plan accurate correction of 
extremely complex multilevel angular deformities. Based 
on these principles, the number, type and location of the 
ostéotomies can be planned. It is totally unacceptable to 
perform mechanical axis realinement or correction of an 
angular deformity without perfect preoperative planning 
(Figs 1 and 2). 

Case Studies (Figs 3 to 5) 

Complications : Minor complications include mild pin tract 
infection, wire loosening, pin loosening, etc. whereas 
major complications include: (i) residual deformity more 
than 20° in one case, (ii) residual shortening more than 2 
cms, (ii) knee stiffness—2 cases, (iv) refracture of 
regenerate—1 case. 

Antérolatéral Bowing 13 

Congénital anterior or antérolatéral bowing of the tibia 
with partial sclerosis and narrowing of its medullary 
cavity is vulnérable to fracture and developement of 
pseudarthrosis. Usually the fracture occurs at two years. 
Up till now the standard teaching was that antérolatéral 
bowing has a bad prognosis compared with the postero- 
medial bowing which is innocent and corrects itself. 
Sharrad has described two types of anterior bowing. 3 

Benign type: In this variety, there are no stigmata of 
neurofibromatosis or fibrous dysplasia in the patient or 
his relatives. The bone is thick and the trabeculae are 
almost normal. Spontaneous correction though new 
complété occurs with aging, and there is no need for 
treatment of this because no pathological fracture occurs. 

Progressive type: In the second variety, the medullary 
cavity is narrowed and may at one point be almost 
obliterated, but the bone texture is otherwise normal. It 
is usually due to neurofibromatosis or fibrous dysplasia 
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StepO Step IA StepIB 



4 


Step 2A 


Step 2B 









Figs IA and B: Preoperative planning of bowing deformities of both fémur and tibia; by using reference lines a single apex can 
be assigned that will correct the malalinement and joint malorientation through a single osteotomy in both the fémur and tibia. 
This leads to a marked alteration in the anatomie axes of these bones. Instead, it is préférable to eut these bones at two levels 
for such large bowing deformities. The fémur is corrected to restore its mechanical axis and the hip and knee joint orientations to 
normal. The mechanical axis line of the fémur from the center of the hip to the center of the knee is then extended distally to act 
as the mechanical axis of the proximal tibia. The more distal level of tibial deformity is corrected first. The amount of correction 
is performed related to a line drawn up the shaft of the middle of the tibia. The second level of deformity is determined by 
extending the mechanical axis line of the tibia proximally after correcting the first level. The remaining correction is as for 
uniapical tibial deformities. (B) The apparatus used for this correction is shown. The hinges are at the level of the intended 
ostéotomies as determined by preoperative planning. The rings are oriented perpendicular to the individual axes of each segment 
(left). Opening wedge corrections at two levels in each bone allows accurate deformity correction without gross anatomie 
malalinement (right). After complété correction, ail the rings are oriented parallel to one another 




Step 4 



Step 4A 



Step 40 


Fig. 2A: If there is more than one CORA complété realinement of mechanical and 
anatomie axes requires one osteotomy corresponding to each CORA with one axis 
of angulation for each CORA. The level of the CORA and the magnitude of correction 
is dépendent on that middle axis line, which can be drawn at different orientations. 
Therefore, the level and magnitude of one apex détermines the level and magnitude 
of the second apex 
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Anatomie 

axis Fig. 2B: Corollary to rule 3: If the osteotomy is perfromed 
through the resolution point CORA rather than the true 
multiple apices, then the mechanical axis and joint 
orientation will be corrected with a residual alteration in the 
anatomie axis of the bone. This may be a cosmetic problem 
but it does not affect joint orientation or mechanical axis 
alinement 




Fig. 3A: A 4-year-old girl—a case of metaphyseal dysplasia Fi 9- 3B: Mechanical axis déviation is seen and proximal and 
has bowing in tibia and fémur on both sides. The bow is in an distal mechanical axes lines in fémur and tibia intersects to the 
oblique plane as it is seen in both AP and latéral views tota l angle of the bow in respective bones 
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Figs 3C and D: (C) As the magnitude of the bow is small it is corrected with single osteotomy. 
(D) This photograph shows complété correction of bow in fémur and tibia on both sides 



Fig. 4A: A case of old rickets. He has severe bowing deformity 
in both fémur and tibia bilateral. His legs are almost like an “O” 


Fig. 4B: Mechanical axis is severely deviated 
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Figs 4C to F: (C) Mechanical axis of proximal and distal fémur are drawn. They intersect to give total amount of the bow. As it is 
very large at least two ostéotomies are necessary for its correction. So, middle segment concept is used here: Midaxis of middle 
segment of fémur intersects proximal and distal mechanical axis to give two sites of ostéotomies and the angle which has to be 
corrected at each side. Similarly in tibia midaxis of middle segment intersects proximal and distal mechanical axis lines to give 
two sites of ostéotomies and angle to be corrected at each level.(D to F) In fémur, we hâve done close wedge ostéotomies at full 
determined levels and bone was fixed with K-nail on both sides. It resulted in complété correction of bow but some amount of 
shortening 

















Bowing Deformities 1643 



Figs 4G and H: For tibia, llizarov fixator was applied and bow was corrected by opening wedge hinge at preplanned levels. To 
correct ligamentous laxity, fibula was osteotomized and pulled down 1 cm on both sides which made latéral collateral ligament 
taut 



Figs 41 and J: This photograph shows complété correction of bowing deformity 
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Figs 5A to D: (A and B) A case of osteogenesis imperfecta who has very 
severe bowing deformity in both fémur. On right side, he also had nonunion 
of fracture subtrochanteric. Tibia on both sides were fairly normal. (C and D) 
Planning of left side shows that the total bow is almost 60°. Knee joint is in 
20°of valgus. So, the total varus bow to be corrected is 80°. Bow is corrected 
at two levels 40°each. Third supracondylar osteotomy is done for correction 
of knee orientation. Tibial osteotomy is done for limb lengthening 
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Figs 5E to H: (E and F) Planning of right side also shows that, the varus bowto be corrected is almost 80°as on left side. On this 
side 40° of bow is corrected at subtrochanteric nonunion. Another 40° is corrected at second osteotomy and supracondylar 
osteotomy is done for correction of knee orientation.Tibial osteotomy is done for limb lengthening. (G and H) Final radiograph 
shows complété correction of bow and union subtrochanteric nonunion. Final photograph shows complété correction of bow and 
increase in height of the patient 
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Figs 6A to D: (A) A 13-year-old boy presented with antérolatéral bowing. He had pain in the ankle joint while walking. (B) We had 
performed McFarlans’ 1,2,4 bypass operation 10 years back, when he was 3 years old. (C) The fibular graft has not hypertrophied 
but united at both ends with tibia. He had varus procurvatum deformity, and (D) Calculation of total amount of bowing 
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Figs 6E to H: (E) Oblique plane deformity was determined graphically. (F) Two ostéotomies were performed. The hinges were 
placed at the apex of the deformity at two levels. (G) With distraction the hinges become straight and the rings become parallel 
to each other, and (H) Finally the bow is completely corrected and ostéotomies hâve healed. Notice the orientation of the ankle 
is normal and is parallel to the knee joint 
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Figs 7 A to D: (A) Female girl aged 14 was admitted with a fracture of the tibia. (B) She had bowing deformity since birth which 
gradually increased. (C) The magnitude of the bowing measured. She had sagittal plane (procurvatum) of 90°. AP view shows 
no deformity. Preoperative planning and level of ostéotomies determined preoperatively, and (D) Sclerotic portion of 3 cm was 
excised. This has two advantages: (i) sclerotic lésion was entirely removed, and (ii) 3 cm shortening was needed to protect the 
posterior neurovascular bundle, during acute docking. As the bow is a severe one, acute correction would be hazardous 



















Bowing Deformities 1649 



Figs 7E to H: (E) Notice the distal compression hinges placed in the concavity to close the gap. Notice the wedge resection of 
the lésion. Two level osteotomy performed, llizarov constructs with hinge placement at apex of deformity was applied. (F) 
Distraction was done, the hinges become stretched and the rings became parallel to each other, and (G and H) The bow is 
completely corrected and osteotomy has healed 
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in which the deformity slowly increases and spontaneous 
fracture with pseudarthrosis develops. There is minimal 
leg length discrepancy. 

Case 1: This 13-year-old boy had gradually increasing 
antérolatéral bowing (Figs 6 A to D). The sclerotic changes 
at the apex and obliterated medullary canal are seen. 
There are arthritic changes in the ankle. Notice the fibular 
pseudarthrosis. Resection of the sclerotic segment was 
done. Acute docking and proximal corticotomy were 
performed for limb lengthening. X-ray shows the 8 cm 
of limb lengthening and union of the pseudarthrosis. 

The New Approach to Antérolatéral Bowing 12 

The lésion in the antérolatéral bowing is restricted to a 
varying length of the tibia in its middle or in the distal 
third. The proximal and distal metadiaphyseal région of 
the tibia are healthy and normal. Therefore, osteotomy 
in this région heal well. the affected area acts as a middle 
segment according to the concept described by Paley. 5 
Correction of the bow is performed by two ostéotomies 
in the healthy segments of tibia. The angle formed by the 
mechanical axis is the magnitude of the bow. Angle of 
the open wedge at proximal and distal osteotomy 
together equals the magnitude. We hâve done correction 
of the antérolatéral bowing in two patients with excellent 
results. 

Case Studies (Figs 6 and 7) 

The Rationale of this Approach 

Angular deformity is an important cause of pathological 
fracture (pseudarthrosis). If the tibia is straightened out 
the chances of fracture is much reduced. The osteotomy 
is done in the healthy bone, with assumption that the 
lésion is restricted to a small segment in the middle or 
distal 1/3 of tibia, and the entire bone is not involved. 


Osteotomy performed in the normal bone heals well. The 
two cases treated by this method are adolescents. It is 
suggested that it is worthtrying in the younger âge group 
even at the âge of two. 

Treatment 45 

Osteotomy at the apex of deformity to correct the bowing 
must be firmly avoided since it is very likely to resuit in 
pseudarthrosis. The osteotomy is a definite contraindi- 
cation. If there is a definite cyst or a neurofibromatosis 
lésion which indicates a definite pseudarthrosis in future, 
resection and bone transport by Ilizarov method may be 
considered. 

Double ostéotomies for bowing deformity appears to 
be a satisfactory method of treating antérolatéral bowing. 
Though only two cases are treated and follow-up is short, 
the early results are encouraging. This may be applied 
even to the younger patients aged 2 years to prevent 
pseudarthrosis. 

CONCLUSION 

1. Benign type of antérolatéral bowing should be 
observed. 

2. If the deformity is increasing or pseudarthrosis is 
impending, there are two options: (i) Resection of the 
lésion and bone transport, and (ii) Double osteotomy 
to correct the deformity. 
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OSTEOTOMY CONSIDERATIONS 

Osteotomy Considération, Rules of 
Osteotomy and Hinge Placement 

The optimal level for an osteotomy is usually at the apex 
of an angular deformity. The choice of level is influenced 
by the proximity to the adjacent joint, the type of fixation, 
skin coverage, bone quality, and in children, the physis. 
A deformity apex within the bone's metaphysis or 
diaphysis is suitable for osteotomy and fixation. In 
children, correcting a juxta-articular deformity would 
cause transphyseal séparation, whereas in adults such a 
correction would necessitate an articular or intra-articular 
osteotomy. Therefore, the practical level for osteotomy is 
usually within the metaphysis in these deformities. For 
this reason, the metaphyseal and diaphyseal deformities 
will be grouped together under the name metadia- 
physeal, the juxta-articular type of deformity will be 
considered separately. 

After identifying the deformed and normal bone(s) 
using the above test, ascertain the apex of deformity. The 
osteotomy level can then be determined, taking into 
considération the limitations imposed by the joint and 
physis and by the fixation method. When the apex of the 
deformity is metadiaphyseal, the osteotomy is done at 
the level of the apex, and the hinge is also placed at the 
level of the apex. The correction angulates the bone ends. 
For a juxta-articular deformity apex, the osteotomy is 
performed in the metaphysis at a different level than the 
apex. The hinge is placed at the level of the apex. The 
correction causes translation and angulation of the bone 
ends. 

Other Factors in Determining the 
Level of the Osteotomy 

If lengthening is a major considération, the optimal level 
for lengthening is in the proximal or distal metaphysis. 


It may be préférable to perform a metaphyseal level 
corticotomy followed by a translational correction to 
realine the mechanical axis for both angulation and 
translation or to perform two ostéotomies, one for 
lengthening and one for deformity correction. 

Malunions often présent with combinations of 
angular and translational deformities. The translational 
component may either compensate or aggravate the 
mechanical axis déviation produced by the angular 
deformity. In the tibia, if translation is in the direction 
opposite of the angular deformity, then the translation 
will produce a compensatory effect on the whole this 
translation may not completely realine mechanical axis, 
it will reduce the amount of déviation (Fig. 1). If the 
translation is in the same direction as the angular 
deformity, the mechanical axis déviation will be 
aggravated. The apex of the deformity in these cases is 
not at the malunited level of the two none segments. 
Because of the translation, the true apex of the deformity 
will be either proximal or distal, depending on whether 
the translation is aggravating or compensatory. In the 
tibia, compensatory deformities will hâve an apex distal 
to the level of the malunion, but aggravating translational 
angulation deformity will hâve a true apex proximal to 
the level of the malunion. 

In the fémur the opposite relationship exists (Fig. 2). 
By performing the osteotomy at the level of the true apex, 
the intersection point of the mechanical axis—the limb 
will realine both angulation and translation through a 
single hinge (Figs 3A to E). A translating hinge apex offers 
the added advantage or allowing an osteotomy through 
lengthy bone rather than through a sclerotic, avascular, 
previously open, or infected région at the deformity's 
apex. 

Most diaphyseal deformities can be corrected by an 
osteotomy at the level of the true apex. An osteotomy at 
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Fig. 1 : Angular malunions of the tibial lead to varying degrees 
of mechanical axis déviation, depending on the degree of 
angulation, the level of the malunion, and the magnitude and 
direction of any associated translational deformity. These three 
varus malunions differ only in the magnitude and direction of 
the translation component of the malunion. The center malunion 
has pure angulation without translation of the bone ends. The 
malunion to the left of center has the same degree of angulation 
combined with translation towards the convexity of the deformity. 
The malunion to the right of center has the same degree of 
angulation combined with translation towards the concavity of 
the deformity. Notice the amount of mechanical axis déviation 
in ail three examples. The mechanical axis déviation is 
decreased when the translation is towards the convexity and 
increased when it is towards the concavity. The former is called 
compensatory translation, whereas the latter is called 
aggravating translation. Notice the point of intersection of the 
mechanical axis lines of the proximal and distal tibia. When 
there is no translation, the intersection is at the level of the 
malunion. When there is a compensatory translation the 
intersection point is distal to the malunion. When there is 
aggravating translation the intersection point is proximal to the 
malunion. The intersection point is considered to be the true 
apex of the angulation/translation deformity, while the malunion 
is considered to be the apparent apex 

the true apex corrects both angulation and translation of 
malalinement simultaneously, but does not correct any 
contour deformity created by the translated bone ends 
(Figs 4A and B). If the contour deformity is significant, 
then the osteotomy should be done at the level of the 
malunion. Translation and angulation must be corrected 
separately. 


Fig. 2: Varus malunions of the fémur are illustrated with and 
without aggravating or compensatory translation. Notice that 
in the fémur translation towards the convexity is aggravating 
while translation towards the concavity is compensatory. The 
reason for this is that by convention we refer to translation as 
the distal fragment relative to the proximal. If we think of the 
proximal fragment of the fémur as the one that is translating, 
then the rules are similar to that described in the tibia. Notice 
that the translation deformity shifts the true apex of the deformity 
either proximal or distal to the apparent apex at the level of the 
malunion 

Osteotomy Considération 

The axis of angulation is a line perpendicular to the plane 
of the angular deformity. For frontal plane deformities, 
the axis of angulation is in the sagittal plane. The spécifie 
axis of angulation of a frontal plane angular deformity 
passes through a point on the bisector line of that angular 
deformity. An axis of angulation passing through the 
convex cortex on the bisector line leads to an open wedge 
type of correction, whereas an axis passing through the 
concave cortex on the bisector line leads to a closing 
wedge type of correction. An axis passing in between the 
convex and concave cortices on the bisector line produces 
a partial open or partial closing wedge (neutral wedge) 
type of correction. Each of these points is a CORA. Ail of 
the CORAs are on the bisector line. To realine the bone 
fully at a spécifie level of angulation, the magnitude of 
angular correction must be équivalent to the magnitude 
of the angular deformity. Therefore, if the axis of 
correction of angulation and the osteotomy pass through 
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I Fig. 3A: Varus malunion 

of the mid-diaphysis 
of the tibia with compen- 
satory latéral translation 



Fig. 3B: The trame was 
applied with the hinges at 
the level of the true apex 
of the deformity, and the 
corticotomy was carried 
out at that level 



Fig. 3C: Distraction of the concavity led to realinement of the 
tibia through an open wedge correction. Notice the simultaneous 
correction of the angulation and translation, as demonstrated 
by the colinearity of the médial tibial diaphysis. The hinges are 
now straight and the rings are parallel, indicating completion of 
the deformity correction 



Fig. 3D: After completion of the angular correction, the 
parallel rings were distracted to lengthen the tibia 
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Fig. 3E: Final AP standing radiograph 
demonstrates the alinement of the 
corrected malunion. There is a 
persistent leg length discrepancy of 2 
cm, which was accepted due to slow 
healing in this patient 



Figs 4A and B: (A) Valgus malunion of the mid-diaphysis of 
the tibia with aggravating latéral translation. There was a 
significant contour deformity created by the malunion. 
Preoperative planning demonstrates that the true apex of the 
deformity is proximal to the level of the malunion. Angular 
correction at this level simultaneous corrects for the translational 
component of the deformity. (B) This leaves a persistent contour 
deformity which was unacceptable to the patient 



Fig. 5A: Osteotomy rule 1: If the osteotomy passes through 
the CORA, then only angulation is required to realine the bone 
ends. If the CORA on the convex cortex of the bisector line is 
chosen, then an opening wedge correction results 



Figs 5B and C: Osteotomy rule 1 : If the CORA on the concave 
cortex of the bisector line is chosen, then a closing wedge 
correction results (B). If the CORA in the middle of the bone is 
chosen, then a partially open, partially closing wedge (neural 
wedge) correction results (C) 


the same CORA on the disector line of the deformity, the 
bone ends will angulate to each other with no dis¬ 
placement (translation). The axes of the bone proximal 
and distal to the osteotomy level will completely realine 
when the magnitude of correction equals the magnitude 
of deformity (Figs 5A to C). 
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Figs 6A to C: Osteotomy rule 2: If the osteotomy passes through 
a different level than the CORA, then angulation and translation 
are required to realine the bone ends. (A) Opening wedge 
angulation-translation; (B) Closing wedge angulation translation; 
and (C) Neutral wedge angulation-translation 

If the axis of correction passes through a point on the 
bisector line but the osteotomy does not pass through 
this point, the bone ends at the osteotomy level will both 
angulate and translate to each other, but the proximal 




Figs 7A and B: Corollary to rule 2: If the osteotomy passes 
through a different level than the CORA and the axis of 
correction is on the osteotomy line, then a translation deformity 
results both with opening (A) and closing (B) wedge correction 


and distal axes lines will realine fully when the magnitude 
of correction equals the magnitude of angulation (Figs 
6A to C). 

If the correction is performed through an axis that 
does not pass through a point on the bisector line, the 
proximal and distal axes of the bone will be translated to 
each other after correction (corollary to rule 1, Fig. 7). 
Multiapical deformities allow more versatility in the 
choice of level and magnitude of correction. Although 
the proximal and distal bone axes are fixed, the middle 
axis can be manipulated to alter the levels and 
magnitudes of the angulation. 
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Fig. 8A: Osteotomy rule 3: If there is more than one CORA, complété realinement of mechanical and anatomie axes requires 
one osteotomy corresponding to each CORA with one axis of angulation for each CORA. The level of the CORA and the 
magnitude of correction is dépendant on the middle axis line, which can be drawn at different orientations. Therefore, the level 
and magnitude of one apex détermines the level and magnitude of the second apex 



Fig. 8B: Corollary to rule 3: If the osteotomy is performed 
through the resolution point CORA rather than the true multiple 
apexes, then the mechanical axis and joint orientation will be 
corrected with a residual alteration in the anatomie axis of the 
bone. This may be a cosmetic problem but it does not affect 
joint orientation or mechanical axis alinement 


The magnitude and level of the first osteotomy will 
détermine the magnitude and level of the second 
osteotomy (Figs 8A and B). 

Deformities in which a multiapical or combined 
angulation and translation deformity can be resolved to 
a single level also can be corrected by a single axis of 
angulation passing through a point on the bisector line 
of this level (resolved CORA). This produces a zigzag in 
the anatomie axis of the bone and therefore leaves a small 


bump on the bone. This may présent a cosmetic problem 
if the bump is on the subeutaneous surface of the bone. 
The bump is usually of no functional significance because 
the mechanical axis is realined, and the joint orientation 
is restored to normal (Figs 8A and B). 

Clinical choice of osteotomy level: The choice of osteotomy 
level is based on the geometry of the deformity, the type 
of fixation, the proximity of the osteotomy to the physis 
or joint, soft-tissue converge, bone quality, and so on. The 
osteotomy rules are based only on the geometry of the 
deformity. Considération of the other clinical parameters 
and not the osteotomy rules leads to secondary or residual 
deformities of varying clinical severity (Figs 9A to C). 
The magnitude of these secondary deformities dépends 
on the magnitude and type of the original correction and 
the distance of the axis of correction from the axes 
determined by the bisector line of the CORA of the 
deformity. For technical or other reasons, it may be 
sumpler or less riskly to accept a mild secondary 
deformity that is judged to be clinically insignificant. In 
most situations, however, it is préférable to consider the 
geometry of the deformity together with the other clinical 
factors in planning the osteotomy correction. 

If lengthening is required along with correction of 
angular deformity, corticotomy is done in the metaphysis 
area. This is foliowed by translation correction to realine 
the mechanical axis for both angulation and translation 
or to perform two ostéotomies, one for lengthening and 
one for deformity correction. 

Determining the True Plane of the Deformity 

Purl varus-valgus deformities are in the frontal plane. 
Procurvatum or recurvatum deformities are in the sagittal 
plane. Between these two planes, any deformity lies in 
an oblique plane somewhere in the frontal and sagittal 
plane. Both AP and latéral views show the angular 
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Figs 9A to C: (A) Oblique plane deformity of the tibia. (B) The AP projection of this tibia demonstrates a valgus deformity. (C) The 
latéral projection of this tibia demonstrates a recurvatum deformity. The trigonométrie exact formulae and graphie approximate 
formulae to calculate the magnitude (obi) and orientation of the oblique plane to the frontal plane (pin) are as follows: 


Trigonométrie: obi = tan" 1 ^ tan 2 ap+ tan 2 lat 

graphie: obi 

= ^a 2 + b 2 (Phythagorean Theorem) 


lat 

tan lat 

plan 

= tan -1 - 

pin - tan 1 

ap 


tan ap 


FigslOA to C: (A) Malunion of the tibia with 20° of varus and 13 mm latéral translation. (B) The latéral projection demonstrates 
25° of procurvatum and 10 mm posterior translation. (C) Observation of the patient from the front demonstrates the varus 
deformity of the tibia 
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Figs 10D to H: (D) When the patient turns his foot inwards, the varus deformity seems to disappear and the tibia appears 
straight. (E) Examination from the side demonstrates the procurvatum deformity of the tibia. (F) When the patient turns his foot 
inward again, the maximum angular profile of the deformity is seen. (G) The maximum angular profile is captured radiographi- 
cally on this latéral oblique view of tibia. It measures 32°. (H) An internai rotation AP oblique radiograph. In the plane of the 
deformity the tibia appears straight. The translational component of the deformity can be appreciated on this view 
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Figs 101: The measurement of 20°varus and 25°procurvatum 
were plotted on a graph. The vector obtained by the point 20- 
25 represents the magnitude 32° and true orientation 51.5°to 
frontal plane of the oblique plane angular deformity. 
Superimposed on this graph the magnitude of translation on 
the AP and LAT are plotted. The magnitude of the oblique plane 
translation is 16 mm oriented 35° to the frontal plane. The 
translation and angulation planes are 88°apart. This confirms 
the radiographie findings 



Fig 10J: The malunion was split obliquely 



Fig 10K: Notice the appearance of the apparatus in relationship to the left. The 
hinges hâve been placed relative to the apex of the oblique plane deformity. 
Notice that the distance of the hinge rods to the central bolts differs for the médial 
and the latéral hinge, demonstrating that the hinges are oriented obliquely to the 
anatomie planes 


Fig. 10L: A true latéral view of the deformity alines the hinges with the apex in the 
oblique plane 
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Figs 10M to O: (M) In this manner distraction of the concavity leads to realinement of the diaphysis on the latéral view of the tibia 
simultaneous with realinement on the AP view. (N) AN that remains is to correct the translation deformity. (O) By applying 
translational rods, the tibia was narrowed, bringing the cortical ends together side to side 



Figs 10P to R: (P) Appearance of the callus at the time of the removal of the apparatus 23 weeks after application. Notice that 
there is no corticalization of the callus between the bone ends. The patient was, therefore, protected in a PTB cast. The final AP 
(Q) and latéral (R) radiographs demonstrate the récurrence of deformity that occurred due to prématuré removal of the apparatus 
prior to complété corticalization of the distraction callus. Notice in addition the ring sequestrum from one of the pin sites (arrow) 
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Figs 11A to M: Showing the steps of how to perform low energy osteotomy. For details see the text, Page 1662 
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Figs 12A to C: Showing the steps of how to perform osteotomy with multiple drill holes. For details see the text, Page 1664 


deformity. One may mechanically think that the 
deformity is in two planes. But the deformity is in only 
one plane, and that is the oblique plane. 

Geometrically speaking, however, two lines can 
subtend only one plane. If we consider each bone segment 
as a line, these two lines can form an angle with each 
other only in one plane, irrespective of the presence of 
angulation, rotation, translation, or length deformities. 
A second plane of angulation can exist only if a second 
angular deformity at another level is introduced into these 
bone segments or lines. 

There are several ways to détermine the magnitude 
and true plane of a deformity in a plane oblique to the 
frontal plane. The simplest method is to rota te the limb 
until it appears straight (Figs 10A to R). The true plane of 
deformity is the plane where the projection of a deformed 
limb appears straight. The plane 90 to this projection 
should demonstrate the maximum angulation profile of 
the deformity. Radiographs taken in these two planes can 
be used to détermine the orientation of this plane and 
the magnitude of the true deformity. 

METHOD OF OSTEOTOMY 

After having decided the level of the osteotomy one must 
perform the osteotomy with minimal damage to the 
surrounding soft tissue and blood supply of the bone 
keeping in mind the various neurovascular structure. 


When performing the osteotomy, the dissection of the 
periosteum should be minimal to prevent damage to the 
structure. If using power instruments one should 
remember that they can cause thermal necrosis of the 
bone. To prevent this, the saw blade should be irrigated 
with cold saline. The start-stop technique is also another 
useful method to prevent thermal necrosis when using a 
drill bit. 

The various methods by which ostéotomies can be 
performed are: 

1. Low energy method using only osteotome 

2. Multiple drill holes and osteotome 

3. Gigli saw technique 

These techniques can be applied to both external 
fixators or minimally invasive internai fixator. 

Low Energy Method with only 
Osteotome (Figs 11A to M) 

After applying the external fixators apparatus, (A) a 5 to 
10 mm longitudinal incision is taken (B) at the desired 
level of osteotomy. The periosteum is then elevated (C 
and D) and a 5 mm osteotome is used to eut the latéral 
cortex of the bone (E). The médial cortex is then eut under 
the protection of a soft tissue elevator (F). The osteotome 
is then reintroduced into the latéral cortex and twisted 
(H, I,). This will cause the postérolatéral cortex to crack 
(J). The same maneuver is then repeated on the médial 
side (K, L). Finally, the osteotomy is completed with 
manual osteoclasis (M). 
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Figs 13A to K: The Gigli Saw method for tibial corticotomy (see text for discussion). (A) llizarov external fixator application, 
(B to G) Atraumatic threading of the Gigli Saw around the circumference of the bone, (H to K) Execution of the corticotomy 
(From Paley D: The llizarov Technique, JB Lippincott: Philadelphia in press; with permission) 
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Multiple Drill Hole and Osteotomy (Figs 12A to C) 

This method can be applied to both the fémur and tibia. 
First one must drill from the latéral to the médial cortex 
and then in oblique directions to reach the opposite cortex 
(A). The osteotome is used to complété the osteotomy by 
passing it in several directions (B). The osteotomy is then 
completed by rotating the osteotome. (C) 

Gigli Saw Osteotomy (Figs 13A to K) 

This technique can be applied to the proximal tibia, distal 
tibia, supramalleolar région, proximal fémur and distal 


fémur. The Gigli Saw technique should be avoided where 
there is thick diaphyseal cortical bone. The technique 
described below is the one use for the proximal tibia. 

Two transverse incisions are made and a suture is 
passed subperiostally from posteromedial to antéro¬ 
latéral. The Gigli Saw is tied to the suture material and 
pulled from posterior to anterior. The posterior and latéral 
cortices, and the medullary canal are eut with the saw 
under the protection of two elevators. The médial cortex 
is then elevated and the médial cortex is eut by flattening 
out the direction of pull of the saw. The saw is then eut 
and pulled out. 




INTRODUCTION 

The Ilizarov fixator is best known for limb lengthening 
and deformity corrections. It has a well-defined rôle for 
the treatment of Complex Non-unions with infection and 
bone loss. It is also well established in the treatment of 
compound fractures. 

While application of the Ilizarov fixator itself is not 
difficult for simpler cases, the postoperative management 
in terms of modification of the apparatus for secondary 
or sequential corrections can be time consuming and 
fraught with error. The analysis of oblique plane, and 
combined angular and rotational deformities can pose 
significant challenges to surgeons who are less 
mathematically or mechanically inclined. 

The Taylor Spatial Frame fixator was invented by Dr. 
J. Charles Taylor of Memphis USA (1990) and was 
designed to overcome these difficulties of use of the 
Ilizarov fixator. 1 It is a hexapod fixator made with circular 
rings having six struts instead of the three or four used 
with the Ilizarov. The fixator is able to control the position 
of the bone fragments with the help of software. It is based 
on the science of Projective Geometry and is the offshoot 
of the Chasles Theorem. 2 It is based on a principle similar 
to that used in aircraft simulator s. 

Hardware 

The TSF fixator consists of tabbed aluminum rings, which 
are available in size incréments of 25 mm in diameter, 
starting from 90 mm. The rings are thicker and broader 
than the Ilizarov Steel rings; albeit lighter. They hâve 
6 tabs which project from the outer border, each having 
3 holes for struts. The telescoping struts hâve graduated 
markings. They hâve multiplane hinges built into both 
ends and attach to rings with bolts. The six struts make a 
criss-cross pattern between the two rings. They are 


partially radiolucent but may obscure the view of the 
fracture or regenerate site. 

For the thighs, arcs comprising five eighths of a circle 
of the similar design are available in various sizes and 
may be used in the proximal and middle fémur to allow 
sitting and clearance of the opposite limb while walking. 
A U shaped foot ring is also available. 

The basic fixation to the bone is achieved with 
standard Ilizarov wires or half pins. These are then 
attached to the rings with wire fixation bolts and Cubes 
with sleeves, etc. Most of the other hardware components 
of the Ilizarov System corne in useful while using the TSF 
fixator. 

The Software 

The control over bony fragments for deformity correction, 
lengthening or fracture réduction is done with the help 
of software. X-ray measurements 3 in the AP and Lat plane 
are taken which measure the angular, rotational and 
length déviations. 

Spécial measurements which allow the software to 
get oriented to the bone fragment position vis-à -vis the 
size and orientation of the rings, are taken with the help 
of a translucent grid on X-ray s and fed into the software. 
The ring and strut sizes are also fed in as are the desired 
correction parameters. A note is taken of any structure at 
risk like the peroneal nerve in the région of neck of fibula, 
so as not to stretch it. The software then outputs a 
program, which guides the surgeon and patient to turn 
the struts at spécifie intervals and amounts to achieve 
the desired resuit. Patients could follow instructions very 
easily as the struts are color coded with tags. 

The earlier version of the software was available on 
disk and worked in two operative modes—the Chronic 
and Residual Mode (Fig. 1). The newer version is the web 
based Total Residual 1 software ( Figs 2A to D). 
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Fig. 1 : Shows the software interface to be used in the 
chronic mode (For color version see Plate 27) 



Fig. 2A: Shows the web based software interface here taking 
input for deformity parameters (For color version see Plate 27) 


Measurements and the Software 

Ail patients must hâve full length or full segment X-rays 
before and during treatment. During the postoperative 
phase, X-rays were made perfectly parallel to the 
reference ring, exactly orthogonal to the bone and had to 
include the entire width of the ring to ensure that the 
Virtual center of the ring could be calculated accurately 
for measuring the frame offsets. 

The X-ray measurements needed to fill in the software 
are as follows: 

Deformity parameters are Coronal plane angulation 
(varus-valgus) and translation. Sagittal plane angulation 
(recurvatum-procurvatum) and translation, axial view 
angulation (external or internai rotation) and translation 
(shortening and lengthening). 



Fig. 2B: Mounting parameters are fed which orient the software 
to the position of the bone fragments in the rings (For color 
version see Plate 28) 



Fig. 2C: Initial strut settings are fed in for the 6 struts 
(For color version see Plate 28) 
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Fig. 2D: The software créâtes a schedule for the patient to turn 
his struts according to the dates to give final desired correction 
(For color version see Plate 28) 
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The Mounting parameters are a set of measurements 
which help the software to orientate the bone fragments 
in 3D space. A prominent landmark is chosen on one of 
the fragment ends—such as a bony spiculé in a fracture 
case and designated as the origin. The software needs to 
be informed about its location in 3D space. 

The Virtual center of one of the rings designated as 
the reference ring (typically the upper ring in a proximal 
tibial lengthening or the lower fémoral ring in a distal 
fémoral lengthening or the distal tibial ring in a distal 
tibial fracture) is calculated by taking the midpoint of the 
ring width (hence the importance of taking X-rays 
showing the full width of the rings). From this Virtual 
midpoint, a perpendicular is dropped to the origin. The 
distance from the origin to this perpendicular is measured 
as the AP view Frame Offset as being either médial or 
latéral to the origin. Similarly the LAT view frame offset 
is measured as the Virtual center of the ring being anterior 
or posterior to the origin. 

The Axial Frame Offset is the distance of the Virtual 
ring center from the origin. Rotary Frame Offset is the 
orientation of the center tab of the reference ring vis-à - 
vis the center of the tibia (typically the crest) or fémur. 

Frame Parameters 

These are measurements relating to the size of the ring, 
the side and the strut lengths. 

The PC based software has two Operative Modes: 
Chronic Mode and the Residual Mode. 

The Chronic mode is used in the correction of 
deformities. The rings are arranged in such a way that 
the proximal ring is perpendicular to the proximal 
fragment and the distal ring is perpendicular to the distal 
fragment essentially recreating the deformity. The strut 
lengths are now fed into the software. Once the struts ail 
corne to their mid-points, the deformity will be 
completely corrected. 

In the Residual mode, residual deformities after fracture 
fixation and lengthening are to be corrected. 

Since the last few years, the software is available on 
the web and is known as the Total Residual Software. The 
great advantage of this new method is that a crooked 
frame on a crooked bone can be accurately corrected, i.e. 
the surgeon does not hâve to hâve spécifie constraint of 
fixing the rings on the limb in any particular manner and 
may do so as per requirements of anatomy or the task at 
hand. 

Structure at Risk 

The software takes into account any structure that may 
be at risk during distraction, e.g. the latéral popliteal nerve 


during correction of an upper tibial valgus deformity. 
Here the distance of the nerve from the origin is fed in 
the software which ensures that it will not be distracted 
apart at more than a specified amount—usually 1 mm 
per day. 

In the case of a deformity correction, the periosteum 
on the concave side will not be distracted at more than 1 
mm per day to ensure good bone formation. 

Postoperative Management 

This is very similar to the management of the Ilizarov 
fixator. Keeping the frame stable with proper tension in 
the wires and fixation of the half pins is important. The 
Key is to know that even if one of the struts becomes 
loose, the entire assembly becomes unstable. This is unlike 
the Ilizarov System when even if one strut is removed, 
the remaining three are sufficient to keep the assembly 
stable. The same amount of care needs to be taken for 
ensuring that no contractures develop while on the frame 
(especially considering the added bulk of the tabbed rings 
which tend to keep the limb further away from the bed). 

Residual deformities may develop due to (a) faulty 
entries in the software (b) excessive muscle tensions and 
forces and (c) instability of the frame. Bolstering the 
stability of the frame and repeating the software program 
with the new reading of the struts can solve the problem. 

Difficulties with the Ilizarov Fixator 

The Ilizarov fixator is very versatile due to its modular 
nature and circular geometry which resembles the shape 
of limbs. It is possible to correct ail kinds of deformities, 
perform lengthening and fracture réduction and hence 
is now accepted as the gold standard for correction of 
complex deformities. 

A thorough understanding of complex principles of 
deformity correction is necessary to analyze and 
accurately treat deformities. This would include some 
basic and applied trigonometry. The amount of time 
required to analyze a complex oblique plane deformity, 
for example can be daunting to the casual surgeon. 

The steps would be: measure the deformity in the AP 
and LAT X-rays. With the graphical method of analysis 
on paper, an outline of the Ilizarov ring size to be used is 
drawn and the cross section of the bone is drawn to 
simulate a transverse section of the limb at the site of the 
maximum deformity. The AP deformity is drawn as a 
line on the abscissa (X-axis) and the LAT plane deformity 
is drawn as a line on the ordinate (Y-axis). A rectangle is 
completed, the length of the diagonal of which gives the 
true magnitude of the deformity. The angle of inclination 
of this diagonal from the abscissa gives the plane of the 
deformity. 
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Hinges are placed on a line Orthogonal to this 
diagonal as it meets the ring outline. The diagonal itself 
is extended in the concavity of the deformity to give the 
position of the motor rod. Then, a preconstruction of the 
frame is made based on this graphical analysis, usually 
with the patient examined under a C-Arm before surgery. 
This process can take several hours and can be very 
confusing to the surgeon. 

In the treatment of compound or comminuted 
fractures or lengthening, secondary deformities usually 
develop during treatment. These need to be corrected by 
changing the Ilizarov frame montage. Let us consider a 
4 cm tibia lengthening with an Ilizarov fixator applied 
with simple threaded rods between the two upper rings. 
During the distraction phase a procurvatum deformity 
develops. If it is lesser than 5°, it can be easily corrected 
by distracting more on the posterior struts. When the 
deformity exceeds 5 to 10°, we would hâve to apply 
hinges in the sagittal plane with nylon insert nuts to be 
able to correct this deformity. If the patient also has a 
rotational or translational deformity that needs 
correction; a different construct for each action has to be 
created in the Ilizarov frame. This can be very time 
consuming, and requires a mechanical aptitude and 
inclination to work hard on the patient in the post- 
operative phase. It could unfortunately be prone to error. 
The most difficult of these constructs are the rotational 
and translation constructs, especially when combined 
with an angular deformity. 

Advantages of the Taylor’s Spatial Frame 

The Taylor Spatial Frame fixator has ail the advantages 
of the Ilizarov fixator and overcomes some of its above 
mentioned difficulties. The surgeon is greatly benefited 
by its ease of use 6 as well as the modem and high-tech 
interface. Other parameters remaining the same, the 
Taylor Spatial Frame fixator makes preoperative planning 
and postoperative alterations of the fixator extremely 
simple. The software package takes away the tedium of 
extensive calculations needed for preoperative planning. 
Ail that is needed is to feed in 13 simple measurements 
from standard AP and latéral X-rays. The software does 
the calculations necessary to analyze the oblique plane 
or get the fracture to reduce accurately. 

The 6 struts hâve multiplane hinges built in at both 
their ends and hence are ready to serve any desired 
function: namely, lengthening, shortening, angular, 
translational or rotational correction. Once the fixator is 
applied, ail of these complex alterations can take place 
without any further labor and changes to the fixator. This 
makes for great ease of use for the surgeon as well as 
ensuring that the corrections are absolutely accurate. 


There are a few dis advantages, however. The 
aluminum tabbed rings are bulkier (albeit lighter) than 
the Ilizarov ones. The 6 struts in a criss-crossing pattern 
frequently obliterate the view of the regenerate bone or 
fracture site. The decision to remove the fixator after 
judging for full consolidation or healing became 
somewhat difficult. We solved the problem by replacing 
the Taylor Spatial Frame Fixator struts with those of the 
Ilizarov System to better visualize ail sectors of the 
regenerate or the osteotomy site. 

The computer software is only able to produce 
accurate results if the input is précisé. There is a possibility 
that a single wrong measurement may make the bone 
turn in the wrong direction! This embarrassing expérience 
has happened twice to the author. 

The System and its nomenclature 7 take some getting 
used to and familiarity alone leads to accurate use. 
Needless to say, planning or alterations cannot be done 
without a computer, or an Internet connection. Finally, 
high technology cornes at a high price! 

An experienced surgeon using the Ilizarov System for 
many years, with a sound knowledge of the principles of 
deformity correction can certainly achieve results that are 
very accurate. This is borne out in the author's expérience. 

SUMMARY 

The Taylor Spatial Frame Fixator is a computer software 
controlled circular external fixator using six struts, 
allowing correction of bony deformities, fractures and 
limb lengthening with great accuracy and ease of use. 
The ease of use is évident in the preoperative analysis as 
well as postoperative fixator alterations. 

Patients and Methods 

Our expérience with the TSF fixator spans the period from 
Oct 2001 to June 2006. 24 patients were operated with 
the Taylor Spatial Frame Fixator, of whom 22 are included 
in the study. Their âges ranged from 13 to 56 years. 
27 limb segments were operated. There were 23 tibiae, 
2 femora, 1 knee joint and 1 ankle joint Table 1. 

Eight patients had lengthening of 10 tibiae. The length 
gained ranged from 2.5 to 6.5 cm. 

(Three patients underwent only lengthening in 5 
tibiae. One had Congénital Posteromedial Bowing of the 
tibia and presented with 3 cm of shortening without any 
deformity. The other two of these three had constitutional 
short stature and underwent lengthening of bilateral 
tibiae. Two patients had growth arrest with shortening 
and deformities in 2 tibiae. Three patients with post- 
traumatic malunion had lengthening with deformity 
correction in 3 tibiae. Ail malunions were in varus, 
procurvatum and anterior translation deformities along 
with shortening of 2.8 to 4 cm. 
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TABLE 1 : Different cases for which Taylor spatial frame can be used 


S. No 

Name 

Age 

Sex 

Bone 

Side 

Diagnosis 

Treatment 

Resuit 

Comments 

1 . 

BD 

56 

M 

Tibia 

R 

# upper tibia 

Cl Redn Ex 
fixation 

Union 14 
weeks 

No residual deformity and 
compl 

2. 

pj 

31 

F 

Tibia 

L 

# upper tibia 

Cl Redn Ex 
fixation 

Union 12 
weeks 

Polio. No residual deformity 
and compl 

3. 

AJ 

55 

M 

Tibia 

R 

# lower tibia 

Cl Redn Ex 
fixation 

Union 16 
weeks 

Needed a change of struts in 
the end for better visualiza- 
zation 

4. 

GN 

24 

M 

Tibia 

L 

# comm. middle Cl Redn Ex 

3rd tibia fixation 

20 weeks 
union 

Assoc. Fémoral # Rx with 
Ilizarov fixator 

5. 

MK 

58 

M 

Tibia 

R 

# lower 3rd 

Cl Redn Ex 

22 weeks 
union 

Needed Bone Grafting and 
Pin exchange 

6. 

JK 

32 

M 

Tibia 

L 

# middle 3rd 
tibia 

Cl Redn Ex 
fixation 

Union 

Assoc bilat # Colles 

7. 

RV 

33 

M 

Fémur 

R 

U3 # 

Cl Redn Ex 
fixation 

Union 24 

weeks 

Assoc Sciatic N Palsy. 

Needed Neurolysis nerve 
recovered. Mild residual 
deformities. 

8. 

VM 

19 

F 

Tibia 

R 

Growth arrest 
Varus recur¬ 
vatum and IR 
deformity 

Lengthening 

and 

deformity 

correction 

3.5 cm 
lengthening 
Full correc¬ 
tion of 
deformity 

Struts changed to Ilizarov 
due to difficulty in 
implementing program 

9. 

AB 

23 

M 

Tibia 

L 

Growth arrest 
+ Varus- 

Procurvatum 

Lengthening 

and 

deformity 

correction 

4 cm 

lengthening 

Bone cyst in U tibia caused 
Growth arrest. Corticotomy 
distal-caused minimal 
médial translation 

10. 

PM 

36 

M 

Tibia 

R 

Malunion— 
Varus, 

Procurvatum, 
médial and 
anterior 
translation 

Lengthening 

and 

deformity 

correction 

3 cm 

lengthening 

Accurate correction of 
length through a 
corticotomy done through 
abnormal soft tissues 

11 . 

YSKK 

39 

M 

Tibia 

L 

Malunion— 
Varus, 

procurvatum, 

shortening 

Lengthening 

and 

deformity 

correction 

2.8 cm 
lengthening 

Developed procurvatum 
deformity during treatment. 

12. 

eu 

32 

M 

Tibia 

R 

Malunion— 
Varus, 

procurvatum, 

anterior 

translation 

Lengthening 

and 

deformity 

correction 

Achieved 

3 cm of 
length 

Injury due to Gunshot 
wounds. Residual 
shortening of 12 mm due to 
prématuré consolidation 

13. 

SJ 

21 

M 

Fémur 
and tibia 

L 

Malunion— 
Fémur 

procurvatum 

85°, 

Tibia 

recurvatum 

60 deg 

Deformity 

correction 

Full 

correction 
of both 
deformities 

Needed no lengthening 


Contd... 
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Contd... 

S. No 

Name 

Age 

Sex 

Bone 

Side 

Diagnosis 

Treatment 

Resuit 

Comments 

14. 

TB 

26 

M 

Tibia 

L 

Valgus 

deformity 

Deformity 

correction 

Done acutely Full correction. Also had 
Fémoral valgus to be 
corrected later 

15. 

VS 

33 

F 

Tibia 

Bilat 

Valgus def 7 
degrees 

Deformity 

correction 

Graduai 

correction 

Lat Popl. Nerve 
Décompression done on one 
side. Also had Fémoral 
valgus corrected with 
Monorail fixator 

16. 

UP 

11 

M 

Tibia 

Bilat 

Varus- 

Procurvatum 

Deformity 

correction 

Acute 

correction 

Chondro Metaphyseal 
dysplasia. Full correction 

17. 

SC 

21 

M 

Tibia 

L 

Varus 

Deformity 

correction 

Acute 

correction 

Full correction achieved 

18. 

MH 

18 

F 

Tibia 

R 

Cong. PM 
Bowing 

Lengthening 
and deformity 
correction 

3 cm length 
with 

deformity 

correction 

Full correction and 
equalization of limb 
lengths 

19. 

GK 

31 

M 

Tibia 

Bilat 

Constitutional 
short stature 

Lengthening 

6 cm length 
achieved 

Mild residual procurvatum 
on one side due to instability 

20. 

SS 

21 

M 

Tibia 

Bilat 

Constitutional 
short stature 

Lengthening 

6 cm length 

Equal lengths with no 
residual deformity 

21. 

MP 

13 

F 

Ankle 

R 

Polio with 

severe 

equinus ankle 
joint 

Graduai 
correction of 
equinus 

Overcorrec- 
tion into 5 
degrees 
dorsiflexion 
achieved 

No overdistraction of ankle 
or crushing of cartilage. 
Splintage postoperatively 
for maintenance 

22. 

NR 

29 

M 

Knee joint 

R 

Chronic 

traumatic 
dislocation of 
knee 

Graduai 

réduction 

and 

arthrodesis 

Sound fusion Associated fémur and tibia 
fractures. Protected 
in fixator. Fémur went 
on to Nonunion later 


Ten patients with 13 limb deformities (12 tibiae, 
1 fémur) underwent correction. There were 6 tibial varus- 
procurvatum deformities, 1 tibial varus, 1 tibial varus- 
recurvatum deformity and 3 tibial valgus deformities, 
which underwent correction. Five patients were common 
to the lengthening as well as deformity correction group. 

One patient who had an ipsilateral fémoral 
procurvatum of 88 degrees and tibial recurvatum 
deformity of 60° (Figs 3A to G) achieved full correction 
with the help of the TSF fixator. He had a chronic 
malunion of the fémur in childhood which was 
inadequately and hence resulted in a compensatory 
deformity in the upper tibia. He had no shortening and 
hence underwent pure deformity correction with a 
graduai angulation-translation maneuver. 

One patient suffering from Polio had a 60° of ankle 
joint equinus contracture. The equinus was not correct- 
able on knee flexion. The TSF frame was used to create a 


Virtual center of rotation at the level of the ankle joint 
instant center. Correction was achieved with graduai soft 
tissue distraction. 

One patient with monomelic polytrauma had a 
fracture shaft fémur and shaft tibia which were plated, 
but also had a dislocation of the knee which was 
neglected. It presented with varus, posterior translation 
and overriding 5 months after the trauma. The TSF fixator 
spanned the knee and was extended above into the fémur 
and below into the tibia with Ilizarov rings to protect the 
plated shaft fractures, which had not healed. The TSF 
fixator achieved graduai réduction of the chronic 
dislocation. 

7 patients had complex or comminuted fractures, 6 in 
the tibia and 1 in fémur. The six tibial fractures were two 
each in the upper, middle and lower end of the tibia. In ail 
of these patients two TSF rings used closest to the fracture 
site and the other rings were the Ilizarov rings. The 
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Figs 3A to H: (A to C) Young male with fémoral procurvatum and tibial recurvatum, (D) Corrective osteotomy and Taylor frame 
application, (E) the Taylor spatial frame fixator permits walking and mobilization when due care is taken, (F) clinical resuit 
showing full correction of fémoral procurvatum and tibial recurvatum, (G) full length AP X-ray showing complété correction of 
deformity and mechanical axis passing through the center of the knee, (H) full length lat. X-ray showing the mechanical axis 
passing through the center of the knee joint even though there is a mild translation of the distal fémur anteriorly and distal tibia 
posteriorly (see text for explanation) 
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compound fémoral subtrochanteric fracture was caused 
by a gunshot wound and presented after 4 weeks with a 
complété sciatic nerve palsy and large wound over the 
posterior thigh with many embedded pellets. The TSF 
fixator was used to reduce the fracture and allow wound 
debridement as well as mobilization of the patient. After 
the posterior thigh wound healed, a sciatic neurolysis was 
done between the rings of the TSF fixator with the patient 
in prone position. The nerve was in continuity, but 
enmeshed in fibrous tissue. It could be freed completely 
and started showing early recovery in 10 weeks and full 
function recovered completely in 24 weeks. 

Surgery was conducted under routine spinal or 
general anesthésia depending on the patients' preference. 
Standard précautions and management for the fixator as 
in the Ilizarov were used successfully. 

The fixator was a great help in treating the minor 
secondary deformities that arose during lengthening. 

Results 

Ail patients achieved lengthening without any major 
complications. One tibia developed a 7° residual 
procurvatum in the consolidation phase of lengthening 
which could hâve been avoided had the patient agreed 
to a pin-exchange. One patient with varus-procurvatum 
malunion with shortening could not achieve full length 
due to prématuré consolidation. The deformities were 
fully corrected but the length fell short by 12 mm. He 
refused a repeat corticotomy which could hâve given him 
full length. 

The deformity correction patients achieved full 
correction of the deformities that ranged from 14 to 88° 
very accurately without any residual deformity larger 
than 1 degree. In the illustrated case (Fig. 3G) the 
apparent anterior translation of the tibia is due to the 
deformity correction being done with Rule 2 (Rule 2 States 
that when the deformity is corrected by placing the hinges 
exactly at the CORA—Center of Rotation of Angulation, but 
the osteotomy itself is performed at a level different from the 
true apex of the deformity; full correction of the overall axis 
wïll occur , albeit with translation at the osteotomy site) of 
Deformity Correction principles. 4 If noticed carefully, the 
mechanical axis of the limb is passing exactly through 
the center of the knee. Rule 2 was employed and the 
osteotomy was performed distal to the level of the sub- 
articular deformity. There was not enough space for the 
upper tibial ring to hâve gone a little doser to the joint 
line due to presence of the tilted lower fémoral ring due 
to its severe deformity. Thus the osteotomy got shifted a 


little distally and necessitated a posterior translation of 
the distal fragment to achieve correction. Any more 
posterior translation of the distal tibial fragment would 
hâve caused a lack of contact of the bony fragments. 
Hence it was decided to accept the small résultant anterior 
translation of the tibial mechanical axis as it does not 
exceed 12 mm. However, it may be clearly observed that 
the overall Mechanical Axis is completely corrected and 
passes exactly through the center of the knee joint. It is 
interesting to note that this has been possible due to the 
small anterior translation of distal fémoral fragment. It 
may be noted that fémoral and tibial translations hâve 
the opposite effects on the position of the mechanical axis 
at the level of the knee joint. 

Ail fractures united. One compound subtrochanteric 
fémur fracture healed with 5° varus and 11° procurvatum. 
He also had a sciatic nerve palsy for which a neurolysis 
was done with the fixator in situ. The nerve started 
recovery after 10 weeks and recovered completely by 6 
months. One patient with a comminuted lower third tibia 
needed an Iliac crest bone grafting and pin exchange to 
achieve union. 

The Taylor Spatial Frame fixator allowed us to 
separate the fixation from the réduction. It was possible 
to fix the fracture in an emergency without worrying 
about the réduction. We could run the software program 
later to achieve a perfect réduction of the fracture 
fragments—gradually and without pain. 

The knee joint dislocation underwent relocation and 
then was converted to a sound knee arthrodesis without 
deformity. One ankle joint equinus contracture was 
corrected completely into overcorrection of 5° and has 
not recurred after 3 years of frame removal. 

There were no major pin track infections or any severe 
pain during treatment. 

Ail the basic principles of frame application as for the 
Ilizarov fixator hâve been applied to preserve Joint Range 
of Motion. Most of the applications were in the tibia where 
the foot was not fixed and ankle was kept free. Weight 
bearing ambulation also ensured that Joint ROM was 
maintained. 

Since only two femora were fixed, the results of Knee 
Range of Motion will be available only after a further 
period of at least nine months post-removal of the fixator, 
which should be the normal duration to expect full 
recovery of Knee ROM without performance of 
lengthening. 5 The principles of preserving knee Range 
of Motion are same for either the Ilizarov or the Taylor 
Spatial Frame fixators. 
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Despite the nearly 100 years Paget's 3 description, 
congénital pseudarthrosis of the tibia (CPT) remains one 
of the least understood, most complex and most difficult 
to treat of ail orthopédie problems. Fortunately, it is a 
rare disease. There is a failure of normal b one formation 
in the distal half of the tibia, resulting in segmentai defect 
of bone, antérolatéral angulation and pathological 
fracture. 

Etiology 

The exact cause of congénital pseudarthrosis of the tibia 
is not known. The disorder is not a single separate entity 
but rather a syndrome of several different pathologie 
conditions. Neurofibromatosis of the tibia is an important 
cause of pseudarthrosis in 40 to 80% of cases. Therefore, 
one must look for the hallmarks of neurofibromatosis, 
i.e. café-au-lait spots and skin nodules. Rest of the cases 
are due to fibrous dysplasia and idiopathic. Roberts L 
and Shaw noted that café-au-lait spots and especially, 
neurofibromatous nodules are often absent at birth, these 
stigmata of neurofibromatosis appear later on in life, their 
absence in infancy should not be accepted as evidence 
against the diagnosis. 

Pathology 

The site of pseudarthrosis is usually surrounded by a 
thickened periosteum and a heavy euff of fibrous tissue. 
According to Aegerter and Pétrie, hamartomatous tissue 
at the fracture site does not allow normal callus formation 
resulting in pseudarthrosis. Electron microscopy 
failed to distinguish between neurofibromatous 
pseudarthrosis and pseudarthrosis without either 
neurofibromatosis or fibrous dysplasia. 


The principal hypothesis of pathology is that the 
pathology in type II congénital pseudarthrosis of the tibia 
is an aggressive osteolytic fibromatosis. 

Natural History 

The natural history of the anterior or antérolatéral bowing 
of the tibia secondary to neurofibromatosis or fibrous 
dysplasia is a fracture with the establishment of a 
pseudarthrosis. 

In untreated cases of pseudarthrosis, shortening, 
angulation, foot deformities, and abnormality of gait 
increase with âge. Even if the fracture has united after 
surgical treatment, refractures are common and 
pseudarthrosis may reappear until maturity. 

Fibromatosis blends with the periosteum above and 
below the nonunion, enclosing the bony ends. The 
fibromatosis is osteolytic in nature, which is most 
pronounced in the young child seemingly decreases with 
growth and disappears at skeletal maturity. 

Classification 

Anderson's Classification of Congénital Pseudarthrosis 
(Table 1). 

TABLE 1 : Anderson’s 1,10 classification of CPT 

1. Dysplastic type 

2. Cystic type 

3. Late type 

4. Clubfoot type 

5. Angulated pseudarthrosis 

Dysplastic Type 

In this variety, the diameter of the tibia is narrowed with 
sclerosis and partial or complété oblitération of the 
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medullary cavity. The hourglass constriction of the long 
bones is characteristic. The tibia is bowed anteriorly or 
anterolaterally. Rarely, fracture may be présent at birth, 
more often spontaneous fracture and subséquent 
pseudarthrosis of the tibia develop when the infant begins 
to stand and walk at an average of 12 months. 

The dysplastic type is notoriously prone to nonunion 
and refracture. According to Anderson, neurofibro- 
matosis is always présent in the dysplastic type 
(Table 1). 

Cystic Type 

In this variety, there is no significant narrowing of 
the diameter of the tibia or fibula. There is a cyst- 
like lésion in the affected segment. The tissue resembles 
fibrous dysplasia. At birth, the leg is not angulated, but 
in the first few months of life, slight but definite anterior 
angulation of the tibia gradually develops. The fracture 
occurs at an average âge of 8 months. According to 
Anderson, neurofibromatosis is not associated with the 
cystic type, however, of the 10 cystic cases reported by 
Morrissy et al, three of the patients had neurofibromatosis 
and seven did not. 

Late Type 

In this variety, the leg appears to be normal early in life. 
There may be slight lower limb length discrepancy, the 
affected leg being shorter. After minimal trauma, a stress 
fracture like break occurs with conséquent development 
of pseudarthrosis, after the âge of five years. The late type 
is not associated with neurofibromatosis. 

Hardings (1972) and Anderson 9 described a rare late 
onset type developing in a tibia which is normal at birth, 
but develops progressive anterior bowing between the 
âges of 4 and 12 years. 

Clubfoot Type 

In this variety, the fracture is présent at birth in a leg with 
marked anterior angulation. The involved or the 
contralatéral lower limb has other associated congénital 
abnormalities such as constriction band or clubfoot. 

Angulated Pseudarthrosis 

Described by Anderson is due to the corrective osteotomy 
of anterior bowing of tibia. The osteotomy results in 
pseudarthrosis. Therefore, simple osteotomy of anterior 
angulation is contraindicated. 


Boyd’s 2 Classification of Congénital Pseudarthrosis 

Boyd's classification is also popular, his classification is 
as follows: 


TABLE 2: Boyd’s classification of CPT 


• Type I 

Anterior bowing with tibia defect 

• Type II 

Pseudarthrosis with hour glass 


constriction 

• Type III 

Pseudarthrosis with bone cyst 

• Type IV 

Sclerotic segments, March fracture 

• Type V 

Dysplastic fibula 

• Type VI 

Intraosseous neurofibroma. 


Boyd 2 summarizes that of the six types of congénital 
pseudarthrosis, type II is the most common and lends 
the poorest prognosis (Table 2). 


Clinical Features 8 

CPT présents at antérolatéral, anterior or rarely 
anteromedial bowing of the dysplastic tibia alone or both 
tibia and fibula in infancy. Tibia and fibula are affected 
almost at the same level. This bowing increases during 
the fist two years of life and eventually develops 
pseudarthrosis. The patient walks with a limp or unable 
to walk. 

Very rarely fibula alone may be affected. 

The criteria used by Crawford for diagnosis of 
neurofibromatosis requires at least two of the following: 
(i) multiple café-au-lait spots, (ii) positive family history 
of neurofibromatosis, (iii) definitive biopsy, or (iv) charac¬ 
teristic bony lésions, such as pseudarthrosis of the tibia, 
hemihypertrophy, or a short sharply angulated spinal 
curvature. Café-au-lait spots are typically smooth edged. 
At least five spots measuring more than 0.5 cm in 
diameter are considered diagnostic of neurofibromatosis. 

Radiological Appearances 

Shurrard 9 has described a great variety of radiological 
appearances. In lésions associated with fibrous dysplasia, 
there is cyst formation with expansion of the shaft of the 
bone, surrounded by sclerosis, ground-glass appearance 
and other features of fibrous dysplasia. Angulation, when 
it develops, does so fairly acutely at the site of bony 
change. 

Lésions associated with neurofibromatosis often show 
a typical appearance in which a segment of tibia or tibia 
and fibula show hourglass thinning, sclerosis and loss of 
the medullary cavity followed by a fracture through the 
dysplastic sites. An alternative appearance is of 
angulation at two levels, proximally and distally, with a 
dissociated segment of diaphysis between them showing 
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dysplastic change. The bone usually fractures at the lower 
level. 

After a fracture has occurred, a gap may develop 
between the fragments whose ends become pointed and 
sclerotic. If the lésion remains untreated, severe 
angulation develops with shortening. If the tibia only is 
affected, there are changes of pseudarthrosis in it, but 
the fibula bows without necessarily fracturing and 
hypertrophies. 

Treatment 

Treatment of congénital pseudarthrosis is one of the most 
challenging problems confronted by the orthopédie 
surgeons. If a pseudarthrosis has already developed, 
surgery is the only means of obtaining union. In spite of 
recent advances in the techniques of bone grafting and 
internai fixation, doubt about outcome prevails. There 
are a large number of operations described in the 
literature. Most of the conventional operations are 
associated with a high rate of failure and complications. 
Multitude of bone graft procedures such as Boyd's onlay 
bone grafting, Sofield's (Shik Kabab) operation, Farmer's 
composite bone graft, and many other procedures 
described in the past hâve been abandoned. These 
procedures hâve poor success rate and associated with 
many problems. Currently, the following procedures are 
popular: 

1. Ilizarov method 

2. Vascularized fibular graft 

3. Extending intramedullary nailing and bone grafting 

4. Electrical stimulation. 

Today the two operations Ilizarov method and 
vascularized fibular graft hâve given 70 to 100% excellent 
results. Following are the controversies. 

Controversy 1 

There is controversy as to the best âge for operation. 
Previously, operative treatment has been advised after 
four years. Because the older the patient, the better the 
chances of union, it has been advised that surgical 
correction be delayed until five or six years of âge, the 
affected leg being protected in the mean time with knee- 
ankle-foot orthosis with an anterior shell to prevent injury 
and increased bowing deformity. Hardinge believed that 
whatever method is used failure is very likely in children 
below three years of âge. 

Ilizarov recommends "wait until up to 2 to 4 years of 
âge" however, Tachdjian feels that physically and 
pathologically it is best to promote healing in the first 


year of life before the patient starts standing and walking, 
and walking stimulâtes growth. 

More recently, authors hâve emphasized the 
advantages of an early operation and a rapid reoperation 
if the primary operation does not lead to union. Morrissy 
et al 6,7 reported that a good resuit did not occur in any 
patient who had not united by six years of âge. 

Successful union is related more to the pathologie 
process than to the âge at the time of operation. According 
to Tachdjian, the end resuit however, will be much better 
if union is obtained as early as possible, because deformity 
and shortening of the leg associated with congénital 
pseudarthrosis increases as the child grows. Early use of 
the leg and weight bearing minimize growth retardation 
and stimulate development of normal bone. 

The author has done surgery on four patients of 
2 years of âge; in two—the pseudarthrosis, failed to unité. 
No refracture at six year follow-up in one case. Further 
study is required to décidé the best âge for surgery. 

Controversy 2 

Whether to resect the hamartomatous and fibrous tissue 
or sclerotic bone at the pseudarthrosis site. Tachdjian with 
his expérience of 25 years, strongly recommends 
thorough excision of the lésion. It is a wise précaution to 
consider the dysplastic bone and its periosteum as 
comparable to malignant tissue that should be excised. 

According to Ilizarov 4,5,8 primary, previously 
untreated pseudarthrosis are good candidates for closed 
treatment, whereas previously operated cases should be 
treated by either open réduction and/or open resection 
of the bone ends. Bone defects at the level of 
pseudarthrosis are either treated by acute shortening with 
end-to-end application of the freshened bone ends or 
graduai bone transport to fill the defect. 

One of the important considérations 8 whether to 
resect or not is contact area between the ends. If both 
ends are tapering or very much narrowed or highly 
sclerotic, they must be resected, acutely compressed. 
Corticotomy and bone transport are necessary to fill the 
gap of resection. If the ends are thick and hâve good 
diameter, then resection may not be needed. 

If the resection is decided, it should be radical to 
include the sclerotic bony ends and the surrounding thick 
fibrous hamartomatous tissue, until normal soft tissue is 
encountered. Resection should extend above and below 
the level of sclerosed medullary cavity, until bony ends 
bleed with open medullary canal. Computerized 
tomography (CT) and magnetic résonance imaging (MRI) 
may be useful in determining the extent of resection. 
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Contorversy 3 

Bone grafting, Bone grafting definitely enhances the 
chances of union, however, to harvest enough autograft 
in a child is difficult, but it is necessary in atrophie type. 

Associated Problems 

According to Paley 8 since the task of achieving union 
is so formidable, little effort or attention has been given 
to correcting the other associated problems. These 
include: (i) leg length discrepancy, (ii) multilevel 
multidirectional tibial deformity, (iii) proximal migration 
of the fibula, (iv) fibular nonunion, (v) ankle mortise 
valgus, (vi) ankle-joint dorsiflexion, (vii) valgus 
contracture, (viii) cavovalgus foot deformity, and 
(ix) persistent dorsiflexion contracture before surgery. 
Even when union is achieved, the residual deformities 
in the affected limb resuit in significant residual disability 
and is an important cause of refracture. Achieving 
osseous tibial union does not in itself mean a satisfactory 
functional resuit. 

The first procedure is the most important one, because 
any subséquent procedure will resuit in scarring and 
reduced vascularity in the operative field. 

Ilizarov Method 

The Ilizarov technique of distraction osteogenesis has 
opened new vistas in the management of congénital 


pseudarthrosis of the tibia and fibula. It is a 
comprehensive approach to congénital pseudarthrosis of 
tibia simultaneously addressing ail associated problems 
described above. If resection is decided upon, always 
transverse incision is taken at the apex of the deformity. 
If extension of the incision is required, ends of the 
transverse incision may be extended upwards and 
downwards. Transverse incision is necessary for acute 
docking. If longitudinal incision is taken, and acute 
docking done, diamond-shaped wound is created, which 
is extremely difficult to close (Fig. 1). 

If the distal fragment is too small, an IM nail is inserted 
through the médial malleolus antegrade or through the 
distal fragment, ankle joint, talus, calcanéum and heel 
pad. The nail is pulled and passed into the medullary 
canal of proximal fragment up to corticotomy. One cm 
of lower end of the nail is bent at 90° and pushed up to 
the lower surface of calcanéum so that the nail would 
not migrate into the regenerate during distraction. The 
nail is removed when the regenerate has Consolidated. 

Appamtus: The Ilizarov apparatus consists of two blocks: 
(i) the proximal ring is at the level just below the physis, 
and (ii) the second ring of the proximal block is at the 
midpoint of the fragment. The third ring is in the distal 
fragment one to one and half cm away from the physis. 
Usually foot extension is required for stabilization of the 
distal fragment and for correction of the foot deformities 
and contractures (Fig. 2). 



Fig. 1 : Operative steps for congénital pseudarthrosis of tibia: (1) The incisions should be transverse. If extension is needed it is 
done at the end of the transverse incision in a Z fashion. (2) Marking of the area of excision. (3) Excision of the pseudarthrosis 
of tibia and fibula both. (4) a—A temporary rod in the proximal and distal fragment of the tibia, with acute docking. This rod can 
be easily removed at the end of the procedure, b—A K-wire is inserted through the médial malleous into the distal fragment. 
Then up the proximal fragment just short of growth plate, c—Corticotomy, (5) Lengthening at the corticotomy site 
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Fig. 2: Figure showing acute docking bone transport extension 
of the frame to foot and intramedullary nail in both tibia and 
fibula. Notice the bending of the nail below the calcaneous to 
prevent proximal migration 


Corticotomy: It should be just below the physis of the tibial 
tuberosity. Paley 8 has suggested a subphyseal 
corticotomy. This involves a corticotomy 2 to 3 mm distal 
to the growth plate at the proximal tibia performed under 
image intensifier control. Anteriorly, the corticotomy 
begins distal to the physis of the tibial tuberosity 
proceeding under this structure, and converging towards 
the posterior tibial growth plate, remaining 3 to 5 cm 
distal to it. 



Contact area: One of the most important factors in 
achieving union is to maximize cross-sectional area of 
contact between the two fragments. The author's 
preference is to resect the bony ends and compress them 
together. The following are the methods of maximizing 
the area of contact: 8 

1. If the CPT ends are broad, transverse eut and end-to- 
end compression is performed. The author prefers this 
method. 

2. If the bony ends are thin and atrophie, they are 
gradually overlapped and side-to-side compression 
is given. This doubles the overall diameter of union. 

3. One or both ends may be split, with insertion of one 
end into the other closed end. 

4. One end is inserted into the other by open or closed 
réduction. 

Problems of Acute Docking 

The most important problem is the possibility of the 
neurovascular compromise due to fibrosis around the 
fracture site (Figs 3A to F). 

Vascularized fibular graft (VFG): Weiland et al 11 advocate 
vascular fibular graft operation in the management of 
congénital pseudarthrosis. This operation is very 
sophisticated and technically very demanding. The 
operative time may be up to 8 hours. It requires a 
multidisciplinary procedure performed by an expert 
microvascular surgeon and an orthopédie surgeon. It is 
performed in a very few specialized centers. The 
operative procedure consists of: harvesting of the 
vascularized fibula with the peroneal vascular pedicle. 



Figs 3A and B: Eight-year-old male patient with dysplastic pseudarthrosis. Severe deformity of the Rt. leg, exhibiting a spiral 
twist around its axis and associated with 18 cm of shortening. Radiograph of the patient showing tibial pseudarthrosis and a 
hypertrophied, deformed fibula 
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Figs 3C to F: (C) Two ostéotomies done in the fibula. Hinges (H) are placed at the apex of the deformity at the osteotomy site. 
Notice the distraction bars (B) on the conquer side, (D) Deformity corrected. Hinges replaced by straight bars and distraction 
continued. Surprisingly, regenerate appeared in the tibial pseudarthrosis, (E) Clinical picture of the patient after fixator removal 
shows completely corrected deformity with régénération of the tibia. Since the regenerates of both the tibia and fibula are thinned 
out proximal and distal tibia-fibular fusion has been done, (F) X-ray showing full correction of deformity 


excision of the pseudarthrosis, fixation of the vascularized 
fibula in situ , anastomosis of the vessels, and skin closure. 
The details of the technique are beyond the scope of this 
chapter. The operation has its problems as follows: 

1. Fixation of the transplanted fibula during surgery. 

2. Delayed union and nonunion are often as récalcitrant 
as the original CPT. The fibula transport is essentially 
a segmentai fracture. Distal union is a greater problem. 

3. Stress fracture may occur. Interestingly the fracture 
site is not painful because the vascularized fibular 
graft is denervated. The stress fracture présents as a 
painless lump with some local erythema. Stress 
fracture nécessitâtes prolonged brace protection. 
Weiland et al braces patients until skeletal maturity 
with a long-leg brace. 

4. Valgus deformity of the ankle is difficult to correct at 
the time of fibular transplant. 

5. In donor side problems, progressive valgus deformity 
of the ankle may occur. It is prevented by synostosis 
of the distal fibula to the tibia. Fracture of the donor 
tibia may occur. Results of this procedure are 
comparable to Ilizarov method (Fig. 4). 

Use of Williams Rod for Congénital 
Pseudarthrosis of the Tibia 

The Williams Road is passed through the nonunion site, 
antigrade through the calcanéum and then rétrogradé 
into the proximal fragment. The foot is incorporated and 
the ankle is transfixed in neutral position. 



Fig. 4: Vascularized fibular graft fixed to the proximal 
and distal fragment of the tibia by screws 

Strategy of where the distal end of rod should be as 
suggested by Schoenecker; 1,3,4 

a. Less than five years old. The distal end of rod should 
extend well into the body of the calcaneus. The 
proximal end ubuts the tibial physis to aid in 
providing long-term stability. Immobilisation is done 
by plasterspica 

b. Five to eight years old. The distal end of the rod should 
be more proximal in the hindfoot, transfixing the ankle 
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but not the subtalar joint. The proximal end may be 
left 1 cm distal to the proximal tibial physis to allow 
later advancement of the rod. 
c. More than eight years old. The ankle does not require 
transfixation to adequately stabilize the pseudart- 
hrosis. Therefore, the rod is placed with in the 
proximal portion abutting the proximal tibial physis 
and the distal portion. Immobilization is by a long- 
leg cast. 

Fibula is better stabilization with IM rod. 
Circumferential bone grafting is mandatory. Results are 
claimed with Williams Rod. 

Periostal Grafting 

Recently Palay has done periostal grafting. The 
rationalaty of periostal grafting is that periosteum is a 
powerful bone forming structure. We hâve done, in 9 
cases periostal grafting with satisfactory results. 
Periosteum is taken from the iliac crest, soft tissue is 
denuded from the periosteum and is wrapped around 
the pseudarthrosis site, with smooth surface facing the 
graft. Bone grafting from the cancellous bone is first 
inserted around the nonunion area and then the periostal 
graft is wrapped over the graft. 

Electrical Stimulation 

Electrical stimulation has been used in the treatment of 
congénital pseudarthrosis of the tibia for the past two 
décades. The addition of electrical stimulation has 
improved success rates after bone grafting procedures. 
However, it is contr over sial. 

Complications of Treatment 

1. Refracture after union of pseudarthrosis: It is a common 
problem. Refractures do occur. Various centers report 
between 30 and 50%, but fortunately they do respond 
to treatment by reapplication of the apparatus or by 
cast or brace. 

2. Shortening of the limb: This is common and is due to 
growth retardation of the distal tibial physis, as 
compared with the normal side. Follow-up 
radiograms show apparent distal migration of the 
pseudarthrosis—this is caused by normal growth of 
the proximal tibial physis and growth retardation of 
the distal tibial physis. Other causes of shortening of 
the limb are lack of stimulus of weight bearing and 
muscular atrophy. Resection of the lésion further 
shortens the limb. The shortening of the affected lower 
leg is often progressive, resulting in greater amount 
of shortening. Lengthening at the proximal 
metaphyseal-diaphyseal level by either the Ilizarov 
technique or the De Bastiani callotasis technique has 
been successful. 5 


3. Vaigus ankle: This is often caused by asymmetrical 
growth of the distal tibial physis, which is thinner 
laterally, there is more growth medially than laterally. 
This distal tibial epiphysis is wedged laterally. 
Another cause of valgus ankle is the high-riding 
fibular malleolus resulting from pseudarthrosis of the 
fibula. The distal fibula is attenuated, providing no 
latéral stability to the ankle joint. 

Ankle valgus déviation can be prevented by 
synostosis of the distal metaphysis of the fibula to that 
of the tibia. When the pseudarthrosis has healed, 
supramalleolar osteotomy may be carried out to 
correct the valgus deformity. 

4. Progressive anterior angulation of tibia: It occurs due to 
soft tissue contracture posteriorly. This may be 
corrected during treatment by Ilizarov method. 

Prognosis 

Prognostic factors are as follows: 

1. The prognosis is poor when both the tibia and fibula 
are affected. 

2. The level of the pseudarthrosis. A more proximal level 
of pseudarthrosis, at the junction of the middle and 
lower thirds of the tibia gives a better resuit than a 
very distal level of pseudarthrosis. 

3. Prognosis is worse when the pseudarthrosis is 
associated with neurofibromatosis than with cystic 
type. This is probably because the bones in cystic type 
are thick. Cases that show tapering and sclerotic bone 
ends roentgenographically, with severe angulation 
and resorb bone graft rapidly postoperatively hâve a 
poor prognosis. Prognosis is substantially worse when 
the pseudarthrosis is very mobile. 

4. Prognosis is better in the older âge group. 

Recommendations of Surgical Treatment 

Intramedullary nail can be used in the treatment of 
pseudarthrosis with simultaneous Ilizarov ring fixator 
by passing the nail through subtalar joint. Intramedullary 
rod maintains the length of ail the fragments in CPT. It 
stabilizes the fragments especially the small distal 
fragment. 

ANTEROLATERAL BOWING 

INTRODUCTION 

Congénital anterior or antérolatéral bowing of the tibia 
with partial sclerosis and narrowing of its medullary 
cavity is vulnérable to fracture and development of 
pseudarthrosis. Usually the fracture occurs at two years. 
Up till now the standard teaching was that antérolatéral 
bowing has a bad prognosis compared with the 
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posteromedial bowing which is innocent and corrects 
itself 1 ' 2 and never treat surgically. 

Sharrard has described two types of anterior bowing. 3 

1. Benign type: In this variety, there are no stigmata of 
neurofibromatosis or fibrous dysplasia in the patient 
or his/her relatives. The bone is thick and the 
trabeculae are almost normal. Spontaneous correction 
occurs with aging, and there is no need for treatment 
of this because no pathological fracture occurs. 

2. Progressive type: In the second variety, the medullary 
cavity is narrowed and may at one point be almost 
obliterated, but the bone texture is otherwise normal. 
It is usually due to neurofibromatosis or fibrous 
dysplasia in which the deformity slowly increases and 
spontaneous fracture with pseudarthrosis develops. 
There is minimal leg length discrepancy. 

The radiological appearances are of antérolatéral 
bowing of the tibia and fibula at the junction of the 
middle and lower thirds of the leg with thickening of the 
posterior and médial cortices. In the benign type, the 
fibula is normal in length relative to the tibia. Without 
treatment, there is spontaneous correction though never 
complété. This is an important différence from 
neurofibromatosis or fibrous dysplasia in which the 
deformity slowly increase and spontaneous fracture with 
pseudarthrosis develops. There is minimal leg length 
discrepancy. 

Treatment 

There is a great controversy regarding the management 
of this condition. Many surgeons advocated prophylactic 
measures. Tachdjian strongly recommends McFarland's 
posterior bypass autogenous bone graft operation to 
prevent antérolatéral bowing, to be done between the 
âges of 6 to 9 months, i.e. before the infant starts standing 
or taking steps to walk. 

In the cystic type, Tachdjian 10 recommends gently 
curetting the cyst in the tibia and grafting cancellous 
autogenous bone in the cystic cavities. Do not break the 
tibia. The posterior bypass bone graft is performed as 
described for the dysplastic prepseudarthrosis type. 

Others recommend the use of a caliper or protective 
brace, but there are no accounts of the success or failure 
rate in children so treated. Sharrard advocates if bowing 
of the tibia is seen in infancy before walking âge, 
radiographs show appearances of congénital 
antérolatéral bowing of the tibia and fibula or of the tibia 
alone without any obvious dysplastic or cystic changes, 
and there is no evidence in the child or in the family of 
neurofibromatosis, it is reasonable to do nothing other 
than keep the child under observation and to repeat 


radiographs at 3-monthly intervals. If spontaneous 
improvement in the angulation is taking place and no 
dysplastic changes are seen, especially at the apex of the 
curve, the child can be allowed to start bearing weight 
normally without protection. It is likely that no surgical 
treatment will be needed except perhaps for any residual 
angulation or shortening in early adolescence. 

Although bracing is not necessary, it is advisable to 
limit sporting activities until the bowing has corrected 
itself of less than 10°. None of the three cases observed 
by Sharrard developed a fracture after more than 12 years 
of follow-up. He also describes two types in the benign 
variety—one affecting both bones, tibia and fibula and 
other only tibia. The second type is the progressive type. 
This is the classical antérolatéral bowing, which 
ultimately develops into the pseudarthrosis. The type is 
usually associated with neurofibromatosis or fibrous 
dysplasia. If there is no increase in bowing, it is better to 
watch till the fracture occurs. Once the fracture occurs, it 
should be treated as a case of CPT. 

Osteotomy at the apex of deformity to correct the 
bowing must be firmly avoided since it is very likely to 
resuit in pseudarthrosis. The osteotomy is a definite 
contraindication. If there is a definite cyst or a 
neurofibromatosis lésion which indicates a definite 
pseudarthrosis in future, resection and bone transport 
by Ilizarov method may be considered. 

Case 1 

This 12-year-old boy had gradually increasing 
antérolatéral bowing. The sclerotic changes at the apex 
and obliterated medullary canal are seen. There are 
arthritic changes in the ankle. Notice the fibular 
pseudarthrosis (Fig. 5A). Resection of the sclerotic 
segment was done (Fig. 5B). Acute docking and proximal 
corticotomy were performed for limb lengthening. 
Radiograph shows the 8 cm of limb lengthening and 
union of the pseudarthrosis (Fig. 5C). 

The New Approach to Antérolatéral Bowing 

The lésion in the antérolatéral bowing is restricted to a 
varying length of the tibia in its middle or in the distal 
third. The proximal and distal metadiaphyseal région of 
the tibia are healthy and normal. Therefore, osteotomy 
in this région heal well. The affected area acts as a middle 
segment according to the concept described by Paley. 12 
Correction of the bow is performed by two ostéotomies 
in the healthy segments of tibia. The angle formed by the 
mechanical axis of upper and lower segments is the 
magnitude of the bow. Angle of the open wedge at 
proximal and distal osteotomy together equals the 
magnitude. The author has done correction of the 
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Figs 5A to C: (A) Shows antérolatéral bowing—progressive type of Sharrard, (B) Radiograph shows sclerotic changes, 
obliterated medullary canal resection and corticotomy, (C) Shows 8 cm of lengthening and union of pseudarthrosis 



Figs 6A to C: (A) Antérolatéral bowing—benign type of Sharrard, in 1985. McFarlans operation was done, (B) 1 st Sep. 1987 
fibular graft united at both ends, and (C) 22nd Nov. 1993 bypass graft was not hypertrophie. However, some angular deformity 
has corrected 


antérolatéral bowing by this technique in two patients 
with excellent results. 

Case 2 

A 13-year-old boy presented with antérolatéral bowing. 
He had pain in the ankle joint while walking. The author 
had performed McFarlan bypass operation 10 years back, 
when he was 3 years old. The fibular graft has not 
hypertrophied but united at both ends with tibia. 


He had varus procurvatum deformity. Oblique plane 
deformity was determined graphically (Figs 6A to E). 
Two ostéotomies were performed (Fig. 6F). The hinges 
were placed at the apex of the deformity at two levels. 
With distraction, the hinges become straight and the rings 
become parallel to each other. 

Finally, (Fig. 6G) the bow is completely corrected and 
ostéotomies hâve healed. Notice the orientation of the 
ankle is normal and is parallel to the knee joint (Fig. 6H). 
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Fig. 6D: Procurvatum 45 degrees and varus 30 degrees. 
Notice the osteotomy sites and the middle segment 



Fig. 6E: The oblique plane deformity is graphically found out 


Case 3 

A girl, aged 14, was admitted with a fracture of the tibia. 
She had bowing deformity since birth which gradually 
increased. The magnitude of the bow measured. She had 
sagittal plane (procurvatum) of 90°. AP view shows no 
deformity (Figs 7A to C). Preoperative planning and level 
of ostéotomies determined preoperatively. 

Sclerotic portion of 3 cm was excised. This has two 
advantages: (i) sclerotic lésion was entirely removed, and 
(ii) 3 cm shortening was needed to protect the posterior 



Fig. 6F: Double corticotomy—the central bow 
as the middle segment 



Figs 6G and H: (G) Correction of deformity and lengthening, 
and (H) final radiograph showing correction of the deformity 
and restoration of limb length 


neurovascular bundle, during acute docking. As the bow 
is a severe one, acute correction would be hazardous. 
Notice the distal compression hinges placed in the 
concavity to close the gap. Notice the wedge resection of 
the lésion. 

Two-level osteotomy performed and Ilizarov 
construct, with hinge placement, at apex of deformity was 
applied (Figs 7D to F). Distraction was done, the hinges 
become stretched and the rings became parallel to each 
other. The bow is completely corrected and osteotomy 
was healed (Figs 7G to I). 
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Figs 7 A to C: (A) Clinical photograph of 14-year-old girl has congénital antérolatéral bowing deformity. Notice the scars of 
multiple operations, (B) radiograph showing the pathological fracture—it is a pure procurvatum deformity, and (C) Preoperative 
planning. Magnitude of deformity is 90°. The bow acting as a middle segment with proximal angulation 32°and distal 58° (32° + 
58° =90°) 



Figs 7D to F: (D) Graphie présentation of hinges and rod placement, (E and F) Radiographs showing resection of the sclerotic 
segment, and acute docking. Notice the hinges placed posteriorly in the cocavity to achieve compression at resected area (E) 
hinges at the proximal osteotomy are on the convex side to achieve open wedge, and (F) closure of the gap 


The Rationale of this Approach 

Angular deformity is an important cause of pathological 
fracture (pseudarthrosis). If the tibia is straightened out, 
the chances of fracture are much reduced. The osteotomy 
is done in the healthy bone, with assumption that the 
lésion is restricted to a small segment in the middle or 
distal one-third of tibia, and the entire bone is not 


involved. Osteotomy performed in the normal bone heals 
well. The two cases treated by this method are 
adolescents. It is suggested that it is worth trying in the 
younger âge group even at the âge of two. 

CONCLUSION 

1. Benign type of antérolatéral bowing should be 
observed. 
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Figs 7G to I: (G) Straightening of the tibia, (H) clinical photograph, and (I) final correction 


2. If the deformity is increasing or pseudarthrosis is 
impending, there are two options: 

i. resection of the lésion and bone transport 

ii. double osteotomy to correct the deformity. 
Double osteotomy for bowing deformity appears to 

be a satisfactory method of treating antérolatéral bowing. 
Though only two cases are treated and follow-up is short, 
the early results are encouraging. This may be applied 
even to the younger patients aged 2 years to prevent 
pseudarthrosis. 

The important question is whether we can prevent 
pseudarthrosis in early childhood. The answer to this 
question dépends on whether the cause of pseudarthrosis 
is the deformity or the pathological tissue. If the cause is 
solely deformity then we can prevent pseudarthrosis. If 
it is pathological tissue, pseudarthrosis cannot be 
prevented by this procedure. 
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Management ofFibular 
Hemimelia Using 
the Ilizarov Method , 


Ruta Kulkarni 


Fibular hemimelia is deformity with longitudinal 
deficiency of fibula which may be partial or complété. 

There is wide spectrum of abnormality affecting a part 
of or the entire lower limb, from proximal fémur to toes. 

Clinical Feature 

Patient présent with a deformed leg and foot, short limbs 
and absence of toes. The typical limb is characterized by 
a rigid valgus foot, often with one or two latéral 
(postaxial) rays missing, a shortened leg and (often) 
thigh, a valgus knee, and variable anterior bowing of the 
tibia with a dimple over the apex. 2 Fémoral shortening 
and proximal focal deficiency may occur in about 15% F'9- 1 : Tarsal anomalies. Absence of the lat. Rays of the 

cases foot. Limb length discrepancy 

Ankle is in valgus and has bail and socket deformity. 

Associate Anomalies 

There are many associated anomalies such as, (1) Tibia 
shortening, (2) Bail and socket ankle, (3) Proxima fémoral 


deficiency anomalies, (4) Tarsal coalition such as 
talocalcaneal fusion, (5) The latéral rays of the foot are 
absent, and (6) There is usually limb length discrepancy. 
The need may be valgus and unstable. 




Figs 2A to C: Bifid fémur associated with fibular hemimelia. The horn was remove 
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Of ail these anomalies most important prognostic 
factor is the foot deformity. The Choi et al, hâve shown 
that epiphysis is wedge shaped resulting in prématuré 
fusion, growth retardation and récurrence of deformity 
of the foot. 

Assessment 

The entire limb from hip to toes should be thoroughly 
examined. Range of motion of ail joints especially those 
of ankle and foot should be carefully noted. AP and latéral 
X-ray of limb is taken. 

Classification 

Limb length discrepancy is measured. Absence of 
number, ray s of the foot are noted. 

1. Kalamchi classification: Type 1 portion of fibula is 
présent. In type la proximal fibula is présent. In type 
lb fibula is shorter by 50%. In type 2 fibula is 
completely absent. 

2. Functional classification of Birch: Recently, Birch et 
al, hâve proposed a functional classification on the 
basis of the functionality of the foot and the limb 


length discrepancy as a percentage of the opposite 
side. 1 

3. Paley's classification: Paley has described a treatment 
oriented classification. Type 1 is stable angle. Type 2 
is a dynamic valgus angle. Type 3 is fixed equinus 
angle. Type 3(a) mobile. Type 3(b) stiff rigid foot 
(Fig. 3). 

Management 

Initially the infant's foot is corrected and splinted with a 
plaster between 6-12 months. The first surgery is done to 
correct the foot and excise anlage of fibula. In the second 
stage tibial bow is corrected and tibia is lengthened. We 
do lengthening at the âge of 3 or more. If the child is 3 
years or more then correction of deformity of the foot 
and lengthening are done in one stage. The initial 
treatment of infants is strapping, casting, and splinting. 

Surgery Part I Postérolatéral Release 

An incision is taken on the postérolatéral aspect of the 
leg starting from the junction of proximal and middle 
third ending with a curve anteriorly in the latéral aspect 





Type DM - Fixed Equinovalgus 
(a) mobile 



Type IM - Fixed Equinovalgus 
(b) stiff 




Fig. 3: Paley treatment oriented classification 
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Figs 4A to C: (A) Fibular hemimelia in a girl of 2 years with severe foot deformities. (B) Deformity of the foot was corrected. 

(C) One year after surgery she could walk 


of the foot. Lengthening of tendo-Achiles peroneals are 
done. Angle joints is exposed posterolaterally. A 
capsulotomy is carried out. The fibrous tissue and anlage 
of fibula is excised, remnants of interosseous membrane 
and tight fascial bands are removed. If there is a talo- 
calcaneal fusion an oblique osteotomy is done to align 
the calcanéum and talus with tibia. A K-wire is passed 
through the calcanéum and talus into the tibia to maintain 
the alignment. Plaster cast given. 

Surgery Part II Bony Surgery 

Ilizarov frame is applied with the proximal ring parallel 
to the knee joint and distal ring parallel to ankle joint. 
The calcaneal ring is attached. Corticotomy is done at 
the CORA. Usually in the center of the diaphysis. 
Distraction bar is inserted on the concave side. With 
distraction the fibular bow is corrected. 

After lengthening a supramalleolar osteotomy may 
be needed to correct the residual deformity. If the patient 
présents before two year, surgery is done in two stages. 

Stage I: Soft tissue release and correction of foot 
deformities. 

Stage II: Bony surgery to correct tibial deformity and 
lengthening. 

If the patients présents late at the âge of 2 years or 
more soft tissue release, limb lengthening, supra¬ 
malleolar osteotomy and correction of foot deformity ail 
are carried out in one stage. 

AMPUTATION 

If the patient présents with grotesque deformity 
amputation may be considered. 


As shown in Figures 7A and B this patient had 
talocalcaneal fusion with migration of calcaneus 
posteriorly parallel to the tibia. There is tibial bowing and 
only one ray of foot. In this case talocalcaneal fusion was 
done. Amputation at the Choparts level and 3 cm of 
lengthening is carried out and prosthesis was fitted. 

In some cases ankle fusion is done to achieve 
plantigrade foot. 

Complications 

1. Récurrence of deformity especially in the valgus and 
equinus. 

2. Pin tract infections 

3. Angular deformity may recur. 

AMPUTATION 

In some centers in the west amputation is advised how- 
ever in our country parents do not accept amputation. 

The disadvantages of amputation are: 1. Poor 
acceptance, 2. Prosthetics needs to be changed or repaired 
and 3. Prosthetics is costly. 

Acquired Fibular Hemimelia 

We had one case of chronic osteomyelitis of fibula in 
which the entire fibula except 2 cm of distal latéral 
malleolus, was completely involved by osteomyelitis 
therefore, it was excised resulting in a clinical picture like 
congénital fibular hemimelia. 

The ankle joint was reconstructed with an supra- 
malleolous osteotomy to correct the valgus deformity and 
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Fig. 5: Bony surgery consists of tibial lengthening and deformity correction by llizarov method (From Paley with permission) 



Figs 6A to C: (A) A case of fibular hemimelia. AP and latéral X-rays showing bowing deformity of the tibia and foot deformity. 
(B) In the first stage the foot deformity corrected. (C) One year later at the âge of 3 limb lengthening was done 
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Figs 7A to D: (A and B) Severe deformity of fibular hemimelia in a 9 years old girl. Note the bowing deformity and shortening of 
the tibia. The calcaneous is shifted proximally parallel to the tibia. Note the foot is only one ray (C and D) Amputation of the foot 
was done at the Choparts joints and deformity of the tibia was corrected and lengthening was done by llizarov frame 



Figs 7E to G: Note the lengthening stump good for prosthesis 
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Figs 7H and I: Prosthesis was done. The stump has been function and she could walk 



Figs 8A to C: (A and B) A case of chronic ostima in a 19-year-old girl with complété loss of fibula except the distal 19-20 cm. 
This cause severe valgus deformity, (C) The ankle joint was reconstructed by displacing the fibular tibia distally 


the ankle was reconstructed bringing down the remnants 
of latéral malleolus, with an excellent results. 

A prognosis dépends on: (1) Severity of the deformity, 
(2) Limb length discrepancy (LLD), (3) Number of rays, 
less than two rays indicates poor prognosis. 

Lastly parents must be warned that the child may 
require multiple surgeries till maturity, the deformity 
may recur and prognosis is guarded. 


Results 

We hâve treated 17 cases surgically with excellent results 
in 7 cases, good in 5 cases, poor in 5 cases. 
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INTRODUCTION 

Deformities of the foot and ankle are very common in 
India due to prevalence of poliomyelitis, tuberculosis, 
chronic osteomyelitis and trauma, besides the common 
diseases présent ail over the world such as clubfoot, 
cérébral palsy, meningomyelocele, etc. The conventional 
surgery consists of soft tissue release, tendon transfers, 
arthrodesis and ostéotomies. Foot deformities can be 
corrected by (i) conventional surgery, (ii) soft tissue 
distraction, and (iii) osteotomy distraction by Ilizarov 
method. Ilizarov apparatus is best suited for complex 
three-dimensional correction of foot deformities. The foot 
has multiple joints functioning in different directions with 
different axis of rotation. When the osteotomy is 
distracted wedge type of new regenerate bone is formed, 
correcting the deformity. The distraction technique, e.g. 
when "U" and "V" ostéotomies are done the ankle, 
talonavicular and calcaneocuboid joints are spared, and 
their function remains normal. 

Principle of Deformity Correction 

Palay has laid down the principles of deformity correction 
in the book Principles of deformity correction- Springer- 
Verlag. 1617 The deformities of the foot are corrected on 
two principles as promulgated by Ilizarov. Principle of 
tension stress which States that graduai traction on living 
tissues stimulâtes tissue genesis and growth throughout 
the distraction period. The second principle is the shape 
forming processes acting upon bone tissue are dépendent 
upon the magnitude of the applied load and the adequacy 
of blood supply. An increase in the pressure load on a 
supply to that région results in bone atrophy. If, however, 
the increased load is accompanied by adéquate blood 
supply, the bone hypertrophies according to Wolf's law. 
mains normal. 515 


Evaluation Method of Paley 

In the évaluation of distal tibial deformities, the 
relationship of talus, calcaneus and tibia should be 
considered. There is normally no joint line convergence 
between the tibial plafond and the dôme of the talus. The 
médial and latéral diaphyseal cortical lines intersect the 
talus laterally and medially, respectively, to the adjacent 
borders of the talus ( Fig. IA). This normal relationship 
is important to know when considering fusion of the 
ankle after distal tibial resection (Fig. IB). The médial 
border of the talus will be médial to the médial cortex of 
the tibia. If the two are made collinear on the médial side, 
the heel will be laterally translated (Fig. IB). 

The axis of ankle rotation is not parallel to the joint 
line. 

It normally runs from the tip of the médial malleolus 
to the tip of the latéral malleolus, passing through the 
latéral process of the talus (Fig. 2). The center of rotation 
of the ankle can be approximated to the latéral process of 
the talus on the latéral view of the ankle. 

In the frontal plane, the axis of the body of the 
calcaneus is normally parallel to the anatomie axis of the 
tibia. The calcaneal axis is laterally displaced relative to 
the tibial anatomie axis because of its stepped articulation 
with the talus by means of the sustenataculum tali. 
During single-leg stance, the ground reaction force vector 
passes latéral to the center of the subtalar and ankle joint, 
imparting a valgus moment on the ankle and subtalar 
joints. In the sagittal plane, the ground reaction force 
vector also passes anterior to the center of rotation of the 
ankle joint (Fig. 3). At the sole of the foot, the ground 
reaction force vector corresponds to the calcaneocuboid 
joint. Because of the latéral and anterior location of the 
ground reaction force vector relative to the ankle joint, 
the latéral and anterior aspects of the tibiotalar joint are 
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Fig. IA: The cortical Unes of the tibia when extended distally 
fall within the body of the talus. The mid-diaphyseal line of the 
tibia is slightly médial to the midline of the talus 



Fig. IB: When the distal tibia is resected, the body of the talus 
should be displaced medially to avoid translating the foot 
laterally 


subjected to the greatest moment arm of stress. This 
corresponds to the pattern of joint degeneration observed 
in association with various deformities. This explains why 
the tibialis posterior and the gastrosoleus muscles need 
to be active during most of single-leg stance to counter 
the valgus and dorsiflexion tendency imparted by the 
ground reaction force vector. 


Frontal Plane Ankle Deformities (Paley) 



Fig. 2: The ankle joint axis of rotation passes through the tips 
of the MM and latéral malleolus. The axis is therefore neither in 
the frontal plane nor in the transverse plane. It is oriented from 
anterosuperior medially to posteroinferior laterally. The ankle 
axis is therefore not parallel to the plafond of the tibia or to the 
dôme of the talus. The wedge shape of the talus is best likened 
to a section of a cône (frustum) 



Fig. 3: (Paley) Normally, the mid-diaphyseal line of the tibia in 
the sagittal plane passes through the latéral process of the 
talus (center of rotation of the ankle joint) when the plantar 
aspect of the foot is 90°to the tibia. The plafond of the ankle is 
tilted forward (ADTA = 80°) 


Subtalar joint compensâtes the varus-valgus deformities. 
The normal subtalar range of motion is 30° inversion and 
15° eversion. Therefore, the amount of ankle angulation 
that can be compensated by the hind foot is 30° valgus 


and 15° varus beyond this, a normally mobile forefoot is 
able to further compensate for ankle varus and valgus 
by means of pronation and supination respectively (Figs 
4A and B). 
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Figs 4A and B: (A) Varus deformity of the distal tibia (15°). 
The subtalar joint is in 15° of eversion to compensate for the 
varus angulation. This moves the midline of the calcaneus 
medially, more in line with the mid-diaphyseal line of the tibia 
(B) Valgus deformity of the distal tibia (30°) of inversion to 
compensate for the valgus angulation. Despite the 
compensation, the midline of the calcaneus is latérally 
displaced, farther away from the mid-diaphyseal line of the tibia 



Figs 5A and B: (A) Distal tibial varus =25° 
(B) Distal tibial valgus = 40° 


For these reasons, ankle varus and valgus deformities 
are well tolerated when the subtalar and forefoot joints 
are mobile. These deformities become symptomatic when 
they exceed the range of the compensatory motion of 
these adjacent joints. 

Varus deformity exceeding subtalar eversion 
compensation leads to forefoot pronation compensation. 
The arch of the foot is increased by plantar flexion of the 
first ray. This decreases the weight bearing surface area 



Figs 6A and B: Illustration of the ankle that is shown in the 
radiograph in (A) The joint is stable because the MM acts as a 
buttress to prevent subluxation (B) Illustration of the ankle joint 
that is shown in the radiograph in A. The latéral migration of 
the talus is occurring because of latéral shear forces 

of the foot. In contrast valgus deformity of the foot 
exceeding subtalar inversion compensation leads to 
dorsiflexion of the first ray with flattening of the arch of 
the foot Varus deformity of the tibial plafond is unlikely 
to lead to degenerative changes, since the contact area of 
weight bearing between the tibia and talus is not 
decreased and may actually be increased. 

With distal tibial varus, the calcaneus is translated 
medially and the ground reaction force vector is shifted 
medially (Figs 4A and 5A). 

In contrast, valgus deformity of the tibial plafound 
may lead to degenerative changes of the ankle joint 
despite the foot's greater ability to compensate for valgus 
than for varus (Figs 4B and 5B). 

The doser the CORA is to the ankle joint, the greater 
is the malorientation of the ankle joint (greater LDTA 
change) (Puno et al 1991) (Figs 6A to 7). 

SAGITTAL PLANE ANKLE DEFORMITIES 

Recurvatum deformity (from Paley) of distal tibia is 
compensated by plantar flexion and procurvatum by 
dorsiflexion of the distal tibia. 

The ankle joint normally has 20° of dorsiflexion and 
50° of plantar flexion range of motion. Therefore, the 
ankle joint can compensate for more recurvatum than 
procurvatum. For this reason, recurvatum distal tibial 
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Fig. 7: Three examples of 10°varus deformity of the tibia with 
the CORA at different levels. When the CORA is near the knee, 
there is little effect on the LDTA and maximum effect on the 
MPTA. When the CORA is near the ankle, there is little effect 
on the MPTA and maximum effect on the LDTA. When the 
deformity is mid-diaphyseal, both the MPTA and the LDTA are 
affected but to a lesser extent than when the deformity is near 
the knee and ankle, respectively 

deformity is better tolerated than is procurvatum 
deformity. Uncompensated procurvatum deformity, 
présents as an equinus deformity (Fig. 8B). 

Recurvatum deformity of the distal tibia is usually 
asymptomatic initially. It is easily compensated for 
because of the large amount of plantar flexion range 
available (Fig. 8A). Because the foot is already in plantar 
flexion in the plantigrade position, push off strength may 
be weaker. The anterior displacement of the center of 
rotation of the ankle also shortens the lever arm of the 



Figs 8A and B: (A) Twenty degree recurvatum deformity of 
the distal tibia, compensated by 20° of plantar flexion of the 
ankle joint. This uncovers the talus and produces a net anterior 
displacement shear force on the ankle. The center of rotation 
of the ankle is displaced anteriorly, elongating the length of 
foot to be stepped over (B) Twenty degree procurvatum 
deformity of the distal tibia, compensated by 20° of dorsiflexion 
of the ankle joint. This covers the talus to the point that there is 
impingement with the neck of the talus in maximum dorsiflexion. 
The center of rotation of the ankle is displaced posteriorly, 
shortening the length of foot to be stepped over 


plantar flexors and increases the time needed to step over 
the foot (increased stance time). The range of plantar 
flexion motion from the platigrade position is decreased, 
further hampering push-off. Therefore, recurvatum 
deformity may hâve an effect on ability to run because of 
fatigue of the plantar flexion mechanism. The most 
serious effect of recurvatum is to reduce the contact area 
of weight bearing off the talus in the mortise. This leads 
to increased contact pressures and ultimately joint 
degeneration. The increased inclination of the distal tibial 
articulation increases anterosuperior shear forces of the 
talus on the tibia. The ground reaction vector normally 
passes anterior to the ankle joint. Therefore, there is 
normally an anterior moment arm leading to increased 
loading on the anterior tibiotalar joint compared with the 
posterior aspect of this joint. Flexion osteotomy may be 
indicated to prevent and treat degenerative changes in 
the ankle from recurvatum deformity (Fig. 9). 

Compensatory Mechanisms and Deformities: 

Mobile, Fixed, and Absent 

Most mild to moderate ankle deformities are well 
tolerated by a mobile foot. This is because of the ample 
motion available in the hip, knee, ankle, subtalar, and 
forefoot joints. The motion of these joints compensate for 
the deformities of malorientation and malalignment of 
the ankle mortise. The normal joint motions that are 
compensatory to different deformities are listed in 
Table 1. 

The degree of compensation dépends on the range of 
motion of the compensating joint in the direction of 
compensation, relative to the magnitude of the angular 
deformity. Even small angular deformities can be 
problematic in the absence of compensastory range. As 
mentioned above, compensation by an adjacent joint, 
even when it is full, does not necessarily eliminate the 
problem of ankle malalignment. 4 

Valgus deformity of the distal tibia fully compensated 
by subtalar inversion and recurvatum deformity of the 
distal tibia fully compensated by ankle plantar flexion. 
In both deformities, the compensated foot position 
appears translated. 




Figs 9A and B: Opening wedge option 
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TABLE 1: Normal joint motions compensatory to 
different deformities (from Paley) 


Distal tibial 
Deformity 

Compensatory 

motion 

Normal compensatory 
compensatory range 

Varus 

Primary subtalar 
eversion 

Secondary forefoot 
pronation 

15° 

Valgus 

Primary subtalar 
inversion 

Secondary forefoot 
supination 

30° 

Procurvatum 

Primary ankle 
dorsiflexion 

Secondary knee HE 

20° 

Recurvatum 

Internai torsion 

External torsion 

Primary ankle plantar 
flexion 

Secondary knee flexion. 
Primary Hip 
external rotation 
Secondary forefoot 
pronation 

Primary hip internai 
rotation 

Secondary forefoot 
supination. 

50° 


Long standing compensated distal tibial angular 
deformities develop contracture of the compensatory 
mechanism, restricting the range of motion of the 
compensating joint. This not only stiffens the footbut also 
présents a problem in correction of the primary 
deformity. 1 Contracture of the compensatory joint motion 
is an important factor to identify and consider before 
osteotomy correction. To fully correct an angular 
deformity of the distal tibia in the presence of a 
compensatory contracture, it is necessary to also eliminate 
the compensation by the compensating joint. Consider 
the example of a 30° valgus distal tibial deformity. To 
show that there is no contracture, the foot must evert 30° 
from the fully compensated inversion position. This 
would place the foot in neutral position relative to the 
tibiotalar joint or in 30° of valgus relative to the tibia. In 
the case of 30° distal tibial valgus and 15° subtalar 
inversion contracture, a 30° supramalleolar varus 
osteotomy can be combined with one of the following 
subtalar joint release of distraction calcaneal valgus 
osteotomy, or subtalar fusion with latéral closing wedge. 
Alternatively, a médial translation calcaneal osteotomy 
will eliminate the latéral translation deformity of the heel. 
The forefoot remains laterally displaced, and the ankle 
joint remains maloriented. 


In the sagittal plane, 30° recurvatum without equinus 
contracture can be treated by a 30° flexion supramalleolar 
osteotomy if there is no equinus contracture. If the same 
case had maximum dorsiflexion of 10° with a 30° 
recurvatum deformity, there would be a fixed 20° equinus 
contracture after full correction of the bone deformity. 
This can be combined with tendo Achilles lengthening 
and possible posterior ankle capsular release or ankle 
distraction. The latéral view radiograph in maximum 
dorsiflexion is essential to détermine whether there is a 
fixed equinus contracture 

The knee is affected by the position of the foot, and 
similarly, the position of the foot is affected by alignment 
of the knee HE of the knee is compensatory to equinus 
deformity of the foot and see . HE compensation can lead 
to late knee problems. Once the equinus is corrected, the 
HE is not persistent problem if the patient has competent 
knee flexors. If the patient has weak knee flexors, such as 
in association with polio, they may not be able to control 
the knee HE after the equinus deformity is corrected. 

Flexion of the knee is compensatory to calcaneal 
deformity. Conversely, FFD of the knee is compensated 
by calcaneus deformity of the foot, Therefore, one cannot 
correct calcaneus deformity in the presence of FFD of the 
knee without also addressing the knee deformity. 

Frontal plane ankle malalignment is also affected by 
alignment of the knee. Varus and valgus knee deformities 
malorient the ankle joint. If these deformities hâve been 
présent since childhood, the ankle may realign itself 
through physeal remodeling. In the absence of ankle joint 
realignment in response to knee deformity, the compen¬ 
sation for the knee deformity is by the subtalar joint. 

Conventional Surgery 

Conventional surgery in most cases has given excellent 
results and is definitely indicated in uncomplicated cases 
of foot deformities. The conventional procedures for 
correction of deformities are: (i) tendon transfers, 
(ii) tendon lengthening, (iii) arthrodesis, and (iv) ostéo¬ 
tomies (v) soft tissue release. 

There are many complications of the conventional 
operations: (i) the surgery may cause shortening of the 
foot which is already shorter because of the paralysis, 
deformity or lack of blood supply, (ii) infection may occur 
which may cause further deformity, (iii) pseudarthrosis 
may occur, (iv) the osteotomy may not unité and may 
cause further stiffness of an already stiff joint, (v) if there 
is infection, conventional surgery may be associated with 
complications of osteomyelitis, arthrodesis may occur, 
and (vi) récurrence of deformity is known. 2,3 
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The Advantages of llizarov Method 

1. It is a minimally invasive procedure with minimal 
dissection, and therefore, decreased risk of 
neurovascular and soft tissue injury and infection. 

2. This is particularly advantageous in the multiply 
operated foot. 

3. The llizarov method is also not limited by the 
magnitude of the deformity. Even very severe 
deformities can be treated by this method. 

4. It allows a comprehensive approach to foot deformity 
correction by treating not only the foot deformity, but 
also the associated tibial deformities, leg and foot 
length discrepancies and even the thin calf can be 
widened. For example, a polio-limb may hâve one or 
more of the following: (i) complex foot deformity, (ii) 
limb length discrepancy, (iii) short foot, and (iv) thin 
leg. Ail these can be comprehensively treated by one 
assembly and in one operative session. 6 

5. Foot ostéotomies. Because small length is regained 
simply by deformity correction with an opening 
wedge technique. 

6. Another important advantage is any residual 
deformity after surgery can be corrected during the 
post-operative period. It is adjustable even after an 
acute correction is performed. Achieving a perfectly 
plantigrade foot in the operating room, whether with 
an osteotomy or an arthrodesis, is difficult. With the 
circular external fixator it is possible to obtain the desi- 
red correction either acutely in the operation room or 
gradually after operation, and can make sure that the 
patient is comfortable and satisfied with the foot 
position prior to accepting this as the final position. 7 

7. Nonosteotomy treatment may still be considered in 
the presence of fixed bony deformity if limited 
arthrodèses are planned to maintain the correction 
that is obtained by joint distraction. This reduces the 
amount of b one that needs to be resected at the time 
of arthrodesis. 15 

Disadvantages of llizarov Method 

1. llizarov method is associated with many complica¬ 
tions especially in the foot, because foot has a large 
number of small joints and axes. Axis of rotation of 
each joint is different from other joints, e.g. the axis of 
ankle joint is in frontal plane whereas axis of subtalar 
joint in sagittal plane. Each joint has a different center 
of rotation and different functions. Therefore, while 
correcting a deformity in one direction, subluxation 
or dislocation may occur. Foot deformity has a three- 
dimensional deformity and therefore one must be 
extremely careful to prevent or to treat a complication. 


Correction of the foot deformities in poliomyelitis is 
one of the most difficult procedure in llizarov. 

2. In several cases, the author has noticed severe 
osteoporosis; in two cases it was so severe that the 
talus sank into the calcaneus. 

3. The pain factor Most of the patients do complain of 
pain. 

4. The treatment period is lengthy with prolonged joint 
immobilization. Functional loading, however, 
including full weight bearing as tolerated, is permitted 
during treatment. This helps to counteract effects of 
the prolonged joint immobilization. 

Strategies 

There are two strategies of the llizarov method to correct 
the foot deformity: (i) soft tissue distraction with or 
without surgical release of the soft tissue, tendon transfer 
or arthrodesis, 8,9 (ii) bony distraction by osteotomy. In 
this strategy, the distraction occurs through ostéotomies, 
regenerating new bone and eliminating deformities by 
opening wedge-type corrections. The joints remain 
undisturbed with osteotomy distraction techniques. 

The strategy dépends on: (i) the âge of the patient, 
(ii) the presence of bony deformities—here the deformity 
is corrected by distracting across joints in an attempt to 
bring them into a new congruous relationship to a 
plantigrade position, and (iii) the stiffness of the foot. 

Indications for Soft Tissue and 
Osteotomy Distraction 

Paley has given the following guidelines. 

1. Age is an important considération in deciding 
nonosteotomy or osteotomy treatment. According to 
Paley, nonosteotomy should be done in children 
below 8 years of âge. The deformed foot can be 
corrected by a soft tissue distraction in children below 
the âge of eight years. In this group, shape of the foot 
bones can get remodeled. Soft tissue distraction relies 
on biologie plasticity of cartilaginous bones. This 
capability is unreliable in older patients. Cartilage fills 
the incongruities. During the postoperative period, 
distraction induces reshaping of bones by activation 
of the circumferential physis of these bones, leading 
to a new congruous alinement of the foot bones. The 
bone adapt to the new position. BB Joshi's (Joshi's 
external stabilization System—JESS) has given 
excellent resuit in correcting the clubfoot. This 
apparatus, an unconstrained System relies only on 
distraction of soft tissues. 

2. Adolescents and adults An older patient with no bony 
deformity but a soft tissue contracture leading to 
cavus, equinus, varus, etc. is a good candidate for the 
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soft tissue distraction. If the bones of the foot are 
congruous only soft tissue distraction can correct the 
deformity, irrespective of âge. In poliomyelitis, the 
author has found stiffness of the foot does not occur 
until adolescent âge. 

The foot may be minimally or moderately stiff as 
classified below even at the âge of 14 years. In such cases, 
nonosteotomy treatment is preferred. Indications for soft 
tissue distraction are: (i) Burn's contracture, (ii) recent 
neurological déficit such as peroneal nerve palsy, Marrie- 
Strumpet's disease, (iii) head injuries with neurological 
déficit and deformity in the foot—contraindication is stiff 
knee, and (iv) even in poliomyelitis of some years 
duration, the foot is not very rigid. In such situation, soft 
tissue distraction alone will correct the foot deformity. 

Stiffness of the joint is an important considération 
whether to do only soft tissue distraction or a bony 
distraction after osteotomy. When soft tissue distraction 
is to be done, if the joint is very stiff, there is significant 
risk of physeal disruption rather than joint distraction. 
In these cases osteotomy is préférable. Therefore, it is 
better to grade the stiffness. The author has graded the 
stiffness into three types: mild, moderate and severe. Mild 
grade has a mobile foot which can be brought to normal 
foot position from the deformed position. In moderate 
stiffness, deformed foot is corrected from the deformed 
position to 30° away from the normal position. In severe 
stiffness, foot is fixed at 30° or more. Mild and moderate 
stiffness can be corrected by a soft tissue distraction. 
Severe degree of stiffness needs osteotomy. 

If the foot is too stiff when soft tissue distraction is 
difficult to correct the deformity. In very stiff deformities, 
especially as the resuit of multiple previous surgical 
attempts, osteotomy should be considered especially in 
the face of bony deformities, despite the young âge. One 
contraindication to soft tissue distraction is the presence 
of limited or extensive arthrodesis. These cases obviously 
require osteotomy. The soft tissue technique dépends on 
the ability to dis tract them through multiple joints simul- 
taneously. If these joints are already arthrodesed, this is 
no longer possible. Thus, the contraindication for soft 
tissue distraction are: (i) incongruity of the joints after 
the âge of eight, (ii) severe stiffness of the foot, and 
(iii) arthrodesis of joints. Nonosteotomy treatment may 
still be considered in the presence of fixed bony deformity 
if limited arthrodèses are planned to maintain the 
correction, i.e. obtained by joint distraction. This reduces 
the amount of bone that needs to be resected at the time 
of arthrodesis. 

Récurrence of a deformity after Ilizarov frame 
removal is rare in bony corrections (osteotomy), but is 
common in soft tissue distraction technique, usually due 


to neurovascular imbalance. An osteotomy in such 
patients provides a lasting correction through bone 
instead of joints. Therefore, it is important to consider 
judicious use of adjunctive muscle balancing surgery 
(tendon lengthening or transfer) to maintain the 
correction obtained by the Ilizarov soft tissue method. In 
many cases, tendon lengthening is done at the time of 
the Ilizarov frame application. Casts are applied 
immediately on removal of the apparatus, and orthotics 
are often used long-term to maintain correction. 

The indications for osteotomy are: (i) fixed bony 
deformity in patients older than eight years—the joint of 
the foot of these patients are incongruosed, (ii) the 
presence of previous fusion of nonunion, (iii) other 
indications, according to Paley, include patients with 
neuromuscular imbalance in whom soft tissue correction 
would obtain but not maintain the correction and in 
whom tendon transfer or tenodesis is not possible to 
maintain the correction. 

There are two Systems to correct the foot deformities: 
(i) constrained System, and (ii) unconstrained System. 

Constrained System 

In the constrained System, hinges are used so that the 
movement occurs in one direction only, in the plane of 
the hings. It is necessary to find the instant center of 
rotation of the joint and to perform the correction around 
this single center of rotation. The advantage in the 
constrained System is one can mobilize the joint, e.g. in a 
equinus deformity, the ankle joint can be mobilized with 
a hinge at the center of rotation of ankle joint. The center 
of the rotation of ankle is in the latéral facet of the talus 
in line with the sinus tarsi. While doing the ankle 
movements, the posterior distraction rod between tibia 
and hindfoot is removed. This System is particularly 
applicable to joints such as elbow, knee, ankle and wrist. 

According to Grant the constrained System, which is 
the rule in most other areas of the body, is less applicable 
to the foot and ankle. When used, it usually corrects a 
deformity in one plane (Fig. 10). The motions of the foot 
and ankle, however, are usually more complex, most 
occur through multiple joints and are three dimensional. 
Thus, a less constrained System has been developed in 
which the joints of the foot and ankle become the hinges 
used for correction. Universal hinges are placed on one 
side of the deformity, and a pulling or pushing device 
(the motor) is placed on the opposite side. The correction 
occurs through the joints between the hinge and the motor 
(Fig. 11). If it is desired that the correction of a particular 
deformity should occur through a spécifie joint or point, 
constraints are placed in the System. This is done by 
positioning olive wires to force a motion to occur on one 
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Figs 10A and B: Correction of ankle equinus deformity—constrained method: (A) The apparatus is shown applied to the tibia 
and foot. The apparatus consists of a two-ring frame on the tibia and a foot ring on the foot. The two are articulated using a 
threaded rod and hinges. The hinges are applied medially and laterally so that they overlie the center of rotation of the ankle. The 
ankle joint can be distracted apart by the threaded rod end of the hinge so as to avoid crushing the joint cartilage. The foot ring 
consists of a half-ring and two plates with threaded rod extensions connected by an anterior half-ring perpendicular to the rest 
(inset 1). The distraction apparatus posteriorly consists of two twisted plates with a threaded rod distracting between them 
connected by a post or hinge. The post of hinge is fixed to the twisted plate with wing nuts. This allows removal and reapplication 
with ease. Two wires are fixed on each of the tibial rings, with an important olive wire placed anteriorly. Two wires are fixed to the 
calcaneus and two are fixed tôt he metatarsals. (B), The distraction performed at 1 to 2 mm/day to the patient’s tolérance level. 
Overcorrection of the equinus is achieved. The patient maintains range of motion during the distraction 



Figs 11A to E: (A and B) Latéral photograph and radiograph of the ankle before correction, (C and D) the apparatus is shown 
from the latéral view during correction and at the end of overcorrection—note that in this example, a wire was inserted across the 
axis of rotation of the ankle joint and connected to the hinges: This is another modification of the constrained technique and (E), 
the latéral radiograph after correction 
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side or the other of the olive, thus, the place that the 
movement occurs is controlled. 

The constrained System, on the other hand, has to be 
very précisé, and the hinges must be alined to the joint 
axis within a narrow range of tolérance to avoid jumping 
of the joints. In the unconstrained System, it allows the 
contracture to correct itself around soft tissue hinges and 
natural axes of rotation of joints. Incorrect hinge 
placement can also inadvertently lead to joint compres¬ 
sion or subluxation or even dislocation. The uncons¬ 
trained method is advantageous for the treatment of the 
multiple foot joints that do not hâve a known simple 
single axis of rotation and is less advantageous for the 
treatment of joints such as the ankle, which do hâve an 
easy-to-locate axis. 

Unconstrained System 

In the unconstrained System, one allows the contracture 
to correct itself around soft tissue hinges and natural axes 
of rotation of joints. The advantage of the unconstrained 
System is that it is simpler to apply and allows for errors 
in application. 

Treatment of Equinus Deformity 1315 

Equinus deformity can be treated by constrained or 
unconstrained method. Axis of rotation of the ankle lies 
approximately at the level of the latéral process of the 
talus. Its axis extends laterally through the tip of the latéral 
malleolus, and medially below the tip of the médial 
malleolus. 

Constrained Method: Technique 13 

The image intensifier is used to locate the axis of rotation 
of the ankle. Preoperatively, Mose circles are applied to 
a true latéral image of the ankle to identify the level of 
the axis of rotation. The center is usually within the latéral 
process of the talus. The image intensifier is used to obtain 
a true latéral image of the ankle such that the latéral 
malleolus is centered over the midlateral tibia. A wire is 
used to point to the center of rotation. Once the wire 
overlaps the région of the latéral process, this spot is 
marked on the skin. The same process should be repeated 
for both the médial and latéral sides. The image intensifier 
must be perpendicular to the tibia. 

Step 1 Apply a preconstructed two-level frame to the tibia. 
Use four wires to fix the tibial frame to the leg. For equinus 
correction, use one anterior alive medial-face wire on the 
distal of the two rings and one transverse wire on this 
ring. The author uses one half pin at 90° to the médial 
face wire. 


Step 2 Suspend hinges from threaded rods off the distal 
tibial ring. Overlap the hinge with the center of rotation 
of the ankle joint. 

Step 3 Apply the foot frame to the hinges. Adjust the foot 
frame so that it is parallel to the plantar aspect of the 
foot. This can be done by placing a board on the plantar 
aspect of the foot and making sure the foot frame is 
parallel to the board. A distraction rod off two pivot 
points such as twisted plate is connected posteriorly in 
the central hole between the two hinges. Wing nuts are 
used to connect the posts at either end of the distraction 
rod. This allows quick application and removal. The 
patient can combine distraction with removal of the 
distraction rod for exercise and réhabilitation. 

Treatment of Equinus Deformity 

Unconstrained Method (Technique — Paley 13 ) 

The same tibial base of fixation is used for the 
unconstrained method as for constrained method, but 
the foot frame is much simpler. This consists of a half- 
ring suspended off three threaded rods that are locked 
by a nut at their proximal end. The maximum posterior 
tilt of these washers is 7.5°. The half-ring is locked in place 
at that angle. Two smooth wires are inserted through the 
heel and fixed and tensioned to the half-ring. Deformity 
correction is performed by distraction on ail three rods 
in order to pull the heel distally. The reason for the 
posterior tilt of these rods is that the ankle capsule in 
equinus runs in a straight line from the back of the talus 
to the posterior lip of the tibia. When the foot in the 
plantigrade position, the line of the ankle capsule is tilted 
5 to 7° posteriorly. This is because the posterior lip of the 
talus protrudes posterior to that of the tibia. If the rods 
were not tilted back but were parallel to the tibia, 
distraction along, that line would pull the ankle capsule 
directly distally. This would force the talus forward, out 
of the mortise. When the rods are tilted posteriorly, the 
talus is pulled back into the mortise (Fig. 12). 

Varus Deformity: (Technique-Paley) 13 

Heel varus deformity is corrected by the same type of 
construct as that used in an unconstrained correction of 
equinus deformity. The différence is that an olive is used 
on the médial side. The threaded rods are connected via 
hinges. The posterior threaded rods is connected to a two, 
three, or four-hole hinge so that the hinge point is 
proximal to the level of the heel wire. In this way, as the 
médial side is distracted, because it has to pivot around 
the hinge, it will translate laterally, forcing the heel out 
of varus. The rods medially and laterally are connected 
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Figs 12A and B: Correction of ankle equinus deformity—unconstrained apparatus consists of two rings in the tibia and a half- 
ring in the heel. One or two-wire fixation is used in the heel, and two wires are used on each of the tibial rings, with an olive 
anteriorly on the distal ring. (A) Three threaded rods are used to suspend the half-ring. These are fixed with nuts directly to the 
half-ring but are fixed with interposing conical washers on the distal tibial ring. This shows the half-ring to the tilted posteriorly by 
approximately 7° (B), At the end of the correction, the foot has been distracted downward and posteriorly at a 7° tilt. This keeps 
the ankle in the mortise. Notice that the ankle capsule in the uncorrected positions runs vertically from the posterior lip of the tibia 
to the back of the talus. In the corrected position, the ankle capsule is oriented with a posterior slope to it. This slope parallels the 
7° direction of distraction. Note also that the ankle and subtalar joints are overdistracted. This method does not allow removal of 
the rods for exercise of the joints, therefore, the overdistraction is important in maintaining a loose joint 


with a hinge distally and conical washers proximally, or 
with twished plates that hâve pivot points at both ends, 
or with a mixture of the two. The choice dépends on the 
degree of deformity. Conical washers can adapt only to 
a 7.5° tilt in either direction. The correction is produced 
by asymmetrical distraction of ail three rods. The médial 
rod is lengthened at five 0.25 mm adjustments per day, 
the middle rod at three 0.25 mm adjustments per day, 
and the latéral rod at one 0.25 mm adjustment per day. 
In this manner, there is no risk of crushing of the joint 
surface. 

CORRECTION OF FOOT DEFORMITY BY 
SOFT TISSUE DISTRACTION 

The Standard Frame 

The standard foot assembly consists of the tibial 
component, the calcaneal component and the forefoot 


component. The tibial assembly usually consists of two 
rings. When two rings are used, it becomes stronger 
support assembly. The level of its attachment dépends 
on the size and complexity of the rest of the frame, the 
more complex the forefoot and hindfoot components, the 
higher the level of the supporting components is attached. 

The calcaneal component consists of half-ring 
surrounding the heel. In most cases, both "legs" of this 
half-ring must be made longer by the firm attachment of 
the connecting plates. Two cross wires are inserted 
through the calcaneus and are connected to the half-ring. 
Only 50 to 60 kg tension is given. A half-pin passed in 
the calcaneus posteriorly adds to the stability. The forefoot 
ring consists of half-ring across the dorsum of the foot. 
Two wires are passed through the neck of the metatarsals. 
There are three ways to pass wires through the metatar¬ 
sals: (i) usually the first and fifth matatarsals are used to 
keep the metatarsal arch, (ii) the wires are passed through 
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Figs 13A and B: (A) The drawing of the construct for correction of varus deformity is shown from the posterior view. This 
construct uses the standard two-ring fixation on the tibia with two wires at each level and one with an olive placed medially. One 
wire uses one hinge is posterior and uses a three or four hole post (inset) to raise it above the level of the other two so that it is 
doser to the center of rotation of subtalar joint. The level of this hinge also serves to force the olive on this half-ring against the 
body of the calcaneus to correct the varus deformity. (B) At the correction, the rings are parallel and the contracture of the 
subtalar joint is reduced 


ail the metatarsal pressing 2nd, 3rd, 4th metatarsals 
plantarwards, bringing ail the metatarsals in one line. 
This gives better stability, (iii) wires are passed through 
2nd or 3rd metatarsals and from latéral 5th, 4th or 3rd 
metatarsals. This is suggested by B B Joshi in JESS System. 
To do this the first and fifth metatarsals are squeezed, 
while the wire is being inserted. When the wire passes 
through the cortices of the first metatarsal, drilling is 
stopped as the wire cornes out of the far cortex of the first 
metatarsal. The wire is tapped till it reaches the fifth 
metatarsal. Then again the wire is drilled through the 
fifth metatarsal neck as decided and is connected to the 
second or ring and tensed. Another wire may be passed 
through the first or second metatarsal or through the fifth, 
fourth and third metatarsals and connected to the ring. 
This wire maintains the metatarsal arch and gives more 
strength to the forefoot half-ring. 

The forefoot and hindfoot components are connected 
to the tibial ring using hinges. In some cases, the forefoot 
component is connected to the calcaneal component by 


two long plates or threaded rods (Fig. 13). The forefoot 
and hindfoot component may or may not be connected 
to each other depending on the situation. The connection 
between the forefoot and hindfoot assemblies is flexible 
in most cases by using hinges. In some cases, another 
wire is passed through the mid-tarsal bones, either 
through the cuboid and navicular or through the talar 
head. This wire is connected tibial to the distal ring by 
rods, alter natively this wire is connected to the posts on 
a plate which is connected to the forefoot half-ring, 
according to the situation. 

CORRECTION OF FOOT DEFORMITIES BY 
DISTRACTION OF OSTEOTOMY 

Ostéotomies around the foot and ankle for distraction 
are devised by Ilizarov. The basic ostéotomies are: (i) U- 
osteotomy, and (ii) V-osteotomy. Paley has classified 
Ilizarov ostéotomies for foot correction into two groups, 
ostéotomies along the long axis of tibia and those along 
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Figs 14A to E: U-osteotomy: (A) Equinus deformity with flat- 
top talus. The U-osteotomy passes across the neck of the talus, 
through the sinus tarsi, and under the subtalar joint to exit 
posteriorly in the calcaneus. (B) Correction of the equinus is 
performed by slight distraction followed by rotation around the 
center of rotation of ankle. (C) For acute corrections through 
the dome-shaped U-osteotomy, the head of the talus translates 
proximally in front of the ankle joint. (D), The apparatus at the 
onset of treatment. Note the location of the hinge. The head of 
the talus is fixed with a wire. There is a wire through the hinges 
to fix the body of the talus. (E) At the end of correction (acute), 
the head of the talus rides proximally 


the long axis of foot. Ostéotomies in the long axis of tibia 
are: 

i. supramalleolar at metaphysis 

ii. supramalleolar juxta-articular. 

iii. U-osteotomy through calcaneus and talar neck. 

Ostéotomies in the long axis of foot are: 

i. V-osteotomy. 

ii. posterior calcaneal osteotomy. 

iii. talocalcaneal osteotomy 

iv. through talonavicular and calcaneal cuboid joints 

v. through metatarsals. 

Osteotomy in the long axis of tibia will correct ail 
deformities except the deformities between the hind and 


forefoot such as cavus or the rocker bottom foot and 
cannot lengthen foot. Therefore, the anatomie relation of 
hindfoot and forefoot must be normal. Osteotomy in the 
long axis of foot corrects ail deformities of the hind or 
forefoot, but will not correct deformity at ankle or above, 
and limb length discrepancy. 

U-Osteotomy 

U-osteotomy is made through a latéral approach to the 
hindfoot (Fig. 14). U-osteotomy starts behind the subtalar 
joint, passes under this joint through superior part of the 
calcaneus across the sinus tarsi and neck of the talus. This 
is specially indicated when there is a fiat top talus or very 
long standing equinus deformity. In this situation, the 
talus is incongruous in the ankle joint and will not enter 
the ankle mortise because the anterior broad end will not 
be accommodated in the joint. This osteotomy is able to 
correct equinus, calcaneus, varus, valgus, and foot height. 
It is unable to correct deformities between the hindfoot 
and forefoot like cavus and rocker bottom foot. 

There is some limited range of painless ankle motion. 
This is preserved by the U-osteotomy. Using the U- 
osteotomy, the foot can be repositioned into a plantigrade 
position while leaving the ankle mortise undisturbed. As 
the U-osteotomy crosses the sinus tarsi, the subtalar joint 
becomes stiff. Therefore, this osteotomy should be 
performed only when the subtalar joint is stiff. In majority 
of the cases of fiat top talus, however, hâve a stiff subtalar 
joint. This is technically a demanding procedure and 
certain structures are at risk: tendons, sural nerve, the U- 
osteotomy is done completely open, through a generous 
incision, under direct visual control. A simultaneous 
posteromedial incision should be made to decompress 
and protect the neurovascular bundle. 

Since the osteotomy crosses the talar neck, and there 
is not accompanying subtalar dislocation, this osteotomy 
is similar to nondisplaced talar neck fracture, and the risk 
of avascular necrosis of talus is practically nil. 

U-osteotomy is used to correct the anterior foot as a 
block in relation to the leg and ground. It permits motion 
to occur in the sagittal plane by movements along the arc 
of the eut, correcting equinus or calcaneus. If the posterior 
end of the arc is opened and the anterior remains closed, 
the hindfoot is brought lower, through the addition of 
bone within posterior part of U-osteotomy. If there is 
equinus, as the foot is brought plantigrade, the limb will 
be elongated. The reverse, although unusual, is possible 
(i.e. the calcaneus position can be corrected and the limb 
elongated by opening the anterior end of the osteotomy). 
If the osteotomy is opened medially or laterally, varus or 
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Figs 15A and B: V-osteotomy:(A) V-osteotomy for rocker- 
bottom foot, and (B) opening wedge corrections of both the 
hindfoot and forefoot, recreating the longitudinal arch 

valgus deformities of the hindfoot can be corrected. It is 
unable to correct deformities between the hindfoot and 
forefoot. The U-osteotomy correction may be performed 
either rapidly or gradually. For rapid corrections, a 
percutaneous Achilles tendon lengthening is first carried 
out. If a graduai correction is performed, the bone ends 
should first be distracted apart in order to disimpact them, 
avoid a prématuré consolidation and failure of séparation 
of the bone surfaces. Once the osteotomy has been 
separated, the deformity canbe corrected gradually using 
a hinge. If lengthening is to be performed, the hinge 
should be centered more anteriorly. To avoid anterior 
translation of the foot, the hinge should be at or distal to 
the center of rotation of the ankle joint. 

V-Osteotomy 

V-osteotomy is a double osteotomy, one osteotomy across 
the body of the calcaneus posterior to the subtalar joint 
and one ostoetomy across the neck of the talus (Figs 15 
and 16). The V-osteotomy is used to correct the relation 
of the hindfoot, midfoot and forefoot, one to the other. 
The hindfoot with the tuberosity and the Achilles lies 
posteriorly and the midfoot and forefoot lies anteriorly. 
This permits angular and rotational correction of the 
anterior and posterior segments in relation to the middle 
segment, the leg, and the ground, i.e. varus, valgus, 
adduction, supination, and pronation. 

The V-osteotomy is indicated when there are 
deformities between the hind and forefoot. A prerequisite 
for this osteotomy is stiff subtalar joint. Essentially, ail 
foot deformities can be corrected through the V- 
osteotomy, including hindfoot and forefoot equinus or 
calcaneus, rocker bottom deformities, cavus deformities, 
abductus and adductus deformities, and even deformities 
of length and bony déficiences of the hindfoot or forefoot. 



Figs 16A and B: (A) The apparatus is used for a correction 
through a V-osteotomy. Note the position of the hinges at the 
apex of the deformities at the convex end of each osteotomy. 
(B) The apparatus after distraction of V-osteotomy 

Supramalleolar Osteotomy (Paley) 

Supramalleolar ostéotomies can correct equinus, 
calcaneus, varus and valgus deformities. The relationship 
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Figs 17A to C: (A) An enquinus deformity with a flat-top talus and stiff ankle. The center of rotation of the talus is marked (point). 
(B) An opening wedge osteotomy in the supramalleolar région corrects the equinus but translates the foot forward. (C) Combinding 
an opening wedge with posterior translation realines the foot 




Figs 18A to E: (A) Varus deformity of the distal tibia with shortening relative to the fibula, (B) supramalleolar osteotomy with 
distraction and correction of the varus deformity and differential lengthening of the tibia relative to the fibula, (C) a post-traumatic 
varus deformity of the distal tibia with shortening of the tibia relative to the fibula, as in B, (D) a supramalleolar osteotomy was 
performed, and (E) the final radiographie appearance after correction of the varus deformity and lengthening of the tibia relative 
to the fibula by 1.5 cm 

Indication 

for the hindfoot to the forefoot must be normal if this is Supramalleolar ostéotomies are indicated in the follow- 
to be the sole treatment (Figs 17 and 18). ing conditions: (i) deformities of the metaphyseal and 






























1706 Textbook of Orthopedics and Trauma (Volume 2) 


juxtaarticular région of the distal tibia, (ii) deformity at 
the ankle level. Ankle may hâve previous arthrodesis. 
Deformities at the talus or subtalar joint with ankylosis 
of the ankle joint. Equinus, calcaneus, varus, valgus, tibial 
torsion, and leg-length discrepancy can be corrected by 
this osteotomy. 

Advantages 

1. Rotational deformity of the tibia can be corrected. 

2. If the tibia is short, it can be lengthened by distracting 
this osteotomy. 

3. The supramalleolar osteotomy is technically the 
easiest of the Ilizarov foot ostéotomies as this is a 
cancellous part. 

4. The supramalleolar osteotomy is particularly useful 
in the multiply operated foot with poor skin, when 
the deformity is below the level of the ankle joint. One 
more advantage of the supramalleolar osteotomy is 
that is does not compromise motion in the hindfoot 
joints. It avoids operating on a multiply operated foot 
in cases where the deformity is below the level of the 
ankle joint. 

Disadvantages 

It cannot correct the deformity between the hindfoot and 
forefoot. The most common problem of this osteotomy is 
the translation of the distal fragment. This is because 
osteotomy is not done at the true apex of the deformity. 
This occurs when an angular deformity at one level is 
corrected at another level. For example, if a distal tibial 
deformity is at the level of the plafond (juxtaarticular) 
rather than in the metaphysis, a metaphyseal osteotomy 
leads to a translational deformity. It is necessary to 
translate the metaphyseal osteotomy in addition to the 
angular correction. 

Paley States that, it is préférable to use the 
supramalleolar osteotomy to correct only malalinement 
of the distal tibial articular surface. It can be used to 
correct deformities at the level of the talus when the ankle 
joint is very stiff. This leads to a tilt of the plafond that is 
insignificant when the ankle is very stiff. Because the apex 
of the deformity is distal to the osteotomy, the 
supramalleolar osteotomy must be translated, as 
mentioned previously. 

For example, in correcting equinus with supra¬ 
malleolar osteotomy, the deformity is at ankle joint which 
is the true apex. Therefore, osteotomy should be done at 
a different level. The hinge is placed at the ankle joint. 
Therefore, the fragment away from the hinge (proximal 
tibia) moves anteriorly (towards convexity), the small 
fragment along with talus moves backwards. This 


translation is corrected by repositor device (Figs 19A to 

F). 

Equinus Deformity Associated with 
Supination or Pronation 

The apparatus is as above, but it differs from it in the 
construction of the hinges. Two plane hinges are 
incorporated in the anterior and posterior rods. The hinge 
axis is in the coronal and sagittal plane, it permits 
correction of pronation or supination and equinus. 
Instead a universal hinge may be used (Figs 20A to D). 

Equinus with Cavus Deformity with 
Supination or Pronation 

This frame is as described above but instead of plate 
connecting the forefoot and calcaneal ring is replaced by 
distractional threaded rods. The distraction corrects the 
cavus deformity, equinocavo varus deformity associated 
with shortening, simultaneous lengthening can be done 
by proximal corticotomy. The apparatus is modified to 
suit the lengthening (Figs 19A to D). 

Supramalleolar Osteotomy for varus and Valgus 
Deformities of Tibial Plafond 

In general, the osteotomy is made as distal as the 
hardware allows, taking advantage of the metaphyseal 
rather than the diaphyseal healing rate. If the osteotomy 
is performed at a level different from that of the CORA, 
the osteotomy line is translated accordingly. Because the 
osteotomy line is usually proximal to the CORA, the 
direction of translation should be médial for varus to 
valgus and latéral for valgus to varus osteotomy 
correction. 

The fibular osteotomy is made at the level of the tibial 
osteotomy when there is a corresponding deformity of 
the fibula. If translation is required because of osteotomy 
rule 2, the fibula should be eut more distal to the tibia. If 
there is no deformity of the fibula and the plafond is 
angled to the fibula, the tibia is osteotomized without 
cutting the fibula. This approach is often used when there 
is a shortening of the tibia relative to the fibula. 

An important considération, especially with acute 
corrections, is the posterior tibial nerve. The posterior 
tibial nerve, artery, and veins run through the tarsal 
tunnel, which is a limited fascial space extending from 
approximately 10 cm proximal to the ankle joint to the 
abductor hallucis fascia and plantar fascia distally. Varus 
to valgus corrections stretch this nerve. In addition, varus 
to valgus at correction with the CORA distal to the 
osteotomy line displaces the médial corner of the distal 
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Figs 19A to E: (A) Radiography of the patient aged 40 years showing equine cavus deformity, (B) radiograph showing the 
assembly on the foot and leg, (C) clinical photo of the assembly—foot block is removed six weeks after correction of the 
deformity, (D) radiograph showing the satisfactory fusion of the tripple joints—ankle movements are normal, and (E) clinical 
photo showing full correction of the deformity 


fragment medially. This bump may encroach on the tarsal 
tunnel. Acute tarsal tunnel syndrome can be a sequela of 
acute varus to valgus or procurvatum to-recurvatum 
supramalleolar correction. For large deformities, graduai 
correction is préférable. A prophylactic tarsal tunnel 
release may be indicated for acute varus-to-valgus or 
procurvatum to recurvatum correction, especially for 
moderate degrees of angular correction and in cases with 


previous scarring. Prophylactic tarsal tunnel décom¬ 
pression is sometimes indicated even for graduai 
corrections. 

Supramalleolar Osteotomy for Recurvatum and 
Procurvatum Deformities of Tibial Plafond 

Because the CORA is usually distal to the osteotomy line, 
recurvatum correction involves anterior translation and 
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Figs 20A to D: (A) Preoperative clinical photograph showing severe equine cavo varus deformity. Patient 
aged 45 years. Notice the advantageous bursitis. This got infected. There was a draining sinus with pain, (B) 
radiograph of the same patient, (C) tripple arthrodesis was done and immobilize llizarov assembly—correction 
was done by distraction which was started on 6th, and (D) clinical photo showing full correction of the deformity— 
the foot is painless 


procurvatum correction involves posterior translation. If 
this translation is not performed, the foot will displace 
posteriorly with recurvatum correction and anteriorly 
with procurvatum correction. Anterior translation 
deformity of the foot increases the anterior lever arm, 
which in a moderately stiff foot, makes stepping over the 
foot more difficult and time consuming. Most of the 
pressure is on the heel, with little weight on the forefoot. 
It also is cosmetically unappealing. The amount of 
translation dépends on the distance of the osteotomy to 
the CORA. The farther the distance is, the more the 
osteotomy line must translate to avoid this problem. 
Correction of the anterior translation deformity is difficult 


and requires either a single ostoetomy for posterior 
translation or two ostéotomies with equal and opposite 
angulations. 

The CORA of equinus deformities due to ankle 
arthrodesis malunion and flattop talus is not in the tibia. 
The CORA in these cases is usually located at the center 
of rotation of the ankle joint. Both these equinus 
deformities are associated with stiff ankles. To correct 
equinus deformity under these conditions usually 
requires an osteotomy. 

Acute correction of equinus deformity always 
stretches the posterior tibial nerve. Combined with the 
impingement on the nerve from a significant posterior 
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translation, the tarsal tunnel may be seriously 
compromised. Prophylactic tarsal tunnel décompression 
is indicated under these circumstances before acute 
correction is performed. Graduai correction with graduai 
posterior translation may be préférable for more severe 
deformities. Tarsal tunnel release is usually not required 
with graduai supramalleolar correction. 

Inboth ankle arthrodesis and flattop talus, the location 
of the CORA in the sagittal plane is identified by drawing 
one axis line for the tibia and one for the foot. The axis 
line of the foot is a perpendicular line to the weight 
bearing surface of the foot, passing through the latéral 
process of the talus. The axis line of the tibia is the mid 
diaphyseal line. The intersection of the foot line with the 
tibial line is the CORA . 

With ankle arthrodesis deformities, there is often a 
frontal plane angular component. This deformity usually 
has its CORA at the level of the ankle fusion. Therefore, 
if the osteotomy is made through the previous ankle 
fusion, the sagittal plane CORA is distal to the osteotomy 
but the frontal plane CORA is at the level of the 
osteotomy. Therefore, the correction must follow 
osteotomy rule 1 in the frontal plane but osteotomy rule 
2 in the sagittal plane. This deformity is équivalent to 
that of an angulation and a translation in different planes. 

Pes Cavus or Pes Planus Deformity 

Abnormal shape and position of the calcaneus can cause 
these deformities. These can be corrected by a calcaneal 
osteotomy. Ilizarov has described three types of calcaneal 
ostéotomies: (i) transverse, (ii) oblique, and (iii) curved 
(Figs 21 and 22). 

In cases of calcaneal deformity, oblique, transverse 
osteotomy close to the subtalar joint is performed. For a 
varus or valgus deformity of heel, a curved osteotomy is 




Figs 21A and B: (A) The posterior calcaneal osteotomy is 
applied to a calcaneal cavus deformity, and (B) a plantar 
opening wedge osteotomy is performed for the correction of 
this deformity 



Figs 22A to C: (A) Talocalcaneal neck or midfoot ostéotomies 
can be used for forefoot cavus, (B) talocalcaneal neck 
ostéotomies are used when the subtalar joint is stiff, and (C) 
midfoot ostéotomies across the navicular and cuboid or cuboid 
and cuneiforms are used when the subtalar joint is mobile 


done, followed by immédiate rotation of the tuberosity to a 
normal position. Once the normal position is achieved, 
the osteo-tomized fragments are compressed together. The 
large area produced by this osteotomy results in early 
consolidation. When the calcaneus is short, it can be 
lengthened as shown in Figures 21 and 22. Simultaneously 
supination or pronation and other foot deformities can be 
corrected. 

Eniarging the Girth of Lower Limb 

In poliomyelitis, the limb below the knee is too thin. Patient 
demands an increase in the girth for cosmetic purposes. 
This can be achieved by longitudinally cutting a portion 
of the tibia and dis-tracting with the help of slotted 
threaded rods and olive wire to distract. The second option 
is the fibular osteotomy. The fibula is osteotomized at two 
levels, and the middle fragment is pulled out laterally so 
as to increase the girth. Fibular osteotomy is préférable. 

Cavus with Associated Other Deformities 

Cavus deformity can be corrected by an osteotomy passing 
through the talar neck and the anterior part of the calcaneus. 
The posterior segment of the calcaneus is connected rigidly 
to the tibial ring. So, also the body of talus is connected to 
the lower tibial ring by a plate. Thus, tibia, and the posterior 
fragments of the calcaneus forms one solid block. The 
forefoot half-ring is connected to the calcaneal ring. The 
forefoot calcaneal ring is connected by two plates which 
form hinge at the apex of the deformity on the dorsum of 
the foot. The forefoot and calcaneal rings are connected by 
a distraction rod, forming a triangle on either side of the 
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Figs 23A to F: (A) Triangular construction before correction; note the axial wire in the talar neck, (B) notice the open wedge 
régénération and correction, (C and D) an alternative construction before and after correction (E and F) Another method of 
configuration with push rods before and after correction (Redrawn after llizarov) 
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foot as shown in the Figures 23A to E. At apex axial wire is 
inserted into the neck of the talus near its tarsal surface 
slightly anterior to line of osteotomy. This wire forms an 
axis of rotation around which the plates achieve deformity 
correction. 

An Alternative Assembly 

In this the tibia, talus and the calcaneus are connected as 
one block as in the above assembly, and the forefoot has 
rings connected to the wire,: one wire passing through 
the metatarsal neck and other passing through the talar 
head. The two rings are connected to the lower tibial ring 
with hinges in parallel planes. Correction is achieved by 
pulling up the distal ring (Fig. 23B). 

Second Alternative Method 

In this the posterior block is similar to the above assemb- 
lies. The two half-rings of the forefoot are connected to 
each other with three rods forming a forefoot block. The 
plates connecting the lower tibial ring to the wire passing 
through the talus by using two supports. These supports 
act as a hinge at the apex of the deformity as shown in 
the Figure 23C. Severe Equinocavovarus Deformity. 

Measurement of equinus deformity Normally the long axis 
of the tibia, calcaneus and the metatarsals meet in the 
body of the talus. The angle formed by long axis of the 
calcaneus and metatarsal is approximately 140°. The axis 
of tibia and calcaneus forming an angle of 120°. The tibia 
and the metatarsal form an angle of 100°. So to measure 
the equinus deformity or the calcaneus deformity any 
two of these angles in necessary. 

Severe pes cavus or pes planus deformity can be 
corrected by a V-osteotomy as shown in the Figure 15 
and 16. Along with cavus deformity, supina-tion or 
probation of either forefoot or hindfoot can be corrected. 
The foot can be lengthened at the same time. 

Assembly type 1 (technique: Ilizarov) 11,12 This assembly 
consists of two ring tibial block. The forefoot and hindfoot 
rings are connected by two plates forming a hinge at the 
wire passing through the talus. The lower end of the 
plates are connected by threaded rods for distraction as 
shown in the Figures 15 and 16. The forefoot half-ring is 
connected to the tibial ring by a twisted plate with two 
threaded rods, talar, and the middle calcaneal fragments 
are connected to the tibial ring by a plate. 

Assembly type 1 to correct pes planus (Ilizarov) As described 
by Ilizarov in this assembly the forefoot ring has two half- 
rings connected by three rods. It is connected to the 
posterior ring by posts and plates. As shown in Figure 16, 


plate form a hinge at the apex of the V-osteotomy. 
Distraction rods are connected to these plates. The pes 
planus is corrected on distracting these rods (Figs 20A to 
C). 

Assembly type 2 to correct pes planus by Technique-Ilizarov 
In this assembly, two plates are used to connect the wire 
passing through the talar head and the lower ring of the 
tibial component. The forefoot assembly is connected to 
this plate with two threaded rods and hinges. Similarly, 
the calcaneal ring is connected to this plate. Notice the 
hinge at the upper end of the limb of the V-osteotomy. 
The calcaneal ring and the proximal ring of the forefoot 
are connected by rods and hinges. At the hinge of these 
two rods, the plate is connected to its threaded portion. 
Correction is achieved by distracting the rods connected 
the plate (Figs 15,16 and 20). 

Soft Tissue Release 

Associated Soft Tissue Release 

Often the tendons, ligaments and fascia are very tight 
and need partial and complété release. The tendons such 
as tendo-Achilles can be released by percutaneous 
tenotomy. In cavus deformity, the plantar fascia may be 
very tight. This can also be released through a small 
incision. If the clubfoot deformity is very severe, then the 
authors do regular posteromedial release and apply the 
Ilizarov apparatus. Soft tissue release is necessary, 
especially in the clubfoot in the âge group between 6 and 
12. After the âge of 12, osteotomy may be necessary along 
with soft tissue release. 
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INTRODUCTION 

Multiple hereditary exostosis is not uncommon. The 
disorder is of autosomal dominant inheritance. Usually 
half of the children of an affected parent hâve clinical 
manifestations. Long bones of the limbs are more severely 
affected than the ribs, spine, scapula, and pelvis. The 
exostoses are most frequent in the metaphyseal areas of 
the proximal and distal fémur, proximal and distal fémur, 
proximal and distal tibia, proximal humérus, and distal 
radius and ulna. Bones of intramembranous formation 
are not involved. A single lésion in multiple exostosis is 
similar to solitary exostosis. The cartilage cap is usually 
thicker. Multiple exostosis usually manifests itself during 
childhood. Bumps are seen around the knees, ankles and 
shoulders in the metaphyseal area. The knobby 
appearance of the child is characteristic. The limbs are 
shorter. 1 ' 4 

In the forearm, the ulna is shorter than the radius, 
therefore, the radius is bowed laterally, with its concavity 
towards the short ulna. Normally, four-fifth of the 
longitudinal growth of the ulna takes place distally, 
whereas only about three-fourth of that of the radius 
occur at its distal epiphysis. The distal end of the ulna is 
more severely affected than that of the radius. Progressive 
postérolatéral dislocation of the radial head is a common 
deformity. Flexion deformity of the elbow is usually 
présent. At the wrist, radial déviation is restricted and 
ulnar déviation is increased. Range of rotation of the 
forearm may be limited owing to blocking by an exostosis 
or bowing of the radius or both, pronation is more 
frequently restricted than supination. The humérus may 
be shortened. If the deformity is not corrected, the forearm 
becomes crooked and function will be severely restricted. 

Tibia valga is présent. At the ankle joint, the latéral 
half of the distal tibial epiphysis is déficient. The fibula 


may be short in relation to the tibia. At the hip, coxa valga 
is présent in about one-fourth of the patients. Stature of 
patients with hereditary multiple exostoses tends to be 
short. 

Radiography 

The affected metaphyseal area is broadened. The 
exostoses vary in size and number. The exostosis may be 
hooked or pointed, sessile or pedunculated or cauli- 
flower-like. The exostoses almost always point away from 
the physis. The metaphyseal région of affected long bones 
is widened, creating the so-called trumpet-shaped 
deformity. In the lower limb, the région of the knee is 
markedly involved. In the forearm (radius and ulna) and 
in the leg (tibia and fibula), the exostoses may impinge 
on the adjacent bone, producing pressure deformation 
and diastasis of the adjacent joints. 

Malignant Transformation 3 

Occurrence of malignant transformation in 2% of patients 
is perhaps a more accurate estimate. After the âge of 30 
years, patients with multiple hereditable exostoses hâve 
an increased risk of developing a secondary 
chondrosarcoma. Secondary chondrosarcoma in the 
pédiatrie âge group is extremely rare. The treatment is 
wide excision. 

Treatment 

Mere presence of exostosis is not an indication of surgery. 
The indications for surgery are: (i) it interfères with the 
muscles function, (ii) it causes pressure symptoms on the 
nerve vessels or tendons, (iii) it is painful, (iv) causing 
deformity. 4 
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Figs 1A to D: A case of multiple hereditary exostosis with short 
ulna. Excision of the mass was done and élongation of the 
ulna by proximal corticotomy. Ulnar length was restored. Normal 
regenerate showing the diameter of the regenerate equal to 
the diameter of the ulnar shaft. Consolidation of the regenerate 
shows signs of corticalization 
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Figs 2A to C: (A) Congénital short ulna with radial head dislocation, (B) Ulnar lengthening done, 
and (C) Final resuit shows lengthened ulna and radial head pulled distally 


Surgery is indicated to correct deformities in the upper 
limb. The deformities in the forearm need correction. Up- 
till now various methods hâve been tried. We hâve 
adopted foliowing procedure, with satisfactory results. 

1. Excision of the bony growths at the distal end of ulna 
(exostosis), and shaping it to the diameter of the ulna. 

2. The distal growth plate and epiphysis are carefully 
preserved. We hâve seen that the growth plate is 
functioning at four year follow-up. 

3. Legthening of the ulna till it reaches the distal radius. 

4. The bowed radius is corrected if there is a dislocation 
of the radial head, this can be corrected by Ilizarov 
method. Osteotomy is done in the proximal ulna to 
lengthen the bone. Distally the radius is not indicated 
to the ring. So that ulna is lengthened, the radial head 
is brought down to the olecranon. When the radial 
head is at its normal palce, Bell Towsy operation is 
performed. However, humérus is short it may be 
lengthened. Coxa valga and valgus deformity of the 
tibia are corrected. 

Case History 1 (Figs 1A to D) 

Miss M, aged 9 years has multiple exostosis. At the distal 
end of ulna, the exostosis was excised, preserving the 


epiphysis, ulnar lengthening was done by using DC rods 
(distraction compression) deviced by Dr BB Joshi (Figs 
IA and B). 

Case History 2 (Figs 2A to C) 

Miss S aged 7 years has congénital short ulna with 
proximal migration of radial head, ulnar lengthening was 
done, at the same time radius head was pulled distally 
(Figs 2A to C). 

REFERENCES 

1. Ehrenfried A. Multiple cartilaginous exostoses-hereditary 
deforming chondrodysplasia—a brief report on a little known 
disease. JAMA 1915;64:1642. 

2. Ehrenfried A. Hereditary deforming chondrodysplasia—multiple 
cartilaginous exostoses—a review of the American literature and 
report of twelve cases. JAMA 1917;68:502. 

3. Jaffe HL. Tumors and Tumorous Conditions of the Bones and 
Joints Lea and Febiger: Philadelphia 1958;143. 

4. Keith A. Studies on the anatomical changes which accompany 
certain growth-disorders of the human body. I. The nature of the 
structural alterations in the disorder known as multiple exostoses. 
JAnat 1920;54:101. 








INTRODUCTION 

Elbow is a hinge type of joint stable and congruent and 
therefore prone for stiffness after trauma. Inadequately 
fixed fractures of the distal humérus are immobilized in 
the splint postoperatively to compensate for inadéquate 
or improper stability. Any immobilization post trauma 
or post surgery allows distension of the joint capsule in 
the position of maximum capacity, i.e. flexion for elbow. 
Increased pressure inside joint increases tension of 
surrounding soft tissues. 

This hematoma stagnâtes and resists any motion. 
Edema fluid is drained out of the joint only by continuons 
motion that is hindered by immobilization. This edema 
fluid organizes to form granulation tissue which matures 
to form fibrous tissue thus there is formation of intra- 
articular adhesions. Because of immobilization plus 
increased tension in the surrounding muscles, the 
muscles fibres undergo shortening and contractures 
within a short period. 

Sometimes improper réduction and malunion of 
distal humerai fractures oblitérâtes the distal humerai 
articular anterior tilt which is necessary for clearance of 
the coronoid process which leads to restricted flexion 
beyond 90° postoperatively. Extension lag or terminal 
restriction of extension is seen commonly due to position 
of maximum capacity assumed by the elbow. 

Delayed présentations are common in Indian scénario 
that is another cause of restricted elbow function post- 
treatment. Treatment by quack or massage injures the 
already injured soft tissues which leads to fixed 
contractures and hétérotopie ossification. 

Functional arc for elbow is 30° flexion upto 130° 
flexion and 50° of pronation supination each patients can 
adapt to perform daily activities of living even when fixed 
flexion deformity is 70°. Flexion is the most required 


function so loss of extension is poorly tolerated than loss 
of extension. 

Bhattacharya's from Kolkata has done lot of work on 
this topic. He used both médial and latéral incisions. 

ETIOLOGY 

After injury to elbow mobilization should be started early. 
Unfortunately active motion is started 6 weeks after 
surgery which is too late. Injury about the elbow often 
involves trauma to brachialis muscle as it crosses anterior 
capsule. The damaged brachialis undergoes scarring 
which tethers normal capsular motion. Congénital 
contractures are rare. Arthrogryposis is the most frequent 
cause followed by cérébral palsy, pterygium. Acquired 
contractures occur as a conséquence of previous elbow 
fractures, dislocations and surgery. Contractures are also 
common in inflammatory diseases, degenerative diseases 
or sep tic arthritis. 

Tuberculosis as well as Rheumatoid arthritis affecting 
elbow is another cause of ankylosis. Stiffness due to 
hétérotopie ossification is seen in head injury patients and 
paralytic contractures are seen after cérébral vascular 
accident. Burns are also an infrequent cause of elbow 
contractures. Usually loss of extension is more common 
than loss of flexion. It is because an intra-articular effusion 
causes the joint to assume a position of flexion to 
maximize capacity and minimize pressure. 

CLASSIFICATION 

Elbow contractures can be congénital or acquired. 

Congénital Contractures 

1. Arthrogryposis 

2. Cérébral palsy 

3. Pterygium 
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Acquired Contractures 

1. Burns 

2. Trauma 

• Intra-articular # 

• Dislocation 

3. Surgery 

4. Immobilization 

5. Infection 

6. Rheumatoid arthritis 

7. Tuberculosis, etc. 

8. Other inflammatory conditions 

Contractures are further classified 7 as: 

1. Extrinsic: Stiff elbow with no identifiable intra- 
articular pathology, relatively normal articular 
surfaces and alignment. Extrinsic contractures involve 
skin, muscles or capsule. 

2. Intrinsic: Stiff elbow involving intra-articular 
adhesions or intra-articular malunion, osteophytes, 
chondrolysis. 

It is seen secondary to intra-articular fractures, 
bony avascular changes with loss of cartilage. Pure 
intrinsic contracture is rare. Irrespective of cause ail 
stiff elbows hâve contracted capsule, secondary 
contractures develop in ligaments, muscles. 

3. Mixed type: Insidious onset of contracture results 
from an inflammatory arthropathy, tumor such as 
osteoid osteoma, osteochondritis dissecans. Static 3 
éléments of ankylosis constitute contractures of 
capsule, ligament or muscle, hétérotopie ossification 
causing impingement or bridging, articular surface 
scarring, osteophytes, incongruity, adhesions. 
Dynamic éléments of contracture constitute muscles 
like brachialis common extensor tendon, common 
flexor tendon, hypertonia or limited excursion across 
the joint. 

Hétérotopie ossification is classified by Hastongs, 

GrahamJ as 


Class I 

Involving hétérotopie ossification 
without functional limitation 

Class II 

With functional limitation 

IIA 

limited flexion extension 

IIB 

Limited pronation supination 

IIC 

Limited flexion-extension and 
prosupination 

Class III 

Ankylosis 

Hétérotopie 

Ossification is much more common in 


and around elbow and around especially in head injury 
patients. 4 


PATHOPHYSIOLOGY 

There are four stages of stiffness after injury or surgery. 6 

Stage I: Bleeding occurs within minutes to hours after 
trauma and results in distension of the joint capsule and 
swelling of periarticular tissues. High hydrostatic 
pressure in the joint and stiff tissues will resuit in pain 
and increased résistance to motion. 

Stage II: Oedema occurs over hours or days with 
inflammatory mediators causing blood vessels to leak 
plasma contributing to a swollen and less compliant soft 
tissues around the joint. 

Stage III: Formation of granulation tissue occurs over 
days to weeks. This loosely organized tissue becomes 
increasingly solid with déposition solid extracellular 
matrix. 

Stage IV: Fibrosis occurs as granulation tissue matures 
forming rigid scar tissue. 

Pure intrinsic contractures are rare. 

Extrinsic contractures involve skin, muscles, capsule, 
ligaments. 

Intrinsic contractures involve intra-articular 
adhesions, malunions, avascular fragments loss of 
cartilage etc. 

Mixed type is much more common. Extrinsic éléments 
are dynamic intrinsic éléments are usually static. 


Hétérotopie ossification is classified by Hastongs and 
Graham J 

Class 

Normal function 

Class II 

A restricted flexion extension 

IIB 

Restricted pronation supination 

IIC 

Restricted movement in both directions 

Class III 

Ankylosis 


Hétérotopie ossification is much more common in and 
around elbow and around especially in head injury 
patients. 


Indication for Surgery 

Normal range of motion at elbow is 0° to 130° of flexion. 
Even 50% loss of motion impairs the elbow function as 
much as 80% whenever the terminal flexion is restricted. 
Surgery is indicated when patient does not respond to 
active and passive exercises for at least 2 to 3 months. 
Continuous passive motion and adjustable static type of 
splints are very useful in achieving a plastic deformation 
of soft tissues through stress relaxation. But dynamic 
fracture splints are not préférable because of the tension 
created by them in tissues. 
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Evaluation 

Elderly and pédiatrie patients are not good candidates 
for arthrolysis. Because patients need high degree of 
motivation for postoperative physiotherapy protocol. 
Patients who are having pain at rest suggest arthritic 
element. Patient with significant cartilage damage can 
not be benefited by release alone. It is important to assess 
for elbow stability because treatment will differ if there 
is persistent fracture dislocation, fracture of coronoid, 
concomitant collateral injury, previous excision of radial 
head. It is important to note any prior infection, skin 
incision, scar neurological injury, etc. 

Radiological examination should include X-rays AP, 
latéral oblique films AP X-ray in 40° flexion, C-T scan 
whenever indicated. Radial head should directly oppose 
the capitellum in ail views. If there is associated 
hétérotopie ossification it can be safely excised if duration 
is more than 4-7 months. 

Simple contractures can be released arthroscopically. 
We prefer open release because of number of problems 
associated with arthroscopic release. Risk of neuro- 
vascular injury is more with arthroscopic release and 
decreased intracapsular volume sometimes may not 
allow entry of scope. 

MANAGEMENT OF STIFF ELBOW 
Prévention 

Prévention of the stiffness and proper management at 
the initial stage following trauma is very important to 
avoid a lifelong disability of the elbow joint. Fracture of 
distal humérus are treated by open réduction and 
adéquate fixation to start early movement. With a 
congruous articular surface, the maximum possible 
function is achieved which may be accepted by the 
patient. It also gives a better chance of regaining further 
mobility by arthrolysis or arthroplasty. 

Alignment of the trochlear in relation to the humerai articular 
surface and with the trochlear notch of the upper end of 
the ulna as also the position of the head of radius, should 
be born in mind to attain a good réduction. 

Early mobility of the joint prevents stiffness. At the same 
time, early mobility in fractures especially in adults must 
hâve Consolidated sufficiently to avoid redisplacement 
of the fragments. Following surgery, the fixation must 
be rigid enough to avoid prolonged immobilization. 
Passive joint mobilizers are a step ahead to achieve this 
goal and are convincingly successful. In reduced 
dislocations if the joint is stable, active movements should 
be started after 2 to 3 days without any attempt for passive 
movements. 


The rôle of noninflammatory drugs in the prévention of 
stiffness of joints is important. These medicines are 
advocated for a short period to diminish the pain, edema 
and inflammation of ail soft tissues. But prolonged use 
of these drugs delay fracture healing. 

Ischémie contractures are preventable by initial judgment 
and management. 

Open fractures with skin loss are covered by proper skin 
flaps at the earliest opportunity. 

Indomethacin is known to prevent myositic ossificans 
and calcification in and around the joint. 

Iatrogénie stiffness should be preventable. Their incidence 
is minimized with careful restoration of the anatomical 
configuration and rigid fixation until the bone is 
sufficiently Consolidated to allow early movement and 
by avoiding infection. 

Indomethacin is known to prevent myositis ossificans 
and calcification in and around the joint. 

Management in Established Stiffness 

Active movement and exercise, contract bath, wax bath and 
Whirlpool with the help of physiotherapists are the main 
stay in the management of such cases. 

Passive stretching by experts, turn buckle splint or using a 
dynamic splint continuously for a couple of hours at a 
time within a tolerable limit of pain, followed by active 
exercise, hâve a definite place. These are indicated in the 
waning phase of the inflammation, i.e. when the 
inflammation of soft tissue hâve subsided, but the scars 
hâve not yet fully matured. 

Clinically it takes about 8 to 12 weeks following 
trauma or surgery for the swelling to go down, but 
movements are restricted with some pain on passive 
stretching. Nonsteroidal anti-inflammatory drugs are 
essential at this stage to avoid formation of scars due to 
the minute hemorrhages that may occur. Judicious use 
of intra-articular steroids are also useful. 

Surgery for Post-traumatic Stiff Elbow 

There are more or less three kinds of surgery advocated 
for this condition: (i) excisional or fascial arthroplasty, 

(ii) joint replacement arthroplasty, e.g. endoprosthesis, 
double stem prosthesis and surface replacement and 

(iii) arthrolysis. 

Excisional arthroplasty with or without interposition of 7 fascia 
or silastic sheets and joint replacement arthroplasty are 
indicated in bony ankylosis, or gross incongruity of the 
articular surfaces. Double stem prosthesis is done as a 
primary procedure for loss of the lower end of the 
humérus or upper end of the ulna. 
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Fascial arthroplasty gives a good functional range of 
movement of the elbow in the majority of cases with 
partial loss of stability. In some cases, particularly after 
excisional arthroplasty, the joint may be fiait. Joint 
replacement then remains the only choice as a second- 
ary procedure. Surface replacement arthroplasties are 
better than double stem prosthesis and give a lasting 
resuit with stability of the joint. In case of failures, removal 
of the surface replacement prosthesis will still maintain 
the joint motion with a fair amount of stability. 

Endoprosthesis or double stem prosthesis 1 in the elbow is a 
mechanically unsound procedure. Distraction forces 
work constantly during stance and during movement. 
The prosthesis is also subjected to a greater stress and 
strain during the elbow motion of flexion and extension 
combined with rotation and with the arm abducted for 
most of the daily routines. Hence, loosening of the 
prosthesis with ail its sequelae is more common than for 
the lower limb prosthesis. 

Arthrolysis 6 on the other hand is comparatively a more 
conservative and physiological surgical procedure. The 
joint is mobilized by removal of contractures of the 
capsules, mobilizing the brachialis and triceps muscles 
from the lower end of the humérus, restoring the trochlear 
pulley and the minimal removal of bone blocks without 
excising the articular surfaces. The maximum range of 
motion is achieved on the table during surgery. Results 
assessed over a period of 28 years are convincing enough 
to advocate this method as a primary procedure in ail 
cases of post-traumatic stiff elbow, at any âge group. 3 
Exceptions are: (i) gross incongruity of the articular 
surfaces, (ii) bony ankylosis, and (iii) in cases of loss of 
bone from the lower end of the humérus or upper ulna. 

Approach 

Various approaches hâve been described anterior 
posterior, médial latéral. Through anterior approach 
extension contractures cannot be tackled as well as ulnar 
nerve exposure is restricted plus it requires identification 
and protection of anterior neurovascular structures. 
Similarly posterior approach alone will not tackle flexion 
contractures. So use of both médial and latéral exposure 
is best of ail. 

Operative Technique 

The latéral incision starts 6 cm proximal to the latéral 
épicondyle, goes downwards and posteriorly over the 
épicondyle to the upper-third of the extensor surface of 
the forearm. Cleavage between the anconeus and the 
extensors is deepened, and the common extensors are 


detached from their origin and retracted. A retractor is 
inserted anteriorly into the joint and the capsule is made 
taut with the elbow in flexion and then eut from its 
humerai attachment with scissors. The branchialis is 
separated and elevated from the lower third of the 
humérus with a periosteum elevator. Any myositic bone 
found herewith is also removed. Then the capsule is held 
by a Kocher's forceps and slowly separated from the other 
anterior structures by passing a pair of scissors 
horizontally. The lower attachment of the anterior capsule 
is eut from the coronoid process of the ulna. The extreme 
médial end of the capsule is sometimes difficult to get at. 
Now, the elbow is forcibly abducted to expose the 
posterior capsule and is eut just above the olecranon 
process. Medially one must be careful about the ulnar 
nerve. Sometimes, it is necessary to strip off the attach- 
ments of the triceps from the lower humérus get a better 
view. 

A médial incision of about 5 cm long extending proximally 
and distal to the médial épicondyle. The ulnar nerve is 
retracted, the médial flexor origin is detached from bone 
and the médial portion of the capsule is eut, making the 
elbow free from ail sides. This usually gives a fair range 
of up to 10 to 20 degree less of full extension. In résistant 
cases, it is necessary to eut ail components of the médial 
ligament complex. 

In acutely flexed elbows, the branchialis may hâve to be 
detached from the coronoid, and it is best to be satisfied 
with partial correction in long-standing cases to avoid 
neurapraxia and vascular compromise. 

After ail the contracted structures and fibrous tissues 
hâve been eut and the joint made fairly loose, the joint is 
dislocated laterally, and the lower humérus is brought 
out through the latéral incision, and an adéquate portion 
of the triceps and brachialis is mobilized from the shaft 
to gain length for réduction of the joint and maximum 
excursion. The articular surface of the lower humérus is 
not disturbed regardless of the appearance of the articular 
cartilage. Then, the humérus is reintroduced and the 
wound packed with hot mops and tourniquet removed. 
After hemostasis, gentamicin is sprinkled in the wound 
and the common flexor and extensor origins are sutured 
to the muscles and fasciae by Vicryl sutures. Muscles and 
fascia are sutured and the skin closed with monofilament 
nylon. No attempt is made to reattach to the bone. 

In old, unreduced dislocations or fracture dislocations of the 
elbow , the procedure is almost the same, except that it is 
more extensive. If the coronoid process is fiat or very 
shallow, it is advisable to retain some myositic bone 
anteriorly for stability. 1,2 
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After the humérus is reintroduced and the joint 
reduced, the elbow is kept in flexion. It is best if maximum 
(full) range of flexion and extension is achieved on the 
table, but at times it is difficult because of the shortened 
triceps muscle. Flexion of 120 degrees is acceptable on 
the table. Sometimes, the tip of the olecranon process may 
hâve to be excised for increasing the excursion. 

Anterior transposition of the ulnar nerve is done as a 
routine, and the extensor and flexor origins at times are 
sutured to muscles or fascia, as it may not be possible 
always to reattach them to the épicondyles. 

Postoperative Management 

After closure of the wound, in most of the cases, 25 mg of 
inj. hydrocortisone acetate is injected into the joint with 
2 to 5 cc of hyalase and water for injection. Bandaging is 
done over plenty of cotton to achieve uniform pressure, 
and a strong posterior plaster slab is applied, with the 
elbow in maximum extension for stiffness in flexion and 
vice versa. 

Circulation and finger movements are checked. 
Suction is removed after 48 hours and movements started 
after 3 to 4 days after the first postoperative dressing. 
The second dose of inj. hydrocortisone is given with 2 to 
4 cc of lignocaine (2%) on the seventh and tenth day. 

In old unreduced dislocations, the postoperative 
regimen is somewhat altered. The limb is immobilized 
in 90° flexion to prevent redislocation and the injection 
of inj. hydrocortisone is deferred 3 to 4 weeks post- 
operatively. On the 5th and 6th postoperative day, the 
arm portion of the posterior slab is fixed with adhesive 
tape and the forearm and elbow left free for more flexion, 
but no extension beyond 90°. Extension is allowed 
gradually after 3 weeks with the injection hydrocortisone 
(if not contraindicated). 

Sutures are removed after 12 to 14 days in ail cases. 
NSAIDs in judicious amount will help in relieving the 
postoperative pain by reducing inflammation. Post¬ 
operative exercises are easier than NSAI drugs. 

Hinged External Fixator After Contracture Release 

Indications are instability after release, excessive muscle 
tendon tightness and distraction arthroplasty with or 
without interposition. Various articulated unilatéral 
fixators as well as ring fixators are available like Ilizarov, 
Mayo, Compass elbow hinge, orthofix elbow and so on. 
I prefer orthofix unilatéral elbow hinge. It is simple to 
apply and can be locked in no. of desired positions and it 
is patient friendly. Ilizarov ring fixator may also be used. 

The axis of rotation of elbow is replicated with 
mechanical device. This passes through centre of latéral 


condyle and just touches the bottom of médial épicondyle. 
Two shanz pins are inserted in humérus and two pins 
are inserted in ulna after passing a K wire locating the 
axis of rotation of elbow. Mobilization is started the next 
postoperative day whenever external fixator is used (Figs 
IA to C). 

ROLE OF CPM 

CPM applied to a joint raises and lowers the hydrostatic 
pressure resulting in pumping effect that forces fluid out 
of periarticular soft tissues. The maximum benefit of CPM 
occurs in the first few days after surgery. The CPM should 
be through a full range of motion to maximize the 
wringing out or squeezing of the blood and edema fluid 
from the periarticular soft tissues. If CPM is not started 
the first day the arm should be elevated in full extension 
with the elbow above the shoulder for nearly 36 hours. 6 

ARTHROSCOPIC RELEASE 

Capsular contracture leads to a marked decrease in intra- 
articular volume capacity to an average of 6 ml in stiff 
elbows compared with 25 ml normal elbows. This limits 2 
the volume of capsular distension in displacing the nerves 
away from surgical instruments. In my opinion open 
technique is safe and relatively simple and permits 
visualization of the relevant neurovascular structures if 
needed. 

Stiff Elbow in Distal Humérus Fracture 

Contractures associated with fractures of distal humérus 
and nonunions pose problem. If fractures is healed 
contracture release is done first followed by hardware 
removal. If hardware is removed first there is likelihood 
of refracture even with gentle manipulation during 
contracture release. To treat the nonunion the elbow joint 
must be completely relieved of contracture. Once the 
contracture is released, stress is minimized at distal 
humerai fixation. After release the nonunion is freshened 
bone grafted and plated. 

Stiff Elbow in Head Injury 

Problem occurs whenever there is head injury and 
associated residual spasticity. It is important to allow the 
brain injury to recover and allow the volitional control 
and strength to recover, then think of contracture release. 

Stiff Elbow and Articular Damage 

Whenever articular surface damage is there in young 
patient interposition arthroplasty canbe considered using 
hinged fixators that allow distraction or arthrodiatasis. 
There is little documentation of the outcome of 
interposition arthroplasty in recent literature. 
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Fig. IA: Preoperative 



Fig. IB: Immédiate postoperative 



Fig. IC: Follow-up 3 months after external fixator removal 

Figs IA to C: Case of 35 year old man with post-traumatic stiff elbow with myositis ossificans. Arthrofibrinolysis with dual 
incisions and hinged external fixator application performed. Note the excellent postoperative function. Mayo index score showed 
the resuit was excellent 
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Elbow Stiffness Associated with 
Malunion or Nonunion 5 

Normally distal end of humérus is tilted anteriorly 
around 40°. This anterior translation may be lost after 
fixation of complex distal humerai fracture. Loss of 
anterior translation makes it difficult to gain more than 
100° of elbow flexion. It is because this much translation 
is required for clearance of the coronoid with respect to 
humerai diaphysis and to provide space for the muscles 
and soft tissues during elbow flexion. 

As médial épicondyle and médial column are more 
directly in line with the humerai diaphysis and the latéral 
column curves anteriorly with the later épicondyle 
translated anteriorly with respect to diaphysis; use of 
straight plate on latéral column should be avoided. To 
tackle this problem nowadays precontoured plates for 
both columns are available. 

Many a times coronoid, radial and olecranon fossa 
are obstructed by implants, scar tissue, fracture callus or 
hétérotopie bone thereby limiting range of motion. In 
outerbridge—Kashiwaga technique the author has 
described use of a burr to deepen or enlarge these fossae 
even to a point of creating a hole through the humérus. 

Malunited fracture of the radial head manifests as 
forearm stiffness. Malunited coronal shearing fracture 
may limit both flexion and extension because it represents 
an incongruity of the latéral lip of trochlea. 

Malunion of proximal ulna may also limit flexion and 
extension. If coronoid fracture is inadequately 
reconstructed, the elbow may sit in subluxated position. 
When there is no radial head a direct anterior subluxation 
occurs. Inadequacy of coronoid is very difficult to treat. 
In ail such cases arthrosis and stiffness are the resuit. They 
are related with instability as well as joint incongruity. 
In nonunions of distal humérus pain instability and 
stiffness occurs. Intra-articular nonunion is not common. 
Nonunion is usually at the supracondylar level. 

Complications of Surgical Intervention 
in Stiff Elbow 

1. Risk of nerve injury is more with arthroscopic 
contracture release. 6,7 

2. Récurrence of stiffness: If postoperative physio- 
therapy protocol is not followed properly. 

3. Hétérotopie ossification can occur in brachialis, 
biceps around capsule or triceps after forceful and 


repeated manipulation of the stiff elbow and after 
multiple surgical insults. 

4. Wound complications include hematoma, seroma, 
ischémie necrosis 

5. Infection 

6. Excessive scar tissue formation 

7. Pain 

8. Delayed onset/ ulnar neuritis 

9. Reflex sympathetic dystrophy 

10. Ligament instability 

11. Elbow weakness 

12. Pin tract infections. 

SUMMARY 

It is worth to treat stiff elbows those who do not hâve 
functional range and who do not respond to conservative 
line of treatment. Simple to moderate contractures 
respond very well to surgical intervention. In severe 
contracture the success dépends principally on status of 
articulating surfaces and underlying etiology. The use of 
unilatéral elbow hinge is bénéficiai after complété elbow 
release since it stabilizes the joint and allows immédiate 
mobilization. 
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INTRODUCTION 

Limb length discrepancy (LLD) is a common orthopédie 
problem arising from either shortening or overgrowth of 
one or more bones in the limb. Leg lengthening is a 
procedure which should not be undertaken lightly. The 
potential complications due to faulty sélection of cases 
or failures in the technique are considérable. The causes 
of LLD (anisomelia) are numerous. Limb lengthening is 
hazardous procedure associated with many compli¬ 
cations. Good judgement, accurate knowledge, 
meticulous technique and relentless follow-up care are 
necessary to select and design devices, perform 
corticotomies, maximize bone régénération, manage pin 
sites, maintain articular function, time of fixator removal, 
and manage after care. A cautious approach is 
recommended to these new techniques. Only those who 
are involved in the subject and are regularly treating such 
cases, should undertake the job. Before undertaking limb 
lengthening, the surgeon must carefully assess the 
etiology, clinical conséquences and associated 
complications besides the technical details. 

In India, today, poliomyelitis is the most common 
cause of the LLD. The second important cause is growth 
arrest due to osteomyelitis or trauma. Overgrowth of a 
limb is due to congénital hypertrophy, arteriovenous 
fistula or aneurysm in a growing child. Chronic 
osteomyelitis may sometimes stimulate growth. Fracture 
especially in the fémur may cause overgrowth. Minor 
lower limb length inequality due to asymmetry between 
right and left sides is very common. 

A différence up to 1 cm in length is sometimes found 
which frequently goes unnoticed. An inequality of 1 or 2 
cms is compensated so well by pelvic tilt that any kind of 
remédiai measure is unnecessary. But if the différence is 
more, some form of treatment is indicated because 


discrepancy leads to: (i) awkward gait with fast walking 
and running being difficult or impossible, (ii) backpain 
in long standing cases, (iii) early degenerative changes 
in lower limb joints, and(iv) increased energy 
expenditure. 

Historical landmarks achieved in treatment of LLD 
are depicted in Table 1. 


TABLE 1: Historical landmarks 


Codvilla (1905) 

First publication, osteotomy, traction 
with plaster cast 

Magnuson 

A long Z osteotomy 

Ombredanne (1912) 

External lengthening device. Putti 
(1921) use of thin wires and traction 
bows. Spécial lengthening apparatus 
"Osteoton" 

Abbott (1927) 

Lengthening device with compressed 
spring. 

Slow distraction 1.5 mm to 3 mm per 
day. 

Allan (1948) 

Screw distraction device which 
controlled rate of lengthening 

Anderson (1952) 

Achilles lengthening. Screw distrac¬ 
tion 3 mm per day 

Bost (1956) 

Sliding periosteal sleeve and 
lengthening over intramedullary nail 

Wagner (1971) 

Monolateral fixator. Patient mobile on 

crutches 

De-Bastiani (1986) 

Chondrodiastasis orthofix fixator with 
bail joints 

Ilizarov (1951) 

Distraction histogenesis. Tension 
stress effect. Ring external fixator. 

Paley and Herzenberg 

Lengthening over a nail and external 
fixator 


Causes of Inequality 

Table 2 depicts the major causes of inequality of limb 
length. 






1724 Textbook of Orthopedics and Trauma (Volume 2) 


TABLE 2: Classification of causes of leg-length discrepancy 



Classification 

By growth retardation 

By growth stimulation 

i. 

Congénital 

Congénital hemiatrophy with skeletal 
anomalies (e.g. fibular aplasia, fémoral 
aplasia, and coax vara), dyschondroplasia 
(Ollier disease), 

Dysplasia epiphysealis punctata, multiple 
Exostoses, congénital dislocated hip, clubfoot 

Partial gigantism with vascular abnormalities 
(Klippel-Trenaunay and Parkes Weber 
syndromes) hemarthrosis due to hemophila 

IL 

Infection 

Epiphyseal plate destruction due to 
Osteomyelitis (e.g. in fémur and tibia), 
Tuberculosis (e.g. in hip, knee joint, 
and foot), septic arthritis 

Diaphyseal osteomyelitis of fémur or tibia, 

Brodie abscess metaphyseal tuberculosis of 
fémur or tibia (tumor albus) 

Septic arthritis 

Syphilis of fémur or tibia 

Elephantiasis as a resuit of 

Soft tissue infections 

III. 

Paralysis 

Poliomyelitis, other paralysis (spastic) 

Thrombosis of femora or iliac veins 

IV. 

Tumors 

Osteochondroma (solitary exostosis) 

Giant cell tumors 

Osteitis fibrosa cystica generalisata 

N eurofibromatosis 

(Recklinghausen disease of the bone) 

Hemangioma, lymphangioma 

Giant cell tumors 

Osteitis fibrosa cystica 

Generalisata 

N eurofibromatosis 
(Recklinghausen disease of the bone 

Fibrous dysplasia (Jaffe-Lichtenstein disease) 

V. 

Trauma 

Damage of the epiphyseal plate 
(e.g. dislocation, operation) 

Diaphyseal fractures with marked 
overriding of fragment 

Diaphyseal and metaphyseal fractures 
of fémur or tibi (osteosynthesis) 

Diaphyseal operations (e.g., stripping of 
periosteum bone graft removal osteotomy) 

VI. 

Mechanical 

Immobilization of long duration by weight 
Relieving braces 

Traumatic arteriovenous aneurysms 

VII. 

Others 

Legg-Calve-Perthes disease 

Slipped upper fémoral epiphysis 

Damage to removal or tibial epiphyseal plates 
Due to radiation therapy 
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Most common inequality is seen in Perthes disease, 
slipped capital fémoral epiphysis, cérébral palsy, etc. 
While the most severe discrepancy is found in proximal 
focal fémoral deficiency, enchondromatosis, polio¬ 
myelitis, multiple infective epiphyseal damage, etc. The 
most common cause of shortening in India is 
poliomyelitis, trauma and infection (from a survey of over 
10,000 persons who came for disability assessment). 

The cause and mechanism of shortening in 
poliomyelitis is not clearly understood. Certain facts tend 
to show that diminished muscular activity may be the 
causative factor: (i) severity of paralysis and muscle 
atrophy is usually directly related to the amount of 
shortening, and (ii) other causes of extensive lower motor 
neurone paralysis in infancy like brachial plexus injury 
lead to similar shortening. Whether this is due to a 
neurotogenic factor or to decreased circulation is not 
known. This growth inhibitory influence does not always 
remain constant, it may remain constant so that 


shortening goes on increasing at the same rate till 
maturity, or it may be weaker so that shortening increases 
till maturity but at a slower rate. Children with paralysis 
usually hâve shortening of more severely affected leg, 
presumably because the growth rate of the plate responds 
to the decreased compressive forces across it. The concept 
that pressure might change the direction of the growth 
of the plate is commonly known as the Huter-Volkman 
Law (from Moseley). Wolff disputed this, believing that 
both compression and tension resulted in bone growth 
stimulation. 

Assessment 

True and Apparent Shortening 

It is important to distinguish between true and apparent 
shortening and to bear in mind that some patients hâve 
both. Fixed deformity of the hip should be corrected 
before considering other equalization procedures. 
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A spécial problem arises in children with a short leg 
secondary to a poor outcome of treatment for congénital 
dislocation of the hip. Corrective ostéotomies need to be 
carefully planned since the future of the hip joint is of 
equal importance to the correction of the leg length 
discrepancy. 

A true leg length discrepancy associated with a fixed 
pelvic obliquity and scoliosis is a particular problem. It 
may well be to the patient's advantage to hâve a short 
leg on the lower side of the pelvis, and correction of true 
leg length in such a patient may render it difficult for 
them to compensate for an unbalanced scoliosis. 

A thorough clinical history and examination of the 
patient is very important. Even the causes of limb 
shortening are numerous. Proper history and physical 
examination and routine investigations should be 
sufficient to detect the cause. The physical examination 
should consist of observation of stance and gait, any 
deformity, dysplasia of the joints of the limb, range of 
motion and stability should be noted. Scoliosis, flexible 
or structural and pelvic obliquity should be noted. A 
neurological examination is mandatory. Any deformity 
of the joint and bones should be observed. 
Neurovascular examination should be carefully 
conducted for muscle strength, reflexes, sensation, and 
peripheral circulation. 

Children with lower limb inequality should be 
assessed clinically and radiologically. Clinical assessment 
is best done by placing wooden blocks of gradually 
increasing height under the shorter leg till pelvis becomes 
square. This gives an accurate idea of shortening under 
normal pressure of body weight and takes into account 
the height of the foot also. Alternatively, measurement 
may be taken with a tape from anterior superior iliac spine 
to médial joint line of knee, médial malleolus and plantar 
surface of heel. Gait must be carefully studied. 

Measurement 

1. Standing and seating heights 

2. Lengths of lower limbs both real and apparent 

3. True lengths of the tibia and fémur as measured 
clinically and radiologically. 

4. Limb length discrepancy total, tibial and fémoral. 

5. Skeletal âge as determined by radiographs of the hand 
and wrist. 

• Appearance of secondary sex characteristics. 

• Is he using any orthosis or shoe raised? History of 
previous surgery. 

6. Clinical photograph standing, from front, back and 
side views with and without lift under the short leg. 


TABLE 3: Abnormalities to be assessed in the spine 
and involved leg (After Jackson) 


Spine 

Structural scoliosis 

Mobility 

Pelvis 

Fixed obliquity 

Asymmetry 

Hip 

Soft tissue contracture 

Bony deformity 

Dysplasia 

Muscle weakness (+ ve 

Trendelenburg) 

Knee 

Soft tissue contracture 

Bony deformity 

Dislocation of patella 

Ligamentous instability 

Tibia 

Deformity (angular or rotational) 

Ankle 

Ankle soft tissue contracture 

Bony deformity 

Absent fibula 

Ball-and-socket joint 

Foot 

Soft tissue contracture 

Bony deformity 

Dysplasia 

General 

Muscle 

wasting 

weakness 

fibrosis 

Neurovascular abnormalities 

Congénital fibrous bands 


Assessment of Associated Abnormality 

Jackson, (1991) strongly recommended that a systematic 
list is made of ail the features which adversely affect the 
patient's stance and gait (Table 3). 

Radiological Assessment 

Radiograph should be taken to assess the limb length 
discrepancy, deformity, if any and for skeletal âge. 

Currently three techniques are used, ortho- 
roentgenogram, the scanogram, and computerized digital 
scanograms. The orthoroentgenogram is a single 
exposure on a long film including the hip and ankles (or 
shoulder and wrist) with a ruler with radiopaque 
markings. The tube-to-film distance is standardized, 
usually to 6 feet, but the magnification is not always 
reproducible and varies with distance of film from X-ray 
tube. This simple method has several advantages. 
First, because it encompasses the entire limb, the 
orthoroentgenogram allows assessment of angular 
deformity and bony pathology that might otherwise be 
missed. 

Clinical measurements of lower limb lengths are by 
nature grossly inaccurate. Radiological assessment is 
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more accurate. At présent, CT scan is the most accurate 
method of measurement of bone length of the femora 
and tibiae. Tachdjian has distinguished between 
teleradiogram and arthroradiogram. 

Teleradiograph: Teleradiograph is a single exposure of 
both legs on a long film 14 x 36 inches, taken from 6 ft. 
distance with patients standing. Advantage of showing 
angular deformities and of using single exposure. 
Disadvantage of inconvénient to handle and subject to 
magnification. 

Arthroradiograph: In arthroradiograph on single long film, 
three successive exposures are made, centered exactly 
over the hips, knees, and ankles. The target-to-film 
distance is 6 feet, each exposure including about one-third 
of the entire lower limb.The advantages are: (i) true length 
of the each bone can be measured, (ii) the entire length of 
both lower limbs from the iliac crests to the soles of the 
feet, with excellent detail of bone and soft tissue 
throughout, (iii) technically the procedure is simple, (iv) 
radiation to the patient is minimal. Disadvantage of still 
cumbersome and need for multiple exposures causing 
risk of errors if patient moves. Certain précaution should 
be taken. 1. The tube should be centered over the articular 
ends of the long bones. 2. The limb should be immobilized 
with tight Velcro straps. 3. The knees and hips should be 
in full extension (whatever possible). 

CT scan: Recently, CT scan détermination of limb lengths 
has been developed. This technique is simple accurate 
and visualizes the entire pelvis and lower limb, and the 
scans are easy to store. 

Prédiction of Discrepancy 

Assessment of the Patient and Predicting Discrepancy 

There are various methods of assessment of patient and 
predicting the limb length discrepancy as follows: 

1. Growth remaining method — by Green Anderson 

2. Arithmetic method — by White Menelaus 

3. Straight line graph method — by Moseley 

4. Multiplier method — by Paley et al. 

Predicting the patient's over ail height at maturity is 
necessary in choosing an appropriate course of action. A 
shoe-raise is an intérim measure assessment. Motivation 
is important because leg lengthening is demanding on 
the patient and the parents. It is essential to give realistic 
expectations of surgery and explain the complications 
that can occur. 

It is necessary to predict how much limb length 
discrepancy will increase up to maturity. There are many 
methods of prédiction. 


Tupman (1962) observed the growth in British boys 
and girls between the âge of 8 and 14 years. His calculated 
annual growth rate for fémur and tibia is 1.69 cm and 
1.59 cm respectively in girls. Tupman also predicted the 
remaining growth in fémur and tibia for a given âge and 
worked out a formula to détermine the âge of epiphyseal 
arrest for correction of inequality: 

Fémur Tibia 

25.0 - (D - 0.7) 24.5 - (D - 0.55) 

Boys A =- 

1.69 1.59 

19.4 - (D - 0.7) 17.9 - (D - 0.55) 

Girls A =- 

1.41 1.34 

A = Age of arrest, D = Discrepancy in cm 

In USA, Anderson, Green and Messner (1963) hâve 
followed boys and girls from the âge of 8 years till 
maturity and hâve prepared a growth prédiction chart 
for each year in normal children. The annual growth in 
fémur and tibia is 1.9 cm and 1.6 respectively in boys 
and 1.8 cm and 1.5 cm in girls. They hâve also provided 
a ready reckoner for the remaining growth at various âges 
in boys and girls (Table 4). 

Moseley (1977,1978) produced a straight line graph 
of limb length growth that is easier to understand and 
use. The basic policies of the graph are: (1) The growth of 
the legs can be represented by a straight line by suitable 
manipulation of the abscissa. (2) The length of the longer 
extremity is represented by a straight line because of the 
method of plotting points (3) The growth of the short limb 
is also represented by a straight line which lies below the 
line of the longer limb and may hâve a different slope 
(4) The discrepancy is represented by the vertical distance 
between the two lines. (5) The percentage inhibition of 

TABLE 4: Ready reckoner for the growth of fémur and 
tibia in boys and girls 













Limb Length Discrepancy 1727 


growth of the short limb is represented by the différence 
in slopes of the two lines, designating the normal slope 
as 100 percent. Age mentioned in ail the above techniques 
relates to skeletal âge according to Grulich and Pyle's atlas 
(Figs 1 and 2). 

The Menelaus rule of thumb (Australian) method. The 
method predicts growth of 10 mm per year (three-eight 
inch) at the distal fémoral physis and 6 mm per year at 
the proximal tibial physis, with growth terminating at 
calendar âge 14 years for girls and 16 years for boys. This 
method can be used for other physis of the lower and 
upper extremities. This method is good for simple physeal 
arrest. This method is the least accurate and gives 
approximate limb length discrepancy. This is the only 
method used for upper limb discrepancy.The Menelaus 
method is simple, easy to calculate, and provides a rough 
estimate as to the timing of epiphysiodesis. 

The method of computerized calculations. The 
skeletal âge, limb length and calendar date are needed to 
enter in the computer. Up to 2 to 2.5 cms of limb length 
discrepancy of the lower limb can be compensated. 
Therefore, lengthening should be advised only if the limb 
length discrepancy is more than 2.5 cm. In the upper limb, 
the limb length discrepancy is more cosmetic. Up to 5 
cms of limb length discrepancy is not noticeable. Patient 
must be explained ail the complications, pain and ordeal 
that he or she has to undergo. It is not advised lengthening 
the limb of a short person (5 feet) to increase the height 
because of the complications associated with limb 
lengthening. 

In a normal lower limb, between the âge of four years 
and maturity, the fémur usually increases its total length 
by 2 cm per year, while the average rate of growth of the 
tibia is 1.6 cm per year. 

Growth of the entire limb is as follows: 

Distal fémoral physis—35% 

Proximal fémoral physis—15% 

Proximal tibial physis—30% 

Distal tibial physis—20% 

Thigh length: 70% contribution by distal, 30% by 
proximal epiphyseal plate. 

Leg length: 60% contribution by upper epiphyseal plate 
and 40% lower. 

In general, 1 cm of growth per year takes place in the 
distal fémur and 0.6 cm in the proximal tibia. 

Heredity: It plays an important rôle in deciding the 
height of the person. 

Treatment of Limb Length Discrepancy 

General Principles 

It is sometimes advisable to correct co-existing deformities 
before correcting leg length discrepancy because the 


correction of some deformities changes the treatment 
goal. 

The choice of treatment method dépends on the 
magnitude of predicted discrepancy at maturity than on 
etiology. 

There are various treatment modalities for limb length 
discrepancy. 

1. No treatment (specially for LLD less than 2 cm). 

2. Shoe lift 

3. Epiphysiodesis 

4. Shortening 

5. Lengthening 

6. Prosthetic fitting 

Various options and their indications and contraindi- 
cations as shown in Table 5. 

There are four methods of correction of limb length 
inequality: (i) stimulation growth of the shorter limb, 
(ii) retarding the growth of the lower limb, (iii) operative 
shortening of the longer limb, and (iv) operative 
lengthening of the shorter limb. The first two methods 


TABLE 5: Treatment modalities for limb length 
discrepancy 


Option 

Indication 

Contraindication 

No treatment 

Discrepancies 

Shortening > 5% of 


< 2 cm 

contralatéral limb 

Shoe lift 

Consider for 
discrepancies > 2 cm 
Recommend for 
toe-walkers 

None 

Extension orthosis Child who walks 

None 

or 

with extreme long 


Prosthesis 

leg knee flexion or 
who hops 


Epiphysiodesis 

Predicted discre¬ 

As sole means of 


pancies > 2 cm 

correcting 

Discrepancies > 8 cm 
inadéquate 

Growth remaining 

Epiphyseal 

Same as 

Same as epiphysiodesis 

stapling 

epiphysiodesis 


Acute surgical 

Skeletally mature 

Discrepancies requiring 

shortening 

patient 

more than 


Fémoral discrepancy 

6 cm of fémoral or 5 cm 


2-6 cm tibial 
discrepancy 2-5 cm 

tibial shortening 

Acute surgical 

Fémoral 2-4 cm 

Patient at risk of 

lengthening 

Tibial 2-3 cm 

neurovascular injury or 
with poor bone quality 

Graduai limb 

Fémoral > 4 cm 

Unstable joints 

lengthening 

Leg length inequality 

associated with 


with angular 

associated bone 


deformity requiring 

segment to be 


correction 

lengthened non 
compliant patient 
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Fig. 1 : The straight-line graph comprises three parts: the leg length area with the predefined line for the growth of the long leg, 
the areas of sloping lines for the plotting of skeletal âges, and reference slopes to predict growth following epiphysiodesis 
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Means and standard déviations de rive d from 
longitudinal sériés 50 girls and 50 boys 



Fig. 2: Green and Anderson growth remaining graph. This graph shows the amount of growth potential remaining in the growth 
plates of the distal fémur and proximal tibia of boys and girls as functions of skeletal âge. It is useful in determining the amount 
of shortening that will resuit from epiphysiodesis. (From Anderson M, Green WT, Messner MB. Growth and prédictions of growth 
in the lower extremities. J Bone Joint Surg [Am] 45:1 1963) 

act by influencing the growth at physis of the bones of 
the shorter or longer limbs and therefore to be effective 
need enough time before closure of physis. 

Stimulation of Bone Growth 

The first written account of growth stimulation is by Pare 
who used gentle venous congestion. Bier followed it up 
and the method came to be known as "Bier's hyperemia", 
when a venous tourniquet was applied on the shorter 
limb for several hours daily. The idea of produce 
hyperemia either of the limb as a whole or of the epiphy- 
seal région caught the imagination of many surgeons. 

Various methods were tried like lumbar sympathectomy, 
periosteal stripping, insertion of foreign material like 
ivory peg or métal near the epiphysis and even two 
different metals to produce electricity. Though some 
lengthening was claimed by every method, useful 
élongation was never achieved, not to speak of controlled 
or predictable gain in length. 


Retardation of Growth 

Arrest of growth may be temporary by epiphyseal 
stapling or permanent by epiphysiodesis. Growth arrest 
by stapling is based on "Hunter-Volkmann law" 
(1862,1869) which States that increased pressure along 
with long axis will inhibit, and diminished pressure will 
accelerate bone growth. This was further corroborated 
by Hass (1945,1948) and Arkin and Kartz (1956) both in 
animal experiments and also clinically. The first reported 
case of growth interférence by Staples is by Arbuthnot 
Lane, he fixed a médial fémoral condylar fracture in a 
child by Staples. The child later developed bow leg as the 
parents refused a second arrest by Staples. Epiphysiodesis 
was first reported by Phemister in 1933 and later many 
surgeons reported about its usefulness in equalizing 
limbs, the most valuable report came from Green and 
Anderson in USA (1947,1957). 

Several points must be remembered when contemp- 
lating growth arrest. 
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Fig. 3: Skin incision for stapling or epiphysiodesis 



Fig. 4: The entire growth cartilage is curretted out. The 
removed piece of bone is replaced on each side 


1. Ail calculations are for standard children and there 
may be considérable variations depending on the 
expected ultimate height of the child, so height of the 
parents and other siblings are important. 

2. Height may be influenced by nutritional, hormonal, 
metabolic and other factors. 

3. Equalization occurs by growth of the shorter limb 
which is commonly the abnormal one, its growth 
prédiction may not be the same as that of a normal 
limb, moreover, its behavior may not be the same 
throughout the entire period. Therefore, repeated 
assessment every 3 to 6 months for 2 to 3 years 
immediately proceeding the contemplated operation 
is mandatory. 

Whether for epiphysiodesis or for stapling, the 
physeal région is exposed by oblique incision on médial 
and latéral side of lower end of fémur or upper end of 
tibia under tourniquet (Fig. 3). For epiphysiodesis, a 
rectangular piece of cortex is removed from metaphysio- 
epiphyseal région on both sides taking more of 
metaphysis. Through this opening, the entire growth 
cartilage is curetted out, and the removed piece of bone 
is replaced on each side after reversing the ends (Fig. 4). 
Percutaneous epiphysiodesis has been successfully 
performed and leaves a smaller scar. Except for the scar 
it has no advantage over conventional operation, but 
needs sophisticated equipment. For stapling, periosteum 
is not elevated, the physeal cartilage is located by color, 
by inserting straight needle and by operative radiograph 
if possible. Three stainless Steel or vitalism Staples with 
1.5 cm to 2 cm legs and 2 cm cross piece are inserted on 


each side, the position is checked by radiograph 
preferably on the table or on the following day and the 
Staples are reinserted if necessary. 

Staples are removed after the desired shortening is 
obtained—whether complété equalization or little short 
of it. Usually growth résumés, sometimes at an enhanced 
rate following removal. Arrest may be permanent if the 
Staples are retained too long (more than 3 years), or due 
to subperiosteal insertion or improper handling during 
insertion or removal. Blount demonstrated radiological 
thickening of epiphysis after removal of Staples. 

Complications common to both the operations are 
undercorrection, overcorrection and angular deformities 
like varum, valgum, and recurvatum. In stapling, 
additional complications are breakage, migration and 
widening of the Staples. None of these are very serious 
and difficult to treat. 

There are many reports of these operations. Ail 
obtained good results particularly after stapling. One of 
the most illustrative papers is that by Green and 
Anderson who performed both the operations with high 
degree of success. They concluded that both the 
operations are good and effective, epiphysiodesis is 
definite and final, but if prédiction is wrong or growth 
irregular, the resuit may be awful. Stapling has a little 
higher rate of complications, but these are of no great 
conséquence. Resumption of growth after removal of 
Staples is the big advantage of stapling operation. 

Complications are little more frequent and results 
little less predictable after upper tibial stapling than after 
lower fémur. 
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Figs 5A and B: (A) Fémoral shortening in the subtrochanteric 
area with internai fixation (B) Fémoral shortening in the supra- 
condylar area with internai fixation 



metaphyseal région). Stabilization may be done by plating, cast 
or interlocking nail 


Our usual policy is (i) If the discrepancy is such that 
it will be corrected by arrest of lower fémoral physis alone 
in the remaining years before maturity, we perform lower 
fémoral stapling and remove the Staples when the desired 
resuit is achieved, (ii) if the shortening is greater, we 
perform upper tibial epiphysiodesis and lower fémoral 
stapling. (iii) If, however, the discrepancy is so much that 
permanent arrest of both the physis around knee is 
necessary, we perform both lower fémoral and upper 
tibial epiphysiodesis. Age of arrest is determined by the 
projected amount of discrepancy at maturity and the rate 
of lengthening of the shorter (usually abnormal) limb. 
For epiphysiodesis, détermination of the précisé âge is 
essential. Stapling is performed a little earlier because of 
reversibility of arrest. These operations are not usually 
done before 9 years and never before 8 years of âge. 

Limb Shortening 

The most commonly used method of fémoral shortening 
is resection (Fig. 5) of a subtrochanteric or supracondylar 
segment and compression fixation by a blade-plate. With 
the subtrochanteric operation, no plaster immobilization 
is necessary, and knee can be mobilized quickly, the 
patient is allowed on crutches after a few days and partial 
weight bearing may be allowed after a few weeks. 
Supracondylar osteotomy is particularly useful if there 
is angular deformity as well besides shortening, 
otherwise, it is better avoided because of the possibility 
of knee stiffness. With the help of interlocking System, 


diaphyseal shortening with nail fixation can avoid 
complications like nonunion and rotational deformity 
and can be safely done where necessary instrumentation 
and image intensifier is available. 

There are various methods of fémoral shortening such 
as, oblique osteotomy, step eut osteotomy, over riding 
osteotomy, subtrochanteric or supracondylar osteotomy. 
More than 7 cm resection, relaxation of the muscles. 
Currently resection of the midshaft with interlocking is 
favored. Subtrochanteric osteotomy is also favored when 
there is associated coxavalga or vara. Supracondylar 
shortening is indicated when there is associated genu 
varum or valgus or recurvatum that requires simul- 
taneous correction. 

The tibial shortening can be done by excision of the 
required segment below the tibial tuberosity, as a step- 
cut in midshaft or from the lower metaphyseal région 
with fixation by blade-plate, screw and plaster or 
interlocking nail as the case may be (Fig. 6). 

Kuntscher (1965) suggested the idea of an intra- 
medullary saw to resect a segment of fémoral diaphysis. 
The technique was developed by Winquist et al (1978) 
and Blair (1989). Like a standard closed intramedullary 
nailing, reaming is done from above and a spécial 
intramedullary saw is introduced, the required measured 
segment is resected from midshaft and split into two. 
Then the major fragments are fixed by nail, preferably 
interlocking nail, the split pièces behave as grafts. 

Operative bone shortening has several advantages— 
a précisé amount of correction can be obtained and this 
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can be done at any âge though it is préférable after skeletal 
maturity. Fémoral shortening is usually chosen unless 
there is some spécial considération, because powerful 
bulky muscles take up the slack quickly and resulting 
increase in girth of the shortened segment is less 
prominent and usually covered. This différence in girths 
is particularly noticeable, as the originally shorter side 
was already narrow (commonly due to poliomyelitis), 
and the relatively bulky normal side is made further 
broad by the operative shortening. If the inequality is too 
much for correction by fémoral shortening alone, then 
tibial shortening may also hâve to be done. The increased 
bulk due to bunching, whether in the thigh or leg is 
usually taken up in one or two years. The maximum 
shortening that may be performed is 5 to 7 cm in fémur 
and 2 to 4 cm in tibia depending on the height of the 
individual. 

Currently Ilizarov method appears to hâve less 
number of complications as compared with Wagner's 
method. Corticotomy is done in the metaphyseal area. 
Usually two rings are enough in the tibia, humérus and 
forearm bones. In the fémur usually three rings are 
necessary. It has been shown that cutting through the 
medulla does not affect the quality of regenerate. 
Lengthening can be successfully achieved after complété 
transection of the medullary canal (Fig. 7). Therefore one 
can pass drill bits through the medullary canal to make 4 
or 5 holes in the posterior cortex. This aids in breaking 
the posterior cortex. Corticotomy by giggle saw also cuts 
through the medulla (Abdul Sattar's or Afgan 
corticotomy). The bone can be lengthened to any extent 
but not the soft tissues. Muscles and tendons can be 
lengthened only 20% of their length. If the muscles and 
tendons are tight before lengthening, it is préférable to 
do fractional lengthening of the contracted soft tissue. 
Deborah et al hâve shown experimentally that the 
lengthening causes pressure on the articular cartilage and 
damage to cartilage. John Herzenberg et al hâve shown 
that once the frame is removed, there is rapid gain in the 
knee range of motion. 

If the lengthening is to be done more than 6 to 8 cm, 
then two level lengthening is suggested as in a case of 
achondroplasia. In limb lengthening, one millimeter per 
day is the critical rate and 0.25 millimeters every six hours 
the critical rhythm. The progression of histogenesis is 
controlled by mechanical factors (stability at the site of 
the bony séparation and the rhythm of distraction and 
biological factors (local ostéogénie potential and 
vascularity of the bone). Techniques for limb lengthening 
are described elsewhere in Ilizarov section. 


Periosteurm 

i 


i 



Fig. 7: Corticotomy is performed after 
preliminary drilling (Catagni) 


Orthofix Device for Limb Lengthening 

In many centers the orthopédie surgeons prefer the 
orthofix for physiologie, biomechanical, and technical 
reasons. Bone formation achieved with the orthofix 
appears to equal that of the ringed devices employing 
the method of Ilizarov. Advantages of the orthofix 
compared with ring fixators include ease of application, 
decreased risk of neurovascular injury, minimal muscle 
transfixion, ease of radiographie évaluation, office 
removal, and patient acceptance. Orthofix device has 
been designed by De-Bastiani. Segmentai bone transport 
and correction of angular and rotation deformities 
associated with leg length discrepancies can also be 
treated with orthofix. 

Orthofix is made up of light weight aluminum with 
adjustable telescopic body. It has a bail and socket joints. 
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Therefore versatile and can be used in a wide variety of 
orthopédie problems. The non-articulated devices are 
preferred for lengthening. The standard articulated 
device may be used for lengthening that require simul- 
taneous correction of angular deformity. Articulated T- 
clamp can be used for correcting angular deformities. A 
slotted lengthening device for bilevel lengthening and 
segmentai bone transport. 

Dynamic axial fixator (DAF) provides rigidity but also 
allows the possibility of axial loading. Dynamization can 
be achieved by releasing the locking screw of the 
telescopic body. According to Price, axial loading of bone 
facilitâtes bone healing and decreases the stresses at the 
pin bone interface. This decrease in pin-bone stress may 
hâve theoretic advantages with regard to decreased pin 
loosening and decreased risk of late fracture through the 
screw holes after device removal. 

Six pins, 3 into proximal fragment and 3 in the distal 
fragment provide an excellent stability. 

Technique (Price): The more suitable straight lengthener 
without bail joints should be used whenever possible. If 
any angular or rotational correction is necessary, the 
articulated device may be employed, but it is 
recommended that methylmethacrylate be used to 
stabilize the bail joints to prevent angulation of the fixator. 
Slightly convergent screw placement can be used to 
prevent valgus in the fémur and varus in the tibia. The 
screws within each clamp should be absolutely parallel 
to each other in ail planes to avoid stresses at the pin- 
bone interface (Figs 8A to D). It is opinion of the Price 
that, the De-Bastiani method is the procedure of choice 
for limb lengthening in the pédiatrie âge group. Angular 
and rotational deformities can be acutely corrected by 
orthofix. 

Lengthening over an Intramedullary Nail 

• Bost 1956 

• Westin 1966 

• Paley 1997 

Types ofNailsfor LON 

• Monolateral 

• Circular 

• Antegrade 

• Rétrogradé 

• Skeletal immaturity 

• Narrow canal 

LON Guidelines 

• Nail - Smallest diameter possible 

• Reaming- 2 mm over ream 

• Pins - No nail contact 


- 2 per segment adéquate 

- Avoid excess length 

LON Technique 

• Supine position 

• Drill for corticotomy 

• Insert pins posterior 

• Insert IM guide 

• Ream 

• Retract guide 

• Corticotomy 

• Insert nail 

• Frame on/distraction test 

• Lock rod and frame removal in another operative 
setting after lengthening is complété. 

Complications 

• Nail incarcération 

• Prématuré consolidation 

• Deep sepsis 

Professor Ilizarov contended that the marrow blood 
supply is critically important for regenerate maturation 
and ossification. For this reason, he was careful to avoid 
transection of the medullary vessels when he performed 
a cortical osteotomy. Work by Japanese orthopedists, 
however, has shown that the contribution from the 
endosteal and marrow sources to the forming regenerate 
bone is inconsequential compared to the rôle played by 
periosteal new bone formation. For this reason, a number 
of authorities hâve started to lengthen limbs with a 
medullary nail in place. The nail serves a track to help in 
stabilizing the lengthening bone and prevent translational 
déviation or angulation of the separating fragments 
(Ilizarov, himself, has on occasion used a large diameter 
wire for the same purpose). 

By employing an interlocking nail for lengthening, it 
is possible to remove the external fixator used for limb 
élongation and insert the transverse locking screws before 
the regenerate has fully matured. In this manner, the 
patient need no longer to wear an external fixator during 
the "neutral fixation" phase of regenerate bone 
ossification. 

Paley et al of Baltimore hâve the maximum expérience 
with the technique of lengthening a limb over an 
intramedullary nail that will later be stabilized by 
interlocking the nail with transverse screws. To prevent 
pin site sepsis from contaminating the intramedullary 
nail, Paley has developed a spécial alinement jig, that 
permits a surgeon to place external fixator, half-pins 
behind an intramedullary nail in the trochanteric région 
of the fémur flares outward, there is usually enough room 
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Figs 8A and B: Limb lengthening using external fixator 



Fig. 8C: Final lengthening before removal of 
external fixator 




for the insertion of half-pins a few millimeters anterior 
or posterior to the intramedullary nail in this région. 

The osteotomy for lengthening can be accomplished 
with the nail in place or by withdrawing the nail for the 
procedure. Indeed, intramedullary saw (originally 
designed for closed fémoral shortening) can be used for 


the osteotomy. The rate and rhythm of distraction 
following insertion of an intramedullary nail and 
concomitant application of an external fixator on the same 
bone follows the usual every six hour protocol designed 
by Professor Ilizarov. When the desired length has been 
achieved, the patient is taken back to the operating room 
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where the distal locking screws are inserted into the fémur 
(under fluoroscopie control) and the frame removed. The 
proximal locking screw was inserted at the time of the 
initial operation. To prevent contamination of the surgical 
site, during distal interlocking, Paley and his group now 
recommend inserting the distal transverse locking screws 
from the médial, rather than the latéral side of the limb. 
In this way, the contamination at the distal pin sites will 
not be inoculated into the incision for transverse screw 
fixation. 

To properly mount the fixator without the spécial jig 
(guide), it is necessary to use a fracture table and place 
the patient supine, with the fluoroscopie machine 
positioned in a way to obtain a true latéral of the proximal 
fémur. In this manner, the surgeon will find a portion of 
the proximal end of the fémur posterior to the intra- 
medullary nail wide enough to permit insertion of 6 mm 
threaded half-pins. The pins can be inserted by first 
placing a guide wire in the proper location, and then 
drilling over this guide wire with a cannulated drill-bit. 
A drill sleeve should be used to protect the soft tissues 
from the spinning drill. After the bone hole is made, both 
the guide wire and drill-bit are removed, and a 6 mm 
threaded pin is inserted into the prepared hole in the 
proximal fémur. A second (and even third) pin can be 
inserted in similar fashion immediately below the first 
one. Checking back and forth between the anteroposterior 
and latéral projection, fluoroscopie views will give the 
surgeon the proper sense of orientation. 

Once the proximal pins are inserted, the distal 
implants can be placed in the bone, taking care not to 
make contact with the intramedullary nail within the 
canal. 

The half-pins can be connected to any type of fixator 
that permits distractional élongation. The Orthofix device 


is the most suited one for this type of lengthening, since 
the intramedullary nail provides enough intrinsic stability 
to the bone to obviate the need for a circular fixator device. 
Indeed, any comparable self-lengthening unilatéral 
external fixator would do for this application. 

CASE AND X-RAYS OF SUPRIYA GHULE 
LENGTHENING OVER NAIL 

Self-Lengthening Nail 

A self-lengthening nail has been developed in Europe. 
The device, contains an internai rachet mechanism that 
is activated by rotating one segment of the nail with 
respect to the other about 30°. The nail, which is straight 
(rather than curved like an ordinary fémoral nail) is 
inserted into a reamed fémur which has also been 
subjected to an internai intramedullary circular saw 
osteotomy. When the bone is broken, the nail is 
introduced and secured proximally and distally with 
transverse locking screws. Thereafter, the patient, or 
someone in the family, externally rotâtes the knee 
30° with respect to the hip, racheting out the nail 
of a mm. 

The device has not yet been approved for use in the 
United States. There are certain concerns about the nail 
that will require a thorough clinical investigation. For 
example, it is reported that the action of externally 
rotating the limb 30 degrees at the osteotomy site can be 
rather painful. Likewise, the fact that the nail is straight 
whilst the fémur is curved, may create certain changes 
in mechanical axis that could cause long-term problems 
for the patient. Where the fémur is lengthened over 
intramedullary nail, the bone is lengthened in its own 
anatomie axis, rather than in the body's mechanical axis. 
In this manner, the knee joint is medialized, i.e. the knee 



Figs 9A to D: (A) Corticotomy is done, nail is inserted and external fixator applied note the fibulatomy, (B) The require distraction 
is completed. Note the good regenerate, the nail has migrated upwards. The ring fixator can be removed at this stage, (C) Distal 
locking is done and the external fixator is removed, and (D) Regenerate has Consolidated 
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is pushed in the direction of the other knee, increasing 
the valgus stress on the joint. In time, the effect would be 
to shift the limb's mechanical axis laterally as it passes 
through the knee joint, possibly leading to degenerative 
arthritis later in life. 

Limb Length Deformity Classification 

Mark Dhal has described a useful classification of limb 
length deformity. The severity of the deformity was rated 
according to the initial length discrepancy: Type 1 < 15% 
of lengthening of the bone, and Type 2,16 to 25%, type 3, 
26 to 35%, type 4, 36 to 50% and type 5, >50%. The 
severity type increased one level if three lesser risk factors, 
or two greater risk factors, were présent in addition to 
the discrepancy. Lesser risk factors add to the complexity 
of treatment but with proper planning, usually do not 
compromise the end resuit. Greater risk factors 
significantly alter treatment plans and can seriously 
compromise the end results. Combined risk factors 
(Table 6) and percentile lengthening and grade the risk 
into five types. 

High risk circumstances: Patient with a congénital etiology 
had more than twice the major complication rate than 
those with an acquired etiology. Complications includ- 
ing axis déviation, late fracture and knee subluxation 
occurred most frequently in the congenitally short 
fémoral group. The fémur may be considered more 
difficult to lengthen than the tibia. Lengthening a bone 
by 30% has greater risk than a lengthening of 10%. 

Tibial Lengthening in Children 

Technique: Usually two rings are enough. A reference wire 
is passed parallel to the knee joint below the epiphyseal 
plate. Distal reference wire is passed parallel to the ankle 
joint at right angle to the tibia 2 to 3 cm above the 
epiphyseal plate. Assembly is fixed to the wires and wires 
are tensioned. Second wire is passed through the tibial 
tuberosity and fixed to the ring with a one hole Rancho 
cube. Corticotomy is performed 2 cm below the half pin 
(Figs 10 to 12). 

An olive wire is placed transversely from médial to 
latéral, two centimeters distal and parallel to the proximal 
ring. The last wire, a simple wire, is placed through the 
fibula and tibia, from postérolatéral to anteromedial three 
centimeters proximal to the distal ring. In the larger child 
where there is a longer limb segment, it is préférable to 
substitute the full ring by one or two 5/8 rings which are 
connected to each other with threaded sockets. This group 
is connected to adjacent rings by 3 short threaded rods. 
Two 4 to 5 mm half pins can be inserted at both proximal 
and distal sites. 


TABLE 6: Complications of risk factors 


Deformity Type 1 

Length% < 15 

Type 2 Type 3 Type 4 
16-25 26-35 36-50 

Type 5 
>50 

Lesser factors 

Greater factors 


Angulation 

Congénital 


Translation 

Multisite deformity 


Rotation 

Multiple surgeries 


Contracture 

Previous lengthening 


Prior infection 

Nonunion 


Anatomie location 

Bone loss 


(fémur, forearm, or foot) 

Active infection 


Age (adult) 

Obesity 

Poor nutrition 

Neurologie déficit 

Preoperative instability 



Fig. 10: Diagram for wire and half-pin transfixation 
according to the HT System 



Fig. 11: Diagram for wire and half-pin transfixion in children 
according to the HA System. Fixation of the fibula head with 
half-pins (1 : centralization, 2: fixation, 3: fixation of the fibula) 
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Fig. 12: Diagram for wire shaft pin transfixation in adults 
according to HA System 


Bifocal lengthening: Two corticotomies are done for 
lengthening more than 8 to 10 cm. One more ring is 
needed to be fixed to the middle fragment of the tibia. 

Fémoral and Tibial Lengthening 

The advantage of recent developments in design of 
distraction apparatus is that lengthening can now be 
performed on an ambulatory basis (Fig. 13). 

Fémoral Lengthening 

Fémoral lengthening has some major problems 1. because 
of the différence between anatomie and mechanical axis 
lengthening may cause varus or valgus deformity of the 
knee. When a fémur is lengthened along its anatomical 
axis, the knee and ankle are medialized, resulting in 
valgus stress on the knee (Figs 14 and 15). 

When the lengthening is done in the mechanical axis, 
the knee may go into varus deformity or if the mechanical 
axis is corrected the orientation of the knee may be 
disturbed. 

A second problem is related to the circumferential 
stabilization of the device against the powerful action of 
the biarticular thigh muscle, since proximal complété ring 
fixation is not recommended due to anatomical reason, 
the proximal ring éléments must be connected to the 
distal full rings by angular supports. These equally 
distribute distractional forces to the more distal rings. The 
délicate balance between the iliotibial band and the 



Figs 13A and B: (A) Diagram for the insertion of wires and 
half-pins according to the HT technique (Malzev-Kirienko), and 
(B) diagram according to the HA technique (1 :centralization, 
2:fixation, 3:fixation of the fibula) (Catagni) 



Fig. 14: Apparatus assembly for lengthening of the fémur 

adductors may inadvertently angulate the knee in the 
coronal plane. 

First a reference wire is passed at the level of the 
adductor tubercle or superior pôle of the patella parallel 
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Figs 15A to C: (A) Mechanical and anatomical axis of the fémur, (B) diagram of how lengthening proceeds along the mechanical 
axis, avoiding valgus deformity of the knee (Catagni), and (C) Juxta-articular deformity can be corrected by hinge placement 


to the knee joint. Preconstructed assembly is applied and 
tension is given to the wire. A half pin is passed 
anterolaterally at the level of the lesser trochanter and 
fixed to the superior surface of the arch, which may be 
90° of 120°. The frame is oriented and the thigh is 
centralized. The long axis of the device is parallel to the 
mechanical axis of the fémur. Rods are parallel to each 
other and to the mechanical axis. The superior arch is 
parallel to the line joining center of the head of the fémur 
to the tip of the greater trochanter. This line is at 90° to 
the mechanical axis, so that the arch is perpendicular to 
the mechanical axis. One more pin is added to further 
stabilize the assembly. Distal two pins are inserted 
passing through posteromedially and just perforating the 
cortex anterolaterally. This pin makes about 35° angle to 
the frontal plane. Another pin is passed posterolaterally 
perforating the cortex anteromedially. The pins should 
not enter the synovium of the superior bursa of the knee. 
The middle ring may hâve one half pin passing from 
latéral to médial side. Osteotomy is performed in the 
metaphyseal and 2 cm away from the proximal half pin 
of the distal ring. 

The powerful muscles do not elongate in corres- 
pondence with the bone. Therefore flexion deformity may 
occur. The proximal arch at 90° or 120° is fixed to the two 


half pins at the level of lesser trochanter. One half pin is 
passed anterolaterally and one posterolaterally at 
different levels. 

If necessary one more half pin may be added using 2 
or 3 hole Rancho cube (Figs 16A to E). 

In general terms lengthening of the tibia is preferred 
to fémoral lengthening which is a more difficult 
procedure with higher complications and more likely to 
cause problems with knee joint contracture. However, 
fémoral lengthening is becoming more reliable, and 
therefore the priority is to attempt to achieve lower limbs 
which are as symmetrical as possible with the knees at 
the same level. 

Humerai Lengthening 

Lengthening of upper limb is more of cosmetic than 
functional. So, lengthening is advised only if the upper 
limb is shorter by 5 cm than its partner. Forearm 
lengthening is more difficult because of the scattered 
nurovascular bundles around the two bones. However, 
the lengthening of the humérus is more predictable and 
associated with least complications. Humérus has a good 
blood supply. Therefore, humérus lengthening is actually 
easier than lengthening of the fémur or even the tibia. 
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Figs 16A to E: (A) 16-year-old girl with CDH which is unreduced in spite of multiple operations before she came to us she had 
8 cm shortening, (B) a pelvic support valgus osteotomy is done at subtrochanteric région, (C) limb lengthening done at 
supracondylar région, (D) final results show pelvic support valgus osteotomy and (E) A compensatory varus is done to correct 
mechanical axis déviation 


The patient is in supine position on a radiolucent table. 
The limb is kept in 40 degree of internai rotation. The pre 
assembly consists of 90 degree small sized arch, middle 
full ring and distal 5/8 ring. A 5/8 ring is placed on the 
wire with two wire fixation bolts. A halfpin (diameter 4 
mm for children, 5 mm for adults) is inserted latéral to 


the bicipital grove into the proximal metaphysis, Crossing 
both cortices. A 90 degree small size arch is fixed to this 
proximal halfpin. Care is taken to avoid entering of the 
olecranon fossa and thus hindering the joint motion. With 
an assistant holding the elbow flexed at 90°, a transverse 
wire is inserted entering the médial épicondyle 
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Post 


Figs 17A to C: Assembly and wire-pin formula for humerai lengthening. Diagram for wire insertion according to HT System. 
Alternative^ an intermediate ring may be used (A) HT System (B) Assembly preconstructed (C) Three wires in frontal plane 
connected to posts 



Fig. 18: Operative technique for lengthening. Variation of the 
technique according to Catagni (1: centralization, 2: fixation). 
The apparatus can be preassembled. Double corticotomy is 
carried out in severe deformities 


orthogonally to the humerai axis. One may use ail three 
wires placed in the frontal plane as shown in the Figures 
17 and 18. 

One may use two wires in the frontal plane and one 
half pin placed in the postérolatéral aspect, latéral to the 
triceps tendon. The arch is then connected with two half 
pins. The middle full ring is an empty or transmission 
ring, as it has not connection to the bone. The half pins of 
the arch are at 90 degree to each other, one is on the 
superior surface of the arch and the other inferior surface. 

The third pin may be inserted at least 3 cm distal to 
the surgical neck to avoid injury to the axillary nerve. 
The oblique wires are tensioned simultaneously to 90 
degree. At the end of the fixation of the assembly, elbow 
should be taken through a full range of motion. If the 
wire is tenting the skin, it should be corrected. The third 
pin is connected to the arch (alternatively an oméga ring 
may be used proximally). Two oblique supports are used. 
The arch and 5/8 ring are parallel to one another and 
spaced apart the appropriate distance based on 
preoperative radiographie and clinical measurement 
(Figs 19A to C). 

Forearm lengthening (Paley and Tetsworth): The valgus 
carrying angle at elbow measures 11 to 14° in men and 
13 to 16 degrees in women. The carrying angle is due to 
the distal humérus being 8 to 16° valgus with respect to 
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Figs 19A to C: (A) 6 cm shortening of humérus, (B) Lengthening is done, and (C) final resuit with good function of elbow 


the long axis to the humerai shaft. Shaft of the ulna has 
1 to 16 degrees of valgus with respect to the distal 
humérus. The head is retroverted 30 to 40° with respect 
to the distal humérus. 

Paley’s Classification of Limb Length 
Discrepancy in the Forearm 

Shortening of the radius only (type 1) is most often due 
to trauma or growth arrest of the distal radius. Partial 
growth arrest may resuit in a progressive angular 
deformity. Malunion or nonunion may also présent with 
isolated radial shortening. Madelung's disease is an 
inherited cause of radial shortening and deformity (Figs 
20 and 21). 

Isolated shortening of the radius may présent various 
problems. Wrist pain, diminished grip, strength, promi- 
nence of the ulnar head, and possible loss of pronation 
and supination, loss of range of motion, either bone may 
be deformed or may hâve a bow. Patients with normal 
or near normal forearm rotation and wrist function are 
at risk of significant loss of motion if both radius and 
ulna are lengthened. 

Lengthening in absence of deformity should be 
avoided. Many patients who hâve shortening of the 
forearm also hâve limited forearm rotation or agenesis 
of one bone. These patients often hâve shortening greater 
than 50% and can benefit from one or two-stage forearm 
lengthening (Figs 22A to 24). 

Technique of Forearm Lengthening (Paley Technique) 

Lengthening of radius without deformity: Two ring 
apparatus is preconstructed. A 1.5 mm smooth wire is 


inserted through the distal radius perpendicular to the 
ulna. This wire is inserted at the subcutaneous border of 
the distal radius, immediately radial to the artery, 
directed from volar radial and exiting dorsoulnar (dorsal 
to the distal radioulnar joint). The apparatus is centered 
over the forearm. The proximal ring is positioned over 
the mid forearm, immediately distal to the mobile wad. 
A 1.5 mm smooth wire is inserted on the proximal aspect 
of this ring, directed from volar to dorsal. To stabilized 
both the rings, 3 mm half pin should be inserted 
perpendicular to each wire. In the distal radius, this 
usually enters Lister's tubercle and does not entrap 
tendons. A metaphyseal wire inserted at the base of the 
fifth metacarpal. 

Advantages of Ultrasonography 

In the early stages of lengthening, ultrasonography: 
(i) conveys significant information with extremely 
accurate measurements of the corticotomy gap, (ii) early 
détection and assessment of quality of newly formed bone 
not just a subjective quantity, but also the alinement of 
the neocalcified bundles. Wasting of these bundles is an 
indicator of too rapid distraction the ultrasonography 
chewing gum sign, (iii) détection of ossification defects 
in the neoformed bone with possible therapeutic 
application, (iv) no radiation to the patient, and (v) it gives 
early évaluation of the bone formation, which is most 
important to détermine the subséquent rate of distraction. 
In this regard, monoaxial external fixators are préférable 
because the ring circular fixator distort the images. Recent 
advances to imaging technique are ultrasound, 
velosymmetry, quantitative photometry and dual energy 
bone densitometry. 
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Fig. 20: Classification of shortening of the forearm: Type 1 — 
shortening of the radius only, type 2A—shortening of the ulna 
only, type 2B—shortening of ulna with dislocation of the adial 
head, type 3—ulna only, type 4—shortening of both bones to 
the same proportion, and type 5—shortening of both bones to 
different proportion 



Fig. 22A: Congénital short ulna with radial head dislocation 


Fig. 21 : Apparatus configurations and wire placement for 
types 1 to 5 respectively 



Fig. 22B: Lengthening of ulna with correction of radial head 
dislocation 
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Fig. 23: Diagram for with introduction according to the 
progressive construction 



Figs 24A and B: (A) Diagram according to the HT technique 
(Malzev-Kiriento), and (B) diagram according to the HA 
technique (1: centralization, 2: fixation, 3: prévention of 
dislocation) (Catagni) 


The policy which is foliowed by most surgeons now 
can be summarized as follows: 

1. Minimal soft tissue dissection. 

2. Minimal longitudinal incision on periosteum and 
minimum élévation. 

3. Corticotomy, compactotomy or through and through 
osteotomy without using power saw. 

4. Repair of periosteal incision. 

5. Application of Anderson's bilateral, Wagner's 
monolateral, DeBastian's Orthofix or Ilizarov's ring 
fixator or Joshi's external stabilizing System (JESS). 

6. Distraction delayed by 5 to 7 days. 

7. Slow distraction—1 mm a day in four divided doses. 

Choice of Treatment 

Ail cases of limb length discrepancy do not need 
treatment of any kind: (i) shortening up to 1 to 2 cm is 
very well compensated and does not need treatment 
unless the child is aspiring to be a high quality athlete or 
dancer, (ii) some degree of shortening may be an 
advantage in cases with vary weak short limb for ground 
clearance or in cases with fixed pelvic obliquity due to 
fixed scoliosis. For mild to moderate discrepancy say, 2 
to 4 cm shoe raise may be given, but in developing 
countries like India, permanent lifelong shoe raise is 
unsuitable. For very gross inequality also shoe raise is 
unsuitable. Surgical treatment is necessary. 

Growth arrest or bone shortening is very good and 
safe procedure particularly if the person is already tall or 
the child is likely to be tall. The emotional objection to 
this is the necessity for operation on the normal limb, but 
with adéquate explanation, the patient and parents 
usually agréé to this method. 

Limb lengthening has developed in the last 90 years 
from a very unsafe to a safe procedure particularly after 
Ilizarov's principles became esta shoe raise may be given, 
but in developing countries like India, permanent lifelong 
shoe raise is unsuitable. For very gross inequality also 
shoe raise is unsuitable. Surgical treatment is necessary. 

Growth arrest or bone shortening is very good and 
safe procedure particularly if the person is already tall or 
the child is likely to be tall. The emotional objection to 
this is the necessity for operation on the normal limb, but 
with adéquate explanation, the patient and parents 
usually agréé to this method. 

Limb lengthening has developed in the last 90 years 
from a very unsafe to a safe procedure particularly after 
Ilizarov's principles became established. His fixator is 
expensive and a little cum-brous, but his method may be 
applied using other fixators like Anderson's, Wagner's 
or DeBastiani's with ease, safety and success. 
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Figs 25A to C: (A) Chronic osteomyelitis of distal phalanx of 
thumb, (B) metacarpal lengthening is done, and (C) fixator in 
situ 



Figs 25 D and E: (D) Good functional and cosmetic resuit, 
and (E) good functional and cosmetic resuit 


Of course, the idéal would hâve been to increase the 
length of the shorter limb by accelerating growth. But 
none of the methods tried so far has given appréciable 
gain in length, not to speak of a predictable and desired 
amount. The idéal method is still eluding us. 

Metacarpal Lengthening 

It is done for both cosmetic and functional reasons when 
distal phalanx is missing. The phalanx may be absent due 
to foliowing reasons. 

Congénital absence, amputation secondary to trauma, 
tumors or infections. We use small BB Joshi fixator for 
this purpose. Two 2.5 Shanz pins are put near the base 
and two pins near the neck of metacarpal. Osteotomy is 
done in the middle of the bone. Lengthening is done at 
the rate of 1 mm/day (Figs 25A to E). 
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Limb Lengthening in 
Achondroplasia and 
Other Dwarfism, 


RM Kulkarni 


INTRODUCTION 

Achondroplasia, the most common of dwarfism, is a 
developmental abnormality in which enchondral bone 
formation is defective, intramembranous bone formation, 
however, is normal. It is characterized by short limbs, a 
bulging cranium (especially the forehead), a low nasal 
bridge, a narrowed spinal canal in the lumbar région, 
and distinctive pelvic changes. 

Etiology 

Failure of enchondral ossification results from a primary 
germ plasm defect. Achondroplasia is of autosomal 
dominant inheritance. 

Pathology 

The most striking findings are in the growth plate in the 
zone of cartilage prolifération. There is a relative lack of 
cartilage production. Because periosteal ossification 
remains unaffected, the diaphyses of long bones are of 
normal diameter. An apparent increase in width of the 
shaft is due to a réduction in length. 

Clinical Features 

The characteristic features of the achondroplasia are 
obvious at birth. Dwarfism is the most conspicuous, the 
réduction in height being chiefly due to shortness of the 
lower limbs. The trunk length (crown to pubis) is normal, 
but the lower limb length (pubis to heel) and the span 
length (fingertip to fingertip) are greatly diminished. The 
fingertips may not reach below the greater trochanters. 
The head is disproportionately enlarged, suggesting 
hydrocephalus, which may be présent to a mild degree 
in some cases. The skull is brachycephalic. The bridge of 


the nose is depressed and flattened. The hands are short 
and broad. 

Radiographie Findings 

Shortness of the tubular bones with apparently increased 
diameter and density due to the réduction in length is 
the characteristic finding. Ail the long tubular bones are 
affected. The metaphyses are widened, but the epiphyses 
are normal. The growth plates are centrally notched or 
U-shaped. In spine, often there is a long kyphosis. The 
achondroplastic spine is principally characterized by the 
progressive diminution of the interpedicular distances 
from the first lumbar vertebra to the fifth. 

PSEUDOACHONDROPLASIA 

This dysplasia is characterized by short-limbed dwarfism 
in which both the epiphyses and metaphyses are 
involved. Craniofacial features are normal. The vertebrae 
are fiat with a distinctive anterior central tongue-like 
protrusion and normal interpedicular distance in the 
lumbar région. 

Clinical Features 

The head and face are of normal appearance. Dis- 
proportionate shortness of stature with marked 
shortening of the limbs is the striking feature. Deformities 
of the knee and hip are common owing to growth 
irregularity of the epiphyses. 

Radiographie Features 

Both epiphyses and metaphyses are affected. Epiphyses 
delay in ossification, irregular and fragmented metaphy¬ 
ses is flared. Acetabulum is shallow, sciatic notch is wide. 
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Treatment 

Problems of short stature: The effects of short stature on 
psychologie development are well documented. They 
range from overprotection by parents to teasing by peers, 
from poor academie achievement to isolation in 
adulthood. This great social pressure to conform to the 
norm makes the idea of being small unacceptable to the 
parents and the child. Parents often comment that by the 
time children reach 4 year of âge, they are conscious of 
the différences between themselves and other children. 

Whether to Lengtheri 

To overcome the problems of short stature and to improve 
the function and cosmesis, lengthening is indicated. 
Relative orthopédie contraindications include neurolo- 
gical abnormalities such as spinal stenosis and joint 
stiffness or instability. 

When to Lengthen 

The question of âge remains a very difficult one. Ideally, 
one would like to perform the first lengthening at a young 
âge (6-8 years old) to keep the child within a reasonable 
height of his or her peers. However, this is an âge when 
the child will not understand and why this very time- 
consuming procedure is being performed and before the 
âge when a child can décidé that this is what he or she 
really wants. Furthermore, children's bones are smaller 
in both width and length. The proportion of increased 
length from the procedure to complications, and the cross- 
sectional area of the long segment of bone regenerate 
created is quite small. One possible further advantage 
Ilizarov has described is that patient treated at a young 
âge seem to develop less cranial and facial disproportion 
than expected and even seem to show improvement of 
existing disproportion. Ilizarov believes this to be the 
effect of growth stimulation from extensive limb 
lengthening. This effect has been objectively documented 
in the lower extremities. 

Most authors agréé that lengthening optimally should 
be started at the âge of 11 to 16 years. After the âge of 20 
years, it becomes a less désirable option since the body 
self-image is well established. 

How Much to Lengtheri 

We must consider our goals if lengthening is performed, 
which are to improve function and cosmesis. Function 
means the ability to use public téléphonés, toilets, and 
other facilities frequently out of reach for the short- 
statured, and the ability to improve one's employability, 
and to decrease the need for expensive adaptive devices 
for the disabled. 


Cosmesis means improving the proportionality of 
disproportionate dwarfism, but most important, it means 
to give the short-statured as close a height to normal range 
as is practical. From the growth chart of achondroplasia, 
we can see that if we take an average height 
anchondroplastic male at the end of maturity and increase 
his height by 15 cm, he will still be within the range of 
normal for achondroplasia but well below the normal 
range for the general population. Thirty centimeters 
would be needed to increase his height to the normal 
range. In the first case, (15 cm increase) we would take 
an average height dwarf and make him a tall dwarf. In 
the latter case, (30 cm increase) we would make him a 
short per son in the normal range. 

Assessment: The decision to undertake leg lengthening is 
a major one, both the parents and child must hâve time 
to discuss with the surgeon ail the options open to them. 
Prior to the first visit, an "information pack" is sent to 
families, which provides them with a basic outline of the 
program and addresses some of the psychologie issues 
that may arise. During the first visit, the child and family 
are assessed by the surgeon, physiotherapist, social 
worker, and psychologist. Should the child and their 
family be suitable for the treatment, more detailed 
information and assessments follow in the form of a 
counseling day. This day brings together families 
interested in leg lengthening and allows them to discuss 
their fears and their expectations. 

Three months prior to surgery, an in-patient assess¬ 
ment allows the planning of the operative and 
postoperative management while reinforcing the 
commitment needed by the family. Radiographie 
évaluation is used to exclude spinal stenosis and joint 
disorders, and it aids operative planning. Anthropométrie 
measurements are used, as are CT scanograms, to assess 
segment lengths. The child's height at maturity is 
calculated from achondroplastic growth charts (Fig. 1) 
which are available at Division of Medical Genetics. 
Harbor-UCLA Medical Center, Torrance. 

How to Lengthen 

"It is a method that wins the battle but the strategy that 
wins the war". There are three standard strategies. 

Strategy 1: Lengthens the tibia and fémur simulta- 
neously on one side and then the other, and/or bilateral 
humerai lengthening is then performed. 

Strategy 2: Lengthens both tibiae simultaneously 
folio wed by both femora or vice versa , and/or bilateral 
humerai lengthening is later performed. 

Strategy 3: Lengthens one tibia on one side and one 
fémur on the other simultaneously, followed by the 
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Fig. 1 : Height for females with achondroplasia (white area-mean + 2 SD) compared to normal female standard curve 


opposite tibia and fémur, and/or bilateral humerai 
lengthening is later performed. 

In strategy 1, one must lengthen one limb, and then 
the other. In this way, one ne ver returns to the same limb 
a second time. In strategy 2 and 3, both limbs are 
lengthened simultaneously. Therefore, each limb is 
lengthened twice. In strategy 2 and 3, one can accom- 
plish twice the amount of lengthening possible with 
Strategy 1. For example, with strategy 1, we perform 8 cm 
lengthening of tibia and fémur on the right for a total of 
16 cm. The same is then done for the left. 

In strategy 2, we perform 18 cm on the right and left 
tibiae followed by 12 cm on the right and left femora 
(fémoral lengthening has greater complications than 
tibial, therefore, despite the rhizomelic disproportion that 
may be présent the fémur may still be lengthened less 
than the tibia), for a total lengthening of 30 cm. 


In strategy 3, we perform a lengthening of 12 cm on 
the right fémur and 18 cm on the left tibia. We then 
similarly lengthen the left fémur and right tibia 
simultaneously for a total lengthening on each side of 30 
cm. Assuming a lengthening index of 1 month/cm one 
would expect it to take twice the time for strategies 2 and 
3. Fortunately, this is not the case. As the number of 
centimeters of length increase over 12 cm, the lengthening 
index tends to decrease. However, it is still significantly 
longer (Figs 2A to I). 

To solve this problem, Ilizarov developed the bifocal 
corticotomy. This involves corticotomy lengthening at 
two sites in the same bone, each at 1 mm/day. Thus, the 
tibia lengthening of 18 cm is subdivided into two 9-cm 
lengthenings in the same bone. Therefore, one can 
accomplish a 30-cm lengthening in two 9 month sessions 
with strategy 3 (9+6 months with strategy 2), as compared 
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Fig. 2A: A case of pseudoachondroplasia aged 13 years: R 2C; A case of pse udoachondroplasia aged 13 years: 
radiograph of the knee showing irregular epiphysis leading to Ra 9 diogra p h of the fe e t . Notice the valgus deformity and fiat 
joint deformities f t 



Fig. 2B: A case of pseudoachondroplasia aged 13 years: AP 
and latéral of the spine. AP shows the interpedicular distance 
remains the same from L 1 and L 5 indicating pseudoachon¬ 
droplasia. In achondroplasia, the interpedicular distance 
diminishes from L-, to L 5 

with only a 16 cm lengthening in 8 months with 
strategy 1. 

The question then becomes whether bifocal 
lengthening is more dangerous than monofocal. In a 



Fig. 2D: A case of pseudoachondroplasia aged 13 years: The 
joint show laxity causing severe varus deformity. The epiphyseal 
deformity also hâve added to the bilateral varus deformity, of 
the knee. Notice the short tibia. This was lengthened by two 
corticotomies upper and lower 

recent study by Ilizarov, fewer complications were 
demonstrated with bifocal lengthening than with 
monofocal lengthening. This may be explained in light 
of what was discussed regarding soft tissue lengthening. 

Because soft tissues tend to lengthen more at the level 
of osteotomy and distraction, doubling the number of 
levels and halving the total distraction at each level would 
be expected to lead to fewer soft tissue problems. 
Furthermore, since the number of bony complications 
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Fig. 2E: A case of pseudoachondroplasia aged 13 years: 
Lengthening of the tibia. Notice the regenerate at the upper 
and lower ends. 15 cm of lengthening was done 



Fig. 2F: A case of pseudoachondroplasia aged 13 years: Final 
radiograph after lengthening which took 10 months. Though 
there is some minor bowing deformity. Patient has no complaints 




Figs 2G and H: A case of pseudoachondroplasia aged 13 
years: Bilateral hip showing shelf operation to increase the 
containment of the heads, before fémoral lengthening was 
started. Otherwise, lengthening would cause dislocation of the 
hip 



Fig. 21: Clinical photograph of the patient after correction 
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increases with increased length of the regenerate bone 
segment, one would expect fewer problems with two 
short segments than with one long segment. Another 
advantage is the decreased tendency toward axial 
déviation of the bone during lengthening (the fémur 
tends towards varus and anterior angulation, the tibia 
tends towards valgus and anterior angulation). 

These strategies involve other considérations. In 
strategy 1, a major limb length discrepancy is produced 
where none existed before. The argument for this is that 
it gives the patient one good leg to stand on at ail times. 
It becomes a practical necessity if one is using a uniplanar, 
large-diameter pin fixator. This System would probably 
fail if weightbearing were allowed when the strategy was 
used bilaterally. While the plan is to correct the 
discrepancy, a patient who develops a serious medical 
problem during the intérim that delays lengthening, e.g. 
pulmonary embolus, etc. is then left with a major leg 
length discrepancy and short arms. 

The disadvantage of strategy 2 is that bilateral fémoral 
lengthening is poorly tolerated by patients especially if 
they are ambulatory. Bilateral tibial lengthening is, 
however, very well tolerated. This may necessitate 
abandoning the fémoral lengthening midway or doing 
one side at a time. 

Strategy 3 is perhaps the most attractive, allowing 
nonweight bearing of the fémoral side to the patient's 
comfort level while maintaining an ambulatory patient. 
The tendency is to use the tibial side as the better leg. 

With the orthofix. De Bastiani et al use strategy 1. In 
general, they perform a means of 15 cm of lengthening 
over 8 months, to be repeated on the other side at a later 
date. The degree of lengthening is calculated according 
to the patient's upper to lower body ratio, which normally 
should be 53 to 47 percent, about 1:1. The problem with 
this calculation is that it is done when the patient is still 


not skeletally mature and, as is shown by the growth chart 
of the upper and lower segment in achondroplasia, the 
ratios are different at different âges. To establish proper 
proportions at maturity, the amount of lengthening for 
the average-height dwarf is 30 cm which is the same as is 
needed to achieve proper height within the normal popu¬ 
lation height range. Although the patient may be in 
proportion with respect to torso and legs, both the head 
and arms remain out of proportion. 

Villarubias uses strategy 2 with the Wagner fixator 
and the Ilizarov corticotomy lengthening. His patients 
remain nonweight bearing for the duration of treatment. 
He lengthens an average of 30 cm/side for 12 to 15 
months twice. 

Ilizarov uses strategy 3 with his circular fixator 
predominantly and strategy 2 occasionally. His procedure 
differs from that of De Bastiani et al and of Villarubias in 
that bilateral humerai lengthening is performed routinely 
as the third phase of his strategy. This reestablishes the 
proportion of the upper extremity relative to the body 
and lower limbs. This is probably a very important 
considération functionally and cosmetically after 30 cm 
hâve been added to the lower extremities. 

Complications 

These are discussed in details in chapter on Limb 
Lengthening. 
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Postoperative Care and Complications in llizarov Method 



INTRODUCTION 

In conventional orthopédie surgery, the manipulation of 
bones of other tissue is done only during the actual 
operative procedure, usually there is no active 
manipulation of the tissues during the postoperative 
period. In contrast, with llizarov surgery, the 
manipulation of the tissues really begins only a few days 
after the actual surgical procedure. Looked at in this way, 
it becomes easy to understand, why the postoperative 
period is so important in the llizarov method. It is really 
a temporal extension on the surgical procedure and 
therefore needs the same high level of care and 
monitoring that we apply during the actual surgery. One 
could go as far as to say that the postoperative period is 
probably more important than the time spent in the 
operation theater. 

It is well-known fact that the llizarov method is not 
without complications. Most of these can be prevented 
by diligent postoperative care and those that do occur 
can be treated successfully if diagnosed early and 
appropriately treated. 

In this chapter, a widely accepted postoperative plan 
with the emphasis on prévention of complications by 
pre-emptive actions is discussed. The treatment of 
established complications is dealt with in other sections 
of this book. 

The postoperative period extends from the time the 
patient cornes out of surgery till the fixator is removed. 

In the Operation Room (OR) 

Even before the patient cornes out of the OR one needs to 
confirm that the operative plan has been carried out 
correctly by proper "final" radiographs of the part. 
Relying on "eyeballing" skill or the small localized views 
are notoriously imprécise. 


The pin sites and the corticotomy sites are apt to 
bleed,and this can be prevented by external tamponade 
in the form of large dressing pads compressing the skin 
around these areas. 

Ail the connection bolts in the frame must be tight, 
the wires eut and bent smoothly so as not to snag on 
clothing, and Schanz screws eut as short as possible with 
the eut ends covered by tape. 

Finally, the ROM of the joints proximal and distal to 
the fixator must be checked again to ensure that their 
movements are not impeded by any of the wires, and if 
needed surgical releases must be performed around the 
offending wires. Distal pulsations are checked. 

After Surgery 

While the patient is still on the operation table, wrap 
2 x 2 in antibiotic-soaked sponges around each wire or 
pin site, weave a gauze bandage through and around each 
wire or pin cluster to stabilize the 2x2 dressings and 
apply compression to the bleeding implant sites. 

Use a gauge wrap to apply pressure on the operative 
site. Utilize a longitudinal rod of the frame for 
counterpressure by wrapping the wound dressing over 
the rod on the opposite side of the limb. 

Cover the entire frame with a 6-in stockinette, this 
hides the apparatus from prying eyes, while the patient 
becomes adjusted to the fixator. 

Be sure to obtain final roentgenogram before the 
patient leaves the operating table. The limited image size 
of intraoperative intensified fluoroscopy often fails to 
reveal alignment problems of the limb as a whole. 

Postoperative Day 1 

Evaluate the pin or wire sites. A patient will complain of 
excessive wires or pin-site pain if there is undue pressure 
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on the skin. If this occurs, it may be necessary to either 
remove the wire and reinsert one elsewhere in a more 
neutral position or to release the skin (with a scalpel) 
adjacent to the implant. 

Persistent bleeding from a pin or wire site (beyond 1 
or 2 days) suggests that the implant has penetrated a 
vascular structure, if so replace the pin or wire. 

Physical therapy is started on the first postoperative 
day. The patient must "work" on preventing contractures 
before lengthening begins. 

Graduated gait training begins on the first 
postoperative day, if possible. The patient should be 
encouraged to bear as much weight as tolerated on the 
operated limb, aided by crutches or a walker. A natural 
rhythmic walking pattern is probably more important 
than the actual amount of weight on the limb at the 
beginning of the réhabilitation program. With time, the 
patient must progressively increase the load on the limb. 
Towards the end of treatment, the patient should be able 
to get around with one crutch or a cane. At the time of 
fixator removal, the limb must be able to support the 
patient without ambulatory aids. 

For lower extremity lengthenings, arrange for a 
passive dorsiflexion device for the foot and ankle. One 
can be easily fabricated by attaching the distal eyelets of 
a tennis shoe to the fixator with a shoelace or string. 

The patient's bed must be fiat, not elevated behind 
the knee. Place a pillow under the most distal ring (for a 
circular fixator) or under the ankle (for a unilatéral fixator) 
to force the knee into extension. 

Postoperative Days 2 through 4 

The patient's physical therapy program continues with 
progressive weight-bearing and range of motion for the 
joints. As mentioned above, passive stretching is an 
important part of the physiotherapy program. 

The day distraction begins following the latency 
interval, the patient is taught to distract a corticotomy 
gap of 0.25 mm every 6 hours. This rate and frequency 
may be altered, depending upon the clinical circum- 
stances. For an adult with dense bone and suboptimal 
surrounding tissues, a more appropriate initial rate and 
frequency would be 0.25 mm every 8 or 12 hours. In 
pédiatrie cases, however, such a slow rate of distraction 
might resuit in prématuré osseous consolidation, 
especially if the corticotomy is oblique and through 
healthy tissues. The fastest rate of distraction, however, 
is 1.5 mm per day. When a bone is lengthened through 
proximal and distal corticotomies in the same bone, each 
distraction gap may be widened at a rate of 1.0 mm per 
day, for a total lengthening rate of 2.00 mm per day. Such 


a high speed of limb élongation is potentially dangerous, 
requiring close monitoring and intensive physiotherapy 
for the patient. Separating a fixator's rings 0.25 mm does 
not immediately stretch the tissues the same length, 
instead, the fixator's wires or pins initially bend towards 
the middle of the frame as fascia and other dense soft 
tissues resist élongation. The wires gradually return to 
their predeflected position as the soft tissues yield. 
Occasionally, a patient undergoing élongation will feel 
his or her limb "give" 1 or 2 hours after the frame is 
lengthened. 

When distraction starts, be sure to take up the slack 
in the wires or pins. At the initial lengthening session, 
the implants will deflect somewhat without causing the 
bone fragments to separate. The wires or pins gradually 
develop enough tension to pull the bone graftments apart. 
The amount of initial frame lengthening varies. In cases 
of congénital shortening with tight muscles, the slack may 
not be éliminated until the frame is distracted 2 to 3 mm, 
whereas in cases of shortening with soft muscles (polio, 
post-traumatic shortening), the amount of preslack 
distracion may be 1 mm or less. The patient can usually 
feel when the bone fragments start to separate. 

Mark the frame with adhesive tape when the patient 
is taught distraction. Place the tape in a position that will 
stop the patient from moving the nuts or other distraction 
éléments in the wrong direction. Draw little arrows on 
the tapes to indicate the proper direction of nut rotation 
for limb élongation. 

Postoperative Days 8 through 10 

Remove sutures when appropriate. The author does not 
unwrap the pin- or wire-site dressings until the day the 
sutures are removed, usually on the seventh to tenth day 
after surgery. Thereafter, the patient is instructed to 
rewrap certain implant sites after a shower. Specifically, 
implant wrapping is important in régions where the pin 
or wire pénétrâtes a bulky soft tissue location, such as 
the upper thigh. In these locations, the wrap should fill 
the space between the skin and the wire or pin grippers, 
immobilizing the soft tissues. In areas where the implant 
inserts into a bone not covered by thick flesh, dressings 
are not needed. 

Simply cleaning with a mild soap and water in the 
shower seems adéquate. If redness or swelling around 
in implant site develops, an antibiotic ointment may be 
helpful. 

Pain Relief 

Pain relief is very often not given due importance in our 
circumstances. The importance of keeping the patient free 
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of pain, during the entire length of treatment cannot be 
overemphasized. This is even more vital in the early 
postoperative period, because the patient with pain is not 
going to be very cooperative in the physiotherapy and 
mobilization. Pain will also cause the adoption of 
protective postures such as flexion of the knee, 
plantarflexion of the ankle, which later develop into 
contractures one of the most common "complications" 
of the llizarov method. 

Adéquate doses of NSAID is used cautiously 
because of possible, unproved deleterious effects on 
regenerate formation, but for a short while they can be 
used. 

Limb Positioning 

Proper limb positioning taught early on minimizes the 
chances of contractures developing later. The most 
common cause of a flexion deformity is the tendency to 
keep a pillow lengthwise under a tibial frame. This causes 
flexion at the knee. This should be prevented by 
repeatedly correcting the tendency and keeping a pillow 
only under the distal most ring in the frame, thus, 
allowing the knee to remain fully extended at ail times. 
The other point to be remembered is the necessity of 
passive dorsiflexion splints for the ankle, this canbe easily 
done by using a strap or bandage around the plantar 
aspect of the forefoot which is attached to the frame and 
keeps the foot in a neutral position. 

Propping the fixator up under its most distal ring will 
extend the knee, a shoe on the foot tied up the frame can 
support the ankle (Figs 1 and 2). 



Fig. 1: Night-position that prevents contractures, knee 
extended and foot supported 



Fig. 2: The night position likely to promote contractures: 
Knee flexion and ankle equinus 


With thigh lengthenings, the tendency for hip flexion 
at night can be overcome by placing the patient prone 
with a pillow under the knee to extend that joint. A spécial 
mattress may be needed if the fixator is located anteriorly. 
In any event, the patient should not be permitted to be in 
bed with the back raised, flexing the hip. 

There is tendency for the toes to curl during distal 
lengthening of the tibia, or whenever a segment of bone 
is transported from distal to proximal in the lower leg. 
To prevent such deformities, the author often attaches 
little slings to the toes, the slings are tensioned to the 
frame. At times, it may be necessary to insert K-wires 
into the toes for the same reason. 

The Distraction Phase 

It is during the distraction phase that most of the compli¬ 
cations of the treatment will occur, and consequently the 
surgeon has to constantly be on the lookout for the known 
complications. 

During the distraction phase, the patient should be 
seen at least every two weeks. At these visits, one should 
perform a detailed clinical examination covering the 
points noted below as well as radiographie studies. 

Follow-up Checklist (Clinical) 

Distance Moved on the Threaded 
Rods Compared to Previous Visit 

The threaded rods are marked with tape when distraction 
is begun. At every visit, the length of threaded rod visible 
beyond the tape is compared to the previous visit. This 
gives us a direct reading of the amount of distraction that 
the patient has performed during the intervening period. 
Normally, (at 1 mm per day) this should equal the 
number of days since the last visit. This is also used to 
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Fig. 3: A typical combination of contractures during fémoral 
lengthening: Hip flexion, knee flexion, and posterior subluxation 
of the tibia on the fémur 

keep a check that the distraction at bone (checked 
radiologically) is keeping up with the distraction at the 
distraction rods. 

ROM of Adjacent Joints 

The amount of active and passive movement at the joints 
above and below the fixation is recorded at every visit. A 
decrease from previously recorded range of motion is the 
first sign of an evolving contracture, and calls for 
increased efforts on the part of the patient and the surgeon 
to intensify physiotherapy, hands-on stretching, and if 
needed the additional use of a splint. At times, in spite of 
ail efforts, the range of motion may deteriorate severely. 
In such cases, a decision may hâve to be made to abandon 
the goal of treatment, and concentrate on regaining the 
lost range of motion, by intensive, in-patient physio¬ 
therapy. Occasionally, the frame may need to be modified 
into a contracture correcting configuration, and bony 
élongation postponed to a second stage of lengthening. 
Congénital shortening and deformities are especially 
prone to developing contractures in contrast to post- 
traumatic problems (Fig. 3). 

Neurological Examination 

EMG monitoring of patients undergoing lengthening has 
shown that upto 80 percent of patients undergoing 


lengthening show electromyographic changes of neural 
injury, in spite of no clinical signs. This fact must be 
remembered especially when large lengthening are being 
planned. The patient must hâve a proper évaluation of 
the motor and sensory function distal to the fixator. If 
the damage is noticed only after the motor weakness has 
occurred, the chances of recovery are diminished. The 
usual sequence of events in neurological injury during 
distraction is hyperesthesia in the nerve distribution, 
hypoesthesia, anesthésia, motor weakness, finally 
complété palsy. If recognized early (hyperesthesia, 
hypoesthesia) and treated appropriately, function is 
completely regained. 

Pin-sites for Signs of Inflammation/Infection 

Pin-sites should be cleaned with stérile saline (boiled and 
cooled water would be as well) and cotton swabs on a 
daily basis. Use of antiseptie lotions to cover the pin-sites 
is favored by many surgeons, but is not necessary. In fact 
the only area where any gauze dressings are required is 
for Schanz pins in the upper thigh, where bulky dressings 
are used to reduce the motion between the pin-skin 
interface. Pin-site associated with increased or purulent 
discharge the patient can start a course of antibiotics. 
Utilizing these guidelines, most centers report very few 
instances of serious pin-site complications. Another 
frequent worry for the patient as well as the surgeon is 
that of bathing and washing the fixator. This is completely 
safe, provided that the limb and the fixator is thoroughly 
dried and the pin-sites cleaned again after the bathing. 

Stability of Frame and Components 

Like ail mechanical components, the Ilizarov frame is 
liable to loosen. Therefore at every visit, a check is made 
to ensure that the various bolts and nuts are adequately 
tight. Though it does not happen often, wires may loosen. 
The patient with loose wires complains of pain at the pin- 
site, especially on weight bearing. This may need 
retensioning of the wire/s. If a frame is demonstrably 
unstable on the limb, i.e. physical movement can be 
visualized between the frame held by one hand and the 
limb in the other, further fixation of the frame by means 
of additional pins or wires is usually required. Fixator 
instability should not be brushed aside, because an 
unstable fixator will prevent weight bearing ambulation, 
with résultant deleterious effects on development and 
ossification of the regenerate. When a patient wearing a 
fixator stops walking, a vicious cycle of osteoporosis, 
reduced anchorage of implants in bone, loss of fixation, 
pin-site sepsis, pain, further decrease in walking, is set 
up. This can be very difficult to treat when established, 
and is therefore best prevented. 
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Ambulation 

Practically every patient needs to be taught weight 
bearing ambulation after the fixator is put on. It is not 
enough to tell them to bear full eight. There is a natural 
wariness to bear full weight on a limb which has just been 
operated, which is compounded by the pain in the early 
phase of treatment. Therefore, it is mandatory that the 
patient be taught and his or her ambulation supervized 
till the surgeon is certain of his or her ability to bear a fair 
amount of weight on the limb. The other facet to this is 
the pattern of gait. The tendency is to walk with the limb 
gingerly held in front of the body with the ankle in 
plantarflexion (Fig. 3). This prevents proper weight 
bearing, and promotes an ankle plantarflexion and knee 
flexion contracture. The patient has to learn to progress 
in the proper sequence of heel strike to tow-off. 

Follow-up Checklist (Radiographs) 

Distraction Gap Increasing as Desired and 
Progressive Correction of Deformity 

The first few days of distraction does not resuit in 
distraction of the corticotomy site because of tight 
musculature and fascial structures. Beyond that, the 
distraction that is measured on the rods and the 
distraction gap should equal the number of days of 
distraction. 

In other words, if the patient has distracted the 
apparatus for 10 days, we should be able to see 10 threads 
on the distraction rod, and 10 mm increase in the 
distraction gap. One must ensure a fixed tube-film and 
limb-film distance between successive examinations, 
otherwise the magnification factors could allow errors to 
creep into the measurements. In cases where angular 
correction is being performed, sequential radiographs 
must confirm a decrease in angular deformity. This 
nécessitâtes reproducible placement of the limb for the 
AP and latéral projections. Very often this can only be 
achieved by the surgeon himself being présent to confirm 
the positioning of the limb. At the end of the distraction 
phase before the distraction is actually stopped, limb 
length equality and correction of the various mechanical 
axes should be confirmed by means of a full length 
standing film. 

Quality of Regenerate 

The rhythm and more so the rate of distraction are not 
fixed numbers. One mm per day in four equal fractions 
is only the recommended average. There are frequently 
cases that require a slower rate, or occasionally a faster 


rate. This can only be adjusted if one is looking closely at 
and monitoring the quality of regenerate at the distraction 
gap. The distraction gap should show shadowy streaks 
of linear ossification by the end of three weeks. This 
ossification should slow progressive improvement over 
subséquent radiographie examinations. 

In cases with more than one corticotomy, each 
corticotomy should be evaluated with a radiograph 
centered on that particular corticotomy. A regenerate 
with a transverse diameter larger than the diameter of 
the parent bone could be very likely due to instability in 
the frame, rather than increased bone formation, and the 
rate of distraction should be increased in such cases only 
after a careful examination has ruled out instability. 

Physiotherapy 

Much is spoken about physiotherapy and its importance 
in the llizarov method. Unfortunately, this is infrequently 
translated into practice. One just has to look at many cases 
with iatrogénie problems to realize that lack of 
physiotherapy lies at the root of the majority of these. 
The patient has to participate in a proper program of 
exercises, mobilization and ambulation. This cannot be 
stressed enough. Lack of proper physiotherapy can turn 
even the technically excellent surgery into a poor resuit, 
and nowhere is this more true than in the subspecialty of 
llizarov surgery. In fact Ilizarov's original technique 
requires the patients to stay in hospital and participate 
in at least two hours of therapy in various forms every 
day. In our circumstances, the services of a physio- 
therapist are not always available. The only recourse in 
such cases is for the surgeon himself to supervise the 
therapy for the patient. Achieving length or correcting a 
deformity at the cost of decreased motion, and function 
is certainly not a worthwhile goal. 

The Consolidation Phase 

At the end of distraction, llizarov recommends "training 
the regenerate". This involves overlengthening the limb 
by 7 to 10 mm and then compressing this back to the 
proper length in a graduai fashion. This fixator has to be 
neutralized to ensure that the weight bearing stresses will 
be transferred to the newly formed osseous tissue. 
Neutralization is achieved by reversing (compressing) the 
rings at a rate of 0.25 mm on alterna te days till the rings 
no longer move towards each other. At this point, there 
is no more tension in the System, and most of the weight 
bearing forces are transmitted through the bone. This 
procedure may render the wires relatively lax, and they 
may need to be tensioned if the patient complains of pain 
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or instability can be démons trated. At this time a monthly 
foliow-up will usually suffice. 

During the consolidation phase, the risk of complica¬ 
tions is reduced markedly, and the patient's functional 
abilities increase. Movement and ambulation are 
encouraged to ensure a speedy consolidation of the 
regenerate. 

Removal of the Fixator 

A month too late is better than a day too early. This is 
useful to remember at a time when even the most 
cooperative patient is usually becoming impatient for the 
frame to be removed. The ability of the regenerate for 
unprotected weight bearing must be ensured prior to 
taking off the frame. The radiograph must show at least 
three cortices, i.e. out of four cortices (anterior, posterior, 
médial and latéral) in AP and latéral projections, at least 
three should be fully ossified, with a sharp outline of the 
cortical bone. Finally before actually removing the frame, 
the proximal and distal segments of bone are 
disconnected and the patient asked to use the limb in a 
functional manner (weight bearing for the lower limb and 
functional activities for the upper limb). If the patient is 
able to do this, the frame can then be removed with 
confidence. Actual removal of the fixator is usually done 
under anesthésia. In adults, though it is possible to do 
without it, it is not recommended as the removal of half 
pins is quite painful. In case a removal is done without 
anesthésia, one must remember to loosen the wire fixation 


bolts, thus, releasing wire tension prior to cutting the wire. 
Be sure that the limb does not drop suddenly when the 
last wires are eut. Remember to inject local anesthetic at 
the side of the olive when removing olive wire. 

Postfixator Removal 

If Schanz pins had been used, the patient should hâve 
protected weight bearing for a period of six weeks to 
allow for some repair of the pin tracts in the bone. Use of 
braces or casts is usually not necessary if the plan outlined 
above has been followed, but when in doubt it is always 
safer to put the patient in a snugly fitting cast or brace as 
required. 

In certain cases, namely congénital pseudarthrosis of 
the tibia, residual significant deformity, and a small cross- 
sectional area of regenerate the limb needs long-term 
protection in the form of a plastic brace. Strenous activity 
and contact sports should be avoided till such time as ail 
four cortices are seen clearly and the medullary cavity 
has recanalized. 
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Problems, Obstacles, and 
Complications ofLimb 
Lengthening by the Ilizarov Techniquei 


D Paley 


INTRODUCTION 

Difficulties that occur during limb lengthening were 
subclassified into problems, obstacles, and complications. 
Problems represented difficulties that required no 
operative intervention to résolve, while obstacles 
represented difficulties that required an operative inter¬ 
vention. Ail intraoperative injuries were considered true 
complications, and ail problems during limb lengthening 
that were not resolved before the end of treatment were 
considered true complications. The difficulties that 
occurred during limb lengthening include muscle 
contractures, joint luxation, axial déviation, neurologie 
injury, vascular injury, prématuré consolidation, delayed 
consolidation, nonunion, pin site problems, and 
hardware failure. Late complications are those of loss of 
length, late bowing, and refracture. Joint stiffness may 
also be a permanent residual complication. Pain and 
difficulty in sleeping are other problems that arise during 
limb lengthening, especially in the more extensive cases. 
Forty-six patients had 60 limb segments lengthened 
between 1.0 and 16.0 cm, with a mean of 5.6 cm. The 
average treatment time was approximately one month 
per centimeter for single level lengthenings with no 
deformity and 1.2 months per centimeter with deformity 
correction. The lengthening index for double-level 
lengthening was 0.57 month per centimeter with no 
deformity and 0.90 month per centimeter with correction 
of deformity. In adults, the lengthening index was 1.7 
months per centimeter for single-level and 1.1 months 
per centimeter for double-level lengthening. There were 
35 problems that had to be resolved in the outpatient 
clinic. There was 11 obstacles that required additional 
operative intervention to résolve. There were 27 true 
complications of which 17 were considered minor and 
10 were considered major complications. Of the major 


complications, there interfered with achieving the 
original goals of treatment. Ail three required further 
operative intervention to achieve the original goal. These 
were nonunion in one and late bowing in two. Despite 
these problems, obstacles, and complications, the original 
goals of surgery were achieved in 57 of the 60 limb 
segments treated. Patient satisfaction was achieved in 
94% of 46 cases. 

Complications hâve plagued limb-lengthening 
techniques since Codivilla introduced surgery for 
élongation of the lower limbs. 3 High complication rates, 
particularly those related to the healing of the bone, 
became the hallmark of the conventionally accepted 
Wagner technique. A recent study reported an average 
of two complications per lengthening, of which at least 
one was usually serious enough to prevent achieving the 
original goals of the surgery. 15 With the introduction of 
more physiologie methods of lengthening pioneered by 
Ilizarov and based on the biology of bone and soft tissue 
régénération under the conditions of tension stress, the 
bone-healing problems hâve become far less common and 
difficult to manage, and the goals of treatment are usually 
achieved. It has become apparent, however, that despite 
the more physiologie nature of these methods, the 
spectrum of potential complications remains the same 
irrespective of the technique used. The incidence and 
severity of these complications hâve changed as well as 
the ability to achieve one's goals. 

It is also difficult to compare results among limb- 
lengthening sériés due to a lack of standardization as to 
what constitutes a complication. Depending on the 
criteria used, complication rates range from 1 to 
200% }' 2 ' 4 - 6 ' 9 ~ 12 ' u - 16 ' 21 On the other hand, some authors 
hâve suggested there is a différence between problems 
that occur during limb lengthening and true 
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complications. 20 Unlike other operative procedures, the 
procedure in limb lengthening does not end with the 
conclusion of the surgery but rather when the apparatus 
is removed several months later. Problems that arise 
during any surgical procedure that are corrected before 
the end of the procedure are not usually considered 
complications. Therefore, how should problems that arise 
during any surgical procedure that are corrected before 
the end of the procedure are not usually considered 
complications. Therefore, how should problems that arise 
during the lengthening and are resolved before the end 
of the lengthening be classified? Are these complications, 
or are they more like intraoperative difficulties? 

The purpose of this chapter is to develop a working 
classification for the difficulties and complications that 
arise from limb lengthening and to apply this 
classification to a prospective group of patients having 
lengthening. Furthermore, the aim of this study, is to 
evaluate whether this classification scheme is successful 
at separating and representing the difficulties that arise 
during limb lengthening from the true complications. 
Should this be possible, it would also serve useful to 
standardize between studies of different authors. 

CLASSIFICATION 

Complications of any procedure are usually considered: 
(i) local or systemic, and (ii) intraoperative, early, or late. 
With limb lengthening, one must add an additional two 
groups during distraction and during fixation. Since the 
procedure is a graduai one with daily physiologie changes 
in the bone and soft tissues, many potential expected 
difficulties arise during the distraction and fixation 
periods. In most instances, appropriate adjustments and 
manipulations, including unplanned operative 
interventions, lead to resolution of the difficulty prior to 
apparatus removal. In such instances, the difficulty is 
classified as a problem or an obstacle, respectively. 

A problem of lengthening is defined as a potentially 
expected difficulty that arises during the distraction or 
fixation period that is fully resolved by the end of the 
treatment period by nonoperative means. An obstacle of 
lengthening is defined as a potential expected difficulty 
that arises during the distraction or fixation period that 
is fully resolved by the end of the treatment period by 
operative means. Complications include any local or 
systemic intraoperative or perioperative complication, a 
difficulty during distraction or fixation that remains 
unresolved at the end of the treatment period, and any 
early or late posttreatment difficulty. True complications 
were divided into those that did not interfère with the 
original goals of treatment and those that did. 



Figs 1A to D: Latéral view of the tibia and associated muscle: 
(A) before lengthening—gastrosoleus muscles and tendo— 
Achilles, (B) after lengthening of tibia—ideally, the muscle should 
lengthen to the same extent as the bone, (C) knee contracture— 
this occurs when knee extension is not maintained throughout 
lengthening, a relative shortening of the muscle to the new bone 
length has been produced , and (D) Equinus contracture this 
occurs when ankle dorsiflexion is not maintained during 
lengthening 

Muscle Contractures 

Muscle contractures are usually a resuit of the tension 
generated on the muscle due to distraction. They tend to 
occur to the overpowering muscle group. This is due to 
the imbalance of strength between flexors and extensors. 
In lengthening of the tibia, for example, the triceps surae 
muscles offer the greatest résistance to lengthening due 
to their large strength and muscle mass (Fig. 1). They will 
tend to flex the knee and plantarflex the ankle rather than 
lengthen if they are left unopposed (Fig. 1). In lengthening 
of the fémur, the hamstrings are the largest and bulkiest 
muscle group. The muscles most frequently involved in 
contractures are those that cross two joints hâve fibers of 
various lengths as opposed to those that cross only one 
joint and hâve fibers of equal length. This may lead to 
variations in tension within the same muscle. Tension 
on the muscle is considered to be the principle stimulating 
mechanism for muscle régénération under conditions of 
limb lengthening. Muscles Crossing two joints may hâve 
a differential rate of histogenesis compared to those 
Crossing only one joint. There may be a différence in the 
rate and maximum potential for histogenesis between 
muscle and bone. A contracture arises when the muscle 
length becomes relatively short compared to that of the 
bone. 

The other etiological considération is transfixion of 
muscles or tendon by the pins of the apparatus. 
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Transfixion is increased by transfixion pins, increased 
diameter of the pins, and longitudinal clustering of 
se ver al pins in the same plane. Transfixion of tendons 
and fascia may restrict joint motion more than transfixion 
of muscle. 

Prophylaxis against muscle contractures is, therefore, 
an essential part of treatment for limb lengthening. The 
primary préventive measures include physiotherapy, 
splinting, and fixation across joints. Physiotherapy should 
focus on passive stretching exercises of the muscle groups 
most involved. Since these usually cross two joints, it is 
not sufficient to stretch the muscle only at one end. In 
the case of the triceps surae, the foot should be dorsiflexed 
manually with the knee in flexion. Then with the ankle 
held in dorsiflexion, the knee should be passively 
extended. The patient should be encouraged to repeat 
these exercises throughout the day. Active exercises as 
well as electrical stimulation are believed to also help 
stimulate muscle régénération. The rôle of continuous 
passive motion is a yet unknown. 

The principle of avoiding contracture is to place the 
muscle under tension for as many hours as possible. It 
has been shown that stretching exercises do not lead to 
prévention of contracture unless they can be maintained 
for at least six hours per day. It is highly inconceivable 
that most patients would exercise their muscles to that 
extent. It is interesting to note that Ilizarov's réhabilitation 
program involves approximately six hours of 
physiotherapy and functional loading per day. 

Other means are needed to maintain tension on the 
muscles that hâve the greatest difficulty in regenerating. 
For this purpose, the présent author developed a knee 
extension orthosis (Fig. 2) and an ankle dorsiflexion 
orthosis (Figs 3A and B) to maintain these joints in full 



Fig. 2: Knee extension brace to prevent a knee flexion 
contracture from occurring. The knee is braced in extension 
throughout the night. This orthotic consists of a thigh cuff and 
an adjustable métal extension bolted to the apparatus. It is 
important for this extension to lever on the ring closest to the 
knee to maintain knee extension. The apparatus shown is being 
used for simultaneous lengthening of the tibia and a complex 
correction of postoperative club foot deformities 



Figs 3A and B: Ankle extension orthosis: (A) Velcro (Velcro 
USA, Manchester, Ohio) straps are sewn anteriorly and 
posteriorly into a commercially available boot—the straps are 
looped around the rings of the fixator to maintain the foot out of 
equinus, and (B) this patient also has a Dynasplint in place. 
This helps to maintain knee extension, prophylaxis against a 
knee flexion contracture. The hinge in the dynasplint allows 
active knee flexion 

extension for the knee and at 90° for the ankle. The knee 
orthosis is worn predominantly at night when the patient 
has a tendency to sleep with the knees bent and the ankle 
plantarflexed. This would mean approximately eight 
hours of minimal tension on the muscles and, thus, no 
stimulus for muscle growth. The ankle orthosis is worn 
ail day and night. 

It has been suggested that, in spastic muscles, greater 
growth occurs at night since the muscles are more 
relaxed. 18 This may also be the cause in limb lengthening. 
The présent author has had far fewer problems with 
contractures since using extension splinting. During 
longer lengthenings and in patients who are developing 
contractures, the knee splint should be used on and off 
during the day for a total of 12 hours daily. The splint is 
discontinued several weeks after the distraction phase is 
completed when muscle tone is returning to normal. The 
most common problem patients hâve is intolérance to 
the splint at night. Maintaining the knee in full extension 
for prolonged periods of time leads to significant discom- 
fort and the urge to relieve the discomfort by flexing the 
knee. Similarly, dorsiflexion pressure from the shoe on 
the sole of the foot may lead to numbness and, thus, 
intolérance to the shoe. In an effort to improve the 
tolerability of the splinting, the présent author has begun 
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Fig. 4: Fixation of foot: This patient has a wire in the calcaneus, 
preventing the foot from going into equinus. He has had a 
double-level tibial lengthening. The upper end of the apparatus 
has been modified to translate the tibia forward since it displaced 
posteriorly during the lengthening 

using a more physiologie splint that applies a constant 
extension force on the joint through an adjustable loaded 
spring (Dynasplint Systems, Baltimore, Maryland) 
(Fig. 3). 8 The Dynasplint allows the patient to flex the knee 
or ankle actively in order to relieve their discomfort. 
When they relax, the splint takes over and passively, 
gently extends the joint. This is a much more 
physiological way of splinting and acts to passively 
stretch the tight muscle groups. 

In large lengthenings of the tibia (> 6 cm) and 
particularly in double-level lengthenings of the tibia, the 
foot should be fixed to the apparatus by means of pins. 
This is simple to do with the Ilizarov technique (Fig. 4). 
This prevents the ankle from going into equinus and yet 
avoids the discomfort of splinting. The gastroenemius 
muscle is kept in its maximally stretched position by 
combining this usage with knee splinting. If an apparatus 
is placed on both fémur and tibia, the two can be 
connected in extension to act as an extension splint. 
Ilizarov uses one wire in the heel for tibial lengthenings. 
The présent author currently prefers to use two wires in 
the heel for greater stability and to avoid the inévitable 
wire breakage that tends to occur due to répétitive cycling 
of a single wire. 

If a significant contracture has developed, then one 
must resort to other modalities of treatment. 8 The 
Dynasplint can be used not only as prévention but also 
as treatment. Another useful modality is overlengthening 
and then shortening. Once the length sought is achieved, 
lengthening is continued for another 10 mm. The author 
then shortens 15 mm. This usually results in only 10 mm 
of total shortening due to the flexibility of the wires. 
Shortening the limb acts to loosen the taut soft tissues. 
The soft tissue contracture sometimes literally melts 
away. 

Up to this point, it has been possible to deal with the 
problem of muscle contracture by nonoperative means. 


If a more severe contracture develops, it may be necessary 
to apply the apparatus across the joint and to distract out 
the contracture. If a significant contracture remains after 
removal of the apparatus and is résistant to physio- 
therapy, it may become necessary to perform a tendon 
lengthening. 

Thus, using the classification scheme above, if the 
contracture is dealt with by nonoperative means, it is 
considered a problem. If the contracture is dealt with 
successfully by operative means before the end of treat¬ 
ment, it is considered an obstacle. If the contracture 
remains at the end of treatment and is resolved by 
nonoperative means, it is considered a minor compli¬ 
cation. If it requires tendon and capsular releases after 
the end of treatment, it is considered a major compli¬ 
cation. 

Joint Luxation 

Subluxation and dislocation of an adjacent joint may 
occur during limb lengthening. The most common pre- 
disposing factor is preexisting joint instability, usually 
due to congénital causes. Even in the absence of 
preoperative instability, the imbalanced muscle tension 
that develops during lengthening may lead to 
subluxation, especially in the knee. For this reason, it is 
crucial to avoid the development of a muscle contrac¬ 
ture, which is the manifestation of the imbalanced muscle 
pull on the joint. The knee is the most susceptible joint to 
this complication because of the inhérent lack of bony 
stability. 13 On flexion of the knee, the hamstring muscles 
can work unopposed to pull the tibia posteriorly on the 
fémoral condyles (Figs 5A and B). If full extension of the 



Fig. 5A: (Left) During lengthening the proximal pull of the 
hamstrings is resisted by the axial alinement of the tibia on the 
fémur when the knee is in full extension, (Middle) When the 
knee is in flexion, there is no bony résistance to the proximal 
pull of the hamstrings, (Right). Posterior subluxation of the tibia 
on the fémur is resisted only by the capsular and ligamentous 
structures about the knee. In patients with pre-existing joint 
instability, there is a high risk of posterior subluxation of the 
knee. This may also occur in patients without recognized pre¬ 
existing instability due to the unresistive force of the hamstrings. 
Maintenance of knee extension is, therefore, essential to 
prevent this complication 
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Fig. 5B: Knee subluxation can easily go unrecognized because 
of its subtle roentgenographic findings. (Left) In full extension, 
the midpoint of the fémoral condyles on the latéral knee 
roentgenogram should line up the midpoint of the tibial condyles, 
(Right) If there is a break in this line, the knee is subluxed 

knee joint is maintained, this complication cannot occur. 
While it is important to maintain knee flexion range of 
motion, it is crucial not to lose passive extension of this 
joint. 

Joint subluxation can be treated by physiotherapy to 
stretch the deforming muscle force. This may work in 
milder cases. Traction is another modality of treatment. 
A cast may be applied and connected to the modular parts 
of the llizarov apparatus using a hinge mounted on a 
translation rail in order to relocate the tibia on the fémur 
while maintaining motion at the knee (Figs 6A and B). 

In more severe cases and in the case of dislocation, 
the apparatus may need to be extended across the joint 
in order to first distract the joint and then relocate it 
immediately or gradually. 

If left untreated or unrecognized until after the 
apparatus is removed, treatment with physiotherapy, 
traction, casts, and Dynasplint may be tried. More likely 
tendon and capsular releases or reapplication of the 
llizarov apparatus may be necessary. 

Using the classification scheme, a knee subluxation, 
which is dealt with by the above nonoperative means, 
would be considered a problem, leaving no permanent 
residua to the patient. A knee subluxation that requires 
operative treatment such as extending the apparatus 
across the knee would be considered an obstacle, again 
resolving the problem before the end of treatment. Any 
subluxation left unresolved after removal of the 
apparatus would be considered a minor complication if 



Figs 6A and B: (A) Posterior subluxation of the knee during a 
double-level fémoral lengthening, and (B) The fémoral llizarov 
apparatus is connected to a below-knee fiberglass cast using 
a flexion translation hinge. This articulation allows knee flexion 
and extension at the same time as translation of the tibia 
forward. This tends to relocate the posteriorly subluxed tibia 
without losing knee range of motion. At night, the anterior 
threaded rod can be connected between the tibia and the fémur 
to maintain knee extension. This rod is removed during the 
day. The knee subluxation was completely reduced before 
apparatus removal 

it could be easily resolved by nonoperative means and a 
major complication if it requires operative intervention. 

Axial Déviation 

During lengthening, there is a tendency for the limb 
segment being lengthened to gradually deviate. Again, 
this occurs due to the imbalance between muscle forces 
on different sites of the bone. The characteristic direction 
of déviation dépends on the bone involved and the level 
of the osteotomy. Ostéotomies of the proximal fémur tend 
to go into varus and procurvatum. Ostéotomies of the 
distal fémur tend to go into valgus and procurvatum. 
Ostéotomies of the proximal tibia tend to go into valgus 
and procurvatum and in the distal tibia into varus and 
procurvatum. In the proximal tibia, for example, this is 
easily understood since the bulk of the calf musculature 
is located posteriorly and laterally. As these muscle 
groups become increasingly tense due to distraction, the 
tibia will tend to deviate laterally and posteriorly, causing 
valgus and procurvatum, respectively. Once again, the 
culprit is the muscle. It has become apparent that the 
muscle is the single largest limiting factor in limb 
lengthening today. 
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Fig. 7: Prophylactic tilt of the proximal tibial ring for a double- 
level lengthening of the tibia. The fixation is more proximal on 
the médial side than on the latéral side and more proximal 
anteriorly than posteriorly. If ail of the rings were made parallel 
after a proximal tibial corticotomy, the tibia distal to the 
corticotomy would be forced into varus and recurvatum to resist 
the valgus and procurvatum forces of the proximal tibial 
lengthening 


The other cause of axial déviation is instability. This 
may be caused by an inadéquate construct, loss of tension 
in the pins, or loosening of the pins. 

The best treatment is prévention. The pins should be 
placed 5 to 10° inclined to the opposite direction of the 
expected déviation in the proximal tibia (Fig. 7). For 
example, the proximal ring of the Ilizarov should be 
inclined into varus and recurvatum, and olive wires 
should lock the proximal fragment with a fulcrum 
medially and antifulcrum laterally. 17 

If axial déviation is noted early and is mild (less than 
5°), it may be sufficient to overlengthen on the side of the 
déviation as compared to the opposite side (e.g. five 
0.25 mm turns per day on the latéral side versus three 
0.25 mm turns per day on the médial side). Once the axial 
déviation is greater than 5°, modification of the apparatus 
to include a hinge is usually required (Fig. 8). In larger 
lengthenings, it may be necessary to insert an additional 
olive wire to pull the bone out of its deviated position 
(Fig. 8C). For recurvatum déviation, the proximal frag¬ 
ment can be tilted posteriorly to correct the deformity 
(Figs 9A and B). 

If the axial déviation is dealt with by nonoperative 
means, it is considered a problem. If it is dealt with by 
operative means during the course of treatment, it is 
considered an obstacle. If it is allowed to heal in a deviated 



Figs 8A to C: Drawing of the tibia and the fixator: (A) Once the valgus déviation has occurred, it can be corrected by the 
application of hinges, (B) compression of the latéral side or distraction of the médial side will lead to tibial realinement and, 
(C) in longer lengthenings, the application of an olive wire can be used to pull out the deformity (reprinted with permission from 
Catagni M, Villa A: Lengthening of the tibia by the Ilizarov method (Bulletin 3, ASAMI Medi Surgical Video: Milan 1988) 
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Figs 9A and B: For procurvatum deformity of the proximal tibia, 
the apparatus can be modified (A) so that the wire dropped off 
the ring is connected to a half ring that, (B) can then be gradually 
pushed posteriorly to derotate the proximal fragment (reprinted 
with permission from Catagni M, Villa A: Lengthening of the 
Tibia by the llizarov method (Bulletin 3, ASAMI , Medi Surgical 
Video: Milan 1988) 


position, it is considered a minor application if less than 
5° and a major complication if greater than 5° (Fig. 10). 

Neurologie Injury 

Nerve injury may be related to the surgical technique or 
to the distraction. Pin-related nerve injury is best 
prevented by a thorough knowledge of the cross-sectional 
anatomy and by placement of pins in safe anatomie 
planes. When using transfixion wires, the wire should 
be inserted into bone drilled through both cortices and 
then tapped through the soft tissues on the other side. In 
this way, an effort is made to minimize the time during 
which the wire is being drilled through the soft tissue. 
Perforation of a nerve by a 1.5 or 1.8 smooth wire would 
probably cause little damage, while wrapping up the 
nerve due to the rapidly revolving wire would probably 
cause significant local mechanical and thermal damage. 
For this reason, unless one is sure about the exact location 
of the nerve, one should drill from the side opposite the 
nerve. Thus, when the wire passes by the nerve, it is not 
spinning but simply being tapped. The anesthesiologist 
is instructed not to paralyze the patient, so that, should a 
wire brush by or perforate a nerve, a muscle contracture 
would be seen. The proximity of the wire to a nerve would 
thus be recognized, and the wire would be removed. If a 
pin-related nerve injury is not recognized until after 



Fig. 10: Valgus deformity of the right 
tibia following a 7 cm double level 
lengthening. The total treatment time 
was three months 


surgery, the patient frequently awakens with severe pain 
localized to the area of the offending pin. The diagnosis 
can be made by tapping on the pin with another métal 
object. If the wire is through the nerve, this will elicit 
paresthesias in the distribution of that nerve. The pin 
should then be removed. The other surgical cause for a 
nerve injury is related to the corticotomy. This may be 
due to direct injury from the osteotome in the case of the 
tibia, from the oscillating saw in the case of the fibula, or 
more likely, a stretch injury from the osteoclasis 
maneuver should be performed with external rotation 
to avoid stretching the nerve where it is entrapped around 
the fibular neck with internai rotation. 

A final cause for a nerve déficit is compartment 
syndrome. This will be discussed in greater detail under 
the section on vascular injury. 

Distraction-related nerve injury is a much less com- 
mon etiology. It is important to recognize the early signs 
and symptoms. The patient will usually expérience 
significant discomfort, although this is not always the 
case. If identified early, the first signs are hyperesthesia 
and pain. This pain may be referred pain (e.g. dorsal ankle 
région for deep peroneal nerve). This is followed by 
hypoasthesia, then by decreased muscle strength, and 
finally by paralysis. If treated early, paralysis should 
ne ver occur. The treatment should emphasize increased 
physiotherapy and especially functional loading and 
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Figs 11A and B: (A) An llizarov wire is shown (arrow) between 
the branches of the peroneal nerve (p). The deep peroneal 
nerve is tented over the wire. The superficial peroneal nerve is 
free of the wire. This patient developed a deep peroneal palsy. 
(B) The deep peroneal nerve became tented over the wire after 
distraction but showed no evidence of injury immediately 
following surgery. This patient’s earliest symptoms were referred 
pain in the first web space of her foot one month after the onset 
of lengthening. The wire was removed with subséquent 
resolution of the nerve palsy 

weight bearing of the limb. The rate of distraction should 
be decreased or even stopped completely. There is usually 
no harm in stopping the distraction for several days to a 
week. The only problem that may arise is prématuré 
consolidation in bones such as the fémur or the fibula. 
Distraction should thenbe restarted at a slower rate, 0.25 
mm to 0.5 mm less than before. In the event of motor 
weakness or paralysis, the limb should be shortened to 
try to recover the situation. With the llizarov technique, 
one cause of distraction nerve injury is related to tenting 
of a nerve over a wire that previously was not disturbing 
the nerve (Figs 11A and B). 

If a nerve injury occurs and particularly if it is pin 
related, décompression of the nerve at the level of its 
entrapment, such as at the fibular neck for the peroneal 
nerve, is a considération. The rationale for this is to release 


the entrapment of the nerve, thus, effectively lengthening 
the nerve and preventing tension from being exerted on 
that nerve until the extra slack from the release is taken 
up by the lengthening. The author considers ail 
intraoperative nerve injuries as true complications 
whether they recover during treatment or not. 

On the other hand, distraction-related nerve dys- 
function that recovers during treatment is considered a 
problem only. If a nerve is decompressed prophy- 
lactically, it is an obstacle. If any residual dysfunction 
remains at the end of treatment, it is considered a true 
complication. 

Vascular Injury 

Vascular injury may be related to the surgery or to the 
distraction. Damage to an artery or vein may resuit from 
a pin at the time of surgery. This rarely leads to problems 
because of the small diameter of the wires used. If the 
problem is recognized at the time of surgery, the wire 
should be removed and pressure applied to tamponade 
any bleeding. A rare complication that can resuit from 
perforation of both an artery and a vein simultaneously 
is an arteriovenous fistula. The proximity of a pin to a 
pulsating artery can resuit in late érosion with 
pseudoaneurysm formation. 

Direct vascular damage can also resuit from the 
osteotome while performing the tibial corticotomy or the 
fibular osteotomy. The former usually leads to arterial 
injury, while the latter usually involves venous injury. 
Displacement of these ostéotomies may also be the cause 
of vascular damage. In ail of these cases, simple 
compression will usually résolve the problem. 
Occasionally, a hematoma will form and may lead to a 
compartment syndrome. If this is recognized during 
surgery, prophylactic fasciotomy should be performed. 
If it is recognized postoperatively, clinical examination 
and pressure measurements should be performed to 
confirm the diagnosis. Urgent fasciotomy is carried out 
on the involved compartments. It is important to measure 
compartment pressures because stretch pain may be 
unreliable due to the presence of pins in the muscle 
compartment, leading to a false-positive examination. It 
is very unusual to get a compartment syndrome because 
of the subperiosteal nature of the tibial corticotomy. 

As with any orthopédie procedure, deep vein 
thrombosis is always possible, although in the présent 
author's expérience, it has been very rare. It is difficult to 
recognize in light of the tendency toward edema of the 
limb postoperatively. The author knows of one case of 
fatal pulmonary embolism due to an acute manipulation 
of the tendo-Achillis under anesthésia, and one case has 
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been reported a fat/fatal fat embolism syndrome due to 
acute shortening after lengthening. 7 

Hypertension is a manifestation of distraction on the 
arteries. 19,22 It is usually caused by too rapid a distraction 
or by excessive distraction. In the author's expérience, 
the latter may be seen more commonly in patients whose 
muscle-to-bone length is normal (constitutional short 
stature) rather than redundant, as in most limb length 
discrepancies and achondroplasia. 

Edema is a common problem during lengthening, 
particularly if the patient is active and walks a lot. It takes 
several months after removal of the apparatus until the 
edema finally disappears. 

Any intraoperative vascular injuries as well as acute 
delayed pin-related vascular injuries are considered true 
complications. Similarly, deep vein thrombosis, pulmo- 
nary embolism, and compartment syndrome are true 
complications. Hypertension and edema are considered 
problems. 

Prématuré Consolidation 

Prématuré consolidation is most commonly diagnosed 
as a failure of the osteotomy to open after the initiation 
of distraction. The author believes that, in the majority of 
cases, the problem is an incomplète osteotomy rather than 
prématuré consolidation. Prématuré consolidation, when 
it does occur, is usually due to an excessive latency period, 
allowing significant callus healing to block the distraction 
of the osteotomy. The wires can be seen to bow, with 
their convex sides facing each other on opposite sides of 
the osteotomy (Fig. 12). This problem also occurs during 
lengthening and is manifested as seizing up and failing 
to progress. This is most commonly seen in the fémur, 
the fibula, and in conditions such as Ollier's disease. 

Continued distraction can be carried out until the 
Consolidated bridge of bone ruptures. The patient must 
be warned that this will be sudden, unexpected, and 
painful and that they may hear and/or feel a crack or a 
pop. To relieve their pain, they must back up the 
distraction by the number of millimeters of distraction 
that hâve been applied since the time the bone 
Consolidated. If this is not done, a large diastasis may be 
created, predisposing to delayed or nonunion. 

Alternatively, the patient may be taken to the 
operating room and under a brief general anesthetic, hâve 
a closed rotational osteoclasis attempted. If this too, is 
unsuccessful, then a repeat percutaneous corticotomy is 
performed. Attention should be paid to the possible 
massive bleeding that may resuit from cutting through 
regenerate bone. The use of a tourniquet is recommended. 

Prématuré consolidation, if treated nonoperatively, 
is considered a problem, if it is treated operatively, it is 



Fig. 12: Prématuré consolidation of the tibia: A double-level 
lengthening of the tibia is shown with prématuré consolidation 
of the proximal corticotomy. The distal corticotomy is shown to 
be lengthening appropriately. The latency period in this boy 
was 14 days. Early callus union can already be seen latéral to 
the proximal corticotomy. The wires are bowing, indicating the 
distraction being applied to the proximal corticotomy 
(arrowhead). With continued distraction, the corticotomy 
suddenly gave way three weeks-after distraction began. This 
was followed by immédiate pain. The distraction was backed 
up 1 mm for each day of distraction. Distraction was then begun 
anew the following day 

considered an obstacle. It is a true complication only if it 
causes the surgeon to quit lengthening prematurely. 

Delayed Consolidation 

Delayed consolidation may be caused by a variety of 
factors. These can be divided into technical factors and 
patient factors. The technical factors to consider are 
traumatic corticotomy, initial diastasis, instability, and 
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Fig. 13: Poor bone consolidation due to instability and too rapid 
distraction. Note the wanderning nature of the trabeculae. Under 
stable conditions, the trabeculae are ail parallel. The interzone 
between the trabeculae is wide and irregular. This type of 
distraction gap needs to be recompressed and then redistracted 
in order to avoid delayed consolidation (accordion maneuver) 

too rapid distraction. The patient factors are infection, 
malnutrition, and metabolic. 

To minimize the risk for delayed consolidation, 
during the corticotomy one should try to minimize the 
damage to the endosteum and periosteum. Translation 
of the osteotomy should be avoided. Frame instability 
will usually lead to delay in maturation of the regenerate 
new bone rather than delay in its initial formation. 
Instability should be suspected if the trabeculae seem to 
wander across the distraction gap rather than being ail 
parallel and longitudinally oriented (Fig. 13). Proper 
tension in the wires should be checked, and the construct 
should be biomechanically sound. 

Patients who are malnourished may not be good 
candidates for this type of treatment. Patients with 
hypophosphatémie rickets are slow to form regenerate 
new bone (Figs 14A and B). Infection should be suspected 
when the cause of delay in régénération cannot be 
explained by any other means. 

Delay in régénération is diagnosed by the delayed 
onset of regenerated new bone on plain roentgenograms. 
When it occurs after regenerated bone has already 
formed, it is manifested as a widening of the interzone 
between the proximal and distal trabeculae. Since it is 



Figs 14A and B: Lengthening and correction of deformities 
through two levels in afive-year-old boy with hypophosphatémie 
rickets: (A) there is a paucity of new bone formation seen in the 
two distraction gaps on this latéral roentgenogram of the fémur, 
and (B) in order to stimulate the distraction gaps to consolidate, 
recompression of both gaps was performed. This led to rapid 
consolidation at both levels as shown on the AP and latéral 
roentgenograms of the fémur 


difficult to see the regenerated new bone under these 
conditions, the author has resorted to ultrasound in the 
early phases of regenerated bone formation. The 
ultrasound will detect new bone formation as early as 
two weeks after the onset of distraction. This is extremely 
prédictive for delayed consolidation (Fig. 15). 

If delayed consolidation occurs, it should be treated 
by going reverse and then forward again one or more 
times (accordian maneuver, Fig. 14). this maneuver can 
be likened to a group of soldiers marching at different 
rates. The slowest ones in line fall behind. At a certain 
point, in order to avoid them falling farther and farther 
behind, the group in front must turn around and return 
to the slow group, regroup, and start marching again. 
Similarly, the trabeculae on opposite sides of the 
widening interzone are getting farther and farther apart. 
It is important to bring them together again and then 
distract them apart at a slower rate. 

On occasion, there hâve been cystic changes within 
the regenerate bone on ultrasonography. When this 
occurs, it is difficult to recover the situation, so, bone 
grafting may be necessary (Fig. 16). Allo-or-autograft can 
be considered to fill the distraction gap according to the 
methods of Wasserstein 21 or Wagner, 20 respectively. 

In adults, the final maturation of the new bone with 
sufficient neocorticalization to allow removal of the 
apparatus take a significant amount of time (Fig. 17). On 
several occasions, this has been due to loosening of the 
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Figs 15A to C: (A) This malunion of the tibia with shortening was treated by a corticotomy followed by acute correction of the 
latéral translation deformity of the tibia through the level of the old malunion. Unfortunately, the diastasis between the bone ends 
at the time of surgery went unrecognized. (B) Longitudinal ultrasound scan of distraction gap. The proximal tibia is seen as the 
black hypoechoic région on the left, while the distal tibia is seen as the black hypoechoic région on the right. The distraction gap 
is the striated région between these two black région. New bone formation appears as white hyperechoic régions. There is 
bridging bone formation seen posteriorly but minimal to no bone formation seen throughout most of the distraction gap. There 
are a few trabeculae seen at the edge of the cortical ends. Most of the interposing région is seen as gray, indicating lack of new 
bone formation. (C) After several cycles of compression followed by distraction, the interposing région was stimulated to consolidate. 
Notice the snowstorm appearance of new bone formation throughout the distraction gap. Longitudinal trabeculae are now seen 
bridging between the proximal and distal bone ends 


apparatus within the bone. If this happens, the apparatus 
can be removed if the bone is thought to be sufficiently 
strong that it will not shorten in a cast brace. Alternatively, 
new pins can be inserted and the old ones removed. 
Delayed consolidation treated by the addition of more 
pins, it would be considered an obstacle. If treated by 
bone grafting, it would be a true complication. 

Pin-Site Problems 

Pin-site problems are related to pin-skin motion, the 
amount of soft tissue between skin and bone, and the 
diameter of the pin used. Maintaining adéquate wire 


tension is important in order to minimize the pin-skin 
and pin-bone motion. Applying pressure to the skin 
stabilized to the pin is another useful method. This can 
be accomplished by using gauze compressed by rubber 
stoppers or by using cubicle foam sponges pushed down 
with plastic clips, which is the author's preference. The 
foam sponge also acts as a barrier between the air and 
the skin. Antiseptie or antibiotics can be applied to the 
sponge. 

Pin-tract problems always develop from outside to 
inside. They start with soft tissue inflammation, leading 
to soft tissue infection and finally to bone infection. Based 
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Figs 16A and B: (A) Longitudinal ultrasound scan of a 
distraction gap in the proximal tibia. The black région on either 
side are the cortical ends. The black région delineated by four 
x’s is a large fluid-filled cyst in the distraction gap. Its dimensions 
are indicated below as 20.5 mm x 30.1 mm. (B) Despite 
recompression and distraction, no new bone formation was 
achieved, necessitating bone grafting of the distraction gap. 
This 3 cm of lengthening took 44 weeks to consolidate. Note 
the différence in the appearance of graft bone consolidation 
with its trabeculae oriented in ail directions, as compared to 
the organized parallel new bone formation of distraction 
osteogenesis 



Figs 17A and B: (A) Latéral roentgenogram of distal fémur 
following double-level lengthening of the fémur in this 40-year- 
old man. The proximal distraction gap Consolidated without 
difficulty while loosening of the wires within the bone led to 
instability of fixation of the distal fémur and poor consolidation 
of the distal distraction gap. This resulted in pain and instability. 
The apparatus was removed and the patient was placed into a 
hip spica. (B) Poor compliance with failure of the patient to 
return for scheduled follow-up évaluation resulted in a 
procurvatum malunion of the fémur 

on this, the author has developed a simple classification 
for pin-tract problems. Grade 1—soft tissue inflammation. 
Grade 2—soft tissue infection, and Grade 3—bone 
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Fig. 18: Bilateral AP roentgenogram of distal tibia following lengthening and correction of supramalleolar deformities. The apparatus 
was removed prematurely and resulted in a buckle fracture of the left tibial distraction gap. Note how on the right tibial distraction 
gap there is sufficient new corticalization to allow unprotected weight bearing. This resulted in a 1-cm loss of tibial length 


infection. Since Grade 3 is the only serious infection if 
the problem is headed off at Grade 1 or Grade 2, it will 
not lead to a bone infection. 

For Grade 1 pin tracts, the modalities used are incor- 
porating local antiseptie or antibiotic and ensuring proper 
wire tension. Once there is soft tissue infection présent, 
defined as the drainage of purulent material from the 
pin site, the site may be injected with an antibiotic solution 
of 100 mg/ml of cefazolin. This is injected radially around 
the pin site from within the tract. This will melt away the 
pin-tract infection within 24 hours in most cases. The 
drawback is that it is a rather painful technique. It is 
préférable to use oral antibiotics quite liberally at the 
slightest hint of a Grade 2 pin-tract infection. A one-week 
course will résolve almost any pin-tract infection. 

Récalcitrant infections, infections around wires that 
pass through joints, and cellulitis around a pin site are 
treated by removal of the offending wire. If the wire is 
imporant for structural stability, it will need to be 
replaced. For this reason, the author usually inserts an 
additional wire so that one could be removed. 

Pin-tract infections treated by local measures, anti¬ 
biotics, or even pin removal are considered problems. If 


the addition of a new pin is required, it is considered an 
obstacle. Any true bone infection is considered a 
complication. 

Refracture 

Refracture occurs after removal of the apparatus and, 
therefore, is always a true complication. It may be seen 
as graduai axial déviation of the bone due to incomplète 
healing (Fig. 17), as a complété fracture, or as buckling of 
the bone with some loss in length (Fig. 18). Refracture 
can best be avoided by careful analysis of the regenerated 
bone in the distraction gap prior to removal of the 
apparatus. This bone should hâve an even consistency 
with evidence of neocorticalization and opacity similar 
to its surrounding bone. A favorite saying is, "It is better 
to remove the apparatus one month too late than one 
day too early." 

Refracture should be treated with either a cast or 
reapplication of the apparatus, depending on the 
particular case. 

Osteoporotic stress fractures of the bone may occur 
through a normal level. This is due to marked osteo- 
porosis that may develop due to lack of weight bearing. 
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the hypervascular response to distraction, pain, and reflex 
sympathetic dystrophy. 

Ail refractures are considered true complications. 
Those leading only to a buckle fracture (Fig. 18) and loss 
of less than 1 cm of length or less than 5° of angulation 
are considered minor. Those leading to greater than 1 
cm length loss or greater than 5° angulation are 
considered major. 

Joint Stiffness 

Joint stiffness is also a late complication. This occurs due 
to persistent muscle contractures or may be due to 
stiffness of the joint due to the increased pressure on the 
joint surface during lengthening. The latter is a theoretical 
considération but is a concern for the long-term since no 
one yet knows what the effect of this temporary increased 
pressure on articular cartilage will be. 

If a joint is suspected of being a high risk for residual 
stiffness and the apparatus is still on, the apparatus can 
be extended across the joint if it is not already, and the 
joint can be distracted 5 mm. The apparatus can then be 
used to mobilize the joint prior to its removal. 

Ail joint stiffness is considered a true complication, 
the severity of the complication dépends on the functional 
limitation created. Obviously, 15° loss of knee extension 
and ankle dorsiflexion is much more serious than a 15° 
loss of the knee flexion and ankle plantarflexion. 

Other Problems 

Pain is the most common complaint during limb 
lengthening. Surgical pain may be quite intense the first 
few days postoperation. Contraction of any muscle 
transfixed by pins is initially painful but résolves within 
a week or two. The amount of pain obviously increases 
with the number of ostéotomies. Therefore, a double-level 
lengthening of the tibia that involves a total of four 
ostéotomies (fibula and tibia) may be very painful on the 
first day. It is easy to misinterpret this as a compartment 
syndrome is one's first double-level tibial lengthening and 
to perform fasciotomies. 

During the distraction phase of lengthening, a chronic 
dull aching pain is often experienced. This varies from 
patient to patient. It is more common with longer 
lengthenings and especially with double-level lengthen- 
ings. It is more common with fixation and splinting of 
the joints above and below the lengthening segment. The 
probable cause is most likely the stretching of the muscles 
and nerves. The pain, while présent at ail times, is usually 
only noticed at night and during physiotherapy and 
walking. While the patient is occupied during the day, 
the pain is not noticed very much. However, at night 


without other outside sensory input, the pain is quite 
intense and frequently interfères with the patient's sleep. 
The author recommends that the patient goes to sleep 
while listening to music. For pain, the author prescribes 
acetaminophen with codeine dérivatives and avoids 
oxycodone dérivatives due to their increased tendency 
to produce dependency in susceptible individuals. The 
author also prescribes sleeping médication if necessary. 
Splinting the knee in extension at night leads to increased 
difficulties with sleep. With the use of the Dynasplint, 
this has been lessened as compared to the splints that 
did not allow knee flexion. When the degree of pain is 
not well tolerated by the patient, the rate of lengthenining 
should be decreased by 0.25 mm at a time. This is usually 
enough to decrease the pain. It is also a good idea to stop 
lengthening for one day every three to four weeks. 

Another common symptom is loss of appetite and 
weight. This résolves after the distraction period is over. 
Dépréssion also occurs in some patients but responds well 
to the temporary use of antidepressants. The pain, loss 
of appetite, and dépréssion during lengthening usually 
résolve spontaneously one week after stopping the 
distraction. 

Materials and Methods 

Forty-six patients 2 to 54 years of âge were treated by the 
Ilizarov method of limb lengthening with or without 
simultaneous correction of deformity. A total of 60 limb 
segments were lengthened —40 tibiae, 12 femura, four 
radii, one humérus, and three feet. Twelve were in adults 
and 48 were in children. The indications for lengthening 
are listed in Table 1. The maximum follow-up period was 
two years. 

Resu Its 

The lengthening ranged from 1 to 16 cm with a mean of 
5.6 cm. There was a significant différence in the healing 
time between children (defined as under the âge of 20 
years) and adults. The other variables that significantly 
affected the lengthening index (total treatment time per 
centimeter of lengthening, usually expressed as months 
per centimeter), were singl e-versus double-level 
lengthening and the treatment of coexisting deformity. 
Children with single-level lengthening and no deformity 
had an index of 0.97 mo/cm, children with a deformity 
had an index of 1.2 mo/cm. children with a double-level 
lengthening and no deformity had an index of 0.57 mo/ 
cm, and with a deformity, 0.9 mo/cm. Adults with a 
single-level lengthening had an index of 1.7 mo/cm, and 
with a double-level lengthening, 1.1 mo/cm. 
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TABLE 1 : Indications for lengthening 


Indication 

No. Cases 

Arthrogryposis 

1 

Blount disease 

1 

Club foot 

3 

Congénital pseudoarthrosis 

6 

Congénital short fémur 

1 

Congénital short tibia 

5 

Dysplasia 

Achondroplasia 

1 

Chondroectodermal dysplasia 

1 

Hypochondroplasia 

1 

Metaphyseal dysplasia 

1 

Mesomelic dwarfism 

1 

Growth arrest 

Postinfectious 

2 

Post-traumatic 

5 

Madelung's 

1 

Meningococcemia 

1 

Nonunion 

2 

Ollier's 

3 

Perthes' 

1 

Polio 

2 

Post-traumatic 

3 

Rickets 

Vitamin D déficient 

1 

Hypophosphatémie 

1 

Streeter's 

1 

Thalassemia 

1 


There were 35 problems that needed to be resolved 
in the outpatient clinic during the treatment—20 pin 
infections (13 patients), 10 axial déviations, two pré¬ 
maturé consolidations, two delayed consolidations, and 
one knee subluxation. There were 11 obstacles during 
lengthening that required surgical intervention—two pin 
infections, one pin cut-out, two axial déviations, one 
prématuré consolidation, two incomplète corticotomies, 
two incorrect constructs, and one bone cyst. 

There were a total of 28 true complications, of which 
17 were considered minor and of little significance. The 
minor complications were three axial déviations (< 5°), 
three contractures (recovered), four sensory nerve injuries 
(recoverved), a length loss of 1 cm in three, two delayed 
consolidations, one pseudocompartment syndrome, and 
one hematoma. Nine complications, of which only three 
affected the achievement of original goals. The major true 
complications were one reflex sympathetic dystrophy, 
one equinus, one nonunion, two late bowing and four 
motor palsy. Of the true complications, seven were a 
direct resuit of surgical injury intraoperatively—three 
motor nerve injuries, three sensory nerve injuries, and 
one hematoma. 


Of ail these problems, obstacles, and complications, 
the only significant residua were one bowing of the distal 
fémur of 25° in the plane of motion of the knee, one 
récurrent varus deformity of the tibia, and one nonunion 
of ankle arthrodesis lengthening. Ail three cases were 
adults. The mistakes in ail three cases were prématuré 
removal of the apparatus with inadéquate postremoval 
protection. In ail three cases, the apparatus had loosened 
and no longer controlled the bone ends. Instead of 
reinserting new wires for stabilization, the apparatus was 
removed, and a plaster cast was applied for a short period 
of time. Had the wires been reinserted and tensioned, 
better fixation would hâve been achieved, allowing better 
maturation of the regenerated bone. 

The only true nonunion in this sériés resulted from a 
simultaneous lengthening of a proximal tibial cortico- 
tomy and a tibiotalar arthrodesis site. Both produced 
excellent bone, but too early removal of the apparatus 
resulted in a nonunion of the tibiotalar arthrodesis. It is 
probably better to avoid lengthening through an 
arthrodesis site. Ail but one patients healed by distraction 
osteogenesis consolidation. One patient mistakingly 
distracted at 4 mm instead of four 0.25-mm/day and 
developed a bone cyst that had to be bone grafted. This 
Consolidated without difficulty. 

Residual stiffness of joints is the only complication 
that was not well assessed in this study. Most patients 
had fully recovered their range of motion at the knee and 
almost fully recovered their range of motion at the ankle 
at the time of review, frequently with a residual 5°-10° 
loss of dorsiflexion and complété return of plantar flexion. 
Longer follow-up study is necessary to give a complété 
assessment of this late complication. The other minor or 
major complications resolved spontaneously, while one 
equinus contracture had a tendo-Achilles lengthening. 
For example, the peroneal tendon and knee contractures 
recovered with physiotherapy. 

Delayed consolidations were ail treated by plaster 
casts and functional braces. The motor and sensory nerve 
injuries completely resolved spontaneously. In one 
peroneal nerve injury from a wire at the start of an 
extensive limb lengthening, a prophylactic décompres¬ 
sion of the peroneal nerve at the fibular neck was 
performed to allow the lengthening to proceed without 
applying early tension on the traumatized nerve. This 
nerve went on to recovery of the tibialis anterior and 
extensor digitorum muscles, and partial recovery of the 
extensor hallucis longus. In the same patient at the distal 
end of that nerve, the sensory branch to the first web space 
had been pierced by a wire and was explored and severed 
during the attempt at removal of the wire. This caused 
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no significant sensory déficit or neuroma to the patient. 
The only reflex sympathetic dystrophy occurred after a 
still-unexplainable radial nerve palsy that occurred 
during correction of a Madelung's deformity. This, too 
spontaneously resolved. There were no true compartment 
syndromes diagnosed in the sériés. However, in the first 
patient the author operated on, displacement of the tibia 
during corticotomy led to probable lacération of a branch 
of the anterior tibial artery and a hematoma in the anterior 
compartment of the leg. This was recognized intra- 
operatively, and a prophylactic fasciotomy was 
performed. In the first double-level tibial lengthening in 
this sériés, severe postoperative pain in the leg was 
misdiagnosed as a compartment syndrome due to 
erroneous compartment pressure measurements. It was 
clear at the time of fasciotomy that no compartment 
syndrome existed. In both of these cases, the skin of the 
fasciotomy incisions was closed secondarily two weeks 
after décompression without skin grafting. In three 
patients, buckle fractures occurred after removal of the 
apparatus, leading to 5 to 10 mm loss of length. No true 
refractures other than the buckle and late bowing cases 
were seen. The original goals of treatment were achieved 
in 57 of 60 limb segments. Complété patient satisfaction 
was achieved in 45 of 48 patients, and partial satisfaction 
was achieved in the remaining three. Ail three were adult 
patients. 

Discussion 

In this chapters an attempt has been made to analyze the 
difficulties that arise from limb lengthening by the 
Ilizarov method. Problems that arose during lengthen¬ 
ing that were resolved by operative or nonoperative 
means were not classified as true complications. Those 
that could be handled by nonoperative means were 
considered problems, and those that were treated by 
operative means were considered obstacles. Only 
intraoperative surgical injury and residual problems 
remaining at the end of lengthening were considered true 
complications. The importance of this type of breakdown 
is that it better represents to both the surgeon and the 
patient the complexity and the risks of limb lengthening. 

The problems represent the labor-intensive nature of 
the procedure. Most of the problems are dealt with by 
various time-consuming adjustments to the apparatus in 
the outpatient department. Therefore, this directly 
correlates with hours spent modifying the apparatus to 
achieve various corrections and prevent the development 
of complications. 

Obstacles, on the other hand, represent to both the 
surgeon and the patient the risk of additional surgery 


that may be necessary to ensure that a complication does 
not develop or remain at the end of treatment. Essentially, 
it represents the unplanned reoperation rate for problems 
that occur during the lengthening. 

The true complications represent the deleterious effect 
the treatment can hâve on the patient. The minor true 
complications usually represent nuisance problems that 
leave no significant residua on the patient but may be 
annoying or may delay treatment or réhabilitation. The 
major complications represent the more serious problems 
that hâve occurred during treatment or after treatment. 
The most significant complications, however, are a 
subgroup of the major complications. These are the 
permanent complications that interfère with achieving 
the original goals. This latter group represents to the 
patient the price they may hâve to pay for having this 
procedure. It also represents the potentially unavoidable 
medicolegal risk the surgeon must be prepared to face. 

The author believes that subdividing the difficulties 
and complications of lengthening in the manner 
described is an honest and truer représentation of the 
situation and is not an attempt to mask complications. 
Such classification should benefit the patient, the surgeon, 
and the scientific analysis and comparison of results of 
lengthening procedures. 

These results hâve shown that, even with a more 
physiologie lengthening technique than the Wagner, 
there are still many problems, obstacles, and compli¬ 
cations. The results, however, are encouraging in that 
only three patients were left with serious residual 
complications, and the goals of treatment were achieved 
in ail of the other patients (94%). It should be remembered 
that, while this article is about limb lengthening, about 
one-half of the patients had very complex correction of 
deformity, usually multiplanar and/ or involving the foot. 
Since this chapter is not about deformity correction, 
suffice it to say that a degree of perfection and exactitude 
not conventionally possible was achieved not only in the 
lengthening but also in correction of deformity. When 
the magnitude of these deformities is considered, these 
results are even more impressive despite the many 
problems, obstacles, and complications. It is also 
encouraging to the author that more than three-quarters 
of the true complications and obstacles in this sériés 
occurred in the first 20 patients. This confirms that the 
Ilizarov technique has a significant learning curve to it. 
However, even during this learning curve, very few 
bridges are burned if the surgeon is prepared to be very 
aggressive in the treatment of problems, obstacles, and 
complications as they develop. 
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Complications ofLimb 
Lengthening: Rôle of 
Physical Therapy i 


A Bhave 


INTRODUCTION 

Bone is capable of régénération after an osteotomy is 
performed and following stable, controlled mechanical 
distraction by use of an external fixator is applied. This 
discovery in 1957by Professor Ilizarov of Kurgan, Russia 
has been increasingly used to treat a variety of clinical 
conditions such as leg length discrepancy, limb 
deformities, nonunion and segmentai bone loss. 
Although this method yields a high degree of success for 
bone régénération, complications are reported in the 
muscle, nerve, joints and cartilage. 3 These complications 
may compromise functional outcomes of these surgeries 
unless treated aggressively. 

Complications of limb lengthening are divided into 
bony and soft tissue. Soft tissue complications arise 
because of the inadéquate accommodation of the soft 
tissues as compared to the change in length of the bone 
and rate of change in length. Normal growth at the distal 
fémur occurs at 50 mm/day, while limb lengthening 
occurs at 1000 mm/day, 6 20 times faster than natural 
growth. Current opinion on this topic is that temporary 
soft tissue dysfunction will be permanent unless treated 
by customized, intensive and aggressive réhabilitation. 
Thus, the rôle of physical therapy for limb lengthening 
procedures is to treat soft tissue complications and 
prevent permanent sequelae. 

Complications can occur within three spécifie times 
during limb lengthening procedures. 

1. Lengthening or distraction phase: This is the time when 
the bone ends are separated at a rate of 1 mm a day, 
1/4 mm QID 

2. Consolidation phase: This is when the external fixator 
is left in place long enough for the bone to harden 

3. After removal of an external fixator. 


Causes of these complications are different and need 
different treatment strategies accordingly. Soft tissue 
complications that occur in limb lengthening include: 
(i) muscle contractures, (ii) muscle weakness (iii) joint 
stiffness (iv) weight bearing (v) joint subluxation, 
(vi) nerve injury, and (vii) refracture. 

Muscle Contractures 

Muscle contractures occur during the lengthening phase 
and are caused by inadéquate accommodation of the 
sériés of elastic tissue and contractile éléments to make a 
corresponding change in length. Myofascial tissue resists 
élongation the most. A relative shortening of two joint 
muscles to new bone length is often a cause of contracture 
since these muscles do not accommodate change in 
length. In addition, some muscles (for example, the 
gastroenemius) develop passive tension more rapidly in 
response to a passive stretch. 4 Prévention and treatment 
of muscle contracture is an essential part of treatment in 
limb lengthening. The primary treatment measures 
include physical therapy, static splints and dynamic 
splints. 

It is important to identify problematic muscles for a 
particular bone segment which is being lengthened to 
treat contractures effectively. In tibial lengthenings, 
problematic muscles are the gastroenemius and the toe 
flexors. The lack of stretching of these muscles causes knee 
flexion contractures, ankle plantar flexion contractures 
and toe flexion contractures. For fémoral lengthenings, 
both the rectus femoris and long hamstrings muscles 
resist lengthening. This results in fixed flexion deformity 
of the knee and knee flexion range of motion déficit. In 
the upper extremity, lengthening of the humérus poses 
minimal problems. If problems do arise, it is usually 
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tightness of the biceps and brachioradialis muscles. In 
forearm lengthenings, finger flexors get tight causing a 
proximal and distal interphalangeal flexion and hyper¬ 
extension of the metacarpo-phalangeal joints. Another 
problem that requires attention is muscle tether caused 
by pins or wires. Loss of motion due to tethering is more 
rapid postoperatively compared to the loss of the motion 
due to limb lengthening. Patients exhibit loss of motion 
in the immédiate postoperative phase with painful spasm 
of the muscle. 

It is important to préparé a muscle for stretch. This is 
done by applying moist heat for 15 minutes prior to 
stretching, having the patient take pain médications 30 
minutes prior to physical therapy, and always using 
antagonist activation before stretching the agonist muscle. 
This relaxes the muscle to be stretched by reflexive 
inhibition. Another technique that works well in some 
patients is the use of electrical stimulation of the tight 
muscle. Stimulation is performed at the maximal 
tolerated intensity to a point of fatigue, this is followed 
by stretching. In patients with inflamed pin sites near 
the fascial and muscle planes, massage around the pin 
site is especially effective before stretching. 

It is recommended to stretch biarticular muscles 30 
times during a physical therapy session and uniarticulars 
10 to 15 times during a session. When stretching 
biarticular muscles, one must obtain maximum stretch 
in the opposite direction of the muscle action at both the 
proximal and distal joints. A patient should ideally hâve 
two sessions of these within one day. It is préférable to 
hold each stretch for a count of 20 to 30 seconds. 

Positioning is another critical part of treatment 
strategy for contractures. Extrême positions are optimal. 
For example, in tibia lengthenings, the knee should be 
maximally extended and the ankle dorsiflexed, in fémoral 
lengthenings, the knee should be extended and the hip 
abducted, in humerai lengthenings, the elbow should be 
extended, and in forearm lengthenigs, the wrist and 
fingers should be extended. These optimal positions can 
be attained by a variety of over-the-counter or custom- 
made devices. 

Therapeutic passive stretching alone sometimes is not 
sufficient to stretch a contracture because of the elastic 
response of connective tissue in which the tissue returns 
to its original length. Therefore, the principle of avoiding 
a contracture is to place muscle under tension for as many 
hours as possible. This is done to obtain a plastic 
(permanent) response in the connective tissue. Dynamic 
splinting produces optimal plastic élongation of the 
connective tissue 1 through biochemical response. 
Dynamic splints work most effectively in the treatment 
of knee flexion contracture. It is important when using 


dynamic splints that the muscles are only in optimal 
positions as described above and that tension on the splint 
be increased gradually. 

Joint Stiffness 

If not treated aggressively, muscle contracture can lead 
to capsular and intraarticular adhesions. In addition to 
this, contracture of two joint muscles introduces 
compressive forces on the articular cartilage 5 which leads 
to a stiff joint. Not only is motion lost in a stiff joint, but 
the joint also looses its smoothness of movement within 
the available excursion space. The only way this can be 
avoided is by using active and passive motion. Passive 
mobilization of stiff joints should always be done with 
manual traction. 

Muscle Weakness 

Causes of muscle weakness include (i) disuse, 

(ii) réversible partial reaction of degeneration (PRD), and 

(iii) reflexive inhibition in which pain and joint effusion 
cause reflexive neurogenic inhibition of the muscles. 

Electrical stimulation of the muscle is the only effective 
way to bypass this neural inhibition which occurs at the 
spinal level. Electrical stimulation should never be used 
as a passive modality, only as an adjunct to a 
strengthening program to augment voluntary 
contraction. Electrical stimulation is effective for the 
quadriceps muscles especially in patients undergoing 
fémoral lengthening. A biphasic puise, at a frequency of 
35 to 70 Hz, with a puise duration of 100 to 300 msecs, 
and an on-to-off ration of 1:3 seem to work best in most 
patients. Intensity of the stimulation should be gradually 
increased to maximal toleration by the patient. Another 
effective way to avoid significant muscle weakness, 
especially in patients with bilateral external fixators or a 
unilatéral fémur plus tibial fixator, is hydrotherapy. 
Hydrotherapy promotes active range of motion, and the 
buoyancy helps patients offset the weight of the fixator 
and facilitâtes strengthening of the muscles. Patients with 
external fixtors should be allowed to use chlorinated pools 
followed by rigorous pin care. 

Weight Bearing 

Patients are encouraged to ambulate bearing full weight 
as tolerated with two crutches during the lengthening 
phase. Typically patients are able to bear 50 to 70% of 
their body weight on the affected limb. In some patients, 
an increase in weight bearing can cause undue stress on 
the pins or wires (especially around the ankle joint) which 
is associated with pain. 
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During the consolidation phase weight bearing is 
critical. A normal progression goes from two crutches to 
one crutch to no crutches during ambulation while 
encouraging closed kinetic chain exercises. It is customary 
to find that patients walk without an assistive device with 
no limp in the latter part of the consolidation phase. If 
there is delayed consolidation of the new bone, patients 
should be encouraged to continue or to increase weight 
bearing and to use closed chain exercises. Patients also 
need to be educated about the possible causes of delayed 
consolidation, such as smoking and tobacco chewing. 
Cessation of smoking or chewing tobacco during the 
consolidation phase may help some patient's heal faster. 

Joint Subluxation 

The étiologies of joint subluxation are (i) lack of oppo¬ 
sition, (ii) contracture, and (iii) ligamentous laxity. 

Knee subluxation in fémur lengthening is usually 
postérolatéral subluxation of the proximal tibia. It is 
important to recognize that some patients with knee 
subluxation hâve (i) cruciate déficient knee joints, 2 
(ii) hamstring muscle contracture and a tight iliotibial 
band, and (iii) flexed knee posturing. The combined effect 
of the above three is unopposed posterolateal pull on the 
proximal tibia (Fig. 1). Treatment for a knee subluxation 
is vigorous knee extension with proper tracking of the 
proximal tibia and use of slings and manual mobilization 
techniques. Terminal knee extension strengthening 
exercises in conjunction with electrical muscle stimulation 
will augment the strength of the quadriceps muscles. At 
night, a combination of traction and dynamic splints may 
be used (Fig. 2). Milder forms of subluxations can be 
treated by conservative regimens, while more severe 
forms may need surgery (fixation to the tibia in 
combination with postérolatéral release). 

Hip subluxation présents as postérolatéral migration 
of the fémoral head. This occurs in patients with 



Fig. 1 : Posterior subluxation of the proximal tibia in a patient 
undergoing distal fémoral lengthening 



Fig. 2: Combined use of a dynamic splint and skin traction 
promûtes repositioning of the proximal tibia in its normal position 

insufficient coverage of the acetabulum in the presence 
of an adductor contracture during proximal fémur 
lengthening. Preventing hip subluxation includes stretch- 
ing the adductor and using an abduction pillow. If hip 
subluxation occurs nonetheless, then it is treated by 
surgery for adductor release followed by tibial skin 
traction and intensive therapy. 

Nerve Injury 

Distraction-related nerve injury occurs because the nerves 
are not able to accommodate as rapidly or as fully as the 
corresponding lengthening of the bone. Nerve injury 
occurs most commonly in tibial lengthenings and mainly 
involve the peroneal nerve. Referred pain in the dorsum 
of the foot is usually how this nerve injury manifests. 
This may présent initially as hyperesthesia followed by 
hypoesthesia. Sometimes weakness in the extensor 
hallucis longus muscle, the extensor digitorum longus 
muscle, and the tibialis anterior muscle is observed. Pain 
médications including narcotic analgésies usually do not 
help. Referred pain in the dorsum of the foot is increased 
with knee extension and relieved by flexing the knee. In 
face of peroneal nerve irritation signs, it is best to stop 
use of dynamic splints and decrease knee extension exer¬ 
cises. In most cases, réduction in the rate of lengthening 
for two to four weeks reduces this problem. However, in 
some cases that do not respond to slowing the rate, a 
peroneal nerve décompression surgery will allow 
continued lengthening without permanent nerve injury. 

Refracture 

Refracture is the most dreaded complication of limb 
lengthening. The decision to remove an external fixator 
is based on radiological findings, and not on mechanical 
testing. Thus in some cases, it is possible to remove the 
external fixator prematurely. A bone can either fracture 
through the newly lengthened area or through a pin site. 
When large diameter pins are used, there is a higher risk 
of breaking through a pin site. Extrême caution should 
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Fig. 3 : Incorrect and correct positions for strengthening 
exercises or mobilizing knee joint after distal fémoral 
lengthening 

be used in the first six weeks of réhabilitation after 
removal of an external fixator. In some centers, it is 
customary to use a cast or brace for four to six weeks 
after removal of the external fixator for additional 
protection. Residual soft tissue tension is often a cause of 
refracture. Treatment strategies that neutralizé residual 
tension work best to prevent this complication. Closed 
kinetic chain exercises should always be used before open 
chain stregthening exercises. Use of an isokinetic machine 
in the passive mode to improve range of motion is strictly 
contraindicated. Manual mobilization with adéquate 
stabilization of the lengthened bone is a safe and effective 
way to obtain motion. Précautions when performing open 
chain exercises include stabilization and avoiding the 


bending moment on the regenerate bone while 
strengthening exercises or joint mobilization (Fig. 3). 

CONCLUSION 

Physical therapy plays a critical rôle in the process of limb 
lengthening and skeletal deformity correction by the 
Ilizarov's method. Successful functional outcome is 
dépendent on the quality and amount of physical therapy 
the patient receives. Another critical aspect is the active 
involvement of care givers at home. They should attend 
physical therapy sessions, learn optimal positions for 
stretching, and should be willing to perform stretching 
exercises on the patient as shown by the therapist. A 
family working with health care professionals can make 
this process easier for the patient and help him or her to 
achieve a successful outcome. 
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Aggressive Treatment 
of Chronic Ostéomyélite 

GS Kulkarni, Muhammad Tariq Sohail 


199.1 Aggressive Treatment 
by Bone Transport 


INTRODUCTION 

The patient with chronic osteomyelitis has a new hope 
of cure by recent advances of aggressive treatment of 
chronic osteomyelitis. These are: 

1. Bold radical resection and bone transport. 

2. Intramedullary reaming. 

3. Improving nutritional status. 

4. Anatomie and physiologie emphasis on classification. 
(Cierny-Mader) 

5. Newer antibiotics and antibiotic beads and rods. 

6. CaS0 4 beads are undertrial as antibiotic vehicle. 
Chronic osteomyelitis is often associated with 

(i) angular or rotational deformity, the angle may be in 
any plane such as a procurvatum, recurvatum, varus, 
valgus or in the oblique plane; (ii) deformities of the 
neighbouring joints; (iii) limb length discrepancy; (iv) a 
deep cavity in the bone; (v) a large sequestrum or dead 
removal of which créâtes a large gap. 

Causes of Récurrence (Failure of Surgery) 

1. Ilizarov's concept of chronic osteomyelitis is that there 
are small tiny cavities filled with infective organisms 
around the large fixed focus. The small cavities are 
the cause of récurrence. One can excise very large 
segment. Another advantage of Ilizarov method is one 
can simultaneously correct ail the associated 
deformities. Also Ilizarov gives excellent stability to 
the fragments. 

2. The ischemia and relative avascular nature of the 
infected and necrotic area, sequestrum, produces an 


area of lowered vascularity as well as an area that 
antibiotics cannot penetrate the lowered. 

3. Decreased blood flow as a resuit of the initial insult 
or secondary to operative dissection resulting in 
diminished healing capacity and résistance to 
récurrent hematogenous or local bacteremia and 
seeding. Thrombosis of the blood vessel surrounding 
the infected area reduces the blood supply. 

4. Résistance of organisms to antibiotics due to multiple 
usage of antibiotics. The infections tend to be 
polymicrobial in terms aérobic and anaérobie micro- 
organisms. Organism form a biofilm around the 
sequestrum, dead bone or implants 

5. Inadéquate surgical debridement in removing the 
entire sequestrum, and dead avascular bone. 

6. Dead spaces becomes reinfected. 

Why Radical Resection? 

Any residual infected tissue is the main cause of 
récurrence. Résistant organism is a insignificant cause of 
récurrence. It is a waste of money to give intravenous 
antibiotic for a long time. 

If récurrence occurs, it is not due to résistant organisms 
but due to "my inadéquate debridement." 

Cierny-Mader Classification 

Cierny and Mader hâve developed a classification System 
wherein anatomical situation of the chronic osteomyelitis 
and physiological response of the host are taken into 
considération. 
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Fig. 1: Anatomie classification of adult osteomyelitis 


Physiologie Classification (Host) 

The class A patient is a normal responder to stress and 
trauma. 

Class B hosts hâve either a local (IVBL) systemic 
(IVBs), or a combined local and systemic (IVBL/S) 
compromise. 

Unless Class C host is one who, for whatever reason, 
is ream not a treatment candidate. 

Anatomie Classification (Fig.1) 

Anatomie classification of osteomyelitis is of following 
types: 

1. Intramedullary 

2. Superficial 

3. Local 

4. Diffuse. 

Treatment 

The first step is the identification of the organisms. The 
patient is evaluated and clinical staging as per Cierny- 
Mader classification is noted down. The antibiotics started 
according to sensitivity of the organisms. 

The principles of surgical treatment consist of: 

1. Thorough radical debridement 

2. Adéquate drainage 

3. Oblitération of the cavity or gap. 

Radical Resections 

The whitish color of the bone indicates dead bone, which 
must be removed. 

The treatment of chronic osteomyelitis should be 
similar to the treatment of giant cell tumor of bone. 
Careful surgical debridement remains to be the sheet 
anchor of the treatment (radical resection). 


1. Ail the infected tissues, sequestrii, dead avascular 
bone. 

2. Implants, if any, are removed. If the intramedullary 
nail, it is removed, 

3. The medullary canal is reamed to remove ail small 
sequestrii and granulation tissues from the canal. 

4. The cavity is cleared with a jet lavage. The bony ends 
are debrided till punctuate bleeding surfaces are seen. 

5. The osteomyelitis is extensively saucerized making 
holes using a drill to remove bony roof and then using 
sharp cutting using curettes and rongeurs. 

6. If the bone is very severely infected and sclerosed the 
entire bony segment is removed. This bold step can 
now be taken, because the large gap created can be 
filled by bone transport or bone graft and beads. 

7. Jet pulsatile lavage is used to cleanse the wound. The 
wound is rinsed using a 50-50 mixture of betadine/ 
hydrogenperoxide and then duobiotic (bacitracin/ 
polymyxin B) solution. Finally, normal saline is used. 
Unless the entire dead bone is removed and woozing 
haversian Systems are visualized, the surgery is not 
complété. The cavity is packed with beads. 

Glycocalyx Biofilm 

The biofilm is produced over an implant, sequestrum or 
a foreign body. Therefore there must be removed, by 
radical resection. 

It is known that implant per se does not cause infection 
but it perpétuâtes the infection because of the bacterial 
adhesion to the implant surface due to glycocalyx biofilm. 
Any amount of newer antibiotics will not clear the 
infection. Implant must be removed. Infected tissues must 
be get rid of. 

Antibiotic Imprignated Beads 

One can préparé the beads as the commercially available 
beads in the market are costly. The antibiotic imprignated 
PMMA beads are prepared in the operating room. A team 
of 5 or 6 persons are scrubbed, wear surgical gown and 
gloves. Powdered antibiotic and cernent are thoroughly 
mixed, and then stirred with the liquid monomer. Never 
use oily liquid solution of antibiotics. The cernent, when 
semi-solid, is converted into an elongated bar. Eight mm 
beads are prepared and stainless Steel wire is threaded. 
The beads are kept in a stérile bottle. 

Reaming of Intramedullary Canal: It is a very important step. 
The infected intramedullary canal contains of infected 
granulation tissue, small sequestrii and pus. Unless ail 
these are removed by reaming, récurrence will occur. 

1. If the entire canal is involved we make an entry hole 
in the pyriformis fossa as is done for intramedullary 
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nailing and ream the entire canal. Jet lavage is used 
to cleanse the canal. 

2. If there is chronic osteomyelitis with involvement of 
medullary canal in the neighbouring area only 
(without involving entire intramedullary canal), a 
flexible reamer is used to ream the involved canal. 

3. If there is a pathological fracture reamer is passed on 
the either side through the nonunion site. 

Treatment of Cavity 

After thorough debridement and saucerisation, a bone 
cavity created which must be filled. Otherwise, the dead 
space will continue to drain pus. The cavity oblitération 
is done by the foliowing methods: 

1. Antibiotic beads may be inserted and the cavity is 
primarily closed by soft tissue approximation. 

2. With the Ilizarov method a wall of bone above or 
below the cavity can be transported across the cavity 
which can be completely closed. 

3. Surrounding muscles may be transferred to the cavity 
and sutured around the cavity. Also beads inserted. 

4. Vascularized tissue transplantation may be done. 

5. When the bed of the cavity is covered with granulation 
tissue, open cancellous bone grafting Papineau type 
may be done. 

6. The old method is packing and re-packing every day 
till the cavity is filled with granulation tissue. The split 
thickness skin grafting may be done. This takes a long 
period, months together to heal, besides, everyday 
pack is to be removed and repacked. 

Circumferential Gap and Bone Transport 

Bone transport is a new useful operation described by 
Ilizarov. 

With the advert of bone transport, the surgeon can 
now boldly resect the entire avascular bone and create a 
large gap. This radical treatment of aggressive resection 
followed by bone transport has revolutionized the 
management of chronic osteomyelitis. The Ilizarov 
method simultaneously addresses the deformity, limb 
length discrepancies and joint mobility (Figs 2A to H). 

Indications 

1. Gap nonunion 

2. Infected gap nonunion 

3. Loss of bone segment in a long bone. 

4. Resection of the tumor. 

Procedure 

Preoperative assessment is important and often forgotten. 
(i) palpate the dorsalis padis and posterior tibial arteries. 


(ii) note the colour and warmth of foot. (iii) preoperative 
puise occimeter. Also monitor during surgery and post- 
operatively. 

The procedure consists of corticotomy at one end of 
the long segment of the bone. The intercalary segment is 
transported. The gap is closed by two methods: (i) the 
graduai method, and (ii) acute docking. The graduai 
method consists of transporting the segment 1 mm per 
day, till the distal end docks the proximal end of the distal 
fragment. Then the two fragments are compressed 
together. The apparatus is kept till the regenerate 
consolidate. In acute docking, the gap is acutely closed 
and the two fragments are compressed. At the cortico¬ 
tomy, the fragments are distracted till the limb length is 
restored. 

Problems of Acute Docking 

1. The most important problem is the possibility of the 
neurovascular compromise, due to fibrosis around the 
fracture site. 

2. There is a possibility of venous and lymphatic 
obstruction leading to edema. If so, the limb must be 
kept elevated. 

3. At the acute docking site, there is a bulge of soft tissues 
between two rings on either side of the fracture and 
this remains bulged, because these two rings are not 
distracted. When the rings on the either side of the 
corticotomy are distracted, the limb between these two 
rings becomes thinner. Thus, the patient has a funny 
looking limb like a snake who has just swallowed a 
frog. 

4. Incision may be problematic also, if acute docking is 
to be done, the incision must the transverse or lazys. 
Otherwise on acute docking, a diamond-shaped 
wound is created which is impossible to close. 

Problems of Graduai Docking 

Bony Problems 

1. The moving fragment may angulate or rotate, thus, 
causing malunion and deformity of the limb. 

2. Delayed union, malunion, nonunion at the site of 
docking because of the interposition of the fibrous 
tissue. 

Soft Tissue Problems 

1. During the process of bone transport there is an empty 
space between the moving fragment and the distal 
fragment. 

2. Thick fibrous tissue may obstruct the migration of 
transporting fragment. The compressed fibrous tissue 
may lead to nonunion, delayed union or malunion. 
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Figs 2A to H: (A) A case of chronic osteomyelitis, (B) Bold excision of avascular dead bone to 
create gap non-union, (C) Corticotomy and lengthening performed, (D) Acute docking of 
regenerate done, (E) Consolidation and good union, (F) 2nd stage lengthening over nail performed, 
(G) External fixator removal and distal locking performed, (H) Clinical photographs of a 13 year 
follow-up 
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Therefore, many advise that at the time of the docking, 
to open up the docking site, remove the fibrous tissue, 
freshen the bony ends and if necessary, bone graft. Acute 
docking avoids ail these problems. 

Bone Graft 

Bone grafting has long been the hallmark of nonunion 
and defect management. 

Fresh autogenous cancellous bone graft is the best! 
Which contains ail BMPs! Corticocancellous strips, (with 
cancellous bone on one side of each graft piece and thin 
cortex on the other) not only incorporâtes rapidly, but 
also seem to develop structural integrity faster than pure 
cancellous graft. Cancellous autogenous bone graft starts 
forming new bone within a few weeks, but takes awhile 
to achieve structural integrity. 


Graft must be large in diameter than the bone it's 

replacing. Graft must be placed superiosteal. 

• Keep some cancellous bone on each cortical strip. 

• Protect graft while awaiting transfer. 

• Keep graft in Lactatec Ringer's solution or blood 
soaked gauge NEVER in saline, which créâtes 
osteoblasts. 

• Récipient bed 

• Tissues around the graft should be healthy and well- 
vascularized. (Papineau technique) 

• Keep graft moist at ail times with Ringer's 

• Débridé loose dead looking pièces. 

Braodr's abscess: The treatment of Braodr's abscess 

deroofing the cavity, curetting and filling the cavity with 

calcium sulfate beads. 


199.2 Use of Calcium Sulphate in 
Chronic Osteomyelitis 


Calcium Sulfate Beads 

Calcium sulfate as a vehicle to locally supply the antibiotic 
is very satisfactory because it gets completely absorbed 
within 3 to 4 months. There is no need to remove the 
beads as is done for methyl methacraylate cernent beads. 

The disadvantages of removal of beads are: 2nd 
surgery is required and the removal créâtes a dead space 
which is an invitation to reinfection. This is obviated by 
calcium sulfate beads. 

Second great advantage of CaS0 4 beads is when 
surgery is prolonged in a fracture case,we insert antibiotic 
calcium sulfate beads or granulas at the fracture site to 
prevent infection. Also calcium sulfate acts as an osteo- 
conduction. 


Nutrition Status 

As patients in India hâve poor nutrition, the compli¬ 
cations are more. Complication rate can be decreased by 
maintaining appropriate patient nutritional status. 
Anémia also should be corrected by proper médication 
and blood transfusion if necessary. 

Conclusion 

Chronic osteomyelitis may be treated by radial resection. 
The gap created by resection can be treated by bone 
transport. Cierny-Mader is a useful classification, 
antibiotic impregnated beads and rod are useful, with 
satisfactory results to fill-up the infected gap and cavities 
and are time tested. 




Use ofllizarov 
Methods in Treatment of 
Residual Poliomyélite 

MT Mehta, N Goswami, MJ Shah 


INTRODUCTION 

Ilizarov ring fixator can be used for various indications 
in the management of residual poliomyelitis. This method 
is used mainly for correction of deformity and 
stabilization of limb with advantages over the older 
methods. It is physiolozical, accurate, and the treatment 
takes much shorter time. 

Correction of Deformities 412 

Joint contractures leading to deformities are the most 
common complication in residual poliomyelitis. They are 
common on lower limbs and that too in knee, ankle and 
foot. The contracted tissues are healthy normal tissues 
which hâve gone into a deformity due to unequal muscle 
pull in recovering muscle power and also the effect of 
gravity. 3 These contractures produce multiaxial 
deformities. A flexion deformity of knee is rarely just a 
flexion deformity. Usually, it is a combination of flexion, 
posterior subluxation and external rotation of tibia on 
fémur. 

Ilizarov apparatus is best suited to correct these 
multiaxial deformities. 5 It is physiological as this method 
allows graduai fractional stretching of contracted 
structures within their elastic limits and thus retaining 
their normal physiology. The rate of correction 6 is within 
the physiological limit of not more than 1 mm a day and 
that too divided 3 to 4 times in 24 hours. The joint pulled 
apart to stretch the capsule and correct the impingement 
of bones over each other. The corrective forces can be 
centered over the deformity and can be modified to 
correct each element of deformity exactly. The external 
rotation of the tibia on fémur, pulling forward the 
posteriorly subluxated tibia and lastly angulation are 
corrected one after another in this sequence till ail the 


deformities are fully corrected. It takes only 4 to 6 weeks 
to achieve the correction at any âge and any degree of 
severity. The limb is immobilized in plaster for a further 
period of 4 to 6 weeks to allow the tissues to settle down 
in corrected position (Figs 1 and 2). 

The same principles are used in correction of ankle 
and foot deformities. The ankle is distracted to allow a 
smooth gliding of the articular surfaces. The varus and 
valgus of the heel are corrected first. Correction of the 
ankle equinus follows. The cavus and varus of the forefoot 
is corrected by a forefoot assembly which has a hinge at 
the apex of the deformity. There are motors for correction 
of the foot and also for correction of the equinus. Both 
these deformities canbe corrected simultaneously. It takes 
4 to 6 weeks to achieve full correction of ankle and foot 
deformity as well. The apparatus is removed once the 
deformities are fully corrected. The limb is put in plaster 
to allow the soft tissues to settle down (Figs 3 and 4). 

The knee and foot and ankle deformities can be 
corrected simultaneously when both coexist in the same 



Fig. 1: Clinical picture of the typical knee deformity in 
residual poliomyelitis with Ilizarov frame applied 
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Fig. 2: Clinical picture at the end of the treatment showing 
corrected knee deformity 



Fig. 3: Clinical picture showing the postpolio ankle and foot 
equinocavus with llizarov frame and hinges at ankle and apex 
of the cavus 



Fig. 4: Clinical picture with corrected equinocavus deformity 
in llizarov frame 


patient. The time taken for correction is thus shortened. 
Orthosis is used for a varying period of about a year 
following the correction. The orthosis is discarded in 
patients who can walk without them (Figs 5 and 6). 



Fig. 5: Postpolio knee flexion and equinus deformity 
at ankle fixed in thigh to foot llizarov frame 



Fig. 6: Both knee and ankle deformities 
corrected in llizarov frame 


Stabilization of Joints 2 

llizarov technique is also useful in stabilizing the joints 
in poliomyelitis. Supracondylar fémoral osteotomy done 
for correction of a flexion deformity at the knee to produce 
recurvatum stabilizes the knee joint in the absence of 
quadriceps muscle power. Excessive recurvatum 
deformity can be corrected by a procurvatum osteotomy 
done at supracondylar level. Exact degree of correction 
of angulation can be done without removing a bone 
wedge with desired translation of bone fragments with 
this method. This does not resuit in any shortening, there 
may be a small gain in length. The correction achieved 
by this method, thus, realines the weight bearing axis of 
lower limb anterior or posterior to the knee joint 
respectively to stabilize the knee joint during stance and 
also walking (Figs 7 A to C). 

Coxa valga with subluxation of hip or even a 
dislocation may resuit in a patient of polio with hip muscle 
paralysis. Varus osteotomy of the upper fémur stabilizes 
the hip, and this can be by llizarov method. Persistent 
dislocation of the hip can be treated by doing percutaneous 
pelvic support osteotomy. This may resuit lin a 
malalinement of the knee joint with valgus stress. These 
patients hâve marked shortening. A varus corticotomy 
distal to pelvic support osteotomy will aline the hip, knee 


























Use of llizarov Methods in Treatment of Residual Poliomyelitis 1787 



Knee-flexion 

deformity 


RI Conventional correction 
supracondylar osteotomy 



| Osteotomy and correction 
with displacement 
llizarov method 


Figs 7 A to C: (A) flexion deformity of knee joint with weight-bearing axis passing posterior to knee joint resulting in buckling 
effect on joint, (B) conventional supracondylar osteotomy, corrects the knee deformity but weight-bearing axis remains posterior 
resulting in forward swaying of the patient, and (C) supracondylar osteotomy with controlled posterior angulation and translation 
by llizarov method, corrects the deformity precisely with placing the weight-bearing axis in the center of knee and ankle joints, 
eliminating trunk movements 



Figs 8A and B: (A) valgus subluxating unstable hip produces 
valgus stress on knee, and (B) (a) Proximal subtrochanteric 
pelvic support osteotomy, and (b) midfemur osteotomy for 
lengthening and varusization to compensate for the valgus 
produced at proximal osteotomy and allowing the weight- 
bearing axis to pass through center of knee and ankle joints 


and ankle correctly. Distal corticotomy can be used to 
lengthen the short limb. llizarov apparatus can achieve 
the above in one procedure and give a well-functioning 
lower limb with stable hip joint (Figs 8A and B). 

Bony stabilization of the f oot in polio limb can be done 
by "V" osteotomy through the tarsal bones and llizarov 
technique. The apex of "V" is at the plantar surface of 
anterior part of calcaneous. Anterior limb of "V" osteo¬ 
tomy goes anterosuperiorly from caecaneous, head of 
talus and through midtarsal joint up to dorsal surface of 
navicular bone. Posterior limb of "V" osteotomy goes 
posterosuperiorly from the apex of "V", through body of 
calcaneous posterior to posterior subtalar joint. Various 
definite maneuvers at different limbs of "V" osteotomy 
produce the desired correction of foot deformity with 
fusion of the subtalar and midtarsal joints, retaining the 
length of the foot. Thus, this technique and " V" osteotomy 
of foot: (i) makes the foot plantigrade, (ii) stabilizes the 
foot, (iii) lengthens the foot, and (iv) the posterior segment 
of the foot can be selectively lengthened to give an added 
advantage to the plantar flexors of the ankle (Figs 9A 
and B). 

Limb Lengthening 

Limb length disparity is not uncommon due to shorten- 
ing of bones following poliomyelitis. The shortening can 
be compensated in a caliper, if the patient is using one. It 
assumes importance in freely walking patient without 
any aid. Limb length equalization éliminâtes the limp of 
a short limb and balances the trunk in an upright position. 
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Figs 9A and B: (A) equinocavus foot: ‘V’ osteotomy and basic frame construct showing wire and corrective hinge placements— 
(a) at the dorsal end of the anterior limb of the ‘V’ osteotomy, and (b) at the plantar end of the posterior limb of the ‘V’ osteotomy, 
and (B) talus transfixed with a wire and fixed to the tibial block. (a) Cavus and forefoot equinus correct with lengthening of the foot 
when anterior limb of ‘V’ osteotomy opens on hinge. (b) Hindfoot equinus corrects on opening up of posterior limb of ‘V’ osteotomy 
on hinge 





2/3 BD corticotomy Osteoclasm Manual osteoclasis 

Fig. 10: Corticotomy performed by key hole incision, osteotomy of approachable 
near cortices and far cortex osteoclasis by manipulation 
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Older methods of limbs lengthening took a long-time 
and multiple procedures. Anderson 1 and Wagner 7 
devised their apparatus which were used with Schanz 
screws on either side of an osteotomy in one plane only. 
Graduai lengthening is achieved by distracting the 
apparatus. The rate of distraction was 1mm a day at one 
go. This restriction is imposed by the ability of nerves 
and vessels to bear the distraction forces. Pain is also a 
limiting factor. Bone grafting and plate fixation were 
necessary following the removal of apparatus, as the gap 
of lengthened bone remained unfilled by bone. 

llizarov described a technique of osteotomy called 
corticotomy which did not damage the periosteum or the 
endosteum. A small skin incision is put on the skin. 
Periosteum is incised for a few millimeters only, and a 
very small osteotome (corticotome) is used to eut the 
cortices ail around without damaging the periosteum or 
endosteum. The far cortex which cannot be approached, 
is broken by osteoclasis (Fig. 10). 

Functional distraction of 0.25 mm every 6 hourly 9 in 
an llizarov apparatus with tranosseous tensioned wires 
and uniform stability around corticotomy provides 
optimum osteoinductive environment. 3 This results in 
formation of new bone in the area of séparation between 
the corticotomized bone ends This new bone consolidâtes 
fully in course of time, and secondary procedures of bone 
grafting plating, etc. are not needed (Fig. 11). 

It is easier to lengthen the leg and that too its upper 
end. Five to seven cm of lengthening can be easily done 
in one stage. A second corticotomy may be added at the 
lower end when a larger degree of lengthening is 
required. The apparatus is removed once adéquate 
regenerate (newly formed bone) is seen on X-rays, 
radiographs and the limb is protected in a plaster for 
about 6 to 18 weeks. Any bone can be lengthened by 
llizarov technique, and it is a normal biological new bone 
formation. Complications 8,10 of lengthening of fémur are 
a little more than lengthening the tibia. Fémoral lengthen¬ 
ing is also used in lengthening procedures of the lower 
limb. 
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hours produces optimum regenerate (new bone formation) 
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INTRODUCTION 

Arthrodiatasis means stretching out of the joint. The word 
arthrodiatasis is derived from the Greek arthro (joint), 
dia(through), and stasis (to stretch out). The term 
arthrodiatasis was coined to describe a régime of 
articulated distraction and open surgery of the hip 
employed in verona since 1979. 1 Arthrodiatasis has 
opened up a new era in the management of many of the 
pathological problems of joints. 

RATIONALE 

Forces due to muscular action and body weight act on 
the joint surfaces. In normal condition of the joint the 
articular cartilage withstands these forces. However, in 
conditions like injury to joint, surgery on joint, inflam- 
matory or degenerative diseases, the forces cause rub- 
bing of articular cartilages, due to the development of 
arthrofibrosis. The capsule of joint and ligament contrract, 
fibrous tissue formed causes intra-articular adhesions. Ail 
these lead to stiff painful joint with limited ROM. This 
leads cartilage damage, joint contractures and stiffness. 
Rationale is that external fixation distract the joint 
surfaces which are in contact unde pressure or compres- 
sed together with each other due to diseases such as 
trauma, tuberculosis, etc. 

Articulated or hinged distraction of joint provides 
unloading of muscle and body forces and distraction of 
the joint space by means of an external fixator that crosses 
the joints. The distraction System (i) créâtes a space 
between the bony surfaces, (ii) neutralises the forces 
caused by muscular function and body weight. 

Open surgery to release soft-tissue contractures or to 
improve joint congruity (by limited arthroplasty or screw 
fixation of loose fragments) may be required to facilitate 


movement). The hinges allow mobility of the joint. The 
distraction stretches and elongates the contracted soft 
tissue around the joint mostly capsule and ligaments. 
When the distraction is removed, the soft tissue becomes 
lax. This maintains or increases joint motion. 

In summary, the rationale of arthrodiatasis is that it 
(i) increases mobility (ii) reduces pressure on cartilage 
and prevents rubbing of joint surfaces (iii) stretches the 
contracted soft tissues (iv) unloads the forces of muscles 
and weight bearing. 

BIOMECHANICS 
Rotational Axis of Joint 

It is important to note that the motion of the joint should 
occur around its axis of rotation. Therefore, the axis of 
the hinges of the external fixator should coincide with 
the axis of rotation of the joint. It is mandetory to identify 
the axis of rotation and to replicate a mechanical de vice. 
This is best done if the center of rotation of a joint consists 
of a relatively small locus that can be replicated accurately 
by a single transfixing pin, such as the knee or the elbow. 
By then separating the joint with a mechanism that is 
fixed to the distal segment, the distracted joint may rotate 
and be protected at the same time. 

Center of Rotation of Hip 

Hip is a bail and socket joint. The rotation occurs around 
the center of the head of the fémur. This basic concept of 
distracting the joint to attain joint motion was first 
presented by Volkov and Oganesian. The transverse axis 
of the mechanical joint must be aligned with the center 
of the fémoral head. The pelvis screws must gain secure 
fixation. 
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Fig. 1: Internai osteosynthesis with cancellous screw 
according to the AO technique and ring fixation 


Center of Rotation of Elbow 

Morrey 6 has studied the biomechanics. The instant center 
of rotation is composed of a small locus measuring only 
2 to 3 mm in diameter. The axis has been shown to pass 
through the center of the projection of the curvature of 
the humerai articulation. The latéral landmark for identi- 
fying the location of this axis is the center of the projection 
of the capitellum. Medially, the axis emergs at the 
anterior-inferior aspect of the médial épicondyle (Fig. 1). 

According to Morrey, 6 at the elbow, however, a 
second considération is of great importance. Because the 
joint is composed of a captive and highly congrous 
articulation, the distal skeletal fixation should be applied 
in a manner to allow uniform séparation at any joint 
position. To accomplish this, the distraction should be 
along a line that is approximately through the center of 
the ulnar articular curvature. The distraction pins thus 
should be placed anterior and posterior to the center of 
the articulation, i.e. in the olecranon and coronoid 
portions of the ulna. 

Center of Rotation of Knee Joint 

There is no one true center of rotation of the knee joint, 
because normal knee motion is combination of rotation 
and gliding though Hollister 5 has challanged this view. 
The concept of instant centers of rotation defines an arc 
through which the center of knee rotation passes. The 
instant center of motion slides backward to accommodate 




Figs 2A and B: Approximation of the center of rotation at the 
intersection of the posterior cortex of the fémoral shaft and the 
intercondylar notch. The frame should be centered about the 
axis of rotation of the knee joint. The centre of rotation is 
attachment of médial and latéral collateral ligaments on the 
respective fémoral condyles. Latéral collateral ligament is 
slightly posterior to the médial collateral ligament. Therefore, 
the axis of rotation slopes laterally and posteriorly from the 
médial side 

the backward glide of the fémoral condyles on the tibia 
during flexion. However, for flexion contracture 
correction, only the terminal portion from 65° to 0° must 
be recreated. For uniaxial hinge placement, it is possible 
to make an approximation of the center of rotation at 
the intersection of the posterior cortex of the fémoral shaft 
and the intercondylar notch. The frame should be 
centered about the axis of rotation of the knee joint (Figs 
2A and B). 

Indications for Arthrodiatasis 

1. Intra-articular fractures: Elbow, wrist, knee, hip, ankle 

2. Ligamentous injuries 

3. Dislocations 

4. Inflammatory conditions: Rheumatoid arthritis, 
Tuberculosis, Ankylosing spondylitis 

5. Avascular necrosis of hip 

6. Osteoarthrosis. 

Techniques of Elbow Hinge Distraction 

Elbow has exposed, stiff or old unreduced dislocation. 
Bhattachari has described this operation and has shown 
excellent resutls. At the end of Bhattachari operation of 
arthrolysis external fixator is applied, as described by 
Morrey. When the elbow is completely exposed, the 
essential landmarks of the distal humérus are identified. 
On the latéral aspect, a tubercle is présent at the site of 
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Figs 3A and B: (A) Latéral X-ray of right elbow showing fixed flexion deformity of more than 110°, and (B) Latéral 
view of the right elbow with Oganesyan external fixator in situ showing graduai correction of the deformity 



Figs 3C and D: Clinical photograph showing correction in progress. Patient is happy with treatment 


the origin of the latéral collateral ligament. This tubercle 
represents the géométrie center of curvature of the 
capitelum and is the point at which the humerai pin must 
enter or exist. If this anatomie feature has been ahered 
by pathology, then the center of curvature of the 
capitellum is identified as the axis of rotation. On the 
médial aspect, the axis of rotation lies just anterior and 
inferior to the médial épicondyle. Typically, the pin can 
be placed in this région or slightly anteriorly and 
proximally to this location. This represents a safe zone 
referable to the ulnar nerve. The ulnar nerve is always 
identified and protected at the time of insertion of the 
humerai pin. 


Smooth ulnar pins then are placed posterior as well 
as anterior to the center of the articulation in the régions 
of the olecranon and coronoid portions of the ulna, as 
noted previously. Both pins should be placed parallel to 
each other and parallel to the humerai flexion pin as 
viewed in both anterior-posterior and latéral planes. The 
distraction of the ulna is accomplished by advancing the 
distraction device. Typically, approximately 4 to 5 mm 
of distraction of the joint surface is desired. The joint is 
distracted 4 to 8 mm. Thus the external fixator supports 
the joint and provides an additional stability to the 
System. Within 2 to 3 days, the patient can start mobilizing 
them (Figs 3A to D). 
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Technique Aldeghere 

Distraction of the hip joint: Aldeghere he passed a guide 
wire into the center of the hip. The range of hip motion is 
assessed under general anesthésia. Significant limitation 
of joint motion under anesthésia nécessitâtes soft tissue 
release during surgery. Any further arthroplasty such as 
capsulorrhapy, bone contouring, or fixation of osteo- 
chondral fragments, is carried out at that time. 

Accurate alignment of the external fixator with its 
rotating axis in line with the hip-joint flexion extension 
arc is critical. With the hip held in 10 to 15° of abduction, 
the cortical type half-pins are placed in the pelvis, 
engaging the outer and inner tables. The proximal or 
pelvic fixation can be accomplished either axially with a 
straight clamp or transversely with a T-clamp attachment. 
The distal two cortical half-pins are placed in the fémoral 
diaphysis according to the template. The template is then 
removed and the actual fixator applied over the four half- 
pins. A third half pin can be added to one or both clamps 
to improve fixation. 

The fixator is left in place for as long as tolerated, 
usually between six and ten weeks. Removal of the fixator 
is usually precipitated by loosening of the pelvic half- 
pins. Partial weight bearing is allowed for limited periods 
each day to avoid prématuré loosening of the pins. The 
hip should be moved frequently. Continuous passive 
motion was not used in this sériés but may be valuable. 
He passed a guide wire into the center of the hip. Instead 
of orthofix we hâve used Ilizarov method using Italian 
arches. 

Aldeghere cautioned that, since pin tracks are a 
theoretical site of bacterial colonization and therefore, for 
potential contamination of the operative field of a 
subséquent replacement arthroplasty. 

Technique Herzenberg 

Before assembling the frame, a hamstring release may 
be performed. A four-level frame is preconstructed, 
consisting of two tibial rings and a distal fémoral ring 
plus a proximal fémoral arch. Hinges are placed to 
approximate the center of rotation of the knee joint. Begin 
by drilling a Steinmann pin under biplanar fluoroscopie 
control at the estimated center of rotation. This wire is 
eut so that 10 mm protrudes from either side of the skin. 
It must be parallel to the knee joint in the anteroposterior 
plane, as confirmed by fluoroscopy. This pin serves as a 
reference point for mounting the previously constructed 
frame. Fixation may include half-pins and wires. 
Transverse (coronal plane) smooth wires may function 
as fulcrum because they are 90° relative to the plane of 
correction. Threaded half pins may obviate the need for 
olive wires. Initial joint distraction of 5 to 10 mm is done 


to avoid crushing articular cartilage during the correction. 
The rule of similar triangles or least radius concentric 
circles is used to calculate the initial rate of deformity 
correction and adjusted to the patient's comfort level. 3 

Physiotherapy is facilitated by inserting a removable 
distractor, secured by wing nuts, to allow the patient to 
move the knee during correction. The patient loosens the 
wing nuts two to three times per day to perform passive 
range of motion exercises. The physiotherapy regimen 
should be individualized to each patient. In general the 
therapist should strive to passively range the knee 
through the tolerated arch for two hours per day, in 
divided treatments. Family members must also become 
involved in the therapy process, to continue the treatment 
at home and during weekends. Once the deformity has 
been overcorrected (into hyperextension), the frame is 
left on for an additional 4 to 6 weeks. When the frame is 
removed, patients are immediately casted in full 
extension for four weeks. On removal of the cast an 
extension orthrosis is provided and physiotherapy 
restarted to regain knee motion. 

Intra-articular Fractures 

Principles of treatment of intra-articular fractures are: 

1. Anatomical reconstruction of the articular surface 

2. Stable fixation of the fracture fragments to prevent 
adhesion formation and fibrosis, reduce pain and to 
increase mobility. After internai fixation for the intra- 
articular fractures, hinged external fixator is applied 
which gives additional stability to the fracture. 

In a severely comminuted intra-articular fracture, con¬ 
tact of the joint surfaces by mechanical and weight bear¬ 
ing forces causes pain and adhesion formation. The 
patient therefore avoids mobilization. Distraction by 
external fixator reduces pain and increases joint motion. 
In stiff joint, with distraction the fibrous tissue and intra- 
articular adhesions are stretched out. Distraction also 
elongates the soft tissue periarticular sleeve. 

Intra-articular Fractures of the Elbow 

After reconstruction of the intra-articular fracture of the 
elbow, e.g. fracture of the lower end of the humérus, 
olecranon fractures, montegia fracture dislocation. After 
reconstruction of these fractures, the joint is allowed to 
distract and mobiliged by hinged external fixator. The 
results are superior to without using the external fixator. 
External fixator is indicated only in severely comminuted 
C-III type fractures. The elbow then can be moved 
through an arc of motion without placing undue stress 
or force on the reconstructed articular fragments. Motion 
is allowed immediately (Figs 4A to E). 
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Figs 4A to D: (A) Four months old untreated postérolatéral dislocation of elbow. X-ray shows dislocation with myositis ossification, 
(B) After Bhattacharya surgery llizarov external fixator was applied, (C) Graduai réduction was achieved, and (D) Reduced 
elbow with free range of movements 



Fig. 4E. Clinical photograph 
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Ligamentous Injury 

The reconstructed collateral ligaments can be protected 
with the distraction device. Early motion is not allowed. 
Delayed motion is begun after about six weeks, leaving 
the distraction device in place upto 10 to 12 weeks if 
tolerated. 

Intra-articular Comminuted Fractures of 
the Distal Radius 

Intra-articular Colle's, Barton's and Smith's fractures are 
treated by distraction arthroplasty (arthrodiastasis) using 
an external fixator unilatéral or ring external fixator. 
Method is popularly known as ligamentotaxis which is 
another name for arthrodiatasis. When applying the 
fixator for a fracture of the distal radius 2 the first Schanz 
screw (3.5/4.5 mm) is inserted into the radius close to 
the fracture and the second (2.7/4.5 mm) proximally into 
the second metacarpal after making 5 mm incisions and 
exposing the bone so as to avoid damage to the muscles 
and tendons. The Schanz screws are inserted at an angle 
of 30° to the radial direction. The réduction is checked 
with the image intensifier, corrected and preliminary held 
with the tube and two single adjustable clamps. With two 
additional Schanz screws, one distally in the second 
metacarpal and one more proximally in the radius, a 
sufficiently stable assembly is achieved through only a 
single tube. If distraction alone does not resuit in a 
satisfactory réduction of the articular fragments, 
additional Kirschner wires must be used. Primary (or 
secondary) cancellous bone grafts are indicated in cases 
with marked cancellous defects or with severe 
metaphyseal comminution. When articular fragments are 
too displaced or impacted, secondary open réduction and 
internai fixation might be necessary. 


Acetabular Fractures 

Central dislocation of the fractures of the acetabulam can 
be very well treated by arthrodiatasis. Controlled traction 
can be applied and the fracture can be almost anato- 
mically reduced and kept distracted till healing occurs. 
Healing occurs usually within 10 to 12 weeks. During 
this period the patient can walk on crutches. 

Case history: This patient has central dislocation of the 
right hip. Internai fixation would hâve been a very major 
operation. This was treated by distraction with 
mobilization started on the 3rd day. Universal hinge was 
used to allow mobility in many directions. He had 
excellent results with full mobility of the hip (Figs 5A 
to E). 

Intra-articular Fractures of the Knee 

Case history: A case of severe intra-articular fracture of 
the lower end of fémur and upper end of tibia was treated 
by Ilizarov method and distraction of the joint. He got 
more than 90° of painless mobility. The fractures united 
(Figs 6A to D). 

Fractures of the Tibial Plateau 

We hâve treated 30 cases of fracture of the tibial plateau 
with Ilizarov method. A careful preoperative planning 
is done and lag screw position is determined. First the 
fracture is distracted on the fracture table and some 
manipulation anatomical réduction was done (Figs 7A 
to C). 

In most of the cases, the fracture could be reduced 
with traction alone. With a stab incision, two or three leg 
screws were inserted. Three ring assembly was applied. 
Olive wire was used to reduce a fragment if needed. 



Figs 5A to C: Central dislocation of hip in AP and oblique (A,B) views (C) Ilizarov external 
fixator was applied with universal hinge three 
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Figs 5D and E: Mobilization with distraction was done. Good réduction seen in AP and LAT views 



Figs 6A and B: (A) A case of high velocity injury with the smashed knee AP and latéral views showing comminuted T-Y fracture 
of the lower end of the fémur and intra-articular fracture of the tibia and fibula. AP view shows fairly normal articular congruency. 
Latéral view showing Haffas fracture, and (B) In such a fracture oblique views are mandatory showing exact step. So it is 
necessary to restore articular reconstruction 


Arthrodiatasis was indicated in 5 cases because of severity 
of comminution and the Ilizarov apparatus was extended 
to the lower end of the fémur for distraction of the knee. 
Over ail results were satisfactory. 

Case history: This patient had anterior dislocation of the 
hip. He came to us four months after injury and a lot of 
massage every day. There was just jog of movements. 


even open réduction would hâve been hazardous 
because fémoral artery, vein and nerves are entanged in 
a thick fibrous tissue. This was treated by graduai 
distraction by Ilizarov apparatus and head was brought 
into accetabulum. He has some movements of the 
hip. Regarding AVN the future will décidé (Figs 8A 
to D). 
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Figs 6C and D: (C) First, articular reconstruction has been achieved with mini internai fixation and llizarov 
fixator has been applied, and (D) X-ray after removal of the fixator showing union at the fracture site 



Figs 7 A to C: (A) This patient had polytrauma, with fracture of the shaft of the fémur, intracondylar fracture of the tibial plateau. 
Notice the médial subluxation of the knee (B and C)Two AO lag screws were inserted. They could not be placed parallel because 
of comminution. Comminuted fracture shaft fémur was treated with interlocking nail. Notice the fémoral extension of the llizarov 
apparatus to achieve the 10 mm of distraction. Ail fractures united with normal range of movement of the knee 


Pilon Fractures 

Pilon fractures can be very well treated by mini internai 
fixation and llizarov method. Two rings are applied to 
the tibia, half or 5/8 ring to the calcaneus, 1 wire passes 
through the talus and is attached to the post calcaneal 
ring via posts. The ankle joint is distracted 5 mm. This 
appears to be a perfect method for pilon fractures (Figs 
9A to C). 

We hâve done 10 cases of pilon fractures with this 
method. Six cases had satisfactory results, fair in two and 
poor in two. The poor results were due to infection. The 
ankle was fused in both cases. 


Hip Joints 

It is interesting to note that Roberto Aldeghere et al hâve 
treated 80 patients with articulated distraction of the hip 
with a variety of diseases of hip. The patients ranged from 
9 to 69 years of âge (mean 34 years). The primary 
diagnoses were avascular necrosis, osteoarthrosis, and 
chondrolysis. A standard dynamic axial fixatory with a 
single axis articulating unit was used to create a 5 mm 
joint space, the fixator allowed flexion and extension 
motion and remained in place for six to ten weeks. The 
follow-up period ranged from five to eight years. Assess- 
ment was performed by questionnaire, clinical, and 
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Figs 8A and B: (A) Old unreduced anterior and inferior dislocation of left hip, and (B) Immédiate 
postoperative X-ray with llizarov fixator in situ 



radiographie review. The results were poor in 24 patients 
who were either older than 45 years of âge or had a 
diagnosis of inflammatory arthropathy. Forty-two good 
results were found in the 59 patients younger than 
45 years with osteoarthrosis, hip dysplasia, avascular 
necrosis and chondrolysis. Only four patients older than 


45 years of âge had a good resuit. No serious compli¬ 
cations occurred. 

Tuberculosis of the Hip 

In the first and second stages of tuberculosis, when the 
head distraction is not much possible. Sandhu has treated 
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Figs 9A to C: (A) Severely comminuted pilon fracture of the right ankle in AP and LAT view, (B) Open réduction and internai 
fixation was done for fracture of the latéral malleolar. Ilizarov fixator was applied. Note the help of olive wire major fragment was 
reduced. One 4.5 mm achieves articular réduction, and (C) Fracture was united 


such cases by traction. On the same principle we hâve 
treated 3 cases of tuberculosis of the hip with arthro- 
diastasis with good results. 

Rheumatoid Arthritis 

We hâve treated two patients of rheumatoid arthritis with 
joint flexion contracture. One patient was satisfied with 
the resuit who had painless increase in the mobility but 
the other did not improve. We had to fuse the joint. 

Burn’s Contracture 

Arthritis due to burn contracture can be treated by joint 
distraction. One patient was treated with joint distraction 
with fairly good results. 

Flexion Contractures of the Knee 

Severe knee flexion contractures can be disabling due to 
decreased mobility and short limb. The etiology may be 
congénital, traumatic, inflammatory conditions such as 
rheumatoid arthritis, tuberculosis, chronic osteomyelitis, 
septic arthritis, poliomyelitis, burns contracture, etc. The 
conventional methods of treatment of contractures are, 
plaster cast, soft tissue release procedure ostéotomies. 
Results are satisfactory if the contracture is of mild degree. 
In moderate to severe cases, the results are not satisfactory 
with conventional methods. Supracondylar extension 


fémoral ostéotomies create a secondary deformity to 
correct the primary deformity. 

John Herzenberg 3 et al hâve published their results 
with mechanical distraction. Ten patients (14 knees) with 
severe knee flexion contractures were treated by graduai 
mechanical distraction using either the Ilizarov or 
orthofix external fixator. Range of motion improved from 
an average flexion contracture of 60° before surgery to 
16° at the follow-up évaluation. Range of motion results 
were graded good or excellent in five knees, fair in two 
knees and poor in three knees. Average, total arc of 
motion remained essentially unchanged when comparing 
the preoperative (59°) with the follow-up results (63°). 
However, the functional position of this arc improved 
significantly. Problems encountered included a 
"rebound" phenomena after frame removal, with loss of 
the temporarily increased total arc of motion. The rôle of 
hamstring tenotomy and radical posterior knee release 
remains unclear. 

POSTOPERATIVE CARE 

Active and passive motion is started on day second, CPM 
on day third, and apparatus is removed after 6 to 
12 weeks. Mobilization of hip joint is started next day. 
Patient is allowed to move on crutches without weight 
bearing to avoid prématuré loosening of the pins. The 
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fixator left in place for 6 to 10 weeks. It is removed, if 
there is loosening of the pins or if there is severe pain. 
Instead of unidirectional hinges, universal hinges may 
be used to allow mobility in many directions. 
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INTRODUCTION 

The entity Thromboangiitis Obliterans, was first 
described by Winiwarter in 1879 and called it 
endarteritis. 20 In 1908 Léo Buerger 2 published his 
observations on young men with severe ischémie changes 
in the extremities. These patients were addicted to 
cigarette smoking. And often had migratory superficial 
phlebitis. Buerger called the syndrome "Thromboangiitis 
Obliterans" (TAO) because the acute histologie features 
were characterized by thrombosis in both arteries and 
veins and were associated with a marked inflammatory 
response. The condition became more commonly known 
as "Buerger's disease." 2,16 

TAO typically occurs in patients in the âge group of 
20-40 years, who are heavy smokers. They started 
smoking at an early âge. Exacerbations with smoking and 
remissions following abstinence from tobacco are typical. 
The disease has been described in patients who chew 
tobacco as well as those who smoke it. TAO was thought 
to occur only in men, but several cases hâve been reported 
in women. 10,16 The disease has been reported infrequently 
in nonsmokers. 16,18 

TAO is common disease in Indians, Arabs and 
Chinese. 5 TAO is due to heavy smoking for a prolonged 
period. Usually the small arteries are affected, the 
thrombus may extend proximally to the larger vessels. 
Venous System is also being affected causing thrombosis 
and engorgement of veins. 

Ilizarov has shown that corticotomy and distraction 
of bony fragments tremendously increases the blood 
supply to the entire limb, by forming new growth of blood 
vessels, which he calls neoangiogenesis. The intensive 
formation of new blood vessels under the influence of 
tension stress takes place not only in bones but also in 
the soft tissues. 8 He was the first to use this method in 


the management of TAO by distraction osteogenesis. In 
treatment of TAO, bone widening stimulâtes considérable 
vascular hypertrophy in the regenerate without alterating 
limb length. 8 

The purpose of this paper is to assess the results of 
Ilizarov method of treatment of TAO. 

Material and Methods 

Thirty patients in the âge group of between 25 to 50 
(average 35) were treated by distraction osteogenesis. 
Nine patients had lumbar sympathectomy before 
admission to this hospital, without bénéficiai effect. Ail 
had history of heavy smoking for years together. 
Pulsation of the arteries, dorsal pedis, posterior tibial, 
popliteal and fémoral were checked. If the posterior tibial 
or dorsalis pedis artery is palpable, then it is not a case of 
TAO. Color doppler study was done in 7 cases. There 
were 2 cases above the âge of 45. Ail the patients had 
severe rest pain. Claudication distance was less than 30 
meters. Six patients had ulcer over the toes and 4 had 
frank gangrené of the toes. Popliteal artery was palpable 
in 14 patients. Venous engorgement and edema was 
found in 3 patients. Arteriography was done in two 
patients only. Arteriography shows block of medium 
sized arteries of the affected limb. Large vessels were 
normal. On examination the limbs were usually cold in 
ail patients. 


Symptoms 


Claudication 

30 patients 

Rest pain 

8 patients 

Foot ulcération 

6 patients 

Toe gangrené 

4 patients 

Frank foot gangrené 

1 patient 
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Technique 

Corticotomy was done mainly on the latéral surface of 
the tibia. The upper end of the corticotomy is 3 cm away 
from the tibial tuberosity. Ail incisions taken were 
tr ans ver se. 

Ail incisions are marked on the patient's leg with 
methelene blue. A longitudinal line is marked on the tibial 
crest, and a transverse line 3 cm long, 3 cm away from 
the tibial tuberosity. A longitudinal line is marked 1 cm 
away from the tibial crest on the médial surface of the 
tibia using a scale. Five transverse lines are marked 1 cm 
in length, 2 cm away from each other. A 3 cm transverse 
line is marked 12 cm away from the first incision (15 cm 
away from the tibial tuberosity). 

A transverse incision is made 3 cm long, 3 cm away 
from the tibial tuberocity in such a way that 1 cm on the 
médial side of crest, 2 cm on the latéral. Periosteum is 
incised transversely and elevated. A drill hole is made 
on the médial surface of the tibia 1 cm away from the 
crest. The drill bit is angled so that it enters the medullary 
canal and reaches the opposite cortex of the latéral surface 
of the tibia at a distance of 2 cm from the tibial crest, and 
a hole is made by the drill in the latéral cortex. A K-wire 
is inserted through the médial hole into the latéral hole. 
This will act as a guide for the second drill hole in the 
médial cortex. 

A second transverse incision 1 cm long is made 2 cm 
away from the first tr ans ver se incision on the médial side. 
A drill hole is made on the médial cortex 1 cm away from 
the tibial crest. The drill bit is angled so that it is parallel 
to the k-wire. The drill passes through the medullary 
canal and a drill hole is made in the latéral cortex. The k- 
wire is taken out from the first set of holes and inserted 
into the second set of holes. 

Similar incisions and drill holes are made in the third, 
fourth and fifth transverse incisions. 

Distally a 3 cm transverse incision is made 12 cm away 
from the first incision. Periosteum is separated and drill 
holes are made as in the first incision. 

In the first incision 3 more drill holes are made and 
connected by an osteotome to make a 3 cm transverse 
eut in the cortex, one cm on the médial cortex and 2 cm 
on the latéral cortex. Similarly a transverse eut in the 
cortex is made by making 3 drill holes in the distal most 
incision. 

A 5 mm osteotome is used to connect the drill holes. 
Its edge is inserted in the first drill hole on the médial 
side. The osteotome is angled towards the second hole. 
The cortex below the first drill hole is eut. The osteotome 
is now inserted in the second hole and angled towards 


the first hole and the cortical eut is completed between 
first and second drill holes. Similarly cortex is eut between 
second and third, third and fourth and fourth and fifth. 
Thus, a longitudinal eut is made on the médial cortex. 
The three sides of the rectangle are eut, except in the 
latéral wall. Two 5 mm ostéotomies are inserted in the 
médial cortical eut at equal distance, holding in two hands 
and turn simultaneously by 90°. This will crack the latéral 
cortex. And a rectangular piece of the cortex is created, 
as shown in Figures IA to K. 

Three olive wires are passed at equi-distance through 
the médial cortical eut into the rectangle. The wire is eut 
at the base of the olive. The distal wire is connected to 
the slotted threaded rod. 

Two ring construct is applied to the tibia and a long 
plate with holes is attached to the rings by twisted plates. 
The three slotted threaded rods are connected to this 
plate. The assembly is completed (Figs 2 and 3). 

Postoperative Care 

Distraction is started on the lOth day because the 
osteotomy is displaced 5 mm. Distraction is 1 mm per 
day for 20 days. 1 The apparatus is kept on for a period of 
8 to 10 weeks, depending on the quality of the regenerate. 
The patient can start full weight bearing from day one. 
There is no need for plaster cast after removal of the 
assembly. 

Results and Complications 

Of the 30 cases 25 patients were pain free and satisfied, 4 
needed amputation and 1 had partial relief of pain. The 
patient above the âge of 45 had no relief of pain. Ulcer 
healed. In two patients osteomyelitis of the fragment 
occurred. In one case, it was due to placing the wires in a 
wrong way so that the fragment was pulled anteriorly 
and caused gaping of the lower two incisions. This 
resulted in osteomyelitis of the fragment, which was 
removed. However, surprisingly the patient had relief 
of pain. 

Of the 30 cases treated by this procedure, 25 patients 
were pain free and satisfied. Four patients needed 
amputation, and one had only partial relief of pain. 


Results 


Relived of pain 

25 cases 

No relief at al 

1 case 

Amputation 

4 cases 

Total 

30 cases 
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Figs IA to K: (A and B) Methylene blue marking 1) tibial tuberosity 2) line on the tibial crest 3) proximal transverse 3 cm line 
4) line parallel to the illiac crest 1 cm away 6,7,8,9,10 - 1 cm line for incision for drill hole 11) 3 cm distal most line. Incision are 
taken on line 3, 6, 7, 8, 9 and 10 ( B5 ) and (C) A point for first drill hole 1 cm away from the illiac crest on the médial cortex. The 
drill bit is so angled that it makes a hole in the latéral cortex 2 cm away from the illiac crest (D) The drill bit is removed and K-wire 
is inserted in the first set of holes (E) A drill bit is inserted at the point of Crossing of the longitudinal line and line 6. Drill hole is so 
angled that it is parallel to the K-wire. A hole is created in the latéral cortex. The drill bit from the second hole is taken out and 
K-wire inserted in the second set of hole at number 6. Drill holes are made at point 7, 8,9,10 and 11.3 more drill holes are made 
in the proximal and distal 3 cm incisions. The holes are connected with osteotome. (F) An osteotome is inserted obliquely in the 
hole number 5 and 1 cm eut is made towards hole 6. Osteotome is inserted in hole 6 towards hole 5 and the osteotomy is 
completed. Similarly osteotomy is completed between the holes 6-7, 7-8, 8-9, 9-10, and 10-11. 3 sides of the rectangle are 
osteotomized. (G and H) Insert two 5 mm osteotomes in the longitudinal eut and turn 90°. The 4th side of the rectangle is 
cracked. 3 x 12 cm rectangular piece is eut. ( I to K ) 3 olive wires are passed through the longitudinal eut into the latéral cortex 
of the rectangular piece, at equi-distance. The distal end of the olive wire is connected to the slotted threaded rod, which is 
connected to the longitudinal plate of the llizarov frame. The frame consists of 2 rings 
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Figs 2A and B: (A) Gangrené of the 5th toe with ulcération in a case of TAO (B) The ulcer 
completely healed after distraction neoangiogenesis 



Figs 3A to C: (A) A rectangular eut is created with 3 olive wires. Note the wires are eut at the tip of the olive. (B) The rectangular 
piece has been distracted 20 mm, 1 mm per day. (C) Note the régénération after distraction osteogenesis. New bone has 
Consolidated. As the new bone is on the latéral site, it does not form an ugly bump 


DISCUSSION 

Incidence 

The exact incidence of Buerger's disease is not known in 
India but is not an uncommon disease. The clinical picture 
is so characteristic that one does not miss the diagnosis. 
DeBakey and Cohen did a statistical analysis of 936 World 


War II vétérans in whom the diagnosis of Buerger's 
disease was made during the years 1942 to 1948. 3,16 

In a recent rétrospective review of 100 patients with 
ischémie toe ulcérations, thromboangiitis obliterans 
proved to be the final diagnosis in 9%. 13,16 In another 
study of 700 patients with small arterial disease, 
thromboangiitis obliterans was final diagnosis in 3.7 %. 2,16 
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At présent TA O comprises less than 1 % of ail patient 
with peripheral vascular disease in US. In Israël and 
Eastern Europe, the corresponding incidence is 
approximately 5%, whereas in Japan it has been reported 
to be 16%. 16 

Clinical Features 

The clinical course of Buerger's disease is protracted and 
painful, but relatively benign. If a patient ceases smoking, 
prolonged remission usually occurs. 16 Most patients seem 
addicted to tobacco and continue to smoke despite ail 
advice. In this sériés ail patients were smoking heavily 
for a long period, most of them since adolescence. Most 
of them smoked bidies. Bidi is indigenously made from 
a leaf-tube containing raw tobacco. They hâve repeated 
attacks and may require multiple amputations, but life- 
endangering complications are infrequent. Long-term life 
expectancy is only slightly less than that of the general 
population, unlike patients with comparable degrees of 
peripheral ischemia due to arteriosclerosis. 12,15,16 There 
is occasional involvement of the mesenteric or 
cerebrovascular circulation. 16 

The patient, usually in the âge group of 20 to 40 
complains of claudications. After walking a certain 
distance, he has to stop walking. The pain is usually in 
the calf muscles. As the disease progresses, the 
claudications distance decreases, pain becomes more 
severe and ultimately there is excruciating pain even 
during rest, known as rest pain, which indicates severity 
of the disease. The limbs become cold and ulcération may 
develop at the tip of the toes. Finally gangrené may set in 
starting with a toe with severe pain in the legs. 

Originally, thromboangiitis obliterans was thought to 
occur only in men; but several cases in women hâve been 
reported in recent years, 10,16 perhaps coincidental with 
the increase in women smokers. 

The pain is so severe that the patient demands 
amputation. The wound after amputation often does not 
heal because of the lack of vascularity. This is especially 
true of amputation of gangrenous toe. The disease usually 
starts with one limb but both the lower limbs may be 
affected. If the patient continues to smoke, inspite of 
medical advice not to smoke, the disease may affect the 
upper limbs also, approximately 30% of patient with 
Buergers disease hâve involvement of upper 
extremities. 17 Small and medium sized arteries are 
usually involved the forearm, calf, or digital arteries may 
be occluded. The fémoral and brachial arteries are usually 
not involved. The absence of radial puise, a positive 
Allen's sign indicating ulnar artery occlusion, and 
superficial phlebitis may be the dues to the diagnosis. 


Many patients cannot abandon smoking. In one case 
admitted in this hospital ail the four limbs distal to knee 
and elbow were serially amputed because of continued 
smoking. 

Differential Diagnosis 

The diagnosis of TAO should be considered in any young 
smoker with peripheral ischemia, of lower limbs, 
particularly if the upper extremities are also involved or 
if there is a history of migratory superficial phlebitis. The 
ischémie areas are usually sharply demarked. Small 
vessel occlusions are characteristic of TAO but atypical 
for arteriosclerosis. Lupus erythematosus is to be 
excluded by sérologie test. 

Arteriography may be done, which may show block 
of medium sized arteries of the affected limb. Large 
vessels were normal. The irregular plaques characteristic 
of arteriosclerosis are conspicuously absent. Collateral 
circulation in chronic cases is unusually well developed 
and is often described as Tree roots' or 'spider legs' 
appearance. 

Ail the common causes of atraumatic gangrené of the 
foot should be ruled out. Diabetic gangrené is common. 
The second common cause is athrosclerotic blockage of 
vessels. The patients are above the âge of 50. Syphilitic 
arthritis is now very rare. Intermittent vascular 
claudication should be differentiated from neurological 
claudication. The important distinguishing point is, in 
neurologie claudication, the patient has to sit down to 
relieve claudication pain where as in vascular 
claudication standing alone may relieve pain. The 
neurological claudication is usually spinal origin with 
backpain radiating to lower limbs, and usually associated 
with neurodeficit, such as sensory and motor changes 
and loss of reflexes (Table 1). X-rays and magnetic 
résonance imaging confirms neurogenic claudication. 


TABLE 1 : Vascular and neurologie claudication 




Vascular 

Claudication 

Neurologie 

Claudication 

1 . 

Pain relief 

Patient stops 
walking 

Pain relieved after 
standing 

Patient has to sit 
down 

2. 

Associated 

Ulcération or 

motor or 


symptoms 

gangrené 

sensory déficit 

3. 

Reflexes 

Normal 

May be absent 

4. 

Spine 

Normal 

Usually stiff and 
radiological changes 

5. 

Pulsation in 
the foot 

Absent 

Présent 
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Etiopathology 

Thrombosis of the medium sized and small sized arteries 
occurs with dense aggregates of polymorphonuclear 
leukocytes within thrombus eventhough there is 
associated panvasculitis, elastic lamina remains intact. 16,19 
There is no necrosis of arterial wall. 3 Digital vessels are 
frequently involved. 4,6 

The thrombosis sometimes organized with recanaliza- 
tion of the lumen. 16 

How the smoking exactly affects the vessels is not 
known. The small arteries and medium size arteries are 
affected by thrombus. The vessels get blocked and the 
limb présents with ischémie changes. When the patient 
starts walking, there is more demand for blood by the 
muscles. The muscles become relatively ischémie and 
there is a cry (pain) of muscles for blood. 

Etiology 

Although smoking has been a constant finding in these 
patients, spécifie cause for thrombosis is not known. The 
patient usually corne from lower socioeconomic groups 
and often hâve poor hygiene. The exact cause of 
thromboangitis obliterans is not known. An autoimmune 
etiology of the disease has been postulated, based on the 
finding of both antibodies and lymphocyte-mediated 
sensitivity to collagen in thromboangitis obliterans. 4 

Treatment 

The most important treatment is the patient should be 
impressed on stopping smoking. We tell the patient, "if 
you want limb you hâve to stop smoking, if you want 
smoking you hâve to sacrifice your limb". Attempts to 
increase the vascularity of the limb hâve been tried by 
various methods. Lumbar sympathectomy gives very 
unpredictable results. Most of the times it fails. 

Arterial reconstruction is usually impossible because 
of the distal nature of the disease, but it should be 
considered in segmentai proximal occlusions. 

Microvascular transplantation of free omental grafts 
to areas not amenable to arterial reconstruction has been 
successfully employed. 14,16 as hâve pedicled omental 
graft. 7,11 When gangrené occurs, amputation at the lowest 
possible level is indicated. In this disease, unlike 
arteriosclerosis, it is often possible to do digital 
amputations with satisfactory healing. Ilizarov method 
is very useful in treatment of TAO. Corticotomy of the 
tibia is done and distraction is carried out and due to 
neohistogensis there is increase collateral circulation of 
the limb. Prof. Ilizarov uses médial cortex but there are 
problems with médial cortex. Médial cortex has no 
muscular attachment, therefore, has less blood supply 


therefore, chances of infection and poor quality of re- 
generate are more. Distraction of medical cortex créâtes 
an ugly bump. Ail incisions are made tr ans verse. 

This is important because with latéral distraction of 
the fragment of the tibia, the wound closes. If longitudinal 
incision is taken, every incision will create a diamond- 
shaped gaping of the wounds. This leads to infection and 
the fragment may become a sequestrum. 

Omento Plasty 

Omento plasty has been tried with some success. 
Microvascular transplantation of free omento graft to 
areas not amenable to arterial construction has been 
successfully employed, 14 as hâve pedicle omento grafts. 
However, Ilizarov method has given satisfactory results 
in more than 80% of the cases. 

Conclusion 

It is concluded that Ilizarov procedure is useful for 
patients of thromboangiitis obliterans below the âge of 
45, it is not useful for patients with diabètes and patient 
with atherosclerosis. Younger patients aged 25 to 35 hâve 
a better prognosis. 

Corticotomy and Periosteum Elévation 

Kelkar BR 9 has developed knawel method. He has not 
use distraction induce neuro angiogenesis by the tension 
stress principles of Ilizarov. Instead he uses neova- 
scularity created as a part of the inflammatory response 
to the corticotomy and periosteal élévation. Local 
inflammation augments tissue oxygénation by increasing 
the local blood circulation through artérioles, capillaries, 
and venules. 

In 51 patients there was complété relief from pain at 
rest and indefinite postponement of amputation. 
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Arthroscopy 
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203.1 Introduction 

D. Pardiwala 


Professor Kenji Takagi (1888-1963) of Tokyo University 
was the first to successfully apply the principles of 
endoscopy to a knee joint when, in 1918, he viewed the 
interior of a cadaver knee using a cystoscope. The stimulus 
for his work was the hope that he would be able to detect 
tuberculous arthritis early and provide more appropria te 
and successful treatment so as to avoid the disastrous end 
resuit of a post tuberculous ankylosed knee. The évolution 
of the technique was slow at first, but steadily progressed 
over the space of a few years. Following World War II, 
Dr Masaki Watanabe (1921-1994), a student of Professor 
Takagi, continued his work and developed an arthroscope 
with a lens having an angle of vision of 102° and a depth 
of focus from 0.5 mm to infinity. Illumination was provided 
by an incandescent light bulb at the end of the scope which 
was offset and protruded slightly beyond the lens. It 
provided excellent illumination, but, frequently caught on 
synovial folds within the joint, and bent away from the 
lens or sometimes broke off. "Cold light" or fiber light was 
the next major advance. Smaller diameter scopes, which 
measured 2 mm in diameter and consisted of a single fiber 
of glass, soon followed. 

Simultaneous with the development of arthroscopy in 
the East, the Swiss surgeon, Dr Eugen Bircher (1882-1956) 
introduced the Jacobaeus laparoscope into a knee in 1921 
and called the technique "arthro-endoscopy". He used 
carbon monoxide gas to distend the joint and wrote about 
post-traumatic arthritis and the accurate diagnosis of 


meniscal pathology. Interestingly enough, Bircher gave 
up arthroscopy in 1930 because he was unable to see parts 
of the knee, and developed arthrography of the knee. 
When one considers that the endoscope Bircher was using 
a 90°-angled arthroscope, with the optics situated on the 
side of the arthroscope more than one centimeter from the 
tip, it is easy to understand that Bircher must hâve had 
considérable difficulties in visualizing ail parts of the knee 
joint. 

In 1930, Dr Michael Burman (1901-1975) of the Hospital 
for Joint Diseases in New York spent a fellowship year in 
Berlin studying endoscopie techniques. He returned to the 
United States and, with a 4-mm diameter arthroscope, 
examined every joint of the body using cadavers. 

Interest in the technique rapidly spread and in 1974, 
the International Arthroscopy Association (IAA) was 
founded in Philadelphia. Professor Watanabe was elected 
the first chairman. The prime purpose of the IAA was to 
educate orthopédie surgeons in the value of the technique 
and to spread awareness of arthroscopy to ail parts of the 
world. A tremendous boom in arthroscopic teaching 
occurred over the next 10 years as more and more people 
became increasingly aware of the potential of this 
technique. 

Although Dr Watanabe had performed the first 
arthroscopic meniscectomy in 1962, the early operative 
procedures done under arthroscopic control were 
somewhat limited by the equipment available at that time. 
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Biopsies, removal of loose bodies, and trimming of menisci 
were ail that was possible with the early equipment. 
However, as spécial instruments were designed and 
developed, the therapeutic applications became more 
apparent. In the last 30 years there has been enormous 
development of operative arthroscopy and with the 
increasing ability to perform definitive surgical procedures 
on pathology identified at arthroscopy, the interest and 
awareness in the technique rapidly spread throughout 
the world. 

With the growing number of enthusiastic arthro- 
scopists, along with better optics, instrumentation, and 
documentation, the basic techniques developed for knee 
surgery hâve been applied to every major joint in the body. 
Increasing numbers of techniques and surgical procedures 
are being performed and perfected under arthroscopic 
control. This révolution in joint surgery, which began in 
1919, has already reached the stage at which arthroscopy 


203.2 Diagnostic 


INTRODUCTION 

The arthroscope has emerged as a useful tool in the 
diagnosis and management of intra-articular pathology 
of the knee. A thorough knowledge of the superficial and 
deep anatomy of the knee joint, arthroscopic instrumenta¬ 
tion and theater set-up are of fundamental importance 
before embarking on arthroscopic surgery. Though post- 
operative sepsis is uncommon with this technique, 
arthroscopy demands the same amount of preoperative 
préparation and theater asepsis as any open orthopédie 
surgical procedure. 

PATIENT POSITIONING FOR 
ARTHROSCOPIC SURGERY 

1. The straight leg position: The patient is placed supine 
on the table. The surgeon sits by the side of the table. A 
side post may be mounted against the upper latéral 
thigh. This position is convenient for the surgeon and 
permits valgus-varus stresses to be applied with ease. 

2. Theflexed knee position: The surgeon stands at the foot 
end of the table and the knee is flexed 90° and 
suspended over the distal end of the table. A leg holder 
may be required to stabilize the knee joint. 


must be considered one of the greatest contributions in 
orthopédie surgery in the last century. 



Fig. 1: The beginnings of arthroscopy 


Knee Arthroscopy 

P Sripathi Rao, Kiran KV Acharya 

PORTALS 

Since the anterior aspect of the knee joint is relatively free 
of neurovascular structures, standard portais for knee 
arthroscopy are established at antérolatéral and antero 
médial sites. Most arthroscopic work is possible through 
these standard portais. Accessory portais may be created 
for better visualization, access or joint distention. It is 
advisable to mark the borders of the patella, quadriceps 
tendon, patellar tendon, fémoral and tibial condylar 
margins and the joint line before making the first portai 
(Fig. 1). Precisely placed portais are the key to successful 
arthroscopy, as they define adéquate access and 
satisfactory viewing. 

Standard Portais 

1. The antérolatéral portai (arthroscope or viewing portai) 
is created adjacent to the patellar tendon at the level of 
the inferior pôle of the patella. A thumb placed over the 
tibial articular surface prevents iatrogénie trauma to 
the latéral meniscus (Fig. 2). The portai is made with a 
number 11 knife blade with the sharp edge directed 
superiorly. This portai enables visualization of almost 
the entire joint except the anterior horn of the latéral 
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Fig. 1 : Surface marking of the knee joint, with portais 
(For color version see Plate 28) 



Fig. 2: The antérolatéral portai being made with the thumb to 
protect against accidentai meniscal injury 



meniscus. If this portai is too high, the movement of the 
scope is hindered by the latéral fémoral condyle. 
Visualization becomes difficult if this portai is made 
too médial, due to the presence of the fat pad. 

2. The anteromedial portai (instrument or operating 
portai) is positioned adjacent to the patellar tendon on 
the médial side. Since this portai is designed for access 
to intra-articular lésions, a spinal needle is placed 
intra-articularly to confirm the accuracy of portai 
placement (Figs 3A and B). This portai is also used to 
view the posterior horn of the latéral meniscus when 
the operating instrument is placed in the antérolatéral 
portai. 

Accessory Portais 

1. The superolateral and supero médial portais are placed 
2 to 2.5 cm above the latéral or médial border of the 
patella and serve as additional channels for joint 
distention (Fig. 1). The superolateral portai, made latéral 
to the edge of the quadriceps tendon, is more often used 
and safer than the superomedial portai. It permits better 
visualization of the patello-femoral articulation and 
infrapatellar fat pad. This portai is useful during 
synovectomy, excision of pathological médial plica and 
removal of loose bodies from the latéral gutter. The 
superomedial portai can inhibit quadriceps function 
as it violâtes the vastus medialis. 

2. The posteromedial portai is about 1 cm above the 
posteromedial joint line and 1 cm posterior to the 
posteromedial margin of the médial fémoral condyle. 
The portai is best placed while viewing the posterior 



Figs 3A and B: Passing a needle prior to making the anteromedial portai 
(Fig. 3B for color version see Plate 28) 
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compartment through the antérolatéral portai with the 
knee in 90° of flexion. A spinal needle confirms the 
accuracy of portai placement. The saphenous nerve is 
at risk while making this portai. The posteromedial 
portai is of use during PCL reconstruction, syno- 
vectomy and removal of loose bodies and lost meniscal 
fragments. 

3. The postérolatéral portai is created in similar fashion 
to the posteromedial portai after transillumination with 
the arthroscope. Rarely used, this portai is situated at 
the intersection of the extension of the posterior margin 
of the fémur with the extension of the posterior margin 
of the fibula. Typically this is approximately 2 cm 
superior to the postérolatéral joint line at the posterior 
edge of the iliotibialband and the anterior edge of biceps 
femoris tendon. 

4. The central or transpatellar tendon portai is made with 
a no 11 knife blade held parallel to the tendon fibers at 
the proximal part of the tendon. Although this portai 
can be used for routine viewing and sugery, it is less 
popular as it can cause tendon scarring. 

5. The mid-patellar portai was described by Patel to 
provide access to anterior, latéral and médial structures 
as well as the popliteus tunnel. Located on either side 
at the level of the widest portion of the patella, these 
portais are designed for a bird's eyeview of the joint. 
However, the posterior cruciate ligament and the 
posterior meniscal horns are difficult to view through 
these portais. 

TRIANGULATION 

Triangulation is the technique by which an intra-articular 
structure is reached with an instrument while viewing 
through the scope. The instrument, the scope and the 
surgeon constitute the three sides of the triangle. The 
technique demands long hours of practice and immense 
patience. The probe is the first instrument used during 
triangulation. Mastery over triangulation techniques is 
time consuming because of the following reasons. 

a. The 30° standard arthroscope deviates the field of 
vision. Hence, the instrument is to be brought within 
the field of vision and not to the tip of the scope during 
triangulation. 

b. Magnification and lack of three-dimensional imaging 
call for accurate depth perception by the surgeon. 

c. A high degree of hand-eye coordination, mastery over 
psychomotor skills and ambidexterity are required. 

A zéro degree scope may be used during the early part 

of the training. Triangulation is easier when the scope is 
held away from the intra-articular structure, thus reducing 
the magnification. 


ARTHROSCOPIC ANATOMY AND 
DIAGNOSTIC VIEWING 

It is mandatory for an arthroscopist to systematically view 
the entire joint before embarking on operative work on an 
identified lésion. Such systematic viewing reduces the 
incidence of missing lésions. 

The conical or blunt obturator is locked into the 
arthroscope sleeve and the assembly is carefully 
introduced into the joint in the direction of the 
intercondylar notch, with the knee in flexion (Fig. 4). After 
piercing the capsule, the sleeve is directed towards the 
suprapatellar pouch while simultaneously extending the 
knee (Fig. 5). The obturator is then exchanged for the 
arthroscope and the joint is distended with irrigation fluid 
(Fig. 6). 

Systematic Viewing of the Knee Joint 

a. Suprapatellar pouch: The floor, roof (quadriceps tendon), 
médial and latéral walls of the suprapatellar pouch 



Fig. 4: Introduction of arthroscope sleeve and conical obturator 
with knee in flexion 



Fig. 5: Arthroscope sleeve being directed towards the 
suprapatellar pouch, with simultaneous knee extension 
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Fig. 6: Arthroscope inserted with distention tube, light cable 
and caméra attachment 



Fig. 7: Suprapatellar pouch (For color version see Plate 28) 


and the synovial membrane are inspected. The superior 
patellar plica is a synovial fold that can conceal loose 
bodies. Rarely, this plica stretches across in the form of 
a membrane (Fig. 7). 

b. Patellofemoral articulation: The patellofemoral 
articulation can be seen by withdrawing the scope. 
The status of the articular cartilage on the patella and 
the trochlear notch of the fémur is noted. Patellofemoral 
tracking during movements of the knee can be 
ascertained through this portai as well as the latéral 
suprapatellar portai (Figs 8 A and B). 

c. The médial gutter: The arthroscope is moved over the 
médial fémoral condyle to the médial gutter. This is the 
space between the médial fémoral condyle and the 
médial capsule which can house loose bodies. The 
médial plica is a redundant synovial fold often seen in 
the médial gutter, stretching from the médial capsule 
to the infrapatellar fat pad. When fibrosed and 
contracted, the médial plica canbecome symptomatic. 

d. The médial tibiofemoral compartment: This compartment 
is entered by moving the scope over the edge of the 
médial fémoral condyle and past the menisco-synovial 
junction. The entire médial meniscus can be viewed by 
moving and rotating the scope. Visualization of the 
posterior third of the meniscus is facilitated by 
application of valgus stress with the knee in near 
extension. The status of the articular cartilage over the 
médial fémoral and tibial condyles is also checked 
(Fig. 9). 

e. The intercondylar notch: The anterior cruciate ligament 
is followed from its tibial attachment to the fémoral 
attachment on the médial wall of the latéral fémoral 
condyle. This attachment is towards the posterior 



Figs 8A and B: The patellofemoral joint with chondromalacia of the patella (For color version see Plate 29) 
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Fig. 9: The médial tibiofemoral compartment showing the middle 

third of the médial meniscus (For color version see Plate 29) 

aspect of the condyle (Fig. 10). The fémoral attachment 
of the posterior cruciate ligament can be seen by 
withdrawing the scope in the intercondylar notch. 
Visualization of the cruciate ligaments may be 
hindered by the presence of the inferior plica, a synovial 
fold in the anterior part of the notch. 

f. The latéral tibiofemoral compartment: Entry to this 
compartment is made easy by keeping the arthroscope 
steady in the triangle formed by the anterior cruciate 
ligament, the anterior horn of the latéral meniscus and 
the latéral fémoral condyle as the knee joint is taken to 
a figure of four position. The latéral meniscus, tendon 
of the popliteus and the articular cartilage are 
visualized in this compartment (Fig. 11). Since the 
latéral meniscus lacks capsular attachment at the 
popliteus hiatus, it is more mobile than the médial 
meniscus. 

g. The latéral gutter: This is the space between the latéral 
condyle of the fémur and the latéral capsule. It can be 
entered from the latéral compartment or from the 
suprapatellar pouch. The popliteus hiatus can be seen 
in the latéral gutter (Fig. 12). Loose bodies are often 
encountered here. 

h. The posteromedial compartment: The posteromedial 
compartment can be entered by passing the scope deep 
between the anterior cruciate ligament and the médial 
fémoral condyle with the knee in 90 degree flexion. 
Posterior horn tears of the médial meniscus at the 
meniscosynovial junction can be visualized through 
this maneuver. Visualization of the posterior cruciate 
ligament, synovectomy and removal of loose bodies 
are also possible. Entering the posteromedial 



Fig. 10: Intercondylar notch with anterior cruciate ligament 
(For color version see Plate 29) 



Fig. 11 : Latéral tibiofemoral compartment with popliteus tendon 
at 10 o’clock position (For color version see Plate 29) 


compartment may not be possible in the presence of 
osteophytes. 


Probing of the Joint 

The probe is an essential instrument for diagnostic 
arthroscopy. The technique of triangulation is best 
practiced with this instrument. The probe can be used to 
diagnose the type and extent of meniscal tears, tension the 
cruciate ligaments and palpate articular hyaline cartilage. 
Graduated probes are helpful in measuring articular 
cartilage defects (Figs 13 to 15). 
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Fig. 12: The popliteus hiatus as seen in the latéral gutter with pjg, 14 ; Tq probe and displace the bucket handle tear of the 
the popliteus tendon at 12 oclock position. The probe being médial meniscus (For color version see Plate 30) 

used (For color version see Plate 29) 




Fig. 13: To tension the anterior cruciate ligament 
(For color version see Plate 30) 


Fig. 15: To maneuver an intra-articular loose body 
(For color version see Plate 30) 
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203.3 Loose Bodies in the Knee Joint 

Sanjay Garude 


Loose bodies in the knee are usually a resuit of trauma to 
the knee. However, occasionally, they may be a resuit of a 
synovial pathology. The symptoms due to these can vary 
widely and often mimic other pathologies. 

ETIOLOGY 

1. Post-traumatic: Trauma accounts for the vast majority 
of cases of loose bodies in the knee. Patellar articular 
surface is amongst the commonest areas from where 
the loose body originates. These are often produced as 
a resuit of a shearing force on the patella as a part of an 
épisode of subluxation or dislocation of the patello 
fémoral joint. Occasionally an injury to an osteoarthritic 
knee can cause a fracture of an osteophyte and the 
subséquent production of a loose body. More often than 
not, traumatic loose bodies are either singular or few 
in numbers. 

2. Osteochondritis dissecans: In the condition called as 
osteochondritis dissecans (OCD) there is an 
osteocartilaginous sector of the joint, which undergoes 
an avascular necrosis and may occasionally lead to 
the séparation of this piece. This thus produces a loose 
body. Classically such an area of affection occurs on 
the médial fémoral condyle (Figs 1 and 2). 

3. Synovial pathology: Synovial pathologies such as 
synovial chondromatosis or rheumatoid arthritis can 
produce multiple loose bodies (Fig. 3). Often these are 
cartilaginous in nature and might not be easily 
visualized on conventional imaging. The clinical 
présentations in these cases are more so of chronic 
synovitis as opposed to that generally associated with 
loose bodies such as locking. 

4. Iatrogénie: Iatrogénie loose bodies though uncommon 
are not unknown. Arthroscopic instruments such as 
punches and probes are délicate. Forceful handling of 
equipment might cause them to break within the joint 
producing a loose body. A meniscal fragment, post¬ 
partial menisectomy, can slip out of the grip of the 
grasper and float away within the joint. The flow 
currents produced by the inflow fluid used during 
arthroscopy can sometimes cause these relatively light 
pièces to get rapidly carried away from the field of an 
arthroscopists vision producing many a frustrating 
moments for the surgeon. 


CLINICAL PRESENTATION 

1. Locking: Locking is one of the most dramatic 
présentations of a loose body. The patient suddenly, 
and rather painfully, expériences a block to movement, 
usually knee extension. This locking might résolve 
spontaneously if the loose body is small and displaces 
itself from the intercondylar notch area. 

2. Instability or giving way sensation: In some cases, the 
loose body might momentarily get trapped within the 
médial or the latéral compartment of the knee and 
spontaneously move away to the gutter area. This might 
be interpreted by the patient as a giving way sensation. 
On a casual elicitation of the history, the examiner may 
get fooled into thinking of ligamentous problems 
causing instability as opposed to a loose body. 

3. Pain: Pain, though not a very spécifie symptom of a 
loose body, might arise as a resuit of the defect in the 
cartilage from where the loose body was produced in 
the first place. These osteochondral defects, especially 
when présent on the weight bearing areas, might 
predominantly présent as pain, and locking or giving 
way might be rare. 

4. Peeling of "something moving within the joint": One of 
the most classical symptoms is that of "something 
moving within the joint". In fact, often the patient might 
actually be able to pin point the location of the loose 
body as it floats within the joint. It is for this reason 
that loose bodies are sometimes called as "joint mice". 

INVESTIGATIONS 

Plain radiographs of the knee are the most important. Bony 
loose bodies are best seen on plain X-rays (Fig. 4). 
Occasionally in addition to standard AP and latéral views, 
other views such as the notch view or the skyline views 
might need to be done. 

It is important to note the following on a plain X-ray - 
number of loose bodies, their location within the knee joint, 
the site of origin of that loose body, if possible. It is 
important not to confuse the sesamoid bone "fabella" 
which is often présent in the latéral head of the gastro- 
cnemius as a loose body. 

Occasionally an avulsion of the tibial spine, which in 
itself represents an avulsion of the ACL, might be 
mistakenly thought to be a loose body. A high degree of 
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Fig. 1: Osteochondritis dissecans affecting médial 
fémoral condyle 



Fig. 2: Osteochondritis dissecans as seen on MRI 
(patient same as Fig. 1) 



Fig. 3: Multiple loose bodies of synovial chondromatosis 
(For color version see Plate 30) 



Fig. 4: Loose bodies seen in the knee joint 


suspicion in diagnosing this bony avulsion of the cruciates 
is necessary in reaching a correct diagnosis (Fig. 5,6). 

Additional investigations such as a MRI might be 
indicated in cases where clinical suspicion is suggestive 
of cartilaginous loose bodies or in some cases of suspected 
tibial spine avulsion (Fig. 7). MRI might also be indicated 
in those instances where the osteochondral defect from 
where the loose body has arisen seems to be significant 
enough to merit treatment in itself (Fig. 8). 

APPROACH TO A PATIENT 

There are two important aspects to approaching a patient 
with loose bodies in the knee; 

1. Excision of the loose body itself and 

2. Treatment of the site of origin of the loose body. 

It is important to ascertain if the patient who has loose 
bodies seen on X-rays actually has symptoms correlating 
to them. It is not uncommon to see severely osteoarthritic 
knees, often with multiple loose bodies in them, who hâve 
symptoms essentially from the OA as opposed to the loose 
bodies. In these situations, it might be futile embarking 
upon surgical removal of those loose bodies as the basic 
pathology remains untreated. 

Proper planning is needed as regards the number of 
loose bodies and their placement within the knee joint. 

A loose body, which might hâve been présent in the 
anterior compartment in an old X-ray, might hâve migrated 
to the posterior compartment by the time the patient 
actually décidés to undergo the surgery. If a new film is 
unavailable, the surgeon might end up spending a lot of 
time searching for the loose body in the wrong place. Hence, 
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Fig. 5: Bony avulsion of anterior cruciate ligament Fig. 8: MRI showing osteoechondral defect that merits 

treatment 




Fig. 6: Tibial avulsion of ALL 


it is important to hâve as recent an X-ray as is possible 
before embarking upon surgery. 

It is also helpful to hâve image intensifier facilities 
intraoperatively in case a surgeon finds it difficult to 
localize a loose body at the time of surgery. 

If a large loose body is seen (Fig. 9), then it also does 
mean that a large osteochondral defect is likely to be 
encountered and means to tackle this defect, such as 
mosaicplasty (Figs 10 and 11), might hâve to hâve been 
thought about and the instruments required for the same 
need to be kept ready. 

In cases such as synovial chondromatosis, where in 
addition to removing the multiple loose bodies, a thorough 
synovectomy might be required. The surgeon needs to 
possess both the skills as well as the motorized equipment 
(arthroscopic shaver) to be able to perform the same. 



Fig. 7: MRI delineates the ligamentous attachment of Fig. 9: Large osteochondral fragments need to be treated 

avulsed osteochondral fragments with mosaicplasty 
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Fig. 10: Osteochondral defect needing mosaicplasty 
(For color version see Plate 30) 



Fig. 11: A large osteochondral fragment demanding 
mosaicplasty (For color version see Plate 30) 


If multiple loose bodies are présent, then it makes sense 
to try and remove the smaller ones first during the 
arthroscopy. A bigger loose body would require a larger 
portai for its removal. Larger portais tend to leak fluid 
during surgery and hence should be made as late as is 
possible in the surgery. 

The use of commercially available portai plugs can 
also help in reducing fluid extravasation from these 
portais. 

SURGICAL TREATMENT 

Arthroscopy is the most accepted means of tackling a case 
of loose bodies. Not only does it permit easy removal of 
loose bodies, but it also allows a detailed évaluation of the 



Fig. 12: Loose bodies tend to settle in médial and latéral 
gutters (For color version see Plate 31) 


anterior as well as the posterior compartments of the knee 
joint with minimum morbidity. 

A variety of Arthroscopic graspers should be available 
for gasping loose bodies of various size, consistency and 
shape. Cupped, serrated and low profiles are the various 
tips available for grasping round, slippery or thin fiat loose 
bodies respectively. Having a ratcheted handle also allows 
the surgeon better freedom in maneuvering the loose body 
once engaged in the grasper. 

It is important to perform a detailed arthroscopic 
évaluation of the entire joint in every case of loose body 
removal. The common places for the loose bodies to settle 
down are in the médial and the latéral gutters (Fig. 12). 
Occasionally they might be hidden behind synovial folds 
and hence it is important to visualize as well as probe ail 
corners of the knee. 

In the case of "light" loose bodies, it might be necessary 
to switch off inflow before attempting to grasp the loose 
body as it might otherwise float away due to inflow fluid 
currents. 

• Occasionally one might hâve to resort to making 
accessory portais in addition to the standard 
antérolatéral and the anteromedial portais. These 
portais could be suprapatellar, posteromedial or 
postérolatéral. While it is not difficult to make these 
portais, some prior expérience is highly désirable as 
these spaces are tight and free mobility of the 
arthroscope might not be possible. 

The posteromedial compartment can alternatively be 
visualized by performing a modified Giquist maneuver. 
The arthroscope is passed between the PCL and the médial 
fémoral condyle with the knee in 90° of flexion. To 
prevent damage to the arthroscope, the telescope is 
replaced by the blunt obturator and gently coaxed into the 
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posteromedial compartment. Once the obturator is replaced 
by the arthroscope. Use of a 70° arthroscope as opposed to 
a standard 30° arthroscope can also enable a wider area to 
be examined. 

SUMMARY 

• Commonest etiology is posttraumatic 

• High degree of suspicion with detailed history needed 
for diagnosis 


• Localization of position just prior to surgery is 
important 

• A thought needs to be given regarding the need for the 
treatment of the site of origin before embarking upon 
surgery 

• Ability to make multiple accessory portais, should the 
need arise, is a must 

• A variety of graspers and motorized shaver Systems 
are necessary during the arthroscopy. 


203.4 Arthroscopy in Osteoarthritis of the Knee 

J Maheshwari 


The rôle of arthroscopy in the osteoarthritic (OA) knee is 
controversial. A large number of studies hâve been 
published indicating benefits, and a equally large number 
of studies indicate otherwise. This is ail because of non- 
uniform study designs. The truth lies somewhere in 
between, and patient sélection is the most important factor 
in success of this procedure. The minimally invasive nature 
of this operation makes it a natural choice for the patient. 

WHICH PATIENT WILL BENEFIT? 

In general, by the time a patient with OA knee considers 
surgery as an option, his disease is too advanced. 
Nevertheless, there are indications for arthroscopy in OA 
knee, and useful benefit can be obtained by the procedure. 
Before a patient of knee OA is considered for arthroscopy, 
one must ask oneself which of the following benefit is the 
patient going to get. 

1. Arthroscopy will cure his symptoms: This may happen 
where locking due to a loose body is the main 
complaint. Here, mere removal of the loose body can be 
very gratifying. Similarly, mechanical symptoms due 
to meniscus tear in a 'well-preserved' knee may be a 
useful operation. 

2. Arthroscopy will bring relief in symptoms: This is the most 
common situation. For example, a patient with OA knee 
with pain as the main presenting symptom may hâve 
a couple of loose bodies visible on the X-ray. In such a 
case, removal of loose bodies may not give relief in 
pain. On the other hand, a similar patient with synovitis 
and mechanical symptoms as the main complaint will 
benefit from arthroscopic surgery. In general, patients 
with normal limb alignment and well-preserved joint 


space on a standing X-ray, would do well. Patients 
with valgus knee alignment uniformly do badly. 

3. Diagnostic arthroscopy: Often the X-ray picture is not 
conclusive of OA knee. MRI findings may also not help. 
In such cases, one needs to do a diagnostic arthroscopy. 
One may often get a pleasant surprise of a loose body 
(which was not visible on the X-ray), an unstable 
meniscus or a chondral flap (Fig. 1). Such patients need 
pre-op counseling. They must know that arthroscopy, 
in their case, is primarily diagnostic, and any benefit 
may be a bonus. Sometimes, one does arthroscopy as 
an investigation prior to deciding whether the patient 
is suitable for a unicondylar or total knee replacement. 



Fig. 1 : Médial compartment osteoarthritis of the knee 
(For color version see Plate 31) 
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WHERE NOT TO DO ARTHROSCOPY? 

Generally speaking, if a patient with OA knee (as 
diagnosed on X-rays) has persistent symptoms, one should 
take a weight-bearing X-rays of the knee. If the joint space 
(cartilage space) on one side is reduced, the patient is not 
likely to benefit from arthroscopic surgery. If mechanical 
symptoms, and not pain is his main complaints, one may 
still consider arthroscopy primarily for relief in mechanical 
symptoms. Such patients will need realignment osteotomy 
or joint replacement for pain relief. 

TECHNICAL PROBLEM IN DOING 
ARTHROSCOPY IN OA KNEE 

There are some inhérent difficulties in doing arthroscopy 
on a knee with OA. Some of these are as follows: 

1. Obesity: Frequently, these patients are obese. One need 
to be careful while applying tourniquet, as in these 
patients with bulky and short thigh, the tourniquet 
may be slide down, nearly to the knee. A stérile 
tourniquet may be an option. One may hâve to do 
arthroscopy without tourniquet, but irrigation fluid in 
such case has to be under sufficient pressure to 
maintain clarity of vision. 

2. Flexion deformity: Often, an OA knee has a flexion 
contracture. This makes entry into the suprapatellar 
pouch difficult; one may hâve to make an extra, supero- 
lateral portai for proper évaluation of supra-patellar 
pouch and patello-femoral joint. 

3. Osteophytes: Large osteophytes from fémoral condyles 
and those from patella make movement of the 
arthroscope difficult. One mustbe careful, as forceful 
movement of the scope might damage the knee or the 
scope. 

4. Diffuse synovitis and effusion make initial examination 
of the knee difficult. One need to wash the joint a couple 
of times and increase intra-articular pressure to get a 
clear view. Initial debridement of the fad pad and 
hypertrophied synovium may be required. 

5. Difficult judgement: It is often hard to décidé what may 
be causing symptoms, and which out of so many 
procedures may help. This needs years of expérience, 
but in general, a pathology causing mechanical 
disturbance should be attended to. 

ARTHROSCOPIC PROCEDURES 
USEDIN AN OA KNEE 

The following arthroscopic procedures may be useful, 
alone or in combination. 



Fig. 2: Chondral flaps of the médial fémoral condyle in a 
patient with osteoarthritis of the knee 
(For color version see Plate 31) 


a. Diagnostic arthroscopy: Particular attention is paid to 
loose bodies, chondral flaps, meniscus flaps and 
impinging osteophytes. Look for 'one more' loose body, 
if y ou find one. 

b. Subchondral drilling: Popularly called Pridie procedure, 
in this procedure multiple drill holes are made in the 
subchondral bone with the help of 2 mm K-wire. This 
is supposed to generate reparative fibro-cartilage over 
the area. 

c. Joint debridement: This consists of removal of loose, 
hanging flaps of cartilage and synovial tissue. Removal 
of osteophytes, hypertrophie synovium and unstable 
meniscal flap is an intégral part of joint debridement. 

d. Abrasion arthroplasty: In this operation, a superficial 
layer of subchondral bone, approximately 1 to 3 mm 
thick is removed to expose the interosseous vessels. 
Theoretically, the resulting haemorrhagic exudates 
forms a fibrin clôt and allows for formation of fibrous 
repair tissue over the eburnated bone. Its rôle has been 
controversial. 

e. Microfracturing : This is a technique in which arthro¬ 
scopic awl is used to create multiple perforations in 
the subchondral bone. of the bare bone may resuit in 
fibro-cartilage growing over this area. 

f. Latéral release ofthe patella using electric cautery, in cases 
with latéral tracking of the patella. 

g. T idal lavage : In this technique, the joint is lavaged with 
3-6 litres of fluid. It is claimed to provide pain relief in 
nearly half the patients. The explanation for 
symptomatic relief hâve been postulated such as 
removal of cartilage débris, crystals, and inflammatory 
factors. 




1824 Textbook of Orthopedics and Trauma (Volume 2) 


203.5 The ACL Déficient Knee 

D. Pardiwala 


The importance of the anterior cruciate ligament (ACL) in 
knee function has been emphasized, not only for athlètes 
who require knee stability in activities such as running, 
cutting, and kicking, but also in young and middle-aged 
individuals who do not participate in sports. The 
management of ACL injuries is complex and continues to 
evolve. Although, ACL reconstruction has become the 
standard of care for ACL injuries in the active patient, and 
significant improvement in function can be achieved by 
présent surgical techniques, the anatomie and physiologie 
characteristics of the normal ACL may not be fully restored. 
The normal ACL has a degree of viscoelasticity that allows 
stretch and return to resting length without structural 
damage, has proprioceptive senses that help protect the 
knee joint during use, has a physical configuration of 
multiple bands with a multiaxial function that guides the 
knee through its complex helicoid motion, and has broad 
insertion sites, which allow the normal kinematics of knee 
motion to occur with stability. Surgical techniques of ACL 
reconstruction require proper placement and tensioning 
of the implanted graft with adéquate fixation, while 
avoiding impingement and stress risers. The success of 
ACL reconstruction dépends not only on the précisé 
surgical restoration of anatomy combined with an 
optimum postoperative réhabilitation, but also on the 
status of articular cartilage and menisci. 


ANATOMICAL CONSIDERATIONS 

The ACL is intracapsular, but extrasynovial. The fémoral 
origin of the ACL is on the latéral wall of the intercondylar 
notch at its posterior aspect and is oriented in the 
longitudinal axis of the fémur. The tibial attachment is 
parallel to the anteroposterior axis of the tibia and is on 
the anterior aspect of the tibial plateau near the tibial spines 
(Fig. 1). This produces a twist of the ACL fibers as the knee 
moves from extension to flexion. 

The ACL has been functionally divided into 
anteromedial and postérolatéral bands. Its prédominant 
source of blood supply is the middle genicular artery, 
which arises from the popliteal artery and pierces the 
posterior capsule. The ACL contains nerve fibers which 
transmit pain as well as mechanoreceptors that are 
postulated to function in proprioception. 

The ACL functions as the primary restraint to limit 
anterior tibial displacement, as a secondary restraint to 
tibial rotation, and as a minor secondary restraint to varus- 
valgus angulation at full extension. Rupture or chronic 
deficiency of the ACL allows a combination of abnormal 
anterior translation and rotation of the tibia. If a primary 
restraint has been torn but a secondary restraint remains 
intact, clinical testing may reveal only slight laxity. When 
both primary and secondary restraints are torn, marked 
laxity is évident. 



Fig. 1 : The origin and insertion of the ACL as seen in an anatomical specimen and in a sagittal MRI section 
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Detailed analysis of the tensile properties of the human 
ACL hâve shown that the ultimate load for the young ACL 
is 1,725 ± 269 N, and hence the criteria for the strength of 
autograft, allograft, and synthetic ACL substitutes hâve 
been set at 1,730 N. However, factors other than ultimate 
strength will influence performance, such as biologie 
changes in graft materials over time and the effects of 
répétitive loading. 

CLINICAL SIGNS AND SYMPTOMS 

Most ACL tears occur as a noncontact injury involving a 
rapid décélération or rotational force to the knee. An 
audible "pop" is noted in 30-50% of patients, and is often 
foliowed by swelling (hemarthrosis) within a few hours. 
The patient may notice that the knee felt too unstable to 
continue ambulation and had difficulty bearing weight. 
A careful physical examination of the injured knee as 
compared to the normal knee will reveal most ligament 
disruptions if the patient is relaxed. A moderate to severe 
effusion is usually présent, and this may limit range of 
motion. Range of motion may also be limited by pain, 
hamstring spasm, ACL stump impingement, and meniscal 
pathology. 

Lachman Test 

The knee is placed in 30° of flexion, the fémur is stabilized, 
and an anteriorly directed force is applied to the proximal 
calf. The examiner estimâtes the translation (in millimeters) 
and assesses the endpoint (graded as firm or soft). Any 
perceived side-to-side différence is usually significant. 

Pivot Shift Test 

There are many variations to the pivot shift test, including 
the classic Macintosh test, the Losee test, and the flexion- 
rotation drawer test. Ail are based on the fact that in the 
extended knee, a valgus, internai rotation force results in 
anterior subluxation of the tibia, which, on flexion 
undergoes réduction at 30° due to the posterior pull of the 
iliotibial tract. It is the relocation event that the clinician 
usually grades subjectively as 0 (absent), 1+ (pivot glide), 
2+ (pivot shift), or 3+ (momentary locking). 

Anterior Drawer Test 

This test is performed at 90° of flexion. This position may 
be difficult to achieve in the acutely injured knee since 
hamstring spasm influences test results. Many normal 
knees hâve significant excursion in this position. For these 
reasons, it is the least reliable test. 


IMAGING THE ACL INJURED KNEE 
Plain Radiography 

Plain radiography is important to rule out associated 
injuries, such as osteochondral fractures and pre-existing 
abnormalities. An avulsion of the bony insertion of the 
ACL (Figs 2A to D) may be seen on the latéral or the tunnel 
view. A vertically oriented Segond fracture, located 
posterior to Gerdy's tubercle and antero-superior to the 
fibular head, resulting from excessive tension on the latéral 
capsular knee ligament is sometimes associated with an 
ACL injury (Fig. 3). A standing antero-posterior radiograph 
canbe used to evaluate any joint-space narrowing, as well 
as the presence of a varus deformity. 

MR Imaging 

The overall accuracy of MRI in assessing the ACL is 
approximately 95%. The normal ACL appears as a smooth, 
well-defined, low signal intensity structure on a sagittal 
image through the intercondylar notch. The abnormal ACL 
shows discontinuity of the ligament in the sagittal plane 
(Fig. 4). If there is an acute injury, the T2-weighted 
sequences will demonstrate high signal intensity within 
the ligamentous substance denoting edema and local 
hemorrhage. Another finding may be a wavy irregular 
contour of the anterior margin of the ACL, indicating loss 
of tautness. Acute kinking or anterior bowing of the 
posterior cruciate ligament may also indicate an ACL tear. 
MRI also allows détection of bone abnormalities not seen 



Fig. 2A: Bony avulsion of the ACL from the tibial 
attachment as seen on latéral radiograph 
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Fig. 2B: Arthroscopic screw fixation 
(For color version see Plate 31) 



Fig. 2D: Postoperative radiographs of arthroscopic 
screw fixation 



Fig. 2C: Postoperative radiographs of arthroscopic 
screw fixation 

on conventional radiographs. Approximately 60% of ACL 
injuries hâve accompanying bone abnormalities often 
referred to as "bone bruises". The significance and the 
long-term sequelae of these lésions are controversial. 



Fig. 3: Segond fracture 


unilaterally injured patient, a right-left différence of 3 mm 
or greater is classified as pathologie. The reliability of the 
test is influenced by the expérience and proficiency of the 
examiner. 


Instrumentée! Ligament Testing Examination under Anesthésia and Arthroscopy 

Instrumented ligament testing devices such as the KT-1000 When the status of the ACL and menisci remains in doubt, 
and 2000 arthrometer or the Aircast Rolimeter hâve been examination under anesthésia with the patient completely 
used to measure anteroposterior displacement. In a relaxed gives a more reliable index of ligamentous laxity. 
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Fig. 4: ACL tear as seen on MRI 


This is followed by arthroscopic inspection of the ACL 
(Fig. 5), menisci, and other joint structures. Such an 
évaluation is usually not necessary in the chronic case 
when the functional status of the knee has been tested. It is 
more often used in the acute or subacute situation when a 
definitive diagnosis is impérative. Often this is performed 
just prior to the arthroscopic reconstruction. 

TREATMENT SELECTION 

The goals of treatment following an ACL injury are 
restoration of normal function. There is still no idéal 
method that ensures this, and the final decision between 
operative and nonoperative treatment must be based on 
many variables that are unique to each individual. Among 


factors to be considered are the presence or absence of 
other lésions involving the knee, the âge and level of activity 
of the patient, the degree of instability, the type of injury to 
the ACL, and the ability of the patient to comply with the 
réhabilitation program. The type of sporting activity in 
which the patient wishes to participate is also important. 
Jumping, cutting, and pivoting sports place the ACL- 
disrupted patient at risk of further injury, and many 
patients treated nonoperatively are unable to return to 
these types of activities. Patients with a chronic ACL 
deficiency must be evaluated to détermine whether their 
instability is producing a functional disability and whether 
their activity level combined with their instability may 
cause meniscal damage. The incidence of meniscus tear in 
an acute ACL disruption is greater than 50% in most 
studies, and there are a greater number of latéral meniscal 
tears than médial tears. 

PATIENT SELECTION 

The primary candidates for ACL surgery are those patients 
with an active lifestyle who hâve an acute ACL deficiency 
and those with a chronic ACL deficiency that results in 
functional instability that endangers the menisci. 
Numerous studies hâve shown that ACL reconstruction 
is as effective in the middle-aged active individual as it is 
in the young. Daniel's outcome studies on 292 patients 
who had acute ACL injuries over a 12-year period observed 
that 19% underwent surgery within the first 3 months, 
another 19% requested surgery over the next 5 years, and 
that 62% were able to function satisfactorily without an 
ACL. Two factors were found to be most prédictive of who 
would need later surgery; the first was the number of hours 
per year of level I or II sports (jumping, pivoting, latéral 
motion sports) in which the patient participated prior to 
injury, and the second factor was the maximum manual 



Figs 5A to C: Arthroscopic images of torn ACL - partial tear, complété tear, chronic tear with 
complété absence of torn ACL stumps (For color version see Plate 31) 
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displacement différence between the affected and 
unaffected knees. Those patients who had grade I ACL 
laxity (less than 5 mm of side-to-side différence) and who 
participated for 50 hours or less in level I or II sports had a 
low risk of needing further surgery. Those patients with a 
7-mm or greater side-to-side différence with more than 50 
hours of level I or II sports activity were in the high-risk 
group. It has been our observation that grade II or III ACL 
laxity in active symptomatic individuals, despite their âge, 
warrants ACL reconstruction. 

NONOPERATIVE MANAGEMENT 

Acute ACL tears are often treated nonoperatively initially. 
This consists of splinting, the use of crutches for comfort, 
and early active range of motion. The goal is to obtain full 
range of motion and return the function of the hamstring 
and quadriceps muscles to within 90% of that of the 
contralatéral limb as determined by isokinetic testing or 
functional testing (hop test). Strengthening is achieved by 
using closed-chain weight-bearing exercises. High-risk 
activities, including sports are avoided so as to prevent 
injury to the articular cartilage and menisci. 

The rôle of functional knee bracing remains 
controversial. The proposed mechanisms of protection are 
mechanical constraint of joint motion and improvement 
of joint-position sense. Although these braces do decrease 
anterior joint subluxation at low loads, they are ineffective 
at physiologie loads. The concept that braces function to 
enhance joint proprioception has also been questioned. 
However, functional tests in brace users in and out of their 
braces, has shown that some patients believe they hâve 
better function in a brace, allowing them to participate in 
an increased level of sporting activity. The use of a brace is 


an individual and optional decision, but certainly cannot 
substitute for exercise to achieve and maintain quadriceps 
or hamstring strength. Patients with grade III instability 
who participate in vigorous activities, especially those 
producing rotational stress to the knee, cannot be assured 
that bracing will provide adéquate protection from further 
injury. A modification of activity level will be required if a 
nonoperative course is to be pursued. 

OPERATIVE MANAGEMENT 

Many intra-articular and extra-articular surgical 
techniques for ACL reconstruction hâve been described. 
These hâve included the use of the patellar tendon, the 
semitendinosus and gracilis tendons (Fig. 6), the iliotibial 
band, the meniscus, allograft tissue, and various synthetic 
materials. The consensus is that in the active individual, 
an extra-articular reconstruction will stretch out, especially 
if its purpose is to hold the tibia in external rotation. Most 
reports also suggest that extra-articular procedures provide 
no benefit to augment intra-articular reconstructions. 

Graft Sélection 

Optimal graft sélection is a crucial factor in intra-articular 
ACL reconstruction. Graft sources include synthetic 
ligaments, cadaveric allograft tissue and autografts. 
Although synthetic grafts hâve the advantages of excellent 
initial strength, absence of graft site morbidity, and virtually 
endless supply; they are presently avoided as a resuit of 
prosthetic failure, persistent effusions, late infections, 
excessive cost and a high reoperation rate. Cadaveric 
allografts too, hâve abundant supply through tissue banks, 
avoid donor site morbidity, and allow shorter operating 



Figs 6A and B: Graft harvest - semitendinosus 
(For color version see Plate 32) 
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times; however, slow incorporation and remodeling rates, 
late failures beyond 2 years, possibility of immune rejection, 
potential for disease transmission, and quality control of 
the sources remain serious discouraging issues. 

Factors considered in the sélection of autogenous graft 
to replace the déficient ACL include the biomechanical 
properties of the graft, including initial strength; the ease 
of graft harvest; the security of graft fixation; potential 
donor-site morbidity; and individual patient considéra¬ 
tions. Numerous studies examining the biomechanical 
properties of autografts show that bone-patellar tendon- 
bone (BTB) grafts and quadrupled semitendinosus or 
semitendinosus-gracilis composites are stronger than a 
normal ACL. Autografts merely provide a collagen lattice, 
not a structural support, in the early stages of graft 
résorption, revascularization, and restructuring with new 
collagen. Histologie and électron microscopy studies hâve 
shown that the collagen tissue produced after ACL 
reconstruction does not match the size or density of normal 
ACL collagen fibers. BTB autografts hâve greater initial 
tensile strength, provide greater bulk, and allow more 
secure bone-to-bone fixation. Quadrupled semitendinosus 
autografts provide greater elasticity, require smaller drill 
holes for insertion, are easier to harvest, and carry less risk 
of later patellofemoral pain. An analysis of literature 
published between 1981 and 2003 shows that the 
percentage of patients with a 0-1 Lachman test and a 0-1 
pivot shift test is the same 2 years after surgery no matter 
what autograft was used initially. 

Graft Fixation 

The weak link in the reconstructed knee in the early 
postoperative period is the point of graft fixation. 
Interférence screw fixation (titanium or bioabsorbable) is 
the "gold standard" for BTB grafts, and has often been 
heralded as the primary advantage of BTB reconstruction. 
However, contemporary methods of quadrupled 
hamstring graft construct fixation hâve équivalent graft 
pull-out strength and often higher load to failure than 
interférence screws, and are a reasonable option. 
Ultimately, permanent biological fixation of the autograft 
for stability is the goal. Whereas this occurs via direct bone 
union in BTB, tendon to bone healing occurs via Sharpey- 
like fibers. By 8 to 12 weeks, the tendon-bone interface 
closely resembles the normal insertion. Therefore, generally, 
fixation failure occurs before 8 weeks and graft failure 
occurs thereafter. 

Graft-Site Morbidity 

Bone-patellar tendon-bone harvest has resulted in rare 
cases of patellar fracture and patellar-tendon rupture. Some 


animal studies hâve shown significantly decreased 
patellar tendon strength at 6 months after harvesting of 
the middle third of the patellar tendon. The clinical 
significance in humans remains to be shown. Several 
studies hâve compared the incidence of anterior knee pain 
following ACL reconstruction using hamstring tendons 
and autograft or allograft patellar tendon. Even with 
modem réhabilitation protocols, there is an increased 
incidence of anterior knee pain in patients receiving BTB 
autografts. This anterior knee pain may not always be 
functionally significant. 

Variables that occur in individual patients may 
influence which autogenous graft source is appropriate. 
A history of patellar tendinitis or patellofemoral pain or 
the finding of a short, narrow patellar tendon may 
necessitate the use of another autogenous graft source. A 
previous pes anserinus transplant or inadéquate size of 
the hamstring tendons may negate this source of graft 
material. 

Surgical Technique 

Appropriate surgical technique is crucial in ensuring 
proper long-term function of the reconstructed ACL. These 
factors are much more important than the type of graft 
tissue used for reconstruction. Although the normal 
anatomy of the ACL cannot be completely reproduced, it 
is of utmost importance that the graft be positioned in as 
near an anatomie position as possible that will permit a 
full range of motion, provide stability, and allow no 
impingement. This goal can be achieved most accurately, 
and with the least surgical trauma through arthroscopic 
means. Fémoral position is most often achieved through a 
bony tunnel, though routing the graft "over the top" is 
appropriate in adolescent ACL injured knees where the 
physes are open. Tunnel orientation and contour are 
important to avoid stress risers that may lead to increased 
wear and graft failure. Avoidance of impingement can be 
achieved by appropriate positioning of the graft on the 
tibial side. So-called isométrie placement of the graft does 
not necessarily ensure that impingement will not occur, 
and at times notchplasty may be necessary to avoid fémoral 
impingement of the graft in full extension. Notchplasty is 
by no means routinely required, and an unindicated 
notchplasty only adds to the morbidity of the procedure. It 
is also important not to extensively débridé the remnant 
ACL tissue, especially if the tibial stump is adhèrent to the 
PCL and affords some anterior stability. Préservation of 
remnant ACL stumps has also been postulated to resuit in 
early proprioceptive recovery. Graft tensioning is important 
in achieving a successful ACL reconstruction. A graft that 
is too tight may lead to poor range of motion, and a graft 
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that is too loose may lead to instability. It appears that a 
5- to 8-lb pull is adéquate to provide proper tensioning. 
Graft tension should be checked in different positions of 
knee flexion and extension intraoperatively. 

REHABILITATION 

Postoperative réhabilitation has emerged as an extremely 
important aspect of the care of the ACL-deficient patient. 
Previously, réhabilitation of the ACL reconstructed knee 
focused on protection of the new ligament, with blocking 
of full extension and avoidance of active quadriceps 
function in the terminal degrees of extension. These 
précautions led to stiffness, weakness, and patellofemoral 
problems. The objectives of the subsequently described 
accelerated réhabilitation protocols remain early and long- 
term maintenance of full knee extension and the program 
is divided into four phases: 

Phase I: Preoperative period: The goal is to obtain full range 
of motion compared with the normal knee. At this time, 
the patient may be educated about the details of the 
operative procedure and the postoperative réhabilitation 
program. 

Phase II: 0to2 weeks after surgery: The goals are to achieve 
full extension, allow wound healing, maintain adéquate 
quadriceps control, minimize swelling, and achieve flexion 
of 90°. Full extension must be achieved early, or the notch 
may fill in with scar tissue and cause a permanent block to 
extension. 

Phase III: 3 to 5 weeks after surgery: The goals in this phase 
are to maintain full extension and increase flexion up to 
full range of motion. Exercises such as knee bends, use of 
a stepper, and bicycling may be performed. 

Phase IV: 6 weeks after surgery: The goal is to maintain 
motion and gradually increase strength and agility 
depending on the patient's progress and desire to return 
to sports activities. Increased strength and agility are best 
achieved by using closed-chain weight-bearing exercises. 

COMPLICATIONS OF ACL SURGERY 

A surgeon performing arthroscopic ACL reconstruction 
in the acute setting should be ever mindful of the possibility 
of fluid extravasation and compartment syndrome. As with 
other knee surgery, deep venous thrombosis and infection 
are also possible. Reflex sympathetic dystrophy has been 
reported to be associated with knee trauma and ACL 
surgery, however, the incidence has generally been less 


than 1%. Flexion contracture, quadriceps weakness, and 
patellar irritability are the most frequent problems after 
ACL reconstruction. 

Joint Stiffness 

Proper surgical techniques and réhabilitation help reduce 
the incidence of joint stiffness. A knee with a significant 
flexion contracture represents a greater impairment than 
an ACL-deficient knee. The term "arthrofibrosis" has been 
used to describe the knee stiffness that develops following 
ACL reconstruction. 

The pathophysiology has been shown to be inflamma¬ 
tion of the fat pad and synovium followed by capsular 
thickening and oblitération of the suprapatellar pouch and 
médial and latéral gutters. The patellar tendon becomes 
shortened and may produce patella baja and articular 
damage. The patient présents with the inability to regain 
motion, quadriceps weakness, marked decreased patellar 
mobility, and some skin and soft-tissue changes. The initial 
treatment includes aggressive physiotherapy, anti- 
inflammatory agents, and patellar mobilization. 
Subsequently arthroscopic debridement and dynamic 
splinting may be bénéficiai, whereas end-stage disease 
usually requires open debridement. This consists of médial 
and latéral capsular incisions with freeing of the 
suprapatellar adhesions as well as those in the médial 
and latéral gutters. The patellar tendon is identified, and 
ail scar tissue posterior to it is excised. If the ACL graft is 
placed too far anteriorly and is preventing full extension, 
this too must be excised. It is extremely unlikely that the 
arthrofibrotic knee will ever again be unstable. Adéquate 
pain control and aggressive réhabilitation must be 
employed postoperatively. Graft impingement has been 
shown to block full extension and is related to inadéquate 
notchplasty and incorrect placement of the tibial tunnel 
too far anteriorly. The position of the graft in full extension 
should always be checked intraoperatively to avoid 
impingement. 

Graft Donor-Site Complications 

Late patellar fracture has been reported, and it is postulated 
that this is a stress fracture due to decreased vascularity to 
the patella. Intraoperative patellar fracture may also occur 
during harvesting of the patellar graft. Avulsion of the 
inferior pôle of the patella has also been reported. 
Patellofemoral morbidity occurs more frequently with 
bone-patellar tendon-bone grafts than with hamstring 
autografts. 
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203.6 The Failed ACL Reconstruction and 

Révision Surgery 

D. Pardiwala, Anant Joshi 


Significant improvements hâve been made in performing 
arthroscopic ACL reconstruction. Restoration of stability 
with return to activity can generally be expected along 
with long-term success rates of between 75% and 95%. 

However, récurrent instability and graft failure will 
develop in as many as 8% of patients who undergo primary 
ACL reconstruction. This small group of patients may be 
candidates for révision ACL reconstruction. The cause of 
the failure must be carefully identified and associated 
instability patterns must be recognized and corrected to 
achieve a successful resuit. The choice of graft, the problem 
of retained hardware, and tunnel placement are the major 
challenges of révision ACL reconstruction. The patient 
must hâve reasonable expectations and understand that 
the primary goal of surgery is restoration of the ability to 
perform activities of daily living, rather than a return to 
compétitive athletics. The results of révision ACL 
reconstructions are not as good as those after primary 
reconstructions; however, the procedure appears to be 
bénéficiai for most patients. 

CAUSES OF RECURRENT INSTABILITY 

Failures following ACL reconstructive surgery can be 
divided into four groups: Failures due to technical errors, 
failures due to biologie factors, failures due to trauma, and 
failures due to laxity in the secondary restraints. 

TABLE 1 : Causes of ACL reconstruction failure 

Technical • Nonanatomic tunnel placement 

• Inadéquate notchplasty 

• Improper tensioning 

• Graft fixation 

• Insufficient graft material 

Biologie • Failed ligamentization 

• Infection 

• Arthrofibrosis 

• Infrapatellar contracture syndrome 

Traumatic • Early (before graft incorporation) 

• Late (after incorporation) 

Failure due to secondary • Rotatory instability 

instability • Skeletal malalignment 

• Varus/Valgus instability 


Technical Errors 

Technical shortcomings are the most common cause of 
failure in patients who corne to révision ACL 
reconstruction. In one sériés, technical failures were 
implicated in 77% of the révision cases. 

Nonanatomic Tunnel Placement 

Tunnel location dictâtes the isometry of the graft over a 
range of motion, and poorly placed tunnels can lead to 
increased graft tension. The ACL graft can withstand only 
a small amount of strain before deforming. Malpositioned 
grafts incur excessive tension and may be impinged or 
become lax, leading to failure. 

The most common error is improper positioning of the 
fémoral tunnel. A fémoral tunnel placed too far anterior 
(Figs IA and B) and tensioned in extension will lead to 
excessive strain during flexion. This results in 
overconstraint of the knee with loss of flexion or stretching 
of the graft. If the same anteriorly placed graft is tensioned 
in flexion, the joint will not be constrained, but there will 
be unacceptable laxity in extension and failure. Similarly, 
a posteriorly positioned graft will resuit in laxity in flexion 
if the graft was tensioned in extension or will cause loss of 
extension or excessive strain in extension if the graft was 
tensioned with the knee in flexion. With endoscopie 
techniques, the graft may also be placed too centrally 
(12 o'clock position). In this case, the anteroposterior 
excursion may be controlled; however, the rotational 
component of the instability can remain, resulting in a 
persistent pivot shift. 

The tibial tunnel is more forgiving and has less 
influence on fiberlength changes. Nevertheless, placement 
is critical, as an anterior tibial tunnel results in graft 
impingement in extension and leads to excessive graft 
tension with flexion. The tibial tunnel should be inclined 
posterior to Blumensaat's line with the knee in full 
extension in order to prevent notch impingement. Posterior 
placement will resuit in a Vertical ACL' with excessive 
laxity in flexion (Figs 2A and B). Médial or latéral 
placement leads to impingement on the walls or roof, 
chronic synovitis, and increased laxity. 
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Figs 2A and B: Posterior placement of tibial tunnel resulting in a 
‘vertical ACL’ with excessive laxity in flexion 


Inadéquate Notchplasty 

The intercondylar notch must be large enough to allow 
full range of motion after reconstruction. Impingement on 
the notch can lead to loss of extension and the formation 
of a cyclops lésion. Impingement on the latéral wall should 
also be avoided. With cyclical motion, there will be 
répétitive impingement on the graft, which can affect the 
blood supply and cellular ingrowth and eventually resuit 
in failure. Magnetic résonance (MR) imaging has been used 


extensively to evaluate grafts for impingement. Grafts that 
are free of impingement will hâve homogeneous low signal 
intensity, similar in appearance to a tendon. Impinged 
grafts will demonstrate irregular increased signal, 
representing narrowing of the midsubstance. 

Improper Tensioning 

Proper graft tensioning is critical to achieving a successful 
reconstruction. The idéal tension is dépendent on several 
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variables, including the length, stiffness, and viscoelasti- 
city of the graft; the tension applied; and the position of 
the leg at the time of fixation. Grafts that are undertensioned 
at the time of fixation are too loose, resulting in immédiate 
residual laxity. However, too much tension is problematic 
as well; a graft fixed with excessive tension may constrain 
the knee, affect graft incorporation, limit graft strength, 
and lead to failure. Recommendations about proper 
tensioning are: for bone-patellar tendon-bone (BPTB) grafts, 
5 to 10 lb applied to the graft with the knee in 10 to 15° of 
flexion, whereas hamstring grafts should be fixed with 
slightly greater force (10 to 15 lb) with the knee in 20 to 30° 
of flexion. It is also suggested that the knee be cycled 
through a range of motion to preload the graft before 
fixation. This may help reduce laxity from stress relaxation; 
however, tension must be maintained until fixation. 
Seventy-five percent of the viscoelasticity will return to the 
graft tissue if the tension is allowed to drop for 1 minute. 

Graft Fixation Failure 

Initial graft fixation is essential to the early success of ACL 
reconstructions. With présent réhabilitation protocols 
stressing immédiate knee motion, it is critical that the 
fixation maintain the graft position and proper tension. 
Many types of fixation failure can occur. With bone-tendon- 
bone grafts, failures can resuit from bone-block advance- 
ment or loss of fixation when tibial interférence screws are 
used and from screw divergence when endoscopie fémoral 
fixation is used. Hamstring-graft fixation failure can also 
occur with improper positioning of an Endobutton or poor 
soft-tissue interférence fixation. It takes 6 to 12 weeks for 
the graft to incorporate (bone-to-bone healing occurs earlier 
than soft tissue-to-bone healing). Several methods of 
fixation are available, and the strengths hâve been 
evaluated. It is important that the chosen technique provide 
the necessary fixation strength to protect the reconstruction 
during the early postoperative period. 

Biologie Failure 

Any tissue chosen as an ACL substitute, whether autograft 
or allograft, is biologically different from the native 
ligament. A collagenous substitute is placed into the knee, 
which must then undergo remodeling to become 
incorporated as organized scar tissue that can function as 
a checkrein against instability. These changes hâve been 
referred to as ligamentization; however, this is something 
of a misnomer, as a new ligament is not created. The native 
ligament is able to provide stability with different loads 
over a range of motion, however, the collagen structure 
and orientation is unlike that of the native ligament. The 


inability of the graft to fully duplicate the native ACL can 
contribute to graft failure. Biologie failure should be 
considered when a patient présents with instability 
without a history of trauma and without an identifiable 
technical error. Possible causes of biologie failure include 
avascularity, immunologie reaction, and stress shielding. 
The ligamentization process can be delayed and can be 
less uniform when allografts are used. Infection and 
arthrofibrosis should be considered in the category of 
biologie failure, although technical factors may be 
contributory. 

Infection 

Once infection has been recognized, the joint should be 
immediately irrigated and debrided, and broad-spectrum 
antibiotic therapy should be begun pending the results of 
cultures. The decision whether to remove the graft must be 
individualized. The deciding factors include the extent of 
the infection, the causative organism, the type of graft, and 
the type of fixation. Révision may be considered after 6 
weeks provided the clinical examination findings and 
laboratory values are normal. 

Arthrofibrosis and Infrapatella Contracture Syndrome 

The natural history of these is worse than that of an ACL 
déficient knee and fibrosis can lead to marked limitation 
in the range of motion. The goal of treatment is restoration 
of motion, which often requires manipulation, debridement, 
and removal of the graft. In these cases, patients must be 
aware that the primary goal is improved joint function 
and must understand that instability may recur. 

Traumatic Failure 

There are two types of traumatic failure: those that occur 
early, before graft incorporation, and those that occur late, 
after resumption of normal activities. Aggressive physical 
therapy may play a rôle in early failures (Fig. 3). 
Accelerated réhabilitation protocols hâve increased risk 
of graft loosening, necessitating secure initial fixation. The 
graft is at its weakest during the early réhabilitation period, 
and patients must understand the potential conséquences 
of over zealous réhabilitation or returning to activity too 
soon. Late reruptures seem to occur infrequently in patients 
with technically précisé reconstructions. There is a 5 to 
10% incidence of traumatic rerupture in athletic 
individuals. 

Failures Due to Secondary Instability 

In chronically ACL-deficient knees, the secondary 
restraints to anterior translation can become attenuated. 
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Fig. 3: Early traumatic rerupture in a martial arts sportsman 
who resumed compétition at 3 months postreconstruction 

Reconstruction of the ACL alone in this situation will often 
resuit in failure. The ACL graft will provide early anterior 
restraint for the first few months; however, increased- 
demand activities will lead to graduai récurrence of the 
instability (Figs 4A and B). In a study of the results of 
primary ACL reconstruction in 80 knees, O'Brien found 
that ail patients who had postoperative clinical instability 
with giving way demonstrated evidence of associated 
ligamentous instability, which had not been appreciated 
or addressed at the time of the primary surgery. 

CONSIDERATIONS IN REVISION ACL 
RECONSTRUCTION SURGERY 

Révision surgery is complex and technically challenging. 
The choice of graft, the presence of previous implants, and 
tunnel placement are important considérations in 
planning révision ACL reconstruction. 

Graft Sélection 

There are three options in graft sélection: synthetic gratis, 
autografts, and allografts. Synthetic grafts hâve 
unacceptably high rates of complications and failures and 
are not recommended for routine use. Allografts hâve been 
used successfully for both primary and révision ACL 
reconstructions. There are several advantages to their use, 
such as shorter operative times, smaller incisions, and no 
potential for donor-site morbidity. Furthermore, there is 
no size limitation. In révision cases, there may be a need 
for larger tunnel diameters, which can more easily be 
accommodated with larger allograft bone plugs. There are 


disadvantages inhérent to the use of allograft tissue, such 
as longer incorporation times, the possibility of 
immunologie reactions, and higher cost. There is also the 
potential risk of viral disease transmission, as préparation 
techniques will not necessarily eradicate ail viruses. 
Reliable allograft ligaments are as yet not freely available 
in India, and hence graft options are limited to autografts. 



Figs 4A and B: Failure due to secondary instability. This patient 
with a chronic ACL tear and postérolatéral corner injury 
underwent isolated ACL reconstruction. Failure to recognize 
and treatthe postérolatéral rotatory instability resulted in undue 
stress on the ACL graft and failure of the ACL reconstruction 
within 18 months of surgery 
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Autografts, such as hamstring, quadriceps-patella, and 
BPTB grafts, offer shortened incorporation times without 
the potential for disease transmission or immunologie 
reaction. However, associated harvest morbidity is a 
concern, and in the révision situation, resorting to contra¬ 
latéral autograft may be necessary. MRI documentation of 
reconstitution of the central third of the BPTB donor site at 
1 year is reported and repeat ipsilateral BPTB harvesting 
has also been reported, however, there are no biomechani- 
cal studies documenting the mechanical properties and 
tensile strength of the reharvested graft. Furthermore, the 
histologie composition at the tendon-bone interface of the 
reconstituted ligament is scar tissue rather than ligament. 
Thus, the routine use of a reharvested BPTB graft is not 
recommended. 

Staging 

If there is tunnel enlargement, staged reconstruction may 
be considered. The first procedure would involve graft and 
implant removal, tunnel curettage, and bone grafting. The 
révision can then be performed 6 to 12 weeks later, once 
the bone graft has incorporated. If the patient has 
substantial loss of motion (lacking more than 5° of 
extension or 20° of flexion), the first goal should be 
restoration of motion. In such a case, the révision procedure 
may hâve to be staged. 

Skin Incisions 

Skin incisions should be carefully planned, and previous 
incisions should be reused if they will allow access for 
proper tunnel placement and hardware removal. Skin 
bridges measuring less than 7 cm should be avoided. 

Hardware Removal 

With présent ACL fixation techniques, there are numerous 
different types of hardware. Occasionally, the hardware 
may not interfère with the révision procedure and can be 
left alone. Removal of hardware can be difficult. Soft tissue 
or bone that obscures the device may also hâve to be 
removed with use of curettes, a burr, or coring reamers. To 
successfully remove interférence screws, the proper 
screwdriver must be completely seated, and the angle of 
knee flexion at the time of screw insertion must be 
duplicated (Fig. 5). A chest tube can be used over the 
screwdriver to prevent loss of the screw into the joint during 
attempted removal. If the screw is stripped, it can be cored 
out. This requires additional bone removal, nécessitating 
a staged procedure. If a failed synthetic ligament 
reconstruction is encountered, it is idéal to remove the 
prosthesis en bloc. A gouge can be used to loosen the bone 



Fig. 5: To successfully remove interférence screws, the proper 
screwdriver must be completely seated, and the angle of knee 
flexion at the time of screw insertion must be duplicated 
(For color version see Plate 32) 


attachments before removal. If particulate débris is left 
behind, there is the potential for a marked inflammatory 
response, with bone tunnel and cartilage destruction. In 
these cases it may be necessary to perform a synovectomy 
to eliminate the particulate débris. Staged reconstructions 
are often necessary when there is marked tunnel osteolysis. 

Révision Notchplasty 

Most révision cases will require notchplasty. There is 
natural regrowth by as much as 1 cm after an ACL 
reconstruction. In cases in which failure was due to graft 
impingement, révision notchplasty is impérative. The roof 
and latéral wall can both cause graft impingement, which 
must be addressed at the time of révision. It is necessary to 
remove enough bone to prevent impingement and to allow 
visualization for proper tunnel placement. The over-the- 
top position and the previous tunnels must be visualized 
before creating any new tunnels. Excessive bone removal 
must be avoided, however, to ensure that adéquate bone 
stock is available for graft fixation. 

Bone Tunnel Placement 

Bone tunnel placement is the most important and 
challenging aspect of a révision ACL reconstruction. 
Malpositioned bone tunnels are the most frequent cause 
of graft failure. When the original tunnels are placed 
improperly, new tunnels must be created. On the fémoral 
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side, the most commonly encountered error is placement 
of the original tunnel too far anterior. A new tunnel can 
often be drilled posterior to the original one, and existing 
hardware may not need removal. If the tunnel is only 
slightly anterior, there are several options. The tunnel can 
be expanded posteriorly, and a larger bone plug can be 
utilized. Alternatively fixation with stacked interférence 
screws, may be required. Alternatively, a two-incision 
technique can be used to move the tunnel to a more 
posterior position, allowing fixation within the tunnel. 
When tunnel placement is too posterior, the posterior wall 
is often déficient, which will necessitate conversion to a 
two-incision or over-the-top technique to get secure 
fixation. If cystic changes prevent fémoral tunnel fixation, 
the graft can be placed over the top and secured with a 
staple or a post and washer in the latéral fémoral condyle. 
In those cases in which the fémoral tunnel is appropriately 
located, révision interférence fixation may be difficult. It 
may be necessary to change the fixation technique or 
convert from an endoscopie to a two-incision technique to 
reorient the tunnel so that interférence fixation can be used. 
It is possible to apply similar principles to the tibial tunnel. 
If the tunnel is too anterior, the graft will impinge and fail. 
Often, the existing tunnel and hardware can be ignored, 
and a new tunnel can be created in a more posterior 
location. 

If the tunnel is slightly malpositioned such that the 
existing tunnel must be incorporated, the tunnel can be 
expanded anteriorly or posteriorly, and a larger bone block 
can be used. For capacious tunnels, the surgeon either can 
use bone graft simultaneously with the new ACL graft or 
can stage the reconstruction. Most commonly, capacious 
tunnels are encountered with failed synthetic-ligament or 
hamstring tendon reconstructions with suspensory 
fixation (windshield wiper effect). 

Graft Fixation 

Graft fixation is critical in the early postoperative period 
after révision ACL reconstruction. If the tunnels are created 
without difficulty or significant bone loss, routine fixation 
techniques can be employed. However, if there is any 


concern about fixation strength with these methods, 
secondary techniques as a backup fixation should also be 
used. 

Associated Instability Patterns 

Underlying problems, such as bone malalignment, 
meniscal loss, and rotatory instability, must be identified 
preoperatively and addressed at the time of reconstruction. 
In cases of severe posteromedial and postérolatéral rotatory 
instability, reconstruction is often required. Marked varus 
alignment of the lower extremity can further develop in 
patients with long-standing ACL insufficiency and 
postérolatéral instability. In these cases, it is also necessary 
to perform a valgus osteotomy to correct the alignment 
and limit tension on the reconstructed postérolatéral 
corner. An osteotomy should also be considered for patients 
with advanced articular cartilage changes and 
malalignment coexistent with the instability. 

Réhabilitation 

Réhabilitation after révision ACL reconstruction is 
different from, and more conservative than, the aggressive 
protocols used for primary ACL reconstruction. Each 
réhabilitation protocol is individualized and is based on 
the type of reconstruction, the strength of fixation, and 
any associated reconstructions that were performed. 
Weight bearing is protected for up to 6 weeks, and return 
to activities is delayed. 

RESULTS OF REVISION ACL RECONSTRUCTION 

Numerous studies hâve demonstrated improvements in 
function compared with the prerevision status. One of the 
major determining factors in ultimate outcome appears to 
be the status of the articular cartilage. Patients with normal 
or minimally damaged cartilage hâve fewer symptoms and 
are more likely to return to sports and strenuous 
occupations. Autografts hâve greater objective stability 
than allografts however, functionally, there does not appear 
to be any différence between both groups. 
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203.7 The Posterior Cruciate Ligament 

Déficient Knee 

D. Pardiwala 


The posterior cruciate ligament (PCL) is an anatomically 
and biomechanically complex structure and is torn in upto 
10% of acute knee injuries. Disability from pain and 
degenerative changes in the knee are more common in the 
long term than are épisodes of instability. Diagnosis of 
PCL injuries requires a high index of suspicion, careful 
physical examination, imaging studies, and systematic 
arthroscopic évaluation. The rationale for treating PCL 
tears is to restore function, guard against progressive joint 
degeneration, and guard against progressive functional 
instability. 

PCL ANATOMY 

The posterior cruciate ligament (PCL) is the primary 
restraint to posterior tibial translation at the knee and plays 
an important rôle in knee joint stability. The vertically 
aligned PCL fibers originate on the postérolatéral aspect 
of the médial fémoral condyl and insert onto a tibial 
attachment situated in a dépréssion between the two tibial 
plateaus 10 mm below the tibial articular surface. 38 mm 
in length and 13 mm in width, the PCL has been shown to 
consist of two major, inséparable bundles. The antéro¬ 
latéral bundle makes up the bulk of the ligament and is 
tight in flexion and lax in extension. The postero-medial 
bundle is much thinner, and these fibers are tight in 
extension and lax in flexion. 

PCL BIOMECHANICS 

The PCL is the primary static restraint to posterior tibial 
translation and sustains 85 to 100% of the posteriorly 
directed force at both 30° and 90° of flexion. In the intact 
knee, a maximum of 4 to 5 mm of posterior translation 
occurs at 90° of flexion. Isolated sectioning of the PCL 
results in an increase of posterior translation (15 to 20 mm), 
which is most apparent at 90° of flexion. Sectioning of the 
postérolatéral complex and LCL results in increased 
posterior translation at 0° and 30°, which is similar in 
magnitude when the PCL alone is divided. Combined 
section of the PCL, postérolatéral structures, and the LCL 
results in large increases of posterior translation, 
particularly at 90° of flexion (22 to 37 mm). 


INCIDENCE 

The incidence of PCL injuries has been reported to be from 
1 to 40% in acute knee injuries. This incidence is dépendent 
on the patient population reported, with PCL tears 
occurring more frequently in trauma patients than in 
athletic injury patients. 90% of PCL tears are combined 
with other ligamentous injuries, whereas only 10% are 
isolated PCL tears. 

MECHANISM OF INJURY 

PCL tears may resuit from a variety of injuries. Isolated 
PCL tears most likely resuit from a direct blow to the 
proximal tibia, causing a posteriorly directed force. This 
occurs with the Dashboard knee injury' in motor vehicle 
accidents, or when the proximal tibia contacts an 
immovable object. Posteriorly directed force to the 
anteromedial tibia with the knee in hyperextension may 
also cause a postérolatéral corner injury, which results in 
varus and external rotation knee instability. Significant 
varus or valgus stress will injure the PCL only after rupture 
of the appropriate collateral ligament. Knee dislocations 
are associated with PCL tears plus other ligament tears. 

DIAGNOSIS 

PCL injuries can be interstitial disruptions, bony avulsions 
from the tibia or fémur, or non-bony insertion detachments. 
These may be isolated or part of a complex of combined 
ligament injuries. 

Presenting Complaints and History 

Patients presenting with PCL tears will often give a history 
of a posteriorly directed force applied to the proximal tibia. 
More severe injuries involving the PCL plus other 
ligaments occur with a history of hyperextension, forced 
varus or valgus, or knee dislocation. 

Functional instability is not as common as with ACL- 
deficient knees. Disability from pain and degenerative 
changes in the knee are more common in the long term 
than are épisodes of instability. Those patients with 
symptoms of instability are thought to hâve combined 
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ligament injuries or progressive pathologie laxity in their 
secondary restraints, with resulting instability. 

Patients with symptomatic chronic PCL deficiency 
often complain of knee pain when weight is applied to the 
knee when it is in a semiflexed position, such as when 
descending stairs or a slope. Retropatellar pain is also a 
common complaint and is thought to be due to the chronic 
patella baja caused by the posterior subluxation of the 
tibia. With the tibial tubercle displaced posteriorly relative 
to the fémur, this reversed Maquet effect causes increased 
joint reaction forces in the patellofemoral joint. 

Physical Examination 

Abrasions of the proximal tibia (Fig. 1) may be présent 
along with effusions to varying degrees. Various physical 
examination tests hâve been described that detect PCL 
tears: 

• Posterior drawer test (90% sensitive, 99% spécifie) 

• Posterior sag sign/Decreased tibial step off 

• Quadriceps active test 

• Reverse pivot shift test 

The basic function of each of these tests is to 
demonstrate posterior proximal tibial displacement relative 
to the distal fémur (Fig. 2). This posterior tibial 
displacement can occur in a straight anterior-posterior 
plane or a rotational component also may be involved. 

Establishing the correct diagnosis in a patient with a 
PCL tear is crucial, i.e. is the injury an isolated PCL tear or 
a multidirectional instability pattern centered around a 
PCL tear. 



Fig. 1 : Proximal tibia anterior abrasion: A common 
sign in PCL déficient knees 


T 



Fig. 2: Posterior drawer test: the “gold standard test” for PCL 
déficient knees. The posterior laxity is quantified as follows; 
Grade 1 : < 5 mm, Grade 2:5 to 10 mm, Grade 3: > 10 mm. laxity 
relative to the opposite normal knee (i.e. the normal 8-10 mm. 
tibio-femoral step-off at 90° flexion is obliterated) 


Diagnostic features of isolated PCL tears, combined 
PCL/posterior latéral corner tears, and combined ACL/ 
PCL tears are listed as follows. 

Diagnostic features of isolated PCL tears 

a. Abnormal posterior laxity <10 mm 

b. Abnormal posterior laxity that decreases with internai rotation 
of the tibia 

c. No abnormal varus 

d. Abnormal external rotation of the tibia on the fémur < 5°, knee 
at 30° of flexion 

Diagnostic features of combined PCL/posterolateral corner tears 

a. Abnormal posterior laxity > 20-25 mm 

b. Abnormal varus rotation at 30° of knee flexion 

c. Abnormal external tibial rotation on the fémur of > 15° at both 
30° and 90° knee flexion 

Diagnostic features of combined ACL/PCL tears 

a. Grossly abnormal anterior/posterior tibiofemoral laxity at 20° 
and 90° knee flexion 

b. Positive Lachman and pseudo-Lachman test resuit 

c. Positive pivot shifting phenomenon 

d. Posterior tibial drop back beyond fiat tibial step off (15-20 
mm) 

e. Increased varus/valgus laxity in full extension 

f. Often combined with postérolatéral or posteromedial instability 

Imaging Studies 

The PCL plain radiograph sériés consists of antero- 
posterior (AP) views of both knees (standing radiograph 
in chronic injuries), a tunnel view, a 30° flexion latéral 
view, and a 30° AP axial view of both patellae. One must 
look for avulsion fractures from the posterior tibia (Fig. 3), 
osteochondral fractures, and secondary degenerative joint 
disease. An avulsion fracture of the fibular head also can 
occur with the combined injuries and should alert the 
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Fig. 3: Latéral radiograph demonstrating 
a bony avulsion of the tibial PCL fossa 

examiner to the possibility of a severe ligament injury. 
Stress views can be especially helpful in combined injury 
patterns. 

With the combined injuries, one must strongly consider 
having an arteriogram done, since these injuries can 
actually be previously reduced knee dislocations with their 
known potential for concomitant vascular injury. 

Magnetic résonance imaging (MRI) is used to confirm 
and characterize the PCL tear (Figs 4A and B), détermine 
associated and combined injuries to other ligaments, 
menisci and cartilage, and assess subchondral bone 
injuries (bone bruises). If the diagnosis is known, a MRI is 
not absolutely necessary but can demonstrate the location 
of the tear within the ligament. For the PCL, this can be 
important if the physician considers repairing the ligament 
when it is avulsed from bone. 

NATURALHISTORY 

The natural history of PCL tear s has not been well defined. 
The general consensus has been that isolated PCL tears 
do well when treated nonoperatively, and multiple 
ligament injuries about the knee involving the PCL should 
be surgically stabilized. 

The "benign" natural history of isolated PCL tears has 
been often challenged. Trickey, in 1980, calling the PCL 
the central pivot point of the knee, recommended early 
surgical treatment of ail PCL tears. Dandy and Pusey 
studied 20 patients treated conservatively for a mean 
interval of 7.2 years and found that 14 continued to hâve 
pain while walking, whereas nine had episodic giving 


way. Keller studied 40 patients with isolated PCL tears 
treated nonoperatively. At an average follow-up interval 
of 6 years from the time of injury, 90% continued to 
expérience pain, and 65% noted that their activity level 
was limited despite excellent muscle strength. 
Additionally, 65% of patients had radiographie evidence 
of degenerative changes that increased in severity as the 
time interval from injury increased. 

TECHNIQUES OF ARTHROSCOPIC 
RECONSTRUCTION 

The surgical approach to a patient with a PCL déficient 
knee dépends not only on the duration, type of PCL tear. 



Figs 4A and B: MRI (sagittal and coronal) of 
midsubstance PCL tear 
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and severity of symptoms, but also on what other ligament 
laxity is présent (Figs 5A and B). The grafts commonly 
used for PCL reconstruction include autograft patellar 
tendon, hamstring tendon, or quadriceps tendon (Figs 6A 
and B) harvested from the same or contralatéral leg. An 
allograft (Achilles tendon, patellar tendon, hamstring 
tendons) may be used when no other tissue is available, as 
in multiple ligament injuries or to augment an autograft, 
however their availability is limited. 

Two methods of arthroscopic PCL reconstruction are 
popular. Traditional transtibial techniques using an 
intraosseous tibial tunnel for graft passage and fixation 
hâve a steep learning curve as a resuit of the anterior 
approach used to target the PCL fossa. This technique is 
associated with a sharp angle of graft bending as the graft 
exits the tibia and is difficult to negotiate arthroscopically 
(killer turn). To avoid this daunting step in PCL reconstruc¬ 
tion, Berg described the tibial inlay technique. This involves 
a posterior approach to the knee for positioning and 
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Figs 5A and B: The treatment algorithm for acute and 
chronic PCL injuries 


fixation of the tibial end of the graft and is adapted from 
methods used to perform primary fixation of PCL tibial 
avulsion fractures. 

It is both practical and acceptable to reconstruct only 
the antérolatéral portion of the PCL (single bundle/ single 
fémoral tunnel technique), as it is the most important 
componentbiomechanically and anatomically. However, 
of late, double bundled techniques to reconstruct both the 



Fig. 6A: Isolated double bundle PCL reconstruction. The 
quadriceps tendon double bundle autograft is fixed with 
bioabsorbable screws (one in tibia, two in fémur) 



Fig. 6B: Isolated double bundle PCL reconstruction. The 
quadriceps tendon double bundle autograft is fixed with 
bioabsorbable screws (one in tibia, two in fémur) 
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antérolatéral and posteromedial components of the PCL 
hâve been reported (Figs 7 A to D). Although these seem 
attractive anatomically and biomechanically, there are no 
published long-term clinical results documenting the 
superiority of the double fémoral tunnel/double bundle 
PCL reconstructions over single tunnel PCL 
reconstructions. 

PCL TREATMENT RESULTS 

The results of operative reconstruction of the PCL vary 
widely in the current orthopédie literature. The difficulty 



comparing results of acute versus chronic injury, isolated 
PCL reconstruction versus PCL with médial or latéral 
complex injuries, and a multitude of graft types makes 
interprétation of reported results both difficult and 
confusing. 

Clancy reported on using one-third of the patella 
tendon for reconstruction of both acute and chronic 
ruptures of the PCL. Ultimately, 10 acute reconstructions 
and 13 chronic reconstructions were evaluated using both 
objective and subjective criteria. Ail of the acute 
reconstructions with a minimum follow-up of 2 years 
scored good to excellent results. Eleven of the 13 chronic 



Figs 7A to D: Combinée! ACL + PCL reconstruction. The quadrupled semitendinosus autograft for ACL is fixed with an 
endobutton and suture dise. The double bundle quadriceps tendon autograft for PCL is fixed with an interférence screw in tibia 
and suture dises in fémur 
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reconstructions also scored good to excellent results. 
Additionally, the investigators noted a 48% incidence of 
médial fémoral condyl articular injury at the time of surgery 
for the chronic group, whereas preoperative radiographs 
indicated only a 31% incidence. This adds support to those 
who believe chronic PCL injury can cause future degenera- 
tive joint disease and further suggests that radiographs 
correlate poorly with articular damage seen at surgery. 

In a study of 25 athlètes with isolated PCL injury treated 
nonoperatively, Parolie and Bergfield found that 80% of 
patients were satisfied with their knees, and 84% had 
returned to their previous sport. The amount of knee 
instability was not related to their return to sport or to 
their satisfaction. Those who had returned to their sport 
and were satisfied had quadriceps strength greater than 
the contralatéral side, and those who were not satisfied 
had quadriceps weakness. 

REHABILITATION OFTHE PCL 

Studies hâve provided a solid biomechanical foundation 
on which to develop an effective yet safe réhabilitation 
program. 

Nonoperative Réhabilitation Program of the PCL 

Many studies hâve advocated nonoperative treatment for 
PCL injuries, especially when they occur as isolated 
injuries. This suggestion was based on findings indicating 
that patients who maintained good strength of the 
quadriceps were able to maintain a desired level of function 
despite excessive posterior tibial translation. These 
outcomes hâve been challenged by evidence that 
progressive détérioration of the knee may occur due to the 
increased joint forces resulting from the posterior tibial 
translation. 

The goal of a comprehensive réhabilitation program 
should be to strengthen the musculature about the knee 
while minimizing forces across the patellofemoral and 
tibiofemoral joints. Tibiofemoral compression forces are 
reduced with closed kinetic chain exercises. These exercises 
should be used during nonoperative treatment in 
conjunction with open kinetic chain quadriceps exercises 


that hâve been shown to exert an anterior pull on the tibia. 
However, it is unlikely that quadriceps strength alone can 
provide sufficient anterior translation of the tibia to reduce 
excessive forces across joint surfaces of the knee. 

Postoperative PCL Réhabilitation 

Immédiate postoperative care includes bracing the knee 
in full extension. Ogata and McCarthy reported that this 
position minimizes the stress on the PCL, as long as the 
collateral ligaments are intact. Ambulation with crutches 
and weight bearing as tolerated is permitted on the day of 
surgery. Quadriceps exercises can be instituted 
immediately postoperatively to minimize atrophy because 
their contraction will resuit in anterior tibial translation 
and not strain the PCL graft. This can be done in concert 
with the gastrocnemius through ankle pumps to further 
protect the graft. Ten days postoperatively, the patients 
are allowed to begin sitting, gravity-assisted flexion 
exercises to 90°. This is accomplished under quadriceps 
control with assistance from the ipsilateral leg, which 
supports the involved extremity. Open kinetic chain 
quadriceps exercises can be performed from 70° to 0°; 
however, if the posterior latéral complex has been 
reconstructed, these are performed at full extension only. 
The brace remains locked in extension for 6 weeks, and 
crutches are discontinued once the patient is able to 
ambulate without antalgia. The brace is unlocked after 
6 weeks, but is used until the end of the 12th postoperative 
week. At this time, stationary cycling is initiated as is closed 
kinetic chain exercises. Isométrie hamstring exercises are 
initiated at the end of postoperative month 4, and these 
exercises advance to progressive résistance exercises at 
knee flexion angles below 90° at the end of postoperative 
month 5. A supervised jogging program is permitted at 
6 months, which is gradually advanced to include sport- 
specific drills and activities at postoperative month 7. 
Return to sports and heavy labor is permitted at the end of 
the ninth postoperative month if the patient can perform a 
single leg hop test equal to the uninvolved side, exhibits 
no swelling, and is relatively pain free. Bracing is optional 
for return to sports. 
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203.8 Médial Collateral Ligament 
Injuries of the Knee 

David V Rajan, Clement Joseph 


The médial collateral ligament is the commonest injured 
ligament around the knee. Controversies remain about the 
nature of treatment in cases of isolated and combined 
injuries. It is common to see eagerly performed MCL 
repairs, where a cruciate injury is missed or there is 
stiffness postoperatively. On the other hand, many 
conservatively treated grade III MCL injuries also do very 
well. It is fundamental to understand the biomechanics of 
MCL and to arrive at a accurate clinical diagnosis to 
provide successful management to these injuries. 

ANATOMY 

The médial side of knee is supported by a group of 
structures collectively termed as "médial capsuloligamen- 
tous complexé The médial structures hâve been described 
in three layers by Warren and Marshall. Layer I consists of 
deep fascia, Layer II consist of superficial part of MCL and 
the ligaments of posteromedial corner and Layer III consists 
of the deep part of MCL and knee capsule. It consists of 
both static and dynamic stabilizers. Médial collateral 
ligament along with the posterior oblique ligament is a 
static stabilizer of the knee. The médial collateral ligament 
consists of a superficial part and a deep part (Figs 1 to 3). 

The Superficial MCL is the largest and strongest. It has 
a length of around 11 cm and width of 1.5 cm. Proximally 
it is attached to the médial fémoral épicondyle just anterior 
to the adductor tubercle and distally it is attached to the 
anteromedial tibial condyle. 

The posterior oblique ligament is a triangular 
condensation of the capsule, which originates just posterior 
to the origin of superficial MCL and gets inserted just below 
the posteromedial joint line. Along with superficial MCL, 
it is a part of the second layer. It has attachments to the 
posterior horn of médial meniscus. Proximally its fibers 
merge with that of superficial MCL. This structure is 
important in resisting abduction stress as well as external 
rotatory forces on tibia. 

The deep MCL is a short structure attached to the 
periphery of médial meniscus and consists of a 
meniscofemoral and meniscotibial parts. It lies under the 
superficial MCL and is separated from the superficial MCL 
by a bursa, distally. Proximally their fibers often fuse 
together. 


The dynamic stabilizers of the médial side of knee 
include the semimembranous insertion (pes anserinus) 
and vastus medialis. 



Fig. 1 : Superficial and deep parts of MCL. The deep MCL 
has attachments to the periphery of the meniscus 
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Fig. 2: MCL viewed from médial aspect. The superficial MCL 
and posterior oblique ligament constitute the II layer of médial 
capsuloligamentous complex. The semimembranosus with its 
attachments to posteromedial tibia and to the posterior oblique 
ligament serves as a dynamic stabilizer of posteromedial knee 












1844 Textbook of Orthopedics and Trauma (Volume 2) 



MCL fémoral attachment 


Deep MCL 
Se mime mb ra no sus 


Superficiel MCL tibial attachment 


Fig. 3: Bony attachments of MCL 

MECHANISM OF INJURY 

The MCL is commonly ruptured when the knee is subjected 
to abduction (valgus) stress and externat rotation forces. 
Severe injuries to MCL occur when there is a direct blow to 
the latéral aspect of knee resulting in opening of the médial 
compartment of the knee. Indirect stresses are common in 
sports activities involving pivoting maneuvers. The same 
mechanism of injury (abduction-external rotation) could 
resuit in many concomitant injuries like cruciate tears, 
patella dislocation and meniscal tears. 

The association of MCL injuries with cruciate ligament 
injury is very crucial. Fetto and Marshall hâve found 
cruciate ligament injuries in 20% of Grade I MCL tears, 
52% of grade II MCL tears and 78% of grade III MCL tears. 1 
Anterior cruciate ligament was the commonest injured 
cruciate ligament in more than 95% of these combined 
injuries. 

BIOMECHANICS 

The primary function of MCL is to resist the valgus 
(abduction) forces acting on the knee and secondarily to 
resist external rotation of tibia. When ACL is also ruptured 
with MCL, the proximal tibia subluxates anteriorly as well 
as shows excessive external rotation. This pattern is called 
anteromedial rotatory instabïlity. 

The superficial MCL is the primary restraint against 
pure valgus (abduction) loads. The secondary restraints 
are the posterior oblique and cruciate ligaments. The 
cruciate ligaments and posterior capsule are very 
important in resisting abduction forces when the knee is 
in full extension. Even if the entire MCL is sectioned, the 


knee will not exhibit any valgus laxity in extension as 
long as the cruciates and posterior capsule are intact. Ail 
these restraining structures can get damaged in 
progression according to the magnitude of the injury. 

The semimembranosus with its insertion to the 
posteromedial tibia and attachments to capsule and 
posterior oblique ligament serves as an important dynamic 
stabilizer of the posteromedial corner of the knee. The 
postserior oblique which is lax during flexion is made 
tight by the pull of semimembranosus and thus aids in 
stability during flexion. The vastus medialis, semitendi- 
nosus, gracilis, sartorius and the extensor aponeurosis 
also serve as dynamic stabilizer s of the médial knee. 

Different parts of MCL behave differently according to 
the position of knee. The anterior parallel fibers of 
superficial MCL are tight during flexion but the posterior 
oblique fibers become tight during extension. The fibers of 
MCL also exhibit a property of recruitment, that is when 
one group of fibers is getting stretched the subséquent fibers 
start to become tight, thus protecting the previous fibers 
from undue stretching and allowing a smooth transition 
offorce. 

The length of the MCL remains more or less same 
(isométrie) in ail ranges of knee movements. It is very 
important to reproduce this phenomenon during surgical 
repair. If the MCL repair is too tight, it may resuit in loss of 
knee motion. 

HEALING RESPONSE OF MCL 

Non-operatively treated MCL injuries heal by scar 
formation. Hematoma forms in the torn area, inflammatory 
response with cellular prolifération and vascular 
prolifération with résultant formation of fibrous scar tissue. 
The scar takes 3 to 14 weeks to contract and invariably 
heals with some laxity. The scar formation and maturation 
is not affected by the mobilization of knee. Actually 
immobilization can lead to decreased stiffness of the 
ligament and may be more prone for subséquent ruptures. 
Hart and Dahners found out that whether sutured or 
treated non-operatively, ail the ligaments were more lax 
than in uninjured subjects. In addition, immobilization 
can also decrease the muscle tone and it will take many 
months to regain the tone and strength of the muscle. Based 
on these studies the current treatment focuses on non- 
operative treatment and réhabilitation techniques like 
early controlled motion, quadriceps exercise to treat most 
of the MCL injuries. 

CLINICAL EXAMINATION 

The patient can présent in acute, subacute or in a chronic 
stage. In an acute setting, it is idéal to examine immediately 
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before muscle spasm and guarding sets in. If unable to 
examine immediately, the clinical examination should be 
repeated few days later. 

History 

History should include details about the injury, so as to 
ascertain the nature of violence and mechanism of injury. 
For example, if the injury involves a latéral blow to the 
knee resulting in abduction (valgus) force, injuries to MCL, 
ACL and PCL should be suspected. Few patients can feel 
the pop which could be due to ACL tear or MCL tear. 
Inability to stand unsupported immediately after the injury 
could dénoté serious cruciate injury. Pain is usually more 
in partial MCL ruptures than in complété ruptures. A 
swelling of knee, which develops immediately after the 
injury, indicates a hemarthrosis and is usually due to ACL 
injury. However other causes like patella dislocation, 
peripheral meniscal tear and osteochondral injuries should 
also be considered. Knee buckling and inability to stand 
immediately after the injury should also raise suspicion 
about cruciate injury. History of any previous knee injury 
should be noted. 

The knee is inspected for the presence of echymosis or 
bruising. MCL injuries can resuit in swelling and bruising 
of the médial aspect of knee. The knee is palpated for areas 
of tenderness. Tenderness in the origin, midsubstance and 
insertion of MCL should be looked for. In addition, 
popliteal fossa tenderness could indicate a PCL injury and 
médial retinacular tenderness could indicate a patellar 
subluxation or dislocation, both of which can occur with 
the valgus force producing the MCL injury. 

Stress Testing 

The important part in evaluating ligament integrity is 
stress testing of various ligaments. The opposite knee 
should always be examined first to reassure the patient 
and to know the baseline ligament laxity of the normal 
knee. 

The abduction (valgus) laxity should be tested in full 
extension as well as in 30° of knee flexion (Fig. 4). The 
abduction stress test is performed by supporting the 
posterior and latéral aspect of knee with one hand and 
holding the ankle of the patient in the other hand, an 
abduction (valgus) force is applied to the knee and the 
amount of knee abduction is noted and also the quality of 
the end point. In partial tears, as the maximum abduction 
is reached a feeling of hitting against the bone is felt (bony 
endpoint) and in complété tears the end point is soft. One 
should remember that this is painful test and should be 
performed very gently in an acutely injured knee. 


Alternatively the leg can be held in the axilla and the freed 
hand can be used to palpate the amount of médial joint 
opening. The laxity should always be compared with the 
opposite knee. A laxity of 7° more than the opposite knee 
is considered abnormal. Abnormal abduction laxity in full 
extension dénotés that one of the cruciate ligaments and 
posteromedial capsule are injured. Isolated MCL injury 
will not exhibit abduction laxity in full extension as the 
cruciates and posteromedial capsule are intact. 

Abduction stress testing is repeated with knee in 
30 degrees of flexion with the foot is kept in external rotation 
(De Lee). The médial joint is palpated simultaneously to 
ascertain the amount of médial joint opening. MCL laxity 
can be graded according to joint opening; Grade 1: 1 to 
4 mm. Grade II: 4 mm to 9 mm and Grade III > 9 mm. 

Lachman Test 

It is the most important test in for diagnosing ACL injury. 
The presence or absence of anterior cruciate ligament the 
determining factor in the treatment of MCL injuries. With 
the knee in 20° of flexion, one hand of the examiner 
supports the back of distal thigh and the other hand exerts 
an anterior pull on the proximal tibia. The amount of 
translation and the quality of endpoint are noted. 

Anterior Drawer Test 

Anterior drawer test is less useful than Lachman test, as 
contracting hamstring muscles (due to guarding and 
spasm) are in an advantageous position to resist the 
anterior translation force applied by the examiner. In 
acutely injured knees, many patients will be unable to flex 
the knee to 90° because of pain. 



Fig. 4: Médial collateral ligament should be examined in 
extension and in 30° knee flexion. Abnormal valgus laxity in 
extension dénotés injury to the cruciates 
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Pivot Shift 

Pivot shift also will be painful in acute patients and is not 
useful for evaluating ACL, as the médial fulcrum for the 
test provided by MCL is lost. 

In skeletally immature patients, epiphyseal injuries 
and hip pathology should be ruled out. 

RADIOGRAPHY 

Standard radiographs in AP and latéral planes should be 
taken. These films may show Segond's fracture (capsular 
avulsion from latéral tibial condyle margin), loose bodies 
and calcification in tibial insertion of MCL (Pellegrini- 
Steida's disease). In children stress X-rays may reveal the 
presence of epiphyseal injuries. In adults stress 
radiographs, just to demonstrate joint opening does not 
contribute much to the clinical findings. 

MAGNETIC RESONANCE IMAGING 

MRI is valuable in evaluating the knee in which clinical 
suspicion exists about the presence of ACL or meniscal 
injuries. The prime use of MRI in a case of MCL injury is to 
diagnose ACL tear and to identify the location of tear in 
MCL. In cases, where even the MRI is inconclusive (e.g. 
partial tears of ACL or plastic deformation of ACL), an 
examination under anaesthesia will give the final answer. 

ARTHROSCOPY 

Diagnostic arthroscopy undertaken just to evaluate ACL 
and meniscal tears is not justified. Good clinical 
examination and in select cases, MRI will provide the 
diagnosis. Undertaking arthroscopy in knees in acute MCL 
injuries is associated with significant extravasation of the 
fluid into the leg compartments due to the presence of 
capsular injury. Intra-articular visualization could be a 
problem because of the presence of hemarthrosis. 
Arthroscopy can be undertaken in a combined ligament 
injury after a week with much less risk of extravasation. 
Excessive médial joint opening can be seen intraarticulary 
with valgus force applied to the knee (Fig. 5). 

TREATMENT OPTIONS 

The treatment of MCL injuries has corne a full circle. 
During the 70s and 80s, there was great enthusiasm for 
repair. Following the results of many studies showing 
equal or better results with non-operative treatment, 
conservative treatment with focused réhabilitation has 
corne to be the mainstay in the management of ail grades 
of isolated médial collateral ligament injuries. 
Considérable différences of opinion exist regarding the 



Fig. 5: Arthroscopic view showing excessive médial joint 
opening. In a case of Grade III MCL injury 
(For color version see Plate 32) 


management of MCL injuries in the setting of combined 
ligament injury. 

ISOLATED MCL INJURIES 

As already mentioned, non-operative management gives 
satisfactory results in Grade I and Grade II injuries and 
most of Grade III injuries. Many of the poor results 
associated with the so called "isolated grade III MCL" 
injuries may actually be due to the presence of a neglected 
cruciate injury or a subclinical cruciate insufficiency. It is 
very important to rule out a cruciate injury before labeling 
a patient as an "isolated MCL" and one should always 
keep in mind that MCL is only a part in a continuum of 
injury, which can involve ACL and PCL also. 

Grade I and Grade II injuries are treated with initial rest, 
élévation, ice compresses (for initial 48 hours), elastocrepe 
compression bandage and NSAIDs. Ice compresses should 
be kept every 2 hours for a period of 10 minutes, except 
during sleeping time. Crutches are used initially and 
progressive weight bearing as tolerated by pain is allowed. 
Isométrie quadriceps exercises are started on day 1 or 2. 
Pain usually settles down in 4 to 5 days and progressive 
ROM exercises are started. If the injured person is an 
athlete, he should continue the exercises for the other parts 
of body. Straight line jogging and cycling are started in 
3 weeks time. Thereafter the athlete can return to his sport 
by the end of 3 or 4 weeks. 

Isolated Grade III injuries are also treated similarly, but 
with a prolonged program. The limb is immobilized in a 
brace in extension, which can be removed to perform ROM 
exercises periodically. Non-weight bearing of the affected 
limb for a period of 3 weeks and then progressive full weight 
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bearing over a period of 2 weeks is advised. Isométrie 
quadriceps and hamstring exercises and straight leg raises 
are started on day 2. Range ofmovement exercises are started 
on 4th or 5th day with heel slides over the cot. Gradually 
knee flexion in the sitting position started with the support 
of the opposite limb. Strengthening exercises for the limbs 
with free weights, cycling are started by the end of 4th 
week. An athlete can return to active sports by the end of 
5th or 6th week. 

SURGICAL REPAIR OF MCL 

Surgical repair of MCL carries many pitfalls. A good 
surgical repair should restore the isométrie nature of MCL. 
If the repair is too tight, it may resuit in restriction of motion. 
In a prospective study, comparing operative and non- 
operative treatment for grade III MCL injuries, Indelicato 
et al hâve found that the subjective scores and earlier return 
to activity were higher in the non-surgical group. They 
hâve also found that those whose knees were mobilized 
early returned to sports earlier. Other studies (Sandberg et 
al and Reider) also confirm that non-operative 
management with early réhabilitation gives good results. 
In addition, grade III MCL injuries are also associated with 
skin bruising and echymosis. The bad skin may resuit in 
postoperative wound breakdown and infection. 
Hematoma, nerve injury (infrapatellar branch of 
saphenous nerve) and saphenous vein injury during the 
approach are additional possible complications. 

COMBINED INJURIES 

MCL injuries can occur in combination with cruciate 
ligament injuries, most commonly anterior cruciate 
ligament. 

Combinée! MCL and Anterior 
Cruciate Ligament Injury 

In an acute présentation, the knee is immobilized in 
extension in a brace, ice compresses and compression 
bandage are applied. The hemarthrosis is not aspirated 
routinely but done if the effusion is tense. The initial 
treatment is similar for managing Grade III isolated MCL 
injury. ACL reconstruction is undertaken if the initial 
swelling and inflammation subside and the knee achieves 
a painless ROM of 90° flexion. This is possible usually in 
the 2nd or 3rd week after the injury. These knees exhibit 
gross valgus laxity in extension as well as in 30° flexion 
preoperatively. But the abduction laxity in extension as 
well as in flexion is greatly diminished after ACL fixation. 
If the knee shows significant valgus laxity in extension 
even after ACL fixation, few surgeons décidé to undertake 


surgical repair of MCL. We hâve had consistent good 
results with ACL reconstruction and non-operative 
management of the concomitant MCL injury. 

After the ACL reconstruction, the knee is immobilized 
in a knee brace in extension. Isométrie exercises, hamstring 
co-contraction and straight leg raises are started on 2nd 
postoperative day. Range ofmovement exercises are started 
on the fifth postoperative day. Brace is discontinued after 
1 week, only to be worn at night times for further two weeks. 
Non-weight bearing for a period of3 weeks and partial weight 
bearing for a further 2 to 3 weeks are allowed with elbow 
crutches. Further réhabilitation consists of cycling, 
leg presses and straight line jogging at 8 weeks. 
Sports participation is allowed 6 months after the 
reconstruction. 

MCL Injury in Multi-ligament Injured Knee 
(Knee Dislocation) 

Many combined injuries of ACL and PCL are actually knee 
dislocation, which hâve reduced spontaneously. Many of 
these dislocations are associated with MCL injuries. Even 
though the reconstruction of cruciates take priority, 
stability of additional structures like postérolatéral 
complex and médial collateral ligament contributes to the 
success. If the knee exhibits gross valgus laxity after 
cruciate ligament reconstruction, surgical repair of MCL 
may be warranted. 

Repair of Médial Collateral Ligament 

A médial hockey-stick incision is used medially to expose 
the superficial MCL. If it is avulsed from its bony insertion, 
it canbe reattached using suture anchors, Staples or screws 
with soft-tissue washers. Mid-substance tears canbe repaired 
directly, but the repair should allow full range of movement. 
After application of each suture, the knee is moved through 
the full range to ensure that the suture is not tight and 
restring the movement. Ligamentous repair done by 
approximating sutures can be protected by adding 
additional tension-relieving sutures. Capsular avulsions 
from bone could be fixed by drill holes or by suture anchors. 
If there is significant injury to the posteromedial capsule, 
a posteromedial capsular reefing can be performed. A 
longitudinal incision is made just posterior to superficial 
MCL. The interval between the capsule and médial 
meniscus is developed. The lax posteromedial capsule is 
then shifted anterosuperiorly and sutured to the MCL. The 
meniscus is also sutured to the shifted capsule. Post¬ 
operative stiffness is three to four times more common in 
combined ACL reconstruction and MCL repair, when 
compared to ACL reconstruction alone. 
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Neglected MCL Injuries 

MCL injuries not treated appropriately in the acute stage 
can présent with late instability. Most often patients with 
symptomatic chronic instability hâve associated anterior 
cruciate insufficiency. The anterior cruciate insufficiency 
along with MCL insufficiciency is the cause of anteromedial 
rotatory instability in which the tibia exhibits anterior 
translation and also excess external rotation. Anterior 
cruciate ligament reconstruction alone gives satisfactory 
results in most cases. The excess preoperative médial joint 
opening is greatly diminished when examined just after 
the fixation of ACL graft. Medial/posteromedial 
reconstruction may be warranted in few cases which show 
significant valgus laxity, even after fixation of the ACL 
graft. In this situation. Médial reconstruction can be done 
either by advancement of médial and posteromedial structures 
or by reconstruction ofMCL. Autograft (e.g. semitendinosus) 
as well as allograft tendons hâve been used for 
reconstructing MCL. 




Fig. 6: In chronic MCL laxity, stability could be restored by 
advancing MCL and posterior oblique ligaments proximally 
and anteriorly 


The médial side of the joint is approached by a hockey- 
stick incision. If the médial structures are found to be lax, 
yet adéquate tissue is présent, the fémoral attachment of 
superficial MCL could be advanced proximally and 
anteriorly and reattached with either Staples or periosteal 
sutures. Similary the fémoral attachment of the posterior 
oblique ligament is also advanced proximally and the body 
of the posterior oblique ligament could be sutured to the 
superficial MCL ligament (Fig. 6). Finally, the capsular 
slip from the semimembranosus tendon could also be 
advanced anteriorly and sutured to the superficial MCL - 
posterior oblique complex. Posterior capsule reefing could 
also be added if it is very lax. While undertaking these 
procedures, the isométrie nature of MCL should be 
maintained. Too much tightening of posteromedial 
structures like posteromedial capsule, posterior oblique 
ligament and semimembranosus tendon could resuit in 
severe loss of extension. The résultant flexion deformity 
could be hard to correct. 

If the quality of the available tissue on the médial side 
is unfit for reefing or advancement, reconstruction of MCL 
could be carried out using semitendinosus autograft or if 
available, allograft. The semitendinosus tendon is attached 
to the fémoral and tibial attachment sites of native MCL by 
means of Staples or screws with washers. 

CONCLUSION 

The crucial step in evaluating an MCL injured knee is to 
rule out cruciate ligament injury. Isolated MCL injuries 
respond well to non-operative treatment. MCL injuries in 
combination with ACL injuries can be treated non- 
operatively if ACL reconstruction is done. There is 
sufficient clinical evidence that MCL injuries heal well 
with non-operative management. Whatever be the residual 
laxity, it hardly produces any functional instability and it 
is also well compensated by other structures. Successful 
treatment dépends on grading of the MCL injury, 
identification of cruciate ligament injury and institution 
of a proper réhabilitation. 
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203.9 Postérolatéral Rotatory 
Instability of the Knee 

D. Pardiwala 


Postérolatéral rotatory instability (PLRI) of the knee is a 
complex and often unrecognized form of knee instability 
with an overall reported incidence (acute PLRI) of less 
than 2% of ail acute ligamentous knee injuries. It occurs 
most commonly in association with injury to the anterior 
or posterior cruciate ligament. O'Brien et al noted that 
unrecognized and untreated postérolatéral knee injuries 
might be a cause of ACL reconstruction failures. 

ANATOMY 

There is a close structural relationship among the 
structures of the postérolatéral corner (PLC) of the knee. 
Hughston et al defined the arcuate ligament complex as 
the tendinous and ligamentous complex consisting of the 
latéral collateral ligament (LCL), the arcuate ligament, the 
popliteus muscle and tendon, and the latéral head of the 
gastrocnemius. These constituents form a sling that 
functions statically and dynamically to control rotation of 
the latéral tibiofemoral articulation. 

The principal anatomie structures of the postérolatéral 
corner were described by Seebacher and associâtes who 
organized it into three layers (Fig. 1). Layer I is the most 
superficial and consists of the iliotibial band and the biceps 
femoris tendon. Layer II consists of the quadriceps 
retinaculum and the latéral patellofemoral ligaments. 
Layer III is the deepest and consists of the latéral collateral 
ligament (LCL), the fabellofibular ligament, the popliteus 
and the arcuate complex. Macgillivray and Warren 
described the importance of another structure located in 
layer III, the popliteofibular ligament. 

BIOMECHANICS 

Varus angulation and external rotation are the primary 
motions restrained by the latéral and postérolatéral 
structures. 

Primary Function 

The LCL is the primary restraint to varus opening, and the 
postérolatéral structures provide considérable restraint as 
secondary stabilizers. No single structure acts as the 
primary restraint to external rotation; rather, the structures 
that compose the postérolatéral corner function in unity to 
limit external rotation. 


Secondary Function 

The latéral and postérolatéral complex acts as a secondary 
restraint to limit anterior and posterior translation of the 
knee. The popliteus has been shown to play an important 
rôle as a secondary restraint to posterior translation. 

Clinical Application of Biomechanical Studies 

On suspecting a postérolatéral injury, varus and external 
rotation stress tests should be performed at 30 and 90° of 
knee flexion and the results compared with the 
contralatéral knee. An increase in primary varus and 
external rotation at 30° of knee flexion that decreases at 
90° of knee flexion indicates an isolated postérolatéral 
corner injury. An increase in varus and external rotation 
with stress at both 30 and 90° of knee flexion indicates 
combined injuries of the PCL and postérolatéral corner. 

MECHANISM OF INJURY 

In a large review of 140 patients with chronic postérolatéral 
knee instability, the mechanism of injury was attributed to 
a direct blow to the tibia with the knee flexed or extended, 
or a twisting injury to the knee. In my expérience, the 
majority of patients with ACL and postérolatéral corner 
injury sustained a hyperextension injury with a varus 
component. 

In the chronically disabled individual, a past history 
of significant trauma is frequently elucidated, but the 
mechanism is often not clear. More importantly, the 
individual will express a very frequent sense of instability, 
with minimal activity more frequently, causing giving way 
that is associated with chronic ACL instability. 
Additionally, each épisode of giving way is usually accom- 
panied by pain in the postérolatéral corner of the knee. 

CLASSIFICATION 

Postérolatéral rotary instability (PLRI) can be classified 
according to one of three étiologies. 

The first type is traumatic and occurs secondary to a 
significant injury. The latéral structures of the knee are 
torn almost always concomitantly with either the ACL, 
PCL, or both. Reconstruction of the cruciate ligament(s) 
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Fig. 1 : Diagram of the layers of the postérolatéral corner of the knee 


with failure to recognize the additional component of PLRI 
will correct only the excessive anterior or posterior 
translation of the knee. The postérolatéral subluxation will 
persist and be marked by a continued sense of instability 
and épisodes of giving way. 

The second type of PLRI is denoted as physiologie. In 
such a case, a relatively minor injury, occurring in persons 
already having excessive external rotation through the 
knee, results in PLRI while sparing the cruciate ligaments. 
The clinical manifestations of the instability are the same, 
with persistent complaints of giving way. However, the 
relatively minor épisode of trauma and the clinical presence 
of functioning anterior and posterior cruciate ligaments 
often results in a missed diagnosis. 

The third type of PLRI is the combined traumatic and 
physiologie type. In this case, the injury results in isolated 


tearing of either the ACL or PCL, with concomitant low- 
grade injury to the postérolatéral corner in an individual 
already having excessive physiologie external rotation. 
With concomitant isolated tearing of the ACL, the ACL 
deficiency and PLRI often negate each other. Reconstruction 
of the ACL without attention to the postérolatéral corner 
will élimina te the ACL instability but effectively increase 
the dysfunction of the PLRI. Sometimes this will occur to 
such an extent that the individual complains of symptoms 
of instability that are worse than those felt prior to surgery. 
Isolated reconstruction of the PCL without repair of the 
postérolatéral corner results in a persistence of the 
unphysiologic external rotation of the knee. Increased 
external rotation causes the posterior tibial insertion of 
the PCL to rotate medially and anteriorly, shortening the 
distance to the insertion of the PCL on the médial fémoral 
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condyle and producing a functionally lax PCL. Thus, 
symptoms persist after the PCL reconstruction. 

CLINICAL PRESENTATION 

In cases of acute PLRI, patients usually describe a history 
of trauma and présent with pain over the postérolatéral 
aspect of the knee. Patients may also report motor weakness 
as well as numbness and paresthesias in the leg secondary 
to an associated peroneal nerve palsy. This has been 
reported to occur in as many as 30% of patients with acute 
PLRI. 

After the acute pain and swelling has subsided the 
patients may also report instability, primarily with the 
knee in extension (e.g. during toe-off), such that the knee 
buckles into hyperextension. This functional instability is 
characteristic of chronic PLRI as well. Patients may hâve 
difficulties in ascending and descending stairs, as well as 
with cutting activities requiring latéral movement. In 
addition to their functional knee instability, patients with 
chronic PLRI may describe pain localized along the latéral 
joint line. 

EXAMINATION FINDINGS 

A routine approach should be taken to évaluation of the 
knee. In the acute knee, significant findings include a 
marked varus instability at 30° of flexion and at 0° if either 
cruciate ligament has also been torn. Ecchymosis and soft- 
tissue swelling may be présent on the latéral side and 
postérolatéral corner, and the fibular collateral ligament 
is not palpable. If the cruciate ligaments hâve also 
sustained damage, a positive Lachman and/or posterior 
drawer will be présent. As a rule, a complété isolated tear 
of the PCL will not hâve more than a 2+ posterior draw 
(i.e. the tibial plateau will be flush with the fémoral 
condyles with the knee flexed at 90°). Any further posterior 
sag is almost always a sign of concomitant PLRI. In the 
awake patient with an acute knee examined a few days 
after the injury, further évaluation is usually difficult. One 
should, however, try to evaluate the amount of external 
rotation of the tibia at 30° and 90° of knee flexion, as well 
as attempt to perform a reverse pivot-shift maneuver. 

In the individual with chronic instability, détermina¬ 
tion of external rotation over the opposite knee at 30° and 
90° is essential. This maneuver should reproduce a sense 
of giving way as well as pain. Such is also true for the 
reverse pivot shift. A varus alignment of the extremity may 
or may not be présent, but ambulation may bring out a 
significant varus thrust. 

Lastly, a patient may, while sitting with the affected 
foot on the floor, be able to reproduce the dynamic 
instability and sensation felt while ambulating, by 


voluntarily firing the biceps femoris, thereby producing 
marked external rotation and subluxation of the latéral 
tibial plateau. This can almost be considered a pathogno- 
monic sign of PLRI, but must be distinguished from the 
performance of an active anterior drawer in a case of 
isolated ACL deficiency. The external rotation recurvatum 
test as described by Hughston is not positive in isolated 
PLRI, and is only rarely positive with an accompanying 
PCL deficiency. An incompetent ACL, PCL, and 
postérolatéral complex must generally be présent to 
produce a positive test. 

Hence, the following tests need to be performed in a 
case of suspected PLRI: 

1. Anterior-posterior translation tests 

2. Varus stress test at 30° knee flexion 

3. External rotation recurvatum test (Figs 2A and B) 



Figs 2A and B: The external rotation - recurvatum test for 
PLRI of the knee. On lifting both feet off the examination table, 
the PLC déficient knee assumes a position of external rotation 
and recurvatum 
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4. Postérolatéral drawer test 

5. Tibial external rotation test (ERTFAT) (Fig. 3) 

6. Reverse pivot shift test 

7. Standing appréhension test. 

PREOPERATIVE PLANNING 

Routine radiographie profiles should be obtained, 
includingboth supine and stress views (Fig. 4) to détermine 
latéral joint line opening. In the acute setting, a fracture of 
the postérolatéral tibial plateau should raise the suspicion 
ofPLRI. 

MRI has been effective in accurately defining the 
pathoanatomy of the PLC injury (Fig. 5) and other asso- 
ciated knee ligament injuries. 

In cases of chronic PLRI full length weight-bearing 
films of both knees are obtained to détermine limb 
alignment and latéral joint line opening. Evidence of 
patello-femoral or tibiofemoral degenerative changes may 
be observed. Most commonly, involvement of the latéral 
compartment is more advanced than that of any other 
compartment. 

TREATMENT 

Although the natural history of isolated PLRI has not been 
clearly delineated, it has been postulated that there may 
be a prédisposition to early degenerative joint disease. It is 
also believed that there is an increased degree of disability 
when a combined ligamentous injury pattern exists. 

Nonoperative management should be reserved for 
patients with mild instability without significant 



Fig. 3: The external rotation thigh foot angle test (ERTFAT) for 
PLRI knee: An increase in tibial external rotation 20°greater 
than the opposite extremity with the knee in 30 and 90°of knee 
flexion is indicative of PLC injury and PLRI 


symptoms or functional limitations. These patients are 
treated with a brief period of initial immobilization (2 to 
4 weeks) foliowed by an intensive réhabilitation program. 

Currently, the indications for surgical treatment of PLRI 
of the knee include symptomatic instability with functional 
limitations as confirmed by significant objective physical 
findings. Surgical repair (Fig. 6) is recommended within 
the first two weeks if possible. In general the common goal 
of the numerous surgical procedures described is to restore 
stability of the knee by resisting varus stress, posterior 
tibial translation, and tibial external rotation. Surgical 
repair or reconstruction of the PLC should be performed 
before degenerative changes develop in the knee joint. 



Fig. 4: Stress radiograph of PLRI knee 


Fig. 5: MRI showing PLC injury 
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Figs 6A and B: Surgical repair of the postérolatéral corner in 
the acute phase of injury involves sequential identification and 
repair of ail structures in the 3 layers of the postérolatéral corner 
(Fig. 6A for color version see Plate 32) 

Several procedures hâve been described for the treatment 
ofPLRI. 

• Baker et al performed early PLC reconstruction by 
primary repair of the injured structures. When this 
repair could not be achieved because of poor tissue 
quality or chronicity, they recommended anterior and 
superior advancement of the arcuate ligament. 

• Hughston and Jacobson also recommended repair and 
proximal advancement of the arcuate complex. 
Hughston's postérolatéral reconstruction, consisting 
of anterior and superior advancement of the latéral 
gastrocnemius tendon, superior postérolatéral capsule. 


fibular collateral ligament, and popliteus tendon, has 
often not met with much success. Jakob and associâtes 
recommended recession of the popliteus on the fémur, 
but even in combination with Hughston's reconstruc¬ 
tion, recession fails to improve static or functional 
stability. 

• Noyés and Barber-Westin reported a technique for the 
surgical treatment of chronic PLC injuries. They 
described removing a wafer of bone with the LCL and 
postérolatéral structures, advancing it proximally and 
reattaching it with a four-pronged staple. They 
cautioned against use of this procedure when thinned 
or scarred postérolatéral structures exist or with varus 
aligned knees. 

• Clancy et al described rerouting of the biceps femoris 
tendon and its tenodesis to the latéral fémoral 
épicondyle as a highly predictable and favorable 
procedure for eliminating functional PLRI. Transfer of 
the tendon éliminâtes the deforming pull of the biceps 
femoris muscle, and its transfer to the fémur créâtes a 
new fibular collateral ligament. Additionally, the 
transfer tightens the postérolatéral capsule via the 
biceps fibers, which are firmly inserted into the deep 
inferior postérolatéral arcuate complex. Although 
eliminating the effect of the biceps femoris as a knee 
flexor, the transfer éliminâtes the dynamic force 
externally rotating the tibia, which actively aggravâtes 
postérolatéral laxity. Although Wascher et al showed 
that a biceps tenodesis in a cadaver model can restore 
normal varus and external rotation stability, the 
reconstruction does not anatomically recreate the 
popliteus tendon and represents a partial reconstruc¬ 
tion of the PLC. It also results in the sacrifice of the 
dynamic stabilising effect of the biceps tendon. A 
commonly used modification of this procedure is the 
split biceps tenodesis. 

• Albright and Brown reported on the PLC sling 
procedure. This involves création of an extra-articular 
sling that extends from a point on the posterior tibia, 
just médial to the proximal tibio-femoral articulation, 
then anteriorly and superiorly to an isométrie point on 
the fémur. In 87% of their patients, the procedure 
effectively eliminated PLRI, and reduced hyper¬ 
extension and varus laxity. 

• Noyés and Barber-Westin described using either a 
bone-patellar tendon- bone autograft or allograft to 
reconstruct a déficient LCL in addition to reconstruct- 
ing the popliteus-arcuate complex with a semitendino- 
sis and gracilis graft. 

• Latimer et al reported their results using a patellar 
tendon allograft to treat 10 patients with PLRI. The 
procedure successfully decreased excessive tibial 
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rotation at 30° flexion and eliminated the latéral joint 
opening in 6 patients, and reduced it to less than 5 mm 
in 4 patients. 

ACUTE RECONSTRUCTION 

The treatment algorithm in acute PLC injuries is elaborated 
in Figures 7 and 8. Primary repair when performed early 
is the best option. Cases in which there is an associated 
peroneal nerve injury may require management of the same, 
e.g. epineurial release to drain a hematoma/neurolysis. 

CHRONIC RECONSTRUCTION 


Valgus High Tibial Osteotomy 

Occasionally, treatment for chronic PLRI may require an 
accompanying valgus osteotomy (Figs 9A to D). This 
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Fig. 7: The algorithm for acute latéral collateral ligament injury 
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concomitant procedure should be strongly considered in 
two types of patients: the individual with varus laxity and 
medial-compartment loss resulting in varus alignment, 
and the individual with a neutrally aligned knee and 3+ 
varus laxity accompanied by a varus thrust in gait. The 
osteotomy should be performed first; the postérolatéral 
reconstruction may be performed immediately after the 
osteotomy. A second option is to perform the reconstruction 
as a delayed procedure. Often, the valgus tibial osteotomy 
alone, either based medially or laterally, will alleviate 
symptoms of PLRI. 

Hence, it is critical to evaluate limb alignment in the 
patient with chronic PLRI. Otherwise, with a moderate or 
severe varus alignment and latéral thrust, surgical 
reconstruction of the PLC will fail because of chronic 
répétitive stretching of the reconstruction. In a varus knee 
with mild PLC instability and associated médial laxity, a 
médial opening valgus high tibial osteotomy is preferred, 
since it can restore tension to the médial side of the knee in 
addition to correcting limb alignment. 

Popliteus Tendon, Popliteofibular 
Ligament, and LCL 

In chronic PLRI, associated cruciate ligament reconstruc¬ 
tion is performed first with either patellar tendon autograft 
or allograft. After cruciate reconstruction, the scarred, 
indefinable PLC is exposed and reconstructed with a free 
semitendinosus autograft, an Achilles tendon allograft, 
single or split, or a quadriceps tendon autograft. 

POSTOPERATIVE REHABILITATION 

• Patients are placed in a postoperative hinged brace 
locked in extension. 

• lst postoperative day: CPM machine 

• 2nd postoperative day: Assisted ROM 

• 6 weeks: Non-weight bearing 

• Week 6 to 8: Partial weight bearing with brace locked in 
extension 

• Week 8: Full weight bearing 

• After 4 months: brace discontinued 

• Active hamstring exercises are avoided for 6 months to 
prevent posterior subluxation forces from stressing the 
PLC reconstruction. 

COMPLICATIONS 
Common Peroneal Nerve Palsy 

Common peroneal nerve palsy is a potential complication 
of PLRI reconstruction, resulting from the proximity of the 
nerve during surgical exposure. However, if the nerve is 
explored distally, making sure to release the fibro-osseous 
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Figs 9A to D: Chronic ACL and PLC injury with severe varus thrust (A) Weight bearing AP radiograph (B and C) First stage 
arthroscopic ACL reconstruction with médial opening wedge HTO using Puddu plate fixation and allograft bone (D) Second 
stage PLC reconstruction 


ligament as the nerve enters the latéral compartment of the 
knee, no such complication should occur. 

If a palsy develops postoperatively after having 
documented a normal examination in the conscious, 
postoperative patient, it is probably secondary to a 
postoperative hematoma. In such a case, re-exploration 
and évacuation of the hematoma should be considered. 

Reconstruction Failure 

Failure of reconstruction usually results either from 
improper fixation of the graft or aggressive knee range of 
motion prior to tenodesis of the graft (i.e. before 6 weeks 
postoperatively). 

Placement of the screw and washer in a nonphysio- 
metric location can also lead to failure of the reconstruction. 
Both tendon rupture and poor placement of the tenodesis, 
requiring re-operation, are treated with autograft/allograft 
révision reconstruction. 

Stiffness 

Loss of motion is a rare complication with the current 
réhabilitation protocol. Manipulation has been required 


to regain an unacceptable degree of lost motion in less 
than 1% of patients. 

Hamstring Weakness 

The sacrifice of a major flexor of the knee in the reconstruc¬ 
tion raises concerns about the effect that this has on 
ultimate loss of knee flexion strength. However, Cybex 
testing at one year in a small group of patients has shown 
a consistent déficit of only 15%. This has not proven to 
resuit in any significant morbidity. 

Irritation of Hardware 

In a significant percentage of patients, irritation by a 
prominent screw head and washer becomes a problem. 
Fortunately, the hardware is easily removed in an 
outpatient setting under either local or general anesthésia. 
The hardware removal is usually performed after 6 
months without complication. Additionally, a métal 
incompatibility between the screw and washer may create 
a battery effect, causing corrosion of the metals of these 
two éléments and local irritation, requiring removal of the 
hardware. 
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203.10 Allografts in Knee Reconstructive Surgery 

D. Pardiwala 


The use of allogeneic tissue has broadened the alternatives 
that surgeons can use to treat knee disorders. In some cases, 
the use of allograft tissue may be preferred, or the only, 
way to reconstruct the defect. Advantages of allogeneic 
tissue use include less surgical morbidity, shorter surgical 
time, smaller incisions, and the wider sélection of graft 
sizes and types of tissue. Disadvantages include the risk 
of disease transmission, a slower biologie remodeling 
process, and the potential for a subclinical immune 
response. 

PROCUREMENT, STERILIZATION AND STORAGE 

Allograft tissue (Fig. 1) may be procured from cadavers 
within a few hours of the death of the donor, or from acute 
post-traumatic amputations with no feasibility for 
reimplantation. Graft sterility is most commonly ensured 
by aseptie techniques of harvest and procurement. Other 
methods, such as irradiation and Chemical sterilization, 
hâve the potential to damage the collagen structure of the 
graft and must be used with care. 

Laboratory tests required by the US FDA and the 
American Association of Tissue Banking are performed 
on sérum from the donor. They include aérobic and anaéro¬ 
bie blood cultures, cultures from the tissue harvested, 
antibodies to HIV types 1 and 2, hepatitis B surface antigen, 
hepatitis C antibodies, syphilis antibodies, and human T- 
cell lymphotropic virus antibodies. Fifty percent of tissue 
banks use polymerized chain reaction (PCR) testing to 
directly detect viral antigens. 

Currently, the only acceptable methods of allograft 
préservation are cooling and fresh transplantation within 
24 hours, freeze-drying, and storage at -80° centigrade or 
liquid nitrogen storage at -196° centigrade with or without 
cryopreservation. Préservation methods for ligaments differ 
significantly from those for articular cartilage and menisci. 
Most articular cartilage allografts are transplanted fresh, 
which préserves both normal cells and matrix. These grafts 
contain marrow éléments within the bone, which increases 
both the antigen exposure to the récipient and the 
possibility of viral disease transmission. Because of the 
short storage time, they must be used on a semiemergent 
basis; therefore, obtaining the correct size of graft can be 
difficult. Viable chondrocytes canbe maintained in lactated 
Ringer's solution cooled to 4° centigrade for 7 days; 
however, after 24 hours there is a decrease in the 
percentage of viable cells. 


Deep-freezing is the simplest and most widely used 
method of ligament allograft storage. After recovery, the 
graft is frozen for 2 to 4 weeks pending the results of 
sérologie studies, after which it is thawed and processed. 
After a 1-hour antibiotic soak at room température, it is 
packaged without solution and frozen to -80° centigrade. 
It can then be stored for 3 to 5 years. 

Ail cells are destroyed within the tissue, but no 
deleterious clinical effect has been noted due to the 
acellularity of ligament tissue (unlike menisci and articular 
cartilage). 

PHYSIOLOGY 

Allogeneic tissue functions as a scaffold, providing a 
structure that is rapidly incorporated by the host. The 
process initially involves cell death (in fresh or cryo- 
preserved grafts), which is foliowed by revascularization, 
cell repopulation, and finally remodeling. The initial stages 
progress very rapidly. Jackson demonstrated the complété 
replacement of donor cells by host cells in the goat anterior 
cruciate ligament by 4 weeks after transplantation. The 
remodeling phase of an allograft is lengthy; an allograft 
may take one and a half times as long as an autograft to 
complété remodeling and regain comparable strength. This 
longer maturation process may be due to tissue-antigen 
mismatch presented to the host and a resulting subclinical 
immune response. Antigens présent on the cells in bone 
and cartilage hâve proved capable of producing a typical 
immune reaction, and the finding that there is no direct 
evidence of clinical rejection of these grafts has been the 
subject of intense investigation. Thorough washing 
removes most of the marrow éléments of the graft and that 
chondrocytes and fibrochondrocytes are deeply embedded 
in an avascular matrix may also explain the lack of host 
response. 

Careful analysis of synovial fluid after allograft 
implantation has shown a slight increase in immuno- 
markers, but a clinically significant reaction does not 
appear to occur. 

ARTICULAR CARTILAGE ALLOGRAFTS 
Indications 

Patient sélection is critical for a successful articular 
cartilage allograft. Young, active, well-motivated 
individuals with defects smaller than 4 cm caused by 
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Figs IA to E: Allografts used in knee reconstructive surgery: osteochondral, ligament and menisci 


trauma or osteochondritis dissecans hâve the best results 
(Fig. 2). Use of allografts in patients with rheumatoid 
arthritis, generalized osteoarthritis involving both sides 
of the joint, and corticosteroid induced osteonecrosis has 
universally met with failure and is not recommended. Any 
limb malalignment must be corrected before transplanta¬ 
tion. Most articular-cartilage allografting procedures hâve 
involved resurfacing defects of the fémoral condyles, but 
defects involving the tibial plateau, patella, and fémoral 
trochlea hâve also been grafted successfully. 

Surgical Considérations 

Osteochondral allograft transplantation is challenging 
since grafts need to be implanted within 48 hours of 
harvest. Articular cartilage matrix is damaged by 
préservation with freezing with or without cryopreserva- 
tion; and therefore, the most widely used method of 
transplantation is the use of a fresh graft. 

The surgical procedure requires an arthrotomy for 
directly visualizing and removing any fibrous tissue from 
the defect. The best results are obtained with lésions 
measuring 4 cm 2 or less, although there are reports of 
successful resurfacing of larger defects. Transplantation 
of articular cartilage requires implantation of an underlying 
portion of bone both for support and as a means of rigid 
internai fixation. Postoperatively, CPM is begun imme- 


diately. Weight bearing is delayed at least 8 weeks, 
depending on the size of the graft. 

Biopsy specimens of human articular cartilage 
allografts 12 and 72 months postoperatively hâve found 
viable, functionally and metabolically active chondrocytes. 
Failure is evidenced by crumbling of the supporting bone 
and fragmentation of the graft, a process identical to that 
seen in osteonecrosis. This process may be due, at least in 
part, to a subclinical immune response that is undetectable. 

Results 

The largest reported sériés of articular-cartilage allografts 
is from the University of Toronto. In their sériés of 100 
cases which began in 1972, the best clinical results were 
seen with traumatic unipolar grafts. Success with 
osteochondritis dissecans was less predictable. Of the 59 
allografts with more than 1 year foliow-up, 45 (76%) were 
successful. The graft failed in ail four patients in whom 
both sides of the joint were grafted. At 5 years, the success 
rate in 92 knees was 75%; at 10 years, 64%; at 14 years, 
63%. 

Garrett reported an 85% success rate for allograft 
reconstruction of 2 to 4 cm knee defects due to osteo¬ 
chondritis dissecans. At second-look arthroscopy, 
successfully treated knees demonstrated normal- 
appearing articular cartilage. Failed grafts were 
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Figs 2A to I: Osteochondral 
allograft transplantation for 
massive osteochondritis disse- 
cans of the latéral fémoral 
condyle in a young male. On 
follow-up radiographs and CT, 
note union of allograft with no 
evidence of collapse (Figs 2C 
and D for color version see 
Plate 32) 


characterized by failure of incorporation of the underlying 
bone and fragmentation of the graft. 

SUMMARY 

The ultimate success of an osteochondral allograft 
transplant dépends on the survival of the articular matrix 
with its chondrocytes and the union of underlying bone. 
Normal function of chondrocytes is mandatory if the 
cartilage is to survive. The best results are obtained in 
young persons with a defect measuring less than 4 cm 2 
that affects only one side of the joint, preferably the fémoral 
condyle. Osteochondral fractures and osteochondritis 
dissecans are the only surgical indications at présent. The 
need for fresh grafts is a major reason why few surgeons 
hâve used articular-cartilage allografts. 


LIGAMENT ALLOGRAFTS 
Indications 

The decision to use a knee ligament allograft dépends on 
several factors, including patient and surgeon preference, 
the particular ligament being reconstructed, the avail- 
ability of suitable autogenous tissue, and the availability 
of a safe, high-quality source of allografts. The advantages 
are smaller incisions, less surgical time, and potentially 
less surgical morbidity, due in large part to the fact that no 
donor tissue is harvested. Réhabilitation with rapid 
institution of range-of-motion and other exercises is 
generally applicable to allografts, as it is with autogenous 
tissue. 

The tissue most commonly used for ACL reconstruction 
is the bone-patellar tendon-bone composite. Most surgeons 
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prefer autogenous tissue for primary reconstruction, and 
rely on allografts for révision procedures. An Achilles 
tendon allograft is commonly used for the reconstruction 
of the PCL because of its size, strength, length, and ease of 
insertion. Other structures that hâve been reconstructed 
with an allograft include the MCL, the patellar tendon, the 
LCL, and the posterior capsule. Allografts are particularly 
useful when treating the multiple ligament injured knee 
where limited autogenous tissue is available for 
reconstruction. 

Surgical Considérations 

Once the remodeling phase is complété, implanted allograft 
ligament tissue appears similar to the native ACL. While 
vascularization and recollagenization occur in autograft 
and allograft ligaments in a similar fashion, these 
processes occur more slowly in allograft tissue. During 
incorporation, ligament grafts are weakest during the 
phases of revascularization and maturation, with 
maximum weakness occurring 6 months after implanta¬ 
tion. Jackson showed a maximum load to failure of 27% of 
normal for allograft ACLs, compared with 62% of normal 
for autografts. Despite the fact that ligament allografts are 
weaker during incorporation, there are no published 
reports citing increased likelihood of failure during this 
phase. 

Results 

Most of the data collected on allografts deal with 
reconstruction of the ACL with bone-patellar tendon-bone 
grafts. Overall, the results of primary reconstruction with 
use of allografts are similar to those obtained with 
autografts. Some concern has been expressed that 
allografts might begin to show increased laxity or re¬ 
rupture rates 5 years or more after surgery, but no sériés 
with data showing evidence of these possibilities has been 
published. 

Allografts are often reserved for use in révision ACL 
reconstructions, but révision surgeries hâve proved less 
successful than primary reconstructions. 

Indelicato reviewed fresh-frozen bone-patellar tendon- 
bone allografts with an average 27-month follow-up; their 
objective results were similar to their expérience with 
autograft patellar tendons, with 93% of patients having 
Lachman scores of grade I or less and 78% having a 
completely négative pivot-shift examination. Shelton found 
no statistical différence between autograft and allograft 
bone-patellar tendon-bone ACL reconstructions in terms 
of pain, effusion, stability, range of motion, patellofemoral 
crepitus, and thigh circumference when evaluated a 
minimum of 24 months after surgery. 


Noyés and Barber-Westin demonstrated good restoration 
of posterior stability with either bone-patellar tendon-bone 
or Achilles tendon allografts and found no benefit with 
synthetic augmentation. Bullis and Paulos reported on 63 
patients, many with combined injuries, and demonstrated 
good results with the use of Achilles allografts. Noyés and 
Barber-Westin reported the results in 20 patients with 
posterior latéral instability who were treated with Achilles 
tendon, fascia lata, and bone-patellar tendon-bone 
allografts; at the follow-up évaluation a mean of 42 months 
after surgery, the success rate was 76%. 

SUMMARY 

The use of allograft tissue as a graft source for 
reconstruction of knee instabilities is an alternative for 
ligament reconstruction. Many factors enter into the 
decision to use an allograft, including patient âge, the 
preference of the patient and the surgeon, fear of disease 
transmission, and availability of quality tissue. Both the 
surgeon and the patient must be aware that although the 
graft will react much like autogenous tissue in revasculari¬ 
zation and remodeling, this process tends to progress more 
slowly. Long-term studies with a minimum 5-year follow- 
up are lacking, and there is the possibility that allografts 
will be found to hâve stretched when checked at longer 
intervals. 

MENISCAL ALLOGRAFT TRANSPLANTATION 

The meniscus was long thought to be a rudimentary 
appendage with no function or purpose. Attitudes about 
the importance of the meniscus began to change after 
Fairbank's 1948 article showed that the late radiographie 
findings after meniscectomy represent degenerative 
arthritis. The meniscus has se ver al rôles that are essential 
to normal knee function, including load transmission, 
shock absorption, joint stability, lubrication, and nutrition. 
There is a severe compromise in these indispensable 
functions with even partial menisectomy, and this may 
prédisposé the knee to early degenerative joint disease. 
With this increased awareness, efforts are now aimed at 
meniscal préservation. Meniscal repair is the treatment of 
choice whenever possible, but this procedure is not suitable 
for many meniscal tears, and cannot be performed on 
previously menisectomised knee joints. Hence, efforts to 
replace or regenerate the meniscus are under intense 
research. Prosthetic replacements hâve been unsuccessful 
because of the inability to replicate the complex 
biomechanical properties of the normal meniscus. 
Although methods such as tissue engineering show 
promise, they are as yet experimental. In this situation, 
meniscal allograft transplants offer an attractive alternative 
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and hâve been found to be a feasible meniscal replacement 
in young patients with irréparable meniscal tears and 
previously menisectomised knees (Fig. 3). Menisci are 
'immune privileged' and basic science studies hâve found 
little evidence of rejection. The grafts readily heal at the 
repair site, and biomechanical testing has found that the 
grafts reduce joint forces compared to menisectomy. 

Arnoczky proved the feasibility of transplanting an 
allograft meniscus by demonstrating peripheral healing, 
cellular repopulation, and the lack of an immune response 
in a dog model. 

Indications 

The idéal candidate for a meniscal allograft is a young, 
active individual with pain over a previously meniscecto- 
mized compartment, with little or no arthritic damage. 
Standing radiographs should demonstrate acceptable limb 
alignment, and any malalignment should be corrected 
before considering a meniscal replacement. Instability 
should be corrected before or during meniscal replacement 
because abnormal forces applied to a meniscus placed in 
an unstable joint will likely lead to failure. The combination 
of a meniscal allograft and ligament reconstruction should 
hâve a synergistic effect by enhancing stability and 
restoring more normal knee kinematics. 

Surgical Considérations 

Preoperative planning using radiographs and CT scans 
is important to ensure proper sizing of the meniscal 
allograft. To be successful, the relationship of the meniscal 
allograft transplant with intra-articular bone and soft- 
tissue must be anatomie. The transplant is immediately 
expected to withstand strain along the circumferentially 
oriented collagen fibers at the periphery of the meniscus. 
The strain rate in these fibers is very low, which prevents 
excessive point loading of the articular cartilage. This 
functional requirement for an effective low rate of strain, 
however, can only be accomplished by a technically 
challenging surgical technique that follows the following 
three requirements: 

1. Anchoring of the anterior and posterior horns of the 
transplant to the anatomically correct site of the 
tibial host with either bone plugs or slots to over- 
come peripheral extrusion of the graft with weight 
bearing. 

2. Secure attachment of the peripheral edge of the 
transplant to the host capsule with suturing and 
meniscal screws. Exact cephalad or caudal attachment 
of the transplant to the host capsule is essential to 
prevent prématuré peripheral capsular séparation and 
for recruitment of peripheral host soft tissue structures 



Figs 3A to F: Latéral meniscus allograft transplantation in a 
young sportsman having undergone two prior latéral meniscus 
resection surgeries. On follow-up MRI note union and 
revascularization of meniscal margins with no evidence of graft 
shrinkage 

(Figs C and D for color version see Plate 32) 


that will then restrain improper rotational and anterior 
translation. 

3. Proper sizing of the meniscus. 


Results 

Clinical studies with short to medium term follow-up hâve 
shown that meniscal allografts do successfully 
revascularise and heal to the periphery, undergo cellular 
repopulation and remodeling, canbe of subjective benefit, 
and are encouraging in terms of reducing knee pain and 
increasing function. Results at 2 to 5-year follow-up show 
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pain relief in more than 90% of allograft récipients. 
Decreased range of motion, increased swelling, and 
clinical rejection hâve not been problems in any sériés. 
Shrinkage of the graft has been noted but is difficult to 
measure; the incidence has been estimated as 10 to 15% on 
second-look arthroscopy but 30% on MRI studies. Any 
shrinkage would decrease the ability of the meniscus to 
distribute weight over a large surface area and thereby 
render it less functional. 


However, of the 14 clinical studies evaluating meniscal 
transplantation, most sériés hâve been small and there is 
a lack of uniformity between patient sélection, surgical 
technique, and follow-up. Despite the high success seen 
on second-look arthroscopy and clinical évaluation, the 
ultimate success of a meniscal transplant will be measured 
by its ability to prevent arthrosis. The dur ability of the 
allograft and its long-term ability to deter arthritis remain 
to be established. 


203.11 Shoulder Arthroscopy—Introduction, 
Portais and Arthroscopic Anatomy 

Clement Joseph, David V Rajan 


Shoulder arthroscopy has become a widely practiced 
procedure with predictable results. Shoulder arthroscopy 
and open shoulder surgery by themselves hâve become a 
subspeciality of orthopedics. But shoulder arthroscopy is 
a complex procedure which demands for specialized 
training and psychomotor skills. In this chapter, the 
fundamentals of performing shoulder arthroscopy will be 
discussed. The common indications for shoulder 
arthroscopy include shoulder instability, rotator cuff tears, 
impingment, SLAP lésions and adhesive capsulitis. 

Pre-requisites for Shoulder Arthroscopy 

As shoulder arthroscopy is a complex procedure, the 
surgeon should be well trained in performing the 
procedures. Practice in cadaver workshops and models is 
necessary. Proper knowledge about the use of instruments 
is a must. The surgeon should be able to handle arthroscope 
and instruments in either of his hands. The success of the 
surgery would be as good as the available instruments 
and the capability of the assisting staff. The assisting staff 
should be well trained in the procedures. Preoperative 
drills of positioning the patient, knot tying techniques and 
usage of instruments in shoulder models should be 
conducted with the staff. Finally the surgeon should be 
capable of performing open shoulder surgery if 
arthroscopy cannot be continued for reasons of technical 
difficulty. The surgeon should constantly update his 
knowledge about advances in the management of shoulder 
pathology and also about the improvements in instrument 
and implant designs. 


ANESTHESIA FOR SHOULDER ARTHROSCOPY 

We routinely use a brachial plexus block by the 
interscalene technique followed by general anesthésia for 
shoulder arthroscopy. Though arthroscopy can be 
performed with block alone, the patient may not tolerate 
lying still in an awkward position for long. In addition, 
hypotensive anesthésia is required to minimize bleeding 
and improve visualization. Brachial plexus block does not 
direcly reduce the blood pressure, but blocks the painful 
sensory input and reduces the sympathetic response. Blood 
pressure can further be controlled by general anesthésia. 
In addition, ail the patients receive a dose of beta-blocker 
(if there is no contraindication) the night before surgery to 
reduce blood pressure. 

Operating Room Set up 

The surgeon should hâve full access to the shoulder joint. 
Hence, the Boyles apparatus and the anesthetist are near 
the foot end of the patient. A customized long connecting 
airway tube may be required for this arrangement. End 
tidal C0 2 monitors are connected to the anesthésia tubings 
are must and will detect any disconnection of airway. Two 
video monitors are placed on either side of the table, to 
enable the surgeon to hâve visualization when he is 
operating from front or behind. 

Patient Positioning 

Shoulder arthroscopy can be performed in two positions, 
the beach chair position or in the latéral decubitus position. 
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Fig. 1: Operating room set-up 


The choice dépends on surgeon's training and familiarity. 
Both positions hâve their advantages and disadvantages. 

Beach Chair Position 

In this position, the patient is positioned 80 to 90° sitting 
position and the shoulder and the upper limb are draped 
free. The vertical positioning allows us hâve a familiar 
orientation. When arthroscopy is converted into open 
procedure, no change in positioning is necessary. An 
assistant is required to give traction and distraction. Obese 
patients in this position could develop hypotension due 
to superior vena caval compression. 


Latéral Decubitus Position 

This is the position we routinely use. In this the patient is 
positioned on the unaffected side and the trunk is tilted 20 
to 30° posteriorly, so that the glenoid is positioned parallel 
to the floor. The affected arm is suspended in a traction 
System, which provides longitudinal traction to the forearm 
and also vertical ( distraction ) traction to the proximal 
arm. Abduction more than 45° and traction weights more 
than 10 kg should be avoided. Compression of 
neurovascular structures in the axilla of the opposite side 
against the table is avoided by keeping a rolled towel or 
cushion under the upper latéral thorax. The trunk is 
supported by side-supports, the lower limbs are flexed 
and secured to table with straps. 

Examination under Anesthésia 

This is a step, which should never be missed. This will 
help to confirm diagnosis and also to quantify the amount 
and direction of instability and stiffness. Both the 
shoulders are examined for comparison. Range of 
movements are documented (Abduction, External rotation 
with arm by the side of body, External rotation in abduction 
and Internai rotation in abduction). If abduction is 
restricted by stiffness, rotation measurements should be 
performed in maximum possible abduction. In a case of 
shoulder instability, it is paramount to rule out multidirec- 
tional instability and to assess capsular laxity. This is done 
by performing sulcus test, load and shift test, and posterior 
jerk test. In an overhead athlete, any excess or decrease in 
rotations should be noted. 



Figs 2A and B: Positioning of the patient.(demonstration) (A) Patient’s upper limb is suspended by longitudinal and vertical 
traction. Note, the trunk is rotated posteriorly to make the glenoid horizontal 
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Arthroscopic Portais 

Only basic portais will be discussed here. Portai placement 
is very crucial, as even few millimeters déviations could 
hamper the procedure. Portais are made in relation to bony 
landmarks. At the start of procedure bony landmarks of 
distal clavicle, acromion, spine of scapula and coracoid 
are marked with a permanent marker ( sterilized by ETO). 
The inferior surfaces of bony landmarks are marked. 

Posterior portai is the primary viewing portai for 
shoulder arthroscopy. The landmark of the portai is 2 cm 
inferior to the postérolatéral angle of acromion. This portai 
goes in the interval between infraspinatus and teres minor 
muscles and this interval can be palpated as a "soft spot". 
In thin individuals the head of humérus and plane of the 
joint can easily be identified. The intended portai tract is 
infiltrated with local anesthetic with adrénaline to reduce 
bleeding. The skin is incised and the arthroscopic trocar 
with sheath is introduced into the subcutaneous tissue 
and the joint is entered by penetrating the capsule. 
Arthroscope is introduced into the sheath, visualization 
of blood vessels in the synovial tissue once again confirms 
the intraarticular position and then fluid is let into the 
joint. 

Anteriorly two portais are commonly used for 
reconstructive surgery for instability. They are anterior 
inferior portai (5 mm latéral to coracoid) and anterior- 
superior portai (1.5 cm latéral and 1 cm superior to the 
anti-inferior portai). For repair of SLAP lésions, an 
antérolatéral portai (just below the antérolatéral corner of 
acromion) is used. An outside in technique is used for 



Fig. 3: Arthroscopy equipment cart 



Fig. 4: Posterior portai:.Posterior portai is made in the soft 
spot in the interval between infraspinatus and teres minor 



establishing these additional portais. A spinal needle or a 
venflon needle is passed from the outside into the joint, to 
the desired intraarticular location. When establishing two 
anterior portais there should be enough space between 
them inside the joint, otherwise instrument handling and 
visualization will be a problem. For rotator cuff repairs 
and subacromian décompression, a latéral portai (3-5 cm 
distal to the midpoint of latéral border of acromion) is 
established. 

Cannulae 

Unlike knee arthroscopy, the scope and instruments hâve 
to traverse through lot of subcutaneous tissue and muscles. 
It is very easy to lose track and fluid can extravasate into 
surrounding soft tissues. Hence after establishing portais, 
cannulae are placed which allow easy passage of 
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instruments into the joint and also to some extent seal the 
fluid extravasation. The cannulae in addition hâve a valve 
like membrane, which retains the fluid in the joint, and 
also hâve a side port to which fluid inflow or outflow can 
be connected. 

Joint Distention and Fluid Management 

Joint distention is fundamental to arthroscopy. In addition 
to traction, joint distention with adéquate fluid pressure 
will distend the joint and also will prevent bleeding into 
the joint by hydrostatic pressure. Joint distention by gravity 
fluid System (saline containers hanging in a height) 
dépends on the height from which the fluid is suspended 
and also the amount of fluid column available. But one 
cannot control fluid pressure and flow in this method. 
Though adéquate for knee surgery, these are not sufficient 
for shoulder surgery. 

Arthroscopic pump Systems are invaluable for joint 
distention. Both fluid pressure and flow rate can be 
controlled. Prolonged high fluid pressures could resuit in 
extravasation of fluid into surrounding soft tissues and 
hence fluid pressures should be raised only as and when 
necessary. 

Diagnostic Arthroscopy 

The first step before any therapeutic procedure is a 
thorough and systematic diagnostic arthroscopy. Ail the 
structures in the joint are visualized and palpated. In 
selected cases with rotator cuff tears or impingement 
features, the subacromial space is also visualized. The 
structures which canbe evaluated arthroscopically are as 
follows. 

Biceps-superior Labrum Complex 

The long head of biceps is called the "policeman of 
shoulder" as it is an important landmark. In addition to 
its insertion into the supraglenoid tubercle, upto 50% of 
the tendon can hâve insertion into the superior labrum 
and hence they are collectively grouped. The biceps tendon 
is visualized for any signs of inflammation (tendonitis) or 
partial tears. The biceps tendon is probed and can be pulled 
inside the joint and the part lying in the biceps groove can 
be visualized. subluxation of tendon is also assessed. 
Unlike the labrum in other areas, the free edge of the superior 
labrum overlaps the glenoid (meniscoid) and this is 
normal. Any detachment of superior labrum from the 
glenoid indicates a SLAP type II lésion. In addition fraying 
of superior labrum and bucket-handle tears of superior 
labrum can also be observed. 


Supraspinatus 

The anterior edge of supraspinatus lies just behind the 
biceps tendon, when viewed from posteriorly. The articular 
side of the tendon can be visualized. The scope is sweeped 
along the tendon to its insertion into the greater tuberosity. 
Tears of supraspinatus involving articular side or 
detachment from its insertion can be identified. 
Infraspinatus tendon is partially seen from posterior 
portai and is better seen from anterior portai. 

Head of Humérus 

If the scope is moved further posteriorly and inferiorly, 
the postérolatéral aspect of humerai head can be seen. A 
small area of irregularity, devoid of any cartilage near the 
insertion of posterior cuff tendons is normal and it is called 
bare areas. Hill-Sach's lésion is a significant defect in the 
postérolatéral aspect, associated with récurrent shoulder 
instability. 

Labrum 

The labrum is a fibrocartilaginous structure which dépends 
the shallow glenoid and also provides attachments for 
Glenohumeral ligaments. In a classic traumatic anterior 
instability, the anterior and inferior portion of labrum is 
detached from the glenoid (Bankart lésion). Rarely the 
labral detachment can extend into superior labrum and 
also to the posterior labrum also. The detached labrum 
sometimes heals medially onto the neck of scapula instead 
of the glenoid rim. This is called an ALPS A lésion (anterior 
labruoligamentous periosteal sleeve avulsion). In this 
situation, the labrum will be found to be slipped down 
from the glenoid rim. The labrum should be elevated from 
this abnormal position and reattached to the rim. 

The anterosuperior part of the labrum exhibitis few 
anatomical variations. Knowldege of these variations is a 
must as inadvertent repair could resuit in severe 
stiffness of shoulder. Fraying of posterosuperior part of 
glenoid labrum may be found in overhead athlètes due to 
internai impingement. Fraying and damage to the 
posteroinferior labrum may indicate the presence of 
posterior instability. 

Glenohumeral Ligaments 

Glenohumeral ligaments are condensations of the 
shoulder capsule in spécifie régions. They are superior, 
middle and inferior glenohumeral ligaments (SGHL, 
MGHL, and IGHL). The inferior glenohumeral ligament 
has anterior and posterior limbs. The SGHL runs from the 
anterosuperior labrum towards the lesser tuberosity and 
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most often it is not conspicuous. The MGHL crosses the 
superior rolled border of subscapularis obliquely. Its 
thickness varies in patients. The anterior limb of the IGHL 
is the most important restraint against anterior translation 
of humerai head in the abducted external rotated position. 
Any laxity should be addressed along with labral repair 
by shifting it. The posterior limb of IGHL is important in 
preventing posterior translation. The part of capsule in 
between these limbs is the inferior capsular recess (axillary 
pouch). If it is voluminous, capsular plication, either 
arthroscopic or open may be required. 

Glenoid 

The cartilage of glenoid is inspected for any osteoarthritic 
changes. The shape of normal glenoid is pear shaped, that 
is, the glenoid is broader inferiorly than superiorly. In 
récurrent anterior shoulder instability, the anterior-inferior 
quadrant of glenoid may be eroded and déficient. The 
shape of glenoid in this situation becomes inverted pear 
shaped. This glenoid deficiency usually requires 
additional open procedure like a coracoid transfer. 

Subscapularis 

The subscapularis is visualized as a cord like structure in 
the anterior aspect when viewed from posterior portai. 
The insertion of subscapularis to the head of humérus can 
be visualized from anterior portais. Fraying and partial 
tears of the tendon could be visualized. 

Rotator Interval 

Rotator interval refers to the part of the capsule lying 
between the anterior edge of supraspinatus and the 
proximal edge of subscapularis. In arthroscopy it is seen 
as a triangular space enclosed by subscapularis tendon 
and biceps tendon (as it lies over the anterior edge of 
supraspinatus). In cases of capsular laxity, the rotator 
interval appears wide and in cases of adhesive capsulitis, 
the rotator interval is contracted. 

Bursal Scopy 

In cases with subacromial pathology like impingement, 
rotator cuff tears or ACL joint pathology, bursal scopy is 
indicated. The same posterior portai is used. The trocar 
with sheath is withdrawn from the glenohumeral joint 
into the subcutaneous tissue and later directed superiorly 
to enter the subacromial space. Similarly the anterior portai 


can be redirected into the subacromial space. The 
subacromial space is a secondary articulation of the 
glenohumeral joint where movements between the 
coracoacromial arch and the humerai head covered with 
rotator cuff tendons take place. The subacromial bursa is 
an anteriorly located structure. Soon after entering the 
space, the areolar tissue and bursal tissue are cleared 
rapidly. Otherwise they distend after absorbing the fluid 
and make visualization difficult. The undersurface of 
acromion is inspected for osteophytes, irregularities. The 
coracoacromial ligament can be seen and can be traced 
upto coracoid if dissected properly. The bursal aspect of 
the rotator cuff tendons can be visualized. Medially the 
AC joint can be visualized. Osteophytes of AC joint or 
subluxation/instability of AC joint could be identified. 

Complications 

Intraoperative complications are mostly due to like damage 
to articular cartilage instrument breakage and knot 
entangling can occur due to technical inadequacy. Bleeding 
into the joint could hamper visualization especially in 
subacromian space. Extravasation of fluid into the 
surrounding tissue itself can prevent proper joint 
Distention and also makes the subséquent open procedure 
difficult. Addition of adrénaline into the irrigation fluid to 
reduce intraarticular bleeding can resuit in generalized 
vasoconstriction and arrhythmias. 

Excessive traction and abduction of arm could resuit 
in neuropraxia. Infection rate is very low after shoulder 
arthroscopy. 

The anesthetist should be alert to deal with block related 
complications like hematoma formation, récurrent 
laryngeal nerve blockade, pneumothorax, vasovagal 
attack and Horner's syndrome. 

CONCLUSION 

Arthroscopy has greatly improved our understanding of 
shoulder pathology especially the sports related 
pathology. The results of shoulder arthroscopy are 
encouraging. The postoperative comfort to the patient is 
also much better than open procedures. One should 
remember that shoulder arthroscopy is a complex 
procedure and should be undertaken with adéquate 
training and préparation. The entire team should be well 
versed in the techniques. When there is difficulty in 
performing an arthroscopic procedure, one should not 
hesitate to convert it into open procedure. 
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Fig. 6: Superior view showing antérolatéral portai 




Figs 7 A and B: Anatomical variants of anterosuperior labrum 
(A) Sublabral hole is a foramen found in the attachment of 
anterosuperior labrum and is a normal variant, (B) Buford 
complex. In this variant, MGHL arises as a thick cord like 
structure from the superior labrum near the biceps insertion 
and anterosuperior labrum is déficient 




Fig. 9: Rotator interval, subscapularis 
(For color version see Plate 33) 



Fig. 10: Normal labrum (For color version see Plate 33) 



Fig. 8: Biceps tendon (For color version see Plate 33) 


Fig. 11 : Bankart lésion (For color version see Plate 33) 
















Arthroscopy 1867 



Fig. 12: ALPSA lésion (seen from the anterosuperior portai). 
In this lésion, the detached labrum heals to the médial neck of 
the scapula. It has to be elevated and attached to the rim of 
glenoid (For color version see Plate 33) 



Fig. 13: The articular side of rotator cuff is visualized. In this 
case a partial tear is also présent (arrow) (For color version 
see Plate 33) 



Fig. 14: The middle Glenohumeral ligament (block arrow) 
crosses the subscapularis (thin arrow) obliquely (For color 
version see Plate 34) 



Fig. 15: SLAP: Bucket handle tear of superior labrum extending 
into the biceps anchor (Type IV) (For color version see Plate 
34) 



Fig. 16: Rotator cuff tear. The irregular torn edge of the rotator 
cuff is found to be lying on the humerai head (For color version 
see Plate 34) 



Fig. 17: CA ligament visualized in subacromial bursal scopy 
after clearing of the bursal tissue (For color version see 
Plate 34) 
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Fig. 18: Bony déficit of anteroinferior glenoid dure to récurrent Fig. 19: Calcifie tendonitis - yellowish discoloration of the 
anterior dislocations (For color version see Plate 34) supraspinatus tendon (For color version see Plate 34) 



Fig. 20: Osteoarthritis Grade II to III osteoarthrtic changes in 
the humerai head (For color version see Plate 35) 


203.12 SLAP Tears of Shoulder 


Superior glenoid labral tears were first reported in high 
level throwing athlètes by James Andrews in 1985. 
Subsequently Stephen Snyder in 1990 described similar 
tears extending from the antero-superior part of the labrum 
to the postero-superior aspect of it posterior to the biceps 
tendon and involving the biceps labral complex. This tear 
was termed as SLAP lésion (Superior Labrum Anterior 
and Posterior). 


D. Pardiwala 

GLENOID LABRUM ANATOMY AND BIOMECHANICS 

The glenoid labrum is a fibrocartilaginous struc¬ 
ture attached to the glenoid rim and consists of dense 
fibrous tissue with elastic fibers. The inner surface 
is continuous with the glenoid articular cartilage while 
the outer surface extends into the glenohumeral joint 
capsule. The vascularity is limited to the periphery of the 
labrum. The main function of the glenoid labrum is to 
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deepen the glenoid fossa facilitating glenohumeral 
stability. 

The fibers of the long head of the biceps tendon blend 
with the posterior and superior aspect of the labrum 
forming a biceps labrum complex (BLC) which attaches to 
the superior pôle of the glenoid (Figs IA and B). This 
attachment of the biceps labrum complex to the superior 
glenoid may be of three types. In type I the BLC attaches 
firmly to glenoid rim and there is no sublabral recess. In 
type II a small sulcus is présent between the labrum and 
glenoid rim. In type III a deep sulcus is présent between 
the labrum and glenoid rim and forms a sublabral recess 
at the 12 o'clock position. Other variants hâve also been 
reported where a sublabral foramen is found antero- 
superiorly and anterior to the biceps tendon attachment. 

A Buford complex is also found in 1.5% of individuals 
and consists of a cord like thickening of the middle 
glenohumeral ligament with absence of the anterosuperior 
labrum. In this group the middle glenohumeral ligament 
attaches directly to the anterosuperior glenoid rim. 

The biceps labral complex and long head of the biceps 
play an important rôle in the anterior stability of the 
glenohumeral joint by increasing the shoulder résistance 
to any tortional forces in the position of abduction and 
external rotation. Detachment of the superior glenoid 
labrum leads to increased stress on the inferior 
glenohumeral ligament and subséquent damage to this 
important stabilising structure may lead to anterior 
instability. An isolated lésion of the superior portion of the 
labrum not involving the insertion of the biceps brachii 
has no significant effect on anteroposterior and 


superoinferior glenohumeral translations, however a 
lésion of the superior labrum which déstabilisés the 
insertion of the biceps, results in significant increase of 
glenohumeral translation at middle and lower élévation 
angles. 

MECHANISMS OF INJURY 

Two types of injury mechanisms hâve been postulated for 
superior labral tears. 

1. Traction injury: Chronic répétitive microtrauma caused 
by traction, or an acute traction force may lead to 
superior labral tears. Andrews postulated that the labral 
injury is a décélération injury which occurs in the follow 
through phase of throwing. On the other hand, 
Burkhart suggested that an accélération injury with 
the shoulder in abduction and external rotation 
resulted in the tear. He reported that a tortional force 
peels back the biceps and posterior labrum as the 
shoulder goes into extreme abduction and external 
rotation. This position can also cause an acute avulsion 
of the biceps labral complex. Posterior capsule tightness 
with marked decrease in the internai rotation has been 
attributed as a cause for SLAP tears in throwers. 

2. Compression injury: Snyder described a mechanism in 
which a fall on the outstretched arm with shoulder in 
abduction and slight forward flexion leads to this 
injury. 

CLASSIFICATION OF SLAP TEARS 

Snyder described SLAP tears as lésions that began 
posterior to and extended anterior to the biceps tendon 



Figs IA and B: Arthroscopic images of the normal biceps labral complex 
(For color version see Plate 35) 
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Fig. 2: Type I SLAP tear 
(For color version see Plate 35) 


Fig. 3: Type II SLAP tear 
(For color version see Plate 35) 


stopping at or above the midglenoid notch, and classified 
them into 4 distinct types. Later Maffet added three more 
types. 

SLAP Type I 

Only fraying and degeneration of the superior labrum with 
no labral detachment and a normal biceps tendon anchor 
are présent (Fig. 2). 

SLAP Type II 

Pathological detachment of the labrum and the biceps 
anchor from the superior glenoid exists (Fig. 3). Morgan 
further divided these into 3 subtypes II-A, II-B and II-C, 
according to anterior, posterior or anterior and posterior 
combined involvement. 

SLAP Type III 

A vertical tear in the superior labrum with the free edge 
hanging in the joint space (bucket handle tear) is présent 
while the remaining part of the superior labrum and the 
biceps are firmly attached to glenoid (Fig. 4). 

SLAP Type IV 

A vertical or bucket handle tear in the superior labrum 
with the tear extending into the biceps tendon as a wedge 
upto a variable degree (Figs 5A and B). The torn biceps 
tendon tends to displace with the labral flap into the joint. 



Fig. 4: Type III SLAP tear 
(For color version see Plate 36) 


SLAP Type V 

There is superior extension of the anteroinferior Bankert 
lésion (Figs 6 A to D). 

SLAP Type VI 

Disruption of biceps tendon with unstable flap tear of 
labrum (Figs 7A and B). 
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Figs 6A to D: Type V SLAP tear: MRI-arthrogram and arthroscopic images (patient in latéral position) 

(Figs 6C and D for color version see Plate 36) 
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Figs 7A and B: Complex SLAP tear with severe damage to intraarticular long head of biceps tendon 

(For color version see Plate 37) 


SLAP Type VII 

Extension of the SLAP tear anteriorly to involve area 
inferior to middle glenohumeral ligament. 

Snyder reported that type II tears were most common 
(55%) foliowed by type I (21%) and then type IV and type 
III ( 10% and 9% respectively). 5% were complex tears 
(types V to VII ). 

SLAC Lésion 

When the anterior superior labral tear is associated with a 
partial supraspinatus tear it is called a superior labral 
anterior cuff lésion (termed SLAC by Savoie). 

CLINICAL PRESENTATION 
History 

Patients présent with shoulder pain, which may be 
anterior, posterior or even ill defined. 45% of patients hâve 
an associated history of mechanical symptoms like locking, 
catching, popping or snapping in their shoulders. The 
commonest history of injury is a fall on the outstretched 
hand or a direct blow to the shoulder, however, some 
patients may give history of a traumatic dislocation or 
subluxation. Some persons feel pain only on lifting heavy 
weights, while others on overhead throwing activities. A 
few patients may hâve insidious onset of pain. Some 
overhead athlètes may présent with a dead-arm syndrome 
with decreased efficiency to perform sporting activities. 


Examination 

Various tests hâve been described to diagnose superior 

labral tears: 

1. O'Briens active compression test (Figs 8A and B): The 
standing patient is asked to keep his arm in 90° of 
forward flexion with full internai rotation and the 
thumb pointing downward with 10-15° of adduction, 
médial to the sagittal plane of body, keeping the elbow 
in full extension. The examiner stands behind the 
patient and applies a uniform downward force on the 
arm, while the patient resists this. Now with the arm 
in the same position the palm is fully supinated and 
the maneuver is repeated. The test is considered 
positive for superior labral tears if there is pain in the 
first maneuver and much decreased or absent in the 
second maneuver. 

2. Biceps tension test (Speed test): The patient flexes the arm 
against résistance while the shoulder is flexed 90°, the 
elbow is fully extended and forearm is supinated. The 
test is positive when there is anterior shoulder pain in 
the région of the bicipital groove during the maneuver. 

3. Anterior slide test OfKïbler: With the patient standing 
and keeping his hand on the hip with the thumb 
pointing posteriorly the examiner holds the affected 
shoulder by one hand in such a way the index finger 
extends over the anterior aspect of the acromion at the 
glenohumeral joint. The examiner then places the other 
hand behind the patient's elbow and pushes forward 
and slightly upward, while the patient resists. The test 
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Figs 8A and B: O'Briens active compression test: The standing 
patient is asked to keep his arm in 90° of forward flexion with 
full internai rotation and the thumb pointing downward with 
10-15° of adduction, médial to the sagittal plane of body, 
keeping the elbow in full extension. A uniform downward force 
is applied on the arm, while the patient resists this. Now with 
the arm in the same position the palm is fully supinated and 
the maneuver is repeated. The test is considered positive for 
superior labral tears if there is pain in the first maneuver and 
much decreased or absent in the second maneuver 

is positive for SLAP tears if there is pain or a click at the 
front of the shoulder, beneath the examiner's hand. 

4. Compression rotation test: The supine patient abducts 
his shoulder 90°, keeping the elbow flexed 90°. A 
compression force is applied along the long axis of 
humérus while rotations are performed. The test is 
positive if there is painful catching or snapping or 
grinding in the shoulder. A similar test performed with 
the patient in upright position and arm elevated to 
160° in the scapular plane is termed the crank test. 

5. Biceps load test: This test is useful when SLAP lésions 
are associated with récurrent anterior dislocation. The 


supine patient abducts his arm 90° with full external 
rotation of shoulder. When the patient feels 
apprehensive of shoulder dislocation he is asked to 
flex the forearm against résistance. If his pain increases 
or remains same the test is positive for a SLAP tear. 
These tests hâve varying 0 of sensitivity and specificity 
in the diagnosis of superior labral injuries. The standard 
test for SLAP tears is the O'Briens test, and is reported to 
hâve a 100% sensitivity with 98.5% specificity. 

MR IMAGING 

Conventional MRI often fails to give an accurate diagnosis 
of capsulolabral lésions, however MRI-arthrography using 
intra-articular gadolinium contrast clearly defines these 
tears and has 89% sensitivity and 91% specificity for SLAP 
tears (Fig. 9). The MRI-arthrogram features for SLAP tears 
include: 

1. A high signal intensity between the labrum and the 
glenoid in the posterior third of the superior glenoid. 

2. Two high signal intensity lines in the superior labrum. 
One line represents the sublabral recess whereas the 
second defines the labral tear. 

3. An irregular or laterally curved area of high signal 
intensity in the posterior third of the labrum. Laterally 
curved and posterior high signal intensities are spécifie 
signs for distinguishing a SLAP tear from a normal 
variant sublabral recess. 



Fig. 9: MRI-arthrogram images demonstrating a Type II SLAP 
tear. Note the irregular, laterally curved area of high signal 
intensity in the superior labrum 
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Figs 10A and B: Arthroscopic images of the dynamic "peel-back" test for SLAP lésions. Note that when the arm is taken into 
abduction and external rotation, instability of the biceps-labral complex is revealed (For color version see Plate 37) 


DIAGNOSTIC ARTHROSCOPY 

Despite advances in imaging, the definite diagnosis of a 
SLAP tear is often made only after diagnostic arthroscopy. 
Besides a thorough examination of the superior glenoid 
labrum, it is important to look for various anatomical 
variations like sublabral recess and Buford complex. The 
dynamic peel back sign (Figs 10A and B) is the prime 
arthroscopic indicator of dysfunction of the biceps labral 
complex and is performed with the shoulder in abduction 
and external rotation position. 

The typical arthroscopic findings in Type IIA (anterior) 
tears are uncovered glenoid for 5 mm or more médial to the 
corner of glenoid under the biceps root. There is also a 
displaceable vertex of the biceps root. 

In Type IIB (posterior) tears there is a peel back sign 
with the shoulder in 60° abduction and full external 
rotation. Here the posterior superior labrum rotâtes 
medially over the scapular neck. There is also a positive 
drive through sign in which the scope sheath can easily 
be passed superior to inferior. 

In combined anterior and posterior lésions (Type IIC) 
the biceps root also shifts medially during the peel back. 

TREATMENT OF SUPERIOR GLENOID 
LABRALTEARS 

The treatment of SLAP tears dépends on the type of lésion. 
With Types II and IV tears, the goal is to restore stability to 
the labrum and biceps anchor and achieve healing to the 
glenoid. Suture repair with anchors is currently the repair 
technique of choice (Figs 11A to H). 


In patients with Type I tears the torn and frayed labral 
tissue is debrided back to intact labrum, carefully 
preserving the attachment of labrum and biceps tendon to 
the glenoid. Management of Type III tears dépends on the 
size and the tissue quality of the bucket handle fragment. 
If it is thin, degenerative and devoid of vascularity, it is 
debrided back to stable tissue (Fig. 12). On the contrary 
large vascular fragments canbe abraded and repaired with 
sutures by ail inside repair technique. Type IV lésions are 
treated according to the size of the biceps tendon tear. Small 
and unstable fragments are debrided while larger (>50% 
thickness) are repaired with fixation techniques. 

The basic aim of Type II treatment is reattachment of 
BLC to the superior glenoid neck. 

This was initially achieved using Staples, and is 
presently performed using arthroscopically inserted suture 
anchors. This method needs demanding surgical skills 
but gives excellent results. 

SURGICAL STEPS IN REPAIRING 
THE TYPE II SLAP TEAR 

1. Establish the 3 standard anterior and posterior 
arthroscopic portais (antero-superior just behind the 
biceps tendon, and mid-anterior just above subscapu- 
laris tendon). Proper placement of the antero-superior 
portai is critical to the success and ease of the procedure 
because both suture placement and drill positioning 
are performed through this portai. A spinal needle is 
used to test the portai position before establishment of 
this access site. When proper position is determined. 
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Figs 11A to H: Type II SLAP tear suture anchor repair - arthroscopic images of technique and postoperative radiograph 

(For color version see Plate 38) 



Fig. 12: Excision of the bucket handle flap in a 
Type III SLAP tear (For color version see Plate 38) 


an outside-in technique is used to establish this portai. 
6.0 mm operating cannulae with diaphragms are 
inserted into the two anterior portais. 

2. Débridé degenerative labral and biceps tissue to expose 
the superior glenoid neck. 


3. Lightly abrade superior rim of glenoid neck adjacent 
to the articular cartilage and freshen the bone below 
biceps labral complex. 

4. Through the antero-superior cannula a suture anchor 
is inserted in the superior glenoid tubercle just below 
the biceps tendon. 

5. One limb of the suture is retrieved out of the mid- 
anterior cannula with a crochet hook. 

6. A birdbeak type of tissue penetrating cum suture 
retrieving instrument is inserted through the superior 
labrum just posterior to the biceps tendon. The suture 
limb retrieved out of the mid-anterior cannula is 
grasped with this instrument and retrieved through 
the labrum and out of the antero-superior cannula. 
Either a simple suture configuration or mattress suture 
configuration may be used. 

7. A sliding knot is tied and using a loop handle knot 
pusher this knot is tightened. Three additional alter- 
nating half hitches are tied together and locked so as to 
complété the repair. 

8. Often SLAP II tear s will require 2 suture anchor s for 
repair. My preference often is a simple suture posterior 
to the biceps tendon first, foliowed by a mattress suture 
at the biceps tendon région. 

9. In tears that extend significantly posterosuperiorly 
(Type II-B), a posterosuperior 'Wilmington portai' may 
be required to insert the posterior-most suture anchor. 
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Type II-C SLAP tears often require 3 anchors to achieve 
a complété repair. 

POSTOPERATIVE REHABILITATION 

The patient is placed in a sling that he can remove for full 
extension of elbow. Patients are instructed to avoid 
external rotation of shoulder beyond neutral and extension 
of arm behind the body, with the elbow extended for a 


period of 4 weeks. The shoulder sling is discontinued after 
4 weeks and physiotherapy with gentle active and passive 
exercises restricted to 90° of flexion, 70° of adduction and 
0° external rotation. From the 7th week postoperatively 
exercises without restriction are allowed. Strengthening 
and posterior capsular stretching exercises continue 
indefinitely. Usually patients take 6 months postoperatively 
to involve in their sports activities. 



SECTION 



Trauma Upper Limb 
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INTRODUCTION 

Fracture of the cia vicie is one of the common fractures in 
everyday practice. Cia vicie is one of the most superficial 
bones. It has been noted that 1 out of 20 fractures is 
clavicle. It is the osseous strut which maintains the width 
of the shoulder. It dérivés the name from the Latin word 
for key clavis and davicula referring to the musical symbol 
similar to its shape. It is the first bone to ossify-fifth week 
of intrauterine life. It gets fracture while passing through 
the birth canal. It is the only long bone to ossify by the 
intramembranous ossification. The médial growth plate 
of the clavicle is responsible for the majority of the growth 
(80%). 

Hippocrates in 400 BC, recorded his observations 
about this fracture as—the distal fragment and the arm 
sag whereas the proximal fragment is held securely by 
the sternoclavicular ligaments. He also noted the 
difficulty in reducing and maintaining the fracture. 
Dupuytren noted that there is no need of using any 
de vices for treating this fracture. 



• Latéral ligaments 

• Coracoclavicular ligaments 

• Acromioclavicular ligaments. 


Functions of the Clavicle 

The clavicle serves as a bony link from the thorax to the 
shoulder. It is a stable linkage for the shoulder movements 
and contributes significantly to the power and stability 
of the shoulder girdle. It is a site for the muscles to 
originate. It forms a protective cover to the vital 
neurovascular structures. It also contributes to the 
respiratory movements. Short function of the clavicle as 
the suspensory function (Fig. 1). 

• Médial ligaments 

• Capsular ligaments 

• Interclavicular liaments 

• Costoclavicular ligaments 


Mechanism of Injury 

Fall on outstretched hand is the most common mode of 
fracture (Fig. 2). Unless the arm is significantly out 
stretched with respect to the shoulder compression force 
would not act which is the main thing in clavicle. The 
clavicle being a S-shaped spiral bone the stress 
concentrâtes on the junction of the middle and distal third 
which gives way. Here the médial and latéral compound 
S-curves join each other. This is the weakest part of the 
bone and is devoid of cancellous bone. The mechanical 
forces cause shearing effect on this middle third (Fig. 3). 
It also lacks any muscle attachment and coverage. The 
distal segment is pulled downward by the weight of the 
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Force to 



Fig. 2: The most common mechanism of clavicle fracture is fall 
on the superolateral shoulder. Because the sternoclavicular 
ligaments are extremely strong the force exits the clavicle in 
the midshaft 

arm and inward by the pull of the pectoralis major and 
latissimus dorsi. The proximal fragment is pulled upward 
by the sternomastoid. This causes the inner fragment to 
protrude up which is appreciated clinically. Direct blow 
on the clavicle is also a cause especially in adults. In either 
case as the sternoclavicular joint is intact, the posteriorly 
directed force on the entire shoulder or scapula itself may 
bend or break the clavicle over the fulcrum of the first 
rib. 

Pathological fractures can occur in the clavicle due to 
tumor or infection. Dambrain noted fracture in weak 
osteolytic area after radiation therapy. 

Stress fractures are also noted after stabilizing the 
coracoclavicular disruption. A spontaneous fracture may 
occur at the médial end of the clavicle, which are reported 
as "Pseudotumors" after radical neck dissection. 

Classification 

The fracture clavicle is classified according to the site of 
fracture. The most common site is the middle third (80%). 
The fractures of the distal third or interligamentous are 
uncommon (15%). The médial end of clavicle is rarely 
fractured (5%). The distal fractures may be further 
divided into type I, minimal displacement with intact 
ligaments type II, displacements with detachment of 
ligaments, and type III, fractures of the articular fragment. 

Allman divided the clavicular fractures depending 
on the mechanism of injury group I, middle third 



fractures which commonly occur with fall on outstretched 
hand, group II, distal fractures resulting from fall on the 
latéral shoulder, group III, proximal fractures due to the 
indirect force applied on the latéral side. Neer recognized 
a unique behavior of distal clavicular fractures and gave 
separate classification to it. He recommended Allmans 
group 2 in 3 distinct type: 

Type 1 Coracoclavicular ligament intact 
Type 2 Coracoclavicular ligament detached from the 
médial segment but trapezoidal intact 
Type 3 Intra-articular extension into the AC joint 

Craiges Classification 

Group 1 Fractures of the middle third 
Group 2 Fractures of the distal third 
Type 1 Minimally displaced 

Type 2 Displaced secondary to fracture site médial to 
the coracoclavicular ligament 
Conoid and trapezoid attached 
Conoid attached trapezoid torn 
Type 3 Fractures of the articular surface 
Type 4 Periosteal sleeve fractures 
Type 5 Comminuted with ligaments attached neither 
proximally nor distally 
Group 3 Fractures of the proximal third 
Type 1 Minimally displaced 

Type 2 Displaced 

Tpe 3 Intra-articular 
Type 4 Epiphyseal séparation 

Type 5 Comminuted 











Fractures of the Clavicle 1881 


Robinson cortical alignment 
fracture (Type 2A) 




Robinson displaced 
fractures (Type 2B) 



Robinson cortical alignment 
fracture (Type 3A) 


Robinson displaced 
fractures (Type 3B) 



Fig. 4: Clavicle fracture classification 


Robinsons technique of classification has several 
advantages. 

Traditional classification with thirds maintained. 
Has prognostic importance like intra-articular extent, 
degree of displacement and degree of comminution. 
Based on the simple to recall number scheme. 


Robinsons Classification (Fig. 4) 

Type 1 médial 

A nondisplaced 
A 1 extra-articular 
A 2 intra-articular 
B displaced 
B 1 extra-articular 
B 2 intra-articular 
Type 2 middle 

A cortical alignment 
A 1 nondisplaced 
A 2 angulated 
B displaced 
B 1 simple 
B 2 comminuted 


Type 3 

A non-displaced 
A 1 extra-articular 
A 2 intra-articular 
B displaced 
B 1 extra-articular 
B 2 intra-articular 

Clinical Présentation 

The clinical diagnosis is obvious due to the typical 
présentation. The shoulder "falls" downward the patient 
holding the arm against his or her chest. The patient may 
tilt his or her head towards the injured side to relax the 
trapezius. There is a history of fall on outstretched hand 
or direct blow. There may be "tenting" of the skin due to 
the proximal fragment displacement upwards. Tender- 
ness, ecchymosis at the fracture site is seen. The chest 
examination for air entry and distal neurovascular status 
must be examined. Brachial plexus injury should be. 

Investigations 

Radiograph should be taken covering the sternoclavicular 
as well as the acromioclavicular joints. These joints are 
usually intact. The fracture line is usually oblique. 
Presence of a butterfly fragment may be noted. The two 
most important views are the straight AP view and the 
apical oblique view is helpful. Radiographie hints in 
comatose patients are displaced fractures of the scapula 
wide séparation of the clavicle fracture typically greater 
than 1 cm fratures. 

Apical Oblique 

Bump or roll on contralatéral scapula beam is angled 20° 
cephalad. 

Latéral fractures (Zancas) AP view is taken. 

Associated Injuries 

This fracture can be associated with fractures or 
séparations of the sternoclavicular or acromioclavicular 
joints. Fractures of the scapula may give rise to a "floating 
shoulder". Then, the clavicular fracture may be stabilized. 

The apical pleura and the upper lobe of the lung are 
adjacent to the clavicle. This fracture may injure these 
structures. Rowe reported 3% incidence of pneumothorax 
with these fractures. Good clinical examination for breath 
sounds and an upright radiograph of the chest is 
important. This must be done more carefully in 
polytraumatized patient. 

Acute injuries of the brachial plexus are rare but can 
occur with fracture of the clavicle. The thick médial part 
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of the clavicle, under which the neurovascular bundle 
passes, protects it. A severe injury may injure the plexus 
and also the subclavian artery. 

Treatment 

Lester, in 1929 has reported 104 types of treatment of 
fracture clavicle. Nonoperative treatment is very 
successful. The fracture unités readily. A figure-of-8 
bandage with splint or a "jacket" cast would be an idéal 
method of immobilization of this fracture. Anderson 
compared the figure-of-8 with the sling and swathe for 
the treatment of these fractures. The sling provided more 
comfort and fewer complications. The figure-of-8 also 
presses the proximal fragment backward and exaggerates 
the deformity. It is time consuming and requires frequent 
visits. The jacket cast gives more pain relief, and the 
patient joins his or her work earlier, though it may be 
heavier and slightly uncomfortable to the patient. There 
are many studies comparing the various methods of the 
treatment. They concluded that the functional and 
cosmetic results of ail the methods are the same, and also 
the time required for healing was the same. The patient 
is sitting with both the shoulders bracing posteriorly with 
both the hands pressed on the pelvis. The surgeon gives 
pressure posteriorly on the midline. Then a splint, cast 
or a brace is applied. This "holds" the fragments. The 
fracture readily unités but malunion is very common. 

Médial clavicular fractures nonoperative treatment is 
recommended. Posterior displacement needs surgical 
treatment. 

Midclavicularfracture —figure-of-8 splint. It is given to 
retract the scapula and maintain the clavicular length. 

Operative Treatment 

• Absolute 

• Shortening of greater than 20 mm 

• Open injury 

• Impeding skin disruption and irreducible fractures 

• Vascular fractures 

• Progressive nuerological loss 

• Displaced pathological fracture with trapezoidal palsy 

• Scapulothoracic dissociation 

• Plating is the treatment of choice as gives rotational 
stability, compression, rigid fixation 

• Latéral end clavicle 

• Diagnosis made by zancas ap. Weight-bearing X-ray 
can be taken 

• Type 1 and type 3 are treated nonoperatively 

• Type 2 is treated operatively 

• General choices for the surgical goals 


• Direct fixation of the fracture site without 
coracoclavicular stabilization -specialised clavicular 
plate 

• Direct fixation of the fracture site with coracoclavicu¬ 
lar stabilization —3 mm Dacron tape is passed around 
the base of the coracoid process while the réduction 
is held 6.5 mm lag screw with washer and No. 5 
tevdek suture is placed under washer 

• Coracoclavicular stabilization with or without latéral 
end clavicular excision. 

Operative Treatment 

Open réduction is avoided as much as possible. The 
surgery may be reserved for indicated patients. Cosmetic 
surgery for the malunited bony hump may not be 
advisable and if to be done must not be done till 2 years 
after fracture has healed. Usually the hump is better than 
the operative scar. 

Surgical intervention may be necessary when the 
fracture is associated with vascular involvement. Then 
exploration, vascular repair and stabilization is necessary. 
When the brachial plexus is injured, surgical intervention 
may be delayed as it may recover spontaneously. Open 
fractures of the clavicle may be an indication of surgical 
treatment (Table 1). This dépends on the local skin and 
soft tissue condition. Short incisions in the Langer's lines 
are preferred. The fixation may be done by 
intramedullary pins as described by Rowe or the 3.5 
plates. Smooth pins are never used as they may cause 
fatal complications. Threaded K-wires are 
contraindicated. Knowles pins or a cannulated cancellous 
screw may be preferred. The 3.5 dynamic compression 
plate (DCP) may be applied after well-contoured. Bone 
grafting may be done if necessary. External fixation may 
be the method of choice. Surgical stabilization is indicated 
in nonunion. 

TABLE 1 : Indications for open réduction 

• Open fractures 

• Neurovascular injuries 

• Symptomatic nonunion 

• Soft tissue interposition 

• Clavicle fracture associated with glenoid or scapular neck 
fracture 

• Fracture of the distal third with ligament rupture 

• Polytraumatized patient 

• Nonunion 


Surgical stabilization is also necessary in "floating 
shoulder: As Rockwood CA surveyed and concluded that 
the clavicle must be primarily fixed in such cases. 
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Postoperative care: Sling support may be necessary. 
Pendular shoulder exercises may be started as pain 
permits. This dépends on the stability of the fixation. 

Complications 

Neurovascular injury is a potent complication due to 
anatomical proximity. Fortunately this is rare. As majority 
of the fractures are treated with cast without anatomie 
réduction, which is not necessary, malunion is common. 
The residual angulation does not interfère in the patients 
function. A bony hump may be seen if the angulation is 
more which gradually reduces with time. 

Nonunion: It is quite rare. White and associâtes found 
much higher incidence of delayed or nonunion then 
predicated. Causes of nonunion are inadéquate immobili- 
zation, operative treatment with inadéquate internai 
fixation and type II fractures of the distal third. But the 
union rates are very high with nonoperative treatment. 
Majority of nonunion are hypertrophie and can be 
painful, while the atrophie type are painless. 

Chronic nonunion needs surgery. Open réduction and 
stabilization by using a plate and screws is the method 
of choice. Many authors use intramedullary pins, but 
plate osteosynthesis is preferred. Great care should be 


taken to avoid shortening of the clavicle after resection 
of the nonunion, as it may lead to weakness of the 
abduction. The stabilization is done by AO 3.5 DCP or 
reconstruction plate, with cancellous bone grafting. 

Post-traumatic Arthritis 

Post-traumatic arthritis is usually seen in fractures of the 
distal third (type III). The acromioclavicular joint is more 
involved than the sternoclavicular joint. A therapeutic 
test of injecting 1% xylocaine into the joint which relieves 
the pain is done. Comparative radiographs of both the 
joints is to be taken. The distal end of the clavicle may be 
excised with reconstruction using the coracoacromial 
ligament is done. 
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Fracture of the Scapula 


INTRODUCTION 

Fracture of the scapula is one of the uncommon fractures. 
It was first described by Desault. It occurs frequently in 
the âges between 40 and 60 years. The scapula acts as a 
fiat surface against the ribs for stabilization of the upper 
extremity against the thorax. It is exposed to direct and 
indirect trauma along with the chest and humérus. It is 
usually associated with multiple rib fractures, vertébral 
fractures, pneumothorax and humerai fractures. 
Thompson and associâtes reported rib fractures, clavicle 
fractures (26%), arterial injuries (10%). As attention is 
given to the other fractures, scapular fractures are usually 
missed. Scapular fractures may occur due to avulsion 
fractures, convulsions and electric shock. 

Clinical Features 

The patient usually holds the fractured sidearm abducted 
and protects it from any movements. Tenderness, 
hematoma and ecchymosis are found overlying the 
fracture. Sir Astley Cooper described flattening of the 


shoulder and prominence of the acromion. These 
fractures may be suspected with restricted painful 
movements of the shoulder. A "pseudorupture of rotator 
euff" is described by Neviaser. This is intramuscular 
hemorrhage into the muscles of the rotator euff resulting 
in spasm of the muscles, which produces restricted 
movements of the joint and loss of active arm élévation. 
Abduction recovers within couple of weeks. Air entry 
and chest examination must be done. 

Investigations 

An AP and latéral radiographs of the scapula give the 
diagnosis. These fractures are found on the routine chest 
radiographs of the polytraumatized patients. Superimpo¬ 
sition of the chest may cloud the fracture pattern. 
Tangential radiographs "Trauma sériés" may reveal the 
extension of the fracture lines. An axillary view may be 
useful in glenoid rim and acromial fractures. A CT scan 
may be useful in complété diagnosis. A three dimen- 
sionals reconstruction of the CT scans may be necessary 
for correct assessment of fracture geometry and réduction. 
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Classification 

Ada and Miller hâve developed a classification System. 
The most common type is the fracture of the body of the 
scapula. Then cornes the fractures of the scapular neck, 
spine, glenoid and the acromion. Multiple fracture 
pattern is common. Associated fractures were seen in 96% 
cases, the rib fractures being most commonly associated. 
Brachial plexus injury was rare. 

The AO classification is stable extraarticular, unstable 
extraarticular and intraarticular fractures depending on 
their location in relation to the glenoid and on the stability 
of the shoulder. Stable extraarticular fractures are those 
involving the body and process of the scapula. Fractures 
of the neck, displaced or undisplaced are considered 
stable. The extra-articular fractures of the neck when 
associated with fractures of the coronoid, or acromion or 
the clavicle are unstable extra-articular. The fracture of 
the neck and clavicle may hâve associated brachial plexus 
or vascular injury. Intra-articular fractures are rare and 
most commonly is a transverse fracture of the glenoid. 

Treatment 

The treatment dépends on the site of fracture, presence 
of comminution and displacement. There is a high rate 
of union. Displaced fractures of the scapular neck cause 
abduction weakness and subacromial pain. The results 
are usually satisfactory. 

Fractures of the body and spine may be treated with 
strapping, if local skin conditions permit, across the 
shoulder down over the patient's back. Pendular 
movements may be started as tolerated. Ambulatory 
patients may be treated with swathe and sling. Tachdjian 
advices that if the displacement and deformity is marked, 
then réduction attempted. These stable extra-articular 
fractures sledom need surgery. 

Scapular neck fractures are probably the second most 
common scapular fractures. Impaction of the glenoid in 
the neck is usually minimal and conservative treatment 
is sling and exercises. Displaced fractures of the scapular 
neck heal nicely, but those grossly displaced may lead to 
painful restriction of the shoulder movements and 
impingement. Closed réduction is possible but if the 
réduction is not acceptable, then open réduction and 
internai fixation with lag screws or tubular plates may 
be advised. Scudder described traction with arm in 


abduction for réduction of these fractures. For displaced 
fractures, DePalma describes closed réduction and pin 
traction for three weeks. Batman advocates closed 
réduction and shoulder spica for 6 weeks. Ada and Miller 
found stiffness in majority of their patients so they 
recommend open réduction and internai fixation if the 
glenoid neck fracture is angulated at 40° or displaced 
more than 1 cm. 

Displaced fractures of the acromion need repair of 
the acromion, ligaments and the rotator cuff. 

Severely displaced fractures of the neck, acromion or 
the coracoid process are the indications of surgery. 

Operative Technique 

The anterior approach is best suited for the anterior and 
the inferior labrum and the coracoid. The coracoid 
osteotomy may be necessary for better exposure. The 
posterior approach is necessary for the fractures of the 
spine and the médial border. The site is approached 
through the interval between the teres minor and the 
infraspinatous. 

In unstable fractures, the clavicular fracture should 
be fixed first. This automatically reduces and even 
stabilizes scapular fracture. Grossly displaced fractures 
of the neck and body fractures may require open 
réduction and lag screw fixation. 

As postoperative care, a sling is given for 2 to 3 days. 
Initially passive, later active exercises are started in the 
first week. Abduction is restricted till 90° until 6 weeks. 

Complications 

Most scapular fractures can be treated nonoperatively 
and heal completely. Painful stiff shoulder may resuit 
from the associated fractures and soft tissue injuries. 
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205.1 Acute Traumatic Lésions of the Shoulder 
Sprains, Subluxation and Dislocation 

GS Kulkarni 


INTRODUCTION 

Acute anterior traumatic lésions are common. This may 
be associated with the fractures of the proximal humérus 
and scapula. The usual mechanism is fall on the 
outstretched hand, and the force is transmitted to the 
shoulder joint. The common dislocation is anterior. The 
forceful abduction and external rotation of the arms also 
occurs when a person falls on the outstretched arm. 
Anterior or posterior lésions occur, depending on the 
direction of the disrupting forces. As a rule, inferior 
dislocation occurs if hyperabduction is continued after 
the arm has reached the pivotai position. 1 Soft tissue 
lésions vary from simple sprains to complété disruption 
of the tissues, permitting subluxation or dislocation of 
the head of the humérus. 

SPRAINS 

The soft tissues are severly stretched and some fibers tear, 
however, the continuity of the structures remains intact 
and the stability of the joints not impaired. 

SUBLUXATION AND DISLOCATION 

In subluxation and dislocations, there is a tear of the 
glenoid labrum or tissues in the capsule. The tears may 
occur anywhere in the capsule or at the attachment of 
the capsule along the glenoid rim. Tearing of the capsule 


remains intact. This is severe injury, and the mechanism 
is the most common of those causing récurrent 
subluxation and dislocation in young adults. 

If the force is severe, the head dislocates usually 
anteriorly and lies on the anteroinferior aspect of the neck 
of the scapula just under the coracoid process. Occa- 
sionally, the humerai head is driven into a subclavicular 
position. 

Bone injuries do occur in young people and involve 
the greater or lesser tuberosity, the coracoid process, the 
acromion, and the anterior and inferior glenoid rims. In 
older people, fractures of the humérus may also occur. 

Five types of anterior dislocations are encountered: 
(i) subcoracoid, (ii) subglenoid, (iii) subclavicular, 
(iv) intrathoracic, and (v) luxatio erecta (Fig. 1). 

The subcoracoid anterior dislocation occurs most 
often, the humerai head lies anterior to the glenoid and 
inferior to the coracoid process. It is produced most 
frequently by the mechanism of abduction and external 
rotation. 1 In the subglenoid dislocation, the humerai head 
lies anterior and below the lower brim of the glenoid 
fossa. When the strong latéral force is acting, subclavi¬ 
cular dislocation occurs. This lésion is rare. Further force 
may cause intrathoracic dislocation. 

Luxatio Erecta 

Luxatio erecta is a rare lésion produced by hyper- 
abduction mechanism. The severe force drives the arm 
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Figs IA to D: Types of anterior dislocation: (A) Subcoracoid, 
(B) subglenoid, (C) subclavicular, and (D) intrathoracic. Adapted 
from Depalma AF: Surgery ofthe Shoulder (3rd ed) 



Fig. 2: Roentgenogram of luxatio erecta. The arm is in full 
abduction and the humerai head is driven downward and lies 
below the inferior glenoid rim. In this instance, the rotator cuff 
and capsule were completely detached from the humerai head 
(Adapted from Depalma AF: Surgery of the Shoulder { 3rd ed) 

over the head and toward the midline. The humerai head 
slips under and locks under the inferior lip of the glenoid 
fossa, and the humerai shaft points directly upward (Figs 
2 and 3). 1 

Diagnosis 

History taking: Careful history should be taken. Certain 
spécifie information should be ascertained—the âge of 
the patient, the mechanism of injury, is this a primary or 



Fig. 3: Réduction of luxatio erecta; (A) The Surgeon makes 
steady traction upward and outward on the abducted arm— 

(1) and an assistant makes countertraction downward, 

(2) (Adapted from Depalma AF: Surgery of the Shoulder 
(3rd ed) 

récurrent dislocation, is there a history of slipping out of 
the joint prior to this incident, and the direction of this 
dislocation. 

Roentgenographic examination establishes the type 
of dislocation présent. The views that provide the above 
information are anteroposterior views, the latéral 
transthoracic view, and the axillary view. 

It is important to note the soft tissue injuries especially 
the rotator cuff. A careful neurovascular examination is 
performed. Note the tender spots. Clinical diagnosis of 
the anterior dislocation is easy because of the 
characteristic appearance of the shoulder and the position 
of the arm in relation to the trunk. Characteristically, the 
prominence of the acromion is striking and below it there 
is a visible flattening or dépréssion; the roundness of the 
shoulder is lost. The arm is held slightly away from the 
trunk and in internai rotation. It appears longer than the 
opposite arm. Careful palpation of the acromion head of 
the humérus reveals hollowness of the empty glenoid. 1 

Treatment of Acute Dislocation of Shoulder 

Closed Réduction 

Forceful manipulation has no place in the réduction of 
dislocations. Acute dislocations of the glenohumeral joint 
should be reduced as quickly and gently as possible. This 
éliminâtes the stretch and compression of neurovascular 
structures, and capsule minimizes the amount of muscle 
spasm that must be overcome to affect réduction, and 
prevents progressive enlargement of the humerai head 
defect in locked dislocations. 2 Short general anesthésia 
with muscle relaxants is necessary. However, diazepam 
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Fig. 4: Hippocrates’ technique of réduction. The stockinged 
foot of the surgeon is used for countertraction, the foot is not 
placed in the axilla but against the patient’s chest wall (Adapted 
from Depalma A F: Surgery of the Shoulder (3rd ed) 

and pentozosic intravenously are also satisfactory. If the 
patient is unfit for anesthésia, branchial plexus block may 
be used. The principles used in the réduction of the 
shoulder dislocations are gentle traction and leverage 
especially in the elderly people. Humerai shaft fractures 
may occur if force is used. 

Hippocratic Technique 

Hippocratic method is still used. The stockinged foot of 
the physician is used as countertraction. The heel should 
not go into the axilla (i.e. between the anterior and 
posterior axillary folds), but should extend across the 
folds and against the chest wall. Traction should be slow 
and gentle, as with ail traction techniques, the arm may 
be gently rotated internally and externally to disengage 
the head (Fig. 4). 2 

Stimson’s Techniques 

The patient is placed prone on the edge of the examining 
table while downward traction is gently applied. 
Appropriate weights, usually five pounds are taped to 
the wrist of the dislocated shoulder, which hangs free off 
the edge of the table for 15 to 20 minutes (Fig. 5). 2 

With the patient in the supine position the surgeon 
makes steady traction upward and outward on the 
abducted arm while an assistant makes traction 
downward. Réduction occur s with an audible snap, and 
then the arm is brought to the side. 

Kocher’s Leverage Technique 

This method is not advocated because it is associated with 
complications such as spiral fracture of the humerai shaft. 
Also the rate of récurrent dislocation is higher with this 



Fig. 5: Stimson method of réduction: (1) The patient is prone 
on the edge of the table, (2) Ten-kilogram weight are suspended 
from the wrist. The patient maintains this position for 15 to 20 
minutes if necessary, (3) Occasionally gentle external and 
internai rotation of the arm aids réduction (Adapted from 
Depalma AF: Surgery ofthe Shoulder, (3rd ed) 

method. The method consists of gentle traction at the 
elbow with elbow flexed 90°, then adduction of the 
shoulder and external rotation. Finally, the hand is placed 
on the opposited shoulder by internai rotation (Fig. 6). 



Fig. 6: Kocher’s method of réduction is performed in one smooth 
gliding maneuver: (1) Preliminary stretching is done in line of 
the long axis of the humérus, (2) while steady traction is 
maintained, the arm is rotated gently externally until 80° of 
external rotation is reached, (3) with the arm externally rotated, 
the elbow is brought forward to a point near the midline of the 
trunk, (4) the arm is rotated internally and the hand is placed 
on the opposite shoulder (Adapted from Depalma AF: Srugery 
of the Shoulder, (3rd ed) 
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Postoperative Care 

After the réduction, radiographs are taken in AP and 
latéral views. It is necessary to check the neurovascular 
status of the upper limb. Récurrent glenohumeral instabi- 
lity is the most common complication of glenohumeral 
dislocation, postreduction treatment focusses on 
optimizing shoulder instability. Thus, two potentially 
important éléments in postreduction treatment are 
protection and muscle réhabilitation. In the younger 
patients, the shoulder should be immobilized for a period 
of 3 to 5 weeks, in the elderly 1 to 2 weeks. 

The position of immobilization should be one of 
comfortable adduction and internai rotation. During the 
period of protection, the patient is instructed in 
progressive isométrie exercises, particularly of the 
internai and external shoulder rotator muscles. In the 
second month, ail exercises are started. By three months 
after the dislocation, most patients should hâve almost 
full flexion and rotation of the shoulder. 2 

In the very rare situation in which locked anterior 
dislocation cannot be managed as described here, open 
réduction may be needed. 

Shoulder dislocation more than three weeks old is 
described in section on neglected trauma. 

Complications 

Injuries of the rotator euff: This is common especially in 
patient over 45 years of âge. The patient is unable to 
abduct the arm even after réduction. This may be due to 
injury to axillary nerve. Ultrasonography, MRI may be 
helpful in diagnosing the rotator euff tear. 

Greater tuberosity fracture: Fracture of the Greater 
Tuberosity is common. Once the dislocation is reduced, 
the greater tuberosity is also reduced. If so, further 
treatment is not necessary. If the réduction is not 
satisfactory, then open réduction and a lag screw fixation 
give satisfactory results. 4 

Nerve injuries: Severe trauma may cause axillary nerve 
or brachial pelxus injury. Careful examination of the 
motor and sensory Systems will reveal these complica¬ 
tions. 

Vascular complication: These are rare complications, but 
may occur. 

ACUTE POSTERIOR DISLOCATION 
OF THE SHOULDER 

Acute posterior dislocation may occur due to severe injury 
or in epilepsy or during electroconvulsive therapy (ECT). 


Mechanism of Injury 

In the direct mechanism, an impact is delivered to the 
anterior aspect of the shoulder, thus, driving the head of 
the humérus posteriorly. In the indirect mechanism, a 
backward force is applied to the extremity, while it is 
flexed and internally rotated. 1 Many posterior 
dislocations are missed. The humerai head may assume 
one of the three positions in relation to the posterior aspect 
of the scapula: (i) subglenoid, (ii) subspinous, 
(iii) subacromial. 

The associated injuries are capsule tear and rotator 
euff lésions. The subscapularis tendon in some manner 
is always involved, it may be stretched across the anterior 
glenoid, it may tear or even be avulsed from the lesser 
tuberosity, or it may avulse the lesser tuberosity. Fractures 
of the humerai head may occur. Fractures of the 
tuberosities and the humérus occur frequently. The hill 
sachs lésion may be found in the anterior portion of the 
head. The arm is held in the position of abduction and 
internai rotation. The arm is locked in this position. 
Anteriorly, the shoulder appears fiat, but the coracoid 
process appears unduly prominent. With the arm flexed, 
the humerai head appears as a round prominence, readily 
palpable, posteriorly under the acromion. It is impossible 
for the patient to abduct or externally rotate the arm to 
neutral position, nor can the arm be passively abducted 
or externally rotated. 

If radiograph is taken in the AP view only, it is 
frequently interpreted as négative. It is important that 
axillary or latéral scapular view must be taken to make 
the diagnosis. 

There is vacant sign in glenoid cavity. This is called 
vacant glenoid sign. 

Treatment 

The dislocation should be reduced as early as possible. 
Steady traction is made on the arm in the long axis of the 
humérus with the elbow flexed. An assistant helps to 
mobilize the humerai head by pressing downward on it 
with his or her thumb. While traction is maintained, the 
arm is adducted. When the humerai head reaches the 
glenoid rim, the arm is rotated externally and then 
internally. This reduces the dislocation. 1 
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205.2 Fractures of Proximal Humérus 

Deendhayal 


Fractures of the proximal humérus hâve rising incidence 
late in life and this is directly related to osteoporosis. 
Treatment decisions are based on the mechanism of 
injury, the patients health and activity level and the 
fracture pattern. It is important to make a right choice in 
each patient to get a reasonable resuit to provide mobility 
and power that allows good range of movements to 
provide access to both ends of the alimentary System. The 
outcome of these fractures dépends on patient comp¬ 
liance, medical co-morbidities, problems of neglect and 
surgical expertise. The muscular attachments are the 
major deforming forces which make it difficult to obtain 
closed réduction and maintain in correct position. Due 
to displacement and overlapping of fragments, 
radiographie évaluation is difficult and classification is 
not reliable and the communition of the fragments results 
in avascular necrosis. These fractures in addition to 
limiting function produce night pain with sleep 
disturbance affecting the quality of life. Due to ail the 
above factors proximal humérus fracture still remain a 
major challenge to the treating orthopédie surgeon. 

Incidence 

Fractures of the proximal humérus occur in ail âge 
groups. Proximal humérus fractures accounts for 4% to 
5% of ail fractures and they account for over 75% of 
humérus fractures in patients older than âge 40. After 
âge 50, women hâve a much higher incidence than men 
because of osteoporosis and they are due to low energy 
injuries (three times as many in women as in men). In 
less than 50 years of âge, high energy trauma is the most 
common cause and it occurs as a part of a polytrauma. 
85% of the proximal humérus fractures are undisplaced 
or minimally displaced and are effectively treated 
symptomatically with initial immobilization followed by 
early motion. The remaining 15% of fractures are 
displaced and provide the orthopédie surgeon with a 
therapeutic challenge, of which 80% are surgical neck 
fractures. 21,24,25,37,53 

Etiology 

The most common mechanism for these fractures is a fall 
on the outstretched hand from a standing height. In 
younger patients, high-energy trauma occurs more 
frequently. Additional mechanisms include forced 


external rotation in abduction, violent muscle contrac¬ 
tions from seizure activity, electrical shock, and athletic 
events. Finally, a direct blow to the proximal humérus 
also may lead to these fractures. 

Pathophysiology 

Proximal humérus has very thin cortex throughout its 
extent and the cortex becomes thick at the junction of 
metaphysis and diaphysis. The cortex is slightly thicker 
at the bicipital groove and at muscular attachments. In 
fractures near the thinnest cortical bone, the fracture lines 
are difficult to approximate. These fractures are produced 
by low-energy forces and by avulsion forces. These occur 
in porotic bone and are comminuted. Conversely, the 
more dense cortical bone near the bicipital groove, and 
more distally on the shaft, provides an easier surface on 
which to approximate fracture lines. Fractures occurring 
in this area are produced by high-energy forces and occur 
in dense cortical bone. 

Muscular Anatomy (Fig. 1) 

The primary deforming forces in proximal humérus 
fractures are the pectoralis and rotator euff. The pectoralis 
major insert on the shaft below the lesser tuberosity and 
pull the shaft anterior and médial. Greater tuberosity is 



Fig. 1 : The deforming muscular forces 
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attached by supraspinatus, infraspinatus and teres minor 
and when this is fractured, the fragments are displaced 
superiorly and posteriorly. 9 The lesser tuberosity is 
attached by subscapularis and this displaces the fragment 
medially. In case of surgical neck fractures, the proximal 
fragment is externally rotated and the distal fragment is 
displaced upwards by the deltoid and medially by the 
pectoralis major (Rockwood Green). This is essential to 
understand in treating the patients by closed methods 
and while achieving réduction during surgery. 

Vascular Anatomy (Fig. 2) 

The proximal humérus is supplied by anterior humerai 
circumflex artery and this is the major arterial contributor 
to the humerai head. The anterior ascending branch 
which terminâtes as the arcuate artery, ascends along the 
line of long head of biceps and enters the humerai head 
near the inter tubercular sulcus perfusing the entire 
humerai head. So it is important to take care of this artery 
while dissecting the proximal humérus. Disruption of this 
results in avascular necrosis. Additional blood supply is 
from the posterior humerai circumflex artery which 
supplies a small portion of the posteroinferior part of the 
articular surface. Vessels entering the head through the 
rotator cuff insertions significantly supply the humerai 
head. The vascular injuries are infrequent (5 to 6%). The 
axillary artery is known as "tethered trifurcation" at the 
level of the surgical neck. Most vascular injuries occur at 
the trifurcation just proximal to the anterior circumflex 
humerai artery. 

CLINICAL EVALUATION 
Physical Examination 

Patients presenting immediately after injury expérience 
significant shoulder pain with swelling and restricted 
shoulder movements and the arm is supported by the 



Fig. 3: Echymosis tracking up to elbow 

other hand. However, ecchymosis will not appear for 
24-48 hours after injury (Fig. 3). Ecchymosis may appear 
within few hours after high velocity trauma represents 
more extensive soft tissue disruption. 

It is important to obtain a detailed history of the 
mechanism of injury because indirect violences which 
causes proximal humérus fractures resulting in greater 
degrees of fracture displacement. It has to be determined 
whether seizure or electrical shock was involved, as these 
indirect mechanisms are associated with posterior 
dislocations. It is also important to obtain the medical 
history especially the elderly, and stabilize any problems, 
if possible, prior to proceeding with operative manage¬ 
ment. 

Palpation of the proximal humérus will cause more 
discomfort to the patient. Caution should be exercised 
when attempting to move the injured shoulder in cases 
of suspected proximal humérus fracture to avoid further 
injury. Evaluation for associated injuries (Fig. 4) especially 
the ipsilateral scapular and rib fractures must be 
thoroughly examined. Auscultation of the lungs must be 
performed to evaluate pneumothorax and hemopneumo- 
thorax. Shoulder injury in a young individual being a 
part of a polytrauma a thorough systematic examination 
must be done to identify any other concomitant injury. 

The most common nerve injury patterns associated 
with fracture or dislocation of the proximal humérus are 
isolated axillary nerve and mixed brachial plexus. 2,42,60 

The most common injury associated with axiliary 
nerve injuries is an anterior fracture dislocation with a 
displaced greater tuberosity fracture. Loss of sensation 
over the latéral deltoid should alert the examiner to 
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Fig. 4: Associated fractures: glenoid fractures, acromion 
fracture with AC joint dislocation, ipsilateral rib fractures 

possible axillary nerve injury. Isométrie contraction of the 
deltoid also should be tested. 

The next commonest is brachial plexus injuries. 

Vascular injuries can occur rarely, but 27% of axillary 
artery injuries may hâve palpable puises due to scapular 
collateral circulation. Associated paresthesias and an 
enlarging mass must alert the presence of vascular injury. 
Most vascular injuries (84%) occur in patients older than 
50 years. Absence or asymmetry of radial puise should 
raise the possibility of an injury to the axillary artery. 
Viability of the distal limb is usually preserved as a resuit 
of rich anastomoses between the circumflex scapular 
artery (branches of the third part of the axillary artery), 
and dorsal scapular artery (the third part of the subclavian 
artery). If vascular injury is suspected, an angiogram is 
indicated. 



Radiographie Examination 

Diagnostic évaluation of proximal humérus fractures is 
a critical factor in assessing treatment options. And the 
radiographie examination is the primary requisite. 

Radiographie examination of the shoulder should 
include Neer's trauma sériés, which consists of a true 
anteroposterior (AP) view of the glenohumeral joint, 
y-view (Fig. 5), and axillary view. Modifications of the 
axillary view, such as a Velpeau view or CT scan, can be 
obtained to carefully evaluate the relationship of the 
humerai head to the glenoid. It still is estimated that the 
initial treating physician misses 50% of ail fracture 
dislocations. 4,24,29,39 

CT Scan 

CT is indicated in selected cases for quantitating the 
amount of tuberosity displacement, the size of humerai 
head, indentation fractures, the extent of articular 
involvement in head-splitting fractures, and the displace¬ 
ment or extent of comminution of associated glenoid 
fractures. Three-dimensional reconstruction is not 
routinely required but could be helpful in complex 
fracture configurations or malunions . 

Other Tests 

Angiography is indicated when there is an increased level 
of suspicion. Asymmetry or absent puises are not the only 
indication and some patients can hâve seemingly normal 
puises inspite of an axillary artery injury. 2,42 Considéra¬ 
tion should also be given to degree of fracture displace¬ 
ment, amount of energy at time of injury, swelling, and 
neural injury. Vascular injuries most commonly occur in 
the third part of the axillary artery where the vessel is 
tethered to the humérus by the anterior and posterior 
humerai circumflex branches. When vascular damage is 
présent, it is often associated with severe médial shaft 
displacement through a surgical neck fracture. 



Fig. 5: X-ray AP and LAT views 
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Electromyography immediately after nerve injury is 
not likely to provide information that will alter initial 
management. It is most appropriate in the subacute 
setting (i.e., 3 weeks) for confirmation or detailed 
characterization of nerve injuries suspected clinically. 
Electromyography may also be used to document the 
progress of reinnervation. 

Classification 

Fracture classification primarily is used to separate these 
fractures into treatment groups. 

In 1896 Kocher classified these fractures based on the 
anatomical level of the fracture at anatomical neck, 
metaphyseal région, and surgical neck. Though it is 
simplest it does not apply to many complex fracture 
patterns commonly encountered. 

In 1934 Codman proposed the four segment 
classification concept (Fig. 6). He recognized that fractures 
of the proximal humérus typically produced a 
combination of four possible fragments which includes 
the articular surface, the humerai shaft, the greater 
tuberosity, and the lesser tuberosity. He hypothesized 
that the fracture lines followed the remnant of the old 
epiphyseal plate, the epiphyseal scar. He concluded that 
ail fractures were some combination of these different 
fracture fragments. The four-part classification reported 
by Neer in 1970 (Fig. 7) represents a refinement of 
Codman's four-segment classification that incorporâtes 
the concepts of displacement and vascular isolation of 
articular segment. Three of these segments correspond 
to the ossification centers giving rise to the proximal 
humérus (one for the humerai head and one for each 
tuberosity). Fusion of these ossification centers at the 
physis créâtes a weakened area that is susceptible to 
fracture This classification was the first comprehensive 
System that related the anatomy and biomechanical forces 
resulting in the displacement of fracture fragments to 
diagnosis and treatment. 47,48 

Regardless of the number of fracture lines présent, a 
proximal humérus fracture is considered to be 
nondisplaced by Neer's criteria when plain radiographs 
reveal less than 1 cm of displacement and 45° of 
angulation of any one fragment with respect to ail others. 
Two-part fractures may involve the anatomie neck, 
surgical neck, greater tuberosity, or lesser tuberosity and 
occur when one fragment is displaced at least one 
centimeter or angulated 45° or more with respect to any 
of the remaining three fragments. Three-part fractures 
resuit from a displaced fracture of the surgical neck in 
combination with either a displaced greater tuberosity 
or lesser tuberosity fracture. Four-part fractures resuit 
from displaced fractures of the surgical neck and both 



Fig. 6: Codman’s four segments: (A) greater tuberosity, 
(B) lesser tuberosity, (C) anatomical head, and (D) humerai 



Fig. 7: Neer classification System the most widely used 
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tuberosities. Any fracture pattern may occur in 
combination with a glenohumeral dislocation. 

Four part valgus impacted fractures, humerai head 
indentation fractures and head-splitting fractures 
represent spécial cases that do not otherwise fit the four- 
part classification System. 

The AO/ASIF classification emphasizes the vascular 
supply to the articular segments . The System is divided 
into three categories, according to the severity of injury 
and the likelihood of avascular necrosis. Type A fractures 
are the least severe with no vascular isolation of the 
articular segment, and the risk of avascular necrosis is 
small. Type B fractures represent a more severe fracture 
with partial isolation of the articular segment with a low 
risk of avascular necrosis. Type C fractures is the most 
severe with total vascular isolation of the articular 
segment and a high risk of avascular necrosis. 
Furthermore, each alphabetical group is subgrouped 
numerically, with higher numbers generally reflecting 
greater severity. The AO/ASIF classification System has 
not enjoyed widespread popularity. 

Recently the interobserver reliability and intraobser- 
ver reproducibility of classification of proximal humérus 
fractures hâve been questioned. 

Despite the reported difficulties of reliability, the Neer 
classification is still widely used by most surgeons for 
the diagnosis and treatment of proximal humérus 
fractures. It provides a rationale for surgical management 
and allows the formulation of a surgical plan based on 
the known fracture fragments and associated rotator cuff 
attachments. It will remain a useful tool until a more 
reliable classification is identified. 1 ' 6 ' 29 ' 55 ' 56 ' 57 ' 58 

Treatment 

Non-operative 

Eighty-five percent of proximal humerai fractures are 
nondisplaced or minimally displaced. These fractures can 
be managed non-surgically, by immobilizing the arm in 
a sling for comfort and instituting early range of motion 
exercises when pain permits. 40 Patients with medical 
illnessess that preclude them from surgery should also 
be treated conservatively. In general, pendulum exercises 
and gentle isométrie strengthening of biceps and triceps 
to compress fracture fragments are started after one week 
of immobilization. After 3 to 4 weeks, supine passive 
flexion and passive external rotation exercises may be 
added. Overhead pulley are started at 4 to 5 weeks, 
followed by stretching and strengthening at 6 to 8 weeks 
Traditionally, the results of non-operative management 
of non-displaced proximal humérus fractures hâve been 
thought to be excellent. However, Koval and colleagues 


recently reported only 77% good or excellent results in a 
large sériés of patients with non-displaced fractures 
treated non-operatively. Most of the functional déficits 
were the resuit of loss of motion. Patients who were 
started on a formai physical therapy program within 14 
days of injury had significantly better results. 36,38 

Zyto et al in a study of non operative treatment of 
comminuted fractures of the proximal humérus in elderly 
with foliow- up of 10 years had satisfactory range of 
motion. They also said that in spite of low functional 
scoring and poor fracture réduction in many shoulders 
the patients contentment with their injured shoulder after 
10 years was high. 

The recently published study of comparative results 
of proximal humérus fracture fixation by Mcqueen et al 
from Edinburgh has concluded that in elderly patients it 
is préférable to use nonoperative technique. 65,66 

Operative 

Displaced fractures are those that if left untreated hâve 
the greatest likelihood of producing limited function. In 
the absence of medical contraindications, displaced 
fractures of the proximal humérus should be treated 
operatively. However, the results of surgical management 
are variable and dépendent on many factors that include 
fracture pattern, concurrent soft tissue injuries, quality 
of the surgical réduction, stability of fixation, patient âge, 
bone quality, patient motivation and reliability, 
expérience of the surgeon, the personality of the patient 
(e.g. compliant, realistic expectations, mental status), and 
post-operative réhabilitation. Many methods of fixation 
of proximal humérus fractures hâve been described and 
ail hâve a tremendous effect on spécifie treatment 
indications. 10,11,21,22,26,27,31,35,45,60 

The absolute indications for the fixation are: 

1. The fracture dislocation of proximal humérus 

2. Head splitting fractures 

3. Fractures with neurovascular injuries 

Two-part Surgical Neck Fractures 5152 

In two-part surgical neck fractures, both tuberosities are 
attached to the head which often remains in a neutral or 
slightly abducted position. The shaft is usually displaced 
medially and anteriorly by the pectoralis major. These 
fractures unité but has limited function. When the fracture 
ends are displaced and the distal fragment is displaced 
medially and superiorly there is high incidence of soft 
tissue interposition and the interposition of long head of 
biceps that prevents réduction which warrents open 
stabilization. 44 It is important to remember that the results 
are dépendent on AP displacement of fractures and not 
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Figs 8A to D: (A and B) High energy 4 part fracture box humérus, (C and D) C-arm image and intraoperative photograph 
demonstrate proximity of neurovascular bundle {Fig. 8D for color version see Plate 38) 


on surgery. Displacement up to 66% in AP view seems 
to be acceptable as reported by Court Brown et al in their 
recent study. 

Indication for surgery include displacement, 
polytrauma, association with other upper extremity 
fractures, vascular injury and open fracture (Figs 8A to 
D). Fractures angulated in varus or Valgus, communited 
fractures and completely displaced surgical neck fractures 
hâve poor results with nonoperative treatment because 
they are unstable and will redisplace after réduction. 


Percutaneous Pin Fixation 4344 

Closed treatment of two-part surgical neck fracture is 
associated with a satisfactory or excellent outcome if 
closed réduction can be achieved and maintained. 
However, severe comminution and osteopenia are 
absolute contraindications to closed réduction and 
percutaneous fixation. It is useful in select patients with 
unstable fractures. The keys to success are proper setup, 
a careful réduction to restore the anatomy and 
biomechanically Sound pin configuration to maximize 









Injuries of the Shoulder Girdle 1895 


fixation, appropriate aftercare and avoidance of 
complications. 

Jaberg et al. reviewed 29 patients with two-part 
surgical neck fractures treated with closed réduction and 
percutaneous pinning and found 18 patients (62%) with 
good or excellent results. The fair results in eight patients 
were due to predominantly the patient's subjective 
symptoms and loss of rotation. Treatment options 
include closed réduction and percutaneous pinning, 
open réduction and stabilization with a blade-plate, and 
open réduction and stabilization with intramedullary 
Ender's rods combined with inter-fragmentary 
sutures. 4,10,25,26,29,53 

Closed réduction with percutaneous pinning is 
indicated in patients with good bone quality and non- 
comminuted or minimally comminuted fractures that can 
be reduced adequately by closed means. 2,7,15,27,28,34,50 
Many techniques hâve been described for fixation of 
unstable proximal humerai fractures (Fig. 9). The 
theoretical advantages of closed réduction and percuta¬ 
neous pinning include avoidance of devascularization of 
fracture fragments, minimization of the risk of injury to 
the blood supply of the humerai head, and reduced 
operative morbidity by avoidance of an open procedure. 
Disadvantages of this technique include the potential for 
pin migration, loss of réduction, and pin-site infection. 
Injury to important anatomie structures about the 
shoulder is also a potential concern with this technique. 
Closed réduction is performed and verified with 
fluoroscopy. If the réduction is adéquate, an assistant 
maintains the position with a posteriorly directed force 
on the humerai shaft while the surgeon places two to 
three terminally threaded or smooth pins from the shaft 
into the head. If terminally threaded pins are used, they 
should be inserted through a protective sheath. Normal 
humerai rétroversion places the center of the humerai 
head posterior to the humerai shaft. Therefore, pin 
placement is facilitated by using an antérolatéral entry 
point and directing the pin posteromedially. 

Open Réduction and Internai Fixation 

Open réduction and internai fixation is indicated in 
fractures with inadéquate closed réduction, severe 
comminution, or poor bone quality. The fracture is 
approached anteriorly through an extended deltopectoral 
incision. Blade plate fixation is used, except in cases 
involving extreme osteoporosis of the humerai shaft, 
because it exploits the only two places in the proximal 
humérus with reasonable bone quality—the subchondral 
bone and the shaft. 31 " 33 In addition, insertion of the blade- 
plate spares the rotator euff insertion. The reported rates 



Fig. 9: Illustration of the proposée! starting point for placement 
of the latéral pins and the end point for the greater tuberosity 
pins. The starting point for the proximal latéral pin should be at 
or distal to a point twice the distance from the superior aspect 
of the humerai head to the inferiormost margin of the humerai 
head. The greater tuberosity pins should engage the cortex of 
the humerai neck 20 mm from the inferiormost aspect of the 
humerai head 

of good and excellent results hâve been equal to or better 
than those reported for other techniques of fixa- 

t * on 12,22,26,30,31,54,64 

Intramedullary Ender's rods in combination with 
inter-fragmentary sutures are used when the humerai 
shaft is so osteoporotic that adéquate bicortical fixation 
is doubtful. 61,62 Cuomo et al reported good or excellent 
results in 10 (71%) of 14 patients treated with open 
réduction and internai fixation using interfragmentary 
sutures with the addition of Ender's rods if surgical neck 
comminution were présent. 12,17 

Two-part Isolated Tuberosity Fractures 

Closed réduction of two-part greater tuberosity fractures 
is difficult because the fragment is pulled superiorly and 
posteriorly by the attached rotator euff muscles. This must 
be treated like full thickness rotator euff tear. The 
difficulties encountered in closed methods of treatment 
are limitation of external rotation, impingement 
difficulties and limitation of abduction. 

Hence open réduction is indicated if there is superior 
displacement of 5mm and posterior displacement of 
10 mm. Posterior displacement is best appreciated in 
axillary latéral view. Displacement of the greater 
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Figs 10A to D: (A) A young male with high energy 2 part fracture proximal humérus, (B) ORIF with plate osteosynthesis, 
(C and D) Full postoperative recovery of function with union 6 months after surgery 


tuberosity has been associated with poor results if it 
remained displaced by more than 1 cm. Impingement 
may occur when the greater tuberosity is displaced more 
than 5 mm and external rotation gets restricted when 
there is posterior displacement of more than 10 mm. 
Greater tuberosity fractures are often associated with 
anterior dislocation of the shoulder and this should 
always be seen in axillary view. In the absence of 
dislocation, two-part greater tuberosity fractures had 
good results in only 56% of patients when treated by 
closed technique; however, 100% of fracture-dislocations 
had poor results with closed treatment. Open réduction 
of the fragment can be done through a deltopectoral 
approach or through a superior, deltoid splitting approach. 
The deltoid splitting approach is préférable in most cases. 

A deltopectoral exposure is used if there is a long 
inferior spike on the greater tuberosity. Exposure of the 
inferior-most portion of the fragment through a superior 


approach could damage the axillary nerve. When 
approaching the greater tuberosity through a 
deltopectoral incision, posterior exposure is greatly 
facilitated by adbuction of the arm to relax the deltoid. 
Flatow et al. reported excellent and satisfactory results 
in ail 12 patients with two-part greater tuberosity fracture 
treated with open réduction and internai fixation using 
non-absorbable sutures 16,21 (Figs 10A to D). 

Isolated lesser tuberosity fractures are rare. It is often 
associated with posterior dislocation of the shoulder. The 
displaced tuberosity in the absence of associated 
dislocation rarely results in a functional déficit, and 
sometimes it results in loss of internai rotation. Open 
réduction and internai fixation is required when the 
fragment is large and blocks médial rotation. The 
approach is through the deltopectoral interval, and 
interfragmentary sutures are used to secure the 
fragments. 16,21 
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Figs 11A to F: (A and B) 3 part fracture proximal humérus in an elderly male, (C and D) CT scan images showing 
displacement, (E and F) ORIF, anatomical using plate osteosynthesis 


Three-part Fractures 

Displaced three-part fractures of the proximal humérus 
rarely can be reduced closed and are treated best by open 
réduction and internai fixation. This requires thorough 
knowledge of the anatomy of the shoulder and the 
influence of the soft tissue and muscle attachments of 
the various segments. With greater tuberosity segment 
displacement, the articular segment is internally rotated 
by the subscapularis because of its unopposed pull on 
the lesser tuberosity. Moreover, the articular segment has 
an adéquate blood supply through the lesser tuberosity. 
If this can be preserved, the segment reassembled, and 
the rotator cuff reconstructed, a good resuit can be 
expected. With lesser tuberosity segment displacement, 
the articular segment is externally rotated by the muscles 
that attach to the greater tuberosity. This articular 
segment also has an intact blood supply through the 
remaining greater tuberosity, and open réduction with 
internai fixation and repair of the rotator cuff usually will 
produce good results. 

Surgery should be carried out as soon as the patient's 
general condition permits. A delay of several days makes 
réduction more difficult, and a significant delay results 
in absorption of bone, making secure internai fixation 
impossible. A protracted and vigorous postoperative 
rehabilitative exercise program is necessary to ensure 


optimal results. If the patient's general health and ability 
to cooperate are not optimal, less than excellent results 
will be achieved. 

In cases when there is significant osteoporosis and 
the quality of bone is poor, immédiate prosthetic head 
replacement is recommended. The return of function was 
less predictable and dépendent on the security of 
tuberosity-muscle cuff repair, sufficient protection after 
surgery, and long-term réhabilitation. 

A deltopectoral approach allows adéquate exposure 
for réduction and fixation. In the majority of cases, the 
use of interfragmentary sutures are adéquate because of 
an intact posteromedial periosteal hinge. It is important 
to first secure the tuberosity to the head followed by 
suturing the head and tuberosity to the shaft. If stability 
between the head fragment and shaft is inadéquate, one 
may supplément with intramedullary Ender's rods or 
blade plate 2,5,12,19,23,36,46,63 (Figs 11,12 and 16). 

Four-part Fractures 

Four-part displaced fractures, four-part fracture- 
dislocations, impression fractures of the articular surface 
involving more than 40% of the head, and head-splitting 
fractures are best treated by primary prosthetic 
replacement. 13,14 Accurate réduction is almost impossible, 
and avascular necrosis of the articular fragments is likely. 
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Figs 12A and B: Good recovery of shoulder function 


Primary reconstruction with a replacement prosthesis 
usually is easier than and préférable to open réduction 
followed by a later reconstructive procedure. In four-part 
displaced fractures, the tuberosities must be carefully 
retained, reassembled beneath the prosthetic head, and 
held securely with a no. 20 wire or other nonabsorbable 
suture. Good functional results are related directly to 
union of the tuberosities to the proximal humerai shaft 
and healing of the rotator cuff. 18,20 To achieve this 

1. The tuberosities should be securely fixed to the shaft, 
avoiding placement of wires through the holes in the 
flanges of the prosthesis (early breakage), 

2. The prosthesis should be cemented at the appropriate 
resting height in 20 to 40° of rétroversion, and 

3. Bone graft from the humerai head fragment should 
be added beneath the tuberosities. 

In young active patients in whom the articular 
segment is of adéquate size and quality, open réduction 
and internai fixation should be done.ORIF is technically 
demanding. Difficulties are minimized by thorough 
understanding of the anatomy, careful soft tissue healing 
at the time of surgery, and secure and accurate réduction 
and fixation. Failure to institute and maintain supervised 
réhabilitation program in the immédiate postoperative 
period will resuit in poor results (Figs 13A to G). 

Fractures of Spécial Importance 

The impacted valgus fracture is a relatively uncommon 
but well-recognized subtype of proximal humérus 
fracture. The injury is considered to hâve a favorable 
prognosis compared with that of other complexmultipart 
proximal humerai fractures, and the risk of osteonecrosis 


is low because the médial capsular blood supply is 
preserved. In Four part Valgus impacted fracture the 
médial periosteal hinge remains intact and vascular 
supply is maintained. These are amenable for internai 
fixation. 

Treatment of the less severely displaced forms of this 
injury, both with nonoperative methods and with 
minimally invasive internai fixation techniques, has been 
reported to yield satisfactory results. However, when the 
head fragment is severely impacted and rotated and there 
is more severe displacement of one or both of the 
tuberosities, the functional results of nonoperative 
treatment are suboptimal. Minimally invasive techniques 
may also be less successful in the treatment of these more 
severe injuries because they fail to address concomitant 
tears of the rotator cuff. In addition, secondary displace¬ 
ment may occur, despite percutaneous fixation, as a resuit 
of instability caused by the metaphyseal defect created 
behind the humerai head after it is reduced. 30,50 

In humerai head-splitting fractures, one or both of the 
articular fragments usually are devoid of blood supply. 
Often these fractures cannot be reduced and fixed 
adequately. Prosthetic replacement usually produces the 
best results in this situation. 

Impacted fractures occur in older people. Conservative 
treatment is more préférable. Because people with such 
fractures tend to develop periarthritis about the shoulder, 
these fractures should be treated by methods that allow 
early motion and early restoration of function. 

Articular surface impression defects of the humerai head 
often are the resuit of shoulder dislocations in which the 
head is impaled on the edge of the glenoid. Treatment 
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Figs 13A to G: (A and B) 4 part fracture proximal humérus, (C and D) ORIF with buttress plating, 
(E to G) Excellent union and functional recovery in 6 months time 


after réduction of the dislocation dépends on the size of 
the head defect and whether it significantly affects 
shoulder stability. If the head defect is posterior and 
récurrent subluxation or dislocation of the shoulder 
occurs with external rotation, a proximal humerai 
osteotomy is advocated to increase rétroversion. If the 
defect is anterior and récurrent subluxation or dislocation 
of the shoulder occurs with internai rotation, the sub- 
scapularis insertion can be transferred into the defect. If 
the impression defect involves more than 40% of the 
articular surface, a primary humerai head prosthesis is 
used. 


COMPLICATIONS 
Neurovascular Injuries 

Neurologie and brachial plexus injuries occur in up to 
8% of proximal humérus fractures. Anterior fracture 
dislocations may injure the axillary nerve. Documentation 
of any déficits, and monitoring by electromyography 
(EMG) is necessary. Exploration of injuries showing no 
improvement at 3 months is adviced. The risk of nerve 
injury is increased in elderly patients, fractures at the 
surgical neck, dislocation, blunt trauma with associated 
hematoma, and in failed open réduction and internai 
fixation. 3 
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Injury to the axillary artery may occur in displaced 
proximal humérus fractures, usually following severe 
blunt trauma or penetrating trauma. This injury also may 
be seen with minimally displaced fractures in the elderly 
patient with arteriosclerosis due to lack of elasticity of 
the vessel walls. High index of suspicion is needed and 
proceed to an angiogram when signs of vascular compro¬ 
mise are présent. These include expanding hematoma, 
pallor, paresthesias, pulselessness, unexplained 
hypotension, bruits, and pulsatile external bleeding. 
Perform arterial repair emergently when indicated. 2,42 
Failure to recognize and treat these injuries can hâve 
catastrophic conséquences, including amputation, 
gangrené, and neurologie compromise (due to 
compression from the hematoma). 

A review of 19 previously reported cases of axillary 
artery injury after proximal humérus fracture revealed 
that 84% occurred in patients older than 50 years, 53% 
were associated with brachial plexus injury, and 21% 
resulted in upper extremity amputation. 

Stiffness or Frozen Shoulder 

Stiffness or frozen shoulder may occur with nonoperative 
and operative management of proximal humérus 
fractures. Factors that contribute to this complication 
include the severity of the initial injury, prolonged 
immobilization, articular surface malunion and 
noncompliance with réhabilitation. 8 This emphasizes the 
need for a supervised physiotherapy program to maintain 
mobility during the post fracture and postoperative 
period. Patients who do not respond to stretching 



Fig. 15: The patient soon landed with avascular 
necrosis of head of humérus 


exercises may require operative management, including 
arthroscopic and/or open release of adhesions. 
Manipulation under anesthésia should not be performed 
alone, as risk of refracture exists. 

Avascular Necrosis (Figs 14 and 15) 

This complication is seen in up to 14% of 3-part fractures 
treated with closed réduction and in up to 34% of 4-part 
fractures. This complication leads to pain and stiffness 
in the shoulder and may ultimately require total shoulder 
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Figs 16A to C: High energy 4 part proximal humérus fracture fixed with intramedullary rod and TBW 


arthroplasty. Avascular necrosis incidence is directly 
proportional to complexity of the fracture, the extent of 
surgical dissection and additional surgeons expérience. 

Malunions and Nonunions 

Greater tuberosity malunions occur as a resuit of the pull 
of the rotator cuff. Displacement is superior if only the 
supraspinatus is involved. Union at this site may resuit 
in impingement syndrome. Displacement is posterior if 
the pull is predominately infraspinatus. Union at this site 
may resuit in posterior impingement against the glenoid, 
resulting in decreased external rotation. Indications for 
surgery include pain and loss of function. Superior 
tuberosity malunion may be treated with acromioplasty 
if it is not severe or tuberosity osteotomy and cuff 
mobilization. Acromioplasty offers no benefit in posterior 
malunions, which are treated by tuberosity osteotomy 


and capsular release. Isolated lesser tuberosity malunions 
are very rare. 

Surgical neck malunions and malunions of 3-part 
fractures may be multiplanar in nature with combinations 
of rotation, flexion/extension, and varus/valgus 
deformities. Significant angulation may be accepted at 
the surgical neck. However, there is a concomitant loss 
of élévation. Additionally, varus malunion places the 
greater tuberosity in the subacromial space with loss of 
latéral humerai offset. 

Malunion and avascular necrosis of the humerai head 
in 3- and 4-part fractures usually requires prosthetic 
replacement. Frequently, posttraumatic arthritis is 
présent on the glenoid surface, and a glenoid component 
also should be used (Figs 16A to C and 17A to C). 

Malunion of a fracture-dislocation may be difficult to 
treat. The head component may be dislocated anteriorly 



Figs 17A to C: Glenohumeral arthritis and severe restriction of shoulder ROM soon developed due to malunion 
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or posteriorly. Great care must be taken in its mobilization 
and removal, as there may be adhesion of the neuro- 
vascular bundle in the associated scar tissue. Prosthetic 
replacement usually is necessary. 

Locked Compression Plate 

LCP is a welcome new implant for proximal humérus 
fracture. It is available as a spécial precontoured plate 
with convergent screws, which increase the stability of 
the fracture fixation System. It is very much useful and 
indicated in osteoporotic bone, also used in normal bone. 

SUMMARY 

The majority of proximal humérus fractures are non- 
displaced by Neer's criteria. Nonoperative management 
will produce a high percentage of acceptable results, 
provided that réhabilitation exercises are instituted 
within 14 days of injury. The results of surgical 
management of displaced fractures are variable and 
dépendent on fracture type, bone quality, quality of the 
surgical réduction and fixation, surgeon expérience, and 
patient compliance. Currently, we prefer closed réduction 
and percutaneous pinning in two-part surgical neck 
fractures with good bone quality, little or no 
comminution, and an acceptable closed réduction. When 
open réduction is indicated, blade-plate fixation is an 
excellent choice, except when cortical osteoporosis 
precludes good bicortical fixation in the shaft. Under 
these circumstances, intramedullary Ender's rods 
combined with inter-fragmentary sutures are used. 
Isolated two-part greater tuberosity fractures are 
managed with inter-fragmentary sutures through a 
superior deltoid "splitting" approach. If distal exposure 
beyond 4 to 5 cm is required, a deltopectoral approach is 
used. Lesser tuberosity fractures are stabilized with inter- 
fragmentary sutures through a deltopectoral approach. 
Most three-part fractures are amenable to inter- 
fragmentary sutures with occasional supplémentai 
Ender's rods or blade-plate fixation. Hemiarthroplasty 
is performed in most four-part fractures and some three- 
part fractures with poor bone quality or extensive 
comminution. The goal of ail surgical management is 
adéquate stability, so early (within 7 to 10 days) 
réhabilitation can be initiated. 
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205.3 Scapular Fractures and Dislocation 

Sudhir Babhulkar 


Scapular fractures are uncommon, constituting only 1% 
of ail fractures, 3% of shoulder-girdle injuries, and 5% of 
ail shoulder fractures. A variety of reasons hâve been 
offered for this low frequency, of which the most 
important are that 

1. The scapula is protected by the rib cage and thoracic 
cavity anteriorly and a thick covering of soft tissues 
posteriorly. 

2. The mobility of the scapula allows considérable 
dissipation of traumatic forces. 

Fractures of the scapular body and spine make up 
approximately 50% of the total; fractures of the glenoid 
neck, 25%; fractures of the glenoid cavity, 10%; and 
fractures of the acromial and coracoid processes, 7% each. 

Scapular fractures and dislocations can resuit in 
considérable morbidity. Scapular fractures are usually 
caused by high-energy trauma. Direct forces are most 
common, although indirect mechanisms can be 
responsible, such as a fall on the arm that causes the 
humerai head to impact the glenoid cavity. Any fracture 
line that runs from the posterior margin of the scapular 
spine or acromion to the undersurface of the acromion 
ail the way to the deepest point of the spinoglenoid 
interval is considered an acromial fracture. 

Scapular fractures are often diagnosed late, and 
definitive treatment is often delayed. This fact, combined 
with the possibility of injury to adjacent osseous and soft 
tissue structures, may compromise the patient's final 
functional resuit. Indirect forces may also cause a variety 
of avulsion fractures at musculotendinous and 
ligamentous attachment sites, such as the superior 
scapular angle (insertion of the levator scapulae), the 
superior scapular border (omohyoid muscle attachment), 
the tip of the coracoid process (attachment of the 
conjoined tendon), the superior border of the coracoid 
process (attachment of the coraco-clavicular ligaments), 
the acromial margin (origin of the deltoid muscle), and 
the inferior angle of the scapula (insertion of the Serratus 
anterior). 

Diagnosis 

If a scapular fracture is noted or suspected, true scapular 
anteroposterior and latéral views as well as a true 
glenohumeral axillary views are sufficient. The scapular 
body and spine, the three processes (the acromial, 
coracoid, and glenoid processes), and the three articula¬ 


tions (the scapulothoracic, glenohumeral, and acro- 
mioclavicular articulations) must be evaluated. 

Oblique views may be helpful in certain situations, 
and a stress AP projection with weights should be 
obtained if an injury to the AC articulation is suspected. 
Because of the complex osseous anatomy in the area, 
computed tomographie (CT) scanning with reconstruc¬ 
tions is often necessary to accurately detect and define 
the extent of injury. 

Nonoperative Treatment 

The vast majority (more than 90%) of scapular fractures 
are minimally or acceptably displaced, primarily because 
of the thick, strong support provided by the surrounding 
soft tissues. Treatment is symptomatic. Short-term 
immobilization in a sling and bandage is provided for 
comfort. Early progressive range of motion exercises and 
use of the shoulder out of the sling within clearly defined 
limits are begun as pain subsides. 

In some cases, close radiographie follow-up is 
necessary to ensure that unacceptable displacement does 
not occur. Most scapular fractures heal completely by 6 
weeks, and ail external support is discontinued at this 
time. Progressive use of the upper extremity is 
encouraged. Range of motion exercises continue until full 
shoulder mobility is recovered. As range of motion 
improves, progressive strengthening exercises are added. 
It can be anticipated that full functional recovery will take 
several months. Ultimately, the prognosis for these 
fractures is excellent. Despite sporadic reports describing 
operative management, there seems to be little 
enthusiasm for surgical treatment. There are two reasons 
for this réluctance: 

1. There is little substantial bone stock for internai 
fixation aside from the scapular spine and latéral 
scapular border. 

2. These fractures seem to heal reliably with a good 
functional resuit without surgical treatment. 

Operative Indications 

While the vast majority of scapular fractures are managed 
quite successfully without surgery, most agréé that 
surgical management should be considered for severely 
displaced injuries. The following injuries occur with 
enough frequency to consider surgical stabilization: 

1. Significantly displaced fractures of the glenoid cavity 
(glenoid rim and glenoid fossa). 
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2. Significantly displaced fractures of the glenoid neck. 

3. Double disruptions of the superior shoulder 
suspensory complex (SSSC) in which one or more 
éléments of the scapula are significantly displaced. 
The following injuries are quite rare, but needs 

stabilization: 

1. Fracture of the scapular body with a latéral spike 
protruding into the glenohumeral joint. 

2. Significantly displaced, functionally important 
avulsion fracture of the scapula. 

3. Displaced coracoid fracture associated with 
neurovascular compression; coracoid fracture in the 
area of the suprascapular notch with suprascapular 
nerve paralysis. 

4. Significantly displaced fracture of the distal coracoid 
process in which the coracoclavicular ligaments are 
attached to the distal fragment. 

5. Combined rotator cuff tear and acromial fracture 
caused by traumatic superior displacement of the 
humerai head. 

6. Isolated but significantly displaced fracture of the 
acromial process. 

Fractures of the Glenoid Cavity 

Fractures of the glenoid cavity make up 10% of scapular 
fractures, no more than 10% of which are significantly 
displaced. Figure 1 shows the classification scheme that 
outlines the various mechanisms of injury and fracture 
patterns that can occur. For the purpose of this discussion, 
one needs to consider only whether the glenoid rim or 
the glenoid fossa is fractured. Fractures of the glenoid 
rim occur when a laterally applied high-energy force 
drives the humerai head against the glenoid margin. 
Surgical management is indicated if the fracture results 
in persistent subluxation of the humerai head, which is 
defined as failure of the humerai head to lie concentrically 
within the glenoid fossa, or if the réduction is uns table. 
The instability can be expected if the fracture is displaced 
10 mm or more and if at least one fourth of the anterior 
aspect of the glenoid cavity or one third of the posterior 
aspect of the glenoid cavity is involved. The "operative 
réduction and fixation of the fragment is indicated to 
prevent récurrent or permanent dislocation of the 
shoulder." Fractures of the glenoid fossa occur when a 
laterally applied high-energy force drives the humerai 
head directly into the glenoid cavity. The fracture 
generally begins as a transverse disruption, which then 
propagates in one of several possible directions depend- 
ing on the vector of the traumatic force. The degree of 
résultant incongruity of the articular surface is of prime 
concern. "If there is significant displacement, conserva¬ 



Fig. 1 : Ideberg classification of fractures of the glenoid cavity 


tive treatment alone cannot restore congruence" and that 
"stiffness and pain may resuit. For this reason, open 
réduction and stabilization is indicated). ORIF is "a useful 
and safe technique for the treatment of selected displaced 
fractures of the glenoid fossa," which can "restore 
excellent function of the shoulder." 

It is reasonable to conclude that a fracture of the 
glenoid fossa with an articular step off of 5 mm or more 
must be considered for surgical intervention to restore 
articular congruity and that displacement of 10 mm or 
more is a definite indication. Other indications for 
surgical management include - 

1. Glenoid fossa fractures that resuit in significant 
displacement of the humerai head such that it fails to 
lie in the center of the glenoid cavity, thereby resulting 
in glenohumeral instability. 

2. Fractures of the glenoid fossa with such severe 
séparation of the fracture fragments that a nonunion 
is likely to occur. 

To detect and define these fractures, a true AP view 
of the glenohumeral joint should be obtained. This will 
allow the best visualization of disruptions to the glenoid 
fossa and associated articular incongruity and/or 
séparation. A true axillary radiograph of the gleno¬ 
humeral joint will define fractures of the glenoid rim and 
will indicate whether the humerai head is subluxated and 
whether the réduction is stable. However, CT scanning 
is usually necessary because of the complex osseous 
anatomy in the région. Axial CT images demonstrate 
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fractures of the glenoid rim precisely, while reconstruc¬ 
tions in the coronal plane are necessary for assessment 
of glenoid fossa fractures. If ORIF is necessary, four 
régions of substantial bone stock are available for internai 
fixation: the glenoid neck, the scapular spine, the latéral 
scapular border, and the coracoid process. Fixation can 
be achieved with a variety of de vices. However, the most 
useful are appropriately contoured 3.5 mm reconstruction 
plates and 3.5 mm interfragmentary compression screws. 
The choice of implants dépends on the surgeon's 
expérience and preference and the available bone stock. 
Rigid internai fixation is the desired resuit, but inability 
to achieve rigid fixation does not necessarily preclude an 
excellent anatomie and functional resuit. 

Fractures of the Glenoid Rim 

Surgery is indicated if a glenoid rim fracture results in 
persistent subluxation of the humerai head or if the 
réduction is unstable. As previously noted, instability is 
anticipated if the fracture is displaced by 10 mm or more 
and if at least one fourth of the anterior aspect of the cavity 
or one third of the posterior aspect of the cavity is 
involved. The goal of operative intervention is to 
reestablish osseous stability, thereby preventing chronic 
glenohumeral instability. Fractures of the anterior rim 
are approached anteriorly, and fractures of the posterior 
rim are approached posteriorly. The fracture fragment is 
reduced anatomically and fixed to the glenoid process 
with an interfragmentary compression screw. If the 
fragment is severely comminuted, it is excised, and an 
appropriately shaped tricortical graft, harvested from the 
iliac crest, is rigidly fixed into the osseous defect. 
Alternatively, the periarticular soft tissues can be sutured 
to the glenoid process, thereby obliterating the osseous 
defect. 

Fractures of the Glenoid Fossa 

Surgical management should be considered if there is 

1. An articular step off of 5 mm or more (this value 
represents a relative indication; a step-off of 10 mm 
or more is a definite indication); 

2. Enough séparation between the glenoid fragments to 
make a nonunion likely; 

3. Significant displacement of the glenoid fragment such 
that the humerai head follows and fails to lie in the 
center of the glenoid cavity. 

The goals of operative intervention are to prevent 
posttraumatic glenohumeral osteoarthritis, to avoid 
chronic glenohumeral instability, and to prevent a 
nonunion at the fracture site. Ail fractures of the glenoid 
fossa are approached posteriorly. If access to the inferior 


portion of the glenoid process or the latéral scapular 
border is necessary, the interval between the infraspi- 
natus and teres minor muscles is developed. If a superior 
glenoid fragment is présent and is significantly displaced, 
a superior approach to the glenoid process is added. The 
major fracture fragment (or fragments) is reduced as 
anatomically as possible and is internally fixed as securely 
as possible with use of either an interfragmentary 
compression screw or a contoured reconstruction plate. 
Associated SSSC disruptions (e.g., clavicular or acromial 
fractures) are surgically addressed if unacceptable 
displacement remains. 

Type VI Fractures 

These injuries include ail comminuted fractures of the 
glenoid cavity. Nonoperative care is usually indicated 
because attempts at ORIF can disrupt what little soft 
tissue support remains. The shoulder is placed in a 
position that maximizes articular congruity. The choices 
are sling and euff collar immobilization, an abduction 
brace. Early range of motion exercises are begun in an 
effort to mold the articular fragments into as normal a 
relationship to each other as possible. At 2 weeks sling 
immobilization is used in ail cases. By 6 weeks osseous 
union is complété. Physical therapy is continued until 
range of motion and strength hâve been maximized. Type 
VI fractures pose the greatest risk of late symptomatic 
degenerative joint disease and glenohumeral instability. 

Displaced Fractures of the Glenoid Neck 

Fractures of the glenoid neck make up 25% of scapular 
fractures; of that number, 10% or fewer (2.5% of the total) 
are significantly displaced. Figure 2 offers a classification 
scheme that is based on whether these injuries are 
minimally or significantly displaced. 

If significant displacement exists, it may be in either 
the translational or the rotatory plane. Fractures of the 
glenoid neck may be caused by a direct blow over the 
anterior or posterior aspect of the shoulder, a fall on an 
outstretched arm, or a fall on the superior aspect of the 
shoulder. Displacement may occur if the fracture is 
complété, with the fracture line exiting through both the 
latéral and superior scapular margins. If the superior 
support structures (the cia vicie, AC joint, acromion strut 
or the coracoid process, coracoclavicular ligaments 
linkage) are disrupted, displacement is especially likely. 
Severe angulation of the articular surface of the glenoid 
fossa must be corrected because it interfères with normal 
glenohumeral motion and may prédisposé to subluxation 
or dislocation of the joint. 
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In general, the marked displacement should be treated 
more aggressively, since significant displacement can 
interfère with abduction and that significant angulation 
can lead to instability. Displaced glenoid neck fractures 
resuit in functional imbalance because the relationship 
of the glenohumeral joint with the acromion and nearby 
muscle origins is altered. In terms of restoration of normal 
function, operative treatment is préférable to conservative 
management. There is, therefore, reasonable support in 
the literature to suggest that surgery is indicated or should 
at least be considered for significantly displaced fractures 
of the glenoid neck (translational displacement greater 
than or equal to 1 cm and/or angulatory displacement 
greater than or equal to 40° in either the transverse or the 
coronal plane). The basic radiographs necessary to detect 
and define these fractures include true AP and latéral 
views of the scapula and a true axillary view of the 
glenohumeral joint. However, CT scanning is usually 
necessary to détermine whether a complété fracture of 
the glenoid neck is présent, to define the degree of 
translational or angulatory displacement, and to reveal 
injury to adjacent osseous structures. Three distinct 
patterns may be seen: 

1. Fractures of the anatomie neck (exiting through the 
latéral scapular border and the superior scapular 
border latéral to the coracoid process); 

2. Fractures of the surgical neck (exiting through the 
latéral scapular border and the superior scapular 
border médial to the coracoid process); 

3. Fractures through the inferior glenoid neck that then 
run along or through the inferior border of the 
scapular spine before finally exiting out the médial 
or superior border of the scapula (these fractures 
frequently look like displaced fractures of the glenoid 
neck on plain radiographs; however, CT scanning 
shows that these are primarily fractures of the 
scapular body, and they should be treated as such). 


If surgical management is indicated (type II fractures) 
the glenoid neck is approached posteriorly, and the 
interval between the infraspinatus and teres minor 
muscles is developed to gain access to the inferior glenoid 
process and the latéral scapular border. A superior 
extension can be added to gain access to the superior 
aspect of the glenoid process. After réduction of the 
fracture, fixation is generally achieved with a 3.5 mm 
contoured reconstruction plate applied along the 
posterior aspect of the glenoid fragment and the latéral 
border of the scapula. Temporary and supplémentai 
fixation can be provided by Kirschner wires or inter- 
fragmentary screws passed between the glenoid fragment 
and the adjacent osseous structures. Occasionally, 
comminution of the scapular body or spine can be so 
severe or the size of the glenoid fragment so small as to 
preclude plate fixation. In these cases, Kirschner wire or 
interfragmentary screw fixation can be used to secure the 
reduced glenoid fragment to adjacent osseous structures, 
including the acromial process and the distal clavicle. 

In those rare instances in which the scapular body 
and spine, the acromial process, and the distal clavicle 
are ail severely comminuted, overhead olecranon pin 
traction must be considered, or displacement of the 
glenoid neck fracture must be accepted. If a disruption 
of the clavicle, AC joint, acromion strut is also présent 
(most commonly a fracture of the clavicle), fixation of 
that injury may indirectly reduce and stabilize the glenoid 
neck fracture in a satisfactory position. If significant 
displacement persists, the glenoid neck fracture must be 
stabilized. ORIF of the glenoid neck fracture may 
satisfactorily reduce and stabilize the clavicle, AC joint, 
acromion strut. If not, the associated disruption must be 
addressed. Disruptions of the coracoid process 
coracoclavicular ligaments linkage are indirectly 
managed by reducing and stabilizing the glenoid neck 
fracture and restoring the integrity of the clavicle, AC 
joint, acromion strut. 
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Figs 3A and B: Superior shoulder suspensory complex (A) AP view of the bone-soft-tissue ring and 
superior and inferior bone struts. (B) Latéral view of the bone-soft-tissue ring 


Double Disruptions of the SSSC 

The shoulder girdle complex is a functional unit consist- 
ing of the scapula, glenohumeral joint, acromioclavicular 
joint, clavicle, sternoclavicular joint, and their many 
supporting ligaments. Functionally, the shoulder girdle 
complex suspends the upper extremity from the thorax. 
This complex has been referred to as the superior 
suspensory shoulder complex. Isolated disruption of part 
of this complex is generally well tolerated; however, there 
is controversy about the treatment of double disruptions 
of the superior suspensory shoulder complex. It has been 
postulated that, when a clavicular fracture occurs in 
concert with an unstable and displaced fracture of the 
scapular neck, the shoulder may lose suspensory support. 
The weight of the arm and the muscles attached to the 
humérus act to pull the glenohumer al joint distally and 
anteromedially. 

The SSSC is a bone soft-tissue ring at the end of a 
superior and an inferior bone strut (Figs 3A and B). The 
ring is composed of the glenoid process, the coracoid 
process, the coracoclavicular ligaments, the distal clavicle, 
the AC joint, and the acromial process. The superior strut 
is the middle third of the clavicle. The inferior strut is the 
latéral scapular body and spine. Each individual structure 
has its own particular functions. The complex as a whole 
maintains a normal stable relationship between the 
scapula and upper extremity and the axial skeleton, 
allows limited motion to occur through the AC joint and 
the coracoclavicular ligaments, and provides a firm point 
of attachment for several soft-tissue structures. 
Disruptions of one component of the superior shoulder 
suspensory complex are relatively common and do not 


compromise its overall suspensory function. However, 
double disruptions of the superior shoulder suspensory 
complex are thought to be unstable and may require 
operative stabilization. One such double disruption is 
ipsilateral fractures of the clavicle and the scapular neck, 
or the so-called floating shoulder. Scapular or glenoid 
neck fracture fragments are attached to the clavicle by 
the coracoclavicular ligament. In the presence of an 
ipsilateral fracture of the clavicular shaft (that is, a floating 
shoulder), the glenoid has lost its attachment to the axial 
skeleton. However, it is still attached to the acromion by 
the coracoacromial ligament and, through the 
coracoclavicular ligament and the distal clavicular 
fragment, by the acromioclavicular capsular ligaments. 
Traumatic disruptions of one of the components of the 
SSSC (Figs 4A and B) are common. They tend to be minor 
injuries, however, since such single disruptions usually 
do not significantly compromise the overall integrity of 
the complex. If the traumatic force is sufficiently severe 
or adversely directed, the ring may fail in two or more 
places (termed a "double disruption"), a situation in 
which significant displacement at both the individual 
sites and of the SSSC as a whole frequently occurs. 
Similarly, a disruption of one portion of the ring 
combined with a fracture of one of the struts or fractures 
of both struts also créâtes a potentially unstable anatomie 
situation. This, in turn, often leads to adverse long term 
functional conséquences, including delayed union, 
nonunion, and malunion; subacromial impingement; 
decreased strength and muscle fatigue discomfort due 
to altered shoulder mechanics; neurovascular 
compromise due to a drooping shoulder; and 
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Figs 4A and B: Showing disruption of the SSSC. (A) Stable type (B) Unstable type 


glenohumeral degenerative joint disease. Consequently, 
injuries to the SSSC need to be carefully evaluated for 
the presence of a double disruption. Computed 
tomography with reconstructions is often necessary to 
make a definitive diagnosis. 

If unacceptable displacement is présent, surgical 
réduction and stabilization of one or more of the injury 
sites is necessary. Frequently, operative management of 
one of the injury sites will satisfactorily reduce and 
stabilize the second disruption indirectly. Fractures of the 
glenoid, coracoid, and acromial processes may each be 
part of a double disruption and require surgical 
management. Ail of the various combinations cannot be 
detailed, and some are extremely rare. 

Ipsilateral fractures of the scapular neck and the 
clavicular shaft has been termed a floating shoulder 
because of perceived instability. The stability of a scapular 
neck fracture dépends on an intact clavicle and 
coracoclavicular ligament. It is recommended to stabilize 
the fracture scapular neck with a posteriorly applied 
semitubular buttress plate and a lag screw through the 


scapular spine into the neck of the scapula (Fig. 5). The 
recent orthopaedic literature supports operative 
treatment of floating shoulders with open réduction and 
internai fixation of both the clavicle and the scapula or of 
the clavicle alone. 

Internai fixation of one or both bones is the recom¬ 
mended treatment for floating shoulder injuries (ipsilate¬ 
ral fractures of the scapula and clavicle). Perceived risks 
of nonoperative treatment include abduction weakness, 
decreased range of motion, chronic pain, malunion, and 
nonunion. Internai fixation of one or both bones is the 
recommended treatment for floating shoulder injuries 
(ipsilateral fractures of the scapula and clavicle). 

Ail floating shoulders, even if minimally displaced, 
are considered unstable injuries. A generally held belief 
was that displacement of the scapular neck would alter 
the relationship of the glenohumeral joint with the 
acromion and créâtes a functional imbalance. Never- 
theless, a number of authors recommended surgical 
restoration of the shoulder anatomy, despite reports of 
frequent intraoperative and postoperative complications 



Fig. 5: Showing floating shoulder injury treated by K-wire and Buttress Plate 
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In 1991, Ada and Miller advocated operative manage¬ 
ment, suggesting that displaced fractures of the scapular 
neck contribute to weakness of shoulder abduction and 
subacromial pain. However, they could not make direct 
corrélations between the displaced scapular fractures and 
the symptoms because the symptoms could not be 
differentiated from those caused by rotator cuff injury. 

Abduction weakness, decreased range of motion, and 
nonunion are the most frequently mentioned complica¬ 
tions of nonoperative treatment. 

Thus, it is difficult to identify factors that might predict 
which fractures will do well with nonoperative treatment 
and which will hâve a better resuit with surgery. 
Operative treatment may hâve a rôle for some floating 
shoulder injuries, but at this time it is unclear which 
patients require such treatment. Until these patients can 
be identified, we believe that nonoperative treatment of 
floating shoulder injuries, especially those that are 
minimally displaced (less than five millimeters), is 
appropriate because good results can be obtained without 
the risks associated with operative fixation. 

FRACTURES OF THE GLENOID PROCESS 

Fractures of the Glenoid Neck With Another 
Disruption of the SSSC 

Each of these disruptions in isolation is usually minimally 
displaced and is therefore treated nonoperatively. How¬ 
ever, when a fracture of the glenoid neck is combined 
with another SSSC disruption (e.g., an associated fracture 
of the middle third of the clavicle), together they 
constitute an anatomically unstable situation that some 
hâve called a "floating shoulder." The glenoid neck 
fracture allows significant displacement to occur at the 


clavicular fracture site, and vice versa. If displacement at 
the clavicular fracture site is unacceptable, surgical 
réduction and stabilization is indicated, most commonly 
with the use of plate fixation. This may indirectly reduce 
and stabilize the glenoid neck fracture satisfactorily. If 
not, the glenoid neck fracture may also need to be 
addressed surgically. It is strongly recommended to 
perform ORIF of the clavicle to prevent glenoid neck 
malunion (Figs 6A and B). 

Fractures of the Glenoid Cavity With Another 
Disruption of the SSSC 

A type I fracture of the distal third of the clavicle in 
isolation is usually minimally displaced and treated 
nonoperatively, as is a fracture of the glenoid cavity in 
which the superior aspect of the glenoid process and the 
coracoid process are a separate fragment. 

In combination, however, each disruption may lead 
to unacceptable displacement at the other fracture site. 
The glenoid fracture may allow the clavicular fracture to 
displace widely, while the clavicular fracture may allow 
the superior glenoid fragment to displace laterally, 
creating an articular step off that can resuit in late 
traumatic degenerative joint disease. If displacement at 
the clavicular fracture site is unacceptable, surgical 
réduction and stabilization is indicated, usually with a 
Kirschner wire tension band fixation construct. Since the 
proximal clavicular segment is attached to the superior 
glenoid -coracoid process fragment by means of the 
coracoclavicular ligaments, this may indirectly reduce 
and stabilize the glenoid cavity fracture satisfactorily. If 
not, the glenoid fracture may also need to be addressed 
surgically, using the surgical techniques previously 
described. 



Figs 6A and B: Showing floating shoulder injury treated by K-wire and Buttress Plate 
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Figs 7A to G: Types of traumatic ring/strut disruptions. 
(A) Single disruptions of the bone soft-tissue ring may be a 
break (B) or a ligament disruption. (C) Double disruptions of 
the bone-soft-tissue ring may be a double-ligament disruption, 
(D) a double break, (E) or a combination of a bone break and a 
ligament disruption. (F) Other double disruptions may be a break 
of both struts (G) or a break of one strut and a ring disruption 

Fractures of the Acromial or Coracoid Process 
With Another Disruption of the SSSC 

Isolated fractures of the acromial and coracoid processes 
are almost always minimally displaced and are therefore 
managed nonoperatively. If they are combined with 
another disruption of the SSSC (e.g., a fracture of both 
processes), an unstable anatomie situation is created. If 
displacement at either or both sites is unacceptable, 
surgical management is indicated. 

Generally, ORIF of the acromial fracture is ail that is 
required because this will indirectly reduce and stabilize 
the coracoid fracture satisfactorily and is less difficult than 
ORIF of the coracoid fracture (Fig. 7). Fractures of the 
distal acromion are generally stabilized using the dorsal 
tension band technique. Disruptions of the proximal 
acromion are more amenable to plate fixation. Fractures 
of the coracoid process are stabilized with interfrag- 
mentary screw fixation if the distal fragment is sufficiently 
large and noncomminuted. Otherwise, the fragment and 
conjoined tendon are reattached with use of a heavy 
nonabsorbable suture placed in a Bunnell fashion through 
the tendon and then through a drill hole in the coracoid 
process proximal to the fracture site. 


Postoperative Management and Réhabilitation 

The postoperative care of surgically treated scapular 
fractures dépends on the degree of stability achieved. 
Rigidly fixed fractures are protected in a sling and euff 
collar. Early progressive range of motion exercises are 
begun, and functional use of the shoulder out of the sling 
is permitted as symptoms allow. If stabilization is less 
than rigid, full-time postoperative immobilization in a 
sling and euff collar bandage, an abduction splint, or even 
overhead olecranon-pin traction for 7 to 14 days may be 
necessary before initiating the réhabilitation program. By 
2 weeks, most fractures need only a sling for protection. 
Progressive range of motion exercises are begun at this 
point, and gradually increasing functional use of the arm 
is permitted within clearly defined limits. The patient is 
carefully monitored. At 6 weeks, bone union is usually 
complété, ail external protection is discontinued, and 
progressive functional use of the articulation is 
encouraged. If transfixing Kirschner wires hâve been 
placed, they are removed at this time. Physical therapy 
is continued until range of motion and strength hâve been 
maximized. The initial emphasis is on regaining range 
of motion. As range of motion improves, progressive 
strengthening exercises are added. The patient must be 
encouraged to continue to work diligently on his 
réhabilitation program, since range of motion and 
strength can still improve, and often the end resuit is not 
achieved for approximately 6 months to 1 year after 
injury. The functional outcome after operative treatment 
of significantly displaced scapular fractures is dépendent 
on the spécifies of the injury, the adequacy of the 
réduction, the quality of the fixation, and the rigor of the 
postoperative réhabilitation program. 

Summary 

Scapular fractures and disruptions are decidedly 
uncommon. Because of the complex osseous and articular 
anatomy in the area, CT scanning with or without 
reconstructions is usually needed to detect and accurately 
define these injuries. Most scapular fractures are not 
significantly displaced, and nonoperative treatment will 
reliably yield a good to excellent functional resuit. 
Fractures that are significantly displaced can resuit in 
adverse healing and long-term functional conséquences 
and should therefore be considered for ORIF. 
Reestablishing the integrity of the sternoclavicular, 
acromial linkage is advisable if possible. In ail scapular 
fractures and dislocations, an optimal end resuit is 
dépendent on the severity of the injury, the adequacy of 





1912 Textbook of Orthopedics and Trauma (Volume 2) 


the réduction, the quality of the fixation, and the rigor of 
the postoperative réhabilitation program. 
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INTRODUCTION 

The humérus is a single long bone constituting the bony 
structure of the upper arm. It is one of the four long bone 
complexes that forms the foundation of the extremities. 1 
Proximally it forms the shoulder which is an inherently 
unstable joint and distally it forms the elbow, an 
inherently stable and restricted joint. Both of these joints 
are prone to severe stiffness following immobilization. 

An abundant soft tissue envelope along with the 
presence of excellent mobility can conceal most 
deformities except in the very lean individual. There has 
been considérable controversy generated about the 
optimum mode of management of fractures of the 
humerai diaphysis which we shall cover in some detail 
in the subséquent pages. It suffices to say here that 
conservative management has a rôle to play and should 
be a part of the surgeon's choices, and that understanding 
the basis of management using a functional brace as 
espoused by Sarmiento et al must be understood well. In 
addition, the discerning traumatologist, must keep in his 
armamentarium, a variety of options which must include 
the plate and its modifications, and the intramedullary 
nails. External fixation has limited indications which must 
be understood and used when necessary. Lastly, the 
incidence of radial nerve palsy has to be understood and 
the appropriate time for intervention in these fractures 
kept in mind while managing the injury. 

Key words: Fracture, humérus, upper limb. 

Epidemiology 

Humérus fractures were studied by Echolm et al. 2 They 
found the incidence to be 14.5 per 100,000 per year with 
increasing âge spécifie incidence from the âge of 50 
onwards reaching almost 60 per 100,000 above the 


âge of 90. They found only 8 percent incidence of radial 
nerve palsy with most cases being in relation to middle 
or distal third injuries. Only two percent of cases were 
open injuries. 

Surgical Anatomy of the Brachium as it Applies to 
Management of Fractures of the Humerai Shaft 

The diaphysis as it applies to the humérus is roughly 
between the upper border of the insertion of the pectoralis 
major and the supracondylar ridge distally. 1 It may be 
referred to as the middle 3/5th of the humérus. The 
presence of a anterior latéral and a médial ridge divides 
the surfaces into an anteromedial surface, an antérolatéral 
surface, and a posterior surface. These relatively fiat 
surfaces are suitable for plate fixation, of these we use 
the antérolatéral and the posterior surface in most cases. 

The medullary canal is well formed in the centre of 
the humerai shaft. It tapers off distally towards the 
supracondylar région and about an inch from the 
olecranon fossa, it disappears altogether. The humérus 
here becomes flattened in the anteroposterior plane. 
Proximally the canal widens to the metaphysis. 1 

This variation in medullary canal anatomy has 
important implications in intramedullary nailing of the 
humérus. Intramedullary fixation should not be applied 
to fractures in the distal thirds of the humérus for fear of 
not finding a purchase in the distal fragment. 

Compartments 

Médial and latéral septae divide the humérus into an 
anterior and a posterior compartment in the brachium, 
a. The triceps dominâtes the muscle bulk in the posterior 
compartment. The triceps comprises of three heads; 
the long, the latéral and the médial heads. A clear 
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interval can be defined proximally in the posterior 
compartment, between the long and the latéral heads, 
which is the first step in developing the interval 
through the triceps in the posterior approach to the 
humérus. This also leads to the radial nerve which 
must be identified in its path through the triceps 
before fixation of the humérus is undertaken. 

b. The radial nerve enters the brachium through the 
quadrilatéral space and then runs in the interval 
between the long and the latéral heads in the spiral 
groove of the humérus. It is separated from the bone 
by 1 to 1.5 cm of muscle at most locations except at 
the supracondylar ridge where it is in direct contact 
with the bone as it crosses from posterior 
compartment to the anterior compartment through 
the latéral intermuscular septum. Here it may be 
tethered to the septum. A low fracture of the shaft 
may lead to tethering of the nerve and a radial nerve 
palsy (Holstein-Lewis fracture). This is often an 
indication for emergent surgery and nerve 
exploration. The nerve in its course is accompanied 
by the profunda brachii artery. It may give out large 
branches to the triceps which need to be identified as 
separate from the main trunk and should not be 
confused with the nerve. 

c. The anterior compartment contains the biceps brachii, 
the brachialis and neurovascular bundle. The 
brachialis has a dual innervation and incision through 
the mid substance of the muscle is believed to be safe. 

d. The interval between the biceps brachii and the triceps 
is exploited to approach the antérolatéral surface of 
the humérus. The brachialis can be then directly 
incised to access the antérolatéral surface for plating 
and bone grafting. 

e. The supraspinatus tendon is violated in anterograde 
nailing of the humérus and this may hâve functional 
implications. 

f. The axillary nerve can be injured by a proximal 
locking screw inserted antérolatéral to superoinferior 

Mechanism of Injury 

a. Direct injury includes gunshots and direct blows to 
the arm. 

b. Indirect transmitted forces include twisting injuries, 
fall on the outstretched arm and produce spiral and 
oblique comminuted patterns of fractures. 

Clinical Examination 

Local examination will reveal the presence of mobility 

and tenderness at the fracture site, the diagnosis is usually 



Fig. 1: Ecchymosses in a closed fracture of the distal 
humerai shaft 


not in doubt. The skin may show varying degree of 
ecchymosis and bruising especially in the elderly which 
should be considered when planning surgery (Fig. 1). Ail 
open wounds are inspected, classified before and after 
debridement as has been described elsewhere for open 
injuries. (Quote reference) Soft tissue cover is usually 
adéquate to permit internai fixation in most injuries. 

When the fracture is above the pectoralis major 
insertion, the proximal fragment is abducted and 
externally rotated, similarly if the fracture line is between 
the deltoid and the pectoralis and the deltoid insertions, 
the proximal fragment tends to displace medially under 
the pull of the pectoralis major. In fractures of the shaft 
below the deltoid insertion there is a tendency to varus 
angulation at the fracture site owing to the strong 
abducting force of the deltoid on the proximal fragment. 
A careful évaluation of the limb is necessary to rule out 
vascular trauma and to pick up ipsilateral bony injury. 
At the primary présentation radial nerve function is 
specifically looked for and recorded. This can hâve far 
reaching implications in functional resuit and is 
important from the medicolegal point of view. 

Radiological Examination 

Radiological views are obtained in at least two planes. 
The location of the fracture, pattern of comminution and 
ipsilateral injuries are ail recorded. Radiographs of the 
shoulder and the elbow and forearm should be routinely 
obtained. An angiogram may be necessary if a vascular 
injury is suspect (Fig. 2). 
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Fig. 2: A digital subtraction angiogram showing an axillary artery injury at the site of a humerai fracture 


Management 

divided into 

Plaster casts 
Functional bracing 
Plates and screws 
Intramedullary nails 

Conservative Management 

The conservative management of humerai diaphyseal 
fractures has been consistently associated with good 
functional results. The first well defined technique is the 
U cast and the hanging arm cast. The hanging arm cast 
requires the patient to be in a sitting or standing position 
till fracture union is achieved. In addition constant 
readjustment of the cast is essential to prevent excessive 
varus angulation within the cast. This method is now 
replaced largely by functional bracing and is mentioned 
here only for completeness. 

The U slab or co-aptation splint is a second method 
of plaster immobilization for conservative care in 
humérus fractures. The U splint consists of a continuous 
plaster slab that extends from the axilla, under the elbow, 
over the latéral side of the arm to the shoulder with the 
elbow flexed at 90°. Preventing distraction, it provides 
the advantages of dependency traction. It can be used on 
a temporary basis if surgery is planned or as a definitive 
mode of treatment. Within the U cast varus angulation is 
known to occur but upto 30° of varus angulation did not 
produce any différence in the clinical resuit. 3 The U slab 
acts as a dynamic rather than a static splint, correcting 
angulation and length; it tends to produce varus 
angulation at the fracture site. 3 This results from 
loosening of the shoulder extension piece allowing the 
most dépendent part of the slab to swing medially under 
the influence of the collar and cuff. 


Functional Bracing 

The functional brace is the most acceptable method for 
conservative management of fractures of the humerai 
diaphysis. 4-6 This method was first described, studied in 
detail and improved upon by Sarmiento. It permits early 
and almost full return to function and has a low rate of 
complications. Problems of adhesive capsulitis and stiff 
elbows can be easily avoided in this method of treatment. 

According to Sarmiento conservative care is advised 
in almost ail humerai fractures.The residual deformities 
are functionally and esthetically acceptable. The authors 
reported 922 patients with fracture of the shaft of the 
humérus, of which they were able to follow up 620 
patients. They included open fractures (25%) and missile 
injuries in their study population. They applied the brace 
consisting of two plastic sleeves encircling the arm and 
secured by Velcro straps, as soon as acute symptoms are 
settled. The brace extends from two inches distal to axilla 
to two inches proximal to olecranon. The patient readjusts 
the brace daily to accommodate changes in limb girth, 
active elbow and shoulder movement is encouraged. 
Union occurred at an average of 11.5 weeks. Three percent 
required operative intervention for a non-union. Residual 
angulation varied from an average of 9 degrees for 
transverse and about 4 degrees for oblique fractures. 

Manipulation is not necessary, and constant and 
progressive restoration of elbow and shoulder motion 
was noted. The loss of carrying angle of the humérus had 
no functional implications. 

Another review published by Sarmiento in the year 
1977, the authors reported about 77 cases of fractures of 
the shaft of the humérus with functional brace treatment. 
They reported only one nonunion and functionally 
acceptable angulation in ail cases. 6 


The options can be 

A. Conservative 

B. Operative 
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Fig. 3: An infected nonunion with MRSA infection was braced with a functional humérus brace 
and went on to solid union without any functional limitations 


Technique 

The functional brace is applied as early as possible once 
acute pain and swelling hâve subsided. It may be pre- 
fabricated or custom made, extending from about an inch 
below the axilla to an inch above the olecranon, laterally 
from the acromion to the latéral condyle and a shoulder 
harness used as may be needed. Elbow extension and 
flexion are started immediately with gentle pendulum 
exercises at the shoulder. This pendulum exercise with 
elbow extended would gradually permit correction of 
most angular deformities. Once the fracture is a little 
gummy and early callus is seen, then only abduction and 
élévation at the shoulder permitted to prevent angulation. 
Union is described by Sarmiento as arbitrarily, 
radiological continuity between any of the cortices and 
clinically, lack of mobility 4,6 (Fig. 3). 

Some authors hâve recommended almost immédiate 
application of the functional brace after injury. This is 
fraught with risks of some pain, swelling and discomfort. 
But in ail, it requires little more than daily adjustment of 
straps around the arm. 7 


Intramedullary Nailing 

Intramedullary nailing is increasingly used today as a 
mode of management of long bone fractures. 

A humérus fracture treated by an antérolatéral plate 
in a 58-years old obese and diabetic woman failed within 
6 months of implantation. Note the screw loosening in 
the proximal fragment and the stress shielding under the 
plate (Figs 5A and B). 

The plate was removed and multiple enders nails 
inserted from the distal epicondylar entry points. These 
nails broke within 6 months of the surgery (Figs 5C to E). 

Interlocking nailing owes its origin to the genius of 
Gerhardt Kuntscher, who pioneered fémoral nailing and 
interlocking nailing in Germany in the 1940s 8 (Figs 4 and 
5F to I). There are certain anatomical peculiarities of the 
humérus which make intramedullary nailing a little 
different from the tibia or the fémur. In addition, the 
indications for intramedullary fixation in the upper 
extremity are much more narrow, and much more 
subjective, than those for the fémur and tibia (Fig. 9). 



Fig. 4: A gracie 3c fracture of the shaft of the humérus was treated by primary intramedullary rodding and skin grafting 
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Figs 5A and B: A humérus fracture treated by an antérolatéral 
plate in a 58 years old obese and diabetic woman failed within 
6 months of implantation. Note the screw loosening in the 
proximal fragment and the stress shielding under the plate 

Brumback has outlined the anatomical peculiarities 
of the humérus that are relevant to intramedullary nailing 
techniques. 8 

1. The endosteal canal of the humérus is much like the 
tibia and is funnel shaped. 

2. Proximally it is in line with the humerai head and a 
proximal entry point for the nail would necessarily 
require incision of the rotator cuff and pénétration of 
the articular cartilage of the humerai head. 

3. The endosteal canal narrows just below the midshaft 
level into a small diameter, closed-ended tube. 

4. The isthmus occurs at the junction of the middle and 
distal thirds of the shaft. Unlike the tibia, the isthmus 
extends distally with a fairly constant diameter until 



Figs 5C and D: The plate was removed and multiple enders 
nails inserted from the distal epicondylar entry points. These 
nails broke within 6 months of the surgery 



Fig. 5E: At second révision the enders nails were removed 
and an interlocking nail inserted. Howeverthe interlocking nail 
remained proud and unstable. A locking plate was used a s a 
derotation plate. The patient had a periarthritic shoulder but 
the fracture went on to union 



Figs 5F to I: Final union 
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the oblitération of the endosteal canal in the 
supracondylar région. In this respect, the humérus is 
unique regarding intramedullary nailing. 

5. The oblitération of the humerai endosteal canal 
cephalad to the supracondylar région of the distal 
humérus does not permit insertion of the nail close to 
the level of the elbow joint, making distal shaft 
fractures poor candidates for interlocking. 8 

6. Any device that is inserted intramedullary and forced 
beyond the olecranon fossa, will encounter the hard 
cortical bone in this région and invariably cause 
distraction at the fracture site. 

The humerai diaphysis is almost a straight tube and 
does not widen into the metaphysis hence preventing 
nail insertion beyond the diaphysis. The canal diameter 
is often narrower than 6 to 7 mm, needing smaller nails 
and locking bolts, thus making it technically daunting. 8 

Anterograde insertion requires incision of the rotator 
cuff and there are obvious disadvantages of shoulder 
dysfunction and impingement. In et al in a review of the 
complications of interlocked nailing in their sériés 
observed that (Shoulder impairement tends to occur in 
patients with debility and associated injuries. 
Impingement caused by nail or screws in the subacromial 
space can be easily treated by implant removal. 

Some of the potential methods to prevent 
impingement include, 8,9 

1. prevent soft tissue injury 

2. ensure deep seating of the nail 

3. prevent a prominent screw 

4. prevent axillary nerve injury by paying due attention 
to anatomical landmarks 

5. Prevent proximal humerai comminution. 

Brumback feels that in the lower extremity, when 

insertion site pain occurs, device removal after fracture 
union predictably improves the discomfort. This has not 
been found to be as predictable in the humérus, because 
even after nail removal, some loss of shoulder motion or 
residual discomfort often persists. 8 

Lin et al outlined the major disadvantages of 
rétrogradé nailing as follows 9 , there is a significant risk 
of comminution occurring due to non linear configuration 
of the humerai diaphysis and the thick bone in the distal 
thirds of the humérus. There hâve been reports of 
fissuring of the posterior cortex but it usually is not a 
technically daunting problem and does not need spécifie 
management. 

TIPS ANDTRICKS 

1. Avoid a fracture gap, the humérus does not tolerate 
a fracture gap like other long bones and it is a sure 
recipe for non union. Image intensification is a must. 


2. Avoid longer nail lengths, these will impact in the 
supracondylar area and cause distraction, or remain 
prominent proximally and cause impingement, a 
shorter nail length is therefore preferred. 

3. It is preferred to hâve slight shortening of the arm 
(1 to 2 cm is well tolerated) and assist in fracture 
union rather than distract the fracture in an attempt 
to make the réduction perfect. 8 

4. Reaming is usually not needed. There are significant 
risks to the radial nerve in closed manipulation 
reaming and nail insertion. However in most cases 
the injury is a neuropraxia and heals on its own. 9 

5. If latéral to médial proximal interlocking is used then 
the proximal screw must be placed just short of the 
articular surface of the humerai head to obtain 
optimal purchase. 8 The proximal locking screws can 
injure the axillary nerve, therefore Brumback 
recommends the oblique locking boit which has an 
entry point well proximal to the nerve. The nerve is 
at risk on the posterior aspect of the humerai shaft 
in using an anterior to posterior proximal boit. 

6. Avoid leaving interlocking screws too long, 
especially into the axilla to avoid injuring the 
neurovascular structures. 

7. The location of the entry portai is very critical in 
humerai fractures in view of the non linearity of the 
medullary canal. In contrast to flexible nails the entry 
point should be as linear to the medullary canal as 
possible with the rigid nails. 

8. A nonlinear approach could cause entry and fracture 
comminution, impaction, distraction and because of 
the pendulum effect 9 cause an angular deformity at 
the fracture site. 

9. In the rétrogradé approach, a non linear insertion 9 
will cause incarcération of the reamer in the anterior 
cortex and iatrogénie comminution. This can be 
avoided by hyperflexing the elbow and keeping the 
entry portai long and close to the upper border of 
the olecranon. It is also essential to keep a close watch 
on progress of the nail and maintenance of linear 
entry throughout the surgery to avoid incarcération 
of the nail and iatrogénie fractures. 

10. Distal interlocking is fraught with danger of 
iatrogénie neurovascular injury, though infrequent. 

11. Precarious screw purchase on the anterior ridge of 
the humérus is a problem in distal anteroposterior 
interlocking. 8 

12. Lateromedial interlocking puts the radial nerve at 
risk as it winds around the distal humérus in its 
course from the posterior compartment to the 
anterior compartment of the arm. 
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13. Always take a formai incision and use drill sleeves 
during every step, avoid being too médial or too 
latéral. 

The first génération nails were the Kuntscher nail, the 
Rush nails and the Hackenthal nails. These were 
associated with excessive instability and poor rotational 
control. 

The second génération humerai nails like the AO nails 
hâve a proximal antecurve of 5 to 7.5 degrees and a solid 
wall without a slot. The nail is usually cannulated and 
allows for multiple proximal and distal locking options. 

Ender reported the use of multiple flexible pins for 
the treatment of inter-trochanteric fractures and the 
method has since been extended to the humérus also. 
The use of Enders nails was studied by Hall and 
Pankovich in a prospective study. 10 They treated every 
fracture from the surgical neck to the termination of the 
medullary canal distally using multiple Enders pins. They 
were able to achieve union in ail but one patient with a 
low rate of infection and radial nerve palsy. They also 
noted a rapid and complété return to function. 

The rétrogradé entry portai is prepared through a 
triceps splitting approach, in the midline about an inch 
above the olecranon fossa. It is prepared using multiple 
large drill holes of 6 mm size which are then connected 
to create the entry portai. After the nails are introduced, 
the eyelets are linked with a Steel wire to prevent back 
out of the nails. The proximal entry requires the nails to 
be buried well to avoid impingement in abduction and 
external rotation. 

Expandable Nails 

11 Recently introduced, expandable nails are another 
instrument in the ever increasing armamentarium 
available to the trauma surgeon. 

Since the Fixion nail does not rely on screws for 
fixation, the nail may be better suited in cases with poor 
bone stock and failed implants. The Fixion nail achieves 
stable fixation by expanding within the medullary canal, 
exerting a more uniform pressure against the bone's 
endosteal surface and avoiding the potential problems 
with interlocking screws.The authors reported on early 
resullts with the nail, reporting ail cases to be united with 
no complications. According to the authors: 

1. After it is positioned in the medullary canal, the 
System is inflated with Ringer's solution through a 
unidirectional valve, expanding the nail's original 
diameter by up to 50%. 

2. The nail's cross-section is characterized by four 
external longitudinal bars, which are forced against 
the cancellous and cortical bone to match the 


hourglass-shaped medullary canal. This longitudinal 
deformation makes the nail self-lock. 

3. Pressure is distributed over the entire length of the 
nail, avoiding highly localized forces typically seen 
with the screws that secure standard interlocking 
nails. 

4. Lack of locking screws reduces X-ray exposure for 
both operating room personnel and patients, and 
shortens operative times. 

Plating still remains the backbone of humérus fixation, 
intramedullary nailing has its uses. Indications are varus 
angulation greater than 20 degrees, failure of 
nonoperative treatment, salvage of failed plate 
osteosynthesis, extensive comminution and segmentai 
fractures. In short oblique and tr ans ver se fractures plates 
and screws are preferred methods of stabilization. Some 
absolute indications are multiple trauma, open fractures, 
bilateral fractures, pathological fractures, floating elbow, 
vascular injury, radial nerve palsy after closed réduction, 
nonunion and ipsilateral multiple injuries in the same 
limb. Relative indications for fixation include long spiral 
fractures, transverse fractures, brachial plexus injuries, 
primary nerve palsy, inability to maintain réduction, 
neurological conditions like Parkinson's, obesity, non 
compliance due to alcohol or drug abuse, brace/cast 
intolérance. 12 

Compression Plates (Figs 6 to 8) 

Compression plates and screws are considered the 
backbone of humérus fixation. They permit accurate 
anatomical alignment, and stable internai fixation, thus 
permitting complété restoration of function almost 
immediately.The upper limb being nonweight bearing, 
the delay in réhabilitation is almost éliminated. There are 
however, significant disadvantages which include risk 
of infection, significant hemorrhage especially through 
the posterior approach and periosteal stripping which 
may increase the risk of non-union. There also exists a 
small but important risk of iatrogénie injury to the radial 
nerve. Failure rates are minimized by adhering to 
technique and principles of fixation. 

Earlier the 4.5 mm broad DCP was designed as the 
implant of choice for fractures of the humerai shaft. Now, 
however the narrow LC-DCP 4.5 mm is the implant of 
choice. This implant fits well on the posterior or the latéral 
surface. 

It is recommended that screws be inserted in an offset 
manner than in parallel to prevent splintering due to 
torsional loads. 

The most common approaches used for plating are 
the antérolatéral and the posterior approaches. 
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Figs 6A and B: Fracture through the edge of the plate in a non 
union of the humérus. Note the extensive stress shielding and 
bone loss under the plate 



Fig. 7: Antérolatéral plating 
for the humérus 



Figs 6C and D: A latéral pillar plate was applied. This, in 
itself is an inadéquate construct and eventually failed 



Fig. 8: Union following plating and bone grafting for a 
fracture of the shaft of the humérus 


The antérolatéral approach is preferred for approaching 
fractures of the proximal and mid shafts. Distally 
however the posterior approach is preferred as there is a 
risk of the radial nerve being injured as it turns around 
the latéral cortex. 


TIPS AND TRICKS 

1. Choose the correct exposure. 

2. Identify the radial nerve in the posterior approach, 
protect it along with a cuff of tissue around it. 
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Fig. 9: Interlocked nailing for the mid thirds 
fracture shaft humérus 


3. Avoid keeping a dry field and avoid putting traction 
of the nerve. 

4. In the antérolatéral approach in the supine position, 
stay strictly subperiosteal. 

5. Do not introduce spikes posterior to the bone. 

6. Do not use bone holders unless essential. 

7. Strive for accurate réduction and do not leave 
residual distraction at fracture site. 

8. Avoid overmanipulation and do not strip soft tissue 
off the bone. 

9. Keep plate extra-periosteal. 

10. Atleast 6-8 cortices in either side of fracture site are 
mandatory. 

11. Too short a plate and lack of bicortical purchase of 
screws are too common causes of nonunion to 
ignore. 

12. Use bone graft if necessary (Figs 10A and B). 

The inhérent disadvantages of plate fixation are the 
disadvantages of the DCP itself. It can cause severe stress 
shielding and bone loss under the plate. It is universally 
believed that weight bearing was detrimental to union 
in fractures of the shaft of the humérus. A study 13 studied 
the effect of immédiate weight bearing on plated humerai 
shaft fractures. They believe that the failure of plating is 
more a failure of technique than of weight bearing. They 
recommended immédiate full weight transmission 
through a plated fracture of the humerai shaft and 
reported that if the plating is well done, immédiate 
weight bearing will hâve no adverse conséquences on 
the incidence of nonunion and malunion. 

Union rates are variable with each operative 
technique. It is however well accepted that more than 95 
percent of conservatively managed humerai fractures 
would unité. Nailing and plating techniques were 
compared in a review published in 2001. 14 The authors 


said that the superiority of operative treatment has been 
demonstrated in several clinical scénarios, including open 
fractures, pathologie fractures, fractures in multiple- 
trauma patients, and fractures with associated intra- 
articular extension or neurovascular injuries. It is also a 
viable option in failure of conservative management, and 
in malunions and nonunions. The authors recommended 
plating techniques for most humerai fractures especially 
those with distal extension or neurovascular injury. 
Nailing is recommended for fractures with proximal 
extension, segmentai or significantly comminuted 
fractures, pathological fractures and open injuries. 14 

Complications 

Nonunions 

Most fractures of the humérus would heal by 8-10 weeks. 
When treated by conservative means the union rates are 
believed to be 87 to 100 percent and in operated cases 
non-union rates vary between 15-30 percent. Morbidity 
in terms of shoulder stiffness and pain and decreased 
arm strength are common in nonunions of the humérus. 15 

A number of factors may play a rôle in the develop¬ 
ment of nonunion. These include osteoporosis, transverse 
and short oblique fractures, infections, open fractures, 
obesity, alcoholism, and most important in this author's 
view, inappropriate surgical management. Technical 
errors that may cause nonunion include too short a plate, 
inadéquate screw fixation, too few screws, distraction at 
the fracture site by a plate or too long a nail, excessive 
short tissue stripping, failure to bone graft a comminuted 
fracture and inadéquate immobilization or mobilization 
schedules in conservative management techniques. 

Castella has shown a particular pattern of fracture that 
he says could be prédictive of nonunion. He describes a 
hemitransverse médial fracture located at the junction of 
the proximal and middle thirds of the humerai shaft that 
extends with a latéral butterfly which had a long and 
sharp distal portion. This pattern followed an almost 
similar course, the proximal humerai fragment healed 
with the proximal portion of the third fragment, but an 
atrophie non-union between the proximal humerai 
fragment, the distal humerai fragment, and the distal 
portion of the third fragment developed. The treatment 
required a technique adapted to this type of nonunion 
consisting of rétrogradé flexible intramedullary nailing, 
cerclage wires, and bone graft. 16 

Clinical Examination 

It is essential to rule out infection. Low grade sepsis may 
be présent without overt clinical symptoms. Radiological 
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Fig. 10A: Bilateral nonunion in a young adult male 10 months post fixation and bone grafting. 
Extensive plate loosening and stress shielding with bone loss are seen 



Fig. 10B: A long locking compression plate was used with extensive bone grafts to reconstruct this nonunion 


evidence of lysis and severe érosions at the fracture with 
early plate loosening may either mean infection or 
unstable fixation. A baseline blood investigation is bound 
to be useful with the CRP and the ESR often adding to 
clinical évaluation. CRP and ESR are by themselves, not 
useful as standalone investigations in the absence of 
clinical suspicion of infection. A humérus fracture is said 
to be in delayed union if union has not occurred in 3 to 4 
months and is considered to be in nonunion if union has 
not occurred in 6 to 8 months. A careful radiological 


examination is done and it is ascertained if the cause of 
nonunion is and accordingly one of the many options 
available may be undertaken. Révision of fixation, plating 
and bone grafting often using a locking plate, locked 
intramedullary nailing or external fixation. Lin et al 
reported on open exchange nailing with supplementary 
interfragmentary wiring for treatment of humerai non 
unions following intramedullary nailing. They reported 
75% union rates in those patients where no wiring was 
used and 100% union and return to function in those with 
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Fig. 11: A nonunion of the humérus treated by llizarov technique went on to union 
(Picture with permission from Dr PB Bhosale’s archives) 


a supplementary wiring to augment fracture stability. The 
authors reported severe osteolysis in relation to 
intramedullary implants that were loose causing the so 
called "windshield wiper effect". The flank motion of 
loose implants causes severe osteolysis and cortical 
thinning ail of which are indications for early révision. 17 

The efficacy of a locked plate or a hybrid construct 
was evaluated by Gardner et al. 18 The authors 
investigated a construct wherein an unlocked screw is 
used to assist with réduction and locked screws are 
subsequently used to protect the initial réduction. The 
authors used an unstable osteoporotic fracture model of 
the humérus to détermine (1) whether a hybrid construct 
behaved more like a locked construct or a conventional 
unlocked construct and (2) whether there was a différence 
between locked and unlocked constructs. They found that 
in experimental conditions both the hybrid and locked 
constructs were significantly more stable than the 
unlocked constructs but exhibited stiffness and stability 
characteristics similar to each other. This is a potential 
benefit in osteoporotic bone and previously operated non 
unions. It is noted that during the placement of unlocked 
compression screws, the plate is pressed to the bone as 
the screw is tightened and establishment of this friction 
fit is essential for secure fixation of the plate to the bone. 18 
Conversely, locking plates as a single beam construct in 
that it does not require compression fit to bone and 
interférence fit for stability. In certain situations like non 
unions and difficult osteoporotic fractures an initial fit is 
obtained with a compression or unlocked screw and then 
the locked screws are inserted for final stability. This is a 
hybrid construct. 18 


At times the management of nonunions of the 
humérus can be particularly difficult with repeated 
attempts at surgery being unsuccessful. In such instances 
the ring fixator using the principles of llizarov may corne 
in use. In the authors expérience, this is a rare indication 
and should only be performed in trained hands (Fig. 11). 

The advantages of the llizarov technique include 
closed procedure, avoidance of bone graft morbidity and 
possibility of regular realignment, compression or 
distraction without resorting to repeated surgeries. 

Radial Nerve Paralysis 

The radial nerve can be injured in fractures of the 
humérus by virtue of its close proximity to the shaft of 
the humérus. In the radial groove it is separated from 
the bone by 1 to 1.5 cm of muscle and theoretically, 
damage can be prevented by staying strictly in the sub 
periosteal plane while working on bone. The incidence 
of radial nerve injury is reported to be about 12% of ail 
humérus fractures. Spontaneous recovery in 8 to 16 weeks 
occurs in almost 70% of these cases. 19 

This injury is the commonest nerve lésion associated 
with long bone fractures and considérable controversy 
exists about the right mode of management of these 
lésions. It is clear that an open injury with nerve palsy 
must be explored immediately. 20 Other indications for 
immédiate exploration are relative and include: 

1. Unacceptable fracture alignment and nerve injury 

2. Open fractures 

3. Vascular injuries with nerve injuries 

4. Multiple limb involvement in the same patient (Ristic 
et al Jan 2000) 
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Rarely, the radial nerve can become entrapped in the 
bony fragments or callous after humerai fractures. In 
particular, spiral fractures of the distal shaft of the 
humérus with radial angulations hâve been associated 
with radial nerve paralysis. It has been reported that 
radial nerve paralysis occurred more commonly after 
open réduction of humerai fractures. 19 Possible modes 
of injury include direct trauma from sharp fracture 
fragments or entrapment within the fragments. The 
vulnerability of the radial nerve as it winds around the 
lower thirds of the humérus is already described. The so 
called Holstein-Lewis fracture, is a spiral fracture with 
the proximal fragment abducted and the distal fragment 
in varus, thus leading to a possible entrapment of the 
nerve. The most likely cause for radial nerve injury is 
however a stretch of the nerve rather than entrapment 
as originally described. 

Radial nerve paralysis associated with fractures of the 
humérus may be primary or secondary. Primary paralysis 
occurs at the time of injury and secondary at the time of 
treatment, either closed or open. There is a significant 
différence in the prognosis after either type. Almost ail 
of the radial nerve palsies developing as a neurapraxia 
after treatment recover whereas only 40% of the primary 
neurapraxias may recover. 19 It is recommended that in 
closed fractures of the humérus, one must treat the 
fracture closed and observe the nerve for recovery unless 
the fracture dictâtes otherwise. The rationale for 
conservative management is as follows. 20-22 

1. Avoiding unnecessary surgery in patients who are 
likely to regain function. 

2. Surgery entails risk of anesthésia, nonunion, infection 
and iatrogénie nerve injury. 

3. Delay allows démarcation of nerve injury of the 
neurilemma sheath and thickening allows better 
visual and tactile dues for assessment of neurolysis 
versus nerve repair or grafting. 

4. Entrapment by callus does not preclude early 
recovery. 

5. Results of early and delayed nerve repair are 
comparable. 

6. The incidence of surgically correctable lésions with 
acute injuries which are nonpenetrating in origin is 
low. The yield of surgically correctable lésions in 
closed injuries at early exploration was only 12%. In 
delayed explorations the yield was as much as 19%. 

7. Therefore it is possible that some unnecessary surgery 
may be avoided if a conservative approach is adopted 
in the initial stages. 

8. In open fractures the incidence of nerve injuries is 
much higher and primary exploration is almost 
always indicated. 


9. At primary exploration in open fractures, primary 
repair with or without neurolysis or grafting is the 
procedure employed, usually with gratifying results 
if done early enough. 

Secondary Nerve Injury 

The incidence of a radial nerve palsy after a closed 
manipulation is often cited as a condition for exploration, 
but the evidence does not justify that a larger number of 
surgically treatable options are found in this population. 
Most of these are neurapraxias and will recover 
spontaneously. 

Timing for late interventions in radial nerve palsy. 
The paradigm should be to wait as long as may be 
necessary to allow the nerve to recover without 
jeopardizing the chances of a good resuit with secondary 
repair. 

The waiting period may vary from 8 weeks to 5-6 
months. Green however believes that, since the nerve 
regenerates at about 1 mm per month, it has to traverse 
almost 16 cm before innervation would reach the 
brachioradialis. This would mean a minimum waiting 
period of 3 months. 

Secondary Repair 

The results of secondary repair are gratifying and done 
well and in time, can produce good results. 

In summary 

1 . Observe a primary radial nerve injury associated with 
a closed humerai fracture, unless fracture dictâtes 
otherwise. 

2. Results of early surgery are no better than results of 
delayed intervention. 
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INTRODUCTION 

Injuries involving the distal end of humérus represent a 
constellation of complex articular fractures. The intricate 
anatomy of the elbow, which is composed of three distinct 
articulations, the proximity of the neurovascular 
structures, the meager skeletal support of the articular 
surfaces, and the lack of soft tissue attachments to the 
osseous structures ail contribute to the unforgiving nature 
of these fractures. 

Anatomy 

A thorough understanding of the operative anatomy of 
the (Figs IA to C) distal end of humérus and its direct 
corrélation to basic fracture patterns is essential before 
any operation is performed. 

The lower end of the humérus which constitutes the 
condyle, is expanded transversely and présents articular 
and nonarticular portions. 



Figs 1A to C: Anatomy of lower end of humérus: (A) Anterior 
view, (B) médial view, and (C) latéral view 


The articular portion takes part with the radius and 
the ulna in the formation of the elbow joint. It is divided 
by a faint groove into a latéral convex surface, termed 
the capitellum, and medially, a pulley shaped surface, 
termed the trochlea. 

The capitellum is a rounded convex projection, 
considerably less than half a sphere, which covers the 
anterior and the inferior surfaces of the latéral part of the 
condyle of the humérus, but does not extend on to its 
posterior surface. One can curve the lower end of the plate 
accordingly to maintain this angle. This point is important 
as far as the placing the plate on the posterior surface of 
shaft and lower humérus. It articulâtes with the disk-like 
head of the radius, which lies in contact with its inferior 
surface, in full extension of the elbow but moves on to its 
anterior surface when the joint is flexed. The articular 
portion of the condyle of the humérus is curved forwards 
and projects anteroinferiorly in the midsagittal plane of 
the humérus at an angle of 40° so that its anterior and 
posterior surfaces lie in front of the corresponding 
surfaces of the shaft. 

The trochlea is a pulley-shaped surface which covers 
the anterior, inferior and posterior surfaces of the condyle 
of the humérus. On its latéral side, it is separated from 
the capitellum by a faint groove, but its médial margin is 
salient and projects downwards beyond the rest of the 
bone. The trochlea articulâtes with the trochlear notch of 
the ulna. When the elbow is extended, the inferior and 
posterior aspects of the trochlea are in contact with the 
ulna, but as the joint is flexed, the trochlear notch rolls 
forwards on to the anterior aspect and the posterior aspect 
is then left uncovered. The downward projection of the 
médial edge of the trochlea is the principal factor in 
determining the angulation which is présent between the 
long axis of the humérus and the long axis of the 
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supinated forearm which is approximately 170° and is 
termed the carrying angle. 

The groove of the trochlea winds backwards and 
laterally as it is traced from the anterior to the posterior 
surface of the bone, and it is wider, deeper and more 
symmetrical. Anteriorly the médial flange of the pulley 
is much longer than the latéral and the surface adjoining 
its projecting médial margin is convex to accommodate 
itself to the médial part of the upper surface of the 
coronoid process of the ulna. Like the latéral condyle, 
the médial condyle though it is projected downwards, 
medially it is also projecting forwards anteroinferiorly 
in the midsagittal plane of the humérus at an angle of 
approximately 40° to the longitudinal axis of the humérus. 
The articulation between the trochlear notch of the 
olecranon and the trochlea is the most important element 
of the flexion-extension of the elbow motion and provides 
as much as 50% of the intrinsic stability of the elbow. 

The nonarticular portion of the condyle of humérus 
includes the médial and latéral épicondyles together with 
the olecranon, coronoid and radial fossa. 

The médial épicondyle forms a conspicuous, blunt 
projection on the médial side of the condyle. It is 
subcutaneous and its posterior surface is smooth and 
crossed by the ulnar nerve, which lies in a shallow sulcus, 
as it runs down into the forearm. The lower part of its 
anterior surface gives attachment ot the superficial group 
of flexor muscles of the forearm. The latéral épicondyle 
occupies the latéral part of the nonarticular portion of 
the condyle, but does not project beyond the latéral 
supracondylar ridge, its latéral and anterior surfaces give 
origin to the superficial group of extensor muscle of the 
forearm. 

The latéral border of the humérus terminâtes at the 
latéral épicondyle and is called the latéral supracondylar 
ridge, similarly the médial border of the humérus 
terminâtes below at the médial épicondyle and its lower 
portion is called the médial supracondylar ridge. The 
médial and the latéral ridges add to the intrinsic stability 
of the articulation. A deep hollow is situated on the 
posterior surface of the condyle immediately above the 
trochlea. It is termed the olecranon fossa on account of 
the fact that it lodges the tip of the ulna when the elbow 
is extended. The floor of the fossa is very thin and may 
be partially déficient. A similar but smaller hollow lies 
immediately above the trochlea on the anterior surface 
of the condyle. It is the coronoid fossa which provides 
room for the anterior margin of coronoid process of ulna 
during flexion of the elbow. A slight dépréssion above 
the capitellum on the latéral side of the coronoid fossa is 
the radial fossa and provides room for the margin of the 
head of the radius in full flexion of the elbow. 


The rough cylindrical diaphysis of the distal humérus 
flattens just above the joint and diverges into triangular 
médial and latéral columns. The latéral column flares out 
not only laterally but also anteriorly making it essential 
to place the plate on the posterior surface, while the 
médial column curves only medially making it easy to 
place the contoured plate on the médial border. It is these 
columns that are the basis of the structural strength of 
the lower end of the humérus, the olecranon fossa adding 
nothing to the strength and in fact is the cause of the 
structural weakness of this région. Even in patients with 
underlying osteopenia, the cortical bone at the margins 
of the médial and the latéral columns is adéquate for the 
purchase of bone screws. The surgeon must keep this in 
mind and whenever, possible orient the fixation screws 
to engage the cortical bone of the column rather than the 
central portion of the distal end of the humérus. 

The goal in the restoration of the articular and osseous 
anatomy of the distal end of the humérus is to reconstruct 
an équilatéral triangle consisting of the médial and the 
latéral columns and the trochlea. 

Restoration of the trochlea is of paramount impor¬ 
tance during reconstruction, and care must be taken to 
avoid narrowing of the width of the trochlea, as doing so 
may prevent its setting properly within the trochlear 
notch of the ulna. 

The internai fixation must make each limb sufficiently 
stable to support postoperative mobilization. Instability 
of any of the three limbs will dramatically weaken the 
entire operative construct. 

Because of the long lever arm provided by the 
forearm, large forces would be expected to act upon the 
elbow joint during daily activities. Joint reaction forces 
during normal activities of living like dressing and eating 
hâve been estimated to be approximately IV 2 times the 
body weight. The forces increase four to six fold during 
assisted standing from sitting position. Thus, although 
the elbow joint is a nonweight bearing one, considérable 
forces act on it to warrant a stable fixation of this fracture. 

The upper end of the ulna displays two substantial 
processes, termed the olecranon and the coronoid process 
and two articular areas, secured to trochlear and radial 
notches which articulate respectively with the humérus 
and the radius. 

The olecranon is the upper most part of the bone. It is 
bent forwards at its summit to form a prominent beak, 
which is received into the olecranon fossa of the humérus 
when the forearm is extended (hence, no implants in the 
olecranon fossa). The anterior surface of the olecranon is 
smooth and articular, and forms the upper part of the 
trochlear notch. The base of the olecranon is constricted 
where it joins the shaft, and this is the narrowest part of 
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the upper end of ulna. This part is important in making 
an osteotomy through olecranon. 

The trochlear notch articulâtes with the trochlea of 
the humérus and is shaped accordingly. It is formed by 
the anterior surface of the olecranon and the superior 
surface of the coronoid process. The bone is constricted 
at the junction between these two areas, and they may 
be separated completely by a narrow roughened strip. 
So, if osteotomy is done through this area, minimal 
damage to the articular surface is done. 

Classification of Fractures 4 

With the operative treatment of articular fractures of the 
distal end of the humérus has corne a much greater 
understanding of the nature of the patterns of these 
fractures. 

• In 1853 Hahn reported a complété fracture of the 
capitellum with an extension into the trochlea—Hahn- 
Steinthal fracture. 

• In 1896 Kocher described a low transverse 
metaphyseal fracture associated with either an 
anterior or posterior displacement of the shaft (A2-3). 

• In 1964 Milch distinguished two forms of partial 
articular fractures associated with ligament rupture, 

i.e. the classical external condyle (B 1.2), and medially 
through the groove, the classical (B 2.2) condyle. 

• In 1964, Judet classified fractures of the distal end of 
humérus into five groups. 

1. Complété articular multifragmentary (C3) 

2. Latéral epicondylar fracture (Al.l) 

3. Articular simple and metaphyseal simple (Cl) 

4. Médial and latéral partial articular fracture (B2.2 
and B1.2) 

5. Simple transverse metaphyseal fracture (A2) 

• In 1969 Reiseborough and Radin described four types 
of fractures of the distal end of humérus which in their 
view determined the choice of treatment. The four 
types are the complété articular simple and 
metaphyseal simple undisplaced and with slight 
displacement (Cl.l), with marked displacement 
(Cl.2), and the complété articular multifragmentary 
fracture (C3.1). 

• In 1980 at the SOFCOT meeting, Lecestre et al 
classified the fractures into ten basic groups. 

• Simple extra-articular shaft fracture with an oblique 
line running obliquely downward and outward (A2.2) 

• Simple transtrochlear, latéral partial articular fracture 
(B1.2) 

• Simple transtrochlear médial partial articular fracture 
through the trochlear groove (B2.2) 

• Simple metaphyseal and simple condylar, total 
articular fracture with slight displacement (C 1.1) 


• Multifragmentary, total articular fracture (C3.2) 

• Simple condylar and multifragmentary metaphyseal 
total articular fracture with a fragmented metaphyseal 
wedge (C2.2) 

• Simple metapyseal and simple condylar T-shaped 
total articular fracture (Cl.3) 

• Simple transverse extra-articular fracture with 
posterior displacement (A2.3) (2) 

• Partial articular fracture of the capitellum in the frontal 
plane with trochlear involvement (B3.1) (3) 

• Partial articular frontal fracture of the capitellum 
without fragmentation (B3.1) (2). 

Jupiter JB Mehne and Matta classified the fractures 
into three major groups (Fig. 2). 

i. Extra-articular, 

ii. Transcolumnar, and 

iii. Intra-articular, including single and bicolumnar 
fractures involving the capitellum, and those 
involving the trochlea. 2 

Biocolumnar fractures were further classified into six 
main types. 

High T Fracture 

Transverse fracture that divides both columns proximal 
to or at the proximal limits of the olecranon fossa. 

Low T Fracture 

More common among the elderly and more difficult to 
treat. The transverse fracture line crosses the olecranon 
fossa just proximal to the trochlea, leaving relatively small 
amount of bone supporting the articular surfaces. 

Y Fracture 

Oblique fracture line Crossing each column joint at or 
about the olecranon fossa to extend distally in a sagittal 
plane, splitting the trochlea. 

H Fracture 

The médial column has a fracture line proximal or distal 
to the médial épicondyle, and the latéral column is 
fractured in a T or Y pattern. The trochlea is free floating 
fragment and may be further comminuted. 1 

Médial Lambda Fracture 

The most proximal fracture line exits medially and the 
latéral fracture line extends distally to the level of the 
latéral épicondyle. 

Latéral Lambda Fracture 

Similar to the H fracture but the latéral column is not 
involved, while in most intra-articular fractures, the 
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Latéral lambda 

Fig. 2: Classification of fracture (Jupiter, Mehne and Matta) 

trochlea is split in 1 or 2 in the sagittal plane, on occasion 
an additional coronal fracture of the trochlea can occur. 
In this pattern, the coronoid process may serve as a 
fulcrum to split the trochlea in the coronal plane. 

The efforts to define more precisely the patterns of 
fracture of the distal end of the humérus hâve culminated 
in the AO/ASIF classification which is perhaps the most 
effective System. 

AO Classification 

Type A Extra-articular fractures 
Type B Partial articular fractures 
Type C Complété articular fractures 

Type B and C comprise fractures with more than 2 
fragments. These can therefore be referred to as 
multifragmentary fractures in distinction to the simple 
fractures type A (Fig. 3). 

Groups 

Type A: The fractures that separate the type A fractures 
into their respective groups are first the location of the 
fracture like (epicondylar or metaphyseal) and secondly 
whether the fracture of the metaphysis is simple or 
multifragmentary. 

Al—Extra-articular fracture, apophyseal avulsion 
A2—Extra-articular fracture, metaphyseal simple 
A3—Extra-articular fracture, metaphyseal multi¬ 
fragmentary. 

Type B: The features which separate the type B fractures 
into their respective groups are the direction of the 



B1 






Fig. 3: AO classification 

fracture plane (sagittal or frontal) and whether the 
separated fragment is médial or latéral. 

B1—Partial articular fracture, latéral sagittal 
B2—Partial articular fracture, médial sagittal 
B3—Partial articular fracture, frontal—and séparâtes 
a portion of the articular surface from the rest of the joint. 2 

Type C: Fractures are classified on the basis of the degree 
of articular involvement and the degree of metaphyseal 
fragmentation. 2 

Cl—Complété articular fracture, articular simple, 
metaphyseal simple 

C2—Complété articular fracture, articular simple 
metaphyseal multifragmentary 

C3—Complété articular fracture, multifragmentary 
(regardless of the State of metaphyseal component). 1,9 

Ail the groups are further subdivided into subgroups 
and it would not be appropriate to discuss them in detail 
except to say that these subgroups encompass ail the 
types of the fractures described by the various authors. 
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Operative Treatment: Principles of Internai Fixation 

In brief, consider the lower end of the humérus as a 
triangle. 

First step: Reconstruction of the base of the triangle, i.e. 
reconstruction of the trochlea and convert into a 
supracondylar fracture. 

Second step: Alinement and fixation of the shaft, 
reconstruction of the médial and latéral pillars. 

Thus, complété restoration of the triangle. 

Preoperative Planning 

These fractures are frequently comminuted and this is 
not clearly évident in the radiographs. The exact nature, 
geometry and configuration of fracture fragments must 
be clearly understood before surgery is performed. This 
must be accomplished by anteroposterior and latéral 
radiographs. Most of these patients maintain their elbows 
flexed, thereby, making anteroposterior radiographs 
difficult to assess. In an excellent monograph, Smith 
(1946) has shown the method of solving this problem 
(Fig. 4). Tracing of the fracture fragments and using 
radiographs of the normal elbow as a temptate is 
advantageous. This allows one to study the detalis of the 
fracture, plan the stepwise operative approach 10 and also 
ensure preoperatively that the necessary implants are 
available including instruments for taking bone grafts in 
the operating room during surgery. Right and left oblique 
films also give more information about fracture geometry. 

Approaches 

Although the posterior approach through an olecranon 
osteotomy is utilized in fixing almost ail fractures, the 
surgeon should also be familiar with the médial approach 
which may prove bénéficiai when a total elbow 
orthoplasty is being considered for a complex articular 
fracture in an elderly patient, and the latéral approach 
which may be préférable for a complex latéral column or 
coronal shear fracture. 

Médial approach: The médial épicondyle, trochlea and 
ulnar nerve are well visualized through this approach, 
and it is the best approach for a total elbow orthoplasty. 
Because the triceps tendon is elevated from médial to 
latéral, the olecranon is left intact. Care must be taken, 
however, to reattach the triceps to the olecranon during 
closure. The main disadvantage of this approach is that 
visualization of latéral column injuries may be more 
difficult. Additionally, the médial collateral ligament of 
the elbow may be compromised if the surgeon does not 




Fig. 4: Technique for obtaining anteroposterior radiograph to 
extend the elbow joint: (A) Lower humérus, and (B) radius and 
ulna 


carefully protect and repair this important structure 
during the procedure. 

Latéral approach: This is the simplest. It too features 
élévation of the triceps from the olecranon and provides 
excellent exposure of the latéral column, capitellum and 
radial head. Fractures of these latéral structures can be 
well visualized and secured stably through the approach 
when this approach is extended distally. Care must be 
taken to protect the posterior interosseous nerve as it 
passes through the supinator muscle. The latéral 
approach is not optimum for complex low fractures of 
both columns of the distal end of humérus. 

Posterior approach: The posterior approach remains the 
most popular approach for fractures of the distal 
humérus. They include: 

1. Trans olecranon osteotomy 

2. Triceps splitting 

3. Triceps reflecting 

4. Triceps reflecting anconeous pedicle the olecranon 
osteotomy is the most commonly used approach and 
is described in detail below. 
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Incision line 


Fig. 5: Latéral decubitus patient in latéral decubitus position 
with the arm free and accessible over a bolster 

Position 

The patient can be placed in prone position with the 
involved extremity hanging off the operating table in a 
flexed position or alternatively the patient is placed in 
the latéral decubitus position with the injured side up 
and the involved limb supported on soft bolsters or if 
not available, over a sterilizing drum with the elbow 
flexed in approximately 90° flexion (Fig. 5). 

The iliac crest (ipsilateral) is readily available for bone 
graft, should it be needed and is always prepared and 
draped. 

The tourniquet is applied to the involved upper limb 
as high as possible and the arm is draped free. 

Incision 

To achieve adéquate exposure, a straight posterior 
incision over the distal humérus curving laterally, around 
the olecranon and then along the upper fourth of the ulna 
is taken (Fig. 6). 

The next step is to identify and protect the ulnar nerve. 
Ulnar nerve neuritis is a recognized adverse sequela of 
operative intervention for fractures about the elbow. The 
potential for both intraoperative damage and 
postoperative scarring about the nerve can be reduced 
by élévation of the nerve from the cubital tunnel, proximal 
to the level of the médial intermuscular septum and 
distally for approximately 6 cm past its entrance between 
the 2 heads of the flexor carpi ulnaris. The fascia over the 
flexor carpi ulnaris should be split longitudinally with 
particular care taken to identify and preserve individual 
muscle branches to the flexor pronator muscle group. The 
distal 4 cm of the intermuscular septum should also be 



Fig. 6: Posterior approach to the distal humérus, with slight 
radial déviation to avoid the ulnar nerve, seen coursing over 
the médial épicondyle on the left 

resected. Doing so allows the nerve to sit freely in the 
surrounding soft tissue and avoids the possibility of it 
being tethered in and about the elbow after the operation. 
One of the complication during elbow reconstruction 
after failed operative treatment of a complex fracture of 
the distal end of the humérus is the adhérence of the ulnar 
nerve directly to the médial epicondylar région. This can 
be avoided by mobilization of the nerve sufficiently so 
that it lies freely in the subcutaneous tissue in the 
anteromedial space along side the distal end of humérus. 

Olecranon Osteotomy 3 

Olecranon osteotomy is done either obliquely or with a 
small wedge (V-shaped) to prevent rotational instability. 

The osteotomy is started with a thin oscillating saw 
(or thin sharp osteotome) and completed with a thin 
bladed osteotome cracking the articular surface of the 
semilunar notch (this is the area of best articular cartilage 
covering as described in anatomy and hence, prevents 
least damage to the articular surface). 

It has been recommended by some that prior to 
making the osteotomy one can drill holes for 2 K-wires 
for the tension band fixation of the osteotomy later on a 
predrilling the hole for 6.5 mm cancellous screw. By doing 
this prior to the osteotomy, one provides for exact 
anatomie restoration of the olecranon at the completion 
of ten operation. We hâve not found predrilling the 2 K- 
wires or hole for the screw helpful as it appears very 
difficult to relocate the previously made holes. 
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The center, i.e. the olecranon sulcus can be identified 
accurately by élévation of an anconeus muscle from its 
insertion on the olecranon to directly visualize the 
articular surface. A sponge is placed from latéral to médial 
through the joint and is used as counter traction as the 
osteotomy is created. The proximal part of the olecranon 
may then be elevated with the triceps, which provides 
excellent exposure as far as 7 cm proximal to the joint 
like before the radial nerve is threatened. 

Although this approach provides excellent 
visualization, its main disadvantage is that the osteotomy 
must be securely stabilized at the conclusion of the 
operative procedure. Nonunion of the olecranon 
osteotomy has been reported to occur between 2 and 5% 
of the time. In addition the hard wire (2 K-wires and 
tension wires or 6.5 mm cancellous screw combined with 
tension band) is often prominent and painful and must 
be removed later. Finally, this approach is not idéal for 
total elbow arthroplasty, should that become the 
treatment of choice. 

Fracture Fixation 5 

Once the anatomy has been confirmed, efforts are made 
to reduce the articular fragments and to restore them 
anatomically to their origins on the osseous columns. This 
is the first step and provisional fixation is done with 1.2 
to 1.5 mm K-wires—holding the fragments with a pointed 
bone holding forceps (Fig. 7A). The use of an oscillating 
attachment to the drill is of particular importance at this 
stage, as the spécifie anatomy of the distal end of the 
humérus limits the available places in which these 
provisional "K" wires can be positioned. With the 
oscillating attachment, there is little possibility of injury 
to the surrounding soft tissues, or in particular, to the 
ulnar nerve. 

Once this is accomplished, the 2 condyles should be 
fixed in a stable manner with a lag screw with 4.5 mm 
malleolar screw with washer or with two 4 mm partially 
threaded cancellous screws (Fig. 7B). 

Alternatvely one can drill with drill bit from inside 
out through the latéral condyle prior to anatomie 
réduction. This will ensure that the lag screw is in the 
right position. The condyles are then reduced as described 
above and drilled from the latéral condyle through the 
trochlea and fixed with the screw making sure that the 
threads do not cross the fracture site (Fig. 8A), i.e. threads 
on the fracture line. 

Given the cancellous nature of the bone in this région, 
these screws should be sufficient to provide a firm hold 
on the fragments. When there is central defect or 
comminution, or both, the surgeon must take great care 
to avoid over compressing the fragment and narrowing 




Figs 7A and B: (A) Réduction and provisional fixation with 
K-wire, and (B) definitive fixation with a lag screw 

the trochlea. Narrowing of the trochlea threatens the 
integrity of the articulation between the trochlea and the 
trochlear sulcus of the olecranon which leads to the 
possibility of instability and limitation of movements and 
posttraumatic osteoarthrosis. Compact cancellous or 
corticocancellous grafts can be used to bridge defects 
quite effectively and prevent the so called 'Trochlear 
stenosis" (Fig. 8B). 

The Condyles and Humerai Shaft: Anatomie 
Réduction and Stable Fixation 11 

The ensuring step in the operative procedure is the 
anatomie réduction and restoration of the condyles to the 
humerai shaft. This can be temporarily accomplished 
with use of K-wires drilled from distal to proximal 
through the condyles in a criss-cross manner. It is 
necessary to maintain 40° anterior alinement of the 
condyles relative to the humerai shaft when undertaking 
this provisional stabilization (Fig. 9A). 

For the final fixation of the reconstituted condylar 
fragment to the humerai shaft either 2 plates one on each 
side are used or alternatively a posterior Y reconstruction 
plate may be used. When using 2 plates we prefer 3.5 
dynamic 12 compression plate on the latéral side and is 
placed on the posterior surface as this will necessitate its 
moulding in one place only. Its lower end requires to be 
bent forwards to confirm to the anterior curvature of the 
latéral pillar. On the media side, usually a one-third 
tubular plate or a reconstruction plate can be easily 
contoured so as to confirm to the curvature of the médial 
pillar. There is often a comminution of this pillar and 
this requires bone grafting (Figs 9B and 11). 

As observed by us in few cases the médial fragment 
is quite large and can be fixed to the latéral pillar by means 
of 1 to 2 interfragmentary screws used as lag screws. This 
fixation is stable enough and a plate on the médial aspect 
is unnecessary. 
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Figs 8A and B: (A) Alternative technique of drilling and 
réduction, and (B) non-lag screw to prevent trochlear stenosis 



Figs 9A and B: (A) Réduction and temporary stabilization of 
the médial and latéral columns, and (B) definitive final fixation 


We hâve not used Y reconstruction plates. We hâve a 
feeling that being a fixed angle plate, it does not allow 
for variability in the placement of plates and screws in 
different situations. 

It is important to ensure that none of the implants 
encroach upon the olecranon fossa which will resuit in 
impairment of extension. 

Recently O' Drisscoll has advocated the use of two 
plates placed parallel to each other as a superior 
alternative to 90-90 plating. To achieve this goal he has 
specified certain important steps: 

• To place every screw through a hole in the plate and 
that every screw should engage in the opposite cortex. 

• As many screws as possible should be placed in the 
distal fragment 

• The screws placed in the distal fragment should 
interdigitate with each other to create a stable 
construct (Fig. 10) 



Fig. 10: Showing how the distal screws should interdigitated 
with each other in the distal fragment thus providing maximum 
stability (from O’ Drisscoll WS Principle based fixation of 
fractures of the distal humérus. Inst. Course lectures 14th Feb 
2007, San diego) 


• The plates should be applied with compression at the 

supracondylar level. 

Polymethylmethacrylate has been used effectively to 
enhance screw fixation in the treatment of the fractures. 
We do not know of any reports of the effectiveness of 
this technique for the fractures of the distal humérus. 
Screws that are not fixed securely should be identified 
and removed, and their location should be marked. The 
methylmethacrylate is mixed and while still in liquid 
form, poured into a 12 mm syringe with a straight tip. 
The tip is then placed in the screw hole, and enough 
cernent to just fill the hole is injected. Extravasation of 
cernent, particularly near the fracture lines, should be 
carefully avoided. The screws are then subsequently 
reinserted and allowed to remain in place until the cernent 
begins to become firm, at which point each screw should 
be advanced a final one or two turns. Excess cernent 
should be removed. 

Once the fixation is done, the elbow should be put 
through a full ROM to assess visually the stability of 
internai fixation. In the event that motion is observed at 
a fracture line, additional fixation should be provided. 
Tenuous fixation should be supplemented with 
cancellous bone graft to enhance and speed healing. 
Simple placement of the limb in a cast in anticipation 
that the cast will provide the necessary stability has 
unfortunately proved, ail too often, to be unpredictable 
and unsatisfactory. 
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Figs 11A and B: A 70-year-old male with fracture of the distal 
end of the humérus initially treated with cast came with frank 
nonunion at 8 months post injury. He was treated with open 
réduction with olecranon osteotomy and internai fixation with 
dual LCP and bone grafting 

Fixation of Olecranon Osteotomy 

The olecranon osteotomy is secured with oblique 2 K- 
wires and a tension band wire. The proximal ends of the 
K-wires must be carefully bent out, elbow extension may 
be limited. A tension wire is placed through a drill hole 
in the ulna distal to the osteotomy and passed under the 
K-wires and triceps proximally to create a tension band. 
The tightening loops of the wire should also be bent 
carefully around the shaft of the ulna to avoid irritation 
of the skin. 

Closure 

The ulnar nerve does not require anterior transportation 
as a routine. Before closure the tourniquet is deflated and 


hemostasis ensured. A négative suction drain is very 
important and always essential. 

Postoperative Management 

It has become évident from expérience that early 
controlled motion is needed to obtain a functional arc of 
motion after the operative treatment of these complex 
fracture without the functional arc of motion is not a 
successful outcome. It is crucial that the surgeon takes 
an active interest in the supervision as well as the 
maintenance of the réhabilitation program. 

The operated limb is put in a splint with a bulky 
dressing and élévation for 24 to 48 hours. After 36 hours, 
the first postoperative dressing is done and the drainage 
tube is removed. Hematoma, if any, is evacuated. The 
subséquent dressing is light and firm, preferably held 
with an elastocrepe bandage extending from the knuckle 
to the midarm. The patient is put through active elbow 
motions of flexion and extension, pronation and 
supination within the limits of pain. 

Because full extension of the elbow is often difficult 
to obtain, Jupiter has found that allowing the patient to 
rest with the elbow in extension during the first week 
facilitâtes the recovery of elbow extension. 

Motion exercises are initiated with the patient lying 
supine and flexing the involved shoulder to bring the 
elbow overhead. With the uninjured arm supporting the 
involved forearm, gravity is used to assist elbow flexion. 
The approach that is instituted for elbow extension is 
similar, except that the patient sits upright and the 
forearm is gently assisted into extension. 

Manipulation should not be performed but 
movements may require stronger persuations and 
encouragement. There are reports of CPM used in the 
upper arm to mobilize the elbow without increased 
incidence of myositis ossificans. But Jupiter has not found 
CPM efficacious in the postoperative management of 
these fractures and we also hâve no expérience of the 
same. In one case, the operation was performed under 
brachial block anesthésia, an intercath was used and 
retained in place postoperatively. Through this marcain 
was instilled in a dose enough to abolish pain. With the 
relief of pain so obtained the patient could be encouraged 
and persuaded to perform movements more easily. 
Encouraging resuit was obtained. It appears worthwhile 
to use this method as a routine even if the operation is 
performed under general anesthésia. 

The patient should be encouraged to discontinue use 
of the splint by 7 to 14 days postoperatively. Doing so 
will ensure that the patient continues to mobilize the 
elbow and reincorporates the upper extremely into 
activities of daily living. Muscle strengthening and 
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endurance exercises are instituted by 9 to 12 weeks 
postoperatively, when the surgeon is certain that osseous 
union has occurred. 

Once fracture union has been confirmed, the use of a 
turn buckle splint can help the patient to regain motion 
when stiffness of the elbow is a problem. The use of 
turnbuckle splint for as long as 6/12 weeks after the injury 
can produce clinical improvement. 6 

ELBOW ARTHROPLASTY 

The indications for primary elbow arthroplasty as a 
treatment for severe distal humérus fractures has 
expanded over the last few décades. The increasing 
popularity of arthroplasty as a treatment for distal 
humérus fractures has followed a more modem 
perspective of total elbow arthroplasty as a very good 
long-term treatment for select low demand individuals 
with severe joint destruction from other étiologies. 

The indications for the primary total elbow 
arthroplasty include: 

1. Pre-existing significant arthritis, i.e., rheumatoid 
arthritis 

2. AO C3 fracture in patients 65-70 years old or older 

3. Fractures in which stable open réduction and internai 
fixation cannot be obtained and for whom hemi- 
arthroplasty cannot be considered secondary to 
instability concerns, implant availability concerns, etc. 
There are concerns about the long-term longevity of 

the implant when placed in younger, more active 
patients. In these patients, another arthroplasty option is 
anatomie hemiarthroplasty. The success of this procedure 
often relies on postoperative stability. Postoperative 
stability is in turn dépendent on médial and latéral 
column fixation and healing. When column healing and 
stability are restored, a hemiarthroplasty appears to be a 
very promising technique. 

Complications 

Inadéquate or unstable fixation, a failure to reposition 
the articular fragments anatomically, prolonged 
postoperative immobilization or the development of soft 
tissue complications will resuit in substantial disability 
for the patient. Some of the complications are: (i) non- 
union, (ii) malunion, (iii) ulnar neuritis or neuropathy, 
(iv) hétérotopie ossification and, (v) nonunion of 
olecranon osteotomy, (vi) stiffness of the elbow. 

Nonunion and Mal un ion 8 

Nonunion or malunion of fracture of distal end of 
humérus can be disabling because of associated pain or 
loss of motion. Loss of motion may be due to articular 


deformity, intra-articular or extra-articular adhesions or 
pain at the nonunion site. Ulnar neuropathy may also be 
associated. 

Operative procedures that are performed to achieve 
union or to correct the deformity are technically 
demanding given the distorted anatomy, the limited and 
osteoporotic bone stock and the extensive periarticular 
fibrosis. Alternatives to direct operative reconstruction 
hâve included functional bracing, distraction arthro¬ 
plasty, allograft replacement and total elbow arthro¬ 
plasty. These latter reconstructive alternatives hâve their 
own limitations and are not satisfactory options for young 
or active individuals. 

The goals of management of malunion or a nonunion 
must be functional restoration of motion as well as secure 
osseous union and appropriate alignment. The tactics 
involve mobilization and neurolysis of the ulnar nerve if 
necessary, extensive exposure through transolecranon or 
a triceps élévation approach, resection of the areas of 
periarticular fibrosis (both posteriorly and anteriorly) and 
realinement and stable fixation of the distorted osseous 
architecture. The contouring and placement of plates and 
screws mirror the techniques described for low intra- 
articular and/or transcolumnar fractures. In particular 
the use of 3 plates in osteoporotic bone has proved to be 
extremely helpful. 

Arthrodiastasis or distraction arthroplasty: 4 mm of 
distraction of the elbow after internai fixation of type C 
fracture, after surgery for malunion or nonunion or elbow 
arthrolysis (Bhattachari type) gives satisfactory results. 
Distraction is achieved slowly (1 mm/day) by 
monolateral or circular external fixator (Ilizarvo). 

Ulnar Neuropathy 1 

Complications involving the ulnar nerve hâve been 
reported in a number of sériés of operatively treated intra- 
articular fractures of the distal end of humérus. Operative 
manipulation of the nerve, inadéquate release of the fascia 
over the flexor carpi ulnaris and postoperative 
immobilization of the elbow ail contribute to fibrosis 
about the nerve. In addition to neuritic pain, both motor 
and sensory déficits can occur in the hand creating an 
extended disability that may hâve a greater impact on 
function than the loss of elbow motion. 

Operative neurolysis and mobilization of the nerve 
for the treatment of ulnar neuropathy is quite successful, 
even in elderly patients. 

Hétérotopie Ossification 7 

Part of the confusion regarding hétérotopie ossification 
can be found in its définition. Hétérotopie or ectopic bone 
formation reflects a sériés of events that resuit in highly 
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organized bone in and about the elbow joint. This is 
different from myositis ossificans in which oraganized 
bone forms within skeletal muscle, usually in brachialis 
after elbow trauma. These two conditions should be 
contrasted to hétérotopie calcification, in which the 
collateral ligaments and the joint capsule becomes 
calcified after an injury. In contrast to ossification, 
calcification tends to be amorphous and without evidence 
of trabeculation. The lack of spécifie distinction between 
these two processes has led to some variation in the 
reported prevalence of hétérotopie bone about the elbow. 

In addition to head injury the traumatic conditions 
that may increase the risk of the development of 
hétérotopie ossification include open fractures, fracture 
dislocations, injuries due to high energy trauma, fractures 
associated with thermal injuries, fractures treated with 
multiple operative procedures and failed internai fixation 
followed by operative révision within 3 months after the 
initial injury. 

Pain, swelling and warmth about the elbow are the 
most common symptoms associated with hétérotopie 
ossification. Commonly, a progressive loss of motion is 
associated with these symptoms. Infection, reflex 
sympathetic dystrophy and failur of internai fixation 
devices are among the conditions that can présent with 
similar symptoms. 

Both technetium bone scan and sérum alkaline 
phosphate levels hâve been used to detect hétérotopie 
ossification. However, both lack specificity and offer little 
predictable information. 

The problem of hétérotopie ossification can be 
addressed from two perspectives, prophylaxis, both at 
the time of injury and after operative resection, and the 
indications and techniques of operative excision of 
existing lésions. Because hétérotopie ossification 
following elbow trauma is not common in the absence of 
head trauma prospective studies ofter little guidance 
regarding the prophylactic measures to be taken at the 
time of the injury. For the most part, the principles of 
prophylaxis hâve been formulated in conjunction with 
total hip arthroplasty or after resection of established 
hétérotopie ossification. While orally administered 
diphosphonates hâve been used in the past, the clinical 
results hâve been disappointing. They hâve little effect 
on formation of the osteomatrix and calcification of the 
osteoid appears to occur once the therapy has been 
discontinued. Furthermore, if the diphosphonates are 
administered over a long period of time, osteomalacia 
may ensue; this further limits the attractiveness of these 
agents as a prophylactic measure. 


Nonsteroidal antiinflammatory agents particularly 
indomethacin hâve been shown to be effective. These 
agents hâve been shown experimentally to inhibit the 
cyclooxygenase needed for the production of 
prostaglandin E2, which is thought to be a formative 
agent in the inflammatory response and a Chemical 
mediator of a hétérotopie ossification. 

A third modality used to prevent hétérotopie 
ossification about the hip is low-dose radiation therapy. 
Delay of treatment for more than 72 hours undoubtedly 
compromises its effectiveness. Expérience at the Mayo 
Clinic has suggested that it can be applied effectively, 
and there has been no evidence to date of any associated 
nonunions, wound problem or postirradiation sarcomas 
in elbow injuries. Operative excision of hétérotopie bone 
about the elbow should not be considered unless function 
is substantially impaired. If excision is to be performed, 
the timing is important. In the absence of head injury, 
operative excision of hétérotopie bone can be considered 
as early as 6 to 9 months after the injury, when it becomes 
mature. 

After excision, a careful and controlled réhabilitation 
should be followed. Splints or CPM should be used with 
caution when the soft tissue envelope is traumatized. 
Jupiter prefers only a soft tissue dressing postoperatively. 
With the use of indomethacin as a prophylactic measure 
he did not see a récurrence of hétérotopie ossification after 
excision. 
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208.1 General Considérations 

DP Bakshi, K Chakraborty 


Old Fracture Olecranon 


Classification (Bado) 12 (Fig. 1) 


Most of the old fractures of olecranon présent with fibrous 
union with acceptable range of motion and triceps power. 
But in cases where there is a gap at the fracture site with 
anterior subluxation of coronoid process, its operative 
réduction and internai fixation followed by filling of the 
gap with iliac bone chips is preferred. No attempt is made 
to close the gap by compressing the fracture site, as it 
may lead to pressure over the articular surface. 

In older patients sometimes with weak triceps power, 
no active surgical management is required. If the 
olecranon fragment is small, its excision followed by 
reattachment of triceps tendon to distal part of the 
olecranon process if done after mobilizing it from the 
posterior surface of humerai shaft. 

MONTEGGIA FRACTURE DISLOCATION 

Giovanni Battista Monteggia 5 of Milan first described the 
injury that bears his name in 1814, the same year that 
Abraham Colles, described his fracture. 

This is a fracture of upper third of ulna associated 
with dislocation of head of radius with or without fracture 
of upper end of radius. Dislocation may be anterior, 
posterior or latéral according to the angulation of ulnar 
fracture. 

Mechanism of the injury may be direct or indirect 
following fall on outstretched hand with twisting of the 
trunk and forceful pronation of the forearm and 
hyperextension of the elbow. 


Type I (55-78%) 


Type II (10-15%) 


Type III (6.7-20%) 


Type IV (5%) 


Anterior dislocation of radial head 
with a fracture of the ulnar diaphy- 
sis with anterior angulation. It is most 
common in children. 

Posterior or postérolatéral dislocation 
of radial head associated with fracture 
of ulnar diaphysis with posterior 
angulation. Fracture is usually more 
proximal. It is most common in 
adults. 

Latéral or antérolatéral dislocation of 
radial head associated with a fracture 
of ulnar metaphysis. It is more 
common in children. 

Anterior dislocation of radial head 
associated with fracture of the 
proximal third of radius and ulna at 
the same level (Fig. 1). 


Monteggia Equivalent Fractures (Bado) 

Type I équivalents are: 

i. Isolated anterior dislocation of the radial head in 
children (Nursemaid's elbow). 

ii. Fracture of the ulnar diaphysis with fracture of the 
neck of the radius in adults. 

iii. Isolated fracture of the neck of the radius. 

iv. Fracture of the ulnar diaphysis with a more proximal 
fracture of the radial diaphysis. 
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Figs 1A to D: Bado classification of Monteggia 
fracture dislocation 

v. Fracture of the ulnar diaphysis with anterior dis¬ 
location of the radial head and fracture of the 
olecranon. 

vi. Posterior dislocation of the elbow and fracture of 
ulnar diaphysis with or without fracture of the 
proximal radius. 

Type II équivalent are: 

i. Epiphyseal fractures of the dislocated radial head, 
and 

ii. Fractures of the neck of the radius. 

Type III and IV hâve no équivalents. 

Diagnosis 

Features are: painful swelling of elbow with marked local 
tenderness associated with functional incapacity of the 
elbow. These features are common to ail types of 
Monteggia fractures. Spécial features according to the 
type of lésion are as follows: 

Type I Fractures are characterized by fixed attitude 
of pronation, shortening of forearm, anterior 
angulation of fracture ulna and radial head 
palpable in anticubital fossa. In compound 
fracture, skin lésion is anterior. 


Type II More proximal ulnar fracture with posterior 
angulation, and radial head is palpable 
posteriorly. In compound fracture, skin lésion 
is posterior. 

Type III Latéral angulation of fracture ulna, radial head 

is felt laterally and forearm is usually in mid- 
position. 

Type IV Same as type I with tenderness over fracture 
site of radial shaft. 


Treatment 

Type I Closed manipulation should be attempted and 

if unsuccessful, open réduction with internai 
fixation (ORIF) of ulnar fracture and closed 
réduction of radial head dislocation are done. 
Type II ORIF of ulnar fracture and closed réduction 
of radial head are done. If réduction of radial 
head fails, then open réduction is indicated. 
Type III Same as type II 

Type IV ORIF of both ulnar and radial fracture. 

The posterior Monteggia type II has been widely 
researched upon. Jupiter et al recognised a potentially 
unstable pattern with an anterior triangular or a 
quandrangular fragment close to the coronoid process. 
This may lead to impaired forearm rotation as well as 
flexion and extension. The fixation method used needs 
to counteract the tendency to anterior angulation. 

Internai fixation is done worldwide with plating. In 
our expérience though closed intramedullary nailing has 
given excellent results. The chief advantages of closed 
intramedullary nailing has been the minimally invasive 
nature of surgery, no opening of the fracture site, a 
minimal scar. The fear of loss of radial bow and hence 
supination pronation movements, hand strength has not 
been validated by our expérience. 

Old Injuries (6 Weeks or Older) 

In this case, minor degree of angulation of malunited ulna 
and minimal subluxation of the radial head are best left 
alone. 

1. Radial head—if unreduced or redislocates, exci-sion 
is the treatment of choice. 

2. Nonunion of ulna—stable internai fixation with bone 
grafting gives the best resuit. 

3. Unacceptable malunion of ulna is treated by cor¬ 
rective osteotomy and plate fixation. 

Compound Injuries 

External fixation is the treatment of choice for such 
condition. Postoperatively, immobilization for four weeks 
foliowed by active exercises are encouraged. 
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Figs 2A to D: A 26-yr-old male with Monteggia équivalent fracture successfully treated with DCP plating 


Complications 

1 . Posterior interosseous nerve palsy—most common is 
type III and sometimes in type I fractures. 

2. Tardy radial nerve palsy—commonly in old 
unreduced dislocation of radial head. 

3. Unreduced dislocation of radial head. 

4. Cross-union between radius and ulna. 

5. Dislocation of lower end of ulna. 

6. Un-united fracture of ulna. 

7. Refracture of ulna after implant removal. 

Type II—fracture of proximal ulna with fracture of 
radial neck. 

Type III—upper third fractures of radius and ulna 
where radial fracture is more proximal. 

Equivalent fractures are very rare. 


Treatment 

Most Monteggia fractures can be treated by closed 
methods. If adéquate réduction is not possible due to 
interposition of annular ligament or capsule, then open 
réduction is needed. For Monteggia équivalent fract¬ 
ures—quite often, proper alignment cannot be obtained 
by closed method, and open réduction may be necessary 
(Figs 2A to D and 3A to C). 

Treatment of Old Unreduced Monteggia Fractures 

When the fracture is six months old or longer, osteotomy 
of the angulated ulna and its internai fixation is followed 
by open réduction of radial head and its stabilization 
against capitellum by the reconstruction of annular 



Figs 3A to C: A young boy with Monteggia type 1 fracture, successfully treated with DCP plating 
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ligament either by the triceps aponeurosis or with the 
deep fascia of the forearm. If the radial head dislocation 
remains untreated or unreduced, excision of radial head 
after skeletal maturity is preferred. 

Congénital Dislocation of Radial Head 

It occurs usually in posterior direction in contrast to the 
usual anterior dislocation after trauma. It is bilateral in 
40% of the patients. The congenitally dislocated radial 
head is not well-formed like a normal radial head. 

ELBOW DISLOCATIONS 

Acute dislocation of elbow is 28% of ail injuries to the 
elbow. In adolescent, dislocation of the elbow is the most 
common dislocation seen, it is the second most common 
dislocation of a major joint after that of the shoulder in 
adults. 

Mechanism of Injury 

Fall on outstretched hand accounts for majority of 
dislocations. Motor vehicle accidents, direct trauma, and 
miscellaneous causes comprise the rest. Injury to 
nondominant upper extremity occurs in about 60% of the 
cases. Osborne and Cotterill 6 first suggested that a 
postérolatéral force resulting in tear of radial collateral 
ligament, and latéral capsule is the cause of dislocation. 
Their résultant compressive and shearing forces on the 
articular surface disrupts the ligaments, and produces 
the fractures of head and neck of radius or capitellum. 

In children where the appearance of the ossification 
center and closure of the physes are delayed, the 
radiographie interprétation of dislocation of elbow 
becomes difficult. 

Classification (Wilkins KE) 

1. Posterior type (most common) associated with médial 
or latéral displacement. 

2. Anterior type (rare) seen in younger individuals. 

3. Divergent type (extremely rare) where séparation of 
the radius from the ulna occurs with concomitant 
dislocation. This is caused by severe violence resulting 
in tear of the interoessous membrane, annular 
ligament and distal radioulnar joint capsule. 

Associated Injuries 

1. At the site of dislocation fracture of radial head and 
neck (5 to 10%), coronoid process (10%), avulsion 
fracture of épicondyles (12%), fracture of capitellum 
and osteochondral injuries may be présent. 


Médial épicondyle may be entrapped into the joint, 
remains undetected and may lead to either traumatic 
arthrosis or causes récurrent dislocation of elbow due 
to loss of integrity of médial collateral ligament. 

2. Injuries away from the site of dislocation may be 
fracture distal radius, ulnar styloid, periulnar head 
dislocation and shoulder injuries. 

Treatment 

The principles of treatment are to restore the realignment 
of articular contact of the elbow joint at the earliest 
opportunity without causing further damage to 
neurovascular and musculoskeletal injuries. 

Réduction of Dislocation 

The manipulative réduction is performed under 
conscious sédation. After aligning the elbow in a medial- 
lateral plane traction is applied with the elbow in 
90° of flexion. Anterior pressure may be applied to the 
olecranon and it is levered over the distal humérus. 
Réduction may require some force if the anterior band of 
the médial collateral ligament is intact. After réduction 
the elbow should be moved through its arc of motion. A 
posterior splint is applied with the elbows in 90° of flexion 
for comfort. It should not be kept for more than 2 weeks 
and active mobilization of the elbow should be 
encouraged. 

Complications 

1. Stiffness of elbow: Especially limitation of extension 
is the common complication due to contracture, as a 
resuit of prolonged immobilization. 

2. Vascular injuries: When the elbow is dislocated, the 
extensive soft tissue damage results in marked 
swelling from intramuscular bleeding and edema 
formation leading to increased compartmental 
pressure and Volkman's ischémie contracture, 
stretching and distortion of the anterior structures 
may resuit in spasm, minimal damage, thrombosis 
or rupture of brachial artery. Moreover, dislocation 
also disrupts the collateral circulation resulting in 
ischémie myositis and claudication. 

3. Nerve injuries: Médian nerve injury occurs at the time 
of dislocation as a resuit of stretching or raised 
intracompartmental pressure or due to its intra- 
articular entrapment. Ulnar nerve injury usually 
results from valgus stretching. 

4. Articular injuries: Osteochondral fractures should be 
replaced or excised. Entrapped médial épicondyle 
should be removed. Displaced radial head and neck 
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fractures if minimum, are ignored, but with greater 
displacement with comminution, they should be 
excised. Capitellar fracture should best be excised. 

5. Late contracture after adéquate physiotherapy: Where 
extension-limitation persists, anterior capsulotomy is 
the treatment of choice. 

6. Hétérotopie bone formations : Primary locations are 
latéral and médial collateral ligaments, anterior 
capsule above the coronoid process and brachialis 
muscle. Excision of new bone if delayed for six to 
twelve months until the bony mass gets matured. 

7. Récurrent dislocation of elbow usually occurs posteriorly, 
and may be congénital or traumatic. Basic abnormality 
is misshaped trochlear notch of ulna. 

Treatment of Persistent Subluxation of the Elbow 

These patients generally hâve pseudo subluxation related 
to pain related inhibition of the elbow muscles. Active 
elbow mobilisation adds a dynamic component to elbow 
stability. This should be attempted in patients with only 
slight opening of the elbow joint and not in those having 
perched dislocations in which the trochlea is sitting atop 
the coronoid. 

Treatment of Unstable Dislocation 

When the elbow cannot be held in a concentrically 
reduced position or dislocates before getting a post 
réduction X-ray dislocates later in a splint, it is termed as 
an unstable dislocation, three options are available 
(a) open relocation and repair of soft tissues back to the 
humérus (b) hinged external fixator (c) cross pinning of 
elbow joint. 

Récurrent Dislocation of Elbow 

1. In congénital cases, it results from underdeve-loped 
shallow trochlear notch. 

2. In traumatic cases shallow trochlear notch occurs due 
to retraction of an ununited coronoid process fracture. 
Moreover, associated fracture of latéral humerai 
condyle may give rise to elbow instability. 

Stretching of postérolatéral ligamentous and 
capsular structures following injury prédisposés to 
récurrent dislocation (Osborne and Cotterill). 6 
Damage of anterior portion of médial collateral 
ligament, primary ligamentous stabilizer of elbow, 
which is emphasized recently, is the most important 
cause. 

Surgical Treatment of Récurrent Dislocation of Elbow 

1. Anterior bony block reconstruction to deepen the 
trochlear notch (Milch). 4 


2. Transplantation of biceps tendon into coronoid 
process of ulna (Reichen Heoim and King) to reinforce 
the joint anteriorly. 

3. Cruciate ligament formation using portions of triceps 
and biceps tendon (Kapel) 

4. Hassman, Bnenn and Neer procedure Reattachment 
of capsule-ligamentous complex into latéral 
épicondyle of humérus through a drill hole. 

5. Reconstruction of médial collateral ligament using 
palmaris longus tendon graft (Jobe). 

Elbow Dislocations in Children 

This is fairly uncommon in children and 70% of them 
occur in boys. Left side prédominâtes. This is commonly 
associated with fractures of the médial epi-condylar 
epiphysis or proximal radius or the coronoid process. 
Displacement of médial épicondyle into the joint can be 
detected radiographically if the patient is more than five 
years of âge, in younger âge this is not seen since it is 
cartilaginous. 

Récurrent dislocation is uncommon and is thought 
to be due to incomplète healing of the torn collateral 
ligament (Osborne and Cotterill 1966). 6 The treatment in 
these cases is reattachment of the latéral capsule to the 
postérolatéral aspect of the captellum with suture passed 
through drill holes. Anterior dislocation is rare, resulting 
from a direct injury to the posterior aspect of a flexed 
elbow. 

RADIAL HEAD FRACTURES 

Normal radial head is disk-shaped and is covered with 
hyaline cartilage. Its superior surface is articulat-ing with 
capitellum and its circumference articulating medially 
with the radial notch of ulna and rest is surrounded by 
the annular ligament. The formation of radial head is 
completed at 18 years of âge. Radial head fractures are 
common in adults but rare in children probably, because 
this proximal radius is mainly cartilaginous. 

Mechanism of Injury 

Injury frequently results from indirect violence caused 
by a fall on outstretched hand forcing elbow into valgus, 
and longitudinal force being transmitted axially along 
radial shaft to hit against capitellum. Radial head may 
also be fractured by direct violence like fall or blow on 
the side of elbow. Along with the radial head fractures, 
the articular surface of capitellum may be bruised or 
fractured. In some cases where the violence is severe, 
radial head comminution is extensive with interosseous 
membrane tear, and there is subluxation of distal end of 
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ulna due to proximal migration of radial shaft (Essex- 
Lopresti fracture dislocation). Valgus strain may damage 
médial aspects of elbow, avulsing médial épicondyle or 
damaging ulna. Every case of radial head fracture should 
be examined to rule out these complications. 

Diagnosis 

This fracture is sometimes missed as the clinical signs 
may be minimal. The fracture is usually painful because 
the elbow joint is distended with blood. Careful 
examination shows some swelling over posterior sulci 
due to effusion into the joint. Hand grip is somewhat 
weaker accompanied by pain over outer aspect of elbow. 
Diagnostic sign is local tenderness over head of the radius, 
when rotated under examining thumb. The range of 
pronation and supination may be full, but elbow 
extension is usually restricted. 

Davidson and colleagues significantly showed that 
every case of radial head fracture must be evaluated for 
injuries over the forearm and wrist. 

Radiological diagnosis most radial head fractures are 
seen in standard AP (forearm in supination) and latéral 
views. If there is strong clinical suspicion of fracture and 
radiographs are négative, then additional antero- 
posterior projection view should be taken with forearm 
in neutral and full pronation, so that ail portions of radial 
head will be visualized in profile. 

The wrist should be X-rayed to rule out the injury to 
distal radioulnar joint (Essex-Lopresti fracture disloca¬ 
tion). 

Classification (Fig. 4) 

Mason 3 classified radial head fractures into four types. 
Type I Undisplaced segmentai (marginal) fracture. 

Type II Displaced segmentai fracture. 

Type III Comminuted fracture. 

Type IV Type III associated with posterior dislocation 

of elbow. This type of fracture may be compli- 
cated with ligamentous and other bony 
injuries. 

Mason's fracture did not include radial neck fractures, 
did not account for associated injuries and did not 
quantify displacement. 3 

Morrey later modified Mason's classification to 
quantify displacement as a fragment more than 30% of 
area and displacement of 2 mm or more. There is little 
data to support this quantification. 

Other factors that hâve important influence on 
treatment although not a part of any classification System 
are (1) lost fragments (2) fragments too small to be 
repaired (3) fragments without subchondral bone 



Fig. 4: Mason classification of radial head fractures 

(4) osteoporotic bone (5) deformed or impacted fragments 
(6) metaphyseal bone loss. 


Treatment 

Treatment dépends upon severity of damage to radial 
head. In more than 50% of the cases the damage is 
minimal. 

Conservative 

Many fractures of radial head may be successfully treated 
by this method. The use of collar and cuff sling does not 
give adéquate pain relief. Therefore plaster slab is applied 
for 3 weeks only, then active mobilization exercises of 
flexion and extension are given. Forearm rotations are 
usually recovered, but recovery of full extension may be 
delayed. The residual tilt of fracture head of radius may 
produce pain on motion, limitation of rotations due to 
traumatic arthritis of proximal radio-ulnar and radio- 
humeral joints. 

Surgery 

The following fractures of radial head require operation. 

1. Fracture with gross comminution. 

2. Marginal fractures involving radio-ulnar joint. One 
absolute indication for surgery is Mason type 2 which 
restricts forearm pronation. Two piece fracture may 
be fixed with a Herbert type of screw. 

3. Those with loose fracture fragment lying inside the 
elbow joint. 

Intraoperative examination to document and treat soft 
tissue injury like interosseous ligament injury is 
impérative. Partial radial head fractures are treated via 
the Kocher approach, making ail attempts to preserve 
the intact periosteum over the metaphyseal région. As a 
part of a complex injury with multiple fragments 
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Figs 5A and B: Herbert screw fixation done for Type 11 
Mason’s radial head fracture 


aforesaid factors on fragment size and deformation 
should be considered. 

Small fragments make an important contribution to 
the stability of the elbow. 

Excessive dissection in an already compromised joint 
should be avoided to prevent myositis and chances of 
radio-ulnar synostosis. 

Various approaches include the traditional Kochers 
between anconeus and ECU, Kaplan approach between 
ECRB and EDC, Hotchkiss's approach directly through 
EDC which protects the LCL complex. 


Resect extensively comminuted fractures of radial 
head. Beware to ne ver resect the head in terrible triad 
injuries and Essex Lopresti. Use resection only when the 
radius pull test is normal. 

Radial Head Fracture Associated with 
Elbow Dislocation 

In this type of fracture, excision of radial head is indicated 
only when elbow is stable. In the presence of fracture of 
coronoid process, this should be internally fixed prior to 
excision of radial head. In the presence of comminuted 
fracture of coronoid process, radial head excision should 
be delayed for 3 to 6 months. Fracture of radial head, 
and of coronoid process and dislocation of elbow- this 
tried is called terrible tried (Figs 6A and B). 

Essex-Lopresti Fracture Dislocation 

In this, early radial head excision followed by its 
prosthetic replacement is done because of proximal 
migration of radial head. Proximal migration of radius 
can be minimized if radial head excision can be delayed 
for six to twelve weeks. Réduction and internai fixation 
of uncomminuted fracture fragments may be done by a 
mini AO screw or Herbert screw or a K wire. Large métal 
fragments can cause overstuffing of the joint and 
conséquent capitellar wear. 

Timing of Surgery 

The proponents of early surgery (within 48 hours) claim 
better results and believe that delayed surgery carried 




Figs 6A and B: A 55-year-old male with radial head fracture. Note the innocuous looking coronoid fragment. The elbow was 
reduced by an onlooker—A case of Terrible triad of elbow. The piece of radial head was excised, latéral collateral ligament was 
reconstructed, a posterior splint was applied and physiotherapy begun movements recovered gradually 
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higher risk of myositis ossificans. The others believe that 
early surgery is associated with high risk of inferior radio- 
ulnar subluxation due to proximal migration of radius, 
hence, excision should be delayed for 2 to 3 weeks till the 
soft tissues heal. 

After Effects of Radial Head Excision 

Good function is usually restored though latéral sub¬ 
luxation of elbow may occur. A few patients may 
complain of weakness of the limb and mild discom-fort 
in the distal radioulnar joint. Cases with unsatisfactory 
results may be due to limitation of forearm movements 
due to formation of excess bone or scar tissue. 

Poor results may occur due to inadéquate removal of 
bone leading to myositis ossificans and limitation of 
forearm motions resulting from synostosis between 
radius and ulna. 

Complications 

Joint stiffness due to involvement of radiohumeral and 
radioulnar joint occur s following myositis ossificans 
irrespective of whether the radial head is excised or not. 
Osteoarthritis may occur due to unreduced fracture 
fragment, which may be treated by radial head excision. 

Radial Head and Neck Fractures in Children 7 

Most of the fractures occur in the neck of radius, but not 
in the radial head which is mainly cartilaginous. Radial 
neck fractures occur between 4 and 14 years of âge 
because the ossification of radial head does not usually 
begin before 5 years of âge. 

Mechanism of Injury 

A fall on the outstretched hand forces the elbow into 
valgus and pushes the radial head against the capitel- 
lum. This causes splitting of radial head in adults, but in 
children it is likely to cause fracture séparation of the 
upper radial epiphysis or fracture of neck of radius. The 
fragment is displaced outward and anteriorly if forearm 
is supinated and outwards and posteriorly if forearm is 
pronated. There may be sometimes associated rupture 
of the médial ligament, avulsion of médial epicondylar 
apophysis or green-stick fracture of olecranon. 

Classification According to Wilkins KE 

Type A Salter-Harris type I and II injuries of proximal 
radial epiphysis. 

Type B Salter-Harris type IV injuries of proximal 
radial physis. 


Type C Fracture involving only proximal radial epi¬ 
physis. 

Type D Fractures occurring when dislocated elbow is 
being reduced. 

Type E Fracture occurring in conjunction with elbow 
dislocation. 

The fracture can be angulated, subluxated or totally 
displaced. The distal shaft tends to migrate proximally 
and ulnarward by the action of biceps and supinator 
muscles respectively. 

Diagnosis 

Diagnosis is made by pain in the elbow on rotation of 
forearm and presence of tenderness over the radial head. 
Radiographie examination reveals transverse fracture line 
which is distal to the growth disk, or there is true sépara¬ 
tion of the epiphysis with a triangular fragment of shaft. 

Treatment 

Treatment may be simple immobilization without 
réduction, closed manipulative réduction or open réduc¬ 
tion with or without internai fixation depending on 
degree and types of displacement, presence of other 
associated injuries and âge of the child. Poor results 
dépend on degree of original injuries and presence of 
associated injuries. 

Angulation up to 30° of radial head does not need 
réduction. The arm is rested in a collar and euff, and 
exercises are commenced after a week. When the 
angulation is more than 30°, manipulation is attempted 
by pulling the arm in extension and slight varus. With 
the thumb, the displaced radial fragment is reduced into 
position (Patterson). If satisfactory closed réduction is not 
obtained, open réduction is suggested for any angulation 
greater than 45°. 

Surgery should be done within 5 to 7 days of injury 
to minimize risk of myositis. One or more oblique pin 
fixation across the fracture fragment is done, trans- 
capitellar wire being technically easier is used. There is 
always danger of wire breakage despite the plaster 
support given to the elbow. 

The complications following open réduction include 
loss of motions, prématuré epiphyseal closure in over 50% 
cases, nonunion of radial neck, avascular necrosis of head 
in 15% cases, radioulnar synostosis myositis ossificans 
and injury to posterior interosseous nerve. If residual 
angulation is more than 45°, forearm rotation may be 
limited significantly. Radial head excision in children may 
resuit in proximal radioulnar synostosis, cubitus valgus 
and radial déviation of hand. 
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BASEBALL PITCHER’S ELBOW 

Répétitive valgus stress of the elbow is the cause of this 
condition as it is prévalent among golfers, base bail 
players and javelin throwers. 

Here considérable distraction forces over médial 
aspect of elbow with concomitant compression forces 
generated over the latéral structures of elbow, e.g. médial 
collateral ligament, médial épicondyle, anteromedial 
capsule, origin of flexor-pronator groups of forearm 
muscles and also ulnar nerve are stretched out. 

In long-standing cases, the bones around the elbow 
joint are hypertrophied associated with traumatic 
synovitis, arthritis, loose body formation and osteochon- 
dritis dissecans affecting the capitellum and radial head. 
In children this injury leads to osteochondritis dissecans 
of médial epicondylar apophysis. 

Clinical Features 

Pain is experienced by sudden stretching of finger and 
wrist flexors and also after sudden valgus strain of elbow. 
Tenderness is localized over médial épicondyle. 
Weakness of hand muscles is due to ulnar nerve injury. 
In long-standing cases, flexion contracture of elbow 
results along with features of osteoarthritis. 


208.2 Fractures 


Anatomy 

The upper end of ulna is thickened and terminâtes into 
olecranon process posteriorly and coronoid process ante- 
riorly, which are separated by the sigmoid fossa. 

Olecranon process is the broadest portion of the upper 
end of ulna, in line of the shaft, which gives insertion to 
the triceps brachii muscle. The tendon of the triceps 
brachii muscles covers the joint posteriorly before it is 
inserted into the olecranon over its posterior surface. The 
fascia over the triceps fans out medially and laterally to 
get inserted into the deep fascia of the forearm and into 
the periosteum of the olecranon and proximal ulna. The 
posterior surface of the olecranon is subcutaneous and 
makes it susceptible to direct trauma. Its anterior surface 
forms the floor of the sigmoid fossa and terminâtes into 
coronoid process. Its superior surface is articular and 
articulâtes with the lower end of humérus, while the 
latéral surface articulâtes with the head of the radius. 


Treatment 

In early stage, the patient is treated by rest from aggra- 
vating strain, local hot compresses and analgésies. If these 
fail to relieve the pain, local infiltration of steroid along 
with adéquate physiotherapy is advised. Patients 
résistant to conservative measures may require release 
of the muscles originating from the médial épicondyle of 
humérus and anterior capsulotomy of the elbow joint. 
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of the Olecranon 

PP Kotwal 


The articular surface has separate coronoid and 
olecranon areas separated by a nonarticular transverse 
groove. Consequently, the treatment of articular fractures 
of the trochlear notch should focus primarily on resto- 
ration of the proper relationship between the coronoid 
and olecranon processes. 16,17 

The soft tissue attachments to the coronoid figure 
prominently in the understanding of proximal ulna 
features. The anterior band of the médial collateral 
ligament inserts on the base of the coronoid process. 
Consequently, the anterior band of the médial collateral 
ligament is likely to be intact in complex fractures 
associated with large fractures of the coronoid base or 
anteromedial coronoid fractures, with its function 
disrupted by the bony injury and restored with stable 
internai fixation. 

The ulna contributes to the elbow joint in proportion 
to the amount of bone présent (An et al, 1986). 2 Hence, 
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removal of the proximal half of the ulnar articular surface 
reduces the joint stability by about half. Further stability 
is provided by the médial and latéral collateral ligaments. 
The triceps contribute to the dynamic component of the 
joint stability. 

The ulnar nerve is in close proximity of the olecranon 
posteromedially when it passes behind the médial 
épicondyle of the humérus to enter into the forearm 
between the two heads of the flexor carpi ulnaris. 

Mechanism of Injury 

Fractures of the olecranon are not uncommon in adults 
in spite of its being a very heavy and strong process. 
This is perhaps due to its subcutaneous position on the 
posterior aspect of the elbow and also due to the strain it 
receives during a fall on the outstretched hand. Most 
fractures are intra-articular and can therefore compromise 
the stability of the elbow joint. 

The injury is relatively less common in children 
because of its peculiar shape, it is shorter and thicker and 
much stronger than the lower end of the humérus. 

The olecranon may be fractured by any of the 
foliowing mechanisms: 

1. The most common mechanims is the fall on the 
outstretched hand with the elbow semiflexed and 
forearm supinated. During the fall, as the hand strikes 
the ground, the powerful and taut triceps muscle 
snaps the olecranon over the lower end of the 
humérus which acts as a fulcrum. 

2. The next common cause is fall or injury on the point 
of the elbow (direct trauma). 

3. The olecranon may be fractured by an indirect injury 
such as hyperextension injury or by muscular force 
as in discus throwing. 

Classification 

Many classifications hâve been proposed. 

Wadsworth (1982) 13 has given the folio wing classi¬ 
fication of fractures of the olecranon, based on the size of 
the fragments: 

Type I Avulsion of a small fragment 

Type II Fracture with a large proximal fragment 

Type III Comminuted fracture 

Type IV Distal fracture with instability of the radius 
and ulna. 

In type IV injury, the proximal fragment is more than 
50%, of the olecranon. 

Colton's classification (1973) 4 is a relatively simple 
classification which can be used to décidé the correct 
treatment in a given case. It is based on the anatomy of 
the fracture and correlates with the mechanism of injury. 
This classification is useful and is widely used (Fig. 1). 



Figs IA to D: Colton’s classification of the fractures of the 
olecranon: (A) avulsion fracture, (B) oblique fracture, (C) commi- 
nuted fracture, and (D) fracture dislocation 

1. Undisplaced fractures. 

2. Displaced fractures 

a. Avulsion fractures 

b. Oblique/transverse fractures 

c. Comminuted fractures 

d. Fractures dislocation. 

Transverse or short oblique fracture is usually an 
avulsion fracture and results from an indirect trauma. 

Comminuted fracture occurs due to direct trauma and 
may often be an open fracture. 

The displacement in transverse and short oblique 
fracture occurs due to the pull of the triceps muscle, which 
pulls the proximal fragment proximally. The séparation 
of the fragments is generally prevented by the strong 
fibrous covering over the olecranon. The displacement 
occurs only when this fibrous covering is ruptured. 

A fracture-dislocation results when the injury to the 
elbow is severe (Colton, 1973). 4 In this injury, the proximal 
fragment of the olecranon is displaced posteriorly while 
the distal fragment, along with the head of the radius, is 
displaced anteriorly. This is a far more serious injury, 
where the olecranon must be stabilized adequately. 

The Mayo classification of olecranon fractures 
distinguishes three factors that hâve a direct influence 












Injuries Around Elbow 1951 


on treatment. (1) fracture displacement, (2) comminution, 
and (3) ulnohumeral instability. 

Type I fractures that are non-displaced or minimally 
displaced are either noncomminuted and are treated non- 
operatively. 

Type II fractures feature displacement of the proximal 
fragment without elbow instability these factures require 
operative treatment. Type IIA fractures (without 
comminution) are usually treated with tension band wire 
fixation. When the fracture is oblique an ancillary 
interfragmentary compression screw can be added. 
Type IIB fractures are comminuted and require plate 
fixation. 

Type III fractures feature instability of the ulno humerai 
joint complex, including fragmentation of the olecranon, 
fragmentation extending into the ulnar diaphysis and 
fracture of the coronoid. Associated collateral ligament 
injury is unusual. 

It is now recognized that both simple olecranon fractures 
associated with other fractures or ligament injuries and 
comminuted olecranon fractures are better treated with a plate 
and screws than with simpler technique intended for simple 
olecranon fractures. 

The most common mistake is the failure to distinguish a 
simple fracture at the transverse groovefrom a fracture more 
distal or complex , where a tension band technique will likely 
fait. 

Diagnosis 

There is a history of injury or fall followed by pain and 
swelling of the elbow. The movements are restricted and 
painful. There is tenderness and swelling of the elbow, 
particularly posteriorly. The elbow is in an attitude of 
semiflexion. In the displaced fractures, there is a soft 
fluctuant and tender swelling over the olecranon, and a 
gap can be felt at the fracture site. The patient cannot 
actively extend the elbow. However in undisplaced 
fracture, the patient may be able to extend the elbow. In 
that case local tenderness is the main sign. 

A careful évaluation for ulnar nerve injury, if any, 
should be made since ulnar nerve injury may be 
associated with comminuted fractures. 

A radiographie examination will confirm the diag¬ 
nosis and also rule in or out any associated dislocation/ 
injury. A strict latéral view of the elbow is most important, 
otherwise, the diagnosis may be missed. A latéral view 
gives information about the displacement of the 
fragments, comminution and also about the stability of 
the elbow. An anteroposterior view is useful in delineat- 
ing a fracture line in the sagittal plane (Figs 2A and B). 



Figs 2A and B: Radiograph of the elbow—anteroposterior and 
latéral view. Although latéral view is most important to diag¬ 
nose fracture of the olecranon, an anteroposterior view shows 
a fracture line in the sagittal plane 

When additional information about fractures of the 
radial head or coronoid may influence decision making, 
computed tomography (CT) is useful. By using such 
images, the preoperative planning will be more accurate. 

Treatment Options 

Conservative Treatment 

Conservative treatment is indicated only in undisplaced 
fractures of the olecranon. The limb is immobilized in an 
above-elbow plaster-of-Paris cast with the elbow in 90° 
of flexion for a period of 3 to 6 weeks. However, one 
should make sure, by taking a check radiograph, that 
flexion at the elbow has not displaced the fracture 
fragments. 

Conservative treatment has little rôle in the manage¬ 
ment of displaced fractures of the olecranon, because it 
results in fibrous union since the fragments cannot be 
brought together accurately. If long fibrous union occurs 
between the fracture fragments, it may weaken the power 
of extension of the triceps. Moreover, the réduction thus 
obtained is stable in a position of full extension at the 
elbow. Immobilization of the limb with the elbow in full 
extension for a period of 6 weeks is not désirable since it 
may resuit into permanent stiffness of the elbow. 
Inaccurate réduction of the fracture with incongruity in 
the articular surface may resuit in early osteoarthritis of 
the elbow. 

Therefore, the displaced and unstable fractures are 
best treated by open réduction and internai fixation. 
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Operative Treatment 

These are basically two broadly accepted methods of 
treatment of displaced fractures of the olecranon: 

1. Open réduction and internai fixation by one of the 
several methods 

2. Excision of the proximal fragment and repair of the 
triceps. 

Open réduction and internai fixation of the olecra- 
nonfracture is indicated: 

i. in displaced fractures, and 

ii. if closed réduction has failed to obtain or maintain 
satisfactory réduction. 

The aim of operation is to restore a congruous arti- 
cular surface and continuity in the insertion of the triceps 
brachii tendon. 

Circlage wiring: Fractured fragments circlage wiring is 
an old method of treatment. This has now been replaced 
by tension band wiring. 

Tension band wiring: Two K wires are used as an internai 
splint to offset the rotational and angular displacement 
forces. The K wires are placed in parallel and extend in a 
proximal dorsal to distal anterior direction to just catch 
the anterior cortex of the ulna distal to the fracture line. 

The tension wire is carefully tightened with the elbow 
in extension. It is suggested that both sides of the figure 
of eight wire loop be twisted. A transverse fracture with 
dépréssion of the articular surface should hâve the 
articular surface elevated and, if possible, secured with 
an interfragmentary screw. At times, cancellous bone will 
be needed to support the articular restoration. Such bone 
is readily available from the latéral epicondylar area of 
the distal end of the humérus. 

Oblique fractures should hâve, whenever possible, an 
interfragmentary lag screw placed across the fracture line. 
This compression screw can be neutralized against 
rotational or translational forces either by a tension band 
wire or by a dorsally applied plate. This method of 
internai fixation, developed by the AO group (Muller et 
al, 1970), 11 is quite different from the conventional circlage 
wiring. The basic principle of this technique is to convert 
the tensile forces, acting at the fracture site, into 
compressive forces. This is achieved by passing a wire 
loop in figure-of-8 fashion across the fracture site which 
is anchored to two Kirschner wires placed longitudinally 
in the olecranon (Fig. 3). 

After open réduction, the fracture is fixed by tension 
band wiring. This technique is indicated not only for 
transverse or short oblique fractures but also for 
comminuted fractures with a large third fragment 
(Colton, 1973, Dliyannis, 1973, Kotwal et al, 1988). 4,5,9 In 
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Fig. 3: The olecranon viewed from the posterior surface with 
the tension band wiring in situ (diagrammatic représentation) 

the latter situation, the third fragment can be fixed by 
Kirschner wire which can be incorporated in the figure- 
of-eight loop of the wire. Occasionally, the butterfly 
fragment is fixed with a lag screw, and the main 
fragments are fixed by tension band wiring (Figs 4A and 
B). Here, the tension band wire acts as a neutralization 
wire. 

Tension band wiring has the advantage that early 
mobilization of the elbow can be started, usually two 
weeks after the surgery. However, rétrogradé extrusion 
of the Kirschner wires is occasionally a problem. There 
develops a painful bursa over the tip of the olecranon 
giving rise to pain. However, this problem can be 
overcome with early removal of the Kirschner wires. 

Open réduction and internai fixation with screws: This does 
not work as well as parallel K wires to control rotation. 
Furthermore, that shortens the distance between the 
articular surfaces of the olecranon and coronoid process. 

After exposing the fracture site, the fracture is reduced 
under direct vision, and a screw is passed from the tip of 
the olecranon distally into the ulna across the fracture 
site (Fig. 5). This technique is best suited for transverse 
or oblique fractures, but not for comminuted fractures. 

Zuelzer plate: Zuelzer (1951) 14 first reported a hook plate 
for the fixation of fractures in which one small fragment 
was separated from the main fragments. Good results 
hâve been reported with this plate, regardless of the 
degree of comminution, the obliquity of the fracture or 
the âge of the patient. However, we hâve no expérience 
of this method of fixation. 
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Figs 4A and B: (A) Comminuted fracture of the olecranon, and 
(B) the fracture fixed by tension band wiring with the butterfly 
fragment fixed by a lag screw 



Fig. 5: An oblique fracture of the olecranon 
fixed by an AO lag screw 


Plating: Displaced comminuted fractures that extend to 
include the coronoid process présent the most difficult 
of ail olecranon fractures to treat by internai fixation. 
These fractures can be associated with instability of the 
elbow. Because of the comminution, the tension band 
wiring technique will not be effective for these fractures. 

These fracture patterns typically include a triangle- 
shaped coronoid fragment, which is important for 
stability. It is wise to fix this fragment with an inter- 
fragmentary compression screw and work through the 
main fracture line for exposure. External fixation applied 
through a wire driven through the olecranon fragment, 
up into the trochlea and a second wire in the distal ulnar 
diaphysis can often obtain réduction indirectly when 


distraction is applied. Once this fragment is reduced, the 
main olecranon fracture is stabilized. 

Cancellous bone graft should be used to help support 
the articular reconstruction and to fill in any defects in 
the cortex opposite the plate. 

When a plate is applied to the proximal ulna, it should 
be contoured to wrap around the proximal aspect of the 
ulna. Bending the plate around the proximal aspect of 
the olecranon provides additional screws in the proximal 
fragment. In addition, the most proximal screws are 
oriented orthogonal to more distal screws. Finally, the 
most proximal screws can be very long screws Crossing 
the fracture line into the distal fragment. 

A plate applied to the dorsal surface of the proximal 
ulna also has several advantages over plates applied to 
the médial or latéral aspects of the ulna. Placing the plate 
along the fiat dorsal surface can assist with obtaining and 
monitoring réduction. The dorsal surface is in the plane 
of the forces generated by active elbow motion so that 
the plate functions to a certain extent as a tension band. 
Finally, dorsal plate placement requires very limited soft 
tissue stripping. 

Pearls 

• Médial facet coronoid fractures may need direct 
médial fixation. 

• Restoration of the coronoid and olecranon processes 
is critical. 

Exposure of the coronoid: A médial exposure, between 
by splitting the flexor-pronator mass more anteriorly may 
be needed to address a complex fracture of the coronoid, 
particularly one that involves the anteromedial facet of 
the coronoid process. 

The fracture of the coronoid can often be reduced 
directly through the elbow joint using the limited access 
provided by the olecranon fracture. 

Plating of a Comminuted Olecranon Fracture 6 

A tubular AO plate or a narrow dynamic compression 
plate (DCP) can be used for fixation of oblique or 
comminuted fractures, where an interfragmentary screw 
can be inserted into a large butterfly (Figs 6 and 7). 

Excision of the proximal fragment: Excision of the 
proximal fragment and repair of the triceps tendon is 
indicated if: 

i. the proximal fragment is badly comminuted, 

ii. the proximal fragment is very small, and 

iii. the fracture occurs in an elderly person. 

The resection should be limited to about 30%. The 
suggested anterior translocation of the ulnar nerve at the 
time of excision of the olecranon fragment. 





1954 Textbook of Orthopedics and Trauma (Volume 2) 



Figs 6A and B: Plate fixtion protects the fracture from valus/valgus or torsional stress at the fracture site 



Fig. 7: A comminuted fracture of the olecranon fixed by an AO 
plate, with an interfragmentary screw in the third fragment 


While excising the olecranon process, the coronoid 
and the anterior soft tissues should be left intact. The 
triceps tendon should be reattached to the distal frag¬ 
ment with nonabsorbable sutures. 

It is contraindicated if there is an associated fracture 
dislocation of the elbow with anterior displacement of 
radial head and shaft of ulna. 

Excision of the proximal fragment and repair of the 
triceps is an easy procedure and may give satisfactory 
results in patients who are not heavy manual laborers. 
However, some weakness and posteromedial instability 
of the elbow may persist (mcKeever and Buck, 1947, 
Gatssman et al, 1981). 8,10 Weakness of the triceps may 
also resuit since the blood supply to the tendon is 
tampered with (Brodpord, 1969). 3 

Moreover, the ulnar nerve becomes more vulnérable 
to trauma when the proximal fragment is excised 
(McKeever and Buck, 1947). 10 

‘LOCKING COMPRESSION PLATES’ 

Locking compression plates or internai fixators are very 
useful in comminuted type of fractures (especially in old 


with osteoporotic bone). These plates maintain length of 
ulna and provide firm fixation. 

Postoperative Régime 

The postoperative régime following any of the methods 
described above is more or less similar. After surgery, 
the limb is immobilized in an above-elbow-plaster slab 
with the elbow in 90° flexion. In cases of screw fixation 
and excision of the proximal fragment, the slap is 
discarded after three weeks, and the elbow is mobilized 
by active and passive exercises. However, the mobiliza- 
tion of the elbow may be started after two weeks only 
after tension band wiring. Continuous passive motion 
(CPM) machines may be used wherever feasible. 

Prognosis 

If good anatomical réduction is achieved and adequately 
immobilized, firm bony union occurs with good 
functional resuit. 

Complications 

Nonunion 

Union radily occurs in fractures of the olecranon and 
therefore nonunion is rare, unless, of course, if the fracture 
has not been reduced, and a gap persists between the 
fragments. Loss of réduction is an uncommon complica¬ 
tion and more likely to occurs as a resuit of misdiagnosis 
when a Monteggia type injury with a proximal ulnar 
fracture is mistaken for a simple olecranon fracture. In 
this situation, the tension band is poorly suited to resist 
the angular forces acting at the fracture site, and re¬ 
displacement often occurs. Treatment by révision to a 
dorsally applied plate is usually successful. 
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Arthritis 

Inaccurate réduction with incongruity of the articular 
cartilage may eventually resuit into secondary osteo- 
arthritis with pain and disturbance in function. 

Loss of Motion 

Stiffness of the elbow or limited motion at the elbow may 
resuit if the elbow is immobilized for a longer period. 

Instability 

Instability of the elbow may resuit when there is an 
associated fracture of the coronoid process and the 
proximal fragment of the olecranon has been excised. 
Therefore, it is mandatory that one should try to fix the 
olecranon fracture when there is an associated fracture 
of the coronoid. 

Dinar Nerve Palsy 

Ulnar nerve neuritis has been reported in about 10% of 
the patients (Eriksson et al, 1957)7 It usually improves 
spontaneously without any definite treatment. Ulnar 
nerve palsy has been reported by many (Aider et al, 1962, 
Edmonson, 1974, Olli et al, 1978). 1 ' 6 ' 12 

Ulnar neuropathy is an important and increasingly 
recognized sequel of complex elbow trauma. Patients 
who struggle with flexion during the postoperative 
period and hâve hypersensitivity or complaints of pain 
greater than expected should be carefully evaluated for 
symptoms and signs of ulnar neuropathy. 

On occasion, a patient who initially is recovering well 
will lose motion and hâve increased pain between 4 and 
6 weeks after injury concomitant with signs and 
symptoms of ulnar neuropathy. Patients with this type 
of subacute ulnar neuropathy might benefit from ulnar 
nerve release. 15 Chronic ulnar neuropathy can respond 
to ulnar nerve release. 
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208.3 Sideswipe Injuries of the Elbow 

PP Kotwal 


Surgical Anatomy of the Elbow Joint 

The elbow joint is a hinge type synovial joint formed by 
the lower end of humérus and the upper ends of the 
radius and ulna. It also communicates with the superior 
radioulnar joint. 

The lower end of the humérus has the following 
structures from its latéral to médial side: latéral épi¬ 
condyle, capitulum, trochlea and médial épicondyle 
(Fig. 1). The latéral épicondyle gives origin to the common 
extensor muscles of the forearm. The capitulum resembles 
a portion of a sphere and has an articular surface to 
articulate with the head of the radius. The trochlea also 
has an articular surface which articulâtes with the 
sigmoid fossa of the upper end of the ulna. The médial 
edge of the trochlea extends a little more distally than 
the capitulum and thus accounts, in part, for the "carrying 
angle" of the elbow (Fig. 1). The médial épicondyle gives 
origin to the common flexor muscles of the forearm. The 
lower end of the humérus has two fossae anteriorly and 
one fossa posteriorly. Anteriorly, the fossa immediately 
above the capitulum receives the head of the radius in 
full flexion, and the fossa above the trochlea receives the 
coronoid process of ulna in full flexion. Posteriorly, the 
deep fossa receives the olecranon process in full 
extension. The capitulum, trochlea and the fossae just 
above them, both anteriorly and posteriorly, are intra- 
articular structures. Both the épicondyles are not covered 
by the capsule of the elbow joint. 



Fig. 1 : Valgus tilt at the lower end of the humérus which 
contributes to the “carrying angle” 



Fig. 2A: Lower end of the humérus has an anterior 
angulation 30° which is called as Bowman’s angle 



Fig. 2B: Posterior angulation of the upper end of the ulna which 
receives the anteriorly angulated distal articular surface of the 
humérus 

The lower end of the humérus has an anterior 
angulation of about 30° which forms the Bowman's angle 
(Fig. 2A). This coincides with the posterior angulation of 
30° at the upper end of ulna (Fig. 2B). 

The upper end of the head of the radius has a concave 
articular surface to fit against the corresponding convex 
surface of the capitulum. 

The upper end of the ulna has a deep sigmoid fossa 
which terminâtes anteriorly into a smaller projection 
called coronoid process and posteriorly into a much 
heavier and bigger process called as olecranon. The 
sigmoid fossa articulâtes with the trochlea. The obliquity 
of the shaft of ulna at the upper end accounts for most of 
the carrying angle of the elbow. The capsular attachment 
at the upper end of ulna is up to the edge of the articular 
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Figs 3A and B: (A) Ulnar collateral ligament, and 
(B) Radial collateral ligament 


cartilage of the sigmoid fossa. On the latéral side, it is 
attached to the annular ligament of the superior 
radioulnar joint only and is not attached to the radius. 

The capsule of the elbow joint and the annular liga¬ 
ment are lined with synovial membrane which is attached 
to the articular margins of ail the three bones. 

The bones of the elbow joint are held together by 
strong ligaments. The ulnar collateral (médial) ligament 
(Fig. 3A) is triangular in shape. Its anterior band, which 
is the strongest, extends from the médial épicondyle of 
the humérus to a tubercle on the médial border of the 
coronoid process. The posterior band extends from the 
médial border of the olecranon to the tubercle on the 
médial border of the coronoid. The middle band connects 
the médial épicondyle of the humérus to the médial 
border of the olecranon and forms a floor for the ulnar 
nerve as it passes from the arm to the forearm. The radial 
collateral (latéral) ligament (Fig. 3B) is a flattened band 
which is attached proximally to the latéral épicondyle of 


the humérus just below the common extensor origin, and 
distally it merges with the annular ligament of the head 
of the radius. The annular ligament of the head of the 
radius is attached medially to the margins of the radial 
notch of the ulna. It keeps the head and neck of the radius 
close to the ulna in the superior radioulnar joint. It has 
no attachaient to the radius, which can rotate freely inside 
the annular ligament. 

The nerve supply to the elbow joint cornes from the 
musculocutaneous, médian, ulnar and radial nerves. 

The simple hinge movements of flexion and exten¬ 
sion are possible at the elbow joint. These movements do 
not take place in the line of the humérus since the axis of 
the hinge lies obliquely. The extended ulna makes an 
angle of about 170° with the humérus, constituting what 
is called as the "carrying angle". This "carrying angle" 
fits the elbow into the waist when the arm is by the side 
of the trunk. It is obvious that usually the carrying angle 
is more in women. However, the carrying angle gets 
obliterated when the elbow is in flexion and forearm in 
full pronation, which is usually the working position. 

Sideswipe Injuries 

Mechanism of Injury (Fig. 4) 

Sideswipe injury is sustained when a passenger, or 
usually the driver, sits with his arm resting on the window 
frame of the car, with his elbow projecting out from the 
car window. The projecting elbow gets a direct blow from 
an automobile going in the opposite direction or from 
some overhanging projection. This injury was common 
in the early 1940s and was thought to be due to driving 
in a small car which had no room to move, and therefore, 
it was called as "the baby-car fracture" (Watson-Jones, 
1946). 3 It was also termed as a "car window elbow", a 
"driver's seat fracture" or a "traffic elbow" (Highsmith 
and Phalen, 1946). 1 The Americans named it as 



Fig. 4: Mechanism of injury 
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Figs 5A and B: AP and latéral views of a case of sideswipe 
injury showing united fractures of humérus and forearm bones 
with ankylosis of the elbow 


"sideswipe injury". Although this injury has now become 
less common in the developed countries due to the 
improved designs of the car, air-conditioning and the 
better road conditions, it is still not uncommon in the 
developing countries. 

Pathology 

After understanding the mode of injury, one can easily 
visualize the possibilities of the injury, which can range 
from a few mere scratches to a most serious and disabling 
traumatic amputation. In most cases, however, a badly 
mutilated forearm and elbwo results, with compound 
fractures of the bone around the elbows (Figs 5 A and B) 
as well as an avulsion loss of soft tissues, including blood 
vessels and nerves (Highsmith and Phalen, 1946). 

The problems associated with sideswipe injury are: 

i. Multiple fractures and dislocations around the 
elbow, 

ii. Skin loss and soft tissue injury, and 

iii. Injury to the nerves and vessels. 

Multiple Fractures and Dislocations 
Around the Elbow 

There is no definite pattern of skeletal injuries in a 
sideswipe injury. However, the combination of injuries 
is quite constant. There is always a comminuted fracture 
of the olecranon, anterior dislocation of the upper end of 
the both bones of forearm, fracture of the shaft of ulna 
and a fracture of the midshaft of the humérus. 

Skin Loss and Soft Tissue Injury 

The fractures and/or dislocations are usually compound 
with loss of skin and extensive damage to the soft tissues. 


Injury to Nerves and Vessels 

Nerve injuries are also commonly seen in the sideswipe 
injuries. The nerves commonly involved in the lacerated 
wounds are radial and ulnar nerves. Usually, there is loss 
of nerve segment along with the soft tissues. There may 
be an associated injury to the vessels with loss of a 
segment. 

Treatment 

There is no standard protocol of treatment in the 
literature, as the injuries range from a simple fracture to 
multiple fractures and/or dislocations and even 
complete/partial amputation of the arm. Literature 
review on sideswipe injuries show case reports only. The 
studies mainly focus on individualized management with 
particular reference to the soft tissues. 5,6 Korner et al 7 
hâve reported of spontaneous régénération of the distal 
third of humérus after proper management of soft tissues 
with external fixator stabilization and minimal internai 
fixation. Therefore, the treatment in each case must 
necessarily be individualized. However, in the 
management protocol, it is advisable to treat the bony 
injuries by early internai or external fixation (Fig. 6). 

The management of soft tissue injuries and bony 
injuries should go simultaneously. Figure 7 illustrâtes a 
case where an unacceptable deformity of the upper 
extremity resulted because the bony injuries were not 
stabilized. Priority was given for soft tissue management 
only. 



Fig. 6: An example of the pattern of fractures in sideswipe 
injury and treatment by early fixation 
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Fig. 7: Sideswipe injury treated by abdominal flap for soft tissue coverage. 
However, skeletal stabilization was not done (8 months post injury) 


The management of sideswipe injury, however, has 
improved considerably with the advent of newer 
antibiotics, modem surgical techniques and various soft 
tissue coverage procedures. 

Principles of Treatment 

The principles of treatment are as follows: 

1. Thorough debridement of the wound. 

2. Accurate réduction and stabilization of the skeletal 
injuries, as far as possible. 

3. Delayed closure or soft tissue coverage procedures, 
including various skin flaps. 

4. Reconstructive surgery for nerve injuries. 

5. Motion, as soon as possible. 

Debridement of the wound: The wound is thoroughly 
debrided. The contaminants and devitalized bone and 
soft tissues are excised. An aggressive lavage, preferably 
with an antibiotic solution helps to remove the 
contaminants and also minimizes the risk of infection. 

Stabilization of skeletal injuries: The dislocation should be 
reduced and similarly the fractures, particularly the intra- 
articular components, should be reduced accurately as 
far as possible. The fractures may be stabilized by internai 
fixation or better still, in the presence of skin loss and 
extensive soft tissue injuries, by an external fixator. 
External fixator allows daily dressings, wound inspection 
regularly and also subséquent skin coverage procedures. 

Since this injury has multiple fractures and dis¬ 
locations, as discussed earlier, an attempt to correct ail 
displacements at one go may resuit in correcting none. 


Therefore, it is advisable to concentrate first on the injuries 
of the elbow. The dislocation of the elbow must take 
priority over other injuries. The dislocation must be 
reduced immediately. Similarly, the fracture of the 
olecranon must also be treated first by open réduction 
and internai fixation with an attempt to restore the 
articular surface to the maximum. The displacements of 
the fractures of upper ends of forearm bones must be 
corrected. The fractures of shaft of ulna and humérus may 
be dealt with at a later date or may be incorporated in an 
external fixator. 

Injury to the vessels: Wherever possible, the vessels may 
be repaired or a venous graft may be used to achieve 
revascularization. 

Injury to the nerves: If the wound is not grossly contami- 
nated and if a good primary skin cover is possible, the 
nerves should be repaired primarily, or else the eut ends 
of the nerves should be tagged to the surrounding tissues, 
to prevent retraction, and should be left for secondary 
grafting procedures at a later date. 

Soft tissue/skin coverage: In the absence of infection, 
delayed closure of the wound may be carried out after 
about one week. If closure is not possible due to skin loss, 
split-thickness skin grafting (STSG) may be an easy 
solution. However, in cases of extensive soft tissue loss 
with bone exposed, a full thickness skin grafting is 
mandatory. Pedicled flaps or free flaps obtained from 
groin, abdomen, latissimus dorsi may be a good choice 
(Fig. 8). 
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Fig. 8: A case of sideswipe injury where split, thickness skin 
grafting (STSG) and abdominal flap has been done 


Amputation: It is indicated, though rarely, only in the 
cases of severe neurovascular injury which is irréparable. 
When indicated, amputation is usually done at the level 
of the fracture site in the humérus. According to earlier 
reports (Wood, 1941), 4 amputation used to be indicated 
in almost 50% of the cases. However, today, the advent 
of microvascular surgery, revascularization and various 
skin flaps has changed the scénario, and amputation may 
be required less commonly. 

Reconstructive surgery: Injury to the nerves occurs as a 
part of the soft tissue injury. Usually, there is loss of a 
segment of the nerve or gross lacération of the nerve. 
Presence of wound (sometimes a contaminated wound) 
makes early repair of the nerve impossible. 

It, therefore, becomes necessary to take up a recon¬ 
structive procedure, in the form of tendon transfers, at a 
later date, where recovery from nerve rapair/ grafting is 
not expected. 


Prosthetic replacement: Kuur and Kjaersgaard-Andersen 
(1988) 2 has reported the use of a custom-made endo- 
prosthesis to bridge the gap between an avulsed humérus 
and ulna. However, a good musculature in the arm and 
forearm along with a viable skin cover is mandatory to 
carry out this procedure. 

Réhabilitation: Active exercises of the elbow, with an 
emphasis on extension, are begun after about one week. 
The flexion exercises are usually started after the second 
week. Forceful passive movements should not be given 
for the fear of hétérotopie bone formation and stiffness 
of the elbow. Continuons passive motion (CPM) may be 
used wherever feasible. Splints may be used to prevent 
to reduce the flexion contractures at the elbow joint. 
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Dislocations of 
Elbow and 
Récurrent Instability 


PP Kotwal 


Injuries of the elbow are common. Acute trauma may 
cause fracture around the elbow, or dislocation or fracture 
dislocation. Recently mechanism of instability, classi¬ 
fication of instabilities and their management hâve been 
extensively studied. Our knowledge of these injuries has 
greatly improved. 

Biomechanics 

Three primary stabilizers of elbow are the ulnohumeral 
articulation, médial collateral ligament (MCL) and latéral 
collateral ligament (LCL), especially the ulnar portion or 
the latéral ulnar collateral ligament (LUCL) (Fig. 1). 


Elbow stabiîity 

Primary and secondary constraints 



to atl constraints 

Fig. 1 : Primary stabilizers are latéral collateral ligament, médial 
collateral ligament and ulnohumeral joint. Secondary stabilizers 
are radial head, common flexor and extensor origins and 
capsule 


The radial head, common flexor and extensor origins 
are secondary constraints. Coronoid process plays an 
important rôle in instability. 

If the coronoid is fractured, the radial head becomes 
a critical stabilizer. Therefore, the radial head must not 
be removed from dislocated elbows in which the coronoid 
is fractured unless secure fixation of the coronoid and 
ligaments can be achieved. The LCL is the primary 
constraint to postérolatéral rotatory instability. Ulnar LCL 
is the main ligament. MCL is also a strong ligament. 

Acute Traumatic Elbow Instability 

Acute traumatic elbow instability occurs in four basic 
forms. (1) Postérolatéral rotatory instability. (2) postero- 
medial rotational instability ( anteromedial coronoid facet 
fractures) (3) Valgus instability (4) Simple dislocation 
without fracture. Identification of the spécifie pattern of 
traumatic elbow instability will indicate the geometry of 
the fracture and facilitâtes treatment. 

Mechanism of Injury 

The soft tissue issue injury proceeds from latéral to 
médial, with the anterior band of the MCL being the last 
structure injured. 

Falls on the outstretched hand is common and often 
occur during sport participation. Dislocation or fracture— 
dislocations may occur most commonly occur during 
motor vehicle accidents or falls from height. 

According to Shawn, in most cases, the elbow 
dislocates instead of fracture because the coronoid and 
radial head are rotated away from the distal humérus 
before sufficient axial load occurs to cause a fracture. 
Understanding this concept is key to understanding how 
the different patterns of fracture-dislocation fit into the 
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overall mechanism of elbow dislocation. 1 If the coronoid 
and radial head fail to rotate sufficiently away from the 
trochlea and capitellum (i.e. into external rotation and 
valgus position), the tip of the coronoid and possibly the 
margin of the radial head will be fracture, an injury 
otherwise known as the terrible triad. 

Elbow dislocations that are associated with one or 
more intraarticular fractures, are at greater risk for 
récurrent or chronic instability. 

This is the most difficult fracture to treat. 

LCL complex fails by avulsion from the latéral 
épicondyle in more than 75% of patients with elbow 
dislocations. 

Acute Traumatic Instability 

1. Acute postérolatéral rota tory instability 2 is the most 
common type and typically présents as dislocation, a 
fracture-dislocation, or a fracture- subluxation. A small 
flake fracture involving just the tip of the coronoid 
suggests sinister dislocation of elbow. 

Even an isolated coronoid fracture that involves 
more than approximately 2 mm of the coronoid 
should be investigated and is a cause for concern. 

2. Acute valgus instability: Rupture of the MCL and, 
usually, with a fracture of the radial head, is a distinct 
entity, separate from dislocation. If the radial head is 
excised, the elbow is at high risk of remaining 
permanently unstable in valgus and when there is 
isolated radial head fracture MCL . Acute rupture of 
the MCL can occur in overhead athlètes may resuit in 
chronic valgus instability. 

3. Acute Varus posteromedial instability should be 
carefully studied. Rotation moments during axial 
loading of the flexed elbow produce a fracture of the 
anteromedial coronoid and disruption (usually 
avulsion) of the LCL. 3 In ulnohumeral joint incong- 
ruity, which can lead to prématuré post-traumatic 
arthritis. 

4. Acute simple dislocation: Most commonly the elbow 
displaces in postérolatéral rotation. Simple elbow 
dislocation occur s by a fall on outside stretched hand. 

Signs and Symptoms 

In accute injury, the patient présents with pain ecchy- 
mosis, swelling and deformity. Neurovascular injuries 
are uncommon. 

Treatment of Acute Instability 

Ail the types of acute instabilities except the terrible triad 
are treated by manipulative réduction and posterior 
splint.Torn ligaments heal if the réduction is maintained 
for 3 weeks. 


Simple elbow dislocation: Most simple elbow dislocations 
are stable after manipulative réduction. Elbow can be 
reduced by applying traction across the elbow with the 
elbow flexed at 90°, and lever the olecranon over the 
distal humérus with direct pressure. The stability checked 
by elbow movements. A posterior splint immobilizing 
the elbow in 90° of flexion and the forearm in neutral 
rotation is applied for comfort and discarded within 
2 weeks of injury.Ail the torn ligaments MCL,ULCL, and 
capsule-heal well if elbow réduction is maintained for 
2-3 weeks. 

Treatment of Unstable Dislocation 

If after réduction of acute instability the elbow dislocates 
inspite of the posterior splint, it is an unstable dislocation. 
This is an indication for operative treatment. 

The treatment options for unstable dislocation are 

1. Open relocation and repair of soft tissues back to 
the distal humérus. 

Soft-tissue repair—LCL and common extensor 
origin need to be repaired. The tendon is used to 
replace the LCL by drill holes in the distal humérus 
and proximal ulna. 

2. Hinged external fixator: Even in delayed présen¬ 
tation of subluxation of elbow, if the elbow- 
reduction is maintained for 3 weeks, the ligaments 
heal and elbow becomes stable. This is the 
rationale of hinged external fixator. 

3. Pinning from humérus to ulna to maintain 
réduction. 

TERRIBLE TRIAD 

The terrible triad fracture dislocation: The terrible triad 
consists of (1) coronoid fracture (2) fracture of the radial 
head (3) dislocation of the elbow. This is a dangerous 
combination leading to récurrent instability of the elbow. 
The results are poor. 

CT scan should be obtained for assessment. The 
treatment of terrible triad is surgical repair of coronoid 
and the anterior capsule. Repair or replacement of the 
radial head and reconstruct of LCL. 

Coronoid process can be approached by a latéral 
exposure or a single midline posterior longitudinal 
incision, passing the coronoid sutures.The approach is 
médial side of the elbow in case the ulnar nerve or MCL 
needs to be addressed or a hinged external fixator will 
be applied. 

Radial wrist extensors are elevated the LCL is usually 
avulsed from the latéral épicondyle. The coronoid is 
repaired with sutures passed through drill holes in the 
ulna. The radial head is not excised but is fixed with 
screws. The LCL is repaired reconstructed with palmaris 
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Figs 2A to H: (A and B) 40 years old farmer met with an vehicular accident. X-ray shows fracture of the coronoid process, 
fracture radial head and dislocation of the elbow. A case of terrible triad of fracture dislocation of elbow (C and D): This was 
treated with open réduction. The small piece of head was removed. The coronoid process was sutured to the ulna and the 
fracture was reduced. The approach to the ulnar coronoid was taken by anterior approach. The radial nerve and posterior 
interosis nerve were identified. During postoperative period elbow was found to be unstable and subluxated. It was reduced and 
hinged orthofix external fixator or applied for a period of 6 weeks. (E and F) X-rays after removal of the fixator good réduction and 
elbow is stable. (G and H) Immediately after removal of external fixator, the movements were 22 to 90° 


longus tendon. The elbow is tested for stability. Hinged 
external fixator is added. Another option is use of cross- 
pin in the elbow (Figs 2A to H). 

X-rays should be taken every 5 to 7 days for the first 
3 weeks will detect any subluxation or dislocation. 


Complications of Terrible Triad 

The complications after repair of terrible triad are 
instability arthrosis, stiffness, hetrotopic ossification and 
ulnar neuropathy. 
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The two main complications of simple dislocation (no 
fractures) are stiffness due to contracture of soft tissue., 
contractures and récurrent instability. Stiffness can be 
minimized by starting early motion. 

Stiffness is directly related to the duration of 
immobilization and is predictable. 

Récurrent Elbow Instability 

Récurrent elbow instability is almost always postéro¬ 
latéral rotatory instability. 

Causes of Récurrent Elbow Instability 

1. Acute dislocation is a common cause, if there is a 
history of dislocation. 

2. Radial head excision, latéral release for tennis elbow 
other latéral elbow surgery, due to violation of the 
ulnar part of the LCL) are other causes 

3. Chronic soft-tissue stretching, répétitive overload and 
long standing cubitus varus deformity from childhood 
supracondylar malunions are probably more common 
than previously believed. 

Postérolatéral rotatory subluxation is the most 
common cause of récurrent elbow instability. The ulnar 
part of the LCL is usually detached or attenuated. The 
anterior collateral ligament is usually intact. Although 
why the LCL is less likely to heal than the MCL is not 
clear. Symptoms include récurrent painful clicking, 
snapping, clunking or locking of the elbow. 

Récurrent instability is typically caused by a previous 
dislocation. 

Assessment of Récurrent Instability 

The elbow is examined for valgus, varus, and postéro¬ 
latéral rotary instability. Valgus testing is performed with 
the elbow fully pronated so that postérolatéral rotatory 
instability is not mistaken for valgus instability. 

Stress radiographs are indicated. Valgus and varus 
views, along with supination and pronation views detect 
postérolatéral rotatory instability. 

The most important fracture-dislocation, is a 
dislocated elbow with fractures of the coronoid and radial 
head, The injury usually occurs because of postérolatéral 
or varus-posteromedial rotatory instability. 

Patient with isolated coronoid fractures should be 
evaluated for potential instability or joint incongruity. 

Tests for récurrent instability are: 

1. The postérolatéral rotatory appréhension test, 

2. Pivot-shift of elbow 

3. Test postérolatéral rotatory drawer test, and 

4. Stand-up test. 



Fig. 3: The latéral pivot-shift test of the elbow for postérolatéral 
rotatory instability is performed with the patient supine and the 
arm overhead. A supination/valgus moment is applied during 
flexion causing the elbow to subluxate maximally at about 40° 
of flexion, (modified from O.D’scroll JBKS 1991-73-40) 

Appréhension and Pivot Shift Test 4 

This test is similar to the pivot shift test of knee joint. The 
patient is supine. The affected extremity is over head. 
Elbow is supinated and valgus stress is applied to the 
elbow during flexion. This results in appréhension 
response. When the elbow is flexed, subluxation of radius 
ulna occurs, which causes a palpable visible clunk 
(Fig. 3). 

The third test is the postérolatéral rotatory drawer test, 
which is a rotatory version of the drawer or Lachman 
test of the knee, the forearm and arm are grasped exactly 
as though the elbow is a knee. The ulna and radius are 
translated off the humérus posterolaterally, pivoting 
around the intact MCL. 

Forth test: Forth test is stand-up test (R). This test is 
described by O'Driscoll The patient's symptoms are 
reproduced when attempts are made to stand up from 
the sitting position by pushing on the seat with the hand 
at the side and the elbow fully supinated. 

Treatment of récurrent postérolatéral instability. The 
avulsed LUCL is reattached or reconstructed with an 
autograft or allograft tendon, such as that of the palmaris 
longus or the semitendinosus. 

The Anterior Band of MCL also may 
need to be Reconstructed 

Treatment of valgus instability: The valgus instability is 
treated if réhabilitation fails to stabilize the elbow. The 
anterior band of the MCL is reconstructed using a 
palmaris longus tendon graft (Fig. 4). 
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Fig. 4: Reconstruction of latéral collateral ligament by Palmaris 
longus tendon. Palmaris longus tendon is passed through the 
tunnels drill in the olecrenon and latéral condyle of the humérus 
at the isométrie points 

Intraoperative Testing 

Intraoperative testing of elbow stability is important. 
Elbow can be very unstable after cast immobilization. The 
elbow should not redislocate before reaching 45° of 
flexion from a fully flexed position. During surgery, test 
should be done by fully flexing elbow and then extending. 
The elbow should not dislocate. 

FRACTURES OF THE CORONOID PROCESS 

O'Driscoll has done extensive work in the fracture of 
coronoid process. 

Coronoid fracture, however small is not an innocent 
fracture. Many fractures of the coronoid, while seemingly 
small and innocuous on plain radiographs, may be 
indicative of a much greater bony and soft-tissue injujry 
to the elbow. Proper évaluation and treatment of injures 
to the coronoid often requires additional imaging, such 
computerized tomographie scans and/or fluoroscopie 
évaluation of the elbow joint, and examination under 
general anesthésia. Surgical indications are based on the 
size and location of the fracture, associated injuries to 
the joint and whether or not the ulnohumeral articulation 
remains congruous. 

The coronoid is the most important part of the anterior 
force-bearing surface of the elbow and is important for 
stability. Coronoid fractures in the presence of elbow 
instability usually require réduction and internai fixation. 
If these fractures are small and involve only the tip of the 
coronoid, a pull-down suture works well. If the antero- 
medial or médial coronoid is involved, or if the fractures 
are large, these fractures should be treated with anatomie 
réduction and rigid internai fixation or by protection with 
a hinged external fixator. The critical fractures involves 
the anteromedial coronoid which together with the usual 


LCL disruption, permits diagnosis and treatment of these 
fractures is important. Malunions or nonunions of the 
coronoid sometimes cause persistent instability, making 
réduction, fixation, or reconstruction necessary. 

CLASSIFICATION 

Classification by Regan and Morrey. Type I fractures 
involve the anterior tip of the bone. Type II up to 50 % of 
the height and Type III are fractures at the coronoid base. 
While the classification does hâve some utility, it does 
not take into account the mechanism or location of the 
fracture ( whether or not it involves a significant portion 
of the anteromedial facet), associated elbow injures, joint 
stability, etc. In an effort to better characterize coronoid 
fractures and provide guidelines for treatment, O'Driscoll 
introduced a more extensive classification based on 
fracture location, size and injury mechanism (Table 1) In 
his classification, " Tip" fractures occur from a postéro¬ 
latéral rotatory injury mechanism (elbow subluxation or 
dislocation). 

"Anteromedial" fractures occur from a varus postero- 
medial injury mechanism and can be associated with joint 
subluxcation. "Body" fractures involve the base of the 
coronoid and are most commonly seen in association with 
posterior transolecranon fracture dislocations. 

When a small flake of coronoid is seen on a latéral 
radiograph, it is indicative of a shear fracture via a joint 
subluxation or dislocation. This is not a capsular avulsion, 
as the elbow joint capsule inserts 4-6 mm distal to the tip 
of the coronoid. Isolated small coronoid tip fracture can 
be treated like a simple elbow dislocation, with a short- 
term period of immobilization followed by an early- 
protected range of motion program. 

LARGER TIP FRACTURES (TYPE II INJURIES) AND 
POSTEROLATERAL ROTATORY INSTABILITY 
(O’DRISCOLL) 

Fractures involving up to 50% of the height of the 
coronoid, are also most commonly seen in association 
with joint dislocation and comminuted injuries to the 
radial head. Coronoid is fixed and ligaments are repaired 
or reconstructed. Radial head should not be excised but 
either reconstructed or replaced. 

Most commonly, the elbow is stable in flexion. 
However, it can subluxate in extension. This is due to 
loss of the anterior buttress function of the coronoid 

Some disruption of the médial ligament and the 
flexor-pronator mass from the humerai épicondyle in 
these unstable injuries are common and approached from 
médial side. To expose the coronoid, part of the remaining 
flexor-pronator mass can be elevated from the humérus. 
Alternatively, one can work more posteriorly, elevating 
the humerai head of the flexor carpiulnaris anteriorly to 
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expose the joint surface. In either case, the ulnar nerve 
must first be identified, dissected out and protected. 

Provisional fixation of the coronoid fracture is carried 
out with Kirschner wires followed by screw fixation. 
Custom coronoid plates are available. Proper réduction 
often requires the joint to remain subluxated to allow for 
adéquate visualization of the articular surface. This is 
followed by repair of the soft-tissue origins of the 
collateral ligament and the flexor-pronator muscle origins 
back to the humérus. 

ANTEROMEDIAL FRACTURE 

These less common coronoid fractures occur from a varus 
mechanism with axial load in which the proximal forearm 
prônâtes relative to the humérus (posteromedial rotatory 
instability, or PMRI) While complété joint dislocation is 
rare, these fractures can be associated with ulnohumeral 
joint subluxation. 

Computerized tomography can be helpful. These 
fractures include the anteromedial facet of the coronoid. 
Joint stabilization can be performed with screws or a small 
buttress plate followed by repair the anteromedial facet 
(and sublime tubercle). 

BASE FRACTURES (TYPE III INJURIES) 

Fracture of the coronoid base can occur by a postero¬ 
medial rotatory mechanism or more commonly in 
association with axial load injuries involving fractures of 
the olecranon process (transolecranon fracture- 
subluxation). When approached surgically, these base 
fractures can often be reduced via a posterior approach 
working through the olecranon fracture, as opposed to 
the previously described anterior exposures. Alter- 
natively, the coronoid base can be visualized from the 
posterior approach by élévation of the ulnar head of the 
flexor carpiulnaris off of the olecranon and continuing 
the soft-tissue dissection anteriorly until the base is 
exposed. In this way, the coronoid may be reduced and 
stabilized with anteriorly directed screws through or 
outside of a posteriorly positioned plate). 

POSTOPERATIVE MANAGEMENT 

Following internai fixation of coronoid fractures, longarm 
compressive splint is important. Elévation of the limb is 
stressed, protected range of motion exercises are initiated 
under guidance at approximately 5-7 days postopera- 
tively. 

Chronic Instability 

Chronic dislocation is a neglected dislocation. 5 The 
treatment is arthrolysis and réduction of elbow by 
Bhattacharya procedure, see chapter Stiff elbow. 


HINGED ELBOW EXTERNAL FIXATOR 

During the postoperative period récurrent elbow 
instability can lead to disruption of surgically repaired 
soft tissues and even récurrent dislocation. The 
advantages of external fixator are: (1) Mobility can be 
achieved when sublocation or dislocation, (2) Prevents 
instability, (3) Protects the reconstructed soft tissue and 
bony fragments, (4) Allows active and passive 
movements of the elbow. 

The most important factor in applying hinged external 
fixator is the access of rotation of elbow must coincide 
with the access of hinges of elbow. The access of the elbow 
passes through the center of the capitalum which is the 
latéral epicondile to a joint. A few millimeters anterior 
and distal to the médial epicondile to K-wires are passed 
through these joints in a collinear fashion and center of 
the hinge is adjusted to these wires. 6 Ones the hinge 
external fixator applied these wires are removed. 

The hinge external fixator of elbow are of 2 types: 
(1) Monolateral type such as the orthofix or circular type 
such as the compass hinge. We prefer monolateral 
orthofix elbow fixator. The advantages of this fixator is 
its simplicity of application and effectiveness. When the 
nut is loosened elbow can be flexed and extended. We 
tighten the nut at night. One day in night flexion and the 
next night is in extension. During the day mobilization is 
allowed. Results of using hinge external fixator are very 
satisfactory. 

Indications for using external fixator for elbow are: 

1. After surgery of orthrolysis 

2. In soft tissue surgery for example, ligaments 
reconstruction. 

3. Different intra-articular fractures where the fixation 
is not so stable. 
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INTRODUCTION 

Fractures of the radius and ulna are one of the common 
fractures in the adult in the upper extremity. The 
inclusion of the fast moving bikes has added to the 
incidence. Both these bones hâve peculiar anatomical 
constraints. The fracture of the shaft of ulna associated 
with radial head dislocation was first described by 
Monteggia in 1814. Galeazzi, described the distal end of 
ulna dislocation along with fracture of the distal radius. 
Hence, these fracture-dislocations hâve the names. 

Anatomy 

Radius and ulna are parallel to each other. They meet 
each other at the ends only. This distal radioulnar joint is 
stabilized by the triangular fibrocartilaginous complex. 
The proximal joint articulâtes with the distal humérus. 
The ulna is a straight bone while radius has a bow. During 
pronation and supination, the ulna remains as a "strut", 
while the radius rotâtes around the ulna. Maintenance 
of the radial bow while treating these fractures is thus 
important. The gap between the two bones is filled with 
the interosseous membrane which also stabilizes the 
forearm anatomy. The fibers of the membrane run from 
their distal insertion of the ulna to the proximal origin 
on the radius. The thickened central band of the 
interosseous membrane is a constant structure and 
accounts to the longitudinal support of the radius. 

The malunion and nonunion occur more frequently 
because of difficulty in reducing and maintaining 
réduction of two parallel bones in presence of pronating 
and supinating muscles. These hâve angulatory and 
rotatory influence (Fig. 1). 

Mechanism of Injury 

Fall from vehicle is the most common mode of fracture. 
This usually results from a direct blow to the forearm. 


Biceps (supinator) Biceps (supïnator) 



Fig. 1 : (To left) Deforming forces of fractures of radius above 
level of insertion of pronator teres. Proximal fragment lies in 
supination because of unopposed pull of supinator and biceps, 
and (to right) below level of insertion of pronator teres, proximal 
fragment is in neutral position 

The "Nightstick" fracture occurs, as the name suggests, 
while the individual attempts to protect himself or herself 
from an assault by a stick. Open fractures resuit from 
high-speed accidents, gunshot wounds, and are 
associated with neurovascular injury. 

Investigation 

The radiographs give adéquate information about the 
type of fracture and the associated injuries. It is 
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mandatory to include the proximal and the distal joints 
in the radiographs. The dislocations may be missed. 

Classification 8 

The fractures are classified according to the type of 
fracture and its location. The low-energy fracture is 
usually undisplaced, tr ans ver se or short oblique. High 
energy fractures are extensively comminuted or 
segmentai. These often hâve extensive soft tissue injury. 

AO Classification 

Al —Simple fracture of ulna, radius intact 
A2 —Simple fracture of the radius, ulna intact 
A3 —Simple fracture of both bones 
B1 —Wedge fracture of the ulna, radius intact 
B2 —Wedge fracture of the radius, ulna intact 
B3 —Wedge fracture of one bone, simple or wedge 
fracture of the other 
Cl —Complex fracture of the ulna 
C2—Complex fracture of the radius 
C3—Complex fracture of both bones 

Rationale of Treatment 

Maintaining the radial bow is very important in these 
fractures. It was observed that decrease in the ROM 
mainly supination if the radial bow was not maintained 
In normal forearm maximum radial bow is reported 
to about 15 mm and located 60% of the radial length from 
the distal end. 

Schemitsch and Richards 
x = 60% of y 
x is the radial bow 

y is the radial length from the distal end 

Treatment 

Non-operative 

• No control of the fracture fragments 

• High secondary displacement 

• Uncertain time of union 

• Poor functional resuit inmost cases 

• Intramedullary nailing -poor control of the fracture 
fragments 

• Anatomical alignment difficult 

• More difficult to attend to the neurovascular 
structures 

• High rate of non-union 

• High unsatisfactory results 

• Open réduction and plate osteosynthesis 

• Excellent control of the fracture fragments 

• Perfect alignment possible 



Fig. 2: Angulation of the radius and ulna during the period of 
cast immobilization: (Top) immediately after réduction the cast 
fits snugly, (center) swelling has subsided with conséquent 
loosening of the cast in the upper half of the forearm, and 
(bottom) the cast has sagged while still holding the distal 
fragment firmly, thus, causing angulation of the radius and ulna 

• Can test concomitant injuries 

• Can explore the neurovascular structures 

• Low rate of nonunion 

• Good and excellent function. 

Undisplaced Fractures 

Undisplaced fractures are treated with long-arm cast in 
neutral pronation and supination with elbow flexed in 
90°. Patrick, warns that angulation may occur due to 
much of the weight of the cast is taken by the collar and 
cuff sling. The distal part of the forearm has less amount 
of soft tissue. Thus, the cast holds this part firmly. This 
leads to angulation at the fracture site. This canbe preven- 
ted by applying loops on the cast through which the sling 
bandage goes. This loop should always be proximal to 
the fracture site or it would lead to angulation (Fig. 2). 

Closed functional bracing is only indicated in isolated 
fractures of the ulna with less than 10° of angulation 
displacement. 

Displaced Fractures 

Closed réduction and immobilization: This is common 
method used for treating these fractures. There is high 
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rate of angulation and leading to restriction of 
movements. It is difficult to maintain the réduction 
achieved in the cast. Majority of the sériés report bad 
results. Sarmiento 1975, in his sériés, reports good results 
by the use of functional cast. It has been demonstrated 
that 10° of angulation and rotation deformity resulted in 
minimal restriction of pronation and supination and was 
readily accepted by the patients. This mode of treatment 
may be useful in the fractures in the distal third. The 
rotational alinement is determined by the occipital 
tuberosity view as recommended by Evans. In this mode 
of treatment, the patients must be instructed to hâve a 
radiograph every 10 days. The réduction may be checked. 
If lost it can be reduced again. If it is not achieved or needs 
multiple manipulations, it is advisable to perform open 
réduction and fixation. 

Open Réduction and Internai Fixation 

In early 1900s, Lane of London and Lambotte of Belgium 
reported the use of plates for the diaphyseal fractures. 

Indications for Open Réduction 6 

1. Displaced unstable fractures 

2. Displaced fractures with more than 10° angulation of 
radius 

3. Isolated fracture of ulna with angulation 

4. Monteggia and Galeazzi fractures 

5. Open fractures 

6. Fractures with neurological involvement. 

Fixation Using Intramedullary Nails 

Open réduction and stabilization of the fracture should 
be done as early as possible. The evidence of compartment 
syndrome as stretch pains and distal neurovascular 
involvement must be watched for. Smith and Sage in 
1957, reported a sériés of 555 fractures fixed with the use 
of intramedullary nails. There are various devices 
reported to be used for this fixation. Kirschner wires. Rush 
pins. Lottes nails are used in the past. The use of square 
nails has an added advantage of securing stability when 
it is inserted in the round medullary canal. The dis- 
advantage of intramedullary nailing is rotational stability 
may not be adéquate, the radial bow is straightened. 

Closed nailing: 7 The nail can be passed without opening 
the fracture site. The radius nail is inserted from the tip 
of the styloid process, while the ulna nail is inserted in 
through the tip of the olecranon. The nail is passed under 
image intensifier. The advantages of closed intra¬ 
medullary nailing are fracture site is not opened, less 
chance of infection, less surgical trauma, shorter operative 
time, smaller residual scar and high rate of union. The 
disadvantage is anatomical réduction may not be 
possible. Rotational stability is not guaranteed, so stable 


fixation may not be achieved. This may need external 
immobilization, in form of functional cast for a period of 
one month anatomical réduction cannot be achieved as 
by plating treatment of choice in children but not in 
adults. 


Use of Plate and Screws 13 


The results of internai fixation of forearm fractures hâve 
improved a lot after the ad vent of the plates and screws. 
The AO group has corne out with the 3.5 mm dynamic 
compression plate (DCP) and screws. The réduction is 
anatomie, the butterfly fragments can be fixed and 
interfragmentary compression can be achieved. This 
results in stable fixation, so, the mobilization can be 
started immediately. This results in good functional 
outcome. The 3.5 DCP System is the idéal implant for the 
forearm fractures (Figs 3A and B). 3.5 LC DCP is the gold 
standard for the fractures of both bones forearm. 



Fig. 3A: Diaphyseal fracture of the both bone forearm 



Fig. 3B: Fixed with open réduction and internai fixation with 
dynamic compression plate (DCP) 
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Réduction Techniques 

Application of slight prebent plate to the proximal or the 
distal main fragment. 

Slight over distraction using a solitary screw in main 
fragment and fracture distractor. 

Réduction is mainly by manipulating the main 
fragment not the comminuted. 

Compression is applied thinner plates can be used. 
Standard plates are used than locking as they are less 
bulky and help is compression and union by primary 
intention. 

Long conventional plates as good alignment can be 
obtained with less screws 8 holed plate with 2 screws in 
the proximal fragment and 2 in the distal. In Galeazzi's 
fractures additional fixation is rarely required if the radius 
is properly plated. 

Open Fractures 

The ratio of open fractures to closed fractures is more in 
case of these fractures as the ulna is subcutaneous. 
Thorough debridement, stable fixation of the fracture and 
early closure is the principle. Usually the forearm 
fractures are grade I or II compound. These can be fixed 
on admission. The fracture with skin loss may be fixed, 
and the coverage can be achieved by flap either 
immediately or late. Intramedullary nailing can be done 
in grade I, II and Ilia after thorough debridement. As the 
type Illb and IIIc open fractures require external fixation 
as the need of significant wound care and soft tissue 
reconstruction. 

External Fixation 

• Open fracture with severe soft tissue damage 

• Maintaining the length of the fracture with severe 
bone loss 

• Multiple injured patient. 

Complications 

Nonunion and Malunion 

Nonunion is seen in presence of postoperative infection, 
improper réduction and inadéquate fixation. Nonunion 
is common in adult fractures treated with closed 
réduction and cast immobilization. 4 

As the rotatory muscles act on both the bones, and 
rotatory and angular deformities are common leading to 
malunion in these fractures. 

Infection 

Despite ail attempts to prevent infection, it is commonly 
seen in open fractures and fractures with open réduction. 
If infection develops, the wound is debrided and is kept 
open. The stability is achieved by either external fixation 


or cast. Appropriate antibiotics and if the implant is stable 
it may be retained. If the implant is loose it has to be 
removed, and external fixator may be applied. If the 
butterfly fragment or the fracture ends sequestrate, they 
hâve to be excised. The gap may be treated with either 
secondary bone grafting or if the gap is too big, bone 
transport may be necessary. When the infection is 
subsided, the wound is not draining and in cases the gap 
is too large, the defect may be filled with fibular graft. 

Nerve and Vascular Injury 

Nerve and vascular injuries are uncommon in forearm 
fractures. The incidence is more in open fractures, high- 
velocity injuries with extensive soft tissue loss and 
gunshot injuries. If the wound is clean, no evidence of 
infection, primary repair is the method of choice. 

Compartment Syndrome 

Compartment syndrome may occur after the trauma and 
surgery. The most important diagnostic physical finding 
is the palpable induration of the flexor compartment, and 
stretch pain. Immédiate fasciotomy must be done to 
decompress the compartment. 

Synostosis 

Synostosis is relatively uncommon. This is seen in patients 
with history of crush injury and head injury. If the 
position of synostosis is poor, then osteotomy to improve 
the function may be done. 

Refracture 

Refracture is rare. This may occur if the implant is 
removed early. 5 
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Préfacé to the Second Edition 


Since the publication of first édition of the Textbook of Orthopedics and Trauma, phénoménal advances hâve been seen 
in each sub-branch of orthopedics. Locking plate has revolutionized the management of fractures, especially intra- 
and juxta-articular fractures and fractures of osteoporotic bones. Arthroscopy has extended its indications. Surface 
replacement and unicompartmental arthroplasty are on the horizon. Similar developments hâve occurred in other 
branches too. Each chapter of the book has been revised and updated. The création and production of a work of this 
magnitude requires dedicated contribution of a large number of authors. Younger génération of orthopédie surgeons 
hâve taken keen interest in the book and hâve contributed to a great extent. I am grateful to them. 

This book will be very useful to postgraduate students, their teachers and to the practicing orthopédie surgeons as 
a reference book. 


G S Kulkarni 
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Fractures of pelvic ring is associated with mortality 
initially and morbidity in patients surviving the acute 
injury. Understanding Advanced Trauma Life Support 
(ATLS) has made considérable différence in survival rate 
of polytraumatized patient, which used to pose serious 
problems for many years for clinician. There were 
difficulties involved with accurate diagnosis and 
classifying the injury patterns before advent of X-rays. 
Literature before this time was dilemma and 
management was difficult. 

Milestones in history of fractures of pelvis are: 

• Westerborn (1928) 1 and Wilenius (1943): 2 Persistent 
posterior pain was a common complication 

• Holdsworth (1948) 3 reported 50 patients treated 
nonoperatively. There were 6 deaths 4 were because 
of bleeding. 12 were able to work as before out of 27 
who had sacroiliac dislocation 

• Pennel (1961) 4 classified fractures which was later 
modified by Tile(1988) 12 

• Peltier (1965) 5 reported 186 cases and attempted to 
classify in weight bearing and nonweight bearing part 
of pelvic ring. Results of fractures in weight bearing 
posterior part were poorer than in nonweight bearing 
anterior part 

• Raf(1966) 6 used skeletal traction for vertical 
displacement and sling for disruption and 65 out 101 
were available for study. Theme was disability was 
more with sacral fracture or fractures through 
sacroiliac joint than fractures passing through 
posterior iliac bone 

• Huittinen and Slaris(1972) 7 studied 407 cases. 82% had 
high velocity trauma and 62% had associated injuries. 
They divided into stable (included rim and rami 
fracture) and unstable group. Mortality was 5.5% and 
21% had genitourinary complications 


• Reynolds et al (1973) 8 reported 273 cases with 18.6% 
mortality. Out of 51 deaths 33 were because of 
hemorrhage 

• Melton and others(1981) 9 investigated incidence of 
pelvic fractures in Rochester, MN between 1968 and 
1977. There were 204 fractures of pelvis and incidence 
was 37 in 100,000 populations. Severe trauma was in 
94 cases with 33 average âge and prédominance of 
male 

• Edward and associates(1985) 10 studied results in 50 
cases and concluded that external fixator is not 
suitable for vertically unstable injuries 

• Kellem (1987) 11 studied 53 cases and concluded 
anterior external fixator is inadéquate for posterior 
lésions 

• After this time internai fixation became popular with 
or without added external fixator 

• Gansslen(1996) 12 did epidemiological study at 
Germany of 2551 cases. 61.7% were polytrauma, stable 
in 54.8%, partially stable in 24.7% and unstable in 
20.6%. Mortality was 13.4%. 

To summarize literature, unstable fractures of pelvis 
may be léthal. Surviving patients may be left with 
persistent pain, malunion, nonunion, neurological déficit 
or genitourinary dysfunction. Improvements in internai 
fixation techniques hâve made différence in outcome of 
these fractures. 

Surgical Anatomy 

Pelvic ring is formed by a pair of innominate bones (each 
consisting of ilium, ischium and pubis) articulating in 
front with each other at pubic symphysis. Main 
transmission of weight is through posterior part from 
sacroiliac joint to hip joint and this part of ring is strong, 
both bones and ligaments. Ligaments provide the stability 
to pelvic ring. 
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Sacroiliac joints: Stability is provided by (Figs 1 and 2) 

• Anterior sacroiliac ligaments: Strong, fiat extends 
from anterior surface of sacrum to adjacent iliac bone 

• Posterior sacroiliac ligaments: (1) Short: Extends from 
sacral ridge to post inferior iliac spine (2) long: Extends 
from posterior superior iliac spine to latéral part of 
sacrum 

• Interosseus sacroiliac ligaments: Joins body of sacrum 
to iliac bone. 

The connecting ligaments are: 

• Sacrotuberous ligaments: Extends from latéral part 
of sacrum to ilichial tuberosity 

• Sacrospinous ligaments: Extends from latéral margin 
of sacrum and coccyx to ischial spine 

• Iliolumbar ligaments: Pelvis is connected to lumber 
fifth vertebra at lumbosacral joints and this is 
thickened part of quadratus lumborum fascia, 
extending from tip of transverse process of lumber 
fifth vertebra to posterior part of iliac crest 

• Latéral lumbosacral ligaments: This connects latéral 
part of sacrum to tip of lumber fifth vertebra. 
Posterior stability is provided by ail these ligaments. 

Symphysis pubis is responsible for anterior stability. End 
of pubis in front is covered with hyaline cartilage 
connecting with opposite sided pubis by fibrocartilage 
which forms symphysis pubis. 

Pelvis is latin means basin. False pelvis is formed by 
fan shaped iliac fossa covered with iliacus muscle and 
ala of sacrum. True pelvis is deep basin below pelvic brim. 


Latéral wall is formed by small portion of ilium, pubis 
and ischium. Obturator foramen is covered with 
obturator membrane which is déficient at the top to allow 
nerves and vessels to pass. At this point vessels and 
nerves are likely to be damaged in case of injury. The 
piriformis arise from latéral mass and anterior portion of 
sacrum and leaves pelvis through greater sciaitic notch. 
Sciatic nerve passes below this muscle or common 
peroneal part of nerve may pierce through. Rarely nerve 
escapes above the muscle. 

Floor of pelvis is formed by pelvic diaphragm formed 
by levator ani and coccygeus muscle. It is perforated by 
urethra and rectum in male and vagina as well in female. 

Structures likely to be damaged with pelvic ring 
fractures are nerves, blood vessels, viscera and male 
urethra in particular. 

Nerves 

• Lumbosacral and coccygeal plexus 

• Nerves those traverse sciatic notch 

• Branches from root of plexus 

• Anterior coccygeal plexus. 

Blood Vessels (Figs 3A and B) 

• Médian sacral artery: This midline artery arises at 
aortic bifurcation is likely to be damaged with 
transverse sacral fractures as it is right on anterior 
surface of sacrum. 




Pubic symphysis 


Sacrotuberous ligaments 


Iliolumbar ligaments 


Sacrospinous ligament 


Anterior sacroiliac 
ligaments 

Posterior sacroiliac 
ligament 


Fig. 1 : Ligaments of pelvis from posterior and anterior view 
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Sacrospinous ligaments 


Sacrotuberous 

ligaments 


Obtura tor membrane 


Fig. 2: Ligaments of pelvis as can be seen from inner aspect and from latéral aspect 



External iliac artery 


Common iliac artery 


Médian sacral artery 


Internai 
iliac artery 
{anterior and 
posterior 
divisions) 



Posterior division 
internai iliac 


Internai iliac artery 


Anterior division 
internai iliac artery- 


Superior gluteal 
artery 

Inferior gluteal 
artery 


lliolumbar artery 


Latéral sacral 


Fig. 3A: Arteries of pelvis and can be seen from front. Fig. 3B: Arteries of left hemipelvis, dark Unes are possible 
Transverse dark Unes show possible site of injury with fractures sites of injury with fractures of pelvis 

of pelvis 


• Superior rectal (hemorrhoidal) artery: This is a 
continuation of the superior mesenteric artery and 
rarely damaged in pelvic trauma 

• Common iliac artery divides in external and internai 
iliac arteries 

• The internai iliac artery: Arises from common iliac 
artery in false pelvis. With fractures of pelvic brim 
with severe displacement is likely to damage internai 
iliac artery or common iliac artery and this may be 
fatal. In that case patient hardly reaches clinician 

• Internai iliac artery divides in posterior and anterior 
divisions 


• Posterior division of internai iliac artery which has 

folio wing branches: 

1. Largest branch is superior gluteal and common 
cause of massive bleeding while making "U" turn 
in sciatic notch 

2. Iliolumber artery: This is 5th lumber somatic artery 
ascends superomedially and likely to be damaged 
in injuries around sacroiliac joints. 

3. Latéral sacral artery descends latéral to sacral 
foramina and may be damaged with sacral 
fractures. 
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• Anterior division: Branches are of anterior division 
of internai iliac arteries are as follows: 

1. Viscéral branches supply bladder, genitals and 
part if sacrum. 

2. Inferior gluteal artery. 

3. Internai pudendal artery exits and re enters pelvis 
over ischial spine and likely to be damages at this 
level. 

4. Obturator artery running on latéral wall of pelvis 
is likely to be disrupted in cases of pubic rami 
fractures. 

• Pelvic veins and presacral venous plexus: This is 
commonest cause of bleeding in fractures of pelvis 

Male urethra : Male uréthral injuries are very common with 
fractures of pelvis and three types are described by 
Colepinto. 13 

• Type I: Attenuated urethra still intact 

• Type II: Supradiaphragmatic injury 

• Type III: Sub diaphragma tic rupture. 

Injury Mechanics 

Two innominate bones and sacrum form pelvis. This is a 
ring between axial skeleton and limb. Weight passes 
through sacrum to posterior part of iliac bones to 
acetabulum to limbs in upright body position and 
through ischium in sitting position. Therefore, posterior- 
superior part of pelvis is strong. The normal weight 
bearing passes from sacrum to iliac bone and passes to 
lower limb through hip joint. This mechanism is balanced 
by ligaments of pelvis. Symphysis in front prevents 
distraction in front. Sacrotuberous, sacrospinous and 
anterior sacroiliac does the same at back. Posterior 
ligaments allow forces from and to central skeleton. This 
is described as posterior tension band. 14 Physiologically 
laxity of ligaments is seen at the time of pregnancy to 
allow passage of fétus allowing front part of pelvis to 
open for passage of fétus. Extensive bone grafts from 
posterior crest may also lead to posterior instability. 
Experimentally dividing symphysis alone does not lead 
to great instability of pelvis. It is possible only to separate 
innominate bone less than an inch. When with 
sacrotuberous and sacrospinous and anterior sacroiliac 
ligaments are simultaneously divided, it is possible to 
separate maore than an inch. The same is the applied 
clinically when the séparation of pubic symphysis is less 
than an inch may not require surgery. 

Injury Forces 

Anteroposterior compression e.g. person hit from back 
with feet on ground: This leads to external rotation of 


both iliac bones leading to séparation external rotation 
of iliac bones, this causes disruption of symphysis. 
Further forces will disrupt sacroiliac and sacrotuberous 
ligaments and anterior sacroiliac ligaments. This may end 
up in opening up sacroiliac joint anteriorly and may 
avulse a chip or part of bone from adjacent bones. 

Latéral compression e.g. person hit from side or fall on 
side: This leads to overlapping injuries in front either at 
the level of pubic symphysis or ramus fracture and 
crushing of anterior part of sacroiliac joint or adjoining 
bones. These injuries are likely to cause viscéral injury 
by pénétration of bony spikes. 

Vertical shear e.g. fall from height: pelvic ring may 
separate at pubic symphysis or may fracture at adjacent 
rami. Posteriorly there may be séparation of sacroiliac 
joints due to damage to anterior, interosseus and posterior 
sacroiliac ligaments. The other case may be fracture of 
adjacent bones (sacrum or iliac bone). This end up in gross 
instability. This is severe type of injury and many times 
associated with neurovascular and viscéral injuries. This 
can be fatal as well. 

Over and above there may be avulsion injuries due 
to muscle pulling a particular part of bone. 

Assessment 

These injuries are most of the times the part of poly 
trauma and assessment should be according to ABCD 
standardized by ATLS (Advanced Trauma Life Support). 
One should not loose first golden hour to save patient 
and to prevent him suffer complications of trauma. 

Primary survey includes: 

• Airway and breathing 

• Cardiovascular System 

• Central nervous System 

• Exposure (expose the patient completely of cloths) 

Resuscitation 

• Airway 

• Cardiovascular status: Hypovolémie shock should be 
corrected by intravenous crystalloids and locally by 
decreasing or stopping bleeding. In case of pelvic 
fractures sling with traction is useful tool. One should 
careful in using this in latéral compression injuries. 

Secondary survey 

• Find out injuries in chest, abdomen and head 

• X-rays, diagnosis of lung and free fluid in abdomen, 
blood and blood gas analysis 

• Limb injuries corne next 
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• If pelvic injury is found especially vertical shear 
should be treated by application of pelvic clamp or 
by two pin external fixator in suspected cases of 
internai bleeding 

• Urinary cathéter: Clear flowing urine is a great relief 
on part of treating personnel. 

If bleeding is suspected especially in cases of vertical 
shear injuries of pelvis on plain X-rays. This can be dealt 
with by: 

• Pneumatic anti-shock garments 

• Pelvic sling and traction 

• Pelvic clamp 

• External fixator 

• Arteriograhic embolisation 

• Pelvic packing after exploration and ligating source 
of bleeding if possible. 

Once the patient is stabilized hemodynamically the 
clinical assessment includes: 

• Inspect for: 

1. Wounds 

2. Contusions 

3. Bleeding from genitals 

4. Displacement of pelvis 

5. Extravasation of urine. 

• Palpate for: 

1. Abnormal movements of hemipelvis (be gentle) 

2. Distal pulsations 

• Rectal and viginal examination to be carried out for 
tears or uréthral injuries and floating prostate 

• Neurological examination of limb for sensation and 
power. 

Radiological examination : 

• Plain radiography: X-rays should be taken in three 
views (Fig. 4) 

1. Plain AP X-ray: Most of the information is 
available from this view and must be carefully 
assessed. 

2. Inlet view: This shows anterior and posterior part 
of sacroiliac joints and anteroposterior displace¬ 
ment of ring can be assessed on this view 

3. Outlet view: Shows sacrum in profile, vertical 
displacement of hemipelvis is visible. 

4. Oblique views for sacroiliac joint : To see the status 
of sacroiliac joints. 

CT scan (2D and 3D): Two dimensional gives clear 
information of exact fracture line, amount of 
comminution or crushing of bone. This also gives 
information regarding sacral foramina and likely damage 



Fig. 4: Position of X-ray tube while taking outlet and 
inlet views of pelvis 


to roots traversing these. 3D reconstruction is helpful to 
plan out required reconstruction of fractured pelvic ring. 

Classification 

The idéal classification should identify injury, help us to 
décidé treatment and outcome on decided treatment. This 
also should allow the comparison of treatment and 
outcome. 

Pennel's classification 15 1980: The basic types were 
latéral compression (LC), anteroposterior compression 
(APC) and vertical shear injury (VS). Refinements were 
done according to severity 

Young's classification 17 (Fig. 5): This is based on type 
of injury forces and likely displacements. 

LC (Latéral Compression): 

Transverse fracture of pubic rami, ipsilateral or 
contralatéral to posterior injury 

I- Sacral compression on side of impact 

II- Crescent (iliac wing) fracture on side of impact 

III- LC-I or LC-II injury on side of impact; contralatéral 
open-book (APC) injury 

APC (Anteroposterior compression): 

Symphyseal séparation or longitudinal rami fractures 

I- Slight widening of pubic symphysis or anterior SI 
joint; stretched but intact anterior SI, sacrotuberous, 
and sacrospinous ligaments; intact posterior SI 
ligaments. 

II- Widened anterior SI joint; disrupted anterior SI, 
sacrotuberous, and sacrospinous ligaments; intact 
posterior SI ligaments. 
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AP I 

(TILE B1) 


AP II 

(TILE B1 ) 


AP Ni 
(TILE B1) 


(TILE Cl) 


Combined 
(TILE C2) 


Fig. 5: Classification of pelvis ring fractures 


III-Complete SI joint disruption with latéral 
displacement; disrupted anterior SI, sacrotuberous, 
and sacrospinous ligaments; disrupted posterior SI 
ligaments. 

VS (vertical shear): 

Symphyseal séparation or vertical displacement 
anteriorly and posteriorly, usually through the SI joint, 
occasionally through the iliac wing or sacrum. 

CM: Combination of other injury patterns, LC/VS being 
the most common. 

Tile's comprehensive classification: 16 This practically 
describes ail types of pelvic ring injuries. 

Type A (stable pelvic ring injury) 

• Al: Avulsion of innominate 

• A2: Stable iliac wing fractures 

• A3: Transverse fracture of sacrum and coccyx. 

Type B (partially stable injuries) 

• Bl: Open book injury 

• B2: Latéral compression injury 

• B3: Bilateral B injuries 


Type C (unstable injuries) 

• Cl: Unilatéral 

• C2: Bilateral one side B one side C 

• C3: Bilateral C lésions 

Associated Injuries 

Some of the things may be repeated here, however 

associated injuries require equal attention. These are: 

Hemorrhage 

• Identify as a cause of shock 

• Hemorrhage may resuit from bleeding from fracture 
surfaces, small local venous and arterial tears, or 
disruption of major vessels. 18 

• Find out site of disruption and related vessels to that 
site. Examples: 

1. The close relationship of the internai iliac artery 
and accompanying veins including tributaries to 
the anterior aspect of the SI joint and ligaments is 
responsible for the high incidence of vascular 
injury. 
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2. Displacement may be médial (internai rotation, as 
in LC injuries), or latéral (external rotation), 
vertical, or posterior. The last three displacements 
may place the vascular structures contained within 
the pelvis under tensile or shear stresses. These 
tensile or shear forces may tear the vessels and 
are responsible for the hemorrhage in most of the 
APC (external rotation or open-book) and VS 
injuries. 

3. With LC injuries, the pelvic ring implodes or 
collapses, and the section that is impacted rotâtes 
medially toward and occasionally beyond the 
midline, usually on a posteriorly based 
perpendicular axis. The pelvic vessels are thus 
momentarily shortened or compressed rather than 
damaged (Occasionally, however, an LC fracture 
can resuit in major hemorrhage if one of the 
fracture fragments directly tears one of the larger 
vessels of the pelvis). 

4. As the pelvic ring is deformed in an open-book 
manner, the anterior SI, sacrotuberous, and 
sacrospinous ligaments are torn apart. The same 
forces are applied to the vascular, neural, and other 
viscéral structures just anterior to the SI joint. 
Although these structures may be more elastic 
than the nearby ligaments, the opening of the 
pelvic ring exposes them to substantial tensile 
forces that tear the vasculature. 

5. Similarly, VS injuries of the pelvic ring often occur 
at or near the SI joint, and the proximity of the 
vascular structures exposes such vessels to shear 
forces and fracture surfaces during fracture 
displacement. 

Methods of Treating Hemorrhage 

1. Laparotomy with direct and attempted vascular. 

2. Laparotomy with clôt évacuation and extraperitoneal 
packing (simultaneous stabilization may be carried 
out with 1 or 2). 

3. Application of a pneumatic antishock garment 
(PASG); useful for patient transport and as a short- 
term pneumatic splint in the early phases of 
resuscitation and diagnosis, but disadvantages 
include limited access to the patient and the potential 
for compartment syndrome. 

4. Angiography and embolisation (most useful for large, 
named arterial disruptions, but this is not the case in 
80% of blunt-trauma victims). 

5. Open réduction and internai fixation (ORIF; useful 
for reducing and stabilizing the pelvic ring, but 
frequently contraindicated acutely because of the 


additional risks from the surgical approaches that may 
"decompress" the extraperitoneal space). 

6. Closed réduction and percutaneous fixation may be 
primarily used for posterior (e.g., SI joint) injuries and 
frequently combined with anterior ring stabilization, 
but disadvantages include the need for specialized 
equipment and experienced personnel. 

7. External fixation: This may be either by application 
of pelvic clamp or pin fixator. 

Genitourinary Injury 

• Incidence: Reported rate is as high as 16%; pure 
bladder trauma, as high as 7%; associated uréthral 
trauma, 6%; and associated genitourinary trauma 
involving both, the bladder and urethra, 2.5%. 19 

• Urologie trauma related to pelvic fractures seems 
more prévalent in male than in female adults (21% 
versus 8%, respectively), 19 largely because uréthral 
injury may occur in up to 16% of the male population 
but is rare in female patients. 

Bladder Injury 

• Major bladder trauma is defined as rupture and not 
contusion of the bladder. 20 The incidence of bladder 
trauma associated with pelvic fracture has been 
reported to be as high as 20%. 21 

• Clinical Présentation: Bladder rupture secondary to 
blunt injury présent with gross hematuria or with 
microscopie hematuria. Many of these patients are 
hypotensive. 

Types of Rupture 

The bladder may rupture into the peritoneal cavity or 

contained within the rétropéritonéal space 85%. 22 

Diagnosis 

• Gross hematuria 

• Rétrogradé urethrogram and cystogram. 

Uréthral Injury 

Clinical présentation 

• Blood at distal meatus 

• High riding prostate 

• Périnéal hematoma 

• Inability to void 

• Rétrogradé urethrogram for confirmation. 

Urétéral Injury 

• Resuit of penetrating trauma 

• Avulsion from bladder in acetabular fractures. 
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Génital and Gonadal Injury 

Female 

• Labial injuries 

• Vaginal injuries (commonly missed) 

• Uterine lacérations. 

Male : Obvious and can be detected on clinical 
examination. 

Gastrointestinal Injury 

Types 

• Small intestine in severe acetabular fractures 

• Large intestine in pelvic trauma. 

Diagnosis 

• Peritoneal lavage 

• Abdominal CT. 

Open Injuries 

• Low incidence 

• Usually associated with viscéral injury 

• Death may occur 

• Infection common. 

Principles of Treatment 

• According to type 

• Control of bleeding 

• Debridement 

• T reating viscéral inj ur ies simultaneously and ur gently 

• Stabilisation 

• Repeat debridement. 

Treatment 

Basic Guidelines 

• Off the weight bear and analgésies (minimally 
displaced LC-I, AP-I). 


• Réduction and stabilization of anterior ring in 
displaced anterior ring séparation without complété 
posterior disruption (AP II, LC I with gross 
displacement) 

• Anterior and posterior stablilisation after réduction 
in complété disruption of anterior and posterior rings 
(LC-II, LC-III, AP-III, VS). 

This can be achieved by nonoperative or operative 
means: 

Nonoperative Treatment 

• Protected weight bearing with symptomatic treatment 
for undisplaced ramus fracture 

• Pelvic sling for acute cases of vertical shear injuries 
with traction in acute phase 

• Traction excellent method for acute phase until 
definitive treatment is planned 

• Pneumatic Antishock Garments (P ASG) : May be used 
for transportation. 

Operative Treatment 

External Fixation (Fig. 6) 

Pelvic clamp or fast assembling external fixator with pins 
may be applied in emergency in emergency. 

In acute phase it gives: 

• A tamponade effect on the rétropéritonéal hematoma, 
effected by reducing the rétropéritonéal volume 

• Less motion of the fracture surfaces, which allows 
more effective clôt formation 

• Greater patient mobility during transport and for CT 
scanning and other évaluations. Moreno et al., Burgess 
et al. 

Same may be continued in some of the fractures types 
as definitive treatment for 8 to 12 weeks. 

Basic Technique 

Pin Placement 

• 5 mm diameter pins with 16 to 22 mm lengths are 
required. 



Fig. 6: Various methods of external fixation of pelvis fractures. Pelvis clamp is meant for emergency use only. AN these 
methods are not able to provide stability with vertical shear injuries 
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• Pin positions proposed pin positions are: 

1. Single pin in iliac crest 2 to 3 cm post to anterior 
superior iliac spine. 

2. 2 to 3 pins convergent towards central part of iliac 
bone widely spaced. 

3. Biplanar: one pain in crest another in the région 
of anterior inferior iliac spine. 

4. One or two pairs in supra-acetabular part of 
acetabulum. 

Choice has to be made according to how fast it is 
required to be done and how long it is to be kept. 

Skin around entry site should be free of tension to 
prevent necrosis which may end up in pin tract infection. 

Frame Design 

Many frames 23,24 hâve been described. These are hardly 
useful in maintaining posterior instability. Use of external 
fixator is limited in acute phase and as a definitive 
treatment in open book injuries. 

Aftercare 

Pins require care in form regular cleaning and dressing 
to prevent pin tract infection. 

Internai Fixation (Figs 7A and B) 

This may accomplished either by close or open methods. 

Close methods : Possible close methods are (Fig. 8) 

• Iliosacral screws: Placed under image intensifier 
control with patient in floppy latéral position. The 


screws should pass from posterior part of iliac bone 
to lst segment of sacrum not hitting sacral first root. 
This should be checked on table with free movements 
of C-arm. This is possible even under local anesthésia 
with computer assisted suregry 25 

• Rami fixations with screws: It is possible to fix rami 
with stab near pubic tubercle and passing cannulated 
screw on a guide wire. Avoid injuring spermatic cord 
in male patients 

• Transiliac bars fixation: After close réduction bars can 
be passed with two incisions on either side and 
tightening nuts at each ends 

• Posterior plate with two small incisions Crossing 
sacrum: Two stab incision allows passage of 
precontored plate across sacrum which can be 
anchored to iliac bones with screws 

Close internai fixation may be carried out with help 

of C-arm or with computer assisted surgery. 25 

Open Methods 

• Open réduction internai fixation (ORIF) of pubic 
symphysis with plate and/or wire: Expose pubic 
symphysis with transverse incision. Deep dissection 
is usually carried by injury itself. Réduction is 
achieved with pointed clamp and four hole DC plate 
is fixed on superior aspect. Another plate may be 
added on anterior part a well to achieve more stability. 
Fixation of pubic symphysis alone is not sufficient in 
vertical shear injuries and unless posterior stability is 
achieved. 



Anterior p latin g sacroi Iliac 
joint and iliac wing fixation 





Symphysis plating and 
screw fixation for 
pubic ramus 


Fig. 7A: Various internai fixation methods of posterior ring Fig. 7B: Various internai fixation methods of anterior ring 
fractures. Some of them can be accomplished by minimally fractures. Pubic ramus screw fixation can be accomplished by 
invasive methods minimally invasive methods 
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Fig. 8: Twenty eight years old lady sustained vertical shear injury due to motored vehicular accident with fracture of sacrum 
posteriorly and pubic rami in front. This was managed by placing iliosacral screw under image intensifier control with a stab 
incision and so was done for pubic ramus with stab incision médial to pubic tubercle 


• ORIF of ramus with plate: Superior pubic ramus is 
usually fixed with direct exposure from front. Care 
must be taken to avoid injuries to fémoral vessels and 
spermatic cord. This may be necessary in vertical 
shear injuries or b ad overriding latéral compression 
injuries after open réduction. 

• ORIF of iliac wing: Fractured iliac wing is exposed by 
incision along iliac crest and after open réduction may 
be fixed with plate and/or screws. 

• ORIF of sacroiliac joint or adjacent iliac bone: 
Anterosuperior part of sacroiliac joint is exposed by 
incision along crest on it anterior two third and 
dissecting on inner aspect of iliac wing. Avoid injuring 
lumber fifth root as it passed on sacral ala. Réduction 
is carried out by clamp which can catch hold 
temporary screws. Two plates at right angles is placed 
on anterosuperior part of sacroiliac joint. 

• Transiliac bars: Through transverse incision fracture 
of sacrum is exposed and reduced transiliac bars are 
placed across both over hanging part of iliac bone at 
the back, be careful not to overtighten nuts as this may 
end up in sacral root crushing between fractured 
fragments. 

• Transiliac plate fixation (Figs 9A and 9B): Ten to 
twelve hole strong plate is little over contored to 
achieve compression and réduction. Plate contored 
in C shape is fixed with posterior parts of iliac bones 
with screws some may be added on sacrum avoiding 
sacral formina hit with screws. 


• Iliolumber fixation: This a very useful method in 
vertical shear injuries with gross comminution at 
posterior part of pelvis ring. Spinal instrumentation 
with fixation of lumber fifth and fourth vertebra is 
achieved with transpedicular screws. This which is 
stabilized with a rod to iliac bone screw after 
réduction. 

Type of Injury and Treatment 

Advantages and limitations of various methods described 

in literature. the idéal treatment as on today may be 

considered as follows: 

Type A (stable pelvic ring injury) 

• Al: Avulsion of innominate: May require ORIF 
especially in young 

• A2: Stable iliac wing fractures: May require ORIF 
especially in young 

• A3: Transverse fracture of sacrum and coccyx: Non- 
operative preferred. 

Type B (partially stable injuries) 

• B1 (Open book injury): ORIF anteriorly may be with 
external fixator 

• B2 (Latéral compression injury): Réduction only in 
severe cases with external or internai fixation 
anteriorly 

• B3 (Bilateral B injuries): Réduction only in severe cases 
with external or internai fixation anteriorly 
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Fig. 9A: Thirty-two-years old man fell from height of 30 ft and sustained vertical shear injury. He had fracture of sacrum and 
pubic rami on both sides with gross displacements as can be seen from X-rays and CT scan pictures 



Fig. 9B: The patient on fig 9A was operated by minimally invasive transiliac plate posteriorly and long reconstruction plate 
was used to fix anterior fractures Crossing pubic symphysis and both sided rami fractures after open réduction injury 


Type C (unstable injuries) 

• Cl: Unilatéral: 

1. Fixation (open/close) anterior ring. 

2. ORIF anterior part of posterior ring is fractures 
through or latéral to SI joints. 

3. Fixation (open/close) posterior part of posterior 
ring in fractures médial to sacroiliac joint. 

• C2 (Bilateral one side B one side C): Internai fixation 
supplemented with external fixator 

• C3 (Bilateral C lésions): Anterior stabilization and 
posterior stabilization with iliolumbar fixation. 

Postoperative Care 

External fixator, it at ail placed for vertical shear injury is 
kept for 12 weeks and that for open book injury is kept 
for 8 weeks. With latéral compression injury it is kept for 
about 3 to 6 weeks. External fixator may be removed 
before the planned treatment time for reasons of severe 
pin-site infection, loosening, or conversion to internai 
fixation. 

After internai fixation, wounds are taken care in usual 
way with drains removed at 48 hours. Patients with 


unilatéral injuries are given freedom to bear weight earlier 
than bilateral ones. However side turning and sitting is 
permitted as soon as tolerated. 

Postoperative X-rays are obtained at one to two weeks 
to identify any early loss of fixation or réduction, at 
monthly intervals for three months, and then every 3 
months for the first year. Full weight bearing and 
activities are permitted with when stability is confirmed 
radiologically and clinically. 

Outcome 

Long-term and disability is related to the degree of 
residual deformity after pelvic ring injury. McLarens 26 
study has of 43 patients with minimum of 5 years follow- 
up. Patients without residual deformity 88% did not hâve 
any pain and 82% had normal function, while patients 
with residual deformity only 30% were free of pain. 
Miranda 27 in his analysis différences in outcome between 
fracture types at 5 to 10 years after injury. The study 
suggests that even minor pelvic fractures can resuit in 
adverse outcomes. Of their patients, 30% had altered 
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sexual activity and 36% changed occupation as a resuit 
of their injuries. Complaints of pain increased in 
frequency with increasing severity of fracture. 

Complications 

Infection 

Reported rate of infection after internai fixations is 
between 0 to 25%. 28,29 The presence of contusion or shear 
injuries of the posterior skin and soft tissues is a risk factor 
for wound complications if a posterior approach is used. 
The use of percutaneous posterior ring fixation may be 
used to reduce the risk of infection. Anterior fixation 
requires little time and may be accomplished fixed at the 
time of laparotomy. 

Thromboembolism 

There is substantial risk for development of 
thromboembolism in patients with disruption of the 
pelvic vasculature, combined with immobilization. 30 Risk 
of hemorrhage may not allow use of anticoagulants in 
acute phase. However, low molecular weight heparin 
may be used postoperatively. Noninvasive methods of 
prophylaxis, such as pneumatic compression stocking 
may be used. Thrombi may occur in the deep pelvic veins, 
making détection with ultrasound difficult; however, 
ultrasound is currently the most clinically applicable 
diagnostic modality. The rôle of magnetic résonance 
imaging has yet to be defined. In the patient with known 
thrombosis, in whom the use of anticoagulation is 
contraindicated, the use of a vena-caval filter may 
decrease the risk of pulmonary embolism. 

Malunion 

Malunion of pelvic ring injuries can lead to considérable 
disability. 31 Limb length discrepancy, gait abnormality, 
sitting difficulty and low back pain may be the outcome 
with malunion. Rotational malunion of the pelvis after 
pelvic ring injury may alter gait or obstruct the pelvic 
outlet. 

Nonunion 

Nonunion after pelvic fracture is not uncommon with 
type C or vertical shear injuries. Sacral nonunion may 
end up in disabling pain in root distribution and inability 
to bear weight on limbs. Stable fixation combined with 
bone grafting usually achieves union. Sacroiliac joint 
fusion may be carried out for nonunions around sacroiliac 
joint or unstable sacroiliac joints. 


Pédiatrie Pelvic Injuries 

Pelvic injuries in pédiatrie âge group require 
considération because these may end up in gross 
deformity at adulthood due to growth disturbances after 
injury. Classification of pédiatrie injuries is been described 
by Silber et al. 

Type 

Anatomie pattern 

1. Chondro-osseus région (ischial tuberosity, ant. Sup 
iliac spine etc.) 

2. Iliac wing 

3. Simple ring fractures 

• Isolated fractures 

• Disruption of pubic symphysis, no posterior injury 

• Acetabular injury (triradiate cartilage). 

4. Ring disruption 

• Fracture or séparation of both anterior and 
posterior structures 

• Pelvic fracture with acetabular fractures 

• Saddle fracture: Bilateral superior and inferior 
pubic rami fracture. 

Changing size and appearance of pubic symphysis at 
various âges must be taken into considération. Pubic 
symphysis séparation is usually a physeal séparation and 
may be plated for early ambulation and to make réduction 
of posterior éléments easy. Sacroiliac joints in child may 
split anteriorly at the bone cartilage interface of either 
posterior ilium or sacrum. Rami fractures are associated 
with injury to triradiate cartilage and require spécial 
attention. This may end up in deformity of acetabulum 
and as far as possible should be reduced to anatomical 
position. Principles of management remain same as adult, 
however if internai fixation is used, they should be 
removed in time to prevent growth disturbance. 

CONCLUSION 

Management of polytrauma patient with ATLS 
guidelines hâve improved initial outcome. The diagnosis, 
understanding and management of pelvic fractures hâve 
progressed markedly over last few décades. 
Improvement of internai fixation hâve improved 
outcome. Minimally invasive surgery in this particular 
field is real blessing. Understanding mechanism of injury, 
classifying it and deciding the treatment may grossly 
improve outcome. Image assisted surgery of today may 
gradually be replaced by easy and handy computer 
assisted surgery for stable fixation of fractured pelvic ring 
with minimally invasive means. Pelvic injuries in child 
should be treated carefully. 
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INTRODUCTION 

Fractures of the acetabulum remain an enigma to 
orthopédie surgeons. These fractures were once thought 
to be uncommon injuries. However, the past decade has 
witnessed a rise in such fractures. The epidemiology of 
trauma is changing due to increasing high velocity 
accidents. The management of patients with pelvi- 
acetabular fractures requires a trauma team along with 
surgeons trained in treating these fractures. Literature 
does exist about classification and treatment of acetabular 
fractures. However, standard protocols for management 
are lacking. Letournel and Judet hâve done a pioneering 
work in the field of acetabular fractures. 

ANATOMY 

The acetabulum can be described as an incomplète 
hemispherical socket with an inverted horseshoe-shaped 
articular surface surrounding the nonarticular cotyloid 
fossa. The dôme or roof of the acetabulum is the weight- 
bearing portion of the articular surface that supports the 
fémoral head. The quadrilatéral surface is the fiat plate 
of bone forming the latéral border of the true pelvic cavity 
and thus lying adjacent to the médial wall of the 
acetabulum. The iliopectineal eminence is the prominence 
in the anterior column that lies directly over the fémoral 
head. Both the quadrilatéral surface and the iliopectineal 
eminence are thin and adjacent to the fémoral head, 
limiting the types of fixation that can be used in these 
régions. The acetabular socket is composed of and 
supported by two columns of bone, which is represented 
in the shape of inverted "Y" (Fig. I). 1,2 

Acetabular Columns (Figs 2 and 3) 

The column concept is used in classification of these 
fractures and is central to the discussion of fracture 



Fig. 1 : Inverted ‘Y’ concept for acetabular columns 
{For color version see Plate 39) 



Fig. 2: Acetabular columns: white—anterior and 
red—posterior (For color version see Plate 39) 
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Fig. 3: Acetabular columns: White—anterior and 
red—posterior (for color version see Plate 39) 


patterns, operative approaches and internai fixation. 
Anterior column extends from iliac crest to pubic 
symphysis. It is composed of the bone of iliac crest, the 
iliac spines, the anterior half of acetabulum, iliopubic 
eminence and the pubis. Posterior column begins at 
greater sciatic notch and consist of posterior half of 
acetabulum, ischial spine, lesser sciatic notch, the dense 
bone forming the greater sciatic notch and ischium. 

MECHANISM OF INJURY 

Most of the acetabular fractures are as a resuit of road 
traffic accidents, fail from height or in elderly due to trivial 
trauma. The fracture pattern dépends on the position of 
the fémoral head at the moment of impact. If the fémoral 
head is in internai rotation, posterior fracture occurs and 
if it is in external rotation, anterior (Fig. 4). There are two 
basic mechanisms of injury: 

• Direct impact on the greater trochanter 

• Dashboard injury wherein the force is transmitted 
from the lower end of the fémur through the shaft to 
the fémoral head breaking the acetabulum. 

INVESTIGATIONS 

Roentgenography 

The acetabulum is evaluated roentgenographically with 
an anteroposterior pelvic view, as well as with the 45- 
degree oblique views called Judet views. 2,3 


Anterior 



column 


Fig. 4: Mechanism of injury 
AP View (Fig. 5) (Chart 1) 

In the standard AP view ail six anatomie-radiographie 
lines are to be examined, however certain lines are better 
seen on the Judet Views. 

îlioischial line: The ilioischial line demarcates the posterior 
column. It begins at the sciatic notch, coursing inferiorly 
to the médial border of the ischium. The ilioischial line 
should pass through the acetabular teardrop. If it does 
not overlap the teardrop, the ilioischial line, and thus the 
posterior column, is disrupted. This line is best seen in 
the iliac oblique view. 



Fig. 5: AP X-ray showing six lines: 1 —Ilioischial line, 
2—lliopectineal line, 3—Tear drop, 4—Anterior rim, 5— 
Posterior rim, 6—Dôme 
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Chart 1 : Lines seen on different radiographie views 



Iliopectineal line : The iliopectineal or iliopubic line is the 
radiographie landmark for the anterior column. It begins 
at the sciatic notch and travels along the superior pubic 
ramus to the symphysis pubis. This line is best seen in 
the obturator oblique view. 

Tear drop : True floor of acetabulum corresponds to the 
radiographie teardrop. Teardrop lies in the inferomedial 
portion of the acetabulum, just above the obturator 
foramen; the latéral and médial lips correspond to the 
external and internai acetabular walls, respectively. 

Anterior and posterior acetabular rims: The anterior rim is 
curved, whereas the posterior rim is straighter and more 
vertically oriented as it extends inferiorly towards the 
ischial tuberosity. 

Roof or dôme: The roof represents the highest point and 
the weight bearing portion of the acetabulum. 

Judet Views 

Obturator oblique view : Patient is supine with involved side 
of pelvis rotated anteriorly 45 degree and beam directed 
vertically towards affected hip (Fig. 6). In this view mainly 
iliopectineal line (anterior column) is seen. Posterior lip 
is also seen in profile (Fig. 7). 

The spur sign is best depicted on the obturator oblique 
view (Fig. 8).This sign is observed exclusively in the both- 
column fracture. The spur is a strut of bone extending 
from the sacroiliac joint. Usually, this strut of bone 
connects to the articular surface of the acetabulum. 4 In 



Fig. 6: Obturator oblique view: Positioning of patient 

the both-column fracture, this connection is disrupted 
and a fractured piece of bone that resembles a spur is 
left. 

Iliac oblique view: Patient is supine with uninvolved side 
of pelvis rotated anteriorly 45 degrees. Central beam is 
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Fig. 7: Obturator oblique view: Red - iliopubic line, 
blue - posterior lip (For color version see Plate 39) Fig. 9: lliac oblique view: Positioning of patient 




directed vertically towards the affected hip (Fig. 9). In 
this view ilioischial line (posterior column) is seen. 
Anterior lip is also seen in profile (Fig. 10). 



Fig. 10: lliac oblique view: Red - Ilioischial line, 
blue—anterior lip (For color version see Plate 40) 
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CT Scan 

Computed axial tomography has provided us with more 
knowledge. Three-Dimensional CT images in addition 
to the plane images are useful to classify the fractures 5 
(Fig. 11). Despite this, conventional radiography with its 
three views as described above are mandatory. The CT 
scan is required for an in-depth analysis of difficult 
fractures. 

CT scan gives us the following information which 
may not be picked on plain X- ray s. 

1. The presence of impacted or incarcerated intra- 
articular bony fragments (Fig. 12). 

2. The integrity of the sacroiliac joint. 

3. The anatomical relationship between the dôme of 
acetabulum and the fémoral head. 

4. Used postoperatively, CT may reveal screws that 
penetrate the joint or cross the acetabulum in its 
various aspects. 



Fig. 11: 3D reconstruction CT scan 



Fig. 12: CT scan: Intra-articular bony fragment 


MRI 

MRI is not routinely used in the primary évaluation of 
acetabular fractures. MRI is used in the diagnosis of occult 
fémoral head injuries and in the détection of subclinical 
sciatic nerve injury. It is useful in cases with delayed 
présentation to assess the vascular status of the fémoral 
head. 6 ' 7 

CLASSIFICATION 

Classifications are useful in assisting the decision-making 
process and in documentation for academie purposes. 
There are mainly two classifications which are being used 
today. 

Letournel and Judet Classification 8 

Ail fractures are divided into simple and complex types. 

Etementary Fractures (Fig. 13) 

1. Posterior wall 

2. Posterior column 

3. Anterior wall 

4. Anterior column 

5. Transverse 

Associated Fractures (Fig. 14) 

1. Posterior wall plus posterior column 

2. Posterior wall with transverse 



Fig. 13: Elementary fracture types: Letournel and 
Judet classification 
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81 2 61 3 B2 2 


Fig. 14: Associated fracture types: Letournel and 
Judet classification 


3. T-shaped 

4. Anterior column or wall with posterior hemi- 
transverse 

5. Both columns. 

AO Comprehensive Classification: 

Fractures of the Acetabulum 9 (Fig. 15) 

A comprehensive classification has been developed in 
an attempt to standardize the nomenclature worldwide. 
This classification was devised by AO group with Helfet 
and Tile as its facilita tors. 

Type A: Partial articular fractures, one column involved 

Al: posterior wall fracture 

A2: posterior column fracture 

A3: Anterior wall or anterior column fracture. 

Type B: Partial articular fractures 

(transverse or T-type fracture, both columns involved) 

Bl: Tr ans ver se fracture 
B2: T-shaped fracture 

B3: Anterior column plus posterior hemi transverse 
fracture 

Type C: Complété articular fracture (both-column 
fracture; floating acetabulum) 

Cl: Both-column fracture, high variety 
C2: both-column, low variety 

C3: both-column fracture involving the sacroiliac joint 



Cl .2 02 3 C3 2 

Fig. 15: AO classification 

Radiographie Working Classification (Table 1) 

For decision-making many factors such as the degree of 
displacement, the amount of comminution, the presence 
or absence of a dislocation and the quality of the bone, 
should be considered in a classification. This simplified 
classification is helpful in understanding the fracture 
morphology and deciding the treatment plan. The 
answers to the following questions about the 
radiographie observations are used to détermine the 
acetabular fracture pattern: 10 

1. Is the ilioischial line disrupted? 

Disruption of the ilioischial line occurs in fractures 
involving the posterior column or fractures in the 
transverse group. 

2. Is the iliopectineal line disrupted? 

Disruption of the iliopectineal line indicates anterior 
column involvement or one of the transverse-type 
fractures. 

3. Is a fracture of the obturator ring présent? 

A fracture of the obturator ring indicates either a T- 
shaped or column fracture (with the exception of the 
hemitransverse type of fracture). An intact obturator 
ring éliminâtes these fractures from considération. 
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TABLE 1 : Radiographie features of acetabular fracture types 


Fracture type 

Obturator ring 
fracture 

Ilioischial line 
disrupted 

ïliopectineal line 
disrupted 

Iilac wing 
fracture 

Posterior 

wall 

fracture 

Posterior wall 

No 

No 

No 

No 

Yes 

Posterior column 

Yes 

Yes 

No 

No 

No 

Anterior wall 

No 

No 

Yes 

No 

No 

Anterior column 

Yes 

No 

Yes 

Yes 

No 

Transverse 

No 

Yes 

Yes 

No 

No 

T shaped 

Yes 

Yes 

Yes 

No 

No 

Transverse with posterior wall 

No 

Yes 

Yes 

No 

Yes 

Posterior column with posterior wall 

Yes 

Yes 

No 

No 

Yes 

Anterior column with posterior hemitransverse 

No 

Yes 

Yes 

Yes 

No 

Both column 

Yes 

Yes 

Yes 

Yes 

No 


4. Is the iliac wing above the acetabulum fractured? 
Iliac wing fractures are observed in fractures 
involving the anterior column. 

5. Is the posterior wall fractured? 

Posterior wall fractures can occur in isolation or in 
combination with posterior column or transverse 
fractures. 

INITIAL MANAGEMENT 

A protocol of management of acetabular fracture is 
summarized in Chart 2. After initial assessment of the 
general condition, if the patient is unstable, he is stabilized 
in casualty. Since these patients are often severely injured 


or polytraumatized, aggressive early resuscitation is 
essential. 

Decision-making must begin with a careful clinical 
and radiographie assessment to define the personality of 
the injury. This includes a careful assessment of the patient 
profile including âge, general medical State, and the 
severity of other injuries. Assessment, of the limb to assess 
ipsilateral fémoral fractures, knee injuries, or 
neurovascular injury is essential. Sciatic nerve status 
should be documented. If the hip is dislocated, immédiate 
réduction should be done. If necessary CT scan should 
be done to understand the fracture lines well. Depending 
on this the fracture is classified and the appropriate 
decision is made regarding further treatment. 


Chart 2: Management algorithm for acetabular fractures 
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NONOPERATIVE MANAGEMENT 

Folio wing criteria are considered for nonoperative care: 11 

• The dôme of acetabulum is intact, as judged by X-ray 
and CT scan 

• The fémoral head is congruous with the acetabulum 
in ail radiographie views 

• Matta's roof arc angle more than 45 degrees 

• Displacement of fragments less than 3 mm. 

Matta's Roof Arc Angle is measured from a vertical line 
drawn from centre of hip upwards and a line from center 
of hip to the fracture (Fig. 16). If angle of these lines is 
more than 45° in AP and Judet views conservative line of 
treatment should be considered since the fracture is away 
from weight bearing done. 

Skeletal traction is the main form of nonoperative 
treatment. Its rôle is to keep the fémoral head away from 
the acetabular fracture fragments. The traction pin should 
be supracondylar in the fémur, with care to avoid the 
suprapatellar pouch or in upper tibial area. If surgery is 
to be contemplated trochanteric latéral traction should 
be avoided, as it may interfère with incisions around the 
hip. 

OPERATIVE MANAGEMENT 

Following are the criteria for operative management: 11 

• Displacement in the weight bearing dôme of 
acetabulum 



Fig. 16: Matta’s roof arc angle 


• Roof Arc angle less than 45 

• Unstable fractures 

• Intra-articular and impacted bony fragments 

• Displacement of fragments more than 3 mm. 

Indications for Immédiate Open Réduction 

Although most operative procedures on the acetabulum 
are delayed, there are following indications for immédiate 
surgery: 

1. An irreducible dislocation. 

2. An unstable hip following réduction. 

3. Neurological déficit or an increased neurological 
déficit following réduction. 

4. An associated vascular injury. 

5. An open fracture. 

Unstable Hip 

Instability of the hip is most common in posterior type 
fractures. It is also présent with a large free fragment of 
the quadrilatéral plate or in anterior type fractures. In 
posterior fracture types with hip instability, if the 
posterior lip of the acetabulum is significantly displaced, 
there is instability of the hip joint. Central instability may 
occur when the quadrilatéral plate is large enough to 
allow the fémoral head to sublux centrally. Such 
instability is seen in transverse fractures. Large anterior 
wall fragments, either in isolation with an associated 
anterior dislocation or with an anterior posterior hemi 
transverse pattern may be large enough to allow anterior 
hip instability. 

Incongruity 

Congruity must be assessed on the plain radiographie 
views as well as by CT and 3D CT. Occasionally, 
incongruity may be seen only on one view and may be 
enhanced by CT. Clinical significance of an incongruous 
fracture dépends on location of the fracture, especially 
involving the superior dôme. Also, the size and location 
of the step is important. 

Retained Bone Fragments 

Large retained bone fragments or impacted fragments 
within the acetabulum may act as a block to anatomical 
réduction. They prevent normal biomechanical function 
of the joint and can lead to chondrolysis. These fragments 
are best seen on the CT scan (Fig. 12). They should be 
removed surgically as soon as possible. 
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Principles of Operative Management 

Timing 

Patients are electively operated from the fourth to seventh 
day after injury. The surgical procedures may be lengthy, 
often requiring four hours or more. It is important to 
study the skin incision site before surgery. The Morel- 
Lavallée lésion is a localized area of subcutaneous fat 
necrosis over the latéral aspect of the hip caused by the 
same trauma that causes the acetabular fracture. The size 
and extent of this lésion are variable, and operating 
through it has been associated with a higher rate of 
postoperative infection. Presence of such a lésion or a 
wound over the anticipated surgical field is a 
contraindication for immédiate surgery. Due to some 
reason, if surgery is delayed and the hip is dislocated or 
subluxed, réduction should be done folio wed by skeletal 
traction. 

Neurologie Monitoring 

The use of intraoperative neurological monitoring is 
advocated. Studies indicate that early détection of nerve 
dysfunction intraoperatively will help to lower the 
incidence of permanent nerve damage postoperatively. 
But it is not necessary to do intraoperative neurological 
monitoring in ail cases. 12 

Surgical Approaches 

The choice of surgical approach is determined by the type 
of fracture. Se ver al approaches hâve been described: 1 

1. Anterior ilioinguinal 

2. Posterior Kocher-Langenbeck 

3. Combined approaches 

4. Extensile triradiate 

5. Extensile iliofemoral. 

Guidelines given in Table 2 are helpful in determining 
the type of surgical approach. 


Kocher Langenbeck (K-L) approach K-L approach provides 
access to the posterior wall and posterior column of the 
acetabulum. Place the patient in floppy latéral or prone 
position. Incision starts over greater trochanter extending 
distally to latéral aspect of thigh for approximately 10 cm 
and proximally towards posterior superior iliac spine 
(Fig. 17). Sciatic nerve has to be isolated carefully. External 
rotators of the hip are not detached from trochanter but 
are eut midway so as to preserve the blood supply of the 
head of the fémur (Fig. 18). Transtrochanteric osteotomy 
can be used along with K-L approach when there is an 
involvement of superior dôme. 13 

Ilioinguinal (I-L) Approach : Letournel developed the 
ilioinguinal approach in 1960 as an anterior approach for 
the operative treatment of anterior wall and/or column 
fractures. This approach provides exposure of the inner 
table of the innominate bone from the symphysis pubis 
to the anterior aspect of the sacroiliac joint. Also the 
quadrilatéral surface and the superior and inferior pubic 



Fig. 17: Kocher Langenbeck approach: Incision 


TABLE 2: Guidelines for sélection of approach as per fracture types 


AO classification 

Letournel classification 

Surgical approach 

Al 

Posterior wall 

K-L approach 

A2 

Posterior column 

K-L approach 

A3 

Anterior wall/column 

Ilioinguinal 

B1 

Transverse 

Post K-L approach with trochanteric osteotomy osteotomy/Ilioinguinal 

B2 

T type 

Combined/extensile iliofemoral/extensile triradiate 

B3 

Ant + post transverse 

Extensile triradiate/ilioinguinal 

C 

Both columns 

Combined/extensile triradiate 










Fractures of Acetabulum 1995 



Fig. 18: Kocher Langenbeck approach: 
External rotators to be eut midway 


rami can be accessed through I-L approach. The hip 
abductor musculature is left undisturbed, and rapid 
postoperative réhabilitation is possible. The patient is 
supine on a fracture table or radiolucent top table. Begin 
incision 2 to 3 cm above the symphysis pubis and carry it 
laterally across the lower abdomen to the anterosuperior 
iliac spine. Continue it posteriorly along the iliac crest to 
the junction of the middle and posterior thirds of the crest 
(Fig. 19). Deeper dissection is carried out and three 
Windows are developed (Fig. 20). First window is 
between inner table of ilium and iliopsoas muscle with 
fémoral nerve. Second window is developed between 
iliopsoas muscle with fémoral nerve and external iliac 
vessels. Third window is created médial to external iliac 
vessels. Access to true pelvis and quadrilatéral surface is 
mainly through second window. 

Currently, several trends regarding the sélection of 
surgical approach hâve emerged. It is obvious that 
posterior wall fractures require posterior approach and 
anterior column fractures require anterior approach. 
However, there is some evidence and much perception 
that extensile approaches cause more complications than 
simple ones. A single approach rather than an extensile 
or combined approach is préférable. For example, after 
fixation of posterior wall or column through K-L 
approach, the anterior column can be fixed through an 
indirect technique under image control using the same 
K-L approach. 



Fig. 19: llioinguinal approach: Incision 



Fig. 20: llioinguinal approach: Three Windows 
(For color version see Plate 40) 


Réduction techniques : Achieving anatomie réduction is the 
most difficult aspect of acetabular surgery. In order to 
achieve a satisfactory réduction, the surgeon must hâve 
available the foliowing resources: 

1. Assistants : At least 2 assistants are necessary. Of these 
at least one assistant should hâve some knowledge 
and expertise in treating acetabular fractures. 

2. Spécial instruments : Essential instruments include 
pointed fracture forceps, fracture réduction clamps 
and spiked pushers. King Tong, Queen Tong and 
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Fig. 21: Spécial instruments:A= Bone hook, B = Large angled 
jaw réduction forceps, C = King tong réduction forceps, 
D = Farabeuf clamp, E = Variable réduction forceps 




Fig. 22: Fémoral distractor 


Farabeuf clamps can be extremely helpful to achieve 
réduction (Fig. 21). Spécial plate benders are useful 
for countering the reconstruction plates. Fémoral 
distractor is helpful to see the intra-articular fragments 
(Fig. 22). 

3. Traction : Traction on the fémoral head is essential in 
obtaining the réduction. Traction maybe obtained by 
the use of a traction table. Direct traction on the 
fémoral head is essential. This can be given by Schanz 
screw or a corkscrew in the fémoral neck (Fig. 23). 
This allows better retraction of the fémoral head and 
visualization of the articular surface. 


Fig. 23: Traction on fémoral head using cork screw 



Fig. 24: Maneuvering using Schanz pin in ischium 


4. Helpful tipsfor réduction : 

• The articular surface of the joint must be 
adequately visualized if necessary by a 
capsulorrhaphy. 

• A 6 mm Schanz screw with a T-handle can be 
inserted into the ischial tuberosity in high 
transverse or T-type fractures to allow rotation of 
the posterior column (Fig. 24). 
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Fig. 25: Use of Farabeuf clamp for fracture réduction Fig. 26: Use of cerclage wires 


• Schanz screw can also be inserted in iliac crest for 
maneuvering the ilium fragment. 

• Holes should be drilled to accept the pointed 
réduction forceps. For using Farabeuf clamp two 
screws need to be passed adjacent to fracture site. 
The farabeuf clamp is removed after plate is 
applied (Fig. 25). 

5. Cerclage wires : Cerclage wires inserted through the 
greater sciatic notch and around the anterior inferior 
iliac spine may facilitate derotation and réduction of 
the columns (Fig. 26). This technique should be used 
with caution so as to avoid damage to neurovascular 
structures. 14 

6. Fixation of anterior quadrilatéral plate : Interfragmentary 
screw fixation in this area is not possible since 
quadrilatéral plate is only 2 to 3 mm in thickness. Thus 
it can be reduced indirectly by buttressing with a 
spring or hook plate. 

Implants 

Following implants should be kept ready for surgery: 

• 4 mm and 6.5 mm cannulated cancellous screws. 
(length up to 120 mm) 

• 3.5 mm and 4.5 mm cortical screws (length up to 
120 mm) 

• 3.5 and 4.5 mm reconstruction plates 

• Spring and hook plates. 


Sites of Application 

Plates are applied to the posterior column and the 
superior aspects of the acetabulum through K-L approach 
(Fig. 27). Using I-L approach the plate can be applied to 
the anterior column from the inner table of the ilium to 
the symphysis pubis (Fig. 28).Great care should be taken 
to ensure that screws in the central portion of the plate 



Fig. 27: Reconstruction plate for posterior column 
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Fig. 28: Reconstruction plate for anterior column 


do not penetrate the articular cartilage of the acetabulum. 
However, if screws hâve to be passed in this portion, they 
should be directed away from the joint. 15,16 

Intraoperative Assessment of Réduction 

Before closure, ail acetabular fracture réductions should 
be assessed under C-Arm to confirm that a satisfactory 
réduction has been achieved and to ensure that hardware 
has not been inadvertently placed in the intra-articular 
area. 17 With a finger on the quadrilatéral surface, the 
surgeon should place the hip through a range of motion 
to detect the presence of any crépitation in the joint, 
indicative of residual bony fragments or intra-articular 
hardware. The adequacy of the réduction of the posterior 
column to the anterior column can be determined by 
palpation along the quadrilatéral surface indirectly (K-L 
approach) or directly (I-L approach). 

POSTOPERATIVE CARE 

The postoperative care dépends upon the ability of the 
surgeon to achieve stable internai fixation, which in turn 
dépends on the quality of the bone and the adequacy of 
the réduction. In general, we maintain skeletal traction 
in the immédiate postoperative period for 2 to 7 days. If 
stability is deemed to be excellent, traction may not be 
given and the patient is ambulated immediately with 
crutches. Weight bearing is started only after sixth 
postoperative week. 

If there is a concern about the quality of the bone, 
comminution especially of the médial wall of the 
acetabulum, or about adéquate stability, traction should 
be continued for 6 weeks until some healing of the 
fragments has occurred. Ambulation may then begin with 
crutches, followed by progressive weight bearing at 
approximately 12 weeks. 


Deep vein thrombosis (DVT) prophylaxis is 
controversial at this time. Studies hâve shown that 
patients with pelvic trauma are at risk for DVT in up to 
60% of cases. 18 This subject must be addressed by the 
surgical team on case basis. DVT prophylaxis in the form 
of low molecular weight heparin or warfarin is 
recommended. 

RESULTS 

In our study of 176 cases with an average follow up of 
3.2 years (2-7 years), we hâve had good to excellent results 
in 74% of cases using Matta's clinicoradiological criteria. 
51 cases were treated nonoperatively and 125 cases were 
treated operatively. K-L approach was used in 53 and 
I-L approach was used in 46 cases. 22 of the cases were 
operated with combined approach. The quality of the 
réduction of the fracture is the most important variable 
in forecasting the outcome for patients with acetabular 
fractures. Few examples of acetabular fractures are 
illustrated in Figures 29 to 31. 



Fig. 29A: Posterior wall fracture with dislocation 



Fig. 29B: 3D CT scan 
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Fig. 29C: Postoperative X-ray: Fixation through posterior 
K-L approach using trochanteric osteotomy 



Fig. 30C: Postoperative X-ray: Fixation through 
ilioinguinal approach 



Fig. 30A: Preoperative X-ray: Anterior column fracture 
(For color version see Plate 40) 



Fig. 31 A: Transverse fracture 




Fig. 30B: Anterior column fracture: CT scan 


Fig. 31 B: Transverse fracture: CT scan 
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Fig. 31C: Postoperative X-ray: Fixation through combinée! approach 


COMPLICATIONS 

Complications following operative treatment of 
acetabular fractures are divided into three groups: 

A. Intraoperative complications: 

Neurovascular injury, malreduction and intra- 
artricular hardware. 

B. Early postoperative complications: 

DVT, pulmonary embolism, skin necrosis, infection 
and loss of réduction. 

C. Late Complications: 

Hétérotopie ossification (HO), chondrolysis, avascular 
necrosis (AVN), post-traumatic arthrosis and delayed 
infection. 

Hétérotopie Ossification (HO) 

It is seen following the operative fixation of acetabular 
fractures in which an extensile approach has been used 
(Fig. 32). Incidence ranges from 18 to 90%. It has been 
reported to cause functional limitation in only 5 to 10% 
of the cases. Patients in whom extensile approach has 
been used are vulnérable for HO. Indomethacin (25 mg 
tid) and/or 700 CGy radiation can be given in single or 
divided doses to prevent HO. 19 

Nerve Injuries 

1. Sciatic nerve injury: Sciatic nerve injury or worsening 
of a pre-existing déficit is a significant problem. 
Patients at increased risk include those with 
preoperative sciatic nerve compromise and those with 
fracture patterns that involve the posterior wall or 
column. The expérience of the surgical team appears 
to be the most significant factor in reducing the 



Fig. 32: Hétérotopie ossification 


incidence of iatrogénie sciatic nerve injury. The use 
of intraoperative sciatic nerve monitoring using 
somatosensory evoked potentials can be useful in 
reducing the incidence of sciatic nerve palsy. 12 

2. Fémoral nerve: The fémoral nerve may be injured due 
to over zealous retraction of the iliopsoas muscle using 
an ilioinguinal approach. 

3. Superior gluteal nerve: The superior gluteal nerve is 
situated in a vulnérable position in the greater sciatic 
notch, where it may be injured during trauma or 
during surgery, resulting in paralysis of the gluteus 
médius and minimus muscles. 

4. Latéral cutaneous nerve of the thigh: The latéral 
cutaneous nerve of the thigh is commonly injured in 
ilioinguinal approaches. This causes loss of sensation 
in the anterior and latéral aspect of thigh; however 
this disability is well tolerated. 20 

Vascular Injury 

1. External iliac artery (fémoral artery)—Fémoral vessels 
are at risk during the mobilization of vascular 
compartment from the iliopectineal fascia. The vessels 
must be isolated with the penrose drain and protected 
throughout the procedure. 

2. Superior gluteal artery - This artery is at risk during 
the exposure of greater sciatic notch. Injury can resuit 
from forceful retraction of the gluteus médius muscle 
in order to visualize latéral wall of the ilium. 21 
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3. Corona mortis - This is an aberrant anastomosis 
between the external iliac artery or inferior epigastric 
artery and the obturator artery. Failure to identify this 
vascular connection during the ilioinguinal approach 
can lead to significant hemorrhage. 

Infection 

The incidence of infection lies between 4 and 5%, but has 
been reported to be as high as 9%. To minimize wound 
problems, the use of prophylactic antibiotics, the use of 
multiple suction drains, surgical évacuation of 
hematomas and debridement of any existing Morel- 
La vellee lésions is advocated. 22 

Avascular Necrosis 

The incidence of avascular necrosis of the fémoral head 
foliowing operative treatment of acetabular fractures has 
generally ranged from 3 to 9%; the majority of the cases 
are identified between 3 and 18 months of the surgery. 
There is also an increased risk in injuries associated with 
a posterior fracture-dislocation, suggesting that the fate 
of fémoral head is determined at the time of the initial 
injury. The interval from injury to réduction of dislocation 
of the hip may be less important than previously 
described. 23 Once patient develops AVN, total hip 
replacement remains treatment of choice (Fig. 33). 



Fig. 33: AVN after acetabular fracture fixation and 
subséquent THR 


SPECIAL SITUATIONS 
Elderly Patients 

Acetabular fractures in gériatrie population are on the 
rise. The goals of treatment in the patients are the same 
as in any other patients with acetabular fractures. 
However, the elderly patient poses challenges like 
associated medical comorbidities, pre-existing 
degenerative joint disease, osteoporosis and extensive 
comminution. 24 

Helfet and coworkers reported the results of open 
réduction and internai fixation of acetabular fractures in 
patients over the âge of 60 years. 25 This study 
demonstrates that good réduction and a good functional 
resuit can be achieved through a single nonextensile 
operative approach in a majority of elderly patients with 
acetabular fractures. At some centers primary total hip 
arthroplasty is being recommended in patients in whom 
operative open fixation will yield poor results, especially 
in patients with severe comminution and/or fracture 
fémoral head. Using the morcellized fémoral head as a 
bone graft and inserting an uncemented cup with screws 
or a roof ring may be used. However this is technically 
difficulté 6 It is preferred to treat these patients 
nonoperatively initially. Later if the patient develops 
painful post-traumatic arthrosis, total joint replacement 
can be considered. 27 

Delayed Présentation 

The operative treatment of acetabular fractures may 
achieve more than 80% good to excellent results if 
stabilized within 14 days of injury in most cases. As the 
time from injury to réduction and stabilization increases 
beyond 21 days definite changes occur in the surrounding 
soft-tissue envelop. Scar tissue and fibrosis increases 
between bony fragments and the absence or résorption 
of acute fracture lines become prévalent. Fracture surfaces 
remodel and lose their anatomie fit, fracture gaps fill with 
maturing fibrous tissue and callus formation and the 
muscles attached to individual fragments shortenbecause 
of loss of position and counterbalancing forces. 28 

In the presence of nonunion or malunion, the fibrous 
tissue is excised or the fragment osteotomized to allow 
reconstruction. Fracture lines will still be présent in the 
articular cartilage even though they are indistinguishable 
on the cortical bone surface. An osteotomy through the 
articular surface followed by resection of the intervening 
wedge of new bone formation may be necessary to 
correctly repose the fracture fragments. 
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RECENT ADVANCES 

1. Minimally invasive surgery: Percutaneous methods 
of stabilization of acetabular fractures are being 
developed and are applicable in certain cases. This 
technique involves placement of cannulated screws 
percutaneously under fluoroscopie guidance in the 
columns of the acetabulum and as a buttress for the 
quadrilatéral plate. 29 These screws may be placed in 
situ for a minimally displaced fracture or after 
specialized clamps are used to achieve a réduction 
through mini incisions. 

2. Use of computer navigation System: It is especially 
useful to avoid intra-articular placement of screws and 
to restore the articular congruity. However, it is still 
in developmental stage. 30 

SUMMARY 

With the ad vent in high velocity trauma injuries the 
incidence of acetabular fractures is on the rise. The 
progress made in understanding and management of 
acetabular fractures in the past decade has led to a more 
predictable outcome of these fractures. The results of 
inadéquate and improper fixation are probably worse 
than those treated nonoperatively. Thus it is évident that 
a high learning curve is required in proficiency of surgical 
treatment. To hâve a successful outcome it is important 
for the surgeon to hâve a complété understanding of 
fracture morphology, proper preoperative planning, in 
depth knowledge of surgical anatomy, adéquate intra¬ 
operative imaging facilities, appropriate implants, 
instruments and surgical expertise. Complications of 
fracture acetabulum can be devastating and are best 
avoided. 'The eyes do not see what the mind does not 
know." Thus it is impérative for us to hâve a full 
knowledge of treating acetabular fractures and its 
complications one may encounter before embarking on 
handling patients with these fractures. 
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213.1 Main Considérations 

John Ebnezer, GS Kulkarni 


INTRODUCTION 

Dislocations of the hip are on the increase, because of the 
vehicular accidents. Hip dislocation is usually due to a 
high energy trauma. As it is a high energy injury, it is 
associated with other fractures and dislocations in the 
body. In any polytrauma patient, it is important to take 
radiographs of the pelvis and cervical spine. This is 
especially true when there is fracture of the shaft of the 
fémur. Fracture and dislocation of the hip is an orthopédie 
emergency, which most commonly occur in the young, 
and are a serious injury, because avascular necrosis occurs 
in 15% of the dislocations usually within a year. But it 
can occur up to 3 year s. 

Clinical Significance of Vascular Anatomy 

Avascular necrosis of fémoral head and post-traumatic 
degenerative hip are the two very important and common 
complications of hip dislocations. A thorough knowledge 
of the vascular anatomy (Fig. 1) is a must to understand 
the reasons behind. Fémoral head circulation is through 
three sources: 

1. Intraosseous cervical vessels 

2. Artery of ligamentum teres 

3. Retinacular vessels (main supply) 

If there is damage to these vessels during dislocation, 
or during réduction and also due to the delay in diagnosis 



Fig. 1 : Showing vascular anatomy of the hip joint 
(From Paul Levin MD) 


and treatment, this could lead to avascular necrosis of 
the fémoral head and later to degenerative arthritis. 
Avascular necrosis usually leads to osteoarthritis as a 
long-term complication. The incidence of osteoarthrosis 
is 75% in long-term follow-up. 6,9,11 
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Fig. 2: Showing the dashboard injury (from the Textbook of 
Orthopedics, III édition, by Dr John Ebnezer) 


MECHANISM OF INJURY 

The forces that knock's the hips out of its safe confines 
could arise from three sources: 

1. The anterior part of the flexed knee striking against 
an object (dash board events) 

2. From the sole of feet with the ipsilateral knee extended 

3. From the greater trochanter 

4. Rarely it could be from the posterior pelvis 

The interesting developments in a dashboard injury 
(Fig. 2): 

• Left hip may develop a pure dislocation of the hip 
since the left foot is on the clutch with the hip and 
knee flexed at 90° 

• Right hip may develop a fracture dislocation, because 
the right foot is either on the brake or accelerator pedal 
with the hip in 60-70° of flexion and slight abduction. 
The dislocation is classified (Table 1) into (i) anterior 



Fig. 3: AP X-ray of ipsilateral knee joint of a patient with posterior 
dislocation of the hip. The dashboard mechanism responsible 
for hip dislocation is commonly associated with other fracture 
in the ipsilateral limb such as in this case a intra-articular fracture 
of the tibial plateau. In ail cases of hip dislocation attempt to 
search for such associated injuries should be made 

dislocation, (ii) posterior, (iii) central, and (iv) any 
dislocation of the above associated with fracture of the 
head of the fémur or acetabulum. In India, neglected 
posterior dislocation is not an uncommon scénario, 
especially in the villagers. Careful management of the 
hip dislocation is important to prevent or decrease 
complications. 

POSTERIOR DISLOCATIONS 

Posterior dislocations with or without fractures are 
becoming more common due to high energy trauma. The 
mechanism of injury is usually the longitudinal force 
applied to the flexed knee with hip in varying degrees of 
flexion such as dashboard striking the knee in vehicular 
accident, hence, termed as dashboard injury (Fig. 3)7 


TABLE 1 : Comprehensive classification of anterior or posterior hip dislocation 


Type I 
Type II 

Type III 
Type IV 
Type V 


No significant associated fractures, no clinical instability after concentric réduction 

Irreducible dislocation without significant fémoral head or acetabular fractures (réduction must be 
attempted under general anesthésia. 

Unstable hip after réduction or incarcerated fragments of cartilage, labrum or bone. 

Associated acetabular fracture requiring reconstruction to restore hip stability or joint congruity 
Associated fémoral head or neck injury (fractures or impactions) 


From DeLee JC: Fractures in adults edited by Rockwood and Green (4th edn) Lippincott-Raven Philadelphia 1996;2:1756. 
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Figs 4A and B: Appearance of classical deformities in 
dislocation hip: (A) anterior, and (B) posterior (from the Textbook 
Of Orthopedics, III édition, by Dr John Ebnezer) 



Fig. 5: Showing the Shenton’s line (from the Textbook of 
Orthopedics, III édition, by Dr John Ebnezer) 


Clinical Features 

There is usually history of trauma and the patient has a 
flexion, adduction and médial rotation deformity of the 
affected limb (Figs 4A and B). There is marked shortening 
and gross restriction of ail hip movements. Head of the 
fémur is felt as a hard mass in the gluteal région and it 
moves along with the fémur. There could be features of 
sciatic nerve palsy. It may be difficult to feel the fémoral 
puise (vascular sign of narath is négative). In fracture 
posterior hip dislocation, this classical présentation may 
not be seen. 

Radiological Findings 

AP, latéral and oblique radiographs confirm the 
diagnosis. The important points which should be noted 
in the initial X-rays are shown in Table 2. 

• Are the fémoral heads symmetric in size? 

• Is the joint space symmetric throughout? 


TABLE 2: Cause for open réduction 

1. Irreducibility 

• Buttonholing through capsule 

• Lig. Teres 

• Labrum 

• Bony Fragment 

• Piriformis Tendon 

• Iliopsoas tendon 

2. Iatrogénie aciatic nerve injury 

3. Incongruent réduction with incarcerated fragments 

4. Incongruent réduction with interposed soft tissue 

5. Incongruent réduction with fémoral head fracture 


• Is the head large (anterior dislocation) or small 
(posterior dislocation)? 

• Is the Shenton' line maintained or broken? (Fig. 5) 

• Is the greater trochanter prominent (posterior) or 
inconspicuous (anterior) reverse with lesser 
trochanter? 

• Is the fémoral neck normal? 

CT scan is used to detect osteocartilaginous fragments 
in the hip. 

CT scan is used to detect osteocartilaginous fragments 
in the hip. Postreduction radiograph is necessary to 
ascertain adequacy of réduction of dislocation, and 
presence of fragments in the joint as suggested by 
increased joint space (Figs 6A and B). Persistent widening 
of the joint space is an indication for surgery. 
Postreduction CT scan is helpful. 10,15 

Treatment 

The dislocation should be reduced as early as possible 
under general anesthésia. 1 2 3 4 5 Open réduction is indicated 
in: (i) failure of closed réduction, (ii) unstable réduction, 
(iii) entrapment of fragments, and (iv) associated 
fractures of the head or acetabulum. 

Type I Posterior Dislocation without Fracture (Fig. 7) 

Bigelow’s Method of Réduction 

Graduai gentle traction is given in the line of deformity. 
The thigh is adducted and internally rotated and is then 
flexed to 90° or more on the abdomen. This relaxes the 
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Figs 6A and B: (A) X-ray of pelvis with both hips AP view showing posterior dislocation of the right hip. 
Note the break in the Shentons line and acetabular fracture, (B) Closed réduction was performed immediately 
after which acetabular fracture was fixed with percutaneous lag screws and external fixator 



Figs 7A to E: Posterior dislocations of the hip: Type I—with or without minor fracture, type II—with a large single fracture of the 
posterior acetabular rim, type III —with comminution of the rim of the acetabulum with or without a major fragment, type IV—with 
a fracture of the acetabular floor, and type V—with a fracture of the fémoral head (From DeLee JC: Fractures in Adults, Eds. 
Rockwood and Green, 1996). 


"Y" ligament. In this position, the fémoral head is near 
the posteroinferior rim of the acetabulum. While traction 
is maintained, the fémoral head is levered into the 
acetabulum by abduction external rotation and extension 
of the hip. 6 

Allis Method 

With gentle traction the hip is flexed to 90° and then 
rotated internally or externally with continued 
longitudinal traction (Fig. 8). 

Bass’s Method (Modified Allis Method) 

This is the flexion adduction method. With the patient 
under general anesthésia, the hip is flexed to 90° in 
maximum adduction as the longitudinal traction is 


applied in the axis of the fémur while an assistant 
stabilizes the pelvis. 

Classical Watson Jones Method (Fig. 9) 

This technique is useful in both anterior and posterior 
dislocation of the hip. Irrespective of the type of disloca¬ 
tion the limb is first brought to the neutral position. In 
this position the head of the fémur lies posterior to the 
acetabulum even in anterior dislocation. Now with an 
assistant steadying the pelvis the head of the fémur is 
reduced into the acetabulum by applying a longitudinal 
traction in the long axis of the fémur. It is simple and 
effective when compared to Bigelow's method. 

Stimson’s Gravity Method 

This method is depicted in Figure 10. 
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Fig. 8: Allis réduction maneuver for a posterior dislocation of 
the hip (From DeLee JC: Fractures in Adults, Eds. Rockwood 
and Green, 1996) 

Postoperative Management 

Postoperative radiographs, preferably CT scan is 5 
essential to: (i) access to concentric réduction, (ii) detect 
any osteochondral 14 fragments in the joint, (iii) evaluate 
any fractures of the acetabulum or head of the fémur, 
light skin or skeletal traction (5 to 8 lbs), for 1 to 2 weeks 
is recommended. Spica cast is condemned because early 
movement of the hip is necessary for health of the 
articular cartilage. No weight bearing is allowed for 4 to 
8 weeks, then gradually full weight bearing is allowed at 
12 weeks. 



Fig. 9: Showing the Watson Jones Classical Method of 
réduction (from the Textbook of Orthopedics, III édition by 
Dr John Ebnezer) 


Treatment of Posterior Fracture Dislocation 

Type II, III and type IV the treatment of type II, III and 
IV is controversial (See Fig. 7). Most authors classically 
recommend that dislocations with associated acetabular 
fractures be reduced by closed means as quickly as 
possible. 6 Closed réduction is indicated when there is: 
(i) minor posterior hip fracture, (ii) no bony fragments 
in the hip and the réduction is stable. After réduction the 
stability is tested by flexing the hip to 90° with adduction 
of posterior pressure on the hip. 12 Epstein 8 reported the 
largest sériés of posterior fracture dislocations in the 
literature. He has noted bony fragments and débris in 
the joints of 91% of the patients at arthrotomy. He 
recommended primary open réduction and internai 
fixation of ail posterior fracture dislocations of the hip 
for the following reasons: (i) to remove loose fragments 
from the hip, (ii) to restore stability and joint congruity, 
and (iii) to ensure accurate réduction. Open réduction is 
done by posterior approach. 

OPEN REDUCTION 

Open réduction of a hip dislocation is often require for 
the indications mentioned in T able 1. Approximately 
2 to 15% of dislocations are irreducible. A full sériés of 
X-rays and 2 mm eut CT-scan are often helpful in 
identifying the obstructing structure.the hip is 
approached by an anterior approach for anterior 
dislocations and a posterior Kocher-Langenbeck 
approach for posterior dislocations. At the time of 
réduction ail fractures which require fixation are fixed 
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Figs 10A and B: (A) The Stimson gravity method of réduction. (B) Allis réduction maneuver for an anterior dislocation of the hip 
(From DeLee JC: Fractures in Adults, Eds. Rockwood and Green, 1996) 


and the joint is debrided of ail loose fragments. A repair 
of the labral tear is often necessary. 

Posterior Dislocation with Fracture of 
the Head of the Fémur (type V) 10 

Type V posterior fracture dislocation occurs in 6 to 7% of 
posterior dislocations. 6 Pipkin 16 classified this type of 
fracture into four types (Figs 11A to D). 

Type I: Posterior dislocation of the hip with fracture of 
the fémoral head caudad to the fovea centralis. 

Type II: Posterior dislocation of the hip with fracture of 
the fémoral head cephalad to the fovea centralis 

Type III: Type I and type II with associated fracture of 
the fémoral neck. 

Type IV: Type I, II, or III with associated fracture of the 
acetabulum. 

Fractures of the Head of the 
Fémur with Dislocation 

Treatment 

Pipkin Type I: The preferred treatment in most centers is 
closed réduction under general or spinal anesthésia by 
gravity method of Stimson or Allis' method. Bigelow's 
method may be used with great caution because fracture 
of the proximal fémur particularly fracture neck of the 
fémur may occur if force is used. 20 

Type II: As this fracture occurs in the weight-bearing area, 
anatomie réduction and internai fixation by open method 


are preferred. This restores the joint congruity and 
stability. Closed method is used only if the patient is unfit 
for the surgery. Posterior approach is used. In some 
centers, first closed réduction is done and if the réduction 
is satisfactory, skeletal traction is continued for 6 weeks. 
If closed réduction fails, open réductions and internai 
fixation is done. 20 

Type III: The treatment dépends upon the âge of the 
patient. In younger patients ail attempts must be made 
to preserve the head. Therefore, open réduction and 
internai fixation of the fémoral head and neck fractures 
is advocated. In the elderly patients, total hip replacement 
is the method of choice. 13 

Type IV: If the posterior acetabular lip has an insignificant 
fracture, closed réduction is done. 2,16 If the acetabular 
fragment is large, open réduction and internai fixation 
of both the acetabular and head fractures are achieved. 
Total hip replacement (THR) is considered as a primary 
treatment or after acetabular fracture has healed. 

Complications 

Myositis ossificans (2%): It is seen commonly in posterior 
dislocation with head injury and is unknown in simple 
posterior dislocation. It may be seen after réduction also. 
It can be prevented by avoiding repeated manipulation, 
early immobilization and by immobilizing for 6 weeks 
in hip spica. 

Sciatic nerve injury (Figs 12 and 13) Incidence of this injury 
is 10 to 13%. It is 3 times more common in fracture disloca- 
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Figs 11A to D: Showing Pipkin’s classification (from Delee JC fractures and dislocations. In: Rockwood, CA, Jr: Green, 

DP Fractures, Vol 2, 2nd edn, JB Lippincott, 1996) 




Fig. 12: Showing the sciatic nerve injury in posterior dislocation 
of the hip (from the Textbook of Orthopedics, III édition, by 
Dr John Ebnezer) 


Fig. 13: Sciatic nerve impingement by the posteriorly dislocated 
fémoral head (from DeLee JC: Fractures in Adults, Eds. 
Rockwood and Green, 1996). 


tion than simple dislocation. Usually it is a neuropraxia 
and the peroneal division is commonly affected. It may 
be due to stretch of the nerve or may be due to 
impaiement between the fracture fragments. If it is 
associated with acetabular fracture the nerve should be 
explored. Prognosis is variable. 

Traumatic osteoarthritis due to avascular necrosis (35%): For 
head of the fémur major blood supply enters from the 
capsule and to a lesser extent through the ligamentum 
teres. If both these sources are damaged, it gradually leads 
to AVN followed by osteoarthritis of the hip joint. 
Incidence is about 10%. 

Récurrent dislocation : This is due to fracture acetabulum 
and sometimes due to rent in the capsule and gluteus 
minimus. This requires exploration and fixing of the 
acetabular fragments with screws. 


Unreduced dislocation : This is common in Asian patients 
due to ignorance and illiteracy. Manipulative réduction 
is tried first. If it is unsuccessful operative réduction is 
attempted. Arthrodesis if acceptable is the best treat- 
ment. Total hip replacement is usually not preferred 
because the patient is usually young. In hips where there 
is useful range of painless movements corrective 
osteotomy is done. In painful stiff joints, girdlestone 
excision is preferred. 

Irreducible dislocation (31%): This may be due to bony 
(acetabular fragments, fémoral head, etc.) or soft tissue 
(acetabular labrum, etc.) obstruction. It may also be due 
to coma, ipsilateral fracture fémur or dislocation of 
opposite hip. It may require exploration and open 
réduction. 
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Fig. 14: Anterior dislocation (From DeLee JC: Fractures in 
Adults, (Eds). Rockwood and Green, 1996) 


Fig. 15: Showing the mechanism of injury in anterior dislocation 
of the hip (from the Textbook of Orthopedics, III édition, by 
Dr John Ebnezar) 


Prognosis 

Prognosis is bad if: (i) the initial trauma is severe (ii) delay 
in treatment, (iii) repeated unsuccessful attempts and 
réduction, (iv) associated complications such as AVN, 
nerve palsy, post-traumatic arthritis, etc. 

Anterior Dislocation 

Anterior dislocation (Fig. 14) occurs in approximately 
15% of ail traumatic hip dislocations. 6 Damage to the 
fémoral head is common and occurs in up to 85% of the 
patients and is most commonly an indentation fracture. 6 
Four mm of indentation hâve poor prognosis. Avascular 
necrosis occurs in 10 to 15% of these dislocations and in 
the majority osteoarthrosis. If the patient arrives early 
within a day or two, closed réduction is possible. Traction, 
extension and internai rotation of the hip usually reduces 
the dislocation. 17 Preoperative CT scan may be necessary 
to detect osteocartilaginous fragments in the acetabulum. 
If it is présent, usually open réduction is necessary. If the 
patient has corne late, open réduction is needed. Extrême 
care is necessary to prevent neurovascular injury. Old 
neglected more than 4 months dislocation is one of the 
most problematic, because of the fibrosis around the hip 
(see chapter on neglected fractures and dislocations). 1 

Mechanism of Injury 

Due to the forces, of a RTA, when the knee strikes the 
dashboard with the thigh abducted, violent fall from the 


height, forceful blow to the back of the patient in a 
squatted position (Fig. 15) the neck of fémur or the greater 
trochanter impinges on the rim of the acetabulum and 
through a tear in the anterior hip capsule; the head of the 
fémur is levered out of the acetabulum. If the hip is in 
simultaneous abduction, external rotation and flexion, 
an inferior type (obturator) of dislocation results. And 
on the contrary if the hip is in abduction, external rotation 
and extension, it results in a pubic or iliac (superior) 
dislocation (Fig. 17). There could be associated fracture 
of the head of the fémur. 4 

Clinical Picture 

The characteristic position of the limb suggests the 
diagnosis. The hip is extended and externally rotated in 
the superior dislocation. In the inferior type, the hip is 
abducted, externally rotated and flexed. The other injuries 
in the body should be carefully inspected. Possible injury 
to fémoral vessels and nerves is assessed. Radiograph is 
diagnostic of anterior dislocation. Acetabulum should be 
carefully inspected on radiograph for any osteocarti¬ 
laginous fragment. CT scan is helpful to detect the 
fragments. MRI is important in evaluating the vascularity 
of the fémoral head, integrity of the labrum to detect 
osteocartilaginous fragments and concentric réduction. 

Classification 

Epstein’ Classification (Fig. 16) 

The epsteins classification is used for anterior dislocation 
of the hip. It divides anterior dislocation into both 
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Figs 16A to E: Showing the comprehensive classification of 
the anterior dislocation of the hip (From Paul Levin MD) 



Fig. 17: Radiograph showing the iliac type of anterior 
dislocation of the hip 


superior and inferior groups which further sub-divided 
as shown below. 

TYPE I: Superior Dislocation 

(Includes pubic and subspinous dislocation) 

Type IA : No associated fracture (simple dislocation) 

Type IB: Associated facture of the head (transchondral or 
indentation type) and/or neck of the fémur 

Type IC: Associated fracture of the acetabulum. 


TYPE II: Inferior Dislocation (includes obturator, 
thyroid and périnéal dislocation) 

Type IIA: No associated fracture (simple dislocation) 

Type IIB: Associated fracture of the head (transchondral 
or indentation type) and/or neck of the fémur 

Type IIC: Associated fracture of the acetabulum. 

Methods of Réduction 

Gravity method ofstimson: The limb hanging from end of 
the table and traction is applied gently. Rotatory motion 
of the limb reduces the dislocation. 

Allis method: Patient is supine. Knee is flexed to relax 
hamstrings. With longitudinal traction, adduction and 
internai rotation, réduction is achieved. 

Reverse bigelow method: Continuons traction is applied 
with gentle flexion of the hip and latéral forces to the 
thigh. Slight internai rotation and adduction reduce the 
hip. 

Open réduction: If closed réduction fails after 2 to 3 
attempts, open réduction should be done in the same 
general or spinal anesthésia. It is also indicated in 
fractures of the head of the fémur or any fragments in 
the acetabulum. Réduction is done through the anterior 
iliofemoral approach. 

Neglected anterior dislocation: See Section 25 on Neglected 
Trauma. 

Central Fracture Dislocation of the Hip 

Central fracture dislocations of the hip are on the rise in 
the young adults as well as in the elderly patients due to 
high energy accidents. 23 This fracture is usually due to a 
blow on the latéral aspect of the trochanter which causes 
the head bursts through the floor of the acetabulum. This 
fracture may be associated with ipsilateral fracture of the 
fémoral shaft or pelvis, or a part of polytrauma. Therefore, 
careful évaluation of the injuries in other parts of the body 
is essential. 2 

Mechanism of Injury 

It could be due to direct blow on the greater trochanter 
as in the case of RT A or fall on the sides (Fig. 18). It is 
invariably associated with the fractures of the acetabulum 
and this is what makes it a very difficult problem to treat. 

Classification: Judet’s Types 

1. Undisplaced fractures (either single-line or stellate 
types) 
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Fig. 18: showing the common mechanism of central dislocation 
of the hip (from the Textbook of Orthopedics, III édition, by Dr 
John Ebnezar) 

2. Inner wall fractures: 

A. Fémoral head concentrically reduced beneath the 
dôme on initial X-rays 

B. Fémoral head not reduced under the acetabular 
dôme but centrally dislocated 

3. Superior dôme fractures: 

A. Gross outline of the acetabular dôme intact and 
congruous with the fémoral head 

B. Gross outline of the acetabular dôme not intact 
and not congruous with the fémoral head 

4. Bursting fractures (ail éléments of the acetabulum are 
involved) 

A. Fractures in which congruity remains between the 
fémoral head and acetabular dôme 

B. Fractures in which there is incongruity between 
the fémoral head and acetabular dôme 

Clinical Diagnosis 

The patieht has severe pain in the hip. The limb is usually 
slightly shortened. As the acetabulum is a cancellous 
bone, there may be severe blood loss. Hematoma may 
displace the bladder, and cause urinary symptoms. 

Radiology (Fig. 19) 

AP radiograph confirms the diagnosis. However, internai 
and external oblique views are essential for detecting the 
fracture lines and displacement. CT and MRI are very 
helpful in assessing the fracture lines. 



Fig. 19: radiograph showing central fracture dislocation of the 
hip joint (from the Textbook of Orthopedics, III édition, by Dr 
John Ebnezar) 


Treatment (Fig. 20) 

DeLee JC has classified the central fracture dislocation of 
the hip into four groups from the treatment point of view. 
They are: (i) undisplaced fractures, (ii) inner wall 
fractures, (iii) superior dôme fractures, and (iv) bursting 
fractures. 

Undisplaced fractures: These fractures are treated withbed 
rest, with movements of the hip, for a period of 6 to 8 
weeks. Then partial weight bearing is allowed and full 
weight bearing after 12 weeks. 

Inner wall fractures: As the superior and posterior 
acetabulum is intact, there is no need to reduce médial 
fragment. The fémoral head is reduced by LowelTs 
method under image intensification. Skeletal (10 to 12 
weeks) traction and hip mobility are instituted. If closed 
réduction is impossible, open réduction is necessary in 
younger patients (Fig. 20). 

Superior dôme fractures: If the réduction is congruous 
treatment is by skeletal traction and early mobilization. 
If the fragments are displaced, open réduction and 
internai fixation are considered. Closed réduction by 
LowelTs method is attempted. If the réduction is not 
acceptable, open réduction and internai fixation are 
considered. Skeletal traction is given to the lower end of 
the fémur. 

Bursting fractures: Treatment by closed réduction and 
skeletal traction is instituted. Prognosis dépends on 
severity of acetabulum fracture. Future THR must be 
considered. Therefore, pin traction should be in the distal 
fémur. 
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Fig. 20: Traction for a central fracture dislocation of the hip. 
This diagram demonstrates the position of the two Steinmann 
pins and the connection to a latéral weight for traction (From 
DeLee JC: Fractures in Adults, Eds. Rockwood and Green, 
1996) 

Complications 

Early Complications 

This includes sciatic nerve palsy, superior gluteal artery 
injury, thrombophlebitis, bowel obstruction, aseptie 
necrosis, pintract infection, récurrent central dislocations 
etc. 

Delayed Complications 

Post-traumatic osteoarthritis is an escapable complication 
in central dislocation. Other fearful complications include 
myositis, avascular necrosis of the fémoral head and a 
stiff and disabling hip. 

Ilizarov Method 

Recently, we hâve treated dislocation of the hip by 
Ilizarov method. Three half pins are inserted in the supra- 
acetabular area or in the iliac crest, and three half pins 
are inserted in the fémur just below the lesser trochanter. 
Supra-acetabular area is preferred because the iliac bone 
here is the thickest. Fixation here is more stable than that 
in the iliac crest. Three fémoral arches are attached to 
this half pins as shown in the Figure 20. The iliac block is 
connected to the fémoral block with hinges in such a way, 
that it gives traction in the line of the head and neck of 
the fémur, so that the head of the fémur is pulled out of 
pelvis, and congruous réduction is obtained. The traction 


is maintained for a period of 8 to 12 weeks. But 
mobilization can be achieved with the hinges placed in 
the sagittal plane so that flexion and extension are 
possible. Assembly is removed after 8 to 12 weeks and 
weight bearing allowed to tolérance. 
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213.2 Protrusio Acetabuli 

K Doshi 


INTRODUCTION 

Intrapelvic protrusion of the acetabulum was originally 
described by Otto in 1824, and is often known as the "Otto 
pelvis". The acetabulum bulges into the pelvis. The 
primary prostrusio due to the increased plasticity of the 
acetabular floor was described by Gilmour in 1938. 

The secondary protrusio is due to gross lésions of the 
hip. The causes are old fracture, rheumatoid arthritis, 
osteomalacia, tuberculosis of the hip, etc. 

Primary protrusio is common in females, and is often 
bilateral. Duthie has described three clinical types. 

Deformities without arthritis changes: This is the 
uncomplicated type of deformity. Its récognition is 
usually accidentai during a radiographie examination for 
other reasons. As the condition progress, there may be 
limitation of movement, hyperlordosis and abnormal 
gait. This type of deformity may persist for years without 
producing serious arthritic changes. 

Deformities associated with unilatéral arthritis: This group 
is characterized by the development of progressive 
stiffness and pain in the joint with the deep protrusion, 
the other remaining sound. These symptoms may 
develop gradually or date from a spécifie injury. 

Deformities associated with bilateral arthritis: Both hips hâve 
well-marked arthritis such as rheumatoid arthritis or 


osteoarthrosis. The hips tend to stiffen in both condition, 
and may do so completely in rheumatoid but never in 
osteoarthrosis. Later, the lumbar spine and even the knees 
may show signs of osteoarthrosis. 

The hip may show restriction of movements the ace¬ 
tabulum into the pelvis and osteoarthritic changes. 

Treatment 

In the early stages, nonoperative treatment of active 
exercises, gentle stretching of soft tissues around, and hip 
therapy may be tried. If the symptoms are severe, total 
hip replacement is considered. Bone grafting on the floor 
of the acetabulum may be necessary, during total hip 
replacement (THR). 

Gates et al (1990) hâve reported 39 hip replacement 
for acetabulum protrusion deformities in 32 patients. 
Twenty-four patients had survived for the final 
assessment, although there was some functional 
détérioration, 20% showing definite loosening, 10% 
probable and 60% possible with 10% requiring 
révision. 
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213.3 Osteitis Condensans Ilii 


Osteitis condensans ilii occurs usually in females aged 
20 to 40 years. As the patient complains of low back pain, 
often there is a history of recent child bearing. It is 
important to appreciate that this is a true self-limiting 
disease because radiographically it is rarely seen in later 
life, even as a coincidental finding. The typical 


K Doshi 

radiographie appearances are of sclerosis in the ilium 
adjacent to the sacroiliac joint and usually involving the 
distal half. It may be bilateral. 

As it is a self-limiting disease, short-wave diathermy, 
nonsteroidal antiinflammatory drugs (NSAIDs) can be 
given. 




214.1 Anatomical and 
Biomechanical Aspects 

Sameer Kumta 


INTRODUCTION 

Fractures of the proximal fémur is divided into (1) 
fractures of the head of fémur, (2) fracture neck of the 
fémur, (3) fractures of the intertrochanteric area, and (4) 
fractures of the subtrochanter. The fracture of the neck 
of the fémur is important because its incidence is 
increasing as the population of the elderly persons in our 
society is on the rise, and the management of the fracture 
is still a great challenge to the orthopédie surgeon. 
Fractures of the neck fémur hâve always presented great 
challenges. In spite of recent advances in technology till 
today its still unsolved fracture. The risk of non-union 
and osteonecrosis in particular is virtually the same today 
as in the 1930's. It is one of the most frequent admissions 
in any hospitals ail over the world. Therefore, it is an 
endemic disease within the senior community. Hip 
Fractures are devastating injuries that most often affect 
the elderly and hâve a tremendous impact on both the 
health care System and society in general. Despite marked 
improvements in implant design, surgical technique, and 
patient care hip fractures continue to consume a 
substantial proportion of our health care resources. 11 
Impart great financial burden to the family. It is important 
to understand the pathophysiology of the fracture of the 
neck of fémur and the biomechanics of the implant used 
to manage the fracture and prevent the complications. 

Nutritional status of the elderly fracture patient must 
be assessed. Poor health of the elderly patients is due to 


their aging process, poor dietary habits, poverty and 
ignorance. Therefore, postoperatively it is important to 
increase the intake of adéquate calories, proteins, vitamin 
D, C and fluids. If necessary intravenous route may be 
used. 12 

This fracture is more common in women than in men, 
probably as a resuit of several factors. 

Women hâve a slightly wider pelvis with a tendency 
to coxa vara tendency to be less active and develop 
osteoporosis earlier, and tend to live longer than men, 
usually with a history of fall over hip joint or a trivial 
trauma to hip. Fractures resulting from trivial trauma are 
usually pathological. In younger patients, trauma is major 
(high velocity), usually due to a direct force along the 
shaft of the fémur. 14 

Historical Aspects 

Important historical landmarks in the history of fracture 
neck fémur are depicted in the Table 1. 

The upper end of the fémur is anatomically and 
biomechanically a structural marvel, with its own 
peculiarities, which are best suited to its function. It is 
most heavily stressed and loaded during function and is 
only second to the lumbar disks in this respect. The 
demands on the fémoral head and neck are very high 
during various activities. Every patient with fémoral neck 
fracture wishes to go back to the prefracture level of 
activities. Restoring the head and neck to the original 
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TABLE 1: 

Historical landmarks of fracture neck fémur 

1823 

Sir Astley Cooper 

Distinguished between intra-and extracapsular fractures and relationship of 
nonunion to vascularity of the head 

1850 

von Langenbeck 

First internai fixation 

1902 

Whitman 

Careful réduction and spica cast 

1931 

Smith Petersen 

Use of triflanged nail starting of the era of internai fixation 

1937 

Thornton 

Added side plate to triflanged nail 

1941 

Jewett 

Developed solid nail plate 

1934 

Moore 

Use of multiple pins 

1936 

Knowels 

Use of multiple pins 

1958 

Deyerle 

Use of 9 to 13 pins 

1940 

Moore 

Use of stainless Steel prosthesis 

1952 

Thompson 

Use of prosthesis 

1952 

Sir John Charnley 

Total hip replacement 

1954 

Pugh 

Use of telescoping nails and screws 

1958 

Massie 

Use of telescoping nails and screws 


Richards 

Telescoping screw 


AO 

Dynamic hip screw 

1980 

Asnis 

Multiple cannulated screws 

1990 

AO 

6.5 mm cannulated screws 

1970s to 1990s 


Image intensification, computer-assisted designs, high strength 
stainless and titanium 


biomechanically sound structure is a challenge faced by 
the treating surgeon. The knowledge of the gross anatomy 
of the région is important. However, a few structural and 
vascular peculiarities must be considered. There are many 
controversies and a large number of implants described 
in the literature. 

In a randomized study of 455 patients, Parker and 
associâtes 13 concluded that hemiarthroplasty is préférable 
to internai fixation. In contrast Partanen and associâtes 14 
reported a matched-pairs analysis of 174 patients and 
recommended internai fixation. 

Most importantly, révisions must be prevented. 
Nearly 3,00,000 articles can be found in a Medline search 
for " fémoral neck fractures." 

Surgical Anatomy (Fig. 2) 

Fémoral head is not a perfect sphere, and the joint is 
congruous only in the weight-bearing position. The 
fémoral head is slightly oblong with an average size 40 
to 60 mm. 

The trabecular architecture of the proximal end of the 
fémur comprises of five distinct groups. 

1. Principal compression trabeculae: These run from the 
weight-bearing portion of the fémoral head to the 
région of the calcar femoris and the médial cortex. 

2. Principal tension trabeculae: These begin in the 
inferior portion of the head, and arch across the 
superior portion, terminating in the latéral cortex. 

3. Trochanteric trabeculae: These begin in the greater 
trochanter and end in the latéral cortex. 


4. Secondary compression trabeculae. 

5. Secondary tension trabeculae: These are found 
between the primary trabeculae and act as tie beams. 
The primary tensile and compression trabeculae, resist 

tensile and compression stresses respectively. Trabecular 
bone is concentrated as thin layer deep to the subchondral 
bone. 19 

Singh Index 

Singh's grading of osteoporosis (Fig. 1): Though Singh's 
grading 6 has been accepted to grade osteoporosis, 
Kranendonk 6 and associâtes hâve challenged the 
accuracy of method. Grading is often difficult (inter¬ 
observation discrepancy). Advantages of Singh's grading 
are as follows: 

1. Approximately assesses the degree of osteoporosis 
and therefore prognosis. 

2. Radiograph of pelvis is taken to detect the fracture. 

Bone Quality 

Fémoral neck fractures are seen in bone that has failed in 
its capacity to absorb energy impacts. There is a direct 
relation between comminution of the fractures and the 
degree of osteopenia and osteomalacia as assessed by 
Singh and Maini grading. 

The study of these trabecular patterns also show us 
two areas of paucity of trabeculae (Fig. 2). The Ward's 
triangle is situated latéral to the principal compression 
trabeculae, below the tension trabeculae in the middle 
and médial part of the neck and is a large area that can 
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the normal trabecular groups are visible and the upper end of 
the fémur seems to be completely occupied by cancellous bone, 
(B) grade V—the structure of principal tensile and principal 
compressive trabeculae is accentuated. Ward’s triangle appears 
prominent, (C) grade IV—principal tensile trabeculae are 
markedly reduced but can still be traced from the latéral cortex 
to the upper part of the fémoral neck, (D) grade III—there is a 
break in the continuity of the principal tensile trabeculae opposite 
the greater trochanter. This grade indicates definite 
osteoporosis, (E) grade II—only the principal compressive 
trabeculae stand out prominently, the others hâve been more 
or less completely resorbed, and (F) even the principal 
compressive trabeculae are markedly reduced in number and 
are no longer prominent 

rarely be avoided during fixation. The Babcock's triangle 
is situated in the inferior sector of the head. The purchase 
of the bone over any implant situated in these areas would 
always be poor. The loss of continuity of the primary 
tensile trabeculae as in grade 3 osteopenia marks the 
transition between the bone capable of holding an internai 
fixation and the bone so weak that the implant loosens 
and becomes ineffective. 

The major trabeculae, primary compressive and tensile 
criss-cross in the center of the head of fémur forming a 
dense and strong bone. Therefore, implant placed in this 
area has better purchase than the one placed peripherally. 

The trabecular bone within the fémoral neck is often 
of very low density and is unable to support the fixation 
device alone, necessitating use of the fémoral neck cortical 
bone for support. Bone density studies of cadaveric 
fémoral heads hâve demonstrated that the bone in the 
middle and superior fémoral head provides better that 
the weaker bone of the inferior of head. 15 



Fig. 2: A trabecular network of bone supports the fémoral neck 
and head. The center of the head, where the primary 
compressive and tension trabeculae coalesce, has the greatest 
density, the superior dôme of the head has the second greatest 
density (from Asnis SE, Kyle RF: Intracapsular hip fractures, 
in Asnis SE, Kyle RF (eds): cannulated screwfixation: principles 
and operative techniques. New York, NY, Springer-Verlag, 
1996;52) 


Screws traversing the center of the fémoral neck hâve 
very little support (as if they were in a hollow tube) unlike 
a dynamic compression hip screw and sideplate, 
cannulated screw head buttress against the fémoral 
cortex and the threads lock in the fémoral cortex. If forces 
are applied to direct the head fragment inferiorly or 
posteriorly and the screw shafts are apart from the 
endosteal cortical fémoral neck, the fémoral head and 
screws may drift until a screw's shaft cornes to rest 
against the endosteal cortex. 16 

Clinical expérience shows that, regardless of the other 
factors contributing to the postfixation stability, 
complications of fixation like loosening, etc. are most 
frequent in poor quality bone. 

Vasculature of the upper end of fémur (Fig. 3). The 
head and neck of the fémur, received their major blood 
supply from the subcapital anastomosis formed by the 
retinacular vessels. 1 ' 2 These pericervical retinacular 
vessels can most easily get compressed and traumatized 
in many abnormal conditions of the hip joint. While the 
intracapsular fracture can rupture few vessels, the intact 
ones could undergo distortion, angulation or even 
compression by hemarthrosis and edema. A variable 
amount of obstruction to the arterial and venous 
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Fig. 3: The arterial supply of the fémoral head 


circulation can occur, which may lead to the avascularity 
of the head, totally or partially. 

There is pericapsular vascular anastomosis, formed 
by branches of both fémoral circumflex vessels obturator 
and superior gluteal arteries. The pericapsular basal 
anastomosis around trochanter which is larger and 
perhaps more important is formed from the branches of 
both fémoral circumflex arteries. Mainly by médial 
circumflex both these pericapsular rings of vessels are 
connected to each other by capsular vessels which are 
grouped into superior, posterior and inferior ones. The 
anterior part of the capsule, which gets folded during 
flexion movements does not hâve many important 
pericapsular vessels. The superior retinacular vessels after 
supplying the upper part of the neck enter the head 
extrachondrally and supply two-third of the head. 8,9 
There is also anteroinferior group of vessels supplying 
in the same manner. The superior and the anteroinferior 
vessels are often torn due to varus and external rotation 
displacement. The inferior vessels, which are enclosed 
in a pedunculated mesentery of the retinaculum hâve 
better tolérance to displacement. Fortunately enough, 
these vessels seem to be the most important for survival 
of the head following the fractures. Almost ail these 
retinacular vessels include venae comitantes. These being 
thin walled are very susceptible to extramural 
compression by the hematoma or kinking. The vascular 
supply to the upper end of the fémur before the growth 
is complété, has certain peculiarities as follows. 

The main supply cornes from the médial and latéral 
circumflex arteries. The latéral epiphyseal artery (the 
terminal branch of the médial fémoral circumflex) is the 
primary blood supply and runs along the posterosuperior 
aspect of the fémoral neck before terminating into two to 
four retinacular branches that enter the fémoral head. 12 
The supply from artery of the ligamentum teres 


contributes to some extent. The médial circumflex artery 
passes backwards between the iliopsoas and pectineus 
to the hip joint, giving off médial ascending cervical 
arteries. Posteriorly, it supplies quadratus and gives 
posterior ascending cervical arteries. It terminâtes as the 
latéral ascending cervical artery. The latéral circumflex 
artery gives of anterior ascending cervical arteries 
coursing subsynovially along the neck, supplying both 
the metaphysis and epiphysis. The epiphyseal plate on 
the surface of the head neck junction, pass through the 
perichondral fibrocartilaginous complex and then supply 
the epiphysis. The ascending cervical vessels then go into 
a less distinct vascular ring at the articular cartilage-neck 
junction known as the subsynovial intraarticular arterial 
ring. 17 From this ring, vessels penetrate the fémoral head 
and are then referred to as the epiphyseal arteries. The 
latéral epiphyseal artery is believed to supply most of 
the blood to the weight-bearing area of the fémoral head. 17 
The artery of the ligamentum teres supply a substantial 
portion of the fémoral head in only one third of patients. 18 
However, these vessels may be important in 
revascularization of the fémoral head after fixation. A 
very limited amount of blood is supplied through 
intraosseous vessels that corne directly from the marrow 
below. 18 

The surgeon must be very careful no to place retractors 
around the posterior aspect of the neck. 19 

The epiphyseal plate is an absolute barrier to blood 
vessels. As the child grows, the vascular pattern changes 
as follows: 

At birth vessels from the latéral side of the head course 
horizontally towards the médial side. Vessels from the 
top of the ossified shaft course vertically through the 
cartilaginous head. 

Four months tofour years Epiphyseal ossification begins 
at 4 months with blood supply from the ascending 
cervical arteries. As ossification advances, the latéral 
epiphyseal artery assumes the major rôle. 

Four to seven years The epiphyseal plate is a barrier 
between the metaphysis and epiphysis. Blood supply 
cornes from latéral epiphyseal vessels. 

Nine to 12 years Ligamentum teres vessels assume 
prominence and anastomose with latéral epiphyseal 
vessels. These are termed médial epiphyseal arteries. 

Adolescent period : The trochanter gets ossified, the growth 
plate gets extended. The latéral epiphyseal vessels are 
now a major source of supply, some supply coming from 
ligamentum teres vessels. 

Each vessel then turns back into a sharp loop. After 
the epiphyseal fusion occurs, the epiphyseal and 
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metaphyseal vessels anastomose with each other. To 
prevent the vascular complications is to decompress these 
vessels as soon as possible by whatever means, like 
aspiration, arthrotomy and to urgently correct major 
displacements by early surgery. Early réduction and 
fixation may play a positive rôle by unkinking intact 
vessels, but this is still spéculative. 

Healing Occurs by Two Sources 

1. Revascularization occurs through the remaining 
blood supply by the process of creeping substitution. 
Therefore, it is an important that every attempt should 
be made to protect the remaining vascular supply to 
the fémoral head after fracture. 

2. Second source of revascularization as vascular 
ingrowth across the fracture site. If there is fibrous 
tissue due to mobility. This vascular growth is 
prevented. 

These facts favor prompt réduction and stable fracture 
fixation in the treatment of fémoral neck fractures with 
the hope that the metaphyseal vessels will promptly 
reestabilish and restore circulation before late 
segmentai collapse occurs. 

Neck-Shaft Angle : The normal neck-shaft angle is 130 ± 5 
degrees. A value lower than that is considered a varus 
and any value higher than that is considered a valgus 
(Fig. 4). 



Fig. 4: The center of rotation of the head C is just below the tip 
of the greater trochanter. The neck shaft angle is normally 
between 120 ° and 135 °. The tip of the greater trochanter is 2 to 
2.5 times r, the radius of the head from the center of rotation. 
The anatomical axis is inclined at 9 degrees to the midsagittal 
plane and at 5 to 7°to the mechanical axis. The résultant of the 
forces R is at 16°to the midsagittal plane. M is the direction of 
the abductor muscle pull. From the Rationale of Operative 
Fracture Care Schatzker and Tile, (Eds) (llnd ed) 328 


Greater Trochanter : The distance from the center of the 
fémoral head to the tip of the greater trochanter is equal 
to the diameter of the head of the fémur (Fig. 5). When 
the proximal fémur is viewed from above, it can be seen 
that the greater trochanter is not centered on the neck 
but flares posteriorly some 30 to 40°. This anatomy should 
be taken into considération while inserting a pin. 

The Calcar Fémorale (Fig. 6) 

Calcar fémoral reinforces the fémoral neck postero- 
inferiorly. It is not the médial cortex of the neck as is 
conventionally understood. It is a laminated vertical plate 
of condensed bone, fanning laterally from the médial 
cortex to the gluteal tuberosity. Proximally, it blends with 
the posterior cortex of the neck and distally beyond the 
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Fig. 5: Note that the trochanter is not centered on the neck but 
flares posteriorly some 30 to 40°. From the Rationale of 
Operative Fracture Care Schatzker and Tile, (Eds): (llnd ed), 
328 



Fig. 6: Calcar fémorale (arrow): (A) from latéral aspect, (B) on 
roentgenogram, and (C) on transverse section through lesser 
trochanter. From Tronzo: Surgery of the Hip (llnd ed) 1:64 
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lesser trochanter with the posteromedial shaft. The calcar 
serves to counteract the compressive loads in this région 
and is the représentation of the original shaft of the 
fémur. 6,10 

The Influence of the Muscles 

The gluteus médius The tension generated by this muscle 
acts in a line that is nearly parallel to the fémoral neck. It 
is a major contributor to the axial compressive loads along 
the fémoral neck and continues to act even after a simple 
fracture. 10 Gluteus médius is the prime stabilizer muscle 
of the hip joint. The fracture results in the séparation of 
the trochanter from the fulcrum, i.e. the head. The muscle 
releasing effects of this injury cause loss of the stabilizer 
action of the gluteus and change the mechanics of the 
région (Fig. 7). 3,4 

The abductors represent the single largest muscle 
group acting on the proximal fémur. They are responsible 
for the varus directed force acting in the région, with the 
fémoral head acting as the fulcrum. In the fémoral neck 
fractures, the fulcrum shifts laterally and distally, thereby, 
increasing the lever arm and the varus promoting force 
(Fig. 7). A physiological section of 1 cm 2 of muscle can 
produce 2 to 5 kg of force, during maximum contraction. 
The muscle mass around the hip joint, averages between 
150 and 300 cm 2 and it can produce enough force to stress 
the bone beyond its failure point. 

The muscles also help us to absorb the energy of fall 
or impact counteracting it. A good quadriceps is found 
to absorb 10 times as much energy as fémur can during 
fall before breaking. Therefore, in the old âge, muscle 
weakness and neuromuscular incoordination are 
important causes of fall and fracture. 

Osteoporosis of various grades would reduce the 
energy absorbing capacity of the fémoral necks. In old 
âge osteoporosis, this strength can be reduced by 20 to 



Fig. 7: Fracture neck fémur shifts the fulcrum of movement 
laterally abductors at mechanical advantage 


25% and while the energy of the fall may not be great, 
the patient still would hâve sustained a fracture. The 
typical patient is usually an elderly lady with poor 
balance and coordination and a compromised general 
health. The compressive loads on the neck région in the 
fall are unbalanced due to failure of the stress resisting 
muscular System on the latéral side. A large quantum of 
energy is expended on proximal fémur resulting in a 
fracture. When the impact is directly over the hip area, 
the energy dissipation mechanisms do not hâve a chance 
to act. Rydell showed that standing on one leg generated 
a force 2.5 times body weight on that hip. In one-leg 
support, with a cane in the opposite hand, the force across 
the hip was reduced to body weight. At rest with two- 
leg support, there was a force of about half the body 
weight across each hip joint. Running was noted to 
increase these forces to 5 times body weight. Rydell also 
found that lifting the leg from a supine position with the 
knee straight produced a force of 1.5 times body weight 
across the hip joint. 11 

Fixation Mechanics of Fémoral Neck Fractures 

Treatment of unstable fémoral neck fractures is based on 
a Sound biomechanical principle, and their disregard is 
likely to bring failures. 5 Excellent surgical technique alone 
will not give satisfactory results. 

1. Fracture réduction Stable réduction of fémoral neck 
fracture provides sufficient médial and posterior 
cortical contact between the major proximal fragment 
and the major distal fragment. This resists the varus 
forces. A stable réduction contributes to the strength 
of the postfixation assembly. 7 

Absorption of the fragments with persistent gap is 
likely. In actual practice, implants back out, while the 
head settles around the tip of the other screw. 

It is seen from the above discussion that structure of 
the fémoral head and neck, type of the bone stock, 
fragment geometry, comminution résultant inhérent 
instability and damage to the vasculature are important 
for the final outcome of the fracture. They are products 
of the patient and trauma, and the surgeon has no control 
over them. However, the proper réduction, proper 
implant and the placement are surgeon's choice. Clear 
understanding of biomechanics of the problem helps him 
make the proper choice while facing this challenging 
fracture and hâve a favorable outcome. 
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214.2 Evaluation of Fracture Neck Fémur 

GS Kulkarni 


DIAGNOSIS AND INVESTIGATIONS 

"Any elderly patient presenting with complaints of pain 
in hip and inability to walk should be diagnosed as a 
case of fracture of neck of the fémur unless proved 
otherwise." Clinical présentation of a patient dépends 
upon whether the fracture is displaced, undisplaced or 
impacted. Patient with displaced fracture présents with 
pain in the hip or groin région and inability to walk. 
Patient keeps the affected leg in external rotation and 
slight abduction with or without shortening. Tenderness 
around the affected hip with false movements at the frac¬ 
ture site may be appreciated. Movements of the involved 
hip are painful with crepitus. However, 9 no attempt 
should be made to elicit these signs since they produce 
severe pain and further damage to blood supply, and 
these signs are not essential to diagnosis. 

AP and Latéral radiographs diagnosis of fracture neck 
fémur is confirmed by anteroposterior and latéral 
radiographs. AP view is preferably taken in internai 
rotation of affected limb 10 to 15° to eliminate the 
obliquity of antéversion. 7 Latéral view taken across the 
table provides essential information regarding the degree 
of comminution. Radiographs in frogleg latéral position 
should not be taken as it is very painful. 10 


Posterior comminution (Fig. 1) Marked comminution of the 
fragments posteriorly is the hallmark of fracture neck 
fémur. It is often difficult to reduce anatomically and 
maintain réduction and associated with healing 
complications. The fémoral neck is a hollow shell. 
Comminution is always more than is seen on 
radiographs. Posteriorly it looks like an explosion took 
place. Much of the fracture's behavior can be predicted 
by viewing the latéral radiographs and estimating the 



Fig. 1 : Fracture neck fémur showing severe posterior commi¬ 
nution, posterior displacement of the head and entrapment of 
the postero-superior retinacular vessel 




Fractures of Neck of Fémur 2025 


extent of the posterior comminution. In "Beak fracture", 
it is difficult to reduce and maintain réduction. 5 

The presence comminution of posterior comminution 
may be associated with a lower résistance to displacement 
and a lower axial load to failure, necessitating placement 
of additional fixation. In a biomechanical cadaver study 
evaluating the use of cancellous lag screws in osteoporotic 
patients, the enhanced biomechanical strength of a fourth 
screw was demonstrated in the treatment of fractures 
with associated posterior comminution. 1,11 

Computerized Tomography 

CT scans are useful in pathological fractures of the neck 
fémur to assess extent of lésion. They are also useful in 
determining position of fracture fragment in fracture 
dislocation of the fémoral head and in doubtful fractures. 

Assessment of Fémoral Head Vascularity 24 

About one-third of fémoral heads following displaced 
fracture neck fémur are totally or one-third subtotally 
avascular and one-third are vascular. Avascular necrosis 
of fémoral head occurs within a few hours of injury. Dead 
head may be radiographically normal and clinically 
asymptomatic. 

Vascular supply of the fémoral head can be evaluated 
preoperatively by scintigraphy. 13 Assessment of fracture 
vascularity ofthe head: Multiple methods hâve been used 
to détermine preoperatively the vascularity of the fémoral 
head in fémoral neck fractures. To date, bone scans hâve 
failed to demonstrate adéquate sensitivity or specificity 
to hâve useful prédictive value. Speer et al, found no 
evidence of avascular necrosis within the first 48 hours 
after displaced fracture on standard Tl - and T2 weighted 
MRI. They hypothesized that the fatty marrow within 
the fémoral head was relatively résistant to the anoxie 
insult, with fat cell death occurring over 2 to 5 days, and 
that this fatty marrow was responsible for the normal 
signal seen within the fémoral head on MRI. Lang et al 
demonstrated that gadopentetate dimeglumine - 
enhanced MRI scanning within 24 hours of injury was 
able to differentiate between fémoral heads that were well 
perfused by digital subtraction angiography and those 
that were not. 

A postoperative bone scan has been demonstrated to 
correlate with eventual rates of nonunion and avascular 
necrosis in fémoral neck fractures. 3 Stromqvist, Kelly and 
Lidgren demonstrated that bone scans performed within 
2 weeks of operative treatment were able to détermine 
the healing course in 306 fractures (uneventful healing, 
hardware failure, nonunion, and avascular necrosis) with 
a prognostic accuracy of 91%. 3 Broeng et al demonstrated 


that decreased uptake noted on a bone scan 1 to 3 weeks 
postoperatively and 2 months postoperatively was 
indicative of eventual loss of réduction or segmentai 
collapse in 50% of patients, whereas normal or increased 
uptake correlated with uncomplicated healing in 90%. 6,13 

MRI within 48 hours of fracture does not, however, 
appear to be useful for assessing fémoral head viability/ 
vascularity or predicting the development of 
osteonecrosis or healing complications. 12 

Laboratory Investigations 

CBC, GSR, Urine, liver and kidney functions test and bone 
densitometry should be done routinely. Arterial blood 
gas if pulmonary function is poor. 

1. Nutrition and hydration 

2. Assessing surgical fitness 

3. Osteoporosis 

4. Preinjury: Activity level and ambulation are 
important from treatment point of view especially in 
the elderly. In the active elderly patient in the âge 
group 60 to 80 one options are internai fixation and 
arthroplasty. 8 

5. Life expectomy and ambulation in the âge group 
above 80 to 85 minimal or no ambulation AMP is 
indicated. 

1. Nutrition: Evaluation of nutrition status is 
important for healing of fracture and also prevents 
of infection. Sérum immunoglobulin is a fair 
indication of nutritional status fitness for surgery. 
These patients are often dehydrated. 

2. Assessing surgical fitness: Physician opinion 
regarding cardiovascular, neurological respiratory 
and other System to assess the patient of fitness 
for the surgery. Many patient suffer from cardiac 
disease, senile dementia, diabètes, hypertension, 
etc. Make the patient stable before making the 
fractures table. 

3. Osteoporosis 

I. Osteoporosis is the main cause of posterior 
comminution which occurs more in 
osteoporotic bones than in normal bones. The 
posterior comminution as seen in the latéral 
radiograph is up to 65 to 75 percent of the 
fracture neck of the fémur. There is always 
more comminution seen at surgery than that 
can be seen on preoperative radiographs. 
Garden 5 stated that comminution of the 
posterior cortex of the neck of the fémur (a) 
resulted in the loss of the buttressing effect 
against latéral rotation of head fragment and 
was the main cause of instability even after 
rigid internai fixation. It is probably a major 
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reason for delayed union, nonunion, and 
malunion, (b) Secondly, it créâtes a large gap, 
which is difficult to bridge by the callus. 
Buttressing the posterior cortex by a screw is 
crucial. This also prevents the tendency of the 
head rotating posteriorly. 

IL Osteoporotic bone has a lower energy 
absorbing capacity. Even with a trivial injury, 
the bone fractures. As the head is porotic, its 
implant holding capacity is reduced. 
Subchondral bone of the fémoral head is 
comparatively stronger. Therefore, the implant 
used to fix the fracture must gain a firm hold 
in the subchondral bone. In sumary 
osteoporosis causes: (i) pathological fracture of 
the neck of the fémur, (ii) posterior comminu- 
tion, (Fig. 1) and fracture gap and instability 
of the fracture, (iii) implant failure due to poor 
purchase of the implant in the porotic head— 
the implant may eut out of the head or 
penetrate into the hip joint, resulting in 
nonunion, and (iv) posterior displacement 
leads to malunion. Osteoporosis indicates poor 
prognosis. Singh and Maini's index is useful 
for grading osteoporosis. 

Rigid fixation is not possible in many cases because 
of associated osteoporosis. According to Meyers, closure 
of the gap in the posterior neck with a muscle pedicle 
bone graft increases the stability of the fixation of the 
fracture. Severe posterior comminution indicates 
doubtful prognosis, because rigid fixation is not possible, 
and anatomical réduction cannot be maintained till 
healing occurs. 

Decrease in calcium absorption seen in the elderly 
play s a major rôle in the development of osteopenia. 

Fracture Gap 

A gap between the fragments is created by posterior 
comminution or distraction of the fragments by an 
implant such as a Smith-Peterson nail. The gap is also a 
major obstacle for revascularization and creeping 
substitution. After internai fixation of the fracture, the 
fracture often collapses and the réduction is lost because 
of the gap. This is due to loss of buttressing effect of an 
intact posterior neck. The head rotâtes posteriorly, during 
the postoperative period due to the gap. 


Osteomalacia 

Osteomalacia is more common than is considered. 
Subclinical osteomalacia was found in 25 percent of the 
fractured fémoral heads biopsied during prosthetic 
replacement. In India, osteomalacia is not uncommon due 
to repeated shortly spaced pregnancies, food fadism of 
the elderly women, purdah System of Muslim community, 
poverty and undernourishment. Osteomalacia along with 
osteoporosis makes the bone very soft and the head 
cannot hold the implant. Therefore, the incidence of 
implant failure and non-union is very high. Osteoporosis 
is usually associated with certain amount of osteomalacia. 

Assessment of osteoporosis and osteomalacia should 
be done by Singh index and bone densitometry by DEXA 
in each patient of the fracture of the proximal fémur. 
Every patient must receive anti osteoporotic drugs, such 
as calcium, vitamin D, alendronate, teriparatide, etc. 
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214.3 Pathology of Fracture Neck Fémur 

GS Kulkarni 


Mechanism of Fracture 

1. A direct blow to the greater trochanter 

2. Latéral rotation of the leg causing the neck to be 
twisted off. Patient faits in abduction and externat 
rotation. 

3. In the young individuals the fracture is usually is due 
to major trauma. Usually resulting in a direct force 
along the shaft of the fémur, wit or without a 
rotational comonent. 

4. The 4th mechanism of injury in the young group is a 
stress fracture seen in runners and military recruits. 
This is rare but must be considered in any young 
patients presenting with "hip pain". 18 

The head is firmly fixed by the anterior capsule and 
the iliofemoral ligament, while the neck rotâtes 
posteriorly. The posterior cortex impinges on the edge of 
the acetabulum and buckles under the forces generated. 
In this situation, tensile forces are created on the anterior 
cortex of the neck of the fémur and compressive forces 
posteriorly. Combined effect, compressive forces on the 
posterior cortex and osteoporosis cause comminution of 
the posterior cortex. 6 The 3rd mechanism is fatigue 
fractures in the elderly. Cyclical loading causes micro- 
and macrofractures in the fémoral neck, especially 
posteriorly. A fracture of this type becomes complété after 
a trivial trauma. 17 

Healing of the Fracture of the Fémoral Neck 1 

Fractures of the fémoral neck heal in a different way than 
the long bones do. Becuase of the elongated position of 
the fémoral neck within the joint capsule and absence of 
cambium layer of the periosteum, fracture heals without 
external callus. The fracture of the fémoral neck almost 
heals entirely from intramedullary endosteal callus. 
Fracture healing from the viable distal fragment and dead 
head is quite possible provided the fracture is 
anatomically reduced, firmly impacted and rigidly fixed 
by implants, provided the osteosynthesis done within 24 
to 48 hours. 15 Union dépends solely on medullary healing 
between the fémoral head and neck. 

Revascularization 

In fractures of the fémoral neck, vascularity of the head 
is severely compromised. In majority of the cases, part of 
or entire head is avascular. With rigid and stable fixation. 


the dead head can unité with the viable distal fragment. 
Revascularization of the head occurs from: (i) the areas 
of the fémoral head that remain viable, (ii) vascular 
ingrowth from the distal fragment, however, there may 
be a limit to the amount of dead bone which can be 
revascularized, (iii) capillary ingrowth from distal 
fragment is a slower process and occurs when the fixation 
is rigid and stable. 14 Micromovements of the fragments 
disrupt the new capillary ingrowth and cause 
inflammation resulting in fibrosis on fracture surfaces. 
This fibrosis prevents vascular ingrowth into the head. 
Rigid and stable fixation of the fracture prevents micro- 
movement. 

Following internai fixation, initial micromove-ments 
and later displacement of the fragments occur because 
of : (i) posterior comminution which causes instability and 
produces a gap between the fragments, 12 (ii) osteo-porosis 
(poor implant holding capacity of the capital bone), from 
the uninjured vessels supplying the head of fémur, and 
(iii) poor fixation of implant as regards type of implant 
used, placement depth and médial and latéral anchoring 
of implant. 841 

Creeping Substitution 

When the fracture is stably fixed, necrotic portion of the 
head is absorbed and replaced by new bone from the 
distal fragment. Phemister has named this process 
"creeping substituion." 5 

Primary healing occurs due to endosteal callus. 
According to many authors, résorption and settling of 
capital fragment over the distal fragment normally 
occurs. Sliding de vices pr ovide dynamic contact and 
compression at the fracture site by muscle contraction 
and weight bearing. Deyerle does not agréé that 
résorption and settling by sliding devices should be 
allowed. He calls dynamic compression or collapse— 
collapse of the hip. Motion and collapse of comminuted 
fracture, due to absorption of the fracture site and failure 
of impaction causes secondary healing. The cartilaginous 
phase may continue for several months resulting in 
delayed healing, nonunion or segmentai collapse. 
Therefore, prompt bony union with primary bone healing 
is essential to promote blood supply to the fracture 
surfaces and to the head of fémur. The longer these 
surfaces are without blood vessels Crossing them the 
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greater will be the chance of segmentai collapse. The 
earlier the creeping substitution covers the entire head, 
lesser will be the chances of segmentai collapse. In 
summary, the dead head can unité with the viable distal 
fragment provided the fracture is reduced anatomically, 
firmly impacted and rigidly fixed, as early as possible 
preferably within 6 to 8 hrs. 

Healing Time 

Healing usually occurs within 4 to 5 months. 

Vascularity of the Fémoral Head 

The posterior rotation of the head and comminution are 
additional factors causing crushing of the retinacular 
vessels. These three factors—displacement, posterior 
comminution, severe valgus réduction and posterior 
rotation of the head—play important rôle in producing 
vascular injury. 

Approximately 15 percent of the fracture occur at 
transcervical and cervicotrochanteric levels and usually 
do not involve the retinaculum. In these fractures, AVN 
occurs less frequently. 2 

Malhandling of the Patient 

Malhandling during transport may cause further tearing 
or crushing of the vessels by the fracture fragments. 
Therefore, gentle handling of the patient is necessary. 
Preoperative traction is not necessary. 

Capsular Tamponade 

This subject is controversial. Several authors hâve 
suggested that intracapsular hemorrhage—following 
fractures of the neck of the fémur—causes tamponade 
effect and oblitérâtes the retinacular vessels and further 
decreases the vascular supply to the head. Deyerle not 
only aspirâtes the hip soon after the patient is admitted, 
but also makes a nick in the capsule at the time of surgery 
to drain the hemorrhage. Drake and Meyers 3 could 
aspirate only 3 cc of blood from the hip with fracture 
neck of the fémur and the average pressure recorded was 
31 mm of Hg well below the normal venous pressure. 
There was increase in the pressure when the limb was 
held in extension and internai rotation. They concluded 
aspiration was not indicated and traction should be 
applied in external rotation and slight flexion until 
surgical treatment can be undertaken. Following are the 
reasons why tamponade concept is not accepted. 9 Volume 
capacity of the hip is 40 cc. Therefore, small amount of 
hemorrhage could not cause tamponade effect, secondly. 


when the capsule is torn, as it usually does, there cannot 
be increased intracapsular pressure. Thirdly, in impacted 
fractures, there is usually not much of intracapsular 
bleeding, still there is 10 to 15 percent of AVN. Capsular 
release of the hip joint has been suggested by some to be 
an intégral part of the initial surgery. This has never been 
shown with level I evidence to make any différence in 
the avascular necrosis rate. However, some authors 
continue to feel very strongly that this should be 
performed to reduce intracapsular pressure. 18 

In one such study, the fémoral head blood flow of 55 
patients with intracapsular fémoral neck fractures was 
prospectively monitored using an intraosseous pressure 
transducer. 10 In 75% of patients, an increased intracap¬ 
sular pressure secondary to hemarthrosis was observed. 
The mean pressures increased from 26 mm Hg in the first 
6 hours after injury to 46 mm Hg 7 to 24 hours after 
injury. 9 Elevated pressures were observed for up to 2 
weeks after injury, and no différence was found between 
displaced and nondisplaced fractures. 16 Because flexion, 
abduction and external rotation combine to produce the 
lowest intracapsular hip joint pressures, whereas 
extension and internai rotation produce the highest 
intracapsular pressures, maintaining the leg in its normal 
"antalgie" position with minimal traction until definitive 
fixation can be accomplished has been recommended. 19,20 

Vigorous manipulation multiple vigorous attempts 
of manipulation or réduction may further damage 
vascularity. 4 
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214.4 Treatment of Fracture Neck Fémur 

GS Kulkarni 


CLASSIFICATION 

Garden’s Classification 3236 ’ 39 (Fig. IA) 

Garden's classification is based on the degree of 
displacement of the fractures seen on radiographs. 104 
Whichever classification System is used, impacted 
fractures must be distinguished from undisplaced 
fractures of the neck of the fémur. 

Garden I This fracture is incomplète or impacted. In this 
fracture, the trabeculae of the inferior neck are still intact. 
The proximal fragment is not in valgus. 

Garden II : This fracture is complété without 
displacement. The distal fragment is not in normal 
alignment with the proximal fragment. Trabeculae are 
interrupted by the fracture line across the entire neck of 
the fémur. It has no inhérent stability and almost ail 
subsequently displace if not internally fixed. Stability 
dépends on fixation with screws and the strength of the 
latéral cortex. If the latéral cortex does not provide 
sufficient stability to prevent toggling of the screws and 
réduction of torsional forces, complications and 
nonunions occur more frequently. 104 

Garden III : This fracture is a complété fracture with a 
partial displacement. Distal fragment is rotated 
externally. Posterior retinaculum is still intact, holding 
the fragments together. The posterior cortex of the neck 
is not collapsed. 

Garden IV: This type of fracture is a fracture with complété 
displacement. The proximal fragment returns to its 
normal position in the acetabulum. The trabecular pattern 
of the head are in alignment with those of the acetabulum. 



Figs 1A to D: Garden’s classification of fémoral neck fractures: 
(A) stage I incomplète fracture, (B) stage II complété fracture 
without displacement, (C) stage III complété fracture with partial 
displacement, (D) stage IV complété fracture with full 
displacement 

The distal fragment is rotated laterally and displaced 
upward. 

The posterior cortex of the neck is collapsed, and the 
posterior retinaculum is torn. 

Disadvantages of Garden’s Classification 

1. According to Meyer, stage one of Garden's 
classification is a complété fracture not visible on 
radiographs. 

2. In stage two frequently the head fragment rotâtes 
posteriorly, some times up to 25°. In both, stage one 
and stage two, fracture is complété and minimally 
displaced. There is not much différence between stage 
one and stage two regarding réduction, treatment and 
prognosis are concerned. If posterior rotation is more 
than 15°, réduction is necessary. 

3. Third disadvantage is that Garden take into account 
only the AP view, therefore, does not include the 
posterior comminution and the resulting gap. 
Significant displacement may occur on the latéral 
view and not be apparent on the AP view. 
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AO Classification (Fig. 2) 

In the AO classification System, fractures of the fémoral 
neck are classified as subcapital with no or minimal 
displacement (Type Bl), transcervical (Type Bl), 
transcervical (Type B2), or displaced subcapital fractures 
(Type B3). Each of these types is further identified. Type 
bl fractures may be impacted in valgus of 15 or more 
(Type Bl.l) impacted in valgus of less than 15 degrees 
(Type B1.2), or nonimpacted (Type B1.3). Transcervical 
(Type B2) fractures may be basicervical (Type B2.1), 
midcervical with adduction (Type b2.2), or midcervical 
with shear (Type B2.3). 

Displaced subcapital fractures (Type B3) may be 
moderately displaced in varus and external rotation 
(Type B3.1), moderately displaced with vertical 
translation and external rotation (Type B3.2), or markedly 
displaced (Type B3.3). Type B3 fractures hâve the worst 
prognosis. 15 

Schatzker et al 78 believes that the comprehensive 
classification of subcapital fractures in its detailed 
characterization of the fracture morphology is useful for 
research purposes. In clinical practice for decision making 
and simple analysis of outcome, they rely on the 
classification of these fractures simply undisplaced or 
displaced. 

Pauwels Classification 97 (Fig. 3) 69 

Pauwels divided fémoral neck fractures into three types 
based on the direction of the fracture line across the 
fémoral neck. Type I is a fracture 30° from the horizontal. 
Type II, 50° from the horizontal and Type III, 70° from 
the horizontal. Type I fractures are much more horizontal 
than Type III fractures, which are almost vertical. Garden 
believed that any change in obliquity was the resuit of a 
misinterpretation of the X-ray examination. Therefore, 
he thought that the PauweTs classification was a better 
measure of réduction than an indication of the angle at 
which the fémoral neck was broken. 97 

Simple and Working Classification 

Simple and working classification would be: (i) stable and 
(ii) unstable. 

Type I stable The stable fracture is undisplaced or 
minimally displaced with some valgus angulation and 
less than 15 degree of posterior rotation of the head 
fragment on the distal fragment as seen on the latéral 
radiographie film. Impacted and stress fractures are also 
included in stable fractures. These are Garden Types I 
and II. 



Fig. 2: AO classification of fémoral neck fractures: Bl — 
subcapital fracture with slight déplacement, B2—transcervical 
fracture, and B3—nonimpacted, displaced, subcapital fracture 



Fig. 3: Pauwel’s classification of fémoral neck fractures 



Fig. 4: Impacted fracture 
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Type II unstable The fractures are unstable and more than 
minimally displaced. Markedly displaced valgus 
fractures as seen in the AP view are unstable and must 
be distinguished from the impacted fractures (Fig. 4). 
They are not truly impacted. These fractures must be 
disimpacted and reduced. Unstable fractures are 
characterized by: (i) severe comminution, (ii) wide 
displacement, and (iii) marked osteoporosis. 85,94 There are 
Garden Type III and IV. 

Initial Patient Management 109 

No traction is needed, as traction causes discomfort and 
increases intracapsular pressures. The leg is maintained 
in a position of comfort usually slight hip flexion and 
external rotation, supported by pillows under the knee. 
The position of external rotation and flexion allows for 
maximum capsular volume. 

Decision Making 

Impacted Fracture Neck Fémur 

Patients with stress or impacted fracture corne walking 
in hospital with an antalgie gait. They may be able to 
walk with a limp and therefore, delay seeking treatment. 97 
There is a history of fall. They corne because of the pain. 
On examination, there is only slight tenderness at the hip 
joint. In patients with stress fractures, nondisplaced 
fractures, or impacted fractures, groin or buttock pain 
may be the only initial clinical indicator of injury. 105 Hip 
movements are normal. They are classified as Garden 
grade I fractures. Percussion over the greater trochanter 
is particularly painful. Failure to diagnose stress or 
impacted fractures may results in fracture displacement 
on walking. This complication can be prevented if the 
physician realizes that any patient complaining of hip or 
thigh pain after an injury or exposed to stress (e.g. military 
recruits, joggers, etc.) as a fracture of the neck of the fémur 
unless provided otherwise. Patients complaining of pain 
after a fall whose physical examination and radiographs 
are inconclusive are the ones who tax the vigilance and 
diagnostic acumen of the surgeon. These patients may 
hâve an undisplaced fracture of the neck. If the diagnosis 
is not made and the fracture is missed, next time these 
patients are seen the diagnosis is usually obvious because 
the fracture has displaced. A fracture with an excellent 
prognosis will hâve turned into a fracture with a much 
more serious outlook. The surgeon must be vigilant to 
prevent this from happening. 9 If the initial radiographs 
are normal, but the pain persists, CT, MRI or bone scans 
are essential to rule out fracture of the neck of the fémur. 


MRI is superior to CT or bone scan, because MRI 
performed within 24 hours is more sensitive, more 
accurate and easier to perform. A correct diagnosis is the 
reward for a high index of suspicion in these 
patients. 25,37,75 

Stress Fracture 

Stress fracture of the fémoral neck in young vigorous 
persons with unaccustomed strenuous activity, such as 
athletics, running, jogging, or in military recruits 
marching long distance and in the elderly with metabolic 
disease. 9 Initially X-rays are normal diagnosis is usually 
confirmed by bone scan or MRI. 

Fullerton Classified Stress Fracture are: 

Type A (latéral) fractures, often referred to as tension 
fractures, are more unstable and prone to displacement. 
Internai fixation is recommended. 

Type B (médial) compression fractures can be treated 
nonoperatively. 

Type C fractures are displaced and require closed or open 
réduction with screw fixation or hemiarthroplasty. 

Treatment of Impacted Fractures 

These are stable fractures. Impacted fracture of fémoral 
neck is driven into the cancellous fémoral head which 
assumes valgus or abducted position. Fractures in a 
position of varus or rétroversion, greater than 30° are 
unstable and require internai fixation. 21 Because there is 
no pain and the fracture is stable, conservative treatment 
with no weight bearing, the fracture may unité. 40,71 The 
patient should be in bed avoiding external rotation. 
Restricted walking is allowed on crutches for a period of 
at least four months. Only cooperative patients who are 
alert and intelligent enough to resist weight bearing can 
be treated with nonoperative methods. He should be 
warned that displacement may occur in about 15% of the 
cases. In a sériés by Bentley, 11 100 % of impacted fractures 
treated by internai fixation healed. Advantages of internai 
fixation are, patient can walk with full weight bearing 
right from the next day. 10 This is particularly important 
in the elderly patients. Internai fixation does not increase 
avascular necrosis. Internai fixation should be done in 
situ. The impacted valgus fracture should not be 
disimpacted. Multiple pins should be used. Advantages 
of pinning are: (i) there is no risk of displacement, (ii) A 
fracture with an excellent prognosis will hâve turned into 
a fracture with a much more serious outlook. 19 (iii) patient 
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can fully bear weight right from second day, (iv) if 
multiple pins are used no displacement occurs during 
the surgery, and (v) risks of anesthésia and surgery are 
minimum. Larger implants like sliding screw should not 
be used because of risk of disimpaction. Next non- 
operative treatment is indicated in patients who hâve 
corne several weeks after injury or if the patient is 
medically unfit for operative treatment. 

Displaced Fracture Neck Fémur 

Operative treatment of fracture neck fémur: Treatment 
of displaced fracture neck fémur is surgical, unless the 
patient is unfit for surgery. Most patient need surgical 
treatment because these patients should be rapidly 
mobilized to avoid the complications of prolonged 
recumbency-decubitus ulcers, atelectasis, urinary tract 
infection and thrombophlebitis. Choice of surgical 
treatment of these fractures is controversial. Because of 
the high incidence of nonunion and avascular necrosis 
(AVN) of the fémoral head, after internai fixation, no one 
method of treatment has been universally agreed upon. 
No procedure is standardized. Some surgeons prefer 
prosthetic replacement as the treatment of choice in the 
elderly patients. 38 Other authors hâve reported approach 
using total hip replacement rather than hemi- 
arthroplasty. 57,82,83 Nevertheless, most orthopedists prefer 
osteosynthesis by internai fixation. 23,24,31,46,62 The best 
containment of the acetabulum of a patient is his/her 
own fémoral head. 

Both nonunion and avascular necrosis are so 
devastating functionally that they affect not only the 
patient but also family and society at large. Therefore, a 
critical assessment of techniques of réduction, impaction 
and internai fixation is mandatory. Choice of implant, 
choice of surgery, technical details of surgery, and 
postoperative care are ail equally important. 

Choice of Treatment 

Treatment options are as follows: 

Following factors are taken into considération for 
treatment. 

1. Age, pre injury activity, like expectancy. 

2. Type of fracture. 

Displaced, undisplaced, impacted or stress fracture. 
Displaced fractures need réduction and internai 
fixation. 

3. Viability of the head 

4. Posterior comminution. 

5. Osteoporosis 

6. Associated disease like rheumatoid arthrties, 
Parkinson's disease. Post-radiatri fracture, etc. 

7. Pathologie fracture, âge, metastasis, etc. 


Internai Fixation of the Fracture 

1. With closed or open réduction 

2. With or without compression de vices. 

• Single unit 

• Multiple pins or screws 

3. With or without muscle pedicle graft. 

4. With or without cancellous bone graft or bone 
substitutes like CaSo, tricalcium phosphate. 

5. Open or percutaneous. 

Arthroplasty 

• Resection arthroplasty (Girdlestone type) or pelvic 
support osteotomy 

• Prosthetic replacement unipolar or bipolar 

• Total hip replacement 

Non-operative treatment is indicated in patients who 
are bedridden or suffering from severe mental illness or 
were unable to walk even before the fracture. 

If the patient's general condition is poor for anesthésia 
and surgery, simple réduction of the fracture and pinning 
it percutaneously or subcutaneously (making a skin 
incision) with multiple pins under local anesthésia 
supplemented with diazepam, and pentazocine are 
indicated. However, épidural anesthésia is safe for these 
patients. Patients with severe mental illness will not 
cooperate in post-operative physiotherapy. Most 
surgeons prefer hemiarthroplasty in these patients. 

Internai fixation of the fracture neck fémur is done in 
patients fit for a major surgery. Multiple pins or lag screws 
or a sliding screw may be used. Muscle pedicle grafting 
is done by many authors routinely. Muscle pedicle 
grafting and rigid internai fixation with lag screws is 
indicated in patients who hâve posterior comminution, 
or hâve arrived in the hospital more than 10 day s after 
the fracture, especially in the âge group of 15 to 60 years. 

Local risk factors for international fixation: 103 Severe 
osteoporosis, 14 comminution of the neck, préexistent local 
pathology and the presence of degenerative arthritis are 
other very important risk factors associated with a high 
failure rate for internai fixation. 103 

Local Risk Factors for Arthroplasty 103 

Previous or ongoing sepsis, the presence of intact or 
broken pièces of internai fixation that may be blocking 
medullary canal, bone deformity from trauma or disease, 
bone disease such as osteopetrosis and degenerative 
disease involving the acetabulum. 103 

Thromboprophylaxis 107 ’ 108 

1. Drugs—Aspirin: Low molecular weight heparin 
Heparin Wasfarin 
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2. Elastic stockings are inexpensive simple to use and 
can be used in conjunction with other prophylactic 
measures. However, there is little evidence that 
graduated compression stockings provide any 
thromboprophyIaxis when used alone. 

3. Pneumatic compression: Intermittent pneumatic 
compression of the legs is an attractive form of 
prophylaxis that is effective in patients. Intermittent 
compression has both a physical and a pharmacologie 
effect. 

4. Foot pumps: The use of foot pumps in conjunction 
with aspirin was a safe and effective method. 



Figs 5A and B: (A) Latéral radiograph of the pathological 
fracture of neck of the fémur, showing a bone crystal and the 
posterior comminution, and (B) AP view of the same patient, 
showing bone grafting from iliac and internai fixation by four 
lag screws. Note the screws could not be placed parallel to 
each other because the head was porotic in some area 

Choice of Implant 

An idéal implant: An idéal implant for fixation of fracture of 
the neck of fémur: (i) permits compression of fracture 
fragments at the fracture site, (ii) allows absorption and 
collapse of the head over the distal fragment during the 
postoperative period, (iii) resists implant failures, (iv) 
does not penetrate into the hip joint, nor eut out of the 
head and neck of fémur, (v) is easily inserted, (vi) if 
inserted in an improper place, can be removed and 
reinserted in a proper place, (vii) permits anchoring at 
both ends (in the fémoral head damage the cortex of the 
shaft), and (viii) does not latéral as well as the remaining 
vascularity of the fémoral head, by its size or the 
procedure of insertion. The newly constructed "bone 
screw complex" should hâve bone-to-bone contact with 
proper screws placement (Figs 5A and B). 

JC Dilee's 25 has classified the implants used for the 
fracture neck fémur into four groups: (i) Multiple pins or 
screws, (ii) fixed angle nail, (iii) sliding or telescoping nail, 
and sliding screw and barrel plate. 



Figs 6A to D: (A) AP view of the displaced fracture neck fémur 
Garden type IV. The patient came tenth day after injury, (B and 
C) AP and latéral views of the same patient two years after the 
internai fixation, and (D) the fracture healed without 
complications and screws are removed after two and half years 
of fixation 

1. Multiple pins or screws 13,23,24 

• Knowle's pins Moore's 2 pins 

• Deyerle 23,24 pins 

• Asnis screws 

• AO lag screws 

• Cannulated lag screws (AO) 

• Haggie pins. 77 

The purposes of the fixation screws are to: 109 

1. Lock the fracture in a position in which the fémoral 
neck gives bone against bone support to the fémoral 
head-neck fragment, (2) Prevent posterior and varus 
migration of the fémoral head and (3) be parallel in 
order to maintain bone-on-bone support as the 
fracture settles in the healing period. 

Multiple pin fixation is popular. Advantages of 
multiple pins are as follows (Figs 6A to D). 

1. Multiple pin fixation is the simplest method which 
can be done percutaneously or subcutaneously. By 
this method, risk of operative morbidity, blood loss 
and infection in the elderly patient are reduced. 
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2. Even in the osteoporotic bone, the médial anchoring 
of multiple pins is better than a single unit implant 
because of the multiple sites of purchase. A rigid 
single member such as DHS or Richard's sliding 
screw is in contact with one set of trabeculae. Once 
these trabeculae fail to hold the screw, motion occurs 
between the two fragments, which leads to 
nonunion. In a multiple pin assemblage, failure of 
one group of trabeculae with the pin or screw inside 
does not prédisposé to failure of (Figs 14A to D) 
another set of trabeculae with its pins. These 
trabeculae are widely separated and résistance to 
motion. 

3. Multiple pin fixation is idéal in impacted fractures 
of the fémoral neck, because they can be inserted 
without the risk of disimpaction. 

4. Intraoperative static compression of the fracture 
fragments and dynamic compression during the 
postoperative period are achieved with parallel 
screws, excellent compression can be produced 
atraumatically by the lag effect of the screws. 

5. They do not penetrate into the hip joint. 

6. They do not corne out of the fémoral head. 

7. Screw can be taken out if it is not in a proper place 
in the head and can be reinserted in a better place. 

8. Insertion of a screw or pin is easy even in the dense 
rubbery bone of an adolescent. 

9. Spinning of the head does not occur because 3 to 4 
guidewires are inserted initially, which prevent 
spinning and rotational malreduction. Spinning is a 
problem of DHS. 

10. Finer correction of réduction can be achieved, by lag 
screws. Authors call this method as fine tuning of 
réduction (Figs 15 and 16). 

Asnis Screws 

Eight-mm Asnis screws are cannulated. The Asnis System 
has an adjustable guide to ensure parallel insertion. 

Fixation of the fracture neck fémur with multiple pins 
or screws, inserted with drilling rather than hammering 



Figs 7A and B: (A) AP view of the fracture neck fémur, and (B) 
AP view showing filing of fracture, the head showing avascular 
necrosis. However, the patient had very mild symptoms 



Figs 8A and B: (A) AP view of fracture neck of the fémur of a 
patient who came six weeks after the fracture, and (B) muscle 
pedicle grafting was done. While taking out the graft, the cortex 
near the lesser trochanter fractured and piece of bone I” in 
diameter separated out which was fixed with an AO lag screw. 
The fracture healed without any complication 



Figs 8C and D: (C) Transcervical fracture both in AP and latéral 
view, (D) Closed réduction and internai fixation with three 6.5 
mm cancellous compression screws. Note the valgus réduction 
which is acceptable 


(which causes distraction) is probably the preferred 
fixation method. 

Fixed angle naïl The introduction of a trefoil nail for internai 
fixation of the fractures of the hip by Smith-Peterson et 
al 86 in 1931 was a landmark in surgical history. Fixed 
angle nail like Smith-Peterson nail, Jewett Nail. AO blade 
plate are now outdated and hâve been superseded by 
sliding System. Fixed angle nail with a side plate hâve the 
following disadvantages. 
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Figs 9A to D: (A and B) Radiographs of pelvis showing 
pénétration of SP nail into hip joint, (C) radiograph showing 
sliding out of implant, and (D) fracture neck fémur treated by 
Richard's screw. The fracture united. Note an overreduction of 
the fracture 

1. Hammering causes distraction of the fracture 
fragments. Microfractures occur which may further 
damage the vascularity. 

2. Fixed nails are notorious for penetrating into the hip 
joint or may eut out of the head and neck, e.g. Jewett 
nail. 

3. Smith-Peterson type nailing is the least effective 
(Figs 9A to D). 

4. Compression of the fragments cannot be achieved by 
fixed angle nails. 

Sliding System 7,12,16,31 (Fig. 9D). Sliding or telescoping 
System of fixation of the neck of fémur consists of sliding 
screw or a nail in a barrel with a sideplate which is fixed 
to the latéral cortex of the fémur. The use of sliding System 
is satisfactory in intertrochanteric fractures, however, its 
use in fracture neck fémur is controversial (Fig. 17A). 

Advantages of Sliding System are as follows : 

1. Effective compression can be achieved at the time of 
operation 


2. (i) The sliding nature ensures continuous impaction at 
the fracture site as absorption at the fracture occurs, 
and (ii) dynamic compression occurs during the 
postoperative period due to mascular activities and 
weight bearing. 

3. It improves fixation in the fémoral head and to the 
fémoral shaft because of the threads of the screw or 
pins of the nail. Purchase in the head is better. 

4. Because of the blunt tip, the sliding nail or screw does 
not penetrate into the hip joint or eut out the fémoral 
head. It is important that the tip apex distance be 
honored. 97 The sliding nails are Pugh nail. Ken nail 
and Massie nail. The sliding screws are Richard screw, 
dynamization of hip screw and miraj screw. 

5. Biomechanical strength is greater than multiple 
screws. 

6. Use of sliding would protect against a subséquent 
subtrochanteric fracture by preventing a stress riser 
effect at the lesser trochanter. 97 

7. In posterior comminution DHS effectively buttress the 
posterior cortex. 

The base of the fémoral neck and in severely 
comminuted fémoral neck fractures, multiple pin fixation 
is not idéal because of the lack of an adéquate 
poseromedial buttress. For these fractures, the use of a 
hip compression screw with side plate is indicated. 

Disadvantages of sliding hip screw (SHS) are as followsf 3,96 

1. Many authors hâve reported spinning 42 or rotation 
of the head while tapping or inserting the screws. 

2. Jamming or failure of telescoping of the compression 
hip screw to slide, has been related by Kyle 55 and 
associâtes to three independent factors. 

a. Engagement of the screw in the barrel (deep 
engagement of the screw in the barrel permits 
sliding). 

b. High-angle screw plates 150° hâve better sliding 
characteristics than low-angle 130° plates. 

c. 316 L stainless Steel implants, which develop 
galling in the barrel and will jam, especially when 
using 130° plates. 

3. The screw is too big to be changed if it is once inserted 
in an improper position in the head. 

4. The screw is difficult to insert in a dense rubbery bone 
of children and young adolescents. 

5. The larger bulk of the compression screw may be a 
relative contraindication to use in an area where one 
would like to interfère as little as possible with the 
remaining vascularity. 

6. SHS has a slightly higher risk of A VN, longer surgical 
and blood loss in more exposure Schatzker et al. 79 
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Figs 10A to C: (A) The same fracture treated with a DHS is combination with an additional cancellous bone screw. The function 
of this screw is only to block rotation. One may observe some backing out of the screw as sintering occurs and further impaction 
of the fragment takes place. This screw should, if possible, be inserted parallel to the large screw of the DHS, (B) A similar 
fracture treated with there large cancellous bone screws. Cannulated screws can also be used, (C) Fractures of the base of the 
fémoral neck in younger patients are best treated with two or three cancellous bone screws or large cannulated (cancellous) 
screw. (From Muller ME: AO Mannual of Internai Fixation) 


Clawson 17 reported 87% union, Cassebaum 13 and 
Parkes 82%. Rau et al 72 hâve reported unsatisfactory 
results with sliding screw System. The AO group has also 
introduced the dynamic hip 87 screw System (DHS book). 

R Ganz describes in AO Manual the DHS but adds 
one more lag screw, derotation screw, superior to the DHS 
(Figs 10A and B) to prevent rotation of head. 

To quote Schatzker, although the recent literature 
tends to favor parallel lag screws. 

Less inferior fémoral head displacement and a greater 
load to failure in cadaver specimens that were stabilized 
with a sliding hip screw compared three cannulated 
cancellous lag screws placed in a vertically oriented 
fémoral neck fracture pattern. 106 

Timing of Surgery 

The literature is not clear on the optimum timing for 
internai fixation of fémoral neck fractures. Theoretically 
immédiate réduction and internai fixation are idéal to 
prevent further vascular damage. Multiple authors hâve 
reported lower rates of osteonecrosis and nonunion in 
patients with fémoral neck fractures who underwent 
fracture réduction and rigid internai fixation within 12 
hours after surgery. 54,81 Our protocol has been to treat 
most of the fractures of fémoral neck, as orthopédie 
semiemergency, as early as possible after the assessment 
of the patient's fitness for surgery and the other injuries 
hâve been attended to, preferably within 12 hrs. The 
rationale for the prompt treatment of the fracture by 
internai fixation is to preserve the blood supply of the 
head of the fémur. The fracture is regarded as vascular 
injury to the bone's blood supply. Ail displaced subcapital 
fractures in young adults are treated as emergencies 


which cannot wait longer than 6 hours and are reduced 
and fixed internally. 

Barnes et al 6 concluded that delay up to 7 days does 
not cause significant increase in incidence of nonunion 
and a vascular necrosis. Patients should be taken to the 
operating room as soon as they are medically stable 
usually within 24 hours. 

Techniques 

The direct reading depth gauge is then used to détermine 
screw length. A worn or damaged screwdriver should 
never be used because of the danger of stripping the 
recess socket. 

Implant sélection and placement: implant plays an 
important rôle in the causation of non-union and 
avascular necrosis (discussed below). 

Decision Making 

Undisplaced Fracture 

Indications for internai fixation: The indication for screw 
fixation includes ail nonpathologic nondisplaced or 
Garden I and II fractures. In any âge group even after 90 
years of âge. Age is not a factor. 

Displaced Fémoral Neck Fractures in Young Adults 97 

Younger âge group between 15 and 50, sustain high 
velocity, high energy trauma, often associated with 
multiorgan System injury fracture. Neck fracture in this 
group should be treated as in orthopédie emergency. 
Head preserving operation is always needed. Therefore, 
anatomie réduction and stable fixation should be 
achieved as soon as possible. If a closed réduction cannot 
be obtained, then an open réduction should be performed. 
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The pecularities in young adults are: 

1. Its high velocity fracture. 

2. The bone is usually very hard in young âge group. 
Therefore, very difficult to insert screws. 

3. The fracture is usually extends nearly to the lesser 
trochanter, the so called as beak fracture. 

4. This fracture is associated with high incidence of 
aseptie necrosis and non-union. AVN is more likely 
to be symptomatic and reconstructive procedures 
such as total hip replacement are more likely to fail in 
younger individuals. 97 

5. Mayers 98 et al reported the use of posterior muscle 
pedicle graft. 

6. Swiontkowski" operated within 8 hours after injury 
and reported lower incidence of non-union and AVN. 
Early surgical intervention is advantageous because 

it relieves compression trapping and kinking of the 


retinacular vessels, facilitâtes intraosseous drainage of the 
fémoral head through the reduced cancellous surfaces, 
and restores the physiologie position of the fémoral neck 
and associated vasculature. Impaired vascularity is due 
to vascular kinking and intracapsular. 105 

For treatment of fractures of proximal neck fémur 
treatment should be based on the guidelines as depicted 
in Flow Chart 1. 

Beak fracture is vertical fracture, shearing forces act 
resulting in non-union. In a young patient with a high 
Pauwels angle such as big fracture a crossed non-parallel 
canulated screw is used to oppose the shearing forces. 
The 4th screw is at right angles to the fracture line. 
Another method in such a fracture is subtrochanter inter 
or valgus Osteotomy to convert shearing vertical fracture 
into horizontal compressive fracture. 97 


Flow Chart 1 : Decision making 


Decision making 
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Treatment in the Active Elderly Patient 

A patient over the âge of 60 who has been performing, is 
from a functional point of view, as fit as a younger 
individual. These patient usually has been treated with 
internai fixation. These individual, usually between the 
âges of 60 and 75 years, hâve been excellent candidates 
for open réduction with internai fixation. But must satisfy 
the foliowing conditions: 

1. Is fit as young adults, active and healthy. 

2. The patient has arrived within 48 hours of injury. 

3. The patient has no osteoporosis, no posterior 
comminution. 

4. The patient on OR table, réduction is anatomie. 

5. No beak fracture, vertical fracture. 

6. Moderately displaced, neck fémur. Arthroplasty is 
indicated in subcapital, severely displaced fracture. 

Internai Fixation (IF) Versus Arthroplasty 97 

Advantages of IF 7 

1. Decreased blood loss. 

2. Decreased operative time. 

3. Lower transfusion requirements 

4. Decrease length of stay. 

5. Early improved mortality in debilitated patients. 

Disadvantages of IF 97 

1. Reoperation rate at 2 years of 30 to 46% more pain 
with IF than with hemiarthroplasty. 97 

2. Decreased early function in the IF group compared 
to hemiarthroplasty. 

3. Loss of fixation and réduction was 9 to 30% and was 
increased if a varus malreduction or poor position of 
fixation was obtained. 97 

4. Avascular necrosis rate was reported at 16% and non- 
union rate was 33%. Therefore, higher révision rate. 

Technique of Internai Fixation 97 

ORIF has been extensively studied regarding patient âge 
and functional level. Anatomie réduction, implant 
sélection and fixation techniques. Replacement of the 
fémoral head to be the treatment of choice for displaced 
fracture of the fémoral neck in the elderly individual 
(Fig. 20). 97 

Réduction 

Although multiple methods of closed réduction hâve 
been described, none hâve been documented to be 
superior. 97 The surgeon must be extremely gentle in 


manipulating a subcapital fracture and no vigorous 
forceful attempts to protect any blood vessel still 
supplying the head. 113 

Réduction can be difficult if comminution is extensive. 

1. Fracture uns table. 

2. Pedunculated flap of capsule. 

3. A sharp edge of the anterior or posterior margin of 
the neck may hâve become caught in the intact 
capsule. Treatment beak fracture. 

Disimpaction Initial disimpaction is necessary to 

release the spikes of the fracture fragments entangled 
with each other. Without this step, anatomie réduction 
becomes difficult. 

Anatomie Réduction is Crucial 97 

1. It allows maximum opportunity for the reestablish¬ 
ment of the vascular supply. 

2. Prevents the stretching of vessels in the ligamentum 
teres and the introduction of abnormal forces along 
the internai architecture of the fémoral head. 

3. An anatomie réduction prevents the joint incongruity. 

4. Reduces incidence of AVN and non-union. 

Methods 

1. Whitman 100 described a réduction method that 
involved traction on the limb extension followed by 
internai rotation and abduction. The calcar cortex 
should align when the fragments are in anatomie 
position. Leadbetter's method) 

2. Réduction in flexion: The hip is flexed to 90° and the 
leg externally rotated to disengage. Traction plus 
external rotation should be applied while the hip is 
then gently extended and internally rotated. 
Extension is combined with internai rotation of the 
fémur. 97 

3. Leadbetter 101 championed the réduction of fémoral 
neck in full hip flexion. 

4. Smith-Petersen 102 et al recommended réduction by 
gentle traction in slight hip flexion while counter- 
pressure is maintained on the pelvis. This is followed 
by internai rotation, abduction and extension. 

5. Full external rotation: When the affected limb is fully 
rotated externally, the fracture opens like a book and 
disimpaction occurs. 30 

6. Strap method: A strap is put in the upper part of the 
thigh and pulled laterally at right angle to the shaft 
of the fémur. Whatever method used, the surgeon 
should not try to manipulate the head onto the neck. 
The head is held stationary while the neck is 
manipulated into position. 
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Fig. 11: Author’s bone hook method—a hook is inserted into 
the trochanteric fossa, the distal fragment is pulled laterally and 
distally. When the fracture is disimpacted with traction released, 
the fracture gets reduced 


7. Author's bone hook method (Fig. 11): A bone hook is 
inserted in the trochanteric fossa and pulled laterally 
and distally. This disimpacts the fracture, then traction 
is released. For this method of disimpaction, image 
intensifier is very useful. The author has used this 
method very often satisfactorily and strongly 
recommends its use in difficult cases. During the 
surgery if displacement is noticed, it can be corrected 
by hook method. 

8. Author's Fine Tuning Method (Figs 12A to F) 
Majority of the displaced fractures of neck fémur can 
be reduced satisfactorily. 18,84 Bad results of the nailing 
are the results of bad internai fixation. The author 
would say it is due to the results of bad réduction. 
Anatomical réduction of the fracture is perhaps the 
most important single factor to achieve good results. 
If the fragments are not anatomically reduced, actual 
bony contact of the fracture site is only half as much 
as appears on radiographs. This decreased area of 
contact reduces the area for creeping substitution. If 
the réduction is not satisfactory, failure rate 
approaches almost 100%. Cleveland et al stress the 
need for correction of rotational displacement. Thus, 
the réduction of fracture is one of the important factor 
under surgeon's control (Figs 13 and 14). 

If there is a small gap superiorly indicating varus 
réduction, insert the superior screw first. In valgus 
réduction, insert inferior screw first (Fig. 22). 

Types of Malreduction 3542 

1. Valgus réduction Slight valgus réduction is acceptable 
because shearing forces are converted into 
compressive forces. Excessive valgus causes further 
damage to the vascularity of the head and AVN. Blood 



Figs 12A to F: Fine tuning method of correction of varus or 
valgus deformity: (A) varus or valgus malposition can be 
corrected by the lag screw method, (B) when there is a varus 
deformity, three guidewires are inserted in the head to prevent 
spinning of the head, (C) the superior guidewire is removed 
and in its place a lag screw is inserted. At this stage it is not 
tightened, (D) the two guidewires are pulled out of the fracture 
site and the lag screw is now tightened to correct the varus 
deformity, (E) the centeral and the inferior guidewires are 
reinserted, and (F) first the centeral guidewire is removed and 
a lag screw is inserted. Finally the inferior lag screw is inserted 



Figs 13A to C: (A) Réduction—anatomical, valgus, varus, (B 
and C) anatomical réduction—when there is increasing degrees 
of the displacement at the fracture site and area of bony contact 
between the fracture surfaces are decreased. This decreased 
area of contact reduces the cross-sectional area through which 
blood vessels can grow from the base of the neck. Showing 
further displacement. Moore believed the decreased contact 
area is one of the causes in the development of aseptie necrosis 
and delayed union or nonunion. (From DeLee JC: In Rockwood, 
Green (Eds) Fractures in Adults 2: 1996 
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Fig. 14: McElvenny’s concept of réduction is that the réduction 
should either anatomical or under reduced or inherently 
unstable. He recommends an overreduced position in which 
the médial cortex of the distal fragments lies médial to the médial 
cortex of the fémoral head and neck fragment 




Fig. 15A: Axial and sheer forces in varus and 
valgus réductions 


Fig. 15B: Rotational malalinement is difficult to diagnose, but 
observing the malalinement of compressive trabeculae helps. 
(From DeLee JC: In Rockwood and Green’s (Eds) Fractures in 
Adults (4th Ed) 1:1996 

vessel of ligamentum teres are compressed. Valgus 
réduction is corrected by reducing abduction, 
bringing the leg parallel to the body, and by releasing 
traction. 

2. Varus réduction It is not acceptable, because the 
shearing forces will lead to nonunion. Varus position 


is corrected by increasing abduction and increasing 
traction (Figs 15A and B). 

3. Antéversion (Fig. 16): It is corrected by pressing the 
trochanter from behind and by pressure on the head 
from anteriorly. 

4. Rétroversion : It is corrected by pressing the trochanter 
from anterior aspect. Ail above malreductions can be 
corrected by placing lag screws in a appropriate 
position (lag screw method described above) 

5. Rotatory malreduction 42 : Spinning of the head rotatory 
malreduction is very difficult to evaluate. Very good 
quality radiographs in operation room is mandatory. 
Disturbance in alignment of the primary compressive 
trabeculae in the proximal and distal fragments 
indicate malrotation. Spinning of the head is noticed 
by many authors during tapping for inserting a large 
single sliding screw. Spinning is prevented by 
inserting an additional Steinmann pin or a guidewire 
into the head. 

In the âge group of 15 to 25 years, the fémoral head 
may be hard and rubbery. The head may rotate while 
inserting guidewires or lag screws. In such a situation 2 
or 3 sharp K-wires are inserted to prevent rotation, and 
then lag screws are inserted bipolar or THR. 

Open Réduction 49 

When close réduction is unsatisfactory after two or three 
attempts, we hâve three choices: (i) open réduction from 
the anterior aspect, (ii) quadratus muscle pedicle graft— 
in this procedure, the patient has to be turned to prone 
position, and (iii) Arthroplasty hemiarthroplasty. For 
instructions are given to operation room to keep 
arthroplasty instrumentation autoclaved, (iv) prosthetic 
replacement bipolar or THR. 
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After the third attempt, abandon close réduction. 
Several authors object to open réduction for the following 
reasons: 

1. Blood supply to the area is more interrupted than by 
closed réduction. 

2. It may be impossible to control spinning the fémoral 
head. 

3. Open réductions 49 are usually associated with a 
higher rate of nonunion. Failure to obtain good réduc¬ 
tion even under direct vision, is a matter of concern. 

4. Green cautions that the space available for mani¬ 
pulation of the fragments under direct visualization 
is extremely limited. 

Those who advocate open réduction state: 

1. Main blood flow to the fémoral head is in the posterior 
aspect. Therefore, an anterior approach does not 
damage the vascularity. 

2. Spinning of the head can be controlled by inserting a 
Steinmann pin or K-wires. 

3. Space is sufficient to manipulate the fragments. Under 
direct vision, réduction can be done in a better way. 

4. Additional advantage is that bone graft from iliac crest 
may be pushed into the fracture site. 

5. Arthrotomy releases the tamponade effect of fluid in 
the joint. Open réduction can be difficult and 
hazardous. Banks described 123 displaced adult 
fémoral neck fractures. He concludes that open 
réduction was associated with a decreased incidence 
of both nonunion and avascular necrosis. 

Indications for open réduction 49 When two or three attempts 
of gentle close réduction fail to obtain an acceptable 
alinement index, open réduction appears to be préférable. 
In persons below the âge of 50 or 60, open réduction is 
definitely indicated. 

Significant posterior comminution is a relative 
indication for open réduction. In patients above the âge 
of 60 and with posterior comminution, the surgeon has a 
choice between open réduction with internai fixation 
along with bone grafting and a prosthetic or total hip 
replacement. Muscle pedicle bone graft may be added in 
suitable cases. 43 

Methods of Open Réduction 

1. Anterior or antérolatéral or latéral approach 

2. Posterior approach for muscle pedicle graft. 

Technique of Open Réduction — Schaztker 78 

Capsule is exposed by 15 cm latéral incision, dividing 
the most anterior fibers of gluteus médius and vastus 


lateralis muscles. Inverted T incision is made in the 
capsule. This inverted T créâtes two flaps which can be 
retracted. The anterior Hohmann retractor should be 
removed and then reinserted by passing its tip from the 
inside of the hip joint through the overlying capsule. It 
should then be turned so that its tip faces down, as it 
cornes to rest over the anterior lip of the acetabulum. This 
maneuver lifts the capsule away from the neck and head 
and improves the exposure. A blunt-tipped Hohmann 
retractor can then be passed intracapsularly below the 
neck. Care is necessary in passing a Hohmann retractor 
above and around the neck, as this could interfère with 
the blood supply of the head. It is best to drive the tip of 
Hohmann retractor into the superior aspect of the neck. 80 
The fracture is usually difficult to visualize because the 
leg is externally rotated, which brings the neck into the 
wound and obscures the head. To begin the réduction, 
the leg should be slightly abducted and flexed. A blunt 
hook should then be passed around the anteroinferior 
aspect of the neck. This allows the surgeon to apply latéral 
and distal traction. While maintaining latéral and 
longitudinal traction, the leg should then be abducted 
and internally rotated. This should be an extremely gentle 
maneuver, very little force is required to disengage the 
fragments and bring about the réduction of the head and 
neck. Occasionally, the head may move about and 
interfère with the réduction. If that is the case, the head 
can be stabilized by driving a 2.5 mm Kirschner wire into 
the rim of the head. The Kirschner wire can then be used 
as a joy-stick to manipulate and steady the head. The 
réduction is done by manipulation of the leg. The surgeon 
should not try to manipulate the head onto the neck. The 
head is held stationary, while the neck is manipulated 
into position. Once the réduction has been carried out, it 
should be checked with the image intensifier or an X- 
ray. We believe that in anatomical réduction should be 
aimed for. The head must not be in varus and the 
rétroversion must be fully corrected. The version of the 
head is extremely difficult to judge during an open 
réduction. 

If there is more head below the neck, the head is still 
in rétroversion. If the réduction has failed, the steps are 
carefully repeated. 

Some authors (Weber 95 ) hâve recommended a valgus 
réduction with the head in slight antéversion. Weber has 
linked this to hanging a hat on hook. Slight valgus is 
certainly acceptable and increases the stability of the 
réduction, but the surgeon should guard against excessive 
valgus because, as Garden has pointed out, this will lead 
to avascular necrosis of the head. Once an adéquate 
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réduction has been achieved, internai fixation can be 
performed. 78 

In conclusion, when close réduction fails to obtain 
accurate réduction, open réduction appears to be 
préférable, especially in a patient who is not a candidate 
for prosthetic replacement. Repeated forceful closed 
réduction may further injure vascularity and increase 
bony comminution. Poor closed réduction should never 
be accepted, as the failure rate is almost 100%. No device 
will ever compensate for poor réduction. 

Impaction It is usually accomplished by; (i) compression 
of the fragments by tightening the three or four lag 
screws, and (ii) the sliding screw or nail in a sliding 
device. Impaction produces better contact of the fracture, 
increases the stability and ensures earlier healing of the 
fracture. 

Evaluation of réduction To evaluate réduction, the 
following closed réduction, high quality X-rays in 
operation room are essential. Leadbetter evaluated the 
réduction with the so called heel/palm test, in which the 
heel is placed in the palm of an outstretched hand. 101 

Normally in AP and Latéral views head neck border 
appears as S or reverse S. If the réduction is poor the curve 
is broken (Fig. 17). 

Garden's index In AP view, the angle formed by the 
central axis of the médial trabecular System in the capital 
fragment and the médial cortex of the fémoral shaft is 
measured. In the normal fémoral head and neck, this 
angle measures approximately 160° 52 (Fig. 18). 

On the latéral radiograph, the central axis of the neck 
normally lie in a straight line (180°). Garden believes that 



Figs 17A and B: Lowell’s S curve: (A) the anatomically reduced 
fracture in a radiograph produces a convex outline of the fémoral 
head meeting the concave outline of the fémoral neck 
regardless of the projection. This outline produces the image 
of an S or reverse S curve, and (B) incomplète reduced fracture 



Figs 18A and B: Fémoral head is a round when the screw is 
outside the body: (A and B) If the screw is situated in one of 
the corner and is outside the head as shown in the figure. The 
AP view and the latéral view will not show that the screw is 
outside the head, and (c) if a tangential view is taken, the screw 
outside the head is appreciated 

an alignment index within the range of 155° to 180° on 
both the frontal and latéral views is an acceptable 
réduction, resulting in a high percentage of union and a 
low rate of late segmentai collapse. Other useful 
déterminants of, malreduction include: (i) wedging of the 
hip joint space (ii) Extrême tilting of the capital fragment 
in any direction, (iii) disturbance of Shenton's line. 

Geometry of screw position (placement of screws): To prevent 
fémoral head migration, screw positioning is critical. 

There is much controversy regarding the idéal 
placement of the implant in the fémoral head. Many 
authors prefer peripheral placement of pins. 24 According 
to them such fixation increases the stability. Moore 
recommended the use of four pins widely separated and 
peripherally placed in a parallel fashion. He found an 
increased incidence of nonunion, if the pins were allowed 
to converge in the center. Such parallelism is necessary 
for compression of the fragments during the post- 
operative period. 

If properly performed (anatomie réduction, reverse 
triangle configuration, fourth screw if needed) 
complications canbe significantly reduced. Chronological 
âge is of no important. Internai fixation in the elderly is 
associated with many problems (1) osteoporosis - with 
poor implant holding capacity of bone. (2) posterior 
comminution. (3) Vertical fracture line. In about 1/3 of 
patients. 
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For displaced acute fémoral neck fractures in elderly 
patients, arthroplasty offers lower révision rates, 
generally better function and no clear increase in 
morbidity or mortality compared with patients treated 
with I.F. those in favour of internai fixation argue that if 
ail elderly patients are treated with arthroplasty, 2/3 of 
patients one unnecessarily operated. These patients 
would hâve the head in the acetabulum, which is always 
préférable to THR. The Scandinavian expérience clarifies 
that there is no reason to "behead ail because some fail." 41 
Augmentation of bone density with calcium phosphate 
ceramics or other materials may decrease the risk of 
fixation failure in the future. 

Schatzker et al 78 States that since these are used as lag 
screws in order to compress the fracture, it is usually 
necessary to use the screw with 16 mm thread to make 
certain that the threads do not cross the fracture. The 
screws should be inserted parallel to the axis of the neck 
and parallel to each other. They must be parallel to each 
other not only to act together as lag screws, but more 
importantly, if there is any résorption at the fracture, they 
must not block the head from settling down on the neck. 
If the screws are not parallel, they can block the shortening 
and instead of backing out, they can advance through the 
head and perforate into the joint. 44 The preferred method 
is that of a triangle or inverted triangular configuration 
with the first screw running along the calcar, controlling 
inferior displacement of the head of the fémur by having 
the shaft of the screw resting right on the calcar. 97 In the 
AP view the screw abuts inferior cortex and in the latéral 
view it is in the dead center. The second screw is abuts 
posterior cortex along the neck of the fémur, with the 
shaft of the screw being as close as possible to the posterior 
cortex of the fémoral neck. This screw is used to prevent 
the fémoral head from drifting posteriorly. 97 In the AP 
view the screw is in the center and in the latéral view it is 
posteriorly placed. Studies in Sweden using fixation with 
only two hooked pins in these key locations gave fair 
clinical results. 110,111 A final screw is placed anterior 
superior, as additional support. The inverted triangle may 
also reduce the chance of a stress fracture occurring at the 
level of the lesser trochanter. Some surgeons report the 
triangle configuration to be stronger and better able to 
resist deformation. No more than one screw hole (either 
with a screw présent or left empty) should ever be made 
at the level of the lesser trochanter to prevent shaft 
fracture. 109 

Fourth Screw 

1. If there is posterior comminution a fourth screw 
should be placed along the posterior cortex. Parallel 


to the screw placed along the posterior cortex to 
prevents posterior rotation in comminuted fracture. 

2. In Garden III and IV fractures, a fourth screw 
superiorly on the AP view and middle in the latéral 
view further supplément fixation. The configuration 
becomes a diamond posterior. 

3. When there is vertical fracture a fourth calcar screw 
is placed perpendicular to the fracture line. 

Depth : Depth of nail placement is also very critical. Five 
to ten mm of bone is necessary to provide the downward 
pressure needed for collapse in sliding implant. 
Inadvertent pénétration of the articular cartilage by the 
tip or the nail may occur if the hip is less than 5 mm away 
from the border of the head. If the tip of the implant is 
more than 10 mm from the surface of the fémoral head, 
failure rate increases. The stress riser effect is présent at 
the tip of the nail and if it is not inserted deeply enough, 
fractures of the neck at the tip hâve been reported. The 
current recommendations are that for the best fixation 
the tip of the implant should be within 5 to 10 mm of the 
articular surface. The subchondral bone is stronger than 
that of the other parts of the head, so, the purchase of the 
implant in the subchondrial bone is better. The head is a 
bail, therefore, a pin placed away from the central portion 
of the head is likely to penetrate the articular cartilage of 
the head and both AP and latéral radiographs may not 
show. Therefore, peripherally placed pin should be 
shorter than the central pin. At the end of the operation 
radiographs should be taken in the different positions of 
the rotation or seen under image intensifier before the 
patient is sent toward. Tangential view detects the 
pénétration (Fig. 18). 

The screws should be tightened simultaneously so as 
to apply uniform compression and not tilt the fémoral 
head into varus or valgus. Care must be taken to place 
multiple pins or screws at a 130 to 135° angle. Positioning 
them at a higher angle (140 to 150°) places multiple holes 
at or below the lesser trochanter. This has been shown to 
resuit in a subtrochanteric fracture. 48 Tip-apex distance 
should be honored. 

Percutaneous Fixation 

A percutaneous technique has been described that 
essentially follows the same steps listed above, but it is 
performed through a stab incision approximately 3 cm 
distal to the latéral flare of the greater trochanter. 

Girdlestone Procedure : Many surgeons resect the head of 
the fémur for fracture neck fémur as it is a very simple 
procedure. Girdlestone operation appears to hâve poor 
results, therefore, it should not be done for fresh fractures 
and also for nonunions. Instability, pain, shortening of 
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Fig. 19: A latéral projection of the neck fémur reduced and 
fixed with compression screws and a cross-section of a neck 
showing the fixation of quadratus femoris muscle graft fixed 
with a screw 

the limb and lurching gait due to nonfunctioning of 
abductor muscle contribute to the failure of this 
procedure. As the origin and insertion of abductor 
muscles are near each other, no amount of physiotherapy 
will strengthen abductor muscles. 

Quadratus Femoris Muscle 
Pedicle Graft (Meyer) (Fig. 19) 

Muscle pedicle graft was popularized by Marvin Meyers 
as indicated in patients coming 8 to 10 days after the 
fracture of the neck of the fémur, nonunion, severe 
displacement and in avascular necrosis. 62 

Advantages of muscle pedicle graft are: 

1. The muscle pedicle graft provides a course of blood 
supply to an avascular fémoral head. 

2. A more anatomical réduction of the fracture is possible 
under direct vision since the capsule is opened. 

3. Iliac bone chips can be added to fill any defect that 
may be présent in the posterior neck of the fémur. A 
defect has been reported in 70% of ail displaced 
fémoral neck fractures. 

4. The pedicle graft acts as a neutralization force and 
provides an additional stabilizing factor for the 
fracture. The results in the hands of Meyers were 
good, but the others hâve not obtained the same. 54 
We hâve treated 54 cases with muscle pedicle graft 
and found no advantage over the routine pinning. 
Therefore, we hâve abandoned the procedure. 
Meyer's results of pedical graft hâve not been 
duplicated. 

Schatzker does not believe that it plays any useful rôle 
in restoring the blood supply to the avascular fémoral 
head. 103 If functions as bone graft in the posterior gap. 

Advantages of Arthroplasty 

1. Révision surgery is 5 to 10% whereas in internai 
fixation it is 30%. 


2. Functionally equally good. Currently more number of 
surgeons are doing THR for acute fracture in the elderly 
active patients. 

Asepsis 

It is needless to State that postoperative infection is an 
important cause of nonunion and is a disaster. Strict 
operation room protocol, image intensifier pre-and 
intraoperative antibiotics and laminar air flow or 
ultraviolet light hâve considerably brought down the 
infection rate. 

Postoperative Care 

Post operative care: Early mobilization out of bed after 
hip fracture surgery is important for the general well 
being of the patient, it reduces the risk of DVT. Pulmonary 
complications, skin breakdown, general well being, 
improves strength, maintain balance and ROM. 67 

Even partial weight bearing involves the génération 
of considérable force across the hip by the lower extremity 
musculature. 

The hip bears three times the force when going from 
sitting to standing than when walking. 112 

Younger patients should not bear weight for at least 
8-12 weeks. Elderly patients are allows full weight bearing 
as tolerated. 103 

There is controversy regarding early weight 
bearing. 1,67 Currently most centers allow weight bearing 
as early as the second day. According to them, early 
weight bearing does not compromise with results, if the 
internai fixation is satisfactory. 51 We mobilize the patient 
on the second or third day after removal of redivac drain, 
on crutches or walker, touching the ground by the injured 
limb. 53 Partial weight bearing is started gradually at three 
weeks and full weight bearing at 6 weeks, discarding the 
crutches. 70 

Milch Batchler Operation (see Section-19) 

Summary of Indications for 
Procedures for Fracture Neck of the Fémur 

1. Nonoperative treatment 

• Bedridden patient 

• Severe mental illness 

• Certain impacted fracture and stress fracture. 

2. Simple multiple pinning in situ under local anesthésia. 

• Poor general medical condition of the patient 

• Impacted fracture 

• Rigid internai fixation. Multiple pins with 
impaction or compression screws. Single com¬ 
pression screw. In majority of cases, if the patient's 
general status is good, anatomie réduction is 
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achieved and multiple pins or screws or single 
telescoping screw System is used, with an 
additional derotation 6.5 mm lag screw. 

4. Muscle pedicle graft 

• Severe posterior comminution in young adults 
(below 60 years of âge) 

• Patients coming late after 10 days foliowing the 
fracture. 

5. Prosthetic replacement L (always above 65 years of 
âge). 

• Nonviable head 

• Poor réduction 

• Parkinson's disease 20 

• Moderate mental illness 

• Severe osteoporosis-prosthesis used with bone 
cernent or bone graft 

• Delay of three weeks or more. 

6. Total hip replacement as in group 5 especially with 
damaged articular cartilage as in patients having 
rheumatoid arthritis or osteoarthritis. Many authors 
prefer THR to prosthesis. 

7. Girdlestone—infected hip after surgery of 

• Internai fixation 

• Prosthetic replacement 

• Total hip replacement. 

Prognosis 

Results after treatment of fracture of the neck of the fémur 
dépends on: (i) displacement, (ii) amount of posterior 
comminution, (iii) avascularity of the head of the fémur, 
(iv) adequacy of réduction, (v) stable internai fixation, 
and (vi) early operation. 26 

Complications 

Avascular Necrosis (A VN) 

Osteonecrosis remains the main complication following 
internai fixation of fémoral neck fractures. 

Gross capital necrosis occurs in the absence of nailing, 
but the possibility has been raised that fixation by Smith- 
Peterson or other large nails or screws is associated with 
an increased frequency of necrosis. Nailing may not only 
precipitate necrosis of the head, especially the superior 
sector, but it can also hinder or modify revascularization 
of the head. Ail agréé that the superior sector of the head 
is the part most vulnérable to necrosis. 

Various reports indicated around 20 to 30% of fracture 
neck of the fémur developed avascular necrosis. AVN 
necrosis is due to peculiar vascular anatomy of the head 
of the fémur, the major arteries supplying the fémoral 
head are vulnérable to injury (Fig. 20). Fate of the head 
as regards AVN décidé at the time of injury. 



Fig. 20: Avascular necrosis after fracture neck of fémur is 

due to the peculiar blood-supply to the head of fémur 

Immédiate réduction and fixation of fracture as an 
emergency procedure is said to reduce the incidence of 
AVN. So, also, aspiration of the hematoma reduces the 
tamponade effect. 90,95 

The AVN is more common if there is displacement- 
malreduction or large implants. Approximately, one- 
third of the patients hâve total avascularity, one-third 
hâve partial vascularity, and one-third hâve complété 
vascularity. Most displaced fémoral neck fractures 
probably undergo significant revascularization following 
internai fixation. Revascularization for the fémoral head 
is a very slow process and in some patients is never 
complété. 

Garden 6 (1971) reported that malreduction greatly 
increased the incidence of AVN, which rose to over 50% 
when valgus position was excessive and was even more 
frequent after gross malreduction. 

Early anatomical réduction and stable internai fixation 
are the major factors that help to preserve remaining 
blood supply and provide the stability necessary for the 
revascularization buds to grow into the area of the 
necrosis. Avascular necrosis does not contribute to 
nonunion. As long as the fixation is stable, union will 
occur even if one fragment is avascular. 103 

Segmentai collapse It is a late phenomenon that occurs 
within two years of the fractures in most cases. Late 
segmentai collapse is uncommon after three years, and 
fracture union is necessary for it to occur. The 
phenomenon is due to multiple microfractures in the 
anterosuperior weight-bearing position of the head. The 
importance of différentiation between avascular necrosis 
of the head and the segmentai collapse cannot be 
overemphasized both being confused by many as 
synonymous. Aseptie necrosis is an early phenomenon 
and considered as microscopie, 107 many patients hâve 
excellent function and no symptoms even though the 
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Fig. 21 : Avascular necrosis of the head of fémur after 
fracture neck of fémur without collapse of a segment of head F ig. 2 2 : Avascular necrosis with collapse of head 



fémoral head is partially avascular, while segmentai 
collapse is a late phenomenon results in joint incongruity, 
pain, stiffness and osteoarthritic changes. Total avascular 
necrotic heads will develop this complication very 
frequently. The incidence of avascular necrosis is 70 to 
80% while that of late segmentai collapse varies from 7 
to 27%. Late segmentai collapse can occur as late as after 
17 years of fémoral neck fracture (Fig. 21). 

According to Schatzker, 78 avascular necrosis does not 
contribute to nonunion. As long as the fixation is stable, 
union will occur, even if one fragment is avascular. Once 
union occurs, the fémoral head will be gradually 
revascularized from the neck. Despite revascularization, 
the superolateral quadrant of the head frequently remains 
avascular and undergoes collapse. 

Complications of Fémoral Neck Fracture 58 

Complications of fémoral neck fracture. 

Early 

1. Infection 

2. Deep vein thrombosis, with or without associated 
pulmonary embolism. 

3. Dislocation 

4. Mortality 

Late 

1. Malunion 

2. Nonunion 

3. Aseptie necrosis 

4. Hétérotopie bone 

5. Pain - long term 


Diagnosis of AVN 75 

Diagnosis is difficult in the first few weeks as the 
radiographs do not show any evidence of avascular 
necrosis. The change in density is seen earlier after 4 to 6 
weeks and as late as 4 to 6 months. Radiographie 
appearance of aseptie necrosis is increased bone density 
due to new bone being laid down on the necrotic tissue, 
relative increase in density resulting from osteonecrosis 
of disuse présent in the surround of the avascular bone 
or calcification. Early détection of avascular necrosis is 
difficult. Bone scanning may be helpful. 27 MRI is sensitive 
in detecting aseptie necrosis. 4 However, the metallic 
implants used prevent the use of MRI (Fig. 22). with 
newer software this problem us solved to some extent. 

Treatment 

Osteonecrosis of the fémoral head in a united intra- 
capsular fracture 91 may not be symptomatic. Some heads 
will be completely revascularized and other will not or 
will become revascularized only partially. 8 The degree 
of pain will be determined by the degree of collapse and 
pain is an indication for surgery. Treatment of a fully 
developed AVN with segmentai collapse and 
symptomatic is an arthroplasty. 

Hemiarthroplasty, cemented or uncemented total hip 
replacement relieves the pain. In India, pelvic support 
osteotomy with limb lengthening is indicated in patients 
demanding squatting and sitting cross-legged in those 
who cannot afford THR. 

The results of muscle pedicle graft or vascularized 
fibular graft 65 are not satisfactory to recommend as a 
standard procedure. 
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Infection 

The infection rate varies from 1 to 10%. In India, it may be 
on the higher side. Perioperative antibiotic prophy Iaxis is 
perhaps the most important factor in bringing down the 
rate of infection. The antibiotic most often used is a 
cephalosporin (Krgzl) 1 g, given intravenously imme- 
diately before surgery. This is continued at 1 g every 8 
hours for three doses after the surgery. Alternatives 
include vancomycin and clindamycin. 97 Postoperative 
infection is often associated with chronic osteomylitis 
septic arthritis and possibly septic dislocation is 
catastrophic. Pain, swelling, fever, high puis rate, are 
indicative of superficial and disinfection. If the hip joint 
is involved in the infection, fémoral head and neck cannot 
be salvaged. Excision arthroplasty is the treatment of 
choice. 

Mortality 92 

The mortality rate in the elderly patients during the first 
year after hip fracture varies from 14 to 36%. 25,66 The risk 
is highest in the first two months. After surgery, 
malnutrition, decubitus and postoperative confusion 
hâve been associated with increased mortality. 

Thromboembolie Phenomenon 

Thromboembolism is common after fractures of the 
proximal fémur and surgery. But the clinical symptoms 
may be detected only in a few. 

Nonunion (Fig. 23) 

Causes of nonunion: These are divided into two groups: 
(i) those under control of the surgeon, and (ii) those 
beyond the control of surgeon. Most of these factors 
enumerated below hâve been discussed in the under the 
heading Pathology of Fracture Neck Fémur and Internai 
Fixation. 

Factors under the control ofthe surgeon: 

1. Preoperative treatment : Malhandling of the patients 
may cause further comminution and further damage 
to the remaining blood supply to the head. Traction 
to the injured limb perhaps protects the vascularity 
and prevents comminution. 

2. Malreduction : If internai fixation is done in a poorly 
reduced fracture, incidence of nonunion approaches 
almost 100%. 

3. Implant 

a. Choice of implant: Bulky or a rigid type of implant 
causes healing complications. Multiple pin fixation 
or sliding System improves results. 



Fig. 23: Nonunion of fracture of neck of fémur 

b. Placement of implant: Implant placed in the 
posterior superior quadrant induces high failure 
rate. 

c. Depth of implant: Implant placed within 5 mm of 
the cartilage may penetrate into the hip joint and 
if placed more than 10 mm away from the bony 
margin of the head may eut out of the head or 
produce fatigue fracture. 

4. Bone grafting if cancellous bone grafting augmen¬ 
tation with bone substitutes, or muscle pedicle 
grafting not done when indicated leads to failure. 

5. Equipment good quality radiographs are essential for 
proper réduction and internai fixation. Image 
intensifier is very useful in the management of 
fracture neck of the fémur. 

6. Infection Prévention of infection is extremely 
important. 

Factors beyond the Control of the Surgeon 

Peculiar anatomy of the fémoral head and neck, little 
cancellous bone periosteum thin absent with absent 
canbiam layer (endosteal healing), precarious, blood 
supply, bathed in synovial fumed, which interfères with 
healing. 

1. Vascularity of the head 

2. Displacement of the fragments. Impacted fracture, 
the union is almost 100% 

3. Poor quality of bone due to osteoporosis and 
osteomalacia 47 

4. Delay from the time of injury to operation 

5. Posterior comminution is an important cause of 
nonunion 
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6. Capsular tamponade reduces the vascularity of the 

head 22,95 

7. Associated diseases Nonunion rate is higher in 
patients of rheumatoid arthritis 

8. Age non-union is much less in younger patients 
though other complications are more in this âge 
group 

9. Level of fracture in the neck: More distal the fracture 
better will the prognosis 

10. Pathological fracture In these patients, the 
complications are more. 

Over ail results of multiple lag screw fixation in our 
sériés has given good to excellent results in about 70% 
and poor results in 30% of the cases due to nonunion 
and avascular necrosis. 

Nonunion reported to be rare after undisplaced 
fractures but occurs in 20 to 30% of displaced fractures. 
The main causes of nonunion are: poor réduction of the 
fracture, inadéquate internai fixation, use of wrong 
implant and improper technique, improper placement 
of the implant in the head, posterior comminution and 
avascularity of the head. Comminution of the fracture 
site, especially posteriorly was noted by Banks to be 
présent in 60% of patients in whom non-union eventually 
developed. Barnes also reported that the rate of union 
decreased as the patient's âge and degree of osteoporo- 
sis. 97 If the réduction is poor, the nonunion rate is 100%. 
Réduction in varus position is an important cause of 
nonunion due to vertical shear forces. With the recent 
improvement in internai fixation devices and stable 
réduction, most sériés report union rate of 85 to 95% after 
anatomie réduction and stable internai fixation (Fig. 24). 

Diagnosis of nonunion Pain at the fracture site on weight 
bearing and with movements of hip joint even six months 
after operation is a strong clinical suggestion of nonunion. 
Radiographie evidence is in the form of sclerosis and 



Fig. 24: Valgus osteotomy of the proximal end of the fémur for 
nonunion of a fémoral neck. (from Comfort TH, Chapman M: 
Operative Orthopaedics. JB Lippincott: Philadelphia 559,1988 


marked absorption of contiguous fractures surfaces. Push- 
pull film show movements at the fracture site. MRI is most 
helpful in the diagnosis of nonunion and assessment of 
vascularity of the head. The criteria for diagnosis is 
contr over sial. Nonunion is accepted by most authors if 
healing 74 has not occurred between 3 and 6 months. 
However, if the head has displaced during the 
postoperative period, the fracture will not unité and is 
taken as nonunion. Fémoral neck fractures should unité 
by 6 months. If there is no evidence of healing, or the 
patient continued to hâve pain at 3 to 6 months after 
surgery, then a delayed (3 months) or nonunion (6 
months) should be contemplated. In younger patients in 
whom préservation of the head is important, neglected 
or unrecognized fémoral neck fractures are regarded as 
nonunion. In such cases it is most important to establish 
the viability of the fémoral head. Sclerosis on the head 
side of the nonunion is suggestive of viability, because 
new bone formation requires the presence of a blood 
supply. A positive bone scan is also helpful. The most 
accurate assessment of viability is the MRI, which 
indicates not only whether circulation is présent, but also 
whether there is segmentai necrosis and its extent. 103 

Treatment Once the nonunion is established, it is essential 
to détermine the viability of the head before undertaking 
the treatment. According to Schatzker, 78 MRI 88 is not only 
the most sensitive technique, but also the most useful, 
because it will also reveal a segmentai loss of perfusion. 
However, it can be difficult to get a reliable picture with 
stainless Steel or even titanium présent in the presence of 
implant. 97 A bone scan with pin colometer view has 85 
to 90% sensitivity for avascular necrosis, so it is a good 
investigation to distinguish avascular necrosis from non- 
union. 97 A CT scan is extremely helpful to diagnose a 
fémoral neck nonunion. It is important to note that 
avascular necrosis and nonunion are independent events, 
because avascular necrosis is based on the vascular 
supply within the fémoral head, whereas nonunion is 
based on the healing process. 97 In young adults, if the 
fémoral head is found to be avascular, this is not a 
contraindication to reconstruction. However, the 
knowledge that the head is avascular will enable the 
surgeon to give the patient a much more realistic picture 
of the proposed procedure, its complications, and the 
anticipated outcome. It is worthwhile to proceed to 
reconstruction even if the fémoral head is dead is that 
segmentai avascular necrosis is compatible with function 
and although it is not perfect, it is préférable in young 
patients to an arthroplasty. They prefer valgus osteotomy. 

The treatment of nonunion dépends upon the 
foliowing factors: 

1. Age of the patient In patients younger than 55, ail 
efforts must be made to preserve the head. 
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2. Viability of the fémoral head If the head is vascular, 
then head saving procedures are recommended. 

3. The status of the fémoral neck If the neck is completely 
absorbed, the reconstructive procedures are difficult, 
if not impossible. 

4. Duration of nonunion Longer the duration, more 
difficult it is to save the head. 

5. In the elderly, treatment is Arthroplasty. 

Head Preservirig Procedures 

1. Osteosynthesis withfibular graft 61 Nagi, et al reported 
16 fémoral neck fractures treated between 6 and 62 
weeks after fracture. Treatment included open 
réduction and internai fixation with a fibular graft. 
Ail 16 of the "old" fractures healed, in addition, not a 
single case of aseptie necrosis occurred. In 4 patients 
with radiologie signs of avascular necrosis before 
surgery, the condition of the fémoral head improved 
after surgery. 

2. Ostéotomies 

a. PauweTs abduction osteotomy modified by Muller 
for the treatment of nonunion of the fémoral neck 
is a popular procedure (Fig. 24). The principle of 
this operation is to convert the shear forces into 
compressive forces which makes the fracture 
unité. This is very useful in the younger âge 

4 s 69 

group. 

b. Blount's angulation osteotomy distal to the lesser 
trochanter works in the same principle (Fig. 25). 

c. McMurray's intertrochanteric osteotomy: In this 
osteotomy, the distal fragment is shifted medially 
under the head of fémur. The weight-bearing line 
passes directly from the head to the shaft. The head 
has an armehair effect. Blount's and Mc Murray's 
ostéotomies are not done in most centers (Figs 25 
and 26). 



Fig. 25: McMurray osteotomy 



Fig. 26: Blount osteotomy 


3. Muscle pedicle graft of meyers 61 ' 63 The muscle pedicle 
graft acts as a vascular graft. However, Schatzker et 
al do not believe that it plays any useful rôle in 
restoring the blood supply to the avascular fémoral 
head. This procedure is also not so favored in most 
centers. 5 

4. Arthroplasty 

a. Girdlestone procedure It is not favored in most 
centers. 

b. Hemiarthroplasty or bipolar arthroplasty is 
indicated in elderly patients. 

c. Total hip replacement is a procedure of choice in 
the elderly patients. In the younger patients, 
hybrid total hip replacement with cemented 
fémoral component and uncemented acetabular 
component is a satisfactory procedure. 

d. In the younger âge group, who cannot afford the 
cost of the total hip replacement, and who wish to 
sit cross-legged and squat, pelvic support 
osteotomy may be indicated. 
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Fractures of the proximal fémur and hip are relatively 
common injuries in adults. The incidence of fractures of 
the proximal fémur is increasing due to osteoporosis. 
Intertrochanteric fracture (IT) is one of the most common 
fractures of the hip especially in the elderly with porotic 
bones. By 2050 the incidence will be doubled. In India 
the figures may be much more. These fractures are 
associated with substantial morbidity and mortality; 
approximately 15% to 20% of patients die within 1 year of 
fracture. The hip fracture in the elderly per son is a great 
financial burden to the family. Most fractures occur at 
home. In the young it is usually due to high energy 
trauma. 

Most proximal fémoral fractures occur in elderly 
individuals as a resuit of only moderate or minimal 
trauma. The prognosis for each of the three major 
categories of hip fractures neck fémur, intertrochanter 
and subtrochanter is entirely different. Most elderly 
patients hâve multiple medical problems. Delaying 
fixation for more than 3 days has been found by 
Zuckerman et al to double the mortality rate within the 
first year after surgery. Success dépends on stability of 
fracture and osteoporosis. 

Most patients are allowed to sit in a chair the day after 
surgery. Mobilization is advantageous in preventing 
pulmonary complications, venous thrombosis, pressure 
sores, and generalized deconditioning. Protected weight- 
bearing may be permitted within 24 hours after surgery, 
provided the fracture is well reduced and securely and 
rigidly fixed with stable internai fixation. Patients 
voluntarily limited loading until fracture healing. 

Historical Background 

Before 1930, the treatment of trochanteric fractures was 
essentially conservative by traction until healing. There 


was increased morbidity due to prolonged bed rest and 
it required intensive medical and nursing care. 5 

In 1930, Jewett introduced Jewett nail to provide 
immédiate stability of fracture fragments and early 
mobilization of the patient. 

Later various ostéotomies were used using Jewett 25 
nail fixation to give stable configuration by Dimmon 
et al 13 William and Sarmiento 15 in grossly unstable 
fractures. 13,14,24,26,29,41 

In 1950, Earnest Roll in Germany was the first to use 
sliding screw and Pugh and Badgley introduced sliding 
nail with Trephine tip in USA. 

In 1962, Massie modified sliding devices to allow 
collapse and impaction of the fragments, which led to 
improved results. 

At the same time, Richard Manufacturing Co of USA 
produced dynamic hip screw, which became very 
popular. 

The biomechanical studies hâve now shown that with 
anatomie réduction and proper fixation of the fracture, a 
sliding device provides a more stable configuration as 
compared to médial displacement osteotomy of Dimmon, 
Hughston and valgus osteotomy of Sarmiento, which are 
associated with more morbidity and mortality. 

In 1966 Kuntscher 30 and later in 1970 Enders 3,11,18,39 
introduced condylocephalic intramedullary devices. 

The cephalomedullary fixation was attempted using 
Kuntscher's "Y" nail, Zickel's nail. It resulted in fracture 
of greater trochanter in many cases and was very difficult 
to introduce. Gamma nail. 6,20,23,32,34,42,52 Later Grosse and 
Kempf and Russel Taylor's reconstruction nails (1985) 
were the new additions based on sound biomechanical 
principles. Recently second génération of inter-locking 
intramedullary nail can be used for intertrochanteric 
fractures 13 with or without extension into the subtro- 
chanteric area. 
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Direct forces act along the axis of the fémur or directly 
over the greater trochanter. Indirect forces are due to the 
action of iliopsoas and abductor muscles. When a high- 
energy intertrochanteric fracture occurs, a large fragment 
of the posteromedial wall of the fémur, including the 
lesser trochanter, splits free. 

Mechanism of Injury 

90% or more of hip fracture in the elderly resuit from a 
simple fall in the house due to direct or indirect forces. 
Four factors contribute to hip fracture. (1) Person landing 
on the hip (2) Inadéquate reflexes (3) Absence of local 
shock absorber - Muscles and fat around the hip and hip 
protector, which has been used in UK and has reduced 
the incidence of fracture. Hip fracture can occur from 
cyclic mechanical stresses resulting in stress fracture. 
Osteoporosis, osteomalicia, fibrous dysplasia and 
metastatic diseases, that resuit in pathological fractures 
hâve porotic bones. 

Classification 519 

A fracture classification System is only of value, if it leads 
to better care of the fracture or permits a more accurate 
prognosis. The classification should predict the stability, 
since stability is the keystone to sélection of proper 
treatment and good prognosis. Most of the classifications 
are based on posteromedial fragment which décidés the 
stability of the fracture. 

Commonly, fractures are described by the number of 
"parts"(fragments) and the presence of certain fracture 
characteristics that indicate greater instability. There are 
several classifications. 

Boyd and Griffin (1949) described ail trochanteric 
fractures having four types, two of them (type 3 and 4) 
were subtrochanteric. 5 They considered subtrochanteric 
fractures as variants of intertrochanteric fractures. 43 This 
created confusion, which was later cleared by Kyle 27 and 
Gustillo's (1979) modification of Boyd's and Griffin's 
classification. 

The comprehensive classification of fractures by AO 
divides the intertrochanteric fractures into type A, Al, 
A2, A3 (Fig. 1). 

Parkar et al 40 (1992) pointed that the reversed oblique 
trochanteric fractures and fractures with subtrochanteric 
extension are very unstable fractures and must form a 
separate group because of problems of fixation and 
healing of those fractures. 15 

Evan’s Classification and its Modifications (Fig. 2) 

Evans has based his classification on stability of the 
fracture (Fig. 2). Jansenhas modified Evans classification 



Fig. 1 : The comprehensive classification (Muller et al 1990) of 
intertrochanteric fractures. Note the séparation of the fractures into 
groupsandsubgroups:A1—trochantericareafracture,pertrochanteric 
simple, 1, along the intertrochanteric line, 2, through the greater 
trochanter, [.1], nomimpacted, [.2] low variety, A2—trochanteric area 
fracture, pertrochanteric multifragmentary, 1, with one intermediate 
fragment, 2, with several intermediate fragments, 3, extending more 
than 1cm belowthe lesser trochanter, A3—trochanteric area fracture, 
intertrochanteric; 1, simple, oblique, 2, simple, transverse, 3, multifrag¬ 
mentary, [.1] extending to the greater trochanter, [.2] extending to 
the neck 



Fig. 2: Evan’s classification 
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STABLE 



Stable displaced 
Intertrochanteric 



Type I C 


UNSTABLE 


3 Piece unstable 


4 Piece unstable 


Shattered latéral walf 



Type II A 


Type II B 



Type II C 


VERY UNSTABLE 


Extension into 
subtroc h anteric area 



In te rsubtroch anteric fracture 
Fracture of greater 
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Commingtion with 
su btroch anteric 
Component 


Subtrochanteric extension 

Type IN A 


Reverse oblique 



Type IN B 


Extension into 
the fémoral neck area 



Type III C 


Fig. 3: Authors classification. Type IA stable undisplaced. Type I B stable minimally displaced. 
Type I C - stable minimally displaced with a small fragment of lesser trochanter. Type II A unstable 
3 piece fracture with large posteromedial fragment of lesser trochanter. Type II B 4 piece fracture. 
Type C Shattered latéral wall. Type III A trochanteric fracture with extension into subtrochanter. 
Type III B reserve oblique. Type III C trochanteric fracture with extension into fémoral neck area 
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into three groups. (1) Stable, (2) Unstable, (3) Very 
Unstable. Gotfried and Kyle- each hâve added a new 
variety of IT fracture. Using Evan-Jansen's and AO/OTA 
classification and adding the new varieties described by 
Gotfried and Kyle, authors présent a new treatment 
oriented classification (Fig. 3). 

Type I Stable fractures—consists of nondisplaced, stable 
intertrochanteric fractures 43 without comminution. 
Fractures are stable, minimally comminuted and 
displaced. Réduction of these fractures leads to a stable 
construct. Stable fractures heal well with any fixation 
device (Figs 4A and B). These can be very well treated by 
Dynamic hip screw with excellent results. 

Type II Unstable fractures—These, the so-called problem 
fractures are unstable 31 and are 3 piece or 4 piece fractures 
with a large postero-medial fragment which includes 
lesser trochanter. Gotfried has shown that shattered 
latéral wall is an unstable fracture which leads excessive 
collapse of head neck fragment, resulting in pains, 
inability to ambulate, nonunion and failure. These above 
described unstable fractures can be treated with Dynamic 
Hip Screw (DHS) with some modification or Intra- 
medullary Nail (IMN) with Sliding Hip Screw (SHS). 



Figs 4A and B: (A) Stable, undisplaced fracture inter¬ 
trochanteric in AP, and (B) close réduction and internai fixation 
done with Miraj nailing in AP 


Type III Very unstable fractures—These fractures are very 
unstable which include: 

1. Reverse oblique 

2. Trochanteric fractures with subtrochanteric extension 

3. Communited trochanteric fracture with extension into 
neck of the fémur (Kyle variety). 

These very unstable fractures require different kind 
of treatment than DHS. In these fractures DHS gives poor 
results. 


Unusual Fracture Pattern 

1. Basi-cervical neck fracture may be included in IT 
fracture. This fracture is prone to avascular necrosis 
of the head of the fémur. There is also rotational 
instability. Therefore, additional derotation screw 
should be used. 

2. Trochanteric fracture associated with fracture of the 
shaft of fémur. These two fractures may be treated by 
Recon, long Gamma or proximal fémoral nail. 

Clinical Diagnosis 

Intertrochanteric fractures are seen in elderly patients 
with history of trivial trauma. The limb is usually 
markedly shortened with as much as 90° of external 
rotation deformity. The external rotation deformity is 
usually greater than that seen in patients with 
intracapsular fractures. This is because the capsule is 
attached to the proximal fragment of the intertrochanteric 
fracture. The distal fragment is free to rota te. Immédiate 
immobilization of the fractured limb with Buck's skin 
traction or sandbag is necessary to prevent further 
damage to soft tissue and reduce pain. The ratio of 
females to males ranges from 2 to 1. 

Biomechanics 7 ’ 49 ’ 51 

Rydell, Frankel and Burstein, and others demonstrated 
that the forces applied to the fémoral head and proximal 
fémur with activities such as lifting the leg and getting 
on and off a bedpan often equal or exceed the load applied 
during protected ambulation. 

In intertrochanteric fractures, the internai rotators of 
the hip remain attached to the distal fragment, whereas 
usually some of the short external rotators are still 
attached to the proximal head and neck fragment. This 
fact is important in reducing the fracture because, in order 
to align the distal fragment with the proximal one, the 
leg must usually be held in some degree of internai 
rotation. Intertrochanteric fractures occur through 
cancellous bone, which has an excellent blood supply. 
The fracture unités promptly, even if left untreated. The 
fracture usually stabilizes within 8 weeks and allows 
weight-bearing within 12 weeks. However, marked varus 
of the head and neck with an associated external rotation 
deformity usually results in a short leg gait, a limp, pain, 
and future osteoarthrosis. 

Muscle forces acting to produce a varus shift continue 
to threaten stable fixation until the fracture heals. If varus 
forces exceed the strength of the bone, the bone fails. Thus, 
there are two types of failure. 

Bone failure : In the osteoporotic bone, the implant cuts 
out of the head and neck of the fémur causing malunion 
with varus deformity. 
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Implant failure : It consists of bending, breaking of the 
device, pulling out of the screw, and breakage of screw 
heads. 

In spite of bone or implant failure, the fracture may 
unité, although in varus position—nommions 35 occurs 
in only 1 percent cases. 

Fracture Geometry and Stability 

In a stable intertrochanteric fracture, when reduced, the 
cortices are in contact with each other without a 
posteromedial gap. Conversely, when there is a gap 
posteromedially due to fracture of the lesser trochanter, 
which may be, comminuted or displaced the fracture is 
unstable. The classic example of unstable intertro¬ 
chanteric fracture 1 is the so-called four-part fractures. 
Lesser trochanter is a key to evaluating instability. 
However, the mere presence of a lesser trochanteric 
fragment does not constitute instability. The size and 
displacement of the fragment are the critical factors in 
this évaluation. 

The whole biomechanics 37,49,51 of trochanteric 
fractures is centralized to posteromedial buttress. The 
lesser trochanter and surrounding bone are postero¬ 
medial. This is an area, which is subjected to very large 
comprehensive stresses and is important to the load 
bearing of the fémur. If the posteromedial fragment is 
displaced, the stability is lost. It can be reestablished 
surgically by restoring the contact of the fragments and 
closure of the posteromedial defect, the treatment is 
bound to succeed. 

The Latéral Trochanteric Wall 28 

Gotfried, described the latéral trochanteric wall as a key 
element in the reconstruction of unstable pertrochanteric 
hip fractures. In unstable pertrochanteric hip fractures, 
the traditional description of the posteromedial fracture 
part as the most important prognostic factor should be 
revised to include the structural description of the latéral 
wall. Fracture collapse is one of the major reasons for 
failure of fixation of these fractures. In an unstable three 
part or four-part pertrochanteric hip fracture, the latéral 
wall is a fragile bony structure. It cannot be over- 
emphasized that fracture of this délicate structure the 
latéral wall will convert a pertrochanteric fracture into a 
subtrochanteric fracture équivalent, which is a more 
severe problem, and therefore should be avoided. If the 
latéral wall is broken, there is no latéral buttress for the 
proximal neck fragment and collapse will occur. Latéral 
wall fracture may occur during surgery or after surgery. 
Reconstruction of the latéral wall with trochanteric 
stabilizing plate or tendon based wire and screws is 
mandatory, to prevent excessive collapse. 


Excessive collapse which causes (1) Pain even after 
the fracture has united, (2) Reduced the mobility of hip, 
(3) Varus union, (4) The elderly may not walk, (5) Non- 
union. 

Forces Acting on Proximal Fémur 

Rybicki, Simon and Weis (1972) found, that forces placed 
on fémur are two to three times greater when hip muscles 
are active. He further found that higher forces are 
generated with eccentrically placed devices such as 
sliding hip screw compared with medullary devices. 

Tencer (1984) in his cadaveric studies showed marked 
improvements in bending stiffness, torsional stiffness and 
axial load bearing with closed intramedullary 
interlocking devices, as it allowed load sharing between 
the bone and the appliance right from the beginning of 
the treatment. It is the load sharing by bone, which should 
be the aim of treatment. 

Frankel pointed out that up to 75% of the load in 
weight bearing can be taken up by the bone fragment in 
contact at the fracture site with the rest of the stability 
being provided by the nail. It is important, therefore, to 
recognize that the ultimate stability of an intertrochanteric 
fracture treated surgically is dépendant on both the 
stability of the fracture fragments and the strength of the 
implant. Even the strongest implant will not alone 
withstand, cyclic loads présent after unstable fixation of 
an intertrochanteric fracture. 28 If improper implant or 
technique is used, complications 2,41,48 of varus displace¬ 
ment, cutting out, breaking, bending, and pénétration of 
the device may occur. 

Clinical Assessment 

Preoperative Evaluation 

It is worthwhile spending 12 to 24 hours in assessing the 
patient clinicoradiologically before operation. Clinical 
assessment should be done for nutritional status, 
associated injuries, blood loss and associated medical 
problems. As the trochanteric area is vascular, blood loss 
may be considérable. Most of our patients in India are 
undernourished and anémie because of ignorance, 
poverty and food faddism. Many patients suffer from 
cardiac disease, senile dementia and neurological 
disorders at this âge. Make the patient stable before 
making the fracture stable. 

Medical assessment for fitness for surgery is important 
Diabètes, hypertension, cardiac problems, neurodeficit 
etc must be assessed and treated. 
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Preoperative activity level and causes of fall are 
assessed. Prévention of fall, resulting in fracture of the 
opposite SIDE is necessary. 

Timing of surgery : The timing of surgical intervention is 
critical. Operation should be done as soon as possible after 
the medical condition is improved, because delay in 
operation is associated with complications. 2,41,48 

Radiological Assessment 

The radiological diagnosis is rarely a problem. But it is 
necessary to look out for undisplaced fractures: (i) cortical 
contact, varus and rotation deformity should be checked, 
and (ii) fragment of lesser trochanter makes the fracture 
unstable medially, large fragment produces a big gap 
posteromedially. The anteroposterior radiograph taken 
in gentle internai rotation is useful in determining fracture 
obliquity and the quality of bone. The latéral radiograph 
is extremely important to détermine the size, location, 
and comminution of posteromedial fracture fragments, 
and hence to help in determining the presence or absence 
of fracture stability. A good quality radiograph déter¬ 
mines the quality of bone, (osteoporosis and osteo- 
malacia) on the basis of Singh index. 

Treatment 

The aim of treatment is to achieve union without 
deformity and encourage early mobilization to reduce 
the morbidity and mortality rates and to restore the 
patient to his or her preoperative status at the earliest 
possible time. 

Indication for Non-operative Treatment 

An elderly person whose medical condition carries an 
excessively high risk of mortality form anesthésia and 
surgery. Nonambulatory patient who has minimal 
discomfort folio wing fracture. 

The conservative treatment by skeletal tibial traction 
may be tried for 8-12 weeks. Intensive medical and 
nursing care is required to prevent pressure sores, 
pneumonia, urinary tract infection, thromboembolism 
and pin tract sepsis. 

Operative Treatment 

It is universally agreed that the treatment of inter- 
trochanteric fractures is stable internai fixation as early 
as possible. Stable fixation is the keystone of successful 
union of trochanteric fractures. 7,10 

Factors beyond the control of surgeon for successful 
treatment are: (i) fracture geometry and stability, (ii) bone 
quality, (iii) comminution. Factors under the control of 
surgeon are: (i) good réduction, (ii) proper choice of 


implant, (iii) proper surgical technique, which includes 
availability of modem operation rooms and entire set of 
implants and instrumentations. Availability of image 
intensifier and clean air System (laminar air flow or 
ultraviolet light) in operation rooms is also important. 

Stability of fractures dépends upon the type of 
fracture. The factors most significant for instability and 
fixation failure are: (i) loss of posteromedial support, 
(ii) severe comminution, (iii) subtrochanteric extension 
of the fracture, (iv) reverse oblique fracture, (v) shattered 
latéral wall and (vi) Bone quality. 

Bone quality : Osteoporosis is particularly important in the 
fixation of proximal fémoral fractures. This can be 
measured by Singh's index. The incidence of fixation 
failure increases with osteoporosis. In Singh's group I 
osteoporosis any implant may fail. Many hâve tried using 
bone cernent to improve the fixation, but it is associated 
with many complications. 2,41,48 The area of meeting 
between the secondary tension trabeculae and the 
compression trabeculae in the center of the head of fémur 
carries the densest portion of cancellous bone, in which 
an effort is made to engage the tip of the sliding screw. 
Sometimes, an additional cancellous screw fixation above 
the sliding screw is advised in severely osteoporotic head 
and neck and basal fractures. 

Bone quality or osteoporosis should be carefully 
assessed by Dexa Pronsic or Singh index method as 
described in osteoporosis. We carefully assess osteo¬ 
porosis patients with hip fracture. 

In ail elderly patients with fractures of proximal fémur 
must undergo estimation of bone-density. DEXA is the 
gold standard. However, pronasco estimation of cortical 
bone of metacarpal is FDA approved. Ultrasound bone 
estimation is not reliable. 

Comminution: The degree of comminution dépends on 
osteoporosis. In four fragment fractures, the greater and 
lesser trochanters become separate as they are pulled 
from their posterior bed by the attached muscles. The 
oblique intertrochanteric fracture configuration 
encourages médial migration of the shaft. When the 
combined influence of osteoporosis and comminution is 
considered, the most stable fracture is the two-fragment 
fractures of porotic bone. The four-fragment fracture with 
osteoporosis is the least stable of the intertrochanteric 
fractures. 

Choice of implant are: 

1. DHS 

2. IM Nailing with sliding hip screw (Figs 5A to D) 

3. DCS or 95 blade plate (rarely used in reverse oblique 

fracture) 

4. Arthroplasty: Bipolar or total hip replacement. 
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Figs 5A to D: Comminuted trochanteric fracture with 
extension into subtrochanteric 


Sliding Hip Screw and Plate 

Dynamic Hip Screw (DHS) 

DHS is the gold standard. Fracture réduction is 
impérative. Extension and internai rotation reduces the 
fragment. Sometimes external rotation or abduction or 
adduction may reduce the fracture. 

Proper Choice of Implant 

The use of static implants with a fixed angle at nail plate 
junction like Smith-Peterson nail, Jewett nail. AO 95° 
blade plate, Thronton, MC Laughlin nail plate, etc. are 
no longer justified since dynamic screw fixation has given 
uniformly good results due to controlled impaction and 
stable contact of the fragments. Sliding hip screws which 
allowed impaction of the fragments gave superior results 
over the fixed length devices such as Jewett nail. The 
sliding devices hâve gained universal popularity as the 
fixation de vice for ail intertrochanteric fracture. 12,24 

Biological Plating or Bridge Plating 

The plate bypasses the comminuted fragments and fixed 
distally in the distal fragment. This is called biological 
plating or bridge plating. Indication for biological plating 
trochanteric fracture with subtrochanter extension. 

Advantages of Sliding Screw 

DHS offers the advantages of a simple, predictable 
surgical technique, and a long clinical history of successful 


results. Indications for the intramedullary nail devices 
are: (1) Reverse oblique fracture (2) Intertrochanteric 
fracture with subtrochanteric extension (Figs 5A to D). 

1. Controlled impaction and progressive stabilization. 
The sliding screw guides the proximal fragment into 
a stable position, settling of fracture fragments occur. 
Screw of sliding in the barrel dépends on: (i) fracture 
geometry, (ii) quality of réduction, (iii) position of 
screw in the head and neck of fémur, (iv) angle of the 
barrel and plate, (v) integrity of latéral wall. 

2. It allows controlled impaction, the shearing force on 
the fémoral head being transferred to the axis of the 
sliding screw, hence producing a compressive force. 
Because of the bone growth into the threads of the 
screw, cutting of the implant out of the head and neck 
is rare (except in Singh's Gr.I osteoporotic bone). 

3. Because of the blunt tip, the implant does not 
penetrate into the acetabulum. 

4. With tightening of the nut, a good static compression 
occurs. As the fracture is in the cancellous bone, 
compression enhances the stability. Dynamic 
compression occurs during the postoperative period 
as the patient bears weight on the limb. 

5. Because of less pain and good stability, it allows 
mobilization and early weight bearing. 

6. There is reduced reoperation rate. 

7. Incidence of breakage or séparation of the components 
is much less. 

8. Learning curve is much less as most surgeons 
routinely use DHS. 

9. Cost effective compared to IMN. 

Proximal fémoral nail (PFN) developed by AO has 
two sliding screws. Advantages of two sliding screws are: 

i. More stable fixation 

ii. Preventation of rotational deformity. 

Disadvantages of Sliding Screw 

Despite these theoretical and biomechanical advantages, 
sliding hip screw constructs hâve limitations. Excessive 
collapse results in. 

1. Sliding of more than 15 mm to a higher prevalence of 
fixation failure. Rha and associâtes found that 
excessive sliding was the major factor causing failure 
of fixation. 

2. Medialization of the fémoral shaft by greater than one 
third of the diameter of the fémur is associated with a 
sevenfold increase in fixation failure. 

3. Cutout of implant may occur in severe osteoporotic 
bone. 

4. Reverse oblique fracture: Use of DHS in reverse 
oblique fracture may cause excessive collapse leading 
to reduced mobility of hip, reduced ambulation, pain, 
failure of fixation and non-union. Excessive collapse 
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occurs due to shearing forces and to powerful muscles 
acting on fragments. In fracture with shattered latéral 
wall, treated by DHS excessive collapse occurs due to 
loss of buttressing effect of latéral wall. 

Treatment of Reverse Oblique Fractures 

The reverse oblique fractures are unstable fractures. When 
sliding hip screw System is used to fix the fragments, there 
is a marked tendency towards médial displacement of 
the shaft secondary to adductor muscle pull forces acting 
on the and shearing fracture surface, excessive collapse 
occurs. These fractures require spécial surgical treatment. 
With standard DHS for reverse oblique fracture, 
medalization of distal fragment and excessive collapse 
occurs, leading to failure. The sliding hip screw should 
never be used for fractures with reverse obliquity. For 
intertrochanteric fractures with reverse obliquity, either 
a 95° fixed angle device or the 95° dynamic condylar screw 
may be used. 

Reverse oblique plate is best treated by IMN with SHS 
which does not allow medialisation. Results of IMN are 
superior to 95° blade plate DCS (Figs 6 and 7). 



Fig. 6: Reversed intertrochanteric fracture (A3.1). Fixation with 
DCS plate. Note the tension in the side plate to compress the 
fracture of the latéral cortex. For this reason, the head screw 
is placed higher to gain distance within the proximal fragment. 
Choice of implant is IM nailing with sliding hip screw 



Figs 7 A to F: Reversed intertrochanteric fracture fixation with DCS plate 
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DHS is contraindicated as it results in excessive 
collapse and failure. 

5. Failure rate (screw cutout) of DHS is 5% particularly 
in unstable fracture. Lag screw sliding within plate 
barrel may resuit in limb shortening, abductor 
shortening and pain. 

6. When DHS is used for subtrochanteric fractures, large 
exposure is required with blood loss. However, 
biologie fixation requires less dissection. 
Biomechanics of sliding device in the fixation of 

fractures of the hip. According to Kyle RF et al to use a 
sliding device correctly in a patient who has a fracture of 
the hip, it is essential to understand the mechanics of the 
device and the forces that it must withstand. In 1935, 
Pauwels concluded that the forces acting on the hip in 
single-limb stance are équivalent to approximately three 
times the body weight, applied at an angle of 159° to the 
vertical plane. These data were confirmed later by 
numerous authors. These same forces act on any hip- 
fixation device that is placed across the fracture site. 

A sliding device with screw-plate angle close to the 
combined force vector allows optimum sliding and 
impaction. The doser the nail-plate angle to the résultant 
vector of the forces across the hip, the more force available 
to assist impaction. If the angle of barrel with plate is 
159°, the sliding of the screw in the barrel would be 
maximum and easy. A device that is placed at a lower 
angle e.g. 125° less force working parallel to the sliding 
axis and more force working perpendicular to the sliding 
axis. The perpendicular force acts to jam or bend the 
device, thereby preventing impaction (Fig. 8). 

Spivak et al discussed modes of failure of sliding screw 
fixation. They reported that the weakness of the lag screw 
occurs at the points where the outer (proximal and inner 
distal) threaded portions of the screw were located. When 
the inner threaded part of the screw is in the barrel, the 
screw barrel junction is the site most prone to failure. 
These authors noted that screw breaks at the deepest 
aspect of the inner threads. This would suggest that 
screws can be strengthened by shortening the length of 
the internai threaded portion of the sliding screw and by 
making certain the inner end of the threaded portion of 
the lag screw lying within the barrel. 

Operative Technique of Sliding Hip Screw System 

Surgical Technique 

Meticulous attention to surgical details is necessary. 

Réduction 

Réduction of the fragments is the most important 
prerequisite for good union. Anatomical réduction can 



Fig. 8 : When ease of sliding is plotted against nail plate angle, 
the higher the nail plate angle, the greater the ease of sliding. 
The doser the nail plate angle is to the résultant force across 
the hip, the more force is available to assist impaction of the 
sliding screw (From Kyle) 



Fig. 9: If the guidewire inadvertently cornes out with the reamer, 
it is better to reinsert the guidewire in the same place. To do 
this one should take the screw, reverse it and reinsert the screw 
and through the canal of the screw insert the guidewire 

be achieved by closed method by applying traction to 
overdistract. These fractures are reduced in neutral 
position. Most fractures are reduced by direct traction, 
slight abduction and usually 10 to 15% internai rotation. 
Occasionally slight external rotation may be required for 
more extensive and comminuted fractures. With image 
intensifier the limb should be rotated internally or 
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externally to achieve satisfactory réduction. It is important 
to check on the latéral projection that the shaft has not 
sagged posteriorly. If this happens, it must be lifted 
upwards held there to secure réduction till the procedure 
of fixation is complété. Réduction is achieved in AP view 
with neck shaft angle 135° in slight valgus. The valgus 
position of the proximal fragment reduces the deforming 
force and the incidence of fixation failure, and makes the 
fracture more stable. Valgus position does not cause 
shortening. 

In an osteoporotic bone with comminuted fracture, 
anatomical réduction is difficult if not impossible. The 
valgus réduction and the collapse achieved with DHS 
carries the best chance of preventing fixation failure. 

Open Réduction 

Open réduction is rarely required when closed maneuver 
fails. Limited exposure of the fracture performed. In 
comminuted fractures, the greater trochanter fragment 
is pulled superiorly to allow direct visualization of the 
fracture. While doing open réduction, the vastus lateralis 
should not be split longitudinally. This maneuver 
deneravates the posterior fiber and is associated with 
greater bleeding. 

Occasionally, the sharp anteromedial spike of the 
proximal fragment is entrapped in the overlying rectus 
femoris muscles. This needs open réduction. 



Fig. 10: An irreducible intertrochanteric fracture secondary to 
iliopsoas muscle obstruction. The long spike on the head neck 
fragment is caught between the iliopsoas and the lesser 
trochanter. The varus position remains, even with the application 
of strong traction. Release of the iliopsoas insertion from the 
lesser trochanter will allow réduction 


The réduction is assisted by rotating the proximal 
fragment with the help of guidewires or by lifting the 
distal fragment up with a bone lever. Open réduction is 
also needed, when médial beak of the proximal fragment 
cornes to lie médial to or is caught in Iliopsoas tendon 
(Fig. 10). 

Inserting Sliding Screw Position of 
Placement of Screws 

The patient is in supine position on a fracture table. 
Latéral incision is taken. Guidewire is passed in the dead 
center head and neck, the so-called "bulTs eye" placement 
which is the optimal position (Figs 9 and 11). 

The point of coalescence of the tension and 
compression trabeculae results in a dense pattern of 
cancellous bone in the center of the fémoral head. This is 
where the best purchase in the bone can be obtained for 
a fixation device. When these trabeculae are absent, the 
surgeon can expect a higher rate of failure with use of 
any device. Least désirable position is superior half of 
the head. 

Advantages of Central Placement of the Implant 

1. The placing of the lag screw in a central position 
avoids the potential complication of a peripherally 
placed screw, which may appear to be within the 
fémoral head on both the AP and latéral views at 
operation, but in practice may lie partly outside the 
fémoral head. Central placement prevents pénétration 
of the joint. 

2. Centrally placed screw is in the Crossing of the 
trabeculae, which is the strongest part of bone. 
Therefore the purchase is better. 

3. Screw length can be longer—more number of threads 
can be engaged in the strongest part of bone in the 
fémoral head. 
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Tip-apex Distance (Fig. 12) 

An increasing rate of failure and hardware cutout with 
poor implant placement or poor réduction has been 
documented. The tip to apex distance has been described 
as a guide to accurate screw placement, and should be 
less than 25 mm. Ideally, a center-center position with 
the lag screw within 1cm of the subchondral bone on both 
AP and latéral views is preferred and has resulted in the 
lowest rate of clinical failure. 

TAD helps define screw position and risk of cutout 
and is easily measured intraoperatively. Risk of fixation 
failure approaches zéro if TAD < 20 mm. Risk increases 
rapidly as the screw is placed more peripherally and 
shallow (Fig. 12). 

After anatomie réduction, a properly placed sliding 
device allows spontaneous impaction and médial 
displacement of ail intertrochanteric fractures into a stable 
configuration. 

The barrel plate angle is determined from the normal 
side (Figs 13A and B). 

Optimum idéal angle is 135°, which is most commonly 
used. There appears to be no evidence to suggest that 
any other angle is superior. If the screw is placed 
inadvertently in the superior half of the head, then a 
higher angled blade plate (140°) may be required. If the 
screw is placed in the lower half of the head, barrel and 
plate is less than 135°, usually 130°. 

Tapping of the fémoral head to eut screw threads prior 
to insertion of the screw is recommended in ail but the 
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Increasing TAD -► 

Fig. 12: The tip-apex distance is calculated by summing the 
distances form the screw tip to the center of the fémoral head 
in both the AP and the latéral plane 

most osteoporotic bone. This will reduce the torsional 
stress and thereby the risk of rotation of the proximal 
fragment during insertion of the screw. This rotation is 
most likely in basal and comminuted fractures. An 
alternative method of preventing rotation is by placing a 



Figs 13A and B: (A) Stable fracture internai fixation on left side—neck-shaft angle on opposite side is 
140°, and (B) close réduction and stable fixation with modified Miraj nailing with AP angle of 142° 
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Figs 14A to D: (A) Four part unstable fracture intertrochanteric with subtrochanteric extension in AP, 
and (B) four part unstable fracture intertrochanteric with subtrochanteric extension in latéral, and (C) 
closed réduction and internai fixation with modified Miraj screw—Note the plate fixation extending 
lower down in AP, (D) closed réduction and internai fixation with modified Miraj nailing. Note the plate 
fixation extending lower down in latéral 


supplementary guidewire across the fracture. In a basal 
fracture, the author always insert a supplementary lag 
screw to prevent rotation of proximal fragment. 

Length of the barrel : There are two barrel lengths 35 mm 
and 25 mm. The long barrel plate has insufficient shaft 
of screw to slide to allow adéquate collapse of the fracture 
and, once the full length of collapse available has 
occurred, the screw is forced to penetrate into the 
acetabulum. Therefore, the short-barrel plate should only 
be used with a short screw (Figs 14A to D). 

If there is a varus or valgus deformity which cannot 
be corrected manually, can be corrected by inserting the 
sliding screw proximally or distally or altering the angle 
of the barrel plate. In the varus deformity, the screw is 
passed in the dead center of head and neck. During 
surgery on radiograph or image intensifier, neck-shaft 


angle is calculated. To this add 5° (not more). This gives 
the angle of the barrel plate. It will correct the varus 
deformity. Similarly, in the valgus deformity, subtract 
5°. This gives the angle of the barrel plate which will 
correct the valgus deformity. If barrel plate < 5° there is a 
risk of latéral wall fracture. 

Should the guidewire becomes dislodged during the 
operative procedure, a suggested method of reinsertion 
is illustrated in Figures 13A and B. 

Fixation of the posteromedial fragment: The posteromedial 
fragment may be fixed in an younger patient in whom 
restoration of normal anatomy is a more important and 
a désirable goal. The younger patient is better able to 
withstand the more extensive surgery involved and any 
screws or wires placed in the médial fragment are less 
likely to eut out (Figs 15A and B). 



Figs 15 A and B: (A) Fracture intertrochanteric with subtrochanteric extension, 
and (B) closed réduction and internai fixation with modified Miraj nailing. Médial buttress is restored 
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Additional fixation: If the greater trochanter is displaced 
more than 2 cm, it may be fixed with a lag screw to 
prevent abductor weakness. In younger patients, 
(Schatzkar et al) 46 secure the greater trochanter with 
tension hand wires. These are passed around the insertion 
of the abductor muscles into the greater trochanter 
proximally and distally around the most proximal screw 
passing through the plate. 

Modifications of Suppléments to DHS 

Medoff”s Plate 

Medoff has designed a device that allows axial 
compression through the intertrochanteric portion and 
through the metaphyseal subtrochanteric portion through 
a sliding device that is incorporated into the plate 
attachment to the shaft of the fémur. The compression 
slide acts as an intermediate segment, capturing the lag 
screw proximally (similar to a standard plate) and 
engaging the barrelled side plate distally in a sliding track. 
The barrelled side plate is attached to the fémoral shaft 
with bone screws directed in two planes. Medoff 
recommends the axial compression screw for transverse, 
high subtrochanteric fractures, with or without reverse 
obliquity, and for most unstable intertrochanteric 
fractures (Figs 15 and 16). It is not recommended for 
simple, stable intertrochanteric fractures or very long 
oblique or extensively comminuted subtrochanteric 
fractures. 

No superiority of the Medoff plate relative to current 
dynamic hip screw constructs. The Gotfried plate was 
developed in an attempt to obtain rigid fixation with the 
theoretical benefits of a percutaneous approach. 

In clinical practice, technically, the surgeon cannot 
place the sliding device at a high angle in a small hip or 
in a hip with a varus deformity. If placed at a high angle, 
the screw will be very near the upper cortex of the head 
and neck. Such a screw has high chances of eut out of the 
head (Fig. 17). 

This allows early mobilization of the patient. 

Miraj Screw 

Kulkarni GS et al hâve modified the Richard's hip screw 
(dynamic hip screw—DHS) to make the procedure 
simpler and it is biomechanically more sound. Following 
are the modifications. 

While its proximal end of screw has coarse threads as 
in the standard device, its distal end is also threaded. The 
distal threaded end passes through the nut, instead of 
the nut entering into the distal end of the screw. They 
call this Miraj screw. When Richard System or DHS is 
used, the distal end of the screw has to be at least 1 cm 



Figs 16A to G : (A to D) In Richard’s screw, the nut passes into 
the screw over the barrel. The outer end of the screw must be 
at least 1 cm away from the cortex to achieve effective static 
compression. After placement of the sliding hip screw and with 
a variable amount of sliding, the innermost portion of the internai 
threaded région of the screw can be proximal to the barrel, 
(E) at the edge of the barrel, (F) or within the confines of the 
barrel, and (G) the arrows depict the région most prone to fatigue 
failure given these three scénarios. In the weakest configuration, 
the région most prone to failure has the highest section modulus, 
making this configuration most stable and recommended (From 
J Orthop Trauma 5: 3, 1991) 



Figs 17A and B: (A) Barrelled side plate is secured with bone 
screw, then proximal compression screw is tightened, locking 
set screw is inserted and distal compression screw is tightened 
(Courtesy Dr. Robert J Medoff). (B) Axial compression screw 
(Medoff) with sliding barrel to provide compression (from Dr. 
Robert J Medoff) 
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Figs 18A and B: (A) Modified Richard’s (Miraj screw)—notice 
the end of the screw passes through the nut, and (B) barrel 
plate 

away from the cortex to make effective compression of 
the fragments of intertrochanteric fracture (however, 
dynamic compression during the postoperative period 
is possible). Therefore, the screw must be of exact length. 
The gap between the two major fragments, especially 
posteriorly, makes the measurements of the screw 
inaccurate. If the distal end of the DHS touches the cortex, 
then there will be no State compression. If the screw is 
too short tip of nut will not reach the screw. When Miraj 
sliding screw is used, even if the end of the screw is out 
of the fémoral cortex, one can compress the two fragments 
(Figs 18A and B). With larger nut and hexagonal socket, 
one can apply stronger force to compress the fragments. 
Good static compression is necessary for the cancellous 
fragments to make the fracture stable, and unité early. 

The sliding length can be adjusted to 15 mm. After 
static compression the sliding length should be only 
15mm. The barrel touches the screw thread and in this 
situation, the System acts as a fixed L-plate. Even though 
it is a fixed angle System, cutting out or pénétration into 
the acetabulum will not occur. Therefore, dead central 
placement blunt tip and TAD < 20 mm. 

Trochanteric Stabilizing Plate 

The trochanteric stabilizing plate construct buttress the 
greater trochanter and prevents latéral displacement. The 
trochanteric stabilizing prevented excessive fracture 
collapse and consecutive limb shortening in 90% of 
patients with an unstable fracture pattern. The use of the 
trochanteric stabilizing plate with dynamic hip screw 
reduces the latéral displacement of the proximal 


fragment, the fémoral head, and the greater trochanter, 
without affecting fracture healing and with 91% of the 
patients able to walk unaided at 6 months after surgery. 

Double Barrel Plate 

Gotfried and K.H. Sancheti hâve developed double barrel 
plate. The advantages are: (1) When the latéral wall is 
thin, a single screw with a large diameter may shatter 
latéral wall. Barrel with small diameter prevents latéral 
wall shattering. (2) Two barrel plate also prevents rotation 
of the proximal fragment. 

Tilon Hip Screw 

Tilon hip screw has two antini, which fix in the head for 
better purchase. 

Hydroxy Appetite (HA) Coated Screw 

Achieves better fixation in osteoporotic bone. 

Augmentation 

Cernent augmentation tri-calcium phosphate (TCP) 
cernent norian SRS or PMMA is used to augment fixation 
stability. In a severely osteoporotic PMMA bone cernent 
may be used. However, it is associated with many 
complications. 

Cernent may, however, be more appropriate for a 
pathological fracture with a significant bone defect and 
a limited life-expectancy, in this situation, cernent can be 
useful in bridging the bony gap. Current tri-calcium 
phosphate (CPT) or Norian SRS is preferred to PMMA. 

Tri-calcium phosphate cernent or Norian SRS is 
injected into the void in the posteromedial area in 
unstable fractures. This increases stability. 

Pitfalls 

1. Insufficient or excessive sliding length available 
between the screw and barrel. 

2. Jamming of screw in the low angle barrel plate. 

3. Poor position in the fémoral head (Fig. 19). Majority 
of failure due to poor positioning of screw. TAD >25 
and screw not in the center of head. 

4. Tronzo fracture—A subcapital stress fracture 
occurring over a previous healed intertrochanter 
fracture is a rare event. This complication may occur 
if the screw is short, and its tip is in the neck instead 
of deep in the head of fémur. 

5. Latéral wall fracture—Fracture of latéral wall during 
surgery. The implant of choice for reverse oblique is 
IM nail with sliding screw. The nail prevents the 
medalization and opposes the shearing forces. The 
second choice is a 95° blade plate or DCS. 

6. DHS is not used for reverse oblique. 
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Figs 19A and B: [A] An improper sélection of the nail plate 
angle can resuit in the plate not lying parallel to the shaft of the 
fémur, and [B] forcing the plate to the shaft may resuit in jamming 
of the nail or a subtrochanteric fracture and subséquent failure 

Surgical Pearls for DHS (Adopted from Kyle) 

1 . Ascertain that there is no impingement of the labia or 
scrotum from the fracture table post. 

2. Assess the fracture réduction. Check for residual varus 
angulation, posterior sag, or malrotation. Fracture 
reduced to trabecular angle of 160 to 170° in AP 
radiograph, 170 to 190° in latéral radiograph. 

3. Use 135 or 140° angle guide to insert the guide pin. 

4. Screw in the center of fémoral head. 

5. Observe TAD. 

6. Use a standard (long-barrel) plate and short barrel 
plate for a screw < 85 mm. 

7. Impact the fracture. 

8. Minimum of 4 screw fixed in the distal fragment. If 
bone is osteoporotic 5 or 6 screws are needed. 

Postoperative Management 

If a patient has good fixation, full weight bearing is 
allowed the very next day of surgery. If the fixation is 
unstable, as when the bone is osteoporotic, only partial 
or no weight bearing is permitted. Unstable fracture in 
osteoporotic bone seems to require an additional lag 
screw fixation above or below the screw. 

Most of the elderly patients are allowed immédiate 
weight bearing as tolerated. They use crutches; however, 
weight bearing is postponed if there is severe osteo- 


porosis, Singh Gr. I, II, or if the implant is insecure, and 
in type IV fractures (with subtrochanteric extension). 

Pain Management (Reena Karani) 

Although adults older than 65 years hâve surgical 
procedures more frequently than any other group, they 
also hâve the worst postoperative pain management. 
Reason for failure to assess for pain, inadéquate 
knowledge about pain assessment and management, a 
misperception that pain is a natural and expected consé¬ 
quence of aging. Untreated acute pain has physiologie, 
économie, and quality of life conséquences. Poorer clinical 
outcomes. The most important aspect of pain évaluation 
is frequent réévaluation and reassessment. Opioid remain 
the mainstay of, and are among the safest and most 
effective options for, postoperative pain management in 
older adults. 

1. Severe pain - Fentanyl, Hydromorphone, Levophanol, 
Methadone, Morphino, Oxycodone, +/- adjuvants, +/ 

- nonopioid analgésie agents. 

2. Moderate pain - APAP or ASA +, Codeine, 
Dihydrocodéine, Hydrocodone, Oxycodone, +/- 
adjuvants. 

3. Mild pain, Aspirin (ASA), Acetaminophen (APAP), 
Nonsteroidal Anti-inflammatory drugs (NSAIDs), +/ 

- adjuvants (médications coadministered to enhance 
analgesia). 

Constipation, sédation, nausea, and vomiting are the 
most common adverse effects seen, but dizziness, 
hallucinations, confusion, and respiratory dépréssion also 
may occur. These complications should be looked for and 
treated. 

Nutrition : Hydration, nutrition, and pressure sore 
prévention are interlinked closely. Malnutrition is 
common in elderly patients. Lying on a hard surface, such 
as a hospital trolley, for as few as 30 minutes can resuit 
in the development of a pressure sore. Spécial pressure 
relieving mattresses, heel pads, and regular movement 
should be used immediately. Early mobilization in the 
postoperative period also will aid in pressure sore 
prophylaxis. 

Delirium : Delirium postoperative care - At least 40% of 
patients with hip fractures become delirious during their 
hospital stay and hâve a power functional outcome. 
Delirium can be brought on by infection, déhydration, 
drug toxicity, or other medical conditions. However, a 
recent study showed that delirium can be prevented. 
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Figs 20A to D: Intertrochanteric fracture with extension into the neck treated by DHS. 
Note the valgus position of the proximal fragment 


Intertrochanter fracture with extension into fémoral neck area : 
Richard F. Kyle, has described additional fracture pattern 
not included in any classification System has extensive 
comminution of the intertrochanteric région with 
extension of the fracture into the basic cervical and 
fémoral neck région (Figs 20A to D). This fracture pattern 
has the highest failure rate (25%) with a conventional 
sliding hip screw. In this fracture arthoplasty may be 
considered. Cause of excessive failure are severe 
osteoporosis, comminution, reverse oblique, sharing 
forces allows excessive collapse (Fig. 21). Shortening LLD, 
Abd. Weakness, Troch. Impingement, Thigh pain, Screw 
threads impact on barrel. Excessive collapse results is the 
main cause of failure of treatment of intertrochanteric 
fractures by DHS. 

Intramedullary Nail 

Intramedullary hip screw is designed for insertion 
through greater trochanter. It has a valgus offset of 
proximal nail which is wider to allow lag screw passage. 
It can be statically locked and is more expensive than 
sliding hip screw. 

The unstable cases can be helped by medullary 
fixation as there is more failure with screw and plate 
fixation due to lack of contact between the fragments and 
no load sharing by bone. Accepting the unstable and 
nonanatomic réduction with DHS leads to: (i) Coxa vara, 
(ii) rétroversion, (iii) cutting out through anterosuperior 
portion of head, and (iv) loosening of screw and pulling 
apart of plate from shaft, (v) fracture of latéral wall. 

Réduction of Lever Arm 

Multiple randomized, nonrandomized, prospective, and 
rétrospective studies hâve compared intramedullary 



Fig. 21 : Typical fracture morphology to be treated with a DHS 
if the proximal main fragment is very short, a fémoral head 
prosthesis can be considered. The main trochanteric fragment 
is fixed by means of a wire tension band (the screw should be 
somewhat more distal 


devices with sliding hip screws for the fixation of 
intertrochanteric fractures. 

Advantages of Intramedullary Nail 

Biological 

1. A closed réduction and less soft tissue dissection. 
Therefore more biological 

2. Shorter surgical time 

3. Less blood loss 

4. Improved early patient mobility at 1 and 3 months 
postoperatively. 
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Mechanica! 

1 . The nail also had a shorter lever arm, which decreased 
the tensile strain on the implant and reduced the risk 
of mechanical failure. It is subjected to lower bending 
moment due to their intramedullary location 

2 . Controlled fracture impaction is maintained. 

3. Intramedullary implants hâve the biomechanical 
advantages in the treatment of unstable inter¬ 
trochanteric fractures by virtue of their intra¬ 
medullary placement and inhibition of excessive 
sliding. 

Disadvantages of Intramedullary Nail 

1. Fémoral shaft fracture is a complication of the use of 
first-generation intramedullary nails, with rates 
ranging from 2.2 to 17%, and an overall rate of 5.3 % 
in a meta-analysis. 

2. Thigh pain has been reported to occur in 17% of 
patients treated with a first-generation nail, and 
Hardy and associâtes found a relationship between 
thigh pain and the use of two distal interlocking 
screws. In addition, Hardy and Drossos showed that 
a device with a slotted distal hole cause less thigh pain 
than did one with the standard interlocking holes. 

3. Rosenblum and associâtes also found decreased 
sliding of the screw in comparison with that of sliding 
hip screw constructs. 

4. The rate of cutout of first-generation intramedullary 
nails from the fémoral head has ranged from 2 % to 
4.3%. 

5. Complications: Rotational deformity cutout of head, 
back out of nail with résultant pain and stiffness. 

6 . Intramedullary implants are associated with unique 
implant related complications such as: 

i. Shaft fracture, due to stress riser effect 

ii. Pénétration of anterior fémoral cortex 

iii. Missed targeting of locking 

iv. Implant disengagement. 

7. More costly. 

It was realized that the bending moment on the device 
could be minimized by placing the device more 
medially in the medullary région (Fig. 22). 

Bergman et al (1979) recommended medullary 
techniques of fixation in unstable fractures, where the 
médial cortical buttress cannot be restored. 

Medullary devices were used by two methods: 
(i) condylocephalic, and (ii) cephalomedullary. 

The first génération intramedullary nail provided 
three-point fixation, and the médial location of the 
implant provided a more efficient load transfer. 


F F 



Fig. 22: The bending moment acting on the proximal fragment 
reduced by the ratio of a to a” when intramedullary fixation is 
used 

Biomechanical studies of the first génération 
intramedullary Gamma nail involved nails with a 17 mm 
proximal diameter and a 12,14, or 16 mm distal diameter. 
The nail had 10° of valgus angulation and no anterior 
bow. 

Comparisons of Sliding Hip Screws with 
First-generation Intramedullary Nails 

The complication rates and outcomes were almost the 
same. The following problems of proper technique 
remain the same for both DHS and IMN. 

1. Anatomie réduction 

2. Center-center (bull's eye) placement 

3. Observing the principle of tip-apex distance (TAD). 

4. Using of augmentation techniques such as H.A. 
coated screws, filling the posteromedial gap by 
calcium phosphate cernent. 

Ender's 16 condylocephalic nail : These are associated with 
complications like distal and proximal migration, sinus 
formation, persistent pain and external rotation 
deformity, supracondylar fracture, high reoperation rate, 
nail breakage or pénétration into the hip joint. 
Intramedullary fixation may be achieved by Zickel 
nailing, Russel Taylor reconstruction nails or Gamma 
interlocking nails . 17 

Gamma locking nail 6,20,32,34,42,52 Q rosse j n 1987 p U t the 
intramedullary nail and inserted the sliding screw 
through the nail to reach the head of fémur. It had 
additional interlocking arrangements to check the 
rotation of the distal fragment . 22 
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They reported that Gamma nail 6,20,32,34,42,52 was 
superior to sliding hip screw. Gamma locking nail is a 
new cephalomedullary fixation of trochanteric fractures 
with advantages over DHS. It is a closed, quick and less 
traumatic procedure, a mechanically stronger implant 
placed more medially. Reaming of medullary canal is 
helpful in early union. Early mobilization and weight 
bearing causes early réhabilitation. In a study done by 
Shrivastav et al, results of treatment by DHS and 
Gamma 6,23 nail were compared. The Gamma nail does 
not appear to offer distinct biomechanical advantage over 
the sliding hip screw System in the treatment of stable 
and unstable intertrochanteric fractures, 1 but it may play 
a rôle in treatment of unstable subtrochanteric fractures 
and reverse oblique of the 378 cases treated with Gamma 
nail and hip screw, 10 patients treated with Gamma nail 
had fémoral shaft fracture. The fracture related to the 
stress concentration at the tip of the solid nail. 

Fracture shaft is not an uncommon complication. This 
complication créâtes a difficult management problem. 

Gamma AP (Asia Pacific) nail 6,20,23,32,34,42,52 Leung in 
Hong Kong followed up the cases operated by standard 
Gamma nai designed by Grosse and Kemp of Strossberg. 
He observed, that the Asian femora are smaller and there 
were complications like jamming of nail, impingement 
of tip of nail on anterior fémoral cortex and fracture of 
latéral cortex of fémur. He designed Gamma AP (Asia 
Pacific) nail for Asian with reduced length, diameter and 
mediolateral angle and in a joint study in five countries 
of east Asia and Pacific région in 1991, it was found, that 
the complications were reduced from 14 to 4.9%. 44 

Russel-Taylor reconstruction nail or second- 
generation interlocking nails and rods Type IV 
intertrochanteric subtrochanteric fractures may be fixed 
with a second-generation interlocking nail. A longer 
second génération interlocking rod is used when there is 
distal extension of the fémoral shaft fracture, or if a distal 
fémoral shaft fracture is combined with an inter- 
trochanteric-subtrochanteric fracture. Ideally the 
pyriform fossa should be intact, because this provides 
an entry point for the intramedullary rod. In fractures 
with complété intertrochanteric components, however, 
the pyriform fossa will not be intact. This makes the 
operative technique more difficult, but the second- 
generation nail is still idéal when there is a great deal of 
comminution of the shaft or an ipsilateral distal 
fracture. 4,8,45,50 

Cheug (1989) in Hong Kong tried to stabilize 
trochanteric fractures with PMMA (polymethyl 
méthacrylate) in very porotic patients. The later results 
hâve not been favorable. 


Second Génération Intramedullary Nails 

Changes incorporated in the second-generation 
intramedullary nails are: 

• A decrease in the distal diameter to 11mm. 

• A decrease in the valgus offset to 4° 

• Shortening of the length. 

This nailing of intertrochanteric fracture is a 
demanding procedure and has great learning curve. The 
second-generation nails are (1) Proximal fémoral nail. 
(2) Gamma nail (3) Russel - Taylor recon nails and others. 

The rate of clinical failures decreased to a range of 
0 to 4.5 % with use of second-generation nails. 

• IMN with SHS - Good results for 

i. Reverse oblique 

ii. Extention into subtrochanter. 

Evidence Based Medicine 

Patients care decisions are guided by well-performed 
clinical studies. Conclusions regarding new implant 
technology are based on prospective randomized trials; 
not whether the procedure is fun, the author is a paid 
consultant, or the rep buys lunch. 

Cochrane Library is an independent service, it has 
specialized registry based on multiple data sources and 
publishes structured literature reviews based on 
randomized trials. Conclusions are drawn on evidence 
based medicine. 

Cochrane Library Conclusions 

Given the lower complication rates, a sliding hip screw 
is superior for intertrochanteric fx fixation. 

More studies are needed to détermine whether IM 
nails are superior for select fracture types (reverse oblique 
fractures) 

The sliding hip screw remains the implant of choice 
for stabilization of intertrochanteric hip fractures. 

External Fixation 

External fixation is being used at many centers in poor 
risk patients. Two to three percutaneous Schanz pins 
passed into the fémoral neck and head and 2 to 3 
percutaneous pins passed in the distal fémur at right 
angles to the shaft of fémur are connected with the 
external fixator. 

The mortality rate has been considérable due to the 
aged and osteoporotic patients. In a study of 25 cases of 
trochanteric fractures treated by external fixation at Agra, 
there was no mortality. Full weight bearing was allowed 
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after three months. There was coxa vara and shortening 
of less than 3 cm, in 2 out of 25 cases (8%), and pin track 
infection in 3 out of 25 cases (12%). This is a very useful 
operation in poor risk patients and compound 
trochanteric fractures, who could be made ambulatory 
with the help of crutches, from the next day of operation. 
Full weight bearing was allowed after three months. The 
application as well as removal of the implant is very 
simple. With ad vent of épidural anesthésia, most of the 
poor risk patients can be treated with sliding hip screw. 
Now the author feels that, external fixator is not 
warranted. 

Arthroplasty 

The rôle of primary prosthetic replacement for 
intertrochanteric fractures remains controversial. The 
potential advantages of primary prosthetic replacement 
in the face of an unstable intertrochanteric fracture in a 
patient with severely osteoporotic bone include relatively 
predictable pain relief, early mobilization, and the fact 
that révision rates may be lower. The disadvantages 
include the more extensive nature of the surgical 
procedure, the frequent necessity to use calcar replacing, 
long-stem cemented implants in medically frail patients. 
It should be noted from the literature that the 
overwhelming majority of well-reduced intertrochanteric 
hip fractures treated with properly selected and 
accurately implanted internai fixation devices will heal 
predictably without complication. 

It cannot be recommended as a primary procedure as 
the operative technique is more extensive than DHS 
fixation. It has increased morbidity and mortality. It can 


be advised in arthritic patients, a total hip joint 
replacement will be better than cemented replacement 
arthroplasty or bipolar arthroplasty (Fig. 23). 

Prosthetic replacement is indicated in patients with 
pathologie fractures as a resuit of neoplasm, neglected 
fractures with deformity and poor bone stock precluding 
internai fixation, or for patients in whom internai fixation 
attempts hâve failed. 

Prognosis and Complications 

Prognosis of trochanteric fractures is good as compared 
to intracapsular fractures as the complications of fixation 
of trochanteric fractures are minimal. Failure rate of DHS 
dépends upon its placement in neck and head. Nail 
breakage is extremely rare. The complication rate of 
treatment related to the fracture itself is less than 10%. 

Shortening due to medialization of the shaft due to 
severe comminution, collapse of the fracture or varus hip 
is common. 

The trochanteric fragment may displace upwards and 
posteriorly due to muscle pull and malunited. It 
undoubtedly alters the biomechanics about the hip and 
contribute in some patients to a Trendelenburg lurch and 
in many patients need a walking stick. Occasionally, the 
trochanter unités with fibrous tissue and in some it may 
cause abductor muscle weakness, and after using DHS 
trochanter need fixation by screw. 

Fixation failure is rare in spite of allowing the patient 
full weight bearing the day after surgery even in patients 
with severe osteoporosis and comminution, provided the 
sliding implant is placed properly. 



Fig. 23: Intertrochanteric fracture treated with bipolar arthroplasty 
(Courtsey by Dr. Babhulkar ) 
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Wound Infection 

Prophylactic antibiotics started before surgery and given 
for one day after surgery has reduced the incidence of 
infection from 5 to 1% as is évident from the literature. 
Infection rate in trochanteric fractures operated under 
proper facilities is hardly 1 to 2%. Avascular necrosis has 
not been reported in any sériés above 1%. In severe coxa 
vara, osteotomy and sliding screw fixation is advisable. 45 

Nonunion 

Nonunion may occur due to implant or bone failure or 
neglected fractures. In nonunion, which does not exceed 
1%, removal of the de vice and fixation in more valgus 
position with bone grafting gives the success rate by 90%. 
In elderly patients, a nonunion is best treated by total 
hip replacement, particularly if the joint is damaged by 
the pénétration of a fixation device or if there is arthritis 
of the hip. 

Malunion 

Malunion is usually in varus and external rotation. This 
deformity is treated by valgus osteotomy. Schatzker 46 
advocates lateralization of the shaft to restore mechanical 
axis of the fémur from the midsagittal plane. DHS causes 
medialization of the shaft and subséquent valgus over 
load at the knee. Schatzker et al 46 hâve found the 120° of 
130° repositioning blade plates to be the appropriate 
fixation devices as they allow for lateralization of the 
shaft. 

Fracture Below the Plate 

If this happens in the osteoporotic patients, the plate is 
removed and replaced by a longer plate or DHS with 
SHS. In selecting the length of the side plate it should be 
remembered that a longer plate with widely spaced screw 
will provide stronger fixation than a shorter plate with 
the same number but more closely spaced screws. 

REFERENCES 

1. Apel DM, Patwardhan A, Pinzur MS, et al. Axial loading studies 
of unstable intertrochanteric fractures of the fémur. Clin Orthop 
1989;246:156-64. 

2. Barrios C, Brostrom LA, Stark A, et al. Healing complications 
after internai fixation of trochanteric hip fractures—the prognostic 
value of osteoporosis. J Orthop Trauma 1993;7:438-42. 

3. Barrios C, Walheim G, Borstrom LA, et al. Walking ability after 
internai fixation of trochanteric hip fractures with Ender nails or 
sliding screw plates—a comparative study of gait. Clin Orthop 
1993;294:197-292. 


4. Bennet FS, Zinar DM, Kingus DJ. Ipsilateral hips and fémoral 
shaft fractures. Clin Orthop 1993;296:168-77. 

5. Boyd, Griffin. Arch Surg 1949;38:853. 

6. Bridle SH, Patel AD, Bircher M, et al. Fixation of intertro-chanteric 
fractures of the fémur—a ramdomized perspective comparison 
of the Gamma nail and dynamic hip screw. JBJS 1991;73:330-334. 

7. Broos PL, Rommes PM, Deleyn PR, et al. Peritrochanteric fractures 
in the elderly—are there any indications for primary prosthetic 
replacement? J Orthop Trauma 1991;5:446-51. 

8. Callhan DJ, Burton SR. Bilateral hip and fémur fractures. J Orthop 
Trauma 1986;26:571. 

9. Cheug CL, Chow SP, Leons TCV. Long term results and 
complications of cernent augmentation in the treatment of 
unstable trochanteric fractures. Injury 1989;134. 

10. Clawson, Massie. Trochanteric fractures treated by the sliding 
screw plate fixation method. J Trauma 1964;4:737-52. 

11. Cobelli NJ, Sadler AH. Ender rod versus compression screw 
fixation of hip fractures. Clin Orthop 1985;201:123-29. 

12. Davis J, Harris MB, Duvall M, et al. Peritrochanteric fractures 
treated with Gamma nail—technique and report of early results. 
Orthopaedics 1991;14:939-42. 

13. Desjardines AL, Roy A, Taiement G, et al. Unstable inter-trochanteric 
fracture of the fémur. JBJS 1993;75B:445-47. 

14. DiLee Jesse C. Intertroch imbality: In: Rockwood CA, Green DP 
(Eds): Rockwood and Green's Fractures in Adults (4th ed) 
Lippincott-Raven: Philadelphia 1996;2. 

15. Dimon JH, Hughston JS. 1960: Unstable intertrochanteric fractures 
of hip. JBJS 1967;49A:440-50. 

16. DiMayo FR, Haher TR, Splain SH, et al. Stress riser fractures of 
the hip after sliding screw plate fixation. Ortho Rev 1992;10: 
1229-31. 

17. Ender HG. Treatment of pertrochanteric and subtrochanteric 
fractures of the fémur with Ender's pin in the hip. Proceeding of 
Hip Society CV Mosby: St. Louis 1978;187. 

18. Ender HG. Ender nailing of the fémur and hip. In: Chapman MW 
(Ed): Operative Orthopaedics JB Lippincott: Philadelphia 
1988;379-87. 

19. Evans. The treatment of trochanteric fracture of fémur. JBJS31B 
1949;190-203. 

20. Gold Haggen PR, O'connor DR, Schumarze D, et al. Prospective 
comparative study of compression hip screw in the Gamma nail. 
J Orthop Trauma 1994;8:367-72. 

21. Green S, Moore T, Proano F. Bipolar prosthetic replacement for 
the management of unstable intertrochanteric hip fractures in 
the elderly. Clin Orthop 1987;224:169-77. 

22. Grosse A. Kemp I, Lafforgue D. Fen Chir Orthop 1978; 
64(Suppl): 33. 

23. Halder SC. The Gamma nail for peritrochanteric fractures. JBJS 
1992;74:340-44. 

24. Horocoitz BI: Rétrospective analysis of hip fractures. Surg Gynaec 
Obstet 1966;123:565. 

25. Jewett EL. One piece angle nail for trochanteric fracture. JBJS 
1941;23:803-10. 

26. Kovall KJ, Zuckerman JD: Hip fractures, II évaluation and 
treatment of intertrochanteric fractures. J AAOS 1994;2:150-56. 

27. Kyle RF, Gustilo RB, Premer RF. Analysis of 622 intertrochanteric 
hip fractures—a rétrospective and prospective study. JBJS 
1979;61A:216-21. 



Intertrochanteric Fractures of Fémur 2073 


28. Richard F, Kyle, Thomas J. Ellis and David C, Templeman: 
Surgical treatment of intertrochanteric Hip Fracture with 
Associated Fémoral Neck fractures Using a Sliding Hip Screw: 
Journal of orthopaedic Trauma 2005;19(1)4. 

29. Koval KJ. Fractures of the proximal part of the fémur. Instructional 
Course Lectures: American Academy of Orthopaedic Surgeons 
1995;44:227. 

30. Kuntscher, 1966: A new method of treatment of pertrochanteric 
fractures. Proc R Soc Med 1970;63:1120. 

31. Larsson S, Elloy M, Hansson LI. Fixation of unstable trochanter 
if hip fractures—a cadaver study comparing three different 
devices. Acta Orthop Scand 1988;50:658-63. 

32. Leung Ks, So WS, Shng WY, et al. Gamma nails and dynamic hip 
screws for peritrochanteric fractures—a randomized prospective 
in the elder patients. JBJS 1992;74:345-51. 

33. Leung KS, et al. Multicentre trials with the AP-Gamma nail in 
East Asia. A Bulletin published on Trauma Course held at 
Strasbourg France 1993;46. 

34. Lindsey RW, Teal P, Probe RA, et al. Early expérience with a 
Gamma interlocking nail for peritrochanteric fractures of the 
proximal fémur. J Orthop Trauma 1991;31:1649-58. 

35. Mariani EM, Rand JA. Nonunion of intertrochanteric fractures 
of the fémur following open réduction and internai fixation. Clin 
Orthop 1987;218:81-9. 

36. Mariani EM, Rand JA. Subcapital fractures after open réduction 
and internai fixation of intertrochanteric fractures of the hip. Clin 
Orthop 1989;245:165-68. 

37. Meriani RJ, Zuckerman JD, Kummer FJ, et al. A biomechanical 
analysis of the sliding hip screw—the question of plate angle. J 
Orthop Trauma 1990;4:130-36. 

38. Mendez AA, Joseph J, Kaufman EF. Stress fractures of the fémoral 
neck following hardware removal from healed intertrochanteric 
fractures. Clin Orthop 1993;7:822-25. 


39. Nurgu S, Olerud C, Rehnberg L. Treatment of intertrachanteric 
fractures—comparison of Ender nails and sliding screw plates. J 
Orthop Trauma 1991;5:452-57. 

40. Parker MJ, Walsh ME. Importance of sliding screw position in 
trochanteric fracture. Actua Orthop Scand 1993;64:73-74. 

41. Pun WK, Chow SP, Chan KC, et al. Effusions in the knee in elderly 
patients who were operated on for fracture of the hip. JBJS 
1988;70A:117-18. 

42. Radford PJ, Needoff M, Webb JK. A prospective prolonged 
comparison of the dynamic hip screw and the Gamma locking 
nail. JBJS 1993;75B:789-93. 

43. Russel TA. Fractures of hip and pelvis: In: Crenshaw AH (Ed): 
CampbelTs Operative Orthopaedics (8th ed) 1992;2:895. 

44. Gotfried Y. The Latéral Trochanteric Wall; CORR No. 425 2004; 
82-86. 

45. Sarmiento A, William EM. The unstable intertrochanteric 
fractures, treatment with a valgus osteotomy and I beam nail 
plate—a preliminary report of 100 cases. JBJS 1970;52A:1309-18. 

46. Schantzker J. Subcapital and intertrochanteric fractures. In 
schatzker J, Tile M (Eds): The Rationale of Operative Fracture 
Care (Ilnd ed) Springer: Berlin 1996;340. 

47. Sernbo I, Johnell O, Gentz CF, et al. Unstable intertrochanteric 
fractures of the hip. JBJS 1988;70A:1297-1303. 

48. Shi LY, Chen TH, Lo WH. Avascular necrosis of the fémoral head 
and unusual complications of an intertrochanteric fractures. J 
Orthop Trauma 1992;6:82-85. 

49. Spivak JM, Zuckerman JD, Kummer FJ, et al. Fatigue failure of 
sliding screw in hip fracture fixation—Report of three cases. J 
Orthop Trauma 1991;3:325-31. 

50. Swiontkowski MF. Ipsilateral shaft and hip fractures. Orthop Clin 
North Am 1987;18:73. 

51. Tordis TC. Stress analysis of femur.J Biomech 1969;2:163. 

52. Williams WW, Parker BC. Complictions associated with use of 
the Gamma nail. Injury 1992;23:291. 




INTRODUCTION 

Although subtrochanteric fractures of the fémur account 
in only 10 to 15% of ail fractures, they are the most 
problematic fractures for treatment. They are associated 
with many complications if not treated properly. The 
results of management of Subtrochanteric fractures are 
still uncertain. Subtrochanteric fractures occur 'between 
lesser trochanter and a point 5 cm distally and are seen 
as independent entities or as an extension of inter- 
trochanteric fractures. The common problem for these 
fractures has been malunion, delayed union or non- 
union. Malunion in the form of shortening, angular 
deformity and rotational malalignment were common 
results after this injury. The main reason has been the 
area fractured is mainly a cortical bone and often the 
fracture is comminuted. Another factor responsible is a 
large bio-mechanical stresses are acting on the 
subtrochanteric région which results in failure of implant 
fixation before bony union occurs. Technical failures such 
as loss of réduction, non-union, implant failure 
(pénétration of implants in the joints, breakages) continue 
to occur. Although newer modalities of implant fixation 
has improved the care for these unstable injuries, there 
still occurs to be implant failure ranging from 8-25%. 

The mechanism of injury usually is direct trauma. The 
clinical picture of subtrochanteric fractures resembles the 
fracture shaft fémur or trochanteric fractures. Since the 
forces required to produce this injury are substantial and 
hence associated injury of the same extremity or 
elsewhere should always be suspected and assessed. Two 
different separate group of patients are commonly 
observed in this subtrochanteric fractures, either it is seen 
in old patients following trivial trauma because of 
osteopenia or it is seen following high energy trauma in 
young individuals with normal bone. When the fracture 


is grossly comminuted, considération of these two groups 
separately is essential in planning the treatment and 
predicting its outcome. 

There are two groups of patients. Older patients with 
a low-energy trauma (minor fall). Subtrochanteric 
fracture occurs through the weakened bone. Commi- 
nution may occur due to osteoporosis. The second group 
is the younger patients involved in high-energy trauma. 
Comminution may be due to high energy. The fracture 
may be opened and associated with multiple System 
injury. 

The subtrochanteric fracture of the fémur is defined 
as a fracture that occurs in the proximal one-third of the 
fémur from the center of lesser trochanter to center of 
isthmus of fémur. It occurs 'between lesser trochanter and 
a point 5 cm distally and are seen as independent entities 
or as an extension of intertrochanteric fractures. 

It is of interest historically that Dr Hibbs 11 as a young 
résident won a gold medal from the New York Academy 
of Medicine for his paper on subtrochanteric fractures. 
He recommended bringing the distal fragment into line 
with the proximal one and holding it by traction. Boyd 
and Griffin 3 indicated that these fractures are the most 
difficult to treat of ail trochanteric fractures. Watson, 
Campbell, 26 and Wade in 1964 reported 100 subtro¬ 
chanteric fractures with a 19% mortality and 19% with 
nonunion or delayed union. The common problem for 
these fractures has been malunion, delayed union or non- 
union. Malunion in the form of shortening, angular 
deformity and rotational malalignment were common 
results after this injury. The main reason has been the 
area fractured is mainly a cortical bone and often the 
fracture is comminuted. Another factor responsible is a 
large bio-mechanical stresses are acting on the 
subtrochanteric région which results in failure of implant 
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fixation before bony union occurs. Technical failures such 
as loss of réduction, non-union, implant failure 
(pénétration of implants in the joints, breakages) continue 
to occur. Although newer modalities of implant fixation 
has improved the care for these unstable injuries, there 
still occurs to be implant failure ranging from 8-25%. 

Kuntscher 16 in 1939, reported on the concept of 
intramedullary fixation of subtrochanteric fractures with 
a "Y" nail. The first intramedullary device known to be 
used successfully was developed by Zickel 2,4,5 in the 
1960s. Many newer designs of implants has been 
designed for fixation of subtrochanteric fractures. The 
newer implants were designed to avoid bending, 
breakage of plates and nails, the loosening of screws and 
inadéquate fixation. After the failure of A O angled blade 
Plate many implants were designed like Dynamic Hip 
Compression Screw, Dynamic Condylar Screw, 
Modifications of axial compression screw devices like 
Medoff's device. Angled blade plate with primary bone 
grafting initially gave good results but with the 
introduction of axial compression screw, many people 
started using Dynamic Hip Screw. With the common 
complication of pénétration of hip screw into the joint, 
other many devices like Medoff's device of sliding of side 
plate were being used. Few people started using Dynamic 
Condylar Screw to avoid pénétration of screw in the 
joints. 

The AO angled blade-plate, 14,15 introduced in the 
1970s was effective if the médial buttress could be 
restored and the plate could be used as a tension band. 
The sliding hip screw or nail device, popularized by 
Clawson and Massie 6 in the 1960s. In the early 1980s, 
closed treatment of subtrochanteric fractures with an 
intramedullary nail and locking screws was introduced. 
Closed interlocking intramedullary nailing 7,12,13,22,27,28 
hâve shown a high rate of union, a low rate of infection, 
and excellent maintenance of alignment. The rapid rate 
of healing is attributed to the closed technique, which 
gives excellent stabilization of the fracture and through 
reaming, provides autogenous bone graft to the area of 
the fracture (Fig. 1). 

Subtrochanteric fracture of the fémur is one of the 
most difficult fracture to treat because: 25 

i. Majority of the fractures are unstable. In younger 
patients it is due to high-velocity force and in the 
elder patients due to low velocity and osteoporosis. 

ii. Powerful muscles pull the fragments in different 
direction therefore nonoperative treatment often 
fails 

iii. Cortical diaphyseal bone is involved in this fracture 
and healing capacity of this bone is less compared 
to cancellous bone of trochanteric area 

iv. Vascularity of this cortical bone is also less, as 
compared with cancellous trochanteric fractures 



Fig. 1: Protruding fiat ends of Ender pins lie smoothly near 
médial fémoral cortex (From Kuderna H, Bohler N, and Collon 
DJ: JBJS 58A:604, 1976) 

v. Fracture surface areas available for healing are 
small, 3-5 factors cause delayed union and nonunion 

vi. Operative procedure of internai fixation takes 
prolonged time and invites infection and other 
complications especially in the elderly patients 

vii. It is a severe injury with disruption of soft tissue, 
some times it is compound in nature. 

viii. Majority occur in the elderly people who usually 
hâve a concomitant systemic disease 

ix. The fracture fragments can become snagged in the 
big muscles which become interposed between 
them, making réduction tedious. 

The two main problems of treating subtrochanteric 
fractures hâve been malunion and nonunion. The 
incidence of complicated, often multifragmentary, 
subtrochanteric fractures has been increasing during 
recent years. They affect younger persons, and most are 
due to automobile accidents. This type of fracture is also 
encountered in children. Pathological fractures 
accompanying osteomalacia, Paget's disease, tumor, 
metastasis, etc., are fairly frequent in the subtrochanteric 
area. 

Anatomy 

The proximal fémur is surrounded by very large and 
powerful muscles. The abductors and iliopsoas muscles 
pull the proximal fragment into external rotation, 
abduction and flexion. The adductors adduct the distal 
fragment. The force of gravity cause the distal fragment 
to fall into some external rotation. Ail the muscles which 
span the fracture combine to cause shortening. Thus, the 
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Figs 2A to C: (A) Fracture midshaft with old malunited fracture 
subtrochanteric, and (B) corrective osteotomy, wedge resection 
and interlocking nailing in AP and latéral view 


résultant deformity is one of anterior and latéral bowing 
of the proximal shaft combined with considérable 
shortening and variable degrees of external rotation. The 
fémur is a cantilever. The subtrochanteric area is a cortical 
bone with less blood supply compared with the 
trochanteric area. 

There is an antéversion of 10 to 15° of the head and 
neck of the fémur. Also the greater trochanter protrudes 
posteriorly. Therefore in order to enter middle of the neck, 
the guide wire must be inserted through the junction 
between anterior and middle thirds of the trochanter 

(Fig- 2). 

Classification 

Several classifications of subtrochanteric fractures hâve 
been suggested. In some of the classifications, the 
subtrochanteric fractures were included in the 
classification of trochanteric fractures (Boyd and Griffin, 
1949). There are various classifications: 

1. Fielding and Mangliato -1966 depending upon the site 
of fracture in the subtrochanteric area. 

2. Seinsheimer's classification -1978 depending upon the 
number of major fragments and location and shape 
of fragments. 

3. Russell- Taylors classification - depending upon 
involvement of piriformis fossa and lesser trochanter 
in subtrochanteric région. 

There are various classifications, Fielding's 9 classi¬ 
fication based on anatomical location is not useful prog- 
nostically nor for choice of implant. Fielding's 
classification, type I are fractures at the level of the lesser 
trochanter, and type II are within 1 inch below the lesser 
trochanter, and type III are from 1 to 2 inches below the 
lesser trochanter. This classification does not address the 
problem of comminution. 


Simplest and useful classification would be: 

1. Stable 

i. Simple, tr ans ver se, short oblique, spiral 

ii. With a médial or latéral butterfly fragment 

2. Unstable severe comminution of the médial wall. 
Stable subtrochanteric fractures are those in which it 
is possible to reestablish bone-to-bone contact of the 
médial cortex. Unstable fractures are due to severe 
comminution of the médial or posterior cortex. The 
most important factors determining outcome of 
treatment in subtrochanteric fractures are: 

i. The degree of comminution 

ii. The level of the fracture, and 

iii. The pattern of the fracture. 

Comprehensive Classification by AO 

AO 5 classification not only identifies the fracture pattern 
but also the most important feature namely, the type of 
comminution (Fig. 3). 



Figs 3A to C: Comprehensive classification of fractures (Muller 
et al 1990): (A) Type A—a simple transverse or short oblique 
fracture, (B) Type B—comminution in the form of a médial or 
latéral wedge fragment, (C) Type C—comminution is severe 
and represents a segmentai loss of continuity (From Muller et 
al 1979) 
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Type A —simple, transverse, oblique, spiral. 

Type B —fractures hâve either a médial or a latéral 
butterfly but which can still be reconstructed to yield a 
stable structural unit. 

Type C —fractures hâve their hallmark comminution to 
such a degree that a stable unit cannot be achieved. This 
group includes fractures with an irreconstructable médial 
buttress or such segmentai comminution that it represents 
a segmentai loss (Fig. 3). 

Such an elaborate classification of Seinshemir 
(Table 1) is not needed. Simple classification of stable and 
unstable with or without extension to lesser trochanter 
and pyriform fossa is a good working classification. 

With the advent of interlocking nails, the classification 
System described by Kyle 17 on treatment is very 
satisfactory. 

High subtrochanteric fractures are subdivided into 
two types: simple and comminuted. High subtrochanteric 
fractures hâve the lesser trochanter fracture and must 
therefore be fixed with either a sliding hip screw or a 
second génération interlocking nail. 

Type II Low subtrochanteric fractures are again 
subdivided into simple and comminuted. 

In these fractures the lesser trochanter is intact. 
Therefore a first génération interlocking nail can be used. 
In type I, when the piriformis fossa is fractured, a sliding 
hip screw is used because the entry point for the insertion 
of an intramedullary nail is fractured, thus, making its 
use difficult. In type II fractures with piriformis fossa 
intact, a second génération interlocking rod may be used 
because the entry point for the intramedullary rod is 
intact. On occasion with a distal fémoral shaft fracture, 
despite piriformis fossa involvement in a type I 
subtrochanteric fractures, a second génération inter¬ 
locking nail is indicated. According to Kyle, if an 
intramedullary rod is used in a simple subtrochanteric 
fracture, one screw is sufficient for control of rotation. In 
a comminuted subtrochanteric fracture, when an 
intramedullary rod is used, both distal screws should be 
utilized to provide an additional support for the nail in 
these complex fractures. 

Presently the following surgical procedures are 
advocated for subtrochanteric fracture management at 
PGI of Swasthiyog Pratishthan, Miraj (Fig. 4): 


TABLE 1: Seinshemir’s classification of 
subtrochanteric fractures 

Typel 

Nondisplaced fractures, any fracture with less than 2 mm 
of displacement of the fracture fragments 

Type II 

Two-part fractures 

Type IIA—A two-part transverse fémoral fracture 
Type IIB—A two-part spiral fracture with the lesser 
trochanter attached to the proximal fragment 

Type IIC—A two-part spiral fracture with the lesser 
trochanter attached to the distal fragment 

Type III 

Three-part fractures 

Type IIIA—A three-part spiral fracture in which the 
lesser trochanter is part of the third fragment, which 
has an inferior spike of cortex of varying length 

Type IIIB—A three-part spiral fracture of the proximal 
one-third of the fémur, with third part of butterfly 
fragment 

Type IV 

Comminuted fractures with four or more fragments 

Type F 

Subtrochanteric-intertrochanteric fractures, this group 
includes any subtrochanteric fracture with extension 
through the greater trochanter 


SUBTROCHANTERIC HIP FRACTURE 

Type I high 

Lesser trochanter and 

piriformis fossa fracture 

A. Simple 
Sliding hip screw 

B. Comminuted 
Sliding hip screw using 
biological long barrel plate 

C. Dynamic condylar screw 
(DCS). Advantage one or 
two extra screws in the 
proximal fragment 

D. Pyriformis fossa intact but 
lesser trochanter is fractured 
second génération 
interlocking nail 

E. Associated with distal 
ipsilateral shaft fémur 
second génération 
interlocking nail 

Biomechanics 10 ’ 25 

Fémur a Cantilever-Bending Moment 

Upper end of the fémur is a cantilever. During loading 

of the fémoral head, leverage of the head and neck 

produces bending of the shaft. This bending generates 


Type II low 

Lesser trochanter intact 

F. Simple 
Second/First 
génération interlocking 
nail with or without 

2 distal screws 

G. Comminuted. 

Second/First génération 
interlocking nail with 2 
distal screws 
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Figs 4A to G: (A) When the pyriformis fossa and the lesser trochanter are fractured, sliding hip screw is the choice of implant, (B) 
when, there is severe comminution, the comminuted area is not touched surgically the implant bypasses it/(biological plating), 

(C) dynamic condylar screw may be used—the advantages are the proximal fragment can be fixed to one or two more screws, 

(D) when the lesser trochanter is fractured, reconstruction interlocking nail (second génération) is the implant of choice, (E) if 
there is a distal shaft fracture along with fracture of the lesser or pyriformis fossa—second génération nail can still be used 
though the procedure is demanding, (F) if the subtrochanteric fracture is stable the proximal, locking alone is satisfactory, 
however both sides static locking is préférable, and (G) if there is comminuted subtrochanteric fracture both proximal and distal, 
interlocking is necessary 


compression stress medially and tensile stress in the 
latéral cortex. Therefore, médial cortex is severely 
comminuted. Compressive forces are much greater than 
the tensile forces. The bending forces are high. This is 
called "bending moment" (Fig. 5). 

These fractures occur in the most highly stressed 
région of the skeleton. In 1917, Koch 15 described 
compressive forces of greater than 1200 lb/in 2 
(8,274,000Pa) in the médial cortex distal to the lesser 
trochanter and tensile stress of 1,000 lb/in 2 (6,895,000Pa) 
in the latéral cortex. These figures are confirmed by 
Burstein and Frankel. 10 The longer the lever arm, the 
greater is the bending moment. Such high stresses 
prédisposé internai fixation of these fractures to a high 
rate of failure and account for the great difficulty in both 
surgical and nonsurgical treatment. The bending moment 
is the distance from the center of the head to the implant 
(Fig. 6). 

Therefore, the aim of treatment is to reduce this lever 
arm. The bending moment is one of the important causes 
of varus deformity, fatigue fractures of the implant and 
nonunion. Therefore the anatomie integrity of the médial 
cortex is critical. 



Fig. 5: The working length of the intramedullary rod is that area 
that is unsupported by the fémur. The greater the comminution, 
the greater the working length. The rigidity of an intramedullary 
rod is inversely proportional of the working length in torsion 
and inversely proportional to the working length squared in 
bending 
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Fig. 6: The moment arm (D) on a nail plate device is greater 
than the moment arm (d’) on an intramedullary device (a Zickel 
nail). Because the force (F) remains the same, the torque 
(torque = F * D) on the nail plate is greater than the torque on 
the Zickel nail 

Degree of comminution According to Schatzker 23 a simple 
fracture which is reduced anatomically and fixed with 
the aid of compression, is stable and shows little tendency 
to redisplacement. Under load, the forces are conducted 
directly from one fragment to the other with relatively 
less stress being born by the internai fixation. In a 
comminuted fracture, on the other hand, where the cortex 
opposite the plate "the médial buttress" is déficient or 
where a segment of b one is so shattered that structural 
stability and continuity cannot be restored, the forces 
loading are born entirely by the internai fixation. The 
réduction is unstable and the only factor preventing 
redisplacement is the internai fixation. Hence, failure is 
common under overload. This is due to fatigue failure of 
cyclic loading. However, the mechanical characteristic 
of closed locked intramedullary nails hâve eliminated the 
mandate to reconstitute the médial cortex at the time of 
the surgery. The major advantage of intramedullary 
fixation is that, it allows the bone to carry a substantial 
load which significantly reduces the risk of implant 
failure. The load sharing intramedullary nail lies within 
the weight bearing axis of the leg and is better suited to 
resist torsional and bending forces than a plate and 
screws. 

Level of the fracture : The prognosis of a subtrochanteric 
fracture dépends on the level of the fracture—high or 
low. The closure the fracture to the lesser trochanter, the 
shorter the lever arm and the lower the bending moment. 


Abductors 



Fig. 7: Abductors and external rotators pull the proximal 
fragment into a position of abduction and internai rotation. The 
adductors adductus and shortens the distal fragment 

Integrity of the lesser trochanter and of the piriformis 
fossa is important when one is using an interlocking 
intramedullary nail. 

When the subtrochanteric fracture is fixed by a plate, 
the bending moment is greater than the bending moment 
when intramedullary nail is used. Therefore 
intramedullary device is biomechanically superior to a 
plate. 

The muscle forces act upon the fixation device after 
the operation even when the patient is in bed. Rydell has 
demonstrated that muscular forces during more flexion 
and extension in bed causes almost the same pressure as 
during walking (Fig. 7). 

Comminution : Médial wall comminution is the most 
important prognostic factor. It is the main cause of 
instability of the fracture. 

Médial buttress and cross-sectional area : Because of the great 
compressive forces the médial wall, the so-called médial 
buttress explodes. When the médial buttress is absent and 
cross-sectional area bearing load is minimum, ail the 
stresses are concentrated on the plate at the fracture site 
on the latéral wall. This results in fatigue fracture of the 
implant and nonunion. 

Biomechanics of plate fixation—sliding System 
(Fig. 8). 
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Figs 8A and B: (A) AP view of the right hip showing intertro- 
chanteric fracture with subtrochanteric extension, and (B) AP 
view showing open réduction internai fixation with modified Miraj 
nailing. Note medially cortices are reduced stably 


If the fracture is comminuted and there is no médial 
buttress, ail the stresses are concentrated on the plate at 
the fracture site. The lever arm is also longer because it 
extends to a point within the plate instead of the bone. If 
there is a médial buttress, not only is the lever arm 
shortened, but the total cross-section of the bone bearing 
the load is also increased. These factors reduce the stress 
in the plate markedly and extremely important in the 
success of fracture fixation, thus, comminution has a vital 
effect upon fracture stability. In a stable, transverse, 
subtrochanteric fracture with firm nail plate fixation and 
abutment of bone fragments, the plate acts as a tension 
band against the normal médial compressive forces. Firm 
contact is assured across the fracture surface, and bending 
stresses are distributed across the fracture surface, and 
across the total cross-sectional area of plate and bone. 
The larger the area the smaller the stress developed for a 
given load. If there is marked comminution or if the 
réduction is poor with séparation medially, nearly ail this 
stress is concentrated on the plate rather than being 
distributed across the total cross-section of the plate and 
bone. In the absence of a médial buttress, effect of the 
total bending stress is nonunion, a potential resuit. If 
nonunion develops, nearly ail the load will continue to 
be supported by the plate and screws alone. With présent 
technology, it is impractical to produce a plate that can 
withstand these cyclic weight bearing stresses indefinitely 
in vivo. In the absence of plate failure, either screws, bolts, 
or bone would give way. Thus, the resuit of nonunion is 



Sliding sy ste m Tension band piate BiologicaI System 


Fig. 9: (A) When the nail is passed through the fracture site, 
the proximal fragment is free to compress statistically during 
surgery and dynamically during the postoperative period, 
(B) when one or two screws are inserted in proximal fragment 
the sliding System acts as tension band plate provided the 
médial wall is reconstructed by lag screw and/or bone grafting, 
and, (C) when comminuted fractures area is not exposed and 
its blood supply is preserved the sliding System acts as biological 
System 


fatigue failure of some component of the fixation System. 
The implant failure is secondary to nonunion and not 
the reverse. 

Plate has three biomechanical functions in different 
situations: 

i. Plate as a tension band, 

ii. Plate as a sliding device, and 

iii. Plate as a biological fixation (Fig. 9). 

Biomechanically sliding screw 18,21 acts in three 

different ways. If the screw is passed through fracture, 
the proximal fragment is free to move or slide over the 
distal fragment. 

The sliding System allows impaction at the fracture 
and stable internai fixation is achieved. Thus, for the 
sliding to occur the plate must not be fixed with extra 
screws into the proximal fragment. Thus the sliding 
occur s in type 1 where the fracture is at higher level. The 
sliding occurs only when the screw is passed through 
the fracture site, and there is no additional screw in the 
proximal fragment, which is then free to move over the 
distal fragment and thus compression occurs. 

If the sliding feature is to work, the compression screw 
must cross the fracture site and no screw is inserted into 
the proximal fragment. If the fracture line is distal to the 
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Figs 10A and B: (A) AP view of right hip joint showing 
intertrochanteric fracture with comminuted subtrochanteric 
fracture, and (B) AP view showing open réduction and internai 
fixation with modified Miraj nailing. Note copious bone grafting 
has been done medially so as to restore médial buttress. 


point of the plate barrel into latéral cortex of the proximal 
fragment, the sliding feature is lost and is not needed. In 
this case, extra screws in the proximal area are désirable. 
The sliding screw 18 ' 21 and barrel plate then act as tension 
band device in this situation. The device is popular, is 
technically less demanding, and allows for guide wire 
placement (Fig. 10). 

In Low Level Fracture 

When the fracture is at a lower level, one or two screws 
in addition to the sliding screw can be inserted in the 


proximal fragment. If the médial wall is good enough or 
is reconstructed, then this plate acts as a tension band 
plate because it Controls the tensile forces which act on 
the latéral cortex. When the proximal fragment is fixed 
with additional screws, the sliding feature is lost. 

Biological Plating 

When there is severe comminution the comminuted area 
is not disturbed. The barrel plate is well slid over this 
comminuted area on the latéral cortex of the distal 
fragment. The proximal fragment and the distal 
fragments are fixed with screws. This is called a biological 
plating. The blood supply of the comminuted area is 
preserved, and no bone grafting is done. Because of large 
threads, the screw of the sliding System such as Richard's 
or AO DHS hâve better purchase in the proximal 
fragment than do the Jewett or L plate. The blunt nose of 
the screw prevents pénétration of the implant into the 
hip joint. 

Dynamic Condylar Screw (Figs 11A to C) 

Schatzker prefers dynamic condylar screw (DCS) of AO 
because its proximal extension usually makes it possible 
to insert two or more cortical screws through the plate, 
in the calcar which greatly strengthens its hold in the 
proximal fragment and prevents varus or rotational 
deformities. It can be used not only in high 
subtrochanteric fractures but also those combined with 
intertrochanteric fractures. The second advantage is the 
DCS can be introduced into a short proximal fragment 
prior to réduction. Thirdly, a guide wire can be used 
under image intensification and the screw can be placed 
accurately. It is also easier to insert into bone because, 
like the dynamic hip screw, once proper positioning of 



Figs 11A to C: (A) Closed oblique grade III subtrochanteric fracture in AP (B) closed oblique grade III subtrochanteric fracture in 
latéral with long spiral fragment, and (C) closed réduction with and internai fixation with long barrel plate. Note obliquely placed 
lag screw 
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the guide wire has been achieved, the screw can be 
inserted with great ease. 

Dynamic hip screw (DHS) with 130° angle causes 
medialization in the comminuted subtrochanteric 
fractures. Schatzker does not agréé that medialization 
reduces the bending moment. Medialization also imposes 
valgus strain on the knee joint by shifting the mechanical 
axis medially. According to him, 130 DCS is not an idéal 
implant for comminuted subtrochanteric fractures. In 
these fractures, he prefers DCS for the reason described 
above. 

Biomechanics of Intramedullary (IM) 

Nailing (Figs 12A and B) 

In IM nailing, bending moment is smaller than with a 
plate, since the distance from the fémoral head to the 
central part of an intramedullary device is relatively short. 
Secondly, as the fracture fragments can settle around a 
nail during the postoperative period, there is greater 
likelihood that part of the local stresses will be borne by 
the bone, particularly in fractures lacking a good médial 
buttress. The results of these factors is a more favorable 
circumstance for healing without implant failure, because 
the stresses developed tend to be lower than with a nail- 
plate. Even in the event of nonunion, the stresses on the 
rod will be lower than would be présent in a plate, so 
that strong intramedullary device would be expected to 
survive longer without fatigue failure. Finally, when 
healing does occur, it is probable that an intramedullary 
nail does not continue to carry as much of the applied 



Figs 12A and B: (A) AP view showing long spiral comminuted 
subtrochanteric fracture, and (B) AP view showing open 
réduction internai fixation with modified Miraj nailing bone 
grafting. Note the lag screw in the proximal fragment at the 
fracture site 


load as would a plate. Thus, the possibilities of disuse 
osteoporosis of bone and fatigue failure of the device 
resulting from "stress protection" are lessened. The 
intramedullary nail is a load sharing device. 

The modem closed intramedullary interlocking nail 
préserves the fracture exudate which contains the healing 
factors such as BMP, PGE 2 , hyaluronidase, hormones and 
many other unknown factors. Therefore, the great 
advantage of this procedure is that the fracture site is not 
opened, and blood supply at the fracture site is preserved. 
With closed nailing, there is a reduced rate of infection. 

In fracture fixation, everything possible must be done 
to reduce ail comminuted fragments and especially to 
create a médial buttress resulting in a firm cross-section 
of the fixation device and fracture fragments. Standard 
intramedullary nails without interlocking are not suitable 
for subtrochanteric fractures because the proximal 
portion of the medullary canal is wider. Therefore, 
rotational stability is not achieved. 

According to Kyle 17 the intramedullary devices are 
used both in stable and unstable fractures and therefore, 
hâve the added advantage of having an increased 
working length. The rigidity of a device is inversely 
proportional to its working length in torsion and squared 
in bending. The longer the working length, the more 
flexible the osteosynthesis. In many cases, these rods are 
used in comminuted fractures with long working lengths. 
Because of this principle, these nails are semirigid devices, 
and not rigid, as was thought by many surgeons. The 
combination of using a closed technique and semirigid 
fixation provides a favorable environment for healing and 
has led to excellent results in subtrochanteric fractures 
with both first and second génération interlocking nails. 

Zickel Nail (Fig. 13) 29 

Zickel nail has the following advantages: (i) improved 
proximal fragment fixation due to the Smith-Peterson 
nail, and (ii) résistance to médial migration of the shaft 
secondary to the enlarged proximal portion of the 
intramedullary nail. Its disadvantages are: (i) inserting 
Zickel nail is a technically demanding procedure and 
intraoperative complications and difficulties are frequent, 
(ii) not useful when there is a trochanteric extension of 
the fracture, Schatzker 23 expressed dissatisfaction with 
the Zickel nail. His expérience with the Zickel nail has 
not been favorable in comparison with other techniques. 
The Zickel nail has little to offer, and he has abandoned 
it in the treatment of subtrochanteric fractures. 

Locked Intramedullary Nailing 7 ’ 12 ’ 13 ’ 22 ’ 27 

The recent introduction of the locking intramedullary 
nailing System has greatly enlarged the scope of 
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Figs 13Aand B: The intramedullary position of the nail reduces 
the moment (m) on the nail angle by reducing the distance (d) 
over which the force acts 

intramedullary nailing of subtrochanteric fractures. 
Locked intramedullary nailing is a closed procedure, and 
the réduction is achieved by closed manipulation and 
traction or AO fémoral distraction device. The 
intramedullary nail prevents varus drift, shortening or 
rotational or angulatory deformity. 

Supplémentai internai fixation of the fragments such 
as cerclage and lag screw fixation becomes superfluous. 
Bone grafting is not necessary, because there is no 
disturbance of blood supply, soft tissue envelope and the 
fracture exudate. So, it is a biological fixation. 

Schatzker States in addition, the development of 
intramedullary bone grafting has permitted grafting of 
major defects, while keeping the procedure closed. It has 
been found that more rapid consolidation of the fracture 
occurs after locked intramedullary nailing than after any 
other procedure. 

In the past, the author has extensively used DHS for 
subtrochanteric fractures. For the last few years, he is 
using interlocking nails. Comparing the two Systems, it 
is found that, interlocked nailing is much superior. 

Fractures with a short proximal fragment or with 
intertrochanteric extensions require sliding compression 
screw fixation. If there is fracture of the pyriformis fossa 
and of the lesser trochanter, intramedullary nailing is 
extremely difficult, DCS or DHS is idéal. If there is a 
fracture of the lesser trochanter, second génération locked 
intramedullary nailing is required. 

The AO/ASIF System (Synthes) has recently 
introduced the unreamed nail for fémur which is a very 
versatile locking System. One of these is spiral blade 
which is inserted through the nail into the neck and head. 
Presently second génération nails are preferred for 


fixation of subtrochanteric fractures which includes. 
Gamma Nail, Russell-Taylor nail. Proximal fémoral 
nails(PFN).All second génération nails share two 
difficulties: the first is that the nail must be inserted in 
such a way so as to accommodate the antéversion of the 
neck in order to make locking within the neck and head 
possible, and the second is that, if there is fracture through 
the intertrochanteric area, the nail may fall out of the 
proximal fragment during insertion. The intertrochanteric 
fracture may not be seen on radiograph. 

Evaluation 

Anteroposterior and true latéral radiographs are 
necessary to assess the extent of the fracture clearly. As 
in ail patients with fémoral fractures, radiographs of the 
pelvis is essential to rule out associated fracture, 
dislocation of the hip or pelvic fracture. The radiograph 
of hip and pelvis is viewed to détermine the presence or 
degree of osteoporosis in elderly patients before a decision 
about the method of treatment is made. The intra¬ 
medullary position of the nail also markedly reduces the 
lever arm to the screw nail junction in either rétrogradé 
or antegrade nailing. 

Treatment 

Nonoperative Treatment 

Today, the nonoperative treatment is outdated as it is 
associated with many complications. The foliowing are 
the nonoperative methods. 

1. Traction—90-90 traction is very useful in treating 
subtrochanteric fractures in children. Even in children, 
the operative treatment is preferred, especially in the 
older child. 

2 . Cast bracing with a pelvic band 

3. Spica cast 

4. External fixa tors. 

Because of the powerful muscular force nonoperative 
treatment is associated with unacceptable complications, 
such as malunion 1 (shortening, angulatory and rotatory 
deformities) and nonunion. Therefore, in adults, the 
operative treatment is always preferred, unless the patient 
is unfit to undergo surgery. Fracture Open réduction and 
stable internai fixation restores the anatomy and allows 
early mobilization. 

Traction : If nonoperative treatment is required, traction 
on the distal fémur with the extremity in a 90/90 position 
(knee and hip both flexed 90) is usually the best. Since no 
direct control of the proximal fragment is possible, the 
distal fragment must be placed in flexion, abduction, and 
external rotation to match its proximal counterpart. 
Roentgenogram are difficult to obtain with this position. 
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As a resuit of ail these factors, nonoperative treatment of 
these fractures may resuit in a significant rate of 
malunion, nonunion and other complications. 

Operative Treatment 

Fixed angle nail plate: Fixed angle nail plate such as Jewett 
nail or AO 95° condylar plate are associated with many 
complications. SP nail should never be used. Jewett nail 
is notorious for pénétration into the hip joint. The regular 
Jewett nail is not recommended for subtrochanteric 
fractures. If it is short, it cornes out of the head and neck, 
if long, it pénétrâtes into the hip joint. 

Schatzker 24 currently prefers the use of DCS which 
has completely replaced the condylar blade plate. 14,19 The 
DCS has ail the features of a blade plate, but it is easier 
and therefore safer to use. It can also be employed for 
lower subtrochanteric fractures, provided a sufficiently 
long plate is used. The greatest benefit of the DCS is that 
it can be introduced into a short proximal fragment prior 
to the réduction of the subtrochanteric fracture. 

This is a decided advantage when one is faced with a 
highly comminuted fracture in which reconstruction of 
the comminuted segment is impossible and in which 
locked nailing cannot be performed because of the 
shortness of the proximal fragment. 

Most orthopedist feel comfortable with the sliding 
screw, 18,21 utilizing guide pins and standard radiographie 
equipment or image intensification. They feel less com¬ 
fortable with more technically demanding procedures, 
such as the ASIF blade plates. Sliding System is 
comparatively easy. Less number of complications are 
observed with sliding System than with the other. Thus, 
sliding screw appears to be an idéal implant for the 
subtrochanteric fractures. When plate is used settling of 
the fragments does not occur, while with intramedullary 
nailing and sliding System, the fragments settle in a stable 
position. Compression of the fracture fragment is 
achieved only by sliding screw but not with the AO 
condylar plating or an intramedullary nailing. 

Intramedullary devices : Intramedullary nails are of three 
varieties. 

1. Central medullary—first génération 

2. Cephalomedullary screws are inserted cephalad into 

fémoral head—second génération 

3. Condylocephalic—Ender's 8,20 nail is an example of 

this type. 

Toridis 25 reported the torsional effects of stress in the 
subtrochanteric area. This was a key step in the 
development of static interlocking nails, which were 
designed to reduce the rotational forces that lead to 
implant failure. 


Interlocking nails (locked intramedullary nailing): Locked 
intramedullary is a closed procedure, and the réduction 
is achieved by closed manipulation and traction. The 
recent introduction of the locking intramedullary nailing 
System has greatly enlarged the scope of intramedullary 
nailing of subtrochanteric fractures. 

The first génération interlocking nails in which the 
proximal locking boit is not in the neck of the fémur, are 
used in the fractures below the lesser trochanter. Ail 
closed adult subtrochanteric fractures below the level of 
the lesser trochanter can be safely nailed with a first 
génération nail, regardless of the fracture pattern or 
degree of comminution. Closed locked intramedullary 
nailing is the current treatment of choice for ail acute 
nonpathologic subtrochanteric fémur fractures in adults 
that require operative stabilization (Fig. 14). 

In the stable subtrochanteric fractures, only proximal 
screw would do although it is préférable to do both 
proximal and distal interlocking. Locking the nail into 
the bone above and below the fracture site produces 
immédiate fracture stability. Patients can be mobilized 
shortly after surgery without fear of malrotation or loss 
of length. 

Second génération intramedullary nails in which the 
proximal locking bolts are fixed in the neck and head of 
the fémur, can be used in high subtrochanteric fractures 
in which the lesser trochanter is fractured but the greater 
trochanteric mass remains intact. Associated intertro- 
chanteric fracture can now be treated with a new type of 
interlocking nails of second génération. The interlocking 
screws are inserted into the head of the fémur. The second 
génération nails hâve an increased wall thickness 
proximally, stronger and larger proximal screws, and 
reliable proximal targeting devices. If the piriform fossa 



Figs 14A and B: (A) Closed transverse grade III subtrochanteric 
fracture in AP and latéral and (B) closed réduction and internai 
fixation with first-generation interlocking nailing in AP and latéral 
view 
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is fractured, the insertion of interlocking nail is associated 
with many complications such as varus deformity, 
implant cut-out, etc. These complex fractures are best 
treated with a sliding hip screw. 

Ender's nailing : Ender nails may be in the treatment of 
subtrochanteric fractures with unstable fracture 
configuration. Ender nailing may be useful for more rapid 
patient immobilization and decrease morbidity in many 
of these patients. In unstable fractures the Ender's nailing 
is associated with complications of loss of réduction, 
external rotation and knee pain. 

External Fixation 

External fixation is used infrequently in the management 
of subtrochanteric fémur fractures. The most common 
indication for its use is severe open fractures, particularly 
grade IIIB injuries in multiple injured patients. Depending 
on the location of the wounds and the degree of fracture 
comminution, fixation into the iliac crest may be 
necessary. For most patients, the external fixator is a 
temporary device used for initial management of the 
fracture and soft tissues. After soft tissue control is 
achieved, delayed internai fixation should be considered. 
Initial fixator pin placement should avoid areas of 
planned surgical incisions and implant placement if 
possible. The major advantages of external fixation are 
rapid application, minimal soft tissue dissection, and the 
ability to maintain length, provide wound access, and 
mobilize the patient. Problems associated with its use 
include pin tract drainage and infection, loss of knee 
motion secondary to binding adhesions in the quadriceps 
mechanism, increased risk of delayed union and 
nonunion, and loss of réduction after its removal. 

Pathologie Fractures 

Because of the powerful forces in the subtrochanteric area, 
pathological fracture is not uncommon. The causes of 
pathological fracture are, secondaries in the bone, 
metabolic bone diseases like, osteomalacia, osteoporosis, 
multiple myeloma and fibrous dysplasia. Internai fixation 
like intramedullary nailing with locked or unlocked or 
sliding hip screw is a useful method. If there is a cavity 
or severe osteoporosis, bone cernent may be used. 

Preoperative Planning 

Preoperative planning is extremely important to achieve 
satisfactory results. For intramedullary nailing, one must 
prédéterminé the type of nail, its diameter, length, and 
the mode of interlocking. Length cannot be judged 
intraoperatively. It must be carefully measured 


preoperatively. The most accurate method is to measure 
the sound extremity from the tip of the trochanter to the 
joint line and then subtract 2 cm. A more accurate 
assessment of the length is obtained if the nail is tapped 
to the latéral side of the thigh in its midposition, and 
radiograph is taken. Radiograph magnification must be 
carefully noted. Rotational malalignment cannot be 
determined by any preoperative planning. The surgeon 
must take the usual intraoperative measures to avoid it. 

For using a plate careful tracing of the radiographs of 
the fémur of the fractured site and the normal side shape, 
size and position of each fragment is carefully marked. 
Position of lag screws, if any, is noted. The position of 
window for DCS is determined. 

Technique 

The author uses fracture table for plating. This facilitâtes 
image intensification of radiograph. Many surgeons use 
radiolucent table. Through a latéral incision, latéral cortex 
is exposed. Guide for DCS or DHS is inserted through 
the junction between the anterior and middle third 
subtrochanter. Triple reamer is used for inserting the 
screw. Bone grafting is not needed when multifrag- 
mentary fractures are reduced atraumatically and fixed 
with a bridge plate. Bone grafting may be necessary in 
simple fractures when the médial wall is shattered. 

For intramedullary nailing, we use a spécial table 
designed for closed intramedullary nailing. We use latéral 
position, however supine position can be used. 

Postoperative Care 

Early ambulation is far more effective and safer than any 
anticoagulants in preventing thrombophlebitis. Ail 
patients, if able, are up with crutches on the day after 
surgery. Sitting is discouraged, since in a patient with a 
swollen thigh and groin the sitting posture leads to 
compression of vessels and thrombosis. Weight bearing 
is not permitted for at least six weeks. The quadriceps 
should be exercised early and vigorously so that they will 
not get bound into the fracture adhesions. 

Complications 

The common complications in India are: (i) infection—is 
due to prolonged surgery, and improper operation room 
environment, (ii) nonunion and malunion is usually due 
to technical fault, use of wrong implant and the high 
forces in the subtrochanteric area. These complications 
are preventable. With the advent of locked intra¬ 
medullary nailing, the complication rate is much less. 
Infection is treated with thorough debridement and 
nonunion is treated with reapplication of internai fixation 
and bone grafting. 
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CONCLUSION 

1. Surgery of internai fixation is indicated in ail types of 
subtrochanteric fractures in adults. Nonoperative 
treatment produces poor results. 

2. Anatomy and biomechanics of subtrochanteric 
fractures and of the implants much be thoroughly 
understood to treat these fractures. 

3. L-plate Technically difficult. Smith-Peter son nail or 
Jewett nail should not be used for subtrochanteric 
fractures. Ender's nail is associated with many 
complications. 

Therefore we hâve choice of implants: 

I. sliding hip screw (DHS). 

a. With a barrel plate 1 to 145 angle or 

b. Dynamic compression screw (DCS). 

IL Locked intramedullary nail lst or 2nd génération. 
Currently, the présent trend is to use either first 
génération or second génération interlocking nails 
depending on the fracture geometry. 

It is advisable to use sliding device when the 
intertrochanteric area is fractured and the bone is 
osteoporotic. In the younger patients when the inter¬ 
trochanter is involved and bone quality is good, second 
génération interlocking nail is preferred. If the piriformis 
fossa and intertrochanter both are fractured, sliding screw 
with long barrel plate is idéal. In the past, sliding devices 
for subtrochanteric fractures were extensively used. 
Currently, however, the use of sliding device is restricted 
to patients who hâve fracture of intertrochanter and 
piriformis fossa. 

REFERENCES 

1. Allis OH. Fracture of upper third of the fémur exclusive of neck. 
Med News 1891;59:90. 

2. Bergman GD, WN RA, Mayo KA et al. Subtrochanteric fracture 
of the fémur L—fixation using the Zickel nail. JBJS 1987;69A: 
1032-40. 

3. Boyd HB, Griffin LL. Classification and treatment of trochanteric 
fractures. Arch Surg 1949;58:853-66. 

4. Brien WW, Wiss DA, Becker V et al. Subtrochanteric fémur 
fractures—a comparison of the Zickel nail, 95 degree blade plate 
and interlocking nail. J Orthop Trauma 1991;5:458-64. 

5. Chapman MW, Zickel RE. Subtrochanteric fractures of the fémur. 
In Chapman MW (Ed). Operative Orthopaedics JB Lippincott: 
Philadelphia, 1988. 

6. Clawson, Massie. Trochanteric fractures treated by the sliding 
screw plate fixation method. J Trauma 1964;4:737-52. 

7. DiLee Jesse C. Fractures and dislocations of the hip. In Rockwood 
CA, Green DP (Eds): Rockwood and Green's Fractures in Adults 
Vol 2 (4th ed) Lippincott-Raven: Philadelphia 1996;2:1741-56. 


8. Dobozzi WR, Larson BJ, Zindrick M et al. Flexible intramedullary 
nailing of subtrochanteric fractures of the fémur. Clin Orthop 
1986;216:68-78. 

9. Fielding JW. Subtrochanteric fractures. Clin Orthop 1986;92: 
86-78. 

10. Frankel VH, Burstein AH. Orthopaedic Biomechanics Lea and 
Febiger: Philadelphia, 1970. 

11. Hibbs RA. The management of the tendency of the upper 
fragment to tilt forward in fractures of the upper third of the 
fémur. NY Med J 1902;75:177-79. 

12. Johnson KD. Current techniques in the treatment of 
subtrochanteric fractures. Tech Orthop 1988;3:14-24. 

13. Kempf I, Grose A, Beck G: Locked intramedullary nailing. JBJS 
1985;67A:709-20. 

14. Kinsat C, Bolhofner BR, Mast JW et al. Subtrochanteric Fractures 
of the Fémur: Results of treatment with a 95-degree condylar blade 
plate. Clin Orthop 1989;28:122-28. 

15. Koch JC. The laws of bone architecture. AMV Ahat 1917;21: 
177-298. 

16. Kuntscher G. Dauerbruch and Umbauzone. Bruns Beiter Klin Chir 
1939;169-558. 

17. Kyle RF, Gustilo RB et al. Fractures of the hip subtrochanteric 
fractures. Fractures and Dislocations 1993;2:813-29. 

18. Mullaji AB, Thomas TL. Low energy subtrochanteric fractures in 
elderly patients—results of fixation with the sliding screw plate. 
J Trauma 1993;34:56-61. 

19. Nungu KS, Olerud C, Rehnberg L. Treatment of subtrochanteric 
fractures with the AO dynamic screw. Injury 1993;24:90-92. 

20. Pankovich AM, Tarabishy IE. Ender nailing of intertrochanteric 
and subtrochanteric fracture of fémur. JBJS 1980;62A:635-45. 

21. Ruff ME, Lubbers LM. Treatment of subtrochanteric fractures 
with a sliding screw plate device. J Trauma 1986;26:75-80. 

22. Russel TA, Taylor JC. Subtrochanteric fracture of fémur. In Brown 
BD, Papiter JB (eds). Skeletal Trauma WB Saunders: Philadelphia, 
1992. 

23. Schatzker. Subtrochanteric fractures of the fémur. In Schatzker J, 
Tile M (Eds). The rationale of operative fracture care (Ilnd ed) 
Springer: Berlin 1987;349-66. 

24. Schatzker J, Waddel JP. Subtrochanteric fracture of fémur. Clin 
Orthop North 1980;11:539-54. 

25. Smith JT, Goodman SD, Tsichenko G. Treatment of comminuted 
fémoral subtrochanteric fractures using the Russel Taylor 
reconstruction intramedullary nail. Orthop 1991;14:125-29. 

26. Toridis TC. Stress analysis of fémur. J Biomech 1969;2:163-74. 

27. Watson HK, Campbell RD, Wade PA. Classification, treatment 
and complications of the adult subtrochanteric fracture. J Trauma 
1964;4:457-80. 

28. Wiss DA, Brien WW. Subtrochanteric fracture of the fémur— 
results of treatment with an interlocking nail. Clin Orthop 
1992;283:231-36. 

29. Zickel RE. A new fixation device for subtrochanteric fractures of 
the fémur. Clin Orthop 1967;54:115-23. 




INTRODUCTION 

Fractures of the shaft of fémur are one of the most 
common fractures encountered by an orthopédie 
surgeon. The fémur is the largest and strongest bone in 
the body articulating with the hip joint proximally and 
forming the knee joint with the tibia at its distal end. Due 
to its larger size, rich vascular supply and muscle 
attachments, the fracture may lead to a significant blood 
loss. Fractures of the fémoral shaft are often the resuit of 
high energy trauma; the common causes being fall from 
height, vehicular accidents, and gunshot injuries. Fall 
from tree is a common cause in rural India. Fractures of 
the shaft of fémur are equally common in the upper, 
middle and lower third and may occur at any âge. 
Fractures secondary to low energy trauma tend to occur 
more commonly in older female patients 

The fémoral shaft fractures can be associated with 
injuries of the other parts of the skeletal System or 
multiorgan involvement. Ipsilateral fémoral fractures can 
occur at neck of fémur, intertrochanteric and distal 
fémoral articular locations. Other associated musculo- 
skeletal injuries commonly observed are patella fracture, 
tibial fracture, acetabular fractures and pelvic ring 
fractures. Soft tissue trauma to knee commonly occurs 
and requires careful physical examination. Other more 
serious problems could be fat embolism, shock, adult 
respiratory distress syndrome, etc. In the long term 
malunion, nonunion, stiffness in knee and hip joint and 
shortening of the limb are noted. Malalignment in the 
axis of shaft fémur can produce early degenerative 
changes in the knee and hip. 

Relevant Anatomy 

The shaft of the fémur extends from the level of lesser 
trochanter to the flares of the condyles. This tubular bone 


is almost circular in cross section, narrowest at the 
isthmus and gets wider in the distal end. This is an 
important thing to remember during IM nailing. There 
is a projecting longitudinal ridge on its posterior surface, 
the linea aspera. It provides attachments to the various 
muscles of the thigh. The fémoral shaft is slightly bowed 
anteriorly, again an important point in IM nailing. The 
average fémoral radius of curvature was found to be 120 
cm. A straight nail would straighten the shaft producing 
a gap posteriorly at fracture site. Current IM nails are 
prebent to match with the antecurvature of the fémur. 

Thigh is divided into three fascial compartments— 
anterior, posterior and médial separated by intermuscular 
septums. Anterior compartment includes the quadriceps 
femoris, iliopsoas, fémoral vessels and nerve. The médial 
compartment contains the adductor brevis, longus, 
gracilis, most of adductor magnus and obturator artery, 
nerve and the profunda femoris artery. The posterior 
compartment includes the hamstrings, distal portion of 
adductor magnus, scia tic nerve, branches of the profunda 
femoris artery and posterior fémoral cutaneous nerve. 

The attachments of different groups of muscles on the 
fémur through their muscular forces displace the 
fragments after fracture. In height shaft fractures, 
proximal fragment is abducted by strong abductor 
muscles attached at greater trochanter. Iliopsoas muscles 
is a strong flexor of the hip, in addition to flexion also 
tends to rotate the proximal fragment externally due to 
its posteromedial insertion in relation to the shaft. The 
adductors inserted along the médial surface pulls the 
fragment medially. Distal part of the fémur gives 
attachment to médial and latéral heads of gastroenemius, 
which is a strong flexor of the knee. After a fracture in 
the distal fourth, they flex the fragment posteriorly. 
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The fémur gets its blood supply through the 
periosteum and also from the endosteal surface through 
nutrient artery. Nutrient artery after branching from 
profunda femoris artery enters the fémur from its 
posterior surface in upper diaphysis and divides 
profusely in the medullary canal, extending proximally 
and distally to communicate with the metaphyseal 
vessels. The nutrient artery enters the fémur in the région 
of linea aspera. To preserve this nutrient vessel, the linea 
aspera should not be stripped of its muscular 
attachments. They are responsible for the blood supply 
to inner two thirds of the shaft. Periosteal vessels enter 
the cortex through the attachments of fascia and muscles. 
In the cortex they are predisposed in a perpendicular 
fashion and are responsible for the blood supply to the 
outer third of the cortex. Anastomoses exist between the 
medullary and periosteal circulations and the normal 
direction of flow through the entire cortical thickness is 
unidirectional from the medullary vessels to the 
periosteal vessels. The normal direction of blood is 
reversed with the loss of medullary circulation thus 
allowing cortical revascularization. After a displaced 
fracture, there is complété disruption of the medullary 
blood supply, though later in the healing process their 
continuity is restored. It is thus important to preserve the 
periosteal blood supply by avoiding the stripping of 
periosteum in the earlier part of healing process. It is also 
important not to damage intermuscular septum during 
surgery as branches of the profunda femoris suppling 
the blood to the fémur perforate through it. 

Mechanism of Injury 

As fémur is the largest and strongest bone in the body, it 
requires considérable force to resuit in a fracture. The 
pattern of fracture dépends upon the nature and degree 
of causative violence, e.g. an angulation force would 
resuit in transverse or short oblique fracture. Commi- 
nuted and segmentai fractures are the resuit of high 
energy trauma resulting in major damage to surrounding 
soft tissues as well. When compressive forces combine 
with angulatory and rotation, it results in a spiral fracture. 
Spiral fractures are difficult to reduce by closed methods, 
many a times sharp spikes are inserted in the surrounding 
tissues. High velocity trauma may also resuit in injuries 
to the hip and knee. If not suspected, such injuries may 
go unnoticed. Pathological fractures require only a small 
force. Usually these fractures are transverse or spiral. 

Classification 

Classifications of fémoral shaft fractures are important 
in deciding the plan of management. Following points 
require considération. 

1. Open or closed 


2. Grading of soft tissue injuries. 

3. Location of fracture 

4. Grading of comminution. 

Compared to leg injuries, open injuries 3 of the thigh 
are less common. However, a gunshot injury and open 
injuries stripping the periosteum may resuit in bone 
necrosis. Such injuries require immédiate attention. Open 
fractures 7 can be classified as per classification of Gustilo 
Anderson. Type I and II injuries do not pose much 
problem provided they are treated in time. Early internai 
fixation is not contraindicated in these types. Type III a 
and b open fractures produce severe soft tissue damage 
and contamination and in type IIIc are associated with 
vascular injuries. 

The location of the fracture in its simplext form can 
be classified as proximal, middle and distal third of the 
shaft. The displacement of the fragment is influenced by 
the various mechanical forces acting on the fracture 
fragments. 

Fracture geometry similarly is decided by the same 
forces acting at the fracture site at the time of injury. The 
various descriptive terms used are transverse, short 
oblique, long oblique, spiral, comminuted or segmentai. 4 
Combining these terms with location présents a simple 
and easy to understand classification. 

Fractures also be classified as per AO/ASIF 
classification distinguishing Simple(A), Wedge (B), and 
Complex(C) pattern. The simple fractures are subdivided 
according to the obliquity of simple fracture line. The 
wedge fractures can be spiral, bending or fragmented. 
The complex fractures include segmentai fractures and 
fractures with extensive comminution. Orthopédie 
Trauma Association (OTA) also offered a simple 
classification of the fractures of diaphysis. 

To classify the comminuted fractures further, 
Winquist classification of comminution is widely used. 
It grades comminution from type one to four with 
increasing degree of comminution. Type 1 comminuted 
fracture has a minimum comminuted fragement of less 
than 25% of the width of the bone. A type 2 fracture has 
larger butterfly fragment of 50% or less of the width of 
the bone. Type 1 and 2 are relatively stable fractures. Type 
3 comminuted fragments consist of large segment of 
comminution (greater than 50% of the width of the bone) 
with only a small spike of remaining proximal and distal 
fragments. Type 4 comminuted fragments are segmentai 
comminuted fractures with no bone contact between the 
major proximal and distal fragments. 

Diagnosis 

Diagnosis of fractures of shaft fémur is easy to make. The 
patient présents with the classical symptoms of pain, 
swelling, deformity and loss of function. On examination 
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swelling, tenderness, deformity and abnormal mobility 
are obvious. A complété general and systernie exami¬ 
nation is mandatory to exclude injuries of other System, 
other parts of body and associated complications. It is 
very important to look for the injuries of the pelvis, hip 
and knee, which are liable to be missed. The ankle/ 
brachial index (ABI) is a sensitive test for identifying 
vascular injuries in variety of blunt lower limb trauma. 
ABI of less than 0.9 is suggestive of major arterial injury 
of lower extremity. Although injuries to the fémoral and 
obturator nerves are uncommon after fracture fémur, 
sciatic nerve injury does occur. Accurate documentation 
of the sensory and motor function of the tibial and 
peroneal branches is therefore a necessity. Médial and 
posterior compound wounds are not infrequent and are 
worrisome for associated vascular and neurologie injury, 
respectively. Presence of both fémur shaft fracture with 
hip dislocation complicates the initial réduction of hip 
and may necessitate placement of an external fixator 5 or 
a percutaneous Schanz pin. The minimum radiographs 
required are X-rays of the thigh anteroposterior and 
latéral views, X-ray of the pelvis and X-ray of the knee 
joint. 

Treatment 

Treatment of fémoral shaft fractures dépends upon the 
âge, open or closed, location, degree of comminution, 
patient's social demand and other associated injuries. 
Presently the idéal treatment of a closed fémoral shaft 
fracture is closed IM nailing. However, possible treatment 
methods include the following: 

Nonoperative 

1. Closed réduction and Spica cast immobilization 

2 . Skeletal traction. 

3. Cast Brace. 

Operative 

1. External fixation 

2. Internai fixation 

a. Plate fixation 

b. Condylo Cephalic nails 

c. Supracondylar nails 

d. Intra medullary nails 

e. Intramedullary interlocking nails. 

Nonoperative Treatment 

Closed réduction and spica cast immobilization : This method 
of treatment is rare for adults. Réduction and rétention 
of fracture is difficult. Joint stiffness and complications 
of recumbency are other problems. 


Skeletal traction : It is used if the patient is unfit for general 
anesthésia. Rarely are balanced traction or roller traction 
methods used as definitive treatment in adults. It can be 
used as emergency immobilization, a preliminary method 
before cast brace or for transportation of patient. Limb 
length discrepancy, knee stiffness, prolonged hospitali- 
zation and delayed union are the problems associated 
with this. Definitive treatment of fémoral shaft fractures 
has been successfully accomplished with Neufeld roller 
traction and modifications thereof. 

Cast brace : Fémoral cast brace was introduced to minimize 
the disadvantages of spica cast immobilization. Cast brace 
is essentially an external support device used best for 
fractures of distal half of the fémur. They are thought to 
act by converting the thigh into a semi-rigid hydraulic 
tube that maintains the alignment of the fémur. It is 
expected to share body load during ambulation and 
preserve knee movements. A pre requisite of cast bracing 
is satisfactory réduction and is best applied when soft 
callus has formed. Fémoral cast brace method is 
associated with angulations and shortening and thus is 
not very popular method of treatment in the présent time. 

Operative Treatment 

External fixation : The major indications for using the 
external fixator are grade III open fractures. The 
advantages of using external fixator are adéquate bone 
stabilization and convenience of wound dressing. The 
vascular supply to the fémur is not damaged to a 
significant degree during the application of an external 
fixator, and this may be important in high energy trauma 
and open injuries with significant damage to extraosseous 
and intraosseous blood supply. The resuit of using 
internai fixation in grade III open fractures could be 
disastrous. The other good indications of its use are 
polytrauma patients where prolonged anesthésia is not 
advisable. Other indications are: Evolving muscular crush 
that requires extensive secondary debridement, 
associated vascular injury that requires stabilization 
before repair, polytrauma that prevent other treatment 
(damage control orthopedics). The technique is not 
indicated for closed fractures because pint tract infection 
is a problem. The other disadvantages is tethering of 
quadriceps muscle to fémoral shaft resulting in 
permanent loss of knee joint movements. 

Internai fixation 

Plate fixation: Realizing the problems of conservative 
treatment, AO group of surgeons came with the concept 
of rigid internai fixation of the fractures with compression 
plating. 
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Indications for plating : Patients with an extremely narrow 
medullary canal. Fractures around or adjacent to a 
previous malunion, fractures extending proximally or 
distally into the metaphyseal région, associate vascular 
injury require exploration and repair, ipsilateral fémoral 
neck fractures. The procedure has the advantages of good 
anatomical réduction under vision, allows the early 
mobilization of joints, reduced hospitalization time and 
advantage of early ambulation. The technique has some 
inhérent problems. Extensive exposure leads to increase 
chances of infection. Associated quadriceps scarring and 
its effect on decreasing knee motion and quadriceps 
strength. Periosteum under the plate is necrosed. Strong 
muscular forces on the fémur increases the chance of plate 
loosening and subséquent nonunion if the fracture is not 
adequately fixed. With more and more advancement with 
intra medullary fixations, the stabilization with plate and 
screw has taken the back seat. 

• Intramedullary Nailing 

Multiple enders nails: Multiple Enders pins though 
developed for peritrochanteric fractures these are 
used for fémoral shaft fractures by some surgeons. 
These flexible pins provide little axial stability. Other 
problems are malunion, backing out of the nails from 
insertion site, malalignment and shortening. The 
technique has not gained much popularity. 

Rétrogradé interlocking IM nailing : These nails are 
inserted through the intercondylar area of knee joint. 
Relative indications of rétrogradé nailing are : morbid 
obesity, pregnancy, associated spine fracture, 
associated vascular injury, multiply injured patient, 
bilateral fémoral fractures, ipsilateral fémoral neck 
fractures, ipsilateral acetabular fractures, ipsilateral 
through knee amputation. Relative contraindications 
are: subtrochanteric fractures, limited knee flexion, 
patella baja, compound fractures. The potential risks 
include pain in the knee, infection, loss of knee motion, 
etc. 

Antegrade nailing: Although intramedullary nailing 
was attempted sporadically for fractures of shaft of 
fémur, it gained acceptance after the work of Gerhard 
Küntscher in 1940. Subséquent reports by others 
especially after world war II made the technique 
popular ail over Europe and United States. Results 
were best when used for fractures of mid shaft of the 
fémur. Fractures in the proximal and distal third shaft 
and comminuted fractures 6, 8 are less suitable for 
unlocked convention nails. 

IM nailing can be done by closed or open 
technique. Open medullary nailing is done when 


facilities for closed methods are not available or in 
old fractures where réduction is not achieved with 
closed methods or where bone grafting is required. 
The advantages of open réduction are: 

1. Anatomical réduction is possible 

2 . Less expensive 

3. Sophisticated facilities are not required 

4. Freshening of edges and bone grafting can be 
done. 

The disadvantages of open réduction are: 

1. Fracture hematoma is drained out. 

2. Increased infection rate. 

3. Increased blood loss. 

4. More stripping of periosteum. 

5. Operative scarring delaying the movements of the 
knee joint. 

6 . Draining out of medullary reaming material which 
is a bone graft. 

Whenever facilities for close nailing exist and there 
is no contraindication, it is preferred over open 
method. 

Reamed vs. unreamed nails: The dilemma of 7 to ream 
or not to ream 7 the medullary canal continues. It is 
more or less agreed that reaming leads to better 
stability as thicker nails can be negotiated, there is 
better contact between nail and bone, less mechanical 
problems, early joint réhabilitation. In addition 
reamed particles hâve osteoinductive potentials. 
Reaming is associated with increased periosteal blood 
flow and increased blood flow to local muscles. This 
is thought to facilitate bone healing. On the other hand 
reaming was blamed for widespread persistent 
particle necrosis due to interférence with endosteal 
blood supply or thermal necrosis of the cortex. Micro 
cracks in the cortex was observed following reaming. 
Increased intramedullary pressure from reaming was 
blamed to force the bone marrow into circulation 
leading to pulmonary embolism. The controversy still 
seems to be unresolved. Unreamed nails are preferred 
for severely and multiply injured patients with 
concomitant pulmonary compromise or injury. 

The Küntscher's cloverleaf IM nails though 
developed approximately 60 years back, are still the 
common implants used for fémoral shaft fractures. A 
straight K nail works on the three point fixation 
principle when inserted inside the slightly curved 
fémur. It is désirable to use the larger diameters of 
nails after reaming. Nail provides a good axial and 
angulatory stability, but not so good to counter the 
rotatory forces. The cloverleaf design permit insertion 
over guide wire if closed method is chosen. It also 
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provides compression on endosteal surface due to 
elastic recoil as it is driven inside the canal. 

• Interlocked întramedullary Nails 

The major limitation of Kuntscher's and other similar 
nails hâve been their limitations in providing the 
rotational stability more so when the fracture is at the 
location where medullary canal becomes wider. Its 
results in comminuted fractures of the shaft hâve also 
not been encouraging since there is compromise with 
the axial stability. In the interlocking nails 
transfixation screws are inserted through the holes 
présent in the proximal and distal parts of the nail. 
Sugery is done under image intensifier control. When 
the transfixation screws are inserted in both proximal 
and distal ends it is known as static locking, whereas 
screws insertedin one of the fragments alone provides 
dynamic locking. Interlock nailing provides a stable 
nail bone construct. Nails are prebent to conform to 
the antecurvature of the fémur. As there is a constant 
modification in the design, a variety of nails are 
available. Broadly they can be classified as first 
génération nails, second génération nails, third 
génération titanium interlock nails, reconstruction 
nails, solid unreamed AO nails. 

Preoperative planning for Antegrade fémoral interlocking 
intramedullary nail : The proper length and diameter of a 
fémoral nail should be anticipated before opertating on 
a patient. For length, the xray of the contralatéral fémur 
can be measured with a ruler after correcting 
magnification. Traction X-rays of the injured fémur can 
be used to gauge the length if there is not much 
comminution. Alternatively, a long ruler can be used to 
measure the uninjured fémur from palpable greater 
trochanter to latéral épicondyle. The diameter of the nail 
should be estimated at the narrowest portion of the 
fémoral canal at the fémoral isthmus on the latéral 
X-ray. 

Positioning of patient : Fémoral antegrade nailing is 
technically easier in latéral position. This is especially true 
in an obese patient. However, the indications for supine 
positioning are multiply injured patient, associated spine 
injury, acetabular fractures. 

Entry point for antegrade nail : It has been identified at the 
médial border of the greater trochanter, at the tendinous 
insertion of the piriformis and 2.1 cm anterior to the 
posterior border of the greater trochanter. 

Postoperative care and réhabilitation after intramedullary 
nailing : The patient should be encouraged to sit up and 
get out of bed immediately after fixation. Quadriceps and 


hamstrings exercises can proceed according to patients 
comfort. Unrestricted passive and active range of motion 
exercises of the knee and hip can be instituted 
immediately after surgery. If there is good cortical contact 
and a thick diameter nail, early weight bearing should 
be allowed to encourage callus formation. 

Ipsilateral fémoral neck and shaft fractures : Combined 
fractures occur in 3 to 10 % of patients. High degree of 
suspicion should be kept so as to not miss the associated 
fémoral neck fracture with disastrous conséquences. 
Routine hip X-rays should be done at initial examination 
in ail patients. The recommended treatment in fémoral 
neck fracture or intertroch fracture is treated with 
multiple lag screws or dynamic hip screw and fémoral 
shaft fracture is treated with rétrogradé nail or plate 
fixation. Alternatively a single implant such as 
cephalomedullary nail (Recon nail) can be used to treat 
both fractures. Another option is to treat the shaft fracture 
with an antegrade nail and then fix neck fémur fracture 
with compression screws using 'Miss-a-naiT technique. 

Pathological Fractures 

The fémur is a common site for metastasis and benign 
bone tumours. In elderly, it may become significantly 
weak due to various metabolic conditions leading to 
osteoporosis. Even a trivial trauma can resuit in a fracture. 
In addition to the management of primary pathology, 
the fractures are best treated by intramedullary fixations. 
Occasionally bone cernent is added to provide additional 
stability. 

Complications 12 

a. Nerve injury: The primary nerves at risk are fémoral, 
sciatic, peroneal and pudendal. Patient positioning 
and intraoperative traction are usually implicated as 
causal. There is association between pudendal nerve 
palsy and use of fracture table. Knee flexion during 
surgery relaxes the sciatic nerve and helps prevent 
traction injury of the nerve. Knee extension should 
be avoided. 

b. Muscle weakness : A significant réduction in quadriceps 
muscle strength is usually seen with fémoral shaft 
fractures. 

c. Angular malalignment: An angular deformity of fémur 
is usually defined as greater than 5° of angulation. 

d. Rotational malalignment: Rotational deformity of upto 
15° is well tolerated. 

e. Knee stiffness, knee pain and hip pain: Knee stiffness is 
more common with rétrogradé IM nailing. To prevent 
knee stiffness vigorous physiotherapy is required in 
postoperative period. 
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f. Hétérotopie ossification : Clinically significant 
hétérotopie ossification occurs in only 5 to 10 % 
patients. The most commonly identified risk factor is 
associated head injury. 

g. Refracture : If fémur is plated, fracture can occur at ends 
of plates due to stress riser phenomenon. Refracture 
is unusual after IM nailing. 

h. Implant complications Broken locking screws , broken nails 
and bent nails: Broken nails with pain are indicative of 
fémoral nonunion. 

i. Compartment syndrome: The incidence of compartment 
syndrome complicating fémur fracture is about 1 to 
2%. The predisposing risk factors are systemic 
hypotension, coagulopathy, vascular injury, history 
of external thigh compression and severe trauma to 
soft tissues of thigh. Treatment is emergency 
decompressive fasciotomy through an extensile latéral 
incision that gives access to anterior and posterior 
compartments of the thigh. 

j. Delayed and nonunion: May be caused by infection, lack 
of vascularity, lack of mechanical stability, fracture 
site distraction, bone loss and/or soft tissue 
interposition. Recently the use of anti-inflammatory 
drugs after injury was shown to be significant risk 
factor for delayed and nonunion. If a nonunion occurs 
in a closed fracture treated with an appropriately sized 
nail, a metabolic évaluation should be considered to 
help identify the underlying cause. Treatment options 
are nail dynamization, exchange nailing and plate 
fixation with or without bone grafting. 

k. Infection and infected nonunions: Clinically infection is 
suspected when there is increase pain, swelling, 
erythema. Commonly purulent drainage is présent 


at site of previous wound, at nail entry site or from 
one of the locking screw sites. ESR and C-reactive 
protein levels should also be done. Treatment consists 
of adéquate debridement with removal of ail dead 
and infected tissue and bone. If adéquate stability is 
présent, a nail can be retained, an infected fémur can 
heal if adéquate stability is présent. If nail is found to 
be loose at time of debridement, it should be removed. 
There are several choices for maintaining stability at 
this juncture including external fixation, antibiotic 
impregnated cernent nail, plate fixation and locked 
IM nail. 
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Fractures involving the lower end of fémur up to 9 cm 
from the articular surface are included in distal fémoral 
fractures. They can be either supracondylar (meta- 
physeal) or intercondylar (articular) fractures. They are 
difficult fractures to treat successfully. Limitation of 
motion, progressive degenerative arthritis, angular 
deformity, nonunion and infection are common 
complications after the treatment of these fractures. 
Dissatisfaction with frequent poor results has led to 
évolution of different methods of internai fixation instead 
of traction, casts, or cast-braces. 1-3 Fractures of the distal 
fémur are complex injuries that can be difficult to manage. 
They account about 7% of ail fémoral fractures. 

History 

Supracondylar fractures of the fémur in the past were 
treated most often with skeletal traction as the techniques 
of implants for open réduction and internai fixation were 
very limited. 4,5,23 As a resuit, open réduction and internai 
fixation was attempted rarely, and was condemned as a 
method of treatment. Mahorner and Bradburn 6 (1933) 
reported that a large percentage of distal fémoral fractures 
had poor results regardless of the method of treatment 
used. Methods of treatment described were skin traction 
(Tees; 1937), skeletal traction with one Kirshner's wire in 
the distal fémoral fragment and one in the proximal end 
of the tibia (Modlin; 1945) and proximal tibial traction 
with a Pearson's attachment (Hampton; 1951). Stewart 
et al 7 (1966) and Neer et al 8 (1967) found that there were 
significant problems with slow recovery of knee motion 
as well as residual varus and internai rotation deformities 
after closed treatment. Open réduction and internai 
fixation has been advocated using various implants 
including Blount's blade plate (Umansky; 1948), 
supracondylar plate and a lag screw (Hall; 1978) 


angle blade plates (Schatzker and Lambert 1979), Rush 
rods (Shelbourne and Brueckmann 1982), Ender's nails 
(Kolmert et al; 1983), the Zickel device (Zickel et al 1986), 
and supracondylar nail (Green, Seligson, and Henry; 
1987). Kinast et al. (1988) proposed that anatomical 
réduction of individual fragments was not necessary in 
plate fixation for healing to occur and Mast et al (1989) 
expanded on the concepts of indirect réduction with plate 
fixation to address multifragmentary fractures. 

Wagner and Frigg 30 developed locking plate which 
has revolutionized the treatment of supracondylar 
fractures, especially in osteoporotic and periprosthetic 
fractures. 

Relevant Anatomy 

1. Bony anatomy: The shaft of fémur is nearly cylindrical, 
but at its lower end it broadens into two curved 
condyles. Anteriorly, the articular surfaces of two 
condyles join together to form a surface for patellar 
articulation with prédominant articulation on the 
latéral condyle. The latéral condyle projects further 
forward than the médial stabilizing the patella. 
Posteriorly, they are separated by a deep intercondylar 
fossa that gives attachment to the cruciate ligaments 
of the knee. The distal fémoral articular surface is at 
an angle of 7° to 8° of valgus to the long axis of the 
fémur in males, and 8° to 9° of valgus in females. The 
latéral cortex of the distal fémur slopes approximately 
10° to 15°, and the médial cortex slopes approximately 
25°. The anterior cruciate ligament occupies the 
intercondylar notch. A line drawn across the anterior 
aspect of the latéral fémoral condyle and médial 
fémoral condyle slopes by approximately 10° to 15° 

(Fig-1)- 
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Fig. 1 : End-on view of the articular surface of the distal fémur 
médial slope: 25°, latéral slope: 10°, anterior slope: 15° 

2. Deforming forces: The deformities that resuit from 
fractures of distal third fémur are produced primarily 
by two forces: initial trauma and muscle imbalance. 
After its initial effect, trauma has no further influence. 
However, muscle pull exerts deforming forces 
continuously until union is strong enough to 
withstand this stress. Four large muscle groups play 
dominant rôles: quadriceps, adductors, hamstrings, 
and gastrocnemius. In intercondylar and supra- 
condylar fractures, the gastrocnemius may produce 
joint incongruity by causing posterior angulation or 
displacement of the distal fragment or by rotating and 
spreading the condylar fragments. The quadriceps 
and hamstrings produce longitudinal tension which 
tends to produce over-riding and angulation of the 
fragments, driving the proximal fragment into the 
suprapatellar pouch and causing further displacement 
and hemorrhage. Valgus deformity, which is seen 
frequently, may be caused by the strong pull of the 
adductors on the proximal fémoral fragment. When 
instituting measures to correct deformity and to 
prevent its récurrence, one must consider these 
dynamic deforming forces. In T and Y condylar 
fractures, the proximal fragment may be driven into 
the distal fragment, wedging the condyles apart. 

3. Neurovascular Bundle: Vascular and neurological 
damage is rare, but the possibility must always be 
considered because of the proximity of the popliteal 
vessels and the nerves. The popliteal artery extends 
from the opening in the adductor magnus, at the 
junction of the middle and lower thirds of the thigh, 
downward and latéral to the intercondylar fossa of 
the fémur, and then vertically downward to the lower 
border of the popliteus, where it divides into anterior 
and posterior tibial arteries. As the sciatic nerve 
descends towards the knee, the two components 
eventually diverge in the popliteal fossa, giving rise 


to tibial and common peroneal nerves. This division 
of the sciatic nerve occurs usually between 50 and 
120 mm proximal to the popliteal fossa crease. 

Fémoral artery crosses to popliteal fossa at about 
10 cms from the knee joint. 

4. Associated fractures: A distal fémoral fractures is 
associated will hâve a concomitant fracture of the 
patella in 10-15% of cases, a patellar ligament 
instability requiring treatment in 20-30% and further 
bone lésions of the ipsilateral leg in 20-25% of cases. 
The "floating knee” is a very spécifie injury pattern. 
This combination of distal fémoral fracture with a 
proximal tibial fracture is diagnosed in approximately 
5% of ail patients with distal fémoral fracture. 30 

Etiology 

Distal fémoral fractures mainly arise from two different 

injury mechanisms and both groups differ with respect 

to inhérent problems and complications encountered. 

1. Low energy trauma: In elderly patients a minor slip and 
fall on a flexed knee may be sufficient to produce a 
fracture of the distal fémur. After fracture, deformities 
are usually those of fémoral shortening, posterior 
angulation and the posterior displacement of the 
distal fragment. These deformities are mainly due to 
imbalance in muscle pull. In elderly patients, extreme 
osteoporosis represents a particular problem for 
anchoring the implant. 

2. High energy trauma: In young patients who sustain a 
severe direct trauma to the knee like road traffic 
accidents, results in comminuted metaphyseal and 
displaced intra-articular fracture. The fracture pattern 
is dépendent solely upon the amount and direction 
of application of the applied load. It is the direction 
and force of the applied load and not the muscle pull 
that consistently deforms the fracture and that has to 
be overcome to achieve appropriate réduction. In 
high-energy trauma, the problem of restoring the 
function in a destroyed knee joint persists. Complex 
knee ligament injuries frequently occur additionally 
to extensive cartilage injuries. 

A well known pathomechanism in road-traffic 
accidents is the so called "dashboard injury”, whereby 
an impact on the flexed knee joint forces the patella 
back in between the fémoral condyles like a wedge. 
This explains the combined injuries of patellar 
fractures and intra-articular distal fémoral fractures. 30 

A distal fémoral fracture will hâve a concomitant 
fracture of the patella in 10-15% of cases, a patellar 
ligament instability requiring treatment in 20-30% and 
further bone lésions of the ipsilateral leg in 20-25% of 
cases. The "floating knee” is a very spécifie injury 
pattern. 
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Clinical Features 

Patients présent with pain, swelling, deformity, and 
inability to weight bear. In younger patients with 
significant soft tissue injury, careful assessment of the 
whole limb is required to rule out associated injuries. The 
treating surgeon must also address the condition of the 
soft tissue envelope, associated vascular injury and 
impending signs of compartment syndrome. Gentle stress 
testing of the knee is performed with knee in extension 
in order to evaluate the integrity of the ligaments. The 
fracture is realigned and splinted before X-ray 
examination. 

Preoperative Assessment and Planning 

Unlike many tibial plateau or pilon fractures, the majority 
of distal fémoral fractures can be treated definitively with 
early operative fixation. In certain circumstances (open 
fractures with significant contamination, severe soft- 
tissue swelling, significant patient comorbidities, 
unavailability of the proper implants and/or surgical 
personnel). Surgery maybe delayed. 

A. Radiography 

1. AP/ latéral/ oblique : AP and latéral radiographs, 
especially in the shortened leg, often do not 
delineate significant articular pathology. The 
latéral radiograph is carefully examined to look 
for the presence of a Hoffa frontal plane fracture. 
Oblique 45° radiographs are necessary to delineate 
the intercondylar pathology better because the 
patella often obscures the intercondylar fracture. 

Radiographs of the pelvis, the ipsilateral hip, 
fémoral shaft and proximal tibia should also be 
obtained to rule out the presence of associated 
injuries. 

2. Traction films: Traction radiographs are helpful in 
aiding visualization of the articular surface and 
in assessing potential "closed" réduction of the 
metaphysical—diaphyseal components of the 
fracture. AP and latéral radiographs are taken with 
knee in full extension with gentle traction being 
applied through the upper tibial skeletal pin 
traction or holding at the ankle. 

3. Tunnel view: Tunnel view of the intercondylar 
notch is helpful in judging the displacement of 
vertical fractures into the joint and display s the 
profile of the intercondylar notch. Tunnel 
radiograph of knee provides an angled PA 
projection of knee; patient is prone with the knee 
flexed at 40° and a central beam directed caudally 
towards the knee joint at a 40° angle from the 
vertical is taken. 


B. Computed Tomography 

In case of complex multiplane fractures, axial 
computerized tomography, with frontal and sagittal 
plane reconstructions may be helpful in planning the 
surgical stabilization. Axial CT scans are helpful to 
confirm interprétation of plain radiographs and in 
more closely delineating articular involvement in 
particular. It is helpful to "map out" the articular 
involvement in multiplane fractures and to verify the 
presence or absence of intercondylar notch fragments. 

C. Magnetic Résonance Imaging 

MRI is acknowledged as a reliable and accurate tool 
to assess meniscal, collateral, and cruciate ligamentous 
injury. Also, occult fractures of the distal fémur can 
be identified by MRI. A bone bruise is indicated by 
epiphyseal and metaphyseal changes in T 1 and T 2 
weighted images. Fémur fractures may be visualized 
on MRI images even when the plain film radiographs 
are normal. A major advantage of MRI over CT is that 
it does not use ionizing radiation. Disadvantages 
include the higher cost and time necessary to complété 
the study (25 min for an MRI scan as opposed to 
20 sec for a CT scan) which means that motion artifact 
is a problem if the patient moves during the MRI scan. 

D. Angiography/Doppler 

The Ankle-Brachial Index or Ankle-Ankle Index is 
helpful as a screening tool for possible arterial injury. 
Arteriography is indicated when there is an associated 
knee dislocation, severe displacement of the fracture 
fragments, expanding hematoma at the fracture site 
and in the absence of distal puises. Significant 
displacement of the fracture may potentially cause a 
venous intimai injury. Although an association with 
deep venous thrombosis is not described in the 
literature, surveillance for it is warranted. 

Classification 

A good classification System of fémoral fractures should 
identify the site of involvement, good interobserver 
reliability, and assist in deciding the optimal treatment. 
Many different Systems of classifications hâve been used 
for fractures of the distal part of the fémur including those 
of Stewart et al. (1956), Neer et al. (1957), Muller et al. 9 
(1979), Seinsheimer 10 (1980), Shelbourne et al. 11 (1982), 
and Schatzker and Tile 12 (1996). At présent the most 
widely accepted classification of distal fémoral fractures 
is of Muller, updated by the AO group and adopted by 
the Orthopaedic Trauma Association 13 (OTA-1996). 
Although the complété classification is complex, the AO/ 
OTA classification System incorporâtes most of the 
features of a good fracture classification. In this 
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classification the fracture types and groups are arranged 
in an ascending order of severity has a bearing on the 
treatment and on the outcome. Therefore, once the 
fracture has been classified it becomes much easier to 
evolve the correct rationale for its treatment. 


If multifragmentary, the fracture can be either a wedge 
fracture where after réduction there is contact between 
the main fragments, or it can be a complex fracture where 
the contact between the main fragments is completely 
lost. 


Type A 

Metaphyseal component of the fracture may be either a 
simple fracture or a multifragmentary fracture. 


Type B 

Partial articular fractures reflect the condyle which has 
lost the continuity with the metaphysis and the shaft of 


Classification of Supracondylar Fractures 
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the fémur. These unicondylar fractures involve articular 
surface of only one condyle and do not cross the midline. 

Type C 

Complété articular fractures must reflect the severity of 
the articular injury and the injury to the metaphysic. Thus, 
the complété articular simple fractures may hâve either 
a simple metaphyseal fracture or one that is 
multifragmentary. The multifragmentary nature of the 
articular fracture is the distinguishing feature of this 
fracture because it is the severity of the articular fracture 
that will détermine the prognosis rather than its 
metaphyseal component. 

Treatment 

The factors that détermine the treatment and outcome of 
distal fémoral fractures includes the amount of fracture 
displacement, instability, comminution, injury to 
surrounding soft tissues, neurovascular involvement, 
bone quality, an intra-articular component, ipsilateral 
injuries, multiple injuries, elderly patient and 
involvement of other organ Systems. Ail high energy 
fractures need to be immediately checked for soft tissue 
integrity and impending compartment syndrome. The 
overall management can be one of the following: 

1. Antiedema measures: Joint aspiration, rest, immobi- 
lization, compression, élévation are advocated in 
patients with high energy fracture surrounded by 
evidence of compromised soft 8 tissues such as the 
skin blisters, edema, etc. Limbs with features 
suggestive of compartment syndrome should not be 
treated with antiedema measures. 

2. Traction: Traction can be used as a temporary or rarely 
definitive management modality. The calcaneal 
traction can be continued during the traction 
mobilization treatment of selected plateau fractures 
without gross articular incongruity. Patients 
undergoing vascular repair are contraindications for 
traction. 

3. Debridement ofopen injuries: Open fractures need to be 
addressed based on the universal guidelines. Patients 
optimally should undergo surgical debridement of 
open traumatic wounds within 6 hours of injury. 
Aggressive debridement of open fracture wounds 
including removal of contaminating débris as well as 
any devitalized fascia, muscle and bone is performed. 

4. Fasciotomy for impending compartment syndrome: This 
requires an emergency treatment as duration is 
synonymous with damage. If signs of compartmental 
syndrome are présent, four compartment fasciotomies 
are performed. 

5. Spanning externat fixator: Closed fractures are taken 
for external fixator placement based on patient 


stability and operating room availability, unless there 
are signs of compartmental syndrome. Patients under¬ 
going debridement for open fractures and fasciotomy 
for compartment syndrome can be on temporary 
external fixator till the soft tissue condition improves. 

Treatment Options in the Management of 
Distal Fémoral Fractures 

Nonoperative Treatment 

1. Longlegcast 

2. Traction Mobilization 

3. Functional Cast Brace 

Operative Treatment 

1. Internai Fixation 

A. Screws 

B. Plates 

i. 95° Blade Plate 

ii. Dynamic Condylar Screw 

iii. Condylar Buttress Plate 

iv. Locking Plates (internai fixator) 

a. Open distal fémoral locking plate 

b. LISS less invasive skeletal System 

C. Nails 

i. Antigrade locked 

ii. Rétrogradé locked 

2. External Fixation 

A. Pins 

B. Rings 

C. Hybrid 

3. Combination Devices 

Goals of Treatment 

• Restoration of normal articular surface 

• Restoration of alignment of limb 

• Full or near full range of motion 

• Painless motion 

• Return to former activities 

Nonoperative Treatment 

The objective of closed management is not absolute 
anatomie réduction of ail fracture fragments, but the basic 
restoration of the knee joint axis to a normal relationship 
with the axis of the hip and ankle. Closed fracture 
management using a cast brace technique dépends on 
early fracture réduction before deformities develop, as 
well as the use of knee motion, which will assist in the 
alignment of the axes of the hip and knee. In stable, 
undisplaced fractures, immédiate mobilization of the 
patient in a hinged knee brace, with restricted weight 
bearing, can be undertaken. Careful X-ray follow up is 
needed to ensure maintenance of position. In displaced. 
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unstable fractures, nonoperative treatment entails a 6 to 
12-week period of skeletal traction followed by bracing. 
A traction pin is placed in the proximal tibia, and the 
limb is supported on a Thomas splint with a Pearson knee 
attachment or on a Bohler Braun frame. 

Nonoperative treatment is associated with compli¬ 
cations of nonunions, malunion, joint incongruity of these 
fractures are treated surgically. 

Indications for Surgery 

A. Absolute Indications 
Associated vascular injury 
Open fractures 

Displaced intra-articular fractures 
Ipsilateral lower extremity fractures 
Multiply injured patient (ISS>=20) 

Irreducible fractures 

B. Relative Indications 

Isolated extra-articular fracture 
Severe osteoporosis 

Surgical Principles 

The principles of operative management of distal fémoral 
fractures are anatomie réduction of the articular 
component and indirect reduction/biological fixation of 
the reconstructed articular component to the metaphysis. 
An anatomie réduction of the articular component of the 
fracture continues to be the first step in the reconstruction 
of any articular fracture. However, once the epiphysis of 
a C type fracture is reconstructed or if one is dealing with 
a Type A fracture, instead of the direct handling of the 
metaphyseal fragments, indirect réduction is preferred. 

A three important advances in the management of 
distal fracture of the fémur in terms of surgical technique 
are 

1. MIPO—minimally invasive percutaneous plate 
osteosynthesis. Minimally invasive approaches 
caused less iatrogénie damage to the blood supply and 
led to increased restitution with very good results. 

2. TARPO approach (Transarticular Rétrogradé Plate 
Osteosynthesis) With this approach, the entire distal 
articular surface is exposed, fragments are reduced 
and articular surface is reconstructed. 

3. Locking compression plates: These internai fixators 
hâve revolutionised the treatment of distal fémur 
fractures. These when indicated are the treatment of 
choice, especially in severely comminuted and 
osteoporotic fractures. 

Surgical Approaches 

The "rediscovered" relevance of iatrogénie soft-tissue 
trauma and the influence of blood supply to the fragments 
led to new concepts in terms of surgical techniques: 


1. MIPO—minimally invasive percutaneous plate 
osteosynthesis. 

2. TARPO—transarticular joint reconstruction and 

3. Indirect plate osteosynthesis and finally new 
extramedullary implants. 

Minimally invasive approaches caused less iatrogénie 
damage to the blood supply and led to increased 
restitution. 30 

A. Latéral Approach 

A fracture table (and traction) should not be used, 
because the resulting muscle tension will make exposure 
and réduction more difficult. 

The classic approach is a latéral approach that 
involves incising the facial lata and iliotibial tract, 
reflection off the vastus lateralis of the intermuscular 
septum and then a latéral arthrotomy. 14 Most of the 
supracondylar fractures, with the exception of fractures 
limited to the médial condyle can be managed with this 
approach. Patient is positioned supine, with ipsilateral 
hip elevated to allow slight internai rotation of the leg, 
leg draped free and iliac crest left exposed for bone graft 
on a radiolucent operating table. Fracture table and 
traction should not be used. Approach can be extended 
by using a tibial tubercle osteotomy 15,16 or with a Z- 
shaped tenotomy of the patellar tendon. 

B. Antérolatéral Approach 

The antérolatéral approach is a vastus intermedius 
muscle splitting approach that offers the advantage 
of better exposure of the articular surface of both 
condyles without the need for an osteotomy of the 
tibial tubercle. 17 The disadvantage of this approach is 
the loss of knee flexion because of the adhérence of 
the vastus intermedius to the fémur. 

C. Médial Approach 

The médial approach is used for ORIF of the médial 
condylar fractures and in severely communited Type 
C 3 fractures when a second médial plate is required. 
Vastus medialis is carefully elevated from the 
adductor magnus, incising the médial parapatellar 
retinaculum and doing a médial arthrotomy. 

D. Minimally Invasive Latéral Approach 

A 3-cm incision is made over the latéral fémoral 
condyle, directly over the point of entry of the 
condylar screw. After fixation of the condyles and 
insertion of the condylar screw, the plate is passed 
through the incision proximally, beneath the vastus 
lateralis. 

E. Transarticular Rétrogradé Plate Osteosynthesis (TARPO) 
The approach is an excellent approach. Antérolatéral 
incision is taken from the proximal end of the patella, 
distally corne to the tibial tuberosity. It may be 
extended proximally if needed. The incision is 
deepened to expose the distal articular surface. The 
patella is dislocated medially. The entire articular 
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Implants 

Indications 

Advantages 

Disadvantages 

Screw Fixation 

• 

Type-Bj, B 2/ 

• 

Simple technique 

• 

Not applicable to 



B 3 in young patient 


with minimal soft 


other type of 



with good bone stock 


tissue injury. 


fracture patterns 


• 

Intercondylar fixation in 
type-C fractures 





95° Blade 

• 

Type-A X/ A 2 , A 3 , 

• 

Excellent fixation device 

• 

Accurate placement 

Plate 


Ci and C 2 with distal 

• 

Allows good rotational. 


of the plate required 



segment more than 3 cm 


frontal and sagittal plane 


in ail three planes 



from articular margin. 


control of distal fragment 

• 

Poor choice for communition 




• 

extending into the shaft 

Séparation of condyles while 
hammering 





Dynamic Condylar 

• 

Type-Aj, A 2 , A 3 , 

• 

Technically easier 

• 

Lack of rotational control 

Screw 


C 1 and C 2 with distal 

• 

Lag screw is a cannulated 


of distal fragment 



segment more than 5 cm 


guided System 

• 

More bone removed to 



from the articular margin. 

• 

Intercondylar 


accommodate screw 





compression obtained 


and barrel 

Condylar Buttress 

• 

Type A lr A 2/ A 3 , C x , 

• 

Allows placement 

• 

Not strong as CBP 

Plate 


C 2 and C 3 fractures 


of multiple 


and DCS 





cancellous screws 

• 

Valgus and varus in stability 





across the metaphysis 


because the screws 




• 

Useful in multiple sagittal 
splits of the condyle 


toggle in the holes 

Locking Condylar 

• 

Type A lr A 2/ A 3/ C : , 

• 

Good angular stability 

• 

Technically demanding 

Plate 


C 2 and C 3 fractures 

• 

Effective in osteoporosis and 
communited fractures 

• 

Higher cost 

LISS 

• 

Type A lr A 2/ A 3 , C lf 

• 

Less periosteal stripping 

• 

Technically demanding 



C 2 and C 3 fractures 

• 

Préservation of vascularity 

• 

Higher cost 





• 

Sharp learning curve 

Antigrade Nailing 

• 

Type-A fractures 

• 

Load sharing device 

• 

Only spécifie fractures 



proximal enough allowing 

• 

Less soft tissue disruption 

• 

Angular deformities more 



two distal locks 

• 

Minimally invasive 


common 




• 

Decreased blood loss and 

• 

Poor hold in distal fragment 

Rétrogradé Nailing 

• 

Ail type A fractures. 

• 

Firm distal fixation 

• 

Articular cartilage damage 



type Ci and C 2 fractures 

• 

Less angular deformities 


of knee 




because of central location 

• 

Septicarthritis 




• 

Reamed material as bone graft 

• 

Bone débris in the joint 






• 

Knee pain 

External Fixator 

• 

Type III B and IIIC open 

• 

Supplément to other fixations 

• 

Stress raise at the nail tip 



fractures 



• 

Mostly Transarticular 


surface can be visualised and joint surface is 
reconstructed manually. K-wires are inserted to 
stabilize the fracture. The lag screws maybe used 
through the required surface and countersunk or 
headless screws may be used. 29 

Devices Used 

1. Screws 

Screws are more often used in addition to other 
fixation devices. Position of the screws should be 
planned so as not to interfère with the placement of 
blade plate, condylar screw or intramedullary nail. 
Usually screws are placed in a convergent manner 
(latéral to médial) to prevent pénétration of the 


patellofemoral joint and intercondylar notch. Large 
fragment cancellous screws using AO principle of 
interfragmentary compression is used. 

A buttress screw. This is a screw, with a washer is 
placed in the intact proximal fragment at the apex of 
the fracture with the washer overlying the proximal 
tip of the fractured fragment. This screws prevents 
proximal migration of the fractured fragment (Figs 2 
A to C). 

2. Condylar Blade Plate 

First the condyles are reduced, held and fixed with 
two 6.5 mm cancellous lag screws. Blade plate is 
properly seated with the 3 K-wire method (first K- 
wire transversely through the knee joint parallel to 
the surface if the tibial condyles; 
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Figs 2 A to C: (A) Fracture latéral condyle (B-,). Buttress screw at the tip of the distal fragment prevents proximal migration. (B) 
Latéral unicondylar fracture. Two lag screws are inserted. To prevent proximal migration gliding buttress plate may be inserted. 
(C) Hoffa's fracture—Two lag screws are inserted preferably anteroposterior direction. May be inserted posterior-anterior 



second K-wire transversely through the center of the 
patellofemoral joint and the 14 third K-wire 1 cm above 
the articular surface of the latéral fémoral condyle parallel 
to the first and the second K-wire). The chisel is advanced 
into the condyles in 1cm incréments and backed out 
slightly each time to prevent incarcération. The proper 
length of the blade can be measured by drilling a hole 
adjacent to the blade and measuring its depth. Once the 
blade is seated one or two 6.5 cancellous screws can be 
applied through the distal holes of the plate across the 
fémoral condyles for additional stability. Then secure the 
proximal plate to the fémoral shaft with 4.5 mm cortical 
screws. Varus or valgus deformity will resuit if the blade 
is not parallel to the knee joint. A posterior blade entry 
will resuit in medialization of the distal fragment. A 
malrotation of the plate will resuit in a flexion or extension 
deformity (Figs 3 to 5). 

Disadvantages of Conventional Plating 

The biggest disadvantage is the inability of these implants 
to prevent postoperative varus deformation due to screw 
loosening, especially in the distal articular block. This may- 
be most significant in open fractures, patients with 
osteopenia, and fractures with associated bone loss. 

Fixed Angle Device 

Fixed angled latéral implants include the 95° angled blade 
plate, the 95° condylar screw, and the latéral fixed-angled 
screw-plate devices. Ail of these implants hâve the 
advantage of minizing varus deformation by eliminating 
screw toggling in the distal metaphyseal bone. 


3. Dynamic Condylar Screw 

As the plate and screws are separate pièces, 
adjustments can be made in the flexion extension 
plane even after introducing the condylar screw. The 
K-wire is introduced under image control parallel to 
the distal articular surface in the frontal plane. Set the 
DCS reamer at 10 mm less than the measured length 
of the guide wire and ream the condyles. If hard 
cancellous bone is présent, tap the entire length of 
the hole. In ostéopénie bone, tapping is not done but 




Fig. 3: Placement of blade plate/condylar screw and the 
placement of 6.5 mm cancellous screws 





































Fractures of the Distal Fémur 2101 



Figs 4 A to D: (A) anteroposterior and latéral radiograph of the same patient, (B) postoperative radiograph—a lag screw 
inserted in the anteroposterior plane to achieve interfragmentary compression, (C) follow-up radiograph of the same patient 
after 20, 55 and 120 weeks, and (D) follow-up radiograph after 240 weeks 


the screw is advanced an additional 5 mm for better 
purchase. If bony purchase is still insufficient, remove 
the screw, insert methyl méthacrylate into the screw 
hole and insert the screw so that the thread engages 
only the cernent. Atleast one 6.5 mm cancellous screw 
should be inserted through the distal hole into the 
condylar fragment to achieve rotational stability of 
the distal fragment. Now, secure plate to the fémoral 
shaft with 4.5 mm cortical screws 18 (Fig. 6). 

4. Condylar Buttress Plate 

This device is specifically designed to lie along the 
distal latéral aspect of the fémur. Because of the 
particular design, having a larger flange distally 
posteriorly, this device is side spécifie. The latéral flare 
of the condylar buttress plate should lie directly over 
the flare of the latéral condyle. If the plate is placed 


proximal or distal to the flare, it may lead to varus or 
valgus malalignment. 19 Might require a médial plate 
or external fixator if the médial column is not well 
recons tructed. 

Patient should be reliable and should be nonweight 
bearing till fracture union. 

Screws may toggle within the nonlocking condylar 
buttress plate holes, and therefore, these plates hâve no 
inhérent varus or valgus stability. With the introduction 
of the fixed-angle screw locking plates, the traditional 
perpendicular condylar buttress plate has become 
obsolète and is of historical interest only 29 (Fig. 7). 

5. Locking Plates 

a. Open: late is applied to the latéral surface of the 
distal fémur and is provisionally fixed with K 
wires and the réduction confirmed. The first screw 









2102 Textbook of Orthopedics and Trauma (Volume 3) 




Figs 5 A to D: (A) Anteroposterior 
and latéral radiographs of the same 
patient, (B) surgical steps executed 
as per preoperative planning. 
Articulated tension device shown 
in its compression mode has been 
initially used as a distraction aid. 
The device was removed after the 
insertion of interfragmentary screw, 

(C) anteroposterior and latéral 
radiographs taken postoperatively 
and after 12 weeks duration, and 

(D) follow-up after 140 weeks 
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Figs 7 A and B: (1) C 3 type of fracture stabilized with a 16 hole condylar buttress plate. (B) The plate bridges the fracture 
zone where additionally cancellous grafts are packed to add to the ostéogénie potential. A condylar buttress plate is an idéal 
implant for stabilizing C 3 type of distal fémoral fracture 


to be placed is the primary distal locking screw 
which should be oriented as parallel to the knee 
joint in the frontal projection and parallel to the 
patellar joint on the 16 axial projection. Unlike 
conventional screws locking screws will not 
appose the plate to the bone but will rather fix the 
plate in whatever relationship it is held at the time 
of screw insertion. Once the distal fixation is 
complété, 4 to 5 hole proximal hole fixation is done 
on the metaphyseal fragment with locking screws 
and regular screws or in a combination of these. 20 
b. Less invasive stabilization System (LISS): The concept 
of LISS based on anatomically shaped buttress 
plates anchored with self-drilling, self-tapping, 
monocortical screws. The screws are connected 
with the plate by a thread on the outer edge of the 
screw head and on the inner edge of the plate hole. 
The angular stability between the screws and the 
plate no longer requires any compression between 
the plate and the bone to ensure secure anchoring. 
The LISS is inserted between the iliotibial tract and 
the periosteum by means of the insertion guide. 
Distally, the LISS should end 1.5 cm proximal of 
the articular line. LISS can be provisionally fixed 
to the condylar block with Kirschner's wires and 
their proximal and distal position verified 
fluoroscopically in two planes. Finally, at least four 
screws are positioned in each main fragment 21 " 23 
(Figs 8 to 12). 

Locking plate: Provide angular stability to the construct 
that conventional screws do not. For the distal fémur, 
angular stability of the distal screws will help to prevent 
varus collapse. The locking screw may provide stronger 



Fig. 8: LISS outrigger. The plate is inserted through a 3 cm 
incision in the submuscular tunnel 




Fig. 9: Locking plate distal fémoral acting as a splint. Note the 
fracture zone is untouched, use of long plate with few screws 
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Fig. 10: Locking plate with spécial sleeves to insert screw 




Figs 11A to E: (A to C) A 45-year-old man had A 3 supracondylar 
fracture, was treated with a condylar buttress plate. Note this is neither 
conforming to splinting nor compression System of fracture fixation. 
The plate should hâve been longer to make it flexible (D and E). This 
was revised with a lag screw and a locking plate. The fracture united 
in 4 months with full function of the knee joint. The failure here was 
due to combining 2 Systems of fracture fixation, compression and 
splinting 
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Figs 12A to F: (A) A 65-year-old man with C 3 type of distal fémur fracture. Note that the proximal fragment had migrated into 
the knee joint, (B and C) Intraoperatively, a big defect was found in the metaphyseal area of the fémur anteriorly and posteriorly. 
(D to F) A decision of using the patella as a graft was made, soft tissue was excised of the patella. Patella was fixed to the 
distal fémur using K-wires. (Figs 12D to F for color version see Plate 41) 
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Figs 12 G to N: (G and H) Distal fémoral locking plate used as 
mode of fixation. Using a block, the plate was inserted into the 
submuscular tunnel.Note that the vastus lateralis and soft tissue 
over the fracture is untouched preserving the vascularity of the 
fragment. (I and J). Good union occurred in 6 months time.(K to 
N) Note the full postoperative range of motion at the knee joint 
(Figs 12G and H for color version see Plate 41) 
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fixation of the plate in the proximal fragment by 
eliminating any potential for toggle and sequential screw 
loosening. This could hâve particular advantage in 
osteoporotic bone. 

Plates with locing screws function as internai fixators 
and hâve a possible biological advantage over 
conventional plates. The plate is not compressed against 
a cortex and therefore periosteal blood supply may be 
preserved.These types of devices cannot be used to aid 
the réduction. 

Another disadvantage of locking plate fixation is that 
the surgeon has no tactile feedback as to the quality of 
the bone when tightening the screws. The screws stop 
abruptly when the threads are completely seated into the 
plate regardless of the bone quality. 

Devices that combine locing screw technology with 
conventional screw capacity allow the surgeon to utilize 
the mechanical advantages of both Systems. 

6. Less Invasive Surgical Stabilization (LISS) 

The Less Invasive Surgical Stabilization (LISS) was 
developed to provide an implant that combines 
biologically friendly minimally invasive submuscular 
plate placement with screws that lock into the plate 
to create a fixed—angle construct. 

A biomechanical study has indicated that the LISS 
System has enhanced ability to withstand high loads 
when compared to conventional plating Systems in 
distal fémoral fracture models. 

In general a longer plate is preferred than would 
be selected for traditional plating. The plates are 
automatically contoured and side spécifie. 

7. Intramedullary Nails 
a. Antigrade Nails: 

Antegrade Locked Intramedullary Nails 
Supracondylar fractures with the fracture proximal 
enough to allow the placement of two distal locking 
screws in the distal fragment can be managed by 
antegrade locked intramedullary nailing. 

The nailing is préférable done in supine position on a 
fracture table because latéral position can prédisposé 
varus and valgus prealignment. 24 

Flexion and extension at the fracture site is controlled 
by adjusting the knee flexion and réduction of the fracture 
is achieved by careful placement of the traction pin. 
Undisplaced and simple sagittal split type C fractures 
are held by percutaneously placed clamps or inter- 
fragmentary screws which doesn't interfère with the 
placement of the nail. A reamed nail has a much lesser 
chance of displacing the fractures than an undreamed 
nail. 

Rétrogradé Nails: The patient is positioned on a radiolucent 
table, provisional articular reconstruction and 


stabilization is done without interfering with the 
proposed path of the intramedullary nail. For 
undisplaced fractures the entry to the joint can be made 
percutaneously with a small midline longitudinal 
incision. If in more complex intra-articular fractures a 
midline incisions, and a standard para-patellar médial 
arthrotomy approach is used. The entry point of the nail 
is just anterior to the fémoral insertion of the posterior 
cruciate ligament in the intercondylar area. The tip of the 
nail must be counter sunk to avoid patellar impin- 
gement 25 " 27 (Figs 13 to 16). 



Fig.13: Entry point for rétrogradé at the notch 
of the distal fémur 



Fig. 14: Rétrogradé nailing—Locking screws are inserted 
percutaneously through the zig 
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Figs 15A to C: A 50-year-old man with A 3 supracondylar fracture 
Treated with rétrogradé nailing. Good union in 5 months time 



1 


Figs16A and B: Another example of A 3 fracture of distal 
fémur treated with a rétrogradé nail 



Rétrogradé Locked Intramedullary Nails 

Rétrogradé nailing has the advantage of conferring distal 
fixation and allowing intramedullary fixation in patients 
with proximal fémoral deformity or instrumentation. 

The disadvantages are the further insult to the knee 
joint and the potential of knee sepsis if the nailing is 
complicated by infection, and stiffness of the knee (Figs 13 
to 16). 

8. Externalfixation 

Comminuted fractures of the distal fémur can be open, 
or associated to soft tissue damage or major trauma 
to other parts of the body. Closed réduction and 


external fixation import minimum surgical trauma 
and allow early mobilization of the knee joint. 28 
Increasingly complex and sophisticated external 
fixation Systems hâve been developed; such Systems 
can stimulate callous formation thanks to their 
intrinsic mechanics. Indeed, healing of the fracture 
site is ensured by the fixation system's capability to 
reduce and stabilize, at the same time, the fracture 
stumps while elasticity is preserved by means of 
rhythmic axial micromovements by which periosteal 
callogenesis is actively stimulated (Fig. 17). 



Fig. 17: Spanning external fixator by passing the knee 
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INDIVIDUAL FRACTURES 

Réduction of the Articular Segment to the Shaft 

The entire articular block can then be reduced to the 
fémoral shaft, spanning any areas of metaphyseal 
comminution. If the metaphyseal fracture component is 
simple, then a direct, open, latéral réduction can be used. 
No attempt should be made to reduce the médial 
metaphyseal components of the fracture. I) Simple 
metaphyseal fragments should be compressed, by lag 
screws or compression device. II) Communited fracture 
bone is untouched and bypassed by plate (biological 
fixation) plate is passed in the submuscular tunnel. 
Similarly, if multiple intercalary fracture fragments exist, 
the temptation to directly reduce and stabilize these 
components should be avoided. The distal, fémoral, 
articular segment is usually posteriorly angulated in an 
extended position relative to the shaft due to the 
attachment of the gastrocnemius. With increasing 
longitudinal traction applied to the limb, this deformity 
frequently increase. Therefore, fracture table should not 
be used for supracondylar fractures. A bump placed at 
the distal fémur will allow flexion of the fracture, 
reducing the angular extension deformity. If some 
deformity persists, joysticks placed from anterior to 
posterior in the distal segment can be used to restore the 
proper flexion. The coronal plane alignment can usually 
be corrected with manual angulation of the extremity. 

Minimally Invasive Réduction Techniques 17 

An accurate articular réduction through an open 
approach is necessary prior to stabilization of the distal 
articular block to the shaft. Minimally invasive techniques 
are useful primarily for réduction of the articular block 
to the fémoral shaft. Virtually ail implants can be fixed to 
the fémoral shaft using minimally invasive techniques. 
Proper length translation, and alignment should be 
accurately restored. Length is best accomplished with 
either manual traction or a fémoral distractor placed 
anteriorly from the fémoral diaphysis to the proximal 
tibia. Translational and angulatory deformities are best 
corrected manually with joysticks, mallets, pushers, or 
bumps. 

Type A Fracture (Extra-articular) 

The principles for treatment of these extra-articular 
fractures are to restore length, alignment, and rotation to 
the fémur. A a - open direct réduction can be considered 
in type A 1 fracture patterns, followed by absolutely stable 
internai fixation with interfragmentary lag screws and a 
neutralization plate. Either a 95° blade plate or a DCS 
would be appropriate as a neutralization plate. 


A 2 , A 3 Splinting System is idéal. Antigrade or rétrogradé 
nail may be used if two locking bolts can be inserted in 
the nail. 

Type B Fracture (Unicondylar) 

Type B fracture are treated by two interfragmentary 
compression screws inserted perpendicular to the 
fracture plane. A plate should be used for médial or 
(Hoffa's fractures) latéral condylar fractures. Coronal 
fractures of the distal fémoral articular surface for two 
screws are inserted form anterior to posterior or posterior 
to anterior. 

They Should be Countersunk 

Type C fracture (complété articular): The type C 3 fracture 
patterns is not only the most complex distal fémur 
fracture; it is the most common. 

The surgical approach must provide exposure of joint 
surface so ail articular fragments can be reduced and 
fixed. Transarticular rétrogradé plate osteosynthesis 
(TARPO) is an idéal approach. 

The first step is anatomie reconstruction of the 
articular surface lag screws. The second step is equally 
important and involves réduction and fixation of the 
extra-articular component of the fracture, to shaft of 
fémur, bypassing the fracture zone. 

The type C 3 fracture patterns is not only the most 
complex distal fémur fracture; it is the most common. 

The surgical approach must provide exposure of joint 
surface so ail articular fragments can be reduced and 
fixed. 

Avoid Narrowing the Joint Surface 

A second médial buttress plate was applied through a 
separate media; exposure (dual plating in those situations 
locking plate had been a major advance for these C 3 
fracture. Either the LISS or a locking condylar buttress 
plate should be used and the standard periarticular 
condylar buttress plate is no longer recommended. 

INDIVIDUAL FRACTURES 

In complété articular fractures (type C), the initial 
anatomie articular reconstruction usually dépends upon 
screws either outside or through the buttress plate. In 
patients with communication of the intercondylar région, 
noncompressing position screws may be required to 
avoid narrowing of the distal fémur. 

Postoperative Réhabilitation 

Immédiate mobilization of the involved knee and a 
continuous passive motion machine is begun 
postoperatively. Toe-touch weight bearing is performed 
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for 8 to 12 weeks. Progressive weight bearing is started 
when significant callous formation in the supracondylar 
région is seen. In cases of extreme osteoporosis and/or 
poor fixation of the distal fémoral segment, additional 
support provided by an unlocked hinged knee brace may 
be helpful. 

Complications 

1. Early Complications 

a. Vascular complications 

b. Infection 

c. Failure of réduction 

d. Early failure of fixation 

2. Late Complications 

a. Late infection 

b. Non union 

c. Malunion 

d. Painful internai fixation 

e. Knee stiffness 

f. Post-traumatic osteoarthrosis 

Future Directions 

The minimally invasive techniques for fracture treatment 
ail continue to e volve. Current methods need refining, 
particularly in the areas of implant and instrument 
design, the closed réduction of fractures, and the 
détermination of limb alignment. By avoiding direct 
exposure of the fracture site, minimally invasive 
techniques appear to provide for improved fracture 
healing and a decreased incidence of complications. But 
this limited access to the fracture site has disadvantages 
as well. Compared with the traditional open réduction 
techniques, the assessment of frontal and sagittal plane 
axial alignment, length, and rotation can be difficult. As 
a resuit, intraoperative fluoroscopie times are usually 
higher compared to open procedures. In the future, more 
précisé and objective data will be available, including the 
use of computer assisted surgical techniques (CAS) and/ 
or intraoperative 3D imaging. 
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Mechanism: Injuries 
and Treatments 
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The patella, the largest sesamoid bone in the human body 
occupies the quadriceps tendon. It serves as insertion site 
of quadriceps complex, whereas the central and main 
portion of the tendon of insertion of quadriceps muscle 
extends from the apex of the patella to give origin to the 
patellar tendon (patellar ligament) to get inserted on to 
the tibial tubercle. The patellar retinaculum derived from 
aponeurotic expansion of vastus tendon and connective 
tissue fibers running from the sides of the patella, inserts 
on to the front and sides of tibial condyle. 29 Patellar latéral 
and médial retinaculum are dense ligamentous 
condensation of capsular tissue on either side of patella. 
They maintain patello-femoral tracking, stability and 
balance each other. 

The patella increases the mechanical advantages of 
quadriceps muscles across the knee. The undersurface 
of upper three-fourth of patella is covered by hyaline 
cartilage, its thickness may be greater than 1 cm that is 
thickest in the body. 

It is established in the trochler shape of distal fémur 
as it tracks through a range of motion. In 20° knee flexion, 
inferior pôle contacts smaller area of fémoral groove. With 
further flexion contact area moves superiorly and 
increases in size. Médial facet cornes in contact with 
fémoral groove with flexion of 90 to 100°. The patella is 
under significant biomechanical compressive load during 
activity-in 60° flexion, the forces are three times the body 
weight; whereas in full flexion the forces are over seven 
times the body weight. 

Development of Patella 

The patella develops as an "Anlage" in 9th embryonic 
week. Initially it is placed deep to the quadriceps tendon 
and is not embedded in the tendon. At birth, the shape 


of the patella is well defined in cartilage form. During 
3 to 6 years of development, ossification of the cartilage 
anlage begins. Often there are more than one central 
ossicle, may be as many as six irregular centers. Gradually 
the ossicles coalesce. Ossification proceeds peripherally 
until ail but the articular surface is replaced by bone. 
Before completion of ossification, the edges of the 
enlarging ossification nucléus appear irregular on 
radiograph. By beginning of second decade of life, the 
ossification is complété. 

Patellar Anomaly 

Patellar anomally is usually uncommon but following 
variations could be seen: 

1. Congénital absence 

2. Congénital hypoplasia 

3. Either isolated anomalies or part of hereditary nail- 
patella syndrome (onychoosteodysplasia) 

4. Unossified patella-bipartite or multipartite. Adoles¬ 
cent bipartite patella has an incidence of 0.2 to 6%. It 
is présent more in males than females and is usually 
bilateral but unilatéral is not rare. 

5. Partition of patella into almost equal anterior and 
posterior portions often in multiple epiphyseal 
dysplasia. 

6. A vertical ridge divides the articular surface into 
médial and larger latéral facet. A second vertical ridge 
near the médial border defines another facet as a small 
strip known as odd facet. Two transverse ridges 
produce superior, intermediate, and inferior facet. 8,28 
There may be anatomical variations as under: 

Type I—equal médial and latéral facet 

Type II and III—smaller médial facet 34 
Jagerhut patella—absence of médial facet 2 
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7. The patella may be located aberrantly and the 
following nomenclatures should be acquainted with: 
Patella Alta—High riding position of the patella 
Patella baja (patella inféra)- Low-riding position of 
patella 

Vascular Anatomy 

Pattern of blood supply is similar in children as adults. 
There is an anastomotic circle surrounding the patella 
constituted by superior and inferior geniculate vessels; 
médial, latéral superior and latéral inferior geniculate 
vessels; and an inferior récurrent tibial vessel. From the 
anastomotic ring, branches converge centripetally 
towards anterior surface of patella and enter through a 
foramina in the middle 3rd of the surface. Additional 
blood supply enters the distal pôle behind the patellar 
ligament. Thus, entire blood supply cornes from anterior 
surface or distal pôle with essentially no pénétration of 
vessels from médial, proximal or latéral margins-hence, 
marginal fractures of the patella rarely unité (Scapinelli- 
1967). 1,12,30 

Injury to the Extensor Mechanism 

• Injury to the quadriceps tendon 

• Fracture of the patella 

• Injury to the patellar ligament 

It should always be assumed that there is variable 
injuries to the extensor expansion, tear of the capsule of 
the knee, tear of the synovial lining of the capsule, and 
collection of intraarticular and Subcutaneous hematoma. 

The Injured Patella Classification 

Based on Displacement 

Undisplaced 

• Any fracture with < 3 mm displacement 

• No step-off 

• Active knee extension possible 
Displaced 

• >3 mm displacement of fragments 

• Step-off of 2 mm or more involving articular surface 

• Active extension frequently absent in displaced 
fracture in longitudinal axis 

• Displaced transverse fractures 52% are non- 
comminuted 21,6,7,8,31 

Based on Fracture Pattern 

• Simple 


• Comminuted (stellate)—30 to 35%. Stellate fractures 
are caused by high energy direct blow to the patella 
and has intact soft tissue envelope. 17,5 

• Transverse (polar-lower or upper pôle/mid patella)- 
50 to 80%. 17,26 

• Vertical (D/D cong bipartite patella)-12 to 17%, by a 
direct blow to a partially flexed knee and usually 
undisplaced. 17,5 

AO Classification—Patella is Grouped in région 9 along 
with Mandible, Clavicle and Scapula 

9.1.1. (no subtypes and subgroups) 

Avulsion distal pôle, simple transverse, complex. 

The Injured Patella Associated Injuries 

Simultaneous injuries at distant places like fracture of 
proximal fémur, fracture of acetabulum, fracture/ 
dislocation of hip joint should be excluded, whereas the 
knee should be examined locally to evaluate injuries to 
stabilizing ligaments of the knee. 

Mode of Injuries 

Direct or indirect forces resuit into patella 

fractures 3,4,9,10,22,25,26,33 

Direct 

• Low velocity—fall on to the knee 

• High velocity—dash board injury. 

Indirect 

Forceful flexion of the knee takes place during a fall, 
classical example being-slip over banana peel. The patella 
breaks over the fémoral condyle of the bent knee during 
forceful flexion of the quadriceps to avoid a sudden fall 
and results in a transverse fracture with some inferior 
pôle comminution. 15 

Combined direct and indirect injuries can resuit into 
large fragment displacement. 

Iatrogénie 

• During mobilization under anesthésia for stiff knee. 

Fractures of the Patella in Children 

They are much less common than in adults. The low 
incidence is because: 

1. The osseous portion of the patella is less subject to 
both impact and tensile forces than adults. 
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2. The patella is surrounded by a thick layer of cartilage, 
which acts as cushion against direct blow. 

3. Relative magnitude of forces generated in the extensor 
mechanism is less because of smaller muscle mass and 
shorter moment arm. 

4. The patella has greater mobility in coronal plane. 
The patella in children are more vulnérable to 

osteochondral fracture or avulsion of the médial margin 
associated with latéral patellar dislocation. This is difficult 
to diagnose because small ossified portion only is visible 
on X-ray and not the larger cartilage portion. 

Classification of Avulsion Fractures in Children 

According to Location 

i. Superior avulsion-superior pole-least common 
pattern. 

ii. Inferior avulsion-lower pole-caused by an acute 
injury D/D Sinding-Larsen Johansson lésion 
(Incomplète avulsion caused by répétitive cyclic 
stress). 

iii. Médial avulsion involves most of the médial margin- 
accompanies acute latéral dislocation. 

iv. Latéral avulsion fracture involves superolateral 
margin and usually described as bipartite patella/ 
dorsal defect. 

v. Sleeve fracture-8-12 years-avulsion of a small bony 
fragment from the distal pôle among with a sleeve 
of articular cartilage, periosteum and retinaculum 
pulled off the remaining main body-not appreciated 
on initial X-ray-results in enlargement of patella if 
not fixed. 

Mechanism of Injury in Children 

It is similar to adults. Direct blow is most common 
resulting in linear or comminuted fractures. There could 
be a sudden contraction of extensor mechanism either 
isolated or combined with direct blow. Tensile loading 
as in jumping, etc. produces avulsion of the distal. 
Predisposing factor to avulsion fracture could be a pre- 
existing abnormalities in the extensor mechanism like 
scarring of quadriceps mechanism with stiffness. 

In cérébral palsy the distal pôle of the patella can be 
fragmented (Rosenthal and Levine-1977). These 
fragmentations represented stress fractures caused by 
excessive tension in flexed-knee gait. 

Clinical Features 

Pain and swelling of the knee is always présent. Any 
contusions, abrasions should be examined for 
communication with the knee joint. A simple saline load 
test will exclude the diagnosis of an open injury. An 


injection of more than 50 ml of saline into the swelling 
with leakage from the wound is diagnostic of an open 
injury. 

In fresh injury, a subcutaneous bump hematoma is 
visible. Gap at fracture site could be palpated. The patellar 
surface is somewhat broadened. In late présentation, large 
hemarthrosis develops with fat globules contained in it. 
Patient is unable to achieve active extension invariably. 
In closed injuries, intraarticular injection of local 
anesthetic after aspiration of hemarthrosis may facilitate 
active knee extension suggesting an intact extensor 
mechanism even in presence of a fracture. Tear in both 
médial and latéral retinaculum will not allow active 
extension of knee in presence of a fracture patella. 8,31 

The knee should be examined for active extension 
after aspiration and instillation of local anesthetic in 
doubtful cases as loss of active extension forms an 
indication for surgery. Careful stress test for stability of 
knee should be a must so that the diagnosis of 
ligamentous injuries of the knee is not missed out. Hip 
examination should also be performed to rule out 
fracture/dislocation in this région. 

Radiological Examination 

The knee should not be passively moved until complété 
studies are performed to avoid any further damage to 
the retinacula or further displacement of the fracture. The 
unaffected knee may sometimes need radiological 
évaluation for comparison. 

AP and horizontal beam latéral views helps in 
visualizing proximal migration of the fracture, though 
the AP view is difficult to evaluate because of super 
imposition of the distal fémoral condyle. Fluid level 
between the blood and fat may be seen in latéral view 
indicating an intraarticular fracture. 

"Skyline" view (axial or sunrise view) détermines an 
intraarticular step-off and may also display a vertical 
fracture line apart from diagnosing osteochondral 
defects. 16,18,24,34 This view (Méchant technique view) is 
obtained on a supine patient with knee flexed to 45° and 
the X-ray beam is angled 30° from the horizontal. The 
cassette is placed perpendicular to the X-ray beam. 23 

Radiographs of hip, fémur and tibia should be 
obtained to rule out associated bony injuries/dislocations 
at distant sites. CT, MRI, arthrography and tomogram 
are not really helpful in évaluation of patella fracture. 

Treatment 

Surgical History 

1877—Sir Hector Cameron performed first open 
réduction of patella fracture using silver thread through 
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drill holes in the patella. 11 1883—Lister presented 7 cases 
of patella wiring. 20,32 

Non-SurgicaI 

Ail cases with active knee extension i.e. undisplaced, 
transverse or comminuted fractures/minimally displaced 
fractures are supposed to hâve intact extensor 
expansion 26,10,13,19 or minimally injured and these should 
be treated non-surgically. Non-operative treatment of 
displaced fractures may be indicated in certain cases in 
which the surgical risks outweigh the benefits. 27 Certain 
minimally symptomatic non-union can be managed 
conservatively knowing fully that the fracture would not 
unité. 

Modality of Non-Surgical Treatment 

Plaster cylinder immobilization in extension for 6 weeks 
is an idéal conventional treatment 31,14,29 but either a knee 
immobilizer or adhesive strapping can be a functional 
substitute giving better mobility and freedom to the 
patient. Vertical fractures should not be immobilized for 
more than four weeks. For initial three weeks, patient 
should be allowed to walk with partial weight bearing 
only. 13,5,8 Though questionable, bending the knee can be 
permitted but weekly X-ray should be done to evaluate 
displacement. Usually at six weeks, patients should be 
permitted active range of motion at the knee. Quadriceps 
exercises and straight-leg raising should be allowed 
within few days. 8,14 

Sometimes patients présent late without receiving any 
treatment in above situations and are found to be having 
fully functional extensor mechanism. This raises an 
important issue of not treating these fractures from the 
beginning and just keep a watch at regular foliow up. 

Surgical Treatment 

Open Réduction and Fixation 

Older conventional contraindications for open réduction 
and fixation hâve been, comminuted fractures, transverse 
fractures in elderly with pre-existing OA changes, 
abnormal patella (Paget's disease and marked 
chondromalacia) and old standing fractures with marked 
séparation of fragments with long fibrous union. Advent 
and popularity of total knee replacement hâve changed 
this concept altogether. 

Pre-operative 

Don't operate on hot knee has been an old dictum. But 
now surgery is advocated as soon after the injury as 


possible. Any skin abrasion and local skin infection 
should be respected. Patient should be taught pre- 
operative quadriceps contraction exercises to avoid 
stiffness during immobilization due to extra/intra 
articular adhesions formation. 

Application of tourniquet is controversial since it 
squeezes the quadriceps proximally and might produce 
error of judgement while repairing the injured structures. 
Whenever tourniquet is used it should be placed high 
upon the thigh. 

Incision 

Conventionally, a transverse somewhat curved incision 
four inches long is placed with both ends at level of mid- 
patella, the middle part of the incision being at level of 
lower pôle. The conventional transverse incision has been 
replaced because of total knee joint replacement 
possibilities in future by straight anterior incision—4 cm 
proximal to the patella to 2 cm distal to the tibial tubercle. 

Various Surgical Options 

Extensor retinaculum repair must be meticulous in ail 
these procedures. 

Circumferential Wiring 

Circumferential wiring (Smith 1962) holds fracture patella 
reduced as long as knee is not flexed. On flexion fracture 
gap opens and congruency is lost. 

Tension Band Wiring 

Fractures are reduced and stabilized with K-wires/ 
cannulated screws and tension band wiring performed. 

Ventral Tension Band Wiring 

Ventral tension band wiring (Schweiberer 1977 and 
Moschinski 1978) for most of the fractures. Tension Band 
Wiring passing over the front of the patella ensures 
compression of the fracture at ail times 

Screw Fixation (Muller 1977) 

Four mm cancellous bone screw as lag screw-alongwith 
Tension Band Wiring in distal polar fractures. 

Patelloplasty 

Comminuted segment is excised and quadriceps or 
patellar ligament is sutured to remaining patella. 
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Preferred Methods of Surgical Salvage 

Open Réduction and Fixation 
Tension Band Wiring 

Two K-wires-1.6 mm, are passed through parallel and 
anterior holes made by 2 mm drill bit. Additional 
fragments are fixed with oblique placed K-wire or 4 mm 
cancellous lag screw but in complex fractures, 
patellectomy is the most suitable option. 4 mm cancellous 
lag screw can be used in place of K-wires. Wire is first 
inserted through quadriceps tendon and patellar tendon 
using a curved large bore needle close to the bone. Wire 
loop is then passed around the K-wires and tightened 
with tension band wire tightener. 

Post-operative 

Immédiate active exercise and continuons passive motion 
is initiated and partial weight bearing is allowed for 6 
weeks. The passive range of motion to be allowed is 
judged during the operation after application of tension 
band. 

Implant Removal 

Implant should be removed within 8-12 months since by 
then the fracture should hâve been Consolidated. 

External Fixator-Patella Hôlder 

Four curved pins fitted on to an aluminum base, a central 
pitched rod with washer and screw, a cup and a knob- 
very light weighing 45 grams constitutes an external 
fixator device which is fixed percutaneously on to the 
patella under image intensifier and the fracture is reduced 
and complexed. The patient is allowed mobility. 

Issue of Patellectomy 

Patellectomy usually provides satisfactory/good/ 
excellent results in majority of the cases if performed 
skillfully. This also is a reconstructive procedure and 
requires expertise like any internai fixation. 

Opinions differ widely, there is loss of increase in 
power as the knee is extended. It can be thus, concluded 
that patellectomy definitely impairs the efficiency of 
quadriceps mechanism-extension being most important 
function of the knee. But this may not be enough reason 
to interfère with ordinary activity of the knee. 

Other Objections to Patellectomy 

i. Knee movement may be regained fairly rapidly but 
the strength of quadriceps mechanism returns 
slowly 


ii. Wasting of quadriceps persist for months and even 
permanently inspite of exercises 

iii. Loss of protection of the knee offered by patella 

iv. Wass and Davies-Pathological ossification - smaller 
are insignificant but larger may produce pain and 
limited motion because of loss of elasticity of 
quadriceps tendon. 

What Should We Do? 

i. Save ail of the patella or at least the proximal or distal 
portion, whichever is practical 

ii. Dene'gre Martin-circumferential loop for transverse 
fractures without communition 

iii. Communition of distal/proximal pole-preserve the 
larger fragment 

iv. Brooke-extensive communition-patellectomy 

Procedure 

• Excise ail of the fragments except small anterior chip 
in both proximal and distal tendons 

• Preserve as much of the tendons as possible. 

Alternatives 

i. S S Wire purse-string suture through the margin of 
both tendons-tighten and evaginate the two 
fragments of bones so that they are completely 
outside the joint 

Advantage—This rosette of tendon and bone makes 
the patient feel, he still has a patella—Usually not 
practiced 

ii. After incision in skin and subcutaneous tissue locate 
the full extent of natural tear into either sides of quad. 
expansion-may be vertical tears at extreme ends 

- Hematoma naturally gets drained out when first 
incision enters the fracture - Excise out ail the 
bony fragments meticulously (no méat is left on 
the bones for the dogs) 

- Layer-wise repair of synovial membrane (in fresh 
cases only) synovial + capsule, quad. and patellar 
tendons and expansion on either side, 
subcutaneous tissue and skin 

Complications 

• Patello-femoral osteoarthritis is eliminated 

• Arthritic changes on the fémoral chondyles-sometime 
suggested-no increase (West) 

• Stiffness usually regains full movement even without 
attending a proper physiotherapy program 

• Fibrous union 

• Nonunion 
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• Refracture 

• Malunion-radiological steppy of articular surface 

• Quadriceps lag 

• Stiffness 

EXTENSOR MECHANISM INJURIES 

The extensor mechanism consist of the quadriceps 
femoris muscle, the pattela and the pattela tendon. The 
pattela forms the weakest link in this chain and fractures 
of the pattela are more frequent than tendon injuries. The 
anatomy and the biomechanics of the extensor 
mechanism is discussed in detail in another section. 

Cause of Tendon Rupture 

It is generally accepted that the healthy tendons rarely 
rupture and that most ruptures occur in pathological 
tendons. Kannus et al, in their histological study of 891 
spotaneous tendon ruptures 53 of which were patella 
tendons showed that ail tendon that had ruptured 
showed pathological changes while only 35% tendons in 
normal individuals showed similar changes. The 
common pathological changes seen were hypoxie 
tendinopathy, mucoid degeneration and calcifying 
tendinitis. 

Athlètes are more prone to injury, Kelly in his study 
showed that in athlètes with advancing âge tenon tears 
occur with increasing frequency and with relatively less 
trauma. 

Systemic diseases such as diabètes mellitus, SLE, and 
rheumatoid arthritis are more prone to spontaneous 
tendon rupture. 

Iatrogénie tendon rupture has been reported 
following: 

Knee arthroplasty 

Repeated corticosteroid injections 

Graft harvesting for ACL reconstruction 

Clinical Features 

Almost invariably, the patient has sustained a forceful 
quadriceps contraction against a fixed or sudden load of 
the full body weight, placing the knee in a flexed position 
(e.g., landing after a rebound, tripping up the stairs). 
Following which the patient has severe pain, with a 
popping sensation and is unable to bear weight. 

Examination reveals a tenses hemarthrosis in fresh 
cases a palpable gap can be demonstrated. The patient is 
unable to perform active extension, flexion is reduced as 
a resuit of pain. 

In neglected cases the patient complains of marked 
difficulty in staircase climbing and rising from a sitting 
position. There is marked wasting, with an extensor lag. 
The patella is shifted proximally. 


Investigations 

At least anteroposterior and latéral plain radiographs 
should be obtained in ail patients presenting with an 
acute significant traumatic injury to the knee. Spécial 
views (e.g., Merchant and tunnel) may also be helpful in 
ruling out a patellar dislocation or an osteochondral 
fracture. The latéral view clearly demonstrates a 
significant patella alta 

Ultrasonography 

On USGthe underlying fat pad, the tendon itself is usually 
hyperechoic. With an acute rupture, a confluent area of 
hypoechogenicity is noted traversing the entire thickness 
of the tendon. With chronic tears, thickening of the tendon 
at the rupture site is seen, along with disruption of the 
normal écho pattern. 

MRI 

The normal patellar tendon demonstrates homogeneous 
low signal intensity throughout much of its course on 
proton-density images. The anterior and posterior 
margins are typically smooth and distinct. With rupture, 
there is discontinuity of tendon fibers, waviness of the 
ends of the tendon, and an increase in signal intensity on 
sagittal T2-weighted images. Hemorrhage and edema 
may also be seen to extend posteriorly to the infrapatellar 
fat pad. 

Treatment 

Restoration of the extensor mechanism is required for 
optimal function. The best results are obtained by surgery 
irrespective of the patient's âge or athletic status. Surgery 
should be performed as soon as possible keeping in mind 
the skin condition. 

Under tourniquet a midline vertical incision is taken, 
maintaining thick skin flaps the torn end are exposed. 
After performing a minimal debridement of the ragged 
ends, they are approximated with two No. 5 non 
absorbable Bunnel type of sutures. It is important to 
remember to close the tears in the retinaculum. The 
overlying paratenon is closed with interrupted absorbable 
sutures. On final tightening of the sutures it is important 
to take a sagittal X-ray to confirm position of the patella 
and prevent inadvertent patella baja or alta. 

Postoperative Réhabilitation 

Isométrie quadriceps- and hamstring strengthening 
exercises are begun on the first day after surgery. Active 
flexion and passive extension of the knee is initiated 
2 weeks after surgery, starting at 0 to 45° and advancing 
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30° per week. Active knee extension is permitted at 3 
weeks. 

Delayed Tears 

After a period of 6 weeks simple reapproximation is not 
possible. Primary repair combined with autogenous graft 
augmentation using the fascia lata or hamstring tendons 
has been most commonly used and should be attempted 
if sufficient tendon is left for repair. Inert materials, such 
as carbon fiber and nonabsorbable tape suture material, 
hâve also been advocated for the chronic tear. Extensor 
mechanism allografts consisting of an Achilles tendon 
or an intact patellar tendon unit hâve been used, rarely, 
in salvage situations. 

Complications 

The most common complications loss of flexion and 
extensor weakness are as a resuit of the injury itself and 
rarely as a resuit of the surgical intervention. 

Loss of flexion is best prevented by an early and 
planned physiotherapy protocol. Manipulation under 
anesthésia should be attempted at 6 to 8 weeks. 
Arthroscopic debridement and quadriceps plasty should 
be reserved only for the most résistant cases. 

Skin break down with subséquent infection, wire 
breakage are common early complications, while 
rerupture and patella baja are frequent late complications. 
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220.1 General Considérations 

GS Kulkarni 


To understand and treat proximal tibial fractures, one 
must consider not only the anatomy of the knee but also 
the patients âge, general condition and activity level. 
Recently, more attention has been paid to the condition 
of the soft tissue envelope before surgical intervention. 
Soft tissue friendly approaches, delayed internai fixation 
and minimally invasive techniques hâve ail recently 
improved outcomes following these injuries. 

Surgical Anatomy 

In adults the axis of the tibia differs from the axis of the 
fémur by approximately 6° in valgus position. 9 The 
médial and latéral tibial condyles extend far over the tibial 
shaft and in the subcondylary région, they are supported 
by only relatively thin cortical columns. 

The bony articular surfaces of the proximal tibia slope 
inferiorly about 4° from anterior to posterior. 9 ' 14 The 
médial plateau is the larger of the two and is concave 
upward. The latéral plateau is smaller and higher than 
the médial and is convex upward. This must be 
remembered during internai fixation. 

The intercondylar eminence between the two plateaus 
is nonarticular and serves as the tibial attachment of the 
cruciate ligaments. 

The médial articular surface and its supporting médial 
condyle are stronger than their latéral counterparts. The 
trabecular structures are oriented horizontal directly 
subchondrally and vertical beneath. Their density is 
higher in the médial than in the latéral condyle. 9 


The tibial plateaus are covered by hyaline cartilage 
approximately 3 mm thick on the médial plateau and 4 
mm on the latéral plateau. 8 

The menisci, attached by ligaments to the periphery 
of the tibia, are mobile joint surfaces covering almost 70% 
of the tibial plateau. They are balancing out the 
incongruences between fémur and tibia, distribute 
contact stress and synovial fluid and contribute to stability 
of the joint. 

The latéral and médial fémoral condyles which 
articulate with the tibial plateaus are shaped convexly in 
the frontal and sagittal plane. The combined transverse 
diameter of the articular surface of the fémoral condyles 
is less anterior than posterior. The latéral fémur condyle 
is curved stronger in the sagittal plane while in the frontal 
plane it has a more marked edge. 9 

Médial and latéral collateral ligaments, anterior and 
posterior cruciate ligaments, the patellar tendon and the 
joint capsule together with the médial and latéral 
meniscus provide stability to the knee. 

Mechanism of Injury 

Tibial plateau fractures show a wide variety of fracture 
patterns. The classic mechanism of injury is either a 
valgus (the classical "bumper fracture") or a varus force 
in combination with axial compression (fall from a 
height). Due to the spécial anatomie configuration of the 
knee (valgus position, weaker trabeculation of the latéral 
tibial condyle, and the shape of the respective fémoral 
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condyle) 55 to 72% of the tibial plateau fractures are 
located laterally. 9 The wedge shaped fémoral condyle 
exerts both shearing and compressing forces on to the 
underlying tibial plateau, whereas the corresponding 
collateral ligament acts like a hinge. The resuit is a split 
fracture, a dépréssion fracture or a split-depression 
fracture. Depending on the flexion of the knee and the 
position of the fémur condyle, the fracture of the tibial 
plateau will be more frontal, central or dorsal. Whereas 
split-depression fractures are more common in patients 
in their fifth decade or older, pure split fractures are seen 
in younger patients with dense cancellous bone. 6,7 

Fractures of the médial tibial plateau occur in about 5 
to 14%. 9 They are associated with more severe injuries, 
varus force, and soft tissue injuries are présent more often. 

Bicondylar tibial fractures are seen in 15 to 38%, if a 
strong axial force exerts on the fully extended knee (fall 
from a height). 

Associated Injuries 

Soft tissue injuries of menisci, cruciate and collateral 
ligaments occur in 40 to 70% of patients. Meniscal injuries 
hâve been reported in up to 50% of tibial plateau fractures, 
in split-type fractures, ligamentous injuries may be 
difficult to diagnose on initial examination even under 
anesthésia. Ligamentous injury may be assessed at the 
end of fixation of ail fragmens, by varus valgus stress 
and latchman test. 

High-energy fractures are often associated with soft 
tissue injuries to the skin, compartments, ligaments, 
vessels and nerves. 9 

Spécifie tibial plateau fractures associated with 
ligament injuries hâve been classified by TM Moore. 13 

Symptoms and Signs 

Patients with tibial plateau fractures complain of pain 
and swelling of the knee. Weight bearing is almost 
impossible. Function of the joint is impaired and very 
painful. Valgus or varus deformity is often seen. Stressing 
the injured knee into a valgus or varus position will 
demonstrate instability. Fat présent in knee aspirate 
strongly suggests an intra-articular fracture. 

Diagnosis 

History 

Even though the patient is rarely able to describe the exact 
mechanism of the injury, a case history is useful in 
determining the direction of impact. In addition it is 
possible to assess whether the injury was caused by a 
high or low velocity force. 


Physical Examination 

Physical examination of the local soft tissue is still the 
best method to détermine the soft tissue injuries like 
lacérations or blisters of the skin, décollement and open 
fractures. Beside that, the first examination should assess 
the circulatory status (pedal puises !) of the extremity and 
the neurologie function. Compartment syndromes which 
may occur in complex fractures of the tibial plateau must 
be recognized early. 18,24 

The ligametous stability of the knee in the presence 
of an unstable fracture is hardly to be proved. Axis 
déviation and displacement should be documented. 
Intraarticular hematoma will affect the cartilage and 
should be evacuated not to late. 4,5 

Imaging 

Anteroposterior and latéral radiographs of the knee and 
45° oblique views should be done in every case. To see 
the tibial plateau, the anteroposterior radiograph is done 
with the knee in 10° flexion or with the X-ray tube angled 
inferiorly by 10°. 

With these X-rays an accurate évaluation of the 
fracture should be possible. 

In ail complex fractures CT scans with axial, coronal 
and sagittal reconstruction are the method of choice in 
determinating the full picture of the injury. 

A digital subtraction angiography (DSA), MR- 
angiography or a conventional arteriogram is necessary, 
if clinical suspicion of vascular injury is présent, and 
Doppler sonography is négative. MRI is useful to assess 
soft tissues, in particular the ligaments. 

Magnetic Résonance Imaging (MRI) Currently MRI has 
shown to be superior to CT scan because of high incidence 
of associated soft tissue injury, which occur commonly. 
Meniscal and ligamentous (cruciate and collaterals) tears 
occur in 40 to 70% cases. These shoft tissue injuries are 
better assessed by MRI than by CT scan. 

Phlebography is indicated in ail cases suspected for 
thrombosis. 

Classification 16 

Sir Astely Cooper first described a fracture of the proximal 
tibial plateau in 1825. 3 Since then many different authors, 
such as Thiele, Roberts, Rasmusen Courvoisier, Weller, 
Duparc, Hohl and Holz 1,9 tried to classify tibial plateau 
fractures with their wide variety of fracture patterns. Most 
classifications base either on anatomy, morphology, 
fracture treatment or mechanism of injury. 

In 1979 Schatzker 22 described a classification of tibial 
plateau fracture (Fig. 1) which is widely accepted. He 
groups these fractures into six types. 22 Each type 
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Fig. 1: Schatzker’s classification of tibial plateau fractures (1979)—I: split fracture, latéral plateau, II: split dépréssion fracture, 
latéral plateau, III: pure dépréssion fracture, latéral plateau, IV: split or split dépréssion fracture, médial plateau, V: bicondylar 
plateau fracture, VI: tibial plateau fracture with involvement of the metaphysis and diaphysis 


represents fractures that are similar in their mechanism 
of injury and pattern, require a similar approach in their 
treatment, and hâve a similar prognosis. 

Type I is a wedge or split fracture of the latéral plateau, 
occurring in young people with dense cancellous bone. 
If significantly displaced, it is frequently associated with 
a peripheral tear of the latéral meniscus, which can be 
trapped in the fracture. 

Type II is a split-depression fracture of the latéral plateau, 
occurring in older persons (> 50 years) with weaker 
cancellous bone. Next to a wedge or split, there is a 
dépréssion of the articular surface. 

Type III is a pure dépréssion of the latéral plateau. Like 
type II, commonly older people (> 50 years) with weaker 
bone are affected. Latéral and posterior peripheral 
dépréssions usually show a greater incidence of joint 
instability than the more frequent central dépréssions. 

Type IV is a split or split-depression fracture of the 
medical tibial plateau, frequently associated with a 
fracture of the intercondylar eminence. It occurs either 
as a resuit of a high velocity injury or in elderly persons 
with grossely osteoporotic bone by rather trivial varus 
force. Type IV fractures hâve the worst prognosis. This is 
due to the associated injuries, such as peroneal nerve or/ 
and popliteal artery lésion, ruptures of cruciate and 
collateral ligaments and other complications, like 
compartment syndrome or Volkmann's ischémie 
contracture. 

Type V is a bicondylar plateau fracture, a split fracture 
of the latéral and médial plateau that may involve the 
articular surface. The injury pattern is usually a pure axial 
load applied to the extended knee. 

Type VI is a tibial plateau fracture with séparation of the 
metaphysis and diaphysis. The metaphyseal fracture 
séparâtes the articular components from the diaphysis. 
One or both articular surfaces may be involved with 


S? f 

Type 1 

»» 

Med. 

Type 3 Type 4 Type 5 

Fig. 2: Classification of fracture dislocation of the knee (Moore 
1981 )—1 : split fracture of the médial plateau, 2: entire condyle 
fracture, médial or latéral, 3: rim avulsion fracture, almost latéral, 
4: rim impression fracture, médial or latéral, and 5: four part 
fracture 

dépréssion or impaction. It is a high velocity injury and, 
therefore, often associated with marked displacement 
and dépréssion of the articular fragments. 

TM Moore (1981) differentiates five fracture 
dislocations (Fig. 2) in his classification and describes the 
spécifie relationship between certain fracture types and 
concomitant ligament injuries. 

The AO Müller Classification distinguishes between 
extraarticular (Type A), unicondylar (Type B) and 
bicondylar (Type C) fractures (Fig. 3) with subdivision 
in A,B,C, 13 depending on the damage of the fragments. 

Schatzker's and Moore's classifications are more 
regionally based. Knowing them is very helpful in 
estimating the concomitant injuries, prognosis of 
intraarticular fractures of the tibial plateau, and in 
planning their treatment. The advantage of the AO 
classification is its unified approach and consisting of 
dealing with ail long bone fractures. 
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Fig. 3: AO-classification of fractures of the long bones (1987), 
tibia/fibula—Al: extraarticular fracture, avulsion, A2: extra- 
articular fracture, metaphyseal simple, A3: extraarticular 
fracture, metaphyseal multifragmentary, B1: partial articular 
fracture, pure split, B2: partial articular fracture, pure dépréssion, 
B3: partial articular fracture, split dépréssion, Cl: complété 
articular fracture, articular simple, metaphyseal simple, C2: 
complété articular fracture, articular simple, metaphyseal 
multifragmentary, C3: complété articular fracture, 
multifragmentary 


Treatment 

Tibial plateau fractures can be treated either conser- 
vatively or by surgery. Goal of every treatment is an 
optimal joint function, which dépends on congruency of 
the articular surface, stability of the ligaments and the 
capsule, correct load distribution, axial alignment and 
normal biological quality of the cartilage. It should also 
prevent posttraumatic osteoarthritis and pain. An 
important aspect in treatment, whether conservatively 
or by surgery is the early function including continuous 
passive motion (CPM) in order to prevent stiffness of the 
joint. It has also a bénéficiai effect on cartilage 


régénération. 


19,20 


Conservative Treatment 

Undisplaced fractures, such as split fractures of the latéral 
plateau or some bicondylar fractures, if stable, do not 
require operative treatment. 

Undisplaced stable fractures are immediately 
mobilized under continuous passive motion (CPM). 
Isométrie muscle exercises are performed and joint 
effusions aspirated. Stability of a fracture should be 
proven under adéquate sédation or general anesthésia. 

Painless motion for more than 90° flexion on the CPM 
is normally reached after two weeks time. Then a plaster 
cast can be applied and the patients hâve to use crutches 
with partial weight bearing of 20 kg for eight weeks. 
Motion is quickly regained after removal of the cast. 

If unstable fractures hâve to be treated nonoperatively 
because of general poor conditions, a combination of 
traction and CPM is used. While the leg is placed on a 
CPM splint, the traction is applied with a calcaneus or a 
supramalleolar pin. Spécial attention should be taken to 
axis déviation and fragment dislocation. After 
approximately four weeks, 90° flexion should be possible 
before a brace or plaster cast is applied. The fractures 
usually consolidate within 10 to 12 weeks. During this 
period of time, patients perform partial weight bearing 
with maximum 20 kg. 

Operative Treatment 

There are only three situations in which tibial plateau 
fractures must be operated urgently: 

• Open fractures 

• Fractures with compartment syndrome or vascular 
injuries. 

Otherwise joint instability and significant incongruity are 
clear indications for surgical treatment. 

Also undisplaced split fractures should be fixed 
operatively to prevent secondary dislocation. The overall 
results of surgical treatment in tibial plateau fractures are 
better than those of closed procedures. 2,10,23 

Preoperative Planning 

Successful operative treatment begins with preoperative 
planning after having carefully evaluated the patient and 
the fracture pattern. Although it is better to proceed to 
surgery as soon as possible, a delay of 24 to 48 hours will 
not préjudice the resuit of fracture treatment. 21 If a delay 
of two or more weeks is indicated in patients with severe 
swelling or contusion of soft tissue, the combination of 
traction and CPM can be used as described in 
conservative treatment until an open réduction and 
internai fixation could be done safely. A good alternative 
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procedure is the transarticular external fixator (spanning 
fixator). Doing so will prevent from shortening the leg 
and further displacement. It will also make the 
intraoperative réduction of fragments much easier. The 
spanning fixator is a temporary solution which should 
not exceed a period of more than 2-3 weeks in order to 
avoid stiffness of the joint. 

A preoperative drawing of the fracture, based on 
radiographie studies, and a detailed plan of every 
operating step, including the surgical approach, open 
réduction and internai or external fixation might be very 
helpful also for experienced surgeons. 

The patient is placed in supine position on the 
operating table, which should allow 90° flexion of the 
knee. This facilitâtes exposure (by slipping the iliotibial 
band posteriorily to the fémur condyle) and helps for 
better visualization of the knee joint. A stérile bolster may 
also help for positioning. 

A pneumatic tourniquet is optional when there are 
no severe soft tissue injuries or no peripheral arterial 
occlusion disease (AOD). It should be deflated early, 
usually after temporary réduction of the fracture or latest 
before closing the skin. The tourniquet should notbe used 
for longer than 90 minutes. 

Surgical Approaches 

A straight midline incision gives maximum of 
visualization, minimum of devitalization and prevents 
injury of ail vital structures, especially in bicondylar 
fractures. Straight incisions also hâve the advantage of 
not to interfère with the approach of any joint 
arthroplasty, if necessary later because of posttraumatic 
arthrosis. 

The former used and recommended triradiate incision 
is not used any longer, since it was found to hâve a great 
potential for wound healing problems at the tibial 
tuberosity. 

The skin incisions must be planed preoperatively 
according to the fracture pattern in such a way, that they 
do not disturb wound healing by being positioned 
directly over an implant. 

To prevent wound edge necrosis, the flaps that are 
raised must be of full thickness, consisting of the 
subeutaneous fat down to the fascia. 

The latéral plateau is approached by a latéral 
parapatellar skin incision. Then the iliotibial tract is 
detached subperiosteally from its insertion on Gerdy's 
tubercle (this préserves the continuity of the fascia 
between upper and lower leg), and the muscles of the 
anterior compartment are detached from the proximal 
tibia. To expose the latéral cartilaginous surface, the 
meniscotibial ligament is incised horizontally below the 


meniscus. By retracting the meniscus and the capsular 
ligament superiorly with flexion of the knee and valgus 
stress, there will be a good view into the latéral 
compartment. If a more extensive approach is required 
for fractures located in the postérolatéral plateau, the 
peroneal nerve has to be exposed and the fibula neck is 
eut. 

For médial plateau fractures, we take a parapatellar 
médial skin incision and expose the fracture by a vertical 
incision near the médial border of the patella and the 
patella ligament to the ventral rim of the proximal tibia. 
The hamstrings or the médial collateral ligament rarely 
need a detachment. If necessary it is then detached in 
one layer from the bone, and the capsular ligament is 
incised below the meniscus base. 

In a few cases, it is necessary to expose the 
posteromedial plateau by a vertical deep incision between 
the médial collateral ligament and the posterior oblique 
ligament (in 90° flexion). 

Handling of Concomitant Injuries 

After exposure of the fracture as described before, spécial 
attention should be given to concomitant injuries. 

Vessel and nerve injuries should be treated first 
because the access to the more posteriorly located lésions 
is much more difficult after fracture stabilization. 
Ligaments or menisci detached by the injury should be 
tagged by stay sutures right at the beginning. 

Meniscus injuries Mostly there are peripheral tears of the 
menisci and seldom a tear into the body. Torn menisci 
should be sutured and refixated if at ail technically 
possible, because of the protective effect of the meniscus 
on the underlying articular cartilage. If secondarily a 
meniscectomy or partial meniscectomy is necessary, this 
can be done by arthroscopy. 

Ligament and capsular injuries Ruptured collateral 
ligaments and capsules should be meticulously repaired 
by suture, or if necessary, through transosseal refixation 
at the time of open réduction and internai fixation of the 
fracture. 

An avulsed anterior cruciate ligament should be 
securely fixed either by screw fixation or by transosseal 
suture, if it is attached to a sufficient large fragment of 
bone. When disrupted in its substance, the repair should 
be delayed and carried out if it is clinically indicated in a 
second operation by a cruciate ligament replacement. 

A rupture or avulsion of the posterior cruciate 
ligament should be treated primarily if ever possible. 
There is no difficulty for the approach in cases, where 
there are extended ligament injuries, but in cases of 
isolated avulsion of the posterior cruciate ligament, we 
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either take the approach for the posteromedial plateau 
(as described before) or a separate isolated dorsal 
approach. 

Nerve injuries: A compartment syndrome which needs 
fascia splitting must be excluded first. If the diagnosis of 
an injury of the peroneal nerve is secured, it should be 
operated on as soon as possible if there is a direct trauma 
to the nerve, or if the fracture pattern led to a strong varus 
position. The peroneal nerve has to be prepared and 
decompressed, or if necessary, reunited by fine sutures. 

In ail other cases of peroneal nerve irritation, there 
should be no operation because in most lésions the 
function of the peroneal nerve will return within 9 to 12 
months. 

Vessel injuries: Injuries of the popliteal vessels are very 
rare and occur almost exclusively in fracture dislocations. 
If présent, it must be operated urgently to restore the 
continuity of the vessel either by direct suture or by graft 
interposition. 

Réduction Techniques and Stabilization 

Réduction of tibial plateau fractures canbe attained either 
by direct or indirect means. Recently indirect réduction 
is preferred to direct réduction by open method. Indirect 
method is by distraction by fémoral distractor, spanning 
external fixator or traction on a fracture table, 
Ligamentotaxis reduces the fracture fragments. Spanning 
external fixator, (monolateral, bilateral or ring) is 
extended across the joint to the fémur. Pins are inserted 
in the suprapatellar area. In the tibia the key is to allow 
pin placement far enough away from the fracture site so 
as not to compromise future reconstructive options such 
as plating. Ligamentotaxis will not work on centrally 
depressed articular fragments; large fragment may be 
reduced by Joystick method using a stinmann pin. Large 
tenaculum forceps may be used to reduce fragments. 
Recently arthroscope is used to reduce and fix fragments. 

After careful exposure of the fracture and repair of 
concomitant injuries, anatomical réduction and stable 
fixation of the fracture is to be performed. Indirect 
réduction techniques using ligamentotaxis with 
distraction devices are préférable. Various large pointed 
réduction forceps can be applied through small stich 
incisions in order to compress the reduced fragments. 
The réduction is checked by touching and looking at the 
articular surface underneath the menisci. Additional 
control by image intensifier is required. Temporary 
fixation with Kirschner wires fascilitates the 
reconstruction. 

Dépréssion fractures of the latéral and médial plateau 
(type B2) which cannot be reduced indirectly are lifted 


f 



Figs 4A and B: 41 -year-old woman with a type B2.2 fracture— 
(A) anteroposterior and latéral view of the fracture, (B) 
postoperative anteroposterior and latéral radiographs after 
réduction, bone grafting and fixation with 2 cancellous bone 
screws with washers 

up with a punch through the fenestrated anterior cortex 
of the tibia. Through this window, the depressed articular 
surface is elevated "en masse". The resulting defect in the 
metaphysis should be filled with cancellous bone graft 
raised from the iliac crest. In strong bones one or two 
transverse cancellous bone screws with washers are 
usually enough to stabilize and protect the réduction (Figs 
4A and B). A mechanically safe fixation is always a well 
contoured buttress plate. 

Wedge and split fractures of the médial and latéral plateau 
(type Bl) in younger people with dense cancellous bone are 
usually fixed by two cancellous bone screws with washers . 11,12 
If necessary, a third washer is located at the tip of the 
bony fragment to buttress the fragment and prevent 
displacement. The integrity of the cruciate and collateral 
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ligaments must again be checked after stable fixation of 
the fracture. 

In older people with weaker cortex the fracture always 
must be buttressed by plate. Any plate that is carefully 
contoured to the bone can function as a buttress plate. 

Specially preshaped and precontoured plates hâve 
been developed for the tibia: L- and T-shaped plates, 
precontoured to the right and left side as well as 
anatomically adapted angular stable plates (Figs 6 and 7). 

Split dépréssion or wedge dépréssion fractures (type 
B3) normally permit direct visualization of the impacted 
fragments after fracture exposure. During réduction the 
fragments should be devastated from there blood supply. 
Temporary fixation of the reduced fragments is done by 
Kirschner wires (Fig. 5) and the resulting defect in the 
metaphysis is filled with cancellous bone graft. Internai 
fixation by buttress plate. 

Inbicondylar and complex fracture patterns (type C), 
reconstruction should always begin with the simple part 
of the fracture, which is usually the médial one. 15 
Indirected réduction techniques are applied if ever 
possible. Often these fractures resuit from high energy 
trauma and thus the soft tissues are compromised. 
Therefore the type of osteosyntheses must be selected 
very carefully. Biomechanically the bicondylar fracture 
would require buttressing plates from médial and latéral 
side. But with two plates additional damage of the tissues 
will raise the potential complications such as infection, 
skin or bone necrosis, delayed and non union. 

In some cases with angular stable plates sufficient 
stability can be generated. but with major metaphyseal 
comminution also this sytem is overstrained. 



Fig. 5: Intraoperative radiograph of a type B3.1 fracture after 
réduction and temporary fixation by 2 Kirschner wires 



Figs 6A and B: Knee of a 50-year-old man with a type B3.1 
fracture—(A) anteroposterior view of the fracture and after 
fixation with a L-buttress plate, and (B) follow-up views 
(anteroposterior and latéral) after 2 years time 


Therefore, in bicondylar fractures sometimes a 
combination of buttress plate on one side and an external 
fixator on the contralatéral side is a good compromise. 
Of course percutaneous screw fixation combined with a 
ring fixator is also a useful option in these difficult injuries. 

Staged Treatment for Type V and VI 

First stage: Spanning external fixator to the fémur is 
applied till the soft tissue swelling subsides on indicated 
by skin wrinkles and flattening of blisters. 


B 
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Figs 7A and B: A 68-year-old woman with a type C3.1 
fracture—(A) anteroposterior and latéral view fo the fracture, 
(B) postoperative radiograph after stabilization with a L-buttress 
plate 



Fig. 7C: A 68-year-old woman with a type C3.1 
fracture—follow-up view after 2 years time 


Fig. 8A: Knee of a 53-year-old man with a type C2.1 fracture— 
anteroposterior and latéral view of the fracture with fracture 
line to the articular surface 




Polytrauma and Open Fractures 

Patients with complex knee traumas are often poly- 
traumatized. Only patients in stable condition should 
hâve a definitive operative procedure in the primary 
period after admission. In unstable patients and patients 
with questionable severe or open soft tissues, the primary 
treatment should consist of closed réduction and 
temporary fixation of the fracture by an external fixator, 
bridging the knee joint as an anterior frame (Figs 8 A to D). 
Wound debridement with cleaning of ail dirt and crushed 


tissues and temporary recovery of the defect by synthetic 
skin graft is done at the same time. There is a high risk 
for compartment syndrome. 

Definitive open réduction and internai fixation as well 
as reconstruction of the soft tissue take place in a second 
operation period after stabilization of the patient and 
recovery of the soft tissue. This second operation should 
take place as early as possible within the first 10 days 
after injury. 24 
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Fig. 8B: Knee of a 53-year-old man with a type C2.1 fracture— 
postoperative radiograph after réduction and fixation with an 
external fixator bridging the knee joint as an anterior frame 


An external fixator for 3 to maximum 4 weeks is also 
indicated in very complex fractures, in which joint 
reconstruction must be restricted to lag screw fixation of 
the joint surface, without fixing the fracture fragments to 
the shaft. In these cases, the external fixator is applied 
bridging the knee joint as an anterior frame with minimal 
degree of distraction (Figs 9A to D). 

Arthroscopic Management 17 

Pure split and pure dépréssion fractures in younger 
people with dense cancellous bone sometimes can be 
managed arthroscopically. The limiting factor for this 
technique is the intraarticular haematoma which often 
prevents a good view to control the réduction properly. 
Working with pressure while irrigating the knee 
embolism may also be an issue. 

Postoperative Care 

Postoperative the injured leg is placed in a straight foam 
cushion. According to the stability of the fracture, 
achieved by internai or external fixation and repair of 



Figs 8C and D: Knee of a 53-year-old man with a type C2.1 
fracture—(C) radiograph 10 days later after definitive open 
réduction and internai fixation with a long T-plate latéral and 
with an external fixator médial, and (D) 4 weeks later after 
removal of the médial external fixator 

ligament injuries, continuous passive motion (CPM) on 
a motor splint should start on the operating day, if 
possible. Starting with about 40° of flexion, this should 
be extended within one week to 90° flexion and full 
extension. 
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Figs 9A to D: (A) Anteroposterior and latéral view of the fracture, (B) postoperative 
views after open réduction and fixation with a médial buttress plate, screws and an 
external fixator bridging the knee joint as an anterior frame, (C) A 31 -year-old man with 
a type C3.1 fracture—follow-up radiograph after 6 months, and (D) follow-up radiograph 
3 years later after métal removal 


This prevents stiffness of the knee joint and has a good 
influence on articular cartilage healing. 

From the first postoperative day isométrie muscle 
training, dorsal flexion of the feet and quadriceps training 
should be performed. Active mobilization of the knee 
joint is carried out according to wound healing and pain. 

Suction drainage is routinely removed after 24 to 48h. 
Mobilization with the aid of two crutches and partial 
weight bearing with 20 kg is performed after removal of 
the suction drainage. 

Depending on the fracture type, partial weight 
bearing continues for 10 to 12 weeks. Especially fractures 
with dépréssion of the cartilage surface should not bear 
weight for 3 months. 

For the time of limited mobility, the patients receive 
low-molecular heparin once a day. 

Métal removal should be done after 12 to 18 months 
in younger patients. In patients over 60 years, it can be 
left and should only be removed if it loosens, causes pain. 


interfères with motion, or if arthroplastic replacement is 
necessary due to arthrosis or axial disalinement. 
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220.2 Hybrid Ring Fixator 


Complex tibial plateau fractures such as bicondylar 
fracture extending into the meraphysis and diaphysis 
with séparation from the shaft are extremely difficult to 
treat. These fractures are often associated with 
ligamentous and meniscal tears and injuries to the soft 
tissue envelope (Table 1). The fracture poses a major 
threat to the function to the knee joint. Optimal treatment 
of intraarticular frature of the plateau 2 requires anatomie 
réduction of the articular surface, proper axial alignment, 
stable fixation, sometimes arthrodiastasis and early 
mobilization. 1 The choice of treatment is facilitated by 
Schatzker's classification of these fractures 8 (Figs 1 to 3). 

Ilizarov external in the management of tibial plateau 
fractures fixator gives satisfactory results. Unilatéral 
external fixation proven to be an effective method of 
treating these fractures, but fails to reduce dépréssion 
fractures. Even the combination of minimal internai 
fixation with unilatéral external fixation 3 does not allow 
to treat condylar comminution adequately on account of 
the large diameter of the half pins and the poor purchase 
of pins in the metaphyseal cancellous bone and in the 
small fragments. 


Locking compression plate System is very useful in 
treating type V and VI with minimal or moderate soft 
tissue injury. If severe comminution or soft tissue injury, 
ring fixator is indicated Type I to IV fractures can be 
satisfactorily treated by lag screws and buttress plate. 

Advantages of Ilizarov Ring Fixator 

• Ilizarov fixator with minimally invasive percutaneous 
internai fixation allows a stable réduction limiting 
additional soft tissue trauma. 4 It is a biological 
fixation. Thin wires are useful inreducing the small 
fragments. 

• Use of olive wires to displaced postermedial and 
postérolatéral fragments of the tibial plateau. 

• Réduction of subluxation of knee joints is achieved 
by spanning the fixator across the knee joint 

• Arthrodiastasis of knee joint can be achieved : 
arthrodiastasis means slow distraction of the joint by 
spanning the apparatus across the joint and using 
hinges, placed at the center of rotation of the knee 
joints. Its goal is prévention of arthrofibrosis. The later 
may resuit in stiffness of the joint. Arthrodiastasis 
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TABLE 1 : Soft tissue injury associated with fractures 
of the tibial plateau 


Type 

Number of patients 

Dislocation of knee with arterial injury 

2 

Meniscal injury 

12 

Ligamentous injury 

(médial, collateral, anterior cruciate) 

15 

Peroneal nerve injury 

2 


causes élongation of capsule and ligaments and is 
indicated in the presence of severe damage and 
important comminution of the articular surface 
associated with ligamentous injury; arthrodiastasis 
leads to an increased mobility of the joint. 

• Early range of motion exercises: movements can be 
started on day 1 by applying hinges at the center of 
rotation of the knee joint. 

• Early partial weight bearing is allowed. 

• Superior results of Ilizarov technique in comparison 
with other treatment modalities such as open 
réduction and internai fixation with plates and screws 
which may be associated with serious complications 
(infection, osteomyelitis, and soft tissue damage) and 
poor results. 6 

• Any deformity, usually varus, is detected it can be 
corrected in the wards, using hinges, to associated 
tibial shaft fracture can be simultaneously treated. 

Disadvantages 

Because of bulky apparatus and pain, there is frequently 

poor patient compliance. Pin tract is common and rarely 

joint infection may occur. 

SURGICAL TECHNIQUE 9 

Place the patient on a fracture table. 



Use of fracture table allows réduction of fracture by 
ligamentotaxis by distraction. Image intensifier is better 
used on a fracture table (Fig. 1). 


Longitudinal traction on a fracture table reduces the 
fracture by ligamentotaxis. Image intensifier is better used 
on a fracture table. A satisfactory réduction is obtained 
in the majority of patients. It is regarded successful even 
in the presence of a residual displacement of fragments 
of less than 3 mm as judged with Image intensification at 
different angles. 

After satisfactory réduction one to 3 lag screws are 
inserted percutaneously through small incisions, at right- 
angle to the fracture line. If there is coronal split screws 
are inserted in antero-posterior direction. 

a. Schatzker type 5 fracture of the tibial plateau. Note 
the comminution (Fig. 2A). 

b. Réduction of fragments after traction. The 
displacement as less than 3 mm and judged acceptable 
(Fig. 2B). 

c. Olive wires used from opposite sides. After the 
réduction screws are usually inserted proximally and 
wires distally (Fig. 3A). 

d. Lag screw fixation through a mini incision, screws 
are inserted one to 3 under image intensification. The 
fragments are compressed (Figs 2C and D). 

e. Olive wires are inserted in opposite directions one 
from the médial side and one from the latéral side; 
they help to stabilize the fragments, especially smaller 
ones. If properly placed, they do not interfère with 
the screws if possible, the screws and wires should 
be at least 1.5 cm distal to the subchondral bone to 
ensure extra-articular passage, thus avoiding joint 
pénétration. 5 

Olive wires reduces postérolatéral or posteromedial 
fragments. 

Postérolatéral and posteromedial fragments, which 
are difficult to reduce, can be properly reduced by 
tensening olive wires. Réduction is achieved through 
tensioning of olive wires (Fig. 3B). 

Three ring construction of the Ilizarov frame is 
required a Schatzker type 5 and tibial plateau fracture. 
For the proximal ring, three of four olive wires are used. 
The number and placement dépend of the number and 
location of fragments if possible, one of these wires should 
be mounted on a post (Figs 4 and 5). Pat the middle and 
distal ring one half pin is used to increase stability. At 
the middle ring a wire from a point 1 cm latéral to the 
tibial crest; it exits just anterior to the posteromedial 
border of the tibia. 

In instances of subluxation of the knee joint associated 
with the fracture of the tibial of the tibial plateau, the 
frame is extended to the fémur. Each ring is fixed with 
two half pins. The pins are passed between the quadriceps 
muscles, converging at an angle of 35° in the frontal plane. 
The subluxation is now reduced. The knee can also be 
distracted by 12 mm and kept distracted till the fémoral 
frame is removed 5 (see also Fig. 8). 
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Figs 2A to D: (A) Schatzker type V fracture with comminution, (B) Acceptable réduction after traction, 
(C and D) Insertion of lag screws through mini-incision 



Figs 3A and B: (A) Insertion of olive wires in opposite direction to stabilize the 
fragments, (B) Réduction achieved after application of tension to the olive wires 



Fig. 4: Insertion of olive wires in opposite direction to 
stablize the fragments 


Fig. 5: Three ring frame 
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Indication of extension of the frame to the fémur: 

• Subluxation of the knee joint. 

• Severe ligamentous injury. This can be diagnosed 
during surgery once the fragments of the tibial plateau 
fractures hâve been reduced and stabilized by lag 
screw and Ilizarov frame with olive wires. Thereafter, 
valgus, varus and anterior drawer tests are done. 

• Associated fractures of one or both fémoral condyles. 

• Dépréssion of the tibial plateau treatment by élévation 
and bone grafting. 

Impaction of a fragment of the upper tibial end into 
cancellous bone. This fragment is difficult to reduce with 
traction alone. A window is made in the cortex, and the 
fragment is elevated with an impactor (Fig. 6). The defects 
is filled with cancellous bone graft harvested from the 
iliac crest. 

If indicated, distraction up to 12 mm can be performed 
and kept until the fémoral part of the frame is removed. 
Elévation of articular surface through a window. 

Postoperative Management 

The fémoral part of the frame is kept for 4 to 8 weeks. 
Daily disinfection of pin sites. To Prevent equines 
deformity by plastic foot plate with rubber bands and by 
manually is applied the foot is dorsiflexed once daily. 
Early range of motion exercises are allowed in patients 
with stable fractures and weight bearing after 4-8 weeks 
depending on the stability of the fracture. Usually full 
weight bearing is allowed by 12 weeks. The frame is 
removed after 12 to 16 weeks. 



Fig. 6: Elévation of fragment 


Complications 

Pin tract infection is common. 

Soft tissue inflammation is treated with oral an 
tibiotics and proper wire tensioning. 

Soft tissue infection is treated with local antibiotic 
solution 100 mg/ml of cefazolin and course of oral 
antibiotics. 

Bone infection need replacement of offending wire. 

Acute joint infections debridement and suction 
irrigation only for 24 hours and antibiotic therapy based 
on culture and sensitivity tests. 

Varus deformity a long film is taken to assess the 
degree of varus deformity. Immédiate postoperative 
correction should be done. If union has occurred, then a 
valgus osteotomy is advised. 

Septic arthritis needs knee fusion. 

Peroneal nerve injury prévention Careful attention is 
paid during insertion of the thin wire which must go 
through the fibular head. If injury has occurred 
décompression of the nerve, release of the compressing 
fascia, should be done as an emergency procedure. 

We hâve treated 86 patients with complex tibial 
plateau fractures were managed with percutaneous 
internai fixation and hybrid Ilizarov ring fixator. 

30-years-old man, high-energy trauma to right knee 
due to motorcycle accident (Fig. 7). 

Two patients had a knee dislocation with injury to 
the popliteal artery which was treated by bypass grafting. 
Both patients were treated initially with AO monolateral 
fixator, then changed to an Ilizarov fixator after soft tissue 
healing. 

One had to undergo an above knee amputation 
because of uncontrolled, severe infection. The Ilizarov 
external fixator was applied within 24-72 h in 52 patients. 
The remaining patients, the fixator was applied after a 
period of 1 week of élévation of the limb and soft tissue 
care. 

Ail patients achieved fracture union after a mean of 
14 weeks (range, 12-18 weeks). One patient had septic 
arthritis, which needed fusion of the knee followed by 
reapplication of the Ilizarov apparatus. This patient had 
suffered an open fracture (Fig. 9). 9 Eight patients showed 
5-10 of varus, one patient 15° of varus. In six patients, a 
fixed flexion deformity varying between 5 and 10° was 
observed. Seven patients had limitation of flexion 
between 20 and 90°. Three patients showed an extension 
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Figs 7A to D: (A) AP and oblique radiographs showing fracture 
subluxation with comminution and dépréssion of latéral plateau, 
(B) AP radiograph of right hip showing a subtrochanteric 
fracture, (C) State after réduction and percutaneous fixation 
with cancellous bone screws. The frame extends to the fémur. 
Small articular irregularities persist. Intramedullary nailing of 
the fémoral fracture, (D) AP and latéral radiographs taken 
6months post injury. Evidence of union. The external fixator 
had been removed 3 months after the injury 



Figs 9A to D: 60-years old man, fall from motor bike. Fracture 
of tibial plateau of left knee. (A) AP and latéral radiographs 
showing a bicondylar fracture. Comminution and dépréssion 
of latéral plateau. (B) Oblique radiographs of the same knee. 
(C) AP and latéral radiographs taken after réduction and 
percutaneous fixation. Compression of the condyles was 
achieved with cancellous bone screws. The frame was 
extended to the fémur. (D) AP and latéral radiographs taken 4 
months after injury. Evidence of union. The frame had been 
removed after 3 months 



Figs 8A to D: 45-years old man, fall from a ladder, fracture of 
tibial plateau of left knee. (A) AP and latéral radiographs showing 
the communition and dépréssion of the latéral tibial plateau. 
(B) Oblique radiographs showing subluxation comminution and 
dépréssion of the latéral plateau. (C) AP and latéral radiographs 
after réduction and internai fixation and application of llizarov 
fixator. Note the presence of two olive wires. (D) AP and latéral 
radiographs taken after 1 year. The external fixator had been 
removed after 4 months. Evidence of union. There is varus 
deformity of 10° 


lag between 10 and 30°. In three patients, severe pin track 
infection necessitated a curettage. 

Using the score of the American Knee Society 7 an 
excellent resuit was obtained in 40 patients, a good resuit 
in 34, a fair resuit in seven, and a poor resuit in five 
patients. 
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220.3 Fractures of Tibial Plateau Treated by 
Locking Compression Plate 


LOCKING COMPRESSION PLATE FOR TIBIAL 
PLATEAU FRACTURE 

Recently during the last decade precontoured low- 
profile, locking compression plate has been developed. 
The spécifie advantages for tibial plateau fractures are: 

1. Extensile exposure of the upper tibia can be 
minimized. 

2. The routine use of double plating, a médial and latéral 
plate has also decreased because of the development 
of locking plates, which allow the stabilization of 
medial-condylar fragments from the latéral side alone. 

3. Biological fixation - the plate can be percutaneously 
inserted and thus, extensile approach and dissection 
can be avoided. 

Schatzker type V and VI fractures are often 
comminuted, and the shaft is displaced from the 
metaphysis. Any locked plating Systems can stabilize the 
metaphyseal diaphyseal fracture through indirect 
percutaneous techniques. One or two fémoral distractors 
or spanning external fixator, maintain the réduction. 

Table of Clinical Assessment 
(X-ray, CT or MRI) 

Assess 9 

1. Comminution. 

2. Articular impaction and dépréssion. 

3. Degree of displacement. 

4. Soft tissue injury classify by T scherne method. 

5. Meta diaphyseal comminution. 

6. Ankle/Brachial pressure index + 0.9 
Normal. 

7. Peroneal nerve 8 distal pulsations. 8,9 

Large percutaneously applied, réduction forceps may 
reduce or improve the position of the intercondylar 
fracture lines. Based upon preoperative imaging studies. 


articular impaction is elevated through a cortical 
Windows placed either medially or laterally. 

Spécifie indications for locked plating are 1 : 

1. Bicondylar tibia-plateau fractures 

2. Marked comminution 

3. Osteopenia, and 

4. Bone gap secondary to loss of bone. 

Contraindications 

1. A severely damaged soft-tissue envelope any surgery 
is dangerous and high risk proposai. Delaying surgical 
treatment for a period of a few days to a few weeks, 
until optimal soft tissue conditions exist, minimizes 
complications. 

2. Open contaminated fractures with anticipated 
infections. 

3. Patients with serious medical comorbidities. 

4.5 mm LCP for Proximal Tibia Plate 

The 4.5 mm LCP proximal tibia plate consists of 
precontured plate with 3 holes in the proximal plate and 
4 to 14 distal plates as shown in the Figure 1. The three 
holes in the proximal part are used as for rafting 
technique described above (Fig. 2). The screws are fully 
threaded and angled. They are inserted from latéral side 
to médial side, perforating the médial cortex. 

Screw sélection and configuration for the plate head. 
The 5.0 mm cannulated Locking Screws provide a fixed- 
angle construct in the metaphysis, while the 5.0 mm 
conventional cannulated screws can be used to gain 
interfragmentary compression through the plate. First 
conventional screws are used, then LHS are added. 

This plate can serve as a buttress for a médial wedge. 
This is accomplished by the convergence of the locking 
screws in the metaphyseal région and the oblique screw 
from below (Figs 3 and 4). 
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Screw sélection and configuration : The combination of a 
DCU screw hole with a locking screw hole provides the 
ability to apply compression and the benefits of a locked- 
screw construct along the entire length of the plate shaft. 
The 4.0 mm Locking Screws in the shaft function the same 
as the 5.0 mm locking screws in the plate head by creating 
a fixed-angle construct that locks the bone segments in 
their relative positions regardless of the degree of 
réduction. 

The latéral approach is utilized to expose the proximal 
aspect of the latéral condyle. Cannulated or 3.5 mm 
screws can be used to secure the intercondylar réduction. 
A locking plate can be slid in a submuscular fashion along 
the latéral aspect of the shaft. The locking plates are 
designed to bridge the zone of comminution at the 
diametaphyseal junction. 

LIS S has outrigger that is used to place screws into the 
distal portions of the plate via small percutaneous 
incisions (Fig. 5). If the condylar fracture fragments are 
not comminuted and the condyles are well reduced, the 




Fig. 2: Three holes in proximal part used for 
rafting technique 


Two 2.0 mm holes 
for K-wires and 
sutures 


Angled locking 
hole accepts 
the 5.0 mm 
Cannulated 
Locking Screw 
and supports the 
médial fragment 


■S5' 


Three locking screw 
holes accept 5 0 mm 
— Cannulated Locking or 
5.0 mm Cannulated 
Conincal Screws 
Two round holes 
accept 4.5 mm 
Cortex Screws and 
6 5 mm Cancellous 
Bone Screws 


LC P holes combine 
i H- a DCU hole with a 
threaded locking hole 


Accepts Articulated Tension 
de vice to provide 
compression or distraction 


Fig. 1: Proximal tibial LCP 


médial condyle can be controlled with a laterally based 
locking plate with locked screws. 

Posteromedial fragment Coronal splits of the posterior 
aspect of the médial condyle cannot be stabilized with a 
latéral plate alone and require screws inserted antero- 




Fig. 3: Use of LCP as a buttress plate for médial wedge note 
convergence of locking screws in the metaphyseal région and 
oblique screw from below 



Fig. 4: Spécial sleeves for insertion of locking screws 
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Fig. 5: Liss for tibia (Redrawn and modified from AO Manual— 
Internai fixators 2006, ED. by Michael Wagner, Robert Frigg) 

posteriorly. Locking Systems is used to prevent varus 
deformity of the médial condyle. If réduction is 
satisfactory a laterally based locking plate maintains both 
the latéral and médial condylar réduction. However, if 
the apex of the médial condyle is comminuted or located 
posteriorly, then this fragment requires support to 
prevent late varus deformity. This stability is 
accomplished by placement of an extra periosteal 
antiglide buttress or small locking plate. 

A locking plate on the médial side can be placed with 
the use of unicortical locking screws. The implant is 
placed at the apex of the médial tibial condyle as 
determined by preoperative CT scan. Care should be 
taken to limit dissection through the second incision and 
to avoid création of large skin flap necrosis. 

Conventional screws can be used to reduce the 
proximal fragment to the plate as well as to lag fragments 
together proximally. After intial stabilization of the 
proximal fragment to the plate, the tibia distal to the 
fracture is reduced and stabilized to the plate using 
temporary K wires or conventional screws. After this 
intial stabilization, the surgeon carefully assesses the 
quality of réduction in ail planes. If the réduction is 
satisfactory, locking screws are placed proximally and 
distally to increase the stability of the construct. 

The drill is used to drill both cortices, and then the 
locking screws are initially implanted by power with the 
last few turns made via a manual screwdriver. A 
minimum of four screws should be placed proximally 
and distally. 


If extensive comminution or soft tissue injury is 
présent, additional incisions are contraindicated to avoid 
wound problems, and a ring fixator is indicated for 
stabilization of these complex injuries. It cannot be 
overemphasized that when extreme soft-tissue 
compromise is présent, formai or even limited open 
réduction and plate osteosynthesis should be abandoned 
in favor of small tension wire or hybrid external-fixation 
techniques. 

Rules for Screw Placement in LCP 

Conventional Screws are : 

1. Placed before locking screws 

2. Can reduce the bone to the plate. 

3. Can be used to lag fracture fragments together 
through the plate. 

4. Locking screws will not reduce the bone to the plate. 

5. Locking screws form a fixed-angle construct and 
remarkably increase stability in porotic bone. 

6. Lag before you lock. After placing locking screws, no 
additional compression or réduction of fragments is 
possible. 

7. Locking screws should be placed last. 

Refting technique: Multiple smaller diameter, fully 
threaded 3.5 mm lag screw placed horizontally in a "raft" 
configuration, underneath the subchondral bone. The 
horizontally directed screws pass from latéral side and 
perforate the médial cortex, acting as rafters which 
support the roof of a room passing from one wall to the 
opposite wall. This arrangement accomplishes two 
functions the first is to support the elevated osteochondral 
segment and the second is to lag the split component 
together. The raft screws help support the elevated 
fragment. 2 

LESS INVASIVE STABILIZATION SYSTEM (LISS) 3 

The Less Invasive Stabilization System (LISS) for internai 
fixation is unique among locking plate Systems because 
it combines locked plating with a minimally invasive 
surgical approach. The screws will not pull the bone to 
the implant, and therefore the fixator cannot normally 
be used as a réduction tool. The pull réduction instrument 
(commonly referred to as the "whirlybird") has been 
developed to allow the bone to be pulled to the plate prior 
to placement of locking screws. No screws should be 
placed through the fixator prior to restoring length and 
réduction in the sagittal and coronal planes. After the 
surgeon has begun placing fixed angle screws, additional 
réduction will not be possible. 
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The tip of the fixator pass distally. The implant must 
be located in the middle of the diaphysis of the distal 
tibia. If the LISS fixator is not kept in the middle of the 
diaphysis, the unicortical screws will not hâve sufficient 
pull-out strength. Screws may be in the cortex. 

No screws should be placed into the LISS fixator until 
a réduction is obtained and the plate is pinned in place 
with threaded wires proximally and distally and 
stabilized near the fracture with whirlybirds as needed. 

The LISS fixator does not hâve a perfect fit with the 
proximal tibia in most individuals due to the anatomie 
variability between patients. Because the locked screws 
do not pull the fixator to the bone, this can lead to a 
prominent plate and associated hardware-related pain. 5,6 
Prior to placing the proximal screws, a large réduction 
forceps should be placed through a stab incision medially 
and also attached to the small wire hole in the proximal 
anterior portion of the plate. The forceps is tightened to 
snug the plate against the tibia prior to the placement of 
the proximal screws, minimizing the problem of 
prominent hardware. As soon as one or two locking 
screws hâve been placed, the forceps should be removed. 

The final stage of osteosynthesis with a LISS internai 
fixator involves placing the locked screws. These screws 
provide excellent fixation with divergence from one 
another in three dimensions. A LISS screw is then drilled 
into the proximal tibia while irrigation is used. The screw 
shoulder be locked into the LISS fixator using the torque 
screwdriver, tightening it until two clicks are heard. If 
power is used to drive the screw ail the way into the 
locked position, the surgeon runs the risk of creating a 


cold weld with the screw, which makes removal 
extremely difficult if not impossible. 

The idéal construct is two screws near the fracture 
sight and two near the end of the plate. 4 
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INTRODUCTION 

Diaphyseal fractures are most common in tibia of ail long 
bones. The average incidence is about 26 per 1,00,000 
population per year with a bimodal âge distribution. 
Young males are more commonly involved with an 
average âge of 37 year s. There is also a late peak latter in 
life due to fractures secondary to osteoporosis. 

Fractures of the tibia and fibula can range from 
undisplaced fractures with minimal soft-tissue damage 
to traumatic amputations. There are certain anatomie 
considérations that make tibial fractures more 
challenging in management. The shaft of the tibia is 
subeutaneous throughout its length and hence, is prone 
for severe comminution and open fractures with 
associated complications of nonunion and infection. The 
blood supply is more precarious compared to other long 
bones which are covered by muscles. High-energy tibial 
fractures are associated with compartment syndrome due 
to the presence of osseofascial compartments of the leg. 
Due to the close proximity of bifurcation of the popliteal 
artery at the proximal third, there is a high incidence of 
vascular injury with fractures at this level. 

There is no single idéal treatment for these fractures 
and management should take into considération the 
numerous variables like overall health of the patient, 
extent of the soft tissue injury, the personality of the 
fracture itself and the presence of associated injuries to 
the thigh, knee and foot. The treatment required will also 
vary from functional cast bracing to complex bone and 
soft tissue reconstruction procedures. 

HISTORY 

Historically, tibial fractures were treated with wooden 
sticks and bandages. The invention of plaster of paris 


impregnated bandages by Mathysen and Pirogov in 1852 
helped in better holding of the fractures and better 
ambulation. The first plaster functional braces were 
introduced by Krause and Delbet in 1920. By the work of 
Bohler in Vienna and Denhe in the United States and 
latter by Sarmiento functional cast bracing became a 
popular method of treatment. The concept of external 
fixation was started by Parkhill in the United States and 
Lambotte in Belgium. Hansmann developed the first bone 
plate in Germany in 1880s and introduced the concept of 
percutaneous screws to facilitate screw removal. 
Kuntscher pioneered reamed intramedullary nail and the 
reconstruction nail. The interlocking nailing has become 
the standard of care by the efforts of AO group, 
Switzerland. In the United States, unreamed nail was 
popularized by Lottes and both reamed and unreamed 
nail is now in widespread use. The salient landmarks in 
treatment are enumerated in Table 1. 

SURGICAL ANATOMY 

Tibial diaphysis is triangular in cross section with the apex 
pointing anteriorly (Fig IA). The anteromedial surface is 
subeutaneous and devoid of muscular or ligamentous 
attachments and renders the bone susceptible to injury 
with a high incidence of open fractures. The diaphysis 
becomes thinner distally and twisting injuries commonly 
resuit in a spiral fracture at the junction of the middle 
and distal thirds of the bone. The médial surface of the 
tibia has a smooth concavity and restoration of this distal 
médial concavity is an essential part of closed réduction 
of distal tibial shaft fractures. A properly applied plaster 
holding the bone in anatomical position may appear to 
be medially angulated and similarly a straight looking 
plaster cast does not imply a well aligned fracture. 
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TABLE 1 : Salient landmarks in the treatment of tibial fractures 


Name 

Year 

Contribution 

• 

Mathysen and Pirogov 

1852 

Introduced plaster of paris impregnated bandages 

• 

Krause and Delbet 

1920 

Introduced plaster functional braces 

• 

Bohler in Vienna 

1929 

Popularised plaster functional braces 

• 

Denhe in the United States 

1959 

Popularised Bohler's weight bearing technique 

• 

Lambotte in Belgium 

1902 

External fixator 

• 

Hansmann of Germany 

1880 

Introduced plate and percutaneous screw fixation 

• 

Kuntscher of Germany 

1939 

Reamed intramedullary nail 

• 

Lottes of United States 


Popularised unreamed nail 



Subcutaneous border 


Anterior compartment 


Anterior tibial 
artery and nerve 


Posterior tibial 
nerve and artery 


Superficial posterior 
compartment 


Deep posterior 
compartment 


Tibia and fibula 


Cross-section of leg at mid third level 


Figs IA and B: The cross-section at the middle third level shows the proximity of the neurovascular structures to the bone. 
The médial border being subcutaneous and easily accessible in the entire length and also easily prone for direct injuries 


The length of the tibia ranges from 30 to 47 cm and the 
medullary diameter from 8 to 15 mm. The anterior apex 
of the shin forms the tibial tuberosity to which the patellar 
tendon is attached. The metaphysis slopes posteriorly 
forming the apex- anterior angulation at the proximal end 
of tibia which averages about 15°. This forms the idéal 
location for the insertion of the intramedullary nails. The 
shape of the proximal end, the posterior overhang, the 
thin fiat posterior wall ail make it possible easily to 
perforate the posterior cortex during nailing. Majority of 
the medullary canal is rounded and amenable for 
intramedullary nail placement. The medullary canal 
which is wide in the metaphysic becomes distinctly 
tubular 5 or 10 cm distal to tibial tubercle and is narrowest 


at the isthmus which is at the junction of the mid and 
distal third junction. Intramedullary nail in proximal and 
distal metaphyseal région has minimal cortical contact 
and there is a high incidence of malunion. 

The leg is divided into four compartments namely 
anterior, latéral and two posterior compartments 
(Fig. IB). These compartments are surrounded by 
nondistensible fascia, and it is the nondistensibility of 
the fascia that causes compartment syndrome. The deep 
posterior compartment is most commonly involved 
followed by the anterior compartment. Each of the 
compartments contains a group of muscles with the 
neurovascular structures and when performing 
fasciotomy it is important to open ail the compartments. 
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Ail the fascial lining enveloping the muscles attach to 
the fibula and fibulectomy can decompress ail the 
compartments. In open injuries though one compartment 
may be open, the other compartments may be closed and 
the can be susceptible to compartment syndrome. 

The deep peroneal nerve, which arises from the 
common peroneal nerve passes around the neck of the 
fibula. This nerve is at particular risk of damage from 
external fixator pins or from proximal intramedullary 
cross screws and pressure from plaster casts, splints or 
constricting wraps. The gastrocnemius and soleus 
muscles in the superficial posterior compartment 
(Fig. IB) are of considérable importance to plastic 
surgeons as they are very useful for covering the soft 
tissue defects associated with open proximal tibial 
diaphyseal fractures. The interosseous membrane 
connects the tibia and fibula and the fibers run downward 
and laterally and provides intrinsic stability. If it is intact 
following a fracture of tibia and fibula this favors 
conservative treatment. At the superior margin of the 
interosseus membrane anterior tibial artery enters 
anterior compartment and is susceptible to injury 
following knee dislocations and proximal tibial fractures. 
The posterior tibial nerve supplies motor power to the 
muscles of the foot and innervâtes much of the sole of 
the foot, damage to this nerve may help the surgeon to 
décidé between limb salvage and amputation. 

Blood Supply of Tibia 

The blood supply of tibia has important clinical 
applications. It has both medullary and periosteal blood 
supply. The main nutrient artery is a single vessel which 
enters the bone at the junction of the proximal and middle 
one-third. It arises from the posterior tibial artery and 
enters the bone through the long oblique nutrient 
foramina immediately branches into a proximal and 
distal branches. These vessels anastomose with the 
metaphysical vessels and as a resuit there is a water shed 
area from the junction of middle and lower one third with 
poor blood supply (Fig. 2). 



Fig. 2: Blood supply of tibia. The nutrient artery arises from 
posterior tibial artery and enters the bone at the proximal and 
mid third junction 


The entire médial surface being subcutaneous, the soft 
tissue envelope is lesser and hence, the poorer the blood 
supply of the long bones. Fractures of the tibia leads to 
disruption of the already poor periosteal blood supply at 
the lower one-third. An open réduction and internai 
fixation disrupts the periosteal blood supply and hence, 
minimal soft tissue dissection and periosteal stripping 
should be done during internai fixation. Reaming for 
intramedullary nail dévascularisés the inner two third 
of the cortex. 

Mechanism of Injury 

The commonest mode of injury in developing countries 
like India is road traffic accidents the other reasons being 
falls, sports injuries, direct blow, motor vehicle accidents, 
gun shot injuries and fall from a height. Indirect trauma 
causing twisting or bending injury to the limb can also 
cause various injuries. It is important to know the 
mechanism of injury as they play a part in classifying the 
fracture which may provide guidelines in treatment 
options. 8 

Although multifactorial the outcome dépends mainly 
on the velocity of injury which détermines the prognosis 
of the fracture and the soft tissue injury. In general, 
fractures due to indirect trauma are of low velocity 
resulting in less damage to soft tissues, whereas high 
speed motor velocity accidents and high velocity missile 
injuries resuit in severe communition and soft tissue 
disruption. The factors associated with high energy 
injuries leading to nonunion are listed in Table 2. 

Classification 

Classifications attempt to catégorisé fractures according 
to the pattern of bone injury and severity of soft tissue 
damage and provides guidelines in treatment. A simple 
classification based on the fracture pattern classified these 


TABLE 2: Factors affecting union in tibial fractures 


Factors 

Poor prognostic factors 

• 

Mechanism of injury 

High energy 

• 

Severity of soft tissue injury 

Open fractures 

Neurovascular injury 
Compartment syndrome 

• 

Pattern of fracture 

Displacement 

Comminution 

Fibular fracture 

Bone loss 

• 

Complications 

Infection 

• 

Concomitant injuries 

Knee 

Foot 

• 

Iatrogénie 

Infection 

Distraction 

Inadéquate immobilization 
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Figs 3A to D: Simplistic classification of tibial fracture based on fracture pattern 


fractures as transverse, oblique, short and long spiral and 
comminuted (Fig. 3). 

A basic method of classifying tibial fractures is based 
according to the fracture pattern as transverse, oblique, 
short or long spiral and comminuted. 1718 This is, 
however, too simplistic and a more comprehensive 
classification is the one of Orthopédie Trauma Association 
which is a modification of the classification initially 
described by the AO Group (Fig. 4). 

Orthopédie Trauma Association Classification (OTA) 
AO Classification of Tibial Diaphyseal Fractures 

Type A: Unifocal fractures 


Group Al 


Spiral fractures 

Subgroup 

Al.l 

Intact fibula 


Al .2 

Tibia and fibular fractures at 
different level 


Al .3 

Tibia and fibular fracture at 
same level 


Group A2 Oblique fractures (fracture line >30°) 

Subgroup A2.1 Intact fibula 

A2.2 Tibia and fibular fractures at 

different level 

A2.3 Tibia and fibular fracture at 
same level 

Group A3 Transverse fractures (fracture line <30°) 
Subgroup A3.1 Intact fibula 

A3.2 Tibia and fibular fractures at 

different level 

A3.3 Tibia and fibular fracture at 

same level 



Figs 4A to C: AO classification of tibial fractures 
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Type B: Wedge Fractures 


Group Bî 
Subgroup 


Group B2 
Subgroup 


Group B3 
Subgroup 


Intact spiral wedge fractures 
Bl.l Intact fibula 
B1.2 Tibia and fibular fractures at 
different level 

B1.3 Tibia and fibular fracture at 
same level 

Intact bending wedge fractures 
B2.1 Intact fibula 

B2.2 Tibia and fibular fractures at 

different level 

B2.3 Tibia and fibular fracture at 
same level 

Comminuted wedge fracture 
B3.1 Intact fibula 
B3.2 Tibia and fibular fractures at 
different level 

B3.3 Tibia and fibular fracture at 
same level 


Type C: Complex Fractures (Multifragmentary, 
Segmentai, or Comminuted Fractures) 


Group Cl 


Spiral wedge fractures 

Subgroup 

Cl.l 

Two intermediate fragments 


C1.2 

Three intermediate fragments 


C1.3 

More than three intermediate 
fragments 

Group C2 


Segmentai fractures 

Subgroup 

C2.1 

One segmentai fragment 


C2.2 

Segmentai fragment and 
additional wedge fragment 


C2.3 

Two segmentai fragments 

Group C3 


Comminuted fractures 

Subgroup 

C3.1 

Two or three intermediate 
fragments 


C3.2 

Limited commuinution (< 4 cm) 


It consists of three fracture types subdivided into three 
groups each which are further subdivided into three 
subgroups. The type A fractures are unifocal and their 
division into the various subgroups is based on the 
orientation of the tibial fracture and the presence or 
absence of a fibular fracture. In the Al group ail the 
fractures are spiral, with oblique fractures being placed 
in the A2 group and transverse fractures in the A3 group. 
If there is no fibular fracture, the suffix 1 is used, with 2 
being used for fibular fractures distant from the tibial 
fracture and 3 for fractures where the tibial and fibular 
fractures are at the same level. Type B fractures are wedge 
fractures. Type C fractures are classified according to the 


severity of tibial fractures as spiral wedge fractures, 
segmentai fractures and comminuted fractures. 

Apart from the fracture pattern itself, the factor which 
influences the outcome is the extent of skin and soft tissue 
injury which needs to be carefully assessed and 
documented. Tscherne proposed a classification based 
on the extent of soft tissue aberrations and contusions, 
the presence of closed degloving, the rupture of major 
blood vessels, presence of a compartment syndrome and 
the fracture pattern (Fig. 5 and Table 3). 

Both the AO and Tscherne classification hâve the 
advantage of documenting information and storage of 
data but hâve the disadvantage of being cumbersome for 
routine use and inability to provide guidelines for 
treatment and predict outcome. The Ganga Hospital 
Open Injury Severity Score (Refer Chapter on Open 
Injuries) was found to be superior to these classifications 
in not only predicting salvage but also in providing 
guidelines for management whenever bone and soft 
tissues were both injured. It was also found to predict 
other outcome measures like the number of surgical 
procedures required, the number of inpatient stay, cost 
of treatment and rate of infection. 



Fig. 5: Tscherne classification of closed fractures: CO, simple 
fracture configuration with little or no soft tissue injury; Cl, 
superficial abrasion, mild to moderately severe fracture 
configuration; C2, deep contamination with local skin or muscle 
contusion; moderately severe fracture configuration; C3, 
extensive contusion or crushing of skin or destruction of muscle; 
severe fracture.( From Tsherne H, Gotzen L. Fractures with 
Soft Tissue Injuries. Berlin: Springer-Verlag, 1984) 
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TABLE 3: Classification of soft-tissue injuries 


Classification 

Mechanism 
of injury 

Skin injury 

Muscle injury 

Major 

neurovascular 

injury 

Fracture 

pattern 

0 

Indirect 

Absent or 
negligible 

Negligible 

None 

Simple and 
undisplaced 

1 

Indirect 

Superficial 

abrasions 

Mild contusion 

None 

Simple with 
mild to moderate 
displacement 

2 

Direct 

Deep 

contaminated 
abrasions 
and localised 
contusion 

Deep contusion 
Impending 
compartment 
syndrome 

Can be présent, 
but no major 
arterial 
injury 

Displaced, 
comminuted, 
or segmentai 
fractures 

3 

Direct 

Extensively 
contused or 
crushed, 
closed 
degloving 

Severe muscle 
damage 

Decompensated 

compartment 

syndrome 

Major arterial 
injury 

Severe 

comminution 
and displacement 


From Tscherne H, Gotzen L. Fractures with Soft Tissue Injuries. Berlin: Springer-Verlag, 1984. 


CLINICAL EVALUATION 13 

The évaluation of tibial fractures follows the following 
sequence. 

History 

Evaluation in poly trauma 
Medical évaluation for systemic illnesses 
Evaluation of the extremity 
Neuro/vascular 
Skin and soft tissue 
Swelling 

Radiographie évaluation 

Do not forget associated injuries to knee and 
segmentai fractures. 

History 

Determining the mechanism of injury is critical during 
initial évaluation. The level of consciousness, smoking, 
medical illness, diabètes ail influences the treatment. Time 
interval since injury and arrivai is important especially 
in case of compartment syndrome, arterial injury, and 
open fractures. It is essential to investigate the prefracture 
ambulatory status of the elderly as this may well alter 
the surgeon's treatment. 

Signs and Symptoms 

In the conscious patient fractures of the tibia and fibula 
are usually obvious. In the unconscious patient the main 
signs are also local deformity and swelling, and must be 
sought, particularly in the multiply injured patient. Firm, 
tense and swollen extremity should arouse a suspicion 


of compartment syndrome. Status of the skin should be 
examined carefully. Closed degloving is identified by the 
loss of attachment of skin to the deep fascia (Fig. 6). 
Lacération, puncture wounds, abrasions should not be 
probed or rigorously explored and should be covered by 
stérile dressing. Photographs of the open wound and 
adjacent injuries should be taken, as these hâve both 
clinical and legal significance. It is important to try to 



Figs 6A and B: (A) Soft tissue injury, Grade 2, deep contamination 
with local skin and muscle contusion; moderately severe fracture 
configuration. (B) Soft tissue injury Grade 3, extensive contusion, 
crushing of skin and contusion of muscles; severe fracture 
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assess whether there has been any significant crushing 
component of the muscles which can produce 
myonecrosis. The associated myoglobinuria may also 
induce rénal failure. 

A thorough neurologie examination of the leg should 
be undertaken. Damage to the common peroneal nerve 
and its branches, the posterior tibial nerve and the sural 
and saphenous nerves, can occur with a tibial fracture. 
Similarly the vascular supply to the leg or foot must be 
examined and recorded. The puises must be felt and the 
degree of capillary return in the foot and toes assessed. 
Skin pallor and skin température should be assessed. 

The surgeon should be aware that there may be other 
injuries associated with the tibial fracture. The lists of 
common associated injuries are given in Table 4. 

This is particularly true in high-energy injuries where 
there may be a number of injuries in the same limb or 
other locations in the body. 

COMPARTMENT SYNDROME 

Compartment syndrome is a painful condition resulting 
from decrease in the perfusion pressure below the tissue 
pressure within a closed osseofascial compartment. This 
increased pressure within the compartment above a 
critical level results in ischemia of the muscles and nerves 
and when untreated leads to tissue necrosis and 
permanent functional impairment. Though there are 
various causes for compartment syndrome like extensive 
muscle injury, burns, hemorrhage, vascular injury, etc. 
69% of compartment syndromes are associated with 
fractures, and of ail compartment syndromes 36% are 
associated with tibial diaphyseal fractures. The average 
incidence of acute compartment syndrome following ail 
tibial fracture is 4.3% and it is 4.7% in closed fractures 
and 3.3% in open fractures. There is a significant increase 
in incidence in younger patients with incidence around 
5.9% in patients under 35 years and 1.7% in patients older 
than 35 years. 

Severe pain résistant to analgésies and not reduced 
by immobilization or élévation must raise suspicion of 
compartment syndrome. It is important to note that 

TABLE 4: Associated injuries 8 

• Open wounds 30% 

• Multiply injured 30% 

• "Floating knee" injuries-ipsilateral knee dislocation and 
fémoral shaft fractures 

• Ligament disruption of knee 

• Fractures and dislocation of ankle 

• Bifocal fractures-5% (two separate fractures in the tibia) 

• Fibular head dislocation-associated with neurological injury, 
distal ankle mortise disruption. 



Fig. 7: Decreased sensation over the first web space is an 
early sign of anterior compartment involvement 


absence of puise is not mandatory for diagnosis as it can 
be a late sign which often signifies permanent damage 
of muscles. The compartment may be swollen due to the 
swelling of the muscle underneath and passive stretch 
of these muscles will resuit in increased pain. The nerves 
can be affected by ischemia and an early sign is a sensory 
déficit which is often noticed in the first web spaces due 
to the early involvement of anterior tibial nerve (Fig. 7). 
Various amounts of hyperasthesia and anesthésia may 
also be involved. Paralysis and loss of movement is a late 
finding and signifies extensive muscle damage. 

Compartment syndrome can be often missed in 
patients with head injury, alcohol intoxication, 
polytrauma and in patients who are deeply sédative. 15 
In such scénario, the treating physician must be more 
vigilant and compartment pressure monitoring has a 
spécial rôle in early diagnosis and intervention. 
Compartment pressure monitoring helps in early 
diagnosis and intervention. Many validated methods 
hâve been described to measure compartment pressure, 
the easiest being in the use of a slit cathéter or a hand- 
held monitor. A single pressure level above 30 mm Hg 
or a differential pressure between the diastolic pressure 
and the intracompartmental pressure of < 20 mm Hg is 
considered significant. Continuons pressure monitoring 
delays the interval between admission and fasciotomy 
compared to monitoring by clinical signs. It is necessary 
only to monitor the pressure in the anterior compartment. 
The tip of the cathéter is positioned near the fracture site 
as the pressure is greatest here. 

We hâve devised a reliable and simple method of 
continuous measurement of compartment pressure using 
routinely available material in operating theater. The 
épidural cathéter is introduced into the anterior 
compartment. The tip of the cathéter is placed close to 
the fracture site and firmly secured. The cathéter is 
attached to the pressure transducer of the multiparameter 
monitor in the anesthetic machine and this allows a 
continuous monitoring of the pressure before and during 
the various stages of positioning and surgery. In a 
prospective study of compartment pressure monitoring 
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Analysis of trend of average compartment 
pressures during steps of IM nailing 



Fig. 8: Compartment pressure measured during interlocking 
nailing. Increase in pressure was noticed during closed 
réduction of fracture, reaming and nail passage 


in 24 patients, the compartment pressure was found to 
rise transiently during the process of applying traction 
and réduction of the fracture and again during the 
passage of the nail. However, in no patients the pressure 
has crossed the limits of safety during the entire process 
of nailing (Fig. 8). When pressures are higher in patients 
with comminuted fractures and in patients with soft 
tissue injury associated with skin abrasion. 

An épidural cathéter placed in the anterior 
compartment was attached to a pressure transducer and 
a multiparameter monitor and continuous pressure 
monitoring was done before surgery and intraoperatively 
during closed interlocking nailing in 24 patients. 13 
patients had Tscherne grade 0 injury, 7 patients had grade 
1 injury and 4 had grade 4 injury. Compartment pressure 
rises transiently during nailing or on passage of any 
instrument down the medullary canal but it is raised 
during the closed réduction of the fractures. There was 
no clinical incidence of compartment syndrome after 
nailing. 

RADIOGRAPHIC STUDIES 

1. Plain X-rays 

Anteroposterior and latéral radiographs should be ail that 
is required to diagnose a tibial diaphyseal fracture. It is 
mandatory that the knee and ankle should be included 
in the radiographie sériés, as the fracture line may extend 
to either joint or there may be other injuries at the 
proximal and distal ends of the tibia. Apart from the 
diagnosis of the fracture the treating physicians should 
carefully evaluate the radiographs for the status of the 
bone quality, associated occult fracture lines extending 


TABLE 5: Evaluation of plain X-ray in tibial 
shaft fractures 

• Location and morphology of fracture 

• "Secondary fracture lines" which might displace during 
surgery 

• Comminution—Indicates high energy injury 

• Displacement—Wide displacement causes devascularisation 
of fragments 

• Bone defect—Choice of implant changes 

• Intra-articular extension both knee and ankle—Change in 
treatment option 

• Status of the bone: Osteopenia, previous fractures 

• Osteoarthritis or presence of knee prosthesis 

• Gas in soft tissue—Gas gangrené, necrotizing fascitis, or 
other anaérobie infections 


into the joint, status of the joints, etc. which may play a 
rôle in deciding appropriate management (Table 5). 

Cône down view is indicated to rule out stress 
fracture, subtle fracture lines and callous response. 

2. CT Scan and MRI 

There is no requirement for computed axial tomography 
(CAT) scans or magnetic résonance imaging (MRI) scans 
to diagnose a conventional fracture of the tibia, except 
with associated intra-articular tibial plateau fractures. 
Technetium bone scanning and MRI scanning may be 
useful in diagnosing stress fractures before they become 
obvious on plain radiographs. 

3. Arteriography 

If there is any clinical suspicion of vascular damage, 
arteriography may be necessary. 

Management 

Ail patients with a closed or open tibial fracture must 
hâve a thorough search for systemic injuries. Locally the 
presence of occult wounds communicating to the fracture 
site, an arterial injury or compartment syndrome should 
be carefully ruled out. Vascular insufficiency may usually 
get spontaneously corrected when the limbs are 
repositioned and splinted in an anatomical position. 
Puises may not be évident due to spasm but may 
frequently be detected by a Doppler. If not an 
arteriography may be necessary. The high resolution CT 
scans and MRI are now capable of clearly demonstrating 
the vascular flow and the région of the block and 
traditional arteriograms are not necessary if this facility 
is available (Fig. 9). 

Spécial attention must be given to the presence of 
compartment syndrome especially with fractures of the 
metaphysis and the junction middle and upper one third. 
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Fig. 9: MR angiogram of normal lower limb and 
in a patient with vascular injury 


If suspicion is strong compartment pressure measure- 
ments must be made and fasciotomy performed if 
necessary. 

Goals of Treatment 

The goals of treatment are to obtain fracture union in good 
alignment, maintain limb length and rotation, and restore 
pain free weight bearing and functional range of 
movements in a reasonable period of time (less than 6 
months) without complications. As much as 1 cm of 
shortening and 5° or less of angular deformity or 
malrotation does not cause any significant clinical prob- 
lems. While up to 10° of external rotation is frequently 
tolerated by the patient even minimal internai rotation is 
not tolerated due to poor cosmetic and functional results. 
While assessing alignment, the extent of varus and valgus 
of the opposite knee and leg must be taken into account 
due to wide individual variations. The site of 
malalignment is as important as the severity. If the fracture 
site is in close proximity to either the knee or ankle joint 
its deleterious effects are more than midshaft fractures. 

Nonoperative Treatment 

Low energy fractures can be managed usually by closed 
réduction and application of a long cast. Having the leg 
in a dépendant position allows gravity to aid réduction 
which can be maintained by a below knee cast which is 
later extended to a long leg cast. 16 

Before a réduction is attempted, it is important to rule 
out swelling and edema which may make application of 
a cast risky due to neurovascular compromise. The cast 
must be well padded and provisions must be made for 
immédiate splitting of the plaster at the slightest suspicion 
of vascular problems. Splitting of plaster must include 
division of the padding also as otherwise sufficient 


décompression of the pressure will not occur. If an 
acceptable réduction is not obtained, it is usual to try 
another réduction after which a method of surgical 
stabilisation is generally preferred. 

Functional Cast Brace 

Functional cast bracing is a method of immobilization of 
fractures at the same time allowing functional movements 
of joints and muscles. Sarmiento has popularized and 
reported impressive results with functional cast bracing 
and early weight bearing mobilization in over 1000 tibial 
fractures. This may be the method of choice in low energy 
injuries with stable fracture patterns and minimal 
displacement on radiographs (Table 6). 1 ' 6 ' 38 " 40 ' 42 

The technique of functional cast bracing is very 
important for success and has been well described. The 
fracture is first reduced by a gravity assisted réduction 
cast. Acceptable réduction is confirmed with radiographs. 
Patient is mobilized nonweight bearing and latter partial 
weight bearing to his comfort. Patient is discharged and 
reassessed after one to two weeks. Originally Sarmiento 
advocated PTB casts. Now prefabricated functional PTB 
brace from knee to foot with hinged ankle or custom 
molded, bivalved, total contact brace fabricated by an 
orthotist can be used (Fig. 10). It is usually applied 3 to 5 
weeks when the patient is able to partial weight bear in a 
long leg cast and early fracture consolidation has begun. 
The interosseous ligament provides intrinsic stability and 
maintains length and as the fracture becomes "sticky" it 
permits only bending rather than translation. Minor 
angulation is corrected during change of cast or by 
wedging. Proximal level fractures are better controlled 
with a long leg cast or if knee bending is désirable a thigh 
cuff and hinges can be attached to the below knee part of 
a PTB cast. In his personal sériés of over 1000 tibial 
fractures, Sarmiento reported a final angulation 
deformity of less than 6° with a shortening of only less 
than 12 mm in over 90% of cases. The nonunion rate was 
also less than 1.1%. 


TABLE 6: Functional cast bracing 


Indications 

Contraindications 

1 . 

Good overlap in early 
weight bearing X-rays 

1 . 

Initial shortening > 2cm 

2. 

Atleast 50% cortical contact 

2. 

Intact fibula 

3. 

Varus/Valgus and 
rotation < 5-7° 

3. 

Significant comminution 

4. 

Anteroposterior 
angulation <10-15° 

4. 

Displacement > 30% of 
the shaft diameter 

5. 

6. 

No more than 1.5 cm 

shortening 

< 30% comminution 

5. 

N euromuscular 
disorders 
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Fig. 10: Patellar tendon bearing cast and prefabricated 
patellar tendon bearing brace 

However, the method has its strict indications and is 
applicable only to low energy injuries and fractures 
presenting with gross soft tissue injuries, edema and 
swelling and with gross shortening or displacement are 
not amenable for this method (Table 6). 

Operative Management 

In general, operative management is opted whenever, 
an acceptable réduction is not obtained or cannot be 
maintained during the course of fracture union. Other 
indications for operative intervention would be 
associated soft tissue and vascular injuries, intra-articular 
extension of the fracture line, when there is a need for 
early mobilisation and the fracture occurs in polytrauma 
situations (Table 7). 

TABLE 7: Indication of operative treatment 

Absolute Relative 


• Vascular injury 

• Compartment syndrome 

• Open fractures 


Unstable fractures 

> 50% translation within the cast 

> 30% comminution 
Shortening > 1 cm 
Unacceptable alignment/ 
réduction 

Anteroposterior angulation >10° 
Mediolateral angulation > 5° 
Segmentai fractures 
Floating knee injuries 
Multiple injuries 
Displaced fractures with intra- 
articular involvement 
Type I open fractures 
Nonunion 


Whatever be the technique adopted, the method 
should resuit in adéquate stabilization with least 
interférence to natural biological process of healing. 
Although the initial enthusiasm for internai fixation 
started with good results with plate fixations, closed 
interlocking nail fixations hâve become the standard of 
care throughout the world. 26 

Plate Fixation 53 

Précisé anatomie réduction with rigid inter-fragmentary 
compression was the advantage of plate fixation methods 
but it has the disadvantage of requiring more exposure 
and stripping of periosteum with secondary 
devascularisation of the fracture fragments. The method 
also becomes more risky whenever soft tissue injuries or 
occult degloving of the skin is présent. Reported incidence 
of complication rates of wound breakage and infections 
upto 49% in some sériés hâve slowly lead to the decreased 
usage of primary plate fixations. The timing of operative 
intervention and meticulous technique are paramount 
to prevent complications. Presence of swelling, occult 
degloving, deep and fiction burns near the site of incision 
increase the chances of wound breakdown. The incision 
must be carefully planned so that it does not lie over the 
planned area of plate application and must be of adéquate 
length so that too much of retraction does not resuit in 
hypovascularity of skin margins. Gentle handling of soft 
tissues and minimal striping of periosteum will help to 
preserve vascularity of the fracture ends. In the presence 
of comminution with large butterfly fragments, a careful 
assessment must be made regarding their vascularity and 
future viability. When adéquate soft tissue attachment is 
présent, large fragments canbe repositioned anatomically 
and fixed stably using the lag screw principles advocated 
by the AO. Availability of good instruments and proper 
tools are essential for these surgeries. Whenever, the 
viability is suspect, these fragments are better removed 
and a decision be made regarding the need for primary 
bone grafting. At the end of surgery, vacuum suction 
drains are important to avoid wound healing problems. 
A detailed description of the operative procedure is out 
of scope of this Chapter but has been well described. 

Modifications of Plate Fixation 

Biological Plating 

Newer philosophies of plate application do not strive for 
précisé restoration of anatomy. Rather, plates are used 
just as an external fixator is utilized to span or "bridge" 
areas of comminution. This technique is done closed 
without disturbing the hematoma or remaining soft- 
tissue attachment at the site of the fracture and allows 
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Fig. 11: Biological fixation: Precontoured plates are passed 
percutaneously across fracture which has been reduced by 
indirect technique and fixed without disturbing the fracture site 

for 'biologie fixation'. The undisturbed fracture 
hematoma acts much like an autogenous bone graft 
producing rapid callus formation. Biologie plating, as 
described by Mast et al, relies on "indirect réduction" 
techniques where the fracture is reduced restoring the 
mechanical axis, usually with a fémoral distractor. A 
precontoured plate is placed directly on to the bone using 
conservative soft-tissue techniques. The plate is attached 
to the bone using fewer screws, avoiding the destructive 
effects of bone-holding forceps and direct "hands-on" 
fracture fragment manipulation (Fig. 11). The use of the 
soft-tissue sparring techniques like MIPPO combined 
with more flexible plates or locked plates hâve been 
shown to produce excellent results with reduced soft- 
tissue complications. 

Locking Plates 

Locked plates rely on a different mechanical principle to 
provide fracture fixation and in so doing they provide 
different biological environments for healing. In 
conventional plates the strength of fixation dépends on 
the frictional force between the plate bone interface and 
the axial stiffness or pull out strength at the screw bone 
interface of the single screw farthest away from the 
fracture site during axial loading (Fig. 12A). Lag screws 
need to be applied perpendicular to fracture line and the 
conventional plates allow only limited angulation. The 
contact stress at the bone plate interface compromises 
the periosteal blood supply. Under axial load there is 
secondary loss of fixation postoperatively due to toggling 
of the screws in the plate as the screws are not locked to 
the plate (Fig. 12B). 

In the locked plates the strength of fixation is 
dépendent on the screw bone interface of ail the screws 




Figs 12A and B: Conventional plate fixation: (A) Conventional 
plates dépend on the friction force between plate and bone for 
axial stiffness. (B) Secondary loss of réduction can occur during 
loading as screws can toggle in the plate (From Technical guide 
for Large fragment Locking compression plate, Synthes) 


acting as a single beam construct. The screws lock to the 
plate and maintain their relative positions regardless of 
the degree of réduction. Locked plates act as "internai 
external fixators" and hâve both angular and axial 
stability. They help to achieve secondary fracture healing 
especially in situation where anatomical réduction cannot 
be achieved. They also don't compromise the periosteal 
blood supply. 

Locked plates are indicated in fractures requiring 
indirect fracture réduction, diaphyseal/metaphyseal 
fractures in osteoporotic bone, for bridging severely 
comminuted fractures, and the plating of fracture where 
anatomical constraints prevent plating on the tension side 
of the bone. Like the dynamic compression plates locked 
plates do not achieve compression at the fracture site and 
hence, anatomical fracture réduction should be achieved 
with lag screws if necessary before fixation (Fig. 13). 

Extended Uses of Plating 

Intra-articular Extension 

In proximal or distal shaft fractures with displacement 
into the articular surfaces, bridge plating is a good option. 
It can also be used as an alternative to external fixation 
techniques. 
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Fig. 13: One type of locking plate which has both locking holes 
and conventional holes. Combination of conventional and 
locking screws can be used in the metaphyseal région. (From 
Technical guide for Large fragment Locking compression plate, 
Synthes) 

Open Fractures 

Assuming the soft-tissue envelope has been minimally 
compromised. In select cases of open fractures where the 
exposure has been accomplished via the open injury, plate 
fixation provides excellent stabilization, if additional 
dissection and dévitalisation are minimized. However, 
early soft-tissue coverage is mandatory by delayed 
primary closure or appropriate flap coverage. Plate 
stabilization for tibial shaft fractures with associated 
vascular injury provides a rapid means of direct 
stabilization. 

Nonunion 

Plate fixation is also indicated for nonunions of the tibial 
diaphysis that are not amenable to intramedullary 
nailing. Excellent results hâve been reported after plate 
fixation, following failed tibial external fixation provided 
an adéquate latency period has occurred to allow for the 
pin tract sites to heal. In both instances limited extra 
periosteal exposure combined with indirect réduction 
using fémoral distractors and tension band plating with 
bone grafting has yielded excellent anatomie and 
functional results. 

External Fixation 

The greatest advantage of the external fixation is that it 
does not cause additional disruption on the soft tissue 
envelope on the vascularity of the fracture fragments and 
other osseous structures. Hence, it is of great use as a 
method of quick stabilization in the acute scénario and 
also when the limb is swollen when any other form of 


skeletal stabilization would be hazardous. * 1 2 3 4 5 6 * * 9 The use of 
external fixators as a definitive method of fracture fixation 
is, however, less preferred over other methods of close 
réduction and internai fixation. External fixators offer the 
ability to compress fracture fragments and close bonygaps even 
in the presence ofsevere communition. 7 Minimal malalignment 
can also be corrected during the course of treatment as bone 
union continuously takes place. Monolateralfixators with three 
dimensional adjustability or circularframes like îlizarov allow 
this to be accomplished more easily. 11 If there is a loss ofbone, 
these fixators also allow the possibility of acute closing of the 
gap and regaining limb length by bone transport procedures. 
Closed fractures heal with external fixation on an average 
within 4 months. The rates of nonunion hâve been 
reported as high as 5% for closed fractures. In most sériés, 
it was felt that early dynamization and graduai frame 
disassembly should be performed in an effort to load the 
fracture and promote secondary callus formation. The 
most common complication was minor pin tract infection, 
which is seen in majority of patients. Major pin site 
infections requiring secondary surgical procedures were 
noted to be less than 5% in most sériés and none appeared 
to hâve led to any serious sequela. Most authors agréé 
that although external fixation requires doser patient 
monitoring and pin care, external fixation is a safe and 
reliable de vice for treating tibial shaft fractures. 

The advantages of external fixators are as given in 
the Table 8. 

In general, external fixators are now more commonly 
used either as a temporary fixation method or in the 
scénario of open injuries where some form of limb 
reconstruction is also required (Figs 14A and B). 

Interlocking Nail 50 

General Principles of Interlocking Nailing 

Intramedullary nailing is presently the preferred method 
of treatment of displaced tibial shaft fractures by most 

TABLE 8: Advantages and disadvantages of 
external fixator 

Advantages 

1. Does not cause soft tissue stripping 

2. Allows quick stabilization in acute scénario, polytrauma, 
vascular injuries 

3. Allows correction of alignment during the course of 
treatment 

4. Useful in fractures with bone loss 

5. Can be used as a definitive management for intra-articular 
fractures in patients also with diaphyseal involvement 

6. Used for stabilization in open fractures, infected fractures 

and injuries with severe soft tissue damage 

Disadvantages 

1. Pin Tract Infection 
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Figs 14A and B: Proximal tibial fracture with intra-articular 
involvement treated with cancellous screw fixation and 
monolateral external fixators. Now external fixators are more 
commonly being used for the definitive management of such 
fractures 


surgeons. It became popular for closed displaced 
transverse mid diaphyseal tibial fractures with little 
comminution in 1970s. The introduction of interlocking 
intramedullary nailing in 1980 has expanded the 
indication for closed tibial fractures. With both proximal 
and distal interlocking screws axial alignment can be 
maintained even in segmentai fractures with excessive 
comminution. Even though interlocking nails are 
advocated primarily for mid and distal diaphysis to 
within 4 cm from the ankle joint, transitional metaphyseal 
fractures can also be stabilized. 

Nails are often categorized as reamed or non reamed 
depending on whether enlargement of the medullary 
canal with power reamers is an intended part of the nail 
procedure. Nailing for which reaming is generally 
required hâve outside diameters of 11mm or more, 
whereas insertion without reaming may be as small as 8 
mm. Non reamed nails are mostly preferred in open 
fractures as it is believed that réduction in the risk of 


infection. Decision should be also made whether the 
locking screws on both ends (static locking) or one end 
(dynamic locking) of intramedullary nails. Most statically 
locked tibial fractures heal with the locking screws in 
place. If not removal of screws from the most stable end 
of the nail may promote union (longer tibial segment, 
dynamisation). Now most of the nails hâve the option of 
oval hole for dynamic screw fixation. 

Intramedullary nails control diaphyseal fractures with 
an interférence fit against the internai surface of the 
medullary canal with an interférence fit locking bolts. The 
straight intramedullary nails maintain axial alignment 
and prevent bending and latéral displacement. 

Fracture healing occurs mostly by prolifération of 
peripheral callus (Figs 15 and 16) which may be delayed 
if the surrounding soft tissues badly injured. With axial 
loading fracture ends telescope together until weight is 
borne by the bone, unless it is locked both proximally 
and distally. Blachut et al in a randomized prospective 
study of closed tibial shaft fractures treated with either 
reamed or non reamed nails found that union rate was 
not significant. The rates of malunion and infection were 
not significantly different in both groups. However, 
higher incidents of delayed union and device failure in 
non reamed nails were reported. Fatigue fractures with 
subséquent nonunion were reported. Secondary 
procedures hâve been advocated to promote union and 
avoid hardware failure in cases where delayed healing 
is likely. Nail dynamisation, exchange reamed nailing, 
open bone grafting and fibula osteotomy hâve been 
advocated in alone or combination. 3,12,44 

An intact fibula may be a cause for delayed or 
nonunion. Unless the tibial fracture is a long spiral 
fracture, it may be better to perform a fibular osteotomy 
at the time of nailing (Fig. 17). 



Figs 15A and B: (A) Closed tibial fracture of middle distal third level treated interlocking nailing 
resulting in good union. (B) Bilateral tibial fracture 
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Figs 16A and B: Comminuted fracture mid third lower third junction. Fracture united with bridging callous 


Reamed Versus Non-reamed Nails 4 ’ 3132 

Smaller diameter unreamed nails with small screws hâve 
an increased risk of mechanical failure, which may lead 
to loss of fracture fixation and alignment. Fatigue fracture 
of non reamed nails rarely occurs, and mostly happens 
in locking screws. It is difficult to retrieve the broken 
screws and solid intra medullary nail. More than that 
challenge of inserting unreamed nails even in small 
diameter without reaming. 

In a randomized prospective study comparing 
reamed and non reamed nailing for fixation of closed 
Tscherne grade I injuries court and Brown and colleagues 
reported faster healing and fewer reoperations when 
reamed nails were used. Keating et al and others hâve 
also reported no problem with reamed intramedullary 
nails in open fracture. Even though many surgeons prefer 
non reamed nails in open fractures, theoretical 
advantages were not confirmed by clinical expérience. 

Reamed interlocking nails offer comparatively better 
stability and strength and thus allow earlier unsupported 
weight bearing. Non-reamed nails hâve been advocated 
in closed fractures with significant soft tissue injury and 
compartment syndrome. Nassif and colleagues in a 
prospective randomized study showed no différence in 
compartment pressure between carefully reamed and 
non reamed nailing. A comparison of reamed and 
undreamed nailing is as given in the Table 9. 

In summary, reamed intramedullary nails are 
preferred in closed tibial fractures. Furthermore it is also 
acceptable for open tibial fractures. The surgeon who 
prefers to avoid reaming considering infection must take 
into accounts like obstruction to nail insertion and fixation 


failure which are more common problems in non-reamed 
nails. 

TECHNIQUE 

Preop radiographs of injured limb are needed including 
knee and ankle. If there is an undisplaced metaphyseal 
fracture, it should be fixed with cancellous screws before 
nailing. Measurement of opposite intact tibia with a tape 
from tibial tubercle to the tip of the médial malleolus 
provides the idéal measurement. It is important to hâve 
a proper range of implants and broad sélection of 
intramedullary nails to prevent intraoperative problems 
of fixations. 

Anesthésia 

General or spinal anesthésia is preferred. Perioperative 
antibiotic routinely administered. A tourniquet may help 


TABLE 9: Comparison of reamed and unreamed 
nailing 


Reamed interlocking nailing 

Non-reamed interlocking nailing 

1. 

Faster healing 

1. Delayed union and 
nonunion more common 

2. 

Better stability and 

2. Less strength and delayed 


early weight bearing 

weight bearing 

3. 

Implant failure rare 

3. Fatigue fracture mostly at 
locking screws 

4. 

No différence in 

4. Generally preferred in 


open fractures 

open fractures 

5. 

No différence in 

5. Preferred in compartment 


compartment pressure 

syndrome and while closed 


reaming 

soft tissue injuries including 
physiological degloving 
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Figs 17A and B: Nailing with fibulectomy, (A) Tibial fracture with interlocking nailing done with intact fibula. There was a delay 
in union up to seven months after which bridging occurred on the latéral side, (B) Fracture union with intact fibula: Closed tibial 
fracture with intact fibula. Fibulectomy done before locking to achieve compression at the fracture site 


in exposure but is generally not used while reaming as it 
may increase thermal necrosis because of decreased blood 
flow. 

The knee should be positioned in more than 90° of 
flexion in the fracture table and the proximal support 
should in distal fémoral shaft avoiding pressure in the 
popliteal fossa (Fig. 18). The use of a fracture table helps 
in achieving and maintaining réduction during the entire 
surgery. Foot is attached to the fracture table by calcaneal 
pin or taped to the foot plate. Before draping the adequacy 
of réduction and the ability to obtain a fluoroscopie image 
of the whole bone must be evaluated. Opposite leg can 
be held in a separate post in a position of flexion abduction 
external rotation so that it does not hinder the path of 
image intensifier. Instead of a fracture table, the longer 
AO/ASIF distractor or an appropriate external fixator 
can be used to apply traction and stabilize the fractured 
tibia during IM nailing, which can then be performed 
with a leg free on a radiolucent table. 

Entry Site 

Incision is centered over the long axis of tibia extending 
from tibial tubercle to the mid portion of patella. The entry 
point could be through a patellar tendon splitting 
approach or latéral to the ligament. The cortical bone in 
this area is easily perforated with an awl. Radio 
graphically the optimum tibial nail entry site in AP image 
is at the center or just médial to the latéral tibial spine. 


Fig. 18: Positioning on a fracture table with a 
calcaneal pin traction 

On the latéral image it is immediately adjacent and 
anterior to the articular surface (Figs 19A and B). 27 

Reaming and Nailing 

For reaming, an appropriate guide wire with a beaded 
tip is passed across the fracture site and down into the 
dense bone of the distal tibial metaphysis (Fig. 19C). Its 
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location is confirmée! on AP and latéral views. Closed 
manipulation guided by the approximation of the 
subeutaneous anterior tibial crest usually makes it an easy 
procedure in relatively fresh fractures. By subtracting the 
length of the exposed guide wire from the top another 
wire of the same length, IM length can be determined. 
Reaming is then performed over the guide wire with 
cannulated power reamers. Alignment of the fracture 
must be manually maintained when the reamers pass 
through it. Depending on the reamers used and the size 
and shape of the nail it is usual to ream 0.5 to 1 mm or 
even 1.5 mm larger than the nail's diameter. Generally, 
no more than 2-4 mm of reaming is carried out after the 
first reamer makes contact with the cortex. It is désirable 
to ream enough to use the nail diameter that provides 
adéquate strength and fit and to enlarge the canal 
diameter sufficiently to ease insertion of the implant. It 
is not necessary to ream ail the way into the distal 
metaphysis, where the nail can usually be embedded into 
the dense cancellous bone and thus increase distal 
fixation, though at some risk of fracture distraction. 

After reaming, the bail- tipped guide wire should be 
exchanged for one over which the cannulated 
intramedullary nail can be inserted. If a non cannulated 
nail is used, it will be inserted directly after removing 
the guide wire. Image intensifier ensures that réduction 
is maintained and that the nail is passed across the 
fracture site without producing comminution. If the nail 
does not advance easily with each hammer blow, it 
should be removed for additional reaming or a smaller 
diameter nail used. Once the nail has crossed the fracture 
site it is advisable to release any traction and provide firm 
support for the foot to avoid distraction during the last 
stages of nail insertion. Distraction may occur because of 
the density of the distal tibial metaphyseal bone, which 


resists pénétration by the advancing nail. Because 
distraction of a tibial shaft fracture interfères with healing, 
it must be avoided. 

Interlocking Screws 

For fresh tibial fractures, it is probably best to interlock 
proximally and distally. 37 

2 or 3 locking screws should be chosen for the fixation 
of a short proximal or distal segment because medullary 
interférence fit is not available as it is for diaphyseal 
fractures. Proximal locking helps keep the nail from 
backing of into the knee if it loosens or the fracture 
telescope, and it also provides angular and rotational 
control of a shorter proximal fragment. Distal locking 
screws are inserted in a free hand technique with an awl 
or drill guided by fluoroscopy after careful positioning 
of the C- arm fluoroscope and the leg to ensure that 
"perfect circle" images of the distal locking holes can be 
obtained and maintained during screw insertion. 

Proximal Third Fractures 

Tibial fractures most commonly involve the middle and 
distal third of the bone and proximal third involvement 
is rare accounting for only 5 to 11% in different sériés. 
Generally fractures are considered to be proximal if they 
are within 5 cm of the proximal locking screws. The 
treatment of these fractures requires spécial skills and 
high rate of non union and a higher reoperation rate hâve 
been reported. The wide medullary canal does not allow 
a tight canal fit leading to decrease in the rigidity of the 
nail bone construct. There is also a difficulty in achieving 
perfect alignment and in many sériés, malalignment of 
more than 5° in the fontal or sagittal plane or a displace¬ 
ment of 1 cm or more is found in more than 50% of patients. 



Figs 19A to C: (A and B) Entry point in 
center or médial to tibial spine in AP 
and anterior to articular surface in 
latéral. (C) Bail tipped guided across 
the fracture site 
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Figs 20A and B: A médial entry point results in valgus 
angulation at the fracture as shown both in the line diagram 
and X-ray 


Due to the spécifie anatomy of the upper end of tibia, 
prévention of malalignment begins with a proper starting 
point. 47 The entry point of the awl should be about 9-10 
mm latéral to the midline of the tibial plateau or 3 cm 
latéral to the center of the tibial tuberosity (Figs 20A and 
B). A latéral parapatellar approach is preferred to a 
midline patella splitting approach. Similarly, the entry 
point must be as high as possible and just anterior to the 
attachment of the ACL. The patient must be positioned 
on a fracture table and the limb flexed more than 60° to 
allow a straight passage of the guide wire. Wherever 
necessary, blocking screws must be used to correct the 
alignment (Fig. 21). Due to the pull of the patellar tendon 
and the need for pressing the leg during the passage of 
guide wire, there may be anterior opening at the fracture 
site. It is important that the leg is extended after the 


passage of the nail to allow for the closing of this gap 
and then the proximal interlocking screws to be applied. 

The choice of nail has an important bearing in the 
successful outcome. Because of this anatomical 
peculiarity GK nail and its clones which hâve the bend 
at a more proximal level of the nail are more suited in 
patients with proximal tibial fractures. The universal AO 
and most conventional nails hâve a Herzog bend of about 
11° at the junction of proximal and middle third of the 
nail. The AO nails frequently cause an anterior translation 
of the proximal fragment which requires a more careful 
technique of the use of polar screws to avoid this 
undesirable outcome. Third génération nails with 
multiple proximal interlocking options also offer more 
technical feasibility in complex fractures. These nails not 
only hâve locking option till the tip of the nail but also 
allow screws to be inserted in oblique directions also for 
firm purchase of the proximal segment (Fig. 22). 

In treating proximal fractures with intra articular 
involvement a preplanned fixation is usually best 
performed before nailing the diaphyseal component. 
Typically, the fixation involves one or more lag screws 
and occasionally a plate. Réhabilitation must consider the 
need for delaying weight bearing while proceeding with 
joint mobilization, sometimes with the hinged brace 
(Table 10). 

Distal Third Fractures 

Fractures involving the distal one third of the tibia 
involving the metaphyseal flare again pose the difficulty 
of decreased implant contact leading to less stability and 
increased malalignment. Even minor malalignment in 


. 1 * 


Figs 21A to C: (A) Apex anterior angulation, (B and C) Use of poller screw. Due to the pull of the quadriceps 
anterior angulation at the apex of the fracture occurs. This can be avoided by guiding the nail close to the 
anterior cortex by appling a blocking screw and then if necessary extension of the knee during locking 
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Fig. 22: Proximal tibial fracture with intra articular involvement. 
This is a segmentai fracture at the proximal third of tibia with 
latéral condyle fracture. The latéral condyle fracture was 
elevated and fixed with cancellous screws and tibial fracture 
was stabilized with reconstruction nail with oblique screws in 
the metaphysis 

TABLE 10: Hints for nailing of proximal tibial fractures 

1. Position in fracture table with knee in good flexion to hâve a 
proximal and latéral starting point 

2. Proximal interlocking with knee in 30° flexion to extension 

3. Blocking screws to avoid malalignment in both planes 

4. Use of nail with a proximal Herzog bend 


this région cause gross mechanical alterations of the ankle 
thereby leading to increased pain and functional 
disability. 21 Quite often these fractures are associated with 
fibular fractures. 45 A fracture of fibula within 7 cm of the 
syndesmoses frequently requires fibular stabilization to 
achieve the required ankle stability (Figs 23A and B). The 


fibular fixation must be performed first so that the limb 
is brought to length and ankle stability and anatomical 
orientation is achieved. A calcaneal pin traction and use 
of fracture table is highly recommended in these fractures 
to maintain the alignment of the distal fragment 
throughout the procedure. Care must be taken to ensure 
that the guide wire is placed perfectly in the centre in 
both the anteroposterior and latéral planes and is also 
passed upto the subchondral bone. The tip of the guide 
wire must be either exactly in the centre or slightly latéral 
as médial placement will lead to varus angulation. 
Adéquate reaming up to the tip is also important so that 
the nail can be passed without difficulty as the need for 
applying pressure will lead to distraction which is then 
difficult to correct. Nails with facility for locking screws 
in both the AP and latéral planes are important and 
3 screws are preferred wherever possible (Figs 24A 
and B). 

Many of these injuries hâve impaction of the 
cancellous bone and a bone loss may be noticed when 
bone length is restored. The choice of bone grafting 
primarily or secondarily needs judicious decision and it 
primarily dépends upon the status of soft tissues. Injuries 
around this région are commonly associated with closed 
degloving and compromise of the skin status with 
aberrations and minor lacérations and these would 
demand postponement of any bone grafting procedures 
to a suitable day. Fractures of the diaphysis with distal 
intraarticular involvement and displacement less than 
5 mm may be treated with limited open réduction and 
internai fixation or percutaneous lag screw fixation of the 
articular component followed by IL nailing. In case of 
noncontiguous ipsilateral ankle fractures fixation of the 
ankle fracture can be done prior to the nailing and the 



Figs 23A and B: Distal tibial fracture with latéral malleolus fracture at the level of syndesmosis 
treated with interlocking nailing and plate osteosynthesis for latéral malleolus 
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Figs 24A and B: Distal fourth fracture of both bones fixed with 
eut nail. The conventional nails hâve distal locking boit very 
proximal to the end of the nail. The part of the nail distal to the 
distal most hole can be eut and this allows three locking bolts 
to be applied in the distal fragment resulting in a very stable 
fixation. This avoids the need for plating in this situation 

alignment can be aided by a two pin fixator, fémoral 
distractor or calcaneous pin traction. 

Commiriuted and Segmentai Fractures 

Tibia being entirely subeutaneous on its médial surface, 
it is frequently subjected to direct contact and hence has 
a higher incidence of severe comminution and segmentai 
fractures. 

Reamed interlocking nail offers the best method of 
achieving bony union in the presence of comminution 
without loss of alignment of the limb. However, a few 
technical points need considération. In segmentai 
fractures, especially when a large segment involves the 
middle one third or the isthumus where the canal is 
narrow, reaming may resuit in excessive torque force on 
the loose segment (Figs 25A and B). This can resuit in 
rotation and damage to the soft tissues and rarely to 
adjacent neurovascular structures. It is important that the 
middle segment is not over reamed and to insert the 
lowest possible nail which will pass without the need for 
excessive possible force. Similarly, in the presence of 
comminution reaming of the bone at the level commi¬ 
nution may cause danger to adjacent neurovascular 
structures (Figs 26A and B) Here, mechanical reaming 
must end at the end of proximal fracture and then reamer 



Figs 25A and B: Three level segmentai fracture fixed with 
interlocking nail Reaming of the proximal and distal metaphysis 
alone was done and optimal size chosen and passed avoiding 
excessive torque in the middle segment 



Figs 26A and B: Lower third comminuted fracture fixed with 
interlocking nail. Cut nail has been used which allows two 
mediolateral and one anteroposterior locking boit to be 
achieved. Fibula acts as a good guide in maintaining the length 
and avoiding distraction at the fracture site 

must be gently pushed or passed over the guide wire by 
gentle tapping till the cutting head reengages the 
proximal part of the distal fragment, after which reaming 
can be restarted. Care must also be taken when the nail 
is passed through the zone of comminution so that any 
translation of the loose fragments does not occur by 
contact of the nail. Adéquate reaming of the distal 
fragment upto the tip of the guide wire is a must as 
otherwise distraction will resuit during terminal passage 
of the nail. Care must also be taken to ensure that limb 
length is restored. Pre-operative measurement of the 
normal bone on the other side will help in the correct 
choice of the nail length. 
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Nailing in Open Fractures 43 

Prospective randomized studies hâve compared clinical 
and radiographie results of treating open tibial fractures 
by nailing with and without reaming. As with closed 
fractures, two important variables are présent (1) the 
biological effect of reaming and (2) the diameter of the 
nail (smaller-diameter unreamed nails and larger- 
diameter reamed nails). 5 

Keating and coworkers from Vancouver prospectively 
randomized 94 open tibial shaft fractures into reamed 
and unreamed groups. Nails inserted after reaming had 
an average diameter of 11.5 mm, while nails inserted 
without reaming had an average diameter of 9.2 mm. 
The incidence of screw breakage was the only statistically 
significant différence between the groups (P = .014). 
Twenty nine percent of screws in the nonreaming group 
broke compared with 9% of the screws in the reaming 
group. The most important finding in this study was the 
low rate of infection, which was 3% for the entire sériés. 
According to Court-Brown and colleagues, the low rate 
of infection after intramedullary nailing of open fractures 
of the tibia is not due to technique of nailing but instead 
to advances in antibiotic care and wound management. 

A randomized study by Finkemeier and colleagues 
at the Hennepin Médial Center found similarly low rates 
of infection. The infection rate was 5% for open fractures 
and 4% for closed tibial fractures. There was no significant 
différence between the reamed and unreamed treatment 
groups in terms of the number of secondary procedures 
required to obtain union. Although the trend did not 
reach statistical significance, fracture healing tended to 
occur earlier in open fractures treated with reamed nailing 
compared with those treated with unreamed nailing. The 
authors concluded that reamed tibial nail insertion was 
an appropriate treatment of Type I and III A open tibial 
fractures. It is pertinent to remember that reaming must 
be moderate as excessive reaming will cause thermal 
necrosis and nonunion in an already hypovascular bone. 

Nailing in Polytrauma 

The biophysiology of closed nailing is completely 
different from that of plating and there has been a 
tendency to earlier surgery and even 'On arrivai' nailing 
in many center s. The advantages of this radical approach 
would be providing relief of pain and benefits of skeletal 
stabilization at the earliest possible to the patient and to 
prevent compilations like DVT, embolism and ARDS. 
There would be also obvious réduction of duration of 
treatment with saving of resources to the patient and the 
health care provider. However, there are serious concerns 
about the safety of such aggressive approach. Polynailing 


involves lot of surgical time and blood loss and this may 
compromise a severely injured patient. Polytraumatised 
patients form a group of population whose general 
condition is very labile and may deteriorate during or 
foliowing these prolonged procedures. The technique of 
positioning and reaming may worsen the pulmonary and 
neurological status of a patient with chest or head injury. 

The controversy has been well addressed in recent 
literature. It is now established that nailing as early as 
possible and in less than 24 hours (preferably as soon as 
the patient is fit) is bénéficiai to the polytraumatised 
patients as it helps in early patient mobilization and 
pulmonary function. These benefits are more pronounced 
in patients with fémoral shaft fractures. Bone et al hâve 
found out those patients who had early fracture fixation 
(less than 24 hours) had lower incidence of pulmonary 
insufficiency and ARDS, fever days in intensive care unit, 
fewer days on ventilatory support, shorter hospital stays, 
decreased incidence of deep vein thrombosis and lower 
treatment costs. The safety of this aggressive approach 
has also been confirmed by numerous studies which hâve 
proved that interlocked nailing is safe in polytraumatised 
patients and even in patients with head and chest injury. 
Pool et al hâve shown no increase of pulmonary or 
cérébral complications from early fémoral fixation in 
patients with head trauma and long bone fractures and 
the frequency of complications is determined by the over 
ail severity by the injury rather than the type of acute 
treatment. 

Reported rates of compartment syndrome after tibial 
nailing are actually quite low. Because compartment 
syndrome can occur after any tibial nailing procedure, 
the patient must be closely monitored during the early 
post operative period, with pressure measurement or 
fasciotomy as indicated. 

Postoperative Care 

Nail insertion wounds are closed in layers. Moderate 
élévation and observation for neurovascular problems 
are necessary for the first one or two days, after which 
the patient is encouraged to ambulate with crutches or a 
walker. Weight bearing may be allowed with larger 
diameter nails and locking screws if the fracture 
configuration is stable with the bone contact that shares 
axial loading. If stability is uncertain, only limited weight 
bearing is allowed, typically and till about 6 weeks, when 
the soft tissue and fibula hâve healed enough to prevent 
loss of alignment or excessive hardware stress with tibial 
fracture loading. The rôle of anticoagulation and venous 
compression devices for patients with tibia fractures 
remains unclear. Literature reports from the west indicate 
a deep venous thrombosis rates generally ranging from 
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20 to 90% in trauma patients, with pulmonary embolism 
occurring in 2.3 to 22%. Although some form of 
prophylaxis against thromboembolie disease would seem 
appropriate, the most effective regimen has not yet been 
defined. Anti-coagulation poses a risk of bleeding with 
potential local and systernie conséquences. Compressive 
de vices are typically hard to use for lower leg injuries. 

Splinting 

External support for the injured limb may be advisable. 
Most patients are more comfortable for the first few days 
if a posterior splint is used to stabilize the ankle, although 
such stabilization is not as important with proximal 
fractures. Continued external support may range from 
only an elastic stocking, with a strong nail and good bone 
contact, to a prefabricated fracture brace or even a long 
leg bent-knee cast if comminution, weaker locking screws 
and nail, or impaired patient coopération or issues. 

Weight Bearing 

IM nails vary significantly with regard to strength and 
stiffness, and their fatigue life is not well known. Tibial 
anatomy also varies from the person to person and from 
one spot to another in a given tibia. Because of different 
fracture configurations it is mandatory to individualize 
post operative care for patients with nailed tibial 
fractures. 

However, it is usually necessary to give external 
support for nearly 6 weeks. Rarely, it is necessary to 
continue external support for more than 6 weeks by which 
time the fibula is usually healed enough to contribute to 
limb stability. 

Dynamisation 

Static locking is used in fixation of segmental-commi- 
nuted - long oblique or spiral fractures, fractures with 
bone loss or pseudoarthrosis. Dynamic locking is effected 
only when there is atleast 50% cortical circumferential 
contact. If the healing is progressing normally there is no 
need to dynamise by removing the locking screws. 
Dynamisation is indicated when there is a risk of 
development of nonunion or pseudoarthrosis or if there 
is distraction at the fracture site. The screws are removed 
from the longer fragment maintaining adéquate control 
of shorter fragment (Fig. 27). 

Complications 

Nonunion 

Arrest of the process of bony repair with the formation 
of intervening fibrous or cartilaginous tissue is defined 



Fig. 27: Proximal third fracture fixed in distraction. Dynamisation 
of the fracture has occurred with breakage of the locking boit 
with progressive union. Patient will require nail removal after 
fracture union (See Table 10) 

as a non union. Absence of union after 6 to 8 months can 
be considered as nonunion. The exact cause for nonunion 
should be found and addressed. Nonunion most 
commonly occurs following open tibial shaft fractures, 
which hâve been treated with external fixation. In closed 
fractures, distraction at the fracture site (Fig. 28) or intact 
fibula are also causes of delayed or nonunion. If delayed 



Fig. 28: Nonunion after interlocking nailing: Nail was fixed 
with the fracture in distraction 
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Fig. 29: Nail fixed in varus 


union is suspected in a non weight bearing patients 
weight bearing should be advised. In cases of non unions, 
bone grafting with rigid internai or externat fixation will 
promote healing with good results. Good results can be 
achieved with bone grafting, compression plate fixation 
with early weight bearing. If the medullary canal is in 
continuity, closed intramedullary reamed nailing may be 
appropriate. However, if open réduction is required, 
autogenous bone grafting is advised. If there is rotational 
instability, static locking is advised, othervice generally, 
dynamic locking is preferred. Nonunion with failure of 
interlocking nail should be treated with removal of 
broken nail or screw, exchanged by bigger nail with 
dynamic locking and fibular osteotomy (Fig. 29). 2,19 

Infection 

The use of an intramedullary nail following failed 
external fixation has démonstrated variable results. In 
general, if the external fixator is in place for less than 1 to 
2 weeks conversion to an intramedullary nail appears to 
hâve a low rate of associated infection. However, as the 
time period of external fixation increases, the risk of 
infection with immédiate exchange to an intramedullary 
nail increases dramatically. Infection rates as high as 50% 
hâve been reported for patients who hâve had this 
immédiate exchange. If this type of treatment is 
contemplated, patients who hâve a latency period of 
greater than one month following removal of the external 
fixator and prior to intramedullary nailing hâve a marked 
decrease in the rates of infection as well as increased rates 


of union. Although a delay of several weeks or months 
between fixator removal and nailing may somewhat 
decrease the risk of the infection, there remains some 
elevated risk. 

Post-traumatic osteomyelitis occurs after treatment of 
open fractures or closed fractures treated operatively. 
Treatment of an infected fracture utilizes a staged 
reconstruction protocol. If a patient expériences wound 
breakdown and superficial infection, implants should be 
left in place as long as they are providing adéquate 
fracture stability. If the implant provides no stability at 
the time of debridement, ail hardware should be 
removed. Furthermore, at debridement, ail necrotic bone 
should be excised. Stabilization is necessary and is usually 
provided by external fixation. Debridements are 
necessary to obtain a biologically sound wound. Dead- 
space is managed by using antibiotic beads or open 
wound packing. Eventual soft-tissue closure may 
achieved with free-flap or rotational flap coverage. 
Antibiotics directed at deep culture specimens should be 
administered for 4 to 6 weeks. Following resolution of 
the instruction and healing of the soft tissues, delayed 
skeletal reconstruction is performed. 

Compartment Syndrome 33 

Progressive élévation of compartment pressure may a 
more reliable sign of an evolving compartment syndrome 
rather than any absolute level of increased pressure. Serial 
déterminations of compartment pressure hâve the 
disadvantage of either requiring the presence of an 
indwelling cathéter or multiple cathéter insertions in to 
an already potentially ischémie and compromised 
compartment. Management of compartment syndrome 
is surgical décompression. This is usually accomplished 
through médial and latéral incisions. The latéral incision 
allows access to the anterior and latéral compartment and 
the médial incision allows décompression of the 
superficial and deep posterior compartments. The dual 
incision method involved less risk, because the facial 
incisions are all-superficial and avoid deep neuro- 
muscular structures. Following surgical décompression, 
the leg is elevated until swelling decreases. After 5 to 7 
days of élévation the swelling in most instances decreases 
substantially and delayed primary closure may be 
possible. Occasionally a splint thickness skin graft is 
required. 

Knee Pain following Nailing 20 

Knee pain can resuit if the nail is prominent at the entry 
site or if the nail was inserted through the patellar 
ligament. Most surgeons think that such knee pain 
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improves after the nail is extracted. Keating and 
colleagues found that 32 months after nail removal from 
49 of 61 patients with anterior knee pain after tibial IM 
nailing, the pain was completely relieved in 45 % partially 
relieved in 35% and unimproved in 20%. In addition to 
avoiding insertion of the nail through the patellar 
ligament, effort should be made to minimize the nail's 
prominence by choosing its length carefully, monitoring 
insertion with radiographs, and locking in proximally to 
prevent upward displacement of the nail. Heterotophic 
bone formation at the insertion site is also rare cause of 
pain. 

CONCLUSION 

There are several well-accepted techniques for the 
treatment of tibial fractures. There is no substitute for a 
thorough understanding of the so-called 'personality' of 
the fracture to help détermine the best choice in treatment. 
Conservative management utilizing casts and functional 
orthosis is indicated for minimally displaced and axially 
stable fractures. Unstable closed and grades I, II and III 
A open fractures are preferably treated with intra- 
medullary nails with or without reaming. Prospective 
studies indicate that intramedullary nailing with and 
without reaming both produce excellent results with high 
rates of union and low rates of infection. The time to union 
and rate of infection are similar regardless of whether 
intramedullary nailing or external fixation is used. When 
small-diameter nails are used without reaming a 
secondary procedure may be necessary because of the 
biomechanical limitations of these nails. Early removal 
of the interlocking screws, prophylactic bone graft or 
exchange nailing ail hâve been shown to prevent failure 
of the nail and to promote solid union. 
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This is one of the most challenging fractures of the tibia 
to treat because of high complication rates both from 
initial injury and also from treatment. Ail tibial plafond 
fractures are severe injuries. Pilon fractures are more 
frequent in recent years because of higher incidence of 
road traffic accidents. Anatomical location and 
constraints make the management difficult. These 
fractures of the distal tibia with extension in the ankle 
joint are relatively uncommon. They constitute less than 
10% of the fractures of the lower extremity. High energy 
fractures are most challenging. It was first described by 
Destot, in 1911. Bonin called it as 'Plafond' fractures as 
the roof of the ankle joint is involved. 1 " 3 

Principally, ail the intraarticular fractures must be 
treated by anatomie réduction, stable internai fixation, 
and early joint mobilization. Fracture geometry, loss of 
soft tissue coverage or swelling and less vascularity in 
the environment make these fractures more complex. 
Often these fractures are open. Abrason, crushing of the 
skin or frank "degloving" is common and are associated 
with metaphyseal and articular comminution. Soft tissue 
injury is critical for management and prognosis. 

Mechanism of Injury 

The mechanism of injury is axial loading due to talus 
hitting hard the lower end of the tibia. When rotational 
element is added to the axial loading. It results in potts 
fracture. Tibial plafond fractures are caused predomi- 
nantly by axial loading, whereas malleolar fractures are 
caused predominantly by rotation (Fig. 1 and Table 1). 

Joint impaction by talus causes comminution to 
articular surface as well it may extend up to metaphyseal, 
or even diphyseal area. This is usually associated with 
severe soft tissue injury. Thus, articular surface injury, 
metaphyseal comminution, joint impaction, proximal 



Fig. 1: Position of the load (arrow) determining the 
fracture geometry 

displacement of the talus, and severe associated soft tissue 
injuries characterize axial loading tibial plafond fractures. 

The low energy fractures of malleolar fractures are 
usually due to malleolus sport injuries. These are 
generally rotational fractures. Vehicular accident fall from 
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height cause axial loading and which drives the talus 
proximally into the tibia. Although the mechanism of 
injury may be complex, the prédominant force is vertical 
compression. The location of the articular portion of the 
fracture is determined by the position of the foot at the 
moment of impact. If properly managed observing the 
basic principles of surgical management, normal and 
functional ankle joint can be restored. 

CLASSIFICATION 5 

Ruedi and Allgower proposed a classification based on 
degree of articular and metaphyseal comminution: 

Type I: Minimally displaced. 

Type II: Significant articular displacement with minimal 
comminution 

Type III: Significant articular displacement and high 
comminution. 

This classification was modified by Ovadia and Béais: 

Type I: Undisplaced articular fracture 

Type II: Minimally displaced articular 

Type III: Displaced articular with large fragments 

Type IV: Displaced articular fracture with multiple 
fragments and large metaphyseal defect. 

Type V: Displaced articular fracture with severe 
comminution. 

The AO classification proposed by Muller is most 
complété and prognostic: 

The Ruedi and Allgower System has largely been 
supplanted by the AO/OTA classification System, and this 
is now universally accepted for fracture of the distal tibia. 

A. Extra-articular 

B. Partial articular 

C. Complété articular 


A-l. Extra-articular fracture metaphyseal simple (Fig. 2A) 

1.1 Spiral 

1.2 Oblique 

1.3 Transverse 

A-2. Extra-articular fracture metaphyseal wedge 

2.1 Posterior latéral impaction 

2.2 Anterior médial wedge 

2.3 Extending into the diaphysis 


TABLE 1 : Comparison on malleolar fractures and 
pilon fractures 



Malleolar 

Pilon - Axial 
loading 

Mechanism 

Rotation 


Rate of load application 

Slow 

Rapid 

Displacement of talus 

Transational 

Proximal 

Comminution 

Little 

++ 

Soft tissue injury 

Minimal 

Severe 

Prognosis 

good 

not so good 


A-3. Extra-articular fracture metaphyseal complex 

3.1 Three intermediary fragments 

3.2 More than three intermediate fragments 

3.3 Extending into the diaphysis 




Fig. 2B: Morphologie classification of distal tibial fractures: 
(B) Partial articular fracture 



Fig. 2A: Morphologie classification of distal tibial fractures: 
(A) Extra-articular fracture 


B-l. Partial articular fracture, pure split (Fig. 2B) 

1.1 Frontal 

1.2 Sagittal 

1.3 Metaphyseal multifragmentary 
B-2. Partial articular fracture, split dépréssion 

2.1 Frontal 

2.2 Sagittal 

2.3 Of the central fragment 

B-3. Partial articular fracture, multifragmentary 
dépréssion 

3.1 Frontal 

3.2 Sagittal 

3.2 Metaphyseal multifragmentary 
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Fig. 2C: Morphologie classification of distal tibial fractures: 
(C) Complété articular fracture 

C-l. Complété articular fracture, articular simple 
(Fig. 2C), metaphyseal simple 

1.1 Without dépréssion 

1.2 With dépréssion 

1.3 Extending into the diaphysis 

C-2. Complété articular fracture, articular simple, 
metaphyseal multifragmentary 

2.1 With asymmetric impaction 

2.2 Without asymmetric impaction 

2.3 Extending into the diaphysis 

C-3. Complété articular fracture, multifragmentary 

3.1 Epiphyseal 

3.2 Epiphyseal metaphyseal 

3.3 Epiphyseal metaphyseal diaphyseal 

(From Mueller, ME, Allgôwer M, Schreider R, and 
Willenegger H: The Manual of internai Fixation , 3rd ed. 
New York, Springer-Verlag, 1991) 

Each type is subdivided into three groups and each 
group is sub-divided in three subgroups. This identifies 
ail the possible types of fractures and indicates the 
prognosis. The prognosis falls from group A to C. 

Clinical Assessment 

This fracture being caused by high energy trauma, the 
associated injuries must be looked for. Local swelling, 
condition of the skin and the soft tissues must be 
observed. If the wound is open, the degree of 
contamination must be assessed. The neurovascular 
status of the extremity must be watched for. If there is a 
problem, it should be immediately addressed by 
realignment of the extremity and temporary splinting. 
This fracture may be associated with ipsilateral or contra¬ 
latéral calcaneal fracture and also tibial condylar, pelvic 
and acetabular fractures. Also generalized osteoporosis 
must be looked for. Soft tissue injury should be assessed 
by Tscherne classification. Soft tissue injuries are graded 
in five categories from 0 to 4. Closed fractures with no 


appréciable soft tissue injury are graded 0. Grade 1 soft 
tissue injuries hâve significant abrasion or contusion of 
skin and subeutaneous tissue. Grade 2 injuries hâve a 
deep abrasion with local contused skin and some muscle 
involvement, and grade 3 injuries hâve extensive 
contusion or crush with subeutaneous avulsion and 
severe muscle damage. Compartment syndrome and 
arterial rupture are included in grade 4. However, 
Tscherne does not take into account swelling (edema) 
which détermines the type and timing of treatment. 
Fracture blisters, which should be described by size and 
number and as hémorrhagie or clear fluid blisters. Red 
blisters indicate deeper tissue damage. Severe edema 
precludes ORIF 

Good X-rays including AP, latéral and oblique views 
must be taken to mark each individual fragments. 
Comparative X-rays of the opposite limb may be taken 
for preoperative planning. CT scanning is very useful in 
complex fractures, and we do CT scan in ail patients. CT 
scan gives accurate fracture geometry. Rarely 3D spiral 
CT is also necessary. MRI may be needed to assess soft 
tissue injury, not usually done. Preoperative planning and 
tracings must be done to correctly plan the surgical 
approach and plan fixation of implants. Osteoporosis 
should be assessed. Osteoporotic bone increases the 
difficulty of managing tibial plafond fracture. 

Management 

The principles of treatment are anatomie restoration of 
articular surface, stable fixation of fractures, early 
mobilization of joints, proper alignment of tibia and ankle 
joint. Recently, it has been shown that arthrodiatasis or 
distraction of joint is bénéficiai to prevent joint stiffness 
and helps to maintain the integrity of articular cartilage 
(Fig. 3). 

Initial management Gross displacement of the talus 
should be reduced, and the ankle should be immobilized 
and elevated in a splint, on a Bohler frame. If there is lot 
of edema, spanning external fixator is applied and 
elevated till skin wrinkles appear. 9 Then final definitive 
treatment is started. 

Options for definitive treatment are: 

I. Nonoperative 
II. Operative 

1. ORIF 

2. MIPPO 

3. Staged procedure 

4. External fixator-Hybrid Ring 
AO type 
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Figs 3A to C: A case of Pilon fracture associated with diaphyseal fracture and fracture neck of talus 


Each method has its own indications, advantages and 
disadvantages. 

Nonoperative Treatment 

Majority of the type I fractures without significant 
intraarticular displacement can be treated non- 
operatively. Careful closed réduction to correct the distal 
tibial angulation, taking care not to displace the 
intraarticular fragments can be attempted. A long-leg non 
weight-bearing cast to be given for 6 to 8 weeks, weekly 
and then biweekly X-rays are necessary to detect any 
displacement. 

Operative Management 

Open réduction internai fixation with a long conventional 
incision and extensive dissection is now rarely done, 
because of high incidence of complications ORIF is 
replaced by MIPPO. If the skin condition is good, the 
surgeon has the expertise and ail implants and 
instrumentation are available ORIF may be done. 
Currently plating is done by minimal incision by MIPPO 
technique. 

The communited Pilon fractures are one of the most 
difficult fractures to treat with ORIF Prerequisites of open 
réduction are intact soft tissue envelope, sufficient b one 
strength to hold the internai fixation and a reconstructable 
joint surface. As time passes, interstitial edema increases, 
the skin loses its pliability, and fracture blisters appear. 
During this period, surgery is contraindicated. Proper 
management during this period enables operative 
intervention when the skin starts to wrinkle at about 8 to 
10 days. Ail these prerequisites are precisely difficult to 
achieve 

The fibular fracture usually occurs below the ankle 
joint. This may be comminuted. The correct alignment of 
the fibula aids in the management of comminuted pilon 
fractures. Open réduction and stable fixation of fibula by 


using the 3.5 buttress plate is bénéficiai. Stabilization of 
the fibula makes the tibial réduction much easier. 

Timing of surgery: Soft tissue swelling is critically 
important for surgery and if large swelling is présent, 
wait till wrinkles appear (7-14 days). 

Never operate on swollen skin and over the blisters. 

Preoperative planning : Do tracing of ail fragments in AP, 
latéral and oblique views and on CT scan, number the 
fragments. Use opposite ankle as template and décidé 
sites for pins, screws, wires and plates. 

Surgical technique ofORIF. R Do fibular plating as the first 
step through a postérolatéral approach. Reduce the 
articular surface of the tibia and temporarily stabilize it 
with Kirschner wires. Distal tibia is approached 
anteromedially making an incision, 1 cm latéral to the 
crest of tibia. If there is the metaphyseal gap, fill it with a 
cancellous bone graft. Stabilize the reconstructed tibia 
with a T-plate, cloverleaf plate, 4.5 mm dynamic 
compression plate, or LCP depending on the fracture 
pattern. Low profile plates are preferred if possible to 
reduce soft tissue complications. Close the wound with 
a drain. 

Staged treatment : A staged procedure is developed to 
avoid post operative wound complication in patients with 
severe soft tissue damage. First stage of initial spanning 
external fixation, (bilateral AO type or Ilizarov ring) 
(Figs 4 and 5A to C). 

2nd stage : Plating with LCP or LC DCP. Long delay 
between the two procedures allows soft tissue healing 
and reduces complications. Soft tissue évaluation is done 
by 1) Skin wrinkles 2) Blisters subsidence 3) reduced 
Tenseness 4) Comminution Watson et al. described a two- 
pin " traveling traction " type of external fixator that is 
useful in this situation. "The traveling traction " device 
consisting of a 6 mm, centrally threaded, Steinmann pin 
through the calcaneal tuberosity and a similar pin through 
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Fig. 4: External fixator as a preliminary treatment 

the proximal tibia at the level of the fibular head. A simple 
quadrilatéral external fixator frame is then constructed 
by applying médial and latéral radiolucent external 
fixation bars, and manual distraction is carried out to 
obtain a ligamentotaxis réduction. 

Minimally Invasive Surgery 

Mast and associâtes urge the use of a fémoral distracter 
and ligamentotaxis to aid the réduction and minimize 
the soft tissue dissection. This also minimizes the 
devascularization. The articular fragments are fixed with 
lag screws. This must be supplemented by a buttress 
plate. Autogenous cancellous bone grafting may be 
necessary for the metaphyseal comminution and gap. 

Réduction Technique 

1 . Distraction: The most important aid to reduce the 
fracture is a skeletally fixed distractor, such as 
spanning external fixator, or fémoral distractor. 

a. Spanning external fixator as described below 

b. Fémoral distractor is applied on the médial side 
of the leg with pins into either the talus or 
calcaneus (or both) and into the proximal médial 
border of the tibia. 


c. A Steinmann pin through calcaneous which is 
distracted distally. 

2. Réduction forceps: Pointed tenaculum réduction forceps 
are most useful - two pairs are often required. 

3. Joystick method: A 2.5 mm K-wire is inserted in the 
displaced fragment and manipulated. 

4. A Blunt end of the Steinman is passed through a hole 
above the fracture zone in the diaphysis and the 
displaced fragment in the metaphysis is pushed to 
reconstruct the articular surface. 

5. Small opening: A small incision is taken over the 
fracture. Through the window of the fracture, 
fragments are manipulated. 

MIPPO technique: Place patient over a plain table. Reduce 
articular surface by one of the indirect methods. This can 
be judged percutaneously or through very small limited 
approaches assisted by a variety of réduction techniques. 
Use fémoral distractor or traction by a Steinmann pin 
through the calcaneus or external fixator by one of these 
methods, ligamentotaxis reduces the fracture fragments. 
Fix the large fragments by lag 3.5 or 4 mm screws 
percutaneously through small incisions. 

Take a 3 to 4 cm incision over the médial malleolus 
and expose the periosteum. Make a subcutaneous tunnel 
over the periosteum and slide the low profile 3.5 clover 
leaf, LC DCP or LCP. 

Fix the distal plate with 3 to 4 screws to the epiphyseal 
fragments. After reducing the metaphyseal fragments 
and confirming under image intensifer fix the proximal 
plate to the diaphysis, with 3 or 4 screws, percutaneously. 
The proximal screws are so placed as to bypass the 
fracture zone. No screws are placed in the fracture zone 
of metaphysis. Close the incisions. 

LOCKING COMPRESSION PLATE 

LCP is a newer modality of treatment of Pilon fractures. 
A spécial 3.5 mm LCP médial distal tibial plate has been 



Figs 5A to C: A comminuted pilon fracture managed primarily with an llizarov ring external fixator. 

It has resulted in good union 
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developed by A.O. Plate is anatomically contoured and 
twisted 30° and bent to fit the distal tibia. This plate is 
especially useful in osteoporotic bone. The plate is fixed 
by MIPPO technique. The small low profile plate (3.5 mm) 
can be easily countered, it accepts more screws, there are 
minimal soft tissue problems, and there is restoration of 
articular surface through small incision. 

Postoperative Management 

Postoperatively, place the patient in a posterior splint 
with the ankle at 90° and encourage active dorsiflexion 
for 1 to 2 weeks. The limb is elevated after surgery. 
Movements of the knee are started as early as possible. 
Non weight-bearing ambulation is allowed. 

Use of External Fixator 4 ’ 6 - 8 

External Fixator with Limited Internai Fixation 

External fixators are very useful and indicated in severely 
communited fractures with soft tissue injury. Two types 
of external fixator can be used. 

1. AO external fixator, Orthofix, etc. 

2. Ilizarov ring fixator. R 
Hybrid fixator (wire + half pins) 

Types of Frames 

I. Non-spanning, non-articulated 

II. Non spanning articulated. 

III. Spanning and articulated. 

I. Non-spanning, non-articulated frame: In this 
epiphyseal fracture is fixed to the epiphyseal ring 
and is connected to both the tibial plate and 
calcaneal ring. No hinges are applied and 
therefore, no mobility of the ankle joint. 

II. Non-spanning articulated frame: Here, the frame 
is as in type I, but two hinges are applied on either 
side between epiphyseal ring and the calcaneal 
ring. The hinges are placed at the level of the axis 
of the ankle joint which passes through the tips 
of the médial and latéral malleoli. 

III. Spanning articulated frame: In this frame, there 
is no epiphyseal ring. The entire fracture zone, 
both metaphyseal and epiphyseal fracture is left 
untouched, no hardware passes through this zone 
of fracture. The distraction is done between the 
distal tibial ring and the calcaneal ring. 
Ligamentotaxis reduces the fracture. Once the 
fracture is reduced the rods are replaced by hinges 
placed at the axis of the ankle joint. The spanning 
articulated frame may be a temporary fixator till 
the soft tissue healing or if the fracture réduction 
and alignment is satisfactory, spanning 


articulated frame may be continued as definitive 
treatment. In spanning articulated frame, the talus 
must, be fixed. A half pin or K-wire is passed 
through talar neck and connected to the calcaneal 
ring. 

Use of Ilizarov External Fixator with 
Limited Internai Fixation 46 8 

External fixator of Ilizarov type is useful as it achieves 
indirect réduction by ligamentotaxis, does not require 
open surgery and small fragments can be reduced and 
compressed by thin olive wires. Percutaneous lag screws 
may be used as mini internai fixation along with Ilizarov 
assembly, which is a 3 dimensional versatile fixator. 
External fixation is a satisfactory method of treatment 
for tibial pilon fractures and had fewer complications 
than ORIF Watson et al, also reported excellent and good 
results at 5 year follow-up with external fixation (81%) 
than with open plating (75%) in 94 pilon fractures. 

The problems of pilon fracture hâve been the inability 
to reduce the fracture, failure to obtain stable fixation, 
and the frequent postoperative complications of skin 
slough leading to secondary infections and a high 
arthrodesis rate. 

This versatile external fixator is an excellent tool for 
stabilizing these fractures. The distal fragments are 
usually small and often fragmented. Skin conditions are 
bad and more complicated when the fracture is open as 
in many cases. Open réduction and stabilization are very 
difficult or impossible. This ring fixator with its inhérent 
advantages is useful. Ilizarov ring fixator can be applied 
even on day one. Thin wires, of small diameter of 1.8 
mm, especially the olive wires can reduce and compress 
ail the small fragments. The wires can be used in poor 
skin conditions. The small malleolar fragment (médial 
or latéral) can be reduced by olive wires. 

The small distal fragments are fixed with small 
traversing wires. This ring is attached to the proximal 
rings. This assembly when distracted gives ligamento¬ 
taxis effect. The fragments align anatomically. If the 
articular fragments are sufficiently large in size then they 
can be fixed with one or more lag screws percutaneously. 
The added advantage is that, if the réduction is not 
achieved intraoperatively, it can be reduced gradually 
during the postoperative period. Any residual angulation 
can be corrected gradually. A calcaneal ring is be added 
to enhance the stability of the assembly. This interfères 
with the ankle joint mobility but is to be removed early 
and ankle movements is mobilized (Figs 5 and 6). 

Indications for hybrid ring external fixator: 

1. Severely comminuted C-3 fractures 
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Fig. 6A: Fracture of the lower end of tibia with 
extension to joint (Pilon fracture) 



Fig. 6B: This was treated with lag screws and llizarov 
apparatus 



Fig. 6C: Ail fractures united with full range of 
movements of the ankle joint 


2. Bad skin - severe edema with abrasions. Tscherne 
gr. II, III, and IV 

3. Open fractures 

4. C-2 fractures is a grey area. Choice is between MIPPO 
using LCP or llizarov ring fixator. 

Indications for plating - Type Cl +A1,2 or 3 fractures 
are treated by LCP with MIPPO technique. 

Pilon Fracture 

llizarov technique : Step 1: Fibular fixation. Place patient 
on a radiolucent table. If fibula needs plating, it is done 
first by a postérolatéral approach; second option is to use 
an intramedullary K-wire, inserted percutaneously 
through tip of latéral malleolus. If the latéral malleolar is 
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reduced and congruous with ankle joint, no fixation of 
malleolar is required. 

Step II: Application of tibial rings. In majority of cases we 
do not fix fibula. Construct two blocks of rings. 1) Tibial 
block with two rings 2) Distal block with a epiphyseal 
ring and a calcaneal ring. Leg is placed on the spécial 
stand each of the tibial rings is fixed to tibial diaphysis 
by a wire and a half pin. Médial face oblique wire is 
passed 1 cm from tibial crest exiting at the posteromedial 
border. At right angle to this wire insert a tapering 6 mm 
half pin on the médial surface of tibia. 

Step III: Calcaneal ring is applied with two wires Crossing, 
2 finger breadth away from the tip of the médial malleolus 
(safety zone) and connect it to the distal ring of tibial 
block. A wire in the talar neck is connected to the calcaneal 
ring. At this stage do not apply epiphyseal ring. This will 
ensure ligamentotaxis to reduce the articular fragments. 

Step IV: Reconstruction of articular surface. Distract the 
calcaneal ring. Most of the articular fragments are 
reduced. If any fragment is displaced, use joystick method 
to reduce. If any central fragment still remained 
unreduced, make a hole in the diaphysis and pass the 
blunt end of a Steinmann pin to reduce it. Insert K-wires 
for provisional fixation. Large fragments are compressed 
by 2 to 3 lag screws, inserted percutaneously. 

The joint may extend superior adjacent to the fibula. 
Fibular fixation is always placed on the superior side of 
the ring to avoid this area of the joint (Fig. 7). 

Safe wire pathways. Wires may be placed in the 
posterior calcaneus, talar heads, or cuneiform and 
metatarsal bases. Green 60° arc of safe wire placement at 
level of plafond. The wire posterior latéral to anterior 
médial can be used to secure posterior malleolar 
fragment. 


Fig. 7: Safe zone of pin insertion 



Fig. 8: Capsular attachment is 12 mm from the subchondral 
bone so insertion of pins should be outside the capsular 
attachment 

Step V 

Once articular fragments are reduced and stabilized, 
insert the epiphyseal ring using two or three olive wires. 
First insert reference wire, in frontal plane, second wire 
through posterior border of latéral malleolus, finally 
through antérolatéral aspect (Fig. 8). Ail wires are 
inserted 1-12 mm above subchondral bone to avoid septic 
arthritis and tensioning. Connect epiphyseal ring to the 
tibial and calcaneal ring. Metaphyseal fragments are 
reduced by distraction between the distal tibial ring and 
the epiphyseal ring. 

If any metaphyseal fragment is still displaced it can 
be reduced by inserting an olive wire and connecting it 
to the epiphyseal ring. However, it is préférable not to 
pass any hardware through metaphyseal fracture zone. 

Spanning externat fixator: In this technique, the external 
fixator is applied as a first step in the procedure. In the 
Ilizarov technique, the tibial block is applied first then 
the calcaneal ring is applied and wire is passed through 
the neck of the talus. The talar pin is attached to the 
canceneal ring. The talar wire is a must. The frame spans 
between the tibial and calceneal rings. The entire fracture 
zone is bypassed (Figs 10A to C). 

At least two additional, divergent, olive wires are 
added to the ring. Oblique fractures are fixed with olive 
wires placed to improve fixation and the fracture is 
compressed. A third medial-face half pin is added to the 
stable base. 

A posterior fragment may press on neurovascular 
bundle compromising blood flow and plantar sensation. 
This fragment requires early réduction to prevent 
permanent damage to these essential structures (Fig. 9). 
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Fig. 9: Dislocated talus may press upon the neurovascular 
bundle, therefore, must be reduced urgently 



Figs 10A to C: (A) Comminuted Pilon fracture type C-3 with 
extension into metadiaphyseal area, (B) During surgery 
ligamentotaxis reduces the fragment around the ankle joint. 
This is done by pins or wires during the calcaneus and talus. 
This is a distal block. The proximal block consists of two rings. 
Distraction between these two blocks reduces the fragment 
around talus, (C) One more ring is added in the supramalleolar 
area and connected to the distal ring. Distraction between this 
new ring and the tibial rings reduces the metadiaphyseal 
fragments 


(Even if AO type external fixator is used, the talus 
must be fixed. Any displacement of talus results in 
incongruity of the ankle). 

Fibular fixation—Indications for Fibular Fixation hâve 
Changed. 

Options are: 

1. Plating of the fibula 

2. Intramedullary K-wire 

3. No fibular fixation. If fibula is not fixed and if there is 
no epiphyseal ring then the talus must be fixed with 


wire or half pin to the calcaneal block. Talus then 
Controls the distal fibula through intact talofibular 
ligaments. If the fibula is reduced satisfactorily, and 
congruous with the ankle joint, fixation of fibula may 
be omitted or K-wire may be inserted in the 
intramedullary canal. This is because of current 
thinking that in ankle fractures the médial side injury 
is more important than the latéral side injury. If there 
is no médial malleolar fracture or no deltoid injury 
and the talus is centred, there is no need to fix the 
fibula. Therefore, if the associated latéral malleolar 
fracture, in Pilon fractures, is reduced satisfactorily 
and is congruous with the ankle joint, need not be 
fixed for minor fibula displacement. The other optim 
is that K-wire or a rush rod is inserted in the 
intramedullary canal of the fibula through the tip of 
the latéral malleolus. 

Dillema of Fibular fixation: Fibular fixation is 
controversial. If the fibular fracture is fixed with plating, 
it prevents collapse of the communited metaphyseal area 
or gap, resulting in non union or malunion with 
deformity. If the fibular fracture is not fixed, the ankle 
mortise may not be congruous, because if not fixed latéral 
malleolus may get displaced. If the fibula is fixed, bone 
grafting is mandatory if there is comminuted or gap. If 
the ankle mortise is anatomically reduced by 
ligamentotaxis fibula need not be fixed with plating. A 
rush rod, K wires or intramedullary nail is suggested. 
Potential advantages of fibular fixation include increasing 
mechanical stability, assisting in réduction of the 
antérolatéral (Chaput) articular fragment, and restoring 
the length and alignment of the tibia. 

J Tracy Watson reported 43 patients with a history of 
prior pilon fractures treated with "hybrid" techniques 
with complications. He concluded routine fibular plating 
in the face of tibial comminution or bone loss prevented 
these hybrid frames from achieving their dynamization 
potential and lead to malunion or nonunion with 
deformity. This complication may hâve been alleviated 
if bone loss was recognized and early grafting performed 
prior to frame dynamization. Alternatively, early bone 
grafting may be avoided entirely by NOT plating the 
fibula and maintaining the mortise relationship with the 
trans fixation wire or screw. In this fashion when the 
frames are dynamized, compression and collapse can 
occur symmetrically and eccentric varus forces with 
subséquent deformity avoided. Large pin mono-lateral 
ankle bridging frames appear to function in a consistent 
fashion and demonstrate minimal fixator associated 
complications (Fig. 11). For those surgeons preferring the 
more complex small wire hybrid, it is impérative that an 
adéquate number of metaphyseal wires are used to 
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Fig. 11 : Travelling external fixator by J Tracy Watson 

achieve articular stability (3 or more) and frames with 
diaphyseal instability and cantilever should be 
avoided. 10,11 

Advantages ofllizarov are : 

• Fracture site is not opened. 

• Large fragments can be fixed with percutaneous 
screws 

• 81 % of cases hâve good to excellent results 

The great advantage of Ilizarov, we hâve found, is 
fibular plating and bone-grafting are rarely needed. 

Disadvantages of External Fixation 

External fixation may be associated with pin tract 
infection, and pin pain. Patient acceptance is important. 
It may resuit in sep tic arthritis. 

Bone grafting : Bone grafting may be needed if there is a 
gap or void in the metaphyseal area, at the end of 4 to 6 
weeks. Using spanning external fixation with 
percutaneous approaches for reducing and fixing the 
articular surface has significantly decreased the 
requirement for bone graft. 9,11 

Serial check X-rays are to be taken. If satisfactory 
evidence of bony healing is not seen, bone marrow can 
be injected in the fracture site or bone marrow with 
decalcified bone or allograft or autograft may be used. 
This hastens union. If the gap is large then cancellous 
bone grafting may be done after 2-6 weeks. 

Prognosis 

The results of treatment of high-energy fractures of the 
tibial plafond are unfortunately, not always excellent. The 


dreaded complication is wound breakdown and 
infection, this may require multiple repeated surgical 
procedures, long courses of antibiotics and free tissue 
transfers. Joint infection may lead to arthrodesis or 
amputation. Nearly 50% of patients complain of ankle 
pain, however, most patients are able to return to work. 
Severity of articular damage is most important factor in 
management of pilon fractures. But it is beyond control 
of surgeon. Poor prognostic indicators are articular 
comminution. (AO C3 and Ruedi - Allgower type III 
fracture) talar injury. Severe soft tissue injury, poor 
réduction of the articular surface, unstable fixation, and 
postoperative wound infection. Overall 50% of types I 
and II fractures and 25% of type III fractures did not 
develop arthrosis at ail. Main cause of arthrosis is poor 
réduction, resulting in arthrodesis in many cases. The 
predictors of clinical outcome appear to be multifactorial 
and not fully understood. 

The severity of the injury usually play s the most 
important rôle in determining the final outcome. In open 
fractures with significant soft tissue defects, 
reconstruction of the soft tissue sleeve may require the 
use of local or free flaps. In most circumstances, soft tissue 
reconstruction must précédé or accompany the definitive 
skeletal reconstruction. Severity of articular damage is 
another important factor in management of pilon 
fractures. Soft tissue injury as shown by edema is an 
important factor in prognosis and soft tissue edema is 
proportional to comminution. 9 But it is beyond control 
of surgeon. Factors under his control are accurate 
réduction of joint surface and alignments of ankle mortise 
to tibial shaft are mandatory. In case of open fractures 
how well and early is the soft tissue coverage is important. 
Unfortunately complication rate is high, despite the best 
efforts. 

Complications 

1. Malunion : Some degree of malunion is common after 
high-energy comminuted fractures. 

2. Nonunion : Delayed union about 5% patients 
developed malunion regardless of the method of 
treatment. High energy trauma prolonged non weight 
bearing, soft tissue injury, comminution ORIF are the 
factors causing malunion infection and wound 
breakdown. Majority of complications are due to 
ORIF, severe soft tissue injury and comminution. 

Stiff ankle: Stiffness of both ankle and sub-talar joint is 
common. Ankle arthrosis is common and is due to 
articular cartilage damage. Poor quality of réduction and 
severity of injury. 
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Intraoperative complications include malreduction 
and failure to achieve length of tibia and fibula. When 
complications occur they can be devastating. 

Ankle fusion may also be necessary. Superficial or 
deep infection is common in open pilon fractures. This 
leads to chronic osteomyelitis. Stiff ankle is another 
common complication. Sloughing of the skin, nonunion 
and malunion may occur (Table 2). 

TABLE 2: Prévention of infection 

1. Delay of definitive treatment after initial management 

2. Use of spanning fixator 

3. Ilizarov ring fixator 

4. Indirect or percutaneous réduction 

5. Low profile 3.5 LCP or LC DCP 

A traumatic soft tissue dissection. 

Various reports indicate that there are 30-75 % 
complication rate of ORIF and in some cases even 
amputation is required because of poor results of ORIF. 

Postoperative Care 

Active dorsiflexion is encouraged immediately after 
surgery. Sutures are removed 10 to 14 days after surgery. 
No weight bearing till 12 weeks then graduai weight 
bearing. Removal of the implants usually is deferred until 
12 months after injury. 

Pearls and Pitfalls for Pilon Fractures 

• Never operate on severely injured soft tissue with 
edema. Avoid incisions through bruised injured skin. 


• Do not do tight skin closure. When applied a spanning 
fixator fully reduce the talus including length. Talar 
fixation is must. 

• CT scan and planning are very important. Avoid 
angular malalignment in both the sagittal and coronal 
plane. 

• Most patients develop degenerative arthritis but most 
slowly get better for a long time. 

• Beware open fractures, smokers, bad skin, diaphyseal 
extension. 
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The traumatic injuries of cervical spine are common cause 
of morbidity and mortality ail over the world. Most of 
the patients are young men who are the victims of 
vehicular accidents or injury may occur because of falls 
or sports injuries. Injuries to the cervical spine are 
common and they are among the few skeletal injuries 
that carry a high likelihood of death. They are often 
difficult to diagnose on initial imaging studies. A 
thorough understanding of the complex anatomy of 
cervical spine is essential for the accurate diagnosis of 
the injury and for proper planning of the treatment. The 
anatomy of subaxial lower cervical spine is almost 
consistent, whereas the anatomy of upper cervical spine 
is unique at each level, hence the injuries of cervical spine 
is best described in the two headings of craniovertebral 
and subaxial cervical spine injuries separately. 

The goals for management of cervical injuries are 
prompt récognition of the problem and prévention of 
secondary neurological damage. Missed diagnoses are 
common because of the difficulty in identification of 
cervical spine trauma, particularly in polytrauma patients 
with altered level of consciousness. It is estimated that 2 
to 3% of ail trauma patients, and 10% of patients with 
serious head injuries sustain cervical spine injuries, 1 and 
of those, between 3 and 25% suffer extension of those 
injuries from delay in diagnosis or unwarranted 
manipulation in the emergency department. 2 Cervical 
spine injury should be suspected in ail trauma cases with 
axial neck pain, h/o head injury, poly-trauma cases, and 
ail unconscious cases. The cervical spine should be 
protected until it is cleared with appropriate clinical and 
radiological examination. The initial évaluation of the 
cervical spine injury cases in the emergency has been 
described in detail in the previous section. 


RADIOLOGICAL EVALUATION 
How to Obtain Radiographs 

Radiographie clearance of the cervical spine begins with 
the standard three-views. These are cross-table latéral, 
anteroposterior, and open-mouth vies. A cervical spine 
radiographie évaluation can not be said to be complété 
without visualizing the cervicothoracic junction. 3/ 4 A 
swimmer's view is added when the initial latéral 
projection fails to demonstrate C7-T1 junction. The 
swimmer's latéral view may be somewhat limited 
secondary to the overlapping shadows of the clavicle and 
ribs. As a resuit, some centers obtain supine-oblique 
projections , 4 in which only the X-ray beam is angled 45° 
from the sagittal plane aimed at the anterior margin of 
the middle of the sternomastoid muscle, and the 
radiographie cassette is slid under the scapulae without 
moving the patient. When an occult spinal injury is 
strongly suspected, i.e. due to the mode of injury or 
because of suggestive findings on plain film, cervical CT 
scanning is indicated. Injury identified in one spinal 
région mandates plain film screening of the remainder 
of the spine. 

Interprétation of Radiographs 

Plain radiographie identification of subtle cervical spine 
injuries improves with clinician expérience. According 
to the Advanced Trauma Life Support (ATLS) guidelines, 
assess the latéral X-ray for alignment of four vertical lines, 
(i) anterior soft tissue line, (ii) anterior vertébral body line, 
(iii) posterior vertébral body line, and (iv) a line joining 
the tips of spinous processes. 5 Prevertebral soft tissue 
thickness varies anterior to the Cl arch. This plane 
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Figs IA and B: (A) A 37-year old woman with motor vehicle trauma presented in the emergency 
room with persistent neck pain without neurologie déficit 3 weeks after her initial accident. The initial 
plain latéral radiograph indicates increased soft-tissue shadow in front of the upper cervical spine 
(arrow), which should hâve raised a suspicion of a spinal injury. (B) The diagnosis of an undisplaced 
hangman’s fracture was overlooked until a CT scan was obtained. [With permission from Sengupta 
DK: Neglected spinal injuries. Clin Orthop 2005;93-103]. 


narrows to 2-3 mm anterior to C2 to C4. At C5 and below, 
the thinner retropharyngeal space widens to the 
retrotracheal space, which approximates the width of the 
vertébral body. 

In the absence of an obvious fracture or dislocation, 
one should look for signs of hidden spinal injuries (Fig. 1). 
Webb et al 6 described a tetrad of signs that should warn 
the clinician of a possibility of unstable hyperflexion 
cervical spinal injury, which includes (i) interspinous 
widening, (ii) anterior subluxation exceeding 3 mm in 
adult or 4 mm in children, (iii) tear drop fracture, and iv) 
focal Kyphosis exceeding 11° or widening of the 
inter spinous distance relative to the adjacent levels. 

Conversely, a hyperextension injury may show 
anterior dise space widening, focal lordosis, extension 
tear-drop fracture at C-2, and posterior subluxation 
(Fig. 2). 1 In the upper cervical région, anterior atlantodens 
interval exceeding 3 mm in adult and 5 mm in children 
indicate damage to the transverse ligament. The key is 
not the absolute measurement, but qualitative changes 
especially an abrupt, focal change in angulation or 
alignment. 1 In the elderly patients with degenerative dise 
disease presence of some degree of retrolisthesis is 
common and may be less likely to predict injury. 
Anterolisthesis on a cross-table latéral cervical spine, 
X-ray is uncommon and is more likely to indicate a 
hidden injury. 1 



Fig. 2: The latéral radiograph of the cervical spine shows signs 
of flexion injuries at the C-7 vertebra. Note the loss of lordosis 
at C6-C7, the teardrop fracture from the anterior superior edge 
of the C7 vertébral body, and an increased angular gap (arrow) 
between the spinous processes of C6 and C7. These findings 
may be easily overlooked in patients with a short, thick neck 
and broad shoulders, in whom the lower cervical spine may 
not be clearly observed on a radiograph. Note absence of any 
fullness of the anterior soft tissue shadow. [With permission 
from Sengupta DK: Neglected spinal injuries. Clin Orthop 
2005;93-103] 
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Flexion-Extension Radiographs, CT and MRI 

Flexion-extension views are not used to détermine 
stability of known cervical spine injuries. Dynamic films 
are best used when assessing a suspected hyperflexion 
sprain when routine radiographs are equivocal. 7 

Their purpose is to assess the integrity of the posterior 
ligament complex. The degree of flexion-extension must 
be limited to the point of the patient's pain tolérance. 
These may be safely performed in awake and alert 
patients in the emergency room. Dynamic Films produce 
unacceptably high false positive and false négative rates 
in an acute setting because pain and spasm limit cervical 
spine motion. 8,9 This examination is best performed when 
the patient comfortably exhibits a more normal arc of 
motion, usually after 1 to 2 weeks . lf 7 

Multiple studies hâve shown that cervical spine 
clearance based on plain radiographs alone misses spine 
fractures in 15 to 30% cases. 1,10-12 The limitations of plain 
radiography hâve led to the widespread use of flexion- 
extension radiographs, CT, and MRI to evaluate for subtle 
cervical spine injuries. 1,13 

Computed tomography (CT) scans are more reliable than 
plain radiographs in clearing the cervical spine in adult 
blunt trauma patients. However, CT scans are limited in 
their ability to demonstrate axially oriented fractures (like 
type II odontoid fractures) or ligamentous injures. If CT 
scans are used as a substitute for a 3-view spine sériés, 
then coronal and sagittal reconstructions are essential. 1 
Thin slice CT scan (2mm or less) and multiplanar 
reconstructed images will show fractures that are oriented 
purely in the axial plane, subluxation of facet joints and 
vertébral bodies, as well as angular and rotational 
abnormalities. Several studies hâve found that the 
sensitivity of CT scans for détection of fractures ranges 
from 97 to 100%}' u 

MRI scan is highly sensitive in the détection of dise and 
ligamentous injury, but less sensitive than CT in détection 
of posterior éléments fractures or injuries to the 
craniocervical junction. 1 MRI scan provides direct 
visualization of the posterior ligament complex and is 
therefore, the definitive imaging examination for anterior 
subluxation. Cost and limited availability preclude its use 
as a screening study. Patients with significant neck pain 
but normal radiographs should be evaluated with an MRI 
scan, or treated presumptively with a hard cervical 
orthosis until flexion-extension views can be obtained at 
a later date. 

Passive flexion-extension views under fluoroscopie 
guidance has been recommended for comatose patients. 15 
While controversial, this may be an acceptable method 


for clearing the spine for ligamentous injury when MRI 
scanning is contraindicated. Care must be exercised to 
assure that adéquate motion occurs. This maneuver may 
be performed with the patient log-rolled onto his side, 
taking extra care to protect the spine. 1 

Spinal Cord Injury without 
Radiological Abnormality (SCIWORA) 

An absence of radiological evidence confirming a spinal 
injury should not lead to a relaxation of précautions until 
the patient is lucid and cooperative enough to move ail 
limbs and report any areas of excessive tenderness. The 
spinal cord may be injured even though the vertébral 
column is spared from disruption, because of the inhérent 
elasticity of the juvénile spine, which permits self- 
reduction but significant intersegmental displacements 
when subjected to flexion, extension and distraction 
forces. This vulnerability is most évident in children 
younger than 8 years. Spinal cord injury without 
radiographie abnormality (SCIWORA), first described by 
Pang and Wilberger in 1982 16,17 occurs in approximately 
2-4% of spinal injures. They described the clinical profile 
of the SCIWORA syndrome is 55 children, of which there 
were 10 upper cervical (C1-C4), 33 lower cervical (C5- 
C8), and 12 thoracic cord injuries. 

Hendey et al 18 studied the incidence and 
characteristics of patients with SCIWORA, using the 
database of the National Emergency X-Radiography 
Utilization Study (NEXUS). The SCIWORA was defined 
as spinal cord injury demonstrated by magnetic 
résonance imaging, when a complété, technically 
adéquate plain radiographie sériés revealed no injury. 
Ail the SCIWORA cases were identified with adults. 
There were over 3000 children enrolled, including 30 with 
cervical spine injury, but none had SCIWORA. The most 
common magnetic résonance imaging findings among 
SCIWORA patients were central dise herniation, spinal 
stenosis, and cord edema or contusion. Central cord 
syndrome was described in 10 cases. They concluded that 
SCIWORA was an uncommon disorder that occurred 
only in adults. 

Steroids (Méthylprednisolone) in Spinal Cord Injury 

The National Acute Spinal Cord Injury Studies (NASCIS) 
I and II published in the 1990s demonstrated significant 
benefit in administering high doses of méthyl¬ 
prednisolone early after a spinal cord injury (within 8 h). 
The recommended dose is 30 mg/kg IV over 15 minutes, 
foliowed by 5.4 mg/kg/h via continuous intravenous 
infusion over 24 hours. The NASCIS I and II trials hâve 
received significant criticism with regards to both their 
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design and the possible benefit-to-risk ratio. No full 
consensus has been reached on the use of méthylpredni¬ 
solone in person with acute cord injury. Management 
should be guided based on local guidelines. 

CLASSIFICATION AND 
TREATMENT OF SPECIFIC INJURIES 

It is customary to divide the cervical spine injuries into 
upper cervical spine (CO-C2) and subaxial injures (below 
C2). 

UPPER CERVICAL SPINE 

The craniocervical junction refers to the osseoligamentous 
and neurovascular structures that extend from the skull 
base to C2. It is comprised of highly specialized bony 
articulations between the occipital condyles. Cl and C2 
and the complex ligamentous System linking these bones 
into one functional joint. Bony restraints of the 
occipitocervical junction involve the convex occipital 
condyles articulating with the latéral masses of the atlas. 
The posterior arch of atlas provides the bony limitation 
the occiput extension, whereas ligamentous restraints are 
formed by the alar ligaments. This région's vulnerability 
is largely due to a large lever arm induced by the cranium 
rostrally and the disproportionate freedom of movement 
at the craniocervical junction relying on the ligamentous 
structures rather than on bony stability. 

Clinical Assessment 

Ail high energy injuries should be considered potential 
for upper cervical instability. Cranial nerve function 
should be a part of any examination in patients with 
possible head or neck injuries. Abducens and hypoglossal 
nerves are the commonest involved in craoniocervical 
injuries. Patterns ranging from complété pentaplegia to 
incomplète injuries such as cervicomedullary syndromes 
and brainstem disorders. In view of presence of 


subluxations or partially reduced injuries the clinicians 
should look for indirect clinical signs such as soft tissue 
swelling and hemorrhage during clinical and X ray 
examinations. 

Fractures of upper cervical spine (CO-C2) often 
présent without neurologie déficit, since there is a 
proportionally greater space available for the cord than 
in the lower cervical spine. Furthermore, if significant 
cord damage is caused by a high cervical fracture, patients 
are frequently dead on the scene of accident. The most 
common patterns of injury seen in the upper cervical 
spine are CO-C-1 disruption, C-l ring fracture, Cl-2 
disruption, C-2 ring fracture, and odontoid process 
fracture. 

Occiput-C-1 Disruption 

CO-C-1 disruption is a rare high-energy rotational injury 
that generally results in cord transection and death. In 
autopsy studies, they represent 5 to 12% of identified 
cervical injures; the most common mechanism is 
pedestrians struck by motor vehicles. 19 Patients who 
survive présent with either anterior or posterior 
dislocation of one or both occipital condyles on the latéral 
masses of C-l. This injury represents a failure of the 
ligamentous attachments of the occiput and C-l and is 
extremely unstable. It is frequently associated with a 
fracture of C-l or with C1-C2 rotatory subluxation. In 
the management, traction must be applied with extreme 
caution due to the risk of cord distraction. Treatment is 
open réduction and posterior CO-1 fusion. 

Occipital Condyle Fractures (Fig. 3) 

Occipital condyle fractures, commonly caused by an axial 
compression mechanism, are frequently diagnosed as a 
concurrent finding on head CT scan done for trauma. 
The classification System described by Anderson and 
Montesano 20 was based on CT pattern and évaluâtes the 
potential for instability. A type I injury is comminuted 



Fig. 3: Classification of occipital condyle fractures 
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(impaction) fracture of the condyle and is generally stable. 
A type II fracture is a condyle fracture with associated 
basilar skull fracture. This injury is stable except when 
the entire condyle is separated from the occiput. A type 
III injury is an avulsion fracture of the attachment of the 
alar ligaments. This injury can be bilateral and occurs in 
30 to 50% of patients with atlantooccipital dislocations. 

Stable type I and II fractures should be treated in a 
collar for 6 to 8 weeks. Displaced type II injuries should 
be treated in a halo vest for 8 to 12 weeks. Type III injures 
are treated based on stability; stable nondisplaced injuries 
are treated in a collar, and minimally displaced injuries 
are treated in a halo vest. Any evidence of AP 
displacement, joint incongruity, or abnormal diastasis 
makes the injury unstable, necessitating an occiput-C2 
fusion. 


Anderson and Montesano classification of occipital 
condyle fractures (Fig. 4) 20 


Injury type 

Distinguishing 

characteristics 

Significance 

Type I 

Comminuted fracture of 
the occipital condyle 

Stable injury treated 
with cervical collar 
or a halo 

Type II 

Extension of a basilar 
skull fracture into an 
occipital condyle 

Stable injury treated 
with cervical collar 
unless associated 
with craniocervical 
dissociation 

Type III 

Avulsion fracture 
at the alar ligament 
insertion 

Unstable 





Figs 4A to C: Showing diagrammatic représentation of 
occipital condyle fractures 


Atlas Fractures 
Craniocervical Dissociation 

Obvious signs of instability are translation or distraction 
of more than 2 mm in any plane, neurologie injury or 
cerebrovascular trauma. 


Harborview Classification of Craniocervical Injuries 


Stage 

Description 

I 

Minimally displaced injuries; MRI shows 
hemorrhage or edema; Craniocervical 
alignment is normal by Harris lines. No 
distraction on traction with 25 lbs 

II 

Traction at weights less than 25 lbs shows 
sufficient distraction 

III 

Static imaging shows distraction beyond 
Harris lines 


Fractures of the atlas constitute 10% of ail cervical 
spine injuries. There is high prevalence (approaching 
50%) of concomitant injuries, including odontoid 
fractures, Hangman's fractures, and transverse atlantal 
ligament disruption (Fig. 5). 21 A flexion-compression 
force may resuit in isolated anterior arch fractures, 
whereas extension compression force may resuit in 
isolated posterior arch fractures. Pure axial loads 
transmitted to the latéral masses of C-l via the occipital 
condyles resuit in a four-part, or Jefferson, fracture of 



Fig. 5: Assessing for transverse atlantal ligament injury on an 
open-mouth view of Cl -2. The sum total of latéral displacement 
equals A + B. When the total displacement is > 6.9 mm, rupture 
of the transverse ligament is assured 
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C-l. Most C-l ring fractures are visible on latéral or AP 
radiographs. Accurate diagnosis requires axial CT 
scanning, which provides excellent cortical detail as well 
as evidence of healing. Ruptures of the transverse 
ligament and odontoid fractures are common associated 
injuries. Jefferson fracture is équivalent of burst fracture, 
with disruption of the ring, and rupture of the transverse 
ligament. This is radiologically identified by a spread of 
latéral mass > 8 mm in open mouth view. 

Jefferson fracture is unstable. Most patients with C-l 
ring fractures hâve no neurologie déficit, due to the 
capacious nature of the canal at C-l, as well as the 
decompressing effect of ring fractures. The isolated 
fractures of the latéral mass or arch is stable and treated 
with collar for 8 to 12 weeks. Jefferson fractures and the 
fractures associated with odontoid fractures are best 
treated with a halo-vest. While not ail fractures heal with 
osseous union, fibrous union is usually stable, particularly 
in the elderly people. Posterior cervical fusion may be 
required for those patients with transverse ligament tears 
and those who démonstrate late Cl-2 instability. 


Levine and Edwards 26 Four Part Classification 
System for Cl Fractures 


Injury 

Characteristics 

Stable 

Posterior arch fractures; Anterior arch 
avulsion fractures Cl ring fractures with 
< 7 mm of overall latéral mass 
displacement 

Cl ring fractures with > 7 mm of overall 

Cl latéral mass displacement 

Unstable 

Anterior arch fracture with posterior 
displacement relative to the Dens 
( plough fracture) 


This classification considers atlas fractures as: 

1. Posterior arch fractures caused by hyperextension 
forces. 

2. Latéral mass fractures caused by rotation or latéral 
flexion injuries. 

3. Isolated anterior arch fractures—minimally displaced, 
comminuted and unstable injuries. 

4. Bursting type fractures. 

The extent of latéral mass séparation is more relevant 
than number of fracture fragments. 

Cl-2 Injuries (Atlanto-axial Subluxation, AAS) (Fig. 6) 

Severe hyperflexion forces can resuit in rupture of the 
transverse ligament and also the alar ligaments, resulting 
in anterior subluxation of the atlas on the axis. This injury 
is diagnosed on the basis of an atlanto-dental interval 



Fig. 6: Showing diagrammatic représentation of 
atlantoaxial injuries 

(ADI). The normal upper limit of ADI is 3 mm in children 
and 4 mm in adult. Cl-2 instability is most often 
associated with long-track neurologie findings if the space 
available for the cord is less than 10 mm. The space 
available for the cord is defined as the distance between 
the posterior aspect of the dens and the anterior aspect 
of the posterior ring of C-l. AAS is common in 
rheumatoid arthritis secondary to damage to the 
transverse ligament. In traumatic AAS treatment is 
dépends on the degree of initial displacement and 
identification of any coexistent fractures. If the ADI is 
< mm in a neurologically intact patient, collar immobili- 
zation is sufficient initially. For an ADI > 5 mm, 
nonsurgical treatment including halo immobilization has 
generally yielded poor results except for selected cases 
when a bony avulsion can be documented on CT. 
Dickman et al 22 classified disruptions of the midsubstance 
of the ligament as type I injuries, and avulsions of the 
ligament from the Cl latéral mass as type II injuries. In 
his study, none of the type I injuries healed 
spontaneously, and ail required arthrodesis. Of type II 
injuries, 74% healed with immobilization. The method 
used for C1-C2 arthrodesis in patients with this injury 
needs to be carefully selected; some wire techniques, even 
with halo immobilization, can resuit in postoperative 
displacement. C1-C2 transarticular screw fixation 
(Magerl technique) for arthrodesis may be indicated. 

C1-C2 Rotatory Subluxations (Figs 7A and B) 

Extensive rotatory forces may resuit in unilatéral or 
rotatory subluxation or dislocation of one inferior facet 
of C-l on C-2. The most common radiographie finding is 
an asymmetry of the distance between the latéral masses 
and the odontoid seen on the open-mouth view. 

Diagnosis is confirmed with dynamic CT scanning 
(with the head turning in both latéral directions. This 
injury is classified (Fielding and Hawkins classification. 23 ) 
according to displacement. Type I involves only capsular 
disruption, there is peg view asymmetry and the ADI in 
flexion-lateral X-ray is < 3 mm. Only one side of the Cl- 
C2 latéral mass subluxates forward pivoting on the 
odontoid. In type II injury the pivot if the intact C1-C2 
joint on one side and the ADI is between 3 and 5 mm. In 
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Figs 7 A and B: Asymmetry of the odontoid peg in open mouth view in 
C1-C2 rotatory subluxation 


type III both the C1-C2 latéral masses are dislocated 
forward and the ADI is > 5 mm. In type IV the Cl ring 
subluxates posteriorly, which is associated with a 
déficient odontoid. 

Traumatic atlantoaxial rotatory subluxation differ 
dramatically from those that occur spontaneously in 
children or in patients with rheumatoid arthritis. The 
traumatic mechanism is a combination of rotation and 
forward flexion. The traumatic injury in adults is often 
associated with impaction or avulsion injuries to the Cl- 
2 articulation. Treatment is with réduction in longitudinal 
traction using a halo, followed by halo-vest immobi- 
lization (Figs 8A to C). If closed manipulation is 
unsuccessful or the injury is not discovered until late, an 
open réduction may be considered. Arthrodesis in either 
a reduced or in situ position is recommended for 


instability, neurologie involvement, or failure of 
conservative measures to achieve or maintain réduction. 

Odontoid Fractures (Fig. 9) 

Odontoid fractures account for up to 15% of ail cervical 
spine fractures and are most frequent in older patients 
who sustain motor vehicle accidents or a blow to the head. 
The Anderson-D'Alonzo 24 classification includes three 
types. A type I fracture is an avulsion of the superior third 
of the odontoid above the transverse ligament. In a type 
II fracture, the fracture is through the narrow waist of 
the odontoid above the junction with the body of C-2. In 
type III fracture, the fracture line extends into the body 
of C-2. Hyperflexion most likely causes an odontoid 
fracture with subséquent anterior displacement. 



Figs 8A to C: Chronic C1-C2 rotatory subluxation, secondary to missed diagnosis. She was 
treated with halo-traction and achieved incomplète réduction. With immobilization in a halo-vest 
for three months the C1-C2 joint was ankylosed in situ spontaneously 
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Fig. 9: Anderson-D’Alonzo 24 classification of odontoid fracture. 
Type I is an oblique fracture through the upper part of the 
odontoid process. Type II is a fracture at the junction of the 
odontoid process and axis. Type III is a fracture of the body of 
the axis 

Hyperextension generates odontoid fractures with 
posterior displacement. Associated fractures of the ring 
of C-l are quite common; neurologie déficit is présent in 
15 to 25% of cases. Diagnosis of odontoid fracture is 
frequently missed on plain films, particularly if the 
fracture is nondisplaced. Often the fractures are not 
visualized on CT either, due to the transverse nature of 
the fracture line. Therefore, AP and latéral tomography 
is the study of choice for the diagnosis and 
characterization of odontoid fractures. In general, type I 
fractures are of no clinical conséquence and are treated 
with a Philadelphia collar until comfort and stability are 
documented. Type III fractures hâve a high union rate 
and are best treated with halo-vest immobilization after 
réduction in traction. Type II fractures hâve the lowest 
rate of union following halo immobilization owing to the 


small area of bony contact and the watershed blood 
supply of the waist of the odontoid. Additional risk 
factors for nonunion include a greater degree of initial 
displacement, advanced âge, and smoking. Nondisplaced 
type II fractures should be treated with primary halo- 
vest immobilization, but displaced fractures require 
preliminary réduction in traction. Although the trial of 
halo-vest immobilization is usually attempted, the patient 
and physician should be aware of the significant risk of 
nonunion and the subséquent need for late Cl-2 fusion. 
In older patients with significantly displaced fractures, 
primary Cl-2 fusion after réduction in traction should 
be considered. In patients with both and odontoid 
fracture and a fracture of the ring of C-l, occiput-C-2 
fusion should be avoided. Immobilization in a halo vest 
usually promotes healing of the C-l fracture, and fusion 
at a later date can be limited to C-l and C-2 should 
nonunion of the odontoid occur. 

Odontoid Fractures (Fig. 10) 


These are one of the commonest fractures and ail are 
considered uns table farctures. 

Anderson and D'Alonzo's classification of Dens fracture: 


Injury type 

Distinguishing features 

Significance 

Type I 

Avulsion injury at the 
base of alar ligament 

Treated with a 
halo or 
surgically if 
craniocervical 
dissociation 
présent 

Type II 

Fracture at the waist 
of the dens 

High risk of 

nonunion; 

strong 

indication for 
surgery 

Type III 

Fracture extending into 
the cancellous bone 
within the C2 vertébral 
body 

Treated with a 
halo or a brace 


Traumatic Spondylolisthesis of the Axis 

Traumatic spondylolisthesis of the axis most often occurs 
as a resuit of either motor vehicle accidents or falls and 
represents approximately 15% of ail cervical spine 
fractures. Although the fracture pattern may resemble 
that resulting from judicial hanging, the injuries are quite 
different. A properly accomplished judicial hanging 
results in a violent hyperextension injury to the spine with 
distraction, severing the spinal cord. Traumatic 
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Fig. 10: Showing diagrammatic représentation of 
odontoid fractures 


spondylolisthesis, however, results from hyperextension 
with axial load. Neurologie injury is uncommon because 
the fracture fragments separate, decompressing the spinal 
canal. The hyperextension and axial load mechanism 
resuit in fractures of the pars interarticularis. With the 
more severe injury patterns, rebound flexion or flexion/ 
distraction mechanism results in disruption of the C2-3 
disk and posterior longitudinal ligament. Additionally, 


the anterior longitudinal ligament may be stripped from 
its bony attachment. The most severe and complex 
injuries most likely occur as a resuit of flexion, causing 
dislocation of C2-3 facets, followed by hyperextension 
with axial load, producing the pars fractures secondarily. 
The classification System for this injury was first described 
by Effendi et al 25 in 1981 and was later expanded by 
Levine and Edwards 26 , who described four fracture 
patterns. Others hâve added a fifth type. 

The classification is based on translation and 
angulation between C2 and C3 (Fig. 11). Type I injuries 
are bilateral pars fractures with translation < 3 mm and 
no angulation. The C2-3 disk and ligamentous structures 
remain intact because the major injury is bony. Type IA 
is an atypical fracture and the most recently recognized. 
There is minimal translation and little or no angulation. 
Elongation of the C2 body is often seen radiographically. 
CT will reveal extension of one fracture line into the body 
and often through the foramen transversarium. As a 
resuit, injury of the vertébral artery may occur. In type II 
fractures, the C2-3 disk and posterior longitudinal 
ligament are disrupted, resulting in translation > 3 mm 
and marked angulation. The anterior longitudinal 
ligament generally remains intact but is stripped from 
its bony attachment. Type IIA fractures are less common. 
In contrast with type II, the fracture line is more oblique 
than vertical. There is little or no translation, but there is 
significant angulation. Traction will cause further fracture 
displacement and should be avoided. Type III injuries 
are a combination of pars fracture with dislocation of the 
C2-3 facet joints. This injury is very unstable, with free- 
floating inferior articular processes. This is the most 
common injury to be associated with neurologie déficit 







Fig. 11: Classification of traumatic spondylolisthesis. Type I fracture through neural arch with no angulation and minimal 
displacement. Type IA fracture with élongation of the vertébral body and little angulation or translation. Type II fracture with 
significant angulation and displacement. Type IIA fracture with oblique fracture line and minimal translation but significant 
angulation. Type III fracture with bilateral facet dislocation 
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and requires surgery; it is irreducible by closed means. 
Type I and IA fractures can be treated by collar 
immobilization, both initially and definitively. Type II 
and IIA fractures require gentle réduction. Type II 
fractures requires light traction and extension by placing 
a bolster behind the shoulders to achieve réduction. 

Type III fractures are irreducible closed because the 
dislocated inferior facets of C2 are not connected to any 
other bony structure as a resuit of the bipedicular fracture 
lying just anterior to them. Closed traction is, therefore, 
unable to provide réduction, and open réduction is 
required. Once réduction is verified radiographically, 
type II fractures are immobilized in a halo vest for 6 to 8 
weeks. Adjustment of the halo may be performed as 
necessary while monitoring fracture alignment. For type 
II fractures with displacement >5 mm and/or angulation 
>10°, traction is performed to reduce the displacement, 
followed by recumbency for 4 to 6 weeks, then halo 
immobilization for an additional 6 weeks. Alternatively, 
surgical stabilization with transpedicular lag screws may 
be considered if anatomie alignment can be achieved. 
Because spontaneous anterior fusion is common, 
nonsurgical management is favored with type II injuries. 
Type III fractures requires open réduction followed by 
internai fixation with a wiring or plating technique, based 
on the integrity of the facets and/or lamina. Anterior C2- 
C3 plating also has been used. Although no long-term 
studies exist, Levine and Edwards 26 reported on patients 
with 4.5 year follow up. Ninety percent of type I fractures 
healed; 10% had symptomatic degenerative changes. 
Seventy percent of type II fractures developed spontaneous 


anterior fusion. Type III fractures generally had a poor 
prognosis related to the résultant neurologie déficit. 


Effendi’s Classification of Hangman’s Fractures 
(Figs 12A to C) 


Injury type 

Distinguishing features 

Significance 

Type I 

Nondisplaced fracture 

Treated with 


through the arch of C2 

Type IA Atypical fracture 
of C2 

Arch on one side and 
vertébral body on the 
contralatéral side 

collar 

Type II 

Displaced fracture 

Usually treated 


Type IIA Fracture of 

with a halo and 


C2 arch associated with 

if markedly 


disruption of C2-C3 

displaced then 


dise showing angulation 

fixation 


of C2 C3 end plates 

through a 
posterior 
approach or C2 
C3 arthrodesis 

Type III 

Fracture of C2 arch 

Frequently 


with dissociation of 

associated with 


C2-C3 facet joints 

neurologie 
déficit and 
require open 
réduction and 

C2 C3 

arthrodesis 



Figs 12A to C: A. Hangman fractures usually results from hyperextension-compression force. B. The type II- 
A fractures results from an entirely different mechanism, flexion-distraction force. This type of injury should not 
be treated by traction. C. If this injury is not recognized and treated by traction, it may lead to a over distraction 
of the fracture site. D. These injuries may be treated by C1-C2 anterior fusion 
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SUBAXIAL FRACTURES 

Accurate classification of subaxial cervical spine injures 
speeds the delivery of appropriate diagnostic and 
therapeutic intervention. The mechanistic classification 
proposed by Ferguson and Allen 27 are bases on the 
position of the neck at the time of injury and the dominant 
mode of force application. Furthermore, each injury 
pattern graded in terms of the degree of injury (bony or 
ligamentous) to the involved motion segment. A higher 
stage of injury is associated with greater amount of 
displacement and a greater risk of neurological injury. 
Injury désignation is based on the mechanism of injury 
and review of plan radiographs. Crucial to the 
différentiation of injury patterns is récognition that 
compressive load resuit in shortening of vertébral 
éléments, while distraction results in lengthening. In the 
Ferguson-Allen classification, the posterior longitudinal 
ligament and the structures anterior to it are considered 
the anterior column of the spine, and the structures 
posterior to the posterior longitudinal ligament are 
considered the posterior column of the spine. Although 


this classification is very useful, it cannot be universally 
applied; patients often présent with injuries that 
represent a combination of injury patterns. 

Compressive Flexion Injuries (Fig. 13) 

The mechanisms that most commonly resuit in 
compressive flexion injures are motor vehicle accidents 
and shallow drives. The most common levels of injury 
are C4-5 and C5-6. Compressive loads applied to the 
flexed spine resuit in compression of the anterior column 
of the spine and distraction of the posterior column. The 
résultant shortening of the anterior column and 
lengthening of the posterior column can be graded into 
five stages. 

In stages 1 and 2 (vertébral body blunting and 
beaking), the structural integrity of the anterior column 
is partially intact, and complété ligamentous failure of 
the posterior annulus has not occurred. While there is a 
risk of the late kyphotic deformity, most patients can be 
managed in a rigid cervical orthosis or halo-vest orthosis 
for 8 to 12 weeks. In stage 3 injuries (fracture of the 
vertébral body without displacement), complété 


i 



Stage 3 


Stage 2 



Fig. 13: Compressive flexion injury. Stage 1: Blunting and rounding off of anterosuperior vertébral margin. Stage 2: Loss of 
anterior height and beaklike appearance anteroinferiorly. Stage 3: Fracture line from anterior surface of vertébral body extending 
obliquely through subchondral plate and fracture of the beak. Stage 4: Some displacement (<3 mm) of posteroinferior vertébral 
margin into neural canal. Stage 5: Displacement (>3 mm) of posterior part of body. Although vertébral arch is intact, entire 
posterior ligamentous complex is ruptured 
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Stage 2 


Stage 3 


Fig. 14: Vertical compression injury. Stage 1 : Central cupping fracture of superior or inferior endplate. Stage 2: Similar to stage 
1, but fracture of both endplates; any fracture of the centrum is minimal. Stage 3: Fragmentation and displacement of vertébral 
body 


posterior ligamentous disruption is possible and should 
be evaluated with MR imaging. A halo-vest orthosis is 
sufficient for patients with an intact posterior column. In 
patients with ligamentous disruption, however, the risk 
of late kyphotic deformity is high; they should be treated 
with posterior cervical fusion and postoperative halo 
immobilization. Patients with stage 4 and 5 lésions 
(posterior displacement of the vertébral body) often 
présent with profound neurologie déficit. There is 
complété failure of the anterior column of the spine, and 
placement of tongs in extension and the use of extension 
rolls often results in only partial realignment of the spine. 
For the purposes of décompression and reconstruction, 
patients with these high-energy injuries require anterior 
décompression (corpectomy) and anterior strut-graft 
reconstruction. Due to high rates of graft complications 
and the propensity for late kyphotic deformity, anterior 
reconstruction is supplemented with posterior fusion and 
postoperative halo immobilization. The rôle of anterior 
cervical internai fixation (i.e., plates) remains contro- 
versial. Stage 4 lésions without neurologie déficit must 
be examined with MR imaging to détermine the status 
of the posterior ligamentous complex, and the degree of 
dise disruption and protrusion into the canal. Posterior 
fusion alone is an option if there is no significant cord 
compression. In presence of cord compression with dise 
disruption, discectomy and anterior fusion is the method 
of choice. 

Vertical Compression Injuries (Fig. 14) 

Vertical compression injuries are most common following 
motor vehicle accidents, diving accidents, and direct 
blows to the top of the skull. The most common level of 
injury is at C6-7. The resuit of compressive forces applied 


to the spine in neutral alignment is shortening of the 
anterior and posterior column of the spine, which occurs 
in three stages. Stage 1 and 2 injuries involve cupping of 
one or both endplates of the vertébral body and represent 
partial failure of the anterior column. Neurologie injury 
is rare, and because the posterior ligamentous structures 
are uninjured, late kyphotic deformities are unusual. 
Most patients can be treated for 6 to 8 weeks in a rigid 
cervical orthosis or halo vest. Stage 3 injures are defined 
as fragmentation and displacement of the vertébral body 
and are sometimes referred to as "burst fractures". Axial 
traction occasionally results in réduction of the fracture, 
but no consistently. Neurologie injury is common, and 
the presence of associated posterior element fractures is 
variable. Patients with a neurologie déficit require 
anterior corpectomy and reconstruction to decompress 
the cord and roots to foster neurologie recovery. The need 
for adjunctive posterior fusion is based on the integrity 
of the posterior column of the spine. Treatment is most 
often the same for patients without neurologie déficit in 
order to prevent late kyphotic deformity. The degree of 
dise disruption is ill defined as yet and probably justifies 
MR imaging for soft-tissue assessment (dise, ligaments, 
cord) after attempted closed réduction or prior to 
operative care. 

Distractive Flexion Injuries (Fig. 15) 

Distractive flexion injury is the most common injury pattern 
and is most often caused by motor vehicle accidents and 
falls from a height. Injury is most common at C5-6 and 
C6-7. Distractive loads applied to the spine in a flexed 
position cause tensile failure (ligamentous or bony) and 
lengthening of the posterior column and may be 
associated with some compression and shortening of the 
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Fig. 15: Distractive flexion injury. Stage 1: Facet subluxation in flexion and divergence of spinous processes (flexion sprain); 
some blunting of anterosuperior vertébral margin as in a stage 1 compression flexion injury. Stage 2: Unilatéral facet dislocation; 
there may be some rotary spondylolisthesis. Stage 3: Bilateral facet dislocation with about 50% anterior vertébral body 
displacement. Facets may hâve completely leapfrogged over those below or may be “perched.” Stage 4: Fullwidth vertébral 
body displacement or completely unstable motion segment 


anterior column. Shear forces generated by this injury 
pattern resuit in variable degrees of anterior translation 
of the superior vertebra of the involved motion segment. 
The amount of anterior displacement is dépendent on 
the degree of posterior element failure. In general, less 
than 25% subluxation is indicative of a facet subluxation 
(stage 1); 25 to 50% subluxation, a unilatéral facet 
dislocation (stage 2); and more than 50% subluxation, a 
bilateral facet dislocation (stage 3). Full body displace¬ 
ment is defined as a stage 4 injury. Ail stages of distractive 
flexion injury may be associated with facet fractures as 
well. 

Closed réduction should be attempted for ail stages 
of distractive flexion injury as soon as the patient is 
medically stable. There are some reports in the literature 28 
which indicates that in patients with neurologie déficits, 
recovery is greater in those who underwent successful 
réduction less than 8 hours after injury. Several authors 
hâve offered formulas for determining the weight 
required for réduction of cervical spine dislocations, but 
none of these formulas has been proved effective. Some 
authors recommend using no more than 50 lb of weight 
for fear of over distraction. Using a method described by 
one of the Cotler et al 29 described use of a much higher 
weights and hâve reported significantly higher success 
rates with closed réduction. In recent report of 81 
consecutive attempted closed réductions using weights 
of up to 120 lb (average, 65 lb), the anatomie success 
rate was 91%. However, one must ensure the integrity of 
the traction de vice (halo or Gardner-Wells tongs) before 
applying such a heavy loads. Patients with distractive 
flexion injuries treated nonoperatively in the halo-vest 
orthosis hâve up to a 64% incidence of late instability. 30 
Therefore, a primary posterior cervical fusion using a 
triple-wire technique for ail stages of distractive flexion 
injury is recommended following successful closed 
réduction. 28 Unsuccessful closed réduction requires open 
réduction and posterior cervical fusion. 


It has been recognized that 54 to 80% of patients with 
distractive flexion injuries hâve an associated acute disk 
herniation at the level of injury. 31 Catastrophic neurologie 
damage has been reported following closed réduction of 
this injury complex. 32 In ail patients with this neurologie 
catastrophe, the closed réduction was done under general 
anesthésia. No case of neurologie détérioration caused 
by herniated nucléus pulposus during awake closed 
réduction has been reported. In a recent study on 131 
cases, Rizzolo et al 28 recommended attempted awake 
closed réduction of ail cervical spine dislocations. They 
do not recommend MR imaging prior to routine 
réduction; the delay associated with obtaining an MR 
imaging study may compromise neurologie recovery. In 
patients in whom closed réduction under general 
anesthésia with an uncooperative or unconscious patient 
should be preceded by an MRI scan. Patients with 
herniated disk should undergo anterior cervical 
discectomy prior to réduction and fusion. 

Compressive Extension Injuries (Fig. 16) 

The mechanisms most commonly responsible for 
compressive extension injuries are motor vehicle 
accidents, falls, and diving accidents. Compressive 
extension injuries occur at ail levels of the subaxial spine 
and may be associated with Cl-2 injuries as well. The 
compression forces applied to the spine in extension 
results in early failure of the posterior column of the spine 
and later tensile failure of the anterior column. The early 
stages (stages 1 and 2) of compression extension injuries 
resuit in single-or multiple-level posterior element 
fractures without vertébral body displacement and are 
best managed with a rigid cervical orthosis. Later stages 
associated with vertébral body displacement are very 
unstable and require anterior fusion. Use of an anterior 
cervical plate as a tension band has been useful. Internai 
fixation and posterior fusion are often difficult due to 
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Stage 2 


Stage 3 


Stage 4 


Stage 5 


Fig. 16: Compressive extension injury. Stage 1 : Unilatéral vertébral arch fracture; may be through articular process (stage la), 
pedicle (stage 1b), or lamina (stage 1c); there may be rotary spondylolisthesis of centrum. Stage 2: Bilaminar fracture, which 
may be at multiple contiguous levels. Stage 3: Bilateral fractures of vertébral arch (articular processes, pedicles, or laminae) and 
partial width anterior vertébral body displacement. Stage 4: Partial-width anterior vertébral body displacement. Stage 5: Full- 
width anterior vertébral body displacement 


fractures at multiple contiguous levels, but may be 
accomplished with plate-screw constructs. 

Distractive Extension Injuries (Fig. 17) 

Distractive extension injuries are most frequently caused 
by motor vehicle accident and falls. The distractive forces 
applied to the spine in extension cause tensile failure and 
lengthening of both the anterior and posterior columns 
of the spine. Failure can be either bony or ligamentous; 
MR imaging is often helpful in determining the extent of 
soft-tissue injury. Injuries without evidence of vertébral 
body displacement on static and flexion-extension films 
(stage 1) can be treated with a rigid orthosis. Vertébral 
body displacement (stage 2) mandates fusion. Anterior 
fusion with plate fixation is most often successful. 
Posterior fusion with plates can be added in extremely 
uns table cases. 



Fig. 17: Distractive extension injury. Stage 1 : Failure of anterior 
ligamentous complex. Injury may be a nondeforming transverse 
fracture through the centrum or widening of disk space. Stage 
2: Injury may be anterior marginal avulsion fracture of centrum. 
Some posterior ligamentous complex failure may be revealed 
by posterior displacement of upper vertebra. Fracture reduces 
in flexion 


Latéral Flexion Injuries 

Latéral flexion injures are most frequently caused by 
motor vehicle accidents and blows to the side of the head. 
The asymmetric nature of force loading in the coronal 


plane results in tensile failure of one side of the spine 
and compressive failure of the opposite side. Injuries 
without displacement (stage 1) can often be managed 
nonoperatively. Displaced injuries (stage 2) most often 
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require surgical stabilization and fusion. The rôle of 
preoperative MR imaging is not well defined for this 
patient population. 

Timing of Surgery 

The management of acute spinal cold injury has 
traditionally concentrated on conservative care. 
Pharmacologie interventions, in particular intravenous 
méthylprednisolone therapy, hâve shown modest 
improvements in clinical trials and are still undergoing 
évaluation. More recent interest has focused on the rôle 
of surgical réduction and décompression, particularly 
early surgery. A review of the current evidence available 
in the literature suggests that there is no standard of care 
regarding the rôle and timing of surgical décom¬ 
pression. 33 In a recent study, Dimar et al 34 produced 
thoracic SCI in rats and an épidural spacer placed 
adjacent to the contusion to mimic the effect of persisting 
compression. The effect of décompression at 0, 2, 6, 24, 
and 72 hours after SCI was then assessed by quantitative 
analysis of locomotor recovery, lésion volume, and 
electrophysiology. Neurologie recovery was significantly 
dépendent on time to décompression, with significant 
différences seen in ail experimental groups. This study 
provides the strongest experimental evidence to date of 
a clear bénéficiai effect of spinal cord décompression after 
SCI. 

There is insufficient data to support overall treatment 
standards or guidelines for timing of surgery in spinal 
cord injury. There are, however, class II data indicating 
that early surgery (< 24 hours) may be done safely after 
acute SCI. Furthermore, there are Class III data to suggest 
a rôle for urgent décompression in the setting of 1) 
bilateral facet dislocation and 2) incomplète spinal cold 
injury with a neurologically deteriorating patient. 
Whereas there is biologie evidence from experimental 
studies in animais that early décompression may improve 
neurologie recovery after SCI, the relevant time frame in 
humans remains unclear. To date, the rôle of 
décompression in patients with SCI is only supported by 
Class III and limited Class II evidence. Accordingly, there 
is a strong rationale to undertake prospective, controlled 
trials to evaluate the rôle and timing of décompression 
in acute SCI. 
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Fractures and Dislocations 
ofthe Thoracolumbar Spine 


Ketan C Pandey 


INTRODUCTION 

The thoracolumbar spine remains the most common site 
of vertébral column injuries with 15-20% of patients 
having neurologie injury. The primary goals of treatment 
of these patients include preserving life, protecting 
neurologie function, and restoring alignment and stability 
of the spine. 

Classification 

A number of classification Systems hâve been proposed 
but none is completely satisfactory in terms of 
prognostication, guiding management and intra-and 
inter-evaluator repeatability. The most widely used and 
widely accepted classification was proposed by Denis 
based on the analysis of both plain radiographs and CT. 
The other classifications in common use are the McAfee 
classification and the AO/ASIF Comprehensive 
classification. 

The Denis classification is based on the three column 
concept (Fig. 1). The anterior column includes the anterior 
longitudinal ligament, the anterior portion of the annulus, 
and the anterior half of the vertébral body. The middle 
column consists of the posterior longitudinal ligament, 
posterior portion of the annulus, and the posterior portion 
of the vertébral body. The posterior bony arch, made up 
of the pedicles, facets, laminae, and the posterior ligament 
complex comprises the posterior column. This model is 
useful in understanding the mechanism of injury and 
assessing stability and has been biomechanically tested 
to be valid. 

The concept of spinal stability encompasses 
mechanical as well as neurologie stability. The neurologie 
instability refers to the inability of the spine to protect 



Fig. 1 : The three column concept of Denis 

the spinal cord, cauda equina and the nerve roots, while 
mechanical instability is the inability to withstand 
physiologie demands without pain, deformity, abnormal 
motion, or neural compression. 

Mechanism of Injury 

Although there are often complex forces occurring at the 
time of injury to the spine, only a few account for the 
majority of bone and/or ligamentous damage. The forces 
most commonly associated with thoracolumbar injuries 
include axial compression, flexion, latéral compression, 
flexion-rotation, shear, flexion-distraction, and extension. 

The basic types of spinal fractures according to the 
Denis classification are given in Table 1 and described 
here. 
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TABLE 1 : Basic types of fractures 

Type of 

Mechanism of 


Column involvement 


fracture 

injury 

Anterior 

Middle 

Posterior 

Compression 

Flexion 

Compression 

None 

None/Distraction 

Burst 

Axial load + 

Compression 

Compression 

N one / Distraction 

Seat Belt 

Flexion-distraction 

None/ Compression 

Distraction 

Distraction 

Fracture dislocation 

Flexion and/or rotation. 

Compression and/or 

Distraction and/or 

Distraction and/or rotation. 


shear, distraction 

rotation, shear 

rotation, shear 

shear 


Compression fractures: These results from anterior or latéral 
flexion causing failure of the anterior column. The 
resulting injury may be end-plate failure followed by a 
vertébral body compression (wedge fracture) (Fig. 2). 
Radiographically the anterior height of the vertébral is 
diminished, while the posterior height remains normal. 
These fractures are normally stable and rarely associated 
with neurologie compromise. 

Burst fractures: Burst fractures involve compressive failure 
of the vertébral body both anteriorly and posteriorly, with 
failure of both the anterior and middle columns. Excessive 
loading causes centripetal displacement of the bone, often 
with disk fragmentation and posterior disruption (Fig. 3). 
The force concentrating on pedicle-vertebral body 
junction results in widening of the interpedicular distance 
and often fracture of the lamina. 

Flexion injury : Flexion forces cause compression 
anteriorly, whereas tensile forces occur posteriorly. With 
rapid loading, the posterior ligaments usually do not fail 
immediately but posterior avulsion fractures may 
develop. If the posterior ligaments remain intact, a stable 
fracture configuration results. If anterior wedging is more 
than 50% in a young adult, posterior ligamentous failure 
can be assumed, and may create instability (Fig. 4). 

Latéral compression: Latéral compression forces create 
damage similar to that caused by anterior compression, 
except that the force is applied laterally. The résultant 
deformity is asymmetric, involving fracture on one side 
of the vertebra and with, severe forces, ligamentous 
failure on the contralatéral side. This injury can lead to 
instability and painful traumatic scoliosis. 

Flexion-rotation: These forces lead to injury similar to 
flexion injury, the addition of rotational forces leads to 
failure of the ligaments and facets. With increasing 
rotation (shear), there is disruption of both anterior and 
posterior columns (Fig. 5). Due to the size and orientation 
of facets joint at the thoracic and lumbar spine, a high 
degree of flexion is required to cause dislocation. Fracture- 
dislocations are highly unstable injuries. 



Fig. 2: Compression fracture 



Fig. 4: Flexion injury 
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Fig. 5: Flexion rotation injury 



Fig. 6: Flexion distraction injury 


Flexion-distraction: These forces produce the typical seat- 
belt injury. The axis of flexion is more anteriorly than 
with compression fractures, close to the anterior 



Fig. 7: Extension injury 


abdominal wall, leading to significant tensile forces on 
the posterior éléments including the vertébral body and 
dises. The range of injuries produced may be pure osseous 
lésion, mixed osteoligamentous lésion or pure soft tissue 
damage. The later two types may lead to significant 
instability (Fig. 6). 

Extension: The extension forces are created when the head 
or upper trunk is thrust posteriorly, creating a pattern of 
injury that is reverse of pure flexion injuries. The anterior 
longitudinal ligament and the anterior portion of the dise 
fails under tension while the posterior éléments are under 
compression (Fig. 7). Avulsion fracture of the antero- 
inferior portion of the vertébral body may be seen with 
compression fractures of the posterior éléments. 

Treatment Options 

The treatment of thoracolumbar injuries is summarized 
in Table 2, though it must be appreciated that at times 
more than one option may be available and suitable. The 
choice of procedure dépends on patient factors like âge, 
demands, severity of spinal and associated injuries. 


TABLE 2: Summary of treatment options 


Fracture type 

Brace/cast 

Bed rest 

Anterior 

Surgery 

Posterior 

Combined 

Isolate posterior element 


+ 




Single compression fracture (Ligaments intact) 

+ 

+ 




Multiple compression fractures (Ligaments intact) 

+ 

+ 




Burst fracture (Ligaments intact) 

+ 

+ 

+ 

+ 


Flexion distraction injury 

+ 

+ 


+ 


Fracture dislocation 




+ 

+ 
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neurological déficit and surgeon factors like expertise, 
training and resources available. The potential for 
recovery from incomplète spinal cord injury dépends on 
the initial injury severity. Recovery is possible only if 
structurally intact and viable neural tissue remains. 

Nonoperative Treatment 

For many years, nonoperative management was the 
standard approach for thoracolumbar fractures and 
continues to remain so for certain fractures. 

Indications of Nonoperative Treatment include 

1. Acceptable alignment/stable fracture 

2. No neurologie déficit, minor stable déficit, resolving 
déficit 

3. No major ligamentous disruption, where long term 
mechanical stability can be achieved. 

4. Surgery contraindicated e.g. hémodynamie 
instability, severe head injury, active infection, severe 
comorbid conditions. 

Nonoperative Treatment is not advisable in: 

1. Complété dislocation 

2. Soft tissue disruption that will not heal with 
competent ligamentous integrity 

3. Neurologie détérioration 

4. Increasing pain and malalignment 

Nonoperative Treatment Options 

A variety of methods are available for nonoperative 
management of thoracolumbar fractures. The choice of 
treatment would dépend on the fracture type, stability, 
level of injury, associated injuries, built and âge of the 
patient. It must be emphasized that this requires 
meticulous attention to be successful. The options include: 

1. Prolonged bed rest 

2. Early ambulation with serial observation without 
orthosis 

3. Minimal orthosis 

4. Orthotic Immobilization in single/multiple planes. 
Treatment of thoracolumbar fractures by prolonged 

bed rest has been practiced for years with outcome studies 
documenting that majority of patients heal their injuries 
and return to work. Prolonged hospitalization may not 
be cost effective when early hospital discharge and home 
bed rest may be recommended. Particular care must be 
taken to avoid complications related to bed rest including 
thromboembolie disease, pressure sores and pulmonary 
problems. 


Early ambulation without bracing may be suitable for 
stable isolated end plate fractures. Concerns about 
progression of deformity and chronic pain remain. When 
nonoperative treatment is recommended, the clinician 
must recognize that the initial assessment of the fracture 
stability may hâve been inaccurate. Routine followup 
clinical and radiographie examination is advised by some 
authors at 3 weeks, 6 weeks, 3, 6 and 12 months. 

Lumbosacral corsets are often recommended but hâve 
little effect on intersegmental motion or spinal loads. 
Their use should be restricted to patients with stable 
fracture pattern or elderly patient with osteoporotic 
fracture. The potential adverse effects of corsets are disuse 
muscle atrophy, increased osteoporosis, psychological 
dependency, and concentration of forces at the 
lumbosacral junction. 

Orthoses may control motion either in single (Jewett 
hyperextension brace) or multiple planes (custom- 
molded total contact orthoses). The Jewett brace reduces 
intersegmental motion at the thoracolumbar junction by 
providing three point fixation but offers no pelvic support 
or stability against latéral or axial rotation. Against this, 
the custom molded total contact orthoses offer improved 
fixation of the pelvis and thorax and thereby better control 
of latéral bending and axial rotation as well as distribution 
of forces over a large surface area. This is the most 
effective orthosis for immobilization of patients with 
thoracolumbar fractures. It is not useful in an obese or 
noncompliant patient. 

Surgical Treatment 

In selected cases surgical treatment offers significant 
advantages over conservative care. The advantages in 
terms of stabilization and neural décompression must be 
weighed against the higher rate of complications related 
to the surgery and a surgically treated patient. 

Goals 

Goals of surgical treatment include restoration of spinal 
alignment, correction of deformity, stabilization of the 
spine and décompression of neural structures. 

Indications 

The absolute indications for surgery are neurologie 
détérioration due to persistent compression and complété 
ligamentous disruption associated with dislocation. 

The indications for surgical décompression include 
demonstrable neural compression with worsening 
neurology, stable neurological déficit causing disability, 
myelopathy or persistent radicular symptoms. 
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A review by Boerger et al. suggests that neurological 
damage in thoracolumbar fractures occur at the précisé 
moment of injury. Evidence from literature reveals that 
degree of canal compromise does not relate to 
neurological déficit nor is there any evidence that surgical 
clearance affects the neurological outcome. 

Surgical stabilization is indicated in ail patients 
undergoing décompression and instability due to 
ligamentous disruption, dislocations. It may be indicated 
in patients who fail to either respond to or tolerate 
conservative management. 

Approaches 

Anterior approach : The anterior décompression done 
through an antérolatéral approach allows direct 
décompression of the spinal canal as well as restoration 
of the anterior and middle column providing an optimal 
environment for recovery from incomplète neural déficit. 
It is indicated in patients with significant canal 
compromise with worsening incomplète neurology, as a 
second procedure in patients with partial neurologie 
déficit in whom posterior procedure has been done. The 
anterior décompression can be accomplished under direct 
vision through a rétropéritonéal (L1 to L4) anterior 
approach or a thoracotomy (lower thoracic injury). 

A variety of inserts including bone grafts and other 
devices hâve been used to reconstruct the anterior column 
after décompression. Autogenous bone grafts hâve 
osteoinductive potential with good immunocompatibility 
and no risk of disease transfer. The disadvantages being 
donor site morbidity and inadéquate structural support. 
Allografts are available in different sizes and length. 


avoid donor site morbidity and reduce operative time. A 
range of mesh and cages are now available to span the 
gap between adjacent vertébral bodies that can be filled 
with autografts. Recently vertébral body prosthesis has 
been used in anterior column reconstruction. 

Anterior instrumentation : The use of anterior inserts 
described above do not provide adéquate stability when 
used alone. It is, thus, advisable to combine this with a 
posterior or anterior instrumentation. The advantage of 
anterior instrumentation is avoidance of a second surgery 
for posterior instrumentation (Fig. 8). In view of the 
relationship of the anterior instrumentation with major 
blood vessels, the basic requirement is that it should be 
low profile and provide adéquate stability. Numerous 
implants hâve been marketed for anterior instru¬ 
mentation. Various plate Systems (Z plate and the Profile 
System) are available for use but the most widely studies 
and used System is the Kaneda SR Anterior Spinal 
System. It utilizes two vertébral plates attached to the 
vertebrae above and below using spikes and four screws. 
The screws are connected by two threaded cross-linked 
longitudinal rods. Other screw rods Systems commonly 
used for posterior instrumentation are also used as 
anterior instrumentation. The use of double rods is 
associated with significantly less loss of correction than 
those with a single rod. 

Posterior approach : This is indicated in patients with a 
complété neurologie déficit, an upper thoracic injury and 
multiply injured patient with chest trauma with the aim 
of rapid réhabilitation. Another indication is lower 
lumbar burst fracture with durai lacération which are 
frequently posterior with entrapment of the roots through 



Figs 8A to D: Burst fracture DI 2 with incomplète neurology (A and B), managed by anterior décompression, iliac crest strut graft 
and anterior instrumentation. Follow-up radiograph at 6 months showing incorporation of graft and satisfactory alignment (C, D) 
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Figs 9A to D: Fracture dislocation L1 with paraplegia (A and B), treated by posterior décompression and stabilization. 

Note inadéquate réduction due to delay in surgery (C, D) 


the laminar fracture. The posterior approach is also 
indicated for posterior réduction and stabilization in 
patients with segment deformity without neurologie 
déficit, neurologically intact patients with unstable 
fractures, indirect décompression in patients with 
neurologie déficit and canal compromise when treated 
less than 48 hours after injury. A delay in surgery may 
be associated with difficult / inadéquate réduction of the 
fracture-dislocation (Fig. 9). 

Posterior approach is contraindicated in patients who 
hâve sustained injury more than 10 days earlier and who 
hâve incomplète neurologie déficit and canal 
compromise. Laminectomy alone is ineffective in 
decompressing the spinal cord or cauda equina with 
anterior pathology and may lead to increased deformity, 
pain and/or neurologie déficit. 

Posterior instrumentation Systems : Over the years number 
of instrumentation Systems were developed and applied 
with relative advantages and limitations. 

The first effective System was the Harrington rod 
instrumentation, which was capable of applying either 
axial distraction or compression in a single plane. It 
provides no rotational correction and requires intact 
ligaments and instrumentation extending two to three 
levels above and below the injury. With the square ended 
rod it is possible to apply both distraction force and 
extension moment to correct the traumatic kyphosis. 
Segmentai fixation using sublaminar wires applied to 
Luque rods or Harrington instrumentation poorly 
Controls axial height and is of little use in the management 
of fractures of the spine. 

Segmentai hook-rod methods as used in Cotrel- 
Dobousset (CD), Texas Scottish Rite Hospital (TSRH) and 


ISOLA methods overcome many disadvantages of the 
earlier Systems. These are rotationally more stable and 
also allow correction of kyphosis and application of 
distraction forces. The disadvantage is the increased 
length of instrumentation. 

A major innovation in the posterior instrumentation 
was the development of pedicle screw fixation. The 
advantage of this System is stronger anchor and réduction 
in the number of segments that need to be fused. It must 
be emphasized that the safe pedicle screw insertion is a 
demanding technique with a number of studies 
highlighting its complications. 

The pedicle Systems may be the rod-screw System and 
the plate-screw System. The disadvantages of the plate- 
screw System include predetermined screw position and 
less versatility in deformity correction. On the other hand, 
the rod-screw Systems are more versatile, allow précisé 
application, better control of sagittal plane alignment of 
easier application of distraction and compression forces. 
Though the short segment fixation is possible with this 
System (Fig. 10), there are reports of loss of correction 
over time. In elderly subjects with associated osteoporosis, 
longer segment instrumentation is indicated to avoid 
complication of implant pullout (Fig. 11). 

Combined approach: On rare occasions, in severely injured 
spinal columns, isolated anterior or posterior procedure 
may not give adéquate stability. A combined anterior and 
posterior procedure may be required which could be done 
in a single or two stages. This will be dictated by the 
anesthetic risk, anticipated blood loss, expertise of the 
surgeon and availability of various facilities. 

The relative benefits of the various approaches and 
outcomes are difficult to compare as there are no 
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Figs 10A to C: Fracture DI 2 (A), managed by short segment posterior instrumentation. 
Postoperative radiograph shows satisfactory réduction and restoration of height of the vertebra (B,C) 



Figs 11A and B: Compression fracture of DI2 in an elderly 
patient (A). Stabilization by posterior instrumentation extending 
2 vertebrae above and below (B) 


prospective randomized studies to evaluate the efficacy 
of nonoperative versus operative treatment or to compare 
a posterior approach versus an anterior approach. 

Complications 

This chapter will be incomplète without reference to the 
complications of both nonoperative and operative 
management of thoracolumbar fractures. With 
constraints of space, the complications hâve only been 
enumerated. 


With Nonoperative Treatment 

1. Medical complications Thromboembolism 

Pressure ulcérations 
Urinary tract infection 
Respiratory problems 

2. Late complications Deformity 

Mechanical instability 
Rarely neurologie 
détérioration 

With Operative Management 

Same as that of nonoperative management mentioned 

above and those directly related to surgery including: 

1. Hemorrhage 

2. Related to approach: Damage to neural, vascular and 
viscéral structures 

3. Infection at operative site 

4. Pseudoarthrosis 

5. Related to hardware: Breakage, damage to structures 
mentioned above 
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Pressure Sores and 
its Surgical Management in 

Paraplégies 

RL Thatte, D Counha Gopmes, SS Sangwan 


PRESSURE SORES 
INTRODUCTION 

A pressure sore (bedsore, decubitus ulcers) usually results 
over a bony prominence following an ischémie loss of 
tissue, due to extrinsic pressure. The paralyzed 
individual, due to the absence of protective sensations, 
is more susceptible to these sores. Absence of vasomotor 
tone, poor muscle bulk and tone or spasm of muscles, 
incontinence of urine and feces leading to poor hygiene, 
the need for expert nursing care and frequent change of 
positions, can ail contribute to a greater incidence of 
pressure sores in the paralyzed patient. Paralysis also 
disturbs normal metabolism and also reduces intake in 
the acute phase. This situation might continue over weeks 
leading to anémia and hypoproteinemia. Both these 
conditions delay wound healing and contribute to the 
prepetuation of infection. 

History 

Théories on the etiology of pressure sores were first 
proposed way back in the mid eighteenth century. 
Charcot (1879) was of the opinion that nerve injury 
resulted in the release of a neurotrophic factor that caused 
tissue necrosis . 1 Leyden (1874) and Munro (1940) believed 
that the loss of both sensations and autonomie control 
resulted in a decrease in peripheral reflexes that 
predisposed to skin ulcertation . 2 Brown-Sequard (1853) 
stated that pressure and moisture were the key étiologie 
factor . 3 

The surgical management was ushered in during the 
World War II, when a large number of paraplégies were 
rehabilitated in an organized fashion. Davis 4 (1938) 
proposed the concept of using flap replacement of scar 


epithelium in healed ulcers to provide bulky and well- 
padded skin coverage over the bony prominences. In 
1971, Ger 5 introduced the principle of transposing 
adjacent muscle flaps into defects, and Mathes and Nahai 
(I 979) 5 / 6 utilized muscle and musculocutaneous flaps to 
resurface defects caused by pressure sores. 

Pathology 

The skin responds to pressure by becoming erythe- 
matous. If this is noticed within the first two or three 
hours, préventive action can reverse this change, and the 
skin regains its normal color. When pressure persists from 
outside and the tissue is sandwiched between external 
force and a bony prominence within, ischemia follows. 
The pressure required is as little as twice the mean 
capillary pressure (around 70 mmHg ). 7 Roughly, an 18- 
hour period of ischemia results in necrosis of ail tissues. 
The shape of the necrotic tissue dépends on the nature of 
the two opposing pressure areas. Assuming that the 
external force is a fiat surface as in a bed, the zone of 
necrosis over the sacrum (also a fiat surface) will be like 
a disk, over the ischial spine it resembles a cylinder. This 
necrotic area is vulnérable to infection and liquéfaction. 
Infection may extend from the area of tissue necrosis, 
under the normal skin and may also invade the 
underlying bone. Though acute osteomyelitis is rare, 
chronic osteitis is common. Chronic sores may also harbor 
a reactionary bursa over the infected bone. 

Presenting Features, Diagnosis and 
Preliminary Debridement 

In a poorly nursed and attended patient, a bedsore might 
not be recognized for several days till unexplained 
pyrexia or toxemia attracts attention. Occasionally a 
stained bedsheet, discharge or a sudden gush of pus will 




2200 Textbook of Orthopedics and Trauma (Volume 3) 


pinpoint the diagnosis. In its early phase, a pressure sore 
can be recognized by a reddish discoloration of the skin, 
which does not blanch on pressure and has loosen or 
peeled epidermis. A tendency to diagnose this as 
superficial shearing is dangerous, and only a surgical 
debridement will reveal the true nature of affairs. This is 
best done in a minor operating facility after proper 
draping of the patient. It is safer to eut within the dead 
tissue to start with, keeping a kidney tray ready, as 
enormous amounts of liquefied tissue may pour out 
during the procedure. 

Complications 

Osteitis and transverse spread hâve already been men- 
tioned. In diabetics, immunologically compromised and 
at the extremes of âge, infection in necrotic tissues can 
spread through subfascial planes and lead to septicemia, 
eventually even threatening life. Rarely pressure sores 
might burrow into the rectum or urethra causing 
extensive sloughing and resuit in pathological 
communications and external fistulas. 

Management of Pressure Sores 

Pressure sores are best prevented rather than treated. 
Though conventional nursing care is invaluable, frequent 
changes of position are best achieved by extra help 
through ward boys or relative when available. Soft beds 
are mandatory and waterbeds are idéal, but a variety of 
expensive aircushioned, fludized and even computerized 
beds hâve never been scientifically proved to be superior 
to frequent changes of position. While changing the 
position, shearing or rubbing must be avoided. 

Skin care over vulnérable areas like the occiput, ears, 
scapulae, elbows, heels, popliteal fossae, patellae, sacrum, 
ishial spines and the greater trochanters needs to be 
particularly energetic. Ethyl alcohol combines qualities 
of an antiseptie, hardener and rubefacient. Talcum 
powder will keep the skin dry and also avoid shearing. 
Gentle massage help circulation. Moisture must be 
éliminated at ail times. 

After relief of pressure and preliminary debridement, 
the prime concern is the restoration of the patients 
nutritional status. This would include a high protein (135 
gm/ day), high calorie (3000 kcal/ day) and a high vitamin 
diet. A positive nitrogen balance is essential for optimum 
wound healing. Often oral feeds may hâve to be 
supplemented by nasogastric feeds, or even through a 
gastrostomy. A simple minimally invasive percutaneous 
endoscopie gastrostomy is a new procedure which is 
likely to revolutionize feeding in ill patients. 8 


Generally speaking in ail major injuries involving 
bones or the spine, the modem thinking of early rigid 
fixation of fractures reduces pain, helps nursing, and 
facilitâtes frequent changes of position. In incontinent 
patients, proper disposai of urine through cathéters, 
condom drainage or higher urinary diversion is essen¬ 
tial. Fecal contamination is dangerous and frequent 
attention must be paid to the perianal area. 

The aim of surgical intervention is to relapse tissue 
loss with similar tissues. Chronically infected underlying 
bone and overlying bursae require to be excised prior to 
replacement of tissues. The crucial decision is the timing 
of surgery. The patient must be in a fit physiological State 
to undergo surgery and also be in a State of adéquate 
nutrition to aid healing. Ail intercurrent infections in 
other parts of the body mainly the lungs and the urinary 
System must be under control. The patient should also 
be in a psychological State to cooperate with the treating 
personnel in the postoperative period. 

The ulcer left behind the tissue necrosis needs close 
observation prior to surgery. The acute phase where 
destruction is progressing despite debridement is a major 
contraindication to any reconstructive procedure. It is 
only when ail dead tissue is removed, no fresh slough is 
forming and the undermining process has fully stopped, 
that surgery should be contemplated. Even here a period 
of frequent dressings with local antibacterial agents must 
précédé actual surgery. Healthy granulations is idéal but 
rarely forms over the floor of the pressure sore. Fascia 
and ligaments are particularly résistant to formation of 
granulation tissue. 

The idéal time to intervene with a flap is when the 
pressure sore starts to contract from the sides by way of 
epithelialization. Radiological studies at ascertain osteitis 
of the underlying bone and sinograms to diagnose 
burrowing of the ulcer into anatomical spaces, joints or 
adjacent hollow organs should also be performed prior 
to surgery. Systemic use of antibiotics, even after culture 
and antibiotic sensitivity of the offending organism has 
not been conclusively proved to be effective, unless 
evidence of generalized toxemia is évident as in the acute 
phase. Local dressing are traditionally done either with 
Eusol, Povidone-Iodine (organic) or saline. The 
application of these agents is preceded by Chemical 
debridement with hydrogen peroxide. Dressings are best 
held in place with hypoallergic sticking tape or cloth 
binders. 

Surgical Treatment 

In ulcers where tissue loss is restricted to the epidermis 
and part or the entire thickness of the dermis, where 
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healthy granulations completely cover the floor and 
undermining is absent, a split skin graft will serve the 
purpose of healing. If nursing care is efficient, a split skin 
graft can prove to be quite handy and is known to survive 
and protect the area for years even in a paralyzed 
individual. Care must be taken to harvest the split skin 
graft from areas away from bony prominences. Rarely a 
split skin graft may be employed in deeper cavities which 
will ultimately be treated by a flap. Even a partial take of 
a split skin graft in these cases improves the condition of 
the wound and ensures a good resuit of the final surgery 
with a flap. 

When ulcers are deeper, i.e., when their floors are 
formed by bone, and the intervening padding of fat or 
muscle or both are lost, a flap is the idéal mode of 
treatment. The flap canbe of either skin and subeutaneous 
tissue or skin, subeutaneous tissue and muscle or a muscle 
itself, covered by a skin graft. In any event, flaps must 
hâve a robust independent blood supply of their own. 
They must hâve enough bulk to obliterate the cavity 
created by excision of the offending bone, bursae and 
surrounding chronic scar. Before the flap is inset, 
complété hemostasis must be secured. In idéal 
circumstances the defect left by the movement of the flap, 
should be such as to be closed primarily or be of a small 
dimension which can be covered by a split skin graft and 
this be in an area without underlying subeutaneous bone. 
A pure muscle flap borrowed from the depth leaves no 
secondary defect and has adéquate bulk and vascularity. 
Unfortunately, muscles tend to loose their bulk when 
transferred to another site. 

Treatment of a sacral bed sore for example can be 
effected in many ways depending on their size and shape. 
An elliptical ulcer with its long axis in the vertical plane 
can be treated with a bilateral large V-Y flap (Figs 1 and 
2). This flap can be of skin and subeutaneous tissue or 
can include the gluteus maximus muscle which is 
supplied by blood vessels which enter it from its depth 
and continue in a perpendicular direction into the skin 
(Figs 1 and 2). A horizontally disposed ulcer on the 
sacrum can be treated by a large rotation flap which may 
or may not carry a part of the gluteus maximus on its 
undersurface. The larger the base of the flap the smaller 
the arc of rotation and the smaller the secondary defect 
(Fig. 3 and 4). 12 

Ail patients and their treating personnel must be 
properly educated on the nature of surgery that is 
planned. This helps postoperative nursing in positions 
least harmful to the operated part, till the flap settles 
down. Urinary diversion and prévention of fecal conta¬ 
mination is vital in this phase of the patients 
convalescence. 



Fig. 1: A sacral pressure sore treated by a V-Y gluteus maxi¬ 
mus myocutaneous flap—preoperative view showing the design 
of the flap 



Fig. 2: A sacral pressure sore treated by a V-Y gluteus maxi¬ 
mus myocutaneous flap—postoperative view showing the flap 
in position. No raw areas left behind, nor is a split skin graft 
needed 


In summary, pressure sores are best prevented. When 
they occur they need to be diagnosed quickly and must 
be treated energetically in the acute phase. Relief of 
pressure, restoration of nutritional status, preliminary 
debridement and good nursing care form the mainstay 
of management. Reconstruction should be affected at an 
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Figs 3A and B: A transposition flap—note, this technique 
employs a split skin graft in an area where pressure from the 
bed is less than in the sacral area 



Figs 4A and B: A rotation flap—this flap through the 
mechanism of distribution of “slack” leaves no raw areas 


appropriate time without haste. In paralyzed patients, 
pressure sores are more frequent and are much more 
difficult to treat and prevent. 

SURGICAL MANAGEMENT OF 
TROCHANTERIC PRESSURE SORES IN 
PARAPLEGICS 

INTRODUCTION 

The belief that pressure sore is a desperate if not, hope- 
less condition has fostered the development of an 
enormous pharmocopeia of topical and mechanical 
remedies of varying quality and biological validity. 
Certainly in the treatment of pressure ulcers, where so 
many complicating factors may exist and where so little 
room for error canbe allowed, the sélection of appropriate 
topical and surgical treatment is very essential. With 
conservative methods of treatment, not only is the initial 


healing time lengthy, but also there may be repeated 
periods of morbidity due to minor trauma and tissue 
breakdown. In addition, achievement of the overall 
réhabilitation of the patient is a factor of the greatest 
importance economically, socially and physiologically. 
Therefore, surgical management seems to be the better 
hope for long lasting cure especially in our country, where 
most of the patients cornes to the hospital with extensive 
sores, quite a long time after the initial injury. We hâve 
been treating these sores with fasciocutaneous/myo- 
cutaneous flaps. 

Applied Anatomy of Tensor Fascia Lata Flap 

Tensor fascia lata flap is an unusual myocutaneous flap 
because based on vascular pedicle of this small muscle, a 
large island of skin (measuring upto 15 x 40 cm) may be 
elevated safely, a skin territory 3 times the size of the 
muscle (Nahai et al 1979). 16 Tensor fascia lata is a broad 
and fiat muscle, which arises from anterior part of the 
iliac crest and is inserted into iliotibial b and 35 cm below 
the level of greater trochanter. Dominant vascular pedicle 
of this flap is a terminal branch of latéral circumflex 
fémoral artery and venae comitantes. It enter s the deep 
surface of the muscle 8 to 10 cm directly below 
antérolatéral aspect of thigh, over the fascia lata up to 
within 6 to 8 cm of the knee. The anterior marking of flap 
is a line drawn from anterior superior iliac spine to the 
latéral condyle of fémur. The greater trochanter 
represents the posterior extent to this flap (Figs 5 A and 
B). 

Operative Technique 

Excision of ulcer including scar, bursae and abnormal 
looking undermined skin down to healthy looking tis- 
sues along with osteotomy of trochanteric prominence 
was done. In 11 cases which were associated with patho- 
logical dislocation of hip following septic arthritis, the 
entire infected foci including head and neck of fémur 
were excised. A flap of adéquate size sufficient to cover 
the defect after excision of ulcer was outlined. Adequacy 
of flap was estimated by keeping lint cloth over the 
proposed flap and transposing it to cover the defect. Flap 
dissection was started distally. The skin, subcutaneous 
tissues and underlying fascia lata were incised (Fig. 6). 

The flap was dissected from distal border to proxi¬ 
mal border, in an avascular plane overlying the vastus 
lateralis. About 8 to 10 cm below anterior superior iliac 
spine, care was taken to preserve the vascular pedicle. 
To prevent séparation of the skin from the underlying 
fascia lata, the fascia was sutured to subcutaneous tissue 
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Figs 5A and B: (A) Preoperative photograph of a patient of trochanteric sore with exposed trochanter, periosteitis and 
osteomyelitis, and (B) postoperative photograph of the same patient at the time of follow-up after 7 months 


at the distal end of the flap. The flap was then transposed 
on the defect, after achieving complété hemostasis. Flap 
was stitched to the border of the defect in two layers, 
subeutaneous 2-0 catgut sutures and 1-0 prolene skin 
sutures, without any tension on stitch line. One or two 
négative suction drains were used to drain hematoma 
under the flap. The size of flap donor site was decreased 
after undermining and mobilizing the skin. Splint 
thickness skin graft (STSG) was applied over the residual 
defect, of flap donor site and held in position by the tie 
over dressing. Pressure spica bandage was applied. Bony 
points were given extra cotton pads. Skin stitches were 
removed after 3 weeks. 

Some workers hâve recommended excision of ulcer 
and surrounding involved area of bone followed by 
closure with fascia lata transposed over the defect, and 
finally rotation of adjacent skin flaps (Kostrubala and 
Greenley, 14 1947, Blocksma et al 10 (1949), whereas 
Conway et al (1951) 11 hâve reported the necessity of 
disarticulation in two such patients. Georgiade et al 
(1956) 13 reported use of total thigh flap after disar¬ 
ticulation of hip. Bailey (1967) 9 suggested excision of 
upper end of fémur and filling the deep cavity of 
acetabulum by using tensor fascia lata muscle and 
covering the defect by an antérolatéral transposition flap 
(Fig- 7). 

The authors, managed ail the trochanteric sores with 
tensor fascia lata flap after radical excision of ulcer along 
with trochanteric prominence. Head and neck of fémur 
were also excised in sores associated with pathological 
dislocation of hip. Results in the présent study are 
comparable to the results of McGregor and Buchan 
(1980). 15 With the use of négative suction drains for 15 to 
25 days postoperatively, the postoperative infection and 
wound dehiscence due to collection of hematoma or 



Fig. 6: Radiograph showing excision of entire infected foci 
including head and neck of fémur in a patient who had bilateral 
extensive trochanteric sores with pathological dislocations of 
hip following septic arthritis 



Fig. 7: Osteomyelitis of proximal fémur présent before 
operation led on to formation of sinus which is still persisting 
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Figs 8A and B: (A)Another case of trochanteric sore with periosteitis, 
(B) Postoperative follow-up after 10 months 


serous fluid under the flap was seen in only two cases 
(Figs 8A and B). 

With the use of tensor fascia lata myocutaneous flap, 
trochanteric ulcers associated with pathological 
dislocation of hip and osteomyelitis of fémur hâve been 
successfully closed. Only in one case, there was sinus 
formation due to persistence of osteomyelitis of fémur. 

Thus, the authors are of the opinion that the tensor 
fascia lata myocutaneous flap with adéquate excision of 
scar, bursae and bony prominences, is quite a good 
solution for the pressure sores in advanced stages. 
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INTRODUCTION 

In India, there is often a delay of some months in coming 
to Orthopédie Hospital for fracture treatment because of 
the ignorance, poverty and nonavailability of medical aid, 
the rural folk still seek indigenous treatment with 
conséquent neglect and mismanagement of their injuries. 
These simple people still hâve faith in the village doctor 
who is close at hand. Thus, they are able to save a long, 
expensive journey. Almost every village has a bonesetter. 
Even, in big cities there are unqualified bonesetter or 
massagists. However, the scenerio has changed. Less and 
less number of patients are coming with neglected 
fractures. Popularity and the number of the quack doctor s 
is fast decreasing. 

It is obvious that under such circumstances, neglected 
trauma is a major problem in developing countries. 

If there is a neglected nonunion near any joint, the 
joint becomes stiff and the nature treats the nonunion as 
the joint, and no mobility occurs at the natural joint. This 
perpétuâtes the nonunion which is converted into a 
synovial pseudarthrosis. 

Some of these patients corne to quacks who usually 
tricks with massage and splints made up to sticks. 
Compartmental syndrome due but over tightening of the 
injured limb is not uncommon. I hâve done many 
amputations. Malunion and nonunion are also common, 
the patients treated by quacks are included in the section 
of Neglected Trauma. 

When patients corne many months or years after 
injury, established principles hâve to be modified to meet 
each individual case. 

Neglected Trauma in Orthopedics are of Three Types 

1. Traumatic and orthopédie diseases may be totally 

neglected by the patient. 


2 . The condition may be treated by a quack, massagist 
or a bonesetter or by an unqualified doctor. 

3. Négligence by a qualified surgeon, e.g. intertro- 
chanteric fracture may be neglected when there is a 
fracture of the shaft of the fémur or a posterior 
dislocation of the shoulder is often missed. 

The untreated fracture may unité in a malposition or 
may go into nonunion. Management of the malunion or 
nonunion of the shafts of the long bones is described in 
other sections. 

Complications due to Négligence or Wrong 
Treatment of Fractures 

Neglected or wrongly treated fractures may develop the 
following complications: (i) malunion, (ii) nonunion, 
(iii) stiffness of the neighboring joint, (iv) myositis 
ossificans, (v) neurological complications, (vi) vascular 
complications, (vii) compartmental syndrome, (viii) 
persistent infections of the soft tissues and bones (chronic 
osteomyelitis), and (ix) functional loss of the limb due to 
wasting, stiffness, edema, etc. (fracture disease). 

Ail these need treatment which is more difficult than 
if the patient had corne on day one of the injury. 

MALUNITED FRACTURES 

Malunited fractures may cause: (i) incongruity of the 
neighboring joints resulting in pain and arthrosis, 
(ii) rotation and angulation may cause limitation of 
movements, e.g. malunion of radius and ulna may cause 
restriction of pronation and supination, and (iii) may 
cause shortening. This is important in the lower limb 
because, it may produce limb length discrepancy. If the 
malunion is not causing symptoms, it should not be 
corrected only on the grounds of cosmesis. If the 
malunion is causing significant disability, then it should 
be corrected according to the rules of remodeling in 
children. 6 
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Ilizarov has revolutionized the treatment of 
deformities due to malunion. The ring fixator can correct 
the alinement, rotation, and the limb length discrepancy. 
Paley and others hâve further improved the methods of 
correction of malunions (see chapter on Deformity 
Correction). 

NEGLECTED DISLOCATIONS 

In the old unreduced dislocation, the articular cartilage 
degenerates as its nourishment is eut off. The synovial 
fluid nourishes cartilage. Therefore, when old 
dislocations are reduced, normal and painless joint 
motion and function should not be expected. 

Arthroplasty or arthrodesis may be necessary in the 
management of old unreduced dislocation. We hâve three 
options: 

i. Réduction by closed or open method, 

ii. Arthroplasty, and 

iii. Arthrodesis. 

In children and adolescence, réduction alone may be 
satisfactory as the regenerating capacity is good. In the 
adults, the results of réduction alone are not satisfactory. 
During réduction damage to the neurovascular structure 
is a probable complication because of severe fibrosis and 
fracture of the shaft because of disuse osteoporosis. 

Fracture Clavicle 

It is extremely difficult to reduce the dislocated head of 
humérus after a few weeks after injury. Neurovascular 
complication may occur in the elderly, it is difficult to 
restore the function. In the elderly patient with chronic 
unreduced fracture dislocation should not be treated. In 
the younger adults, it is better to reduce with précautions 
of neurovascular structures. 

Injuries Around the Shoulder Joint 

Neglected injuries of the shoulder joint are not 
uncommon. Since restriction of movement and pain in 
this joint diminish the functional use of the extremity, it 
is important to improve its function (dislocations of three- 
week old may still be reduced by closed method). 

Most of the fractures of the clavicle unités with 
malunion. However, the function is very satisfactory and 
therefore, they do not need any treatment. 

Fracture Dislocation with 
Comminution of the Humerai Head 

Elderly patients with this injury are best treated 
conservatively, accepting the position of deformity. 
Physiotherapy is given to achieve as much mobility as 


possible. In the younger patients, surgery is advised to 
realine the larger fragments. If there is excessive 
comminution and repair is impossible, Neer's shoulder 
replacement is advised. 

Fractures of the Proximal Humérus 

In the neglected humerai shaft fractures may présent a 
malunion or nonunion. Non union is due to inadéquate 
immobilization, destraction of the fracture and soft tissue 
interposition. The treatment is usually by internai fixation 
by plating. Usually bone grafting is necessary. In 
osteoporotic bone, locking compression plate is used as 
Hybrid fixation. The fracture is compressed with 
conventional screws. Once the compression occurs, 
locking head screws are inserted. 

Neglected Fracture Shaft Humérus with 
Radial Nerve Palsy 

Up to 4 months, the radial nerve palsy can be explored 
and repaired. After four months it is better to do tendon 
transfers. 

Neglected Nerve Injuries 

When the patients are seen within six months of the 
original nerve injury, exploration and repair are well 
worthwhile. Unfortunately, patients with nerve palsy are 
seen when more than 6 months hâve passed since injury. 
When this is so, it is futile to attempt repair of any of 
these nerves, and functional recovery has to be obtained 
by tendon transplantation. 

Neglected nerve injury may cause stiffness of the 
joints, muscle contractures due to muscle imbalance, e.g. 
a radial nerve palsy if untreated, may cause flexion 
deformity of the wrist. After a few months, the Schwann 
tubes becomes closed and recovery then becomes 
impossible. 

Treatment of Nerve Injury 

It becomes impossible to close the gap. Various methods 
of gap closure are described elsewhere. If the gap is large, 
cable grafts may be considered. 

Fractures of the Distal Humérus 

Nonunion fractures of distal humérus may occur because 
of inadéquate stabilization. Often it is associated with 
stiffness of elbow. The nonunion needs open réduction 
and internai fixation and bone grafting. Cubitus, valgus 
or varus are treated by osteotomy preferably by Dôme 
osteotomy. 
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Injuries Around the Elbow 

Neglected injuries around the elbow are common. Patient 
usually has massaged and the problem is associated with 
myositis ossificans. 

Intra-articular Fractures of the Elbow 

Up to 4 to 6 weeks, these fractures can be treated by open 
réduction and internai fixation (ORIF). However, after 4 
to 6 weeks, it is extremely difficult to give mobile joint. 
Though, one may attempt with the consent of the patient 
giving him or her the full information about the 
prognosis. In the badly comminuted lower humérus 
fractures of many weeks old, it is futile to do open surgery. 
These patient will hâve to live with their disability of limb 
function and alternative is arthroplasty of the elbow. 

Neglected Supracondylar Fracture of 
Humérus in Children 

1. Neglected patient with supracondylar fracture may 
corne after a few weeks of injury. The supracondylar 
fracture is almost impossible to reduce after a week 
of injury, by closed method. It may be corrected by 
open method but is associated with complication of 
stiff elbow and heterogeneous calcification. Therefore, 
open réduction is not advisable. I prefer to leave 
patient alone if the deformity is mild, it may be 
remodeled with cosmetic and functional improve- 
ments. Remodeling does not occur with posterior 
angulation and valgus varus rotational deformity. The 
varus or valgus may be corrected after 4 to 6 months 
by Dôme osteotomy. 

2 . The patient may hâve been treated with stick and tight 
bandage resulting in compartmental syndrome and 
Volkmann's ischémie fracture and even sometimes 
gangrené. These patients are initially treated with 
splints and then surgical relief as described in the 
Chapter 231. 

3. Nerve Injuries: Patient with supracondylar fracture 
may corne with a few weeks of injury with nerve 
pulsy, radial, médial and ulnar nerves. These nerve 
injuries usually recover in most of the cases in a few 
weeks or months. It is better to wait for few months 
for any surgical intervention and to treate them with 
splints and exercised. 

4. Malunion: Usually patient goes with varus deformity, 
corrective Dôme osteotomy is done to improve 
cosmesis and function. 

Old Fractures of the Capitellum 

If there is disability or pain, the capitellum should be 
excised. If there is cubitus valgus, an osteotomy is 


justifiable. If ulnar nerve shows pressure symptoms, it 
should be transposed anteriorly. 

Bhattachari's operation is satisfactory after the months 
and years of the injury. If there is marked shortening of 
the triceps, it should be elongated. 

Malunited Fracture with Cubitus Valgus or 
Varus Deformity 

If the deformity is severe and there is disability, it should 
be corrected by osteotomy. Ulnar nerve may need anterior 
transposition. 

Old Fractures of the Médial Epicondyle 

If the médial épicondyle is displaced, only active exercises 
is the treatment. However, if the ulnar nerve shows signs 
of pressure symptoms it should be carefully dissected and 
transposed anteriorly. Sometimes the médial épicondyle 
may be displaced into the joint. This should be excised. 

Fractures of the Radial Head 

If the fracture is undisplaced, physiotherapy might help. 
When there is displaced fracture of the head, it should 
be excised. 

Fractures of the radial head in children: The radial 
head should be preserved under any circumstances. 

Sometimes the head is displaced far away from its 
normal position in front or back of the lower end of the 
humérus. It should be excised. There is a possibility of 
dérangement of the distal radioulnar joint, as the growth 
of the upper end is arrested. This should be treated and 
parents should be warned about this. 

Malunited fractures 6 of the radial head may not be 
disabling. In some cases, it may cause limitation of 
pronation and supination. This is treated by excision of 
radial head. Annular ligament should be carefully 
excised, so also the periosteum and loose pièces. 5 

Fractures of the Olecranon 

When there is a small fragment of bone that is fractured, 
it is best to excise this and reattach the triceps muscle 
and its expansion to what is left of the olecranon. If the 
fragments are large, the fracture surfaces should be 
freshened and fixed with a lag screw and tension band 
wiring. 

Malunited olecranon should be corrected by 
osteotomy because it almost always increases the 
disability. However, the deformed portion should be 
excised. Much of olecranon may be excised. A latéral 
roentgenogram of the elbow is made with the joint flexed 
to 90°. A line is then drawn through the center of the 
longitudinal axis of the humérus and across the joint. At 
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least 0.3 cm of olecranon should project posterior to this 
line, this much of the olecranon is enough to prevent 
anterior subluxation of the proximal ulna. The rest to the 
olecranon may be excised, and the triceps muscle is 
reattached accurately and firmly to the proximal ulna. 

Injuries of the Forearm 

The functions of the forearm are inséparable from those 
of the hand. The activity of the hand dépends entirely on 
the integrity of the forearm, and forearm injuries are of 
importance only because of their effect upon the hand. 8 

Neglected Fractures of the Radius and Ulna 

Patients with neglected radius and ulna may présent with 
malunion or nonunion. The treatment is different in 
children and in adults. Nonunion is rare in children and 
malunion may get corrected due to remodeling. 3 

Shaft Radius and Ulna in Adults 

Malunited fractures 3,6 of the radius and ulna may need 
correction. If the angulation is causing severe deformity, 
it needs correction. The disability may be limitation of 
supination, pronation and disturbance of the proximal 
and distal radioulnar joints. 

Malunion of fractures of the radius and ulna is only 
of importance if it limits or prevents rotation. If the 
malunion is associated with no functional disability, no 
treatment is required except for cosmetic purposes 
especially in the youngers. If the malunion is associated 
with functional disability and for cosmetic purposes, then 
osteotomy is performed by finding plane of the deformity 
by Ilizarov method. Internai fixation is necessary in 
adolescents and adults. Either plating or intramedullary 
nailing may be done. 

Angular deformities in children in midshaft cannot 
be explored. If the child is below 10 years, osteoclasis is 
done through a 1 cm incision. The bone is perforated 
through the multiple drill holes. After correcting the 
deformity, the plaster cast is given. It is possible that the 
deformity may recur in the plaster cast. Therefore, weekly 
radiological check-up is necessary. 

Fracture Distal Radius 

Neglected fracture distal radius usually présents with 
malunion and needs osteotomy by plating preferably by 
LCP. Preoperative planning is more important. 

If pronation-supination is restricted, Darrach's or 
Sauve-Kapandji procedure is indicated. 


Neglected Monteggia Fracture 

In adults, persistent angulation at any level in the forearm 
is likely to lead to restriction of rotation. In adults, the 
treatment involves realignment and internai fixation of 
the ulnar fracture, followed by excision of the head of 
the radius. In children, however, the head of the radius 
should not be excised, but an open réduction of the 
superior radioulnar joint should be performed. It is 
usually found that the capsule of the dislocated joint 
prevents réduction until it is excised. 4 Even after excision 
of the capsule, réduction will not be stable, and a new 
annular ligament must be fashioned from a strip of triceps 
tendon. 4 Bell-Tawse procedure. Alternative treatment 
would be to leave the child alone. There is no functional 
disability. Excision may be done at skeletal maturity. 

Post-traumatic Radioulnar Synostosis 

Vince and Miller 7 reported their results in the treatment 
of 28 adults with a post-traumatic radioulnar synostosis. 
They developed a classification System based on the 
anatomical location of the synostosis. Type 1 involves the 
distal intra-articular part of the radius and ulna, this was 
the least common type in their sériés. Type 2 involves 
the nonarticular portion of the distal third and the middle 
third of the shafts of the radius and ulna, this was their 
most common type. Type 3 involved the proximal third. 
Seventeen of 28 synostoses were excised. Three of 4 type 
1, none of 10 type 2, and 2 of 3 type 3 crossunions recurred 
after surgical treatment. Their results suggest that 
resection of a nonarticular post-traumatic synostosis in 
the distal or the middle third of the forearm has a good 
chance of success, but this is not the case if the synostosis 
is in the proximal third. Abrams et al 1 report on the 
successful use of surgery combined with low-dose 
radiation therapy to prevent récurrent hétérotopie 
ossification. 

Restriction of Rotation 

Causes of restriction of pronation or supination are: 
(i) malunited fractures 6 of the radius and ulna, (ii) direct 
injury to the superior or inferior radioulnar joint with 
subluxation or dislocation, (iii) impingement of the ulnar 
head due to proximal migration of the distal fragment in 
the fractures of the lower end of the radius; in this 
situation, the ulnar head impinges on the carpal bones, 
and another possibility is injury to the triangular 
fibrocartilaginous complex, and (iv) cross-union or 
synostosis of the radius and ulna. 
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Treatment consists of finding the exact cause of 
limitation of rotation and the treatment is directed to 
remove the cause. Darrach's procedure or its various 
modifications such as Sauve-Kapandaji, is satisfactory 
when the inferior radioulnar joint is the cause. 

Neglected Injuries of the Wrist 

The carpal fractures may cause stiff painful wrist, e.g. 
fractures of the scaphoid. Neglected fracture of the 
scaphoid can be successfully treated even after one year 
by Mattirussi procedure. Ligament injury may cause 
carpal instability. 

A stiff joint is préférable to an unbalanced one, and it 
is fortunate that an arthrodesed wrist is compatible with 
excellent function in most jobs, particularly if care is taken 
to leave the inferior radioulnar joint mobile. Furthermore, 
wrist arthrodesis is a simple operation with high rate of 
success. Arthrodesis is a valuable form of treatment for 
the relief of disabling wrist pain. Arthrodesis is especially 
done in a laborers with heavy work. If the patient 
demands mobility of the wrist, the best method of 
arthroplasty is proximal row carpectomy. 

NEGLECTED HAND TRAUMA 

A neglected traumatized hand could be a léthal hand, a 
lame hand or a liability. Many a times the condition is 
iatrogénie. The management protocol should be tailored 
to suit the needs of such hands which présent in different 
ways as is already stated. 

These hands are discussed as follows: 

1. A léthal hand is one which is acutely inflamed or hot. 
This is due to the effect of suppuration and post- 
traumatic necrosis. This hand could be actually léthal 
and could lead to septicemia and death. Such hand 
needs amputation. However, most of the cases are 
only potentially léthal and can be saved by proper 
care. 

2. A lame hand is a subacutely inflamed hand. It is in 
the midway of healing (which is usually delayed). It 
is painful, tender and difficult to use. It can be called 
as warm hand. As the infection changes the situation 
drastically, so uninfected hands (type 2a) and infected 
hands (type 2b) are considered separately. 

3. Badly healed hands are a liability to the patient. These 
are cold cases with late présentations. Priority of the 
management is different in each group as is detailed 
below. However, before going to these details, it 
should be clear that no neglected hand ever regains 
full normal function and cosmesis, hence, adéquate 
primary care is of utmost importance as a préventive 
measure. 


4. Léthal hand These patients corne with acute post- 
traumatic infection either local or systemic. They 
présent within few days to few weeks of injury and 
are febrile. They may hâve evidence of acute 
suppuration or septicemia. These acutely inflamed 
hands need vigorous wound care, and rest in 
functional position. The priorities in management are: 
(i) assessment of the general condition of the patient, 
and (ii) assessment of local condition of hand. Local 
condition includes: (i) condition of skin, (ii) condition 
of soft tissue, and (iii) condition of bones and joints. 
Nonviable necrotic hand needs amputation as it can 
threaten limb or life. 

Hand salvage is possible where hand is relatively in 
good position. The infection is due to: (i) inadéquate 
debridement, (ii) failure to detect necrotic tissues, 
(iii) closure of avulsed flaps, (iv) tight dressings, and 
(v) distant lymphovenous stasis specially when the hand 
has been positioned with palmarflexed wrist, adducted 
thumb and extended fingers at MP joints. Ail these 
patients are in State of subclinical or established 
septicemia with necrotizing infection of tissue spaces of 
hand. Ail these need emergency admission, and 
emergency surgery. Urgent thorough debridement and 
wound décompression should be done. Intravenous 
antibiotics (combination of third-generation cephalo- 
sporin and aminoglycosides) should be administered. In 
cases of farm injuries and road side accidents, IV metrogyl 
should be added. Positive culture with anaérobie 
organisms needs hyperbaric oxygen therapy. 

Wound debridement should consist of removal of ail 
sutures, opening out of ail spaces and copious lavage with 
hydrogen peroxide and irrigation of wound with stérile 
water (1-2 liters). Deep culture should be obtained for 
bacterial flora and to plan further antibiotic therapy. 
These patients require every 24 hours examination of 
wound and careful monitoring of puise, BP and urine 
output. Efficient and timely intervention not only arrests 
or Controls septicemia but also helps to salvage local 
tissues like tendons, nerves and major vessels. 

Use of external fixators has changed the prognosis in 
patients with neglected traumatized hands in septicemia. 
Fractured bones are reduced and réduction is maintained 
preferably by external fixator. Hand as a whole should 
be held in functional position of 60° flexion at MCP joint 
and 15 to 20° of dorsiflexion at wrist. Too much flexion 
of MCP at this stage leads to infolding of lymphatic 
channels and edema. As the time passes, the 
inflammatory reaction starts subsiding, and hand no 
more remains hot (acutely inflamed). 
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In majority of the patients, aggressive early 
intervention and adéquate chemotherapy leads to 
infection control and healing in 4 to 6 weeks. Once the 
soft tissues are healed and bones are alined, secondary 
reconstruction can be done. 

Type 2(a): This group of patients hâve had the treatment 
but are unable to use the hand because of inadéquate, 
improper and prolonged immobilization of hand. This 
also includes delayed healing in bad position. They may 
présent with or without component defects of bone, 
tendon and nerves. Time of présentation is usually after 
four to six weeks of initial treatment, and hand is 
edematous with evidence of post-traumatic inflammation. 

This hand needs graduai mobilization. This 
mobilization program prevents adhesions and keeps the 
severity of fracture disease at a lower level. The hand 
should be assessed in terms of condition of skin, condition 
of soft tissues and condition of bones and joints. To get a 
supple, hand at this stage is usually easier. Improperly 
placed implants like transarticular K-wires may need to 
be removed. Subsequently, manipulation under 
anesthésia is usually enough to break adhesions in such 
cases. However, thumb ray positioning may need soft 
tissues release or distractor application. Skin cover must 
be obtained by suitable methods like split or full thickness 
graft or flaps. Retracted tendons and severed nerves can 
be reconstructed or repaired depending on the skin 
condition. Bones with healing fractures should be kept 
aligned and reduced with repositioning the hand in 
functional position. 

Site where nonunion or malunion is anticipated, 
should be dealt with meticulously. Proper alinement is 
important. An angulated shaft may make future joint 
replacement of nearby joint impossible. So after getting 
proper alinement of such site, it is necessary to add some 
bone grafts to reinforce stabilization and hasten bone 
union. 

Such hand needs sélective immobilization of fracture 
sites and mobilization of ail uninvolved ray s. An external 
fixator is of great help. Assisted passive mobilization by 
nail traction loops should be carried out at hourly basis 
to begin with. It is used as an extended hand frame which 
is for flexion and extension position of digits. Dynamic 
splintage and assisted mobilization hasten healing and 
reduces edema and pain. This ultimately leads to 
improved tendon excursions. 

Type 2(b): This group présents with same symptom 
complex as type (2a) but with residual infection of bones 
and soft tissues. Infection may be chronic or subacute. 
This is usually due to dead bones, cavities or foreign 
bodies within the wound. Infection needs additional care. 


This hand again needs rest with graduai mobilization. 
Infection may be présent in chronic from or in State of 
acute exacerbation. Acute exacerbations need rest and 
antibiotics. In chronic State, it requires surgical 
interventions. These procedures include curettage, 
sequestrectomy, or even excision of small bones. Daily 
dressings may need to be instituted. External fixator are 
of great help for skeletal realinement, soft tissue 
readjustment and for distraction correction. This helps 
in restoration of hand function. This has reduced the 
quantum of tissue transfer and tissue transplant. General 
ailments like diabètes, and poor rénal function should 
be taken care of. 

These cases présent as untreated or inadequately 
treated hands, in healed State. They may présent with 
wrist, hand and finger deformities, with capsular 
contractures and tendon adhesions and with amputated 
stumps. These cases hâve multiple problems. The hand 
has poor vascularity and at times insensate. Persistent 
sinus due to osteomyelitis infection may also be présent. 
These can présent as single digit, multiple digit, midhand 
or wrist deformities, depending upon the etiology. These 
badly healed hands need vigorous mobilization. 
Assessment of these hands should be done in terms of 
condition of bones and joints. The functional potentials 
of the hand should also be assessed at this stage. Patient 
should be explained as to what he or she could get at the 
best and what minimum he or she is definitely going to 
get. Depending upon the condition, one may aim for near- 
total recovery, partially recovered hand, a bipolarhand, 
a pillar-like hand or a hand comparable to artificial hand. 
Having assessed the condition and having decided the 
aims, the stepwise managemnt protocol should be started 
as follows. 

1. Get back the suppleness of the hand 

2. Bring the hand in functional position 

3. Start graduai mobilization 

4. Reassess the condition 

5. Reconstruct by: 

a. Providing sensate skin 

b. Realinement of skeletal éléments in position of 
optimum function. 

c. Lengthening or toe transfer 

d. Addition of motor units. 

To make the hand supple: The cicatrized area can be 
divided into two parts. In the central part the tissues are 
mostly fibrosed and difficult to differentiate—such tissues 
need change. In the peripheral part of scar tissues still 
retain their individuality but are adhered to each other. 
This part of scar can be released by distraction. Usually 
the central scars are formed at the région of impact of 
injury and may not be extensive. They themselves may 



Neglected Trauma in Upper Limb 2213 


not be the cause of generalized stiffness of hand. The 
peripheral scars which basically are adhesions, are 
usually more extensive. These are the resuit of poor 
positioning and neglected mobilization, and are definitely 
amenable to distraction. Keeping the above in mind 
following methods are instituted to make the hand 
supple: 

1. Manipulation under anesthésia 

2. Distraction by external fixators 

3. Surgical release of scarred skin and soft tissues. This 
is usually followed by split thickness graft, full 
thickness graft, or flap cover. 

Get the functional position: While achieving the 
suppleness of the hand, it is necessary that the supple 
hand cornes in proper functional position as well, e.g. 
digits should not be divergent. 

Bony procedures like realinement ostéotomies are 
required to get better alinement of rays. Nonunions may 
need bone grafting and fixation. Unstable joints may need 
replacement arthroplasties specially at the level of MCP 
joints. PIP joints of middle and ring fingers can be 
considered for tendon interposition arthroplasties. 
Arthrodesis of some at the joints in functional position 
may be considered. 

Graduai mobilization ofthe hand: This should be continued 
during ail these phases, and hand should then be assessed 
again before definitive reconstructive procedures are 
performed. Though it is tried to set the protocol for such 
procedures, the overall management is actually a 
continuous process. 

Reconstructive procedures: Reconstructive procedures 
which are to be instituted should be decided at an early 
stage—when the functional potentials of the hand are 
decided. If this is done, then the procedures like provision 
for sensate skin or insertion of Hunter rods for future 
flexor tendon grafting procedures can be done earlier. 
However, more definitive procedures like lengthening, 
toe transfer, muscle and tendon transfers are usually done 
at this last stage. 

A badly treated open hand injury is worse than 
untreated open hand injury. Neglect is often due to: 
(i) failure to detect potential problems, (ii) inadéquate 
management and (iii) improper pre-peri-and post- 
operative care. 

NEGLECTED DISLOCATIONS OF 
JOINTS IN THE UPPER LIMB 

Sternoclavicular Joint Dislocation 

An old unreduced dislocation of the sternoclavicular joint 
usually does not cause any disability. Therefore, they are 


left alone. The surgery of resection of the médial end is 
rarely indicated when the dislocation is painful. 

Acromioclavicular Joint 

Most of the cases of dislocation of AC joint are 
asymptomatic. Therefore, no surgery is required. In the 
elderly persons surgery is not indicated. In the younger 
patients, dislocation may cause pain on movements of 
the joints. The clavicle is hypermobile and may cause 
pain. In these cases, excision of the outer ends of the 
clavicle and reconstruction of the coracoclavicular 
ligament is indicated. 

There are various procedures 

1. Dewar and Barrington procedure : Tip of the coracoid 
process along with the attached muscles is transferred 
to the clavicle. 

2 . Weaver and Dunn procedure : The coracoacromial 
ligament is attached to the outer end of the clavicle. 
Rockwood described transfer of the coracoacromial 

ligament from the acromion to the clavicle, while the 
clavicle is held reduced by a Bosworth screw. 2 The 
authors prefer Weaver and Dunn procedure. 

Unreduced Dislocations of the Shoulder 

Neglected anterior or posterior dislocations of the 
shoulder are common, especially in elderly patients. In 
ail dislocations, whether they are anterior or posterior 
(the latter being rare), an attempt at closed réduction is 
justifiable if the injury is about three weeks old or less. If 
the dislocation is of more than 4 weeks osteoporotic 
changes results from disease. Fibrous tissues are formed 
causing stiffness of the shoulder. The capsule is adhèrent 
to the articular surface. The bones are osteoporotic due 
to disuse. 

Rotator cuff may be contracted. Normal anatomy is 
disturbed. There may be associated fractures of the 
proximal part of the humérus or glenoid. Adduction and 
internai rotation are restricted in old anterior dislocations, 
and abduction and external rotation are restricted in old 
posterior dislocations. Radiograph of trauma sériés and 
CT scan will delineate the fracture geometry. 

There may be dépréssion in the humerai head when 
there is inferior dislocation. The anterior glenoid rim 
impinges in the posterior latéral aspect of the humerai 
head. In the old unreduced posterior dislocation, 
compression fracture caused by impingement of the 
posterior rim of the glenoid on the anteromedial aspect 
of the humerai head may occur. 

It is hazardous to reduce the shoulder because of 
osteoporosis and stiffness. There is a risk of fracture of 
the humerai shaft. Therefore, extreme care and gentleness 



2214 Textbook of Orthopedics and Trauma (Volume 3) 


must be exercised in closed réduction after four weeks. 
After three weeks, open réduction is indicated. 

Dislocations of Several Months 

Where both anterior and posterior dislocations are several 
months old, the articular cartilage is worn out and 
degenerative changes are very advanced. Open réduction 
in these late cases is very difficult. Open réduction is 
hazardous because of the risk of neurovascular damage 
and fractures of the surgical neck. It is better to leave them 
alone. 

Treatment 

In the elderly patients, it is extremely difficult to reduce 
the dislocation and also is hazardous. Therefore, it is 
better to leave them alone. In the younger patients, if the 
dislocation is less than 4 week-old open réduction may 
be attempted. No attempt should be made for close 
réduction. 

Young children with mild deformity should be left 
alone, as growth will in time minimize the deformity and 
also improve function. When the deformity is gross, it is 
best to perform an open réduction and realine the 
fragments or excise the fragment that is causing both the 
functional and cosmetic disability. 

If the articular cartilage is normal, open réduction 
alone may be helpful. If the articular cartilage is severely 
damaged Neer's arthroplasty is indicated. 

Posterior Dislocation of Shoulder 

Posterior dislocation is often missed or the patient may 
présent after several weeks or months. Posterior 
dislocation of the shoulder is suspected when there is 
limitation of abduction and external rotation. This is an 
important diagnostic sign. A coracoid process is 
prominent. The humerai head is prominent posteriorly. 
Up to 3 weeks close réduction may be tried. After 3 weeks 
open réduction is necessary. 

Rockwood recommends a posterior approach if the 
anteromedial humerai head defect is less than 15% of the 
head. If the head defect is larger than 15%, an anterior 
reconstruction through an anterior approach should be 
performed in addition to the open réduction. 3 


If the articular cartilage is severely damaged, shoulder 
arthroplasty may be considered. 

Neglected Dislocation of Elbow 

If the dislocation is more than 3 months old it is difficult 
to do closed réduction. One may attempt closed réduction 
before surgery. For old dislocations arthrolysis 
(Bhattachari's procedure) is very satisfactory. With médial 
and latéral incisions, the fibrous tissue, the myositis 
ossificans mass and capsule are excised and the 
dislocation is reduced. Recently external fixator is applied 
to keep the joint distracted. With the aid of external 
fixation mobility can be started early, and external fixator 
gives postoperative stability. 

Unreduced dislocation of the elbow both in children 
and adults, are seen fairly frequently in developing 
countries. The patients présent with stiff painful elbow. 
There is myositis ossificans and osteoid tissue scattered 
ail around the joint. There is a lot of intra-articular and 
extra-articular fibrous tissue. Radiograph shows 
displacement of the bones, myositis ossificans, osteoid 
tissue and reduced joint space. When the dislocations are 
less than three weeks old and the articular surface are 
intact, simple open réduction is possible. 
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226.1 Displaced Neglected Fracture of Latéral 
Condyle Humérus in Children 

R Nanda, LR Sharma, SR Thakur, VP Lakhanpal 


Twenty-eight children with fracture of latéral condyle of 
humérus who came for their first visit between 3 and 104 
weeks (average 30 weeks) were treated by open réduction 
and internai fixation. Two Kirschner's wires of not more 
than 1.5 mm thickness were used to prevent rotation of 
the distal fragment, through a latéral skin incision using 
an arm tourniquet (Fig. 1). To avoid damage to the blood 
supply of the distal fragment which enters through the 
posterior nonarticular aspect of the latéral condyle, the 
dissection was confined anteriorly , 4,7 Intraoperatively the 
distal fracture fragment was usually found to be increased 
in size and the fracture surfaces covered with dense 
fibrous tissue and callus, and the joint cavity filled with 
organized hematoma making the réduction difficult. 1,11 
Extensive but meticulous excision of this scar tissue and 
callus was required to affect a proper réduction. 

Postoperatively, elbow was immobilized in an above- 
elbow plaster-of-paris slab for 3 to 6 weeks and 
subsequently mobilized gently and progressively. The 
Kirschner's wires were removed at 3 to 12 weeks [average 
4.2 weeks]. 

Ail the patients had union with good functional and 
cosmetic results barring two cases, one (3.5%) of whom 
had nonunion in a good position with no growth 
disturbance and with restriction of terminal 10° of 
extension (Fig. 2). 

In the neglected cases of displaced fractures of latéral 
condyle of the humérus treated by open réduction, 
avascular necrosis of the condylar fragment was found 
to be a common problem (up to 40%). 3,8 It is commonly 
associated when extensive dissection necessitated to 
affect a réduction is carried out posteriorly, and there is 
damage to the blood supply. 4,6,7,10 A meticulous and 
careful excision of the scar tissue if carried out anteriorly 
with adéquate fixation will give satisfactory results. 
Despite ail care, the authors encountered one (3.5%) case 
of avascular necrosis of the distal fragment. If it does 
occur, then there is an indication to do an anterior 
transposition of ulnar nerve as a prophylactic measure 
to prevent a tardy nerve palsy. 5,7,14,15 

Nonunion in a good position warrants surgery only 
if it is painful, if there is latéral instability of the joint or is 
developing a tardy ulnar nerve palsy. 3,8 



Figs IA to C: (A) Preoperative radiograph of right elbow 
showing an 8-month-old neglected fracture of latéral condyle 
of humérus in a 6-year-old boy, (B) postoperative radiograph 
of the same elbow showing fixation using two kirschner wires, 
and (C) radiograph of the same elbow at the last follow-up four 
years following surgery showing good union 
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Latéral spur formation is one of the most common 
observations encountered and is due to the coronal 
rotation of the distal fragment which displaces a flap of 
periosteum laterally that produces new bone to form a 
spur. 16 The spur, of course, does not produce any 
functional disability. 9,15 Varus angulation is said to be due 
to a combined effect of inadéquate réduction and 
stimulation of the growth of the latéral condyle physis 
from the fracture insult. 13 

Fishtail deformity and cleft formation in the trochlea 
is a resuit of séparation between the trochlear epiphyseal 
plate and the trochlear part of the capitellar epiphyseal 
plate, where anatomie coaptation is not achieved. 2/3,12 It 
is a radiological finding and usually does not alter the 
resuit. 

Displaced neglected fractures of the latéral condyle 
of humérus should be treated by open réduction and 
internai fixation to attain good results more often than 
not, and reduce the incidence of nonunion, cubitus, 
valgus and ulnar nerve palsy. 

REFERENCES 

1. Dhillon KS, Sengupta S, Singh, BJ. Delayed management of 
fracture of the latéral humerai condyle in children. Acta 
Orthopidica Scandinavia 1988;59:419-24. 

2. Flynn JC, Richards JF, Jr. Nonunion of minimally displaced 
fractures of the latéral condyle of the humérus in children. JBJS 
1971;53A:1096-1101. 

3. Flynn JC, Richards JF, Saltzman RI. Prévention and treatment of 
nonunion of slightly displaced fractures of the latéral humerai 
condyle in children- an end resuit study. JBJS 1975;57A:1087-92. 


4. Haraldsson S. Osteochondrosis deformans juvenilis capituli 
humei including investigation of intraosseous vasculature in 
distal humérus. Acta Orthop Scand 1959;38. 

5. Hardcare JA, Nahgian SH, Froimson AI, et al. Fractures of the 
latéral condyle of the humérus in children. JBJS 1971;53A:1083- 
95. 

6. Jakob R, Fowles JV, Rang M, et al. Observations concerning 
fractures of the latéral humerai condyle in children. JBJS 
1975;57B:430-36. 

7. Lagrange J, Rigault P. Fractures du condyle externe. Revuede 
Chirurgie Orthopédique et Réparatrice de L Appareiil Moteur 
1962;48:415-46. 

8. Masada K, Kawai H, Kawabata H, et al. Osteosynthesis for old, 
established nonunion of the latéral condyle of the humérus. JBJS 
1990;72(l):32-40. 

9. Maylahn DH, Fahey JJ. Fractures of the elbow in children- review 
of 300 consecutive cases. JAMA 1978;166:220-28. 

10. McDonnell DP, Wilson JC. Fractures of the humérus in children 
JBJS 1950;30A:347-58. 

11. Milch H. Fractures of the external humerai condyle. JAMA 
1956;160:641-6. 

12. Rutherford A. Fractures of the latéral humerai condyle in children. 
JBJS 1985;67(6):851-56. 

13. So YC, Fang D, Leong JCY, et al. Varus deformity following latéral 
humerai condylar fractures in children. J Pediatr Orthop 
1985;5:569-79. 

14. Wadsworth TG. Prématuré epiphyseal fusion after the injury of 
the capitulum. JBJS 1964;46B:46-49. 

15. Wadsworth TG. Injuries of the capitular epiphysis. Clinical 
Orthopedics and Related Research 1972;85:127-42. 

16. Wilkins KE. Residuals of the elbow trauma in children. Orthop 
Clin North Am 1990;21(2):291-314. 




227.1 Neglected Fracture Neck, Miscellaneous 
and Other Fractures of Fémur 

GS Kulkarni 


Neglected Fracture Neck of Fémur 

Neglected fracture neck fémur is almost always a 
Nonunion. Patient either goes to a quack or does not take 
any treatment. Delay in the treatment is associated with 
avascular necrosis. Neglect of these fracture is common. 
In the elderly patient arthroplasty is the treatment of 
choice either Bicular or total hip replacement. 

Valgus Osteotomy for Nonunion of Fracture 
Neck Fémur in Adults 

In India, a patient may corne 3 to 4 months after injury, 
untreated or treated by a bone-setter. It may be a 
complication of internai fixation of fracture. In spite of 
recent advances in the management, fracture neck fémur, 
incidence of nonunion is 20 to 30%. 10 

Causes of Nonunion 

The causes of nonunion are: (1) Avascularity of the head of 
the fémur. (2) The cambium layer of the periosteum is 
missing, and this is the layer that produces callus. 
Therefore, the fémoral neck must heal via direct endosteal 
healing. 6,8 This is necessary because a callus in the neck 
of fémur would impinge on acetabulum. (3) Unsatis- 
factory réduction is the most important factor in 
nonunion. Poor réduction results in 100% failure. 
(4) Posterior comminution is another important factor in 


nonunion. (5) Age and osteoporosis are contributory 
factors. (6) Poor placement of implant. (7) Shearing forces 
in beak fractures or vertical fracture line. Fémoral neck 
fractures should unité by 6 months. If there is no evidence 
of healing, or the patient continued to hâve pain at 3 to 6 
months after surgery, then nonunion should be 
suspected. The possibility of avascular necrosis of tumor 
(AVN) should be ruled out by MRI, CT scan, or bone 
scan. A CT scan is extremely helpful to diagnose a fémoral 
neck nonunion. Bone scan with colometer view has 85 to 
90% sensitivity and is helpful diagnose A VN. 

Preoperative Assessment 

In the pre-operative assessment following study should 
be done. (1) Blood supply to the head of the fémur. 

(2) AVN. (3) Osteoporosis. (4) Neck absorption. (5) Range 
of motion (ROM). (6) Limb length discrepancy (LLD). 

Treatment of Nonunion (Younger Patient ) 1 

In the younger patients treatment options: (1) In the younger 
patient âge group less than 50 to 60 osteosynthesis is 
indicated. The types of osteosynthesis are: (1) Valgus 
osteotomy, (2) Free or vascularized fibular graft, 7 

(3) Quadratus femoris muscle pedicle graft, 5 (4) Com- 
bined-osteotomy + fibular graft. 7 

Valgus Osteotomy-Pauwels 8 laid dawn the basic 
principles of valgus osteotomy (Fig. 1). Weber and Cech 11 
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Fig. 1 : Pauwel's Y-osteotomy and valgus correction to 
make vertical fracture line more horizontal 


described four types of valgus-transposition ostéotomies: 
valgus intertrochanteric wedge osteotomy, valgus wedge 
prop osteotomy, valgus Y-shaped prop osteotomy and a 
variation described by Muller 6 who refined the technique. 

Valgus osteotomy is most successful in (1) undis- 
placed fracture, (2) neck not absorbed, (3) viable head. 

Excessive valgus should be avoided as it results in: 
(1) Trendelenburg gait. (2) Excessive pressure on the head 
resulting in pain and osteoarthrosis. (3) Avascular 
necrosis. (4) Persistent limp. (5) Limb length discrepancy. 

Treatment of Nonunion 

In the elder patient after the âge of 60 replacement 
arthroplasty by bipolar or total hip replacement (THR) is 
the treatment of choice. In the young patients the non- 
union is treated by osteosynthesis. Leighton 10 classified 
nonunion into 3 types (Table 1). 

Type I: Type I usually occurs with an inadéquate 
réduction or with early failure of the initial fixation. 
Patient présents in the first six weeks after surgery. 
Usually there is varus angulation. The treatment is ORIF 
and reinsertion of more than stable fixation. Valgus 
osteotomy may be considered. If there is posterior 
comminution, Meyer's pedicle graft is recommended. 

Type II: Type II is the most common type. Patient 
usually présents 3 months post injury with obvious 
nonunion with varus or posterior inferior displacement 
of the head. The hip is very painful. In the younger patient 
the treatment of choice is valgus osteotomy as proposed 
by Pauwels at the intertrochanteric level. 

Valgus Osteotomy 2 ’ 3 9 

The principles of valgus osteotomy is to convert the 
vertical shearing forces into horizontal compressive 


TABLE 1: 10 Leighton's classification of fémoral 
neck nonunion 


Type 

Description 

Présentation 

I 

Inadéquate fixation 
of nonanatomic 
réduction 

Relatively early because early 
implant failure or inadéquate 
réduction 

II 

Loss of fixation with 
fracture displacement 

Later, as the fracture slowly 
drops into varus and into an 
inferior posterior location 
relative to the fémoral neck 

III 

Fibrous nonunion with 
no displacement and 
intact fixation (rare) 

Usually la te, with activity- 
related pain, a réduction a 
stamina and the need for a 
walking aid 


forces. To obtain this, initial fixation implant is removed. 
Intertrochanteric osteotomy is done using a compression 
de vice. 

Preoperative Planning (Figs 2 to 4) 

Preoperative planning is crucial and should include the 
following: (a) identification and documentation of the 
vascular status of the fémoral head; (b) a preoperative 
drawings to détermine 10 the (i) Pauwels angle, 
(ii) Position and type of implant (iii) Calculations of 
wedge angle, surgery is done on paper. (iv) Site and type 
of wedge (closing or open wedge). (v) Latéral displace¬ 
ment of the distal fémur, (vi) It is important to plan to 
prevent limb length discrepancy. After valgus osteotomy, 
the tendency is to lengthen the limb (1 to 2 cm). 

Inserting DHS Screw (Figs 5 and 6) 

Détermination of Pauwel's Angle 

Step 1 is to détermine the Pauwels angle or verticality of 
the fracture line. Pauwels angle is the angle made by 
fracture line with the horizontal line. The fracture line 
may change with the position of the lower limb. With 
aduction, the fracture line is more than horizontal and 
with abduction it is more than vertical. Therefore, it is 
preferred to measure the angle with a horizontal line to 
the anatomie axis or the mid line of the shaft of fémur as 
shown in Figure 7 making an angle of 84°. Midaxial line 
(CD Fig. 7) of the shaft of fémur makes an angle of 84° 
with the line joining the tip of greater trochanter with 
the center of the head of fémur. 

Step 2 is to measure the wedge angle, which will 
détermine how much horizontality of the fracture line is 
required. 

Weight bearing line passes from T-10 vertebra to the 
center of the head of fémur makes an angle 19° to the 
central line of the body. To achieve maximum compres¬ 
sion of the fracture, the weight-bearing line should be at 
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Fig. 2: AN four barrel-plate are of 135°. End point of ail screws 
are in the center of the head of fémur. More proximal the entry 
point, greater valgus is achieved. Note the angle made by the 
plate of DHS with the cortex decreases as the entry point of 
barrel is more distal. The most distal plate is parallel to the 
cortex making 0 angle with cortex. With barrel plate number 4 
highest valgus angle is achieved and with number 1, no valgus 
correction occurs 



Fig. 3: AN three barrel plates are 135°, when the tip (end point) 
of screw is in the lower quadrant of the head of fémur, maximum 
valgus angle is achieved (number I solid bar). If the tip is in 
superior quadrant number III (zébra bar) minimum valgus angle 
is obtained. 

right angle to the fracture line. To achieve this, the 
fracture line should be at 19° to the horizontal line (Fig. 
8) but this would cause too much of valgus of head and 
neck fémur. The optimum angle of the fracture line to 
the horizontal line would be about 30° to 35°. The wedge 


Fig. 4: As the angle of barrel plate is increased, more valgus 
angle is obtained 



B 


Fig. 5: First a drill bit is inserted abutting the superior cortex of 
the neck of fémur. In its place a cortex 6.5 lag screw is to be 
inserted to prevent rotation of the head during insertion of sliding 
screw. Note the tip of the screw is in the inferior quadrant of the 
head of fémur. This usually makes an angle to 90-95° with mid 
axial line AB. The calculated wedge to be removed from the 
latéral cortex is 55°. Therefore, the barrel plate angle is 
calculated as 90°+55° =145°. After insertion of the screw 
Pauwel's Y-osteotomy is to be done. Width of the wedge for 
55° angulation is calculated as shown in the inset and wedge is 
removed half way to the mid axial line. Osteotomy is completed 
in a straight line 
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Fig. 6: After the osteotomy 145° barrel plate is inserted over 
the sliding screw. When the plate is pushed to the latéral cortex 
of the fémur, the wedge is removed from the latéral side and is 
closed and medially the osteotomy opens, making the fracture 
line more horizontal. Pauwel's angle or shear angle becomes 
30°to horizontal 



Fig. 7: AB is the fracture line. Draw mid axial line of the shaft 
CD. CD is the mid axial line of shaft of fémur. The line EF is 
drawn touching the point A which is the proximal end of the 
fracture line, making the angle EFD as 84°. EF is the horizontal 
line. Angle EAB is the Pauwel's angle which is 85°. The angle 
needed is 30°to the horizontal line E-F. EAG=30°. So the wedge 
angle is GAB 85° - 30° = 55°. Draw a line AG, EAG angle in 
30°. The fracture line AB is to be shifted to AG making the 
fracture line more horizontal. The angle GAB 55 is the wedge 
to be removed from shaft at lesser trochanter level. Line AG is 
drawn making the angle EAG. 

Inset: Angle PQR is 55°. QR represents half of the width of 
the shaft fémur. PR 2.3 cm gives the width of wedge to be 
removed, from the latéral cortex. 



Fig. 8: Weight bearing line, passing from center of vertebra to 
center of head makes an angle of 19°to vertical line. CD is the 
anatomical axis or mid-axial line of shaft. AB line from tip of 
greater trochanter to control head represents the horizontal line 
AG, the mechanical axis is at right angle to AB the horizontal 
line. Anatomical axis makes an angle of 6° with mechanical 
axis AG. R is the weight bearing line. Anatomical axis CD makes 
an angle of 84° with the horizontal line AB. A line EF to AB 
passing through proximal end of fracture line Fl also makes an 
angle of 84° with CD 


to be removed would be equal to Pauwels angle from 
the latéral cortex of the fémur minus 30 or 35°. In the 
Figure 7 the Pauwels angle is 85° therefore, wedge angle 
would be 85°-30° = 55°. 

Step 3 is to détermine the barrel plate angle or blade 
plate angle. For this we hâve 3 parameters. 

1. The entry point of the implant on the latéral cortex of 
fémur. As the entry point is more proximal one gets 
larger valgus angle to achieve desired angle of fracture 
level to horizontal. 

2. End point is the position of the tip of the implant in 
the fémoral head. As the tip of the screw, the end point 
is lower in the head valgus angle is larger. 

3. Angle of the blade plate or the barrel plate, larger the 
angle of barrel plate, greater the degree of valgus one 
can get. 

As in the Figure 5 if the implant is inserted with the 
tip of the screw in the center of the head and the screw 
makes an angle of approximately 90° to the shaft of fémur. 
Then to get 55° of valgus correction would require 145° 
of barrel plate. So higher angled barrel plates 140° to 150° 
should be available. 

The entry point of barrel is usually at the base of 
greater trochantar and the tip is in the lower most point 
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in the inferior quadrant of the head. DHS with a barrel 
plate angle of 135° to 140° is generally required. 

Advantages of Intertrochanteric 4 osteotomy are: 

(1) Osteotomy is easier because it is in the cancellous bone. 

(2) Good bone healing is earlier (3) Future total hip 
replacement will be easier than osteotomy in the 
subtrochanteric area. 

Step 4: Intertrochanteric osteotomy: If 55° of wedge is to 
be removed, base of the wedge on the latéral cortex would 
be 3-4 centimeters. This would cause too much of 
shortening. To avoid this Pauwel has devised Y- 
osteotomy as shown in Figure 5. The bone of the wedge 
removed is morcellized and used as bone graft for the 
médial defect. 

Step 5: Restoration of mechanical axis of fémur. When a 
valgus osteotomy is done, the mechanical axis deviates 
laterally. To restore the mechanical axis latéral 
transelation of the shaft (distal fragment) is necessary. In 
the past, a double angled plate was used which does not 
correct the mechanical axis. Therefore, standard DHS 
used for intertrochanteric fracture will automatically 
translate laterally and restore mechanical axis (Figs 9,10). 
Step 6: Limb length equalization is taken care of. 
Rotational alignment is important and should be 
controlled by placing marks or K-wire on the latéral cortex 
of fémur. 

Step 7: Insertion of D-rotation screw: It is important to 
insert a D-rotation screw 6.5 mm from the latéral cortex 
into the head. 

Step 8: Osteotomy, fragments should be compressed by 
compression devise or DCP. 

Ail these steps are drawn on a paper. Position and 
type of implant, wedge osteotomy, screw placement, etc. 
ail are marked and this paper drawing should be made 
available in (Operating Room) OR. 

Procedure: Through a latéral incision two guide wires 
are inserted, one for dynamic hip screw and one for the 
6.5 mm cancellous screw. Idéal entry point for the barrel 
is at the base of greater trochanter (Figs 11A to C). DHS 
screw is inserted through the predetermined entry and 
end points. Pauwels Y-osteotomy is done at the level of 
lessee trochanter 6.5 mm. 

Pauwels Y-osteotomy is done. A laterally based 
wedge is removed. The barrel plate is applied to screw 
and shaft. Bone graft from the wedge is inserted around 
the osteotomy site on the médial side. If necessary more 
and more should be removed from the proximal 
fragment. This allows intraoperative leg length 
adjustments. Rotational alignment must be carefully 
observed. The osteotomy is compressed by using 
eccentric hole of DCP or compression device. Wound is 
closed in layers. 

Postoperative care: The patient is generally allowed 
partial-weight bearing (25%) over the first 6 weeks. Once 


Use DHS to restore MA 




Fig. 9: Standard dynamic hip screw (DHS) causes required 
lateralization of the distal shaft to restore mechanical axis. Note 
when double angled plate is used, lateralization does not occurs 
disturbing the mechanical axis (MA) 


a 




Fig. 10: When valgus osteotomy is done the mechanical axis 
is shifted latéral to the knee joint. Latéral transelation of the 
shaft restores the mechanical axis. (Fig. from Principles of 
deformity correction by Paley with permission) 
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Figs 11 A to E: (A to C) Entry point near the base of trochanter. The tip of screw (end point) in the lower quadrant of the fémoral 
head. 130° barrel plate was required. Pauwel's Y osteotomy done at intertrochanteric area. On pushing the barrel plate to the 
shaft the vertical fracture line is converted to more horizontal, 30° to horizontal line. (D and E) Final X-rays taken 6 months after 
surgery, showing union of fracture 


adéquate healing is évident, full weight-bearing can be 
allowed, initially with crutches for 2 weeks, a single 
crutch for 2 weeks, and then weight bearing with a 
cane. Abductor strengthening should be initiated at week 
6 to reduce the abductor lurch or Trendelenburg gait, 
which may remain for an extended period, post- 
operatively (Figs 11 D and E). 10 

Neglected Fracture of Subtrochanter 

Neglected fractures of the subtrochanter are common in 
India, and they produces coxa vara both in children and 
adults. The coxa vara may be severe up to 90° neck-shaft 
angle. There may be external rotation also. Coxa vara 
results in shortening of the limb. Valgus osteotomy is 
done to correct coxa vara and may need limb lengthening. 


Intertrochanteric Fractures 

Majority of the extracapsular fractures présent with 
malunion in a varus position. They hâve pain in the hip 
due to osteoarthritic changes due to malposition of the 
head in the acetabulum and short limp gait. A small 
percentage of nonunions of the intertrochanteric fractures 
is reported (1%). Malunion is treated by valgus osteotomy 
with internai fixation by a sliding screw. The treatment 
for elderly patients is shoe raising. Nonunion is treated 
by sliding hip screw and bone grafting. If the patient is 
elderly and the symptoms are mild, only shoe raise is the 
treatment. Neglected fractures of the proximal fémur in 
children are treated by osteosynthesis with or without 
osteotomy. 
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Displaced fractures, either of the cervicotrochanteric 
(basal) variety, especially if neglected, are commonly 
associated with complications. These are coxa vara, 
avascular necrosis, prématuré epiphyseal fusion, 
secondary, osteoarthritis and delayed union or nonunion. 
Thus, the management of these neglected displaced 
fractures is the treatment of their complications. 

Avascular necrosis is a common complication of 
fractures of the neck of the fémur in children. With union 
of the fracture usually revascularization takes place. 
Therefore, avascular necrosis is treated nonoperatively 
in children. 

Fractures of the Shaft of the Fémur 

Malunited shaft fractures are a common occurrence. 
Nonunion or malunion both are treated by osteotomy 
and interlocking intramedullary nailing. Nonunion may 
be atrophie or hypertrophie. Both may be treated by 
interlocking intramedullary nailing. Atrophie nonunions 
required bone grafting in addition. In hypertrophie type 
of nonunion, it is sometimes extremely difficult to 
negotiate the nail through the sclerotic bone. In such a 
situation, Ilizarov external fixation may be used. The 
angular deformity is corrected by distraction on the 
concave side. When the deformity is completely 
corrected, the fragments are stabilized by compression. 
The main complication of Ilizarov method used in 
fractures of the shaft of the fémur is knee stiffness. 
Therefore, vigorous knee mobilization is required from 
day one. 

Malunited fémoral shaft causes valgus, varus 
deformity or other deformities of the knee. Also it may 
cause shortening. The malunion should be treated by 
osteotomy and internai fixation by interlocking nail with 
bone grafting. If there is shortening of more than 2.5 cm, 
this can be lengthened by Ilizarov method. 

Z-osteotomy may be done to increase the length and 
then fixed with intramedullary nail as suggested by 
Kempf and Grose. In children if there is shortening of 
more than 4 cm, it should be corrected by Ilizarov method. 

Neglected Intraarticular Fractures 

Neglected intraarticular fractures may be corrected by 
osteotomy and realining, reconstructing the articular 
surfaces. If the damage is severe of already severe, 
osteoarthritic changes hâve occurred, then arthroplasty 
or arthrodesis is the answer. 

Condyles of Fémur 

Malunited fémoral condyle médial or latéral produces 
severe disability. Therefore, it needs to be corrected by 


an osteotomy. If both the condyles are malunited, it is 
extremely difficult to correct both condyles. If there is a 
varus or valgus deformity, it should be corrected by 
supracondylar osteotomy. 

Neglected Trauma Around Knee 

Patients with Neglected fractures around the knee, 
usually présent as nonunion, malunion and stiff knee. It 
is extremely difficult to treat these fractures because 
Indian patients demand full immobilization of the knee 
for squatting. The first priority of treatment is to treat the 
nonunion by compression plating with lag screws or 
compression device. Bone grafting is usually necessary. 
During postoperative period the knee mobilization 
should be started with CPM and active exercises. Once 
the fracture has united, then surgery for stiff knee by 
arthrolysis and quadriceps plasty is necessary. 

Neglected Fractures of the Patella 

Patient usually présents with fragments pulled apart by 
the quadriceps muscles. The proximal fragment may be 
in the lower third of the thigh. The proximal fragment 
may be pulled down by passing a Steinmann pin through 
it or by Ilizarov method. Once the fragment is in proper 
position in the knee joint, osteosynthesis is tried by 
tension-band wiring or a lag screw. The patient may 
présent without any pain and is able to walk, but he 
cannot extend the knee, in such a situation there is a 
fibrous union between the two fragments. If there are no 
symptoms, patient may be left alone. If the proximal 
fragment of the patella cannot be brought down, both 
fragments may be excised and the quadriceps is repaired. 
The limb is immobilized in a groin-to-toe cast for 4 to 
6 weeks. This is foliowed by an intensive program of 
réhabilitation to strengthen the quadriceps and restore 
knee movements to normality. 12 Malunited fracture 
patella may cause severe chondromalacia. If so, 
patelectomy is indicated. 

Patients with neglected fracture patella présent with 
slight dise and extension lack. There is a fibrous union 
between the two fragments. Treatment is unnecessary 
unless the patient has symptoms. If the nonunion of 
patella is treated by ORIF, the patient may develop stiff 
knee and the patient may not lock it. Hence, it is better 
not to treat these patients, if the patient is asymptomatic. 
However, the patient is symptomatic internai fixation 
should be done after freshening the fracture surfaces. 
Malunited patella resuit in irregularities of the articular 
surface. As with condylar fractures, correction is possible 
but difficult. Joint-surface irregularity often persists. Total 
or partial patellectomy may be the best choice. In active 
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patients, préservation of the patella is worthwhile, but 
do not allow persistent incongruity of the articular surface 
to precipitate patellofemoral arthritis or perhaps 
generalized arthritis in the knee. Correct the malunion 
of the patella with osteotomy, walking from the articular 
surface. Patella is realigned and solid fixation is achieved 
with another fragmentary lag screws and a tension band 
wire. After surgery, maintain knee motion with 
continuous passive motion and active assisted exercises. 
Judicious isométrie muscle exercises are bénéficiai. Avoid 
straight-leg raising. Permit weight bearing with a knee 
immobilizer. Union will occur in 6 to 12 weeks. There- 
after, institute a full réhabilitation program and allow 
graduai return to normal activities. 13 

Old Injuries of the Ligaments of the Knee 

Neglected partial tears of the médial collateral ligaments 
with its upper end ossified producing Pelligrani-Stieda's 
disease, need only an intensive program of quadriceps 
exercises to restore the knee to normal. 

Active physiotherapy is the keyword. When the 
patient is seen months after injury and has pain, stiffness 
of the knee, a palpable mass, surgical excision followed 
by a pressure dressing is justifiable. Postoperatively the 
patients should hâve an intensive program of quadriceps 
exercises and knee-bending to enable them to engage in 
their normal activities. 

Neglected complété tears to the médial ligaments are 
best repaired as they cause instability. Old injuries of the 
cruciate ligament are treated by reconstruction by bone- 
tendon-bone grafts. 

Malunited Fractures of the Tibial Plateau 

Médial condyle is more prone to malunion than the latéral 
condyle because the latéral condyle has support of the 
fibula. An incongruity up to 5 mm is tolerated. More than 
5 mm requires an osteotomy to reconstruct the joint 
surface. If angular deformity is not severe, a transverse 
subcondylar osteotomy with insertion of a graft and 
internai or external fixator is indicated. If the deformity 
is severe, an oblique osteotomy through the old fracture 
site can be done, and the defect is filled with bone grafting. 
If the cartilaginous injury is severe and knee has 
developed severe arthrosis, arthrodesis or arthroplasty 
is indicated (Figs 12 A to D). 

Neglected Fractures of the Tibial Shaft 

Neglected fractures of the tibial shaft usually présents 
as: (i) malunion, (ii) aseptie nonunion, atrophie or 
hypertrophie type, and (iii) infective nonunion. 


Malunited Fractures of the Tibia 

Malunion in the proximal third causes arthrosis of the 
knee joint, and malunion in the distal third joint causes 
arthrosis of the ankle joint. 

It may be procurvarum, recurvatum, valgus or varus 
or it may be in any oblique planes. It may be associated 
with rotation or there may be overriding of fragments 
causing shortening of the limb (limb length discrepancy). 
This can be treated by osteotomy and internai fixation. 
Our preferance is Ilizarov method. It has the advantage 
of correction of ail the deformities as well as limb 
lengthening in one procedure with a 1 cm incision. 



Fig. 12A: Clinical picture showing case of malunited middle 
one-third-lower one-third tibia/fibula with deformity 



Fig. 12B: Radiograph showing case of malunited middle one- 
third lower one-third tibia/fibula with valgus and recurvatum 
deformity 
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Fig. 12C: Radiograph showing case of malunited tibia/fibula 
treated with fibulectomy, corticotomy and llizarov external fixator 



Fig. 12D: Radiograph showing case of malunited tibia/fibula 
treated by deformity correction with llizarov external fixator after 
fixator removal 

Aseptie Nonunion 

Hypertrophie nonunion is difficult to treat by internai 
fixation. Plating become difficult because of bulge of the 
hypertrophy, and it is difficult to insert a nail and 
negotiate through the sclerotic hypertrophie bony ends 
of the fragments. The authors feel it is idéal to use llizarov 
apparatus for hypertrophie type of nonunion. Initially 
deformity and shortening are corrected by distraction and 
then the nonunion is stabilized by compression. 
Hypertrophie nonunion is due to mechanical instability. 
Biology is satisfactory because the blood supply is good. 
The nonunion needs stabilization. No bone grafting is 
necessary. In the past 3 years, the authors hâve treated 


hypertrophie nonunions with distraction. However, our 
expérience is that it is associated with complications of 
delayed union and also it takes a longer time to heal. 
Currently, the authors are distracting it to correct the 
deformity and then compress the fragments. Com¬ 
pression has given better results than distraction alone. 
In the atrophie type of nonunion, results of interlocking 
intramedullary nailing with bone grafting appear to be 
superior to llizarov method. 

Infected Nonunions 

Infected nonunions are treated by radical debridement 
and stabilization of the nonunion by internai fixation or 
by external fixation such as llizarov ring fixator or AO 
fixator. 

If the leg is short by 2.5 cm or more it needs lengthen- 
ing. 

Malunited Fractures of the Ankle 

Neglected fractures of the ankle is common scénario in 
India. It may be secondary to displacement after internai 
fixation. The malunion may cause severe pain due to 
abnormal weight-bearing alinement. There are two 
options of treatment: (i) osteotomy to correct the 
deformity, and (ii) arthrodesis of the ankle. Osteotomy is 
indicated only if there are no arthritic changes. If 
malunion is more than three months old, the arthritic 
changes usually occur. 

Thomas Russel 14 suggested, the operations to correct 
malunited ankle fractures may be listed as follows: (i) 
osteotomy of the fractured fibula or médial malleolus, or 
both, with restoration of fibular length and internai 
fixation of the ostéotomies, (ii) supramalleolar osteotomy 
when only realinement of the lower extremity is required, 
and (iii) arthrodesis of the ankle, with or without 
supramalleolar osteotomy. 

Supramalleolar osteotomy is indicated when the 
médial and latéral malleolus and the tibia are in normal 
relationship with the talus. Supramalleolar osteotomy 
corrects the varus and valgus deformity of the ankle. 
Arthrodesis of the malunited fracture of the ankle is 
indicated if there is arthritis of the ankle joint, and 
subluxation of the talus. If there is valgus and varus 
deformity, it should be corrected at the time of 
arthrodesis. 

Malunited Fractures of the Calcaneus 
(See Chapter on Fracture Calcaneus) 

Neglected Injuries of the Foot 

Malunited fracture of the phalanges may be corrected if 
it is symptomatic by osteotomy and fixation with K-wires. 
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Malunion of metatarsal fractures may cause painful 
pressure sores/ areas on the sole, if so it may be corrected 
by osteotomy. Malunited tarsal bones may cause pain 
on weight bearing. If so, only the affected joint is 
arthrodèse, e.g. malunited navicular bone may cause pain 
in the talonavicular joint. Only this joint should be fused. 
The talus is articulating with three bones, tibia, calcaneus 
and navicular. Malunited talus may cause pain in any of 
these joints. Malunited neck of talus should not be 
corrected by osteotomy because it may cause nonunion 
or avascular necrosis of the body of the talus. 
Talonavicular joint fusion may be required. Some prefer 
triple arthrodesis. Malunion of the body of the talus may 
cause severe pain in the ankle joint or in the subtalar joint. 
If the body is viable, then arthrodesis of the ankle of 
subtalar joint is indicated depending on which joint is 
affected. If the body has developed avascular necrosis. 
Blair's procedure or calcaneotibial arthrodesis may be 
indicated. If there is infection, then talectomy and fusion 
of the tibiocalcaneus can be performed by Ilizarov 
method, compressing the tibiocalcaneal joint surfaces and 
at the same time, lengthening the tibia by corticotomy 
just below the tibial tuberosity. 

Neglected Rupture Achilles Tendon 

A neglected rupture of the Achilles tendon is common in 
India. This is because of the patient has the ability to 
plantarflex the foot with the peroneal and toe flexor 
muscles. However, the patient is unable to push off the 
affected side, severely compromising the ability to run 
or descend a flight of stairs. Ail the tests described for 
acute rupture are positive. Surgical repair of a neglected 
rupture is a difficult problem owing to migration of the 
proximal tendon. End-to-end anastomosis may not be 
possible since the contracture of the calf muscle occurs 
rather quickly. The degree of élongation may be estimated 
by the degree of increased foot dorsiflexion as compared 
with the opposite side. There are many options of repair 
of the neglected rupture. 

Fascia Lata Graft 

Bugg and Boyd 15 fashioned three 1-cm strips from a 3- 
inch by 6-inch fascia lata graft from the thigh. The tendon 
strips were sutured to the proximal and distal tendon 
stumps with a fascia needle. The fascial sheath was 
sutured around the grafts in a tube-like fashion, and the 
repair was reinforced with a large pull-out wire. 

Gastrocnemius-Soleus Strip 

Bosworth 16 used al/2-inch strip of fascia harvested from 
the central third of the gastrocnemius-soleus complex. 


leaving it attached distally. This strip is then woven 
through the proximal and distal tendon stumps. 

V-Y Gastrocplasty 

Abraham and Pankovich 17 used a proximal V-Y gastro¬ 
cplasty to bridge the defect in the neglected rupture. The 
apex of the inverted limb is centered over the central 
portion of the aponeurosis, and the limb must be 1.5 times 
the length of the defect for closure in a Y-configuration. 

Flexor Digitorum Longus Graft 

Mann et al 18 described a new technique using the flexor 
digitorum longus to span the gap and reinforced the 
repair with a central slip from the proximal tendon. The 
flexor digitorum longus is eut just proximal to its division 
into separate digital branches. The proximal aspect of the 
distal stump of the flexor digitorum longus is sewn to 
the adjacent flexor hallucis longus. The proximal part of 
the flexor digitorum longus is then passed through a 
drillhole in the calcaneus in a médial to latéral direction 
and sewn to itself. A central slip from the proximal 
portion of the Achilles tendon is mobilized and brought 
down into the distal stump or into a through created in 
the calcaneus. The authors prefer V-Y gastrocplasty 
method. 

Old Dislocation of Knee, Ankle and Patella 

Old unreduced dislocation of the knees and ankle are 
rare. They are usually associated with fractures and need 
arthrodesis. 

Traumatic dislocation of the patella are rare. If there 
are no symptoms, no treatment is required. 
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227.2 Neglected Fracture Neck of Fémur 

Hardas Singh Sandhu, Parvinder Singh Sandhu, Atul Kapoor 


Fracture neck of fémur is a common skeletal injury among 
old people. Its incidence is now on the increase in younger 
population because of road traffic accidents when it may 
be a part of multiple fractures or poly trauma. Inspite of 
great advancements in the management of skeletal 
trauma fracture neck fémur continues to be a problem 
for the orthopaedic surgeon. This is because of certain 
characteristic features peculiar to this fracture. These 
features are: (a) The fracture is entirely intraarticular and 
fracture surfaces are exposed to synovial fluid and its 
enzymes, (b) The blood vessels supplying the head of 
the fémur run in the retinaculae in close contact with the 
bone, these blood vessels particularly the anterior ones 
get disrupted by this fracture, (c) Because of bony 
configuration of the upper end of the fémur and action 
of various groups of muscles acting on the hip joint, this 
fracture is subjected to a very high degree of shearing 
strain. As a resuit of these a displaced fracture of neck of 
fémur does not unité unless it is anatomically reduced 
and internally fixed. The problem gets further 
complicated if the fracture remains untreated for more 
than a few days. 

From practical point of view if a fracture remains 
untreated for 3 weeks or more it is designated as neglected 
fracture because internai fixation alone has a very high 
failure rate. In or der to achieve union of fracture, internai 
fixation has to be combined with some type of bone graft 
or osteotomy. In Western countries such cases are treated 
by Total hip arthroplasty. Because of the life style and 
religious customs, people in India are required to squatt 
or sit in cross legged position. The movements required 


to adopt these postures are neither possible nor 
permissible in a total hip arthroplasty. It is, therefore, 
désirable that the natural hip joint should be preserved 
particularly in young patients. 

Many operative procedures hâve been in practice like 
McMurray's osteotomy, open réduction internai fixation 
and bone muscle pedicle graft, open réduction internai 
fixation and free or vascularized fibular graft, abduction 
osteotomy and internai fixation with DHS or double 
angled blade plate or 135° angled blade plate with varying 
degree of success. The results of these procedures largely 
dépend on the changes which hâve occurred at the site 
of fracture with the passage of time. 

Pathology of Neglected Fracture Neck of Fémur 

At the time of fracture neck of fémur there is hemorrhage 
into the joint due to injury to the blood vessels running 
along the neck of fémur (particularly the anterior ones) 
and intramedullary vessels. This blood usually remains 
fluid and gets absorbed in about 2 weeks time and does 
not take part in callous formation. The synovial 
membrane may get thickened. The fracture surfaces in 
due course of time become smooth and proximal one may 
become cortical. There is graduai absorption of the 
fémoral neck resulting in increase in the gap between 
the fragments and decrease in the size of the proximal 
one. This absorption may be more marked in the center 
than the periphery of the proximal fragment giving it 
the shape of cup or moon. The synovial membrane may 
grow on to the fracture surfaces (Fig. 1). If the patient 
starts walking on the limb, the joint capsule gets 
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Figs 1A to D: (A) Fracture surface of proximal fragment in fracture of fémoral neck of 4 weeks duration. The surface is fresh and 
irregular; B) Synovial membrane has grown on to the fracture surface in a fracture of 5 months duration; (C) Fracture surface has 
become smooth and cortical in fracture of 8 months duration; (D) Fémoral head eut into four pièces showing large areas (white) 
of osteonecrosis (For color version see Plate 42) 


thickened. Greater trochanter is elevated resulting in 
shortening of the limb. The fémoral head may show signs 
of avascular necrosis (AVN). There is some degree of 
osteoporosis affecting the innominate bone and upper 
part of the fémur. Muscles of the lower limb particularly 
the glutei and quadriceps undergo wasting. From the 
treatment point of view smoothening of the fracture 
surfaces, absorption of fémoral neck and increase in 
fracture gap, decrease in the size of proximal fragment 
and avascular necrosis hâve a bearing on the choice of 
line of treatment and outcome of any procedure aimed 
at osteosynthesis. Based on these changes Sandhu et al. 
hâve staged or classified this fracture into 3 groups in 
order to predict the outcome of operative procedure. 

Staging/classification of the Neglected Fémoral 
Neck Fracture (Fig. 2) 

For this a good quality skiagramme of pelvis including 
both hips should be taken from one meter distance: 

Stage I (Fig. 3) 

a. Fracture surfaces are still fresh (irregular) 



Figs 2A to D: Pencil drawing of fémoral neck fracture 
showing different stages. 



Figs 3A to D: (A) Skiagram of fracture of fémoral neck (4 weeks duration). The margins are still fresh and irregular (stage I); 
(B) Fracture of six months duration fracture margins are sclerosed and fracture gap is increased (stage II); (C) Fracture of 
fémoral neck (4 years duration). Size of the proximal fragment is less than 2.5 cm and fracture gap is increase (stage III); (D) MRI 
of fracture in Figure C showing the size of the proximal fragment and increased fracture gap 
























Neglected Trauma in Lower Limb 2229 



Figs 4A to D: (A) X-ray skiagram of fracture in Stage II. Margins are sclerosed. (B) Skiagram 8 years after closed réduction and 
internai fixation with cancellous screw and double fibular graft; (C) Patient sitting cross legged; (D) Patient squatting 


b. The size of the proximal fragment as measured from 
upper margin of fovea centralis and middle of fracture 
surface is 2.5 cm or more 

c. The gap between the fragments is 1 cm or less 

d. Fémoral head does not show any radiological sign of 
avascular necrosis (AVN). 

Stage II (Figs 4A to D) 

a. Fracture surfaces hâve become smooth or cortical and 
sclerosed 

b. Size of proximal fragment is 2.5 cm or more 

c. The gap between the fragments is more than 1 cm 
but less than 2.5 cm. 

d. Fémoral head does not show any radiological sign of 
AVN. 

If either a or c feature is présent the fracture is placed 
in stage IL 

Stage III 

a. Fracture surfaces hâve become smooth 

b. The size of the proximal fragment is less than 2.5 cm 

c. The gap between the fragments is more than 2.5 cm 

d. The fémoral head shows radiological sign of avascular 
necrosis. 

If either of b, c or d feature is présent the fracture is 
placed in stage III. 

It is of definite advantage to hâve CT scan or MRI 
done (if possible) for accurate measurements and early 
détection of AVN. 

Presenting Symptoms (Clinical Features) 

Depending upon the duration of fracture, the patient may 
présent with pain in the région of hip and/or referred 
pain to knee or thigh, inability to bear weight or stand on 
the injured limb and painful restriction of movements. 
Some patients (of long duration) may corne walking with 
support or even with out it but with marked limp. They 
may even be able to squat or sit cross legged. On clinical 
examination, the limb may be lying in external rotation 


with raised greater trochanter and true shortening of 1.5- 
4.0 cm. Movements at hip are painful in the initial 3- 
6 weeks. Gradually these become less painful. 
Trendelenburg sign will be positive, however, in those 
who hâve been walking for some time it may even 
become négative. 

Investigations: A good quality skiagram of pelvis 
including both hips in as identical position as possible 
from a one meter distance should be taken. The points to 
be observed are, fracture surfaces, size of the proximal 
fragment, gap between the fragments, level of greater 
trochanter and any sign of AVN or osteoporosis. 

CT Scan or MRI wherever possible can help in taking 
accurate measurements and also detect avascular necrosis 
early. 

Treatment 

There are many operative procedures used in the 
treatment of neglected fracture neck of the fémur with 
the aim of preserving the hip joint, like closed réduction 
and internai fixation with cannulated or cancellous 
screws and free fibular graft, open réduction and internai 
fixation with screws and free fibular graft, b one muscles 
pedicle graft, abduction osteotomy with internai fixation 
with DHS or double angled blade plate or 135 angled 
blade plate and McMurray's osteotomy. The choice of 
procedure dépends on the âge of the patient, duration 
(stage) of the fracture, life style and occupation of the 
patient, and his/her financial status (Figs 5A to D). 

In a patient above the âge of 55 the treatment of choice 
is total hip arthroplasty if he/she can afford it or his/her 
life style permits or he/she can adopt life style 
commensurate with total hip arthroplasty. Hemiar- 
throplasty with bipolar prosthesis or Austin Moore's or 
Thompson prosthesis are the other alternatives but their 
durability is unpredictable. 

In young patients below the âge of 55, procedures 
aimed at preserving the hip joint are preferred. 
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Figs 5A to D: (A) Fémoral neck fracture 3 years after abduction osteotomy and internai fixation with DHS; (B) Abduction 
osteotomy fixed with 150 angled paediatric blade plate; (C) Fracture of fémoral neck 8 years after internai fixation with hip screw 
and muscle bone pedicle graft; (D) Fracture of fémoral neck of four weeks duration, 34 years after McMurray's osteotomy 
(Fig. 5C for color version see Plate 42). 


Preoperative Treatment 

Skin or skeletal traction for 3-7 days is helpful in bringing 
down the greater trochanter and making the operative 
procedure relatively easy. 

In each stage the treatment options are as follows: 

Stage I 

1 . Closed réduction and internai fixation with cancellous 
or cannulated screws and free fibular graft (single or 
double) is preferred. 

2. Open réduction and internai fixation with screws and 
bone muscle pedical graft based on quadratus femoris 
or sartorius or tensor fascia femoris. 

3. Open réduction and internai fixation with screws and 
free or vascularized fibular graft. 

4. Abduction osteotomy and internai fixation with DHS 
or double angled blade plate or 135 angled blade plate. 

5. McMurray's osteotomy. 

The success rate of union of fracture in this stage is 
quite high with ail the treatment options mentioned 
above. 

Stage II 

1. Closed réduction and internai fixation with screws 
and free fibular graft double or single. 

2. Open réduction and internai fixation with screws and 
bone muscle pedical graft or free/vascularized fibular 
graft. 

These procedures succeed in achieving union in 
nearly 85% of the cases. 

3. McMurray's osteotomy and POP one and a half hip 
spica or osteotomy with internai fixation. Although 
this may not achieve union of fracture yet it improves 
the gait of the patient. 

4. Non operative treatment: If the patient has already 
started walking and can squat and cannot afford 


operative treatment or is unfit because of some health 
problem, just give appropriate shoe raise and 
encourage him to walk with support of crutches/ 
walker. In due course of time the patient may be able 
to walk with support of a stick or even without it. 

Stage III 

In this stage the size of proximal fragment may be too 
small to give hold to the implant as well as the bone graft 
or fémoral head has become avascular, the treatment 
options are: 

1. Replacement arthroplasty: Total hip arthroplasty or 
bipolar, Austin Moores or Thompson prosthesis. 

2. McMurray's osteotomy with one and a half hip spica 
or internai fixation. 

3. Non operative treatment: Patient is encouraged to 
walk with support of crutches/walker. Appropriate 
shoeraise is gives. Gradually the support is withdrawn 
and he/she may able to walk with a stick or even 
without it. 

Neglected Fracture in Children 

During the growth period there is the epiphyseal plate 
or growth plate in the proximal fragment which should 
be respected as far as possible. The choice of treatment 
is: 

1. McMurray's osteotomy and one and a half hip spica. 

2. Abduction osteotomy and internai fixation with 
pédiatrie blade plate, or pédiatrie DHS or any other 
suitable de vice. These implants should not cross the 
epiphyseal plate as far as possible. 

3. Open réduction, internai fixation and free fibular 
graft. This method succeeds in achieving union but it 
will interfère with the growth at the upper end of 
fémur resulting in appréciable shortening of the limb 
and deformity of fémoral head. 
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Complications 

1. Improper size and placement of the bone graft 
resulting in non union of fracture. 

2. Fracture of the graft if the patient starts bearing weight 
before the fracture is united. 

The treatment for both complications is total hip 
arthoplasty if the patient can afford and adopt the 
life style commensurate with THA McMurray's 
osteotomy or excision of the hip (Girdlestone's 
procedure). 

3. Avascular necrosis, late collapse of the fémoral head, 
secondary osteoarthrosis with painful hip. The 
treatment for this is: (a) Symptomatic with NSAID 
local heat and use of counter irritants, (b) Alendro- 
nates in appropriate dose hâve been reported to be 
useful in relieving symptoms in some patients. When 
this treatment fails and the symptoms interfère with 
activities of daily living total hip arthoplasty is the 
treatment of choice. In poor patients varus oesteomy, 
Girdlestone's procedure may be carried out. 

Complications at Donor Site 

• Hematoma formation 

• Weakness of extensor hallusis longus when fibular 
grafts is taken. 

• Bone muscle pedicle graft based on quadratus femoris 
may damage the posterior vessels supplying the head 
of fémur, resulting in necrosis of fémoral head. 
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227.3 Neglected Traumatic Dislocation of 

Hip in Children 

S Kumar, AK Jain 


INTRODUCTION 

Traumatic dislocation of hip (TDH) in children is a very 
rare injury. 8,15,18,21 of the 1842 traumatic hip dislocation 
reported in one sériés, only 3 occurred in children. The 
large sériés 7,19 demonstrated that this injury is 25 times 
less common in children than in adults. TDH in children 
differ from those in adults as:(i) it is less common, 
(ii) require less trauma to produce dislocation, (iii) has 
less associated injuries, and (iv) has less complication 
rates, e.g. traumatic arthritis, myositis, joint instability 
except avascular necrosis. 4 

In younger children of 2 to 5 years, where acetabulum 
is soft with pliable cartilage and generalized joint laxity, 
minimal trauma can produce TDH. As children grow, 
the amount of cartilage decreases and joint laxity résolves. 
Thus, severe force is required to dislocate hip joint and 
hâve more incidence of associated acetabular or fémoral 
shaft fracture. 

The diagnosis of dislocation of hip is usually made 
promptly by récognition of classical deformity 4,8,15 of 
adduction, flexion, and internai rotation in anterior 
dislocation 4,15 still it is not uncommon to see a delayed 
or missed diagnosis. The most potent cause of delayed 
diagnosis appears to the associated fémoral shaft 
fractures 8 (the fracture directs attention away from the 
hip and may obscure the usual deformity by its own 
displacement), misleading minor degree of trauma, 
multiple injuries and rarity of the condition. In 
developing countries, the diagnosis may also get delayed 
because of late présentation to surgeon. 

When TDH in children is so rare, it is virtually 
impossible for any one orthopédie surgeon to hâve 
managed enough number of neglected dislocations of hip 
to be authoritative on this subject. 14,15 The management 
of such cases poses a great problem as no method has 
been reported with uniform success. Twenty-eight 
unilatéral and one bilateral neglected posterior 
dislocation of hip in children hâve been reported in 
literature so far, out of which 22 hâve been reported from 
India. Anterior dislocation of hip is extremely rare and 
almost never seen in children. 4,18 No case of neglected 
anterior dislocation of hip in children has been reported 
in the available literature till date. 


Neglect is defined as a delay in réduction of more than 
72 hours. 9,14 The cases of neglected dislocation of hip has 
been classified as: 

Group I 3 days to 3 weeks 

Group II 3 weeks to 3 months 

Group III 3 months to one year 

Group IV more than one year. 

Most hips that were reduced between 3 days and 3 
months after dislocatioin do poorly because of 
development of avascular necrosis in adults. 9 Stewart and 
Milford (1954) did not find good resuit in adults in any 
instance when the réduction was not done within 
24 hours. 19 Garrett had good results in only 3 of 20 adult 
hips treated by closed and open réduction in neglected 
cases, and even suggested bad results after closed 
réduction. 9 The option of management for neglected TDH 
in adults are open réduction, subtrochanteric corrective 
osteotomy, girdlestone arthroplasty, arthrodesis, cup 
arthroplasty, endoprosthetic replacement and total hip 
arthroplasty. 9,14 

The options of management in a neglected dislocation 
of hip in children are closed réduction, open réduction, 
subtrochanteric corrective osteotomy or to leave alone 
with reconstructive surgery at adult âge. Any dislocation 
of hip if remains dislocated in a child not only leaves 
behind a deformity, limp and pain but also a shortening 
of limb and thinning of bone due to absence of stimulus 
to growth. If hip remains dislocated, the acetabulum will 
be found filled with fibrous tissue, making a concentric 
closed réduction impossible. In experimental dislocation 
in rabbits and dogs, Volkmann (1893) noted the 
appearance of fibrous tissue which was adhered to the 
cartilage in the acetabulum as early as three and half 
weeks after dislocation, while 8 to 10 weeks later the joint 
was filled with hard fibrous tissue. Miltner and Wan 
(1933) repeated these experiments and confirmed similar 
findings. 12 

Treatment 

The management of neglected traumatic dislocation of 
the hip becomes more and more difficult with the passage 
of time after injury. The réduction is difficult because of 
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Figs IA and B: (A) AP radiograph of left hip shwoing 24-weeks- 
old posterior dislocation of hip, and (B) radiograph left hip AP in 
the same patient showing failure to achieve a concentric 
réduction by heavy traction in abduction 

filling of acetabulum with fibrous tissue and contracture 
of capsule and surrounding musculature. Various options 
of management are as follows: 

Manipulation Under GA 

The manipulation may be successful only in neglect of 
short duration (2 to 3 weeks). The close réduction should 
be attempted with caution as it may lead to a fracture of 
fémoral shaft. Choyce (1924) summarized 59 cases from 
the literature and found one failure to achieve réduction 
by manipulation within the first 14 days, and only one 
case in which manipulation was successful after 14 days, 
of dislocation. 5 

Closed Réduction with Heavy Traction in Abduction (HTA) 

Closed réduction with heavy skeletal traction has been 
reported successful in neglected cases of hip dislocation 
in adult. 10 The limb is put on heavy skeletal traction for 3 
to 5 days with the facility of in-bed radiographs on 
alternate days (Figs IA and B). When the head of the 
fémur gets pulled down to the level of acetabulum, the 
limb is gradually abducted to get réduction. On achieving 
concentric réduction of the hip, the traction is reduced 
and maintained for 3 weeks. The review of literature 
revealed that this method was used in 10 neglected 
dislocation of hip in children. 4 ' 14 ' 15,18 The réduction could 
be achieved in seven out of which five were less than 
12 weeks' old dislocation. The results in these cases hâve 


been reported as satisfactory, but criteria of assessment 
of results hâve not been spelt out. In three cases where 
réduction failed, the dislocation was of more than 
12 weeks and one of those had associated fracture of 
acetabulum and head of fémur. Verma had used HTA in 
18 cases of neglected TDH in children and succeeded in 
achieving réduction in 3 cases only. 20 The duration of 
neglect of these 3 cases and of others was not reported. 
We hâve not succeeded in reducing hip in 12 such cases 
by HTA. 

Open Réduction 17 

Harris (1894) in a classical paper said that marked 
deformity, permanent disability and great suffering 
resulting from old unreduced dislocation of hip hâve led 
surgeons at ail time to resort to extreme measure to effect 
a réduction. 11 Buchanon (1920) made a forceful 
conclusion that while open réduction in old luxation is 
usually difficult and not altogether devoid of danger, it 
is the operation of choice. 3 Delagarde (1861) attempted 
first unsuccessful open réduction in a neglected traumatic 
dislocation of hip. 6 Polaillon (1882) performed first 
effective open réduction, but patient died of gas bacillus 
infection. 16 Shea (1961) reported a good functional 
outcome following an open réduction in an adult 
neglected dislocation of hip, while Nixon (1926) 
performed open réduction in 3 such adult cases. 13 Only 2 
cases of open réduction in neglected TDH in children has 
been reported in international literaturel4,18 and 14 cases 
in Indian literature with satisfactory outcome. 20 Both 
reports lack criteria to analyze the results and Indian 
sériés is of a short follow-up. 

We performed open reductioin in 12 cases of neglected 
TDH varying from 6 to 52 weeks duration (Figs 2A and 
B). The results were (criteria of Garrett et al ) excellent in 
11 and good in one. 

Author’s Preferred Method 

A neglected TDH in children of less than 2 weeks should 
be subjected for gentle manipulation and closed réduction 
under general anesthésia. Ail those more than 2 weeks' 
old should be put on heavy skeletal traction for 5 to 7 
days. The radiographs should be done inbed to ascertain 
the position of fémoral head and if found at the level of 
acetabulum, HTA should be continued. In case the 
réduction of head of fémur is not concentric, any duration 
of neglect should be considered for open réduction. 

The open réduction is undertaken with a latéral 
approach and to be held with a K wire through neck and 
head of fémur to superior part of acetabulum.The patient 
should be put on skeletal traction. K wire can be removed 
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Figs 2A and B: (A) AP radiograph of left hip of the same patient 
one-year old and (B) 2 years after open réduction showing 
preserved joint space. 


at 3 to 4 weeks. The patient is allowed in-bed active flexion 
and extension exercise for another 3 weeks. The limb is 
kept nonweight-bearing with active exercises for 12 
weeks, and later when hip regains painless motion full 
weight bearing can be allowed. 

Avascular Necrosis (A VN) 

AVN is undoubtedly a complication which is diagnosed 
at varying interval following dislocation. During the first 
year,two-third patients show the radiological changes 
suggestive of AVN. While 92% will show at the end of 
two years. 2 The pattern of AVN falls in two groups. 

Group A (Chïldren under 12 years): The AVN is seen 
radiologically as increased radiodensity, flattening, 
definite fragmentation and reossification of capital 
fémoral epiphysis. The damage to growth plate consists 
of defect of metaphysis leading to shortening of fémoral 
neck, coxa vara, coxa valga or widening of fémoral neck. 
With mild damage to the ossifie nucléus and growth plate, 
the fémoral head regains its normal shape and height. 

Group B (Chïldren 12-15 years): Growth disturbances 
are mild as changes are restricted to fémoral head 
resulting in slight or moderate deformity of fémoral neck. 
The radiological changes are similar to the changes 
occurring in AVN of fémoral head in adult. 

The children who are older than 5 years with severe 
trauma, having a delayed réduction are more likely to 
develop AVN. 1,15 Open réduction increases the incidence 
of AVN. 15 While prolonged absenteeism from weight 
bearing does not prevent AVN. 1 

The incidence of AVN hâve been reported from 4 to 
10% on a long-term follow-up of fresh TDH in children. 15 


No therapeutic measures hâve been shown to definitely 
influence the natural history of AVN. 2 
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Neglected Trauma in 
Spine and Pelvis 


GS Kulkarni 


Neglected Injuries of the Pelvic Ring 

Fractures and dislocations of pelvis are common. Often 
the villager présents several weeks, months, or years after 
the initial injury. He or she présents with the complaints 
of pain and complications are: (i) pain in the back due to 
instability of the fracture, (ii) limb length discrepancy, 
(iii) bladder and uréthral damage, (iv) sciatic nerve palsy, 
and (v) the risk of potential obstructed labor in women 
of child-bearing âge. Chronic pain in sacroiliac joints or 
elsewhere due to disruption of major joints or soft tissue 
injury puts an added strain on neighboring joints. Early 
correct management of a severe injury of the pelvis is 
often easy. Attempts to realine or reconstruction of pelvis 
weeks or months after injury may be extremely difficult 
or impossible. 1 

Inspite of cancellous nature of pelvic. Nonunion can 
occur in the pelvic though rarely. The most common 
symptom is sacroiliac pain secondary to instability of the 
posterior sacroiliac complex. Usually there is a particular 
share fracture. 

Anterior pelvic nonunions are rarely symptomatic 
and only occasionally require treatment. 

Neglected unstable pelvis fractures may resuit in 
pelvic nonunion and bone instability during walking. 
Majority of the stable fractures, however, unité even 
without treatment. The most common symptoms of 
neglected pelvis fracture is sacroiliac pain secondary to 
instability of the posterior sacroiliac complex. Nonunion 
of the anterior pelvis is rare but can occur with any 
fracture mechanism. Séparation symphysis pubes more 
than 1 inch is symptomatic and requires fixation by 
plating (Figs IA and B). The only absolute indication for 
surgery is pain unrelieved by nonoperative treatment. 
Iliac bone fracture may occasionally présent as nonunion. 
If symptomatic needs internai fixation. 


POSTERIOR NONUNION 

Posterior nonunion of pelvis présent as pain and 
instability during walking. If symptomatic, needs anterior 
plating. 

SACRAL NONUNION 

Sacral nonunion are approached properly and fixed with 
screws from sacrum to iliac. 

Nonunion of iliac wing is rare but is usually easy to 
correct. Lag screw is placed from the anterior iliac crest 
across the fracture site and into the body of the ilium. 
Augment this with a wide 4.5 mm dynamic compression 
plate, fixing at least four cortices on either side of the 
fracture site. Bone grafting is usually necessary. 

Malunions of the pelvis are much more common than 
nonunions; however, little information is available in the 
literature regarding these challenging problems. 

Bucholz has described the displacement of vertical 
shear fractures as being posterior, cephalad, and 
externally rotated, leading to a very prominent posterior 
superior iliac spine. 

Vertical shear fracture is the most common cause of 
pelvic malunion because it is the most unstable fracture 
and, therefore, the most difficult to maintain in a reduced 
position. Solid fixation of the pelvic ring both posteriorly 
and anteriorly is recommended. Maninstay of treatment 
is direct fusion of the sacroiliac joint. 

Limb Length Discrepancy 

Neglected pelvis fracture especially the vertical fracture 
may présent with limb length discrepancy (LLD). To 
correct LLD, there are two options: (1) modified Salter's 
osteotomy with lengthening of the pelvis. (2) Second 
option is lengthening fémur or tibia. If the LLD is more 
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Figs 1A and B : Three months old pelvic fracture with séparation 
of symphisis pubes of 3 cm. This was fixed with plate and four 
screws 


than 2 cms. Correction of LLD is required. In the modified 
Salter's osteotomy a block of bone is used instead of a 
wedge of bone. This usually will allow an increase of 2 to 
2.5 cm in leg length. 

The third option is a simple shoe raise may com- 
pensate for shortening. In many late cases, little can be 
done to correct the already, united and Consolidated 
pelvic deformity. In women of child-bearing âge, the 
deformity may cause difficulties with labor necessitating 
a cesarean section. 1 
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229 ^: Functional Anatomy 

of the Hand, Basic Techniques 

and Réhabilitation 


PP Kotwal 


Human hand has been designed for grasping, précisé 
movements and to serve as a tactile organ. 

Surface Anatomy 

Skin creases and bony prominences can be used to locate 
subcutaneous structures. The distal interphalangeal (DIP) 
and proximal interphalangeal (PIP) creases rest over the 
DIP and PIP joints. The palmar digital crease (PDC) is 
actually located over the middle of the proximal phalanx. 
Under the distal palmar crease lies the metacarpo- 
phalangeal joint (MCP) of the middle, ring and little 


fingers whereas the proximal palmar crease lies over the 
MCP joint of the index finger (Figs IA and B). The 
transverse carpal ligament can be located at the base of 
the hand, with its proximal boundary being at the distal 
wrist crease and its distal boundary along the cardinal 
line. The cardinal line courses from the hook of the 
hamate to the ulnar base of the thumb. The thenar branch 
of the médian nerve can be located based on the 
intersection of a longitudinal line from the second web 
space to the scaphoid tubercle with a horizontal line from 
the hamate hook to the radial edge of the MCP crease of 



Figs IA and B: (A) Hand showing wires positioned at the skin creases of fingers and palm. 
(B) Radiograph of hand showing that palmar digital crease lies at the middle of proximal 
phalanges and distal palmar crease lies at the MCP joints (Fig. IA for color version see 
Plate 42) 
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Fig. 2: Hand showing a line drawn along the distal limit of 
superficial palmar arch 

the thumb. A transverse scar just distal to the flexor 
retinaculum may be suggestive of injury to the superficial 
palmer arch (Fig. 2). A Knowledge of these surface 
landmarks helps in carpal tunnel release procedures and 
in preventing injury to the médian nerve. 

Skeleton of the Hand 

The shape of the hand helps to form strong grip and also 
to hâve a wide freedom of movements. This function is 
achieved by a bony skeleton of many small bones and its 
association with the fibrous skeleton. The skeleton of the 
hand is divided into five rays, each ray making up a 
polyarticulated chain of the metacarpals and phalanges. 
The base of each metacarpal articulâtes with the distal 
row of the carpus. The carpus articulâtes with the forearm 
through its proximal row. The thumb ray is the shortest 
and is made up of only three bones. The first ray continues 
with the external column of carpus formed by the 
scaphoid and trapezium. The first metacarpal makes an 
angle of 45% with the second metacarpal in the sagittal 
plane which will explain the gap between the thumb ray 
and palm. This helps in opposing the thumb to other 
fingers. The thumb ray is more mobile, shorter and more 
proximal than other s. The ulnar three digits are flexed 
obliquely and only the index finger flexes in a sagittal 
plane. The more ulnar the digit, the more obliquely it is 
flexed towards the médian axis. Thus, when the last four 
digits are flexed separately at the metacarpophalangeal 



Fig. 3: Hand showing the flexed last four digits at MCP and 
PIP joints with their axes converging towards the scaphoid 


joint and proximal interphalangeal joint, their axes 
converge towards the scaphoid (Fig. 3). 

Fibrous Skeleton 

Superficial palmar fascia stretches between the flexor 
retinaculum, which forms their proximal boundary, and 
the root of the fingers, which is their distal limit. Deep 
fascia of hand forms the flexor retinaculum, palmar 
aponeurosis and fibrous flexor sheaths. Flexor 
retinaculum is a fibrous band which bridges the anterior 
concavity of the carpals and converts it into a tunnel 
(flexor carpal tunnel). Structures passing deep to flexor 
retinaculum includes médian nerve, radial bursa, ulnar 
bursa, tendons of FDS, FDP and FPL. Compression of 
médian nerve at this site results in carpal tunnel 
syndrome. Palmar aponeurosis is the thickened deep 
fascia of the central part of palm. It covers the superficial 
palmer arch, long flexor tendons, terminal part of médian 
nerve and superficial branch of ulnar nerve. It is 
triangular in shape and divides into 4 slips opposite the 
metacarpal heads of médial four fingers. Each slip divides 
into two parts which are continuons with the fibrous 
flexor sheath. The flexor tendons and the neurovascular 
bundles emerge through the intervals between the slips. 
Thickening and contracture of aponeurosis results in 
Dupuytren's contracture. Fibrous flexor sheath forms 
osteofascial tunnel containing the long flexor tendon 
enclosed in the digital synovial sheath. The palm has three 
spaces (thenar, hypothenar, and midpalmar) of surgical 
importance. 
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Fig. 4: Cross-section of hand showing midpalmar and thenar space 


Midpalmar Space (Fig. 4) 

It is a triangular space extending from distal margin of 
the flexor retinaculum to the distal palmar crease. 
Anteriorly it is bounded by flexor tendons of 3rd, 4th and 
5th fingers, 2-4th lumbricals and palmar aponeurosis. 
Posteriorly it is bounded by fascia covering interossei and 
metacarpals. It is bounded medially by médial palmar 
septum and laterally by intermediate palmar septum. 

Thenar Space (Fig. 4) 

It is triangular space extending from distal margin of 
flexor retinaculum to the proximal transverse palmer 
crease. It is bounded anteriorly by short muscles of thumb, 
flexor tendon of index finger, lst lumbrical and palmar 
aponeurosis. It is bounded posteriorly by transverse head 
of adductor pollicis and medially by intermediate palmar 
septum. It is bounded laterally by tendon of FPL with 
radial bursa and latéral palmar septum. 

Hypothenar Space 

It extends from ulnar palm to 5th metacarpal and is 
localized to hypothenar muscles and its fascia. 

Flexor Zones of the Hand 

Zone V extends from the muscle tendon junction to the 
entrance of the carpal canal. Zone IV lies deep to the 


transverse carpal ligament, where the flexor digitorum 
superficialis of the long and ring fingers lie directly 
palmar to those of the index and small fingers. The flexor 
digitorum profundus tendons travel deep to the tendons 
of flexor digitorum superficialis. Zone III is the région 
from the distal edge of the transverse carpal ligament to 
the proximal aspect of the fibro-osseous flexor sheath at 
the palmar crease. Zone II extends from the distal palmar 
crease to the distal aspect of the insertion of the flexor 
digitorum superficialis tendon. Zone I is distal to the 
insertion of the flexor digitorum superficialis (Fig. 5). 

Pulleys of Flexor Tendons 

There are five annular pulleys and three cruciform 
pulleys in the fingers (Fig. 6). The Al, A3, and A5 pulleys 
originate from the palmar plates of the metacarpo- 
phalangeal, proximal interphalangeal, and distal 
interphalangeal joints, respectively. A2 and A4 pulleys 
lie against the proximal and middle phalanges respec¬ 
tively. The cruciform pulleys are thin and are located 
between the A2 and A3 pulleys (Cl), between the A3 and 
A4 (C2), and between the A4 and A5 pulleys (C3).The 
main rôle of these pulleys is to keep the finger aligned 
during flexion and prevent bowstringing of tendons. 
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Extensor Compartments of the Hand 

On the dorsal aspect of the wrist there are 6 compartments 
(Fig. 7). These compartments prevent bowstringing of the 
extensor tendons and provide reliable landmark for 
surgical approaches. The first compartment contains the 
tendons of abductor pollicis longus (APL) and extensor 
pollicis brevis (EPB).This represents the anatomical snuff- 
box. Tenosynovitis is common in this compartment and 
is known as de Quervain's disease. 

The second compartment is located on the radial side 
of the Lister's tubercle and it contains Extensor Carpi 
Radialis Longus and Brevis (ECRL and ECRB). 
Tenosynovitis is commonest in this région and is known 
as intersection syndrome. The third compartment 
contains extensor pollicis longus (EPL). It defines the 
ulnar boarder of the anatomical snuff-box. Rupture of 
the tendon occurs during fracture of the distal end of 
radius or its attrition is common due to rheumatoid 
arthritis (RA). The fourth compartment contains extensor 
digitorum communis (EDC) and extensor pollicis indicis 
(EPI). The primary tenosynovitis is rare in this région and 
occurs due to RA. The fifth compartment contains 
extensor digiti minimi (EDM) and extensor digiti quinti 
(EDQ). Attritional rupture occurs due to dorsally 
displaced ulnar head or due to synovitis of RA.The sixth 
compartment contains extensor carpi ulnaris (ECU). 

Joints of the Hand 

The hand has complex joints containing the radiocarpal, 
intercarpal, carpometacarpal, metacarpal, and interpha- 
langeal joints. 



Abductor pollicis longus 
extensor pollicis brevis 


Fig. 7: Extensor compartments of hand 
Radiocarpal Joint 

This joint constitutes the distal articular surfaces of the 
radius and the scaphoid, lunate, and triquetralbones. An 
articular disk is présent between the distal and proximal 
osteal structures. The proximal articular surface has a 
shallow dépréssion, and the distal articular surface has a 
protrusion. It is a synovial joint and is spherical in shape. 
Radial and ulnar collateral ligaments strengthen both 
sides of the joint. Palmar and dorsal radiocarpal ligaments 
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cover the back and front of the wrist joint. The anterior 
interosseous nerve and a deep branch of the radial nerve 
innervate it. The main movements of the wrist joint are 
flexion, extension, abduction, and adduction. The wrist 
can be moved in circumduction when a combination of 
these movements is used. 

Intercarpal Joints 

Intercarpal joint lies between the distal and proximal row 
of the carpal bones and between every individual carpal 
bone. It is a synovial and plane-type joint. 


Carpometacarpal Joints 

The 2nd, 3rd and 4th metacarpals articulate with the 
capitate. The 2nd metacarpal articulâtes with three carpal 
bones namely trapezium, trapezoid and capitate. The 2nd 
and 3rd carpometacarpal joints are practically immobile. 
The first carpometacarpal is saddle shaped where as 4th 
and 5th are hinged shaped synovial joints. 

Metacarpophalangeal joints: The 5 MCP joints are 
located between the head of the metacarpal bones and 
the base of the proximal phalanges. They are synovial 
condyloid joints surrounded by a synovial capsule. The 


TABLE 1 : Intrinsic musculature of the hand 


Muscle 

Origin 

Insertion 

Action 

Nerve supply 

Lumbricals(4) 

Tendons of the flexor 
digitorum profundus 
of index through 
small fingers 

Radial side of the 
dorsal aponeurosis of 
the second to fifth 
fingers 

Flexion of the MCP 
joints and extension 
of the interphalangeal 
joints 

Radial 2 by médian nerve, 
ulnar 2 by ulnar nerve 

Palmar interossei(4) 

The first one from the 
ulnar surface of the shaft 
of the second metacarpal, 
the other 2 from the radial 
surfaces of the shaft of the 
fourth and fifth metacarpal 

The ulnar side of the base 
of proximal phalanges of 
second finger and radial side 
of the proximal phalanges of 
the fourth and fifth fingers 

Adduction of the fingers Deep branch of the 
toward the center of ulnar nerve 

third finger, flexion of the 

MCP joints, and extension 
of the interphalangeal joints 

Dorsal interossei(4) 

Adjacent side of shaft of 
the metacarpals 

Radial side of the base of the 
proximal phalanges of second 
and third fingers and ulnar side 
of the proximal phalanges of the 
third and fourth fingers 

Abduction of the fingers, 
flexion of the MCP joints, 
and extension of the 
interphalangeal joints 

Deep branch of the ulnar 
nerve 

Abductor pollicis 
brevis 

Scaphoid trapezium and 
flexor retinaculum 

Radial side of the base of 
proximal phalanx of the thumb 

Abduction of the thumb 

Médian nerve 

Flexor pollicis brevis 

Flexor retinaculum 

Radial side of the base of 
proximal phalanx of the thumb 

Flexion of the thumb 

Médian nerve 

Opponens pollicis 

Flexor retinaculum 

Radial sides of the shaft of 
first metacarpal 

Opposition of the tip of 
the thumb to the tips of 
other 4 fingers 

Médian nerve 

Adductor pollicis 

It has 2 heads: an oblique 
head from shaft of the third 
metacarpal and from the 
capitate; and a transverse 
head from the anterior 
surface of the shaft of 
third metacarpal bone 

Two heads join each other and 
insert onto the médial side of the 
base of proximal phalanx of the 
thumb 

Adduction of the thumb 
at the carpometacarpal 
and MCP joints to obtain 
thumb key pinch 

Deep branch of the ulnar 
nerve 

Abductor digiti 
minimi 

Pisiform bone 

Ulnar side of the base of 
proximal phalanx of the 
little finger 

Abduction of the little 
finger at the MCP joint 

Deep branch of the 
ulnar nerve 

Flexor digiti minimi 

Flexor retinaculum 

Ulnar side of the base of 
proximal phalanx of the 
little finger 

Flexion of the little 
finger at the MCP joint 

Deep branch of the 
ulnar nerve 

Opponens digiti 
minimi 

Flexor retinaculum 

Ulnar border of the 
whole length of the shaft of 
fifth metacarpal 

Contraction of the tip of 
the little finger to the tip 
of the other 4 fingers 

Deep branch of the ulnar 
nerve 
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Fig. 8: Superficial palmar arch 


capsules of these joints are pliable in the front and back 
and rigid on the sides. Metacarpal head is narrow dorsally 
and because of the projection of the condyle anteriorly 
the collateral ligaments are tight in flexion and relaxed 
in extension. The capsules are also tight in flexion. 
Utilizing these facts during immobilization the hand is 
kept in James position (flexion of the MCP joint and 
extension of the IP joints). 

Interphalangeal Joints 

These are located between the phalanges and are synovial 
hinge joints. Interphalangeal joints can be flexed or 
extended. Palmar and collateral ligaments support the 
joints in the front and sides. They are also supported by 
the accessory ligament whose origin is similar to collateral 
but they insert into the volar plate. The volar plate is thick 
over the distal insertion. During traumatic ruptures 
thicker portions ruptures first. 

Intrinsic Muscles of the Hand 

The intrinsic muscles are located in the palmar side of 
the hand and occupy the space between the metacarpals. 
The thenar and hypothenar eminences are primarily 
produced by the bulk of these muscles. The intrinsic 
muscles of the hand has been described in the Table 1. 


Arterial Arches of Hand 

The arterial supply to hand is by radial and ulnar arteries. 
They form superficial and deep palmer arch. 

Superficial Palmar Arch 

It is formed by the direct continuation of ulnar artery 
beyond the flexor retinaculum. It is completed by one of 
the branches of radial artery (superficial palmar branch, 
radialis indicis, princeps pollicis) on latéral side. It gives 
off 4 digital branches which supply médial 3Vi fingers 
(Fig. 8). 

Deep Palmar Arch 

It is formed by the direct continuation of radial artery 
beyond the gap between the two heads of adductor 
pollicis. It is completed at the base of the fifth metacarpal 
bone by the deep branch of ulnar artery. It gives off 3 
palmar metacarpal arteries which terminâtes by joining 
the common digital branches of the superficial palmar 
arch. 

BIBLIOGRAPHY 

1. Boyes JH. Bunell's surgery of the hand (5th ed) Lippincot: 
Philadelphia 1970;112. 

2. Landsmeer JMF. Atlas of Anatomy of the Hand Churchill 
Livingston, Edinburgh 1976;48-62. 















INTRODUCTION 

The musculoskeletal apparatus of the limbs is made up 
of bones, which are rigid éléments, connected to one 
another at joints, which are movable linkages. The System 
is capable of being held stable in different positions as 
well as moving from one position to another by muscles. 
The muscles are contractile éléments which act like 
springs, directly, or at distance through tendons which, 
like long cables, transmit the forces generated by muscles. 
Therefore, the functioning of this System can be 
understood by studying it as one would study a man- 
made mechanical System, applying the same principles. 
That would help us to understand these Systems and 
develop mechanically sound strategies when the System 
fails for some reason or the other. Such an approach has 
been found to be most fruitful in the study of deformities 
involving the hand and its members. 

Stability 

When the System stays in one position or posture without 
moving, it is said to be stable in that position. Articular 
Systems including those of the hand are stable in ail the 
postures normally permitted in them. When we say an 
articular System is not stable in a posture or position, we 
are referring to the fact that the System is not able to reach 
that position, and even when it is passively set in that 
position, it is unable to hold it and stay in that position. 

Stability of an articular System is dynamic in the sense 
that it is the net resuit of roces acting on the System from 
different directions. These forces include those generated 
by muscles which are themselves an intégral part of the 
System, as well as other forces from outside the System, 
including the gravitational force. 


The factors that contribute to the stability of an 
articular System are: 

i. The geometry of the articular surfaces, 

ii. The ligaments, and 

iii. The muscles. 

The configurations of the articular surface govern the 
stabilities and détermine the directions of movement only 
in a broad way, by providing for, or excluding, certain 
options. Ligaments, being nonextensile, resist movements 
in certain unwanted directions, whereas muscles generate 
forces to cause the System to move or be stable in certain 
other, permitted and favored, directions. The standard 
clinical methods of testing the integrity of a ligament 
consists of assessing its ability to resist movement in an 
appropriate nonfavored direction forced on the System 
by the examiner. 

Secondly, an external force acting on an articular 
System will tend to move the sytem in the direction in 
which it is acting. These external forces are (except for 
the gravitational force) reactions in response to "actions", 
i.e. forces exerted by the articular System. When we take 
hold of an object, the pressure of the hand on the object 
evokes in the object a reaction equal in magnitude and 
opposite in direction. This "reaction" is an external force 
and that will tend to move the articular System. The 
System should be able to resist it. Active contraction of 
appropriate muscles provide the necessary force needed 
to counteract the external force. In this manner, muscles 
contribute to external stability of articular Systems. 

It was mentioned earlier that internai stability is a 
dynamic State of balance of ail the forces acting on the 
articular System from different directions. When there is 
paralysis of one muscle (or one set of muscles), the pattern 
of forces acting on the System is altered. Force is not 
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available in some directions, and the System loses its 
ability to move towards or remain stable in those 
directions. A new position of stability is imposed on the 
System by the new pattern of forces. The System shifts or 
collapses into the new posture of stability and is unable 
to move away from that position. This inability to move 
away from an undesired posture to a desired posture is 
seen as deformity (e.g. drop wrist, claw hand). In certain 
pathological States, a deforming force causing the 
undesired posture may be generated in other soft tissue 
structures, particularly scar tissue, as explained later. 

Muscle paralysis affects external stability as well. 
When there is no functioning muscle to resist an external 
force in a spécifie direction, the System "gives way" or 
yields to the external force. This is experienced by the 
affected person as "weakness" or "loss of power". 

Monarticular System 

The term "articular System" is used here to described a 
System composed of one or more joints, and is moved by 
muscles. The simplest model of an articular System is 
the monarticular System composed of two bones meeting 
at one joint which has only one degree of freedom of 
movement (monoaxial) and is activated (or stabilized) 
by two opposing muscle-tendon units (E and F in Fig. 1). 
Thus, this is a bitendinous nonarticular System. Two 
antagonstic tendons, one on each side, are necessary for 
the System to remain stable in a range of positions. The 
two tendons, E and F can fully control the System 
permitting stability in any posture (within anatomical 
limits), by adjusting their lengths and the forces residing 
in them. Thus, internai stability is assured in this System. 



Fig. 1 : Monarticular System—conditions for internai stability 


A monarticular System develops instability and 
conséquent deformity (inability to move away from an 
undesired posture), when the force moment on one side 
of the joint is not adequately counterbalanced by an equal 
and opposite force moment. The imbalance may be 
caused by weakness or paralysis of the concerned muscle 
or rupture or severance of its tendon (Fig. 2). In both 
situations, there is a relative increase in the force on the 
opposite side causing the System to move towards that 
side. Imbalance may also be caused by an absolute 
increase in the force moment on one side. Typically, this 
happens when there is a scar at the subeutaneous plane 
on one side of the joint. When the muscle on the opposite 
side contracts, the scar bocomes tight, i.e. generates a force 
which has a far greater moment arm, because of its 
subeutaneous location far away from the joint than the 
tendon on the other side. Hence, the force moment 
developed by the scar is much greater than that of the 
opposing tendon, causing instability and deformity (scar 
contracture). Increasing the force in the tendon makes 
the situation only worse because that correspondingly 
increases the tension in the scar and so the deforming 
force moment exerted by the scar increases still further. 

Biarticular Chain Model 

The hand is constructed as an articulated System or a 
chain of joints. A useful model pertaining to an articulated 
System is the biarticular chain model, whose properties 
hâve been elaborated by Landsmeer. This model, applied 
to the finger and thumb, has been found extremely useful 
in clarifying many aspects of finger movements, 
deformities and electromyographic kinesiology of the 
finger. 

The biarticular chain model consists of three bones 
linked at two joints (I and II), and the System is activated 
as well as stabilized by two antagonistic tendons attached 
to the terminal bone (Fig. 3). 

The proximal bone is considered immobile, each joint 
is considered to be monoaxial, having one degree of 
freedom of movement, and no soft tissue structures other 
than the two antagonistic tendons are considered. An 
essential feature of the model is that the middle bone is 
"intercalated" and has no tendons attached to it. 

Let E and F be the value of forces carried in the two 
tendons respectively. Let a and c be the moment arms of 
E at joints I and II respectively, and let b and d be the 
moment arms of F at joints I and II respectively. It is 
évident that for the System as a whole to be in equilibrium, 
both joints I and II will hâve to be in equilibrium. From 
this it follows: (i) that the opposing force moments at each 
joint are equal, (ii) that the ratio of opposing force 
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Fig. 2: Monarticular System — conditions 


for internai stability 




Fig. 3: Biarticular System—conditions for internai stability 

moments at each joint is unity, and so, and (iii) the ratios 
of moment arms of opposing forces at both the joints are 
equal, as shown below. 

E a = F b, and E c = F d (1) 

E a/F b = 1, and E c/F d = 1 (2) 

E a/F b = E c/F d, or a/b = c/d (3) 

This then is the condition for internai stability of a 
biarticular bitendinous System with an intercalated 



F 

Fig. 4: Biarticular System—conditions for external stability 


bone—the ratios of moment arms of opposing tendons 
at the two joints should be equal in any given posture. 
When the ratios of moment arms are not equal, i.e. when 
a/b >/< c/d, the System will collapse in a zig-zag 
position. Landsmeer has shown that the zig-zag collapse 
will take place in a direction determined by whether the 
situation is a/b > c/d or a/b < cd. When the situation is 
a/b > c/d, the System will collapse with joint I tending 
to move towards E, (i.e. E becomes dominant at Joint I) 
and joint II tending to move towards F, (i.e. F becomes 
dominant at Joint II). In the contrary situation, i.e. when 
a/b < c/d, the articular System will collapse in the reverse 
direction, joint I tending to move towards flexion and 
joint II tending to move towards extension. 

The collapse continues until one of the joints has 
reached its end position, i.e. cannot move any more 
without loading one or the other tendon. This position is 
termed the "functional endposition". 

The bitendinous biarticular System outlined above 
(Fig. 4) exhibits a few other properties. The two tendons 
acting singly or together, can move only one of the two 
joints only under the following situations, since each 
tendon crosses both joint. The conditions under which 
independent movement of one joint becomes possible are: 
(i) one joint has reached its end position and the tendon 
continuous to act, in which case the other joint will be 
moved away from its end position, since, from then on, 
the tendons load each other reciprocally, or (ii) movement 
is abolished in one of the two joints, or (iii) one or both 
joints are stabilized by additional forces which will 
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counter the collapse and are antagonistic to the end 
positions of the two joints. 

Finger Deformities 

In view of the foregoing description, it whould hâve 
become clear that we can look upon deformities involving 
finger joints as collapse modes of existence of the articular 
Systems of the finger. Such a collapse could incolve only 
one joint (monarticular collapse) like the DIP or MCP 
joint, or it could involve the biarticular System of MCP- 
PIP joints or that of PIP/DIP joints, or the entire 
articulated System may be affected. The cause of collapse 
is intability or disequilibrium resulting from absolute or 
relative increase or diminution in one or more of the force 
moments acting on the System. Such a change alters the 
stability and the System collapses into a position 
compatible with the new conditions. Deformities of 
fingers are classified and briefly discussed in the 
following paragraphs from this view point. 

Deformities Resulting from 
Disequilibrium in a Monarticular System 

As mentioned previously, a monarticular System will be 
in equilibrium if the opposing force moments (not forces) 
are equal. Otherwise, disequilibrium and deformity 
resuit. Isolated deformities of DIP joint and MCP joint 
fall in this category. 

1. Excessive flexing force moment aï DIP joint results in 
"mallet finger" deformity, in which the DIP joint has 
collapsed in flexion. Typically, this condition occurs 
when there is disjunction of the terminal tendon of 
the extensor apparatus due to severance or tuprue, 
and consequently, there is a relative increase in the 
flexing force moment. There is no stabilizing force on 
the extensor side, and so the monarticular System of 
DIP joint is stable only in flexion. Correction requires 
restoration of the stabilizing force. A similar condition 
may develop due to an absolute increase in the flexing 
force moments because of scar (on the flexor side of 
the joint). Attempts at actively extending the joint only 
generates a flexing force in the scar which cannot be 
balanced because of its greatly increased moment arm. 

2. Excessive extending force moment at DIP joint causes the 
terminal phalanx to collapse in extension since the 
joint is stable only inextension. The excess may be 
relative as after paralysis or severance of flexor 
profundus or absolute as after dorsal scarring. 

3. Diminished extending force moment at the MCP joint atone 
occurs when the long extensor is paralyzed or an 
extensor tendon is eut. This results in the deformity 
of "dropped finger", in which the MCP joint remains 


flexed and cannot extend or stay in extension, i.e. 
because the MCP joint is unbalanced due to lack of 
extending force moments to counter the flexing forces. 
The IP joints are stabilized by the intrinsics on the 
dorsal side and long flexors on the volar aspect. 

4. Diminished flexing force moments at the MCP joint atone 
does not occur. That is because the long flexors and 
the interossei which provide the flexing force 
moments at this joint, also act on the PIP joint 
simultaneously, making the MCP-PIP joints System 
function as a biarticular chain. 

Deformities Resulting from Disequilibrium in the 
MCP-PIP Joints Biarticular System 

The conditions for stability of a bitendinous biarticular 
System hâve been described earlier. Here, we see how 
certain deformities of the finger are explained on that 
basis. 

1. Claw-finger deformity: In this deformity, the finger 
collapses in extension at the MCP joint and flexion at 
the PIP joint. When the person attempts to straighten 
the finger actively. The MCP joint goes into further 
extension (hyperextension), and the PIP joint still 
remains incompletely extended or semiflexed. If we 
passively straighten the finger and then it go, asking 
the affected person to keep it in the straight position, 
the finger collapses into the claw position with 
hyperextension at the MCP joint and semiflexion at 
the PIP joint. This types of collapse of the finger occurs 
when there is a relative or absolute increase in the 
extending force moments with respect to the flexing 
force moments at the MCP joint, compared to that at 
the PIP joint, as already explained. 

Paralytic claw deformity: When there is paralysis of intrinsic 
muscle, their contribution to the flexing force moment at 
the MCP joint is lost resulting in a relative increase in the 
extending force moment at this joint. Simultaneously, 
contribution to the extending force moment at the PIP 
joint is also lost, resulting in a relative increase in the 
flexing force moment at this joint. This results in the claw 
deformity—the stable collapse mode of the finger—when 
the straight position is attempted. 

According to the biarticular model, it should be 
possible to extend the PIP joint fully, after the MCP joint 
had reached its end position of hyperextension. I real life 
in the paralytic claw hand, however, much the patient 
may try, the long extensor is unable to extend the PIP 
joint fully. That is because, the extensor tendon is tethered 
at the MCP joint level by the transverse lamina (also 
known as sagittal band) which diverts the extensor force 
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to itself instead of allowing it to pass on to the extensor 
apparatus. Preventing hyperextension of the MCP joint 
prevents such diversion and permits full extension of the 
PIP joint (Beevor and Bouvier phenomenon). this is made 
use of in corrective procedures like volar capsular 
shortening, dermadesis, etc. 

Nonparalytic claw deformity: An absolute increase in the 
extending force moments at the MCP joint occurs when 
the dorsal skin becomes less elastic (scleroderma), or 
when there is dorsal scarring at the MCP joint level. Any 
attempt to flex the MCP joint generates counter forces in 
the skin or scar of equal magnitude. These forces being 
located at skin level, hâve themaximum possible 
momentary an so cannotbe balanced by the flexing forces, 
resulting in an instability in favor of extension at the MCP 
joint, and development of "nonparalytic" claw deformity 
of the fingers. 

2. Swan-neck deformity: This deformity is the reverse of 
claw deformity. In this condition, the MCP/PIP joints 
System of the finger collapses with the MCP joint in 
flexion and PIP joint in extension (usually 
hyperextension), and the DIP joint is invariably flexed. 
Such a collapse occurs because of a relative or absolute 
increase in the flexing force moments, with respect to 
the extending force moments, at the MCP joint 
compared to that at the PIP joint. That changes the 
equilibrium conditions in favor of flexor dominance 
at the MCP joint and extensor dominance at the PIP 
joint. Such a situation arises: (i) when the momentary 
of the long flexor at the MCP joint is increased due to 
disease (distension of the joint in rheumatoid arthritis) 
or deliberately as after flexor pulley advancement 
procedures, (ii) when the tissue on the volar side of 
the MCP joint is too short or too tight (excessive 
shortening of volar capsule, i.e. overcorrection by 
capsulorrhaphy), (iii) when there is excessive tension 
in the transferred tendon when paralytic claw finger 
deformity is corrected by tendon transfer procedures, 
and (iv) contracture of intrinsic muscle, particularly 
the interossei, as after ischémie necrosis or due to 
postinflammatory fibrosis. In the last two conditions, 
the tight structure adds to the flexing force moments 
at the MCP joints, while simultaneously it also adds 
to the extending force moments at the PIP joint. The 
saw-neck deformity is also known as "intrinsic puise" 
deformity and reaches its florid forms, causing very 
severe disability, when highly supple and 
hypermobile hands with paralytic claw deformity are 
corrected using the original BunnelTs operation of 
shifting the insertion of each flexor superficialis 
tendon to the dorsal expansion over the proximal 
phalanx of each finger. 


Deformities Resulting from Disequilibrium of the 
PIP/DIP Joints Biarticular System 

The stability conditions and one pattern of collapse of 
this System under spécifie assumed conditions (no centrla 
tendon, no superficialis tendon) has already been 
described. This biarticular System can collapse in a zig¬ 
zag fashion in two different ways (i) with the PIP joint in 
flexion and DIP joint in extension (boutonnière and 
pseudoboutonniere deformities), and (ii) with PIP joint 
in extension (usually hyperextension) and DIP joint in 
flexion (pseudoswan-neck or sublimis minus 
deformities), as described below. 

1. Boutonnière deformity (buttonholing deformity): It occurs 
typically when the central tendon of the extensor 
apparatus inserting in the base of the dorsum of the 
middle phalanx is severed, ruptured or attenuated. 
The finger collapses with the PIP joint in flexion and 
the DIP joint in extension. In leprosy, this deformity 
often occurs due to atténuation of the central tendon 
rather than its rupture, and is called "hooding", in 
order to distinguish it from the "true boutonnière" 
deformity resulting from severance of the 
centraltendon, although the mechanism of causation 
is the same in both conditions. It has been pointed 
out earlier how this "deformit" or pattern of collapse 
is the natural disposition of this biarticular System, 
and how that is prevented by the introduction of the 
central tendon. 

The System, obviously, reverts to its natural 
disposition when the central tendon is rendered 
ineffective. Therefore, restoration of integrity of the 
central tendon is the key for successful correction of 
this deformity. 

2. Pseudoboutonniere deformity: It resembles boutonnière 
deformity in that the pattern of collapse of the System 
is the same (PIP joint in flexion, DIP joint in extension), 
but the cause is different, namely contracture of the 
oblique retinacular ligament of Landsmeer. This 
structure, which is a proximovolar extension from the 
extensor apparatus, is located volar to the PIP joint 
proximally and dorsal to the DIP joint distally, as it 
merges with the terminal extensor tendon. 
Contracture of this structure causes PIP joint to flex 
and DIP joint to extend. This condition is 
distinguished from the boutonnière deformity by 
demonstrating the influence of the position of the PIP 
joint on the passive mobility at the DIP joint. 

When the PIP joint is held, passively, in full flexion, 
the terminal phalanx can be freely flexed moved, 
passively. However, when the PIP joint is passively 
held, in maximal extension, the terminal phalanx 
becomes virtually fixed in extension, and it becomes 
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very difficult or impossible to flex it to any extent, 
even passively. In leprosy patients with claw finger 
deformity of some duration, this condition may exist 
(probably originally due to extension deformity of DIP 
joint because of paralysis of ulnar half of flexor 
profundus) by itself, or it may occur as complicating 
feature of a true boutonnière deformity. The 
pseudoboutonniere deformity requires division or 
excision of the oblique retinacular ligament for its 
correction. 

3. Pseudoswan-neck deformities: The deformities which 
superficially resemble swan-neck deformity 
(hyperextension of PIP and flexion of DIP joint) but 
lacking it sessential feature of MCP joint flexion, are 
called pseudoswan-neck deformities. Of these, there 
are two types: (i) resulting from diminished flexing 
force moment at the PIP joint (type I), and (ii) resulting 
from increased extending force moment at this joint 
(type II). Type I is the well-known superficialis minus 
deformity. 

Superficialis minus deformity or type I Pseudoswan-neck 
occurs in fingers from which the flexor superficialis 
tendon has been removed, that is in "superficialis minus" 
fingers. The deformity does not become apparent 
immediately, but develops over the course of some 
months and years, and causes severe disability, since the 
PIP joint stays hyperextended without flexion, while the 
DIP joint shows acute flexion, making any kind of 
préhension impossible. Evidently, removal of the flexor 
superficialis tendon has upset the equilibrium conditions 
of the (PIP-DIP) joints System such that the extending 
force moment dominâtes at the proximal and flexing force 
moment dominâtes at the distal joints, although it is not 
fully clear why it should be so. Provision of a direct flexor 
of the PIP joint is necessary for correction of this condition. 

Pseudoswan-neck Type II deformity also présents with 
hyperextension at the PIP joint and flexion at the DIP 
joint. While the deformity does not become so severe as 
in the flexor superficialis minus deformity mentioned 
above, the condition is severely disabling because of the 
associated stiffness of the fingers. Normally, when the 
PIP joint is hyperextended, the latéral tendons of the 
extensor apparatus bowstring across the dorsum of the 
PIP joint and hâve the maximum possible moment arm 
(even more than that of the central tendon). As pointed 
out earlier, in this position, the oblique retinacular 
ligament of Landsmeer cornes to lie dorsal to the axis of 
rotation of this joint, and attempts at flexing the PIP joint 
by flexing the DIP joint only locks the System even more 
tightly in hyeprextension. 


This is avoided by flexing the PIP joint using the flexor 
superficialis. When the PIP joint thus flexes, the latéral 
tendons start sliding down the slope on the sides of the 
proximal phalanx. Their extending moment arm 
progressively lessens, permitting flexion. The 
Landsmeer's ligament also slides volarwards, similarly 
permitting flexion. When, the volar shift of the latéral 
tendons isprevented, because of their adhesion to the 
dorsal skin, this sequence of events does not take place. 
The joint does not flex. In fact, flexion is impeded by the 
bowstringed latéral tendon and dorsally located 
Landsmeer's ligament. This type of pseudoswan-neck 
(type II) is seen in hands in which the latéral tendons 
hâve become stuck to dorsal skin, usually due to 
inadéquate resolution of inflammatory edema. 

Deformities resulting from loss of force on one side of the finger 
System 

1 . Loss of extending force moments at ail joints occurs when 
there is combined paralysis of long extensor and 
intrinsic muscles. The entire finger joints System 
becomes unstable in extension, and ail the joints are 
held in flexion. This is rarely, if ever, seen in leprosy. 

2. Loss of flexing force moments at ail joints results from 
paralysis of both long flexors (superficialis and 
profundus) and interosseous. The entire finger joint 
System collapses in extension, as no joint is stable in 
flexion. This condition occurs in high médian 
paralysis, which rarely, if ever, occurs as an isolated 
event in leprosy. 

Deformities of Thumb 

Articulated System of Thumb 

The thumb is a triarticular System, like the finger, 
comprising three joints, a basal or carpometacarpal 
(CMC) joint, a middle or metacrapophalangeal (MCP) 
joint, and a distal or interphalangeal (IP) joint. While the 
middle and the distal joints (PIP and DIP joints) of the 
finger are linked and function in a coordinated manner, 
the three joints of the thumb are not linked, and there is 
no intercalated bone. Furthermore, the complexity of 
construction, the diversity of the muscles and the lack of 
précisé anatomical and clinical data regarding the thumb 
in normal and abnormal conditions hâve made it difficult 
to develop a model for this important digit. Ail the same, 
we can still apply the biarticular chain model (or 
Landsmeer) to the thumb also, with some success. 

Biarticular Chain Model 

This model for the thumb is available for understanding 
and explaining the conditions for stability and the 
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conséquences of disequilibrium in the anteroposterior 
direction only of the thumb. The two-dimensional 
bitendinous triatricular model considers the hypothetical 
situation when only the long extensor and long flexors 
are available for activating the System. Srinivasan and 
Landsmeer hâve shown that the extensor to flexor 
moment arm ratio is largest at the basal joint, least at the 
terminal joint, and intermediate at the middle joint. 

In other words, the condition of equality of ratios of 
moment arms of the opposing tendons at three joints is 
violated, and it is évident that in this situation (only two 
long tendons on the two sides) the articular System will 
collapse, each joint tending to move into its end position. 

For the sake of understanding this complex triarticular 
System, it can be looked upon as a combination of three 
biarticular Systems (i) CMC-IP joints System, (ii) MCP-IP 
joints System, and (iii) CMC-MCP joints System. Empirical 
measurement showed that the extensor to flexor moment 
arm ratios at the CMC, MCP and IP joints were of the 
order of 2.0, 0.6 and 0.2 respectively. Thus, the extensor 
has an enormous advantage at the CMC jont, while at 
the IP joint it is the long flexor which has a great 
advantage over the long extensor. Taking the CMC-IP 
joint System as biarticular System, it is évident that this 
System will collapse with the CMC joint moving into 
extension and IP joint moving into flexion. When we 
consider the MCP-IP joint System, the MCP joint will tend 
to collapse in extension and IP joint will tend to collapse 
in flexion. Lastly, we find that in the CMC-CMP 
jointsystem, the CMC joint will tend to move into 
extension and the MCP joint into flexion. Table 1 
summarizes the above statements. 

It is found that in this System, the CMC joint is stable 
only in extension, and IP joint is stableonly in flexion. 
While the end position of MCP joint seems to be 
equivocal. 


TABLE 1 : End positions of joints of thumb as a set of 
three biarticular bitendinous Systems 


Biarticular 

CMC joint 

MCP joint 

IP Joint 

System 

Extn Flxn 

Extn Flxn 

Extn Flxn 

CMC-IP jts 

+ 


+ 

MCP-IP jts 


+ 

+ 

CMC-MCP jts 

+ 

+ 



Patterns of Thumb Deformities 

From the point of view of pathomechanics, the thumb 
deformities may be classified as: 

i. Simple deformities which involve only one joint, in 
one plane (monarticular collapse), 

ii. Compound deformities which are States of collapse 
in one plane but involving more than one joint, and 


iii. Complex deformities in which collapse occurs in 
more than one plane and involves more than one 
joint. 

Simple deformities: These involve the IP joint (which is a 
monaxial joint) which is maintained in equilibrium by 
the long flexor and extensor tendons. Deformities 
involving collapse of the distal joint in flexion or extension 
occur when there is an unbalanced, absolute or relative 
increase in the flexing or extending force moment 
respectively. The causes are the same as listed for the 
finger. 

Compound deformities: The thumb as pointed out earlier 
is a triarticular System held in equilibrium by muscles 
spanning one, two or ail the three joints. When 
equilibrium is dusturbed even at one joint, the System 
collapses with deformities also involving the joints distal 
to the affected one. Some functional anatomical and 
clinical data are available about some of these deformities 
in the anteroposterior plane (flexion-extension postures). 
Compound deformities may involve collapse of ail the 
three joints or the distal two joints only. 

1. Triarticular collapse: Since there are three joints and 
since each joint could collapse in one of two positions 
(flexion or extension), there are eight possible patterns 
are equally common, and the two most common 
patterns resulting from an absolute or relative increase 
in extending and flexing force moment at the basal 
(CMC) joint are discussed below: 
a. Claw-thumb deformity results from a relative excess 
in extending force moment at the CMC joint. This 
condition occurs when there is complété paralysis 
of ail the thenar muscles. Since we are considering 
collapses occurring only in the anteroposterior 
plane, the totally intrinsic minus (intrinsic zéro) 
thumb can be considered as a triarticular System 
under the control of the long extensor and flexor 
tendons. As already pointed out, this System will 
collapse with the CMC joint in extension (with 
conjoint supination), IP joint in flexion, and MCP 
joint probably not veering much away from its 
normal resting position. 

The range of active movement in the intrinsic zéro 
thumbs is shifted towards further extension at the CMC 
joint, and towards further flexion and restricted to flexion 
only at the IP joint compared to the normal thumbs. The 
deformity is the "claw-thumb" seen in hands of leprosy 
patients with combined paralysis of ulnar and médian 
nerves resulting in paralysis of ail intrinsic muscles of 
the thumb. 

"Intrinsic plus" thumb deformity due to unbalanced 
increase in the flexing force moment at the basal (CMC) 
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joint. Here, the thumb collapses with the CMC joint in 
flexion, MCP joint in extension (or hyperextension) and 
IP joint in flexion. 

When the flexing force moment is increased at the 
CMC joint, and the extensor to flexor moment ratio at 
this joint becomes less than that at the MCP joint, the 
System collapses with the CMC joint in flexion and MCP 
joint in extension. Since the extensor to flexor moment 
ratio at the MCP joint is greater than that at the IP joint, 
the IP joint also collapses now in flexion. Such a situation 
arises in pathological conditions involving the CMC joint 
(e.g. distention or subluxation of the CMC joint in 
ruehmatoid arthritis), contracture or spasm of opponens 
pollicis, or when the motor tendon used in opponens 
plasty is located too far in front of the CMC joint, 
providing an enormously increased moment arm for this 
tendon. 

2. Biarticular collapse: When equilibriums is disturbed at 
the MCP joint, the biarticular System of MCP-IP joints 
is affected, and this System collapses with 
characteristic deformities. 

a. Zig-zag thumb or “Z" deformity: This deformity, 
with extension (or hyperextension) at the MCP 
joint and flexion at the IP joint, istypically seen in 
cases of ulnar nerve paralysis in which the flexor 
pollicis brevis is also completely or almost 
completely paralyzed. In that situation, the CMC 
joint is not affected (since opponens pollicis is 
available for balancing this joint). The MCP and 
PIP joints are now under the control of only the 
long extensor and long flexor tendons, and the 
proximal phalanx of the thumb behaves very 
much as an intercalated bone. 

As already mentioned, the extensor to flexor 
moment arm ratio at the MCP joint is greater than 
that at the IP joint, and the System collapses with 
the MCP joint moving towards extension (or 
hyperextension) and IP joint towards flexion. This 
is reflected in the resting posture of the "flexor 
pollicis brevis minus" thumb in ulnar palsy. The 
proximal phalanx in these thumbs gets deflexed 
and cornes to lie in the line with the metacarpal, 
while the IP joints goes into some flexion. When 
the System is loaded, the thumb often collapses to 
a position of MCP joint in hyperextension and IP 
joint in considérable flexion—the so-called "Z" 
deformity. 

b. Excessive flexing for ce moment at the MCP joint gives 
rise to a deformity in which the thumb collapses 
with the MCP joint in flexion and IP joint extension 
(or hyperextension). When the flexing moment at 
this joint increases, and the extension to flexion 


moment ratio at the MCP joint becomes less than 
that at the IP joint, the System may be expected to 
collapse in this fashion. Such a situation arises in 
conditions like short flexor contracture, or when 
there is a great increase in the moment arm of 
flexor pollicis longus and flexor pollicis brevis at 
the MCP joint (e.g. distention of the joint as in 
rheumatoid arthritis). 

Complex deformities: In this class of deformities, there is 
instability of more than one joint, in more than one plane. 
Unfortunately, relevant clinical and functional 
anatomical data are not available (because of many 
practical difficulties) for developing a comprehensive 
analytica and prédictive model incorporating movements 
in ail the planes, at ail the joints. An attempt has been 
made elsewhere, using qualitative clinical observations 
and functional anatomical considérations, to understand 
the changes in terms of "loss of working space" using 
the circumduction trajectory of the first metacarpal head 
to indicate the normal working space. 

CONCLUSION 

Understanding the finger deformities as collapse mode 
of unstable Systems open up a wide choice of the methods 
for restoring stability, instead of the "kitchen recipe" 
approach (for paralysis of muscle x, take muscle y and 
fix it there) that many are content to follow. It also teaches 
us to think of the finger joints and the muscles that 
activate them as a System and not consider them in 
isolation, as flexor of this joint or extensor of that joint. 
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History 

Patients usually présent with complaints of pain, 
deformity, swelling, stiffness, loss of functions, loss of 
sensation and motor weakness. Pain may be local or 
referred from the neck to the wrist. 

Examination 

Systemic Examination 

A thorough systemic examination should be done to 
detect the other systemic conditions or syndromes 
associated with congénital deformities of hand. Like 
radial club hand may be associated with TAR 
(thrombocytopenia absent radius), Holt-Oram (Fanconi 
anémia, atrial septal defect) or VATER syndrome 
(vertébral defects, anal atresia, tracheo-oesophageal 
fistula, rénal and radial dysplasia) in some patients. 

Régional Examination 

The cervical région, supraclavicular région, shoulder 
girdle, arm, elbow, forearm and wrist must be examined 
in any examination of the hand. 

Local Examination 

Both upper limbs should be comparatively assessed in 
identical positions from neck to the tips of fingers. Making 
of a firm fist and opening up of the hand fully with 
extension of thumb and fingers signify a grossly normal 
hand (Figs IA and B). 

Attitude and Common Deformities 

Commonly seen deformities of hands may be broadly 
classified as congénital or acquired variety. 



Figs IA and B: (A) Making a firm fist and opening of the hand 
with thumb and fingers extended, indicates normal hand. 
(B) Normal holding a pen in writing position indicates normal 
intrinsic and good function of thumb and fingers 

Congénital 

Certain congénital deformities are quite obvious, like 
polydactyly (reduplications of fingers), syndactyly 
(Fig. 2A), brachysyndactyly (shortening of syndactyly 
fingers), symphalangism (fusion of interphalangeal 
joints), congénital ring syndrome (Fig. 2B), cleft hand or 
lobster-claw hand (Fig. 2C), macrodactyly (Fig. 2D). 

Camptodactyly (fixed flexion deformity of the proxi¬ 
mal interphalangeal joint, usually of little finger mostly 
bilateral, Kirner deformity ( palmer and radial curving 
of the distal phalanx of the little finger, mostly bilateral), 
clinodactyly (finger is bent either ulnarward or radially), 
hypoplastic thumb (osseous, musculotendinous or ecto- 
dermal deficiency). 
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Figs 2A to D: (A) Bilateral syndactyly of middle and ring finger, (B) Congénital constriction ring affecting the left thumb, 
(C) Cleft hand showing typical V shaped cleft and absence of 3rd ray, (D) Typical macrodactyly of middle and ring finger 


Acquired Deformity 

Claw hand: Claw hand is the attitude of the hand in which 
the fingers become flexed at the interphalangeal joints 
and extended or hyperextended at metacarpo-phalangeal 
joints. 

a. Typical claw hand develops due to paresis/para-lysis 
of the intrinsics (ulnar or ulnar-median paralysis, 
(Fig. 3A). Here, overaction of the long flexors and long 
extensors conjointly produce the claw hand which is 
of "intrinsic minus", type (Fig. 3B), e.g. in leprosy, 
Klumpke's paralysis, peripheral nerve injuries. 

b. If the intrinsics are overactive, (in spasm or 
contracted), then the fingers présent a picture which 
is due to overaction of the intrinsics (similar picture 
can be seen in less or loss of function of long tendons; 
skin or subcutaneous tissue contractures). The 
developing deformities produce an "intrinsic plus" 
hand (Fig. 3C). Here, there will be flexion at the 
metacarpophalangeal joints, extension at the inter¬ 
phalangeal joints and adduction of the thumb with 
phalangeal extension, e.g., in rheumatoid hand, 
Volkmann's ischémie contracture, (Fig. 3D) post burn 
contracture, cérébral palsy (due to spasticity), trauma, 
fibrotic contracture following infection, Dupuytren's 
contracture. 

c. Recently, a concept of "intrinsic zéro" has been 
developed (Srinivasan 1979), where both the 
lumbrical and interosseous muscles are paralyzed. 
The extensor of the fingers acts alone to produce both 
excessive extension of the metacarpo-phalangeal joint, 
and incomplète extension of the interphalangeal joint, 
thus resulting in a claw deformity. 

Srinivasan, (1979), has kept fingers, with paralysis of 
the interosseous muscle, but with functioning lumbrical, 
in the "intrinsic minus" group. 


Test for Intrinsic Plus Hand 

The initial or mild "intrinsic plus" hand, which may not 
be producing an obvious deformity can be tested for by 
the following method. 

Push the metacarpo-phalangeal joint into hyper¬ 
extension to stretch the intrinsics. Now passively try to 
flex the distal interphalangeal joint. This will be very 
difficult, or even impossible. 

Reverse Intrinsic Plus Test 

In tightness of the extensor tendon or instability of the 
proximal interphalangeal joint, the central slip of the 
extensor attachment can be relaxed by hyper-extending 
the metacarpo-phalangeal joint. This allows the latéral 
slips to descend, resulting in flexion of the proximal 
interphalangeal joint. 

Typical, or similar to, claw hand deformity can occur 
in several conditions due to lésions in: 

i. Cérébral cortex—cérébral palsy, tumors, hemiplegia. 

ii. Spinal cord—poliomyelitis, syringomyelia, 
progressive muscular atrophy, motor neuron disease. 

iii. Spinal roots (CT) and brachial plexus—Klumpke's 
paralysis. 

iv. Peripheral nerves—ulnar and médian nerve 
paralysis. 

v. Muscular affections—myopathy. 

vi. Vascular affections—Volkmann'a ischémie con¬ 
tracture. 

vii. Arterio-sclerotic diseases—as in Raynaud's disease 
and in professionals using vibrating tools. 

viii. Subcutaneous tissue and skin—congénital or burn 
contracture. 

ix. Miscellaneous—Disuse atrophy, rheumatoid 
arthritis, sudeck's osteodystrophy, post-infective 
contractures, post-traumatic contractures. 
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Figs 3A to D: (A) Typical clawing of 5th, 4th and 3rd finger showing hyperextension at MCP joints with flexion of interphalangeal 
joints, (B) Intrinsic minus hand, (C) Intrinsic plus hand, (D) Volkman ischémie contracture showing flexion deformity of fingers 
and wrist 


1. Ulnar/radial déviation of the wrist and ulnar 
déviation of the fingers in rheumatoid arthritis (Fig. 4). 

2. Finger drop (Fig. 5) due to spontaneous rupture of 
the extensor tendon, usually at the wrist (e.g. 
rheumatoid arthritis). 

3. Swan neck deformity (Fig. 6): This deformity is common 
in rheumatoid arthritis in ladies. In this condition, 
there is flexion at the distal interphalangeal joint and 
hyperextension at the proximal inter-phalangeal joint. 

4. Button hole or boutonnière deformity (Fig. 6): Here there 
is flexion deformity at the proximal interphalangeal 
joint and hyper-extension at the distal interphalangeal 
joint (e.g. rheumatoid arthritis). 

5. Hooding deformity (in leprosy (Fig. 7): It consists of flexion 
at the proximal interphalangeal joint and either straight 
or hyperextension position of the distal interphalangeal 
joint. 

Test for the presence of hooding deformity— 
Passively extend the fingers at the proximal 
interphalangeal joints and then attempt flexion of the 
distal interphalangeal joints. In the extended position. 


the distal joint présents marked résistance to flexion, 
whereas in flexed position of the proximal inter¬ 
phalangeal joint, it flexes easily. 

6. Attitudes and deformities due to peripheral nerve 
paralysis. 

a. Wrist Drop 

In complété radial nerve paralysis, there is obvious 
wrist drop. Here the patient cannot dorsiflex the 
wrist; he cannot abduct the thumb, nor can he 
extend the thumb and the fingers at the 
metacarpo-phalangeal joint. The attitude of the 
hand remains in palmar-flexion. 

b. Bénédiction Attitude 

In médian nerve paralysis, the attitude of the hand 
may be typical. In long standing cases, there may 
be ape thumb besides wasting of the thenar 
eminence (Simian thumb). In this condition, the 
thumb lies in the same plane as that of the fingers 
and palm, like that of an ape. If the patient is asked 
to make fist, the index finger remains prominently 
extended (Bénédiction attitude/pointing index). 
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Fig. 4: Typical rheumatoid hand showing ulnar déviation of 
wrist and fingers with swan neck deformity of index finger 



Fig. 5: Drop deformity (left) due to rupture of extensor pollicis 
longus tendon—old rheumatoid arthritis, (also called drummer’s 
palsy—when it occurs in malunited Colles fracture due to friction 
attrition on the tendon) 



Fig. 6: Classical swan neck deformity of index and 
Boutonnière deformity of ring finger 



Figs 7 A to C: Hooding deformity showing flexion at proximal 
interphalangeal joint and straight distal interphalangeal joint 

c. Claw Hand 

In ulnar nerve paralysis, besides wasting of 
hypothenar eminence, the webs, as well as the 
intermetacarpal spaces (which are prominent from 
the dorsal aspect of the hand) the typical attitude 
of "claw hand" develops, affecting the little and 
ring fingers. When the affection of ulnar and 
médian nerves are combined (e.g. in leprosy), 
clawing of ail the four fingers develops. 

7. In Dupuytren's contracture (Figs 8A and B): There may 
be clawing tendency of the fingers but here the 
flexion element mainly prevails at the metacarpo- 
phalangeal joint and the proximal interphalangeal 
joint and rarely, the distal interphalangeal joint. This 
usually affects the ring finger but the little, middle, 
index or even thumb may also be affected in that 
order. 

8. There is a typical attitude of the hand in brachial 
palsy. In the distal type, (i.e. Klumpke's type (C8, 
Tl) the hand is in intrinsic minus claw hand position. 
In the proximal type, (i.e. Erb's palsy), the hand 
remains in policeman's tip position, i.e. shoulder 
adducted and internally rotated, elbow extended, 
forearm pronated, wrist partially flexed, thumb in 
palm and fingers semiflexed. 

9. Mallet finger (Fig. 8C): It results from avulsion or 
rupture of the extensor digitorum tendon at the base 
of the terminal phalanx. Due to unopposed action 
of the flexor digitorum profundus, the finger gets 
flexed at the distal interphalangeal joint. 
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Fig. 8A: Dupuytren’s contracture causing flexion deformity of 
ring (Rt) and little finger (Lt) at MCP joints 



Figs 8C and D: (C) Mallet finger, (D) Mallet thumb 


10. Mallet thumb (Goose neck deformity) (Fig. 8D): Mallet 
thump results from rupture of the extensor pollicis 
longus tendon (usually a late complication of Colles' 
fracture, rheumatoid arthritis). 

11. Trigger finger: Due to fibrotic thickening and 
constriction of the fibrous flexor sheath of the long 
tendons, the patient (usually a female in her forties), 
complains of pain at the root of a finger (mostly ring 
and middle) or thumb with or without locking of 
the finger/or thumb in flexion. If hand is opened 
up from a clenched position, then the affected finger 
remains flexion. With more forceful effort or while 
passively opening by other hand, it may be extended 
with a jerky release and often with a palpable and/ 



Fig. 8B: Dupuytren’s contracture 



Fig. 8E: Thumb in palm deformity due to cérébral palsy 


or audible click. A firm tender nodule is felt in front 
of the metacarpo-phalangeal joint. It may be 
bilateral. 

12. Thumb-in palm deformity (Fig. 8E): It is usually seen 
in patients of cérébral palsy and stroke. The thumb 
is adducted and flexed into the palm, and this 
tendency is exaggerated by any activity. 

Sakellarides and Mitai (1984) hâve classified this 

deformity into four types. Thus it can be due to: 

i. Weak or paralyzed extensor pollicis longus. 

ii. Spasticity or contracture of the adductor pollicis. 

iii. Weakness or paralysis of the abductor pollicis 
longus. 

iv. Spasticity or contracture of the flexor pollicis longus. 
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Inspection 

The domain of the hand starts from the distal transverse 
crease in front of the wrist to the finger tips. Inspect both 
the hands in symmetrical position. Note the number 
(supernumerary fingers); relative length (Marfan's 
syndrome—spider fingers; achondroplasia—trident 
hand—fingers are short, stubby and equal in length); and 
size of the fingers (in gigantism, the hand and fingers are 
enlarged and elongated). Note the shape; size; normal 
anatomical bulges and creases, e.g. hypothenar eminence, 
thenar eminence, hollow of the palm, creases across the 
palm (in Down's syndrome there is only one palmar 
crease), creases on the finger and finger pulps; the web 
condition (syndactylism, club hand) and presence of any 
nodule. Skin should be inspected for its color, texture and 
for presence of callosities. Inspect the tips of the fingers 
and thumb, regarding shape, presence of any deformity, 
atrophy, broadening, and also the nail beds (shape, color, 
brittleness, atrophy or degeneration of nails). 

On the dorsum of the hand look for—any swelling, 
(at PIP joint due to rheumatoid arthritis, goût, rupture of 
collateral ligament and at DIP due to osteoarthritis 
(Heberden's nodule, psoriasis, xanthomatosis hyper¬ 
trophie osteoarthropathy) condition of venous arches, 
knuckle (alinement and prominence when patient makes 
a fist), interosseous spaces and the webs. 

The phalanges (Swelling along the phalanx called as 
dactylitis may be due to tuberculosis (spina ventosa), 
exostosis (Fig. 9), Madura hand (Fig. 10) and joints of the 
fingers, and hand should be inspected from ail aspects. 

Inspect the hand with fully extended and fully flexed 
fingers. The fully flexed fingers normally point towards 
the scaphoid, and their nails lie in one plane. Note any 
abnormality. 

Palpation 

Superficial Palpation 

Feel for the texture and, sensation of the skin 
(hypoesthesia, hyperesthesia, paraesthesia or anesthésia). 

Palpate the finger pulps for texture and/or tenderness 
and nail beds for refilling of capillaries and for any 
tenderness. 

Palpate the webs individually (especially the first web) 
and note its bulk looseness and stretchability. 

Deep Palpation 

Feel for any abnormality, especially for thickening and 
deep tenderness in the palm, the webs, the metacarpals 
(from dorsal and palmar aspects), the metacarpo- 
phalangeal joints, the interphalangeal joints, the 
phalanges and the fingers and thumb tips. In glomus 



Fig. 9: Multiple large exostosis affecting phalanges of index 
and ring finger (with flexion deformity) and third metacarpal 



Fig. 10: Madura mycetoma of hand showing erythema and 
three sinuses along the distal palmar crease 


tumor there is excruciating pain if pointed pressure is 
applied on the overlying nail. Abnormal findings like 
swellings, ulcers, must be examined thoroughly. Feel for 
presence of any nodule in the line of tendons, mainly at 
the base of the thumb and finger, specially ring and 
middle—trigger thumb or finger. To confirm regarding 
its fixity to the tendon, ask the patient to contract the 
concerned tendon and ascertain the fixity of the nodule 
to it. On deep pressure, the nodule is tender. 

Infections of the hand may remain masked for varying 
periods. Since the fascial spaces are quite close and tight 
and the skin of the palm is quite thick and tough, pus 
usually takes a long time to corne on the surface. The 
manifestations are usually: 

i. Constitutional features 

ii. Swelling on the dorsum of hand 

iii. Throbbing pain in the hand. 
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Depending upon the place for pus collection, the site 
of maximum tenderness can be localized (in whitlow— 
pulp of the terminal phalanx; in paronychia—on dorso- 
lateral aspects and proximal to the nail root; in infection 
of the flexor sheaths of the fingers—direct pressure on 
the center of the finger from the palmar aspect; in web 
infection—about 1 cm. proximal to the web margin on 
the palmar aspect; in ulnar bursa infection—near about 
the center of the ulnar margin of the palm; in case of the 
radial bursa—at about the most prominent point of center 
of thenar eminence). 

Tenderness in the palm should be localized either by 
a match stick or by a blunt pencil point (Fig. 11) 

It is not easy to demonstrate fluctuation in infections 
on the palmar aspect. However, in case of any suspicious 
swelling on the dorsum of the hand, fluctuation and 
induration must be demonstrated before labeling it as a 
pus collection. As such, any infection or trauma of the 
hand does manifest as swelling on dorsum of the hand. 
This is because the subcutaneous tissue on the dorsum is 
quite loose and the lymphatics of the palm drain into the 
dorsum. 

GROSS ASSESSMENT OF 
MOVEMENTS OF THE HAND 

Ask the patient to put both hands in the shape of a cup 
(cupping). They should be bilaterally symmetrical. Any 
lag in cupping may be due to: 

i. Wasting of the smaller muscles of the hand, 
especially at thenar and hypothenar régions. 

ii. Lack of movements at the intercarpal, carpo- 
metacarpal, intermetacarpal and metacarpo- 
phalangeal joints. 

iii. Mechanical obstruction due to lésions in the palm, 
either following trauma, infection or neoplasm. 

Gross movements of the hand can be further tested 
by asking him to make a firm fist (Fig. IA). A firm fist 
indicates almost normal movements of the hand. 

Ask the patient to hold a pen (Fig. IB) in writing 
position. A normal hold indicates normal functioning of 
the intrinsics as well as a fairly good range of motion of 
the thumb, index, middle, ring and little fingers in that 
order. 

Movement of the Thumb (Table 1, Fig. 12) 

Clinico-anatomically, normal movements of the thumb 
may be grouped as: 

i. Abduction 

ii. Flexion 

iii. Extension 

iv. Adduction 


a 



Fig. 11: Eliciting tenderness for infections of the hand. a = 
whitlow, b = paroynchia, c = flexor sheath of finger, d = web 
infection, e = ulnar bursal infection, f = radial bursal infection 

v. Opposition 

vi. Circumduction. 

i. In most of the movements of the hand, the thumb 
acts as an active partner (functionally thumb is 40% 
of the hand), while the other fingers along with the 
palm remain comparatively passive. 

ii. Thumb has only one interphalangeal joint. Hence, 
most of its movements are subserved at its 
metacarpo-phalangeal and carpo-metacarpal joint. 
No wonder, these sites are predisposed to primary 
osteoarthritis. 

iii. In an outstretched hand, the thumb is placed at about 
80°-90° of abduction and some extension to initiate 
and facilitate grasp, catch, pinch and opposition 
movements. 

iv. Zéro position of the thumb will vary according to 
the axis of the movement concerned. 

v. The movements of the thumb and fingers should 
also be noted, as in the chapter of introduction as 
far as practicable. 

No examination of the hand is complété without 
repeated assessments for neurovascular integrity. Of 
course, sensibility to touch in the fingers is a most useful 
index of the adequacy of circulation. 

Spécial Tests 

1. Test for intrinsic plus hand—See page 2255 

2. Test for hooding deformity—See page 2256 

3. Test for intrinsic minus hand as follows: 

Déficient intrinsic action is mainly due to weakness 

of the interossei. 
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TABLE 1 : Movements of the thumb 


Movements Normal range 

Muscle concerned 

Root control 

Factor limiting 
movement 

Joint of action 

How to test 

1 

2 

3 

4 

5 

6 

7 

Abduction 

O 

O 

vo 

O 

O 

Abductor 
pollicis longus, 
abductor pollicis 
brevis 

Q,7 

Tension of skin 

between thumb 
and index finger 
and tension of 

first dorsal inter- 

osseous muscle 
(Fig. 12B) 

Primarily at 

carpometa 

carpal joint, 

also at 

metacarpo- 

phalangeal 

joint 

From thumb lying close to radial 
border of palm, ask the patient to 
open the web without producing 
any stretch or squeeze of the palmar 
skin (Fig. 12A) 

Adduction 

O 

O 

o 

O 

Adductor pollicis 
(oblique and 
transverse heads) 

C 8 T 1 

The contact of ulnar 

border of thumb with 

radial border of 
palm 

-do- 

From fully abductor position, as in above, 
ask the patient to close the web without 
producing any tension or squeezing in 
of the dorsal skin (Fig. 12A) 

Flexion: 

Metacarpo- 

-phalangeal 

Joint 

O 

O 

Flexor pollicis 
brevis 

Q,7,8 

Tension of extensor 

tendons of thumb 

Metacarpo- 

phalangeal 

Joint 

With patients "hand resting on a table 
gently press over the thenar eminence. 
Ask the patient to bring the first phalanx 
of thumb towards palm, from position 
of easy stretch (Fig. 12B) 

Flexion: 
Interphalan¬ 
geal joint 

o 

O 

CT\ 

o 

O 

Flexor pollicis 
longus 

c* T i 


Inter-phala- 
ngeal joint 

Hold the first phalanx from the sides. 

Ask the patient to bring pulp of thumb 
towards the palm (Fig. 12C) 

Extension: 

Metacarpo 

-phalangeal 

joint 

60°-0° 

brevis 

Extensor pollicis 

C7 

Tension of palmar 
and collateral 
ligaments of 
thumb 

Metacarpo- 

phalangeal 

joint 

From fully flexed position as in above, 
is asked to bring back the first phalanx 
towards stretched position (Fig. 12B) 

Extension: 

Interphalangeal 

joint 

90°-0° 

Extensor pollicis 
longus 

c 7 


Interphalan¬ 
geal joint 

From fully flexed position, ask the 
patient to bring back the distal phalanx 
to extended position (Fig. 12C) 

Opposition: 

Palmar aspect of pulp 
of thumb rests on 
palmar aspect of pulp 
of little finger 

Circumduction: 

When ail movements 
are free then only possible 

Opponens pollicis, 
Opponens digiti, 
minimi 

Q,7,8 

Tension of transverse 
metacarpal ligament, 
tension of extensor 

tendons of thumb 
and little finger 

Metacarpo- 

phalangeal, 

palmar 

Carpometa- 

carpal and 

intercarpal 

joints 

The stretched thumb and little finger are 
brought of thumb rests on palmar aspects 
of terminal phalanx (Fig. 12D) 

Ask the patient to rotate the thumb 
so as to make a circle in the air by its tip 
(Fig. 12E) 


Test: The patient will not be able to abduct or adduct the 
fingers (the middle finger being the axis). 

Further, conjoint action of the lumbricals and 
interossei, i.e. flexion at metacarpo-phalangeal joint and 
extension at the interphalangeal joints will also be affected 
to a varying extent. 

The patient is asked to stretch both his hands, keeping 
the fingers extended and closed to each other, if possible 
(with deficiency of interrosei there will be lag in 
adduction of the fingers). Further, he is asked to flex and 
extend the fingers at the metacarpo-phalangeal joints in 


quick succession. Any weakness of the intrinsics will 
manifest by lag in flexing finger. 

4. Test for isolated division of flexor digitorum sublimis 

tendon (Fig. 13): 

Hold the adjacent fingers in full extension and ask 
the patient to flex the concerned proximal interphalangeal 
joint. This will not be possible, if the flexor digitorum 
sublimis is divided. The flexor digitorum profundus will 
not help in this action, since it gets anchored in extension 
with other fingers. 
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Figs 12A to E: (A) Flexion, (B) Extension, 
(C) Adduction, (D) Abduction, (E) Opposition 



Fig. 13: Test for FDS of middle finger showing 
flexion (intact FDS) 


INVESTIGATION 

1. General investigations. 

2. Radiological investigations 


Antero-posterior and latéral views of hands and 
fingers, in maximum opened up position, are 
essential. 

For taking a latéral view of the individual finger, the 
other fingers should be flexed into the palm as far as 
practicable, while the fingers in question should be 
extended as much as possible to bring it to zéro- 
position. 

3. Hand print, as a whole and prints of the thumb and 
finger pulps: 

These are not only important from genetic and 
medico-legal point of view, but also for medical records. 
They also demonstrate the shape and size of hand and 
fingers, along with any deformities. 
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PART -1 

In treating fractures of the hand anatomical restoration 
alone is not enough to assure functional recovery. The 
postoperative management in hand surgery assumes 
great importance in the restitution of function to the 
injured hand. Hand surgery is considered as the highest 
form of functional surgery. More than any other area, 
the functional results will reflect the quality of surgical 
repair and the adequacy of the réhabilitation program. 
However, the ultimate fa te of the injured hand, to a great 
extent, rests with the first attending surgeon. 

FRACTURES OF DIGITAL BONES 

Diagnosis of gross injuries to the bones of the hand can 
be made on clinical examination and confirmed 
radiologically. The classical triad of présentation is pain, 
swelling and a deformity foliowing trauma to the hand. 
Initial clinical examination should be gentle and précisé. 
Points to be noted are: 

i. The presence of angulatory or rotational deformity 

(Fig. 1) 

ii. Kisruption of the normal arches 

iii. Réduction in length of the digits 

iv. Stability of the joints by gentle stressing and 
comparing with the normal side 

v. Examination for associated injuries of neighboring 
structures. 

Principles of Management 

1. Stable réduction, anatomie when possible 

2. Maintenance of length and rotation of the digit 

3. Adéquate immobilization 

4. Mobilization of uninvolved digits and adjacent joints 

5. Early reestablishment of tendon gliding 

6. Prévention of lymphovenous stasis. 



Fig. 1 : End-on view of fingertips in 
malrotation causing overriding 


Modalities of Management of Hand Fractures 

Conservative treatment of fractures of the hand involves 
the use of adhesive tapes, plaster of Paris and splints of 
various types. Operative fixation 1 includes the use of 
plates and screws, percutaneous pinning, intramedullary 
"K" wire fixation, cerclage wires, intraosseous wire 
sutures, and external fixation. 2,3,4 

Various methods of K wire fixation are shown in the 
Figures 2 to 9. 

Buddy taping is an excellent method of immobilizing 
the fractures of the phalanges. It is helpful only in 
minimally displaced fractures of the phalanges. The 
injured finger is taped leaving the joints free to move. 
Buddy taping should not be done in displaced fractures 
and intra-articular fractures. 
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□ B 




Figs 2A to D: Tension band wiring of hand fractures: (A and B) 
technique for wiring transverse or short oblique fractures with 
crossed Kirschner wires and a tension band in a conventional 
figure of 8-loop (A) and the recommended technique, (B), (C 
and D) technique for wiring long oblique or spiral fractures with 
parallel Kirschner wires perpendicular to the fracture in the 
recommended pattern (C), and a conventional figure of 8-loop 
(D), (Redrawn from Green TL, Noellert RC, Belsole RJ: Clin 
Orthop(1987; 214:78) 


Each of these methods maintains a place in the routine 
management of hand fractures, and each has its own 
advantages and disadvantages. Surely, conservative 
means of management would be entirely successful in 
stable fractures or those fractures which can be reduced 
and rendered stable. Unstable fractures, multiple 
fractures, open fractures and fractures associated with 
crushing injuries would be unsuited for conservative 
treatment. 


Figs 3A to C: Methods of Kirschner wire fixation for metacarpal 
neck fracures: (A) transfixation to the adjacent metacarpal, (B) 
crossed K-wires, (C) axial Kirschne-wire fixation, {from O’Brein 
LT. Fractures of the metacarpals and phalanges, in Green DP 
(Ed): Operative Hand Surgery (2nd ed) (New York Churchill 
Livingstone; 1988, Illustration by Elizabeth Roselius, 
©1988)(Redrawn)} 



Fig. 4: Method for maintaining réduction of comminuted 
fractures of the middle of proximal phalanx by using two or 
more percutaneous wires. These are externally stabilized by a 
segment of polymethylmethacrylate. {From Justis EJ Jr: 
Fractures, dislocations, and ligamentous injuries. In Creshaw 
AH (Ed): Campbell’s Operative Orthopedics (8th ed) Mosby- 
Year book: St. Louis 1992, (Redrawn)} 

Fig. 5: Closed réduction and 
percutaneous pinning of an 
oblique phalangeal fracture. The 
fracture is reduced by using 
longitudinal traction and 
compressed with a towel clip or 
specially designed cannulated 
clamp (commercially available 
from Aesculap) wile K-wires are 
drilled transversely across the 
fracture (From O’Brien ET: 
Fractures of the metacarpals and 
phalanges. In Green DP (Ed): 
Operative Hand Surgery, (2nd 
ed), Churchill Livingstone: New 
York, 1988. Illustration by 
Elizabeth Roselius, ©1988) 
(Redrawn) 
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Figs 6A to E: Open réduction with rétrogradé cross-pinning of a transverse phalangeal fracture: (A) a preview pin held over the 
reduced fractures help to plan pin direction and the angle of entry, (B) use of a 14-gauge needle as a drill guide to prevent the pin 
from sliding off the endosteal surface of the cortex, (C) the pins are drilled so that they are through the middle of the medullary 
canal in the coronal angle, (D) the pins are drilled through the cortex and then backed up flush to the fracture surface, (E) the 
fracture is then reduced and the fracture ends compressed while the two pins are drilled retrogradely into the other fragment 
{From Edwards GS, O’Brien ET, Hechmann MM, Hand 4:141; 1982 (Redrawn)} 


Conservative Treatment 6 ~ 8 

Open fixations by percutaneous methods using parallel 
K-wires or crossed K-wires require skill and is applicable 
in fractures with a fair degree of stability. Bone to bone 
contact is essential and if comminution is présent, there 
is a grave danger or late collapse. 

Intramedullary fixations are useful for simple 
transverse or short oblique type of fractures of the 
metacarpals. Here again, comminution, bone loss and 
multiple fractures preclude the use of this method of 
fixation. Metacarpophalangeal joint motion is likely to be 
affected in such fixations due to the protruding wires. 
Phalangeal medullary canals are wider, thus, the use of 
this method would be rather insufficient except in addition 


to other additional immobilization with a splint or plaster 
support. The interphalangeal joints are not as forgiving 
as the MP joints, and any protruding wire is bound to 
incite a more serious reaction leading to stiffness. 

The use of plates and screws in the hand has been 
shown to incite an intense fibrotic reaction with scarring, 
not conducive to smooth functioning of the gliding 
structures in the hand. 6 The sheer quantum of metallic 
implants is bothersome. One indication for the use of 
plates and screws would be in microvascular 
reimplantation and reconstructive microvascular surgery 
(Fig. 10). 

With the use of thin and smooth wires placed away 
from the site of injury in a stable configuration created 
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Figs 7 A to L: Force couple spling technique for unstable fracture-dislocation of proximal interphalangeal joint: (A) typical unstable 
fracture-dislocation, (B) manual réduction, (C) joint line is identified with needle, (D) distal Kirschner wire is inserted, (E) proximal 
Kirschner wire is inserted parallel to distal wire, (F) threaded Kirschner wire inserted dorsal to palmar cortex in middle phalanx, 
(G) distal wire is bent 90° on each side, (Fl) second 90°bend is made in distal wire, hook is bent into end of wire, (I) proximal wire 
is bent 90° palmarly on each side, (J) rubber band connects vertical arms of distal wire with threaded pin to create force couple 
that reduced dislocation, (K) completed splint, and (L) almost full range of active motion of proximal interphalangeal joint is 
possible. (Redrawn) (From Agee JM: Clin Orthop 214: 101, 1987) 
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Figs 8A to C: Kirschner-wire fixation for metacarpal fractures: 
(A) fixation for a comminuted fracture, (B) crossed Kirschner- 
wire fixation for a transverse fracture, and (C) fixation for an 
oblique fracture {From O’Brien ET : Fracture of the metacarpals 
and phalanges. In Green DP (ed): Operative Hand Surgery (2nd 
ed), Churchill Livingstone: New York, 1988, Illustration by 
Elizabeth Roselius ©1988) (Redrawn)} 



Figs 9A and B: Closed réduction and percutaneous pinning of 
transverse phalangeal fracture: (A) the fracture is reduced in 
90-90 fixed position, and a K-wire is introduced in the 
retrocondylar fossa of the proximal phalanx. Slight reverse 
bowing of the pin while it is being drilled is often necessary. 
The normal dorsal bow of the proximal phalanx nécessitâtes a 
slight dorsal direction of the pin; (B) alternate method of 
percutaneous pinning for fractures of the proximal hall of the 
shaft. {From O’Brien ET: Fracture of the metacarpals and 
phalanges. In Green DP (ed): Operative Hand Surgery (2nd 
ed), Churchill Livingstone: (New York, 1988) Illustration by 
Elizabeth Roselius ©1988) (Redrawn)} 



Figs 10A to D: Plate and screw fixation for metacarpal shaft 
fractures: (A) lag screw fixation of a spiral shaft fracture, (B) 
plate fixation of an oblique metacarpal shaft fracture with a 
separate lag screw across the fracture, (C) plate fixation of an 
oblique metacarpal shaft fracture with a lag screw across the 
fracture inserted through the plate, and (D) plate fixation of a 
transverse metacarpal shaft fracture. (From O’Brien ET: 
Fracture of the metacarpals and phalanges. In Green DP (ed): 
Operative Hand Surgery (2nd ed), Churchill Livingstone: (New 
York, 1988) Illustration by Elizabeth Roselius ©1988) 
(Redrawn)} 

by an exoskeleton of connecting Systems and link joints, 
JESS provides a stable skeletal environment aiding rapid 
healing of soft tissues. Limiting the frame configuration 
to the involved bone alone allows immédiate mobili- 
zation of the adjacent joints. This restores circulation and 
prevents lympho-venous stasis leading to lesser incidence 
of infections . 7 Since mobilization keeps the gliding 
structures moving, functional restoration is expedited. 

The author recommends the use of a low-speed, high- 
torque motorized drill for driving the K-wires into bone. 
Hand drills tend to wobble a lot and this causes the 
formation of a larger hole in the bone than the K-wire. 
The pin-bone interface is already compromised, and 
inevitably this would lead to infection and loosening. 

Sharp, trocar tipped K-wires hâve been very useful 
in drilling through the tough cortical bone. 

In the injured hand, restoration of skeletal stability 
would permit a better opportunity to examine and deal 
with the associated soft tissue injuries. Therefore, after 
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Fig. 11: Deforming force acting on a fracture site: (a) the 
intrinsics flex the proximal fragment of the proximal phalanx; 
the intrinsic flexor and extensor cause further buckling at the 
fracture site by longitudinal pull {From American Society for 
Surgery of the Hand. The Hand Examination and Diagnosis 
(3rd ed) Churchill Livingstone: (New York, 1990) (Redrawn)} 



Fig. 12: Extension-block splinting (From McElfresh EC, 
Dobyns JH, O’Brien ET: JBJS 54:1705, 1972 (Redrawn) 




Fig. 13: Comparison of the MP (top) and PIP (bottom) joints, 
as seen in the latéral view. The shape of the head of the proximal 
phalanx is less eccentric than that of the metacarpal head and 
therefore, the cam effect is less significant in the PIP joint 
(Redrawn) 


thorough cleansing and préparation of the hand, skeletal 
stabilization is performed. 

The fracture is reduced and alined. While reducing 
the fracture, it is important to note the deforming forces 
(Fig. 11) acting on the fracture site. The intrinsic muscles 
flex the proximal fragment of the proximal phalanx. The 
intrinsic flexor and the extensor cause further buckling 
at the fracture site by longitudinal pull. The intrinsic 
muscles cause the flexion deformity of the metacarpal 
fracture. The assistant then holds this position, while the 
surgeon drills in the wires in the appropriate places. 
When using a motorized drill, it is possible for the surgeon 
to drill with the right hand and steady the fragment with 
the left. This is essential for applying just enough 
counterpressure. The latéral aspect of the digital bones 
présent a smooth rounded surface which causes the K- 
wire to slip and dangerously pierce the soft tissues. Thus, 
controlled and steady motion is called for rather than 
rough and violent attempts at drilling the bone. 

Postoperative Care 

The most important is the joint should be mobilized as 
early as possible using various types of dynamic splints. 
One is shown in Figure 12. The MP joint should be 
mobilized at almost right angles to prevent can effect. If 
MP joint is mobilized with zéro flexion, the collateral 
ligament contracts and causes stiffness of the MP joint 
(Fig. 13). 8 
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PART - Il 

PHALANGEAL FRACTURES 

Phalangeal fractures are common place and reported 
incidences hâve varied. They are unique in that an 
isolated fracture can affect the functional unit of the hand 
and the digit. Digital function can be impaired not only 
by fracture stability or deformity but equally by 
concomitant injury to the soft tissues that provide motion, 
stability, blood flow, and sensation to that digit. An open, 
unstable fracture combined with nerve, tendon and 
vascular injury must be treated differently than the same 
fracture pattern in a closed, stable, warm, and sensate 
digit. The combined soft tissue injuries hâve precedence 
over the fracture treatment, and these influence both the 
choice of treatment method and the functional outcome. 
Physical impairment of the functional unit, the digit, 
easily spills over to adjacent areas and can impair digital 
performance across the hand, and therefore the functional 
outcomes of treatment. 

The diagnosis is usually straightforward and is based 
upon history, physical examination and radiological 
évaluation. Jupiter and Belsky hâve suggested a précisé 
classification System for phalangeal fractures (Table 1). 

Distal Phalanx Fracture 2 

Distal phalanx fracture is the site of the most of the 
injuries, part of the hand being the most exposed portion 
of the extremity. Most fractures of the distal phalanx are 
of the stellate type at the terminal end of the phalanx 
and usually heal without great difficulty. Kaplan has 
classified these fractures into three general types, i.e. 
longitudinal, comminuted and tr ans ver se. Longitudinal 
fractures rarely get displaced. A transverse fracture may 
show a marked degree of angulation and may require 
external or internai splinting. The so called "crushed egg- 
shelT' type, comminuted, fracture commonly involves the 
tuft and is also usually associated with soft tissue damage. 
The fractures in the midshaft diaphyseal portion 
frequently resuit in nonunion or delayed union. It is 


important that the immobilization of the distal phalanx 
fracture allows full range of the proximal interphalangeal 
joint. A hairpin splint or fingertip guard usually suffices 
this purpose and should be given for 3 to 4 weeks. 
Accompanying soft tissue injuries resulting in scar of the 
distal tuft or deformity are common problems. Hence, 
proper care of soft tissue injury may be pain relieving 
though, later on, massage and direct use of the pulp for 
pinching activities will help to mobilize the soft tissue 
pulp. 

Transverse fractures must be reduced, angula-tion 
corrected and held in position by either an external splint 
or a K-wire. 

Mallet Finger 

Of Tendon Origin 7 

Mallet finger terminology is commonly attributed to the 
fixed flexion deformity of the distal interphalangeal joint 
(DIPJ) resulting from loss of extensor tendon continuity. 
This kind of clinical picture can also be produced by an 
intraarticular fracture involving dorsal lip of the distal 
phalanx. Depending on the site of the lésion, it can either 
be of tendon or bony origin. Forcible flexion of the DIPJ 
results in this mallet or baseball finger. Several patterns 
of the injury that are seen are depicted in (Fig. 1). 

Type 1 The extensor tendon is only stretched. Anatomical 
continuity is still maintained, and patient présents with 
minimal deformity and usually retains some amount of 
extension. No obvious swelling is seen clinically. 

Type 2 The extensor tendon is ruptured from its insertion 
into the distal phalanx. There is complété loss of active 
extension, and patient présents with a greater degree of 
flexion deformity (>60°). 

Type 3 The extensor tendon is avulsed from the insertion 
with a bony fragment attached to it. 

The results of treatment of the mallet finger are not 
universally good by any method. Continuons splinting 
of only DIPJ for 6 to 10 weeks is usually sufficient and 
results in minimal morbidity of the hand. 


TABLE 1 : Classification of phalangeal fractures (Jupiter and Belsky) 


Phalanx 

Location 

Pattern 

Skeleton 

Soft 

Reaction 





tissue 

to motion 

P(proximal) 

Base 

Transverse 

Simple 

Closed 

Stable 

P2(middle) 

Shaft 

Oblique 

Impacted 

Open 

Unstable 

P3(distal) 

Neck 

Spiral 

Comminuted 




Condyle 

Epiphysis 

Avulsion 
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Fig. 1: Three types of injuries causing mallet finger of tendon 
origin. The extensor tendon gets only stretched (top), extensor 
tendon ruptured from at insertion (middle), bony avulsion with 
extensor tendon (bottom) 

Of Bony Origin 

A fractue involving the dorsal articular surface of the 
distal phalanx produces a mallet deformity because of 
the attachment of extensor tendon attached to the avulsed 
fragment. The fragment usually includes one-third or 
more or the articular surface. 

Treatment includes open réduction with K-wire 
fixation in cases where there is a large bony fragment 
with volar subluxation of the distal phalanx. Rest of the 


other cases can be treated on similar lines of mallet finger 
of the tendon origin, by splinting the DIPJ for 6 to 8 weeks 

(Fig- 2). 

Fractures of the Proximal and Middle Phalanges 

Fractures of the Base 1 ’ 2 

Avulsion of the collateral ligament involving 25% of the 
articular surface is rare. Such fractures need an absolu te 
anatomical réduction and stabilization so as to avoid 
further post-traumatic arthritis. Fragments of any size 
that are displaced greater than 2 mm or malrotated 
compromise joint stability, and open réduction and 
internai fixation (ORIF) is advised. Large articular 
fragments are stabilized with an interfragmentary screw, 
but smaller fragments are more suited for fixation with a 
pull-out wire or tension band technique. 

Longitudinal compression produces a spectrum of 
injuries that range from minimal articular surface 
dépréssion to fracture-dislocations. As the angulatory 
component of applied force increases, asymmetric 
fracture patterns are produced. A large articular fragment 
can be sheared away from the shaft, or a single plateau 
can be depressed. Both patterns resuit in significant 
angulation of the digit. Large fragments with fracture 
lines parallel to the long axis of the digit are unstable and 
require ORIF. Articular incongruity of greater than 1 mm, 
or any digital angulation, should be corrected by an 
anatomie restoration of the articular surface. Surgical 
reconstruction of highly comminuted plateau fractures 
may be impossible. This type of injury is best treated by 
limited ORIF to correct asymmetric compression followed 
by skeletal traction and motion. 



Figs 2A to E: Immobilize only the distal interphalangeal joint in treating mallet fingers. This may be done with a dorsal padded 
aluminum splint: (A) a volar unpadded aluminum splint, (B) a Stack splint, (C) a modified Stack splint, (D) or an abouna splint, (E) 
note that each of these uses a three-point fixation principle (Redrawn) 
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DIAPHYSEAL FRACTURES 4 

The phalangeal diaphysis is thicker side to side than 
anteroposteriorly. This increase in radial and ulnar mass 
is also extended into the soft tissues by the continuation 
of the osteocutaneous ligaments of Gray son and Cleland. 
These ligaments anchor onto bone primarily at the 
midportion of the diaphysis, creating a thick band of 
tissue that créâtes stability of the fracture when intact. 
Réduction is difficult when the tip or spike of an oblique 
or spiral fracture becomes entangled in this stout cord of 
tissue. Rotational deformity cannot be corrected when 
this structure is incarcerated in the fracture site. Unless 
significantly displaced, long, oblique, and spiral fractures 
of the diaphysis will prove remarkably stable. When 
displaced and réduction not easily accomplished, soft 
tissue interposition is likely. 

Closed Réduction 

Closed réduction can be readily accomplished in digital 
ring block. Wright reported a large sériés treated 
successfully using James' principle of closed réduction 
and splint immobilization for 3 to 4 weeks for unstable 
fractures and buddy strapping with immédiate motion 
for stable fractures. 

Burkhalter advocated treatment of proximal 
phalangeal shaft fractures that allows limited active 
flexion during the healing phase. A closed réduction is 
done and a short-arm cast is applied, holding the wrist 
in 30 to 40° of extension. A dorsal plaster extension block 
is added to hold the MP joints flexed 90° and the IP joints 
fully extended. Burkhalter's theory is that the intrinsics 
are relaxed and the extensor apparatus overlying the 
proximal phalanx acts as a tension band. Similar 
positioning of the adjacent digits Controls rotation and 
angulation. A program of immédiate active flexion is then 
initiated. 

Strickland et al showed that the digital performance 
deteriorated when active range of motion (AROM) was 
delayed longer than three weeks. Soft tissue mobilization 
can take place with active motion and active motion with 
blocking techniques. Rapid addition of passive motion 
and dynamic splinting can take place within four weeks 
if the fracture is stable. Clinical union is manifest by a 
minimally tender fracture site that is not painful when 
manipulated and stressed. 

Closed Réduction and Percutaneous Fixation 

Close réduction and percutaneous fixation should be 
considered if the patient's fracture has a loss of réduction, 
there is comminution, or réduction cannot be held. 
Percutaneous fixation can be achieved either by smooth 


K-wires or with screw fixation. K-wires can be made to 
pass across the fracture and affix adjacent cortices or pass 
intramedullary and act as internai splints to avoid 
bending stresses. In either case, both transverse, short 
oblique and spiral fractures are amenable to this 
treatment if instability persists after closed réduction. 
Acceptable réduction must be achieved which includes 
correction of the rotational deformity and no more than 
10 to 15° of angular deformity should be accepted. A fresh 
K-wire should be used to drill the cortex each time and 
the use of intraoperative imageintensifier is re- 
commended to hâve précisé control on the fracture 
fragments. If a fracture is unstable enough to require an 
implant, then the minimum requirement for stability is 
two percutaneous pins unless used as intramedullary 
devices acting as splints in the isthmus of the phalangeal 
diaphysis. Removal of pins at 3 to 4 weeks allows 
sufficient time to stretch the scar collagen and maintain 
good results with maximum joint flexion and extension. 

Open Réduction and Internai Fixation (ORIF) 

If the fracture cannot be reduced or if the percutaneous 
pinning is not possible, the surgeon must resort to ORIF, 
though it may seldom be necessary. Smooth Kirschner 
wires (K-wires) hâve been by far the most popular 
technique of maintaining fracture réduction. A wire can 
usually be inserted with minimal soft tissue stripping, 
thereby, preserving the blood supply to bone and 
enhancing the potential for healing. In addition, K-wires 
are less bulky than a plate or a screw and may be inserted 
so as not to impale the dorsal apparatus and allow for 
easy closure of the tissue. Plates may provide stability in 
cases of comminution of fragments or multiple fracture 
lines that preclude pin fixation. In these instances, plates 
provide a bridging or spanning function across unstable 
segments. In other cases, multiple fragments may be 
pulled together by lag-screw fixation through the plate 
and affect a stable platform to rehabilitate the multiple 
injured soft tissues. 

Internai fixation that requires an open approach 
includes: 

i. multiple interfragmentary screw fixation 

ii. interosseous wire technique (Lister, tension band, 
sidewinder technique Green 3 /Belsole) 

iii. plate fixation technique (tension band plate, lag 
screw and plate, neutralization plate, buttress plate, 
spanning plate) 

iv. intramedullary fixation devices other than K-wires. 

The proximal and middle phalanx can be approached 

through either a midline dorsal skin incision or a midaxial 
incision. In the case of the dorsal approach, the tendon- 
splitting incision can be central or parasagittal in the 
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interval between central tendon and latéral band. Dorsal 
skin incisions with tendon approaches that elevate the 
latéral bands or divide the latéral bands are also possible. 
Advantages to midaxial 'daterai" approaches and implant 
placement may include a better gliding surface for the 
sensitive and low amplitude extensor tendon excursion. 
Bulky implants placed beneath the extensor tendon may 
impede normal excursion because of their bulk. 

In cases of loss of cortical substance, open réduction 
can provide length préservation. In addition, grossly 
comminuted or nonviable pièces of dense cortical bone 
that do not contribute to stability because of size or shape 
can be excised and replaced by corticocancellous grafts. 
Grafts and plates can provide immédiate stability and 
rapid reconstitution of bone substance. Functional after 
care for a fracture mechanism that created the substance 
loss will not be delayed. 

External Fixation 

External fixation of small bones is achieved by simple 
constructs of K-wires fixing and reinforcing and methyl 
méthacrylate spanning the phalanx. Sophisticated and 
well-engineered mini external fixation of phalangeal 
disphysis fractures include gross comminution with 
accompanying injury to the soft tissue envelope extensor, 
soft tissue injury in which further open dissection may 
compromise bone or digit viability, and a segmentai 
defect in which digital needs to be preserved and formai 
ORIF delayed. External devices can provide temporary 
stability until the soft tissue envelope is restored and other 
fracture care is possible. Fixators are small enough to 
allow mobilization of adjacent digits. 

Complications of Phalangeal Fractures 4 

Malunion It is the most common bony complication of 
phalangeal fractures. This leads to axial shortening as well 
as soft tissue problems such as tendon adhesions, poor 
skin coverage, and neurodeficit. Dorsal angulation is a 
frequent problem with fifth, if présent with second and 
third it may be bothersome both cosmetically 
(pseudoclawing) and functionally. Malrotation along the 
axis resuit in overlapping of the affected finger over an 
adjacent finger. Ail these multiplanar deformities need 
to be corrected after proper estimation radiologically and 
then performing a corrective osteotomy. 

Metacarpal Fractures 

Comprise 36% of ail fractures of the hand. Metacarpal 
neck fractures account for approximately 20% of ail 


injuries of the hand and usually involve ring and small 
metacarpals. They invariably occur when a clenched MP 
joint strikes a solid object and angulates with its apex 
dorsal. This is because: 

i. impact causes volar comminution 

ii. intrinsic muscles Crossing MPJ lie volar to the axis 
of motion. 

Fifth metacarpal neck (looxer s) fracture 8 Fracture of fifth 
metacarpal neck accounts for approximately 20% of ail 
fractures in the hand. This is typically seen in young active 
individuals involved in punching activities. Treatment 
recommendations vary from conservative treatment— 
immédiate mobilization to open réduction and internai 
fixation. Excessive angulation of ring and small fingers 
is not acceptable. There is also universal agreement that 
rotational deformity is not acceptable and must be 
corrected initially Smith and Peimer felt that persistent 
angulation over 30° was unacceptable. The Mayo clinic 
group recommends open réduction or percutaneous 
pinning of ring metacarpal fractures with angulation 
greater than 20° and small finger metacarpal fractures 
with angulation greater than 30°. Jahss recognized that 
flexing the MP joint to 90° relaxed the deforming intrinsic 
muscles and tightened the collateral ligaments, allowing 
the proximal phalanx to exert upward pressure on the 
metacarpal head. The "Jahss maneuver" today remains 
the best technique of closed réduction though little finger 
must never be immobilized in "Jahss position"—MP and 
PIP both flexed in 90° (Fig. 3). 

Angular deformity up to 70° has not been associated 
with functional loss, including residual extensor lag at 
the metacarpophalangeal joint. Patients treated by 
immédiate motion usually return to early full mobility 
and functional use of hand. 

Non-operative Treatment of Diaphyseal Fractures 

Closed treatment of closed diaphyseal metacarpal 
fractures, particularly of a single metacarpal is satis- 
factory for the vast majority of these injuries. Closed 
réduction followed by external immobilization, in a cast 
or splint that includes the wrist and one or more digits. 
The use of a functional cast applied only to the hand, 
leaving the wrist and digits completely free to allow for 
active motion, has been demonstrated to maintain 
réduction, allow earlier return to work and activity, and 
produce less residual wrist and digital stiffness than 
fractures treated with more traditional immobilization 
of the wrist and digits. The patients treated with 
functional cast returned to work in one-third of the time 
of the more extensive cast treated group. 
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Figs 3A and B: (A) The Jahss maneuver for réduction of a 
metacarpal neck fracture, and (B) following réduction fingers 
are held in an intrinsic plus (safe) position in an ulnar gutter 
splint with molding as indicated 


ARTICULAR FRACTURES OF THE 
CMC JOINT (BENNETT’S 6 ) 

In 1882, Bennett described this fracture of the base of first 
MC which bears his name (Fig. 4). He presented five 
pathologie specimens of a healed fracture of the palmar 
articular surface of the base of the first metacarpal to the 
Dublin pathological society. His basic recommendations 
about fixation of fracture still holds true, i.e. to overcome 
the proximal pull of the abductor pollicis longus. 

Several studies hâve documented the importance of 
restoring the axial length and coaptation of the shift of 
the metacarpal to the smaller médial fragment comprising 
the volar beak ligament. Without bony union of the 
ulnarvolar fragment and its attachment to the volar 
ligament to the main portion of the shaft, painful 
subluxation and decreased pinch strength are more likely. 

Accurate radiographs (AP and latéral) to assess the 
intra-articular status is very important. 

Billing and Gedda's view (latéral view )—The palmar surface 5 
of the forearm and hand are placed fiat on the cassette, 
and the hand and wrist are then pronated 15 to 35° with 
the thumb remaining in contact with the cassette. The X- 
ray tube is directed obliquely 15° distal to proximal, 
centering over the trapeziometacarpal joint. 

Many methods of stabilizaing this fracture dislocation 
hâve been reported and fall into two categories—direct 



Fig. 4: Four distinct fracture patterns are commonly seen at 
the base of the first metacarpal: Type I (Bennett’s fracture 
dislocation) and type II (Rolando’s fracture) are intraarticular. 
Type III are extraarticular fractures either transverse or oblique, 
and type IV are epiphyseal injuries seen in children 

and indirect stabilization. Direct stabilization of the two 
fracture fragments require sufficient size of the usually 
smaller volar beak portion to accept K-wires or a small 
lag screw. When the volar ulnar fragment is smaller, 
indirect stabilization gives good results. Traction 
techniques, small external fixators and K-wires fixation 
to the adjacent index metacarpal hâve been used with 
comparable success (Figs 5A and B). 

When the Bennett fragment is less than 15 to 20% of 
the articular surface, closed réduction and percutaneous 
pining is sufficient and yields good results. If the Bennett 
fragment is large, i.e. greater than 25 to 30% of the 
articular surface, primary open réduction and internai 
fixation, using Wagner's incision is preferred. Fixation is 
secured with either a 2.0 or 2.7 mm screw using lag 
technique as advocated by Foster and Hastings. 
Alternative fixation can be accomplished by passing two 
0.035 inch Kirschner pins across the fracture. 
Postoperatively, if pins are used, the thumb is 
immobilized in a thumb spica cast for 4 weeks and the 
transarticular pin is removed. The pins holding the 
fracture fragmet are removed at 6 weeks. Screw fixation. 
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Figs 5A and B: Fixation of Bennett’s fracture 

although technically more demanding, is more secure 
and active range of motion may be initiated at 5 to 10 
days postoperatively. 

Malunion is the most common complication 
encountered which may resuit in récurrent or persistent 
subluxation of the trapeziometacarpal joint. Malunion can 
be effectively corrected by Clinkscales closing wedge 
osteotomy at the base of the first metacarpal. 

ROLANDO’S FRACTURE 6 

In 1910, Rolando described this fracture of the base of 
the thumb metacarpal with a Y or T-shaped intraarticular 
fragment (Fig. 16). 


Numerous techniques hâve been described for the 
management of this fracture. In cases with 2 fragments 
with minimal comminution open réduction through 
Wagner's approach combined with internai fixation with 
a 2.4 to 2.7 mm 'L' or T' plate is preferred. In cases of 
severely comminuted fractures internai fixation is often 
difficult such patients are best treated with an oblique 
traction through the thumb metacarpal as described by 
Spanberg and Thoren. A K-wire is drilled in obliquely 
through the thumb metacarpal in a distal and ulnar 
direction. The pin is then attached to rubber band traction 
maintained for 4 to 6 weeks. Buchler has recommended 
a quadrilatéral mini external fixator between the thumb 
and index metacarpal 

MUTILATING HAND INJURIES 7 

Mutilating injuries of the hand comprise of a definite 
spectrum of hand injuries comprising of almost 40 to 60% 
of ail the hand injury cases coming to us. By définition, 
these are untidy, complex widespread hand injuries 
usually with varying degrees of tissue loss. The etiology 
will vary from crush, with or without burn to machine 
mangling to explosive injuries. Too often the significance 
of the fractures of the hand are underestimated, and this 
further leads to malrotation and loss of full range of 
movement. Correct diagnosis, accurate fracture réduc¬ 
tion, and a program of early range of motion are 
impérative to achieve these goals. 

Evaluation 

Physical Examination 

Correct estimation of mechanism of injury and a physical 
examination demonstrating swelling, pain, abnormal 
mobility during active and passive range of motion will 
aid in diagnosis and deciding on further line of 
management. Récognition of the muscle and tendon 
forces on the fractured fragments that will resuit in 
residual deformities of the fracture is the key to 
appropriate early management. The possibility of tendon 
rupture or injuries to the interphalangeal joints in certain 
types of avulsion fractures is always to be considered. 
Stress views, comparison views of the opposite side or 
spécial rotation views of document subluxation or 
dislocation are mandatory when proper physical 
examination is obscured by swelling. 

The configuration of the fracture can présent in many 
different ways. The fracture management decisions are 
altered by whether the fractures are open or closed, stable 
or unstable, and the expected time of healing. Open 
fractures and more over mutilating injuries requires 
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spécial attention to wound care. Initial surgery should 
consist of exploration, debridement, décompression, 
skeletal stabilization and if necessary revascularization. 
The extent of damage to structures needs to be assessed 
and lightly damaged or uninjured structures need to be 
protected. Debridement should be conservative and not 
overzealous which will rob the hand of functioning tissue 
that later will be useful. An early step in the management 
of mutilated hand injury is skeletal stability so that 
function can begin soon. The fibrin-rich glue that cornes 
with diffuse injury in the hand will prevent motion if 
these tendons and joints do not move. Joints can move 
and tendons can glide only with a stable skeletal fixation. 
The best stability possible should be obtained, the choice 
being Kirschner wire fixation because of its case of 
insertion. Stability is not great and migration with loss of 
fixation cornes early with digital motion. The use of small 
plates, screws and tension band wiring requires 
additional exposure but offer better skeletal stability 
which will yield early digital motion. 

Closed fractures tend to be more stable because the 
soft tissue sleeve is not disrupted. Intra-articular fracture 
always require anatomie réduction. Metaphyseal 
fractures heal rapidly and do not require more than 2 to 
3 weeks immobilization. Diaphyseal fractures more 
frequently displace and are relatively slow in healing but 
usually heal sufficiently in 3 to 4 weeks so that guarded 
motion can be instituted. 


Management 

Whether closed treatment or open treatment is chosen, 
the type of immobilization or internai fixation must 
achieve adéquate stability of the fracture, proper fracture 
alignment, and prévention of excessive shortening, 
angulation, or rotation to allow safe early motion. Intra- 
articular fractures must hâve a smooth articular surface 
to allow unimpeded range of motion of the joint and 
prevent fibrous ankylosis. 
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CARPOMETACARPAL (CMC) DISLOCATIONS 1011 

Carpometacarpal dislocations 3,4 are infrequent injuries. 
The majority of CMC dislocations are in a dorsal direction 
although volar dislocations hâve also been seen. 

Fifty percent of the isolated CMC dislocations occur 
at the relatively unstable fifth metacarpal, with its 30° of 
anteroposterior motion and obliquely oriented articular 
surface. Twenty-five percent involve the stable index 
finger, and 25 percent the long or ring fingers. 

The usual mechanism of injury for a fourth of fifth 
CMC dislocation is an indirect force applied through 
metacarpal head. Dislocations of central or radial digits 
are produced by direct blow to the base of the metacarpal 
and are often associated with severe soft tissue trauma. 

Longitudinal traction and gentle pressure over the base 
of the metacarpal usually reduces a CMC dislocation. A 
capsular flap interposed into the joint, massive edema, 
or a delay in treatment of more than 5 days can render 
closed réduction impossible and necessitate open 
réduction. 

Stable, isolated CMC dislocations are treated with 
three to four weeks of cast immobilization. Percutaneous 
pin fixation should be performed if postreduction 
instability is présent. 12 Forces action on the fifth CMC 
joint render is unstable. 

Extensor carpiulnaris pulls the metacarpal base in a 
dorsal ulnar direction, the hypothenar musculature 
angles the head of the metacarpal radially, and the 
oblique slope of the hamate articulation accentuâtes the 
tendency for subluxation. The combination of deforming 
forces is difficult to counteract with cast immobilization, 
and a transarticular Kirschner pin is recommended to 
maintain réduction. If cast treatment is attempted, the 
wrist should be held in 45° of dorsiflexion to reduce the 
pull of the extensor carpiulnaris, and weekly radiographs 
should be taken to ascertain maintenance of réduction. 


The radial side of the index finger is also very 
susceptible to injury. Because of the cam shape of the 
metacarpal head, the collateral ligaments are loose in 
extension and are taut in flexion and hence testing for 
instability must be done in flexion. The index finger may 
rotate on the intact ulnar collateral ligament causing 
palmar subluxation of the radial base of the proximal 
phalanx, causing radial deformity of the digit. 

Conservative treatment of collateral ligament injuries 
is successful in most cases. Splinting in 50° of MP flexion 
has been advocated by some, the extended position has 
also been proposed to allow maximum tightening of the 
collateral ligaments. 13 

If there is an avulsed fragment involving more than 
third articular surface, displaced more than 2 mm or if 
there is a rotational deformity, surgical fixation of 
ligament may be considered. 

METACARPOPHALANGEAL DISLOCATIONS 

In order of frequency occurs' in index, thumb, then 
smaller digits. Most commonly occur s in dorsal direction. 
Central, multiple, and volar dislocations are rare. 
Distinction must be made between subluxation (simple) 
and complété (complex) dorsal dislocations. This 
anatomical distinction is important since simple is 
reducible by closed means, whereas the complex is not. 
Also, an incomplète dislocation can be converted to a 
complété dislocation by an inappropriate réduction 
maneuver. 

In simple subluxations, the volar plate remains with 
the proximal phalanx, but the proximal surface is flushed 
to the MC head anteriorly, the base of the proximal 
phalanx rests in 60 to 80 degrees hyperextension on the 
dorsal MC head. The réduction maneuver is done by 
flexing the wrist to relax the flexor tendons, with simple 
pressure directed distally and volarly over the dorsal base 
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of the proximal phalanx. This slides it into a flexed 
position. There is an inhérent danger than by giving 
longitudinal traction simple might get converted to 
complex. Early range of motion is permitted in a dorsal 
extension block splint that prevents extension beyond 
neutral. 

Complex (irreducible) dislocations occur when the 
palma plate ruptures proximally and becomes interposed 
between the dorsally displaced proximal phalanx and 
metacarpal head. This palmar plate is the most common 
cause of impediment during closed réduction. The 
lumbrical subluxates to the radial side of the index finger, 
metacarpal head, and the flexor tendons are forced 
ulnarly. These displaced tendinous structures and palmar 
plate create a Chinese finger trap that tightens around 
the MC head when longitudinal traction is applied. The 
clinical deformity is less obvious than simple dislocation 
in which 90° of MP hyperextension is apparent often. In 
complex ones, the proximal phalanx assumes bayonet 
apposition on top of the metacarpal. Flexion is impossible. 

For complex dislocations, an attempt should be made 
to reduce it closed, but one should be prepared to perform 
an open réduction. 

MCPJ Dislocations 

Kaplan has given a vivid description of the pathological 
anatomy. The fibrocartilage breads away in the région of 
its weakest attachment, at the neck of the volar aspect of 


the second metacarpal. 7 The head of the second 
metacarpal, thus, gets buttonholed in natatory ligament 
and volar fibrocartilaginous plate in the distal transverse 
part, superficial transverse ligament in the proximal part, 
flexor tendons and pretendinous band in the ulnar 
longitudinal part, and lumbrical muscle with digital 
neurovascular bundle on the radial longitudinal portion 
(Figs 1 and 2). 

Open 2 réduction can be achieved by either a volar or 
a dorsal approach. The volar approach is initiated 
through a transverse incision in the distal palmar crease 
followed by division of the Al pulley to gain exposure of 
the joint. The index finger radial digital nerve and the 
ulnar digital nerve to the fifth digit will be tented over 
the metacarpal head directly beneath the skin and are in 
danger of division during this approach. Extricting the 
palmar plate from between the metacarpal head and the 
base of the proximal phalanx is difficult unless the 
attachments of the transverse metacarpal ligaments to 
palmar plate are divided. 

The dorsal approach éliminâtes the risk of damage to 
the digital nerves, improves visualization of the dorsally 
displaced palmar plate and allows access to the 
metacarpal fractures. Approximately 50% of MP 
dislocations are associated with metacarpal head fracture 
which can be effectively treated with this approach. After 
réduction of simple or complex dislocations, the joint is 
stable and immédiate range of motion with protective 
buddy taping can be started. 
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Figs 1 and 2: Complex or irreducible MP dislocations are caused by interposition of volar palmar plate, and entrapment of the 
MC head in these four strangulating structures “buttonholing” it (Kaplan’s concept) 
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INJURIES OF THEULNAR 
COLLATERAL LIGAMENT 

Injury to the ulnar collateral ligament of the thumb 
metacarpophalangeal joint is commonly referred to as 
gamekeeper's thumb or skier's thumb. 

MECHANISM OF INJURY 

Fall on the hand with forceful radial and palmar 
adduction as seen in skier s is the usual cause. Chronic 
atténuation of the ligament is seen in Scottish 
gamekeepers who fractured the neck of rabbits between 
their thumb and index finger. 

PATHOLOGY (FIGS 3 AND 4) 

Distal tears of the UCL are five times more common than 
proximal tears where as ruptures within the 
midsubstance or avulsion from the metacarpal head occur 
occasionally. associated tears of the dorsal capsule resuit 
in volar subluxation of the joint. 

In 1962, Sterner described a lésion that bears his name, 
in which he observed the interposition of the adductor 
aponeurosis in between the torn ligament and it's base 
in 25 of 39 complété tears. The lésion prevents proper 
healing and leads to chronic instability with subséquent 
arthrosis. Adductor aponeurosis interposition does not 
occur in incomplète ruptures. Therefore the identification 
of this sign is critical to differentiate between incomplète 
and complété ruptures. 

CLINICAL FEATURES AND INVESTIGATIONS 2 

In acute cases patients often complain of pain with 
swelling and ecchymosis on the ulnar side of the MP joint. 
In chronic cases, the patients hâve pain and instability 
on forceful pinch and activities requiring torsional 
movements of the thumb such as opening lid of a jar. 



Figs 4A to D: Displacement of the ulnar collateral ligament of 
the thumb MP joint: (A) Normal relationship with the ulnar 
collateral ligament covered by the adductor aponeurosis, 
(B) with slight radial angulation the proximal margin of the 
aponeurosis slides distally, leaving a portion of the ligament 
uncovered, (C) with major radial angulation, the ulnar ligament 
ruptures at its distal insertion. In this degree of angulation, the 
aponeurosis has displaced distal to the rupture, permitting the 
ligament to escape, and (D) Complété rupture of ulnar collateral 
ligament. Adductor aponeurosis may interpose (Sterner lésion) 


The initial X-rays include PA, latéral and oblique 
views of the thumb. Avulsion fractures may be seen at 
the base of the phalynx associated with volar subluxation 
of the joint may be seen. 

Stress X-ray hâve an important rôle, 30° of laxity on 
the ulnar side and 15° more laxity than on the opposite 
side is considered diagnostic of a complété tear. 

In the recent past the use of USG and MRI has been 
considered vital for the diagnosis of complété tear and a 
Sterner's lésion. 




Fig. 3: Game keeper’s thumb 


TREATMENT 

Incomplète Acute Tears 5 

It is generally agreed upon that an incomplète tear is best 
managed conservatively. Immobilization in a thumb 
spica for a period of four weeks followed by an additional 
2 weeks splint immobilization during which time active 
motion exercises are begun. Strenuous activity is to be 
avoided for a period of 3 months. 

Complété Acute Tears 1 

The presence of a Sterner's lésion often results in failure 
of healing an exploration of the site with a repair is often 
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required. The joint is usually exposed along the 
dorsoulnar aspect. If a Sterner's lésion is présent, the UCL 
will be seen with its distal hémorrhagie end flipped up 
in the subeutaneous tissue. Incise the adductor 
aponeurosis and reduce the UCL to its site of detachment. 
A Bunnel type of suture is placed on the ligament (Fig. 5) 
and the ends of the suture are pulled out on to the radial 
side to be tided over a well-padded button. In the 
presence of an avulsion fracture it can be fixed with a K- 
wire or a 3-0 mersilene suture. 

Chronic Tears 3 ’ 4 

The techniques used for UCL reconstruction are adductor 
advancement or free tendon grafts. The presence of 
advanced arthrosis is a contraindication to any form of 
reconstruction and is best treated by arthrodesis. Neviaser 
(Fig. 6) advocated the technique of adductor advance¬ 
ment to provide a dynamic tendon transfer to replace 
the static restraint provided by the UCL. Smith, 
recommended using the palmaris longus tendon as free 
tendon graft to provide a static restraint to the MP joint. 

RADIAL COLLATERAL LIGAMENT INJURIES 

Although radial collateral ligament injuries occur less 
frequently than ulnar collateral ligament injuries, 
improper treatment can lead to chronic painful 
instabilities, especially during activities requiring "push 
off." No lésions comparable to that described by Sterner 
exist. Incomplète tears and tears not associated with volar 
or rotational subluxation can be treated in a cast for 4 to 
6 weeks. Complété tears, particularly if rotational, and 
volar subluxation after casting should be treated with 



Fig. 5: Repair of an acute UCL injury (Redrawn from Jobes 
MT, Calandruccio JH. Cambells Operative orthopaedics Vol.4, 
10th ed, Mosby, 2003) 




Fig. 6: Repair of an old UCL injury by Advavncement of the 
adductor aponeurosis (Redrawn from Jobes MT, Calandruccio 
JH. Cambells Operative orthopaedics Vol 4, 10th ed, Mosby, 
2003) 

direct surgical repair of the ligament. Chronic instability 
should be treated with open repair or with reefing of the 
radial collateral ligament with a supplémentai palmaris 
longus tendon graft. 

DISLOCATIONS OF THE PROXIMAL 
INTERPHALANGEAL JOINT (PIPJ) 16 

Dorsal dislocations of the PIPJ are the most common 
artcular injuries of the hand. Three types of displacement 
of PIPJ may occur: dorsal, latéral and volar depending 
on the position of the middle phalanx at the moment of 
the joint deformation. 

Acute Dorsal PIPJ Dislocation 8 ’ 9 ’ 14 ’ 18 

Acute dorsal PIPJ dislocation follows a hyperextension 
type of injury with some degree of longitudinal 
compression. Rarely a rupture of the volar plate can occur 
proximally when it becomes interposed between the head 
of the proximal phalanx and the base of the middle 
phalanx necessitating open réduction. 

Dray and Eaton’s Classification 

This classification is based on the dorsal displacement of 
the middle phalanx producing spécifie lésions of the 
ligament System. 

Type I (Hyperextension) 

Avulsion of the volar plate from the base of the middle 
phalanx and a minor longitudinal split in the collateral 
ligaments is seen. In severe cases, the middle phalanx 
may get locked in 70 to 80° of hyperextension. In this, the 
articular surfaces remain in contact, the middle phalanx 
articulâtes with the dorsal third of the condyle of the 
proximal phalanx. 
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Type II (Dorsal Dislocation) 

There is complété rupture of the volar plate and a 
complété split in the collateral ligements, with the middle 
phalanx resting on the dorsum of the proximal phalanx. 
The proximal and middle phalanges lie in almost parallel 
alignment. 

Type III (Fracture-Dislocationf bA1 

The insertion of the volar plate, including a portion of 
the volar base of the middle phalanx is disrupted. The 
major portion of the collateral ligaments remains with 
the volar plate and flexor sheath. A major articular defect 
may be présent. Depending on the articular surface, it 
canbe either stable variety or uns table. Fracture avulsion 
of a small triangular fragment representing less than 40 
percent or more of the volar articular segment, the 
collateral ligaments and volar plate complex, which 
inserts into this area, is no longer attached to the middle 
phalanx rendering it unstable and not suitable for closed 
réduction. 

Type I and II are usually stable to active and passive 
motions. They are immobilized in a dorsal splint in 20 to 
30 degrees of flexion for a period of 7 to 14 days. 

There are a variety of modalities of treatment 
described for unstable type III. Dynamic skeletal traction 
using K-wires and traction devices hâve given good 
results in some sériés but are not consistent and 
reproducible. Dybuns et al hâve reported good results 
using a dorsal splint to block extension beyond the point 
of potential redisplacement. Open réduction and internai 
fixation has produced excellent results uniformly. This 
method is successful in cases with a single, large 
fragment, and less so in the presence of multiple small 
fragments. Wiley proposed debridement of the fragments 
and insertion of a slip of flexor superficialis tendon into 
the defect to reduce the displacement by active tendon 
tone. Dray and Eaton hâve suggested resurfacing of the 
depressed articular portion by advancement of the 
fibrocartilaginous volar plate. This produces good 
congruous joint reconstruction offering good range of 
movement. 
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234.1 Tissue Salvage by Early External 
Stabilization in Mutilating Injuries of the Hand 

BB Joshi 


INTRODUCTION 

Severe crushing injuries of the hand are common 
industrial accidents, stemming from inadéquate and 
protection of workers and from the obsession to keep high 
production levels. However, these injuries hâve seldom 
been treated with the care and keenness that they deserve. 
A ghastly looking hand, presenting at the casualty with 
a grotesque radiograph showing multiple fractures and 
severe crushing with a lot of foreign bodies is enough to 
embark the treating surgeon on the path of ablation. 

We hâve tried in the past five years, to analyze the 
injuries initially, stabilize them immediately with JESS 
(Joshi external stabilization System) and salvage the 
tissues as much as possible. The plight of patients with 
below-elbow amputations in our country was one of the 
prime drawing forces for this study. Presently we offer 
for these patients, a primitive prosthesis with crude pinch 
and grasp and an unsatisfactory cosmetic appearance. 
Reconstruction surgery with the advent of free tissue 
transfers has made it increasingly possible to restore fair 
function and cosmesis even to a hand which is severely 
crushed. The pride, self-esteem and confidence of such 
patients is evidently far better than the patients fitted 
earlier with prosthetic limbs. 

When the hand suffers a crushing injury, tissues are 
affected in a variety of ways. Some tissues are crushed 
and devitalized, some are severed, yet others are affected 


by friction or avulsion and some tissues by sheer resilience 
or due to removal of crushing force remain viable. The 
process of extrication and transportation of the patient if 
done properly, minimize the insult. But, if this procedure 
is rough, the viable tissue are allowed to kink, thus, 
further jeopardization of the already precarious blood 
supply occurs. 

On présentation at the hospital, contact with cleansing 
Chemical irritants like hydrogen peroxide further 
damages the hand. Commonly used methods of 
treatment are stabilization of the fractures with K wires 
and supporting the limb with plaster slab or, wire splints 
or limited internai fixation with plates and screws or K 
wires. Each of these procedures has inhérent difficulties 
as devitalization may take place, and adéquate stability 
may not be provided. 

The tissues at this stage require: 

i. Stabilization and alinement of the skeleton, 

ii. Time for reestablishment of vascular supply from 
intact sources by opening up of collateral channels 
and by neovascularization, and 

iii. Minimal surgical interférence. 

The only method capable of providing these 
requirements is by external fixation. The JESS extended 
hand frame is by far the best choice. It offer s stabilization 
by fixation of available intact skeleton without further 
devitalization. It provides tissues a breathing time and 
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allows revascularization of the tissues at the cellular level. 
The simplicity of the procedure, the immense versatility 
and the possibility of readjustment at a subséquent date 
confers in this System the unique possibility of achieving 
excellent results even in average hands. 

Principles 

The main principles followed are as follows: 

1. Removal of kinking of tissues to allow normal 
alinement and maintenance of anatomical length of 
tissues. 

2. Skeletal stabilization in the functional position. 

3. Limited debridement of marginal dead tissues. 

4. Prévention of undue pressure in the creases. 

5. Maintenance of clear space between fingers to prevent 
macération and pressure. 

6. Elévation of the limb. 

7. Regular dressings and progressive debridement with 
conservation of 'Viable tissues" which may hâve the 
utility in future reconstruction. 

8. Provision of vascular bed for early skin cover by split 
thickness skin grafting, rotational or predicle graft and 
even for microsurgical free flaps. 

Observations 

1. If a stable construction is made, pain is restricted to 
that arising from raw exposed nerve ends. 
Excruciating pain from movement and instability is 
absent. 

2. Rapid revascularization of the remaining viable 
tissues is noted. 

3. The power to fight infection is increased due to 
revascularization and skeletal level soft tissue 
stability, thereby, leading to less sloughing and 
réduction in the severity of infection. 

4. Lymphovenous stasis is minimal. One of the striking 
features of this System is that edema of the hand is 
negligible and this promotes rapid healing. 

5. Maximum salvage of tissues is possible thereby 
making more local tissue available for reconstructive 
surgery. 

JOSHI EXTERNAL STABILIZING SYSTEM (JESS): 
BASIC FRAME CONSTRUCTION (POSITIONAL) 

Inverted U Frame (Figs IA and B) 

Indications 

Compound, displaced distal phalangeal fractures. 
Traction stirrups for heavy distraction as in simultaneous 
lengthening of multiple digits and in distraction f rames. 




Figs IA and B: Inverted U frame 



Fig. 2: Unilatéral frame 



Fig. 3: Dorsolateral frame 


Unilatéral Frame (Fig. 2) 

Indication 

Isolated fractures of index finger, little finger or thumb 
(fingers with at least one free latéral border). 

Dorsolateral Frame (Fig. 3) 

Identical to the unilatéral frame except that the "K" wires 
are inserted at an angle of 45° to the dorsolateral surface 
of the phalanges. Thus, it can be used in the middle and 
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Fig. 4: Collateral trame 


Fig. 6: Hand and extended hand frame 


Fig. 5: Ray frame 




ring fingers to stabilize isolated phalangeal fractures. 
Unilatéral frames would impinge on the neighboring 
fingers and restrict their motion. 

Collateral Frame (Fig. 4) 

Used mainly for articular or juxtaarticular fractures as a 
joint spanning frame. Especially useful for thumb 
fractures, even first metacarpal fractures. Réduction of 
fragments in fresh fractures is achieved by ligamentotaxis. 

Ray Frame (Fig. 5) 

Ray frame is a unilatéral frame spanning an entire ray. 
Useful in digits with fractures in more than one bone. 
Hinges may be used when the joint needs to be mobilized 
or any spécifie position needs to be held. 

Hand and Extended Hand Frame (Fig. 6) 

The basic frame is set up on two transverse K wires 
impaled from the radial side into the second and third 


metacarpals and two wires impaled from the ulnar side 
into the fourth and fifth metacarpals. If the injury extends 
into the palm and wrist, the radius and ulna are also 
included in the frame. Individual digits are immobilized 
by vertical K wires through the distal phalanx or by nail 
traction, in cases where an intact nail is présent. Fractures 
of individual phalanges are then hooked on to the main 
frame by separate K wires and connecting rods. Safe zone 
pénétration of K wires is of paramount importance. 

The most common use of this frame is for open injuries 
of the hand. Crush injuries, degloving injuries and 
complex multiple fractures of the hand are treated using 
the extended hand frame. The proximal frame excluding 
the hand is used to reduce and stabilize fractures of the 
lower end of the radius. The threaded System is needed 
for this application. 
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234.2 Open and Crushing Injuries of Hand 

SS Warrier 


INTRODUCTION 

The incidence of open injuries in hand is probably the 
highest next only to fracture tibia. This is mainly because 
of its peripheral placement and comparatively less soft 
tissue cover. 

The importance of soft tissue cover and soft tissue 
revascularization in management of open and crushing 
injuries of hand cannot be overemphasized. 

The work of Gothman and Rheinlander (1967) stressed 
the rôle of extraosseous blood supply of bone to be a prime 
factor in healing of open fracture and incorporation of 
small bone fragments with attached soft tissues to the 
parent bone (in comminuted fracture pattern). 

This blood supply is in addition to the nutrient artery 
and end anastomosis. It forms an envelop which 
surrounds the bone and has crossover afferent vascular 
channels running inward from skin, fascia, muscle and 
periosteum to bone and efferent from bone, muscle, fascia 
and skin. Following open injuries, régions where skin and 
bone are disrupted and are devoid of its blood supply, 
the retained soft tissue are responsible for stability and 
vascularity of the bone. The process of revascularization 
and ability to fight infection at cellular level is initiated 
at this source. Hence, external fixation has been the 
method of choice for treatment of open extremity injuries 
in preference to intramedullary fixation (nailing) or 
extramedullary fixation (plating). These methods involve 
violation of medullary canal in nailing and stripping of 
soft tissues in plating. 

Prof. Kothari's observation, "It is the soft tissue casing 
that is the most vital for skeletal healing. It forms the 
mould in which the bone is moulded, depending on 
structure and function of the part involved", offers new 
dimension to our understanding of repair following 
trauma to skeletal tissues. 

Hence, the prognosis in open and crush injuries would 
dépend on proper clinical analysis of soft tissues and bone 
components. 

Determining Factors 

The factors which détermine these are as follows: 

1. Causative factor High velocity trauma produces severe 
bone and soft tissue injury, hence, hâve poor 
prognosis than open injuries following low velocity 
trauma. 


2. Associating injuries Polytraumatized patients with 
open hand injuries hâve poor prognosis than isloated 
hand injuries. 

3. Crushing injuries i.e. thresher injuries, rolling press 
injuries or wringer injuries resuit in delayed healing, 
deformity, soft tissue contracture and loss of motor 
and sensory function. Chances of amputation of digits 
or ray is often high. 

4. Duration between time of injury and first treatment 
longer the time of présentation, higher the chance of 
infection, quantum tissue loss, récurrent deformity. 

5. Age younger patients hâve better progress than older 
âge group. This is because of associated diseases like 
hypertension, and diabètes which further delays 
healing. The infection rate is also high in this âge 
group. 

6. Level of expertise available Initial early care, well- 
planned definite care, proper team involving special- 
ized care like plastic surgery enhances chances of early 
healing with better cosmesis and early secondary 
reconstruction for tendon and nerve injury. 

7. Patient motivation Well-motivated patients do better, 
early psychiatrie reference in severe open hand 
injuries often results in better participation of patients 
in pre- and postoperative treatment of hand injuries. 

8. Physiotherapy and occupational therapy programs ini¬ 
tiated from day one and incorporation of devices like 
functional splint, traction units help to prevent 
secondary deformities of injured part of hand, reduces 
edema, relie ves pain, thus, improving o ver ail hand 
function. Surgeon should aim for good quality of heal¬ 
ing rather than only healing. Idéal is to obtain a func¬ 
tional hand with good skin cover. 

Priorities in Treatment 

1. Patients with vascular injury with need for 
revascularization or reimplantation 

2. Skin resurfacing 

3. Bones and joints stabilization 

4. Tendon and nerves reconstruction 

5. Réhabilitation of extremity 

6. Motivation and participation of patient in post¬ 
operative réhabilitation. 

These should not be carried stagewise but planned 

concurrently. 
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Essentials of Management Care 

Phase I 

Initial assessment, diagnostics and planning first surgical 
emergency. 

Phase II 

• Assessment under GA 

• Emergency wound and skeletal care 

• Infection control 

• Pressure dressing 

• Elévation and pain relief 

Phase III 

• Reinspection 

• Assessment of skin flaps 

• Planning of resurfacing 

• Assessment of skeletal fixation 

• Local infection (residual if any) 

• Commencement of mobilization of hand, with 
dynamic traction and physiotherapy. 

Phase IV: 1 Week to 4 Weeks 

• Definitive skin resurfacing if possible motivation and 
psychological assessment. 

• Skeletal readjustment. 

Phase V: 4 Weeks to 12 Weeks 

• Reconstruction of bone defects 

• Realinement of joints 

• Tendon release, repair and grafting 

• Nerve repair, release and grafting. 

Phase VI 

• Fitting of prosthetic device or adaptation in ampu- 
tated digits 

• Secondary reconstruction like pollicization, second toe 
transfer, etc. 

Treatment 

The open injuries of hand présent in various forms like 
single digit injury with small open wound to involve- 
ment of multiple digits and whole hand up to forearm. 
The skin injury varies from punctured wound to 
extensive crushing with avulsion of quantum or 
composite skin and bone loss including tendons and 
nerves. The skeletal component also varies from 
noncomminuted fracture to extensive comminution, 
fracture dislocation to primary bone loss. 


Documentation of each component is vital for final 
outcome. Surgeon plans the phases of management at 
the first examination under GA. To execute priorities of 
management properly, it is essential that the wound 
should not be opened and kept exposed in hospital 
réception area or in ward, wound could get contaminated 
by nosocomial or hospital bacterial invasion which is 
difficult to treat. At the hospital réception, the limb should 
be elevated, stérile dressings are placed over the wound, 
no attempt should be made to probe the wound or ligate 
bleeding points. Adéquate pressure dressings will control 
hemorrhage. Bulky pressure dressings with gentle 
compression bandage should be applied. The limb should 
be elevated. Préventive drugs like tetanus toxoid be 
administered. Rôle of antigas gangrené sérum (AGS) is 
doubtful and is often not used except in patients 
presenting with infected crush injury with possibilities 
of gas-forming anaérobie infection. These are treated in 
isolation with wound management, polyvalent 
antibiotics therapy and postoperative hyperbaric oxygen 
therapy. 

Amputation may be best answer if the limb threatens 
life. 

Radiological Assessment 

Radiological assessment preferably be done in operation 
theater when patient is under anesthésia. Radiograph 
taken at the time of injury is difficult to interpret since 
bones and joints assume deformed status, and positioning 
becomes painful. Careful noting of components of injury 
on sheet of paper is vital. 

In exceptional cases, where serious vascular com¬ 
pression is expected, spécial investigations like Doppler 
study or angiography may be necessary. Intravenous 
polyvalent antibiotics should be administered before 
wound debridement. 

Phase III to phase V involves multidisciplinary care 
with postsurgery physiotherapy. Phase I and II assume 
importance in primary care, adéquate planning and 
Systems approach would help to préparé milieu interior 
so that the phases III to V could commence earlier. 

Phase I: Examination Wound Debridement 

1. Assessing skin injury 

• Assessment of skeletal injury 

• Assessment of tendon injury 

2. Obtain wound culture 

3. Wound lavage to clear débris and contaminants, avoid 

use of brushes, probes or rubbing. 

Puise lavage cleans the wound débris, can percolate 
to tissue spaces and removes the dead tissue and 
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contaminants. The tissues remain unharmed. Best solu¬ 
tion for lavage is a combination of 1000 cc water plus 100 
cc Savlon, and 10 cc H 2 0 2 . After lavage the wound 
appears clean. 

Debridement of skin physical debridement of dead 
tissue and assessment of viability are important factors 
in tissue salvage. Only dead tissue which has no 
attachment should be excised. Avulsed skin flaps may 
be assessed under anesthésia. Avulsed flaps hâve these 
distinct areas. 

1. Base with good blood supply. 

2. Periphery which is avascular 

3. Intermediate which is hypovascular. Post injury the 
vascularity in this portion may further get jeopar- 
dized, if the flap is sutured under tension. Hence, 
avulsed skin flaps must not be sutured. These flaps 
in finger amputation could be used as fillet flaps. Ail 
wounds must be left open to drain. The paratenon on 
exposed tendons should not be disturbed. 

Treatment 

1. Dedridement excise wound perform aggressive 
debridement of marginally vascularised tissue 
especially muscle save critical structure - nerve 
tendon arteries to be done under tourniquet nerves 
and arteries to be tagged for latter identification 
vascularised bone to be saved so that it could be 
utilized later puise lavage to be used decision is to be 
taken for replantation/partial or total amputation/ 
reconstruction. 

2. Skeletal reconstruction attempt fracture visualization 
with minimal dissection and periosteal stripping 
restore optimal muscle tendon length attempt 
accurate réduction of articular surface use table low 
profile minimal invasive fixation start early motion 
skeletal defects—antibiotics spacer. 

3. Tendon repair,/reconstruction 

• Débridé crushed intrinsics to prevent contracture 

• Use of four core, locking sutures and epitendinous 
suture in zone II 

• Repair FDS and FDP if gliding not compromised, 
if so FDP only to be repaired 

• Repair/reconstruct A2 and A4 pulleys 

• If primary repair not possible, do two stage 
reconstruction 

• Consider primary tenodesis 

• Late reconstruction to be done. 

4. Vascular repair 

• To be done after skeletal and tendon repair, if 
ischemia not critical if so do it firstly 


• Dissection, declotting with fogarty cathéter, 
trimming for healthy edges, heparinise and repair 

• Repair with direct/reverse vein graft 

• After arterial do venous reconstruction. 

5. Nerve repair do it last just before soft tissue coverage 

• Trim so as to find healthy fascicles 

• Epineural neuropathy to be done 

• Repair to be tension free 

6. Soft tissue coverage 

• Discussed in later chapter 

Skeletal stabilization: The most vital aspect of management 
of open or crush injuries of hand is skeletal stabilization. 
Various modalities are available for skeletal stabilization. 
The factors which détermine efficient skeletal 
stabilization are as follows. 

Type of fracture: Transverse or oblique comminuted 
fractures without involvement of the joint can be easily 
stabilized, either by single or cross K wire or traction. If 
there is quantum loss of bone or joint loss, traction or K 
wire stabilization may not suffice, and it would be 
necessary to use external fixation de vice. The thumb and 
index finger ray is much more important than little and 
ring fingers. Since every part of the injured hand need to 
be salvaged modalities for skeletal stabilization of hand 
commonly used are as follows. 

Nonoperative stabilization (like splints or casts): Semi- 
invasive techniques like pulp traction or nail traction, 
external fixation, percutaneous K wire fixation. 

Invasive techniques: Open réduction and internai fixation 
using K wires, single intramedullary device, cross K 
wires, screws, plates, etc., or combination. 

Adaptation: Splints and functional casts are useful only 
in minor open injuries of the hand and in undisplaced 
fractures. Unstable fractures with severe soft tissue 
injuries cannot be stabilized efficiently, with PP (plaster 
of paris) cast. Wound inspection is not possible and 
change of cast need repeated anesthésia. 

Semiinvasive techniques: Pulp or nail traction is a useful 
method of treating open and unstable injuries of digits, 
and intraarticular joint fractures of MP (metacar- 
pophalangeal) and PIP (proximal interphalangeal) joints. 
This is an efficient method for management of single or 
multiple digits. Its application is doubtful in unstable 
open fractures, quantum skin loss and when large 
wounds need repeated inspection. Secondary procedures 
like skin grafting or bone grafting is not possible. Pulp or 
nail traction maintains efficacy at best for about two 
weeks. 
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Percutaneous K wire: This has been the most commonly 
used method of skeletal stabilization in open and crush- 
ing injuries of hand. It is simple to use and majority of 
fractures can be stabilized by K wires. However, severe 
comminution, intraarticular fractures, multiple digit 
involvement and crushing injuries, the stability is difficult 
to maintain mainly to pin loosening, pin migration and 
traumatic osteoporosis. K wire stabilization has to be 
augmented by neutralization by PP cast or by external 
fixation. 

External fixator: This is probably the best and most 
adéquate method of skeletal stabilization in open and 
crush injuries of the hand. The advantages of external 
fixation are: (i) the stabilization of bone is obtained by 
placement of pins in safe area of the hand away from the 
injured site, (ii) external fixation permits soft tissue 
adjustment and allows function by repositioning of the 
digits and hand, (iii) it does not interfère with normal 
healing process of the hand, (iv) it can be modified during 
course of treatment as and when necessary, (v) wound 
inspection is easy, (vi) secondary procedure like grafting 
can be easily carried out without disturbing frame 
structure, (vii) mobilization of uninjured part of hand can 
be started early, incorporation of orthotic devices like 
traction, splint, rubber bands is possible to assist hand 
function, (viii) the relief of pain is complété, and (ix) it is 
also possible to carry out additional procedures like 
flapcover and bone grafting, external fixation in situ. 
Properly planned and placed external fixation device can 
be retained in position for 6 to 8 weeks. This is the most 
preferred method of management of open hand injuries. 

Internai fixation: Open réduction and internai fixation are 
best avoided in open injuries of the hand, and it must 
not be undertaken in crushing injuries of hand. Use of 
plates and screws in open injuries as a primary care is 
not recommended. In exceptional cases, e.g. transverse 
fractures of proximal phalanx and metacarpals, it can be 
used as secondary procedure following soft tissue 
healing. 

Dressings: The wound should be dressed with nonadhe- 
sive nonirritant dressing material. Injured hand should 
be held in position of function with adéquate interdigital 
space and thumb in midopposition facing towards index 
and middle finger. Large paddings are placed in between 
digits, and bulky gentle pressure dressings are applied. 
Elastocrepe bandage further helps to obtain gentle 
pressure to prevent oozing, décompression in tissue space 
and helps to absorb the exudate. 

Infection control: The important step in efficient manage¬ 
ment of open injuries specially to prevent osteomyelitis. 


bone and soft tissue necrosis nonunions, fibrosis and 
deformity. The choice of antibiotics dépends on the 
following: 

1. Extent of soft tisue damage—lesser the soft tissue 
injury, minimal is need for antibiotic. Severe open 
injuries need polyvalent multidrug prophylaxis. 

2. Time of présentation, the open injuries presented less 
than six hours hâve less chances of infection than that 
of patients presenting after six hours and late. These 
patients need long-term antibiotic. 

3. Severity of injuries penetrating sharp injuries or low 
velocity injuries hâve less chances of infection. High 
velocity injuries, field injuries, industrial injuries or 
road side accidents need multidrug therapy for longer 
duration. 

4. Contaminants: contaminated wounds specially in the 
road side accidents or farm injuries and injection 
injuries hâve deeply embedded organisms and need 
multidrug long-term antibiotic therapy. 

Commonly Used Protocols 

1. For low velocity trauma, minor CLWs, with stable 
fracture. Prophylaxis with single preoperative inj. IV 
of ampicillin + cloxacillin followed by oral ampicillin 
for 3 days offer good infection control. 

2. Patients with high velocity trauma, soft tissue avul¬ 
sion with contamination need combination antibiotic 
drug therapy. The most useful combination is—third- 
generation céphalosporine IV twice daily + injection 
Garamycin 80 mg twice daily + inj. IV Metrogyl for 
three days. Fresh culture be obtained after 72 hours 
and depending on the status of the wound and soft 
tissue response to healing further therapy is planned. 
IV antibiotic protocol is based on pain, local soft tissue 
response, wound healing and distal edema. Patients 
presenting late with gangrenous infection with soft 
tissue crepitus need additional hyperbaric oxygen 
therapy. 

Pain relief: Patients with proper wound management and 
skeletal stabilization hâve good pain relief. However, 
cases with severe soft tissue injury hâve severe 
postoperative inflammation and may hâve pain. Admin¬ 
istration of NSAID (nonsteroidal antiinflammatory 
drugs) every six hours gives good pain relief. Additional 
administration of drugs like pentazocine, muscle 
relaxants and sédative like diazepam help in réduction 
of intensity of pain in hand injury patients. 

Nutritional therapy: Patients with severe hand injuries 
should be put on good nutritious diet. During antibiotic 
therapy, B complex and vit. C supplémentation aids in 
early healing. 
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Postoperative Réhabilitation 

• Splint wrist in neutral, extended MCP flexion and IP 
extension to minimize contracture and optimize 
function 

• Prevent early shear of soft tissue cover 

• Early mobilization to optimize gliding/ movement 

• Control edema 

• Utilize desensitization 

• Consider psychosocial therapy 

• Goal based treatment 

Physiotherapy 

Mobilization of uninjured digits as well as proximal joints 
should be started very next day. Elévation of the extremity 
is useful method to reduce edema, congestion and 
lymphovenostasis in severely crushed hand. It is 
recommended that the hand be immobilized in external 
fixation de vice with extended frame. The frame is applied 
with wrist in 30° dorsiflexion, MP joint in 50° of flexion, 
IP joints in neutral extended position with thumb in mid- 
opposition with nail traction. Ligamentotaxis itself 
realines the skeletal structure and improves soft tissue 
perfusion. Postoperative élévation further helps in 
réduction of distal edema. 

Definitive skin care like flap cover (local, distal or free 
flap) should be planned as soon as possible, bone grafting 
in large defects should be carried out as soon as soft tissue 
stability is achieved. Delay in skin resurfacing and bone 
grafting results in nonunions and deformity. The external 
fixation devices are removed after bony and soft tissue 
healing were completed. However, the hand should be 
splinted and digits maintained in functional position till 
adéquate pinch, grip and power returns. Use of night 
splints is useful method for réduction of stiffness of the 
wrist and hand. 

Psychosomatic évaluation: Patients with head injuries 
particularly industrial workers or farmers hâve tendency 
to undergo dépréssion. This is mainly because of fear of 
loss of digits or hand amputation, pain, inability to move 
resulting in psychosomatic disturbances. Patients with 
dépréssion or amputation need early psychiatrie 
évaluation and administration of antidepressants. Proper 
évaluation and use of drugs can improve their motivation 
by participation in postinjury réhabilitation programs. 

The treatment of open injuries specially crushing 
injuries should aim at total salvage of function of hand 
and personality of the patient. 


Secondary Treatment 

1. Procedure requiring immobilization (do first) 

Bone graft 

Corrective osteotomy 
Joint reconstruction 
Tendon transfer 
Nerve reconstruction 
Muscle transfer 
Sensory reconstruction 

2. Procedure requiring mobilization (do later) 
Tenolysis 

Capsulotomy 
Release contracture 
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INTRODUCTION 

Every complex mechanism whether it be a téléphoné 
exchange or textile manufacturing plant needs protection 
of the environment for efficient function. In nature, this 
concept exists from the moment a cell came into its own. 

In the évolution of the mammals and birth of 
Homosapiens, the human hand constitutes a very 
important component of what Tagore has described as 
"Révolution in Evolution". Among the innumerable 
biological machines, human hand is indeed a marvel. 

The environment of this wonderful machine is 
safeguarded by the skin. When this guard is broken, e.g. 
by trauma the mechanism is at serious risk of being 
damaged by infection, edema, fibrosis, adhesions and 
contractures. 

Rapid restoration of skin cover should therefore be a 
prime objective of a hand surgeon. 

Skin cover in hand injuries can be achieved by: 

i. Skin approximation, 

ii. Split skin graft, 

iii. Flap cover, and 

iv. A combination of these. 

Skin Approximation 

Closure by skin approximation is the best method of 
covering the skin and in the presence of acute trauma 
should be carried out by loosely applied, and widely 
spaced stitches. 

Cut margins of the skin of the hand tend to invert. 
Therefore, mattress suture is recommended for wide use. 
If transverse mattress suture is used, the entrapped tissues 
with a tight suture, should not be strangulated. 

Closure by skin approximation is often possible but 
not always advisable. There is not much to spare in the 


skin of the hand—be it on the dorsum or on the palm. 
Approximation in the presence of skin loss results in 
limitation of movement. It should be carried out only if 
this limitation is acceptable. 

Split Skin Graft 

Split skin graft has a wide rôle to play in the management 
of hand injuries. 

It is an idéal skin replacement for the dorsum of the 
hand, provided a gliding soft tissue cover is available over 
tendons, joints, etc. Split skin graft is an idéal cover for 
local flap donor sites. 

It should always be done in the position of the 
maximum need and needs prolonged postoperative care 
in the form of pressure garments, physiotherapy, etc. 

It also has an important rôle to play as a temporary 
wound dressing, so that the idéal treatment can be 
optimized to a suitable time or to a suitable venue when 
the necessary expertise to provide idéal cover could be 
made available. 

• To be done after inspection of wound and seriel 
culture 

• Récipient site to be done 

• Air and fluid pockets below graft to be avoided 

• Graft to be held in place by suturing 

• Graft should not be thick 

• Proper dressing time and method 

• Early movement to be prevented and 

• Early infection to be prevented 

FTSG 

• Indication 

• Wound with good bed 

• Management of scar contracture 
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Flap Cover 

Flaps are different from the grafts because they are 
composed of multiple tissues and need a regular blood 
supply for survival. 

Understanding of the blood supply of the skin is 
essential to the use of flaps. Broadly speaking blood 
supply of the skin may be: 

i. Direct from cutaneous vessels, e.g. superficial 
circumflex iliac or superficial inferior epigastic or 

ii. Through fasciocutaneous perforators, or 

iii. Through musculocutaneous perforators. 

A number of plexuses lie between these main Systems 
and the skin. The final of these plexuses is the subdermal 
plexus. 

Any soft tissue unit raised on an intact vascular System 
is called a flap, and the nomenculture usually indicates 
the région and the structures involved, e.g. muscle flap, 
musculocutaneous flap or the latissimus dorsi myocuta- 
neous flap. 

Random Pattern Flap 

The random pattern flap essentially relies on the 
subdermal plexus for survival. Its length and base ratio 
should not exceed one to one. Large flaps can be eut fairly 
thin and therefore in many a situation, it provides a good 
esthetic cover to the hand. Random pattern flaps cannot 
be used as free flaps (Fig. 1). 



Fasciocutaneous 



Figs 1A to C: Axial pattern flaps are either cutaneous, fasciocu¬ 
taneous, or musculocutaneous depending upon the source of 
the major portion of their blood supply. Fasciocutaneous vessels 
commonly run in intermuscular septa and therefore, supply the 
periosteum of underlying bone. The flap can be taken with a 
segment of that bone where necessary 


be raised on the pedicle. Potential territory which 
essentially is the territory of the next perforator can also 
be raised after delay. The arc of rotation can be based 
anywhere along the length of the vessel. 

Musculocutaneous Flap 

The musculocutaneous flap dépends upon the blood 
supply of the underlying muscle for its survival. The skin 
itself is supplied by tiny perforators. For its survival, it is 
important to prevent shearing between the skin island 
and the muscle during raising of the flap by anchoring 
the skin to the muscle. The arc of movement is centered 
at the point of entry of the relevant blood supply into the 
muscle. 


Axial Pattern Flap 

An axial pattern flap is dépendent on a cutaneous vessel. 
The anatomie and the dynamic territory of the vessel can 


Fasciocutaneous Perforators 

The fasciocutaneous perforators from the surgeon's point 
of view hâve four patterns of skin blood supply. 
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Type A: It has multiple perforators entering the base of 
the flap. A flap can be raised in a manner similar to the 
axial pattern flap. 

Type B : A single perforator runs through the length of 
the flap, and again a flap can be raised on the pedicle. 
Here a free transfer with microvascular anastomosis is 
also possible. 

Type C: A number of perforators along a fascial septum 
supply a skin territory. The whole territory with a fascial 
septa and the underlying main vessel can be raised in 
either direction to support the flap, e.g. radial artery flap. 

Type D An adjacent vascularized bone can also be raised 
with the flap, and the flap is referred to by Cormack and 
Lamberty as Type D, e.g. osteofasciocutaneous flap raised 
on radial artery. 

Flap Sélection 

Today hundreds of flaps are available for reconstructive 
purposes. One may literally refer to these, as "units of 
tissues" available for reconstruction. Selecting the right 
flap for the right job, therefore, assumes great importance 
and puts added responsibility on the surgeon. 

Five considérations dominate the sélection process. 

1. Is the unit selected adéquate and right for the job? 

2. Is it esthetically acceptable (both the récipient and the 
donor site? 

3. Is the tissue separable? 

4. Is it the simplest and least troublesome to the patient? 

5. Is the surgeon technically competent to deliver the 
goods? 

Skin of the Hand 

The skin of the hand is a highly specialized structure. 
The palmar and dorsal surfaces are distinct entities. We 
also hâve very spécial and distinctive areas like the 
fingertips, the digital webs and nails, etc. 

Sensory acuity is important to good function. From a 
functional point of view, too bulkiness will prevent 
mobility. As a general principle, local skin is the best 
replacement, and provision of sensate skin may be crucial 
to hand function. 

Provision of Sensation 

When it cornes to providing crucial sensory input to 
reconstruction, Littlers island pedicle flap has stood the 
test of time. Based on the digital vessels and nerves, this 
crucial flap can selectively add sensory inputs to an area 
when it is most needed. Another extremely useful sensate 
flap to provide sensation to the distal phalanx of the 


thumb is available from the proximal dorsal radial border 
of the index finger. 

Other methods of providing flaps with sensory inputs 
is the use of free microvascular flap from the toes. The 
classical example is the wrap around flap popularized 
by Prof Venkataswami. 

Any flap which carries a nerve in it can be made 
sensate with the help of an appropriate nerve anastomosis 
at the time of transfer. 

No doubt, hand is an organ of action Karmendriya, and 
functional considérations play the dominant rôle of in 
the sélection of the procedures. However, let it not be 
forgotten that the hand has an esthetic rôle to play and 
esthetics of the donor and the récipient site has to be 
considered in the choice of a procedure. Taking a graft or 
a flap from the forearm for covering a small defect on the 
finger may be good functionally but is a bad esthetic 
practice. The finger is cured, but the patient has to put 
up with disfigured forearm ail his life. Yet, for a large 
defect, radial artery flap may be the best answer to 
forearm disfigurement notwithstanding, function and 
convenience taking precedence over appearance. 

A balance, therefore, has always to be maintained. 

LOCAL AND DISTANT FLAPS IN 
SURGERY OF THE HAND 

INTRODUCTION 

The hand being a Karmendriya is exposed to injury and 
often gets injured. Some of the trivial looking injuries are 
significant enough to deserve your undivided attention. 
This often involves small but significant skin losses which 
are best treated with the use of local flaps. 

Fingertip Injury 

1. If the finger tip alone is sliced off, the bone not exposed 
and the nail not injured. In infants leave it alone, it 
will indeed heal extremely well. In others separated 
tissue (after proper debridement) can be sutured back 
and will do well, or the area can be covered with a 
full thickness or a split-skin graft. 

2. In the skin losses of bigger magnitude and bone 
exposed, replacement by the use of a local flap 
becomes mandatory. 

Local Flap-like Tissues 

From an esthetic point of view, flap-like tissues are the 
best replacement—if they are separable and available. 
Adjacent tissues are the next best choice. They are better 
in appearance and in the quality of sensory recovery too 
is better. 
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Let us therefore, hâve a quick look at the scope of local 
flaps in these injuries. 

Atasoy-Kleinert V-Y 

If the fingertip loss is more extensive but the wound is 
essentially transverse, a triangular advancement flap is 
a good solution. This subcutaneous pedicle island flap is 
adéquate for the job and is sensate. Séparation of the 
subcutaneous pedicle from the underlying bone is a great 
help in adéquate advancement (Fig. 2). 

Volar Advancement Flap 

For a little more extensive defect, an advancement of the 
entire palmar skin with both the neurovascular bundles 
is the choice. One may hâve to accept a mild flexion 
contracture. This technique has been found particularly 
useful in the thumb. The advantage again is a good shape 
and good sensate fingertip. 

Cross-Finger Flap 

When there is a considérable loss of palmar surface, a 
cross-finger flap is the idéal (Figs 3 and 4). 

Such a flap can be based laterally, proximally or 
distally, the first two being safer. 



Figs 2A to E: V-Y Advancement: (A) The mobilization required 
down to the vessels of the flap can be seen. The movement 
advanced by this mobilization is sufficient to permit easy suture 
(B) over the amputation (C, D, E) The resuit at an easy stage 



Figs 3A to C: Cross-finger flap (A) The primary defect has 
been created in an attempt to release a severely hooked nail 
that the patient wishes to keep, the hinge of the primary defect 
is marked “AB”, (B) The cross-finger flap has been raised from 
the dorsum of the adjacent middle finger. Its hinge is marked 
“AB” and (C) the full thickness skin flap is sewn initially to the 
hinge of the primary defect 



Figs 4A to C: (A and B) The two “flaps” are now swing outward. 
It can be seen that this approximates the flaps to the defects 
with full closure of the bridge segment (C) This is shown 
diagram-matically (Adopted from Lister. Operative Hand 
Surgery, 3rd édition) 
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Laterally based flaps are the most common in use and 
can be raised from one midlateral line to the other, to a 
length breadth ratio of up to 1.5 :1. 

The dorsal veins should preferably be left behind. 
However, leaving a soft tissue cover over the extensor 
mechanism is mandatory. The choice and the size of the 
flap will dépend on the position and size of defect. A 
correct siting of the base is the key to a good resuit. 

A number of flaps from the dorsum of the finger hâve 
been devised. Essentially these are proximally based flaps 
with a rich venous drainage. They hâve been variously 
named by their shapes or by their vascularity. In ail these, 
the secondary defect needs a split skin graft. 

Deserving particular mention is the radical nerve 
transposition flap which can provide a sensate cover to 
the thumb. 

Dorsum of Hand 

Skin loss on the dorsum of the hand can be replaced by a 
split skin graft provided the tendons and joints hâve a 
minimal soft tissue cover. 

In the event of exposed tendons and joints over a part 
of the dorsum, a flap developed from the normal skin of 
the dorsum could be transferred to cover these and split 
skin graft is used to cover the donor site. 

The Palm as Donor Site 

Palm is rarely chosen as a donor site, hypothenar 
eminence for a free graft for fingertip and thenar 
eminence for a thenar flap. 

Use of thenar flaps gives excellent fingertips with a 
good sensory restoration. However, it is not popular 
because: 

i. Digital immobilization is in acute flexion and 
thereafter very troublesome beyond the âge of 40, 
and 

ii. Sometimes the thenar donor site may be painful. This 
is particularly relevant when dealing with manual 
workers. 

Radial Artery Fasciocutaneous Flap: 

An Adjacent Large Flap 

As is obvious local flaps hâve relevance to limited 
defects—for larger defects and for a mutilated hand, we 
hâve to turn to bigger flaps. 

A very useful and adjacent site is the forearm, and a 
radial artery forearm flap is a very versatile tool for 
providing cover to large areas with excellent quality skin. 

As mentioned in previous section of this chapter, this 
is essentially a fasciocutaneous flap based on the radial 
vessels. It can also be used as a freeflap (Figs 5A to E). 


Flaps based distally prove most useful in covering the 
hand. An essential requisite being a positive Allen's test. 
Similar flaps can be based on the ulnar artery. 

Distant Flaps 

Distant flaps are extremely useful in the management of 
severe injuries. These can be transferred as free 
microvascular flaps or as direct flaps. 

Pectoral flaps are extremely useful in covering the 
thumb. They provide good quality skin and a comfortable 
position between the attachment of the flap and its 
detachments. 

The User-Friendly Area Around the Inguinal Région 

Some mammals can drive away flies and insects from 
the surface of their body by a shrug of their skin. The 
skin is attached to the body very loosely except where its 
blood supply enters it. Nature chose the junctional areas 
between the trunk and the limb to meet this need. 

Reconstructive surgery utilizes these leashes of vessels 
entering the skin in the région of the inguinal ligament 
to raise a variety of axial pattern flaps to cover the hand. 

The ease with which the hand can be approximated 
to the area around the groin makes this area extremely 
useful to the surgeon when faced with extensive skin 
losses and hence the term user-friendly area (Fig. 6). 

The superficial vascular System comprising of the 
superficial circumflex iliac, inferior epigastric and 
internai pudendal and their branches weaves a pattern 
around the inguinal ligament which allows the raising 
of a variety of flaps in a variety of configurations to meet 
the needs of the hand. 

No doubt, Doppler studies are extremely useful in 
delineating the vascular pattern, but let us not forget the 
established and consistent configurations, e.g. those of 
the superficial circumflex iliac and the superficial inferior 
epigastric entry. 

In an average thin abdomen, the vascular configu¬ 
ration is often visible and can help in designing the flaps. 

The superficial inferior epigastric artery leaves the 
fémoral triangle traveling almost directly upwards before 
fanning out over the lower abdomen. A pedicle as wide 
as a thumb placed vertically over the position of the main 
vessels adequately protects the blood supply. The flap is 
outlined keeping in mind the desired pattern and the 
vascular configuration (delineated on the surface). 

The distal border of the flaps is divided first through 
the full thickness of the superficial fascia. Bleeding points 
confirm the position of the vessels. As the flap is raised, 
the blood vessels can be visualized on the under surface 
and protected. Accurately designed flaps can thus be 
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Figs 5A to E: Radial forearm 
flap (A) the marking for a 
radial forearm flap is shown 
(to be used here as free flap), 

(B) incision of the fascia lifts 
the entire flap off the under- 
lying muscles of the forearm, 

(C) clinical photograph of 
(B) these are seen from the 
ulnar aspect. The radial artery 
and its venae comtantes run 
at the lower margin of the flap 

(D) the flap and (E) the 
secondary defect covered 
with a split-thickness skin 
graft 



Fig. 6: Groin flap: The groin flap is based on the superficial 
circumflex iliac artery, which runs panallel to and approximately 
one inch inferior to the inguinal ligament. It emerges through 
the deep fascia as it crosses the sartorius and break up into 
branches at the level of the anterior superior iliac spine. When 
the flap is raised, the latéral fémoral cutaneous nerve should 
be preserved or, in certain instances divided and repaired. The 
fascia that is divided at the latéral margin of the sartorius can 
be seen 


developed and reconstructions carried out which are 
esthetically acceptable. 

Sometimes more than one flap may be required and 
can be raised in this région. 

Microvascular Flaps 

The author has not touched upon microvascular flaps. A 
number of flaps described earlier can be used as free 
microvascular flaps. They require spécial technology and 
under experienced hands prove useful. However, it must 
be remembered that large flaps are often needed in 
presence of severe injury. Zone of trauma in these cases 
extends far considerably increasing the risk of failure. 

However, at the reconstruction stage, this technique 
may prove very useful. The author would like to make a 
spécial mention of the wrap around flap. Harvested from 
a toe including the nail bed with a slice of bone and the 
neurovascular bundle, it has proved extremely useful in 
reconstructing a thumb with sensate skin. 
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CONCLUSION 

If the importance of the skin cover in the management of 
hand injury has received adéquate emphasis and a 
glimpse provided of the large number of procedures 
available to achieve it, this brief discussion would hâve 
served its purpose. 
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INTRODUCTION 

Flexor tendon injuries 5,14,15 are commonly seen in day to 
day practice in ail parts of the country. Blade, knife, glass 
and other sharp metallic objects cause deep lacérations 
which involve tendons and adjacent neurovascular 
structures. Prompt attention and care is needed in such 
cases to avoid poor outcomes. 

Clinical Evaluation 

The location and depth of the skin injury indicates the 
possibility of a tendon injury. The position of the finger 
at rest and the inability to move the finger into flexion on 
command usually clinch the diagnosis in obvious cases. 

At times, though, a spécifie movement may be absent 
despite an intact tendon, and this may be due to pain on 
attempting motion, inability of the patient to understand 
the request for spécifie motion or due to a concomitant 
proximal nerve injury precluding muscular contraction. 
Fractures in the same finger may sometimes complicate 
the clinical picture, necessitating a detailed exploration 
by an experienced surgeon. 

Rarely, despite a tendon injury, a spécifie movement 
may be partially possible due to an incomplète injury, an 
intact vinculum or because the flexor profundus can 
function to perform flexion at the wrist, metacarpo- 
phalangeal joint and the interphalangeal joint, thus, 
masking the injury of the prime movers of these joints. 

Examination of Hand 

As it is said that finger points the way towards injured 
structure. 

1. When both flexor tendons are severed, finger lies in 
extension on attempted flexion. 

2. Passive extension of wrist does not produce normal 
tenodesis flexor of fingers. 


3. When wrist is flexed, greater extension of affected 
finger is produced. 

4. Test voluntary active movement of the finger by 
stabilizing neighboring joint. 

Spécifie testing for profundus action is done by 
restraining the proximal interphalangeal joint in 
extension and asking the patient to flex the distal 
interphalangeal joint. The sublimis action is examined 
by asking the patient to flex the affected finger whilst 
restraining ail other fingers in extension. Flexion at the 
proximal interphalangeal joint indicates an intact 
sublimis tendon. Power testing is unnecessary and 
contraindicated as it runs the risk of converting a partial 
injury into a complété one and at times could also resuit 
in wider retraction of the proximal tendon stump (Fig. 1). 




Figs IA and B: Testing the integrity of tendons: (A) for flexor 
digitorium profundus, restrain the IP joint, and (B) for sublimis, 
restrain ail fingers 








Flexor Tendon Injuries 2297 


ANATOMY OF THE TENDON SHEATH 

Tendon nutrition is derived from: 

i. Synovial fluid from tenosynovial sheath 

ii. Vincular blood supply. 

After injury, healing occurs by extrinsic as well as 
(peripheral fibroblasts) intrinsic (fibroblasts from tendon 
itself) mechanisms. 

The flexor synovial sheath for index, middle ring 
fingers begins at level of metacarpal neck 1 cm proximal 
to proximal border of deep transverse metacarpal 
ligament (Fig. 2). 

It is a double-walled hollow tube sealed at both ends 
(viscéral and pariétal layers). 

Function —Gliding and bathing tendons with synovial 
fluid. Retinacular portion of flexor tendon sheath overlies 
these synovial layers. Retinacular portion includes 5 
annular pulleys and 3 cruciform pulleys, also palmar 
aponeurosis pulley. 

The pulleys are thickened areas within flexor sheath. 
Annular pulleys prevent bowstringing during finger 
flexion, and cruciate pulleys make the tendon sheath able 
to conform to the position of flexion by allowing annular 
pulleys to approximate each other. 

Al—at level of metacarpal joint 
A2—at proximal phalanx base 
A3—at lst/proximal IP joint 
A4—at middle phalanx 
A5—at distal IP joint 

Cl—near head of proximal phalanx/distal end 
C2—base of middle phalanx 
C3—distal end of middle phalanx 



Fig. 2: Normal anatomie configuration of synovial sheaths 


Palmar aponeurosis pulley is proximal to Al pulley 
(or metacarpophalangeal joint). 

A2 and A4 pulleys are the most functionally important 
pulleys. They must be preserved or reconstructed in flexor 
tendon surgery to prevent bowstringing. Finger tip to 
palm distance can approach zéro if these pulleys are 
intact. Bowstringing leads to a flexion deformity of the 
finger at the PIP joint. Tendons denuded of the synovial 
covering and fibrous flexor pulleys are bound to adhéré 
to the surrounding soft tissues, seriously affecting the 
excursion. The palmar aponeurotic pulley (which is 
transverse fibers of palmar fascia attached by vertical 
septa to deep transverse ligament) lies directly over flexor 
tendons, and definitely improves finger flexion in the 
absence of Al and A2 pulley (Figs 3A and B). 

Flexor synovial sheath for thumb starts proximal to 
carpal canal, its retinacular portion has 2 annular pulleys 
and one oblique pulley: 

Al—at metacarpal joint, 

A2—at IP joint, and 

Oblique pulley—middle of proximal phalanx. 

Flexor tendons begin in distal third forearm at 
musculotendinous junctions. Proximal to wrist (zone V) 
FPL enter s its sheath which becomes radial bursa. 

FDS and FDP enter a large sheath that terminâtes joint 
distal to deep transverse carpal ligament for index, 
middle, ring fingers. But it continues for little finger. This 
portion of synovial sheath is ulnar bursa. 


Distal 
Ira ns verse 
Digital A. 

Inter. 
Transverse 
Digital A. 

Proximal 
Ira ns verse 
Digital A. 


B ranch To VLS 
Digital A. 


Palmar 
Aponeurosis 
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Fig. 3A: The fibrous retinacular sheath starts at the neck of the 
metacarpal and ends at the distal phalanx. It can be divided 
into five heavier annular bands and three filmy cruciform 
ligaments. Note the palmar aponeurosis pulley proximal to Al 
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Fig. 3B: A diagrammatic représentation of the fibrous pulley 
System, the vincular System, and the four transverse 
communicating branches of the common digital artery : (Dist 
Trans Dig A—distal transverse digital artery, Inter Trans Dig 
A—Interphalangeal digital artery, Common Dig A— 
interphalangeal transverse digital artery, Prox Trans Dig. A— 
proximal transverse digital artery, Common Dig A—Common 
digital artery, DIPH—distal interphalangeal joint, PIPJ—proximal 
interphalangeal joint, VBS—vinculum breve superficialis, 
MPJ—metacarpophalangeal joint, VBP—vinculum breve 
profundus, VLP—vinculum longum profundus, VLS—vinculum 
longum superficialis, FDP—flexor digitorum profundus, FDS— 
flexor digitorum superficialis proximal to carpal canal, its 
retinacular portion has 2 annular pulleys and one oblique pulley 

Lister's technique: For index finger (independent action 
of profundus) Ask patient to pinch and pull a sheet of 
paper with each hand using index finger. Normally, this 
is done by sublimis (with profundus relaxed so that DIP 
joint hyperextends to get maximum contact of pulp of 
finger with the paper. 

If sublimis eut DIP joint hyperflexes and PIP joint 
extends. 

Management 

Conventionally, management of flexor tendon injuries is 
described depending on the level of injury. The volar 
surface of the palm is divided into five zones and injuries 
in various zones require specialized care and behave 
differently. This division into zones facilitâtes pre- 
operative planning, aids prognostication and permits 
comparison of results (Fig. 4). 

Zone I: Extends from just distal to insertion of sublimis 
to insertion of profundus. 

Zone II: It is called BunnelTs no man's land/area of 
pulleys between distal palmar crease and insertion of 
sublimis. 



Zone III: Area between distal margin of transverse carpal 
ligament and distal palmar crease (area of lumbrical 
origin). 

Zone IV: Area of carpal tunnel which is covered by 
transverse carpal ligament. 

Zone V: Proximal to transverse carpal ligament/carpal 
tunnel, and includes distal forearm. 

For Thumb (Fig. 4) 

Zone I: Area of IP joint and insertion of FPL 

Zone II: Area of fibroosseous sheath extending just 
proximal to metacarpal head and metacarpal joint 

Zone III: Area of metacarpal beneath thenar muscles 

Zone IV: Carpal tunnel 

Zone V: Distal forearm proximal to wrist. 

Purpose of tendon suture is to approximate ends of tendon 
or to fasten one end of a tendon to adjoining tendons or 
bone and to hold this position during healing. 

Suture Material 

Idéal suture material should be nonreactive, pliable of 
small caliber, strong, easy to handle and able to hold a 
good knot. Various materials suited for flexor tendon 
repair are: 

1. Ethibond (synthetic braided) 

2. Prolene (polypropylene) 

3. Monofilament nylon 

Each of these differs in tensile strength and so in 
withstanding gap producing and rupture producing 
forces. Depending on the size of the tendon either 3(0) or 
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4 (0), aterial is used for the core suture. The epitendinous, 
continuous suture is taken using 6(0) material. 

Timing of Repair 

Primary repair at the earliest opportunity should be 
carried out in clean injuries regardless of the level of the 
injury provided the surgeon has the necessary expérience 
in these techniques. 

Patients presenting more than 24 to 48 hours after the 
injuries should be examined more closely to establish the 
safety to the procedure as potentially contaminated 
wounds may suppurate later leading to poor results. 
Thorough debridement and antibiotic therapy are 
indicated. 

In case of non-availability of a surgeon with adéquate 
expérience and skill to repair and follow-up during the 
rehab, it is indeed best to simply débridé the wound and 
convert a contaminated wound to a clean wound and 
then close the wound using monofilament non- 
absorbable material. The patient may then be referred to 
a competent surgeon. Half hearted attempts at grabbing 
tendon ends and rough shod suturing combined with 
incompetent post op care will lead to a disaster. 
Subséquent procedures are made more difficult and their 
outcomes will be poorer. 

Delayed repair may be undertaken up to two weeks 
after the injury. Myostatic contractures of the flexor s will 
set in beyond this period and if forcible attempts are made 
to repair the tendons, they will resuit in gapping, rupture 
or contractures. 

Timing of Flexor Tendon Repair 

1. Primary repair—within first 12 hours of injury 

2. Delayed primary repair—within 24 hours to 10 days 

3. Secondary repair—10 to 14 days 

Indications for Primary Repair 

1. Clean wound or contaminated wounds that can be 
converted to clean wounds by debridement 

2. Adéquate full thickness skin cover 

3. Fractures must be stabilized prior to tendon repair 

4. Adéquate neurovascular status (or concomitant 
repair) 

Indications for secondary repair 

• Crushing 

• Severe irrepairable neurovascular/joint injury 

• Skin loss 

• Fractures that cannot be stabilized adequately 

• Uncertain surgeon 


• Failure to identify tendon stumps within reasonable 
time. 

Level of Injury 

In zone I the flexor profundus usually avulses from its 
attachment and may be pulled into the fibroosseous 
tunnel. Leddy and Packer classified these injuries into 
three types: 

Type I : No bony avulsion. Tendon retracts into the palm. 

Type II : Usually no bony avulsion or a small avulsed 
fragment but the vinculum longus is intact and the tendon 
may be found at A3 pulley. 

Type III: A large bony fragment is avulsed and faces 
volarwards. It is stuck at the A4 pulley. 

Buscemi added a type IV where there may be an 
additional and separate intra-articular fracture of the 
terminal phalanx along with the avulsed fragment. 

A carefully performed primary repair remains the best 
procedure at ail levels. Injuries in zone II, described by 
Bunnell as the "no man's land" hâve the réputation of 
ending up with the worst results, since there are two 
tendons crowded into a narrow tunnel. The fibro-osseous 
tunnel itself is lacerated which induces abundant 
ingrowth of granulation leading to subséquent fibrosis. 
An inexperienced surgeon would be well-advised to 
suture the skin and refer the patient to a specialist for the 
repair. 

In Zone III, the division of the nerves and the palmar 
vascular arches must be identified and protected. In Zone 
IV, the identification of the tendons is most critical. Not 
uncommonly the inexperienced surgeon dealing with a 
"spaghetti wrist" may inadvertently suture the flexor 
tendon to the médian nerve. 

Retrieving Tendon Ends into the Wound 

The lacérations are usually transverse or oblique. 
Extension of the skin incision must be done as required. 
The extension is usually done by the Brunner Zigzag 
technique, taking care to visualize and preserve the 
neurovascular structures at the corners of the incision. 

A mid latéral extension is preferred by some 
experienced surgeons. 

The tendon ends are retrieved by flexing the wrist 
and the finger joints causing the stump to pout out of the 
rent in the sheath. Usually one end will pout out easily 
and the other end would hâve retracted deeper into the 
tunnel. Blind grabbing of the tendon using a fine hemostat 
is permitted to a maximum of two attempts. Further 
attempts are accompanied by frustration and are crude 
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Fig. 5: Some suture techniques used in flexor tendon repair 


attempts. The interior surface of the smooth tunnel is 
damaged and will lead to adhesions and therefore must 
be avoided. Milking a tendon from proximal to distal is 
sometimes useful but more often than not will only resuit 
in the tendon receding further into the tunnel. Applying 
a reverse Esmarch bandage sometimes milks out the 
stump. The Esmarch bandage is promptly removed after 
the tendon stump is secured. 

Having exposed the injured area adequately, the 
tendons are delivered into the wound and if they tend to 
retract, they are transfixed with a 1 mm needle to the 
surrounding soft tissues. This maneuver prevents the 
repeated use of the forceps on the tendon ends during 
suturing and therefore pre vents fraying. 

Basic Principles of Suturing Tendons 17 (Fig. 5) 

1. Keep to a minimum, 22 the incision of the sheath/ 
pulleys 


2. Careful dissection and atraumatic handling of 
tendons 

3. Place the core stitch carefully and the continuons 
circumferential coaptation suture should care for ail 
the loose or frayed ends 

4. Proper closure of the sheath when possible 

5. Clean full thickness of skin must cover the repair and 
the tendon to allow proper gliding. 

6. Primary flap surgery when required. 

Suturing Technique 6 8 19 21 

Various studies hâve focussed on trying to identify and 
standardize the idéal technique for repairing flexor 
tendons. However, a consensus is yet to be arrived at. A 
few observations hâve been stressed in most studies. The 
number of strands Crossing the eut ends of the tendon is 
significant. The more strands the better and stronger the 
repair. Two strands are minimum and four to six strands 
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are idéal. Locking loops are better than sliding loops. 
Locking loops help to grasp tendon strands and prevents 
the suture from sliding along the longitudinally oriented 
collagen fibers of the tendon. Gapping of more than 
3 mm in intrasynovial repairs (in zone II) is known to be 
associated with higher complications. 

The modified Kessler technique 20 : The modified Kessler 
technique of suturing is used in most centers. Single 
ended non absorbable suture material is used. The tendon 
ends are approximated and frayed edges are excised with 
a sharp No. 11 blade. Grasping the tendon material in 
the eut end with a firm bite, in a forceps, the suture is 
applied to one end and then to the other allowing the 
knot to be placed in the eut ends. Knots on the surface 
will attract more adhesions and the stiff suture material 
will irrita te the skin or the synovial lining. 

The material is passed from the eut end and exited 
about 8-10 mm on the volar-lateral surface of the tendon. 
A loop is created such that the suture now passes in a 
different plane transversely across the tendon and exits 
from the opposite volar-lateral surface. A loop is now 
made such that the two loops look like the "ears of mickey 
mouse". The suture is then passed into the tendon and 
exits at the eut surface. The procedure is repeated on the 
opposite side and the knot is gently tightened until the 
tendon ends are approximated. Avoid gaps and bunching 
(too tight) of the tendon. A continuous epitendinous 
coaptation suture with 6(0) material smoothens out the 
frayed and pouting edges. It also enhances the strength 
of the repair and significantly prevents gapping. 

In thicker tendons and in stronger individuals, it is 
recommended to enhance the strength of this two strand 
repair by adding a mattress suture across, converting it 
into a simple four strand repair. 

Other techniques hâve been illustrated for the sake 
of completeness. However, the Bunnell or the Modified 
Kessler stitch is the commonest and most successful 
tendon repair technique for general use. Spécifie double 
ended and double threaded suture materials are 
unavailable at this time in our country and therefore, 
precludes the use of some of the more élégant multistrand, 
repairs that are gaining popularity elsewhere. 

Zone I: If the distal stump of the tendon is small, a pull- 
out suture through the nail or through the tip of the pulp 
and tied around a button are essential. Even the slightest 
bunching up in the direct repair will obstruct the gliding 
of the tendon through the most distal pulley. In Leddy 
and Packer type III injuries, the fracture must be 
repositioned and a pull-out suture placed as mentioned 
above. In some type IV injuries an additional thin K wire 
may be needed to stabilize the separate intra-articular 
fragment. 


Postoperative Care 

Two techniques of controlled mobilization 1112 hâve 
become popular. Both stress on the need for mobilization 
of the tendons placing minimum stress across the suture 
line. Young and Harmon described a technique 
(commonly misquoted as the Kleinert technique) which 
has been followed popularly in our country. A plaster of 
Paris 9 dorsal slab is applied with the wrist in neutral or 
5-10° of flexion. The MCP joint is in slight flexion and the 
fingers are then anchored to a slender rubber band 
through a nail stitch. The rubber band is hooked onto a 
pin on the volar aspect of dressing on the forearm. A more 
recent addition, to correct the vector of pull is the safety 
pin which acts as a pulley at the midpalmar level, under 
which the rubber band is passed before being anchored 
to the forearm pin. This directs the PIP and DIP joints 
into flexion as desired. The patient is allowed active 
extension, which has been shown to relax the flexors (the 
antagonist to extension) in EMG tracings. Once extended 
the finger is allowed to résumé the flexed position 
passively. No active flexion is permitted. Thus no pull 
occurs on the suture line but gliding of the repair and the 
tendon occurs as the tendon ends heal. As little as 1-3 
mm of intrasynovial repair site excursion is necessary to 
prevent adhesions. 

Duran and Houser devised another method of 
controlled mobilization. Strickland 18 added a protective 
dorsal plaster keeping the wrist in 20° flexion and the 
MP joints in 50 flexion. Passive flexion of the PIP and 
DIP joint is done around 25 times a day for the first three 
weeks. Active mobilization of this range is done over the 
next two and a half weeks and range of motion exercises 
are performed out of plaster foliowing this. This method 
is credited with better movements and lesser contractures 
than the former method. However, a note of caution 
needs to be added here. This method relies heavily on 
the understanding of the patient and the surgeon or 
therapists familiarity with its use. 

After 8 weeks, dynamic extension splinting is used to 
prevent contractures of PIP joint and to strengthen the 
flexors. Tenolysis is usually not recommended until 6 
months after the repair. 

Complications 

1. Too far advancement of tendon Flexion contracture at 
DIP joint also at PIP joint (finger cascade). Reexplore 
and repair, grafting. 

2. Uneven tension leading to quadriga effect, i.e. limited 
flexion of other fingers. Since the tendons of the FDP 
originate from a common belly and has mass action, 
if one of these tendons is sutured too tightly or 
shortened, the others become lax or ineffective, thus 
reducing the flexion of the adjacent fingers. Spécial 
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care can be taken to stretch out the finger in the post- 
op rehab program. If this fails, a careful tendon 
lengthening is indicated after ruling out ail other 
possible causes. 

Zone j/ 3 ' 4 ' 10 ' 13 ' 16 ' 24 Primary repair at this level frequently 
results in adhesions in the area of pulleys. 

Repairs in this zone must be performed with the 
utmost care and précision. It is here that a decision must 
be taken whether to repair both the sublimis and the 
profundus or to excise the sublimis and suture the 
profundus alone. The skill and expérience of the surgeon 
are the most important factors in this decision. If the 
sublimis tendon is excised, it must be excised from the 
insertion, taking care not to leave any part of the tendon 
in the sheath. Stumps or any frayed part left behind is a 
potential area where adhesions will readily form. 
Magnification of the field makes a definite différence in 
the quality of the repair in this zone. The use of 
magnifying loupes is recommended (Figs 6A and B). 

Zone III: The injured tendon may be found within the 
lumbrical muscle. In injuries explored late, the tendon 
end may be found in the hematoma which already may 
show signs of organization. The attempt to bunch up the 
lumbrical muscle onto the repair to cover it can cause an 
intrinsic plus deformity. 

Adhesions are easily identifiable. Skin puckering 
occurs at the site of adhesions on attempted flexion. 
Inadéquate excursion of the tendon despite a full or better 
range of passive motion as compared to the active range 
of the joints concerned may be seen. The exact site of 
adhesions can also be identified by the presence or 
absence of a fixed length-like phenomenon. The use of 
dynamic ultrasonography in identifying adhesions and 
tendon excursion is invaluable but needs an experienced 
sinologist. It is best done with the surgeon in attendance. 
The management of adhesions includes the gentle 
physiotherapeutic stretching followed by serial casting 
with a daily change in the plaster. Cylindrical corrective 
casts may be applied to the involved finger and changed 
daily. Intervening period may be used for physiotherapy. 
Tenolysis should not be attempted for at least six months. 
Earlier tenolysis may deprive the tendon of its extrinsic 
source of blood supply. 

Attrition occurs when a partial rupture takes place 
and the finger is moved frequently. The suture line gets 
elongated. Soon fibrous tissue begins to bridge the gap 
and the longer tendon is now mechanically at 
disadvantage. 

Ruptures are rare if the principles are adhered to. The 
sign of the rupture is an extended finger which cannot 



Fig. 6A: Technique for retrieving a tendon that has retracted 
into the plam: (a) the tube is passed rétrogradé into the palm 
and the tendon is sutured to it, and (b) the tube is pulled distally, 
bringing the tendon to the desired level 



Fig. 6B: Temporary fixation of the proximal tendon stump 
with a Keith needle facilitâtes repair 

flex actively. The rupture itself may be audible on 
occasion. The care for such cases is challenging. A grafting 
is preferred. 

Evaluation of Results of Tendon Repair 

The total sum of Angles of three joints (according to the 
American Society for the Surgery of the Hand). 









Flexor Tendon Injuries 2303 


(MP+PIP+DIP) 

Flexion 

- (MP+PIP+DIP) = Total active motion 
Extensive lag (TAM) 

Excellent 

Normal 

Good 

TAM > 75% of the normal side 

Fair 

T AM > 50% of the normal side 

Poor 

TAM < 50% of the normal side 

Worse 

TAM worse than before surgery 


Evaluation by Boyes’ TPD Method 
(Tsuge’s Modification) 

Boyes' évaluâtes the resuit of tendon suturing by the tip- 
to-palm distance (TPD), but he does not take into 
considération the finger length différence. This is 
considerably different in each patient, thus, an accurate 
évaluation is difficult. The procedure below is Tsuge's 
modification of Boyes' method. 

TPD 

-= Fmger length 

Flexion index 


(MP flexion crease to fingertip) 


Flexion Index 

Excellent 

<0.1 

Good 

<0.25 

Fair 

<0.4 

Poor 

<0.6 

Worse 

>0.6 


Evaluation with White’s Method 

White évaluâtes with Boyes' 2 method and the sum of the 
angle of finger flexion. This method is not too accurate 
and it can differ with each patient. It is also rather 
complicated. 



TAM 

TPD 

Flexion Index 
(Tsuge's) 

Excellent 

>200° 

<1/2 inch 

<0.1 

Good 

> 180° 

< 1 inch 

<0.25 

Fair 

>150° 

<1.5 inch 

<0.4 

Poor 

> 120° 

>1.5 inch 

<0.6 

Worse 

< 120° 


>0.6 


Neglected injuries is covered in Chapter 269 and the 
procedure and techniques are the same as for delayed 
repairs or flexor tendon grafting. 


Secondary Repair of Flexor Tendons 

After 4 weeks the tendons retract, therefore, it is extremely 
difficult to deliver the flexor tendon through the fibro- 
osseous sheath and pulleys and in those circumstances. 


in the absence of extensive scarring and destruction of 
the tendon sheath, traditional single-stage flexor tendon 
grafting may be done. In the presence of extensive 
disturbance of the flexor sheath and pulleys, joint 
contractures, and nerve injury, two-stage tendon grafting 
should be considered. 

When there is retraction, it may be possible to carry 
out a delayed primary repair even after a considérable 
passage of time. When a delayed primary repair is 
attempted late, care must be exercised that the repair is 
not put up with too much tension. After the core suture 
is placed, the surgeon should examine the cascade of 
fingers and look very critically at the tension in the flexor 
System. Contracture of the muscle-tendon unit may hâve 
occurred, and the surgeon should be ready to abandon 
the repair and proceed with a tendon graft. 

Before tendons are secondarily repaired, one must 
ascertain that there is: (i) no infection, (ii) no inflam¬ 
mation, (iii) no scarring, (iv) no nonunion of fractures, 
(v) no joint stiffness, and (vi) normal sensation. 
Reconstruction of the critical pulleys A2 and A4 is 
important. During these reconstructions, a silicone rubber 
temporary prosthesis (Hunter) 3,14 is useful to maintain 
the lumen of the tendon sheath, while the graftedpulleys 
are healing. This is followed later by the insertion of the 
flexor tendon graft. 

Important donors of the graft are palmaris longus, 
sublimis, extensor of a toe, extensor indicis proprius and 
plantaris. It is important to test the presence of palmaris 
longus tendon. Ask the patient to oppose the tips of the 
thumb and little finger while flexing the wrist. 

Reconstruction of Finger Flexor by 
Two-Stage Tendon Graft 

The indications for two-stage 23 surgery are excessive 
scarring, joint stiffness and nerve injury. If there is a severe 
contracture very stiff joints or severe neurovascular 
insufficiency, two-stage grafting should not be done. 

The first stage consists of excising the tendon and scar 
from the flexor tendon bed and preserving or reconstruc- 
ting the flexor pulley System. A Dacron-impregnated 
silicone rod is inserted to maintain the tunnel in the area 
of the excised tendons until passive motion and 
sensitivity hâve been restored to the digit. The rod is 
attached distally to bone or tendon stump. It is passed 
proximal to the wrist crease to allow proximal extension 
of the sheath into the forearm. The second stage consists 
of removal of the rod and insertion of a tendon graft. 25 
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INTRODUCTION 

Injuries to extensor tendons are common due to their 
relatively exposed and superficial location. Injuries may 
be secondary to lacération, deep abrasion, crush or 
avulsion, and majority of the extensor tendon injuries are 
at joint levels. They are usually not associated with 
immédiate retraction of the tendon ends because of 
multiple soft tissue attachements and interconnections 


at various levels. Extensor mechanism in the hand is 
extrasynovial except at the wrist where they are covered 
with synovial sheath. paratendon surrounds the 
extensors over dorsum of the hand and tendons covered 
with paratendon do not separate wide when lacerated. 
In most of the cases, there is associated injury such as 
fracture, dislocation, fractures dislocation of fingers, joint 
capsule or flexor tendon damage (Fig. 1). 



Figs IA and B: (A) The extensor tendons gain entrance to the hand from the forearm through a sériés of six canals, five 
fibrosseous and one fibrous the fifth dorsal compartment, which contains the extensor digiti quinti proprius [EDQP]. The first 
compartment contains the abductor pollicis longus (APL) and extensor pollicis brevis (EPB), the second the radial wrist extensor 
the third the extensor pollicis langus (EPL), which angles around Lister’s tubercle, the fourth the extensor digitorum communis 
(EDC) to the fingers, as well as the extensor indicis proprius (EIP), the fifth the EDQP, and the sixth the extensor carpi ulnaris 
(ECU). The communis tendons are joined distally near the MP joints by the fibrous interconnections called juncturae tendium. 
These juncturae are usually found only between the communis tendons and may aid in surgical récognition of the proprius 
tendon the index. The proprius tendons are always positioned to the ulnar side of the adjacent communis tendons. Beneath the 
retinaculum, the extensor tendons are covered with a synovial sheath, (B) The proprius tendons to the index and little fingers are 
capable of independent extension and their function may be evaluated as depicted. With the middle and ring fingers flexed into 
the palm, the proprius tendons can extend the ring and little fingers. Independent extension of the index, however, is not lost 
following transfer of the indicis proprius: ECRB—extensor carpi radialis brevis, ECRL—extensor carpi radialis longus. [Adopted 
from Doyle JR: Extensor tendons acute injuries. In Green DP (Ed): Operative Hand Surgery (3rd edn)] 
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Anatomy 

Extensor mechanism is composed of two separate 
neurologically independent Systems: (i) radial nerve 
innervated extrinsic extensors, and (ii) ulnar nerve and 
médian nerve intrinsics. 

The wrist, thumb and finger extensors pass beneath 
extensor retinaculum through a sériés of six tunnels. 
Extensor retinaculum is wide fibrous band that prevents 
bow stringing of tendons across the wrist. Its average 
width is 4.9 cm. At wrist extensors are covered with 
synovial sheath. The retinaculum consists of two layers, 
supratendinous and infratendinous. Infratendinous layer 
lies deep to ulnar three compartments. Six dorsal 
compartments are separated by septa that arise from 
supratendinous retinaculum and insert into radius. Just 
proximal to MP joint, the communis tendon are joined 
together by oblique interconnections called juncturae 
tendinum. Because of these interconnections, lacération 
of middle finger communis tendon just proximal to this 
juncturae may resuit in only partial extensor loss. 

Extensor tendons at MP joint level is held in over the 
dorsum by conjoined tendons of intrinsic muscles and 
transverse lamina or sagittal band which together tether 
and keep the extensor centralized. Sagittal band arises 
from volar plate and intermetacarpal ligaments at the 
neck of metacarpal. Any injury to this extensor hood or 
expansion may resuit in subluxation or dislocation of the 
extensor tendon (Fig. 2). 

Extensor mechanism at the proximal aspect of the 
finger is composed of a layered criss-cross fiber pattern 
which changes its géométrie arrangement as the finger 
flexes or extends. This allows the latéral bands to be 
displaced volarly in flexion and a return to dorsum in 
extension. 17 

Intrinsic tendons from lumbricals and interosseous 
muscles join the extensor mechanism at about level of 
proximal and midportion of proximal phalanx and 
continued distally to the distal interphalangeal (DIP) joint. 
At MP joint, the intrinsics and tendons are volar to the 
joint axis of rotation. At proximal interphalangeal (PIP) 
joint, they are dorsal to joint axis. At PIP joint there is 
trifurcation of extensor tendon into central slip which 
attaches to the dorsal base of middle phalanx and two 
latéral bands which pass on either side of PIP joint and 
continue distally to insert at the dorsal base of distal 
phalanx. Extensor mechanism over PIP joint is 
maintained in place by transverse retinacular ligaments. 
Thus, extensor tendon achieves simultaneous extension 
of both finger joints through central slip extending PIP 
joint and latéral bands extending DIP joint. 

In flexed position, central fibers are tensed, while in 
extension latéral fibers are tensed. This mechanism 



Figs 2A and B: (A) The extensor tendon at the MP joint level is 
held in place by the transverse lamina or sagittal band, which 
tethers and centers the extensor tendons over the joint. The 
sagittal band arises from the volar plate and the intermetacarpal 
ligaments at the neck of the metacarpals. Any injury to this 
extensor hood or expansion may resuit in subluxation or 
dislocation of the extensor tendon. The intrinsic tendons from 
the lumbrical and interosseous muscles joint the extensor 
mechanisms at about the level of the proximal and midportion 
of the proximal phalanx and continue distally to the DIP joint of 
the finger. (B) The extensor mechanism at the PIP join is best 
described as a trifurcation of the extensor tendon into the central 
slip, which attaches to the dorsal base of the middle phalanx, 
and the two latéral bands. These latéral bands continue distally 
to insert at the dorsal base of the distal phalanx. The extensor 
mechanism is maintained in place over the PIP joint by the 
transverse retinacular ligaments. In Green DP (Ed): [Adopted 
from Doyle JR: Extensor tedons acute injuries. Operative Hand 
Surgery (3rd edn)] 

dépends on relative length of central slip and to two 
latéral bands. Loss of this critical relationship at PIP joint 
with relative lengthening of central slip results in 
characteristic boutonnière deformity. 

The extensor surface of hand may be divided into five 
zones to confirm to the different anatomie relationships 
of the extensors and their attachments (Fig. 3). 

Zone-I 

Zone-I extends from distal insertion of extensor tendon 
to the attachment of the central slip at the proximal end 
of middle phalanx. Avulsion of tendon insertion results 
in mallet deformity. Mallet finger uncomplicated by 
avulsion of large fragment of bone can be treated 
effectively on biconcave splint that extends distal joint 
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Fig. 3: Zones of extensor tendon injury. The extensor mecha- 
nism can be injured from the finger tip to the mid-and proximal 
forearm nine zones (I to IX) hâve been identified to aid in case 
of extensor 

alone. Latéral tendons lacerated proximal to the insertion 
may be sutured with single stitch suture or roll suture. 
Open transection of central slip insertion at the distal 
phalanx is repaired with roll stitch and protected with 
transarticular K-wire (Fig. 4). 

For a closed extensor tendon rupture from its 
insertion, DIP joint held in hyperextension on a splint 
for 6 to 8 weeks allows the tendon to heal. However, 
terminal flexion loss may be there. 

Associated fractures of the distal phalanx require 
splinting of K-wire fixation. In children, there may be 
traumatic séparation of epiphysis. Early détection and 
réduction with hyperextension of DIP joint splinted for 3 
to 4 weeks is necessary for rapid healing. Growth 
disturbance is possible but rare. 

Open injury of extensor tendon insertion requires 
repair. Roll suture is sufficient to hold the insertion for 
hearling and may be protected with a transarticular K- 
wire. Roll suture is removed at 3 weeks and K-wire at 4 
weeks. Finger is splinted for additional four weeks, then 
progressive exercises are started. Late injuries of more 
than 12 weeks can be treated by splinting, but usually 
distal phalanx droops severely if passive extension at the 
DIP joint is possible, surgical repair is mandatory. 

Technique By a V-shape incision, identify the junction of 
normal tendon with scar and sever the tendon 
transversely proximal to the joint leaving the insertion 



Figs 4A and B: Author’s recommended technique for réduction 
and fixation of the Mallet fracture with volât subluxation of the 
distal phalanx (A) The joint is exposed through a dorsal zigzag 
incision. (B) A 0.035-inch double-ended K-wire is drilled longitu¬ 
dinal^ through the distal phalanx. (C) The joint is reduced, the 
K-wire is driven proximally across the joint, and the fracture 
fragment is reduced. If the fracture fragment cannot be main- 
tained in position, a loop of 4-0 wire is passed through the 
fragment and distal phalanx and tied over a padded button. 
Intraoperative radiographs are made to détermine anatomie 
réduction. The transarticular K-wire is protected with a splint 
for 6 weeks. The pull-out wire may be removed in 3 or 4 weeks. 
[Adopted from Doyle JR: Extensor Tendons Acute Injuries. 
In: Green DP (Ed): Operative Hand Surgery (3rd edn)] 

into the bone. Resect scar, approximate the ends with 
finger in maximum extension. K-wire across DIP joint 
will immobilize the joint and aid repair. 4-0 monofilament 
nylone is used for pull-out roll stitch. K-wire is removed 
at four weeks, and volar splint with finger in extension is 
continued for further four weeks. 

Fowler 10 advises elevating entire extensor hood from 
proximal phalanx, freeing the insertion of central slip 
from proximal edge of middle phalanx. This release 
allows entire extensor mechanism to displace proximally, 
so, tension increases on distal end which is transmitted 
to avulsed tendon where the tendon has become too long 
after healing. Postoperatively splint is given with PIP joint 
less than 30° flexion and DIP joint in extension. This 
prévention of acute flexion at PIP joint will prevent the 
joint capsule from being torn following the release of 
central slip. 

Correction ofold Mallet finger by tendon transfer or tendon 
graft: The technique is used for correcting hyperextension 
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locking deformity in PIP joint by transfer of latéral band 
of the extensor mechanism, may also be used for old 
Mallet finger when there is good passive motion and less 
arthritic changes. Through a latéral incision detach one 
latéral band beyond MP joint and dissect it to its insertion 
distally. Make a small pulley by opening flexor tendon 
sheath opposite PIP joint and pass the latéral band slip 
from distal to proximal through the pulley bringing the 
end to be sutured to the extensor hood slight dorsal to 
original position. Correct tension and hold PIP joint 
slightly flexed while DIP joint fully extended with the 
help of K-wire. 

Littler (technique for spiral-oblique retinacular 
ligament—SORL) used reconstruction of oblique 
retinacular ligament with a palmaris tendon graft. Graft 
is passed from distal phalanx proximally along the path 
of oblique retinacular ligament, spiraling volar to flexor 
tendon sheath between the neurovascular bundle at the 
flexor sheath across to opposite side of proximal phalanx 
volar to PIP joint. It is then secured to the base of proximal 
phalanx through a drill hole using pull-out technique. 

Zone-ll 

Zone-II extends from metacarpal neck to PIP joint, 
includes extensor mechanism with its contoured surface 
encompassing the phalanx and metacarpal head. Here, 
tendon repair should be done with roll stitch or other 
suture that permits total suture removal later. It is because 
suture material tends to cause more inflammatory 
reaction over joints. 

Acute or early buttonhole deformity (Rupture of central 
slip of extensor expansion). This results in loss of active 
extension of PIP joint, therefore, persistent flexion. If 
untreated collateral ligaments and volar plate of PIP joint 
contract. Latéral bands subluxate volarly, held thereby 
contracted transverse retinacular ligament. The latéral 
bands lying volar to transverse axis of rotation act as 
flexor of PIP joint. The contracted oblique retinacular 
ligament and latéral bands force the DIP joints into 
hyperextension which may be increased by attempt to 
passively extend PIP joint. 

Buttonhole deformity may also be caused by 
traumatic rotation of a digit at PIP joint while partially 
flexed. Rotation may cause a condyle of proximal phalanx 
to protrude through the capsule and disrupt triangular 
ligament area between latéral bands and central tendon. 
This condylar herniation causes volar subluxation of 
latéral band. Rupture of extensor mechanism occurs, but 
central tendon may not completely separate. Dislocation 
of PIP joint may occur which remains in flexed position 
because of hemorrhage and swelling. This is followed by 
contracture of latéral band and transverse retinacular 
ligament. 


If there is some active extension of PIP joint, this means 
rupture is incomplète. Conservative treatment consists 
of splinting the PIP joint in full extension while permitting 
the DIP joint to be actively flexed for 4 to 6 weeks and 
continued nightly for se ver al weeks. 

Surgical repair is done with dorsal Lazy S or bayonet 
incision with 4-0 monofilament wire, or nylon roll stitch 
is taken to suture central slip disruption. K-wire is 
transfixed across PIP joint in full extension followed by 
volar splint for 8 weeks. 

Chronic buttonhole deformity: The central slip of extensor 
expansion has retracted and latéral bands loosen and 
subluxate volarly which allows PIP joint to flex. Latéral 
bands contract and fix flexion deformity of PIP joint with 
hyperextension of DIP joint occurs. Splinting and 
stretching to mobilize the joints as much as possible before 
surgery is impérative. 

Technique (Littler, modified): Through a dorsal incision 
centered over PIP joint, expose latéral bands. Divide each 
tr ans ver se retinacular ligament near its midportion, and 
free the insertions of latéral bands except for radial most 
fibers representing contributions of lumbrical muscles 
and oblique retinacular ligament. This should preserve 
active extension of DIP joint. Shifting the bands dorsally 
and proximally, suture them to soft tissue and periosteum 
over proximal third of middle phalanx, also suture them 
to attenuated central tendon with PIP joints in full 
extension. Pass K-wire across PIP joint. Postoperatively 
splint is given for 8 weeks. 

Zone-H! 

Zone-III extends proximally from metacarpal neck to 
distal border of dorsal carpal ligament. Tendons are lying 
free without ligamentous attachment and are covered by 
peritenon and fascia. 

Traumatic dislocation of extensor tendon at MP joint 
occurs towards ulnar aspect most commonly in middle 
finger. It begins as a tear in the proximal portion of shroud 
ligament (sagittal bands), and the more proximal fascia 
as middle finger is suddenly extended against a force. If 
seen early, this is effectively treated with splinting MP 
joint and wrist in extension for 3 weeks. If it is late or 
chronic, section of central fibers at MP joints and repair 
is needed. 

Technique: Through a curved incision on radial side of 
MP joint, create a loop by removing 5 cm latéral margin 
of central tendon, leaving the distal insertion of this 
segment attached. Pass the proximal segment through a 
small window made with vertical incisions in the capsule 
and through superficial portion of joint capsule and 
suture the proximal end to extensor tendon. Adjust the 
tension to maintain central alinement of subluxating 
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extensor tendon. Give volar splint for 3 weeks then allow 
graduai motion and taping to adjacent radial side finger 
to protect the repair. 

An extensor tendon can be repaired secondarily by 
direct suture at MP joint. After 4 to 6 weeks, when the 
proximal segment has retracted or when a segment of 
tendon has been destroyed, then extensor indicis proprius 
tendon transfer to the distal segment, side to side suture 
of distal segment to an intact adjoining extensor tendon, 
or segmentai tendon graft is the treatment of choice. 
When whole segment of tendon is lost or if the muscle 
has become fibrotic and scarred, denervated then flexor 
carpi ulnaris (FCU) or flexor carpi radialis (FCR) transfer 
to distal segment will provide satisfactory function. An 
interposition graft may be required in such case. 

Zone IV 

It is the area of wrist under dorsal carpal ligament or 
extensor retinaculum. At this level, tendons hâve 
mesotenon. They are retained by extensor retinaculum 
which acts as a pulley and are ensheathed in fibrosseous 
canals. Therefore, during healing tendons are likely to 
stuck. 

Consequently primary repair of extensors is done with 
mattress suture, and suture arc is released by excising a 
portion of overlying extensor retinaculum. This may lead 
to bowstringing of tendons when wrist in extension. But 
it does help to avoid adhérence of suture tendon at this 
site and loss of normal excursion. Splinting the wrist in 
moderate extension instead of full extension limits the 
bowstring effect. 

Zone-V 

It is the zone proximal to proximal margin of dorsal carpal 
ligament. Extensor tendons are covered by their 
respective muscles. Careful suturing of tendinous portion 
of the musculotendinous unit avoids pulling of muscle 
tissue. Wrist is kept in full extension to permit maximum 
relaxation for maintaining muscle to muscle repair. MP 
joints are held in 30° flexion, and PIP joints are left, free 
splint is needed for 4 to 5 weeks. 

Affections of Thumb 

Zone I—IP Joint (Mallet Thumb) 

Mallet thumb is rare. Usually operative method is 
suggested for the management, because (i) EPL tendon 
is thicker than the finger extensor at the DIP joint the 
holds sutures well, and (ii) the finding of a fairly large 
gap due to retraction of the proximal tendon end. Closed 
Mallet thumb deformities treated with a stack type or 
aluminum foam dorsal splint for 6 to 8 weeks. 


Zone II 

Complété lacération of the EPL in zone II without 
associated injuries is treated by static splinting of the IP 
joint in full extension. The MP joint is left free for active 
exercises. 

Zone III (MP Joint Level) 

Affection of thumb extensors at this level may involve 
one or both of the extensor tendon (EPL and EPV). 
Isolated injury of the EPB results in loss of extension of 
the MP joint. Acute lacérations can be sutured with a 
buried core-type suture, and the capsule can be sutured 
with interrupted sutures. Postoperatively, the wrist is 
held in 40° of extension with slight radial déviation and 
the thumb MP joint in full extension for 3 to 4 weeks. 

Zone IV (Metacarpal Level) 

Usually EPB and EPL are injured and can easily be 
sutured with a buried core type of suture. Postoperatively 
the wrist is held in 40° of extension with slight radial 
déviation and the thumb MP joint in full extension for 3 
to 4 weeks. 

Zone V (CMC Joint Area) 

In this area, usual involvement of EPB and APL is seen. 
Associated injuries of sensory branches of radial nerve 
and radial artery in the anatomical snuff box are also 
common. The tendons are sutured with buried core 
suture. If the APL is lacerated near its insertion into the 
thumb metacarpal, it should be firmly reattached to the 
bone without undue shortening of the tendon. 
Postoperatively, the wrist is kept in 40 to 45° extension, 
slight radial déviation for 5 weeks. Then, dynamic 
splinting is applied to the thumb to maintain it in 
extension and moderate abduction using a traction sling 
just distal to the MP joint. 

Late Reconstruction 

(late extrinsic extensor tendon reconstruction in the 
forearm, wrist, and dorsum of the hand) Late 
reconstruction by tendon transfer is indicated when a 
déficit of ail extrinsic extensor muscular tendons function 
is présent. The situation is similar to that of radial palsy 
distal to the triceps innervation. Commonly done 
transfers in this group are pronator teres to extensor carpi 
radialis brevis (ECRB) to regain wrist extension, FCU to 
EDC for finger extension and palmaris longus to 
reestablish the thumb abduction and extension arc. If the 
active motor units are not sufficiently long to reach the 
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distal récipient tendon, the proximal unit can be 
prolonged by use of an intercalated tendon graft. If there 
is loss of only one or two extensor units, extensor indicis 
proprius (EIP) or palmaris longus can be transferred to 
extensor pollicis longus (EPL). Brachioradialis can be 
transferred to APL and extensor indicis proprius to 
extensor digitorum communis. 

Postoperative Care 

The wrist is held in 10° less than the maximum extension, 
MP joint flexed to 70°, and IP joints extended while the 
thumb is held in abduction for 4 to 6 weeks. Exercises 
are started after 6 weeks. 

Complications 

1. Scarring of the tendons at the repair site If the 
condition does not improve after exercises and 
splinting, tenolysis or a flap coverage may be required. 

2. Rupture or atténuation This complication can be 
prevented by securing tendon repair and adéquate 
immobilization. At times redoing of the repair may 
be required. 

3. Joint stiffness may be a sequela of old injury or 
immobilization in other than safe position or 
inadéquate réhabilitation program. 

Swan-neck deformity A posture of finger in which 
the PIP joint is hyperextended and the DIP joint is flexed. 
Initially, this is a dynamic imbalance that occurs when 
the patient attempts maximal active digital extension. 
This dynamic finger imbalance can progress to a fixed 
deformity with joint changes (Fig. 5). 

Swan-neck deformity is seen as a conséquence of: 

(i) injuries resulting in volar plate laxity at the PIP joint, 

(ii) rheumatoid arthritis, (iii) fractures of the middle 
phalanx healed in hyperextension, (iv) mallet deformity 
at the distal joint when there is coexistent volar plate laxity 
at the PIP joint, and (v) generalized systemic ligamentous 
laxity. 

Operative Management 17 

Oblique retinacular ligament reconstruction by Littler is 
a favored method. Spiral oblique ligament reconstruction 
should be done in digit without fixed deformity it Works 
on principle that: (i) passively tightens as the PIP joint 
actively extends, thus, serving as a checkrein to prevent 
PIP hyperextension, (ii) is held volar to the PIP joint axis, 
and (iii) passively tenodeses the DIP joint into extension 
as the PIP actively extends. Thus, the oblique and spiral 
retinacular ligament reconstruction directly corrects both 
interphalangeal joints. In its modification, one can use a 



Figs 5A to C: Palmaris longus tenodesis for oblique retinacular 
ligament reconstruction for swan-neck deformity, called the 
spiral oblique retinacular ligament (SORL). (A) The pathology 
of the swan-neck deformity involves hyperextension of the PIP 
joint with extensor lag at the distal joint, combined with a laxity 
of the volar plate. (B and C) The palmaris longus can be used 
to provide a tenodesis to correct the imbalance at both joints. 
The essential différences are: (i) the use of the palmaris longus 
tendon as a graft rather than the oblique retinacular ligament, 
thus making a simpler dissection, and (ii) it is easier to adjust 
the tension of this tenodesis [Adopted from Doyle JR: Extensor 
tendons—late reconstruction. In: Green DP, (Ed): Operative 
Hand Surgery (3rd edn)] 

free tendon graft (palmaris longus tendon graft technique 
by Thompson and Littler). 

Postoperative care K-wires removed at 4 weeks and 
splint with PIP joint in 20° flexion and the DIP joint in 0°. 
Active assisted exercises for PIP flexion should be started. 
Splinting is continued up to 6 to 10 weeks after surgery. 

Complications 

1. Rupture of tenodesis with récurrence of deformity. 

2. Tight tenodesis resulting in excessive PIP joint flexion 
resulting in a boutonnière deformity. 

3. Flexor tendon scarring causing stiff fingers. 

Boutonnière deformity: This deformity consists of PIP joint 
flexion and hyperextension of DIP joint. It occurs 
secondary to dorsal disruption of the extensor assembly 
at the PIP joint and initially is a dynamic imbalance of 
the extensor linkage System. When left untreated, the 
condition will progress to a fixed deformity, in which 
case there are fixed contractures in this posture that will 
not passively correct (Fig. 6). 

The basic initial pathomechanics are atténuation, 
attrition, or rupture of the central tendon over the PIP 
joint or off the dorsal base of the middle phalanx, and 
prolapse of the latéral bands volar to the PIP joint axis. 
This central tendon change may be secondary to 
lacération, closed avulsion, crush injury, or the synovitis 
of rheumatoid arthritis or osteoarthritis. 
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Central tendon 



Figs 6A and B: Pathomechanics of the boutonnière deformity: 
(A) As the central tendon either ruptures or atténuâtes, exten¬ 
sor tone is decreased at the dorsal base of the middle phalanx, 
allowing the PIP joint to drop into flexion, and (B) as the joint 
flexes, the latéral bands move volar to the axis of motion. They 
will adhéré in that position, and the central tendon heals in the 
attenuated position. The pathomechanics of the established 
boutonnière involve not only the atténuation of the central 
tendon, but the displaced, adhèrent, and foreshortened latéral 
bands resting volar to the axis of motion at the PIP joint. Excess 
extensor pull thus secondarily bypasses the PIP joint and is 
imposed dorsally at the DIP joint, causing a recurvature at this 
distal joint. [Adopted from Doyle JR. Extensor tendons—recon¬ 
struction. In: Green DP (Ed): Operative HandSurgery (3rd edn)] 

By whatever etiology, there is damage to the central 
tendon and the dorsal transverse retinacular fibers. There 
are three types of Boutonnière deformity. 

Stage 1: The dynamic imbalance, passively supple, in 
which the latéral bands are subluxated but not adhèrent 
anteriorly. 

Stage 2: Established extensor tendon contracture in which 
the deformity cannot be passively corrected as the latéral 
bands are shortened and thickened, but the joint itself is 
not involved. 

Stage 3: Secondary joint changes, such as volar plate 
scarring and contracture, collateral ligament scarring, and 
intra-articular fibrosis. 

Management 

Stage 1: Patients are treated with nonoperative manage¬ 
ment. The exercise program consists of two sequential 
maneuvers. 

The first maneuver is active assisted PIP joint 
extension. This will stretch the tight volar structures, such 
as the volar plate, flexor sheath, and volar transverse 
retinacular fibers. This initial part of the exercise will 
cause the latéral bands to ride dorsal to the PIP joint axis 
and will put longitudinal tension on the latéral bands 
and oblique retinacular ligaments. This in turn will 
increase the tenodesis of the DIP joint into hyper¬ 
extension. In other words, passive correction of the 
proximal deformity will increase the distal deformity 
(Fig. 7). 



Figs 7A to C: Exercise program for boutonnière deformity. Many 
patients with boutonnière deformity respond very well to a 
carefully structured exercise and splinting program. The 
exercise is done in three steps:(A) the patient is instructed to 
place the index finger of the opposite hand on the dorsum of 
the PIP joint of the involved finger. The thumb of the uninvolved 
hand is placed on the flexor aspect of the DIP joint. (B) The PIP 
joint is then passively extended by the patient as far as can be 
tolerated. This will passively correct the deformity at the proxi¬ 
mal joint, but will increase the tone in the latéral bands and 
oblique retinacular ligament, increasing the hyperextension at 
the DIP joint. As a third step to the exercise. (C) The patient 
then actively flexes the DIP joint over the thumb of the opposite 
hand, thus, stretching the oblique retinacular ligaments and 
latéral bands (see text). [Adopted from Doyle JR. Extensor ten¬ 
dons—late reconstruction. In: Green DP (Ed): Operative Hand 
Surgery (3rd edn)] 

The second maneuver is maximal active forced flexion 
of the DIP joint, while the PIP joint is held at 0° (or a close 
to that position as the PIP joint will allow). This will 
gradually stretch the latéral bands and oblique retinacular 
ligaments to their physiological length. 

This exercise and splinting program must be 
maintained for a minimum of 2 to 3 months and often 
much longer to gain the maximum possible correction 
and prevent récurrence. 

Operative Management 

Late reconstruction of boutonnière deformity is very 
discouraging, because even the most careful operative 
techniques may not overcome the fibroblastic response 
of the extensor mechanism of peritenon with its 
destruction of gliding surfaces and loss of few mm of 
excursion. Initially ail established boutonnière fingers 
should be treated with the splinting and exercise 
program. In résistant cases, Littler's reconstruction 
procedure is suggested which consists of release of latéral 
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bands at the middle phalanx and are rolled dorsally and 
sutured to central tendon insertion. Thus, the extensor 
mechanism is simplified, and the component parts of the 
extensor mechanism to the PIP and DIP joints are 
separated. If at surgery it is obvious that the central 
tendon insertion is déficient and the latéral bands 
inadéquate, thus, Littler Fowler tendon graft canbe used. 
If the joint is involved with fibrous ankylosis or arthritis, 
then fusion or arthroplasty can be done (Fig. 8). 

Mallet Finger Deformity 
(DIP Joint Extensor Disorder) 

The most common extensor mechanism disorder at the 
DI joint is an extensor lag called Mallet deformity. This 
causes the extensor mechanism to shift proximally. 




Figs 8A to D: Although most cases of boutonnière deformity 
respond well to the exercise program, surgical reconstruction 
is occasionally necessary. The procedure for the supple bouto¬ 
nnière uses the surgical principle of decreasing the extensor 
tone at the distal joint by incomplète transection of the extensor 
mechanism (leaving the oblique retinacular ligament intact), 
allowing the latéral bands of the extensor mechanism to slide 
proximally and increase the tone at the PIP joint [adopted from 
Doyle JR. Extensor tendons—late reconstruction. In: Green DP 
(Ed): Operative Hand Surgery (3rd edn)] 


increasing the extensor tone at the PIP joint relative to 
the DIP joint. If the patient has a lax PIP joint volar plate, 
this joint will hyperextend and a secondary swan-neck 
deformity will develop. A deformity develops due to 
(i) tendon disruption, (ii) tendon avulsion with small fleck 
of bone, and (iii) tendon avulsion with an intra-articular 
bone fragment with volar joint subluxation. 

Management 

If the drop is passively correctable with joint congruity, 
the extensor insertion is exposed dorsally as for an acute 
injury. Only 2 to 3 mm of tendon should be resected to 
get rid of pseudotendon which fills the gap from old 
rupture. After the tendon shortening, K-wire is used to 
stabilize the terminal joint at 0° for 4 to 6 weeks, and the 
DIP joint is immobilized with a dorsal splint at ail times 
for 6 to 8 weeks. Exercises are commenced at the end of 8 
weeks (Fig. 9). 

If the deformity is fixed and does not respond to 
exercises and splinting, if the joint surfaces are 
incongruous, or if significant degenerative arthritis is 
présent, the distal joint is best treated with arthrodesis. 

If both the PIP and DIP joints are without old fracture 
and without arthritic changes, but the mallet has resulted 
in a secondary swan-neck posture, the spiral oblique 
ligament reconstruction with a tendon graft is 
recommended. 



Fig. 9: In those patients with marked extensor lag at the PIP 
joint with absence of the central tendon insertion and déficient 
latéral bands, tendon graft may be necessary. The procedure, 
as described by Fowler and illustrated by Littler, involves a ten¬ 
don graft using the palmaris longus, as shown here [Adopted 
from Doyle JR. Extensor tendons—late reconstruction. In: 
Green DP (Ed): Operative Hand Surgery (3rd edn)] 
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INTRODUCTION 

Congénital deformities are common and one in every 12 
births has one or the other defects or deformities. A 
substantial number of these anomalies are seen in the 
upper extremity. The upper extremity is completely 
formed by sixth week of intrauterine life, and any 
dysplastic factor would adversely affect the development 
during this period. 

The patterns of hand functions are usually established 
between 6 and 24 months of âge. The surgeon should be 
consulted soon after birth to plan the timing and 
procedure for reconstruction. Surgical treatment is 
usually started around six months of âge, and ail 
reconstruction is completed by school going âge. This 
allows the development of cerebrocortical patterns that 
control the hand function. 

Early treatment is necessary to prevent progress of 
the deformity and development of soft tissue 
contractures. It also prevents the possibility of any 
psychological trauma to which the child may get exposed 
to in school. The patterns of functions once established 
are difficult to change in later life. Hence, adult patients 
who hâve accepted the deformity and hâve adéquate 
function are often left alone. 

Prior to any surgical treatment, a general check-up 
and routine investigations are necessary to identify an 
associated abnormality or syndrome. The hand should 
be immobilized in functional position and kept elevated 
during postoperative period. Patients should be followed 
up till maturity, as congénital deformities tend to progress 
with growth and may recur. 

Classification (Table 1) 

1. Failure of formation 

a. Transverse deficiencies—amputations 

b. Longitudinal deficiencies—phocomelia, radial 
club hand. 


2. Failure of différentiation 

a. Synostosis 

b. Syndactyly 

3. Duplication 

a. Preaxial (thumb) polydactyly 

b. Postaxial (little finger) polydactyly 

c. Central polydactyly 

4. O ver growth 

a. Megadactyly (ail or portions of upper limb) 

5. Undergrowth 

6. Congénital constriction band syndrome 

7. Generalized skeletal abnormality 
a. Madelung's deformity. 

Congénital Amputations (Figs 1A to D) 

Congénital amputations are due to failure of formation 
of parts leading to terminal transverse defects. It may 
occur at any level, from digits to total absence of the 
extremity. The incidence of forearm amputations is one 
in 20,000 live births and for upper arm amputations is 
one in 270,000 live births. Majority of these cases occur 
sporadically. The associated anomalies apart from 
musculoskeletal defects are hydrocephalus, spina bifida 
and meningocele. 

Early prosthetic fitting is the treatment of choice and 
is recommended as soon as crawling is attempted. There 
are few indications for surgery in this group. Révision of 
stump or lengthening of stump may be required prior to 
prosthetic fitting. Function can be improved by 
lengthening of digital stumps and by Krukenberg's 
operation when indicated. Removal of functionless and 
deformed parts may be indicated for cosmetic reasons. 
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TABLE 1 : Classification of congénital deformities 

1. Failure of formation of parts (arrest of development) 

A. Transverse deficiencies 

1. Amputations arm, forearm, wrist, hand, digits, foot, knee 

B. Longitudinal deficiencies 

1. Phocomelia complété proximal distal, proximal focal 
deficiency, cleft foot 

2. Radial deficiencies: radial club hand, tibial hemimelia 

3. Central deficiencies cleft hand 

4. Ulnar deficiencies, ulnar club hand, fibula hemimelia 

5. Hypoplastic digits 

2. Failure of différentiation (séparation) of parts 

a. Synostosis elbow, forearm, wrist, metacarpals, phalanges 

b. Radial head dislocation, dislocation hip or patella 

c. Symphalangism 

d. Syndactyly 

1. Simple 

2. Complex 

3. Associated syndrome 

e. Contracture 

1. Softtissue 

a. Arthrogryposis 

b. Pterygium cubitate 

c. Trigger digit 

d. Absent extension tendons 

e. Hyperplastic thumb 

f. Thumb-clutched hand 

g. Camptodactyly 

h. Windblown hand 

2. Skeletal 

a. Clinodactyly 

b. Kirner's deformity 

c. Delta bone 

3. Duplication 

a. Thumb proximal polydactyly, limb 

b. Triphalangism hyperphalangism 

c. Finger polydactyly 

1. Central polydactyly polysyndactyly 

2. Postaxial polydactyly 

d. Mirror hand 

1. Ulnar dimelia 

4. Overgrowth—ail or portions of limb 
a. Macrodactyly 

5. Undergrowth 

6. Congénital constriction band syndrome 

7. Generalized skeletal abnormalities 
a. Madelung's deformity 

Modified from Swanson A,B: Classification for congénital limb 
malformation. / Hand Surg 1: 8-22,1976. 

Phocomelia (Fig. 2) 

This disorder occurs due to failure of formation of parts. 
There is intercalary deficiency and digital skeletal 
structures are présent. Three types of deficiencies are seen: 

i. Hand directly attached to trunk 

ii. Forearm and hand attached to the trunk 

iii. Hand attached to the end of the humérus. 



Figs. 1A to D: (A) Congénital amputation through proximal third 
of the forearm, (B) radiograph showing normal elbow joint, 
forearm bones are short in length, (C) lengthening of the forearm 
bones was performed for better prosthetic fitting, and 
(D) radiographie picture prior to the removal of the fixator 
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Fig. 2: Phocomelia—intercalary deficiency of arm and 
forearm. Hand directly attached to the trunk 


The incidence of this defect is about 0.8% of congénital 
abnormalities of the upper extremity. Up to 60% of the 
infants were affected whose mothers ingested thalido- 
mide during 1960s and early 70s. The parts of the limb 
présent are usually hypoplastic. The functions in the digits 
may range from none to near normal. The majority of 
cases need prosthesis. In few cases, function may be 
improved by stabilizing a flail extremity or by lengthening 
of the intercalary bone segment. 

Radial Club Hand (Figs 3A to D and 4A to D) 

This deformity occurs due to absence of parts involving 
radial border of the upper extremity. Majority of the cases 
occur sporadically. Genetic (autodominant) and 
environmental causes like viral infections, irradiation and 
Chemicals (thalidomide) hâve also been implicated as 
causative factors. The incidence of the deformity is one 
in every 100,000 births. It occurs bilaterally almost as 
frequently as unilaterally. 

Radial club hand is frequently associated with other 
anomalies. Cardiovascular defects like Holt-Oram 




Figs 3A and B: Radial deficiencies: (A) Bilateral radial club 
hand with absent thumb, (B) radiographie picture showing 
treatment by differential-distraction 


Fig. 3D: Line diagram showing the principle and method of 
differential-distraction. This procedure is indicated in severe 
deformities. A formai stabilization of the wrist with capsular 
release and balancing of the tendons is performed after soft 
tissue stretching has corrected the deformity 

syndrome and gastrointestinal defects like imperforate 
anus are frequently found. Hemopoietic disorders like 
aplastic anémia and platelet defects may be présent. 

The radius may be partially or completely absent. The 
forearm is short and bowed to the radial side with 
prominent lower end of the ulna. The hand is radially 
deviated due to lack of support of the radius. The hand 
deformities are usually confined to thumb, index and 
middle fingers. There is a direct relationship between the 
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Figs 4A to D: Radial deficiencies: (A and B) Dorsal and palmar views of the hand with floating thumb, and (C and D) pollicization 
of the index finger has been done. Full thickness skin graft applied on the dorsal surface of the first web was harvested from the 
excized hypoplastic thumb 


amount of radial deficiency and the degree of deformity 
and function loss in the hand. The thumb may or may 
not be présent. It is usually hypoplastic when présent. 
Flexion contracture of the proximal interphalangeal joints 
of the fingers is frequently seen. 

Treatment of the radial club hand is primarily based 
on âge, severity of deformity and the functional déficit. 
Ail patients should be checked for associated congénital 
anomalies and hemopoietic defects. No treatment is 
indicated if there is an associated anomaly, that is not 
compatible with long life. Adult patients who hâve 
adjusted their activities and patients with inadéquate 
elbow flexion to place the straightened hand to mouth 
should also be left alone. 

Patients with mild deformity are treated by plaster 
stretching and splintage. Surgical treatment is indicated 
when the deformity is not amenable to plaster stretching, 
there is insufficient radial support for the hand and in 
patients with thumb and finger defects. Centralization 
or radialization of the hand on the end of ulna is 
performed. The correction should be maintained with 
splintage, full time till the âge of six years and then during 
night till skeletal maturity. Reconstruction of the thumb 
is performed when it is hypoplastic or absent after 


stabilization of the hand. The reconstruction may involve 
tendon transfers and pollicization. 

Syndactyty (Figs 5A to D) 

Syndactyly occurs due to failure of différentiation of 
digits, between sixth and eighth week of intrauterine life. 
It is one of the two most common hand anomalies, the 
other being polydactyly. Eighty percent of the cases occur 
sporadically. The incidence is about one in 2000 births. 
About 50% of the cases are bilateral, and the condition is 
twice as common in males. 

Syndactyly is commonly associated with other hand 
anomalies. It is also seen in association with viscéral 
anomalies such as heart defects, skin dysplasias, 
oculodigital and orodigital anomalies. In Apert's 
syndrome, it is associated with craniosynostosis (Figs 5C 
and D). In Poland's syndrome symbrachydactyly is 
associated with pectoral muscle defect (Figs 5A and B). 

Syndactyly is described as complété and as simple or 
complex. When syndactyly extends up to the fingertips, 
it is complété and it is incomplète when it ends proximal 
to the tips. In simple syndactyly, the interconnections are 
formed by fibrous tissue, ligaments and the skin, while 
in complex syndactyly the bone is also fused. There is a 
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Figs 5A to D: Syndactyly: (A and B) Poland’s syndrome—symbrachydactyly associated with déficient pectoral 
muscles, and (C and D) Apert’s syndrome—syndactyly associated with craniosynostosis 


group of complicated syndactyly, where interconnections 
are formed by musculotendinous or common neuro- 
vascular structures. 

Surgery is usually performed during infancy to take 
advantage of the natural tissue expander, the infantile 
fat. Early release is indicated in cases with syndactyly 
between unequal digits, to prevent the development of 
deformity. Surgery consists of création of a web with 
dorsal skin flap and séparation of digits with "Z'^shaped 
incisions. The neurovascular bundles should be identified 
and safeguarded. No tight suturing is performed as it 
may lead to postoperative vascular embarrassment. Skin 
is usually less and the raw area is covered with thick split 
thickness or full thickness skin grafts. The dressing is 
important, wound is covered with paraffin gauze and 
the commissure is filled with strips of saline soaked 
Gamgee to keep the finger separated. This is changed 
after one week and sutures are removed two weeks after 
the surgery. 


Polydactyly 

Polydactyly occurs due to duplication of a single emb- 
ryonic bud before tenth week of intrauterine life. 

Duplicate Thumb (Figs 6A to C) 

The incidence of duplicate thumb is about 0.8 per 1000 
live births and is more common in Indian population. 
Most cases are sporadic, though familial cases are also 
reported. It is not usually associated with other viscéral 
anomalies. Ail varieties of thumb duplication are seen 
ranging from bifid phalanx to complété duplication at 
metacarpal level. There is often sharing or inter¬ 
connections of tendons, neurovascular structures, bones 
and joints. The duplicate thumbs are hypoplastic and are 
often shorter and thinner than normal. 

Amputation of an extra digit with no regard for 
function of the hand or of the adjacent digits will do a 
disservice to the patient. Simple excision of one of the 
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Figs 6A to C: Duplicate 
thumb: (A) Radiographie 
picture showing bilateral 
duplicate thumbs. On left 
side there is duplication of 
distal phalanx and in right 
side there is duplication of 
distal and proximal phalan¬ 
ges, (B) Clinical picture 
showing duplication of 
distal and proximal 
phalanx, and (C) Bilhaut- 
Cloquet procedure, utilizing 
equal parts of skeleton and 
soft tissues to create a 
normal looking thumb 

duplicate is seldom adéquate, and does not give the 
maximum functional or cosmetic resuit, except when one 
of the duplicate is 80% of the normal thumb in size, 
stability and function. 

Since ail the duplicate thumbs are hypoplastic, the 
retained thumbs could be augmented by the tissue 
available from deleted duplicate. There are two types of 
reconstructive procedures for the duplicate thumbs. One 
is based on Bilhaut-Cloquet combination of equal parts 
of skeleton and soft tissues, and in the other one, the 
retained duplicate is augmented by only the soft tissues 
of the deleted duplicate. The best group of surgical 
procedure that will realize the maximum potential should 
be selected for each patient. 

Postaxial Polydactyly (Figs 7A and B) 

There are two types of polydactyly of the little finger. 

Type A: The extra digit is well formed and articulâtes with 
the fifth or an extra metacarpal. The treatment consists 
of excision of the extra digit and requires that variable 
amounts of tissue be borrowed for retained digit. 

Type B: There is a small extra digit that is not well formed. 
It is frequently in the form of a skin tag. Simple excision 
is the treatment recommended in these cases. 



Figs 7A and B: Postaxial polydactyly: (A) Bilateral polydactyly 
of the little fingers—type A, and (B) Extra digit on the right side 
has been removed. It requires to transfer any small muscle 
attachments to the retained little finger 

Macrodactyly (Figs 8A to D) 

A disproportionately large digit that is présent at birth 
or early childhood is termed as macrodactyly. In true 
macrodactyly, ail the structures of a digit are enlarged. It 
is one of the rarest congénital anomalies with an incidence 
of about 0.9% of the upper extremity anomalies. 

There are two types of macrodactyly: One is static 
type, in which an enlarged single digit is présent at birth, 
and its growth is proportionate to other digits. In 
progressive form, the enlarged digit may not be présent 
at birth, but begins enlarging in early childhood. 

The growth rate is much greater than the normal digits 
and frequently deviates to the side. The progressive type 
is more common. The progressive growth tends to stop 
at the time of epiphyseal closure. The most common 
single digit involved is index finger. Multiple digit 
involvement is more common, with thumb-index finger 
and index-long finger combination getting affected more 
commonly. 

Macrodactyly is not inherited. Its etiology is not 
known. There is evidence that nerves exhibit some control 
on tissue growth. It has been postulated that impaired 
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Fig. 8A: Macrodactyly of index and middle fingers scar on the 
volar aspect of index finger is due to surgery performed 
elsewhere 


\ii 

i 


Fig. 8B: Radiograph showing enlarged skeleton 
of index and middle fingers 



Fig. 8C: Debulking of index and middle fingers was performed 
from radial aspect. Picture shows enlarged digital nerve on radial 
aspect of index finger (For color version see Plate 42) 




Fig. 8D: Release of carpal tunnel with debulking of palmar area 
was also performed at the same sitting. Thickened médian nerve 
is shown, which was causing symptoms of compression 
neuropathy (For color version see Plate 42) 

nerve function allows uncontrolled growth of other 
tissues. Macrodactyly is not associated with systemic 
defects. 

Since macrodactyly is an obvious cosmetic deformity 
that may look grotesque and cause psychological damage, 
treatment for this reason alone is often indicated. Bulk 
réduction of the diameter of the enlarged finger is the 
most frequently required procedure. It is done in two 
stages, removing excess tissue from one-half of the finger 
in each stage. Amputation is indicated when there is a 
stiff anesthetic digit, the enlarged digit interfères with 
function of the rest of the hand. Epiphyseal arrest is 
indicated at the time, the enlarged digit has reached the 
estimated adult size. 

Congénital Ring Syndrome (Figs 9A to D) 

The incidence of congénital ring syndrome is one in 15,000 
births. Most cases are sporadic. It may occur due to germ 
plasm defects or due to amniotic band constriction. 
Clinically following features are seen: 

i. Simple constriction ring 

ii. Constriction rings associated with deformity of distal 
part with or without lymph edema 

iii. Constriction rings associated with soft tissue fusion 
of distal parts 

iv. Intrauterine amputations. 

A common finding in constriction band syndrome is 
that the part proximal to the band is usually normal. The 
association of other hand anomalies is up to 80% in this 
disorder. These include syndactyly, hypoplasia. 
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Figs 9A to D: Congénital ring syndrome: (A and B) Dorsal and palmar views of congénital rings involving index, middle and ring 
fingers. There is soft tissue fusion of the distal part (acrosyndactyly) and lymph edema distal to the constriction bands. The part 
of digits proximal to the constriction is normal including the web spacer, (C) another case with involvement of fingers and a tight 
constriction band at wrist, Z-plasty release incisions has been marked, and (D) Z-plasty has been performed releasing the 
constriction at the wrist level. It should be noted that only one-half of circumference should be released in one sitting, and also 
the proximal lésion should be tackled first 


brachydactyly, and symphalangism. Associated 
anomalies elsewhere in the body such as club feet, cleft 
lip, cleft palate and cranial defects are seen in 40 to 50 % 
of the cases. 

Simple shallow constriction rings often do not need 
treatment, but surgery may be indicated for cosmetic 
reasons rather than functional. Staged excision of the ring 
with Z-plasty is indicated, when there is swelling or 
deformity distal to the ring. When syndactyly is 
associated it should be separated early and is more 
required than surgery for the rings. Patients with digital 
amputation can be helped by stump lengthening, web 
deepening or segmentai transposition. 

Trigger Digits 

There is a présentation of trigger digits in the infant very 
similar to that seen in the adult. The incidence is highest 


in the thumb than in any other digit. There are both 
infantile and childhood présentations. About 25% of the 
cases présent at birth and about 25% cases hâve bilateral 
involvement. The incidence of the trigger digit is 2.2% of 
the hand anomalies. The child présents with fixed flexion 
of the digit, the clicking and snapping is less common. 
Spontaneous resolution occurs in 30% of the cases noted 
at birth and 12% of those presenting between the âge of 
six months and three years. 

In this condition the changes hâve been found in the 
tendon sheath and the tendon, or both. There is 
narrowing of the sheath, thickening of the sheath and 
occasional ganglion formation. The change in the tendon 
is nodule formation usually proximal to the Al pulley. 
The operative procedure is simple with incision or 
excision of the constricted area of the flexor sheath. Great 
care must be taken to safeguard the digital nerves. 
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Arthrogryposis (Figs 10A to C) 

Arthrogryposis is a syndrome of persistent joint 
contracture, which is always présent at birth. It is not 
progressive. The contractures are persistent and will recur 
foliowing correction if not properly splinted. The striated 
muscles and the CNS seem to be the primary sites of 
involvement. The striated muscles show a decrease in 
the number of muscle fibers and in transverse diameter 
of the individual fibers. There is fibrous and fatty 
degeneration of the muscle as well as fatty infiltration 
between the muscle bundles. The most common finding 
in the CNS is degeneration and réduction in the number 
and size of the anterior horn cells. 

These patients are usually easy to diagnose. The 
shoulders are adducted and internally rotated. The 
elbows and knees are fixed in either flexion or extension. 
The hands and wrist are usually club like. The wrist is 
flexed and slightly deviated ulnarwards, the fingers are 
slender and shiny, the fingers are gathered together and 
the thumb is usually adducted. 

Contractures are présent at birth and are usually 
symmetrical. Dimpling of the skin is frequently seen at 
various joints. The skin is waxy in appearance and the 
skin lines are absent. There is very little subcutaneous 
fatty tissue. The involvement can be severe, moderate or 
minimal. There is frequent association with other 
congénital anomalies primarily involving the 
musculoskeletal System. 

Treatment in the infant or very young child usually 
begins with cast stretching of the various contractures, 
followed by splinting. Shoulder is adducted and 
internally rotated, the treatment is designed to mobilize 
the shoulder through active and passive stretching. If 
sufficient external rotation is not achieved, then 
osteotomy of the upper third of the humérus is performed 
to place the elbow in a plane, that when flexed will enable 
the hand to meet the mouth. The elbow is usually fixed 
in extension, serial cast wedgings are carried out until 
there is 40 to 50° of passive flexion. Then active stretching 
and mobilization are added along with progressive 
splinting. 

In résistant cases posterior capsulotomy with 
Z-lengthening of the triceps is performed to obtain 
passive elbow flexion. This procedure should be 
performed on one side only as one straight extremity is 
required for the child to push up from the sitting 
position. The wrist and hand deformities are also 
managed by casting and splinting followed by active 
exercises and occupational therapy. Persistent volar 
wrist contracture can be released by volar capsulotomy. 
Pronator release may be required in order to get the 
hand to the mouth. 



Figs 10A and B: Arthrogryposis involving bilateral hands, there 
is adduction contracture of the thumbs and flexion contracture 
of the fingers at the MP joint level 



Fig. 10C: Right hand, release of finger’s contracture at MP 
joint level. The defect was covered with a strip of full thickness 
skin graft harvested from the groin. The correction is held with 
an external fixator frame. The release of adduction contracture 
of thumb with distally based radial artery flap was performed at 
an earlier stage 
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The goal in treating the upper extremity deformities 
in arthrogryposis is to provide one extremity that can be 
brought to the mouth for feeding and hygiene and to 
provide one extremity that can be used to push up from 
a sitting position or to use with a crutch if necessary. The 
extremities hâve to be splinted at night until growth 
maturity to prevent récurrence. 

RECENT ADVANCES 

Application of recent techniques of distraction— 
lengthening and microsurgery in the management of 
congénital deformities has enabled us to deal with the 
conditions which were not amenable to treatment with 
conventional methods. 

The distraction lengthening technique has wide 
applications in the shortened and deformed extremities 
and digits. It has an advantage of simultaneously 
correcting the shortening and deformity. The deformed 
extremity does not require to be shortened as in wedge 
osteotomy. The advantage of this technique is that only 
local tissues are used and sensations remain intact. Some 
indications for this technique are as follows: 

Bone Lengthening 

1. Metacarpal and phalangeal lengthening is performed 
to reconstruct digits and posts for better function 

2. Amputation stump lengthening may be required for 
prosthetic fitting 

3. Long bone lengthening for better functional length 
in short extremities, i.e. hypoplasia, phocomelia. 

Deformity Correction 

The tight and severe deformities not correctible by 
surgical intervention are best treated with distraction 
technique. Deformity correction may be performed either 
by soft tissue stretching or by bone élongation. The 
indications are: radial club hand, kyphotic radius, 
Madelung's deformity. 

Microsurgical Reconstruction 

This technique enables the surgeon to transfer the 
required composite tissue in one stage. The neurovascular 


status is restored by anastomosing vessels and nerves 
under high magnification of operating microscope, using 
microsutures. The clinical application of this technique 
are: 

i. Toe to thumb or toe to finger transfer 

ii. Composite joint transfer 

iii. Pulp and nail transfer for better esthetic 
reconstruction. 

The aim in the management of congénital deformi¬ 
ties of the hand is to obtain optimum functional and 
cosmetic reconstruction and results at an earliest âge. 
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238.1 Congénital Malformations 

S Navare 


TORSIONAL DEFORMITIES 

Torsional deformities of the lower limb may occur at the 
hip or in the tibia. Sometimes the tibial torsion may be 
secondary to fémoral torsion of the neck of the fémur. 
Most résolve spontaneously but when they persist, 
disability can occur. Fémoral antéversion normally varies 
from 12 to 25°, average is around 15° in adults but is more 
in infants. The antéversion gradually corrects itself. The 
angle of antéversion of the fémoral neck is the angle 
between two planes that intersect the longitudinal axis 
of the fémoral shaft, one passing through the neck and 
center of the head and the other parallel to the transverse 
axis of the condyles (passing posteriorly to the center of 
the head of the fémur). 

The presenting symptoms are intoeing abnormal gait 
and abnormal sitting position. The patient sits with the 
knees forward, fémurs internally rotated and the legs 
laterally pressed usually the deformity is reduced to 
normal by the âge of 8. If the deformity persists after this 
âge, there may be significant functional and cosmetic 
problem. On examination, there is limitation for external 
rotation of the hip (10%) and increase in the internai 
rotation of about 85° and on measurement the antéversion 
of over 50°. In such severe cases rotational osteotomy is 
indicated. 

Congénital Torticollis 

Contractures of the sternocleidomastoid muscle on one 
side results in torticollis. The head is tilted toward the 
side, the cause is not known. There are various théories. 

1. Ischémie theory—blood supply to the portion of the 
limb is eut off 

2. Intramuscular hemorrhage 

3. Injury to the muscle 

4. Congénital deformity of the sternocleidomastoid 
muscle. 

Pathology 

A fusiform swelling appears within a few days in the 
muscle, it resembles a soft fibroma. Surgery shows a 
dense fibrous tissues. There is no evidence of hemorrhage. 
Fibrous tissue has replaced the affected muscle. The 
fibrous tissue contracts. The clinical features and the 
deformity may be présent at birth or may develop in the 


second or third week. The head is tilted to the side of the 
affected muscle, and the chin is rotated to the opposite 
side. The hard nontender fusiform swelling is palpated 
in the lower half of the muscle. It gradually enlarges 
during the ensuing two or four weeks, reaching the size 
of the distal phalanx of the adult thumb. Then it begins 
to regress and gradually disappears in two to six months. 
The face becomes asymmetrical on the affected side the 
face is smaller. The eyes become slanting. Eye strain may 
resuit from ocular imbalance. The deep cervical fascia 
becomes thickened and contracted. Rarely sternoclei¬ 
domastoid muscles on both sides may be affected, face 
is tilted upwards. 

Differential Diagnosis 

1. Postural torticollis is due to intrauterine malposture. 
This can be corrected by manipulation 

2. Torticollis may be due to contractures of scelenus 
anterior and omohyoid 

3. Cervical spine made to exclude congénital anomalies 
of the vertebrae, such as hemivertebrae, unilatéral 
atlantooccipital fusion, and the Klippel-Feil syndrome 
may minimize torticollis 

4. Trauma fracture—one should also consider traumatic 
disorders of the cervical spine, such as fracture or 
rotary subluxation, particularly of C-l and C-2 may 
be considered 

5. Inflammatory conditions such as lymphadenitis 
causes tilting of the neck. 

Treatment 

Nonoperative matter is taught today, passive stretching 
and manipulation of the neck to the opposite side. It is 
important to hold the muscle stretched to the count of 
10. The exercises should be performed 15 to 20 times in 
each direction, 4 to 6 times a day. Surgery is indicated 
when the torticollis does not respond to conservative 
measures up to one year of âge or if the child is presented 
after one year. Satisfactory results are usually obtained 
by division or partial excision of the muscle. The hand is 
immobilized in the corrected position for a period of 6 to 
8 weeks. Active and passive exercises and corrective 
collar are carried out to prevent any récurrence of the 
deformity. 
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Clinical Features 

Patient usually présents between the âge of 8 and 12 years. 
The main complaint is the deformity of the wrist, the 
radial and ulnar styloid process at the same level. 
Especially dorsiflexion and ulnar déviation, pronation 
and supination of the forearm are also limited. 
Intraosseous space is vide differential diagnosis: (i) 
dislocation of the radial ulnar joint, (ii) rickets, and (iii) 
osteomyelitis affects the growth plate. 

Salter-Harris type spin fractures, multiple hereditary 
exostosis affect the wrist. 

Ollier's diseuse: Surgical treatment consists of 
correcting the bowing deformity. 

Shortening of the ulna as a rule, surgical correction is 
done only upto 11 to 13 years of âge. 

Treatment is surgical removal of extra digit. Sometimes 
the problem arises which digit is to be removed—the digit 
which is smaller than the contralatéral. Normally thumb 
may be even at maturity. When there is a bifid distal 
fibrous of the thumb, it is better to remove the adjoining 
half of each segment. Joint the two together to fix the 
distal phalanges of each part by key wires. 

Hypoplastic absent thumb: The floating thumb is usually 
associated with hypoplasia of the radius. The treatment 
is pollicization of the index finger. 

Congénital clasped thumb: There is a rare, normally 
almost always bilateral. Usually the extent of pollicis 
brevis is absent. There may be flexion contractures of 
hypoplastic thinner muscles. In the newborn and during 
the first three months of infancy, grasp reflex is normal. 


The thumb is flexed over the clutched thumb. Spont- 
aneously and upon stimulation, the infant will actively 
extend his or her fingers and thumb. This normal grasp 
posture should be distinguished from congénital clasped 
thumb in spastic cérébral palsy. This may be in extension 
and abduction helps. If this fails, extensor indicates 
proprius transfer is indicated. 

Symphalangism 

Symphalangism is a failure of severance of the digits. It 
may be associated with many other syndromes such as 
Apert's and Poland's. 

Cromptodactyly 

Cromptodactyly ("bent finger" in Greek) is characterized 
in flexion deformity of a digit. It commonly occurs at the 
proximal interphalangeal joint of the little finger, next in 
frequency, in the ring finger. It is usually due to muscle 
imbalance between flexors and extensors of the finger, 
patient may develop. If this fails surgery of soft tissue 
release is performed. Abnormal insertion in any severe 
deformity, with extension dorsal wedge osteotomy of the 
neck of the proximal phalanx is indicated. 

Clinodactyly 

Clinodactyly is curving of the digits in radius ulnar plane 
due to abnormal articular sufaces. Surgery is usually not 
indicated if the deformity is of severe class. Articular 
osteotomy may be done. 


238.2 A Boy with Three Lower Limbs 

AK Purohit 


A six-year-old boy has three lower limbs (Fig. 1) Right lower limb was normal. The left 
lower limb and the extra limb showed arthrogrypotic changes. The accessory limb had 
good muscle power sensation and function. In addition he had inguinal hernia. As the 
central left limb was functionally useless, was amputed. Fitting of prosthesis improved 
the quality of life of the patient (Figs 2 to 5). 



Fig. 1: Preoperative appearance showing three lower limbs. 
A medical curiosity 
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Fig. 2: Plain radiograph of pelvis, femora and leg 1 - m - 1 

Fig. 4: Appearance of the child after operation 



absence of left kidney Fi 9- 5: Plain radiograph of pelvis after operation 














COMPLEX REGIONAL PAIN SYNDROME (CRPS) 

CRPS is a multi-symptom, syndrome usually affecting 
one or more extremities, but may affect virtually any part 
of the body. Described 125 years ago by Drs. Mitchell, 
Moorehouse and Keen, CRPS remains poorly understood 
and is often unrecognized. 

CRPS sets in after an injury to a nerve or soft tissue 
(fractures of the distal end radius, fractures around the 
ankle) that does not follow the normal healing path. The 
development of CRPS does not appear to dépend on the 
magnitude of the injury (e.g. a sliver in the finger can 
trigger the disease). In fact, the injury may be so slight 
that the patient may not recall ever having received an 
injury. 


The sympathetic nervous System seems to assume 
an abnormal function after an injury 


CRPS is assessed with both subjective complaints 
(medical history) and, if présent, objective findings 
(physical examination), in order to support the diagnosis. 
There is a natural tendency to rush to the diagnosis of 
CRPS with minimal objective findings because early 
diagnosis is critical. If undiagnosed and untreated, CRPS 
can spread to ail extremities, making the réhabilitation 
process a much more difficult one. 

If diagnosed early, physicians can use mobilization 
of the affected extremity (physical therapy) and 
sympathetic nerve blocks to cure the disease. If untreated, 
CRPS can become extremely expensive due to permanent 
deformities and chronic pain. 

There is no single laboratory test to diagnose CRPS. 
There are no studies showing that CRPS affects the 
patient's life span. The potential exists for long-term 


financial conséquences. At an advanced State of the 
illness, patients may hâve significant psychosocial and 
psychiatrie problems, they may hâve dependency on 
narcotics and may be completely incapacitated by the 
disease. The treatment of patients with advanced CRPS 
is a challenging and time-consuming task. 

Importance of Objective Findings 

About 80% of CRPS cases hâve différences in température 
in opposite sides that may be either colder or warmer. 
These température changes may be associated with 
changes in skin color. The température différences are 
not static. The skin température can undergo dynamic 
changes in a relatively short period of time (within 
minutes) depending critically on room température, local 
température of the skin and emotional stress. In some 
cases, the différences in températures may fluctuate 
spontaneously even without any apparent provocation. 4 
Thus, the objective finding of différences in température 
and color of the skin can be missed by the physician if 
only a single physical examination is made. 

A useful and relatively inexpensive instrument to 
hâve available at the time of the physical examination is 
a portable infrared thermometer to measure différences 
in skin température. 

Changes in skin température and color are only two 
examples of several objective findings that should be 
sought in the patients with CRPS. 

Diagnosis of CRPS 

The diagnosis of CRPS can be made in the following 
context. 
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A history of trauma to the affected area associated with 
pain that is disproportionate to the inciting event plus 
one or more of the following: 

• Abnormal function of the sympathetic nervous 
System. 

• Swelling. 

• Movement disorder. 

• Changes in tissue growth (dystrophy and atrophy). 

Thus, patients do not hâve to meet ail of the clinical 
manifestations listed above to make the diagnosisof CRPS. 

There seems to be a small group of patients whose 
pain following trauma résolves over time, leaving the 
patient with a movement disorder. 

Clinical Features of CRPS 

1. Pain : The hallmark of CRPS is pain and mobility 
problems out of proportion to those expected from 
the initial injury. The first and primary complaint 
occurring in one or more extremities is described as 
severe, constant, burning and/or deep aching pain. 

Ail tactile stimulation of the skin (e.g. wearing 
clothing, a light breeze) may be perceived as painful 
(allodynia). 

Répétitive tactile stimulation (e.g. tapping on the 
skin) may cause increasing pain with each tap and 
when the répétitive stimulation stops, there may be a 
prolonged after-sensation of pain (hyperpathia). 

There may be diffuse tenderness or point-tender 
spots in the muscles of the affected région due to small 
muscle spasms called muscle trigger points (myofascial 
pain syndrome), e.g. Proximal flexor crease at wrist, 
hypothenar eminence. 

There may be spontaneous sharp jabs of pain in 
the affected région that seem to corne from nowhere 
(paroxysmal dysesthesias and lancinating pains). 

2. Skin changes : Skin may appear shiny (dystrophy- 
atrophy), dry or scaly. Hair may initially grow coarse 
and then thin. Nails in the affected extremity may be 
more brittle, grow faster and then slower. 

r " 

Faster growing nails is almost proof that the 
patient has CRPS 


CRPS is associated with a variety of skin disorders 
including rashes, ulcers and pustules. 

Abnormal sympathetic (vasomotor changes) 
activity may be associated with skin that is either 
warm or cold to touch. 

The patient may perceive sensations of warmth 
or coolness in the affected limb without even touching 
it (vasomotor changes). 


The skin may show increased sweating 
(sudomotor changes) or increased chilling of the skin 
with goose flesh (pilomotor changes). 

Changes in skin color can range from a white 
mottled appearance to a red or blue appearance. 
Changes in skin color (and pain) can be triggered by 
changes in the room température, especially cold 
environments. However, many of these changes occur 
without any apparent provocation. 

* > 
Patients describe their disease as though 
it had a mind of its own 


3. Swelling : Pitting or hard (brawny) edema is usually 
diffuse and localized to the painful and tender région. 
If the edema is sharply demarcated on the surface of 
the skin along a line, it is almost proof that the patient 
has CRPS. ( Exclude a similar line appears if the patient 
ties a band of cloth around the limb which demarcates 
edema). 

4. Movement disorder : Patients with CRPS hâve difficulty 
in moving limb. In addition, there seems to be a direct 
inhibitory effect of CRPS on muscle contraction. 
Patients describe difficulty in initiating movement, as 
though they hâve "stiff" joints. 

After a sympathetic nerve block the stiffness disappears. 
Decreased mobilization of extremities can lead to 
wasting of muscles ( disuse atrophy). 

Associated Movement Disorders 

Some patients hâve little pain due to CRPS but instead 
they hâve a great deal of stiffness and difficulty initiating 
movement. 

Tremors and involuntary severe jerking of extremities 
may be présent. 

Sudden onset of muscle cramps (spasms) can be 
severe and completely incapacitating. 

Some patients describe a slow "drawing up of 
muscles" in the extremity due to increased muscle tone 
leaving the hand-fingers or foot-toes in a fixed position 
(dystonia). e.g CRPS of the lower extremity, the author 
has observed this on one occasion in post traumatic phase 
of operated fracture lower end tibia. The épisodes 
resolved after a sympathetic block. 

Spreading symptoms Initially, CRPS symptoms are 
generally localized to the site of injury. As time 
progresses, the pain and symptoms tend to become more 
diffuse. Typically, the disorder starts in an extremity. 
However, the pain may occur in the trunk or side of the 
face. On the other hand, the disorder may start in the 
distal extremity and spread to the trunk and face. At this 
stage of the disorder, an entire quadrant ofthe body may be 
involved. 
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Maleki et al recently described three patterns of 
spreading symptoms in CRPS: 

Continuity type where the symptoms spread upward from 
the initial site, e.g. from the hand to the shoulder. 

Mirror-image type where the spread was to the opposite 
limb. 

Independent type where symptoms spread to a separate, 
distant région of the body. This type of spread may be 
related to a second trauma. 

5. Bone changes: X-rays may show wasting of bone 
(patchy osteoporosis) or a bone scan may show 
increased or decreased uptake of a certain radioactive 
substance (technecium 99m) in bones after 
intravenous injection. 

6. Duration of CRPS: The duration of CRPS varies, in 
mild cases it may last for weeks folio wed by remission; 
in many cases the pain continues for years and in some 
cases, indefinitely. Some patients expérience periods 
of remission and exacerbation. Periods of remission 
may last for weeks, months, or years. 

In the extremely rare cases , some patients hâve 
required amputation of an extremity due to life-threaten- 
ing recurring infections of the skin. In one case this 
occurred at our institution SY Prathisthan. 

Case Report 

A 55-year-male was distressed to hâve an agonizing pain 
in the useless right upper extremity. CRPS was 
diagnosed. A sympathetic block did not résolve the pain 
and the patient pleaded for an amputation. 

Etiology 

1. A number of precipitating factors hâve been 
associated with RSD/ CRPS including: 

• Trauma 

• Ischémie heart disease and myocardial infarction 

• Cervical spine or spinal cord disorders 

• Cérébral lésions 

• Infections 

• Surgery 

• Répétitive motion disorder or cumulative trauma, 
causing conditions such as carpal tunnel. 

• Cause of CRPS. 

Current research suggest that the mechanism by 
which an injury triggers CRPS is unclear (Fig. 1). 

Microangiopathy 

Failure to mobilize the affected région of the body is a 
critical factor in prolonging the recovery from CRPS. 


Original injury initiâtes a pain—impulse carried by 
sensory nerves to CNS. 

Pain impulse initiâtes an impulse in the Sympathetic 
System. 

Impulse originated in the SNS returns to the site of 
injury. 

Above triggers an inflammatory response in the 
peripheral vessels. 

Spasm of the vessels, swelling and pain. 

The cycle perpétuâtes and chronic disease sets in. 


Nociceptors 



Fig. 1 : How the peripheral and central 
sensitization interact to produce persistent pain 


Investigators in Sweden hâve reported highly unusual 
data. They carried out a pathological analysis of 
peripheral nerve and muscle taken from amputated legs 
of eight patients with CRPS. In ail patients, amputation 
was performed because the painful (hyperpathic) limb 
was useless or subject to récurrent infections. Skeletal 
muscle specimens were abnormal in ail cases, but 
myelinated nerve fibers were normal, and in half the 
patients there was a loss of unmyelinated fibers. These 
findings suggest a microangiopathy in the affected limbs. 

Persistent Minimal Distal Nerve Injury 

An important study was conducted revealing the rôle of 
the damaged small nerve fibers in the persistant pain of 
CRPS. This study adds to the existing list of confusing 
hypothèses put forth in the literature. 

CRPS-I consists of post-traumatic limb pain and 
autonomie abnormalities that continue despite apparent 
healing of inciting injuries. The cause of symptoms is 
unknown and objective findings are few, making 
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diagnosis and treatment controversial, and research 
difficult. 

They tested the hypothèses that CRPS-I is caused by 
persistent minimal distal nerve injury (MDNI), 
specifically distal degeneration of small-diameter axons. 
These fibers subserve pain and autonomie function. 

The authors studied 18 adults with IASP-defined 
CRPS-I affecting their arms or legs. They performed 
quantitative mechanical and thermal sensory testing 
(QST) followed by quantitation of epidermal neurite 
densities within PGP9.5-immunolabeled skin biopsies. 
Seven adults with chronic leg pain, edema, disuse, and 
prior surgeries from trauma or osteoarthritis provided 
symptom-matched Controls. CRPS-I subjects had 
représentative historiés and symptoms. Medical 
procedures were unexpectedly frequently associated 
with CRPS onset. 

QST revealed mechanical allodynia (P < 0.03) and 
heat-pain hyperalgesia (P<0.04) at the CRPS-affected site. 
Axonal densities were highly correlated between subjects' 
ipsilateral and contralatéral control sites (r = 0.97), but 
were diminished at the CRPS-affected sites of 17/18 
subjects, on average by 29% (P < 0.001). 

Overall, control subjects had no painful-site neurite 
réductions (P = 1.00), suggesting that pain, disuse, or prior 
surgeries alone do not explain CRPS-associated neurite 
losses. These results support the hypothesis that CRPS-I 
is specifically associated with post-traumatic focal MDNI 
affecting nociceptive small-fibers. This type of nerve 
injury will remain undetected in most clinical settings. 

Laboratory Diagnostic Aids 

There is no laboratory test that can stand alone as proof 
of CRPS. However, there are a couple of tests: 

Thermogram and Bone Scan 

Thermogram and bone scan which can be useful in 
providing evidence for CRPS. 

Thermogram 

A thermogram is a noninvasive means of measuring heat 
émission from the body surface using a spécial infrared 
video caméra. It is one of the most widely used tests in 
suspected cases of CRPS. 

A normal thermogram does not necessarily mean the 
patient does not hâve CRPS. 

Above is a thermogram of CRPS along the médian 
nerve distribution (Fig. 2). 

Three phase radionuclide bone scanning: The rôle of the 3 
phase bone scan in the diagnosis of CRPS has been 
debated and is controversial. 



Fig. 2: Thermogram along médian nerve distribution 
(For color version see Plate 43) 


X-rays, EMG, nerve conduction studies, CAT scan and MRI 
studies: Ail of these tests may be normal in CRPS. These 
studies may help to identify other possible causes of pain; 
for example, CRPS plus a carpal tunnel syndrome. 
X-ray in CRPS. 

Gênant and Coll described five subtypes of bone 
résorption. Wilson and Coll discussed on the patchy 
osteopenia in CRPS II (Fig. 3). While Cooper and DeLee 
described an interesting phenomenon of osteopenia of 
patella as diagnostic criteria of CRPS II. 

In children, musculoskeletal mapping is a useful 
auxiliary examination for RSD diagnosis, presenting 
better sensitivity than radiography (72% versus 36%). In 
a study of 11 children, mapping revealed hyperdeposition 
in four cases, hyperabsorption in four and was normal 
for three, suggesting, as in our sample, that the first two 
conditions occur with similar frequency. Computerized 
tomography or nuclear magnetic résonance do not help 



Fig. 3: Note the osteopenia of the carpal bones 
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in RSD diagnosis, frequently returning normal results or 
finding non-specific soft body abnormalities. 

Treatment 

The therapeutic goals must be defined and accepted by 
the patient: 

• Educate about therapeutic goals. 

• Encourage normal use of the limb (Physical therapy). 

• Minimize pain. 

• Détermine the contribution of the sympathetic 
nervous System to the Patient's pain. 

In the authors view ail the above aspects start in one 
sequence. The patient is convinced about the important 
rôle of the sympathetic block. Once the patient gets pain 
relief and proceeds for physiotherapy he starts believing 
in the pain physician. A group of moral support relatives 
are build up around the patient. It is this support group 
who gets the physiotherapy done. But eventually more 
is emphasized on the use of the affected part as much as 
possible. This is the cornerstone in the treatment of CRPS. 

An algorithm is suggested for the management of 
CRPS pain (Flow Chart 1). 

Treatment Protocol 

Initiate the safest, simplest, and most cost-effective 
thérapies. 

If the patient fails to progress in mobilizing the 
extremity 

Sériés of 3 sympathetic blocks. 

Continuons sympathetic block in the authors 
practice. 


Flow Chart 1 : Management of CRPS pain 



The purpose of the sympathetic blocks is three-fold: 

To treat. 

To diagnose if the pain is SMP. 

To provide prognostic information. 

The sympathetic block provides a prognostic indicator 
if sympathectomy or other treatment modalities would 
be the next appropriate step. 

Document the patient's response to the course of 
treatment. 

The report should reflect a basis for further treatment 
and it should address future réhabilitation needs. Sharing 
a copy of the update report with the patient will help 
ensure that ail parties are kept informed. 

Psychosocial Modalities a often Neglected aspect 
and must be considered in ail Patients with CRPS 

Psychiatrie illness or personality disorder does not cause 
CRPS. 

Patients with severe, advanced stage CRPS usually 
undergo a psychosocial évaluation during the sériés of 
sympathetic blocks or prior to offering the patient more 
invasive treatments. In some cases, a formai psychosocial 
évaluation should be initiated much earlier in the course 
of treatment. 

The psychosocial évaluation should always be done 
by an expert in chronic pain and should always include 
an assessment of pain coping skills and drug abuse 
potential. 

Stress is a known cause of exacerbation of this disease , 
making emergency treatment more necessary. Patients 
must be properly motivated to improve their coping 
skills; otherwise, application of these psychosocial 
modalities is a waste of time. 

Relaxation techniques (e.g. breathing exercises) as 
well as biofeedback and self-hypnosis may be appropriate 
treatment modalities for some patients. Ail modalities of 
therapy (drugs, nerve blocks, TENS, physical therapy, 
etc.) are employed to facilita te movement of the affected 
région of the body. 

The primary goal of the physical therapist should be 
to teach the patient how to use their affected body part 
through activities of daily living. For example, Swimming 
pool exercises are very helpful, especially for CRPS of 
the lower extremity where weight-bearing can be 
problematic. The goal of physical therapy should be to 
create independence from the health care System in the 
shortest period. 

Urgent Sympathetic Blocks 

For patients who are significantly impaired in their ability 
to mobilize their extremity, it is urgent to offer the patient 























2332 Textbook of Orthopedics and Trauma (Volume 3) 


the opportunity to détermine the contribution of their 
sympathetic nervous System to their pain. This is 
accomplished by a sympathetic nerve block to the affected 
extremity. 

Future therapeutic options for the patient will dépend 
on whether their pain is determined to be: 

Sympathetically maintained pain (SMP) or Sympathetically 
independent pain (SIP) 

Published reports suggest that the best response to 
sympathetic blocks will occur if the blocks are given as 
soon as possible during the course of the disease. In the 
authors practice irrespective of the stage and progression 
of the disease a sympathetic block is administered. 

Sequential Drug Trials 

Initiate sequential trials for each modality of therapy. 

Necessary to evaluate and optimize an individual 
therapy for safety and efficacy. Patients must be advised 
that the optimal dose for médications varies greatly 
among patients. Therefore, it is usually necessary to 
gradually increase the dose of their médication to the 
point of significant toxicity in order to détermine optimal 
dose. The dose is then reduced to the next lower level. 
Thus, it is important for the patient to become familiar 
with ail of the potential side effects of a médication before 
trying it. Sequential trials with many different drugs may 
be required to détermine the best médication for the 
patient. 

Médications are generally prescribed according to the 
following characteristics of the pain: 

• Constant pain 

• Pain causing sleep problems 

• Inflammatory pain or pain due to recent tissue injury 

• Spontaneous jabs (paroxysmal dysesthesias and 
lancinating pain) 

• Sympathetically maintained pain (SMP) 

• Muscle cramps. 

Médications used to Treat Chronic Pain 

Corticosteroids hâve been used as an effective analgésie. 
Prednisolone at 30 mg/day for a period of 12 weeks was 
found to be effective. 

A 2-week course of methyl prednisolone 32 mg/day 
decreased pain after 4 weeks. 

Two studies on calcitonin 3-4 weeks subcutaneously 
or as an intra-nasal spray found no différence between 
calcitonin and Controls while only one showed benefit 
after calcitonin treatment. 

Encouraging results hâve been found after 
Gabapentin therapy with satisfactory pain relief an early 
evidence of disease reversai and successful treatment in 


Ascorbic acid (vitamin C) has been used as 
prophylaxis. It produces a significant réduction in pain 
in CRPS after surgical correction of Colles' fracture. 

In RCT Alendronate bisphosphanate a powerful 
inhibitor of bone resumption was used as an intravenous 
infusion. At 7.5 mg/250 ml of saline daily for 3 days it 
effectively decreased pain and swelling, and increasing 
ROM in patients with CRPS. 

In a Prospective randomised double blind study the 
following study with Mannitol as a free radical scavenger 
gave excellent results. 

Mannitol 10%, 1000 ml/24 hr for one week. 
Dimethyl sulfoxide cream 50% on the skin. 

N-acetyl cysteine 600 mg three times a day. 

Médications commonly used to treat CRPS based on the type 
of pain include: 

For Constant Pain associated with Inflammation 

Nonsteroidal anti-inflammatory agents (e.g. aspirin, 
ibuprofen, naproxen, indomethacin, etc.) 

For Constant Pain not caused by Inflammation 

Agents acting on the central nervous System by an 
atypical mechanism (e.g. tramadol). 

For Constant Pain or Spontaneous (Paroxysmal) 
Jabs and Sleep Disturbances 

• Anti-depressants (e.g. amitryptyline, doxepin, 
nortriptyline) 

• Oral lidocaine (mexilitine - some what experimental). 

For Spontaneous (Paroxysmal) Jabs 

Anti-convulsants (e.g. carbamazepine, gabapentin may 
relieve constant pain as well). 

For the Treatment of 
Sympathetically maintained Pain (SMP) 

Clonidine patch Studies suggest that clonidine may 
decrease pain in CRPS by inhibiting the sympathetic 
nervous System. 

Currently the clonidine patch is not available in India. 

For Muscle Cramps (Spasms and Dystonia) which 
can be very Difficult to treat. 

Baclofen 

For Localized Pain related to Nerve Injury 

Capsaicin cream (This médication is applied to the skin 
and behaves like hot peppers. The effectiveness of 


one case. 
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capsaicin cream in the treatment of CRPS has not been 
determined). 

Sympathetic Blocks 

There are three reasons to consider sympathetic blockade 
to facilita te the management of CRPS. 

First, the sympathetic block may provide a permanent 
cure or partial remission of CRPS. 

Second, by selectively blocking the sympathetic 
nervous System the patient (and physician) will gain 
further diagnostic information about what is causing the 
pain. The sympathetic block helps détermine what 
portion of the patient's pain is being caused by 
malfunction of their sympathetic nervous System. 

Third, the patient's response to a sympathetic block 
provides prognostic information about the potential 
merits of other treatments. 

There is evidence that there might be a rôle for 
sympathetic blocks in preventing CRPS. 

A rétrospective study demonstrated that the 
prophylactic use of sympathetic blocks in patients with 
a history of CRPS decreased the occurrence rate of the 
disease from 72 to 10% after re-operation on the affected 
extremity. 

If sympathetic blocks are not properly performed and 
evaluated, time and money will be wasted, and 
diagnostic-prognostic information will be lost. A good 
sympathetic block should increase the température of the 
extremity without producing increased numbness or 
weakness. 

The Sensation ofWarmth Tells the Patient that they hâve had 
a Sympathetic Block 

The Pros and Cons of Sympathetic Block 

At times the Sympathetic block causes numbness or 
weakness, more than just the sympathetic nerves were 
blocked (motor and sensory). The patient will get an 
overestimation of the amount of their pain that is 
contributed by their sympathetic nervous System; hence, 
the diagnostic and prognostic value of the nerve block 
would be lost. 

The Value of Sympathetic Block 

The amount of pain relief and improvement in range of 
motion and in exercise tolérance should be noted by the 
patient and recorded by the physician. This information 
about the patient's response to sympathetic blockade will 
serve as a prognostic indicator for réhabilitation 
foliowing the sériés of sympathetic blocks and it will help 
the patient décidé if a permanent block (destruction of 


the nerve by sympathectomy) would be appropriate. This 
information will aid in directing future médications in a 
more rational manner. 

Some patients will expérience a "booster effect" with 
each sympathetic block, i.e. each successive sympathetic 
block in the sériés provides greater and greater pain relief 
and improvement in exercise tolérance. The maximum 
sustained benefit from a sériés of sympathetic blocks is 
usually apparent after a sériés of 3-6 blocks. Even if the 
original site is unresponsive to sympathetic blockade, 
future exacerbation of CRPS symptoms at the same site 
or at a distant site may be responsive to 1-3 sympathetic 
blocks. 

In the authors practice if the patient consents a 
continuons sympathetic block is preferred over serial 
blocks. The reason being the patient donot turn up for a 
follow up after a single shot sympathetic block. 

THE GOAL IS ALWAYS TO TREAT, 

NOT OVER TREAT 

Sympathetic blocks are usually performed by a pain 
specialist trained in anesthésia. In experienced hands, 
these nerve blocks can be performed with minimal 
discomfort to the patient with or without IV sédation. 
Complications from sympathetic blockade are extremely 
rare. However, it is always possible for the local anesthetic 
to be inadvertently injected into a blood vessel or into 
the spinal fluid (Fig. 4). If this should happen, the patient 
may temporarily become weak and lose consciousness. 
For safety reasons, sympathetic blocks are always 
performed under conditions where the vital signs (blood 
pressure and breathing) can be monitored closely. 
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Fig. 4: Anatomy of the cervical sympathetic chain 
(For color version see Plate 43) 
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Fig. 5: Latéral and anteroposterior contrast X-ray: 
Stellate ganglion block 



Fig. 6: CT-scan contrast—Neurolytic stellate ganglion block 

Patients should not eat for 6 hours prior to a sympathetic 
block. 

Stellate Ganglia Block (Figs 5 and 6) 

A sympathetic block of the upper extremity is called a 
stellate ganglia block (SGB). The SGB is performed by 
inserting a small needle along side the trachea. 

The cervical sympatheic chain lies on the antérolatéral 
aspect of the vertébral body on the prevertebral fascia. It 
serves the autonomie fibers to the upper limb. But in few 
cases there are fibers which are not relayed through the 
stellate ganglion, which is a combined C8-T1 fused 
ganglion, and, are directly relayed to the axillary brachial 
plexus (Fig. 7). 

Technique 

Patient supine, neck extended and arms by side. 

Palpate the C6 tubercle, carotid artery. 


SM TR TH G 



Fig. 7: Anatomie location of the drug déposition in the 
stellate ganglion block 


Insert needle perpendicular in between the trachea/ 
esophagus on one side and carotid artery pulled laterally. 

Needle hits the tubercle and withdrawn, 8 ml 0.25% 
Bupivacaine injected. 

40 mg Depomedrol added to prolong the block. 

Neurolytic blocks are confirmed under CT scan. The 
neck being a compact structure ail the important 
neurovascular structures are closely arranged. Especially 
in the frail the drug easily seeps from one compartment 
to the other. This can permanently block the cranial 
nerves and cause considérable damage. Alcohol 50% 
3 ml, 0.25% Bupivacaine 3 ml and 40 mg depomedrol are 
injected. 

The author now performs the stellate block as bedside 
procedure under high resolution ultrasonography. 

Axillary Sympathectomy 

The sympathetic fibers originate from T2-T7. Fibers are 
carried through the T2-T4 sympathetic ganglion.The 
sympathetic fibers enter upper limb thru C7,8 Tl. 

In few cases as mentioned earlier the fibers are directly 
relayed into the axillary part of the brachial plexus. In 
these cases a stellate ganglion block will not be helpful 
and an axillary sympathetic block is more reliable. 

Studies hâve shown that majority of the sympathetic 
fibers are carried thru médian nerve. Thus in CRPS 
majority of the diseased part (Vasomotor and Trophic) is 
on the radial side. 

The above is an interesting case of postoperative CRPS 
1. An intramedullary nail was performed for a humérus 
fracture. Postoperative after 3 months the pt had 
persistant pain in the forearm and the wrist. He had 
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Fig. 8: CRPS after humérus ILN surgery 

partially lost fine movements of the fingers like buttoning 
up shirt. Sensory and motor functions were preserved. 
An EMG could not be done. 

An axillary sympathetic block was performed with 
0.125% Bupivacaine 25 ml and 40 mg Méthylpredni¬ 
solone. A cathéter was placed and activated the following 
day with 5 ml 0.125% Bupivacaine injected 8 hrly. Three 
days later the cathéter was removed after an another 
injection of 40 mg Méthylprednisolone. The procedure 
was done thrice in 6 months. He gained his fine 
movements and the pain disappeared. 

Contrast in the axillary sheath—well delineated 
confirming positioning of the cathéter. 

The situation has changed today with the arrivai of 
High resolution USG portable machines. The médian 
nerve is easily observed under the USG and the drug 
deposited around the nerve. The volume of the drug has 
drastically reduced from the initial 20 ml to now 8 ml. 

Technique 

The axillary sympathetic block requires the arm abducted 
and externally rotated at 90d at elbow. This is not possible 
with the CRPS because of the intense pain. A USG does 
not require such manipulations of the upper limb and as 
shown in the figure the probe/needle as in plane 
approach. 

The needle is inserted through the biceps and directed 
towards the anterior portion of the axillary artery (Figs 9 
and 10). 



Figs 9 and 10: Needle being inserted through biceps and 
guided towards anterior portion axillary artery 


Sympathectomy of the Lower Limb (Figs 11 and 12) 

The lumbar sympathetic chain lies on the antérolatéral 
aspect of the vertébral body. It is a rétropéritonéal 
bilateral structure and lies deep unlike the stellate 
ganglion. There are several anatomie abnormalities and 
also cross connections between the two chains. 
Vasomotor fibers to the lower limb arise from the lower 
lumbar sympathetic ganglion that is the L4-5. Hence, the 
needle direction and the drug déposition is more towards 
the lower part of the sympathetic chain. 

Technique 

The patient is kept in prone position. 

The L3 body is identified under image intensifier. 

A point 5-6 cm latéral to the spinous process at the L3 
level is marked. 

A 22 g 15 cm spinal needle is inserted at 70d. 
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Fig-11 Fig. 12 

Figs 11 and 12: Lumbar sympathetic Chain lies on the antérolatéral aspect of the vertébral body 

(For color version see Fig. 12, Plate 43) 


The needle tip is positioned in such a way that in the 
AP view—needle tip lies inside the latéral border. 
Latéral view—needle tip lies flushing to the anterior 
border. 

Contrast injection will reveal the exact location of the 
needle tip. 

After confirmation the drug is administered. 

Drug: 10 ml 0.25% Bupivacaine/40 mg Methy- 
prednisolone 10 ml 50% alcohol (If neurolysis required). 
The needle 18 g angiocath to insert an 18 g cathéter of 
continuons lumbar sympathetic block. 

The CT scan contrast shows the contrast antérolatéral 
to the vertébral body. The needle coming from the latéral 
aspect towards the médial. 

The sympathetic chain is close to the major vessels in 
the rétropéritonéal area. At times the author has observed 
needle tip placement in the vascular lumen. Aspiration 
did not reveal blood in the syringe but contrast injection 
revealed no stagnation in the retroperitoneum (Fig. 13). 

The sympathetic chain as seen during the rétropérito¬ 
néal lymph node dissection. 

Post-laminectomy Burning Foot Syndrome 

In the following group of patients mentioned below the 
author has observed the symptoms and signs of CRPS. 

1. Post lumbar discectomy 

2. Post lumbar stabilization 

The symptoms were radicular burning pain 
particularly in the antérolatéral thigh, foot rest pain 
almost mimicking the vascular claudication and edema 
of the affected foot. 

Treatment 

Continuous lumbar sympathetic block with 18 g cathéter, 
0.125% Bupivacaine 8 ml injected every 8 hr 40 mg 
Méthylprednisolone at the end of the fifth day. 



Fig. 13: Green—Sympathetic chain, Yellow—Sacral roots 
arising from the foramina, Fractures might cause trauma to the 
roots or the sympathetic chain. How to assess an effective 
sympathetic blockade (For color version see Plate 43) 


Post-pelvic Trauma CRPS 

Polytrauma patients who had Fractures of Pelvis. Sacro- 
ileal disruption as the major component underwent 
External Fixator and Trans-sacral rod fixation. Post- 
operative severe they complined of severe burning pain 
in the foot (Fig. 14). 

Treatment 

Continuous lumbar sympathetic block with 18 g cathéter, 
0.125% Bupivacaine 8 ml injected every 8 hrs. 40 mg 
Méthylprednisolone at the end of the fifth day. 

The block was performed after general anesthésia 
because of difficult in positioning. 
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Fig. 14: CRPS with trans-sacral rod in situ, 
post pelvic trauma 


Clinical 

There are 22 potential tests to document effective 
sympathetic blockade. One simple regimen to prove 
sympathetic denervation is recognization of four 
éléments and these are: 

Horner's syndrome, 

Skin température 34°C 

50% increase in skin blood flow, and complété 
abolition of skin résistance response. 

How to Assess an Effective Sympathetic Blockade 

Hoffman and Coll 1994 studied the effects of increased 
blood flow secondary to sympathetic block on Triple 
Phase Bone Scan (TPBS ). In 15 patients CRPS sympathetic 
Block was administered. A base line and post 
Sympathectomy TPBS done. It was observed that 
increase blood pool and bone uptake occurred which was 
suggestive of Increase Vascular Flow. 

Complications of Sympathetic Block 

Stellate Ganglion Block 

Patients are informed that they may notice a temporary 
change in the tone of their voice following the block 
because of récurrent laryngeal palsy. The numbness 
around the vocal cords temporarily places the patient at 
a slight risk of coughing in response to drinking and 
eating. The patient may also notice a temporary drooping 
of their upper eye lid due to the SGB (Horner's sign). 
Injection into the vertébral artery can be disastrous also 
in the carotids. 

Lumbar Sympathetic Block 

If the needle is placed too posteriorly there is a chance of 
somatic root block. Otherwise the drug might spread 


across the genitofemoral nerve causing neuritis. 
Hypotension is possible in cardiac diseased patients and 
preblock IV hydration is necessary.Too deep needle 
pénétration can perforate the viscera. 

The Myofascial Pain Syndrome in CRPS 

There may be point-tender spots in the muscles of the 
affected région due to small muscle spasms called muscle 
trigger points (myofascial pain syndrome). The patient 
may obtain significant relief of the diffuse pain due to 
CRPS from a sympathetic block but the pain due to 
muscle trigger point(s) may persist. Local injection of 
local anesthetic into the trigger point région and/or 
application of physical therapy techniques after a 
sympathetic block may be necessary to provide further 
relief of pain. 

Post-sympathectomy Pain 

Post-sympathectomy pain (neuralgia) is a potential 
complication of ail types of sympathectomy.Post- 
sympathectomy pain is typically proximal to the original 
pain (e.g. proximal means that the pain may appear for 
the first time in the groin or buttock région for 
sympathectomy of the lower extremity and pain in the 
chest wall région for sympathectomy of the upper 
extremity). Patients may think that their CRPS has spread 
to a new région after sympathectomy because the pain 
feels similar to their original CRPS pain. 

The post-sympathectomy pain usually résolves on its 
own or with 1-3 sympathetic blocks. Thus for some 
patients, sympathectomy may be a two-step procedure; 
destruction of sympathetic nerves followed by a 
sympathetic block. 

Sympathectomy: To Do or Not to Do 

If there is a significant decrease in pain following the 
sympathetic block, the patient is said to hâve 
sympathetically maintained pain (SMP). If there is not a 
significant decrease in pain, the patient has 
sympathetically independent pain (SIP). Only patients 
with SMP should be considered for a sympathectomy. 
Patients are advised to expect no more relief of their pain 
from a permanent block, i.e. sympathectomy, than they 
received from either a SGB or an LSB. Thus, the patient 
must really pay attention to the magnitude of pain relief 
and improvement in function following each sympathetic 
block. Sympathectomy is a relatively invasive procedure 
with potential complications and should be pursued by 
the patient only if they are certain about the temporary 
therapeutic benefits that they received from a sériés of 
SGBs or LSBs. 
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In the recent literatures there is no significant rôle of 
sympathetic blocks and the treatment includes plenty of 
physiotherapy. Sympathetic blocks are reserved for 
severe incapacitating pain. 

The problems in our country are different and patients 
are unwilling for extensive stay in the hospital, so we 
need to modify treatment protocol. In the authors practice 
sympathetic blocks are instituted first followed 
immediately by extensive physiotherapy initially in 
hospital and then at home. Hydrotherapy for upper limb 
CRPS and swimming for the lower limb CRPS. 

Laparoscopie Sympathectomy 

Trans thoracic thoracoscopie sympathectomy has been 
developed for sympathectomy of the upper extremity. 
This technique requires the placement of double lumen 
tube, collapse of one lung and excision of sympathetic 
chain below Tl under general anesthésia. For the lower 
extremity a surgical sympathectomy is done under 
spinal/general anesthésia. 

Published data suggests that sympathectomy in 
properly selected CRPS patients may provide one of the 
most effective treatments for CRPS. The sélection criteria 
for sympathectomy are critical in achieving long-term 
success. Therefore, it may be of great potential therapeutic 
value to provide each patient with a sériés of multiple 
sympathetic blocks separated by brief intervals (e.g. one 
week) simply to détermine whether such blocks are 
effective treatments. The time-course of pain relief and 
improvement in function must be monitored closely by 
the patient. The actual local "anesthetic" effect of a 
sympathetic block lasts for only a few hours. But patients 
with SMP usually expérience pain relief that far outlasts 
the duration of the local anesthetic effect. This type of 
extended relief of pain and improvement in mobility 
beyond the duration of the nerve block is believed to 
indicate an element of "reflex" activity or a "vicious cycle" 
in the affected région of the body, either from muscle 
spasm or from sympathetic over-activity. 

Patients Variable Response 

Some patients may not reliably report the effects of 
sympathetic blocks. As noted, a good sympathetic block 
provides a feeling of warmth that will act as a "eue." Some 
patients respond to that change in sensation by 
anticipating the results or stating it as a genuinely 
perceived réduction in pain. Others may deceitfully 
report pain relief, since they believe that such a report is 
necessary for further treatment, attention, or other desired 
gain. Some patients may feel that some "treatment" is 
better than no treatment at ail, even if the treatment is 
ineffective. 


Spinal Cord Stimulation (SCS) 

The chronic intractable pain due to CRPS is challenging 
to treat. Spinal cord stimulation (SCS) uses low intensity, 
electrical impulses to trigger selected nerve fibers along 
the spinal cord (dorsal columns), which are believed to 
stop pain messages from being transferred to the brain. 
SCS replaces the area of intense pain with a more pleasant 
tingling sensation called paresthesia. The tingling 
sensation will remain relatively constant and should not 
hurt. There is some experimental evidence that SCS may 
enhance the flow of blood to the affected extremity by 
blocking the sympathetic nervous System. 

A temporary trial, with a temporary electrode, should 
be performed first before implanting permanent 
electrode(s). Given that SCS is a relatively invasive, costly 
procedure and given that CRPS patients are often 
desperate and frustrated, a baseline psychosocial 
évaluation that addresses pain management issues 
should be considered. Although rare, spinal infection and 
paralysis are potential complications. The ability to insert 
the electrode through a small needle has reduced the risk 
of the procedure and has facilitated the trial with a 
temporary electrode. 

Treating CRPS with SCS poses unusual clinical and 
technical problems. CRPS tends to be an unpredictable 
disease from a technical standpoint. The need to focus 
SCS on the most painful région must be kept in mind, 
which is more difficult in CRPS, because the location of 
the worst pain may change. Furthermore, the pain from 
CRPS may spread to distant parts of the body, requiring 
multiple successive implanted stimulators to cover the 
largest possible area. Therefore, even when CRPS is 
limited to one extremity, it is wise to widen stimulation 
to zones to which the pain might spread. 

Because of the risks and high costs of spinal cord 
stimulation, the treatment is reserved for severely 
disabled patients. A recent well-controlled study shows 
that with careful sélection of patients and successful test 
stimulation, SCS is safe, reduces pain, and improves the 
health-related quality of life in patients with severe CRPS. 

The SCS électrodes can be implanted in the cervical 
épidural région for the hand CRPS and in the lumbar 
épidural région for the corresponding CRPS in the lower 
limb area. 

The External Battery System Versus the Internai 
Battery System for Spinal Cord Stimulation 

In order to make an informed choice about SCS, the 
patient and physician should consider the pertinent 
différences between the internai and external battery 
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Systems. In this section, the relative merits of the internai 
and external battery Systems for spinal cord stimulation 
are discussed. 

Opiates in CRPS 

Morphine Pump 

It is well-recognized that a single injection of morphine 
into the spinal fluid (within the intrathecal space) 
produces a sélective pain-blocking effect on the spinal 
cord. This sélective effect on the spinal cord spares the 
patient from many of the serious side effects caused by 
morphine when it is given orally (e.g. sédation). Soon 
after this discovery, enthusiasm developed to implant 
permanent morphine pumps to treat non-cancer chronic 
pain. The implantation of a morphine pump is a relatively 
invasive and expensive treatment modality. Despite 
almost 20 years of testing, no scientific evidence has 
emerged that long-term use of the morphine pump offers 
an advantage over oral morphine for treating various 
chronic pain syndromes, including CRPS. In fact, many 
patients with the implanted morphine pump take oral 
morphine at the same time. The same complications 
sometimes associated with oral morphine use are also 
found with the morphine pump, such as development 
of drug tolérance, nausea, constipation, weight gain, 
decreased sex appetite (libido), swollen legs (edema), and 
increased sweating. In addition, malfunction of the pump 
System (dislodgement of the cathéter) can be a significant 
problem. 

Intrathecal Baclofen 

A recent study suggests that with careful sélection of 
patients, the implantation of a pump for the spinal 
infusion of baclofen may be a valuable means for treating 


a certain type of muscle cramp called dystonia in patients 
with severe CRPS. 
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INTRODUCTION 

Infections of hand are not as serious in manifestations, 
incidence and sequelae as these used to be before the 
advent of antibiotics. Kanavel (1933) described infections 
of hand in his famous monograph. 

An interesting report was published by Bell in the 
Journal "The Hand" in 1976, where he compared hand 
infections recorded at Luton Hospital, South Bedfordshire 
in 1947 and again in 1974. He found that through the 
hospital catered to a larger population, from 170 thousand 
to 291 thousand, the actual number of hand infection 
cases dropped from 487 to 400. 

There was a marked décliné in the morbidity of hand 
infections since 1947 in terms of total number referred to 
hospital, duration of treatment, number of inpatient 
admissions, need for amputation and incidence of osteitis. 

The most common site of infection changed from the 
pulp space in 1947 to paronychia in 1974, and there was 
a décliné in the number of web space and deep palmar 
infections. 

More infections in children were noted. Staphylococci 
which were résistant to penicillin increased from 0.5% in 
1947 to 67% in 1974. 

Despite the advent of many new antibiotics, surgery 
was required for the majority of hand infections referred 
to hospitals. 

The pattern of hand infection has changed since the 
days of Kanavel (1939) and like ail diseases will continue 
to change, due not only to advances in medical treatment 
but also to natural alterations in host and parasite. Bolton 
in 1947 found 99% pulp space infections caused by 
staphylococci ail of them penicillin-sensitive. Sneddon 
(1970) quoted 46% penicillin-resistant organisms among 
staphylococci grown from hand infections. 


It is the neglected or inadequately treated hand 
infections which présent with problems. Those patients 
who are immunologically compromised such as receiving 
immunosuppressive drugs, chemotherapy for cancer, etc. 
are at spécial risk. General debility such as caused by 
diabètes mellitus, old âge and chronic diseases also cause 
type of hand infections which are severe and which often 
produce lasting effects on the form and function of the 
hand. 

Mentally retarded patients and those suffering from 
disease affecting the mind are often not in a position to 
report initial présentation of the infection and are brought 
to medical attention late. 

In a normal healthy individual who is promptly 
treated for the hand infection, the results are usually good. 

Management 

Examination 

A careful history of the onset of symptoms should be 
taken particularly of any antécédent injury such as sharp 
prick, foreign body or other foci of infections in the body. 
General examination should include évaluation of the 
general health, blood pressure, fever, malaise, pain and 
its nature whether throbbing, intermittent, continuous 
effect on sleep, etc. 

Local examination should include inspection as to the 
presence of swelling, cellulitis, any pointing of abscess, 
subcuticular abscess, etc. Local tenderness should be 
evaluated and the point of maximum tenderness should 
be carefully noted. Presence of fluctuation dénotés pus 
underneath. 

Swelling can sometimes be misleading such as 
an infection on the palmar aspect, e.g. suppurative 
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tenoynovitis. Deep palmar infection can show marked 
swelling on the dorsum of the hand, and a misplaced 
incision on the dorsum would not let out the pus under 
tension which is présent on volar aspect. 

It is only in very early stage of the infection that con¬ 
servative line of management like antibiotics, élévation, 
rest to the part by proper splinting can eradicate the 
infection. Often by the time a patient is referred to 
specialist care, several days hâve passed, antibiotics hâve 
been administered which hâve modified the presenting 
symptoms and signs but hâve not eradicated the 
infection. Pollen (1974) on reporting on acute infection 
of tendon sheath staged, "The traditional picture of acute 
tendon sheath infection is rarely seen today. This is 
because the majority of patients are given antibiotics 
before they are referred to hospital, and this modifies the 
clinical présentation considerably. In particular, they are 
often able to move the finger appreciably without great 
discomfort, and this may cause delay in making the 
diagnosis." 

Operation 

The surgical évacuation of pus from hand infections 
requires meticulous planning and execution of the ope¬ 
ration. Otherwise complications like injury to important 
structures like nerves, blood vessels, or tendons can take 
place. It is important to hâve a thorough knowledge of 
the anatomy of the hand as important structures lie in 
close proximity to each other packed in a relatively small 
area. 

Tourniquet 

Ue of a pneumatic tourniquet is mandatory while operat- 
ing on hand, otherwise the inflamed vascular part being 
operated upon would soon well up with blood as soon 
as incision is made and visualization of the abscess cavity 
and important structures in the vicinity would be 
hampered. Sir Sterling Bunnell aptly put it, "To operate 
without tourniquet is like trying to repair a watch in an 
ink well." 

Esmarch's bandage to exsanguinate the limb should 
be avoided as it can dissipate infection and cause its 
spread. Simple élévation of the extremity for 5 minutes 
and then rapidly inflating the pneumatic tourniquet to 
above systolic blood pressure (300 mm Hg) is recom- 
mended. When a suitable penumatic tourniquet is not 
available, a simple blood pressure cuff applied to the arm 
and inflated to 300 mm Hg in adults and 200 mm Hg in 
children would suffice for the operation. 


Antibiotics 

Rôle of antibiotics in the treatment of hand infections is 
undisputed. A suitable antibiotic like one of the cepha- 
losporins, or cloxacillin or erythromycin can be started 
at one parenterally on first examination of the patient. 
Due to high incidence of penicillin-resistant strains of 
Staph aureus (the usual causative organism) penicillin is 
not favored routinely. As soon as the culture and 
sensitivity results are available, the antibiotic can be 
changed to the one found effective against the organism. 
Once the infection is drained adequately, and the wound 
starts showing signs of healing, antibiotics can be 
stopped. One exception to this is presence of infection in 
deeper tissues such as bone, joint or tendon. 

Incisions 

Incisions for drainage of the deep infection in hand cannot 
be made at random. These hâve been standardized with 
long expérience, and a thorough knowledge of the 
accepted incisions is essential. In principle incisions 
should not cross flexion creases at right angles for risk of 
contractures, and these should avoid important tactile 
areas as far as possible. Books on hand surgery describe 
these incisions in detail and these should be revised often. 

Ail incisions should permit easy extension in any 
direction in case the magnitude of the problem is greater 
than anticipated. 

Sharp careful dissection and gentle handling of the 
tissue is essential. No forceful thrusting of the tip of 
hemostat, in an abscess cavity and forcing the jaws open 
is permissible as délicate structures like nerves, blood 
vessels and tendons are freely distributed in almost ail 
areas of the hand. 

At the end of an adéquate évacuation of the abscess 
cavity, its wall can be gently wiped by wet gauges thereby 
removing any granulation tissue, necrotic tissue and such 
like. It should be washed out with an antibiotic solution 
or saline. A careful tucking in of an edge of a nonadherent 
dressing into the cavity can be done, but not tight packing 
of the abscess cavity should be done. 

An approach of careful excision of the infected area 
freeing it from ail necrotic tissue and then closing the 
wound has been made by Loudon et al (1948), but such 
an approach is not universally accepted and it is safer to 
leave the wound open for drainage. 

Postoperative Care 

The hand is splinted in the position of function, i.e. wrist 
in 20° extension, metacarpophalangeal (MP) joints of 
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finger 80° flexion, IP (interphalangeal) joints of fingers 
in 5 to 10° flexion and thumb in abduction and opposition. 
Such a position would ensure rapid gain of useful 
movements and function when mobilization of the hand 
is started. Usual splint employed is a plaster of Paris slab 
tied with a gauze bandage. Elévation of the hand with 
suitably arranged pillows or an élévation device helps in 
réduction of swelling and makes for comfort. 

Dressing are changed at suitable intervals and once 
healing is well progressing, mobilization of the hand can 
be started for increasing periods. 

Spécifie Infections 

Paronychia 

The infection involves the soft tissue fold around the 
finger nail. This is relatively slowly progressing infec¬ 
tion caused by lodging of Staphylococcus aureus into the 
paronychial tissue along the nail wall. Pain is not very 
severe and medical consultation is often delayed. Abscess 
is localized between the nail and nail bed. Evacuation if 
affected by unroofing the abscess cavity by the removal 
of a part of the nail. The éponychium can be gently lifted 
by the blunt tip of an instrument and pus evacuated. The 
overlying part of the nail can be excised by a pair of stout 
scissors. 

Subséquent dressing results in healing of the lésion, 
and new nail grows if the nail bed and matrix hâve not 
been damaged. 

Acute paronychia should be differentiated from 
chronic paronychia which is more frequent in women 
and is associated with wet work, Chemical irritation of 
cuticle and éponychium and fungoid organisms (Curry, 
1961). 

Félon 

Félon is a subeutaneous abscess of the distal pulp of finger 
or thumb, usually preceded by trauma of piercing nature 
often forgotten by the patient. 

Pulp space of the finger is made up of compartments 
separated by fibrous septa and filled with connective 
tissue and fat globules. Finger tips are richly innervated 
by nerve endings, and any increase in pressure in the 
tissues results in severe pain of a throbbing nature. 
Therefore, patients seek doctor advice early. 

The expanding abscess can break down septa and 
involve the phalanx producing osteitis or osteomyelits, 
or it can track towards skin and burst resulting in an 
inadéquate drainage. Thrombosis of digital vessels in the 
pulp can occur leading to sloughing of overlying skin. 


Often these neglected cases are seen with sloughing 
of overlying skin and involvement of bone (osteomyelitis) 
pièces of bone may separate out as séquestra and corne 
out in the dressings. 

Treatment of félon has been one full of questions like 
when to incise and how to incise. The initial présentation 
if reported early is of a stage of cellulitis swelling and 
severe pain. In this stage rest to the part in form of a splint, 
élévation and full dose of a suitable antibiotics are given. 
If the treatment is effective, the symptoms soon diminish 
and gradually disappear with further treatment. 

If the symptoms hâve been présent for more than 48 
hours and local examination reveals a definite area of 
localized tenderness with or without fluctuation, chances 
are that pus has already formed and is localized in that 
area. Under suitable anesthésia, general or brachial block 
under tourniquet control a longitudinal incision is made 
on the area of maximum tenderness and swelling. Thick 
pus under tension usually appears as soon as the incision 
is deepened. Incisions like fish mouth technique, J-shaped 
or hockey stick-shaped hâve been advocated but hâve 
the disadvantage of possible complications of skin 
necrosis troublesome healed scar, etc. It is préférable to 
make a direct longitudinal incision on the most prominent 
swollen tender point to let out pus. 

Use of tourniquet enables the surgeon to visualize the 
underlying nerves, vessel, etc. and to avoid injuring them. 

After évaluation to pus, the cavity is cleaned thor- 
oughly, the skin edges can be trimmed on either side to 
prevent early closure of the edge before the actual healing 
and occurred from the depth. 

Elévation, splinting and antibiotics are continued till 
the acute signs and symptoms hâve subsided. In case of 
involvement of bone, the antibiotics are to be adminstered 
for somewhat longer duration. 

Deep Space Infection of the Palm 

There are four spaces in the palm of the hand which can 
become infected. Each présents its characteristic picture 
and spécial problems. These include the web space, the 
midpalmar space, the thenar and hypothenar spaces. The 
distal forearm space—Parona's space, lies in the distal 
forearm and may hâve communication with radial bursa 
in about 85% cases. 

Web Space Infection 

An infection here occurs through a fissure in the skin 
between the fingers or a palmar callus. Pain and swell¬ 
ing are limited to the web space area and distal palm. 
The fingers adjoining the space are abducted from each 
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other. An hour glass configuration of the abscess may be 
présent (collar button). 

Incision and drainage of the pus are effectively done 
in these infection by a curved or a zigzag incision 
overlying the abscess on palmar aspect. A transverse 
incision should not be used for fear of later contracture 
or even damage to neurovascular bundles that run in 
longitudinal direction. 

A blunt hemostat is introduced through this incision 
and gently opened in longitudinal direction to let out pus 
under tension. Some fibers of deep fascia running 
transversely (palmar aponeurosis) may hâve to be 
divided to facilita te drainage. If the cavity is found deep 
and it appears that the abscess, a dorsal incision between 
the finger bases can be given too. The incision would then 
communicate with each other through depth of the 
tissues. An overlying skin bridge is left to separate dorsal 
and volar incisions to prevent contracture. 

A thin nonadherent gauze wick is passed from volar 
to dorsal incision. Wound is dressed, plaster slab is 
applied to give rest to the part, and the hand is elevated 
for comfort. Antibiotics are given as in other hand 
infections. 

Palmar Space Infections 

These spaces are really potential spaces which can be 
involved in infection either individually or in com¬ 
bination. Space does not permit detailed discussion of 
anatomical aspects of fascial spaces of the hand. 

There are four palmar spaces:(i) the latéral midpalmar 
space (thenar space), (ii) the médial midpalmar space, 
(iii) the hypothenar space, and (iv) the quadrilatéral space 
overlying the pronator quadratus and extending under 
the deep muscles of the forearm. 

Midpalmar Space Infection 

Infection reaches in this space either through a pene- 
trating injury or from rupture of flexor tenosynovitis of 
the middle ring or small fingers or from distal palmar 
abscesses extending proximally through the lumbrical 
canal. The hand becomes swollen, the palm looses in 
concavity and becomes full. There is lot of dorsal swelling 
as edema easily accommodâtes in loose areolar space on 
the dorsum. A mistaken diagnosis of infection on dorsal 
aspect of hand should not be made. It is helpful to note 
that there is no marked tenderness or fluctuation on 
dorsum. Incision must be made on the plamer aspect, 
and it is préférable to make a longitudinal incision starting 
between digital cleft to proximal palm. After careful 
retraction of edges, a blunt-tipped straight hemostat can 
be introduced along the lumbrical canal opened to 


evacuate the abscess. A thin penrose drain is put into the 
space, a voluminous dressing is applied, and the hand is 
rested in plaster slab and elevated. Active finger move- 
ments are started early as soon as infection subsides to 
prevent stiffness. 

Thenar Space Infections 

The infection can occur from a penetrating injury or a 
subcutaneous abscess of thumb or index finger or exten¬ 
sion from infection of radial bursa. 

A marked swelling of thenar area and in web space 
occurs, and thumb gets abducted and extended. The 
infection can be drained either via la volar approach or 
both. Preferably, a curved longitudinal incision along the 
thenar crease can also be made if the drainage by dorsal 
route appears inadéquate, and the abscess cavity is large. 
Care should be taken to avoid injury to nerves and vessels 
in the area, subséquent management is similar to the 
preceding infections. 

Pyogénie Flexor Tenosynovitis 

Pyogénie flexor tenosynovitis is the most fearsome of the 
infection in hand. If not treated promptly and 
efficaciously, it can resuit in destruction of the gliding 
mechanism of the tendon by extensive adhenion for¬ 
mation, can destroy the blood supply thereby causing 
necrosis of the tendon. Complications which are asso- 
ciated with protracted tendon sheath infection or delayed 
évacuation are extension of infection into the bone, 
creating sequelae which would defy reconstructive 
surgical ingenuity. This may lead to eventual loss of finger 
and hand function. 

Kanave described the four classic findings of pyogénie 
flexor tenosynovitis : (i) a flexed position of the finger, 
(ii) symmetric enlargement of the whole finger, (iii) 
excessive tenderness over the course of the sheath but 
limited to the sheath, and (iv) excruciating pain on 
extending the finger passively. The last is the most 
important of the signs. 

This picture is often found changed by antibiotic 
administration which is usually started at initial medical 
treatment prior to referral to a hospital. Persistent 
tenderness over the sheath and pain on passive exten¬ 
sion of the finger are therefore, important signs to be taken 
into considération for urgent surgical intervention 
(Pollen, 1974). 

The treatment has to be prompt and effective to try to 
preserve the finger function when seen quite early in 
course. The hand is examined carefully splinted by a 
plaster of Paris slab in position of function and elevated. 
Systematic antibiotics are started at once keeping in view 
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that most common causative organism is Staphylococcus 
aureus and that penicillin-resistant strains are on the 
increase. 

Within 24 hours if the symptoms and signs are not 
abating, a decision to surgically drain the infection is 
taken. 

Loudon et al (1948), Pollen (1974) hâve recommended 
tapping the flexor tendon sheath at its proximal and distal 
terminais and irrigation with saline throughout the 
sheath's length. Injection of antibiotic into the tendon 
space appears to help. We hâve had no expérience of this 
method of treatment. 

Alternatively, the flexor tendon sheath can be 
approached by a midlateral incision in case of index and 
little fingers, where the entire sheath can be laid exposed 
from terminal part to over metacarpophalangeal joint. 
In case of middle or ring fingers, however, the incision 
cannot be continuons. These can be approached by 
Brunner's volar zigzag incision or a combination of 
midlateral incision in the finger and a transverse inci¬ 
sion in palm over the proximal end of the flexor tendon 
sheath. In any of these approaches, the neurovascular 
bundle is at risk, and due care should be taken to protect 
this. The fibrous flexor sheath should not be completely 
incised along its whole length, but important pulleys 
should be left intact particularly the A2 and A4 pulleys. 

After a thorough décompression, the hand is splinted, 
elevated and treated by systemic antibiotics as described 
earlier. 

As soon as the infection is controlled and the local 
condition appears, favorable active movements of the 
finger can be started. 

Bite Wounds of the Hand 

Bites of the hand can be caused by humans or other 
animais. These are always contaminated. These should 
be dealt with by surgical excision of the wound, thorough 


irrigation, appropriate antibiotics and leaving the wound 
open. Later, when ail signs and symptoms of infection 
hâve subsided, the wound can be closed secondarily. 

Human bite wounds are often on MP joints, and the 
tooth may hâve pierced the skin, subcutaneous tissue, 
extensor tendon and joint capsule. On extending the 
finger, the movement of the extensor tendon would hâve 
a trap door effect, and the contamination may actually 
be into the joint while on the surface it may look only a 
small wound. Thorough exploration of this wound under 
tourniquet control is essential. 

Antibiotics hâve affected présentation, course and 
severity of hand infections, but adéquate surgical treat¬ 
ment is often needed. When surgical treatment is 
undertaken, it should be thorough and meticulous and 
carried out with great caution, as nerves, blood vessels 
and tendons are in abundance in hand. 
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241.1 Volkmann's Ischémie Contracture 

VK Pande 


INTRODUCTION 

One of the most devastating complications after a limb 
injury is Volkmann's ischémie contracture (VIC). 19 It is a 
flexion deformity of the wrist and fingers from 
contracture of mainly the flexor muscles of the forearm. 
The usual cause is a compartment syndrome of the 
forearm or traumatic interruption of arterial blood flow, 
leading to ischemia of the forearm muscles, mainly 
flexors. It often affects the nerves, mainly the médian 
nerve, in more severe cases. Necrosis of muscle fibers of 
the forearm flexors-especially the flexor digitorum 
profundus and flexor pollicis longus with subséquent 
fibrosis and shortening, is the essential feature of 
Volkmann's contracture. 

Volkmann's contracture can be prevented in majority 
of the cases, but if it becomes established, it is an uphill 
task for the surgeon and a shattering disability to the 
patient. Prognosis of Volkmann's contracture dépends on 
the severity. Severe VIC is particularly difficult to treat, 
often nécessitating multiple surgeries, prolonged follow- 
up and physiotherapy. Often the surgeon has to be 
satisfied with just a fractional return of function or the 
mere correction of the deformity. 

Free vascularized muscle grafts, first done in 
Shanghai, China in 1976, hâve been reported to be 
showing "extremely good" results (Tsuge, 1994). This may 
seem to add a new dimension in the reconstructive 
strategies for Volkmann's ischémie contracture, 
promising to "bring back to life" the "dead" limbs of VIC. 


But could this sophisticated and specialized treatment 
be accessible, if and when possible, to our Indian patients. 
Most of whom are victims of this disorder due to the 
nonavailability of basic medical facilities in most rural 
and remote villages of India, as well the traditional faith 
of our people in "bonesetters". Tight bandaging by these 
bonesetters (rather bone wreckers) adds to an 
outnumbers the other classical causes of VIC in most of 
the sériés reported by Indian workers. In fact, these factors 
account for the alarmingly high number of cases of 
Volkmann's ischémie contracture in India as compared 
to the low incidence (further declining) in developed 
countries. 

But, as Sir Robert Jones (1908) said for VIC-''only a 
small portion of cases are published. This is probably due 
to the fact that there is thought to be stigma attached to 
the practitioner who is involved in the treatment of such 
a case." 

These philosophical words by Sir Jones may be true 
for India today, but the alarmingly high number of cases 
still reported by Indian workers may only be the tip of 
the iceberg. 

Volkmann's ischémie contracture has been extensively 
discussed in surgical literature. 

Etiopathogenesis 1 

The disastrous effect of skeletal muscle ischemia were 
first described by Hildebrand in 1869, quoting Hamilton's 
cases in 1850. Richard von Volkmann from Halle 
described the condition in 1869 and later in 1875 as "a 
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deformity of the hand and wrist resulting from an 
interférence of some nature with the blood supply of the 
muscles of the forearm. This condition was usually 
preceded by the application of tight splints or bandages 
for the fracture of the humérus in the région of the elbow 
joint." Again in his classical article published in 1881, 
Volkmann said that he believed the affection was due to 
ischemia caused by muscular tissue being deprived of 
arterial blood in conséquence of which the muscles 
perished from want of oxygen. He pointed out that the 
contracture cornes on some times after the initial 
paralysis. 

Milestones in VIC 

Littlewood (1900)-soft tissue "effusion". 

J Thomas (1909) extrinsic pressure was not necessary. 
JB Murphy (1914)-internal pressure due to hemorrhage 
and edema within the muscle that is surrounded by 
unyielding deep fascial compartments of the forearm. He 
advised slitting the deep fascia in front of the elbow 
within the first 36 hours after injury. Paul N Jepson (1926)- 
reproduced ischémie contracture in animais (dogs) by 
bandaging an extremity and preventing venous return. 
Sir Robert Jones (1928) 9 VIC could be caused by pressure 
from within, from without, or from both. Leriche (1928) 10 
arterial spasm caused by a nervous reflex mediated 
through the sympathetic nervous System. Lloyd Griffiths 
(1940) 4 arterial injury with reflex spasm of the collateral 
vessels. Lipscomb (1956)—(i) arterial injury with 
associated vascular spasm is the most important cause 
of VIC, and (ii) in the upper extremity, major arterial 
obstruction is not so important in the production of the 
contracture as is the associated spasm of the collateral 
blood vessels. 

Eaton and Green (1972) described a traumatic 
ischemia edema cycle, which leads to compartment 
syndrome. At an early point in this process, pressure 
receptors within the muscle itself sets off a proximal reflex 
vasospasm affecting ail vessels in this general area. 
Holden (1979) divided ischemia causing Volkmann's 
contracture into two types based on etiology: Type 1 is 
the situation in which the major vessels are impaired 
proximal to the elbow, resulting in secondary ischemia 
of the flexors distal to the injury, and type 2 is caused by 
direct trauma and the ischemia develops at the site of 
injury. In both situations, an osseofascial compartment 
syndrome develops. 

Mubarak and Carroll (1979) 12 stated that these 
complex symptoms are caused by circulatory distur¬ 
bances of muscles and nerves in closed osseofascial 
compartments because of build-up of tissue fluid pressure 
within the compartment. 


Anatomie Considérations 8 

Volkmann's contracture may occur from ischemia in 
various areas, such as in the anterior or posterior 
compartments of the leg. However, the classic location is 
in the volar or flexor compartment of the forearm. This 
compartment has several unique features that emphasize 
the anatomie factors involved in the contracture, it has a 
strong facial roof, and at its entrance lie two potential 
obstructions. 2 First and lying most superficial is the 
lacertus fibrosus fascia, which fans medially from the 
biceps tendon as the latter inserts on the proximal radius. 
The second is the bulky pronator teres muscle which 
arises from the médial épicondyle and passes obliquely 
beneath the inelastic lacertus fibrosus to create a V-shaped 
sphincter beneath which the brachial artery and médian 
nerve must pass to enter the flexor compartment. Edema, 
hematoma or intramuscular hemorrhage in this crucial 
région may cause sufficient compression of these 
neurovascular structures to precipitate the ischemia- 
edema cycle. 

There is an anatomie reason why this entity is so 
typical in the flexor aspect of the forearm, although more 
casts are applied elsewhere over the body. It is not found 
in the upper arm or the upper leg. In the unreduced 
supracondylar fracture of the humérus, the forearm is 
displaced backward, the fold of deep fascia kinking the 
brachial artery and the veins around the lower end of 
the humérus. Also due to backward displacement and 
the swelling about the flexed elbow, the skin is drawn 
tight across the antecubital space, compressing off the 
main venous return of the forearm which is subeutaneous 
and anterior. The contents within the closed compartment 
of the deep pressure swell, making pressure so that blood 
cannot circulate in this closed compartment. The contents 
undergo any degree of necrosis foliowed by contracture. 

The course of the branchial artery and its branches 
makes it vulnérable to injury and compression at several 
levels. The brachial artery may be lacerated, contused or 
angulated across the fracture edge in supracondylar 
fractures of the humérus. Immediately beyond this site 
the artery and médian nerve pass beneath the fibrous 
arch formed by the vertical insertion of the biceps tendon 
and its horizontal expansion, the lacertus fibrosus fascia. 2 
This yoke-like restraint fixes these vessels to the distal 
fragment, preventing their displacement away from the 
sharp anterior edge of the proximal humérus fragment. 
Immediately beyond the lacertus fibrosus fascia, the 
brachial artery divides into the more superficial radial 
artery and the deeper ulnar artery. The radial artery 
courses superficially and is not crossed transversely by 
another structure in the forearm. The ulnar artery. 
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however, passes deep to the pronator teres. This artery 
with its major branch, the interosseous artery arises from 
the ulnar artery and posterior interosseous arteries. The 
anterior interosseous artery passes distally on the 
interosseous membrane and is the sole blood supply to 
the flexor digitorum profundus and flexor pollicis longus. 

Eaton and Green (1972) 2 explained how the médian 
nerve is also anatomically vulnérable to compression. It 
accompanies the brachial artery beneath the biceps- 
lacertus fibrosus arch and then enter s the substance of 
the pronator teres, usually passing between its superficial 
(humerai) and the deep (ulnar) heads. As it emerges, it 
passes beneath a thickened band of fascia that connects 
the humerai and ulnar origins of the flexor digitorum 
superficialis muscle. The médian nerve is very commonly 
compressed at this point, diffusely by the swollen, 
contracted or fibrotic pronator teres muscle and locally 
by the sharp unyielding edge of the conjoined origin of 
the flexor digitorum superficialis muscle. 

Collateral vessels serving the flexor compartment are 
minimal. Adéquate collaterals exist around the elbow, 
but these do not enter the antebrachial compartment. 
Instead, they join the brachial or radial arteries proximal 
to the pronator teres. 

A single exception is the posterior interosseous branch 
anastomosing with the latéral elbow collateral vessels. 
The posterior interosseous artery, however, lies in the 
dorsal compartment and can shunt blood to the volar 
compartment only when the common interosseous artery 
is patent, and the pressure gradient is sufficient to 
produce flow towards this compartment. In patients with 
severe VIC, the arterial spasm affects ail branches of the 
common interosseous artery including the posterior 
interosseous. Therefore, this récurrent collateral vessel is 
rendered ineffective. Evidence of posterior interosseous 
artery insufficiency in VIC is the presence of fibrosis and 
loss of function of deep extensor muscles, such as the 
abductor pollicis longus, extensor pollicis longus and 
extensor pollicis brevis. 

Morbid Anatomy 19 

Volkmann (1981), 19 in his third paper showed the changes 
in the muscle to be necrotic. 

Seddon (1964) 15 was the first investigator to associate 
the pathology and treatment of this disease by 
introducing the "ellipsoid infarct" concept (Fig. 1). This 
concept can be well understood when bearing in mind 
that the cause of this entity is the compartment syndrome 
complex. Circulation in the middle of the muscle belly is 
the most severely impaired, while collateral circulation 
is better retained towards the edges of the muscle. 


Therefore, muscle degenerating occurs in the middle 
third of the muscle belly of the forearm, being most severe 
doser to the bone, with less involvement towards the 
proximal and distal surfaces. The muscle assumes an 
elongated ellipse shape in the direction of the long axis, 
centered around the anterior interosseous artery. 
Therefore, the muscles most severely affected are the 
flexor digitorum profundus and flexor pollicis longus, 
followed by flexor digitorum superficialis and pronator 
teres, while degeneration of wrist flexors and extensors 
and brachioradialis is comparatively mild. Furthermore, 
it is natural that the state of these ischémie zones varies 
depending on the presence or absence of fracture, site 
involved, level of vascular injury, degree, period and type 
of treatment administered. 

Nerve 

Serious lésions of the peripheral nerves hâve been known 
to be commonly associated with Volkmann's contracture, 
which produces a paralysis more extensive than that due 
to direct muscle damage. 

The morbid anatomy of the nerve as observed by 
several surgeons is the thinned down or shrunken nerves. 
Several centimeters of the nerve may be shrunken to 
variable extent, depending upon the severity of the 
process. 15 Diameter of an affected nerve may be half to 
one-third the normal, and it is thinnest in the center of 
the ischemica zone. Extrême thinning (up to one-half or 
more) is likely to be permanent. 15 Color of the nerve may 
also be altered from pinkish to white to dirty yellowish 
white, with variable number of vessels on the nerve, 
depending upon the extent of nerve damage. In the center 
of a massive infarct, a nerve may be frankly necrotic, so 
completely dead as to show no morphological changes 
except dissolution of the Schwann's cells. But this is not 
inevitably so. The nerve is considerably less vulnérable 


Brachïo- Flexor Flexor 
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Fig. 1: The ellipsoid infarct concept. Circulation is severely 
impaired in the center of the muscle belly. The muscles most 
severely affected are the flexor digitorum profundus and the 
flexor pollicis longus 
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than the muscle, and it may recover after excision of the 
infarct as described by Seddon in 1964. 

Other tissues are also involved in VIC, but their 
involvement, though interesting, is much less important. 

Clinical Classification of Established VIC 

Ischemia can vary so much both spatially and in intensity 
that an entire spectrum of clinical présentations is 
possible. Thus, VIC can présent as very mild contracture 
with no neurological damage to the most severe degree 
of contracture and paralysis. So, classification of the 
contracture is the first step in the management of a case 
of VIC, because the method of treatment varies according 
to the degree of contracture. Various authors, in the past 
literature, hâve presented different classifications and 
hâve based their separate methods of treatment according 
to their different classes. However, the most noteworthy 
classifications hâve been those presented by Lipscomb 
(1956), Seddon (1964), Zancolli (1968), Tsuge (1975) and 
Buck-Gramko (1991). 

Tsuge (1975) n,15,18,20 proposed a classification of VIC, 
which is now the most widely followed. He classified 
VIC into three types: mild, moderate and severe (Fig. 2). 

Mild (Localized) Type 

In this, only a part of flexor digitorum profundus is 
degenerated. Clinically, it présents as flexion contractures 
of only 2 to 3 fingers, most frequently the middle and 




Fig. 2: The extent of muscle involvement in the three types 
of Volkmann's ischémie contracture 


ring fingers, usually there is no sensory loss, but if présent, 
it is only slight. If muscle degeneration is slightly more 
extensive, the little and index fingers may also be affected, 
also sometimes with contracture of the thumb. A cord- 
like induration of the muscle contracture may be palpated 
on the flexor side of the forearm. Tenodesis effect may 
be démonstrated, i.e. on flexing the wrist, the contracted 
fingers extend, and on extending the wrist, the 
contracture becomes more marked. But there are no fixed 
joint contractures. 

Most common cause of this type of contracture is 
fracture or crush injury of the forearm or elbow. 

Most common âge group is patients in their teens and 
twenties. 

Moderate (Classic) Type 

In this type, the flexor digitorum profundus and flexor 
pollicis longus are primarly involved, and the superficial 
muscles—the flexor digitorum superficialis and the wrist 
flexors (flexor carpi radialis and flexor carpi ulnaris) may 
also be involved. There is flexion contracture of ail the 
fingers and thumb, often with flexion deformity of the 
wrist. There is also sensory disturbance of the médian 
and ulnar nerves. Intrinsic paralysis causes clawhand 
deformity. 

Most common cause of this type of VIC is 
supracondylar fracture of the humérus. 

Most common âge group affected is children between 
the âges of 5 and 10 years. 

Severe Type 

In severe type, the muscle degeneration involves ail the 
flexors, along with partial involvement of the extensors. 
There is severe neurological disturbance and severe 
contractures. In many cases, malunion or nonunion of 
fracture forearm bones occurs. 

This group also includes long-standing cases, who 
originally had moderate VIC, but subsequently develop 
joint contractures. It also includes unsuccessful surgery 
cases. 

The most common cause is supracondylar fracture 
humérus and severe crush injury of the forearm. 

The most common âge group is children between the 
âge of 5 and 10 years. 

Management of Established VIC 35 

The various principles of management of established VIC 
can be enumerated as: 

i. Correction of the deformity 

ii. Restoring useful range of movement and 
maintaining a functional position of the stiff and 
contracted joints 
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iii. Provide motor power, to important joint movements 

iv. Stabilization of the joints when contracture 
correction is impossible by soft tissue release and 
active restoration of movement of joints is not 
possible. 

v. To relieve the involved, entrapped nerves of their 
circumferential pressure and restore or replace them 
in a more vascular bed. 

These principles may be achieved by various 
conservative or operative methods which hâve been 
described in the literature. 

Conservative Methods 

The various conservative methods which hâve been used 
in the past and are still used are: 

• Active movement 

• Passive stretching 

• Splinting—static and dynamic splints, made out of 
various materials 

• Serial casts (Wynn-Parrys method) 

• Wax bath treatment. 

Operative Measures 

For joints 

• Capsulotomy with collateral ligament excision 

• Fusion (arthrodesis). 

For bones 

• Shortening of forearm bones 

• Osteotomy to correct the bony deformity 

• Carpectomy-proximal row or total. 

On nerves 

• Neurolysis 

• Nerve pedicle graft/cable graft. 

On muscles and tendons 

• Tendon lengthening 

• Muscle slide 

• Excision of the infarcted (necrosed) or fibrosed muscle 

• Tendon transfer 

• Free muscle grafting. 

On skin 

• Excision of scar 

• Skin grafting 

• Skin flaps (including free flaps). 

However, the first step in the management of a case 
of established VIC is the correct staging of the case. This 
helps in preparing a baseline, before starting the 
treatment, with respect to: 

• Extent of the contracture 


• Extent of muscle tendon shortening 

• Power of residual muscles 

• Degree of fibrosis 

• Local skin and bone condition 

• Neurological status (sensory and motor). 
Préparation of this pretreatment baseline is the most 

useful guide to subséquent course of treatment. Tsuge 
(1994) has outlined the following guidelines for the 
treatment of established VIC. 

Treatment of Mild VIC 

If this type is seen shortly after injury and when there is 
no joint contracture, conservative management is usually 
effective. Physiotherapy in the form of passive stretching, 
static and dynamic splints and serial casts or cast- 
wedging may be done. Aim of physiotherapy is mainly 
to stretch the contracted muscle fibers, since there is no 
joint contracture. Aim should be that if at the end of 6 to 
8 weeks of physiotherapy, the fingers do not open out to 
at least 20° of flexion at the metacarpophalangeal and 
interphalangeal joints (with the wrist in neutral position), 
surgery is indicated. 

Sir Robert Jones (1908) 6 advises stretching and 
splinting, first the fingers, then the MP joints, and then 
the wrist, but only after the acute stage has passed. This 
was later supported by Meyerding (1936)7 However, 
Sudararaj 15 and Mani (1985), 16,17 after studying 196 cases 
hâve advised for conservative treatment that wrist 
deformity should be tackled first to be followed by MP 
joints, and then IP joints. They advised that thumb 
contracture should be corrected simultaneously. 

In old cases, surgery is indicated. When contracture 
is limited to only 1 to 2 fingers, and cord-like induration 
of the forearm flexors can be located and palpated, a 
simple dissection of the contracture band affected is 
performed. 8,9,16 When muscle contracture is more 
extensive and involving 3 to 4 fingers, a flexor muscle 
slide is done (Max Page, 1923). 13 

Treatment of Moderate Type 

In moderate type, in addition to long flexor contractures, 
there is a claw hand following intrinsic paralysis resulting 
in MP joint extension and IP joint flexion contracture. The 
thumb shows an ape thumb deformity and thumb web 
contracture, with extension at MP joints. So, the first step 
is to correct the MP, IP and thumb joint contractures. 
Sudararaj and Mani (1985) believe that IP joint 
contractures are almost always amenable to passive 
stretching, wax bath and serial casting. MP joint extension 
contractures being more résistant to passive stretching, 
they believe that an inability to develop a 60° range of 
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Fig. 3: Ail of the flexor muscles hâve been detached and the 
muscle-sliding operation has been completed 



radia lis long us igitorum profundus 


Brachroradialis 


Flexor pollicls 
longus 


Flexor digitorum 
superficialis (eut) 



Fig. 4: Transfers of brachioradialis to flexor pollicis longus and 
extensor carpi radialis longus to flexor digitorum profundus. 
Details of the tendon junctures are shown 


MP joint flexion is an indication for capsulotomy, 
collateral ligament excision and volar plate release. 

The muscle slide ( Fig. 3) is done more extensively in 
this type, i.e. in addition to the muscle slide from the 
médial épicondyle and anterior aspect of ulnar and the 
interosseous membrane, it is also useful to detach flexor 
pollicis longus and pronator teres from the radius (Fig. 4) 
When the degree of degeneration is greater, muscle slide 
for a greater distance can be done, 13 but since with 
increasing of the slide, the muscle power decreases to 
the corresponding degree, it is better to close the wound 
leaving some amount of contracture. 18 

Sunderraj and Mani (1985) 16,17 say that the effective 
lengthening of the muscle tendon unit is not aimed at 
full restoration of the passive extension of the fingers, 
but only to attain a neutral position of the MP joint, and 
mild PIP and DIP joint flexion with the wrist held in 
neutral position. They say that any attempt to lengthen 


muscles more than this results in a considérable 
weakening of the muscles and appearance of a lag, with 
inability to close the fingers properly. 

For nerve paralysis, neurolysis should be done of the 
médian and ulnar nerves, keeping the dissection highly 
atraumatic, since the circulation is poor. 

After surgery, immobilization is done with elbow in 
90° flexion, wrist and fingers in mild extension and 
forearm in midprone to supination position. 

If during surgery, muscles are seen to hâve undergone 
infarction, Seddon's method of excision of the infarct and 
subséquent tendon transfers is the method most 
commonly used. 

Treatment of Severe VIC 

If the patient is young, the disorder less than a year old, a 
power source readily available and joint contracture not 
extensive, then tendon transfer can be done immediately 
after excision of the infarct. 18 

However, if the power source is difficult to obtain 
and/or joint contractures are severe, treatment may be 
done as a secondary procedure after gaining good passive 
range of movement and sufficient power in the muscles 
for transfer. If tendon transfer is planned as a secondary 
stage, excision of FDS should not be performed at the 
time of excision of the infarct. But whatever procedure is 
performed, sufficient time interval is allowed between 
subséquent procedures so as to permit the patient to gain 
full advantage of the earlier procedure. 18 

When a child with severe VIC is seen within a few 
months of injury, the preferred treatment is early excision 
of the degenerated muscles with neurolysis of the nerves 
to restore sensation and function of intrinsic and extrinsic 
muscles. Tendon transfers can be done at a later stage to 
restore power. About the timing for surgery, more severe 
the muscle degeneration, earlier should the excision of 
the degenerated muscles be done, to save the neurologie 
function, so as to relieve the nerve and route through an 
area where circulation is good. The nerve may be 
compressed to less than half its normal thickness. 

Tendon Transfer for Severe VIC 14 

Wrist and finger flexion deformity should be corrected, 
if possible, by resecting wrist flexor tendons distally and 
excising the necrotic flexor muscles, but FDS tendons 
are not removed. Postoperatively, efforts to correct joint 
contracture, to regain extensor power, to restore finger 
sensations and function of intrinsic muscles are 
undertaken. Timing for the secondary procedure of 
tendon transfer dépends on the State of recovery. Usually, 
it is done at or after 6 years (Tsuge, 1994) (Fig. 4). The 
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FDS tendons that were spared at the time of the primary 
procedure are now excised. Opponensplasty and the 
correction of the clawhand deformity may be done at this 
stage or as a third procedure. 

The extensor muscles will stretch as a resuit of the 
flexion contracture, time must be allowed for them to 
recover sufficient power and normal length. 

Other tendon transfer which may be done when 
suitable to the situation are: 

i. Pronator ter es to FDP 

ii. Pronator teres to FPL 

iii. Palmaris longus to FPL 

iv. Intrinsic replacement, etc. 

Free Muscle Transplant 9 

When the muscle degeneration is severe and a power 
source is not available for tendon transfer, free muscle 
transplant is possible by microsurgery. This operation 
was first done for VIC at the 6th People's Hospital in 
Shanghai, China by Harri, Ohmorri and Torri in Feb, 1976. 
They used pectoralis major muscle for free transfer. 
Subsequently, free muscle for VIC has also been reported 
by Ikuta, Kubo, Tsuge and others (1976). 9 Muscles which 
hâve been used for free transfer are gracilis, semite- 
ndinosus and pectoralis major. Prognosis for this 
procedure has been reported to be extremely good. 

At the end of it ail, it remains that VIC is a very serious 
malady that can affect the hand of an individual. Its 
prévention by appropriate préventive steps well known 
to orthopédie surgeons are important in preventing its 
onslaught. However, once VIC is established, 
management by aforesaid measures can relieve the 
condition to some extent. 
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241.2 Dupuytren's Contracture 

V Kulkarni, N Joshi 


This is a disease of palmar aponeurosis. It is characterized 
by hypertrophie fibrosis of the palmar aponeurosis and 
its extensions into the digits, resulting in nodules and 
fibrotic cords that gain attachment to the skin and 
surrounding structures and undergo contractures giving 
rise to flexion deformities of the distal palm and fingers, 
and secondary changes like thinning of subeutaneous fat 
and pitting or dimpling of skin. 

It was first reported by Henry Cline and Astley 
Cooper 3 of London. 

Baron Guillaume Dupuytren 4 later on described the 
treatment of this contracture. 

Etiology 

It usually occurs between 50 and 70 years of âge. Males 
are affected 7 to 8 times more than females. It is 
uncommon in India. Commonly seen in diabètes, alcohol 
abuse, smoking, seizure, and heavy manual laborers, in 
heavy drinkers (at least 21 units of alcohol a week). 

DC has been found to be associated with diabetics, 
epileptics, chronic alcoholics, and smokers. Trauma and 
manual labor may be associated but this is still a matter 
of controversy. 

The higher incidence of DC in alcoholics and diabetics 
might be due to microangiopathy, reduced collagen 
turnover and/or advanced fibroblast ageing. 

DC is associated with epilepsy probably because of 
the effect of the antiepileptics on collagen metabolism. 

Microtrauma to the Palmar fascia stimulâtes 
differential of fibroblasts to myofibroblasts. This results 
information of nodules, later on fibrotic cords that extend 
into digits, gain attachment to the skin and surrounding 
structures. 

Contractures give rise to flexion deformities of distal 
palm and fingers. Subeutaneous fat undergoes thining 
and piting or dimpling of skin results. 

Dupuytren’s Diathesis 

Rate of récurrence after surgery is higher in patients 
associated with: 

- Younger âge at onset, 

- Bilateral disease, a strong family history 

- Rapidly progressing disease, 

- Ectopic lésions in pénis, palmar fascia, knuckle pads, 
etc. 


Genetics 

Dupuytren's contracture is highest in the persons of 
northern European descent. Pedigree studies reported by 
Mathew 17 showed evidence of autosomal-dominant 
inheritance with incomplète penetrance, in a cluster with 
a high rate of female involvement. 

Dupuytren's contracture is inherited as an autosomal 
dominant. The abnormal gene is probably associated with 
collagen formation. So far no spécifie HLA antigenic 
pattern has been found to be associated. Recently, 
chromosome karyotyping has shown a trisomy 
abnormality of chromosome number 8. Some patients 
with inherited disease hâve been found to hâve similar 
lésions in the plantar fascia, known as Ledderhose's 
disease and some having plastic induration of the pénis, 
known as Peyronie's disease. These patients are 
considered to be suffering from Dupuytren's diathesis 
and are prone to severe form and récurrence. 

Pathophysiology 

Ratio of type III collagen to type I collagen is increased in 
patients with Dupuytren's contracture. Prostaglandin F 2 
and Lysophosphatidic acid hâve been shown to increase 
myofibroblasts contraction, prostaglandin and E 2 as well 
as calcium channel blockers, cause relaxation of 
myofibroblasts. 

Clinical Findings 

The patient is typically a 50 to 70-year-old man with one 
or more mildly painful nodules in the pretendinous bands 
of the palmar fascia of the ring and little fingers with 
dimpling of overlying skin or with deformity and 
interférence of the flexed fingers in normal functioning 
of the hand. Pain is usually short-lived. Flexion 
contracture of the MP joint is first to occur and presence 
of a nodule over the proximal phalanx should caution 
the surgeon to an impending PIP joint contracture. Web 
space contractures can also occur. Patients with true 
Dupuytren's diathesis can présent with knuckle pads, 
plantar fibromatosis (Ledderhose's disease) and penile 
fibromatosis (Peyronie's disease). 

The Differential Diagnosis 

Palmar ganglion cysts, inclusion cysts, rheumatoids, and 
soft tissue tumors of the hand. 23 Joint contractures can 
be due to stressing tenosynovitis and tendon injury. 
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Layers of Palmar Fascia 

Layer 1 

Most superficial fibers insert into skin of distal palm. 

Insertion into skin progressively more proximal on 
passing from ulnar to radial side of the hand. 

Therefore, contracture is more common in ulnar 
fingers. 

Layer2 

Spiral fibers passing either side of flexor tendon deep to 
the neurovascular bundle to reach the latéral digital 
sheet. 

Retrovascular band or latéral digital sheet receives 
fibers from natatory ligament, and gives fibers to 
Cleland's ligament. 

Layer3 

Deepest longitudinal fiber of palmar fascia pass deeply 
an either side of flexor tendons and on either side of MP 
joint. 

Pathoanatomy 12 

The fascial components that become involved in DC are 
the pretendinous bands, spiral bands, the natatory 
ligaments, Grayson's ligaments, Cleland's ligaments and 
the latéral digital sheath. These are termed as bands and 
ligaments when normal and are referred to as cords when 
involved in the disease process (Fig. l). 6 ' 15 ' 20 

Following is a brief understanding of the normal 
anatomy of the structures involved: 

1. The pretendinous band is an extension of the 
longitudinal fibers of the palmar aponeurosis into the 
finger. Most of the fibers insert into the skin and some 
into the flexor tendon sheath just distal to the 
metacarpophalangeal joint. 

2. The natatory ligament forms part of the web space 
fascial coalescence along with the vertical septa of 
Legueu and Juvara, the spiral cord and the latéral 
sheath. 7,12 

3. Spiral band: These are formed by fibers from the 
pretendinous band extending obliquely forward 
spiralling about the capsule to join the latéral digital 
sheath. 

4. Latéral digital sheath: The palmar aponeurosis from its 
distal edge, sends deeply an arcade of vertical fibers 
attaching about the capsule, to the deep transverse 
ligament and the natatory ligament and then 
continuing distally along the side of the finger 
superficially as the latéral digital sheath. It is 


composed of fibers that run distally with varying 
degrees of obliquity towards the volar, or dorsal 
surface of the finger to get attached to the skin. It is 
usually free of the neurovascular bundle (Fig. 2). 



Fig 1 : The parts of the normal fascia that compose the spiral 
cord (1) pretendinous band (2) spiral band (3) latéral digital 
sheath (4) Grayson’s ligament (From McFartane 17 ) 



Fig. 2: Parts of the normal digital fascia that become diseased 
Gravson’s ligament is shown on the left. It is an almost 
continuous sheet of thin fascia and is in the same plane as the 
natatory ligament. Cleand’s ligaments are shown on the right. 
They do not become diseased. The latéral digital sheet receives 
fibers from the natatory ligament as well as the spiral band. 
The spiral bands pass on either side of the MP joint, deep to 
the neurovascular bundles to reach the side of the finger (from 
Mc Farlane 17 ) 
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5. Grayson's ligament: It is an aggregation of the fibers 
of the deep digital fascia that extends from the midline 
of the flexor tendon sheath transversely to the skin 
over the proximal and middle phalanges. It lies 
superficial to the neurovascular bundle. 19 

6. Cleland's ligament: It is a thick condensation of the 
fascia. 

Cords of Dupuytren’s Contractures (Fig. 3) 

Single or multiple cords produce flexor deformities at the 
MP joint and PIP joint and may cause displacement of 
neurovascular bundle. 

Pretendinous Cord 

It extends from the palmar fascia to the nodule, adhèrent 
to the skin distally or sometimes to the flexor tendon 
sheath just distal to the MP joint. The fibers of the cord 
that cause contracture are those that pass deeply on either 
side of the capsule as a distal continuation of the vertical 
septa which then continue to the latéral digital sheath. 



Fig. 3: The change in the normal fascia bands to diseased 
cords. The pretendinous cord causes MP joint contracture and 
the others PIP joint contracture. When the natatory cord is 
diseased. It becomes adhèrent to the pretendinous cord. As it 
is drawn proximally it appears to bifurcate from the pretendinous 
cord. Grayson’s ligment is diseased in two ways. On the right it 
is shown simply thickened. On the left it has contributed to the 
attachment of the spiral cord onto the flexor tendon sheath (from 
McFarlane) 


Central Cord 

Normally, no fascial fibers exist in the midline of the 
finger distal to the insertion of the pretendinous band. 
However, in Dupuytren's contracture, cord of fascia may 
extend distally from the pretendinous cord to insert into 
the flexor tendon sheath, bone and skin over the middle 
phalanx, producing PIP joint contractures. The central 
cord does not affect the digital neurovascular bundle. 

Spiral Cord 

Spiral band when diseased takes a spiral course in relation 
to the neurovascular bundle. At the level of the MP joint, 
it passes distally in front and later, latéral to the 
neurovascular bundle to get attached to the latéral digital 
sheath. As the PIP contracture increased, the spiral cord 
pushes the bundle volarly towards the midline and 
proximally towards the first flexion crease (Fig. 4). 

Latéral Cord 

The latéral cord produces a flexion contracture of the PIP 
joint by adhering to the skin, and by connecting with the 
flexor digital sheath through the Grecian's ligament. It 
usually does not draw the neurovascular bundle towards 
the midline, being located laterally. 

Natatory Cord 

It contracts the web by involving the aponeurotic bands 
that pass from the midvolar subcutaneous tissue through 



Fig. 4: With contracter the spiral cord straightens and the 
neurovascular bundle spiral around and it and is displaced 
towards the midline (from McFarlane 17 ) 
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the web to the adjacent digit's midvolar subcutaneous 
tissues. 

Grecian’s Ligament 

This frequently involved ligament causes flexion 
contracture of the PIP joint along with the flexor tendon 
sheath centrally and latéral cord laterally. 

Cleland’s Ligament 

It is rarely involved in the process. If diseased, cords may 
extend from the periosteum of the proximal and distal 
phalanges to connect to the latéral cord. 

MICROSCOPY 

Luck 13 has divided the progression of Dupuytren's 
contracture into three stages: 

Stage I (proliférative stage): It consists of prolifération of 
the immature myofibroblasts with numerous cell-to-cell 
connections (gap junctions) producing highly vascular 
nodules which may vary in size from 1 mm to few cms. 
These nodules gradually expand in size towards the 
surface to get intimately attached to the skin. An 
underlying tendon sheath may adhéré to the mass. 

Stage II (involutional stage): There is a dense formation of 
a myofibroblastic network which gets aligned to the long 
axis of the so-called "stress lines" of the collagenbundles. 
The ratio of type III to type I collagen is increased. 

The focus of fibrosis matures with déposition of more 
collagen, nodule hardness, becomes smaller and draws 
in the adhèrent skin. This throws increased tension 
stresses on the fascia which encourages formation of a 
hypertrophie cord that extends from the nodule towards 
the apex of the fascia. This contractures pull the 
underlying MP joint into flexion. 

Stage III (residual stage): The myofibroblasts disappear 
and a smaller population of fibrocytes are the dominant 
cell type. The nodule becomes less defined and 
disappears gradually. 

PROGNOSIS 

Usually the disease remains in the mild form producing 
only dimpling of skin or mild flexion contractures of the 
MP joint. Such cases do not usually need surgical 
treatment. The prognosis becomes worse in men 
particularly if young, epileptic, alcoholic, and those 
suffering from Dupuytren's diathesis. Combined MP and 
IP joint flexion deformity is more disabling than pure MP 
joint contracture and greatly interfères with ordinary 


hand functions. PIP flexion contracture should not be 
allowed to approach 90°, because sudden severe flexion 
may occur as the base of the middle phalanx slips around 
the volar face of the proximal phalanx and engages the 
volar surface of the neck of proximal phalanx. The 
collateral ligaments rapidly tighten and a résistant flexion 
deformity occur s. 

NONOPERATIVE TREATMENT 

A solitary nodule may remain unchanged for years and 
requires no action except when it is painful or when grip 
is inhibited. 

1. Nodules without contracture or mild contracture that 
does not impair hand function significantly are treated 
conservatively. 

2. Local corticosteroid injection can be tried when the 
nodule is painful. 

3. Radiotherapy, dimethylsulfoxasole, ultrasound and 
steroid injection hâve ail been described for treatment, 
mostly with limited results. Gamma-interferon has 
shown some preliminary success in decreasing the 
size of Dupuytren's contracture nodules when 
injected intralesionally in one study. 

4. The use of injected collagénases 23 has shown great 
promise as a nonoperative therapy for Dupuytren's 
contracture. Hurst and Badalament hâve described 
the treatment of Dupuytren's cords with associated 
contractures of the MCP and PIP joints with 10,000 
units of purified collagénase as an office procedure, 
which is known as enzymatic fasciotomy. The cord is 
injected and then manually ruptured approximately 
18 hours la ter. 

5. Finally, a minimally invasive treatment for 
Dupuytren's contracture uses the technique of skeletal 
traction for graduate correction of flexion contrac¬ 
ture. 24 Mesina's TEC (technicadi extensa continua) 
device used a frame that applied traction through pins 
in the phalanges to gradually extend the digits. Later 
devices hâve applied similar principles of graduai 
élongation of the tissues followed by surgery. 

Surgical Managements 

Surgery is the mainstay is the treatment of Dupuytren's 
Contracture. 

Definite indication for surgery is progression of the 
contracture and functional disability. 

Table top test—If the patient can not place his hand 
fiat on the table with palm down the test is positive. 
Positive test is indication for surgery. 

Aim of surgery is to release the contracture and it is 
difficult to excise ail pathological tissue. Presence of 
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disease at other sites such as knuckle pads, palmar 
fibromatosis, Peyronie's disease suggests a more 
agressive course. 

Patient should be informed that this is a genetic 
disorder and may recur after surgery, full correction may 
not be possible in long lasting contracture and when PIP 
joint contracture is more than 30° residual contracture 
may remain after surgery. 

Recurence rate is higher in young patients, healing 
skin can take as long as 3-4 weeks, full recovery may take 
up to 3 months. Patients must be motivated for hand 
physiotherapy. Reflex sympathetic destrophy if 
unfortunately occurs it can resuit in stiffness. 

To minimise postoperative pain, swelling, stiffness 
and scarring incision should be planned such that it will 
minimise tissue trauma. 

Things to Remember 

1. Ail wound and scar lines amid graft edges should be 
zigzagged or placed in neutral latéral skin lines to limit 
tensional forses on the wound healing and 
Dupuytrens fibroblasts. 

2. Shortened skin can be lengthened either by Z plasty 
or by multiple Y-V advancement. 2 

3. Scar should not cross concavities. 

4. Zigzag scar can allow better exposure by creating flaps 
that can be elevated and retracted. 

The surgeon has to consider management of skin as 
well as fasca and joints especially PIP joint. 

Popular Skin Incision Patterns 

1. Straight line incision subsequently broken up by Z 
plasty 18 

2. Burner type Zigzag incision 1 

3. Multiple YV advancement flaps 

4. Moermans small curved incisions 

5. Transverse skin incision 14 

May be left open and treated as open palm technique 
or skin grafted either split or full thickness. 

6. Combination of longitudinal and transverse éléments 
for two adjacent ray s. 10 

7. Dermofasciotomy followed by skin grafting. 22 
Fascia can be managed by: 

a. Limited fasciotomy as advocated by Hueston 5 

b. Standard limited fasciotomy as advocated by 
skoog. 

c. Radial fasciotomy 11 

d. Fasciotomy for elderly patients in whom 
anesthésia is best avoided. 


Treatment of Joint Contracture 

MP joint contracture can be almost always corrected by 
a simple fascial procedure as MP joint usually tolérâtes 
prolonged immobilization in flexion. It regains extension. 
Problems cornes when there is PIP joint contracture. 

PIP Joint Contracture 

The contracture of the PIP joint présents a particularly 
difficult problem in Dupuytren's contracture, because the 
chronicity of flexion deformity often leads to secondary 
changes in the joint contracture. Crowley and Tonkin 22 
noted that multiple structures, including skin nodules, 
tightening of the flexor sheath and shortening of the flexor 
musculature, volar plate adhesions, and contractures of 
the collateral ligaments, are contributory in secondary 
joint contracture. To address contracture at the PIP joint. 
Capsulectomy and release of the volar plate including 
pathological checkrein ligaments, as well as some 
authors. 

It is advisable to remove diseased fascia in proximal 
segment of the digit. If skin puckering or dimpling is seen 
it can be replaced with a skin graft. 

Long standing contracture may need release of 
foliowing structure: 

Flexor tendon sheath distal to A2 pulley, oblique 
strands, Gurayson or clelands ligaments, opening of joint 
capsule, checkrein ligaments and accessory collateral 
ligaments. More extensive the surgery more likely there 
will be postoperative stiffness. The outcome of PIP joint 
release is uncertain in many sériés. Some people advocate 
use of orthotic preoperative soft tissue distraction device 
which is followed by after fasciotomy. Total anterior 
tenoarthrolysis may be considered for the patient 
determined to seek improvement. 

Postoperative Réhabilitation 

The hand can be immobilized with the MP and PIP joints 
extended to allow maximal élongation of the wound bed. 
The period of immobilization only 2-3 days. The optimum 
time to begin active mobilization is approximately 3 days 
postoperatively, but more prolonged splintage will be 
necessary when a skin graft has been used. 10 days 
immobilization followed by protection from abrasion for 
1 month. When active mobilized is commenced, splintage 
should be used between period of exercise and at night. 

Complications 

1. The complications that can occur with surgical 
treatment of Dupuytren's 4 contracture include nerve 
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injury, vascular injury, postoperative hematoma, 
Dupuytren's contracture flare or reflex sympathetic 
dystrophy, and infection in iatrogénie injury to the 
neurovascular bundle is one of the most significant 
complications in Dupuytren's contracture surgery 
owing to the proximity of these structures during 
surgical dissection. 

2. The Dupuytren's contracture flare reaction and reflex 
sympathetic dystrophy are part of a spectrum of 
postoperative pain syndromes that are described as 
complications of surgical fasciotomy. 

3. It is postulated that acute carpal tunnel syndrome and 
flexor tenosynovitis may be contributing factors. 

4. The risk of infections is higher in patients with 
diabètes mellitus or peripheral vascular disease. 

Récurrence 

Although récurrence of Dupuytren's contracture often 
complicates the postoperative management of this entity, 
récurrence is not considered strictly a complication of 
surgery. Because the goals of surgery are the control of 
disease and the restoration of hand function, not the 
complété éradication of abnormal tissue, it is often 
inévitable that some disease is left behind. 

The surgical treatment of récurrent Dupuytren's 17 
contracture carries a much higher risk of neurovascular 
injury and a much lower rate of improvement than 
primary surgery. 

REFERENCES 

1. Bruner JM. The zig-zag volar digital incision for flexor tendon 
surgery. Plast Reconstr Surg 1967;40:571-74. 

2. Bunnell S. Surgery of the hand (5th ed). JB Lippincott: 
Philadelphia, 1970. 

3. Cooper AP. A Treatise on Doslocations and Fractures of the Joints 
(lst ed). Longman: London 1823;524. 

4. Dupuytren G. Laçons Orales de Clinique Chinique Chirirgicale 
Faites a l'Hotel-Dieu Balliere: Paris 1832;1:1. 


5. Freehofer AA, Strong JM. Treatment of Dupuytren's contracture 
by partial fasciectomy. JBJS 1953;45A:1207. 

6. Gosset J. Anatomie des aponeurosis palmosigitales. In Tubiana 
R (Ed). Le maladie de Dupuytren (2nd ed). Expansion Scientific 
Francai: Paris, 1972. 

7. Hand Surg (American Valûmes) 1992;16A:1991;17A. 

8. Hueston JT. Dupuytren's contracture. ES Livingstone: London, 
1963. 

9. Tubiana R. Prognosis and treatment of the Dupuytren's 
contracture. JBJS 1955;37A:115. 

10. J Hand Surg Br 16A, 1991, and 17A, 1992. 

11. Ketchum LD. Personal Communication, 1991. Submitted for 
publication to J Hand Surg. 

12. Landsmeer J. Pathoanatomy of Dupuytren's contracture. Atlas 
of Anatomy of the Hand Churchil Livingstone: Edinburgh 1976. 

13. Luck JV. Dupuytren's Contracture JBJS 1959;41A:635. 

14. Mason ML. Dupuytren's contracture. Arch Surg 1952;65:457. 

15. McFarlane RM. Patterns of the diseased fascia in the fingers in 
Dupuytren's Contracture. Plast Reconstr Surg 1974;54: 
31-44. 

16. McFarlane RM, Botz JS, Cheunge H. Epidemiology of surgical 
patients. In Mcfarlane RM, Mcgrouther DA flint MH (Eds): 
Dupuytren's Disease: Biology and Treatment (The Hand and 
Upper Limb Sériés, Vol 5). Churchil Livingstone: Edinburgh 
1990;387-412. 

17. McFarlane RM, Botz JS. The resuit of the treatment. 387-41, In: 
Mcfarlane RM, Mcgrouther DA flint MH (Eds): Dupuytren's 
Disease: Biology and Treatment (The Hand and Upper Limb 
Sériés, Vol 5). Churchil Livingstone: Edinburgh 1990; 
387-412. 

18. McGreoger IA. The Z-plasty in Hand Surgery. JBJS 1967;49B:448. 

19. Mileford L. Retaining of the Digits of the Hand WB Saunders: 
Philadelphia, 1968. 

20. Stack HG. The Palmer Fascia, and the development of the 
deformities and displacements in Dupuytren's Contracture. 
Hunterian Lecture. Am Roy Coll Surg Engl 1971;48:238. 

21. Tonkin MA, Burke FD, Varian JPW. Dupuytren's contracture—a 
comparitive study of fasciectomy and dermofasciectomy in one 
hundred patients. J Hand Surg 1984;9B: 156-62. 

22. Hand Surgery, Richard A. Berger and Arnold Peter Weiss, 
Lippincott Williams and Walkins, walterskluwer Company. 

23. Techniques in Hand and Surgery-William F Blair, William and 
Wilkins Waverly Company. 


241.3 Postburn Hand Contractures 

Vidisha Kulkarni, PP Kotwal 


The hand is involved in more than 80% of ail severe 
burns, although each hand represents less than 3% of the 
body surface. Burns to the hand hâve a devastating 
conséquence not only on the functional outcome but also 
on the aesthetic appearance of the hand. 


PATHOPHYSIOLOGY 

In the hand the blood vessels, tendons and joints are just 
below the skin making them easily susceptible to the 
effects of thermal energy. The palmar skin is able to 
withstand greater thermal energy than the dorsal skin. 
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Fig 1 : Algorithm for the treatment of acute cutaneous burns 
(Redrawn from German G, Philipp K Green’s operative hand surgery, 5th edn. Elesevier 2005;2161). 


The shift of intravascular fluid into the interstitial space 
results in a protein rich edema. The persistence of this 
edema beyond 72 hours results in subcutaneous fibrosis 
with subséquent fibrosis. 

Blisters are the cutaneous équivalent of intercellular 
edema. The blister fluid is rich in proteins and 
inflammatory cytokines. Blisters are found in partial 
thicknes and superficial dermal burns. 

MANAGEMENT OF ACUTE BURNS 

The management of acute burns can best be summarized 
by the following principles: 

• Evaluate the size and depth of the burn 

• Escharotomy if indicated 

• Proper wound care and dressings 

• Décidé on whether to treat conservatively or operate 

• Proper splinting and early hand therapy. 

Figure 1 shows the algorithm for treatment of acute 
burns. 

POSTBURN DEFORMITY 

The best therapy for burn wound contracture is 
prévention. Contractures may be caused by healing of 
deep burns or by the contracture of spilt thickness grafts 
while evaluating a patient with burns contracture the 
important questions to be answered are: 


TABLE 1 : Postburn hand deformities 

• Dorsal skin contracture 

• Web space contracture 

• First web adduction contracture 

• Digital flexion contracture 

• Boutonnière contracture 

• Digital skin loss secondary to ischemia 

• Médian and ulna nerve compression syndrome 


• Is it the dominant hand? 

• What is the deformity (Table 1)? 

• Is the underlying joint healthy (condition of ligaments, 
cartilage)? 

• What type of soft tissue coverage is required? 

The release of soft tissue contractures is performed 
by various patterns of 'Z' plasties followed by coverage 
with full thickness grafts or flaps. 

Full thickness grafts play an important rôle as appear 
more similar to normal skin and hâve less tendency to 
contract. 
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Nail and its Disorders 
and Hypertrophie 
Pulmonary Arthropathy 


Vidisha Kulkarni 


INTRODUCTION 

The fingernail serves many functions in everyday life, 
like scratching, protecting the fingertip, help in régulation 
of peripheral circulations, and contributes to tectile 
sensation. 

Anatomy 

Périonychium includes the nail bed, nail fold, 
éponychium, paronychium and hyponychium. The nail 
bed, the soft tissue beneath the nail, includes the germinal 
matrix proximally and stérile matrix distally. The nail 
fold, the most proximal extent of the parionychium, 
consist of a dorsal roof and a ventral floor. The ventral 
floor is the germinal matrix portion of the nail bed. 
Paronychium and hyponychium describe the skin on 
each side of the nail and skin distal to the nail bed, 
respectively. The éponychium is the skin proximal to the 
nail that covers the nail fold. Extending distally from the 


éponychium on the nail is the nail vest or cuticle. The 
white arc of the nail just distal to the éponychium, known 
as the lunula, is the distal extent of the germinal matrix. 
The germinal matrix produces about 90% of the nail. 
The blood supply of the paronychium cornes from the 
terminal branches of the radial and ulnar volar digital 
arteries. The veins drains into the proximal nail bed and 
nail fold, then course randomly over the dorsum of the 
finger. Sensation to the nail bed is supplied by dorsal 
branches of the volar radial and ulnar digital nerves as 
well as most distal extent of the dorsal radial digital nerve 
branches (Fig. 1). 

Indications and Contraindications 

Most common cause of the nail deformity is a missed 
injury to the nail bed. 1 Therefore, it can not be emphasized 
enough that accurate approximation of the nail matrix at 
the initial treatment is critical to achieving a normal 
appearing nail. The indication for exploration of the nail 
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bed includes history of significant blunt trauma to the 
nail or associated trauma to the fingertips. A hematoma 
larger than 25% of the surface of the nail may indicate an 
underlying injury, enough to disrupt nail bed blood 
vessels. Therefore, nail should be removed and nail bed 
explored for injury. 

In addition to subungual hematoma, acute nail bed 
injuries may be classified as: 

1. Lacération of the nail and nail bed 

2. Crushing—lacération injuries 

3. Nail avulsions 

4. Complex injuries, with loss of nail bed 

Each type of nail bed injury should be repaired 
immediately unless there is a concomitant life threatening 
injury requiring immédiate attention. 

Types of Operations 

Subungual Hematoma 

One of the most common cause of nail injury is blunt 
trauma. When trauma disrupts blood vessels in the nail 
matrix, a collection of blood forms under the nail plate. 
If no tear for drainage, it causes severe pain. Quick relief 
can be provided by draining the hematoma by creating 
hole in the nail. Drainage should be done under ail aseptie 
conditions. Care must be taken that large enough hole is 
created, otherwise, the underlying fluid can be seared 
and hole plugged. 2 An alternative method is Concept 
cautery, which is stérile, disposable and avoids the risk 
of an open flame. Whatever instrument is used to trephine 
the nail, care should be taken to avoid injurying the 
underlying nail bed. 

When a larger hematoma (more than 25% of the 
surface of the nail) is présent, there is a high likelihood of 
an underlying injury to the matrix. A local block 
(lidocaine), is used to explore the nail bed. A quarter-inch 
Penrose drain is used as a tourniquet at the base of the 
finger. A useful technique in the emergency room is to 
préparé and anesthetise the injured finger and place a 
stérile glove onto the patients hand;make an opening on 
the tip of the glove overlying injured digit and roll the 
rubber down to the base of the finger to create a digital 
tourniquet and surrounding stérile field. The nail should 
be carefully and completely removed to inspect the 
underlying matrix and to evacuate the hematoma (Fig. 2). 

LACERATIONS OF NAIL AND NAIL BED 

Simple lacérations of the nail bed may be fixed by direct 
approximation of mail bed edges, using a digital block 
with lidocaine. Generally, the entire nail should be 


removed to adequately inspect and repair the nail bed. 3 
To help align the nail bed fragments, one side of cuticle 
should be sutured first with 5-0 nylon. If nail is available, 
it should be replaced after repair of nail bed. Replacing 
the nail protects and splints the wounded fingertip and 
help to shape the healing nail bed. 

Stellate Lacérations 

When a widely distributed force injures the nail, a stellate 
"bursting" lésion may resuit. While treating, it is 
important to try to approximate as many of fragments of 
nail bed as possible. Individual or loose tissue should be 
minimally debrided and whenever possible secured as 
free grafts. The goal is to recreate a foundation for 
adhérence of the regenerating nail. 

AVULSIONS OF NAIL BED 

With complex avulsion injuries, a portion of stérile matrix 
is missing. When the missing portion is attached to the 
avulsed portion of the nail, best results can be obtained if 
the nail portion with the nail matrix can be incorporated 
into the repair. Holes must be predrilled into the nail plate 
to allow sutures to be placed within the nail bed. 

COMPLEX INJURIES WITH PARTIAL 
LOSS OF NAIL BED 

If the avulsed nail fragment is missing, the defect can be 
covered with a split-thickness skin graft or a reverse 
dermal graft. 

ASSOCIATED FRACTURES 

Fifty percent of nail bed injuries will hâve an associated 
distal phalynx fracture. Non-displaced fractures and 



Fig. 2: If hematoma is larger than 25% of the nail surface the 
knee to remove the nail adequately to examine underlying nail 
bed and to evacuate hematoma 
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Fig. 3: Tension band suturing done for fixation nail bed 
when associated with fracture 

distal tuft fractures are treated with repair of the nail bed 
and replacement of the nail as a splint. A tension band 
suture over the replaced nail can provide the further 
stability to the fracture. Displaced fractures are accurately 
reduced and fixed with 0.028 Kirschner wires (Fig. 3). 

Postoperative Management 

Patients are seen at 5 to 7 days after surgery. It is usually 
necessary to soak the finger with normal saline and 


peroxide to remove the dressing. The bandage is removed 
gently and slowly to protect the repair. If it does not 
loosen, instruct the patient warm soapy soaks several 
times a day. It will generally separate as the nail grows. 

The nail is checked for subungual seroma or 
hematoma. If either is présent, the hole is reopened or 
the nail very gently raised at the paronychium to permit 
drainage. The suture used to hold the nail or Silicon sheet 
in place within the nail fold should be removed 5 to 7 
days after surgery. Sutures placed through the 
hyponychium or the paronychium may be left in longer 
and removed in 10 to 14 days. The old nail will likely 
adhéré to the nail bed for 1 to 3 months until pushed off 
by the new nail. 

The nail bed repair is protected and distal phalangeal 
fractured are immobilized with a splint dressing for the 
first 3 to 4 weeks. Scarring of the nail bed is reduced with 
surgical repair, and growth of a normal new nail is 
expected. 
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The restoration of motion of the joints of the hand and 
fingers is one of the most common problems in 
reconstruction of the hand. Overcoming stiff joints is 
essential if the hand is to function properly. One stiff 
finger can impair the function of entire hand and 
jeopardize a person's career. 

ETIOLOGY 

1. Post traumatic stiffness foliowing soft tissue injuries 
or fractures of bones of the hand is the most common 
cause of stiff hand. 

2. Stiffness présent in chronic long standing arthritis 
such as rheumatoid arthritis and other séronégative 
arthropathies such as psoriatic arthropathy, etc. 

3. Stiffness following pyogénie and tuberculous 
infection of the hand. 

4. Immobilization of the hand in a wrong position for 
prolonged periods can lead to capsular and 
ligamentous contractures resulting in stiff hand and 
fingers. 2 

5. Complex régional pain syndrome that occurs after 
trauma or fractures of the upper limb is another 
common cause of hand stiffness. 

6. Shoulder hand syndrome is a peculiar cause of stiff 
hand where the entire upper limb develops stiffness 
following a more proximal pathology such as 
myocardial infarction, hemiparesis or fractures of 
any bone of upper limb. 

7. Thermal injuries and burn contractures can lead to 
hand stiffness and awkward postures of the hand. 

8. Dupuytren's contracture is cause of flexion 
deformities of fingers due to fibrosis of the superficial 
palmar fascia. 

9. Congénital anomalies can sometimes lead to stiff 
hand. 


10. Neurological involvement (e.g. Stroke with 
hemiparesis) can also lead to stiff hand due to disuse 
atrophy in the absence of physiotherapy. 

11. Volkmann's ischémie contracture. 

PATHOPHYSIOLOGY OF JOINT STIFFNESS 

The initial response to nearly any injury to the hand or 
finger is edema. The injured hand and digit are bathed 
in a macrophage and protein rich fluid that only 
encompasses the injured structure but surrounds and 
bathes adjacent uninjured structures as well. The 
accumulation of edema fluid or hematoma within the 
layers of tendons, sheaths or capsular structures of the 
joints or within synovial spaces acutely impairs the 
function of the joint. With continued edema, the synovial 
spaces are distended with excess fluid and the capsular 
structures and collateral ligaments effectively become 
shortened. Eventually the changes become fixed, and joint 
contractures are the resuit. 

The swollen hand assumes a characteristic posture. 
The key to the development of this posture is the 
metacarpophalangeal joint. After an insult, the edema 
fluid acts as a hydraulic pump, filling joint spaces. The 
intracapsular fluid capacity of the MP joint is maximized 
when the joint is fully extended. In a normal IP joint, the 
dorsal skin requires 12 mm of lengthening for 90° of 
flexion. With as little as 5 m increase in thickness of dorsal 
tissues secondary to edema, a digital joint needs 19 mm 
of lengthening to obtain 90° of flexion. This is often 
impossible due to limits of elasticity of normal skin and 
also the secondary inelasticity of edematous skin and soft 
tissues. 

The increase in flexor tension and decrease in of 
extensor tension from MP joint extension causes the IP 
joints to flex. If untreated, the posture of MP joint 
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extension and IP joint flexion will resuit in fixed changes 
to both articular and extra-articular structures. 

Clinical Features 

History 

Patient will présent with complaints of stiffness of hand 
or fingers, swelling of hand and pain during attempted 
use of hand and fingers. Patient may complain of inability 
to fully extend or flex a finger. 

A thorough history should be elucidated from the 
patient to get a due regarding the etiology of the stiffness. 
Patient may hâve history of direct or indirect trauma to 
the hand. He may be give history of polyarthralagia, 
morning stiffness, symmetrical involvement of finger 
joints. He may give history suggestive of séronégative 
arthropathies. History of prolonged immobilization of the 
hand for whatever reasons should always be asked as it 
is one of the commonest causes of stiffness of hand and 
fingers. 

History suggestive of complex régional pain 
syndrome should be asked for—history of trauma to 
upper limb, following which there is swelling of hand 
with pain on finger movements gradually progressing 
to finger stiffness followed by atrophie changes in finger 
nails, thin and dry skin. 

Examination 

The first priority in examining the stiff finger joint is to 
note whether the limitation of joint movement is fixed or 
varies in response to the position of adjacent joints or 
muscle activation. 

It is impérative to examine both active and passive 
motion. If passive motion exceeds active motion, one can 
be confident that the problem is at least in part 
musculotendinous either the motor unit is incompetent 
or adhèrent or both. If both active and passive motion 
are limited, it favors presence of contracture and 
adhesions. One should also look for bony block to motion. 

Spécial Tests 

1. Bunnell intrinsic tightness test 1 —it is based on the 
seesaw effect which occurs when a non-articular 
contracting structure spans two joints. It examines the 
effect of MP joint position on PIP joint flexion. The 
test is considered positive when there is less flexion 
of the PIP when the MP joint is held extended than 
when the MP joint is flexed. A positive intrinsic test 
indicates that there is some element of intrinsic mucle 
tightness contributing to finger stiffness (Fig. 1). 


2. Lumbrical tightness test—the lumbrical tightness can 
be evaluated by passively flexing not just the PIP joint, 
but in addition the DIP joint, making a passive hook 
grip. If this test is positive, and the Bunnell test is 
normal, then a spécifie contracture of the lumbrical 
muscle may be présent. 

3. Extrinsic contracture—extrinsic extensor tendon 
tightness can be examined by holding the wrist and 
MP joints flexed and assessing passive flexion of the 
IP joints. In the normal state there is easy passive 
flexion of the IP joints. If extensor adhesions or 
tightness exists, the IP joints will hâve limited flexion. 
Similarly, extrinsic flexor tightness can be assessed. 

4. Landsmeer test—for tight oblique ligament of 
Landsmeer. This ligament extends from the dorsal 
insertion of the extensor tendon to the volar bony 
ridge of the proximal phalanx. It is a flexor for PIP 
joint and extensor for DIP joint. Thus, DIP joint flexion 
can occur only if the PIP joint is flexed. As this 
ligament shortens, from injury or disease, it results in 
a combination of DIP joint extension and PIP joint 
flexion similar to boutonnière deformity. 




Fig. 1: Bunnell’s intrinsic tightness test (see text) 
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These simple tests help in determining whether the 
cause is within the intrinsic or extrinsic System or within 
the capsul and collateral ligament System. 

Investigations 

Radiographs of the hand—anteroposterior, latéral and 
oblique views are essential in a patient presenting with 
stiff hand and finger joints. Look for condition of articular 
surfaces, fractures, dislocation, bony blocks, osteopenia 
or porosis. 

In addition, radiographs of associated injuries, e.g. 
fracture proximal humérus should also be obtained and 
studied. 

Routine lab investigation including complété blood 
count, ESR, urine analysis should be performed. 

Where suspected, RA factor détermination, sérum uric 
acid levels, and other relevant investigations should be 
ordered. 

Treatment 

Prévention 

Prévention is important for hand and finger joint stiffness 
where treatment is difficult to restore prestiffness range 
of motion of hand and fingers. 

Prévention of hand and finger stiffness should be top 
priority for the treating orthopédie surgeon. Whenever 
the hand is immobilized, it should be in position of 90° 
metacarpophalangeal joint with IP joints in full extension. 
Hand should never be immobilized for a period of more 
than 10 days. The upper limb when splinted, the joints 
not immobilized should be actively exercised many times 
in a day and moved throughout their range of motion. 
Good physiotherapy is the only way to prevent the hand 
and fingers from becoming stiff. 

Nonoperative Interventions 4 

Once hand and finger stiffness sets in, in early stages, 
benefit may occur from nonoperative interventions. At 
the same time one should actively look for the cause of 
stiffness and treat it to prevent the stiffness from getting 
worse. 

These include a combination of modalities to decrease 
the edema within the hand, to rest the injured part to 
reduce inflammation, and then to obtain motion of the 
finger by application of low load, prolonged stress to soft 
tissue through continuons or consecutive advancing 
adjustments. Principal among these modalities are active 
and passive physiotherapy, heat, cold and splinting. 

Various types of splints available are (1) Static splints, 
(2) Serial static splints, (3) Dynamic splints, (4) Static 
progressive splints. 


It has been estimated that 87% of MP joint and PIP 
joint contractures can be successfully managed non- 
operatively. 

Operative Treatment 

The operative treatment for hand and finger stiffness can 
be treated by release of contractures, capsulotomy, MP 
joint and PIP joint arthroplasty, and arthrodesis. 

MP Joint Extension Contracture Release 

Indications are failure to respond to physiotherapy, 
absence of arthritic changes in MP joint and absence of 
external abnormalities. 

Technique—excise the dorsal capsule and dorsal half 
of collateral ligaments. 6 Postoperatively give plaster 
splints to maintain 70° of flexion at MP joint. 

PIP Joint Flexion Contracture Release 

Indications are similar to above. 

Technique—visualize and divide the checkrein 
ligaments. 3 If full passive extension is not obtained, 
release the volar plate and then accessory collateral 
ligaments. 

PIP Joint Extension Contracture Release 

Indications are similar to above: 

Technique transverse fibers of the retinacular ligament are 
identified and divided longitudinally on either side of 
the central tendon. Extensor tenolysis is performed as 
needed. 

MP Joint Arthrodesis 5 

Indications are painful joint with arthritic changes. 

Fuse MP joint in 25° of flexion for index finger, 30° 
for long finger, 35° for ring finger and 40° for little finger. 

PIP Joint Arthrodesis 5 

Indication are similar to above 

Fuse PIP joint in 40° of flexion for index finger, 45° 
for long finger, 50° for ring finger and 55° for little finger. 

MP and PIP Joint Arthroplasty 78 

The indications for joint arthroplasty of the fingers include 
an incongruent joint with pain, deformity or stiffness. It 
can range from simple resection to cemented total joint 
surface replacement. 

Also refer to chapter No. 239: Complex Régional Pain 
Syndrome. 
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Ganglions, Swellings and 
Tuntors of the Hand 


GA Anderson 


INTRODUCTION 

The hand is a very sensitive biological device with little 
potential free space. Thus, most swellings canbe detected 
early either due to pain or their obvious presence or any 
functional impairment. The majority are fortunately 
benign and therefore, it is advisable to consider them as 
"lumps" or "swellings" and remove the fear and 
ambiguity associated with the term "tumor". The term 
"tumor" when used, should in effect imply a neoplasm. 

Incidence and Type 

During a period spanning 15 years, i.e. 1982 to 1996,569 
swellings of the hand hâve been treated at the Hand 
Reseach Unit of CMC Hospital, Vellore, India. Most of 
these were biopsy proven and a select few had immuno- 
histochemistry to prove the cell of origin. Ganglions, giant 
cell tumors of tendon sheath, epidermoid inclusion 
cysts, lipomas and hemangiomas hâve been found to 
make up approximately 95% of the masses treated there. 
The remaining 5% comprise a variety of uncommon 
lésions. 

Inclusion cysts and glomus "tumors" occur most 
frequently in the hand. Primary bone tumors of the hand 
are generally benign and common among them are 
enchondromas and osteochondromas. Giant cell tumors 
of bone are rare in the hand, but often locally aggressive 
and metastasize more frequently than from other sites. 
The Netherland Committee of Bone Tumors (1966 Vol. 1) 
report that 5.8% of benign and malignant primary bone 
tumors in the body occur in the hand. Of the malignant 
lésions, only 1.2% affect the hand. The bones of the hand 
are the rarest sites for secondaries but metastatis from 
primaries in the hand bones, to other parts of the body, 
are common. 


Age of Onset, Behavior and Significance 

Swellings présent since birth and gradually increasing in 
size with the patient suggest hamartoma. Bursts of growth 
of the swelling at puberty and during pregnancy are 
characteristic of cavernous hemangioma. Bony tumors like 
aneurysmal bone cyst (ABC), osteoblastoma, osteoid 
osteoma, Ewing's sarcoma and chondroblastoma are 
more common under the âge of thirty. 

Only a few are more prévalent in older âge groups, 
i.e. chondrosarcoma, secondary osteosarcoma and 
malignant fibrous histiocytoma. Sensorimotor changes 
suggest nerve compression. This is common when 
swellings are situated in the Guyon's canal at the wrist 
or cubital tunnel behind the elbow. Severe and episodic 
pain in the hand without a swelling suggests glomus 
tumor or osteoid osteoma. Unremitting pain in a bony 
swelling has serious implications. Growth in previously 
quiescent lésions should be viewed with suspicion. 
Certain malignancies grow relentlessly in size, some 
regress only to enlarge again. With the exception of 
ganglions, the author has viewed with concern, any 
swelling that recurs after excision. In such situations, the 
original histopathological sections must be reviewed and 
a clinicopathological conférence is held for a thorough 
discussion. 

Patient Evaluation 

For a systematic examination, the reader is advised to 
adopt Learmonth's mnemonic, S3, C2, M. Thus, S3—site, 
size and shape, C2—color and consistency, and M— 
mobility, covers the physical examination of the local 
lésion. Régional lymph nodal enlargement and any other 
associated skeletal lésion should be looked for. 
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Investigations 

Plane Radiographs of the Hand Skeleton 

Plane radiography still remains the first and best option 
despite the development of sophisticated imaging 
techniques. Diagnosis and management can be safely 
attempted with attention to features such as the anatomical 
location, changes in the bony architecture, internai 
contents of the lésion and response of the adjacent 
structures and host-bone reaction. 

Blood Tests 

Routine tests should be done. As necessary, ESR, sérum 
créatinine, fasting and postprandial blood sugar, sérum 
Ca and P, alkaline phosphatase, thyroid function—T3 and 
T4 and liver function tests canbe supplemented. 

Isotope Bone Scan 

Isotope bone scan helps to reveal the extent of the bone 
involvement, skip lésions and foci in other parts as in 
multicentric tumors or where métastasés is suspected. 

CT Scan 

CT scan gives information regarding the local site—to 
distinguishbetween osteomyelitis and tumor, to détermine 
the extent of the tumor in both bone and soft tissue, and to 
demonstrate satellite nodules and skip lésions. But in 
general CT for hand lésion is particularly affected by the 
large amount of bony tissue. 

Magnetic Résonance Imaging (MRI) 

MRI has emerged as a useful investigatory tool: (i) when a 
tumor is not clearly visualized on routine radiographs, (ii) 
when there is a soft tissue component, and (iii) when 
improved délinéation of location and content is required. 
It provides even greater accuracy than CT scan in 
determining the extent of a tumor. This is clearly important 
for ensuring total resection in malignant conditions. But it 
is not useful in conclusively proving that a lésion is 
malignant. Therefore, a blind recourse to this investigation 
is unjustified. 

Angiography 

The value of angiography has been challenged by 
sophisticated interprétation of CT and MRI studies which 
provide the same information in a noninvasive fashion. 


Radiologie Examination of the Chest 

Radiologie examination of the chest is done if the lésion is 
suspected of being malignant. It is better to hâve a CT of 
the chest instead. 

Biopsy 

Excisional biopsy: Serves a diagnostic and curative purpose 
for ail benign lésions. In the finger, a metacarpal block 
with a glove ring serving as a tourniquet facilitâtes complété 
removal through appropriately placed incisions. In the 
palm, dorsum of hand or wrist a régional block and arm 
tourniquet is advised. Complété removal of the lésion 
should be done protecting the neurovascular bundle and 
tendon. 

încisional biopsy: Needle biopsies of hand tumors (FNAC) 
in general do not provide sufficient material for 
histological assessment, but may be appropriate for bone 
and soft tissue tumors located deeply, where, the attempt 
of an open biopsy violâtes several tissue planes. The 
biopsy incision is placed longitudinally. It is made in such 
a way that the entire scar and biopsy tract can be excised 
at the time of definitive surgery. The arm is not 
exsanguinated prior to tourniquet inflation because the 
tumor if malignant may be disseminated proximally. 
Careful hemostasis is obtained and the use of drains 
completely avoided. In a bone tumor with soft tissue 
extension, biopsy of this soft tissue extension will suffice 
since it is représentative of the lésion and easier to process. 
Tissue obtained for biopsy can be sent for spécial tests 
where such facilities exist. Thus, électron microscopy, 
spécial stain, studies for markers are done. Some tissue 
may also require spécial cultures. 

Pertinent features and management of common 
swellings and tumors of the hand are elaborated here. 
The reader would find it bénéficiai to further supplément 
his or her knowledge on this subject by looking up the 
references at the end of this chapter. 

GANGLIONS 

Ganglions are derived from coalescence of mucus that is 
produced at the synovium-capsular interface which then 
dissects through joint capsule and ligament forming the 
ducts seen on HPE. The old theory of Ledderhose that it 
is a mucoid degeneration of capsular tissue producing 
cystic degeneration does not hold sway any longer. 
Ganglions in the hand and wrist occur in the order of 
frequency as: (i) dorsal wrist ganglion, (ii) volar wrist 
ganglion, (iii) flexor tendon sheath ganglion, (iv) mucous 



2368 Textbook of Orthopedics and Trauma (Volume 3) 


cyst (DIP joint ganglion), (v) others—carpometacarpal loss, 
PIP joint, extensor tendon, and (vi) miscellaneous 
locations—first extensor compartment ganglion, carpal 
tunnel, Guyon's (ulnar) tunnel and interosseous ganglion. 

Dorsal Wrist Ganglions 

These are the prototypes of ail ganglions in the hand and 
wrist (Fig. 1). Their prevalence was 60 to 70% of ganglions 
at CMC Hospital, Vellore. Diffuse swellings associated 
with extensor tenosynovitis and lipoma (Figs 2A and B) 
or early tuberculous synovitis of the wrist may be 
mistaken for a dorsal ganglion. The main cyst commonly 
arises from the scapholunate ligament and reaches the 
surface through a long pedicle. It may présent anywhere 
else between the extensor tendons. It is tense with the 
wrist flexed and mobile and mildly fluctuant with the 
wrist neutral. It is often disfiguring for a young girl, but 
sometimes the patient says "the wrist feels weak". It is 
considered "occult" if on marked volar flexion a protru¬ 
sion is seen and felt (Fig. 3). Often it is disproportionately 
tender and its intimate relationship to the overlying 
terminal portion of the posterior interosseous nerve has 
been suggested as the cause for the exquisite pain and 
tenderness. The presence of a ganglion does not exclude 
other causes of wrist pain. Dorsal ganglions hâve been 
reported to occur in association with underlying 
scapholunate diastasis and surgical removal of the 
ganglia has been blamed for the carpal instability that 



Fig. 1 : Dorsal wrist ganglion—the typical dorsoradial site. A 
stérile IV line with a 3-way stopper is seen for a Bier’s block 
preparatory to surgery 

may become obvious. High-tech investigations like CT 
scan. MRI and ultrasonography in the diagnosis of occult 
dorsal wrist ganglion are not cost effective although ail 



Figs 2A and B: Lipoma at the usual “ganglion” site. The swelling was of a relatively short duration in a 
middle-aged man. It was painless, firm and lobulated 
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Fig. 3: Occult dorsal wrist ganglion in young woman. 
Prominent on wrist flexion but unusual to be lobulated 


these hâve been suggested (Feldman et al 1989, Reicher et 
al 1990). 

Management of Ganglions 

Many small ganglions résolve spontaneously. Aspiration, 
steroid injection into the site after aspiration or even a 
blunt trauma, bring about resolution in a large number 
with short history of the swelling. Long duration and 
unresolved swellings or récurrences deserve surgical 
removal. A cosmetically acceptable scar, with full range of 
wrist motion without any complications should be the 
object of the surgical exercise. 

Surgery: Dorsal ganglions are approached through a 
transverse incision over the proximal carpal row. Typically 
they appear between the EPL and EDC tendons. The 
tendons are retracted radialwards and ulnarwards 
respectively. The main body of the cyst is held with a non- 
toothed Adson forceps and mobilized together with its 
pedicle down to the underlying joint capsule. The portion 
to the capsule through which the ganglion arises from the 
SL ligament and its origin is excised tangentially. No part 
of this ligament should be incised or excised or curetted. 
The tourniquet is released, hemostas's is obtained. 
Capsular closure is unnecessary and contraindicated. 
Large or small capsule defects do not lead to récurrence. 
Ethylon suture (size 5-0/4-0) is used to close the skin 
wound and a dressing applied. If the patients are young 
or the surgery was for a récurrence then the author advises 
a dorsal POP slab over the dressing maintaining the wirst 
in 10 to 15° of flexion for 2 weeks. 


Volar Wrist Ganglion 

This was the second most common location (10 to 20%) of 
ganglions of the hand. It présents along the volar wrist 
crease between the APL and FCR tendons. Volar wrist 
ganglions appear clinically small but can be surprisingly 
extensive at surgery. One-third of volar wrist ganglions 
are associated with early carpal arthritis. Most often it 
appears tense and firm, becoming prominent on wrist 
extension. It may arise from the capsular and ligamentous 
fibers of the radiocarpal joint in which case the ganglion 
may be intertwined with the bifurcating branches of the 
radial artery, making it impérative to carry out délicate 
dissection. Otherwise it may also arise from the capsule 
of the scaphotrapezial joint. Preoperative patency of the 
radial and ulnar arteries is checked by the Allen Test. 
Curved or zigzag incisions to excise this ganglion provide 
more acceptable scare than transverse incisions which 
pose difficulties while attempting mobilization of 
adjacent structures. Particular care is taken to identify 
and protect the radial artery (Fig. 4). The pedicle is traced 
to the volar joint capsule (scaphotrapezial or radiocarpal 
ligament), and the involved capsular origin is excised. 
Occasionally the wall of the ganglion is firmly adhèrent 
to the radial artery, and this portion of the cyst is left in 
place to avoid damage to the artery. Hemostasis, wound 
lavage and simple skin closure preferably subcuticular is 
followed by a volar splint with the wrist in extension. After 
suture removal at 2 weeks active mobilization is 
encouraged as comfort allows. 

I ' 



Fig. 4: Volar wrist ganglion displayed through a zig-zag incision. 
It was found to arise from the scaphotrapezial ligament. Note 
the radial artery carefully protected in the middle of the wound 
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Flexor Tendon Sheath Ganglion 

It is otherwise called volar retinacular ganglion and 
présents as a firm, tender mass near the proximal crease of 
the finger. It arises from the proximal annular ligament 
(Al pulley) of the flexor tendon sheath. It is often exquisitely 
painful when the patient grips something firm. Initially 
perform needle rupture followed by steroid injection and 
digital massage to disperse the cyst contents after first 
giving local anesthésia and arm tourniquet. If that does 
not help then plan for surgery—an angular incision over 
the mass and identification of radial and ulnar digital 
neurovascular bundle is to be preferred and the small 
ganglionic mass excised. 

Mucous Cyst 

Mucous cyst is a ganglion of the distal interphalangeal 
joint presenting dorsally just proximal to the nail or to one 
side. Longitudinal grooving of the nail is a useful early 
sign, produced as a resuit of pressure on the nail matrix. It 
is usually seen between the fifth and seventh décades. The 
skin over the cyst is often attenuated and renders it liable 
to rupture by trivial injuries with risk or septic arthritis of 
the DIP joint. It canbe mistaken for Heberden's node. Early 
surgery is advisable for this cyst. A curved incision that 
can allow rotation and advancement of the flap is to be 
preferred. The cyst is mobilized and excised with the joint 
capsule, any osteophyte is also removed with a rongeur or 
a fine power burr. If a full thickness skin was used to cover 
the proximal area after skin flap rotation, transarticular 
K-wire is passed longitudinally to protect the joint in a 
neutral position for 2 to 3 weeks. 



Fig. 5: Giant cell “tumor”—anthoma of flexor 
sheath on index finger 


GIANT CELL TUMOR OF TENDON SHEATH 

Giant cell tumor is the next most common mass after 
ganglion. This has been appropriately called a localized 
pigmented villonodular tenovaginitis (PVNS). Etiology of 
this swelling is variously proposed as being due to trauma, 
inflammation and even neoplasia. It présents as a slow 
growing painless mass, two-third of which are in the volar 
aspect of the finger (Fig. 5). The synovial sites affected are 
the tendon sheath, volar plate, capsule and joints. Actual 
joint involvement occurs in 20% of cases. The skin is always 
free although the swelling appears fixed to underlying 
structure. Pressure absorption of bone or cartilage invasion 
may occur due to long-standing untreated lésions and the 
radiographs of the hand skeleton when studied may show 
a deficiency whose margins are smooth and sclerotic (Fig. 
6). The author has encountered a most bizarre and 
extensive form of this erosive lésion in the thumb which 
was mistaken elsewhere for malignancy. Treatment 
requires total excision until every bit of discolored tissue 
is removed. A portion of the tendon sheath or capsule may 
hâve to be excised if necessary (Fig. 7). The biopsied 
specimen consists of variable proportions of collagenized 
stroma and histiocytes. Their gross appearance is 
diagnostic—areas of yellow, orange and shades of brown, 
these being largely due to the amount of hemosiderin 
pigments. Malignant change and metastasis are unknown 
although local récurrence is put at 10%. 

DERMATOFIBROMA 

Dermatofibroma is a small fibrous tissue tumor, spherical 
and firm, found either on the dorsum of the finger (Fig. 8), 



Fig. 6: Pressure absorption of proximal phalanx of thumb due 
to a long-standing giant cell tumor of flexor sheath. Note the 
sclerotic margins of the lésions 
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Fig. 7: Giant cell tumor—excision through a midlateral incision 
protecting the ulnar neurovascular bundle. A portion of the flexor 
A2 pulley was included in the excision 

palm or the wrist. It is common in children and may look 
erythematous. It is attached to skin and the underlying 
tissue. Simple excision is effective and it is also carried out 
primarily for diagnosis. Inadequately excised lésions 
promptly recur, and improperly removed ones leave ugly 
hypertrophie scars. 

LIPOMA 

Lipomas are soft and pseudofluctuant (Fig. 9) arising at 
the hypothenar eminences or webs or the hand. 
Sometimes they may hâve a slightly firm and 
multilobular consistency more in keeping with a 
fibrolipoma. Radiographs show the characteristic "water 
clear" appearance. Surgical clearance is easy but 
occasionally becomes tedious because the " tumor" wraps 
around neurovascular bundle and tendons, and these need 
to be protected during excision. 

HEMANGIOMAS 

Hemangiomas are "tumors" of independently growing 
blood channels and probably hâve their origin as 
embryonic rudiments of mesodermal tissue. They are 
slightly dusky looking swellings whose size vary from 
time to time (Fig. 10A). They can be emptied out on 
élévation of the hand and direct pressure over them. They 
are generally of the cavernous type but may be capillary or 



Fig. 8: Dermatofibroma—a dorsal erythematous 
spherical swelling 



Fig. 9: Lipoma at the hypothenar eminence. It was a 
long-standing, painless, soft and pseudofluctuant mass 

mixed. More frequently they are diffuse with extension 
into muscle (Fig. 10B), fascia and skin and very 
occasionally localized. Surgery is often for cosmetic 
reasons or because they are in vulnérable parts of the 
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Figs 10A and B: Cavernous hemangioma, middle finger, palm 
and volar aspect of forearm in a 10-year-old girl (A). Note the 
involvement of flexor muscles (B) 

palmar aspect of the hand and are prone to injury, 
secondary bleeding and infection. Widespread 
hemangiomatosis with high-output cardiac failure or 
bleeding caused by séquestration of platelets (Kasabach- 


Merritt syndrome) hâve been described. Angiography only 
assists in outlining the extent of the lésion but never shows 
up the feeding vessels Vascular (Embolization therapy) used 
at other sites is potentially hazardous and should not be 
recommended in the hand. If excision is required it should 
always be staged and never taken lightly. 

GLOMUSTUMORS 

In 1924 Masson called a tumor arising from a normally 
occurring neuromyoarterial apparatus which régulâtes 
température as a "glomus tumor". Popoff (1934) 
described the glomus as consisting of five parts: (i) afferent 
artery, (ii) Sucquet-Hoyer canal arteriovenous channel, (iii) 
neuroreticular and vascular structures around the canals, 
(iv) an outer layer of lamellated collagenous tissue, and (v) 
primary collecting veins. He also noted that the glomus 
exists in large numbers beneath nails and finger pads and 
in substantial numbers elsewhere in the hand. The 
characteristic epithelioid cell of the glomus tumor is 
derived from the pericyte of Zimmermann. This cell is also 
the one from which the rare hemangiopericytoma arises. 

Patients présent with the characteristic triad: 
(i) shooting pain, (ii) discrète trigger spot of tenderness 
tested with a pin head (Love's test, 1944), and (iii) cold 
sensitivity. Sometimes it may be visualized as a faint 
purple spot beneath the nail (Fig. 11). Rarely there is 
ridging of the nail. Indentation of the distal phalanx may 
be seen on the radiograph (Fig. 12). Exploration under 
loupe magnification is advised. After removing the nail to 
one side, the bed is incised and the tumor is removed 
completely. Meticulous repair of nail bed with 6-0 
absorbable suture is followed by replacement of the nail. 
Proper surgical removal results in a cent percent cure rate. 



Fig. 11 : Glomus tumor of index and middle fingers— 
subungual location. Note ridging of the middle finger nail 
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Fig. 12: Glomus tumor—indentation of the dorsal 
aspect of distal phalanx 


NEURILEMMOMA (SCHWANNOMA) 

Neurilemmoma is a relatively common solitary, benign 
tumor arising from the Schwann cell of nerve branches 
and frequently occurs on the flexor surface of the hand 
(Fig. 13). Patients présent with a well-defined, slow 
growing tumor rarely with nerve compression or tingling 
distally on percussion over the mass. The lésion can be 
shelled out easily after a properly placed incision. Loupe 
dissection is required if the fascicles of the nerve are 
splayed to prevent iatrogénie injury to the already 
compressed adjacent fascicles. 

BENIGN BONE TUMORS 
Enchondroma 

Enchondroma is the most common primary bone tumors 
in the hand seen in the proximal phalanx, middle phalanx 
and metacarpal shaft in that order of frequency (Alawneh 
et al, 1977). It continues to grow slowly and usually 
présents as pain secondary to pathological fracture. 
Occasionally it is discovered incidentally on a radiograph 
at the characteristic metaphyseal or diaphyseal area with 
calcifie stippling. Curettage and bone grafting is preferred 
in most cases. If a fracture has occurred and alinement of 
the finger remains normal the fracture is allowed to heal 
spontaneously. Otherwise open réduction, curettage 
followed by autogenous or allograft bone is performed. 
Methylmethacrylate to fill defects has been described but 
seems totally unnecessary in the hand considering that 
only a small amount may be required and bone graft will 
serve the purpose better. Multiple enchondromatosis or 
Ollier's disease (Fig. 14) is far less common and associated 
with deformities of the axial skeleton. If any of the 



Fig. 13: Schwannoma of médian nerve cutaneous branch of 
the palm. The patient gave a 6-year history of swelling which 
was the cause for the tumor attaining such a large size 



Fig. 14: Ollier’s disease or multiple enchondromatosis involving 
the proximal phalanges of the index, middle and ring fingers 
and middle phalanx of index and middle fingers 


quiescent lésions in this condition become painful or 
enlarged ail of a sudden, then the risk of degeneration into 
chondrosarcoma should be considered. Treatment in these 
cases is deferred until positive diagnosis of histology is 
obtained after tissue is removed by incisional biopsy. 
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Osteochondroma 

Osteochondroma is otherwise referred to as exostosis. Both 
solitary and multiple types are known to occur. 
Osteochondromas hâve a stalk comprising of bone at their 
base with a cartilage cap. The secondary bone mass 
production is by enchondral ossification. They are often 
hereditary and the widespread nature of some produce 
significant disfigurement. Angular deformities, inhibition 
of longitudinal growth and mechanical blockage of joint 
motion may occur. Corrective surgery is generally 
completed after epiphyseal growth. But if the swellings 
become troublesome or impede function, reconstructive 
surgery to restore functional alinement should not be 
deferred (Figs 15A and B). Transformation into a malignant 
lésion is extremely uncommon in the hand. 

Aneurysmal Bone Cyst (ABC) 

Aneurysmal bone cyst are rare in the hand although they 
are not unusual in the spine and proximal long bones. 
They are benign hémorrhagie cystic bone lésions more 
commonly seen in the second and third décades. They 
may become aggressive and grow rapidly with local 
invasion. Radiograph in ABC will show the typical 
absence of trabeculation or calcification (Fig. 16). However, 
triangular deposits of reactive bone which blend with the 
cortex at either end of the bony lésion (Codman's triangle) 


may be rarely seen and should not be confused for 
osteosarcoma. En bloc excision with osseous replacement 
by strut grafts or allograft bone will prevent or minimize 
récurrence. Where facilities exist, free vascularized 
phalangeal transfer is idéal. Ray excision is only to be 
reserved for récurrent cases. 

Osteoid Osteoma 

Osteoid osteoma is an unusual hand tumor with very 
characteristic features. Présents in the second and third 
décades of life, occurring in phalanges, metacarpals on 
carpal bones and gives rise to aching pain worse at nights. 
Pain is relieved by aspirin. Radiographs reveal an eccentric 
area of cortical sclerosis surrounding a radiolucent zone 
with a dense nidus (Fig. 17). The lésion is usually less 
than 1 cm in diameter and may require CT scan, bone 
scintigraphy and/or tomography for definite visualiza- 
tion. Complété excision of the nidus through a cortical 
window relie ves the symptoms. 

GIANT CELL “TUMOR” OF BONE 

It is seen in young adults. Only 2% of ail giant cell // tumors // 
occur in the hand. Multifocal lésions (Fig. 18) hâve been 
reported in the hand more frequently than at other sites 
(Averill 1980, Dahlin 1987). These lésions also behave more 
aggressively in the hand than elsewhere with 12% of hand 



Figs 15 A and B: Osteochondroma—multiple type, involving the third metacarpal and proximal 
phalanx of ring finger. Note the pressure effects on the adjacent fourth and second metacarpal. 
They were excised to improve hand function. A 5-year follow-up resuit is seen in Fig. 15B 
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Fig. 16: Aneurysmal bone cyst (ABC) in a 11-year-old boy. 
Note the absence of calcification and paucity of trabeculation 



Fig. 17: Osteoid osteoma in an unusual location of distal 
phalanx. A sclerotic ring with a nidus is the characteristic feature 

lésions becoming malignant according to Averill et al 
(1980). Pain, swelling and pathological fracture are the 
usual presenting symptoms. Radiographs reveal an 
eccentric, expansile, radiolucent lésion at the epiphyseal 



Fig. 18: Multifocal GCT of the left hand in 
a 23-year-old male 


portion of a tubular bone. It is useful to remember that this 
well-defined lytic tumor usually involves the subchondral 
région. Jaffe's histological criteria to "grade" them appears 
no longer justified according to Averill et al (1980) because 
of the lack of relation of such grading to their clinical 
behavior. Curettage and grafting the bony cavity is not to 
be done. It will not cure the condition and local récurrence 
will be very high and harmful. Ray amputation is indicated 
if the tumor is large or broken through the cortex. In other 
situations an en bloc excision and autogenous bone graft 
(Figs 19A and B) or vascularized fibular graft of allograft 
canbe done. 

MALIGNANT TUMORS IN THE HAND 

It is important for the reader to know that most hand tumors 
occur in spaces and not in compartments. Enneking 
proposed a staging System in 1980 for musculoskeletal 
sarcomas, and there are obvious difficulties in its practical 
application for the hand. There are no anatomical 
boundaries between proximal phalanges because web 
spaces do not hâve fascial septa. Similarly in the palm, 
metacarpals do not constitute compartments. True 
compartments are represented only by septa in the palm. 
Tendon compartments extend into the forearm and is 
therefore a very impractical considération. 
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Figs 19 A and B: Giant cell tumor of the second metacarpal, replaced by an iliac crest 
graft. Single axial K-wire stabilized the reconstructed second MCP joint for 6 weeks 


The American Joint Committee on Cancer staging 
(AJCC), recommended TNM staging based on tumor size 
(T 1 —less than 5 cm, T 2 —greater than 5 cm), N 0 —absence 
of N a —presence of nodal métastasés, and M 0 —absence or 
M 1 —presence of distant métastasés. The tumor grade is 
based on degree of cellularity, pleomorphism, mitotic 
activity and necrosis. There are four histological grades 
(G1-G4) of malignancy. There are also four stages with A 
and B subdivisions. Tumors such as rhabdomyosarcoma, 
synovial sarcoma and angiosarcoma are considered high 
grade irrespective of their cellular différentiation (Russell 
et al 1977). Lymph node metastasis is high for 
rhabdomyosarcoma (15%), synovial sarcoma (14%) 
epithelioid sarcoma (20%) angiosarcoma (11%) and MFH 
(10%) according to McFarland (1988). Radiotherapy, 
Chemotherapy and régional node dissection ail hâve a 
rôle besides surgery (Rosenburg et al 1982, Lehti et al 1986). 

General Surgical Plan 

Tumors that involve the distal phalanx are best treated by 
amputation of the finger. Tumors that involve the middle 
and proximal phalanges are managed by ray amputation 
and with digital transposition as required. Lésions 
affecting the metacarpal area frequently involve adjacent 
carpals and metacarpals as well, so radial or ulnar 
hemiamputation may be required. Soft tissue cover must 
always be régional and not from more proximal sites or 


else malignant implantation at proximal sites will threaten 
both life and limb. 

Synovial Sarcoma 

Synovial sarcomas arise from paraarticular soft tissues, 
like joint capsule, beside tendons and tendon sheath 
(Fig. 20). They présent in young adults as small, fixed 
lésions enlarging slowly and are painful in only a few 
instances. They are highly malignant and frequently 
metastasize through lymph nodes. Necrosis and cystic 
degeneration are common. This misleads the clinician to 
think of alterna te benign conditions. Radiographs reveal 
érosions of articular cartilage and flecks or calcification 
within the tumor mass. Their microscopie features exhibit 
a biphasic composition consisting of epithelioid and 
spindle cells. Prognosis is said to be better in young 
females with tumors of less than 5 cm diameter. Wide local 
excision, chemotherapy and régional node dissection is 
recommended by Cadman et al (1965) and Wright et al 
(1982). Amputation is indicated if the mass is large. 

Epithelioid Sarcoma 
(Squamous Cell Carcinoma) 

Epithelioid sarcoma is considered the most common of 
soft tissue sarcomas of the hand according to Campanacci 
and Bertoni (1981). The author had encountered only 
4 over a 15-year period. It is notorious for its innocuous 
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Fig. 20: Synovial sarcoma in a 23-year-old woman. She 
sought medical attention only 9 months after the onset 

présentation with the patient usually stating that a painless 
nodule had spontaneously ulcerated. Therefore, the 
unwary clinician thinks he or she is dealing with a foreign 
body granuloma or infected wart, and faits to biopsy it. 
Delay in treatment is a major factor in influencing 
prognosis. The tumor spreads along tendon sheath, 
subcutaneous lymph channels or fascial planes. Vascular 
invasion dénotés poor prognosis. A combination of 
surgical excision and high-dose irradiation to the primary 
tumor may give a more favorable outcome as advised by 
Chase and Enzinger (1985). Régional lymphadenectomy 
should always be done. Récurrent tumors require forearm 
amputation as advocated by Peimer and Smith (1977). 

Rhabdomyosarcoma 

Rhabdomyosarcoma is an uncommon, but well-known 
childhood tumor. It is rare in adults. The tumor usually 
présents as a slow growing swelling, deeply located and 
painless in the beginning (Fig. 21). They arise from 
striated muscle stem cells and is agressively malignant. 
There are four cell types: alveolar, botryoid, embryonal 
and pleomorphic. These tumors spread, directly 
regionally and metastasize to régional lymph nodes. 
Combinations of wide en bloc or radical surgical measures 
with adjuvant chemotherapy has been most helpful. The 
positive rôle of radiation therapy has been emphasized by 
Schovartsmann (1984). The author had encountered a 



Fig. 21: Rhabdomyosarcoma arising from the dorsal inter- 
osseous muscles. This 44-year-old man could not give a pricise 
history of the duration 


rhabdomyosarcoma in a Hansen's disease patient with 
claw hand of long duration, which raised the question as 
to whether these tumors arise from the connective tissue of 
muscles. 

Fibrosarcoma 

Fibrosarcoma is a malignancy at the most severe end of 
the spectrum of a fibromatous diagnosis. The tumor 
présents very quickly but turns out to be very aggressive 
and léthal. It is said to arise from an area previously affected 
by trauma burns and scar or even prior surgery (Fig. 22). It 
is noted for its early récurrence and spread. Treatment 
varies by the location and grade of the lésion. But according 
to Pennington et al (1991), the minimum is either an en bloc 
or radical excision to even primary amputation. Widerow 
(1988) emphasized the positive rôle of radiotherapy. The 
value of chemotherapy has not been established. 

Chondrosarcoma 

Chondrosarcoma is a very rare tumor in the hand. When it 
occurs it is typically seen in the elderly with a long- 
standing history of a swelling which has been ignored 
(Fig. 23). Multiple enchondromas may secondarily 
become chondrosarcoma. The patient présents with pain, 
and diffuse swelling. Radiographs reveal an expansile 
lésion with scattered lysis and cortical destruction often 
with punctate calcification and occasionally soft tissue 
shadow with radiating spiculés that are flattened at the 
end, very much like osteosarcoma. Radical excision is the 
optimal treatment. If it is well localized and seen early, 
then allograft replacement may be considered. 
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Fig. 22: Fibrosarcoma in a 30-year-old man with history of 
burns several years before 



Fig. 23: Chondrosarcoma in a 55-year-old woman with long- 
standing history of swelling over the index metacarpal 

Osteosarcoma 

Osteosarcoma is very rare in the hand. In the whole of 
medical literature put together less than a dozen hâve been 
reported. It is a painful mass occurring in young patients 
in their first or second decade of life. Benign looking giant 


cell tumors of bone may be mistaken for this condition. It 
may also mimic metastatic carcinoma. But the combination 
of expansile sclerotic but destructive bony lésion with 
prolifération of new bone is unmistakable. Amputation 
and adjuvant methods hold out hope for survival. 

Metastatic Tumors 

The hand is involved with métastasés in only 0.1% of the 
time. The most common metastatic tumors arise from 
primary lung, breast and kidney carcinomas. The distal 
phalanx is the most common site affected. Biopsy of the 
hand lésion may give a due to the primary site. Amputation 
of the finger should be done. But metastatic disease in the 
hand always indicates very poor prognosis, and Kerin 
(1983) has noted that most patients die from the primary 
disease within 1 year of diagnosis. 
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INTRODUCTION 

Proper splintage is of prime importance immediately after 
an injury and in the correction and prévention of 
subséquent deformities. The earliest documented use of 
splints was when Bohler described a few splints. Over the 
years, splinting techniques hâve crossed numerous 
milestones and modem splints are fabricated from 
lightweight materials and are designed to meet spécifie 
needs of individual patients. 

Every trauma produces a variable amount of fibrosis. 
A splint can neutralizé its ill effects. A gentle corrective 
force can stretch the fibrous tissue to achieve and maintain 
fairly good range of movements and prevent deformity. 

Objectives of Splintage 

1. Relief of pain 

2. Immobilization for healing 

3. Protection of repaired structures 

4. Maintenance of position of function and prévention of 
deformity 

5. Correction of deformity 

6. Stabilization of some joints to facilitate movements at 
other joints either by: 

a. Relief of pain in disorganized proximal joints, or 

b. Concentration of total muscle activity on stiff distal 
joints 

7. Restoration of tone and normal amplitude of over- 
stretched and attenuated muscles 

8. Active reinforcement of weakened muscles. 

Characteristics of a Good Splint 

1. Easy and rapid fabrication from readily available 
material 


2. Low cost 

3. Comfortable to wear 

4. Light and aesthetic in appearance 

5. Adjustable. 

Warning signs of harmful effects of the splints like 
progressive numbness, discoloration, distal edema, 
pressure sore, etc. should be explained to the patient in his 
own language especially when a splint is applied in an 
anesthetic limb (e.g. leprosy, diabetic neuropathy). 

Dynamics and purpose of the splint should be 
explained to the patient to solicit his maximum co¬ 
opération. 

Need for Individualization of a Splint 

Two patients with low radial nerve palsy may show similar 
changes in nerve conduction studies yet, because of the 
different mode of the trauma and different subséquent 
management, may présent with an altogether different 
deformity pattern and hence, would require different 
types of splints. Here lies the draw back of mass produced 
splints which do not suit an individual's requirement. 
Further, one must realize that a splint needs adjustment 
and modification from time to time. 

Applied Anatomy of the Hand for Splinting 

Anatomical facts considered useful in construction and 
application of a splint are given below: 

1. Arches in a normally balanced hand. 

A hand at ease has various joints in a State of flexion 
with the wrist in slight dorsiflexion. Ail the metacarpal 
heads are not in the same plane, but form several 
arches as described below. 
a. Transverse metacarpal arch 

Metacarpal heads in a functional position lie with 
the third metacarpal most dorsal, followed by 
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second and fourth and, as we proceed volar-ward, 
the fifth. The thumb, by virtue of its greater mobility, 
lies volar to the plane of the other metacarpals. 
Therefore, when immobilizing the hand in a 
functional position, the first metacarpal is placed 
directly volar to the second metacarpal head or 
only slightly radial to it (Fig. IA). 

This arch, however, changes its depth with different 
vocations. In holding a spade or a spanner, this 
arch flattens but holding précision instruments like 
pen or small screwdriver deepens the arch (Fig. IB). 
This implies that any bar whether dorsal or palmar 
should follow the curve of the metacarpal arch. 
b. Proximal transverse arch (carpal arch ). 

This immobile arch is formed by carpal bones and 
held so by the flexor retinaculum and does not 
require further considération in splint design. 



Fig. IA: Position of immobilization 



c. Longitudinal arch 

The MP joints, PIP joints and DIP joints are in a 
State of variable flexion in a relaxed position. The 
applied importance lies in the fact that any splint 
covering these joints should hâve some curvature 
in these areas to prevent the finger joints from 
stiffening in a straight extended position or in any 
other nonfunctional position. 

Owing to different lengths of the metacarpals and 
higher mobility of fifth MP joint, objects are held 
obliquely in the hand. The object is more distally 
placed on the radial side than on the ulnar. 
(However, it remains parallel to the metacarpal 
heads). 

Hold a pen gently in the palm. As one tightens 
the grip, the fifth MP joint would flex further, 
causing oblique disposition of the pen in the palm. 
Therefore, a dorsal bar in a splint should be placed 
parallel to the metacarpal heads. 

A pen held in the palm of the pronated hand 
resting over a table, would be found not be lying 
parallel to the table top. This obliquity is caused 
by the transverse metacarpal arch and higher 
mobility of fourth and fifth MP joints. Therefore, 
the radial side should be extended slightly more 
distally than the ulnar side when fabricating a 
hand splint. 

2. The Palm 

Bring the pulp of ail the fingers and the thumb 
together. The area of the palm bound between the 
transverse creases of the hand and hypothenar 
eminence form the floor while thenar eminence 
becomes almost a vertical wall. 

Any volar bar should therefore be placed within 
this floor to prevent interférence with MP joint flexion 
and thumb rotation. 



Fig. IC: Power grip showing transverse carpal arch 
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3. The Thumb 

Besides the opponens pollicis muscle, many other 
muscles play an important rôle in opposition. 

Opposition involves bringing the pulp of the 
thumb diametrically opposite the pulp of one or more 
fingers. Thus, functionally speaking, it is not merely 
the thumb but also the digits which play a part in the 
act. In opposition, at the carpo-metacarpal joint there 
is abduction, flexion and médial rotation, at the MP 
joint there is flexion or extension, abduction and 
médial rotation and at the IP joints there is flexion 
and extension. 

In médian nerve palsy, the abductor pollicis brevis 
weakness allows unopposed action of adductor 
pollicis and causes first web space contracture. A 
splint should make provision to keep the thumb in a 
functional position of abduction and opposition. 

4. Functional Position 

This is a position in which minimum of motion causes 
maximum of function. 

For upper extremity, the functional position is: 

Wrist 20° dorsiflexion 

MP joint 45° flexion 

PIP joint 30° flexion 

DIP joint 20° flexion 

Thumb Half palmar abduction and 

half opposition with the IP joint in 


slight flexion so that the first 
metacarpal is volar to the second 
metacarpal. 

Elbow 90° flexion and forearm in 

mid-prone or neutral position. 
Shoulder 45° abduction and neutral 

rotation 

A stiff hand with MP joints in full extension is not 
as useful as when these joints are stiff in 45° of flexion. 
Therefore, stiffness in extension is not functional. 

5. Lumbrical Position (protected position) 

In this position the ligaments are maximally stretched. 
MP joint (90° flexion, PIP and DIP in 0° extension, 
wrist 20° dorsiflexion. When full recovery is 
anticipated the limb should be splinted in this 
position. 

6. Creases 

The distal palmar crease coincides with the head of 
the metacarpals. While preparing a splint, its distal 
margin should end just short of the distal palmar 
crease to allow free range of motion of the MP joints. 

7. Préhension patterns (Figs 2A to C and 3A and B) 
There are 6 general préhension patterns. Three of these 
are concerned with précision work and are called 
pinch. The other three focus mainly on strength and 
are called grasp. Pinch is used in handling small 
objects that are held between the tips of the thumb and 





Fig. 3A: Round grasp 



Figs 2A to C and 3A and B: Dexterity of the hand 
and Préhension pattern 
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one or more fingers. Tip préhension, as in holding a 
needle, palmar préhension or three jaw chuck, as in 
holding a pen; latéral préhension, as in holding a 
playing card or inserting a key in the lock (key pinch). 
Grasp patterns include gross grasp, as in holding a 
football; cylindrical grasp as in holding a rope and hook 
grasp, as in carrying a brief case. 

GENERAL PRINCIPLES OF FIT 

Any splint should be comfortable, well contoured by 
conforming to the longitudinal and transverse arches of 
the hand, simple to apply, stable on the hand, and 
cosmetically acceptable. Generally, most of the mistakes 
in hand splinting are caused by inattention to detail. The 
types of splints chosen maybe correct, according to the 
circumstances, but they fail to be effective because of 
relatively minor design or adjustment flaws that can 
easily be rectified. Failure may do so may not only 
produce poor results but may compound the problem or 
cause additional deformity. 

Précautions 

When splinting, one must consider the potential problem 
areas and implement the splinting program accordingly 
to get the most comfortable fit. The primary considérations 
for design modification include pressure areas, edema, 
increased joint pain and stiffness. 

MECHANICAL PRINCIPLES 

Mechanical principles provide the basis for the application 
of forces to the hand. Without an understanding of these 


principles, significant harm may be done to the joint 
structures. 

Angle of Pull 

The mobilization of stiffened joints through traction 
requires a thorough understanding of the resolution of 
forces to obtain optimum splint effectiveness without 
producing patient frustration or increased damage 
through joint compression or séparation. 

Theoretically, any force applied to a bony segment to 
mobilize a joint may be resolved into a pair of concurrent 
rectangular components acting in definite directions. 
These two components consist of a rotational element 
producing joint rotation and a translation element 
producing joint distraction or compression (Fig. 4). As the 
force approximates a perpendicular angle to the segment 
being mobilized, the translational element is lessened and 
the rotational component increases until at 90° the full 
magnitude of the force is applied in a rotational direction. 

In practical terms it means that the dynamic traction 
should be applied at a 90° angle to harness the force 
potential of the traction device without producing an 
unwanted push or pull force on the articular surfaces of 
the involved joint. 

A 90° angle of pull from the outrigger to the phalanx 
being mobilized is essential. When force is applied at an 
angle greater than 90°, the sling transfers force to the 
articular cartilage. When the dynamic force applied at an 
angle greater than 90°, the sling slips distally and causes 
distraction of the joint. 

Dynamic traction is applied at a 90° angle to the 
metacarpals. Attention should be given to ligamentous 



Fig. 4: Angle of pull during mobilization by traction 
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structures within the radio-carpal and mid-carpal joints 
of the wrist since scar formation within various structures 
of the wrist may affect the application of dynamic traction. 

Ligamentous Structures 

It is important to avoid ligamentous stress to joints during 
splinting. Latéral stress to joints, particularly with 
dynamic splinting, may cause unequal stretching of the 
collateral ligaments. In dynamic splinting, the traction 
must be applied perpendicular to the phalanx being 
mobilized. With static splinting, similar considération 
must be given to avoid ligamentous stress. One example 
would be stretching the first web space during the 
construction of a web spacer splint. The ulnar collateral 
ligament of the thumb may easily be stressed as the 
therapist brings the thumb into radial or palmar 
abduction. 

When dynamic traction is applied to the fingers, the 
line of pull should be directed towards the scaphoid. 
Rubber band traction for each digit should corne from 
separate points of origin at the wrist level. By following 
these basic principles there is little chance of placing any 
undue stress on the digital collateral ligaments (Fig. 5). 

Pressure 

Total Force 

The formula. Pressure =- 

Area of force application 

indicates that a force of 25 gm applied over an area of 1 cm 
by 1 cm would resuit in a pressure of 0.25 gm per square 
mm. If, however, the same 25 gm of force were distributed 
over an area of 5 cm by 5 cm, the pressure per square mm 
would be decreased to 0.01 gm or 1/25 the pressure per 
square mm. In other words, increasing the area of force 
application will decrease the pressure. 



Fig. 5: Dynamic flexion to the digits should be directed in the 
normal anatomical alignment towards the scaphoid 


In clinical applications it has the following 
implications: 

1. Wider longer splints are more comfortable than short, 
narrow splints. 

2. Rolled edges on the proximal and distal aspect of a 
palmar splint and the distal aspect of a dorsal splint 
cause less pressure than do straight edges. 

3. Continuons uniform pressure over bony prominence 
is préférable to unequal pressure on the prominence. 

4. A continuous force applied to the extremity should not 
exceed 50 gm per square centimeter. 

Rounded internai corners diminish the effects of force 
on the splint material as do continuous smooth edges 
(Figs 6 and 7). In addition, rounded corners and edges 
decrease the possibility of excessive pressure on underlying 
skin. 

Torque Effect 

Torque equals the product of the force times the length of 
the arm on which it acts (T = F x FA). This concept is 
important in splinting because the amount of pull from a 
dynamic assist is not equal to the amount of rotational 
force or torque at the joint. The amount of torque dépends 
on the distance between the joint axis and the point of 
attachment of the dynamic assist. The torque increases as 
the distance between the two increases when the applied 
force is constant (Fig. 8). 

Contour 

The time honored engineering principle of strength though 
contour is directly applicable to the design and construction 
of hand splints. When a large force is placed on a fiat thin 
piece of material, the counterforce produced by the material 
is insufficient, and the material bends. If, however, the 
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Fig. 6: Rounded internai corners increase splint 
durability by dissipating forces 



Fig. 7: An edge imperfection créâtes convergence and 
increases the chances for material fracture 
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Fig. 8: Rôle of torque in splinting. Torque increases as the 
distance of dynamic assist from centre of rotation of the joint 


material is contoured into half cylinder shape, the material 
has, in mechanical terms, become stiffer and produces a 
greater counterforce, enabling the material to withstand 
greater forces without bending (Fig. 9). 

Resolution of Forces 



Fig. 9: A cylinder is stiffer than a fiat piece of the 
same material 


Further it means that as the joint gets steadily mobilized 
or the passive range of motion of the joint begins to improve 
the outrigger has to be adjusted to maintain the 90° angle. 
In multiple joints affection some arrangement will hâve to 
be made so that 90° pull is maintained to individual joints. 

A practical tip: The patient would complain that the 
traction loops slip one way or the other when the finger 
loop angle of pull is not at 90°. 

Further it has been found that when the flexion 
deformity exceeds 35°, three point pressure splints like 
Capener splint do not work quite effectively because the 
force generated by them, when resolved, reveal larger 
translational forces than the required rotational forces. 

Effect of Passive Mobility of a 
Multiarticular Segment 


Mobilization of stiffened joints is achieved by using 
dynamic traction. The force may be resolved into two 
components with definite magnitude and direction. The 
two important directions in which these forces act are 
rotational and translational. The rotational force causes 
movement of a joint through an arc while the translational 
force causes compression or distraction of a joint. A force 
acting at 45° to at stiff joint will be resolved into two 
components, which would create both translational and 
rotational vectors. 

But a force acting parallel to a stiff segment spends ail 
the energy in distraction (translation) of a joint and no 
rotatory movement occurs, or force acting at right angle to 
a stiff segment spends ail the energy in rotation of a joint 
and no translation occurs. 

The applied importance lies in the fact that in a 
dynamic splint the force should be so applied that it acts 
at right angle to the segment being mobilized to harness 
ail the energy and prevent undue distraction or 
compression of the joint. 


When traction is applied to a multi-articular segment ail 
the joints move in the same direction. If ail the joints are 
stiff, movements occur at the most proximally based joint. 
If the degree of stiffness is variable in different joints, the 
range of motion shown by different joints varies. 

When inequality in passive motion exists the splint 
needs an attachment which would prevent excursion of 
a normal joint and allow full energy expenditure on the 
affected joint by providing effective traction. Such splints 
are also known as directive splints. 

Straps 

The straps used to hold the splint should be as wide as 
possible to distribute the pressure properly, and minimize 
localized edema. The most common type of strap material 
used is Vêler o. 

Rubber Bands 

Rubber bands used in hand splinting should be made of 
pure rubber, since these provide a more consistent dynamic 
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pull. 3 x l/8th inch rubber bands are usually used for 
most dynamic splints. Approximately 8 ounces of tension 
are generally used with the dynamic traction. The amount 
of tension on the rubber bands can be determined with a 
spring type scale. 

When dynamic splints are given in acute hand 
problems, less tension is required than when dynamic 
traction is given for deformity correction. The likelihood of 
damaging soft-tissue structures is greater in the acute 
phase. This must be considered with ail forms of dynamic 
as well as static splinting. In cases of MP joint arthroplasty, 
the dynamic traction should be less than 4 ounces of 
tension. 

Splint Component Terminology 

A splint is an assembly of several spécifie units meant to 
perform spécifie functions. Each patient cornes with a set 
of problems different from the others. Therefore the splint 
has to be tailored to the patient's requirements. An 
alphabetic list of components and their purpose follows. 

1. C-Bar 

The first C shape component fixed to a splint to 
maintain the first metacarpal in the position of 
opposition. It fits in the first web space and maintains 
the distance between the first and second metacarpals. 
It should be short enough to provide free excursion of 
the fourth and fifth fingers and of the IP joints of the 
thumb and the index finger. 

2. ConnectorBar 

This is a part bridging across the functional 
components so that these components can appro- 
priately be spaced to achieve required function. 

3. Cross Bar 

This is a transverse extension of a splint, fitted mostly 
at the proximal end, to prevent the splint from 
deviating away, i.e. to provide stability to the forearm 
and hand. 

4. CufforStrap 

This pliable material anchors the splint in place on 
the extremity. Except that euffs are wider and 
therefore more comfortable, both serve the same 
purpose. 

5. Déviation Bar 

These are extensions of the splint on the sides of 
phalanges or metacarpals or the wrist, thus providing 
passive force to prevent radial or ulnar déviation. 

6. Dynamic Assist 

This part of the splint provides the driving force to 
move a component of the splint. This then moves a 
joint or successive joints, e.g. rubber bands, spring 
wire. 


7. Finger Loop 

These circumferentially attach a dynamic assist to 
the finger. They are made of flexible but inelastic 
material. 

8. Finger Nail Attachment 

Finger nails provide an attachment site for a dynamic 
assist. Purchase may be adhered to the nail using 
fast-setting ethyl cyanoacrylate or sutured through 
the distal free edge of the nail body. 

9. Forearm Bar or Trough 

This is the longitudinal portion of the splint proximal 
to the wrist, placed dorsally or volarwards. It provides 
the long lever arm to disperse the weight of the hand. 
It is about two thirds of the length of the forearm to 
minimize the résultant pressure. 

10. Hypothenar Bar 

It extends round the ulnar border of the hand to the 
volar surface. It supports the fourth and fifth 
metacarpal area of the transverse arch and prevents 
ulnar déviation of the wrist. It should not hamper the 
flexion of the ring and little finger MP joints. 

11. LumbricalBar 

This is the extension of the splint over the dorsum of 
the proximal phalanges of one or more fingers to 
prevent extension or hyperextension of the 
metacarpophalangeal joint. 

12. Metacarpal Bar 

This bar is placed across the surface of the metacarpal 
dorsally or on the volar aspect. It maintains the 
transverse metacarpal arch. The ulnar and radial 
extensions of the metacarpal arch frequently include 
a hypothenar or an opponens bar, respectively. 

13. Opponens Bar 

This component, usually in conjunction with a 
C-bar, positions the first metacarpal in various 
degrees of abduction and opposition and at the same 
time restricts radio-dorsal motion of the first 
metacarpal. 

14. Outrigger 

This is the part which extends out from the main body 
of the splint and provides attachment to dynamic 
assists. Dynamic assists are attached through loops 
to the fingers at one end and to the outrigger at the 
other end. 

15. Finger Platform 

(Finger pan, platform) supports ail the joints of the 
second through fifth fingers, usually in slight flexion. 
It éliminâtes ail finger movements and provides rest, 
prevents or corrects contractures. 

16. Prop 

It is an attachment to the main body of the splint 
which takes the weight of the splint off the surface to 
the body and thus prevents pressure sore. 
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17. Reinforcement Bar 

This component provides extra strength to the splint. 
However, it is préférable to choose a material of 
sufficient strength to eliminate the use of any 
reinforcement. 

18. ThumbPost 

It is the distal extension of C band and statically 
supports the proximal and distal phalanges of the 
thumb, but allows opposition with the other four 
fingers. 

19. WristBar 

This is the part of the splint which supports the carpal 
area. This bar frequently connects the forearm and 
the metacarpal bars. 

Classification of Splints 

Splints hâve variously been classified depending upon 

their purpose, shape, mechanics, driving force, material 

used or positioning. 

1. Based on purpose of application, e.g. Knuckle bender 
splint, cock-up splint, external assist splint. 

2. Based on external configuration, e.g. Bar splint, spring 
splint, contoured splint, combination splint. 

3. Based on mechanical characteristics, e.g. static or 
passive splint, dynamic splint. 

4. Based on source of power, e.g. Dynamic internally 
powered, and externally powered, splint. 

5. Based on material used, e.g. Métal, plastic, plaster of 
Paris, rubber, rexine, etc. 

6. Based on anatomie part, e.g. Wrist, finger, thumb, splint. 
The most prévalent classification is based on the 

inhérent mechanical characteristics, resulting in three 

sub-divisions. 

a. Static Splints (Immobilizing Splint) 

Static Splints are those without any mobile component 
and provide support and immobilization to one or 
more joints. Serial stretch splints are also static splints. 

These splints are used to immobilize an inflamed 
or healing part, fracture or reconstructive procedure. 
Any part not involved in the injury should be left free 
to move. 

A static splint, by immobilizing and thus 
stabilizing one joint, promotes motion in other normal 
joints. In osteoarthritis of carpo-metacarpal (CMC) joint 
of the thumb, pain causes disuse of the whole thumb. 
But if a splint can be provided which immobilizes the 
(CMC) joint, the pain would be alleviated and patient 
can use the MP and IP joints of thumb effectively. 

Rheumatoid arthritis is characterized by ulnar drift 
of the fingers. A static splint positions the fingers in 


correct alignment. This may, however, require a more 
effective form of night resting splint and a more limited 
form of day working splint. 

Contractures may develop because of unopposed 
action of a group of muscles, capsular shortening on 
the relaxed side, fibrosis of edematous tissue, burns. 
Static splints, if provided at an early stage, can prevent 
contractures. However, one should note that the limb 
should be removed out of the splint, at least twice a 
day and put through a full range of motion to prevent 
fixed deformity. 

Serial static splints should be used in between 
therapeutic stretching of the contractures. 

b. Semi-dynamic Splint (Directive Splint) 

Like static splints, semi-dynamic splints don't hâve 
any mobile component, but provide function by 
positioning one or more joints in a more favorable 
position, i.e. a cock-up splint, which positions the 
wrist in extension and permits the fingers to function 
more effectively in the desired direction. A splint 
which blocks movement of MP joint and concentrâtes 
the long flexor excursion on the IP joints is required 
when the injured flexor tendons of a finger are 
healing, to avert adhesion. A splint which blocks the 
movements of the PIP joint and allows only the flexor 
digitorum profundus to act prevents adhesions with 
the flexor digitorum sublimis. 

c. Dynamic Splint (Lively) 

A driving force is added to the splint so as to alter the 
passive range of motion of one or more joints. This 
driving force is provided either externally by rubber 
bands, springs, cords or Velcro strips or internally by 
patients residual muscle power at a given joint to 
produce motion of affected joints. Dynamic splints 
are also called functional, kinetic, lively or substituting 
splint. 

When weak muscles are recovering, exercises are 
necessary to restore power, tone and endurance while 
keeping the limb in the appropriate position. A reverse 
knuckle bender splint is one which keeps the MP joints 
extended and allows IP joints to be flexed and thus 
strengthening the weak flexors of the IP joints. 

Dynamic splints are also used for correction of 
early deformity by using springs which counter active 
muscle function after injury to the volar structures 
around an IP joint. 

A low ulnar palsy is characterized by clawing of 
little and ring, finger, which leads to abnormal fist 
closure biomechanics and subséquent contractures. 
Early dynamic splintage would correct the abnormal 
biomechanics and prevent contracture. 
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Material used in Fabrication of Splints 

There is a wide spectrum of splinting material available in 
the world market; including plaster of Paris, aluminum, 
fiber glass, elastic, Lexon, Merlon and others. Each has its 
advantages and disadvantages. Whole générations of 
plastics are mentioned in Western books, but these are 
often not available to many of us. Plastics are not as durable 
as aluminum or as inexpensive as plaster of Paris but hâve 
an edge over others when it cornes to cosmesis and ease of 
fabrication. 

This book aims at réduction of the cost and increase 
the ease of fabrication of splints while keeping the 
cosmetic and fit principles of the splint in view. A surgeon 
practicing hand surgery should be able to fabricate his 
own hand splints. 

Material Used 

1. Rubber from motor-car tubes 

2. Rubber and Polythene tubing, of various sizes: 3/4" 
and 7/8" diameter of 1/16" gauge are the common 
sizes in use. Polythene tubing is suitable for a few 
purposes being less visible (transparent), light 
weight and it can be perforated for aération. 

3. Aluminum strips of 1/2" width (1/16" and 1/8" 
gauge). 

4. Urethane foam or foam rubber sheeting 1/4" thick 
and 1/8" thick felt 

5. Elastic Rubber bands of various sizes 

6. Elastic plaster tape. 

7. Adhesive plaster tape 

8. Gum Resin and rubber adhesive 

9. Corset hooks or pant hooks 

10. Shirt buttons 

11. Spring wire 14 to 20 swg. 

12. Aluminum wire 14-16 swg 

13. Shoe eyelets and rivets 

14. Lantern wick of different widths - 1/2" or 3/4" for 
straps. 

15. Plastic tube 3/4" diameter 

16. Elastic crape bandage 

17. PVC tape (insulation tape) 

18. Velcro fastener. 

Application of Motor Car Rubber Tube 

Motor car rubber tube is fairly smooth, soft and elastic. It 
can be eut in strips of desired size. 

Finger Slings 

Usually strips of 10 cm x 2 cm are eut. A hole is punched at 
either end. The inner side is lined with felt. Patients find 


these slings more comfortable than the commonly used 
ones, made of leather or plastic. 

Lining material for métal splints 

The rubber can be adhered to the aluminum strip with 
rubber adhesive and can be economical padding material. 

Straps for the Splint 

Rubber straps (30 cm x 20 cm, average) are covered with 
skin colored adhesive tape or leather cloth to make them 
strong and aesthetically acceptable. A hole is eut on one 
end and a button stitched to the opposite end. Alternatively 
Velcro straps are stitched at the ends for easy application. 
Straps 30 cm x 20 cm are average size. 

Wrist Bands 

30 cm x 7.5 cm is an average adult size and covered with 
adhesive tapes and lined on the undersurface with felt or 
urethane foam for extra comfort. 

Application of Rubber and Polythene Tubing 

Ordinarily, rubber tubing 3/4" to 1 /2" diameter and about 
2 mm thick makes a good splinting material. Use of a 
material softer than an endotrachéal tube is recommended. 
The size varies as per fit. 

Rubber tubing présents a good cylinder which moulds 
perfectly well over the fingers. 3/4" diameter is usually 
suitable for thin fingers but 1" diameter may be required 
for an adult finger. 

The tube is split longitudinally, edges are rounded, 
and the inside lined with soft felt. This straight splint makes 
a convenient gutter for straight immobilization or 
straightening out a bent finger due to inhérent recoil of the 
rubber. 

Removal of V or U section of both sides of the halved 
tube renders the splint pliable so that it will accommodate 
to a deformity and flare of the joint and also gives it a 
controlled recoil action. The strength and effectiveness of 
the recoil dépends upon the depth of the "V" eut and the 
length of gutter on each side of the eut. 

The tubing can be slipped over an aluminum strip to 
serve as padding. When the aluminum strip needs to be 
curved, the tube over it is given multiple transverse cuts 
over the convex side, so that it does not buckle on concave 
side. 

Slits may be made in the tube for the aluminum strips 
or flattened ends of the rubber tube to pass transversely to 
form a secure right angle joint. This has obviated the use of 
rivets. 
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Low Température Thermoplastic Splints 

Thermoplastic is a type of plastic that responds to heat: 

• When heated it becomes soft and is easily moulded to 
make splints. 

• When it cools it takes on the new moulded shape and 
becomes rigid again. 

Thermoplastic splints are generally lightweight. They 
are moulded to the shape of the limb and can 
accommodate different shapes. Thermoplastic splints may 
be lined or unlined depending on the part of the body 
involved and the purpose of the splint. 

Function 

• Support and rest the joints 

• Maintain the joint in a functional position 

• Help reduce pain/swelling in the joint 

• Prevent shortening on the muscles 

Prior to the advent of low-temperature thermoplastic 
materials in the 1970s, therapists used plaster of Paris, 
leather, métal, and high-temperature plastics to construct 
hand splints/orthoses. The use of these materials 
required significant construction time after measure- 
ments and/or molds were taken of the patient. Multiple 
patient visits and fittings were usually required. 
Adjustments and modifications were cumbersome and 
time-consuming. With the introduction of low- 
temperature thermoplastic materials, the splint/orthosis 
could be molded directly to the patient and completed in 
one patient visit while other therapeutic intervention 
occurred. Modifications and adjustments to the orthosis 
could also be completed quickly and efficiently. At the 
same time as the advent of low-temperature thermoplastic 
materials, the specialties of hand surgery and hand therapy 
rapidly developed. The growth of these specialties greatly 
expanded the use of custom-fitted low-temperature 
splints/orthoses with hand patients. 

Splints/orthoses made of low-temperature thermo¬ 
plastic materials can be fitted directly to the patient and 
easily changed. They hâve become an intégral part of the 
therapy process when regaining motion or function in the 
hand. Each splint/orthosis has a spécifie goal and, as the 
therapeutic goal/s change, the design and/or use of the 
orthosis evolves. Although many splints/orthoses may 
be worn long term, many are also worn only during the 
post-injury/post-surgical period. 

Instruments used in Fabrication of Splints 

1. Scissors 

- Strong 

- Fine,pointed 


2. Shearstocutthealuminumstrips. 

3. Wirenippers 

4. Pliers 

- Square tip 

- Round nose 

5. Mallet 

- Wooden 

- Ordinary 

6. Screw driver handle, with détachable tool bits. 

7. Heavy duty stapler 

8. Shoe eye pliers 

9. Hand or electric operated drill 

10. Files 

11. Benchvice 

12. Bench iron or anvil 

13. Leather sewing machine 

14. Tin cutter 

15. Jig for making spring coils. 

Jig for Construction of Spring or Hélix 

Stand 

This is a solid piece of iron with a central hole and bolts 
mounted diametrically opposite to each other. 

Disk 

This disk has a diameter of 6.3 cm and is about 1 cm thick. 
It has a central hole. Several disks are required with 
variable sizes of the central hole, like 0.5 cm, 1 cm, 1.5 cm 
diameter. The other two holes are for the boit fitted to the 
stand. These holes also hâve diameter of 1 cm each. 

Nuts(Fig. 10) 

These fasten the disk to the stand. 



Fig. 10: Nuts 
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Tool Bit 

This is a 7 cm long cylindrical piece of iron. One end 
engages the handle. The other end has a slit 2.5 cm deep. 
Several bits are required of varying diameters of this part. 
0.5 cm diameter bit is used for making Capener splint, 1.0 
cm for reverse knuckle, thumb abduction contracture splint 
while 1.5 cm diameter bit is for spring cock up splint. 0.5 
cm diameter bit has a narrower slit and accommodâtes 18 
or 20 swg wires, 1 cm diameter bit accommodâtes 16-18 
swg wires, while 1.5 cm bit has a wider slit for 12-14 swg 
wires. 

Handle 

This is right angle iron rod to which the bit is fixed with a 
screw. 

Préparation of a Coil (Fig. 11 ) 

Each coil consists of several helices depending upon the 
torque required and lies some where between the two ends. 
It is bénéficiai to détermine the size of one of the arms 
before fashioning the spring. 

Spring wire of required gauge and length is taken. It is 
bent through a right angle at a certain distance depending 
upon the required size of the distal arm. 

The proximal arm is passed through the slit in the bit 
and bit passed in the disk of the jig. The vertical arm of the 
wire is kept quite near the handle so that when coils are 
made its passage is not obstructed by the nuts fixing the 
disk. 

The horizontal arm (proximal arm) lying over the disk 
is fixed between the disk and the nut by tightening the nut 
over it. 

By tightening the wire at 5 o'clock position and rotating 
the handle clockwise, one gets a clockwise spring, while 
tightening the wire at 7 o'clock position and rotating the 
handle anticlockwise makes an anti-clockwise spring. 

After the coil is made, the bent distal arm (vertical arm) 
is re-bent to its original position to produce parallel arms 
in the coil. 

When three turns are given with a handle, it recoils 
back through a half circle and produce a coil with 2 1/2 
helices. Thus when a spring or coil is prepared the handle 
is rotated through half a circle more than the number of 
helices required. 

CLINICAL APPLICATIONS OF SPLINTS 

1. Mallet Finger Splint (Fig. 12) 

Type Static 

Purpose To immobilize the DIP j oint in slight 

hyperextension to approximate a 




Fig. 11: Coil préparation 



Fig. 12: Mallet finger splint 
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Indications 


Wearing time 


Précautions 


Correctfit 


ruptured, lacerated, or avulsed terminal 
extensor mechanism at the distal 
phalanx. 

Rupture, lacération, or avulsion of the 
terminal extensor mechanism at the 
distal phalanx. 

The splint is worn continuously except 
for cleaning. Acute injuries (< 3 weeks 
from date of injury); the splint is worn 
for 6 weeks. Chronic injuries (> 3 weeks); 
the splint is worn continuously for 8 
weeks. 

The DIP joint must be held continually 
in extension even when the splint is 
removed for cleaning. Do not place a 
hyper-mobile DIP joint in more than 15° 
of hyperextension. 

Position the DIP joint in slight 
hyperextension. Place tape across the 
DIP joint for completion of the three- 
point pressure. Allow full range of 
motion of the PIP joint. 


2. CylinderCast(Fig. 13) 


Type 

Purpose 


Indications 


Wearing times 


Précautions 


Correctfit 


Static 

To serially increase passive PIP joint 
extension (generally used with PIP joint 
flexion contractures less than 50°). 

Soft tissue injuries. Arthrofibrosis 
secondary to trauma. Boutonnière 
deformity. PI and P2 fractures (once 
clinically healed). 

Generally worn at ail times between 
exercises and at night. With boutonnière 
deformity, once the PIP joint cornes to 0° 
passively, it is held there for 6 to 8 weeks. 
The patient should return for cast 
changes every 3 to 4 days. Watch for soft- 
tissue breakdown on the dorsum of the 
PIP joint. Edema may cause difficulty 
with removing the cast. Do not use before 
removal of sutures or with soft tissue 
macération. 

The PIP joint should be held in full 
passive extension. 




Fig. 13: Cylinder cast 
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3. GutterSplint 

Type 

Purpose 

Indications 


Wearing times 


Précautions 


Correctfit 


Static 

To protect or immobilize the PIP and 
DIP joints in full extension. 

PIP Arthroplasty. 

Boutonnière deformity (only the PIP 
joint is splinted). 

Repair of digital extensor tendon. 
Extensor/ flexor tenolysis 
Fusion of the PIP or DIP joint. 
Phalangeal fractures (P2 and distal 
PI). 

Worn between exercise sessions 
following repair of the digital extensor 
tendon. The splint is first applied at 
4Vi weeks post repair when AROM 
exercises are initiated and 
discontinued at 8 weeks. Worn 
between exercise sessions to minimize 
extensor lags and to protect from 
latéral stress following PIP joint 
arthroplasties. Worn between exercise 
sessions to prevent récurrence of a 
flexion deformity following a PIP joint 
volar capsulotomy or flexor/extensor 
tenolysis. Worn between exercise 
sessions to prevent extensor lags with 
phalangeal fractures. 

Watch for hyperextension of the 
splinted joints as well as latéral 
déviation. 

Narrow straps may increase digital 
edema of the splinted joints. 

The gutter splint should position the 
indicated joints in full extension with 
the exception of fusions, which should 
be placed at their pinned position.The 
gutter splint should hâve sufficient 
latéral height to prevent radial or ulnar 
déviation with PIP joint arthroplasties. 
The straps of the gutter splint should 
rest proximal to the PIP joint and over 
the DIP joint. 


Wearing times 


Précautions 


Correctfit 


The tip protector is worn for protection 
during hand use and may be removed 
to air the pin sites while the hand is at 
rest. 

The splint should not block motion of 
the PIP joint. If the fit is too snug, it may 
cause discomfort at the pin sites. 

The splint should cover the distal 
phalanx, fit snugly around the middle 
phalanx, and allow full ROM to the 
PIP joint. 


5. Full Extension Resting Pan Splint 


Type 

Purpose 


Indications 


Wearing times 


Précautions 


Correctfit 


Static 

To protect extensor tendon repairs and 
prevent extensor lags. To prevent or 
résolve extrinsic flexor tightness by 
gradually increasing wrist and digital 
extension. 

Extensor tendon repairs (dorsum of the 
hand and forearm) 

Volar MP and IP joint capsulotomies. 
MP joint arthroplasties 
Flexor or extensor tendon tenolysis 
Extrinsic flexor tightness (a minimum of 
6 weeks post flexor tendon repair). 
Between exercises and at night following 
MP and IP joint volar capsulotomies and 
extensor tendon repairs. At night 
following MP arthroplasties. Between 
exercises and at night following flexor 
and extensor tenolysis. 

Prevent hyperextension of the MP joints 
by placing the MP joints in 15° flexion. 
Protect MP joint arthroplasties from 
hyperextension and ulnar déviation. 
The wrist should be positioned in 15° of 
dorsiflexion with the MP joints resting 
in slight flexion and the IP joints in full 
extension. In the case of extrinsic flexor 
tightness the wrist and digits should be 
positioned in maximum extension. 


4. Tip Protector Splint 

Type Static 

Purpose To immobilize or protect the finger tip 

from external trauma. 

Indications Digital amputations. Nail-bed 

injuries. Soft- tissue injuries. DIP joint 
pins from DIP fusion of mallet 
repair. Tuft fractures. 


6. Capener Splint (Fig. 14) 

Type Dynamic three point pressure. 

Purpose To increase passive PIP joint 

extension (50° passively or less). 
May assist a weak extensor 
mechanism at the PIP joint while 
continuing to allow flexion of the 
digit. 
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Fig. 14: Capener splint Fig. 15: Dorsal outrigger 


Limited or passive PIP joint 
extension following: 

Digital extensor tendon injury. 
Traumatic arthrofibrosis. 

Volar PIP joint capsulotomy/ 
capsulectomy. 

Flexor tenolysis 

The Capener splint is preferably 
worn as much as possible between 
exercises during the day and at night 
until the flexion contracture is 
resolved. 

Watch for discoloration or vascular 
compromise of the digit due to a 
decrease in arterial or venous blood 
flow. 

Do not allow hyperextension of 
either the PIP or DIP joints. 

Watch for soft tissue breakdown over 
the proximal phalanx. Not indicated 
when the dorsal aspect of the PIP 
joint is painful or the skin is irritated. 
The proximal volar aspect is placed 
on the volar side under the base of 
the proximal phalanx. The middle bar 
lies dorsal and just proximal to the 
PIP joint.The distal volar aspect 
should be secured proximal to the 
DIP flexion crease. 

7. Dorsal Outrigger (Fig. 15) 

Type Dynamic with static wrist 

Purpose To increase passive MP joint extension. 

Indications Limited passive extension of the MP 

joints following: 


Arthrofibrosis of the MP joints 
secondary to trauma. 

Intrinsic contractures. 

Metacarpal fractures (especially near 
the head and neck of the bone). 

Skin contractures of the palm 
secondary to skin grafting 

Wearing times The splint is generally worn four times 
a day for 1 hour sessions. 

The wearing times are adjusted 
according to the déficit. 

Précautions Possible pressure points include: 

Dorsum of the hand. 

Ulnar styloid 

First web space and the transverse 
palmar arch secondary to pressure 
from the palmar bar. 

Correct fit The wrist is included to increase the 

stability of the splint by increasing the 
lever arm. 

The MP joints should not be allowed 
to hyperextend. 

The rubber bands should be at a 90° 
angle from the outrigger to the 
proximal phalanx. 

8. Wrist Cuff with MP Slings (Fig. 16) 

Type Dynamic 

Purpose To increase or maintain passive 

MP extension 

Indications Limited passive MP flexion secondary to: 

Traumatic arthrofibrosis 
Phalangeal fractures (once clinically 
healed) 


Indications 


Wearing times 


Précautions 


Correctfit 
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Fig. 16: Wrist cuff with MP slings 


Wearing 

times 

Précautions 


Correctfit 


Extensor tendon repair (a minimum of 
6 weeks post operatively) 

Extensor tenolysis and/or dorsal 
MP capsulotomies. 

The splint is generally worn four times a 
day for 1 hour sessions. The wearing times 
are adjusted by the passive limitation. 
Watch for digital migration of the wrist 
cuff which may place pressure in the 
pisiform and/or the base of the first 
metacarpal. 

The dynamic traction should be at a 90° 
angle to the proximal phalanx. 

The dynamic traction should be directed 
in the natural line of pull of the digits 
toward the scaphoid. 


9. Wrist Cuff with IP Hooks (Fig. 17) 


Type 

Purpose 

Indications 


Wearing times 


Précautions 


Dynamic 

To increase or maintain passive MP 
and PIP flexion of the digits. 

Limited passive MP and PIP joint flexion 
secondary to: Traumatic arthrofibrosis 
Metacarpal and/or Phalangeal fractures 
(once clinically healed) Extensor tendon 
repair (a minimum of 6 weeks post- 
operatively) 

Extensor tenolysis and/or dorsal 
MP capsulotomies of the MP/PIP joints. 
The splint is generally worn four times a 
day for 1 hour sessions with wearing 
times adjusted according to the passive 
flexion déficit. 

Watch for digital migration of the wrist 
cuff which may place pressure in the 


pisiform and/or the base of the first 
metacarpal. 

Correctfit The dynamic traction should be directed 
in the natural line of pull of the digits 
toward the scaphoid. 


10. Wrist Cuff with MP Slings and IP Hooks 
(Figs 18 and 19) 


Type 

Purpose 


Indications 


Wearing times 


Dynamic 

To increase or maintain passive MP and 
PIP motion of the digits with minimal 
passive assistance to the DIP joints. 
Limited passive MP and PIP joint flexion 
secondary to: Traumatic arthrofibrosis 
Soft tissue crush injury 
Phalangeal fractures (once fractures are 
clinically and radiographically healed) 
Extensor tendon repair (a minimum of 
6 weeks after repair) 

Dorsal MP, PIP capsulotomy, and/or 
Extensor tenolysis of the hand. 

The splint is worn an average of three 
times a day for 45 minute sessions. If 
there is significant capsular or 
ligamentous tightness the splint should 
be worn for a longer time. 



Fig. 17: Wrist cuff with IP hooks 



Fig. 18: Wrist cuff with MP slings and IP hooks 
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Fig. 19: Wrist cuff with MP slings and IP hooks 

Précautions Watch for:Circulatory problems and/ or 

increased edema. Excessive pressure 
along base of first metacarpal and/ or 
pisiform 

Compression of the SBRN 

Correct fit The base of the splint should rest just 

proximal to the distal wrist flexion 
crease. The line of pull of the dynamic 
traction should be directed toward the 
scaphoid. This is the natural direction the 
digits follow with attempted 
flexion. There should be comparable 
tension on the MP flexion cuffs and IP 
hooks. The wrist cuff should hâve 
separate holds for each digit for the 
rubber band traction. 

11. Wrist Immobilization with MP Slings and 
IP Hooks (Fig. 20) 

Type Dynamic traction to the MP/PIP/DIP 

joints with static immobilization of the 
wrist. 

Purpose To increase passive MP/PIP/DIP joint 

motion in a composite mariner. 

Indications Limited passive range of motion of the 

digits secondary to: 

Extrinsic extensor tightness 
(The wrist may be placed in flexion up 
to 450 to aid in resolving the extrinsic 
extensor tightness) 


Arthrofibrosis of the MP/PIP. DIP joints 
secondary to hand trauma. Extensor 
tendon repairs ( may be used six weeks 
after repair with careful observation for 
the development of extensor lag) 
Extensor tenolysis and/or MP, PIP, DIP 
capsulotomies (This splint may be 
indicated in place of a wrist cuff when 
the patient has a weak wrist and tends 
to flex the wrist palmarly while wearing 
the wrist cuff, when there is a need to 
place the wrist in a spécifie position, 
when the wrist must be protected and 
immobilized, or when the wrist must be 
protected and immobilized). 

Précautions Watch for distal slippage of the splint 

into the distal palmar flexion crease. The 
mechanics of the splint create this 
problem. Do not place more than 
8 ounces of tension on MP slings and IP 
hooks. 

Correct fit The wrist immobilization portion of the 

splint should end just proximal to the 



Figs 20A and B: Wrist immobilization with MP slings and IP hooks 
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distal palmar flexion crease. A 90° line 
of pull is necessary from the bone being 
mobilized. The tension on the rubber 
bands should be 8 ounces or less. 


12. Safe Position or Resting Pan Splint 
(Platform Splint) (Fig. 21) 


Type 

Purpose 


Indications 


Wearing times 


Précautions 

Correctfit 


Static 

This splint is used to prevent MP joint 
extension contractures and PIP joint 
flexion contractures often seen 
secondary to crush injuries and 
phalangeal fractures. 

Metacarpal fractures 

Proximal phalanx fractures 

Soft tissue crush injuries 

Second and third degree burns 

Dorsal MP capsulotomies 

The splint is worn between exercises and 

at night. Exercise times are determined 

based on healing of the injured area. 

The straps should hâve a wide area of 
application to minimize the edema. 

The MP joints are placed in maximum 
flexion with the IP joints in full 
extension. This places the collateral 
ligaments of these joints on maximum 
stretch. The splints should hold the wrist 
in 25 of dorsiflexion, the MP joints at 
approximately 75° flexion, and the IP 



joints in full extension. The thumb is 
placed midway between radial and 
palmar abduction. 

13. Web Spacer Splint (Fig. 22) 

Type Static 

Purpose This splint is used to maintain the first 

web space. It may also be used to 
increase serially the passive abduction 
of the thumb and/or increase extension 
of the thumb MP joint. 

Indications The splint prevents or attempts to correct 

first web space contractures resulting 
from: 

Crush injuries 

Burns 

Disuse 

Myostatic contracture of the thumb 
intrinsics 

Médian nerve injury 
(motor component) 



Figs 21A and B: Platform splint 


Figs 22A and B: Web spacer splint 
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Wearing 

times 


Précautions 


Correctfit 


The splint is often used six weeks after 
a trapezial arthroplasty for protection 
and when there is a slight contracture 
of the web space. 

When used serially, the splint is often 
worn between exercises and at night. It 
must be adjusted weekly until the 
abduction/extension matches the 
uninvolved thumb or progress plateaus. 
With acute low médian nerve palsies, the 
web spacer is generally worn only at 
night. 

When one is serially increasing 
abduction, the folds should be directed 
to the CMC joint and care should be 
taken that the MP joint ulnar collateral 
ligament is not significantly stretched. 
The web spacer should be fitted so that 
it dose not extend beyond the distal 
palmar flexion crease, which would 
block MP flexion. Generally, the splint 
only immobilizes the thumb MP joint 
unless the EPL or the IP joint requires 
protection. 


14. Wrist Cuff with Slings and IP Hooks (Fig. 23) 

Type Dynamic 

Purpose This splint is used to increase passive 

flexion to the thumb MP and IP joints as 
well as the CMC joint. 

Indications Arthrofibrosis 

Soft tissue trauma 



Clinically healed fractures of the thumb 
EPL repair (a minimum of six weeks post 
operatively) 

MP and/or IP dorsal capsulotomies 

Wearing times The amount of wearing time should be 
determined by the severity of 
arthrofibrosis, tendon tightness, or 
capsular stiffness. An average wearing 
schedule would be three times a day for 
45 minute sessions. 

Précautions Watch for distal slippage the splint. 

Pressure may occur on the pisiform and 
potentially on the ulnar nerve in this 
area. 

Correctfit The wrist cuff is placed on the ulnar 

border of the wrist and formed to the 
midline of the volar and dorsal surfaces 
of the wrist. 

A 90° line of pull to the proximal and 
distal phalanges is necessary. 


15. Dorsal Wrist Extension Block Splint 
(Cock-up Splint) (Fig. 24) 


Type 

Purpose 

Indications 

Wearing times 

Précautions 

Correctfit 


Static 

This splint is worn to prevent extension 
of the wrist and yet allow active flexion 
and extension of the digits. 

The splint is worn with médian and 
ulnar nerve repairs and/or repairs of 
wrist flexors (FCU,FCR,PL) 

The splint is worn continuously for 6 
weeks from the date of the repair. 
Potential areas for pressure points 
include the ulnar styloid. 

For wrist flexor tendon repairs combined 
with nerve repairs, the splint should 
initially hold the wrist securely in 30° of 
palmar flexion. Wrist extension should 
be increased by 10° incréments from 3rd 
to the 6th week. 



Fig. 23: Wrist cuff with slings and IP hooks 


Fig. 24: Cock-up splint 
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16. Buddy Tapes (Fig. 25) 


Type 

Purpose 


Indications 


Wearing times 

Précautions 

Correctfit 


Static 

These prefabricated devices may be used 
to secure one finger to the adjacent digit 
and allow full digital function. 

Buddy tapes are used primarily: To 
prevent ulnar or radial déviation of the 
PIP joints following PIP joint 
replacement arthroplasty 
For strains of radial or ulnar collateral 
ligaments of the MP or PIP joints 
For exercise purposes, to use the ROM 
of a normal digit to assist a digit that does 
not hâve full function 
To protect undisplaced fractures of the 
proximal and middle phalanx and allow 
early ROM if the fracture is truly stable 
with no displacement in any plane and 
foliow-up x-rays are taken to détermine 
any developing displacement or 
angulations. 

The buddy tapes are worn continuously 
except in those cases where they are used 
for exercise only. 

Buddy tapes should not be used on an 
edematous digit 

Two tapes are used approximately 1 / 2" 
wide. The first is brought between the 
two digits to be taped, wrapped around 
the proximal phalanx of each digit and 
then secured back upon itself. The 
second tape is applied in the same 
manner around the middle phalanx. 


17. Boutonnière Splint 

Type Static 

Purpose This splint is primarily used 

following acute and chronic 


Indications 


Wearing times 


Précautions 


Correctfit 


boutonnière deformity to 
immobilize the PIP joint at neutral 
while allowing full active and 
passive ROM of the MP and DIP 
joint. 

Acute or chronic boutonnière 
deformity. Following reconstructive 
procedures to the central strip 
(e.g. Elliott repair) 

The splint is worn continually for 
6 to 8 weeks before ROM exercises 
are initiated. (Note: For chronic 
boutonnière deformities the PIP 
must be mobilized to 0° passively 
before this splint may be utilized.) 
The PIP joint must be passively 
mobile to 0° of extension for proper 
fitting of the splint. 

The distal wrap- around band must 
not be constrictive. The proximal 
edge of the splint must be 
sufficiently long to secure the 
proximal phalanx. 

The splint is fit on the volar side 
holding the PIP joint in full extension 
with a distal wrap-around band fit 
just proximal to the DIP flexion 
crease. 


18. Glove Rubber Bands (GRBs) 


Type 

Purpose 

Indications 

Wearing times 

Précautions 


Treatment technique 

To increase passive PIP and/or DIP 

flexion 

Dorsal capsular tightness of the PIP 
and/or DIP joints 

GRBs are worn for a maximum of 5 to 
10 minute sessions. 

Watch for vascular compromise 
Should not be used with: 



Figs 25A to C: Buddy tapes 
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Edematous digits 
PIP/DIP arthroplasties 
Ring avulsion injuries 
Vascular disorders (i.e. Raynaud's 
phenomenon, systemic lupus 
erythematosus, scleroderma) 

Correct fit The digit is held in as much flexion as 

possible. The glove rubber band is then 
placed on the distal phalanx and brought 
around the proximal phalanx as shown. 
(Note: Glove rubber bands are eut from 
the digital portion of surgical gloves. The 
eut segments are approximately 1 /2" 
wide) 


19. Wide Rubber Bands (WRBs) 


Type 

Purpose 

Indications 

Wearing times 
Précautions 

Correctfit 


Treatment technique 

To increase passive PIP and/or DIP 

flexion 

Limited passive of the PIP and/or DIP 
joints secondary to extensor tendon or 
dorsal capsular tightness. 

The rubber bands should be worn for a 
maximum of 10 minute session. 

Watch for vascular compromise. WRB's 
are contraindicated when edema is 
présent and with PIP/DIP 
arthroplasties. 

The wide rubber band should be applied 
over the dorsum of the metacarpals and 
then over P2 and/or P3 as indicated. 


20. Static/Dynamic Elbow Splint (Fig. 26) 

Type Dynamic or Static 

Purpose This splint is used to provide an 

adjustable dynamic force for elbow 
flexion or extension 



Fig. 26: Dynamic elbow splint 


Indications 


Wearing times 


Précautions 


Correctfit 


Limited elbow flexion or extension 
secondary to trauma. immobilization, or 
following release of an elbow flexion 
contracture 

The splint is worn between exercises 
during the day; the patient can make it 
a static elbow extension splint at 
night. 

Watch for pressure from the straps and 
shoulder pain from the use of the 
splint. Be especially watchful for 
potential compression of the radial 
nerve proximal to the elbow. 

The upper arm and forearm straps 
should span two thirds the length of 
both areas. 





INTRODUCTION 

Amputations of the hand may occur as a resuit of trauma, 
or as an elective operation for malignant tumor or rarely 
in congénital deficiency. Most of the amputations in hand 
resulted from injury. Various causes of injuries of hand 
in India are so different from the developed world that it 
may be difficult for those residing in such parts to believe 
it. But fact remains that primitive agricultural machines 
such as Kutty machine, thresher machine and such like 
take a heavy toll of hands of young men and women 
every year. The cumulative disability, thus produced 
would shock any one. 

In extremity amputations, it should always be 
remembered that a prosthesis can never even corne close 
to imitating the functions of a normal hand. This is so 
because a prosthesis howsoever sophisticated and 
modem in design can never hâve sensation which is so 
important for functioning of a hand. Further the vast 
range of movements and functions of human hand, its 
dexterity, its power, its span cannot be mimicked by a 
man-made prosthesis now or in foreseeable future. 

It is the surgeon's responsibility to know the patients 
occupation and to appreciate the patient's emotional 
attitude regarding the amputation. 

The main objects of amputation is to preserve as much 
function as possible in injured and uninjured parts of the 
hand, shorten healing time and early return to work. 
Adults with well-defined functional rôles may be treated 
by a more aggressive attitude so that they can be 
rehabilitated early. In children where ultimate rôles are 
less well-defined, the approach should be conservative. 6 
The principles of the management of such injuries hâve 
changed radically as a resuit of development of 
microsurgical techniques. This technique is demanding. 


time consuming and requires a team with expertise and 
expérience which is not freely available. Reimplantation 
can be considered when a major portion of thumb has 
been severed or where se ver al digits are involved. This 
procedure cannot yet be considered as routine treatment 
particular for a single digit other than the thumb. 22 

General Principles 

Amputation through the fingers or metacarpals is a 
salvage procedure. The surgery deserves the most careful 
planning according to the site, âge, sex, occupation and 
requirement of the patient. It should not be delegated to 
an inexperienced or junior surgeon. 28 Any amputation 
stump should heal by primary intention, hâve good skin 
cover with normal sensation and the minimum of 
scarring possible. 19 To achieve good results, the surgeon 
must treat tissues with respect and be gentle. Délicate 
instruments for gentle handling are essential: dissection 
should be done in a bloodless field using the pneumatic 
tourniquet. The volar skin flap should be semicircular at 
its end, and it must be long enough to cover the volar 
surface and tip of the stump and join the dorsal flap 
slightly dorsally (Fig. 1). One of the common 
complications of amputation of a digit is painful neuroma 
of the digital nerve. The ends of digital nerves should be 
dissected carefully, pulled gently and cauterized for about 
5 to 6 mm of the nerve with microbipolar cautery, and 
then eut with a sharp knife. 17 Neuromas at the nerve ends 
are inévitable, but they should be allowed to develop only 
in padded areas where they are less likely to be painful 
(Fig. IB). It is much more likely for neuroma to develop 
where there is excessive scarring with the skin being 
unduly tight and adhèrent to the underlying structures. 
The management of the skin is more closely related to 
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the development of a painful neuroma than the treat- 
ment of the digital nerve itself. 19 This scarring may be 
due to the original injury but is compounded by 
hematoma, infection or by a careless operative technique. 
Flexor and extensor tendons should be drawn, distally 
divided and allowed to retract proximally. When an 
amputation is through a joint, the flares of the condyles 
should be resected. Before wound is closed, the tourniquet 
should be released and good hemostasis achieved. In 
multiple digit injuries, one should be conservative in 
deciding amputation, as even a seriously injured digit 
may help for further reconstruction of hand. One must 
examine the injured digit carefully and if there is damage 
of four out of six structures, namely skin, blood vessels, 
nerves, tendons, bones and joints, then one should 
consider amputation. 28 

For optimal care, the surgeon should not only be 
trained in hand surgery but also to be knowledgeable 
about basic functional patterns of the hand, prosthetic 
possibilities and to appreciate the psychological and 
esthetic impact on the patient. 5,9,10 

Emotional Response of the Amputee 

The emotional response is primarily determined by the 
established personality structure as well as by cultural 
values. With traumatic amputation, patient passes 
through three rather well-defined phases of responses. 
The first is one of disbelief and déniai that this could hâve 
happened. Generally this shock-like period is very brief 



Figs IA and B: (A) The digital nerve is sectioned following 
distal traction to allow the inévitable neuroma to form at a 
location proximal to the cutaneous scar, and (B) the volar flap 
should be longer to cover the volar surface and tip of the stump 
and join the dorsal flap slight dorsally 


and occurs in the hospital where ready assistance and 
reassurance are available. Most patients tolerate this 
phase remarkably well. The second phase cornes when 
the patient leaves the hospital. It is characterized by 
anxiety for the situation and ail its implications for the 
future, a time of disillusionment and often hostility, which 
may be manifested directly or transferred in many ways. 
It is during this period of emotional turmoil that informed 
and realistic guidance is most likely to be helpful for 
making adjustments and establishing realistic goals. 

The third phase of emotional response is characterized 
by acceptance of their loss and progressive adjustment 
with the use of ail remaining assets. Help with the 
adjustment may corne from prosthetic de vices, new job 
training, or any number of things, ail of which contribute 
to the common goal of accommodation to the new 
realities. 28 

Rôle of Family 

Support of family members at this critical time is of great 
value. Intelligent parents, sibilings, spouse can also be 
guided to aid in the emotional and physical recovery of 
the patient. In our country with its closely knit family 
structure, the rôle in recovery of the individual should 
be strengthened and steared so that a supportive but not 
overprotective attitude develops. 

Esthetic Considérations 

The hands like face are most important in portraying 
personality. Esthetic considérations mean whether or not 
the loss or the remaining parts are conspicuous enough 
to be disturbing to others and thus to adversely affect 
interpersonal contacts. 28 The manner in which we use 
the hand for ordinary activities is an extremely important 
esthetic factor. If a hand is substantially disfigured by 
partial amputation but has good capability, i.e. fully 
utilized, the disfigurement will go essentially unnoticed 
in casual contacts, e.g. ray amputation of index or little 
finger. In contrast, a patient with an partially amputated 
index finger who keeps it constantly extended by its 
extensor System, acts like a red flag and attracts the 
attention of others. In normal hand, there is a rhythmic 
contour formed by fingertips of digits. This rhythmic 
contour breaks when one of the central fingers is 
shortened by amputation. Obviously, when a useful 
portion of a middle finger or ring finger remains, it must 
be preserved, even if préservation results in a conspicuous 
break in the line. However, when the remaining part is 
so inadéquate as to be useless, substantial improvement 
of the whole hand can be done by ray amputation with 
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ray transposition. 24 However, this may not hold true for 
those involved in heavy manual labor. For ray 
amputation reduces the width of the palm and thus 
reduces the grip strength required in such professions. 
The cosmetic replacement of missing digits is of great 
importance to many patients and has in many ways been 
strangely neglected. 19 

Basic Functional Patterns of the Hand 

Functions of the hand, apart from sensory perception, 
fall logically into three basic types. 20,31 

Précision Manipulations 

Précision manipulations are primarily the function of the 
thumb working in opposition with the pads of the index 
and middle finger, although it may be still effective with 
the ring finger or small finger if the former digits hâve 
been lost. At least, one finger that can be satisfactorily 
positioned and the distal half of the thumb are essential 
for this function and, of course, good sensibility is 
necessary. The médian nerve innervâtes both the skin 
and the muscles that are primarily involved in this 
function. 

Power Grasp 

Effective power grasp is the normal primary function of 
the small, ring, middle finger unit, with most skin and 
basic muscles being innervated by the ulnar nerve. To 
contribute to power grasp, a digit must hâve a good 
flexion arc. The small finger alone working against the 
palm, the thenar eminence, or even an orthotic device is 
remarkably effective and in general the small finger has 
been accorded far too little importance. 13 Also the normal 
small finger can function effectively with the thumb for 
précision manipulation. The index finger contributes least 
to power grasp and when it is the sole remaining finger, 
this function is severely impaired. When there is a thumb 
but only a single finger remaining, the finger is most 
useful in the middle or ring finger position, where it 
contributes effectively to both précision manipulations 
with the thumb and to power grasp by opposing the 
broad palm for three-point fixation (the heads of the 
second and fifth metacarpal with the centrally placed 
finger provides the third point of fixation). 

Nonprehensile Functions 

There are many contributions of an arm after total loss of 
the hand leaving no prehensile capabilities especially if 
skin sensibility is normal. The forearm can both hold and 
push many objects, and flexion of elbow allows other 


objects to be carried in a hook fashion. Still other items 
may be secured between the arm and the chest. 

AMPUTATION OF FINGERTIP 

The fingertips are very important for sensory and 
manipulative functions. Their importance is shown by 
the size of the sensory and motor areas devoted to them 
in man's brain. These qualities cannot be reproduced by 
grafted tissues. The pulps are very vulnérable to injury, 
and this is the most common type of amputation seen in 
the upper limb. The injuries are basically of two varieties: 
crushing or burshing and incised or slicing. The treatment 
of these injuries is controversial. There is general 
agreement that ail length in the thumb should be 
maintained by whatever means available and 
appropriate, there is less agreement about the wisdom 
of or necessity for maintaining the length of digital tip 
amputations in other digits. 6 The treatment should be as 
conservative of pulp as possible, and excision should be 
confined to trimming away the protruding fat with sharp 
pointed scissors. Sutures are often unnecessary but if there 
is a wide gaping wound, a few sutures can be applied. 
Avulsed skin is worth preserving and repositioning 
especially in children. In the traumatic apical pulp loss, 
if the detached part is available, it is usually worth 
reattachment particularly in children and if reported 
early. 7 It seems to act as a good dressing and although it 
does not usually survive, if left alone will eventually 
separate, leaving a perfectly epithelialized pulp as the 
normal pulp skin is pulled distally by contracting scar 
tissue. This results in often better resuit than after a skin 
graft which has inferior sensitivity. 19 

Treatment 

The treatment of fingertip amputations vary markedly 
depending on amount of skin loss, the depth of soft tissue 
defect and whether the phalanx has been exposed or not. 
When skin alone has been lost, only it requires 
replacement, and this is accomplished by a free graft. The 
most common complications after skin grafting were 
induration and fissuring of the skin and reduced 
sensibility. When the soft tissue defect is deep and the 
phalanx is exposed, deeper tissues as well as skin must 
be replaced. Se ver al methods of co ver âge are available. 
Reamputation of the finger at more proximal level 
provides adéquate skin and soft tissue for coverage. It 
may be indicated, when other parts of the hand are 
severely injured or when the entire hand would be 
endangered by keeping a finger in one position for long 
time, as is required for a flap, this is specially true for 
patients with arthritis or for those over 50 years of âge. 
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For small children, reamputation is not required because 
nature will cover the exposed bone in a short time even 
if the surgeon does not. One can get a good stump by 
using subcutaneous tissue and keeping the scar, if 
possible, away from the pulp contact points. 15 The sutures 
must be tension free. The nail remnants must be excised 
carefully. 

When deeper tissues as well as skin must be replaced, 
one of se ver al different flaps or grafts may be used. The 
Atasoy 1 triangular advancement flap (Fig. 2) or Kutler 8 
flap 18 (1947) (Fig. 3) involves only the injured digit, 
provides no additional skin and sometimes impaires 
sensibility. 23 They believed that these flaps were 
contraindicated in those injuries in which there was an 
oblique flap with more palmar skin loss than dorsal and 
in those situations where there was extensive skin loss. 

The dorsal bipedicle flap can be used when ampu¬ 
tation is proximal to nail bed and further shortening is 
unacceptable. This type of flap can be raised from the 
dorsum of the injured finger. However, these hâve certain 
limitations of maneuverability on account of scanty 
subcutaneous tissue, draw the scar towards apex or volar 
side and hâve less vascularity than volar flaps. 



Fig. 2: Atasoy VY technique: (A) Skin incision and mobilization 
of triangular flap, and (B) suturing of base of triangular flap to 
nail bed and closure of defect 



The cross-finger flap provides excellent coverage but 
may be followed by stiffness. This type of coverage 
requires operation in two stages and a split thickness graft 
to cover the donor site. Further the flap in dark-colored 
individuals is less than optimum esthetically. 

Thenar flap also requires operation in two stages. It 
usually will not cover large defects. A local neurovascular 
island graft shifted distally seems idéal in that a good 
pad with noraml sensibility is provided. 23 

A flap from a distant area such as abdomen or 
subpectoral région provides the poorest coverage and is 
followed by the most of the complications. Such flaps 
usually are too thick and are unstable, hyperpigmented 
and hypersensitive. 15,16 

AMPUTATIONS OF SINGLE FINGER 
Index Finger 

The primary function of index finger is to work in 
opposition with the thumb for précision manipulation. 
It secondarily contributes to power grasp. It needs 
adéquate length, sensibility and good mobility for its 
main functions. 4,31 

In amputation proximal to the DIP joint, most patients 
will transfer pinching and picking up small objects to the 
tip of the long finger. Therefore, efforts to preserve length 
by flap cover for injuries proximal to DIP joint are not 
essential functionally. Rather the bone should be 
shortened and covered primarily by the available skin. 

In amputation proximal to insertion of superficialis 
tendon (Fig. 4), the rarely of great functional benefit and 
is esthetically poor. Therefore to improve the function 
and cosmetic appearance, ray amputation is désirable 
specially in women and sedentary workers (Fig. 4B) 3 

Middle or Ring Finger 

Amputation of these digits are esthetically very 
disturbing as they break the normal rhythmic line of hand 
(Fig. 5A). Amputation distal to insertion of the 
superficialis can be treated as for index finger. 
Amputation proximal to the insertion of superficialis is 
important functionally. Its absence in either finger makes 
a hole through which small object can drop when the 
hand is used as a cup or in a scooping maneuver. 

If the metacarpal head has been lost, the adjacenet 
finger s may rota te to cross when they flex. The heads of 
third and fourth metacarpal help to stabilize the 
metacarpal arch by providing attachments for the 
transverse metacarpal ligament. In amputations proximal 
to the distal part of proximal phalanx, visual and 
functional balance of the hand can be improved by ray 


Fig. 3: Kutler VY advancement flap 
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Figs 4A and B: (A) Amputation proximal to insertion of 
superficialis tendon is rarely of benefit, and (B) ray amputation 
improves function and cosmetic appearance 


Figs 5Aand B: (A) Amputation of central digits are esthetically 
very disturbing, and (B) appearance can be improved by ray 
transposition 

resection followed by ray transposition of adjacent digit 2,25 
(Fig. 5B). It must be remembered that excising the third 
metacarpal shaft removes the origin of the adductor 
pollicis and thus weakens pinch. Therefore to prevent this 
weakness, the adductor can be reattached at soft tissue 
around the transferred metacarpal. This operation is 
contraindicated in a heavy manual laborer. 

Little Finger 

The little finger is primarily concerned with power grasp. 
When ail other digits are destroyed, then it becomes 


important in forming pinch with the thumb. In distal 
amputations where nail can be salvaged, flap closure of 
the wound is done. Amputations distal to insertion of 
sublimis where nail cannot be salvaged, then bone can 
be shortened and direct closure can be done. In 
amputations proximal to the insertion of sublimis tendon 
(Figs 6A and B), appearance of the hand can be improved 
by ray amputation of LF by dividing the metacarpal shaft 
obliquely at the middle third. The insertion of the 
abductor digiti quinti is transferred to the proximal 
phalanx of the ring finger, and this smoothens the ulnar 
boarder of the hand. 

Ray Amputations 

Amputation involving the entire metacarpal as well as 
the phalanges or with préservation of the metacarpal 
base. Ray amputation is frequently indicated following 
trauma, infections, tumors, congenitally déficient hands 
or failed reimplantation. This is most frequently 
undertaken as an elective procedure to improve function 
and appearance of the hand for disability resulting from 
a previous injury to a digit that renders its either 
functionally impaired or useless. 

Ray amputation at the time of initial trauma is rarely 
indicated, especially in multiple injuries, and the Chase 4 
"Finger Bank Principle" should be followed. "In multiple 
digit injuries, one should be conservative in deciding 
amputation. A seriously injured digit may help for further 
reconstruction of hand." 



Figs 6A and B: (A) Amputation proximal to the insertion of 
superficialis tendon is cosmetically very poor, and (B) 
appearance can be improved by ray amputation 
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Index Ray Amputation 

Since this is the most frequently performed ray 
amputation, the steps are briefly enumerated. 

Régional anesthésia is preferred except in infections. 
A racket-shaped incision is used started from mid 
proximal phalanx level (Fig. 7). Then around the base of 
the index finger, extending along the dorsum of the 
second metacarpal shaft to its ulnar side. The skin is 
intentionally left long distally so that it can be trimmed, 
to the proper length when the procedure is completed. 4 
This is specially important in doing ray amputations of 
the middle two rays, because if too little skin is left, a 
web contracture will resuit. Dorsal veins are cauterized 
or ligated as necessary. The extensor digitorum 
communis and extensor indicis proprius tendons are 
transected at the level of second metacarpal base. The 
distal stumps of the tendons are reflected distally, and a 
longitudinal periosteal incision is made along the index 
metacarpal. This is carried down to the base of the 
metacarpal. The metacarpal is elevated subperiosteally 
from its soft tissue bed and divided by bone cutting 
forceps about 1.5 cm distal to base. The tendon of the 
first dorsal interosseous is identified and sectioned. The 
lumbrical to the radial side is tenotomized at its insertion 
into the hood. Proceeding around the volar side the 
neurovascular bundles are identified. The vessels are 
cauterized or ligated. The nerves are dissected, pulled 
gently and a segment of 5 to 6 mm is cauterized by 
microbipolar cautery and eut just distal to the cauterized 
part, and the nerve will retract in well-padded area. The 
flexor tendons are identified, transected, and allowed to 
retract into the palm. The tendon of the first volar 
interosseous is transected. Dissection now reveals the 
remaining attachment between the volar plate, deep 
transverse metacarpal ligament, preosseous band of 



Fig. 7: Racket incisions for amputation 


palmar fascia and proximal portion of the flexor tendon 
sheath. These attachments are divided sharply and the 
finger is removed. Release of the tourniquet is done, and 
ail bleeders cauterized. The periosteal tube is closed, and 
interrupted sutures are used for skin and three or four 
nylon thread microdrains are put and soft dressing is 
applied. Early motion is encouraged. 

The authors found no différence in pinch strength in 
those patients who had no transfer performed to augment 
the second dorsal interosseous tendon when compared 
with those who had such a transfer as advocated by 
Chase. 3 This transfer of the first dorsal interosseous to 
the base of middle finger has not found favor with other 
surgeons too. In routine, no transfer of the first dorsal 
interosseous to the insertion of the second dorsal 
interosseous is done in the author's unit. This operation 
is quite simple to perform, has low incidence of 
complications and the patient who has undergone this 
operation is usually pleased with the outcome. 29 Also 
remarked about a bookseller who had his index finger 
removed by this operation, and his customers would 
sometimes remark conversationally as to how the tiny 
scar was there on dorsum of hand not noting the missing 
finger. 

AMPUTATION THROUGH THE THUMB 

The thumb or pollex as it is called is of the greatest 
importance of ail the five digits. It constitutes 40 to 50% 
part of the hand, so préservation of ail possible length 
here is désirable. One needs good thenar muscles, good 
mobility at carpometacarpal joints and half of proximal 
phalanx for majority of activities. The sensibility in the 
distal thumb skin is exceedingly important. Coverage of 
exposed bone in the distal phalanx by split thickness and 
full thickness skin graft leads to diminished sensibility 
and frequently to hypesthesia, dysesthesia and cold 
intolérance. This will lead to functional amputation of 
the thumb, as the patient excludes the tip of the thumb 
from activities. 

Specialized techniques, such as cross-finger flaps, 
radially innervated sensory flaps, Hueston flap 14 and NV 
Island pedicle flap, 23 can be done. A flap provides a touch 
pad that is suitable, but that will not regain normal 
sensibility. Covering the volar surface of the thumb with 
distant flap is contraindicated, because it provides a poor 
surface for pinch due to lack of fibrous septa and will 
roll or shift under pressure. 

In amputations at the level of base of distal phalanx 
up to the level of middle of proximal phalanx with bone 
projecting, Hueston flap (Figs 8A to C) provides excellent 
cover quite often. In the authors' expérience, when 
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Figs 8A to C: Hueston flap: (A) loss of pulp, 

(B) Design of flap, and (C) resuit of Hueston flap 

carefully done, the Hueston flap is a healthy, robust, 
dependable flap and has seldom failed in its performance. 

When the skin and pulp hâve been lost with exposed 
tendon, a neurovascular island graft may be indicated. 
However, the defect should be covered primarily by a 
split thickness graft or a flap than the neurovascular 
island graft or a local nurovascular island graft or 
advancement flap may be applied secondarily. 16,21 

When the thumb has been amputated through distal 
half of proximal phalanx, the only surgery necessary, if 
any, except primary closure of the wound is deepening 
the thumb web by Z-plasty. The metacarpophalangeal 
joint is the absolute critical level for a reasonably 
functional remnant. 29 

Lengthening procedures are justified for most of the 
patients with metacarpophalangeal joint disarticulations. 
For the nondominant hand deepening of the cleft is 
helpful specially when index finger is amputated and 
second metacarpal can be resected. 

In amputations at the level of meatcarpal head or just 
distal to it, the Gillies 9,10 cocked hat operation is helpful 
in lengthening it by about 1", usually suffices in providing 
effective pinch with an additional advantage of normal 
sensation. The operation gives good resuit and has many 
advantages over other operations for increasing the 
length of the metacarpal. 

The operation of ostéoplastie thumb reconstruction 
which was not popular earlier as it lacked sensation, was 
bulky, and required several stages of operations has 
regained its place. With advent of newer techniques 
which lessen the number of operations required and 
provide sensation by transfer of neurovascular island 
pedicle flap, on the whole this operation adds to the 
déficient hand without taking away another conspicuous 
part of body as in pollicization or toe to thumb transfer. 


In the authors' expérience, offer of pollicization to 
patients with amputation of thumb has been politely 
declined and in spite of prolonged immobilization and 
stages of operation, the operation of ostéoplastie thumb 
reconstruction has been more often accepted. 

AMPUTATIONS OF MULTIPLE DIGITS 

Amputations that involve multiple digits simultaneously 
are usually the resuit of acute trauma, most of the time 
by agricultural or industrial machines. The basic principle 
in such situation is to save ail viable tissue by whatever 
means appropriate and to preserve the tissue for 
considered reconstruction at a later date. 3 Transverse 
amputations of ail fingers through PIP joint but with 
normal thumb can hâve useful power grasp and précision 
grip. 

Normally there is hinge action between the first and 
fifth metacarpals, and this hinge action may be increased 
by about 50% by dividing the transverse metacarpal 
ligament between the fourth and fifth rays. 27 

In complété amputation of ail fingers, if the intact 
thumb cannot easily reach the fifth metacarpal head, then 
phalangization of the fifth metacarpal is helpful. 30 In this 
operation, the fourth metacarpal is resected and the fifth 
is osteotomized, rotated, and separated from rest of the 
palm. Lengthening of the fifth metacarpal is also helpful. 

Transmetacarpal Amputation 

This results in loss of ail fingers with réduction of thumb 
length. This will give rise to enormous functional 
impairment. When ail fingers are gone but a major 
portion of the thumb is left, then three alternatives are 
there. 

1. A passive esthetic prosthesis against which thumb can 
work. 

2. Osteotomy of the first MC to permit the thumb to close 
more completely to palm. 

3. Phalangization of the fifth MC—resection of the fourth 
MC and osteotomy of the fifth MC rotated and 
separated from rest of the palm. In amputations 
through the distal metacarpals involving ail the 
fingers, functions can be improved by resection of the 
second MC and deepening of the resulting cleft by Z- 
plasty or other local flap arrangement. 

Disarticulation Wrist or Lower 
Forearm Amputations 

In disarticulations at wrist or lower forearm amputation, 
Krukenberg operation 26,32 of séparation of radius and 
ulna and thus converting them into a pincer can be done. 
The operation described by Krukenberg in 1917 did not 
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find much favor in the Western world probably because 
of its appearance. The operation is of immense value in 
bilateral amputées, but is also suitable in unilatéral cases 
where this simple grip enables the one-handed individual 
to carry out many additional tasks. Grast (1991) 11 has in 
a recent publication brought out the usefulness of this 
procedure particularly in less developed countries. The 
authors' expérience with this operation in about a dozen 
cases has been quite encouraging. 

Painful Stump 

This is more common in the hand than elsewhere. It is 
difficult to manage and is still ill understood. 33 There are 
two main groups in which different factors may be 
involved. 

1. In this group, the majority of the patients, had definite 
evidence of a tender neuroma of one or both digital 
nerves. The stump frequently shows considérable 
scarring and adhérence to the underlying tissue and 
bone. The mobility of the skin is impaired, and the 
neuroma is adhèrent to the scar, movements stretch 
the nerve and aggravate the pain. In such patients, 
révision of the stump is justified. Following révision 
of the stump and resection of the nuroma, the freshly 
eut nerve segment of about 5 to 6 mm should be 
diathermized. Another neuroma will develop but 
should be painless when located in a padded area 
away from scar. The longer the symptoms hâve persis- 
ted, the less likely proximal révision will give 
complété relief. That is why many surgeons of great 
expérience are reluctant to révision of such painful 
stump. 19 An alternative approach is to remove the 
neuroma from the adverse environment. Implantation 
of the neuroma into adjacent bone has been tried but 
is not reliable. A more satisfactory method is proximal 
dissection of the nerve and the neuroma and then 
implanting it, into a more satisfactory environment 
well away from the scar, e.g. into the dorsum of the 
digit, or into the interosseous muscle. 19 Local 
percussion is not reliable in ail cases, but is always 
worth trying. 29 Gentle tapping of the end of the stump 
on a firm surface can often dull the pain—the effect is 
usually quite temporary. Methods of local, nonsur- 
gical treatment of the stump are unsatisfactory. The 
standard methods of local infiltration with an 
anesthetic, with phénol or alcohol are disappointing. 33 

2. In this group, there is no obvious local cause of the 
pain, but these patients are often found to be of a tense, 
nervous and introspective disposition. Worry about 
the ability to return to pervious job may aggravate a 
neurotic tendency in this type of patients. Analgésies 


and antidepressants play an important part. However, 
time is the most important factor in resolution of 
symptoms. 

To summarize, amputations in hand are done 
reluctantly and as a last resort. But once the decision to 
amputate is made, the care, the technique and holistic 
approach to the situation is necessary. Same careful 
handling of tissues as in reconstructive surgery, same 
planning of flaps, treatment of bone ends, tendon and 
nerve ends are essential for getting a well-covered, 
nonadherent, pain-free primarily healed stump. 12,13 

The need to provide prosthetic devices or later suitable 
operations to augment the functions of remaining part 
should also be gone into for a satisfactory outcome. 
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INTRODUCTION 

Arthrodesis is surgical fusion of a joint so as to hâve 
maximum possible function of that part without pain or 
instability. 

Arthrodesis of hand include arthrodesis at three 
levels. 

1. Arthrodesis of the wrist 

2. Intercarpal arthrodesis 

3. Arthrodesis of small joints. 

ARTHRODESIS OF THE WRIST 
Anatomy 

The wrist extends from carpometacarpal joints to the 
distal border of pronator quadratus. Major movements 
at wrist are flexion and extension and other are radial 
and ulnar déviation. Half of each movements occur at 
radiocarpal joint while remaining at the intercarpal joints 

(Fig. 1). 

Indications 

In general indications include pain, instability, deformity, 
tumor, traumatic destruction and loss of muscles to 
control the joint. Many times failure of joint replacement, 
arthroplasty procedures may require arthrodesis as the 
final mode of treatment. 

Pertaining to wrist the spécifie indications include: 

i. posttraumatic or infection induced destruction in a 
worke 

ii. paralysis of wrist muscles 

iii. rheumatoid arthritis 

iv. failed joint replacement 

v. after segmentai tumor resection 

vi. spastic hemiplegia with deformity. 



Fig. 1: Joints always included in the fusion include radio- 
scaphoid, scaphoulnate, lunocapitate and capitate third 
metacarpal. If the relationships of the ulnar midcarpal joint are 
disturbed, the joint surfaces between capitate and hamate, 
triquetrum and hamate, and lunate and triquetrum are included. 
The second carpometacarpal joint is rarely included 


Contraindications 

• Open epiphyseal plate of distal radius 

• Advanced Rheumatoid disease where stabilization 
procedure is helping 

• Older patient with nondominant hand 

• Major sensory deprivation in hand 

• Quadriparetics 
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Surgical Method 

Usually used approach is through dorsal incision. Radial 
approach used by Hadded and Riordan is some times 
helpful. 

Dorsal approach: Curved incision taken from second and 
third metacarpal base and ended at just proximal to Lister 
tubercle or up-to distal radio-ulnar joint. After dissecting 
the skin with due protection to branches of radial nerve 
(sensory fibers). Extensors of wrist retracted along with 
extensor digitorum communis to expose the bone ends. 
Osteoperiosteal flaps prepared so as to retain the dorsal 
capsule intact. This is helpful to prevent extensor tendon 
adhesions. Iliac crest bone grafts at corticocancellous level 
taken and inlay-grafts applied over the bone ends. Grafts 
are inserted in between bone ends by flexing and distract- 
ing the joint and care taken not to fracture the graft 
(Fig. 2). 

Preferred position is 15 to 20° dorsiflexion and keeping 
second and third metacarpal in axis of radius. 
5 to 7° ulnar déviation is kept. In spastic patient no 
dorsiflexion is indicated. Rarely if bilateral wrist fusion 
is to be done 20° dorsiflexion in dominant and 0° on 
nondominant side is useful. Osteoperiosteal flap is closed 
over graft and skin closed. Splint from fingertips to above 
elbow is given. Immobilization is necessary for twelve 
weeks for solid fusion. 

Radial approach: This uses a cortico-cancellous graft 
pushed from distal radius to bases of second and third 
metacarpals. Incision is J shaped starting from 4 cm above 
radial styloid in mid-lateral aspect and extended distal 
to second metacarpal base. For additional stability to graft 
2 smooth "K" wires are passed which are to be removed 
after 6 weeks. 

Capitate-Radius method: Here proximal row carpectomy 
is done. Eighty percent of scaphoid, entire lunate and 
triquetrium is removed along with small portion of 
hamate so that distal row migration is prevented. 



Fig. 2: Wrist fusion by dorsal plating 
(Courtesy NV Gajjar) 


AO plate method : Recommended by Wright and 
McMurray. Here principle is with dorsal compression and 
plate fixation with bone grafting. Straight longitudinal 
incision from 2nd and 3rd intermetacarpal space to 
proximal to Lister tubercle taken and distal end radius is 
exposed. For good fixation of plate Lister tubercle is 
removed. Articular cartilage and subchondral bone 
removed of ail carporadial, intercarpal, and 3rd 
carpometacarpal joint. In place of iliac graft just purely 
cancellous graft from Lister tubercle and dorsal cortices 
of carpals with Windows in radius is a good and useful 
alternative. For plate 9 hole 3.5 mm LCDC plate is 
preferred in laborers and in young patients 2.7 mm recons¬ 
truction or semitubular plate is chosed. 

Plate is centered over dorsal aspect of 3rd metacarpal 
and due care is taken so that hole passes directly dorsal 
to volar to prevent rotation of metacarpal in longitudinal 
plane (Fig. 3). 

Metacarpal screws are passed to fix the angle at which 
plate overlies the radius and 10 to 15° of extension at wrist 
is désirable. 

Hand is aligned with forearm and intercarpal with 
radiocarpal joints are compressed manually and radial 
screws are passed with cortical screws and cancellous 
one for distal end radius. 

Postoperative bulky short arm dressing with volar 
splint applied. Full active use of hand is allowed after 1 
week and splint removed after 6 weeks. 

Complications of Wrist Arthrodesis 

1. Swelling with hematoma requiring bed-rest hand 

élévation and new cast 

2. Delayed and Nonunion at fusion site. 



Fig. 3: Successful wrist fusion {Courtesy NV Gajjar) 
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It needs extended immobilization, electro-stimulation, 
or regrafting with ipsilateral olecranon or 2nd iliac graft. 

Intercarpal Arthrodesis 

In phase of increased qualitative work limited wrist 
arthrodesis is increasingly well recognised so as to 
maintain functional mobility but prevent subséquent 
degenerative joint disease with acceptable sacrifice of 
motion. 

It is seen that increased movement occur at unfused 
joint may be due to maximum available capsular stretch 
after 9 to 12 months of fusion. 

The common conditions, considered for intercarpal 
arthrodesis and the respective joints to be fused. 

a. Triscape (STT) arthrodesis 

b. Capitate-lunate arthrodesis 

c. Scaphoid-lunate arthrodesis 

d. Scaphoid-capitate arthrodesis 

e. Triquetral-hamate arthrodesis 

f. Triquetral-lunate arthrodesis. 

Triscape (STT) Arthrodesis 

It is fusion of scaphoid, trapezium and trapezoid 
producing a single bone. It is used to circumvent 
damaged bone, joint, ligament tissue elsewhere. 

It is indicated in some conditions like: 

1. Rotatory subluxation of scaphoid 

2. Nonunion scaphoid 

3. Dorsal intercarpal segment instability 

4. Kienbock's disease 

5. Triscape degenerative disease 

6. Radial hand dislocations, and 

7. Midcarpal instability. 

Rotatory subluxation of scaphoid: It occurs due to lack of 
supports to proximal pôle allowing it to separate from 
lunate and move dorsally and onto capitate and results 
ultimately in scapo-lunate advanced collapse, which is 
due to susceptibility of the radio scaphoid joint to injury 
due to its elliptical or oval shape. 

RSS is clinically divided into three types first static 
where fore-shortening. With increased joint space is 
formed with scapholunate angle exceeding 70°. Second 
is with rotary subluxation and third predynamic 
condition showing ligament damage. 

Triscape arthrodesis prevents abnormal cartilage 
loading and restores full wrist power. 

Nonunion scaphoid: Where degenerative arthritis is known 
sequalae so if bone grafting in pre-arthritic period is 
missed, arthrodesis is a good alternative. 


Dorsal intercarpal segment instability: Rupture of scapho¬ 
lunate ligament gives this condition where if degenerative 
changes start Scaphoid lunate advanced collapse (SLAC). 
Reconstruction can be tried before going to arthrodesis. 

Kienbock's disease: Here proximal migration of capitate 
drives scaphoid in subluxation. Arthrodesis is better than 
Silastic lunate arthroplasty. 

Triscaphe degenerative joint disease: It is due to sacpho- 
trapezium and scapho-trapezoid joint involvement. 

Radial hand dislocation: Due to trauma where realignment 
and arthrodesis is preferred. 

Midcarpal instability: Distal carpal row collapses due to 
insufficient distal scaphoid support so arthrodesis gives 
better results. 

Techniques of Triscaphe Arthrodesis 

Incision overlying triscaphe joint taken just distal to radial 
styloid. Articular surface removed bone graft harvested 
and applied. Ail bones held with smooth K-wire. So small 
capillaries grow out rapidly in immobilized period of 5 
to 7 days with cast to include index and middle 
metacarpal to hold distal carpal row in place along with 
the thumb. Pins are removed after 6 to 7 weeks. Eighty 
percent of flexion and extension with 60% of side 
déviation is achieved except in Kienbock's disease where 
results are guarded. 

SMALL JOINT ARTHRODESIS 

One of the important use of finger is to hold the objects 
and it needs almost always rétention of ail complex 
movements at the finger. 

But sometimes they are damaged to such condition 
that it is impossible to stabilize and restore movement 
and surgeon has to go for arthrodesis so that maximum 
possible movements are restored. Joints most often fused 
include that of thumb at IP, MP and CMC joints while 
PIP and DIP joints of other finger. 

Indications 

These include post traumatic destruction, fix contracture 
after burns, rheumatoid arthritis, infections, Dupuytren's 
contracture and instable fingers after nerve palsy 
that impedes function. Ideally proximal and distal joints 
of the fused joint is to be mobile but many times not 
possible. 

Spécial care is to be taken to prevent injury to digital 
nerves to avoid charcot like joints or difficulty in fusion. 
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Principles 

Before going for fusion, particular needs of the patient 
and joint position in ail three planes should be given due 
respect. 

Guidelines point out to keep (1) MP joint—radial to 
ulnar side 25° flexion adding 5° for each finger with no 
side déviation (2) PIP joint—flexion as 40° in index finger 
increasing it to 55° in little finger. (3) DIP joint—10° of 
flexion is useful. Slight smaller finger is acceptable except 
thumb. Five degrees supination in index finger is kept to 
help opposition. (4) Thumb—15° flexion at IP joint, 10° 
flexion at MP joint with 10° pronation for pinch while 
40° palmar abduction and 20° latéral abduction at CMC 
joint (Fig. 4). 

Surgical Procedure 

Approach with incision on dorsal side. Fusion includes 
preparing surface and fixation (Figs 5 and 6). 

Préparation of surface: Resecting the articular surface in 
fiat manner or Carrolls technique of cup and cône type is 
useful. In thumb opposite type as cône of distal 
metacarpal and cup of trapezium at CMC joint is needed. 

Spécifie care is to be taken in childs who hâve open 
physes. In child as such arthrodesis is rarely done but 
may be required in congénital conditions or with cérébral 
palsy. Here articular cartilage on side of open physes is 



Fig. 4: The indicated preferred positions of 
arthrodesis of the finger joints 



Fig. 5: Joint fusion by our technique: AP view 
(Courtesy NV Gajjar) 



Fig. 6: PIP joint fusion: Latéral view (Courtesy NV Gajjar) 

shaved of till occification center is reached and 
subchondral plate is removed without excising 
ossification center. 

Fixation of Bone Ends 

1. K-wire Two crossed K-wires are passed from tip of 
finger rétrogradé and can be removed after 6-8 weeks 
(Fig- 7) 

2. Compression technique It is done to get compression at 
joint line commonly used for fracture fixation. 

Tension band wiring used for PIP and MP joint fusion and 
are dorsally passed tension band as done for fracture 
patella. Near by joints can be mobilize after 4 to 5 days. 
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Figs 7 A and B: K-wire fixation using one longitudinal and one 
obliquely oriented K-wire: (A) Latéral view, and (B) anteroposte- 
rior view 

AO plate—needs extensive dissection but is useful in 
segmentai bone loss condition. 

Compression screws—2.7 mm AO screws or Herbert 
screws can be passed across the joints from proximal 
fragment to hold the opposing ends. 

K-wire parallel to joint line and compressed with the 
help of mini-external fixator. 

Rarely a corticocancellous graft is used placing it 
across the joint by making hole in both bones called 
Moberg bone graft procedure (Fig. 8). 

Complications 

They include vascular insufficiency, pintract infections 
and rarely Swan neck deformity due to division of 
extensors or pseudoarthrosis. 
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INTRODUCTION 

The movements at the wrist are mainly oriented to 
facilitate the grip and finer movements of the hand. 

For ail practical purposes in clinical assessment, local 
examination of the wrist includes the forearm and the 
hand. 

ANATOMICAL CONSIDERATION 

The wrist joint proper is the articulation of the lower 
articular end (concave in anteroposterior as well as latéral 
directions) of the radius and the inferior surface of the 
triangular fibrocartilage (extending from the médial 
margin of the lower end of the radius to a pit on the latéral 
surface of ulnar styloid process above its tip) at the 
proximal end and the proximal articular surfaces of 
scaphoid, lunate and triquetral at the distal end. 
However, the intercarpal articulations (carpals arranged 
in two rows) participate in ail movements of the wrist 
joint. 

The proximal row is made up of scaphoid, lunate, 
triquetrum and pisiform from radial to ulnar side. The 
distal row is formed by trapezium, trapezoid, capitate 
and hamate with trapezium being the radial most 
(Fig. 1). Scaphoid is a relatively long bone and spans 
across both carpal rows. To accommodate for its large 
size, it flexes during radial déviation and extends during 
ulnar déviation. Therefore, after scaphoid fracture, distal 
fragment has a tendency to flex, leading to humpback 
deformity. To the scaphoid are attached various 
ligaments, which are important for wrist stability. The 
disruption of these ligaments with scaphoid fracture leads 
to carpal instability. 

The synovial reflections of the wrist and the 
intercarpal joints are intercommunicating. 



Fig. 1 : Carpal bones in the wrist 


As around the ankle, the wrist also has important 
hand controlling tendons around it, but for a différence 
that on the palmar aspect, just above the wrist level, the 
stamp like stout pronator quadratus muscle binds the 
lower ends of the radius and ulna. 

The lower ends of the radius and ulna articulate as a 
pivot joint to form the inferior radio-ulnar joint. Here, 
the lower end of the radius along with the triangular 
fibrocartilage revolves around the head of ulna. This 
synovial joint has its continuity with the wrist joint, 
therefore, this joint is likely to be affected simultaneously 
in ail affections of the wrist proper. 

The scaphoid, trapezium, first metacarpal, and thumb 
phalanges function conjointly as an independent unit- 
like 'a jointed strut'. The joints of this strut are vulnérable 
to degenerative arthrosis. 

On the dorsal aspect of the wrist, just beneath the 
extensor retinaculum (more or less blended with the 
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Abductor pollicis longus 
extensor pollicis brevis 


Fig. 2: Showing the fibro-osseous compartments on the 
dorsal aspect of the wrist with their contents: 

1. Abductor pollicis longus and extensor pollicis brevis 

2. Extensor carpi radialis longus and brevis 

3. Extensor pollicis longus 

4. Extensor indicis, extensor digitorum, anterior interos- 
seous artery ending and posterior interosseous nerve 
ending in pseudo-ganglion 

5. Extensor digiti minimi 

6. Extensor carpi ulnaris 


dorsal capsule of the wrist joint) the following tendons 
are arranged in a definite order. There are six fibro- 
osseous compartments lodging the following tendons 
(from dorso-lateral to dorso-medial direction) (Fig. 2). 

Abductor pollicis longus and 
extensor pollicis brevis; 
Extensor carpi radialis longus 
and extensor carpi radialis 
brevis; 

Extensor pollicis longus; 
Extensor indicis and extensor 
digitorum; 

Extensor digiti minimi; 
Extensor carpi ulnaris; 

In the fourth compartment, deep to the tendons, the 
posterior interosseous nerve ends as a pseudo-ganglion 
and the anterior interosseous artery ends anastomosing 
with the fine local articular arteries. Each compartment 
has a double blind ending synovial sheath around the 
tendon. Proximally, the sheaths extend to a variable 
extent and distally they end beyond the retinacular 
extension. 

Bounded by the tendons of abductor pollicis longus 
and extensor pollicis brevis radially and extensor pollicis 
longus ulnarly is a triangular hollow called 'anatomical 
snuff box'. The roof of anatomical snuff box is formed by 


First compartment 
Second compartment 


Third compartment 
Fourth compartment 

Fifth compartment 
Sixth compartment 


skin and floor by scaphoid and trapezium. This area is of 
particular significance as tenderness in this area is often 
the only clinical sign of a scaphoid fracture. 

On the palmar aspect, flexor tendons are separated 
from radius by pronator quadratus and bound anteriorly 
by flexor retinaculum preventing bowstringing of these 
tendons during flexion. 

The movements possible at wrist are flexion, 
extension, radial déviation and ulnar déviation which are 
brought by different group of muscles (Table 1). 

Of the nerves, the médian nerve is in doser relation 
to the wrist than the ulnar. The médian nerve lies in 
between the tendons of the flexor carpi radialis and flexor 
digitorum sublimis and on the postérolatéral aspect of 
the plamaris longus tendon. This nerve is likely to suffer 
with any encroachment of the space in between the flexor 
retinaculum and the wrist joint i.e. the carpal tunnel. 

Carpal tunnel is a fibro-osseous canal on volar aspect 
formed by flexor retinaculum anteriorly, carpal bones 
posteriorly. Flexor retinaculum is attached to pisiform 
and hamate ulnarly and to scaphoid and trapezium on 
radial side. Carpal tunnel contains médian nerve and nine 
flexor tendons (Flexor pollicis longus, four tendons of 
flexor digitorum superficialis and flexor digitorum 
profundus each) (Fig. 3). Carpal tunnel is a potential site 
for médian nerve compression, also known as "Carpal 
Tunnel Syndrome". 

The ulnar nerve becomes superficial at the wrist level. 
At about 5 cm above the wrist joint proper, after sending 
a dorsal cutaneous twig, it passes in front of the flexor 
retinaculum on the latéral side of the pisiform bone and 
postero-lateral to the musculotendinous mass of the flexor 
carpi ulnaris where it divides into a superficial and a deep 
branch. The deep branch continues under cover of the 
hook of the hamate into the palm (Guyon's canal). 


TABLE 1 : Movements at wrist and their primary and 
secondary movers 


Movement 

Mover 

Muscles * 

1 . 

Flexion 

Primary 

FCR, FCU 



Secondary 

PL, APL, FDS, FDP 

2. 

Extension 

Primary 

ECRL, ECRB, ECU 



Secondary 

EDC, EDM, El, EPL 

3. 

Radial déviation 

Primary 

APL, EPB 



Secondary 

ECRL, ECRB, FCR, EPL 

4. 

Ulnar déviation 

Primary 

ECU, FCU 


*FCR: Flexor carpi radialis, FCU: Flexor carpi ulnaris, PL: Palmaris longus, 
APL: Abductor pollicis longus, FDS: flexor digitorum superficialis, FDP: 
Flexor digitorum superficialis, ECRL: Extensor carpi radialis longus, ECRB: 
Extensor carpi radialis brevis, ECU: Extensor carpi ulnaris, EDC: Extensor 
digitorum communis, EDM: Extensor digiti minimi, El: Extensor indicis, 
EPL: Extensor pollicis longus, EPB: Extensor pollicis brevis 
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Fig. 3: Anatomy of carpal tunnel 


The radial nerve more or less divides into 4 to 5 dorsal 
digital branches at about the wrist level. Clinically, it is 
not of much importance, as its cutaneous supply is 
ultimately limited to a stamp shaped area on the back of 
the first web. 

The creases around the wrist run almost circum- 
ferentially. The radial artery lies quite superficial on the 
antero-lateral aspect of the lower forearm and wrist and 
it is not likely to be affected in common wrist affections, 
except for infiltrative neoplasms, glass pan eut and 
suicidai injuries. 

The dorsal of Lister's turbercle lies on the dorsum of 
the lower end of the radius just latéral and proximal to 
the central point of the wrist. It provides a pulley like 


surface on its médial aspect for the extensor pollicis 
longus tendon. This tendon, by passing a circuitous route 
around this tubercle becomes more effective in subserving 
its important function of extension of the thumb. On the 
other hand, this tendon, lying in such a close proximity 
to the bony tubercle, is likely to be affected in any 
roughness in this area (e.g. rupture of this tendon in Colles 
fracture). 

Fracture séparation of the lower radial epiphysis of 
(cf. Colles fracture in adult) is a very common injury 
around the wrist in children. Due to seen or unseen 
damage of the growth plate, it may lead to various 
deformities in this région. 












METHODOLOGY 
History Taking 

In case of trauma, ask about the mode of injury and the 
part of the limb which first bore the impact of violence. 
Usually, the wrist is involved in indirect injuries, seldom 
by direct violence. 

Régional Examination 

It includes overall assessment of the forelimb of affected 
side with its connections to the central axis, both 
anatomically and neurologically. It is obligatory to 
examine the cervical spine, supraclavicular région, 
shoulder girdle, supracondylar région, elbow, forearm 
and upto the tip of the fingers while assessing the wrist 
joint. 

Local Examination 

Prerequisites: Both wrists must be fully exposed and 
examined simultaneously keeping them in identical 
position as far as possible, while the patient sits 
comfortably on a stool. 

Attitude 

Note any fixed attitude of the wrist and hand. Certain 
typical attitudes are significant, e.g. dinner fork deformity 
of Colles fracture; congénital manus valgus of 
Madelung's deformity (forward and ulnar curving of 
lower end of radius)-(Otto Madelung, 1978—Fig. 1), 
arrow head deformity in disphyseal aclasia (usually seen 
in X-ray), flexion and ulnar/radial déviation of the wrist 
and ulnar déviation of the fingers in rheumatoid arthritis; 
hourglass swelling on the palmar aspect both above and 
below the flexor retinaculum in compound palmar 



Fig. 1 : Photograph of Madelung’s type deformity due to 
osteochondroma of lower end of radius and ulna 



Fig. 2: Photograph of neglected wrist drop 


ganglion; wrist drop (radial nerve palsy—Fig. 2). In 
established sever Volkmann's ischaemic contracture there 
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is a striking flexion contracture of the wrist and fingers 
due to the shortening of the fibrotic forearm flexor 
muscles. 

Inspection 

Inspect from the sides, dorsal and palmar aspects. 

On the Dorsal Aspect: Note the normal bony and soft tissue 
points in systematic order, while the fingers are opened 
up an the patient attempts to make a fist. Look at the 
contour of the région, any swelling, skin condition, 
venous prominence, ulnar styloid prominence, creases 
around the joint, any swelling in relation to any tendon 
or the wrist joint (e.g. ganglion) and back of the forearm, 
any sinus, and skin contractures. 

On the radial side: Ask the patient to extend the thumb 
and inspect the snuffbox (bounded by abductor pollicis 
longus and extensor pollicis brevis on the radial side, and 
extensor pollicis longus on the ulnar side) for any fullness. 
Note any abnormal prominence on this side of the lower 
radius (a typical site for de Quervain's disease and giant 
cell tumor). 

On the palmar aspect: Look for the skin creases in relations 
to thenar and hypothenar eminences and at the wrist 
level, and note any abnormal finding, e.g. swelling, sinus, 
atrophy, hypertrophy, discoloration (in cervical rib 
syndrome), fullness in the lower forearm (compound 
palmar ganglion or Parona's space affections). 

On the ulnar side: Look for the hypothenar eminence and 
muscular bulge of the lower foream above the wrist. Most 
of the affections of wrist, specially injuries, are associated 
with swelling of the hand components. 

Palpation 

Superficial palpation: Note the température, condition of 
the skin, any hyperesthesia, hypo or anesthésia, any bony 
projection, or any other abnormal feature. Note the radial 
puise with any variation, if présent. 

Deep palpation: Certain normal relations must be 
confirmed before searching for any abnormal findings. 
Localize the tips of the ulnar and radial styloid processes. 
Note their levels and compare with the other side. 
Normally, the tip of radial styloid process lies about 1 
cm. distal to that of ulnar styloid process. 

Method ofpalpating the styloid processes (Fig. 3): With the 
patient's forearm pronated and the wristed in as much 
neutral a position as possible, support that palm in one 
hand. Put the thumb and index finger tips of the opposite 
hand on the two sides of the wrist from the dorsal aspect. 



Fig. 3: Palpating the tips of radial and 
ulnar styloid processes 


In case of the right hand of the patient your right index 
finger tip should be in the snuffbox and the thumb tip 
should be distal to the head of the ulna. Gently squeeze 
within and at the same time shift your finger tips 
proximally. The pointed bony projections will be felt (the 
tips of the radial and ulnar styloid processes). Reverse 
the position of your thumb and index finger for the 
patient's left hand. 

Method to localize the joint line on the dorsum of the wrist: 
(Fig. 4) Support the patient's wrist on your one hand and 
put the tip of the index or middle finger of the opposite 
hand in about the center of the interstyloid line. You will 
feel a gap. Confirm by gently dorsiflexing and palmar- 
flexing the wrist as far as practicable, the gap will slightly 
close and open up accordingly. Extend and finger tips 
along the interstyloid line while gently moving the wrist 
joint, and you will assess the wrist joint line. Now, palpate 
for the presence of any abnormal finding, especially those 
which you hâve seen on inspection. 



Fig. 4: Localization of wrist joint line 
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Bony components: Note for any bony irregularities at the 
lower end and postérolatéral surface of the radius and 
the lower end of the ulna. Any abnormal swelling or bony 
prominence in front of the wrist should be palpated for 
its température, tenderness, size, shape, texture, 
consistency, relation to deeper structures and mobility. 

Common Swellings around the Wrist Joint 

A. Traumatic—initially diffuse, soft to hard swelling, 
later localize as a bony swelling. 

B. Non-traumatic 

i. Diffuse swelling Tuberculosis 

(soft to cystic) Rheumatoid arthritis 

Septic arthritis 

ii. Localized swellings 

(Either communicating with joint or in relation to 
any tendon sheath) 

Ganglion-round, tense, tender swelling wrist 
usually on dorsal, radial-palmar and ulnar-palmar 
aspects of the wrist 

de Quervain's disease—a firm tender swelling 
about 1.5 cm. proximal to the radial styloid process. 
Giant cell tumor-expanded soft to bony hard 
swelling from lower outer aspect of the radius. 
Compound palmar ganglion-diffuse bulge above 
and below the flexor retinaculum. 

Egg Shell Crackling 

The lower end of the radius is a common site for giant 
cell tumor. One of its cardinal clinical sign is egg shell 
crackling, which is tested by the method of palpation. 
Again this démonstration should not be done (reasons 
discussed in the chapter on bone tumor). 

Step Sign 

In case of injury, note for the step (Fig. 5). Pass down 
your index finger on the outer aspect of the forearm over 
the rounded radial shaft. In case of outer shift of the lower 
fractured fragment, your finger will suddenly step over 
the hard underlying structure. This 'stepping' canbe felt 
in similar circumstances on the dorsal aspect too. This 
'step sign' is spécial importance an ascertaining the shift 
of 'Colles' (posterior stepping up) and Smith's or reverse 
Colles' fracture (posterior stepping down). 

Palpation of the Snuff-Box 

Palpate carefully the snuff-box, specially in case of fall 
on outstrectched hand. Ask the patient to extend and 
abduct the thumb as far as possible (thumb up position). 
Supporting the wrist from the ulnar side in one hand. 



Figs 5A to C: (A) latéral step up, (B) posterior step-up 
Colles’ fracture (C) posterior step-down Smith’s fracture 

press deeply at the floor of the snuff-box, in between the 
prominent tendons, and note for tenderness which 
usually occurs in scaphoid fracture (in case of trauma) or 
osteoarthritis of the wrist or intercarpal joints. 

Crepitus 

In a suspected case of fracture of the lower end of radius 
or ulna, note, if per-chance crepitus is felt. Do not try to 
demonstrate it, even though it is diagnostic of fracture. 

Test for de Quervain’s Disease 

Any suspicious swelling existing at the lower outer end 
of forearm, may be due to de Quervain's disease. Palpate 
for the local tenderness. Ascertain the relation of 
pain with strained movement of the thumb. Test as in 
Fig. 6A. 

i. Ask the patient to make a firm first, keeping the 
thumb in palm. The patient will complain of pain 
just above the radial styloid process (Fig. 6B) 

ii. In demonstrating Finkelstein's test, the patient make 
a first keeping thumb in palm. Now the hand is 
pressed into ulnar déviation. There should be pain 
over the radial styloid process or even towards the 
thumb and/or elbow, if the test is positive. How- 
ever, even without the Quervain's disease, variable 
pain can be felt in that région in this maneuver. 

iii. While the patient keeps his thumb in opposed 
position towards the ring finger tip, press over the 
heads of lst and 4th metacarpals with a springing 
action, the patient complains of pain on the outer 
surface of the radial styloid (Fig. 6B) 
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Figs 6A to C: (A) Closing firm first triggers pain, (B) Springing 
over 1 st and 4th metacarpal head triggers pain, (C) Active 
abduction and extension of thumb against résistance triggers 
the pain 


iv. In the same position, ask the patient to extend and 
abduct the thumb against résistance. The patient will 
feel pain at the same site (Fig. 6C). 

MOVEMENTS (TABLE 1) 

Palmar-Flexion and Dorsiflexion (Fig. 7A) 

Method of Démonstration 


Radial and Ulnar Déviation (Fig. 7B) 

The patient sits with both forearms and hands kept 
parallel and fully pronated about 12" apart on the table, 
the finger and thumbs being kept fully extended. From 
this zéro position, ask the patients to approximate the 
tips of extended middle fingers towards the midline as 
far as practicable. The outer angle between the axis of 
the forearm and that of the extended hand will be the 
angle of maximum radial déviation. 

Ask the patient to move the extended fingers away 
from the midline as far as practicable. The inner angle 
between the axis of the forearm and that of the extended 
hand will be the angle of maximum ulnar déviation. 

Circumduction 

Support the patient's pronated lower forearm from the 
flexor surface. Ask him to make and circumduct (make a 
circle) in the air. This will be circumduction (Fig. 8). 

Test for Function of Important Tendons 

You can perform group testing as well as individual 
testing. 

On cursory examination, if the patient can make a 
firm first and perform circumduction, probably ail 


The patient sits with both midpronated forearms 
supported on the table on their ulnar sides and kept 
parallel about 10-12" apart. The thumb and fingers are 
fully extended, while the forearms are firmly fixed on 
the table. The patient is then asked to bring his fully 
extended fingers towards each other in the mid line as 
far as practicable. The outer angle subtended between 
the axis of the forearm and that of the hand is the angle 
of maximum palmar flexion. Bringing back to the zéro- 
position, the patient is asked to move the hand with fully 
extended fingers away from each other as far as 
practicable. The inner angle between the axis of the 
forearm and that of the hand is the angle of maximum 
dorsiflexion. 

A quick method of comparison of dorsiflexion and 
palmar-flexion is as follows: 

Oppose the fully stretched up hands (finger to finger 
contact) and lift the elbows as far as possible. 

The angle sustained between the axis of the forearm 
and that of hand is the angle of maximum dorsiflexion. 
Next, the backs of the stretched hands are opposed while 
the elbows are depressed as far as possible, together. The 
angle sustained between the axis of forearm and that of 
the hand will be the angle of maximum palmarflexion. 
However, in these maneuvers, movement is no only at 
the radiocarpal joint but also includes the intercarpal and 
carpo-metacarpal joints. 



Figs 7A and B: (A) Movement of wrist joint-palmar-flexion 
(< NOP), dorsiflexion (< NOD), (B) Movements of wrist joint- 
Radial déviation (<NOR), Ulnar déviation (< NOU) 
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TABLE 1 : Movements at wrist 

Movement 

Range of 
movement 


Prime movers 

Nerve supply 

Assisted by 

Limiting factors 

Palmar flexion 

0° to 70°-90° 

i. 

Flexor carpi radialis 

Médian nerve 

Flexor digitorum 

Tension of dorsal 



ii. 

Flexor carpi ulnaris 

C 6 

Profundus, flexor 

radiocarpal ligaments 



iii. 

Plamaris longus 

Ulnar nerve 

digitorum super- 





C 8 , T : 


ficialis 


Dorsiflexion 

0° to 70°-90° 

i. 

Extensor carpi radialis 

Radial nerve 

Extensor digitorum. 

Tension of volar radiocarpal 




longus 

U 

Cb 

U 

extensor indicis 

ligaments 



ii. 

Extensor carpi radialis 


extensor pollicis 

Contact of dorsal surface of 




brevis 


longus, extensor 

distal row of carpals to the 



iii. 

Extensor carpi ulnaris 


digiti minimi, extensor 

posteriorly projected lower 






pollicis brevis. 

end of radius 

Ulnar déviation 

0° to 25°-35° 

i. 

Flexor carpi ulnaris 

Ulnar nerve 


Tension of latéral collateral 



ii. 

Extensor carpi ulnaris 

c 8 , T, 


ligament of wrist joint. 





Radial nerve 


Contact of ulnar styloid 





Cx 

U 

Cb 

u 


hamate 

Radial déviation 

0° to 15°-25° 

i. 

Flexor carpi radialis 

Médian nerve 

Abductor pollicis 

Tension of ulnar collateral 



ii. 

Extensor carpi radialis 

C 6 

longus, extensor polli¬ 

ligament of wrist 




longus 

Radial nerve 

cis brevis. 

Contact of tip of radial 



iii. 

Extensor carpi radialis 

c 6 , c 7 


styloid process of the 




brevis 



scaphoid 



Fig. 8: Circumduction at the wrist joint 

tendons and nerves associated with the wrist and hand 
are normal. However, individual testing of certain 
tendons is important. 

The flexors, extensors, radial deviators and ulnar 
deviators will be tested on groups when testing for these 
movements at the wrist joints. Important tendons to be 
tested are: 

Extensor Poil ici s Long us (Fig. 9A) 

While supporting from the flexor surface, the lower end 
of the forearm, wrist and proximal palm, kept in fully 
pronated position, ask the patient to extend the 
interphalangeal joint of thumb from fully flexed position 
as far as possible. This will be mainly by extensor pollicis 



Fig. 9A: Extensor pollicis longus 



Fig. 9B: Extensor digitorum 

longus tendon, which will stand out on the ulnar side of 
the snuff-box. 
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Fig. 9C: Palmaris longus 



Fig. 9D: Three prominent flexors of the wrist-Palmaris 
longus, flexor carpi radialis and flexor carpi ulnaris 

Ask the patient to extend the thumb both backwards 
and outwards. This will be by extensor pollicis brevis, 
abductor pollicis longus and extensor pollicis longus as 
a conjoint effort. 

Extensor Digitorum (Fig. 9B) 

Supporting the wrist and hand as above, the patient is 
asked to extend the fingers, especially the middle and 
ring fingers, from a flexed position at the metacarpo- 
phalangeal level. In this movement, the index and little 
fingers are also assisted by extensor indicis and extensor 
digiti minimi respectively. 

Palmaris Longus (Fig. 9C) 

The fully supinated forearm and hand are placed firmly 
on the table. Put résistance by your hand over the palm 
and ask the patient to firmly flex at the wrist. Palmaris 
longus will become prominent near the midline of the 
lower forearm. About 1 to 15 cm radialwards, the tendon 


of flexor carpi radialis will also stand out. Keeping the 
wrist in zéro-position and interphalangeal joints of thumb 
and fingers fully extended with flexion at metacar- 
pophalangeal joints, ask the patient to firmly flex the wrist 
against the selfimposed résistance—the three prominent 
flexors of the wrist will stand our i.e. palmaris longus in 
the center, flexor carpi radialis laterally and flexor carpi 
ulnaris medially (Fig. 9D). 

Flexor Carpi Ulnaris 

With the position of the forearm of the patient as 
described above and your hand giving résistance over 
the palm, ask the patient to flex with ulnar déviation 
tendency at the wrist level. Feel for a prominent 
longitudinal tight tendon—the tendon of the flexor carpi 
ulnaris. 

MEASUREMENTS 
Linear Measurement 

The linear measurement of the wrist région is more or 
less the same as for that of the upper limb (both total and 
segmentai measurements, i.e. for the arm and forearm). 
The measuring points are: 

For total limb length—Acromion angle to tip of radial 
styloid process 

For the arm—From acromion angle to tip of latéral 
épicondyle of humérus 

For the forearm—From latéral épicondyle of the 
humérus to the tip of the radial styloid process. 

The measurement must be comparative and both 
limbs must be in a symmetrically aligned position 
(guideline will be the affected limb). 

Circumferential Measurement (Fig. 10) 

It should be done at the joint level, i.e. the tape passing 
around both the styloid tips. The other circumferential 



Fig. 10: Circumferential measurement, a = at wrist, 
b = at mid-forearm 
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measurement will be for increase/ decrease of girth of 
muscle—to be measured at midforearm level. 

Distally, the measurement of girth and size of palm 
will be considered in the examination of the hand. 

Test for integrity ofperipheral nerves in relation to the wrist 
joint (médian, ulnar, and radial nerves). (See Chapter on 
Peripheral Nerves). 



Fig. 11 : Positioning the part for oblique view 
radiography of the wrist joint 


Look for the possible complications following trauma 
or disease in and around the wrist. 

Investigations Required for Wrist Pathology 

For lésions or injuries about the wrist, routine investi¬ 
gation more or less suffice. However, of the injuries about 
the wrist, a carpal fracture or dislocation or subluxation 
may sometimes to be missed in routine antero-posterior 
and latéral radiograph. An oblique view is essential for 
such lésions, specially for the scaphoid (the commonest 
of the carpal bones to be involved in fractures). Hence, to 
diagnose even a hair line fracture of the scaphoid (which 
unless diagnosed and treated properly as a notorious of 
going for non-union), it is mandatory to hâve an oblique 
view of the wrist région with contrast exposure and 
development. 

Positioning of the Part for 
Oblique Projection (Fig. 11) 

While the forearm and hand rest on its ulnar border on 
the radiography plate, at an inclination of about 45° (with 
palm looking down) the beam is centered to the ulnar 
styloid process or from the latéral position rotate the hand 
backwards by 45°. Center to the ulnar styloid process. 








Fractures of the distal end of radius represent the most 
common fractures of the upper extremity. Today these 
are considered as very complex injuries with a variable 
prognosis. Two important changes since the days of 
Abraham Colles over 180 years ago (1814) are: 4 (i) 
increased high-energy vehicular accidents, and (ii) greater 
demand for perfection by the patient. These factors hâve 
changed the pattern of fractures and the mode of 
treatment. The following statement by Colles does not 
hold true today, "One consolation only remains, that the 
limb will, at some remote period, enjoy perfect freedom 
in ail its motions, and be completely exempted from pain. 
The deformity, however, will remain undiminished 
through life". Therefore, fractures of the distal radius 
recently hâve become the focus of tremendous interest 
and remarkable changed area of fracture management. 
The main areas of concern today are the corrélation of 
radiographie and functional outcome, the controversy 
over external and the growing number of internai 
fixation devices. 


Incidence 

There are three main peaks of fracture distribution, 
children aged 5 to 15, males aged under 50 and women 
over the âge of 40. Older patients due to higher degree 
of osteoporosis usually sustain fractures with low-energy 
trauma, young patients sustain fractures with high- 
energy trauma, and the incidence of associated injuries 
is greater. The relationship between bone density and 
risk of distal radius fracture is not as powerful as is 
seen with hip and spine fractures. Despite their 
frequency, the extent of anatomie disruption, the best 
treatment options, and the outcome of these fractures are 
difficult to assess. 

Unfortunately, many of these classifications (Table 1) 
are based on plain radiographs. CT scans understand the 
fracture anatomy and treatment can be selected. 

According to Sanderer,15 associated nonosseous 
injuries are rarely considered. It is difficult to assess the 
articular cartilage damage. It is not known to what extent 


TABLE 1 : Classification of fractures of distal end radius 


Classification 

# Types 

Comments 

Frykman 

8 

Widely used for description. 

Associated ulnar styloid fracture 
influences classification. 

Melone 

5 

Good for surgical planning. 

AO 

3 major (over 

Best for research but too 


25 subtypes) 

complex for routine use. 

Rayhack 

4 

(3 subgroups) 


Mayo 

4 
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associated soft tissue injuries are responsible for 
subséquent problems such as pain, limited wrist motion, 
limited forearm rotation, decreased grip strength, and 
reflex sympathetic dystrophy. His expérience suggests 
that elderly patients tolerate ail types of deformity better 
than younger ones, and secondary procedures (such as 
the Darrach resection) are more successful in this group. 

In young patients, restoration of the articular surface 
is most important. Shortening and angulation can be 
corrected later if necessary by osteotomy (with good 
success). However, a malunion of the articular surface is 
very difficult to address. Many ingenious methods of 
realining the articular surface hâve been reported, such 
as arthroscopically guided réduction and pinning. 
Protection of articular cartilage metabolism by drugs or 
early motion may be helpful. 

Ultimately, treatment of associated (but often 
unrecognized) soft tissue injuries may be shown to be of 
importance. 

Relevant Anatomy 

The distal end radius has three concave articular surfaces. 
The metaphyseal flare of distal end radius présents 
scaphoid and lunate fossae for articulation with proximal 
carpal row. Hand and radius as a unit articulate with 
and rotate about ulnar head via sigmoid notch. The 
metaphyseal flare begins 2 cm above the distal articular 
surface which has radial inclination of 22° and palmar 
inclination of 11°. Radial tilt can be measured on PA 
radiograph by angle between a line tangential to distal 
radial articular surface and line perpendicular to radial 
shaft. Palmar tilt is measured by angle between plane of 
distal articular surface on latéral radiograph and line 
perpendicular to long axis of radius (Fig. 1). 



Fig. 1 : Radial inclination of the distal and radius is 22°, palmar 
inclination is 11 °, and the height of the radial styloid is 11 mm. 
Tip of the ulnar styloid is about 5 mm proximal to the tip of the 
radial styloid 


Palmar aspect gives origin to radial collateral, 
radiocapitate and radio-triquetral ligaments. The 
radioscapholunate ligament (ligament of Testut) takes 
origin from a tubercle of anterior or posterior midradial 
ridge. Dorsal surface of radius is convex acting as fulcrum 
for extensor function. The radial styloid area at times as 
a groove for tendon of first dorsal compartment and ulnar 
to this groove is dorsal longitudinal prominence, the 
Lister's tubercle which acts as fulcrum for EPL. Dorsal 
ligaments are relatively unimportant and weak. Along 
the entire ulnar aspect of distal articular surface at distal 
margin of sigmoid notch the triangular fibrocartilaginous 
complex (TFCC) arises. This ligamentous complex—the 
major stabilizer of distal radioulnar joint and ulnar 
carpus—inserts into the base of ulnar styloid and distally 
into lunate (ulnolunate ligament), triquetrum 
(ulnotriquetral ligament), hamate, base of fifth meta- 
carpal. 

Radius along with latéral carpus carries 80% of the 
load and ulna with médial carpus via TFCC carry 20% of 
the axial load. 

Physical examination: The major findings are related to the 
relative radial shortening and the intact strut of the ulna. 
A prominent palmar proximal fragment can displace the 
médian nerve and the associated hematoma can precipi- 
tate an acute carpal tunnel syndrome which needs to be 
looked for. Associated injuries of ipsilateral shoulder, 
elbow, ipsilateral radial head and distal radius fractures 
or the Essex Lopresti lésion need also be looked out for. 
Both closed and open fractures typically lead to soft tissue 
injury both palmarly and ulnarly. The extensor pollicis 
tendon may rupture by impingement at the dorsal listers 
tubercle. 

Finally, utmost attention should be paid to 
neurological injury, both acute and chronic. These are 
not only a cause of functional impairment but also of 
chronic régional pain syndrome. These nerve injuries 
could be due to direct contusion or mechanical 
deformation or increased pressure in the carpal tunnel. 
Neurapraxia as only moderate pain and improves 
gradually. Mechanical deformation improves with 
réduction and limb élévation. Symptoms due to increased 
pressure in the carpal tunnel do not improve without 
aggressive management. 

Commonly used eponyms are as follows. 

Colles' fracture: It was described by Abraham Colles in 
1814 as fracture of distal radius occurring within an inch 
and half from distal articular surface with dorsal 
comminution, dorsal angulation, dorsal displacement 
and radial shortening. 
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Smith's fracture: It was described by Robert William Smith 
in 1847 as a reverse of Colles' fracture. It is fracture of the 
distal radius within an inch from distal articular surface 
with volar displacement of distal fragment. 

Barton s fracture: It was described by John Barton in 1838 
as subluxation of wrist due to fracture through radial 
articular surface (Figs 2A to C). 

Dorsal Barton fracture: Fracture of dorsal articular surface 
of radius with dorsal and proximal displacement of 
carpus and distal fragment. Volar Barton fracture. 
Fracture of volar articular surface of radius with volar 
and proximal displacement of carpus with distal 
fragment. 

Chauffeurs (Backfire fracture): It is an oblique fracture of 
lower end radius by which a triangular portion including 
styloid process is separated from main row. 

Lunate load or Die punch fracture: It is an intra-articular 
fracture with displacement of médial articular surface, 
which usually represents a dépréssion of dorsal aspect 
of lunate fossa. 

Distal radial fractures many a times hâve associated 
distal radioulnar joint injuries. Mechanism of injury. 

Colles’ Fracture 4 

Fall on outstretched hand with wrist in dorsiflexion 
causes the radius to fail in tension on palmar surface 
causing fracture which propagates dorsally. 

Bending momentum induces compression stress 
resulting in dorsal cortex comminution, cancellous bone 
is compacted further reducing dorsal stability. Therefore, 
there is dorsal displacement of distal fragment (Fig. 3). 




Figs 2A and B: (A) Dinner fork deformity of Colles fracture, 
and (B) Smith’s fracture is reverse of Colles fracture 


Smith’s Fracture 

Fall on wrist in palmar flexion produces reverse force to 
that in Colles fracture causing fracture on dorsal surface 
which propagates volarly bending momentum displaces 
the distal fragment volarly. 

Modified Thomas Classification of Smith’s Fracture 

1. Extra-articular 

2. Crosses into dorsal articular surface 

3. Enters radiocarpal joint which is équivalent to volar 
Barton's fracture dislocation. 

Various classifications hâve been put forward for 
Colles fracture (Table 2). 

Universal Classification (Modified Gartland) 

1. Extra-articular undisplaced 

2. Extra-articular displaced 

a. Reducible, stable 

b. Reducible, unstable 

c. Irreducible 

3. Intra-articular undisplaced 

4. Intra-articular displaced 

a. Reducible stable 

b. Reducible unstable 

c. Irreducible 

d. Complex 

AO Classification 

a. Extra-articular 

b. Partial articular 

c. Complété articular 



Fig. 2C: Dinner fork deformity 
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Fig. 3: Diagrammatic représentation of the typical deformity seen in a Colles’ fracture, showing dorsal communication and 
displacement with shortening of the radius relative to the ulna (Redrawn from Palmer K: In Green DP (Ed): Operative Hand 
Surgery 


Cl simple articular and simple metaphyseal 
C2 simple articular and complex metaphyseal 
C3 complex articular and complex metaphyseal 

Melone’s Classification 11 

Four major fragments are: (i) radial shaft, (ii) radial 
styloid, (iii) dorsal médial facet, and (iv) volar médial facet 
(Figs 4 and 5). 

Displacement of the médial complex (fragments 3 and 
4) is the basis of this classification. Melone believes that 
in an intra-articular fracture, five types of the fracture of 
radius exists: 

I. Undisplaced minimally comminuted 
IL Unstable with moderate to severe displacement of 
médial complex with comminution of anterior 
cortex. (Die punch fracture). 

III. In addition to grade II fracture of shaft radius with 
fragment projecting into flexor compartment. 

IV. Transverse split of articular surfaces with rotational 
displacement of médial complex. 

TABLE 2: Frykman classification of distal radius 
fractures 9 


Fracture 

Distal ulna 

fracture 

absent 

Distal ulna 

fracture 

présent 

Extra-articular 

I 

II 

Intra-articular 



Radiocarpal joint 

III 

IV 

Radioulnar joint 

IV 

VI 

Both joints 

VII 

VIII 


V. Extremely comminuted unstable fracture without 
large identifiable facet fragment. 

Mayo Classification 

It considers scaphoid lunate, sigmoid fossae as separate 

articular surfaces, and it is important to give attention to 

these intra-articular components while treating a fracture. 

I. Extra-articular radiocarpal but intra-articular 
radioulnar joint involving sigmoid fossa. 

II. Radioscaphoid joint. 

III. Radio lunate joint 

IV. Radio sapholunate and distal radioulnar joint 
complex fracture. In type II involving radioscaphoid 
joint, fracture involves more than radiostyloid. 

In type III, it is a die punch or lunate load fracture. 

Fernandez Classification 7 ’ 8 

I. Bending force causing failure of metaphysis in 
tension 

II. Compressive force causing die punch fracture 

III. Shearing force leading to Barton's fracture 

IV. Avulsion force causing fracture of ulnar and radial 
styloid 

V. Combination of above forces leading to 
comminution due to high-velocity injury. We prefer 
universal classification. 

Clinical Présentation 

Distal end fractures are most common in elderly as well 

as in children (Figs 6A to C). 
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Fig. 4: The AO/ASIF classification System for distal radius fractures: (A) Extraarticular fractures: Al—fracture of the ulna, radius 
intact (Al .1, styloid process; Al .2, metaphyseal simple, Al .3, metaphyseal multifragmentary). A2, fracture of the radius, simple 
and impacted (A2.1, without any tilt; A2.2, with dorsal tilt, Pouteau-Colles; A2.3, with volar tilt, Goyrand-Smith). A3, fracture of the 
radius, multifragmentary (A3.1, impacted with axial shortening; A3.2, with a wedge, A3.3, complex). B Partial articular fractures. 
B1, fracture of the radius, sagittal (B1.1, latéral simple, B1.2, latéral multifragmentary; B1.3, médial). B2, fracture of the radius, 
dorsal rim, Barton (B2.1, simple; B2.2, with latéral sagittal fracture; B2.3, with dorsal dislocation of the carpus). B3, fracture of the 
radius, volar rim, reverse Barton, Goyrand-Smith II (B3.1, simple, with a small fragment; B3.3, multifragmentary). C Complété 
articular fractures. Cl, fracture of the radius, articular simple, metaphyseal simple (Cl .1, posteromedial articular fragment; Cl .2, 
sagittal articular fracture line; Cl.3, frontal articular fracture line). C2, fracture of the radius, articular simple, metaphyseal 
multifragmentary (C2.1, sagittal articular fracture line, C2.2, frontal articular fracture line; C2.3, extending into the diaphysis). C3, 
fracture of the radius, multifragmentary (C3.1, metaphyseal simple; C3.2, metaphyseal multifragmentary; C3.3, extending into 
the diaphysis. (From Axelrod—Rationale of Operative Fracture Care Ed: Sohatzkarj, Springer, 1996) 
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III IV 


Fig. 5: Melone’s classification of distal radial fractures. The four 
major fragments are: (i) the radial shaft, (2) the radial styloid 
(3) the dorsal médial facet, and (4) the volar médial facet. The 
major fragment of this four part fracture is the médial facet (i.e. 
fragments 3 and 4). Types 1 to 4 represent increasingly 
comminuted fractures, with 5 being an extremely comminuted, 
unstable fracture without large identifiable facet fragments. 
From Green DP (Ed): Operative Hand Surgery 

Colles' fracture: There is pain, swelling of wrist with 
classical dinner fork deformity due to dorsal angulation, 
dorsal displacement of distal fragment. Radial déviation 
and radial shortening are additional findings. 



Figs 6 A to C: (A) Volar Barton’s fracture, (B) fixation with 
K-wires and external fixator—notice the ligamentus taxis a gap 
between a carpus and lower end of radius, an (C) final 
radiograph—though there is some translation, the function is 
satisfactory 4 


Smith s fracture : Typical garden spade deformity is , £ , . , x 

\ 7r t , 7 exammed for tenderness not only about the radius 

présent due to volar angulation and volar displacement £ J n 

r ° r fracture site but also a distal ulna, elbow, shoulder. 

of distal fragment. r £ , , , . , £ . 

° Fracture of the umar styloid often accompames. 

Barton s fracture: Dislocation is the most clinically and Instability of distal ulna should be assessed médian 

radiologically obvious abnormality. Wrist should be nerve function, flexor and extensor tendon action should 
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be tested. AP and latéral radiographs of the wrist should 
be taken. Carefully look to exclude carpal fracture. 
Radiograph elbow, if associated injury is suspected. 

In cases of intra-articular and comminuted fractures 
and in associated injuries of wrist, CT scan, MRI may be 
necessary to assess carpal fractures, instabilities, distal 
radio-ulnar joint, etc. On radiography, five measurements 
are important. 

1. Radial angulation which is normally 22° (range 16 to 
28). This angle is lost in the distal radial fracture (Fig. 
1) 

2. Palmar slope which is normally 11 to 14° 

3. Radial length—it is measured on AP view as distance 
between two perpendicular lines to the long axis of 
radius, one joining tip of radial styloid and other the 
surface of ulnar head. Normally radial length 
averages 11 to 12 mm. 

4. To assess accuracy of réduction vertical distance 
between the distal ends of the médial corner of radius 
and ulnar head is measured, but it changes with 
supination and pronation. 

5. Radial shift or width: It is distance between longitudinal 
axis through the center of radius and most latéral 
point on radial styloid process. 

The Rationale for Management 

Articular congruity has the strongest corrélation with the 
outcome, with step off as little as 1 mm leading to 
degenerative arthrosis. 

Palmar tilt loss has a more direct effect on outcome 
than residual radial déviation or radial shortening. 
Taleisnik indicated this lead to dorsal shift of the 
proximal, carpal row which resulted in a clinically 
apparent mid carpal instability with ulnar déviation. 

Collapse of the lunate facet results in radiocarpal 
instability and collapse of the metaphysis results in radio- 
ulnar instability. 

Loss of the radial inclination makes the carpus shift 
ulnarly resulting in increasing forces on the TFCC, and 
decreased grip strength. 

Carpal malalignment, especially a dorsiflexed lunate 
is associated with bad outcome. As yet there is no defined 
threshold, but 25° or more is positively bad. 

Surgical and applied anatomy: The radius typically collapses 
in the dorso-radial fashion, which harbours the weakest 
cortex. The palmar buttress being the strongest, the fact 
is exploited by internai fixation techniques that use volar 
plating. The radial styloid which rotâtes palmarly 15° 
makes capture difficult from a dorsal approach. The 
strongest bone in the anteroposterior plane is the lunate 
facet. The palmar ulnar corner is the keystone of the 
radius. It serves attachment for distal radio-ulnar 


ligament and the strong radio lunate ligament. 
Displacement of this fragment leads to palmar 
displacement of the carpus also loss of forearm rotation. 

Thus the radial articular surface can be divided into 
three columns which face different force profiles. The 
radial column containing the scaphoid fossa and the 
styloid fractures with a shear force and hence is best 
stabilized by buttressing the latéral cortex. The 
intermediate column constituting lunate fossa faces 
impaction fractures. The ulnar column consists of the ulna 
styloid, TFCC and the ulnocarpal ligaments. 

Management 

The aim is to restore a fully functionally hand and forearm 
with full range of movements and no deformity. 
Treatment dépends upon grade of injury. Method of 
réduction remains same, whether the fracture is intra- 
articular or extra-articular. 

Method of Closed Réduction 

This is essentially applied for stable fractures. An intact 
palmar buttress resists axial compression forces which 
tend to collapse a fracture. Traction is applied by 
grasping injured hand. Countertraction is applied with 
elbow in flexed position. After disimpaction of fragments, 
reduce the fracture by palmar displacement of distal 
fragment in reducing Colles' fracture and dorsal 
displacement in Smith's fracture (Fig. 7). Achieve mild 
palmar flexion and ulnar déviation in reducing Colles' 
fracture and reverse for Smith's fracture. Avoid flexion 
of more than 30°, in the presence of swelling this might 
lead to acute rise in carpal tunnel pressues. Forearm in 
mid position or slight supination is favored because it 
tends to open interosseous space between radius and ulna 
and relieves tension of brachioradialis which tends to pull 
distal fragment dorsally. In supination position, recovery 
of ail function is quicker and predictable.lt also helps 
DRUJ heal in appropriate position. Also in supination, 
radioulnar réduction is better achieved and radiographie 
évaluation is better. 3,14 

Extra-articular distal radius fractures can be treated 
with closed réduction and above elbow plaster cast 
immobilization with elbow flexed 90°, forearm supinated, 
wrist in slight flexion and ulnar déviation. 

Many distal radius fractures redislocated in a plaster 
cast, may be due to loosening, or inadéquate réduction. 
Further, radial shortening and change in volar tilt lead 
to weakness of grip. Malreduction with loss of palmar 
tilt permits carpal collapse dorsally, leading to DISI. 
Malreduction with loss of angulation towards ulna leads 
to radial déviation of hand and tends to palmar flex the 
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Fig. 7: Technique of radiation of Colles’s fracture (Redrawn 
from the Beck J. Maheshwari, p-80) 


scaphoid and increase in SL (scapho lunate) angle. 
Shortening alone or in combination with angulation 
disrupts the congruence of distal radioulnar joint. Thus, 
interfères with pronation and supination, and because it 
results in ulnar plus hand may interfère with radial or 
ulnar déviation of the carpus from ulnar impingement. 

Cast immobilization relies on the principle of three 
point fixation to maintain fracture réduction. 
Traditionally, this is achieved by some palmar flexion 
and ulnar déviation of wrist and molding the cast over 
postérolatéral wrist and anteromedial forearm. It is better 
to avoid marked palmar flexion and ulnar déviation 
(cotton loader position) because dorsal periosteal hinge 
provides stability, and optimum position for hand 
function is with wrist in extension (Figs 8A to D). 

Dorsal Barton fracture is reduced and maintained in 
dorsal position because taut volar ligaments hold the 
réduction otherwise if kept in volar position, muscle pull 
redisplaces the fracture and vice versa for volar Barton 
fracture. 

For unstable extra-articular fractures, percutaneous 
K-wire fixation is the best method (Figs 9 and 10). Patient 
with osteoporotic bone, marked dorsal comminution or 
severe shortening are predisposed to delayed union or 
displacement. External fixation is superior to plaster 



Fig. 8A: Radial styloid and ulnar radial pinning of the 
posteromedial fragment (Uhi) 



Fig. 8B: Ulnar radial pinning with fixation of the distal radial 
ulnar joint (rahyack) 


Fig. 8C: Ulnar radial pinning without fixation of the distal radial 
ulnar joint (de Palma), and (Stein) radial styoid pinning and 
dorsal radial pinning 
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Fig. 8D: The authors prefer this type of pinning 



Figs 9A to D: Comminuted fracture with 
involvement of the joint (A) stabilized by 
Kirschner’s wire osteosynthesis with 
additionally introduced transverse 
Kirschner’s wire (B), healed in good 
position (C) and tolerable function (D) 
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Fig. 10A: Displaced fracture of distal end of radius 



Fig. 10B: Reduced and pinned with satisfactory results 


immobilization in young patient with intra-articular 
fracture. Percutaneous pinning—two K-wires passed 
through subchondral bone of radius across fracture site 
in a criss-cross manner gives excellent stability. Third K- 
wire is fixed across radioulnar joint to prevent collapse 
of distal fragment. Various methods of K-wire fixation 
are described in the figure. Kapandjis intrafocal pinning 
traps major fragments by buttressing and prevents 
displacement. Wires are inserted into the fracture line, 
fragments levered and the wire then directed into the 
opposite intact cortex. The authors prefer the method 
described above. 


Principle of External Fixation 

Ligamentotaxis is achieved by longitudinal traction or 
distraction. It causes disimpaction, improves alinement, res¬ 
tores skeletal length also joint congruity and gives stability. 
The dorsal soft tissue hinge is a functional unit consisting 
of periosteum, extensor retinaculum with its contained 
tendons. Longitudinal traction typically restores length 
and improves distal fragment of apposition and angular 
alinement, as the soft tissue envelope helps mould the 
fragments. Longitudinal traction is combined with thumb 
pressure and wrist flexion to restore palmar tilt. 
Tightened dorsal periosteal hinge impinges on the shaft 
fragment causing palmar translating loads which attempt 
to subluxate the midcarpal joint, creating a force 
transmitted through the proximal carpal row to the distal 
radial fragment tilting its articular surface palmarly. 
Radial ulnar translation of the hand on forearm is useful 
in realining distal fragment as well as ulnar translation 
to restore ulnar tilt. 

Indications of External Fixation 

Perfect anatomie réduction is necessary to achieve good 
functional results. When closed réduction fails, presence 
of dorsal comminution, radial length decreased by 3 to 4 
mm external fixation is necessary to distract the fragments 
for précisé articular congruency, and stability. 

Absolute indication is unstable intra-articular fractures 
of distal radius which include significant volar or dorsal 
comminution, more than 2 mm spread, dépréssion of 
articular fragments, more than 10° angulation of major 
fragments, extension of fracture into radiocarpal and 
radioulnar joints and occasionally ulnar-neck fracture. 

Technique of External Fixation (Fig. 11) 

Two 2.5 cm incisions are taken, one centered 
approximately 10 cm proximal to radial styloid overlying 
radial aspect of forearm and one overlying the 
dorsoradial aspect of the base of the index metacarpal. 
Through the proximal incision, branches of the latéral 
antebrachial cutaneous nerve, radial sensory nerve can 
be identified and protected, as it emerges from under the 
brachioradialis tendon at the interval between the 
brachioradialis and the extensor carpi radialis longus at 
their myotendinous junction (Figs 12A to D). 

This permits protection of both tendons and nerves 
and following local élévation of the periosteum, direct 
vision of the radius. With the help of drill bits, two holes 
are made for insertion of self-tapping threaded pins or 
Schanz pins. Generally 4 mm pins are used for radius 
fixation and 2-mm pins in metacarpals to provide 
adéquate résistance to bending and breakage and secure 
fixation at pin-bone interface (Figs 13A to D). 
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Fig. 11 : Correctly fitted fixator extreme with converging Schanz screws 









^H 

Figs 12A to D: Intra-articular cominuted fracture with dislocation (A), stabilized with fixator extreme and additional Kirschner’s 
wire osteosynthesis (B). The fracture is healed in practically anatomical position (C) and shows adéquate function (D) 
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Fig. 13A to D: (A) AP latéral and 2 oblique films-notice Volar Barton’s fracture with dislocation of the carpus, also notice the 
fragment on the ulnar side of the distal radius. This is a unstable fracture. (B) notice the external fixalor applied and distracted K- 
wire fixation was done. After réduction of the fracture notice the radiocarpal distraction, (C) showing the external fixator, and (D) 
final radiograph with proper réduction of the fractures. He had full movements of the wrist 


At the site of distal pin insertion at the base of the 
index metacarpal, terminal branches of the radial sensory 
nerve can be identified and carefully retracted. 

The first dorsal interosseous muscle is sharply 
elevated off the base of the index metacarpal, providing 
direct access and visualization of the metaphyseal flare 
and proximal shaft of the index metacarpal. Here, the 
bases of the index and middle metacarpal are predrilled, 
as is the proximal shaft of the index metacarpal alone. 
Again, the drill bits are sequentially removed and 


replaced with appropriately sized self-tapping threaded 
half-pins through the bases of the index and middle 
metacarpals and the proximal shaft of the index 
metacarpal alone, giving a total distal pin purchase in 
six cortices. This configuration of pin placement avoids 
damage to the second interosseous space, helping to 
prevent intrinsic compartment damage with secondary 
scarring and contracture while providing satisfactory 
distal purchases (Fig. 14). 
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Fig. 14: Malunited Colles fracture osteotomy 
and K-wire fixation 


With the fixator pins securely in place, the external 
fixation de vice can then be applied to the fixator pins. 
Gentle sustained longitudinal traction without severe 
hyperflexion or hyperextension and with manual 
molding of the fracture fragments back into a more 
normal alinement is then performed. When the majority 
of the distal fracture fragments are displaced dorsally, 
gentle flexion and ulnar déviation can be applied as well. 
Passive flexion of metacarpal joints is performed to ensure 
there is no relative shortening of extensor tedons which 
commonly occurs with excessive flexion and distraction. 
If left unnoticed this might lead to permanent loss of 
supple and full metacarpal joint flexion. When more volar 
displacement is présent, gentle supination in slight 
dorsiflexion can be added to achieve réduction. At this 
point, the fixation device is locked into place, and the 
réduction is carefully assessed under the image 
intensifier. The fixation device can be expected to 
maintain overall length and angular and rotational 
alinement. 

If significant intra-articular comminution or articular 
dépréssion has occurred, précisé articular congruency 
may not be restored at this point. If this is suggested under 
the image intensifier radiographs should be obtained to 
evaluate the congruence of the articular surface and 


evidence of loss of bony support in the metaphyseal 
région below the articular surface. This frequently occurs 
when there has been more than 5 mm of dépréssion (Figs 
15 A to C). 

After restoration of appropriate radial length, volar 
tilt, and angle of inclination, précisé articular restoration 
can be achieved by percutaneously inserting a Kirschner 
wire and using it as a joy stick to maneuver the articular 
fragments into position. A Kirschner wire is then inserted 
at the tip of the radial styloid, driven through the radial 
styloid and anchored into the ulnar side of the more 
proximal shaft fragment. In this manner, the radial styloid 
fragment can be secured in place and can act as a buttress 
against which the lunate fossa fragments can be elevated 
and secured. As these fragemnts are manually elevated, 
again percutaneously through the dorsal insertion of a 
Kirschner wire, additional percutaneous Kirschner wires 
are inserted transversely through the radial styloid 
fragment directly under the subchondral bone to provide 
subchondral support (Fig. 4). If there is evidence of a 
significant void below the subchondral bone, a small 
extra-articular window can be made at the fracture site 
dorsally and bone graft inserted to provide bony support 
for résistance to late collapse. At this point with tissue 
tension across the radiocarpal joint provided by the 
external fixation device, careful assessment of the 
intercarpal articulations can be performed in an attempt 
to recognize evidence of intercarpal ligamentous 
dérangements. If any are encountered or if carpal bone 
fractures are found, they should be fixed. 

The hand and wrist can then be realined in a neutral 
position with the forearm. Tension across thewrist 
generated by the external fixation device should provide 
enough ligamentotaxis so that on an anteroposterior 
radiograph, the radiocarpal articulation is seen to be 1 
mm wider than the midcarpal joint. This traction provides 
enough tension on the radiocarpal ligamentous structure 
to prevent severe contracture. 

At the end of the surgical procedure, the hand and 
forearm are placed in a bulky soft dressing. No cast or 
splint is needed. The fingers are left free to go through a 
full range of motion. 

The fixation device is left for 6 to 8 weeks. Progressive 
active range of motion of small joints of hand, functional 
range of motion at shoulder and elbow are continued 
through out the period. After fixator removal, below 
elbow cast is given for 3 to 4 weeks. 

Here in it is useful to remember the relevant surgical 
anatomy of the wrist where in the palmar radiocarpal 
ligaments are straight, whereas the dorsal ligaments are 
zig zag. Hence on distraction the palmar surface gets 
faut before the dorsal one. Thus it is wrong to expect 
distraction alone to restore the palmar tilt. 
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Fig. 15A: Volar Barton fracture with dislocation of the wrist— 
notice the radioulnar dislocation 


Disadvantages of External Fixation 

Poor purchase in osteoporotic bone results in loosening, 
loss of réduction, infection. Pin tract infection is a common 
complication. Stiffness of wrist is common after external 
fixator in old patients. It cannot provide précisé small 
fragment control and restoration of articular congruity, 
unless anatomie réduction and K-wire fixation is done. 
Too much of distraction causes delayed fracture healing 
and clawing of the fingers with associated hand stiffness. 

Limited Open Réduction (Axelrod) 

This technique involves the disimpaction and fine 
manipulation of depressed articular fracture fragments 
through a small dorsal incision under fluoroscopie control 
(Axelrod et al, 1988). This is as an adjunct to external 
fixation or percutaneous pinning in dealing with 
compression-type fractures in which the articular 
segments fail to reduce through indirect means 
(ligamentotaxis). 

Open Réduction and Internai Fixation—ORIF 
(Figs 16A and B and 17A and B) 

Open réduction is required less commonly. It is done 
especially in comminuted intra-articular unstable 
fractures and shear type intra-articular fractures. 
Problems are encountered in case of small distal 
fragment, osteoporotic bone, sufficient hold cannot be 
obtained. Further, metaphyseal or diaphyseal splintering 
makes réduction difficult. 



Figs 15B and C: (B) Fracture were reduced, K-wire fixation is 
done. The radioulnar joint was reduced and was immobilized 
by a K-wire for 4 weeks. Notice the 4 mm distraction by external 
fixator, and (C) final radiograph shows satisfactory union, good 
movement of the wrist and satisfactory function of the radioulnar 
joint 

Second comminuted segment may exceed the length 
of commonly used 5 hole T-buttress plate. Réduction is 










Fracture of the Distal End Radius 2441 



Figs 16A and B: Smith fracture (A) stabilized with palmar traction plate (B) 


Figs 17A and B: Reversed Barton fracture managed with 
supporting plate 

best obtained by using two, 2.7 mm reconstruction plates 
which diverge distally. Surgical approach will dépend 
on which portion of the joint is involved. ORIF is a 
demanding technique and carries a high complication 
rate. 

Dorsal approach is taken in dorsal Bartor's fracture 
and when bone grafting needed. The use of dorsal plate 
should be avoided because tenosynovitis can occur in the 


closely apposed extensor tendons. The buttress plates do 
not necessarily need to be screwed into distal fragment. 
Rather the plate can be secured to the more proximal 
metaphysis of radius, thus, allowing the slightly overly 
contoured distal portion of the plate to buttress the dorsal 
articular rim into réduction. Safest approach is between 
second and third dorsal compartments. This provides an 
interval well dorsal to the sensory nerve. If a plate is to 
be applied, third dorsal compartment is opened and EPL 
is radially transposed. Lister's tubercle is removed to 
provide a fiat surface for plate application. Additional 
K-wires and/or bone-grafting may be necessary. 

Volar approach is taken for volar Barton's fracture 
(Fig. 18). An incision is made along the flexor carpi 
radialis and then directly through its sheath down to the 
pronator quadratus musclede, retracting the radial artery 
safely to the latéral s. Radial soft tissues are retracted to 
expose pronator quadratus which is then divided to 
expose the fracture. Contoured T-plate or Ellis plate is 
applied and fixed to the proximal fragment with two 
screws, the distal transverse part will act as a buttress 
and hold the fracture reduced. After open réduction and 
internai fixation, immobilization is needed only for four 
weeks. This intact palmar buttress which is created by 
the volar plate so effectively aids réduction of intra- 
articular fragments. 

Arthroscopically Assisited Réduction and 
External Fixation of Intra-articular Fractures 

Arthroscopy has been invaluable in the diagnosis of 
ligamentous injuries associated with distal end radius 
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Fig. 18: Showing the various types of LCPs that can be used 
for fractures of the distal end of the radius. (A) 2.4 LCP distal 
radius plate straight, (B) 2.4 LCP - L distal radius plate right 
angled. (C) 2.4 LCP - L distal radius plate oblique angled, 
(D) 2.4 LCP T distal radius plate. (Figures modified from Wagner 
M, Frigg R. AO manual of fracture management internai fixators 
concepts cases using LCP and LISS. Thime—2006) 


fractures but it is still doubtful if the technique is superior 
to conventional techniques. Resuit do show superior 
radiographie and functional outcomes.The procedure is 
usually delayed 5 to 7 days to allow rents in the capsule 
to heal to prevent extravasation of irrigation fluid into 
surrounding tissues. Prior application of an external 
fixator aids distraction of the joint space and allows 
superior visualization besides giving a tensed fracture 
surface for easier réduction and pinning. 

LOCKING PLATES FOR DISTAL END RADIUS 17 

In the case of fractures of the distal end of the radius LCP 
can be used in two modes either as a conventional buttress 
plate for Colle's and Smith's fractures or as an angled 
blade plate for displaced intra-articular fractures. 

The LCP is indicated in several situations; Complex 
intra-articular multifragmented fractures.(C3) 

In these fractures the dorso-ulnar fragment of the 
intermediate column is impacted centrally. This fragment 
is not reduced by ligamentotaxis and requires open 
réduction to elevate this fragment. 

Partial Articular Distal Radius Fractures (B3) 

The intra-articular displacement and impaction requires 
open réduction and stable fixation. In addition the 
metaphyseal comminution makes this fracture highly 
unstable. 

Extra-articular Multifragmentary Fractures (A3) 

These fractures are prone to displace and tilt abnormally 
as a resuit of the severe comminution dorsally. Although 
they may be treated by closed réduction and pining, in 
osteoporotic bone the risk of displacement is greater. 


Extra-articular Dorsally Displaced Fractures (A2) 

Although bulk of these fractures can be treated by cast 
with pining, the use of the LCP has certain distinct 
advantages, it allows for anatomical restoration of angles 
and length and early return of function. 

The plates can be used in a variety of ways: 

Single plate dorsally 
Single plate volarlly 
Fragment spécifie fixation 

Fragment Spécifie Fixation (Fig. 19) 

This method of fixation involves the use of several plates 
each being applied to fix one particular column. A 
combination of dorsal and palmar plates is usually used 
in severely comminuted intra-articular fractures. A 
hyperextended palmar fragment requires a palmar plate 
since this particular fragment cannot be controlled from 
the dorsal side. If the fragment is large then a T-plate is 
used, if it is small then an L-plate is used and an additional 
S-plate is used to buttress the radial column. 

In addition to these a dorsal plate is then applied to 
fix the intermediate column. 

In certain cases two plates may be applied dorsally to 
fix the radial and intermediate column, such as intra- 



Fig. 19: Showing the various steps in fragment spécifie fixation 
using volar, dorsal, and radial plate for fixation of an intraarticular 
comminuted fracture (C3). (A) showing the displaced fracture 
fragments, (B) after open réduction through a volar approach 
and temporary fixation with K. wires, (C) showing L - LCP 
right angled use to fix the volar intermediate column, (D) the 
radial column is stabilized with a straight LCP, (E) finally two 
plates hâve been applied on the volar surface, (F) a third L - 
LCP is used to stabilize the dorso ulnar fragment (Figures 
modified from Wagner M, Frigg R. AO manual of fracture 
management internai fixators concepts cases using LCP and 
LISS. Thime—2006) 
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articular fractures with a displaced dorsoulnar fragment, 
or impacted intra-articular fragment. 

Certain key steps when planning to use a LCP are: 

• Take a pre-operative CT-scan in cases of intra-articular 
fractures. 

• Correct position of the plate must be confirmed under 
the C-arm prior to fixation. 

• The LHS must be directed carefully and not enter the 
joint. 

• Bone grafting is not necessary if a LCP is used. 

• The surgeon must décidé the stability of the fixation 
and if thought to be inadéquate then a splint or cast 
may be prescribed particularly in osteoporotic bone. 

• Early réhabilitation prevents the occurrence of RSD. 

Associated Injuries 

Arterial injury: This may occur with open as well as 
markedly displaced closed fractures. There is a spasm of 
radial artery which is stretched over a sharp proximal 
fragment, ulnar artery may be tented by radial fragments 
or displaced ulna. Réduction of fracture usually corrects 
the vascular compromise. So, early réduction and fixation 
is necessary. Doppler examination may be needed to 
confirm restoration of circulation. Arterial lacérations in 
open injuries are repaired by direct anastomosis or vein 
grafting. 

Tendon injury: High-energy injuries can produce multiple 
tendon lacérations at different levels along with fracture 
radius. Early tendon repair can give good functional 
resuit. 

Nerve injury: Médian or ulnar nerve contusion or 
compression may occur due to forceful hyperextension 
or displacement of fragments. 

Acute carpal tunnel syndrome is a common 
complication and requires immédiate décompression or 
release of transverse carpal ligament. Nerve lacérations 
in open injuries need direct repair. Postfracture 
hematoma is the most common cause of transient 
neuropathies. 

After réduction immobilizing the wrist in extreme 
flexion is known to cause médian neuropathy. 

Carpal injuries: Distal radius fractures may be associated 
with intercarpal ligament injuries. Scaphoid fracture, 
perilunate dislocations often accompany. Ulnar styloid 
fractures at its base produce instability of distal radioulnar 
joint TFCC damage is another cause of instability. 
Immédiate réduction and fixation of carpal fractures is 
necessary along with fixation of distal radius fracture. 

Complications 

Complications are divided into early complications and 
late complications. 


Early complications: include dépréssion of major articular 
components, distal radioulnar joint subluxation or 
dislocation, redisplacement of fragments, compartment 
syndrome, médian or ulnar nerve compression, reflex 
sympathetic dystrophy. 

Late complications: Malunion due to loss of réduction and 
deformity is most common. It leads to intercarpal collapse 
and radiocarpal arthroses. Distal radioulnar joint 
dissociation is another common sequela. 

Prolonged immobilization leads to stiffness of wrist, 
tendinous adhesions in flexor compartment. Shoulder 
hand syndrome or sympathetic dystrophy is a common 
sequela of distal radius fractures, especially in elderly 
females. It is treated with intense physiotherapy, 
analgésies, wax bath, splinting, élévation, if not relieved, 
then one can go for sympatholytic drugs or sympathetic 
blocks. 

Rupture of extensor pollicis longus tendon is very 
common, it can rupture at the time of fracture or many 
years late. The cause is EPL tendon is tightly held against 
the bone in extensor compartment, subsequently callus 
formation further constricts the tendon leading to 
attritional rupture. Most ruptures are painless. However, 
tenderness and swelling over Lister's tubercle after a 
fracture can signify inflammation and impending tendon 
rupture. Studies hâve shown that there is relative 
avascular area of tendon in the distal portion of third 
compartment at Lister's tubercle. Prophylactic release of 
third compartmentmay be indicated when symptoms are 
présent. Direct end-to-end suture, tendon grafting and 
tendon transfer are treatment alternatives in rupture of 
EPL. Usually extensor indicis which has an amplitude 
and line of action similar to EPL is used for transfer with 
consistently good results. Many a times, IP joint can still 
extend after EPL rupture because of contribution to the 
dorsal hood from several muscle units, i.e. abductor 
pollicis brevis, flexor pollicis brevis, adductor pollicis, 
extensor pollicis brevis, and adductor pollicis longus. 

Non-union is virtually not known to occur. If occur s, 
it is usually symptomatic. One should go for flexible 
internai fixation and iliac crest bone grafting. 
Symptomatic non-unions of ulnar styloid are treated with 
styloid excision, if the fragment is quite large, then it is 
treated with ORIF with wire. In case of ulnar instability, 
TFCC should be reattached to the fovea at the time of 
fragment excision or fixation. 

Treatment of Malunion and Radiocarpal Arthritis 

Malunion and posttraumatic arthritis are the common 
complications following conservative treatment. 
Malunion may be extra-articular resulting in metaphyseal 
angulation and shortening or intra-articular with residual 



2444 Textbook of Orthopedics and Trauma (Volume 3) 


articular step-offs and incongruity at radiocarpal or 
radioulnar joints or both. 

Malunions resuit in wrist pain, decreased range of 
motion, midcarpal instability, (DISI) and weakness of 
grip. 

Causes 

Indequate réduction, redisplacement of fragments, 
comminution of fragments, rupture of radioulnar 
ligaments with excessive mobility of distal ulna, 
inadéquate immobilization and marked crushing of 
fragments (especially in osteoporotic bone crushing 
causes shortening of radius and broadening of wrist). 
Four types of operations are done. 

1. To restore anatomie relationship, i.e. reestablish the 
angle of distal articular surface of distal radius, correct 
radial shortening and reduce to prominence of distal 
ulna, e.g. Fernandez osteotomy of distal radius. 
Reconstruction by single or dual on-lay. 

2. Operations that improve function but do not correct 
the malunion, e.g. Darrach's distal ulnaresection, 
Bower's hemiresection interposition arthroplasty, 
Sauve-Kapandji procedure, Milch-cuff resection of 
ulna, Bunnell's procedure, etc. 

3. Arthrodesis of wrist—Rarely indicated in young 
patients with severe arthrosis of wrist. 

4. Combination of above procedures, e.g. arthrodesis 
combined with distal ulnar resection. 

Resection of distal ulna is more indicated operation, 
because union of bone is not required after surgery, 
danger of nonunion, of récurrence of malunion is 
eliminated, immobilization is unnecessary. Removal of 
too prominent head of ulna corrects radial déviation of 
wrist, improves appearance of wrist. Even with 
angulation at malunion of distal radius as much as 30° 
and considérable shortening of radius, resecting distal 
ulna results in satisfactory function unless the wrist joint 
is affected. Motion in the wrist is improved, pronation, 
supination ulnar déviation, and in some cases 
dorsiflexion is improved. It is also indicated for distal 
radioulnar arthritis. Osteotomy and grafting of radius is 
done mainly in young patients. When the distal fragment 
after osteotomy is small and osteotporotic, dual graft may 
be useful. 

Arthrodesis is indicated when malunion is near 
articular surface, angulation is severe, and osteoporosis 
is marked, also when degenerative radiocarpal arthritis 
is présent. 

Preoperative évaluation: Plain radiographs of both wrists 
are taken to analyze carpal malalinements ulnar variance 
and inclination of articular surface to compare with 
noninjured side. CT scan is useful to evaluate 


posttraumatic incongruency of distal radioulnar joint, 
subluxation or rotational malalinement of distal radius. 
MRI or wrist arthroscopy may provide additional 
information regarding condition of triangular 
fibrocartilage and ligaments. 

Osteotomy and grafting of radius Dorsal opening 
wedge metaphyseal osteotomy combined with grafting 
and fixing with buttress plate or T-plate gives good results 
in young patients. It is contraindicated, in case of 
advanced arthritis and fixed carpal malalinement. 

Fernandez 7,8 technique: For malunited Colles' fracture, 
through a straight dorsal incision extending from 2 cm 
distal to Lister's tubercle and proximally 8 cm into 
forearm, radius is exposed between extensorcarpi radialis 
brevis and extensor digitorum communis after protecting 
EPL tendon. Mark the site of osteotomy 2.5 cm proximal 
to wrist and insert K-wire 4 cm proximal to osteotomy 
site. Insert another K-wire in distal portion, so that angle 
subtended by it with the first wire is equal to angle of 
deformity in sagittal plane. Make the osteotomy, open it 
dorsally until the two wires are parallel to restore normal 
volar tilt of 5 to 10° of the distal articular surface. Radial 
length is restored at the same time. Trim iliac bone graft 
to fit the dorsal radial bone defect. Any pronation or 
supination of distal fragment is corrected before 
introducing the graft. Contour a small T-plate and fix with 
two screws in each fragment. Close the wound and give 
a volar plaster splint for two weeks. Then physiotherapy 
is begun, but no lifting work is allowed until the 
osteotomy has healed, usually 6 to 8 weeks. Dorsal plates 
are removed 3 to 6 months after operation to prevent 
attrition tendinitis of EPL. 

Campbell's technique 3 for malunited Colles' fracture 
consists of osteotomy through fracture site to correct 
angulation and restoration of radial length by inserting 
graft from prominent distal end of ulna through separate 
incision. The osteotomy is fixed with K-wires inserted 
through radial styloid across osteotomy and through 
médial cortex of proximal fragment. 

For malunited Smith's fracture, through a volar 
appraoch between flexor carpi radialis and radial artery, 
detaching pronator quadratus, a palmar opening wedge 
osteotomy with grafting and buttress plating is done. 

If radial shortening is more than 12 mm, resection of 
distal ulna is done, resected ulna is used as graft to fill 
the osteotomy. 

Paley uses Ilizarov method to treat malunited distal 
radial fracture. Osteotomy is done through a 1 cm 
incision. Correction of angular deformity and shortening 
is satisfactorily achieved. 

Milch euff resection of ulna 12 : It is done when discrepancy 
in length is due to abnormal or cessation of growth of 
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distal radial epiphysis and relative lengthening of ulna 
which impinges on carpus in growing children. A 
segment of ulnar shaft is resected, and head of ulna is 
allowed to articulate with ulnar notch of radius. A 
segment is removed about 2.5 cm proximal to the head 
of ulna and long enough to correct the discrepancy in 
the length of two bones. 

Resection of distal ulna: It is done to relieve pain and 
improve motion. Resection is done either total or limited. 
Darrach's procedure 5 : Through a médial longitudinal 
incision, incise periosteum and reflect it. About 2.5 cm 
proximal to distal end of ulna, divide the bone and lift it 
outside and divide the capsule of distal radioulnar joint. 
Divide the ulnar styloid at its base, and it is left attached 
to the ulnar collateral ligament. Then reef and plicate the 
periosteal envelope and ligament to stabilize the end of 
bone. 

When ulna has been resected at a level proximal to 
pronator quadratus, distal ulna may subluxate dorsally 
on pronation and cause pain and disability. Then, a 
tendon graft may be looped around the ulna and the 
tendon of flexor carpi ulnaris then holds the ulna 
anteriorly. The tendon graft is joined to itself by 
removable running suture of stainless Steel wire. This is 
BunnelTs technique for restoring stability of distal ulna 
after too much of bone has been resected. 

Bowers hemiresection interposition arthroplasty: This 
procedure includes hemiresection of distal radioulnar 
joint with préservation of ulnar styloid process and 
interposition of soft tissue between radius and ulna. This 
préserves ligaments arising from ulnar styloid process 
and support ulnar side of carpus. Only ulnar articular 
head is removed leaving shaft-styloid relationship intact. 
An interposition of tendon or muscle or capsule is placed 
in the vacant distal radioulnar joint synovial cavity to 
limit contact of radial and ulnar shafts which tend to 
approach one another after ulnar head excision. It should 
not be done when ulnar variance is positive unless the 
ulna is shortened as a part of this procedure. 

Darrach's procedure results in loss of grip strength, 
loss of ulnar support of carpus and instability of distal 
ulnar stump. The most common cause of failure of 
Darrach's procedure is due to excess resection of distal 
ulna. 

Zancolli modified Darrach's procedure by keeping 
ulnar styloid fixed to the sigmoid notch for retaining 
ulnocarpal ligaments and enlarging the ulnar shelf of the 
lunate facet of radius, providing additional bony support 
to the carpus. Further, tightening of ulnocarpal ligament 
complex in a radial direction Controls ulnar translocation 
of the carpus. For distal ulnar stump stabilization, he 
recommends careful closure of the sheath of extensor 


carpi ulnaris tendon that is slightly displaced radially 
with a sling of extensor retinaculum. 

Sauve Kapandji technique: 10 This involves distal 
radioulnar joint arthrodesis with a single lag screw and 
création of proximal pseudarthrosis by resecting 15 to 20 
mm of ulnar segment just proximal to ulnar neck. The 
periosteal sleeve is removed to prevent reossification, and 
pronator quadratus is pulled dorsally through the 
pseudarthrosis gap and sutured to the sheath of extensor 
carpi ulnaris tendon. This préserves both ulnocarpal 
ligaments and bony support of carpus. It also restores 
free forearm rotation in patients with fixed distal 
radioulnar joint subluxation foliowing articular fractures 
of distal radius with severe destruction of distal ulnar 
joint. The most dreaded complications of this procedure 
are reossification of the nonunion and painful instability 
of ulnar stump. To prevent painful instability of ulnar 
stump, use of palmar tenodesis with a distally based 
tendon strip of flexor carpi ulnaris stabilizes the proximal 
stump. Also two screws to fix distal radioulnar joint give 
maximum rotational stability. Careful periosteal 
resection, élimination of saw dust and soft tissue 
interposition with flexor carpi ulnaris and pronator 
quadratus prevent ectopic bone formation. 

REFERENCES 

1. Axelrod. Fractures of distal radius. In Schantzker (Ed). Rationale 
of Operative Fracture Care Ed: Schazhas Springer Verlag: 
Stuttgart 1996;164. 

2. Barton JR. Views and treatment of an important injury to the 
wrist. Med Examiner 1838;1:365. 

3. Bowers WH. The distal radioulnar joint, pp. In Green DP (Ed): 
Operative Hand Surgery Churchill Livingstone: New York 
1982;743-69. 

4. Cambell WC. Malunited Colles'fracture. JAMA 1937;109:1105-08. 

5. Dolles A. On the fracture of the carpal extremity of the radius. 
Edinburgh Med Surg J 1814;10:182-86. 

6. Darrach W. Forward dislocation at the inferior radio-ulnar joint, 
with fracture of the lower third of the shaft of the radius. Ann 
Surg 1912;56:801. 

7. Green DP. Operative Hand Surgery (3rd edn) Churchill 
Livinstone: Edinburgh 1982. 

8. Fernandez DL. Correction of post-traumatic wrist deformity in 
adults by osteotomy, bone grafting and internai fixation. JBJS 
1982;64 A :1164-78. 

9. Fernandez DL. Radial osteotomy and bowers arthroplasty for 
malunited fractures of the distal end of the radius. JBJS 
1988;70A:1538-51. 

10. Frykman GK, Tooma GS, Boyko K, et al. Comparison of eleven 
external fixa tors for treatment of unstable wrist fractures. J Hand 
Surg 1989;14A:247-54. 

11. Kapandji JA, Epinetta JA. Colles' fractures—treatment by double 
intrafocal wire fixation. In Razemon JP, Fisk GR (Eds). The Wrist 
Churchill-Livingstone: New York, 1988;65-73. 



2446 Textbook of Orthopedics and Trauma (Volume 3) 


12. Melone CP. Articular fractures of the distal radius. Ortho Clin 
North Am 1984;15:217-36. 

13. Milch H. Treatment of disabilities following fracture of the lower 
end of the radius. Clin Orthop 1963;29:157-63. 

14. Sarmiento A. The brachioradialis as a deforming force in Colles' 
fractures. Clin Orthop 1965;38:86-92. 


15. Sarmiento A, Pratt GW, Berry NC, et al. Colles' fractures— 
functional bracing in supination. JBJS 1975;57A:311-17. 

16. Sanders WE. Fractures of the distal radius. In Hand Surgery 
Update: American Academy of Orthopaedic Surgeons 1994;1:117. 

17. Wagner M, Frigg R. AO manual of fracture management internai 
fixators concepts cases using LCP and LISS. Thime 2006. 




INTRODUCTION 

Distal radioulnar joint (DRUJ) is functionally coupled 
with the proximal radioulnar joint, thus, forming a 
mechanism for longitudinal rotation of hand. There is 
structural and functional séparation between distal 
radioulnar joints and carpal joints giving the possibility 
of pronation and supination in every position of hand to 
the forearm and ulnocarpal motion and support without 
interfering grasping function of hand. Biomechanics and 
anatomy of distal radioulnar joint is complex. 

Biomechanics and Anatomy 

Occasionally, on latéral view a prominent volar break is 
seen which represents buttress to volar dislocation. This 
explains rarity of volar dislocation. The ligamentous and 
cartilaginous structures attaching distal ulna to distal 
radius and ulnar side of carpus are known as triangular 
fibrocartilage complex (TFCC) of Palmar and Werner. 
TFCC includes dorsal and volar radioulnar ligaments, 
volar ulnolunar ligament and ulnotriquetral ligament, 
ulnar collateral ligament, meniscal homologue, articular 
disk, and extensor carpi ulnaris sheath. It begins on ulnar 
side of lunate fossa of radius and attaches to the head of 
ulna and ulnar styloid at its base. It is joined by ulnar 
collateral ligament and its distal insertion is the 
triquetrum, hamate, and base of fifth metacarpal. It is 
also called ulnar articular disk which brings about 
radioulnar-carpal interconnection. Deep layer of 
antebrachial fascia borders the fibrous complex, therefore, 
it is important to observe the position of the tendon sheath 
of the extensor carpi ulnaris being an indivisible part of 
this fibrous complex. There is close structural 
interrelationship between the radioulnocarpal fibrous 
connections and the tendon of the extensor carpi ulnaris. 


The tendon keeps the complex under tension by a 
dynamic action. 

The TFCC is triangular in shape and 1 to 2 mm thick 
at its base which is attached to the distal margin of 
sigmoid notch. It stretches across the ulna pôle, and its 
appex is attached to ulnar head and styloid where it may 
be as such as 5 mm thick (Fig. 1). 



Fig. 1 : A diagrammatic drawing of the meniscal reflection and 
the prestyloid recess. The meniscal reflection from the 
dorsoulnar radius to the ulnovolar carpus. The arrow dénotés 
access under the reflection to the tip of the styloid—the so- 
called prestyloid recess 
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Functions of Triangular Fibrocartilage 
Complex (TFCC) 

1. It provides a continuous gliding surface across the 
entire distal face of the two forearm bones for carpal 
flexion and extension and translational movements 

2. It also provides a flexible mechanism for stable 
rotational movements of the radiocarpal unit around 
the ulnar axis 

3. It suspends the ulnar carpus from the dorsal ulnar 
face of the radius 

4. Cushions the forces transmitted through the 
ulnocarpal axis 

5. It solidly connects the ulnar axis to the volar carpus. 
The stability of DRUJ is further enhanced by contour 

of sigmoid notch, interosseous membrane, extensor 
retinaculum, dynamic forces of ECU and pronator 
quadratus (Fig. 2). 

Distal radioulnar joint disorders can be acute or 
chronic. Acute conditions include fractures of ulnar head, 
styloid, radius and carpal bones as well as dislocations 
or subluxations involving DRUJ carpal bones, and TFCC 
and extensor carpi ulnaris (ECU) subluxation, 
symptomatic TFCC tears and perforations. 

Chronic conditions include nonunions, malunions 
and incongruities of wrist joint including subluxation and 
dislocation of DRUJ, ulnocarpal région, carpal bones, 
TFCC, as well as localized arthritis of pisotriquetral, 
lunotriquetral joints and DRUJ arthritis. 



Fig. 2: Distal radioulnar joint stability in pronation (left) is 
dépendent on (1) tension developed in the volar margin of the 
TFCC (small arrows) plus (2) compression between the contact 
areas of the radius and ulna (volar surface of the ulna articular 
head and dorsal margin of sigmoid notch (large arrows). 
Disruption of the volar TFCC would therefore allow dorsal 
displacement of the ulna in pronation. The reverse is true in 
supination . The reverse is true in supination where disruption 
of the dorsal margin of the TFCC allows volar displacement of 
the ulna relative to the radius as this rotational extreme is 
reached, The dark area of the TFCC emphasizes the portions 
of the TFCC that are not supported for the ulnar dôme. The 
dotted circle is the area of low transmission—lunate to TFCC— 
in that position 


Traumatic lésions at DRUJ will affect not only normal 
mechanism of pronation and supination but also disturb 
the carpal function. 

In ulna neutral wrist 20% of applied load is distributed 
to ulna and 80% to the radius. Importance of ulnar 
variance concerns the distribution of compressive load 
across wrist joint. TFCC appears thinner in wrists with a 
positive ulnar variance and thicker with a négative 
variance. Transfer of stress is also influenced by piston- 
like motion of radius on ulna that occurs with pronation, 
supination and with dynamic loading. Ulna appears to 
lengthen 1 mm from the fully supinated to pronated 
position. Because the ulnar head is also relatively dorsally 
displaced to the lunate and triquetrum in full pronation, 
the effect of this on axial force transmission may be 
minimal. Forceful grasping appears to cause the radius 
to translate proximally. Same thing occurs with forceful 
radial déviation, whereas ulnar déviation appears to 
depress the ulna. Therefore keeping in mind importance 
of dynamic factors in forearm kinematics, one should 
anticipate proximal radial migration after excision of 
radial head and secondary problems that occur after ulna 
head excision. 

The integrity of the proximal structures, especially the 
intraosseous membrane, is important because the DRUJ, 
is only part of a longitudinally arranged complex joint. 
The dorsal and volar radioulnar ligaments at the 
perimeter of the TFC provide the primary constraints to 
the DRUJ. In pronation, the dorsal radioulnar ligament 
(RUL) is under tension, and in supination, the volar RUL 
that prevents dorsal subluxation of the ulnar head if the 
dorsal RUL is experimentally eut and vice versa. 

Avulsion of the radioulnar ligaments from either the 
radial or ulnar origins results in increased mobility of 
the ulnar head on the radius, which may be perceived by 
ballotment tests such as the "piano key sign". 

Ulnocarpal ligaments also provide some constraint 
to the ulnar head. When under tension, the palmar 
ulnotriquetral ligament helps to depress the head. 

Dynamic stability may be imposed by the muscles, 
but only when they are in active contraction. Proximal 
and distal radioulnar joints together form a bicondylar 
joint of spécial character. The proximal "condyle", the 
ulnar head, is fixed with respect to rotation. Thereby 
changed into pronation-supination. Axial rotation is 
preserved proximally, while distally the radius swings 
around the ulnar head. The mobile radius is distally 
attached to the stable ulnar head by the dorsal and volar 
radioulnar ligaments, the dorsal ligament being tight for 
stabilization in supination and the volar ligament being 
tight in pronation. Removal of the ulnar head allows the 
radius to "fall in" towards the ulna, with narrowing of 
the interosseous space. 
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The axis of pronation-supination is drawn through 
the centers of the radial and ulnar heads. From about 2 
cm distal to the radial tuberosity to about 2 cm proximal 
to the ulnar head is positioned between the two bones, 
in the interosseous membrane going from proximal radial 
to distal ulnar, approaching the axis of pronation- 
supination at an angle of 10 to 15°. 

The motor of the DRUJ are four major muscles that 
provide active motion of the DRUJ: the pronator teres 
and pronator quadratus innervated by the médian nerve, 
and the supinator innervated by the radial nerve, for 
supination and biceps brachi innervated by musculo- 
cutaneous nerve. 

Investigations 

Radiography 

AP or PA wrist, semipronated view (ulnar border of hand 
is against the cassette and hand pronated 45°. This view 
helps to visualize dorsoulnar structure), semisupinated 
view (reversed oblique or bail catcher view with hand 
supinated 30 to 45°. This view helps to visualize volar 
ulnar quadrant of wrist especially the pistotriquetral joint 
and hook of hamate. 

Dynamic, provocative or loaded views Application of 
compressive forces across the wrist joint loads the radial 
and ulnar columns and tends to displace the unstable 
distal radioulnar joint. The patient is asked to make a 
firm fist, or more reliably to squeeze an object such as the 
standard wrist dynamometer or a roll of cast padding. 
When compared to the opposite side and nonloaded 
views, instability may be recognized. Loaded PA radial 
and ulnar déviation views show the proximal row, as it 
moves in relation to the TFC and radius. Loss of normal 
lunate movement may support the diagnosis of lunate 
chondromalacia, especially in a patient with a positive 
variant ulna. Latéral views of the pronated wrist with 
déviation designed to provoke the patient's symptoms, 
may reveal abnormal midcarpal motion. 

Tomography 

Tomography is helpful in detecting small avulsion 
fractures indicative of ligament disruption. It is also 
helpful in detecting fractures of hook of hamate. CT scan 
accurately évaluâtes distal radioulnar joint, subluxation 
and dislocation. Its advantages are: it does not require 
précisé positioning and it can be done through plaster 
cast. Comparison views in at least 3 positions of rotation 
are required to properly assess potential of instability. 
CT scan often shows fractures as sigmoid notch 
abnormalities are seen by no other technique. 


Magnetic Résonance Imaging (MRI) 

MRI provides significant diagnostic information on the 
location of ECU tendon, joint capsule, TFCC tears, etc. It 
is noninvasive, nonirradiating gives images of small 
joints, their ligaments and fluid content. 

Arthroscopy 

The small joint arthroscope is particularly useful in 
identification of TFCC tears, érosion areas, synovitis and 
rim avulsion of radial attachment of TFCC, etc. 

Arthrography 

Though previously used it is now obsolète. 

Treatment of Distal Radioulnar Joint Disorders 

Acute fractures involving DRUJ include fractures 
involving sigmoid notch of radius, ulnar articular surface 
fractures including chondral fractures, ulnar styloid 
fractures. Nonunion or malunion of these fractures is 
frequently associated with pain, instability or weakness 
and loss of motion. In radial fractures both collapse and 
rotational deformity may obscure major articular 
displacement. For acceptable réduction inarticular 
radioulnar fractures must be anatomically alined and 
joint congruity must exist. The ulnar articular surface 
must not be translated proximally, distally, dorsally or 
volarly on the sigmoid notch, as this will bear directly on 
eventual distal radioulnar function. 

Close réduction and external fixation remains the best 
treatment for comminuted and stable fractures. For 
unstable and severely comminuted fractures, open 
réduction and internai fixation with bone graft to fill voids 
and give stability is necessary. Recently, réduction is done 
arthroscopically and percutaneous pin fixation with 
addition of external fixator holds accurate réduction and 
reduces operative morbidity. 

Ulnar articular fractures should be opened and fixed 
with K-wires or small compression screws. Comminuted 
fractures of ulnar head are best treated with primary 
resection of head preserving shaft styloid axis if possible. 
Majority of ulnar styloid fractures are avulsion fractures. 
In cases where the styloid is avulsed at its base, a serious 
potential dérangement of the joint has occurred. 
Nonunion may resuit in painful limited rotation and grip 
weakness. Minimal displacement may be adequately 
treated by immobilization in a well-fitted below-elbow 
cast using the technique of interosseous molding to 
prevent more than midrange forearm rotation. The wrist 
should be in neutral rotation and slight ulnar déviation 
as the cast is applied. It is particularly important to avoid 
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extreme forced positioning, either in pronation, 
supination, flexion, or ulnar déviation, as subluxation 
may be easily provoked. The moderately or severely 
displaced styloid requires accurate closed réduction, or 
the joint should be opened and the TFCC and styloid 
anatomically replaced. Fixation by intraosseous 
compression wire techniques and a long arm cast for 6 
weeks are necessary to assure a good resuit. Late excision 
of the mobile, painful styloid fragment has been 
advocated. 

DRUJ and TFCC can be approached dorsally or 
volarly. 

Postoperative or during surgery: The best position for 
management of DRUJ disruption associated with 
fractures or dislocation is midrotation, slight ulnar 
déviation and volar flexion and support of volar ulnar 
side of wrist. As the ulnar fulcrum is unstable, extreme 
rotation and forcible wrist positioning (for example cotton 
loader position for colles fracture) are harmful. When 
open réduction is done ligament repair is must. 

Essex-Lopresti Injury 7 

This injury means DRUJ disruption associated with a 
displaced radial head fracture and proximal migration 
of radius about 5 to 10 mm. This is a complex injury 
resulting due to forces disrupting DRUJ ligament, 
interosseous membrane and radiocapitellar articular 
surface. Full length AP and latéral views including elbow 
and wrist should be taken, also comparison CT scan of 
both DRUJ is done to evaluate the patient. MRI of 
midforearm may show an interosseous membrane lésion 
or hematoma. Treatment consist of fixation of large 
fragment of radial head in addition to réduction, repair 
and pinning of DRUJ. Comminuted radial head should 
be excised. In ulnacarpal impaction, ulna should be 
shortened and if radioulnar joint is incongruous then a 
hemiresection arthroplasty is done. 

Isolated TFCC disruption is also called as periulnar 
dislocation of radiocarpal mass because the ulna remains 
in its normal relationship at elbow. It is more commonly 
described as dislocation of lower end of ulna. Dislocation 
with the ulnar volar is reduced by pronation and with 
the ulna dorsal by supination and cast immobilization 
by six weeks, above-elbow cast with forearm in full 
supination for ulnar dorsal and full pronation for ulnar 
volar. Green recommends neutral rotation and slight 
ulnar déviation for both injuries after réduction. If the 
dislocation is locked or the réduction is incongruous, open 
réduction and TFCC repair is done. Direct repair of TFCC 
is done with intraosseous wire technique with 24 gauze 
or larger wire. Direct suture repair of dorsomarginal 


repair ligaments stabilized by K-wires is effective. 
Because of torque and stress, the repair should be tight 
and protected by above-elbow cast for 6 to 8 weeks. 

Late or Chronic Joint Disruption (More than 2 Months) 
without Radiographie Arthritis 

Patient présents with restricted or painful motion, 
tenderness over DRUJ and instability. AP and latéral 
radiographs and grip loaded views are taken. Full 
pronation, supination, ulnar déviation or grip loading in 
these positions may provoke subluxation of DRUJ. There 
may be associated TFCC damage. 13 

Isolated TFCC Damage without Instability 

The treatment is contr over sial. One school of thought 
advises complété excision, and another school of thought 
is repair of the tear, if it is in the peripheral vascular zone, 
and debridement, if it is in the central avascular zone. 

TFCC Disruption with Récurrent 
Dislocation or Instability 

Stability in the DRUJ is provided by joint surface 
architecture and fit of the ulnar head in the sigmoid notch 
and also by alinement and length of the levers (radius or 
ulna) and major retaining ligament of the joint the TFCC. 
Any factor affecting the stabilizing structures, e.g. fracture 
of ulnar head, fracture of the notch surgery, etc. also 
alteration of the lengths of radius and ulna, and chronic 
ligament insufficiency results in instability. 

There may or may not be radial or ulnar shaft 
deformity in association with récurrent instability of 
DRUJ. Ulna subluxates or dislocates volarly on 
supination. In this case, pronation is restricted, on the 
other hand ulna subluxates or dislocates dorsally on 
pronation and restriction of supination depending upon 
the type of injury. When there is fracture of radius or 
ulna leading to malunion, DRUJ dérangement is possible 
due to longitudinal discrepancy of radius and ulna and 
stretching of TFCC. There may be ulnocarpal impaction 
in such cases. Sometimes, there is rotation or dorsovolar 
translational malalinement of forearm bones, which 
ultimately leads to subluxation of dislocation or 
dislocation of DRUJ. In short angular translational, 
rotational malunions of radial or ulnar fractures is the 
main cause of DRUJ instability. 

If the TFCC is detached without a fracture, repair is 
just to reattach its apical portion to the ulnar fovea. For 
associated ulnar styloid fracture, TFCC repair with 
internai fixation of ulnar styloid using intraosseous wire 
technique is done. 
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For effective function of TFCC, i.e. a smooth carpal 
articulation, a flexible rotational tether, radius to ulna, 
suspension of ulnar carpus to radius and ulnocarpal 
cushion and ulnar shaft and ulnar carpal connection 
repair of TFCC is mandatory. 

Bunnell-Boyes 3 Reconstruction of 
DRU J for Dorsal Dislocation 

Distally based portion of FCU is harvested proximally 
and stripped distally to the pisiform attachment. The new 
ligament is stabilized distally by weaving it through the 
remaining volar capsule. This relieves possible torque 
stress on the pisotriquetral joint. This new "ligament" is 
then passed through a drill hole in the styloid area to exit 
in the axilla of the ulnar articular surface. The repair is 
completed with imbrication of the dorsal capsule. It is 
contraindicated in volar dislocations. It recréâtes a portion 
of the normal TFCC. 

Johnson proposed advancing the pronator quadratus 
from its normal insertion on ulna to a more latéral and 
dorsal insertion. This increases stability, especially when 
dorsal instability is présent. 

Tsai and Stilwel 6 stabilized the distal ulnar stump after 
Darach's procedure using flexor carpi ulnaris. Strips of 
retinaculum, ECU or FCU may be desected to their distal 
attachments and used in the reconstruction of ulnar sided 
ligaments. Fascia lata can also be used to stabilize DRUJ. 
The drill hole from distal to proximal through the ulna 
would allow use of any of above strips to stabilize ulna 
to volar structures. 

Osteotomy of distal radius to re-establish length volar 
tilt and ulnar inclination of radius and malunited distal 
radius fracture, e.g. Fernandez osteotomy. 8 

Impingement 

Ulnocarpal impaction syndrome: The ulnar head impinges 
against the carpus with résultant limitation of rotation 
and subséquent relaxation of the ligamentous fixation of 
the wrist. Clinicaly, it présents as ulnar wrist pain, with 
rotation or ulnar déviation, clicks or crepitus localized to 
TFCC area and long ulna relative to radius. Scierotic or 
cystic changes may be seen in ulnar head and lunate. 
Long ulna increases load transmission greatly and the 
loaded structures degenerate tear. Milch described cuff 
resection of ulna, i.e. resection of variable amount of distal 
ulnar diaphysis followed by a wire suture to hold the 
osteotomy in position for healing. A number of conditions 
predisposed to this ulnocarpal impingement. A 
prématuré closure of the radial epiphysis secondary to 
trauma (acquired Madelung's deformity), or prématuré 
wrist fusion, excision of the radial head or shaft (for 


trauma, tumor, or infection), fracture malunions with 
shortening of the radius (Colles-type, shaft, or head), or 
a "normal variant long ulna with occupational overload" 
(common in occupations or sports where rotational or 
ulnar déviation loading is required). 

Prior to ulnar shortening procedures, TFCC should 
be examined arthroscopically or with the help of MRI. A 
newer technique of unloading the ulnar column has been 
proposed by Feldon, Belsky and Torrono. This is known 
as wafer procedure. A wafer of cartilage and subchandlar 
bone from the dôme of ulnar articular head just under 
TFCC is excised. This 2 to 4 mm thick wafer excision cor¬ 
rects 2 to 4 mm positive ulnar variance without changing 
significantly the DRUJ relationship (Fig. 3). 

Ulnar osteotomy can be done in various ways. 
Transverse osteotomy may be used for shortening, 
lengthening (with bone graft) or rotational corrections. 
The osteotomy should be planned, so that the distal end 
of the plate does not impinge as the forearm rotâtes. Step- 
cut and oblique osteotomy techniques are most applicable 
for shortening. Compression screw or plate fixation may 
be used. 

For DRUJ incongruity, variety of procedures hâve 
been proposed. Ulnar head excision (Darrach and 
modifications) 5 , ulnar recession and fusion of the ulnar 
head to the radius, with restoration of forearm motion 
by création of proximal pseudarthrosis (Sauve-Kapandji 
procedures) 10 or hemiresection interposition arthroplasty 
with shortening (Bowers) 2 resection and replacement 
arthroplast (Swanson) 1,2 arthrodesis. Moderate-to-severe 
chondromalacia of the distal radioulnar joint found at 
surgery may be a relative contraindication to recession 
procedure alone (Figs 4 and 5). 12 



Fig. 3: The Feldon “wafer” osteotomy—A 2 to 4 mm wafer of 
cartilage and bone is removed from the ulnar articular dôme 
just under the TFC. The radioulnar articulation is not disturbed. 
The procedure effectively shortens the ulnar head column 
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Figs 4A to C: The hemiresection technique of arthroplasty 
employed in the ulnocarpal impaction syndrome. In (A) the still- 
too-long ulna produces stylocarpal impingement, a cord ion 
caused by the approximation of the radius and ulna allowed 
when the articular dôme is removed. To obviate this, the 
alternatives of (B) interposition or (C) shortening are necessary. 
In every instance where this method is employed intraoperative 
considération of this possible complication is mandatory 



Fig. 5: The Sauve-Kapandji procedure as described by 
Taleisnik 

Indications for Hemiresection Interposition Arthroplasty 

1. Rheumatoid arthritis: In early disease, an ulnocarpal 
synovectomy along with Bower's arthroplasty gives 
good results. Late disease is better treated with 
modified Darrach's procedure 13 


2. Osteoarthritis of DRUJ is an indication for this 
technique when combined with resection of ail 
osteophytes and avoiding stylocarpal impingement 

3. Ulnocarpal impaction syndrome 

4. Painful instability of DRUJ 

5. Rotational contractures with radioulnar disease. 

Disadvantages of Bower's Arthroplasty 

1. It fails if TFCC is not functioning as in traumatic 
disruption of TFCC and severe rheumatoid arthritis 

2. This cannot restore stability in an unstable painful 
DRUJ 

3. This will be unsuccessful if stylocarpal impingement 
is not anticipated 

4. In long-standing contracture, it may not restore 
rotation alone. Loss of flexibility in the ulnocarpal 
ligament complex as well as interoseous memebrane 
may preclude a good resuit even if central arthritic 
obstruction is removed (Fig. 6). 

Contraindications for Bower’s Arthroplasty 8 

Unreconstructable TFCC damage and advanced 
rheumatoid arthritis are absolute contraindications for 
this procedure. Also ulnocarpal translation which may 
be posttraumatic or arthritic is an another contra- 
indication. 



Fig. 6: Stabilization of the ulnar stump using the flexor carpi 
ulnars—a modification of the Darrach procedure (Redrawn from 
Bower’s William H, Green DP: Operative Hand Surgery (3rd ed) 
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David Green 6 suggested of hemiresection and 
interposition arthroplasty. Through a dorsoulnar incision, 
retinacular flaps are developed for exposure and to 
conserve tissue for dorsal stabilization of ECU (first or 
proximal flap) or augmentation of a déficient TFCC 
(second or distal flap). ECU should notbe removed from 
its retinacular compartment if it is stable. Subperiosteal 
latéral reflection of ECU compartment is possible. ECU 
stabilization is done only if it is displaced palmerly or if 
it is unstable in its compartment. If it is unstable, ECU is 
freed to its insertion on fifth metacarpal. The first or 
proximal flap is then used to create a sling. 

Darrach's procédure 41 ’ 5 : According to Darrach, an incision 
is extended proximally from the ulnar styloid process. 
The bone is approached by separating the extensor carpi 
ulnaris and flexor carpi ulnaris tendons, avoiding the 
dorsal cutaneous branch of the ulnar nerve. The 
periosteum is incised and reflected from the distal 3 cm 
of the ulna. An osteotomy is made 2.5 cm or less proximal 
to the styloid or at the level of the proximal extent of the 
sigmoid notch. Osteotomy is done by predrilling the 
cortex then the eut with small sharp osteotomes or a bone 
biter. The distal fragment is then dissected free, and the 
ulnar styloid process is osteotomized at its base and left 
in situ. The periosteal sleeve is closed to provide a firm 
attachment for the styloid process and its ulnar collateral 
ligament, which will prevent abduction laxity. The 
wound is closed in layers. No splint is applied, and active 
motion is encouraged in 24 hours. 14 ' 17 

Disadvantages 

• Increased ulnocarpal translocation 

• Decreased grip strength 

The Darrach procedure does, however, destroy the 
bony support for the triangular fibrocartilage complex. 
In addition to creating ulnocarpal instability, it créâtes 
"unstable" rotation of the radiocarpal unit around the 
ulnar axis. With muscular action, the ulnar stump may 
abut the radius or fray the overlying tissues. This may 
présent as painful snapping, or cause rupture of tendons, 
or both. 14 ' 17 

Modifiée! Darrach’s Procedures 5 

1. Blatt and Ashworth hâve sutured a flap of the volar 
capsule to the dorsal ulnar stump to hold it down. 

2. 0"Donovan and Ruby, and Webber et al hâve 
suggested tethering the distal ulnar stump with a 
distally based strip of extensor carpi ulnaris. 


3. Kessler 11 and Hecht suggested a dynamic stabilization 
of the ulnar stump by looping a strip of tendon around 
the distal ulnar stump and the ECU and tying the two 
together. 

4. Goldner and Hayes 9 hâve formalized these recom¬ 
mendations by passing a strip of the extensor carpi 
ulnaris (detached distally) through a dril hole in the 
ulnar stump with the forearm in supination. 

5. Tsai and Stilwel 16 employed a distally based portion 
of the flexor carpi ulnaris tendon to stabilize the ulnar 
stump, looping this tendon to stabilize the extensor 
carpi ulnaris over the ulnar stump 

6. The unstable distal ulnar stump may be the pronator 
advancement of Johnson. 

Sauve-Kapandji procedure 10 : In 1936, Sauve and Kapandji 
proposed an operation consisting of a radioulnar joint 
fusion and création of a pseudarthrosis proximal to the 
fusion. These indications include: (i) osteoarthritis or 
severe chondromalacia of the distal radioulnar joint (ii) 
Post-traumatic ulnocarpal impingement associated with 
distal radioulnar joint arthrosis, (iii) Younger rheumatoid 
arthritic patients with ulnar translocation in addition to 
distal radioulnar joint disease, and (iv) rheumatoid 
arthritis patients who may need a stable radioulnar 
surface for support of an arthroplasty or implant. 

Radioulnar Arthrodesis 

This procedure may be a good choice in the paralytic 
instability of an otherwise unreconstructible brachial 
plexus injury or in spastic rotational contractures. 

Snapping or Dislocating Extensor Carpi Ulnaris 

The arrangement of the fibrous septa about the extensor 
carpi ulnaris créâtes an angular approach of the tendon 
to its insertion in the position of full supination. The angle 
results in an ulnar translocation stress on the tendon 
sheath during ECU contraction, particularly with the 
forearm in supination and the wrist ulnarly deviated. This 
is the position most often recalled by patients suffering 
traumatic dislocation of the tendon. 9 The patient 
complains of a painful, soft snap. For acute injuries, 
conservative management is immobilization with the 
forearm in pronation and the wrist dorsiflexed with slight 
radial déviation. Both acute and chronic injuries may be 
successfully repaired if the lésion within the sheath and 
its attachment to the ulna can be found. Both stenosis of 
the extensor carpi ulnaris tendon and partial rupture of 
this tendon hâve been described. These conditions are 
treated surgically by exposure of the problem, and limited 
debridement of the tendon and/or sheath without 
disrupting its integrity. 
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INTRODUCTION 

Fractures of the scaphoid 

1. Account for 60-70% of ail carpal bone fractures 

2. These fractures are most prévalent in active, energetic 
adolescents and young adults having significant effect 
on the productivity of this group 

3. The treatment course of this injury is protracted and 
in its own accord is prone to complications most 
notably non-union, mal-union, avascular necrosis 
(AVN) and late degenerative changes. It is a rare 
injury of children. 8 

Diagnosis 

Early diagnosis of fracture scaphoid relies on strong 
clinical suspicion. Fracture scaphoid should be assumed 
in patients with fall on palm of hand and pain and 
tenderness in the anatomical snuff box, unless proved 
otherwise. Not infrequently these fractures produce little 
pain, swelling or limitation of movements. A typical 
patient présents with pain and weakness in the wrist that 
was "sprained" or ostensibly "hit" during sport, fall or 
accident; sometimes occurring days to weeks before. 
Diligent physical examination reveals limited range of 
movements compared with the normal side. Pain elicited 
on extreme radial déviation and flexion is particularly 
useful. Tenderness over snuff box, palmer aspect or 
dorsum of wrist is associated (but not pathognomonic) 
with fracture of waist, tuberosity and proximal pôle of 
scaphoid. 

Radiographie examination is usually diagnostic. The 
initial sériés include a standard postero-anterior (PA), 
true latéral, ulnar déviation PA and 45° pronation PA 
views. Scaphoid view (30° dorsiflexion and 20° ulnar 
déviation) may also be obtained. 


For the posteroanterior study, slight dorsiflexion and 
ulnar déviation improves visualization of the fracture. 40 
If initial studies are négative, repeated radiographs 
should be taken after 2 to 3 weeks 12 of cast immobilization 
(Watson-Jones). Résorption adjacent to fracture line may 
assist identification of the fracture line at that time. True 
latéral view (collinear radius, lunate and capitate) helps 
in identification of carpal alignment. The oblique views 
position scaphoid and hence fracture line parallel to the 
X-ray Beam. 

Other radiologie signs of fresh injury are soft tissue 
swelling on the dorsum of the wrist and displacement of 
the "navicular fat stripe" as suggested by Tery and Ramin. 
Albeit expensive but now more importance is being given 
to early diagnosis and management of fracture scaphoid. 
Technetium-99m bone scan imaging should be obtained 
for a négative radiographie study in the presence of strong 
clinical suspicion. A négative scan after 72 hours rules 
out fracture scaphoid. Positive scan is foliowed usually 
by computed tomography (CT) 33 taking 1mm cuts 
parallel to fracture line and especially requesting for 
sagittal cuts. Magnetic résonance imaging is not routinely 
done but has the advantage of additionally showing 
associated ligamentous injuries. 

Mechanism of Injury 

Basic to the understanding of pathomechanics of scaphoid 
fracture is the understanding of anatomy. The proximal 
portion is thin concavo-convex surface articulating 
with capitate, scaphoid fossa of radius and lunate. The 
distal part is wider articulating with trapezio-trapezoidal 
surfaces. Proximal segment is twisted into 20° of supination 
and 30° ulnar angulation with respect to distal segment 
putting the scaphoid inherently under tension. 
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The scaphoid serves as a linkbetween proximal and distal 
carpal rows and serves to stabilize the unstable mid- 
carpal joint. This is proven by the "concertina effect" of 
Fisk and Gilbert's "stop link" mechanism whereby in 
un-united fracture scaphoid there is graduai carpal 
collapse. 

The fracture occurs most commonly from energetic 
dorsiflexion of wrist from a fall or protective maneuver 
against outstretched arm. By far two different 
mechanisms can produce fracture of scaphoid. The more 
common one appears to involve hyperextension (95-100°) 
and bending, lesser degrees of extension usually 
fracturing distal radius. 21 Hyperextension locks proximal 
pôle between capitate, lunate, long radiolunate ligament 
and radio-scapho-capitate (RSC) ligament volarly; and 
proximally, dorsally and radially by radius. The distal 
pôle translates over proximal resulting in tensile failure 
on palmar aspect and compression failure over dorsum 
explaining the "clear break" seen in scaphoid fracture. 
Exceptions to this are trans-scaphoid perilunate 
dislocations and stress fractures of scaphoid. 

According to the work of Bryan and Dobyns, 
nonphysiologic hyperextension and ulnar déviation are 
the primary mechanisms of scaphoid waist fractures, with 
the dorsal aspect of the scaphoid engaging the dorsal rim 
of the radius, thereby, creating an anvil effect leading to 
fracture. In either study, fractures of the proximal pôle 
of the scaphoid were caused by subluxation of the 
scaphoid, dorsally first, before being fractured over the 
dorsal rim of the radius. Scaphoid tuberosity fractures 
were caused by compression. 

Bryan and Dobyns summarized that the mechanism 
of injury determined experimentally was 3-dimensional, 
including extension, ulnar déviation and intercarpal 
supination. The résultant spatial vector in conjuction with 
the magnitude and duration of loading determined the 
combination of injuries produced. Carpal dislocations 
resulted from a force vector that emphasized ulnar 
déviation and intercarpal supination. Scaphoid fractures 
were produced by a vector that emphasized extension 
and were fractured by the dorsal rim of the radius. In 
type I fractures, the dorsal soft tissue hinge remained 
intact and palmar flexion induced fracture stability. Type 
II and III scaphoid fractures had more severe degrees of 
ligamentous damage and associated carpal instability, 
and thus soft tissue hinge was lost. The less common 
mechanism occurs with axial force transmitted through 
second metacarpal, trapezium and trapezoid creating a 
flexion moment through distal pôle of scaphoid. This is 


seen in boxing and punch injuries—"puncher's 
scaphoid". 

Classification 

Fractures of the scaphoid hâve been classified by the 
location of the fracture, the orientation of the fracture line 
and displacement. 

Mayo classification fractures according to the location. 
Type 1: Tuberosity. 

Type 2: Distal articular surface 
Type 3: Distal third 
Type 4: Waist, middle third 
Type 5 : Proximal pôle 

Fractures of the scaphoid tuberosity and distal 
osteochondral fractures hâve also been identified. Injuries 
of the proximal pôle comprise 16 to 28% of scaphoid 
fractures. Six to twenty percent involve the distal pôle, 
while injuries of the scaphoid waist account for 63 to 68% 
of ail scaphoid fractures (Fig. 1). 

Herbert and Fisher classified fractures of the scaphoid 
according to the radiographie appearance. 36 In order to 
recognize these types it is essential that adéquate 
radiographs are taken of both wrists. These should 
include posteroanterior views in full ulnar and radial 
déviation, as well as 45% obliques and true laterals with 
the wrist in neutral flexion. 

Type A (Acute Stable Fractures) 

Al: Fractures of the tubercle 

A2: Undisplaced "crack" fracture of waist. 


Proximal 

Fracture 

Pôle 



Waist fracture 


Distal body fracture 


Tuberosital 

fracture 


Distal articular 
Gsteochondra 
fracture 


Fig. 1 : Types of scaphoid fractures: The scaphoid is susceptible 
to fractures at any level. Approximately 65% occur at the waist, 
15% through the proximal pôle, 10% through the distal body, 
8% through the tuberosity, and 2% in the distal articular surface 
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Type B (Acute Unstable Fracture) 

Bl: Oblique fractures of the distal third 
B2: Displaced or mobile fractures of waist 
B3: Proximal pôle fractures 
B4: Fracture dislocations of carpus 
B5: Comminuted fractures. 

Type C (Delayed Union) 

Type D (Established Nonunion) 

Dl: Fibrous nonunion stable 

D2: Sclerotic nonunion (pseudarthrosis). Unstable. 

Russe classified fractures by virtue of obliquity of 
fracture line. These included horizontally oblique (HO), 
vertically oblique (VO), transverse (T) types. 

Cooney et al divided scaphoid fractures into two 
groups based on the anatomie alinement: unstable, 
displaced fractures and stable, undisplaced fractures. 9,10 
A fracture with an intact periosteal envelope or 
incomplète fracture of the articular cartilage and 
supporting soft tissues is considered a stable, undis¬ 
placed fracture. Here the periosteal hinge, either volar or 
dorsal is intact. A displaced unstable fracture is judged 
to be présent if there is a greater than 1 mm of offset on 
any view, or if there is greater than 15° of lunocapitate 
angulation or greater than 60° of scapholunate angulation 
on the latéral roentgenograms or intra-scaphoid angle of 
more than 30°. Weber added cases of angulated fracture 
scaphoid hinged-open dorsally on intact volar RSC 
ligament in association with dorsiflexion instability of 
lunate. Dorsal tilt or rotation of the lunate results when 
acute or chronic scaphoid fractures are displaced. 

Biomechanical Implications of 
Scaphoid Waist Fractures 

The soft tissue attachments to the scaphoid are confined 
to: (i) a dorsal and volar ridge running through the waist 
portion, (ii) the proximal rôle at the attachment of the 
interosseous and radioscapholunate ligaments, and (iii) 
the distal volar tuberosity. When the scaphoid fractures 
and one of the ligamentous attachments in the area of 
the waist is disrupted, the fracture will angulate. This 
angulation appears as abnormal rotation of the lunate 
and is usually represented by a dorsal intercalated 
segment instability (DISI) pattern. 

If the ligaments are torn during fracture from both 
the dorsal and palmar ridges of the scaphoid, 
displacement occurs. This is seen as a step-off between 


the fragments. In the nondisplaced fracture, major soft 
tissue connections remain intact and primary healing 
occurs. Majority of union takes place by endosteal 
response. In angulated fractures, one of the waist's 
periosteal surfaces is intact and the blood supply to the 
proximal fragment is preserved by this connection. 
Fracture union is dépendent on the intramedullary blood 
supply, but the angulation decreases the amount of 
surface contact, making full apposition of the fracture 
fragments more difficult to achieve. With early 
immobilization, malunion may resuit leading to a 
permanent DISI pattern. This may resuit in persistent, 
low grade symptoms. 

The displaced fracture results when both ligamentous 
ridges are torn from the proximal fragment, and the 
vascular supply to this fragment is frequently destroyed. 
This fracture requires early open réduction and 
intramedullary fixation if optimal resuit is to be achieved. 

Blood Supply of the Scaphoid 

The blood supply of the scaphoid cornes primarily from 
the radial artery. 23,45 The scaphoid receives its blood 
supply through the ligamentous attachments. The studies 
of Grettve, Minne et al and Taleisnik and Kelly show three 
main arterial groups supplying the body of scaphoid. 
These are named laterovolar, dorsal and distal, because 
of their relationship to the scaphoid. In a more recent 
investigation, Gelberman and Menon described two 
instead of three vascular Systems: one dorsal and second 
a volar group limited to the tubercle (comparable to the 
distal vessels). 

The proximal third of the scaphoid is intra-articular, 
except for its attachment to the lunate. It is completely 
covered by hyaline cartilage, with a single ligamentous 
attachment (the deep radioscapholunate ligament) and 
negligible or nonexistent independent blood supply. 
Hence, the proximal third of the scaphoid is prone to 
osteonecrosis. This also explains the high incidence of 
nonunion and avascular necrosis of the proximal third 
of the scaphoid. Fractures in this location take an average 
of 6 to 11 weeks longer to heal than those in the middle 
third, and hâve an incidence of avascular necrosis of 14 
to 39%. 

Treatment 

Decision making. The treatment of fracture scaphoid is 
its most controversial aspect. In the absence of universally 
acceptable classification an attempt should be made to 
define the fracture according to various features. 
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1. Duration : Arbitrarily fractures less than three weeks 
are called acute fractures. Delayed union is one when 
fracture faits to completely heal by 4 months. 
Ununited fractures more than 6 months are 
considered non-unions. 

2. Location: Prognostically proximal pote fractures hâve 
poor rate of healing owing to vascularity. 

3. Orientation: The more vertical the fracture line is the 
more uns table is the fracture. 

4. Displacement: Ninety-two percent of displaced 
fractures of waist go un-united. 

5. Comminution: Inherently unstable 

6. Associated injuries: A perilunate dislocation needs 
ORIF. 

Undisplaced Scaphoid Fractures 

Almost ail distal pôle and tubercle fractures canbe treated 
by simple short arm cast protection. Most orthopedicians 
include immobilization of thumb as a part of any cast 
applied for treatment of a scaphoid fracture, although 
few spécifie data support this practice in managing 
fractures of the tubercle. Most authors hâve agreed that 
immobilization of undisplaced scaphoid fracture in a cast 
leads to union in a high percentage of patients, with a 
rate of nonunion of less than 10%. 

Fractures of the waist of the scaphoid are most 
common. If undisplaced, such fractures can be 
appropriately treated by cast protection. Transverse 
fractures of the waist of the scaphoid may be potentially 
unstable, even if undisplaced, if the fracture line is oblique 
to the loading axis of the wrist. In horizontal oblique 
fractures, the axis of the scaphoid is perpendicular to the 
axis of loading of the wrist and may be more stable than 
vertical oblique fractures, in which the fracture line may 
be nearly parallel to the axis of loading of the wrist. In 
any case, stable fractures may be protected in a cast. 

Stewart, as well as Bohler et al recommended a short 
thumb-spica cast, because they thought that motion of 
the first metacarpal moves the scaphoid through its 
ligamentous attachments to the volar tubercle of the 
scaphoid. Some experimental evidence suggests that 
immobilization of the thumb improves the stability of a 
fracture of the scaphoid waist. 30 Verdan and Narakis 
advocated a long thumb spica cast, because their 
anatomical studies showed motion of the scaphoid 
during pronation and supination of the forearm. 
Falkenberg in his experimental study proved that 
immobilization of the forearm to eliminate pronation and 
supination may also add stability to the réduction of 
scaphoid waist fractures. 15 Soto-Hall and Haldeman 
recommended a thumb-spica cast that extends beyond 


the metacarpophalangeal joints of the fingers to prevent 
any motion across the carpus that might cause fracture 
to displace. Gellmann et al recommended an initial period 
of six weeks of immobilization in a long thumb-spica cast, 
followed by use of a short thumb-spica cast. According 
to them, this results in a shorter time for union and a 
decreased incidence of nonunion without any loss of 
motion of the elbow. For the above mentioned reasons, 
many authors hâve recommended a long arm thumb- 
spica cast for scaphoid waist fractures, particularly 
unstable ones. In practice, however, it is difficult, if not 
impossible to achieve and maintain adéquate réduction 
and stability of displaced, angulated scaphoid fractures 
by external means alone, and so the concerns regarding 
above, or below-the-elbow casting of unstable scaphoid 
fractures are primarily theoretical. 

Stable undisplaced scaphoid fractures rarely go on to 
nonunion, and they heel in 10-12 weeks. It is often difficult 
to détermine union by plain radiographs alone, and 
tomograms are often helpful for this purpose. Patients 
with presumably healed scaphoid fracture should be re- 
evaluated 6 to 12 months after discontinuation of immobi¬ 
lization, reexamination and additional radiographs 
confirm sound union and restoration of function. 14 

Displaced Scaphoid Fractures 

Most of the displaced fractures of the scaphoid are 
unstable. They hâve a high risk of potential problems. If 
left displaced and unstable, these nearly go on to 
nonunion, and even if union is achieved, the resuit is a 
malunion which is nearly always symptomatic. 1,32 (Poor 
results hâve been explained by lack of récognition of 
associated carpal instability). 17 The loss of scaphoid 
support renders the carpus unstable. For these reasons, 
it is impérative to identify displaced unstable scaphoid 
fractures promptly and to accurately reduce and stabilize 
them. 1 

It is difficult to achieve closed réduction in displaced 
scaphoid fractures by manipulation and positioning. The 
various treatment options available for unstable fracture 
scaphoid are closed réduction and percutaneous pinning 
or screw fixation, arthroscopically assisted pin or screw 
fixation, staple fixation, open réduction and pin or screw 
fixation with or without bone grafting. 

Although percutaneous pinning has been used, the 
most common method to achieve these aims is open 
réduction and internai fixation. 11 Unless comminution is 
présent, bone grafts are not necessary for recent injuries. 
Open réduction is probably most commonly done 
through a palmar approach as described by Russe 39 and 
later by Herbert and Fisher. 26 The latéral approach. 
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popularized by Barnard and Stubbins, 2 may also be 
useful. Except for very proximal fractures, a dorsal 
approach usually provides less of a view than either of 
the other two approaches. There are some potential 
problems with each of the surgical approaches. The 
palmar approach jeopardizes the radial artery and in 
particular, the palmar branch of the radial artery must 
be ligated and divided if it is présent. The palmar 
approach also imparts the risk of injury to the palmar 
radiocarpal ligaments. Ideally, the fracture can be 
exposed between the radioscaphocapitate and long 
radioulnate ligaments, but often it will be necessary to 
peel the radioscaphocapitate ligament off the scaphoid 
to accurately identify the fracture line and achieve an 
anatomie réduction. Late radiocarpal instability has been 
described after the palmar approach to the scaphoid, and 
this may be related to aggressive exposure of the fracture 
to achieve anatomie réduction. 22 Depending on the type 
of fixation, injury to the scaphotrapezial joint may also 
be a problem distally, particularly if Herbert screw 
fixation is chosen. The exposure required for screw 
insertion is extensive, and the screw is inserted through 
the articular surface. 19 The latéral approach to the 
scaphoid involves a radial styloidectomy. This procedure 
must be done carefully to avoid injury to the radial 
attachments of radiocarpal ligaments, particularly the 
radioscaphocapitate ligament. One advantage of this 
approach is that the radial styloid fragment produced by 
the osteotomy can be used as an inter-position bone graft. 
The main limitation of the dorsal approach is the difficulty 
in obtaining a good distal view. 

Regardless of the operative approach, the scaphoid 
needs to be reduced anatomically. Typically, this 
réduction is best achieved by ulnar déviation and 
extension of the wrist. Often there is comminution 
palmarly and a particular advantage of the palmar Russe 
approach is that it provides an excellent view of the 
degree of bone loss and proper exposure for any bone 
grafting that might be necessary. 

Internai fixation of scaphoid fractures can be done 
either with K-wires or screws. McLanghlin proposed 
screw fixation in 1954. Leyshon et al used AO scaphoid 
lag-screw successfully to treat acute and old fractures. 
Herbert and Fisher advocated a double threaded bone- 
screw for scaphoid fractures in 1982. K-wires are easier 
to insert and remove, do not require a radial styloi¬ 
dectomy or extended approaches to facilitate exposure, 
and provide satisfactory stability. They can be used in 
the presence of the avascular necrosis of the proximal 
fragment when the screws are not advisable. K-wires may 
be the only form of fixation possible in some comminuted 
fractures (Figs 2A and B). Herbert screw requires spécial 



Figs 2A and B: Comminuted fracture of scaphoid treated 
with K-wires. The fracture united 


instrumentation. This screw is smaller in diameter, lacks 
a head, and has threads at both the ends to engage both 
fracture fragments. The threads on the leading edge hâve 
a greater pitch than that at the trailing end, to allow 
compression as the screw is inserted. Both ends of the 
screw remain burried under cartilage. Herbert screw 
cannot be used for fixing small avascular proximal 
fragments. Herbert screw though popular is difficult to 
insert. 6,19 The main advantage is the potential for early 
motion, 26 provided the screw has solidly stabilized the 
fracture Now there is a growing récognition for fixation 
of undisplaced fractures of scaphoid facilitating early 
return to work, early active motion & resumption of sport 
activities and higher patient satisfaction. To this effect 
arthroscopic assisted or percutaneous fixation of scaphoid 
is increasingly preferred. These avoid some legible and 
potential disadvantages of open réduction like volar 
carpal ligament injury and possible carpal instability. 
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Herbert screw has undergone various modifications since 
inception. Whipple's cannulated variant of Herbert screw 
is commonly used for percutaneous fixation. Other 
available devices like AO/ASIF 3.5/4.0 mm cancellous 
screw and twin piece screw are also in vogue. Two-piece 
screw has the advantage of intra-operative adjustment 
of length and compression after placement of screw tip. 

Fractures of proximal pôle of scaphoid are peculiar 
as far as the vascularity is concerned. Treatment here 
dépends on size, vascularity and âge of fracture. Early 
(1-2 weeks) post-injury dynamic gadolinium enhanced 
magnetic résonance imaging cannot consistently predict 
future scaphoid non-union. Also, these fractures need 
prolonged plaster cast immobilization for healing. A 
growing consensus hence is building favoring the 
operative treatment to provide complété immobilization 
optimizing revascularization and avoiding lengthy 
plaster immobilization and higher risk of non-union. Free 
hand Herbert screw fixation for large and K-wires for 
small fragments are preferred. 

Fractures of distal third of scaphoid are classified by 
Prosser et al into three types. Type I are tuberosity 
fractures; type II include distal intraarticular fractures and 
type III are osteochondral fractures. These fractures 
generally heal well with plaster cast immobilization 
however, for unacceptably displaced or offset fractures 
ORIF should be considered. 

Delayed Union 

Fractures of tuberosity unité in around 4-6 weeks 
duration. Although variable but fractures through waist 
and proximal pôle fractures take 10-12 and 12-20 weeks 
respectively. Hence upper limit of normal fracture healing 
for fracture scaphoid is arbitrarily considered to be four 
months. 

4. A delayed union is said to be présent if there is no 
evidence of healing after four months. If there has 
been no prior treatment and fracture is undisplaced, 
it is reasonable to institute cast treatment. 31 If an undis¬ 
placed fracture which is treated by casting goes on 
for delayed union, it is important to ensure that the 
fracture has remained stable. Some initially undis¬ 
placed fractures are potentially unstable and can 
develop late instability with angulation end 
displacement. 25 Tomograms at three months are 
valuable in assessing this. If the fracture remains 
undisplaced cast treatment can be continued. If the 
fracture has become displaced or angulated, open- 
reduction and internai fixation and bone grafting is 
advocated. Electrical stimulation may prove helpful 
in fractures that hâve remained stable. 


Pulsed electromagnetic field (PEMF) is considered less 
effective than bone grafting and relatively ineffective for 
avascular necrosis (AVN) and non-union of proximal 
pôle fractures. It is contraindicated for fractures with 
arthritis, carpal instability and synovial pseudoarthrosis. 
Ultrasound has also been evaluated to promote fracture 
healing however these techniques require good patient 
compliance. They may be indicated in patients with failed 
initial bone grafting and well aligned fracture, without 
significant collapse pattern or significant arthritis or in 
patients in whom surgery is not possible. 

Nonunion 

Nonunion is said to be présent if there is no evidence of 
healing six months after fracture. If there is no résorption 
in an undisplaced fracture and if no prior treatment has 
been given, casting may be tried. Electrical stimulation 
may also be needed to this. Literature does support good 
success for this combination for the management of stable 

5 20 

nonunion. ' 

Unfortunately, few scaphoid nonunions are stable and 
undisplaced. Nearly ail scaphoid non-unions are the 
resuit of untreated instability and may, in addition, hâve 
associated avascular necrosis of the proximal pôle. 34,50 
Hence in most instances, nonunions of scaphoid are 
treated by surgical means. Approximately 3 to 5 of 
undisplaced scaphoid fractures resuit in nonunion. 
Incidence of nonunion among displaced fractures is 46 
to 55%. It has been seen that a patient with a displaced 
scaphoid fracture runs a risk of nonunion 10 to 20 times 
greater than that of a patient with an undisplaced 
fracture. 38 

Surgical planning for scaphoid nonunion should 
include tomography 42 of the scaphoid to evaluate the 
extent of collapse and shortening. 10,16 Comparison 
tomograms of the opposite wrist are helpful to détermine 
the amount of scaphoid height that needs to be restored. 
Typically the collapse is such that a palmar and radial 
opening of the nonunion is necessary. 10,16,26 

Bone Grafting (Fig. 3) 

(Adams advocated bone grafts in 1928 in the treatment 
of scaphoid fractures and scaphoid nonunions. Matti 
(1937) reported the use of cancellous bone grafts packed 
into an excavated fracture site through a dorsal approach. 
Russe (I960) 39 modified this method of bone grafting by 
using a palmar approach). 44 He again modified his 
technique in 1980, where he advocated the use of two 
corticocancellous grafts inserted into the scaphoid 
excavation with their cancellous sides facing each other. 
The remainder of the cavity is filled with 2 mm sized 
cancellous grafts. 24 
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Fig. 3: Cortico-cancellous bone-grafting for non-union of 
fracture scaphoid (Matti-Russe procedure) 

Fisk observed that Russe's method of bone grafting is 
not useful in correcting significant DISI deformity. He 
advocated a palmar wedge-shaped bone graft to correct 
the dorsal angulation (Humpback deformity) of the 
scaphoid nonunion. He proposed a latéral approach with 
radial styloidectomy, using the radial styloid as a source 
of the wedge-graft. Fernandez modified Fisk's technique 
by using a carefully measured iliac bone graft, through a 
palmar approach and using internai fixation. (Bone 
grafting is indicated for ail symptomatic, established 
nonunions and symptomatic delayed unions without 
osteoarthritis with satisfactory carpal alinement, after 
immobilization or treatment using electrical stimulation 
hâve failed. The presence of cystic changes is not a 
contraindication, but periscaphoid arthrosis is a difficult 
nonunion Kawai and Yama Moto reported use of pedicle 
bone graft using segment of pronator quadratus. 

Avascular Necrosis 

Avascular necrosis occurs in approximately 13 to 40% of 
ail scaphoid fractures. The risk of avascular necrosis is 
related to fracture location and displacement. The 
scaphoid vascular anatomy protects the distal pôle from 
this complication. Fractures of the middle one-third of 
the bone are at a higher risk, with avascular necrosis of 
the proximal pôle being reported up to 30%. Nearly 100% 
of proximal pôle injuries resuit in avascular necrosis. 
Independent of the fracture's location, avascular necrosis 
has been reported to occur in up to 50% of displaced 
fractures. 

Avascular necrosis is suspected when the proximal 
pôle remains radiodense and does not participate in the 
disuse osteoporosis of the distal pôle. 28 

MRI may be useful in diagnosing avascular 
necrosis. 37,46,47 A definitive diagnosis of avascularity 
dépends on direct inspection in the operating room and 


of histologie sections. 46 If no pinpoint bleeding occurs 
from the proximal pôle has lower union rate. Despite poor 
prognosis, it is still reasonable to offer atleast one surgical 
attempt at union to patients with avascular necrosis of 
the proximal pôle. 9,41 Various surgical procedures for 
management of A VN of scaphoid hâve been in vogue. 
The Pronator pedicle graft (Kawai and Yama Moto) taken 
from distal radial attachment of Pronator Quadratus is 
probably the easiest and extensively reviewed. Due to 
usual concomitant scaphoid nonunion internai fixation 
with pins or screw is recommended. Dorsal angulation 
deformity can also be simultaneously corrected using a 
wedge shaped graft in intercalated fashion. Fernandez 
and Eggli suggested implantation of second 
intermetacarpal vascular bundle into a drill hole in 
proximal pôle résistant non-unions. Recently however a 
versatile method of bone grafting first proposed by 
Zaidemberg 1 and later by Sheeth et al is popular. This 
uses a vascular pedicle on dorsum of wrist providing 
vascularized distal radius bone to carpals. In particular 
1, 2 intercompartmental supraretinacular artery (1, 2 
ICSRA) graft is préférable for scaphoid nonunions. The 
vascularized grafts are indicated for scaphoid nonunions 
with failed prior surgery particularly in cases of 
osteonecrosis of proximal pôle. However, preoperative 
radiocarpal arthritis renders poor outcome and should 
be appropriately managed with salvage procedures. 

Révision of Failed Bone Graft 

Around 95% of bone graft techniques provide good 
outcome in terms of union. (Failed cases can be treated 
by repeated same procedure or a different surgical 7 
procedure, salvage procedure or do nothing). Smith and 
Cooney 2 recommended treatment algorithm based on 
progression of disease. (For mid-carpal degenerative 
changes salvage procedure is recommended). 43 If 
degeneration is limited to radial styloid, osteosynthesis 
with radial styloidectomy can be done. Large cysts in 
scaphoid canbe managed with curetting and Maltese iliac 
crest bone grafting. Most surgeons now perform a 
vascularised bone grafting for failed previous procedure. 

Complex Scaphoid Fractures 

Scaphoid fractures that occur in conjunction with 
perilunate injuries or the scaphocapitate syndrome are 
unstable and should be treated by open réduction and 
internai fixation, concurrently with open réduction and 
fixation of associated fractures and ligamentous injuries. 
Scaphoid fractures with associated scapholunate diastasis 
resuit in a floating proximal pôle. 3,35 Scapholunate 
ligament injury can be treated by fixation without any 
ligament repair. 
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Degenerative Arthritis 

Degenerative arthritis of the wrist has been demonstrated 
to be direct conséquence of the displaced scaphoid 
fracture that goes on to nonunion or malunion. 49 The 
degree and severity of arthritic changes are progressive. 

Scaphoid nonunion related arthritis has been grouped 
into four stages by Watson and ballet: 

Stage I: Arthritic changes and osteophyte formation 

at radial styloid. 

Stage II: Arthritis at radio-scaphoid joint. 

Stage III: Arthritis at mid-carpal joint (capitolunate and 

scapho-capitate joint) 

Stage IV: Arthritis involving ail but radiolunate joint. 

This progress is termed as scaphoid nonunion 
advanced collapse (SNAC). 49 

The associated intercarpal instability and altered 
mechanics of the wrist that accompany the displaced 
scaphoid fracture are probably the direct cause of the 
radioscaphoid and intercarpal osteoarthritis. 

Patients with gross radiographie arthritic changes 
may be symptom free. They may not be functionally 
impaired. Therefore, it is important in the management 
to consider the degree of functional impairment before 
considering treatment. The surgical options available for 
degenerative arthritis are a variety of salvage procedures 
like radial styloidectomy, 2 excision of the distal pôle, 
proximal row carpectomy 27 scaphoid excision and 
midcarpal arthrodesis 48 (limited wrist arthrodesis). Of ail 
these salvage procedures, radial styloidectomy produces 
the least morbidity. 

Distal scaphoid resection arthroplasty may be 
combined with radial styloidectomy to eliminate pain 
from both nonunion site and radioscaphoid impinge- 
ment. It is not recommended in patients with ongoing 
capitolunate arthritis. This procedure may be used as an 
alternative for patients unwilling to consider partial wrist 
arthrodesis. 

Proximal row carpectomy and midcarpal arthrodesis 
with scaphoid excision are options that can be considered 
when degenerative changes are more advanced. These 
procedures are useful as motion preserving procedures 
for SLAC (scapho-lunate advanced collapse) and SNAC 
wrist. 

Midcarpal arthrodesis is preferred over proximal row 
carpectomy in cases with capitolunate arthritis. Recently, 
Fitzgeralo 18 has suggested that bcarpectomy even when 
capitolunate arthritis is présent. Limited wrist fusion has 
been tried in scaphoid nonunions. In 1946, Sutro and in 
1952, Helfet proposed to treat nonunions of the frag¬ 
ments exists, or when degenerative changes between 
scaphoid and capitate hâve occurred. When radiocarpal 
joint is involved with osteoarthritis, and the scapho- 


capitate joint is satisfactory, a radioscapholunate fusion 
maybe considered instead. Benzton procedure involves 
conversion ofpainful nonunion into pain-free pseudoarthrosis 
by interposition of soft tissue flap in fracture fragments 4 It 
may be a satisfactory alternative in patients where 
prolonged immobilization is contraindicated and bone 
grafting procedures hâve failed. 

The most definitive procedure for management of 
symptomatic scaphoid nonunion with associated wrist 
arthritis is total wrist arthrodesis, 36 It is advocated for 
young laborers or other individuals who require heavy 
use of their hands, hâve significant symptoms and desire 
a "single shot" treatment designed to preserve strength 
and eliminate pain. 

Scaphoid Mal un ion 

Scaphoid malunion is characterized by a fixed carpal 
collapse deformity, typically of the DISI type. 1 Here the 
fracture heals in the displaced and angulated position. It 
may resuit from closed treatment of an unstable fracture, 
but most typically, it is a conséquence of surgical 
stabilization without adéquate réduction of the fracture. 
When malunion is detected early, a corrective osteotomy 
is often helpful. 

Fisk-Fernandez type open wedge bone grafting is 
recommended if intra-scaphoid angle is more than 20° 
compared to normal. 

When detected late, osteotomy is difficult and the 
results are not predictable. Usually degenerative change 
set in within a year. Once degenerative changes are 
présent, salvage procedures are indicated. Styloidectomy 
or perhaps cheilectomy can occasionally improve motion, 
particularly in extension, and decrease pain secondary 
to impingement of the "humpback" scaphoid on the 
radius. 1 
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INTRODUCTION 

Fractures of the carpal bones occur in definite patterns, 
which are governed by the forces applied and the 
ligamentous résistance. Many injuries combine fractures 
with ligamentous injuries and thus include subluxations 
and dislocations. Johnson et al hâve pointed out that many 
injuries of the wrist are sequential variants of perilunate 
dislocations. Minor injuries such as sprains resuit from 
low-energy forces. Ligament tears involve more 
substantial force to the hand. Higher energy forces resuit 
in carpal bone fractures, fracture-dislocations, or 
ligamentous disruptions of both intrinsic and extrinsic 
ligaments. Majority of these injuries occur in the 
perilunate area. There are two vulnérable zones of the 
carpus in the perilunate area. A lesser arc injury foliow a 
curved path through the radial styloid, midcarpal joint, 
and lunotriquetral space. A greater arc injury passes 
through the scaphoid, capitate, and triquetrum. These 
lesser and greater arc injuries can be considered as three 
stages of perilunate fracture or ligament instabilities. 
Isolated fractures of the carpal bones may occur either 
because the application of force was just right or because 
it was not severe enough to cause additional injury. 

Triquetrum 

Fractures of the triquetrum présent the third most 
common group of carpal fractures and consist of two 
types: (i) chip fracture on the dorsum, and (ii) fracture of 
the body of the bone. Fractures of the triquetrum resuit 
either from a direct blow or from an avulsion injury that 
may include ligament damage. 2,3 

Triquetrum has strong ligamentous attachments both 
volarly and dorsally. Volarly, the radiolunotriquetral, 
ulnotriquetral, ulnar collateral, and capitotriquetral 


ligaments control the relationship of the triquetrum to its 
neighboring bones and dorsally, the radiocarpal ligament 
buttresses it. Avulsion fractures of these ligaments occur 
during later stages of perilunate dislocation. The most 
common triquetral fracture is the impingement shear 
fracture of ulnar styloid against dorsal triquetrum, 
occurring with the wrist in extension and ulnar déviation. 
Shear impingement by the hamate against the posteroradial 
projection of the triquetrum occur with the wrist in 
extension and ulnar déviation. Avulsion fractures of the 
dorsal radiocarpal ligament resulting from a fall on the 
volarly flexed wrist may occur. 

Dorsal chip fractures of the triquetrum are best seen 
on a slightly oblique, pronated latéral view. Transverse 
fractures of the triquetral body are easily seen on the 
anteroposterior view. 

Isolated fractures of the triquetrum are treated by 
splinting the wrist for 3 to 6 weeks. The chip fractures 
which do not heal, require excision with ligament repair. 
Osteonecrosis does not occur in the triquetrum because 
of the extensive ligamentous attachments and also 
because most fractures of the body do not undergo much 
displacement. 

Pisiform 

Pisiform is a sesamoid bone in the flexor carpi ulnaris 
tendon attached distally by the pisometacarpal, 
pisohamate and pisotriquetral ligaments. These maintain 
the pisiform's relationship to the triquetrum. 

Fractures of the pisiform are usually the resuit of direct 
injury such as during a fall on the dorsiflexed, 
outstretched hand. A direct blow while the pisiform is 
held firmly against the triquetrum under tension from 
the flexor carpi ulnaris leads to either avulsion of its distal 
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portion with a vertical fracture or an osteochondral 
compression fracture at the pisotriquetral joint. Fractures 
may be linear, comminuted, or chip-in type as reported by 
Vasilas et al. 19 Subluxation or dislocation may resuit from 
disruption of the ligamentous attachments due to a 
combination or wrist extension and flexor carpi ulnaris 
contraction. 

Spécial views are required to visualize pisiform 
injuries. A latéral view of the wrist with the forearm in 
20° supination and carpal tunnel views are useful. If the 
joint space of pisotriquetral joint is more than 4 mm in 
width, if there is loss of parallelism of the joint surfaces 
greater than 20° with proximal/distal overriding of 
pisiform amounting to more than 15% of the width of the 
joint surfaces, subluxation of the pisotriquetral joint is 
suspected. 

These fractures are treated by splinting the wrist for 3 
to 4 weeks. Excision of the pisiform may be necessary in 
chronic dislocation, late arthrosis, and also in repeated 
subluxations or instability. 11 

Hamate 

The two types of fractures of the hamate are fractures of 
the body and fractures of the hamular process (the hook of 
the hamate). Milch, 14 in 1934, divided the fractures of the 
body into those in which the fracture line is ulnar to the 
hook and those in which it is radial. Fractures of the 
hamular process are more common than the body fractures 
and are easily missed even with good roentgenograms. 4 

Fractures of the hamate are usually the resuit of force 
transmitted across the base of the palm from a grasped 
object, such as occurs in tennis or in golf with missed or 
improperly hit shots. Fracture of the hook of the hamate 
may occur from a fall on the dorsiflexed wrist, with tension 
exerted through the transverse carpal ligament and 
pisohamate ligament. Osteochondral fractures of the 
proximal pôle occur from impaction injuries against the 
articular surface of the lunate during dorsiflexion and 
ulnar déviation. Fractures of the body and dislocation of 
the hamate are caused by blast injuries or by direct crushing 
injuries. 

The history is typical. The grip strength is weakened 
by pain and tenderness. Ulnar neuropathy due to 
compression of its deep branch can occur. 

Fractures of the hamate are usually identified on 
anteroposterior views. Fractures of the hook of the hamate 
are best visualized on the carpal tunnel of 20° supination 
oblique view. Polytomography can confirm these fractures. 
The hook of the hamate which ossifies separately may fail 


to fuse and appear as a separate bone, known as "hamulus 
proprium." This canbe mistaken for a fracture. Chondral 
injuries are not seen on radiographs. 

Fractures of the body of the hamate heal with casting 
or splinting. 5,15,18 But those of the hook may not heal. 
Nonunion of the hook of the hamate may be painful. It can 
also cause profundus tendon rupture due to tendinitis, 3,7,9 
and ulnar neuropathy involving the deep branch. 10 In 
such situation, Stark et al 16 and Carter et al 6 hâve 
recommended excision of the hook. Open réduction and 
internai fixation usually fails. 

Trapezium 

There are two major types of fractures of the trapezium: 
(i) avulsion of the ridge, and (ii) vertical fractures with 
dislocation of the first metacarpal and radial fragments. 
The mechanism of injury is usually a direct blow on the 
adducted thumb or a fall with the hyperextended hand in 
radial déviation, which compresses the trapezium between 
the first metacarpal and the radial styloid. 

Cordrey and Ferrer-Torells 8 recommend an oblique 
radiograph of the hand on the cassette and the forearm in 
20° pronation. McClain and Boyes prefer the carpal tunnel 
view. 13 Fractures of the trapezial ridge can be best 
visualized by the carpal tunnel view. A true anteroposterior 
view such as Robert view can outline the body of the 
trapezium well. 

Fractures of the trapezium can be treated in many ways. 
Treatment is based on the size and comminution of the 
avulsed fragment and the stability of the joint. Small 
avulsions and vertical fractures are treated by closed 
réduction and casting, but occasionally a K-wire is 
necessary to prevent subluxation. Larger fragments should 
be open reduced and internally fixed with K-wires. Late 
pain is often alleviated by excision of the offending chip, 
especially if stability is restored. 

Trapezoid 

Trapezoid forms the keystone of the proximal palmar arch. 
It articulâtes with the second metacarpal in a very stable 
joint that permits essentially on motion. It is fastened to 
trapezium, capitate, and scaphoid by strong ligaments. 
Because of this rigid fixation, it is less commonly injured 
than any of the other carpal bones. Injury to the trapezoid 
is caused by forces applied through the second metacarpal. 
Axial loading of the second metacarpal can cause dorsal 
dislocation with rupture of the capsular ligaments. Palmar 
dislocation can also occur. Fractures and dislocations can 
also be caused by blast or crush injuries. Osteonecrosis 
may occur with dislocation but not with fracture. 
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'Fractures and fracture dislocations of trapezoid can 
be easily recognized on routine anteroposterior and latéral 
radiographs. Oblique views and tomography may be 
helpful. 

"Carpe bossu", a separate ossicle may represent an 
avulsion fracture of trapezoid. Trapezoidal-metacarpal 
joint arthrosis has also been reported by Joseph et al. 

Fractures of the trapezoid are treated by casting for 3 
to 6 weeks, but late arthrosis may necessitate arthrodesis. 

Capitate 

Capitate is the largest of the carpal bones. It has the largest 
articulation which forms the central portion of the greater 
and lesser arcs of perilunate ligamentous disruptions and 
fractures. Because of its protected position, the body of 
the capitate is rarely fractured. 1 Direct force or crushing 
blows can fracture the capitate, which is usually associa- 
ted with fractures of the metacarpals and other carpal 
bones. Fracture through neck of the capitate can occur in 
association with perilunate fracture-dislocation. In 
scaphocapitate syndrome, the fractured capitate fragment 
is frequently rotated 90° to 180° with the articular surface 
displaced anteriorly or facing the fracture surface of the 
capitate neck. Without réduction, avascular necrosis will 
resuit. The mechanism of injury is impingement of the 
capitate against the dorsal lip of the radius during 
hyperextension. This was demonstrated by Stein and 
Siegel in cadaver studies in 1969. 17 

Fractures of the capitate can be identified on standard 
posteroanterior radiographs. 

Casting for 6 weeks is enough if the fragment is small 
or undisplaced. Larger fragments may reabsorb with 
nonunions, with conséquent collapse and overriding. 
This may require bone grafting to restore the length of 
the capitate to reduce the carpal collapse. Larger 
fragments which are displaced often require open 
réduction and pinning. Midcarpal fusion is necessary for 
painful arthrosis secondary to this injury. 


REFERENCES 

1. Adler JB, Shaftan GW. Fractures of the capitate. JBJS 
1962;44A:1537. 

2. Bartone NF, Grieco RV. Fractures of the triquetrum. JBJS 
1956;38A:353. 

3. Bonnin JG, Greening WP. Fractures of the triquetrum. Br J Surg 
1944^1:278. 

4. Bowen TL: Injuries of the hamate bone. Hand 1973;5:235. 

5. Cameron HU, Hastings DE, Fournasier VL. Fracture of the hook 
of the hamate. JBJS 1975;57A:276. 

6. Carter PR, Eaton RG, Littler JW. Ununited fracture of the hook of 
the hamate. JBJS 1977;59A:583. 

7. Clyton ML. Rupture of the flexor tendons in carpal tunnel (non- 
rheumatoid) with spécial reference to fracture of the hook of the 
hamate (abstract). JBJS 1969;51A:798. 

8. Cordrey LJ, Ferrer-Torells M. Management of fractures of the 
greater multangular. JBJS 1960;42A:1111. 

9. Crosby EB, Linschied RL. Rupture of the flexor profundus tendon 
of the ring finger secondary to ancient fracture of the hook of the 
hamate—review of the literature, report of two cases. JBJS 
1974;56A:1076. 

10. Howard FM. Ulnar-nerve palsy in wrist fractures. JBJS 
1961;43A:1197. 

11. Immermann EW. Dislocation of the pisiform. JBJS 1948;30A:489. 

12. Joseph RB, Linscheid RL, Dobyns JH et al: Acute and chronic 
sprains of the second and third carpometacarpal joints. 

13. McClain EJ, Boyes JH. Missed fractures of the greater multangular. 
JBJS 1966;48A:1525. 

14. Milch H. Fracture of the hamate bone. JBJS 1934;16:459. 

15. Nisenfield FG, Neviaser RJ. Fracture of the hook of the hamate— 
a diagnosis easily missed. J Trauma 1974;14:612. 

16. Stark HH, Jobe FW, Boyes JH et al. Fracture of the hook of the 
hamate in athlètes. JBJS 1977;59A:575. 

17. Stein F, Siegel MW. Naviculocapitate fracture syndrome—a case 
report: new thoughts on the mechanism of injury. JBJS 
1969;51A:391. 

18. Torisu T. Fracture of the hook of the hamate by a golfswing. Clin 
Orthop 1972;83:91. 

19. Vasilas A, Gireco RV, Bartone NF. Roentgen aspects of injuries 
to the pisiform bone and pisotriquetral joint. JBJS 1960;42A:1317. 




Osseous Anatomy 1 

Wrist is the link between the forearm and the hand. It 
includes the distal end of the radius and ulna and two 
carpal rows. Proximal carpal row consists of the scaphoid, 
lunate and triquetrum. The distal row contains the 
trapezium, trapezoid, capitate and hamate. Proximal joint 
surface of the scaphoid is more curved than that of lunate. 
To ensure articular congruency, the radius has two 
separated articular facets (the scaphoid and lunate 
fossae), separated by a cartilagenous sagittal ridge, called 
the interfacet prominence. 

Two midcarpal joint is a combination of three different 
types of articulation. Laterally, the convex distal surface 
of the scaphoid articulâtes with the concavity formed by 
trapezium and trapezoid and latéral aspect of capitate. 
The central portion of the midcarpal joint is concave 
proximally (scaphoid and lunate) and convex distally 
(head of capitate). The médial hamate-triquetral 
articulation is ovoid or is slightly helicoid. 

Ligamentous Anatomy 2 

Extrinsic ligaments are those that connect the forearm 
bones with the carpus, and intrinsic ligaments are those 
that hâve both origin and insertion within the carpus 
(Fig. 1). The intrinsic ligaments hâve a relatively larger 
area of insertion into cartilage than into bone and much 
less content of elastic fibers when compared with the 
extrinsic ligaments, therefore the extrinsic ligaments are 
more prone to suffer mid substance ruptures and the 
intrinsic ligament more prone to avulsion than rupture 
when subjected to stress. 

Extrinsic Carpal Ligaments 

Three major groups: 

1. Palmar radiocarpal ligaments 

a. Radioscaphoid 



Fig-1 : The volar ligaments of the wrist as described by Taleisnik. 
The most important stabilizer of the proximal pôle of the 
scaphoid was thought to the radioscapholunate (RSL) ligament, 
although this has recently been questioned: RCL—radial 
collateral ligament, UL—ulnolunate ligament, M—ulnocarpal 
meniscus homologue, LT—lunotriquetral ligament, V—deltoid 
ligament (Adapted from Taleisnik with permission 

b. Radiocapitate 

c. Long radiolunate 

d. Short radiolunate 

Short radiolunate is an important stabilizing structure 
that prevents lunate from dislocating dorsally in 
hyperextension injuries Greens. 

The RSC ligament courses around the palmar 
concavity of the scaphoid, forming a fulcrum over which 
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the scaphoid rotâtes. Between the two diverging RSC and 
long RL ligament there is an interligamentous sulcus. 
Médial prolongation of this ligamentous sulcus is called 
space of Poirier, which is a relatively weak zone through 
which perilunate dislocations frequently occur. 
Radioscapholunate ligament is not a true ligament and 
is formrd by loose connective tissue and neuro-vascular 
bundle. 

2. Palmo-ulnocarpal ligaments 

a. Ulnocapitate ligament (UC) 

b. Ulno Triquetral ligament (UTq) 

c. Ulno Lunate Ligament (UL) 

3. Dorsal Radiocarpal Ligaments 

a. Dorsal Radio triquetral ligament 

Intrinsic Carpal Ligaments 

Observation with an arthroscope from inside the joints, 
aids in better identification of intrarticular and the 
intracapsular ligaments. 

1. Scapholunate interosseous ligaments 

a. Palmar SL ligament 

b. Dorsal SL ligament 

c. Proximal fibrocartilaginous membrane. 

Dorsal SL ligament plays a major rôle in SL 
stability. 

2. Luno-triquetral interosseous ligament 

a. Palmar LTq ligament stronger 

b. Dorsal LTq ligament 

3. Midcarpal ligaments 

a. Dorsal intercarpal ligament 

b. Triquetrum hamate capitate ligament 

c. Scaphocapitate ligament 

4. Distal capal row interosseous ligaments 

Wrist is not a true hinge joint therefore; vertically 
oriented collateral ligaments are not présent. Absence of 
these ligaments is functionally substituted by structure 
and action of extensor carpi ulnaris tendon medially (669) 
and the abductor pollicis longus tendon laterally (279). 

Carpal Kinematics 

• Except for pisiform, the proximal carpal row has no 
direct tendinous attachments. Therefore, the 
movements generated by muscle contraction resuit 
in rotational motion starting always at the distal carpal 
row. 

• In normal wrists, there is very little motion between 
bones of the distal carpal row. During unopposed 
flexion of the wrist, the distal row synchronously 
rotâtes into flexion and some degree of ulnar 
déviation. In contrast during extension of wrist the 
distal carpal row rotate into extension and some radial 
déviation. 


• Bones of proximal carpal row, although move 
synergistically, but there is significant différence in 
direction and amount of rotation among scaphoid, 
lunate, and triquetrum. 

Théories of Carpal Biomechanics 

Johnston (1907): Carpal bones are arranged into proximal 
and distal rows. Each row moves as a rigid functional 
unit about radiocarpal and midcarpal joint. 

Navarro (1935): Carpal bones are arranged into three 
vertical columns (Fig. 2). 

(i) Central column consisting of lunate, capitate and 
hamate Controls flexion- extension of wrist 

(ii) Latéral column consisting of scaphoid, trapezium 
and trapezoid Controls load transfer across the 
wrist 

(iii) Médial column consisting of triquetrum and 
pisiform Controls pronation and supination 


Q Traditional concept [3 Navarro 


Figs 2A to D: Several théories hâve been postulated to describe 
the arrangement of carpal bones with respect to function: 
(A) the traditional concept of two transverse rows with the 
scaphoid bridging the two, (B) Navarro’s columnar carpus 
concept, (C) Taleisnik’s modification of Navarro’s theory, and 
(D) Lichtman’s oval ring concept (Adapted from Lichtman with 
permission) 
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Taleisnïk (1978) 7 : Pisiform is excluded from m functional 
column. Trapezium and trapezoind are part of the central 
column. 

Weber (1980): Two columns: the load bearing column 
(capitate, trapezoid, scaphoid and lunate) and the control 
column (triquetrum and hamate) (Fig. 3). 

Lichtman (1981): The carpus functions as an oval ring 
formed by four independent éléments (distal row 
scaphoid, lunate and triquetrum) connected to adjacent 
segments by ligamentous links. 

Craigen and Stanley (1995): Two patterns of motion during 
radioulnar déviation: the proximal row rotâtes mostly 
along frontal plane (row pattern) or mostly along sagittal 
plane (column pattern). 



Fig. 3: Weber’s view of the carpus is that of two longitudinal 
columns. The control column (strippled) occupies the ulnar 
portion of the wrist emphasizing the importance of the helicoid 
configuration of the triquetrohamate joint. The force-bearing 
column (stripped) is on the radial side (Adapted from Weber 
with permission) 


Terminology (Table 1) 

Static instabilités: Refers to carpal malalignment that can 
be detected on standard postero-anterior and latéral 
radiographs. 

Dynamic instability: Refers to carpal malalignment that 
is reproduced with physical examination maneuvers and 
when stress radiograph are made. There is no evidence 
of carpal bone malalignment on plain radiograph. 

DISI: Lunate is angulated dorsally in the sagittal plane 
and capitate is displaced dorsal to the radiometacarpal 
axis (Radiolunate angle more than 10°). 

VIS1: Lunate angulates palmarly (radiolunate angle, 10° 
in the palmar direction), which causes the capitate to 
become displaced palmar to the radio-metacarpal axis. 

Carpal instability dissociate: Indicates an injury to one of 
the major intrinsic carpal ligaments, such as that seen in 
scapholunate dissociation and perilunate dislocation. 

Carpal instability non-dissociate: 6 Indicates an injury to a 
major extrinsic ligament (such as occurs in dorsal carpal 
subluxation, midcarpal instability, volar carpal 
subluxation or capitate lunate instability). Carpal bones 
maintain their attachments to each other. 

Carpal instability adaptive: Carpal instability resulting 
from external cause, as seen at the radiocarpal or mid 
carpal joint foliowing severe malunion of fracture of the 
distal end of the radius. 

Injury Patterns and Mechanism of Injury 

Two mechanisms of injuries may resuit in a carpal 
ligament injury: 

a. Direct—force is spent directly from the injury-causing 
object to the dislocating bone 


TABLE 1 : Terminology of carpal instability 


Chronicity 

Constancy 

Etiology 

Location 

Direction 

Pattern 

Acute < 1 week 

Predynamic 

Congénital 

Radiocarpal 

VISI 

Carpal instability 
dissociate 

Subacute 1-6 weeks 

Dynamic 

Traumatic 

Proximal Intercarpal 

DISI 

Carpal instability 
non-dissociate 

Chronic > 6 weeks 

Static reducible 

Inflammatory 

Midcarpal 

Ulnar translation 

Carpal instability 
complex 


Static irreducible 

Neoplastic 

Distal intercarpal 

Carpal instability 

Carpal instability 
adaptive 



Iatrogénie 

Carpometacarpal 

Dorsal translation 




Miscellaneous 

Spécifie bones 
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b. Indirect—the deforming load in initially applied at a 
distance from the injured joint. Ligaments usually 
transmit the tensile forces and compressive forces are 
transferred by adjacent articular surfaces. 

Direct mechanism: When wrist is trapped by a power press 
or a wringer type machine. Carpal concavity is suddenly 
crushed and the bones dissociate following an axial 
pattern of dislocation. 

Indirect mechanism: Most dorsal perilunate dislocations 
are the resuit of an indirect mechanism of injury, 
consisting of an extreme extension of wrist, associated 
with variable degree of ulnar déviation and radiocarpal/ 
midcarpal supination. Hyperextension at wrist has also 
been linked to other injuries such as distal radius fracture 
or fracture scaphoid. Many factors may explain the 
occurrence of one or other type of injury: âge related 
différence in bone stock, différence in direction and 
magnitude of deforming force and différences in position 
of wrist at time of impact. 

Clinical Présentation 

Post-traumatic carpal disorders may présent in two 
clinical situations: 

1. Patient présents after a violent trauma. Such as fall 
from height or a motorcycle accident or a crush injury 
to the wrist. 

2. Patient may or may not recall a spécifie traumatic 
event and présents with a symptomatic wrist. 

Derby test : Dorsal loading of pisiform while patient rotâtes 
wrist along dart throwing plane produces feeling of 
stability and increase in grip strength. Test appears to be 
very sensitive in diagnosis of unstable LTq joint. 

Investigations 

Radiographie 

The routine radiographie examination in a patient with 
suspected carpal injury should include at least four views 
of the wrist. 

a. Posterior—anterior (without ulnar or radial déviation) 

• Three smooth radiographie arcs (Gilula's lines) can 
be drawn to define normal carpal relationship. A 
step-off in the continuity of any of these indicates 
intercarpal dérangements (Fig. 4) 

• Articulating surfaces normally hâve parallel 
opposing surfaces separated by 2 mm or less. Any 
overlap between cortices or joint width exceeding 
significantly as compared to contralatéral normal 
wrist suggests abnormality. 

b. Latéral view 

c. PA ulnar deviated projection—centered over 
scaphoid. 



Fig. 4: The carpal bone angles are of considérable aid in 
identifying carpal instability patterns. In each illustration, the 
normal is shown (A) in comparison with the abnormal angle 
seen in dorsiflexion instability, (B) the capitolunate angle should 
theoretically be 0° with the wrist in neutral, but the range of 
normal probably extends to as much as 15°. The scapholunate 
angle is the most helpful, in author’s expérience, and an angle 
greater than 80° is definite evidence of dorsiflexion instability. 
The radiolunate angle is abnormal if it exceeds 15° 

d. 45° semi-pronated view—to profile the dorso-ulnar 
and radio-palmar aspect of the carpus. 

Additional Views 

• Carpal tunnel view—It profiles the carpal concavity 
of wrist and gives clear sight of hook of hamate, 
pisiform and the palmar ridge of the trapezium. 

• Pisotriquetral view—latéral view in 30° supination. 

Tomography 

In the évaluation of wrist injuries computed axial 
tomography is generally limited to cases in which a carpal 
fracture is suspected. 
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MRI 

MRI is useful in diagnosis of carpal dysfunction 
secondary to extra-articular soft tissue diseases, as well 
as to help in defining the vascular status of portions of 
bones at risk for AVN after trauma, demonstrating subtle 
fracture and bone marrow edema and adjacent soft tissue 
disease. Rôle of MRI arthrography of wrist is still under 
évaluation. 

Arthrography 

Arthrography of wrist had long been considered as gold 
standard for assessment of intracarpal dérangements. It 
was assumed that any flow of intra-articularly injected 
contrast agent from the radiocarpal to the mid carpal 
space or vice-versa is pathological. With time both false 
positive and false négative arthrograms hâve been 
reported and arthrograms today hâve sélective 
indications especially in conjugation with CT or MRI. 

Arthroscopy 

Arthroscopy has emerged on a definitive diagnostic study 
for wrist with suspected carpal instability. Diagnostic 
wrist arthroscopy includes an examination of both the 
radiocarpal of the midcarpal joint. 

Classification 

Numerous classification Systems hâve been proposed for 
carpal instability. 

Carpal instabilities can be classified depending on 
number of parameters. 

Lichtman's Classification 3 (Fig. 5) 

I. Perilunate instabilities (CID) 

A. Lesser arc pattern 

1. Scapholunate instability 

2. Triquetrolunate instability 

3. Complété perilunate dislocation 

B. Greater arc pattern 

1. Scaphoid fracture 

a. Stable 

b. Unstable (DISI) 

2. Naviculocapitate syndrome 

3. Transscaphoid transtriquetral perilunate 
dislocations 

4. Various combinations 

II. MCIs (midcarpal CIND) 

A. Intrinsic (ligamentous laxity) 

1. Palmar MCI (VISI) 

2. Dorsal MCI (DISI) 

3. Combined 




Figs 5A and B: Classification of carpal instability: (A) Carpal 
instability dissociative (CID) is characterized by fractures of 
ligament tears within the proximal and/or distal carpal row, and 
(B) carpal instability non dissociative (CIND) is characterized 
by a ligmentous disruption with the midcarpal joint level and/or 
within the radial carpal level 


B. Extrinsic (dorsally displaced radial fracture) 

III. Proximal carpal instabilities 

A. Ulnar translocation of carpus 

B. Dorsal instability (dorsal Barton's fracture) 

C. Palmar instability (volar Barton's fracture) 

IV. Miscellaneous 

A. Axial 

B. Periscaphoid 


Arthroscopic classification of carpal ligament tears 


Grade 

Description 

i 

Atténuation/hemorrhage of interosseous 
ligament as seen from the radiocarpal 
joint. No incongruency of carpal align- 
ment in midcarpal space 

ii 

Atténuation/hemorrhage of inter osseous 
ligament as seen from the radiocarpal 
joint. Incongruency/stepoff as seen from 
midcarpal space. Slight gap (less than 
width of probe) between carpals may be 
présent 

ni 

Incongruency of carpal alignment is seen 
in both the radiocarpal and midcarpal 
space. The probe may be passed through 
gap between carpals. 

IV 

Incongruency of carpal alignment is seen 
in both the radiocarpal and midcarpal 
space. Gross instability with manipulation 
is noted. A 2.7 mm Arthroscope may be 
passed through the gap between the 
carpals. 
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Scapholunate Dissociation 4 (Fig. 6) 

To dictate the management protocols the SLD can be 

grouped under following headings: 

1. Predynamic or occult SLD: This occurs when the SL 
injury is not complété, with a normal radiographie 
appearance throughout entire range of motion and 
under stress. This happens with intact dorsal 
ligaments. In acute State a percutaneous or arthros- 
copically guided k-wire fixation is recommended. In 
chronic predynamic SLD management options 
include: 

i. Proprioceptive rééducation of flexor carpi radialis 
muscle (stabilizes scaphoid provided the dorsal 
ligaments are intact) 

ii. Arthroscopic debridement of torn ligament edges 

iii. Electrothermal ligament shrinkage 

2. Dynamic SLD: Dynamic SLD is characterized by 
complété disruption of ail SL ligaments including the 
dorsal ligaments and by préservation of the secondary 
stabilizers (STT and RSC ligament). Carpal 
malalignment appears only under spécifie loading 
conditions. In cases with midsubstance tears, if 
possible direct repair of dorsal SL ligament is 
recommended with percutaneous SL joint fixation. In 
delayed présentations (> 2 weeks) the ligament edges 
may be retracted making repair difficult. In these cases 
the dorsal ligaments can be recreated using local tissue 
or bone ligament bone autograft or else a dorsal RS 
capsulodesis may be attempted. 

3. Static Reducible SLD: This injury pattern is 
characterized by: 

i. Retracted ligament edges making repair difficult 


ii. The secondary stabilizers having failed, and a 
permanent malalignment has appeared 

iii. Carpal subluxation still is reducible 

iv. No cartilage degeneration has appeared 

Management options avaïlable are: 

a. Tendon reconstruction using Flexor carpi radialis 
(Brunelli and Brunelli) or Extensor carpi radialis 
longus tendon (Linscheid and Dobyns) 

b. Réduction association ofSL joint: The procedure consist 
of an open réduction, repair of ligaments and 
protection of repair by internally blocking the SL joint 
with a transverse Herbert screw for approx 12 months. 
The aim is to obtain enough intercarpal fibrosis as to 
allow full loading of bones. 

4. Static irreducïble SLD: In absence of cartilage damage 
can be managed with partial intercarpal fusion e.g. 
scaphotrapezoid-trapezial arthrodesis, SL or SC 
arthrodesis, scaphoid-lunate capitate arthrodesis or 
radioscapholunate fusion with distal scaphoi- 
dectomy. 

5. Scapho-lunate advanced collapse: Long standing SLD 
leads to progressive détérioration of the adjoining joint 
cartilage. Watson et al described that the cartilage 
wear initiâtes between radial styloid tip and distal 
scaphoid and progresses proximally until the entire 
RS joint is involved and later leading to involvement 
of midcarpal joints. Various management options 
available are: 

i. Radial styloidectomy with or without arthroscopic 
debridement 

ii. Scaphoid excision with capitate - lunate - 
triquetrum - hamate fusion (SLAC procedure) 



Figs 6A and B: The key radiographie features of rotatory subluxation of the scaphoid (Scapholunate 
dissociation)are seen on this antero-posterior view of the wrist: (A) (i) widening of the space between the 
scapoid and lunate (ii) a foreshorted appearance of the scaphoid, and (B) the cortical “ring” shadow, which 
represents an axial projection of the abnormally oriented scaphoid 
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iii. Total wrist arthroplasty: guarded prognosis as most 
patients are young and are heavy laborers. 

iv. Salvage procedures e.g. proximal row carpectomy 
or wrist arthrodesis. 

LTq (Luno-triquetral) Dissociation 5 

Luno-triquetral dissociation is not unusual in traumatic 
wrist, but the general awareness of this problem is poor, 
which explains why many LTq dissociations are missed 
and confused with ulnar sided wrist pain. Mayfield et al 
described LTq injuries to occur in stage III of 'progressive 
perilunar instability theory'. 

Type 1 (Acute Dynamic) 

Acute isolated partial or complété disruption of LTq 
ligaments, without radiographie evidence of 
malalignment. Traditionally acute dynamic LTq injuries 
hâve been treated conservatively in a above elbow cast, 
but failures were not unusual an the micromotion at the 
injury site precludes régénération of ligaments. 
Arthroscopic technique for réduction and multiple 
percutaneous pinning is now recommended as a gold 
standard in the treatment of these injuries. 

Type 2 (Chronic Dynamic) 

Two ends of the ligament get degenerated with time and 
reduce the chances of successful repair. Many 
management options including arthroscopic debride- 
ment, electrothermal shrinkage, ligament reconstruction 
using extensor carpi ulnaris tendon or LTq arthrodesis 
hâve been described with inconsistent success. 

Type 3 (Static) 

Characterized by complété disruption of the intrinsic LTq 
ligaments with atténuation of secondary extrinsic 
stabilizing ligaments. The carpus collapses into VISI type 
pattern. Isolated LTq fusion is not enough and a more 
extended intercarpal or radiolunate arthrodesis is 
recommended. 


Type 4 (Acute Perilunate Instability, LTq + SLD) 

This injury is characterized by complété rupture of both 
the SL and LTq ligaments. 

Type 5 (Chronic Perilunate Insufficiency) 

Proximal row présents a combines SL and LTq 
dissociation and most authors recommend a proximal 
row carpectomy. Alternatively, excision of both scaphoid 
and lunate while fusing the LC joint may also produce 
good results. 

Type 6 (Degenerative Ulnocarpal Abutment) 

The presence of positive ulnar variance produces 
increased ulnocarpal pressure that may provoke a 
degenerative defect in the proximal portion of the LTq 
interosseous ligament, eventually destabilizing the joint. 
In these patients treatment, for symptomatic lésions 
include arthroscopic debridement and ulnar shortening. 
Ulnar shortening is contraindicated in more unstable 
cases with a static VISI, as it would inevitably tighten the 
palmar ulnocarpal ligaments and further deteriorate 
already malaligned lunate. 

Complex Carpal Instabilities 

Complex carpal instabilities comprises of group of carpal 
dérangements that impair both the relationship between 
bones within the same row and between rows. Five 
groups of injuries hâve been identified: 

1. Dorsal perilunate dislocation (lesser arc injuries or 
Retrolunate dislocation) (Fig. 7) 

Most dislocations in the carpus are confined to a 
relatively vulnérable area around lunate, including 
the proximal part of scaphoid, capitate and triquetrum 
comprising of lesser arc injuries as opposed to greater 
arc injuries when one or several bones around lunate 
hâve concomitant fracture. The dorsal and palmar 
perilunate dislocations represent different stages of 
the same pathomechanic process. 



Figs 7A to C: (A) Radiograph showing the transscaphoid perilunate dislocation AP view indicates fracture scaphoids, arrow 
indicated the dislocated lunate, (B) réduction of the perilunate dislocation bone grafting and mini screw fixation of the scaphoid 
fracture, and (C) final radiograph with good function 
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Management 

a. Closed réduction and immobilization 

b. Closed réduction and percutaneous pinning 

c. Open réduction and internai fixation: Open réduction is 
expected to produce better results as it allows 
complété récognition of damage, removal of 
interposed soft tissue, removal or fixation of chondral 
fragments, more accurate réduction and repair of 
réparable ligaments. 

Currently most authors recommend open 
réduction and ligament repair as treatment of choice 
for perilunate dislocations. Fernandez has described 
the use of external fixation concomitant with open 
réduction, as it is likely to facilitate exposure and 
protect repair. 

2. Dorsal perilunate fracture - dislocations (Greater arc 
injuries) 

a. Trans-scaphoid perilunate dislocation: 

These are most common of ail the dorsal perilunate 
fracture - dislocations. Approximately 60° of ail 
the perilunate dislocations présent with fracture 
of the scaphoid with proximal fragment usually 
remaining attached to lunate. 

Management 

I. Closed réduction and cast immobilization: The 
technique of closed réduction and cast immobi¬ 
lization is same as that for dorsal perilunate 
dislocations, but rarely recommended. One has 
to be cautious regarding the réduction of 
scaphoid fracture and correction of DISI when 
using this modality 


II. Open réduction and internai fixation: This is the 
preferred method of treatment 

III. Late treatment of unreduced fracture dislocations: 
Despite increased awareness of the entity, 
diagnosis of perilunate dislocations is still 
frequently missed at présentation. Ail efforts 
should be made to obtain a réduction in the old 
dislocation. A distracter external fixation device 
may be used for a period of one week before 
surgery to facilitate open réduction (Fig. 8). If 
acceptable réduction cannot be accomplished 
and there is cartilage loss a wrist arthrodesis or 
proximal row carpectomy is indicated. 

b. Trans-scaphoid, trans-capitate perilunate 
dislocation: 

There is fracture of both scaphoid and capitate. 
Open réduction and internai fixation gives good 
long-term results 

c. Trans triquetral perilunate dislocation: 

As a part of progressive perilunate instability 
there occurs rupture or avulsion of LTq ligament, 
however in some patients, instead of ligament 
dérangement there is either a sagittal fracture of 
the body of triquetrum or a proximal pôle 
avulsion fracture. 

Open réduction of the fracture in its anatomical 
position ensures correct ligament stability. 

3. Palmar perilunate dislocations 

These are rare injuries representing less than 3° of ail 
perilunate dislocations. The dislocation can occur in 
presence of fracture of lunate in frontal plane or as a 
resuit of progressive perilunate instability by 
combination of forced hyperextension and supination 
at wrist in relation to radius. 



Figs 8A to C: (A) The rate type of radiocarpal dislocation with fracture of the styloid process involving the articular surface of 
lower and radius, (B) close réduction of the radiocarpal joint fixation of the styloid fragment with K-wire and fragmentotaxes to 
improve the function of the wrist (Distraction arthroplasty of the wrist), and (C) final radiograph with excellent function 
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Open réduction and internai fixation is the 
preferred treatment 

4. Axial fracture - dislocation ofcarpus 

In crush injuries the wrist may split into axial columns, 
one remaining normally aligned to radius and other 
becoming unstable. As the carpal arc flattens, the 
flexor retinaculum may either disrupt or avulse from 
its insertions. These injuries can be grouped under 
two major patterns 

a. Axial ulnar dislocation: Carpus splits into two 
columns, with radial column stable with respect 
to the radius and ulnar column dislocating 
proximally and ulnarwards 

b. Axial radial dislocation: Ulnar part of the carpus 
remains normally aligned with the radius and 
radial part of carpus displaces. 

Closed réduction and percutaneous fixation of 
the displaced bones may be successful, but open 
réduction and fixation with wires or screw gives 
better results. 

5. Isolated carpal dislocations 

Isolated carpal dislocations are rare occurrence but 
any carpal bone can dislocate. Management need to 


be individualized depending on underlying etiology, 
functional impairment and reducibility. 
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INTRODUCTION 

Kienbock's disease is an isolated disorder of the lunate 
resulting from vascular compromise to the bone. 
Fractures of the lunate are relatively uncommon. They 
are often unrecognized until they progress to 
osteochondrosis 10 of the lunate, at which time they 
become symptomatic and are diagnosed as Kienbock's 
disease. Exact etiology and the treatment of choice remain 
controversial. Its various other names (lunatomalacia 5 , 
aseptie necrosis, osteochondritis, traumatic osteoporosis, 
osteitis and avascular necrosis of lunate) reflect the 
controversy in etiology. This condition produces 
significant disability in young and productive segment 
of society. 

Reasons for early neglect are that the injury may be 
ignored as a sprain, initial radiographs may be négative, 
superimposition of radius, ulna and other carpal bones 
on the lunate in the latéral view may confuse the picture 
and osteonecrosis shows no radiographie evidence until 
sclerosis and osteochondral collapse are seen. Hence, the 
diagnosis of Kienbock's disease should be considered in 
any patient presenting with wrist pain of uncertain origin. 
Classically, the patient is 20 to 40 years of âge and 
complains of wrist pain and stiffness of insidious onset 
usually foliowing trauma. The male to female ratio is two 
to one. 

On examination the patient has tenderness dorsally 
over the lunate and synovial swelling due to localized 
synovitis. Later, synovitis prédominâtes and progresses 
to late stage arthritis. Grip strength is decreased and the 
range of wrist motion lessens. 

Etiology 31 

Pestee first described collpase of the lunate in 1843 even 
before the ad vent of the radiographs. He believed the 


lésion to be fracture of traumatic etiology. In 1910, 
Kienbock ascribed this lésion to repeated sprains, 
contusions and subluxations leading to ligamentous 
vascular injury resulting in loss of blood supply to the 
lunate. 23,24 In 1928, Hulten proposed that ulnar minus 
variant causes increased shear forces on the ulnar side of 
the wrist and particularly on the lunate. 15 Beckenbaugh 
et al documented the presence of fractures in Kienbock's 
disease. 4 Stahl believed that traumatic compression led 
to avascular necrosis in a lunate with an already tenuous 
blood supply. 34 Lee found three vascular patterns in 
cadaver lunates 14 : (i) a single vessel—either volar or 
dorsal, (ii) several vessels at both volar and dorsal surfaces 
without central anasto-mosis, and (iii) several vessels at 
both volar and dorsal surfaces of the lunate with central 
anasto-mosis. 26 According to Lee, the first two are at 
greater risk of developing Kienbock's disease. Gelberman 
et al suggest that intraosseous disruption of vascularity 
due to repeated trauma with compression fractures 
causes Kienbock's disease. 15,16 

Radiographie Findings 639 

Lunate fractures are difficult to visualize early because 
of superimposed structures. A " m Tc bone scan will be 
positive within 24 hours of injury. Oblique films are 
helpful. Polyaxial tomograms, preferably of trispiral type, 
allow the most thorough review (Figs 1 and 2). The 
radiographie hallmark of Kienbock's disease is the 
increased density of lunate. Fragmentation and collapse 
generally affect the lunate overlying the radial contact 
area, especially in those wrists with an ulnar minus 
variant. As the lunate collpases, there is proximal 
migration of the capitate, widening of the proximal 
carpal row and rotation of the scaphoid, causing it to 
appear foreshortened on anteroposterior radiographs. 
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Figs 1 and 2: Tomogram of wrist gives better visualization 


This foreshortening is the "ring" sign. Additional findings 
that may be of importance in the treatment are the carpal 
height ratio and radioscaphoid angle (Fig. 7), as a measure 
of carpal collapse. MRI can detect the vascular changes 
that occur within a few days of injury. 

Stahl-Lichtman Classification 

Stahl's original classification of Kienbock's disease has 
been modified by Lichtman et al and consists of four 
stages. 

Stage I: Normal appearance, or linear or compression 
fracture (on tomogram) 

Stage II: Bone density change (sclerosis), slight collapse 
of radial border 

Stage III: Fragmentation, collapse, cystic degeneration, 
loss of carpal height, capitate proximal migration, 
scaphoid rotation (scapholunate dissociation) 

Stage IV: Advanced collapse, scaphoid rotation, sclerosis, 
osteophytes of the radiocarpal joint. 

Swanson’s Classification 

Swanson has classified Kienbock's disease into six stages. 
In this classification, fragmentation of the lunate, 
scaphoradial angle, carpal height collapse and cystic 
changes involving contiguous bones are taken into 
account. 37 ' 38 

Stage I: Minimal symptoms, normal carpal bone 
relationship 

Stage II: Symptomatic, sclerosis with some cystic changes 
of lunate, normal carpal bone relationship 


Stage III: Early fragmentation of lunate, scaphoradial 
angle 40 to 60° (Fig. 3). 

Stage IV: Fragmentation and collapse of lunate, 
scaphoradial angle less than 70°, carpal height collapse 5 
to 10%. 

Stage V: Scaphoradial angle more than 70°, carpal height 
collapse more than 10% may hâve cystic changes 
involving contiguous bones (Fig. 4). 

Stage VI: Carpal height collapse more than 15% 
significant intercarpal and radiocarpal degenerative 
changes, cystic changes of contiguous bones. 



Fig. 3: Radiograph showing early fragmentation 
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Fig. 4: Radiograph showing cystic changes in the bones 


Treatment 

Kienbock's disease can be treated in many different ways. 
The treatment of choice remains controversial. Surgical 
and nonsurgical methods hâve been tried in different 
stages of Kienbock's disease. The large number of surgical 
procedures for this condition indicates the ongoing 
controversy in treatment sélection. Also, it is apparent 
that no single treatment stands out as the best. The choice 
of treatment dépends upon the expérience of the surgeon, 
the desires, activity level and goals of the patient, and 
the stages of the disease. 

Surgical procedures described for Kienbock's disease 
aim at one of the following: (i) correction of multiple 
factors leading to the collapse of the lunate, (ii) treatment 
of the collapsed lunate, (iii) revascularization of the 
lunate, or (iv) replacement of the lunate. 

There are four variables to consider in the treatment 
of Kienbock's disease: (i) the structural weakness of the 
lunate (common to ail stages), (ii) lunate collapse, (iii) 
carpal collapse or instability, and (iv) perilunate 
osteoarthritis. Depending on these, different methods of 
treatment can be considered for different stages of 
Kienbock's disease. 

Immobilization 

Immobilization is an accepted method of treatment for 
stage I of Kienbock's disease. Stahl advocated prolonged 
immobilization as the treatment of choice for ail the stages 
of Kienbock's disease. 34 According to Lichtman et al, 37 a 
trial period of immobilization in stage I may resuit in the 
characteristic radiographie changes that establish the 
diagnosis. They advocate immobilization in stage I as it 
keeps the vascular insult to a minimum and give the 
lunate a chance to heal. 


Revascularization 

Revascularization procedures are recommended for stage 
II Kienbock's disease where the lunate has not collapsed. 
These procedures are not useful once the lunate has 
collapsed, because then lunate height and normal carpal 
kinematics will not be restored. Braun described a 
revascularization procedure using pronator quadratus 
muscle pedicle bone graft. 7 Erbs and Bohm transferred 
pisiform on its vascular pedicle on to the lunate. Hori et 
al described direct transplantation of a vascular bundle 
into the lunate. 18 

Ulnar Lenghthening and Radial Shortening 2 

These joint-leveling procedures hâve been recommended 
in stage II and III Kienbock's disease with an aim to 
decompress the lunate. These procedures hâve given 
excellent results on long-term follow-up. Radial 
shortening 25,29 is easier to perform, with less potential 
for nonunion, and a more direct approach to decom- 
pressing the lunate from the corner of the radius. Ulnar 
lengthening works on the carpus by advancing the 
ulnocarpal complex "pad" ahead of the lengthened ulna. 
Ulnar minus variance 30 should be changed to 1 to 2 mm 
positive ulnar variance to achieve adéquate lunate 
décompression. This usually does not lead to 
postoperative distal radioulnar joint disruption. 36 
Postoperatively the radio-lunate distance increases as has 
been shown by Armistead et al on arthrograms obtained 
before and after ulnar lengthening. 3 

Leveling procedures are recommended in patients 
with ulnar minus variance without lunate collapse or 
degenerative changes involving the lunocapitate joint. 
The advantage of these techniques is that the carpus is 
left undisturbed. Radial shortening may be préférable to 
some because it does not require a second surgical 
incision to harvest bone graft. 

Excision of the Lunate 

Excision of the lunate leads to proximal migration of the 
capitate and later carpal collapse. Hence, many authors 
hâve criticized this operation. To prevent the proximal 
migration of the capitate, many authors hâve tried to fill 
the gap thus created by some form of soft tissue (Figs 5 A 
and B). Nahigian et al 28 used dorsal capsular flap, Schimitt 
et al used epitendinous tissue from flexor tendons, and 
Ishiguro used rolled autogenous tendon graft (usually 
palmaris longus, plantaris, or portion of flexor carpi 
radialis. 20 Many authors hâve had satisfactory results 
with this procedure in stage III and stage IV Kienbock's 
disease. According to Alexander and Lichtman, 1,27 in 
stage I and stage II Kienbock'disease, there still exists a 
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Figs 5A and B: Soft tissue interposition after 
excision of lunate 


chance for lunate revascularization, hence, excision of the 
lunate combined with soft tissue (palmaris longus) 
replacement arthroplasty is best reserved for stage III and 
stage IV. 

Implant Arthroplasty 13 

In order to prevent proximal migration of the capitate 
and later, carpal collapse after excision of lunate, implants 
made of different materials hâve been used to fill the gap. 
Swanson's silastic implant has been the most popular. 37,38 
Vitallium and acrylic prothèses hâve also been tried. 
Carpal collapse 9 continues to occur even after implant 
arthroplasty, as was observed by Stark et al, 35 and 
Hastings et al. Based on their expérience, these authors 
hâve recommended that implant arthroplasty should be 
done only after significant collapse of the lunate has 
occurred. To overcome this problem of continued carpal 
collapse, Taleisnik and Smith et al, hâve advocated 
intercarpal arthrodesis along with implant arthroplasty 
to reduce the compression load on the implant. Their 
results hâve been very satisfactory. Smith et al theorized 
that reducing compression loads on the implant by 
intercapal arthrodesis might reduce implant deformation, 
fibrillation, and particulate synovitis. They also suggested 
that after intercarpal arthrodesis the implant may serve 
little purpose. Currently implant procedure is abandoned 
because of poor results due to silastic synovitis. 


Intercarpal Arthrodesis 

Much of the current treatment for Kienbock's disease is 
based on trying to redistribute the compressive forces 
across the wrist to unload the collapsing part of the lunate. 
It has been documented that lunate takes approximately 
40% of the load transmitted across the wrist. Collapse of 
the lunate allows proximal migration of the capitate, 
driving the scaphoid into a rotary subluxated position. 
Major symptoms are often secondary to rotary subluxated 
position. Hence, the treatment of this condition should 
include correction of rotary subluxation of the scaphoid 
and also provide a stable column to prevent carpal 
collapse. This can be achieved by triscaphe fusion. Many 
authors (Watson et al, Swanson, Smith, etc.) 40,37,38 hâve 
proposed triscaphe fusion as the treatment of choice for 
Kienbock's disease. 

Triscaphe fusion is arthrodesis of the scaphoid- 
trapaziumtrapezoid joint. It is the most common form of 
limited wrist fusion. Capitohamate fusion has also been 
tried as a method of preventing proximal capitate 
migration. 

In the author's expérience they had good results in 
ail the 14 cases of Kienbock's disease that were treated 
by triscaphe fusion (Figs 6A and B). Ail the patients were 
relieved of pain and were able to carry out routine 
activities. They showed significant improvement in the 
grasp and pinch strength. The rotary subluxation of the 
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Figs 6A and B: Triscaphe fusion 


scaphoid was corrected and the carpal collapse could be 
checked (Fig. 7). 

Surgical technique of triscaphe fusion: A transverse 
dorsoradial incision is made over the wrist centered over 
the scaphoid. Nerves, veins and tendons are retracted 
and another transverse incision is made into the capsule 
of the wrist joint. Lunate is excised piecemeal. The 
proximal pôle of the scaphoid is depressed until the 
proximal dorsal surface is alined and level with the dorsal 
surfce of the lunate, and the distal pôle is pulled dorsally. 
Two pins are driven through the scaphoid into the 
capitate to maintain the réduction. Thus, scaphoid is 
derotated (Figs 8A and B). The articular sur-faces are 
removed just back to cancellous bone and érosion 
arthrodesis of the distal pôle of the scaphoid, trapezium 
and trapezoid is achieved. Bone grafts taken from distal 
radius are packed into the spaces between these 7,8 bones. 
Wrist motion is checked to be sure no pin is Crossing the 
radiocarpal joint. Soft tissue interposition using palmaris 
longus tendon bail is used to fill the space created after 
excision of lunate 22 (Fig. 9). Postoperatively long thumb 
spica is given for eight weeks. 

CAPITATE SHORTENING 41 

Almquist has described capitate shortening along with 
or without capitohamate arthrodesis as an option for 
keinboks disease with positive ulnar variance. 

Shortening of the capitate deloads the lunate by 66% 
but increases the load on the scaphotrapezial joint by 
150%. 

CAPITATE-HAMATE ARTHRODESIS 11 

Chuinard and Zeman, hâve recommended fusion of the 
capitate to the hamate to prevent proximal migration of 



Fig. 7: Rotatory subluxation of scaphoid corrected 


the capitate-third metacarpal axis, some authors hâve 
reported improvement in pain and grip in a significant 
number of patients.Iwasaki, in a biomechanical study has 
shown that capitate-hamate fusion does not significantly 
deload the lunate since even in the normal joint both the 
bones are bound by tight ligamenyts and significant 
motion does not occur between them. 

Salvage Procedures 

Salvage procedures like wrist arthrodesis and proximal 
row carpectomy are indicated in those patients with 
kienbock's disease who présent with degenerative joint 
changes at multiple levels or who show evidence of severe 
carpal instability. These procedures hâve also been tried 
in those cases who fail to improve foliowing other surgical 
prodecures. Denervation of the wrist joint has also been 
tried in such patients. 
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Figs 8A and B: Two pins are driven through the scaphoid into 
the capitate to maintain réduction. The articular surfaces of 
scaphoid, trapezium and trapezoid are excised 



Fig. 9: The space created after excision of lunate is filled by 
a bail of palmaris longus tendon 


Authors’ Recommendations 

The authors recommend radial shortening for stage I 
(Swanson's) and stage II (Swanson's), triscaphe fusion 
without excision of lunate for stage III (Swanson's), 
triscaphe fusion with excision of lunate and soft tissue 
(tendon) interposition for stage IV (Swanson's) and stage 
V (Swanson's), and salvage procedures like proximal row 
carpectomy and wrist fusion for stage VI (Swanson's). 
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Disorders of Wrist 
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INTRODUCTION 

In 1895 Swiss surgeon Fritz de Quervain described a 
chronic stenosing tenosynovitis affecting the tendons of 
the abductor pollicis longus (APL) 6 and the extensor 
pollicis brevis (EPB), as they lie in the first dorsal fibro 
osseous compartment over the styloid process of the 
radius. This affection is also named washerwoman's 
sprain, radial styloid tenosynovitis or mother's wrist. 

Pathological Anatomy 4 

In the chronic stenosing tenosynovitis, the lésion basically 
concerns the ligamentous or fibrous layer of the synovial 
sheath. This présents a prominent thickening, sometimes 
several millimeters thick and forms a sleeve encircling 
the tendons. Proximally and distally to the constriction, 
there is bulbous widening of the tendon which is flattened 
at the level of the constriction. Microscopically, the 
affection develops in two stages: 8 (i) There is a stage of 
connective tissue prolifération involving progressively 
ail the layers of the synovial sheath, and (ii) A degenerative 
stage during which the endothélial layer disappears 
completely. The outer layers undergo necrosis and 
subsequently gets fibrosed. The tendinous lésions are 
characterized by narrowing at the level of the constriction 
and infiltration of granulation tissue and intra tendinous 
hemorrhages. 15 

Etiology 

Stenosing tenosynovitis is usually considered as 
idiopathic. It can be seen in patients presenting with 
osteoarthritis or rheumatoid arthritis. Other predisposing 
factors are pregnancy, recent trauma, occupational as in 
dress makers, typist, washerwomen and mechanics. 


Mechanical or anatomical factors are anatomical 
variations of tendons and its sheath and supernumerary 
tendons which explain the tightness of the sheath in 
which they must glide. 

Clinical Features 

Middle-aged patients between 40 to 60 are affected and 
the affection is most frequently seen in women (9 : 1). 
There is no definite prédominance of one side over the 
other. There can be bilateral involvement. The patient 
présents with a history of graduai and insidious onset of 
discomfort, then of persistent pain over the styloid 
process appearing during the use of the thumb or during 
certain movements. Sometimes the onset is sudden, either 
spontaneous or after a wrist injury. Later, the 
predominating feature is pain which can sometimes be 
dull and continuons, sometimes acute and paroxysmal, 
most often pain is diurnal, it is exacerbated by movements 
of the thumb with proximal and distal radiation. 

At times there is loss of function. The pain is precisely 
localized, on the latéral border of the anatomical snuff- 
box. Palpation of this région will elicit severe pain. 
Creptitus or squeaking with movements of the involved 
tendons ("wet leather sign") may be palpable. Triggering 
occurs rarely. 14 A small ganglion may occasionally arise 
from the roof of the first dorsal compartment. Swelling 
is found in 85% of cases, it is an oval subcutaneous 
swelling, 5 to 20 mm long, of firm consistency, mobile 
under the skin, forming part of the tendons. There is no 
local signs of inflammation. 2 

Finkelstein's sign 2 is pathognomonic. This maneuver 
consist of flexing the wrist, with the thumb in opposition 
in contact with the pulp of the index finger, then the hand 
is deviated towards the ulnar side. This will elicit severe 
pain, sometimes unbearable. 
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Radiographie examination is usually normal and does 
not offer any diagnostic feature. Sometimes, there is 
modification of the structure of the lower extremity of 
the radius with an osteoperiosteal prolifération and 
sometimes diffuse porosis. 

Ultrasonography in addition to aiding in diagnosis, 
helps to detect synovial hypertrophy and the presence 
of anatomical variations of tendons and supernumerary 
tendons. 

The course is variable. Spontaneous recovery may 
occur, but usually the affection follows a chronic course 
lasting 6 to 18 months. A clinical type of the affection 
which has been described as radial styloiditis mimics de 
Quervain's disease. However, it has important structural 
alterations of the radial styloid in which cystic cavities 
can be seen with an irregular contour. 

Treatment 17 

Medical treatment, like local application ,plaster 
immobilization, physiotherapy, heat, hydrotherapy, 
systemic antiinflammatory médication may give 
temporary relief from pain and swelling. Injection of local 
steroids 13 may give satisfactory results, with remission 
in 80% of the cases. 7 This treatment is efficient if 
undertaken early but does not cure the tenosynovitis and 
the constriction will persist with frequent récurrence of 
pain. 12 Therefore, many authors hâve made an appeal for 
early surgical release to shorten the period of morbidity 
and prevent récurrence. 

Surgical treatment is therefore an excellent method, but 
it is justified only in the advanced degrees where there is 
early loss of function, and much pain, and in those cases 
not responding to medical treatment. Surgical treatment 
aims at décompression of the twin tendons by excision 
of the peritendinous thickened, constricted sheath. 10 A 
longitudinal incision avoids injury to the sensory 
branches of the radial nerve but can develop a keloid. 
Transverse incision parallel to the skin creases gives better 
cosmesis. The tendinous sheath is exposed, incised 
longitudinally and a limited excision is done. Systematic 


exploration of the groove is done for frequent anomalies of 
the tendons and ail must be decompressed. Gliding of the 
tendon should be conformed. 
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INTRODUCTION 

Carpal tunnel syndrome is the most common com¬ 
pression neuropathy in the upper extremity. Some 
authors hâve attributed the original description of carpal 
tunnel syndrome to Sir James Paget, who noted the 
clinical stigmata of the syndrome in 1863. Marie et Foix 
in 1913 described the pathological changes of the médian 
nerve. Morsch coined the name of the syndrome in 1930, 
and Cannon and Love in 1946 described the first sériés 
of patients with médian nerve compression. In 1947, Brain 
et al described six patients who were treated surgically 
for bilateral carpal tunnel syndrome by surgical release 
of the transverse carpal ligament. Phalen since 1950 
repeatedly directed the attention of the Americal Medical 
Community to the carpal tunnel syndrome. 

Anatomy 

The carpal tunnel is a nonexpansile pathway between 
the flexor compartment of the forearm and the midpalmar 
space (Fig. 1). Measuring 5 cm in length from the distal 
wrist crease to the midpalm, it contains the nine flexor 
tendons as well as the médian nerve. Floor of the tunnel 
consists of carpal bones, and the roof the transverse carpal 
ligament. The transverse carpal ligament originates 
radially from the scaphoid and trapezium and ulnarly 
from the pisiform and hook of the hamate. The narrowest 
région of the carpal tunnel corresponds to the area over 
the middle of the distal carpal row at the palmar-oriented 
prominence of the capitate where it measures 10 mm in 
width. 

The récurrent motor branch of the médian nerve takes 
one of three routes to the thenar musculature. Awareness 
of its course aids in avoiding injury during décom¬ 
pressions. In 46% cases, it is extraligamentous, in 31% it 
is subligamentous and in 23% it is transligamentous. The 



Fig. 1 : Transverse section through the carpal tunnel demons- 
trating the médian nerve with its anatomical relationship 


palmar cutaneous branch of the médian nerve originates 
5 cm proximal and courses between flexor carpi radialis 
and palmaris longus tendon. This nerve is considered a 
causalgic nerve and injury to which frequently results in 
prolonged morbidity. Thus, safe zone lies between the 
palmaris longus tendon and ulnar artery delineated by 
longitudinal axis of the ring finger. 

Etiology 

Phalen stated that any condition which increase the 
volume of structures within the carpal tunnel or 
conversely decrease the size of the tunnel, would 
compress the médian nerve and cause carpal tunnel 
syndrome. 

Causes can be grouped as follows. 

• Developmental: Thrombosis of persistant médian 
artery, classification of médian artery, aberrant 
muscles like palmaris profundus, anomalous palmaris 
longus, more proximal origin of the lumbrical 
muscles, anomalous distal end of the radius. 
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• Traumatic: Fractures of the lower end of the radius 
and carpal injuries and dislocations. 

• Space-occupying lésions: Cysts, hemangiomas, neuro¬ 
mas, lipomas, hematoms, Kienbock's disease, giant 
cell tumors of tendons. 

• Inflammatory tenosynovitis rheumatoid arthritis, 
tuberculosis, goût and infections 

• Neuropathie: Diabètes, alcoholism. 

• Endocrine: Myxedema, acromegaly, pregnancy. 

• Occupational: Highly répétitive movements of wrist 
and fingers. 

• Miscellaneous. 

Though so many causes hâve been enumerated often 
the condition is idiopathic. 

Pathogenesis 

The clinical features of carpal tunnel syndrome occur as 
a resuit of conduction block in the médian nerve. Both 
ischemia and mechanical forces hâve been implicated as 
cause of impaired neural function. The initial lésion is an 
intrafunicular anoxia, cause by obstruction to the venous 
from the funiculi as the resuit of increased pressure in 
the tunnel. This leads to intrafunicular edema and an 
increase in intrafunicular pressure, which imperil and 
finally destroy nerve fibers by impairing their blood 
supply and by compression. The final outcome is the 
fibrous tissue replacement of the contents of the funiculi. 

Clinical Features 

Carpal tunnel syndrome is more common in females 
(2:1). The most common âge of onset is fourth and fifth 
decade. About 50% cases are bilateral. Patients with carpal 
tunnel syndrome présent most frequently with symptoms 
of numbness, tingling and paresthesia in the radial three 
and a half digitis. Occasionally, they may complain of 
tingling in ail the fingers as the sympathetic supply to 
hand is by médian nerve. In a subset of patients, 
symptoms may involve ail digits and may cause radiation 
into the forearm and arm, as far proximally as the 
shoulder. The most spécifie symptom correlating with 
diagnosis of carpal tunnel syndrome is the presence 
noctural symptoms. 

Few activities which involve répétitive wrist and 
finger movements are known to exacerbate symptoms 
of carpal tunnel syndrome. Patients frequently perceive 
swelling of the hand and wrist and complain of 
clumsiness, weakness and may give history of dropping 
the objects frequently. 

Signs for carpal tunnel syndrome are TineTs sign, 
thenar atrophy and sensory changes in the distribution 
of médian nerve. Diagnostic test for carpal tunnel 
syndrome are as follows: 


Phalen's test: The patient places elbow on table, forearm 
vertical with wrist flexed. Numbness and tingling in the 
médian nerve distribution occurs in 60 seconds in the 
positive cases. However, the test will not be positive if there 
is already an advanced degree of sensory loss in the hand. 

Reverse Phalen's test: Substained extensions of the wrist 
may also aggravate the symptoms. Phalen himself has 
found it to be not a very reliable test. 

Tourniquet test: Described by Gilliatt (1953) Inflating a 
pneumatic euff on the arm to a pressure above the systolic 
pressure will reproduce the symptoms in 30 to 60 seconds. 
The irritated and compressed portion of médian nerve 
in the carpal tunnel is more susceptible to ischemia than 
the normal nerve. 

Durkan's test Application of direct pressure on the carpal 
tunnel and the underlying médian nerve with either 
pressure manometer or by the thumb of the examiner 
for 30 seconds will produce the symptoms. 

PROVOCATIVE TEST 

Gellman, in his comparison of the wrist flexion test, tinel,s 
sign and tourniquet test noted that the Phalen's test was 
the most sensitive where as the TineTs sign was the most 
spécifie the tourniquet test because of it's insensitivity 
and poor specificity was not recommended. Durkan, in 
his study claimed that his test was more sensitive and 
spécifie than either the TineTs sign or the Phalen's test. 
Sazbo et al in their study concluded that if a patient had 
a positive Durkan's test, an abnormal hand diagram 
score, abnormal Semmes-Weinstein monofilament and 
night pain, the probability of having carpal tunnel 
syndrome was 0.086. 

Sensory Tests 

Weber's two-point discrimination: This can be either static 
or moving. These changes are usually associated with 
advance carpal tunnel syndrome. 

Semmer-Weinstein monofilaments (Von-Prince): Monofila¬ 
ments of increasing diameters are touched to palmar side 
of digit until the patient can tell which digit is touched. 
This test has been reported to be 82% sensitive and 86% 
spécifie. 

SENSORY TESTINGS 

Sazbo, has concluded that vibratory threshold measure- 
ment and Monofilament testing are the two most sensitive 
sensory test static two point discrimination has a much 
poorer threshold and Moving two point discrimination 
is not to be used. 
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MOTOR EXAMINATION 

The thenar musculature should be examined any signs 
of weakness is diagnostic of a carpal tunnel syndrome. 
The presence of wasting indicates a long standing process. 

Keeping in mind about more proximal lésions such 
as syringomyelia, herniated cervical disk, thoracic outlet 
syndrome, cervical rib, cervical spondylosis and 
progressive muscular atrophy appropriate clinical tests 
for above conditions should be performed since a wrong 
diagnosis will resuit in a totally faulty managements. 

INVESTIGATIONS 

Laboratory Tests 

Laboratory tests are ordered if spécifie cause for carpal 
tunnel syndrome is suspected. They include rénal and 
thyroid function, rheumatoid factor and antinuclear 
antibody, érythrocyte sédimentation rate (ESR) uric acid 
and fasting blood glucose. 

Roentgenograms 

They are helpful in detecting congénital anomalies, 
fractures, Keinbock's disease, calcifie deposits or tumors 
of carpal bones. Routine wrist AP and latéral views as 
well as carpal tunnel views are useful. 

ELECTRO DIAGNOSTIC TESTS 

The use of electro diagnostic test in a suspected case of 
carpal tunnel syndrome should be done after a complété 
physical examination and be considered an adjuvant to 
physical examination. An EMG of the thenar muscles, 
with fibrillation waves is highly suggestive of a chronic 
compression of the médian nerve. While examining the 
nerve conduction velocity one should remember that the 
normal values vary significantly that distal motor 
latencies of more than 4.5 msec and sensory latency of 
more than 3.5 msec should be considered as strongly 
significant. 

Sazbo, has found that the electro diagnostic test did 
not increase the diagnostic value of the four previous 
described test. Grundberg, in his study of 292 patients of 
carpal tunnel syndrome, 11.3% had normal electro 
diagnostic tests. Thus in conclusion négative tests in the 
presence of strong clinical findings does not exclude a 
diagnoses of carpal tunnel syndrome and positive electro 
diagnostic tests in the absence of clinical findings does 
not warrant surgical treatment. 

Computed Tomography (CT) 

This displays bone structures clearly but does not defines 
the soft tissue accurately. 


Magnetic Résonance Imaging (MRI) 

This accurately images the contents of carpal tunnel and 
the anatomie relationships between these structures. 
Above two investigations are ordered if mass is suspected 
within the carpal tunnel. 

Canal Pressure 

Direct measurement of carpal tunnel pressure at rest and 
in various positions of wrist may lead to the diagnosis. 
However, it is a technique more useful in research and is 
seldom indicated in a routine clinical setting. 

Thermography 

This has a place in diagnosis of unilatéral carpal tunnel 
syndrome but not in bilateral cases. 

DIFFERENTIAL DIAGNOSIS 
Double Crush Syndrome 

The concept introduced by Upton and McComas, was 
that compression of a nerve at one level will make it more 
susceptible to damage at another level. In patients with 
carpal tunnel syndrome one should always search for a 
proximal site of compression such as cervical dise or 
thoracic outlet syndrome. 

Pronator Syndrome 

It is a term used to describe compression neuropathy of 
the médian nerve at the level of the forearm. It is 
differentiated from carpal tunnel syndrome by loss of 
sensation over the thenar imminence, Tinel's sign at the 
level of the forearm absence of Phalen's test and 
provocative maneuvers such as flexion of elbow, 
pronation against résistance. 

Treatment 

Nonoperative Treatment 

• Changing work pattern in work related symptoms 

• Splinting is successful only in mild cases. It is also 
successful as night splints in pregnancy as nearly ail 
patients recover from carpal tunnel syndrome 
following delivery. 

• Treating the underlying cause such as rheumatoid 
arthritis, hypothyroidism or diabètes. 

• Médication: Oral diuretics, nonsteroidal anti- 
inflammatory drugs (NSAIDs). The use of pyridoxine 
(Vit B 6 ) in the conservative treatment of carpal tunnel 
syndrome is a common clinical practice with Fuhr and 
Byers proposing subclinical deficiency of vitamin B 6 
as a possible etiology and the work of Ellis who noted 



2490 Textbook of Orthopedics and Trauma (Volume 3) 


an improvement in patients treated with vitamin B 6 . 
Subséquent studies by Amadio, Stransky and Spooner 
ail failed to show ail improvement or advantage. In 
light of these studies the routine use of vitamin B 6 in 
the treatment of carpal tunnel syndrome is not 
justifiable unless the patient has signs of deficiency. 

• Local steroid injections: Most patients as well as 
surgeons are often tempted to attempt this line of 
therapy prior to surgery however Gelberman has 
pointed out the criteria for a patient most likely to 
respond to therapy (Table 1). 

In his study Gilberman noted that up to 40% of 
patients will be benefited up to one year following 
injection. Dammers, has shown initial bénéficiai results 
in 77% patients with upto 50% having sustained relief. 

The injection is given between palmaris longus and 
ulnar artery about 1 cm radial to flexor carpi ulnars 
delineated by longitudinal axis of ring finger. Needle is 
inserted at 45° angle to the longitudinal axis to forearm 
through proximal wrist crease advancing 1 cm. 

Operative Treatment 

Open carpal tunnel release: For those patients who hâve 
failed nonoperative treatment, presence of weakness or 
atrophy of the abductor pollicis brevis muscle, objective 
sensory changes and electrophysiological evidence of 
thenar muscle denervation, open carpal tunnel release 
has been an effective method of relieving symptoms. 

Kaplan et al, in their study of 331 patients noted that 
five important factors in determining the success of non¬ 
operative treatment are: 

1. Age more than 50 years 

2. Duration more than 10 months 

3. Constant paresthesia 

4. Stenosing flexor tenosynovitis 

5. Positive Phalen's test in less than 30 sec. 

2/3rds of patients with none of these factors 
responded to conservative therapy while 93% of patients 
with three factors required surgery (Fig. 2). 

Incision and deeper dissection are performed ulnar 
to the longitudinal plane between the ulnar border of the 

TABLE 1 :Factors in determing success of non-operative 
treatment 

A good canidate for injection 

• Symptoms less than one year 

• Numbness difusse and intermittent 

• Normal two point relationship 

• No motor weakness or atrophy 

• No denervation potentials 

• 1 or 2 Msec prolongations of nerve potentials 


ring finger and a point along the wrist crease noted by 
flexing the ring finger against the palm. Transverse carpal 
ligament is divided proximally to distally in the line or 
ring finger. Complété démonstration of récurrent branch 
of médian nerve should be performed. 

There has been no benefit noted with the adjunctive 
use of internai neurolysis. While the routine use of 
tenosynovectomy is not advocated, this technique is 
indicated in patients with rheumatoid arthritis. Complété 
hemostasis should be achieved before closure. Short 
period of immobilization prevents scar hypertrophy. 
Z-lengthening and repair of carpal tunnel hâve been 
described to decrease the incidence of bowstringing of 
flexor tendons, but there are no controlled studies 
supporting this approach and is unnecessary. 

Common complications are incomplète division of 
transverse carpal ligament, other complications are 
division of the palmar cutaneous branch or motor branch 
of médian nerve, injury to superficial palmar vascular 
arch, hypertrophie and sensitive scars, reflex sympathetic 
dystrophy, palmar hematoma, adhérence of flexor 
tendons, loss of grip strength. 

Endoscopie carpal tunnel release: This is an emerging 
technology for open décompression of the carpal tunnel. 
Contraindications to endoscopie carpal tunnel release 
include coexistent ulnar tunnel syndrome, limited wrist 
and finger extension. The presence of tenosynovitis and 
previous surgery. Principal reported advantage is 
decreased short-term impairment. This procedure is 
technically demanding and costly with significant high 
risk. 



Fig. 2: Showing skin incision for the conventional 
carpal tunnel release 
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MINI OPEN CARPAL TUNNEL RELEASE (FIG. 3) 

Lee and Brataz hâve descrbed a carpal tunnel release 
through a small incision that does not cross the wrist. 
This technique while having the benefits of endoscopie 
release, is much easier for surgeons without endoscopie 
training or equipment. 


Décompression is required if symptom persists. More 
extensive décompression is necessary in these cases. 
Monitoring of carpal canal pressure utilizing Wick 
cathéter technique is useful in differentiating nerve 
contusion from acute carpal tunnel syndrome. 

BIBLIOGRAPHY 


COMPARISON OF ENDOSCOPIC, MINI-INCISION 
AND CONVENTIONAL CARPAL TUNNEL RELEASE 

Majority of the randomized prospective studies show that 
endoscopie release hâve a higher complication rate (Kerr, 
Palmer). The early benefits of minimally invasive 
procedures decrease with time. The final resuit of these 
procedures is similar to conventional release. 

ACUTE CARPAL TUNNEL SYNDROME 

Acute compression of the médian nerve at the wrist has 
been recognized with increasing frequency. The condition 
is distinguished by a rapid onset of symptoms. Displaced 
distal radius fractures may be associated with acute carpal 
tunnel syndrome as they lead to decrease in cross- 
sectional area of the carpal tunnel and concomitant 
increase in the intracarpal canal pressure. Additional 
causes include fractures and dislocations about the 
carpus, immobilization of the wrist in extreme flexion, 
and hemorrhage about the médian nerve in hémophilie 
or anticoagulated patients. 

Patients with distal radius fractures who exhibit 
features of carpal tunnel syndrome, need early release of 
cast and extension of the wrist into neutral position. 



Fig. 3: Showing skin incision for mini open carpal tunnel release. 
Note that the incision does not cross the level of wrist flexion 
crease 
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INTRODUCTION 

When tendons pass through fibrous sheaths, their 
synovial coverings are particularly susceptible to a low- 
grade inflammatory process of a noninfectious nature. 
Usually no cause can be ascertained and the condition is 
designated as nonspecific tenosynovitis. Chronic teno- 
synovitis due to spécifie conditions such as rheumatoid 
arthritis, tuberculosis is also common. 

Chronic nonspecific tenosynovitis affects following 
tendons commonly: 

i. Abductor pollicis longus and extensor pollicis 
brevis 

ii. Extensor carpi ulnaris 

iii. Long head of biceps 

iv. Tibialis posterior 

v. Peroneals 

vi. Flexor hallucis longus. 

TENOSYNOVITIS OF WRIST AND HAND 

Stenosing tenosynovitis is the common cause of pain 
around wrist and hand. Repeated trauma or friction 
causes inflammation of fibrous sheath covering tendon 
which leads to stenosis of the tract. Stenosing 
tenosynovitis / tenovaginitis affects commonly: 

i. First dorsal compartment containing—abductor 
pollicis longus and extensor pollicis brevis— is 
called as de Quervain's disease 

ii. When the long flexor tendons are involved trigger 
finger or trigger thumb resuit 

iii. Extensor pollicis longus tendon is affected at the 
level of Lister's tubercle. 

de Quervain’s Disease 

Fritz de Quervain in 1895 described this condition first. 
It is the stenosing tenosynovitis/tenovaginitis 3 of the first 


dorsal compartment containing abductor pollicis longus 
and extensor pollicis brevis tendons. The details are 
described in Chapter 256, de Quervain's Stenosing 
Tenosynovitis. 

Compound Palmar Ganglion 

Chronic inflammation of the common flexor tendon 
sheaths both above and below flexor retinaculum forms 
a swelling on the volar aspect of wrist known as 
compound palmar ganglion. Rheumatoid arthritis and 
tuberculosis are the most common causes of chronic 
inflammation of tendon sheaths. 

Pathoanatomy 

On the volar aspect of wrist joint concavity of the carpal 
bones and the bridging flexor retinaculum/carpal 
ligament forms a carpal tunnel. The tendons of flexor 
digitorum superficials, flexor digitorum profunds, 
tendon of flexor carpi radialis and tendon of flexor pollicis 
longus pass deep to flexor retinaculum. The médian 
nerve passes through the carpal tunnel between flexor 
digitorum superficialis medially and flexor carpi radialis 
laterally. The palmar cutaneous branch of médian nerve 
passes superficial to the flexor retinaculum and is in 
danger if during section of the flexor retinaculum, the 
incision is taken too far radialwards. Chronic inflam¬ 
mation of the flexor tendon sheaths causes synovial 
membrane to become thick and villous. The amount of 
fluid is increased, and it may contain fibrin particles 
moulded by repeated movement to the shape of melon 
seeds. Marked inflammatory edema in front of wrist, 
tense swelling of flexor tendon sheaths may cause 
symptoms of médian nerve irritation. The tendons may 
eventually fray and rupture. 
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Clinical Features 

Pain is usual présentation of the patient. Swelling on volar 
aspect of wrist is not so obvious as on the extensor aspect. 
The swelling is hourglass in shape, bulging above and 
below the flexor retinaculum. It is not warm or tender. 
Cross-fluctuation is possible by which fluid can be pushed 
from one part to the other. Médian nerve compression 
gives rise to paresthesia in the hand and thenar muscle 
loss. 

Radiographie findings will dépend on the underlying 
condition and its pathological stage. 

Treatment 

If the underlying condition is tuberculosis, chemotherapy 
is started. The contents of the ganglion canbe evacuated, 
streptomycin is instilled and the wrist is splinted in 10 to 
15° of dorsiflexion and forearm in midprone position. If 
these mea-sures fail, the entire flexor sheath is dissected 
out. 

Rheumatoid flexor tenosynovitis may respond 
temporarily to local steroid injections. Surgical 
décompression of the carpal canal prevents permanent 
damage to the médian nerve and the spontaneous 
rupture of the tendons. 

Technique of Tenosynovectomy 

Incision: An incision is made in the midpalm parallel to 
the thenar crease and is extended proximally, curving 
ulnarwards at the wrist. The incision is extended above 
the wrist approximately 4 to 5 cm in a zigzag manner. 
Palmar cutaneous branch of médian nerve is identified 
and protected. The transverse carpal ligament is divided 
to open the carpal tunnel. The médian nerve is freed from 
adhèrent synovial tissue. The hypertrophie tenosyno- 
vium surrounding the flexor tendons is excised. 

Trigger Fingers and Trigger Thumb 

Stenosing tenovaginitis/ tenosynovitis of thumb or finger 
flexors at metacarpophalangeal joints causes triggering 
or snapping of the involved digit. It is common in thumb, 
middle and ring fingers. Flexion of the fingers is active 
while during extension there is triggering or snapping. 
In advanced cases, patient is unable to extend the fingers 
actively and then manipulation is necessary to reduce 
the locked finger into extension. The phenomenon of 
triggering is due to disproportion between a flexor tendon 
and its tendon sheath. 

Pathoanatomy 

These flexor tendons pass through narrow tunnel formed 
by grooved palmar surface of metacarpal neck and 


transverse fibers of annular ligament. Repeated trauma 
or friction at this site causes inflammation of fibrous 
sheath covering tendon and leads to stenosis of the tract 
near MP joint. 

Etiology 

The trigger finger may be of primary or secondary type. 
The primary trigger finger is common in middle-aged 
women with a much lower incidence in men. Secondary 
trigger finger is commonly seen in rheumatoid arthritis, 
goût, metabolic disorders like diabètes. It is also seen with 
de Quervain's disease. 

Clinical Features 

Females are involved four times more commonly than 
males. It causes pain near metacarpal joints, triggering 
or snapping while extending the fingers and disability if 
active finger extension is not possible. Classically, finger 
flexion is active while finger extension is passive with 
snapping. Pressure accentutates the snapping or triggering 
of distal joints. A nodule or fusiform swelling of flexor 
tendon can be palpated at the entry point of tendon into 
the proximal annulus at the level of the MP joint. 

Treatment 

Conservative treatment consist of rest, splintage, 
nonsteroidal antiinflammatory drug (NSAIDs), local 
steroid injections. Chances of récurrence are high with 
conservative method. 

Surgical release: There are four annular pulleys and three 
cruciform pulleys in fingers out of which section of first 
annular pulley is done to release the trigger thumb and 
trigger finger. Pneumatic arm tourniquet and local 
anesthésia are used. Tr ans ver se skin incisions are taken 
at distal palmar crease in fourth and fifth rays, the 
proximal crease in index, halfway between the two crease 
in the middle finger and deep to MP flexion crease of 
thumb (Fig. 1). 

After skin incision, longitudinal blunt dissection is 
used to spread the subeutaneous tissues and the palmar 
fascia to expose flexor sheath. This protects the 
neurovascular bundle. Transverse fibers of annular 
ligament are divided longitudinally. The patient is asked 
to move the involved finger to confirm the release. 

Percutaneous trigger finger release canbe done, except 
in patients with diabètes, rheumatoid arthritis and 
excessive subeutaneous tissue. 

Extensor Pollicis Longus Tenosynovitis 

It is important to consider extensor pollicis longus 
tenosynovitis because of its complication—tendon 
rupture. 
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Fig. 1 : Incisions for release of trigger fingers and thumb. The 
index is released through an incision in the proximal palmar 
crease, ring and little in the distal crease, and the middle midway 
between the two palmar creases. The thumb flexor is 
approached through its MP crease. In each instance the 
résultant scar will be proximal to the metacarpal head 
prominense 

Pathoanatomy 

The extensor pollicis longus tendon after passing through 
third dorsal compartment passes a circuitous route 
around Lister's tubercle on the dorsum of lower end 
radius. 

Its close proximity to this bony tubercle makes it 
vulnérable to be affected by its roughness, e.g.—rupture 
of tendon in Colles fracture. Tenosynovitis may be caused 
by rheumatoid disease. Rarely, it may be due to overuse 
which causes classical drummer boy palsy. 

Clinical Feature 

Patients présent with pain and swelling on dorsum of 
the wrist. There is tenderness and often crepitus is elicited 
on the dorsum of the distal end radius at Lister's tubercle. 

Treatment 

Early diagnosis and urgent operative treatment is 
important to prevent tendon rupture. 

Operative technique: Tourniquet and local anesthésia are 
used. A 2 cm transverse incision is taken over Lister's 
tubercle. Extensor pollicis longus tendon is identified and 
the roof of the tunnel is incised to free the tendon from 
the groove.Then se ver al sutures are taken to close the 
tunnel and to prevent spontaneous relocation of the 
tendon into its original groove (Fig. 2). 




Fig. 2: The extensor pollicis longus (EPL) tendon is rerouted 
superficially radial to Lister’s tubercle to relieve tenosynovitis 
(Adopted from Green DP (Ed) Operative HandSurgery, 2:1982 


Bicipital Tenosynovitis 

Bicipital tenosynovitis is not an isolated lésion. It is often 
an extension of an inflammatory process originating 
within the shoulder joint. It may be associated with a tear 
of rotator cuff. It may represent an extension of any forms 
of inflammatory arthritis. It frequently forms a 
component of frozen shoulder. Tenosynovitis of the 
tendon of the long head of biceps may précédé rupture 
of tendon. 

The details are described in "Shoulder Section". 

Stenosing Tenosynovitis Around Ankle 

Stenosing tenosynovitis around ankle commonly 
involves the tibialis anterior, the tibialis posterior tendons 
at ankle, the extensor digitorum longus, and the peroneal 
tendons below the latéral mallelous, the inferior 
retinaculum enclosing peroneal tendons. 

When tendons angulate about bony structures, they 
are enclosed by a fibrous sheath that acts as a pulley, the 
sheath may become thickened due to excessive and 
constant movement of the tendons and constrict the 
enclosed tendon. Distal to the point of constriction, the 
tendon displays a bulbous swelling. Microscopically, 
there is an evidence of non-specific inflammatory and 
degenerative changes. 

Clinical Présentation 

Clinical présentation is pain which aggravâtes on the 
spécifie movements of the involved tendons. 
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Stenosing tenosynovitis of common peroneal tendon 
sheath occurs in patients around 40 years of âge. There is 
pain which is aggravated by supination and pronation 
of foot. A palpable tender thickening is found below the 
edge of latéral malleolus. 

Treatment 

Conservative treatment consist of rest, hot, NSAIDs, 
immobilization may help in reducing pain and swelling. 
In résistant cases peroneal sheath is excised. Transverse 
crural ligament is incised laterally if anterior tibial tendon 
is involved at this level. 

BIBLIOGRAPHY 

1. Agee JM, Tortosa R, Barry D. Endoscopie release of the carpal 
tunnel—a randomized prospective multicenter study. J Hand 
Surg 1992;17A:987-95. 

2. Carpal tunnel release with a limited palmar incision: Clinical 
results and pillar pain at 18 months followup. Hand Surg 
2005;10(l):29-35. 

3. Carpal tunnel release. A prospective, randomised study of 
endoscopie versus limited-open methods. J Bone Joint Surg Br 
2003;85(6):863-8. 

4. Carpal tunnel syndrome in children. J Pediatr Orthop B 
2005;14(l):42-5. 

5. Carpal tunnel syndrome: The corrélation between outcome, 
symptoms and nerve conduction study findings. J Hand Surg 
[Br] 2001;26(5):475-80. 

6. Complications of endoscopie and open carpal tunnel release. 
Arthroscopy 2006;22(9):919-24. 


7. Development and validation of diagnostic criteria for carpal 
tunnel syndrome. J Hand Surg [Am] 2006;31(6):919-24. 

8. Direct access carpal tunnel surgery. J Bone Joint Surg Br. 
2003;85(6):869-70. 

9. Mini-open blind procedure versus limited open technique for 
carpal tunnel release.J Hand Surg [Am] 2006;31(1):153. 

10. Predicting the outcome of carpal tunnel release. J Hand Surg [Am] 
2003;28(2):255-61. 

11. Relationship between the duration and severity of symptoms and 
the outcome of carpal tunnel surgery. J Hand Surg [Am] 
2006;31 (9) : 1478-82. 

12. Relationship of carpal canal contents volume to carpal canal 
pressure in carpal tunnel syndrome patients. J Hand Surg [Br] 
2004;29(3):277-80. 

13. Révision surgery after carpal tunnel release—analysis of the 
pathology in 200 cases during a 2 years period. J Hand Surg [Br] 
2006;31(1):68-71. 

14. Risk factors in carpal tunnel syndrome. J Hand Surg [Br] 
2004;29(4) :315-20. 

15. The anatomical site of constriction of the médian nerve in patients 
with severe idiopathic carpal tunnel syndrome. J Hand Surg [Br] 
2006;31(6):608-10. 

16. The effect of âge and gender upon symptoms and surgical 
outcomes in carpal tunnel syndrome. J Hand Surg [Br] 
2005;30(6):599-604. 

17. The first description of carpal tunnel syndrome. J Hand Surg 
[Br] 2007;32(2):195-7. 

18. Time course and predictors of médian nerve conduction after 
carpal tunnel release.J Hand Surg [Am] 2004;29(3):367-72. 

19. Wririch SD, Gelberman RH. Changing concepts in the diagnosis 
and treatment of carpal tunnel syndrome. Current Orthopaedics 
1993;7:218-25. 



SECTION 


Diseases of Elbow 


S Bhattacharya 





Clinical Examination and 
Radiological Assessment 


S Pandey 


METHODOLOGY 

i. History taking Besides detailed history taking as in 
general chapter (1), spécial attention must be paid 
to the following points. In cases of traumatic 
conditions—mode of injury, history of massage; 
number of attempts of manipulative réduction; 
history pertaining to impending features of 
Volkmann's ischemia. 

History for Hemophilia 

ii. General and sy s ternie examination (As in the chapter 
of Introduction) 

iii. Régional examination As usual of the upper limbs 
(from the cervical spine to the finger tips). 

iv. Local examination. 

Prerequisites 

1. Both the elbows must be examined in identical 
position. 

2 The patient should either stand or sit on a stool. 

3. The position of the shoulder, forearm and the hand 
of the normal side must be in identical position with 
that of affected one, preferably, with the arm lying by 
the side of the chest. 

Attitude 

Note the attitude of the elbow. The carrying angle of the 
elbow should be marked in supine and extended position 
of the forearm. The angle formed inbetween the extended 
long axis of the arm and the long axis of the forearm at 
the central point of the extended elbow axis is the carrying 
angle (Fig. 1, A position). It varies from 10-15°, (more in 
females than in males). Exaggeration of this carrying 
angle is called cubitus valgus (Fig. 1, B position). 
Réduction neutralisation or reversai of carrying angle is 
cubitus varus (Fig. 1, C position and Fig. 2). In most of 



Varus 

Fig. 1 : (A) Normal carrying angle, (B) Cubitus valgus, 
(C) Cubitus varus 



Fig. 2: Photograph showing marked cubitus varus deformity 
following malunited supracondylar fracture 
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the pathologies in and around the elbow, there is varying 
degrees of flexion deformity at the elbow. In an old, 
unreduced posterior dislocation of the elbow, the joint is 
flexed to about 45°, the triceps tendon stands prominent 
and the olecranon tip projects prominently. 

Inspection 

Assessment should be done in symmetrical position (in 
case of deformity the normal elbow should be kept in 
identical position to that of deformed one) from the back, 
the front and from the sides. Fixed bony and soft tissue 
points should be looked at. 

From the front Biceps bulge (Fig. 3), cubital fossa, 
upper forearm bulge, biceps tendon prominence, 
superficial veins. 



Fig. 3: Normal biceps bulge interrupted due to its tear, note 
that in performing active flexion of the elbow, the torn biceps 
mass stands markedly prominent 


From the back Triceps muscle bulge and tendon, 
olecranon process, callosity or any other swelling on the 
point of the elbow (e.g., in student's elbow), 
paraolecranon dépréssion, anconeus triangle, upper end 
of the ulna, back of the médial and latéral epicondylar 
tips represented by dépréssions on the surface. 

From the Side From the outer side—the bulge of the 
brachioradialis and long extensors of the wrist, or any 
abnormality. 

From the inner side The médial epicondylar promi¬ 
nence, supracondylar dépréssions and the bulge of the 
common flexors. 

Any abnormality, like swelling sinuses, scars on any 
aspect should be noted clearly, as dealt with in the 
Chapter 260 on The Elbow. 


Palpation 

Superficial palpation Besides palpating as in the Chapter 
306, specially feel for any local rise of température and 
any superficial tenderness. 

Deep palpation Confirm the findings of inspection. 
Spécial points besides the general considérations are: The 
muscle around the elbow should be palpated for texture, 
bulk and pliability. In delayed traumatic cases, specially 
palpate for the presence of firm to hard bony plaques in 
the muscle mass (myositis ossificans). Feel the tips of the 
latéral and médial épicondyles, the supracondylar ridges, 
olecranon process, and head of the radius. 

Palpation of Supracondylar Ridges 

Method Simultaneous bilateral palpation in symmetrical 
position of limbs is always helpful. Palpation will be 
convenient with the elbow semiflexed (about 45°) and 
the forearm supinated as far as possible (Figs 4 and 5). 
The two epicondylar tips will stand out prominently. 
Hold the lower forearm in one hand, and use the thumb 
and middle fingers of the opposite hand to palpate the 
epicondylar tips. Proceed vertically upwards from the 
épicondyles along the shaft of humérus in the mid plane 
of the arm—the sharp bony supracondylar ridges are felt 
on the two sides (Note any abnormality, like irregularity, 
and thickening etc.). 


Fig. 4: Photograph showing abnormal angulation above the 
elbow joint in attempt of flexing the elbow—“produced due to 
pseudoarthrosis following fracture lower humerai shaft 
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Fig. 5: Location of the epicondylar tips and palpating the 
supracondylar ridges 


Three Point Relationship 

Confirm the normal relation of the epicondylar tips to 
the olecranon tip. Normally, in 90° flexed position of the 
elbow, they form more or less an isosceles triangle. 
(Fig. 6), the inter-epicondylar line forms the base. It is 
not possible to put the elbow in the desired position of 
palpation, palpation should be done in whatever position 
is possible. Comparison should be done with the elbow 
of the other side placed in similar postures, for assessing 
and comparing the corrélation. 

Fallacies in the three point relationship Fracture of 
the either épicondyle, fracture olecranon, excision of 
elbow. 

Palpation of Epicondylar Région 

Feel for bony tenderness—e.g. for latéral epicondylitis 
(Tennis elbow) or médial epicondylitis (Golfer's elbow 
or Pitchers elbow or Baseballer's elbow or Jeveline 
thrower's elbow). Hold the distal forearm in one hand, 
with (your right hand holding the patient's right hand) 
the elbow of the patient in about 35° flexion. With the 
thumb and middle finger of your opposite hand, press 
the epicondylar areas. In latéral epicondylitis, there is 
maximum tenderness in the antero-inferior région of the 
latéral épicondyle. In médial epicondylitis, maximum 
tenderness is in the antero-inferior région of the médial 
épicondyle. 

Both épicondyles lie in same line or slightly posterior 
to the supracondylar ridges. In case of internai rotation 



Figs 6A to C: (A) Position of the elbow in which the relation of 
the three bony points should be ascertained, (B) Relation of 
the three bony points in extension. (C) Relation of the three 
bony points in 90° flexion (H = humérus, U = ulna; R = radius) 

of the lower fragment in supracondylar fracture, the 
latéral epicondylar tip remains anteriorly in relation to 
the supracondylar ridge. 

Palpate the ulnar nerve behind and above the médial 
épicondyle as far as possible and note its position, 
pliability, any thickening and/or beading, and 
tenderness. 

Method : Support the lower forearm in the same position 
as above, using one hand. Gently roll the pulp of the 
middle finger of the other hand behind the médial 
épicondyle. The ulnar nerve can be felt like a slippery 
cord. Palpate the nerve as far above as possible, since in 
Hansen's neuritis its thickening is very marked in this 
région. 

Palpation of Joint Line 

The prominent brachialis and biceps muscle and their 
musculo-tendinous masses prevent the palpating fingers 
from reaching upto the joint line from the front. From 
the back, the olecranon process and the comparatively 
broad and tight tendon of the triceps does not allow the 
fingers to reach upto joint proper. However, on both sides 
of the main triceps tendon, the uppermost part of the 
olecranon notch of the humérus can be partially felt. On 
the outer side, the humeroradial joint line is felt as a 
transverse slit beneath the outer margin of the rounded 
capitulum. 
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Fig. 7: Palpating the radio-humeral joint line and 
head of the radius 



Fig. 8: Photograph of a patient of villonodular synovitis 
showing huge synovial swelling 


Method: Bilateral palpation is always helpful. Flex the 
elbow at 35°-45° for comparison. Hold the lower forearm 
in one hand (right hand holding patient's right elbow). 
The upper end of the patient's forearm is supported on 
the palm of the opposite hand, the thumb is placed on 
the outer side of the level of the elbow joint. The tip of 
the thumb can feel the rounded bulge of the outer margin 
of the capitulum. Keeping the thumb just below it rotate 
the forearm. The head of the radius can be felt rotating. 
Just above the head of radius, a transverse slit can be felt 
(Fig. 7). For ail practical purposes, this represents clinical 
palpation of the elbow joint. Since the elbow is a 
composite joint, tenderness in this région indicates 


tenderness in the elbow joint as well. However, when 
there is a synovial bulge (Fig. 8), the joint is grossly 
affected and it is difficult to palpate the joint line. 
Palpation along the inter-epicondylar line anteriorly will 
also demonstrate the elbow joint tenderness. 

Fluid in the Joint 

Swelling of the elbow can be also due to any hemarthrosis 
or any pathological collection. On the whole it is difficult 
to clinically find out little or even moderate collections. 
However, fullness specially postero-laterally in the 
anconeus triangle, if it is not boggy in feel, is in ail 
probability due to fluid in the joint. In such situations, 
the elbow is kept in semi-flexed position, because then 
the joint capacity is maximum. Positive cross-fluctuation 
between the médial paraolecranon swelling and the 
postérolatéral swelling indicates fluid in the joint. In huge 
collection, a tense bulge may be palpated in the cubital 
fossa. 

A collection in the triceps bursa should be 
differentiated from any collection in the joint. In 45° flexed 
position of the elbow the bursal collection will stand as 
two identical sacculations in both sides of the triceps. Try 
to elicit corss-fluctuation, keeping both index fingers on 
both sides of the triceps. In triceps bursitis it is positive. 

Palpate the supratrochlear lymph glands on the 
médial side of the elbow. Also palpate the axillary group 
of glands which drain this area. 

MOVEMENTS (TABLE 1) 

Movement should be tested at humero-ulnar, humero- 
radial, and superior radio-ulnar joints. Besides assessing 
the flexion and extension movements occurring at the 
proper elbow joint (a hinge joint), movements occurring 
at the forearm joints should also be examined. These joints 
are true (synovial upper and lower radioulnar joints) and 
false (working through interosseous membrane) effecting 
rotational movements of the forearm. 

Elbow Proper 

Movements occur from the zéro position of full extension 
to terminal flexion (vide the table on movements). 

Method of Assessing the Movements 

Compare the movements on both sides. Though 
movement can be tested by making the patient sit or 
stand, it will be better to make her sit on a stool (Fig. 9). 
Let the patient lean over a table with arm fully supported 
over the table from shoulder to elbow (there should be 
no gap in between table surface and back of the arm. The 
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TABLE 1: 

Movement of elbow and forearm 






Movement 

Axis 

Range of 

Prime 

Nerve 

Assisted 

Limiting factors 



motion 

movers 

supply 

by 



Flexion 

At elbow 

0° to 145°- 

1. Biceps 

C-5,6 

Brachio- 

1 . 

Contact of front 


joint—a 

160° 

brachii 


radialis 


of upper part of forearm 


line joining 


2. Brachialis 

(Musculo- 



with front of arm 


the two 



cutaneous 


2. 

Engagement of 


epicondylar 

tips 



nerve) 



coronoid process 
of ulna into coronoid 







fossa of humérus 

Extension 

-do- 

145°-160° 

Triceps 

Radial 

1. Anconeus 

1 . 

Locking of olecranon 

(Reversai 


to 0° 


(C-7,8) 

2. Gravity 


process into olecranon 

of flexion) 






2. 

fossa 

Tension of anterior 








capsule of elbow (along 
with its reinforcement). 







3. 

Tension of flexor group 
of muscles of the forearm 

Supination 

At radio 

0° to 90° 

1. Biceps 

Musculo- 

Brachio- 

1 . 

Tension of pronators 


ulnar joints- 


brachii 

cutaneous 

radialis 

2. 

Tension of anterior 


line passing 


2. Supinator 

(C-5,6) 



radio-ulnar ligament 


through center 



Radial 



and ulnar collateral 


of head of 



(C-6) 



ligament of the wrist 


radius to ulnar 





3. 

Tension of lowest fibres 


attachment of 






of interosseous membrane 


triangular dise. 






and the oblique cords 

Pronation 

-do- 

-do- 

1. Pronator 

Médian 

Brachio- 

1 . 

Tension on dorsal 




teres. 

(C-8, Tl) 

radialis 


radio-carpal ligament. 




2. Pronator 



2. 

Tension of dorsal radio- 




quadratus. 



3. 

ulnar ligament. 

Tension of ulnar 








collateral ligament 







4. 

Tension of lowest fibres of 
interosseous membrane 



Fig. 9: Movements of elbow—flexion and extension 


forearm is kept in fully supinated position with wrist 
extended and fingers fully opened up. View from the side, 
ask the patient to touch the table from the back of the 
hand without lifting the shoulder at ail. This will 
demonstrate extending back to zéro extension position. 


From this position, ask the patient to approximate the 
front to upper forearm to the front of lower arm as far as 
possible, again without lifting the shoulder at ail—this 
will be flexion. 

Another method If the patient cannot lean—let the 
patient stand or sit on a stool (Fig. 10) and view from 
side. Both arms are close to the sides of the chest with the 
elbow point being in vertical pendulum line to that of 
the shoulder. Ask the patient to keep the forearm in fully 
supinated position and extended at elbow as far as 
possible. In this position, hyperextension at elbow can 
also be noted. Certain individuals hâve fairly varying 
extent of laxity. In them the elbow can be hyperextension 
upto 15°-20° (Figs 10-'H' position and 11). From zéro 
extension position he is asked to approximate the palm 
towards the shoulder—this will be flexion. 

Rotational Movements 

Let the patient stand or sit on the stool with arm vertical 
and by the side of the chest. The elbow is flexed as far as 
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Fig. 10: With arms by the side {(< OAF-flexion) (< OAH 
hyperextension)} f = flexion, O = neutral position, H = hyper¬ 
extension 



Fig. 12: Rotational movements of the forearm 
(supination and pronation) 


5. Range of activity 

6. Range of possibility 

7. Limitation of terminal movement 

8. Pain during movement 

9. Achievement of critical are (15° supination to 15° 
pronation) 

10. Abnormal movement 

11. Achievement of ADL (Activities of daily living) 

12. Abnormal sounds during movements 

13. Power of controlling groups of muscles. 



Fig. 11: Photograph of a girl having abnormal 
hyperextension at elbow—cubitus recurvatum 


possible upto 90° with wrist extended and fingers opened 
up. Ask the patient to rota te the palm towards the sky 
and towards the ground (Fig. 12). Movement should be 
measured from zéro position of mid-prone either way. 

As indicated in the Introduction chapter, note the 
foliowing while assessing the movements: 

1. Ankylosis, if any 

2. Fixation of zéro position 

3. Lag of movement 

4. Fixity of movement 


MEASUREMENT 

Linear 

As in shoulder joint, for arm and forearm, Locally, 
measure the distance between the latéral épicondyle to 
the olecranon tip, and médial épicondyle to the olecranon 
tip and compare with the corresponding measurements 
in the opposite elbow, kept in similar position. In postéro¬ 
latéral dislocation, the distance between the latéral 
épicondyle and the olecranon tip will be decreased. 
Similarly, in postero-medial dislocation, the distance 
between the médial épicondyle and the olecranon tip will 
be decreased. In supracondylar fracture, these distance 
will be undisturbed. However, in comminuted 
supracondylar fracture, these distances will be 
undisturbed. However, an comminuted supracondylar 
fracture, depending upon the displacement of the 
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fragments, the measurements will be variable. One can 
hâve a rough estimation of displacements and rotation 
by these measurements e.g., if the distance between the 
latéral épicondyle and olecranon tip is decreased it 
indicate external rotation of the outer fragments and vice- 
versa. Similar inferences can be had from the médial 
measurements too. These measurements will also be 
useful in assessing the displacement of epicondylar 
fractures, specially that of the médial. In latéral condylar 
fractures, in a few second and in ail the third grades, it is 
difficult to palpate the épicondyle. In a médial 
epicondylar fracture beyond grade I, the distance between 
the médial épicondyle and the olecranon tip will be 
correspondingly decreased. Similarly, one can assess 
almost acutely the localization and types of olecranon 
fractures. In fresh fractures of olecranon, one may feel 
that gap as an aid to diagnosis but in old fractures, the 
decreases in these aforesaid distances can be at guide to 
the displacements. 

Circumferential 

Measure the symmetrically aligned elbows (the normal 
limb aligned and put according to the diseased one) at 
the interepicondylar and olecranon tip. For muscular 
girth, measure at points équidistant from the tip of 
olecranon, towards the arm and forearm. 

Measurement of Cubitus Varus 
and Cubitus Valgus 

Both upper limbs should be symmetrically extended at 
the elbow and supinated at the forearm as far as possible 
(affected elbow will be the guide). Join the mid point of 
the interepicondylar line to the mid point of the 
interstyloid line at the wrist. This will be the central axis 
of the forearm. Join the mid joint of the interepicondylar 
line to the center of a transverse line drawn outwards 
from the point, where the anterior fold of amilla meets 
the arm, to the upper outermost bulge of arm. This, for 
practical purposes is the central axis of the arm. Prolong 
this line downwards. The angle formed in between the 
long axis of the arm and the forearm is the "carrying 
angle" (Normal 10° to 15; more in females). It this angle 
is more on the affected side it dénotés cubitus valgus 
deformity and the amount of increase in the carrying 
angle measures the extent of cubitus valgus. In cubitus 
varus, the forearm axis drifts towards, or even beyond 
the arm axis. Upto neutralization of carrying angle, the 


normal carrying angle minus that on the affected side 
will be the measurement of cubitus varus. If the central 
axis of the forearm drifts further inwards, the cubitus 
varus will be measured as follows—carrying angle of the 
normal side + the angle subtended by the central axis of 
the arm with the medially drifted central axis of the 
forearm. 

Cubitus varus deformity, the common complication 
of supracondylar fracture develops mainly due to 
uncorrected médial tilt and médial rotation of the distal 
fragment. The médial tilt can be confirmed as follows: 

Ask the patient to bring both, about 90° flexed, elbows 
towards the mid-line. Note the position of the médial 
epicondylar tips. In case of médial tilt, it will be on a 
higher level. 

Médial rotation of the lower fragment can be assessed 
as follows: 

Both arms are kept close by the side of chest with 
elbows flexed at about 90°. Ask the patient to externally 
rotate both the upper limbs at shoulder. On the affected 
side, the external rotation will be limited more or less by 
the same degree as the médial rotation. 

ASSESSMENT OF COMPLICATIONS DUE TO 
PATHOLOGY IN AND AROUND THE ELBOW 

Besides any stiffness and deformity, look especially for 
any vascular (VIC) or neurological complications 
(affections of peripheral nerves). If the patient can make 
a firm fist and open up the hand fully, ail peripheral 
nerves are almost intact. 

Test for Impending/Threatening Volkmann’s 
Ischémie Contracture 

Following any injury in and around the elbow and the 
upper forearm, (e.g. war injuries, missile or high velocity 
injuries, side sweep injury or bullet injury), any tight 
bandage/plaster in this area, after reducing any fracture 
or dislocation in this area, or after operating in this area— 
always apprehend threatened vascular insufficiency and 
look for—(i) pain—believe your patient if he complains 
of pain (moderate to severe) especially in the forearm, 
(ii) passive stretching of the fingers aggravâtes the pain, 
which is progressive, (iii) puffiness—swelling of the 
fingers, dorsum of the hand and palm, (iv) pallor— 
earlier, there is cyanotic hue and then increasing pallor 
may develop, (v) pressing the nail bed—delayed capillary 
refilling, (vi) puise (radial) may be feeble, to absent, (vii) 
paraesthesia—in the hand and fingers, (viii) power—ask 
the patient to move the fingers. Earlier pain may hâve 
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been the preventing factor in moving the fingers, but later 
actual neurogenic paresis supervenes, (ix) perception of 
température—ischémie hand and fingers are 
comparatively colder. 

Tests for Latéral Epicondylitis 

Wringing test : Ask the patient to wring a towel—pain will 
be felt at the latéral epicondylar région (Fig. 13). 

Chair test : Ask the patient to get up from a chair with 
both hands firmly gripping and pressing the arms of the 
chair. Pain is felt at the latéral epicondylar région, of the 
affected side. 

Jug test : Ask the patient to lift a jug full of water, holding 
its mouth from above. Pointed pain will be felt at the 
latéral epicondylar région (Fig. 14). 




Cozen's test : Ask the patient to make a firm first. While 
the patient maintains this position, try to passively flex 
the wrist. Patient will feel pain at the latéral epicondylar 
région (Fig. 15). 

Mill's maneuver While the patient keeps his elbow firmly 
straight and wrist flexed pronation of the forearm initiâtes 
pain at the latéral epicondylar région (Fig. 16). 

Broom test : Holding of broom firmly to sweep. The floor 
initiâtes pains in the latéral epicondylar région. Ask the 
patient to hold a broom firmly in her hand and attempt 
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to sweep the floor, she will complain of pain in latéral 
epicondylar. 

Test for Médial Epicondylitis (Fig. 17) 

With the elbow extended and the forearm supinated, ask 
the patient to make a fist and then flex the wrist against 
the examiner's résistance. The patient will complain of 
pain at the médial epicondylar région. 



Fig. 17: Test for médial epicondylitis: White arrow showing 
active flexion at wrist by the patient and black arrow showing 
résistance offered by the examiner 


Test for Cubital Tunnel Syndrome 

Uninterrupted prolonged flexion attitude of elbow may 
lead to varied compression of ulnar nerve in the tight 
cubital tunnel (e.g. during sleeping), symptoms of which 
gradually improve after extending the elbow. Keeping 
the elbow acutely flexed for about five minutes 
précipitâtes in ulnar nerve compression symptoms, if the 
tunnel is tight (Elbow flexion test). 

INVESTIGATIONS REQUIRED FOR 
ELBOW PATHOLOGY 

General Investigations 

(As in the Chapter 260 on The Elbow). 

Radiological Investigation 

If possible, comparative X-ray of both elbows helps in 
clearly delineating any pathological condition. 

Antero-posterior view : Place the fully extended elbow along 
with the supinated forearm over the centre of the plate: 
The beam is to be focussed vertically, on the centre or 
the cubital fossa. 

Latéral view : Plate is placed vertically on either médial or 
latéral side of fully extended elbow and fully supinated 
forearm. The beam is to be centred on epicondylar tip 
from either side on the plate. It is better to take a ture 
latéral view of X-ray in maximum possible extension and 
flexion of the elbow in order to record the range of 
movement for future reference. 

Aspiration 

It is easy to aspirate the joint through the anconeus 
triangle. 

Arthrography and arthroscopy If carefully done, it can 
provide useful évidences. 








INTRODUCTION 

The elbow joint (a hinge joint) is perhaps the main joint 
responsible for communicating the actions of the hand 
to the trunk. It is a composite joint having ulnohumeral 
and radiohumeral components. The upper radioulnar 
joint communicates with the elbow joint proper. The 
synovial reflections of these joints are also inter- 
communicating. The main articulation is in between the 
trochlear notch of the ulna and the trochlear région of 
the lower articular end of the humérus, the covex 
capitular portion of the humérus and the shallow concave 
top of the radial head, forming a passive articulation. 

ANATOMICAL CONSIDERATIONS 

1. The trochlear notch keeps its grip on the lower 
trochlear articular end almost throughout the full 
range of elbow movements. In the fully pronated 
position of the forearm, the trochlear notch assumes 
a wrenching grip over the trochlear portion of the 
humérus and thus for ail practical purposes the joint 
is locked. The main thrust is thereby directly 
transmitted in a straight line from the ulna to the lower 
end of the humérus. 

2. The médial lip of the spool-shaped trochlea is more 
prominent and extends more distally (5 to 6 mm) than 
its latéral lip. This forms an oblique axis at the 
ulnohumeral joint, which results in the normal valgus 
angulation at the elbow—the carrying angle (10-15°, 
more in females). 

3. The lower articular end of humérus is placed about 
40° tilted forwards in relation to the long axis of the 
humerai shaft. 

4. The functional efficiency of elbow movements 
markedly improves in collaboration with the actions 
at the radioulnar joint. 


5. Due to causes not well known, the elbow is very 
notorious for developing postraumatic myositis 
ossificans (with or without massage). 

6. In front of the elbow and a little above its level, the 
brachial artery is very much vulnérable, and can 
undergo spasmodic contraction following exogenic 
or endogenic stimuli. Therefore, Volkmann's ischémie 
contracture is more likely to develop following 
injuries in this région. 

7. The three important peripheral nerves of the upper 
limb lie in close relation to the elbow joint. Of these, 
the ulnar nerve theoretically appears to be in a more 
vulnérable position, being placed in close association 
with the back of the médial épicondyle and then 
passing through a tight fibroosseus tunnel. The 
médian nerve, like the brachial artery lies just in front 
and above the elbow level and is vulnérable in any 
injury, especially in supracondylar fracture. The radial 
nerve, lying closely related to the latéral supra¬ 
condylar ridge, and the anterior capsule of the elbow 
is also likely to suffer in elbow injuries. In order of 
frequency, the médian nerve (indicated mainly by 
pointing index and sensory loss in index finger), the 
radial nerve (indicated by wrist drop) and the ulnar 
nerve (clawing tendency and sensory déficit in the 
little finger and half of the ring finger) are affected in 
injuries around the elbow. The injuries—supra¬ 
condylar fractures. Monteggia fracture dislocations, 
baby car fracture dislocations, elbow dislocations, 
fracture neck of radius, fracture médial épicondyle 
of humérus—are likely to affect the nerves, in that 
order. 

8. The radial head, the latéral épicondyle and the tip of 
the olecranon forms a triangle over the postérolatéral 
aspect of the joint. This space is occupied by the 
anconeus muscle overlying the joint capsule. 
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With fluid collection in the joint, this "anconeus 
triangle" bulges out. 

9. The fascial compartments in front of the elbow are 
comparatively tight, therefore, any swelling in this 
région is likely to jeopardize the neurovascular 
bundles quite early (Fig. 1). 

BIOMECHANICS OF THE ELBOW JOINT 3 

Elbow, though a hinge joint has a very complex 
mechanism of movement with flexion and extension in 
an anteroposterior direction at the combined articulation 
of the head of the radius with coronoid process of ulna 
distally and the capitulotrochlear articular surface of the 
lower end of humérus proximally. This flexion and 
extension movement is combined with rotation to put 
the forearm in some 5 to 15° of valgus in full extension 
(carrying angle) and also in full flexion. At 90° flexion of 
the elbow, the forearm lies in the same line as that of the 
arm. This complex rotation, flexion and extension 
movement of the elbow, is due to the anatomical 
configuration of the trochlear articular surface which 
possesses an oblique groove for the gliding of the 
trochlear notch of the ulna, in a spiral round the long 
axis of the bone. 

In addition to the flexion and extension of the elbow, 
there is pronation and supination of the forearm to 
achieve the maximum function of the hands. Convcave 
articular surface of the head of the radius rotâtes on the 
convex articular surface of the capitulum with a omplex 



Fig. 1: Ossification around elbow joint: Appearance of 
ossification centers: C—Capitellum, R—Radial head, I—Internai 
(médial) épicondyle, T—Trochlea, O—Lecrenon, and E—Lat 
(external) épicondyle 


motion at the upper and lower radioulnar joints during 
and supination of the forearm, allowing a third degree 
of freedom in the articular complex at the wrist, thus, the 
hand can be placed in any position to hold an object. 

Stability of the Joint 

During motion stability of the joint is maintained by the 
corrugated articular surface of the lower end of humérus 
with élévations and notches fitting exactly with the 
articular surfaces of radius and ulna along with the 
ligaments and muscles around the joint. Both latéral and 
médial collateral ligaments are triangular in shape 
attached to latéral and médial épicondyles proximally 
and spreads out in a fan-shaped expansion with 
thickening at the margins. The latéral ligament—anterior 
fibers are attached to the annular ligament and capsule 
anteriorly and posterior fibers to the radial notch of the 
ulna. The stability on the latéral side is mostly due to the 
strong common extensor muscle origin from the latéral 
condyle. 

The médial collateral ligament, more stronger and 
thicker than the latéral ligament has three distinct bands. 
Thick anterior band is attached distally to the médial edge 
of the coronoid process. Posterior thick portion is attached 
to the médial edge of the olecranon. The middle thin 
portion, triangular in shape is attached to the oblique 
band. 

Anterior thick band is the strongest and prevents 
dislocation of the elbow as experimented by excision of 
the olecranon at different levels. These bands are taught 
at different stages of flexion and extension of the elbow 
like cruciate ligament in the knee. Anterior capsule is also 
stronger in the margins and add to the stability of the 
joint. 

During flexion and extension, these ligaments glide 
over the articular surfaces and margins of the elbow. 
Posterior capsule is very thin and loosely attached. Any 
adhesions or contractures of these ligaments will cause 
limitation of motion of varying degrees. 

To facilita te full flexion and extension of the elbow, 
the axis of trochlea and capitellum is placed slightly 
anterior to the axis of the lower end of humérus at an 
angle of 45°. The articular surface of trochlear notch of 
olecranon is also placed at an angle of 45° with the upper 
end of ulna. 
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Flexion and extension of the elbow with rotation, 
pronation and supination of the forearm allows the hand 
to be placed in any postion of function. Stiffness of the 
elbow joint due to adhesions of the synovial membrane, 
contractures of the capsule, ligaments and muscles, 
incongruity of the articular surfaces and bone blocks will 
jeopardize the main function of the hand of carrying food 
to the mouth and reaching an object placed at a distance. 

CLINICAL EXAMINATION OF ELBOW JOINT 

Clinical examination of elbow joint has been discussed 
in detail elsewhere. 

INVESTIGATIONS 
Roentgenographic Examination 

Anteroposterior view can be taken (i) with elbow fully 
extended with forearm supinated, (ii) arm on the table 
and forearm supported in position of flexion, (iii) elbow 
on the table with arm and forearm supported by 
sandbags, (iv) arm on the table and forearm acutely flexed 
to get a superimposed view of the lower end of the 
humérus, (v) cubital tunnel view is taken with arm on 
the table, elbow fully flexed and humérus externally 
rotated—this gives a view of the ulnar nerve groove in 
the médial condyle and, (vi) stress films with passive 
abduction and adduction instability of the joint and also 
any abnormal mobility of the fracture in case of nonunion. 

Latéral view is taken with arm on the table (shoulder 
depressed) elbow at 90° flexion and true latéral position 
(i) head of the radius is viewed by rotating the forearm 
at various positions (usually three), (ii) normal 45° 
anterior tilt of the capitulotrochlear surface and its 
relation with supracondylar ridge after réduction of 
supracondylar fracture humérus, (iii) latéral view in 
flexion and extension gives an accurate range of elbow 
motion in stiffness and also sometimes abnormal mobility 
at the fracture in adults and the elbow movement occurs 
at the pseudarthrosis rather than in the joints itself, 
(iv) assessment of the myositis ossification or bone block 
in preventing flexion of the elbow. 

Tomography 

Tomography of the bones and joints are still a useful 
method in imaging. Many pathology which will not be 
clear in ordinary radiograph will be visible, particularly 
cracked fractures, nonunions, early infections, érosions 
in rheumatoid arthritis and extent of bone involvement 
in benign or malignant bone or synovial tumors. 


Computed Tomography (CT) 

Computed tomography (CT) scan is invaluable in the 
assessment of the elbow fractures, cavitation and érosion 
of the bones in diseases. This is effective in the évaluation 
of some bone tumors with its soft tissue extension by 
looking at the margination, blurring muscle group 
involvement and bony invasion. Tumors like osteoid 
osteoma or osteoblastoma is well visualized. 

3D CT Scan 

3D CT scan will demonstrate the three-dimentional view 
of the bone. For a better assessment, part of the bone can 
be removed by computed tomography to demonstrate 
the total pathology in the depth particularly in acetabular 
fractures. 

Magnetic Résonance Imaging (MRI) 

MRI of the elbow is helpful in the assessment of soft 
tissues inside and outside the joint, including blood 
vessels and nerves. For the évaluation of bones, CT is 
better. It should not be performed when métal is présent, 
e.g. implants, cardiac pacemakers, aneurysm clips or 
cochlear implants in ear and also during first trimester 
of pregnancy. 

Scintigraphy 

Scintigraphy or whole body scan by injection or 
radioisotopes and gamma caméra. Hot spots are seen in 
infection, healing fractures, secondary metastatic tumors, 
and also in other pathology, e.g. avascular necrosis of 
bone. 

DIFFERENTIAL DIAGNOSIS 

1. Traumatic: Fractures, dislocations, ligamentous 
injuries, epiphyseal injuries 

2. Inflammatory: Septic arthritis, rheumatism, tuberculosis 

3. Neoplastic: Benign, e.g. exostosis, osteochondro- 
matosis, fibroma, malignant, e.g. soft tissues and 
bones. 

4. Congénital 

5. Neuropathie and paralytic disorders 

6. Miscellaneous. 

1. Traumatic fractures adults , e.g. supracondylar, 
intercondylar articular fractures, olecranon, coronoid, 
head radius and épicondyle fractures. 

Chïldren, e.g. supracondylar, epicondylar and 
epiphysial injuries. 

Dislocations , e.g. posterior, médial, latéral or in any of 
the combinations. Anterior dislocation of the distal 
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articulation in relation to lower end of the humérus 
with or without fracture of the olecranon is rare. 
Anterior dislocation of the head radius along with 
fracture shaft ulna (Monteggia) is not uncommon). 

Ligamentous injuries: These are very varied from minor 
sprains to rupture of the médial collateral ligament, 
the most important stabilizing anchor of the elbow. 
Rupture can be in the middle or at either end with 
avulsion of bone fragment. In récurrent ligament 
strain in sports can cause calcification of the ligament, 
stretching/and instability of the joint. 

Epiphyseal injuries in children less than 4 years are 
difficult to detect radiologically due to the absence of 
the epiphysis in the radiograph. It has to be assessed 
by taking radiograph of the normal side and then 
comparing the articulation. 

The most common epiphyseal injury is the Salter 
grade II latéral condylar epiphysis (capitulum) 
displacement with a triangular fragment of 
metaphysis. One hundred percent alinement is 
essential to avoid valgus deformity. 

2. Inflammatory: The most common is the rheumatism 
in adults due to rheumatoid arthritis or its variants, 
crystal diseases, e.g. hyperuricemia, occupational 
arthritis. 

Septic arthritis though very rare can be a cause in 
children postinjection Chemical arthritis can be septic 
after hydrocotisone injection. Usually the onset is 
acute. 

Tuberculosis is still not an uncommon cause in the 
children with a chronic swelling, increasing pain with 
limitation of movement. 

3. Neoplastic: Involvement of the elbow is very rare. Only 
synovial sarcomas, osteochondromatosis with rare 
sarcomas involving the proximal ulna or lower end 
of radius. 

4. Congénital: Defects, e.g. varus, valgus, dislocation or 
subluxation of the joints may be sequelae of birth 
injuries. These congénital anomalies are due to 
chondroosseous defects which will be présent in other 
joints also. 

5. Neuropathie and paralytic disorders: Charcot's joint due 
to involvement of the spinal cord, Myositis ossificans 
with stiffness of the elbow is not uncommon after head 
injury with cérébral palsy. 

6. Miscellaneous: Hémophilie arthritis or other blood 
coagulation deficiencies causes arthritis following 
minor trauma. History and sometimes involvement 
of other joints gives a due to the diagnosis. 
Degenerative arthrosis due to répétitive trauma in 

sports or drilling by mine workers or movement in 


incogruous articular surface following trauma may cause 
latéral or médial epicondylitis or triceps tendinitis due 
to strain in sports or ADL. 

SURGICAL APPROACHES TO THE ELBOW 

Numerous approaches are available, some having spécial 
indications and most requiring expert anatomical 
knowledge, together with careful technique in order to 
avoid damage to the important nerves and blood vessels 
which are close relations of the elbow joint. It is usual for 
a pneumatic tourniquet to be applied. The position of 
the limb and trunk are variable for the different 
approaches. 

Latéral Approach 

For exposure of latéral aspect of elbow and proximal 
radioulnar joint incisons foliows latéral supracondylar 
ridge, overlies the radial head. Interval is developed 
between triceps posteriorly and ECRL (extensor carpi 
radialis longus) and ECRB (extensor carpi radialis brevis) 
anteriorly. Radial nerve should be protected proximally. 
Approach is indicated in injuries of capitular epiphysis, 
radial head, neck fractures, upper radial epiphyseal 
injuries and removal of loose or foreign bodies from the 
joint (Fig. 2). 

Médial Approach 

Incision should be centered over tip of médial épicondyle 
and extended two inches above and below the elbow 
(Fig. 3). Incision is indicated for ulnar nerve transposition, 
release of cubital tunnel, ulnar neurolysis, for inspection 
of humeroulnar articulation injuries of médial épicondyle, 
and removal of loose bodies. 



Fig. 2: Latéral approach 
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Ulnar nerve 
Brachial artery 
Médian nerve 


Fig. 3: Médial approach 


Posterior Approach 

Posterior approach is indicated for open réduction and 
internai fixation of displaced lower humerai fractures 
involving the elbow joint, synovectomy of elbow and 
proximal radioulnar joint, resection arthroplasty of the 
elbow, tumor excision or prosthetic replacement in 
severely arthritic elbow (Fig. 4). 

Campbell’s Postérolatéral Approach 

The skin incision commences five inches above the point 
elbow and extends distally beyond the olecranon. Distally 
based tongue of triceps tendon is fashioned. The triceps 
can also be longitudinally split for better exposure. 



Fig. 4: Posterior approach 




Transolecranon Posterior Approach 
(by MacAusIand and Cassebaum) 

A midline incision is made extending above and below 
the olecranon. The olecranon is divided transversely 
through the sigmoid notch with an osteotome saw, and 
the proximal segment is retracted upwards with the 
triceps muscle. Secure fixation of the olecranon is required 
at the end of the operative procedure in order to provide 
early motion. Usually indicated for ORIF (open réduction 
with internai fixation) of T or Y fractures of the elbow. 


Fig. 5: Boyd approach 

border of ulna (Fig. 5). It is specially indicated for fixation 
of fractures of proximal third of ulna with radial head 
displacement, Monteggia fracture dislocations, and for 
reconstruction of orbicular ligament for dislocation of 
radial head (Bell-towsy operation). The deep branch of 
radial nerve is protected in the substance of reflected 
supinator muscle. 

Anterior Approach 


Boyd’s Approach 

The incision commences one inch proximal to elbow joint 
just latéral to the triceps tendon and is continued down 
over the latéral aspect of olecranon and subcutaneous 


Henry’s Approach 

It is indicated for repair of biceps tendon near its inser¬ 
tion, branchial artery exposure, inspection of radial and 
médial nerves, resection of tumors of lower humérus and 
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anterior capsulotomy of the elbow joint for flexion 
contracture (Fig. 6). The incision commences above the 
elbow on latéral side of biceps tendon and curves 
medially across the antecubital fossa and proceeds 
downward over the ulnar shaft. 


3. Degenerative arthrosis 

• Osteoarthritis 

• Osteochondritis dissecans. 

PYOGENIC INFECTION OF BONES AND 
JOINT AROUND ELBOW 


DISEASES AND DEFORMITIES OF ELBOW JOINT 

Except the anatomy and biomechanics of the elbow, ail 
the pathology is the same as in any other joint. Spécial 
approach towards the changes that occur in different 
pathology in the elbow, its diagnosis and treatment are 
essential because this particular joint function is of prime 
importance for the activities of daily living (ADL) and 
function of the hand. 

Inflammatory Pathology 

1. Infections 

a. Pyogénie 

• Osteomyelitis 

• Septic arthritis 

b. Gonococcal arthritis 

c. Smallpox arthritis 

d. Tuberculosis 

e. Syphilis 

2. Rheumatism 

• Rheumatic fever 



Musculo-cutaneous 

nerve 


Ulnar artery 
Radial artery 


Radial nerve 


Rosi 

interosseous 
nerve 
Radial récurrent 
artery 


Brachial artery 


Médian nerve 


Fig. 6: Henry’s approach 


Tom Smith (1874) was the first to describe septic arthritis 
of the hip in neonates and infants. Septic arthritis and 
osteomyelitis around elbow is less common than affection 
of other joints including shoulder. 

The basic pathology of septic arthritis of the elbow 
and osteomyelitis in the metaphysis of lower humérus 
or proximal ulna and radius is not uncommon in children 
in multifocal lésions. It may occur after punctured or 
penetrating wounds. In adults it is very rare. Common 
organism is Staphylococcus aureus, but other organisms 
e.g. streptococci, pneumococci, E coli, Haemophilus , 
Pseudomonas and other gram-negative organism also 
affects the bone and joint. Trauma may be associated for 
the bone infection to be lodged in the metaphysis from 
blood. From the metaphysis the infection either passes 
to the shaft or exudes through the bone to form 
subperiosteal abscess or through the physis into the 
epiphysis or into the joint. Septic arthritis can also 
transgress through the physis into the metaphysis. 

In infants or newborn, it may manifest as acute 
septicemia with involvement of the elbow, arm or 
forearm after a few days. It used to be fatal in earlier years, 
nowadays with the newer antibiotics the septicemia is 
controlled and the joint manifests after few days by pain, 
swelling, localized tenderness and inability to move the 
arm. It extends into the shaft of humérus which may get 
fractured before the involucrum forms. Sometimes 
epiphysis is destroyed with displacement at the physis. 
Unilatéral destructions of the epiphysis which occurs in 
the lower fémoral condyle in the knees are not seen in 
elbow. 

Immédiate incision and drainage of the joint or abscess 
in the mataphysis are mandatory. Delay in starting the 
treatment will cause extensive damage and destruction 
of bone. 

Early radiographs do not show any abnormality but 
after 10 to 14 days, periosteal reaction and élévation is 
visible in the radiographs. In later stages, involucrum 
formation occurs in the shaft with or without pathological 
fracture. Even if the epiphysis is not visible in the 
radiographs, it may reappear in course of time. 

Diagnosis 

Diagnosis is made by the history and physical findings. 
Blood culture with antibiotic sensitivity will help in the 
management. Routine blood examination for total and 

















2514 Textbook of Orthopedics and Trauma (Volume 3) 


differential count will show rise in polymorphs and 
eosinophils rise in ESR plus C-reactive protein suggest 
infection. Aspiration of pus and culture with antibiotic 
sensitivity or after incision and drainage is necessary. 

Treatment 

As soon as clinical diagnosis is made, the infectious joint 
or metaphysis should be drained. In case of osteomyelitis 
the periosteum should be eut and pus is drained. This 
release of tension will stop any further destruction of bone 
or articular cartilage or any séparation of epiphysis. The 
limb should be immobilized in a posterior slab to avoid 
any pathological fracture of bone until enough 
involucrum is formed. In septic arthritis, traction is 
applied for 3 weeks before movement is started. 

Antibiotics 

In septicemia, broad spectrum antibiotics is started even 
before blood culture and sensitivity. After blood culture 
and sensitivity, the antibiotic is decided accordingly. 

In septic arthritis and osteomyelitis, the decision is 
made by pus culture and sensitivity. 

Septic arthritis of elbow joint in adults can occur in 
very old and debilitated patients, drug addicts or 
immunocompromised patients. 

In newborn with immédiate treatment there is very 
rapid complété recovery in the majority of the children. 
In older children septicemia is not common, they présent 
with acute pain in and around the joint with localized 
tenderness in the joint with effusion, inability to move 
the limb due to pain. If they are not treated urgently, there 
will be loss of epiphysis or even massive bone loss and 
growth disturbance. In the radiograph after about 3 
weeks, the affected bone shows periosteal reaction at the 
metaphysis and osteolytic changes in the bone. As the 
time goes, the bone becomes sclerosed and thickned with 
cavities filled up with séquestra. This inflammatory 
process may extend to the shaft with formation of 
involucrum, pathological fracture or bone loss. Small 
sequestrum may get absorbed by the infective 
granulation tissue or may be extruded through cloaca 
during the process of healing. 

Chronic septic arthritis: In chronic septic arthritis, the joint 
should be debrided with synovectomy, and graduai 
exercise is started as soon as the wound improves from 
the surgical trauma. 

In osteomyelitis the cavities should be cleaned, 
séquestra removed by making a gutter through the 
involucrum. With proper antibiotics the wound heals. 
Sometimes these cavities are to be treated by antibiotic 
detergent irrigation foliowed by spongy bone grafts. Bone 


loss in humérus or in one of the long bones in forearm 
can be reconstructed by fibular graft after the infection is 
completely healed. Sometimes, in difficult cases of loss 
of ulna, the forearm is reconstructed by one bone forearm 
by radius. Sometimes there is fusion of the superior 
radioulnar joint or synostosis. In adults usually the 
infection of the elbow is by résistant organisms in drug 
addicts and immunocompromised patients. It is a 
challenging problem for the surgeons. Thorough 
debridement with synovectomy removal of loose infected 
bones followed by combination of antibiotics for gram- 
negative and gram-positive organisms. They should 
always be immunized for tetanus. 

Subacute infection of the metaphysis at the lower end 
of humérus, e.g. Brodie's abscess or osteomyelitis of Garre 
is very rare. Occasionally large cavities in the shaft with 
periosteal reaction mimicks, Ewing's sarcoma which 
should be explored in any case for biopsy and culture. 
Cleaning of the abscess and antibiotics heals majority of 
these lésions. 

RHEUMATOID ARTHRITIS 1 

Rheumatoid arthritis of the elbow is commonly involved 
along with affection of other joints. Nearly 30% of the 
patients are affected. Basic pathology is the same as in 
other joints, starts with synovitis, effusion and graduai 
deformity and painful limitation of elbow motion. There 
is synovial prolifération with lymphocyte and plasma cell 
infiltration, érosion of the articular cartilage for the 
periphery by vascular pannus and also pitting of the 
cartilage surface. Polymorphs liberate lysosomes which 
also destroys articular cartilage superficially and also 
from the subchondral bone, loosening the articular 
cartilage débris into the joint. These inflammatory 
infiltrations destroy the annular ligament and also médial 
collateral ligament. With destruction of the articular 
cartilage and the ligaments, the joint becomes extremely 
painful. To relieve this pain muscles are in spasm, thus, 
giving rise to a flexion deformity, outer subluxation of 
the joint and anterior subluxation of the head radius by 
the pull of the biceps. Gradually permanent contracture 
develops, may even lead to bony ankylosis with flexion 
and valgus deformity and limitation of forearm pronation 
and supination. 

Diagnosis 

Récurrent pain and swelling in either of the elbows or in 
both the joints along with knees and other major joints 
depending on the other joints affected is the usual 
complaint in the early phases of the disease. Morning 
stiffness of the finger joints are common. 
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TABLE 1 : Différences between rheumatoid arthritis (RA) and tuberculosis 

Rheumatoid arthritis (RA) 


Tuberculosis 

1. Bilateral and multiple joint 

1. 

One joint involvement 

2. Morning stiffness in small joints 

2. 

Nil 

3. No fever in adults, fever in children 

3. 

Mild evening rise of température 

4. Systernie symptoms of malaise. 

4. 

Loss of appetite and weight présent 

loss of appetite and loss of weight 

5. Subcutaneous nodule with histologie changes 

5. 

Nil 

6. Rise in ESR 

6. 

High rise in ESR 

7. Serological tests are positive in séropositive 

7. 

Négative 

RA only, absent in children and also 
séronégative arthritis 

8. ELIS A test for RA 

8. 

ELISA test for TB 

9. Mantoux test négative 

9. 

Mantoux test positive 

10. FNAC—nonspecific cells 

10. 

Tubercular granulation tissue 

or 


+ acid-fast bacilli in stain 

Open biopsy—nonspecific synovial prolifération 

11. Chest radiograph nothing significant 

11. 

Chest radiograph. There may be 
a tubercular lésion in the lung or glands 


Examination reveals localized tenderness ail around 
the joint, particularly in the area between olecranon, 
latéral épicondyle and head radius. Effusion and synovial 
thickening are also felt in the same area. Painful flexion 
and extension of the elbow with pronation and supination 
of the forearm are the salient feature. 

To differentiate it from tubercular lésion at this stage 
these findings will help (Table 1). 

Treatment 

Conservative management is very important in the early 
stages by local rest, splintage, prévention of the deformity, 
good food, vitamins and physiotherapy. 

Medicine 

Consists of nonsteroidal antiinflammatory drugs 
(NSAIDs), analgésies, ACTN, anabolic hormones, 
vitamins and psychosomatic drugs to alleviate the pain 
and dépréssion. 

There is good indication of cytotoxic drugs with 
regular check-up of blood to assess narrow dépréssion. 

In intractable conditions, intramuscular injection of 
depomedrol or even occassional intraarticular injection 
of steroids is indicated. Currently it is rarely used. 

Surgery 

In the early stages, before any gross destruction of the 
articular cartilage, synovectomy with excision of head 
radius helps in painless function of daily living. The resuit 
lasts for quite sometime. 


In late stages with contracture and destruction of the 
articular cartilage or even in bonny ankylosis, the joint 
can be mobilized by arthoplasty by excision of bone or 
total joint replacement. In our country we prefer 
constrained total elbow prosthesis (Bakshi). If the 
prosthesis becomes loose and gives rise to pain, it can be 
removed, converting it to a fairly stable, painless 
arthroplasty. 

MISCELLANEOUS AFFECTIONS OF ELBOW 

Osteochondritis Dissecans in Adults 

Osteochondritis dissecans in adults is an occupational 
disease in miners and road workers who use drill 
machines and also in sports who indulge in repeated 
valgus strain of the elbow. Typical pathology of sclerosed 
bone in an osteolytic area in latéral condyle with graduai 
séquestration of the loose body into the joint. 

Pain, limitation of motion, occasional locking is the 
usual complaint. Diagnosis is by radiograph or 
arthroscopy for early lésion. It leads to secondary 
osteoarthritis of elbow. Treatment is removal of the loose 
body. 

Osteoarthritis of the Elbow 

Osteoarthritis of the elbow is not an uncommon condition 
seen in the elbow, when there is malalinement of the joint, 
incongruous articular surface following trauma, repeated 
trauma due to sports or occupation, ligamentous laxity 
due to injuries, secondary to articular cartilage damage 
due to arthritic diseases. 
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As it is a nonweight-bearing joint, rest, prévention of 
répétitive trauma will relieve the chronic pain and 
stiffness of the joint. Joint replacement can be performed 
in the elderly. 

Osteochondritis Dissecans in Children 

Initially in the radiograph, there is a dense area in the 
capitellum epiphysis surrounded by a radiolucent area, 
along with demineralization of the bones around the 
elbow. There may be hypertrophy of the head radius. 

Children from about 9 to 15 years complain of pain 
in the elbow with limitation of flexion and associated 
crepitus in pronation and supination. 

In later stages, the osteocondric portion may even 
sequestrate and become a loose body in the joint with 
occasional locking. 

Treatment 

Rest, splintage and guarded exercise in the early phase 
relieve the pain. 

Arthroscopic drilling of the osteochondric lésion or 
fixation can be performed. Loose body should be 
removed early to avoid locking and other articular 
changes with degenerations. 

DISEASES AND INJURIES OF SOFT 
TISSUE AROUND ELBOW 

Extra-articular Conditions 

Tennis Elbow (Latéral Epicondylitis) 2 

Tennis elbow is an enthesopathy affecting the common 
extensor origin from the latéral épicondyle of the 
humérus (enthesis is specialized junction of ligament, 
tendon and bone). Extensor carpi radialis brevis (ECRB) 
is the most common muscle to be involved. Etiology of 
the condition in most cases appears to be traumatic in 
origin. As in tennis players, it often appears after excessive 
use of certain strokes, change of racket or prolonged play. 
Although the term latéral epicondylitis suggests an 
inflammatory pathology, the histological picture reveals 
few inflammatory cells and reveals a picture more simslar 
to that of répétitive microtrauma. The repeated 
microtrauma heals through a process of angiofibroblastic 
hyperplasia. 

Nirschl categorized latéral epicondylitis based on 
pathological findings and clinical signs Category I is 
characterized by acute inflammation (no angiofibroblastic 
invasion), activity-related pain. Category II is 
characterized by partial angiofibroblastic invasion, rest 
pain. Category III is characterized by extensive 
angiofibroblastic invasion with partial or complété 


tendon disruption, night pain, and pain that makes 
routine activities of daily living impossible. 

Condition is also commonly seen in houswives, 
manual laborers and machine operators. Patient présents 
with pain in the outer aspect of the elbow, usually on 
dominant side. Examination reveals tenderness, localized 
to latéral humerai épicondyle at the origin (ECRB). There 
could be local swelling and warmth. Pain is aggravated 
by forceful extension of elbow, extension of wrist (Cozen's 
test, MilTs maneuver, jug test, see Examination text). 
Elbow motion and radiographs of the joint are usually 
normal. 

Soft tissue rheumatism at other sites such as carpal 
tunnel syndrome, frozen shoulder is often associated with 
patients of tennis elbow. Before reaching the diagnosis 
of tennis elbow, one must rule out compression 
neuropathy of posterior interosseous nerve at arcade of 
Frohse. 

Management 

Conservative: Injection of 0.5 ml of prednisolone, or 
triamcinolone hexacetonide or 1 ml of hydrocortisone 
acetate with or without similar amount of local anesthetic 
is injected into the site of maximum tenderness. Patient 
is advised to avoid excess exertion of the limb for next 
two to three weeks. For patients who hâve an initially 
good response to corticosteroid injection but ultimately 
hâve a return of symptoms, additional injections can be 
considered spaced approximately 6 weeks apart. No 
universal agreement exists on how many injections can 
be performed. As symptoms subside, patients are allowed 
to gradually résumé their activities. 

Manipulation under GA advocated by Mills (1928): Under 
general anesthésia wrist is palmar flexed, forearm held 
fully pronated, the elbow is forcibly extended from full 
flexion several times, and an adhesion is felt to snap in 
the area of latéral aspect of elbow. Local steroidal injection 
can be given at the same time. 

Surgical treatment: Indications include: (i) severe pain in 
epicondylar area for at least six months, (ii) marked and 
localized tenderness over the épicondyle, (iii) failure of 
symptoms to respond to restricted activity or 
immobilization for at least two weeks (IV) failure of 
symptoms to respond to two injections of steroids, and 
(v) failure even after manipulation under general 
anesthésia. 

Anderson, Boyd, McLeod advise a modification of 
Bosworth procedure (Fig. 7). The procedure includes 
excision of proximal portion of annular ligament, release 
of extensor origin, excision of bursa if présent, excision 
of synovial fringe, and a quarter inch of latéral épicondyle 
(Fig. 8) 
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Fig. 7: Modifiée! Bosworth procedure for latéral epicondylitis 



Postoperatively active motion is started in 24 hours 
and after suture removal. Anderson advises immobi- 
lizaiton of the elbow, flexed at 90° with forearm in neutral 
rotation for two weeks foliowed by active exercises. 

Other surgical modality includes Z-lengthening of 
ECRB tendon in the distal forearm so as to relieve tension 
on affected muscle origin. 

Using Nirschl's classification as a guide for treatment, 
patients in category I respond well to conservative 
measures. Most patients in Category II will respond to 
conservative treatment but surgery may be required in a 
few refractory cases. The patients in category three hâve 
a poor prognosis and require surgical intervention in 
most cases. 

Golfer’s Elbow (Médial Epicondylitis) 

Golfer's elbow is enthesopathy involving the common 
flexor origin at the médial épicondyle of the humérus. 


This condition is commonly seen in Golfer's, housewives, 
manual workers and is usually without obvious cause. 

Pain is situated over the inner aspect of elbow and 
tenderness is located over médial épicondyle. On 
examination, pain can be appreciated by forceful 
extension of elbow with forearm fully supinated and wrist 
dorsiflexed. Pain also on forceful volar flexion of wrist. 

Management 

Local injection of 0.5 ml prednisolone or triamcinolone 
hexacetonide or 1 ml of hydrocortisone acetate with or 
without equal amount of local anesthetic at the trigger 
point usually relieves the pain. Résistant cases may be 
treated by manipulation under GA as the elbow is 
forcefully extended from full flexion with forearm in full 
supination and the wrist dorsiflexed, for se ver al times. 
An audible snap is felt in the area of médial épicondyle. 

Olecranon and Radial Bursitis 

Olecranon bursitis is commonly known as student's 
elbow. Patient usually présents with a swollen elbow and 
a classical tenderness over the olecranon process. The 
etiology includes blunt trauma, pressure of friction due 
to occupation or habits leading to a chronic painless 
swelling over the olecranon process. The common 
association is seen with rheumatoid arthritis. Infection is 
an uncommon cause of bursitis, the most common 
organisms being Staphylococcus aureus. 

Most of the times aspiration of fluid relieves the pain 
significantly. Examination of the fluid excludes the 
infective origin, or presence of monosodium urate 
crystals. Surgical excision is indicated in infective origin. 
In rheumatoid arthritis, there is repeated accumulation 
of fluid in the bursa, hence, aspiration is pointless. 

NEUROLOGICAL DISORDERS 

1. Traumatic: Compression, kinks, contusion with 
axonotmesis, partial or complété tear of the nerves 
by external injury or by fractured fragments can occur. 
Complété tear is not very common. 

2. Paralytic: Poliomyelitis, cérébral spastic and stroke, 
obstétrical palsy, Charcot's disease. 

3. Entrapment of the nerves around elbow. 

4. Inflammatory: Luetic (Hansen's) neuritis, tuberculosis. 

Paralytic disorders affecting the elbow joint secondarily 
due to muscle imbalance. 

In poliomyelitis, the elbow loses its active flexion by 
the paralysis of the flexors, e.g. biceps and branchialis, in 
addition to other muscles of the upper extremity. Usually, 
the Branchioradialis and common flexors are spared. 
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A common and good procedure is to transfer the origin 
of common flexors from médial épicondyle proximally 
on the lower fourth shaft humérus enterior to 
supracondylar ridge. This improves the flexion power. 
This is performed only if the hand has got enough power 
to be helped by elbow flexion. If the patient needs crutch 
walking due to paralysis of the lower limb, then elbow 
extension is more important than flexion. Flexion can also 
be achieved by pectoralis major transfer or by transfer of 
the triceps tendon anteriorly. Extension of the elbow can 
be achieved by gravity, latissismus dorsi transfer or by 
common extensor transfer. Stability of the elbow needs 
arthrodesis of the elbow in the desired position. 

Cérébral Palsy 

Typical attitude of the elbow is flexion at the elbow with 
forearm in pronation. Other deformities are adduction 
and internai rotation of the shoulder, palmar flexion of 
the wrist with thumb-in-palm deformity. There is sensory 
déficit in the forearm in majority of children. With 
provocation muscle spasm increases. Graduai correction 
of the flexion deformity by splintage along with exercises 
of the shoulder, elbow, wrist and hand will help to 
develop movements for the activities of daily living. 

In long-standing cases, if the intelligence is good with 
fair amount of sensation distally, surgically correction can 
be performed, elbow extension by release of flexor 
muscles, fasciae and capsule, shoulder by pectoralis 
origin release or rotation osteotomy of the proximal 
humérus, forearm pronation is corrected by pronator 
teres transfer or osteotomy of both bones forearm for 
desired position depending on the side involved. Judicial 
surgery will help the child if it is performed early. Thumb- 
in-palm is a disabling deformity which can be corrected 
by Z plasty of web plus release of the adductor pollicis 
and bone grafting between first and second metacarpals 
to separate the web. It is important to note that a careful 
assessment for each patient by experienced person is 
necssary before doing surgery in cérébral spastics. 

Stroke 

The deformity in the elbow and the whole upper limb is 
about the same as in cérébral spastics with additional 
disadvantages of âge, motor and sensory loss, aphasia 
and associated facial and lower limb defects. 

Physiotherapy and splintage from the very beginning 
is helpful for considérable recovery. Elbow extension is 
equally important as in flexion. Surgery is rarely indicated 
after proper assessment about the indication for each 
individual. When required, transference of tendons, 
release of contractures, ostéotomies and selected 
arthrodesis will be of immense help for ADL. 


Charcot’s Joint 

A neuropathie arthropathy described by Charcot in 1868 
as a sequela to lésions of the brain and spinal cord with 
loss of sensation of the joint. Since then many workers 
attributed this pathology due to repeated trauma and also 
loss of deep pain sensation and proprioception of the joint 
motion. In elbow the usual cause is syringomyelia, 
leprosy, posterior root and peripheral nerve lésions. 
Intraarticular steroid injection, tabes dorsalis and diabetic 
polyneuritis. 

Clinically there is swelling of the joint with unusual 
movement and instability without deep pain or 
properioception. 

Radiography will demonstrate advanced degenera- 
tive arthritis with bone destruction, osteophytosis at the 
margins, instability and subluxation or dislocation of the 
joint and multiple loose bodies. 

MRI will help to demonstrate clinical cord abnormality 
for the etiology. Serological study of CSF should be 
examined for VDRL (vénérai drug research labora-tory) 
and Treponema pallidum. 

Treatment should be préventive to avoid repeated trauma 
in the joint during activities for occupation or daily life 
by braces and splints. It is extremely difficult to 
anthrodese an elbow joint, posterior approach, 
dénudation of the articular cartilage of the humeroulnar 
joint only, sparing the radiohumeral or radioulnar joint 
plus compression screw fixation of ulna with humérus. 
It has to be immobilized in plaster for a long time until 
fusion is seen in the radiograph. 

CONGENITAL AND DEVELOPMENTAL 
ANOMALIES (WADSWORTH) 

1. Variation in the carrying angle: Usually loss of carrying 
angle or cubiturs varus deformity develops as the 
child grows. 

2. Hemimelia: Complété or partial amputatio of forearms 
at around the elbow. 

3. Distal phocomelia radial hemimelia or ulnar 
hemimelia. Absence of radius or ulna along with 
radial or ulnar ray or hand. 

4. Congénital fusion of ulna, humerai or radiohumeral 
joints may occur with complété or partial hemimelia. 

5. Congénital dislocaiton of radial head: Usually these are 
asymptomatic with some degree of restriction of 
flexion or extension of the joint. 

6. Congénital radioulnar synostosis. 

7. Panner's disease. 

8. Osteochondritis dissecans in children. 



The Elbow 2519 


POST-TRAUMATIC STIFFNESS OF THE ELBOW 45 

The factors responsible for the development of post- 
traumatic stiffness of the elbow are usually a combination 
of diferent pathology, viz. 

i. Soft tissue contractures including skin, 

ii. Capsular contractures and adhesions, 

iii. Myositis ossificans, 

iv. Bone blocks and tilt in the articular surfaces, and 

v. Incongruity of the articular surfaces either at the 
lower end of humérus or in the upper ends of the 
ulna and radius. These are mainly due to 
supracondylar fractures. Intercondylar or articular 
fractures of the lower end of the humérus, fractures 
of the upper end of the ulna and radius and 
unreduced dislocations of the elbow joint. 

Soft Tissue Contractures 

Soft tissue contractures of the skin, fasciae and muscles 
are usually the resuit of open injuries with lacérations. 
Postburn contracture of the skin and soft tissue and 
myositis ossificans can cause stiffness. 

Ischémie contractures of muscles of the forearm can 
cause a flexion deformity of the elbow as origin of the 
common flexors and extensors from the lower end of 
humérus lie across the joint. 

Capsular Contractures and Adhesions 

Capsular contractures and adhesions take a major share 
in the extent of limitation of motion in addition to the 
other causes. This is the main cause of stiffness foliowing 
prolonged immobilization after réduction of a dislocation 
or subluxation of the elbow, post-operative immobili¬ 
zation with inadéquate fixation after open réduction of 
articular fractures, infection following surgery, and 
immobilization of elbow at 90° in a fracture of the médial 
épicondyle of the humérus. 

Myositis Ossificans 

Myositis ossificans 4 develops after massage or stretching 
during the reparative process of the fractures and also 
frequently after réduction of dislocations of the elbow 
joint. The elbow is very prone to this ailment. 

Recent studies hâve clearly shown the existence of 
cells in the connective tissues of experimental animais, 
which under appropriate circumstances, can differentiate 
into osteoblasts. These cells are known as inducible 
ostéogénie precursor cells (IOPC). The mechanism by 
which trauma can activate the IOPC and the reasons why 
some individuals are prone to such activation with 
trauma are unknown. Furthermore, the characteristic 
involvement of some muscles and the sparing of others 
remain a mystery. 


Bone Blocks and Tilt in the Articular Surfaces 

Bone blocks and tilt in the articular surfaces are really 
due to the extraarticular fractures, when limitation of 
movement is secondary to the tilt or articular components 
resulting in partial stiffness of the elbow, e.g. malnuited 
supracondylar fractures, unreduced Monteggia fracture 
dislocations, fracture neck of the radius, etc. Bone block 
may be due to myositis ossificans or a spike projection 
from the lower humérus in rotational displacement in 
supracondylar fracture. This spike as seen in the 
radiographs as a bone block does not always limits the 
flexion movement. 

Incongruity of the Articular Surfaces 

Incongruity of the articular surfaces along with myositic 
bones and capsular contractures from the bulk of stiffness 
of the elbow joint. The incongruity can be at the proximal 
articular surface, e.g. intercondylar fractures, latéral or 
médial condylar fractures, epiphyseal injuries of the 
humérus with displacements or fractures of the distal 
articular components, e.g. fracture head radius, fracture 
olecranon or coronoid. A fracture through the trochlear 
notch of the ulna between olecranon and coronoid often 
hâve anterior dislocation of the radial head with 
associated dislocation of the coronoid in the elbow joint. 
This is often missed in radiographs unless one is careful. 

Inadéquate réduction resulting in incongruity of the 
articular surface can cause a mechanical block in the way 
of movement. 

Inadéquate fixation: It is a common cause of stiffness 
following open réduction. These fractures are 
immobilized in plaster for longer period for their union, 
and thus, the main object of firm or rigid internai fixation 
to initiate early movement is lost. 

Inability to recognize defect in epiphyseal injuries: It is not 
only a cause of stiffness but also causes deformity of the 
joint due to damage of the growth cartilage. 

Dislocations of the elbow: These hâve a spécial tendency to 
develop stiffness due to wide stripping of the periosteum 
and detachment of the strong capsular ligaments. 
Prolonged immobilization aggravâtes the cause. 

Diathesis: It is intriguing to find stiffness in some elbows 
even though a group of patients is given the same type 
of management. Results are not always predictable after 
manipulations or surgery. If it is accepted that there is a 
diathesia for keloids in the skin then why not for capsular 
contractures. Some persons might be more inclined to 
develop scars in the deeper tissues. 
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Management of the Stiff Elbow 

Prévention 

Prévention of the stiffness and proper management at 
the initial stage following trauma is very important to 
avoid a lifelong disability of the elbow joint. 

An attempt should always be made to make the 
articular surfaces congruous either by closed réduction 
or by open réduction and adéquate fixation to start early 
movement. With a congrous articular surface, the 
maximum possible function is achieved which may be 
accepted by the patient. It also gives a better chance of 
regaining further mobility by arthrolysis or arthroplasty. 

Alinement ofthe trochlear in relation to the humerai articular 
surface and with the trochlear notch of the upper end of 
the ulna as also the position of the head of radius, should 
be borne in mind to attain a good réduction. 

Early mobility of the joint prevents stiffness. At the same 
time, early mobility in fractures especially in adults must 
hâve Consolidated sufficiently to avoid redisplacement 
of the fragments. Following surgery, the fixation must 
be rigid enough to avoid prolonged immobilization. 
Passive joint mobilizers are a step ahead to achieve this 
goal and are convincingly successful. In reduced 
dislocations if the joint is stable, active movements should 
be started after 2 to 3 days without any attempt for passive 
movements. 

The rôle of noninflammatory drugs in the prévention of 
stiffness of joints is important. These medicines are 
advocated for a short period to diminish the pain, edema 
and inflammation of ail soft tissues. But prolonged use 
of these drugs delay fracture healing. 

Ischémie contractures are preventable by initial judgment 
and management. 

Open fractures with skin loss are covered by proper skin 
flaps at the earliest opportunity. 

Indomethecin is known to prevent myositic ossificans 
and calcification in and around the joint. 

Iatrogénie stiffness should be preventable. Their incidence 
is minimized with careful restoration of the anatomical 
configuration and rigid fixation until the bone is 
sufficiently Consolidated to allow early movement and 
by avoiding infection. 

Indomethecin is known to prevent myositis ossificans 
and calcification in and around the joint. 

Management in Established Stiffness 

Active movement and exercise , contrast bath, wax bath and 
Whirlpool with the help of physiotherapists are the main 
stay in the management of such cases. 


Passive stretching by experts, turn buckle splint or using a 
dynamic splint continuously for a couple of hours at a 
time within a tolerable limit of pain, followed by active 
exercise, hâve a definite place. These are indicated in the 
waning phase of the inflammation, i.e. when the 
inflammation of soft tissue hâve subsided, but the scars 
hâve not yet fully matured. 

Clinically it takes about 8 to 12 weeks following 
trauma or surgery for the swelling to go down, but 
movements are restricted with some pain on passive 
stretching. Nonsteroidal antiinflammatory drugs are 
essential at this stage to avoid formation of scars due to 
the minute hemorrhages that may occur. Judicious use 
of intraarticular steroids are also useful. 

Surgery for Post-traumatic Stiff Elbow 

There are more or less three kinds of surgery advocated 
for this condition: (i) excisional or fascial arthroplasty, 
(ii) joint replacement arthroplasty, e.g. endoprosthesis, 
double stem prosthesis and surface replacement and (iii) 
arthrolysis. 

Excisional arthroplasty with or without interposition of 7 fascia 
or silastic sheets and joint replacement arthroplasty are 
indicated in bony ankylosis, or gross incongruity of the 
articular surfaces. Double stem prosthesis is done as a 
primary procedure for loss of the lower end of the 
humérus or upper end of the ulna. 

Fascial arthroplasty gives a good functional range of 
movement of the elbow in the majority of cases with 
partial loss of stability. In some cases, particularly after 
excisional arthroplasty, the joint may be flail. Joint 
replacement then remains the only choice as a secondary 
procedure. Surface replacement arthroplasties are better 
than double stem prosthesis and give a lasting resuit with 
stability of the joint. In case of failures, removal of the 
surface replacement prosthesis will still maintain the joint 
motion with a fair amount of stability. 

Endoprosthesis or double stem prosthesis 1 in the elbow is a 
mechanically unsound procedure. Distraction forces 
work constantly during stance and during movement. 
The prosthesis is also subjected to a greater stress and 
strain during the elbow motion of flexion and extension 
combined with rotation and with the arm abducted for 
most of the daily routines. Hence, loosening of the 
prosthesis with ail its sequelae is more common than for 
the lower limb prosthesis. 

Arthrolysis 6 on the other hand is comparatively a more 
conservative and physiological surgical procedure. The 
joint is mobilized by removal of contractures of the 
capsules, 10 mobilizing the brachialis and triceps muscles 
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from the lower end of the humérus, restoring the trochlear 
pulley and the minimum removal of bone blocks without 
excising the articular surfaces. The maximum range of 
motion is achieved on the table during surgery. Results 
assessed over a period of 28 years are convincing enough 
to advocate this method as a primary procedure in ail 
cases of postraumatic stiff elbow, at any âge group. 
Exceptions are: (i) gross incongruity of the articular 
surfaces, (ii) bony ankylosis, and (iii) in cases of loss of 
bone from the lower end of the humérus or upper ulna. 

Operative Technique 2 

The latéral incision (Fig. 9) starts 6 cm proximal to the latéral 
épicondyle, goes downwards and posteriorly over the 
épicondyle to the upper-third of the extensor surface of 
the forearm. Cleavage between the anconeus and the 
extensors is deepened, and the common extensors are 
detached from their origin and retracted. A retractor is 
inserted anteriorly into the joint and the capsule is made 
taut with the elbow in flexion and then eut from its 
humerai attachment with scissors. The branchialis is 



Fig. 9: Incision for elbow joint arthrolysis 


separated and elevated from the lower third of the 
humérus with a periosteum elevator. Any myositic bone 
found herewith is also removed. Then the capsule is held 
by a Kocher's forceps and slowly separated from the other 
anterior structures by passing a pair of scissors 
horizentally. The lower attachment of the anterior capsule 
is eut from the coronoid process of the ulna. The extreme 
médial end of the capsule is sometimes difficult to get at. 
Now, the elbow is forcibly abducted to expose the posterior 
capsule and is eut just above the olecranon process. 
Medially one must be careful about the ulnar nerve. 
Sometimes, it is necessary to strip off the attachments of 
the triceps from the lower humérus get a better view. 

A médial incision (Fig. 10) of about 5 cm long extending 
proximally and distal to the médial épicondyle. The ulnar 
nerve is retracted, the médial flexor origin is detached 
from bone and the médial portion of the capsule is eut, 
making the elbow free from ail sides. This usually gives 
a fair range of up to 10 to 20° less of full extension. In 
résistant cases, it is necessary to eut ail components of 
the médial ligament complex. 

In acutely flexed elbows , the branchialis may hâve to be 
detached from the coronoid, and it is best to be satisfied 
with partial correction in long-standing cases to avoid 
neurapraxia and vascular compromise. 




Fig. 10: Médial incision for elbow arthrolysis 
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After ail the contractée! structures and fibrous tissues 
hâve been eut and the joint made fairly loose, the joint is 
dislocated laterally, and the lower humérus is brought 
out through the latéral incision, and an adéquate portion 
of the triceps and brachialis is mobilized from the shaft 
to gain length for réduction of the joint and maximum 
excursion. The articular surface of the lower humérus is 
not disturbed regardless of the appearance of the articular 
cartilage. 

Then, the humérus is reintroduced and the wound 
packed with hot mops and tourniquet removed. After 
hemostasis, gentamicin is sprinkled in the wound and 
the common flexor and extensor origins are sutured to 
the muscles and fasciae by Vicryl sutures. Muscles and 
fascia are sutured and the skin closed with monofilament 
nylon. No attempt is made to reattach to the bone. 

In old, unreduced dislocations or fracture dislocations of the 
elbow , the procedure is almost the same, except that it is 
more extensive. If the coronoid process is fiat or very 
shallow, it is advisable to retain some myositic bone 
anteriorly for stability (Figs 11 A to D). 

After the humérus is reintroduced and the joint 
reduced, the elbow is kept in flexion. It is best if maximum 
(full) range of flexion and extension is achieved on the 
table, but at times it is difficult because of the shortened 
triceps muscle. Flexion of 120° is acceptable on the table. 
Sometimes, the head of the radius or the tip of the 
olecranon process may hâve to be excised for increasing 
the excursion. 

Anterior transposition of the ulnar nerve is done as a 
routine, and the extensor and flexor origins at times are 
sutured to muscles or fascia, as it may not be possible 
always to reattach them to the épicondyles. 



Fig. 11A: Elbow: Old unreduced dislocation of elbow 


Postoperative Management 

After closure of the wound, in most of the cases, 25 mg of 
inj. hydrocortisone acetate is injected into the joint with 
2 to 5 cc of hyalase and water for injection. Bandaging is 
done over plenty of cotton to achieve uniform pressure, 
and a strong posterior plaster slab is applied, with the 
elbow in maximum extension for stiffness in flexion and 
vice versa. 



Fig. 11 B: Elbow arthrolysis by médial and latéral approach 
and application of llizarov apparatus 



Fig. 11C: Joint reduced and distracted—mobilization with 
llizarov fixator 
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Fig. 11D: Joint reduced, joint space maintained. Congruent 
articular surfaces—fair range of movements (A case of Dr. G.S. 
Kulkarni) 

Circulation and finger movements are checked. 
Suction is removed after 48 hours and movements started 
after 3 to 4 days after the first postoperative dressing. 
The second dose of inj. hydrocortisone is given with 2 to 
4 cc of lignocaine (2%) on the seventh and tenth day. 

In old unreduced dislocations, the postoperative 
regimen is somewhat altered. The limb is immobilized 
in 90° flexion to prevent redislocation and the injection 
of inj. hydrocortisone is deferred 3 to 4 weeks 


postoperatively. On the 5th and 6th postoperative day, 
the arm portion of the posterior slab is fixed with adhesive 
tape and the forearm and elbow left free for more flexion, 
but no extension beyond 90°. Extension is allowed 
gradually after 3 weeks with the injection hydrocortisone 
(if not contraindicated). 

Sutures are removed after 12 to 14 days in ail cases. 
NSAIDs in judicious amount will help in relieving the 
postoperative pain by reducing inflammation. 
Post-operative exercises are easier than NSAI drugs. 
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Abnormal (Heterotropic) 
Calcification and Ossification 


VS Kulkarni 


INTRODUCTION 

Despite the regulatory mechanisms calcium may be 
abnormally deposited in extraskeletal System. In this 
process no true bone matrix is formed. This is called as 
heterotropic calcification. Various hereditary conditions 
and congénital conditions give rise to heterotropic 
calcification something abnormal in metabolic and 
endocrinal functions also give rise to déposition of 
calcium in extraskeletal System. This may include 
disturbance in regulatory mechanism of calcium in the 
body. 

Despite ail endocrine or metabolic disorders and 
hereditary conditions, this calcification also occurs when 
there are degenerative or traumatic conditions at some 
particular joints, e.g. calcifie deposits in subacromial 
joints. 

HEREDITARY CONDITIONS 
Tumoral Calcinosis 2 

It is uncommon inherited metabolic disease, which is 
characterized by extensive para and periarticular 
calcification. It is autosomal récessive and occurring in 
families. Common sites of involvement are shoulder, 
hips, elbows and ankles. Usually it is seen in second and 
third décades of life but infants and children can get 
affected. 

Pathophysiology 

It has been suggested that this disease is caused by defect 
in the rénal tubular phosphate transport mechanism 
which may be modulated in part by parathormone 
activity. Because of which it may show increased 
phosphorus and 1,25 (OH 2 ) D Vitamin levels. 


Clinical Features 

Patient usually is child présent with firm, not tender, 
lobulated, tumor like soft tissue massed adjacent to joints. 
On palpation it is gritty and extends throughout soft 
tissue plane without true capsule. 

Macroscopie Appearance 

These are cystic masses consisting of fluid or putty like 
material made up of calcium phosphate embedded in 
fibrous prolifération. 

Microscopie Appearance 

It shows fibrous tissue giant cells and lymphocytes along 
with calcium phosphate. 

Differential Diagnosis 

These masses must be differentiated from calcinosis 
universalis, Raynaud's disease, scleroderma, hyper- 
parathyroidism and hypervitaminosis D. 

Radiographie appearance will show extensive 
periarticular calcification. Intraarticular nature of this 
déposition serves to distinguish this présentation from 
true tumoral calcinosis. 

Management 

Surgical excision of these lésions is not entirely 
satisfactory because of skin ulcération and récurrence. 
So in adult treatment consist of phosphorus deprivation. 
In children successful médication has been reported in 
6 years old child using aluminum hydroxide antacid 
administration to bind phosphate and dietary phosphate 
restriction over course of 6 months. If this treatment fails 
excision may be indicated. 
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Dysplasia Epiphysialis Punctata 
(Stippled Epiphyses) 7 

This is a developmental anomalous condition charac- 
terized by discrète spots of calcification affecting 
cartilaginous structures. 

Pathology 

There is déposition of calcium in throughout body 
cartilages especially in epiphyses interspersed between 
is patchy areas of mucoid and cystic degeneration. If 
infant survives epiphyses become completely calcified 
and subsequently ossified. 

Clinical Features 

Subject is usually still born or seldom survives. This is 
shortness of affected extremities. Single limb may be 
affected main characters are flexion deformities specially 
of knee and elbow because of fibrosis. Bilateral congénital 
cataract is also seen. Dwarfism of short limb: Fémurs and 
humeri are common. 

Radiographie Picture 

Opaque, discrète coalacing dots occupy cartilaginous 
structures as epiphysis, carpals and tarsal, long bone or 
bones are shortened, thickened, bowed. 

Differential Diagnosis 

This condition should be differentiated from cretinism 
and dysplasia epiphysialis multiplex. 

Metabolic Disorders 

Rénal osteodystrophy 4 is the condition in which there 
are bone changes, which accompany chronic rénal failure. 
There is combination of hyperparathyroidism and osteitis 
fibrosa, osteomalacia, osteosclerosis, osteophorosis and 
heterotropic calcification. 

Clinical Features 

Stunted growth may occur. Infantalism and dwarfism is 
then common. Bone pain because of which patient may 
be bedridden which aggravâtes on exercise is présent. 
Pathological fracture may occur in spine, ribs, pelvis and 
fémoral neck. Patient gets pruritis because of calcification 
in skin, while band shaped keratopathy and conjunctivitis 
also occurs when calcification occurs in eyes. 


Radiographie Picture 

It shows bony érosions, which may affect fémoral 
phalanges, proximal tibia, and neck of fémur. 
Osteosclerosis produce rugby jersey appearance in spine. 
Because of aluminum toxicity give rise to indolent stress 
fracture. Looser's zone also seen. 

Biochemistry shows high levels of alkaline 
phosphatase, also sérum urea and créatinine are 
increased. 

Pathology 

Because of chronic rénal failure phosphate is not excreted. 
So raised phosphate lowers sérum calcium (Ionised) 
which tend to cause extra-skeletal calcification by raising 
calcium and phosphate product. 

Treatment 3 

This includes réduction in dietary phosphate by giving 
aluminum hydroxide orally, vitamin D compounds for 
calcium absorption and also dietary calcium given to 
increase calcium levels. Rénal transplantation and 
parathyroidectomy may be indicated to restore normal 
vitamin D and phosphate metabolism and to reduce 
hypercalcemia. 

Secondary hyperparathyroidism may also be given 
rise to heterotropic calcification and treatment includes 
for the cause to restore the parathyroid levels. Calcinosis 
universalis cutis or calcinosis circurnscripta 2 is the 
condition in which we get heterotropic calcification in 
skin. Patient gets pruritis because of calcium déposition 
in skin layers when cause of calcium déposition is treated 
patient gets cure. 

Dystrophie Calcification 5 

It is a process in which there is déposition of minerai salts 
in degenerating or necrotic tissue, primarily necrotic fat 
and densely hyalinized connective tissue. This type 
mineralization can be seen in such lésions as ossifying 
lipomas bone infarcts, in areas of bone radiation necrosis 
and necrotic portions of non-matrix producing tumors, 
e.g. Ewing's tumor and primary lipomas of bone. 

There are also same conditions when calcification 
occurs in extraskeletal System for some local and spécifie 
lésions. There are vascular and degenerative reason for 
heterotropic calcification in some joints. In elbow joint, 
there is calcification in Tennis elbow. Patient gets pain, 
which is dull aching and gets relief by local hydro¬ 
cortisone injection. Shoulder joint is also another example 
where there are calcifie deposits in subacromial joint. 
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Myositis Ossificans Progressive: 

(Fibrodysplasia Ossificans Progressive) 4 

It is congénital condition characterized by progressive 
ossification within muscles and certain spécifie skeletal 
abnormalities. It is commonly found in monophalangic 
great toe, short first metacarpal, microdactyly, 
malformation of little finger, réduction defects of ail limbs 
and abnormalities of cervical vertebrae. 

It is precipitated by minor trauma such as knock or/ 
and intramuscular injections. The région becomes 
swollen, tender and inflamed. If large area is involved 
patient is febrile. As swelling subsides muscle mass 
involved is replaced by bone muscles involved interfères 
with function leading to progressive immobility. Death 
is common due to respiratory complication. 

Head and back muscles are involved in early 
childhood followed by shoulders and arms fascial 
expression muscles are spared. Also diaphragm, 
laryngeal, tongue and small muscles of hand and feet 
are not involved. 


Pathology 

Bone formation is seen not in muscle fibers but in 
connective tissue between the fibers. 

Treatment 

There is no known treatment, which will prevent épisodes 
of ossification. Diphosphonates may be given but not 
known to be definitive. 
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261.1 Traumatic Myositis Ossificans 


INTRODUCTION 

Traumatic myositis ossificans is characterized by 
hétérotopie calcification and ossification in muscle tissue. 
Injury is an important factor in its pathogenesis. Usually 
there is a history of severe single injury. It is only seen in 
children with fracture or dislocation of the elbow. In our 
country, usually the patient has taken massage treatment. 

Pathology 

Ackerman has described four histologie zones: (i) the 
central, undifferentiated zone, which is highly cellular, 
with mitotic figures and with extreme variation in the 
size and shape of the cells (cytologie différentiation of 
this zone from sarcoma is extremely difficult), (ii) an 
adjacent zone in which there are well-oriented zones of 
cellular osteoid separated by loose cellular stroma, (iii) a 
more peripheral zone showing new bone formation with 
osteoblasts and fibrous tissue undergoing trabecular 
organization, and (iv) an outermost zone of well- 
delimited and oriented bone encapsulated by the 
presence of the zone phenomenon, i.e. the innermost 
undifferentiated are a merging into oriented osteoid 
formation and finally into well-formed bone in the 
periphery. As the bone matures, the area involved 
becomes smaller. Either the injury results in an organizing 


hematoma, or the injured periosteum is implanted in the 
adjacent skeletal muscle, and the ostéogénie cells escape 
into the muscle. 

Clinical Features 

Rapid enlargement and severe pain are the cardinal 
symptoms usually 1 or 2 weeks foliowing trauma. In our 
country after trauma or injury, the bonesetter/quack 
massages the injured part daily, often vigorously. This 
leads to calcification. 

Patient usually présents with stiff painful joint. There 
is a history of injury 1 to 2 weeks back. Patient may corne 
even months for the injury. On examination there is 
palpable swelling. In full, tendon swelling is in the joint. 
The mass is initially ill defined, then becomes better 
circumscribed. The part becomes grossly swollen. The 
lésion is self-limited and usually matures into a hard 
mass, or it may totally regress. Most common location is 
the post-traumatic elbow. 

Diagnosis 

Radiography 2 

First two weeks radiograph shows nothing. In 2/4 weeks, 
calcification becomes évident, full calcification at 14 
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weeks. Ossification stops at 5 to 6 months foliowing 
trauma. Therefore, surgery is contemplated, it should be 
done minimum of 6 to 8 months after injury. In doubtful 
cases, bone scan with technetium-99m CT or MRI are 
helpful. 

Differential Diagnosis 

Myositis ossificans must be distinguished from calcifying 
hematoma, interstitial calcinosis, and ostéogénie 
sarcoma. 1 Calcification in myositis ossificans is 
diaphyseal in location, lying parallel to the surface of the 
bone and often separated from it by a distinct lucent area 
in which the cortex and periosteum hâve abnormal 
appearance, ostéogénie sarcoma, on the other hand, is 
likely to show some evidence of involvement of the cortex 
and periosteum, and it is metaphyseal in location. 
Occasionally, the différentiation is difficult, and even the 
histologie examination may be misinterpreted. 


Treatment 

Rest of the affected part during the period while the 
process is active is the basic principle of treatment. 
Aspirin is known to inhibit calcification. Passive 
movements and vigorous exercises must be stopped. No 
massage. Very gentle exercises must be started. Surgery 
is contraindicated during the period when calcification 
matures. Usually it takes more than 8 months one 
ossification to mature and if it interfères with function, it 
may be excised. 
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261.2 Pelligrini-Stieda's Disease 


Etiopathogenesis 

As a resuit of a sprain or partial avulsion of upper fémoral 
attachment of médial collateral ligament, calcification 1,3,4 
occurs which may range from minimal calcification to 
extensive myositis ossifications. 

Calcification in médial collateral ligament can be in 
body of ligament or at it proximal attachment site. 

Diagnosis 

New bone formation 3,4 produces characteristic 
radiological appearance may be: 

1. Stable type—thin elongated shadow indicating 
raising of periosteum. 

2. Evolutive type—massive new bone formation seen. 
Though, the location of shadow is characteristic these 

appearances can mislead the physician particularly when 
the precipitating injury 1 is trivial. 

In, radiological features of differential diagnosis of 
tumor 2 and tumor like lésion of bone, this condition 
should be considered. This type of calcification is one of 


the cause of restriction of flexion after ACL 2,3 
reconstruction 

Treatment 

Occasionally, this condition is a source of pain. Treatment 
is rarely needed. 3,4 As like other painful para-articular 
calcifications spontaneous recovery may occur without 
treatment and the deposits may partially or completely 
disappear. 2 

Infiltration of local anesthetic agent 2,3 supplemented 
by injection méthylprednisolone may produce immédiate 
relief and may be curative. 
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261.3 Calcifying Tendinitis of Rotator Cuff 


Définition 

Calcifying tendinitis of the rotator cuff is a common 
disorder of unknown etiology in which reactive 
calcification undergoes spontaneous résorption in the 
course of time with subséquent healing of the tendon, 
rarely it ossifies. 

Classification 

Bosworth divided the calcifie deposits into three 
categories. (1) Small (upto 0.5 mm) (2) Medium (0.5 to 
1.5 mm) (3) Large (>1.5 mm). 

Large deposits are the one which are likely to give 
rise to symptoms. According to degree and duration of 
symptoms DePalma has classified calcifying tendinitis 
into three types. 

(A) Acute (B) Sub-acute (C) Chronic 

Etiology 

Usually seen in people whose occupation demands 
prolonged use of the arms in internai rotation and slight 
abduction, such as typists, or assembly workers. In this 
position of the arm the rotator cuff muscles are held in 
constant synergistic contraction and the critical zone of 
hypovascularity in the supra-spinatus tendon is in the 
most vulnérable ischémie State. This critical area is half 
an inch proximal to the insertion of the supraspinatus 
tendon (Fig. 1). 

Pathology 

The calcium deposits may be loosely granular or appear 
in clubs. The calcifie material consists of a collection of 
calcium apatite in crystalline or amorphous form. The 
presence of epithelioid cells, mesenchymal cells. 



Fig. 1: Calcifie deposit in the supraspinatus tendon. The 
material ruptures from the tendon to corne to lie usually between 
tendon and bursa. It may subsequently rupture into the bursa, 
with relief of tension, diminished pain and natural cure 


leukocytes, lymphocytes and giant cells around calcified 
deposits consists of the calcium granuloma. There may 
be capillary or thin walled vascular channels around the 
deposits. 

Pathogenesis 

1. Degeneration of the tendon is due to wear and tear 
effect of the fibers of the rotator cuff tendons. 

2. This wear and tear effect is due to the fact that the 
gleno-humeral joint is the most used joint in the body. 

3. Aging is considered to be the foremost cause of 
degeneration in cuff tendons. According the 
McLaughlin the earliest lésion is focal hyalinization of 
fibers that eventually become fibrillated and get 
detached from the surrounding normal tendon. 
Continuous motion of the tendon grinds the detached 
curled up fibers into a substance consisting of necrotic 
débris on which calcification occurs. 

Two phases hâve been démonstrated. 

1. Formative phase 

2. Resorptive phase 

Formative phase This consists of two stages. 

1. Precalcific stage: In this stage the sight of formation 
for calcification undergoes fibro-cartilaginous 
transformation. 

2. Calcifie stage: In this stage the calcium crystals are 
deposited primarily in matrix vesicles which coalesce 
to form large areas of deposits which are chalky white 
in nature. The area of fibro-cartilage with the foci of 
calcification is generally devoid of vascular channels. 

Resorptive phase Following a variable period of inactivity 
of the disease process there is spontaneous absorption of 
the calcium which is marked by thin walled vascular 
channels at the periphery of the deposit. Multi-nucleated 
giant cells phagocytose and remove the calcium. The 
deposit in this phase is thick, white, tooth-paste like and 
creamy in nature. 

In the post calcifie stage the granulation tissue with 
young fibroblasts and new vascular channels begin to 
remodel the space once occupied by calcium. 

Clinical Features 

Calcium déposition is often symptomless to start with. It 
may be associated with chronic shoulder pain in 
association with impingement syndrome. In the acute 
phase, there is radiation of pain upto the insertion of the 
deltoid muscle. 
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The patient can't sleep on the affected shoulder and 
there is increase of pain in the night. Abduction is painful 
in between 70-110°. The arm is held in internai rotation. 
In sub-acute phase there is pain not only on élévation of 
the arm but also at rest. There is localized tenderness at 
the site of deposit. During chronic phase there is evidence 
of long-standing pain with subacromial bursitis. 

Radiological Evaluation 

Calcified deposits are localized inside the tendon and they 
are not in continuity with bone. Initial X-ray should 
include an AP film in neutral, external and internai 
rotation of shoulder. X-ray helps to localize the deposit. 
According to DePalma there are two types of deposits 
radiologically. 

Type I Fluffy, fleezy appearance, periphery is poorly 
defined. An overlying crescent like streak indicates 
rupture into the bursae, seen in acute type. 

Type II More or less discrète homogenous, uniform 
density and well defined periphery, seen in sub-acute 
and chronic type. 

Treatment 

Nonoperative (conservative) Adéquate physiotherapy in the 
form of pendulum and muscle strengthening exercises 
is the main treatment. In acute phase gentle attempts and 
mobilization by local application of ice and local heat in 
the form of infra-red light in chronic cases are satisfactory. 
NSAIDs are used for severe pain. Injection of local 
anesthetics decreases the intra-tendinous pressure. Site 
of needle insertion should be at the point of maximum 
tenderness. Xylocaine and local steroid injections 
give good results. Radiotherapy gives pain relief in acute 
cases. 


Surgical Treatment 

Indications 

1. Progression of symptoms 

2. Constant pain, which interfères in activities of daily 
living 

3. Absence of improvement of symptoms after conser¬ 
vative therapy. 

Aspiration: Treatment of choice is needling. Under 
pantazocine and diazepam supplemented with 
Xylocaine, start with the smallest needle, which is 
gradually increased in size until a large bore needle is 
placed in the deposit. After insertion the material oozes 
out if deposit is localized. A local anesthetics in the form 
of 2% Xylocaine with added Hyalase 1500IU and 50 mg 
of depo-corticosteroid is injected through a needle, 
material is allowed ooze out through the needle over a 
period of 10-15 minutes. Using two syringes, saline is 
injected into the mass through one and aspirated through 
the other syringe. Surgery is indicated if aspiration fails. 

Surgery 

Deltoid splitting incision to evacuate the calcified deposit 
in the subacromial bursa with partial resection of the 
coracoacromial ligament and acromioplasty if needed for 
any impingement lésion. 

Immediately after aspiration or surgery, application 
of ice and rest to the shoulder for 1 week after which 
graduai pendulum and muscle strengthening exercise are 
given. 
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Dynamic Physiology of Shoulder Joint 1 

The shoulder joint is the proximal joint of the upper 
extremity and is the most mobile of ail joints in the human 
body. Its joints allow movements in three planes in space 
and also motion in a combination of these planes. 

1. Flexion and extension in the sagittal plane 

2. Abduction and adduction in the frontal plane 

3. Flexion and extension in the horizontal plane while 
the arm is abducted to 90° 

4. Axial rotation, which is the resuit of movements 
performed relative to any two of the three axes 

5. Circumduction which combines the movements of ail 
three axes, its amplitude being defined as the cône of 
circumduction. 

Range of Motion 4 7 

Movements of flexion and extension performed in the 
sagittal plane normally range from 180° of flexion to 45° 
from 30° of adduction to 180° of abduction. 

Motions of the upper limb in the horizontal plane take 
place about a vertical axis and range from an angle of 30° 
posterior to the vertical plane of the body to and angle of 
140° anterior to this plane. Axial rotation of the arm 
normally measures from 80° of external rotation to 90° of 
internai rotation. Movements that may be required of the 
shoulder in activities of daily living are complex. 

Anatomical Considérations (Fig. I) 23 

It seems appropriate that the physiology and anatomy 
of shoulder joint be discussed at least in part because of 
the tremendous importance they play in reconstructive 
and réhabilitation programs. 

The shoulder girdle could be described as comprising 
five joints: 6,8,9 


i. The glenohumeral joint, which is between the 
humérus and the glenoid surface of the scapula. 

ii. Subdeltoid joint, which is not an anatomical joint, 
but consist of two musculotendinous surfaces 
moving on each other. 

iii. The scapulo thoracic joint, which is not a true 
anatomical joint but has great physiological 
importance in allowing the arm to achieve a full 
range of motion. 

iv. The sternoclavicular joint 

v. Acromioclavicular joint 

The glenohumeral joint is a true bail and socket 
articulation (Fig. 2) 10 . The head of the humérus is shaped 
like one-third of a sphere and faces superiorly, medially 
and posteriorly in the glenoid cavity. The glenoid cavity 
of the scapula is less deep than the convexity of the 
humerai head. However, it is deepened by the glenoid 
labrum, which is a surrounding ring of fibrocartilage. The 
upper humérus has two tuberosities for muscular 
attachments that are separated by the bicipital groove. 
The humerai head is surrounded by a capsule reinforced 
by ligamentous bands arising from the glenoid labrum 
(glenohumeral ligaments) and the coracoid process 
(coracohumeral ligaments). The capsule is loose enough 
to allow the remarkable range of motion présent in the 
normal shoulder. However, it is tightened up on 
movements of the joint to provide stability and maintain 
the relative position on the articular surfaces. Synovial 
tissue completely lines the inner surface of the capsule, 
invests the bicipital tendon, and lines the bursae around 
the joint, the most notable being the subdeltoid bursa. 

The periarticular muscles, which cross the joint 
transversely act as active ligaments and are important in 
securing the coaptation of the articular surfaces. These 
muscles are the supraspinatus, the subscapularis, the 
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Fig. 1 : Surgical anatomy of the shoulder: View after removal of the head of humérus 


Superior 

glenohumeral 

ligament 




Articular 

margin 


Axiilary 

pouch 


Fig. 2: Surgical anatomy of the shoulder: (A) Anterior view (B) Médial view 


infraspinatus, the teres minor and the tendon of the long 
head of the biceps. Coaptation of the glenohumeral joint 
is also accomplished by the long muscles as they cross 
the joint. Dislocation of the humerai head in the 
infraglenoid direction is prevented in part by the action 
of the short head of the biceps, the coracobrachialis, the 
long head of triceps, deltoid and the clavicular head of 
the pectoralis major muscle. 


Superior dislocation of the humerai head, 9 which may 
caused by excessively strong contraction of the long 
muscles across a disorganized joint, is prevented by the 
presence of the coracoacromial arch and contraction of 
the supra spinatus muscle (Fig. 3). The subdeltoid bursa 
forms a cleavage between the deltoid muscle and the 
underlying periarticular short cuff muscles. Adhesions 
in this area will prevent the important gliding required 
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Costoclavicular 



Fig. 3: Normal anatomy about the sternoclavicular and 
acromioclavicular joints and tendon subclavius muscle arises 
in vicinity of costoclavicular ligaments from first rib and has 
rather long tendon structure (Redrawn from Reckwood CA, Jr: 
Fractures and dislocations of the shoulder. Subluxations and 
dislocations about the shoulder. In Rockwood CA Jr and Green 
DP: Fractures in adults, (2nd ed) Lippincott: Philadelphia, 1984) 
Diseases of Shoulder—General Considérations 

to achieve abduction and will consequently restrict 
motion. During abduction, the greater tuberosity is pulled 
superiorly and medially by the action of the 
supraspinatus muscles allowing the head of the humérus 
to slip under the coracoacromial arch. This point is 
extremely important in the pathomechanics of the 
arthritic shoulder. 

Fortunately the scapulothoracic joint is not frequently 
involved in the arthritic process. Its function becomes 
increasingly important as movement of the glenohumeral 
joint is decreased. Since it will provide a compensatory 
movement of the arm, when the glenohumeral joint is 
stiffened. However, it adds very little motion to the total 
movements of the joint when the glenohumeral joint is 
loose and unstable. Adéquate function of the 
scapulothoracic joint is dépendent on the condition of its 
surrounding muscles, the serratus anterior, trapezius 
rhomboid and underlying subscapularis, teres minor and 
major, and supraspinatus and infraspinatus. 

The sternoclavicular joint may be involved in the 
arthritic process and may limits movements of the 
shoulder girdle through pain and or incongruity and 
instability. Proper mobility of this joint is important 
because it allows movement of the clavicle in ail three 
planes. Its dysfunction will usually secondarily affect 


the shoulder girdle, but only in its extremes of 
movements. 

The Acromioclavicular joint is frequently involved in 
the arthritic processes and its dysfunction may also limit 
potential shoulder motion through pain, incongruity and 
instability. Stiffness of this joint will prevent movement 
of the shoulder girdle in its extremes of range of motion. 
The stability of acromioclavicular joint dépends mainly 
on the coracoclavicular ligaments. The coracoacromial 
ligament which passes horizontally between the coracoid 
process and the acromion, participâtes in the formation 
of the superior coracoacromial arch, which checks the 
position of the humerai head in the vertical and superior 
direction. 5 

Motor muscles affecting the scapular movement are 
the trapezius, rhomboid, levator scapulae, serratus 
anterior and pectoralis minor muscles. The serratus 
anterior and the trapezius muscles form a coupling to 
initiate abduction at the scapulothoracic joint. The 
abduction at the glenohumeral joint is initiated by the 
important coupling formed by the deltoid and the 
supraspinatus muscles. The supraspinatus muscle forces 
the humerai head against the glenoid cavity and 
compensâtes for the tendency toward superior 
dislocation produced by the deltoid muscles. The 
supraspinatus keeps the articular surfaces in apposition 
and is therefore the starting muscle for abduction. The 
movements of the early stage of abduction from between 
0° and 90° is concentrated at the glenohumeral joint. The 
second phase of abduction involves the other joints of 
the shoulder girdle. 

The movement of flexion are also divided between 
the glenohumeral and scapulothoracic joints and are 
controlled by movements of the deltoid, coracobrachialis, 
pectoralis major, trapezius and the serratus anterior 
muscles. Rotation movements of the shoulder are 
important to move the hand across the table, as in eating 
and writing. The médial rota tors at the shoulder joint are 
the latissimus dorsi, teres major, subscapularis and 
pectoralis major muscles. The latéral rotators are the 
infraspinatus and teres minor muscles. The scapula is also 
involved in rotation. Latéral rotation is accomplished by 
the rhomboids and trapezius and médial rotation by the 
serratus anterior and pectoralis minor muscles. 

Adduction is produced by the two muscular 
couplings, the rhomboids and teres major and the long 
head of the triceps and the latissimus dorsi. Extension 
movements at the glenohumeral joints are accomplished 
by the teres major and teres minor muscles, the posterior 
fibers of the deltoid and the latissimus dorsi. Extension 
at the scapulothoracic joint is accomplished by the 
rhomboids, trapezius and latissimus dorsi muscles. 
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INTRODUCTION 

Biomechanics of the shoulder can be described in terms 
of motion, constraints, and forces across the joint. The 
shoulder is a complex joint which requires integrated 
motion of the sternoclavicular, acromioclavicular, 
glenohumeral and scapulothoracic joints. 

Sternoclavicular Joint 

Sternoclavicular joint has a saddle-shaped sternal side 
which has its long axis running from superior to inferior 
and short axis from anterior to posterior. 1 This is oriented 
to face slightly posterior, latéral, and upward. The clavi- 
cular side has a concavoconvex surface which fits snuggly 
with the sternal articulation. There is possibility of only 
two direction of translation: (i) anterior to posterior 
motion, and (ii) superior and inferior translation. This 
joint is stabilized by the foliowing ligaments arranged 
about the joint anteriorly, posteriorly superiorly and 
inferiorly. These are: 

i. Interclavicular ligament superiorly, 

ii. Sternoclavicular ligament anteriorly, 

iii. Costoclavicular ligament inferiorly, which consists 
of anterior and posterior components. 

Motion and Constraint 

Six actions occur at the sternoclavicular joint: élévation, 
dépréssion, protrusion, retraction, and upward and 
downward rotation. Up to 35° of upward rotation, 35° of 
anterior and posterior rotation and up to 45 to 50° of axial 
rotation occur at this joint. 

Acromioclavicular Joint 

Acromioclavicular joint is called the "plane type" and 
faces anteriorly, medially and superiorly. The distal end 


of the clavicle faces inferiorly, posteriorly and laterally. 
The ligamentous constraints are as follows: 

The coracoclavicular ligament consists of: (i) The 
conoid ligament, which inserts into the inferior surface 
of the clavicle on the conoid tubercle, and (ii) the trape- 
zoid ligament inserted over a triangular patch antero- 
laterally on the inferior surface of the clavicle. 

Motion and Constraint 

The motions are anteroposterior rotation of the clavicle 
on the scapula, superoinferior rotation and anterior 
(inferior) and posterior (superior) axial rotation. 

Glenohumeral and Scapulothoracic Joint 

The arm can move through a range of approximately 0 
to 180° in élévation, 150° of internai and external rotation, 
and 170° of flexion and extension. 2 These motions occur 
primarily at the glenohumeral and scapulothoracic joints. 
The sternoclavicular and the acromioclavicular joint 
rotations are required for extreme positions. 

Diseases of Shoulder 
Codman’s Paradox 

This is demonstrated as follows: The arm is brought to 
90° of flexion from the resting position in the anatomical 
posture with the médial épicondyle pointing towards the 
midline of the body. It is then abducted to 90°, where the 
épicondyle is now pointing perpendicular to the coronal 
plane. 3 The arm is then brought back to the side to its 
initial position, but the médial épicondyle is now obser- 
ved to be rotated anteriorly away from the body instead 
of medially toward the midline of the body. The 
explanation for this is that serial angular rotation are not 
additive and are sequence dépendent. 




2538 Textbook of Orthopedics and Trauma (Volume 3) 


This is clarified by the use of two reference Systems: 
(i) scapular motion is best defined referable to the classical 
anatomical System of the trunk,and (ii) the humerai 
motion is described referable to the scapula. 

Description of Joint Motion 

The planar motion can be defined based on the rotation 
around a point or axis, which is defined as the 
instantaneous center of rotation (ICR). For general planar 
or gliding motion of the articular surface, the terms 
sliding, spinning, and rolling are commonly used. Sliding 
is a pure translation of a moving segment against the 
surface of a fixed segment. Spinning motion is exactly 
the opposite, the moving segment rotâtes and the contact 
point on the fixed surface does not change. The motion 
between moving and fixed segments in which the contact 
points on each surface are constantly changing is the 
rolling motion. 

Shoulder Motion 

Scapular motion: The resting position of the scapula as 
defined to the trunk is anteriorly rotated about 30°, as 
viewed from above, upward about 3° to the transverse 
plane from the back and tilted forward about 20° to the 
sagittal plane. 

Glenohumeral motion: The null meridian or dead meridian 
plane is the position in which the humerai head rests in 
the center of the glenoid when viewed in the plane of the 
glenoid surface. The scapula lies in the same plane as the 
humerai head and shaft. 

Articular Surface and Orientation 

Humérus : The humérus has an articular surface which is 
one-third of the surface of a sphere with an arc of about 
120°, which is oriented with an upward tilt of about 45° 
and rétroversion of 30°. 

Glenoid: The articular surface of the glenoid in the coronal 
plane makes an arc of about 75°, the shape of which is on 
an inverted comma. The glenoid has a slight upward tilt 
of about 5° defined to the médial border of the scapula 
and rétroversion of about 7°. Saha has defined the 
relationship of the dimensions of the humerai head and 
the glenoid as the glenohumeral ratio. This relationship 
is about 0.8 in the coronal plane and 0.6 in the horizontal 
or transverse plane. 

Arm Elévation 

The early description of this motion defined the 
glenohumeral contribution as the first 90° followed by 


scapulothoracic rotation. Subsequently, it was accepted 
that the overall glenohumeral-scapulothoracic motion is 
a two to one ratio. During the first 30° of élévation, greater 
motion occurs at the glenohumeral joint. The last 60°, 
occur with an equal contribution of the glenohumeral and 
scapulothoracic motion. An arc of about 15° of antero- 
posterior rotation of the scapula occurs with élévation of 
the arm, also 20° of forward tilt referable to the thorax 
also occurs during élévation. 

External Rotation of the Humérus 

An obligatory external rotation of the humérus is ne- 
cessary for maximum élévation. 3 The mechanical 
constraint is tuberosity impingement with the coracoacro- 
mial arch. The tuberosity is cleared posteriorly by external 
rotation, allowing for full arm élévation. In external 
rotation, the articulation of the humérus, which is retro- 
verted with respect to the glenoid is rotated anteriorly 
into a more optimum position for articulation with the 
glenoid. Also inferior ligaments of the glenohumeral joint 
are loosened by external rotation. Full élévation with 
maximum external rotation has been shown to be a 
position of greater. Stability of the shoulder, than the 
elevated position. 

Joint contact: During internai rotation, the contact moves 
forward and inferior, whereas in external rotation the 
contact is just posteroinferior. Saha has reported that with 
élévation the contact area moves superiorly. 6 However, 
when viewed in the axillary plane the humerai head 
remains centered in the glenoid if combined with internai 
and external rotation. 

Center of Rotation 

The center of rotation of the glenohumeral has been 
defined as a locus of points situated within 6.0 + 2.0 mm 
of the géométrie center of the humerai head. This is 
accurate only for pure rolling motion, is subject to input- 
type error, and is not accurate in pathological conditions. 
As viewed edge on, the center of rotation of the scapula 
for arm élévation is situated at the tip of the acromion. 

Screw axis: The points of intersection of ail the screw axis 
will be confined within a small sphere, if the joint is tight 
and stable. On the other hand, the points of the 
intersection of the screw axes will be more dispersed and 
confined in a larger sphere, when the joint is becoming 
unstable either due to disease of the capsular-ligamentous 
structures or the rotator euff. 

Clinical Relevance 

The orientation of the scapula and humérus referable to 
the thorax and to each other is very important. Therefore, 
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the true anteroposterior radiograph of the glenohumeral 
joint is taken 30° oblique to the sagittal plane. The scapular 
view is taken at a 30° angle to the frontal plane. The 
superior translation of the humerai head in the rotator 
cuff affected shoulder is due to the pull of the deltoid 
and lack of soft tissue interposition of the rotator cuff. 

Constraints 

It consists of static and dynamic éléments. The static 
component may be further subdivided into articular and 
capsular ligaments. 

Static constraints : The glenoid surface covers only 25 to 
30% of the humerai head in any given anatomical 
position. The dimensional relationship between the 
humerai head and the glenoid reflects the inhérent 
instability of the joint and has been referred to as the 
glenohumeral index. This is calculated as: 

Maximum diameter of glenoid 
Maximum diameter of humerai head 

Saha calculated this ratio as approximately 0.75 in the 
sagittal plane and as approximately 0.6 in the more critical 
transverse plane. 

Capsular and Ligamentous Contributions to 
Static Shoulder Stability 

The capsular ligament complex consists of superior, 
middle and inferior portions. These together with the 


coracohumeral ligament constitute the defined 
ligamentous structures of the anterior and superior 
shoulder joint. The ligaments function in a coordinated 
manner to resist joint translation, primarily by resisting 
displacement through their presence and secondarily by 
imparting increased joint contact pressure opposite the 
direction of displacement, which also increases joint 
stability. 

Dynamic Stabilizers 

The dynamic stability of the shoulder during activity 
occurs by the action of the shoulder musculature. Of the 
26 muscles controlling the shoulder girdle, only the four 
componets of the rotator cuff s play a significant rôle. The 
contribution of the cuff muscles to joint stability may be 
due to: (i) passive muscle tension from the bulk effect of 
the muscle itself, (ii) contraction causing compression of 
the articular surfaces, (iii) joint motion that secondarily 
tightens the passive ligamentous constraints, and (iv) the 
barrier effect of the contracted muscle. 
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The glenohumeral joint is the most commonly dislocated 
joint in the body. Shoulder as a whole, broadly comprises 
of the glenohumeral, scapulothoracic, acromion- 
clavicular and the sternoclavicular joint. A synchronous 
coordinated movement of ail these four joints brings 
about efficient abduction and forward flexion. Shoulder 
problems are usually sharply demarcated by âge as 
compared to other joints in the body. Thus, in a young 
patient the diagnosis is highly likely to be shoulder 
instability, whereas in an elderly sixty-year lady, the 
diagnosis is probably a rotator cuff problem—tear or 
degeneration (Fig. 1). 

HISTORY MINUTIAE 

The working diagnosis should be arrived at the end of 
history taking. The âge, hand dominance and occupation 
details are also contributory to the final diagnosis. 
Teachers, carpenters, painters are prone to rotator cuff 
problems. Software professionals and executives suffer 



from postural problems leading to scapular dyskinesia 
and fatigue of the postural muscles presenting as neck 
pain and médial scapular tender spots. Over head athlètes 
are more likely to suffer from labral injuries, internai 
impingement and in later life—rotator cuff problems. 
Pain in shoulder conditions is rarely experienced at the 
shoulder joint itself. Invariably, it is sensed as fatigue pain 
over the deltoid area presenting as a palm sign. AC joint 
arthritis patients will localise their pain at the AC joint 
with a finger—aka the Finger sign. Neck pain and médial 
scapular pain are often indicative of a weak rotator cuff 
or scapular dyskinesia. Pain as a resuit of a shoulder con¬ 
dition rarely travels beyond the elbow joint. Actions such 
as pouring from a jug of water, mimic the Hawkins sign 
and are clearly indicative of impingement. Night pain is 
unbearable and does not respond to NSAIDs. During the 
daytime gravity gives a helping hand distracting the head 
of the humérus from the acromion avoiding impin¬ 
gement. Overhead tasks will naturally eliminate the 
advantage of gravity. With the reduced acromion hume¬ 
rai distance, as a resuit of cuff inflammation or dysfunc- 
tion, supine position aggravâtes the pain. Rotator cuff 
tear patients notice aggravation of pain on overhead 
activity and can complain of crepitus or grinding. These 
symptoms can also be experienced in the presence of a 
thick subacromial bursa or glenohumeral arthritis. The 
loss of ROM of shoulder is more profound in patients 
with partial cuff tear than in complété cuff tear. Rest pain 
could suggest a tumor or infection. Morning stiffness of 
less than ten minutes is probably arthralgia commonly 
seen amongst ligament laxity individuals, whereas if 
more than an hour in duration is suggestive of an 
inflammatory arthropathy such as Rheumatoid arthritis. 
A shoulder with inflamed rotator cuff or bursitis does 
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not tolerate any jarring motion or a sudden jerk which 
leads to intense pain. Patients complaining of a feeling 
of insecurity and inability to throw are hinting at shoulder 
instability or subluxation épisodes that can be difficult 
to establish. It is important to corroborate whether the 
instability is traumatic or atraumatic. If the index dislo¬ 
cation occurred due to significant trauma during sports 
or a fall, it is likely that one is treating traumatic uni- 
directional instability. Trivial injury leading to dislocation 
of the shoulder which is often reduced by the patients, is 
more suggestive of multidirectional atraumatic insta¬ 
bility. A previous history of shoulder dislocation can be 
very relevant in patients presenting with shoulder pain 
in their late âges. They could hâve either a rotator cuff 
degeneration or secondary arthritis. "Voluntary" nature 
of dislocations needs to be established as these are not 
simple to treat and certainly such patients are not good 
candidates for a surgical repair. The incidence of neuro- 
deficit is very common during dislocation épisodes and 
must be looked for. The axillary nerve is most commonly 
injured due to its short winding course and more often 
than not, it is a neuropraxia that recovers in time. Reduced 
sensations in the regimental badge area are not a 
consistent feature of axillary nerve injury although it is 
commonly assumed to be. Occasionally shoulder insta¬ 
bility patients expérience stinging or burning pain along 
the dermatomes of the upper limb. These are called as 
STINGERS or BURNERS and are indicative of shoulder 
instability. Often football or rugby players expérience 
these as numbness during play and they recover within 
minutes. 

EXAMINATION PROPER 
Look 

Ideally, the patient must be from stripped from the waist 
above. It is préférable to start the examination from 
behind to observe the extent of rotator cuff wasting which 
cannot be appreciated from the front (Fig. 2). The presence 
of a mirror in front of the patient can reveal the patients 
expressions to the examiner who is watching from 
behind. In addition the static position of the scapula, in 
comparison to the opposite side, can be assessed. On 
dynamic forward flexion and abduction, the scapulo- 
thoracic rhythm should be observed for the extent of 
winging, smoothness of the rhythm and the contribution 
of the scapulothoracic joint to abduction. Often in most 
shoulder conditions, the rhythm does become dyskinetic 
without frank winging. Often there is an element of 
fatigue and the movement becomes dyskinetic after the 
patient abducts the shoulder a few times. This is a typical 
feature in patients with MDI where they hâve a poor 



Fig. 2: Wasting of supraspinatus and infraspinatus 
{For col or version, see Plate 43) 

sense of proprioception and the postural muscles of the 
scapula tend to fatigue. Conventionally, it was believed 
that the scapulothoracic with the Glenohumeral joint 
move in a 1:2 ratio. That is not quite true. The ratio varies 
with individuals and apart from the norm (65%) there 
are individuals with a prédominant glenohumeral 
contribution (20%) and lesser so are individuals with a 
prédominant scapulothoracic rhythm (15%). Kyphosis 
and scoliosis in turn affect the positioning of the glenoid, 
leading to excessive latéral tilt and increased antéversion. 
Excessive antéversion can lead to instability patterns. Any 
réduction in the glenohumeral movement will be 
compensated by the scapulothoracic joint and hence most 
painful restrictive disorders will lead to some amount of 
scapular dyskinesia. This changes the length tension 
relationship of the scapulothoracic muscles—Trapezius 
and the Rhomboids. Excessive strain on these will 
manifest as fibromyalgia and like disorders, with médial 
scapular pain and neck pain. Too often patients with 
shoulder problems présent with their cervical spine X- 
rays or neck pain preceding their shoulder stiffness. 

Observe the AC joint contour, which is disturbed in 
AC joint injuries and in AC joint arthritis. In neglected 
posterior dislocations, the upper limb tends to be held 
"locked" in internai rotation. In addition there will be a 
subtle bulge on the posterior aspect of the shoulder, which 
can be easily missed. Dislocated shoulder s are usually 
held in a still position to avoid even the slightest 
movement. The latéral acromion border becomes 
prominent in anterior dislocation with avoid laterally and 
a prominent head can be felt anteriorly under the coracoid 
process. Hamilton's ruler test is described to compare the 
dislocated side to the normal side. The circumference of 
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the axilla also increases with a dislocated or subluxated 
shoulder. An acute bursitis of the subacromial space 
secondary to rheumatoid arthritis can be dramatic in 
présentation, as shown in the Figure 3. A biceps tendon 
rupture at its proximal end will présent with a Popeye 
sign (Fig. 4) with a huge bulge in the midarm though the 
biceps strength against résistance can remain unaffected. 
Haemangioma at the shoulder joint is extremely rare as 
in a six-year old boy occupying the suprascapular area 
and extending down the arm (Fig. 5). A biopsy scar is 
also visible over the upper arm. 

Feel 

Tenderness Invariably the long head of biceps is in- 
flammed and tender in shoulder impingement, i.e. most 
shoulder conditions. However, LHB synovitis is usually 
secondary to another pathology, such as SLAP tear, cuff 
tear partial/complété. The point of tenderness is usually 
spécifie in AC joint arthitis, exactly over the AC joint. As 



Fig. 3: Bursitis secondary to rheumatoid arthritis 
(For color version, see Plate 44) 



Fig. 4: Popeye sign 



Fig. 5: Hemangioma in 6-year boy of 2 years duration 
(For color version, see Plate 44) 


the Glenohumeral joint is deeply situated, there is seldom 
a spécifie tender point. Often in arthritis of the gleno- 
humeral joint, the posterior joint line can be tender. 

A detailed palpation of the structural anatomy from 
the latéral and of clavicle to the anterior acromion and 
the LHB to posterior joint line and the médial border of 
scapula should be palpated for tenderness, deformity and 
swelling. 

Very commonly, the superomedial angle of the 
scapula and its underlying tissues are tender and 
chronically painful. The term // fibromyalgia ,/ is loosely 
used for such a présentation. The most common 
explanation for such tender spots over the trapezius and 
the rhomboids lies elsewhere. Weak supraspinatus due 
to a diverse aetiology will compel excessive recruitment 
of the trapezius and rhomboid muscles as a compensation 
manouevre to achieve abduction. These being postural 
muscles, fatigue easily, and in turn lead to sore points. 

Move 

It is préférable to assess the active ranges prior to checking 
the passive range of movement. Instability patients 
invariably hâve a full range of motion except for extreme 
abduction external rotation maneuvers. SLAP tear 
patients often hâve an impressive range unless they 
présent with secondary impingement. AC joint arthritis 
patients hâve only terminal restriction of abduction and 
internai rotation. Rotator cuff tear patients hâve a poor 
active range but their passive ranges are deceptively free 
range of motion. Extra-articular affections, such as Long 
thoracic nerve and suprascapular nerve compression 
hâve a free range of passive movement and an absent 
Hawkins sign. Impingement patients hâve a painful arc 
which can be overcome by abducting with the forearm 
in supination—so called Scaption maneuver. The ranges 
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are documented as degree of movement, except for 
internai rotation which is best assessed by taking the arm 
behind the back. Ranges vary from nil—latéral thigh, 
buttock, SI joint, L5, L1 and T7. The level of the tip of the 
thumb demarcates the extent of range. 

Tests 

Hawkins Sign (Fig. 6) 

The principle of the Hawkins sign is based on 
understanding the pathoanatomy of impingement. To 
achieve pain free abduction the normal shoulder 
effortlessly externally rotâtes in order to clear the 
acromion. In the presence of a weak supraspinatus or an 
inflamed rotator cuff, abduction is compromised due to 
déficient cavity compression action of the cuff. Ail signs 
for impingement use this principle by provoking 
impingement by forcing internai rotation on the abducted 
arm. Flex the arm by 90° at the shoulder and elbow and 
forcefully internally rotate it to provoke impingement. 
In most conditions where the acromiohumeral space is 
compromised, patient will expérience pain. Beware in 
patients with an inflammed cuff or diabetic stiff 
shoulders—a sudden jerk is poorly tolerated and 
occasionally patients can expérience sharp pain. 

Neer’s Sign 

This is a similar test to Hawkins test with the elbow in 
extension and the shoulder is forward flexed in internai 
rotation, based on the same principle. 



Fig. 6: Hawkins sign 


Neer’s Test 

This is distinct from the sign, where the patient is injected 
with a local anaesthetic in the shoulder joint and the 
Neer's sign performed 10 minutes after the injection. If 
the pain is relieved or reduced considerably reduced, it 
is diagnostic of impingement. The test is seldom used in 
the practical sense, as it is too lengthy to be performed in 
a busy clinic and it is perhaps best to avoid an invasive 
procedure on a pious joint. 

Shoulder examination can be conducted in a modular 
fashion, instead of following a dogmatic protocol. Thus, 
in a young 22-year patient, the instability tests are given 
preference over tests for AC joint arthritis. Similarly, in a 
70-year patient, priority is given to tests for AC joint and 
rotator cuff tests over instability tests. 

TESTS FOR INSTABILITY 

Shoulder instability commonly manifests as récurrent 
dislocation. However, there is a wide spectrum from 
inability to throw to frank récurrent dislocation. Superior 
labral tear patients hâve predominantly a problem in 
throwing and hâve significant internai impingement. 
Anterior labral tears can présent initially with récurrent 
subluxations, which may later progress, to a full-blown 
Bankart tear with récurrent dislocation. Hence the change 
in terminology—Récurrent "Instability" rather than 
"Dislocation". Minor subluxations can by themselves 
cause a Hill Sachs lésion. To that extent, the very first 
dislocation épisode itself can cause a large Hill Sach's 
lésion. As we see it now, a Hill Sach's lésion is a measure 
of the violence that caused the instability rather than the 
degree of récurrent instability. The diagnosis of instability 
is based on history, physical examination and 
occasionally imaging. 

Anterior Instability 
Drawers Test (Fig. 7) 

This can be done either with the patient standing or with 
the patient lying down. I prefer to let the patient lie down 
so that they are relaxed allowing the examiner to test the 
drift of the head of the humérus without any 
accompanying appréhension or spasm. Hold the glenoid 
anterior and posterior margins with one hand and 
negotiate the head of the humérus anteriorly and 
posteriorly to assess the anterior and posterior overriding 
over the glenoid. The extent of overriding canbe classified 
as grade I, II and III depending on 1 cm, 2 cm or 3 cm 
drift. A grade I drawers test is within normal limits and 
commonly seen in individuals with ligament laxity. The 
direction and extent of laxity has to be defined by the 
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Fig. 7: Drawers test Fig. 8: Crank and Jobes’ relocation test 


examiner - ex Grade III Posterior Drawers. It is vital to 
gain confidence of the patient and ensure their 
compliance. Obviously, this test is best done under GA. 
It is mandatory to perform an examination under 
anaethesia before starting any surgery for shoulder 
instability to understand the direction and extent of 
shoulder instability. Drawers test when done in 90° of 
abduction, will test the middle and inferior Gleno- 
humeral ligaments integrity. 

Crank Test for Anterior Instability (Fig. 8) 

With the patient supine the arm is gently taken into 
abduction and external rotation, which is usually the 
provocation manoeuvre in anterior instability. The 
examiner is required to watch the patient's facial 
expressions, as this is an "appréhension" test. The patient 
usually winces in appréhension of a subluxation and will 
point to the anterior aspect of the shoulder as the area of 
discomfort. At this point, it is best to proceed to the Jobes' 
relocation test. 

Jobes’ Relocation Test (Fig. 8) 

In continuation with the Crank test, the examiner uses 
his opposite palm anterior to the humerai head and 
relocates the head back into the glenoid. The 
apprehensive patient usually feels significant relief 
immediately although the arm is still held in the same 
abduction and external rotation position. Without 
forewarning the patient, the examiner can then release 
the hand over the head of the humérus maintaining the 
arm in abduction and external rotation. As a resuit of the 


sudden release, the patient expériences varying degree 
of pain and appréhension. The patient with a grossly 
uns table shoulder will almost sit up in a reflex move. 

FALLACIES 

1. Patients with internai impingement of the rotator cuff, 
commonly patients with laxity, will expérience 
appréhension during the Crank test but the pain and 
discomfort will be felt over the posterior aspect of the 
shoulder. Patients with SLAP tears may also 
expérience similar discomfort over the posterior 
shoulder joint line. 

2. The test may be false négative in anxious patients, 
patients with severe spasm and muscular individuals. 

Sulcus Test 

The inhérent laxity within the shoulder joint can allow 
the examiner to distract the joint by linear traction on the 
hand and observing a "sulcus (Fig. 9)" under the latéral 
margin of the acromion. Usually this is less than one cm. 
Occasionally individuals with generalized ligament laxity 
will demonstrate a significant sulcus more than one cm 
often allowing the examiner to insinuate a finger between 
the acromion and the head of humérus laterally. A sulcus 
less than one cm is considered normal and graded 1+. A 
sulcus 1cm to 2 cm is ++ and a sulcus more than 2 cms 
is +++. 

Ligament Laxity (Fig. 10) 

Beighton, a rheumatologist, described cases of arthralgia 
of non-inflammatory origin seen in individuals with 
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Fig. 9: Sulcus sign 

ligament laxity. Typically due to the non-inflammatory 
origin these patients fail to respond to conventional 
NSAIDs. He devised a crude score for assessing general 
ligament laxity. Hyperflexion at the thumb MP joint, 
hyper extension at MP joints, recurvatum at the elbow 
and knee were credited one point each, which was dou- 
bled for the opposite side giving a score of eight. Hyper- 
flexion at the spine allowing the individual to easily touch 
the floor with their palms will give a total score of 9. A 
score between 5 to 9 is représentative of generalized 
ligament laxity. However occasionally individuals may 
hâve isolated shoulder laxity without any other joints 
involved. Ligament laxity is common amongst Indian 
females and Orientais - where both the sexes seem to be 
equally involved. This physiologie laxity is distinct from 
other collagen disorders with hyper elasticity. 



Fig. 10: Ligament laxity at MCP joints 


Rotator Interval 

The sulcus test done with linear traction in about 30 
degrees of forward flexion will demonstrate the extent 
of rotator interval tear. The treatment of rotator interval 
and its repair is a controversial subject. Largely interval 
tears are suffered by throwing athlètes and this should 
be treated aggressively in such high performance athlètes. 

CLINICAL APPLICATION 

Some shoulder surgeons prefer to repair the interval or 
certainly tighten it with a PDS suture as a rule in ail 
Bankart repairs. I think it should be treated according to 
merit. Only in cases where there is excessive laxity and 
the capsule labral repair is not enough, to tighten the 
anterior structures should one resort to interval repairs. 
Without doubt, patients with euff tears with dissociation 
between supraspinatus and subscapularis should 
undergo an interval repair. In retracted chronic rotator 
euff tears, the surgeon could electively create an interval 
tear to help mobilize the supraspinatus to its original 
footprint and then repair the interval at its new position. 

Posterior Instability (Fig. 11 ) 

It is a more infrequent injury and for that very reason it 
is often missed. There are major différences in comparison 
to récurrent anterior instability. One, the mode of injury 
is usually an adduction internai rotation mechanism. Also 
epileptics or individuals suffering an electric shock are 
more likely to injure their posterior labrum. Unlike ante¬ 
rior instability, formai dislocation is unusual. Patients 
manifest with posterior shoulder pain and typically pain 
on extremes of adduction and internai rotation. Predomi- 
nantly throwing athlètes develop posterior instability. 
Super Frisbee is rugby like aggressive sport where the 
rugby bail is replaced by a Frisbee. Volleyball players also 
are known to hâve superior labral and posterior labral 
tears, some of which can remain asymptomatic. 
Awareness of the condition and detailed clinical 
examination will help avoid missing the condition. 

Perform the appréhension test in adduction and 
internai attempting to push the humerai head beyond 
the posterior rim of the glenoid. The patient expériences 
discomfort and should point to the posterior joint line as 
the area of discomfort. The test should be positive in 
conjunction with an increased posterior drawer and 
sulcus test. 
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Fig. 11: Posterior appréhension test 


SLAP (Superior Labrum Anterior to Posterior) Tears 

The superior labrum bears the insertion of the long head 
of the biceps to a varying degree, sharing the insertion 
with the superior glenoid tubercle. Recent biomechanical 
studies suggest that the SLAP lésion can occur during 
either the maximal cocking or the early décélération phase 
of throwing. Diagnosis of a symptomatic SLAP lésion 
remains a challenge. Throwing injuries in overhead 
athlètes usually lead to a SLAP tear. In the non-athletic 
population diverse mechanisms of injury can lead to a 
SALP tear. Typically a sudden jerk while a) leading a 
large dog on a leash or b) lifting excessively heavy weights 
on the bench press can lead to SLAP tears. Occasionally 
while travelling in a bus and holding the overhead bar 
rail when the bus cornes to a sudden unexpected stop 
can cause a similar injury. Individuals with overhead 
laxity maybe prone to such injuries. There is evidence to 
suggest that individuals with an internai rotation déficit 
(IRD) of more than 25° due to a tight internai capsule are 
likely to hâve a SLAP injury. IRD is the ratio of external 
rotation with internai rotation measured in 90° of 
abduction at shoulder and 90° of flexion at the elbow. 
WB Kibler found that ail sixty-four patients with a 
posterosuperior labral tear had restricted glenohumeral 
internai rotation, measured as a side-to-side différence 
of at least 25°, and that 88% had posterosuperior joint- 
line pain with abduction and external rotation. A positive 
O'Brien test was noted in less than 50% of the patients. 
SLAP tears are difficult to diagnose for lack of a good 
diagnostic test. Patients with SLAP tears often hâve an 


impressive range of movement but hâve a weak throwing 
arm. The stiffness that ensues is secondary to the 
supraspinatus tendon impingement. Usually this occurs 
as "internai impingement". Internai impingement has 
been defined as contact between the posterosuperior 
aspect of the rotator cuff and the posterosuperior aspect 
of the glenoid labrum with the shoulder in the cocked 
throwing position of 90 of abduction and maximum 
external rotation. The resulting contact between the 
undersurface of the infraspinatus and supraspinatus and 
the posterosuperior aspect of the glenoid labrum results 
in rotator cuff and labral abrasion, tearing, and 
degeneration. This typically occurs in abduction external 
rotation simulating a throwing action and was first 
demonstrated by S Snyder. In contrast conventional 
impingement typically occurs in internai rotation above 
90° flexion with the cuff being pinched between the 
acromion and greater tuberosity. 

O’Brien Test (Fig. 12) 

With the arm in 90° of forward flexion and adduction at 
the shoulder, ask the patient to flex his arm against 
résistance. If the arm drops down with pain at the 
shoulder joint it is considered a positive O'Brien test. 
However other conditions like Full thickness rotator cuff 
tear, Bankart tear and florid AC joint arthritis can also 
présent as false positive. In addition patients with 
multidirectional instability and scapular dyskinesia will 
also hâve a positive O'Brien albeit without the 
accompanying pain. To make matters worse, MRI of the 
shoulder may also fail to reveal a SLAP tear. A 
combination of history, examination and imaging can 



Fig. 12: O’Brien test 
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collectively help the clinician arrive at a diagnosis of a 
SLAP tear. The Crank test and Jobes' relocation test are 
often (false) positive in the presence of a SLAP tear but 
the pain and discomfort is felt at the posterior aspect of 
the shoulder joint at the site of internai impingement. To 
improve the ability of an MRI to diagnose a SLAP tear, 
one must advise the radiologist to use the ABER 
(Abduction External Rotation) protocol so as to separate 
the torn superior labrum from its parent bed. The use of 
Gadolinium intra-articular contrast will also enhance the 
probability of diagnosis. If the contrast is seen to separate 
the labrum from the glenoid it is diagnostic of a SLAP 
tear. 

The crank test had a specificity of 67%, a sensitivity of 
64%, and a positive prédictive value of 53%. The O'Brien 
test had a specificity of 41%, a sensitivity of 67%, and a 
positive prédictive value of 60%. In contrast, magnetic 
résonance imaging had a specificity of 92%, a sensitivity 
of 42%, and a positive prédictive value of 70%. 

Anterior Slide Test for SLAP Tears 

Kibler documents the sensitivity and specificity of a 
clinical test to aid in the diagnosis of superior glenoid 
labral lésions. The anterior slide test, a method of 
applying an anteriorly and superiorly directed force to 
the glenohumeral joint, was performed on several groups 
of athlètes. These included symptomatic athlètes with 
isolated superior labral tears, rotator cuff tears, and 
instabilities, and asymptomatic athlètes with rotational 
déficits. In addition, non-throwing athlètes were tested. 
The sensitivity of the test was 78.4%, and the specificity 
was 91.5%. This study shows that the anterior slide test 
can be used in the clinical examination, in that it has high 
specificity for superior labral lésions, but not enough 
sensitivity to be the sole diagnostic criterion for these 
lésions. 

ROTATOR CUFF TESTS 

Painful arc: A compromise of the rotator cuff function - 
either complété or partial, due to tear or inflammation, 
leads to an inefficient abduction leading to a painful arc. 
This is better observed with the arm coming down rather 
than active abduction. 

He patients continue to perform their ADLs in which 
predominantly includes considérable forward flexion and 
abduction in day to day tasks, with a weak inefficient 
abduction, the patient begins to recruit trapezius and 
rhomboids and compensâtes by way of excessive 
Scapulothoracic movement leading to scapular 


dyskinesia and pseudo winging with médial scapular 
tender spots and neck pain. 

Supraspinatus 

Empty can test (Fig. 13): The arm is placed in 30° of flexion 
and abduction in the plane of the scapula with the elbow 
fully extended and thumb pointing down (Empty can 
test) towards the floor. The patient is asked to raise the 
arm against résistance applied by the examiner over the 
forearm. If the arm flops down with pain, it is indicative 
of a rotator cuff tear. This is often referred as Drop arm 
sign and though diagnostic of a full thickness cuff tear, it 
can be occasionally seen in the presence of severe cuff 
inflammation or large partial tears. The empty can 
position éliminâtes most of the deltoid action but patients 
with weak Supraspinatus may recruit the biceps by 
flexing the elbow. During the test, with expérience, one 
can establish whether pain is associated with weakness 
or the weakness is secondary to pain. Often the patient 
has impingement and does not tolerate internai rotation 
and in itself this is a difficult test for patients to perform. 
Hence, it is advisable to do the full can test as well. 

Full can test: The same test is repeated with the thumb 
pointing up towards the ceiling. The deltoid shares the 
load of the Supraspinatus and it is performed with ease. 
In the presence of a full thickness tear both the empty 
can and the full can tests will be positive. In supraspinatus 
tendonitis, calcifie tendonitis or partial tears of the rotator 
cuff the full can test will be négative whereas the empty 



Fig. 13: Empty can test for supraspinatus 
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can test may be positive. The full can test is more spécifie 
for the diagnosis of a full thickness tear. 

Infraspinatus (Fig. 14) 

Resisted external rotation tests the infraspinatus and the 
Teres minor together. It is impossible to isolate the Teres 
minor from the infraspinatus. The patient is asked to tuck 
the elbow near his waist in 90° of flexion at the elbow 
and rotate the forearm externally against résistance. 

External rotation can also be tested against gravity 
by flexing the shoulder and elbow to 90° and internai 
rotation at the shoulder joint. The patient is then asked 
to externally rotate against gravity against résistance. 
Most patients with impingement do not tolerate flexion 
and internai rotation at the shoulder. I reserve the anti- 
gravity test (Fig. 15) for patients with Compression 
neuropathy of the suprascapular nerve. 

Subscapularis 

Gerber's lift-off test (Fig. 16) is performed by bringing 
the arm passively behind the body into maximum internai 
rotation. The resuit of this test is considered normal if the 
patient maintains maximum internai rotation after the 
examiner releases the patient's hand. If passive maximum 
internai rotation cannot be actively maintained and the 
hand drops straight back and cannot be lifted off the spine 
without extending the elbow, the resuit is considered 
positive. If the résistance is weak and the hand drops back 
more than 5° but not ail the way to the spine, the resuit is 




Fig. 15: Infraspinatus test against gravity 



Fig. 16: Gerber’s lift off 


considered weak. The other potential internai rotators of 
the humérus (Pectoralis major and Latissimus dorsi) hâve 
a limited rôle in maintaining internai rotation when the 
arm is placed behind the back. 


Fig. 14: Infraspinatus test 
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Subscapularis is a large and strong muscle. In 
comparison to supraspinatus and infraspinatus, 
degenerative tears although known, seldom occur within 
the Subscapularis. Such extreme internai rotation may 
not be possible in some patients. As an alternative, the 
Napoléon test is described. Also in subscapularis rupture 
an increase in the external rotation as compared to the 
normal side is a contributory finding. 

In the presence of a rotator cuff tear, it is common to 
feel crepitus in the subacromial région. In thin patients 
with wasted deltoid, occasionally one can palpate the 
defect in the cuff while rotating the arm internally and 
externally. 

Napoléon or Belly Press Test (Fig. 17) 

With both palms resting on the abdomen, when patients 
exerted pressure on the abdomen, patients were not able 
to maintain the elbow anterior to the midline of the trunk, 
as viewed from the side; instead, the elbow dropped back 
behind the trunk. The test can be performed with the 
examiner's hand inserted between the patient's hand and 
stomach to assess the pressure exerted on the stomach 
compared with that exerted by the hand on the uninjured 
side. The eponymous test takes its name from Napoléon, 
whose photographs universally show his palm tucked 
inside his coat on his belly. 

ACROMIOCLAVICULAR JOINT TESTS 
Cross Adduction Test (Fig. 18) 

The AC joint is stressed by adducting the shoulder at 90° 
flexion and the patient should perceive pain specifically 
at the AC joint. This is a sensitive test but its specificity 
for AC joint arthritis is low. 

Fallacy: Patients with restricted internai rotation due to 
a tight posterior capsule, will naturally expérience pain 
on stretching during the cross adduction test. However 
the pain here would be at the posterior aspect of the 
shoulder joint and not over the AC joint. Similarly, in 
suprascapular compression neuropathy, the nerve can 
be stretched at the cross adduction test leading to pain 
over the spinoglenoid notch. As stated earlier patients 
with AC joint arthritis will also hâve a positive O'Brien 
test. 

Paxinos Sign 

The examiner performs the test for the Paxinos sign with 
the patient sitting comfortably on the examining couch 
and the affected arm by the side of the chest wall. The 



Fig. 17: Napoléon test 



Fig. 18: Cross adduction test 


examiner's hand is placed over the affected shoulder such 
that the thumb rested under the postérolatéral aspect of 
the acromion and the index and long fingers of the same 
or contralatéral hand are placed superior to the midpart 
of the ipsilateral clavicle. The examiner then applies 
pressure to the acromion with the thumb, in an antero- 
superior direction, and inferiorly to the midpart of the 
clavicular shaft with the index and long fingers. The 
specificity of both the above tests for AC joint OA is low 
but can be enhanced considerably if a Bone Scan or MRI 
is combined with the test. Rotator cuff pathology is a 
common association of AC joint arthritis especially in the 
presence of an inferior osteophyte. 
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Fig. 19: Yergasson’s test for biceps tendon 


LONG HEAD OF BICEPS 
Speed Test 

The shoulder is forward flexed in supination with the 
elbow 30° flexion against résistance applied at the 
forearm. Pain near the long head of biceps is indicative 
of tendonitis. 

Yergasson’s Test (Fig. 19) 

Resisted supination of the forearm with pain at the long 
head of the biceps is taken as a positive test. More often 
than not. Long head of Biceps tendonitis is secondary to 
impingement of the shoulder and is seldom indicative of 
any primary biceps pathology. Due to its intra-articular 
course it is most susceptible for synovitis or edema. Very 
often this is a striking feature of ail USG studies of the 
shoulder but lacks significance. 

NERVE TESTS 
Serratus Anterior 

Symptoms of long thoracic nerve palsy will be exclusively 
évident at the shoulder joint by weakening the scapular 
anchorage to the ribcage. Serratus weakness can be very 
debilitating and cause shoulder stiffness. If the nerve is 
affected at the root level, more proximally, then the 
weakness is profound and winging is readily apparent. 
The long thoracic nerve can suffer a compression 



Fig. 20: Tender point in mid axillary line 


neuropathy in the mid axillary line just proximal to the 
innervation of the muscle by its various branches. The 
aetiology is usually either idiopathic or traumatic. The 
vascular leash of vessels proximally over the course of 
the nerve from an adhèrent scar tethering the nerve 
causing neuropathy of the branches distal to the nerve. 
Since the branches proximal to the nerve are unaffected 
the weakness of the muscles is incomplète. The point at 
which the nerve is tethered often corresponds to the 
tender point within the axilla in the mid axillary line 
(Fig. 20). 

Wall Push Test 

Performing the wall push with both the elbows in full 
extension will reveal the winging of the médial border of 
the scapula (Fig. 21). In addition, a tender point can be 
elicited at the above described point to reinforce the 
diagnosis. Confirmation can be achieved with EMG 
studies by needling the serratus anterior muscle, provided 
the duration of affection is more than 6 weeks. 

Trapezius 

Accessory nerve compression can also cause winging of 
the scapula. The test for winging is carried out in the same 
manner as above. The pattern of winging in trapezius 
weakness differs from conventional serratus anterior 
weakness. Here the superomedial aspect of the scapula 
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Fig. 22: Winging in accessory nerve palsy 


is drawn out posteriorly (Fig. 22). The accessory nerve is 
not entrapped conventionally. Invariably it is either 
injured during extensive neck surgery—radical 
Commando operation or it is incarcerated within scar 
tissue at the site of surgery. The few cases that I hâve 
corne across hâve been singularly as a resuit of surgical 
lymph node excision. 

In addition to atypical winging, patients hâve 
weakness in elevating the scapula and as a resuit of this 
develop impingement at the shoulder with stiffness. 

Compression Neuropathy of Suprascapular Nerve 

Compression neuropathy of the suprascapular nerve is 
a rare and infrequently diagnosed condition. The 
suprascapular nerve can be compressed at two different 
levels. A lésion in the spinoglenoid notch will invariably 
affect only the infraspinatus muscle. If it is compressed 
at the suprascapular notch then both the supraspinatus 
and infraspinatus are affected and then the présentation 
is not too different from a rotator cuff tear. It is rather 
unusual for a patient to hâve isolated Infraspinatus 
weakness, as commonly it is the supraspinatus which 
undergoes a degenerative tear. Young individuals with 
Infraspinatus wasting should arouse suspicion of a 
compression neuropathy. Patients with Compression 
neuropathy of suprascapular nerve hâve symptoms 
similar to a cuff tear (Fig. 23). However, Hawkins sign is 
négative and the passive ranges are free. Usually there is 
a ganglion compressing on the nerve. Occasionally 
patients hâve a sharp configuration of the suprascapular 
notch or a tight spinoglenoid notch. Volleyball players 
are known to hâve superior labral tears with an associated 



Fig. 23: Isolated wasting of infraspinatus in suprascapular nerve 
compression at the spinoglenoid notch (Forcolor version, see 
Plate 44) 


ganglion in the suprascapular notch. The wasting of the 
cuff muscles is disproportionately severe in comparison 
to the duration of symptoms. The cross adduction test is 
positive in suprascapular compression neuropathy with 
pain over the spino-glenoid notch. 
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History 

Sprengel and Kôlliker described the first cases in the 
Langenbecks Archiv fur klinische Chirurgie in 1891 and 
Kôlliker applied Sprengel's name to this condition, thus 
giving him an eponymous memorial. 

The first description of this deformity is attributed to 
Eulenberg and was published in 1868 also in Germany. 

In 1883, the British authors Willet and Walsham 
published a detailed anatomical study based on 
postmortem dissection of deformed shoulder Girdles. 

In 1972, Cavendish formulated a grading System on 
the basis of 112 cases reviewed from several British 
hospitals. 

The surgical management of scapular élévation was 
first proposed by Putti in 1908 who advised that muscular 
attachment to the scapula should be released and the 
scapula transplanted to a lower level. Green, Allan and 
Woodward developed further modifications in 1957,1964 
and 1961, respectively. 

McFarland advocated a radical approach in 1950, 
which believed that nothing but excision of most of the 
scapula, leaving only the glenoid and the coracoid, would 
produce the desired effect. 

Problem : Sprengel deformity is a complex anomaly 
associated with malposition and dysplasia of the scapula 
with muscle hypoplasia or atrophy, which causes 
disfigurement and limitation of shoulder movement. 

Frequency: Sprengel deformity is the most common 
congénital malformation of the shoulder girdle (Grogan, 
1983). The male-to-female ratio is 3:1. 

Etiology 

Genetics 

The condition is sporadic. Rarely, it may run in families 
(autosomal dominant pattern of inheritance). 


Embryology 

The scapula is a cervical appendage that normally 
differentiates opposite the fourth, fifth, and sixth cervical 
vertebrae at about 5 weeks' gestation. It normally 
descends to the thorax by the end of the third month of 
intrauterine life. Any impediment to its descent results 
in a hypoplastic, elevated scapula (Sprengel deformity). 

Congénital élévation of the scapula is caused by an 
interruption in the normal caudad migration of the 
scapula. This produces both cosmetic and functional 
impairment. It probably occurs between the 9th and 12th 
week of gestation. An arrest in the development of bone, 
cartilage, and muscle also occurs. The trapezius, 
rhomboid, or levator scapulae muscles may be absent, 
hypoplastic, or contain multiple fibrous adhesions. The 
serratus anterior muscle may be weak, leading to winging 
of the scapula. Other muscles, such as the pectoralis 
major, latissimus dorsi, or the sternocleidomastoid, may 
be hypoplastic and similarly involved. 

Associated malformations are almost always présent. 
These can include anomalies in the cervicothoracic 
vertebrae or the thoracic rib cage. The most common 
anomalies are absent or fused ribs, chest wall asymmetry, 
Klippel-Feil syndrome, cervical ribs, congénital scoliosis, 
and cervical spina bifida. When scoliosis is présent, the 
most common curves are cervicothoracic or upper 
thoracic curves. A relationship between Sprengel 
deformity and diastematomyelia has also been shown. 

Another anomaly seen in approximately one-third of 
patients with Sprengel deformity is the omovertebral 
bone. This is a rhomboid- or trapezoid-shaped structure 
of cartilage or bone. It usually is lying in a strong fascial 
sheath extending from the superomedial border of the 
scapula to the spinous processes, lamina, or transverse 
processes of the cervical spine, most commonly the fourth 
to seventh cervical vertebrae. A well-developed joint can 
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form between the scapula and the omovertébral bone. It 
can also be a solid osseous bridge. This bone is best 
visualized on a latéral or oblique radiograph of the 
cervical spine. 

Pathophysiology : Despite the works of Engel (Bleb theory), 
Oxnard, and Ogden et al, no satisfactory explanation 
exists regarding the pathogenesis of the deformity. 

The gross pathology can be described as follows: 

• Scapula : The scapula is dysplastic and is located higher 
than normal in the neck or upper thoracic région. It is 
smaller than normal in the vertical plane and appears 
larger horizontally. The inferior angle is medially 
rotated, causing the glenoid to face inferiorly. An 
inverse corrélation exists between the superior 
displacement and rotation of the scapula; with a 
higher scapula, the rotation is decreased. Convexity 
of the upper (supraspinous) portion of the scapula is 
increased and curvature of the clavicular shaft is 
decreased, forming a narrower scapuloclavicular 
space, which may contribute to brachial plexus 
compression postoperatively. 

• Omovertebral connection : An omovertebral connection, 
which may be fibrous, cartilaginous, or bony, may 
exist in about one-third of cases (Grogan, 1983; 
Hamner, 1995). It attaches the superomedial angle of 
the scapula to the spinous process, lamina, or 
transverse process of the cervical vertebrae. This may 
be the primary cause of restricted shoulder motion in 
patients with Sprengel deformity (Doita, 2000). It is 
usually unilatéral, is always associated with a fixed 
elevated scapula (Jeannopoulos, 1952), and has a 
major rôle in determining the shape and the 
malpositioning of the scapula (Cho, 2000). According 
to Willet and Walsham, the omovertebral bar is 
homologous to the suprascapular bone in lower 
vertebrates. 

• Periscapular muscles : The spinoscapular muscles may 
be fibrotic and contracted, with the trapezius being 
the most commonly affected. 

Clinical: The hallmarks of this condition are shoulder 
asymmetry and restriction of shoulder abduction. 

Clinically, the affected scapula is usually elevated 
2-10 cm. The scapula is adducted, and its inferior pôle is 
medially rotated. Due to this rotation, the glenoid faces 
inferiorly. A prominence in the suprascapular région is 
characteristic due to the upwardly rotated superomedial 
angle of the scapula. This causes the ipsilateral side of 
the neck to appear fuller and its normal contour to be 
lost. 

The scapula is hypoplastic, and the length of the 
vertébral border is decreased. Occasionally, some anterior 
bending of the supraspinous portion is présent. 


Passive movement of the glenohumeral joint, 
including abduction and external and internai rotation, 
may be normal. However, scapulothoracic movements 
may be severely limited. In 40% of patients with Sprengel 
deformity, combined abduction is limited to less than 
100°. The omovertebral bone may also limit abduction 
by affecting scapular mobility. The omovertebral bone 
can also limit neck movement if it is attached high in the 
cervical spine. Other causes of limited abduction include 
abnormal and weakened scapular muscles. 

The left side is more commonly affected than the right 
side. The condition may sometimes be bilateral, in which 
case, it is cosmetically much more acceptable, but 
functionally, it is more disabling. 

Problems that may be associated with this condition 
include syndromes such as the following: 

• Klippel-Feil syndrome (Hensinger, 1974) 

• Greig syndrome (Keats, 1970) 

• Poland syndrome (Hadley, 1985) 

• VATER association, i.e. vertébral defects, imperforate 
anus, tracheoesophageal fistula, and radial and rénal 
dysplasia (Fernbach, 1988) 

• Velocardiofacial syndrome (Pollard, 1999) 

• Floating harbor syndrome (Hersh, 1998) 

• Goldenhar syndrome (Avon, 1988) 

• X-linked dominant hydrocephalus, skeletal 
anomalies, and mental disturbance syndrome (Ferlini, 
1995). 

These syndromes are extremely rare, with the possible 
exception of the Klippel-Feil syndrome. 

In 1972, Cavendish formulated a grading System on 
the basis of 112 cases reviewed from several British 
hospitals. 

• Grade 1: The deformity is very mild. The shoulder s 
are almost level, and the deformity cannot be noticed 
with the clothes on. 

• Grade 2: The deformity is mild. The shoulder s are 
almost level, but the superomedial portion of the high 
scapula is visible as a lump. 

• Grade 3: The deformity is moderate. It is visible, and 
the affected shoulder is elevated 2-5 cm higher than 
the opposite shoulder. 

• Grade 4: The deformity is severe. The scapula is very 
high, with the superomedial angle at occiput with the 
neck webbing and brevicollis. 

This classification, however, is difficult to apply in 
bilateral cases. 

Indications for surgery include significant cosmetic 
concerns and significant restriction of shoulder abduction 
in children younger than 6 years. 
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Relevant anatomy : Some vital structures are at risk during 
the extensive dissection required as part of the relocation 
procedure. These include the foliowing (Boon, 2002): 

• The dorsal scapular nerve : This nerve courses close to 
the superomedial border of the scapula in the plane 
between the rhomboids and the erector spinae 
muscles. It remains anterior to the serratus anterior 
and the subscapular muscles. A risk exists of injuring 
the nerve while dissecting the periscapular muscles 
at the superomedial angle of the scapula and when 
the trapezius and the rhomboids are reflected off as a 
single unit from the spine in the Woodward 
procedure. Therefore, staying subperiosteal while 
freeing the periscapular muscles is essential, especially 
at the superomedial angle of the scapula. 

• The spinal accessory nerve : This nerve is located between 
the trapezius and the rhomboids and is, therefore, at 
risk theoretically; however, since it is sandwiched 
between the two muscles, it is rarely ever injured 
while these muscles operate as a unit. 

• The suprascapular nerve: This nerve runs in the 
suprascapular notch of the scapula and may be 
injured if the dissection is carried too far laterally 
when the superior portion of the scapula is resected. 
This can be avoided by staying at least 1 cm médial to 
the notch. 

Contraindications: Presence of a mild deformity with 
minimal restriction of movement is a contraindication to 
surgery. While the treatment of this condition is 
essentially surgical, some factors exist that could 
compromise the results of surgery and may be considered 
to be contraindications. These include presence of 
associated syndromes that affect the final functional 
outcome. 

Imaging Studies 

Radiographs 

— Sprengel deformity is best visualized on the 
anteroposterior (AP) view of the chest and both 
shoulder s. 

— A latéral view of the cervical and thoracic spine 
must also be obtained to rule out associated spinal 
anomalies. 

— The scapular displacement can be measured by 
the method described by Leibovic et al (1990). The 
Leibovic method (Fig. 1) can be described as 
follows: On an AP radiograph of the chest, draw 
the folio wing lines: 

- Line 1—From the midpoint of the acromio- 
clavicular joint to the midpoint of the 
sternoclavicular joint 



- Line 2—From the midpoint of the 
acromioclavicular joint to the inferior angle of 
the scapula 

- Line 3—A vertical line along the spinous 
processes of the vertebrae. 

The superior scapular angle (SSA) is the angle 
between lines 1 and 2. The inferior scapular angle (ISA) 
is the angle between lines 2 and 3. These angles give us 
an idea about the scapular rotation. As the scapula is 
derotated back toward normal, the SSA increases and the 
ISA decreases. The caudad displacement of the scapula 
is measured by a line drawn from the center of the 
acromioclavicular joint perpendicular to line 3. The 
vertébral body at which this intersects provides an idea 
as to the level of the scapula. Since this is not a numeric 
value, it is not affected by growth. SSA, ISA, and the level 
of the scapula are measured preoperatively and 
compared to the postoperative follow-up values. 

CT Scan 

- CT scans with 3-dimensional reconstruction may 
be performed to visualize the pathoanatomy and 
to visualize the omovertebral bar. 

- CT scans may also help in planning surgery, e.g. 
if the CT scan shows that the height-to-width ratio 
is markedly decreased, then the prominent 
convexity of the vertébral border along with the 
supraspinous portion of the scapula should be 
resected (Cho, 2000). 

• Appropriate imaging studies should also be 
performed for any associated anomalies. 

Medical therapy: Nonoperative treatment consists of 
physical therapy. Exercises are used to maintain range 
of motion and to strengthen the weak periscapular 
muscles. 
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Surgical therapy : Many patients with Sprengel deformity 
do not require operative intervention. For those who do 
require surgery, the aims of correction of Sprengel 
deformity are twofold. First, the cause of the scapular 
binding must be released. Second, the scapula must be 
relocated. 

The main objectives in performing surgery are to 
improve the cosmetic appearance and contour of the neck 
and to improve the function when it is severely impaired. 
The optimal âge for operative intervention is 
controversial. Most would recommend surgery be 
performed when patients are younger than 8 years in 
order to obtain the best surgical resuit. 

Surgical options include subperiosteal resection of 
part of the scapula, extraperiosteal release, trans¬ 
plantation of the muscular origins of the scapula, excision 
of the superomedial portion of the scapula, and vertical 
scapular osteotomy. Clavicle resection and excision of the 
omovertebral bone hâve also been described. Many of 
these procedures leave unsightly scars; therefore, the 
cosmetic improvement needs to be carefully considered. 
The ability to increase shoulder abduction with surgery 
is also limited. 

Preoperative details : Explaining the expected outcome of 
the surgery to the parents and ensuring that they hâve 
realistic expectations of the surgery are extremely 
important. Parents must be told that while cosmesis may 
be improved, the improvement in the range of motion 
may be limited. 

Prior to surgery, certain factors should be considered, 
including the cosmetic severity, the functional 
impairment, the âge of the patient, other congénital 
anomalies, and the medical fitness for undergoing the 
surgery. These factors are important because they 
ultimately détermine the outcome. 

Preoperatively, radiographs of both shoulders, 
including the cervical and thoracic spine, should be 
obtained to détermine the presence of congénital scoliosis, 
Klippel-Feil syndrome, or an omovertebral bone. 
Furthermore, a CT scan or MRI may be useful to delineate 
the attachments of the omovertebral bone or détermine 
the presence of spina bifida occulta or an intraspinous 
lésion. 

Intraoperative details : Though multiple surgical procedures 
are described in literature, the Green and the Woodward 
procedures remain the criterion standards. These 2 
surgical procedures are described below. 

Modified Green Scapuloplasty 

This procedure is usually performed for a moderate or 
severe deformity. The patient is placed in the supine 
position on a radiolucent table. A supraclavicular incision 


is made 2 cm cephalad to the mid portion of the clavicle, 
in line with the skin creases. The deep fascia is incised, 
and the periosteum of the clavicle is divided 
longitudinally. The underlying subclavian vessels and 
brachial plexus must be carefully protected. The anterior 
cortex of the middle third of the clavicle is sectioned with 
an oscillating saw. Gentle force is then used to produce a 
greenstick fracture. The periosteum is then closed. 

The patient is then turned to the prone position. A 
midline incision is made from C4 to T10. A plane is 
developed between the subcutaneous tissues and the 
fascia underlying the trapezius muscle. Dissection then 
proceeds laterally to expose the spine of the scapula. The 
insertion of the entire trapezius muscle onto the scapular 
spine is sectioned and tagged. The trapezius is reflected 
medially. Care must be taken to avoid injury to the spinal 
accessory nerve. The supraspinatus muscle is then 
detached extraperiosteally to the greater scapular notch. 
The transverse scapular artery and the suprascapular 
neurovascular bundle must be protected. 

The omovertebral bar is then excised. The scapular 
attachment is sectioned first. The omovertebral bar is then 
gently detached from its insertion to the cervical spine. 
The insertions of the levator scapulae and the rhomboid 
muscles are extraperiosteally dissected, divided, and 
tagged. Starting medially, the subscapularis muscle is 
elevated extraperiosteally. The suprascapular 
neurovascular bundle is protected, and the supraspinous 
portion of the scapula, along with its periosteum, is 
excised. 

The scapular attachments of the latissimus dorsi 
muscle are divided extraperiosteally. Blunt dissection is 
used to create a large pocket in the superior part of the 
latissimus dorsi muscle. Fibrous bands may connect the 
scapula to the chest wall. These should be divided in 
order to mobilize the scapula. The scapula is then 
displaced distally. In order to prevent migration, the 
inferior pôle of the scapula is fixed to the adjacent ribs. If 
winging is présent, the scapula can be fixed to the rib 
cage in a lowered and more laterally rotated position. 

The muscles are then reattached in the following 
order: supraspinatus to the base of the scapular spine, 
subscapularis to the vertébral border of the scapula, 
serratus anterior to the vertébral border, levator scapulae 
to the superior border, rhomboids to the médial border, 
trapezius to the scapular spine, and the superior edge of 
the latissimus dorsi to the inferolateral edge of the 
trapezius. The wound is then closed in layers. 

Woodward Procedure (Figs 2 to 7) 

The Woodward procedure is also performed for a 
moderate or severe deformity. The patient is placed in 
the prone position. A midline incision is made from Cl 
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Fig. 2: Incision from C 1 to ï 9 




Fig. 4: Lower portion of trapezius dissected 
from latissimus dorsi 




Fig. 3: Dissection medio-lateral 




Fig. 5: Origins of rhomboids detached and tagged, levator 
scapula is also sectioned 


























2558 Textbook of Orthopedics and Trauma (Volume 3) 



Preoperative 


Postoperative 


Figs 7 A to D: Another case operated by modified wood ward procedure 


to T9. The wound is dissected laterally to the médial 
border of the scapula. The latéral border of the trapezius 
is identified. The lower portion of the trapezius is 
dissected from the latissimus dorsi muscle. The origin of 
the trapezius is detached from the scapular spine. The 
edges are tagged. The origins of the rhomboids are 
divided and tagged. The entire muscle sheet is retracted 
laterally, exposing the omovertebral bar. This is excised 
extraperiosteally. The levator scapula is sectioned at its 
attachment to the scapula. Fibrous bands may attach the 
scapula to the chest wall. These should be sectioned. The 
serratus anterior muscle must be detached from its 
insertion in the vertébral border of the scapula. The 
supraspinatus and the subscapularis muscles are elevated 
extraperiosteally. 

The supraspinous portion of the scapula is resected 
with its periosteum. Care is taken to avoid injury to the 
suprascapular nerve and vessels. The scapula is then 
lowered to the desired position. The subscapularis muscle 
is reattached to the vertébral border, and the 
supraspinatus is sutured to the scapular spine. The 
serratus anterior is reattached to the vertébral border, and 
the latissimus dorsi is reattached to the scapula. The 
trapezius and the rhomboids are then resutured to the 
spinous processes at a more distal level. The wound is 
then closed in layers. 

Postoperative details : The arm is supported with a sling 
postoperatively, and gentle range of motion (active and 
passive) exercises are started. The sling is used for 3 


weeks. Gradually, active range of motion and 
strengthening exercises are instituted. Physical therapy 
is continued for up to 6 months. 

Follow-up care : The patient is seen monthly for the first 3 
months, every 3 months subsequently for the first year, 
and yearly thereafter. Appearance, function, motion, and 
general satisfaction are assessed at each visit. Appearance 
of the scar, symmetry, presence and degree of winging, 
range of motion, muscle bulk, and strength are measured. 
Radiographs and clinical pictures are obtained for 
comparison. 

Postoperative complications include the following: 

• Winging of the scapula that may resuit from 
incomplète reattachment of the serratus anterior 

• Brachial plexus injury. Morcellization of the Clavicle 
as a preliminary step in Cavendish grades 3/4 may 
be done to avoid this complication. 

Keloid formation may complicate wound healing. 

Prognostic factors include the following: 

• Severity of the deformity 

• Age at surgery: Generally, results of surgery in 
children older than 6 year s are not as good. 

• Type of procedure: Relocation surgeries hâve better 
functional outcomes. 

Associated anomalies : Anomalies such as Klippel-Feil 
syndrome compromise the eventual resuit. 
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Future 

In a recent report, Mears described a novel approach that 
includes an oblique plane osteotomy of the scapular body 
along with release of the long head of triceps from the 
scapula. He reported a significant improvement in 
function foliowing this procedure. 

Controversies 

Surgical correction in older patients (>8 years) is 
controversial, and results of surgery are not as good. 
However, in a recent report, Doita et al hâve had good 
results after surgical correction even in adults, and they 
recommend surgery even in older patients. 
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Chronic Instability of 
Shoulder—Multidirectional 
Instability of Shoulder 


Chris Sinopidis 


INTRODUCTION 

The shoulder is one of the most unstable and frequently 
dislocated joint in human body. Nearly 50% of ail 
dislocation occur in shoulder. Failure to immobilize the 
shoulder for 3 to 4 weeks after réduction of an initial 
dislocation was once thought to be the chief cause of 
récurrence, but there are many other factors responsible. 
Among them are: 

i. The site and nature of damage at the time of initial 
injury. 

ii. The greater the trauma causing the initial disloca¬ 
tion the lower the incidence of récurrence (Rowe). 

iii. Récurrence occurs in 90% of patients under 20 years 
of âge in 60% of person between 20 and 40 years 
and in only 10% beyond 40 years (Mclaughlin and 
Cavallard). 

Normal Functional Anatomy 

Unlike hip joint the bony anatomy of shoulder joint does 
not provide inhérent stability. The glenoid fossa is a 
flattened dish-like structure. At any given time, only one- 
fourth of large humerai head articulâtes with glenoid. 
The presence of glenoid labrum increases the contact of 
humerai head by 70%. The capsule is lax and thin and 
does not offer any stability. Anteriorly, there are three 
thickenings or ligaments or capsule that add to the 
stability. 

The principle stabilizers can be classified as: 

i. Dynamic (muscle) 

ii. Static (ligaments). 

The static stabilizers are: 

i. Superior glenohumeral ligament—SGHL (Fig. 1), 

ii. Middle glenohumeral ligament, and 

iii. Inferior glenohumeral ligaments 


Biceps, long head 


Superior gleno¬ 
humeral lig. 

Subscapularis 

tendon 

Middle gleno¬ 
humeral lig. 


Subscapularis, 
fleshy lower end 



Root of 

coracoid process 


Fibrous capsule 


Inferior gleno¬ 
humeral lig. 


Fig. 1: Showing anterior glenohumeral ligaments which are 
further divided into superior, anterior-middle and antero-inferior 


SGHL attachments: It is attached to glenoid rim near the 
apex of labrum alongwith long head of biceps to anterior 
aspect of anatomie neck of humérus. 

Functions: Helps to prevent downward subluxation of 
dépendent humérus in adduction. 

Middle glenohumeral ligament (MGHL) attachments: It has 
a wide attachment extending from the SGHL, along the 
anterior margin of glenoid to as far as the junction of 
middle and inferior third of glenoid rim to the anatomical 
neck of humérus. 

Function: It is the main stabilizer at 45° of abduction 
alongwith the anterosuperior fibers of IGHL. 

Inferior glenohumeral ligament (IGHL) attachments: It is 
attached to the anterior, inferior, and posterior margins 
of glenoid below the level of horizontally oriented 
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epiphyseal plate into the inferior aspect of anatomie and 
surgical neck of humérus. It is divided into two parts: (i) 
superior band, and (ii) axillary pouch. 

Function: It is main static anterior stabilizer of shoulder. 

The dynamic stabilizers are: (i) deltoid (extrinsic), and 
(ii) intrinsic. 

1. Deltoid (extrinsic): It is the main extrinsic stabilizer 
which tends to displace humérus superiorly. 

2. Intrinsic muscle forces provide compressive or 
stabilizing forces. Subscapularis is the principle 
anterior stabilizer in the lower ranges of abduction 
and external rotation. 

Extrinsic and intrinsic muscles should act in concert 
or else muscular imbalance leads to instability. 

In summary, the principles stabilizers are as follows: 

1. At 0° of abduction—subscapularis 

2. At 45° of abduction—subscapularis and MGHL and 
anterosuperior fibers of IGHL. 

3. At 90° abduction—only IGHL is the stabilizer. 

Etiology 

Prédisposition of the many factors predisposing récurrent 
anterior dislocation of shoulder, young âge and epilepsy 
hâve been generally recognized as most important. Period 
and efficiency of immobilization following réduction of 
acute traumatic dislocation is a debatable factor. 

It is generally recognized that a significantly high 
percentage of acute traumatic dislocations undergo 
récurrence. Rowe and Sakellarides (1961) reported 94% 
récurrence rate when the first épisode of traumatic 
dislocation occurred below 20 years of âge. There was a 
fall in the rate of 74% when the âge of acute dislocation 
varied between 20 and 24 years, but it dropped to 14% 
after the âge of 40 years. 

Kazar and Relovazky (1969), found an overall 27% 
récurrence rate following acute traumatic dislocation. 
Significance of trauma in young âge thus appears to be 
established. Saha (1969) reported that a significantly high 
percentage of cases of récurrent anterior dislocation do 
not hâve any history of acute trauma causing the first 
épisode of dislocation. First épisode, is often caused by 
movements like throwing a stone, playing badminton or 
some activities of daily demanding abduction-extension 
of shoulder. 

From a study of consecutive 160 cases, the author 
found the incidence of nontraumatic récurrent anterior 
dislocation to be around 32%. The first épisode of 
dislocation in this group of cases also occurred between 
16 to 22 years of âge. 


In the infraglenoid dislocation resulting from a fall 
on the outstretched band, the abducted humerai head 
uncomplicated by any force from behind, cornes out 
through a rent in the inferior lax part of the capsule. 

Saha (1948-1978) viewed the problem from a different 
angle. Based on extensive anatomical, anthropometrical, 
experimental, EMG and radiological studies, spread 
overall period of 30 years, he arrived at the conclusion 
that shoulder is a dynamic fulcrum joint and its stability 
during motion is dynamic. He could identify the factors 
responsible for the dynamic stability of the shoulder 
joint—they were: (i) optimum retrotorsion of the humerai 
head in relation to its lower condylar plane (20-40°), (ii) 
retrotilt of the glenoid in relation to the plane of the body 
of scapula (2-12°), and (iii) synchronicity and balance of 
power between anterior and posterior steerer muscles of 
the shoulder. Of the three factors, first and second canbe 
determined radiologically, but the third factor can only 
be speculated. It is axiomatic to conclude that enhanced 
retrotilt of the humerai head beyond 40°, antetilt instead 
of retrotilt of the glenoid and imbalance of steerer forces 
were the factors predisposing dynamic instability of the 
shoulder joint. Morton (1977) has substantiated Saha's 
concept of inhérent instability, as a major contributory 
factor causing récurrent anterior dislocation of shoulder. 
Erosion, eburnation, destruction of the anterior part of 
the bony glenoid has been found by Neer et al (1982), 
Mcglyan et al (1982), Rowe et al (1982), Hawkins et al 
(1985), Brewer et al (1986), Mcauliffe et al (1988) and 
Jalovaara et al (1989). The secondary glenoid changes 
amounts to either reversion of glenoid retrotilt or 
enhancement or preexisting antetilt and points towards 
authenticity of the Saha's concept of dynamic instability. 

A global range of motion for the shoulder, prédisposés 
it to instability. The articular geometry does not play a 
rôle in providing stability. The rotator euff muscle 
provides an important mechanism for stabilizing the 
shoulder by a mechanism called "concavity com¬ 
pression". The glenoid labrum has been regarded as an 
important structure in maintaining stability. There are 
two important factors that contribute to instability: (i) 
detachment of the anterior portion of the inferior 
glenohumeral ligament from the glenoid, and (ii) the 
capsular rupture or stretching (midsubstance failure is 
also important). 

Examples of restraint provided by capsular ligaments 
hâve been demonstrated in cadaver studies as follows: 
1. The anteroinferior capsule restrains anterior sub¬ 
luxation of the abducted arm. 
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2. The middle glenohumeral ligament limits external 
rotation at 45 to 90° of abduction. 

3. The inferior glenohumeral ligament limits external 
rotation at 45 to 90° of abduction. 

4. The posterior capsule and the teres minor restrain 
internai rotation. 

5. The lower two-third of the anterior capsule and the 
lower subscapularis restrain abduction and external 
rotation. 

PATHOLOGICAL ANATOMY OF 
THE ESSENTIAL LESION 

The lésion can be divided into primary and secondary. 
In primary there are three spécifie lésions: Avulsion of 
glenohumeral ligament labral complex, insubstance 
ligamentous tear, and laxity. 

BANKART’S LESION 

It is the tear of the fibrocartilaginous labrum from almost 
the anterior half of the rim of the glenoid cavity, but also 
the capsule and periosteum from the anterior surface of 
the neck of the scapula. It is the most commonly seen 
lésion. It is seen in 855 of the traumatic dislocation. 

HILL SACH S LESION 

It is a defect in the postérolatéral aspect of the humerai 
head. When shoulder is abducted and externally rotated 
the defect lies within the glenoid cavity and stability is 
decreased. 

Secondary deficiencies are: 

i. Erosion of the anterior glenoid rim 

ii. Stretching of the anterior capsule and subscapularis 

iii. Traying and degenerating of the glenoid labrum. 
According to Rowe et al, avulsion is seen in 85%, and 

diffuse capsular laxity is seen in 15%. 

Classification 

Glenohumeral instability may be classified according to 
the degree of instability, the chromology of instability, 
whether substantial force initiated the process (i.e. 
traumatic or atraumatic), whether the patient 
intentionally contributes to the shoulder's instability (i.e. 
voluntary or involuntary), and the direction in which the 
humerai head translates in relation to the glenoid fossa. 
Shoulder instability can be classified as follows. 

1. Degree of instability—dislocation, and subluxation 

2. Chronology of instability on congénital 

a. Depending upon duration 


i. Acute 

ii. Récurrent 

iii. Chronic (fixed) 

iv. Locked 

b. Etiology 

i. Traumatic 

ii. Traumatic microtrauma, no spasm, voluntary, 
involuntary, congénital, neuromuscular, 
seizures, tubs, amber 

c. Direction 

i. Anterior 

ii. Posterior 

iii. Inferior 

iv. Multidirectional 

d. Degree 

i. Subluxation 

ii. Dislocation. 

CLINICAL DIAGNOSIS AND ASSESSMENT 

Assessment: The patient may complain of pain recurring, 
slipping out of the shoulder and clicking. Clinical 
examination between the recurring attacks is normal. 
However, there are some important tests and imaging 
techniques that may give click to diagnosis. 

Appréhension Test 

Subcoracoid dislocation is the most common type of 
dislocation. Abduction, extension, and external rotation 
producing forces that challenges the anterior capsule and 
ligament, the glenoid rim, and rotator euff mechanism. 

Other type of anterior dislocation include subglenoid. 
Subclavicular the head of the humérus lies médial to the 
coracoid process, just inferior to the lower border of the 
clavicle), and intrathoracic (the head of the humérus lies 
between the ribs and the thoracic cavity). 

Anterior Instability 

1. Shoulder is tested with arm elevated and externally 
rotated, examiner applies pressure from the posterior 
aspect of humerai head, patient may complain pain 
or quickly drop the shoulder from this position if test 
is positive. 

2. Patient is laid down supine on the edge of the couch, 
examiner graps the shoulder and applies axial loading 
force to the glenoid by pressure on elbow. The 
shoulder is then flexed and extended, abnormal 
translation of humerai head can be felt. 

3. The anterior appréhension test is performed placing 
the arm in 90% of abduction with the elbow flexed to 
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90° and then progressively externally rotating and 
extending the arm with one hand and exterting an 
anteriorly directed force to the humerai head with the 
other. 

Posterior Instability 

The arm is placed in 90° of forward flexion and internally 
rotated, the arm is then forced posteriorly producing 
symptoms of instability. 

Inferior Instability 

The shoulder joint is pulled down inferiorly with the 
patient in sitting posture, to find out any instability. 

Sulcus sign: A gap will be seen between the humerai head 
and acromion, if there is excessive inferior laxity. It is 
important in multidirectional instability. 

LOSS OF MOVEMENTS 

1. Loss of external rotation is seen in anterior instability 

2. Loss of internai rotation is seen in posterior instability. 
Glenohumeral instability may présent in a wide 

variety, ranging from a vague sense of shoulder 
dysfunction to an obvious fixed dislocation. 

Récurrent anterior instability présents in two groups 
of patients (Table 1). The first group is characterized by 
history of definite trauma initiating a problem of 
undirectional shoulder instability. When the direction of 
traumatic instability is anterior, the shoulders commonly 
hâve ruptures of the glenohumeral ligaments at their 


TABLE 1 : Two types of récurrent instability 

Traumatic 

Undirectional 

Bankart lésion (avulsion of glenohumeral ligaments from 
glenoid) 

Surgery if often necessary 
Atraumatic 

Multidirectional 

Bilateral 

Réhabilitation enhances stability 

Inferior capsular shift should be a part of repair if surgery 
is necessary 


glenoid attachments (Bankart-Perthes lésions). Finally, 
these shoulders frequently require surgery to achieve 
stability. 

The second group of patients hâve no history of 
significant trauma, thus, instability is atraumatic. These 
patients are much more prone to hâve multidirectional 
instability that is bilateral. Réhabilitation, especially 
rotator cuff strengthening and coordination exercises, is 
the first line of treatment. If surgery is performed, laxity 
of the inferior capsule must be managed with an inferior 
capsular shift. 

Investigations 

Routine AP and axillary latéral views should be taken. If 
they are not useful then spécial views as follows: 

1. a. AP view in internai rotation (Fig. 2) 
b. West point of Rokopus view (Fig. 3) 


Routine AP shoulder 




Fig. 2: Showing position of the patient for (A) routine anterior posterior X-ray and (B) true anterior posterior view of the shoulder 
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Fig. 4: Position of the X-ray film and the patient for taking 
Stryker notch view 

c. Stryker Notch view (Fig. 4) 

d. Garth et al view. 

2. Double contrast arthrography 

3. CT arthrography 

4. MRI. 

AP view in internai rotation shows Hill Sach's lésion. The 
other views to show Hill Sach's lésions are as follows. 

Garth's apical oblique view with patient seated and injured 
shoulder adjacent to vertical cassette, chest is rotated to 
45° oblique position, beam is directed 45° angle on thorax, 
while extremity is adducted. 


Stryker notch views: Patient supine and elbow elevated 
over the head, roentgen beam is directed 10° cephalad. 

West point view shows calcification of small fractures 
in anteroinferior glenoid rim—indirect evidence of 
Bankart's lésion. The view is obtained with the shoulder 
abducted 90° and elbow bent with arm hanging over and 
25° cephalad with cassette placed above the shoulder 
perpendicular to table. 

Traction view shows inferior instabïlity. 

Double contrast arthrography: It is best without over 
clinical signs. It demonstrates soft tissue and labral 
defects. 

CT Scan: It demonstrates well: 

i. Hill Sach's lésion 

ii. Glenoid rim fractures 

iii. Soft tissue abnormalities. 

MANAGEMENT 

Arthroscopic Procedure 
(Mogiymn and Caspari) 

According to them anterior labrum functions as 
attachment of AIGHL to the glenoid neck and its avulsion 
with ligament caused instability. Instability is caused by 
AIGAL tear only. Hence in instability repairs of AIGHL 
via capsularplications with suture or stable is done. 

Advantages 

• AIGHL better visualized 

• Reconstruction easier 
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• Limited dissection 

• Decreased postoperative scaring and decreased loss 
of strength 

• Decreased duration of réhabilitation 

• Decreased postoperative weakness or loss of range 
of motion 

• Can be performed on outpatient heads and less costly 
According to Casperi récurrence rate is less. 

Postoperative Program 

1. Codman exercise at 2 weeks 

2. ROM exercise at 67 weeks 

3. External rotation to be restricted united 6 weeks 

4. Strengthening exercise after 6 weeks 

5. Contact sports like football and basketball to be 
restricted upto 1 year. 

Postoperative Management 

1 . A shoulder immobilizer is used for 3 weeks with arm 
internally rotated 

2. Next the patient is placed in sling for 1 week or 
pendulum exercises and active assisted elevention of 
arm 

3. At 4 weeks the sling is removed and well climbing 
and overhead pulleys are begun 

4. At 6 weeks, a vigorous réhabilitation program with 
light weight is done 

5. By 3 months heavy weight is allowed 

6. Contact sports are allowed after 6 months 

The sixth category of complications is limited motion. 


BANKART PROCEDURE 

Indication: When labrum and capsule are separated from 
the glenoid rim or if the capsule is thick. 

Advantages is that it corrects the labral defect and 
imbrication the capsule while not using any internai 
fixation de vices. 

Disadvantages is technically difficult. 

In the procedure the sub-scapularis and shoulder 
capsule are opened vertically, the latéral leaf of the 
capsule is reattached to the anterior glenoid rim, 
and médial leaf of the capsule is imbricated and 
subscapularis is completed. 

It is more common after: 

1. Electric shock 

2. Seizures: Failure to diagnose acute posterior disloca¬ 
tion is very high about 60 to 80%, so the following 
points should be kept in mind to diagnose acute 
dislocation. 

a. High suspicion especially after seizure or electric 
shock. 

b. In clinical signs the following are seen. 

• Arm is adducted and internally rotated. 

• Corocoid process is more prominent. 

• Glenoid fossa is empty, Bulge seen and felt 
posteriorly. 

• External rotation of arm painful and restricted. 

Roentgenogram finding are: 

1. Glenoid sign 

2. 6 mm rim sign 


TABLE 2: Four star exercise program for optimizing shoulder stability 

1. Develop shoulder rotator strength 

• Perform internai and external rotator strengthening exercises 

• Rubber tubing 

• Decubitus curis 

• Wall weights 

Perform exercises two to five times per day, selecting a résistance that will allow 20 répétitions 
Advance until the patient can perform 20 répétitions against 20% of body weight 

2. Develop shoulder coordination and endurance 

• Swim three to five times per week 

• Avoid breast stroke if it cause symptoms of posterior instability 

• Avoid back stroke and butterfly if they cause symptoms of anterior instability 

• Work up to an average of half an hour every other day 

3. Avoid compétitive basketball, volleyball, football, cricket and other violent overhead sports until goals of steps 1 and 2 are 
attained. 

4. Maintain general conditioning with aérobic wounds such as brisk walking, jogging, swimming, biking and rowing 
sus tain these exercises for half and hour atleast four times per weeks. 

With the arm in neutral rotation the médial part of the capsule is sutured over the latéral part of subscapularis tendon. 
Lastly, with the arm in neutral rotation the médial eut edge of subscapularis is sutured to the rotator euff of greater 
tuberosity of bicipital group, thereby overlapping ail the layer of the anterior région. 

After the repair is complété the structure should be tight enough to limit external rotation of shoulder to about neutral 
position. 
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3. Cystic sign 

4. Reverse Hill Sach's lésion may be seen. 

Grades 

1. If increased motion is présent without clunking 
sensation and humerai heading dropping off the 
posterior glenoid 

2. If clunking is noted without laxity in subluxed 
position 

3. If there is actual looking is subluxed position. 

The initial treatment of the posterior instability is 
conservative. Before proceeding for surgical treatment 
the following points should be ascertained. 

1. Whether it is traumatic or atraumatic 

2. If atraumatic, whether it is voluntary or involuntary 

3. If voluntary patient can intentionally subluxate by 
sélective muscle contraction, but does not do so 
willingly. If it is involuntary, the subluxation occurs 
totally unintentionally on patients part 

4. Habituai dislocation is one who subluxation willing 
or purposefully. It is associated with psychiatrie 
disorders surgery is contraindicated in these cases. 

Surgery 

There are many surgical procedures described. They can 
be classified as: 

1. Open 

2. Arthroscopic 

An idéal procedure should hâve the following 
characteristics: 

1. Low récurrence rate 

2. Low complication rate 

3. Retains mobility 

4. Correct the pathological condition 

5. Should not do harm. 

The pathological condition should be detined and a 
procedure performed that correct the condition most 
significantly. 

Among the more popular procedure for anterior 
instability are: 

1. Putti Platt operation 

2. Bankart operation 

3. Stable capsulorrhapy of Du toit and Roux 

4. Bristow's procedure 

5. Magnusson and Stack operation 

6. Weber's subcapital osteotomy 

7. Neer capsular shift procedure 

8. Saha's procedure. 


Putti Platt Procedure 

This is the most common and popular procedure 
performed. In this case the subscapularis and shoulder 
capsule are incide vertically, the latéral leaf is imbricated 
and the subscapularis is advanced laterally. 

The following are the important steps of the 
procedure: 

1. Shoulder joint is exposed through delto-pectoral 
approach 

2. Sub-scapularis tendon is divided 2.5 cm médial to its 
insertion 

3. Capsule is divided vertically. 

4. 

a. If the labrum and capsule are intact suturing of 
the free eut edge of the latéral part of the 
subscapularis tendon and the capsule to the soft 
tissue structure including the labrum itself is done 
along the anterior rim of glenoid cavity 

b. If labrum and capsule are detached, the anterior 
surface of the scapular neck is rough and suturing 
of the free eut edge of the latéral part of the capsule 
to deep surface of the médial capsule and the 
subscapularis is done. The above suturing is done 
with the shoulder held in internai rotation. 

A number of operations were developed to create a 
baffle well in front of the dislocating head by placing a 
bone graft on the anterior surface of the scapular neck 
near the glenoid margin. 

Eden-Hybbinette Operation 

Eden (1918) and Hybbinette (1932) described an operation 
in which a free bone graft was "fixed in a periosteal pocket 
at the anterior glenoid rim" as a remedy to the finding- 
"Capsular injury resembling a gothic arch with denuded 
glenoid rim at its base" found in cases of récurrent 
anterior dislocation of the shoulder. The operation is quite 
popular in scandinavian countries. 

Bristow-Helfet Operation 

Helfet (1958) described an operation consisting of 
transplantation of the eut tip of the coracoid process 
alongwith short head of biceps and coracobrachialis 
attached to it to the antero-inferior surface of the neck of 
scapula, near the glenoid rim, through a slit in the 
subscapularis tendon. May (1970) modified the technique 
by cutting and slitting the subscapularis for better 
exposure of the area for transplantation and using screw 
for better fixation of the coracoid tip to the scapular neck. 
From theoretical standpoint coracoid graft with conjoined 
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tendons attached to it is a muscle bone graft and should 
obviate the possibility of résorption of a free graft used 
in Eden-Hybbinette operation. 

Saha’s Procedure 

Based on an extensive study of the biomechanics of the 
shoulder joint, Saha (1961) arrived at the conclusion that 
glenohumeral joint changes its fulcrum at every instant 
of motion (élévation) and needs a dynamic stability 
System to protect the humerai head from dislocation 
throughout its journey to overhead position. The head 
enters into a critical State of equilibrium beyond 120° 
élévation and needs précisé stabilizing factors. He 
identified that: (i) retrotilt of the glenoid plane in relation 
to the plane of the body of the scapula, (ii) optimal retro- 
torsion of the humerai head varying between 20-40°, in 
relation to the frontal plane passing through the lower 
condyle, and/or (iii) harmonious balance of action of the 
steerer and intermedia te group of muscles to stabilize the 
head on glenoid, were the factors responsible for the 
dynamic stability of the gleno-humeral joint during 
movement. 

Saha developed three operations to rectify the three 
factors contributing towards dynamic instability. They 
are: (a) scapular neck osteotomy to correct glenoid anti¬ 
tilt, (b) derotation osteotomy of the humérus to correct 
excessive retrotorsion, and (c) latissimus dorsi transfer 
to correct muscle power imbalance. 

NON-OPERATIVE MANAGEMENT 

Saha and associâtes point to deficiencies of the posterior 
shoulder depressor or steering muscles as a major factor 
in récurrent instability. Many if not most of these 
deficiencies in muscle strength should respond to 
vigorous internai and external rotator strengthening 
exercises. Both internai and external rotator strength 
contribute to anterior and posterior stability. Rotator 
strengthening exercises are most effectively performed 
by keeping the humérus close to the body and rotating 
them are against the résistance of rubber tubing, spring 
exercises, or weights in the sidelying position. Although 
any form of glenohumeral instability may benefit from 
this réhabilitation, it is particularly indicated in patients 
with atraumatic, multidirectional, bilateral instability (the 
AMBRI syndrome). Nonoperative management is 
désirable for patients with voluntary instability. 

Posterior Instability 

This is less common compared to anterior instability. 
Contributing factors are: 

1. Glenoid rétroversion greater than 10 

2. Rétroversion of humerai head greater than 40 


3. Hypoplastic glenoid 

4. Muscle imbalance 

5. Generalized ligament laxity. 

Conservative Treatment 

This regimen includes: 

a. To avoid procative activities 

b. Educate patient to avoid spécifie voluntary maneuvers 
which caused subluxation 

c. Strengthening exercise program. 

The above procedures should be given a fair trial for 
6-12 months. If failure occurs, if there are no complaints 
surgery should not be done. If pain is more and functional 
loss is high then surgery is indicated. 

Réhabilitation of Shoulder Instability 

Anterior instability : Strengthening exercise of: 

a. Sub-scapularis 

b. Pectoralis major 

c. Corachobrachialis 

d. Long head of Biceps brachii 
Stretching exercise are contraindicated. 

Posterior Instability : Exercises of: 

a. Infraspinatus 

b. Teres minor 

c. Posterior deltoid. Limitation of movement into full 
horizontal adduction and internai rotation is done. 
Multidirectional instability: Strengthening of major 
instability side 

Inferior instability: Deltoid and supraspinarua 
exercise. 

Surgery: The foliowing procedures are commonly done: 

1. Boyd and Sisk Procedures 

2. Posterior Glenoplasty (Scott) 

3. Mclaughin Procedure 

4. Neer inferior capsular shift procedure through 
posterior approach 

5. Capsular shift with posterior bone block (warren) 

6. Rockwood posterior capsulorrhaphy with glenoid 
osteotomy. 

Boyd and Sisk procedures in this procedure posterior 
capsulorrhaphy is done along with transfer of the tendon 
of long head of biceps around the neck of humérus and 
across the posterior capsule to be reattached traumatic 
posterior dislocation. 

Mclaughin procedure: In this procedure subscapularis 
tendon is detached from the lesser tuberosity and 
transferred to the anteromedial humerai head defect. 

Indications in patient who hâve reverse Hill Sach's 
Neer inferior capsular shift procedure through posterior 
approach. 
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The posterior capsule is split longitudinally and the 
capsular attachment along the humerai neck is real eased 
as far inferiorly and anteriorly as possible. The superior 
capsule is advanced inferiorly and the inferior capsule is 
advanced superiority. The infraspinatus is eut and 
overlapped and shortened. This procedure oblitérâtes 
axillary pouch and redundancy. 

Indication: Atraumatic récurrent dislocation. 

FAILED SURGERIES 

1. Failure to recognize that patient had multidirectional 
or posterior instability 

2. Significant pain after stability procedure caused 
impingement syndrome 

3. Osteoarthritis after stabilizing procedures with tight 
anterior repair 

4. Significant retraction of movements mainly after 
Putti-Platt reconstruction. 


Screws or Staples should be avoided near joint. They 
are common cause of postoperative pain in impingement 
syndrome. 
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HISTORY 

Since the clinical introduction of arthroscopic surgery in 
the late 1960s, right from the beginning an arthroscopic 
approach of shoulder pathology has attracted several 
surgeons. The first published data on shoulder 
arthroscopy date are from Watanabe. 1 

The first expérience in the treatment of glenohumeral 
instability was described by Johnson. 1 

Mimicking an open repair he started to use métal 
Staples to refix the labrum to the glenoid. 

In the mid 1980s, several transglenoidal suture 
techniques were described ( Morgan, Caspari,Landsiedl). 
These techniques mainly addressed the reattachment of 
the labrum as well as shifting the inferior part of the 
inferoglenohumeral ligament. 

In the begin of the 1990s several anchors were 
developed with instruments that enable to pass sutures 
from the anchor through the labrum and/or capsule to 
reattach the labrum and shift the capsule as well ( as much 
as is deemed necessary). 

The arthroscope has also contributed largely in 
increasing our knowledge on the pathology as well as 
pathoanatomy in instability, either anterior, posterior or 
multidirectional together with associated lésions of the 
biceps or rotator cuff tendons. Controversies hâve 
dogged the treatment of récurrent shoulder instability 
from the start. Initially the debate lingered around the 
subscapularis procedures, the ensuing stiffness and 
arthritis because of changing the center of rotation due 
to the tightening. The arthroscopic repair came in for 
criticism due to the heavy failure rate in the initial days 
but scientific review of the technique and its subséquent 
révision has solved the initial réservation. Currently there 
is some drift to go back to the open coracoid transfers— 
Latarjet procedure and its variants—strictly in the 


presence of a bony bankart or a large Hill Sach lésion, 
particularly in contact athlètes. 


CLASSIFICATION OF ANTERIOR INSTABILITY 

The terms TUBS and AMBRI classified anterior instability 
into two broad groups 7 . TUBS signifies traumatic 
etiology with a unidirectional instability (anterior) that 
usually has a Bankart lésion and responds well to surgery. 
AMBRI dénotés shoulder instability, that is atraumatic 
in origin, which has a multidirectional instability, 
invariably présent bilateral - the treatment should be 
essentially be réhabilitation and if at ail, surgery is offered 
it is in the form of Inferior capsular shift for réduction of 
the capsular volume. Rockwood described four patterns 
of instability. 8 

Type I: Traumatic subluxation without previous 

dislocation 

Type II: Traumatic subluxation after a previous 

dislocation 

Type IIIA: Voluntary sub luxation in patients with 

psychiatrie problems 

TypelIIB: Voluntary subluxation in patients 

without psychiatrie problems 

Type IV: Atraumatic involuntary subluxation. 


PATHOANATOMY 

The normal anatomy of capsule, ligaments and labrum 
shows a wide variety, which makes it sometimes difficult 
to distinguish between a normal variation or pathologie 
changes (Fig. 1). 


Ligaments 

SGHL 


The superior glenohumeral ligament, runs from the glenoid 
just in front of the origin of the biceps tendon to the 
humerai head, where it forms the sling surrounding the 




2570 Textbook of Orthopedics and Trauma (Volume 3) 



Fig. 1 : Schematic drawing of sagittal view of the right shoulder, 
with the SGHL (A), MGHL (B) and anterior band (AB) of the 
IGHL (C) on the right and the posterior band (PB) of the IGHL 
(D) on the left. The capsule between the AB and PB is the 
actual IGHL (E) 

biceps tendon , thus attributing to the stability of this 
tendon; it shows a wide variation. 2 It resists anterior and 
superior translation of the humerai head in the anteflected 
and abducted position of the arm. 3 It also plays a rôle in 
posterior and inferior instability. 

Avulsion of the SGHL is seen in symptomatic superior 
labral detachment, causing an unopposed vector pull by 
the deltoid on the outstretched arm, resulting in 
secondary impingement. 

MGHL 

The middle glenohumeral ligament also shows a 
considérable variability in its anatomie form. 4 It is an 
important restraint to inferior and anterior translation, 
especially in the midrange of abduction. 5 

While in the majority cases the shoulder dislocates 
anteroinferiorly, the IGHL labrum complex is most often 
involved. But not infrequently the MGHL as well is torn 
or detached. 

It has been described, that lésions of the MGHL alone 
can cause direct anterior instability. 6 

A rare, but nicely described variation of the MGHL is 
the Buford lésion, 7 in which the superior labrum blends 
into the médial glenohumeral ligament, with an absent 
anterosuperior labrum. 

IGHL 

The inferoglenohumeral ligament (Fig. 1) stretches from 
anteroinferior to posteroinferior, with at its edges a 
thickening of the capsule, called the anterior (AB) and 
posterior band (PB). 


They play a rôle in preventing the humerai head to 
dislocate during external rotation (AB) and internai 
rotation (PB) with the abducted arm. 8 

In nearly ail cases these bands can be seen, although 
in hyperlaxity they are sometimes not so prominent and 
only visible when rotating the arm. 

The connection between the AB and PB and the 
labrum is very strong. In a dislocation most often the 
labrum together with the ligaments disrupts from the 
glenoid. In cases, where the capsule ruptures as well, 
these tears are seen outside the area of the AB, while the 
AB in itself is stronger than the surrounding tissue. This 
explains why, even in récurrent dislocation, the AB is 
quite visible, but the capsule around the ligament is 
sometimes stretched or torn. 

With such a wide anatomie variation in the anatomy 
of the ligaments it is important to take into considération 
the history of the patient as well as the physical 
examination before concluding, during the arthroscopy, 
that changes of the ligaments are pathological. 

LABRUM 

The labrum is a fibrocartilaginous structure, mostly 
wedge shaped and strongly attached to the glenoid 
surface. Several types hâve been described. 2 The anterior 
labrum is mostly thicker than posterior. Sometimes it is 
meniscoid like especially in the superior part of the joint. 
In hyperlaxity the labrum is mostly less well developed. 
The capsule and the ligaments (actually thickened folds 
in the capsule) are strongly attached to the labrum. 

In most cases of a traumatic dislocation a disruption 
of the labrum from the glenoid, the so-called "essential 
lésion" as described by Bankart 9 is seen. In the majority 
of cases a tiny chip of bone from the glenoid is attached 
to the labrum, sometimes visible on an X-ray. 

Sometimes a bigger part of the glenoid rim fractures 
due to the dislocation ("bony Bankart lésion). 

Several types of lésions of the labrum/capsule 
complex can be seen during arthroscopy. 

A disruption of the labrum alone is called the 
"Bankart'Tesion, 9 a disruption of the labrum with 
periosteum is called the Perthes lésion (Fig. 2). In other 
cases a disruption of the labrum as well as a tear in the 
capsule is seen (Fig. 3). In chronic cases the labrum is 
attached more medially and caudally on the glenoid neck, 
the so-called ALPSA lésion (anterior labroperiosteal 
sleeve avulsion 10 (Fig. 4). 

Superior Labrum Lésions 

The superior labrum is normally firmly attached to the 
glenoid but in about 25% of the people this part of the 
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Fig. 2: Schematic drawing of a Perthes lésion: Disruption 
and labrum and periosteum from the glenoid 



Fig. 3: Schematic drawing of a combined lésions: Disruption 
of labrum as well as a tear in the capsule 



Fig. 4: Schematic drawing of an ALPSA lésions: Disruption of 
labrum and médial migration, mostly seen in chronic cases. 

labrum is meniscus like. Also here a wide variability is 
seen in the attachment of the labrum to the bone. 
Sometimes a pouch is seen between the labrum and the 
origin of the biceps tendon. A critérium for distinction 


between a normal variant and pathology is the presence 
of cartilage and labrum damage in the latter. 

SLAP (superior labrum anterior to posterior) lésions 
are classified by Snyder. 11 An extension of the lésion to 
the anterior structures has been described by Maffet. 12 

Type 1: SLAP lesion(fraying) is not more than a 
degenerative lésion, which is frequently seen in elderly 
people. 

Type 2 to 7: are variations of lésions of the superior labrum 
with involvement of the labrum and/or ligaments. 

Either due to a fall on an outstretched arm, a sudden 
traction injury or répétitive overhead throwing the 
superior labrum can be disrupted from the glenoid or 
ruptures like a bucket handle meniscus lésion. 

Burkhart and Morgan 13 described a peel back 
mechanism of the superior labrum with detachment in 
overhead athlètes abduction and external rotation places 
tension across the long head of the biceps and the superior 
labrum, limiting external rotation leading to rolling the 
superior labrum back off the glenoid rim, probably also 
causing undersurface ruptures of the supraspinatus 
tendon. 

Due to the variability of the anatomy it is difficult to 
discriminate between a normal and pathological superior 
labrum, arthroscopy can give more information on the 
pathology, although that is also sometimes not easy; as 
noted before: also in these lésions the history can give a 
due to the pathology. 

In posterior instability a disruption of the labrum is 
sometimes seen, but while posterior instability is mostly 
more subtle than frank anterior dislocations, the changes 
are also more subtle fraying of the labrum, mild 
detachment of the labrum with or without small capsular 
tear s. 

In about 10% of anterior shoulder instability the 
damage does not occur at the glenoid side, but at the 
humerai side, where the capsule can be completely torn 
of from the humerai neck, the so-called HAGL (humerai 
avulsion of glenohumeral ligaments) lésion. 14 

More rare lésions, are minor detachments of the 
labrum, called the GLAD lésion, glenoarticular 
disruption, where fraying or some flap tears of the labrum 
are the resuit of minor dislocation events. 15 

BONY LESIONS 

Due to the dislocation the head is compressed against the glenoid 
surface: This causes an impression fracture of the head 
(Hill-Sachs lésion). The higher the force, the deeper the 
impression. There is a wide variety in humerai head 
impressions, from shallow and broad, to deep and small. 
Especially in hyperlax patients the impressions are quite 
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superficial and involve sometimes only the cartilaginous 
surface, which cannot be seen on an X-Ray. 

The impression fracture can play a rôle in récurrence 
of the dislocation: a big defect can, during external 
rotation more easily be caught on the glenoid rim (Fig. 5). 

At the glenoid rim also bony defects occur due to the 
dislocation. These defects (either due to impression or 
due to avulsion) occur after the first dislocation and 
probably increase in size after several récurrences, 
although that has not been proven yet. 

Both humerai and glenoid bony lésions are quite 
frequently seen, even upto 90% of the cases. 16 

Nowadays it is disputable if large bony lésions of the 
glenoid are an indication for arthroscopic repair. 17 Less 
attention is given to the size of the Hill-Sachs lésion and 
its rôle on the effect of soft tissue repair in shoulder 
instability. It is generally accepted, that small to medium 
sized Hill-Sachs defects do not influence the results of an 
arthroscopic labrum repair; larger lésions (more than 30% 
of the circumference) can increase the chance of 
récurrence of instability. 

MRI IN INSTABILITY 

Since the introduction of MRI-arthrography with intra- 
articular gadolinium, very reliable information can be 
obtained about the labrum, bony lésions and 
ligamentous/capsular defects. Also concomitant (partial 
or full thickness) rotator cuff tendon tears canbe detected. 

It is nowadays generally accepted, that considérable 
bone érosions of the glenoid (more than 25% of the surface 
area of the lower circle of the glenoid) are a contra- 
indication, although no scientific evidence has been 
delivered for this hypothesis. Nowadays we can measure 
the defect of the glenoid (Fig. 5) quite accurately with 
available software . Proper studies hâve to be performed 
to elucidate the rôle of the bony defect on the results of 
arthroscopic repair. 

Labrum lésions can be quite reliably detected with 
an MRI-arthrogram (Fig. 6). The ABER view (the arm 
positioned in abduction and external rotation) seems to 
more reliable in detecting labrum lésions as well as cuff 
tears (Fig. 7). 

If the proper section is chosen also torn ligaments can 
be shown (Fig. 8). 

Although an MRI-arthrogram is an expensive 
diagnostic tool , it might be useful in determining the 
operative approach: Either a soft tissue repair 
(arthroscopic or open) or a procedure with reconstruction 
of the bony defect on the glenoid (Latarjet, Bristow etc). 



Fig. 5: Sagittal view of a left shoulder, showing, the bone defect 
at the ventral side of the glenoid, marked in red, while the inferior 
part of the glenoid is a circle (yellow) 



Fig. 6: MRI-arthrogram, transversal view, with labrum detachment 

ARTHROSCOPIC TREATMENT MODALITIES 

The présent indications for arthroscopic repair are: 

• Récurrent anterior dislocation 

• Récurrent posterior (sub) luxation 

• SL AP 2 lésions. 

Relative contraindications are: 

• Large bony defect of the glenoid or humerai head 
(more than 30%) 

• Severe soft tissue lésions, HAGL lésions. 

POSITIONING 

The arthroscopic procedure is performed with the patient 
either in beach chair or latéral decubitus position. 

Nowadays mostly an arthroscopic pump is used, with 
a pressure of 40-60 mm Hg, which is enough to hâve a 
proper vision during the procedure. 
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Standard 3 portais are used: 

• A posterior portai, through the interval between the 
infraspinatus and teres minor muscle 

• An anterior portai just superior to the subscapular 
tendon 

• An anterosuperior portai, also through he rotator 
interval, just anterior to the biceps tendon. 

The posterior portai is mainly used for visualization, 
the both anterior portais are used for instrumentation, 
while the antero-superior portai is also used to visualise 
the anterior glenoid neck during préparation. 

For treatment of posterior instability an extra posterior 
portai is used, the so-called Wilmington portai: The 
entrance is about 1 cm latéral from the postérolatéral 
edge of the acromion, just through the infraspinatus 
muscle. 

Anterior Instability 

The treatment plan remains the same irrespective of 
whether one opts for an open or arthroscopic repair. In 
the majority of cases of anterior instability, in which a 
labrum lésions exists, either as a Bankart/Perthes lésion 
or an ALPSA lésion, the following steps are taken; 

• The labrum is detached from the glenoid, either with 
a sharp knife/ rasp; ail adhesions between labrum and 
glenoid, from superior till inferior (from // 12 / o clock 
till 6'o clock") are detached. 

• The anterior neck of the glenoid is abraded, enhancing 
the healing of the reattached labrocapsular complex. 

• Anchors, loaded with sutures, are introduced at the 
edge of the glenoid surface. Anchors are métal (mostly 



Fig. 7: MRI arthrogram, ABER view (maximal abduction and 
external rotation), showing the labrum detachment and Hill- 
Saches defect 


titanium) or biodégradable (polylactate or poly- 
glycolide or combination of these polymers). 

• Sutures are led from the anchor through the labrum/ 
capsule complex. 

In cases, where the capsule and ligaments look 
intact, a refixation of the labrum is sufficient. 

In récurrent instability however, the capsule and 
ligaments are often stretched. It is sometimes difficult 
to distinguish a stretched capsule from a loose capsule 
in hyperlaxity (which can be normal for that 
individual). 

Either one or both sutures from the anchor are 
passed through the labrum. The advantage of passing 
both sutures through the tissue, is, that a real 
"buffer"effect can be achieved with the reattachment 
of the labrum (Fig. 9). 



Fig. 8: MRI-arthrogram, ABER view, showing a torn 
anterior band of the IGHL 



Fig. 9: Schematic drawing of a right shoulder with a reattached 
labrum (Bankart Repair), using 3 anchors 
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• When separately a capsular tear or distension exists, 
a capsulorrhaphy is performed (Fig. 10). This can be 
performed in the area of the IGHL, MGHL as well as 
the SGHL (rotator interval). 

• As standard procedure 3 anchors are placed with 
reattachment of the labrum from superior to inferior 
(Fig. 9). 

• Quite often the detachment of the anterior labrum 
extends to the biceps origin and even to the postero- 
superior labrum (SLAP lésions ). In cases when the 
superior labrum is repairable (SLAP 2 lésions) the 
superior labrum is reattached in the same manner 
with anchors, placing one anterior and one posterior 
to the biceps origin. 

• Sometimes the posterior labrum is detached in 
anterior instability; in these cases it is advisable to fix 
the posterior labrum as well. In cases when there is 
only fraying of the posterior labrum or longitudinal 
superficial tearing of the labrum, repair is not 
necessary (Fig. 10). 

• In case when only a HAGL lésion is présent, recently 
newer techniques hâve been developed to treat these 
lésions. However mostly these cases are treated with 
an open capsular reattachment. 

• In the past the labrum/capsule reattachment was 
often combined with shrinkage techniques, either 
with laser or thermal energy. The value of combining 
a labrum repair and shrinkage still has to be shown. 
Using shrinkage as a single procedure in anterior 
instability or multidirectional instability is less 
effective, with a high récurrence rate. 18 



Fig. 10: Schematic drawing, showing a right shoulder after a 
capsulorrhaphy of both anterior and posterior capsule with 
inside-in sutures 


OPEN BANKART REPAIR 

In the initial days of arthroscopic repairs, the failure rate 
was fairly steep at about 40% as compared to open 
Bankart repair. With a better understanding of shoulder 
biomechanics and arthroscopic techniques nearly all- 
present day literature reveals an impressive over 95% 
success rate with arthroscopic Bankart repair. The basic 
advantage of arthroscopic Bankart repair over its open 
cousin is the success in picking up allied conditions such 
as a SLAP tear and rotator cuff tears that can be 
associated. There is no trauma to the healthy 
subscapularis and the risk of stiffness is much lesser. 
However, there is a steep learning curve that has to be 
met. Hospital stay is curtailed significantly and it is 
appealing to athlètes and sportsmen to undergo 
arthroscopic repair. As it stands now, a majority of 
surgeons may prefer an open Bankart repair due to 
inaccessibility to arthroscopic learning techniques and 
constraints of instruments. The learning curve is less 
tedious and economical for the novice. Gradually a large 
number of these surgeons will migrate to the arthroscopic 
technique sooner rather than later. With success rates of 
the arthroscopic technique matching or exceeding the 
open technique the divide between both the procedure 
will remain on paper. 

Procedure in Brief 

The patient is operated in the beach chair position with a 
deltopectoral approach, the incision being from the 
coracoid process to just short of the axilla. With expérience 
this incision can be reduced to 10 to 12 cms provided 
adéquate retraction instruments are available. The 
cephalic vein delineates the deltopectoral interval. In the 
modem version of open Bankart repair, instead of 
resecting the subscapularis, it is separated along its line 
of fibers transversely (Fig. 11). The capsule is dissected 
separately as depicted in the photo. 

Bony Defects 

The Hills Sachs lésion has been variously described as 
an engaging Hill Sachs lésion and a nonengaging. 
Engaging lésion can be assessed during shoulder 
arthroscopy by abducting and externally rotating the arm 
and observing how the Hill Sach's lésion engages the 
glenoid rim (Fig. 12). If the Hill Sachs lésion is parallel to 
the rim then it may be termed as an "Engaging" Hill 
Sachs. In the presence of a large, deep and engaging Hill 
Sach's the surgeon has to resort to few different options. 
On the one hand, he may over tighten the capsule to 
prevent the Hill Sach's from engaging the rim. By doing 
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Fig. 11 : Subscap split along its fibers, capsule can be seen as a 
translucent membrane below it (Forcolor version see Plate 44) 



so the surgeons does risk causing restriction of externat 
rotation and later osteoarthritis. On the same lines, a large 
Hill Sach's defect can be treated with a rotational 
osteotomy of the humérus. 10 In effect, the osteotomy 
achieves the same effect of restricting externat rotation. 
Gerber 12 has also practiced the procedure to fill the defect 
with allograft. In my expérience an allograft of a fémoral 
or humerai head is préférable above a rotational 
osteotomy. There is little literature evidence to support 
this procedure. A defect, which involves more than 40% 
of the diameter of the humerai head, should be treated 
with a shoulder replacement. Even then, such a radical 
procedure for shoulder instability may be offered to only 
the elderly instability patient—which in itself is a rarity. 


The contact athlètes with a large Hill Sach's defect 
can be treated with the modified Latarjet procedure. 
Almost like reinventing the wheel, the bone block 
procedure seems to be coming back in play. The 
procedure involves a coracoid osteotomy after taking an 
osteoperiosteal flap of the petoralis minor, which is 
repaired back to the coracoid base. The coracoid is fixed 
to the rim of the glenoid by rotating it by 90° in a clockwise 
manner with two 3.5 mm screws. The capsule is repaired 
back into the parent glenoid to keep the graft extra- 
articular. The whole procedure is done through a 
transverse window within the subscapularis without 
cutting the muscle from its insertion. The procedure is a 
preferred choice of some surgeons primarily in Rugby 
playing countries. The procedure is a preferred choice of 
some surgeons primarily in rugby playing countries. On 
the other hand, the surgeon is altering anatomy and the 
implications of this are still not manifest until more long 
term studies assess the impact of the coracoid transfer 
(Fig. 13). There is some evidence to suggest that there is 
an 88% good to excellent resuit after the Latarjet 
procedure with some arthrosis occurring in a significant 
number of patients in this study of 14 years follow up. 13 
This is a complex surgery and involves dissection médial 
to the coracoid and exploration and identification of the 
Musculocutaneous nerve. 

Anterior 



Fig. 13: Modified Latarjet repair. 
Borrowed from Dr. Joe DeBeer 


POSTERIOR INSTABILITY 

A posterior dislocation is treated by a réduction and does 
not recur as often as an anterior dislocation. When a 
récurrent posterior instability becomes symptomatic it 
often présents as posterior subluxation. Several open 
techniques hâve been described, with less good results 
compared to anterior repairs. 

Physical examination is not always conclusive in 
posterior instability. MRI with intra-articular gadolinium 











2576 Textbook of Orthopedics and Trauma (Volume 3) 


nicely shows posterior labral detachment, which can be 
treated in the same manner as performed anteriorly. 
Quite often multiple lésions (posterior capsule or antero- 
superior capsule lésions) are présent in posterior 
instability and can be addresses better by arthroscopic 
technique than with an open method, combining a labral 
repair with a capsulorraphy. 19 

REHABILITATION 

Principally the réhabilitation programme for open and 
arthroscopic procedures remain the same. Originally the 
réhabilitation program after an arthroscopic repair of 
shoulder instability was rather conservative. 

Shoulders were immobilised in a sling for 6 weeks, 
after which period active exercises started; After 
regaining good motion and strength (mostly after 4 
months postoperatively) sport activities canbe resumed. 
Normally the external rotation is for a longer period to 
some degree limited, but at 1 year postoperatively the 
external rotation is mostly only slightly less, if not the 
same as on the contralatéral side. 

Nowadays, with the stronger anchors and non- 
absorbable sutures passive motion can be started after 1 
week, regaining full motion in 4 weeks, with some spécial 
care not to overstretch the external rotation. At 4 weeks 
isométrie exercises for internai and external muscle are 
started. At 6 weeks the patient starts with active range of 
motion exercises, without stretching. 

In posterior instability repair a sling with the forearm 
in neutral rotation can be considered for a period of 4 
weeks. 

RESULTS 

After the first enthusiasm in the beginning of the 
arthroscopic era, it has become more and more évident, 
that arthroscopic repair is not a successful method in ail 
cases of anterior instability. 

Recently 2 meta-analyses hâve been published, 20 ' 21 
which show, that, although only very few proper 
prospective randomised studies are available, the 
outcome regarding récurrence rate as well as return to 
activity are still in favour of the open repair. 

We hâve to réalisé that these data are based on 
techniques that were used in the past. 

Operative techniques hâve improved in the time, with 
better anchors, more durable sutures and addressing ail 
pathology, including stretched capsule, and concomitant 
posterior lésions. 


Several reports now show, that bone defects of the 
glenoid, as well as the humérus , are relative contra- 
indications for arthroscopic repair. 17 

No evidence however exists nowadays, which size of 
bone defect is the limit for arthroscopic repair. 

Poor capsule tissue or hyperlaxity also mostly predict a less 
good outcome, compared with the situation, where a firm 
labrum and sound capsule is présent. 

In posterior instability even fewer reports are available 
to show a différence between arthroscopic repair and 
open repair.The advantage of an arthroscopic repair in 
posterior instability, is that several potential causes of the 
instability (posterior labrum/capsule lésions, as well as 
lésions of the antero-superior capsule) can be treated 
better by arthroscope than with open procedure. 19 

The main advantage of arthroscopic repair is: 

• It low morbidity in the first postoperative period. 

• The possibility to treat lésions, that are not always 
visible during open repair 

• Pathology, like SLAP lésions are easier to treat by 
scope than with an open method. 

COMPLICATIONS OF ARTHROSCOPIC REPAIR 

Being a minimal invasive procedure the chance of 
complications is very low. 

Nerve Lésions 

When placing the portais it is important to consider the 
anatomy of neurovascular structures. 

In the standard posterior portai, in the interval 
between infraspinatus en teres minor muscle, the axillary 
and suprascapular nerve are quite distant. 

In the standard anterior portai, normally 1 cm latéral 
to the tip of the coracoid process, and sometimes a little 
more caudally, the musculocutaneous nerve is at least 3 
cm away. 

When performing intra-articular procedures in the 
caudal recess of the joint, it should be realised, hat the 
axillary nerve is at about 1 cm caudally from the inferior 
glenoid pôle. 

Cartilage Damage 

In unstable joints, there is mostly enough space to perform 
surgery, without compromising the cartilage. However 
always care should be taken, to prevent iatrogénie 
damage to the cartilage of the joint, mainly by preventing 
to protrude with the scope into the joint at the narrowest 
part, damaging the humerai head, or by erroneously 
drilling the hole for the anchors on the surface and 
thereby damaging the glenoid surface. 
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Métal Anchors Protruding 

Using métal anchors has several disadvantages: In case of 
failure the placement of other anchors can be difficult, 
MRI investigations can be less informative, and not in 
the least, when they protrude from the surface, they can 
damage the cartilage of the humerai head. 

Biodégradable anchors are as good as métal anchors 
and are nowadays préférable, although mostly more 
expensive. 

Infection 

Luckily infection is very rare complication ( in my 
personal sériés of over 700 repairs I did not see any 
infection). 

Stiffness 

Normally the external rotation is limited for some time, 
more than the other excursions. Mostly this stiffness 
disappears after a half to one year. 

A stiff shoulder in ail directions is very rare. In my 
sériés I diagnosed only one case of a stiff shoulder, which 
took two year s to résolve. 

COMPLICATIONS OF OPEN REPAIR 

Récurrence is the most frequently reported complication 
after open and arthroscopic surgery for the treatment of 
anterior instability 25 . Redislocation may occur either due 
to fresh trauma or atraumatically also. Failure due to a 
traumatic event has a better prognosis after révision 
surgery than the failure after an atraumatic event. 26 The 
récurrence rate is also related to the number of prior 
operations. For example, Levine et al. 26 found that the 
récurrence rate was 17% in patients who had had one 
prior operation, whereas it was 44% in individuals with 
multiple prior failed surgical procedures. The répétitive 
damage to the subscapularis and the capsule adversely 
affects the results of révision surgery. 

Stiffness is the other commonly seen problems after 
instability repair. Obviously the incidence of stiffness is 
higher in open surgery in comparison to arthroscopic 
repair. It is probably proportional to the extent of capsular 
tightening, especially if done in less than 45° of external 
rotation. The guidelines for degree of tightening of the 
anterior capsule are vague and inexact. A loss of 10° of 
external rotation is hardly noticeable in daily function. 
However for an athelete it would be a cause for loss of 
their career. Excessive tightness of anterior capsule has 
been known to lead to arthritis of the glenohumeral joint. 
This is a direct resuit of an obligate posterior translation 


increasing Shear forces across the posterior glenoid 
cartilage. What extent of loss in external rotation leads to 
osteoarthrosis is debatable. Certainly a différence of more 
than 30° increases the incidence steeply. 27,28 In order to 
avoid stiffness, it is advisable to repair the capsule with 
the arm in 45° of external rotation and prefer a pants over 
vest (superior to inferior shift) rather than a double breast 
(médial to latéral) type repair of the capsule. 29 

Neurovascular injuries are not uncommon and 
difficult to pick up early. In open repairs excessive 
retraction with small axillary incisions, trespassing 
médial to the coracoid and placement of Hohman 
retractors can cause nerve injuries. In the past coracoid 
osteotomy was a standard part of Open Bankart repair. 
With the Musculocutaneous nerve adjaecent and with a 
variable course it was a risk of injury. However coracoid 
osteotomy rarely needs to be done in standard Bankart 
repairs. Bristow and Latarjet procedures hâve the highest 
incidence of nerve injuries. 30,31 Modified Latarjet repair 
is based on coracoid osteotomy and it is necessary that 
the Musculocutaneous nerve is identified before the 
coracoid turn down. Most nerve injuries are neuropraxia 
type injuries and would recover in time. The axillary 
nerve, due to its proximity to the inferior capsule and 
very short tethered course is at highest risk of injury. 
Révision bankart repairs hâve a higher risk due to the 
altered anatomy and fibrosis. If an axillary nerve palsy 
has been diagnosed preoperatively then surgeons must 
be familiar and comfortable in decompressing the axillary 
nerve before proceeding with the capsuloligamentous 
repair. 

Hardware problems due to proud suture anchors, 
Staples that loosen will lead to érosion of cartilage and 
long term arthroses. 32 Early removal before long term 
changes set in are advisable. Very often than not the 
chondral damage is irréversible by the time patient cornes 
up for implant removal. Removal of suture anchors can 
be difficult as they are buried under cartilage and these 
suture anchors hâve not been designed for removal. 

TREATMENT IN FIRST TIME DISLOCATORS 

In first time anterior shoulder dislocators the limited 
evidence available supports primary surgery for the 
young adults, engaged in highly demanding physical 
activities. 22 

In other patients nonsurgical treatment should 
probably remain the prime treatment, although not 
enough evidence is available to choose for either 
modality. 

For some time arthroscopic lavage was suggested as 
treatment for acute dislocations, but this did not decrease 
the high number of récurrences after acute dislocations 
in younger patients. 



2578 Textbook of Orthopedics and Trauma (Volume 3) 


If surgical treatment is the chosen option, arthroscopic 
repair is an attractive alternative. 

Several studies showed superior results of 
arthroscopic repair versus conservative treatment. 23,24 
The récurrences in the group with an arthroscopic repair 
varied between 11 and 19%. 

No sériés are available to compare open and 
arthroscopic repair in acute dislocations. 

CONCLUSION 

Arthroscopic repair in shoulder instability has rapidly 
increased in popularity, although it should be realised, 
that it still does not meet the level of effectiveness as in 
open repair. 

Indeed techniques hâve improved and the indications 
our more outlined, but we should réalisé, that, in advising 
the patient, it should be mentioned, that an arthroscopic 
operation can attain good results in over 80% of the 
patients, but that with an open repair, either soft tissue 
or bony procedure, even better results can be achieved. 
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INTRODUCTION 

Superior labrum anterior to posterior (SLAP) tears are a 
group of disorders that are assuming increasing 
importance following the advent of arthroscopy. 
Previously these lésions in the throwing athlete group 
were almost unknown and were frequently clubbed as 
'biceps tendinitis'. Their présentation varies considerably 
as regards type ands site of pain, clinical findings and 
arthroscopic présentation. Ail tears need not be repaired 
as we shall see later. 

History 

Rowe and Zairns in 1981 warned against the so called 
'traumatic voluntary shoulder dislocator' who could 
dislocate his shoulder despite the surgeons best efforts. 
They proposed that this individual had potential 
psychopathie capabilities. 10 

Gibbons in 1996, in a long-term study of voluntary 
dislocators followed up from childhood to adulthood, 
demonstrated that none of these individuals had any 
psychopathie abnormality. 11 

With the observations of Neer in 1972 and with his 
theory of impingement, ail athlètes with pain on overhead 
activity, were diagnosed as having impingement 
problems. Ail of these were subjected to open 
acromioplasty. 12,14 

Tibone in his paper in 1985, demonstrated poor results 
of these patients treated with open acromioplasty and 
postulated pathology to be different from that of 
subacromial impingement. 13 Along with Jobe, in 1990, 
he described an overlap syndrome of impingement and 
instability. They postulated that progressive throwing 
caused stretching out of the anterior capsuloligamentous 
complex, leading to anterosuperior migration of the 
humerai head that caused subacromial impingement. 16 


These patients were largely treated by open anterior 
capsulolabral reconstruction. They reported on 
satisfactory results in baseball pitchers, with 50% return 
to sport. 

Andrews in 1985, was the first to arthroscopically 
demonstrate the anterosuperior labral tear. They 
postulated the mechanism of injury to be that of shoulder 
décélération during the follow through phase of 
throwing. The biceps root was avulsed from the labrum 
as a traction phenomenon, they thought. 15 

Synder and associâtes in 1990, coined the term SLAP 
tears and described four types of tears depending upon 
the morphology. 6 

Christopher Jobe and Gilles Walch in 1992, described 
internai impingement as the cause of dead arm syndrome 
of the throwing athlete. The position of abduction and 
external rotation in throwers caused posterosuperior 
impingement 16 due to abnormal contact between 
superior-posterior glenoid and the articular side of the 
rotator euff. 

Morgan and Burkhart in 1998, described the 
association of superior labral lésions in throwers without 
anterior instability. They described 3 different types of 
SLAP type II lésions. They described the pathognomie 
'peel back sign'. 17 

Anatomy 

The labrum has a variable area of attachment superiorly. 
The anterior, inferior and posterior labrum is very 
consistently and securely attached to the glenoid rim. The 
superior labrum may not be attached at ail or may hâve 
a very flimsy attachment. This is an important point to 
be noted, as one may get mislead with this normal 
arthroscopic finding and would end up fixing ail normal 
superior labrum 1 . The key is to observe the cartilage 
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underlying the superior labrum — if it is smooth and is 
devoid of any cartilage wear or fibrillation then it is 
assumed for good that the labrum is not pathological. 

The long head of the biceps inserts directly on the 
labrum and not on the glenoid. Three different patterns 
of attachments—central, anterior and posterior may be 
observed. 

Biomechanics of the SLAP Lésion 

There are three main biomechanical reasons for a SLAP 
tear to occur. These are: 

1. The peel back effect due to posterosuperior instability. 

2. Loss of the circle effect of the labrum. 

3. Posteroinferior capsular tightness. 

Andrews in his initial study had postulated that the 
tear was produced as a resuit of a décélération injury 
during the foliow through phase of a throw. Kuhn tried 
to reproduce the same mechanism in cadaveric 
experiments by applying a biceps tensile throw. He was, 
however successful in achieving a labral avulsion in only 
20% specimens and that too with a very large deforming 
force in excess of 346 N. He also loaded cadaveric 
specimens in abduction-external rotation position, of the 
late cocking phase, and was able to achieve the labral 
lésion consistently in 90% specimens at a much lesser 
force of 290 N. 

This is precisely the case. So, during the late cocking 
phase, just as the throw is about to be delivered, there is 
a tight posterior inferior capsule which pushed the 
humerai head superiorly. This causes a change in the 
fulcrum of the shoulder to a new point that is more 
posterosuperior. As the shoulder externally rotâtes 
around this new fulcrum, it produces an internai 
impingement effect at the cuff-labrum interface and 
results in posterosuperior labral tears and the peel back 
effect. 

Hence, SLAP tears are not décélération injuries during 
the folio w through phase; but, in reality are accélération 
injuries occurring during the late cocking phase. Let us 
see each of these biomechanical problems one by one. 

Peel Back Sign 

This arthroscopic sign with the shoulder in abduction and 
external rotation is prime indicator of dysfunction of the 
biceps-labrum complex. 

In patients with a type 2 SLAP tear 6 , there is an 
unstable posterior and superior labrum. As the arm is 
brought to the cocking position, i.e. abduction and 
external rotation, this torn labrum is displaced medially 
over the neck of the glenoid, due to the twisting effect of 
the long head of the biceps 2 . The labrum is effectively 
'peeled back' of the neck of the glenoid, like a banana 
skin. This is consistent finding in SLAP tears. It is not 



tendon twists at the base. As a resuit the torn posterior superior 
labrum shifts medially on the glenoid neck 

présent in normal shoulders. This is eliminated after 
arthroscopic repair (Fig. 1). 

There are two implications of the peel back lésion. 
Firstly, during surgery, this has to be neutralized. This is 
possible by placing at least one suture anchor posterior 
to the biceps root insertion. Secondly, during the post- 
operative réhabilitation, one has to restrict passive 
external rotation for at least 3 weeks in order to allow for 
the peel back defect to heal adequately 5 . 

Circle Concept 

Huber and Putz in 1997 described the PAFS or the 
periarticular fiber System of the shoulder. The posterior 
fibers of the long head of the biceps continue as the bulk 
of the posterior labrum 8 (Fig. 2). They postulated that this 
System of parallel collagen fibers surrounded the entire 



Fig. 2: Continuation of the posterior fibers of the long head of 
biceps as the posterior superior labrum 
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29 ± 7 N 



Fig. 3: Bumper effect of glenoid labrum 

glenoid and acted as a 'basket' to provide adéquate hoop 
stresses at the periphery. This caused the so called 
'bumper' effect of the labrum that would resist any form 
of dislocation or subluxation. 18 (Fig. 3). 

In type 2 SLAP tears, there is disabling postero- 
superior instability as the strongest area of the labrum 
has been disrupted. The humerai head cannot in reality 
dislocate superiorly as the acromion resists proximal 
translation of the humerai head. However, répétitive 
trauma may cause an injury to the area of the rotator cuff 
here. 

Pagnani et al in 1995 described a cadaveric model in 
which they made a complété lésion in the superior 
labrum. 4 This caused an increased anteroposterior and 
superoinferior translation. Repair of these posterior and 
superior fibers restored the 'labral circle' and eliminated 
the instability. 

180° Ru le 

The key is to identify the 'at risk' shoulder. Proper 
restoration of biomechanics would then prevent these 
athlètes from getting a SLAP tear or the 'dead arm' 
syndrome. 

Burkhart, Morgan and Kibler hâve done pioneering 
work in the prévention and réhabilitation of pitchers. 
They stressed the importance of identifying the 
susceptible individuals and then treating them during 
the pre-competition phase, even if they were non 
symptomatic. These were the athlètes with a tight 
posterior inferior capsule and a tight scapulothoracic 
articulation. 



Fig. 4: Normally at 90° abduction, we hâve 90° of external and 
internai rotation. Any increase of external rotation is 
accompanied by a corresponding loss of internai rotation 



Fig. 5: With an excessively tight posterior inferior capsule, there 
is a far greater loss of internai rotation as compared to the gain 
in external rotation 

Ail individuals hâve 180° of motion (external and 
internai rotation) with the arm out by the side at 90° of 
flexion and 90° abduction. Throwers with healthy 
shoulders will always demonstrate and increased 
external rotation, but this is accompanied by a 
corresponding loss of internai rotation (Fig. 4). 

In shoulders that hâve a posterior and inferior 
capsular contracture, there is a far greater loss of internai 
rotation as compared to the gain in external rotation. This 
différence is termed as the 'internai rotation déficit'. If 
this déficit is greater than 25°, then this is the 'shoulder 
at risk', and these the athlètes which are very likely to 
land up with a SLAP tear (Fig. 5). 
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Classification of SLAP Tears (Figs 6 and 7) 

Synder was the first to classify SLAP tears 
morphologically as: 

Type 1: Fraying of the superior labrum. 

Type 2: Detachment of the superior labrum and the long 
head biceps anchor from the supra glenoid tubercle. 

Type 3: Bucket handle tear of the superior labrum with 
an intact biceps anchor attachment. 

Type 4: Vertical tear of the labrum extending into the long 
head of the biceps. 


Morgan et al 3 further subclassified the type 2 group 
as: 

Type 2A: Anterosuperior tear. 

Type 2B\ Posterosuperior tear. These are by far the most 
common type seen in clinical practice. 

Type 2C: Anterior and posterior superior labral tear. 

Recently, this classification has been expended to 
include upto type 5 to 9. These hâve varying degrees of 
associated tears of the anterior inferior labrum, the rotator 
cuff and different parts of the shoulder capsule. 






Fig. 6: Snyder’s morphological classification of SLAP tears 


3 Subtypes of Type II lésions 




Anterior 


Posterior 



Combined 


Fig. 7: Subclassification of Type 2 SLAP tears 
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Clinical Examination 

The patient very typically complains of a sharp, severe 
pain in the shoulder during the throwing phase. 
Cricketers would typically complain of inability to throw 
the bail from the boundary line, and racquet sports 
athlètes are unable to serve or volley forcefully. 

Some athlètes also complain of médial elbow pain due 
to a tight posteroinferior capsule. 

Clinically, they hâve secondary scapular dyskinesia 
or winging as a resuit of tight shoulder capsule. There is 
tenderness palpated on antérolatéral aspect of shoulder. 
The posteroinferior aspect of shoulder is also tender in 
some cases. 

Spécifie clinical tests are the Speed test, O'Brien test 
and Jobe relocation test. 

Speed test : Anterior shoulder pain is produced in the area 
of the bicipital groove on forward flexion of shoulder with 
90° elbow flexion and forearm supination. A positive test 
is more suggestive of an anterior SLAP lésion (Fig. 8) 



Fig. 8: Speed test 


O'Brien test : This is a modification of the Speed test. The 
shoulder is adducted by about 15° and the forearm is 
supinated. Pain is produced against résistance. This test 
is more sensitive for an anterior SLAP lésion (Fig. 9). 

Jobe relocation test : The test is carried out in two phases. 
Initially with the shoulder in 90° abduction and external 
rotation, posteriorly directed force is given to the 
shoulder. This produces posterosuperior pain. Later, this 
force is removed and the pain is alleviated. The test is 
more spécifie for posterior SLAP lésions (Fig. 10). 



Fig. 9: O’Brien test 



Fig. 10: Jobe relocation test 


Plain X-rays are unremarkable. MRI done with the hand 
by the side is not useful. If at ail an ABER or abduction- 
external rotation protocol should be performed. MRI with 
intra-articular gadolinium is more spécifie than a plain 
MRI. 

Arthroscopic Evaluation and Treatment 

Arthroscopy is the only true method of évaluation and 
diagnosis. An anterior SLAP tear is characterized by: 

1. 'Uncovered' glenoid for about 5 mm or more médial 
to the glenoid under the biceps root. 

2. 'Displaceable vertex' of the biceps root with an 
unstable biceps anchor (Fig. 11). 

Note that the 'peel back' sign is absent since the 
posterosuperior labral attachment is intact on the glenoid. 
Posterior SLAP tear is characterized by: 

1. 'Uncovered' glenoid for 5 mm or more médial to the 
glenoid 9 
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Fig. 11: SLAP tear on MRI 


2. Positive 'peel back' sign. 

3. Positive 'drive through' sign. 

The patient is positioned either in latéral decubitus 
or beach chair position as per surgeon preference. 
Standard posterior viewing portai is made and the lésion 
is evaluated. Anterior portai is made inferior to the biceps 
tendon and the tear is probed. 

The glenoid surface is debrided or 'dusted' with a 
shaver. An accessory postérolatéral portai of Wilmington 
may be created in case of a posterior SLAP lésion. This is 
1 cm latéral and 1 cm anterior to the postérolatéral edge 
of the acromion. 

An anchor is inserted at 45° to the edge of the glenoid. 
Using standard suture techniques a limb of the suture is 
passed through the labrum and a sliding locking knot is 
tied to secure the labrum. Depending upon the 
configuration of the tear, one or more anchors may be 
used. 

Type 1 tears require only debridement. Type 2 tears 
require repair and type 3 tears require excision of the so 
called 'bucket handle' labral tear. If the bucket is greater 
than one-third of the width of the labrum, then it is 
repaired. Type 4 tears are either treated with biceps root 
repair technique or by doing a biceps tenodesis. 

Postoperatively, the shoulder is immobilized in a 
shoulder sling. 


Postoperative Réhabilitation Program 

Week 1 Sling ail times 

Week 2-3 Codman pendulum exercises. Passive 

ROM 0-90° flexion abduction. 

No ER since we hâve to avoid the peel 
back mechanism 

Week 3-6 Discard the sling gradually. Passive 

ROM in ail planes. 

Passive posterior capsular and internai 
rotation stretches. 

ER started in abduction. 
Scapulothoracic rhythm exercise 
program. 

Week 6-16 Continue above stretching and flexibility 
program. 

Progressive strengthening of rotator cuff, 
scapular stabilizers, biceps. 

Month 4 Interval throwing programme on level 

surface. 

Increase posterior capsular stretching. 
Month 6 Throwing from the mound 

Month 7 Full velocity throwing. 

Strengthening and posterior capsular stretching is 
continued indefinitely. 
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Rotator Cuff Lésion and 
Impingement Syndrome 


Ashish Babhulkar 


INTRODUCTION 

History and Development 

There has been much debate, spéculation and off recent 
immense enthusiasm in treating rotator cuff tears. Years 
of neglect and misunderstanding of cuff pathology has 
done great disservice to the management of cuff tears. 
Partly this has been due to associated neck pain in these 
patients due to over recruitment of lower trapezius in 
compensating for the ensuing weak abduction at the 
shoulder. Also, the convenience of labeling most shoulder 
conditions as "Frozen Shoulder" prevented the treating 
physician from delving deep into the real cause of 
restricted shoulder range. Commonly the âge group of 
patients with rotator cuff tears overlaps with that of 
patients suffering from cervical spondylosis. Crédit for 
first describing ruptures of this structure is often given 
to JG Smith, who in 1834 described the occurrence of 
tendon rupture after shoulder injury in the London 
Medical Gazette. In 1924 Meyer published his attrition 
theory of cuff ruptures. (Meyer, 1924) In his 1934 classic 
monograph, Codman summarized his 25 years of 
observations on the musculotendinous cuff and its 
components and discussed ruptures of the supraspinatus 
tendon. (Codman, 1934b) Beginning 10 years after the 
publication of Codman's book and for the next 20 years, 
McLaughlin wrote on the etiology of cuff tears and their 
management. (McLaughlin, 1944, McLaughlin and 
Asherman, 1951). Arthrography was first carried out by 
Oberholtzer in 1933 using air as the contrast medium. 
(Oberholtzer, 1933) Lindblom and Palmer (Lindblom and 
Palmer, 1939) used radio-opaque contrast and described 
partial-thickness, full-thickness, and massive tears of the 
cuff. 


Codman recommended early operative repair for 
complété cuff tears. He carried out what may hâve been 
the first cuff repair in 1909. (Codman,1934b) The modem 
management of cuff tears is largely similar to the 
principles laid down by Codman half a century ago. The 
term "impingement syndrome" was popularized by 
Charles Neer in 1972. (Neer, 1972) Neer described the 
pathology of impingement with the acromial spur and 
accurately showed the impingement being restricted to 
the anterior third of the acromion and the relation to the 
coracoacromial ligament. Impingement as a function of 
forward flexion and the tests and sign to confirm 
impingement were described by Neer. Neer's treatise 
explained the rôle of the supraspinatus and the stages of 
impingement. Against the prévalent trend, Neer insisted 
on preserving the deltoid origin from the acromion 
during surgery and also suggested to look at the acromio- 
clavicular joint for associated pathology. Lastly Neer 
described a structured Réhabilitation Program to be 
supervised by the treating physician in the conservative 
management. (Neer, 1972, Neer, 1983, Neer, Flatow, 
1988). These fundamental principles illustrated by Neer 
hâve laid the foundation for the current success in 
managing rotator cuff tears. 1 

ETIOLOGY AND PATHOLOGY 

There are complex pathways that lead to a rotator cuff 
tear possibly with several comorbid factors acting 
simultaneously. Broadly the factors leading to a cuff are 
classified as intrinsic (within the rotator cuff) and extrinsic 
(collateral structures surrounding the cuff). It is not 
always possible to implicate one isolated factor as a cause 
of failure of the cuff. Commonly a host of factors— 
intrinsic and extrinsic may interact and bring about the 
failure. 2 
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Intrinsic Factors 


DIAGNOSIS 


Degeneration of the Cuff 

Degeneration within the cuff tissue has been the earliest 
propounded cause of cuff failure. The initiation of 
degeneration of the cuff in the elderly patient may 
progress to intra substance partial tears eventually 
causing a full thickness tear. 3 The two cm zone near the 
insertion of the cuff is "critical vascular zone" with a 
precarious blood supply and thus poor healing potential. 
When an individual with a degenerate tendon is subjected 
to traumatic fall it is likely that the rotator cuff will give 
in and lead to a traumatic cuff tear. 4 If the collective 
strength of the cuff is stronger than the osteoporotic bone 
a thin flake of bone from the Greater tuberosity may be 
avulsed presenting as an innocuous flake fracture of the 
greater tuberosity. A close look at the radiograph can be 
diagnostic of a cuff tear. 

Calcification within the tendon disturbs the organized 
collagen fibers and créâtes a weak zone through which a 
tendon tear could originate. 

Extrinsic Factors 

Impingement is common to most shoulder disorders as 
pain and dysfunction of the cuff lead to altered 
biomechanics of the shoulder and scapulo-humeral joint. 
The ensuing friction between antero-lateral acromion 
with greater tuberosity leads to pinching of the rotator 
cuff. Chronic impingement would alter the quality of the 
cuff and initiate a tear within the cuff tendon. The various 
causes of impingement would vary from altered posture, 
tendinoses of the cuff itself, serratus anterior weakness, 
shoulder stiffness—especially external rotation and labral 
tears. The shape of the acromion, classified by Bigliani 5 
into three types wherein the type III hooked acromion 
leads to anterior cuff tear (Fig. 1). 

Osteophytes under AC joint can also impinge against 
the cuff leading to a tear. Similarly an inflammed 
subacromial bursa and a thick Coraco-acromial ligament 
can behave in a similar manner. 



Fig. 1 : Biglani’s classification of shape of Acromion 


The history and examination for a cuff tear hâve been 
dealt with in the chapter on clinical examination of 
shoulder. Upon suspicion of a cuff tear radiographs in 
the form of True AP and Supraspinatus Outlet views must 
be taken. The True AP radiograph may reveal sclerosis 
and irregularity at the acromian tip (Fig. 2). If this 
irregularity is also présent at the Greater 5 tuberosity, it is 
a strong indicator of a cuff tear. Proximal migration of 
the head of the humérus is the strongest predictor of a 
rotator cuff tear. However such migration may 
occasionally be observed in chronic suprascapular nerve 
compression (which also présents as a cuff weakness) and 
also in severe cuff tendinoses with cuff dysfunction. 
Associated Spurs under the antero-lateral acromion or 
AC joint will be apparent on the radiographs. To confirm 
a tear one needs to resort to either a USG examination or 
an MRI to visualize the cuff anatomy. USG examination 
can be done bilaterally to compare normal anatomy, is 
convenient for the examiner and patient, performs a real 
time assessment on cuff movement and is cost effective. 
However there are controversies as it is highly user 
dépendent and requires a specialist in Musculo-skeletal 
USG to make a firm diagnosis. In addition the 
documentation of the tear on a film is not as convincing 
as the advantage of doing a live USG while assessing the 
cuff in dynamic action. Shoulder ultrasonography has 
shown a specificity of 98% and a sensitivity of 91% in 
comparison with arthroscopy. Différentiation among cuff 
fibrosis, partial thickness, and small full-thickness may 



Fig. 2: Supraspinatus outlet view showing irregularity at 
acromion tip 
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be inadequately addressed by ultrasonography. MRI 
though expensive and tedious to undergo has the distinct 
advantage of accuracy irrespective of the investigator. 
The addition of intra-articular Gadolinium contrast study 
improves the accuracy. Also the surgeon can assess the 
extent of retraction of the cuff, amount of wasting of the 
Supraspinatus in the fossa and thus the reparability and 
prognosis of surgical repair can be offered. 

Usually patients of cuff tear are elderly adults. 
However in patients who présent with a cuff tear in their 
middle âges, strong suspicion of pre-existing Labral tear, 
Suprascapular neuropathy or Hypothyroid disorder 
should be suspected. Undiagnosed labral tears can lead 
to severe chronic impingement. The labral tear itself 
transfers the burden on to the rotator cuff leading to early 
failure. MRI in such cases would be preferred as the USG 
examination is likely to miss out on the labral component. 
An EMG study would confirm Suprascapular nerve 
involvement and thyroid tests may be needed when there 
is disproportionate wasting of the Supraspinatus muscle 
prematurely in the 40 year female patient with cuff tear. 6 

DIFFERENTIAL DIAGNOSIS 

Full thickness cuff tears are not too difficult to diagnose 
and with the assistance of MRI scans, arriving at a 
diagnosis has been made relatively easy. Calcifie 
Tendonitis can mimic cuff tears as there is a "pseudo 
paralysis" of arm abduction and testing individual rotator 
cuff muscles is impossible due to the excruciating pain 
experienced by the patient. Commonly calcifie tendonitis 
is an overnight development of symptoms whereas the 
cuff tear patient allows symptoms to grow on him over 
months. Suprascapular nerve compression is notorious 
for presenting as a cuff tear, as cuff tests would be weak 
in both conditions. Usually nerve compression would 
occur in younger patients and overhead athlètes. The 
Hawkins sign would be négative in early stages as the 
bursa is uninvolved. Disproportionate wasting of the cuff 
in a much shorter period of time should arouse suspicion 
of nerve compression. When there is isolated 
Infraspinatus weakness with gross wasting in a young 
individual, there is a strong likelihood of a Suprascapular 
nerve compression. 

Only occasionally hâve MRI scans revealed a ganglion 
in the suprascapular notch with an associated labral tear. 
EMG tests are however diagnostic after 4-6 weeks of 
affection. In rotator cuff tendinoses there is a disarray of 
the collagen arrangement and the oedematous tendon 
would also reveal weakness on testing but there is no 
anatomical discontinuity in the tendon fibers. USG and 
MRI are helpful to show continued integrity and altered 
non homogenous pattern of the cuff. 


Prolapsed cervical intervertébral dise at C4-5 level 
may présent as a cuff weakness but in association of dise 
tension signs a careful examination of the C5 myotome 
and the respective muscle units involved will segregate 
cervical spine patients from that of cuff tear. 2 

MANAGEMENT 

The management of full thickness cuff tears, if they are 
repairable, remains surgical. The treatment of partial 
thickness cuff tears is not in considération in this chapter. 
A full thickness cuff tear however small will progress to 
a larger tear eventually. As the tear increases in size the 
prognosis worsens in terms of reparability, inhérent 
propensity of the tendon to heal and re tear in addition 
to making the surgery more complex and prolonging 
recovery period. In the young individuals there is a high 
incidence of undiagnosed SLAP or Anterior labral tears 
leading to the full thickness tears. If présent both the labral 
and cuff 7 tears hâve to be addressed at the same 
procedure. It is préférable to do both arthroscopically. 
However these are challenging cases with longer 
operative time and for the same reason the shoulder joint 
tends to swell due to the arthropump obscuring the bony 
landmarks and pushing the shoulder cannulas outwards 
leading to further tissue edema. 

Proper pre-operative planning and swift repairs, 
keeping common portais for both tears will help achieve 
a good and complété resuit. Rotator cuff tears secondary 
to a type III hooked acromion hâve to be addressed 
surgically by a thorough acromioplasty and cuff repair 
simultaneously. 

Why Operate 

It is known that few patients of rotator cuff tear may be 
asymptomatic and although weak in the shoulder they 
may not manifest with pain. However, in the long term 
it is known that 50% of these will progressively 
deteriorate and become irréparable. 6,7 The natural history 
of the cuff tear is also not uniform. In addition there are 
no parameters defined to predict which of these cuff tear 
patients will deteriorate which will remain 
asymptomatic. 8 Williams reported that patients with a 
tear when assessed for function could perform only 4.4 
tasks out of 12 in comparison to âge matched normal 
patients who could perform ail 12 tasks. The greatest 
functional déficits were inability to throw, lifting of 
objects greater than 3.6 kg and sleep comfortably. 11 
Following a tear, atrophy sets in rapidly and an atrophie 
cuff with fatty infiltration has been a poor prognostic 
feature for cuff repair. Waiting for a conservative 
approach may further worsen the atrophy and preclude 
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or complicate a cuff repair. 7,11,13 Sharma and Mafulli 
prefer the term tendinopathy to tendinoses or tendonitis. 
Tendinopathy with disruption of collagen arrangement 
is thought to be a precursor of a tear. 9 

When not to Operate 

It is essential, especially for the young Orthopaedic 
surgeon, to understand when to avoid surgical repair. 
Without a good pre-operative work up it is hazardous to 
operate on rotator cuff tears. A pre-operative MRI or USG 
not only confirms the diagnosis but also allows the 
surgeon to assess the reparability. When Supraspinatus 
outlet views are not taken then there is a possibility of 
missing out on Type III acromion and thus encouraging 
re-tear. Co-morbid 8 conditions such as Hypothyroidism, 
Rheumatoid arthritis, chronic steroid use, morbid obesity, 
smokers hâve an adverse prognosis as cuff healing 
characteristics are poor. 

Very elderly patients with a physiological âge beyond 
65 years, frail built and poor nutrition are unlikely to do 
well after surgery especially if the tear is chronic in nature. 
Such patients would qualify for a rehab trial with limited 
gains. If there is excessive pain then a steroid injection 
could benefit the rehab programme. The steroid injection 
in isolation is unlikely to improve function though in 
some patients it could reduce pain. The rôle of steroids 
in presence of a cuff tear is discussed later in the chapter. 
Diabètes in itself is not a poor prognostic indicator. 
However Diabetic patients are more likely to be stiff and 
if they hâve an associated Suprascapular neuropathy then 
their outcome could be adverse. However in the 320 
patients in our sériés. Diabètes has not been an adverse 
factor for recovery. An easy to read chart has been given 
below listing prognostic criteria for sélection of patients 
for rotator cuff repair. The advantage of repairing a cuff 
early clearly far outweighs the benefits of wait and watch 
policy. 18 Gartsman also highlighted the early approach 
to cuff repairs in a review of ail arthroscopic rotator cuff 

19 

repairs. 


Prognostic Factors for Rotator Cuff Repair 


History 

Positive 

Négative 

Age 

Less than 55 

Over 70 

Présentation 

Acute 

Insidious 


traumatic 

atraumatic 

Duration 

Short 

Chronic 

Smoking 

Nil 

Chronic smoker 

Steroid Injection 

Nil 

Several 

Médications 

No major 

Systemic steroids or 


médications 

antimetabolites 


Contd... 


Contd... 


History 

Positive 

Négative 

Associated illness 


Inflammatory joint 


Nil 

disease, other 
chronic illnesses 

Past surgery 

Nil 

Previous cuff repair 
attempts 

Bad History 

Nil 

History of failed soft 

tissue repairs (e.g. 

dehiscence, 

infections 

complicating 

herniorrhaphy) 

ON Examination 

Nutrition 

Good 

Poor 

Obesity/BMI 

Normal 

Morbid 

Cuff weakness 

Mild- 

moderate 

Severe 9 

Atrophy 

Nil 

Severe 

Instability 

Stable 

shoulder 

Anterior superior 

Acromion 

Intact 

Previous acromial 


acromion 

resection 

ROM 

Normal 

Stiff 


Active /Passive 

Radiographs 


Normal 

Upwards 
displacement of 
head against 
coracoacromial 
arch 

Cuff tear 
arthropathy 

MRI 

Retraction 

Moderate 
< 5cm 

Beyond glenoid 


Négative 

Positive 

Compiled from several articles 13 ' 16 



Surgery Open or Arthroscopic Repair 

A learning gradient is inhérent in any surgical procedure. 
With reference to Rotator cuff repair, this curve can be 
steep for the young surgeon. Most shoulder surgeons 
evolve from performing an arthroscopic assisted open 
repair culminating into an ail arthroscopic repair. There 
has been much debate on the preference for open vis-à- 
vis arthroscopic repair. The choice in itself should dépend 
not on literature reviews but on individual expérience 
and patient présentation and cuff tear morphology. The 
results of open and modem day arthroscopic techniques 
are comparable. 
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There are subtle nuances to each of theses techniques 
which must be highlighted here. The infrastructure, 
equipment and expérience required for mini open repairs 
are far less cumbersome. Performing diagnostic 
arthroscopy in the beach chair position is convenient at 
this stage as conversion to open repair is simple without 
necessitating change in position or draping. Surgeons 
accustomed to the latéral position may find it tedious to 
shift to open repair. The original open repair described 
by erasing the deltoid from the acromion to gain better 
exposure has been given up now due to high incidence 
of deltoid dehiscence and persistent pain (Figs 3 and 4). 

Arthroscopic Assistée! Mini-Open Repair I 

It is advisable to do a diagnostic arthroscopy to confirm, 
assess the extent of tear and reparability of the euff tear. 
After confirming these essentials the surgeon can proceed 
to a Mini-Open repair using the mid latéral Deltoid 10 
approach. 20,14,21 ' 22 The incision should be restricted to 
around 5 cms from the latéral edge of the acromion to 
avoid injury to the axillary nerve. Larger tears will 
inevitably involve more retraction and risk causing 
traction to the axillary nerve. The advantage of this option 
is minimal instrumentation with less difficulty. Repair 
with double row technique is much simpler in the mini 
open technique. Identifying the type of tear and 
positioning the incision accordingly is very crucial. Hence 
a preliminary arthroscopy is mandatory before 
undertaking the mini open repair. On the other hand a 
prominent scar, risk of adhesions around euff, more pain, 
and higher incidence of stiffness 23 is likely. Six months 
down the line, the functional results are pretty much 
similar between arthroscopic and mini-open repairs. 

Arthroscopic Assistée! Mini-Open Repair II 

As the surgeon gets familiar with the use of the 
arthroscope he can move up to doing a subacromial 
décompression and acromioplasty with the scope. This 
helps keeping the tissue handling to the minimum during 
the open repair. Also préparation of the leading edge of 
the euff tear and its bed médial to the greater tuberosity 
can be achieved. Mobilisation of the euff tear—superior 
and inferior surface of the euff is better achieved with 
the arthroscope. Assessment of the euff tear pattern is 
better appreciated on arthroscopy with a birds eye view. 
The Mason-Allen suture technique has proven itself as a 
stronger hold on the euff, is best done on open repairs. 24 

The fundamentals of repair remain the same whether 
it is open or arthroscopic repair. A Subacromial 
décompression and acromioplasty is the first step 



Fig. 3: Parallel orientation of fibers after repair 



Fig. 4: Incorrect orientation of fibers after repair 


towards the repair. The décompression helps release the 
adhesions surrounding the euff, improves the acromio- 
humeral distance and visualization of the euff. If there is 
a hooked acromion or an AC joint osteophyte encroaching 
then a bony acromioplasty is combined with the 
décompression. The rotator euff needs to be released 
below and above to enable a tension free anatomical 
repair. The euff is mobilized below by separating it from 
the superior Glenoid and superior labrum ail across the 
hemisphere. The surgeon must take care not to mobilize 
two cm médial to the Glenoid for fear of damaging the 
suprascapular nerve. On the bursal side the euff is usually 
adhèrent to the Coracoacromial ligament anteriorly and 
the undersurface of the acromion and laterally to the 
Deltoid due to prolonged stiffness. The retracted euff can 
be tested for pliability with an atraumatic grasper passed 
through the latéral portai to ensure that it reaches to the 
rotator euff foot print. The euff tear must be grasped at 
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the apex of the tear, only then will the correct orientation 
of the fibers be maintained without excessive tension on 
the repair. 

At this stage a surgeon should décidé whether he 
wishes to proceed to an ail arthroscopic repair or a mini- 
open repair. 

Ail Arthroscopic Repairs 

The advantage of arthroscopic repair is the minimum 
tissue handling, early recovery and of course the cosmetic 
appeal. There is a limitation of the extent one can mobilize 
the cuff on the open procedure. Due to the restricted 
access through the Deltoid and the acromion intervening, 
large to massive cuff tears may not be sighted or even if 
so one may not be able to mobilize and/or pass sutures 
through the cuff tissue which is retracted medially near 
the Glenoid. The paradox is that larger and more retracted 
tears are actually better treated by the ail arthroscopic 
method. There is a distinct steep learning curve and some 
very expensive instruments are required to allow the 
surgeon to reach ail the nooks and corners of differently 
shaped cuff tears. Also surgeons used to the latéral 
position for routine shoulder arthroscopy may actually 
opt for the beach chair position. The beach chair position 
allows easy conversion to the open technique in case an 
ail arthroscopic technique fails to address the cuff tear. 
In the beach chair position it is easier to rotate the arm 
from internai to external rotation to enable visualization 
of the posterior and anterior structures respectively. The 
change in position can make the surgery complex as the 
image is turned 90 degrees and challenge the psycho 
motor skills of the surgeon. Rotator cuff repair also 
requires the surgeon to rotate the viewing portais from 
the mid latéral to the posterior and anterior successively 
adding to the confusion. The simple suture technique 
used in arthroscopic techniques has been shown inferior 
to the Mason-Allen suture that is used in open repairs. 
However evolving strategies hâve designed the Massive 
cuff stitch to overcome these minor hurdles (Fig. 5). 24 

Arthroscopic repair techniques also place a high 
demand on suture management skills. Each cuff suture 
anchor is preloaded with double sutures which are colour 
coded. With large cuff tears requiring at least two suture 
anchors for a water tight repair the complexities of 
arthroscopic cuff repair add another dimension to the 
surgical skills of a shoulder specialist (Fig. 6). With every 
surmounting challenge for arthroscopic repair there hâve 
been techniques designed to surpass these obstacles. 
Margin convergence and side to side repair techniques 
or bringing the insertion more medially are techniques 
that hâve evolved to make cuff repairs more successful 
(Figs 7 and 8). Currently the trend seems to be moving 



Fig. 5: Massive Cuff Stitch. 
Courtesy Benjamin Ma, JBJS Am 2004 24 



Fig. 6: Arthroscopic cuff repair with two double loaded 
anchors in situ (For color version see Plate 44) 



Fig. 7: Double row repair 
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towards a double row repair in order to restore the rotator 
cuff footprint. The cuff inserts over a broad expanse 
rather than a line. Récréation of the cuff footprint adds 
strength to the repair and also seems to replicate 
anatomy. 25,26 

Complications of surgical repair Since rotator cuff 
repair surgery-especially arthroscopic is considered as 
difficult, large tears can take a long time to operate on. 
There is a possibility of huge swelling over the shoulder 
due to the arthropump spouting fluid around the tissues. 
Usually this is a short term event and the patient recovers 
normal contour in a few days. Rarely excessive inflow 
may lead to dilutional problems altering sérum 
electrolytes. In my expérience this has happened only 
once in over 350 cases - that too in an elderly lady 65 
year old who underwent simultaneous Lumbar canal 
décompression followed by arthroscopic cuff repair. 

Suprascapular nerve injury may occur from excessive 
mobilization of the cuff beyond the Glenoid. 

As with any other technically demanding surgery, 
rotator cuff repair is fraught with several problems. Apart 
from technical difficulties in repairing the tendon, the 
biggest challenge remains in getting the tendon to heal 
in its insertion site. If the sharpey's fibers fail to engage 
the cuff to its natural bed, the tendon can re-tear. The 
reported re-tear rate is between 20-30%. 29,30,38 ' 40 Hence 
modem studies hâve focused on stronger implants 
(double loaded cork screw anchors) and double row 
fixations to maintain a strong repair till healing 
occurs. 26,25 Supplémentation of strong anchors with 
stronger suture material (Ultrabraid—Smith and 
Nephew or Fibrewire from Arthrex) with high tensile 
strength does avoid suture breakage intra-operatively 
and reduces risk of tendon rupture post-operatively. In 


reality addition of such strong sutures has shifted the 
tenuous point to the weakest point to the tendon—which 
remains the wasted, fragile and frayed cuff. 

In the medium term Deltoid dehiscence can be a 
notorious problem after open repair. Since the advent of 
mini open repair (Deltoid is not erased from acromion) 
this complication has reduced considerably. It is a 
devastating complication and there is little that can be 
done to treat this condition. If one is compelled to erase 
the deltoid from its bed, it is paramount to repair it 
anatomically with transosseous sutures. While erasing the 
deltoid it is best to erase the periosteum from bone and 
repair the same back to its bed. In modem day 
arthroscopy erasing the deltoid is probably required only 
for Os acromiale repair. 

The long term complication includes infection, re¬ 
rupture, stiffness of the shoulder. A stiff painful shoulder 
after cuff repair can be the most disheartening 
complication. The complication rate after arthroscopic 
repair is considerably less than that of open repairs. 
Weber 27 reported three loose anchors. Hardware 
problems like pull out of the screw through osteoporotic 
bone. Invariably migration of the anchor would signify 
failure of the repair oroccasionally as a sign of infection. 
Infection rates also hâve been low too. In my sériés of 
over 350 rotator cuff repairs (76 Mini Open and 274 
Arthroscopic) there were 3 cases of infection. Ail the 
infections presented late—6 months, 17 months and 18 
months after surgery. Ail three patients were diabetic and 
the third patient underwent a margin approximation 
without a métal implant. 28 

DISCUSSION AND RESULTS 

One of the most important factors influencing the 
outcome of surgery is the size of the tear. A late diagnosis 
with a large tear is very likely to hâve a poor prognosis as 
compared to smaller tears. Postacchini clearly showed 
that poor results were directly related to large and 
irréparable tears. 13 Thirty-five patients who had had a 
full-thickness tear treated with an arthroscopically 
assisted approach were reviewed by Liu and Baker. 29 
After a mean duration of follow-up of 3. 7 year s, thirty 
patients (86%) had an excellent or good resuit. Size of the 
tear affected the outcome, and patients with large and 
massive tears were found to hâve a less satisfactory resuit. 
Warner et al 30 reported on twenty-four patients of 
arthroscopically assisted rotator cuff repair and were 
followed for a mean of four year s. In that focused sériés, 
seventeen patients underwent arthroscopically assisted 
rotator cuff repair. The authors showed that arthrosco¬ 
pically assisted repair can achieve excellent results in 
patients selected according to such spécifie criteria. The 
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mean score for function according to the American 
Shoulder and Elbow Surgeons scale was 96 of 100 points, 
and the mean score for activities of daily living was 89 of 
100 points. Post operative structural failure rates after 
open cuff repair vary from 20% to 59% as reported in 
diverse reviews. Boileau 38 in 2005 reported a 29% 
anatomical failure in his arthroscopic repair of cuff. Wolf 
and Bayliss following second-look arthroscopy in twenty- 
three patients after arthroscopic cuff repairs reported 70% 
excellent healing after five months post operative period. 
Wilson et al. also performed second-look arthroscopy on 
thirty-three of thirty-five patients and revealed healed 
and watertight repair in twenty-two (67%) of the thirty- 
three patients. Modem day arthroscopic repair match or 
excel the results of open cuff repair. 

RECENT ADVANCES 

Rotator cuff tears are of multifactorial origin. The patient 
présentation could vary vastly and invariably a number 
of them présent late. The practice of early diagnosis, 
prompt repair and emphasis on a good rehab programme 
is the key to a good outcome. The current research on 
enhancing the results is focused on getting the cuff to 
heal, artificial inlay material. Graft jacket (Wright Medical 
Technology (Arlington, Tennessee) for the Orthopaedic 
and podiatrie markets. Graftjacket is derived from human 
allograft skin) and Restore patch (is a disk 1 6 composed 
of ten layers of porcine small intestine submucosa) are 
materials most researched for cuff tear interposition. 
These provide type-I collagen, fibronectin, chondroitin 
sulfate, heparin, heparin sulfate, hyaluronan, and growth 
factors (such as fibroblast growth factor-2 [FGF-2], 
transforming growth factor- [TGF- ], and vascular 
endothélial growth factor [VEGF]. 31 

ROLE OF STEROIDS 

The injection of steroids in the presence of a cuff tear, in 
light of the above evidence is likely to slow down the 
already poor healing potential. These observations 
indicate that the inflammatory process diminishes as the 
tear size increases and the potential for the tendon tear 
to heal by means of resolution, régénération and repair 
diminishes as the tear size increases. 32 It is accepted that 
glucocorticoid suppresses inflammation by reducing 
macrophage activity and reducing angiogenesis, both of 
which are intégral to the inflammatory process. 33 There 
hâve been comparison studies between local anesthetic 
injection and steroid injections intra articularly and 
steroids offered no benefit to patients in the presence of 
a cuff tear. Although there was a small subjective benefit 
in pain, steroids did not alter function or the long term 
outcome. 34,33 Heijden 36 et al did a meta analysis of ail 


available literature on steroid injections for painful 
shoulders and found poor evidence in favour of efficacy 
of steroid injections for shoulder disorders. According to 
them the studies justifying steroid injections had poor 
methodology. A detail argument against the use of steroid 
injections with an evidence base is provided by 
Sweetnam. 37 

CONCLUSION 

Diagnosis of rotator cuff tears commonly éludés the 
Orthopaedic surgeon but it is essentially a clinical 
diagnosis and should not be based on MRI or USG which 
can only assist the clinical acumen of the surgeon. Various 
repair techniques are available—mini open, arthroscopic 
assisted and ail arthroscopic. The long term results of 
repair, based on current evidence, are gratifying and 
consistent. However early diagnosis before severe 
wasting sets in will reduce the complexities of surgery 
and yield much better results. Very recently, Boileau 38 
and other investigations confirmed that in the absence 
of tendon healing (or only partial 17 healing) did not 
necessarily compromise pain relief and patient 
satisfaction. Intense research is ongoing to enhance the 
healing rates for massive and irréparable tears which still 
remain a challenge due to late diagnosis or neglect. 
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270.1 Deltoid Contracture 

HR Jhunjhunwala 


INTRODUCTION 

Fixed abduction of the shoulder due to contracture of the 
deltoid muscle is a well-known clinical entity. The 
contracture usually affects the intermediate part of the 
muscle. 

Deltoid muscle is a thick, powerful, triangular muscle 
and it covers the shoulder joint to form a rounded contour 
of the shoulder. As the name deltoid indicates, this muscle 
is triangular in outline, shaped like an inverted Greek 
letter delta (À). It originates anteriorly from latéral third 
of the clavicle, posteriorly from the spine of scapula, and 
in between from the acromion of scapula. The anterior 
and posterior fibers are long and in parallel bundles. 
The intermediate or acromial fibers are multipennate. 
A multipennate arrangement allows a larger number of 
muscle fibers to be packed into a relatively small volume. 
Intramuscular tendinous septa descend from the 
acromion to interdigitate with those which ascend from 
the deltoid tuberosity. The fasciculi of the muscle are 
comparatively large, giving it a coarsely striped appear- 
ance. Fibrosis develop in these muscle fibers and cause 
contracture. 

Etiology 

Etiology of deltoid contracture is not clear. Various 
hypothèses are put forward like: 

(i) Iatrogénie (ii) Radical, 

(iii) Traumatic, and (iv) Congénital. 

Iatrogénie: Multiple infections in the deltoid muscle during 
infancy or childhood has been blamed to be the cause of 


contracture. Loyd Roberts, Thomas and Gunn (1964) 
noted relationship between the development of 
quadriceps contracture and intramuscular injections. 6 
Similar relationship may be considered for deltoid 
contracture. The exact mechanism causing these 
contractures is still unclear, but suggested causes include 
compression of muscle bundles and capillaries by the 
volume of médication injected and local toxicity of the 
drug. John Groves and Leonard Goldner (1974) showed 
that the contracture can occur in muscle subjected to 
frequent injections and may develop in adult life as well 
as in childhood. 3 

If this would hâve been the cause then we would hâve 
seen many cases with deltoid contractures, particularly 
in India, where multiple injection treatment is common 
during infancy. This weakens the theory of iatrogénie 
etiology. 2 

Literature shows that cases of deltoid contracture has 
been reported from Japan, India, USA, England and 
Columbia. Thus, this entity is not seen in one particular 
race. This weakens the theory of racial etiology. 

Post-traumatic adhesions diminish muscular mobi- 
lity. These cause pain when the muscle is called up on to 
contract. In deltoid contracture there is a painless restric¬ 
tion of movements, so, deltoid contracture is unlikely to 
be posttraumatic. 4 

Hnevkovsky et al (1961) described progressive fibrosis 
in the vastus intermedius muscle and he regarded the 
condition as localized form of congénital myodysplasia. 5 
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Fig. 1 : Preoperative photograph showing abduction 
contracture of left shoulder 


Fig. 2: Preoperative photograph showing winging and 
rotation of scapula 


The authors feel that the etiology deltoid contracture 
is congénital. The fibrous bands are seen particularly in 
the intermediate portion of deltoid muscle just like in 
quadriceps contracture where the affection is mainly of 
vastus intermedius. Bhattacharya 1 (1966) had reported 
abduction contracture in 3 cases due to fibrosis of the 
intermediate portion of the deltoid muscle (Fig. 1). 
Bilateral symmetrical involvement (like seen in one of 
the authors' patient), without history of local trauma, 
injection or any swelling or abscess in or around the 
deltoid, goes in favor of congénital etiology. 

CLINICAL FEATURES 

In such cases the child cannot bring his or her arm by the 
side of the chest and présents with gradually increasing 
deformity. 

As the child grows, this fibrous band of intermediate 
portion of the deltoid cannot grow, but the rest of the 
deltoid muscle fibers grow normally. When this disability 
increases, the patient seeks advice from an orthopédie 
surgeon usually at the âge of 8 to 12 years. 

Clinical examination with the arm by the side of the 
trunk shows anterior prominence of the humerai head 
with latéral rotation of scapule and winging of the médial 
border (Fig. 2), as in paralysis of the serratus anterior, 
but the winging disappears on further abduction of the 
shoulder. The glenohumeral joint is held in abduction 
by a taut fibrous band in the deltoid muscle and further 


abduction is free. The abduction deformity may range 
from 10 to 50. Attempted glenohumeral adduction 
accentutates the winging. A taut fibrous band can be 
palpated deep in the muscle mass of deltoid. 

Radiologically, there may be beaking of the acromion, 
rotation of the scapula and anteroinferior subluxation of 
humerai head. 

Treatment 

The contracture does not respond to passive stretching 
exercises or to other conservative measures. Surgical 
excision of fibrous band is the treatment of choice 
(Fig. 3). After longitudinal skin incision the deep fascia is 
incised transversly, and the fibrous part of deltoid muscle 
is excised. Postoperatively the winging and rotation of 
scapula improves. Normal glenohumeral relationship 
and strength of deltoid muscle can be restored within 2 
to 3 months by physiotherapy (Figs 4 and 5). 

Histopathology shows fibrous bands separated 
by septa. The fibers are thin and slender and the 
surrounding muscle fibers shows atrophie and 
degenerative changes. 

The authors hâve operated upon 10 shoulders in 8 
patients with deltoid contracture. Two of them had 
bilateral involvement. Male to female ratio was equal. 
Average âge was 9 years. Average abduction deformity 
was 30. 
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Fig. 3: Intraoperative photograph showing fibrous band in 
intermediate fibers of the deltoid 



Fig. 4: Postoperative photograph showing full adduction of 
left shoulder 

CONCLUSION 

In the authors' opinion, the etiology of deltoid contracture 
is congénital. What causes the intermediate part of the 



Fig. 5: Postoperative photograph showing correction of 
winging and rotation of scapula and abduction of shoulder 


deltoid to be fibrotic is a mystery. It is interesting to note 
that only the intermediate fibers of the deltoid are 
affected. Once the fibrotic band is excised normal 
glenohumeral relationship is restored. 
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270.2 Bicipital Tenosynovitis 

A Devadoss 


HISTORY 

• Meyer in 1920 first described the anatomy and 
pathology of the biceps tendon and its groove 

• Schrager in 1938 first described anatomical findings 
of biceps tenosynovities and established it as a 
distinct clinical entity 

• Depalma Callery in 1954 concluded that biceps 
tendinitis was the most common cause of painful 
and stiff shoulder and popularized tendodesis of 
biceps tendon 

• Neer in 1972 said that the primary source of shoulder 
pain is impingement, and biceps tendinitis is always 
secondary 

• Burkhead in the chapter "the shoulder" in 
Rockwood stated "Both Charles Neer and Charles 
Rockwoods" hâve stressed the fact that 95 to 98% of 
patients with the diagnosis of biceps tendinitis hâve 
in reality a primary diagnosis of impingement 
syndrome with secondary involvement of biceps 
tendon. 

Anatomy 5 

A portion of the biceps tendon is intra-articular, but 
extrasynovial. In the superior part of the groove, the 
tendon is located in the same impingement area as the 
supraspinatous tendon. The depth of the sulcus and the 
angle of the médial wall may cause irritation of the biceps 
tendon because of altered mechanics. The depth of the 
groove is about 4 to 6 mm. Blood supply to the biceps 
tendon is from anterior circumflex artery. Nerve supply 
is by a branch of musculocutaneous nerve. Tensile 
strength of the tendon is about 150 to 200 pounds. 

With glenohumeral motion, humérus slides along the 
fixed biceps tendon, which decreases the intraarticular 
length. Exact function of the biceps tendon at the shoulder 
is controversial. It acts as a weak flexors of the shoulder. 
EMG studies hâve shown only 7% of contribution. Rowe 
hâve said that it acts as a depressor of the humerai head. 
The relative importance of this increases with rotator cuff 
tear. 

Clinical Features 14 

Patient présents with a point of tenderness over the 
bicipital groove. With a spontaneous rupture of the long 




Fig. 1: Biceps muscle belly configuration after 
spontaneous rupture 

head of the biceps muscle, a typical configuration of 
muscle belly is seen (Fig. 1). Other tests are Ludington's 
test or position here the patient places both the hands on 
the head and flexes the biceps. Pain is noticed which 
radiâtes down along the anterior aspect of arm. 

Speed’s Test or the Biceps Tension Test 

Patient flexes the shoulder against résistance with the 
elbow extended and forearm supinated. Pain is noticed 
in the arc of the biceps groove. 

Yergason's sign: With the elbow flexed, the patient 
supinates the forearm against résistance. Pain is referred 
to the proximal aspect of the groove. 

Biceps instability test: With arm in full abduction and 
external rotation, the arm is brought slowly into internai 
rotation and back into external rotation. A palpable and 
painful click may be felt as the tendon slides over the 
lesser tuberosity. 

Classification of Biceps Pathology 

Secondary Biceps Tendinitis 

Secondary biceps tendinitis constitutes about 95% of the 
biceps tendinitis. It is usually secondary to primary 
impingement syndrome. 
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Primary Biceps Tendinitis 

Primary biceps tendinitis consists of only a very small 
percentage. It is usually secondary to inflammatory 
etiology or abnormality in the groove. 

Biceps Tendon Instability 

Biceps tendon instability is usually seen in younger 
patients and in those involved in throwing sports. 

Biceps Tendon Rupture 

Biceps tendon rupture may be acute or chronic (Fig. 2). 

Differential Diagnosis 

• Acromioclavicular arthritis 

• Rotator cuff lésions 

• Cervical spondylosis 

Imaging 

Radiography 

• AP and axillary view 

• Supraspinatous outlet view 

• Biceps groove view 

Ultrasonography 

Ultrasonography may be used in the diagnosis of biceps 
tendinitis. 

Arthrography 

Biceps tendon sheath often fails to fill with contrast. 

MRI 

MRI is very useful. In the oblique coronal view, tears can 
be readily appreciated. In axial view, location of the 
tendon within tubercular groove and the anatomy of the 
groove can be seen. 

Arthroscopy 

Intra-articular portion of the tendon can be seen clearly. 
In fact this acts as a reference point in shoulder 
arthroscopy. Arthroscopically tendon fraying is graded 
as follows. 

Grade I - minor fraying of biceps tendon, involving 
less than 25% of fibers 

Grade II - fraying less than 50% of biceps tendon 
Grade III - greater than 50% fraying 
Grade IV - complété rupture. 

Treatment 23 

The key to successful treatment of lésions of the long head 
of biceps tendon is récognition of associated pathological 
findings in the shoulder. 



Fig. 2: Slipping of biceps tendon out of its groove 
Secondary Biceps Tendinitis 

Secondary biceps tendinitis is initially treated with anti- 
inflammatory and analgésie drugs followed by isotonie 
exercises. If conservative therapy fails, arthroscopy 
should be done usually after a trial of 3 months of 
conservative management. For grade I and II fraying, 
arthroscopic shaving of the tendon with subacromial 
décompression. For grade III and IV fraying subacromial 
décompression with biceps tenodesis. 

Primary Biceps Tendinitis 

Solitary biceps tenodesis alone, but Becker and Cofield 
hâve reported 50% failure rate after this procedure alone. 

Biceps Tendon Instability 

Initially conservative management like restriction of 
extremity, discouraging the sport, etc. If this fails, surgical 
évaluation with arthroscopy is required. 
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270.3 Winging of Scapula 


DEFINITION 

Winging of scapula is a deformity in which the vertébral 
border and the inferior angle of scapula becomes unduly 
prominent. 

Surgical Anatomy 1 

The scapula forms an intégral part of the shoulder girdle 
and articulâtes with the humérus, the clavicle and the 
thoracic cage. During various movements of the shoulder, 
the scapula greatly dépends on its muscular attachments 
for its stability. 

Normally, the inferior angle and the vertébral border 
of scapula are stabilized against the chest wall by the 
serratus anterior muscle which gains insertion into these 
areas of the scapula. The serratus anterior is innervated 
by the long thoracic nerve which arises from the V, VI 
and VII cervical nerves. Of these the upper two roots 
pierce the scalenus médius muscle. The nerve descends 
along the inner wall of the axilla, posterior to the 
neurovascular structure to supply the serratus anterior 
muscle. 

Etiology 25 

Paralysis or weakness of the serratus anterior muscle or 
a direct trauma to the musclar insertion results in winging 
of scapula. Thus, it may be due to: 

i. Lésions of V, VI and VII cervical nerve roots due to 
injury or viral neuropathy 

ii. Brachial plexus injury due to traction 

iii. Direct trauma to the long thoracic nerve as during 
radical mastectomy, radical neck lymph node 
resection 

iv. Long thoracic nerve injury due to violent 
contractions of scalenus médius muscle as in 
swimming 

v. Exposure to cold 

vi. Inadvertent pressure in the supraclavicular area 
during positioning for surgeries 

vii. Girdle type of muscular atrophy 

viii. Traumatic rupture of the insertion of serratus 
anterior 

ix. In deltoid fibrosis (which may be congénital) 
foliowing repeated injections into the deltoid, there 
is a fixed abduction contracture of the shoulders. It 
usually involves the intermediate part and 
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sometimes the anterior part of the deltoid. Since it is 
difficult for the patient to keep his shoulders in 
abduction, to keep the arms by the side of the chest, 
the patient rotâtes the scapula which results in undue 
prominence of the vertabral border of the scapula. 

Signs 

1. Undue prominence of the vertébral border and 
inferior angle of the scapula when the patient tries 
to push forward with the arm. 

2. Weakness of pushing power of the affected shoulder. 

3. Weakness of abducting power of the arm above the 
horizontal plane. 

4. The affected scapula is nearer the midline and may 
even overlap the vertébral column when the arm is 
abducted. 

5. Asymmetry of the shoulder especially while trying 
to push forward against résistance. 

6. In winging due to deltoid fibrosis a tight contracted 
band can be felt in the deltoid. On abducting the 
shoulders, the winging of scapula disappears. 

Radiography 

Radiographs may show a subluxation of the head of 
humérus. 

Management 68 

When the long thoracic nerve is only stretched and not 
severed, recovery may be expected in 3 to 12 months. 
Until such time, care must be taken to prevent 
development of contractures in the shoulder, elbow and 
wrist. Disability caused by winging of scapula is usually 
slignt and is best accepted. If function is noticeably 
impaired, then a reconstructive operation may be 
indicated. 

The various reconstructive operations are: 

i. A fascial transplant to anchor the inferior angle of 
the scapula to the inferior border of the pectoralis 
major 

ii. Multiple fascial transplants extending from the 
vertébral border of the scapula to the fourth, fifth, 
sixth and seventh thoracic spinous processes 

iii. Transfer to teres major tendon from the humérus to 
the fifth and sixth ribs 
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iv. Transfer of the coracoid insertion of pectoralis minor 2. 
muscle to the vertébral border of the scapula 

v. Transfer of the coracoid insertion of pectoralis minor 3 
to the inferior angle of the scapula 

vi. Transfer of pectoralis minor to the distal third of 4. 
scapula 

vii. In winging of scapula due to deltoid fibrosis, excision 5 - 

of the contracted band corrects the winging. 6 

REFERENCES 7 

1. Fiddian NJ, King RJ. The winged scapula. Clin Orthop 8. 
1984;185:229. 


Fidseth F, Constable JD, Cannon B. Interfascicular nerve 
grafting—early expériences at the Massachusetts General 
Hospital. Plast Reconstr Surg 1975;56:492. 

Goriza ER, Harris WR. Traumatic winging of the scapula. JBJS 
1979;61A:1230. 

Gregg JR, et al. Serratus anterior paralysis in the young athlete. 
JBJS 1979;61A:825. 

Haas SL. Serratus anterior paralysis. Orthopaedic Correspondence 
Club Lener, 1949;15. 

Hayes JM, Zehr DJ. Traumatic muscle avulsion causing winging 
of the scapula—a case report. JBJS 1981;63A:495. 

Herzmark MH. Traumatic paralysis of the serratus anterior 
relieved by transplantation of the rhomboidei. JBJS 1951;33A:235. 
Lindstrom N, Damelsson L. Muscle transposition in serratus 
anterior paralysis. Acta Orthop Scand 1962;32:369. 




INTRODUCTION 

Adhesive capsulitis was first described by Nevisar in 
1945. 23 Both the entities, adhesive capsulitis and frozen 
shoulder are generally thought to be the same. 

A frozen shoulder or adhesive capsulitis is a gleno- 
humeral joint with pain and stiffness that cannot be 
explained on the basis of joint incongruity. It is the 
restriction to passive movement that is the hallmark of 
this disease. 

Adhesive capsulitis occurs mainly during the fifth to 
seventh decade of life and affects women more frequently 
than men. Bilateral involvement occurs in 10 to 40% cases. 
Once the syndrome résolves, it generally does not recur 
on the same shoulder. Unless there are other predisposing 
factors like diabètes mellitus, bicipital tendinitis, 
rheumatoid arthritis, etc. 

Frozen shoulder is a very common disability causing 
shoulder pain and stiffness. Its pathogenesis is not fully 
understood. It is the end resuit of many different 
pathological conditions. If the shoulder is immobilized 
for a long time due to any reason, it results into pain and 
stiffness. 25 

Etiology 

The spécifie etiology remains unknown. 13 The most 
common causes are cervical spine degenerative disease 
or radioculopathy, subacromial impingement syndrome, 
acromioclavicular arthritis posttraumatic bursitis and 
inflammatory synovitis of the shoulder. It is also found 
in association with other medical problems such as 
diabètes mellitus and also with cardithoracic surgery, 
shoulder immobilization for fractures in the upper limb 
of adhesive capsulitis. 31 Muscle imbalance is another 
important cause. It also occurs due to immobilization of 
the upper limb after fractures, e.g. Colles' fractures. 26,1 


Common to most patients presenting with frozen 
shoulder is a period during which the shoulder has been 
relatively immobile. 7,11,14,24,33 The period of immobility 
seems to be an important factor in the development of 
frozen shoulder. 

The exact cause is not known. The autoimmune theory 
has been proposed, but conclusive evidence has not been 
found as ye t 4,5,15,16,36 

There is a higher than normal association between 
frozen shoulder and diabètes mellitus. 3,9,18,19,21,27,32,34,35 

DePalma (1953) considered that bicipital tenosyno- 
vitis played an important part. 

McNab (1973) found alteration in the microvascular 
supply of the supraspinatus tendon, with changes in the 
infarcted tendon. Bugen et al (1976,1978) found lowered 
immunoglobulins, reduced transformation of lymphocytes 
by phytohemagglutinin, and an increased incidence of 
HLA-B27 antigen. 

Pathology 

Dense adhesions are présent between the humerai head 
and the glenoid cavity. Adhesions increase as the disease 
progresses. The interval between the humerai head and 
the glenoid gets progressively narrowed. Capsular 
contracture is noticed. The dépendent fold of the capsule 
gets obliterated with adhesions. The synovium is 
thickened, reddish and edematous (Fig. 1). 

It has been found at surgery that a volume of the joint 
is reduced, and the joint capsule is tight and contracted. 
It appears that the coracohumeral ligament is particularly 
affected. Shortened coracohumeral ligament restricts 
external rotation and always require release during the 
open release. 
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Fig. 1: Pathology of frozen shoulder: (1) oblitération of the 
dépendent fold of synovium, (2) contracture of coracohumeral 
ligament, (3) fibrosis of anterior capsule 

Clinical Features 

Patients complain pain and stiffness of shoulder. Often 
the pain is severe. This condition accounts for far more 
cases of shoulder disability than does supraspinatus 
tendinitis. It affects males and females equally, over the 
âge of 40 years. 

The clinical picture is one of insidious onset of 
generalized aching discomfort about the shoulder. In the 
classic description of adhesive capsulitis, there are three 
clinical phases. 

1. A painful phase Initially the patient will complain about 
an aching discomfort about the shoulder. Pain 
gradually increases. Night pain often awakening him 
or her from slee is a common complaint 

2. A phase of progressive stiffness As the pain increases, 
the movements of the shoulder get progressively 
restricted. This leads to stiffness of the shoulder. With 
further restriction of movement, the stiffness about the 
shoulder gradually increases. Thus, a vicious cycle 
tends to occur. 

The movements most affected are external and 
internai rotations and abduction. There is usually no 
discrepancy between active and passive ranges of 
motion. 

3. A thawing phase with graduai return of motion This 
usually occurs after 10 to 12 months or even after 
3 years. The pain and stiffness reduces. Frozen shoulder 
is usually self-limiting, but symptoms can persist for 6 
months or more, and it takes many more months for ail 
ranges of movements to return to normal. 


Differential Diagnosis 

• Locked posterior and anterior dislocations 

• Subacromial impingement 

• Rotator cuff lésions. 

Imaging 

Radiography 

Plain radiographs are usually unremarkable. It may show 
only osteopenia. 

Arthrogram 

Arthrogram will show less of the normally loose 
dépendent fold of the joint. The dye does not fill into this 
dépendent fold. Also the amount of the contrast material 
that can be injected into the joint is reduced. 

Arthroscopy 

Arthroscopically, adhesive capsulities can be divided into 
four stages. 

Stage I (preadhesion stage): This stage mimics impingement 
syndrome or rotator cuff lésion. Clinically, this stage shows 
signs and symptoms of impingement syndrome. There is 
minimal restriction of motion. Arthroscopically, 
erythematous fibrinous pannus is seen over the synovium. 

Stage II (acute adhesive synovitis): Clinically, there is severe 
loss of motion in ail planes with pain in ail ranges of 
motion. Arthroscopically, the synovium appears red, angry 
and thickened. It can visualize adhesions growing across 
the dépendent fold into the humerai head. There is loss of 
normal interval between the humerai head and biceps 
tendon. 

Stage III (maturation of adhesions): This is also called as the 
stage of pink synovitis. Here the erythematous pannus 
over the synovium appears pale. The dépendent fold is 
reduced to half of its normal size. Humerai head remains 
pressed against the glenoid. 

Stage IV (chronic adhesion phase): In this stage, there is no 
synovitis. The dépendent fold is severely lost. Motion is at 
its worst. 

Treatment 

Initially ail patients are treated conservatively with 
antiinflammatory drugs, pain médication, heat therapy 
and with intensive physical therapy. During the initial 
preadhesive stage, it is better to avoid décompression. 
Patients in this stage can be treated with intraarticular 
steroid, and passive exercises help to keep the dépendent 
fold loose. 6 
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Majority of the patients respond on regular exercises 
program. The exercises should be done for 5 to 10 minutes 
and repeated as frequently as possible throughout the day. 

Stretching program: Stretching of the shoulder in ail 
directions is an important part of physical therapy. A 
sustained stretch for 30 to 60 seconds is recommended. 

At the initial assessment, it is most important to obtain 
a complété history of the shoulder symptoms. The author 
prefers to begin with a stretching program. 

As pain is brought under control, a stretching program 
is initiated in forward élévation, external rotation, and 
internai rotation. Patients hâve to be motivated or 
participated in such as exercise program. 

Distension of the joint: By saline, distention of the joint is 
reported to be most useful in patients with slight to 
moderately restricted shoulders. 2,30 

Manipulation: It is indicated when good exercise program 
fails. Manipulation under anesthésia as treatment for the 
painful, stiff shoulder has been a source of much 
controversy in orthopédie surgery. 7,8,20 

The most frequent capsular tear following manipu¬ 
lation is along the inferior capsule, but tears hâve also 
been observed to involve the intraarticular long head of 
biceps and the subscapularis tendon. 7,22,30 

During manipulation most authors prefer to stretch 
the inferior capsule first, taking care to stabilize the 
scapula while the arm is abducted. 12,28 The definite 
audible and palpable release of résistance that may be 
experienced on manipulation is thought by some to be a 
good prognostic sign . 13,17 ' 28 ' 29 

Postmanipulation care is most important. Immédiate 
after manipulation, ice bag is kept on the shoulder to 
reduce the postmanipulation pain, or the next active 
passive exercises are started, and stretching the shoulder 
in ail directions is to be continued. This postmanipulation 
physical therapy is very important to prevent 
récurrence. 37 

The important technical point in manipulation is that 
during the entire procedure, continuous uninterrupted 
traction is given to prevent fracture of humérus. 
Postoperatively ice bag over the shoulder reduces pain. 10 

Causes offailure of manipulation: Important cause of failure 
is wrong diagnosis. The lésion may be impingement, 
hidden calcium, some unrecognized systemic disorder, 
arthritic process, or any of many intrinsic or extrinsic 
disorders. The second important cause of failure is 
inadéquate manipulation. 

The manipulation is started in abduction, stabilizing 
the scapula and abducting the humérus to achieve as 
much motion as judged possible. Following manipulation 
patients are given an intraarticular injection of 20 mg of 
triamcinolone occasionally. 


Contraindications to manipulation of the shoulder 
under anesthésia for the management of frozen shoulder 
include: (i) frozen shoulders that resuit from a shoulder 
dislocation or fracture of the proximal humérus, (ii) 
patients who hâve moderate bone atrophy on shoulder 
radiographs, and (iii) patients who are unable to cooperate 
with the required postmanipulation exercise program. 

If the stiffness about the shoulder increases, it can be 
manipulating under general anesthésia. While mani- 
pulating, the scapula is fixed to the chest wall and the 
arm is gradually abducted. While manipulating, breaking 
of the adhesions can be heard. Another important 
précaution is to give continuous traction during 
manipulation to prevent fracture of the humerai shaft. 

Manipulation increases the passive arc of movement. 
After manipulation the shoulder is immobilized in an 
abduction splint. 

Complications: Later intensive physical therapy with pain 
médication is given. The complications of manipulation 
is humerai fracture, dislocation, rotator euff lésion and 
biceps tendon rupture. Beacon Bayley hâve cautioned this 
and hâve suggested accurate positioning of the surgeon's 
hand, so that only a short leverage is applied to the 
humérus. 13 

Edmondas and Taylor (1982) hâve shown in their 
sériés that manipulation with intraarticular steroid and 
physical therapy produces good results in case of 
adhesive capsulitis. 1 

Surgery 

Surgery is rarely indicated. Open release in primary 
frozen shoulder may be considered when there is 
moderate pain and persistent stiffness, or when the bone 
quality is less than idéal, greatly increasing the risk of 
fracture with a closed manipulation. 

Surgical treatment: Open release of the frozen shoulder is 
indicated when manipulation is contraindicated or if prior 
closed manipulation has failed. 

Hsu and Chan (1991) in a prospective study for 
treatment of frozen shoulder by manipulation and 
physiotherapy, arthroscopic distention and physio- 
therapy, and physiotherapy alone, found the first two 
gave better results and recommended arthroscopic 
distention as a good alternative to manipulation. 

Chronic disability is usually caused by degenerative 
arthritic change, either in the shoulder or in the 
acromioclavicular joint. 

Technique: Through the deltopectoral incision, adhesions 
are cleared. Subacromial bursa may need excision. The 
coracohumeral ligament is very important in frozen 
shoulder. The coracohumeral ligament which lies between 
supraspinatus and subscapular portions of euff présents 
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a cord-like thickening in this condition. After splitting this 
ligament longitudinally, the joint is entered. It is divided 
next near the base of the coracoid. If the joint is still not 
mobile, explore the joint. Remove the adhesions in the joint. 
The subscapular tendon may require lengthening. The 
intraarticular biceps tendon which is adhèrent to the 
capsule and the head is freed. The tendon is removed to 
the point where it enters the bicipital groove. The 
transverse humerai ligament is eut. Ail soft tissue is curetted 
from the groove, and the tendon is replaced and held by 
sutures running through adjacent drillholes, or tendon 
may be attached to the coracoid process. The wound is 
closed. 

Arthroscopic release: More recently, arthroscopic release 
techniques hâve been used with satisfactory results. 
However, the indications and technique for this approach 
require further study. 
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INTRODUCTION 

Basics about the shoulder joint—Définition, anatomy, 
biomechanics, clinical nomenclature and exploding 
common myths. 

The shoulder joint is often loosely talked about as the 
gleno-humeral joint. In reality the two are quite different. 
The shoulder joint encompasses the gleno-humeral joint 
along with scapulothoracic, acromio-clavicular and 
sterno-clavicular joint, ail in toto. If any of these four joints 
are affected the shoulder function will be severely 
compromised. The net resuit of each is the same—pain 
and stiffness. But the treatment—as a therapist and 
surgeon—has to be directed at the joint that is at fault. 
Présent day therapy is often directed at the gleno-humeral 
joint irrespective of the site of pathology. 

Scapular Principle—Ben Kibler's Contribution 

The relationship of the scapula to the Shoulder joint is like 
that of the foundation to a building. However strong the 
shoulder muscles, they are of little use without a sound 
scapular anchor. Kibler introduced this concept and 
revolutionized shoulder réhabilitation. Normal scapular 
function would envisage two aspects: 

1. scapular muscle strength, including that of 
rhomboids, serratus anterior and to some extent 
levator and lower trapezius. 

2. Apart from strength the scapulo-humeral rhythm 
has to be normal. This is a slightly sublime parameter 
as it is intricate to fathom and even more difficult to 
restore to normal. 

Without either of these two parameters it is difficult 
to ensure normal shoulder function. 


Scapular Dyskinesia 

"This is a non spécifie response to Gleno-humeral pain / 
injury/pathology "—Ben Kibler. 

In short most painful conditions of the shoulder will 
lead to excessive recruitment of the scapular muscles and 
introduce a dyskinetic pattern. 

Définition of Normal Scapulo-humeral Rhythm 

It is a motor pattern learnt through practice and 
répétition 

This is normal tracking of scapula which ensures smooth 
movement of the greater tuberosity under the acromion 
without pain or impingement. Normally this occurs in a 
2:1 ratio though the ratio is not proportionate from start 
to end. The ratio can vary from person to per son however 
the motion must be smooth and symmetrical on both 
sides. 

Golf Bail Concept 

The shoulder joint is a bail and socket joint like the hip 
joint. The différence lies in the fact that it is far more 
mobile. This mobility is obviously at the cost of stability 
vis-à-vis the hip joint. The glenoid articulating with the 
head of humérus is similar to the golf bail on a tee, with 
minimal coverage. The onus of stability lies on 
multifactorial parameters such as concavity compression, 
vacuum effect, strong rotator euff, intact labrum and 
dynamic factors such as muscle strength and 
proprioception. 
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The Concept of Impingement 

One must be aware that for complété pain free abduction 
to occur, the greater tuberosity has to clear the acromion. 
To ensure this arc, the person has to hâve a normal 
anatomy, good cuff strength, normal scapulo-humeral 
rhythm and achieve reflex external rotation as the arm 
reaches 90° abduction. Conversely, any shoulder 
problem—a minor one like joint laxity, supraspinatus 
tendonitis or a major one like bankart tear, rotator cuff tear 
or winging of scapula will lead to impingement. 
Consequently, every shoulder problem will manifest as 
impingement as a presenting feature. 

CONSERVATIVE SHOULDER REHABILITATION 

Principles of Shoulder Réhabilitation—Do s & Dont’s 

The entire success of shoulder réhabilitation relies on 
normal scapular function—including scapular muscle 
strength and scapulohumeral rhythm. The stress is 
essentially on Rhomboids, Serratus Anterior along with 
levator scapulae and lower Trapezius. The strengthening 
programme is reasonably straight forward, although some 
patients may find it difficult to comprehend. Patients with 
poor posture, kyphosis and elderly patients are difficult to 
train and emphasis should be placed on correct techniques 
which can be assisted by the therapist. Restoration of 
normal scapulo-humeral rhythm is more difficult and 
requires perseverance. Most patients with chronic 
shoulder problems lose their sense of proprioception. Their 
perception of correct scapular tracking is absent. To restore 
normality one has to rely on sheer exhaustive repeatability 
and help the patient develop their proprioception sense 
by compréhension of what is right and what is wrong. 

Phasic Program 

The Pune Shoulder Réhabilitation Programme (PSRP) has 
been designed to ensure complété patient compliance and 
at the same time providing optimal réhabilitation in the 
minimum time interval. The programme for Primary 
impingement, rotator cuff tears and arthritis is designed 
as a two-phase therapy. The first phase is totally 
supervised for about two weeks followed by a home 
programme for about four weeks. Patients with chronic 
shoulder problems for more than two years and patients 
of adhesive capsulitis especially with Diabètes are given 
an extended first phase of three weeks. Patients of SL AP 
tear, Bankart repair and multidirectional instability 
require additional inputs in the form of scapular setting 
exercises and restoration of scapulo-humeral rhythm. 
Some of these young patients are keen to pursue an 
overhead sports hobby, in which case they need to attend 


the third phase, six months after surgery or normalization 
before they enter their desired sports programme. The 
PSRP is basically focused on the foliowing three main 
areas 1. the scapula 2. the rotator cuff 3. the core. 

Phase I 

Phase I essentially comprises of scapular strengthening 
programme along with capsular stretching exercises if 
the shoulder is stiff. This is a crucial time for the therapist 
to gain confidence of the patient. From the patients 
perspective this can be a painful expérience, especially 
so on the first few days, due to the dramatic increase in 
stresses on the shoulder joint. Each patient has his/ her 
own individual parameters of tolérance. Each therapist 
has to in turn exceed these restraints, by marginal 
fractions each day. 

Therapist who are new to this programme must at ail 
times perform the stretches with the patient in supine 
position as this helps artificially stabilize the scapula 
without the support of the scapular muscles. If scapular 
muscles remain weak and unstable, then stretching in 
sitting position can encourage impingement, leading to 
pain and further non-compliance from the patient. 

Anterior Capsular Stretches (Fig. 1) 

Stretching of the anterior capsule achieves improvement 
of external rotation and is usually the last movement to 
return to normal. The anterior capsule tends to be a thick 
obstinate structure which yields only with time 
particularly in Diabetic patients and longstanding 
contractures. The anterior capsule should be stretched to 
its tolérance limit and held in the terminal position to a 
count of 10. This should be done as 10 répétitions of each 



Fig. 1 : Anterior capsule self stretches 
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Fig. 3: Inferior capsule self stretches. Alternative method 


stretch. The initial stretch may be done with the shoulder 
in neutral followed by shoulder in 90° of abduction (if 
possible) for similar répétitions of ten each. This helps 
stretch different segments of the anterior capsule. 

Inferior Capsule Stretches (Figs 2 and 3) 

These involve guiding the shoulder without scapular 
élévation to occur in forward flexion and abduction. 
Similarly the therapist must reach to maximum point of 
patient tolérance and hold for 10 seconds with ten 
répétitions each. One must be careful to avoid impinge- 
ment, especially in abduction, for fear of provoking pain. 
Experienced therapist will realize that forward flexion 
yields much earlier than abduction. The reason for this is 
unless a normal external rotation is restored it is 
impossible for the greater tuberosity to clear the 
acromion. In fact it is our expérience that the progress of 
external rotation and abduction is interlinked and is often 
the last bastion to fall. 


Caveats 

• Watch for pain 

• Avoid scapular élévation 

• Every week 10 degree + 

• IFT/USG for pain relief 



Fig. 4: Posterior capsular self stretch 



Posterior Capsular Stretches (Figs 4 and 5) 

Occasionally the posterior capsule can behave like a 
tenacious unrelenting structure and restoration of internai 
rotation can thus be delayed. This is a very functional 
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movement that a patient requires to reach his/her mouth 
and back and scratch the back or tie their bra strap. 
Stretches should be given in forward flexion adduction 
across the body and adduction internai rotation 
maneuver behind the back. Patients can be taught self 
stretches with a towel to lift the affected hand behind 
their back. 

Scapular Strengthening 

The emphasis is again on the Rhomboids, Serratus anterior, 
and Levator scapulae along with the lower Trapezius. It is 
important to include anti-gravity exercises as it is rather 
difficult to train these muscles for résistive exercises. The 
therapist must understand the correct technique for each 
muscle and confirm whether the required muscle is 
recruited during the particular exercise. So often wasting 
or pain inhibition will allow a neighboring muscle to be 
activated—this is a common problem for failure of the 
programme. Each muscle shoulder contracted for about 
10 seconds followed by ten répétitions. With each passing 
day the répétitions and the old time can be progressively 
increased. 

Exercise Bands 

Exercise Bands are useful to follow a closed chain exercise 
programme against résistance. Closed chain principle is 
ail the more important in the shoulder joint which tends 
to be uns table. For the shoulder joint which is inherently 
unstable and prone to impingement the entire PSRP is 
based on the closed chain principle. One of the reputed 
brands has color coded bands ranging for yellow to red, 
followed by green, blue and black in increasing range of 
résistance. Most exercise bands are imported. There are 
cheaper substitutes which can be used provided a 
reasonable standardization is achieved. Principally one 
must wait for some semblance of scapular control and 
increased tone of the scapular muscles. Hence depending 
on patients' physical fitness and response to Phase I, 
Therabands are started at about the 5th day. Also while 
strengthening supraspinatus the maximum élévation 
allowed is 75° in mid-abduction otherwise this can 
provoke impingement, leading to pain and non- 
compliance cycle. Smooth gentle movements without any 
jerks or kickback are advised. Maintaining a hold of ten 
seconds followed by ten répétitions is standard practice. 
These can progressively be increased daily. It is the 
therapist's duty to supervise correct technique of using 
Exercise Bands as patients are seen to frequently do these 
wrongly. Eccentric strengthening is also emphasized 
during réhabilitation i.e. controlling return movement 
during exercises with elastic bands. 


The three cuff strengthening positions are: 

1. Supraspinatus: This is to be strengthened with the 
elbow extended and the empty can position in the 
sub-impingement range. Each exercise is held for a 
count of ten and ten such sets are preferred. In the 
phase III programme for top class athlètes, the band 
can be used in prone-horizontal abduction position 
on a Swiss bail (Fig. 6). 

2. Infraspinatus: The arm is held in neutral rotation at 
the elbow bent at 90° and the Shoulder braced. The 
exercise band is held in the hand and tied to a wall 
mount on the inside and the forearm is externally 
rotated at the shoulder. Similar counts and sets are 
done (Fig. 7). 

3. Subscapularis: The arm is held in neutral rotation at 
the elbow bent at 90° and the Shoulder braced. The 
exercise band is held in the hand and tied to a wall 
mount now on the outside and the forearm is 
internally rotated at the shoulder. Similar counts and 
sets are done. Arm neutral, elbow 90° flexed (Fig. 8). 
Infraspinatus and sub-scapularis canbe given in arm 
90° abducted position for athlètes and who are in 
later phases of treatment. 

Core Strengthening and Stability 

The shoulder réhabilitation is incomplète without core 
stability component. As we look into total kinetic chain, 
we strengthen the various core muscles like transverses 
abdominus, rectus abdominus, external and internai 
obliques, back extensors comprising of erector spine and 
multifidus, and hip extensors. 



Fig. 6: Infraspinatus strengthening 
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Fig. 7: Supraspinatus strengthening 



Scapular Stabilizing Program 

Scapular Proprioception Restoration/Scapular Setting 

There are three main components of the Scapular 
Stabilising Programme. 

i. Setting in Neutral 

ii. Assisted Setting with Passive control 

iii. Dynamic Control/Dissociation. 

It is essential that muscle imbalance problems are 
addressed to facilitate optimal scapula stability and 
scapulo/ gleno-humeral alignment to minimize the risk of 
impingement and/ or instability. 

Setting in Neutral 

The scapular muscle strengthening programme addresses 
the scapular stabilization in neutral. The focus is on 
strengthening essentially Rhomboids and the serratus 
anterior. However, along with these exercises, the levator 
scapulae with the lower trapezius is also exercised. By far 
the most important exercise here is the prone rhomboid 
strengthening — which is done in 3 steps. Step I is in 
prone and replicates the standing bracing exercises by 
rolling the shoulder blades (Scapulae) towards each other. 

Step 2 and 3 involve recruiting different segments of the 
rhomboids and canbe quite difficult to do for elderly, obese 
and patients with stiff shoulders. Hence we advocate step 
2 and 3 only for the young instability patients as it is 
préférable to do few exercises but with the correct 
technique. 


Fig. 8: Subscapularis strengthening 



Fig. 9 : Patients should progress from Step 1 to 3 only after achieving proficiency at each stage 
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Dynamic Control / Dissociation 

After achieving the goals of the previous two sets the patient 
is usually ready to go on the home exercise programme. 
Apart from the other standard rehab programme the 
younger instability patients are encouraged to develop 
dynamic control of their scapular rhythm. 

DELTOID STRENGTHENING EXERCISES 

Deltoid responds quickly to resisted exercises. However 
in the absence of rotator cuff function, the deltoid 
contraction will resuit in proximal migration of the 
humérus (Refer to Chapter 1—Introduction). Basically the 
cuff contraction helps bind the head of the humérus to the 
glenoid resulting in effective abduction by deltoid without 
causing impingement. Hence, in patients with a rotator 
cuff tear or dysfunction, or postoperative rotator cuff repair 
patients deltoid strengthening should not be taken up. 
The therapist should be awake to this problem and hence 
his/her clinical assessment is very important. 

At the end of the phase One, there should be 60 to 
80% of réduction in pain. 

A UCLA (University of California, Los Angeles) 
scoring is done at this stage. Now the patient is 
progressed to Phase Two of PSRP. 

Phase II 

This is 4 to 6 weeks home-based exercise program where 
the patient is advised to do ail the above exercises. 
Foliow-up is advised after six weeks foliowed by a UCLA 
scoring. Very few patients are promoted to the Phase Three 
of PSRP. 

Phase III 

This is a very intensive and high level training designed 
specifically for overhead throwing athlètes or sportsmen 
using racquets. The exercise given in this program are: 

1. Throwing program 

2. Plyometrics 

3. Core stability continued 

4. Functional restraining. 

MODALITIES—STEROIDS/IFT/SWD 
Intra-articular Steroid Injections 

Caveats 

• Acute calcifie tendonitis 

• Avoid adding lignocaine 

• Only if inflammation 

• AVOID in cuff tear s 

• Strict asepsis 


Therapeutic/ Diagnostic/Assistive 

Intra-articular steroid injections hâve been used for every 
shoulder pain for may years, and that to quite effectively. 
Steroids are effective anti-inflammatory agents and if 
targeted at the organ of interest, such as intra-articular 
they act more specifically. It is a myth that locally given 
steroids do not influence the blood sugar levels. In fact 
very often in bilateral inflammatory pathology steroid 
injection in one joint will help reduce the inflammation of 
the opposite joint. Blood sugar levels also can rise 
dramatically. Steroids should not be used liberally. Only 
in the presence of inflammation are steroids effective. 
Chronically painful and stiff shoulders do not respond to 
injections. In the presence of rotator cuff tears, injecting 
steroids into the shoulder joint will eliminate any 
remaining healing potential at the tear site. The steroids 
do not cure the shoulder problem unless it is primary 
impingement. The injection does hâve a diagnostic rôle as 
only genuine shoulder impingement patients will respond 
positively. Patients that do not respond must be worked 
up for cervical spine disorders, thoracic outlet syndrome. 
Steroids hâve a dramatic effect on the acute calcifie 
tendonitis of the shoulder. At the same time a chronic 
calcifie deposit within the supraspinatus in the absence 
of inflammation will elicit no relief after an intra-articular 
injection. 

My rationale of using steroids is to assist the réhabili¬ 
tation of the shoulder. The admixture of lignocaine with 
depomederol is of practiced but there is likelihood of crystal 
formation causing severe pain on the first two days of the 
injection. Utmost care should be maintained while giving 
intra-articular injections and strict asepsis is a must. A 
casual approach to intra-articular injection can lead to 
disastrous septic arthritis. Needless to say, the surgeon 
must avoid immunocompromised patients for steroid 
injections. 

Rôle of IFT/SWD 

These intervention modalities are certainly useful in the 
acute painfully inflamed shoulder. The purpose of using 
modalities would be to promote exercise tolérance and 
improve compliance from the patient. These are 
prominently used in the first few days of starting phase I 
rehab. To offer immédiate relief IFT and rarely S WD are 
useful modalities to bring the pain to more tolerable levels. 
Both IFT and SWD hâve no curative value nor do they 
reduce the inflammation. The basic treatment is 
réhabilitation which has to be done in the pain free State to 
avoid further impingement and improve patient 
compliance. Both these modalities help achieve that State. 
However in my practice I do not encourage the use of either 
of the modalities. 
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Surgical Protocols 

Principles of Protected Phase and Rehab Phase 

The foundation of post surgical rehab is almost similar to 
the conservative therapy. The main différences are with 
reference to individual conditions and repaired 
structures. Ail tendons, cartilages and labrum repairs take 
about six weeks to heal. The first six weeks are thus the 
protective phase where mobilization is permitted but 
within limits. Most surgical procedures on the shoulder 
are arthroscopic. Surgeons prefer expensive suture 
anchors to repair the damaged tissue. These are made of 
titanium and poly and hâve a very good pull out strength. 
The goals in modem surgery are to encourage 
mobilization without compromising on the repaired 
tissue integrity. Hence progressive mobilization should 
be carried out from the 3rd or 4th postoperative day once 
the operative pain is not a hindrance. The therapist must 
be careful not to provoke pain as this could bring about 
reflex spasm of the antagonistic muscle jeopardizing the 
repaired tissue. There are prescribed goals to be achieved 
at each stage after surgery although some patients are 
psychomotor artistes and achieve their goals quicker 
whereas others are maladroit and achieve their goals very 
late with a lot of effort. It is this skill that a therapist needs 
to develop, to identify the character of the patient and 
push him/her towards a redefined goal. It is unrealistic 
for ail patients to reach their destination at the same time 
with the same case. The therapists' responsibility is far 
greater with the postoperative patient as a surgical repair 
is at risk, patients tend to be more apprehensive after 
surgery and the patient has also spent a lot of money 
and time towards surgery. 

In general shoulder movement upto 90° of forward 
flexion and abduction is safe and does not put significant 
pressure on the commonly repaired tissue. Exceptions 
may be severely osteoporotic fractures of the proximal 
humérus and some difficult shoulder joint replacements. 
So unless a surgeon has explicitly written to avoid 
mobilization the above safe range may be freely started. 
Individual conditions will be briefly discussed in the next 
section. The therapist must watch for wound healing in 
the first ten day s. 

Scapular exercises must be started at the earliest along 
with posture correction. In the initial week only bracing 
and levator scapulae exercises are tolerated by the patient 
and I ad vice them to do these for 10 minutes every hour. 
By the third or fourth postoperative week the increased 
ROM permits rhomboids and serratus strengthening. In 
the later days patients can freely perform ail the scapular 
exercises including the prone scapular sets in neutral. 


Along with the Scapulars, ROM assisted passive and later 
active exercises may be started. These begin with 
pendulum exercises to start with, progressively increasing 
these by 20 to 30° every week. Usually patients achieve the 
90° restriction by fourth week. The patient is advised to 
repeat the exercises at home with a walking stick as active 
assisted exercises. Static Deltoid and static rotator cuff 
exercises are allowed only if these tissues are not part of 
the repair procedure. These may be instituted from the 
first week itself. Therabands are not allowed till the 
protective phase is on for about six weeks. 

SPECIFIC SHOULDER PROCEDURES 

Arthroscopic Subacromial Décompression 

Start on 5th Postoperative Day 

• Active assisted exercises of shoulder joint 

• Progress to active as pain allows 

• External rotation exercises with stick 

• Posture correction 

• Scapular strengthening exercises 

• Isométrie rotator cuff exercises 

• No restriction for ROM exercises. 

Caveats 

• Avoid deltoid strengthening of open subacromial 
décompression done for 6 weeks 

• Total of two weeks of aggressive phase I. 

2nd week 

• Check improvement in active and passive ROM 

• Start therabands for cuff if scapular control + 

• Start full range of scapular ex. in neutral 

• Préparé for home programme if 80% ROM and 
scapular control OK. 

Caveats 

• Zéro external rotation for 6 weeks 

• Forward flexion upto 90° 

• Abduction 60 to 70° 

• No throwing activity for 3 months. 

Milestones 

• 6 weeks-ROM equal to preoperative ROM 

• Extend phase I if SLOW progress 

• Hydrotherapy / IFT if pain 

• 6 to 8 weeks for normalcy. 
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Arthroscopic Bankart Repair 

First 6 Weeks 

• Sling on and off for lst 3 weeks 

• Ail elbow, wrist, hand exercises 

• Isométrie rotator euff and deltoid 

• Posture correction 

• Scapular strengthening exercises 

• Active assisted, improve 20 weeks 

• 30° external rotation. 

3rd Week 

• Sling on and off for lst 3 weeks 

• Ail elbow, wrist, hand exercises 

• Isométrie rotator euff and deltoid 

• Posture correction 

• Scapular strengthening exercises 

• Active assisted, improve 20° every week. 

6th Week—Start 2 Weeks of Phase I 

• Start active assisted, no restriction 

• Progress to active as pain allows 

• Correct abnormal movement pattern 

• Rotator euff and deltoid therabands 

• Capsular stretches 

• Scapular stabilization programme. 

Milestones 

• Week 4 preoperative ROM except abdominal, ER 

• Week 8—ER 75% of preoperative 

• Week 12—full ROM, strength 

• Week 24—résumé sports. 

Arthroscopic SLAP Repair 

• The rehab programme is identical to the Bankart 
repair programme—except avoid resisted biceps. The 
SLAP repair patients usually regain their ROM very 
quickly and it is important to slow them down lest 
the repair tissue may corne under pressure. 

• If along with SLAP repair, a rotator euff repair is also 
done, then follow the programme as per rotator euff 
protocol. 

Excision of AC Joint 

The programme is similar to that of subacromial décom¬ 
pression although patients achieve their milestones sooner. 


Rotator Cuff Repair—Start on 5th Day 

• Sling on and off for lst 3 weeks 

• Ail elbow, wrist, hand exercises 

• No isométrie rotator euff and deltoid 

• Posture correction 

• Scapular strengthening exercises 

• Active assisted, improve 20°, weekly 

• Zéro external rotation 

Milestones 

• Week 8—full ROM 

• Week 12—full ROM, strength 

• Week 24—résumé sports 

6th Week 

• Start active assisted. No restriction 

• Progress to active as pain allows 

• Correct abnormal movement pattern 

• Capsular stretches 

• Rotator euff therabands after scapular control 

• Scapular stabilization programme. 

Milestones 

• Week 4—passive ROM 50% of preoperative 

• Week 8—passive ROM 80% of preoperative 

• Week 12—active ROM 75% of preoperative 

• Week 16—active ROM 100% of preoperative 
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INTRODUCTION 

Only a few subjects are as contro ver sial as the thoracic 
outlet syndrome. Not only there is a lack of agreement as 
to its diagnosis and treatment, but some physicians also 
question the existence of this syndrome. The reason for 
this is that there is no objective test or sign, which 
establishes the diagnosis with absoluté certainty. This 
compressive syndrome involving the brachial plexus and 
subclavian vessels presenting with bizarre clinical 
features of pain, paresthesia, wasting, fatigue, coldness 
of hand, etc. has been found to be associated with vari- 
ous clinical entities. 

1. Scalenus anticus and associated bands 

2. Abnormalities of first rib 

3. Abnormalities of cia vicie including fracture 

4. Cervical rib and associated bands 

5. Costoclavicular passage 

6. Costodorsal outlet 

7. Pectoralis minor/subcoracoid 

8. Hyperabduction 

9. Taut omohyoid 

10. Deep vein thrombosis 

11. Brachial plexus abnormalities 

12. Congénital or acquired defects of shoulder girdle or 
cervicodorsal spine 

13. Malposition of neurovascular structures. 
Depending upon the above, literature is full of scores 

of names each one describing the same symptoms 
complex but caused by different etiopathological factors. 
However, Peet et al in 1956 33 observed that the clinical 
features of ail these entities were similar and suggested 
that this group of conditions should be defined under a 
common ancestry and coined the term thoracic outlet 
syndrome. Rob and Standeven (1958), introduced the 
name thoracic outlet compression syndrome, as it is more 


descriptive. However, Rosati and Lord 1968 41 used a still 
more descriptive and lengthy term "neurovascular 
compression syndrome of shoulder girdle". The term 
"thoracic outlet syndrome" is more compact and is in 
general, an accepted terminology by a vast majority of 
workers. 

Etiology 

Our mammalian predecessors carried their forlimbs at 
right angles to the trunk, os as to be able to walk on ail 
fours. The erect posture of man made the upper limbs to 
hang by the side of the trunk, which increased the angle 
of flexion of neurovascular bundle. The weight of the 
upper limbs increased the stretching of the neurovascular 
bundle, but normally it is balanced by the well-developed 
shoulder girdle muscles. There is a high degree of balance 
between the fibromusculosseous passage and its contents, 
i.e. the neurovascular bundle. There are various théories 
regarding the development of this syndrome, which can 
basically be summarized into: 

i. defective passage—(1) bones, (2) soft tissues, and 

ii. defective contents. 

The syndrome occurs due to a variety of causes, e.g. 
congénital abnormalities, trauma, functional dis¬ 
turbances. 

Various théories are associated in the causation of this 
syndrome. 

Todd’s Theory 

Abnormal descent of shoulder girdle or arrested descent 
of sternum leading to traction on the neurovascular 
bundle over a higher first rib. The descent of shoulder 
starts in early adult life, because of increasing weight of 
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upper limbs, and it is more in females. Widening of 
shoulder occurs as a resuit of growth of the cia vicie, which 
attains its maximum length at about 20th year, and it is 
relatively longer in females. Besides this the shoulder 
girdle muscles are comparatively less developed in 
females. These explain the higher incidence in female. 
There are various precipitating factors, e.g. poor posture, 
decreased muscle tone, unusual and prolonged physical 
activity, paralysis of shoulder elevators. Poor develop¬ 
ment of rectus abdominis may arrest pulling down of 
sternum and therefore higher anterior end of first rib. 

Abnormal Ossification Theory of Platt 

This theory is important, because the shape and size of 
the clavicle, first rib or a cervical rib due to their over- 
growth or abnormal growth could resuit in the encroach- 
ment of the already narrow space for the passage of 
neurovascular structures and cause pressure. 

Jones Theory 

Jones theory attributed the embryological formation of 
cervical rib to a conflict between forming plexuses and 
ribs. In higher forms, the upper limb buds cover several 
vertébral segments, the nerves from which grow in the 
limb buds. However, the growth of the limb buds does 
not keep pace with the longitudinal growth of vertébral 
column and therefore, the nerves hâve to pursue a long 
oblique course to reach the limb bud. Then starts the 
conflict between the obliquely running nerves and newly 
forming ribs. These nerves impede the formation of ribs, 
and they end up by merely forming costal processes of 
the cervical vertebrae. Two well-defined variants of 
brachial plexus can be explained on the above basis. 

1. Prefixed plexus, which receives a considérable part 
of C 4 root and only a small contribution from first 
thoracic. 

2. Postfixed plexus, which receives no fibers from fourth 
cervical, but a good reinforcement from second 
thoracic. 

In a prefixed plexus, the costal process from C 7 does 
not encounter résistance and forms a cervical rib. 
However, with a postfixed plexus, the costal process of 
first thoracic remains small. In other words, prefixations 
of brachial plexus is associated with a cervical rib, but 
postfixation with a small first rib. 

Surgical Anatomy of the Outlet 

In order to understand the symptomatology of this 
syndrome, it is important to review the anatomy of the 
area. The scalenus anterior arises from anterior tubercles, 
of transverse processes of third to sixth cervical vertebrae. 


It inserts as a fiat tendon into the scalene tubercle near 
the inner border and on the upper surface anterior to 
subclavian groove of first rib. The scalenus médius arises 
in 6 slips from posterior tubercles of lower 6 transverse 
processes of cervical vertebrae. It has a wide insertion 
into the upper surface of first rib behind the subclavian 
groove. The scalenus posterior arises from posterior 
tubercles of lower 2 or 3 vertebrae and inserts on the outer 
surface of second rib. It is usually too far posterior and 
latéral to be involved in the pressure. It may occasionally 
be fused with médius. 

The normal origins and insertions of anticus and 
médius muscles may vary, a slip from anticus passing 
behind the subclavian artery being one of the most 
common anomaly causing pressure. The subclavian 
artery normally passes laterally between the 2 scalenus, 
and brachial plexus also descends between the two 
muscles more laterally. 

The thoracocervicoaxillary région is a complex area 
consisting of three consecutive passages. 

1. Superior thoracic outlet: It is a rigid passage limited 
dorsally by spine, sternum in front and first rib 
laterally. It contains the pleural dômes and lung apices 
and the subclavian vessels pass laterally through the 
passage. 

2. Scalenic hiatus: It is a triangular passage bounded 
anteriorly by anticus, posteriorly by médius and 
inferiorly by first rib 

3. Costoclavicular passage: This is the apex of the axilla, 
bounded by the clavicle with subclavius antero- 
laterally, upper border of scapula with subscapularis 
posteriorly, and antérolatéral border of first rib 
medially. Brachial plexus, subclavian vessels are the 
major contents of this passage. 

Scapula is the most mobile bone of the body, which 
can be subjected to a large amount of displacement by 
muscular action. Conceivably, major changes in the width 
of cervicoaxillary passage can resuit by scapular 
malposition. The first rib is the only structure, which 
normally participâtes in ail three subdivisions of this area 
and its changes therefore, can hâve repercussions at ail 
three levels. 

The subclavian artery is divided into three parts by 
the salenus anticus muscle: First part is médial to it, 
second behind it, and third part is latéral to it. Subclavian 
vein is below and in front of the artery with the scalenus 
anterior lying inbetween. Phrenic nerve passes 
downwards and medially in front of scalene anterior. 
Pleural dôme is below and behind the first and second 
part of subclavian artery. Subclavian artery extends 
higher in the neck in cases of cervical ribs. An important 
relationship of subclavian artery on left side is thoracic 
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duct, which arches down in front of it to end at the 
junction of internai jugular and subclavian veins. The first 
rib is below the third part of subclavian artery. 

Pathological Anatomy 

Cervical Ribs 

Superonumerary ribs from lower cervical vertebrae were 
the first anatomie anomalies described to explain 
neurovascular compression by Hunald (1743). 14 Numer- 
ical variation of rib sériés in man is a very old discovery. 
The presence of an extra pair has been known to Galen, 
and references are scattered in anatomie memories. Jones 
(1913) 22 cites the microcosmographic of Helkiah Crooke 
(1651). "In a pubic anatomy, when a male factor was eut 
up, Bauhine found thirteen on each side, the first on the 
left side was perfect, but the first on the right side was 
imperfect. "The question of additional cervical ribs 
engaged the attention of anatomists long before their 
clinical significance was recognized. In 1818, Cooper 8 
treated symptoms of cervical ribs by medicines with some 
success. 

1. Wilshire, 1860 59 gave the first modem description of 
cervical rib syndrome and the first surgical treatment 
was done by Coots (1861). 6 Cervical ribs are présent 
in .054%, i.e. 303 out of 540443 admissions from 1910- 
1926 in Mayo clinic (Adson and Coffey 1927) 1 and 
0.2% of the general population, and .038%, i.e. 31 in 
8,000 autopsies (Riddell et al 1960, and Riddell and 
Smith 1986). 34,40 Hawke (1986), 18 reported the 
incidence as 25 in 78981 admissions in 2.5 years, and 
one per million in general population. Halstead 
reviewed the literature in 1916 and found 716 
recorded cases of cervical rib syndrome. It is 
symptomatic in 10% of those having it, (Borchard 1901 
and Dale and Lewis 1975), 9 while Adson and Coffey 
1927 1 reported it as 45%. It is found to be the cause of 
neurovascular compression in 10% of the operated 
cases (Roos 1982). 35 However, 50% of the symptomatic 
patients hâve vascular lésions affecting subclavian 
artery (Etheredge et al 1979). 11 As regards the authors' 
expérience, they hâve seen it in 30 cases out of 20982 
admissions during 13 years, an incidence of 0.15% in 
their unit. In 18 cases (56%), there was neurological 
compression, 25% vascular, and 19% combined 
neurovascular compression. 

Cervical ribs arise usually from seventh cervical 
vertebrae but occasionally from sixth or even fifth ver¬ 
tebrae. The degree of cervical rib development varies 
widely, very often symmetrical on the two sides, 
sometimes asymmetrical, and rarely unilatéral. The 
degree of development can be divided into four 


categories (Gruber 1869). 12 They are more common 
on left, but symptoms are more often seen on right 
(Murphy 1906) 26 due to right handedness. 

a. Mïldestform —slight enlargement of costal process 
of C 7 , which may be a separate ossicle or fused 
with the transverse process. 

b. Type II —projecting just beyond the transverse 
process of C 7 and has a recognizable head, neck 
and tubercle. Its end may be free, pointed, triagular 
or rounded or touching the first rib. 

c. Type III —it extends in front of the first rib or even 
up to its cartilage uniting directly with the first 
rib and through a fibrous continuation. 

d. Type IV —completely formed rib with costal car¬ 
tilage uniting with first rib or manubrium sterni. 
As regards the relative incidence of the various 

grades of cervical rib development, the authors found 
two type I, two type II, ten type III, seven type IV ribs 
(a total of 30 out of 32 cases). They were bilateral in 21 
out of 30 cases (70%), but bilateral symptoms were 
there only in 3 cases. They were symmetrical in 9 and 
asymmetrical in 12 cases. 

It is the relationship of the neurovascular 
structures with the cervical rib, which matters in the 
clinical syndrome. A rib may be so positioned that it 
does not cause any symptoms or vice versa. Besides, 
there are many predisposing factors. Sex is an 
important factor, because not only are the cervical ribs 
more common in females (219: 84) in Mayo sériés, 
Adson and Coffey, 1927, 1 but also the symptoms 
occurs much more frequently in females as reported 
by various authors as shown in Table 1. 

This means that females are affected 7 to 8 times 
more than males, which has been explained by Todd 
(1912), 54 firstly the normal descent of shoulder 
between childhood and adult life, and this shoulder 
drop has been proved to be more in women at ado¬ 
lescence (as the clavicles are comparatively longer in 
females). The more it drops, the greater will be the 
tendency for the lowest trunk to be stretched over the 
highest rib. In the présent sériés, the female to male 
ratio has been 7:1. 


TABLE 1 : Sex incidence of cervical rib symptoms 



Cervical rib symptoms: Sex incidence 

Authors 

Male 

Female 

Thorburn (1905) 56 

2 

15 

Howell (1907) 15 

2 

14 

Bramwell and Dykes 

3 

20 

Sargent (1912) 42 

7 

55 

Southam and Bythell (1924) 43 

3 

10 

Authors' incidence 

4 

28 
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2. The âge of onset varies between 15 to 40 years, which 
corresponds with ossification, growth and relative 
fixity of tissues. In the authors sériés, âge incidence 
in 25 cases was in the âge group of 15 to 40 years, 
6 cases in 40 to 50 years, and one case of 60 years 
of âge. 

3. Heredity is occasionally significant and most remark- 
able family is recorded by Thompson (1906), where 
seven members in three générations were affected. 

4. Atavistic theory As the cervical ribs are found in fishes 
and reptiles (Wood-Jones 1911). 

First Thoracic Rib 

First thoracic rib is in close proximity to the bronchial 
plexus and subclavian vessels and can cause compression, 
if it is unusually high, large or irregularly curved. A 
deformed thoracic outlet as a resuit of sloping shoulders 
scoliosis and fracture of first rib can also compress the 
neurovascular structures, against the fifth rib. Its 
significance was stressed by Bicner (1927). 4 In the présent 
sériés, it has been responsible for this syndrome in one 
case. 

Clavicle 

Clavicle along with subclavius muscle forms the ante- 
rior wall of the cervicoaxillary passage. Normally clav¬ 
icle is curved forwards in its médial two-third. Congénital 
flattening or malunion causes the narrowing of this 
passage and the syndrome of compression in an 
occasional case. 

Congénital Malformations 

Many congénital malformations are occasionally asso- 
ciated with this condition, e.g. scoliosis (Gladstone and 
Wakelay 1932), 13 syringomyelia (Morris 1922), irregular 
vertébral formations and fusion, Klippel-Fiel syndrome, 
Sprengel shoulder, etc. They resuit in malpositioning of 
the neurovascular structures causing compression. 

Scalenus Anticus 

Scalenus anticus is one of the important factors, respon¬ 
sible for this syndrome. Hypertrophy of the muscle due 
to shoulder descent, spasm of the muscle due to mild 
irritation of brachial plexus, which further increases 
spasm and thus a vicious circle. The spastic muscle holds 
the first rib higher, abnormal insertion with a fibrous tight 
band extending posteriorly on the first rib. 

These may be there without a cervical rib, but prés¬ 
ence of cervical rib can further aggravate the process, 
initiated by scalenus anterior. In the présent sériés, this 


was the only cause in one case, whereas in ail others it 
was an additional factor. 

Scalenus Médius 

Hypertrophy, spasm and abnormal extension of inser¬ 
tion forwards on the first rib or its fusion with anticus, 
are various factors responsible. There were three such 
cases in the présent sériés. 

Pectoralis Minor 

Wright (1945), 58 concluded that persons working with 
the arms hyperabducted or sleeping with the arms 
over the head develop paresthesia as a resuit of 
compression of neurovascular bundle by the pectoralis 
minor and coracoid process. Out of 72 cases, one was 
found to be due to pectoralis minor (hyperabduction 
syndrome). 

Hypertrophied Subclavius 

Hypertrophied subclavius may also be there. 

Tight Omohyoid Muscle 

Adson (1927) 1 also drew attention to this in people with 
long necks, being the cause of compression of brachial 
plexus, as it may run diagnoally across brachial plexus, 
which was demonstrated in a psecific case. So, he did 
not suture the ends of the muscle after dividing and left 
as such. 

Other Congénital Anomalies 

Other congénital anomalies like variations in the rela- 
tionship of scalenus anticus and subclavian vessels are 
not common, but hâve been described by Kaplan (1966), 23 
as reported by Nicholas. Duplication of subclavian vein, 
passing of the scalenus muscle through the venous or 
arterial ring, passing of both vessels either anterior or 
posterior to the muscle insertion, reversai of position of 
vessels—ail these can increase the chances of 
impingement. Other abnormalities include a clavicular 
origin of omohyoid, fusion of scalenus muscles and 
narrowing of cleft between them, presence of 
sternocleidocervical muscle or continuity of 
sternomastoid with trapezius. There is no such case in 
the présent sériés. 

Other Soft Tissue Structures 

Other soft tissue structures may sometimes also be there, 
e.g. gripping of the subclavian artery in between the two 
divisions of médian nerve. 
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The authors do not hâve personal expériences about 
the conditions of the last five, i.e. pectoralis minor to other 
soft tissue structures type of cases. 

Precipitating Factors 

There are many precipitating factors like trauma, debility 
from illness, infection, severe exertion, carrying weight on 
the shoulder, prolonged abducted attitude, weight of an 
overcoat on shoulders, infant in the arm, change from a 
light job to a heavy work, ail precipitating the symptoms. 
Prolonged severe effort due to any cause can also resuit in 
thrombosis of either the subclavian vein or artery. 

Clinical Features 

It produces both signs and symptoms. Only signs may 
be présent in symptomless cases and symptoms can also 
be présent without any objective features. In vast 
majority, the Systems are minor and only in 12%, of the 
patients, they are severe enough to require surgery 
(Riddell 1961, Stallworth, Horne, (1984). 3M4 The 
symptoms may be neurological or vasacular, or both 
depending upon the amount of pressure and site of 
pressure. The signs may be temporary, intermittent or 
continuons. 

Neurological Features 

These may be sensory or motor. 

Sensory : There may be pain and paresthesia referred to 
fingertips, hands and forearms and rarely in the neck. 
They are more commonly on the ulnar side than radial 
or ail digits, more often unilatéral and variable in degree 
and extent. The pain may be shooting or like shock waves 
and presthesias, numbness and tingling. They increase 
during activity or after activity. Pain may be elicitable by 
moderate pressure over the supraclavicular région, 
clavicle or 7th transverse process. Objectively, there may 
be diminution or loss of sensation. There may be no 
objective involvement. There may be dissociated 
anesthésia over the area occassionally. 

Motor symptoms and signs: These are less pronounced, and 
they consist of wasting and weakness. It is of three types. 
Upper plexus type: Two and half muscles of thenar emi- 
nence supplied by a branch of médian nerve namely 
abductor pollicis brevis, opponens pollicis and half of 
flexor pollicis brevis are atrophied and cause wasting of 
outer and proximal part of thenar eminence specially. It 
is more commonly seen in cases, where a complété 
cervical rib is présent and more often unilatéral. The 
radicular origin of these nerve fibers is from seventh or 
eight cervical root, and there is prefixation of the brachial 


plexus. They will hâve sensory changes in the radial 
distribution. 

Lower plexus type: The other types of amyotrophy is seen 
in the ulnar distribution with wasting of interossei 
resulting in claw hand. In these cases, the sensory 
involvement will also be in the ulnar distributions. These 
signs are seen usually in the postfixed plexus. 

Whole plexus type: It is seen sometimes in severe cases. 
Autonomie (Sympathetic) Symptoms and Signs: Cervical 
asympathetic may be affected in rare cases. Furonrohr, 
1906, described a case of irrigation causing (widening of 
palpébral fissure, proptosis, dilated pupil) due to cervical 
rib. Usually, it is paresis of paralysis referable to stellate 
ganglion getting involved in the inflammatory reaction 
occurring around the subclavian artery, causing Horner's 
oculopupillary syndrome. 

In the présent sériés, only neurological features were 
présent in 18 cases, but combined with vascular features 
were présent in 18 cases, but combined with vascular 
features they were seen in 6 cases. Only sensory 
involvement in the form of paresthesia, sensory dulling 
or loss of sensations were there in 9 cases, combined 
motor and sensory involvement in 14 cases, while motor 
sensory and autonomie features (Horner's syndrome) 
were présent in one case. The upper plexus features were 
seen in 14 cases, lower plexus in 7 cases, and whole plexus 
features in 3 patients. 

Vascular Features 

Vascular features are less common than the neurological 
ones. The vascular features vary with the degree of 
occlusion, amount of spasm and period of their presence. 
These are of various grades. 

1. In the early stages, when the alternation in the blood 
flow occurs intermittently during activity, etc. the 
patient gets these symptoms, when at work, e.g. 
feeling of tiredness or dull aching pain or coldness or 
blanching of the forearm and hand with physical 
activity involving the use of hand like driving a car, 
lifting a heavy weight, working in abducted position, 
sweeping, washing or dusting, etc. 

2. Second group of symptoms occur as a resuit of organic 
changes in the subclavian artery or its terminal 
branches due to poststenotic dilatation, atheromatous 
changes, thrombosis and, thus, leading to emboli in 
the terminal branches. Ultimately, there is occlusion 
of radial, ulnar and brachial arteries causing edema, 
cyanosis and gangrené of one or more fingers. There 
may be subclavian venuous thrombosis also 
(McCleary et al 1951). 27 Effort thrombosis of the 
subclavian vein may hâve a predisposing compressive 
etiology (Etheredge et al 1979). 11 
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3. The third group of vascular symptoms are vasomotor 
in nature due to the involvement of sympathetic fibers 
resembling Raynaud's disease. The mechanism, of 
these symptoms is that the sympathetic fibers, which 
enter the lowermost trunk of brachial plexus are 
compressed by the cervical ribs, leading to spasm of 
the vasa vasorum causing nutritional changes in the 
subclavian (poststenotic dilatation, etc), and also 
spasm of the subclavian artery. These vasomotor 
changes, when prolonged ultimately will be the cause 
of organic changes. Intermittent claudication (Osler, 
1910, 1912), i.e. are normal at rest, but red, swollen 
and livid on exertion and ultimately so numb as to 
inhibit activity. These changes will also cause 
occlusion, thrombosis and embolization and gangrené 
of fingertips. The skin of hand is cool, dusky, hyper- 
hydrotic. Horner's syndrome may also be présent, 
vascular complications may be classified according 
to the stages of the disease (Blalock). 

a. Compression of subclavian artery without 
ischemia 

b. Compression with ischemia 

c. Peripheral artery occlusion without apparent sub¬ 
clavian thrombosis 

d. Subclavian artery thrombosis with incomplète 
occlusion 

e. Thrombosis with occlusion (complété) 

f. Occlusion with trophic changes. 

In the présent sériés, in 8 cases (25%) there were 
purely vascular fetures, while in six (19%) combined 
neurovascular features were there. The various vas¬ 
cular features observed were: absent radial puise with 
palpable thrill and a systolic murmur, both sides in 
3 cases, weak radial puise unilatéral 2 cases, 
intermittent claudication and cold hands 14 cases, 
cyanotic nails unilatéral 2 cases with trophic changes 
in one, poststenotic dilatation at operation 3 cases on 
both sides. Out of 35 operations and excluding the 6 
absent radial pulsations, Adson's test was positive in 
ail the 29 wrists. 

4. A palpable thrill and a systolic murmur may be 
présent in the supraclavicular area. Blood pressure 
may be lower on the affected side. The radial puise 
may be absent or weak on the affected side. The radial 
puise may be absent or weak on the affected side. 

5. Various vascular tests to demonstrate réduction in the 
volume of puise by alteration of position of head, 
shoulder and arm hâve been described. 

Adson's test: It is the most commonly performed 
test described by Adson and Coffey (1927). 1 It 
indicates whether or not puise volume is altered, 
suggesting the compression or otherwise of the 
subclavian artery. 


Patient is seated upright with arms testing on the 
knees, a deep breath is taken, chin is elevated and 
turned towards the affected side. An oblitération or 
diminution of puise or changes in BP is 
pathognomonic of scalenus anticus syndrome. If the 
test is négative, surgery is not indicated. It has other 
diagnostic value also, e.g. in cases of a symptomatic 
cervical ribs discovered incidently on radiography, if 
the test is négative, surgery is not indicated and 
patient should be told of this finding. If the test is 
positive, surgery is indicated at once or later. It is to 
be done at once, if complété oblitération of puise 
occurs and may be deferred, if only diminution of 
puise is there. In some cases, hyperabduction of the 
arm produces compression symptoms due to 
impingement against coracoid process and pectoralis 
minor (Wright 1945). 58 Stallworth and Home (1984) 44 
hâve found Adson's and Allen's test not very helpful, 
because they are présent in a large proportion 
(perhaps 50%) of normal population. 

6. Tenderness over the first rib and fullness in the 
supraclavicular fossa was first described by Morely 
1913 and is highly confirmatory sign. In our sériés, 
tenderness was présent in 25 cases. Fullness in supra¬ 
clavicular région was there in 15 cases. 

7. Elevated arm exercise test: Elevate the arm at 90° and 
externally rotated to 90°, forearm flexed to 90°, the 
patients instructed to open and close the fist at 
moderate speed for 3 minutes with the elbow braced 
posteriorly. There may be fatigue and heaviness, 
numbness and tingling, distress of the entire upper 
extremity or sudden dropping of the limb. The 
involved limb is slow to recover as compared to 
normal. It has been found to be a reliable test. The 
usual symptoms of the patient are reproduced within 
3 minutes. 

Diagnosis 

Diagnosis dépends upon the signs and symptoms. In the 
absence of signs, the clinical diagnosis is often difficult. 
Unilatéral pain and presthesia in the arm in a young 
woman, fluctuating in character and postural relief are 
important. Fullness in the supraclavicular région with 
pain on pressure is also important. There are various 
investigations. 

Radiography 

Cervical spine with thoracic outlet and chest are done 
for any bony abnormality. However, the soft tissue 
éléments causing the syndrome will not be visible in 
radiographs. 
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However, if the first rib is rudimentary or if a cervical 
rib is présent, the diagnosis is confirmed. A postfixed 
plexus with a normal first rib can cause this syndrome, 
but radiograph is négative, the smaller ribs and bands 
affect the plexus, but the larger ribs affect the vessels. In 
bilateral cases, the smaller rib is sometimes more 
symptomatic. Interprétation of costal anomelies is 
difficult, but as a general rule, any bone projection beyond 
the plane of the first thoracic transverse process is 
considered as abnormal. The best way is to count the 
vertebrae from above and find out the actual number of 
the rib, whether C 7 or t T . 

In the présent sériés, 30 cases showed cervical rib in 
its various grades of development from type I to type IV. 
One case was interesting and in this the posterior portion 
of first rib was joining its anterior portion about the 
middle with bulbous fibrocartilaginous prominence 
causing compression. The posterior part along with the 
enlarged middle portion was excised. No rib was seen in 
one case, and in this compression was due to scalenus 
anticus only. 

Besides radiography, other modes of investigation are 
as follows. 

• Arteriography should be done in problem cases (Lang 
1972) 25 

• Venography may be done sometimes to find out 
venous occlusion (Lang 1972) 

• Plethysmography is of limited value (Hawke 1986) 18 

• Ultrasonography again has limited rôle (Hawke 1986) 
CSF examination and myelography in disputed cases. 

Electromyography (Huffman 1986) 16 

Certain electrophysiological features are helpful, and they 
also differentiate from other plexopathies. The authors 
do motor and sensory nerve conduction studies in both 
upper limbs, recording F-waves bilaterally by stimulating 
ulnar nerve at the wrist, while recording from hypothenar 
eminence. A detailed needle examination of affected limb 
and a more limited study of the uninvolved side are done. 
Evoked potential stimulation is useful (Yiannikas and 
Walsh 1983) 60 in diagnosis of thoracic outlet syndrome. 
F-wave déterminations hâve been useful in diagnosing 
entrapment syndromes. Variations of latency more than 
one millisec, between the two arms is also helpful. 

CT scan can be very useful in demonstrating the actual 
compression of the neurovascular éléments by osseous 
or soft tissue structures. 

The authors hâve no personal expérience of these 
investigations. 


Differential Diagnosis 

Schlesinger (1967) 45 listed about 40 etiological entities that 
may produce similar symptoms. They were grouped as 
cervical root irritation, neuritis, vascular disorders, 
postural causes, local crowding syndromes, referred pain, 
shulder girdle syndromes and psychosomatic causes. 

There is a need for a thorough and a highly des- 
ciplined approach to the diagnosis of neck-shoulder-arm 
pain. The common conditions for differential diagnosis 
are as follows. 

1. Syringomyelia: In this there is no pain, paresthesia 
seldom and no postural relief. Local form of thenar 
atrophy is not there in this. There is dissociated 
anesthésia. 

2. Cervicobulbar muscular atrophy: It is progressive in 
nature. 

3. Ulnar neuritis: History and examination locally 
may be of help. Local involvement of nerve in any 
pathology and sensory distribution is important. 

4. Brachial neuritis (radiculitis): Pain, tenderness, distri¬ 
bution of pain and paresthesia in root distribution. 

5. Pancoast tumor: It is a tumor of superior pulmonary 
sulcus, which can cause involvement of brachial 
plexus and sympathetic chain leading to neuritic pan 
and Horner syndrome. A supraclavicular mass may 
be there in advanced cases. Radiograph is very 
helpful. 

6. Prolapsed cervical disk: This is one of the common 
causes of root pain in the upper limb. Coughing, 
sneezing, straining and movements of neck increase 
the pain. 

7. Chronic occlusive arterial disease: It may cause inter¬ 
mittent claudication, glove-like hypesthesia and 
muscular weakness. This occurs in old âge and is 
also there in other région of the body. 

8. Raynaud’s disease: It also, sometimes, needs dis¬ 
tinction. 

9. Nerve root lésions: Three characters of root pains: 
(i) distribution of pain is spécifie, (ii) increased by 
coughing and sneezing, and (iii) stretching increases 
pain. 

10. Angina pectoris: It may cause pain in chest and arm 
on inner side, it stops at the elbow. It is relieved by 
rest and glyceryl trinitrate. 

Scapulocostal syndrome: Described by Michel (1950), 
there are acute trigger points about the superior ver¬ 
tébral angle or base of spine of scapula. From there 
pain may radiate to arm, shoulder, neck or anterior 
chest. Local hydrocortisone and novocaine resuit in 
relief in majority. 



Thoracic Outlet Syndrome 2621 


Treatment 

Conservative 

Smith (1979) 46 has described a protocl for this, which is 
based on the following concept. 

As the neurovascular structures are compressed 
between the first rib and clavicle, effort is made to enlarge 
the space between them by a physiotherapy, which 
consists of the following. 

1. Correct faulty posture and muscle hypotonia of 
shoulder girdle by strengthening exercises. 

2. Increasing the mobility of shoulder girdle and first 
and second ribs. This is done by both active move- 
ments, passive stretching, massage, etc. The 
sternoclavicular and acromioclavicular joints are 
mobilized, the pectoral and scalenus anterior muscles 
are stretched passively. Spasm of scalenus antetrior 
can resuit in high first rib, and therefore needs 
stretching. Deep breathing exercises to increase the 
mobility of the ribs are devised. Strengthening 
exercises to correct the drooping of shoulder are very 
important. 

3. Home program for regular spécifie exercises of the 
shoulder girdle and proper posture. 

4. Analgésies, heat, muscle relaxants act as adjuvants to 
physical therapy. 

5. Transcutaneous electrical nerve stimulation (TENS) 
is quite effective for control of pain. Varying the puise 
width, rate and amplitude will control the 
effectiveness of this modality. Proper electrode site is 
determined on individual basis which may be motor 
points, peripheral nerves, roots or acupuncture points, 
e.g. ulnar innervation site distal to styloid process, first 
dorsal web space. Kaada (1982) 24 got excellent results 
in ischémie pain, there is peripheral vasodilatation 
causing warming of cold hands and reducing the 
ischémie pain. 

As regards our expérience of conservative treat¬ 
ment, the authors hâve been using ail these above 
modes of tretment in ail the early as well as in cases 
without neurological or vascular involvement. Most 
of the cases do respond to this. The authors indications 
for surgical intervention hâve been the same as 
reported in the literature. 

Operative 

1. Neurological involvement 

2. Vascular involvement 

3. Failure of conservative treatment for at least six weeks. 
Many forms of operative procedures hâve been advo- 

cated. Scalenotomy with or without cervical rib 
resection—Adson (1927) is a strong advocate of this 


procedure. For scalenus anticus syndrome with or with¬ 
out cervical rib, he advocated the supraclavicular anterior 
(collar) approach. 

1. In maj ority of the case, Adson advocate scalenotomy, 

i.e. sectioning of the insertion of the muscle in the first 
rib, with occasional resection of distal portion of 
muscle, when it is markedly hypertrophied, even if it 
is associated with cervical rib. 

2. A combined operation, i.e. along with subtotal exci¬ 
sion of the cervical rib through the same incision is 
indicated, when there is complété rib and it is situated 
high in the neck. 

3. In cases without cervical rib, scalenotomy is not as 
bénéficiai as in the other two groups, which he thinks 
is due too liberal sélection of patients. He presented a 
review of 22 years (1925 to 1946) at Mayo clinic of 142 
patients. In cases with rib (89 patients), 54% excellent, 
33% good, whereas in cases without rib only 35% were 
relieved of their symptoms. 

Excision of first rib: This has been recommended time and 
again. This removes the floor of the compressing 
compartment and allows the neurovascular bundle to 
drop downwards to relax. It can be done by anterior, 
posterior or transaxillary approach. Roos (1982) 35 prefers 
transaxillary approach, which allows the rib resection 
with simultaneous division of scalenus anticus and 
médius muscles without manipulating the neurovascular 
structures. He has reported about 90% good results with 
this approach. 

Martinez (1979) 29 reported his wide expérience with 
posterior parascapular route, which was modified from 
Clagett's (1962) 7 old thoracoplasty approach. However, 
presently most surgeons restrict its use to only secondary 
procedures, where original approach was transaxillary. 
Thomas (1979) 51 advised anterior supraclavicular 
approach to first rib citing 92% good to excellent results. 
Hempel et al (1981) 17 also prefers supraclavicular 
approach and got 60% excellent, 37% good, and 2.5% 
failures out of 358 patients. 

In the présent sériés, anterior supraclavicular 
approach was used and the authors performed. 

i. Only scalenotomy in the absence of rib, 

ii. Only scalenotomy leaving the incomplète rib 
intact—15, 

iii. Scalenotomy with subtotal resection of rib-18, 
(includes two bilateral cases), and 

iv. Scalenotomy and resection of first rib—I. 

Anterior part of scalenus médius insertion was also 

divided in three of these above cases where it was forming 
an arch with the anticus. Our overall results hâve been 
79.41% excellent, and 20.59% good without any failure. 
Complété relief of symptoms was there in excellent cases. 
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whereas almost complété relief with mild ache or feeling 
of tiredness was there on prolonged exertion in good 
cases. There was no complication. 

Roos in 1966 37 introduced transaxillary approach for 
first rib resection and reported 90% success. In 1962, 
Clagett had introduced posterior parascapular approach 
for this. These two were basically thoracic procedures. 
Till 1971, Roose has operated over 450 cases with good 
results. 

The infraclavicular route proposed by Nelson and 
Jenson in 1970, 32 was also used by Murphy et al (1980) 30 
as a simple way to remove the anterior two-third of first 
rib. 

Stallworth et al (1977) 47 reported 194 operations 
among 1140 patients. In 180 only soft tissues were divided 
with 96% good results, but in rest 14 where first rib was 
removed, only 43% good results were obtained. 
Therefore, first rib resection is required only rarely 
according to them. 

Saunders et al (1979) 48 obtained almost similar results 
from 239 scalénotomies and 214 first rib resections, e.g. 
85:81% excellent, 8:9% fiar, and 7:10% poor. According 
to them for upper plexus involvement, supraclavicular 
approach is good, but for lower plexus transaxillary may 
be required. 

Saunders et al (1979) 48 recommended only scale- 
nectomy in majority and rarely only first rib resecution. 
They found similar results by both procedures. 
Scalenectomy is simple and has less morbidity. 
Daskalakis (1983) reported in 45 patients treated by 
scalenotomy. 25 complété relief, 15 remarkable relief and 
5 failures. 

Dale (1982), 10 suggested that if there are no vascular 
complications or a cervical rib, conservative treatment is 
usually sufficient and operation is rarely required. 
Operation should be resection and not mere division of 
the muscle. Rib resection should be done secondarily in 
failures. Supraclavicular approach was recommended by 
him, while posterior one for secondary procedures. 
Supraclavicular transaxillary approach: The transaxillary 
approach has been widely used by thoracic surgeons and 
some neurosurgeons. Roose 1966 37 and 1982 35 reported 
that upper plexus and bands and first rib is better treated 
by supraclavicular approach. Riddell and Smith (1986) 39 
recommended combined supraclavicular and trans¬ 
axillary for both upper and lower plexuses combined with 
vascular reconstruction. 

Advantages of Transaxillary Approach 

1. Cosmetically attractive 

2. First rib can be reached easily 


3. Scalenotomy can be done away from phrenic nerve 
and great vessels. 

Disadvantages: Complications canbe serious and it should 
never be used by inexperienced surgeons. Various 
complications reported which are as follows. 

1. Hemorrhage from subclavian vessels may be serious 
and difficult to control through this approach. 

2. Paralysis of brachial plexus complété or incomplète 
has been reported quite often, which recovers only in 
25% of the cases. This occurs because of the prolonged 
hyperabducted position of the arm during operation. 
Dale (1982), 10 who used this approach extensively also 
reported complété brachial plexus palsy. Plexus injury 
is always unpredictable. Close attention to the degree 
of shoulder traction is mandatory. 

3. Dale (1982) also reported injury to long thoracic nerve 
and shoulder stiffness with this technique. 

4. Lymphocèle, though rare, is a distressing implication 
(Hawkes, 1986) 18 and difficult to manage. 

5. Hengham (1984) 19 reported 3 major (hemothorax— 
1, pneumothorax—2) and 17 minor (12 pleural tears, 
2 pneumonia, 2—wound infections) complications in 
59 operations by this approach. 

6. Stanton et al (1988) encountered 9.7% significant 
pneumothorax, 12.6% récurrences, and 0.9% transient 
brachial plexus injury out of 103 operations 

7. Horowitz (1985) 20 reported complété and permanent 
brachial plexus damage by transaxillary approach in 
ail the 4 cases operated by him. 

He pointed out that causalgia, weakness of hand 
muscles and autonomie dysfunction also occurred. Inter¬ 
mittent lowering of the arm is recommended to avoid 
these complications. Causalgia results from either root 
avulsion resulting from excessive stretching (Sallstrom 
and Gjores, 1983, Wilbourn et al 1982). 49,59 

Dale (1982), 10 reported after having conducted a 
national enquiry from surgeons (800) of International 
Cardiovascular Society about the complication of brachial 
plexus injury. Fifty-two percent of the respondents 
replied in affirmative, and 273 cases of partial or complété 
injury by this approach. Horowitz (1985) 20 also cautioned 
about causalgia and brachial plexus injury in this 
approach. 

Supraclavicular Approach: Advantages 

Hempel et al (1981) 21 advocated supraclavicular resec¬ 
tion of first rib along with sclenotomy as a safe and 
effective treatment for thoracic outlet syndrome. He cited 
following advantages and reported 84.5% good results. 
1. Anatomie structures are visualized fully both to the 
surgeon and the assistant. 
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2. Complex or récurrent thoracic outlet problems may 
be dealt with directly. 

3. Additional procedures, e.g. vascular grafts, neuroly- 
sis, neck exploration, sympathectomy can be 
performed. 

4. Less time consuming. 

5. Scar is fine—cosmetically acceptable. 

6. Neither the patient nor the surgeon is obliged to 
assume an awkward or a strained position, and this 
avoides intraoperative iatrogénie injury. 

7. Hospital period or total morbidity period is shorter 
than with other approaches. 

Posterior approach: Posterior muscle splitting approach 
permits resection of first rib and for sympathetic chain. 
Postoperative morbidity is much longer, as it requires 
extensive muscle division. There is a long disfiguring scar. 
It may be helpful in an obese person for secondary 
procedures or for upper dorsal sympathetetomy or 
incomplète operation through the supraclavicular 
approach. 

Sympathectomy with scalenotomy: Where spasm is a factor 
and re-establishment of circulation is doubtful, sym¬ 
pathectomy should be performed at the same sitting as 
scalenotomy. It can be done by supraclavicular anterior 
approach, but probably is better exposed through the 
posterior approach. It was done in one case in this sériés 
with relief. 

Anatomy: Inferior cervical ganglia lie between the base of 
seventh transverse process and neck of first rib. Thoracic 
ganglia lie on the heads of the ribs. White and gray rami 
connect these with spinal nerves. 

Technique: After dividing the scaleno muscles, pleura is 
stripped off with fingers. The sympathetic chain is dis- 
sected free. By pulling this with a nerve hook, it may be 
divided below the third thoracic level. Division of the 
fibers of the chain connecting the spinal cord and second 
and third intercostal nerves is made. Similarly, the 
sympathetic chain and first thoracic ganglion (stellate) is 
dissected. Danger of injury to pleura and pneumothorax 
is there, which should be dealt with if it occurs. 

Vascular surgery (Riddell and Smith, 1986): 40 Arterial 
involvement requires the élimination of sources of 
peripheral emboli, bypass of peripheral occlusions, 
thoracodorsal sympathectomy, thromboembolectomy. 

Subclavian venous thrombectomy, subclavian endar- 
terectomy—when artery is occluded secondary to 
compression, but best reconstruction is accomplished by 
saphenus vein bypass from subclavian-axillary-brachial 
artery. Vein is preferred to synthetic bypass in order to 
avoid failure. 

Amputation: It may be needed rarely. No vascular sur¬ 
gery was done in any case in this sériés. 


Pectoralis minor: Division of the muscle at its insertion will 
relieve hyperabduction syndrome. Diagnosis is 
confirmed by arteriogram in abducted position. 

Excision of clavicle: It is required rarely, when the syn¬ 
drome is caused by a malunited fracture. 

CONCLUSION 

In conclusion thoracic outlet syndrome needs a thorough 
clinical examination supported by relevant investigations. 
After proper diagnosis, early and mild cases should 
always be first treated conservatively and they respond 
well. Surgery is resorted to only when indicated. For 
achieving good results, the essentials described by Roos 
1982 35 are, physiotherapy, meticulous patient sélection 
and close and careful attention to details in surgery. In 
majority, anterior supraclavicular approach is good, 
while transaxillary or posterior approach may be needed 
occasionally. 

As regards, the author's expérience of surgery in 
thoracic outlet syndrome, they hâve operated ail these 
cases through the anterior supraclavicular approach and 
hâve found it very easy involving much less post¬ 
operative morbidity and other complications. The author 
did not corne across any complications with this 
approach. A total of 35 operations were done in 
32 patients. Sympathectomy was done in only one case. 
The results hâve been gratifying. 
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274.1 General Considérations 
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INTRODUCTION 

The cervical spine consists of upper seven vertebrae of 
the spine below the skull. The lower five vertebrae are 
similar, while the upper two, i.e. atlas (C x ) and axis (C 2 ) 
are different in their anatomical structure. 

Each vertebra has two main parts: 

i. The body, and 

ii. The vertébral arch. 

The bodies are separated from each other by 
intervertébral disk and are held together by anterior and 
posterior longitudinal ligaments. 

The epiphyseal hyaline cartilage forming the end 
plates is placed between the vertebra and the inter¬ 
vertébral disk. During the second decade of life, the 
postérolatéral portion of upper latéral margin of the 
vertebra gets raised to form uncinate process. 

The pedicles project dorsolaterally giving triangular 
shape to the vertébral canal. The pedicles are notched 
both above and below. The transverse process of cervical 
vertebra is a composite structure. Essentially it has two 
roots. The true transverse process (posterior root) 
originates at the junction of the pedicle with lamina and 
projects ventrolaterally behind foramina transversarium 
to end in posterior tubercle. The anterior root projects 
laterally from the side of the vertébral body (homologous 
to thoracic rib). Ventral to foramen transversarium and 
ends in anterior tubercle. The bone between two tubercles 
is a bar and represents costotransverse bar. This costal 


element may give rise to rudimentary rib (présent in 1% 
of population) in the seventh cervical vertebra. 

Intervertébral Disk 

Ail intervertébral disks put together constitute 25% of 
the height of the vertébral column excluding sacrum. The 
ratio of disk to vertébral body in the cervical spine is 1:3. 
The disk between C 6/7 is the thickest. The cervical disk is 
thicker in front than at the back with the resuit that in 
erect posture, the anterior height of the disks (summated) 
is 8 mm more than posterior heights (lordosis of the 
cervical spine). As elsewhere the disk is avascular. The 
nucléus pulposus has a volume of 0.2 ml and a diameter 
of 0.7 cm. It has important property of absorbing and 
retaining water against pressure (imbibition). It can 
change its shape and can distribute equally it. 

Intervertébral Foramina 

In the cervical région, the foramina is like a short tunnel 
bounded ventromedially by the disk and uncovertebral 
joints and dorsolaterally by apophyseal joints or superior 
articular facet. The notched pedicles are superiorly and 
inferiorly placed. They open obliquely forwards, 
downwards and laterally and become progressively 
smaller from above downwards. 

The foramen transmits the latéral terminations of 
dorsal and ventral nerve roots, spinal arteries and 
communicating veins uniting spinal, internai and 
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external vertébral venous plexuses and areolar fatty tissue 
containing lymphatics and blood vessels. 

Uncovertebral Joints 

In British literature, it is also known as neurocentral joint. 
Luschka has regarded the uncovertebral joints as 
homologous with costovertebral joints as they hâve same 
anterior relationship with the spinal nerves. The joint has 
not only academie significance but also has considérable 
practical importance. 

Apophyseal Joints 

They are paired transverse true synovial joints between 
superior and inferior articular processes of adjacent 
vertebrae. The uppermost is at C 2 / 3 level. The joints are 
surrounded by fibrous capsule and lined by synovial 
membrane and permits movement. They are not meant 
for weight bearing. They stabilize the motion segment 
and more important prevents forward displacement of 
one vertebra over another. 

The Vertébral Artery 

The vertébral artery arises from the first part of the 
subclavian artery and ascends in the transverse foramina 
of the cervical vertebrae usually from C 6 to C v It is 
accompanied by vertébral plexus of veins and by 
sympathetic fibers which arise in the inferior cervical 
ganglion in the neck. The artery enters the cranial cavity 
through foramen magnum. There is a différence of 18 
mm between the transverse processes of C 2 and C 6 in 
extreme flexion and extension. The vertébral artery has 
to be lax enough to adapt to extreme movements. They 
supply blood to the spinal cord through anterior spinal 
artery and a pair of posterior spinal arteries (usually 
through PICA), and anterior canal branch of inferior 
thyroid artery gives segmentai spinal arteries which 
supply blood to the spinal cord up to the level of I 4 . 


Vertébral Canal 

The bony canal is triangular in shape, the anterior wall 
(base of the triangle) is formed by the posterior surface 
vertebra and disk covered by posterior longitudinal 
ligament and to some extent the intervertébral foramina 
and the pedicles. Dorsolaterally are the lamina and the 
ligamentum flava and laterally the apophyseal joints. The 
canal is widest at its upper end and narrows like funnel 
as it descends to reach its smallest sagittal diameter at 
the posterior inferior edge of the body of C 5 . The average 
AP diameter of the canal is 17 mm, and sizes of the 
vertébral canal and the spinal cord are of extreme 
importance. In extension the inferior margin of superior 
vertebra protrudes slightly into the canal reducing the 
sagittal diameter by 2 mm. The ligamentum flavum and 
posterior longitudinal ligaments relax and become thick 
and protrude into the canal in extension. The diameter 
of dura become 2 to 3 mm smaller in extension than in 
flexion. The cord itself is thicker in extension than in 
flexion. Ail these points show that the movement of the 
spinal cord is restricted in extension. 

Nerve Supply of Vertébral Column 

The anterior longitudinal ligament has rich innervation 
from the vertébral plexus which dérivés sensory 
innervation from cervical, glossopharyngeal and vagus 
nerves, and autonomie supply from inferior cervical and 
stellate ganglion. The sinus vertébral nerves and the 
sympathetic fibers supply posterior longitudinal ligament 
and periosteum. The apophyseal joints and the 
interspinous ligaments are supplied by dorsal ramii. 
There is significant overlap of segmentai innvervation. 
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274.2 Movements, Biomechanics and 
Instability of the Cervical Spine 

M Punjabi 


INTRODUCTION 

The cervical spine is a classical engineering device of a 
structure which has adapted to its function. It supplies a 
strong and stable, flexible and buffered support to the 


head. It protects the upper part of the spinal cord. It 
increases in width from above downwards. There is 
forward convexity and has a mild scoliosis with thoracic 
spine to the left in 80% of the cases. The motion segment 
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as described by Junghans includes apophyseal joints and 
the unco vertébral joints. The movement at a given motion 
segment is not much, but the cumulative effect is 
significant. 

Possible Movement 

Flexion, extension, latéral flexion and rotation are the 
possible movements. Latéral flexion and rotation is always 
combined. Nodding movement occurs mainly at the 
atlanto-occipital joint. The atlantoaxial joint is mainly 
concerned with the rotation of the head. The pivot for 
flexion extension is unco vertébral joint. The range of 
extension is greater than flexion. The posterior neck 
muscles are the most powerful limiting force for the 
flexion. In extension, the anterior longitudinal ligament is 
the limiting force. Taking I x vertebra as pivot, the cervical 
spinal canal changes direction from full flexion to full 
extension through 90°. Greatest movement occurs at C 5 / 6 
level. The size of intervertébral foramina increases in 
flexion and diminishes by as much as one-third in 
extension of the neck. Such a diminution in the size of the 
foramina is a feature in individuals with extension of neck 
compensatory to dorsal kyphosis. 

Despite the many studies of the craniovertebral 
junction, there is much controversy regarding the 
biomechanics of the région. There is no unanimity as 
regards the motion at different joints and the range of 
motion, i.e. possible at these joints. 

At the atlanto-occipital région, there is no rotation. 
Flexion extension is 10°, and latéral flexion is 8°. At the 
atlantoaxial joint, the maximum range of motion is 47° of 
rotation and 10° of flexion. No latéral flexion is possible at 
the atlantoaxial joint. During rotation, the atlas moves 
away from the axis. Selecki has shown that the vertébral 
artery as it travels between the two vertebrae gets stretched 
and narrowed. At 30° rotation, the contralatéral vertébral 
artery gets stretched and narrowed, and at 45° rotation, 
the ipsilateral artery gets kinked and compressed. This 
may lead to ischemia and infarction in the vertebrobasilar 
territory. There may be vertigo, nausea, tinnitus or visual 
obscurations. Coupling movements are common at the 
craniovertebral junction. Coupling implies translational 
or rotational movement along two axes at the same time, 
e.g. during rotation of the head in addition to the rotation 
of the atlas, there is some downward movement also. 

Clinical Stability of the AA Région 

Clinical instability is the loss of the capacity of the spine 
under physiological loads to maintain relationships 
between vertebrae in such a way that there is neither 


damage nor subséquent irritation of the spinal cord or 
nerve roots and in addition that there may no 
development of incapacitating deformity or pain due to 
structural changes. 

AO Joint 

Stability is provided by the cup-shaped articular facets, 
the anterior and posterior atlanto-occipital membranes, 
the tectorial membrane, the cruciate ligament and the 
ligamentum nuchae. If these are disrupted, the joint is 
unstable. 

AA Joint 

AA joint is the most complex joint and, therefore, the most 
difficult to analyze. Stability is chiefly provided by the 
transverse ligament. The tectorial membrane is also a 
strong ligament. 

The cruciate and AA ligaments are not strong. The 
articular processes slope downwards making the joint 
unstable. Rotation is difficult to analyze due to coupling, 
hence, axial rotation of the AA joint can be missed. If the 
atlantodental interval is more than 3 mm in adults and 
5 mm in children with the head flexed, then there is 
atlantoaxial dislocation. Posterior atlantoaxial dislocation 
is less common. Rotational subluxation is still less common. 
Not much has been written about vertical dislocation. It 
is not uncommon to find that in addition to anterior 
atlantoaxial dislocation (AAD), there is cranial migration 
of the dens or cranial settling. Basilar invagination is also 
a form of vertical dislocation. 

Biomechanics of the CV Région in Trauma 

The vectors causing different types of injuries hâve been 
extensively studied. Axial loading as after fall from a 
height can cause fractures of the atlas. Distraction which 
occurs during a fall from a height with the chin striking 
an object can cause either a posterior AO dislocation or a 
posterior AA dislocation. Flexion injuries can cause 
anterior AA dislocation with fracture of the dens or 
rupture of the transverse ligament. Flexion with 
distraction as occurs with falls on the head in extreme 
flexion may resuit in AA dislocation. Hangman's fracture 
of the pedicle of the axis results from rotation and 
distraction. 

Biomechanics of Fusion of the CV Région 

Rotation is the most difficult movement to prevent. A 
construct which prevents rotation is most likely to be 
successful. Brookes construct achieves the best results. 
This is because there is a wire on either side of the midline. 
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In addition, compression enhances the chances of a good 
fusion. Anterior fusion whether by the transoral route or 
the anterior retropharyngeal route of de Addrade is most 
likely to fait. If the atlas is hypoplastic or déficient, 
occipitoaxial fusion is necessary. Fusion is difficult to 
achieve as the surface of bone available or contact with 
the graft is negligible. 

Biomechanics of Orthotics 

Secure fixation of the CV région is difficult because it is 
difficult to prevent rotation. Collars, soft or hard, 
Philadelphia four poster do not prevent rotation and 
allow at least 15° of flexion. Minerva cast is useful, but 
if a patient can open his or her mouth at least 15° of 
flexion is possible. A halo brace with thoracic extension 
is effective in preventing flexion. Provision of tension 
adjustments of the halo ring the brace prevent 
dislocation. 

Instability of the Cervical Spine 

The ability of the spine under physiological loads to limit 
patterns of displacement so as not to damage or irritate 
the spinal cord or the nerve roots and in addition to 
prevent incapacitating deformity or pain due to structural 
changes defines the stability of the spine. The spine is in 
a State of unstable equilibrium. It achieves stability with 
the help of wires such as disks, ligaments, and muscles 
attached to them. Stability of the functional spinal unit is 
achieved by four stabilizing effects. 

Passive stabilization: Passive stabilization is provided by 
the shape, and size of the vertébral bodies and by the 
shape, size and orientation of the facet joints that link 
one vertebra to the other. Without the other added 
stabilizing structures, the motion segment is in a unstable 
equilibrium. 

Dynamic stabilization: It is provided by the linking 
viscoelastic wires that are the ligaments, capsules and 
annulus fibrosus. 

Active stabilization: Active stabilization is provided by 
the deep postural muscles of the spine. 

Hydrodynamic stability: The turgid nucléus pulposus 
adds further stability to the spinal unit. It redistributes 
load uniformly to the next vertébral body. 


When any of these restrains fail or be damaged, there 
is loss of stiffness of the motion segment and there is 
excessive movement. Loss of this stability leads to 
instability of the cervical spine. The cervical spine is 
potentially unstable, however, the ligaments, the muscles 
and the disk give the spine the necessary stability. 
Instability sets in due to continuing stress and épisodes 
of trauma. These hâve their effect on the disk as well as 
on the facet joint leading to diskbulge and capsular laxity. 
This causes increased and abnormal movement between 
adjoining segments leading to instability. It may resuit 
from trauma, infection, neoplasms, operative procedure 
or degenerative process and aging. 

The patients présent with neck pain aggravated with 
movement with or without deformity and may hâve 
neurological déficits depending on the compression on 
the cord of the nerve root. The pain is due to demands 
put on the unstable functional spinal unit and on the 
secondary restrains. Pain may also be due to the 
associated disk tear or the facet syndrome. 

Dynamic radiographs are essential to show the amount 
of instability. The neck has to be immobilized with hard 
collar for a period of 6 to 8 weeks. Analgésies and sédatives 
are required over the acute periods of pain. Once the pain 
has been controlled, treatment and teaching of good spinal 
ergonomics. Muscle activity has been shown to increase 
the amount of circulating endorphins. In case of more 
severe instability, repeat dynamic radiographs will help 
to décidé the need to continue with collar or to start with 
graduated exercises. If there is cord compression or root 
entrapment or failure of conservative line of treatment, 
then operative intervention is required with anterior 
cervical fusion of the listhetic segment. Other methods of 
stabilization are discussed in another chapter of this 
section. 
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Surgical Approaches 
to the Cervical Spine 


Thomas Kishen 


Anatomically and functionally the cervical spine is 
divided into three régions: upper cervical spine Cl-3, mid 
cervical spine C3-7, and cervico-thoracic junction C7-T1. 

Each of these régions can be approached through 
either an anterior or posterior approach. The site of the 
pathology and the surgical procedure being considered 
dictâtes the choice of approach. Each approach has its 
limitations and a thorough knowledge of the relevant 
surgical anatomy is essential. The surgical anatomy has 
been discussed elsewhere in this section and only relevant 
points will be mentioned here. 

The key to a problem-free cervical spine surgery is 
the proper positioning of the patient. A few practical 
checkpoints to ensure good positioning of the patient are 
detailed below. 

SAFETY TIPS FOR SUPINE POSITIONING 
FOR ANTERIOR APPROACH 

1. Prior knowledge of the safe range of neck flexion and 
extension is valuable and awake fibreoptic intubation 
should be considered if there is a risk of neurological 
détérioration during neck movements. A non-kinking 
cuffed endotrachéal tube is used to prevent 
inadvertent collapse or kinking of the tube during 
retraction. Nasal intubation is preferred when 
approaching the spine above the C4 vertebra. 

2. A head halter (beware of the endotrachéal tube) or 
simply strapping the head to the operating table using 
adhesive tape will suffice for single level procedures 
like an anterior cervical discectomy. Gardner-Wells 
tongs with 4.5 kg (10 lbs) weight may be used to 
immobilize the head when a multiple level 
corpectomy is being considered. Visualization may 
be improved by rotating the head gently to the side 


opposite the planned incision and inserting a 
rolled sheet or sand bag under the scapula to extend 
the neck. 

3. The shoulders are pulled down gently and strapped 
to the sides or the foot end of the operating table using 
adhesive tape to enable adéquate radiological 
visualization, especially of the lower cervical spine. 
This also helps to maintain the upper limbs in position, 
beside the trunk. However, prolonged excessive 
traction on the shoulders can cause a traction injury 
of the brachial plexus. 

4. The proposed site of the incision is marked on the 
skin with the aid of an image intensifier. This is 
especially important when using a transverse incision 
to approach a single level. 

SAFETY TIPS FOR PRONE POSITIONING FOR 
THE POSTERIOR APPROACH 

The hair on the back of the head is shaved up to the level 
of the pinna of the ears. The patient is intubated in the 
supine position on a stretcher and then positioned prone 
on the operating table. The endotrachéal tube should be 
secured firmly before positioning the patient. The patient 
should be carefully turned to the prone position with the 
anesthetist or surgeon controlling the head and neck. 
Ideally, six people, including the one controlling the head 
and neck, are required. One person supports the thorax, 
one the pelvis and one supports the lower limbs. Two 
persons stand on the opposite side of the operating table 
to receive and position the patient when he/she is turned. 
Care must be taken to prevent excessive flexion or 
extension of the neck. It is a safe practice to access the 
range of motion of the neck prior to surgery to know the 
safe limits of movement. 
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Fig. 1: Reverse Trendelenburg position is useful for both anterior and posterior cervical 
approaches. It reduces bleeding and risk of air embolism 


The head is stabilized with a Gardner-Wells tongs and 
a Mayfield headrest. Alternatively, the head can be 
secured using adhesive tape with the face resting on a 
padded horseshoe or similar device. Reverse 
Trendelenberg position is preferred to reduce bleeding 
and also avoid fat embolism (Fig. 1). Pressure on the eyes 
raises the intraocular pressure leading to retinal vessel 
occlusion and retinal damage and this must be avoided. 
The patient's chest and pelvis rest on transverse bolsters 
or a four-post frame. The shoulders are gently pulled 
down and the upper limbs strapped to the side of the 
thigh and buttocks using adhesive tape. Alternatively, if 
the arms are required to be placed on side arm boards 
with the patient prone, avoid abduction beyond 90° as 
this can cause neuropraxia. 

Pressure on the abdomen reduces the venous return 
to the heart and consequently the cardiac output. In 
addition, excessive bleeding can occur during surgery 
especially on the lumbar spine. Ensure that the male 
external genitalia are free of pressure. A gel pad or soft 
cushion is placed under the knees which are then flexed 
and the legs supported on pillows/bolsters to avoid 
pressure on the dorsum of the foot. Ensure that the patient 
is not lying of the ECG leads or the three-way stopcock 
of the intravenous tube. The Foley's cathéter (Bladder 
cathéter) is strapped to the thigh to prevent stretching or 
kinking during transfer and positioning. 

The commonly performed surgical approaches to the 
cervical spine are described below . 

ANTERIOR APPROACH TO 
THE UPPER CERVICAL SPINE 

Transoropharyngeal Approach 

The transoropharyngeal approach allows direct 
visualization of the clivus, atlas and axis with the body 
of the axis lying in the center of the incision. As the 


exposure is restricted by the excursion of the temporo- 
mandibular joint coupled with difficulty in working at 
the depth and the paucity of soft tissue cover, the scope 
for extensive reconstructive procedures is limited. 

Indications 

1. Anterior décompression of the upper cervical spinal 
cord for tumors or infections. 

2. Excision of the odontoid process. 

Preoperative Préparation 

This approach traverses the oral cavity and the pharynx, 
which are colonized by bacteria. Suitable preoperative 
parentéral antibiotics, based on the throat swab culture 
report, are needed and oral disinfection should be 
performed. The approach is contraindicated in the 
presence of a nasopharyngeal infection or the presence 
of vascular structures anterior to or within the lésion. The 
range of motion of the temporomandibular joint needs 
assessment before surgery. 

Positioning and Anesthésia 

General anesthésia is administered via a cuffed 
endotrachéal tube (transnasal or transoral) with the 
patient in the supine position. For more extensive 
procedures a tracheotomy is advisable. To improve 
visualization a mouth gag is used and the soft palate is 
either folded back on itself and sutured to the junction of 
the hard and soft palate at the roof of the mouth or held 
up with a retractor or a nasogastric tube. Alternatively, 
the soft palate may be split in the midline to improve 
visualization. A self-retaining oral retractor System allows 
adéquate visualization of the posterior pharynx. The 
oropharynx, retractors and endotrachéal tube are cleaned 
with betadine solution. The surgeon stands at the head 
end with the assistants on either side. 
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Figs 2A to D: Transoral approach for upper cervical spine 
(A) Dingman mouth gag in place (B) Vertical incision through 
posterior pharyngeal mucosa (C) Subperiosteal dissection 
exposing atlantoaxial complex (D) Longus colli retracted 

Incision 

The vertébral bodies are palpable on the posterior 
pharyngeal wall (Figs 2A to D). The eustachian tube 
orifices are at the level of the basiocciput, the tubercle of 
the anterior arch of the atlas is palpable and so is the 
prominent dise between the axis and the C3 vertebra. 
Once the landmarks are identified a midline incision is 
made over the desired level. 

Dissection 

The incision is carried down to the bone through the 
mucosa and the soft tissues. The soft tissues are elevated 
subperiosteally from the vertébral bodies and retracted 
using sutures. The midpharynx is relatively avascular and 
the small vessels encountered may be cauterized or 
clamped. The anterior arch of the atlas may be exposed 
to a maximum of 2 cm laterally from the midline but the 
C2 and C3 vertebrae should not be exposed more than 
1 cm laterally. 

Closure 

A thorough irrigation is performed to remove ail débris 
and the incision is closed in two layers using interrupted 
résorbable sutures. A rubber drain fixed securely with 


nonabsorbable sutures and coming out through the nose 
may be used if needed. The packs in the hypopharynx 
are removed after inspecting the pharynx for any débris 
that may be aspirated. 

Potential Complications and Relevant Précautions 

1. Infection is a major problem and increases with the 
magnitude of the procedure. Exposure or opening of 
the dura may lead to septic encephalomeningitis. The 
use of suitable pre- and postoperative antibiotics 
depending on the throat swab culture reports is 
mandatory. 

2. Aspiration of débris from the pharynx can be 
prevented by using a euffed endotrachéal tube, 
packing the hypopharynx before surgery, placing the 
patient in the Trendelenburg position and by ensuring 
that the pharynx is free of débris at the end of the 
procedure. 

3. Vertébral artery injury, resulting from réduction of 
C1-C2 dislocations, can lead to life-threatening 
hemorrhage and basilar artery ischemia. 

4. Due to the paucity of soft tissues on the posterior 
pharyngeal wall wound closure may be a problem 
especially if excessive bone graft is placed in the 
wound. Incisions extending below the C3 vertebra 
may be difficult to close due to the thin layer of 
overlying soft tissues. The bone graft should not 
extend beyond the level of the anterior surface of the 
vertebra. 

5. Significant postoperative tongue and pharyngeal 
swelling can occur and delayed extubation is 
preferred. Ryle's tube feeding may be instituted for 
the first 4-6 days. 

Alternative Approaches to the Upper Cervical Spine 

1. Anterior retropharyngeal approach to the upper 
cervical spine described by McAfee et al (1987) is a 
superior extension of the standard subaxial spine 
approach between the carotid sheath laterally and the 
trachea and esophagus medially (Figs 3A and B). 
Ligation of the superior thyroid vessels, lingual 
vessels, ascending pharyngeal vessels and the facial 
vessels allows the carotid sheath to be retracted 
posteriorly. It is essential to protect the superior 
laryngeal and hypoglossal nerves in this approach. 

2. The latéral retropharyngeal approach to the upper 
cervical spine (latéral to the carotid sheath) was 
described by Whitesides and Kelly in 1966. The 
advantage of this approach is that the oral cavity and 
pharynx are not entered. The disadvantage is that the 
spine is approached from the latéral aspect compared 
to the anterior transoral approach. 
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Figs 3A and B: (A) A skin incision is made along the anterior aspect of the sternocleidomastoid muscle, and curved towards the 
mastoid process (B) The platysma and the superficial layer of the deep cervical fascia are divided in line with the incision to 
expose the anterior border of the sternocleidomastoid. The sternocleidomastoid muscle is retracted anteriorly, and the carotid 
artery laterally. The superior thyroid artery and lingual vessels may require ligation, but this should not be done until the hypoglossal 
nerve is identified. The facial artery is identified at the upper portion of the incision which is adjacent to the hypoglossal nerve 
along with the digastric muscle. The prevertebral fascia is bluntly dissected and the longus colli muscle is elevated and a 
Cloward retractor inserted under the muscle. 

1. Sternocleidomastoid 2. Superior thyroid artery 3. Internai carotid artery 4. External carotid artery 

5. Superficial temporal vein 6. Digastric muscle 7. Hypoglossal nerve 8. Facial artery 


3. Anterior approach through a mandibulotomy with 
or without a glossotomy provides wider access to the 
upper cervical spine than the other approaches 
mentioned. 

Anterior Approach to the Subaxial Spine 

Smith and Robinson (1955) were amongst the earliest to 
describe an anterior approach to the cervical spine using 
the plane between the trachea medially and the carotid 
sheath laterally. The antérolatéral extrapharyngeal 
approach is commonly used to approach the vertébral 
body and the intervertébral dises of the subaxial spine 
(Figs 4A and B). This is an atraumatic exposure with 
minimal blood loss and can be used to expose up to the 
C7 vertebra. 


Indications 

1. Anterior cervical discectomy. 

2. Anterior décompression, corpectomy and fusion with 
or without instrumentation. 

Important landmarks 

• Mandible - C2-C3 

• Hyoid - C3 

• Thyroid cartilage - C4-C5 

• Cricoid cartilage - C5-C6 

• Carotid tubercle - C6 

Patient Position 

The patient is positioned supine on the operating table. 
A sandbag or rolled sheet is placed under the shoulders 
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Figs 4A and B: (A) The hyoid bone overlies C3; the thyroid cartilage overlies C5, the cricoid ring at C6, and supraclavicular level 
for C7 - Tl région (B) Anteromedial approaches involve dissection anterior to the carotid sheath between sternocleidomastoid 
and viscera, whereas antérolatéral approaches involve dissection posterior to the sternocleidomastoid and carotid sheath 
(1) Erector spinae and transverse spinalis muscle (2) Prevertebral layer of cervical fascia (3) Brachial plexus (4) Antérolatéral 
approach (5) Vagus nerve (6) Internai jugular vein (7) Superficial layer of cervical fascia (8) Anteromedial approach (9) Common 
carotid artery (10) Platysma muscle (11) Infrahyoid muscle (12) Sternocleidomastoid (13) Esophagus (14) Sympathetic trunk 
(15) Prevertebral muscle (16) Paravertebral muscle (17) Vertébral vessels (18) Trapezius (19) Ligamentum nuchae (20) Posterior 
approach 


to allow the neck to be extended. The head is rotated 
gently to the side opposite the proposed incision. The 
shoulders are pulled down gently and strapped to the 
end of the operating table with adhesive tape. A sandbag 
is placed under the buttock when iliac crest bone graft is 
required for spinal fusion. A noncollapsible, nonkinking 
endotrachéal tube is used. The use of nasal intubation 
for surgery on levels above the C4 increases the operating 
space by keeping the mandible out of the way. The skin 
is infiltrated with dilute adrénaline and local anesthetic. 
External traction may be required if multiple level 
corpectomy and reconstruction is being considered. 

Side of Approach 

The subaxial spine may be approached from either the 
left or the right side and each has its limitations. Most 
right-handed surgeons prefer the right-sided approach 
because the mandible does not obstruct the dominant 
hand. The right-sided approach also prevents injury to 
the thoracic duct. The disadvantage with this approach 
is the higher incidence of récurrent laryngeal nerve injury. 
The left récurrent laryngeal nerve loops under the arch 


of the aorta before ascending up the neck in a more 
vertical and predictable course. The récurrent laryngeal 
nerve loops under the subclavian artery on right side and 
adopts a more horizontal course to enter the tracheo- 
esophageal groove. The course of the right récurrent 
laryngeal nerve traverses the surgical field and is more 
prone to injury during surgery. 

Transverse or Longitudinal Incision 

A transverse incision extending from the midline to the 
latéral border of the sternocleidomastoid muscle and 
lying in a skin crease results in a cosmetically appealing 
scar but limits the exposure to 2-3 vertebrae. When more 
exposure is needed, a longitudinal incision along the 
anterior border of the sternocleidomastoid muscle is 
préférable (Figs 5A to H). It is a safe practice to radio- 
logically mark the level to be operated on the skin 
especially when using a transverse incision. 

Dissection 

After the skin is incised the platysma is either divided in 
line with the skin incision (transverse incision) or split 
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Figs 5A to H: Anterior exposure to subaxial spine (A) After skin incision, the fat whipped off of the platysma before the platysma 
is sectioned. In this and ail subséquent surgical views, the patient is lying in front of the surgeon and the surgeon is standing to 
the patient’s left (B) The platysma is sectioned transversely and sharply for one or two dise levels or for three dise levels without 
instrumentation (C) The superficial fascia is divided with the scissors in a transverse direction to the sternocleidomastoid 
(D) Connecting vein between the internai and external jugular vein often need to be ligated. The vertical incision is in the fascia 
surrounding the sternocleidomastoid. Cushing vein retractors are used for superior and inferior retraction (E) The carotid is 
palpated after sternocleidomastoid release. An appendiceal retractor exposes the middle layer of the cervical fascia (F) After 
blunt dissection of the middle layer of the cervical fascia, the anterior longitudinal ligament and vertébral bodies corne into view. 
After sectioning of the alar and prevertebral fascia, which are adhèrent, the self retaining retractor exposes the longus colli and 
the vertébral body as well as the dise spaces. A radiograph is taken before further dissection (G) Longus colli being elevated with 
cautery with hand held retractors in place. Self retaining Cloward retractors are kept in place next with toothed retractors under 
the longus colli in the médial latéral direction. The longitudinal retractors are smooth retractors. The toothed retractors are held 
down with a Kocher clamp fastened to the drape (H) Division of the middle thyroid vein at the inferior aspect of the C5 vertébral 
body 


along the direction of its fibers (longitudinal incision). 
Next, the superficial layer of the deep cervical fascia is 
divided longitudinally along the anterior border of the 
sternocleidomastoid muscle. Some superficial veins at 
this level may need to be ligated and divided. The 
sternocleidomastoid muscle is retracted laterally and 
using blunt dissection with the finger or a gauze pusher 
the intermediate cervical fascia is divided. The carotid 
pulsations are identified and the carotid sheath is gently 
retracted laterally while the viscéral structures (trachea, 
esophagus, larynx, thyroid) along with the strap muscles 
are retracted medially. The prevertebral layer of the 
cervical fascia is divided longitudinally to expose the 
vertebrae and intervening dises (Figs 6A to F). 


Closure 

The incision is closed over a drain. Careful approximation 
and suturing of the platysma improves the cosmetic 
appearance of the scar. The skin and subeutaneous layers 
are closed separately. 

Surgical tips 

1. Once the vertébral bodies hâve been exposed 
cauterizing the médial border of the longus colli 
muscle reduces bleeding. 

2. The viscéral structures on the médial side are 
retracted gently ensuring that the esophagus is not 
being compressed between the retractor and the 
vertébral body. 
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Figs 6A to F: Steps in the cervical discectomy (A) After cauterization and annulotomy, the annulus is removed with a pituitary 
rongeur (B) Curettage of the dise material off the endplate with a goal of exposing both uncinate processes (C) After complété 
discectomy, the uncinate processes are viewed, as is the posterior annulus (D) The posterior annulus is removed and the 
foraminotomy is begun using a 3-0 angled curet to section the annulus (E) The foraminotomy is completed with 1- and 2-mm 
Kerrison punches, using the osteophyte in a 180°fashion to expose the nerve root (F) The foramen is probed with a neck hook 
to ensure that the nerve is free. Free dise fragments can often be brought into view using the nerve hook in a rotating fashion 


3. The radiological confirmation of the exposed levels 
is mandatory before proceeding with the surgery. 
A "Z" shaped marking pin or hypodermic needle is 
inserted into the intervertébral dise using gentle 
screwing movements which prevents it from 
inadvertently plunging into the spinal canal. The 
dise space should be marked with an electrocautery 
before removing the marking pins. 

Poteritial Complications and Relevant Précautions 

1. Récurrent larynged nerve injury: Aggressive retraction 
is a common cause of injury to this nerve. The nerve 
may get incarcerated between the retractor and the 
inflated euff of the endotrachéal tube. Deflating the 
euff after the vertébral bodies are exposed and 
reinflating it can avoid this situation. The left sided 
approach reduces the incidence of injury to this nerve 


as it follows a more vertical course on this side. Placing 
the retractor under the longus colli, also, prevents 
injury to the récurrent laryngeal nerve and the 
sympathetic trunk. 

2. Esophageal perforation: The esophagus should be 
identified and gently retracted away from the 
midline. The use of sharp edged retractor s and self- 
retaining retractor s should be avoided. Hand-held 
retractors with smooth edges are used to gently retract 
the esophagus ensuring that the esophagus is not 
entrapped between the retractor blade and the 
vertébral body. A perforation noticed during surgery 
should be repaired with sutures and nasogastric 
feeding instituted till closure. 

3. Vertébral artery injury is a potential complication, 
which can usually be controlled by packing with gel 
foam. If packing does not control the bleeding the 
vertébral artery is exposed proximally and distally 
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and ligated. The artery lies latéral to the uncovertebral 
joint and arterial injury can be prevented by limiting 
décompression and corpectomy to the médial aspect 
of the uncovertebral joint. 

4. When ligating or cauterizing the superior thyroid 
artery the superior laryngeal nerve running alongside 
should be protected. Similarly, the récurrent laryngeal 
nerve should be protected when ligating the inferior 
thyroid artery. 

Anterior Approach to the Cervicothoracic Junction 

The cervicothoracic junction is crowded with vital 
neurovascular structures and is well protected anteriorly 
by the manubrium and the clavicle. This makes the 
anterior approach to the C7-T1 région of the spine 
particularly difficult. The inferior extension of the 
standard anterior approach to the subaxial spine provides 
adéquate visualization of the cervicothoracic junction 
after ligation of the inferior thyroid vessels. A limitation 
of this approach is the inability to adequately access the 
T2 and T3 vertebrae. This limitation can be overcome with 
the foliowing approaches. 

Modified Anterior Approach to the 
Cervicothoracic Junction 

The C7-T1 région can be approached through an anterior 
sternoclavicular 'Y shaped incision. Half of the manu¬ 
brium and the médial third of the clavicle are excised 
and the spine is approached médial to the carotid artery. 
The excised bone provides a strong strut graft and a chest 
tube is unnecessary. Kurz et al (1991) modified this 
approach using an inverted L shaped incision whose 
horizontal limb extends to the left side. The médial third 
of the clavicle is excised leaving the manubrium intact. 

Position 

The patient is positioned supine on the operating table 
and general anesthésia is induced. A rolled towel is 
placed between the scapula and the head is turned to the 
right side. 

Incision 

An inverted L shaped anterior incision is placed with the 
horizontal limb extending laterally about 2-4 cm 
proximal and parallel to the left clavicle (Figs 7A to D). 
The vertical limb of the incision extends distally just past 
the manubriosternal junction if necessary. The platysma 
is divided and the distal attachment of the sternocleido- 
mastoid muscle is elevated subperiosteally and retracted 
laterally. The strap muscles are divided below the level 
of the clavicle and retracted medially (Figs 8A and B). 
The médial third of the clavicle is stripped subperio¬ 
steally, excised using a Gigli saw and disarticulated at 
the sternoclavicular joint. The spine is approached by 



Figs 7A to D: Anterior approach to the cervicothoracic junction 
(A) Supraclavicular approach entails a transverse incision above 
the clavicle (B) Dissection posterior to the carotid sheath, 
followed by release of the clavicular head of sternocleidomastoid 
(C) The internai jugular and subclavian veins as well as the 
carotid artery must be protected from injury during division the 
sternocleidomastoid muscle (D) After division of the 
sternocleidomastoid muscle, the fascia beneath it is divided to 
release the omohyoid from its pulley. The subclavian artery 
and its branches, which include the thyrocervical trunk, 
suprascapular artery, and transcervical artery, must be 
identified. The suprascapular and transcervical arteries should 
be ligated as necessary (1 ) Sternomastoid muscle (2) Omohyoid 
muscle (3) Suprascapular artery (4) Phrenic nerve (5) Trans¬ 
cervical artery (6) Division of clavicular head of sternocleido¬ 
mastoid muscle (7) Incision line (8) Platysma (9) Middle sub- 
scapular nerve (10) External jugular (11) Clavicular head of 
sternocleidomastoid muscle (12) Sternal head of sterno¬ 
cleidomastoid (13) Common carotid artery (14) Thyrocervical 
trunk (15) Internai jugular vein (16) Subclavian vein 
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Figs 8A and B: Anterior approach to the cervicothoracic junction (continuée!) (A) The dôme of the lung and the 
phrenic nerve are in close proximity to the scalenus anterior muscle. The phrenic nerve should be identified and 
retracted before division of the scalenus anterior muscle. The brachial plexus and supraclavicular nerves are 
more superficial at the latéral border of the scalenus anterior muscle, division of which exposes Sibson’s fascia 
in the floor of the wound, which covers the dôme of the lung. Sibson’s fascia is divided transversely using 
scissors and the viscéral pleura and lung retracted inferiorly (B) The trachea, esophagus, and the récurrent 
laryngeal nerve must be protected during médial retraction. The posterior thorax, stellate ganglion, and upper 
thoracic vertébral bodies are now visible looking down through the thoracic inlet. The récurrent laryngeal nerve 
should be identified and protected and the inferior thyroid artery and vertébral artery identified (1) Anterior 
scalenus muscle (2) Cupula of lung (3) Second rib (4) Scalenus médius muscle (5) First rib (6) T1 root (7) Stellate 
ganglion (8) C8 root (9) Anterior scalenus muscle (10) Subclavian artery (11) Cupula of lung (12) Brachial 
plexus (13) Internai jugular vein (14) Common carotid artery (15) Vertébral artery (16) Phrenic nerve (17) Phrenic 
artery (18) Esophagus (19) Trachea (20) Internai jugular vein (21) Common carotid artery (22) Récurrent laryngeal 
nerve 
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developing a plane between the trachea and esophagus 
medially and the carotid sheath laterally. Hand-held 
retractors with broad smooth edges are used to avoid 
injury to the vascular and viscéral structures. 

Closure 

The strap muscles are reapproximated and the 
sternocleidomastoid muscle is resutured to the remaining 
periosteum of the cia vicie. A cervicothoracic immobiliser 
is applied before transferring the patient from the 
operation table. 

Complication 

A potential complication is shoulder girdle weakness in 
younger patients due to resection of the médial clavicle 
and the sternoclavicular joint. 

Alternative Approaches to 
the Cervicothoracic Junction 

1. Micheli and Hood (1983) described a combined 
cervical and thoracic anterior approach to the 
cervicothoracic junction. With the patient in the latéral 
position the lower cervical spine is exposed through 
antérolatéral approach using the interval posterior to 
the carotid sheath and anterior to the sternocleido¬ 
mastoid muscle. The transthoracic transpleural 
approach through the third rib after elevating the 
scapula is used to expose the T1-T4 area. 

2. The sternal splitting approach described by Cauchoix 
and Binet (1987) is associated with a higher mortality 
rate. 

Posterior Approach to the Cervical Spine 

The posterior approach to the cervical spine is relatively 
simple compared to the anterior approach as this région 
is bereft of any vital neurovascular structures. The 
limitation of this approach is the inability to access the 
body of the cervical vertebrae. An inferior extension of 
the same midline incision can be used to expose the 
thoracolumbar and sacral spine. 

Indications 

1. Posterior décompression in the form of laminectomy 
or laminotomy of the subaxial cervical spine. 

2. Posterior stabilization and fusion of the subaxial 
cervical spine. 

3. Posterior décompression and/or stabilization of the 
craniovertebral junction. 

Position 

The patient is usually intubated and anesthetized on a 
stretcher and then positioned prone on the operating 
table. The surgeon or the anesthetist should control the 


head during the transfer. Patients who are at risk for 
neurological détérioration due to instability or canal 
compromise will benefit from awake intubation and 
positioning. This allows the movement of the neck within 
the safe range. The head must be stabilized either with 
Gardner-Wells tongs and a Mayfield head-rest. When 
skull traction is used strapping the shoulders distally 
provides the necessary counter traction. Care must be 
taken to prevent undue neck extension during transfer. 
During prone positioning pressure on the eyes, chest, 
genitalia in males and the Foley's cathéter should be 
avoided. 

Incision 

A midline vertical incision is used to expose the spine 
(Figs 9A to E). The muscles are divided in the midline 
through the avascular nuchal ligament to reduce bleeding 
and to prevent injury to the greater occipital and third 
occipital nerves (Figs 10A and B). The cervical spinous 
processes are bifid with two tubercles at the end for 
muscular and ligamentous attachments. These 
attachments to the tubercle must be detached to permit 
subperiosteal élévation of the highly vascular paraspinal 
muscles off the laminae. At the junction between the 
lamina and the latéral mass there is a shallow groove, 
which lies at the latéral edge of the spinal canal and 
médial to the foramen transversarium through which 
runs the vertébral artery. This is an important landmark 
for laminectomy, laminoplasty and posterior cervical 
plating. The facet joint capsules should not be damaged 
during the exposure. It is a safe practice to radiologically 
confirm the levels before a décompression or stabilization 
is performed. 

Closure 

The incision is closed in layers over a drain. 

Surgicol tips 

1. Dissection should be strictly confined to the midline 
and the paraspinal muscles should be subperio- 
steally elevated from the laminae (using a Cobb 
elevator) to reduce bleeding. 

2. In the C1-C2 région, not to extend the incision 
beyond 1.5 cm from the midline as it risks the 
vertébral arteries. 

3. Care with the use of cautery as it may plunge into 
the interlaminar space. 

4. When approaching the subaxial spine avoid 
resecting the muscles attached to the axis as this may 
affect the stability of the spine. 

5. Laminectomy is performed at the junction of lamina 
with the latéral mass and if only necessary, médial 
facet can be resected (<50%) (Fig. 11). 



Surgical Approaches to the Cervical Spine 2641 



Ligamentum nuchae 
/ Multifidus 


Trapeztus 


Posterior 


Splenius capitis 


Longissimus 


Levator 

scapula 


Figs 9A to E: Posterior approach to cervical spine (A) A cross-section of the neck demonstrates the direct midline 
approach to the cervical spine and the attachments of the paraspinal muscles to the posterior tubercle and ligamentum 
nuchae. The individual muscle layers are bound by the cervical fascial layers, which ail attach to the ligamentum nuchae. 
Note the paucity of vital structures that are encountered posteriorly (B) The posterior approach should be midline to avoid 
injury the occipital nerves or the vertébral artery. The posterior muscles of the occipitocervical région form a triangle that 
provides a landmark to the location of the vertébral artery. These muscles provide stability to the C2 articulations and 
should not be dissected off the spinous process of C2 to prevent any late instability from occurring (C) Skin incision over 
midline (D) Extensive posterior exposure from C2 distally is very dry if performed by splitting ligamentum nuchae 
(E) Interspinous ligament is preserved as are attachments to C2 
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Figs 10A and B: (A) The location of the arch of Cl to the spinous process of C2 is crucial during the dissection to the C1-C2 
junction. The posterior arch of Cl lies 1-2 cm anterior to the spinous process of C2 and the facet joint of C2-C3 lies 2-2.5 cm 
posterior to the facet of C1-C2. Dissection should be performed carefully on the fragile ring of the atlas (B) The vertébral artery 
along the postérolatéral border of the rim of the atlas and is protected by the posterior atlanto-occipital membrane directly 
midline. It is vulnérable to injury as it exits the foramen transversarium at the C1-C2 facet joint and the latéral margin of Cl. 
Dissection should not be performed laterally more than 1.5 cm from the midline in the adult. Note the wide interspaces between 
the occiput, Cl, and C2 



Fig. 11: The illustration shows the area of bone removal for 
Laminectomy (I) and partial facetectomy (II) 
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Craniovertebral anomalies présent an array of complex 
bony malformations leading to a range of symptoms 
secondary to neural compression, malalignment of bone 
and subtle or manifest instability. The surgical manage¬ 
ment of the congénital craniovertebral anomalies is 
complex due to the relative difficulty in accessing the 
région, critical relationships of the neurovascular 
structures and the intricate biomechanical issues 
involved. 

Congénital craniovertebral anomalies are significantly 
more common in the Indian subcontinent than in the 
other parts of the world. Exact reason for this 
disproportionately high incidence is not clear. No definite 
genetic anomaly has been identified. Even in India, the 
general observation is that the relatively poor population 
is more frequently affected. 

ANATOMY 1 212 

The Cl and C2 vertebrae are called 'atypical vertebrae' 
and hâve unusual shape and architecture and a clinically 
complex and important vertébral artery relationship 
(Figs 1 and 2). Various authors hâve written about the 
danger of injury to the vertébral artery during surgery in 
this région. 

The anatomy of the vertébral artery in the région of 
the craniovertebral junction is significantly different from 
the relatively straightforward course in the transverse 
foramina of C6 to C3 vertebrae. A three-dimensional 
understanding of the anatomy is crucially important for 
any kind of surgery in the craniovertebral région. The 
vertébral artery adopts a serpentine course in relationship 
to the craniovertebral région. The artery has multiple 
loops and an intimate relationship with the atlas and axis 
bones. Venous plexuses cover the entire course of the 



Fig. 1: The Cl vertebra is seen from its posterior aspect. 
Distance “a” indicates the height of the inferior facet under the 
posterior arch of Cl. Distance “b” indicates the thickness of the 
latéral aspect of the posterior arch of the atlas separating the 
vertébral artery groove from the inferior articular facet. The 
superior and inferior articular facets are in the form of a pillar. 
The articular surfaces of the superior and inferior articular facets 
point medially 

vertébral artery, making identification possible during 
the surgery. 

After a relatively linear ascent of the vertébral artery 
in the foramen transversarium of C6 to C3, the artery 
makes a loop medially towards an anteriorly placed 
superior articular facet of the C2 vertebra, making a deep 
groove on its inferior surface (Figs 3 to 5). The anterior 
surface of the body of the C2 is continuous with the 
anterior surface of the superior facets on both sides with 
no definite identification landmark. This suggests that 
during transoral surgery and drilling of the C2 body, exact 
identification of the midline is crucial and the latéral limit 
of bone removal should take into account the location of 
the artery. The vertébral artery loops away from the 
midline underneath the superior articular facet of the C2. 
This makes drilling safe, as regards the vertébral artery, 
above the level of the C2 vertébral body and over the 
odontoid process. 
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Fig. 2: The C2 vertébral bone as seen from the superior aspect. 
The pedicle, pars interarticularis, superior articular facet, 
laminae, odontoid process and the other components of the 
bone can be seen 



Fig. 3: Unroofing of the anterior bony shell of the osseous 
segment of the vertébral artery. The loop of the artery and its 
course towards the midline can now be appreciated. The 
vertébral artery on the contralatéral side is hypoplastic 



Fig. 4: The vertébral artery loop is elevated off the vertébral 
artery groove. The deep groove can be appreciated 



Fig. 5: The specimen is seen from the right side in its latéral 
aspect. Note the loops of the vertébral artery 


Superior facet of C2 vertebra differs from the facets 
of ail other vertebrae in two important characters, which 
make this région prone to vertébral artery injury during 
screw fixation. First is that the superior facet of C2 is 
présent in proximity to the body when compared to other 
facets which are located in proximity to the lamina. The 
second is that the vertébral artery foramen is présent 
partially or completely in the inferior aspect of the 
superior facet of C2, while in other cervical vertebrae, 
vertébral artery foramen is located entirely in relationship 


with the tr ans ver se process. The pedicle of the C2 vertebra 
is relatively small. The course of the vertébral artery in 
relationship to the inferior of the superior articular facet 
of the C2 makes its susceptible to injury during 
transarticular and interarticular screw implantation 
techniques. 

The vertébral artery takes a loop after its exit from 
the foramen transversarium of Cl vertebra. It then 
occupies a vertébral artery groove over the superior 
surface of the posterior arch of the atlas. We observed 
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that the vertébral artery groove was on an average 
18.2 mm away from the midline and the vertébral artery 
in relationship with the groove was 22.1 mm away from 
the midline. The Cl roots travel inferiorly and posterior 
in relationship to the vertébral artery during its course 
over the posterior arch of the atlas. The suboccipital 
triangle formed by rectus capitis posterior major, inferior 
oblique and superior oblique muscles, helps in the 
identification of the vertébral artery. The multiple loops 
of the vertébral artery and the buffer space of the artery 
in the bony grooves suggests a dynamic nature of the 
relationship of the artery with the groove and the 
possibility of the changes in the location of the artery 
during the neck movements. It may be that the occupancy 
of the vertébral artery groove could change with the âge. 

The Radiological Parameters 6 

Chamberlain s line: This is a line connecting the posterior 
border of the hard palate to the opisthion. In the normal 
situation, the tip of the odontoid process should lie below 
this line. 

Wackenheim's line: This is clivus baseline when extended 
downwards. Normally, the tip of the odontoid process 
remains anterior to this line. 

McRae's line: This line represents the plane of the foramen 
magnum as represented by a line from the basion to the 
opisthion. Normally, the tip of odontoid process remains 
below this line. 

Modified oméga angle: A line is drawn traversing along 
the center of base of the axis parallel to the line of the 
hard palate. The inclination of the tip of the odontoid 
process to this line is defined as the modified oméga 
angle. 

Klaus height index , basal angle for measurement of 
platybasia and other indices are shown in the Figure 6. 

Parameters based on magnetic résonance imaging 
include the measurement of brainstem girth and the 
measurement ofthe distance between the odontoid tip and the 
pontomedullary junction. 

Basilar Invagination 4 6 9 11 

Basilar invagination forms a prominent component of the 
craniovertebral anomalies. Chiari malformation and 
syringomyelia are common associâtes of basilar 
invagination and are the soft tissue component of the 
dysgenesis. Basilar invagination, a primary develop- 
mental anomaly, has been a subject of clinical interest 
for a long time. Various classical présentations hâve 
referred to this issue. Radiological and tomographie 


parameters hâve been principally used to diagnose basilar 
invagination for many décades. With the development 
of imaging by the high resolution CT and MRI there has 
been a renewed interest in the normal anatomy and the 
pathologie lésions in the craniovertebral région. 
Improved imaging has provided an opportunity to clearly 
observe the bony abnormality and distorted neural and 
vascular relationships. Dynamic MRI and CT scan hâve 
helped in the évaluation of the pathology of basilar 
invagination, in the assessment of the biomechanics of 
the joints and in the formulation of a rational surgical 
strategy. Despite the clarity of imaging, controversy 
regarding the management of basilar invagination 
continues. Even the natural history has not been clearly 
elucidated in the literature. The surgical indications for a 
given approach together with the timing of the surgical 
stages are still under discussion. 

The bone development is a late embryogénie event. It 
is said that the entire basic neural and vascular tree of 
the fétus is formed much before the formation of even a 
spiculé of bone. The formation of the craniovertebral 
junction and its alignment is in the process of completion 
during the birth of the fétus and also after birth. The gross 
alignment is completed after the infant starts holding the 
head at the âge of about 3-4 months. 'Basilar invagination' 



m 


Fig. 6 : Line drawing showing the landmarks used for 
measurements. basal line: line along the anterior skull base; 
Chamberlain’s line: line drawn from the hard palate to the 
posterior rim of the foramen magnum, tuberculum sellae- 
torcular herophili line: line drawn from the tuberculum sellae to 
the torcula. Wackenheim’s clivai line: line drawn along the 
clivus. The basal angle is the angle between basal line and 
Wackenheim’s clivai line. The Klaus height index on plain 
radiography is the distance from the tip of the odontoid process 
to the tuberculum sellae-torcular herophili line 






2646 Textbook of Orthopedics and Trauma (Volume 3) 


is normally présent in the fétus. It is after the reversai of 
the cervical flexure, formation of the craniovertebral and 
spheno-occipital sclerotomes, occipital condyle and 
suboccipital bone, facets of the atlas and axis that the 
odontoid process descends down in relationship to the 
neural structures and 'basilar invagination' is reversed. 
Basilar invagination could be a resuit of errors in the 
embryological development where the formation of 
craniovertebral bones necessary to reverse the fêtai basilar 
invagination is incomplète or inadéquate. In most of the 
congénital craniovertebral anomalies the neural and 
vascular formation is normal and complété. The rôle of 
fêtai malnutrition, inadéquate strength of the muscles of 
the neck or improper fêtai delivery practices is not clear. 
However, these factors could hâve a bearing on the 
pathogenesis of basilar invagination, as the probable time 
of initiation of the dysgenesis is during and around the 
period of delivery of the fétus. 

The maldevelopment results in a reduced length of 
the clivus (i.e. the sphenoid part of the clivus is formed 
relatively normally, whereas the occipital part is formed 
incompletely) and platybasia, occipital condylar 
hypoplasia, non-formation or inadéquate formation of 
the occipitoaxial joint, and frequently, occipitalization of 
the atlas. Fusion of the atlantoaxial joint, and C2-3 spinal 
éléments and a range of Klippel-Feil spinal abnormalities 
are also frequently associated. The entire complex of the 
odontoid process, the atlas, and clivus is rostrally located, 
and effectively the volume of the posterior cranial of fossa 
is reduced. Partial or complété assimilation of the atlas is 
an important and frequent component of the mesodermal 
maldevelopment. Basal mesodermal maldevelopment 
will resuit in rostral positioning of the plane of the 
foramen magnum and significantly severe basilar 
invagination if measurements are taken on the basis of 
parameters laid down by Chamberlain, Mcgregor, and 
Fischgold et al. However, the tip of the odontoid process 
will remain below both Wackenheim's clivai line and 
McRae's line of the foramen magnum in a large 
percentage of cases (Fig. 7). 

Chiari malformation and related pathological events 
could be primarily attributable to maldevelopment of the 
occipital bone and overcrowding of the normally 
developed cerebellum within a smaller posterior cranial 
fossa. There is usually no demonstrable structural 
abnormality of the brainstem, cerebellar hemisphere or 
fourth ventricle suggesting that the neural development 
in these patients was unaffected in the embryonic 
dysgenesis. Long-standing pulsatile pressure of the 
herniating tonsil to the brainstem could be a cause of 
formation of syringomyelia cavitation. Essentially, it 
appears that syringomyelia is a tertiary event to the 



Fig. 7: Drawing showing the plates and screws used for 
interarticular atlantoaxial fixation 


primary basilar invagination and secondary Chiari 
malformation. 

We had presented a classification System for basilar 
invagination that divided it into two groups. This classi¬ 
fication helped in improving the understanding of the 
pathology and pathogenesis of the anomaly, in the 
sélection of the surgical treatment and in prédiction of 
the outcome. Based on a single criterion of absence or 
presence of Chiari malformation, the anomaly was 
classified into two groups. It divided the anomaly into 
two discrète groups probably having a common 
embryological origin but with diverse patterns of clinical 
présentation, radiological features and management 
considérations. 

With our improved understanding of the subject, we 
re-classified basilar invagination into two groups based 
on parameters that determined an alternative treatment 
strategy. In Group A basilar invagination there was a 
'fixed' atlantoaxial dislocation and the tip of the odontoid 
process 'invaginated' into the foramen magnum and was 
above the Chamberlain line, McRae line of foramen 
magnum and Wackenheim's clivai line. The définition 
of basilar invagination of prolapse of the cervical spine 
into the base of the skull, as suggested by von Torklus, 
was suitable for this group of patients. In Group B cases, 
the entire complex of clivus, basiocciput and the 
craniovertebral junction was rostrally located and the tip 
of the odontoid process was above the Chamberlain's line 
but below the McRae's and the Wackenheim's lines. In 
this group there was no atlantoaxial dislocation. 

The standard and most accepted form of treatment 
of Group A basilar invagination is a transoral décompre¬ 
ssion. Majority of authors recommend a posterior 
occipitocervical fixation following the anterior 
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décompression. It appears to us that the atlantoaxial joint 
in such cases is in abnormal position as a resuit of 
congénital abnormality of the bones and progressive 
worsening of the dislocation is probably secondary to 
increasing 'slippage' of the atlas over the axis. The slip of 
atlas over the axis appears to be accentuated by the event 
of trauma. With our expérience in handling the 
atlantoaxial joints, we hâve realized that the joint in these 
cases is not 'fixed' or 'fused' but is mobile and in some 
cases is hypermobile, and is probably the prime cause 
for the basilar invagination. The history of trauma 
preceding the clinical events, prédominant complaint of 
pain in the neck and the improvement in neurological 
symptoms following institution of cervical traction 
suggests Vertical' instability of the craniovertebral région. 

We had earlier attempted to reduce basilar 
invagination by performing occipitocervical fixation 
following institution of cervical traction. 6 However, ail 
the four cases treated in this manner subsequently needed 
transoral décompression as the réduction of the basilar 
invagination and of atlantoaxial dislocation could not be 
sustained by the implant. Wide removal of atlantoaxial 
joint capsule and articular cartilage by drilling and 
subséquent distraction of the joint by manual 
manipulation provided a unique opportunity to obtain 
réduction of the basilar invagination and of atlantoaxial 
dislocation. The joints were maintained in a distracted 
and reduced position with the help of bone graft and 
spacers. The subséquent fixation of the joint with the help 
of interarticular screws and a métal plate provided a 
biomechanically firm fixation. The fixation was seen to 
be strong enough to sustain the vertical, transverse and 
rota tory strains of the most mobile région of the spine. 
Following surgery, the alignment of the odontoid process 
and the clivus and the entire craniovertebral junction 


improved towards normalcy. The tip of the odontoid 
process receded in relationship to the Wackenheim's 
clivai line, Chamberlain's line and Macrae' line 
suggesting réduction in the basilar invagination. The 
posterior tilt of the odontoid process, as evaluated by 
modified oméga angle, was reduced after the surgery. 
We could obtain varying degrees of réduction of the 
basilar invagination and atlantoaxial dislocation. The 
extent of distraction of the joint and the subséquent 
réduction in the basilar invagination was more significant 
in younger than in older patients (Figs 8A to C). 

Posterior fossa bony décompression appears to be an 
idéal form of treatment for Group B basilar invagination. 

Syringomyelia 3 5 7 

Syringomyelia can be classified in four groups depending 
on the spécifie treatment protocol on the basis of the 
possible pathogenetic factors. Group 1 were cases where 
there was no definite demonstrable etiological factor. 
Group 2 cases had basilar invagination and/or Chiari 
malformation, Group 2 consisted of cases where the 
syrinx was secondary to an obvious pathology, such as a 
mass lésion either in the posterior cranial fossa or in the 
spine or a severe kyphotic spinal deformity; and Group 
4 cases comprised of trauma or infection related 
syrigomyelia. For Group 1 cases syringo-subarachnoid 
shunting is the idéal form of treatment. The clinical 
outcome in these cases is not very gratifying. Group 2 
syringomyelia is the most common type. The syrinx in 
these cases appears to be a tertiary response to primary 
craniovertebral anomaly in the form of basilar 
invagination and secondary Chiari 1 malformation, a 
resuit of réduction in the posterior cranial fossa volume. 
The treatment strategy in such cases should be directed 
towards increasing the posterior cranial fossa volume by 



Figs 8A to C: (A) MRI showing severe basilar invagination. The odontoid process impinges and distorts the cervicomedullary 
cord. (B) CT scan showing the basilar invagination. (C) CT scan image showing the réduction of the basilar invagination 
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foramen magnum décompression, which is the primary 
pathology. Opening of the posterior cranial fossa dura, 
resection of the cerebellar tonsils, arachnoidal sectioning 
and syringostomy can be avoided. It appears that if the 
primary problem is dealt with, the secondary and the 
tertiary events will spontaneously regress. The theory that 
dura or durai bands can act as compressive factor appears 
unacceptable and does not correlate with the pathogenic 
events. Dura is an expansile structure and is unlikely to 
be a compressive factor. Our observation is that if the 
syringomyelia is treated without dealing with the 
primary pathology, more often than not the outcome will 
be poor. Group 3 cases should be treated for the primary 
etiological problem. Only syrinx drainage procedure 
without the treatment for the etiology in these cases 
produced poor results. In Group 4 cases, the syrinx 
manipulation or treatment is in general of no benefit. 


dislocation is demonstrated relatively easily by dynamic 
plain radiology carried out in the flexion and extension 
position of the neck (Figs 9A to F). The dislocation seen 
on the latéral view on flexion of the neck is reduced on 
neck extension. Atlantoaxial dislocation can resuit in cord 
injury and neurological déficits can range from mild to 
significant quadriparesis to resipratory distress and 
arrest. Neck pain can also be a prominent symptom. Such 
a symptom following a major head injury must never be 
disregarded. 

Atlantoaxial dislocation has been treated by various 
methods of fixation employing autologous bone graft, 
acrylic, sublaminar wires, métal loops and rectangles. 
Latéral mass transarticular method as proposed by 
Magerl and inter-articular method of fixation described 
by us in 1994 are currently the more preferred forms of 
stabilization. 


Mobile and Reducible Atlantoaxial Dislocation 81011 

Atlantoaxial joint is the most mobile joint of the body, 
and is biomechanically the strongest. The joint is however, 
prone to dislocation due to a variety of bony and liga- 
mentous congénital anomalies that are associated with 
this région. Atlantoaxial dislocation can also be a resuit 
of significantly severe trauma to the neck. Atlantoaxial 


Fixed Atlantoaxial Dislocation 48 

Atlantoaxial dislocation has been described as 'fixed' or 
'irreducible' when there is no radiographie réduction of 
the dislocation on full neck extension or after institution 
of cervical traction. Fixed atlantoaxial dislocation can be 
congénital in nature or can be secondary to trauma to 
the région. Congénital os odontoideum and fracture at 



Figs 9A to F: (A) Latéral radiograph (16-year-old boy) with the neck in an extended position. No dislocation is seen. (B) Latéral 
radiograph with the neck in flexion. Atlantoaxial dislocation can be seen. (C) Anteroposterior transoral view showing the facets 
of the atlantoaxial joint. (D) Postoperative radiograph with the neck in flexion showing fixation by the plate and screw interarticular 
method of fixation. (E) Radiograph with the neck in extension. (F) Axial view of the reconstruction image of CT scan. It shows the 
direction of the screw in C2 latéral mass medially and towards the anterior tubercle of Cl 
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the base of the odontoid process are frequent accompani- 
ments of fixed atlantoaxial dislocation. Various authors 
hâve suggested a transoral décompression followed by a 
posterior fixation as the safest method of treatment of 
this complex anomaly. Treatment by posterior decompre- 
ssive procedures has been reported to be associated with 
high complication rate. Some authors hâve reported 
success with a transoral décompression of the région, 
without any posterior fixation. We observed that an 
attempt could be made to realign the bones in the 
craniovertebral junction in these cases, without resorting 
to any bony or durai décompression or neural 
manipulation of any kind. 

• Craniovertebral anomalies are commoner in India 
and in other developing countries in the région. 

• The exact reason of this régional variation is unclear. 

• Syringomyelia is always secondary to a primary 
pathology. 

• Treatment of the primary pathology should be done. 

• Direct manipulation of the syrinx should be avoided. 

• Mobile and reducible atlantoaxial dislocation should 
be treated early. 

• Fixation should be segmentai. 

• Métal fixation should provide stability to the région 
for bone fusion. 

• Stability will eventually dépend on extent of bone 
fusion. 

• The relatively complex course of the vertébral artery 
makes it susceptible to injury during surgery. 

• Exact three-dimensional information about the 
course of the artery is mandatory and can be 
obtained by cadaveric anatomical study. 


• The latéral masses of the atlas and axis are strong and 
firm and largely cortical in nature and can be used 
for screw implantation and firm fixation of the région. 

• The concept of atlantoaxial joint distraction for 
treatment of basilar invagination, syringomyelia 
and a variety of other anomalies needs to be 
evaluated. 
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Degenerative dise disease (DDD) of the cervical spine is 
the most common musculoskeletal disorder with more 
than 65% of the population suffering at least one major 
épisode of neck pain in their life time. Although 
radiological changes are almost ubiquitous beyond the 
âge of 40, they are not often associated with clinical 
symptoms. 

Patients with DDD can be grouped into three different 
clinical syndromes of radiculopathy, myelopathy and the 
more common axial neck pain. Cervical radiculopathy is 
due to compression and/or inflammation of the nerve 
root and it présents with radiating pain in the upper limb 
in a spécifie dermatomal distribution and rarely with 
motor weakness. Myelopathy due to compression of the 
spinal cord can occur because of a variety of mechanisms 
during the degenerative process and présents as 
paresthesia of hand and feet, clumsiness of hands, 
spasticity of the lower limbs and gait disturbance. While 
the etiology and clinical présentation of radiculopathy 
and myelopathy are well defined, axial neck pain is more 
difficult to understand or treat. The pain is usually 
confined to the neck and interscapular area and usually 
responds well to conservative treatment. 

Epidemiology 

Recent population based studies report neck pain to be 
more prévalent than commonly perceived and 5% of the 
population is highly disabled by it. Symptomatic dise 
disease is more common in men by a ratio of 1.4 to 1. The 
prevalence of neck pain is higher in educated individuals 
with history of injury, headaches, or low back pain. 
Cigarette smoking, frequent weight lifting and frequent 
diving are also associated with increased degeneration. 
Use of vibrating equipments, participation in sports, high 


heel shoes, frequent twisting of neck, time spent on sitting 
job and time spent on motor vehicles hâve not shown 
any positive corrélation with this problem in 
epidemiological studies. 

Anatomy in Health 

The Functional Spinal Unit (FSU) is comprised of two 
vertébral bodies linked anteriorly by the intervertébral 
dise and uncovertébral joints and posteriorly by the facet 
joints. The movements of the cervical spine therefore 
occur at this five-joint complex. The unco vertébral joints, 
also called joints of Luschka are unique to the cervical 
spine and they play a central rôle in the etiopathogenesis 
of pain. Uncinate processes project from the postero- 
superior corner of each vertébral body and form a 
synovial joint with the corresponding vertebra. The 
posteriorly located facets or zygapophyseal joints confer 
stability in the anteroposterior plane because of oblique 
orientation. The intervertébral dises allow movement 
between the vertébral bodies and distribute forces over 
the length of the spine. 

Sinuvertebral nerve formed by branches from the 
ventral nerve root and the sympathetic plexus plays an 
important rôle in the pathology of low back pain. The 
nerve turns back into the intervertébral foramen 
(Récurrent nerve of Luschka) along the posterior aspect 
of the dise, supplying portions of the annulus, the 
posterior longitudinal ligament, the periosteum of the 
vertébral body and pedicle, and the adjacent épidural 
veins (Fig. 1). This nerve peculiarly enough supplies the 
adjacent segments of the vertébral column too producing 
difficulties in neurological localization. 

Neuroforamina are confined zones for the exiting 
nerve roots bordered anteriorly by the latéral aspect of 
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Fig. 1: Origin and supply of the sinuvertebral nerve. 
Sinuvertebral nerve arises from the ventral root and the 
sympathetic plexus, it turns back into the intervertébral foramen 
and supplies the annulus, posterior longitudinal ligament, 
periosteum of vertébral body and pedicle and the épidural veins. 
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Fig. 2: Contents and boundaries of the neuroforamen. The 
neuroforamen is bordered anteriorly by the latéral aspect of 
the intervertébral dise and uncovertebral joint, superiorly and 
inferiorly by the pedicles, and posteriorly by the articular masses, 
notably the superior articular facet. DRG is closely related to 
this area. 



Fig. 3: Origin and exit of the spinal nerve roots from the cervical 
and lumbar spinal cords. Roots are perpendicular to the cervical 
cord as compared to being acute angled in the lumbar spine 


the intervertébral dise and uncovertebral joint, superiorly 
and inferiorly by the pedicles, and posteriorly by the 
articular masses, notably the superior articular facet 
(Fig. 2). 

Cervical nerve roots are formed by the joining of 
ventral and dorsal primary rami at the level of 
neuroforamina. They travel more transversely from the 
cord unlike in the lumbar région where the roots travel a 
long way before exiting the spinal canal (Fig. 3). The 
dermatomal arrangement of sensory nerves is helpful in 
neurological localization of the anatomical lésion with 
neurological déficits. 

Of the ligaments stabilizing the cervical spine, 
ligamentum nuchae on the posterior aspect is implicated 
in the etiology of axial neck pain. It attaches to the spinous 
processes at each level at the midline and confers 
additional stability between each of the intervertébral 
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levels. The surrounding posterior cervical musculature 
includes the trapezius superficially, as well as the deeper 
paraspinal cervical muscles (semispinalis, splenius, 
longissimus, and interspinalis muscles). 

Axial-Mechanical Neck Pain 

Pathophysiology 

The cause of axial pain is not clearly understood and is 
probably multifactorial. Pain is probably due to the 
degeneration of the intervertébral dise produced by the 
loss of proteoglycans and water from the nucléus 
pulposus, thus rendering it less résistant to loads. This 
causes abnormal loading on the annulus fibrosus which 
in turn gets stretched and eventually torn. The outer 
annulus damage by virtue of nerve supply from the 
sinuvertebral nerve produces pain. 

Reliable pain patterns elicited with discographie 
stimulation indicate the dise as an important cause of 
mechanical neck pain (Fig. 4). Multiple dises can 
concurrently be responsible for axial neck pain. 
Provocative injections into the facet joints in 
asymptomatic volunteers produce a reproducible pattern 
of axial neck pain and pain in the shoulder girdle (Fig. 5). 
As the five joint complex degenerates, the facets are 
predisposed to increased abnormal motions. This may 
lead to altered stresses on the joint capsules, which are 
innervated by the branches of the dorsal rami. 



Figs 4A to E: Pain patterns following provocative discography 
at various cervical spinal levels. These are similar to the clinical 
symptoms produced in pathological conditions and this is the 
evidence for facets as the pain generators 



Fig. 5: Pain patterns following facet joint injections in the cervical 
spine. They are similar to the symptomatology of pain seen in 
clinical conditions and thus point towards dise as the possible 
cause of pain 

The effect of injury to the paraspinal musculature and 
ligamentous complexes related to posture, poor 
ergonomics, stress, and /or chronic muscle fatigue also 
can produce mechanical neck pain. The physiology of 
this pain process in the involved muscles is unclear. 

Suboccipital Pain 

Patients with degenerative arthritis in the upper cervical 
joints can présent with severe suboccipital pain that 
radiâtes down into the neck or to the back of the ear. In 
some patients suboccipital headaches are presumed to 
be a resuit of irritation of the greater occipital nerve, which 
originates from the posterior rami at the second, third, 
and fourth cervical levels. Another potential source of 
suboccipital pain is the sinuvertebral nerves from the first, 
second, and third cervical levels, which ascend cephalad 
to innervate the atlantoaxial ligaments, the tectorial 
membrane, and the dura mater of the upper cervical cord 
and posterior cranial fossa. 

Clinical Features 

A careful clinical examination is necessary to establish 
whether the symptoms are mechanical (that is increased 
with activity and diminished with rest or positioning) or 
non-mechanical (that is no relief with positional changes 
or rest). Non-mechanical neck pain may be related to 
tumor or infection, and such processes should be carefully 
sought out. A history of deep seated aching pain that 
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TABLE 1 : Clinical red flags 


TABLE 2: Differential diagnosis of axial neck pain 


• Night or unrelenting pain 

• Weight loss 

• Fever, chills, or night sweats 

• Neoplastic process 

• Infectious process 

• Significant head and neck trauma 

• Presence of a neurological déficit. 


occurs only at night and is absent or markedly diminished 
during the day is suggestive of neoplasm or infection. 

Majority of patients with axial neck pain should 
undergo an initial trial of conservative treatment. 
Emergent radiographie évaluation and appropriate 
investigations must not be however delayed when 
Clinical red flags are présent (Table 1). 

Active and passive motions should be examined 
separately, and any motion that reproduces pain should 
be noted. Mechanical neck pain is commonly discogenic 
and exacerbated with neck extension and rotation 
towards the symptomatic side. Patients may describe pain 
referred to the shoulder, upper arm région or inter 
scapular area (does not follow a dermatomal 
distribution). In upper cervical degeneration, patients 
may also expérience occipital or temporal pain or retro- 
ocular headaches. Pain in these patients may radiate to 
the back of the ear or the caudad part of the neck. Rotation 
of the neck is often markedly restricted. Anterior neck 
pain along sternocleidomastoid aggravated by rotation 
to the contralatéral side is most often a resuit of muscular 
strain. The patient reports stiffness in one or more 
directions, and headaches are common. Localized areas 
of tenderness in the muscle may be présent. Deep 
palpation of some areas may reveal trigger points which 
produce reproducible patterns of referred pain. Pain in 
posterior neck muscles that is worsened by flexion of the 
head suggests a myofascial etiology. 

Axial compression should be performed to détermine 
if this reproduces the pain. In addition, provocative 
maneuvers that apply tension on the nerve roots should 
be performed, such as Spurling's and Lhermitte's sign. 
Not uncommonly the patients hâve early myelopathy and 
the detailed neurological examination is a must. 

Differential Diagnosis 

Axial neck pain can be the only subtle symptom of wide 
spectrum of pathologies within the vertébral and 
paravertebral région (Table 2). 


1. Cervical degenerative dise disease: 

Neck pain is worsened by flexion 

Axial compression reproduces or exacerbâtes pain 

Associated severe occipital headaches. 

2. C 4 radiculopathy: C 4 radiculopathy may mask axial neck pain as 
dermatomes are in neck. Sensation should be tested in these 
distributions. 

3. Pathologie processes in the cervical spine: Tumors, trauma, and 
infections. Fever, weight loss, or nonmechanical neck pain. 

4. Rheumatologic disorders: RA, AS, Reiter's syndrome, psoriatic 
arthritis. Morning stiffness, polyarthritis, rigidity, or cutaneous 
manifestations. 

5. Shoulder pathology and rotator euff disease: Localized pain or 
pain referred to the neck radiating to arm. Restriction of 
movements of the shoulder—active and passive. 


Investigations 

In the patient complaining mainly of pain with no 
neurological déficit and who présents with no red flags, 
it is reasonable to wait six weeks before radiographs or 
other imaging studies are obtained and to start 
conservative treatment. If symptoms do not résolve after 
a 6-8 week interval, it is helpful to obtain radiologie 
studies. However, radiographie changes hâve poor 
sensitivity and specificity to the clinical symptoms and 
the presence of these changes should not be taken as an 
evidence of pathology. 

Anteroposterior and neutral latéral view radiographs 
form the basic investigations. Idéal cervical spine 
radiograph should include ail seven cervical vertebrae 
and the craniovertébral junction (Fig. 6). The Antero¬ 
posterior radiograph is carefully examined to rule out 



Fig. 6: Routine anteroposterior and latéral view radiographs of 
the cervical spine should include craniovertebral junction and 
C 6 -C 7 interspace. This can be managed adequately by gentle 
pull on both shoulders during radiography 
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cervical rib. Loss of cervical lordosis may be a primary 
structural problem due to severe dise degeneration and 
loss of dise height, or it may be secondary to cervical 
muscle spasm from pain. Although the dises can not be 
directly imaged on plain radiographs, degenerative levels 
can often be determined by loss of dise height, bone spurs, 
endplate irregularities, and scierosis. Abnormal findings 
on plain radiographs may not be the cause of the clinical 
picture, and may simply reflect âge related changes. 
Changes on the plain radiograph may reassure the 
clinician and the patient that the clinical suspicion of the 
typical degenerative disease is correct. 

Latéral view radiographs in flexion and extension are 
invaluable in determining stability, particularly in 
patients with trauma, tumor, or pseudarthrosis. If the 
patient has a degenerative spondylolisthesis, it is also 
useful to know how much motion is occurring with 
flexion and extension. 

MRI sagittal T 2 weighted images are useful in 
identifying dehydrated and diseased black dises. In 
addition, severely degenerative levels may demonstrate 
a vacuum dise sign, which indicates gas attracted from 
surrounding tissues. Annular tears, which may be a 
painful entity, may also be identified. Finally, the 
presence of facet or uncovertebral joint arthropathy can 
also be clarified. 

CT scans may give more information on the amount 
of bony destruction that has occurred in cases of tumor, 
infection, or trauma but in general are not as useful in 
the évaluation of the patient with axial neck pain. CT 
scan with 45° oblique reconstructions that best visualize 
the foramen is often helpful in cases of axial neck pain 
with a component of radicular pain. 

Cervical discography should be reserved for patients 
with severe, unrelenting pain in whom MRI changes 
involve multiple levels as a means to limit the number of 
levels fused. Cervical discography is useful in 
determining when and where not to fuse rather than 
which level to treat. Cervical discography may also be 
considered if MRI is not possible, such as in patients with 
pacemakers or metallic objects implanted in the eyes. If 
discography is considered, the patient must be warned 
of the risks of neurological détérioration before it is used. 

Treatment 

The cornerstone in the care of a patient with axial neck 
pain is patience. The patient should first be treated with 
conservative treatment. The first line of treatment 
includes NSAIDs, early mobilization, and maintenance 
of fitness. Muscle relaxants may provide some temporary 
pain relief, but use for more than a week is discouraged 


because of unknown long term efficiency and the central 
sedating effect on the muscles. Although oral steroids 
may allow a quicker return to work, the patient must be 
advised of the potential conséquences and that the long 
term outcomes in patients treated with or without a 
course of oral steroids are not different. Physical therapy, 
including stretching and strengthening exercises to help 
reduce muscle spasm, may provide significant relief, and 
a home program should be started. Soft cervical collars 
should generally be avoided except for the initial 2-3 days 
after an acute pain because they interfère with early 
mobilization. Early mobilization should be explicitly 
encouraged. 

Epidural steroids hâve not been favored because of 
minimal benefits and risk of potentially devastating 
complications. Facet blocks administer steroid and local 
anesthetic in the joint capsules under fluoroscopie 
guidance. Radiofrequency neurotomy involves 
destruction of the médial branch of the dorsal rami 
(innervâtes the zygapophyseal joints) using 
radiofrequency heat. Facet blocks and radiofrequency 
neurotomy produce temporary pain relief. 

Surgery for axial neck pain has traditionally been less 
predictable than surgery for neural compression, and 
should be avoided if at ail possible. There is no significant 
functional différence between those treated operatively 
and nonoperatively. 

Cervical Radiculopathy 

Pathogenesis 

The exact pathogenesis of radicular pain is unclear, but 
it is generally agreed that, in addition to the compression, 
an inflammatory response of some kind is necessary for 
pain to develop. Radiculopathy may occur from 
postérolatéral soft dise herniation contained by the PLL 
or free material extruded into and sequestrated within 
the canal. In addition, foraminal stenosis from the 
degenerative changes may also lead to impingement on 
the exiting nerve root. 

The change from normal anatomy to an ageing 
spondylotic cervical spine is subtle and is part of 
degenerative cascade (Table 3). Diminished water content 
along with changes in the ratio of proteoglycan to collagen 
and keratin sulfate to chondroitin sulfate are early 
manifestations of degeneration. The nucléus pulposus is 
no longer able to generate the hydrostatic intradiscal force 
required to expand the annular fibers. This subjects the 
annular fibers to excessive compression and shear forces, 
causing weakening and tearing of their outer layers. 
Weakened external annular fibers may still be sufficiently 
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TABLE 3: Stages in the development of dise 
degeneration 


Steps in Disc degenerative Pisease 

Loss of proteoglycans and water. 

i 

Brittleness of nucléus pulposus. 

I 

Compression and shear of annular fibers. 

I 

Weakening and tearing of outer annulus. 

I 

“Soft dise” herniation. 

t 

Loss of dise height (more anteriorly). 

T 

Loss of cervical lordosis. 

t 

Altered loading of uncovertebral and facet joints. 

* 

Osteophytic spurring or “hard dise” formation. 


strong to contain a nucléus bulging or frank protrusion 
or rupture may intrude into spinal canal. This is often 
referred to as a soft dise herniation. Soft cervical dise 
herniation is divided into three types with respect to the 
intraspinal location of the herniated mass: médian, 
paramedian and latéral herniation (Figs 7 and 8). The 
latéral type produces radiculopathy most often while the 
remaining two types hâve propensity to develop 
myelopathy. 

Disc déhydration also results in loss of height making 
the vertébral bodies to move towards one another. This 
is more prominent in the anterior dise space because the 
uncovertebral joints impact on the posterior vertébral 
bodies as collapse occurs, preventing further posterior 
dise height loss. The combined effect leads to 
characteristic loss of cervical lordosis (Fig. 9). 
Approximation of the vertébral bodies alters the 
biomechanical forces placed on the uncovertebral joints 



Fig. 7: Diagram depicting the zones in the central and latéral spinal canal and the définitions of their boundaries 



Figs 8A to C: CT myelography axial sections depicting the different types of dise protrusions: (A) médian dise with oblique 

course (B) paramedian dise and (C) postérolatéral dise protrusions 
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Fig. 9: Pathological changes in the cervical intervertébral dise 
with ageing and degeneration. The combined effect leads to 
characteristic loss of cervical lordosis 


and articular facet joints. Osteophytic spurring often 
referred to as "hard dise" may develop leading to 
encroachment on the neuroforamina. 

Eventually the cause and effect of neural compression 
producing the cervical radiculopathy seems to be 
multifactorial. Within the compressed nerve root intrinsic 
blood vessels show increased permeability which 
secondarily results in edema of the nerve root. Numerous 
inflammatory mediators acting through the dorsal root 
ganglion hâve been implicated in pathogenesis of 
radiculopathy (Fig. 10). In addition to the Chemicals 
produced by the cell bodies of the dorsal root ganglion, 
the membrane surrounding the dorsal root ganglion is 
more permeable than that around the nerve root, allowing 
a more florid local inflammatory response (Table 4). 

There are eight cervical nerves and seven vertebrae. 
The eighth cervical root, exits at the level of C7T1. This 
produces disparity between compressed nerve root and 
the vertébral level below this level in the thoracic and 
lumbar spine. 

Clinical Features 

Radiculopathy may présent in a single or multiple nerve 
root distribution. Symptoms consist of variable degrees 
of sharp, boring or lancinating radiating arm pain 
associated with various degrees of dysesthesias, 
paresthesia and numbness along a dermatomal pattern 
of the involved nerve root. There may be an increase in 
pain with Valsalva's maneuver. Spurling's sign is elicited 
by neck hyperextension and rotation towards the 
symptomatic side resulting in reproduction of the arm 
pain. This maneuver diminishes the available area in an 
already compromised neuroforamen, leading to further 
nerve root compression. A less reliable provocative sign 



Fig. 10: Dorsal root ganglion is placed strategically in the 
neuroforamen and it responds with prolonged response to brief 
pressure. It is sensitized by the neurotransmitters released locally 


TABLE 4: Chemical mediators implicated in 
radicular pain 


Neurogenic 

Non-neurogenic 

Substance P 

Bradykinin 

Somatostatin 

Serotonin 

Cholecystokinin-like substance 

Histamine 

Vasoactive intestinal peptide 

Acétylcholine 

Calcitonin gene related peptide 

Prostaglandin E 1 

Gastrin-releasing peptide 

Prostaglandin E 2 

Dynorphin 

Leukotrienes 

Encephalin 

DiHETE 

Gelanin 


Neurotensin 


Angiotensin II 



is the axial compression test, in which compression on 
the vertex of the skull may diminish the height of the 
foramen and also reproduce symptoms. The shoulder 
abduction sign (Davidson's test) is a test that relieves 
symptoms of compression by lessening nerve root stretch 
with placement of the ipsilateral and on top of the head 
(Fig. 11). Patients may relate this as the only upper 
extremity position that provides relief or comfort. 

Localization of the neurological level of compression 
can be elicited with a meticulous examination. Presence 
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Fig. 11: Spurling's test is (provocative test) elicited by neck 
hyperextension and rotation towards the symptomatic side 
resulting in reproduction of the arm pain. Davidson's test is a 
test that relieves symptoms of compression by lessening nerve 
root stretch with placement of the ipsilateral and on top of the 
head 

of nystagmus, jaw jerk or occipital pain can point to 
pathology in the high cervical or intracranial région. 
Radiculopathy of the third cervical nerve root results 
from pathological changes in the dise between the second 
and third cervical levels and is unusual (Table 5). The 
posterior ramus of the third cervical nerve innervâtes the 
suboccipital région, and involvement of that nerve causes 
pain in this région, often extending to the back of the ear. 
An isolated motor déficit from radiculopathy of the third 
cervical nerve root cannot be detected clinically. 

Radiculopathy of the fourth cervical nerve root may 
be an unexplained cause of neck and shoulder pain. 
Numbness extending from the caudad aspect of the neck 
to the superior aspect of the shoulder may be présent 
(Table 6). Rarely diaphragmatic involvement may resuit 
from involvement of the third, fourth, and fifth cervical 
nerve roots. Motor déficits in the diaphragm manifest as 
paradoxical respiration, and they may be confirmed by 
fluoroscopie évaluation of the abdomen. 

Radiculopathy of the fifth cervical nerve root can 
présent with numbness in an "epaulet" distribution, 
beginning at the superior aspect of the shoulder and 
extending laterally to the mid-part of the arm (Table 7). 
The deltoid muscle is innervated primarily by the fifth 
cervical nerve, and involvement of that nerve can resuit 
in profound weakness of this muscle. The absence of pain 
with a range of motion of the shoulder and the absence 
of impingement signs at the shoulder help to differentiate 
radiculopathy of the fifth cervical nerve root from a 
pathological shoulder condition. The biceps reflex is 
innervated by the fifth and sixth cervical nerves and may 
be affected. 

Radiculopathy of the sixth cervical nerve root 
présents with pain radiating from the neck to the latéral 


TABLE 5: C3 nerve root compression 

(Indicative of C2-3 dise rupture or other pathology at that level) 
Sensory déficit: Suboccipital région, behind the ear 
Motor weakness: nil 
Reflex change: nil 

Diff erential diagnosis: posterior cranial fossa pathologies, atlantoaxial 
arthritis, suboccipital pain. 


TABLE 6: C4 nerve root compression 

(Indicative of C3-4 dise rupture or other pathology at that level) 

Sensory déficit: caudad neck and shoulder 

Motor weakness: Diaphragm (paradoxical respiration) 

Reflex change: not elicitable 


TABLE 7: C5 nerve root compression 

(Indicative of C4-5 dise rupture or other pathology at that level) 
Sensory déficit: Upper arm and elbow 
Motor weakness: Deltoid, biceps (variable) 

Reflex change: Biceps (variable) 

Differential diagnosis: Shoulder impingement syndrome 


TABLE 8: C6 nerve root compression 

(Indicative of C5-6 dise rupture or other local pathology) 

Sensory déficit: Latéral forearm, thumb, and index finger 
Motor weakness: Biceps, extensor carpi radialis longus and brevis 
Reflex change: Biceps, brachioradialis 
Differential diagnosis: Carpal tunnel syndrome 


aspect of the biceps, to the latéral aspect of the forearm, 
to the dorsal aspect of the web space between the thumb 
and index finger, and into the tips of those digits (Table 
8). Numbness occurs in the same distribution. The biceps 
and wrist extensors may demonstrate weakness. The 
extensor carpi radialis longus and brevis are innervated 
by C6 whereas the Extensor carpi ulnaris is primarily 
C7. Therefore, motor déficits are best elicited in the wrist 
extensors, but they also may be elicited by elbow flexion 
and forearm supination. The brachioradialis reflex is most 
directly affected with C6 compression, with subtle 
changes noted in the biceps reflex owing to its dual 
innervations. The sensory symptoms may mimic carpal 
tunnel syndrome, which typically involves the radial 
three and a half digits and causes weakness in the thenar 
musculature. 
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The seventh cervical nerve root is the most frequently 
involved by cervical radiculopathy. The patient has pain 
radiating along the back of the shoulder, often extending 
into the scapular région, down along the triceps, and then 
along the dorsum of the forearm and into the dorsum of 
the long finger (Table 9). The patient usually prônâtes 
the forearm while trying to describe the location of the 
symptoms, and this is a useful observation when the 
physician is trying to differentiate the hand symptoms 
from those of sixth cervical radiculopathy and carpal 
tunnel syndrome. Motor weakness is best appreciated in 
the triceps, wrist flexors, and finger extensors. The triceps 
reflex may be lost or diminished. Entrapment of the 
posterior interosseous nerve may be mistaken for the 
motor component of seventh cervical radiculopathy and 
présents with weakness in the extensor digitorum 
communis, extensor pollicis longus, and extensor carpi 
ulnaris. Sensory changes are absent and the triceps and 
wrist flexors show normal strength. 

Radiculopathy of the eighth cervical nerve root 
usually présents with symptoms extending down the 
médial aspect of the arm and forearm and into the médial 
border of the hand and the ulnar two digits (Table 10). 
Numbness usually involves the dorsal and volar aspects 
of the ulnar two digits and hand and may extend up the 
médial aspect of the forearm. The patient reports 
difficulty with using the hands for routine daily activities. 
The findings are primarily below the elbow with most 
dysfunction noted as numbness along the ulnar digits 
and weakness in finger adduction and abduction and 
flexion. In chronic C8 nerve root compression, intrinsic 
muscle atrophy may be seen in the affected hand. It is 
important to differentiate eighth cervical radiculopathy 
from ulnar nerve weakness. The function of the flexor 
digitorum profundus in the index and long fingers and 
of the flexor pollicis longus in the thumb can be affected 
by eighth cervical radiculopathy, but they are not affected 
by ulnar nerve entrapment. With the exception of the 
adductor pollicis, the short thenar muscles are spared 
with ulnar nerve involvement but involved with eighth 
cervical or first thoracic radiculopathy. Entrapment of the 
anterior interosseus nerve may masquerade as eighth 
cervical or first thoracic radiculopathy, but it does not 
cause the sensory changes or hâve thenar muscle 
involvement. 

TABLE 9: C7 nerve root compression 

(Indicative of C6-7 dise rupture or other pathology at that level) 
Sensory déficit: Middle finger (variable because of overlap) 

Motor weakness: Triceps, Wrist flexors (FCR), finger flexors (variable) 
Reflex change: Triceps 


TABLE 10: C8 nerve root compression 

(Indicative of C7-T1 dise rupture or other pathology at that level) 
Sensory déficit: Ring finger, little finger, and ulnar border of palm 
Motor weakness: Interossei, finger flexors (variable), Flexor carpi 
ulnaris 

Reflex change: None 

Differential Diagnosis: Ulnar nerve entrapment sydrome. 

Tl nerve root compression 

(Indicative of T1-T2 dise rupture or other pathology at that level) 
Sensory déficit: Médial aspect of elbow 
Motor weakness: Interossei 
Reflex change: None 


Differential Diagnosis of Cervical Radiculopathy 

Patients with metabolic disorders, such as diabètes, who 
hâve neuropathy, may be more susceptible to 
radiculopathy and compressive neuropathy. Adaptations 
to the initial radiculopathy may resuit in secondary 
pathological changes in the shoulder, carpal tunnel 
syndrome, or ulnar nerve irritation, which may persist 
long after the initial radiculopathy has resolved 
(Table 11). 

Patients occasionally présent with symptoms that 
simulate radiculopathy but resuit from nonspondylotic 
pathological changes. Schwannomas usually arise from 
the intradural portion of the sensory root and may cause 
severe pain in a dermatomal distribution. Meningiomas 
can similarly cause radicular or myelopathic symptoms, 
depending on their size and précisé location. Benign or 
malignant vertébral body tumors usually présent with 
nonmechanical neck pain that progresses to severe 
radiculopathy, and even myelopathy, as the amount of 
bone destruction increases. A pancoast tumor of the apical 
lung can involve the caudad cervical nerve roots and, 
additionally, involve the sympathetic chain. 

Idiopathic brachial plexus neuritis is thought to be 
viral in nature and présents with severe arm pain that 
résolves and leaves behind polyradicular motor déficits. 


TABLE 11 : Differential diagnosis of cervical 
radiculopathy 

1. Peripheral entrapment syndromes 

2. Rotator euff /shoulder pathology 

3. Brachial plexitis 

4. Herpes zoster 

5. Thoracic outlet syndrome 

6. Sympathetic mediated pain syndrome 

7. Intraspinal or extraspinal tumor 

8. Epidural abscess 

9. Cardiac ischemia 
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Polyradicular involvement may also be seen with 
épidural abscesses. Reflex sympathetic dystrophy 
occasionally occurs following trauma to the upper 
extremity and it présents as diffuse burning pain or 
paresthesias accompanied by discoloration, edema, or 
other autonomie phenomena. 

Investigations 

Initial radiographie évaluation includes anteroposterior, 
latéral and oblique views. When instability is suspected, 
dynamic latéral images in flexion-extension should be 
obtained. Findings such as narrowing of dise space, 
developmental canal stenosis, subluxations and 
malalinements, and vertébral osteophyte formation must 
be evaluated in light of the patients' symptoms. 

Magnetic Résonance Imaging (MRI) provides direct 
information about nerve root or spinal cord compression 
and is currently the investigation of choice (Fig. 12). The 
advantage of MRI in detecting direct compression is the 
intrinsic "contrast" available from the cerebrospinal fluid 
as seen on the T 2 weighted images. This is the most 
sensitive modality for assessing the morphology of the 
spinal cord and its relation to the spinal canal. MRI also 
shows intramedullary cord changes that may relate to 
disease prognosis. MRI is less sensitive in detecting 
foraminal stenosis, and does not demonstrate cortical 
margins as well as CT myelography. 


Fig. 12: Cervical myelopathy secondary to intervertébral dise 
protrusion at C5-C6 level as seen on T 1 and T 2 weighted MR 
images. MRI is the gold standard in the investigation for cervical 
spondylotic myelopathy 


When MRI cannot be done, water soluble 
myelography along with CT scan can be done. Antero¬ 
posterior view on water soluble myelography demons- 
trates the exiting nerve roots to the level of the pedicle. A 
filling defect is a typical finding of nerve root 
compression. The latéral view may detect spinal cord 
compression caused by the dise or posterior vertébral 
osteophytes or hypertrophied ligamentum flavum or 
both. Myelographically enhanced computed tomography 
(CT) improves visualization of osseous compressive 
structures especially in the neuroforamina. CT 
myelography infers neural compression by deformity of 
the durai sac or nerve roots, however, cannot directly 
détermine the etiology of contrast blockade. 

Because the diagnosis of symptomatic foraminal 
stenosis may be elusive, spécial scans and procedures 
may be necessary, such as oblique radiographs, 45° 
oblique sagittal reconstruction CT images, direct oblique 
MRI and foraminal nerve root block. 

Electromyography or nerve conduction studies may 
be used to confirm suspected radiculopathy or may be 
used as an additional diagnostic method to further 
elucidate the cause of symptoms in a patient with atypical 
findings. These tests are most useful in differentiating 
root compression from a peripheral neuropathy. Bone 
scans, local trigger or facet injections, discography and 
CSF analysis hâve a limited diagnostic rôle in most 
patients. 

Treatment 

Non-operative Treatment 

Most patients experiencing an acute épisode of unilatéral 
radiculopathy without a major motor déficit and no 
evidence of spinal cord compression can be well managed 
by non-operative measures. In these patients, the most 
common treatments are activity modification, non- 
steroidal anti-inflammatory drugs, physical therapy and 
steroid injections. 

A brief period of bed rest may be appropriate for 
patients with an acute radiculopathy that is aggravated 
by work or moderate activity. Two days of bed rest 
appears just as effective as seven days and is thought to 
be préférable. If patients can tolerate continuation of their 
work and routine daily activity with only mild pain, this 
should be encouraged. Collar should be worn for a few 
days only, followed by a period of weaning. 

Analgésie médication may be prescribed to reduce 
pain and improve activity tolérance. Treatment with 
NSAID also addresses the inflammatory component of 
radiculopathy. The problems of gastrointestinal bleeding, 
rénal toxicity, mental status détérioration, respiratory 
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dépréssion and addiction hâve to be kept in mind upon 
long-term use of NSAIDs. Some benefit from a brief trial 
of muscle relaxants such as cyclobenzaprine or diazepam. 
In the subpopulation of patients with pain induced 
dépréssion, anti-depressant médications such as 
amitriptylene may also reduce neuropathie pain. 

Use of oral corticosteroid médications for treatment 
of acute radiculopathy is controversial. Their efficacy is 
mainly due to a potent anti-inflammatory effect on 
irritated nerve roots. Patients often demonstrate rapid 
and dramatic réduction in acute pain levels. The toxicity 
of corticosteroids is limited when these drugs are used 
for short periods. 

An active exercise program begins with isométrie 
stabilizing exercises involving the major neck and the 
shoulder girdle muscles. These exercises are performed 
to maintain muscle strength during the early acute period 
when more complété range of motion exercises may still 
cause pain. 

Corticosteroid cervical épidural or nerve root 
injections hâve been proposed as the nonoperative 
treatment alternative for cervical radiculopathy, but their 
use remains controversial. Reported success rates hâve 
ranged from 40-70%. Complication rates associated with 
cervical épidural nerve root injection hâve been reported 
to occur in 3-35% of patients. 

Chiropractie manipulation although used extensively 
in some parts of the world, it risks increased pain, 
neurological injury and vascular complications and hence 
it cannot be recommended. 

Operative Treatment 

The indications for operative intervention in cervical 
radiculopathy include failure of a 3-month trial of 
conservative methods of treatment to relieve persistent 
or récurrent radicular arm pain with or without 
neurologie déficit and a progressive neurologie déficit. 
The operative approaches used for radiculopathy include 
anterior décompression with discectomy with or without 
interbody fusion (ACDF/ACD), anterior corpectomy 
with fusion (ACF), cervical dise replacement, posterior 
laminotomy with foraminotomy, and laminectomy or 
laminoplasty with or without fusion. Overall, the surgical 
treatment of cervical radiculopathy yields satisfactory 
results in greater than 90% of patients. 

Postoperative results of surgical treatment of cervical 
radiculopathy vary depending on the type of approach 
used and severity of the disease (Table 12). 

Anterior Approaches 

Goals are to restore the intervertébral dise height and 
neuroforaminal height to prevent récurrence of 


TABLE 12: Choice of approaches préférable in 
spécifie cervical spine pathologies 


Cause of radiculopathy 

Preferred approach 

Central soft dise 

Anterior approach 

Central osteophyte 

Latéral soft dise 

Anterior or posterior approach 

Uncovertebral osteophyte 
Facet joint osteophyte 

Posterior approach 


neurologie compression. Indications for anterior cervical 
dise replacement are the same as for anterior cervical 
décompression. Anterior surgical exposure is relatively 
safe and takes advantage of normal anatomie facial planes 
during the approach. A transverse incision is to be used 
for exposure in most patients when one or two dises are 
to be exposed. When three or more levels are to be 
approached, a longitudinal incision along the anterior 
border of sternocleidomastoid is recommended. 
a. Anterior cervical discectomy with or without fusion 
(ACDF/ACD) 

In the event that a rent is noted or if an expected dise 
fragment is not identified, then the PLL is removed 
and the fragment identified. The dise spaces with 
relatively less movements (like CfT-y) canbe left alone 
with equally good functional outcome. The proposed 
benefits of fusion without spur resection are that dise 
space distraction reduces ligamentum flavum 
buckling and increases neuroforaminal area. Many 
believe fusion arrests spur progression and stability 
may allow for osteophyte résorption over time 
(Fig. 13). 



Fig. 13: Removal of the uncovertebral osteophytes is of 
controversial value. Proponents believe that dise space 
distraction reduces ligamentum flavum buckling and increases 
neuroforaminal area while many believe that the fusion arrests 
spur progression and stability may allow for osteophyte 
résorption over time 
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Fig. 14: Restoration of the neuroforaminal height with the use 
of appropriate size bone graft. This produces décompression 
of the nerve root 


Different techniques of interbody fusion differ mainly 
in the graft configuration (Fig. 14). Smith Robinson 
interbody fusion technique involves the placement 
of a tricortical iliac crest wedge graft. Smith-Robinson 
technique has the disadvantage of limited visibility 
when removing pathology. Cloward technique uses 
a bicortical dowel shaped graft. This technique 
requires the use of a specialized instruments, 
including drills, guards, and a dowel cutter. It 
provides better visualization but has a greater 
potential for postoperative collapse of its dowel- 
shaped graft. Simmons technique for interbody 
fusion uses a key stone shaped graft. The end of the 
vertebra is beveled to a 14 and 18 degree angle as 
recommended by Simmons and Bhalla. Bailey and 
Badgley technique involves developing an anterior 
trough in the vertébral bodies. A unicortical iliac crest 
graft is impacted into place. 

b. Anterior Disc Replacement (ADR) 

This procedure began to address the problem of 
adjacent level degeneration in ACDF patients. 
Adjacent segment degeneration is defined as new 
onset of myelopathy or radiculopathy significant 
enough to require surgery at one or two levels. This 
has got very limited indications and is preferred in 
the early stages of the disease. Prosthesis design and 
techniques need to be standardized prior to its routine 
use in early DDD. 

c. Anterior cervical corpectomy and fusion (ACF) 

ACF may be necessary in situations in which dise 
herniation is associated with a sequestered fragment 
that has migrated behind the vertébral body. Subtotal 
anterior corpectomy and fusion may also be 
performed when two-level radiculopathy is présent. 
The theoretical advantage of ACF over two-level 
ACDF is based on the number of segments that must 
fuse. 

In degenerative dise disease nonunion rates and 
graft dislodgement increase with the number of 
operated levels. It is contr over sial whether anterior 



Figs 15A and B: Laminoforaminotomy involves removal of 
portions of the inferior and superior laminae at the level of the 
spécifie nerve root compression, and partial facetectomy with 
a high speed burr 

plating for single-level or multilevel ACDF increases 
fusion rate. Two-level ACDF has a higher pseudar- 
throsis rate than single-level, and instrumentation is 
used in patients who are actively smoking. Goals of 
instrumentation are to provide immédiate stability, 
increase fusion rate, prevent loss of fixation of the bone 
graft, improve postoperative réhabilitation, and 
possibly avoid the requirements for an external 
orthosis. Titanium cages after discectomy instead of 
autografts avoid donor site morbidity, but are 
expensive and technically demanding. Posterior 
decompressive laminectomy may require concomi¬ 
tant fusion in patients with pre-existing instability 
based on preoperative spinal instability. 

Posterior Approaches 

Posterior décompression for cervical radiculopathy can 
be by laminotomy, foraminotomy, or lamino¬ 
foraminotomy. It is indicated rarely in the management 
of latéral dise protrusions. It involves removal of portions 
of the inferior and superior laminae at the level of the 
spécifie nerve root compression, and partial facetectomy 
with a high speed burr (Fig. 15). To prevent iatrogénie 
instability, no more than 50% of the facet is removed. 
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Fig. 16: Cervical spondylotic myelopathy is produced by progressive multilevel 
circumferential compression of the spinal cord 


CERVICAL SPONDYLOTIC MYELOPATHY (CSM) 

CSM is the manifestation of long-tract signs resulting 
from a decrease in the space available for the cervical 
spinal cord due to progressive multilevel circumferential 
compressive disease (Fig. 16). Although myelopathy can 
be produced by single or double level compression, 
spondylotic cervical myelopathy is most often multilevel 
(Fig. 17). 

Pathophysiology 

Cervical spondylotic myelopathy is final sequelae of 
degenerative dise disease. The osteophytes and 
spondylotic transverse bar may form in spondylosis 
producing bulging of the posterior dise and stretching of 
the posterior longitudinal ligament (PLL). Collapse of the 
anterior column height leads to buckling of the 
ligamentum flavum into the spinal canal (most notably 
during neck extension). This combination of events may 
lead to spondylosis-induced compromise of the 
anteroposterior diameter of the canal and produce 
myelopathy. 

In addition to the spondylotic processes that 
contribute to the extrinsic pressure, certain other factors 
are thought to be important in the development of 
myelopathy. These include the congénital narrowing of 
spinal canal, dynamic cord compression, dynamic 
changes in the intrinsic morphology of the spinal cord 
and the vascular supply of the spinal cord (Fig. 18). 



Fig. 17: T 2 weighted MR images of patients with single, 
double or multi level spodylotic cervical myelopathy 


Deformed 

unoovertebral 


Protruding dfec. 
Osteqphyte or OPLL 


Deformed 

uncovertebra 



Fig. 18: The compression can be due to pathology existing at 
one or more of the locations labeled in the cross section of the 
cervical spinal canal 
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The anteroposterior diameter of the subaxial spine in 
normal adults measures 17 to 18 mm, and the diameter 
of the spinal cord is approximately 10 mm in this région. 
Individuals with an anteroposterior diameter of the spinal 
canal of <13 mm are considered to hâve congénital 
cervical stenosis. There is a strong association between 
flattening of the cord within the narrowed spinal canal 
and the development of cervical myelopathy. 

Translation or angulation between vertébral bodies 
in flexion or extension can resuit in narrowing of the space 
available for the cord. Patients who do not hâve cord 
compression statically may compress the cord 
dynamically, leading to the development of myelopathic 
symptoms. Retrolisthesis of a vertébral body can resuit 
in pinching of the spinal cord between the inferior- 
posterior margin of a vertébral body and the superior 
edge of the lamina caudad to it. This compression may 
be aggravated in extension, and it may be relieved in 
flexion as the retrolisthesis tends to reduce. Hyper¬ 
extension further narrows the spinal canal by buckling 
the ligamentum flavum. 

Morphologie changes also occur within the spinal 
cord itself with flexion and extension. The spinal cord 
stretches with flexion of the cervical spine and shortens 
and thickens with extension. Thickening of the cord in 
extension makes it more susceptible to pressure from the 
infolded ligamentum flavum or lamina. In flexion, the 
stretched cord may be prone to higher intrinsic pressure 
if it is abutting against a dise or a vertébral body anteriorly 
(Fig. 19). 

Acute or subacute myelopathy in the absence of a 
mechanical compression of the spinal cord is thought to 
be pathognomonic of vascular myelopathy. The effects 
of compression and ischemia are thought to be additive 
and responsible for the clinical manifestation of 
myelopathy. 

Severe compression results in degenerative changes 
in the spinal cord. The central gray matter and the latéral 
columns show the most changes, with cystic cavitation, 
gliosis, and demyelination most prominent caudad to the 
site of compression. The posterior columns and 
postérolatéral tracts show Wallerian degeneration 
cephalad to the site of compression. These irréversible 
changes may explain why some patients do not recover 
following decompressive surgery. 

Natural History 

The true natural history of cervical myelopathy may be 
difficult to détermine because in the vast majority of cases 
the symptoms are attributed to âge or other neurologie 
conditions. Different reports suggest the following 
observations. Natural history of cervical myelopathy is 



Fig. 19: Pathophysiology of dynamic spinal canal stenosis. The 
spinal cord stretches with flexion of the cervical spine and 
shortens and thickens with extension. Thickening of the cord 
in extension makes it more susceptible to pressure from the 
infolded ligamentum flavum or lamina. In flexion, the stretched 
cord may be prone to higher intrinsic pressure if it is abutting 
against a dise or a vertébral body anteriorly 

that of progressive disability, once the disorder was 
recognized, neurologie function never returned to 
normal. Of the patients with cervical spondylotic 
myelopathy, 75% hâve episodic progression, 20% show 
slow steady progression, and 5% hâve a rapid onset of 
symptoms followed by a lengthy period of stability. 
Sensory and bladder changes tend to be transient, but 
motor changes tend to persist and to progress over time. 

Few others believed that long period of nonpro- 
gressive disability to be the rule and progressive 
détérioration to be exceptional. Neither the âge at the 
onset nor treatment (collar or surgery) appears to 
influence the eventual prognosis. The disability is 
established early in the course of the disease and is 
followed by static periods lasting many years. The 
prognosis is better for patients who presented with mild 
disease, and disability tends to progress in patients older 
than sixty years of âge. The prognosis is poor with only 
one-third showing improvement from treatment and no 
improvement in patients who hâve had symptoms for 
more than two years. The surgically treated patients hâve 
decreased neurologie symptoms and overall pain and 
improved functional status. The nonsurgically treated 
patients hâve a decrease in their ability to perform 
activities of daily living with worsening of neurologie 
symptoms. 

Even after 40 years of its description, there is no 
definable natural history for cervical spondylotic 
myelopathy. The following common facts are known: 

1. Insidious onset. 

2. Long periods of static disability. 

3. Rapid progressive détérioration is exception. 

4. Progression to total disability is rare after a benign 

initial présentation. 

5. Complété recovery unusual. 

Untreated CSM results in episodic worsening or static 
disability. 
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Clinical Features 

Cervical spondylotic myelopathy is the most common 
cause of acquired spastic paraparesis in adults. The 
patient may présent with subtle findings that hâve been 
présent for years or with quadriparesis that developed 
over the course of a few hours. Perhaps the most unique 
feature of the condition is its subtle and varied 
présentation, and the fact that its diagnosis requires a 
high index of suspicion. 

The clinical picture varies, depending on the anatomie 
portion of the cord that is primarily involved (Fig. 20). 
Crandall and Batzdorf described five broad categories 
of cervical spondylotic myelopathy (Table 13). 

Ferguson and Caplan divided cervical spondylotic 
myelopathy into four syndromes (Table 14). 

Patients typically présent with the insidious onset of 
clumsiness in the hands and lower limbs. They may 
report worsening handwriting in the past few months or 
weeks, difficulty with grasping and holding or diffuse 


TABLE 14: Ferguson and Caplan CSM syndromes 

1. Médial syndrome, consisting primarily of long-tract symptoms; 

2. Latéral syndrome, consisting primarily of radicular symptoms; 

3. Combined médial and latéral syndrome, which is the most 
common clinical présentation; and 

4. Vascular syndrome, which présents with a rapidly progressive 
myelopathy and is thought to represent vascular insufficiency of 
the cervical spinal cord. 


TABLE 15: Nurick classification of disability from 
cervical myelopathy 


Grade 

Disability 

Grade I 

No difficulty in walking 

Grade II 

Mild gait involvement not interfering with 
employment 

Grade III 

Gait abnormality preventing employment 

Grade IV 

Able to walk only with assistance 

Grade V 

Chair-bound or bedridden 



Fig. 20: Clinical features produced as a resuit of grey and white 
matter of the cervical spinal cord. Signs of grey matter 
compression présent themselves in the upper limbs while those 
of white matter compression are elicitable in lower limbs 

TABLE 13: Crandall and Batzdorf categories of CSM 

1. Transverse lésion syndrome, in which the corticospinal, 
spinothalamic, and posterior cord tracts were involved with 
almost equal severity and which was associated with the longest 
duration of symptoms, suggesting that this category may be an 
end stage of the disease; 

2. Motor System syndrome, in which corticospinal tracts and 
anterior horn cells were involved, resulting in spasticity; 

3. Central cord syndrome, in which motor and sensory déficits 
affected the upper extremities more severely than the lower 
extremities; 

4. Brown-Séquard syndrome, which consisted of ipsilateral motor 
déficits with contralatéral sensory déficits and which appeared 
to be the least advanced form of the disease, and 

5. Brachialgia and cord syndrome, which consisted of radicular 
pain in the upper extremity along with motor and/or sensory 
long-tract signs. 


numbness in the hands. About 10-20% of patients first 
notice symptoms in the lower extremities. They 
frequently hâve had increasing difficulty with balance 
that they attribute to âge or arthritic hips, and relatives 
may volunteer that their gait has become increasingly 
awkward. Muscle weakness and wasting in the lower 
extremities with superimposed loss of proprioception 
resuit in an unsteady, broad-based gait. Nurick developed 
a System for grading the disability in cervical spondylotic 
myelopathy on the basis of gait abnormality (Table 15). 

The Lhermitte sign with shock-like sensations in the 
torso and limbs resulting from quick flexion or extension 
of the neck is présent in one third of the patients. This 
symptom indicates an early stage of the disease and a 
greater possibility of improvement through operative 
treatment. Clinical signs can be caused by damage to the 
grey matter or the white matter of the spinal cord (Fig. 21). 
Pain, température, proprioception, vibratory and 
dermatomal sensations may ail be diminished, 
depending on the exact area of the cord or the nerve-root 
that is compromised. Patients may complain of urinary 
urgency, hésitation and frequency and rarely of urinary 
incontinence or rétention. Fecal incontinence is unusual. 
Diminished tendon reflexes, muscle weakness and 
sensory disturbance in the upper extremities are signs of 
grey matter lésions. Exaggerated knee and ankle jerks, 
négative cremasteric reflex, positive Babinski's sign and 
sensory disturbance found within the lower extremities 
or trunk are signs of white matter damage. 

Hand dysfunction in CSM can présent myelopathy 
hand. Diffuse numbness in the hands is extremely 











Cervical Disc Degeneration 2665 



Fig. 21: Incidence of motor, sensory and reflex déficits in 
myelopathy of various levels. Abnormalities of reflexes are more 
in C3-4 level, motor weakness in C4-5 level and sensory 
changes in C5-6 level 


common and is often misdiagnosed as peripheral 
neuropathy or carpal tunnel syndrome. Clumsiness of 
the hands results in an inability to carry out fine motor 
tasks. Marked wasting of the intrinsic hand muscles is 
usually présent. Ono et al. described two spécifie signs 
of myelopathy hand: (1) the finger-escape sign (when 
the patient is asked to fully extend the digits with the 
palm facing down, the ulnar digits tend to drift into 
abduction and flexion) and (2) the grip-and-release test 
(weakness and spasticity of the hand resuit in a decreased 
ability to rapidly open and close the fist). 

Pathological reflexes are often elicitable in cervical 
myelopathy patients. Myelopathy resulting from a région 
of the cord cephalad to the third cervical level may resuit 
in a hyperactive scapulohumeral reflex, i.e. tapping of 
the spine of the scapula or acromion results in scapular 
élévation and/or abduction of the humérus. Normally 
there is flexion of the wrist and elbow upon tapping the 
distal tendon of brachioradialis. Whereas in inverted 
supinator reflex, this movement is absent and the fingers 
flex upon tapping the tendon. This is seen in lésions above 
C5 level. Hoffmann reflex is positive when progressive 
palmar flexion and opposition movement of the thumb 
occurs upon sudden extension of the distal phalanx of 
middle finger. Approximately 90% of patients and 10% 
of normal population hâve a positive Hoffmann sign. 
Babinski's response (extensor plantar reflex) is 
pathognomonic of upper motor neuron paralysis. 

Radiculopathy is most common at the C6-7 dise level. 
On the other hand, cervical myelopathy is most common 
at the C5-6 dise level followed by the C4-5, the C3-4 and 


the C6-7 dise levels. The C6-7 dise level accounts for only 
5% of patients with cervical myelopathy. This différence 
in frequency can be explained by the fact that the cervical 
enlargement of the spinal cord is located at the C4-5 and 
C5-6 dise levels. Retrolisthesis of the cervical spine seen 
in extension, which is a principal component of dynamic 
stenosis, seldom occurs at the C6-7 dise because of its 
anterior tilt. In addition there is highest loading of the 
C5-6 and C4-5 levels by virtue of cantilever movements 
of the skull over the trunk. 

Differential Diagnosis (Table 16) 

Multiple sclerosis, a demyelinating disorder of the central 
nervous System, causes both motor and sensory 
symptoms, but it typically has remissions and 
exacerbations, involvement of the cranial nerves, and 
characteristic plaques that can be seen on magnetic 
résonance imaging of the brain and spinal cord. 
Amyotrophie latéral sclerosis results in upper and lower 
motor-neuron symptoms, with no alteration in sensation. 
Subacute combined degeneration seen with vitamin-B 12 
deficiency results in corticospinal tract and posterior tract 
symptoms, with greater sensory involvement in the lower 
extremities. Patients with metabolic or idiopathic 
peripheral neuropathy hâve sensory symptoms that 
mimic those of myelopathy. 

Investigations 

A standard survey of the cervical spine should include 
an anteroposterior, a latéral and 45° oblique views (taken 
by rotating the entire body by 45° rather than just the 
head of the patient). The average sagittal diameter as 
measured on the latéral X-ray, from C3 to C7 is reduced 
from 17 mm in normal individuals to 13 mm or less in 
patients with cervical myelopathy. Torg and co-workers 
developed a ratio of canal diameter to midcervical body 
diameter as measured on the latéral X-ray (Fig. 22). They 
defined congénital cervical stenosis as a Torg's ratio of 
0.8 or less. On plain latéral view radiograph it is of 
paramount importance to measure the amount of cervical 


TABLE 16: Differential diagnosis of cervical 
myelopathy 

Peripheral polyneuropathy 
Motor neuron disease 
Multiple sclerosis 
Cerebrovascular disease 
Syringomyelia 
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Fig. 22: Torg's ratio is measured as the ratio of canal diameter 
to the vertébral body width in latéral view radiograph of the 
cervical spine (A/B xlOO). Ratio less than 0.82 is pathological 


lordosis. The types of cervical curvatures as proposed by 
Toyama et al. are lordotic, straight, kyphotic, and 
meandering. This has got an immense bearing on the 
mode of surgical intervention. 

Diagnostic imaging diagnosis of cervical myelopathy 
involves the foliowing three aspects: i) détection of spinal 
factors responsible for the symptomatology ii) évaluation 
of the compression and deformity of the spinal cord and 
iii) évaluation of the intramedullary lésion. The MRI can 
also be used to evaluate the adequacy of spinal cord 
décompression after surgery too. 

Pathological Spinal Factors 

The following seven spinal factors hâve been described 
as causative components of cervical myelopathy: (i) 
developmental stenosis; (ii) dynamic stenosis; (iii) dise 
herniation (iv) segmentai ossification of the posterior 
longitudinal ligament (OPLL) (v) continuous OPLL, (vi) 
posterior spur; and (vii) calcification of the ligamentum 
flavum (Fig. 23). 

Symptoms of cord compression occur when the 
transverse area of the cord is <60 mm 2 . Ono et al. 
described an anteroposterior cord compression ratio by 
dividing the AP diameter of the cord by transverse 
diameter of the cord (Fig. 24). Flattening of the cord with 
an anterior-posterior ratio of <0.40 tend to hâve worse 
neurologie function. An increase in this ratio to >0.40 or 
an increase in the transverse area to >40 mm 2 is a strong 
predictor of recovery following surgery. 



Fig. 23: Line diagram demonstrating various pathologie 
abonormalities producing cervical myelopathy 



Fig. 24: Ono's anteroposterior compression ratio is measured 
as the ratio of anteroposterior diameter to transverse diameter 
of the spinal canal at the site of maximum compression. 
Flattening of the cord with an anteroposterior ratio of < 0.40 
tend to hâve worse neurologie function. An increase in this ratio 
to = 0.40 or an increase in the transverse area to > 40 mm 2 is a 
strong predictor of recovery following surgery 

Developmental stenosis is defined as an 
anteroposterior diameter of the spinal canal of 12 mm or 
less on a plain latéral radiograph made with a tube-to- 
film distance of 1.8 m. In general, patients with cervical 
myelopathy hâve a narrower canal. Dynamic stenosis is 
defined as Penning's jaw diameter, a distance from the 
posteroinferior corner of the vertébral body to the anterior 
margin of the subjacent lamina of <12 mm, associated 
with 2 mm retrolisthesis in extension of the cervical spine 
(Fig. 25). 

The herniated dise mass is clearly depicted by MRI, 
which is taking the place of discography. OPLL is 
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Fig. 25: Penning's jaw diameter less than 1 2 mm or retrolisthesis 
greater than 2 mm is suggestive of dynamic spinal canal 
stenosis 


common among patients with myelopathy and has been 
found in approximately 30% of our patients. Segmentai 
and continuons OPLL are clearly depicted by 
tomography or CT scanning although the former tends 
to be overlooked on plain latéral radiographs. 

Evaluation of Compression and 
Deformity of the Spinal Cord 

Myelography was an essential means for évaluation of 
compression of the spinal cord before the advent of MRI. 
It demonstrates only the degree of oblitération of the 
subarachnoid space depicting a complété or incomplète 
block. In contrast, MRI directly demonstrates deformities 
of the compressed spinal cord on both sagittal and axial 
views. Its disadvantage is that there is difficulty in 
imaging any spondylolisthesis which becomes apparent 
on extension of the neck; the narrow gantry of the 
machine prevents this maneuver. 

Evaluation of an Intramedullary Lésion 

High-signal intensity is found in the spinal cord on T 2 
weighted images in more than half of patients who 
undergo operation (Fig. 26). It is believed to be caused 
by cavity formation or necrosis in the grey matter. 
However, it does not seem to correlate with the severity 
of myelopathy or the surgical outcome. 

Treatment 

Conservative Treatment 

While the natural history of cervical myelopathy is not 
well understood, most patients worsen if untreated. 
Conservative treatment can be helpful in the early period 
of the disease. Patients presenting with the new onset of 



Fig. 26: Post-laminectomy MR images demonstrating adéquate 
posterior shift of the spinal cord following laminectomy for 
cervical spondylotic myelopathy. But the intramedullary signal 
intensity change in ï 2 weighted image has persisted even after 
1 -year 


subtle myelopathic findings and radiographie evidence 
of a soft dise herniation may be initially treated 
nonoperatively and are followed carefully at frequent 
intervals to evaluate for progression or remission of 
symptoms. Patients who are unwilling or unfit to undergo 
operative treatment as well as those undergoing 
preoperative évaluation are prescribed a soft cervical 
collar and often a neck-conditioning program. Indicators 
for a poor prognosis with nonoperative treatment are 
advanced âge, duration of symptoms, severity of 
myelopathy and severity of stenosis with a Torg ratio of 
0.8 or less. 

Operative Treatment 

Absolute indications for operative treatment are static or 
progressive neurological déficits. In general, patients with 
the following combination of disabilities are most 
satisfied with improvements due to operative 
treatment—severe tingling in fingers and legs, poor 
handling of a knife and fork or difficulty in buttoning 
shirts, and the need to hold on to a handrail when going 
downstairs. Younger patients with dise herniation show 
better improvement after surgery compared to older 
patients with dynamic stenosis. Optimal results are 
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obtained when décompression is performed within 6 
months to one-year after the onset of symptoms in 
patients with mild myelopathy and in those in whom 
the transverse area of the spinal cord is greater than 
40 mm 2 . Although time is of the essence in the treatment 
of cervical myelopathy, only one-third of patients présent 
within 6 months from the onset of symptoms. 

Clinical results vary based on the severity of 
myelopathy, the extent of the disease process and patient 
factors. The rate of neurologie improvement after either 
anterior or posterior decompressive procedures ranges 
from 47 to 100%, with most reports indicating some 
degree of neurologie recovery in more than 90% of 
patients. The results of surgical treatment seem to differ 
markedly from the natural history of untreated cervical 
myelopathy wherein a high percentage of patients (more 
than 50%) progress to severe disability. 

Operative intervention of cervical myelopathy is 
focused on décompression of the spinal cord to hait 
neurologie détérioration and promote functional 
improvement. The decision to use either an anterior or 
posterior approach and which spécifie procedure is based 
on multiple factors, including the source of spinal cord 
compression, the number of vertébral segments involved 
in the disease process, cervical alignment, the magnitude 
of coexisting neck pain, patient co-morbidities and the 
surgeon's familiarity with various techniques. The 
answers to the following questions are useful in 
determining the approach. 

• Is the main compression anterior or posterior? 

• Is the cervical spine in kyphosis or lordosis? 

• Is there an element of congénital stenosis? 

• How many levels are involved? 

• Is there actual or potential instability? 

The optimal procedure for the treatment of cervical 
myelopathy resulting from stenosis at three or more levels 
remains contro ver sial (Table 17). Anterior arthrodesis of 
three or more motion segments is associated with a higher 
incidence of nonunion and graft-related problems than 
one- or two-level procedures. Alternative motion- 
preserving procedures, such as laminectomy and 
laminoplasty, hâve been proposed for patients with 
multilevel stenosis in the absence of kyphosis. As existing 
techniques continue to be refined and new technology 
emerges, recommendations for the treatment of cervical 
myelopathy will continue to evolve. 
a. Anterior procedures 

Anterior décompression procedures are well suited 
for cases in which the stenosing pathology is ventral 
to the spinal cord. An anterior approach provides for 
direct visualization and removal of the offending 
pathology without manipulation of the cord. Anterior 


TABLE 17: Various indications for anterior and 


posterior approaches 

Posterior approach 

Anterior approach 

Many levels 

1-2 levels 

Spinal lordosis 

Spinal kyphosis 

Posterior décompression 

Anterior décompression 

Congénital stenosis 

Instability 


décompression is generally recommended in patients 
who hâve spinal problems such as dise herniation and 
a posterior spur compressing the spinal cord at one 
or two levels. When a neutral or kyphotic cervical 
sagittal alignment is présent, anterior procedures may 
also serve to restore physiologie lordosis. Restoration 
of lordosis allows for shifting of the cord dorsally to 
diminish the effect of anterior compression. After 
anterior décompression, spinal column stability is 
restored through segmentai arthrodesis. The 
arthrodesis may hâve the added benefit of eliminating 
painful motion from the spondylotic motion segment. 
For cord compression at multiple levels, numerous 
anterior decompressive options exist, including 
multilevel ACDF, corpectomy and hybrid procedures. 

Anterior Cervical Discectomy and Fusion 

This has already been discussed in detail in the 
management of cervical radiculopathy. 

Anterior Corpectomy and Fusion 

In addition to improving the fusion rate, corpectomy 
provides for a more extensive décompression and serves 
as a source of autograft. Stenosis at two adjacent levels 
canbe decompressed with a single-level corpectomy (two 
graft-host interfaces) as compared with two ACDFs (four 
graft-host interfaces). Corpectomy is considered 
préférable to multilevel ACDF, especially in higher-risk 
patients, such as recent smokers, diabetics or révision 
cases. Midline subtotal corpectomy of the middle bodies 
is accomplished for two-level décompression. Static 
plates, buttress plates and dynamic plates hâve been 
introduced with the intended purpose of decreasing the 
rate of nonunion and to prevent anterior strut graft 
dislodgement after corpectomy. 

Complications with Anterior Procedures 

Complications occurring with anterior décompression 
and fusion procedures may be related to the soft tissue 
structures, bone graft and the neurologie System. One of 
the most common unintended sequelae of anterior 
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procedures is postoperative dysphagia. The etiology may 
be multifactorial, including hematoma formation, 
prolonged retraction and denervation of the upper 
esophagus by injury to the pharyngeal plexus. Temporary 
hoarseness is reported in 3%, with permanent hoarseness 
occurring in 0.33%. The etiology of postoperative 
dysphonia is related to direct injury to the récurrent or 
superior laryngeal nerves, the length of the procedure 
and force of retraction. Higher incidence of nerve injury 
is noted with increased levels of décompression and 
révision surgery. Iatrogénie injury to the vertébral artery 
during anterior cervical procedures, although 
exceedingly rare, can be a devastating complication. A 
potentially léthal complication of anterior cervical surgery 
is postoperative airway obstruction caused by edema or 
hematoma formation. 
b. Posterior décompression 

Posterior décompression is generally recommended 
in patients who hâve compression of the spinal cord 
at three levels or more, in those who hâve 
developmental stenosis, and in those who hâve 
calcification of the ligamentum flavum. Laminectomy 
and laminoplasty for posterior décompression are 
popular. The C2 spinous process and the semispinalis 
muscles attached to it should be left intact in order to 
prevent postlaminectomy kyphosis. Posterior 
approaches avoid the technical problems encountered 
with anterior cervical approaches resulting from 
obesity, a short neck, barrel chest, anterior soft tissue 
pathology and a previous anterior surgery. Posterior 
procedures also avoid the potential for injury to the 
esophagus, trachea and laryngeal nerves. An 
important prerequisite to the successful performance 
of a posterior procedure, however, is the presence of 
a neutral to lordotic sagittal alinement. Lordosis is 
necessary to allow dorsal migration of the cord away 
from impinging anterior éléments. In the event that a 
kyphotic alignment exists, but lordosis is re- 
established in extension, then a posterior 
décompression and fusion may be successfully 
performed (Fig. 27). 

Laminectomy has been broadly employed for the 
décompression of cervical stenosis resulting from 
spondylosis with satisfactory results in a high percentage 
of patients. The success of laminectomy, however, has 
been limited by its tendency to produce segmentai 
instability and late neurologie détérioration in a subset 
of patients. Concern regarding the destabilizing potential 
of laminectomy prompted some authors to advocate the 
use of laminectomy with concurrent posterior fusion for 
the treatment of multilevel cervical myelopathy. 
Laminoplasty was described in 1973 as a canal expansive 





Fig. 27: Sagittal section of the cervical spine demonstrating 
the multilevel spondylotic cervical myelopathy with ability of 
décompression following cervical laminectomy in patient with 
normal lordosis, while this does not happen in kyphotic cervical 
spine 


procedure that provided for spinal cord décompression, 
rétention of the posterior éléments and maintenance of 
segmentai motion. An advantage shared by these 
procedures is the benefit of an extensile exposure of the 
entire cervical spine with relative safety. Through the 
same posterior approach, each procedure may provide 
for canal décompression at multiple levels and 
foraminotomies where indicated. 

Laminectomy 

Historically, laminectomy has been regarded as the 
standard posterior procedure for the treatment of 
multilevel cervical myelopathy. Laminectomy is a 
straightforward technique that provides for an extensile 
posterior décompression and excellent visualization of 
the neural éléments (Figs 28 and 29). The détérioration 
in results after laminectomy has been attributed to 
multiple causes, including development of a scar 
membrane around the dura, segmentai instability and 
kyphosis. 

Postoperative cervical kyphosis after laminectomy is 
directly related to the amount of facet joint resection. As 
little as a 25% facetectomy affects stability after multilevel 
laminectomy. 

Laminectomy and Fusion 

Concurrent latéral mass plating has the advantages of 
stabilizing the decompressed segment in a lordotic 
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Fig. 28: Safe zone for cervical laminectomy with least risk for 
post-laminectomy kyphosis. C2 muscular attachments should 
be spared and the facet capsule should not be violated 



Fig. 29: Pre- and postoperative and ï 2 weighted MR images of a multilevel cervical spondylotic 
myelopathy patient with good clinical functional outcome following cervical laminectomy 



Fig. 30: Patient with multilevel cervical myelopathy with unstable cervical spine preoperatively diagnosed on latéral view 
radiographs in flexion and extension had successful results following cervical laminectomy and latéral mass plating 


posture and preventing segmentai instability. Fusion also 
permits a more expansive laminectomy and foraminal 
décompression without jeopardizing stability (Fig. 30). 

Limitations of the procedure relate principally to 
attempts at fusion: nonunion, hardware failure, adjacent 
segment degeneration, loss of lordosis and autograft 
harvest site discomfort. 


Laminoplasty 

Laminoplasty strategies hâve taken two forms: eccentric 
expansion with a unilatéral hinge and symmetric 
expansion with bilateral hinges. The common purpose 
of ail laminoplasty procedures is the increase in canal 
area through reconfiguring of the posterior bony arch 
(Fig. 31). Fusion of decompressed levels should be 
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Fig. 31 : Various types of canal restorative surgeries (laminoplasties) described for the 
treatment of cervical spondylotic myelopathy with normal lordosis 


avoided except in those cases in which segmentai 
instability is noted preoperatively. Décompression of 
neuroforamina may also be achieved by performing a 
laminoforaminotomy before expansion of the posterior 
arch or through direct décompression of the 
neuroforamina after the expansion of the posterior arch. 

Laminoplasty has also been demonstrated to be 
successful in the management of cervical spondylotic 
myelopathy in the elderly, diabetics and patients on 
dialysis. Cord décompression occurs as the spinal cord 
migrâtes dorsally away from impinging anterior 
structures. The success of laminoplasty in decompressing 
the cord, however, is contingent on the presence of a 
neutral to lordotic sagittal alignment. Additional factors 
associated with inferior outcomes are cord atrophy, long 
symptom duration, advanced âge, severe cord 
compression and radiculopathy. 

Complications with Posterior 
Décompression Procedures 

Neurologie complications observed after posterior 
decompressive procedures include iatrogénie cord or root 
trauma, nerve root dysfunction and late neurologie 


détérioration. Nerve root palsy, especially C5, has been 
observed to develop in the first few days after both 
laminectomy and laminoplasty. The onset of motor 
weakness generally develops within 1 to 5 days 
postoperatively. Sensation typically remains intact. Motor 
weakness for most patients résolves substantially or 
completely within one year. Post-laminoplasty C5 palsy 
is arrtibutable to one of the following: 

1. C5 segment is usually the midpoint of décompression 
and the extent of shifting at this segment is greater 
than that at other segments, 

2. C5 root is shorter than those of other segments. 

3. Deltoid receives sole C5 innervation and thus C5 palsy 
is more likely to be clinically évident than roots with 
shared motor functions. 

Incidence of kyphotic deformity after laminectomy 
ranges from 21-33%. At greatest risk are children, adults 
with a preexisting neutral to kyphotic alignment and 
those patients who hâve undergone a wide laminectomy 
without surgical stabilization. Patients commonly report 
axial symptoms, such as neck pain, stiffness, fatigue or 
shoulder discomfort, after posterior decompressive 
procedures. 




























The Inflammatory 
Diseases ofthe Cervical Spine 

Dilip K Sengupta 


INTRODUCTION 

The inflammatory diseases of the cervical spine may be 
classified into infective and non-infective groups. The 
commonest infective disease affecting the cervical spine 
in our country is tuberculosis, which has been discussed 
in separate chapters. The pyogénie infections of the 
cervical spine may differ in its présentation, complexity 
and conséquences compared to the infection in the 
thoracic and lumbar spine. Besides infections, the cervical 
spine is also commonly involved in inflammatory 
disorders, of which rheumatoid arthritis and ankylosing 
spondylitis needs spécial considérations. 

Rheumatoid Arthritis of the Cervical Spine 

The term rheumatoid arthritis was coined by A. B. 
Garrod(Garrod 1854). Later his son, A. E. Garrod, 
described the propensity of rheumatoid arthritis for the 
cervical spine (Garrod 1890). Rheumatoid arthritis may 
lead to progressive instability of the cervical spine. The 
prognosis is poor once neurological déficit due to cord 
compression sets in. Therefore, this is one of rare instances 
where prophylactic surgical intervention may be 
indicated. This require clear understanding of the 
instability pattern and récognition of the potential danger 
for neurological damage, where surgery may be 
undertaken early, than late in the disease process (Casey, 
Crockard et al. 1996). 

Incidence 

In an autopsy study of 104 cases of death due to 
rheumatoid arthritis of the cervical spine, Mikulowski 
et al reported incidence of sudden death in 7 cases 
(Mikulowski, Wollheim et al. 1975). Later, in a prospective 


study, Ranawat (Pellicci, Ranawat et al. 1981) described 
the incidence of various clinical présentations (Table 1). 

TABLE 1 : Incidence of various clinical présentation of 
rheumatoid arthritis of the cervical spine 


Neck pain 40-80% 

Radiological instability 43-86% 

Neurological déficit 7-34% 

Sudden death 10% 


• Within 5 years of serological diagnosis, 30-50% 
develop subluxation 

• Only a few of these (2-3%) will develop myelopathy, 
10 years later (12-15 years) 

• Half of these myelopathic patients die within a year. 
The challenge therefore is to identify those who are 

at risk, and stabilize them to prevent neurological 
damage. 

Pathophysiology 

As in the other joints, RA leads to inflammatory synovitis, 
which causes destruction of the ligaments and bone, 
leading to subluxation, pain and neurological damage. 

Because of the large number of synovial articulations 
présent and the increased range of motion required in 
the upper cervical spine, the occipitoatlantoaxial joints 
are at greatest risk for pathologie involvement. The 
atlantoaxial joint is most commonly affected because of 
the consistent involvement of the synovial-lined bursa 
found between the odontoid and the transverse ligament. 

In the upper cervical spine, two different forms of 
subluxation may develop: 

• Primarily ligamentous destruction leads to atlanto¬ 
axial subluxation (AAS), 
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• Primarily bony destruction, later in the disease 
process, leads to cranial settling, also known as superior 
migration ofodontoid (SMO), or basilar invagination. 

In the lower cervical spine: A combination of bony and 
ligamentous destruction may lead to 'step-ladder pattern' 
of subluxation in multiple segments in the sub-axial spine, 
known as sub-axial subluxation (SAS). 

AAS is the commonest type of instability (65%), and 
develops in relatively early in disease process. The 
subluxation occurs mostly in the anterior (70%), 
sometimes latéral (20%), and rarely in the posterior 
direction (10%). Posterior AAS can resuit from either Cl 
anterior arch defects or from odontoid érosions/fractures, 
whereas latéral AAS occurs secondary to a combination 
of rotational deformities. Although posterior and latéral 
AAS occur less frequently than anterior subluxation, they 
may actually carry a higher risk of cord compression 
(Bogduk, Major et al. 1984). 

SMO or basilar invagination is the second most 
common rheumatoid subluxation (20%), develops late in 
the disease process, and is almost always associated with 
AAS. The underlying pathology is predominantly bony 
destruction. Therefore SMO is rarely reducible, often 
associated with neurological damage, and prognosis is 
less optimistic. Typically, SMO results secondary 
destruction of the latéral masses of the atlas. However, 
less commonly the latéral masses of the axis and the 
occipital condyles may also be involved. A predomi¬ 
nantly unilatéral destruction can resuit in a fixed coronal 
rotation with the head tilted toward the affected side. 

Subaxial subluxation, the least common (15%) of the 
rheumatoid cervical spine deformities, usually develops 
late in the course of the disease process and occurs 
secondary to destruction of the facet joints, interspinous 
ligament and discovertebral junction. Multiple vertébral 
levels are frequently affected, resulting in the classic 
"step-ladder" deformity seen on latéral radiographs. 
However, it can also présent as an isolated deformity. 

Patients may hâve a combination of any two or ail 
the three types of subluxations (Boden and Clark 1998) 
(Fig. 1). 

Clinical Présentation 

Most cases are either asymptomatic or hâve minimal pain, 
and are often recognised at preoperative check-up for 
other joint surgery. Many patients présent with painless 
myelopathy. 

Common presenting symptoms are: 

1. Neck pain, occipital headache. 

2. Crepitus in the joint, and palpable 'clunk' on move- 
ment of the unstable joint. 



Fig. 1 : The relative incidence of three different types of cervical 
spine lésion in rheumatoid arthritis. Note, they overlap and may 
coexist 

3. Neurologie déficit — myelopathy, and/or radiculo- 
pathy. 

4. L'Hermitte's phenomenon — electric shock sensation 
travelling through the body, with neck movement. 

5. Vertebrobasilar insufficiency, with basilar invagi¬ 
nation — tinnitus, vertigo, loss of equilibrium, visual 
disturbances, nystagmus, diplopia and dysphagia. 

6. Urinary dysfunction. 

7. Trigeminal nerve tract involvement — facial sensory 
impairment. 

8. Frozen shoulder, if présent, is often secondary to 
myelopathy than capsulitis. 

Neurological assessment is difficult due to peripheral 
joint disease, and involvement of the tendon and muscles. 
Ranawat described a classification System for neuro¬ 
logical déficit, which is more practical from management 
point of view of rheumatoid patients (Table 2) (Ranawat, 
O'Leary et al. 1979). 

Natural History of Cervical Instability 

The natural history of cervical instability dépends on 
severity of the rheumatoid disease process. The AAS 
appears after the first decade of active disease. 


TABLE 2: Neurological déficit is classified according 
to Ranawat 


Class I 

No déficit 

Class II 

Subjective weakness, hyperreflexia 

Class Ilia 

Objective weakness, ambulatory 

Class Illb 

Objective weakness, nonambulatory 
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Radiographie progression of subluxation has been 
observed in 35-80% of cases, whereas neurologie 
progression has been observed in 15-36% of cases. The 
overall 5-year mortality rate has been reported as 17%, 
however following onset of myelopathy, 50% dies within 
one year (Crockard and Grob 1998) 

Risk factors for progression of cervical disease (Lipson 1989) 

• Male gender 

• Severe peripheral disease 

• Use of corticosteroids. 

Radiographie Predictors of Paralysis 
(Boden, Dodge et al. 1993) 

Neurological déficit are often irréversible, and surgery 
only prevents further détérioration. Since cervical 
instability is common in the rheumatoid population, but 
not ail cases progress, it is important to predict neuro¬ 
logical déficit to select cases for surgical stabilization 
before the onset of neurodeficit. 

MRI is a superior imaging modality, but is impractical 
for screening cases for prédiction of paralysis. Therefore 
plain radiographs form the basis of screening test, as well 
as to record progression of the instability during follow- 
up visits. Any suspicion of critical radiological instability 
in plain radiographs or appearance of clinical instability 
with subtle neurological déficit should indicate further 
imaging including MRI scan. 

Atlanto-Axial Subluxation (AAS) (Figs 2A and B) 

AAS becomes accentuated in flexion. Latéral radiograph 
in flexion-extension is more likely to show instability or 
dynamic motion. Traditionally, Anterior Atlanto-Dens 
Interval (AADI) has been used clinically to follow RA 
cervical instability. Normal upper limit of AADI is 3 mm 
in adult and 4 mm in child. More than 5 mm AADI 
represent instability. Critical limit of AADI to predict an 
impending paralysis and indication for surgery has been 
set to 8, 9 or 10 mm by different authors. AADI is an 
unreliable predictor of paralysis because of poor 
corrélation between AADI and the degree of cord 
compression as shown by MRI. Posterior Atlanto-Dens 
Interval (PADI) has been found to be a better predictor 
of paralysis (Boden 1993); the critical lower limit is 
14 mm, which has a 97% sensitivity to predict paralysis. 
The négative prédictive value of PADI at 14 mm is 94%, 
i.e. when PADI measures >14 mm the chance that the 
patient will not hâve paralysis is 94%. It is important to 
recognize that PADI is not the same as 'Space Available 
for the Cord' (SAC), since in RA patients, retroodontoid 
synovial pannus may occupy as much as 1 to 3 mm of 
space (Figs 3A and B). 


Superior Migration of Odontoid (SMO) 

It is less common than AAS, but has a higher risk of 
myelopathy, and carries worse prognosis. It is diagnosed 
in the latéral radiograph from the station of the tip of 
odontoid in relation to the skull base. It is often difficult 
to recognize the bony reference points in the latéral 
radiograph, which has lead to a number of radiological 
reference lines to diagnose SMO. Clarks Station is the 
station of the atlas in relation to the upper, middle or 
lower third of the odontoid process in midsagittal plane. 
If the anterior arch of atlas is level with the middle third 
(station II) or the caudal third (station III) of the odontoid 
process, basilar invagination is diagnosed (Fig. 4). 
McRae's line connects the anterior and posterior margin 



Figs 2A and B: Atlantoaxial subluxation may présent as a 
dynamic instability. The atlanto-dens interval may become 
worse in flexion. Presence of dynamic instability may indicate 
surgical stabilization even when the ADI is under the critical 
limit 
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Figs 3A and B: The true space available for the cord (SAC) is 
not the same as the posterior atlanto-axial distance (PADI). 
The retroodontoid synovial pannus (arrows) may occupy 
considérable space leading to further cord compression. MRI 
scan is helpful to evaluate the actual SAC, the cord diameter, 
and cervico-medullary angle 



Fig. 4: Superior migration of odontoid (SMO) may be difficult to 
quantify in plain radiographs. The anterior and posterior margins 
of the foramen magnum and the outline of the odontoid process 
may be obscure 

of the foramen magnum — the tip of the odontoid lies 
1 cm below this line. Chamberlain's line is drawn from 
the margin of the hard palate (easier to recognize in latéral 
radiograph) to the posterior margin of the foramen 
magnum. The odontoid tip should not project beyond 
3 mm above this line. Both the margins of the foramen 
magnum may be difficult to recognize without a 
tomogram. McGregor's line connects posterior margin 
of the hard palate to the most caudal point of the occiput; 
the odontoid should not project beyond 4.5 mm above 
this line (Fig. 5). 


Chamberlain 



Fig. 5: The reference Unes in the schematic of latéral radiograph 
of the upper cervical spine, for diagnosis of basilar invagination 


The odontoid tip may be difficult to identify in 
presence of osteopenia or destruction; in these situations, 
there are few alternative radiological criteria available to 
diagnose basilar invagination. Redlund-Johnell criterion 
is the perpendicular distance from the middle of the lower 
endplate of Axis to the McGregor's line, and the normal 
upper limit is 34 mm in men and 29 mm in women. 
(Redlund-Johnell and Pettersson 1984). Ranawat 
criterion is another alternative. This is the distance 
between the center of the pedicle of axis and the 
transverse axis of the atlas. A measurement of less than 
15 mm in males and less than 13 mm in females indicate 
basilar invagination (Fig. 5). 

A study of the different radiological diagnostic criteria 
by blinded observers on plain radiographs showed that 
no single screening test had a sensitivity of higher than 
90%. But when the Clark station, the Redlund-Johnell 
criterion, and the Ranawat criterion were measured, and 
at least one of the tests was positive, the sentivity 
increased to 94%, with a négative prédictive value of 91%. 
That means only 6% would hâve a false-negative 
diagnosis, but the specificity was only 56%, meaning that 
44% would be falsely diagnosed to hâve basilar 
invagination, and undergo unnecessary advanced 
imaging studies to rule out SMO (Riew, Hilibrand et al. 
2001 ). 

Subaxial Subluxation (SAS) (Fig. 6) 

SAS tends to occur in multiple levels. Characteristics 
feature is a 'staircase' or 'step-ladder' pattern of 
deformity. SAS is differentiated from degenerative 
instability by lack of osteophytes, and typically involve 
C2-C3 and C3-C4 levels, unlike degenerative instability 
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Figs 6A and B: Subaxial subluxation (SAS) in rheumatoid spine 
typically involves the upper cervical région around C2 to C4, 
and often shows a step-ladder fashion of subluxation 


which tends to occur around C5-6 level. End-plate 
érosions are évident in 12% to 15% of patients. 
Discovertebral destruction and narrowing may not 
always accompany SAS. Relative translation of the 
vertébral bodies (>4 mm) is better expressed as a 
percentage of the anteroposterior diameter of the inferior 
vertébral body. An alternate method is to measure 
minimal spinal cord diameter behind the slipped 
vertebra; this may be a more reliable predictor of cord 
compression, when <14 mm. A flexion-extension view 
may indicate a dynamic instability. 

MRI scan is indicated whenever there is suspicion of 
instability in the plain radiograph, or in presence of any 
degree of neurological déficit. 

• Space available for the cord (SAC) - Although a PADI 
greater than 14 mm is generally safe, a patient with a 
PADI of 13 mm could hâve as much as 12 mm to as 
little as 8 or 9 mm of space available for the cord, 
depending on the thickness of the pannus (Boden, 
Dodge et al. 1993). MRI scan shows the exact space 
available for the cord (Fig. 3) 

• Space available for the cord may be further reduced 
in flexion. Flexion-extension MRI scan may further 
show the actual space available for the cord in 
presence of dynamic instability (Fig. 2) 

• Spinal cord diameter (Dvorak, Grob et al. 1989) If the 
spinal cord diameter is 6 mm or less in flexion, 
paralysis is predicted (Fig. 3) 

• Cervicomedullary angle (normal 135° to 175°) can 
only be measured from MRI scan. It is reduced in 
presence of SMO. Paralysis may be predicted when 


cervicomedullary angle is less than 135° (Bundschuh, 
Modic et al. 1988). 

Tomography is particularly helpful for quantitating the 
amount of basilar invagination, and should be obtained 
if there is any suggestion of SMO in plain radiograph. It 
is important to recognize any degree of basilar 
invagination when présent, and to détermine whether it 
is fixed or a mobile deformity. 

CT scan , when used in combination with myelogram, may 
be particularly helpful to demonstrate cord compression. 
Measurement from a sagittal reconstruction CT scan may 
help more accurate quantification of the atlanto-axial 
subluxation and basilar invagination, which has shown 
to hâve a much higher corrélation with neurologie status 
compared to plain radiograph study. 

Predictors of Neurological Recovery 

• The Ranawat classification — More severe 
preoperative neurologie déficit tends to hâve a poorer 
neurologie recovery. Operative mortality of Ranawat 
IIIB (non-ambulatory) patients is 12.5 %, and the 
survivors hâve a 61% mortality rate in the first year. 
This raises the question of justification of surgical 
intervention in presence of advanced (IIIB) 
neurological déficit (Casey, Crockard et al. 1996) 

• Location of disease — SMO has a much worse 
prognosis compared to AAS and SAS 

• Preoperative PADI 14 mm or greater predicts a 
significant motor recovery after appropriate surgery. 
In contrast, PADI less than 10 mm indicates a poor 
prognosis for neurologie recovery 

• Postoperative subaxial canal diameter less than 14 mm 
indicates poor prognosis for neurologie recovery. 

Goals for Management 

The goals for surgical stabilization in rheumatoid arthritis 
is to avoid unnecessary surgery, while recognising the 
problem early (before irréversible neurologie déficit 
occurs), by a practical and reliable screening method for 
serial évaluation. While 50% of AAS may not progress, 
and may never need surgery, sudden death may be 
expected to happen in as many as 10% of cases. 

Indications for Surgical Stabilization 

Definite indications for surgery are 

• Intractable pain 

• Clear-cut neurologie déficit (neurological assessment 
is difficult because of coexisting peripheral joint 
involvement with the rheumatoid disease). 
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Relative indications include the group of patients with 
radiologie instability but with minimal symptoms and 
no neurodeficit. 

Atlantoaxial subluxation 

• PADI <14 mm indicates further investigation by MRI 
scan 

• Space available for the cord <13 mm, or cervico- 
medullary angle <135°, or spinal cord diameter 
<6 mm 

Superior migration ofodontoid 

• Any demonstrable SMO, either in plain radiograph, 
or CT scan, or MRI scan, is an indication for 
surgery—because of high morbidity and poor 
prognosis with surgery in progressive basilar invagi¬ 
nation 

Subaxial subluxation 

• SAS exceeding 4 mm in plain radiographs indicates 
an MRI scan 

• If the residual subaxial canal diameter is less than 
14 mm, MRI scan is indicated 

• If MRI shows space available for the cord <13 mm, or 
presence of a notable dynamic instability, surgery is 
indicated. 

An algorithm for treatment strategy is presented in 
Figure 7. 

SURGICAL STABILIZATION 
General Considérations 

A posterior atlantoaxial fusion or craniocervical fusion 
is the preferred method of stabilization. Anterior surgery 
(transoral décompression, subaxial corpectomy and 
stabilization) are infrequently indicated for spécifie 
problems. A period of preoperative cervical traction using 
halo is recommended to relieve pain, reduce subluxa¬ 
tions, arrest or reverse neurologie détérioration, and 
correct deformity. If subluxation may be reduced, 
décompression may be avoided, and a less aggressive 
surgical procedure may be adéquate. Traction in 
recumbent posture in bed may be hazardous with 
pressure sore and hypostatic pneumonia; a halo 
wheelchair traction for 2 or more days is préférable. 
Fiberoptic intubation without neck extension is often 
indicated. Need for bone grafting is controversial. It may 
be indicated in young fit patients. But many authors 
questioned the morbidity of harvesting bone graft in 
elderly patient with end-stage RA, because studies show 
little différence in instrumentation failure in the long-term 
follow-up with or without bone grafting (Crockard, 
Calder et al. 1990). It may not be overemphasized that 


the indications for surgery are essentially préventive, and 
the patients are often debilitated subjects, with fragile 
skin, poor wound healing secondary to the disease 
process and steroid médication, ostéopénie bone, 
increased susceptibility to infection and high peri- 
operative morbidity and mortality rate. 

Types of Surgical Stabilization 

Atlantoaxial Subluxation (AAS) 

• AAS can be fixed by posterior atlantoaxial fusion 

• When the subluxation is small or reducible, C1-C2 
fusion may be performed by Gallie wiring or Brooks 
wiring technique, with autologous bone graft. C1-C2 
transarticular screw fixation as described by Magerl 
in 1979, requires réduction of subluxation, but 
achieves better stabilization, and may be performed 
when Cl arch is thin or needs removal for décompre¬ 
ssion 

• When the subluxation is irreducible, C1-C2 pedicle 
screw fixation is an alternative method, but is 
technically more difficult. 

Superior Migration of Odontoid (SMO) 

• Posterior occipitocervical fusion is the mainstay of 
surgery 

• Because of high morbidity of and poor potential for 
recovery, a more aggressive surgical approach is 
necessary 

• Isolated and fixed basilar invagination with no 
symptoms and no evidence of cord compression, may 
be treated by observation 

• In presence of cord compression, cervical traction is 
applied; if reduced, posterior occipitocervical fusion 
is indicated 

• If cord décompression is not achieved by traction, 
décompression by Cl laminectomy, in addition to 
occipitocervical fusion, is indicated 

• Anterior décompression by transoral resection of the 
odontoid is indicated when there is evidence of 
significant anterior pannus, or marked vertical 
translocation of odontoid (>5 mm). 

Subaxial Subluxation (SAS) 

• In most cases posterior cervical fusion with latéral 
mass instrumentation is needed 

• When evidence of cord compression is présent, 
décompression by laminectomy may be performed 
together with fusion 

• Rarely, when notable subluxation is présent, and can 
not be reduced, anterior décompression with 
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Fig. 7: Algorithm for management of rheumatoid spine 


corpectomy and reconstruction with fibular allograft 
may be indicated. Graft resorbtion and progressive 
collapse is not uncommon. Usually, additional 
posterior stabilization is also advised. 

Combinée! Subluxations 

• In patients of combined upper and lower cervical 
instability, frequently an occipitocervical fusion may 
be performed, extending the fixation to ail the 
anatomically involved segments in the subaxial 
cervical spine 

• There is a possibility of accelerated progression of 
subaxial subluxation following occipitocervical fusion 
from CO to C2 level. Current data in the literature is 
inadéquate to support this view. 

Outcome and Complications 

The clinical success rate for cervical fusions in patients 

with RA ranges from 60 to 90%. It is often difficult to 

define clinical success in presence of progressive 


generalized disease. Complications include death (5 to 
10%), infection, wound dehiscence, implant breakage or 
pull out, loss of réduction, nonunion (5% to 20%), and 
late subluxation below the fused segment. Not ail 
nonunions are symptomatic, and their management must 
be individualized. 

Surgical Technique 

• Gallie wiring technique (1939) (Figs SA to C) consists of 
autologous bone graft fixed with a wire loop to the 
posterior arch of the atlas and the spinous process of 
C2. The advantage is simplicity of the procedure. The 
disadvantage is inferior stability against antero- 
posterior translation of Cl on C2. The technique is 
not indicated unless the AAS is reduced, and should 
always be supplemented with additional post- 
operative external support 

• Brook's wiring technique (1978) involve two paramedial 
wedge-shaped autologous bone grafts, placed 
posteriorly between the arch of atlas and the laminae 
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Figs 8A to C: Gallie wiring technique. A wire loop is first passed 
under the posterior arch of the C-1 from below upwards. A cortico- 
cancellous graft from iliac crest is then placed over the Cl arch 
and C2 lamina. The closed end of the loop is then bent down 
superficial to the graft and hooked round the spinous process of 
C-2, and the free ends are tied together over the graft 


of the axis, secured by two wire loops. This technique 
provides superior rotational stability compared to 
Gallie technique. However, it requires the wire loops 
to be passed under the Cl and C2 laminae, in the 
spinal canal (Brooks and Jenkins 1978) 

• Transarticular fixation of C1-C2 (Magerl 1979) is a 
superior technique to wiring, and can be performed 
even after laminectomy of Cl arch. The fixation is 
achieved by two posterior screws, Crossing the 
atlantoaxial joints bilaterally, therefore it requires a 
good réduction of the atlantoaxial joint. When 
performed together with wiring, it provides three 
point fixation, and therefore may eliminate the need 
for postoperative external support (Gebhard, 
Schimmer et al. 1998). However, the implants are 
small compared to the weight of the head, and 
additional external support may still be indicated to 
prevent implant failure (Figs 9A and B) 

• C1-C2 pedicle screw and rod fixation provides superior 
stability (Harms and Melcher 2001). This is technically 
more difficult, and carries a significant risk to the 
vertébral artery damage. A 3-D CT reconstruction 
image using thin slice CT axial images is an essential 
prerequisite. Theoretically it may be performed even 
in presence of unreduced subluxation, however, that 
makes the procedure even more difficult (Figs 10A 
and B). 

• Transoral odontoidectomy (Crockard and Grob 1998) An 
essential requirement is the ability to open the patients 
mouth more than 25 mm. Temporomandibular joint 
ankylosis or flexion deformity of the neck may prevent 
adéquate opening of the mouth. An alternative 



Figs 9A and B: Magerl technique of C1-C2 transarticular 
screw fixation. Together with wiring they provide a three-point 
fixation. Although the technique provides a strong fixation and 
good rotational stability, the implants are too small and additional 
external protection with a cervical collar or halo-vest may still 
be recommended to prevent early implant failure 
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Figs 10A and B: C1-C2 Pedicle screw-rods instrumentation 
provides a strong fixation. Theoretically, it may be performed 
even in presence of persistent C1-C2 subluxation, unlike 
Magerl’s transarticular screw technique. However, persistent 
subluxation makes the procedure technically more difficult. In 
this particular case additional Brooks wiring was performed to 
compress a graft between the Cl -C2 posterior arch and lamina 


A midline 4 cm incision is preferred. The important 
landmark is the anterior tubercle of atlas. The vertébral 
artery lies 20 mm away from the midline on either side. 
10 mm of the anterior arch on either side may safely be 
exposed. The arch of atlas and odontoid are removed by 
high-speed air drill to decompress the dura. The pannus 
and the destroyed ligaments should be removed, 
exposing a clear pulsatile dura, to ensure satisfactory 
décompression. 

Usually anterior fixation is not indicated, and the 
segment is stabilized by posterior occipitocervical 
fixation. 

• Occipitocervical fixation demands newer implants like 
inverted 'Y' plates (Figs 11A to C), or a combination 
of plate and rods for connection of the occipital 
fixation to the latéral mass fixation in the subaxial 
cervical spine. Solid internai fixation is the aim, 
however, additional external stabilization with a halo 
or a collar may often be necessary because of 
associated osteoporosis. In presence of ostéopénie 
bone, the internai fixation may be augmented by using 
métal mesh with or without bone cernent. 


approach is midline mandibular split, retracting the 
tongue downward. The risk of sepsis is usually 
overestimated. But poor dental hygiene or sepsis, 
excessive damage to the pharyngeal mucosa, or durai 
tear may increase the risk of sepsis and meningitis. 
Postoperative intraoral swelling is common and may 
be avoided by application of topical steroid in oral 
cavity. Division of palate is not usually required, and 
may be retracted away by a suture. 


JUVENILE RHEUMATOID ARTHRITIS 

Juvénile rheumatoid arthritis (JRA) or childhood 
rheumatoid disease may be of three different types which 
includes pauciarticular, polyarticular, and systemic (Still's 
disease). Cervical spine involvement can occur in 
polyarticular and systemic JRA but is rarely seen in the 
pauciarticular variant. Cervical stiffness is the most 
common finding and has been reported in 46% to 60% of 
patients. Radiographie changes are not seen as frequently 



Figs 11A to C: (A, B) Occipitocervical fixation using cervifix (Synthes, UK) plate and rod System. The plates should be inclined 
towards midline, to get a stronger purchase in the thick bone in the midline in the occiput (C). Alternately, an inverted ‘Y’ plate 
may be used for occipital fixation 
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as in adult RA but can include vertébral subluxation as 
well as spontaneous posterior fusion, which may resuit 
in growth disturbances and progressive deformity. These 
changes are usually seen in the late stages of the disease 
and only in children with severe involvement. Even in 
patients with abnormal radiographs, neck pain is 
uncommon and has been reported in only 2-17% of 
patients. Neurologie complications are also much less 
likely to develop in JRA than in adult RA. Torticollis has 
also been reported to occur in these patients, but other 
sources such as trauma and infection must be ruled out 
before attributing this finding to the JRA. Intubation may 
be difficult secondary to neck stiffness, loss of lordosis, 
and micrognathia. Surgical treatment of cervical spine 
involvement in JRA should be reserved for those patients 
with severe instability or neurologie compromise. 

SERONEGATIVE SPONDYLOARTHROPATHIES 

The séronégative spondyloarthropathies, which 
constitute a family of interrelated, but heterogeneous 
chronic inflammatory conditions of unknown cause, 
which include ankylosing spondylitis, Reiter's syndrome, 
psoriatic arthritis, arthritis of inflammatory bowel 
disease, and the undifferentiated spondyloarthropathies. 
The inflammation typically affects the spine, peripheral 
joints, and periarticular structures and produces variable 
extraarticular manifestations. Unlike in RA, typically the 
spinal involvement starts in the sacroiliac joints, and 
involvement of the cervical spine occurs less frequently 
and later in the disease process. 

Pathophysiology 

Ankylosing spondylitis (AS) is the most common of these 
conditions. The sacroiliac joint involvement is the 
radiographie hallmark of the disease. The hip and 
shoulders are the most commonly affected extra-axial 
joints and may be the initial symptom in 15% of patients. 
Spine involvement in ankylosing spondylitis usually 
begins with lumbar stiffness and loss of lordosis. Cervical 
involvement typically occurs later and results in 
limitation of neck motion and progressive kyphosis. The 
primary problem in the cervical spine may be deformity 
or pathological fracture. Inflammation of the anulus 
fibrosis causes graduai squaring of the vertébral bodies 
with eventual formation of bridging syndesmophytes. 
There is often associated inflammation of the apophysial 
joints with ossification of the surrounding ligaments, 
which may eventually lead to complété bony ankylosis 
of the vertébral column. As the disease progresses over 
many years, back and neck pain may actually improve. 


with severe deformity becoming the chief symptom 
(Reiter and Boden 1998). 

Deformity 

Cervical kyphosis can also progress until the patient is 
unable to look forward and has a chin-on-chest deformity. 
The chin-brow vertical angle, which is an intersection of 
a line drawn from the chin to the brow and a vertical 
line, is a means of quantifying a patient's overall clinical 
deformity and spinal balance. The disease process often 
involves the whole spine leading to a global spinal 
deformity. In these cases correction of cervical deformity 
is part of a overall deformity correction, which often 
involves a single or multiple lumbar or thoracic spinal 
ostéotomies (Sengupta, Khazim et al. 2001) (Figs 12A and 
B). If the primary site of the deformity is cervical, then an 
osteotomy at the cervicothoracic junction can produce 
significant correction with improvement in symptoms 


Figs 12A and B: Level of osteotomy has a disparate effect on 
sagittal balance and gaze angle. Restoration of sagittal balance 
is achieved by posterior shift of the plumb line (X). The correction 
of the gaze angle (y and G) is always the same as the 
corresponding osteotomy angle (8 and D) respectively. 8 = y 
and D=G. When osteotomy is performed at a lower level (M), 
an osteotomy angle 8 is needed for restoration of the sagittal 
balance (X) (A). When osteotomy is performed at a higher level 
(N), a larger osteotomy angle (D) is needed (D> 8) for the same 
degree of sagittal balance restoration (B). Because osteotomy 
angle is always same as the gaze angle correction (D=G), the 
correction of the gaze angle will be larger (G> y) with a higher 
level of osteotomy. This may lead to overcorrection of the gaze 
angle upward. (Reproduced with kind permission from Sengupta 
et al, Spine 26:1068-72,2001) 
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and function. The osteotomy is typically performed 
between C7 and Tl because the canal is widest at this 
level, and it is below the entry of the vertébral artery. A 
halo vest is applied before surgery after which local or 
general anesthésia canbe used for the surgical procedure. 
If general anesthésia is chosen, then high-quality spinal 
cord monitoring becomes essential, and the patient may 
be awakened during the actual osteotomy correction. The 
procedure is performed with the patient in the sitting 
position and involves removal of the posterior éléments 
of C7 including the facet joints and latéral masses, with 
portions of C6 and Tl removed as needed. A controlled 
osteoclasis of the anterior spinal éléments is performed, 
and the head is extended back to the corrected position. 
Posterior fusion is then performed, with or without 
internai fixation. If performed properly this procedure 
allows the patient to look straight ahead and return to 
functional activities (Webb, Hitchon et al. 2004). 

Atlantoaxial instability can also develop in ankylosing 
spondylitis with one recent study reporting an incidence 
of 23% in 103 patients. Routine screening cervical radio- 
graphs are recommended in any patient with ankylosing 
spondylitis who is scheduled to undergo surgery. 

Pathological Fracture 

Despite the ankylosed appearance on radiographs, 
osteoporosis of the spine also occurs and is usually not 
détectable with most current techniques for measuring 
bone minerai density because the ossification of spinal 
ligaments produces a falsely elevated reading. Fractures 
in the osteoporotic and ankylosed cervical spine are not 
uncommon, even with minor trauma. Often the fracture 
may start inconspicuously, and may progress severely 
before diagnosis can be made. Any patient who reports 
new neck or back pain or change in position should be 
assumed to hâve a fracture until proved otherwise. 
Fractures can be difficult to detect with plain radiographs, 
and methods such as CT, MR imaging, or bone scans may 
be helpful. Because bony ankylosis has turned the spine 
into a rigid ring, fractures of one column cannot occur 
alone and, consequently, these are unstable three-column 
injuries with a significant incidence of neurologie injury. 
In addition, an épidural hematoma may form after 
trauma and should be recognized. Treatment should 
consist of réduction by traction, which must be 
customized considering the patient's deformity, followed 
by halo vest immobilization. If réduction is not possible 
or fracture union does not occur, then surgical treatment 
is indicated. 

Psoriatic arthritis and Reiter's syndrome are two other 
séronégative spondyloarthropathies that can resuit in 


spine involvement. Both of these conditions tend to affect 
the cervical spine with a 70% incidence of radiographie 
involvement of the cervical spine in one study of patients 
with psoriatic arthritis. Spine involvement appears to 
occur less commonly in Reiter's syndrome with only a 
3.4% incidence reported in another study. Two patterns 
of spinal involvement can occur in these patients. More 
commonly, patients develop lésions typical of ankylosing 
spondylitis including ligamentous ossification and 
syndesmophyte formation. Some patients, however, hâve 
development of inflammatory involvement of their spine 
more characteristic of that seen in patients with RA, 
including bony érosions and subluxations. Patients 
should be treated according to the pattern of their disease, 
similar to patients with ankylosing spondylitis or RA 
(Reiter and Boden 1998). 

SUMMARY 

The inflammatory disorders of the cervical spine produce 
a wide spectrum of clinical and radiographie disease. 
Cervical involvement may be overlooked in these 
conditions because the patient's peripheral joint 
deformities are frequently more obvious and more often 
require surgery. RA affects cervical spine, causing 
instability in 50-80% subjects, towards the end of the first 
decade of the disease process. Only a small percentage 
of cases progress to develop neurological déficit. Once 
neurodeficit starts, rapid détérioration is the rule with 
nearly 50% mortality within the first year. Three types of 
instability are seen; AAS is the commonest (65%), 
followed by SMO (20%) also known as basilar 
invagination, and SAS, involving step-ladder pattern of 
subluxation of multiple segments, commonly affecting 
C2-3, and C3-4 segments. Neurological déficit is 
commonest with SMO, which also carries poorest 
prognosis. Surgical stabilization is always indicated for 
instability with intractable pain, or with any degree of 
neurological déficit. In absence of significant pain or any 
neurodeficit, prophylactic surgical stabilization is 
indicated in cases with impending neurodeficit. 
Impending neurodeficit is predicted when PADI is less 
than 14 mm, space available for the cord is less than 
13 mm, cord diameter is less than 6 mm, subaxial canal 
diameter is less than 14 mm, or for any degree of SMO, 
as seen in radiograph, or CT/MRI scan. Posterior 
stabilization is usually indicated. Anterior décompression 
by transoral odontoidectomy or cervical corpectomy is 
rarely indicated for décompression of anterior cord 
impingement. If the subluxation is reasonably reduced 
by traction, AAS is stabilized by atlantoaxial fusion, SMO 
is stabilized by occipitocervical fusion, and SAS is 
stabilized by latéral mass instrumentation. Decom- 
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pressive laminectomy of the subaxial cervical spine, or 
removal of the posterior arch of atlas is indicated if 
persistent subluxation causes cord impingement. 
Complications are common, and include death, infection, 
wound dehiscence, loosening of hardware, or implant 
failure due to ostéopénie bone and nonunion. AS affect 
cervical spine causing deformity or pathological fracture. 
Correction of kyphotic deformity may require cervical 
osteotomy at C7, below the level of vertébral artery 
entering the spine. Pathological fracture may start 
inconspicuously, following trivial trauma with 
pregressive deformity, or more dramatically with gross 
displacement and neurological déficit. Surgical 
stabilization is frequently indicated. 
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INTRODUCTION 

Narrowing of the cervical canal, either congénital or 
secondary to changes of degenerative disease is now 
known to be an important factor in the pathogenesis of 
cervical spondylotic myelopathy. Payne and Spillane 1 
showed that the development of myelopathy in cervical 
spondylosis might be related to the initial size of the canal, 
and that myelopathy was more likely to occur when the 
anteroposterior diameter of the canal was lower than the 
average. Hinck and Sachdev 2 and later Wilkinson et al 3 
emphasized the importance of congénital narrowing of 
the cervical canal in the pathogenesis of myelopathy. 

Normal anteroposterior measurements of the cervical 
spinal canal range from 16 to 18 mm at C 3 -C 7 level, and 
the spinal cord diameter ranges from 8.5 to 11.5 mm. 4 
The values for western population are a little higher than 
those for Indian population. 5 * * " 8 The spinal cord fills 
approximately 50% of the canal at C 1 level and 75% at C 6 
level. 9 Adams and Logue 10 found an average canal 
diameter of 11.8 mm in patients with cervical spondylotic 
myelopathy, whereas Wolf et al 11 found that an 
anteroposterior diameter of less than 10 mm was likely 
to be associated with myelopathy. In our cases of 
congénital canal stenosis with myelopathy, the sagittal 
diameter has ranged from 9.5 to 12.5 mm. The diameter 
of 10 mm or less would be considered as critical in the 
production of myelopathy. Kalhore 12 and Nurick 13 
showed a prédisposition of the patients with the shallow 
congénital canal to the development of myelopathy, 
when the diameter was further reduced by spondylotic 
degenerative changes. La Rocca 14 pointed out that 
patients with a normal diameter of the canal had a longer 
prediagnostic course. 

Compromise of the cervical canal is an important 
component in the pathogenesis of myelopathy, but it does 


not explain fully its mechanisms as a single entity. Besides 
compromise of the cervical canal, there must be other 
components in the pathogenesis of myelopathy. Barnes 
and Saunders 15 had suggested that hypermobility or 
subluxation may be an important contributing factor in 
the production of myelopathy in some of the cases. 
Amount of osteophytosis may also be a significant 
contributing factor. 

Congénital canal stenosis per se , even when the 
anterioposterior diameter is only 10 mm, does not 
produce changes of myelopathy till further narrowing 
of the canal and compromise of the cord occurs with 
osteophyte formation, thickening and ossification of the 
posterior longitudinal ligament (DPLL), facet joint 
hypertrophy and infolding of the ligamentum flavum 
(Table 1). Even a small osteophyte of 1 to 2 mm in size 
can compress the cord badly in a canal, i.e. congenitally 
shallow. Compression is maximal in extension when the 
cervical spinal cord becomes shorter and wider. In a wide 
cervical canal even marked changes of spondylosis may 
not produce myelopathy as the cervical cord has a lot of 
subarachnoid space around it to remain without 
compression. 

Demyelination of latéral corticospinal tracts and 
anteromedial component of the posterior columns rather 
than axonal damage or gray matter infarction is the 
prédominant pathology in the earlier stages. Therefore, 

TABLE 1 : Stenosis of cervical canal 

1. Congénital stenosis 

2. Acquired stenosis 

• Disk protrusion 

• Osteophytes 

• Ossified posterior longitudinal ligament 

• Facet joint hypertrophy 

• Hypertrophie ligamentum flavum 
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it is essential to treat them at an earlier stage before 
irréversible damage occurs from chronic compression. 
Roosen and Grote 16 found that patients whose 
neurological symptomatology exceeded 1 year, only 16% 
showed clinical improvement, whereas in those treated 
prior to 1 year, 46% showed clinical improvement or cure. 
Phillips 17 also noted in his sériés that the more severe the 
syndrome at the time of présentation poorer the outcome. 
The pathological change in the cord does not appear to 
be due to compression of the anterior spinal artery and 
radicular artery but essentially due to compression and 
ischemia of the intramedullary arteries, especially those 
vessels that are located in the more central portion of the 
cord, and are subjugated to shearing stress during 
compression and bending. 

Clinical Features 

A developmentally stenosed cervical canal is a tight fit 
for the cervical coro. 18 As a resuit, even a small impinge- 
ment by a tiny osteophyte or infolding of ligamentum 
flavus can cause cord or root compression. Therefore, 
manifestations occur at an earlier âge than in persons with 
a normal or wider canal. Eleven of 15 patients presented 
by Narayana Swamy et al 7 were less than 40 years of âge. 

History of trauma precipitating symptoms of 
myelopathy may be available in nearly one-fifth of the 
patients. Radicular symptoms or signs are seen rather 
infrequently. Almost ail patients with myelopathy pré¬ 
sent with pyramidal signs, having spastic quadriparesis 
of varying degree. Posterior column impairment may be 
présent in a fair number of these patients. Sphincter 
disturbances are infrequent except in those who hâve 
marked manifestations of myelopathy. 19 

Investigations 

Sagittal diameters of the spinal canal should be measured 
in a true latéral radiograph of the cervical spine with a 
fixed tube film distance of 1.83 meters. The diameter is 
measured as a distance between the posterior border of 
the vertébral body and the line of fusion between the 
laminae and the spinous process. 11 Stenosis appears to 
be maximum at C 3 -C 4 levels there being a generalized 
narrowing of the canal. The diameter of 12 mm or less is 
critical, though canal as narrow as 10 mm or less may be 
seen and changes of cervical spondylosis may be minimal 
or absent. 

Myelogram shows a generalized narrowing the canal. 
There may be multiple small anterior indentations of the 
dye column. However, localized indentation suggestive 
of a disk protrusion is seen less frequently in cases of 
developmental canal stenosis. 


Computerized axial tomography (CT) scan will 
demonstrate the same narrowing of the spinal canal, and 
the axial views will demonstrate the widening of its 
transverse diameter converting it into a semiellipse 
instead of the usual pentagonal shape. The arthritic 
changes at the uncovertebral joints will also be better 
visualized. CT myelography will demonstrate the tight 
fit of the cord and its compression by minor anterior 
indentation or thickened ligaments. The dynamic study 
in flexion and extension would show the maximal 
compression of the cord at segmentai levels by the 
stenosis. 

Though CT provides better osseous detail, 18 magne- 
tic résonance imaging (MRI) has become the investigation 
of choice both in ruling out other lésions like tumors and 
syringomyelia and in noting the compression of the cord 
from disk impressions anteriorly and ligament 
posteriorly. Subarachnoid space is seen as a hyperintense 
signal in T 2 projection and shows its compromise very 
graphically. Hypotensity of the cord opposite the site of 
compression and its return to normality after surgery 
would serve as a prognostic factor. 

Management 

As congénital canal stenosis is usually associated with 
myelopathy, conservative therapy has no rôle in its 
management. 20 Ail patients with cervical cord compres¬ 
sion require surgery. When the compression is at multi- 
segmental level or is diffuse, a wide decompressive 
laminectomy becomes advisable. 19 This allows the cord 
to fall back, thus, relieving the compression. The 
laminectomy should include décompression of the roots 
bilaterally, allowing the cord fullest of décompression. 
The procedure of opening the dura and sectioning of 
dentate ligaments has been given up as it is found to be 
unnecessary and is associated with a higher incidence of 
complications. The results of decompressive laminectomy 
are satisfactory provided irréversible cord damage has 
not occurred prior to surgery. One has to be gentle and 
delicated in doing this surgery as instrumentation 
becomes difficult due to a narrow canal with a tight-fitting 
cord. Transient increase in quadriparesis may occur in a 
few cases postoperatively. Use of méthylprednisolone 
preoperatively may be worthwhile in badly compressed 
cords. 20 

In cases in whom the compression is localized seg- 
mentally up to three levels anteriorly, anterior diskio- 
dectomy, and fusion is advisable. Once the offending disk 
or osteophyte is removed, the cord becomes decom- 
pressed and lies in the same congenitally narrow canal 
in which it remained for yers prior to compression. 
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This anterior approach is more physiological and results 
are as gratifying as with decompressive laminectomy. 
Using microsurgical technique and a mobile screening 
device, the disk is totally excised and osteophytes 
removed. The posterior longitudinal ligament is excised 
if it is hypertrophied. Bilateral foraminotomy is also 
carried out, decompressing the nerve roots. Fusion is then 
carried out either by using bovine bone graft, cadaveric 
bone graft is taken and placed in the disk space that has 
been opened out with a vertebra separator. An acrylic 
graft made on the operation table from bone cernent can 
be used instead of a bone graft. The graft maintains the 
height of the spinal column and prevents infolding of 
the posterior longitudinal ligament. A cervical collar is 
worn by the patient for a period of three months till a 
good fusion occurs. The need for the collar becomes less 
when acrylic graft is used with a mini brick technique. 
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Ossification of the Posterior 
Longitudinal Ligament 

AJ Krieger 


INCIDENCE 

Ossification of the posterior longitudinal ligament (OPLL) 
is much more common among the Japanese and the Asian 
population than the western populations. It is observed 
in approximately 2 to 3% of cervical radiographs from 
the outpatients in Japan as compared to 0.6% at the Mayo 
clinic. The prevalence in Korean patients is 0.95%, for 
North Americans, it is 0.12% and for Germans is 0.10%. 
The first report on cervical compressive myelopathy due 
to OPLL was made in 1838 by Key in Guys Hospital 
Reports. It is not very common in India, the authors see 
about two cases per year in their department. 

ETIOLOGY 

The cause and pathogenesis remains obscure. There is 
the possibility of autosomal dominant inheritance. A high 
incidence in diabètes mellitus has been reported among 
patients with OPLL. A high incidence has also been 
reported among patients with hormonal disorders, such 
as acromegaly and hyperthyroidism. A decrease in 
calcium absorption in the small intestine has been found 
in some patients. 

OPLL differs from the usual secondary spondylytic 
calcification because it exceeds the anatomical limits of 
the posterior longitudinal ligament. Its presence is 
independent of the degree of spondylosis and its prédilec¬ 
tion in the cervical spine is frequently at a higher level 
than the usual spondylytic changes. The ossification is 
usually seen in patients over the âge of 40, this prevalence 
increases with âge. It is more frequent in males than in 
females. 

PATHOLOGY 

Ossification generally begins in the portion of the PLL 
fibrously connected to the vertébral body. The ossified 


mass of OPLL consists of lammelar bone with some 
irregular woven bone surrounding the fibrocartilage and 
an area of calcified cartilage. It is true ossification with 
haversian canals présent in the slab of bone that replaces 
the ligament. This endochondral ossification plays a key 
rôle in the formation of OPLL. In autopsy cases of OPLL, 
extensive damage was seen in the gray matter as 
compared to the white matter. Tissue necrosis and cavity 
formation are seen extending from the central parts of 
the gray matter to the ventral parts of the posterior 
columns. Horn cells were reduced in both number and 
size, and demyelination was observed extensively in the 
white matter. 

Dimensions of the ossified posterior ligament vary, 
its length might be limited to only two cervical vertebra. 
It may extend over the entire length of the cervical spine. 
In general, it is more frequent in the upper and 
midportion of the cervical spine than in the lower 
segments. The horizontal and sagittal diameter of the 
ossification is also variable, ranging from a thin layer of 
bone, usually discovered accidentally on routine radio¬ 
graphie pictures, to a thick slab of bone filling in the entire 
anterior half of the spinal canal from gutter to gutter and 
compressing the cord and/or nerve roots. 

Patterns of ossification canbe divided into two major 
subgroups. In one the ossification canbe continuons over 
serveral vertébral levels, in the other it is segmented, 
covering multiple adjacent levels. The former type is more 
common in the upper cervical spine, the latter in the 
lower. There is no evidence that segmented bone 
formation leads to a continuous ossification. 1 

Clinical Symptoms 

Almost ail patients hâve only mild subjective symptoms 
such as neck pain and numbness in the hand and do not 
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hâve disturbances in the activities of daily living. Spastic 
gait disturbances and clumsiness of the fingers were seen 
in 15 and 10% respectively. Acute development of or 
aggravation of quadriparesis after a minor trauma is 
reported in 20% of the patients. 

Slight ossification within a canal of normal width 
frequently causes no symptoms. However, a sagittally 
wide bone can cause severe myelopathy, particularly in 
a congenitally narrow canal. It is the maximum sagittal 
width of the bone rather than its length that détermines 
the severity of the clinical symptoms. These symptoms 
vary, myelopathy is somewhat more common than 
radiculopathy although the two can be combined. Pain 
in the back of the neck is frequent, it may be the only 
complaint. Cord compression ranges from mild spasticity 
of the lower extremities to severe quadriparesis. The 
myelopathy is usually slowly progressive, but on rare 
occasions severe weakness or sudden quadriplegia 
develops after trauma. Radiculopathy in the form of 
segmentai pain and motor and sensory changes is 
frequent. The most frequently involved roots are C 7 , C 8 
and T^ 1 

Diagnosis 

Plain radiographs: OPLL appears as an abnormal 
radiopacity along the posterior margins of the vertébral 
bodies on latéral views of the radiographs. It also 
demonstrates the encroachment of the spinal canal in the 
sagittal plane. An anteroposterior view might show its 
extent in the frontal plane. CT and MRI are useful to 
détermine the relationship of the ossification and the cord. 

Treatment 

Conservative treatment is indicated for ail patients except 
for rapidly developing myelopathy. It includes, bed rest 
with Halter traction, application of a neck brace and 
continuous skull traction with a halo brace. However, 
almost ail patients cannot be treated sufficiently with 
these, and surgical treatment becomes mandatory. 


SURGICAL 

Indications 

1. Persistence or progression of neurological déficit 

2. Radiographie evidence of risk of further cord damage 
and 

3. Intractable pain. 

Anterior approach: These patients are best treated with 
corpectomy along with excision of the ossified ligaments 
and fusion using iliac crest or fibular grafts. If the 
involvement is segmentai, then diskectomy and excision 
of the PLL followed by interbody fusion may be done. It 
is better than laminectomy because in laminectomy the 
OPLL remains and continues to enlarge. Also, due to 
extensive bony removal increases the risk of instability 
and deformity and the radiculopathy persists due to 
stretching of the nerve over the persisting OPLL. Anterior 
cervical décompression by corpectomy, diskectomy, and 
removal of the OPLL mass followed by interbody fusion 
is the most direct approach to the problem. 1 

Posterior approach: Extensive laminectomy and 
expansive laminoplasty hâve been performed. However, 
this is not true décompression for the cord, which is 
compressed anteriorly. Some recommend removal of 
foramen magnum rim and a small suboccipital 
craniectomy for lésions extending up to the first or second 
cervical vertebra. 

Combined posterior and anterior approach: Here first a 
posterior décompression is done to provide space 
posteriorly for the compressed cord. Anterior décompre¬ 
ssion is then performed 3 to 4 weeks later. 
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INTRODUCTION 

The human vertébral column with its individual vertébral 
bodies separated by disks, and supported by ligaments 
is unique. The need to provide stability and mobility is 
fundamental to the lumbar spine and in the end is a good 
adaptive compromise. 1 The human spine bears the load 
of the head and torso whilst allowing movement and 
transfers the load to the lower limbs via the pelvis. It also 
provides the vital protection to the neural structures. 

For balance, stability and mobility the human spine 
consists of 7 cervical, 12 thoracic, and 5 lumbar vertebrae 
connected to the Sacrum (5 vertebrae), which in turn 
articulâtes with the vestigial Coccyx (3-4 vertebrae) and 
through it to the pelvis. The individual vertebrae are 
separated by 23 fibrocartilagenous disks. The human 
spinal column is not straight and has gentle physiological 
cervical and lumbar lordosis and thoracic kyphosis. These 
physiological contours in the sagittal plane help keep the 
center of head and upper torso remain in line with the 
center of pelvis. This helps in minimizing the expenditure 
of energy to keep the trunk upright and helps the upper 
limbs to perform other complex functions. Any 
abnormality in the sagittal plane contour, for example, 
loss of lumbar lordosis or excessive thoracic kyphosis or 
the complex scoliosis may alter the balance and 
coordination, interfère with viscéral function and lead to 
prématuré degeneration of the spine and its structures. 2 

HISTORY 

As early as 1543, Vesalius was the first to describe the 
anatomy of the spine and noted the variation in the 
orientation of facets of lumbar and thoracic vertebrae. 
Winslow, Weber (1827), Vircow (1911) ail added their 
valuable observations on the anatomy and function of 


the spinal column. With advent of modem radiographie 
techniques, computers and mathematical models a lot 
more is known today about spinal biomechanics. Finite 
element analysis 3 is the study where a structure is divided 
into multiple smaller éléments and the forces acting on 
each of these individual éléments is studied. Mathe¬ 
matical modeling 4 allows simulated stresses to be applied 
to computer models and gives the clinicians valuable data 
regarding biomechanics of spine. 

INSTABILITY 

What is stability? There has been tremendous confusion 
in the mind of surgeons about the word Stability 5 till 
White and Panjabi went on to define instability. Clinical 
instability "is the loss of the ability of Spine under 
physiological loads to maintain its pattern of 
displacement so that there is no initial or additional 
neurological déficit, no major deformity, and no 
incapacitating pain" (Table 1). 

Physiological loads are loads that are encountered by 
the spine in routine activities. Incapacitating pain is 
defined as pain unable to be controlled by non-narcotic 
médication. 


TABLE 1 : White and Panjabi's description of clinical 
instability in the thoracic and lumbar spine 


Element 

Point value 

Cauda equina damage 

2 

Abnormal displacement >2.5 mm 

2 

Relative sagittal plane rotation > 5° 

2 

Anterior éléments destroyed or unable to function 
Posterior éléments destroyed or unable to 

2 

function 

2 

Dangerous loading anticipated 

1 

Disruption of Costovertebral articulation 

1 


Total of 5 or more = unstable 
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The Anatomy 

In the lumbar spine the anterior longitudinal ligament is 
well developed compared to the posterior longitudinal 
ligament. The elastic ligamentum flavum is strong and 
extends a long way into the intervertébral foramina. They 
thicken with âge and encroach the spinal and root canal. 
At rest it is under slight tension, and acts like a check 
rein in flexion movement of the spine. The facet joints 
with their well developed capsules significantly stabilize 
the lumbar spine 6 as is shown by Posner and colleagues 
in their work. The facets in the lumbar spine are 
orientated in the sagittal plane and hence the limitation 
of rotation in the axial plane. The lumbosacral facet is 
more coronal and help resist the antero-posterior 
translation at this level. The transverse fibers reinforcing 
the joint capsules appear to play an important rôle. 
During rotation they are able to take up the tensional 
strain and prevent undue séparation of the articular 
processes from one another. Any fracture dislocation of 
the facet joints is associated with clinical instability and 
the problem needs to be addressed by the treating 
surgeon. As regards the supraspinous and interspinous 
ligaments Rissanen and his colleagues work on cadavers 
showed that interspinous ligaments hardly contribute to 
the clinical stability of the lumbar spine. 7 Myklebust 8 
et al from their work found that the interspinous 
ligaments fail in the range of 95-185N, and the 
supraspinous ligaments failed in the range of 293- 
750N.They are quadrilatéral in shape and thickest in the 
lumbar spine. These ligaments must be preserved at ail 
times as far as possible during surgery as they add to the 
stability of the lumbar spine as they extend from the 
ligamentum flavum posteriorly to lumbosacral fascia. The 
intertransverse ligaments in the lumbar spine are not well 
developed and are passive restraints to latéral bending 
and rotation in the lumbar spine. 

The Intervertébral Disk 

Constituting up to 33% of vertébral height, the principal 
function of the disk is to ensure equal distribution of 
transmitted pressure over the entire surface. The annulus 
fibrosus constitutes 50-70% of the total area of the disk 
and significantly contributes to the stability of the spine. 
The annulus fibrosus plays an important part in limiting 
the extent of movement and is particularly significant in 
rotational movement when the anterior and posterior 
parts of annulus are unequally involved. 9 

The Pedicle 

The pedicles are short and large in the lumbar spine and 
connect the posterior and the anterior éléments of the 


spine. It is in the midline of the transverse process and 
located behind the facets. The pedicle diameter at is 
approximately 9 mm with a médial angle of 12°. It is the 
strongest part of the vertebra and hence widely used for 
screw fixation in spine surgery. 

MECHANICS OF INSTRUMENTATION 

Understanding the principles of loading of spine, force 
analysis, the different modes of spinal and implant failure 
is impérative for the spinal surgeon. For example, holding 
a heavy object away from the body créâtes a compressive 
force on the spinal column equal to the magnitude of 
weight multiplied by the distance of the weight from the 
spinal column. The effect of the weight must be offset by 
the extensor muscle force (e.g. Erector spinae). 11 It is 
therefore very important not to damage these muscles 
by excessive stripping and cutting. It is also very 
important to avoid laminectomy for straightforward disk 
prolapse in young patients thereby avoiding damage to 
the extensor muscle group. Patients with low back pain 
do well when taught muscle strengthening exercise 
programs including stretching exercises. 

Various instrumentation Systems hâve evolved 
following the introduction of Harrington rod/hook 
Systems and the démonstration of use of pedicle screws 
by Roy-Camille and popularized by Steffee. Use of 
Harrington rods require extension of fusion for long 
distances above and below the site of pathology, leading 
to inclusion of fusion of segments that are not involved 
in disease or injury. Placing of the straight rods also lead 
to loss of Lumbar Lordosis which results in a straight 
back with eventual low back pain. Torsional and 
rotational forces are weakly resisted by these Systems. 
Use of internai instrumentation such as pedicle screws 
with rods which are connected by cross links resist 
rotational and torsional strains much better and are 
commonly used today. The posterior approaches require 
the application of implants that are strong enough to serve 
as a buttress System and direct forces from anterior 
column to posterior instrumentation and back to anterior 
column. The use of anterior strut grafting with short 
posterior constructs applied as tension band is one of the 
commonest instrumentation techniques used by spine 
surgeons today. 

The short constructs placed posteriorly are under 
tremendous stress during bending moments and will fail 
unless the anterior column is reconstructed. Anterior 
fusion when sound relieves the implants placed 
posteriorly of their stress. In trauma, where there is 
damage to the anterior column and décompression when 
done posteriorly, it is idéal to use cross links which link 
the instrumentation Systems to resist torsional and/or 
shear forces. 
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When anterior column support is combined with 
posterior instrumentation the mechanical forces are 
different and the posterior device acting as a tension band 
System, is relieved of stress by anterior surgery. 11 Implant 
failure is usually secondary to fatigue fracture when the 
loads on the spine exceed the endurance limit of the 
implants. Good surgical techniques and thorough fusion 
methods help prevent this problem. 

There are various principles of applying metallic 
implants in the spine as in other parts of the 
musculoskeletal System. 

The buttress plating: The best examples are anterior plating 
Systems. The buttress plates minimize compression and 
shear forces and also act to minimize torque forces. These 
are applied on the side of loading after careful prebending 
or contouring. 

The neutralization plate: These help in stress shielding and 
help minimize torsional and loading forces (Fig. 1). 



Fig.1 : Neutralization implant 


The tension band Systems: Here the tension band resists 
tensile forces and bending forces. The use of tension band 
requires intact compressive load bearing ability of the 
spine. 

Bridge fixation Systems: Whenever the spinal column is 
unable to sustain the compressive forces, the posterior 
fixation that is done should be stiff and strong to maintain 
length, and stability till the healing and or fusion takes 
place. Multiple levels of fixation of the spine minimizes 
fatigue failure till the fusion takes place (Fig. 2). Segmentai 
spinal Systems utilizing screw rod techniques are 


currently favored as they are rigid and are designed to 
fix anterior and posterior columns. 



Fig. 2: A bridge construct 


Clinical Conditions and Instability 

With use of micro/endoscopie techniques there is very 
minimal disruption of normal tissues following 
discectomy. Fenestration and limited foraminotomy does 
not produce clinical instability after disk surgery which 
is sometimes seen after multilevel laminectomy. 

In case of spinal stenosis the minimal amount of bone 
that adequately décompresses the spinal cord and roots 
should be done. Excessive removal of bone and facets, 
especially at more than 2 levels may resuit in 
development of listhesis postoperatively. The tendency 
to develop spondylolisthesis is more common at L 4 -L 5 
level, especially in women. Any suspicion of ensuing 
instability following surgery should be addressed by the 
addition of instrumented fusion to prevent late 
complications. This is much more important while 
dealing with patients less than 70 years of âge. When 
feasible surgical décompression carried out through 
adéquate bilateral foraminotomies is far better than 
laminectomy surgery. 

Spondylolisthesis: The degree of slip and the âge of the 
patient détermine the progression of the slip. With 
progression of the slip the pelvis and sacrum tend to 
become more vertical. The réduction of the slip and 
restoration of sagittal profile should be the goal of surgery 
but this must be carefully weighed against the possibility 
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of nerve damage secondary to excessive traction or 
compression. The risk of neurological damage, when a 
réduction is attempted is higher in high grade slips and 
risk/benefit following these procedures should be 
carefully weighed before undertaking the procedures and 
these surgeries should be done only by experienced spine 
surgeons. 

The Bone Grafts 

The bone grafts help in osteogenesis, osteoconduction and 
induction. The cortical strut grafts provide mechanical 
weight bearing structural support. Addition of spinal 
instrumentation helps improve the rates of fusion as is 
borne by clinical studies. Though McAfee has shown 
device related osteoporosis, it was noted that use of 
instrumentation significantly improved the probability 
of achieving fusion. 10 

CONCLUSION 

It is very important for the spine surgeon to hâve a 
thorough understanding of the anatomy and 
biomechanics of the spine. Spine surgery as a specialty is 
rapidly progressing with various newer instrumentation 
Systems being made available. The surgeon must make 
sure that the choice of instrumentation and method of 
surgery is of correct type for the given clinical condition, 
and that the normal sagittal contours of the spine are 
maintained at ail times. 
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METHODOLOGY 
History Taking 

Art and science of history taking is to assist the patient in 
focusing on the significant symptom/ complaints so that 
compressive assessment can proceed. History should lead 
to focused on comprehensive physical examination, to 
help détermine which imaging modalities will be best to 
delineate what is causing the patient's symptoms. 
Imaging studies should confirm the diagnosis, so that 
diagnosis-specific treatment options can be presented to 
the patient. 

Spine patients will hâve either axial type symptoms, 
radicular symptoms involving the limbs or a combination 
of both. Location of symptoms is essential part of history 
followed by onset, mechanism of onset, character, 
severity, duration and progression of pain with 
aggravating and relieving factors. 

Pain of insidious onset with a rapid progression in 
intensity should be aggressive evaluated for pathologie 
processes such as infection, osteomyelitis, pathologie 
fracture, and primary or secondary tumor involvement. 
Acute onset pain may be in association to fall, lifting 
weight, or sports injury. Condition such as pancreatitis, 
Ca pancréas and kidney, aortic aneurysm, and pelvic and 
rectal condition can cause referred pain to back. 

Duration of pain may be both diagnostic as well as 
prognostic. Acute soft tissue injury from strain or sprains 
improves in days to weeks; an acute flare-up of 
degenerative problem can résolve in weeks to months. 
Récurrent symptoms are to muscular weakness. 

It is important to note quality and intensity of pain. 
Discogenic pain is focal, aching in nature, increased with 
activity causing axial loading (sitting in car, operating 
vibrating tools), flexion and decreased with rest. Pain on 
extension of spine is due to facetal syndrome, or muscle 


strain. Pain and stiffness in morning is seen in 
degenerative conditions. Prolonged or severe pain with 
stiffness lasting more than one hour suggests rheumatoid 
arthritis or ankylosing spondylitis. Deep boring pain at 
night or unrelieved by rest may be due to tumor or 
infection, along with other constitutional symptoms. Pain 
due to twists and turns arises from thoracic spine. 
Increased pain in thoracic spine during flexion and 
extension reflects compression fracture and ligamentous 
laxity because of increasing kyphotic deformity. 

Neurogenic pain in form of radicular symptoms in 
legs is due to pathologie conditions affecting the spinal 
cord or nerve roots. Radicular symptoms in the thoracic 
spine though rare, radiate band-like along the rib and 
then extend into abdomen; similar complaints may also 
be seen in herpes zoster. Thoracic myelopathy caused by 
degenerative changes, fracture and progressive kyphotic 
deformity, and other structural pathology would 
manifest itself in the lower extremity in a pattern similar 
to cervical myelopathy. Radicular symptoms arising from 
the lumbar dise herniation extend below the knee. Single 
nerve root compression leads to neurogenic symptoms 
(sensory changes, reflex alteration, muscle weakness). 
L3-L4 nerve root irritation will localize pain in anterior 
thigh, L5 root to dorsum of foot, first web space and great 
toe and SI root to buttock or posterior thigh. Radicular 
pain should be distinguished from referred pain. Referred 
pain in lower extremities is less discrète in distribution 
and tends to worsen throughout the day due to functional 
loading of degenerated facet joints and outer layer of 
annulus. Large midline herniation of dise will lead to 
bilateral symptoms; cauda equina syndrome that includes 
bowel, bladder dysfunction, saddle anesthésia and 
variable loss of motor and sensory dysfunction in lower 
limb. Although generally acute, these symptoms can 
develop over time in chronic variant. Several other 
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extraspinal causes of radicular pain in leg need to be 
considered in differential diagnosis. 

Neurogenic claudication of lumbar spinal canal 
stenosis is characterized by diffuse pain and numbness 
in legs, progressive loss of walking ability, with 
progressive decrease in length of time they can stand. 
These symptoms are produced by standing, walking and 
activities that extend the lumbar spine and relieved by 
rest, sitting down, and leaning forward. These patient 
must be evaluated for possible vascular claudication. The 
leg pain in vascular lésion involves posterior calf, tends 
to be crampy without foot radiation or numbness, usually 
will not hâve leg pain with standing at rest. This leg pain 
résolves when walking is halted for 1-2 minutes, walking 
distance is fairly constant and bicycle riding is not 
tolerated. 

Psychologie and psychiatrie illness and treatment 
should be carefully assessed and included in treatment 
plan. Assessment of health risks such as smoking, alcohol 
and use of chronic pain medicine should be done. 
Occupational history and current job requirement and 
demands should be inquired, as some jobs are physically 
demanding, not allowing return to heavy physical work 
inspite of successful treatment. Family and social history 
will assess patient's resources and support for the 
treatment plan. Because many medical conditions 
contribute to axial and peripheral pain, careful 
assessment of cardiovascular, pulmonary, gastro¬ 
intestinal, genitourinary and endocrine Systems is 
necessary. 

THORACIC AND LUMBAR SPINE 

The thoracic and lumbar spine should be examined 
together, for anatomie and structural abnormalities, as 
well as functional déficits in the comprehensive 
évaluation. Spine examination includes examination from 
the atlanto-occipital région to the coccyx including the 
sacroiliac joints. The patient should be examined in 
standing position, sitting on a stool and lying on a fiat 
bed. Examination begins with an assessment of patient's 
posture, gait, and general movement. 

Attitude: Observe how the patient achieves the sitting 
position, position of comfort assumed once seated, and 
the transition from sitting to standing to move to the 
examination table. Ask the patient to stand as erect as 
possible. Note the position of head, the hairline, length 
of neck and the levels of shoulders, scapulae, and iliac 
crests. Inspecting from the side and behind-note the 
spinal curvatures. In the midline of the back there is a 
longitudinal depression-the central furrow, which 
contains the tips of the spinous processes presenting as 


TABLE 1 : Causes of back pain 


1. Spinal Causes 

• Structural 

• Muscle strain, ligament sprain 

• Discogenic pain, annular tears 

• Facet joint arthropathy 

• Segmentai instability 

• Spinal stenosis 

• Spondylolisthesis 

• Fracture 

• Infection 

• Diskitis 

• Vertébral osteomyelitis 

• Inflammatory 

• Ankylosing spondylitis 

• Rheumatoid arthritis 

• Tumors 

• Primary myeloma 

• Secondary 

• Endocrine 

• Osteomalacia 

• Osteoporosis 

• Acromegaly 

• Hématologie 

• Sickle cell disease 

2. Extraspinal Causes 

• Musculoskeletal 

• Hip disease 

• Sacroiliac joint disease 

• Scapulothoracic pain 

• Drugs 

• Corticosteroids 

• NSAIDs risks gastric or rénal tissue 

• Viscéral 

• Left atrial enlargement 

• Aortic aneurysm 

• Pleural condition 

• Duodenal ulcer 

• Pancreatitis 

• Biliary colic 

• Rénal calculi,UTI,pyelonephritis 

• Gynécologie problems 

• Ectopic pregnancy 

• Endometriosis 

• Sickle cell crisis 

• Psychogenic 


knob like projections. At the root of the neck, the seventh 
spinous process stands prominently-the vertebra 
prominence. Forward flexion at waist makes the tips of 
the spinous process more distinct and visible. On both 
sides of the central furrow are the paraspinal bulges 
which are produced by the paraspinalis muscles. These 
muscles stand prominent when in spasm (Fig. 1), (nature's 
attempt to prevent movements which produce pain). If 
they look very prominent, increasing the médian furrow 
at about the level of the lOth thoracic vertebra, it probably 
indicates early caries spine in that area (Jardine). On the 
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Fig. 1 : Paraspinalis muscles go in spasm when the patient 
tries to flex the spine (A case of dorsolumbar caries spine) 

outer side of sacrospinalis, the posterior surface of the 
chest wall and loin région continues. Note the levels of 
the médial and inferior scapular angles and the normal 
dépréssion at the junction of the lower border of the 12th 
rib and the sacrospinalis muscle—the rénal angle. The 
posterosuperior curvatures of the iliac crests stand 
prominent on both sides. The iliac crest ends posteriorly 
as the posterosuperior iliac spine, represented on the 
surface by the dimple of Venus, where a vague linear 
dépréssion runs downward with the little outer 
inclination, which lies over the sacroiliac joint. Note any 
déviation in the normal spinal curvature, the central 
furrow, the paraspinal bulge, slopes on the back of the 
chest, any bulge in the joint région, fullness over or below 
the iliac crest and any fullness or abnormality of the 
dimple of Venus. Pelvic obliquity should be looked for 
by an imaginary line drawn between the posterior- 
superior iliac spines or the iliac crests should be parallel 
to the floor. If pelvic obliquity found one should look for 
scoliosis or limb length inequality. 

Gait: Significant antalgie gait favoring one leg or the 
other is strongly suggestive of nerve root irritation or 
lower extremity weakness. Patients with quadriceps 
muscle weakness (L3-4) may attempt to stabilize the knee 
in stance phase of gait by hyperextension. Patient with 
weak hip abductor (L5) will lateralize over hip joint in 
the stance phase, in an attempt to substitute adductors 
for weak hip stabilizers. Patient with hip extensor (SI) 
weakness will hyperextend the lumbar spine and push 
the pelvis forward in stance to compensate. 

Posture: Contours of thoracolumbar spine should be 
examined while patient is standing and bending forward. 


Asymmetry of shoulder height, uneven scapular 
contours, contralatéral side prominence of the structures 
of thoracic and lumbar spine or pelvic obliquity may be 
associated with scoliosis. If there is any scoliosis, note 
the following points: 

i. The site 

ii. The persistence or disappearance of scoliosis in 
forward bending. Functional scoliosis (sciatic, 
compensatory, postural) disappears on forward 
bending and reappears when the patient becomes 
erect 

iii. The number of curvatures 

iv. Approximate upper and lower limits of the 
curvatures and the most prominent level of the 
convexity 

v. The side of the convexity 

vi. Association with other deformities like kyphosis (e.g. 
kyphoscoliosis (Fig. 2) 

vii. The effect on the chest. The chest bulges out 
posterolaterally on the convex side of the scoliosis. 
This is known as rib-hump (razor back). On the 
concave side of the scoliosis, there is crowding of 
the ribs with the appearance of a transverse furrow 
in the flanks. Note the level of both iliac crests and 
the approximation of the last rib to the iliac crest 

viii. Any change in the height of the patient due to 
abnormalities in the spinal curvatures, this can be 
assessed by the trunk/limb ratio 

ix. Any facial asymmetry, déviation and prominence 
of the chin, squint, or différence in the level of the 
hair line, asymmetry in shoulder level as they may 
occur in certain cases of congénital or paralytic 
scoliosis (Fig. 3). 



Fig. 2: Kyphoscoliosis following caries spine 
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Scoliosis may be congénital, idiopathic, and 
degenerative. Acute onset, rapidly progressive, painful 
scoliosis in an adult suggests sciatica, infection, pathologie 
fracture or tumor. A sciatic list to one side may indicate a 
contralatéral latéral dise herniation or an ipsilateral 
axillary dise. Local muscle strain can also resuit in a list. 
A list is a shift in coronal plane without a rotation in the 
transverse plane. In forward bend test, examiner kneels 
in front and then behind the patient while the patient 
flexes forward at the waist, drops the hands and flexes 
the neck. One looks for any rib or paravertebral muscle 
asymmetry, which reflects rotational deformity seen 
along with scoliosis. One can roughly measure height of 
rib prominence. Accurate assessment of rotational 
deformity can be made with scoliometer or inclinometer. 
Prominence seen in thoracic or thoracolumbar may be 
associated with kyphosis, with or without scoliosis. 
Plumb line examination évaluâtes the sagittal and coronal 
balance of spine in the standing patient. A weighted string 
from C7 vertebra or occiput is dropped. Normally it aligns 
with gluteal cleft, indicating that the trunk is centered 
over the pelvis. Distance in centimeter, latéral to cleft, 
should be recorded. Another method to assess alignment 
is to simply note the position of trunk relative to the pelvis. 
Flexibility of the curve can be assessed on right and left 
side bending films in patient with scoliosis, whereas 
flexion and extension films assess whether kyphosis is 
rigid and structural or flexible and postural. Viewing the 
patient from latéral aspect one can find an abnormality 
in the anteroposterior curvature of the spine. If it becomes 
abnormally prominent posteriorly, it is kyphosis. These 
can be of two types: 

A. Labile kyphosis, e.g. postural; due to muscle weakness 
(early stage of polio and myopathy), compensatory 
(in CDH). 



Fig. 3: Structural dorsolumbar scoliosis in brother and sister 


B. Fixed kyphosis—they are of two types: 

i. Angular kyphosis (knuckle or gibbus) (Figs 4 and 5). 
This is due to collapse of one or two vertebrae, e.g. in 
tuberculosis, spinal fractures, congénital collapse, etc. 

ii. Graduai kyphosis (round kyphosis): This is due to 
partial or complété collapse of more than two 
vertebrae, e.g. in senile kyphosis, osteomalacia, 
adolescent kyphosis and ankylosing spondylitis 
(Fig. 6). 



Fig. 4: Angular kyphosis 


In children, kyphosis is mainly due to tuberculosis 
and is rarely congénital. In adolescence, adolescent 
kyphosis (Schuermann's disease) is the commonest cause, 
folio wed by tuberculosis. In adults, trauma, osteomalacia, 
caries spine and KummeH's disease account for most cases 
of kyphosis. 



Fig. 5: Acute gibbus of dorso-lumbar 
région following old caries 
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Fig. 6: Rounded kyphosis following ankylosing spondylitis 

In the elderly, senile kyphosis, senile osteoporosis, 
neoplastic collapse and Paget's disease are mainly 
responsible for kyphosis. 

Thoracic kyphosis is normally noticeable in the upper 
thoracic spine and is between 20 and 30° as measured 
radiographically by the Cobb method. Thoracic kyphosis 
that is increased above the normal range gives a distinct 
round-shouldered appearance as is seen in Schuermann's 
disease and ankylosing spondylitis. 

When the spinal convexity becomes abnormally 
prominent anteriorly, this is known as lordosis (Fig. 7). 
Normal lumbar lordosis averages about 60°. A normal 
lumbar lordosis should exactly complément the thoracic 
kyphosis and cervical lordosis, so that the base of the 
occiput rests directly above the sacrum.This is important 
to maintain healthy low back mechanics (In tetanus, the 
whole back curves posteriorly-opisthotonus). 

In pathological lumbar lordosis, the abdomen 
becomes correspondingly prominent. The extent of 
lordosis can be assessed by visualising the central furrow. 
If it is deeper than normal—it is hyperlordosis, usually 
associated with flexion contracture of the hips and results 
in increased prominence of buttocks. If the central furrow 
is about normal, the curvature is normal; if it is 
comparatively shallow, the lordosis is obliterated and 
there is flattening of the back. Decreased lumbar lordosis 
is often temporary, réversible, related to pain and 
associated with muscle spasm, seen oftenly in painful 
conditions of lumbar spine. In certain conditions, there 
is a flattened appearance of the back especially the lower 
région. Ask the patient to bend forwards. The lower half 
of the back, or even the upper portion, may appear 
uniformly flat-board like. This is described as "boarding" 
and is produced by spasm of the sacrospinalis muscle 



Fig. 7: Marked lumbar lordosis 

(e.g. in intervertébral disk prolapse, early ankylosing 
spondylitis, acute back strain). 

The spinal muscles may undergo segmentai spasm 
as a protective mechanism to avoid pain. In cases of acute 
trauma, the posteriorly protruded vertébral column may 
give a kyphotic appearance, but the spasm of 
sacrospinalis will be much more apparent. Above and 
below this particular site, sacrospinalis is mechanically 
stretched due to the posterior protrusion of the 
underlying bony projection. Hence, there can not be local 
boarding. 

If the lumbar spine curvature reverses with the 
convexity backwards, this is kyphosis of the lumbar spine. 

Note any globular swelling, with or without a skin 
cover, especially in the lower lumbar région (spina bifida 
manifesta). Search the lumbosacral région for any bulge 
usually fibro-fatty mass, dépréssion, scar, sinus, tuft of 
hair, hyperpigmentation of skin, dépréssion or other signs 
of spina bifida occulta. In the lumbosacral région, or 
adjoining one or two spaces above, note for any sudden 
dépréssion in the central furrow where it tends to end. 
This will give an impression of a "step." A visible step-off 
deformity at the lumbosacral junction suggests severe 
spondylolisthesis at L5-S1 (Figs 8 and 9). 

One must exclude leg length inequality. 

PHYSICAL EXAMINATION 
Palpation 

Electively palpation is carried out with the patient 
standing or prone. 

Superficial palpation: Examine for hyperesthesia, any 
abnormal prominence or dépréssion, any pulsation, or 
any increase in température. Marked superficial lumber 
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Fig. 8: Spondylolisthesis note the marked deepened médian 
furrow ending on a step. On the both flanks deep furrow are 
obvious 



Fig. 9: Spondylolisthesis of L4 over L5 


of spasm of the muscles, these processes are less 
prominent. Any abnormality in the pattern of spinous 
processes (in terms of their feel, alignment and spacing) 
should be noted. To avoid missing even mild sideway 
déviation of spinous processes, it is better to mark each 
spinous process with a skin pencil. If any spinous process 
appears to be prominent, confirm its level, shape, size 
and tenderness. Tenderness of spine can be elicited by 
three methods (Fig. 10). 

i. Direct pressure tenderness 

ii. Twist tenderness 

iii. Deep thrust tenderness. 



Fig. 10: Method of eliciting spinal tenderness: (A) Direct 
pressure tenderness (thumb directly over spinous process). (B) 
Twist tenderness (thumb twisting the spinous process from the 
side). (C) Deep thrust tenderness 


tenderness, in response to very light palpation suggests 
possible symptom magnification. 

General palpation of the whole of the back should be 
done by passing the palm from above downwards, right 
from the external occipital protubérance to the tip of the 
coccyx. Then start palpating the central furrow, 
paraspinal bulge, the loins, iliac crests, sacroiliac région 
and buttocks while the patient has his arms across his 
chest keeping the back in as neutral a position as possible. 
This makes the mid-spinal line, right from the nuchal 
furrow to the internatal cleft, comparatively prominent. 
Even a minor prominence of the spinous processes can 
be easily palpated, if the hand is passed cautiously. 

Central furrow—here palpation is mainly for the 
spinous processes and interspinous gaps. In a patient 
having wasting of the paraspinal muscles, these processes 
stand more prominent. On the other hand, in presence 


Direct pressure tenderness (Fig. 10A): This is positive 
in any pathology in the spinous process or marked 
advanced pathology of the vertébral body. To elicit this 
tenderness, apply direct firm pressure with the thumb 
over the spinous processes, one by one, from cervical 
région to sacral région. 

Twist tenderness (Fig. 10B): This is positive even in 
early pathology of the vertébral body, besides affections 
of the posterior vertébral éléments. To elicit this 
tenderness apply twisting pressure by the thumb of the 
hand on the side of the spinous process (as if trying to 
rotate the vertebrae) and proceed from above 
downwards. 

Deep thrust tenderness (Fig. 10C): This should be 
elicited only when the above methods hâve not indicated 
any tenderness and therefore the disease may be of 
chronic and/or less aggresive nature. It is done by 
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applying a guarded thrust with the proximal part of the 
ulnar side of the fist over the spinous processes. 

In younger children it is very difficult to elicit 
tenderness because of their general response of weeping 
to any stimuli. In such circumstances démonstration of 
indirect tenderness has been advocated in the form of 
the "anvil test". This is not advisable as it may produce 
collapse of a pathologically osteoporosed vertébral body, 
e.g. in caries spine. In children, elicit tenderness as far as 
practicable after gaining their confidence. 

Palpation of step suggests forward slippage of upper 
vertebra to at least 50% of the diameter of lumbar, 
vertébral body. 

In cases of spina bifida manifesta, note the site, size, 
shape, content, and any impulse on coughing and 
perform the transillumination test. 

Palpate on both sides of central furrow to note the 
tone of paraspinal muscles. If they are tight, it means they 
are in spasm. On deep pressure the spasmodic muscle 
may even be tender. If the muscles are wasted, the bulge 
will be flattened and the feel will be soft. In marked 
wasting, it may be difficult to palpate the muscles as they 
are largely thinned out and the posterior portion of the 
ribs may be felt. Normally, paraspinous muscles on the 
side to which patient bends is soft and relaxed. If they 
remain firm and tender, the impression of spasm is 
confirmed. Unilatéral muscle spasm cause list; bilateral 
muscle spasm results in loss of normal lumbar lordosis. 

Localized tenderness just latéral to spinous processes 
may be caused by facetal joint arthritis. Further laterally, 
localized unilatéral tenderness deep to the paraspinous 
muscles following trauma suggest the possibility of a 
tr ans ver se process fracture. 

In the lumbar région, the rénal angle should also be 
felt. Pass your hands on both sides of chest and the 
abdomen to locate any abnormal swellings like cold 
abscesses (Figs 11A and B). For possible sites of cold 
abscesses (Table 2), palpate the posterior slopes of the 
iliac crests on both sides. It will end in the dimples of 
Venus. Pass the fingers more or less vertically down for 
about five centimeters. The edges of the sacroiliac joints 
can be felt posteriorly. Note for any tenderness in this 
zone. Fibro-fatty nodules are usually felt in this région. 
Pressure over these nodule may elicit pain in distribution 
of sciatic nerve. This is called pseudosciatica. Deeper 
pressure is required to elicit the tenderness of sacroiliac 
joints. Examination should also include palpation of 
sacrum, coccyx, sciatic notch, the hip and the thigh. 

If there is any sinus, its edges, tract and deeper 
fixations should be palpated. 



Fig. 11 A: Caries spine of dorsal tenth vertebra, with 
bilateral paravertebral abscess 



Fig. 11 B: Caries spine of D5 with bilateral bird's 
nest abscess 


Percussion 

Percussion Tenderness 

With rubber hammer, apply brisk tap over the spinous 
processes and note the points of tenderness, if any. This 
should be done when the above methods hâve not elicited 
tenderness. Any tenderness dénotés comparatively less 
acute pathology. 

Anteriorly, in thin patient one can easily palpate sacral 
promontory. Palpation of anterior abdominal muscles 
with patient in a partial situp position can detect weak- 
ness in abdominal muscles. Per abdomen examination 
should be done for organomegaly, mass or tenderness, 
ruling out causes of referred back pain. 
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TABLE 2: Possible sites of cold abscesses in caries spine 


Régions 

Pathology 

Sites 

Remarks 


1 

2 

3 

4 

1. 

Cervical 

i. Bursting through anterior cortex of bone as 

Retropharyngeal (central in 

c.f. Acute retropharyngeal 



prevertebral abscess. 

position) may bulge in oropharynx. 

abscess which lies on one 
side and in front of 





prevertebral fascia—may 
burst in mouth. 



ii. Abscess tracking laterally behind the 

In mediastinum. 

- May mimic thyroid nodule. 



prevertebral vertébral fascia. 


- May produce médiastinal 





syndrome. 



iii. Along the posterior division 

At back of neck on one side 




of spinal nerves. 

of the midline. 




iv. From behind the preventebral fascia. 

In posterior triangle of neck; 

In axilla, or even down to lower part 
of arm along the axillary/brachial 
artery, posterior mediastinum. 

- May produce médiastinal 
syndrome. 


2. 

Thorax 

i. Remains as prevertebral abscess. 

ii. May percolate on both sides of vertébral 

- Radiologically-para vertébral 




body in paravertebral gutters. 

abscess (Figs 11A and B) 




iii. May perforate through pariétal pleura. 

iv. From lower end of mediastinum, abscess 

- Pyothorax 




may track. 

a. Behind the latéral lumbo-costal arch in 





between anterior layer of lumbo-dorsal 
fascia and quadratus lumborum. 

From here it may follow either of the three 

- Post-renal abscess. 




nerves lying behind the kidney i.e. 12th 

- Lower anterior abdominal 




thoracic or ilio-inguinal or ilio-hypogastric 

pariétal abscess or as rectus sheath 
abscess. 




Along the course of any thoracic 

nerve upto anterior end of intercostal space. 





b. Through upper opening of psoas sheath 

In pelvis-as psoas or ilio- 




i.e. médial lumbo-costal arch passing 

psoas abscess or even around 




along the psoas muscle in the psoas sheath. 

lesser trochanter. 




c. Passing behind the médian arcuate 

i. Intra-abdominal-in course of aorta. 




ligament along the aorta or any of its 
branches-branches of external iliac or 

ii. Intrapelvic-may remain localised 




branches of internai iliac 

or présent in gluteal région or in 
ischio-rectal fossa. 




Along the course of one of the thoracic 

- In thorax upto anterior end of 




nerves (intercostal nerve). 

- In abdomen-as rectus sheath abscess. 

intercostal space (Figs 12 and 13) 




- Mid axillary line. 

Along posterior division of a thoracic nerve 
and its branches: médial branch-2.5 cm. 





latéral branch-7.5 cm. from spinous process. 



3. 

Lumbar 

Along aorta or its branches. 

- As in thoracic région i.e. iv (a) 





and iv (c). 




Into the psoas sheath. 

Into quadratus lumborum sheath. 

Following the course of a lumbar nerve: 

- along fémoral nerve 

Infront of thighs (anywhere 




- along obturator nerve 

along the course). 




- along sciatic nerve 

Back of the thigh (anywhere 




along the course). 

Extending between the posterior part of 

Petit's triangle. 

- Abscess from thoracic 



abdominal wall muscle 


disease cannot corne in the 
Petit’s triangle 
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Figs 12 and 13: Patient of carries spine with cold abscess, 
cold abscess tracing from D6 vertebra along the rib to front of 
the chest (Fig. 12), same cold abscess bursted out sponta- 
neously (Fig. 13) 

Rectal examination in order to palpate prostrate or 
coccyx and pelvic examination in women to exclude other 
sources of referred low back pain should be done. 

MOVEMENTS (TABLE 3) 

Dorsal spine 

This portion of the spine is comparatively rigid, specially 
from cervicodorsal junction to D 9. As such, ail 
movements like flexion, extension, side bending, and 
rotational are possible but are much less as compared to 
other mobile portions of the spinal column. However, 
the augmented effect at each level along with the 
movements at the dorsolumbar spine provide an effective 
flexion and extension of dorsal and lumbar spines. 

The dorsolumbar area (anatomically D 12-L1 but 
clinically for ail practical purposes may be taken D10- 
L2) is the transitional zone from a comparatively fixed to 
a mobile part of the spine. Hence, this area is subjected 
to more stress and strain by spinal movements. Effect of 
spinal movements at lumbar vertebrae get augmented 
at this level. 

Small amount of flexion and extension of the thoracic 
spine is assessed by asking the patient to remain seated 
against straight-backed chair in order to eliminate 
lumbopelvic motion. Patient is asked to first flex and then 
extend the thoracic spine. Small amount of motion 
présent is detected by observing angle between thoracic 
spine and the vertical chair back. Another way to assess 
flexion is to do the modified Schober test, described later. 


Measurement of chest expansion to screen test ankylosing 
spondylitis consists of noting the amount of chest 
expansion at nipple line after maximal inhalation and 
exhalation. The distance between these two 
measurements should be about 5 cm. If it is less than 
2.5 cm it may be a sign of ankylosing spondylitis. 

Lumbar Spine 

Next to cervical, the lumbar région is the site where spinal 
movements are maximum possible. At the lowest part of 
the lumbar spine, i.e. lumbosacral région, again there is 
a transitional zone between the comparatively mobile 
lumbar vertebrae and the fixed sacrum. The movements 
in the lumbar région may not be to that extent as to which 
they appear. The comparatively fixed dorsal spines act 
like a lever-arm which gives an exaggerated effect to 
forward bending or backward bending. Skeletally, non- 
supported space below the lower costal margin provides 
an exaggerated effect of side bending. Here also, the 
dorsal spinal segment along with the chest cage provides 
a good leverage effect. Besides the above factors, one has 
to take into considération, movements at the hip in 
assessing movements of spines, specially lumbosacral 
and lumbar. Keeping the hip totally static (e.g. bony 
ankylosed hips of ankylosing spondylitis), the effective 
forward, backward or side bending of the lower spinal 
column will be markedly limited. Very little gliding 
movements of sacroiliac joints also play a small rôle in 
augmenting the spinal movements. Therefore, while 
assessing purely the movements of spine, one must 
obliterate the movements at hips and sacroiliacs. Range 
of motion in lumbar spine is traditionally evaluated with 
the examiner standing behind the patient and also 
looking from sides. 

Method (Fig. 14) 

For assessing forward flexion movements of spine in 
general-(these movements are the movements of utility 
in practical life), the patient is asked to stand erect with 
feet approximated together. He then has to bend forward, 
keeping the knees straight and touch the ground with 
the tips of both middle fingers. This will be full forward 
bending. Any limitation in this movement should be 
noted as distance lag from the ground to the tip of the 
longest finger. In average patient, finger tips rest at 10cm 
from the floor (Fig. 14A). Amount of flexion présent is 
also estimated as the angle between the final position of 
the trunk and a vertical plane. Thus, 90° of flexion is 
présent when patient's trunk is parallel to the floor. 
Modified Schober’s test identifies true limitation of 
motion in the lumbar spine. With patient standing, a 
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Figs 14A to D: Active movements of the trunk: (A) Forward 
bending, (B) backward bending, (C) side bending, (D) forward 
bending in sitting position 

15 cm span is measured over the lumbar spine, beginning 
10 cm above and extending 5 cm below the L5 spinous 
process. The test is considered positive if this span is not 
increased by at least 6 cm in flexion. One should note 
whether spine remains straight during flexion. Scoliosis 
and a lumbar list may be accentuated by flexion of the 
spine. 

For testing backward bending, standing in erect 
posture with feet approximated, the patient has to bend 
backwards and go as far as practicable towards heel. 
Normally, the fingers go up to about popliteal fossa level 
(Fig. 14B). Another way to quantify extension is to 
estimate angle between the trunk and a vertical line. In 
normal patient about 20-30° of extension is possible. 

Pain in forward flexion is a nonspecific finding, so is 
it on extension. Pain on extension can signify 
spondylolysis or spondylolisthesis in young active 
patient, and spinal stenosis in old patient. 

Flexion and extension in the thoracic spine is limited 
due to small size of the dises, the restraint imposed the 
thoracic cage, and the coronal orientation of facets. 
Rotation is greater than across the lumbar spine. 

Side bending. The patient first stands erect with feet 
approximated and knee straight, he is then asked to bend 
towards latéral malleolus, while the other arm is 
diagonally opposite. Normally, the extended middle 
finger can reach up to about knee level. Change the arm 
for opposite side bending test (Fig. 14C). It is estimated 
as an angle between the line drawn through the vertebra 
prominens and the sacrum and the vertical line. Average 
amount of latéral bending is 20-30°. Latéral bending also 
distinguish between flexible and rigid curves. Latéral 
bending reproduce ipsilateral leg pain in presence of 
latéral dise herniation and contralatéral leg pain with an 
axillary dise herniation. Latéral bending also verify 
paraspinal spasm. One should palpate paraspinal 


muscles during latéral bending. Normally muscles on 
side of bend should be soft and lax. If they remain tight 
and rigid, it indicates spasm. 

Rotation is estimated by asking the patient to twist in 
each direction as far as possible after stabilizing the pelvis 
with the hands on iliac crest. Amount of rotation is judged 
by the angle between plane of rotated shoulder and 
coronal plane of the stabilized pelvis. Normal range is 
30-40° in each direction. 

Fallacies 

Spinal movements vary to a great extent, depending upon 
the obesity, the elasticity of body and gymnastic activities. 

How to test for pure movements at the lumbar, 
lumbosacral spine? (Fig. 14D). 

The patient will sit on the stool, keeping his both 
thighs approximated and fully opened first web of hand 
adapted on both iliac crests. The patient should then be 
asked to bend forwards with a tendency of taking his 
nose inbetween his two thighs without bending at hip. 
The movement occurs at the lumbar and lumbosacral 
région. From the erect sitting posture, he is then asked to 
bend backwards and sidewards alternately to assess these 
movements. While in this posture itself, the rotational 
movements of the spine can be tested very well. In the 
erect sitting posture on stool, ask him to look to his 
extreme right and that will be right rotation. Ask him to 
look extreme left which will be left rotation. 

NEUROLOGICAL EXAMINATION 

Examination of the thoracic and lumbar spine by 
neurological levels should be performed as for the cervical 
spine starting from gait. 

Gait 

Usually, gait and posture of the patient, indicates the 
possible diagnosis of the spinal lésion. Hence, if the 
patient can walk, notice carefully the type of gait and 
posture maintained during walking and or standing. 
A normal gait must be rhythmic and soundless, having 
springiness in the feet which work alternatively in a 
definite cyclic order. Patient with sciatica attempt to walk 
with the hip more extended and the knee more flexed 
than normal because knee extension and hip flexion puts 
more tension on the painful sciatic nerve. In addition 
patient may display an antalgie gait, putting less weight 
on the affected side and shifting quickly the weight to 
the unaffected side. Heel walking about 10 steps on each 
foot tests integrity of L4 nerve root and Toe walking tests 
the SI nerve root. There are recognized patterns of gait 
which occur in particular clinical conditions. 
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1. Scissor gait : Here one leg crosses directly over the 
other with each step, like Crossing of the blades of a 
scissor (e.g. cérébral diplegia). 

2. High stepping gait: Here, the patient flexes the hip 
and knee excessively in order to clear the ground, 
e.g. foot drop. 

3. Spastic gait: Here, the spastic muscles do not allow 
the hip and knee to be flexed enough for the foot to 
clear the ground. Therefore, the patient partially 
drags his weight on the spastic leg. In this attempt, 
there is some circumduction effect on the lower limb 
(e.g. hemiplegia). 

4. Lathyriatic gait: In lathyriasis there is a combination 
of spasticity, hyperabduction and dragging éléments 
in the gait. 

5. Waddlinggait or duckgait: There is increased lordosis. 
The body sways from side to side on a wide base. 
Therefore, the patient lurches on both sides while 
walking, e.g. bilateral congénital dislocation of hip, 
osteomalacia, pregnancy, myopathy. 

6. Trendelenburg's gait: It may be unilatéral or bilateral. 
Bilateral Trendelenburg's gait is almost like the 
waddling gait. When unilatéral, the patient lurches 
on the affected side. Any condition, in which there 
is déficit in abduction mechanism of the hip joint 
(e.g CDH, polioparalysis), will cause this. 

7. Ataxie , drunkards or reeling gait: Here the patient tends 
to walk irregularly on a wide base, swinging 
sideways with tendency of falling with each step 
(seen in cerebellar incoordination, or in drunken 
States). 

8. Festinent gait or short shuffling gait: Here the patient, 
with stooping body, is propelled forward quickly in 
succession as if trying to catch up with the center of 
gravity, e.g. parkinsonism. In a few cases of 
parkinsonism Rétropulsion occurs—i.e. if the patient 
is pushed backwards, he starts walking backward 
involuntarily. 

9. Antalgie gait-painful gait: Due to pain, the patient 
avoids bearing weight on the affected limb (reduced 
stance phase). 

10. Stamping gait: If occurs in sensory ataxia, e.g. tabes 
dorsalis. The patient raises his feet abnormally high 
and jerks them forward to strike the ground with a 
"stamp". 

11. Knock knee gait: The gait here is also a typical one, 
i.e. while walking, the patient flexes the hips slightly, 
the knees point and appose each other, and the 
ankles and feet are kept apart with tendency of toe- 
in. 

12. Short limb gait: Initially the shortening is made up 
by equinus. With more shortening the patient dips 
his body on that side. 


13. Short-leg gait: Mild to moderate shortened lower limb 
in children is compensated by acquiring "equinus" 
position (ending in equinus deformity) of the ankle 
and foot. 

Motor Function (Tables 4 and 5) 

Thoracic motor function is assessed with patient 
performing a partial sit-up with the knees flexed and arms 
behind the head, in order to detect any asymmetry in 
rectus abdominis muscle. Upper portion of these muscles 
is supplied by T5-T10 roots, and the lower portion from 
TlO-Llroots. Weakness on one side only, causes the 
umbilicus to move in opposite direction ( positive 
Beevor's sign). Sensory T4 dermatome lies at the level of 
the nipple line,T7 at xiphoid process, T10 at umbilicus 
and T12 at the inguinal crease. Superficial abdominal 
reflex is an upper motor neuron reflex based on segmentai 
innervation of the abdominal muscle. With patient supine 
and relaxed, each quadrant of the abdomen is stroked. 
In the normal response, umbilicus move towards the 
stroked area. Lack of this superficial reflex suggests upper 
motor neuron lésion. Thoracic dise herniation is rare and 
when présent may cause cord, as well as root symptoms, 
commonly seen in Scheuermann's kyphosis and tends to 
involve mid to lower thoracic levels. One must exclude 
herpes zoster in patients with thoracic back and radicular 
pain where pain précédés vesicular éruption. 

Ll, L2 and L3 motor levels are tested by performing 
manually resisted hip flexion (Iliopsoas). Here the patient 
raises the thigh with the knees bend, off the table against 
the résistance of the examiner' hand. Subtle weakness can 
be detected by seeing patient using hand to lift the thigh 
while stepping on and off a low platform. The 
corresponding sensory distribution includes anterior 
thigh below inguinal ligament. The superficial 
cremasteric reflex tests the integrity of T12 and Ll-2 
neurological levels. Unilatéral élévation of the scrotal sac, 
after stroking the inner thigh suggests intact reflex. 
Absence of this reflex suggests an upper motor neuron 
lésion. 

L2, L3 and L4 nerve root innervâtes quadriceps 
muscle, tested manually by trying to flex the actively 
extended knee or asking the patient to extend the knee 
fully and maintain the knee in full extension against 
résistance. Subtle weakness is detected by inability to hold 
the knee in 10 deg. of flexion by the patient or, observe 
the patient ascending and descending a sériés of steps. 
Knee is stabilized by hyperextension during stance phase 
of gait. Sensory distribution courses along anteromedial 
thigh for L2 nerve root, and médial ascept of knee for L3 
nerve root. 

L4 nerve root innervâtes tibialis anterior in addition 
to the quadriceps and is, tested by heel walking or 
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TABLE 4: Main superficial reflexes 


Reflex 

How to initiate 

What to observe 

Inference 

Cord level Fallacies 


1 

2 


3 

4 

5 

6 

1 . 

Trapezius reflex 

— Just proximal to 

— 

Contraction of trapezius 

Normal 

C3-C4 




acromion tap the 



(Hyper contraction 





stretched trapezius 



indicates lésion 
above C2 Cl). 



2. 

Deltoid reflex 

— Tap on upper deltoid 

— 

Contraction of deltoid 

Normal (Hyper- 

C5-6 




mass just distal to acromion 



contraction indicates 



3. 

Scapular 

— Scratching of skin in inter 

— 

Scapular muscle 

Normal 

C5-T1 



reflex 

scapular région 


contraction. 




4. 

Abdominal 

— Scratching of abdo- 

— 

Contraction of abdominal 

Normal 

T7-12 

Obese, lax abdomen. 


reflex 

minai wall obliquiely in 


muscles in the testing 

Absent in UMN 


multipara, anxious and 



ail four quadrants, from 


quadrant. 

lésions above their 


tense patients, (diminished 



outer aspect towards midline. 


spinal level 



or absent) 

5. 

Cremastic 

— With a blunt pointed needle 

— 

Involuntary contraction 

Normal 

L1 

Huge filarial scrotum. 


reflex 

gently scratch over the upper 


of the dartos muscle of 



(diminished or absent) 



médial side of thigh. 


scrotum. 




6. 

Anal reflex 

— Scratch perianal skin or 

— 

Contraction of anal 

Normal 

S 3-4 

Chronic perianal fistula. 



insert one lubricated gloved 


sphincter 



perianal surgery, patulous 



finger in anus. 


No contraction 

Cauda equina lésion 


anus, (diminished or absent) 

7. 

Bulbocavernosus 

— Pinching dorsum of glans 


Contraction of bulbo¬ 

Normal 

S 3-4 



reflex 

pénis. 


cavernosus muscle. 




8. 

Plantar 

reflex 

— Stroking the outer part of the 

1. 

Flexion of toes, dorsiflexion 

Flexor plantar 

L5,S1 

Difficult to demonstrate 



sole from heel to base of 


flexion of ankle, inversion 

response (Normal) 


in anesthetic sole, thick 



outer toes 


of foot 



skin of the sole, barefoot 
walkers. In children 



— Squeezing the heel cord 





below 1 year the extension 



(Gordon's sign) 

2. 

Extension of great toe. 

Extensor plantar 


response is normal. 





spreading out and extension 

responses or 


Tense and excited individual 



— Squeezing the calf 


of other toes. 

Babinski's sign. 


May hâve extensor response. 



— Pressing firmly along 


dorsiflexion of ankle 






the médial tibia 
(Oppenbeim's sign). 

3. 

Flexion of hip and knee. 
(withdrawal reflex) 

UMN lésion 



*In the progressive lésions, the réceptive field spreads from outer part of sole over to whole sole, the leg, knees or even the groin. 

Hence there also these signs can 

be elicited 








TABLE 5: Deep reflexes (tendon jerks and clonus) 

Reflex 

How to test 

What to observe 

Inference 

Cord level 

Fallacies 

1 

2 

3 

4 

5 

6 

1. Kneejerk 

1. Patient supine, knees bent 

Contraction of quadriceps, brief 

Normal 

L 2,3,4 


(Figs 15A to C) 

60° tap the patellar tendon. 

extension of knee. 





In the same position of the 

Diminished or absent contraction 

LMN Lésion 




knee and heel, the forefoot is 
supported and tapping over 
the tendo-Achilles from 

of quadriceps. 





behind elicits ankle jerk. 

May be brisk contraction of 

UMN Lésion 


Anxious tense 


(Figs 15A to C) 

quadriceps. 



individual 


2. Patient sits with leg 

Exaggerated contraction of 

UMN Lésion. 




hanging at the edge of the 

quadriceps. Eeg suddenly tends 





table, tap over patellar 
tendon. In the same position 

to be thrown off. 





Contd. 
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Table 5 contd.. 


Reflex 

How to test 

What to observe 

Inference 

Cord level 

Fallacies 

1 

2 

3 

4 

5 

6 


while one hand supports the 

Sustained oscillatory 

UMN Fesion 




foot at 90° to leg, tapping 

contraction and 





over the tendo-Achilles from 

relaxation of 





behind elicits the ankle jerks 
(Fig 14C) 

quadriceps (clonus) 




2. Patellar 

Patient supine with extended 

Patella quickly moves upwards. 

UMN lésion 

L 2,3,4 


Jerk. 

knee. Tap over your middle 


where knee jerk 



(Fig. 16) 

finger placed on upper pôle 
of patella 


is exaggerated 



3. Patellar 

Patient supine with extended 

Oscillatory up and down 

-do- 

-do- 


clonus. 

knee. Hold upper pôle of 
patella between thumb and 
index finger. Suddenly give 
a downward jerk and loosen 
the grip. 

movements of patella. 




4. Anklejerk 

1. Patient lies supine 

A sharp contraction of calf muscle. 

Normal 

S 1,2 


(Fig. 17) 

keeping the leg crossed 

foot may go in plantar flexion. 





over opposite leg, slightly 

The above response may be brisk/ 

UMN lésion 




dorsiflex the foot with one 

exaggerated. 





hand and tap over the 

Sustained oscillatory contraction 

UMN lésion 




stretched tendo-Achilles. 

and relaxation of calf muscle 





2. As in knee (Figs 14B and C) 

(clonus) 

Diminished or absent contraction 

of calf muscles. 

LMN lésion 



5. Ankle 

—Patient lies supine. Bend the knee 60°. 

—Oscillatory movements of the foot 

UMN lésion 

S 1,2 


clonus 

Hold the upper leg with one hand. 

due to contraction/relaxation of 





With another hand hold the forefoot 
and give sudden dorsiflexion jerk and 
maintain the forefoot support. 

calf muscles. 




6. Triceps 

—With one hand support patient's 

—Diminished / absent 

LMN lésion 

C 6,7 


jerk 

forearm with the elbow bent to 

—Contraction of triceps, brief 





90° tap over triceps tendon. 

extension of elbow. 

Normal. 





—Brisk exaggerated contraction 

UMN lésion 



7. Biceps 

—With one hand, support patient's 

—Diminished/ absent 

LMN lésion 

C 5,6 


jerk. 

semipronated forearm and elbow 
bent 90°. Place the supporting 

—Biceps contracts 

Normal. 




hand's thumb on biceps tendon. Tap 
over the thumb. 

—Exaggerated 

UMN lésion 



8. Supinator 

—Forearm semipronated, tap over the 

Supinator is stretched causing 




jerk. 

radial styloid process. 

supination of the forearm 

Normal. 

C 5,6 


9. Inversion 

—Same as supinator Jerk. 

—Brisk flexion of fingers due to 

UMN lésion 

C 5,6 


of radial 


hyperexcitability of anterior horn 




jerk. 


cells at C 7-8 level. 




lO.Jaw jerk 

—Patient moderately opens her mouth. 

—Muscles closing the jaw contract. 

Normal 


Sometimes absent 


Place one finger on the chin, firmly 

—Increased contraction. 

UMN lésion above 


in health. 


tap over it suddenly 


fifth cranial nerve. 




NB. 

1. When not normally elicited, JENDRASSIK'S maneuver, by virtue of its increasing the excitability of anterior horn cells and stretch sensitivity of primary 
sensory nerve endings, helps in eliciting the deep reflexes (important for lower limbs). Here the patient does some strong voluntary effort with the upper 
limbs, like forcibly pulling apart the hooked fingers. 

2. Exaggerated tendon reflexes carry pathological significance only when asymmetrical, or when supported by other UMN manifestations, since in tense and 
anxious persons or tetanus or thyrotoxicosis, there may be hyperreflexia. 
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Fig. 15A: Method of eliciting the knee jerk while patient is in 
supine position. Arrow is showing the movement response and 
the dotted line shows the contraction of quadriceps 



Fig. 15B: Method of eliciting ankle jerk while the patient is lying 
down. Dotted line shows contraction of the gastrosoleus as a 
response to ankle jerk. As a conséquence a sudden planter 
flexion at ankle is shown by dark arrow 



Fig. 15C: Eliciting knee (A, A 1 and A 2 ) and ankle jerk 
(B, B^nd B 2 ) while the patient is sitting at the edge of the table 



Fig. 16: Method of eliciting the patellar jerk. Arrow shows the 
sudden upward shift of patella after tapping over the upper pôle 



Fig. 17: Another method of eliciting the ankle jerk while 
patient is supine (GS = gastrosoleus) 


dorsiflexing the foot against résistance. Sensory 
distribution courses along médial ascept of leg and médial 
malleolus. The reflex is the patellar reflex. 

L5 nerve root innervâtes the hip abductors, extensor 
hallucis longus and extensor digitorum longus. Patient 
seated with both feet off the floor and is asked to actively 
dorsiflex both great toes against résistance. Both toes are 
tested simultaneously for asymmetry in strength. Positive 
Trendelenburg's test implies weakness in hip abductors 
of weight bearing side. Sensory distribution courses along 
latéral ascept of leg and dorsum of the foot including great 
toe and first web space. Reflex at this level is tibialis 
posterior, tested by noting plantar flexion eversion of foot 
after striking the posterior tibial tendon just below the 
médial malleolus tendon. Médial hamstring reflex (L5) 
is tested by noting the contraction of médial hamstrings 
after striking the tendon with the hammer. 

SI nerve root innervâtes peronei, and with S2 
gastrocsoleus muscle, i.e ankle plantar flexors and the 
extensor s of hip. Toe walking and répétitive toe raising, 
so also the hip extension, tests SI motor level. Everting 
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foot test the peronei. Sensory distribution courses along 
latéral ascept and sole of the foot as well as posterior leg. 
The reflex is Achilles tendon. 

S2,3-4 levels supply the bladder as well as intrinsic 
muscles of the foot. Cavus (high arch) foot as well as claw 
toe deformities is often seen. Firm résistance or feeling of 
constriction around the finger by the external anal 
sphincter during per rectal examination also these nerve 
roots. Bladder can be assessed with urodynamic 
évaluations. These level supply périnéal sensation and 
innervate superficial anal reflex. 

Spinal canal terminâtes at about L1-L2 level, but its 
lower roots continue distally as the cauda equina. Nerve 
roots of lumbar spine exit below the pedicle of the 
corresponding numbered vertebra and above the dise that 
is immediately caudal. Postérolatéral dise herniation 
impinges on the nerve root that traverses over the dise, 
médial to neuroforamen. For example, dise herniation at 
L4-5 level most often affect L5 nerve root. However, a 
dise herniation latéral to, or at, the neuroforamen can 
affect the exiting nerve root above (L4 for a far latéral L4- 
5 dise herniation), while a central herniation can affect 
one or more caudal nerve roots. Latéral herniations are 
more common at L2-L3 and L3-L4, as opposed to typical 
postérolatéral herniations, most common at L4-L5, 
followed by L5-S1. Large central herniation is a common 
cause of the cauda equina syndrome and unlike most 
other dise herniation, represents a surgical urgency. 
Higher nerve roots are unlikely compressed by dise 
herniation, but may be affected by infections, tumors, 
fractures and dislocations (Table 4). 

Nerve Root Tensions Signs (Provocative Test) 

Important component of lumbar spine examination is to 
look for nerve root compression. Inflamed nerve root 
when stretched causes pain. Root tension signs put sciatic 
or fémoral nerves on stretch in évaluation of the patient 
with suspected dise herniation and nerve root 
compression. Fémoral nerve formed by L2,L3 and L4 
nerve roots, runs in the anteromedial aspect of and the 
sciatic nerve formed by L4,L5,S1,S2 and S3 nerve roots, 
run down the posterior thigh. 

Straight leg raising test (SLR) is perfomed in supine 
or sitting posture by grasping the ankle and lifting the 
leg with extended knee. Positive test reproduces the 
patient's radicular pain. Degree of hip flexion at which 
hip or leg pain is experienced should be noted. 
Experiencing shooting pain in the course of the sciatic 
nerve by raising the leg upto 30°, is diagnostic of inter¬ 
vertébral dise prolapse; if the pain is produced between 
30° and 70°, it is suggestive of dise prolapse and pain 


beyond 70° is equivocal. Straight—leg raising stretches 
the L5 and SI nerve roots 2-6 mm,but it puts little tension 
on the more proximal nerve roots. Abnormal SLR test 
suggests a lésion of either the L5 or the SI nerve root. 
Hamstring pain and tightness may cause posterior thigh 
pain and is associated with variety of conditions, 
including spondylolysis. In case of doubt Lasegue's test, 
where knee is flexed slightly from maximum extension 
and the foot dorsiflexed to again put the sciatic nerve on 
stretch and reproduce patient's pain; and or a Bowstring 
test, where with knee slightly flexed, pressure applied to 
the tibial nerve in popliteal fossa produce pain, confirms 
dise prolapse. 

If patient cannot lie supine (as in poker back, severe 
kyphosis), this test should be done in latéral position 
alternatively. 

This test also assess the stability of the hip joint, 
pathology of sacroiliac joint, integrity of hip flexors and 
quadriceps mechanism of the knee. 

Well leg raising test is performed as straight-leg 
raising test on the side opposite that of the sciatica. 
Positive response produces pain in opposite (involved) 
leg and suggests possible axillary dise herniation or a free 
fragment. This can be further confirmed by passively 
dorsiflexing the foot while straight leg is kept at the same 
angle where pain has first appeared. This maneuver will 
accentuate the pain (Fajersztajn test) (Fig. 18). This test is 
sensitive (97%) and spécifie for a herniated L5-S1 or L4- 
L5 lumbar dise. 

On latéral flexion of spine in the patient (standing or 
lying supine) with suspected dise prolapse, patient will 



Fig. 18: Method of démonstration of Lasegue's test and 
Fajersztajn test 
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feel a catching pain on the side of flexion due to 
approximation of root to the protruded dise (from latéral 
side). If the symptoms are aggravated by flexing the spine 
on the opposite side, it indicates pressure over the root 
from the médial side. 

Slump test is a SLR in seated position. Patient seated 
on a examination table, slumps, i.e flexes thoracic and 
cervical spine and extends one knee as like SLR and then 
dorsiflexes the foot on same side as Lasegue test, 
reproduction of radicular pain as in SLR test highly 
suggests sciatic nerve root tension., 

Other sciatic stretch test includes. Figure of "4" test, 
hereby the patient lies supine. Flex, abduct and externally 
rotate the lower limb of the suspected side at the hip and 
flex the knee to rest on the opposite lower thigh. Pressure 
over the médial aspect of the knee causes pain pointing 
to greater sciatic notch and along the sciatic course 
(Figs 19 and 20) suggests sciatic root impingement of 
sciatic nerve. Alternatively patient sits erect on the table 
with the legs hanging at the edge from the knees. Then 
ask the patient to lean back supporting herself with both 
hands on the table. In the meantime hold the great toe of 
the suspected side and suddenly lift the "bent knee to 
straight position. In the sciatic root impingement, patient 
will feel bursting pain at the low back (Fig. 21). 

Compression of neck veins for 10 seconds with patient 
lying supine; coughing reproduces radiculopathy 
(Naffziger's). Patient raises both legs 3 inches off the 
examining table and holds this position for 30 seconds; 



Fig. 19: Method of démonstration of sciatic stretch test. When 
limb was in position of "A" there was no pain, in position of "B" 
pain started appearing, in position of "C" marked pain; in position 
of "D" pain instantaneously disappears. "P" indicates the site 
of pain at greater sciatic notch 



Fig. 20: Alternative method of sciatic stretch test 



Fig. 21: Test to differentiate between a malingerer and a 
genuine patient of sciatic radiculitis—sudden sciatic stretch test 


radiculopathy is reproduced (Milgram's). Valsalva's 
maneuver increases intrathecal pressure and exacerbate 
pain that is due to pressure on the spinal cord or its nerve 
roots. 

Fémoral Nerves Stretch Test 

Fémoral nerves stretch test (Fig. 22) stretches L 2,3,4 roots. 
Patient is prone or latéral position, while the other leg is 
kept extended at the hip and knee, bend the affected side 
limb to 90° at knee. Hold the leg with one hand just above 
the ankle, forearm and other hand resting on the buttock 
at hip level, fixing the pelvis on the coach. Lift the bent 
leg upwards, more by stretching backwards at the hip 
(as passively testing for extension at hip). The fémoral 
nerve is stretched with the extension of hip. Pain in 
anterior and antérolatéral aspect of thigh upto knee is a 
tension sign involving L2,3 and 4 nerve root. 
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Fig. 22: Method of demonstrating the fémoral 
nerve stretch test 


Any lésion above the L1 vertébral segment will affect 
the cord proper. 

Spécial Tests 

Single leg hyperextension test detects presence of 
spondylolysis and which side is involved in the process. 
Patient stands in the straddle position with one leg 
extended behind the other. Patient then leans back as far 
as possible, and the examiner assists the patient in 
achieving the maximal hyperextension of spine without 
falling over. The procedure is repeated with the position 
of legs reversed. In presence of unilatéral spondylolysis, 
hyperextension tends to exacerbate the patients pain and 
the pain tends to be more severe when the leg on the 
affected side is extended posteriorly. 

Stress Test of Spine 

In case of backache, especially in young men, this test is 
of significance in diagnosing ankylosing spondylitis. Ask 
the patient to fully bend the spine forwards, sideways 
and backwards, in sequence, for fifteen to twenty times. 
Then ask him to move about. He will feel relief in case of 
ankylosing spondylitis. However, in pathologies like, 
caries spine, disc-prolapse, osteomyelitis and other 
infections of spine and spinal tumors, the patient feels 
his symptoms variably aggravated after the test. 

Peripheral Circulation of lower extremities is a must, 
because symptoms of claudication due to peripheral 
vascular disease is similar to those of neurological 
claudication associated with spinal stenosis. 

Sacroiliac Joint 

To complété the examination of spine, the sacroiliac joints 
must be examined, as pathology in this joint can cause 
low back pain. Patrick or Fabre (flexion, abduction, 
external rotation) test, where in supine position, knee is 
flexed and the foot placed on the opposite patella. The 


flexed knee is then pushed by the examiner as far laterally 
as possible. Any pain at S-I joint is noted. Pelvic rock test 
involves compression of the Iliac crests towards midline 
of the body. Positive test produce pain at S-I joint. 

Hip joint 

Hip pathology may coexist with degenerative disease of 
spines causing thigh pain. Hip range of motion should 
be assessed. 

Non-organic Physical signs 

A minor injury causing severe disability, symptoms out 
of proportion to the structural problem and inconsistent 
findings on the examination should alert the examiner 
of possible psychologie or socioeconomic basis for their 
pain. 

Wadell's five signs attempt to identify patients with 
significant psychologie or socioeconomic basis for their 
pain. These signs include: 

i. Overreaction during examination, disproportionate 
verbalization, inappropriate facial expression, 
tremor, collapsing, and sweating are the most 
frequently occurring détectable nonorganic physical 
sign. 

ii. Tenderness includes disproportionate pain to light 
touch in the lumbar area, widespread tenderness in 
a nonanatomic distribution or both. Skin roll test 
consists of gently rolling the loose skin of low back 
between fingers while asking the patient to describe 
any leg pain complaints. 

iii. Simulation test suggests to the patient that a spécifie 
test is performed, though in fact, it is not. For 
example, the head compression test places 5 lbs of 
force on the patient's head and the patient is asked 
if there is an increases in their back pains. This load 
in fact is not sufficient enough to destabilize the 
lumbar spine. Twist test is performed by passive 
rotation of patient's pelvis and hips through the 
knees keeping feet together, patient is asked for 
increased back pain. 

iv. Distraction tests attempt to reproduce positive 
physical findings while patient's attention is 
distracted. In flip test, a positive supine straight-leg 
raising response with absence of radicular 
complaints during the sitting straight leg raise are 
incongruous and test considered positive. 

v. Régional distribution of sensory and motor 
abnormality that involve multiple région and are 
unexplained on a neuroanatomic basis." Give way" 
weakness, and sensory loss in a "stocking" rather 
than a dermatomal distribution, likely hâve a 
nonorganic component. 
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Burn's test also identify patient who are symptom 
magnifier. Patient is asked to kneel on a chair and retrieve 
an object held below his reach. Patient with low back pain 
perform this task by flexing at the hip. Those who cannot 
perform this test may not be making a genuine effort to 
do so. Hoover's test assesses nonorganic issues by asking 
the patient to perform a straight—leg raise while the 
examiner's hand is cupped under the heel of contralatéral 
leg; the examiner should feel pressure as the patient 
stabilizes the lower extremity to raise the leg. 

Although most patients may exhibit one or two pain 
behaviors test findings, patient with three or more 
findings demonstrate a poor response to treatment and 
needs psychological counseling. 

Multiply Operated Low Back 

Objective of evaluating patient with a previous low back 
operation, is to identify those patients with surgically 
correctable mechanical lésion as a récurrent dise, spinal 
instability or spinal stenosis. Patients with scar tissue 
(épidural fibrosis, arachnoiditis) and psychological 
instability are best treated by nonsurgical means. Pain 
unchanged by surgery implies lack of adéquate 
décompression, wrong level exploration and wrong 
choice patient. Pain free interval between 1 and 6 months 
with graduai onset of pain is consistent with scar tissue 
formation. Pain that begins 6 to 12 months postope- 
ratively suggests récurrent dise herniation at same or 
different well. Scar and récurrent dise herniation are best 
differentiated with gadolinium-enhanced MRI. Scar, 
which is vascular, enhances markedly, whereas dise, 
which is avascular, does not. 

Finally pathology of the abdomen or the retroperito- 
neum may présent with back pain. These areas should 
be palpated for the same. 

Measurements 

Measurements of spine are not of such significance as 
they are of the limbs. However, in spinal deformities, 
specially kyphosis and scoliosis, spécial measurements 
are done to assess the degree of spinal curvatures. 

Linear Measurement (Fig. 23) 

Distance from external occipital protubérance to the tip 
of coccyx will be the total length of spinal column. 

This should be measured if possible, in erect posture 
of the patient. This is of value for recording in the case 
sheet rather than comparing. The segmentai measure¬ 
ment of the cervical and lumbar spines are sometimes of 
more value. In the cervical spine-in disease like Klippel- 
Feil-syndrome, the distance between external occipital 



Fig. 23A: Linear measurement of spine: (O) occipital 
protubérance, (A) acromion angle, (I): iliac crest, (R): tip of the 
last rib 



Fig. 23B: Method of measuring the anteroposterior spinal 
excursion (Ex): (A) full extension, (B) full flexion, (X) distance 
between C 7 to S-, spinous process, (Y) distance between C 7 , 
and S-, spinous process in full extension, hence antero-posterior 
excursion, i.e. EX = (X-Y) 

protubérance to vertebra prominence is markedly 
reduced (the lower hair line lies almost on cervicodorsal 
junction). In the lumbar région, the distance from 
dorsolumbar spine to first sacral spine is reduced in 
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spondylolisthesis. Another linear measurement of 
significance is from tip of the last rib to the highest point 
of iliac crest (iliocostal distance). In scoliosis or even in 
kyposis these distances are accordingly reduced, while 
in lordosis these measurements are comparatively 
increased. These should be measured separately as record 
for the spinal deformities, localised in the upper région 
of lumbar spine. 

The distance between external occipital protubérance 
to the highest point of iliac crests should be measured 
(ilio-occipital distance). They are equal onboth sides. Any 
disparity will indicate the side bending of spine. In mild 
scoliotic tendency, these measurements may be of value. 

Method: Ask the patient to stand or sit erect or lie prone 
in as much neutral a position as possible. Feel the external 
occipital protubérance at the highest point of central 
furrow. Pass your hands forwards over iliac crests from 
the dimple of venus. Stop at a point where the slope takes 
a downwards turn. Measure the distances between these 
points and compare with other side (Fig. 23A). 

To assess the anatomical integrity in neutral position 
of cervical spine, oblique measurements are helpful, 
measured from the external occipital protubérance to 
acromion angle (Figs 23A and B). 

Linear measurements from vertebra prominence to 
SI point in full backward bending to full forward bending 
indicates the range of the spinal movements in 
anteroposterior directions (Fig. 23B). The measurement 
between these two points from the position of neutral 
erect posture to full forward bending allow an excursion 
of about 10 cm. 

Measurement of Chest Expansion 

Described earlier. 

Auscultation 

Auscultation in the spinal examination may appear to 
be of academie importance but at times, it is of immense 
value. There is no harm in putting the stetho bell on both 
sides of spinous processes as routine examination. In 
conditions like aortic aneurysm or highly vascular 
neoplasm, patient may complain of pain in the back as 
presenting symptom. In such conditions, clinically 
palpating and/or auscultatory bruit localised in that 
région of spinal column may be of immense value for 
further probe. 

Search for Pressure Sore 

In neurological conditions, (specially in paraplegia or 
quadriplegia) or following long decubitus or even short 


decubitus in an unconscious patient, the patient develops 
pressure sores. When the patient lies supine, common 
sites to look for pressure sores are-the occiput, back of 
shoulder blades, elbow joint, sacral région, buttock, and 
heels, over the greater trochanter when he lies on the 
sides, and over the anterior superior iliac spines when 
he lies prone. 

Vasomotor Changes 

Vasomotor changes should be assessed by looking for 
pallor, cyanosis, redness, atrophy of skin, nail bed and 
subeutaneous tissues. History of anhidrosis (no sweating) 
or oligohidrosis (less sweating) or hyperhidrosis (more 
sweating) should be enquired for. In indeterminate or 
uncooperative patients, this can be found out by certain 
tests: 

i. Starch iodine test Using iodine and starch, this can 
be done to map out the anesthetic areas as dry and 
devoid of sweating. 

ii. Guttman's test Sprinkle quinizarine powder on the 
skin, it will turn purple when it cornes in contact 
with sweat. Hence, area of anhidrosis can be clearly 
mapped out. 

Vasomotor swelling, i.e. edema due to dépendant 
posture, post-plaster, post-surgical, post-infective and 
post-traumatic conditions should be noted. 

Viscéral Assessment 

Ask for the bladder and bowel control. If there is no 
voluntary control, enquire regarding rétention of urine, 
rétention overflow, incontinence overflow, dribbling or 
bed-wetting. If patient has got voluntary control, ask for 
any scalding (burning sensation in urethra while passing 
urine), difficulty in initiation, frequency, precipitancy 
(unable to control the urge of micturition), etc. 

Regarding the bowels-feeling of passage of stools, 
control of the sphincters, and nature of stool should be 
asked for. 

In females urogénital assessment should be done, 
while in males the power of penile érection or allied 
complaints should be asked 

INVESTIGATIONS FOR SPINAL PATHOLOGY 

Besides general investigations, there are certain spécial 
investigations which are of value in diagnosing the spinal 
lésions. 

Radiological Investigations 

Plain X-ray must be taken in a minimum of two planes: 

i. Anteroposterior view 

ii. Latéral view. 
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Anteroposterior view—look for 

a. A general impression of the spinal column and of 
the particular vertébral segment. 

b. Any pedicular lésion. 

c. Side to side collapse. 

d. Lésions of transverse process. 

e. Paravertebral soft tissue shadows (abscess in caries 
spine). 

f. Any déviation in the longitudinal axis of the 
vertébral column (e.g. scoliosis). 

Latéral view—look for 

a. Shape and size of the vertébral body and its relation 
with vertebrae above and below. 

b. Integrity of anterior and posterior walls. 

c. Wedging or compression of the body. 

d. Texture of the body of the vertebra. 

e. Any localised raréfaction or condensation of body. 

f. Superior and inferior surfaces of body. 

g. Spinous processes (for its texture and distance from 
adjacent spinous processes). 

h. Intervertébral space-reduction or increase in the 
space or any other abnormality in that région. 

i. In the spinal canal-trace the posterior wall of the 
body of vertebra from above downwards as well as 
the laminar continuity at the posterior end of the 
spinal canal. These two lines maintain regular conti¬ 
nuity, and in between them is the space occupied 
by the spinal cord and soft tissues around it. Note 
the dimension of the canal from above downwards 
and the area affected. Take note of any radiopaque 
space occupying shadow in the spinal canal. 

Oblique Views 

In the lumbar and lumbosacral région, this view has 
spécial importance to delineate the integrity of pars 
interarticularis. In this view, this area normally casts a 
shadow which mimics a Scot terrier's neck. Any defect 
in pars interarticularis is indicated by a translucent area 
across the terrier's neck, as if the terrier has been 
decapitated. This sign is positive in spondylolysis and 
spondylolisthesis. 

Tomography 

Tomography study (measured depth pénétration X-ray) 
is essential to localize certain less obvious lésions in 
vertebra, e.g. osteoid osteoma, hemangioma. 

Screening 

Diagnosis and manipulation directly under screening 
used to be a popular method in managing fractures. But 


now, its value is more or less restricted to assessments in 
stress radiography and to observe the flow of contrast 
medium in myélographie or allied studies. 

Cine-radiography 

To know the excursion of the spinal column and flow of 
contrast medium in the subarachnoid space, cine- 
radiography is of value. 

Scanogram 

In the lésions which affect more or less the entire spinal 
column, or lésions where the relations of the different 
spinal zones is essential to be assessed, e.g. in scoliosis, it 
is useful to hâve a single exposure accommodating the 
whole of the spinal column. At least lower cervical to 
lumbosacral régions should be included in the exposure 
to know the extent of primary and/or secondary curves. 
This is further important to measure numerically the exact 
angulation of the scoliotic curves. 

Methods of Measuring the Scoliotic Curves 

There are several methods of measuring the scoliotic 
curves, but the foliowing two appear to be of practical use. 

i. Cobb's method (Fig. 24): Locate the upper most 
vertébral level where the curvature ends (supperior 
end vertebra). This can be delineated by the shape 
of dise space just above (widening on the concave 
side), tilt of vertébral bodies. (maximum tilt towards 
the concavity) and the size of pedicular shadows. 
The pedicular shadows should be symmetrical and 
horizontally placed. Draw a line in continuity with 
the superior surface of this vertebra. Drop a 
perpendicular over this line, outside the spinal 
column. Elongate this perpendicular line 
downwards. Similarly, locate the lowest vertebra 
where the curve ends (inferior end vertebra). At the 
inferior surface of this vertebra the horizontal line is 
prolonged to the side in which upper line was 
projected. Drop the perpendicular on this line 
outside the spinal column on the same side as above 
and elongate it upwards. The two perpendicular 
lines will eut at a point. The angle formed between 
these lines is Cobb's angle. 

ii. Ferguson 's method (Fig. 25): First locate the curve end 
vertebrae as above. Also locate the vertebra at the 
apex of the curve. Mark the centers of these 
vertebrae. Connect the centre of the apex vertebra 
to that of the centers of the superior and inferior end 
vertebrae and prolong them to intersect. The 
superior or inferior angle at the point of intersection 
of these lines will dénoté the angle of the curve. 
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Fig. 24: Cobb's method of measuring the angle of scoliosis 
(a = angle of scoliosis) 

iii. Computer-aided assessment of scoliosis: Patient's spinal 
column is examined in three dimensions and in 
colour on a computer screen. To obtain these images 
two X-rays of the patient (one from the back and 
other from the side) are placed on luminous 
digitising table and certain points characteristic of 
each vertebra are noted. Within seconds the 
computer shows a 3-D view of the spinal column 
and pelvis. 

Numerical and graphical datas are also available. By an 
expert System, ail possible corrective measures can be 
simulated, enabling the surgeon to choose the most 
suitable option. 

Contrast Radiography 

To locate any space occupying lésion in the spinal canal, 
contrast radiographie studies should be done. For 
methods are followed: 

i. Myélographie studies or contrast-dye-radiography. 

ii. Air contrast radiography. 

iii. Epidurography. 

iv. Epidural venography-to demonstrate impingement 
upon the épidural plexus. 

Myélographie Study 

Myélographie study délinéation is done either through 
lumbar route (ascending) or through cisternal puncture 
(descending) after injecting 5 cc of radiopaque dye into 
the subarachnoid space. Under fluoroscopy, the 
movement of the dye column is observed by tilting the 
X-ray table either way. Any hold up or partial/complété 
block is noted. 


Fig. 25: Ferguson's method of measurement of angle of 
scoliosis (a = angle of the scoliosis) 

Radioactive Scanning 

Radioactive phosphorus or tétracycline, or calcium or 
strontium are usually used for localising certain osseous 
growths or other space occupying lésions in the spinal 
canal. 

Discography 

Contrast studies of the dise spaces may be helpful in 
assessing for any prolapse of the dise material. However, 
the injection into the centre of the biconvex dise space 
should be done under image intensifier. This is not a 
popular method of investigation because the method is 
difficult and the resuit is not much helpful. 

Needle Biopsy 

The vertébral body, being deeply situated is not easily 
accessible for histopathological studies by open biopsy. 
Therefore, needle biopsy, here, has more importance for: 

i. Biochemical studies for osteoporosis. 

ii. Cytological studies for assessing the nature of the 
suspected growth. 

A comparatively wide bore aspiration needle is 
pushed from the postérolatéral aspect into the suspected 
vertébral body. 

Modem Imaging Techniques 

Modem imaging techniques are revolutionalizing the 
process of investigating the spinal problems, e.g. 
i. CTS (Computerized tomography scanning). 
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ii. CTS and intrathecal low osmolality contrast media 
for assessment of pathology such as tumour and 
dysraphic condition. 

iii. MRI (Magnetic Résonance Imaging) or NMR 
(Nuclear magnetic résonance) imaging-This 
technique has a great future. It is extremely sensitive 
and affords early détection of avascular necrosis, 
infection, intraspinal disorders (like dise prolapse, 
and can also distinguish the dise components), cord 


compression due to trauma and tumor. It delineates 
various bony and soft tissue growths without the 
use of contrast media, différentiation of muscular 
dysfunction (atrophy, paresis, and myopathy). 

iv. Spinal cord monitoring technique to record somato- 
sensory-evoked potentials (SEP's)-Mainly being 
used during surgery on spine and spinal cord to 
simultaneously observe any dysfunction of spinal 
cord, especially while performing corrective surgery 
for spinal deformity. 




INTRODUCTION 

Back pain is one of the most common clinical symptoms 
encountered in medical practice. A précisé understanding 
of mechanisms involved in its production and perception 
is necessary for implementing an appropriate 
management strategy. A discussion on certain clinical 
and biological aspects is included with the hope that it 
will help the clinician in understanding the etiology, 
diagnosis, treatment and prévention of spinal pain. 

It is well known that spinal pain may be caused by 
variety of conditions, but biomechanical, biochemical and 
immunological mechanisms are the basic factors 
involved, in the production as well as modulation of the 
pain. Psychological and social background has its own 
influence on the pain perception. 

Understanding pain phenomenon is not just for 
treating painful conditions, but it is also for guiding and 
educating the patients in their own capacities to attain 
balance and wellbeing in their lives. 

Understanding spinal pain needs relevant knowledge of 

• Anatomy of neural tissue, its supportive structures 
and lumbopelvic tissues. 

• Pain-sensitive structures and receptor System. 

• Axoplasmic transport and nerve root function. 

• Classification of back pain. 

• Pathogenesis of pain production. 

• Perception of pain. 

• Pain apparatus. 

• Pain modulation. 

• Psychological aspect of the back pain. 

• Pain behavior. 


Anatomy 

The Spinal Motion Segment 

The basic functional unit of the spine is the spinal motion 
segment. It comprises of adjacent halves of two vertebrae, 
the interposed disk, and the facet joints with supportive 
ligaments, muscles, blood vessels and neural structures. 
Its primary function, apart from weight bearing and 
protection to the neural éléments is to provide motion to 
the spinal column (Fig. 1). 


Facet joint Disk 
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The intervertébral disk with corresponding facet joints 
is termed as three joint complex. The disk play s a crucial 
rôle in shock absorption and allows smooth motion 
between the vertébral bodies in various planes. The facet 
joints guide and control the polydirectional motion 
pattern in a desired plane. The associated passive 
structures like ligaments and capsules restrict the motion 
in undesired plane. 1 

The disk, excluding the outer layer of annulus fibrosus 
is devoid of blood supply. Therefore, its nutrition dépends 
on diffusion of tissue fluid, 2 when the disk is off loaded, 
the nucléus imbibes tissue fluid through the pores in the 
endplate, due to the higher osmolarity of its contents. 
When the disk is loaded in flexion, it squeezes water and 
waste products out. This balanced flow of fluid keeps 
the disk healthy. Excessive mechanical loading or 
répétitive dynamic loading can lead to endplate fracture 
with subséquent calcification and decreased transport of 
nutrients, which in turn lead to disk degeneration. 3 
A failure of the disk components may trigger the 
degenerative process in other structures of the motion 
segment. The altered biomechanics of the three joint 
complex following degeneration can produce pain. 

Contents of the Spinal Canal 

The anatomical structures, relevant to pain production 
are durai envelope and contents of épidural space, 
namely fatty areolar tissue, régional lymphatics and the 
internai vertébral venous plexus. The veins of this plexus 
are large and valveless. They communicate with thoracic 
and abdominal veins and they aid in the equalization of 
pressures in these cavities. This is what allows 
transmission of pressure impulse while coughing or 
during Valsalva's maneuver, to the neural tissue and/or 
supportive structures and this may produce back pain 
or root symptoms, if they are inflamed. 4 

Nerve Roots/Cauda Equina 

The nerve roots are the motor and the sensory pathways 
that link the central nervous System with the peripheral 
tissues of the body. The cauda equina consists of the 
intrathecal nerve roots below the conus medullaris and 
extends from the L 1 _ 2 intervertébral level to the sacrum. 
These roots are held together in an organized pattern and 
are bathed in a column of cerebrospinal fluid. In the durai 
envelope of cauda equina, the intrathecal roots occupy 
approximately 50% of the cross-sectional area only, the 
CSF occupying the rest. Because of this efficient buffering 
effect, the neural function may not be affected even on 
significant durai compression. 5 

The nerve roots that are about to leave the spinal canal 
are located in a separate extensions of the spinal dura. 


called root sleeve. 6 Each root sleeve contains motor and 
a sensory nerve root and the dorsal root ganglion. The 
root sleeve with enclosed CSF and nerve tissue is referred 
to as the nerve root complex. The distal most part of the 
nerve root complex is ensheathed by tight connective 
tissue envelope. The course of exiting nerve root is 
different in different segments of the spinal column. This 
is clinically important (Fig. 2). 
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Fig. 2: Nerve root complex with peripheral distribution 

Below C 3 - C 4 level, the nerve roots exit the durai sac 
below the disk level, run a short horizontal or ascending 
course in the spinal canal and exit through the gutter in 
the transverse process. In contrast to the lumbar segment, 
nerve roots exit the dura much proximally, cross the 
upper disk, run anterior to superior articular process, skirt 
around the lower pedicle and exit through the 
intervertébral foramen. In the cervical région, the 
posterior annulus does not extend far laterally since the 
postérolatéral corners of the cervical bodies hâve 
diarthrodial uncovertebral joints. 7 Therefore, it seems 
unlikely that disk disease per se could compress the exiting 
nerve roots. However, the changes in uncovertebral and 
facet joints can affect the nerve root emerging through 
the intervertébral foramen. Significant disk protrusion 
in cervical région can manifest either in the form of 
myeloradiculopathy or radiculopathy of the lower roots. 

In the lumbar région the exiting nerve roots due to 
their long and segment-crossing course, are vulnérable 
to compression by changes occurring in the disk as well 
as the facet joints. 
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Because within the root sleeve the motor bundle lies 
directly anterior to its sensory counterpart, disk-related 
pathology may manifest with motor affection earlier than 
sensory (Pallie and Manue, 1968). 

When the nerve root approaches the intervertébral 
foramen, the root sleeve gradually encloses the nerve 
tissue more tightly and almost fuses with it just beyond 
the dorsal root ganglion. The subarachnoid space and 
the amount of CSF surrounding each nerve root thus 
becomes gradually reduced as it runs distally. Any 
compressive force around the nerve root induces an 
increase in endoneurial capillary permeability which 
results in an increase in the intraneural fluid pressure, 
and subséquent impairment in the nutritional transport 
to the nerve roots. This mechanism is particularly 
important at the tightly packed ends of the root sleeves, 
where such a compression can produce "entrapment 
syndrome". 8 The spinal nerve root in comparison to the 
peripheral nerve has no epineurium, no branching 
fasciculi, and a poor lymphatic drainage and therefore is 
more susceptible to the effect of mechanical compression. 9 

At the intervertébral foramen the nerve roots are 
supported and cushioned by the fatty connective tissue. 
The foramen is oblong, its vertical diameter is more than 
transverse diameter. Even with complété collapse of the 
disk, there is adéquate space available for the nerve root 
and associated vasculature. Though the foramen may 
appear small and narrow, there may be no nerve root 
compression. Since the diameter of emerging lumbar 
nerve root is doser to the transverse diameter of the 
average foramen, there is very little margin left in 
tr ans ver se plane. Hence any compromise in this plane 
leads to stenotic syndrome much earlier than the vertical 
plane. 10 

At the level of the intervertébral foramen, dorsal and 
ventral nerve roots join together to form the spinal nerve. 
Just prior to joining the ventral nerve root, the dorsal root 
develops a fusiform widening, named dorsal root 
ganglion. 

Dorsal Root Ganglion 

Dorsal root ganglion is composed of nerve cell bodies of 
ail sensory neurons which belong to one spinal cord 
segment. Each nerve cell body has two axon cylinders. 
One extends centrally to the spinal cord and the other to 
the concerned recep tors located in a peripheral tissue. 
The dorsal root ganglion is more sensitive to compressive 
pathology than the nerve roots, because it is chiefly 
composed of nerve cell bodies. It is not protected by CSF 
and méningés to the extent the nerve roots are, and its 
abundant blood vessels are more susceptible to 
compressive circulatory disturbances. 


When the dorsal root ganglion is inflamed or 
compressed, it can produce back pain even in the absence 
of any structural dérangement. 

Nourishment to Nerve Root and Dorsal Root Ganglion 

It is rational to discuss the peculiar type of dual 
nourishment to the nerve root, to understand the effect 
of compression at different levels. Rydevik et al 11 
demonstrated that the spinal nerve root dérivés 
significant nutrients not only from the microvascular 
System inside the nerve roots, but also via diffusion from 
the cerebrospinal fluid up to 50% of its need. Epineurium 
and perineurium are absent in this région, so the CSF 
can easily percolate into the intraneural tissue. The 
cerebrospinal fluid drains off through the arachnoid villi 
to the venous or the lymphatic System. The practical 
implication of this fact is, that any inflammatory condition 
around the nerve root complex produces local clouding 
of the cells into the CSF, changing it to higher osmolarity. 
This impedes the process of diffusion, and therefore 
adversely affect the nerve root nutrition. 

Porke et al 12 described that each spinal nerve root 
receives its intrinsic blood supply from both proximal 
and distal radicular arteries. Proximal radicular artery, a 
branch of spinal cord arterial plexus, supplies 
predominantly the intrathecal part of the nerve root, 
whereas distal radicular artery, a branch of segmentai 
spinal artery, supplies the exiting nerve root complex. 
The direction of the blood flow in the radicular artery 
along the nerve root is descending in the intrathecal 
portion, while it is ascending in nerve root complex. There 
is rich anastomosis between the two arterial Systems. So, 
at the time of any compromise to one System, the other 
can take over and delay the effects of compression 
(Fig. 3). 

The dorsal root ganglion has its own nutrient arteries 
branching directly from the spinal segmentai artery. 
It has more abundant intrinsic vessels than the nerve 
roots. 

Innervation of the Lumbopelvic Tissues 

The spinal nerve, containing a mixture of sensory and 
motor fibers, divides into an anterior and posterior 
primary rami, immediately upon exiting the 
intervertébral foramen. The branches from the posterior 
ramus supply the extensor muscles, the facet joints, 
interspinous ligaments and flaval ligaments. The 
branches from the anterior ramus supply muscles of 
anterior abdominal wall. The anterior ramus, after giving 
out the branches to muscles of the anterior abdominal 
wall, continues on to form the lumbosacral plexus. 
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Fig. 3: Blood supply of nerve roots 

The sinuvertebral nerve is a récurrent branch of the 
spinal nerve, which originates just distal to the dorsal 
root ganglion, combines with a branch from ramus 
communicans and re-enters the neural foramen. It divides 
into superior and inferior branches, which arborize to 
supply the periosteum, posterior longitudinal ligament, 
the dura, the outer layers of annulus fibrosus and the 
épidural vessels of several adjacent segments. It should 
be emphasized that the nucléus pulposus and the inner 
layers of the annulus fibrosus hâve no known nerve 
supply. But following an annular injury, there may be 
vascular and neural ingrowth from its vascularized zone. 
Back pain produced by disk disruption or herniation is 
transmitted through the fibers of the sinuvertebral nerves. 
A radiofrequency neurectomy of this nerve aborts the 
attack of the discogenic back pain. This nerve also carries 
the autonomie fibers which médiate responses like 
flushing, and drop attacks, etc. It is studied that, 13 every 
épisode of neovascularization with an associated 
innervation, a degenerating disk manifests itself as acute 
on chronic attack of back pain (Fig. 4). 
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Fig. 4: Pain-sensitive structures with innervation 

Pain-sensitive Structures 

Tissues in the lower back are provided with 
morphologically distinct System of sensory nerve 
endings. They respond to mechanical deformation, and 
also to thermal and Chemical alterations. They are 
categorized as nociceptive receptors, mechano-thermal 
receptors or polymodal receptors. The nociceptors are 
represented by free nerve endings, distributed in the 
following pain-sensitive structures in varying density. 14 

1. Skin, subeutaneous and adipose tissues 

2. Capsules and synovium of joints 

3. Ligaments 

4. Periosteum 

5. Dura mater 

6. Walls of the vessels, épidural plexuses, muscles. 

It has been found that significantly large number of 
receptors are located in annulus fibrosus, posterior 
longitudinal ligament and anterior dura. 

Peripheral Sensory Fibers 

Impulse generated at the receptor site is transmitted to 
the perception site by the different sets of afferent fibers, 
which are categorized, as per their fiber diameter, the 
thickness of the myelin sheath, and the response to 
threshold. There are three categories of nerve fibers: A, B 
and C. In general, greater the diameter of the fiber, thicker 
the myelin sheath, faster is the conduction velocity. 
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Most of the A fibers are large, myelinated and fast 
conducting, and deal with the transmission of 
proprioceptive impulses. A delta fibers are smaller 
amongst them, relatively thinly myelinated and they 
transmit sharp pain. B fibers are smaller, weakly 
myelinated, and slow conducting. They regulate 
preganglionic autonomie outflow. C fibers are the 
smallest, nonmyelinated, and slowest in conduction. 
They transmit température and ill-localized and dull 
aching type of slow pain. 

Axoplasmic Transport and Nerve Root Function 

Axoplasmic Transport is an important physiologie 
function of the nerve cells. Amino acids taken up by the 
nerve cell bodies are converted into neuropeptides. They 
can then be transported to either ends of the axon 
terminais through the cytoplasm of axon cylinders. In 
addition, used materials can be returned to the cell body 
for either dégradation or restoration and reuse. This to 
and fro movement of proteins and substrates between 
the cell body and the nerve terminais is known as 
axoplasmic transport. This function is of vital importance 
for the integrity of the nerve fiber. Whenever there is any 
mechanical or Chemical insult to cell body, it potentially 
alters the transport physiology and thus interfères with 
the related neural function. 15 

Classification of Back Pain 

The causes of back pain are manifold, but they may be 

classified under foliowing headings. 

The psychogenic, viscerogenic, vascular, neurogenic, 

and spondylogenic back pain. 

The back pain can also be classified as per the 

pathophysiological mechanisms. Considérable overlap of 

these mechanisms is observed in various clinical 
• 1 
settmgs. 

1. Nociceptor pain : It results from Chemical, thermal and 
mechanical excitation of nociceptors. 

2. Neuropathie pain : It results from compression of spinal 
nerve root. 

3. Deafferentation pain: It results from loss of afferent 
connections of the spinal neurons, e.g. nerve root 
avulsion. 

4. Reactive pain: It is due to involvement of the efferent 
motor System, e.g. hypertonicity in the postural 
muscles. 

5. Psychosomatic pain: Enhancement of pain following 
anxiety, dépréssion, and social stress. 

Clinically the back pain falls into two broad categories: 
somatic and radicular. 


Somatic Back Pain 

Somatic back pain usually arises from an innervated non- 
neural tissue related to the spine like annulus fibrosus, 
facet joints, etc. It présents either in the form of local pain, 
right at the pain source or referred pain, away from the 
pain source. 

Referred pain: When mesodermal structures are subjected 
to abnormal mechanical, thermal or Chemical stimuli, a 
deep, ill-defined, dull, aching discomfort is experienced 
locally or elsewhere in the corresponding dermatome, 
myotome, or scierotome. The pain perceived away from 
the actual pain source is known as referred pain. 

Since embryologie segmentation is thought to be a 
predictor for patterns of referred pain, the source and its 
segmentai innervation, but sometimes it may confuse due 
to the segmentai overlap (Bogduk 1987). 9 

The possible mechanism for the referred pain could 
be convergence of various different sensory modalities 
from different areas on the common second order 
neuronal pool. 

Travel's trigger points: It is now well recognized that low 
back pain with associated lower extremity pain is not 
necessarily due to nerve root involvement. The results of 
experimental studies hâve shown that nearly ail pain- 
sensitive structures are capable of producing localized 
low back pain as well as pain in the lower extremities. It 
is not only the pain which is felt distally but also there is 
génération of few tender spots, which are detected by 
the clinician only on palpation. These spots hâve never 
been reported as a painful spot, by the patients. They are 
known as Travel's Trigger Points. Mostly they represent 
the on going inflammatory process in the parent source 
of pain. It has also been observed that the local steroidal 
blocks can break the cycle of pain perpétuation due to 
active trigger points. 

There is another aspect of the referred pain. It is called 
as "Viscéral referred pain" where, back pain can be one 
of the presenting symptoms in the diseases of the viscéral 
organs like perforated duodenal ulcer, pancreatitis, 
cholecystitis, and rénal pathologies, etc. 

Radicular pain: Radicular pain arises from a particular 
nerve root complex or dorsal root ganglion that radiâtes 
from the spine to the peripheral tissue, along the 
concerned peripheral nerve. It usually manifests in the 
form of paresthesia, pain and numbness. In radicular 
pain, the nerve root can be clinically involved in two 
ways, i.e. nerve root compression and nerve root irritation 
(Smithe and Wright 1959). 

Neurogenic claudication: Compression of the axon cylinder 
alters its conduction capabilities. It is reflected in the form 
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of altered reflex activity, muscle weakness and wasting. 
There is paresthesia and numbness in a demarcated area 
and it may or may not be associated with pain. When 
this pain appears on walking a variable distance, and 
disappears on resting, is termed as neurogenic 
claudication. With nerve root irritation, there is more of 
pain along the peripheral nerve in a demarcated area than 
the back pain. The quality of pain is usually sharper. In 
summary, nerve root compression can be assessed by 
neurological déficit, whereas nerve root irritation can be 
evaluated by symptomatic présentation. 

Pathogenesis of Pain Production 

Various causes that can generate nociceptive impulses 
can be broadly grouped into two types of pathologies: 
compressive or non-compressive (Flow Chart 1). 

The compression causes neural deformation, which 
leads to cascade of events in the form of altered 
microcirculation, intraneural edema, ischemia, 
demyelination, radiculopathy and résultant nociception. 
The non-compressive pathology could be inflammation, 
congestion and perineural adhesions. 

In case of perineural adhesions, the referred pain is 
usually associated with burning sensation and 
dysesthesiae. Loss of afferent neurons within the nerve 
root could be a possible pathogenic mechanism involved 
in it. 

In experimental studies by Macnab, same amount of 
compressive forces were applied to normal nerve root as 
well as inflamed nerve root, and different responses were 
experienced by the subjects. Subjects with noninflamed 


nerve root experienced numbness and paresthesia but 
did not complain of pain, whereas subjects with inflamed 
nerve roots experienced radiating pain as well as 
numbness and paresthesia. 

Further studies revealed that the mechanical pressure 
alone is not the cause of the nerve root pain, but it is an 
abnormal Chemical environment of the nerve root that 
alters the excitability by lowering the depolarization 
threshold. In such an event, even a smaller mechanical 
stress can generate action potentials. This abnormal 
Chemical environment is created by the tissue 
dégradation products, and they act directly as well as 
indirectly on the nociceptors. The indirect action is mainly 
through the inflammatory response and immunological, 
when the dégradation product is protein in nature. After 
the annular injury, sometimes the normal 
immunoglobulins of nucléus pulposus (IgG and IgM) can 
also behave like a foreign protein and switch on the 
immune reaction. 17 

McCarron et al 18 hâve shed further light on 
inflammation of the nerve roots. Any inflammatory 
process can show varying degrees of responses, ranging 
from increased vascularity, venous congestion, and 
edema to régional fibrosis. This in turn leads to 
neuroischemia of that particular root. 

A study of chronically compressed roots by Watanabe 
and Park, 19 indicated that if the intrinsic circulation of 
the nerve roots is impeded in either its arterial input or 
its venous outflow, the net effect is the same, a 
neuroischemia of the compressed root segment(s), and 
the génération of ectopic nerve impulses. 


Flow Chart 1 : Various pain producing factors 
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Perception of Pain 

The Taxonomy committee of the International 
Association for study of pain chaired by Merskey in 1979 
concluded that "Pain is an unpleasant sensory and 
emotional expérience with actual or potential tissue 
damage or described in terms of such damage". 20 

The pain sensation is a subjective phenomenon, 
generally produced at cortical and subcortical levels in 
response to a painful stimulus arriving from some 
peripheral tissue. This pain perception is a complex 
process, and the actual quantitative pain production may 
be much different than quantitative pain perception. If 
the person regards one's expérience as pain and reports 
it in the same way as pain caused by tissue damage, the 
clinician should accept it as pain, irrespective of 
nociception. The same pain stimulus may produce 
different pain perception, in different subjects and in the 
same subject at different times. This emphasizes the 
importance of psychological contribution in the 
perception of pain. 
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The subjective expérience of pain is the resuit of 
Processing of afferent impulses in the cell bodies and the 
modulation at the synaptic levels. 

Prior expérience of pain and the knowledge of its 
source help in preventing potential tissue injury in future, 
and are thus "life-preserving". In acute conditions like 
trauma or inflammation, pain causes inhibition of 
function of the affected part, and general hypo- 
responsiveness to the surroundings. This gives a rest to 
the affected area and helps in the healing process. 

But the chronic pain which is caused by various 
disorders, serves no useful function. On the contrary, it 
can prove deleterious because, the secondary changes like 
complex autonomie, hormonal and behavioral 
abnormalities evolve the self-perpetuating pain cycles 
and subséquent personality changes. 

Pain Apparatus 

Peripheral Nociceptors 

The pain signal is initiated as an electrical impulse due 
to direct stimulation of nociceptors, either by mechanical, 
thermal or Chemical means. By evoking pain, they signal 
the presence of noxious physical or Chemical agent. 

Varieties of endogenous Chemical substances are 
released from the non-neural tissues following the tissue 
damage. They are bradykinin, serotonin, histamine, 
potassium ions, acétylcholine, arachidonic acid 
dérivatives like prostaglandins, and leukotrienes, etc. 
Most of the substances are capable of producing pain. 
The arachidonic acid dérivatives are not algogenic 
directly, but they sensitize the nociceptors to the action 
of these Chemicals. 

Sensitization: The release of certain Chemicals not only 
stimulâtes the chemosensitive pain receptors, but also 
greatly reduces the excitation threshold of mechanical 
and thermoreceptors. The nerve endings which are 
normally inexcitable become hyperexcitable, and there 
occurs "recruitment" of responsive fibers. This causes 
extreme pain even on slight mechanical and heat 
stimulation at and around the injured area. 

The nociceptors secondarily act as effectors for 
releasing the neuropeptides and modulators from the 
nerve terminais, which increase the excitability of the 
neighboring nociceptors, and bring about the 
inflammatory process and promote tissue repair. 

The analgésie and anti-inflammatory properties of the 
corticosteroids are due to inhibition of the synthesis of 
arachidonic acid, which blocks the prostaglandin as well 
as leukotriene mediated sensitization. Most of the 
nonsteroidal anti-inflammatory drugs (NSAIDs) inhibit 
the synthesis of prostaglandins by blocking the action of 
cyclooxygenase on arachidonic acid. 


First Order Neurons 

The pain impulse generated at the receptor site travels 
along the peripheral axon of type C and A-delta fibers in 
the form of a depolarization wave, known as action 
potential. The action potential propagating along the 
peripheral axon reaches the dorsal horn of the spinal cord 
via the dorsal root ganglion. This propagation results in 
the release of peptide neurotransmitters. Important 
amongst the various neuropeptides released are 
substance-P, and somatostatin (of tachykinin group), 
CGRP (calcitonin generelated peptide), and VIP 
(vasoactive intestinal peptide), etc. They are synthesized 
in the nerve cell bodies and transported to the synaptic 
endings of the axon in both the directions. This is brought 
about by axoplasmic transport. The release of these 
substances at the nerve endings in the dorsal horn of the 
spinal cord results in conversion of the electrical impulse 
into a Chemical message which generates a similar action 
potential into the next neuron in the pain pathway. 

Simultaneous release of neurotransmitters into the 
peripheral tissues through the distal axons results in 
stimulation of mast, cells and certain factors of the 
immune System, resulting in the release of Chemicals like 
bradykinin, histamine and serotonin. These Chemicals 
produce vasodilatation, an increase in the tissue 
permeability, and local inflammation. This phenomenon 
is known as "neurogenic inflammation," and is 
responsible for neurogenic back pain as well as referred 
pain peripherally. 

Second Order Neurons 

The first order neurons terminate in laminae of the dorsal 
horn, where they also make connections with 
multisynaptic interneuronal circuits. This circuitry is 
responsible for modulation of pain impulses. Second 
order neurons originate here and utilize two separate 
pathways for transmission of pain signais into the central 
nervous System. The two pathways correspond to the two 
different types of pain, fast, sharp pain and slow chronic 
pain. Both sets of fibers travel in the spinothalamic tract, 
where the fibers transmit through the Neospinothalamic 
tract and ascend up in the antérolatéral columns to 
terminate in the reticular formation of the brainstem and 
the ventrobasal complex of the thalamus. The slow 
chronic type C fibers transmit through the paleo- 
spinothalamic tract. Majority of them terminate mainly 
into reticular nuclei of the medulla, pons, midbrain, and 
the rest into the thalamus. A few of the fibers of this tract 
do not cross but pass ipsilaterally to the brain instead. 
This is the reason why in some cases of intractable pain, 
contralatéral proximal cordotomy may not be successful 
in abating the pain. 23 
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Paleospinothalamic pathway is particularly important 
because it projects large number of collaterals to brain- 
stem at ail levels, contributing to interaction and 
intégration, of the impulses. In the dorsal horn of the 
spinal cord, there is a local circuit of polysynaptic neurons 
through which some second order neurons make 
connections with the anterior horn cells and bring about 
reflex motor activity in the concerned segment, e.g. spasm 
or hyperactive muscles. 24 

The thalamus and the hypothalamus are the areas 
where the painful stimulus becomes a "conscious 
perception", whereas the reticular activating System in 
the brainstem is responsible for the arousal mechanism. 
Hence, the person in pain often has sleep disturbance. 

Third Order Neurons 

They originate from the thalamic and midbrain nuclei 
and relay to various cortical centers where qualitative 
interprétation of the pain impulse takes place. 

The Thalamic Dispersai System 

Thalamic dispersion System has four components. 

1. Perceptual comportent : Somatosensory area of the 
cérébral cortex deals with précisé localization of the 
pain source, and appréciation of its qualitative nature. 

2. Affective component : The Frontal and the Angulate 
cortex, which also form the part of the limbic System, 
are concerned with the emotional aspect of pain. 

3. Memory component : It is the temporal lobe cortex where 
the recent and long-term memory of pain is stored. 
This cortex also receives inputs from various 
corticocortical association fibers. By the virtue of these, 
the person develops the "learned phenomenon". 

4. Viscéral reflex component : Since the hypothalamus 
Controls the global activity of the autonomie outflow, 
the intense nociceptive impulse can induce complex, 
cardiovascular, respiratory, gastrointestinal and 
hormonal reflex activities (Fig. 5). 

Pain Modulation 

Before the final perception of nociceptive stimulus takes 
place, the impulse has to undergo processing and 
modulation at various levels. 

First site of pain processing is dorsal root ganglion, 
where neuropeptides are produced and delivered to both 
the central and peripheral processes of neurons. They are 
known to play a rôle in neuromodulation. 

Synaptic Transmission 

The neurons communicate with each other through 
highly specialized junctions called synapses. An impulse 
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Fig. 5 : Pain pathways 

passing through them can be blocked, enhanced, made 
répétitive, or integrated into impulses from other 
neurons. This processing is done by various Chemicals 
liberated by the presynaptic terminais. The substances 
which take active part in the transmission of the impulses 
are called neurotransmitters, and the substances which 
process the impulses by altering the synaptic 
environment are called neuromodulators. Both the 
entities can either be inhibitory or excitatory in nature 
(Fig. 6). 

Synaptic modulation of an impulse is done by 
foliowing mechanisms. 25 

1. By affecting the synthesis and the release of the 
neurotransmitter substance at the presynaptic 
terminal. 

2. By increasing or decreasing the number of recep tors 
for the neurotransmitters, on the postsynaptic 
membrane. 

3. By altering the affinity between the transmitter 
molécule and the receptor complex. 

4. By altering the activity in ionic channels présent in 
the postsynaptic membrane. 
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Fig. 6: Synaptic transmission 


The dorsal horn of the spinal cord is the site of the 
first synapse in the pain pathway where neuropeptides 
modulate nociceptive impulses both pre- and 
postsynaptically. At this level, primary afferent neurons 
from peripheral receptors, local circuit neurons from the 
cells of substantia gelatinosa, and descending spinal 
neurons from higher centers converge together and affect 
the responses at the first synaptic junction. 

To formulate a better understanding of pain 
physiology, Melzack and Wall introduced the "Gâte 
Theory" 26 of pain in 1965. The essence of the theory is 
that the final perception of pain by the brain is not 
équivalent to the actual pain production, but it is résultant 
information after the action of various pain modulating 
factors on the spinal gâte level and at higher centers. 

Between the pain génération site and pain perception 
site, there is a blockable theoretical gâte in the dorsal horn 
of the spinal cord, where central and peripheral fibers 
meet with the help of internuncial neurons. The degree 
to which the "gâte" is to be opened or closed to the 
transmission of pain impulses dépends upon blocking 
the facilitating influences from the cortex and/or 
midbrain as well as influences of peripheral fibers 
terminating there. Small diameter fibers tend to open the 
"gâte" and large diameter fibers are thought to close the 
"gâte" 26 (Fig. 7). 

In normal circumstances, an intricate balance exists 
between excitatory and inhibitory inputs at the first 
synaptic junction. This balance could be upset by any 
number of physical as well as psychological influences, 
e.g. causalgia is felt due to sélective damage of large 
myelinated fibers that allows the balance to favor small 
fiber activity, and the résultant "opening" of the gâte, 
while large fiber stimulation may form the basis for the 
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Fig. 7 : Gâte control theory 


use of transcutaneous electrical nerve stimulation (TENS). 
In addition, TENS also stimulâtes the midbrain to send 
efferent impulses to close the "gâte" for pain impulses. 
TENS acts through opioid receptors. It may not be 
effective in opioid dépendant patients. It is more effective 
for secondary hyperalgesia and referred pain, than for 
primary hyperalgesia. Current study advocates the use 
of high frequency TENS over conventional low frequency 
TENS. High frequency TENS increases the CSF 
concentration of Beta-endorphins, met-encephalin and 
Deltorphin. 

The various psychosocial and cultural influences also 
can upset the gâte control balance (Table 1). 

Analgesia System of Central Nervous System Presence 
of the analgesia System of brain and spinal cord was first 
noticed during the neurophysiological experiments, 
where peripheral and supraspinal stimulation (chemical 
or electrical) both produced the inhibition of nociceptive 
impulses in the dorsal horn and resulted in analgesia. 
Almost at the same time, the presence of peptides and 
biogenic amines, which influence the transmission of 
nociceptive information, was noticed in the dorsal horn. 
There may be several CNS networks which may be 
modulating the pain, but the opioid-mediated analgesia 
System is an important and most studied entity. This 
analgesia System has three important centers. 

1. The periaqueductal gray (PAG) area of the 
mesencephalon and upper pons surrounding the 
aqueduct of Sylvius. (PAG) 

2. The raphe magnus (RM) nucléus, a thin midline 
nucléus located in the lower pons and upper medulla. 
(RM). This area in the brainstem sends large number 
of descending axons through the dorsolateral 
funiculus to the spinal cord. 
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TABLE 1 : Various excitatory and inhibitory influences on the 

"Gâte" 

Site of origin 

Excitatory inputs 

Inhibitory inputs 


• Anxiety, dépréssion, memory of pain 

• Hypnosis, méditation, euphoria 

Corticothalamic 

• Cultural biases, work stresses 

• Cultural biases, personal philosophy 


• Personal philosophy 

• Analgésies, tranquilizers, placeboes. 


• Painful stimuli like : 

• Various treatment modalities: 

Peripheral 

Trauma, pressure, heat, cold, inflammation 

Acupuncture, electrical stimulation (TENS), heat. 


disease etc. 

massage, traction, manipulation, counterirritants etc. 


3. Substantia gelatinosa of the dorsal horn of spinal cord. 

Ail the three centers are connected to each other and 
cause interaction and intégration of the impulses. 

Pain perception centers of the brain are also linked 
with the analgésie System to serve the purpose of reflex 
inhibition of pain. 

Among the opiate peptides important ones are, (3- 
endorphin, met-enkephalin, leu-enkephalin, and 
dynorphine, etc. A number of different binding sites, 
presumed to the opioid receptors hâve also been 
described. Mu receptors hâve affinity for morphine like 
compounds, delta receptors hâve affinity for encephalin 
and dynorphin binds to kappa receptors. Démonstration 
of opioid receptors in the dorsal horn has led to the use 
of intrathecal and épidural morphine and pethidine for 
pain control. 

The opioid receptors are localized presynaptically on 
the noradrenergic neurons and opiates act by inhibiting 
noradrenaline release. Morphine like compounds 
accelerate the total turnover rate of serotonin and increase 
the concentration of noradrenaline in the spinal cord, thus 
causing inhibition of transmission at the first synaptic 
junction. 27 

The analgesia System can be activated by 
pharmacological and physical methods. It is also known 
to be activated by psychological means like, diverting the 
attention, suggestion, conditioning, placebos, and 
hypnosis, etc. could be very effective in alleviating the 
pain in certain cases. Hypnosis can cause a cognitive 
modulation of pain. It can reduce the perception of 
unpleasantness, even though the patient registers the 
same physiologie intensity of pain. Music tones also can 
do the same thing. It is observed that an acute stress and 
fear can produce analgesia by the activation of this 
System. 

The tranquilizers like amitriptyline are also known 
to function as analgésies, due to inhibition of uptake of 
the neurotransmitter, 5-hydroxytryptamine. Similarly, an 
amino acid tryptophan is also known to minimize the 
tolérance to analgesia produced by repeated electrical 
brain stimulation. 


Diffuse Noxious Inhibitory Control 

Any intense somatic stimulation that activâtes small 
fibers, produces pain, but at the same time brings about 
an increased input into the reticular formation. This 
increased activity sends descending inhibitory impulses 
to the dorsal horn to close the "gâte". Many traditional 
pain thérapies based on counter irritation methods, may 
be operating through this mechanism. 28 

Wagman and Price (1969) 29 hâve shown that intense 
stimulation of areas away from the site of injury can also 
bring about analgesia due to the brainstem mechanisms, 
that hâve additional multiple inhibitory feedback loops 
acting at various levels in the pain pathway. This is 
termed as central biasing mechanism, which is mediated 
through Wide Dynamic Range (WDR) neurons. TENS, 
acupuncture and needling are some of the modalities that 
corne under this category. 

Psychological Aspect of Back Pain 

Psychological factors may markedly affect the way people 
expérience and express pain. The awareness of this fact 
has led to paying more and more attention towards 
psychological assessments in the management of pain. 

Every patient with chronic back pain of physical origin 
undergoes secondary changes in the personality, which 
keeps compounding the original complaints. This 
ultimately leads to back disability. The solution lies in 
finding the ways, to work with the patient and the family 
to reduce the distress and the disability. 

One must appreciate that due to multifactorial 
involvement in the pain phenomenon, sometimes, even 
after sophisticated investigations, it is difficult to pinpoint 
the source of pain. 

Pain Behavior 30 

Observable actions other than descriptive speech arising 
out of the expérience of pain are considered as behavior 
of pain. 
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Some examples ofpain behaviors: 


Paralingual vocalizations 
(Vocal non-verbal complaints) 

Sighs, moans, groans, gasps, etc. 

Facial expressions 

Grimacing, winces, furrowed 
brow, tightened lips, clenched 

Motor activity 

teeth, distorted expressions, etc. 

Slow or deliberate movement 

Disposition 

Irritable, moody, angry. 

Verbal reports 

frustra ted. 

Questions, "Why did this happen 
to me?" 

Requests for help in walking. 

Body postures, gesturing 

getting up, sitting down, etc. 

Limping or distorted gait. 

Rubbing or supporting affected 
area, shifting posture frequently. 

Behaviors to reduce pain 

sitting with rigid posture. 

Taking médication even for 
minor aches. 

Over using health care Systems. 
Réduction and/or Avoidance of 
Tasks or Activities. 

Functional limitations 

Using protective devices 

Cane, cervical collar, walking 
frames etc. 

Reclining (laying down) for 
Extended periods of time. 

Moving in guarded or protective 


manner. 


There are a few common reasons to explain why these 
things are done: 

• Attention seeking behavior, sympathy, task 
avoidance, etc 

• Fear of doing more damage, to protect our body, low 
self-esteem, etc 

• Monetary gain-from litigation, insurance, welfare, etc 

• High pain levels (this often becomes the excuse as to 
why we can't do something). 

Chronic Pain Syndrome 

Chronic pain syndrome (CPS) 31 is a common problem 
that présents a major challenge to healthcare providers 
because of its complex natural history, unclear etiology, 
and poor response to therapy. It is an abnormal condition 
in which pain is no longer a symptom of acute injury, 
but in which pain and pain behavior becomes a primary 
disease process. In many instances, the described pain is 
out of proportion to physical examination findings. 

It usually does not respond to the medical model of 
care. The surgical outcome in such patients is generally 
not favorable. 


This condition is managed best with a multidiscipli- 
nary approach, requiring good intégration and 
knowledge of multiple organ Systems. Chronic pain is 
usually coexistent with other conditions. 

Pathophysiology of CPS 

The pathophysiology of CPS is multifactorial and 
complex and still is poorly understood. Some authors 
hâve suggested that CPS might be a learned behavioral 
syndrome that begins either with a noxious stimulus that 
causes pain or it may occur without any noxious stimulus. 
Internai reinforcers may be related to disturbed émotions 
(e.g. guilt, fear of work, sex, responsibilities). External 
reinforcers may include attention from family members 
and friends, socialization with the physician, médications, 
compensation, and time off from work. 

Patients with several psychological syndromes (e.g. 
major dépréssion, somatization disorder, hypochon- 
driasis, conversion disorder) are prone to developing CPS. 
Chronic pain is reported more commonly in women. 
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INTRODUCTION 

Backache is a national, personal and clinical problem— 
national because it is experienced by most of the 
population at sometime and is a drain on the nation's 
resources, personal because it can remain a major 
unresolved dilemma, and clinical because not only is 
diagnosis difficult, but methods of treatment are 
conflicting and often unrewarding. 

As many as 35% of patients who visit their general 
practitioner with back pain may be in sufficient trouble 
to be referred at sometime to hospital. In UK disk 
operations are performed in 15 per 1,00,000 of population, 
whereas in USA it is 69.5 per 1,00,000. 

Heavy manual workers who are the main producers 
of the national wealth are those most likely to suffer back 
pain. Importance of backache in Indian subcontinent can 
not be overemphasized, since certain habits like sitting 
cross-legged and squatting while doing routine work can 
be made impossible with spine disease as an undue stress 
cornes over spine. 

India is also a country which is experiencing a rapid 
industrialization and is thus also having a major chunk 
of patients with functional overlay and different 
personalities. 

Etiology 

Etiological causes of the backache évaluation are depicted 
in Table 1. 

Musculoskeletal Evaluation 

History 

The presenting complaint of back pain challenges the 
physicians diagnostic skills. Diagnosis is more difficult 
than in other orthopédie conditions because: 


i. The spine is relatively inaccessible to complété 
physical examination, and 

ii. There is a wide array of possible étiologies and 
underlying conditions, with an often imperfect 
corrélation between symptoms and pathologie 
changes (Table 2). 

EXAMINATION 

Examination should must start as soon as patient enters 
the consultation room. Gait is an important aspect and 
should not be ignored (Table 3). 

Other Tests (Fig. 1) 
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TABLE 1 : Etiology of backache évaluation 


Musculoskeletal Organic Others 


Functional 

Nonmusculoskeletal (organic) 
As a general rule 

Characterized 

Some common etiology 
Upper abdominal 


Lower abdominal 
Pelvic 


Viscéral Trauma 

Vascular Tumor 

Neural Infections 

Aging 
Congénital 
Imune diseases 
Metabolic disease 

Three percent of the back pain seen by orthopédie surgeon 

Pelvic diseases to sacral région lower abdominal disease to lumbar région around L 2 -L 4 
Upper abdominal disease to lower thoracic spine around D 8 -L 2 

No local sign or tenderness 

Full range of movement (ROM) without pain aggravation or augmentation 

Peptic ulcer especially if posterior wall invaded relieved by food and antacids 
Pancreatic disease right side—head, left side—tail or body 
Rétropéritonéal structure disease—lymphoma, carcinoma 

Secondary tumor of iliopsoas région—unilatéral lumbar ache radiating to groin, labia or testicle 
Aortic aneurysm—site dépend on location of aneurysm 

Inflammatory disease of colon—colitis, tumor, diverticulitis—cause pain in midlumbar région or lower 
part of abdomen 

Urological—gynecological disease—sacral pain, i.e. menstrual pain—related to menstrual cycle, 
endometrosis, carcinoma—due to involvement of nerve plexus gradually increasing in severity, utérus 
malposition 

In backache with radiating pain, one or both side is a common phenomenon during last week of pregnancy 
Chronic prostatitis—sacral ache which may be radiating to one leg, séminal vesicle is involved in that side 
Carcinoma prostate with metastasis 

Rénal disease, loin pain, if ureteric involvement to groin pain 
Cystitis does not cause back pain. 


Spinal Percussion Test 

With the patient seated and bent slightly forwards, 
percuss the spinous process and associated musculature 
of each of lumbar vertebra with a neurological reflex 
hammer. Localized pain indicates a possible fractured 
vertebra, while radicular pain indicates a possible disk 
lésion (Figs 2 and 3). 




Straight-Leg Raising (SLR) Test 

With the patient in supine position raise his or her leg to 
the point of pain or 90°, whichever cornes first. Localized 
pain indicates a disk lésion, while radiating pain is 
indicative of sciatic radiculopathy. Dull posterior thigh 
pain indicates tight hamstring muscle (Fig. 4). 
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TABLE 2: History taking for backache évaluation 


Patients Particular 

Name 

Age/sex 

Address 

Marital status 

Occupation i. Heavy, 

ii. Moderate 

iii. Sedentary 

Involves hours/ day standing/ walking/ sitting/ stooping/ absence from work 
Current symptoms and duration 


Previous épisodes Yes/No 
Severity 
Duration: 
Treatment: 

Pain (code)—CLEAR TRAP 

C—Character 


L—Location 
E—Exacerbating factors 
A—Ameliorating factors 
R—Radiation 


Character—Onset 
a. Onset 


Sudden 
Twisting 
Injured at work 
Bending 
b. Character • Sharp 

Burning 
Duration of pain and remission 


Ameliorating factors 


Number When 
Mild/ moderate/ se ver e 


TR—Time relationship 
AP—Associated phenomenon 


Graduai 

Fall 

Sports 

Dull 

Dysthetic 


While lifting 

Pulling 

Not apparent 

Aching 


Paraspinal 

Standing 

Coughing, sneezing 

Sitting 

Analgésies 


Loin—especially to sacroiliac (SI) joint 
Walking 

During and after exercise 

Standing 

Muscle relaxants 


Location • Midline 

Exacerbating factors • Sitting 

Bending, forwards/backwards 
Lying down 
Walking 
Physical therapy 

Radiation 

First differentiate between referred pain and radiating pain. 

Referred pain—does not cross the knee and is not in anatomical continuity 
Anterior thigh—L 3 /L 4 root 
Posterior gluteal, thigh, leg—L 5 S 1 root 

Claudication pain—leg pain which occurs on both stading and walking and is relieved by sitting only. Vascular claudication is relieved on 
standing 
Time relationship 

Morning stiffness in OA, RA, ankylosing spondylitis. Night pain in tumor, infection and inflammation. 

Seasonal variation especially in arthritis 
Associated phenomenon 

• Numbness 

• Weakness 

• Stiffness 

• Constitutional symptoms- 

• Sleep habits 

• Menstrual history 
Past history 

• Previous pain pattern 

• Treatment history 


-fever, chills, weight loss, anorexia 


Paresthesia 

Sense of instability in lower extremities 
Change in bowel/bladder habits 
Cough 

Pattern of social and sexual activities 


Any causative épisode 
Family history 


• Occupational history—not only présent but past occupational history is important, i.e. today's shopkeeper may hâve been a coalminer 10 
years back 

Vices 

• Alcohol, Tobacco, Smoking, others 
Family relationship 

Tempérament —anxious/ depressed/ irritable/ cooperative 
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TABLE 3: Examinations carried out in a patient for backache évaluation 


Gait and posture 
Disk lésion 


Ankylosing • 

spondylitis • 

Segmentai instability 


Spondylolisthesis 


Patient has scoliosis to same side, exaggerated in flexion, corrected in lying down and standing on contralatéral leg alone 
Loss of lumbar lordosis 

Threshold claudication distance, after which the patient stoops forwards to relieve the symptoms or even squats and 
even try to tie their shoelace to save themsleves from embarrassment 
Typical posture simian stance with flexed hip and knee 
Kuphosis 

Patient walks while bending forwards 

• When rising from chair, flex the hip to move center of gravity forwards and then use their hands as support. When 

standing upright, he or she will sometimes move to the edge of chair to place his or her center of gravity (CC) over his or 

her feet prior to rising 

Exaggerated lumbar lordosis 

Protubérant abdomen 

Tight hamstrings 

Tight hamstrings tilt the pelvis backwards and do not permit hip to flex sufficiently for a normal strike, stiff leg and short 
stride gait and the pelvis rotâtes with each step "pelvis waddle" 

Child may prefer to jog or run, rather than walk or to walk on toes with knees bend 
Exaggerated lumbar lordosis 


exaggerated/ obliterated 


Obesity • 

Inspection 

• Lumbar lordosis- 

• Gibbus 

• Deformity—scoliosis, kyphoscoliosis, kyphosis—location and extent 

• Swelling signs of inflammation—location, shape, size, extent 

• Paraspinal spasm—location, side, severity, change in lying down 

• Congénital deformities—i.e. neurofibromatosis, tag of skin, cafeaulait spots 

• Step 

• Sinus, scar 


Palpation 

Température 

Tenderness 


Midline over spinous process—tenderness should be deep. Superficial tenderness is not suggestive of spinal pathology. 
Interspinous ligament—sprain "doorbell sign"—firm rotatory pressure over spinous process may produce pain due to 
pressure over nerve roots (rotatory instability) 

Paraspinal région—postérolatéral disk prolapse, facet joint pathology, acute back strain 

Sacroiliac joint—over iliolumbar ligament (most probably due to disk lésion)—ankylosing spondylitis—séronégative 

arthritis 

Sciatic point tenderness—due to root pain 
Referred tenderness to anterior thigh in high lumbar disk lésion 
Sacral tenderness—pelvic or sacral etiology suspected 
Coccyx 


Swelling • Paraspinal 

• Iliac fossa 

• Petit's triangle 

• Fémoral triangle 

Confirmation of other inspectory findings 


Deformity 

Step • Especially in hand to knee position or standing position 

• Other deformities 


Movements (Fig. 1) 
First dictum 
Flexion 

Rotation 


Extension 
Latéral bending 


Hip movements must be prevented. 

Measured by measuring tape/goniometer/extent of fingertip level to lower limb 
Normal range—80° or fingertips 4 inches from floor 

As lumbar spine is rotated, the spinous process of a floating segment will fail to move. There is a segmentai latéral 
movement in an intact spine 
Normal range—45° 

Especially painful in spondylolisthesis and facet joint pathology 
Normal range—20 to 30° 

On either side normal range—30° 
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Fig. 4: SLR test 

Lasègue’s Test 

With the patient in the supine position, flex his or her 
hip with the leg flexed. Keeping the hip flexed, extend 
his or her leg. The test is positive for sciatic radiculopathy 
when: (i) no pain is elicited when the hip and the leg are 
flexed, and (ii) pain is présent when the hip is flexed and 
leg is extended (Figs 5 and 6). 

Buckling Test 

With the patient in the supine position, perform straight- 
leg-raising (SLR). A patient with sciatic radiculopathy will 
flex his or her at the knee in order to reduce the traction 
pressure exerted on the sciatic nerve on performing this 
test (Fig. 7). 




Fig. 6: Lasègue’s test 



Sicard’s Test 

With the patient in the supine position, raise his or her 
leg to the point of pain. Then, lower the leg 5° and 
dorsiflex the great toe. Pain at the posterior thigh and/or 
leg indicates sciatic radiculopathy (Fig. 8). 

Turyn’s Test 

With the patient in the supine position, dorsiflex his or 
her great toe. Pain in the gluteal région and/or radiating 
pain indicates sciatic radiculopathy (Fig. 9). 

Fajersztajri’s Test 

With the patient in the supine position, raise the 
unaffected leg to 75° or to the point of pain and dorsiflex 
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Fig. 8: Sicard’s test 



his or her foot. If radicular pain is reproduced on the 
affected leg side, suspect a ruptured disk lésion (Fig. 10). 

Bachterew’s Test 

With the patient seated, instruct him or her to extend one 
knee at a time. If a positive response is not elicited, instruct 
him or her to raise both legs together. Inability to perform 
this test due to pain, or leaning back while performing 
the test is indicative of disk involvement (Figs 11 and 
12 ). 

Bowstring Sign 

With the patient in the supine position, place his or her 
leg atop your shoulder and exert pressure on the 
hamstring muscle. If pain is not elicited, apply pressure 
to the popliteal fossa. Pain in the lumbar région or 
radiculopathy indicates nerve root compression (Fig. 13). 



Fig. 10: Fajersztajn’s test 




Fig. 12: Bachterew’s test 


























2736 Textbook of Orthopedics and Trauma (Volume 3) 




Fig. 14: Bragard’s test 


Bragard’s Test 

With the patient in the supine position, raise his or her 
leg to the point of pain lower the leg 5° and dorsiflex the 
foot. Dorsiflexion of the foot exerts a traction pressure to 
the sciatic nerve. Posterior thigh and/or leg pain indicates 
sciatic radiculopathy. Dull nonspecific posterior thigh 
pain is indicative of tight hamstrings muscle (Fig. 14). 

Linder’s Sign 

With the patient in the supine position, passively flex his 
or her head. Sciatic pain indicates sciatic radiculopathy, 
while sharp diffuse pain indicates meningeal irritation 
(Fig. 15). 

Milgrams Test 

With the patient in the supine position, instruct him or 
her to raise his or her legs 2 to 3 inches above the table. 
Patient can usually perform this test for about 30 seconds 
without low back pain, if pain is présent, suspect a 
space occupying lésion inside or out of the spinal canal 
(Fig. 16). 

Naffziger’s Test 

With the patient seated, compress his or her jugular veins 
and hold for one minute. Localized pain in the lumbar 
région indicates a space occupying lésion, usually a disk 
prolapse or protrusion (Fig. 17). 

Goldthwait’s Test 

With the patient in the supine position, place one hand 
under the lumbar spine with each finger under an 
interspinous space and with the outer hand performing 
a SLR test while noting whether pain is elicited before or 




after the spinous processes fan out. Pain in prelumbar 
fanning indicates a sacroiliac joint lésion while pain 
during lumbar fanning indicates a lumbar lésion 
(Fig. 18). 
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Fig. 18: Goldthwait’s test 


Nachla’s Test 

With the patient in the prone position, approximate his 
or her heel to his or her buttock on the same side. Pain in 
the lumbar région indicates a lumbar disk lésion, while 
pain in the buttock indicates a sacroiliac joint lésion 
(Fig. 19). 

Reverse SLR 

With the patient prone, knees slightly flexed, hip is 
extended when fourth lumbar nerve root is compromised, 
the patient expériences pain radiating down to the front 
of the thigh. 

Tests for Sacroiliac Joint 

Yeoman’s Test 

With the patient in the prone position, flex his or her leg 
and extend the thigh. Deep sacroiliac pain indicates a 
sprain of anterior sacroiliac ligament (Fig. 20). 


Sacroiliac Stretch Test 

With the patient in the supine position, cross your 
arms and apply downwards and latéral pressure to the 
anterior superior iliac spine (ASIS) of each ilium. 
A unilatéral deep-seated pain indicates a sprain of 
the anterior sacroiliac ligaments on the side of pain 
(Fig. 21). 

Sacroiliac Resisted Abduction Test 

Instruct the patient to lie on one side with his or her 
inferior limb flexed and superior limb abducted. Apply 
pressure on the abducted limb against patients résistance. 
Pain indicates sacroiliac joint sprain (Fig. 22). 

Hibbs’ Test 

With the patient in the prone position, flex his or her leg 
to the buttock and move the leg outwards. Pain in SI joint 
indicates a sacroiliac joint lésion. Pain in the hip joint is 
indicative of a hip joint lésion (Fig. 23). 
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Fig. 22: Sacroiliac resisted abduction test 



Pain in either SI joint indicates a SI joint lésion on that 
side (Fig. 24). 

Lewiri-Gaenslen’s Test 

With the patient lying on his or her side with his or her 
inferior leg flexed, take his or her superior leg and extend 
it while stabilizing the SI joint on the side being tested. 
Pain in the SI joint being tested indicates general SI joint 
lésion (Fig. 25). 




Pelvic Rock Test Gaensten’s Test 

With the patient lying on his or her side, exert a strong With the patient in the supine position and the affected 
downward pressure on the ilium. Do it on either side. side towards the edge of the table, instruct him or her to 
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TABLE 4: Neurological examination for backache évaluation 


Neurological Levels 


‘-‘2,3,4 


L 5 EDL + EDB + EHL-L 5 
deep peroneal nerve 
S , 


d 2,3,4 


-L 2/3/4 fémoral nerve 


Muscle testing—llipsoas 
Sensation—(Figs 26 and 27) 

Muscle testing (quadriceps)- 
Hip adductor group—L 2/3/4 obturator 
Sensation—(Figs 26 and 27) 

Muscle testing (tibialis anterior)—L 4 deep peroneal nerve 
Reflex—Patellar reflex 
Sensation—(Figs 26 and 27) 

Muscle testing (cluteus médius)—L 5 supragluteal nerve 
Sensation—(Figs 26 and 27) 

Muscle testing (perneous longus and brevis)— S 1 

Superior peronial nerve 

Gluteus maximus— S 1 inferior gluteal nerve 

Gastrocnemius soleus—S 12 tibial nerve 

Reflex—Achilles tendon reflex 

Tested by testing sensation in perianal région 

Superficial reflexes 

Abdominal reflex—T 7 -L x 

Superficial cremasteric—L x 2 

Superficial anal—S 2 3 4 

Babinski Test 


Claudication 

Walking distance assessment—treadmill provides an objective evidence 


Vascular 
Opposite 
Long 

It decreases 
Négative 
Opposite 
Relieved 

Decreased in volume and even absent 
Pain présent 


Neural 

• Proximal to distal 

• Walking distance short 

• After rest—walking distance remain same 

• Stoop test positive in neurological claudication 

• Climbing up easier than going down 

• Not relieved on standing 

• Distal pulsation normal 

• Cycling test—with spine flexed no pain 
Uncommon Causes 

• Sciatic claudication—due to insufficiency of inferior gluteal artery, producing scia tic claudication due to ischemia of sciatic nerve in this 
spinal examination and myelography is normal 

• Venous claudication—foliow thrombosis before collaterals take over increased venous pressure and affects the perfusion pressure 
Pain—increase on exertion 

—decrease only when leg is elevated 

• Myxedema claudication—results from limited potential of muscle to increase its metabolism with exercise. 

Puises are normal relieved by treating hypothyroidism 

• Localized deep AV fistula due to limited ability to increase blood supply with exercise 

• Distress may présent. 

Nonorganic Malingering 

Psychic overlay Racehorse syndrome 

Emotional overlay Razor-edge syndrome 

Worried sick syndrome 
Last straw factor 

Camouflaged emotional breakdown 

Tenderness—superficial palpation inordinate widespread sensitivity to light touch of superficial soft tissue 

Simulation—i. Axial loading of light pressure increases symptoms, 
ii. Rotation of pelvic and shoulder in same plane. 

Distraction—flip test. 

Régional—diffuse motor weakness or bizarre sensory déficit can not be explained by neuroanatomic principle 
Overreaction—excessive and inappropriate groaning or grimacing during movements 
Facial expression may be fiat in appropriately unconcerned or depressed rather than pained 
Reflexes grossly exaggerated 
Vibrations may be felt on one side 
Pain which radiâtes ail over 

Gait and posture may be dramatic with exaggerated 
No muscle atrophy despite prolonged disability 
Insistence of having spouse to corroborate history 
Inability to increase range of flexion of spine even in kneeling position 
Cogwheel weakness of muscle group 

When movements of spine are being examined, the patient may bend backward or forward very slowly and suddenly gives a violent jerk 
to dénoté expérience of pain 
Hoovers sign. 


EDL—entensor digitorum longus, EDB—extensor digitorum breris, and EHL—extensor hallucis longus 
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approximate the knee on the unaffected side to his or her 
chest. Then, place downwards pressure on the affected 
thigh until it is lowered than the edge of the table. Pain 
in the SI joint indicates general SI joint lésion. 



Fig. 26: Sensory (dermatomes) autonomous sensory zone 



Fig. 27: Autonomous sensory zone, sensory (dermatomes) 


Neurological Assessment 

Note that there is no real neurological examination of 
the lumbar spine itself. Since only gross différences can 
be discerned, much of this testing has taken place in tests 
for range of movement (Table 4). 

Investigations 

1. Hemogram + ESR 

Blood Chemistry—to rule out systemic distrurbances. 

2. Plain radiograph—AP, latéral, and right and left 
oblique views. 

3. Dynamic radiographie studies 

• AP latéral radiographs in standing position 

• Flexion—Extension and latéral bending radio¬ 
graphs. 

4. Myelography 

5. Diskography 

6. Facet joint injection 

7. CT scan with or without myelography 

8. MRI. 
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INTRODUCTION 

Low back pain is the commonest présentation of lumbar 
spine disorders. Conservative care of low back disorders 
is an art, based on the concrète foundations of anatomy, 
biomechanics, and knowledge of the neuromuscular 
functioning and the underlying disease process. 
Understanding of the physiological basis of muscle 
strength, endurance, co-ordination, flexibility and 
cardiovascular fitness are of prime importance for proper 
réhabilitation. 1 

EVALUATION 

Effective réhabilitation planning is dépendent on a com¬ 
préhensive évaluation of the patient's musculoskeletal 
and neuromuscular Systems. This helps the physical 
therapist to assess the nature and the extent of the disor- 
der. Therapy does not alter the degenerative changes that 
hâve taken place, but it reduces the tissue inflammation 
and increases the strength, endurance and flexibility of 
the muscles which ultimately improves functional activ- 
ity. The évaluation includes observation, detailed history, 
and physical examination of the patient. 

Observation 

The therapist observes the posture, gait, weight bearing 
pattern and presence of neuromotor weakness if any, as 
the patient walks in the therapy room. A keen observation 
of the patient's facial expressions and his willingness to 
move independently are helpful in understanding the 
patient's interprétation of his problem. 

History and Interview 

The therapist must begin by obtaining a thorough history 
from the patient. The history includes the beginning and 
the progression of the présent symptoms along with the 


localization, character and radiation of the pain. It is also 
necessary to ask about previous illnesses and injuries, the 
relieving and aggravating factors, sleeping patterns, 
occupational and domestic stresses, the degree of activity 
or inactivity, and family history. Besides gaining a 
relevant data, this communication helps in establishing 
a good report between the therapist and the patient. 

Physical Examination 

Subjective information gathered during the interview is 
la ter correlated with the objective findings of the physical 
examination. 

a. Observation 

b. Palpation 

c. Tissue tension test 

d. Functional assessment of the spine 

e. Examination of the related joints like the sacroiliac 
hip and pelvis. 

Observations 

Observation of the patient regarding the posture, spinal 
curvatures, pelvic obliquity, general flexibility and quality 
of movement is done, in standing, prone and supine 
positions. 

Palpation 

Palpation of the soft tissues like the skin, subcutaneous 
tissue, muscles and ligaments is done. The signs of muscle 
atrophy or hypertrophy can provide information about 
mobility and neurologie status. Increased muscle tone 
indicates the presence of spasm. 

Nerve Stretch Tests 

The dura, nerve root sleeves, and nerve roots are pain 
sensitive mobile structures. Pain arising out of these 
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structures may be caused by ischemia, inflammation, 
excessive stretch, reduced mobility or compression. 
Stretchability of various neural éléments can be studied 
by the nerve stretch tests. These tests give information 
regarding the mobility of these structures; the extent of 
entrapment and the restriction imposed by related 
structures. Degree of root irritability is indicated by 
restriction of movement and simultaneous aggravation 
of the pain and sometimes by inducing sudden reactive 
spasm. The commonly performed tests are: straight leg 
raising test, slump test, fémoral stretch test, etc. 

Functional Assessment 

The performance of the spine can easily be evaluated on 
the basis of strength, endurance, co-ordination and range 
of motion. Muscular strength is defined as the maximal 
tension or force that can be generated by a muscle or 
group of muscles. Muscular endurance is the ability of a 
muscle or group of muscles to work at a less than maximal 
level for extended period of time without undue fatigue. 
Neuromuscular co-ordination is an adjustment in the 
action of muscles in producing movements and 
maintaining the quality of motor output. Range of motion. 
There is a wide range of mobility in flexion extension, 
rotation, and latéral flexions in the lumbar spine. The 
range and pattern of motion are dépendent on the 
orientation of the facet joints, the elasticity of the muscles 
and ligaments, fluid content and thickness of the 
intervertébral disk. 

Examination ofthe Related Joints 

The lumbosacral région, hip joints, and the pelvic joints, 
are mechanically interdependent. Together ail these are 
called as the "lumbo-pelvo-hip complex." Symptoms felt 
within lumbar région, lower abdomen, buttocks, groin, 
thigh, lower leg or foot may arise from the lumbar spine, 
pelvic joints or hip joints. Careful assessment by an 
experienced therapist may help in locating the source of 
pain. 

The finding of the physical examination, must be 
correlated with other diagnostic studies like plain 
radiography, myelogram, computerized tomography, 
magnetic résonance imaging, electromyography and 
relevant blood tests. Consistent progressive activity is the 
key to restoration of function. But at the same time, pain 
should not be ignored while increasing the activity level. 
Once the pain is taken care of, the therapist should try to 
speculate the root cause and institute the spécifie therapy 
accordingly. 

Team approach is very important in making the 
réhabilitation process successful. This team includes a 


physical therapist, an occupational therapist, a clinical 
psychologist, a medical social worker, an orthotician. The 
advantages of team approach are: 

1. It avoids individual bias. 

2. It prevents shunting of the patient from one expert to 
another. 

3. It saves time. 

The patient plays the key rôle in the process of 
réhabilitation. His active participation and implémenta¬ 
tion of the different techniques in daily activities is very 
important to make the réhabilitation process successful. 

TREATMENT PLAN 

The réhabilitation program is divided into four phases. 
Each phase has a spécifie function in providing a 
foundation for advancement to the next phase. It could 
be acute, chronic or an acute exacerbation of chronic pain 
with subséquent réduction in functional activity. Usually 
the pain arises due to ongoing degenerative changes in 
the disk and facet joints. But many a time it could arise 
due to mechanical stresses on the soft tissues surrounding 
the lumbar segments, such as a sustained improper 
posture, an ergonomically poor environment, or stretch 
on the tight structures. These mechanical stresses cause 
varying degrees of tissue injury and inflammation. 

The findings of ail relevant évaluations and diagnostic 
procedures are used to set short term and long term 
treatment goals. Goals are reviewed at least once a week 
to ensure that the réhabilitation is progressing as 
anticipated. Modifications in the program are done as 
per the necessity. 

There are four objectives 2 of treatment and most 
therapeutic interventions correspond to one or more of 
these objectives. 

• Modulate pain or promote analgesia. 

• Generate moderate strength to promote non- 
destructive movements. 

• Enhance neuromuscular efficiency. 

• Provide biomechanical counseling. 

Conservative care consists of controlling the pain in 

an acute stage, followed by introduction of an active 
exercise program. The basic philosophy of réhabilitation 
is to shorten the pain control phase and progress, as 
rapidly as possible, to the exercise training phase. In the 
pain control phase, the patients do not participate 
actively. Instead, anti-inflammatory médication and 
different physical modalities like heat therapy, cold 
therapy, electrical stimulation, traction, biofeedback, etc. 
are used to alleviate the pain. This phase is, therefore, 
termed as Passive Treatment Phase. In the exercise 
training phase, the patients start with on loading 
activities, and are then gradually initiated into self 
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mobilization, stabilization, strengthening and condi- 
tioning exercises. This phase is known as Active 
Treatment Phase. 

Rest Phase 

The aim of this rest is to reduce pain, inflammation and 
provide rest to the part. It créâtes an optimal healing 
environment. Rest protects the affected région from 
external mechanical forces. Duration of the rest period 
should be kept minimally 48 hours to 1 week. We 
advise Bed Rest till the acute root pain and perispinal 
muscles spasm reduces. Prolonged bed rest is to be 
avoided as it has certain disadvantages like developing 
stiffness, deconditioning of the muscles, fear of move- 
ment etc. At this stage ergonomie counseling regarding 
the position of rest, getting in and out of bed, type 
of mattress/pillow should be done. It plays a very 
important rôle in making the rest effective. 

Pain Control Phase 

Various electrotherapy modalities are introduced at this 
stage. Heat therapy, cold therapy, electrical stimulation, 
traction, etc. play a very important rôle in giving pain 
relief to the patient. 

Using appropriate converter electrotherapeutic 
modalities can be produced from various parts of 
electromagnetic spectrum. These modalities hâve useful 
but spécifie physiological effect on various body tissues. 

These spécifie waves are transformed into various 
stimulating currents with the help of a converter, that 
can be used therapeutically, e.g. tungsten filament is 
used as a converter to obtain IR, whereas. Quartz 
crystal like barium titanate is used to obtain ultrasonic 
waves. Basic principle is that spécifie frequencies hâve 
spécifie physiological effects on the underlying body 
tissues. 

ELECTROTHERAPEUTIC MODALITIES 

Different types of electrical stimulations are used for 
therapeutic purposes. These include faradic, galvanic or 
direct current, TENS, interferential current, medium 
frequency current etc. Effectiveness of ail the electrical 
stimulations is based on their intensity, duration and 
wave form and their physiological effects on nerves, 
muscles and other soft tissues. 6 

Tens: Tens is a low frequency modality used for 
superficial pain relief. When high frequency tens with 
short duration puises is applied, analgésie effect based 
on gâte theory is achieved which is immédiate, segmentai, 
short lasting. 


When tens with low frequency long duration puises 
is applied, it activâtes central opioid System and 
endorphins are released and give generalized, long 
lasting analgésie effect is achieved. 

Brief intense tens is useful to achieve the effect of high 
frequency as well as low frequency tens simultaneously. 

Tens is useful for pain relief in superficial paraspinal 
muscles or for radicular pain in lower limbs. 

Interferential Current: For pain relief in deeper 
structures of the spine like annulus, facet capsules or 
deeper muscles, the interferential current is used. Due to 
the higher frequency than tens it has less tissue résistance 
and therefore is capable of reaching deeper. In the 
interferential current two medium frequency currents are 
applied simultaneously to the area to be treated, they 
interfère with each other in the body tissue and produce 
the effective analgésie current at the desired level. 

Uses of interferential current are 

• Analgésie effect at deeper level 

• Analgésie effect in larger area by vactorisation of two 
medium frequency currents 

• Réduction of muscle spasm 

• Re-education of deep situated muscles. 

Laser : Light Amplification by Stimulated 
Emission of Radiation 

Therapeutically we use cold or soft lasers with helium- 
neon or gallium-arsenide as the converters to produce 
laser beam. 7 They bring about biostimulation in the 
tissues. 

Laser has spécifie characteristics like mono- 
chromaticity, cohérence and collimation. Due to this 
unique properties laser is differentiated from ordinary 
light. 

Uses of laser are 

• Management of acute and chronic pain due to the 
decrease in the prostaglandin and serotonin levels 

• Resolution of inflammation, therefore useful in back 
pain patients with nerve inflammation and facetal 
arthrosis 

• Stimulation of repair process due to accélération of 
the collagen synthesis and helps in formation of 
granulation tissues. Useful in post-traumatic tendon, 
ligament or muscle injury. 

DANGERS AND C/l 

1. Looking directly into the laser beam should be strictly 
avoided for the danger of damage to the retina. 
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2. Reflection from shiny surfaces 

3. Direct testament of neoplastic tissues 

4. Patients with cardiac pacemakers and vascular 
conditions. 

Heat therapy: Application of superficial heat by hot 
packs, infrared ray s, etc. reduces the stiffness and muscle 
spasm. It helps in decreasing gamma efferent activity, 
improves tissue stretchability and hastens tissue healing 
by increasing the blood flow and nutrients to the injured 
area. Superficial heat is effective up to 0.5 cm from the 
surface. It should be used cautiously at moderate 
températures, to avoid burns or skin changes. 

Electromagnetic currents in diathermy and sound 
waves in ultrasound machine, while passing through the 
tissue fluids generate heat upto the depth of 3 to 5 cm. 
These agents hâve ability to penetrate into deep structures 
such as tendons and ligaments without raising the 
température of the overlying skin. 

Short Wave Diathermy 

Physiological effects of short wave diathermy are: 

• Increased metabolic activity of ail cells 

• Increased blood flow 

• Decreased viscosity of ail fluids 

• Increased extensibility of collagen 

• Sédative effects on sup. nerve endings. 

Therefore, short wave diathermy is useful to: 

• Accelerate the resolution of inflammation 

• Promote healing 

• Relieve pain 

• Reduce muscle spasm 

• Facilitâtes stretching. 

Ultrasound Waves 

Ultrasound waves are applied to the body tissues at 
frequency of 1 MHz or of 3 MHz. 

Physiological effects of ultrasound waves are: 

• Micromassage at cellular level 

• Stimulation of mechanoreceptors 

• Improves cell membrane permeability. 

Therefore ultrasound therapy is useful to: 

• Facilitâtes stretching 

• To release scar tissue 

• Reduce pain 

• Reduce muscle spasm 

• Reduce inflammation. 

Flexibility and Fitness Evaluation 

Flexibility and fitness évaluation gives us the baseline 
functioning of the spine by using dynamic spinal exercises 
which resemble functional movement patterns and 


involve a group of muscles rather than individual 
muscles. 

The flexibility and fitness protocol évaluâtes the 
fitness of the spinal musculature in terms of flexibility, 
strength, endurance co-ordination and aérobic capacity. 
The protocol has standardized instructions which 
are simple to follow and so subjective variables are 
minimum. 

Flexibility and stretchibility of hamstrings, hip flexors, 
hip rota tors and dorsolumbar fascia is evaluated. Spinal 
exercises such as abdominal curl ups, bil. SLR, bridging, 
back extension, hip extension with increasing complexity 
and répétitions are used to evaluate the strength, 
endurance and co-ordination of the spinal musculature. 
The assessment shows us the muscle imbalances in 
various spinal pathologies, in acute and chronic 
phases. 

The standardized instructions helps in a uniform 
objective assessment of the individual. A tailor-made 
program is given to the patient depending upon his 
pathology, pain, chronicity of symptom and the baseline 
évaluation. During the évaluation the patient 
understands the exercises and realizes the significance 
of exercises, so his compliance towards exercises 
increases. Goal setting is easier and target of advanced 
spinal exercises can be achieved earlier. The overall 
management of the back pain patient becomes more goal- 
oriented. 

Traction: It provides pain relief through the process 
of mechanical stretching of the tissues. 

The Mechanism of Action 

i. Mechanical distraction of vertébral bodies 

ii. Gliding and distraction effect on facet joints 

iii. Stretching of ligaments, spinal musculature and 
connective tissues 

iv. Widening of intervertébral foramina esp. in flexion, 
opening of disk space 

v. Alteration of spinal curves 

vi. Relief of muscle spasm 

vii. Improvement of tissue fluid exchange in muscle 
and connective tissues because of rhythmic 
movements 

ix. Release of entrapped facetal synovial membrane 

x. Restoration of protruded disk material (?) 

Lumbar Traction 

Types of Lumbar Traction 

a. Intermittent mechanical traction 

b. Manual traction 

c Positional traction 

d. Auto traction 

e. Gravity traction 
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Indications of Traction 

1. Herniated nucléus pulposus, in acute, sub-acute and 
incompletely resolved cases. 

2. Degenerative disk disease. 

Lumbar Traction Technique 

• Split table essential to overcome friction 

• Traction forces must be sufficient enough to produce 
structural change. 
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Fig. 1 : Various passive modalities used in the treatment of 
low back pain 


Contraindication 

1. Tumors, 

2. Acute strains/sprain/inflammation where the patient 
is unable to lie down 

3. Pregnancy 

4. Severe occlusive abdominal vascular disease. 

Usually equal to halfof patient's body weight 

• A firm nonslip, properly positioned harness 

• Patient position: Hips and knees slightly flexed to 
reduce lordosis 

• Duration 15 to 20 min, occasionally longer. 

Use Traction as a Flexible and Freeiy Adaptable 
Method of Manual Mobilization 

Spinal Mobilization Techniques: These are aimed at 
relieving the nerve root pressure, relieving the pain and 
normalizing the joint mobility. Spinal manipulation is a 
skilled passive maneuver of spinal segments, either 
within or beyond its active range of motion. Passive 
stretch to joint capsules, ligaments and myofacial tissues 
is applied to restore joint flexibility. Adhesions formed 
by abnormal cross-linkages between collagen fibrils may 
be broken by manipulation. 5 Another effect of 
manipulation is the release of entrapped tissues such as 
menisci impacted between articular facets. Joint 
manipulation is believed to alter neurophysiologic 
activity and resuit in inhibition of pain due to libération 
of beta-endorphins and release of muscle spasm. 

Biofeedback: This mechanism records different 
physiological parameters, like motor unit activity, 
température, puise rate, skin conductance, etc. The 
biofeedback modality does not bring about any changes 
in the physiological mechanisms directly. But patients 
are taught to control them voluntarily with the help of 
audiovisual inputs that the machine gives. It is 
particularly effective in helping patients understand and 
manage stress related muscle tension. 

Due to prolonged use of physical modalities and 
médications, the patient develops a dependence on them, 
because of which the major advantage of patient's active 


participation gets lost. Hence, extensive long term use of 
these modalities is not advisable (Fig. 1). 

Phase of Physical Reconditioning 

This is the phase where, after an acute épisode subsides, 
the therapeutic exercise program is introduced. The 
patient actively participâtes in this exercise program. The 
aim is to provide stimulus for tissue healing and relive 
pain. The patient is encouraged to résumé ail his activities 
in a graduated manner. He is also taught to stabilize his 
lumbopelvic région during spinal movements in loaded 
positions. If the pain appears, it is taken care of, by the 
appropriate médications. 

The inflammation alters the functional activity of the 
tissues. These alterations lead to cessation of activity in 
some areas and modification in the others. Factors which 
bring about the réduction in the inflammatory process 
are: anti-inflammatory médications, biophysiological 
effects of electrotherapeutic currents, and most important 
of ail, the therapeutic exercises. 

Many patients hâve stiffness/tightness in structures 
of lumbopelvi fémoral complex primarily as a part of 
pathology or as a resuit of clinical syndrome from which 
he suffers. Also increasing âge, fear of pain, not using 
full ROM in daily life area fewotherreasons for loss 
of flexibility. Generalized flexibility is essential for 
successful physical performance and for the prévention 
of injuries. It is a combined resuit of functioning of 
different anatomical structures such as muscles, tendons, 
ligaments, cartilage, joint surfaces and synovial fluid. 
Hence, stretching exercises must be incorporated as an 
important part of exercise program. Sustained stretching 
is advisable rather than ballistic stretching. It should be 
done prior to strengthening exercises (Figs 2A and B). 
This could be done manually by the therapist in the 
initial stages and later on taught to patient himself as 
a part of his exercises program. Mechanically, it can 
be done by using an apparatus like traction. 

Lumbar muscular weakness has been identified as a 
contributing risk factor in individuals susceptible to low 
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Figs 2A and B: (A) Latéral flexion in lumbar spine, and 
(B) Flexion and extension ranges in lumbar spine 

back injury. These muscle groups include the low back 
extensors, multifidus, longissimus, iliocostalis lumborum, 
erector spinae and many others. Lumbar flexors include 
the rectus abdominus, internai and external obliques and 
transversus abdominus. In trunk muscles, even in normal 
subjects, there exists an imbalance between the strength 
of flexors and extensors, the extensors being stronger in 
a ratio of 1.4:1.0. 8 Therefore abdominal strengthening 
becomes very important. The internai oblique muscles 
are needed to counteract the shear forces of the extensor 
muscles. The patient tends to use the rectus abdominus 
only, without contracting the obliques. So, the patient 
should be trained to recruit the oblique muscles with 
proper technique. Greater muscle fiber recruitment is 
obtained through concentric exercises. Combining fast 
répétitions and isométrie exercises involve ail the muscle 
fibers and help in developing both strength and 
endurance. 


There is profound decrease in extensor muscle 
endurance as seen by EMG changes in patient's with low 
back pain. Strong back extensor muscles protect the 
lumbar spinal ligaments in flexion activities. The primary 
function of the spinal extensors is postural holding and 
eccentric manner is more useful. But emphasis on flexor 
or extensor type of exercise will vary as per the underlying 
pathology. 

General fitness and endurance training hâve been 
shown to resuit in a decreased incidence of back pain. 
The aim is to achieve reconditioning, so that the patient's 
functional capacity is fully restored. The patient is 
encouraged to do ail his routine activities, including 
recreational activities. The therapist concentrâtes on the 
development of trunk strength, endurance and lumbo- 
pelvic stabilization. 

The conditioning program of low résistance and high 
répétition exercises is useful in developing endurance. 
High résistance and low répétition type of exercises are 
employed for development of strength. The extent to 
which the strength and endurance builds up dépends 
upon the type of contraction, the functional angle of the 
joint in which the muscle is trained. The different types 
of contractions are isométrie, isotonie and isokinetic. 3 

There are many controversies regarding the exercises 
for back pain. There are proponents for flexion type and 
extension type exercises. Both these exercises play a vital 
rôle in the recovery and there are advantages of both e.g. 
Extension exercises are more useful when source of pain 
is disk rupture/annular tear flexion exercises are more 
useful in facetogenic pain. 

Of course there is no thumb rule for prescribing 
flexion/extension type exercises and many other factors 
will hâve to be considered while deciding the type of 
exercises patient should do. Hence, exercise prescription 
has to be tailor-made. 

At the time of ambulation the mobile pelvis transmits 
the motion of gait to the vertébral column through its 
strong ligamentous attachments to the lumbar spine. The 
position and symmetry of pelvis will change as a resuit 
of weak trunk musculature or tightness of hamstrings, 
quadriceps, lumbodorsal fascia, iliopsoas, gastrosoleus, 
hip rotators and iliotibial band. This can accelerate the 
degenerative process involving the lumbar disk and facet 
joints. Hence, in any réhabilitation program an attempt 
must be made to normalize the biomechanical 
relationship of pelvis and lumbar spine. 

Neuromuscular control is essential to stabilize the 
spine and this is possible if the patient has learnt to 
contract the appropriate muscles in the desired sequence. 
This is the basic concept of the stabilization exercises. An 
important goal of these exercises is to promote muscle 
sensitivity to stretch (Figs 3A and B). 
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Figs 3A and B: (A) Stabilization exercise, and 
(B) Stabilization exercise using gymnastic bail 


The stabilization training emphasizes methods for 
limiting and controlling movement, teaching the patient 
to keep his or her spine in a neutral zone while carrying 
out his activities. Neutral spine can be defined as that 
position in which the spine is in a pain-free State. This 
will vary with every person and should be found out and 
taught to the patient in supine and various dynamic 
positions. The stabilization exercises help to limit the 
répétitive microtraumas occurring in pathologie motion 
segments. These exercises help to provide a muscle corset 
to the spine and limit the undesirable movements of the 
spine and allow the healing to take place. 

Each patient's training program is tailor made as per 
his clinical requirements and the patient undergoes 
multiple sessions of training with emphasis on the correct 
techniques. Ail patients are given a spécifie home exercise 
program for maintenance of function and prévention of 
further injury. 

Phase of Work Ablisation and Work Hardening 

When the patient becomes capable of tolerating external 
loads without exacerbating his symptoms the work 
hardening phase cornes in. This phase aims at spécifie 
conditioning to meet the patient's work demands. 

Work réhabilitation makes use of the functions 
involved in the patient's job related activities in this 
exercise program. Often the standard work stations are 
set up, simulating the tasks involved in patient's actual 
work. Progression of activities is done as per the tolérance 


of the patient in terms of duration, frequency, speed, and 
power. Increasing trunk and extremity strength to the 
levels demanded by the job is important for prévention 
of both injury and reinjury. Advanced programs like, 
gymnastic bail exercises, external résistance exercises, etc, 
are used for training the muscles to accommodate rapidly 
and synergistically to sudden changes in loads and 
stresses. After studying the risk factors involved in the 
work related activities, adaptations are made in the work 
environment and methodology to prevent the injuries in 
future. 

Aérobic exercise is an intégral part of the training. 
Deconditioned individual may hâve major limitations in 
pulmonary and cardiovascular reserve, which severely 
curtail their daily activities. These limitations can be 
reversed with aérobic exercise program. The important 
factors in this program is that, it involves large muscle 
groups that are activated in a rhythmic, aérobic nature. 
Any of the aérobic activities like cycling, running, 
swimming, etc. can be chosen depending on the patient's 
needs and capacities. A physically fit individual is less 
likely to suffer from back pain in terms of incidence, 
récurrence and severity. 

Work ablisation is a goal oriented, structured physical 
réhabilitation program using real or simulated activities 
as treatment modalities. 

Any dynamic function is a combination of many 
factors like body position, movement, velocity, frequency 
,strength etc. The whole body task represents the 
interaction of multiple functional unit-links in the 
biomechanical chain. If there is any weak link in this 
chain, the stresses would get concentrated in that région 
and may give rise to pain .This is the common cause of 
récurrence or reinjury. With dynamic functional 
assessment it is possible to detect exact location and 
inefficiency in the function. 

Since Work ABLISATION is a goal oriented program, 
initial pilot assessment is very essential. By doing the 
objective évaluation we corne to know the functional 
limitations and the impairment, which can be used as a 
guide line to start the effective treatment program and 
then as a guide for the further progress. 

Evaluation and training becomes easier if the motor 
patterns which are engrained in the cérébral cortex are 
used rather than using general exercises, e.g. for a typist, 
giving typing as a exercise rather than giving finger 
exercises. 

Dynamic testing is done by various methods. The 
testing might be done in isométrie, isokinetic or isoinertial 
manner. But since real dynamic task is very complex, 
these testing techniques do not actually simulate reality. 
They can only give better understanding of the déficient 
characteristics of the motion, like velocity, torque, power. 
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range of motion etc. Another pattern of testing is by 
devising multiple task obstacle course which can test the 
patient's tolérance of variety of positions like climbing, 
walking, carrying etc. Our routine activities involve 
multiple combinations of ail these actions. 

After doing this standard évaluation of patent's 
stamina, troublesome working position and ergonomie 
évaluation of the working posture, he is trained to do it 
in the corrected manner by applying stabilization 
techniques. The type of activity, number of répétitions 
and the amount of external loads to be used in training is 
decided as per the patient's work demands. Then a tailor 
made program is chalked out for the particular patient 
and implemented in his training. 

This is very useful and essential program because it 
teaches the patient that it is safe to move while regaining 
function. Since the training is done in a work simulated 
environment he knows that he is capable of doing his job 
and looses his fear of working. Work ABLISATION 
training enables the patient to go back to his original work 
with improved efficiency but in a safer manner. The 
psychological boosting that occurs goes long way in his 
total réhabilitation. 

Patient Education 

While treating the backache patients we realize that only 
treating their pain or doing physical reconditioning is 
not enough, especially while treating the chronic and 
récurrent cases. These patients hâve a lot of doubts and 
queries about their problems. There are many wrong and 
unscientific concepts in peoples' minds about our back, 
back pain and its care. The patients often use their backs 
improperly and bring back the pain as they do not know 
the proper and scientific way of using it. 

Educating a patient about his back and back pain is 
often and effective way of treating such patients. The basic 
concept of Back School is that the patient has a good 
understanding of his problem so that he himself is in a 
position to look after his back. 

Back School is essentially a patient éducation program 
which enables him to take care of his back. It is conducted 
in different countries in different forms. Some provide 
only éducation, some teach only exercises, but a right 
balance of éducation and exercises seems to be a better 
alternative. 

Back School is conducted in two sessions. First part is 
a lecture session with audiovisual aids and it helps in 
providing thorough understanding of the subject matter. 
It is done in small groups so that close interaction is 
possible during the learning process. The second part is 
the teaching exercises which should be carried out on 
one to one basis as the exercise program for every Back 
School patient has to be individualized. 


The curriculum of the back-school includes 
preliminary information about the anatomy, physiology, 
biomechanics of the lumbar spine, the pathological 
processes involved in the suffering, and the treatment 
strategies planned. The patients are also informed about 
the importance of proper diet and nutrition, influence of 
psychosocial factors on the suffering, importance of 
developing stress coping abilities and about the ergono¬ 
mie adaptations in ADL. Importance of maintaining the 
proper body weight is emphasized. 

The success of Back School dépends greatly on the 
co-operation and ability of the patient to carry out the 
ideas presented. 

Ergonomie Care of the Spine 

Spine is a dynamic structure. It is meant to bear the 
stresses of our day to day activities. However, when there 
are normal stresses on the abnormal structures or 
abnormal stresses on the normal structures nociception 
is produced. Patient's using spine for various activities 
produces pain and by teaching him to use his spine in 
the correct way can bring down the pain considerably. 
Hence, ergonomie counseling to the patient is extremely 
important. 

Ergonomie is the science which deals with the 
relationship of the functioning human spine to its 
surroundings. This has two factors (A) Physical factor, 
(B) Environmental factor. 

A. Physical factor : This will include the spine confi¬ 
guration in terms of curvatures and relationships of 
various segments of the curvatures to each other. We 
must consider the biomechanical factor which is a 
variable part in different situations like whether the 
spine is in a static or dynamic position. Gravitational 
forces acting on it will détermine the loads on the 
spine. Patient's physical resources like the spinal 
flexibility, strength and endurance of the spinal 
musculature are important factors which will 
détermine his capacity to withstand the loads 
produced by his various activities. 

Amongst these factors certain physical factors like 
any abnormality in the curvatures will hâve to be 
accepted. Certain other physical factors like flexibility, 
strength, endurance can be worked upon and 
improved. 

B. Environmental factors: This includes the work place 
designing and the working methodology. By talking 
to the patient in detail we must analyze and 
understand his working posture, demands on his 
spine, what causes the stress and then suggest the 
alterations or adaptations to be made. He is taught 
the mechanically efficient and stress free way of 
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functioning which will largely help in reducing his 
pain. Later on he is expected to implement these 
suggestions in his day to day life. 

Amongst the environmental factors work place 
designing is an elaborate change which will demand 
lot of time and expenditure. As compared to this, 
changes in the working methodology which are to be 
done by the individual and is a relatively simple task. 

Obesity 

Obesity is one of the major contributing factor in causing 
low back pain. Obesity affects normal body mechanics by 
making it more difficult to sit, stand and walk. 

Besides obesity is directly associated with cardio- 
vascular, pulmonary diseases. Poor muscular and 
cardiovascular endurance is often associated with obesity 
and it makes réhabilitation more difficult (Fig. 4). 

In an obese individual the fat déposition is 
predominantly in the abdominal pelvic area leading to 
laxity of abdominal muscles. The center of gravity moves 
forward in individuals with pendulous abdomen. The 
spine becomes lordotic to counteract the anterior shift of 
the center of gravity. Most of the compressive forces are 
then transferred on to the posterior column (facet joints) 
and also puts excessive loads on the disk, thus 
accelerating the process of degeneration. 

This makes paraspinal muscles to exert more loads 
on the spine. One kilogram of extra weight puts a 
additional 1.8 kg to 2.5 kg load on the spine, depending 
upon the functioning posture at that moment. 4 The 
paraspinals which are tonie in nature hâve a poor 
endurance and the obese individual is generally 
physically less active. The easily fatigable paraspinals can 
be a common source of low back pain. The compliance 
and motivation towards performing exercises are 
generally poor. 

An obese individual may also hâve inadéquate 
flexibility, strength, endurance, co-ordination which 
reduces his efficiency of exercising. Fat decreases the 
blood flow to the injured area and hampers the healing 
process due to lack of nutrients. It slows down the process 
of recovery from an injury. 

Every back pain obese individual must try to remain 
within his/her standard parameters of height and weight. 

îndian Standards 
Female : 5 ft. — 50 kg. 

Male : 5 ft. — 60 kg. 

Braces 

Braces are used either to correct the posture or to give 
support in the lumbar spine. Immobilization, 



Fig. 4: Effects of obesity on low back pain 


stabilization, maintenance or correction of deformity to 
some extent is achieved by increasing the intra- 
abdominal pressure and by limitation of lumbar motion. 

Lumbar braces are of different types. The sélection 
should be done according to individual needs. Patients 
are instructed regarding its proper use and the 
advantages and disadvantages of it. The major 
disadvantages of its long term use are decrease in the 
strength of trunk musculature and psychological 
dependence on them. Hence, importance of exercising 
these muscles, while lumbar braces are used, is stressed. 
When the condition permits the patient should be weaned 
off from the brace. 

Braces: i in the strength of trunk musculature. 
Developing stiffness. 

Lumbar braces are in use must be correctly 
explained to the patient. 

SUMMARY 

Nowadays the focus of treatment has been shifted more 
towards conservative care rather than surgical treatment. 
The ultimate goal of the réhabilitation process should be 
the restoration of function by means of early activity. An 
understanding of patient's problems and his 
requirements will help to set appropriate goals. Any 
dependency on drugs or physical therapy should be 
diskouraged. The emphasis of spinal réhabilitation is on 
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the development of function rather than management of 
pain. This process requires time and patience, but gives 
long term resuit in the treatment of low back pain. 
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Conservative Care of Backpain 
and Backschool Therapy 


GS Kulkarni 


INTRODUCTION 

Low backpain is the commonest orthopédie problem. 
Most of us suffer from it at some time during our lifetime. 
It is now generally accepted that between 60% and 80% 
of the general population will suffer from low backpain 
someday, and that between 20% and 30% are suffering 
from it any given time. 1 

The treatment of patients with backpain can be 
extremely interesting and rewarding. However, some 
patients with low back or neck pain can be difficult to 
treat and care of these patients is often quite challenging. 7 
In depth knowledge is necessary to increase the chances 
of a favorable results and to anticipate problems that 
might arise for unknown reasons. Around the âge of 30, 
in some at a later âge, process of degeneration of joints of 
the vertébral complex sets in. Structural degeneration 
may eventually manifest as the degeneration or 
herniation, spinal instability, malalignment, facet 
arthrosis, stenosis and/ or other structural abnormalities, 
any or ail of which may be painful. 8 

In 1934, Mixter and Barr showed that prolapsed 
nucléus pulposus is the main cause of sciatica. When this 
discovery was published, surgeons throughout the world 
quickly rushed to adopt dise removal, 3 which was 
followed by failed back syndrome, an iatrogenically 
induced disability. Most of the cases of backpain and leg 
pain can be treated nonoperatively with rest and 
physiotherapy. 

Backschool is a group therapy and éducation for 
backache patients in a class and for normal persons to 
prevent backpain. Usefulness of physical therapy, 
exercises, yogasana, yog (yog is different from yogasana) 
and mechanics of pain are explained to the students in 
the class. The concept of backschool is important for the 
management of low backpain. Patients suffering from this 


condition should attend a backschool (spine éducation 
program) as early in their treatment as possible. 

The objective of the program is to teach the patient 
how to help himself or herself and take active part and 
responsibility of management of the backpain. In our 
modem society we wish everything to be done for us by 
somebody. Learn to be good to your back and your back 
will be good to y ou. 

Backschool is multicentered group therapy of 
éducation, flexibility, strength, coordination, and 
endurance training to prevent the répétitive microtrauma 
to spinal structures responsible for pain and 
degeneration. It is an active patient participation program 
that gives patients the responsibility and the power to 
manage their low backpain problems and prevent further 
injury. Low backpain is self-limiting, with a spontaneous 
recovery rate of 80% in 8 to 12 weeks. However, there is 
a high récurrence rate. The program educates the patient 
to avoid harmful maneuvers, such as weight lifting in 
bending position. In the yester years chronic low backpain 
was treated with analgésies and bed rest or surgery. 
However, today there is more emphasis on exercises, 
psychotherapy, yoga with yogasanas, considérations of 
job problems, etc. and much less surgery is done. 

Education of the patient regarding the backpain has 
resulted in improved knowledge, confidence and 
behavior with low backpain patients. The objective of 
éducation is to help patients learn to help and trust 
themselves. Overwhelming majority of patients in pain, 
are frightened, but they can be reassured that they may 
not need surgery and are appropriate candidates for 
conservative care; that they will recover soon, and will 
not be paralyzed. Improvement occurs within 6 to 12 
weeks in 85 to 90% of low-back-injured patients. 
Therefore, reassurance that low backpain is most often 
benign and self-limited is calming and can reduce fear. 
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DIAGNOSIS AND EVALUATION 

The backschool program can be applied to a variety of 
conditions such as degenerative conditions of the back 
(PID, stenosis), and spondylolisthesis. An accurate 
diagnosis is important to identify indications and 
contraindications for surgery. A detailed information 
regarding the spine and work conditions of the patient is 
necessary. A thorough history and clinical examination 
will provide this information. An évaluation will define 
the patient's current level of function and available pain 
free range and identify certain sensitivities to position, 
load pressure or stasis. Ail this information will aid in 
treatment planning. The backschool program should be 
carried out throughout the patient's life. For backpain 
patient, bed rest for more than 2 days has been shown to 
be detrimental. 

The foundation of working with patients with spinal 
problems is a thorough history-taking and physical 
examination. Sit back and carefully listen to the patient. 
Patients with simple problems may need only backschool 
and stabilization training. Others may require surgery. 
Still others will require psychotherapy and a functional 
restoration program. 

Many patients with pain become progressively less 
active. Their musculature becomes weaker through 
disuse and they become progressively less fit aerobically. 
The deconditioning may be exacerbated by a clinician 
who prescribes bed rest. As the patient becomes weaker 
it becomes more painful to do even ordinary activities, 
and the patient does even less. The amount of disability 
becomes greater than expected based on the structural 
pathology. 

RELEVANT ANATOMY 

The three joint complex Intervertébral dise and two 
apophyseal joints form the three-joint complex of a 
vertébral segment. 

Intervertébral Disk 

Intervertébral disk is the most stabilizing factor of a 
vertébral segment. The nucléus pulposus makes up two 
thirds of the surface area of the disk. From youth into the 
third decade of life, it is composed of 90% water. Over 
the next four décades, the water content gradually 
diminishes to approximately 60 to 65%. The hydration 
of the nucléus and annulus dépends on the amount of 
proteoglycan présent. The disk is the largest avascular 
structure in the body. Nutrition to the disk nucléus 
dépends on diffusion of small molecular substances 
across the end plate. The outer third of the annulus 
receives blood supply from the épidural space. Disk 


degeneration is a function of proteoglycan breakdown 
with associated loss of the cross linkage of collagen 
proteins. This results in a lowered capacity to imbibe and 
hold water. The résultant desiccated disk is not as flexible 
or strong. 

Zygapophyseal (Facet) Joint 

The facet joint 6 play s a significant rôle in the structural 
degenerative cascade. As cartilaginous destruction 
continues and there is simultaneous narrowing of the dise 
space, capsular laxity occurs with accompanying 
subluxation. The facet joint enter s the phase of instability. 
If there is severe breakdown, the integrity of the joint is 
lost and there may be progression to degenerative 
spondylolisthesis. Progressive osteophytosis may 
contribute to significant narrowing of the neural canals 
and lead to the symptoms of spinal stenosis. 

Osteophyte formation of the inferior articular facet 
will narrow the central canal, enlargement of the superior 
articular facet will narrow the exit zone of the foramen 
causing root canal stenosis. 

ETIOLOGY 

Arthur White has considered the etiology of low backpain 
in three cascades. 

1. Degenerative cascade 

2. Psychological cascade 

3. Socioeconomic cascade. 

The management of a patient of backpain is based on 
the understanding of these cascades. 

Degenerative Cascade 

The spectrum of degenerative changes described by W 
H Kirkaldy Willis, in an intervertébral joint complex is 
divided into three phases: 

Phase I Dysfunction is the earliest. Minor pathology 
results in abnormal function of the posterior 
joints and disk. 

Phase II Instability (the unstable phase) is 
intermediate. Progressive degeneration due 
to repeated trauma produces laxity of both 
the posterior joint capsule and the annulus 
which may lead to symptoms of instability 
or spondylolisthesis of a spinal segment. 
Phase III Stabilization is the final stage in the process. 

Fibrosis of the posterior joints and capsule, 
loss of the disk material and formation of 
osteophyte render the segment stable 
because movement is reduced. In the process 
of stabilization, nature sometimes overdoes 
it leading to spinal or root canal stenosis, 
with the résultant symptoms. 
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Phase of Dysfunction Kirkaldy Willis 

The majority of patients seen in a low backpain clinic 
suffer from dysfunction. During this phase the 
pathological changes are relatively minor and perhaps 
réversible. 

Episode of rotational or compressive trauma 
uncoordinated muscle contraction 

Posterior joint strain 
(also annular strain) 

Splinting 
posterior 
subluxation 
maintained 

Sustained segmentai 
hypertonicity of muscle 

t 1 

Ischemia (pain) 

(altered muscle metabolism) 

Fig. 1: Mechanisms of dysfunction (Courtesy of SV Paris) 


TABLE 1: The symptoms, signs, and radiological 
changes seen in dysfunction phase 


Symptoms 

Low backpain 

Often localized 


Sometimes referred 

Movements painful 

Signs 

Local tenderness 

Muscle contracted 


Hypomobility 

Extension painful 

Neurological examination usually normal 

Radiographs 

Abnormal decreased movement 


Spinous processes malaligned 

Irregular facets 

Early disk changes 


In response to répétitive microtrauma, usually 
eccentric loading or torsional loading, the dise begins to 
show signs of mechanical failure that is the start of the 
degenerative cascade. Circumferential tears develop in 
the outer annular layers. There is structural failure and 
weakening of the outer annulus. The mechanism of nerve 
root injury in this situation is mechanical, but Chemical 
or inflammatory factors also play important rôle in 
producing clinical symptoms. The latter results in loss of 
the nutritional supply to the disk, which in turn begins a 
sequence of proteoglycan breakdown which leads to loss 
of water content of the disk (Ref. Arthur White). There is 
loss of disk height and eventual détérioration of 


mechanical compétence of the disk. Transfer of axial 
loading to the posterior éléments gradually occurs in 
association with disk degeneration, which also shows 
progressive degeneration. 

Phase of Instability 

Progressive loss of mechanical compétence of the trigonid 
complex results in excessive joint motion and instability 
due to laxity of the capsule and soft tissue around. This 
is the instability phase that foliows the dysfunction phase. 
Further tearing of the annulus may also be part of this 
instability phase. 

Phase of Stabilization 

Nature attempts to stabilize the unstable spine by 
producing fibrosis of the triple joint complex of the main 
segment of the vertebrae. An apophyseal joint produces 
osteophyte. In majority of the patients the spine becomes 
stable and painless. However, in a few patients there is 
severe stiffness. Nature may overdo osteophytosis 
producing central, latéral and/or foraminal stenosis 
producing neurological symptoms. The patient enters 
phase III as a resuit of increasing stiffness of a spine that 
was previously unstable. 


TABLE 2: The symptoms, signs and radiological 
changes seen in the unstable phase 


Symptoms 

Those of dysfunction 

Giving way of back "catch" in back (on 
movement) 

Pain on coming to standing position after 
flexion 

Signs 

Détection of abnormal movement 


(inspection, palpation) 

Observation of "catch" sway, or shift when 
coming erect after flexion 

Radiographs 

Anteroposterior, Latéral shift. Rotation, 
Abnormal tilt, 

Malaligned spinous processes 

Oblique, Opening facets 

Latéral, Spondylolisthesis (in flexion) 
Retrospondylolisthesis (in extension) 
Narrowing foramen (in extension) 

Abnormal opening of dise 

Change in pedicle height 

CT changes 


Psychologie Cascade 

Patients who dislike the job may avoid the work. The 
psychological factors play an important rôle in the 
etiology of low backpain. Patient has a great fear of his 



Minor facet 
subluxation 

Synovitis 
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Facets 

Destruction of cartilage 

i 

Fibrosis in joint 

i 

Enlargement of facets 

i 

Locking facets 

i 

Fibrosis around joint 

X 

Increased stiffness 

1 X 

Stabilization Spinal stenosis 

Fig. 2: Mechanisms of stabilization 

future, family disruption, financial crisis, job uncertainty, 
loss of social relations. He may become drug dépendant. 
The drugs used are analgésies, alcohol or sédatives. 
Anxiety increases with a sleep disturbance. The patient 
becomes progressively socially withdrawn as attempts 
to maintain previous activities fail by the backpain. In 
India, major fear in the mind of the patient is insecurity, 
job dissatisfaction and lack of love of the family members. 

Socioeconomic Cascade 

Patients who are unable to work often suffer significant 
financial hardship. Relationships with family, friends and 
coworkers often become strained. Patients may spend 
long hours at home alone and become withdrawn and 
lonely. Négative social issues hâve an impact on the 
psychologie State of the patient to perpetuate the pain. 
Ail the three cascades overlap in a single patient. 


Facet joints 

Stage 

Disc 



; 

Synovial 


Outer 

reaction 


annular 

\ 


tears 

Meniscal 

Dysfunction 

; 

\ 


End-plate 

Cartilage 


séparation 

\ 

-Nuclear 

peripheralization 

destruction 

Capsular 

HNP ◄- 

laxity 


dise résorption 

Subluxation 

Instability 

i 


Loss of 


Fixed deformity 

dise height 

; 

Enlargement 

(stenosis) 

of facet and 


Osteophyte 

steophyte 


form 


Fig. 3: Kirkaldy-Willis stages of degenerative process. The 
degenerative cascade anatomy and pathophysiology of the 
lumbar spine 


TREATMENT 

Low backpain is a multifactorial problem for which no 
single treatment regimen has been proved successful. 
Treatment in the phase of dysfunction, if the pain is 
severe, is rest for two or three days, ice application, and 
analgésies. Once the acute pain subsides, then gradually 
building of exercises, stretching of the muscles, yog and 
yogasanas are recommended. If the facet syndrome is 
proved, manipulation or injection hydrocortisone of the 
facet may help. In the unstable phase also vigorous active 
exercises, stretching of the muscles helps. Majority of the 
patients recover, a few may require one level fusion, if 
the instability does not respond to nonoperative 
treatment. In a case of disk prolapse surgery may be 
indicated if conservative treatment fails and if symptoms 
are severe or if there is severe neurodeficit. We do not do 
discectomy for weak EHL or only loss of ankle jerk. Cauda 
equina syndrome is a real orthopédie emergency. 

Arthur H. White has cataloged 67 types of thérapies 
for backpain. 9 Most of them are empirical and hâve no 
scientific base. 

Some patients of spondylolisthesis may require fusion 
with or without instrumentation. Most of the patients of 
stabilization phase require stabilization exercises and 
stretching program. A few who hâve developed severe 
stiffness require decompressive operations with or 
without fusion. 

Treatment of Dysfunctional Phase 

Initially isométrie abdominal and gluteal muscle exercises 
should be started. Swedish Gymnasium bail exercises 
should be done last as these exercises cause dynamic 
lumbar stabilization and balance. Gymnasium bail 
activities are designed to increase physical activity: 
promote more efficient function: facilitate more functional 
movement: prevent, control, and élimina te symptoms. 7 
Patients are taught to find their most suitable, 
asymptomatic, comfortable position. They learn this 
through trial and error. Gymnasium balls are available 
in two sizes, 55 cm and 65 cm balls. 

STABILIZATION AND NEUTRAL SPINE CONCEPTS 

Arthur H. White defines neutral spine is a position or 
range of movement defined by the patient's symptoms, 
pathology and current musculoskeletal restriction. It is a 
position in which a vertical force exerted through the 
spine allows equal weight transference into the weight- 
bearing surfaces. In sitting, these surfaces are the ischial 
tuberosities and in standing, the feet. The functional 
position or range is defined as the most stable and 
asymptomatic position for each individual tasks and is 
usually the midrange of the available degrees of pain- 


Disk 


Loss of nucléus 
Approximation of bodies 
Destruction of plates 
Fibrosis in disk 
Osteophyte 

y 
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free motion. In the patent with acute pain, the neutral 
functional range may be quite narrow. A patient with 
spinal stenosis has a limited extension and keeps the spine 
in slight flexion, while patient with PID has limited 
flexion. The goal of backschool program is to increase 
the mobility of the spine. The spinal column alone, 
without muscular support, is unable to carry normal 
physiological loads. Therefore, muscular development 
stabilizes the spine and develop the neuromuscular 
control, counteracting the varied and unpredictable loads 
placed on the body. The key muscles responsible for trunk 
control are the abdominal, especially the oblique muscles 
and the spinal extensor. Weak extensor causes backpain. 
The use of oblique abdominal muscles, called dynamic 
abdominal bracing produces tension of the 
thoracolumbar fascia. This, in combination with a 
tightening of the posterior ligamentous System, acts as a 
corset to fortify the spinal éléments against torque and 
shear forces. Previously, it was thought that the 
abdominal muscles increase the intra-abdominal pressure 
to stabilize the spine. However, recent studies hâve not 
demonstrated this phenomenon. In forward bending 
activities, the internai oblique muscles are needed to 
counteract the shear forces of the extensor muscles. 
Training of proper abdominal muscles is difficult. 
Patients tend to use the rectus abdominous exclusively 
without oblique muscle contribution. Education in 
abdominal bracing, emphasizing oblique muscle 
recruitment is the key to stabilization training. 

Stabilization and flexibility training in neutral spine 
is an integrated approach of éducation in proper posture 
and body mechanics alongwith exercise to improve 
strength, flexibility, muscular and cardiovascular 
endurance and co-ordination of movement. 

Skeletal Muscle 

Skeletal muscle is the largest internai organ, comprising 
approximately 40% of the human body. Therefore, it is 
important to keep the muscular System fit. It plays an 
important rôle in controling the body movements, and 
mechanisms and stabilization especially of the spine. 

Types of Muscular Contraction 

1. Isotonie contraction: Isotonie contraction is a dynamic 
form of exercise that is carried out against a constant 
or a variable load. This can be done either 
concentrically or eccentrically. During concentric 
contraction the muscular force generated is able to 
overcome and applied external résistance and the 
whole muscle length is reduced. As a resuit, at least 
one of the two limb segments spanned by the 
contracting muscle moves. 


2. Eccentric contraction: A contraction is considered to 
be eccentric when development of increased muscle 
tension is accompanied by muscle lengthening. The 
slow lowering of abducted humérus to the side of the 
body is an example of an eccentric contraction. 

3. Isométrie contraction: Isométrie contraction is a form 
of exercise where a muscle contracts without bringing 
about the movement in the joint or in the muscle. Here 
the length of the muscle is unchanged. There is no 
movement of the segments, e.g. Gymnast holds 
himself in position on parallel bars. Muscles around 
the shoulder contract isometrically to stabilize the 
upper body and there is no movement. 

Flexibility 

Some muscles may be tight. Aggressive stretching of these 
tight muscles of spine and extremity significantly 
improve the patient's functional abilities with decreasing 
pain. This is best done by yoga. Ail muscles of the leg, 
spine, neck and upper limbs are stretched out in 
yogasanas which are carried out slowly. The position is 
maintained as long as the person tolérâtes. Weak muscle 
causes abnormal movements and neuromuscular in¬ 
coordination. Each muscular exercises is designed to 
improve suppleness of the spine and joints, strengthen 
cardiovascular endurance, neuromuscular coordination 
and ensures safe spine movements. 

Exercises during acute backpain: Bed rest is required 
only for two days. Patient is kept in supine position with 
leg and hips supported at 90° of hip and knee flexion. In 
this position, patient does abdominal and extensor muscle 
contraction. On the third day, the patient can do 
quadruped single arm lift and slowly more and more 
exercises are added. 

Although the exercise appears easy, it challenges the 
abdominal and extensor to maintain balanced posture. 
The exercise correlates well to household functions such 
as clearing the floor or bath or outside activities such as 
gardening. Exercises should improve the function 
without increasing the pain. Exercises are done in 
standing, supine, prone and seating positions. So also the 
yogasanas. Exercises are progressed in difficulty by 
increasing vertical load, résistance, balance requirements, 
time or répétition, complexity and spontaneity. Advanced 
exercises involve unanticipated stabilization using the 
gymnastic bail, or external manual résistance. Aérobic 
exercises are integrated part of the program. Proper 
posture during aérobic exercises is critical, as prolonged 
positioning is often required. 

A few years back there were lot of controversies 
whether to advise flexion exercises or extension exercises 
for the backpain. Current research has shown that entire 
musculature of the lower limbs, abdomen, spine, neck 
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and upper limbs take part in stabilizing the spine. 
Therefore, the controversy over flexion or extension 
exercises is superfluous. White States that current research 
tend to support the need for symmetry in abdominal and 
extensor strength to balance the shear and stress forces. 
Therefore, both extension and flexion exercises are 
necessary for stabilization of the spine. 

It is important to evaluate the patient at least once in 
six months to evaluate his progress in exercises, muscle 
strength and psyché and stimulate him to continue 
backschool program. Acute patients are instructed to 
avoid lifting heavy objects, to stand close to the work site, 
to avoid bending the back, to avoid twisting, to change 
position frequently, to avoid sitting in low chairs, and to 
use a lumbar support and arm rest when sitting. 

Physical activity restores confidence as well aérobic 
strength. Functional restoration is the key to the 
réhabilitation of chronic low backpain. There is a greater 
prevalence of disk degeneration in smokers as compared 
to nonsmokers. Therefore, patient must stop smoking, 
which is positively harmful to health. Coronary heart 
disease, lung cancer, chronic bronchitis and thrombo 
angitis obliterans hâve a direct etiological relation to 
smoking. 

Exercise-based program is termed stabilization 
training. Kirkaldy-Willis concept of degenerative cascade 
clearly demonstrates the need for trunk muscle control, 
especially during the unstable phase. Neutral spine is a 
position of function or functioning range. Stabilization is 
to maintain the spine in a stable position, posture and 
function. The backschool program restores the functional 
capacity of the patient and make him work more 
efficiently. Patient is restored to work earlier. Program 
strengthens the muscles, makes the spine more supple, 
respiratory and cardiac vascular System improves and it 
stimulâtes the patient of work. 

Exercise Program 

Genda has proposed that there is certain muscle 
imbalance in patients with low backpain. Some muscles 
are weak and flabby. Others are overactive and tight. It 
is important to stretch out the tight muscles to their 
normal range. This should be done first before developing 
the weak muscles. The stretching is done by stretching 
exercises and yogasana. Stretching and exercises develop 
the fine tuning of muscle control. 

Yog 

It is training of mind and body. Yogasana is a posture to 
stretch certain muscles, ligaments and tendons, and 
mobilize joints. 


General Ru les for doing the Exercises and Yogasanas 

1. Do the exercises of yogasanas slowly and maintain 
the final position of yogasana as long as you can 
toléra te. 

2. Repeat the exercise 5 times and work up to 10. 

3. Do the exercise program for 15 minutes twice a day. 

4. Study the exercises and yogasana. 

5. Those which are painful and cause backpain should 
be avoided. 

Exercises for the backpain and also for other joint 
pains: 

Muscular System must be well developed. Some 
muscles that move a joint are weak and others are 
contracted this may cause pain in the joint. The weak 
muscles must be strengthened and contracted muscles 
stretched out of the muscles in the body should be 
exercised to keep the joint mobile and supple. Joints of 
the spine, shoulder, elbow, hip, knee and foot are ail 
should be mobilized by exercise and yogasana. The 
foliowing are exercises and yogasanas that move the joint 
muscles and ligaments are stretched out. Yogasana 
should be done slowly and one should be in that yogasana 
for a tolerable time. 

Sun Salute [Suryanamaskar] 

The 12 exercises of the Sun Salute is an excellent method 
of keeping the spine mobile and supple. This prevents or 
reduces the back pain. It moves almost ail the joints of 
the body (Figs 4 to 15). 

Start with the Sun Salute exercise slowly, daily and 
regularly. One should start with five Sun Salutes then go 
on increasing to a number to his tolérance. Other 
yogasanas shown in Figures 16 to 38 also help to keep 
the body fit. Muscles become stronges, supple, the joints, 
become mobile, ligaments are stretched out and stiffness 
of the joints and spine is reduced. 

In our backschool we hâve found that 
suryanamaskaras help the patient greatly. We start our 
exercise program with suryanamaskar. Dean Ornish in 
his book Prévention of Heart Diseases has advocated Sun 
Salute or suryanamaskar. 

If one studies carefully each program of 
suryanamaskar, one realizes that it comprises: (i) flexion 
exercises to develop the abdominal muscles; (ii) extension 
exercises to develop the extensor of the spine; and 
(iii) develops the muscles of lower and upper limbs; (iv) 
stretches ail the tight muscles, hamstrings, quadriceps, 
abdominal muscles, back extensor and shoulder girdle 
muscles. So, I feel, that suryanamaskar is an excellent 
method of treating chronic low backpain. 
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Fig. 54 


Fig. 58 


Figs 51 to 53 
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Figs 61 to 65 
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Fig. 82 


Fig. 83 


Fig. 84 



Fig. 85 



Fig. 86 




Fig. 87 


Fig. 88 


Fig. 89 


Yogasanas 

Stretch the muscles of the lower limbs, back and upper 
limbs (Figs 16 to 20, 34 and 37) Yogasana (Figs 21 to 23, 
67 to 72, and 76 to 78) are excellent flexion excercises of 
the back and stretch the extensor of the back. Yogasana 
(Figs 24 to 27) are the spécial exercises for developing 
the external oblique muscles. Development of these 
muscles is important in stabilizing the spine in neutral 
position. 

Yogasana (Figs 25 and 26, 35 and 81) are good 
extension exercises of the back and they stretch the 
abdominal muscles, while Yogasana (Figs 28 and 29, 31 
to 33 and 35) are good flexion extension exercises of the 
spine and limb. (Fig. 30) stretches and latéral muscles of 
the neck, (Fig. 38) Nouli is a good exercise for the rectus, 
abdominal muscles and increases the tone of the 
abdominal muscles. 

Yogasana (Figs 69 and 70) develops the muscles of 
the thigh and leg, Sit-ups (Fig. 79) develop the muscles 
of the upper and lower limbs and Figures 73 to 76 stretch 
the hamstring muscles. 

Aérobic exercises (Figs 65 and 66) fast walking for 
4 to 5 kilometers, is an excellent exercise for the entire 
body to keep feet. Swimming is another very useful 
physiological exercise. 


backpain. Méditation, Pranayam or Vipashyana (Figs 82 
and 83), relax the mind. One can expérience total peace 
and happiness of mind. This tremendously improves the 
quality of life. 

Swedish Gym Bail Exercises 

These exercises (Figs 87 to 89) are very good to develop 
the muscles of the back abdomen and limb to stabilize 
the spine. Each position of yogasana holds for a count of 
10 and relax slowly. Repeat each yogasana five times. 

Shawasan Corpse Position 

In this position (Fig. 36) ail the muscles of the body are 
relaxed. It removes fatigue and gives rest to the mind. 
During this position concentrate and observe your 
breathing. 

Aérobic Exercises 

Those which are painful and cause backpain should be 
avoided. Do the aérobic such as fast walking, swimming 
in the period of 30 minutes. Do méditation for at least a 
period of 15 to 30 minutes daily in the morning. Do this 
program every day without failing, and swimming in 
water is one of the best activities for patients with low 
backpain, but driving is inadvisable. 


Méditation, Pranayam or Vipashyana 

A tense mind causes tense body. Total relaxation of the 
mind is a very important part of the treatment of 


Postures 

Standing, sitting, walking while standing or sitting, keep 
neck drawn back and chin tucked in, not up. A proper 
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chair will support your arms and shoulders and prevent 
strains of the neck due to forward push. Sit in a hard 
back chair with spine pushed back; try to eliminate the 
hollow in the lower back. If possible elevate the knees 
higher than the hips while sitting in a car or chair. Desk 
workers should adjust the posture accordingly. Sit ail the 
way back on the chair with the back erect. 

Reaching: Don't reach for a shelf-higher than your 
head. Stand on a stool. Don't reach or look up for any 
length of time. 

Lifting: Bend the knees; squat and lift with thigh 
muscles, not the back. Never bend over with the knees 
straight and lift with the upper torso. Move slowly and 
avoid sudden movements. Try to avoid lifting loads in 
front of and above the waist line. Avoid bending over to 
lift heavy objects from car trucks, as this places a strain 
on low back muscles. 

Driving: Use of a firm or padded seat is useful. Sit 
close to the wheel with knees bent. On long trips, stop 
every one to two hours, get down from car or bus, walk 
to relieve tension and relax muscles. 

Working: Try to avoid fatigue caused by work 
requiring long standing. Flex hips and knees by 
occasionally placing a foot on a stool or bench. Take 
breaks from desk work by getting up, moving around 
and doing a few exercises in the standing position. 

Sleeping: Sleep on a comfortable bed; spécial beds and 
boards under mattress are not necessary. Sleeping on the 
floor on a mat creating a hard bed is not only useless but 
positively harmful. 

Minnesota Multiphase Personality Inventory 

The Minnesota multiple personality inventory (MMPI) 
is the psychological test most commonly used to asses 
pain patients. It consists of some 550 true/false questions 
and yields scores on 10 clinical scales. Although ail scales 
may be diagnostically useful, scieras 1 and 3 also known 
as the Hypochondriasis (Hs) and Hysteria (Hy) scales, 
respectively are particularly noteworthy. 2 

Waddel Signs 

Waddel has described five groups of signs that can be 
elicited during the physical examination that he believed 
were nonorganic in origin. 5 If three or more signs were 
présent, it might indicate a patient who requires 
psychologie assessment. The groups of signs that may 
suggest a functional component to the pain and disability 
are: 

1. Superficial and nonanatomic tenderness: Tenderness 

présent over a wide area of skin in the lumber région 

is nonorganic. 


2. Simulation tests: Simulation tests are meant to trick 
the patient into thinking a particular structure is being 
examined and tested when, in fact, it is not. The first 
simulation test is axial loading, produced by pushing 
down on the patient's head. If LBP is produced it is 
considered nonorganic. 

3. Distraction test: Distraction tests are those that 
attempts to verify a positive physical finding from the 
usual examination when the patient is distracted. He 
recommends the SLR be done with the patient sitting 
and compared with the supine SLR. The examiner 
may seem to be examining the knee or doing a plantar 
response test while flexing the hip to 90° and 
straightening the knee. This "incidental" SLR is 
compared with the formai SLR for gross discrepancy. 

4. Nonorganic régional disturbance: Régional disturbances 
include nondermatomal sensory loss (which must be 
carefully distinguished from multiple dermatomal 
involvement) or weakness that is ratchety, collapsing 
or cogwheel, especially if multiple muscles with 
differing innervational are involved. 

5. Over reaction: Over reaction during examination is 
abnormal. 

Of ail the signs, the highest corrélation was with over- 
reaction. However, the investigations should not label 
any patient psysic or functional until ail organic causes 
are ruled out. 

MEDICATION 
Drugs Therapy 

Médication is important in the management of backpain 
especially in the acute phase. However, it is important to 
stress on the patients that he likely to be drug dépendent. 
The patient must be impressed upon that drug should 
be taken only for a short period and they are only the 
analgésies and muscle relaxant not a cure from the 
backpain. Médications canbe divided into: (1) analgésies; 
(2) psychotropic drugs such as antidepressants; (3) muscle 
relaxants; and (4) anti-inflammatory drugs. 

The Analgésies 

The simple analgésies, e.g. aspirin, acetaminophen, are 
relatively harmless. The side effects of these drugs, 
though different, are of the same importance. The 
salicylates (e.g. aspirin) hâve added advantage of being 
anti-inflammatory agents and hence more effective. 

Muscle Relaxant 

A large number of médications are available on the 
market which supposedly are muscle relaxants. None of 
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them work effectively. They may hâve a minimal 
relaxation effect but they cause side effects. 

Non-steroid Anti-inflammatory Drugs (NSAIDs) 

NSAIDs reduces the inflammation and also hâve the 
analgésie effect. Of these aspirin is still a good drug as it 
is cheap and safe. Other commonly used drugs are: 
ibuprofen, diclofenac sodium etc. These are the potential 
drugs for complications such as severe gastritis, 
hematemasis. 

Steroids 

If the analgésies and sédatives fail to give relief steroids 
can be used for the short period. 

Physical Therapy 

Heat in any form is soothing to the back. Heat-bags, 
infrared and short-wave diathermy and other heat 
modalities hâve more a soothing effect on the mind and 
hâve no scientific base. 

Traction Therapy 

Traction therapy also has no therapeutic value in the 
management of low backpain. It never opens up a disk 
to relieve the mechanical pressure off from the nerve root, 
nor it relieves the muscles. Perhaps it may act by 
stretching out the tight muscles of the back. There is no 
scientific prove that manipulation, massage, magnetic 
therapy, percutaneous electrical stimulation, 
acupuncture, acupressure, etc. hâve any bénéficiai effect. 

Braces 

It is presumed that the brace tightens the abdominal 
content and convert the spine and abdomen into a stable 
cylinder by increasing the intra-abdominal pressure. 
However, there is no scientific prove for this assumption. 


In acute problems the braces may help until the pain 
subsides. In chronic backpain patients with lumbosacral 
supports are not bénéficiai. Often it is more 
uncomfortable to the patients. However, if it is 
comfortable and patient likes it, he may wear it for a few 
days. They cause restrictions of movement and disuse 
atrophy of muscles. 

Spécial Furniture 

The chair should support the back and should hâve arms. 
The table in front should hâve a comfortable height. 

Psychotherapy 

If the patient has any psychologie problem, psychiatrie 
counceling is necessary. Often the patients are depressed 
and the often used drugs are antidepressants. 
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INTRODUCTION 

The human pain expérience is a complex 
multidimensional phenomena. It incorporâtes sensory, 
cognitive, emotional and behavioral aspects. Pain is 
nature's earliest sign of morbidity. It is a cry for help. 
Pain that persists tells us that something is wrong that 
we ought to see a doctor. 

A sensory stimulus above a certain threshold can 
become a pain source, but that pain stimulus is 
considerably modified by the cérébral cognitive System 
before it becomes perceived as pain. There can be no pain 
without the involvement of the higher nervous centers. 
It is how these centers handle, absorb and integrate the 
nociceptive stimulus, that détermines its perception. The 
perceived pain, therefore, may not be directly 
proportionate to the stimulus. The apparent absence of 
pain experienced by casualties in war, boxers, athlètes 
and by the schizophrénies who hurt themselves can thus 
be explained. 

Pain perceived at the conscious level has three 
recognizable components, described by the Hilgards 
[1975] as sensory pain, suffering, and mental anguish. 
Sensory pain is the appréciation of a sensory stimulus as 
pain. The suffering component involves the frontal cortex. 
The mental anguish component of pain is associated with 
anxiety and a complexity of émotions with a résultant 
pattern of pain behavior [Gibson, 1982]. This 
psychological component is uniquely individual. The 
same pain expérience can produce different individual 
behavioral responses. Pain can become a learned 
phenomena, a haunting memory as real as its first 
expérience. It is possible to hâve pain perception even 
after the pain source is adequately treated. Thirty-five 
percent amputées suffer from phantom limb pain 
[Feinsein et al, 1954] though the stump is usually healthy 
and there is no obvious pain source. 


An individual's response to pain will dépend on 
inherited characteristics, previous environmental 
expériences and the présent situation. Also, the meaning 
ascribed to the sensation and an intellectual assessment 
of the probable outcome of different response strategies. 
Spécifie painful expériences in childhood are influential 
in how a person perceives and expériences pain in later 
life. If illness was rewarded by parental attention and 
escape from the demands of school, the individual may 
look for benefits from pain in later life. A more disciplined 
childhood with demands for a stiff upper lip can produce 
a stoical attitude towards pain. 

Simple or acute pain is easy to treat. Chronic pain is a 
different matter altogether. The underlying 
pathomechanics is most complex. In addition to the 
organic cause, psychological and social factors play an 
important rôle. The very existence of pain that perhaps 
incapacitates créâtes emotional problems which may then 
in turn intensify the pain. Psychosocial problems can 
prolong the course of physical illness and lead to 
chronicity. 

The vast majority of backache starts with a physical 
source. Over the years, a number of sophisticated 
diagnostic techniques hâve been developed, and these 
hâve greatly improved physicians' ability to isolate and 
define the anatomie sites of pathology. However, 
frequently these findings do not correlate well with self- 
reported pain. It has also been found that surgical 
correction of the organic lésion often does not eliminate 
the symptomatic complaints. 

There has been a great deal of research attempting to 
isolate psychological characteristics associated with low 
backache patients. The MMPI (Minnesota multiphasic 
personality inventory) has been widely used in this 
context. The early work attempted to differentiate 
"functionalow back pain from organic low back pain. 
Pain as a physical reality cannot be separated from its 
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emotional aspects. Physical disorders and emotional 
reactions coexist. Sternbach reiterated that chronic pain 
is a complex and interactive psychophysiologic behavior 
pattern that cannot be broken down into distinct, 
independent psychologie and physical component. If the 
physical parameters of the patients' discomfort and the 
emotional and social factors which influence his/her 
thoughts about pain are examined, physicians will hâve 
a more comprehensive understanding of the patient. 
Diagnosis of psychosocial disturbance must be based on 
positive emotional and behavioral assessment. 

Physicians recognize psychological disturbances in 
the uncooperative, noisy, agitated patient. But this is often 
hidden in the quiet and uncomplaining patient. The 
ability to recognize the patient whose distress outweighs 
the recognizable organic pathology becomes essential, 
and therefore, while assessing patients, it is important to 
note facial expressions, adjectives they use for pain and 
other inappropriate signs—such as intolérance to noise 
or bright light. Aerophagy, persistent hiccups, tremors 
and irregular dyspnea are other signs observed by us. 

Clinicians must recognize that patients often hâve no 
control over how they react to illness. They do not want 
to hâve pain, they do not choose to be psychologically 
disturbed, and malingering is not common. The clinicians 
rôle is to avoid being judgmental and understand the 
problem, both physical and psychological in order to 
provide the best possible management. 

Most of the clinicians are familiar with the WHO 
définition of "Health" and in view of this treating the 
person as a whole rather than the disease in isolation 
becomes vital. Bonica States that treatment of chronic pain 
patients is best achieved through a multidisciplinary team 
approach. It saves time, minimizes risks of side-tracked 
treatment, removes individual bias and allows a more 
intelligent treatment plan to emerge. 

Psychological Factors 

From an extensive review of previous work and his own 
detailed clinical studies, concluded that the most 
important psychological disturbances were anxiety in 
acute pain and dépréssion in chronic pain. The anxiety 
often turns to dépréssion in chronic pain and is 
characterized by a feeling of helplessness and 
hopelessness. Psychological testing usually shows chronic 
pain patients to be depressed, although they may not 
expérience a depressed mood, the dépréssion may be 
masked by the absorption in the somatic symptoms. 
Patients deny association with anxiety or dépréssion, but 
say that the pain makes them anxious, tense, worked up 
or even depressed. However, careful probing usually 
reveals that dépressive symptoms preceded the pain. 


Chronic pain is thus viewed as neither primary nor 
secondary to dépréssion but as a synchronous expression 
of the mood. Pain—synonymous with punishment in 
many languages—replaces guilt, failure and fear of 
success, a strong aggressive drive which is thwarted by 
a loss or a threatened loss. George Engel points out the 
common error by physicians of assuming that a patient 
is depressed because he has pain, instead it can be shown 
that the expérience of pain serves to attenuate the guilt 
and shame of dépréssion. The pain may clearly protect 
the patient from intense dépréssion and even suicide. 
Repression of émotions like anger, fear, grief, guilt is self- 
destructive. These émotions are like dynamite buried 
alive. Repressed émotions unfortunately do not die. They 
refuse to be silenced. They influence the whole 
personality and the behavior of the person. For example, 
a person who represses guilt feelings is forever, though 
subconsciously, trying to punish himself by experiencing 
pain. Repressed angers, fears are also "acted out" by 
experiencing pain. Feelings of helplessness and 
uselessness lead to psychic pain. Chronic pain is then the 
somatic expression of an unresolved psychic pain. This 
is not surprising, considering the multiplicity of problems 
faced, e.g. family rôle changes, interpersonal conflicts, 
financial stresses. The joint family as a stressor has been 
recognized by many and the author's study endorsed this 
view. 

At the spine clinic of LTMM College and Hospital, 
Sion, Mumbai, 175 patients were interviewed for 
psychosocial évaluation. The patients studied included 
ail those needing planned surgery, those with récurrent 
backache, those with résistant backache, backache 
associated with polycentric pain, with anxiety, 
dépréssion, with multiple bizarre symptoms and 
irrational signs. 

Ail patients as a routine were primarily seen by a 
multidisciplinary team of orthopedicians, medical social 
worker, physical and occupational therapist, and 
prosthetist. Help was taken from neurologist, psychiatrist 
and internist whenever necessary. 

Majority of the patients belonged to third and fourth 
decade of life. Many had chronic résistant backache. Most 
studies about chronic pain, like this one, show that earlier 
the onset poorer is the prognosis. Many of the author's 
patients were first and second génération rural 
immigrants to Mumbai with adaption problems. Though 
number of females in this group was marginally smaller, 
most of the studies about stress pains do show 
prépondérance of females. 

Majority of the patients were illiterate or minimally 
educated. Their intelligent participation in the treatment 
was poor. 
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Of the 129 married patients, 4 were widowed, 3 were 
separated or divorced. Nineteen had marital conflicts. 
Sampoorna and many others hâve found stress problems 
more common in married people. It is felt that many 
patients hâve not divulged their marital conflicts to the 
clinicians. Social and cultural traditions interfère with 
awareness and insight into feelings and interpersonal 
conflicts, and also inhibit verbalization. 

Most patients belonged to lower socioeconomic 
groups. The poor income compounded by many factors 
is a major stress. Ninety-four patients expressed financial 
stress, 16 patients, suspected of having it but denied. 

Psychological profile of these patients showed, 69.1 
percent suffering from clear anxiety symptoms, 50.2 
percent from dépréssion, while 38.3 percent showed both 
anxiety and dépréssion, 3.4 percent were already treated 
by psychiatrists. History in another 9.1 percent indicated 
anxiety and dépréssion prior to backache. In 11 patients 
(6.3%), anxiety and dépréssion started with backache. 

Fifty-two percent patients had some orthopédie cause 
found. Forty-eight percent patients did not hâve 
discernible orthopédie cause. This group represents a 
complex problem of psychological factors, puzzles of 
neurophysiology and clinicians shortcomings in the 
diagnosis. 

Out of 175 patients, 34 regularly and 18 irregularly 
attended the foliow-up sessions. Remaining attended 
physical check-ups but avoided the psychosocial follow- 
up. Many patients are unaware of functional causative 
factors and most, usually deny feeling anxious and 
depressed and expect to focus the author's attention on 
physical pain. 

In many of them, the anxiety and dépréssion are 
substituted by pain. Treating with these causes, the pain 
disappears. Pain is often a somatization of guilt 
complexes, or an escape from failure, or an attention- 
seeking device. Patients cling to this useful tool. 

Twenty-three patients underwent surgery, 6 patients 
had satisfactory objective recovery, but continued to 
complain of pain. In the first 2 of these 6 patient, this 
came as a surprise, while in the next 4, the possibility of 
dissatisfaction was predicted. In another 5 patients 
surgery though indicated, was not done, accepting some 
morbidity. 

Almost ail needed antidepressants and anxiolytics for 
a variable period. Analgésies were avoided as much as 
possible. Biofeedback relaxation therapy using portable 
EMG unit with auditory and visual indication was given 
to 18 patients. Ail of them showed moderate to good relief 
of pain. 

Ail were given psychosocial counseling sessions from 
the first visit. Those who continued follow-up showed 


fair subjective relief of pain. Like good physiotherapy, 
relaxation techniques and counseling seem to offer many 
a patient very good relief. But most patients preferred 
drugs rather than practice relaxation. 

Though majority of the patients (about 60%) belonged 
to lower socioeconomic strata, a large number (about 
40%) did belong to white-collared middle classes. Excep t 
few minor différences in financial aspects of life, ail other 
factors identically operated in both these categories. It is 
felt that the foregoing findings, analyzes, and inferences 
can be valid for any community and any institution. 

The author found 14 cases of alcohol dependency in 
self and two in spouses. Among personal factors found 
responsible were unemployed spouse, addiction or illness 
in spouse, maltreatment by spouse, sterilization 
procedures, hysterectomy, male and female ménopausé 
and loneliness. 

The job-related factors like unemployment, temporary 
jobs, job dissatisfaction industrial labor problems like lay- 
offs, threat of dismissal harassment by other employées 
and union rivalry problems caused backache in 
employées and in their family members often. 

Illness Behavior 

Rewards for pain behavior reinforce it. Without realizing 
that patient may subconsciously make his pain worse 
because of many secondary gains. It gets him the added 
attention of family and friends. Pain can be used to avoid 
an unpleasant situation. After repeated failures, pain can 
be a face-saving reason for giving up a losing fight. The 
gain may be financial by litigation, the compensation one 
gets as a disabled, may be higher than his présent salary. 

Treatment 

Treatment aims are to alter the disease process, to relieve 
distress, to reduce illness behavior and restore social 
function. The most realistic goal of psychosocial treatment 
is to enable patients to enhance their coping capacities so 
that they cope more effectively with any continuing 
discomfort and disability. 

Taking time to talk to patients and enabling them to 
voice feelings, fears, anxieties, doubts in itself provides 
an emotional catharsis. The positive therapist-patient 
relationship is of prime importance. It permits the clinical 
application of the more basic virtues of faith, hope and 
caring when the counsel or provides reassurance, advice 
and encouragement. 

It may not be évident to patients that they hâve it 
within their power to reduce their own discomfort and 
to counteract secondary gains or overcome interpersonal 
difficulties. Counseling involves helping them to learn 
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how to avoid self-defeating patterns of thought and 
behavior to respond more adaptively and to create 
conditions conducive to their own well-being. The 
therapeutic value of training the patient in basic adaptive 
skills, e.g. communication strategies and general 
problem-solving skills cannot be discounted. More often 
than not, clinicians are faced with people who believe 
that they can do nothing about their difficulties and tend 
to give up. The less they do to help themselves, the worse 
the problems become and the more overwhelmed and 
hopeless they feel. It can become a vicious cycle. 

How can the therapist persuade a patient to give up a 
useful symptom? You look for the gain and try to help 
the patient to find a healthy, way to get it, e.g. when the 
pain is an escape from failure, therapist should help him 
to set goals that he can achieve or encourage him to exploit 
his hidden potentials better. In interpersonal conflict, the 
patient needs to be taught healthy ways of asserting, 
effective communicating and coping, while the family 
can be educated to reward the patient for healthy 
behavior. He can be helped to develop more positive 
attitudes that will enable positive behavioral changes. 
During therapy, hostility may appear. Free and 
appropriate expression of the patients' hostility is to be 
encouraged. The therapist must pay particular attention 
to current problems in the patients immédiate life 
situation and deal positively with his reaction to the 
therapist and to the treatment. 

It may be possible to help the patient by reducing 
distress and illness behavior, even when physical cure of 
the disease is not possible. This can be done when 


patients' thought process is focused upon in treatment. 
The counselor attempts to help the patient to modify 
thought processes in order to alleviate pain. A person's 
"cognitions" or appraisal of his/her environment are 
critical déterminants of his expériences and émotions. The 
patient learns to replace irrational beliefs with rational 
ones and is thus able to replace the inappropriate with 
appropriate emotional reactions and behavior. Once the 
patient gains insight into his illness behavior, he learns 
to use less and less self-defeating patterns of behavior. 
The more he learns to accept and value himself, the less 
he will move towards psychic pain. Pain will then be 
more proportionate to the actual organic lésion. In the 
event when the disease has no cure, the patient can be 
taught to live with it without getting overwhelmed by it 
and rely less on médication. The patient can also be 
helped to develop a sense of humor and learn to laugh 
more often. Laughter cannot cure pain but is known to 
activate a release of "endorphins" and "enkephalins", 
known to be the body's natural pain-suppressing agents. 
Laughter is also described as a form of eustress because 
it has a built-in balancing mechanism that encourages 
both stimulation and relaxation. The action of laughter 
also releases catecholamines which together with 
adrenalin and noradrenalin are thought to enhance blood 
flow and reduce inflammation and speed the healing 
process. There is, therefore, no doubt about the 
therapeutic value of laughter. An absorbing hobby or a 
vocational retraining can also help him to lead a happy 
and productive life despite his pain. 




INTRODUCTION 

Disc 'degeneration' is the process of wear and tear that 
the dise undergoes due to usage. The degenerated dise 
has been an enigma of sorts—as regards its etiology, 
pathogenesis, clinical relevance and treatment. The 
question whether this is a 'normal' phenomenon of 
ageing, or a pathology, has been debated for a long time 
now, but more so in recent years, with the advent of 
newer therapeutic interventions for this 'pathology'. 

In clinical practice, degenerative dise disorders form 
the commonest group of patients with back pain. It is 
important for the clinician to understand the basic 
pathology and the natural history of this condition before 
treatment recommendations are made. 

Two groups of problems related to the intervertébral 
dise are commonly seen. One group relates to the 
dehydrated 'black' dise, causing chronic low backache, 
while the other relates to superadded injury to such a 
pre-existent dry dise, causing acute on chronic 
présentations, including anular tears, herniations and 
extrusions, presenting with sciatica. 

Functional Anatomy of the Disc 

The intervertébral dise is a viscoelastic hydraulically 
charged shock absorbing structure that is interposed 
between two adjacent vertebrae. The dise consists of the 
vertébral end-plates, the nucléus pulposus and the anulus 
fibrosus. 

Anulus Fibrosus 

The anulus fibrosus is formed of concentric rings of 
fibrocartilage, 12 to 15 in number. Each layer of collagen 
fibers is obliquely offset from the adjacent layer (Fig. 1). 
This peculiar arrangement allows angular motions in six 


different planes about three biomechanical axes (X, Y 
and Z). 

Each layer of the anulus has fibers directed at about 
25° to 45° to the vertébral end-plate, and this angle 
diminishes with âge. The direction of the fibers alternâtes 
in each successive layer, providing flexibility whilst 
maintaining strength. If one layer of the anulus is 
relatively slack during movement, its adjacent layer s will 
be taut. 

The adjacent layers are gummed together by 
proteoglycans. 

The outer layers are well organized. Their fibers are 
more vertical and are firmly attached to the bony margins. 
They hâve prédominance of type I collagen fibers which 
are structured to counter tensile forces. The fibers in the 
inner layers are randomly directed, less vertical and 
firmly attached to chondral end-plate. Their attachment 
to the bony end-plate through the cartilaginous end-plate 
is poor. They hâve prédominance of type II collagen fibers 
which are structured to counter compressive forces 
(Herbert). 8 

An individual collagen fibers (of the anulus) is a 
trihelical intertwined chain of amino acids, connected by 
Chemical and electrical bonds. These fibers hâve a 
potential of elongating by uncurling. When the elongating 
force is released, the fibers recurl to their original length 
due to their 'memory' (elastic deformation). A 
physiological load on the anulus loosens the chemical- 
electrical bond, and produces up to 5° of rotation in an 
individual collagen fiber. However, 'non-physiological' 
loads may induce more than 5° of rotation to a fiber, 
causing a break in the chemical-electrical bond and 
leading to physical failure of the fiber. At this point, 
releasing the deforming forces does not bring them back 
to their original morphology. This is called the plastic 
deformation. Fibers of the anulus are more prone to 
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Fig. 1: Anulus rings of the collagen fibers-criss-cross 
arrangement of the fibers in the alternate layers 


failure in a State of compression, rotation and bending. 
Significant failure of anular fibers may compromise 
stability of the functional segmentai unit. 

Clinical relevance: Bending and working away from 
the body, with or without twisting the torso, is a 'high 
risk' position for the dise, and most dise injuries occur in 
this position. It is important to advise patients to step 
close to the area of working when reaching for an object, 
to move the center of gravity of the body doser to the 
object. Also, that bending while lifting should be done as 
a combined movement at the hips and the spine. 

In the lumbar and cervical région, the anterior anulus 
is thick and long while the posterior anulus is thin and 
short. This anular configuration with the contained 
nucléus pulposus produces and maintains the normal 
lordosis. As dises degenerate, the lordosis gradually 
reduces. In the lumbar région, this occurs to a limited 
extent. In the cervical région, the posterior bony margins 
are already articulating through uncovertebral joints, and 
the degeneration of the anteriorly lying nucléus can 
produce much more flexion. 

Clinical Relevance 

1. Older adults show a 'straightening' of cervical/lumbar 
lordosis on X-rays, as a normal phenomenon of 
ageing, is often mistaken for para-spinal muscle 
spasm. 

2. Most dise extrusions occur posterolaterally, where the 
anulus is weakest. 


Nucléus Pulposus 

The nucléus pulposus is the 'bail of jelly' tightly contained 
in the dise compartment, bound by the anulus. It is a 
hydrated gel of proteoglycans (a complex of high 
molecular weight protein-carbohydrates) consisting of 
sulfated glycosaminoglycans bound to a protein core 
(Fig. 2). It also contains interlocking collagen fibrils, which 
impart elasticity and compressive strength to the nucléus. 
Because of the presence of negatively charged sulphate 
groups, water is attracted to the proteoglycan 
macromolecule (Davidson). 4 The nuclear protein has dual 
function. It is responsible for water adsorption, and it also 
gums together the collagen fibers. The constituents of the 
nucléus pulposus are produced and maintained by 
chondrocytes. 

The strength of the dise is in its integrity and the water 
content in the nucléus. 

As the dise âges, the water content of the nucléus 
diminishes, reducing the hydraulic tension in the dise, 
and hence decreasing the resilience of the dise. This makes 
the dise more vulnérable to collapse/injury under 
loading. 

Clinical Relevance 

1. A dehydrated nucléus looks black on a T2 weighted 

image on an MRI scan, and is commonly known as a 

'black dise'. 



Fig. 2: Microstructure of the collagen-protein complexes: 
(1 and 4) Chondroitin sulphate and keratin sulphate chains, 
(2) protein core, (3) link protein, (5) hyaluronic acid Chain 
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2. Disc bulge is when the nucléus remains as a single unit, 
but protrudes out of its anular confines. In extrusions, 
a part of the nucléus gets detached from the parent 
nucléus, and gets ejected in to the spinal canal. 

3. Surgical discectomy addresses the dise fragment that 
is impinging in the neural structures, but does not 
address the dehydrated dise. Hence, it relieves leg 
pain but not back pain. 

The proteoglycan-water complex generates hydro- 
dynamic turgor which keeps the anular fibers the 
semipermeable pores of the end-plates and the anulus 
fibrosus. 

The Vertébral End-plate 

The vertébral end-plate which forms an interface between 
the vertébral body and the dise is made up of a thin plate 
of bone and a thin layer of hyaline cartilage containing 
type II collagen fibers (Fig. 3). It serves the function of 
even distribution of loads on to the dise, and forms the 
conduit for diffusion of nutrients from the vascular 
vertébral body, to the avascular dise. It is however not as 
strong as bone, or as résilient as the dise, and can fail on 
abnormal loading. Intra osseous dise herniation is a well 
known entity causing back pain due to the dise material 
extruding across the end plate rather than across the 
anulus. Schmorl's nodes are also part of a similar 
pathology, occurring in growing years. 

The end-plate has micropores which are remnants of 
the early life vascular channels (Fig. 3). These help 
diffusion of nutrients into the dise. With advancing âge, 
permeability of the end-plate pores decreases. This may 
hâve adverse effects on the nutritional and biomechanical 
status of the dise. The vertébral end-plate and the 
vasculature in it hâve unmyelinated nerve fibers that are 
capable of nociception. The nociception can be produced 
either by biochemical products from dégradation of the 


dise coming in contact with these nerve endings or by 
mechanical disturbances of the end-plate. 

Innervation of the Disc 

The sinuvertebral nerve is the main sensory innervation 
of the anulus of the dise, while the nucléus is devoid of 
nerve supply. The sinuvertebral nerve is a sensory branch 
directly arising from the nerve root distal to dorsal root 
ganglion (DRG). After receiving a branch from the 
autonomie supply, it enters the canal through interverté¬ 
bral foramen. Ascending and descending branches, from 
the lower and the upper sinuvertebral nerves anastomose 
with each other and give innervation to the posterior 
outer anulus with significant sensory overlap. This 
sensory overlap may be responsible for the variable and 
ill-localized clinical présentation and can produce 
confusion in the accurate localization of the levels in 
discogenic syndromes. The anterior and latéral parts may 
receive supply from segmentai anterior rami. The inner 
layers of the anulus hâve poor nerve supply. 

Functional Biomechanics of the Disc 

Biomechanically, the anulus fibrosus works like a coiled 
spring pulling the vertébral bodies against the elastic 
résistance of the nucléus. The combined function of the 
anulus and the nucléus, efficiently stabilizes the motion 
segment against axial compression, torsion, bending and 
translation (Fig. 4). Intactness of the anulus and the its 
unaltered ability to contain the nucléus is very important 
for these functions. Once the anular wall is broken during 
herniation, it is no more a biomechanically normal dise, 
unless the breach is solidly healed. 

The ability of the dise to keep the vertébral bodies 
apart, maintains the height of neural foramina and ensure 
that the apophyseal joints are maintained at midrange 
position during weight bearing. 



Figs 3A and B: Function of the dise: (A) Anulus as helical spring, and 
(B) nucléus as roller bail bearing 
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Figs 4A and B: Structural details of the end-plate: (1 ) Vertébral 
body, (2) end-plate, (3) anulus, (4) dise, (5) cartilage (6) capillary 
network, (7) bony plate, (8) vessels, and (9) vertébral body 


Short duration high magnitude loads like lifting, faits, 
etc. produce anular ruptures, while long duration low 
magnitude routine activities like stooping and prolonged 
flexion are found to produce fatigue failures. During daily 
life, the most common actions are stooping and rotation. 
During these actions, the actual forces produced at the 
dise are compressive, tensile and torsional. These three 
types of stresses, in isolation may not harm the dise, but 
combinations could be damaging. 

Hickey's studies 9 found that flexion concentrâtes a 
damagingly large amount of stresses on the posterior 
anular fibers. He found that the anular collagen fibers 
similar to tendon fibers will get irreversibly damaged by 
stretching beyond 4% of their original length. They also 
found in their experiments that mild compression 
associated with rapid répétitive flexion even of 5 to 7° 
showed signs of failure after 200 cycles and failed 
completely after 1000 cycles. 

During flexion-extension the center of rotation of a 
motion segment is located in the posterior third of the 
dise because of its elliptical shape. The posterior margin 
of the dise is not convex. It can be straight or often 
concave. This shape directs the transverse vector of 
weight-bearing forces posterolaterally where the anulus 
is thin and not reinforced by posterior longitudinal 
ligament. Therefore, the postérolatéral dise bulges are 
more commonly seen. Unfortunately, the nerve roots are 
located posterolaterally and therefore, are easily 
vulnérable to compression. 

The rotational stresses are even more harmful. The 
consecutive layers of anulus hâve opposite orientation 
in obliquity. During rotational loading at any given 
moment, half the anular layers are under tension while 
other half are relaxing. In other words, during these 


rotations only half the layers are supporting the nucléus 
and protecting the dise integrity. If the flexion and 
compression loads are high, anular ruptures and dise 
herniation can easily occur. During terminal and 
preterminal stooping, the posterior muscle activity is 
poor. 39 Any compression loading with rotation like lifting 
weights is uncontrolled and unsupported by the 
important muscles and can produce great harm. Many 
patients report of having felt or heard the cracking sound 
during anular rupture, and this information in the history 
must not be disregarded. 

Hydrodynamics of the Disc 

The nuclear colloids adsorb water giving the dise its 
normal tugor. In upright posture the water is expressed 
out. When the spine is unloaded the water is reabsorbed. 
These changes occur so quickly and imperceptibly that 
we are not even aware of them. With degenerative 
histochemical changes, the rate of water movement is 
slowed down. This clinically manifests itself as low back 
stiffness after sitting and the attempted movements may 
be painful. When a patient has no other symptoms and 
signs, this heralds onset of degenerative changes. 

After any particular sustained posture, like prolonged 
stooping, the water is relocated in the dise. On change of 
this posture the water rearranges itself quickly. With the 
histochemical changes of degeneration, these postures 
may persist for some time, while attempting to change 
them. In degenerative dise disease, prolonged undesir- 
able postures may produce painful stiffness. The common 
examples of such misuses of the spine are, lying supine 
in a hard bed and not using pillow, which produces 
prolonged extension, lying in soft beds, hammocks or 
Indian coir bed " khatia ", or using too thick pillow, sitting, 
stooping, reading, knitting and surgeons operating, etc. 
which produces sustained flexion. The examples of latéral 
prolonged postures are multisegmental tilt in acute dise 
herniations, secondary scoliotic curves and not using 
pillows during latéral lying. 

Immune System and the Disc 

There are certain unknown antigens in the soluble protein 
of the matrix. They are normally confined to the 
intradiscal compartment and are unintroduced to the 
autoimmune System. 

Following a significant acute trauma or cumulative 
microtrauma to the dise, these antigens are carried away 
by invading new vasculature to the immune System 
invoking production of spécifie antibodies. These 
circulating antibodies produce immunological reaction 
locally within the dise, affecting the cells of the anulus 
and the nucléus which are responsible for maintenance 
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of the matrix. The immune reaction breaks down the 
lysosomal membrane and releases various proteolytic 
enzymes that dégradé the proteoglycan complex. This 
may accelerate the nuclear fragmentation and 
degeneration. 

Following dise herniation or rupture, when dise 
proteins corne in contact with épidural vasculature, 
similar immunological responses develop at the site of 
herniation (Fig. 5). Inboth these circumstances immuno- 
genic inflammation may cause local, referred and 
radicular pain. 

Clinical relevance: Even relatively small dise fragments 
can cause severe radicular pain due to inflammation set 
up by the Chemical composition of the nucléus coming 
in contact with the nerve root sheath. In fact, pressure on 
the nerve root due to a large compressive dise fragment 
causes paraesthesia rather than pain. 

In a few patients, after acute trauma to the dises, we 
hâve noticed systemic disturbances like mild fever, 
malaise, etc. 

Disc Degeneration 

To understand the pathogenesis of symptoms of 
degenerative dise disease, one should hâve a clear concept 
of the mechanical, Chemical and immunological changes 
taking place during degeneration of an intervertébral 
dise. 

After studying large number of cadavers and doing 
clinical studies over many years, Kirkaldy-Willis 14 has 



Fig. 5: Immunological response to nucléus herniations: 
(A) Nuclear herniation, and (B) immune reaction and root 
inflammation 


described the process of spinal degeneration in the three- 
joint complex, in detail. According to him, this 
"degenerative cascade" proceeds through three phases, 
i.e. dysfunction, instability and auto-stabilization. Stage 
of dise dysfunction is characterized by repeated injuries 
to a dry/nonflexible dise. Instability features chronic, 
activity related back pain, as the dry dise looses its 
capacity to bear loads. Finally, when the dise dries up 
and shrinks to an extent that there is no mobility in the 
dise on loading, the stage of autostabilization is reached. 

The dise and corresponding facet joints would follow 
one another in the degenerative process. At any given 
time, different parts of the same segment may show 
different phases of degeneration. Also different segments 
in the spine may show different phases of degeneration. 
The various phases may be well marked, or they may 
merge imperceptibly. A segment or its component may 
remain in a particular phase for variable period. For 
example, a patient may show dysfunction for many years 
and may quickly pass through the instability phase into 
stabilization. On the other hand he may hâve very short 
dysfunction phase and would remain in instability for 
many years. He or she may be symptomatic intermittently 
or suffer for long time. Some patients may not show any 
clinical suffering during their lifetime. Figure 6 shows 
schematic représentation of pathomechanics of the three 
phases of degeneration. 

The natural ageing process, with or without repeated 
minor trauma which produce end-plate failures, leads to 
nutritional deprivation, failure to resynthesize the 
degraded proteoglycans, failure of collagen linking and 
disturbed water exchanges across the dise. This leads to 
loss of nuclear jelly and weakening of anular support. 
These changes in the dise make it biomechanically 
inefficient and may show various degrees of nuclear 
herniations. This is the phase of dysfunction. At this stage, 
it may produce symptoms of pain, muscular spasm and 
hypomobility. If nerve roots are involved in compression 
or inflammation, it produces radicular syndromes 
(Fig. 7). Spencer et al 37,38 reported that nonmobile, 
adhèrent or anomalous roots are more easily affected by 
dise herniations than normal mobile roots. 

According to Farfan, 6 in posttrauma degeneration, the 
nuclear material undergoes fibrosis. It may get 
fragmented and separated within the anulus. It is often 
found to lie within a fluid filled intradiscal space and 
can move within the dise asper the local geometry and 
the forces applied to the segments. It follows the path of 
least résistance along the radial fissures and may extrude. 
He also found that the radial fissures are latéral or 
paramedian in dise with straight or concave posterior 
margins, while they are in midline in oval dise. He States 
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Fig. 6: The degenerative cascade: The three phase of 
degeneration 


that anular protrusion or bulging is a common and 
natural event in the process of dise degeneration. But the 
dise extrusion is not a natural happening in dise 
degeneration. Some other opérant factors like trauma 
must exist for the nucléus to extrude. 

With advancement of degenerative changes, there is 
fragmentation of the nucléus pulposus, tears in the anulus 



Fig. 7: Disk herniation and root indentation 


or a break in the hyaline cartilage end-plate. The dise now 
loses its structural integrity, thereby, loosing its stabilizing 
ability and the smooth roller action (Seligman). 21,35 The 
movement between adjacent vertébral segments becomes 
uneven and irregular. Excessive degrees of flexion- 
extension, rotation and sagittal translatory movements 
take place. This is the phase of segmentai instability. 

This abnormal type of movements may be appreciated 
clinically on careful examination. It can also be shown 
by dynamic radiography or by study of motion pattern 
under image intensifier. 

Segmentai instability by itself may not be painful, but 
the spine is vulnérable to trauma. A forced and 
unguarded movement may be concentrated on the 
hypermobile segment. The repeated stresses and strains 
on the dise, also concurrently produce secondary 
degenerative changes in the capsule and the cartilaginous 
surfaces of the corresponding facet joints. 

The progression in degeneration changes, both in 
dises and facet joints leads to progressive réduction in 
the hypermobility of the segment. The osteophytes from 
periphery of the vertébral bodies may bridge the 
peripheral anulus and may join each other stabilizing the 
segment. The progressive réduction in the dise height also 
reduces angular motions. The enlargement and 
osteophytic bridging of the facet joints may also stabilize 
the segment. This is the phase of segmentai stabilization. 

The clinicians must remember that presence of large 
osteophytes is not an equivocal evidence of successful 
stabilization of the segment. It merely represents an 
attempt by the body to gain stability. The absence of 
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movement has to be proved by dynamic radiography. 
The reduced movement may occur in erratic and 
unanatomical manner and the authors feel such a 
situation should be considered as in instability phase, 
especially when painful. 

The osteophytic growths, the facet joint enlargement 
and cephalocaudal collapse of the segment may be 
accompanied by variety of malalignment of the adjacent 
vertebrae. This may produce syndromes of spinal 
stenosis. A stenotic spinal canal can prédisposé the roots 
to compromise in the event of dise herniation. A latéral 
dise bulge which cause root compromise more easily in 
trefoil-shaped canal. 

Though changes of degeneration in the dise are 
presumed to précédé those seen in other structures, the 
reverse is also true in some cases. The Figure 8 
summarizes the events in the three-joint complex and the 
résultant status of the spinal segment. 

There is an unresolved debate whether the 
degenerative changes in the dise are to be considered as 
a disease process or a naturally occuring disorder. 

In autopsy studies Vernon-Roberts 27 found degenera¬ 
tive changes in many spines by the âge of 30 and in ail 
spines by middle âge. Spongfort 24,39,40 and many others, 
during surgery hâve found that the histological and 
biochemical changes found in dise herniations in âge group 
35 to 45, were those of more aged dises. Mitchell et al 15 
hâve found much higher collagen content in herniated 
dises which was out of proportion to that found in ageing 
dises. These findings may suggest accelerated ageing 
process and some people consider this more as a disease. 

Vernon-Roberts 27,41,42 found evidence of ail these 
changes can be seen on various investigative studies like 
plain radiograms, CT scans, MRI, discograms, etc. done 
for back pain. Rothman and Weisell 19,32,48 hâve seen them 
in ail people at the âge of 50 even when the person may 
hâve never suffered from back pain. 

Many factors other than dise degeneration seem to 
play rôle in causation of the back pain and disability. 
Although the dise may be source of pain in many patients, 
it may not be the primary source of pain in ail of them. If 
one considers degenerative process as the source of pain, 
then every structure in the spine undergoing these 
changes must be considered as the potential source of 
pain. Figure 8 shows correlationship between the 
degenerative changes and the clinical syndromes. 

Trauma to the Disk 

Disk injury: nomenclature Different people use different 
nomenclature to describe the herniated dise. The authors 
prefer the following one based on actual pathological 
status (Fig. 9). 




IV disk 

Synovitis 


Circumferential 



tears 

1 

♦ 

1 

Contïnuing ~~ 

Herniation 

Radial 

Degeneration 


tears 

I 



t 

\ 

1 'îtnrnl nnnrfl 


Subluxation ■■■■■■■■■* 

entrapment 

i 

1 

\ 


Enlargement of 

■ One level 


articular process 

i 



▼ 

Multilevel 



spondylosis 



and stenosis 



Fig. 8: Degenerative cascade and segmentai clinical staties 



Figs 9A to D: Different stages of dise herniations: (A) Nuclear 
bulge pushing anular bulge, (B) nuclear herniation with intact 
posterior longitudinal ligament, (C) nuclear herniation through 
rent in the anulus and the posterior longitudinal ligament, and 
(D) extruded or sequestered nuclear fragment 


• The protruded or bulging soft dise or contained dise 
herniation: The nuclear mass intrudes into the fissures 
in the inner layer of the anulus, pushes the intact 
layers of the outer anulus in front of it, producing a 
bulge. In dise protrusions, the distortion of the anulus 
may be localized or it may be a diffuse anular bulge. 
In both instances, a few anular fibers remain intact 
and at operation, as the anulus is incised, the nuclear 
extrudes spontaneously. On MRI, these appear like 
broad based bulging dises. 
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• The extruded dise: The nuclear mass extrudes from even 
the outer layers of the anulus, but is still continuous 
with the central part of the nucléus. On MRI this 
appears like a dise fragment with a narrow neck. 

• The sequestered dise: The extruded part is separated into 
one or more free fragments which are lying into the 
spinal canal. These may migrate upwards, down- 
wards or laterally producing a variety of symptoms 
and signs (Fig. 10). On MRI sequestrated fragments 
are free fragments lying in the spinal canal, often 
superior or inferior to the parent dise from which they 
extruded. 

Adams 1,2 found that dises are more vulnérable for 
prolapse in early stages of degeneration. In these dises, 
the anulus is degenerating while the nucléus still exhibits 
some hydrostatic properties and can burst through weak 
and stretched anulus. Herniation and extrusion of totally 
degenerated or fragmented nucléus is seen less 
frequently. 

If the extrusion remains in its abnormal position long 
enough, a very thin membrane may form over it as the 
body's attempts to separate the dise material from the 
neurological structures. This flimsy membrane is not to 
be confused with anular fibers or posterior longitudinal 
ligament. 



Fig. 10: Extrude nuclear material—migration to different 
locations: (1) Behind the upper body, (2) into the foramen, 
(3) latéral, (4) into the central canal behind and lower body, 
and (5) towards midline and the other side 


Healing of the Disc 

The nucléus pulposus has limited ability to resynthesize 
its matrix. Repair starts with neovascularization through 
ingrowth of capillary buds from the vertébral and anular 
sides. These vessels are found to bring with them sensory 
nerve endings. The original injury may not hâve caused 
any pain, but the reparative process may make it painful. 
The nuclear tissue is replaced by fibrotic changes loosing 
its original biomechanical properties. Foliowing major 
trauma the central dise materials is changed into 
fibrocartilage by metaplasia. 

The outer layers of the anulus show tendency of 
healing by proteoglycan plugging followed by fibrous 
scarring and occasional calcification. In comparison to 
the normal anulus, this scar has a poor tensile strength, 
and it can give way more easily in the future on 
mechanical stressing. No significant reparative process 
has been observed in inner layers. 

Neural Involvement 

A number of nociceptive mechanisms and sources can 
produce the back pain and also the radicular pain. One 
mechanism is physical nociception produced by pressure 
on the peripheral anular fibers, on the posterior 
longitudinal ligament and on the anterior wall of the 
durai sac and the root-sleeves. 

The other mechanism is chemically induced. 
Nachemson 16,17 has shown that the pH at the interface 
between a dise herniation and a nerve root is abnormal. 
He has isolated noxious Chemicals from the area, 
indicating that there is some alteration in the chemistry 
of the région as a direct conséquence of discal material 
lying adjacent to nerve roots. The reddened, inflamed 
nerve root seen during surgery can be the evidence of 
this altered Chemical environment. 

The extreme latéral or intraforaminal dise herniations 
would cause intense irritation of the DRG. According to 
the studies by Rydevick et al 20 this will stimulate synthesis 
of the neuroactive peptides (e.g. substance P) in the dorsal 
ganglion. Recent studies by Weinstein 31,46,47 ® using 
vibratory (i.e. physical) stimulation of DRG hâve shown 
higher synthesis and release of substance P. 

Nonmobile, adhèrent or anomalous roots are more 
easily affected by dise herniations than normal mobile 
roots. 

The spinal roots do not hâve the protective connective 
tissue coverings of a peripheral nerve, e.g. the dura 
substitutes for epineurium, the cerebrospinal fluid (CSF) 
substitutes for perineurium. 

The microcirculation of a radicular nerve is provided 
through surface arteries. They corne both from proximal 
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and distal direction with an anastomotic zone that is 
vulnérable to a decrease in blood flow. Using the vital 
microscope and direct observation, Rydevick 20 has shown 
that compression and tension of a nerve root decrease its 
blood supply. This results in changes in intraneural blood 
supply, paucity of supply through the CSF in the root 
sleeve, an increase in vascular permeability resulting in 
edema, and an upset in axonal transport. Myelinated 
fibers are more susceptible to this physical distortion, 
leading to wallerian degeneration under chronic 
compressive situations and intraneural fibrosis is the 
sequel. 

The functional changes are of two types: (i) There 
could be decreased impulse conduction with peripheral 
sensory changes like hypoesthesia or anesthésia and 
réduction in motor function, and (ii) on the other hand 
there may be hyperexcitability and génération of ectopic 
impulses. This results in the symptoms like pain, 
paresthesia, and motor fibrillations. 

Physical pressure on a peripheral nerve does not 
produce pain, it produces paresthesia. 

Clinical Présentation 

Pain is the commonest and most overbearing clinical 
symptom in dise pathologies. Pain is often an acute 
exacerbation of a chronic back pain. There is often a 
history of similar pain épisodes in the past. A 
prédominance of leg pain over back pain suggests pain 
from the nerve root, due to compression/Chemical 
irritation by a herniated dise, while a prédominant back 
pain usually suggests lack of nerve root compression. 
However, this is not a rule. 

Many presenting symptoms of dise dérangements are 
clinically seen in the absence of objective pathology. This 
is especially true in chronic pain syndromes, and arriving 
at accurate clinical judgement may be difficult. 

A casual cursory examination is to be avoided. Tight 
leg-wears like jeans, salwar, etc. do not allow proper 
assessment, and the patient should be adequately 
undressed for spinal and distal neurological examination. 
In acute cases, the authors generally prefer repeat 
examination every 1 to 2 weeks, for about 3 to 4 visits. The 
further follow-up visits are done as per the requirement. 

The primary contributing factor in the dise herniation 
is degenerative process in the dise with reduced anular 
strength and fibrotic drying nucléus. In addition to many 
other unknown factors, mechanical loading, biochemical 
changes, constitutional and nutritional factors play 
important rôle. Among other contributing factors, the 
important ones are occupational risk, motor vehicle 
driving, operating vibrating machinery, sedentary work. 


smoking and previous full-term pregnancies. A lifestyle 
involving prolonged flexion and frequent rotational 
stresses on the spine can stretch and weaken the posterior 
anulus leading to development of dise herniations. 

The development of a dise herniation may 
occasionally be acute and catastrophically complété, but 
more often it is graduai with alternating periods of acute 
pain and remissions. The acute dise disturbances are 
generally seen following a single mechanical stress which 
is severe enough to be noticed by the patient. Some 
patients are unaware of the causative stress that has 
brought the pain. When the cause is not noticed, it is 
usually due to less severe, oft-repeated strain or a 
sustained flexion rotation stress. The dise being 
vulnérable in the early morning due to its turgor and 
stiffness, many a patient report early morning mishaps. 
Males suffer slightly more often from dise herniation. It 
is speculated that more accentuated lumbar lordosis in 
women perhaps prevents excessive flexion stresses and 
makes them less prone for dise herniations. 

Symptomatic dise herniations are commonly seen in 
third and fourth decade. Most patients hâve their first 
acute back pain épisodes in third or rarely second decade. 
These early épisodes are usually without radicular 
involvement, the back pain being the most important 
symptom. The radicular symptoms and signs are more 
common in fourth decade. 

The pain of mechanical dise dérangement is usually 
of acute onset, disabling, worsens on straining, coughing, 
sneezing and is associated with spasm and considérable 
local stiffness. Once it appears, it continues with varying 
grades of severity, and is generally relieved by off-loading 
the spine by lying down. Most patients are comfortable 
with hips and knees flexed whether supine or lying on 
the sides, though some may prefer to be only supine with 
stretched legs. In severe pain, some patients may not be 
comfortable in recumbent posture and may prefer either 
to sit up or be propped up or stay prone crouched up. Some 
of these patients may be pain free while walking about. 

The pain is failry well-localized, well-represented and 
sharp in nature. The posterocentral dise disturbances like 
radical fissures, mild herniations, frank ruptures, 
irritation of the posterior longitudinal ligament and the 
anterior dura, usually show central or symmetrical low 
back pain possibly with radiation of symptoms into both 
the buttocks and further distally. The postérolatéral dise 
disturbances like above mentioned ones and involvement 
of antérolatéral dura and sleeves, usually show unilatéral 
or asymmetrical low back pain possibly with radiation 
of symptoms into a buttock, thigh and further distally on 
one side. The ligamentocapsular structures of the facet 
joints also produce postérolatéral back pain. 
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Generally, more distal the referred pain, more 
severely painful the pathology. A large extruded dise may 
not give leg pain, but a small bulge about to rupture may 
présent with referral of the pain far down into the legs. 
Referred pain is usually poorly localized, dull, and less 
superifical than radicular pain. 

The intensity of the pain varies from excruciating one 
to bearable. More severe the pain, more likely that the 
nucléus has dissected through to the outermost layers of 
the anulus and that the dise is on the verge of rupturing. 
Such a potentially critical situation is recognized by 
presence of severe pain even on lying down and when 
slightest attempt at moving in the bed induces spasm of 
the trunk stabilizing muscles and produces even the 
radicular pain. Such a patient even while in the bed could 
be tilted due to spasm. As per studies of Howe et al 11 a 
patient with a foraminal dise herniation due to pressure 
on DRG has the most severe pain of ail. Some patients 
with severe pain and/or severe neural compression may 
hâve acute vasomotor disturbances like coldness and 
ischémie pains in the concerned dermatomes due to 
stimulation of the sympathetic nervous System. 

The pain may linger on for a variable period. 
Sometimes the pain may disappear almost magically only 
to reappear after few hours or days. It is common to see a 
patient undergoing myelography or épidural block 
reporting within minutes, complété relief of back and leg 
pain following the procedure. The myélographie picture 
still may look abnormal. The possible explanation would 
be rearranging of the herniations during positioning such 
that the bulge pressure is reduced. Alternately, more 
menacingly, the bulging anulus of an incomplète 
herniation, may hâve been completely ruptured with 
extrusion of the nucléus. In such an event, the leg 
symptoms and/or signs would appear following an 
inter val. 

The récurrences go on for few years and then the 
radicular symptoms start with or after an acute épisode. 
Though earlier épisodes may résolve completely due to 
repair and perhaps attempts at régénération after a few 
years, lingering low back pain develops indicating 
underlying degenerative changes. These acute and 
subacute pains are brought on by physically stressful 
activities like lifting stooping, abruptly rotating, falling, 
slipping, heavy manual work, etc. 

Examination on standing may show a crouched 
attitude or a latéral tilt — called a list — with a localized 
réduction in lumbar lordosis. This is due to reflex muscle 
spasm of the segmentai muscles — the multifidus — 
brought in by the body in an attempt to immobilize the 
painful segments, while they are dynamically loaded. 
Most people believe that the only paraspinal muscles are 


involved in the spasm. In reality, ail the peritruncal 
muscles including quadratus, lumborii, abdominals, 
psoas and posterior ones are participating in stabilization. 
The position of the trunk that is least harmful and most 
comfortable will be adapted by the body by appropriate 
relative contraction of these muscles. 

The attempted correction of the tilt increases the pain 
and may bring about radiation in the lower limbs. The 
spasm and the tilt increase on attempted stooping. As 
the pathology résolves, there may be no tilt or spasm on 
erect standing, but stooping may still produce one-side 
spasm and tilt. On attempted flexion, there may be 
anomalous movement, either in the form of déviation 
from the middling plane or an arc-like movement 
beginning and ending in the middling. Minor latéral tilts 
and the tilts brought on during flexion can be missed by 
a casual or inexperienced clinician. 

Most tilts induced by acute painful dise herniations 
disappear immediately on lying down when spine gets 
multisegment support. In some patients this may take 
longer and it indicates more severe underlying pathology 
like massive extrusion, a dise herniation which is about 
to rupture or an acutely inflamed root. 

An incompletely extruded paramedian or latéral 
herniation generally will produce tilt to the opposite side. 
In such a patient, the completion of extrusion may now 
allow approximation of the dise margins, and patient may 
get tilted to the side of the pain. Since the tilt on the side 
of pain is indicative of dise extrusion, it commonly 
coexists with the radicular symptoms and signs. The so- 
called alternating scoliosis described in the literature is 
uncommon. 

Any attempted extension during examination or as a 
part of therapeutic exercise régime may increase local and 
radicular pain. Any forced extension must be avoided 
till the spasm and the latéral tilt is reduced. 

In the early phases of a dise herniation (a few hours 
to a few days), a patient may report only back pain soon 
after the snap sensation which heralds anular injury and 
herniation. During this time, the leg pain may be absent, 
the examination may show positive root tension sign, and 
the investigations like myelogram CT, MRI if done, will 
be positive for the dise bulge. It has been documented 
that patients, after bed-rest and relieved sciatica, may still 
hâve a positive myelogram. This phenomenon has been 
reported up to 15 months after sciatica has disappeared. 

The patients' description of the pain may be altered 
due to psychological factors and the clinician must learn 
to filter out the true extent of pain, since the management 
is often dictated by the pain. 

It must be remembered that even in indisputable 
objective dise dérangements, the pain perception can be 
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modified by psychosocial factors. Since pain is an 
important symptom that often dictâtes the choice of 
treatment modality, including surgery, one must watch 
for contribution of psychosocial modifiers while working 
on a case. An acute pain often produces an anxiety State 
in the patient, while the chronic incapacitating pain and 
sciatica tend to develop dépréssion. This mental distress 
when chronic or récurrent, may increase patient's 
functional disability and create social disturbances. 

A patient of chronic diabetic neuropathy may 
expérience more pain from dise herniation. The 
neurological déficit could theoretically be of higher 
degree, though this is not always true in practice. 
Recovery of the neural function in high/uncontrolled 
diabetics, could be tardy and often incomplète. Contrary 
to the general belief, the diabetic neuropathy can affect 
peripheral motor function also and can produce 
confusion in deciding the source of motor déficit in a case 
of dise herniation. 

Hip joint pathology and sacro iliac joint pathology 
are the other two differentials for unilatéral back and leg 
pain, while a peripheral vascular disease could mimic 
sciatica. 

Ninety-five percent of exposures for lumbar dise 
herniations will occur at either Ll-5 or L5-S1 with the 
former tending to be the older patient and the latter 
tending to be the younger. Five percent herniations will 
occur at other level (laterally at the Ll-5 level and at 
higher lumbar levels, such as L3-L4 and L2-3. 

The most common migratory pattern for a dise 
extrusion is caudally to lie behind the vertébral body below. 

It may be with severe neurological signs which may 
persist or may show spontaneous recovery without any 
residual déficit. 

Herniations above the fourth level are relatively rare 
(5 to 10%) but are important to bear in mind. 

Straight Leg Raising Test (SLR) 

The various sciatic stretching tests essentially give us 
information about the root mobility within the canal and 
also the stretchability of the nerve tissue itself, both within 
the durai root sleeve and along its length. The 
stretchability of the nerve tissue may be affected when 
the root is inflamed or chronically contracted. 

The authors prefer to use simple Lasseque's test as a 
routine. Some élaboration on the test is justified, since 
one sees patients who hâve undergone surgery, on the 
erroneous interprétation of the test as positive. 

The sciatic roots are relaxed in abduction and in 
external rotation of the hips, and in plantar flexion of the 
ankle. They are stretched and lengthened in adduction 


and internai rotation of the hip, and dorsi-flexion of the 
ankle. This may affect SLR testing. A positive root tension 
sign at 30° in adduction and internai rotation could be 
négative even at 40° if tested in abduction and external 
rotation of the hip. During SLR testing, a patient may 
rotate the pelvis to the opposite side, thus, producing 
external rotation and abduction at the hip on the side of 
testing, thereby relaxing the roots. 

Inconsistent or inattentive SLR testing may mislead a 
clinician. To maintain consistency at repeated 
examination by the same clinic and between the different 
clinicians, the authors advise keeping the hip in neutral 
adduction-abduction and in neutral rotation with right- 
angled ankle. The dorsiflexion of the foot done at the end 
of SLR testing does not bring about movement of the root 
in the canal. It stretches the root when it is no more mobile 
longitudinally, and this fact can be used at the terminal 
angle of SLR to accentuate the pain reproduction. 

An extended leg is slowly elevated, taking ail the cases 
as mentioned above, until the patient has discomfort. The 
patient's reaction to the test is carefully noted. The patient 
may complain of a stretch on the posterior thigh and calf, 
a pain in the back, buttocks and thighs or a reproduction 
of his or her presenting radicular complaints, mixed in 
various proportions. Since the test is performed 
specifically to study the neural tissue's mobility and 
stretchability, the authors would not like it to be 
considered as positive, unless radicular symptoms are 
reproduced. Anything else reported by the patient is not 
a positive SLR. 

If the patient's complaints are affected by spinal 
loading or if the SLR seems inconclusive in supine lying, 
the patient should be made to stand with support, the 
lumbar spine maintained neutral and the SLR is tested. 
In some cases, the dise bulge may increase on loading 
and test could be positive. 

Hamstring tightness is common in back pain patients. 
The inability of the hamstrings to stretch during testing, 
is a common hindrance and a source of confusion. The 
hamstrings can be in spasm during an acute épisode, or 
they may be contracted due to prolonged nonstretching 
as resuit of reduced stooping motions. 

The sciatic roots are connected to the thécal sac by 
the root sleeves and normally during SLR testing the 
thécal sac gets pulled caudally. Proximally, the thécal sac 
is attached to the foramen magnum and any flexion of 
the cervicodorsal segments of the spine, pulls it cephalad. 
During supine lying SLR testing, flexing cervicodorsal 
spine would prestretch and fix the thécal sac. Now the 
SLR angle, if positive, would be lowered enough to show 
itself before the nonstretchable hamstrings interfère with 
test. 
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The lower the positive angle of SLR, more severe will 
be the compressing or adhering pathology or the active 
inflammation. It is not true that higher positive angles of 
SLR, like at 60° and above mustbe used before dismissing 
it as inconclusive. 

If the élévation of the leg provokes pain only in the 
back, buttock or thigh, no definite conclusions can be 
drawn. A négative resuit ne ver excludes a prolapse. A 
crossed positive SLR test resuit, i.e. élévation of the 
contralatéral leg provoking pain in the affected leg 
signifies severe duroneural compromise. 

Patients with herniated nucléus pulposus (HNP) hâve 
more pain and more SLR réduction than those patients 
with latéral zone stenosis. 

Fémoral Nerve Stretch Test 

Similar to sciatic roots, the roots of the great fémoral nerve 
can be stretched in full extension of the hip and full flexion 
of the knee. Similar to hamstrings posteriorly, the 
quadriceps can confuse the performance and the 
interprétation of this test. 

Motor Funotion Testing 

The assessment of muscle strength may be unsatisfactory 
in the presence of severe pain, since there could be reflex 
inhibition of the muscles. This emphasizes need for 
repeated clinical examination. 

Slight weakness of the muscles in the foot may be 
missed on manual strength testing. A supramaximal 
shortlasting contraction is possible even in an affected 
muscle. Such a show of momentary strength may mislead 
a clinician in ruling out motor affection. Ideally, the 
muscle contraction while testing must be continued at 
least for 5 to 10 seconds and repeatedly tested. One must 
watch for any trick-movements done by the uninvolved 
muscles supplementing the motions being tested. The 
examination of the gluteus médius in L5 affliction and of 
the gluteus maximus in SI root affliction must be done 
in both the recumbent and the standing positions. One 
must look for wasting of glutei and palpate for poor tone 
on contraction. 

Inability of walking tip-toed or on the heel and also 
of getting up from sitting would indicate clinically 
significant motor involvement. Occasionally a patient of 
dise herniation may suddenly note a major motor loss 
like foot drop with the disappearance of the back pain. 
Such a catastrophic neurological involvement indicates 
complété rupture of the dise. Sudden onset bladder and 
bowel dysfunction associated with acute dise herniation 
indicates major compression of the thécal sac. 


Anterior column dise dérangements are uncommon 
while the anterior dise herniations are extremely rare. 
The anterior anulus has large thickness. The strong broad 
anterior longitudinal ligament is firmly blended with it, 
and the attachment of both these to the vertébral margins 
is strong. Neither the peripheral attachment of the 
posterior anulus nor the anulus itself is strong. Also the 
posterior longitudinal ligament which blends with the 
posterior anulus is not so strong and broad. 

Autonomie nervous System: Disturbances of the bladder 
function are not uncommon in patients with herniated 
dises. They are commonly seen along with weakness of 
sphincter ani, in the cauda equina compression produced 
by herniation of upper lumbar dises. These are serious 
situations. Urgent urodynamic studies which include 
cystometry, flow measurements and neurophysiological 
assessment of the périnéal muscles are necessary in these 
cases. 

An acute painful radicular syndrome in the presence 
of acute low back pain generally indicates dise herniation. 
During, their pain source localizing blocks, the authors 
hâve sometimes found acute facetal synovitis producing 
radicular pain. 

Diagnosis of Disc Disorders 

Radiological Examination 

In acute dise injuries and herniations, the radiological 
findings may not provide any acute to the diagnosis, but 
may be of help in excluding other pathologies. If the 
lumbar tilt persists on taken radiographs in lying down, 
it may be noted. The réduction in lumbar lordosis is not 
always a reliable finding. The diagnosis has to be based 
on clinical picture. The réduction in dise height is often 
interpreted as an evidence of acute dise prolapse. It is 
not an indication of acute dise prolapse but that of chronic 
degenerative change. In a fresh case of dise herniation, 
the material leaving the dise space is too little to allow 
such a quick setting of the dise. The remaining anular 
structure is tough enough to maintain the dise height for 
a long time. 

On the other hand, in degenerative spine, the plain 
radiograms of the lumbar spine yield lot of useful 
information. A well-trained eye can appreciate even the 
subtle changes seen in early stages. If the patients' local 
and radicular symptoms are aggravated by spinal loading 
or on assuming a particular posture, it is relevant that 
radiograph be taken in dynamically loaded posture. 

When a patient is in pain with associated muscle 
spasm, one should hold on the study till pain and spasm 
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disappear. While radiological study, one may guess in 
the dise and the traction spur, indicative of instability. 

The radiological changes associated with spinal 
degeneration include loss of dise height anteriorly or 
uniformly with resuit réduction in lumbar lordosis. There 
may be segmentai subluxation or malalinement in various 
directions/planes like coronal, sagittal, and rotatory, 
either alone or in combinations. Late changes include 
intradiscal vacuum phenomena, osteophytes, sclerosis of 
the bodies, thickening of the postérolatéral columns made 
by the apophyseal joints and the pars, foraminal and 
interlaminar narrowing, and thickening and sclerosis of 
the laminae and spinous processes. In oblique projections, 
the degenerative dérangement of facet joints leading to 
overriding of articulating facets of upper and lower 
vertebra, causing pincer effect on the pars, with local 
sclerosis and hypertophy, is seen in advanced cases. The 
authors term this as pars impingement phenomena. 

Though ail these changes are seen commonly, they 
are not always associated with pain or disability (Beiring 3 
Weise 32 ). The literature is full of studies indicating poor 
corrélation between degenerative changes and the back 
pain. However, Torgerson 25 has found higher incidence 
of back pain with degenerative changes in the younger 
âge. Also they do not seem to related to injury, 
environment stresses and/or any other external 
relationships. 

Myelogram using water-soluble contrast has definite 
place in the diagnosis of dise disorders. It is the only thécal 
sac study and the segmentai motion study that can be 
done in loaded spine, if required using dynamic motions 
and postures. Many herniations and bulges increase on 
spinal loading. This true extent of canal encroachment 
cannot be revealed in lying down posture as during CT 
or MRI scan. Also root sleeve fills up better in vertical 
postures. Thus, the pathological changes in the root sleeve 
canbe better appreciated. In degenerative spine the status 
of stability and any element of stenosis is seen with 
enhancement. 

In some patients latéral herniations and prolapses in 
the fifth interspace may be difficult to disclose by means 
of ordinary myelography. CT combined with a contrast 
medium may used in these individuals. 

In the author practice, myelography has a limited rôle 
with MRI being the preferred method of investigation. 
MRI will usually provide ail of the information necessary 
to plan a surgical procedure including: 

i. The nature of the root encroachment pathology 
(usually an HNP), 

ii. What type of treatment (chemonucleolysis or 
surgery) is indicated, 

iii. Exactly where the fragment lies in the "surgical 
houses". 


iv. What other pathology has to be dealt with at the 
time of dise excision (e.g. subarticular stenosis), and 

v. A view of the conus on sagittal cuts to be sure no 
pathology is hidden in this région. 

Discography 

This involves injecting a symptomatic dise with fluid and 
dye and comparing its pain production and morphology 
with adjacent, 'normal' dises. This is rarely performed in 
practice, and is used only in the rare cases where spinal 
fusion surgery is being contemplated for back pain. 
Holt's 10 discographie studies showed nonspecific pain 
response on fluid injection in the dise. Asymptomatic ones 
showed pain production while in symptomatic ones, the 
presenting back pain was not reproduced. He concluded 
that the pain fibers in 37% false-positive results indicate 
that degenerative dises do not routinely cause low back 
pain. Similar studies by Van Haranta 26 showed that 
degenerative dise does not always cause pain or indicate 
disease State, even when these changes exist. 

Neurophysiological studies would indicate affection 
of neural conduction function and its effect on the motor 
apparatus. Dvonch 5 and also Keim 13 found that the 
sensory evoked potentials (SEP) can be used to identify 
the level of neural involvement and also to distinguish 
between the root pain and the referred pain. 

Spinal Fluid Examination 

If the spinal block is significant, a slightly increased 
protein content may be found as a sign in herniated dise 
patients. This test too is used only in cases where there is 
a lack of radiological evidence of dise prolapse, but 
symptoms are prominent. 

Management of Disk Disorders 

As a general statement, it is fair to say that a very small 
percentage of patients with dise pathology actually need 
surgery. A thoughtfully applied and spécifie conservative 
protocol would help the larger number of patients. The 
only three indications for surgical intervention for a dise 
pathology today are: 1. Sudden, major neurological 
déficit, 2. Poor relief of pain after initial conservative 
management, 3. Affection of quality of life due to 
récurrent symptoms over a longer period. 

Nonsurgical Management 

The successful nonsurgical management would require 
proper understanding of the underlying clinico- 
pathological phenomena, sufficient knowledge of the 
different management modalities. Only then a clinician 
can bring about correct matching of these and get the 
treatment executed properly. 



2782 Textbook of Orthopedics and Trauma (Volume 3) 


In acute painful épisodes of dise dérangements, the 
primary goal of nonsurgical management is to control 
pain, relieve neurological compromise, prevent further 
détérioration and to allow unhindered healing of the 
lésion. This is to be followed by réhabilitation, which is 
directed towards allowing good quality healing, 
producing efficient musculoskeletal resources which can 
prevent or shorten further récurrences, and restoring the 
function of the spine, the trunk musculature and the 
neural structure. 

The clinician must realize that in chronic and 
récurrent cases temporary symptomatic relief may be 
achieved by numerous therapeutic methods, including 
placebos, especially when employed first time. 

The issue of advising bed rest is controversial. 33 The 
advice in the literature varies from zéro rest to prolonged 
enforced good quality rest. Except in old people, where 
the acute pain épisode could be facetogenic, every case 
of acute spasmodic back pain is to be considered as that 
of dise dérangement with a potential of progressing into 
full-fledged dise rupture with radicular involvement. 35 
Since, it is often not possible to clinically predict whether 
such a worsening is likely to occur or not, every such 
patient must be protected from major biomechanical 
loading. At this stage, continuation of strenuous physical 
activities by the patient and spinal manipulations advised 
and performed by some people, hâve shown hazardous 
outcome. The authors believe that, if the body needs to 
immobilize the spine the throwing the muscles into 
spasm while standing, its need must be respected. We 
generally advise bedrest, which off-loads the deranged 
dise through the time the spasm persists — which could 
be 3-4 days to an upper limit of 12-15 days, in the position 
of comfort. 36 

Any trunk posture, in which the patients' back pain 
and radicular pain is relieved can be used. The position 
should be preferably horizontal with multisegment spinal 
support, rather than vertical one, which loads the spine 
axially. 34 The bed needs not be hard, but should be firm 
and nonvielding. An ordinary cotton or even rubberized 
coir mattress can be used. A very hard under support in 
supine lying position may give unnatural lordosis with 
increase in pain and discomfort. The patient may be 
allowed toilet facilities. 

The routinely given lumbar traction, does little more 
than pinning the patient down in the bed. Heavy lumbar 
traction given by proper traction table for bed may be 
useful in relieving radicular compression. A patient who 
expériences pain relief during traction has a fair chance 
of not needing surgery. 

During the period of bedrest, light isométrie 
exercises though could be performed, hâve to be strictly 


within limits of the pain. Though exercising other 
uninvolved areas of the body like upper limbs, must 
be encouraged. 

Antiinflammatory and analgésie drugs can be used 
as per the need. In some cases with severe radicular 
compression and inflammation associated with intense 
leg pain, the authors hâve used systemic and sometimes 
épidural soluble steroids to abort and tide over acute 
crisis. Subsequently, treat these patients with long-acting 
épidural steroids to prevent root adhesions with its 
periphery. These épidural steroids are given by sacral 
caudal route or through the intervertébral foramina using 
image intensifier. 

Gentle local heat including deep that may help in 
controlling the pain. The local rubifacients are useful for 
pain relief only if they are counterirritants. None of them, 
even those containing antiinflammatory compounds, 
alter the course of the disease process underneath. 

Most patients show rapid improvement in low back 
pain and the radicular symptoms. The radiating pain 
should hâve disappeared before the patient returns to 
work. 

The initial phase of return to activities of daily living 
should be guarded. Ballistic and incorrect movement, as 
well as exercises (except walking) should not be allowed 
till the patient is sure that the symptoms hâve settled 
down. A soft, elastic lumbar belt increases intra- 
abdominal pressure, and indirectly off-loads the lumbar 
spine by converting the abdomen into a weight bearing 
stiff column. The braces should be used, as a temporary 
immobilizer till the local areas hâve healed and the 
réhabilitation process has improved the trunk muscles 
enough to take care the spine. Accompanying 
biomechanical disturbances like concurrent instability 
may need prolonged usage of a brace. 

Indications for Surgery 

"Recognizing the corrélation between sciatic pain and dise 
protrusion was the first step toward understanding the 
numerous and obscure clinical spinal pain problems. the 
discovery of the clinical importance of dise prolapse 
resulted in a tremendous increase in operative activities 
to treat patients with any sort of back complaints, often 
based on vague and doubtful indications. A sufficient- 
number of failures led to the adoption of a more adéquate 
and sensible attitude toward surgery. The importance of 
evaluating patients with back trouble from several angles 
was first acknowledged many years later. 11 

—Weber 30,45 

"The diagnosis of dise prolapse in overused, misused and 
abused by both, the patients and the physicians. 

—Waddell 28 ' 29 ' 42 ' 43 
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It is common for the patients to run away from 
surgery, even when the surgery is legitimately indicated, 
as per the so-called absolute, indications. It is also not 
uncommon to see such a patient doing well without 
surgery. Are the absolute indications for surgery, really 
absolute? 

As the natural history goes, the radicular syndrome 
due to a dise herniation is a transient, self-limiting 
condition. In many patients irrespective of the method 
of treatment, a satisfactory resolution is likely to occur 
over a period of time. 

A rétrospective comparison of long-term results of 
conservative and surgical treatment by Hakelius/ has 
failed to show any significant différence. These controlled 
studies conducted over 10-year period hâve shown that 
surgery is superior to conservative therapy, when the 
results were evaluated at the end of one year. During the 
following 9 years, the conservatively treated patients 
improved, and after 10 years the results inboth the groups 
were fairly similar (Weber), 30 in randomly assigned large 
number of patients with unequivocal signs of dise 
herniation, to surgical and nonsurgical groups. The 
surgery showed good early results, especially in cases 
with root involvement. But at 7-year follow-up, any 
advantage was insignificant. However, he found that the 
conservatively treated group has more low back pain, 
more sciatic discomfort, more récurrences, and more lost 
time from work. 

The management protocols for the dise dérangement 
vary widely ail over the world, within a country and also 
within an institution amongst different specialties. In the 
authors' opinion, the surgery is indicated under following 
circumstances. 

• Significant neurological déficit with low straight leg raising 
angle: Usually these patients are in extreme pain and 
in need of immédiate relief. It is not appropriate to 
make them wait for the slow benefits of the 
conservative care. 

• Involvement ofbladder and bowelfunction: This is serious 
situation, usually caused by a sequestered dise, that 
demands immédiate surgical excision for the best 
prognosis. Longer the duration of compassing, poorer 
is the likely recovery. 

• Increasing neurological déficit in spite ofproperly executed 
conservative care: It is difficult to predict the subséquent 
recovery if the neurological function keeps 
deteriorating. In order to minimize the residual déficit 
and to maximize the recovery, early surgical 
intervention is désirable. 

• Failure of the conservative treatment: Chronically 
inflamed surroundings of a lingering dise bulge and 
adhesions of the roots to the periphery are common 


causes of persistent radicular pain and of acute and 
subacute récurrences of back pain. The recovery of 
SLR angle is a good indicator of relief of the radicular 
compression and the resolution of inflammation. A 
poor improvement in SLR angle and persistence, the 
radicular pain indicates a very slow or incomplète 
resolution of the pathology. This may lead to chronic 
irréversible changes in the nerve roots. Since these 
patients then respond poorly to conservative régime, 
a timely surgery is indicated, ideally, such patients 
must be operated upon within 3 to 4 months if the 
pathology remains unresolved. 

• Positive MRI and clinical corrélation. 

For the surgery to be successful, the clinical findings, 
the findings in the investigations, the diagnosis arrived 
at and the surgical procedure planned must be matching. 
If any of these are ambiguous or contradictory, the 
surgery must not be hurried with. 

In the présent days of sophisticated imaging 
modalities like myelography, discography, CT and MRI, 
surgery should not be done without unequivocal 
evidence of addressable pathology. One must be fairly 
sure of the diagnosis and must hâve fairly well-thought 
action plan. In dise dérangements, there is not place for 
exploratory surgery. Only under exceptional 
circumstance, the surgery could be based on clinical 
findings alone. Unfortunately, due to unavailability of 
investigative facilities in certain areas of underdeveloped 
countries, such circumstances are still a possibility. 

Contraindications of Surgical Intervention 

Surgical intervention is contraindicated in the patients 
with significant psychosomatic disturbances. A patient 
with a significant psychosomatic dysfunction can still 
hâve underlying genuine dise herniation. However, in 
cases of chronic schizophrenia, chronic anxiety- 
depressions and hypochondriasis, the postoperative 
subjective relief is often poor, and there may be 
psychological détérioration. In these cases, sometimes it 
may be advisable to withhold the surgery, even accepting 
small neurological déficit. 

The neural symptoms and functions often recover 
poorly, if the patient is suffering from diabetic or alcoholic 
peripheral neuropathy. 

• Planning of the surgical procedure 

• Techniques of the surgery. 

The failed surgeries usually présent with either 
unrelieved or recurred neural syndromes or the back 
pain. The common causes are a missed or unaddressed 
lésion, missed or iatrogenically produced instability or 
stenosis, infection and implant-related factors, if used. 
During planning and execution of primary surgery itself. 
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the surgeon must take ail the précautions to avoid these 
future problems. The best clinical outcome is possible only 
after first surgery. The best results of révision surgery 
are still something less. 

In most cases, the primary purpose of surgery is 
relieving neural compromise. Whatever the approach 
used, the neural décompression has to be achieved 
beyond ail doubts. Following dise excision, the motion 
segment undergoes accelerated degenerative changes. 
This may produce simple painful dysfunction, painful 
hypermobility, or even stenosis. Sometimes the instability 
and stenosis may coexist producing récurrence of the 
neural involvement. The surgeon must develop ability 
to speculate these long-term sequel. In cases with 
degenerative changes already existing, an element of 
instability and stenosis may be présent. A carefully taken 
history, critically carried out clinical examination, and a 
careful study of the investigations should help the 
surgeon to understand preoperative biomechnical status. 

The extent of the surgery should be adéquate enough 
to carry out what is planned, without producing 
unnecessary neuromuscular disturbances, or significantly 
altering the biomechanical status. As per the requirement 
in a given case, it may be a simple tiny fenestration 
without stripping opposite paraspinal muscles or a total 
multilevel laminectomies with partial facetectomies. One 
must guard against inadéquate décompressions being 
done under the fear of producing instability. 

Most cases of dise dérangements are seen in lower 
limbar région. Identifying the first mobile segment from 
below and counting upwards is a simple and effective 
way of assuring surgery on the correct level. When in 
doubt, radiographie help must be taken. If a level is 
missed, one must explore the next lower level first. Most 
inexpérience surgeons proceed upwards and it is 
common to see many upper laminae excised after first 
wrong opening L2-3 level, for L5 -SI discectomy. 

Once within the canal, dise bulges could be seen or 
felt elevating the thécal sac or the root. A degenerative 
soft anular bulge may look less prominent lying down 
under relaxed muscular status, especially when the 
patient is positioned in flexion during surgery. Presence 
of adhesions around the roots may help to localize the 
bulge. Excepting the extruded and migrated nucléus, 
most other dise herniations, including midline ones can 
be easily approached from around the shoulder of the 
root. In case of midline bulge, the authors prefer to go 
round the more symptomatic root when radicular 
syndrome is bilateral, since the anular weakness and 
ability to bulge is more under that root. The bony margins 
of the canal and sometimes médial part of the superior 
facet, must be done with caution to avoid damage to the 
root sleeve and CSF leakage. 


The root to be retracted needs mobilizing in its 
proximal and distal course before retraction. Excessive 
and forceful retraction must be avoided, since inflamed 
or pathological root tolérâtes latéral pull poorly. During 
fenestration or hemilaminectomy, the presence of midline 
posterior éléments like spinous processes and ligaments 
would prevent over retraction of the theca and the roots. 

The use of electrocautery in épidural space must be 
minimum. The épidural bleeders could be controlled by 
using bipolar cautery or fibrin foam. Forceful packing 
with cotton pledgets must be avoided. 

The advice in the literature regarding the dise removal 
varies from amputating the dise bulge or the extruding 
fragment, to total discectomy including removal of the 
cartilaginous end-plates. The authors remove only the 
easily separable fragments, when the dise is not in 
advanced stages of degeneration. The anular fibers in 
these patients would look glistening and cannot be easily 
pulled out from peripheral attachments. When the dise 
material shown drying and gets easily fragmented and 
separated during scooping and pulling, the dise is 
thoroughly scooped and evacuated. The cartilaginous 
end-plates are also removed if found easily separating 
and coming out in pièces, and when interbody fusing 
has been planned. 

It is common to miss an extruded migrated dise 
fragment during surgery and a meticulous local search 
must be done. A careful study of imaging investigations 
must be done before surgery. In a nonstenotic canal, the 
extruded nucléus can migrate to various locations 
(Fig. 10). 

Anomalous roots hâve poor mobility and even small 
dise herniations can cause major radicualr syndrome. At 
the time of surgery, root anomalies may create difficulty 
in reaching the anteriorly lying dise herniation. The aim 
of ail surgical intervention is to reduce scar formation to 
a minimum. To this end, proposais hâve been made for 
the use of Gelfoam, fat graft, and other materials. If 
extensive areas of the dura are to be left exposed, the 
authors prefer to cover them with thin fat graft. Gelfoam 
is used if required for hemostasis. On rare occasions, 
when the roots become edematous and swollen during 
surgery, they hâve placed long caging steroid-socked 
Gelfoam locally. The best way to avoid adhesions of the 
dissected and decompressed roots, is to mobilize them 
postoperatively soon. Sometimes, this may necessitate use 
of steroids in the postoperative period. 

Fusion The opinions regarding fusion vary widely. 
Many studies like those by Jackson, 12 Sorenson, 22,37 etc. 
hâve addressed this issue. Various types of segmentai 
fusions hâve shown good relief to back pain. On the other 
hand, the studies by Hakelius 7 and O'Brien 18 many others 
hâve shown similarly good results by non-fusion régimes. 
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Except in very young persons, postoperative 
accélération of degenerative process is common. This is 
especially true in patients in whom the degenerative 
process already existed before surgery. As per the 
degeneration cascade mentioned earlier, the associated 
clinical syndromes would follow. Persistence or 
récurrence for back pain, therefore, is common following 
dise surgery, though some patients may escape clinical 
suffering. Over last few years, the authors hâve started 
incorporation local fusion with discetomy in patients with 
coexistent symptomatic degenerative syndromes. The 
overall local comfort and functional recovery is found to 
be superior than in those cases without fusion. 

The dise herniations do not always occur in simple, 
uncompromised situations. In degenerative spines 
dysfunction, instability and stenosis exist in variable 
proportions. These hâve to be recognized prior to the 
surgery, and the management has to be modified to 
achieve best results. Whenever, possible, dynamic plain 
radiographs and myelography is advisable to visualize 
durai and neural configuration on spinal loading. These 
rediographic studies sometimes reveal useful information 
which is not available even on CT or MRI scans. 

Herniated nucléus pulposus in spinal stenosis: A stenotic 
spinal canal can prédisposé the roots to compromise even 
with a small and otherwise insignificant dise bulge. A 
latéral dise bulge would cause root compromise more 
easily in trefoil-shaped canal. Except in youngsters with 
congénital stenosis, most other cases of stenosis hâve 
degenerated dise. The herniations more often lead to 
séquestration and extrusion. Even in elderly people with 
presumed stabilization of the segment, dise herniations 
are commonly seen. The neurological involvement could 
be significant and it is undesirable to treat them 
nonsurgically. Here one must clearly differentiate 
between degenerative soft or hard anular bulge, and a 
true nuclear herniation and extrusion. Multiple dise 
bulges are often seen in degenerative spines on 
myelogarphy or MRI. They are not to be treated as 
multiple dise herniations and surgically excised. 

Simple removal of the dise herniation along with a 
local décompression of the stenotic segment may be 
sufficient, if preoperatively stenotic syndrome is not 
significant. If on history, the stenotic component is 
significant, a wider décompression is needed with or 
without fusion. 

Herniated nucléus pulposus in instability: Patients with 
a symptomatic and significant degenerative dise disease 
on radiographs may suffer from a dise herniation at the 
degenerative level. One must remember that presence of 
osteophytes on radiographs indicates attempt on the part 
of the body, to stabilize the segment. It by no means 
confirms a stabilized status. The authors generally prefer 


to include fusion of the operated segment except when 
the segment is found immobile intraoperatively. An 
appropriate minimal approach is used that is needed for 
satisfactory décompression and fusion added. 
Instrumentation is désirable for successful fusion. 

Herniated nucléus pulposus with spondylolisthesis: In 
patients with a spondylolisthesis, an acute radicular 
syndrome may be seen due to a dise herniation. Most of 
these are found to occur at the level above the spondylo¬ 
listhesis. A dise herniation at the same level of the slip is 
uncommon. When it occurs, it is latéral to foramina. The 
upper level herniation may be treated by a simple dise 
excision. The herniation at the slip level would need 
discectomy accompanied by a stabilization procedure. 

Herniated nucléus pulposus in the adolescent patient is 
sometimes associated with cartilaginous end-plate injury 
and its herniation. This needs surgery since the neural 
compromise if often seen. During surgery, the injured 
end-plate may be found separated from the underlying 
bone. This plate should be excised along with the dise 
and corresponding other end-plate. 

Récurrent HNP (after discectomy) In about 3 to 5% 
patients, reherniation of discal material occurs, in most 
of them, it is the same level and the side. If the récurrence 
is at the same level but on the opposite side or at another 
level, it is to be treated as any other fresh herniation. 
Unfortunately, the scar tissue from the previous surgery 
complicates the diagnosis and the treatment. 

SUMMARY 

1. Degenerative dise disorders are some of the 
commonest back related problems seen in clinical 
practice. 

2. Degenerated dises dry up and loose their sponginess 
and capacity to absorb shocks. They thus become 
susceptible to injuries and tears. 

3. Disc degeneration is a normal process of ageing of 
the spine, and not necessarily a pathology. Hence, 
asymptomatic degenerated dises need no treatment. 

4. One should make a clear distinction between a 
degenerated/desiccated dise with mechanical back 
pain, and a prolapsed/extruded dise with neural 
pain radiating to the leg. Both hâve different issues 
to be sorted out, and philosophy of treatment is 
completely different for each. 

5. Degenerated dises become symptomatic when there 
is a mismatch between activity and conditioning. 

6. No degenerated dise, whether prolapsed or not, can 
improve or stay asymptomatic without the 
following: 

a. Regular back and abdominal exercises 

b. Weight control 

c. Endurance activities like walking or swimming 
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d. Modification in activities, at least in the initial 
phases of recovery. 

7. Ail interventions to treat acute pain — rest, épidural 
injections or surgery — only serve to give temporary 
relief from pain, pending the above mentioned 
measures. 

8. MRI scan is the gold standard investigation for 
diagnosing, quantifying and planning treatment 
strategies for degenerative dise disorders. However, 
it can be 'oversensitive' at times, and clinical 
judgement vastly surpass imaging in making 
treatment decisions. 

9. Ail acute degenerative dise lésions are treated 
conservatively, unless accompanied by 'major' 
neurological déficit. Conservative treatment relies 
on a combination of rest, off-loading the spine, and 
pain control. But the most consistent 'healer' in a dise 
managed successfully conservatively, is time. 

10. Rest as treatment for dise lésions should be limited 
to 4 to 7 days. Longer periods are counter productive, 
and do more harm than good. Traction and 
'physiotherapy' including diathermy, etc. hâve no 
rôle in acute management. 

11. Surgery for dise prolapse is reserved for patients 
with gross neurological déficit like cauda equina 
syndrome, foot drop, etc. Also, people who respond 
poorly to rest and time, and people with récurrent 
symptoms over a period of time, such that their 
quality of life gets adversely affected, are candidates 
for planned surgery. 

12. When root décompression is the aim of surgery, a 
spécifie, least invasive but effective approach is 
preferred. Micro lumbar discectomy is the gold 
standard today, though open fenestration 
discectomy produces similar results. 

13. When a desiccated dise also needs to be addressed— 
especially in high demand backs — interbody fusion 
could be added after décompression, along with 
spinal instrumentation, though there is no class one 
data available in literature today to sustain this view. 

14. A detailed patient counseling regarding the 
pathology, its natural history, and the expectations 
from the possible treatment measures, is the key to 
good results. 
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289.1 Acute Disc Prolapse 


INTRODUCTION 

Spinal cord injury is an increasingly common cause of 
dreadful disability, usually in young adults, with grave 
social and économie conséquences to the entire family as 
well as to the society as a whole. Despite worldwide active 
research in the field of spinal cord régénération, there 
has been no conclusive evidence of methods to stimulate 
neural recovery. Thus, prévention and timely manage¬ 
ment seems to be the area to work on today, to bring 
down morbidity due to this devastating event. 

Epidemiology 

Spinal cord injury (SCI) occurs most frequently in the 
young male patient with an average âge of 35 years. The 
most common étiologies are road traffic accidents and 
falls, followed by community violence and sports injuries. 
In one study, alcohol abuse played a rôle in 25% of SCI 
cases. Approximately 40% of spinal cord injury patients 
présent with complété spinal cord injuries, 40% with 
incomplète injury, and 20% with either no cord or only 
root lésions. 

The incidence of SCI varies throughout the world, but 
the estimated annual incidence is 15 to 40 cases per 
million. 

Data from the United States says that of the estimated 
12,000 new cases of traumatic paraplegia and quad- 
riplegia that occur in the US each year, 4000 die before 
reaching the hospital and 1000 die during their 
hospitalization. That Indian data is not available on this 


subject, it self tells us how trivial this major problem is 
being considered in our country! 

The mortality of these injuries is as high as 50 % to 
80% either at the time of the accident or on arrivai to the 
hospital. 

Patients with lésions at C1-C3 hâve a 6.6 times higher 
mortality than the mortality rate for those with 
paraplegia. 

Approximately 55% of acute SCI occurs in the cervical 
région, with approximately 15% occurring in every other 
région. The higher mobility seen in the cervical spine, 
along with smaller vertebrae with weaker stabilizing 
osseous ligamentous structures makes this région in the 
vertébral column more exposed to the injurious forces. 

Degenerative cervical spondylosis is the most 
common preexisting spinal anomaly in SCI patients, with 
a prevalence as high as 10% in some sériés. 

Prevalence of Associated Injuries 

Twenty to 50% of persons with SCI hâve significant 
injuries to other organs such as he lungs or the brain. 
Isolated SCI occurs in only about 20% of cases. Five to 
10% of head-injured patients hâve an associated SCI. 
Conversely, 25 to 50% of patients with acute SCI hâve an 
associated head injury. 

These additional injuries can increase hypoxia and 
hypotension, both of which may cause secondary 
injuries to the spinal cord. They also greatly interfère with 
primary clinical assessment in patients with SCI. 
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Pathophysiology of Spinal Cord Injury 

It is important to understand the pathophysiology of SCI, 
to recognize the importance of emergency management. 
Spinal cord injury occurs in two phases. Primary injury 
occurs due to the impact of the trauma, and the persistent 
mechanical neural compression. 

There is considérable evidence that the primary 
mechanical injury initiâtes a cascade of secondary injury 
mechanisms, including: 

i. vascular changes (ischemia, impaired autoregulation, 
hemorrhage, microcirculatory dérangement, 
vasospasm, and thrombosis) 

ii. ionic dérangement (increased intracellular calcium 
and extra-cellular potassium, increased sodium 
permeability) 

iii. neurotransmitter (serotonin, catecholamine) 
accumulation 

iv. arachidonic acid release and free radical production 

v. edema, inflammation 

vi. programmed cell death (apoptosis) 

As there seems to be little control to prevent the 
primary injury, researchers today are concentrating on 
means to reverse these secondary injury mechanisms, to 
limit the extent of damage caused by SCI. 

Emergency Management of SCI 

Primary SCI management can be divided into the 
folio wing phases: 

1. At the injury site—Clinical assessment, immobilization, 
emergency maneuvers. 

2. Transport of the SCI patient 

3. Clinical assessment at the hospital 

4. Radiological assessment 

5. Primary treatment measures 

Management at the Injury Site 

Management of the airway and breathing, is always the 
primary concern, be it at the accident site or on admission 
to the hospital casualty. The management of the 
ventilatory needs and circulation takes precedence over 
the treatment of the spinal injury. 

Every patient with poly trauma has to be assumed to 
be having a spinal injury, unless proved otherwise. This, 
in effect means, that patients who are unconscious, or do 
not obey verbal commands, hâve to be treated as spine 
injured patients. Obvious features of spinal cord injury/ 
spinal shock are flaccid, areflexic para or quadri pariesis, 
diaphragmatic breathing (intercostal paralysis), 
bradycardia with hypotension, priapism, etc. Other 
features to suspect spinal injury are axial neck/spine pain. 


neurological déficit of any grade in the extremities, 
external spine injury and head injury. The paramedical 
personnel hâve to be aware of these. 

Clues in unconscious patient may suggest co-existent 
spinal injury: 

1. Mandibular fracture—Upper cervical spine injury 

2. Wound over forehead—Hyperextension injury to 
cervical spine 

3. Clavicle/high rib fractures—Lower cervical spine 
injury 

4. Local haematoma—Over lying vertébral spinous 
process fractures 

Transportation of the Spine Injured Patient 

Critical in the primary management at the accident site 
is the method of transportation from the site of mishap, 
to the primary hospital. In this, temporary, immédiate 
immobilization and bracing (like a two piece Philadelphia 
collar, or strapping on the stretcher) is mandatory. Log 
rolling maneuvers, and standardized methods of 'one 
piece' transfer on and off the stretcher, should be a part 
of protocol taught to the relevant personnel. The presence 
and availability of well trained paramedical personnel 
becomes crucial to this end, as a lot of damage can be 
potentially imparted on the already injured, potentially 
unstable spinal column, by untrained personnel, 
indulging in hasty actions. 

Clinical Assessment at Hospital 

At the hospital, the trained emergency physician with 
the spine surgeon would be expected to take over the 
management. Primary clinical assessment of the vital 
functions, the Glasgow coma score in cases of head injury, 
etc obviously get first priority. 

In the clinical assessment of the spine, ail the above 
mentioned clinical features are assessed. Physical 
examination of the spine without jerky or forcible 
maneuvers, to look for tenderness, crépitations, external 
injury etc is performed. Detailed assessment of the level 
of neurological déficit, if présent, is documented. 

Probably the most important prognostic variable 
relating to neurologie recovery in a patient with a spinal 
cord injury is the completeness of the lésion, and hence 
thorough évaluation of the patient's neurological status 
is mandatory upfront, even as primary treatment is being 
administered. 

Neurological Assessment (SCI)—Frankel Classification 

Frankel 

A. Complété motor sensory loss—Below level of injury 

B. Absent motor—Some Sensory 

C. Retained motor functions but useless 
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D. Useful retained motor/Sensory functions 

E. Normal motor/sensory 
Modification 

DI Lower functional grade 3+ with bladder involvement 
D2 Midfunctional grade with normal bladder control 
D3 High functional grade 

American Spinal Injury Association (ASIA) 

Grading Scale of SCI 

In 1984, ASIA generated standards for the neurological 
classification of spinal injury patients. 
The neurological assessment used a 10-muscle group 
motor index score (scale of 0 to 5 points) and incorporated 
the Frankel classification as the functional abilities 
assessment tool. The sensory examination was not scored, 
but the most cephalad level of normal sensation was 
noted 

ASIA SCORE 


Motor (0 to 5), NT 

A) Upper limbs 

i. Elbow Flexors 

C5 

ii. Wrist Extensors 

C6 

iii. Elbow Extensors 

C 7 

iv. Finger Flexors 

C8 

v. Finger Abductors 

Tl 

Upper Limb Total 

25 + 25 = 50 

B) Lower Limbs 

i. Hip flexors 

L2 

ii. Knee Extensors 

L3 

iii. Ankle Dorsi flexors 

L4 

iv. Long toe extensor 

L5 

v. Ankle plantar flexors / 

SI 

Voluntary Anal Contraction 

Lower Limbs Total 

25 + 25 = 50 


In 1992, ASIA generated new standards for 
neurological and functional classification of SCI. The new 
assessment recommendations included motor index 
scores, sensory examination scores (scale of 0 to 2 points), 
and the ASIA impairment scale (modified Frankel 
classification), and incorporated the Functional 
Independence Measure (FIM). FIM is a functional 
assessment tool and is used to assess the effect of SCI on 
the patient's functional abilities. It quantifies the extent 
of individual disability and compléments the 
neurological assessment by providing scoring for 
activities of eating, grooming, bathing, dressing upper 
body, dressing lower body, and toileting. Improvements 
in neurological function over time or with treatment (as 
documented by neurological examination scales) can be 
measured in terms of functional or meaningful 


improvement to the patients with the addition of FIM in 
the assessment battery 

(The FIM was developed to provide uniform 
assessment of the severity of patient disability and 
medical réhabilitation outcome. It is an 18-item, seven- 
level scale designed to assess the severity of patient 
disability, estimate burden of care, and détermine medical 
réhabilitation functional outcome. The FIM has emerged 
as a standard assessment instrument for use in 
réhabilitation programs for disabled persons). 

Radiological Assessment 

Basic radiological work up includes AP and Latéral plain 
X-rays of the cervical spine, including an open mouth 
AP view, and the thoracolumbar spine are mandatory. It 
is not uncommon to miss a C7 fracture despite having 
latéral X-rays of the neck and the thoracic spine, and 
hence, in suspicious cases, other views like the swimmers 
or the shoulder pull down view for the cervico thoracic 
junction should be taken. 

The rôle of standing X-rays in an acute setting is 
controversial. Though these are reportedly used routinely 
in some centers for thoracolumbar trauma, the author 
does not recommend their use in practice. 

Routinely, ail CT brain studies should be extended to 
the cervical spine, as the co-existence of head injury and 
cervical spine injury is very high, as is the incidence of 
missed cervical spine injury on plain X-rays. 

MRI of the spine is the gold standard, and should be 
performed as soon as available in ail cases with 
documented neurological déficit. This gives an excellent 
idea of the status of the neural structures (presence of 
hematomyelia, cord edema, etc) and soft tissue injuries 
(like dise injury). 

The MRI is also done electively in cases where plain 
X-rays do not support the clinical suggestion of spinal 
injury, as in cases with injury to the interspinous ligament. 
In most other situations, MR scans, though useful, are 
not mandatory. 

A CT scan of the spine gives good bony detail, and 
can be done where MRI is not available. 

Primary Treatment Measures 

A. Intravenous steroids in Spinal Cord Injury: 1 " 4 

The use of intra venous steroids, in the treatment of 
acute spinal injury, remains controversial, with se ver al 
potentially serious side effects countering the ’neuro- 
protective' effects of this treatment regimen. Though use 
of intra venous methyl prednisolone is not universally 
accepted as the 'standard of care' for acute SCI, it is being 
used widely for want of other available pharmacological 
agents, and the desperate desire on the part of treating 
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physicians to do something 'positive' for the unfortunate 
patient. 

The US based National Acute Spinal Cord Injury 
Study (NASCIS) conducted trials to this end. 

The NASCIS 1 trial, by Bracken, in the early 1990s, 
tried to prove the efficacy of intravenous steroids in the 
setting of an acute spinal cord injury. Many surgeons still 
abide by the recommendations made by this trial, but on 
detailed analysis, it is clear that this trial was not 'class 
one data' and had a number of loopholes and un 
addressed issues. 

The second and third NASCIS trials, also by Bracken 
et al, however, seem to convincingly show that 
pharmacological treatment given early (within 8 hours) 
could enhance the likelihood of neurologie improvement 
after spinal cord injury. 

The NASCIS 3 study, importantly, showed that when 
initiation of treatment was more than 3 hours post injury 
(i.e., 3 to 8 hours), 48 hours of methyl-prednisolone was 
required to produce the same benefit as 24 hours of methyl- 
prednisolone treatment initiated between 0 and 3 hours 
post injury. This longer course of treatment was associated 
with a statistically significant risk of sepsis and pneumonia. 
These complications were considered treatable 
complications and did not resuit in added mortality. 

Today, the recommended protocol for use of 
intravenous methyl-prednisolone is: 

1. 30 mg/kg bolus followed by 5.4 mg/kg/hr infusion 
for 24 hours 

2. Patients with acute spinal cord injury who receive 
méthylprednisolone within 3 hours of injury should 
be maintained on the treatment regimen for 24 hours. 

3. When méthylprednisolone is initiated 3 to 8 hours 
after injury, patients should be maintained on steroid 
therapy for 48 hours. 

A close watch should be kept on the potential gastro 
intestinal and other side effects of this therapy. 

B. The rôle of surgical décompression in the primary 
management of spinal cord injury: 

There is considérable controversy as to the 
appropriate timing of surgical décompression and 
stabilization for spinal cord trauma, especially as regards 
its rôle in neurological recovery. 

Proponents of 'early' surgical intervention in patients 
with documented cord compression argue that patients 
may worsen neurologically after spinal injury because 
of progression of edema, hematoma formation, or the 
effects of unrestrained immobility. In contrast, arguments 
for delaying surgical intervention are based on the 
thinking that there will be fewer physiologie 
complications in patients who hâve been optimally 
stabilized medically. Also, cord swelling may also 


subside, thus decreasing the potential for iatrogénie cord 
injury during a surgical décompression. 

Numerous reports for and against emergency spinal 
décompression hâve been published, but the bulk of 
evidence, as well as the author's viewpoint, suggests that 
emergency surgical décompression has little rôle at least 
in the patient's neurological recovery. We would probably 
consider emergency surgery only in cases deteriorating 
neurologically after first examination. 

Dickson's landmark review article on the futility of 
surgical décompression in reversing neurological 
damage, makes good reading in this regard. 

Recent Advances 

The future of spinal cord injured patients lies in neuronal 
régénération. Research on the use of stem cells in the 
régénération of neurons, is moving from the laboratory 
into clinical trials. 

There was instant hope for the spinal cord injured 
community with the recent reports of 'successful' clinical 
trials using stem cells in Israël, Korea and China, though 
how far this will go will dépend on its reproducibility, 
consistency of results and clinical applicability. 

Conclusion 

Spinal cord injury is a disastrous, extremely common and 
poorly treatable condition. Prévention through éducation 
and législation seems the best available method of 
treatment. 

Emergency management begins at the site of the 
accident, and timely availability of well trained trauma 
teams remains the most important component. 

It is difficult to assess evidence of vertébral or spinal 
cord injury in unconscious patient 

Assessment of the completeness of the cord injury 
through complété neurological examination, and 
advanced imaging studies for anatomie categorization 
of the injury is crucial in planning management. 

Critical évaluation of other associated injuries should 
not be missed. 

Though intravenous steroids as well as emergency 
surgery are both used as assertive treatment measures, 
the utility of both these modalities in reversing neuronal 
damage is controversial. 

In the years to corne, one can look at advances in stem 
cell research for neuronal régénération, to give hope to 
the spine injured patients. 
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289.2 Newer Surgical Techniques 

Abhay Nene 


INTRODUCTION 

With the increasing incidence of lumbar dise prolapse, 
the demand to treat this condition in the simplest possible 
manner for the patient has increased. This demand set 
up a cascade of newer techniques to treat the herniated 
nucléus pulposus, ail with a similar aim of releasing the 
compression on the nerve root to relieve sciatica. 
Interesting concepts of localized surgery, less invasive 
approaches and indirect décompression of the offending 
dise fragment came up in these advances, many of which 
withered away under the might of 'evidence based 
medicine', while others became accepted as 'standard 
practice' — even 'gold standards'! During this course, 
surgical treatment for lumbar dise prolapse evolved from 
wide multilevel laminectomy and diskectomy, to 
microlumbar and endoscopie discectomy, going through 
IDET, chemonucleolysis and laser discectomy. We 
overview some of these techniques in the following text. 

Laminectomy and Discectomy 

Removal of the lamina to approach the prolapsed 
intervertébral dise (PID) has been a traditionally 
described technique for discectomy procedures. Though 
today it is clear, that most dises can be accessed through 
the interlaminar route, without actually removing the 
lamina, laminectomy still has a rôle in the following 
situations where discectomy is to be performed: 

1. Disc prolapse with concurrent latéral recess stenosis 
(primary or degenerative) 

2. Posterior surgery for dise prolapse above L2-3 (as cord 
retraction is not allowed) 

3. Re do discectomies 

4. Migrated dise fragments 


In these conditions, if minimal access techniques are 
attempted instead of doing a laminectomy, the chances 
of failure or complications are high, except in very 
experienced hands. 

MINIMALLY INVASIVE TECHNIQUES FOR LDP 
Microlumbar Discectomy 

Microdiscectomy 

Micro discectomy, is by définition, dise excision with the 
aid of an operating microscope. In practice, however, it 
translates to a much smaller skin incision, and a minimal 
access interlaminar discectomy. Apart from 
magnification, (which is generally at 4 to 8 x), the 
operating microscope give the great advantage of 
enhanced and focused illumination in the depth of the 
operative field. This makes discectomy through a small 
access route straight forward and easy. 

History 

Yasargil 26 was the first surgeon to use the microscope for 
disk surgery. Casper 1 was another pioneer in the field 
who published his work in 1977. Over the years, 
microlumbar discectomy has indeed become the 'Gold 
standard' operation of the extruded lumbar dise. 

RATIONALE 

The microscope provides superior magnification, 
illumination, three-dimensional vision and comfort as 
compared to conventional surgery with or without 
loupes, head light, etc. These advantages enhance the 
ability of the surgeon to see the nerve root, the dise and 
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the épidural veins clearly and deal with the pathology 
confidently and keep the neural tissue safe. Thus the 
microscope improves the safety margin and reduce the 
risk factor in spinal surgery. Peacock 18 had shown that a 
smaller paraspinal incision during spinal surgery resulted 
in a small hematoma, smaller scar, and thus lesser 
complications. La Roca and Mac nab 10 hypothesized that 
a 'laminectomy membrane' develops after a 'wide' 
laminectomy. This membrane is formation of thickened 
post inflammatory scar tissue, due to the soft tissue 
trauma involved in paraspinal dissection which heals by 
secondary intention. This tissue, they said, can adhéré to 
the dura and cause neuralgie symptoms. Though the 
presence of a laminectomy membrane in ail cases is 
debatable in literature, and certainly not consistently 
found in most cases in the author's expérience, it makes 
a good argument for the minimally invasive technique 
of microdiscectomy. 

The other issue of paraspinal muscle denervation 
due to dissection in open procedures, leading to 
functional impairment also cornes up. Mac nab et al 11 
showed that 96 percent from a group of 113 patients, 
showed some element of denervation of paraspinal 
muscles following extensive back surgery. White and 
Punjabi 22 hâve shown clearly the importance of the 
lamina, spinous process, the paraspinous and 
interspinous ligaments in preventing spinal instability, 
microsurgery involves a minimal disruption of normal 
anatomical structures and prevents any iatrogénie 
instability. 17 However, with the current technique of 
'open discectomy' — which involves an incision not too 
much bigger than a microdiscectomy, and restricted 
interlaminar / fenestration approach, these arguments 
may not hold good. Kahanovich et al 8 compared 
laminectory, diskectomy, with microsurgical diskectomy. 
In terms of surgical outcome, the results of both groups 
were identical, except that patient who underwent a 
microsurgical approach had a much reduced 
postoperative morbidity and a much shorter hospital stay 
(8 days versus 2 days). More recent data comparing open 
fenestration procedures with microdiscectomy, however, 
suggest that the gap is closing. 

Finally a hidden benefit of the microscope is the more 
disciplined thinking it forces on the surgeon. The moment 
that a surgical incision is limited the more impérative it 
becomes for the surgeon to know exactly where to 
position the incision, and exactly what is to be found at 
the time of exposure. This idea forces the surgeon to look 
more critically at the patient and the imaging 
investigation. 'Exploration' after opening up the spine is 
not acceptable in modem spine surgery. 


The often encountered problem of the small incision, 
however remains — that of skin edge necrosis due to 
excessive retraction. 

Patient Sélection 

After an adéquate trial of conservative management, the 
surgical indications for micro-lumbar diskectomy are the 
same as those for standard diskectomy procedures. A 
sharp radiating pain along the back or the thigh and leg 
on coughing and straining is a sine qua non of Lumbar 
Disc Prolapse. One of the following should be présent on 
examination: (i) a positive straight leg raising (SLR) test, 

(ii) sensory or motor déficit, in the lower extremities, or 

(iii) reflex abnormalities in the lower extremities. An MRI 
scan, is also required. 

If the patient has backache for a long time, the problem 
of backache needs to be sorted carefully before 
considering diskectomy, because prédominent backache 
is a manifestation of spinal instability or latéral recess 
stenosis rather than LDP. 19 

The best cases to be done in this manner are single 
level postero latéral extruded dises, though bony work 
(latéral recess décompression) and even bilateral root 
décompression through a one sided approach is possible. 
Far latéral dise extrusions are also excellent indications 
for micro discectomies. 

Finally, it must not be forgotten, that a large majority 
of lumbar dise prolapses respond excellently and over a 
long term, to non surgical management, as has been 
proven again by the most recent NIH data from Weinstein 
et al. 

Operative Principle 

The level of the dise is generally marked pre operatively 
using IITV, to keep the skin incision minimum. Skin 
markers hâve poor utility, and the marker should be in 
form of a needle or some such, penetrated and fixed in a 
bony land mark. If skin markers are used, they serve as a 
general guide for the incision, but the level of the dise 
should be reconfirmed intra operatively. Spécial deep 
hemilaminectomy retractors are used, so that unilatéral 
muscle dissection and retraction is possible. These should 
not reflect light. Ligamentum flavum is eut with a knife 
and then excised, to gain access to the nerve root in 
question. In case of migrated dises, some lamina on one 
or either side may hâve to be removed. The key points in 
the technique of micro discectomy are: 

1. Marking the level by a bony landmark 

2. Hand eye coordination working through a microscope 

3. Keeping an adéquate distance between the eyepiece 
and the surgical field for using instruments. 
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4. Use of good hemi laminectomy retrators. 

5. Pre op planning to keep the surgery spécifie — and 
avoiding the 'treasure hunt syndrome' ! 

Operative Technique 

Basically there are two approaches: (i) a purely 
interlaminar approach without any bone removal which 
is usually used for L5-S1, diskectomy, and (ii) a partial 
hemilaminectomy and médial facetectomy with removal 
of latéral half of the ligamentum flavum, which is used 
for higher disk prolapses. 

Steps 

1 . A thorough preoperative évaluation of the patient on 
the operating table before anesthésia to confirm the 
concordance of the side of pain, and radiological 
findings is mandatory. The patient is positioned prone 
on 2 blosters. Two small-folded towels are kept under 
the anterior superior iliac spine, to flex the spine and 
open interlaminar spaces of the lowr lumbar spines. 
It is advisable for the beginners to use an indwelling 
Foley's cathéter to keep the bladder decompressed for 
the same reason. A marker radiograph at this point is 
mandatory to confirm the correct level. The marker 
should always be positioned at the level of the disk 
under considération, leaving no room for 
intraoperative adjustment. This is important because 
preoperative skin markers are known to move during 
positioning because of attempts to extend the spine 
and open the interlaminar space. A skin incision about 
2-3 cm in length is marked just off the midline from 
the upper border of the spinous process above to that 
of the upper border of the spinous process below. For 
bilateral exposures, a midline skin incision is used. 
With an electrocautery and complété hemostasis, the 
incision is deepened to the fascia over the paraspinal 
muscles, a curvillinear flap of the fascia is reflected 
off the midline. This is important in protecting the 
integrity of the supraspinous ligament and easing the 
muscles retraction. The paraspinal muscles are 
carefully separated subperiosteally to expose the 
interlaminar space. The ipsilateral facet joint is also 
exposed and the mammillary ridge of the lamina 
above is identified. This is very important to avoid 
inadvertent cutting of the pars interarticularis while 
doing the laminotomy, and thus preventing iatrogénie 
spinal instability. At this stage, the operating 
microscope with a 300 mm objective lens is brought 
into position (Figs 1 and 2). The wide objective lens 
allows for adéquate working distance for long 
instruments between the lens and the disk space. The 



Fig. 1 : Operating microscope is brought into position 
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Fig. 2: Self retaining retractor applied 

self-retaining microlumbar retractor (Casper, 
William's, Mueller, etc.) is now positioned in the 
wound. A hemilaminectomy retractor or a good right 
angle of an adéquate length can replace the expensive 
imported retractor. Kerisson rongeurs (45° 1 mm, 2 
mm and 3 mm) are used to remove the bone from the 
superior lamina, inferior lamina and the médial facet 
as much as necessary for adéquate exposure (Fig. 3). 
Small osteotomes can also be used to complété the 
facetectomy. The ligamentum flavum which is now 
exposed is separated with a small dissector 
longitudinally and a small cottonoid is inserted into 
the épidural space, and carefully the latéral half of 
the ligamentum flavum is excised with Kerisson's 
rongeurs. Epidural fat is melted out of view with 
bipolar coagulation. Similarly, the épidural veins are 
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Fig. 3: Instruments for microlumbar discectomy 


Lametlar 

margin 



Fig. 4: Disc material extruding through eut in post 
longitudinal ligament and annulus fibrosus 


coagula ted meticulously with the bipolar cautery and 
divided with microscissors. Two cottonoids are 
packed between the root and the latéral recess, above 
and below. The disk which is now in view is 
reconfirmed by passing a no. 20 lumbar puncture 
needle and repeating a radiograph or using an image 
intensifier. Before beginning the diskectomy, an 
obsessive change of gloves is mandatory as the 
microscope has been handled with the previous 
gloves, and beyond this step microscope handling is 
to be avoided. Usually, the dise fragment is found to 
hâve extruded out through the annulus (Fig. 4). This 
is removed through the annular rent it has created, 
and any further loose fragments are removed piece 
meal. It is recommended that creating very large rents 
in the annulus should be avoided, to minimize 
récurrence of dise proplapse. In the rare situations 
where the annulus is indeed intact, the posterior 
longitudinal ligament and the anulus fibrosus are eut 
with a no. 11 blade. A small rectangular part of the 



Fig. 5: End resuit of microdiskectomy. Lax nerve root seen 



Fig. 6: Hidden area of Macnab 


annulus is excised, or a cruciate incision is made on 
the annulus to enter the dise. Ail loose disk tissue is 
removed. Adéquate diskectomy means a lax nerve 
root without any turgid épidural veins (Fig. 5). it is 
strongly recommended not to be over zealous and 
scrape the vertébral end plates to remove 'maximum' 
dise. This increases the chances of post op discitis by 
opening up the vascular communications between the 
'foreign' protein of the dise, and the vertébral venous 
plexus. The microscope can now be tilted to explore 
the existing root and its formina (Mac nab's hidden 
area), and the superior aspect of the latéral recess for 
any hidden fragments (Fig. 6). 

A forced lavage in the dise space can help remove ail 
the remaining loose dise fragments. Hemostasis is 
reconfirmed. After removing the retractor, the paraspinal 
muscles and subeutaneous tissues are injected with 4 to 
5 cc of 0.5 percent bupivacaine hydrochloride. The 
muscles do not need suturing. The lumbar fascia is 
approximated with 2-0 absorbable suture material, and 
the skin with 3-0 absorbable monofilamentous 
subcuticular suture. 
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Postoperative Management 

The patient is encouraged to be up and above the same 
evening following surgery. He or she walks to the toilet 
once he or she is out of anesthésia. Pain killers and 
nonsteroidal antiinflammatory drugs (NSAIDs) are used 
depending upon the patient's response and personality. 
Most patients are discharged on the third day following 
surgery and advised to avoid bending and lifting weights 
for first 3 months following surgery. Steroids are to be 
avoided to prevent complications and are used only if 
there is a significant preoperative neurodeficit, or there 
has been an undue handling of the root during the 
operation. 

Results and Discussion 

Results are classified as follows (modified Roy-Silver's 
classification) 20 : 

1. Excellent-complete relief of symptoms and patient is 
able to return to ail previous work and activity. 

2. Good-partial relief of symptoms, but patient no longer 
requires pain-relieving médications and is able to 
résumé previous work and most other activities 

3. Fair-partial relief of symptoms, patient requires 
occasional pain-relieving médications and is unable 
to return to previous occupation or acceptable 
lifestyle. 

4. Poor-unimproved or worse. 

Failures are usually a resuit of either wrong sélection 
or inadvertent missing of the level. Intraoperative 
radiograph before incising the disk is compulsory to 
avoid the missed level syndrome. Incomplète removal 
of the disk tissue till the nerve root is free and lax or failure 
to explore the foramen may resuit in continued nerve 
root compression and thus, a poor resuit. The ability to 
perform and a consent for an open procedure are 
prerequisites for micro-discectomy, and if any time 
during the procedure the décompression is not 
satisfactory, the surgeon should not hesitate to proceed 
with a larger exposure and a conventional operation of 
hemilaminectomy and diskectomy. 

Posterior Endoscopie Discectomy 

Popularized by Destandu from France, this new 
technique is an extension of the micro discectomy 
procedure, but uses an arthroscope instead of a 
microscope. The initial steps of localizing the dise space 
and unilatéral blunt dissection remain the same, after 
which the endoscope - similar to a 10-20° side viewing 
arthroscope — is pushed into the intermuscular plane, 
to reach the ligamentum flavum. The endoscope has 2 
working channels — one for the suction (which can also 


be used as a retractor) and one for the instrument. There 
is also an inbuilt nerve root retractor which can be used 
if necessary. 

Hand eye coordination and the ability to maneuver 
hands looking at the monitor screen are key steps to 
mastering this technique. Other factors, such as size of 
the skin incision and post op réhabilitation are roughly 
the same for both microdiscectomy as well as posterior 
endoscopie discectomy. The endoscope offers an 
advantage in patients requiring 2 level décompression - 
at L4-5 and L5 SI - where the scope can be tilted caudally 
to access the L5S1 dise space, without needing a separate 
incision. The distinct disadvantage of this procedure is 
two dimensional vision, compared to micro discectomy, 
which gives 3 dimensional vision to the surgeon. 

Intradiscal Procedures 

Percutaneous procedures for lumbar PID 

1. Chemonucleolysis 

2. Percutanous lumbar disk surgery 

a. Automated percutaneous lumbar discectomy 
(APLD) 

b. Laser thermodiscoplasty. 

c. Intra discal electro thermo-coagulation (IDET) 

d. Ozone discectomy 

3. Intradiscal endoscopie discectomy 

Principles of Intradiscal Endoscopie Disc ’Surgery' 

Ail the above procedures are intra discal techniques, that 
work on the principle of dise déflation. 

Lumbar dise herniation is divided as (i) contained 
(intact annulus fibrosus), and (ii) noncontained disrupted 
anulus fibrosus with the nucléus pulposus lying in the 
subligamentous position or in the épidural space after 
disruption of the posterior longitudinal ligament. 

Percutaneous disk surgery aims at reducing the 
intradiskal pressure by reducing of nucléus pulposus in 
the intervertébral space, thereby, resulting in réduction 
of compression of the nerve root. Obviously, the 
procedure is best suited for "contained" disk prolapses. 
Therefore, a pre procédural diagnosis to confirm the 
instaetness of the annulus is mandatory. Any clinical 
(neurodeficit) or radiological evidence of noncontained 
disk prolapse is a contraindication for a percutaneous 
procedure. 

Chemonucleolysis 

Lyman Smith described a method of enzymatic 
dissolution of the nucléus pulposus. The procedure came 
to be known as chemonucleolysis. The enzyme 
(chymopapain) was injected into the disk space through 
a cannula via a postérolatéral access (Mc'Culloch and Mc 
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nab). Chymopapain is an extract of the tropical fruit 
papaya and is a general protease that alleviates sciatic 
symptoms by dissolving the nucléus pulposus, thus, 
reducing the intradiskal pressure and indirectly reducing 
the nerve root compression. This enzyme is potentially 
dangerous if it is injected into the subarachnoid space 
and can resuit in transverse myelitis with paraplegia. 9 It 
also has an unexplained but definite incidence of 
anaphylactic reaction which can resuit in death. This 
procedure has withered away with time, and is being 
rarely practiced in the world today. Poor results of pain 
relief, and complications like discitis hâve been the main 
reasons behind the lack of use of this procedure. 

Laser discectomy / annuloplasty: 

Mayer et al 14 hâve described the use of endoscopie disk 
shrinkage using lasers to vaporize the nucléus pulposus 
and reduce the intradiskal pressure. ND Y AG laser is 
used percutaneously to evaporate the degenerated 
nucléus in the given diameter around the tip of the laser 
probe. In addition, annular rents can be 'sealed' off by 
laser assisted thermal coagulation. 

IDET 

This procedure works just like the laser assisted 
procedure, only the probe emits direct heat. 

Advantages and disadvantages of this procedure are 
similar to chemonucleolysis. 

Percutaneous Disc Excision 

These techniques are based on physical removal of the 
nucléus of the pathological dise, but with the same end 
point as laser or chemonucleolysis - i.e., indirect dise 
deflatation. 

As chymopapain use was not licensed in Japan, 
Hijakata4 described an alternative procedure of 
percutaneous nucleotomy for LDP. Through a small 
cannula with an outer diameter of 2.6 mm introduced 
in the disk space through a postérolatéral approach, parts 
of the nucléus pulposus were removed by a modified 
pituitary forceps. Onik et al 16 hâve described the 
technique of introducing a small instrument similar to 
the arthroscopic Systems consisting of suction, guillotine 
mechanism. This is the APLD procedure. 

Technique of percutaneous surgery for LDP The 
postérolatéral approach is the popular routed (Nazarian, 
Mc Culloch). 15,12 The operation is performed with usual 
aseptie précautions under local anesthésia. A conscious 
cooperative patient is necessary to avoid intraoperative 
root injury. With the patient in a prone position, the level 
under considération is selected and marked under an 


image intensifier. About 10 cm from midline an 18-gauge 
cannula needle is advanced into the disk space under 
local anesthésia and fluoroscopie guidance. Diskography 
using water-soluble dye is to confirm the intaetness of 
the annulus fibrosus. Later a guidewire is passed and the 
needle removed. A trocar of 4.5 mm outer diameter (OD) 
is passed over the guidewire to reach the latéral border 
of the disk space. Through this trephines are passed to 
eut the annulus and create an access into the disk space. 
The trocar cannula is advanced into the disk space. A 
similar approach from the contralatéral side is used to 
pass a 3.5 mm 30° or 70° endoscope. Now nucléus 
pulposus can be removed by various techniques. 

1. Rigid pituitary forceps-straight (Fig. 7) reverse cutting 
(Fig. 8) 

2. Arthroscopic shaver Systems (Fig. 9) (Nucleotome) 
(Mayer and Brock 1989) 14 

(Schriller and Leu 1989) 



Fig. 7: Percutaneous discectomy with rigid forceps 



Fig. 8: Percutaneous endoscopie discectomy 
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JO-Q. 



Fig. 9: Automated nucleotome 


The disadvantages of indirect décompression remain in 
ail the above procedures, and the very restricted 
indications are severe limitations to the wide spread use 
of these procedures. 

Postérolatéral endoscopie discectomy, popularized by 
Young, attempts to do away with these drawbacks, by 
introduction of a small diameter endoscope through the 
postero latéral approach. This scope enters the 
postérolatéral corner of the neural foramen, from where 
the exiting nerve root as well as the durai sleeve is 
visualized, where the extruded dise fragment is often 
found, and can be removed through the endoscope. The 
dise is further decompressed by intradiscal discectomy 
under endoscopie vision. 

These are early days for this new technique, and 
literature is still inadéquate on the results. Hence, there 
is not yet been a wide spread acceptance of this procedure 
world wide, though it is gaining popularity in India. 

SUMMARY 

1. The majority of patients with acute lumbar dise 
extrusion and sciatica respond to a systematically 
applied non surgical treatment plan, and reassurance. 

2. For the ones that do not respond, Microlumbar 
diskectomy is today the gold standard surgery for a 
given case of disk prolapse without instability. The 
spinal surgeon has to train and equip himself or 
herself with microsurgical techniques so that he or 
she can offer this low morbidity and quick recovery 
operation to his or her patient. 

3. Percutaneous procedures for lumbar PID hâve yet to 
get universal acceptance. These procedures are blind 
techniques, their principle is an indirect 
décompression of the nerve root by réduction of 


intradiskal pressure. The equipment required is 
expensive, the indication of surgery for the so-called 
"contained disk" may seem dubious to many of us. 
Until hard data is available, these operations will not 
become routine procedures for the treatment of 
lumbar disk prolapse. 

Surgeons should not get attracted by everything that 
is new. In treating patients, the surgical procedures to be 
offered is 'pathology or disease spécifie', and not 
’individual or institute spécifie'. Ability to perform a 
particular procedure does not mean that it is indicated. 
An operation based on thorough clinicoradiological 
évaluation and corrélation, combined with sound surgical 
principles is destined to give better results as compared 
to any new high technology procedure. 
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INTRODUCTION 

The term "stenosis" was used among others by Galen for 
indicating the occlusion of ducts in living subjects due to 
narrowing of their walls or orifices. When we talk of 
spinal canal stenosis, we refer to compressive stenosis of 
the canal contents. 1 The degree of réduction of the 
midsagittal and the interpedicular diameters of vertébral 
canal and their relationship to the dimensions of the 
corresponding cross-sectional diameter of the neural 
content are important déterminants in producing 
symptomatic stenosis. The tolérance of the caudal nerve 
roots to stenotic compression is another déterminant of 
symptomatic compressive stenosis of the vertébral canal. 

Conservative Care 

When the morphology of lumbar stenosis has reached 
the phase of producing signs and symptoms, it is high 
time to consider treatment. A trial of conservative 
treatment could be given if the symptoms are not severe 
and if neurological déficit has not yet set in. Ail that can 
be achieved by conservative treatment is the hope that 
the inflammatory reaction around the nerve root will 
subside or a disk bulge would shrink down and that when 
the nerve root decreases in size, it will lie at ease despite 
the narrowing of the canal. Hence, a trial of conservative 
treatment should include bed rest, anti-inflammatory 
drugs, steroids administered epidurally or by root sleeve 
infiltration. 2 Unreasonable prolongation of conservative 
therapy has led to the development of dévastating lésion 
of lumbar radicular arachnoiditis. 

History of Surgery 

Sachs and Frankel (1990), Bailey and Casamajor (1911), 
Eslberg (1913), and Kennedy (1914) observed that 


laminectomy alone in the absence of tumor or dise 
excision could relieve root and cauda equina compressive 
symptoms in certain patients. At surgery ail of them 
observed thickened laminae, arthritic facets with or 
without subluxation, hypertrophied ligamentum flavum 
with absent épidural fat, and with or without disk bulges 
and osteophytic ridges. In the 1940s, Vogel, Osborne, and 
Sarpenyer noted similar changes in achondroplasiac 
patients and that these patients were extremely 
susceptible to minimal discal intrusion. However, it was 
not until Verbiest publications of 1949 and 1954 that the 
syndrome of lumbar stenosis became recognized as a 
clinical entity. More focal segmentai syndromes were 
described between 1960 and 1980 by Epstein, Wilson and 
others. The surgery developed from total laminectomies 
to "Christmas tree" operation to more conservative focal 
surgery. 

Preoperative Evaluation 

The exact anatomie diagnosis of the pain source is the 
key to a successful surgical outcome. The decision for the 
extend of surgery, unilatéral or bilateral décompression, 
number of levels, and need for fusion dépends on proper 
identification of the stenotic zone as well as the presence 
or absence of instability. 5 Imaging studies should begin 
with plain radiographs. We advised ail our X-rays to be 
done in standing, load bearing status of the spine. 
Standing antero-posterior and latéral views may 
demonstrate degenerative scoliosis and standing flexion- 
extension latéral views may show an unstable segment. 

The axial section in CT-scan and MRI are helpful to 
diagnose the degree and location of the stenosis most 
accurately. 16 Latéral root canals and Central canal are well 
demonstrated. The disadvantage of CT and MRI is that 
these imaging modalities can be use only in a recumbent 
patient. The morphology of the canal may be different in 
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recumbent compared with standing posture. In presence 
of deformity the CT-scan and MRI may be difficult to 
interpret. The value of CT-scan is greatly enhanced when 
combined with a myelogram. Often in elderly patients 
with pacemaker or other métal implants contraindicating 
MRI, a CT myelogram is the only reliable imaging 
study. 17,18 

Electromyography (EMG), nerve conduction studies 
and somato Sensory Evoked Potentials (SSEP) are often 
useful in identifying the level of nerve root compression. 
It has a high rate of false positive readings and hence 
should always be read in conjunction with the imaging 
studies. Very often, these studies are done in patients in 
recumbent position, when the patient is usually 
asymptomatic. Hence we ad vise these investigations to 
be done after making the patient walk on a tread-mill. 
This is called as dynamic EMG. 

In presence of multilevel stenosis with pre- 
dominantly radicular symptoms. It may be difficult to 
identify the level of pain source. Sélective nerve root 
blocks and dise blocks under C-arm image intensifier may 
help in identifying the pain source. 19,20 

Many of these elderly patients of stenosis hâve lower 
urinary tract dysfunction which is wrongly interpreted 
as prostatic enlargement in male patients and 
gynecological problem in female patients. This lower 
urinary tract dysfunction is in fact related to compression 
of sacral nerve roots in the stenotic area. Almost 80% of 
stenotic patients hâve some symptoms related to 
neurogenic bladder. We advise urodynamic studies in 
patients with severe degenerative stenosis. 

Indications for Surgery 

The indications for surgical intervention in lumbar 
stenosis are as follows: 

1. Persisting disabling symptoms, predominantly lower 
limb symptoms that do not respond to sufficient 
conservative therapy (minimum 8 weeks). 

2. Evidence of severe or increasing nerve root 
involvement or déficit. 

3. Significant réduction in the quality of life. 

Surgical treatment is indicated in patients with 

intractable pain, or in patients who hâve failed an 
appropriate nonoperative course of treatment, and has 
been evaluated for a demonstrable spinal stenosis as the 
cause of symptoms. Because prédominant low back pain 
is not reliably alleviated with surgical décompression, 
isolated back pain is not a strong indication for surgery. 
Except in the presence of bladder and bowel dysfunction, 
or progressive neurologie déficit in radicular distribution, 
surgery for spinal stenosis is an elective procedure. 
Delayed surgery does not worsen the outcome. Most 


patients with lumbar spinal stenosis présent themselves 
for medical advice because they are tired of pain, activity 
limitation, and decreased quality of life. Atlas et al found 
that only 32% of patients in their nonoperatively 
managed cohort would be satisfied if they had to spend 
the rest of their lives with the current level of symptoms. 
Treatment decisions should be driven by such patient 
preference. 

Goal of surgery are pain relief, increased mobility, 
prevent neurodeficit. Key to successful surgery involves 
complété décompression of ail involved neural éléments, 
maintaining stability by préservation of facet joints, by 
undercutting them instead of excision and préservation 
of pars. If décompression obligates excision of facets or 
pars, fusion be added. 

Surgical Technique 

Nature of surgical procedure dépends on preoperative 
assessment of (i) location of stenosis; (ii) number 
of stenotic segments and (iii) stability. Related factors 
include (iv) degenerative spondylolisthesis, (v) post- 
surgical restenosis at operated or adjacent level, (vi) 
iatrogénie instability and (viii) associated deformities, 
scoliosis or kyphosis. 

Hansraj et al 21,22 hâve suggested therapeutic 
classification of degenerative spinal stenosis into simple 
or typical spinal stenosis and complex spinal stenosis. 
They defined simple spinal stenosis as degenerative 
stenosis without radiographie evidence of instability, 
with less than grade one degenerative spondylolisthesis, 
less than 20° of degenerative scoliosis and no previous 
surgery. These patients may be treated with décomp¬ 
ression surgery only. Complex spinal stenosis was 
defined as those cases associated with degenerative 
spondylolisthesis exceeding grade one, or degenerative 
scoliosis with curve more than 20°, or postoperative 
radiographie evidence of instability. These patients often 
needed décompression and fusion with or without 
instrumentation. 

Generally, a patient with spinal stenosis undergoes 
surgery for relief of pain and paresthesia. Prior to the 
advent of CT, the standard surgical treatment for lumbar 
stenosis was "decompressive total laminectomy" (Fig. I). 7 
This operation was considered a logical procedure to free 
the nerve root and the cauda equina from compression 
by removal of various posterior éléments of the spine to 
enlarge, the narrow spinal canal. This standard 
decompressive laminectomy typically involved two, 
three or rarely four level laminectomies, accompanied 
by appropriate foraminotomy and médial facetectomy 
and disk excision where appropriate. 
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Fig. 1: Stenosis surgery wide laminectomy 

The L 4 -L 5 , L 3 -L 4 and I^-Si levels are most frequently 
involved, L 2 -L 3 and being rarely involved. Failure 
of this standard procedure to relieve the patients 
symptoms was invariably attributed to an "inadéquate 
décompression" or unroofing procedure, especially of the 
latéral recess under the superior articular facets . 8 The CT 
scan demonstrated that simple foraminotomy, i.e. 
removal of the médial margin of the articular processes 
around the entrance to the foramen was insufficient to 
enlarge the foramen. Hence, a more radical decom- 
pressive procedure of the "dorsal arch resection" was 
developed. This surgery consisted of removal of ail 
posterior éléments, including spinous processes, lamina, 
articular facets and part of the pedicle at two or more 
levels. The exposed nerve roots resemble a Christmas tree, 
thus the name "the Christmas tree operation " 9 (Fig. 2 ). 
Frequent postoperative complications after this surgery 
left many patients more disabled than before surgery, 
but in some cases it gave good results. The disability after 
this procedure was mainly due to increased motion from 
instability of the spine leading to rupture and prolapse 
of one or more disks causing root pains and discogenic 
pain. The loss of articular facets permitted anterior 
subluxation or prolisthesis of the unstable vertebrae. 
Steffee coined the term cascading spine to describe the 
spine that is slipping forwards at several levels, after this 
surgery. 

As the biomechanics of the spine became more clearer 
and vivid, as more importance was given to spinal 
segmentai instability and with the advent of CT scan. 


surgery for spinal stenosis underwent radical changes. 
The vertical extent and coronal extent of the decompres- 
sive procedure was adequately defined preoperatively 
on the CT findings. 

The décompression may be performed unilaterally or 
bilaterally with coronal hemilaminectomy or may be 
extended to cover multiple levels of laminectomy. To 
retain stability, limited but effective procedure was 
introduced in the form of "interlaminer décompression 
or fenestration", supplemented by an undercutting 
techniques. In this procedure, the lower half to two-third 
of the hemilamina above and below the stenotic level, 
along with the thickened ligamentum flavum is removed. 
Because of the unusual laminar orientation, this 
laminectomy is supplemented by an undercutting 
technique laterally to preserve the médial and inferior 
aspects of the facet joints and their articular surfaces, a 
factor essential to retain stability. Invasion of the spinal 
canal by prolifération of osteophytes is also a major 
pathological lésion in degenerative stenosis. Ail 
intraspinal osteophytes are to be removed or punched 
in. Any disk bulge that could cause narrowing of the canal 
should be excised. 

Central canal stenosis is treated by "decompressive 
total laminectomy", at stenotic segment (Fig. 1)7 This 
involved two, three or rarely four level laminectomies, 
accompanied by appropriate foraminotomy and médial 
facetectomy and disk excision where appropriate. Care 
should be taken to preserve the pars. Adéquate 
décompression is confirmed by mobility of nerve root. 
The exposed nerve roots resemble a Christmas tree, thus 
the name "the Christmas tree operation " 9 (Fig. 2 ). 

The L 4 -L 5 , L 3 -L 4 and I^-Si levels are most frequently 
involved, L 2 -L 3 and L r L 2 being rarely involved . 8 

Latéral canal stenosis is confined to latéral recess. The 
3-D CT reconstruct, if performed well, would highlight 
the neurovascular canals. MRI is probably not quite as 
effective for demonstrating latéral canals as yet, but the 
technique is developing rapidly. Décompression of the 
latéral area and maintaining stability is a major problem. 

Here nerve root is decompressed by unilatéral 
laminotomy. Through midline incision only the 
symptomatic side is exposed. The médial swing of the 
articular process can be eut off by beveling the osteotomy 
lateralward, but a fair portion of the pedicle zone and 
certainly the far latéral zone cannot be decompressed 
without sacrificing the articular process. If the articular 
processes are sacrificed on one side only and if that 
segment losses stability intraoperatively, then one level 
fusion should be done at that level . 12 

At the end of procedure, the adequacy of 
décompression of the latéral recesses must be gauged by 
probing the latéral recess with Frazier elevator or 
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Fig. 2: Stenosis surgery "Christmas Tree" operation 



Médial third of lap. 
Osteotomized 



Médial third 
SAP. Osteotomized 


ultrasound probes or simple bile duct probe. The 
décompression of the root canal must be wide enough so 
that the nerve root is mobile within the root canal 
(Figs 3A to D). 

Nature of décompression dépends on location of 
stenosis. 

Entrance zone stenosis(subarticular): Décompression 
here requires médial facetectomy, excising médial margin 
of superior fa cet. upto 50% without compromising 
stability (Fig. 4). 

Midzone stenosis: Dorsal root ganglion,which is thick 
and pressure sensitive lies in this area. Abundant soft 
tissue from pseudocapsule of pars defect in spondylolysis 
cause neural compression. Partial décompression, 
removing anterior half of superior facet and lamina 

Exit zone stenosis: Stenosis here is due to hypertrophie 
osteophytes from facets, or osteophytic ridge along the 
dise. Décompression here requires médial facetectomy 
and/or impaction of osteophytic ridge along the dise. 

Stenosis beyond exit zone is best approached by 
paraspinal Wiltse approach .Décompression may be done 
extraforaminal latéral to médial approach by removing 
transverse process,part of pedicle, and osteophytes from 
the facet joints 

Degenerative Spondylolisthesis 6 

Degenerative spondylolisthesis is one of the main feature 
of spinal stenosis and accounts for one of the largest 
groups needing surgery. Usually degenerative spondylo¬ 
listhesis occurs at L 4 -L 5 level, but other levels could be 
affected (Fig. 5). The enormous overgrowth of the 



Ant. surface 

of SAP (Roof of Lat. Recess) 
shaved with curette 


Tip of SAP is 
removed fo cfecom press 
the exiting nerve 

Figs 3A to D: Surgery of stenosis 

articular facets involves both the superior and inferior 
éléments in the listhetic area. Thus, with degenerative 
spondylolisthesis at L 4 -L 5 , adéquate décompression 
should include laminectomy of both L 4 -L 5 with exposure 
of both L 4 and L 5 nerve roots unilaterally or bilaterally as 
is appropriate. 7,9 It may be necessary to expose and 
decompress both roots, since they can be differentially 
involved by the facets in either area, above and below 
the step deformity. At the same time, it is important to 
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Fig. 4: Extent of décompression of Entrance zone stenosis is 
médial facetectomy with removal of osteophytes along the 
superior margin of lamina A. Predecompression, B. 
Postdecompression 

Altered articular 



Fig. 5: Degenerative spondylolisthesis at L 4 -L 5 

preserve the pars interarticularis and the major weight- 
bearing surface of the facet of the listhetic vertebra.10 
Only by using an undercutting technique with angular 
punch and curettes can the foramen be adequately 
decompressed far laterally. Total facetectomy is rarely 
required to achieve this purpose. Sometimes a wide 
coronal hemilaminectomy may be employed in single 
segmentai level or repeated at multiple levels to preserve 
anatomical integrity of the normal arches by not 
sacrificing portions of lamina and spinous process. This 
may not be useful in patients with multilevel stenosis of 
advanced degree who would require extensive 
laminectomy. 

Regardless of the patients âge, Leon Wiltse strongly 
advocates adéquate décompression followed by fusion 


in ail these cases. Wiltse and Lombardi (1984) in their 
cases hâve shown that décompression without fusion was 
not as affective as décompression with fusion. 11 As long 
as the articular processes were saved décompression 
without fusion gave favorable results, but with fusion 
added, the results were considerably better. The latéral 
intertransverse fusion usually suffices. Although pseudo- 
arthrodesis rate is high clinical results are good in patients 
undergoing fusion, as enough restriction of motion could 
be achieved. Fusion also prevent récurrent stenosis, by 
minimizing bone regrowth. 

With pedicular implants combined with posterior 
lumbar interbody fusion (PLIF), one can reduce the 
spondylolisthesis and at the same time open out the 
latéral canal and foramen. 8 Instrumentation improves 
fusion rate, but does not change the clinical outcome. 

Réduction of listhesis is attractive, as it improves 
sagittal alinment, shortens course of the neve root, and 
decrease tension on the posterior fusion mass. It is 
technically difficult, associated with complication and 
often needs an additional segment of fusion to achieve 
adéquate stability. 

Developmental Stenosis 

Developmental stenosis is due to embryonic variation in 
size, shape and deformities of the vertébral canal. These 
anatomical variations are seen in the spinous processes, 
laminae, articular facets, pedicles and vertébral bodies. 
Epstein has recognized three anatomical variations of 
developmental stenosis, namely (i) concentric stenosis, 

(ii) sagittal flattening, and (iii) abnormal articular 
processes. He suggested for the concentric type , radical 
recession of the entire articular processes along with 
laminectomy to provide adéquate room for ail 
compromised neural éléments. For the sagittal flattening 
type of stenosis, laminectomy without removal of the 
articular processes is recommended. For the third type of 
stenosis, he recommended partial facetectomy to be 
added to the laminectomy. 12,13 

Degenerative Scoliosis and Kyphosis 

The goal of surgery in these spine is to decompress the 
neural éléments, realign and stabilize spine as well. 
Décompression alone is adéquate when curve is minimal 
(< 30°) or rigid. Instrumented fusion is indicated in 
(i) flexible curve, (ii) large (> 30°) or progressive curves, 

(iii) painful curve with axial pain in the back, (iv) latéral 
listhesis in side bending films and (v) sagittal imbalance 
with loss of lumbar lordosis. 23,24 

Patients with radicular symptoms in the concavity of 
curve, the root may be compressed between pedicles. 
Facetectomy along with partial correction of deformity 
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with instrumentation is indicated to open up the neural 
foramen. Degenerative lumbar Scoliosis is of two types. 
Type I: typical primary lumbar scoliosis with little or no 
rotation is treated with short instrumentation, preferably 
pedicular screw, unilaterally on concave side fixing the 
end vertebrae; whereas Type II is a pre-existing scoliosis 
with greater rotational deformity and greater loss of 
lordosis, associated with degenerative changes is treated 
with long instrumentation and sagittal plane recon¬ 
stitution. 

Récurrent Stenosis or Junctional Stenosis 

Adjacent segment stenosis has been reported to 40% in 
long-term follow-up study of lumbar fusion, more in the 
proximal segment. Récurrent stenosis may also be 
produced by some degree of laminar bone regrowth in 
88 % of cases treated with laminectomy or laminotomy 
with or without fusion. In absence of instability and with 
no significant facet excision, stenosis above previous 
fusion may be treated with décompression alone, 
otherwise instrumented fusion is suggested because 
excision of facet joint is needed for adéquate 
décompression of restenotic patient. 

Disc excision: Incidence of dise herniation with canal 
stenosis is 5-25%. Herniation represents extrusion or 
séquestration of dise, often in foramen and is easily 
removed during décompression. "Radical" dise excision 
or excision of bulging dise, destabilizes anterior column 
and therefore not recommended 

Spinal Fusion: Indications for 
Concomitant Arthrodesis 

Goal of Fusion is Back Pain from a Degenerated Disc 
and Eliminate Instability 

1. Preoperative factors 

• Degenerative spondylolisthesis with preoperative 
dise height greater than 2 mm. 

• Scoliosis 

• Kyphosis: frank kyphosis needs restoration of 
lordosis. 

• Instability : abnormal motion at listhetic segment 
more than 5 mm 

• Listhesis more than 50% 

• Récurrent spinal stenosis above prior fusion, e.g. 
L 3 -L 4 stenosis following the L^Si fusion 

• Révision surgery 

2 . Intraoperative factors 

• Excessive facet joint removal-over 50% on each 
side or both facets excised 

• Radical disk excision ( bilateral) may destabilize 
anterior column. 

• Violation of pars. 


Fusion is indicated when one suspects instability. If 
preoperatively instability already exists, particularly 
degenerative spondylolisthesis, further slippage is likely 
to occur, and one level fusion is mandatory. Similarly, 
preoperatively if there is evidence of occult instability of 
the motion segment in dynamic X-rays (as described by 
Knutson-1947), fusion of the unstable segment after 
décompression is necessary. Clinical instability probably 
will not resuit if the dise at the level that is to be 
decompressed, are normal or nearly so and fusion may 
not be required. Similarly, if the dise space is very narrow 
and especially if there are large osteophytes, instability 
will probably not be a factor and fusion is not required. 
Fusion is also indicated in patients with degenerative 
scoliosis associated with spinal stenosis. A long midline 
décompression saving the articular processes and pars 
may give immédiate relief of symptoms, however, since 
scoliosis is already in progress, it is likely to continue to 
increase. The annual increase in degree of scoliosis will 
accelerate in the future, hence, fusion is necessary. 

Fusion type: The fusion procedures usually undertaken 
are the standard postérolatéral fusion and interbody 
fusion (anterior or posterior). The instability that may 
develop after adéquate central and latéral décompression, 
the intertransverse fusion suffices. 

The interbody fusion, Posterior Lumbar Interbody 
Fusion (PLIF) and Transforaminal Lumbar Interbody 
Fusion ( TLIF ), a biomechanically superior but technically 
demanding procedure should be reserved for those cases 
of spinal stenosis associated with alteration in the 
alionment of the lumbar spine (malalignment due to 
anterolisthesis or retrolisthesis) and severe vertical 
settling of disks due to disks résorption (Fig. 6). 
Instrumented fusion of only the listhetic segment with 
instability is done as it may not be extended to whole 
area of décompression. 

Indications for Spinal Instrumentations 

1. Goals of internai fixation: 

• To correct deformity 

• To stabilize spinal column 

• To improve fusion rate 

• To protect neural éléments 

• To reduce réhabilitation time. 

2. Addition of instrumentation following décompres¬ 
sion and arthrodesis: 

• Correction of supple or progressive scoliosis and / 
kyphosis 

• Multilevel( 2 or more) arthrodesis 

• Récurrent spinal stenosis with spondylolisthesis 

• Excessive translational (greater than 4 mm) or 
angular motion (greater than 10°). 
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Fig. 6 : Différences in neural retraction necessary between the 
PLIF and TUF. Despite a wide laminectomy, significant médial 
retraction is still necessary in the PUF to gain access to the 
dise. The more latéral approach of the TUF provides access to 
the dise with less durai retraction, thus reducing the incidence 
of nerve root irritation and durai injury 

Before considering the type of instrumentation to be 
used, the following points should be considered necessary 
for selecting the implants. 

• Presence or absence of lamina 

• Osteoporosis/ osteopenia 

• Whether sacral fixation is required. 

Standard implants like Harrington rods could be used 
whenever a long fusion is required. Segmentai implants 
like Luque Rods or Hartshil Rectangle may be used when 
the lamina are présent as in multilevel interlaminar 
décompression. But in the absence of laminae, segmentai 
implants providing pedicular fixation are used. The 
advantage of using pedicular fixation is that the pedicles 
form the strongest portion of ostéopénie vertebrae giving 
good torsional stability and improved sacral fixation, and 
at the same time maintains lumbar lordosis. 

Less Invasive Décompression Procedures 

Decompressive laminectomy has been widely used for 
the treatment of lumbar spinal stenosis. Total laminec¬ 
tomy is preferred for patients with severe degenerative 
stenosis or marked degenerative spondylolisthesis. 
However, iatrogénie instability following laminectomy 
sometimes occurs in these patients. Further more, the so 


called laminectomy membrane, that represents the 
épidural scar tissue in the spinal canal following surgery 
might resuit in unfavorable sequel after laminectomy. To 
avoid these problems, various less invasive décompres¬ 
sion procedures were developed. 

Multiple Laminotomies 

For bilateral radicular symptoms some authors prefer to 
do bilateral laminotomies as an alternative to laminec¬ 
tomy thereby preserving the mid-line stabilizing 
structures. Multiple laminotomies may be associated with 
fewer incidences of post-operative instability but is 
associated with higher incidence of neurologie sequel. 

Expansive Lumbar Laminoplasty 

Tsuji et al first reported expansive lumbar laminoplasty 
in cervical spine degenerative stenosis. The purpose was 
to preserve stability especially in younger active patients. 
Hence, similar open-door-type expansive lumbar 
laminoplasty was also developed for lumbar stenosis, 
which had both décompression and stabilization effects. 
This surgery gave 80% good or excellent results in an 
average follow up of 5 years. 

Distraction Laminoplasty 

O'Leary and Mccane reported a technique of modification 
of routine laminectomy that allows décompression of 
lumbar canal with maximal bone préservation. The 
technique involves the application of a distraction force, 
in conjunction with an undercutting laminoplasty, which 
allows removal of the médial 20% of the facet joints and 
the inner third of the lamina. 

Décompression Through a "Port-hole" Approach 

Kleeman et al described a technique of open laminectomy 
essentially through a microdiscectomy-like approach. 
They reported good to excellent outcome in 96% patients 
at the end of 4 years. 

Spinous Process Distraction Devices 

Several spinous process distraction implants hâve been 
described in recent literature. The mechanism of action 
of these devices is to distract the spinous processes at the 
stenotic segment and hold it in flexion which is the most 
comfortable posture for a patient with spinal stenosis. 
The décompression effect is indirect, as the hypertrophied 
ligamentum flavum is unfolded and the segment is 
distracted. The procedures are currently recommended 
for elderly patients with poor medical status contra- 
indicating conventional décompression surgery. 
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Treatment Algorithm 


Lumbar Spinal Stenosis 






Results 

Results of surgery in spinal stenosis hâve been studied 
for short-term (up to 2 years) and long-term (more than 
2 years) benefits. The short-term results for decom- 
pressive laminectomy only is good to excellent in 70 to 
80% of the cases. With the addition of fusion, the results 
are good in 80 to 90% of the cases, whereas when spinal 
instrumentation is added, the results improve from 90 to 
95% excellent resuit. The successful outcome results drop 
by 15 to 20% in long-term studies. 15 It has been often 
observed that failed back syndrome develops following 
decompressive laminectomy for spinal stenosis. This 
operation may give patients complété relief from leg pain, 
but they may suffer from low back pain. Ralph Cloward 
found that in his patients with spinal stenosis who 
required reoperation following decompressive 
laminectomy, back pain was mainly due to instability of 
the vertébral joints and the subséquent invasion of the 
scar tissue within the spinal canal. Wiltse has enlisted 


the following major causes of failure of surgery in spinal 
stenosis. 14 

1. Failure to adequately decompress: 

• The central canal 

• The latéral canals 

• The far out area (beyond the pedicles). 

2. Too severe décompression with resulting instability 
or deformity 

3. Récurrent stenosis due to laminar regrowth at the 
same level or at different level due to continuing 
degeneration cascade 

4. Décompression of wrong level 

5. Pseudoarthrosis at the levels of fusion 

6. Breaking of internai fixation de vices 

7. Accidents during surgery-dural lacérations 

8. Arachnoiditis 

9. Psychogenic low back pain 

10. Pain of undetermined origin. 
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INTRODUCTION 

Spondylolisthesis was recognised in 1782 by a Belgium 
Obstetrician Herbinaux when he noted a bony 
prominence in front of the sacrum. This was perhaps 
considered to be a problem in delivery. Herbinaux is 
generally credited to first describe spondylolisthesis, 
probably the complété type in which the body of L5 is 
actually lying in front of the sacrum (spondyloptosis). 

Killian in 1854 coined the term spondylolisthesis 
(Fig. 1) that is defined as slipping of ail or part of vertebrae 
onto another. It cornes from the Greek words spondylo- 
meaning vertebra and olisthesis-meaning to slip or to 


rr 

nr 

i * * 


y ^ _ a 

Fig. 1: X-ray latéral view lumbar spine showing 
spondylolisthesis of L5-S1 vertebra. 

Note the forward subluxation of L5 over SI (see arrow) 


slide. He did not recognise the defect in pars inter- 
articularis and believed the lésion to be caused by a slow 
subluxation of lumbosacral facets. 

Approximately 5 to 6% of males, and 2 to 3% of 
females hâve a spondylolisthesis. It becomes apparent 
more often in people who are involved with very physical 
activities such as weightlifting, gymnastics, or football. 
Males are more likely than females to develop symptoms 
from the disorder, primarily due to their engaging in 
more physical activities. Although some children under 
the âge of five may be predisposed towards having a 
spondylolisthesis, or may indeed already hâve an 
undetected spondylolisthesis, it is rare that such young 
children are diagnosed with spondylolisthesis. 
Spondylolisthesis becomes more common among 7 to 10 
year olds. The increased physical activities of adolescence 
and adulthood, along with the wear and tear of daily 
life, resuit in spondylolisthesis being most common 
among adolescents and adults. 

CLASSIFICATION 

• Anatomical classification 

• Etiological classification. 

Anatomical Classification 

1. Congénital 

A. This type has dysplastic articular process at the level 
of olisthesis. They are axially oriented and are 
frequently associated with dysplasia of of the superior 
vertébral end plate as well as with spina bifida. This 
unstable condition permits the slippage to occur. 

B. This type seen in adult results from either sagittal 
(parellel) orientation of the articular processes that 
dislocate in adult life. 
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C. Other congénital anomalies of the lumber spine 
permit spondylolisthesis to occur. Congénital 
kyphosis is the principal one. 

2. Isthmic 

The lésion is located in pars interarticularis. Three types 
are recognised: 

A. In the lytic type, there is a stress fracture of the pars. 

B. An elongated but intact pars is présent secondary to 
healed stress fractures. 

C. Acute fractures of the pars which results from major 
fracture. 

3. Degenerative 

This type results from long standing inter segmentai 
instability. 

4. Post-surgical 

A. A partial or complété loss of posterior bony and 
discogenic support occurs secondary to extensive 
decompressive facetectomy, often in patients with 
sagittaly oriented facets. 

B. Postoperative stress fractures of the articular process 
at their junction with laminae produce these lésions. 

5. Post-traumatic 

This type ,always due to severe trauma, results from acute 
fractures in areas of the bony hook other than the pars. 

6. Pathological 

This lésion results from generalised or localised bone 
disease. Destruction of the posterior éléments allows the 
cephalic vertebrae to slip forward onto the one below it. 

A. Generalised. 

B. Localised. 

Etiological Classification 

Marchetti and Bartolozzi in 1986 published a classification 
based exclusively on etiology.They divided ail lésions 
into: 

A. Developmental: Dueto 

- Lysis 

- Elongation. 

B. Acquired: Traumatic due to 

- Acute fracture 

- Stress fracture 13 

- Iatrogénie 

- Pathologie 

- Degenerative. 


Diagnosis 

Based on: 

a. Clinical features 

b. Radiological features. 

Clinical Features 

Symptoms 

1. Asymptomatic: Many people are asymptomatic and get 
aware of the problem only when a X-ray is taken for 
some other problem. 

2. Pain in the lower back, which aggravâtes after exercise 
and decreases on rest. 

3. Increasing lordosis (swayback). 

4. Pain and/or weakness in one or both thighs/legs. 

5. Decreasing ability to control bowel or bladder 
function. 

6 . Tight hamstrings 

7. In case of advanced spondylolisthesis, change may 
occur in the way people stand or walk, e.g. 
Development of waddling style of walking. This 
causes the abdomen to protrude further, due to low 
back curving more further. The torso (chest, etc.) may 
seem shorter and muscle spasms in low back may 
occur. 

Signs 

1. Step off sign: On inspection at lumbosacral junction 
(seen in grade 2 or more). 

2 . Movements of the lumbar spine are restricted. 

3. Hamstring tightness as revealed by SLR. 

Hamstring tightness was originally believed to be due 
to traction on cauda equina. However, it occurs in ail 
grades of spondylolisthesis and is rarely associated 
with neurological signs. It may be that hamstring 
tightness represents either an attempt of the body to 
stabilise the LS level or an attempt to rotate pelvis to 
more vertical position to re-establish patients center 
of gravity. Eighty percent of asypmtomatic patients 
hâve hamstring tightness. 

4. Deep palpation of spinous process above slip will 
produce local and sometimes radicular pain. 

5. Lumbosacral kyphosis 

As deformity increases, 

6 . Lordotic posture: Above the slip to compensate for the 
displacement. 

7. Sacrum becomes vertical and buttocks become heart 
shaped. 

More severe, 

8 . Trunk gets shortened and absence of waistline. 
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9. In children with no déficit unlike adults, one may get 
a peculiar spastic gait called as pelvic waddle due to: 

- Tight hamstrings 

- Lumbosacral kyphosis. 

10. Neurological déficit: 

- Motor 

- Sensory 

- Reflexes 

- Bowel/bladder involvement. 

11. Scoliosis: 3 causes: 

a. Sciatic: Lumbar curve caused by muscle spasm. 
Curve is not structural but résolves with recum- 
bence. 

b. Olisthetic: Torsional lumbar curve that results from 
asymmetrical slipping of vertebrae. 

c. Idiopathic: Listhesis and scoliosis should then be 
tackled separately. 

Associated Conditions 

Spina bifida occulta: Accompanies isthmic defects with 
a reported incidence of 24 to 74% and dysplastic of 40% 
Scoliosis: Occurred in 30% of patients requiring surgery 
for spondylolisthesis 

Abnormal dises on MRI: 10 to 39%. This was rarely 
associated posterior dise protrusion at level of slip. 

Lumbarisation and sacralisation reported in 7 to 9% 
of spondylolysis. 

Radiological Findings 

• X-rays 

• Bone scan 

• MRI 

• Myelography. 

X-rays 

• A-P view 

• Latéral view (standing) 

• Oblique view: For viewing spondylolysis. 

a. Meyerding slip grading: The ratio between A-P 
diameter of top of first sacral vertebrae and the 
distance L5 has slipped anteriorly détermine 
percentage of slip. 

Grade 1: Displacement up to 25% 

Grade 2: 25 to 50% 

Grade 3: 50 to 75% 

Grade 4: More than 75% 

Complété slippage of L5 over SI is called as 
spondyloptosis (Fig. 2). 

b. Dewald modification of Newman: Better defines the 
amount of anterior roll of L5 (Fig. 3). 



Fig. 2: Percentage slip—a line is extended from the posterior 
aspect of the first sacral body and a second line is drawn 
downwards from the posterior surface of the 5th lumbar vertébral 
body. The extent of the slip is the distance between these two 
lines. This measurement is expressed as a percentage of 
anterior posterior dimensions of the 5th lumbar vertébral body 



A: 3 + 0; B: 8 + 6; C: 10 + 10 

Fig. 3: Showing the Dewald modification of Newman method 
for determing the amount of slip. The dôme and the anterior 
aspect of sacral are divided into 10 equal parts. The position of 
the posterior inferior corner of L5 is determined with respect to 
the dôme of the sacrum and represents the first number. The 
second number indicates the position anterior inferior corner 
with respect to the anterior aspect of the sacrum 
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The dôme and anterior surface of sacrum are divided 
into 10 equal parts. The scoring is based on position of 
posteroinferior corner of the body of L5 with respect to 
dôme of sacrum. 

The second number indicates the position of the 
anteroinferior corner of body of L5 with respect to 
anterior surface of lst sacral vertebrae. 

c. Slip angle: Best predictors of instability or progression 
of spondylolisthesis deformity. 

Slip angle is the angle formed between intersection 
of line drawn parallel to inferior surface of L5 and a line 
drawn perpendicular to posterior surface of SI (Fig. 4). 

d. Lumloar index: Degree of trapezoidal deformation of 
L5. 

Height of posterior body 

Lumbar index =-x 100. 

Height of anterior body 

e. Pelvic incidence angle: Legaye, et al introduced the 
concept of pelvic incidence, more studies hâve been 
done to try to détermine the association between 
isthmic SPL and pelvic parfameters. Pelvic incidence 
is defined as an angle subtended by a line which is 
drawn from the centger of the fémoral head to the 
midpoint of the sacral end plate and a line 
perpendicular to the center of the sacral end plate. 
Significant corrélation between pelvic incidence and 
the degree of isthmic SPL in adolescence as well as in 
adults is found in a 2002 study. Pelvic incidence is 



Fig. 5: Pelvic incidence may be a prédictive factor for both 
high-and low-grade SPL and should be considered a factor in 
treatment as well as in the assessment of the risk of progression 


significantly higher in the group with higher-grade 
slips than in the group with lower grade slips (P = 
0.007) (Fig. 5). 



Fig. 4: Slip angle—measures the degree of forward tilting of 
the 5th lumbar vertebra over the first sacral vertébral body. 
The angle is formed by a line drawn perpendicular the posterior 
aspect of the first sacral body and line drawn parallel to the 
inferior aspect of the 5th lumbar vertébral body. It présent the 
degree of instability and potentional for progression 


Radiographie Measurements 

Several radiographie parameters hâve been defined to 
evaluate the lumbosacral morphology. 

Pelvisacral angle (PSA): During et al defined the Pelvisacral 
angle (PSA) which represents the angle between a line 
tangent to the sacral endplate and the line passing 
through the center of the sacral endplate and center of 
the hip joints. 

Pelvic incidence (PI): Pelvic Incidence which was the angle 
between a line that is vertical to the sacral endplate and 
the line passing through the center of the sacral endplate 
and the center of the hip joints. Pelvic Incidence is the 
one that received general acceptance. It is constant 
throughout childhood and then increases during 
adolescence and does not change during adulthood. The 
normal value for PI in adults ranges from 47.40 to 53.10. 
Ail three parameters define pelvic morphology. Their 
values are not affected by the position of the pelvis or 
posture; whereas, parameters such as sacral slope and 
pelvic tilt are affected by the posture. As the PI increases 
the shear forces across the L5-S1 junction also increase, 
as may the likelihood of development of spondylolisthesis 
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and/or progression of the disease. Indeed, the PI is higher 
in patients with either low grade high grade spondylo¬ 
listhesis when compared to the normal subjects. Pelvic 
incidence can also help to predict with régional as well 
as global sagittal alignment. As the PI and SS increase 
the lumbar lordosis also increase to compensate for the 
forward tilt of the trunk (Fig. 5). 

Sacral slope (SS): Sacral slope is defined by the angle 
between the line tangential to the sacral endplate and 
the horizontal reference line. 

Pelvic tilt (PT): Pelvic tilt is the angle between a line 
connecting the center of hip joints and the center of sacral 
endplate and the vertical reference line. 

Slip angle (SA): Slip angle (lumbosacral angle) which is 
the angle between a line that is tangential to the lower 
endplate of L5 and the line that is vertical to the line that 
is tangential to the posterior body of SI. Restoration of 
the slip angle rather than the percentage of slip has been 
advocated as an important goal of surgery in spondy¬ 
lolisthesis (Fig. 6). 



Fig. 6: Radiographie measurements 


Bone Scan 11 


Indicated in acutely symptomatic patients particularly 
young athlètes to détermine whether acute injury or 
repair process has begun. 

Also helpful in distinguishing between an acute 
fracture and pre-existing spondylolysis in victims of 
multiple trauma. Besides bone scan is required to 
détermine whether a spondylolytic lésion is acute enough 
to merit immobilisation with cast. 


Positive bone scan and a négative X-ray—Recent injury 
that may benefit from immobilisation. 

Négative bone scan and a positive X-ray—Old lésion 
that will not heal. 

Bone scan is not indicated if 

- Patient is symptomatic >1 year 

- Asymptomatic patients. 

SPECT (single photon émission CT bone scanning) is 
a very sensitive method of confirming diagnosis when 
stress reaction is suspected. 

A primary limitation of bone scan has been inability 
to clearly résolve the bony architecture of vertébral bodies 
due to superimposition of individual structures of 
vertebrae over each other. SPECT has overcome this 
problem. 

MRI 

Indicated to see 

• Extent of disk injury 

• Nerve root compression. 

Myelogram 

Reveals partial or complété block at the level of neural 
arch of L5. 

Largely replaced by MRI. 

Treatment 

The grade of slip (grades 1 to 5) and the symptoms will 
help détermine the type of treatment that will be suitable. 
One should consider the following options: 

/. No treatment 

Approximately 5% of the population has a 
spondylolisthesis, most of whom will never need any 
treatment as their spondylolisthesis is stable, and non- 
progressive. For adults, treatment is only recommended 
for those patients who hâve symptoms of pain and 
disability. For children, treatment is necessary if they hâve 
pain, and when the forward vertébral slip is progressing. 
Observation is adéquate for the adult who has no 
symptoms or the child who has a minimal spondy¬ 
lolisthesis and no symptoms. 

Most patients with spondylolisthesis should avoid 
activities that might cause more stress to the lumbar spine, 
such as heavy lifting and sports activities like gymnastics, 
football, compétitive swimming, and diving. Patients, or 
their parents, must discuss their daily activities and 
hobbies with their physician to see if they are ail right to 
continue. 
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II. Bed Rest/activity Restrictions 

Bed rest following an injury to the back is used less and 
less because of the risk of deconditioning (e.g., loss of 
muscle tone which delays recovery). Ten years ago, if 
one had a similar back problem he would be placed on 
bed rest for at least ten days. We now know that a shorter 
period of time, such as two to three days followed by a 
guided physical therapy program is a better solution to 
back pain. 

Once the spondylolisthesis has been recognized, 
treatment often consists of a short rest period (two to three 
days) followed by a physical therapy program by a 
registered physical therapist that has an understanding 
of spondylolisthesis. 

There should be restriction of heavy lifting, excessive 
bending, twisting or stooping and avoidance of any work 
or recreational activities that causes stress to the lumbar 
spine. The physician should outline a réhabilitation 
program to return the patients activities as soon as 
possible. 

It is in our best interest to closely follow the activity 
program as outlined by the physician, nurse, or therapist 
to restore best level of functioning as soon as possible. If 
the work requires heavy lifting, bending, or stooping, he 
should not be allowed to return to that type of work 
immediately. Spécifie work restrictions should be 
discussed so that a less demanding job may be found. 

Remember, participating in daily activities is 
important to both long-term physical and emotional well 
being. 

III. Médication 

Many médications are available to help reduce pain. Your 
physician may prescribe their use, generally to reduce: 

i. Inflammation 

ii. Muscle spasms 

iii. Pain. 

IV. Corset/Brace 

In certain situations a corset or brace is useful to provide 
additional support to the spine. This support may 
decrease muscle spasm and pain. 

Corsets consist of soft fabric, and may include rigid 
supports. Corsets can be obtained either through your 
physician, orthotist (i.e. a person trained to make 
orthopédie braces), medical supply company, or 
pharmacy. Normally a corset is worn when one is up 
and about, but is often not necessary when lying in bed. 

Braces are made of plastic and can be readymade or 
custom fit. Readymade braces are appropriate in those 


patients whose lumbar spine has a near normal contour. 
If there is a marked forward slip of vertebra, readymade 
braces are often difficult to fit and wear. Some physicians 
opt for custommade lumbar braces (orthoses) for ail of 
their patients with spondylolisthesis. 

If custom-molded orthoses is required, an orthotist is 
sought. The orthotist will take measurements and apply 
a cast to make a mold of the body. A custom brace will 
then be made. 

When first giving a brace, advise on: 

• How to get in and out of brace? 

• Increasing the amount oftime spent in brace each day until 
brace schedule is achieved 

• Watching out for skin irritation (some redness is expected 
under the brace). If any sores on the skin are noted, removal 
of brace and report to physician , nurse , or orthotist 
immediately for further skin-care instructions. 

V. Surgery 

The indications for surgery in spondylolisthesis and 
spondylolysis include the following (primarily for 
adolescents and young adults): 

1. Persistence or récurrence of major symptoms for at 
least one year despite activity modification and 
physical therapy. 

2. Tight hamstrings, persistence of abnormal gait or 
postural abnormalities unrelieved by physical 
therapy. 

3. Sciatic scoliosis. 

4. Progressive neurological déficit. 

5. Progessive slippage beyond 25 to 50%, even when 
asypmtomatic. 

6. A high slip angle (40 to 50°) in a growing child, since 
it is associated with further progression and 
deformity. 

7. Psychological problems attributed to shortness of 
trunk, abnormal gait, and postural deformities 
characteristic of more severe slips. 

Surgical Procedures 

Various options available are: 

Posterior Fusion 

a. In situ fixation-one level: In most instances, one level 
arthrodesis suffices. This is best performed through a 
bilateral approach with an intertransverse or a 
transverse process-sacral ala arthrodesis to stabilise 
flexion, extension and rotational forces on the 
involved segment. For slip of less than 50% this is the 
procedure of choice. 
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b. In situ fixation-Two level: When the slip exceeds 50%, 
it is wise to extend the arthrodesis to L4.Despite the 
immobilisation of an additional segment, mobility is 
remarkably well preserved. 

Laminectomy or Laminectomy Combinée! with Fusion 

Radiculopathy is relatively less seen in children, which 
is attributed to relatively lack of hypertrophie tissue about 
pars interarticularis lésion despite the magnitude of the 
slip. Laminectomy is rarely performed alone to treat 
radicular symptoms as this acts as a destabilising factor 
to an already unstable mechanical situation. 

Anterior Fusion 

Done only if: 

• Deformity is great and posterior procedure is deemed 
insufficient. 

• As a supplément to posterior fusion in instances 
where pseudoarthrosis or plastic deformation of the 
fusion mass has occurred due to high slip angle. 

Isthmic Defect Repair 

Performed for isolated spondylolysis and low grade 
spondylolisthesis (< 25%) and has the advantage in 
préservation of the involved motion of the segment, 
which minimises the abnormal stresses at adjacent levels. 
Repair is done: 

• Using direct screw techniques, plates or wires around 
transverse process and posterior éléments providing 
a tension band like principle. 

• Wiring the posterior éléments to a pedicle screw. 

• Using a hook screw that facilitâtes compression across 
the grafted pars defect. 

Anterior and Posterior Fusion 

Done for high grade and highly unstable spondy¬ 
lolisthesis. 

Réduction of Spondylolisthesis 

Despite uncertainty as to réduction of partial or complété 
spondylolisthesis, many techniques hâve been described. 
Problems associated with in situ fixation are: 

- Pseudoarthrosis 

- Progression 

- Residual deformity 

- Loss of motion segments 

- Neurologie déficit. 

Advantages of fixation include: 

• Stops progression of the deformity 

• Less postoperative pain 


• Permits full nerve décompression 

• Promotes union 

• Limits fusion length 

• Restores body posture and mechanics 

• Improves appearance and self image. 

Réduction is done by: 

• Traction cast réduction (now obsolète) 

• Posterior distraction instrumentation 

• Anterior posterior resection and réduction 

• Vertebrectomy(done in true spondyloptosis) 

• Pedicle fixation 

• Posterior levered instrumentation. 

Transforaminal Lumbar Interbody Fusion (TLIF) 
Back Surgery 

Spinal Fusion Surgery for Back Conditions 

Spinal fusion (such as a TLIF) is a surgical technique to 
stabilize the spinal vertebra and the disk or shock 
absorber between the vertebrae. Lumbar fusion surgery 
is designed to create solid bone between the adjoining 
vertebrae, eliminating any movement between the bones. 
The goal of the surgery is to reduce pain and nerve 
irritation. 

Spinal fusion may be recommended for conditions 
such as spondylolisthesis, degenerative disk disease or 
récurrent disk herniations. Surgeons perform lumbar 
fusion using several techniques. This article describes the 
transforaminal lumbar interbody fusion (TLIF) fusion 
technique. 

Procedure for Spine Fusion Using TLIF Technique 

TLIF back surgery is done through the posterior 
approach. 

• Surgical hardware is applied to the spine to help 
enhance the fusion rate. Pedicle screws and rods are 
attached to the back of the vertebra and an interbody 
fusion spacer is inserted into the disk space from one 
side of the spine. 

• Bone graft is placed into the interbody space and 
alongside the back of the vertebra to be fused. Bone 
graft is obtained from the patient's pelvis, although 
bone graft substitutes are also sometimes used. 

• As the bone graft heals, it fuses the vertebra above 
and below and forms one long bone. 

TLIF fuses the anterior and posterior columns of the 
spine through a single posterior approach. 

• The anterior portion of the spine is stabilized by the 
bone graft and interbody spacer. 

• The posterior column is locked in place with pedicle 
screws, rods, and bone graft. 
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Benefits of TUF Back Surgery Technique 

TLIF procedure has several theoretical advantages over 
some other forms of lumbar fusion: 

• Bone fusion is enhanced because bone graft is placed 
both along the gutters of the spine posteriorly but also 
in the disk space. 

• A spacer is inserted into the disk space helping to 
restore normal height and opening up nerve foramina 
to take pressure off the nerve roots. 

• A TLIF procedure allows the surgeon to insert bone 
graft and spacer into the disk space from a unilatéral 
approach laterally without having to forcefully retract 
the nerve roots as much, which may reduce injury 
and scarring around the nerve roots when compared 
to a PLIF procedure. 

POSTERIOR LUMBAR INTERBODY FUSION (PLIF) 
Introduction: PLIF 

Posterior lumbar interbody fusion (PLIF) is a surgical 
technique for placing bone graft between adjacent 
vertebrae (interbody). Typically, screws and rods or other 
types of spinal instrumentation are used to hold the spine 
in position while the bone heals. Indications for this 
procedure may include pain and spinal instability 
resulting from spondylolisthesis, degenerative disk 
disease, or when a discectomy is performed to relieve 
nerve compression and the patient has associated 
mechanical low back pain 

Spinal fusion uses bone graft to promote spécifie 
vertebrae to grow or fuse together into a solid and stable 
construct. Instrumentation, also called internai fixation, 
incorporâtes the use of rods, screws, cages, and other 
types of medical hardware to provide immédiate stability 
to the spine and facilitate fusion (Fig. 7). 

Minimal Access Spinal Technologies 

Today, spinal surgery has advanced to a new level that 
utilizes Minimal Access Spinal Technologies (MAST). 
These technologies replace traditional open surgical 
procedures with innovative minimally invasive 
techniques and tools. To grasp the importance and 
benefits of minimally invasive spine surgery, review the 
following comparison: 

Open Approach 

A longer incision along the middle of the back is 
necessary. Large bands of muscle tissue are stripped from 


the underlying spinal éléments including the spinous 
process, lamina, and facets. These tissues are pulled aside 
(retracted) during surgery to provide the surgeon a good 
view of the spine and room for performing the procedure. 
During complex spine surgeries, these surrounding 
tissues (paraspinous) may need to be retracted for long 
periods of time. Stripping the paraspinous tissues and 
retracting them can contribute to post-operative pain and 
prolong the patient's recovery. 

Minimally Invasive Approach 

In minimally invasive procedures, the surgical incisions 
are small, there is no need (or minimal need) for muscle 
stripping, there is less tissue retraction, and blood loss is 
minimized. Spécial surgical tools allow the surgeon to 
achieve the same goals and objectives as the open surgery 
while minimizing cutting and retracting of the paras¬ 
pinous muscles. Therefore, tissue trauma (injury) and 
postoperative pain are reduced, hospital stays are shorter, 
and patients can recover more quickly. 

Open PLIF Procedure 

A typical PLIF procedure involves an open incision 
(approximately 6 inches long) in the middle of the lower 
back followed by stripping the paraspinous muscles away 
from the spine. Bone removal (laminectomy) and lumbar 
discectomy are performed to remove pressure from 
affected spinal nerve roots. When the offending disk is 
removed an empty space is left between the upper and 
lower vertebrae (interbody). This is filled with bone graft. 
Implants made of bone, métal, or other materials are 
typically inserted into the interbody space. Finally, 
pedicle screws are placed into the upper and lower 
vertebrae and connected with rods or plates. 

MAST PLIF Procedure 

Now spine surgeons can combine three innovative spinal 
surgical "systems" with Minimal Access Spinal 
Technologies (MAST). The combination of these Systems 
allows a PLIF to be performed through two one-inch 
incisions on either side of the low back. The paraspinous 
muscles do not need to be stripped from the spine. The 
spine surgeon can perform bone removal, a discectomy, 
an interbody fusion, and pedicle screw insertion through 
the same small incisions 

Cases 

Case 1: Grade 3 spondylolisthesis 
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Figs 7A to D: (A and B) Showing the preoperative standing X-rays of a patient with Gr. III spondylolisthesis with lysis at L5. On 
AP view note the inverted “Napolean Hat” sign. (C and D) The patient was treated surgically by laminectomy of L5 with internai 
fixation with pedicular screws and rod alongwith fusion. Note that partial réduction of the slip 
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INTRODUCTION 

After what appeared to be a successful operation the pain 
persists or recurs. The symptoms are severe enough to 
indicate reoperation, and the results are not always 

successful. 5,8-10,12,15,16 

About 5 to 8% of the patients présent with failed back 
surgery syndrome (FBSS). 

In some the récurrence is inévitable, e.g. the operation 
is done at the wrong level. This sometimes happens in 
spite of best intentions of the surgeon. At times the disk 
is removed incompletely, and the remaining part of the 
annulus extrudes out causing récurrence of the 
symptoms. At times a double disk protrusion has been 
overlooked. In the past many surgeons routinely explored 
lowest two disk spaces do not over—corne this 
complication, but with the use of CT scan, the incidence 
of this mistake will drop down. It is possible that the 
adjacent normal disk has prolapsed or an obvious 
anatomical abnormality like spondylolisthesis has been 
overlooked. 

Complications like inadvertent leaving behind a 
foreign body like a piece of gauze, formation of post- 
operative arachnoid cyst on the root, disk space infection, 
myodil arachnoiditis, fibrosis around the nerve roots can 
ail lead to persistence or récurrence of pain. 

Proper Sélection 

O'Brein (1983) 9 feels thatbefore doing surgery, there has 
to be correct anatomical localization of pain. Inadéquate 
work-up, localization of pain and conservative treatment, 
and négative explorations are important causes of 
postlaminectomy syndrome. 8,13,15 

The surgeon has been blamed when he or she has 
operated upon a wrong level. However, the sympto- 


matology could at times be confusing, e.g. laterally 
herniated nucléus of fifth disk can compress existing L 5 
root. Latéral recess stenosis compressing the upper root 
can produce symptoms rather than the lower root 
compressed by the prolapsed disk or a centrally herniated 
fourth lumbar disk can produce S 1 root compression. The 
period of pain relief enjoyed by the patient has been found 
to be important in understanding the mechanism of 
failure, e.g. if the sciatic pain is felt by the patient 
immediately after he or she wakes up from anesthésia 
either a wrong level has been operated upon or the nerve 
root has been damaged by excessive retraction causing 
permanent damage. The latter is an important cause of 
persistence of paresthesias and burning pain. If the pain 
recurs three months after surgery, it is likely to be due to 
neurectomy effect. During surgery tissues are denervated 
by the exposure. They are renervated and start causing 
pain. This will also help to explain the source of 
diskogenic pain. Reassurance and rest with symptomatic 
treatment help to get relief. 

Late Présentation 

About a year after surgery the patient returns to his or 
her work, and after minimal lifting or bending starts 
getting symptoms. Usually instability is produced by 
previous surgery and he or she will obviously need 
surgical help by way of stabilizing procedure, (Figs IA 
and B) the spinal fusion. Late failure five years after 
surgery is also common. Long-term follow-up of disk 
patients is not always very good, but world literature 
indicates that between 40 to 50% of laminectomy patients 
are disabled with pain and some of them are unable to 
stick to their employment 8 (Figs 2A to C). However in 
recent years with the simultaneous use of stabilizing 
procedures and particularly posterior lumbar interbody 
fusion, the percentage of patients with récurrence of 
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Figs IA and B: (A) Iatrogénie inadvertent cutting of pars causes instability and pain, and 
(B) The instability is corrected with posterior lumbar interbody fusion (PLIF) plates and screws 



Figs 2A to C: (A) Following laminectomy and vigorous diskectomy there is, (B) Settlement of disk space causing nerve root 
compression, and (C) Distraction is done by cutting the pars (arrows) and then stabilization with posterior lumbar interbody 
fusion (PLIF) screws and plates 


symptoms at long-term follow-up will drop down 
significantly. 

Lewis et al (1987) 6 in a perspective study found that 
at the end of 5 years, 93% of the patients were back to 
their work, and 96% of the patients were pleased that 
they had submitted themselves for surgery. 

The indications for reoperation are judged by the 
sufferings of the patient and his or her disability. For 
example, if the patient can cope with day-to-day activities 
with some amount of médication and life is tolerable, then 


surgery is not considered. On the other hand, if he or she 
has severe disabling pain, cannot attend to his or her work 
and has to take medicines continuously, then benefits 
from reconstructive surgery should be given to him 
(Figs 3A to C). 

Surgery 

Merely reexploration and décompression of the roots 
from adhesions, however, meticulous it may be, does not 
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Figs 3A to C: (A) Failed back syndrome following laminectomy in an unstable spine has caused total disruption of the segment, 
(B and C) latéral and AP views after reconstruction of the same spine with posterior lumbar interbody fusion (PLIF) (Ramani 
technique) and pedicle screws and plates 


corne up to patient's expectations. It is now generally felt 
that if a good stabilizing procedure is done on his or her 
spine, he or she will feel more relief even if roots are not 
decompressed from adhesions. Inter-body fusion has to 
be done whether at one or two levels. In addition support 
from behind by way of spinal instrumentation with 
pedicle screw and plates will help to stabilize the spine 
in a much better way with significant reliefs from 
backache and sciatica. 

The FBSS is a misnomer. It is the surgery that has failed 
rather than the back itself. Most often the fault lies with 
the surgeon, not so much in his or her technical 
compétence as in his or her sélection of patients. 

Finneson (1939) 2 in a careful review of 94 patients with 
failed low back syndrome considered that the original 
surgery was not indicated in 76 (81%) of these patients. 
In a rétrospective study, there is always the hindsight, 
even allowing for the benefit of this hindsight the figures 
were extremely high. 

Long et al (1988) 4 studied exhaustively 78 patients 
seen in the Johns Hopkins pain program. The results 
emphasized the iatrogénie factors that were important 
in the development of FBSS. Of these 43 patients were 
subjected to surgery when they had failed to respond 
satisfactorily to conservative treatment although they did 
not fit into the category for operative intervention. Two- 
third of 1541 patients admitted to the pain treatment 
program had undergone three spinal operations and six 
myelograms. Even the expériences of surgeons seeing 


patients in an ordinary neurosurgical clinic are not very 
much different. The authors' impressions are similar to 
those of Finneson (1988). 2 Most of the patients were 
referred to the authors for second opinion after the first 
operation had failed. Ail the patients had surgery for 
backache and sciatica from prolapsed lumbar disk. 

Crucial Operation 

The very first operation is the most crucial. It fails for 
any reason, it is not always easy for someone seeing the 
patient for the first time several months after the original 
surgery to distinguish readily the symptoms and signs 
that the patient first presented with and those that hâve 
developed since. However, in the majority, there is a 
common pattern in which the original symptoms hâve 
persisted with little or no relief. The improvement if at 
ail has been transient and incomplète. While discussing 
the symptomatology of this syndrome, one cannot do 
them justice without reference to some of the etiological 
factors. When subjected to surgery if the etiological factors 
are not remedied, the symptoms can only persist. 

Surgeon’s Outlook 

It is important to know some of the concepts of the 
surgeon which might hâve contributed to the syndrome 
of FBSS. 

1. The belief that most low back and sciatic pain is from 
prolapse of an intervertébral disk. 
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The impact of a joint publication by Neurosurgeon 
(Dr William Jason Mixter) and an orthopédie surgeon 
(Dr Joseph S Barr) on the 2nd August 1934 in the New 
England J Medicine 7 was so impressive that it 
dominated ail the thinking on the subject of backache 
and sciatica. It was only when faced with frequent 
failures after repeated surgeries on the back was any 
attention paid to alternative explanations and 
hypothesis. As early as in 1911 Goldthwait 3 had 
suggested that pathology in the facet joints may cause 
sciatica. V Putti in 1927 11 had referred to anomalies 
in the posterior articulations producing localized 
arthritis which may irrita te or compress the adjacent 
nerve root. The concept of referred pain has also to 
be considered in the differential diagnosis of backache 
and sciatica. There is ample literature to describe 
referred pain and to differentiate it from the sciatic 
pain of nerve root compression. It helps to keep the 
mind open rather than be locked in a fixed concept. 

2. Uncritical acceptance of the traditional teaching that 
failure to respond to conservative treatment is an 
indication for surgery without thinking carefully if 
the proposed operation will deal with the patient's 
symptoms. 

3. Blind faith in the reliability of any diagnostic imaging 
as being superior to clinical judgement. 

Now most surgeons prefer to hâve an MRI study on 
the lumbar spine which is quite accurate. But in those 
days of myelography and later CT scans, the investigation 
would reveal lésions which hâve no clinical significance 
to the patient's complaints. On plain radiographs changes 
of degeneration in the disk space are as common in 
patients suffering from backache as it is in patients 
without backache (Butt 1989). 1 No one disputes the 
importance of radiological imaging, but it must be 
clinically correlated. MRI scanning on the spine can pick 
up most of the pathology, but it may not indicate the 
presence of subtle instability. 

Common Clinical Problems 

Failure to Recognize the Instability 

In a second opinion clinic, this group consists of 
maximum number of patients. The patient is having 
instability from spondylolysis at one or the other pair of 
joints in the given segment without spondylolisthesis. 
This has not been recognized. The patient is operated 
upon for a prolapsed lumbar intervertébral disk by doing 
laminectomy. The instability has increased and 
progressively the patient now starts developing forward 
slip of the upper vertebra (spondylolisthesis) resulting 


in more pain, discomfort and neurological signs. A 
subgroup of this section consists of patients who hâve 
subtle instability without any structural changes 
associated with disk prolapse. Such instability can only 
be demonstrated by dynamic flexion extension 
radiographs. This has not been recognized, and the 
patient is subjected to the surgery of diskoidectomy 
without getting relief from symptoms. 

Iatrogénie Instability 

Iatrogénie instability forms the second largest group. The 
surgeon is concerned about the compression on the roots. 
He is also convinced that the roots must be well 
decompressed by going laterally to the maximum. While 
doing so inadvertently, the pars inter-articularis is eut 
resulting in the starting of instability and the morbidity 
associated with it. In an attempt to do wide décom¬ 
pression, it is common to go very laterally and cause 
instability. 

Postérolatéral Fusion 

Postérolatéral fusion is not a very adéquate procedure 
by itself in the treatment of instability arising from 
spondylolisthesis. It was done when better and more 
scientific alternatives were not available. Now with better 
understanding of biomechanics of the spine, load-bearing 
characteristics of the spine, one appréciâtes the 
ineffectiveness of such a procedure. Postérolatéral fusion 
also produces spinal stenosis, and there is a high 
incidence of pseudoarthrosis. Not many centers practise 
postérolatéral fusion anymore. 

Disk Space Infection 

Disk space infections are unfortunate patients who deve- 
lop the infection in spite of ail best efforts of the surgeon. 
There are two important criteria of this wound infection. 
After being ail right for first five days after surgery, on 
the sixth day patient gets a chill and fever. Shivering is 
usually associated. Patients are then treated for malaria. 
The fact that there could be deep-seated infection is 
ignored and from this beginning the infection starts 
getting worse and worse. As against in the western 
countries in the absence of a well-organized bacteriology 
department looking after such problems, the surgeon is 
forced to make decisions regarding the use of antibiotics. 
Depending on his or her expérience, he or she can make 
mistakes in suitably choosing the right antibiotics. 

Disk space infection usually cornes two weeks later 
after the patient is discharged. After being ail right and 
in good spiritis, he or she starts getting uneasy feeling 
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which quickly spreads to become unbearable pain and 
stiffness in the muscles. He or she is bedridden once again 
and cannot turn from side to side. He or she shuts with 
excruciating pain and the ESR is raised. Ail infections 
should be liberally drained, and the appropriate 
antibiotics should be administered for much longer 
period than our conception so that lurking infection does 
not remain behind. It is not uncommon in the western 
world to treat such cases with antibiotics for several 
months. Disk space infection also calls for immobilization 
of the patient for 6 to 8 weeks. 

Rarely as a late sequela of infection with partial 
destruction of vertébral bodies, patients présent with 
instability and require the corrective procedure of 
stabilization with interbody fusion. 

Nerve Root Damage 

Conditions like nerve root damage, cauda equina 
damage, unidentified CSF leak producing meningocele, 
excessive bleeding causing fibrosis later on, incorrectly 
placed pedicle screws, slipped away Harrington rod 
destabilizing the spine again are not common and do not 
strictly fall within the preview of the FBSS. 

Presenting Features 

Pain is one symptom that cannot be assessed objectively 
nor it can be qualified. It has many variables. When pain 
is the main indication for operation, one has to spend 
time to elucidate what it means to the patient when he or 
she says that he or she has pain. In fact, it is better to 
recognize patients with pain who will not benefit from 
surgery rather than those who will. 

While selecting the patients for disk surgery in the 
first instance, criteria agreed by American Association of 
Neurological Surgeons and American Academy of 
Orthopédie Surgeons (1982) will provide basis for 
sélection. 

Criteria 

1. Radicular pain following a dermatomal pattern. 

2. Failure of 2 to 4 weeks of appropriate conservative 
treatment. 

3. Limited straight leg raising with reproduction of 
radicular pain. 

4. Sensory loss to the dermatome to which the leg pain 
radiâtes. 

5. Motor loss in the clinically affected nerve. 

6. A depressed tendon reflex appropriate to the pain, 
motor and sensory loss. 


In the author's expérience, most important is the 
mechanical sign. In fact absence of neurological déficit 
should not be in itself be a reason not to operate. 

Disappointment often awaits a patient following 
surgery who has a disk prolapse associated with facet 
joint arthrosis when the patient may not get the desired 
benefit from surgery. 

Unhappy Patient 

At every stage of the doctor-patient encounter, there may 
be warning signs that the patient may never be happy 
with any form of treatment. Either he or she has his or 
her own motives or he or she is waiting for certain issues 
to be settled. For the doctor it means that the patient will 
be unrewarding for treatment. 

The expression of the face of the patient while in pain 
gives some indication. The patient shuffles in wincing 
pain at every step, but his or her SLR (straight leg raising) 
is négative on examination. Inappropriate symptoms can 
suggest of a functional component. Inappropriate signs 
form the basis for conclusion. 

Wadell (1980) 14 has given criteria for such patients. 

1. Persistent unrelenting pain with lack of pain free 
inver val. 

2. Pain Crossing normal anatomical boundaries 

3. Pain affecting the whole leg. 

4. The whole leg giving way. 

5. Numbness in the whole leg. 

6. The ability to sit on cough from lying down position 
when SLR is restricted. 

7. Overreaction during examination like exquisite ten- 
derness, hypersensitivity, etc. 

Many patients, who hâve become addicted to drugs 
and who hâve no initiative, will hâve continuing pain 
after surgery purely because of subconscious craving for 
drugs. The addiction at times may be so potent that 
further surgery for élimination of significant cause of pain 
is certain to fail. 

Circumspection and care before the very first surgery 
is the best way to reduce the prospects of such a situation 
of FBSS developing. 
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INTRODUCTION 

Surgery on the spinal column revolves around the 
préservation of the function of the spinal cord. 
Approaches to the spine are often technically demanding. 
But for the presence of the spinal cord, spinal column 
surgeries would hâve been akin to any other bone 
surgery. Complications obviously abound these difficult 
surgeries. Knowledge of complications can help one to 
realize the risk potential of these surgeries to minimize 
problems and improve the results. 

Complications in Cervical Spinal Surgery 

Anterior cervical spine surgeries are seemingly easy 
procedures. But one has to deal with several important 
structures in the approach. Posterior cervical spine 
surgeries may seem apparently benign, but the truth is 
otherwise. 13 

Neural Injury 

Neural injuries in cervical spine surgeries are most often 
due to technical mishaps. Intubation and positioning may 
contribute to neural damage specially in presence of 
myelopathy. Awake intubation with fiberoptic light and 
the use of somatosensory evoked potentials (SSEP) help 
in prévention. Posterior cervical surgeries are associated 
with higher rate of neurological complications than 
anterior cervical surgeries, 13 the frequencies being 2.18% 
and 0.64% respectively. Patients with myelopathy hâve 
poor autoregulation of blood flow and may be prone to 
cord anoxia secondary to hypotension which is évident 
only after reversai of anesthésia. Results of anterior 
surgery in the presence of myelopathy are poor because 
of existent degenerative changes. 5 


Anterior Surgery 

Nerve root injuries in anterior surgery are caused during 
removal of osteophytes and disk material in the latéral 
corner near the uncovertebral joint. 2,19 Greater care is 
necessary while removing large osteophyte or the 
posterior longitudinal ligament for sequestrated disks. 
The use of microscope is suggested. Spur removal must 
be done from latéral to médial side. Appropriate depth 
of the graft, gentle tapping and tight impaction must be 
ensured to prevent graft related complications. Use of 
instruments, bone grafting, use electrocautery on the 
posterior longitudinal ligament and possible vascular 
compromise are some of the causes of cord injury 
following anterior cervical spine surgeries. 19,22 A 
radicular artery entering at C 5 -C 6 or C 6 -C 7 is important 
like the artery of Adamkiewicz, and loss of this radicular 
artery is thought to be vital. 19 Different authors hâve 
reported postoperative myelopathic complications with 
frequencies ranging from 0 to 1.8%. 8,10 ' 21,27 ' 33 Early 
postoperative myelopathy may be due to graft slippage, 
hematoma, cord contusion or épidural hematoma. 25,31 
Latéral roentgenogram and if necessary early re¬ 
exploration may be mandatory. 3 

Posterior Surgery 

In posterior surgeries, presence of myelopathy make the 
cord more prone to injury. Foraminotomy for latéral 
ruptured disk is less likely to cause cord complications. 
Laminectomy should be done by thinning the cortex at 
the junction of lamina and latéral mass and lifting the 
lamina using angled curettes rather than inserting the 
Kerrison rongeour under the lamina. Foraminotomy may 
lead to root injury. Root injury at 9 C 5 or C 8 may cause 
deltoid or intrinsic muscle weakness which is very 
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disabling. Foraminotomy without excision of disk or 
osteophyte is known to give good results and less 
complications. 15 Fortunately most root injuries are due 
to traction and are réversible. Migration of dura and cord 
contents through the split lamina at the apex of the 
lordosis causing postoperative neurological détérioration 
after laminoplasty is known. 18 

CSFLeak 

Durai tears and cerebrospinal fluid (CSF) leak are rare in 
anterior procedures but are a definite risk in posterior 
procedures. Préservation of the posterior longitudinal 
ligament in anterior surgeries protects the dura. 
Whenever the posterior longitudinal ligament is opened, 
such as for sequestrated disk, use of high speed burr or 
other instruments may infringe the dura in anterior 
surgery. Laminectomy has greater propensity to cause 
CSF leak than foraminotomy. Trendelenburg position 
helps to reduce CSF pressure during surgery. A CSF leak 
in anterior surgery may be treated by placement of a 
fascial graft behind the bone. A CSF leak during posterior 
procedures must be treated by meticulous closure of dura 
followed by a tight wound closure. Persistent leak 
may need cathéter drainage of re-exploration. 16 
Pseudomeningocele formation has been reported after 
persistent CSF leak. 17 

Récurrent LaryngésI Nerve Palsy 

Hoarseness due to edema or endotrachéal intubation 
occurs in almost one half of the patients. 28 Incidence 
of récurrent laryngeal nerve palsy has been reported 
from 1 to 11% and may lead to persistent hoarseness. 14,28,30 
The inferior laryngeal nerve which is a récurrent branch 
of vagus nerve, innervâtes ail laryngeal muscles except 
the cricothyroid. It loops around the arch of aorta on the 
left and subclavian. The right nerve is known for 
anatomie variations making it more prone to injury whilst 
working below C 6 level. Postoperative hoarseness 
persistent for more than 6 months mandates 
laryngoscopic évaluation. Recovery may be anticipated 
upto 6 months. 

Horner’s Syndrome 

The cervical sympathetic chain lies anterior to the longus 
colli and behind the carotid sheath. Horner's syndrome 
may ensue if it is injured. Subperiosteal dissection 
prevents inadvertent injury. Permanent Horner's 
syndrome occurs in less than 1% cases. 10 


Bleeding 

Injury to carotid artery or internai jugular vein are 
extremely rare. 21 Injury to superior or inferior thyroid 
artery may be avoided by careful identification and/or 
ligation. Far latéral dissection endangers vertébral artery. 
Osseous oozing and venous bleeding are common and 
may produce wound hematoma without serious 
compressive sequelae. 25 Meticulous hemostasis, use of 
bone wax and postoperative négative suction drainage 
are préventive measures. Cerebellar hemorrhage has 
been reported during cervical laminectomy in the sitting 
position and has been attributed to drop in cerebrospinal 
fluid pressure. 6 

Complications Related to Bone 
Grafting and Fusion 

Bone graft extrusion usually occurs anteriorly and may 
lead to dysphagia trachéal obstruction, kyphotic 
deformity or neurologie symptoms. 23 Extrusion rates 
from 1 to 13% hâve been reported. 8,27,30 Management 
dépends upon the situation. It may be observation or 
reoperation. Graft collapse may need treatment if it causes 
significant kyphosis. Allografts are more prone for 
collapse than autografts. 4 Graft collapse of significance 
requires strut grafting after one or more level 
carpectomies. Pseudoarthropatheis rates range from 
0 to 26%. 1,12,29,32 Multilevel fusions hâve higher nonunion 
rates. 32 Further management dépends upon symptoms 
and notmerely on the presence of radiological nonunion. 
Révision anterior surgery, if indicated, may be done from 
the side opposite to the side of previous surgery. 
Alternatively, posterior fusion may be done for 
symptomatic nonunion of anterior fusion. 

Degenerative changes in segments adjacent to fused 
level are inévitable due to altered biomechanics and 
additional stress on the juxtafused segments. This has 
been associated with post fusion neurological 
détérioration in cervical myelopathy. 33 Extension of 
fusion beyond the desired levels is known in posterior 
fusion in adults as well as children. 23 Traction 
diverticulum of the hypopharynx and pharynx after 
anterior bone grafting hâve been reported and thought 
to be due to fibrous tissue over the bone graft sticking to 
the pharynx. 11,24,26 

Instability 

Cervical instability is a potential complication after 
extensive laminectomy with simultaneous partial 
facetectomy and those who had preoperative instability. 



2826 Textbook of Orthopedics and Trauma (Volume 3) 


Laminectomies are contraindicated in cervical kyphosis 
and translational instabilities. Instability and clinical 
détérioration are known complications of extensive 
laminectomy. 5,7,29 Cervical myelopathy patients without 
additional risk factor are less prone to postoperative 
instability. Fusion may be added at the time of 
laminectomy in patients suspected to be at risk or 
necessity for fusion may become apparent at a later date. 

Implant-related Complications 

Posterior instrumentation usually includes use of 
sublaminar wires with or without additional fixation. 
Sublaminar wires hâve the potential of damaging the 
neural structures at the time of or after their passage. In 
fusions for Q-C 2 subluxations, the chances of damage 
are higher due to anterior displacement of the arch of Q. 
Création of adéquate space and prévention of arching of 
the wire inside the neural canal help in prévention of 
this complication. Implant breakage may occur in cases 
of nonunion which may cause neurological détérioration 
in posterior wiring or other complications in anterior 
plating. Management dépends upon the clinical situation, 
and the implants may need removal with or without 
repeat fusion. 

Respiratory Complications 

Respiratory distress after anterior cervical spine surgery 
can occur. It occurs due to edema and not postoperative 
hematoma. Smokers and asthmatics are more prone, and 
spécifie précautions should be taken to prevent these 
respiratory complications. 9 

Infection 

Infection after anterior cervical procedures is rare. Cases 
of retropharyngeal abscesses and persistent pharyn- 
gocutaneous fistulas occurring in a delayed fashion 
several months after cervical spine surgey are known. 20 
Infection after posterior procedures is more likely due to 
postoperative venous stasis. Drainage, debridement, 
removal of implants if any and use of appropriate 
antibiotics are necessary for the control of infection. 

Complications in Thoracic Spinal Surgery 

Surgeries of the thoracic spine are more commonly done 
for infective, traumatic and malignant conditions. This 
nécessitâtes aggressive surgical work often through more 
than one approach. 


Neural Injury 

In the cervical spine canal, damage to roots or spinal cord 
can lead to significant functional déficit. In lumbar spine, 
neurological damage involves the roots. In the thoracic 
spine, damage to an intercostal nerve root is not a 
significant functional loss. The thoracic spinal cord, 
however, has significant risk of damage and functional 
loss. The cord to canal ratio is least in thoracic spine 
compared to cervical and lumbar spine. The région from 
T 4 to T 10 has precarious vascularity. The risk of spinal 
cord damage is higher in these areas. 36 In posterior 
approaches, midline approaches must be avoided and 
far latéral or postérolatéral approaches chosen. Cord 
retraction should not be done at ail. In anterior 
approaches, ligation of segmentai vessels should be 
restricted to two. Some authors advocate a preoperative 
angiogram to identify the artery of Adamkiewicz. 41 
Segmentai vessel ligation must be secured and as close 
to the aorta as possible. Cauterization of the vessels, 
particularly near the intervertébral foramen must be 
avoided. 36 Overdistraction and traction injury to the cord 
is likely in scoliosis correction surgery. Use of 
intraoperative somatosensory evoked potentials can help 
to reduce neural complications. 39 Stagnara's wake-up test 
is helpful, particularly in scoliosis surgery, to prevent 
overdistraction and cord stretching. 42 Durai tears should 
be treated intraoperatively. Additional exposure may be 
required for closure. Closure of dura using 6/0 
nonabsorbable material should be done. Wound closure 
should be watertight. Persistent leaks require 
cerebrospinal fluid drainage through subarachnoid drain. 
Intercostal neuralgia occurs commonly after approaches 
involving anterior surgeries. It gives rise to discomfort 
and pain in the area of the nerve distribution. The nerves 
must be clean eut with a knife to minimize this 
complication. Persistent neuralgia may need Chemical 
nerve block. 

Instability 

Thoracic spine is thought to be immune from instability 
problems due to the splinting effect of the rib cage. This 
presumption is incorrect. Biomechanically, anterior 
thoracic spine is under compression and posterior 
éléments are under tension. Removal of posterior 
structures decreases the tension leading to increased 
compressive forces anteriorly. 43 Removal of 50% of facet 
joint at a level is compatible with stability as is 
conventionally thought. If postoperative instability is 
suspected, concomitant fusion should be performed. 
Spondylolisthesis after postérolatéral thoracic diskectomy 
is known. 35 
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Viscéral Structure Damage 

Transpleural approach opens the pleural cavity. In 
rétropleural approach, pleural cavity may be accidentally 
opened. In some cases the lungs may be accidentally 
traumatized. Air leakage from lungs canbe checked using 
saline wash to visualize existing air bubbles. Postopera- 
tive intercostal drainage should be done for two or three 
days. Sharp edges of a resected rib may cause post- 
operative injury to the lungs or pleura. Damage to major 
vessels is a possibility and can be fatal. Proponents of 
right-sided approach feel that handling of the aorta can 
be avoided by this approach, and that placement of 
implants near the aorta may lead to pseudoaneurysm. 38 
Those who prefer left-sided approach feel that the aorta 
is easy to visualize, less fragile than the vena cava and 
easy to handle. 40 Subperiosteal dissection affords 
significant protection to the viscera and vessels. Ligation 
of segmentai vessels close to the aorta helps in keeping it 
away from the operative area. 

Implant Related Complications 

Implant usage in thoracic spine is indicated mainly for 
traumatic spine, scoliosis and spinal reconstruction for 
tumors. Posterior implants such as the lamina locks and 
sublaminar wires hâve the potential of causing neural 
damage and must be used carefully. 34 Sublaminar wire 
passage should be done keeping it flush with the laminar 
undersurface. Anterior thoracic spinal implants may 
cause damage to adjacent structures. Of particular 
importance is to place anterior spinal implants away from 
vascular structures. Vascular érosion, pseudoaneurysm 
and more léthal complications may occur. 37 

Complications in Lumbar Spinal Surgery 

In a prospective study to assess complication rate 
amongst experienced spinal surgeons, the frequency of 
intraoperative complications for lumbar micro- 
diskectomy, macrodiskectomy and reoperation was 7.8, 
13.7 and 27.5% respectively, and postoperative 
complication rate was 3.9, 4.2 and 1.4% respectively. 94 
Although the comparison of these numbers is not valid 
due to differing patient variables in the three groups, the 
rate themselves are significant. 

Neural Injury 

Neural injures in lumbar spine surgery involve nerve 
roots, except at the first lumbar vertebra. Injury may be 
obvious or occult. Obvious injury may occur due to 
lacération with instruments, inadéquate visualization due 


to bony overlay, bleeding or stenosis, a tense flattened 
nerve root over an extruded disk, axillary disk prolapse, 
unidentified nerve root anomalies or thermal burns from 
electrocautery. Incidence of nerve root anomalies is 14% 
and preoperative récognition is only 3.4%. 67 Excessive 
retraction, manipulation and stretching lead to fibrosis, 
"battered root syndrome", 49 arachnoiditis 48 and occult 
root injury, the causal relationship of which has been 
objectively documented. 71 Adéquate visualization, low 
bipolar cauter, knowledge of anomalies and gentle 
handling of nerve structures can minimize neural 
complications. 

Cauda equina syndrome after lumbar spine surgery 
is reported to be very low in a large study. 77 It has 
occurred due to migration of fat graft, 80 péridural 
hematoma 52 or unknown reasons after in situ fusions for 
spondylolisthesis. 72 Recovery of neurological function is 
variable, often incomplète and urgent surgical décom¬ 
pression after détection is mandatory to salvage sensory, 
motor and sphincter function. Free fat graft should be 
less than 5 mm in size and sutured at either end to prevent 
any migration and subséquent compression. 72 Root 
entrapment and subdural hematoma hâve caused 
postoperative neural déficit. 83,96 

Incidence of Durai Tear 

Incidence of unintended durai tears is 0.3 to 1.3% with 
greater incidence in stenosis and reoperation. 65,94 The 
final outcome of surgery is not compromised if the tear 
is adequately repaired. 65 Interlocking stitch with fine silk 
(6/0) using tapered, reverse cutting semicircular needle 
or a fascial or fat graft is recommended and its adequacy 
must be checked by valsalva maneuver. 58 Multiple layer 
watertight closure and avoidance of drain become 
necessary. It may lead to meningitis, wound healing 
problems, persistent leakage of cerebrospinal fluid (CSF) 
or formation of a pseudomeningocele or fistula. 65 
Pseudomeningocele may be closed with multilayered 
local flaps. 66 

Postoperative CSF leak may be from a known 
operative durai tear or postoperative tear which may 
occur due to sharp bony spikes. It may manifest with 
postural headache on upright position and obvious CSF 
leak. Myelogram is helpful for diagnosis. 58 An 
electrophoretic method to confirm that the leaking fluid 
indeed in CSF has been described. 64 Strict bed rest, 
antibiotics and Trendelenburg position should be tried 
for a few days. Intervention in the form of placing a 
subarachnoid drain for 48 to 72 hours or surgical closure 
may become necessary. Instilling few milliliters of fresh 
blood in the épidural space often helps. 74 
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Vulnérable neural structures in anterior lumbar spinal 
surgery include the superior hypogastric sympathetic 
plexus. Rétrogradé éjaculation and impotence, though 
transient in most cases, may occur if the plexus is injured, 
but reportes indicate undue overemphasis of this 
complication. 59,60 

Vascular and Viscéral Injuries 

During posterior lumbar spinal surgeries, violation of the 
anterior annulus may injure abdominal structures. 
Degenerated and attenuated annulus is often fissured and 
can be broken through with ease and without 
knowledge. 89 Bowel injuries most frequently involve the 
ileum and are most common at L 5 -S x level surgeries. 89 
Colon and appendix hâve also been injured. 89 It may be 
missed intraoperatively and may manifest post- 
operatively with gastrointestinal symptoms, abdominal 
distention, peritonitis or wound infection and fistula 
formation. Findings of mucosa in the disk space at 
resurgery suggest previous bowel injury. 89 Prompt 
diagnosis and treatment are necessary. 

Vascular injuries occur most commonly during 
surgeries at the L 4 -L 5 disk level and involve the aorta, 
right common iliac artery and the inferior vena cava. 50 
These vessels are more prone because the right common 
iliac artery crosses anterior to the L 4 -L 5 disk space and 
fixes the inferior vena cava consequently. Mortality, 
reported to be 23 to 55%, 61,63,82 occurs due to shock unless 
prompt diagnosis and repair is performed. Partial injury 
to vessel wall may resuit in delayed hemorrhage, false 
aneurysm or arteriovenous fistula. 50,73 Arteriovenous 
fistula, 69 reported in recent literature, may présent late 73,82 
with symptoms of high output circulatory failure such 
as tachycardia, high puise pressure, dyspnea, cardiac 
enlargement and swelling of one or both lower limbs. 
Vascular repair with fistula closure and arterial 
reconstruction is necessary in these patients. 87 

These complications can be avoided by having a 
preoperative assessment of the depth of the disk space 
from latéral roentgenograms, using pituitary rongeur 
with depth marking, "feeling" the end place with the 
instruments while doing disk removal, adopting the knee 
chest position which allows the viscera to fall forward 
and acuity of judgement. Preoperative CT scan évaluation 
of prevertebral anatomy has been suggested and studied 
for vascular injuries at L 3 -L 4 and L 4 -L 5 levels and varia¬ 
tions in sagittal diameters of vertebrae emphasized. 45 

Infection 

In a large sériés, the overall infection rate was found to 
be 2.9%. 92 Preoperative antibiotic prophylaxis may reduce 


infection rate. Persistent rise in température, wound 
erythema, swelling, tenderness and discharge are 
ominous indicators. Culture of the discharge should be 
done. Antibiotic treatment with open debridement and 
irrigation in the operation theater may be indicated. The 
wound may need open treatment with frequent dressings 
and secondary closure. Any instrumentation used may 
need removal to clear up the infection. 

Postoperative disk space infection is not common with 
a reported incidence of 0.75%. 70,81 Persistent severe back 
pain after surgery is suggestive of infection. Elevated 
sédimentation rates are observed in most patients with 
diskitis. Plain roentgenograms are of limited value in 
early stages, but bone scan, tomogram, CT scan or 
gadopentate dimeglumine-enhanced magnetic résonance 
imaging are useful tools for early diagnosis. 56,81 Bacteria 
rsponsible are usually from the Staphylococcus species, but 
very often remain elusive to identification, 95 Bedrest and 
antibiotic treatment should be given. Lumbar épidural 
abscess may form and cause neural compression when it 
may need operative drainage. 47 Eventual collapse and 
interbody fusion across the affected disk space occurs in 
most cases. Anterior debridement and interbody fusion 
may sometimes become necessary for persistent infection 
and concomitant destruction or painful fibrous fusion. 

Instability 

Incidence of postoperative spondylolisthesis is 2 to 
10%. 69,90 Pre-existing degenerative spondylolisthesis has 
greater tendency to slip after décompression, 55,69 and 
fusion in such cases may be bénéficiai. 55 Age greater than 
40, normal disk height and extent of surgery seem to 
influence postoperative instability although controversy 
exists. 62,69,90 Laminectomy with simultaneous diskectomy 
compromises anterior as well as posterior columns with 
additive detrimental effect on stability. Retaining one 
complété facet joint or two half facet joints at the level is 
though to preserve stability though not objectively 
documented. Total unilatéral facetectomy, surprisingly, 
decreases the load on the intact facet, but increases peak 
articular pressure leading to accelerate arthritis and 
subséquent instability. 98 Undercutting of facets to 
preserve as much as possible and arthrodesing existent 
unstable segments would reduce the incidence of 
postoperative instability. 

Complications Related to Fusion 

Performance of a fusion procedure in the lumbar spine 
obviously entails additional time, bleeding and a greater 
risk of complications and infection. It must therefore be 
absolutely indicated. Controversy exists as to the 
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indications of fusion after lumbar disk removal. It must 
be reserved for unrelenting mechanical low back pain 
with demonstrable cause, spondylolisthesis or iatrogénie 
instability. Interlaminar fusion is not practised anymore 
as it caused stenosis and spondylolysis aquisita above 
the fusion. Postérolatéral fusion is a standard technique. 
Hitherto unknown, recently a case of spondylolysis 
aquista was reported after postérolatéral fusion. 51 
Posterior lumbar interbody fusion (PLIF) has the 
advantages of being doser to the axis of motion and 
préservation of disk height. Since performance of PLIF 
involves retraction of neural tissues, complication are 
obviously higher. Misplaced bone graft from a 
postérolatéral fusion or retropulsed PLIF graft can cause 
root irritation or compression. Autograft harvesting may 
cause cluneal nerve trauma, incisional pain, bleeding, 
hematoma and infection. 

Failure of fusion or pseudoarthrosis has been rated 
ranging from 10 to 40% in literature. Higher number of 
segments fused and smoking are adverse factors. Use of 
internai fixation has not been demonstratred to hâve 
superior fusion rates. Stress concentration in segments 
adjacent to the fused area leads to accelerated 
degeneration in those segments. 68 This may lead to 
instability, pain or stenosis at the adjacent levels. 55 

Implant Related Complications 

Pedicle screw fixation has become popular in the last 
decade as a means of stabilizing the lumbar spine. 
Placement of pedicle screw needs adéquate expérience 
and expertise. Reports indicate a 21% rate of screw 
misplacement of which two-third, i.e. 14% appear to be 
at a risk of neurological injury. 78 Up to 5% suffer actual 
neurological injury. 75,93 Partial or permanent complété 
damage may occur. Pedicle screw fixation has a learning 
curve and must be used judiciously. A thorough 
understanding of pedicle anatomy, pedicle screw 
insertion technique, fusion biology, and biomechanical 
considérations are paramount to achieve safe stabilization 
of the lumbosacral spine with this technique. Implant 
breakage may occur if not appropriately placed or 
contoured or with long-standing pseudoarthrosis. 

Récurrence of Symptoms 

Récurrent disk herniation is reported up to 11.8% in one 
study, of which 60% were on same side and level. 97 
Extensive disk removal is recommended to lower 
récurrence rates. 85 Posterior interbody fusion abolishes 
ail motion at the segment and is known to reduce 
récurrence rate. 84 Récurrent disk has to be distinguished 
from scar tissue and gadolinium-enhanced magnetic 


résonance imaging is helpful. Poorest outcomes are seen 
in surgery for récurrent disk at same level, on the same 
side and if repeat surgery is done within one year. 91 A 
récurrence of 16% has been reported in patients 
under-going décompression surgery for stenosis. 55 

Miscellaneous Complications 

The knee-chest position is bénéficiai in several ways. It 
reduces abdominal pressure and thereby reduces 
bleeding. It also allows the viscéral structures to fall 
forward minimizing the risk of serious injury. 57 The 
position itself is not free of complications. The 
complications due to this position include brachial plexus 
stretch with excessive cervical extension, ulnar nerve 
compression, compartment syndrome of the leg and 
supracapular nerve injury. 46,88 Adéquate padding of bony 
prominences at the time of positioning is important. 

Urinary rétention after lumbar spinal surgery is 
common. Placement of a self-retaining cathéter 
preoperatively helps in reducing intra-abdominal 
pressure and takes care of postoperative rétention. 
Postoperative thrombophlebitis has been reported in 1% 
of laminectomy patients, and 3.2% in fusion patients. 79,92 
The incidence is negligibly low in the Indian population. 
Cases of fatal venous air embolism hâve been 
reported. 44,76 

CONCLUSION 

Mistakes make a man perfect. Complications are but an 
intégral part of any surgical procedure. It is impérative 
on our part to learn from the mistakes we make. Compli¬ 
cations cannot be eliminated but can be minimized by 
adéquate knowldege of these, shared expériences and 
caution. 
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INTRODUCTION 

There are several methods for fusion and hâve not got 
full clinical trial. Many hâve not as yet received the full 
approval by surgeons ail over the world. This chapter 
will appraise the reader of techniques of fusing the spine 
and the types of fixation devices that are being developed. 

The mechanism of spinal pain has been thought to be 
due to peripheral stimulation of nociceptors. 

Motion, particularly when abnormal in character or 
degree, often is a potent stimulus to peripheral 
nociceptors. 

Spinal arthrodesis Controls pain arising out of unstable 
motion or mechanical insufficiency produced by 
traumatic, degenerative, inflammatory, neoplastic and 
infectious processes. Spinal fusion is also employed to 
maintain the correction of spinal deformities associated 
with various above mentioned pathologie processes and 
progressive deformity arising due to congénital and 
developmental conditions. 

History of Spinal Fusion 

Hibbs Albces (1911) fused the spine for Koch's spine 
thinking that it may hasten the healing process. 

Hibbs in 1917 fused the spine to prevent the increasing 
deformity of scoliosis. 

Hadra in 1891, reported the technique of wiring the 
spine, and Lage 1902 used Steel rods, combined with 
celluloid cylinder. 

In the next 30 years, modifications and more broad 
application of Hibb's technique took place in addition to 
infection and scoliosis fractures and developmental 
deformities were managed by this technique. 

Hibbs and Swift in 1929 reported follow ups of 
lumbosacral fusions performed for degenerative 
conditions. 


In 1943, Howorth fused the spine for cases of 
prolapsed intervertébral disk. 

In recent years, broad indications hâve changed a 
little, but the techniques are evolved to include a variety 
of internai fixation devices. These hâve been developed 
in an attempt: (i) to provide great correction of deformities 
when they exist, (ii) to enhance the stabilization, and 

(iii) to increase the rate of bony consolidation. 

Anterior spinal approaches hâve permitted more 

direct access to anterior column pathology and for fusion 
procedures. Anterior fusion can also be supplemented 
by posterior arthrodesis for circumferential lésions or 
when the spine is biomechanically very unstable. Along 
with advancement in internai fixation devices and search 
for better grafting material, advances are also made in 
pre-and intraoperative imaging techniques, operating 
room facilities, and surgical instruments. 

Along with technical advancement, the single most 
important factor is the sélection of patient. 

Bone Graft 

Different bone grafting materials available are: 

(i) autograft, (ii) allograft, and (iii) synthetic material. 

In autograft, the source of bone grafts are: (i) ribs, 

(ii) iliac crest—corticocancellous, (iii) fibula, and 

(iv) vascularized graft. Allografts used are cadaveric 
decalcified bone or from the relatives like mother and 
siblings. 

Synthetic materials used are ceramics and calcium 
hydroxyapatite. 

The allograft or synthetic grafts are used when the 
quantity of autograft is inadéquate as in pédiatrie patients 
or in patients requiring extensive fusion of spine. 

In spite of extensive clinical research, the spinal fusion 
continues to resuit into significant clinical and biological 
failures, resulting into painful pseudarthrosis: 
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i. Surgical construct 

ii. Source of graft 

iii. Number of levels fused 

iv. Pathology being treated. 

In spite of pseudarthrosis, it can be painless, provided 
pre-existing condition was stable. Persistent pain despite 
solid fusions, the reasons are: (i) incorrect diagnosis, and 
(ii) inadéquate length effusion to bridge ail the pain 
sources. 

A more subtle cause is the presence of excessive 
springiness or deflection despite the presence of a 
continuous arthrodesis. This tends to occur to a greater 
extent when the bone graft is placed more posteriorly. 
As against, intertransverse or interbody grafts are less 
subject to this problem since the lever arm between graft 
and loading axis is less. 

Internai fixation devices are developed as a resuit of 
problem of pseudarthrosis specially in patients with 
mechanical insufficiency, deformities or multilevel 
problems. 

These are the devices available for stabilizing the 
unstable spinal segments. When used along with spinal 
fusion, it decreases the rate of pseudarthrosis. It also helps 
in early ambulation of the patient. 

Anterior Spinal Fusion 

In 1932, Capener reviewed 32 cases of spondylolisthesis 
and suggested that idéal fixation of spine, mechanically 
efficient, would be the fixation of the body of fifth lumbar 
vertebra to the sacrum. 

In 1933 Burns suggested anterior spinal fusion, 
transperitoneally using a tibial graft. In 1936, Mercer used 
autogenous iliac bone graft into a rectangular gap created 
by the excision of lumbar disk. 

In 1936 Jenkins recorded a case of spondylolisthesis 
in which he reduced the slip and inserted bone graft from 
the anterior surface of the body of L 5 to sacrum from 
abdomen. 

In 1942, Iwahara proposed extraperitoneal approach 
for anterior spinal fusion. 

Harmon reported a sériés of anterior fusion for lumbar 
disk protrusion in 1963, a resuit of 244 cases. 

In 1946 anterior interbody fusion was performed by 
posterior route by Cloward and was popularized by 
many others. 

Hodgson reported a sériés of 57 patients of anterior 
spinal fusion in 1968, performed through intra-and 
extraperitoneal approach done for: 

i. Lumbar disk lésion 

ii. Spondylosis 

iii. Spondylolisthesis 

iv. Fractured spine. 


Their expérience gained of anterior spinal surgery was 
mainly in tuberculous spines and later was extended to 
above indications. 

The grafting material used is mainly rib grafts, iliac 
cortical and corticocancellous bone or fibula. 

With advances in anesthésia, better understanding of 
fluid replacement, better operative technique and a full 
understanding of fourth venous plexus described by 
Batson, that these procedures hâve been made possible. 

Hodgson and Stock reported in 1956 a preliminary 
report on 48 consecutive patients in Pott's disease, the 
approaches on anterior spinal surgery. The success of 
these approaches in the tuberculous spine-led to its use 
in various other conditions. 

Indications 

Indications for anterior spinal surgery are lésions which 
are predominetly in the body of the vertebra or in the 
intervertébral disks. 

They can be classified as absolute and relative. 

Absolute Indications 

1. Scoliosis with déficient posterior spinal element. 

a. Congénital myelomeningocele. 

b. Acquired after extensive laminectomies 

2. Severe rigid congénital scoliosis 

3. Painful lumbar degenerative scoliosis. 

Relative Indications 

1. Severe kyphosis 

a. Congénital anterior unsegmented bar 

b. Anterior micro- or hemivertebrae. 

2. Symptomatic posttraumatic 

3. Inflammatory 

4. Postirradiation 

5. Iatrogénie lumbar kyphosis (fiat back syndrome) 

Anterior Interbody Fixation Devices 

A variety of pathological conditions affect the lumbar 
spine and are best approached by anterior debridement, 
fusion and supplémentai anterior instrumentation. 

During 1930s anterior surgery became an accepted 
procedure mainly for spondylolisthesis and Pott's disease. 

Lane and Moore described transperitoneal approach 
for degenerative lumbar disk lésions. 

Anterior spinal instrumentation is not still widely 
accepted as much as the posterior spinal fusion with 
instrumentation. 

The overall potential goals and benefits for the use of 
internai fixation in spinal fusion are: 
i. correct the deformity if présent and reduce the risk 
of late neurologie sequelae. 
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ii. maintain rigidity and anatomie alignment 

iii. decrease the rate of pseudarthrosis 

iv. enhance postoperative management. 

Over and above, general principles, certain spécifie 
indications are: 

i. symptomatic posttraumatic kyphosis with or 
without neurologie sequelae, 

ii. iatrogénie lumbar kyphosis-flat back syndrome 

iii. painful lumbar degenerative scoliosis with disk 
disease 

iv. painful iatrogénie kyphosis and degenerative 
lumbar scoliosis. This may require fusion to sacrum 
and will require anterior and posterior stabilization 
and fusion. 

Relative indications of anterior spinal surgery are: 

i. cervical spondylosis with compressive myelopathy 
or radiculopathy 

ii. paralytic curves with lordosis 

iii. thoracolumbar scoliosis 

iv. high-grade spondylolisthesis without neurologie 
déficit or spondyloptosis 

v. thoracic idiopathic scoliosis. (From Hall J E: OCNA 
3: 81,1972) 

vi. repair of failed posterior fusion 

vii. spinal osteotomy 

This is a difficult decision to make anterior spinal 
surgery, hence, careful patient évaluation and assessment 
must be made. 

Types of Devices Available 

i. Plates dynamic compression plates (DCPs) 

ii. Cable System 

iii. Rod System. 

Biomechanical concept of anterior fusion surgery is 
that compression is placed directly on the graft material. 
Posterior fusion in kyphosis is under tension and this is 
subjected to plastic deformation, fracture or pseud¬ 
arthrosis. The loads acting on graft material though 
under compression can be as high as three times the 
body weight. This is an enormous load to place on the 
graft, hence, internai fixation is necessary to enhance 
stability. 

Limited laboratory biomechanical data is available. 
The grafted specimen done and in combination with 
internai fixation devices System were tested and were 
compared with intact spine in flexion, extension and 
latéral bending. 

It was évident that bone graft with additional 
instrumental provides stability to that of the intact spine 


in cases of gross instability produced by vertebrectomy. 

The work of McGowan et al shows that if significant 
posterior element disruption is présent, then anterior 
instrumentation alone does not provide adéquate support 
and posterior fixation additionally is necessary. 

Complications 

Most devastating complications are vascular and 
neuralgic. Kostuiok reported 2 cases of iliac vein lacéra¬ 
tions in 79 patients treated with anterior décompression 
(2.5%). The vascular injuries occurred during surgery and 
were not due to fixation devices. 

Prévention of complication is essential. Meticulous 
placement of device with mobilization of great vessels 
and adéquate neurologie décompression are mandatory. 

Spinal cord monitoring or the wake-up test must be 
routinely used. Careful preoperative planning and patient 
sélection are very crucial. 

Internai fixation is widely accepted method to provide 
rigidity, improve fusion rate, reduce postoperative 
morbidity and to correct deformity. 

Anterior Approach to Cervical Spine 

Anterior approach to C a and C 2 is through transoral route 
and to cervicodorsal spine at C 7 , T 1-2 is through split 
sternal approach. These approaches were introduced to 
provide adéquate exposure at upper cervical and 
cervicodorsal spine. 

These are difficult approaches, the operations are of 
serious nature, and they are the method of choice and 
they are of necessity. Transoral approach is commonly 
required to drain retropharyngeal abscesses. ENT 
surgeon's help may be sought. The anesthésia is given 
through tracheostomy. The high level of care is necessary 
to prevent the damage to vertébral arteries. 

The approach to C 3 to C 7 is either with transverse or 
vertical along the médial border of sternomastoid muscle. 

Tr ans ver se approach is cosmetically more acceptable. 
Bailey and Badgely recommended right side approach 
and protection of récurrent laryngeal nerve, while 
Southwick and Robinson prefer the left side to avoid 
exposing the nerve. Apart from récurrent laryngeal nerve, 
superior larygeal nerve and artery, hypoglossal artery and 
the external carotid artery requires to be taken care of. 

Anterior arthrodesis of cervical spine: 

1. Endotrachéal anesthésia is used 

2. Preoperative nasogastric tube may be passed 
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3. A marker radiograph or screening with help of 
image, intensifer, télévision with C arm radiograph 
helps in localizing the exact level of lésion. 

4. Oozing from prevertebral fascia and strap muscle is 
controlled with the help of electrocautery or bone wax. 

5. The spinal cord is decompressed off the offending 
structures either an intervertébral disk, or 
sequestrum. 

6. A bone block from iliac bone of about 1.5 cm x 0.5 
cm is introduced in the defect and is punched with 
manual traction or skull traction on cervical spine. 
The graft should snugly fit after the traction is 
relieved. The graft must not project beyond the 
anterior vertébral border. 

The cervical spine can be further stabilized by 
anterior plate. 

Postoperative Management 

Skulltong traction if applied preoperatively, is continued 
during surgery and also in postoperative period for about 
six weeks. It can be followed by brace and then patient is 
allowed to sit and mobilize. 

The cervical spinal brace is continued about 20 weeks 
period, till the graft is Consolidated. 

The major indication in the developing countries is 
tuberculosis. However, in many cases of cervical 
myelopathy following degenerative disk disease and in 
fractures of cervical spine, anterior décompression and 
fusion is carried out. 

Anterior Arthrodesis of Dorsal and Lumbar Spine 

The technique of excision of pathology and anterior 
arthrodesis is about the same at ail levels of spine. The 
success of anterior arthrodesis dépends on excision of 
entire pathological mass, removing the disk at-ends of 
cavity exposing the normal bleeding cancellous bone, 
cutting a slot in the vertébral bodies at each end and 
keeping the vertebrae sprung apart. One or more strut 
grafts are inserted. The dura is not routinely opened. 

In dorsal région, ribs excised for thoracotomy can act 
as a graft. Fibula is often used as a bone graft, more so in 
severe kyphotic deformity, when the strength in the graft 
is needed. The fibular graft is better to withstand the 
compressive forces. 

In lumbar areas, massive graft from iliac crest is used. 

Thoracolumbar spine form D 1 to L 2 is best approached 
through the bed of llth or 12tn rib. Michael Mirabha has 
described the anatomy of this approach and gives an 
excellent exposure of anterior access from 
Di 1 _ 12 to L 1 _ 2 . 


Posterior Arthrodesis of Cervical Spine 

This can be carried out by posterior approach and with 
the help of wiring technique incorporating the bone graft 
in between the two spinous processes. 

It can also be treated by hook plate. 

Posterior Spinal Fusion 

Common indications are: 

i. spondylolysis and listhesis 

ii. lumbar diskectomy and fusion 

iii. scoliosis with posterior instrumentation 

iv. traumatic spine (fracture and fracture dislocation) 
with posterior instrumentation 

v. Ankylosing spondylitis-correction of deformity and 
fusion 

vi. tumors of spine 

vii. paralytic and myopathie spinal affections. 

Combined Anterior and Posterior Fusion 

1. Severe rigid kyphosis with or without cord 
compression. 

2. A major thoracolumbar or lumbar scoliotic curve with 
trunk imbalance or marked pelvic obliquity 

3. Congénital scoliotic curves associated with a 
hemivertebra or anterior unsegmented bar. 

4. Absent posterior éléments associated with severe 
scoliosis or kyphosis 

5. Failure of posterior or anterior fusion. 

One of the methods of stabilizing unstable spine is by 
fusing spine anteriorly through posterior appraoch. 

Clinically, symptomatic spinal stenosis and or 
instability with or without sciatic pain are the basic 
indications for performing posterior lumbar interbody 
fusion (PLIF). Out of these two, instability could be 
because of, ruptured disk, spondylosis, degenerated disk, 
failed back, etc. Ail these things hâve one thing in 
common and, i.e. abnormal load sharing characteristics. 

The surgical technique involves total disk removal, 
décortication, and bone grafting. There is no universal 
method of grafting. Cloward used four large blocks while 
Lin used unigraft concept and mixed corticocancellous 
bone. The graft used canbe autograft, sterilized allograft 
or cadaver bone graft. 

Posterior Lumbar Interbody Fusion (PLIF) 

Indications 

The unstable situation of lumbar spine where normal 
physiological loading and/or normal mobility elicits 
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pain. This sort of situation commonly occurs in clinical 
practice when the degenerative changes take place in 
lumbar spine. It is associated clinically in cases of 
chronic lumbar disk protrusion, where there is 
diminished disk space. A chain reaction sets in where 
the posterior joint complex becomes lax. There is 
hypermobility and leading thereby to hypertrophy of 
joint capsule. It leads to arthrosis of posterior apophyseal 
joints, and osteophytes formation takes place. This in turn 
leads to narrowing of intervertébral foramen and latéral 
canal stenosis takes place. So, these patients can be 
stabilized by PLIF. PLIF can be done primary in cases of 
diskectomies or in late cases of récurrent pain in central 
or latéral canal stenosis. 

PLIF can also be carried out, in cases of récurrent pain 
following laminectomy done due to any reason. 

Spondylosis means abnormal bone reaction or 
changes leading to altered structure. These changes 
include anterior spur, posterior osteophyte, bulged disk, 
narrowed foramina, tropism, latéral canal stenosis and 
instability. The way to reverse this process is to stabilize 
motion segment by PLIF which will reverse the 
spondylotic changes. 

PLIF offers solution to ail types of stenosis including 
canal, forminal and scar. As PLIF provides the 
opportunity to decompress and then distract and 
stabilize. 

Failed back is universally a difficult problem. Pain and 
disability produced by it are mainly due to instability and 
scar stenosis. PLIF takes care of both the problem. 

Even in chronic backaches caused by degenerate disk, 
Collis and Maddox hâve reported relief following PLIF. 

Spondylolisthesis is a classic example of instability, 
and PLIF is a very good answer to it. 

Biomechanical Principles of PLIF 

Biomechanically the PLIF is very sound stabilizing 
procedure because intervertébral disk forms a part of 
motion segment and in PLIF the intervertébral disk is 
stabilized by bone grafting. 

Evans suggested the flag pôle concept. In this concept, 
the ultimate stability is obtained through balance of 
compressive and torsional forces. 

The PLIF is surgically very demanding procedure and 
requires précisé surgical technique and thorough 
knowledge of pathology and anatomy. Wherever there 
is deficiency in the structure of motion segment, internai 
fixation will be necessary to balance the construct and to 
prevent displacement of bone graft. 

The PLIF fulfills ail the needs of compressed spinal 
segment allowing extensive décompression and 
stabilization at the same operation. 


In good surgical hands, good to excellent results hâve 
been more than 90%. 

Circumferential (360) Fusion 

Circumferential 360° spine fusion can be viewed as an 
evolving technique whose main purpose is to improve 
the rate effusion and the clinical results. 

Circumferential fusion involves both anterior and 
posterior fusion with or without instrumentation, 
performed as staged procedure or as a single surgical 
procedure. 

Primary criteria for successful spine surgery. 

1. Appropriate patient sélection, who responds well 
physically and mentally to a surgical procedure. 

2. Identification of the anatomical source of pain. 

3. Good surgical team. 

In general, the indications for circumferential fusions 
are based on complex instability involving the anterior, 
middle and posterior columns. 

1. Complex primary benign osseous tumor or primary 
or metastatic malignancy. 

2. Complex fracture and fracture dislocation. 

3. Rare spinal infections not amenable to antibiotic 
therapy 

4. Selected cases with high-grade spondylolisthesis at 
lumbosacral junction. 

5. Failure following spinal fusions performed for 
degenerative conditions. 

Spinal motion segment in degenerative cascade 
undergoes concurrent changes in both the anterior and 
posterior columns. If it is confirmed that both anterior 
and posterior columns are the source of pain, 
circumferential fusion is indicated. 

Spécifie indications are: 

i. anterior and posterior degenerative pathology 

ii. complex instabilities 

iii. disk disruption at L 5 /Si level, the fusion rate with 
anterior interbody fusion approaches 90%. However, 
L 4 /L 5 level nonunion rate is 40 to 45%—this high 
rate of nonunion is probably the resuit of torsional 
forces placed across the interspace, 

iv. failed surgery. 

In conclusion, the author summarizes the spinal fusion 
as follows. 

1. Spinal fusion is carried out anteriorly, posteriorly or 
both anterior and posteriorly. 

2 . It is also done with or without instrumentation. 

3. There are definite indications of doing anterior 
surgery. 

In the developing countries, major indication is 
tuberculosis of spine. 
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A very common level of tuberculosis affection is 
mid cervical which is very convenietly approached 
anteriorly, cord can be decompressed effectively, and 
a good stability can be achieved by anterior bone graft. 
The upper cervical and cervicodorsal are difficult 
levels to approach but are not commonly affected. 

The source of bone graft by and large is the iliac 
bone. 

The dorsal spine can be approached anteriorly by 
transthoracic route which is effective and safe. 

4. The common indications in lumbar spine are: 

i. chronic degenerative disk lésions with central or 
latéral canal stenosis 

ii. acute disk excision 

iii. spondylolysis and/or spondylolisthesis 

iv. infection like tuberculosis 

v. scoliosis of lumbar spine 

vi. traumatic fracture and dislocation 

vii. neoplastic lésions 

viii. failed back syndrome. 

5. Common complication after spinal fusion is 
pseudarthrosis. The rate of pseudarthrosis is 
considerably reduced when fusion is carried out with 
instrumentation. 

6. In lumbar spine, the pedicular screw System works 
well to stabilize the spine along with fusion. 

7. The interbody fusion done through posterior 
interlaminar approach is a good technique to stabilize 


the lumbar spine, however, the technique is very 
demanding and requires précision. 
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INTRODUCTION 

DISH syndrome is a spinal disorder characterized by 
osseous prolifération and manifested by bone déposition, 
spurs and bridges in the anterior spinal longitudinal 
ligament. Also known as Forestier's disease. 

Stages 

Three stages as described by Forestier and Lagier's 
radiographie study are as follows: 

First stage: There is a slight thickening of the anterior 
surface of the vertébral body and opacities, just anterior 
to the disk space. 

Second stage: There is distinct prevertébral thickening, 
which extends incompletely over one or both adjacent 
disk spaces forming a spur. 

Third stage: There is complété bridging of the disk, initially 
by extension of a single spur and later by fusion of spurs 
from the adjacent vertebrae. 

Etiology 

Possible étiologies are as follows: 

1. Familial prédisposition may be présent 

2. Common among diabetics 

3. Common in âge group above 50 years 

4. Sheuermann's disease in young patients may be a 
predisposing condition. 

Pathology 

The bony bridges and spurs in this disorder is laid down 
in paraspinal connective tissue, the peripheral portion of 
the annulus of the disk and deep layers of the anterior 


spinal longitudinal ligament. Bony prolifération is most 
marked anteriorly and also laterally. Right latéral 
vertébral ossification is more common than that because 
aortic pulsation inhibits this process on the left. 

Clinical Features 

Patients complain of backache, moderate pain localizing 
in lumbar or thoracic spine. Some patients présent with 
pain in large joints or heel pain with radiographie 
evidence of spur formation. There is moderate limitation 
of spinal motion. 

Radiographie Evaluation 

Radiographie criteria for diagnosis of DISH syndrome 
as given by Utsinger are as follows: 

1. Bridging osteophytes extending over four contiguous 
vertébral bodies 

2. Relatively normal intervening disk space height in 
relation to âge 

3. Absence of apophyseal joints, bony sclerosis and 
absence of érosion, sclerosis or osseous fusion of the 
sacroiliac joints. 

There may be also extensive involvement of the 
cervical spine in addition to dorsal and lumbar spine. 

Differential Diagnosis 

Ankylosing spondylitis: Early involvement of SI joint and 
sclerosis of apophyseal joints, vertically oriented 
syndesmophytes and early squaring of vertebrae 
differentiate this from DISH which is characterized by 
horizontally oriented osteophytes, thickened bridges of 
spurs with vertébral disk degeneration and no 
involvement of sacroiliac and apophyseal joints. 
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Sequelae 

Extraspinal involvement is characterized by ossification 
of tendons, ligaments and fascia at sight of their 
attachment to bone. 

Treatment 

It is a benign disease and management consists of 
reassurance of the patient, nonsteroidal anti-inflammatory 


drugs (NSAIDs) and analgésies and aspirin combined with 
physiotherapy in the form of spinal exercises. 
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Infection is the Bane of Musculoskeletal Surgery 


INTRODUCTION 

Postoperative wound infection is an important 
complication of spine surgery. It can lead to significant 
morbidity and hindrance in fulfilling the aim of surgery. 9 

The évolution of surgical practice has been facilitated 
by great advances in the prévention of wound infection. 
The most important contribution to this effort was made 
by Joseph Lister. In 1867 he published his treatise 
"Antiseptie principle in the practice of surgery". 

Proper preoperative patient's évaluation and 
préparation, theatre discipline and an honest practice of 
principles of asepsis can aim to bring down the infection 
rate touching 0%. 

Incidence 

There has been a rapid growth and advancement in spinal 
surgery in last decade. With the better understanding of 
the pathoanatomy, instrumentation and improved 
anesthetic technique, major and supramajor operative 
procedures are possible. These megaprocedures hâve 
additional risk of number of postoperative complications, 
the increase incidence of infection is one of them. 

The incidence of postoperative infection in simple 
Spine Surgeries (e.g. unilatéral laminectomy, total Lamine- 
ctomy, diskectomy) has been reported to be 1 to 2%. 1 

Infection rate has been reported to increase with 
addition of fusion and instrumentation. Spinal fusion 
requires extensive soft tissue dissection leading to 
compromised soft tissue vascularity, increased blood loss, 
increased operative time and greater dead space thus 
increasing the chances of infection. With addition of spinal 
fusion infection rate has been reported to be 3 to 6%. 2,3 


Spinal implants themselves are not a source of 
inoculation but act as a locus minoris resistentiae. Risk 
of infection following spinal instrumentation further 
increases. It may be from 6 to 8% but can be as high as 

10% 4 ' 7 

The overall aggregate infection rate as suggested by 
literature appears to be 5 to 6%. 

Etiology 

Staphylococcus aureus is the commonest bacteria causing 
infection. 2 The percentage of infections with methicillin 
résistant Staphylococcus aureus (MRSA) has been 
increasing. The common organism which has been 
reported to be isolated from postoperative wound 
infection has been shown in Table l. 2 

TABLE 1: Etiology 

Gram-positive 

Staphylococcus aureus 
Staphylococcus epidermidis 
Enterococcus faecalis 
Streptococcus viridans 
Diphtheroids 
Propionibacterium acnés 
Peptococcus species (anaerobe) 

Peptostreptococcus species (anaerobe) 

Gram-negative 

Enterobacter cloacae 
Pseudomonas aeruginosa 
Pseudomonas maltophilia 
Acinetobacter anitratus 
Serratis marcescens 
Bacteroides species (anaerobe) 

Clostridium difficile (anaerobe) 
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Risk Factors 

Risk factors can be divided into two main groups 14 

A. Intrinsic Factors: Factors which are intrinsic to the 
patient. These are as under: 

1. Immunocompromised status of the patient 

2. Malnutrition 

3. Diabètes 

4. Obesity 

5. Smoking (use of nicotine) 

6 . Cortiocosteroid (use) 

7. Rheumatoid arthritis 

8 . Cancer 

9. Comorbidities associated with diabètes, e.g. 
cardiovascular diseases, hypertension, rénal 
failure. 

B. Extrinsic factors: Bacteria can get inoculated from the 
external source if care is not taken. Following are the 
external risk factors: 

1. Poor theater discipline 

2. Lack of aseptie précautions 

3. Poor skin préparation and draping 

4. Mishandling of soft tissues 

5. Crowding and excessive movement in the 
operation room 

6. Members of surgical team harboring bacteria. 

Pathogenesis 

Operative wound gets infected by either of these two 
modes (Fig. 1) 

1. Direct inoculation: Bacteria get inoculated in the open 
surgical wound during the surgery. These gets 
inoculated from patient's own skin, theater 
environment or from the surgical team. 

2 . Hematogenous spread: Patients may harbor bacteria in 
their hidden infected pockets, e.g. caries tooth, 
infected tonsils, boils, chronic infection in genito- 
urinary tract and gastrointestinal tract. Through 
hematogenous spread these bacteria can reach to 
operative site and can lead to infection. Milieu interior 
of the operative wound and host ability to respond, 
are the important factors. 

In 19th century. Pasteur rightly quoted 'The germ is 
nothing, it is the terrain or environment in which it grows 
that is everything" 

PREVENTION 

Knowledge of etiopathogenesis of any pathological entity 
is key to success for its prévention and treatment.As we 
know the etiopathogenesis of operative wound infection, 
we should not leave any stone unturned to prevent it. 



Fig. 1 : Operative wound infections 


Following Care Should be Taken to Prevent Infection 

Preoperative Préparation 

1. If there is presence of any infective focus, it should be 
treated adequately before surgery 

2. In an elective surgery, if soft tissue near the proposed 
incision has infection, the infection should be treated 
first. 

3. Ail comorbid conditions should be controlled, e.g. 
blood sugar in diabètes. 

4. Smoking should be stopped at least 30 days before 
elective operation. 

Perioperative Care 

A. Theatre discipline 

1. Reduce traffic in and out of the operating room. 

2 . Honest efforts by ail persons involved from trolley 
boy, dresser to main surgeon, to maintain asepsis. 

3. Required instruments should not be laid down on 
trolleys many hours prior to the incision. Implants 
should be kept covered. 

4. Practice of using chitel forcep dipped in savlon 
should be abolished. 

5. Proper care to keep the main wire of the cauttery 
and suction tube clean. 

6 . O.T ceiling light should be cleaned every prior 
evening. Light handle should be autociaved. 

7. Theater should hâve barrier concept. A frank 
infected case should not be taken on clean major 
table. 

B. Anesthetic aspect 

Anesthetists are very important members of the team. 
They should be equally alert for maintaining asepsis. 

1. Preferably disposable articles should be used. 

2 . Hypotensive anesthésia facilitâtes surgical ease, 
reduces blood loss and its sequelae. 
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C. Intraoperative précautions 

1. Adéquate area of skin should be prepared and 
draped. The practice of change of decision 
intraoperatively and extending the incision out of 
the draped area, should be avoided. Whenever 
there is likelihood of graft harvesting, it is better 
to keep the area prepared and draped. 

2. Prophylactic antibiotics should be given 
30 minutes before the incision and should be 
repeated after 4 hours if there is 1500 ml blood loss. 

Most first génération cephalosporins hâve 
excellent activity against the gram positive 
staphylococci ( S. aureus and S. epidermidis ) 

3. There should be gentle handling of soft tissue. 

4. Unnecessary cauterization of soft tissue should be 
avoided 

5. Release soft tissue retraction regularly. 

6. Irrigate the wound regularly. 

7. Unnecessary fiddling while instrumentation 
should be avoided. 

8. Proper hemostasis should be achieved before 
closing the wound. 

9. Dead space should be obliterated. 

10. Though there is a controversy regarding use of the 
drain, it can be a personal choice of operating 
surgeon. If there is possibility of hematoma 
formation drain should be kept. 

11. Wound should be closed in layers. Suturing of 
deep fascia should be watertight.The knot of 
subcutaneous layer should not be too superficial. 

12. Wound should be well covered with the dressing. 
If there is a possibility of soiling of dressing ( when 
near perineum) it is better to seal the dressing with 
imperméable adhesive dressing. 

D. Postoperative care 

1. Intravenous antibiotics should be continued for 
48 hours after major spinal surgeries. Concomitant 
infection should be evaluated and treated 
aggressively ( e.g. pneumonia, UTI ) 

2. Drain should be taken out once it starts showing 
collection less than 20 cc. (usually within 48 to 72 
hours) 

3. Nutritional status of the patient should be carefully 
maintained. 

4. Chest physiotherapy, back care and limb exercises 
(e.g. Ankle pump, Quadriceps drill ) are important 
in bedridden patients. 

Pathology 

In postoperative infection there is collection within the 
sutured wound. It may be either in the form of seroma or 
purulent collection. If not diagnosed early and acted 


promptly wound gives way and there is purulent 
discharge. 

This infective pathology may be classified in different 
way s: 

I. According to the involvement of the layers of the 
surgical wound, it may be of two types : 15 

i. Superficial wound infection 

ii. Deep wound infection 

a. Superficial wound infection—Infection 
confined to the dermis and subcutaneous tissue 
is defined as superficial wound infection. 

b. Deep wound infection—The infection which 
lies beneath the lumbodorsal fascia (deep 
fascia) is known as deep wound infection. 

Contrary to these two subgroups, in many 
situations there may be involvement of both 
superficial and deep plane. 

II. According to the time inter val between the day of 
surgery and the diagnosis of infection, it can be 
classified into two types . 16 

i. Early infection—signs of infection appear in post 
operative phase.In some cases it may be more 
obvious after a gap of 3 to 4 weeks. If infection 
occurs at operative site within one year of surgery 
it should be considered early infection. 

ii. Late infection—When infection appears in 
operative site in more than one year's time after 
the initial procedure, it is considered to be late 
infection. 

In 1993. Dubousset reported late infection with the 
CD System . 17 The condition produced drainage, no fever, 
normal results in laboratory tests and no radiographie 
changes. It was attributed to fretting corrosion prompting 
a granulomatous reaction. 

Gristina and Costerton suggested that glycocalyx may 
be a factor in the susceptibility to infection in patients 
who hâve implants. Glycocalyx is a polysaccharide 
membrane. It surrounds the bacteria adjacent to the 
infected surgical implants. Glycocalyx has adhesive 
properties that permit bacteria to adhéré to surfaces. It is 
responsible for poor antibiotic pénétration to the bacteria, 
macrophage résistance and difficulty in obtaining 
cultures by routine methods. The reason for late 
occurrence is unclear but it may relate to the very slow 
prolifération of the bacteria . 16 

Clinical Features 

Usually after spinal surgery, on the very same day or the 
next postoperative day some patients complain of fever 
or feverish feeling. This is usually a reactionary response 
to surgical insult and should not be considered as one of 
the signs of infection. 
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When there is a wound infection patient usually 
complains of increase in pain at operative site, there may 
be fever with chills. Wound inspection shows erythema, 
edema and fluctuance along with disproportionate 
tenderness on palpation. 

Squeezing of the wound may bring out deep seated 
collection. Collected material should be sent for gram 
staining and culture. Sometimes suture area becomes 
oedematous, inflamed and indurated. Patient feels unwell 

(Fig- 2). 



Fig. 2: Early infection in a postoperative case of fracture 
dislocation of spine (For color version see Plate 44) 


If the patient is under the cover of antibiotics the 
systemic features may be different and acute signs of 
infection may be masked. 

A Strong clinical suspicion is very vital for early 
treatment. 

In late infection patient usually reports after a long 
gap (1 year) from the day of surgery.Usually either there 
is complaint of small swelling at surgical site or there is a 
discharging sinus (Figs 3 and 4). 

John Thalgott has put forward a clinical staging 
System for spinal wound infection (Table 2 ). 29 


TABLE 2: Thalgott staging 


Group 

Anatomie Type 

1 

Single organism ( superficial or deep) 

2 

Multiple organism (deep) 

3 

Multiple organism with myonecrosis 

Class 

Host Response 

A 

Normal 

B 

Local or multiple systemic disease (Cigarette smoking) 

C 

Immunocompromised 



Fig. 3: Late infection in a case of fracture spine which 
shows small sinus at the distal end of the incision (For color 
version see Plate 45) 



Fig. 4: Discharging sinus in an operated case of cervical 
spine tuberculosis (For color version see Plate 45) 


The patients are categorized according to two parameters 

1. Severity or type of infection . 

2 . Host response or physiologie status of the patient. 
The severity of infection is divided into three groups 
Group Usa. single organism infection either superficial 
or deep. 

Group 2 is a multiple organism deep infection. 

Group 3 is a multiple organism with myonecrosis. 
The host response is divided into three classes: 

Class A is a host with normal systemic defenses, 
metabolic capability and vascularity. 

Class B is a host with local or multiple systemic 
diseases including cigarette smoking. 

Class G is a immunocompromised or severely 
malnourished host. 
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A treatment protocol has been formulated for different 
groups: 

Group 1: Generally, it can be dealt with by single 
debridement and irrigation and closure over suction 
drainage. 

Group 2: Patients with multiple organism and deep 
infection required an average of three irrigation 
debridements. They hâve a higher percentage of 
successful outcome with closed inflow-outflow 
suction irrigation Systems when compared with 
simple suction drainage Systems without constant 
inflow irrigation. 

Group 3: Patients with multiple organism infections 
with myonecrosis are difficult to manage and portent 
a poor outcome. 

Patients without normal host defenses (Class B 
and C ) are at a high-risk for developing postoperative 
wound infection. 

INVESTIGATIONS 

1. Blood Investigations: WBC count, ESR, and CRP may 
be used to help supplément the clinical diagnosis of a 
postoperative wound infection. WBC count is usually 
raised; however a normal WBC Count does not 
exclude the diagnosis. ESR is otherwise also raised 
after spine surgery. Jonsson and colleagues measured 
the ESR and WBC counts in 110 patients undergoing 
lumbar surgery. 18 The peak ESR was reported on day 
4 for fusion with a mean value of 102 mm/hr, whereas 
the mean value for disk surgery on day 4 was 75 mm/ 
hr. Raised ESR usually déclinés and reaches the 
normal level about two weeks after surgery. The use 
of this test during the initial postoperative period is 
uncertain. Comparison of repeated ESR rates may be 
helpful in suggesting improvement or progression of 
possible infection. The CRP also increases in the 
immédiate postoperative phase. Unlike ESR, CRP 
values rapidly decreases in the postoperative period. 
Peak CRP levels are found within three days of 
surgery, then there is dramatic decrease and normali- 
zation of values within 10 to 14 days. The differential 
rate of normalization implies that CRP levels may be 
more informative diagnostically than ESR rates in the 
immédiate postoperative period. 17,18 

2. Staining and Culture ofFluid (PUS ): In an infected case 
squeezed fluid from the wound, aspirated fluid, pus 
shows Staphylococcus aureus. Gram-staining, culture 
and sensitivity give an idea about the responsible 
bacteria and its sensitivity. Delayed infections are 
most often caused by low virulence bacterium such 
as Propinobacterium acnés, coagulase négative, 
Staphylococcus , Bacillus species and micrococcus 
species. The isolation of such organisms is usually 
considered colonizing skin flora. 20,21 


In late postoperative spinal infections (occuring 
more than 1 year after the initial surgical procedure) 
cultures of the surgical site are often stérile. After 
prolonged culture it grows colonizing skin flora. 
Hematological seeding is often associated with the 
clinical development of bacterimia and/or sepsis. In 
drug abusers S. aureus and P. aeruginosa are seen. In 
patient with genitourinary focus E.coli and 
Enterococcus species can be grown. 

3. Plain Radiograph : In the very early phase of post¬ 
operative spinal infection, the plain radiographs are 
essentially normal. If there is significant collection 
there may be increased soft tissue shadow in the 
prevertebral and the paravertebral région. This may 
be the only positive finding in the initial phase. 
Radiological changes may appear 2 to 3 weeks after 
the onset of infection. It also dépends on the virulence 
of the organism and how rapidly the disease process 
is progressing. Appearance of disk space narrowing 
may take 8 to 10 weeks. 

Increased density of the endplates may be 
observed due to reactive bone formation. Blurring of 
the end plates can subsequently occur with ensuing 
bone lysis. As the destruction progresses scalloping 
and collapse of the vertébral body is seen with 
localized kyphosis. 

4. Magnetic Résonance Imaging: MRI is highly sensitive 
(96%) and highly specific( 93%) for pyogénie 
infection. 22 " 24 In the immédiate postoperative period 
it is difficult to distinguish postoperative changes from 
those of an infection. In addition to performing an 
MRI, a CRP and cultures are necessary to make a 
definitive diagnosis. 

Postoperative infection usually présents as an 
intervertébral disk involvement with adjacent 
vertébral osteomyelitis and/or formation of an 
épidural abcess. The appearance of vertébral 
osteomyelitis has been described: 

i. Confluent areas of decreased signal intensity of 
the affected vertébral body and adjacent disks on 
Tl weighted images. (Fig. 5) 

ii. Increase signal intensity of the affected vertébral 
bodies and adjacent disk on T2 weighted images. 
(Fig. 6) 

iii. Loss of démarcation between affected vertébral 
bodies and adjacent disk 

iv. Abnormal configuration of the infected disk i.e; 
streaky appearance or the absence of the 
intranuclear cleft. Changes in the MR signal 
intensity in both Tl and T2 weighted images are 
thought to be due to inflammation with a résultant 
increase in the watery content of the bone marrow. 
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Fig. 5: Tl images show confluent areas of decreased signal 
intensity of affected vertébral bodies and adjacent disk 



Fig. 6: Same patient's T2 images show increased signal 
intensity of affected vertébral bodies and adjacent disk 


An épidural abscess usually présents as a well 
defined épidural mass of variable size, typically 
isointense with the spinal cord on Tl and hyperintense 
on T2 weighted images. 

At times it présents with a less characteristic 
appearance as a poorly defined, extensive inhomo- 
geneous collection of mixed signal intensifies in the 
épidural space in both Tl and T2 weighted images 
making it difficult to differentiate from signal changes 
caused by meningitis. Some infectious processes will 
yield isointense signais that cannot be distinguished 
from normal épidural or paraspinal tissues. In such 
cases the yield is increased with postgadolinium. 


Use of Gadolinium-DTPA can improve even 
further the ability of MRI to display spinal infection. 
Viable inflammatory tissue enhances on Tl weighted 
images after gadolinium DTP A injection owing to the 
presence of extensive vascularization 

5. Bone Scan: Importance of bone scan is questionable in 
asymptomatic patients. It often demonstrates active 
cases that may be suggestive of an infection. In a study 
using Te- labeled ciprofloxacin it was found that false 
positive results were obtained in the postoperative 
period unless there was at least a six months interval 
after surgery. This combined with SPECT (Single 
photon émission computed tomography) can decrease 
the likelihood of false positive results. Leukocyte 
tagged studies and Tc-labeled monoclonal antibodies 
against granulocyte also were not particularly 
effective in detecting spinal infections. 25,26 

6. Computed Tomography: CT may hâve value in 
evaluating surgical site infections. Fluid collection 
may be seen on CT and often a CT guided biopsy can 
be obtained. Se ver al studies hâve documented that 
positive culture from a CT guided biopsy occur just 
over half the time. 27,28 

Treatment 

A high level of suspicion in a postoperative patient with 
increasing pain is critical for making an early and 
appropriate diagnosis of infection. Early diagnosis and 
prompt measures can eradicate the infection. Inadéquate 
measures such as local dressing and treatment with 
antibiotics are ineffective and should be condemned. 

The goal of the treatment in postoperative infection 
is as under 

i. To eradicate the infection 

ii. To achieve stable closure 

iii. To maintain the stability of spinal segment 

iv. To succeed in achieving the primary goal of the 
surgery. 

These goals can be achieved only if early intervention 
is done. This reduces the chances of dreaded sequelae 
like meningitis, septicemia and death. If there is some 
element of doubt it is better to explore the wound; 
visualize the interior and give thorough wash rather than 
just relying on wait and watch attitude. 

Antibiotics: Intravenous antibiotics should be given for 
at least six weeks in an established case of postoperative 
spine infection. This should be foliowed by oral antibiotics 
for an additional period of six weeks. This is to treat the 
osseous involvement adequately. Choice of antibiotic 
should be according to the culture and sensitivity. Most 
of the organisms are sensitive to cephalosporins. MRS A 
and other résistant organisms would require antibiotics 
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like vancomycin, linezolid, piperacillin, clindamycin etc. 
One should be careful about the side effects and toxicity 
of these drugs. 

Wound Treatment 

Wound exploration, debridements and lavage should not 
be taken as a minor procedure in a compromised 
situation; rather it should be done in proper operation 
theater under general anesthésia keeping patient in prone 
position otherwise one cannot do justice to the procedure 
and the very aim of thorough debridement is lost. Wound 
exploration should be diligent and in a stepwise fashion. 

After giving proper position operative wound should 
be kept covered with stérile mop after cleaning it. This 
should be done by a properly scrubbed person. The area 
peripheral to the main would should be then cleaned. 
Ail these care should be taken to avoid contamination of 
the wound by other skin flora. Wound should be properly 
draped to keep the full incision accessible. 


Full length incision is opened by taking out ail stitches. 
Debridement should be performed one layer at a time 
and labeled culture should be taken from each layer. 
Fascia is not opened until the superficial tissue is 
debrided and irrigated. Then fascia is opened, ail 
absorbable sutures are taken out meticulously. Ail 
devitalized tissues are radically debrided. Hematoma, 
gel foam, fat graft should be removed. Normal saline with 
betadine should be used as fluid for lavage. Puise lavage 
has additional benefits. Soft tissue and bony corners 
should be properly cleaned. Bony fragments, grafts 
loosened during lavage should be removed. Graft that 
appears to be engulfed in purulent material should be 
removed. 20,29 Cancellous graft can be packed back after 
the wash. Spécial précaution should be taken to clean 
the undersurface of the implant ( rod, plate, etc) as far as 
possible without disturbing its integrity (Figs 7 A to D to 

9 ). 



Figs 7A to D: Fracture dislocation of spine. Reduced and instrumented. (A) Preoperative X-ray (B) Preoperative MRI 

(C) Postoperative AP view (D) Postoperative latéral view 
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Fig. 8: Early postoperative infection of same case 
(For color version see Plate 45) 



Fig. 9: Shows deep infection debridements and lavage being 
done (For color version see Plate 45) 


It has been proved without doubt that implants 
should never be taken out at this stage. Stability is very 
important at this stage more so if the initial surgery was 
to address the element of instability or if procedure itself 
might hâve added instability. Taking out the implant at 
this stage has shown disastrous results. 16,39,45 

Sometimes the skin at the incision site is macerated. 
It should be excised thus freshening the edges, this 
ensures proper healing of the superficial layer. Wound 
is closed in layers over wide bore, suction drain (no 14 
or 16). Drain is usually removed in 48 to 72 hr. Some 
people prefer inflow-outflow tubes in the case where 
there is frank purulent deep infection. This facilitâtes 
continuous irrigation with dilute betadine or soluble 
antibiotics. Continuous irrigation is usually kept for 2 to 
3 days. 41 


Many authors routinely recommend to do a second 
look irrigation and debridement within 48 to 72 hr. At 
the second look a new set of cultures should be obtained 
and the wound carefully assessed. Glassman and 
colleagues reported successful results with the temporary 
placement of antibiotic impregnated beads in those cases 
where significant dead space remained after debride- 

qo 

ment. 0 

Late infection: If there is discharging sinus and there is 
evidence of fusion, in such situations implant can be taken 
out ( Figs 10 to 13A and B). 

Flaps 

After thorough debridements, it is sometimes difficult to 
obtain wound closure. In moderate deficiency bilateral 



Fig. 10: A case of osteoporotic fracture 
of D-L junction with déficit 



Fig. 11: Postoperative status: Décompression,stabilization 
and reconstruction was done 
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Fig. 12: Patient presented late with discharging sinus 
(For color version see Plate 45) 


paraspinal muscle flaps are elevated and advanced 
providing coverage. In significant deficiencies rotational, 
pedicle and free flaps are used. Muscle flaps are 
invaluable in managing complex spine wounds. 42 Flaps 
promote wound healing by providing vascularized tissue 
to reduce dead space, enhancing local oxygen delivery 
and facilitating antibiotic delivery. Latissimus muscle has 
dual blood supply that allows it to be medially or laterally 
based, rotated, advanced or reversed as a turndown flap 
for coverage of complex thoracic or lumbar wounds. 
Sacral wounds are best covered by gluteal flaps. Omental 





l 


and rectus abdominis flaps as well as the use of soft tissue 
expanders hâve been used with varied success. 42,43 

Spécifie Situations in Postoperative Infections 

1. Postoperative Discitis is an important and a relatively 
common postoperative complication (Figs 14 to 16). 

The présentation of this entity is unique. After Disk 
surgery there is a lengthy period of pain relief 
followed by sudden appearance of pain in the back 
which later on becomes so severe that patient is not 
able to even turn from side to side, sometimes there 
may be associated leg pain. Pain is out of proportion 
to the physical finding. surgical scar is healthy but 
deep palpation may be very tender. Neurological 
déficit is rare, but if appears then it should raise the 
suspicion of épidural abscess. WBC count is usually 
normal. ESR and CRP are elevated. Jonsson et al hâve 
suggested that discitis is probably présent if the ESR 
is greater than 45 mm/hr and the CRP level is more 
than 2.5 mg/L on the fifth or sixth postoperative 
day. 18 

MRI is the investigation of choice for evaluating 
postoperative discitis. Disk images are hypointense 
on Tl weighted images and hyperintense on T2 
weighted sequences. The normal définition between 
the disk space and the vertébral body is lost. These 
findings appear within 3 to 5 days of the onset of 
infection. 

Medical treatment with antibiotics and rest is the 
mainstay of therapy. Whenever possible a needle 
biopsy and culture should be done. Even culture 
négative cases should be treated as presumed gram- 
positive infection because the most commonly 
identified bacteria is Staphylococcus. 


B 


Figs 13A and B: Since there is fusion, implant removal was done. Intraoperatively it was found that pedicular screws had 
become loose. Larger diameter circular shadows in pedicular area is suggestive of loosening 
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Fig. 14: MRI of a case of L5-S1 disk prolapse Fig. 15: Postoperative diskitis in same patient. MRI shows 

changes of diskitis. There is also left out fragment of disk 



Figs 16A and B: Advanced changes of diskitis. At this stage patient was significantly disabled. 


Indications ofsurgery in postoperative discitis 

i. Postoperative sepsis 

ii. Cauda equina syndrome 

iii. Advancing neurologie déficit with an épidural 
abscess 

iv. Failure of medical therapy. 

Surgical procedure: Disk space should be explored, 
thoroughly cleaned, curetted and irrigated. Due care 
should be taken while handling the neural tissue as it is 
susceptible to injury secondary to inflammation. Posterior 
Interbody fusion supplemented with short segment 
fixation provides long lasting results (Figs 17A & 17 B). 
2. Epidural Abscess: It causes a mass effect on the spinal 
cord and can lead to neurological détérioration. This 
should be treated as a surgical emergency. 30 


Clinical diagnoses is difficult and suspicion is aroused 
only when there is neurological détérioration with rapid 
progression and spinal pain. Systemic symptoms of 
infection may or may not be there. 

Surgical décompression is the treatment of choice for 
an épidural abscess. The prognosis for recovery is directly 
related to the duration of paralysis. If the déficit has been 
présent for less than 36 hr, patient's often hâve a complété 
recovery. If déficit is présent for more than 36 hr the 
chance for recovery is poor. The approach to the case 
would dépend on the location of the abscess. If it is located 
posteriorly then laminectomies or multilevel Lammo¬ 
tomies may be required. Anterior épidural abscess may 
be associated with vertébral osteomyelitis. Anterior 
décompression should be performed to decompress the 
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Figs 17A and B: Disk space debridement with posterior lumbar interbody fusion supplemented with short segment fixation 


cord. Vertébral debridement would require anterior 
fusion and may necessitate posterior reconstruction. 

3. Infection with CSF leak: CSF leak is an undesired 
happening during spinal surgery. Primary closure 
of the durai rent, laying of muscle or fat graft or 
putting sealing matter like fibrin soaked gelfoam 
usually control the leak. Sometimes it can lead to 
bothering CSF leak or collection in postoperative 
phase. Rarely it might get infected resulting into 
varied sequelae like wound dehiscence, meningitis, 
septicemia and sometimes even death. 31,32 

Apart from intravenous administration of 
antibiotics, thorough debridement and irrigation of 
the wound is essential. Wound should be closed on 
a dépendent drain. A compressive dressing is 
applied. This might settle the leak. If the leak is 
persisting then a lumbar puncture is done at a higher 
level (mostly at L1 or L2 level ) and épidural cathéter 
is placed in subarachnoid space. Cathéter is attached 
to a stérile bottle. This drainage bypasses the CSF so 
the volume is significantly reduced at the site of leak 
and thus the leak gets sealed off. Cathéter is removed 
in 3 to 4 days time. 

4. Meningitis: It is a rare complication of postoperative 
spine infection (incidence <1%). 33,34 

There are signs of meningism. These can be 
treated successfully with sensitive antibiotics and 
supportive treatment. 

5. Soft tissue collection (Abscess): Abscess or fluid 
collection has been reported after both anterior and 
posterior procedures. 35,37 It is an uncommon 


sequelae of postoperative infection. A drain can be 
placed percutaneously under CT guidance or 
ultrasonography guidance. If percutaneous drainage 
is not successful, open drainage is necessary in an 
established case of postoperative spine infection. 
This should be followed by oral antibiotics for an 
additional period of 6 weeks. This is to treat the 
osseous involvement adequately. Choice of 
antibiotic should be according to the culture and 
sensitivity. Most of the organisms are sensitive to 
cephalosporins. MRSA and other résistant 
organisms would require antibiotics like 
vancomycin, linezolid, piper acillin, clindamycin etc. 
One should be careful about the side effects and 
toxicity of these drugs. 

Infection: This facilitâtes continuous irrigation with 
dilute betadine or soluble antibiotics. Continuous 
irrigation is usually kept for 2-3 days. 41 

Many authors routinely recommend to do a 
second look irrigation and debridement within 48 
to 72 hr. At the second look a new set of cultures 
should be obtained and the wound carefully 
assessed. Glassman and colleagues reported 
successful results with the temporary placement 
of antibiotic impregnated beads in those cases 
where significant dead space remained after 
debridement. 38 

CONCLUSION 

Postoperative spine infection continue to be a source of 
frustration for patients and spine surgeons and can lead 
to significant postoperative difficulty. Infection increases 
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the incidence of pseudoarthosis. 3 The cost of the treatment 
also increases sharply because of the need of additional 
surgeries, prolonged hospitalization and physical 
réhabilitation. A prompt diagnosis and treatment is 
essential to minimize functional loss to the patient and 
économie set back to the health care System. 33 The 
diagnosis is mainly clinical with some supportive 
laboratory tests. Prompt and aggressive surgical 
treatment along with proper medical treatment usually 
resuit into satisfactory final outcome. 

Though infection would remain as an inévitable risk. 
It is worth to stress the statement. 

“Prévention is better than cure”. 
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clinical features 2: 1066 
gross 2: 1066 
histopathology 2: 1066 
imaging 2: 1066 
prognostic factors 2: 1066 
sites of involvement 2: 1066 
treatment 2: 1066 
Chopart's amputations 4: 3915 
Chordoma 2: 1118 

Chronic compartment syndrome 2: 1364 
Chronic hémophilie arthropathy 4: 3442 
prévention 4: 3443 
treatment of contractures 4: 3443 
Chronic instability of shoulder 3: 2560 
Bankart procedure 3: 2565 
surgery 3: 2566 
Bankart's lésion 3: 2562 
classification 3: 2562 
clinical diagnosis and assessment 3: 2562 
anterior instability 3: 2562 
appréhension test 3: 2562 
inferior instability 3: 2563 
posterior instability 3: 2563 
etiology 3: 2561 
Hill Sach's lésion 3: 2562 
loss of movements 3: 2563 
investigations 3: 2563 
management 3: 2564 

arthroscopic procedure 3: 2564 
postoperative program 3: 2565 
normal functional anatomy 3: 2560 
pathological anatomy of the essential lésion 3: 2562 
Classes of lever 1: 81 
classification 2: 1350 
first class lever 1: 81 
second class lever 1: 81 
third class lever 1: 81 
Classification of ambulation 4: 3476 
Claw toes 1: 762 

differential diagnosis 1: 763 
mechanism 1: 763 

severity of claw toes deformity 1: 763 
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recognizing damage to posterior tibial and plantar nerves 
1: 762 

surgical correction of claw toes 1: 764 
first degree of mild clawing 1: 764 
second degree or moderate clawing 1: 764 
third degree or severe clawing 1: 764 
Clinical and surgical aspects of neuritis in leprosy 1: 658 
diagnosis 1: 662 

management of neuritis and nerve damage 1: 662 
acute neuritis 1: 662 

décompression of individual nerves 1: 665 
early paralysis 1: 663 
nerve damage 1: 662 

surgical aspects of neuritis in leprosy 1: 663 
modes of onset and progress of nerve damage 1: 661 
episodic onset and salutatory progress 1: 661 
insidious onset 1: 661 
nerve damage of la te onset 1: 661 
sudden onset 1: 661 

pathology of nerve lésions in leprosy 1: 659 
nerve in border line leprosy 1: 660 
nerve in lepromatous leprosy 1: 659 
nerve in tuberculoid leprosy 1: 659 
patterns of involvement, damage and recovery 1: 660 
stages of nerve involvement and damage 1: 658 
stage of clinical involvement 1: 658 
stage of host response 1: 658 
stage of nerve destruction 1: 659 
stage of parasitization 1: 658 
stage of réversible nerve damage 1: 659 
Clinical applications of splints 3: 2390 
Clinical biomechanics of the lumbar spine 3: 2691 
anatomy 3: 2692 

intervertébral disk 3: 2692 
pedicle 3: 2692 
history 3: 2691 
instability 3: 2691 

mechanics of instrumentation 3: 2692 
Clinical examination and radiological assessment 3: 2499 
assessment of complications due to pathology in and 
around the elbow 3: 2505 

test for impending/threatening Volkmann's ischémie 
contracture 3: 2505 
inspection 3: 2500 
measurement 3: 2504 
linear 3: 2504 
circumferential 3: 2505 

measurement of cubitus varus and cubitus valgus 3: 2505 
methodology 3: 2499 
attitude 3: 2499 
prerequisites 3: 2499 
movements 3: 2502 
elbow proper 3: 2502 

method of assessing the movements 3: 2502 
rotational movements 3: 2503 


palpation 3: 2500 

palpation of epicondylar région 3: 2501 
palpation of joint line 3: 2501 
palpation of supracondylar ridges 3: 2500 
subfluid in the joint 3: 2502 
test for cubital tunnel syndrome 3: 2507 
test for médial epicondylitis 3: 2507 
tests for latéral epicondylitis 3: 2506 
Clinical examination and X-ray évaluation glenohumeral 
joint 3: 2540 

acromioclavicular joint tests 3: 2549 
cross adduction test 3: 2549 
Paxinos sign 3: 2549 
clinical application 3: 2545 
O'Brien test 3: 2546 
posterior instability 3: 2545 
slap 3: 2546 
tears 3: 2546 

examination proper 3: 2541 
fallacies 3: 2544 

ligament laxity 3: 2544 
sulcus test 3: 2544 
long head of biceps 3: 2550 
speed test 3: 2550 
Yergasson's test 3: 2550 
nerve tests 3: 2550 

compression neuropathy of suprascapular nerve 3: 2551 
serratus anterior 3: 2550 
trapezius 3: 2550 
wall push test 3: 2550 
rotator euff tests 3: 2547 
infraspinatus 3: 2548 
napoléon or belly press test 3: 2549 
subscapularis 3: 2548 
supraspinatus 3: 2547 
tests for instability 3: 2543 

anterior instability Drawer's test 3: 2543 
Crank test for anterior instability 3: 2544 
Clinical examination in pédiatrie orthopedics 4: 3381 
body proportions 4: 3382 
early childhood 4: 3382 
general examination 4: 3382 

examination of joint mobility 4: 3382 
examination of lower limb 4: 3382 
examination of the affected part 4: 3382 
limb length measurement 4: 3383 
shoulder and upper limbs 4: 3383 
spine 4: 3383 
newborn 4: 3381 
normal development 4: 3381 
Clinical examination of a polio patient 1: 527 
ambulatory status 1: 527 
anterior abdominal wall muscles 1: 536 
latéral abdominal flexors 1: 537 
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observation of gait/gait analysis gait pattern in 
poliomyelitis 1: 527 
abductor lurch 1: 527 
calcaneus gait 1: 529 
extensor lurch 1: 529 
foot drop gait 1: 530 
hand to knee gait 1: 529 
short limb gait 1: 530 
technique muscle charting 1: 534 
tensor fasciae latae contracture 1: 534 
Clinical examination of gait 4: 3478 
Clinical examination of knee 4: 2961 
bakers cyst 4: 2964 
clinical examination 4: 2962 
gait 

inspection 4: 2962 
genu recurvatum 4: 2964 
genu varum/valgum 4: 2963 
measurements 4: 2967 
Q angle 4: 2967 
movements 4: 2966 
extension lag 4: 2966 
fixed flexion deformity 4: 2966 
flexion deformity 4: 2966 
synovium 4: 2966 
palpation 4: 2964 
arthritis 4: 2964 
bony components 4: 2965 
capsule injury 4: 2964 
fibular head 4: 2964 
fluid-wave test 4: 2965 
inferior aspect of patella 4: 2965 
LCL injury 4:2964 
MCL injury 4: 2964 
meniscal injury 4: 2964 
patellar tendon (Jumpers' knee) 4: 2964 
swelling around the knee 4: 2965 
tenderness 4: 2964 
patellar tap 4: 2965 
fluctuation 4: 2965 
trans-illumination 4: 2965 
transmitted and expansile pulsation 4: 2965 
presenting complaints 4: 2961 
instability 4: 2962 
locking 4: 2962 
pain 4: 2961 
swelling 4: 2961 
triple deformity 4: 2964 
Clinical features of dislocations 2: 1208 
classification of fractures 2: 1211 
pinless external fixator 2: 1215 

preoperative planning and principles of réduction 2: 1214 
soft tissue injuries 2: 1214 
emergency management of fractures 2: 1208 
compression 2: 1211 


definitive treatment of fracture 2: 1208 
documentation 2: 1211 
immobilization 2: 1209 
plating 2: 1211 

principles of internai fixation 2: 1210 
spécial splints 2: 1208 
radiographie findings 2: 1208 
Clubfoot complications 4: 3138 

complications associated with nonsurgical treatment 4: 3138 
bean-shapped deformity 4: 3138 
failure of correction 4: 3138 
fiat top talus 4: 3138 
fractures 4: 3138 
pressure sores 4: 3138 
spurious correction 4: 3138 

complications associated with surgical treatment 4: 3139 
aseptie necrosis of the navicular 4: 3140 
avascular necrosis of the talus 4: 3140 
bony damage 4: 3139 

failure to achieve or loss of correction 4: 3140 
neurovascular complication 4: 3139 
overcorrection 4: 3140 
persistent médial spin 4: 3141 
physeal damage 4: 3139 
récurrence of the deformity 4: 3141 
reduced calf girth and foot size 4: 3141 
sinus tarsi syndrome 4: 3141 
skew foot (serpentine foot) 4: 3141 
skin slough and wound dehiscence 4: 3139 
undercorrection 4: 3141 
Collateral ligament injury 4: 2975 
Colles' fracture 3: 2432 

Combination of open réduction and primary arthrodesis 
4: 3081 

incongruity of the joint 4: 3081 
prognostic factors 4: 3081 
Combined drop foot and claw toe deformity 1: 765 
Comparison of endoscopie, mini-incision and conventional 
carpal tunnel release 3: 2491 
Compartment syndrome 2: 1356 
clinical features 2: 1357 
diagnosis 2: 1358 
etiology 2: 1356 

commonest fracture 2: 1356 
commonest underlying causes 2: 1356 
decreased compartment size 2: 1356 
increased compartment content 2: 1356 
pathophysiology 2: 1357 
Compartment syndrome 3: 2144 
complications 3: 2158 

compartment syndrome 3: 2159 
infection 3: 2159 

knee pain following nailing 3: 2159 
nonunion 3: 2158 
extended uses of plating 3: 2148 
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external fixation 3: 2149 
intra-articular extension 3: 2148 
nonunion 3: 2149 
open fractures 3: 2149 
interlocking nail 3: 2149 

general principles of interlocking nailing 3: 2149 
management 3: 2145 

functional cast brace 3: 2146 
goals of treatment 3: 2146 
nonoperative treatment 3: 2146 
operative management 3: 2147 
plate fixation 3: 2147 
modifications of plate fixation 3: 2147 
biological plating 3: 2147 
locking plates 3: 2148 
nailing in open fracture 3: 2157 
dynamisation 3: 2158 
nailing in polytrauma 3: 2157 
postoperative care 3: 2157 
splinting 3: 2158 
weight bearing 3: 2158 
radiographie studies 3: 2145 
arteriography 3: 2145 
CT scan and MRI 3: 2145 
plain X-rays 3: 2145 
technique 3: 2151 
anesthésia 3: 2151 

comminuted and segmentai fractures 3: 2156 
distal third fractures 3: 2154 
interlocking screws 3: 2153 
proximal third fractures 3: 2153 
Complex régional pain syndrome (CRPS) 3: 2327 
associated movement disorders 3: 2328 
axillary sympathectomy 3: 2334 
technique 3: 2335 
clinical features 3: 2328 
complications of sympathetic block 3: 2337 
lumbar sympathetic block 3: 2337 
stellate ganglion block 3: 2337 
diagnosis 3: 2327 
etiology 3: 2329 

importance of objective findings 3: 2327 
laboratory diagnostic aids 3: 2330 
laparoscopie sympathectomy 3: 2338 
médications used to treat chronic pain 3: 2332 
microangiopathy 3: 2329 
myofascial pain syndrome in CRPS 3: 233 
opiates in CRPS 3: 2339 

intrathecal baclofen 3: 2339 
morphine pump 3: 2339 
patients variable response 3: 2338 
persistent minimal distal nerve injury 3: 2329 
post-laminectomy burning foot syndrome 3: 2336 
treatment 3: 2336 
post-pelvic trauma CRPS 3: 2336 
treatment 3: 2336 


post-sympathectomy pain 3: 2337 
pros and cons of sympathetic block 3: 2333 
value of sympathetic block 3: 2333 
psychosocial modalities 3: 2331 
satellite ganglia block 3: 2334 
technique 3: 2334 
sequential drug trials 3: 2332 
spinal cord stimulation 3: 2338 
sympathectomy of the lower limb 3: 2335 
technique 3: 2335 
sympathetic books 3: 2333 
thermogram 3: 2330 
thermogram and bone scan 3: 2330 
treatment 3: 2331 

Complication of biphosphonate 1: 175 
Complications in spinal surgery 3: 2824 

complications in cervical spinal surgery 3: 2824 
anterior surgery 3: 2824 
bleeding 3: 2825 

complications related to bone grafting and fusion 3: 2825 
CSFleak 3:2825 
Horner's syndrome 3: 2825 
implant-related complications 3: 2826 
infection 3: 2826 
instability 3: 2825 
neural injury 3: 2824 
posterior surgery 3: 2824 
récurrent laryngeal nerve plasy 3: 2825 
respiratory complications 3: 2826 
complications in lumbar spinal surgery 3: 2827 
incidence of durai tear 3: 2827 
infection 3: 2828 
instability 3: 2828 
neural injury 3: 2827 
vascular and viscéral injuries 3: 2828 
complications in thoracic spinal surgery 3: 2826 
implant related complications 3: 2827 
instability 3: 2826 
neural injury 3: 2826 
viscéral structure damage 3: 2827 
complications related to fusion 3: 2828 
implant related complications 3: 2829 
récurrence of symptoms 3: 2829 
Complications of limb lengthening: rôle of physical therapy 
2: 1776 

joint stiffness 2: 1777 
joint subluxation 2: 1778 
muscle contractures 2: 1776 
muscle weakness 2: 1777 
nerve injury 2: 1778 
refracture 2: 1778 
weight bearing 2: 1777 
Complications of open repair 3: 2577 
Complications of total knee arthroplasty 4: 3788 
clinical features 4: 3788 
diagnosis 4: 3788 
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extensor mechanism rupture 4: 3790 
investigations 4: 3788 
neurological injury 4: 3791 
causes 4: 3791 
treatment 4: 3791 
patellar clunk syndrome 4: 3790 
patellar failure 4: 3790 
patellar fracture 4: 3790 
treatment 4: 3790 
patellar loosening 4: 3790 

patellar maltracking/patello-femoral instability 4: 3789 
causes 4: 3789 
treatment 4: 3790 

patello-femoral complications 4: 3789 
periprosthetic fracture 4: 3791 
classification 4: 3791 
supracondylar fémur fracture 4: 3791 
treatment 4: 3791 

prophylaxis against infection 4: 3789 
tibial fractures 4: 3791 
classification 4: 3791 
treatment 4: 3791 
treatment options 4: 3789 
vascular injury 4: 3790 
prévention 4: 3790 
treatment 4: 3791 
wound complications 4: 3791 

treatment of wound complications 4: 3792 
Components of computerized gait analysis 4: 3478 
Components of externally powered Systems 4: 3927 
Otto Bock System 4: 3927 
Controls 4: 3927 

enhancements to body powered elbows 4: 3927 
préhension force 4: 3927 
préhension mechanism 4: 3927 
Comprehensive réhabilitation 1: 60 
appliances for paralysis 1: 60 
réhabilitation 1: 607 
Computerized gait analysis 4: 3478 
advantages 4: 3478 
disadvantages 4: 3479 
Concept of damage control surgery 1: 14 
Congénital absence of pain (Analgia) 4: 3571 
differential diagnosis 4: 3572 
treatment 4: 3572 

Congénital and developmental anomalies 3: 2518 
Congénital anomalies 4: 3414 
classification 4: 3415 
congénital torticollis 4: 3415 
differential diagnosis 4: 3416 
pathology 4: 3416 
teratology 4: 3414 
treatment 4: 3416 

nonoperative 4: 3416 
operative 4: 3417 


Congénital anomalies of the upper limbs 4: 3417 
congénital dislocation of radius 4: 3417 
treatment 4: 3418 
congénital high scapula 4: 3417 
congénital humeroradial synostosis 4: 3419 
longitudinal suppression 4: 3417 
Madelung's deformity 4: 3418 
clinical features 4: 3419 
differential diagnosis 4: 3419 
etiology 4: 3418 
transverse suppression 4: 3419 
Congénital deformities of knee 4: 2977 
congénital dislocation of the knee 4: 2977 
clinical findings 4: 2978 
diagnosis 4: 2978 
etiopathogenesis 4: 2977 
treatment 4: 2978 

congénital dislocation of the patella 4: 2978 
clinical feature 4: 2978 
treatment 4: 2979 

congénital tibiofemoral subluxation 4: 2979 
clinical findings 4: 2979 
pathology 4: 2979 
radiological findings 4: 2979 
treatment 4: 2979 

Congénital deformities of upper limbs 3: 2314 
bone lengthening 3: 2323 
congénital amputations 3: 2314 
arthrogryposis 3: 2322 
congénital ring syndrome 3: 2320 
duplicate thumb 3: 2318 
macrodactyly 3: 2319 
phacomelia 3: 2315 
polydactyly 3: 2318 
postaxial polydactyly 3: 2319 
radial club hand 3: 2316 
syndactyly 3: 2317 
trigger digits 3: 2321 
deformity correction 3: 2323 
microsurgical reconstruction 3: 2323 
Congénital dislocation of patella 4: 2953 
treatment 4: 2953 

Congénital pseudarthrosis of the tibia 2: 1674 
classification 2: 1674 

angulated pseudarthrosis 2: 1675 
clubfoot type 2: 1675 
cystic type 2: 1675 
late type 2: 1675 
clinical features 2: 1675 
complications of treatment 2: 1680 

refracture after union of pseudarthrosis 2: 1680 
shortening of the limb 2: 1680 
etiology 2: 1674 
natural history 2: 1674 
pathology 2: 1674 
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periostal grafting 2: 1680 
prognosis 2: 1680 
radiological appearances 2: 1675 
treatment 2: 1676 

Congénital short fémur syndrome 4: 3603 
classification 4: 3603 

Aitken classification 4: 3603 
congénital short fémur severity grade 4: 3603 
clinical feature 4: 3604 
évaluation 4: 3604 
Paley's classification 4: 3604 
mobile pseudarthrosis 4: 3606 
stiff pseudarthrosis 4: 3604 

subtrochanteric osteotomy and limb lengthening 4: 3604 
treatment 4: 3604 
treatment CFD type 2 4: 3609 

treatment of type 3a: Diaphyseal deficiency, knee range of 
motion 4: 3609 
Congénital syphilis 1: 285 
clinical features 1: 285 
differential diagnosis 1: 288 
pathology 1: 287 
radiological features 1: 286 
diaphyseal 1: 287 
metaphyseal 1: 286 
periosteal 1: 287 
treatment 1: 288 
Congénital vertical talus 4: 3152 
clinical features 4: 3153 
closed manipulation 4: 3154 
etiology 4: 3152 
pathoanatomy 4: 3152 
radiology 4: 3153 
surgical treatment 4: 3154 

technique of single stage open réduction 4: 3155 
treatment 4: 3154 
two stage procedure 4: 3156 

technique of manipulation by Ponseti method 4: 3156 
treatment of congénital vertical talus by manipulation 
by Ponseti technique 4: 3156 
Conséquences of leprosy 1: 650 
préventive interventions 1: 650 
fifth-level interventions 1: 651 
first-level interventions 1: 360 
fourth-level interventions 1: 651 
second-level interventions 651 
sixth-level interventions 1: 651 
third-level interventions 1: 651 
Conservative care of backpain and backschool therapy 3: 2751 
aérobic exercise 3: 2762 

minnesota multiphase personality inventory 3: 2763 
Waddle signs 3: 2763 
diagnosis and évaluation 3: 2752 
etiology 3: 2752 

degenerative cascade 3: 2752 


psychologie cascade 3: 2753 
socioeconomic cascade 3: 2754 
exercise program 3: 2756 
yog 3: 2756 
médication 3: 2763 
drugs therapy 3: 2763 
physical therapy 3: 2764 
psychotherapy 3: 2764 
spécial furniture 3: 2764 
traction therapy 3: 2764 
relevant anatomy 3: 2752 
intervertébral disk 3: 2752 
zygapophyseal (facet) joint 3: 2752 
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skeletal muscle 3: 2755 
treatment 3: 2754 

treatment of dysfunctional phase 3: 2754 
Conservative shoulder réhabilitation 3: 2607 
anterior capsular stretches 3: 2607 
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phasic programe 3: 2607 
posterior capsular stretches 3: 2608 
scapular stabilizing programe 2610 
scapular strengthening 3: 2609 
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Control of limb prostheses 4: 3927 
goals 4: 3927 
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bioelectric/acoustic 4: 3928 
biomechanical 4: 3928 
neuroelectric control 4: 3928 

rôle of surgery in the création of control sites 4: 3928 
transducers 4: 3928 
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causes 1: 520 
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growth 1: 521 
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unrelieved muscle spasm 1: 520 
clinical features 1: 518 
muscle charting 1: 518 
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management of progressive paralysis deformity 1: 522 
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principles of management 1: 521 
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orthosis 1: 523 
physical therapy 1: 522 
surgery 1: 523 
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ankle deformity 1: 622 
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mechanics in plaster correction 1: 624 
knee deformity 1: 620 
Correction of deformity of limbs 2: 1575 
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Cozen's test 3 : 2506 
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SECTION 


The Hip 


SS Babhulkar 





INTRODUCTION 

The hip joint is a type of synovial joint of bail and socket 
variety formed by head of fémur and the acetabulum. It 
is the most stable bail and socket joint in the body and 
still has great range of motion (Fig. 1). 

Osteology 

Proximal End Fémur 

Proximal end fémur includes head of fémur, neck, greater 
trochanter, lesser trochanter, intertrochanteric line, and 
intertrochanteric crest. 

The head forms two-third of a sphere and joins the 
neck at subcapital sulcus. Head is directed medially, 
upwards and slightly forwards. The roughened pit, 
situated just below and behind its center, is called the 


Acetabulum 



fovea which gives attachment to ligamentum teres 

(Fig. 2). 

The neck connects the head with shaft and is about 
1.5 inches long. The normal neck-shaft angle varies from 
125 to 135°. The angle between the plane of the fémoral 
condyles and the axis of fémoral neck is the angle of 
torsion. Normally, there is 14 degrees of antéversion. The 
periosteum of neck contains no cambium layer due to 
which there is no callus formation in healing of fracture 
neck fémur. 

The greater trochanter is a typical traction epiphysis 
for insertion of abductors. It overhangs the expanded 
junction of neck and shaft. The upper border of the greater 
trochanter lies at the level of center of head of fémur. 

The lesser trochanter projects from posteromedial 
aspect of proximal shaft and is joined posteriorly to the 
greater trochanter by intertrochanteric crest. 



Fig. 1 : Fibrous capsule of the hip joint and 
the lining synovial membrane 


Fig. 2: Articular surfaces of the hip joint 
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The intertrochanteric line is prominent roughened 
ridge which marks the junction of anterior surface of neck 
and shaft of fémur. It begins above at the anterosuperior 
angle of the greater trochanter and is continuous below 
with the spiral line in front of lesser trochanter. 

The intertrochanteric crest marks the junction of 
posterior surface of neck and shaft of fémur. 

The Acetabulum 

The acetabulum is formed by iliac, ischial and pubic 
components of hip bone. It is directed laterally, distally 
and anteriorly. In the acetabulum, the weight-bearing 
cartilage-covered articular surface of horseshoe outline 
surrounds the nonarticular acetabular fossa. 

The Ligaments 

The capsule is made up of dense fibrous tissue and is 
attached proximally about the rim of acetabulum. Distally 
it closely covers latéral margins of head of fémur and 
most part of neck. Anteriorly, the capsule is attached to 
the intertrochanteric line. Posteriorly, it is attached to the 
neck about half inch proximal to the intertrochanteric 
crest leaving the latéral half of the neck extracapsular. 
The capsule is reinforced by three ligaments. The 
iliofemoral ligament of Bigelow is one of the strongest 
ligament, located anteriorly. It is shaped like an inverted 
"Y". It is a chief stabilizer of hip in erect standing position. 
When intact, it prevents excessive displacement and 



provides a fulcrum about which manipulative réduction 
of dislocation of hip can be done. The pubofemoral 
ligament reinforces the capsule on the inferior aspect. The 
ischiofemoral ligament is a weak band within the 
posterior capsule (Fig. 3). The capsule is constricted 
around the narrowest area of neck by the zona orbicularis 
which is a condensed group of deeply placed circular 
fibers. 

The transverse ligaments of acetabulum is a strong 
band of fibers attached to the margins of acetabular notch. 
It complétés the rim of acetabulum. The vessels and 
nerves enter the joint through the foramen beneath the 
ligament. 

The labrum acetabulare is a tough fibrocartilaginous 
ring attached to the rim of acetabulum. It increases the 
depth of acetabulum and enhances the stability of hip 
joint. 

The ligamentum teres also known as round ligament 
is a fiat fibrous band covered with synovium extending 
from acetabular notch and transverse ligament to the 
fovea capitis. A small artery runs along the ligamentum 
teres to the head of fémur. Before epiphyseal fusion, the 
artery of ligamentum teres contributes to the blood supply 
of the epiphysis. 

Muscles 

The hip joint is surrounded by muscle groups which play 
an important rôle in stability of the joint and locomotion. 
Psoas major and iliacus muscles cause flexion at hip. 



Figs 3A and B: Extended right hip joint to show twisting of capsule: (A) anterior and (B) posterior 
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Gluteus maximus is the main extensor of the hip joint. 
Adduction is caused by adductor longus, adductor brevis 
and adductor magnus. Glutei médius and minimus cause 
abduction. Médial rotation is caused by tensor fasciae 
latae and the anterior fibers of glutei médius and 
minimus. Obturators—internus and externus, gemelli— 
superior and inferior, quadratus femoris causes latéral 
rotation. 

Fascia 

The deep fasica of the thigh also known as fascia lata is a 
tough fibrous sheet that envelops the whole of thigh like 
a sleeve. Superiorly, it is attached in continuity to the 
inguinal ligament, iliac crest, sacrotuberous ligament, 
ischial tuberosity and pubic arch. Fascia lata is the thickest 
laterally and forms a strong band called iliotibial tract. 
Superiorly, the tract splits at the level of greater trochanter 
to receive insertion of three-fourth of the gluteus maximus 


and the tensor fasciae latae. Inferiorly, it is attached to 
the latéral condyle of tibia. 

Vascular Supply 

Hip joint is supplied by the two circumflex fémoral, two 
gluteal arteries and obturator artery. Médial and latéral 
circumflex fémoral arteries form an arterial circle around 
the capsular attachment on the neck of fémur. 

Innervation 

Hip joint is supplied by fémoral nerve, anterior division 
of obturator nerve, accessory obturator nerve, nerve to 
quadratus femoris, and superior gluteal nerve. 

BIBLIOGRAPHY 
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INTRODUCTION 

Surgical exposure of the hip joint may be undertaken for 
a variety of reasons. It may be carried out for a biopsy of 
the synovium, release of a collection of fluid, purulent or 
otherwise, joint replacement or joint fusion. 

A historical appréciation of the development of the 
various surgical approaches to the hip joint serves to 
emphasize their original indication and also emphasizes 
the advantages and disadvantages. As an example, 
Moore's Southern Exposure 1 was developed originally 
for insertion of the self-locking hemiarthroplasty and is 
clearly adéquate for this purpose, but gives insufficient 
exposure of the acetabulum for total joint replacement. 
In addition, the acetabulum is anteverted to a varying 
degree, and the Southern Exposure necessitating a latéral 
cubitus position affords poor access to bony landmarks 
to facilitate orientation of the prosthetic acetabular cup. 

The antérolatéral approach of Watson-Jones 2 
popularized for total hip replacement by Maurice Muller 
of Berne, was originally devised for open réduction of 
fractured neck of fémur, although it gives a good 
exposure of the neck of fémur, exposure of the 
acetabulum dépends upon heavy retraction of soft tissues 
with potential damage to the fémoral vein, artery and 
nerve, especially in obese or heavily muscled patients. 
Access to the fémur is possible only with strong latéral 
rotation, adduction and flexion, so that orientation of the 
implant may be difficult. 

The latéral approach with trochanteric osteotomy, the 
patient lying in the supine position, has always been 
associated with Charnley. Trochanteric osteotomy has 
been the traditional approach used in hip surgery in 
Manchester having been brought from Boston, 
Massachusetts via Platt, where he had worked with 
Brackett and also visited Whitman in New York. It has 


the advantage of a wide exposure of the hip for the 
correction of deformity, implant orientation, and leg 
length equalization. 

Trochanteric osteosynthesis remains a difficult 
problem, particularly with scarred tissue and osteoporotic 
bone. In Charnley's hands, the level of complication was 
accepted, but trochanteric osteotomy has not been widely 
practised, except by a few devotees. 

The direct latéral approach with or without 
trochanteric osteotomy—the patient lying in the supine 
position—offers the optimum conditions for joint 
visualization, adéquate cementation, implant orientation 
and correction of leg length discrepancy, but is suitable 
only for the patient without severe deformity or marked 
leg length inequality (the anatomical hip). These patients 
account for 85% of the primary arthritic hips. It has 
distinct advantages in this respect over the antérolatéral 
and posterior approaches. 

THE POSTERIOR APPROACH: 

ANATOMICAL CONSIDERATIONS 

The muscles covering the posterior aspect of the hip joint 
form two layers. 

The outer layer is the gluteus maximus, the largest 
muscle in the body, which together with the fasciae latae 
covers the gluteus médius and the tensor fasciae latae 
forming a continuous muscle sheath. This outer layer can 
be incised at different points, each of which changes the 
surgical approach. 

The deep layer of muscle consists of the short latéral 
rotators of the hip, the piriformis, the superior gemellus, 
the obturator internus, the inferior gemellus and the 
quadratus femoris. The sciatic nerve runs through the 
operative field between the layers closely applied to the 
posterior capsule of the hip joint. 
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Common exposure of 
splitting gluteus maximus for 
ail three posterior approaches 


Fig. 1: AN posterior exposures generally divide the gluteus 
maximus into three general levels: Gibson, Kocher- 
Langenbeck, Moore, with the patient prone on the table [Adop- 
ted from Tronzo RG: Surgery of the Hip Joint (2nd ed)] 


The Moore or Southern Exposure 1 splits the gluteus 
maximus at the junction of the anterior and intermediate 
thirds, and because of poor access of the acetabulum is 
advised for hemiarthroplasty but not for total hip 
arthroplasty (Fig. 1). 

The Gibson (postérolatéral) approach 6 is in the 
internervous plane between gluteus maximus (inferior 
gluteal nerve) and the gluteus médius (superior gluteal 
nerve), whereas the Gibson approach détachés gluteus 
médius and minimus from the greater trochanter, the 
further refinement of Marcie and Fletcher leaves the 
gluteus médius and minimus insertions intact and effects 
dislocation by strong flexion and médial rotation 
(Figs 2A to F). 

Position of the Patient 

The patient is placed in the true midlateral position with 
the affected limb uppermost. The limb is draped free to 
allow movement and manipulation during the 
procedure. 




Tensor fasciae laiae 



Gluteus médius 

maximus 
(retracted) 


Gluteus 

minimus 

Greater 

trochanter 


Vastus 
latéral i s 



Gluteus médius 
Gluteus 
maximus 


Gluteus 

minimus 

Greater 

trochanter 


Vastus 

lateralis 



Vastus 

lateralis 


Gluteus 

maximus 


Gluteus 

médius 


luteus 

minimus 

(retracted) 


Figs 2A to F: Postérolatéral approach to hip: (A) Skin incision, (B) gluteal fascia and iliotibial band are divided in midlateral line, 
(C) incision is made to bone obliquely across trochanter and distally in vastus lateralis, (D) combined muscle mass consisting of 
gluteus médius and vastus lateralis with their tendinous junction is elevated and retracted anteriorly, (E) tendon of gluteus 
minimus is split and divided before retraction proximally, and (F) capsule has been opened to expose joint 
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The Incision 

The greater trochanter forms the bony landmark at the 
center of the incison. The posterior edge of the greater 
trochanter can be palpated through the drapes. The 
incision starts along the shaft of the fémur and is 12 to 15 
cm in length. It extends along the shaft of the fémur and 
begins to pass posteriorly when it reaches the trochanter. 
It then goes posteriorly in the direction of the fibers of 
gluteus maximus. 

Superficial Dissection 

The plane between the gluteus maximus and the gluteus 
médius is now developed. The fibers of the gluteus 
maximus are coarser than the fibers of the gluteus médius, 
and the fasciae latae on the latéral aspect of the fémur is 
incised to aid development of the plane. In this way, the 
blades on the retractors are placed: 

i. On the gluteus maximus, or 

ii. On the gluteus médius. 

To avoid traction on the sciatic nerve which lies in 
the fat on the posterior aspect of the deeper space. It is 
not visualized, but it can be palpated in the posterior 
aspect of the deeper space. 

Deep Dissection 

The floor of the space between the gluteus médius and 
gluteus maximus is provided by the short latéral rotators 
which form a covering of the posterior aspect of the hip 
joint. The thigh is rotated medially to stretch the short 
latéral rotators and to distance the deep incision from 
sciatic nerve. Stay sutures are inserted into the piriformis 
and the obturator internus before their insertion to leave 
a skirt of tendon inserted into the fémur for later suture. 
The tendons are divided to expose the neck of the fémur 
and laid over the sciatic nerve to protect it. Part of the 
quadratus femoris may need to be divided, at which point 
there may be some bleeding from the latéral circumflex 
fémoral artery which needs to be coagulated. The capsule 
of the hip joint is exposed and is longitudinally incised, 
if the hip is stiff, dislocation can be facilitated by excision 
of part of the posterior capsule. Dislocation is obtained 
by médial rotation. 

The acetabulum is exposed by placing a Hohmann's 
retractor on the front and the back and in the obturator 
foramen. 

The fémoral head is excised using a Gigli saw. The 
fémur is prepared for insertion of the prosthesis by 
removal of bone at the trochanteric fossa to allow a neutral 
insertion of the prosthesis into the fémur. 


THE DIRECT LATERAL APPROACH 4 

The direct latéral approach, with or without trochanteric 
osteotomy, the patient lying in the supine position, offers 
the optimum conditions for joint visualization, adéquate 
cementation, implant orientation and correction of leg 
length discrepancy. 

If there has been previous arthroplasty, previous 
surgery such as a trochanteric osteotomy, arthrodesis or 
if there is severe anatomical deformity such as occurs in 
osteoarthrosis secondary to congénital hip dysplasia or 
coxa vara, then trochanteric osteotomy gives the preferred 
wide exposure of the hip joint, ilium to deal with the 
distorted anatomy. Trochanteric osteosynthesis remains 
a difficult procedure and problems can occur post- 
operatively with trochanteric detachment, wire breaking 
and trochanteric bursitis. If the degenerative arthrosis has 
occurred in a hip that has an "anatomical appearance", 
then trochanteric osteotomy is not necessary. 

A strong physiological gait should be possible in this 
group of patients if an attempt is made to restore 
Shenton's line, thus, ensuring that ail of the pelvifemoral 
muscles are able to act in a normal fashion. There has 
been a tendency in the past to concentrate on abductor 
power only—it must be realized, however, that strong 
hip function is dépendent upon ail of the muscle groups 
that act around the hip joint. If the center of axis of rotation 
of the total hip replacement (the locus) is sited at the 
center of the head of the fémur and Sheton's line is 
restored, then excellent function can be expected to return 
as a resuit of réhabilitation. 4 Optimum joint visualization 
with the patient in the supine position ensures: 

i. Accurate implant orientation —which permits a 
maximum range of movement without abutment 
leading to dislocation, 

ii. Cementation —with pressurization to ensure a long- 
term bond that reduces implant loosening, and 

iii. Leg length equalization —the use of bony land-marks 
enables direct comparison to produce accurate 
correction of leg length, which combined with 
correct lateralization helps to produce a physio¬ 
logical gait. 

Position of Patient 

The patient is placed in the supine position with the 
greater trochanter lying at the edge of the table, thus, 
freeing the muscles of the buttock from the table, if there 
is a 10 cm or so of subcutaneous fat this is made to hang 
over the edge of the table so that the actual bony edge of 
the trochanter is lying at the table edge. A curved 
longitudinal incision is made which has the greater 
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trochanter as midpoint. From this midpoint, it proceeds 
distally along the latéral midline of the shaft of the fémur. 
Proximally, it curves posteriorly and ends in a vertical 
line dropped through the anterior superior iliac spine. If 
the patient is heavily muscled, it may be necessary to 
extend this incision slightly more proximally in a 
posterior direction. The incision will usually be 24 cm in 
length. 

Superficial Dissection (Figs 3A to C) 

The gluteal fascia and iliotibial band are exposed in line 
with the skin incision. It is useful to go straight down to 
the greater trochanter and palpate this bony landmark 
prior to exposing the deep fascia. 

The incision of the deep fascia begins over the middle 
of the trochanter and passes distally, the tissue layer being 
recognized by bulging of the vastus lateralis through the 
incised fascia, once again, in the latéral midline of the 
fémur. The deep fascial incision is completed by passing 
proximally and posteriorly in the direction of the fibers 
of the gluteus maximus, thus, splitting them. 

The greater trochanter is then exposed and any soft 
tissue adhesions on the front of the gluteus médius is 
freed by blunt dissection. 

There may be a bursa over the trochanter, this must 
be excised to expose the gluteus médius insertion into 
the greater trochanter. The initial incision retractor is now 
inserted, the anterior blade beneath the deep fascia 
anteriorly at the level of the anterior border of the gluteus 
médius, and the posterior blade at the level of the gluteus 
maximus insertion into the posterior aspect of the fémur. 
Tension on the bow of the initial incision retractor enables 
the deep fascia to be distracted and the greater trochanter 
exposed. 

Deep Dissection 

The gluteus médius tendon blends into the greater 
trochanter by a crescentic insertion. Taking a pair of blunt 
forceps, it is possible to demonstrate the mobile tendon 
of the gluteus médius insertion as it merges with the 
periosteum of the greater trochanter. In the average 
subject, the incision of the gluteus médius tendon is 
approximately 1 cm from the musculotendinous junction 
anteriorly. The incision extends distally to leave intact 
the anterior border of the gluteus médius, where it blends 
with the vastus lateralis and it divides the vastus lateralis 
at the junction of the anterior quarter and the intermediate 
half (thus preserving its innervation) for approximately 
6 cm. 



Figs 3A to C: Hardinge direct latéral approach: (A) Lazy-J 
latéral skin incision, (B) tensor fasciae latae is retracted 
anteriorly and gluteus maximus posteriorly—incision through 
gluteus médius tendon is outlined and posterior half is left 
attached to greater trochanter, and (C) anterior joint capsule is 
exposed 
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Posteriorly the incison of the gluteus médius tendon 
is extended to the apex of the trochanter and then passes 
horizontally in a proximal direction so that it splits the 
gluteus médius for a distance of 3 cm from the apex of 
the trochanter. It is important that this division of the 
gluteus médius is superficial and this avoids the 
innervation of the muscle, i.e. the superior gluteal nerve 
which is some distance away. 

Using a cutting diathermy the tendinous insertions 
of the gluteus médius and minimus are then lifted from 
the greater trochanter and mild adduction of the thigh 
causes the neck of the fémur to corne into view as the 
gluteus médius muscle opens up anteriorly while the 
thick tendinous posterior portion is undisturbed. Using 
the cutting diathermy the neck of the fémur is exposed 
and the ligament of Bigelow is then separated from the 
prominent ridge on the front of the neck of the fémur. 

Further adduction allows the capsule of the hip joint 
to corne into view. The capsule of the hip joint is incised 
circumferentially and the incision then cornes to the 
posterior aspect of the head of the fémur (in the left hip 
at the 4 o'clock position and in the right hip at the 8 o'clock 
position). A radial incision is made into the limbus of the 
capsule of the hip joint down to the edge of the 
acetabulum. Further adduction of the thigh then brings 
the head of the fémur into view and then gentle further 
adduction, combined with some external rotation, usually 
allows dislocation to occur. 

It will occasionally be necessary to put a curved 
cholecystectomy type forceps underneath the neck of the 
fémur to produce gentle traction on the neck to aid 
dislocation. Dislocation occurs when full adduction of 
the thigh takes place so that the fémur is hanging over 
the contralatéral extended leg. With the tibia in the 
vertical position, the neutral section of the neck of the 
fémur is accomplished using a Gigli saw this takes 
advantage of the anatomical observation that the 
trochanter is a posterior structure, and the undisturbed 
part of the gluteus médius tendon is isolated from the 
fémoral neck section. The capsule on the superior aspect 
of the acetabulum is then retracted using a pin retractor 
(superior capsular retractor) and this is hammered firmly 
home into the innominate bone, (in the left hip at the 
3 o'clock position, in the right hip at the 9 o'clock position). 

The blades of the horizontal retractor engage distally 
with the stump of the eut end of the neck of the fémur 
and proximally with the pin on the superior capsular 
retractor. Distraction of the horizontal retractor exposes 
the acetabulum. The anterior capsular retractor is then 
placed underneath the anterior capsule at the 12 o'clock 
position, in both hips and by means of the chain attached 
to the upper or anterior blade of the initial incision 
retractor, this causes the acetabulum to be exposed. 


The remains of the ligamentum teres is dissected and 
excised using the cutting diathermy. A large curette can 
be used to remove bone from the fovea or insertion of 
the ligamentum teres so that the glistening médial wall 
of the pelvis is exposed. Préparation of the acetabulum, 
removing the fibrocartilage and sclerotic bone is carried 
out using the deepening and expanding reamers of the 
original Charnley technique, or potato grater reamers. 

The acetabulum is prepared removing ail fibrous 
tissue and sclerotic bone, so that raw bleeding cortico- 
cancellous bone is obtained. The object is to obtain full 
bony cover of the acetabular component. 

Préparation of the Fémur 

Préparation of the fémur now takes place. The bone in 
the latéral aspect of the fémur from the eut end of the 
fémoral neck into the digital fossa is removed using 
Trotter's forceps to obtain neutral entry into the shaft of 
the fémur (i.e. no valgus or varus). Rotatory taper reamers 
are passed down the shaft of the fémur unitl they bite 
into the corticocancellous bone. A blunt currette is used 
to remove the loose swarf and weak cancellous bony 
trabeculae. A trial prosthesis is inserted that will fit easily 
into the shaft of fémur. It is mandatory to hâve this trial 
prosthesis lying with the neck in the neutral position with 
no antéversion and rétroversion. A trial réduction takes 
place and the range of movement of the trial prosthesis 
is observed. It is important to ensure that the prosthesis 
is stable in adduction. This can only be performed with 
the patient in the supine position. Flexion, rotation and 
adduction are also assessed. At this stage, the equalization 
of leg length can be determined to a high degree of 
accuracy using the bony landmarks of the anterior 
superior iliac spines with patellae and the médial malleoli 
of the ankles, comparison being made with the normal 
side. 

Closure 

The first stage of the soft tissue repair of the anterior 
aspect of the hip joint now takes place. A braided 
Mersilene suture (Ethicon, Edinburgh, UK) is passed 
anteriorly through the neck of the fémur to reattach the 
ligament of Bigelow and the tendon of gluteus minimus. 
The ligament of Bigelow is attached to a horizontal ridge 
on the neck of the fémur at its midpoint. The gluteus 
minimus is attached to the outer aspect of this ridge. 
When these sutures hâve been passed through the neck 
of the fémur, the cernent is mixed and is then pressurized 
into the shaft of the fémur. The cernent can either be 
inserted using a cernent piston gun, preferably, or less 
favorably by finger packing, a fémoral vent being 
necessary with the latter technique. The stem on the 
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prosthesis is then inserted into the pressurized cernent 
in the neutral axis vis valgus/ varus with the neck of the 
prosthesis being maintained in the neutral plane vis-a¬ 
vis the ante ver sion-retroversion. The hip joint socket and 
surrounding soft tissues are then irrigated with isotonie 
saline or chlorhexidine solution to clear débris and when 
the cernent is set, the hip is reduced. 

The ligament of Bigelow and the gluteus minimus are 
reattached to their insertions. Closure of the gluteus 
médius is performed with a sériés of interrupted 
nonabsorbable sutures. This is a tendinous closure and 
allows early mobilization. The deep fascia is similarly 
closed with nonabsorbable interrupted sutures. Two 
drains are inserted beneath the deep fascia and one 
subcutaneously. These are removed at 48 hours. 

Postoperative Management 

The patient begins active movement of the legs in flexion 
and extension as soon as consciousness returns. 
Adduction of the hip is avoided for four weeks 
postoperatively. 

Standing is allowed at 48 hours when the drains hâve 
been removed, and usually after the intravenous infusion 
has been terminated. 

TROCHANTERIC OSTEOTOMY 

Trochanteric osteotomy is used where there is severe 
anatomical deformity such as can occur in infantile coxa 
vara, or where there has been a previous osteotomy or if 
there is a previous implant in position and a révision 
operation has taken place. 

Position of the Patient 

The patient position, skin incision, and superficial 
dissection is the same as for the latéral approach. 

Deep Dissection 

The trochanter is elevated using a Gigli saw passed 
through the trochanteric fossa to leave the gluteus médius 
and gluteus minimus insertions undisturbed. The 
reflected trochanter is secured in position with a superior 
capsular retractor. Dislocation is achieved by adduction 
and slight latéral rotation as previously described, and 
the insertion of the implants follows the same pattern. 
Trochanteric osteosynthesis after insertion of the stem is 
achieved by securing the trochanter back onto the 
trochanteric bed with wires. It is important that the 
anteroposterior position of the trochanter should match 
the anteroposterior trochanteric bed so that there is a good 


corticocancellous bone contact. It is important to locate 
the trochanter accurately and to hold it securely during 
the healing phase. During this period, usually 6 weeks, 
the patient needs to be protected by partial weight bearing 
using elbow crutches. 

THE ANTEROLATERAL APPROACH 
Surgical Anatomy 

The fasciae latae envelops ail the thigh and hamstring 
muscles, it covers the sartorius and then splits into a deep 
and superficial layer to enclose the tensor fasciae latae 
and the gluteus maximus. The gluteus médius is covered 
by the fasciae latae on the superficial surface only and is 
not enveloped by it. 

The antérolatéral approach of Watson-Jones 2 develops 
the intermuscular plane between the tensor fasciae latae 
and the gluteus médius. The origins of the two muscles 
are almost continuous, but they diverge towards their 
insertions. 

The tensor fasciae latae arises superficially from the 
anterior part of the outer lip of the iliac crest and inserts 
into the iliotibial band, whereas the gluteus médius, 
arising from the outer surface of the ilium between the 
anterior and posterior gluteal trochanter. They share a 
common nerve supply from the superior gluteal nerve. 
To explore this intermuscular plane, so that, because the 
fasciae latae envelopes the tensor muscle, retracting the 
fasciae takes the muscle with it. The nerve supply lies in 
the interval and can be damaged inadvertently as the 
capsule is exposed, so care must be taken in this part of 
the exploration. 

Position of Patient 

The patient is placed in the supine position although some 
advocates placing a small pillow beneath the buttocks 
on the operative side or slightly tilt the table to raise the 
buttocks. 

Incision (Figs 4A and B) 

The incision begins 2 cm distal and 2 cm posterior to the 
anterior superior iliac spine, curves distally and laterally 
to the apex of the greater trochanter and extends down 
over the greater trochanter to end 6 cm distal to the vastus 
lateralis ridge, it is typically 14 cm long. 

Superficial Dissection 

The deep fasciae is incised distally to the greater tro¬ 
chanter, and the incision is continued proximally keeping 
to the palpable posterior lower border of the tensor fasciae 
latae. The tensor fasciae latae is brought. 
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Gluteus médius Vastus latérales 
muscle muscle 


Figs 4A and B: Antérolatéral approach to hip joint: (A) skin 
incision, and (B) approach has been completed except for 
incision of joint capsule 

Forwards contained as it is within the fasciae latae, 
the anterior border of the gluteus médius is thus exposed. 
The plane between the two muscles is now developed 
by blunt dissection using the fingers. Some blood vessels 
présent by retracting the anterior border of the gluteus 
médius muscle backwards so that the anterior capsule of 
the hip joint is exposed, and the fat lying on top of it is 
separated off to expose the capsule proper. 

Deep Dissection 

The capsule now cornes into view and further exposure 
can be effected by latéral rotation of the fémur and 
removal of the fat over the anterior part of the capsule. 
Thus, the upper border of the vastus lateralis is exposed 
at the anterior surface of the fémoral neck and reflected 
for 1 cm extending down to the vastus lateralis ridge 
laterally. The capsule is now fully exposed with full latéral 
rotation of the fémur. 

A suture is placed into the anterior border of the 
gluteus médius tendon leaving a skirt of tendons attached 


to the trochanter for later reattachment. The exact amount 
of gluteus médius that needs to be divided will vary with 
the stiffness of the hip and the anatomical distortion, and 
this clearly represents a limitation of the surgical 
exposure. 

The capsule is completely excised and this also 
includes the fibers of the reflected head of rectus femoris 
and vastus lateralis inferiorly. Anterior dislocation can 
now be affected by traction, latéral rotation and 
adduction, the neck is sectioned at the desired level with 
a Gigli or oscillating saw. The exposure of the acetabulum 
is then completed by placing a Hohmann's retractor 
anteriorly and posteriorly and inferiorly, with access to 
the fémur being achieved by full latéral rotation after 
partial detachment of the gluteus médius insertion. 

ANTERIOR APPROACH 

Hip joint is exposed anteriorly by cutting through fasciae 
latae at the anterior border of tensor fasciae latae. The 
plane is developed between undersurface of tensor 
fasciae latae and the sartorius (Fig. 5). 



Iliacus 


Sartorius 


Anterior 


abdominal 


muscles 


Rectus femoris 


Fig. 5: Anterior pelvic approach, the inner pelvic wall and 
anterior acetabulum are well exposed. [Adopted from Tronzo 
RG: Surgery of the Hip Joint (2nd ed)] 
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The Smith-Petersen iliofemoral approach 8 is useful in 
arthroplasties of hip joint, specifically cup arthroplasty, 
arthrodesis of hip joint or osteotomy of pelvis. 3,8 It can 
also be used for open réduction of congénital dysplasia 
of hip when combined with or without shelf procedure. 

The Incision 

The skin incision passes over anterior third or more of 
iliac crest, curves distally along anterior border of tensor 
into iliotibial band about 3 to 4 inches below the base of 
greater trochanter of fémur. 

Superficial Dissection 

Divide the superficial and deep fasciae and free the 
attachments of gluteus médius and tensor fasciae latae 
muscle from iliac crest. 

Deep Dissection 

The tensor fasciae latae, gluteus médius and gluteus 
minimus are dissected subperiosteally in a single flap 
from iliac crest with periosteal elevator. Bleeding is 
controlled by packing. The dissection is continued in a 
plane between tensor laterally and sartorius and rectus 
femoris medially. The ascending branch of latéral fémoral 
circumflex artery is ligated and the latéral fémoral 
cutaneous nerve is retracted medially to do capsulotomy. 
The anterior superior iliac spine can be osteotomized if 
structures attached to it are contracted. 

MEDIAL APPROACH 

The first médial approach was described by Ludloff in 
1913. It involves releasing iliopsoas tendon with or 
without resection of adductor tendons. 

This approach is excellent for treatment of adductor 
spasm in cérébral palsy. It allows complété release of 
iliopsoas muscle which in these conditions may hâve a 
broad insertion into lesser trochanter, requiring complété 
osteotomy of lesser trochanter before iliopsoas is fully 
released. 

Incision 

The incision is made from pubis and follows the latéral 
margin of bulging adductor longus for about 6 inches 
(Fig. 6). 

Technique 

By blunt dissection, the adductor longus is separated from 
the adductor brevis taking care not to harm the anterior 
obturator nerve or the branches of the greater saphenous 



Fig. 6: Médial exposure—technique of releasing the iliopsoas 
tendon with or without resection of the adductor tendons. The 
key to this anteromedial approach is proper positioning of the 
thigh to bring the lesser trochanter into prominence anteriorly 
flexed, abducted, and externally rotated [Adopted from Tronzo 
RG: Surgery of the Hip Joint (2nd ed.)] 

vein. The anterior obturator nerve and branches of greater 
saphenous vein are protected. The adductor brevis, upper 
fibers of adductor magnus and adductor longus are 
retracted medially, while pectinus is pulled laterally. The 
taut tendon of iliopsoas is exposed and isolated as it 
attaches in lesser trochanter and severed (Fig. 6) A Kelly 
hemostat is pushed under the tendon as a guard against 
which it is severed. The incision may be extended well 
into the groin for sélective release of any adductor muscle 
tight enough to be a deforming force, with a neurectomy 
of the anterior obturator nerve is so indicated. 7 
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INTRODUCTION 

In bipeds, the hips hâve the great responsibility of 
transmitting the ground reaction against the body weight, 
while at the same time preserving mobility. To 
mechanically accommodate this postural change, the 
head and neck of fémur undergo angulation and rotation 
locomotion from the very beginning. The patient mostly 
tries to accommodate the disabilities following such any 
pathology, as far as practicable by various compensatory 
mechanisms. 

The hip joint is one of the largest and most stable joints 
in the body. If it is injured or exhïbits affected by any 
pathology, the lésion is usually immediately perceptible 
during walking. Because pain from the hip can be referred 
to the sacroiliac joint or the lumbar spine, Knee, it is 
impérative, unless there is evidence of direct trauma to 
the hip, that these joints be examined along with the hip. 

The hip joint is a multiaxial ball-and-socket joint that 
has maximum stability because of the deep insertion of 
the head of the fémur into the acetabulum. It has a strong 
capsule and very strong muscles that control its actions. 

The acetabulum opens outward, forward, and 
downward. It is half of a sphere, and the fémoral head is 
two-third of a sphere. 

If the patient uses a cane, it should be held in the hand 
opposite the affected side to negate some of the force of 
gravity on the affected hip. The use of a cane decreases 
the load on the hip as much as 40%. 

Anatomical Considérations 

1. Compensations for déficits at the hip are usually 
made by various tiltings at the: (i) pelvis, (ii) lower 
spine, (iii) ankle and foot, and (iv) knee. 

2. Early pathology at the hip may manifest as pain on 
the anteromedial aspect of the knee (being referred 


along the anterior division of the obturator nerve). 
Hence, it is impérative to examine the hip fully for 
any unexplained pain in the knee. 

3. Development of neck-shaft angle (upward 
inclination—120°-130°) and antéversion of the neck 
(forward inclination of the neck relative to the shaft 
15°-20°), gained in morphological évolution, has to 
pay its price by making the neck very much 
susceptible to rotational shearing stress. 

4. The arterial supply (retinacular, metaphyseal and 
that through ligamentum teres) of the head and neck 
of the fémur is such as to make it very vulnérable in 
intracapsular injuries of the hip. 

5. Calcar fémorale (an oblique longitudinal plate of the 
compact trabeculae on inferomedial aspect of the 
neck, trochanteric région and upper shaft) provides 
an internai support for the mechanically 
disadvantageously placed head and neck of the 
fémur. It also détermines to a great extent the 
displacement of subcapital and trochanteric 
fractures. 

6. Capsular reflections of the hip encases the whole of 
the neck anteriorly. Posteriorly it is déficient by about 
1.5 cm from intertrochanteric crest, thereby, encasing 
most part of the upper metaphyseal end of the 
fémur. Hence, infective pathology (e.g. pyogénie 
infections) are very much likely to affect the hip joint 
quite early. 

The capsule is reinforced by the ligaments almost 
ail around, strongest of which is anteriorly placed 
as the iliofemoral ligament ('Y' ligament of Bigelow) 

7. The hip is a bail and socket joint. Since the fémoral 
head has to transmit the ground reactions against 
the body weight, it becomes vulnérable to dis¬ 
location. However, the watershed created by the 
reinforced margins of deep acetabulum (except for 
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the posteroinferior région) mostly prevents this 
possibility. 

8. Fortunately, the hip is surrounded by thick layers 
of strong stout muscles, which can take the greater 
load of hip functions even when there is déficit in 
the intra-capsular bony lever. 

9. The hip is commonly vulnérable for the congénital 
deformities, e.g. dysplasia/subluxation dislocations, 
infective patholgy—pyogénie/tuberculosis, 
fractures—fracture neck of fémur (intracapsular)/ 
trochanteric fracture (extracapsular), dislocations 
and degenerative arthrosis, besides a host of other 
pathologies. Hence, at almost ail âges, detailed 
assessment of the hip is essential. 

In hip involvement, the first movement to be lost 
is extension, the hip gradually assumes a varying 
flexion attitude with progress of the underlying 
pathology. With érosion of the articular cartilage, 
rotational movements, besides extension, are lost 
early. 

10. The hip joint space becomes most accommodative 
in the posture of flexion, abduction and external 
rotation. Hence, this is the most common postural 
attitude in case of pathologies where there is a 
collection in the joint. 

11. The protective natural splint for the painful 
conditions of hip is by spasm of the powerful flexors 
(iliopsoas) and adductors. Therefore, in any erosive 
pathology, these deformities are commonly seen. 
However, the effect of prolonged decubitus in a 
particular posture and compensatory mechanisms 
by the patient, do affect the ultimate posture of the 
limb. 

Certain Important Anatomical Landmarks 

Pubic tubercle: In adults pubic tubercles are about 2.5 cm 
on either side of pubic symphysis. A line joining them 
and prolonged on either side crosses the normal fémoral 
head in the normal pelvis. 

Anterior landmark of fémoral head: It is about 1 cm below 
and out to the midinguinal point. 

From a central point at the base of the greater trochanter: A 
line drawn to the ipsilateral midinguinal point (or to 
opposite anterior superior iliac spine) represents the 
fémoral neck. 

A line joining the posterior superior iliac spines: In normal 
pelvis crosses at the second sacral segment (where spinal 
dura ends) and if prolonged on either side, this line 
transects the sacroiliac joint almost in the middle. 


A line joining the most prominent point ofischial tuberosities: 
Lies almost at the level of the base of greater trochanter. 

Methodology 

History taking: There are certain leading questions that 
are essential to elicit certain points, specially in early 
pathology and that too in children. The main complaints 
in a hip disease are pain, limp (may be after some 
activity), stiffness, deformities, limb length disparity, 
swelling and paralytic disabilities. 

Most of the pathologies affecting the hip (traumatic 
or nontraumatic) can be guessed by seeing the attitude 
of the patient and taking his/her âge into considération. 

Traumatic 

• Up to 5 years of âge, fracture or dislocation involv-ing 
the hip joint is very rare. 

• In 5 to 20 years of âge—fracture neck of fémur 
(intracapsular) is seen. 

• In sportsmen, there is a possibility of avulsion of the 
lesser/greater trochanter. 

• In young adults, the injuries around hip are 
dislocations, fracture of fémur (intracapsular), fracture 
pelvis, and fracture of trochanteric région 
(extracapsular). 

• In the middle âge the usual incidence is of fracture of 
neck of fémur (intracapsular), fracture of trochanteric 
région (extracapsular), dislocation, and fracture 
pelvis. 

• In the elderly fracture of trochanteric région 
(extracapsular), fracture of neck of fémur (intra¬ 
capsular), pathological fractures and fracture pelvis 
commonly occur. 

Non-traumatic 

• 0-5 years of âge—congénital hip dysplasias/ 
dislocations, Tom Smith arthritis (transient synovitis), 
pyogénie infections, tuberculous infection. 

• 5-10 years—Perthes' disease, tuberculous infection, 
pyogénie infection. 

• 10-15 years—adolescent coxa vara, Perthes disease, 
tuberculous infection, pyogénie infection and bone 
cysts. 

• 15-35 years—ankylosing spondylitis, rheumatoid 
arthritis, tuberculous infection, idiopathic 
osteonecrosis, secondary osteoarthrosis and bone 
cysts. 

• Elderly—degenerative osteoarthrosis (primary or 
secondary), secondaries, and tuberculous infection. 
In case of trauma, hip is usually involved in indirect 

violence (e.g. slip in the bathroom, missing of step, etc.). 
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which mostly results in the unsolved problems of fracture 
of the neck of fémur. The immédiate status of the patient, 
especially as regards standing, weight bearing and using 
the affected limb in locomotion should be enquired into. 

General and Systemic Examination 

It is done as usual, with a spécial emphasis on the type of 
gait, if the patient can walk, and mode of weight bearing, 
if the patient can stand. 

An overall assessment of the patient and the hip 
condition should be noted while the patient is walking, 
standing and sitting on a stool. Any particular attitude 
or abnormal finding should be noted, such as scoliosis of 
the lower back, élévation of the buttock région and 
prominence of trochanters. Quadriceps strength in polio 
patient can only be marked, while the patient is standing 
and walking. 

Régional Examination 

Since various compensatory mechanisms right from the 
lower lumbar spine to the ankle and foot can occur to 
accommodate the hip pathology, these régions must be 
examined in any hip involvement. 

Local Examination 

Prerequisites of hip examination 

1. Patient should be supine on a fiat bed or couch 

2. Both lower limbs, hip and abdomen must be exposed 
(a narrow strip to be placed over private parts, 
specially in females). A female attendant should be 
by the side while examining a female patient 

3. To note the attitude, patient should be asked to lie 
comfortably in as far neutral a position as possible. 

Attitude 

Although attitude of the limb varies in various stages of 
different pathological and traumatic conditions, certain 
attitudes may be considered as typical. 

In congénital dislocation of the hip—broadening at 
trochanteric level, widening of the perineum, asymmetry 
and/or duplication of gluteal fold (Fig. 1). 

In synovitis—mild flexion, abduction and external 
rotation, with apparent lengthening of the limb. 

In true arthritis—flexion, adduction and internai 
rotation with or without true shortening of the limb. 

In pure posterior dislocation—flexion, marked 
adduction and internai rotation with apparent and true 
shortening. 

In anterior dislocation—flexion, abduction and 
external rotation, with apparent lengthening of the limb 



Fig. 1 : Photograph of (Congénital dislocation of hip) showing 
widening of perineum, duplication and asymmetry of gluteal 
fold and shortening 


in low type, whereas in the high type there is marked 
external rotation in full extension and some abduction. 

In trochanteric fracture, marked external rotation 
(outer part of foot mostly touching the bed) of the lower 
limb, is characteristic. In fracture neck of fémur also, there 
is external rotation but not so marked (due to catch in 
the capsule), in late cases variable flexion and adduction 
may be superadded (except where patient has managed 
to walk). 

Inspection (Table 1): It should be done from the front, side 
and the back (Figs 2A to C). 

Palpation: It is essential to confirm the findings of inspec¬ 
tion from different sides. While palpating, mark with a 
skin pencil the bony points (anterior superior iliac spine, 
tip of greater trochanter, pubic tubercle, ischial tuberosity) 
required for assessing measurements and movements. It 
is more convenient and accurate to localize the sharp bony 
points by the métal end of the measuring tape. 

If the présentations of the hip pathology are vague, 
percussion on the heel pad in the extended position of 
leg, and over the trochanter usually induces discomfort 
and/or pain in the groin région if there is any disease or 
injury in the hip. 

Superficial palpation (touch): Touch and assess the 
température, skin surface (smooth/rough), any 
hyperesthesia/anesthésia, venous prominence, sharp 
bony points. 
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TABLE 1 : Inspection of fixed bony points and soft tissue région 



Fixed bony points 

Soft tissue région 

Abnormalfindings 

From front 

Anterior superior iliac spine. 

Iliac fossae, inguinal ligament. 

Muscular wasting, any swelling, sinuses. 

(Fig. 2A) 

pubic symphysis and pubic 

groin fold, fémoral triangle 

scar marks, ulcers, obvious pulsation. 


tubercle 

(Scarpa's),front of the thigh 

abnormal skin conditions, level of anterior 
superior iliac spine 

From the side 

Iliac crest and trochanteric 

Gluteal bulge, supratrochanteric 

Same as above and level of tip 

(Fig, 2B) 

région 

dépréssion, infratrochanteric 
depression,lateral thigh muscle 

of trochanter in relation to the 
anterior superior iliac spine 

From the back 

Back of iliac crest, posterior 

Gluteal bulges, gluteal fold. 

muscular wasting, any swelling, sinuses. 

(Fig. 2C) 

superior iliac spine repre- 
sented by dimple of Venus, 
ischial tuberosity région 

back of the thigh 

ulcers, obvious pulsations, abnormal skin 
condition, contracture. (Fig. 3) 




Figs 2A to C: Inspection from front—note the following: a—anterior superior iliac spine, b—public tubercle, c—inguinal ligament, 
d—greater trochanter, e—iliac fossae,and f—Scarpa’s triangle; (B and C) Inspection from sides and back. Note the following: 
a = posterior superior iliac spine; b = ischial tuberosity; c = gluteal fold; d = supratrochanteric dépréssion 


Deep palpation: The hollowness/fullness/tenderness of 
the iliac fossae and site and volume of fémoral pulsation 
at the base of the Scarpa's triangle are noted. In, Buerger's 
disease the fémoral arterial pulsation is weak, or 
sometimes not palpable (Positive Narath's sign). 

Points to be palpated (by applying deep finger 
pressure) to locate tenderness of the hip joint. 

1. Anteriorly: Just below and latéral to the midinguinal 
point at the base of the Scarpa's triangle. 

2. Laterally: Just above the tip of the greater trochanter 
by giving direct pressure or thrust over the trochanter. 
The patient points towards the hip joint, if it is tender. 
Intensifies of trochanteric tenderness can hint towards 
underlying pathology. 

a. Touch tenderness—fresh trochanteric fracture, 
acute inflammatory lésion in that area 

b. Deep pressure tenderness—healing trochanteric 
fracture, trochanteric bursitis, trochanteric cyst, 
fracture neck fémur 


c. Thrust tenderness—transmitted tenderness in 
fracture neck fémur, fracture acetabulum, 
tuberculosis hip and other inflammatory hip 
involvements. 

3. Posteriorly 

a. About the center of a line joining the trochanteric 
tip to the ischial tuberosity 

b. About the center of a line joining the ischial 
tuberosity and posterior suprior iliac spine. 

4. Iliac fossa: In the base of iliac fossa more inferiorly. 

5. Medially: At the junction of the groin with the médial 
aspect of the thigh. 

Sites to be inspected and palpated for cold abscess 

or for any collection from the hip joint (Figs 3 and 4A 

to C). 

1. Base of Scarpa's triangle 

2. Gluteal région 

3. Supratrochanteric région 

4. Iliac fossa 
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5. Anteromedial aspect of midthigh even up to knee 
joint, in that direction. 

Lymph nodes: Inguinal and externat iliac groups of lymph 
nodes should be examined. 

Movements (Table 2) 

In examining the hip joint, two aspects which présent 
maximum difficulties to young clinicians and students 
are: 

i. Eliciting the range of different movements of the hip 
joint, and 

ii. Measurement of the limb for limb length disparity. 
It is essential to know the normal range of movements 

in the different directions. 

For measuring opposing movements (e.g. flexion- 
extension, abduction-adduction, internai rotation- 
external rotation), there must be a zéro position of the 
joint for that group from where it will be convenient and 



Fig. 3: Photograph showing puckering due to fibrosis along 
the line of gluteus maximus, especially when the patient 
attempts to squat or stoop forwards 



accurate to measure the range of motion in that particular 
direction. 

Normal range of movements. 

For flexion-extension: The back of the thigh, calf and heel 
points must touch the bed (zéro position). The limb going 
above, or in front, will be flexion (to be measured from 
zéro position onwards). While lying prone or on the side, 
limb going posteriorly is extension. While lying on the 
sides, the long axis of the limb as a whole should be in 
line with the trunk and parallel to the bed (zéro position). 
For abduction-adduction The long axis of the limb must 
be parallel to each other and to the axis of the trunk (the 
line joining the mid inguinal point, midpatellar point, 
midpoint on anterior aspect of ankle joint and second 
web of the foot, is the long axis of the limb). From this 
zéro position, abduction, i.e. the limb moving outwards 
and adduction, i.e. the limb moving towards the opposite 
limb or inwards without moving the pelvis, are 
measured. 

For internai rotation-external rotation: For this, the zéro 
position is that in which the patella is almost horizontal 
and the great toe is pointing vertically upwards (except 
in toe-out and toe-in deformities). From this zéro position, 
the rotational movement in either direction are measured. 

Fixed Deformities 

Persistent muscular spasm, persistent posture assumed 
to avoid pain or to conceal any obvious deformity/ 
disparity of the limb-lengths, destructive changes in the 
joint, fibrotic contractures in periarticular soft tissues and 
surgical interventions may lead to particular fixed 
positions of a joint, from where limb cannot be brought 
back to neutral position, but further movement in the 
same axis may be possible—"fixed deformity". 



<i> Sites to be inspectée! 


^ Points to be palpated 


Figs 4A to C: Points to be palpated to locate the tenderness of hip joint, and sites to be suspected/palpated for cold abscess 
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Circumduction: 

Limitation of any movement will not allow free range of circumduction. 
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The hip joint commonly gets fixed in flexion, 
adduction or abduction, interanl rotation or external 
rotations, either singly or in various combinations. 
Common fixed deformities are flexion, abduction, 
external rotation in that order. The usual combination of 
fixed deformities are flexion, adduction and internai 
rotation, and flexion, abduction and external rotation. 

For understanding the pathomechanics of these 
deformities, one must clearly understand the following 
points. 

1. The hip, being a bail and socket joint, allows a certain 
range of motion in ail directions. Beyond that normal 
range, if one tries, either actively or passively, to move 
the hip, it is not that the fémoral head is moving in 
the acetabular socket, rather the head is fixed in the 
acetabulum and the opposite ligaments get tighter 
and, thereby, both the head and acetabulum move as 
one unit moving the hemipelvis. Thus, beyond the 
normal range, movements, this situation will corne 
early, i.e. short of the normal range. In presence of 
any fixed deformity in that direction, if we attempt to 
bring the limb to zéro position, the pelvis will start 
moving from the very point of fixity. 

2. Beyond the position of fixed deformity, it may be 
possible to hâve some free range of the same motion. 

3. If the joint is fixed in a particular direction, the 
opposite motion is automatically not possible. 

4. In measuring this fixed range, one should measure 
from the zéro position. 

5. The pelvis must be fixed to the bed while testing for 
the range of motion. The moment the pelvis starts 
moving (manifested by movement of the anterior 
superior iliac spine), one must stop and bring the limb 
back to just short of this situation. Then measure the 
range from the zéro position. 

6. Even though a patient may hâve a fixed deformity, 
he or she usually adopts some compensatory measure 
in order to: 

i. Conceal the deformities, 

ii. Maintain the equilibrium by shifting the center of 
gravity, 

iii. Apparently make up the disparity of the limb length, 

iv. Stabilize the unstable hip. 

Therefore, in most of the fixed deformities, there are 
compensatory, secondary functional (postural) 
deformities, e.g. in fixed flexion deformity—lordosis at 
the lumbar spine (Fig. 5): fixed abduction deformity— 
lowering of the pelvis on that side and scoliosis with 
convexity towards the affected side, fixed adduction 
deformity—raising of the pelvis on that side and scoliosis 
with convexity towards the unaffected side. 


Fixed external/internai rotation deformities remain 
more or less revealed because of lack of proper compen¬ 
sation. Any attempt to properly compensate these 
deformities, produces stress at the lumbar and lumbo- 
sacral région, as well as on the knee, ankle and foot. 

Hence, in assessing the fixed deformities first of ail it 
is essential to neutralize postural compensatory 
deformities. 

Fixed Flexion Deformity 

In most of the pathological conditions of the hip, the first 
movement to be lost is extension, i.e. the backward 
movement from the zéro position. Thereafter, the hip goes 
in for increasing flexion deformity with progress of the 
disease. If there is fixed flexion deformity at the hip, there 
will be compensatory lumbar lordosis to conceal it. This 
must be obliterated to see the actual fixed flexion 
deformity. 

For assessing the fixed flexion deformity, the whole 
crédit goes to Hugh Owen Thomas who described his 
test in the year 1876. 

Methods (Fig. 6A): The patient lies supine on a firm fiat 
surface. The examiner gradually flexes the normal hip, 
holding the bent knee till the compensatory lordosis is 
obliterated. This should be judged by insinuating the 
hand between back and the bed. When the finger can no 
longer be insinuated, flexion of the normal hip is stopped. 
In this maneuver, the affected hip, if in fixed flexion 
deformity, will automatically be lifted anteriorly up to a 



Fig. 5: Photograph showing lumbar lordosis due to fixed 
flexion deformity at hip 
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certain angle. While the normal hip is kept in the flexed 
position, the affected hip is actively or passively extended 
as far as possible (which cannot be extended beyond the 
angle of fixed flexion). Now the angle subtended between 
the back of the thigh and the bed will be the angle of 
fixed flexion deformity. 

Criticism of Thomas’s Test 

1. The patient is hurt further in a painful hip. 

2. In obese or heavily built individuals, it is not easy to 
perform this test because of improper appréciation of 
oblitération of lumbar lordosis. 

3. In bilateral fixed flexion deformity of the hip it is 
difficult to perform this test. 

Since the unaffected side is maneuvered to elicit 
this test it would never facilitate comparative 
évaluation in bilateral cases. 

4. Quite often, inappropriate amount of force is applied 
in flexing the thigh over the abdomen, which leads to 
anterior tilting of the pelvis. Then, the actual 
measurement would be of the angle made in the long 
axis of the distal part of the pelvis and the bed, rather 
than the long axis of the thigh and the bed, leading to 
fallacious measurement. 

5. In presence of ankylosed knee (in extension), it is 
difficult to perform this test. 

Alternative method (Fig. 6B): This method is more useful 
in bilateral fixed flexion deformities of hip. Put the patient 
prone on the couch in such a fashion that the trunk lies 



Fig. 6A: Method of eliciting Thomas's test for fixed 
flexion deformity at hip 


fully supported on the couch, and the hip région is at the 
edge of the couch. Support both the knees with your 
hands to avoid hurting the patient. Then, passively extend 
the hips till résistance is felt. No force should be used. 
Keeping the thigh in this position the angle made between 
the long axis of the trunk (easily manifested, by putting 
the forearm on the back with hand projected beyond the 
buttock) and the thigh would be the angle of fixed flexion 
deformity. In the same attempt, flexion deformities of 
both the hips can be evaluated. 

If there is superadded cause for lordosis, like 
spondylolisthesis, this can be evaluated more easily in a 
prone position than a supine. If there is simultaneous 
fixed flexion deformity of the knee, that can also be 
measured easily in this position. While the knees are kept 
supported, the legs are allowed to fall towards "0" 
position (i.e. fully extended position) of the knee. If the 
fixed flexion deformity is more than 90°, gently take the 
leg passively towards zéro position. In presence of fixed 
flexion deformity, the knee cannot be extended beyond 
the angle of fixity. 

Once the fixed flexion deformity is measured, the 
patient is asked to flex the hip further as much as he or 
she can—this will be the free active flexion range. Then 
holding the flexed knee, further flexion is attempted till 
either the front of the thigh touches the lower abdomen, 
or the pelvis just starts tilting forward—this will be free, 
passive flexion range. 

So, the ultimate picture of flexion at the hip will be 
the sum total of fixed flexion deformity + free active 
flexion + free passive flexion. 



Fig. 6B: Alternative method of assessing fixed flexion 
deformity of hip joint, especially useful in bilateral cases, 
simultaneously fixed flexion deformity at knee can also 
be assessed: A—angle of fixed flexion deformity at hip, 
B—angle of fixed flexion deformity at knee 
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Beyond the attempt of passive flexion of the hip, if 
the front of upper thigh does not touch front of lower 
abdomen, it is due to terminal limitation. The angle by 
which the front of the upper thigh is not touching the 
lower abdomen, will be the amount of terminal limitation 
of flexion. 

Fixed Abduction Deformity 

Conséquent to this deformity, there is downward tilt of 
the pelvis, i.e. anterior superior iliac spine is at a lower 
level as compared to the other side. 

To measure the amount of fixed abduction, the 
affected limb is abducted till the ipsilateral anterior 
superior iliac spine is in the same horizontal line to that 
of the opposite side. In this maneuver, the ipsilateral 
hemipelvis (represented by the anterior superior iliac 
spine) with hip fixed in abduction, i.e. the hemipelvis 
and the limb moving as one, tilts upwards. When the 
line joining the two anterior superior iliac spines cuts the 
midline at right angles (or the anterior superior iliac 
spines should be équidistant from the umbilicus or 
xiphisternum)—the pelvis has been squared up. While 
the limb is kept in this position, draw a vertical line from 
the anterior superior iliac spine—the angle subtended 
between this line (or midline of body) and the long axis 
of the thigh will be the fixed abduction deformity (Fig. 
7A). 

Alternative methods (Fig. 7B): While the affected limb is in 
position of maximum comfort, join both anterior superior 
iliac spines. From either side of these iliac spines, draw a 
perpendicular on the midline. The angle subtended 
between the two lines will be the angle of fixed abduction 
deformity (After Kothari ML). 

Fixed abduction is commonly complimentary to a 
shortened limb. Roughly for each centimeter of true 
shortening, there should be 10° of fixed abduction 
deformity. 

To know the free range of abduction, the patient is 
then asked to actively abduct the limb, following which 
the limb is passively abducted as far as possible, (there 
must not be any movement of the pelvis). The ultimate 
range of possible abduction will be the sum total of fixed 
abduction + free active abduction + free passive 
abduction. 

Fixed Adduction Deformity 

Fixed abduction deformity is the reverse of fixed 
abduction deformity. Here the anterior superior iliac 
spine of the affected side is elevated as compared to the 
opposite side. 



Figs 7A and B: (A) Assessment of pelvic tilt—here a is 
the angle of fixed abduction deformity (A,A',A"= anterior 
superior iliac spines, and (B) pelvic tilt can also be 
assessed without altering the position of lower limb by 
measuring "Kothari's angle" {If affected side (anterior 
superior iliac spine) is lowered, a=angle of fixed 
abduction deformity}. A and A'=anterior superior iliac 
spines 

To measure the angle of fixed adduction, the affected 
limb is further adducted, leading to lowering of anterior 
superior iliac spine, till both anterior superior iliac spine 
are in the same horizontal plane. Thus, the pelvis is 
squared up. In this very position of the limb, a vertical 
line is drawn from the anterior superior iliac spine. The 
angle between this line and the long axis of the thigh will 
be the angle of fixed adduction. 

Alternative method (Fig. 7B): While the affected limb is in 
position of maximum comfort, join the two anterior 
superior iliac spines. Draw a perpendicular from any 
anterior superior iliac spine over the midline. The angle 
formed between these two lines is the angle of fixed 
adduction( After Kothari ML). 

Fallacies 

1. Squaring is not possible in fixed scoliosis due to fixed 

obliquity of the pelvis 
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2. Iatrogénie, e.g. when the anterior superior iliac spine 
has been removed for bone grafting 

3. Mal/or ill development of hemipelvis. (e.g. residual 
polio deformities) 

4. Unreduced dislocation of sacroiliac joint 

5. Malunion/unreduced vertical fracture of ilium. 

Fixed Rotational Deformities 

Fixed rotational deformities can be measured by noting 
the angle subtended between the imaginary perpendi- 
cular over the center of anterior surface of patella from a 
plumb line over the same point. 

Movements at Hip 

Methods of Eliciting Different Movements (Table 2) 

To get a gross idea of the hip movements, the patient is 
asked to stand erect, to sit in squatting and in crosslegged 
position. If, he or she can do these fully, for ail practical 
purposes the hips are normal. 

Extension (Figs 8A and B): Extension can be tested with 
the patient lying either on his or her side, or in a prone 
position. While lying on one side, the patient is asked to 
take back the limb of other side. While in the prone 
position, the patient is asked to take back his or her 
extended lower limb, keeping his or her knee straight 
(the pelvis must not move). The range of posterior 
movement of the limb from the zéro position, will be the 
angle of extension. Usually, additional degree of 
extension may be elicited (passive range) by passively 
extending his hip beyond the active range. 



Figs 8A and B: Functional shortening 


Flexion (Fig. 9): Keeping the one lower limb extended, 
the patient is asked to flex his or her other lower limb at 
the hip with knee fully flexed till the front of the upper 
thigh touches the front of the abdomen, or the pelvis just 
starts moving. With the knee extended normally, one can 
flex up to 90°. 

Abduction (Fig. 10): Hold the ipsilateral iliac crest by the 
spread out hand so that thumb is on anterior superior 
iliac spine (in children the same hand can hold both 
anterior superior iliac spines, i.e. the pelvis). Ask the 
patient to move out his or her extended limb in the 
horizontal plane till the thumb just appréciâtes movement 
of the anterior superior iliac spine (limit of normal 



Fig. 9: Showing the method of active flexion at hip: (A) 
with knee extension (II), and (B) with the knee flexed (III) 



Fig. 10: Showing the active abduction at hip with hip and 
knee extended—range of active abduction at hip: A and 
A'— anterior superior iliac spines 
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abduction). If patient cannot reach this point (end of 
active movement), hold the lower part of the leg with 
the other hand and gradually move it out till the thumb 
just appreciate any movement of the anterior superior 
iliac spine. 

Abduction inflexion (Fig. 11): Ask the patient to flex both 
the hips as far as possible up to 90° (optimum). In this 
position, with the soles of his or her feet approximated 
together, the patient is asked to touch the couch with the 
outer aspect of his or her knees. Note the déficit. Normal 
range in children is 80 to 90°, which gradually decreases 
to 60 to 70° in adults. 

Restriction of this movement occurs in congénital 
dislocation of the hip. Perthes disease, tuberculosis of hip. 

Adduction (Fig. 12): Holding the pelvis, as in testing for 
adduction, ask the patient to cross his or her opposite 
neutrally placed extended limb till the pelvis just starts 
moving (normally the middle third of the opposite thigh 
is crossed before the pelvis moves). 

External/Internal rotation (Figs 13A and B): For clarity, 
rotational movements should be tested passively. To get 
an approximate idea, the extended limb is rolled in and 
out holding the junction of the middle and lower third of 
the thigh by the palm (Fig. 13A). However, to measure 
these, the hip and knee are flexed to about 90°. Fixing the 
knee by the left hand, and securing the heel by the right, 
with the hip as fulcrum, the leg is taken in and out to 
elicit the external and internai rotations of the hip 
correspondingly. The range through which the foot 
moves in will be the angle of external rotation, and the 
range through which the foot moves out will be the range 
of internai rotation (Fig. 13B). After a certain range, the 
rotational movements are limited by feeling of a terminal 
catch and then if force is applied in the same direction, 
patient lifts his or her buttocks simultaneously. Therefore, 
one should stop just short of this. 

The rotational deformities can also be assessed by 
similar maneuvers in prone position of the patient 
(position as in alternative method of measuring fixed 
flexion deformity of hip). 

Circumduction: This can only be possible when ail 
movements are free, hence, as a corollary it may be taken 
that a hip having full circumduction is almost a normal 
hip. For getting a rough idea about hip pathology, if the 
hip can be extended and rotational movements are free, 
in most of the cases this should be taken as a normal hip. 

Snapping hip syndrome: This is mostly of extra-articular 
type, in which a snap is heard and felt when the knee is 
flexed and the hip is rotated medially. 



Fig. 11 : Showing the active abduction at hip with hip and 
knee flexed: oc —range of active abduction at hip 



Fig. 12: Showing the active adduction at hip—range of active 
adduction at hip 



Figs 13A and B: (A) Quick method of eliciting rotations at hip 
(B) method of exact assessment of rotational movement at hip: 
oc —angle of external rotation at hip and, (3 —angle of internai 
rotation at hip 
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Measurements 

Linear Measurements 

Shortening in one lower limb is usually compensated 
(while walking) by: 

i. Tilting the pelvis down (i.e. anterior superior iliac 
spine dips at lower level), 

ii. Graduai acquiring of equinus position of foot, and 

iii. Flexing the opposite lower limb at hip and knee 
when shortening is beyond the compensatory 
capacity of pelvic tilt and equinus posture. 

Apparent measurement: This measurement helps in 
assessing the extent of natural compensation developed 
for concealing the actual deformity/ disability/ disparity 
at the hip joint, specially by tilting the pelvis sidewards 
(fixed abduction and fixed adduction deformity). 

While standing, the patient with a hip or hips 
involvement invariably tries to assume a posture , by 
developing natural compensation, which would broadly 
aim at: 

i. Concealment of the deformities, 

ii. Bringing the center of gravity towards the médian 
plane, 

iii. Postural equalization of the limbs, and 

iv. Stabilizing the unstable hip. 



Fig. 14A: Method of apparent measurement of lower limb— 
note that the limbs are in parallel position and body is alined to 
the limbs 


Methods 

Prerequisites 

1. Apparent measurement should be done while the 
patient is lying supine in a comfortable posture with 
the affected limb in the line of the trunk (Fig. 14A). 

2. The lower limbs should be in parallel position. To 
achieve this handle the unaffected limb to make the 
limbs parallel. In bilateral affections, apparent 
measurement is not of much significance. 

The measurement should be taken from any central 
fixed point on the trunk (e.g. central point of suprasternal 
notch, xiphisternum, umbilicus) distally to the sharp bony 
point of the médial malleolus. 

Significance of Apparent Measurement 

1. Assessment of the compensations that the patient has 
developed to conceal any fixed deformity of the hip 
and/or disparity of his or her limb lengths. 

2. On many occasions, this natural compensation also 
improves the cosmetic aspect. 

True measurement (Fig. 14B): It is the measurement taken 
from anterior superior iliac spine to the médial malleolar 
tip, while both lower limbs are kept in identical position 
and pelvis is squared. This canbe done either in standing 
or in lying down position. 



Fig. 14B: Method of true measurement of lower limb: XZ— 
total length of the lower limb, XY—length of thigh component, 
YZ—length of the leg component, a —angle of abduction 
required for squaring the pelvis, the normal limb has also to be 
taken out by a angle to make it identical 
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In a suspected case of limb length disparity, its 
effective assessment should be done in ambulatory 
patients by block adjustment methods. 

Method of measuring limb length disparity while patient is 
standing : Usually the patient compensâtes shortening by 
abducting the limb, thereby, making the pelvis on that 
side tilt downward. This is represented by lower level of 
anterior superior iliac spine on that side. Ask the patient 
to bring the abducted lower limb to as far as the zéro 
position, while the trunk is erect. He is able to do so by 
gradually lifting the heel, in the process of which the 
anterior superior iliac spine starts moving upwards. As 
soon as it cornes in the horizontal plane, insert the 
measured wooden block beneath the foot so as to keep 
that level. The height of the wooden block required is 
the limb length disparity. 

Similarly, if there is lengthening of the limbs, anterior 
superior iliac spine remains higher up. Insert the 
measured wooden block beneath the opposite foot to the 
extent that it brings anterior superior iliac spines in 
horizontal level. The height of wooden block required 
will be the amount of lengthening of the opposite affected 
limb. 

Measurement in Lying Down Position 

Prerequisites 

1. Patient must be fully exposed. 

2. The bony points must be distinctly marked with a skin 
pencil. The points are the anterior superior iliac spines, 
médial central or latéral central point of the knee joint 
line (or tibial flare), distal sharp bony point on the 
inferoposterior aspects of the médial malleolus, sharp 
point on the posterosuperior aspect of the greater 
trochanter, sharpest point on the ischial tuberosity, 
which can be marked conveniently by flexing the hip 
joint and knee at 90°. 

3. The concealed fixed abduction or adduction deformity 
must be accurately revealed by squaring up the pelvis, 
i.e. where the line joining the tips of the two anterior 
superior iliac spines is horizontal, i.e. it should eut 
the central line at right angles or the anterior superior 
iliac spines should be équidistant from the umbilicus 
or any other central fixed point. 

4. The limbs must be kept in identical position. 

5. The affected limb should be handled to square up the 
pelvis (level the pelvis) by exaggerating the noted 
abduction/adduction deformity. The normal limb 
should then be handled to make it in identical position 
to the affected limb. 

6. For localizing any bony point or joint line, palpation 
by fingertip may be misleading and may cause some 
false recording due to stretching of the skin. The métal 


end of the measuring tape is best utilized for this 

purpose. 

a. For the anterior superior iliac spine, the métal end 
of the measuring tape should be gently slided over 
the inguinal ligament towards the anterior 
superior iliac spine, and the first bony résistance 
catching the métal tip should be marked without 
squeezing or stretching the skin. 

b. For the trochanteric tip, the métal end of the tape 
is passed down and laterally over the gluteus 
médius till it is obstructed by a sharp bony 
résistance. This point is marked. 

c. At the knee, the adductor tubercle may be difficult 
to mark, specially in a fatty or a heavily muscular 
limb. Hence, mark the joint line which can be very 
easily located by sliding the métal tip of the tape 
upwards over the médial surface of médial tibial 
condyle, till it engages into a transverse slit, i.e. 
the joint line. The central point of the joint line, on 
the médial surface of the joint should be taken as 
the fixed point at the knee. 

d. For the médial malleolus, the métal tip should be 
slided up vertically towards the médial malleolus, 
and the first bony point catch should be taken as 
the point and marked. 

Total Length 

A quick assessment of limb length disparity can be done 
by eliciting Allis or Galeazzi sign. Here the hips are flexed, 
as much as possible, up to about 60 degrees, and the knees 
are bent at 90 degrees with feet planted over the bed. 
Both the knees should normally be in same horizontal 
level. Any disparity in level indicates limb length 
disparity. 

Actual measurement should be done first on the 
normal side. Total length is measured from the anterior 
superior iliac spine to the tip of médial malleolus. If the 
true shortening is equal to earlier done apparent 
shortening, it indicates that there is no compensation. If 
the true shortening is more than the apparent one, it 
indicates that part of the shortening has been 
compensated by tilting the pelvis downwards (fixed 
abduction deformity). If the true shortening is less than 
the apparent shortening, it indicates fixed adduction 
deformity besides shortening without any compensation. 

Any disparity in the limb lengths can be localized by 
taking the segmentai measurement. 

1. Leg length: Central point on médial knee joint line to 

tip of médial malleolus 

2. Thigh length: It is divisible into two segments: 

i. Infratrochanteric—from the tip of the greater 
trochanter to the knee joint line, and 



Examination of the Hip Joint 2879 


ii. Supratrochanteric—(measurement for the length of 
the neck and head of fémur). 

Supratrochanteric Measurement 

A quick approxiamte assessment of the supratro¬ 
chanteric disparity can be done by comparing the limbs 
by "digital Bryant's triangle". Here the tip of the thumbs 
are placed on anterior superior iliac spines, the tips of 
the middle fingers over the trochanteric tips, and the tips 
of the index fingers over the imaginary points of 
intersection of the perpendiculars dropped from anterior 
superior iliac spines over the bed and from the 
trochanteric ups over the first line. 

By drawing the geometrical Bryant's triangles on both 
the sides, the quantitative supratrochanteric disparity can 
be assessed. 

Method (Fig. 15): In already squared up pelvis, from 
the anterior superior iliac spine, a perpendicular line is 
drawn down to the bed/couch. From the tip of the greater 
trochanter, draw a perpendicular line over the first line 
(base of the triangle). Join the tip of the greater trochanter 
to the anterior superior iliac spine (hypoténuse). Each side 
of this right-angled triangle is compared with its 
counterpart on the normal side. 

Interprétation: Any shortening of the base (i.e. more or 
less fémoral axis continuation line) indicates riding up 
of the trochanter, which may be due to the shortening in 
the neck, head, joint proper or dislocation of the joint. In 
gross overriding of the trochanter, the trochanteric tip 
may lie above the perpendicular drawn from the 
anterosuperior iliac spine over the bed. Here, Bryant's 
triangle will be drawn above the perpendicular (reversed 



Fig. 15: Method of drawing the Bryant's triangle (ABC): 
AD—perpendicular on the bed from ASIS, BC— 
perpendicular from the tip of greater trochanter to the 
first line, and AB—line joining the anterosuperior iliac 
spine to tip of the greater trochanter 


Bryant's triangle), and the shortening will be the sum total 
of base of reverse Bryant's triangle and the base of 
Bryant's triangle on the normal side. 

Any shortening of the perpendicular line drawn the 
anterior superior iliac spine over the bed indicates 
anterior sliding or tilting, internai rotation of the 
trochanter/or head of the fémur (e.g. posterior and central 
dislocation of the hip joint), in flexion contractures of the 
hip, following old fractures or destructive lésion of the 
joint, and in trochanteric fractures, the length of this line 
will increase. 

Any shortening of the hypoténuse indicates 
approximation of the trochanter towards the central point 
of the body, e.g. in central dislocation of the hip, old 
fracture neck fémur with neck absorption, absence of 
head due to disease or surgery, protrusio acetabuli. 

Fallacies of Bryant's triangle: In bilateral affection of the 
hip, excision of anterior superior iliac spine, e.g. for bone 
graft; a limb disarticulated at the hip. 

The quantitative measurement of the Bryant's triangle 
can be confirmed by the qualitative assessment done by 
drawing: 

i. Nelaton's line, 

ii. Schoemaker's line, 

iii. Chiene's test, and 

iv. Morris's bitrochanteric test. 

Nelaton's line (Fig. 16): Turn the patient on the normal/ 
opposite side, the limb preferably bent 90° at the hip and 
knee. A line is drawn from the sharpest bony point on 
the ischial tuberosity to the anterosuperior iliac spine. 
Normally, this line should pass through the tip of the 
greater trochanter. In the case of supratrochanteric 



Fig. 16: Method of drawing the Nelato's line: (A) note 
that line joining anterosuperior iliac spine (B) to ischial 
tuberosity (C) is just touching the tip of the greater 
trochanter 
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shortening, the trochanter will be above this line. This 
line is to be drawn on the affected side only. 

Schoemaker's line (Fig. 17): The patient lies supine. A line 
joining the trochanteric tip and anterosuperior iliac spine 
is prolonged in its direction on the abdomen on each side. 
Normally, this should meet in the central line at, or above 
the umbilicus. In case of riding up of the trochanter, the 
line on that side will meet its counterpart below the 
umbilicus and on the opposite side. In a bilateral coxa 
vara or congénital dislocation of the hip, both lines will 
meet in the center but below the umbilicus. 

Chiene's test (Fig. 17): The lines joining the two 
anterosuperior iliac spines and tips of greater trochanter 
should be parallel. If the tip of the trochanter is upridden, 
then the lines will converge on that side. 

Morris's bitrochanteric test (Fig. 17): The distance from the 
tip of the trochanter to the pubic symphysis should be 
equal. If the trochanter is externally rotated or displaced 
back, on that side distance will be increased, and vice versa. 
These distances should be measured by using graduated 
calipers. 

In bilateral hip affections, true measurement is 
inconclusive. In such cases do segmentai measurement 
(supra- and infratrochanteric thigh components, and leg 
component). Add them and compare with the other side 
measurement. Then corroborate with indirect évidences 
about the shortened side (e.g. if trochanter is ridden up— 
that will be the shorter side). 

Circumferential Measurements (Fig. 18) 

1. At the affected sites—to indicate swelling or widening 
or collections or wasting. 



Fig. 17: Method of drawing Schoemaker’s line (BA and B’A’), 
(Chiene’s test (AA’ and BB’ are parallel), Morris’s bitrochanteric 
(CB and CB’ are équidistant) 


2. Ideally at the midthigh on both sides to indicate any 
muscular wasting or hypertrophy, however, it can be 
taken at équidistant points. 

Tests for Stability of Hip 

Straight Leg Raising Test (Fig. 19): If the acetabulum, joint 
space, head, neck and rest of the lower limb are normal, 
the patient can easily raise his or her straightened leg up 
to about 80 to 90°. Any affection of the aforesaid régions 
or even the sacroiliac and adjoining areas or sciatic root 
irritation, or acute, painful lumbar pathology may affect 
straight leg raising. 



Fig. 18: Method of circumferential measurement of thigh 



Fig. 19: Showing the straight leg raising test 
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Telescoping test (Fig. 20): By this method, the intactness 
and adaptation of the head and acetabulum are assessed. 

Method: Patient lies supine. Flex the knee and hip as much 
towards 90° position as possible. For the patient's right 
hip, put your opened up left hand closely adapted to the 
trochanter and outer part of the buttock. The right hand, 
while firmly holding the lower end of fémur, pulls up 
and pushes down the thigh away from and towards the 
bed. Even in normal condition, a slight amount of 
excursion of trochanter can be felt underneath the 
palpating hand. If the excursion is more, then this 
indicates instability of the hip joint (e.g. old unreduced 
posterior dislocation, paralytic hip, loss of neck and/or 
head). 

Trendelenburg's test: Friedrich Trendelenburg described 
this test in the year 1895 for assessment of congénital 
dislocation of hip. This test is done while the patient is 
standing. 

Principle of the Test: It is done to assess the integrity of 
the abductor mechanism of the hip which constitutes of 
the fulcrum, lever arm and power with the fulcrum at 
the hip joint, normal lever arm of the head, neck and shaft 
of fémur intact, and good power in the controlling group 
of muscles, especially in the gluteus médius, one can hâve 
a normal rhythmic gait with alternate measured control 
and load bearing on the hips. With affection of any of the 
aforesaid, the normal mechanism of weight bearing is 
disturbed, and a gluteal or Trendelenburg lurch develops. 

Method (Fig. 20): While one stands on one leg, the opposite 
part of the body, pelvis and the lower limb are lifted up 
to clear the ground. This is effected by the force of 
contraction of the ipsilateral gluteus médius, an intact 
lever arm and fulcrum, working from below and pulling 



Fig. 20: Showing the method of démonstration of 
telescopic test 


the upper part of the pelvis down. Therefore, the opposite 
pelvis is lifted up. This is indicated on the surface by 
élévation of the gluteal fold, the iliac crest, the level of 
the scapula and the shoulder top on the other side. This 
should be observed by standing behind the patient while 
doing Trendelenburg's test, ask the patient to stand on 
the leg, and keep your thumbs on the iliac crests, by which 
it will be easy to assess the dipping down of the pelvis 
"5° drop of pelvis or gluteal fold may be taken to be that 
within normal limits. More than 5° is definitely abnormal. 
If this gluteal mechanism does not work, the opposite 
pelvis sags down which is indicated by lowering down 
of the gluteal fold (iliac cest, scapula/shoulder top), on 
that side. This is Trendelenburg's positive test. This test 
is positive in the conditions in which any of the above 
three (fulcrum, lever and power) is affected, e.g. 
congénital dislocation of hip, fracture neck fémur, 
abductor paralysis due to poliomyelitis, etc. 

Fallacies 

1. The intact quadratus lumborum muscle affects the 
normal gluteal mechanism. The ipsilateral quadratus 
lumborum working from below pulls down that side 
of the trunk, while the opposite quadratus lumborum 
working from above lifts up iliac crest, i.e. pelvis. 
Hence, affection of the quadratus lumborum can also 
give a positive Trendelenburg's Test. 




Fig. 21: Démonstration of Trendelenburg test: (A) patient is 
standing on the normal limb, and (B) patient is standing on the 
affected limb 
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2. In certain congénital conditions, where there is 
dissociation of coordination of different groups of 
controlling muscles of joints (even other than the hip), 
there may be affection of these mechanism, e.g. 
cérébral palsy. 

3. Affection of sacroiliacs by virtue of producing pain 
may produce a pseudo-Trendelenburg's test. 

Ortolant's sign: It was describedby Marino Ortolaniin 
the year 1937 to diagnose congénital dislocation of hip 
even in the neonates. 

Principle: Almost similar in principle and maneuver as 
that of Barlow's test (1962). Here, when attempt is made 
to reduce the dislocated hip, the head enters the original 
acetabulum after jumping over the acetabular labrum, 
giving a sensation of snapping. 

Method (Fig. 22): The child lies supine in as much relaxed 
a position as possible. Flex both hips to right angles, 
slightly internally rota te and hold the bent knees by both 
palms, with the thumb placed over the upper inner side 
of the knees. Both thighs are abducted and externally 
rotated, while the spread up fingers press inwards and 
medially over the greater trochanter. As the head jumps 
over the labrum, snapping is felt and/or heard. 

Barlow's test (Fig. 23): Patient lies supine, the flexed hips 
are abducted as much as possible. Hold the upper fémur 
with the middle finger on the greater trochanter and the 
thumb in the groin. Using alternate pressure from both 
side, the head can be levered in and out of the acetabulum. 

A test for diagnosing dysplasia/subluxation/dislocation ofthe 
hip joint early (Figs 24A and B): The child lies supine. Both 
thighs are approximated together in the midline. Holding 



Fig. 22: Démonstration of Ortolani's sign 


the lower leg, flex the knees symmetrically as far as 
possible beyond 90°. Now internally rota te and extend 
the thigh as much as possible. In this position. Note for: 

i. Any résistance felt in terminal internai rotation, on 
the affected side of the hip, 

ii. Any widening of the perineum, 

iii. any abnormal crease in the groin (may be seen on 
the affected side), 

iv. The level of the groin folds/labial folds (may be 
raised on the affected side), 

v. The trochanteric prominences (obviously prominent 
and up on the affected side), and 

vi. The level of the bent knees—a fiat sheet placed 
tangentially over the normal knee will not touch the 
affected knee, and the déficient distance will give a 
rough measurement of the shortening of the affected 
thigh. 

The same test can be done by putting the child in 
prone position (Figs 24C and D) Put the child in prone 
position. Approximate the extended thigh in the midline. 
Holding at the lower leg, bend the knees symmetrically 
as far as possible beyond 90°. Now, internally rotate the 
hips to the maximum possible extent. In this position, 
note for: 

i. The level of the gluteal folds—on the affected side, 
the gluteal fold may be higher, 

ii. Widening of perineum if présent, 

iii. Presence of abnormal gluteal folds, which may 
appear on the affected side, and 

iv. Level of the knees—on the affected side the knee 
may fall short of the tangential (horizontal) level of 
the normal knee. The déficient distance gives the 
rough estimate of the shortening of thigh 
component. 

Method: Holding the lower end of fémur, the thigh is 
rotated at the joint inwards and outwards. After the 
movement is checked, any further slight sharp rotation 
is followed by spasmodic contraction of the muscles of 
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Fig. 24A: A test for diagnosing dysplasia/subluxation/ 
dislocation of the hip joint early in supine position 




Fig. 24B: In older children, this test can be demonstrated 
even without assistance 



Fig. 24D: Same test can be demonstrated even 
without assistance 


the joint as well as those of the lower abdomen. The 
reason of abdominal muscles going into spasm is that in 
this maneuver rotational movements of the fémur is 
transmitted to the ipsilateral iliac spine. 

Sciatic stretch test: Though it is important for eliciting the 
sciatic stretch, it will also be positive where external 
rotation of the hip is limited. 


Narath's sign: Normally, fémoral arterial pulsation can 
be felt quite appreciably on both sides. But when the head 
is not in the socket, e.g. posterior dislocation of the hip 
joint, the vessels fallback unsupported so fémoral arterial 
pulsation, which is felt against the head of the fémur, 
will be feeble or even may not be palpable—positive 
Narath's sign. 






















2884 Textbook of Orthopedics and Trauma (Volume 4) 


Patrick's test (Faber test): The patient lies supine, and the 
examiner places the patient's test leg so that the foot of 
the test leg is on top of the knee of the opposite leg. The 
examiner then slowly lowers the test leg in abduction 
towards the examining table. A négative test is indicated 
by the test leg's falling to the table or at least being parallel 
with the opposite leg. A positive test is indicated by the 
test leg's remaining above the opposite straight leg. If 
positive, the test indicates that the hip joint may be 
affected, abduction, and external (which stands for 
flexion, the patient begins the test (Fig. 25). 

Craig's test: In Craig's test, the patient lies prone with the 
knee flexed to 90°. The examiner palpâtes the posterior 
aspect of the greater trochanter of the fémur. The hip is 
then passively, medially and laterally rotated until the 
greater trochanter is parallel with the examining table or 
reaches its most latéral position. The degree of 
antéversion can then be estimated, based on the angle of 
the lower leg with the vertical. The test is also called the 
Ryder method for measuring antéversion or rétroversion 
(Figs 26 and 27). 

Galeazzi sign: The Galeazzi test is good only for assessing 
unilatéral congénital dislocation of the hip and may be 
used in children from 3 to 18 months of âge. The child 
lies supine with the knees flexed and the hips flexed to 
90°. A positive test is indicated by one knee being higher 
than the other (Figs 28 and 29). 

Rectus femoris contracture test (Ely's test): The patient lies 
prone and the examiner passively flexes the patient's 
knee. On flexion of the knee, the patient's hip on the same 



Fig. 27: Degree of antéversion and palpate greater 
trochanter parallel to table 





Fig. 25: Détection of limitation of motion in the hip 
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Fig. 29: Left shortened tibia and right shortened fémur 


side will spontaneously flex, indicating that the rectus 
femoris muscle is tight on that side and that the test is 
positive. The two sides should be tested and compared. 

Noble compression test: This test is used to détermine 
whether iliotibial band friction syndrome exists near the 
knee. The patient lies supine, and the knee is flexed to 
90° accompanied by hip flexion. The examiner then 
applies pressure with the thumb to the latéral fémoral 
épicondyle or 1 to 2 cm proximal to it. While the pressure 
is maintained, the patient slowly extends the knee. At 
approximately 30° of flexion (0° being a straight leg), if 
the patient complains of severe pain over the latéral 
fémoral condyle, a positive test is indicated. The patient 
will say it is the same pain that accompanies the patient's 
activity (e.g. running). 

Straight leg raising test (SLR test): The patient flexes the 
hip to 90° while the knee is bent. The patient then grasps 
behind the knee with both hands to stabilize the hips at 
90° of flexion. The patient actively extends each knee in 
turn as much as possible. For normal flexibility in the 
hamstrings, knee extension should be within 20° of full 
extension. 

Erichson's sign: When the iliac bones are sharply pressed 
toward each other, pain is felt in sacroliac disease, but 
not in hip disease. 

Hart’s sign: Hart's sign is the limitation of abduction of 
the hips seen in congénital dislocation of the hip. 

Perrectal Examination 

In suspected central fracture dislocation, fracture of floor 
of acetabulum, pathological affection of acetabular floor, 
protrusio acetabuli (Otto pelvis). Perrectal examination 
will elicit tenderness with or without abnormal bulge in 
that région. 


Examination of related peripheral nerves and vessels: The 
sciatic nerve can be involved in several pathologies of 
the hip. e.g. dislocation of the hip fracture of acetabular 
margin or in surgery on the hip, etc. Hence, it is 
impérative to examine for integrity of this nerve. 

Ask the patient to dorsiflex and plantarflex the ankle. 
If he or she can do so properly, the sciatic nerve, for ail 
practical purposes is intact. 

Fortunately, affections of the hip are less likely to affect 
the main blood vessels of the lower limb, i.e. fémoral 
blood vessels. 

However, peripheral vascular disease sometimes 
présents with baffling symptoms, even mimicking a hip 
pathology. Exclude them by palpating the dorsalis pedis, 
anterior tibial, posterior tibial and popliteal arteries. 

Investigations 

1. General investigations. 

2. Spécial investigations. 

Radiographie Examination 

Both anteroposterior, and latéral projections are essential 
to know the exact femoroacetabular relations, conditions 
of the head, neck and acetabulum, neckshaft angulation, 
axial rotations of the head, and length of the neck. 

Anteroposterior projection of the hip: While taking 
anteroposterior view, the following points must be kept 
in mind. 

1. Keeping the pelvis in as much symmetrical a position 
as possible, comparative view of both the hips must 
be taken 

2. Both lower limbs should be kept in zéro position in 
as far as rotation, adduction and abduction are 
concerned (i.e. hips extended, legs parallel, and 
patellae in neutral positions) 

3. Contrast radiography will be helpful in delineating 
early infective pathology of the hip and its 
surrounding structures. 

Spécial Points to be Noted in AP Projections 

1. Continuity of Shenton's arc the lower margins of the 
neck of fémur and superior pubic ramus make up 
parts of the same arc. Any breakage of continuity 
suggests dislocation of hip or disruption of neck of 
fémur. 

2. The relation of capital epiphysis to the fémoral neck. 

3. Relations of capital epiphysis/fémoral neck to the 
acetabular cup. 

Latéral view of the hip is often a difficult task for 
projection, though it is mandatory (e.g., to diagnose and 
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TABLE 3: Harris hip function scale 

(Circle one in each group) 


Pain (44 points maximum) 

None ignores 44 

Slight, occasional, no compromise in activity 40 

Mild, no effect on ordinary activity, pain after unusual 
activity, uses aspirin 30 

Moderate tolerable, makes concessions, occasional codeine 20 
Marked, serious limitations 10 

Totally disabled 0 

Function (47 points maximum) 

Gait (walking maximum distance) (33 points maximum) 

1. Limb: 

None 11 

Slight 8 

Moderate 5 

Unable to walk 0 

2. Support: 

None 11 

Cane, long walks 7 

Cane, full time 5 

Crutch 4 

Two canes 2 

Two crutches 0 

Unable to walk 0 

3. Distance walked: 

Unlimited 11 

Six blocks 8 

Two to three blocks 5 

Indoors only 2 

Bed and chair 0 

(Functional Activities 14 points maximum) 

1. Sfarts 

Normally 4 

Normally with banister 2 

Any method 1 

Not able 0 

2. Socks and tie shoes: 

With ease 4 

With difficulty 2 

Unable 0 

3. Sitting 

Any chair, 1 hour 5 

High chair, 1/2 hour 3 

Unable to sit 1/2 hour any chair 0 

4. Enter public transport 

Able to use public transportation 1 

Not able to use public transportation 0 

Absence of Deformity (requires ail four) (4 points maximum) 

1. Fixed adduction <10° 4 

2. Fixed internai rotation in extension <10° 0 

3. Leg length discrepancy less than 1 1/4" 

4. Pelvic flexion contracture <30° 


Range of Motion (5 points maximum) 

Instructions 

Record 10° of fixed adduction as"—10° abduction, adduction to 
10 °" 

Similarly, lOo of fixed external rotation as "—10° internai rotation, 
external rotation to 10°" 

Similarly, 10° of fixed external rotation with lOo further external 
rotation as "—10° internai rotation, external rotation to 20°" 



Range 

Index 

Index 

Permanent flexion 

Factor 

Value’ 

A. 

Flexion to 




(0-45°) 

1.0 



(45-90°) 

0.6 



(90-120°) 

0.3 



(120-140°) 

0.0 


B. 

Abduction to 




(0-15°) 

0.8 



(15-30°) 

0.3 



(30-60°) 

0.0 


C. 

Adduction to 




(0-15°) 

0.2 



(15-60°) 

0.0 


D. 

External rotation in 




extension to 




(0-30°) 

0.4 



(30-60°) 

0.0 


E. 

Internai rotation in 




extension to 




(0-60°) 

0.0 



*Index Value = Range x Index Factor 

Total index value (A + B + C + D + E) 

Total range of motion points 
(multiply total index value x 0.05) 

Pain points: 

Function points: 

Absence of Deformity points: 

Range of Motion points: 

Total points 

(100 points maximum) 

Comments: 


Modified from Harris WH: JBJS 51: 737-55,1969. 
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also to assess for perfect réduction after the fémoral 
capital epiphysis slip, to assess perfect réduction, 
positioning and fixation of fracture neck of the fémur). 

Method: The extended limb is abducted to about 20°. The 
X-ray tube is focused on the groin at midpoint of 
anteroposterior plane. The plate is placed almost adapted 
to the outer aspect of the hip région. 

Alternative method: Patient is put in lithotomy position (hip 
flexed abducted and externally rotated) X-ray tube is 
centered on the midinguinal point, while the cassette is 
kept behind the hip. 

Oblique Projection of the Hip 

Three quarters internally and externally rotated views— 
essential for detailed assessment of fracture and 
displacement in central fracture dislocation. 

In comparatively old fracture neck of fémur: Radiograph 
should be taken in 15° abduction and 15° internai 
rotations to neutralize the antéversion of fémoral neck 
(to assess the length of neck). 

In coxa plana or Legg-Calves-Perthes disease: In this diseases, 
Anteroposterior projection, keeping the hip maximally 
abducted and internally rotated gives an assessment 
about containment of the flattened head in the 
acetabulum. 

Arthrography 

It is of spécial importance in conditions like congénital 
dislocation of hip. Perthes disease. 


Arthroscopy 

With the development of modem imaging technique,it 
is not of much value for hip today. 

Aspiration and Aspiration Biopsy 
(Anterior or Latéral Route) 

Except where the capsule is distended due to collection 
of fluid, it is difficult to aspirate the contents of the hip 
joint. 

Ultrasound 

Presence of fluid inside the joint and unossified articular 
cartilage can be evaluated. It is important in case of sep tic 
arthritis in children. 

Functional Assessment 

1. Walking 

2. Squatting 

3. Sitting cross-legged 

4. Going up and down stairs 

5. Running 

6. Jumping 

Harris hip function scale is depicted in Table 3. 
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KINESIOLOGY OF THE HIP JOINT 1 

The hip is an enarthosis or a bail and socket joint. The 
maximum range of motion is approximately 140° of 
flexion—extension, 75° of abduction—adduction, and 90° 
of rotation. In walking, the functional range motion of 
the hip is markedly less than these potential maximums. 
In level walking, the flexion and extension range is up to 
50 to 60° of motion with minimal abduction-adduction 
and rotation. The maximum range of motion that is 
required is in squatting and cross-legged sitting. In 
squatting almost 10 times body weight forces are exerted 
on the posterior acetabular wall and in cross-legged 
sitting, almost 8 times body weight forces are exerted on 
anterior acetabular wall. Though tremendous forces are 
being applied, it has been hypothesized that probably 
these extremes of motion occur regularly and thus good 
nourishment are responsible for significantly less 
incidence of primary osteoarthritis in Asian population. 

HIP JOINT CONTACT AREAS AND FORCES 5 

During the stance of gait the entire articular surface of 
the acetabulum and approximately 70 to 80% of the 
fémoral head is involved in weight bearing. The fémoral 
head cartilage on the inferior and parafoveal régions 
always remain nonweight bearing. This corresponds to 
the area of the fémoral head covered by the ligamentum 
teres and the soft tissue of the acetabular fossa. In the 
swing phase of gait, the dôme of the acetabulum is no 
longer loaded and only the anterior and posterior aspects 
of the fémoral head maintain contact. To study hip joint 
forces is important to better understand the function of 
the fémoral and diseased joints, to design better 
treatments in terms of implant design, osteotomy 
considérations, and réhabilitation protocols, to evaluate 


the effects of treatment, to optimize performance, and to 
obtain dues to the pathogenesis of hip disease processes. 

In order to understand better, the biomechanical 
situation in a pathological hip joint. Fischer in his 26 phase 
model illustration erected a précisé and perfect 
biomechanics of the hip joint. This though complicated 
illusively described ail the phases of hip and pelvis 
motion and related biomechanics. 

In stationary bipedal support position, the center of 
gravity of the body (S4) is located on the midsagittal plane 
and the center of gravity meets the horizontal line 
between the two centers of rotation (CR) of the fémoral 
heads in its middle point thus defining two equal lever 
arms. In static monopedal stance in horizontal plane, the 
center of gravity moves down to the disk between L3 
and L4 (Pauwels). In the coronal plane it moves 2.5 cm 
away from the center and away from the supporting limb. 
In the sagittal plane, it is in the same coronal plane as CR 
of the right hip. 2,3 

The joint reaction force (R) in the hip is three to six 
times body weight and is primarily due to contraction of 
muscles Crossing the hip. This can be demonstrated with 
the free body diagram in Figure 1. 


With A = 5 and B = 12.5, using standard FBD analysis. 


X MR= 
-5 MY + 12.5 W = 
MY= 
X FY = 
-MY—W + RY = 
RY = 


R = 
R = 


0 

0 (2-3) 

2.5 W 
0 

0 (2-4) 

3.5 W 

RY/(cos 30)(2-5) 
(approx) 4 W 


In total hip arthroplasty, 5 medialization of the 
acetabulum or using a long 2 neck prosthesis, or 
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lateralization of the greater trochanter decreases the joint 
reaction force. If A = 7.5 and B = 10, then R would equal 
approximately 2.3 W R can also be reduced with shifting 
body weight over the hip (Trendelenburg gait), and with 
a cane in the contralatéral hand on the healthy side 
(produces an additional moment—and can reduce R up 
to 60% !). 

Pauwels (1963) described "sourcil" which is a curved 
area of dense bone in the weight bearing surface of the 
ilium. The configuration of this dense area is semilunar 
and represents subchondral bony eburnation due to a 
response by the articular portion of the ilium to the stress 
provoked by the compressive forces acting on it. 
According to Bombelli, the uniform thickness of smooth 


configuration of this structure indicate the regular 
distribution of stresses acting at the hip joint and 
déviation from this then exhibit "Napoleon's hat." 

USING A STICK 

Using a cane in the contralatéral hand on the healthy side 
has an effect similar to that of shifting the center of gravity 
of the body towards the center of rotation of the fémoral 
head of affected side (Blount 1956, Pauwels 1965) 4 . 
However, shifting the center of gravity otherwise, 
requires great effort by the trunk muscles (sometimes 
impossible due to degenerative changes in the spine). Use 
of a stick is less tiring and more convenient. Applying 
pressure on the stick counteracts the moment of the body 
weight and is thus analogous to reducing the lever arm 
of the body weight, which reduces load in the hip joint, 
makes it more vertical, thus, reducing greatly the stress 
and thus the pain. 

Whereas using a stick on diseased side, réduction in 
pain would be less efficient and less convenient than not 
using a stick at ail. 
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Avascular Necrosis of Fémoral 
Head and Its Management 


SS Babhulkar, DP Baksi 


INTRODUCTION 

Avascular necrosis (AVN) of fémoral head has become a 
subject of interest amongst the orthopédie surgeons only 
during the last three to four décades. There are several 
etiological factors of osteonecrosis. They may be traumatic 
(after fémoral neck fractures or dislocations of hip joint), 
idiopathic, corticosteroid-induced, alcohol abuse, 
following infection, hemoglobinopathy, postirradiation, 
Caisson's disease, Gaucher's disease and associated with 
goût. Since the etiopathogenesis is different, the 
pathomechanics vary from case to case. Though the 
ultimate fate of the necrotic fémoral head is the same, 
the results of treatment may vary with the etiology. 

Etiopathogenesis 

Fémoral head is one of the common sites for osteonecrosis 
due to its poor collateral circulation and characteristic 
architecture consisting of relatively avascular fatty 
marrow and sinusoidal network, both of which are 
susceptible to tamponade effect from any cause. 

There are several factors causing osteonecrosis of 
fémoral head: (i) interruption of arterial supply from 
fracture dislocation including slipped capital fémoral 
epiphysis, vasculitis and massive arterial thrombosis, 
(ii) venous outflow occlusion from massive venous 
thrombosis and in Perthes' disease, (iii) intraluminal 
occlusion of artérioles and capillaries by sickle red cells, 
fat embolus in hypercortisonism and alcoholism, in 
dysbaric ischemia and vasculitis, and (iv) collapse of 
sinusoids by expansion of marrow component as occurs 
in infective condition, Gaucher's disease, cortisone and 
alcoholinduced fatty change and hyperlipidemia (Fig. 1). 

Except traumatic conditions with complété vascular 
disruptions, ail others lead to vascular insufficiency to 
cancellous bone resulting in intramedullary compartment 


syndrome causing diffuse ischemia of fémoral head 
resulting in wedge-shaped lésion in antérolatéral 
subchondral area, which subsequently progresses to other 
parts of fémoral head. Due to lack of repair of central 
zone of infarct, there is résorption of dead bone, 
replacement with fibrous and granulation tissues, and 
déposition of new bone over dead trabeculae. With 
further advancement of the disease, the unsupported 
cartilage collapses over the necrotic area. 



Fig. 1: A VN fémoral head and its management in adults 
using TFL graft 
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Since the spontaneous healing of the necrotic area is 
rare, the necrotic segment is likely to get collapsed in 
majority with the stress of weight bearing leading to 
painful degenerative arthritis of the hip 11 (Bonfiglio and 
Bardenstein, 1958 11 ). However, prolonged bed rest or 
continuons traction and prolonged period of non-weight 
bearing hâve no effect in the prévention of collapse of 
fémoral head 16,56 (Coste et al, I960 16 and steinberg et al, 
1984 56 ). Therefore, it seems that cicatrization effect of the 
infarct area may be the cause of collapse other than the 
stress of weight bearing. 

Staging 

There is no standard unified classification of AVN of 
fémoral head. Proposer for different surgical techniques 
has utilise different classification scheme for their 
convenience like Mercus-Enneking and Massam (1973), 38 
Ficat and Arlet (1980). 19 Steinberg, Heyken and Steinberg, 
(1984) 56 and Arco (1992). 1 Of the above classifications, 
Ficat and Arlet classification is simple and practical, 
therefore is in use commonly; however, they do not 
include those cases of AVN hâve degeneration of hip joint 
without collapse of fémoral head. 

Evaluation of AVN of fémoral head is done according 
to Staging of Ficat and Arlet (1980) 19 one the basis of 
clinical, radiological, MRI, hémodynamie status and 
histological study of necrotic fémoral head. Accordingly, 
avascular necrosis of fémoral head is classified into 4 
stages. 

Stage I It dénotés preclinical phase with no 
radiographie abnormality, high intra- 
medullary pressure, venous stasis, MRI and 
biopsy confirms. 

Stage II It dénotés painful radiological change with 
normal bone contour 

Stage III It dénotés radiographie changes, structural 
damage, abnormal bone outline, but 
intramedullary pressure may be normal. 
Stage IV It dénotés marked collapse with degenerative 
changes of AVN. 

Diagnosis 

Diagnosis of AVN of fémoral head is done by pain around 
hip; graduai limitation of motions, radiographie criteria, 
radionuclide scintigraphy (Tc-di-phosphonate) which are 
valuable only in early stages of AVN; CT to detect the 
early details of bone changes, MRI to record very early 
marrow necrosis not détectable by CT and tests for 
hémodynamie function like intramedullary pressure 
measurement and venography for vascular stasis. The 
subarticular venous or cystic pressure measurement in 


preradiological stage of necrosis is of value when core 
biopsy (Ficat and Arlet, 1980 19 ) may prevent further 
détérioration of the disease. MRI is the most sensitive to 
detect early changes of AVN. 

The underlying cause of necrosis can be ascertained 
from the history of trauma to the hip, high dosage of 
corticosteroid administration after rénal transplantation 
or its prolonged administration for rheumatoid arthritis 
or bronchial asthma or systemic lupus erythematosus 
(SLE) and after a period of alcohol abuse where there is 
no spécifie biochemical marker. For high alcohol intake, 
élévation of three or four of the following markers are 
highly suggestive: aspartate transaminase, gamma 
glutamyl transpeptidase, sérum urate, sérum triglycéride 
and mean red cell volume. Family history of 
hemoglobinopathy and démonstration of sickle cell in 
the peripheral blood, history of deep sea diving or 
working under compressed air, family history of 
Gaucher's disease and high sérum uric acid level in goût 
are important. After careful clinical, hematological and 
histochemical investigations, cause of osteonecrosis is 
determined. 

However, in good number of cases, where the 
investigations are inconclusive, idiopathic variety is 
considered. 

Clinicopathological Status of 
Hip Joint in AVN Fémoral Head 

Patients may présent with pain in hip which is due to 
subarticular increased intravenous pressure in early 
stages of AVN, marrow edema, necrosis and also due to 
increased intracystic pressure associated with 
degenerative changes of hip in advanced stages of 
necrosis. In advanced stages, there may be collapse of 
fémoral head, cheilus formation with adhesions around 
the periphery of fémoral head and associated contracture 
of articular capsule which causes pain due to its stretching 
effect over the peripheral cheilus. These may produce 
mechanical dérangement resulting in limitation of hip 
motions. 

Treatment 

The natural history of AVN of fémoral head resulting 
from different causes needs considération in planning of 
its treatment protocol. In this respect, orthopedicians hâve 
to take into account the âge of the patient, capacity of 
bone repair, the cause and stage of the disease, early 
détection of the cases which helps to prevent further 
détérioration of necrotic fémoral head and to select the 
suitable treatment protocol for the deformed fémoral 
head with or without degenerative changes. The 
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persistence of any etiological factor and its effects on the 
outcome of any modality of treatment is of paramount 
importance which should be considered before any 
treatment plan. 

Prophylactic Measures 

The prophylactic measures are lowering the dose of 
corticosteroid if possible in bronchial asthma, rheumatoid 
arthritis and after major transplantation surgery, use of 
lipid-clearing agents to modify the effect of corticosteroid 
therapy, abstinence from alcohol consumption, pré¬ 
vention of anoxia during anesthésia in patients with 
hemoglobinopathy and by treating acute épisodes with 
oxygen and exchange transfusion, and slow décom¬ 
pression procedure in Coastal divers to prevent dysbaric 
osteonecrosis. 

Conservative Treatment 

Bed rest or continuous traction and prolonged period of 
nonweight bearing: These hâve no effect on AVN of 
fémoral head over its final outcome and the collapse of 
the fémoral head occurred in 73% of the cases (Coste et 
al, I960) 16 and 92% of cases (Steinberg et al, 1984) 56 
studied. 

Electrical stimulation for AVN: Use of electromagnetic 
fields in the treatment of fémoral head osteonecrosis was 
reported to hâve good results (Basset et al, 1984), 8 on the 
other hand, no effect of electrical stimulation in such 
conditions was observed (Steinberg et al, 1985). 57 

Operative Treatment 

Different modalities of surgical treatments are advocated 
in the management of this most difficult pathological 
condition. Since etiopathological factors of the disease 
are variable, the results of the treatment may vary from 
case to case. Orthopedicians hâve to analyze critically 
different treatment modalities to find out the particular 
treatment schedule suitable for particular stage of the 
disease. 

Fémoral Head Preserving Operations 

Operations which preserve the fémoral head are to be 
preferred particularly for young patients, where this is 
common. 

Ostéotomies: Intertrochanteric ostéotomies, e.g. varus 
osteotomy (Pauwels, 1959), 44 oblique varus rotational 
osteotomy (Merled' Aubigne and Vaillant, 1961) 39 , 
diplacement osteotomy of McMurray (reported by Merle 
d'Aubigne et al, 1965), 40 valgus osteotomy (Maquet, 


1972), 37 transtrochanteric anterior rotational osteotomy 
(Sugioka, 1978), 58 and flexion osteotomy (Willert et al 
1981 ) 61 were ail designed to transfer the weigh-bearing 
forces from the necrotic area to the cartilage on the sound 
part of fémoral head for spontaneous healing of the 
necrotic area by hypervascularization of upper part of 
fémur (Lemoine et al 1959). 31 

These operations can produce good results in the early 
stages of necrosis but deteriorated in longer follow up. 
Moreover results are inconsistent. When collapse of 
fémoral head has occurred, intertrochanteric ostéotomies 
are not effective (Merled' Aubigne et al, 1965 40 and 
Maistrelli et al, 1988 36 ). The transtrochanteric osteotomy 
of Sugioka (1978) gave poor results because of difficulty 
with fixation, delayed union and nonunion (Saito, 
Ohzono and Ono, 1988). 52 Moreover 83% poor resuit of 
Sugioka anterior angulation osteotomy occurred due to 
stretching of posterior articular capsule and posterior 
branch of médial circumflex fémoral artery leading to 
further increase of AVN (Dean and Cabanela, 1993). 17 
Furthermore, in the advanced stages of AVN in the 
presence of limited motions of hip with deformed fémoral 
head, though these ostéotomies may improve the 
biomechanical aspects of hip joint, but being extra- 
articular procedures, unlikely, they will improve the 
motions of the hip postoperatively. 

Core décompression (Ficat and Arlet, 1980): 19 It helps to 
relieve the intramedullary compartment syndrome with 
intact arterial supply, hence, not useful in post-traumatic 
cases. Ideally, it is indicated for nontraumatic 
preradiological stage-I necrosis, when 7 mm thick core 
of bone is removed from the fémoral head under image 
intensification fluoroscopy. The effect of décompression 
improves venous drainage conferred by newly 
vascularized bone. In early stages (I and II) of idiopathic, 
alcoholic and steroid-related osteonecrosis, this method 
may give good clinical results (Hungerford and Lennox, 
1985). 24 However, good results obtained initially, become 
poor in the long-term due to collapse and occurrence of 
fracture through the core tract (Hopson and Siverhus, 
1988) 23 therefore core decompration without fibular 
grafting should be discomposed (Penix et al 1985). 47 

Use of nonvascularized bone grafts: The use of 
nonvascularised tibial bone graft (Phemister, 1949) 48 or 
fibular bone graft (Bonfiglio and Bardenstein, 1958) 11 may 
be useful in early stages of necrosis but in later stages, 
the results were bad (Bonfiglio and Bardenstein, 1958) 11 ; 
Dunn and Grow, 1977). 18 Moreover, postoperative 
prolonged nonweight-bearing period of one to one and 
half years was recommended by Phemister (1949) 48 for 
healing of necrotic area after the above procedures. 
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Subarticular curettage of the necrotic bone and its 
replacement by cancellous bone grafts fait to relieve pain 
or prevent progressive collapse of the fémoral head 
(Merle d'Aubigne et al, 1965, 40 Saito et al, 1988). 52 and 
60% (Merle d' Aubigne, 19 65). 40 Therefore, they 
concluded that free bone graft after ail, being another 
piece of necrotic bone, if placed in necrotic bed, unlikely 
will prove successful. 

Use of Free Cancellous and Quadratus Femoris (QF) Muscle 
Pedicle Bone Graft (MPBG) of Meyer s (1978) 41 : The 
combined use of quadratus femoris (QF) MPBG and free 
cancellous bone grafts in AVN of fémoral head provided 
good results in early stages of necrosis but poor in 
advanced stages (Meyers 1978). 41 Its discouraging results 
may be due to ineffective curettage from the posterior 
approach to the necrotic area around anterosuperior 
aspect of fémoral head; addition of free cancellous bone 
grafts behaving as another piece of necrotic bone and 
failure to place the QF. MPBG directly to the necrotic area 
because of its shorter length and its poor strut effect due 
to spongy structure. This was substantiated by Lee and 
Rehmatullah (1981) 30 who made histological study of 
failed fémoral head with early idiopathic aseptie necrosis 
(Stage I and II) about 42 months after the use of Meyer's 
treatment protocol as above. They noted the presence of 
still necrotic bone under the collapsed subchondral bone, 
the areas of cancellous bone grafts showed creeping 
substitution and their junction with MPBG showed live 
bone with abundant blood vessels. This observation is of 
great significance considering the préservation of 
vascularity and viability of MPBG and discouraging 
results of the use of free bone grafts alone in the necrotic 
bed of fémoral head. 

Use offree cancellous bone and osteochondral allografts (Meyer 
MH 1978f 1 Meyers et al 1983 42 ): In advanced stages (III 
and IV) of AVN, through Smith Petersen approach after 
anterior dislocaiton of the hip, the excision of the 
collapsed segment and packing of the résultant defect 
by cancellous bone and replacement with osteochondral 
allograft showed encouraging results in short-term follow 
up. Moreover, though the pain and deformity were 
initially improved, vascularization and incorporation of 
the allografts were poor (Bayne et al 1985 9 ). 

Décompression and tensor fascia lata (Baksi 1991 5 /sartorius 
muscle-pedicle bone grafting Baksi 1983 3 ): In the cases of 
osteonecrosis, as the osteonecrotic area predominantly 
présent over anterosuperior aspect of formai head, the 
anterior approach was preferred. Subsequently, after 
curettage of the necrotic bones through the slot made over 
anterosuperior aspect of fémoral head, multiple drillings 



Fig. 2: AVN fémoral head and its management in 
adolescents using sartorius graft 


were done through the slot (Fig. 1) where muscle pedicle 
bone graft using Tensor fascia lata (TFL) in adults (Fig. 1) 
and in adolescents sartorius graft (Fig. 2) was impacted 
and anchored with vicryl suture (Fig. 2). In adolescents 
since the iliac crest is cartilagenous TFL graft was not 
used. In advanced stages, cheilectomy of fémoral head 
(Fig. 1) and subeutaneous adductor tenotomy were added 
in the presence of limitation of motions of hip. However, 
AVN associated with ununited fémoral neck fractures, 
in the presence of absorption of fémoral neck and 
posterior cortical defect were treated through posterior 
approach to the hip where quadratus femoris (QF) mainly 
and gluteus médius (GM) MPBG rarely was placed after 
décompression of fémoral head by multiple drilling and 
packing up the déficient fémoral neck with free cancellous 
bone grafts and internai fixation of the fracture by three 
cannulated cancellous screws (Baksi 1986). 4 The cases of 
AVN were followed up for the period varied from three 
to 20.5 years (av. 13.5). On the basis of radiological criteria 
of healing (Baksi 1991), 5 the radiographie improvement 
were shown 100% in stage-I, 81.4% in stage II, 70.4% in 
stage III and 56.1% in stage IV cases. Average clinical 
improvement having excellent and good results using 
the score of Salvati and Wilson (1973), 54 were obtained 
in 91.5% cases of stage II, 79% of stage III, and 61% of 
stage IV osteonecrosis. The clinical results did not always 
correlate with the radiological alterations of the fémoral 
head, since some patients achieved satisfactory clinical 
scoring even in long term follow up despite the lack of 
radiological improvement or the presence of 1-2 mm 
collapse with or without mild to moderate osteoarthrotic 
changes in the hip. 
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Using Kaplan and Meier (1958) 28 survivorship 
analysis, our method showed survivorship 91% in stage 
II, 82% in stage III and 74% in stage IV in average 13.5 
years follow up. Hence, this procedure showed over 70% 
survivorship in ail stages of necrosis. The cases having 
significant osteoarthrosis or progressive collapse of 
fémoral head whose clinical score reduced below 20 
where considered non-survived and recommended for 
THR. Among the complications, overall collapse of 
fémoral head occurred in 1 1.8% and osteoarthrosis in 
16.3%, whereas in advanced stages of necrosis, terminal 
limitations of hip movements were seen in 20.4% and 
persistence of painless limp in 17.7% cases. 

Immédiate relief of pain in hip was regularly achieved 
in ail stages of necrosis by the release of capsular 
contracture by anterior capsulotomy, removal of marginal 
adhesions, relief of capsular stretching effect by 
cheilectomy, relief of increased subarticular venous 
pressure in osteonecrosis and intracystic pressure in the 
presence of osteoarthrosis by multiple drilling and 
judicious curettage of the necrotic area. The perméation 
of granulation tissue into the drilled area growing from 
the adjacent MPBG, helped in revascularization of the 
necrotic area resulting in long lasting pain relief. The 
above factors, in addition with subcutaneous adductor 
tenotomy in advanced stages, improved hip motions. In 
view of the histological evidence of existing necrosis in 
painful old perthes disease (Baksi and Dutta 1990)/ the 
application of the cheilectomy, drilling and TFL MPBG 
was extended in a sériés of young adults with painful 
old perthes disease as satisfactory palliative treatment 
modality (Baksi 2995). 6 

USE OF OTHER VASCULARIZED BONE GRAFTS 

Free Cancellous Bone Grafts Combined with 
Vascularized Fibular Grafts 

The object of the above procedure is to introduce a source 
of mesenchymal stem cells, provide a vascular supply 
and strut effect to articular cartilage. This is done through 
transtrochanteric approach (Brunelli 1991)12 by excision 
or curettage of the necrotic bones, packing of autogenous 
cancellous bone chips around the vascularized fibula 
where microvascular anastomosis between its nutrient 
vascular pedicle with anterior circumflex fémoral vessels 
are done simultaneously. However, their survival rate at 
4.2 years follow up is 89% in stage II necrosis and 81% in 
Ficat and Arlet stage III necrosis (Scully et al 1998) 55 and 
at 5 years follow up 69% survival, rate in Marcus stage II 
to VI necrosis with 31% needing conversion to THR 
(Urbamiak et al 1995). 60 A comparative study between 
vascularized and nonvascularized fibular grafting 


showed that, the vascularized fibular bone grafting 
combined with free iliac bone chips provided 86% 
survivorship, compared to 30% using non-vascularised 
fibular graft in 7 years follow up only in early stages of 
necrosis (Plakseychuk et al 300)/° whereas only 69.6% 
survivorship was shown in five years when vascularized 
fibular graft performed among combined early and stage 
III necrosis (Urbaniak et al 1995). 60 This technique 
provided 64.5% survivorship among stage III necrosis in 
5 years follow up (Berend et al 2003). 10 Moreover, fibular 
graft showed donor site morbidity with the expérience 
of pain in 11.5% cases, motor déficit in 2.7% and 
subtrochanteric fracture. Transtrochanteric approach of 
the above procedure fails to rectify the intra-articular 
mechanical dérangement, provide inadéquate curettage 
of necrotic area présent predominantly in the 
anterosuperior aspect of fémoral head. Moreover, they 
are technically demanding and if vascular anastomosis 
fails, they act as nonvascularized bone grafts (Urbaniak 
1995). 60 

Vascular Pedicle Iliac Crest Graft (Leung 1981, 32 
Leung, 33 Ganz and Buchlar 1983 20 ) 

Vascularized iliac crest grafting based on deep circumflex 
iliac artery showed 55-74% good results in early (1-6 
years) follow up 25 51 whereas their midterm results (4-14 
years) showed 41.6 to 52% good results in Ficat and Arlet 
II and early Stage IIIAVN 34,46 and provided survival rate 
85% in five years and 61% in 10 years mostly among stage 
II cases (Hasegawa et al 2003). 21 Moreover, they are 
technically demanding and their results were not 
encouraging, which may be due to torsion or injury of 
single unsupported vascular pedicle per and 
postoperatively leading to impaired vascular supply to 
the fémoral head. 

Sickle Cell Disease with AVN 

Subarticular injection of acrylic cernent in the collapsed 
portion of fémoral head in sickle cell disease with AVN 
permitted weight bearing in 5 days (Hernigoue 1993). 22 
This showed 87% improved results in 5 years follow up. 
Different treatment modalities in AVN associated with 
sickle cell disease were tried and their results were 
reported (Babulkar 1997). 2 Encouraging results of the use 
of TFL MPBG graft in sickle cell osteonecrosis were also 
reported (Pathi 1998). 45 

Total Hip Replacement 

The cemented THR: Showed overall 67% mechanical failure 
under 30 years âge group in contrast to lower failure rate 
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seen in older âge group, with average 37% failure rate in 
unilatéral cases and 46% in bilateral cases in 7,6 years 
follow up. 15 However, they produce high rate of 
loosening in younger individual in long-term follow up, 
possibly due to ongoing necrosis in proximal fémur, 
osteoporosis or osteomalacia, uncontrolled hemo- 
globinopathy, chronic alcoholism and chronic use of 
steroid. They provide révision rate about 28% in seven 
years follow up (Saito et al 1989). 53 In sickle cell disease 
with AVN cemented THR showed 59% révision rate in 
5.5 year follow up due to infection, and early loosening 
(Clarke et al 1987). 14 

Noncemented THR: Showed encouraging results in short- 
term follow up like 77.8% excellent results in 6 years, 
(Chiu et al 1997) 13 only 6% révision rate in 5 to 10 years 
follow up (Piston et al 1994) 49 and 20.5% failure in 7.6 
years (Taylor et al 2001). 59 But their long-term results are 
yet unknown. Among complications, thigh pain occurred 
in 25% (Lins et al 1993) 35 to 29% (Katz et al 1992). 29 

Hybrid (Uncemented cup and cemented stem) arthroplasty: 
Provided relatively encouraging results at av. 7.6 years 
follow up with révision rate 7.1% for acetabular 
component and 8.6% for fémoral stem (Mont and 
hungerford 1995). 43 Their long term results were yet 
known. 

Surface replacement hemiarthroplasty of fémoral head may 
be indicated in stage III or early stage IV AVN with large 
lésion not amenable to other treatment option except 
THR. Their short term results were encouraging showing 
91% survival in 5 years follow up, whereas at 10.5 years 
follow up they showed 62% good or successful results, 
therefore considered as a successful intérim procedure 
(Hungerford et al). 24 

Proposed Treatment Protocol 

Fémoral head preserving operation wherever possible 
and feasible is desired particularly in young individuals. 

In early stages of AVN (FICAT and ARLET stages I and II 
1980 19 ): Drilling and TFL MPBG in adults and sartorius 
in adolescents is our choice and should be used in ail. 
Use of other kinds of vascularized bone grafts, are also 
alternative proposition. Ostéotomies particularly 
rotational or angulation ostéotomies are not popular and 
may pose problem during total hip replacement if needed 
in future. Moreover, they being extra-articular procedure 
will not improve motions of hips. 

In advanced stages of AVN (FICAT and ARLET stages III 
and IV 1980 19 ): In the presence of good range of at least 
single movement, fémoral head preserving operations 


like subcutaneous adductor tenotomy and cheilectomy 
in addition to drilling and TFL muscle-pedicle bone 
grafting can be done (Baksi 1991). 5 But in elderly, 
cemented total hip replacement is recommended. With 
the loss of ail movements and badly damaged fémoral 
head (more than 5 mm collapse) and in the presence of 
osteoarthritic changes, uncemented or hybrid total hip 
or surface replacement arthroplasty is of choice, in young 
individuals. 
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BURSITIS 

Bursa is a sac lined by synovial membrane. Bursae are 
found between tendons and muscles or over bony 
prominence. Their function is to reduce the friction and 
to protect the sensitive structures from pressure. 

There are around 13 bursae présent around hip. The 
most constant bursae around hip are trochanteric, 
iliopectineal, ischiogluteal and subgluteal. They are 
subjected to ail the inflammatory conditions like 
infections, non-specific inflammations, rheumatoid 
arthritis, goût. 

Trochanteric Bursa 

Trochanteric bursa is présent between the tendon of 
gluteus maximus and postérolatéral surface of greater 
trochanter. When inflamed, it causes pain around 
trochanter which may be confused with a pain of a 
herniated disk. A distinction can be made by eliciting 
tenderness around posterior aspect of greater tro-chanter 
in trochanteric bursitis, whereas in herniated disk 
tenderness is in sciatic notch. Trochanteric bursa can be 
affected by acute pyogénie or tuberculus infection. 1 

Treatment 

Treatment is determined primarily by the etiology. 
Conservative therapy is successful in most instances. It 
consists of systemic nonsteroidal antiinflammatory drugs 
(NSAIDs), rest, local measures-heat, local injection of 
hydrocortisone. If the bursa is infected, usual principles 
of treating infection are employed. Cultures from the fluid 
in the bursa and from the tissue removed should be taken 
for pyogénie organisms and for acid-fast bacteria. If the 
conservative method proves to be unsatisfactory, and the 


bursa is thickened and chronically inflamed, surgical 
excision is indicated. To drain the bursa a longitudinal 
incision is taken over postérolatéral aspect of greater 
trochanter. Fascia lata is divided posterior and distal to 
the fibers of tensor fasciae latae, and abscess is drained 
through vastus lateralis and tendon of insertion of gluteus 
maximus. 

Iliopectineal Bursa 

Iliopectineal bursa is one of the largest synovial bursae 
in the body. It is présent over the hip joint capsule and 
deep to iliopsoas muscle and in about 15% of individuals 
it communicates with joint. Inflammation of bursa causes 
pain along anterior thigh due to irritation of fémoral 
nerve. Pain is elicited during hip extension or forced 
flexion. As this bursa may communicate with joint, it can 
be affected by inflammatory conditions of hip. If the hip 
involvement is not determined, the bursa is aspirated 
under image intensification control. When affected by 
acute infection, it can be drained through anterior 
approach. 1 

Ischiogluteal Bursa 

Ischiogluteal bursa is also called as "tailor's or weaver's 
bottom", as it is commonly involved in persons with 
occupations demanding prolonged sitting. It is situated 
between the ischial tuberosity and gluteus maximus 
muscle. 

Surgical drainage is carried out in knee-chest position 
or in lithotomy position. Incision is taken over ischial 
tuberosity in the line of fibers of gluteus maximus, and 
bursa is drained by blunt dissection. Appropriate chair 
padding and positioning help in preventing récurrence. 1 
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Subgluteal Bursa 

Subgluteal bursa is présent deep to gluteus maximus with 
greater trochanter and short rotator muscles of hip 
anteriorly. Bursitis causes pain in deep tissues on 
posterior aspect of hip. It should be differentiated from 
pyogénie arthritis of hip. It can be drained through 
postérolatéral approach. 1 

Adventitious Bursa 

An adventitious bursa is not présent normally and is 
formed on excessive pressure points. Adventitious bursa 
can be formed around hip over projecting tips of the 
implants inserted in the hip joint. Sometimes, they attain 
huge sizes and may contain melon seeds. 1 

SNAPPING HIP 

Snapping is an audible or palpable, invisible snap on 
latéral aspect of hip, as tight fasica band slips over the 
prominence of greater trochanter. Usually it causes no 
inconvenience to the patient. It may produce trouble to 
the patient if underlying bursa becomes inflamed or if 
patient is unable to tolerate snapping. 2 

It can be caused by 

• Slipping of thickened posterior border of iliotibial 
band on anterior border of gluteus maximus muscle 
near its insertion over the greater trochanter 

• Hooking of posterior portion of fascia lata over an 
abnormally large superior margin of greater 
trochanter 

• Slipping of iliopsoas tendon over iliopectineal 
eminence may cause snapping. When hip is extended 
from flexed, abducted and external rotated position, 
iliopsoas tendon slips over this eminence producing 
snapping. 


Differential Diagnosis 

The snapping should be differentiated from clicking 
sensations produced due to some intraarticular 
pathologies as osteochondromatosis, loose bodies in the 
joint, subluxation of hip secondary to abnormalities of 
posterior acetabular margin or to paralysis of hip muscles. 
Arthroscopy is helpful in diagnosing and for treatment 
of intraarticular pathologies. 

Treatment 

Usually no treatment is required as patient has little 
inconvenience with snapping. Patient should be 
explained cause of snapping. Conservative treatment 
consists of local injections, activity modification, etc. 
Surgical treatment is considered only if symptoms persist. 
Local anesthésia is preferred for surgery as patient can 
voluntarily snap during surgery, and band can be located 
easily. If general anesthésia is given, tense band is difficult 
to appreciate due to muscle relaxation. 

Under local anesthésia, the gluteal aponeurosis is split 
long, its undersurface sacrificed and two edges kept apart 
by suturing to fascia that covers the vastus lateralis. 

If slipping of iliopsoas muscle is a cause of snapping, 
then make a transverse inguinal incision just distal to the 
inguinal ligament extending from the anterosuperior iliac 
spine towards pubis. Iliopsoas muscle is exposed by 
developing plane between rectus femoris and adductors. 
Resection of any bony prominence if présent is done or 
release of iliopsoas tendon by Z-plasty may be done, or 
fractional lengthening by cutting only the tendinous 
fibers, as is done in CDH. 
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INTRODUCTION 

The advantages of mobile hip are great, particularly in 
India, where functional needs of patients differ from those 
of Western countries who can accept the stiff hip in 
functional position. People in India need to squat, sit 
cross-legged and kneel for social and religious purposes. 

Resection of the head and neck of fémur was first 
described in the obituary of Mr. Anthony White, an 
English physician, who resected the hip joint of 9-year- 
old boy with septic hip in 1849. Girdlestone 5 ' 8 briefly 
described the procedure for treatment of tuberculosis of 
hip in 1928 and later in 1934, modified the technique 
slightly for the debridement of septic hip. 

This operation of excision arthroplasty was performed 
for various conditions which included TB hip, pyogénie 
hip, failed treatment for fracture neck fémur with or 
without infection, ankylosing spondylitis, rheumatoid 
arthritis, prolonged unreduced hip dislocation, avascular 
necrosis of fémoral head with osteoarthritis, ankylosed 
hip, etc. It is an excellent procedure for infected hip with 
satisfactory resuit at ail âges providing painless mobile 
hip. In noninfected hip disorders, this procedure is also 
good in comparison with other sophisticated operation 
(replacement arthroplasty, total hip joint replacement) 
which is expensive to 90% of Indian patients, who cannot 
afford the table-chair life and are used to squatting, sitting 
cross-legged and kneeling. 

The operation is mainly carried out for infected, 
ankylosed, painful hips. Most commonly the operation 
is performed for tuberculosis of hip joint where articular 
surface of fémoral head is badly affected. Preoperatively 
patients are assessed for the intensity of pain, nature of 
deformity, range of movements and any shortening. 
Patients and relatives are explained the expected resuit 
of the operation regarding stability, mobility, shortening 


and gait. Preoperative suitable antibiotics should be 
given, but traction is not applied. 

Girdlestone arthroplasty can be performed bilaterally 
in a single sitting albeit for its distinct disadvantage of 
producing gross instability. The procedure can also be 
performed in the presence of spinal involvement or 
affection of ipsilateral or contralatéral knee. The rôle of 
Girdlestone arthroplasty is well established in the 
presence of active or dormant infection without doubt, 
the aim being to eradicate the disease rather than to 
provide a mobile hip. In order to improve the stability, 
angulation osteotomy 1,2 is performed. The authors do 
favor upper fémoral osteotomy combined with resection, 
particularly in absence of infection where lack of scarring 
in and around hip secondary to chronic infection 
increases the instability. 

The patient is in supine position with a sandbag under 
the sacrum. Hip is approached through Smith-Peter son 
antérolatéral approach. The head and neck of the fémur 
is excised at the level of intertrochanteric line, when it is 
not possible to dislocate the hip, neck is eut at the 
intertrochanteric line and head is removed by 
morcellation. In severe flexion deformity, iliopsoas 
tendon is detached. Acetabulum is cleared of any 
collected blood, infected débris and projecting bone. 
Whenever possible a sleeve of TF is wrapped around 
proximal fémur. Gentamicin polymethyl-methacrylate 
(PMMA) beads hâve been used by some in the cavity in 
cases of severe and active infection. Postoperatively 
skeletal traction is applied for 3 to 6 weeks in neutral 
rotation and abduction of 30 to 40°. 

Ail the patients are given physiotherapy, gait training 
and compensatory shoe raise. Active knee and hip 
movements are started during the first week. After the 
period of traction, patients are mobilized on walker and 
with the help of the stick. 




Girdlestone Arthroplasty of the Hip 2901 


Results of Girdlestone arthroplasty are interpreted in 
the light of functional needs of the patient. Patient's 
subjective feeling about his or her resuit are considered 
as important as objective criterion for the final results. 

The parameters taken into considération for 
assessment of functional and anatomical results are range 
of movement of hip and knee, instability, need of support, 
gait, walking distance without pain activities of daily 
living. Patient's personal opinion regarding results are 
also taken into considération. Based on these criteria, 
results are assessed and graded. 

Excellent Without pain, could walk long distance without 
any support, had almost full range of movements of hip 
and knee, able to squat, sit cross-legged and knee. 1 They 
are independent as far as professional and recreational 
activities. 

Good relived by mild analgésie occasionally, could walk 
without support but with minimal restriction of 
professional and recreational activities and are satisfied 
with resuit. 

Fair Pain was moderate after weight bearing but 
significantly reduced by regular doses of analgésies. 
Partially dépendent but able to carry out daily activities. 
Squatting, sitting possible with little difficulty or some 
compensation patients to some extent are satisfied with 
results. 

Poor Less than Above Standard 

Excellent and good results are mostly in unilatéral hip 
affection without systemic diseases and obesity. In our 
study this mainly included ail infected hip and to some 
extent ankylosing spondylitis. Fair results were found in 
patients of ankylosing spondylitis. 

Five patients with poor results had severe bilateral 
hip disease thereby compromising functional resuit of 
operation, since the resuit of any hip operation would be 
affected by disease in contralatéral hip, although 
contralatéral hip diseases is not contraindication to 
Girdlestone operation. 

Excisional arthroplasty removes the infection and 
eradicates the disease. Of the 48 patients who were 
operated on because of known infections, 40 patients 
ceased draining within a month or so after operation and 
had no récurrence. The remaining 8 patients drained 
intermittently 3 to 4 months which healed subsequently. 
Parr et al (1971) obtained healing in 26 out of 28 patients. 
Collin and Johonsten (1971) eradicated infection in 11 out 
of 12 cases observed these similar results. 


In order to improve stability, angulation osteotomy 
combined with Girdlestone arthroplasty was performed 
in 28 patients, which increases the stability of hip. Ail 
these patients had good results. 

Excision arthroplasty is a technically very easy and 
inexpensive operation which can be performed in any 
district hospital in developing countries, and 
postoperative management is very simple. Its use for 
infective lésions of hip—tuberculosis and pyogénie is well 
established as it relieves the pain, corrects the deformity, 
Controls the infection and restores pain regardless of its 
cause, it corrects deformity and achieves mobility. 
Obvious disadvantages are instability of the hip and 
shortening of the limb. The need for compensatory shoe 
raise and a walking stick to counteract the mild instability 
is considered acceptable provided squatting, sitting cross- 
legged and kneeling is made comfortable. Ail these 
patients undergoing Girdlestone excisional arthroplasty 
must be explained in advance regarding the use of 
external support in the form of stick or cane. 

We perform this operation as a primary treatment for 
failed fracture neck fémurs and ankylosing spondylitis. 
It is also advocated as one of the best forms of treatment 
for patients with severe bilateral involvement of hip such 
as in ankylosing spondylitis and rheumatoid hips. 

In ail these patients replacement arthroplasty and total 
hip joint replacement might be idéal but many situations 
do not fulfill the requirement of the Indian patients in 
the form of squatting, sitting cross-legged and kneeling. 
These sophisticated operations are expensive to many of 
the common Indian patients which at time might require 
révision. Ail these patients do not accept the stiff hip 
(hence, arthrodosis not favored) and require mobile hip 
to meet their social and religious demands. 3,9 Mainly it 
was done for nonunion, infection, failed hemiarthroplasty 
(AM Prosthesis) and failed internai fixation de vices. It 
was not done as a primary treatment. Ail these had 
painful hip with restricted movements and infection in 
few hips. Their main demand was painless mobile hip 
so that they can squat and sit cross-legged. 

In western countries this operation has a place as only 
salvage operation to be used only when prostheses hâve 
failed due to infection (Clegg 77). 4 

Even today, this procedure is a good alternative to 
modem sophisticated hip operations in Indian patients 
and other developing and undeveloped countries. 
Procedure constantly produces good resuit. Relief of pain 
is much better after excision of head and neck fémur than 
in any other surgical procedure and tends to produce 
permanent results. 
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INTRODUCTION 

An osteotomy is a surgical corrective procedure used to 
obtain a correct biomechanical alignment of the extremity 
so as to achieve equivocal load transmission, performed 
with or without removal of a portion of the bone. 

Radiographie Assessment 

Most decisions on reconstruction of the hip can be made 
on the basis of high quality radiographs. Ail patients 
should hâve an AP view of the pelvis, including both hip 
joints and upper fémoral shafts, as well as AP and latéral 
radiographs centered over the involved hip. In dysplastic 
hips, the false profile radiograph is extremely useful. This 
is taken in the standing position and represents an oblique 
of the pelvis and true latéral of the upper fémur. It allows 
better visualization of the anterior coverage parameters 
of the fémoral head than any other plain radiographie 
view. An AP radiograph of the extremity, which has been 
placed in abduction—internai rotation, as well as AP in 
adduction, permit full characterization of potential 
coverage enhancements. Where indicated, the AP canbe 
combined with flexion at the hip to replicate the effects 
of combined coronal plane angulation correction with 
sagittal plane extension osteotomy. 

In osteonecrosis, spatial localization of the necrotic 
segment is important. This localization is enhanced by 
obtaining two specialized AP radiographs. One is 
centered over the hip, with the thigh flexed 
approximately 40°. This permits visualization of 
anteriorly localized necrotic sectors. In the second view, 
the thigh is in full extension, and the beam of the machine 
is tilted 30° and angled from superior proximal to inferior 
distal. This radiograph captures the posterior portion of 
the fémoral head. Magnetic résonance imaging (MRI) of 
the hips is indicated in osteonecrosis, both for évaluation 


of the extent of head involvement and for assessment of 
the contralatéral hip, because bilateral involvement in 
nontraumatic cases is approximately 60%. Because spatial 
localization is superior with CT, a CT scan is also 
indicated occasionally to varify the lésions demonstrated 
on plain radiographs. 

Ostéotomies around the hip can be classified into 
ostéotomies of the fémur and of the acetabulum. 

History 

First fémoral osteotomy was performed by John Rhea 
Barton in 1826, when he tried to secure motion in an 
ankylosed hip. In 1835, Sourvier performed the first 
subtrochanteric osteotomy for the treatment of congénital 
dislocation of hip. While in 1854, Langenback, introduced 
subeutaneous osteotomy of the fémur. Upper fémoral 
ostéotomies with displacement and driving of distal 
fragment into acetabulam was described by Von Baeyer 
in 1918 and by Lorenz in 1919. This procedure was called 
bifurcation operation. In 1922, Schanz reported his low 
subtrochanteric abduction osteotomy. In 1935, Pauwels 
described an adduction osteotomy at intertrochanteric 
level. Milch in 1941 described his pelvic support 
abduction osteotomy with resection of head. In 1947 SA 
Dickson described his géométrie high fémoral osteotomy 
for both ununited fracture neck fémur and osteoarthritis. 
Blount and Moore described an excellent blade plate for 
fixation of high subtrochanteric osteotomy which offered 
patients early ambulation. 

Ostéotomies of Proximal Fémur 

Ostéotomies of proximal fémur are classified according 
to: 

i. displacement of the distal fragment, 

ii. anatomie location of osteotomy eut, and 

iii. according to indications. 
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According to Displacement 

The distal fragment is rotated with respect to that of 
proximal fragment longitudinal axis being collinear. 

Transpositional osteotomy: Here the longitudinal axis distal 
fragment is displaced in such a manner that it remains 
parallel to the longitudinal axis of proximal fragment. It 
is done in coronal plane with distal fragment being 
displaced medially the mechanically axis of fémur is 
displaced correspondingly laterally. It is employed either 
in the fracture of fémoral neck or in osteoarthritis of hip 
joint, e.g. Putti osteotomy, McMurray's osteotomy, 
Pauwel's osteotomy. 

Angulational osteotomy: In this case, the longitudinal axis 
of distal fragment angulated with respect to that of 
proximal fragment. It is done in: 

i. Sagittal plane, and 

ii. Coronal plane. 

Angulational Ostéotomies in Sagittal Planes 

Extension osteotomy: Designed mainly for correction of 
fixed axiofemoral flexion deformities in which the 
axiofemoral angle is reduced below its normal value of 
180 degree. This occurs: 

i. As a resuit of fixed flexion of trunk on pelvis 

ii. As a resuit of fixed flexion of fémur on pelvis. 

Angulation Osteotomy in Coronal Plane 

Adduction osteotomy: Performed at either interochanteric 
or subtrochanteric level, where the distal fragment is 
displaced towards midline. It is useful to correct: 

i. Abduction malalignments 

ii. Broomstick fémur after supportive epiphysitis 

iii. Congénital or paralytic dislocations 

iv. Osteoarthritis of hip. 

Abduction (pelvic supportive) Osteotomy 

Abduction of distal fémur may resuit in either a 
directional osteotomy or a pelvic support osteotomy. In 
former, no spécial effort is made at pelvic contact. There 
is a latéral displacement of mechanical axis. 

According to Anatomie Location 

1. High cervical 

2. Intertrochanteric osteotomy 

3. Subtrochanteric osteotomy 

4. Greater trochanteric. 


Based on Indications 

To Obtain Stabilities in Old Unreduced 
Congénital Dislocations 

1. Lorenz bifurcation osteotomy 

2. Schanz low subtrochanteric 

3. Hass osteotomy. 

To Obtain a Compressive Force and Possible Union in 
Ununited Fractures of Fémoral Neck 

1. McMurray's high géométrie osteotomy 

2. Dickson's high géométrie osteotomy 

3. Pauwel's Y-osteotomy 

4. Putti's osteotomy 

5. Schanz osteotomy. 

Relief of Pain in Osteoarthritis 

1. Pauwel's type I varus osteotomy 

2. Pauwel's type Il-valgus osteotomy 

3. McMurray's osteotomy 

4. Other corrective ostéotomies. 

To Correct Unstable Intertrochanteric Fractures 

1. Dimon Hughston osteotomy 

2. Sarmiento's osteotomy. 

To Correct Deformities of Coxa Vara Especially with 
Slipped Upper Fémoral Epiphysis and Congénital Coxa 
Vara 

1. Intracapsular cuneiform osteotomy by Fish 

2. Pauwel's osteotomy (Y) 

3. Valgus osteotomy 

4. Dunn's osteotomy 

5. Compensatory basilar osteotomy 

6. Interlocking IT osteotomy 

7. Langenskiold osteotomy. 

In Steonecrosis of Fémoral Head 

1. Sugioka's transtrochanteric osteotomy 

2. Varus derotation osteotomy of Axer. 

Ostéotomies in paralytic disorders of hip 

1. Varus osteotomy 

2. Rotational osteotomy 

3. Extension osteotomy. 
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Lorenz Bifurcation Osteotomy 

It is an oblique subtrochanteric osteotomy, made so that 
the proximal end of the distal fragment lies at the level of 
acetabulum. Plane of osteotomy is distal postérolatéral 
to proximal anteromedial. Then the limb is abducted and 
extended so that the proximal end of distal fragment is 
directed medially and anteriorly into the acetabulum. The 
raw surface of the two fragments are apposed to each 
other, and union in angulated position takes place. 

Schanz Osteotomy (Low Subtrochanteric) 

In this osteotomy, fémur is sectioned transversely at the 
lower border of pelvis, at the level of tuber ischii and the 
upper fragment is angled inwards until it rests against 
the side wall of pelvis. The angle anteriorly corrects the 
lumbar lordosis. Thus, the body weight gains a bony 
support, adduction increases the efficiency of the 
abductors, and stability is demonstrated by improvement 
in Trendelenburg's gait. Vitallium plate is used to fix the 
osteotomy. This osteotomy is contraindicated before 15 
years of âge because loss of angulation occurs during 
growth period. The same osteotomy is done in ununited 
fractures of fémoral neck with an aim to shift the line of 
weight bearing medially and to change the inclination of 
fracture surfaces to promote union. It is done in fémoral 
neck fractures with viable head and in children and adults 
less than 60 years as their neck is fairly preserved. 

Dunn and Hass Osteotomy 

Along with the osteotomy of greater trochanter resection 
of proximal fémoral metaphysis is done. This procedure 
may be done along with total hip arthroplasty. This is 
done basically to relieve abductor lever. 

McMurray’s Displacement Osteotomy 

It is an oblique displacement osteotomy which starts just 
below the base of the greater trochanter, extends upwards 
and inwards to a point above lesser trochanter. The 
proximal end of the distal fragment is displaced medially 
beneath the fémoral head to affect stability. It may or may 
not be associated with adduction ténotomies. When 
McMurray's is done for nonunion of fémoral neck, the 
displacement must be complété, so that the proximal end 
of distal fragment lies directly under the head of fémur. 
When it is done for relief of pain in osteoarthritis, no more 
than 20%, preferably less, of médial displacement and 
20° of abduction is permissible. This helps in bridging 
the nonunion site. 

McMurray's osteotomy is usually followed by a hip 
spica for 3 to 4 weeks followed by nonweight bearing for 


2 weeks or the compression nail-plate fixation suffices 
the immobilization and fastens the union. This osteotomy 
is now totally abandoned for the disrepute it received 
because of amount of instability and shortening. 

Dicksons High Géométrie Osteotomy 

In this osteotomy done for nonunion fémoral neck, the 
line of fracture is converted from a vertical (shearing) 
force to a horizontal (impacting) force. The osteotomy is 
done just below the greater trochanter, the distal fragment 
is abducted 60° and fixed with a plate. Spécial osteotomy 
by Dickson secures the desired angular osteotomy. 

Putti’s Osteotomy 

A displacement osteotomy characterized by a horizontal 
section of fémur in intertrochanteric région, and the distal 
fragment is transposed medially beneath the fracture line. 
It is specially indicated in nonunion transcervical 
fractures. Exact level of osteotomy is of utmost 
importance and must be precisely at the lowermost level 
of fractured proximal fragment. Osteotomy below this 
will give insufficient support across fracture and if above, 
transposition is difficult. 

Pauwel’s Y-Osteotomy 

Pauwel's Y-osteotomy is used for nonunions of fémoral 
neck with absorption of the neck and proximal 
displacement of the distal fragments. Prerequisitions are 
a viable fémoral head and a young vigorous patient. It 
produces a valgus neck-shaft angle for maximum 
compression force, and the vascular proximal end of the 
shaft is displaced medially bridging the nonunion site 
(Figs 1A to F). In this osteotomy, the surfaces are brought 
together by displacing the proximal end of the shaft 
medially and abducting the limb. The nail in the proximal 
fragment is then attached by a plate to the shaft. 

In Slipped Fémoral Epiphysis 

Osteotomy is indicated in chronic slipping with moderate 
or severe displacement. It is also indicated for malunion 
of a chronic slip in poor position. 

The level of osteotomy includes: 

i. Subcapital région 

ii. Basilar neck région 

iii. Subtrochanteric région. 

High incidence of avascular necrosis and chondrolysis 
has been reported following the subcapital osteotomizes 
that région distal to the capsular attachment posteriorly 
and thus the blood supply is spared. 
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Ostéotomies carried on fémoral neck are: 

i. traditional technique of closing wedge osteotomy of 
Martin 

ii. technique of Fish 

iii. technique of Dunn 

iv. base of neck technique of Kramer, Craig and Noël. 

Closing Wedge Osteotomy of Neck by Martin 

Wedge is removed from the anterosuperior neck with 
the apex of wedge on the posteroinferior aspect. Avoid 
osteotome pénétration in the posteroinferior aspect of 
retinaculum. Réduction is held with a Knowles pins. 

Cuneiform Subcapital Osteotomy of 
Fémoral Neck by Fish 

Believed to be the only operation that restores an accurate 
anatomie relationship between the fémoral head and neck 
of fémur and recommended for severe slips greater than 
60 degrees. The wedge is removed from the neck, adjacent 
to the epiphyseal plate, with the base anteriorly and 
superiorly. Réduction of epiphysis is done by flexion, 
abduction, and internai rotation of the limb and fixing 
with 3 to 4 pins. 

Dunn’s Osteotomy 

Done for severe chronic slips in children with open 
epiphyseal plates and is not done with closed epiphyseal 
plate. Principle in this osteotomy is as follows: 


1. Slip of fémoral head strips the periosteum from the 
back of fémoral neck and a break of new bones is laid 
down beneath it. 

2. Main retinacular blood supply runs up the back of 
fémoral neck. A latéral approach helps to strip the 
periosteum and its contained vessels and avoid 
damage to the vessels. 



Figs IA and B: (A) Pauwel’s Y-osteotomy. An example of 
pseudarthrosis at neck level with an inclination of 70°. An 
osteotomy eut is planned for 50 degrees using 130° angled 
blade plate. Chisle is introduced at the calculated angle and 
osteotomy eut parallel to it. Proximal head fragment is controlled 
by the blade of plate. Osteotomy wedge removed so that a 
powerful spur of the bow of Adam is preserved, and (B) Pauwel’s 
Y-osteotomy. Pseudarthrosis and osteotomy stabilized by 
angled blade plate and screw 



Figs IC and D: Pauwel’s Y-osteotomy. Preoperative radiographs of the hip AP and latéral showing intracapsular fracture neck 
fémur with nonunion. There is some amount of restoration of the neck and wide displacement at the fracture nonunion side 
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Figs 1E and F: Pauwel’s Y-osteotomy. Postoperative radiographs illusively showing 
osteotomy being fixed using dynamic hip screw (DHS) and an additional cancellous screw. 
Shearing forces at the nonunion site are now converted to compressive forces with valgisation 
at the trochanteric level 


Two osteotomy cuts are made one in the long axis of 
neck to remove the bones beak and the second at right 
angle to the neck to shorten it by 3 to 4 mm. Head is fitted 
to neck so that it looks square in latéral view and tilts to 
20° of valgus in AP view. Osteotomy is fixed with pins. 

Compensatory Basilar Osteotomy of Fémoral Neck by 
Kramer, Garig and Noël 

It is safer osteotomy because the line of osteotomy is distal 
to the major blood supply in the posterior retinaculum. 

It corrects both the varus and rétroversion component. 
The size of wedge to be removed is determined by the 
degree of slip from AP and latéral radiographs. Anteriorly 
the line of osteotomy is just proximal to the base of greater 
trochanter so that the abductor function is preserved. 
Widest part of epiphysis in anterior and superior aspect, 
this corrects varus and rétroversion component. The distal 
osteotomy line is eut first, perpendicular to the fémoral 
neck following the intertrochanteric line from proximal 
to distal. Second osteotomy is made with osteotome 
oblique and avoiding the retinacular vessels. The 
osteotomy should never penetrate the posterior cortex. 
It is fixed with Steinman pins by abducting and internally 
rotating the extremity. 


Malunited Slipped Capital Fémoral Epiphysis 

A trochanteric osteotomy is indicated here to produce 
an opposite deformity by doing osteotomy through 
highly vascular bone at the level of lesser trochanter. After 
the one is divided, the proximal segment consisting of 
slipped epiphysis, neck and greater trochanter assume 
characteristic attitude of: 

i. Abduction because of varus 

ii. External rotation because of backward displacement 
of epiphysis 

iii. Hyperextension because of protrusion of proximal 
neck anteriorly. 

Because of this abduction, internai rotation and flexion 
are limited. In order to replace the capital epiphysis 
within acetabulum the triple deformity of proximal 
segment is exaggerated by fixing the distal segment, the 
fémoral shaft in abduction, internai rotation and flexion. 
The following types of ostéotomies are done. 

Campbell’s Bail and Socket Osteotomy 

The proximal fragment is made concave and the distal 
fragment is convex. The three components of deformities 
are corrected by keeping the distal fragment internally 
rotated, flexed and abducted. The fragments are fixed 
with JNP or blade plates. 
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Tachdjian’s High Subtrochanteric Osteotomy 

It is a high subtrochanteric cuneiform biplane osteotomy 
in which a cuneiform wedge with its base directed 
anteriorly and laterally is removed. Lesser trochanter is 
left undisturbed to act as a buttress medially when the 
varus is corrected. Deformity is corrected by abduction, 
internai rotation and flexion of distal fragment. External 
fixation used in young and nail plate fixation in older 
patient. 

Measured Biplane Intertrochanteric 
Osteotomy of Southwick 

This osteotomy is most useful when head has slipped 
from 30° to 70°. Radiographie measurements are made 
prior to operation. 

Make an anteroposterior roentgenogram of the pelvis 
showing the hips in a position as nearly neutral as 
possible (the patella facing upwards) and another 
showing hips in the frog leg latéral position (in maximum 
abduction and external rotation) détermines the amount 
of posterior tilting. Wedge to be removed is marked on 
both radiographs of affected hip. Then joining the two 
angles tin templates can usually 20 to 36° anteriorly and 
45° laterally. Such stérile commercial templates are 
available. The inferior edge of wedge to be removed is 
marked as transverse mark at lesser trochanter level. 
Template is then used to mark the size and shape of 
osteotomy. The proximal fragment is stationary after bone 
division and the distal fragment, i.e. shaft of fémur 
rotâtes, and surface of proximal fragment flushes against 
transverse eut surface of shaft. Osteotomy is fixed with 
spécial side plate. 

Osteonecrosis of Fémoral Head 

In osteonecrosis, the purpose of the osteotomy is to bring 
the collapsing segment out of principle weight bearing 
contact with the acetabulum. When applied prior to 
collapse (stage I) or with minimal collapse (stage II), the 
results are good in 79% and excellent concerning pain 
relief in 59%. 

Wagner Intertrochanteric Osteotomy 

It couples a médial and anteriorly based wedge removal, 
resulting in both varus and flexion of the distal fragment. 
The purpose is to bring posterior and latéral fémoral head 
into the weight bearing area and to bring the sequestrum 
anteriorly out of contact. 


Sugioka’s Transtrochanteric Rotational 
Osteotomy (1978) 

This is done for osteonecrosis to prevent progressive 
collapse of the articular surface and to improve the 
congruity of the hip joint when a portion of the articular 
surface is still preserved. The rationale is to reposition 
the necrotic anterosuperolateral part of the fémoral head 
to a nonweight bearing area. To do this, the fémoral head 
and neck segment is rotated anteriorly around its 
longitudinal axis through a transtrochanteric osteotomy, 
which also osteotomizes the greater trochanter, so that 
now the weight bearing portion is the posterior articular 
surface. Sugioka emphasized on preoperative latéral 
radiographs of fémoral head and classified hips as 
follows: 

Grade I — Necrosis just visible, FH round 
Grade II — Head is flattened 

Grade III — Head markedly collapsed without narrow- 
ing of joint space 

Grade IV — Head showing advanced changes with 
narrowing of joint spaces. 

In Sugioka's osteotomy, initially the greater trochanter 
is osteotomized. Then a transtrochanteric osteotomy 
10 mm distal to the intertrochanteric line at 90 degree to 
the long axis of fémoral neck is made. Second osteotomy 
at right angles to the first at the superior edge of lesser 
trochanter to leave the lesser trochanter with the distal 
fragment. With the help of proximal pin, the fémoral head 
is of necrotic area (Figs 2 and 3). Then the osteotomy is 
fixed with large screws and washers and greater 
trochanter is reattached to both fragments. Sugioka's 
osteotomy is technically difficult with a high risk of 
complications including fémoral neck fractures, 
subtrochanteric fracture, delayed union and nonunion. 

In Legg-Calve-Perthes Disease 

Along with other pelvic ostéotomies, varus derotational 
osteotomy of Axer is rated successful. Distinct advantages 
include the ability to obtain maximum coverage of the 
fémoral head especially in older children, and ability to 
correct excessive fémoral antéversion at same osteotomy. 

Disadvantages 

1 . excessive varus angulation that may not correct with 
growth 

2. further shortening of an already shortened limb 

3. possibilities of gluteus lurch produced by decreasing 
the length of lever arm of the gluteus musculature 

4. possibility of nonunion of osteotomy 

5. requirement of second operation to remove implant. 
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Fig. 3 


Figs 2 and 3: Sugioka’s Osteotomy: Preoperative radiographs 
of both hips AP showing affection of left hip, anterosuperolateral 
segment is collapsed. Postoperative radiograph shows ventral 
rotation osteotomy performed at trochanteric level and stabilized 
with cancellous screws. We prefer to supplément this with 
muscle pedicle graft 

It is the procedure of choice when: 

i. Containment cannot be achieved 

ii. Child is from 8 to 10 years old without leg length 
inequality 

iii. On arthrogram majority of fémoral head is 
uncovered and the angle of Wiberg is decreased 

iv. There is significant amount of fémoral antéversion. 
Preoperative AP radiographs of pelvis in external 

rotation of lower extremities which are parallel to each 
other are taken and degree of derotation is estimated from 
the amount of internai rotation of extremity. A small 


4 hole plate is bent to the desired angle and a subtro- 
chanteric osteotomy is done followed by derotation and 
varus angulation of the shaft. Axer's reversed wedge 
modification uses removal of wedge one-half the 
calculated height based medially and its reversai for 
insertion laterally before fixation with prebent plate. A 
double hip spica is applied for 2 months. 

Osteoarthritis of the Hip 

Osteotomy here aim at restoring the disturbed bio- 
mechanical equilibrium between the résistance of the 
tissue and the magnitude of the articular pressure. 

This could be achieved in two ways: 

i. by altering the biological components, i.e. improving 
the tissue résistance to stress 

ii. by influencing the mechanical components in order 
to decrease articular pressure. 

It is extremely difficult to alter biologie components, 
the only therapeutic maneuver is to influence the 
mechanical component. Since the articular pressure is 
determined by the load and by the weight bearing 
surface, there are in principle two ways of reducing it: 

1. Decreasing the load, i.e. the compressive force acting 
on the joint. 

2. A large surface area transmits this compressive force. 

Surgical procedures for decreasing the load are: 

i. displacement osteotomy by McMurray's 1935,1939 

ii. temporary hanging hip (Voss). 

McMurray's osteotomy as described earlier in 
nonunion of fémoral neck reduces the load on hip joint 
by supporting the pelvis of fémur at the lower edge of 
acetabulum. It also relieves by relaxation of ail distally 
attached muscles. For decreasing the articular pressure 
by increasing the weight bearing surface in the case of 
incongruent articular surfaces two operations were 
developed. 

1. Varus interochanteric osteotomy (Pauwel's I) 

2. Valgus intertrochanteric osteotomy (Pauwel's II) 
These are basically joint preserving procedures. In 

addition to the increase in the surface of the weight 
bearing areas, the concomitant muscle release results in 
a decrease of the compressive force acting on the joint. 
Pain relief after ostéotomies is striking in osteoarthritis. 
Various théories hâve corne up for reasoning. 

1. McMurray's displacement helps in transferring the 
weight to the fémur through pelvis (mechanical 
explanation). 

2. Bombelli believes the benefits of a proximal fémoral 
osteotomy are mechanical and directly related to 
maintaining a horizontal acetabular weight-bearing 
surface. 
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3. Adam, Spence, Campbell, Jackson and Trueta give 
biologie explanation of pain relief secondary to 
increased vascularities of fémoral head. 

4. Goddard and Gosling implicated resting intraarticular 
pressure in hip as cause of pain in patients with OA. 
Decrease in pain in flexion and midabduction can be 
explained by rotational osteotomy of hip and psoas 
release. 

5. Pauwel's believed that OA is a biomechanical prob- 
lem. He pointed out that the sourcil is proximal to the 
acetabulum. When the pressure in the acetabulum is 
abnormal, a localized dense bone forms over part of 
acetabulum that is subjected to increased pressure. 

Pauwels I Varus Osteotomy 
(Adduction Osteotomy) 

Blount's indications 

1. Antalgie abductor limb 

2. Abduction deformities 

3. Painful adduction 

4. Motion in abduction beyond abduction deformities. 
Apart from preoperative radiographs, subeutaneous 

ténotomies may be required before ample abduction can 
be secured so that réduction can be achieved. Failure to 
reduce even after ténotomies is a contraindication for 
varus osteotomy. Varus osteotomy consist of resecting a 
segment of bone with its base medially. Wedge must be 
removed from the proximal fragment. The shaft is then 
internally rotated and extended to correct the external 
rotation and flexion deformity. Three types of wedges 
are eut for varus osteotomy. 

1. Original Pauwel's with proximal osteotomy made 
transversely at distal end of greater trochanter. This 
makes it more difficult to correct rotation and to apply 
the right angled plate. 

2. Original Miller technique of excision of wide based 
médial wedge with distal osteotomy eut transversely 
across shaft at just above the level of lesser trochanter. 

3. Présent technique of Miller using small half wedge 
eut immediately and transposed laterally. 

After the varus osteotomy the large compressive force 
acting near the edge of the acetabulum and evoking 
extremely high stress, becomes smaller and moves to the 
middle of the weight bearing surface. The stresses become 
low and even (sourcil). The disadvantage being shorten- 
ing coupled with decrease in stability, hence in extensive 
varus ostéotomies, simultaneous distal displacement of 
greater trochanter is considered (Figs 4 to 6). 




Fig. 6 


Figs 4 to 6: Pauwel’s I varus derotation containment osteotomy: 
Preoperative radiograph AP shows tendency of right hip to 
subluxate laterally following collapse of superolateral segment. 
On frog-leg view containment is satisfactory. The osteotomy 
will satisfactory contain the fémoral head in acetabulum 
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Pauwels II Valgus Osteotomy 
(Abduction Osteotomy) 

Blount's indications 

1. Trendelenburg limb 

2. Abduction deformity 

3. Painful abduction. 

At least 70° of flexion must be obtainable to secure a 
satisfactory resuit. Knock-knee deformities is a 
contraindication because abduction of a shaft will 
intensif y the valgus deformity of knees. Here a wedge is 
removed with base laterally and apex just below the lesser 
trochanter. In this also the weight bearing surface 
increases and the résultant force moves medially 
decreasing the stress. Usually 15° of valgus correction is 
required (Figs 7 and 8). Both the ostéotomies are fixed 
with right-angle blade plate with advantages of: 

i. maintenance in proper position 

ii. danger of limitation of motion of hip and knee is 
greatly reduced 

iii. early mobilization 

iv. less sy s ternie complications. 

Pelvic Ostéotomies 

The choice of fémoral versus pelvic osteotomy is 
sometimes surgeon's choice. Some prefer to do pelvic 
ostéotomies after âge 4 and fémoral ostéotomies prior to 
this. In general, pelvic ostéotomies should be performed 
when severe dysplasia is accompanied by significant 
radiographie changes on the acetabular side, i.e. increased 
acetabular index and failure of latéral acetabular 
ossification, etc. whereas changes on the fémoral side, 
e.g. marked antéversion are best treated by fémoral 
ostéotomies. 

In developmental dysplasia of hip, pelvic ostéotomies 
are required for instability, failure of acetabular 
development, or progressive fémoral head subluxation 
after réduction. Ostéotomies should only be done after 
congruent réduction, satisfactory range of motion, and 
reasonable sphericity is achieved by closed or open 
methods. The choice of pelvic versus fémoral osteotomy 
is sometimes surgeon's choice. Some surgeon's prefer to 
do pelvic ostéotomies after âge 4 and fémoral ostéotomies 
prior to this âge. In general, pelvic ostéotomies should 
be done when severe dysplasia is accompanied by 
significant radiographie changes, e.g. latéral acetabular 
ossification, etc.), whereas changes on the fémoral side 
(e.g. marked antéversion) are best treated by fémoral 
ostéotomies. 

Whenever possible, rotational osteotomy of the 
acetabulum should be performed. As a general rule, these 
major procedures should be reserved for cases in which 



Figs 7 and 8: Pauwel’s II valgus osteotomy: Preoperative 
radiograph shows collapse of more than 2/3rd superolateral 
portion. This osteotomy offers inferior intact surface to become 
weight bearing zone 

the CE angle is less than 10°. When concomitant valgus 
of the fémoral neck shaft angle is greater than 145°, 
adjunctive varus or valgus extension should also be 
considered. It is now known that a vast majority of 
patients who hâve surgically significant arthritis of the 
hip in the sixth decade of life also hâve radiographie 
evidence of an antécédent developmental hip condition. 

For rotational pelvic ostéotomies, a congruent mobile 
hip with minimal or no degenerative changes is 
préférable. Decisions can be made with plain 
radiographs, the most important being the false profile 
and the AP in abduction and internai rotation. In cases 
of mild subluxation in addition to dysplasia, centering 
of the fémoral head into the Socket on the abducted and 
internai rotation view is an important sélection criteria. 
Until the advent of the false profile view, the magnitude 
of coverage deficiency anteriorly was not appreciated, 
except at the time of surgery. 
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Pelvic osteotomy developed by Swiss and American 
surgeon's in early 1980 is most advantageous. This 
préserves the integrity of the posterior column by using 
a sériés of précisé and interrelated géométrie cuts, which 
isolate the acetabulum and its surrounding bone from 
the ilium, ischium and pubis. Rotational correction in 
three dimensions and médial displacement both are 
possible. This has given it an upper hand over dôme 
osteotomy or other rotational ostéotomies. The operation 
requires careful study and préparation. Serious vascular 
and nerve injuries can occur and must be avoided. 
Because of free mobility of the fragment, overcorrection 
is as frequent a problem as undercorrection. Furthermore, 
rétroversion or antéversion of the acetabulum can occur 
and must be carefully avoided by intraoperative AP 
pelvis check radiographs. The Steel (triple) osteotomy is 
favored in older children because their symphysis pubis 
does not rotate well. Pemberton ostéotomies are often 
preferred in paralytic dislocations and posterior 
acetabular deficiencies. This osteotomy is more versatile 
and technically difficult. 

In Legg-Calve-Perthes disease and developmental 
dysplasia of the hip (DDH) both, Salter's innominate 
osteotomy offers surgical redirection of the entire 
acetabulum, both the acetabulum when the hip is in the 
functional position of weight bearing. It is required in 
patients with instability after réduction or persistent 
acetabular dysplasia. It is indicated in children with a 
poor prognosis but whose fémoral head on arthrogram 
or CT has not yet deformed and in whom a full range of 
hip motion is présent. Robert Salter has further extended 
these indications which include following: 

1. The âge at onset of disease more than 6 years 

2. Total head involvement 

3. Extrusion and subluxation 

4. Inability to cooperate or cope with an abduction brace. 

Contraindications 

1. Those who hâve such a good prognosis that they do 
not need it, i.e. younger than 6 years of âge at the âge 
of onset, with partial head involvement and no 
extrusion and subluxation of the fémoral head. 

2. Those who hâve such an unfavorable prognosis that 
they cannot be helped by it, i.e. with established 
deformity of the fémoral head, with persistent 
restriction of hip joint motion despite traction. 

3. It is not recommended on patients with bilateral DDH 
because it will uncover the opposite hip. 

Results of Salter's osteotomy are superior to those of 
weight relieving methods of treatment, including 
prolonged bed rest and various braces. Furthermore, after 
this osteotomy the child may return to full activities. 


including sports, throughout the period of healing of the 
fémoral head. It may lengthen the leg up to 1 cm. 

The Chiari pelvic osteotomy has still a rôle in 
subluxating painful hips that do not satisfy the criteria 
for rotational reconstructive osteotomy. This is a type of 
shelf arthroplasty. Displacement of the upper fragment 
anteriorly, as well as laterally, is désirable. Because the 
true width of the ilium narrows dramatically proximal 
to the immédiate subchondral région of the acetabulum, 
the bone eut should be as close to the joint as possible. 
When the fémoral head is subluxated proximally, very 
little bone is actually available for coverage. This 
osteotomy if done in skeletally immature patients and 
eut if at a higher level might also resuit in a step in the 
joint laterally. 

Prior Chiari makes acetabulum portion of total joint 
replacement difficult as against rotational pelvic 
ostéotomies. A common conséquence of Chiari osteotomy 
is abductor weakness and lurch. This is because of 
stripping of rectus and gluteal muscles from the latéral 
iliac walls, latéral translation of the abductor origin, 
verticalization of the abductor lever arm vector, and 
shortening of muscle mass. 
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INTRODUCTION 

Hip joint is a major load-bearing joint of the human 
skeletal System. It play s a major rôle in the static and 
dynamic physiology of the locomotor System and 
although it is most stable bail and socket joint in the body, 
it still maintains extraordinary range of motion. The 
normal hip joint allows for a wide range of motion 
required for such diverse activities such as walking, 
sitting, bending and squatting. Patients of ail the âge 
groups are vulnérable for disorders of hip joint. In India, 
there are large number of patients with affection of hip 
joint needing reconstructive surgery. 

The common problems of the hip in the pédiatrie âge 
group are; Tuberculoses arthritis of hip. Infantile sep tic 
arthritis and its sequelae, neglected unreduced 
developmental dysplasia of hip, idiopathic chondrolysis, 
osteoarthritis secondary to old healed Perthes disease 
fractures of neck of the fémur with nonunion or avascular 
necrosis, neglected old unreduced traumatic dislocations 
fracture dislocations of hip, polio hip, congénital and 
acquired deformities of the hip such as coxa vara, coxa 
valga, etc. 

These pathological conditions of hip joint lead to pain 
in hip, limp on walking, limb length discrepancy, 
instability and disturbed hip and knee biomechanics. The 
solution of these problems are being sought along many 
different avenues using different materials and 
ostéotomies. 

Simple excision arthroplasty (Girdlestone) is 
associated with instability of hip with upward migration 
of greater trochanter. The soft tissues take the load of 
weight bearing and therefore, there is some amount of 
pain. As the insertion and origin of abductor muscles 
corne nearer the abductor muscles do not function. There 
is shortening of around two inches. The gait is a 


combination of short limb and lurching (Trendelenburg) 
gait. Physiotherapy will not help because the abductors 
cannot be strengthened. 

Arthrodesis or fusion of the joint is not liked by the 
Indian and South East Asian patients, as the traditional 
habits of squatting and sitting cross-legged are not 
possible. 

More recently, the osteotomy has corne to the forefront 
of attention in treatment of such hips and has revived 
the interest. Osteotomy of the upper end of the fémur 
has a wide range of application and was used early in 
the development of orthopedics. 

Pelvic support osteotomy (PSO) provides relatively 
stable, mobile, and relatively painless hip and offers a 
valuable treatment modality. Pelvic support osteotomy 
by Ilizarov technique Eliminâtes trendelenburg gait by 
extreme valgus osteotomy and tensioning of the abductor 
musculature. At the distal osteotomy lengthening as well 
as varusisation is done there by correcting the limb length 
discrepancy and realigns the knee joint. It also corrects 
the hyperlordosis of the hip. The mobility of the hip joint 
is relatively preserved by this technique such that the 
patients, especially Asians are able to sit cross legged and 
squat comfortably. It also has couple of added advantages 
like immédiate post operative weight bearing and allows 
further fine corrections during the postoperative period, 
if required. 

MATERIAL 

PSO by Ilizarov technique was performed in our institute 
in the period of 1998 to 2004. The duration of follow-up 
ranged from 6 months to 4.8 years. 19 patients (12 boys 
and 7 girls) in the âge range - 7 to 18 yrs. were operated 
with PSO by Ilizarov technique. The average limb length 
discrepancy was 3.2 cm. 
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No. of Cases 


1. Old infantile septic arthritis of hip 5 

2. Tuberculosis of hip 5 

3. Unreduced old traumatic hip dislocation 2 

4. Old unreduced DDH 4 

5. Idiopathic chondrolysis 2 

6. Old healed perthes disease 1 


Ail the patients were hospitalized and managed 
according to a standard protocol which included pre- 
operative évaluation of patient, pre-operative planning 
of surgery, physiotherapy plan and mobilization, 
distraction phase of lengthening, discharge from hospital 
after suture removal and pin tract care, follow-up on an 
out patient basis and fixator removal. Ail the cases were 
evaluated according to Harris Hip Score, Trendelenburg 
sign and LLD. 

METHODS 

Preoperative Evaluation and Planning 

Detail case history and thorough clinical examination is 
carried out which would décidé the management of 
particular case. Ail necessary hematological and 
radiological investigations are done to find out the 
diagnosis and its etiology. Of these radiological 
investigation and planning carries great importance. 

Preoperative Planning (Figs 1A to G) 

The amount of valgus required at the proximal osteotomy 
can be determined using two criteria: the maximum range 
of passive adduction and the actual maximum drop of 
the pelvis in single leg stance. The former is measured 
off a supine radiograph with the affected leg maximally 
crossed over the opposite thigh. The latter is determined 
by taking a single-leg standing radiography without 
support. The différence in the adduction angle between 
the fémoral shaft and the horizontal line of the pelvis 
represents the amount of support the hip abductors can 
currently apply together with the interférence of the 
opposite thigh in the dropping of the pelvis. The valgus 
angle should, be the single-leg stance drop angle plus 
15° of over correction. 

The level of the proximal osteotomy is determined 
from the supine cross-legged radiography. The osteotomy 
of the fémur should be at the level of the ischial tuberosity 
on this view. To détermine the level of the distal 
osteotomy, one needs make a paper tracing of the fémur 
and pelvis with the proximal segment of the fémur 
maximally adducted as seen on the cross-legged view. 
The osteotomy should be made at the level of the ischial 
tuberosity, and the distal segment should be displaced 


one half-shaft thickness medially. The distal segment 
should be angulated as described above. In cases with 
stiff hip joint, where adduction is not possible, 
intraoperatively, after resection of the head, the fémur is 
adducted and the angle and level of osteotomy is 
determined on table. 

Mechanical axis of proximal fragment (PMA) line 
should be drawn perpendicular to the horizontal line of 
the pelvis, passing one-third to one-half the distance 
latéral to the médial edge of the proximal fragment. The 
distal axis line is drawn as an extension of the tibial 
mechanical axis line, extended proximally. This assumes 
that the tibia has no deformity. If the tibia is malaligned, 
as revealed by an abnormal MPTA, it should be corrected 
separately and the distal axis line should be drawn as an 
87° mLDFA. The intersection point of the proximal and 
distal axis lines is the level of the second osteotomy, if 
this level is too proximal, the osteotomy can be performed 
more distally if the bone is translated medially together 
with the varus angulation. The second osteotomy can be 
corrected acutely or gradually. If lengthening is required, 
it is performed together with the angular correction. There 
is no sagittal plane correction at the distal osteotomy. 

At the proximal osteotomy, the fémur should be 
extended by the amount of flexion deformity of the hip 
plus 5°. The extension allows the patient to lock the hip 
during standing and single-leg stance. It also éliminâtes 
hyperlordosis of the spine. 

SURGICAL TECHNIQUE 
Position 

After girdlestone excision of the fémoral head, supine 
position given and the limb is held in maximum 
adduction with the patella pointing upward. This 
maneuver prevents the gluteal soft tissues from being 
compressed by the pelvic arch. 

Proximal Fémoral Osteotomy 

A six mm half pin was inserted laterally just distal to the 
tip of greater trochanter and directed medially to exit the 
opposite cortex at or just below the lesser trochanter 
under c-arm control. The exact angle and the level of this 
half-pin was determined by the radiographs obtained 
preoperatively and was based on the amount of 
angulation at the osteotomy site needed to obtain pelvic 
support. 

A second six mm half pin then was inserted just distal 
to the first half pin in the greater trochanter parallel to 
the first pin. 

Another six mm half pin was inserted at hands' 
breadth distal to the proposed proximal osteotomy site 
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A. Shortening of the fémur with absent fémoral head. 

B. Maximum adduction is 50°. The level of the proximal osteotomy is determined based on this radiograph and should coïncide 
with the level of the fémur that crosses the ischial tuberosity. 

C. Single-leg standing adduction is 40°. 

D. Total valgus correction is based on the single-leg standing adduction plus 15°of over correction. The total is 55°. The distal 
fémur should be medially displaced. 

E. Planning for the second osteotomy, the proximal axis line is the line perpendicular to the horizontal line of the pelvis, passing 
through the apex of the first osteotomy. The distal axis line is the mechanical axis line of the tibia extended proximally. The 
CORA is in the mid-femur. 

F. The fémur should be lengthened first without angular correction. 

G. The fémur should then be vascularized through the lengthening zone. The final mechanical axis is perpendicular to the 
horizontal line of the pelvis 
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perpendicular to the fémur shaft or angled 15° caudal to 
a perpendicular line with a fémoral shaft to achieve the 
desired angulation at the proximal osteotomy and to 
achieve an over displacement at the osteotomy site which 
reduces the risk of loss of correction caused by bone 
remodeling. The proper orientation and placement of half 
pins and the correct level of the osteotomy are confirmed 
under IITV or intraoperative radiograph. The prepared 
llizarov frame construct is inserted into the leg. The arches 
are disconnected with each other and with the distal ring 
construct. One pelvic arch is attached to the proximal two 
half pins with help of one or two holed rancho and 
another pelvic arch attached to the distal half pin. 

The level of the proposed osteotomy is confirmed 
under IITV by passing K wire upto the latéral cortex of 
the fémur. A transverse osteotomy is then done with help 
of sharp osteotome and hammer under IITV control. After 
the osteotomy is completed the distal fragment is 
translated medially, internally rotated and abducted 
under IITV control. The correct angulation of the proximal 
fémur was accomplished through the osteotomy site by 
bringing the arches parallel under IITV control. The 
arches then are connected using threaded rods. 
Additional tensioning of the gluteal muscles was 
achieved by ensuring mild anterior angulation at the 
osteotomy site. 

Distal Osteotomy 

The distal ring placed at the level of the superior pôle of 
the patella is attached to the fémur with a transcondylar 
1.8 mm tensioned K wire and two half pins passed 
obliquely in an antérolatéral and anteromedial direction. 

A 1.8 mm K wire mounted on a drill machine is passed 
from latéral to médial condyle parallel to the knee joint 
at around 3 to 4 cms proximal to the knee joint line 
keeping the knee is maximally fixed position under IITV 
control. This is the reference wire and is attached to the 
distal most ring and 130 kg tensioning done. One 6 mm 
half pin passed obliquely in antérolatéral direction from 
the médial condyle under IITV control. Another 6 mm 
half pin passed obliquely in anteromedial direction from 
the latéral condyle under IITV control and both pins 
attached to the distal most ring with help of rancho. The 
proximal ring is fixed with one 6 mm half pin from the 
latéral aspect of fémur under IITV control. These two 
rings are parallel to the knee joint. The distal osteotomy 
is done at the metaphyseal level. If the CORA of the distal 
osteotomy (as determined according to the planning) is 
far too proximal then conical washers are attached to the 
full ring proximal to the osteotomy. These washers now 
behave as hinges and are located at the level of the CORA. 
A small incision is made over the distal fémoral 


metaphysis anterolaterally. Blunt dissection to 
periosteum allows the ten millimeter osteotome to be 
inserted. Carefully, anterior then latéral cortex is eut after 
multiple drillings and sharp osteotome and hammer 
under IITV control. The distal two fémoral rings are 
temporarily disconnected and osteotomy is completed 
by rotating the distal ring externally against the proximal 
construct. The two rings are then connected to each other 
with four threaded rods and conical washers. The distal 
ring construct is connected to the arch above with the 
help of two oblique supports and threaded rods. The 
alignment and completion of osteotomy is confirmed 
under IITV. 

Incisions are closed with sutures, the entire assembly 
is tightened and stérile dressing done. 

Postoperative Care 

The postoperative period is very important in the llizarov 
method. Starting from the lst postoperative day 
mobilization of the patients and physiotherapy is 
executed. Hip exercises and knee flexion extension are 
specially taking care of during réhabilitation. On the 7th 
postoperative day (latency period of 7 days) differential 
distraction is started at the distal osteotomy site@ rate of 
1mm laterally and 0.5 mm medially to achieve the desired 
lengthening and varusisation. 

RESULTS (FIGS2ATO F) 

In our sériés of 19 patients we obtained the foliowing 
results: 

Excellent 2 cases 

Good 11 cases 

Satisfactory 05 cases 

Poor 01 case 

The Trendelenburg sign, which was positive in ail the 
patients preoperatively, disappeared in ail, except in 4, 
after the surgery. 

The average valgus angle achieved at proximal 
osteotomy was of 53°. The average varus angulation at 
distal osteotomy was 9°. The average fémoral lengthening 
achieved was 2.5 cm (1 to 5.5 cm). 

The average fixator period of 151 days. The average 
preoperative Harris hip score was 43.7 (15 to 69) and 
1 /3 of the cases had preoperative Harris hip score in the 
range from 51 to 60. 

The average postoperative Harris hip score was 78.96 
(60 to 93) and more than Vi cases had score in the range 
from 80 to 89. 

To conclude the average Harris hip score improved 
from 43.7 preoperatively to a score of 78.96 postope- 
ratively. 
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Figs 2A to F: A case of idiopathic chondrolysis 

A. Preoperative AP X-ray in maximum adduction (Lt. side) with deformed head and shortening of 3 cm 

B. Immédiate postoperative x-ray 

C. Follow up X-ray showing distal osteotomy after lengthening and realignment 

D. X-ray after fixator removal 

E. Final X-ray showing equalization of leg length, pelvic support and realignment of axis 

F. Excellent resuit, patient having only 0.5 cm of residual shortening, négative Trendelenburg sign, Patient is able to sit cross 
legged and squat comfortably after PSO by llizarov technique 
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COMPLICATIONS 

1. Superficial pintract infections- (4 cases) Ail infections 
resolved with meticulous pinsite care and oral 
antibiotic. 

2. Knee joint stiffness- (1 case). 

CONCLUSION 

1. PS O by llizarov technique is a safe and reliable 
modality for the treatment of various diseases of hip 
joint in which fémoral head salvage procedures are 
not possible. 

2. It is a relatively safe technique in the presence of 
previous infection. 

3. PSO by llizarov technique provides relatively stable 
hip and simultaneously preserving mobility of the 
hip. 

4. It corrects hyperlordosis by éliminating FFD of the 
hip while preserving the range of motion of the hip 
joint. The hip abduction range is increased while the 
adduction range is decreased. The same is true for 
hip flexion, which is decreased while hip extension 
is increased. 

5. PSO by llizarov technique can successfully 
ameliorate Trendelenburg sign and simultaneously 
correct knee alignment and LLD. 

6. If PSO by llizarov technique performed on a young 
patient, one can expect remodeling of the proximal 
osteotomy and additional development of LLD; the 
procedure may hâve to be repeated. 

7. A careful preoperative évaluation and planning for 
the ostéotomies is very important. 

8. However PSO by llizarov technique can be 
demanding technically and may involve a lengthy 
period wearing the frame. 

9. The problem of patient's inconvenience and 
discomfort with llizarov fixator has been minimized 
by using the hybrid-advanced technique. 

10. Superficial pin tract infection is the common problem 
with llizarov technique. 


11. Intensive postoperative physiotherapy is a must. 

12. It requires several studies and longer follow-ups to 
better evaluated the technique. 
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INTRODUCTION 

The knee joint is the largest articulation in the body. It is 
a hinge joint, but actually is more complicated because 
apart from flexion and extension its motion has a rotary 
component. The stability of the knee dépends upon three 
factors: (i) the osseous structures, (ii) the extraarticular 
structures, (iii) the intraarticular structures. 

The Osseous Structures 

The osseous structures consist of three components: (i) 
the patella, (ii) the distal fémoral condyles, (iii) the 
proximal tibial plateaus or condyles. 

The patella is a somewhat triangular-shaped sesamoid 
bone wider at the proximal than at the distal pôle. The 
articular surface of the patella is divided by a vertical 
ridge into a smaller médial and a larger latéral articular 


surface. When the knee flexes, both the articular surfaces 
of the patella are in contact with the fémur. During flexion 
and extension, the patella moves about 7 to 8 cm in 
relation to the fémoral condyle. 

The fémoral condyles are two rounded prominences. 
They project a little in front of the fémoral shaft but a lot 
behind. The groove anteriorly between the condyles is 
the patellofemoral groove or trochlea which accepts the 
patella. The latéral lip of the groove is more prominent 
and longer than the médial and helps in preventing latéral 
displacement of the patella (Fig. 1). The articular surface 
of the médial condyle is longer than that of the latéral 
condyle. 

The tibial condyles or plateaus articulate with the 
fémoral condyles. They are separated in the midline by 
the intercondylar eminences with its médial and latéral 
intercondylar tubercles. Anterior and posterior to the 


Patella surface 



Transverse ligament 
of the knee 



Anterior cruciate 
ligament 


Médial 

meniscus 


Latéral 

meniscus 


Posterior cruciate 
ligament 


Posterior meniscofemoral 
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Fig. 1: The latéral fémoral condyle is more prominent than 
the médial fémoral condyle 


Fig. 2: Cross-section of the tibia of the 
level of the joint 
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intercondylar eminences are the areas that serve as 
attachment for the cruciate ligaments and menisci 

(Fig- 2) 

The articular surfaces of the knee are not congruent. 
On the médial side, the fémur meets the tibia like a wheel 
on a fiat surface, whereas on the latéral side, it is like a 
wheel on a dôme. 

The extraarticular structures can be divided into the 
extraarticular tendinous the ligamentous structures. 

THE EXTRAARTICULAR TENDINOUS STRUCTURES 

The important extraatricular tendinous structures that 
given stability to the knee are the musculotendinous units 
principally the quadriceps mechanism, the gastro- 
cnemius, the médial hamstrings comprising the sartorius, 
the semitendinosus, the gracilis and the semimem- 
branosus, the latéral hamstring comprising the biceps 
femoris, and the popliteus. 

The four components of the quadriceps are the rectus 
femoris, the vastus intermedium, the vastus medialis and 
lateralis. The quadriceps tendon inserts into the proximal 
pôle of the patella. The patella tendon takes origin from 
the distal pôle of the patella and inserts distally into the 
tibial tubercle. 

The gastrocnemius, the most powerful calf muscle, 
arises from the posterior aspect of the médial and latéral 
fémoral condyle by two heads. It spans the posterior 
aspect of the knee in intimate relationship with the 
posterior capsule. The médial head is separated from the 
capsule of the knee joint by a bursa which may 


communicate with the cavity of the joint and with the 
semimembranosus bursa. The latéral head often contains 
a small sesamoid bone the "fabella" opposite the latéral 
condyle. 

The semimembranosus muscle is an important 
stabilizer of the posterior and posteromedial aspect of 
the knee. Its acts as a flexor of the knee and an internai 
rotator of the tibia. 

Pes anserinus is the term given to the conjoined 
insertion of the sartorius, the gracilis and the 
semitendinosus along the proximal médial aspect of the 
tibia. 

These primary flexors of the knee hâve a secondary 
internai rotational influence on the tibia. These muscles 
help to protect the knee against rotary as well as valgus 
stress. 

The biceps femoris on the latéral side inserts primarily 
into the head of the fibula. It is a strong flexor of the 
knee and an external rotator of the tibia. 

The iliotibial tract inserts distally into the latéral tibial 
tubercle (Gerdy's tubercle). Thus, it forms an additional 
ligament that is contiguous anteriorly with the vastus 
laterally and posteriorly with the biceps. 

The popliteus muscle arises mainly from the latéral 
fémoral condyle within the capsule of the knee joint. It is 
a prime médial rotator of the tibia during initial stages of 
flexion. 

The biceps femoris, the iliotibial band, the popliteus 
and the fibular collateral ligament are latéral stabilizers 
of the knee. 



Fig. 3: The principal stabilizing structures of the knee 
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Extraarticular Ligamentous Structures 

The capsule and the collateral ligaments are the other 
important extraarticular stabilizing structures. 

The capsule consists of fibrous tissue which invests 
the joint circumferentially. The menisci are attached at 
the periphery to this capsule especially so medially and 
less laterally. This is because laterally the passage of the 
popliteus tendon through the capsule produces a less 
secure meniscal attachment than is présent medially. The 
capsular structures, along with the médial and latéral 
extensor expansions of the powerful quadriceps 
musculature, are the principal stabilizing structures 
anterior to the transverse axis of the joint (Fig. 3). The 
capsule is especially reinforced by the collateral ligaments 
and the médial and latéral hamstring muscles as well as 
the popliteus muscle and the iliotibial band, and these 
are the principal stabilizing structures posterior to the 
transverse axis. The main médial stabilizers of the knee 
are the tibial collateral ligament, the semimembranosus, 
the tendons of the pes anserinus, and the oblique popliteal 
ligament of the posterior capsule. The latéral stabilizers 
are the iliotibial band, the fibular collateral ligament, the 
popliteus tendon, and the biceps femoris. Posteriorly, 
the capsule is reinforced by the oblique popliteal 
ligament, at the posterolaterally by the structures 
contributing to the arcuate complex (Fig. 4). 

The anteromedial and antérolatéral capsules are 
significant in protecting the anteromedial and 
antérolatéral aspect of the knee against subluxation and 
rotational excesses. 

Additional support is produced by the collateral and 
cruciate ligaments. 

The tibial collateral ligament originates on the médial 
épicondyle and inserts 3 to 4 inches below the joint line 
on the médial surface to the tibia deep to the pes 
anserinus. 

The fibular collateral ligament attaches to the latéral 
fémoral épicondyle proximally, and to the fibula head 
distally. It is the principal stabilizer of the knee against 
varus stress with the knee in extension. 

INTRAARTICULAR STRUCTURES 

The principal intraarticular structures are the médial and 
latéral menisci and the anterior and posterior cruciate 
ligaments. 

Each meniscus is a biconcave fibrocartilaginous disk 
which is thick at its attachment to the joint capsule 
peripherally and tapers to a thin free edge centrally. The 
médial meniscus is semilunar in shape with a thin 
anterior horn and widens posteriorly. The latéral 
meniscus is more mobile than the médial meniscus and 
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Fig. 4: Posterior view of the knee showing ligamentous 
reinforcement of posterior capsule 


Anterior cruciate ligament 



Fig. 5: The intraarticular structures of the knee 


is circular in shape. Anteriorly and posteriorly the menisci 
are attached to the tibial intercondylar area by fibrous 
extremities or horns. The latéral meniscus being nearly 
circular in keeping with the more circular fémoral 
condyle, its horns are attached close together, the 
posterior to the intercondylar eminence, the anterior 
immediately in front of this (Fig. 5). In addition, it gives 














2926 Textbook of Orthopedics and Trauma (Volume 4) 


a strong slip to the posterior cruciate ligament (menisco- 
femoral ligament) and is attached anteriorly to the médial 
meniscus by the tr ans ver se ligament of the knee. 

The médial meniscus is more oval in shape (its long 
axis being anteroposterior in keeping with the elongated 
médial fémoral condyle), and its horns are attached 
further apart, the anterior, to the most anterior part of 
the intercondylar area, the posterior between the 
intercondylar eminence and the posterior cruciate 
ligament. 

The menisci get their blood supply from the superior 
and inferior branches of the latéral and médial geniculate 
arteries. The peripheral 20 to 30% of the médial meniscus, 
and the peripheral 10 to 25% of the latéral meniscus are 
vascular. The remaining central portion of the menisci 
are a vascular and dépend upon diffusion of nutrients 
from the synovial fluid for nutrition. A tear sutured in 
the vascular portion of the meniscus (red on red) heals 
better than a tear sutured at the junction of the peripheral 
and central portion (red on white), or a tear sutured at 
the central avascular part of the meniscus (white on 
white). 

The main rôle of the menisci is in load transmission 
and stability of the knee. The other functions attributed 
to the menisci are distribution of joint fluid, articular 
cartilage nutrition, shock absorption, and deepening of 
the joint. The menisci protect the articular cartilage by 
increasing the joint congruity and contact area and 
preventing focal concentrations of stress. The menisci also 
impart a component of stability to the knee joint. In an 
anterior cruciate ligament (ACL)-deficient knee, an intact 
médial meniscus has a certain amount of restraining effect 
on anterior tibial translation. 


The ACL originates from the anterior tibial eminence 
and courses through the intercondylar notch to insert on 
the posteromedial aspect of the latéral fémoral condyle. 
The fascicles of the ACL can be grouped into 
anteromedial and postérolatéral bands, named for the 
anatomical tibial insertion sites. The anteromedial band 
tightens with flexion, while the postérolatéral band is taut 
in extension. The ACL serves as a primary restraint to 
anterior tibial translation. It is also an important 
secondary restraint to varus and valgus as well as tibial 
rotation. 

Anatomically, the posterior cruciate ligament (PCL) 
takes origin from a dépréssion between the posterior 
aspect of the two tibial plateaus. It inserts on to the latéral 
surface of the anterior portion of the médial fémoral 
condyle. Functionally, the PCL is composed of two 
bundles, antérolatéral and posteromedial. The 
antérolatéral band is tight in flexion and the 
posteromedial band tight in extension. However, like the 
anterior cruciate they do not restrict these movements. 
The PCL serves as the primary static restraint to posterior 
translation of the tibia. In addition, it is a secondary 
stabilizer to varus angulation and external tibial rotary 
displacement at 90° of knee flexion. In conjunction with 
ACL, it médiates the "screw home" mechanism of the 
knee. The articular surface of the médial condyle is 
prolonged anteriorly, and as the knee cornes into the fully 
extended position, the fémur internally rotâtes until the 
remaining articular surface on the médial condyle is in 
contact. The posterior portion of the latéral condyle 
rotâtes forward laterally, thus, producing a screwing 
home movement locking the knee in the fully extended 
position. This "screw home" mechanism appears to 
increase the stability of the knee. 


Biomechanics of Knee 


INTRODUCTION 

The science of biomechanics as applied to the 
musculoskeletal System relates force to motion. 

The knee joint transmits loads, participâtes in 
kinematic function, aids in momentum conservation, and 
provides a force couple for purposeful activities involving 
the foot. The surgeon is frequently called upon to 
diagnose and treat knee disorders arising from a 
pathomechanical State. Biomechanics provides the tools 
for a précisé scientific évaluation of the disorders of 
function. Kinetics, which includes statics and dynamics. 


is the engineering science that describes the forces acting 
on the body. In a static situation, such as standing, there 
is a state of equilibrium, i.e. there are no accélérations 
acting on the part. In a dynamic situation, such as 
walking, jumping, or running, there are accélérations 
acting on the part. 3 

Several kinematic studies hâve confirmed that motion 
in the knee is not that of a simple hinge, but is an 
extremely complex sériés of movements about variable 
axis in three separate planes during the course of a normal 
gait cycle. In addition to flexion and extension occurring 
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Instant centers 





Fig. 7: Movement of fémur—relative to the tibia during flexion 
showing contact points, generated by combination of rocking 
and gliding 


Fig. 6: Transverse axis of flexion and extension of the knee 
constantly changes, and describes a J-shaped curve about the 
fémoral condyle 

in the sagittal plane, constant abduction and adduction 
are occurring in the coronal plane, and internai and 
external rotatings are occurring in the transverse plane. 
Flexion and extension do not occur about a fixed 
transverse axis of rotation, but rather about a constantly 
changing center of rotation, i.e. polycentric rotation. 
When plotted, the path of this changing center of rotation 
describes a J-shaped curve about the fémoral condyles 
(Fig. 6). 3,6 

Flexion and extension of the knee are accomplished 
by both a rocking motion and a gliding motion between 
the fémoral and tibial condyles (Fig. 7). In a normal gait 
cycle, approximately 70° of flexion and extension occur 
during the swing phase, and 20° during the stance phase. 
Approximately 10° of abduction and adduction, and 10 
to 15° of internai and external rotations occur during each 
gait cycle. The configuration of the osseus structures and 
the tension of the supporting ligaments and the menisci 
allow no rotary motion in the fully extended position. 

Knowledge of the magnitude and distribution of 
forces across the normal knee in a variety of positions 
and activities is essential in prosthetic design and 
development. It has been found that joint surfaces are 
subject to a loading force equal to three times the body 
weight in level walking. In climbing stairs, the force 
increases to four times the body weight. In a normally 
alined knee, the weight bearing is shared across both the 
médial and latéral tibial plateaus, 70% médial and 30% 


latéral. However, when malalinement exists, such as in 
varus or valgus deformity, a significant shift in the joint 
load to one side of the articulation occurs. In a varus 
deformity almost 100% weight is borne by médial plateau. 
Corrective ostéotomies about the knee attempt to 
reestablish a more normal weight bearing distribution 
across the joint surface of the knee. 2 " 5 

The long-term success of knee arthroplasty is greatly 
dépendent on appréciation of the weight bearing axis of 
the lower extremity. The mechanical axis of the lower 
limb extends from the center of the fémoral head to the 
center of the ankle joint, and should pass through or near 
the center of the knee in a normally alined lower limb. 
Because the hips are more widely separated than the knee 
and ankle, this mechanical axis is in 3° of valgue from 
the true vertical axis of the body which extends from the 
center of gravity to the ground (Fig. 8). 

The anatomie axis of the fémur (fémoral shaft axis) is 
in approximately 6 degrees of valgus from the vertical 
axis with variations according to body habitus. 
Furthermore, the anatomie axis of the tibia is 
approximately 2 to 3° of varus from the mechanical axis 
by their measurement. The clinical implications of these 
facts are that when performing a total knee replacement, 
the fémoral component should be placed in 9 ± 2° of 
valgus from the vertical axis, and the tibial component 
in 2 to 3° of varus. 5 

The biomechanical functions of the patella allow for 
a wider distribution of forces on the distal fémur. The 
patella prevents tendon-joint contact during flexion of 
the knee. It also effectively lengthens the lever arm of the 
quadriceps muscle through knee range of motion. 
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Fig. 8: Mechanical axis of lower limb extends from center of 
fémoral head to center of ankle joint, and passes through center 
of knee. Joint is in 3° of valgus from vertical axis of body 

The menisci are important in reducing stress on the 
cartilage. Differential contributions of the médial and 
latéral menisci to load transmission hâve been shown. 
The load across the médial compartment is borne and 
the meniscus carries 70% of the load transmitted. Hence 
after meniscectomy, significant increase in local contact 
stress is seen. 6,7 

Fairbank in his classic article described three radio¬ 
graphie signs found in knees 3 months to 14 years after 
meniscectomy, i.e. flattening of the fémoral condyle, 
formation of peripheral ridges (osteophytes), and joint 
space narrowing. 

Alterations in the vertical and transverse axes may 
occur with disruptions and dérangements of the vertical 


Trauma 

Internai _^ Conversion to ^ Displacement 

dérangement plantar joint centrode 

1 

Biological _ Mechanical Abnormal 

response articular surface 

surface wear motion 

Localized synovial Degenerative 

hypertrophy joint disease 

osteophyte 
formation 

Fig. 9: Proposed scheme to explain relationship between 
mechanical alteration in knee joint and biological response 


axes of rotation shifts medially and vice versa. Because of 
the eccentricity of the fémoral condyles, as stated above, 
the transverse axis of rotation constantly changes position 
(instant center of rotation) as the knee progresses from 
extension into flexion. After studying the complexities 
of the rocking and gliding motions about the knee. 
Frankel, 8 Burstein and Brooks found that changes in the 
"instant center of rotation" are often détectable 
kinematically and are responsible for many of the 
degenerative conditions about the knee joint (Fig. 9). 
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ANATOMY 

The knee is one of the most commonly injured joints 
because of its anatomie structure, its exposure to external 
forces, and the functional demands placed on it. Basic to 
an understanding of knee injuries is an understanding 
of the normal knee anatomy. Larson and James hâve a 
workable, practical classification of the structures about 
the knee. There are three broad categories: 

i. Osseous structures 

ii. Extraarticular structures 

iii. Intraarticular structures 

Motion of the Normal Knee Joint and 
Function of the Ligaments 50 

The motion of the joint is controlled both by the bony 
architecture and by the ligamentous attachments. In a 
completely extended knee joint, both collateral and 
cruciate ligaments are taut, and the anterior aspects of 
both menisci are snugly held between the condyles of 
the tibia and the fémur. At the beginning of flexion, the 
knee "unlocks", and there is a médial rotation of the tibia 
on the fémur, which, according to Last, is brought about 
by contraction of the popliteus muscle. 

Some portion of the superficial médial collateral 
ligament remains taut throughout flexion, whereas the 
latéral collateral ligament is taut only in extension and 
relaxes as soon as the knee is flexed. The anterior portion 
of the superficial médial collateral ligament is the most 
taut as the knee is flexed. In extension of the knee the 
posterior fibers are taut and the anterior fibers relax. 

The anterior cruciate ligament consists of two parts— 
an anteromedial band and a stronger, thicker 
postérolatéral part. In extension, the ligament appears 
as a fiat band and the postérolatéral bulk of the ligament 
is taut. Almost immediately after flexion begins, the 


smaller anteromedial band becomes tight, and the bulk 
of the ligament slackens. In flexion, it is the anteromedial 
band that provides the primary restraint against anterior 
displacement of the tibia. 

ACUTE TRAUMATIC LESIONS OF LIGAMENTS 

General Considérations 

With modem high-speed vehicular trauma and 
increasing athletic participation, both compétitive and 
recreational, traumatic lésions of the ligaments about the 
knee are becoming increasingly more common. Knee 
stability dépends on numerous factors, including the 
mechanical axes of the joint, the bony contours, the intra¬ 
articular stabilizers (the menisci and cruciate ligaments), 
and the extraarticular stabilizers (the synovium, capsular 
ligaments, collateral ligaments, and musculotendinous 
units). 

Visual observation of ligament integrity at the time 
of surgery is an inadéquate indicator of: (i) the extent of 
the failure, (ii) the damage to the blood supply to the 
ligament, (iii) the residual élongation, or (iv) future 
functional capabilities. Complété rupture of isolated 
ligaments is rare without damage to other structures 
because of the extreme joint displacement required to 
completely disrupt the other supporting structures. 

The goal of treatment of traumatic lésions of the 
ligaments is restoration of the anatomy and stability to 
as near pre-injury status as possible. Failure to accomplish 
this results in a joint increasingly susceptible to more 
damage from the normal living and from trivial trauma. 
Also, failure to restore normal 33 knee stability exposes 
other structures such as the menisci, the cruciate 
ligaments, and the joint surfaces to additional injury as 
well as markedly reducing the functional capabilities and 
activities of the individual. The resuit often is severe 
degenerative arthritis. 
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A relatively high incidence of injury, especially 
ligamentous disruptions, has been noted in obese, poorly 
conditioned, and loose-jointed people, particularly from 
exposure to athletic activities. Incomplète réhabilitation 
foliowing surgery or injury markedly prédisposés the 
knee to subsequently more severe injury. 

Etiology 

Knee ligaments are often injured in athletic activities, 
especially when contact is a feature, as in American 
football. Skiing, ice hockey, gymnastics, and other sports 
may also produce enough sudden stress to disrupt knee 
ligaments. In India wrestling and gymnastic activities are 
the main cause of injury to ligaments. 

Motor vehicular accidents, especially involving 
motorcycles, are common causes of knee ligament 
disruptions. 

Mechanism 

Palmer describes four mechanisms capable of producing 
disruption of the ligamentous structures about the knee. 

1. Abduction, flexion, and internai rotation of the fémur 
on the tibia. 

2. Adduction, flexion, and external rotation of the fémur 
on the tibia. 

3. Hyperextension. 

4. Anteroposterior displacement. 

By far the most common mechanism is abduction, 
flexion, and internai rotation of the fémur on the tibia 
when an opponent strikes the weight-bearing leg of an 
athlete from the latéral aspect. This mechanism results 
in an abduction and flexion force on the knee, and the 
fémur is rotated internally by the shift of the body weight 
on the fixed tibia. This mechanism produces injury on 
the médial side of the knee, the severity of which dépends 
on the magnitude and dissipation of the applied force. 
The mechanism of adduction, flexion, and external 
rotation of the fémur on the tibia is much less common 
and produces the primary disruption laterally. Again the 
severity of the disruption dépends on the magnitude and 
dissipation of the force applied. Force directed to the 
anterior aspect of the extended knee, a hyperextension 
mechanism, usually injures the anterior cruciate ligament 
(ACL), and if the force continues or is severe, stretching 
and disruption of the posterior capsule and posterior 
cruciate ligament (PCL) may resuit. Anteroposterior 
forces applied to either the fémur or the tibia, such as the 
tibia striking the dashboard, may produce injuries to 
either the anterior or the posterior cruciate ligament 
depending on the direction of the tibial displacement. 


The severity of the lésion dépends on the direction, 
magnitude, and dissipation of the force. When abduction, 
flexion, and internai rotation of the fémur on the tibia 
occur, the médial supporting structures, the tibial 
collateral ligament, and the médial capsular ligament are 
the initial structures injured. If the force is of sufficient 
magnitude, the ACL is also often torn. The médial 
meniscus may be trapped between the condyles of the 
fémur and the tibia, and it may be torn at its periphery as 
the médial structures tear, thus, producing "the unhappy 
triad" of O'Donoghue. Conversely with adduction, 
flexion, and external rotation of the fémur on the tibia, 
the fibular collateral ligament usually is initially disrupted 
and depending on the magnitude of the trauma and the 
displacement, is followed by the capsular ligaments, the 
arcuate ligament complex, the popliteus, the iliotibial 
band, the biceps femoris, and not infrequently the 
common peroneal nerve and one or both cruciate 
ligaments. 

Classification 26 

A sprain is defined as an injury limited to ligaments 
(connective tissue attaching bone to bone) and a strain as 
a stretching injury of muscle or its tendinous attachment 
to bone. Sprains are classified into three degrees of 
severity. A first-degree sprain of a ligament is defined as 
a tear of a minimum number of fibers of the ligament 
with localized tenderness but no instability, a second- 
degree sprain as a disruption of more ligamentous fibers 
with more loss of function and more joint reaction with 
mild to moderate instability, and a third-degree sprain 
as a complété disruption of the ligament with résultant 
marked instability. These are often classified as mild, 
moderate, and severe for first, second, and third-degree 
sprains, respectively. Third degree sprains, i.e. those 
demonstrating marked instability, may be further graded 
depending on the degree of instability demonstrated 
during stress testing. A 1-plus instability indicates that 
the joint surface separate 5 mm or less, with 2-plus 
instability, they separate between 5 and 10 mm, and with 
3-plus instability, they separate 10 mm or more. A 
standardized classification is important for accurate 
communication, and although it obviously is not always 
précisé, it does provide a workable scale for clinical 
purposes. 

Diagnosis 

History and Physical Examination 

With a careful history and physical examination, the 
localization, classification, and grading of the severity of 
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an acute injury to a knee ligament can usually be 
accomplished. The history of the mechanism of injury is 
always important and usually is attainable by careful 
questioning. The position of the knee at the time of injury, 
the weight-supporting status, the force applied, either 
direct and external or indirect and generated by the 
patient's momentum, and the position of the extremity 
following the injury are ail important. 

The patient's description of the expérience at the time 
of injury may be valuable as the following are described: 
the knee buckling or jumping out of place, an audible 
pop, the location, severity, and relative time of onset of 
pain, the ability to walk after the injury occurred, the 
sensation of stability or instability once walking was 
attempted, and the development of intraarticular 
swelling or effusion within the first 2 hours after trauma. 

Physical examination should be complété, précisé, 
systematic, and carried out as soon after the injury as 
possible so as to minimize problems of severe swelling, 
tense effusion, and the related involuntary muscle spasm 
that make examination and précisé diagnosis more 
difficult. 

Areas of ecchymosis and large effusions are readily 
noted, although smaller effusions may require careful 
palpation. Hemarthrosis suggests rupture of a cruciate 
ligament, an osteochondral fracture, a peripheral tear in 
the vascular portion of a meniscus, or a tear in the deep 
portion of the joint capsule. A nonbloody effusion 
suggests an irritative synovitis that may be caused by a 
degenerative meniscus or a chronic process. 

The quadriceps undergoes a rapid reflex atrophy 
following a significant disorder about the knee. The range 
of motion of the joint, especially full extension should be 
compared with that of the opposite. Palpation of the 
collateral ligaments and their bony attachments should 
locate tenderness at the point of ligament injury. 

Abduction , or valgus, stress test: The abduction, or valgus, 
stress test is performed with the patient supine on the 
examining table. Abduct the extremity off the side of the 
table and flex the knee approximately 30°. Place one hand 
about the latéral aspect of the knee and the other 
supporting the ankle. Gently apply abduction or valgus 
stress to the knee, while the hand at the ankle externally 
rotâtes the leg slightly. 81 

Adduction, or varus, stress test: The adduction, or varus, 
stress test is carried out in a manner similar to the valgus 
stress test, and this test is also performed after 
examination of the normal knee. An adduction or varus 
stress is applied by changing the hand to the médial side 
of the knee and the degree of laxity or opening is 
measured. Examination should be done both in full 
extension and in 30° of flexion. 


Anterior drawer test : With the patient supine on the 
examining table, flex the hip to 45° and the knee to 90°, 
placing the foot on the tabletop. Sit on the dorsum of the 
patient's foot to stabilize it, and place both hands behind 
the knee to feel for relaxation of the hamstring muscles 
(Fig. 1). Then gently and repeatedly pull and push the 
proximal part of the leg anteriorly and posteriorly, noting 
the movement of the tibia on the fémur. Perform the test 
in three positions of rotation. Initially perform the test 
with the tibia in neutral rotation followed by testing in 
30° of external rotation. 

Internai rotation to 30° may tighten the posterior 
cruciate enough to obliterate an otherwise positive 
anterior drawer test. Record the degree of displacement 
in each position of rotation and compare this with the 
normal knee. Repeat each maneuver at 30 and 60°. 

An anterior drawer sign of 6 to 8 mm greater than the 
opposite knee indicates a torn ACL. However, be sure 
that the tibia is not sagging posteriorly from PCL laxity 
before anterior drawer stress is applied. In such knees, 
an apparent sign of anterior drawer instability may 
simply be the return of the tibia to the neutral starting 
point. Anterior instability is frequently misdiagnosed 
because of this fact. In the acutely painful knee, the 
anterior drawer test performed in the conventional 
90° flexed position may not be possible. 

Lachman test 15,23,88 : Position the involved extremity in 
slight external rotation and the knee between full 
extension and 15° of flexion, stabilize the fémur with one 
hand, and apply firm pressure to the posterior aspect of 
the proximal tibia, lifting it forward in an attempt to 
translate it anteriorly. The position of the examiner's 
hands is important in performing the test properly. One 
hand should firmly stabilize the fémur, while the other 
grips the proximal tibia in such a manner that the thumb 



Fig. 1 : The anterior drawer test is performed with the knee at 
90 degrees and the foot stabilized as shown. After assessing 
the comparative appearance of the two knees in the resting 
position, the amount of excursion is determined as well as the 
presence of an end point 
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Fig. 2: (A) The Lachman test performed with the knee in slight 
flexion. Although the test is sensitive for anteroposterior 
instability because the effect of muscle contraction is eliminated, 
it is difficult to assess the direction of the instability with accuracy. 
(B) When the neutral position of the two knees in flexion is the 
same, anterior instability can be confidently attributed to 
incompétence of the anterior cruciate ligament 

lies on the anteromedial joint margin. When the palm 
and the fingers apply an anteriorly directed lifting force, 
the thumb can palpate anterior translation of the tibia in 
relation to the fémur. Anterior translation of the tibia 
associated with a soft or mushy end point indicates a 
positive test. This may be firm (normal), marginal or soft 
(Fig. 2). 

Posterior drawer test: The posterior drawer test is 
performed with the patient supine, the knee flexed to 90°, 
and the foot secured to the table by sitting on it. Apply a 
posterior force on the proximal tibia opposite to but 
similar to that applied in the performance of the anterior 
drawer test. Posterior movement of the tibia on the fémur 
demonstrates posterior instability when compared with 
the normal knee, indicating PCL tear (Fig. 3). 

RADIOLOGIC EVALUATION 

In evaluating knee injuries, standard anteroposterior and 
latéral views are required, with Merchant and tunnel 
views providing additional information if knee motion 
is sufficient to allow these radiographs to be taken. 
Standard films should be evaluated for avulsion injuries 
at the attachment sites of each ligament, particularly in 
children where injuries are frequently of the avulsion 
type. An avulsion of the mid-third of the latéral capsule 
from the tibial plateau (the Segonds fracture) is invariably 
associated with an ACL injury, and has become known 
as the 'daterai capsular sign" on a standard antero¬ 
posterior radiograph. Loose bodies or osteochondral 
fragments should be carefully searched for, as patellar 



Fig. 3: Usually with posterior cruciate laxity there is a dropback 
in the resting position, so that there is a concavity beneath the 
patella on the affected side. Further backward pressure by the 
examiner demonstrates the extent of the laxity 

dislocation may hâve occurred, particularly in combined 
anterior cruciate and médial collateral ligament injuries. 
The presence of periarticular osteophytes, patellar spurs, 
latéral notch flattening, or intercondylar notch narrowing 
indicates that the ACL injury is old, and the current 
problem is a new épisode of giving way. 

Magnetic Résonance Imaging (MRI) 

Magnetic résonance imaging (MRI) of the knee has seen 
an explosion in utilization over the past ten years. A 
surface coil is critical in obtaining high-quality images 
needed for diagnosing knee injuries. On T a -weighted 
sequences, fat and bone marrow demonstrate high-signal 
intensity and appear white, whereas cortical bone, 
tendons, ligaments, and fibrocartilage are devoid of signal 
intensity due to the lack of mobile protons, and appear 
black. On T 2 -weighted sequences, the bright signal of fat 
and marrow fades, while fluid, such as a joint fusion or 
fluid within a cyst will appear bright. MRI has proved to 
be useful for evaluating the cruciate and collateral 
ligaments of the knee, as well as the menisci. 4 The 
accuracy of MRI for diagnosing ACL injury approaches 
90 %, and varies between 68-90% for diagnosis of 
meniscus pathology. 87,88,89 

MRI is presently accepted as the imaging procedure 
of choice to evaluate acute disorders of the knee. The 
advantage of MRI over arthrography, when used to 
evaluate the ligamentous and cartilaginous structures of 
the knee, are its noninvasive nature, lack of ionizing 
radiation, ability to image in several planes, lack of 
operator dependence, rapidity of imaging, and overall 
patient acceptance. The only contraindications to MRI 
are the presence of a cardiac pacemaker or intracranial 
aneurysmal clips. 
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Examination Under Anesthésia 
and Arthroscopy 

In an overwhelming majority of cases, the status of the 
ACL can be appreciated on an outpatient basis by 
performing the appropriate clinical tests discussed, as 
well as by using one of several commercially available 
knee ligament arthrometers. If the history is classic for 
anterior cruciate injury, and the examination is classic 
for anterior cruciate injury, and the examination is 
equivocal, examination under anesthésia and arthroscopy 
may be bénéficiai. The clinical examination cannot always 
distinguish partial from complété ACL rupture, and 
arthroscopy continues to be useful in these cases. Direct 
visualiza-tion and palpation of partial ACL tears allow a 
reasonable treatment plan to be formulated on the basis 
of the amount of ACL remaining. 

It is important to realize that a knee with no effusion, 
yet with marked instability, may represent an extensive 
capsular disruption along with an anterior cruciate injury. 
This may présent a problem for arthroscopy, since fluid 
extravasation into the leg compartments, although not 
yet reported as a complication, may compromise 
circulation to the limb. 

Nonsurgical Treatment 

Studies by Indelicato 41 and others hâve shown that third- 
degree sprains of the tibial collateral ligament may be 
treated successfully by nonsurgical means, provided the 
surgeon establishes that the sprain is an isolated one. 

Results from casts, cast braces, or commercial 
restricted-motion braces were comparable with those 
following surgical repair of the tibial collateral ligament 
in Indelicato's study. To reproduce these excellent results, 
no pathologie condition other than that in the collateral 
ligament and capsule should be présent. 

Nonoperative treatment of third-degree sprains of the 
tibial collateral ligament is more predictable and 
successful if the tear is at the proximal attachment with 
no evidence of other ligamentous damage. Third-degree 
sprains of plus-2 to plus-3 severity occurring in 
conjunction with meniscus injury are best treated by 
surgical repair. 

Nonoperative treatment is reasonable for ail second- 
degree sprains and for some third-degree collateral 
ligament sprains as just mentioned. After stress testing 
has been performed and the grade and severity of the 
injury determined, the knee is aspirated and again 
examined. The grade and degrees of severity may be 
evaluated differently once a tense, painful hemarthrosis 
has been evacuated and stress testing becomes more 
accurate. Arthroscopic examination, if possible, confirms 
the absence of unsuspected abnormality. When 


nonoperative treatment is selected, the extremity is placed 
in a long leg brace with the knee flexed 45°. Crutch 
walking is permitted with toe-touch weight bearing as 
soon as the leg can be controlled. The extremity remains 
in a flexed position for a total of 4 to 6 weeks. If a cast 
brace or a commercial restricted-motion brace is utilized, 
motion of the knee in flexion is allowed. If a brace is not 
available, a long leg cylinder cast with the knee flexed 30 
to 45° may be used. The authors prefer to allow motion 
into flexion to benefit the articular surfaces. 

MEDIAL COLLATERAL LIGAMENT INJURIES 

Most isolated acute tears of the tibial collateral ligament 
are treated nonsurgically. If surgical repair of the torn 
médial support of the knee is planned, arthroscopic 
examination of the knee to rule out other intraarticular 
pathology is done before open surgical exploration. One 
must be aware of the capsular disruption that may allow 
significant extravasation of irrigation fluid during 
arthroscopy of an acutely unstable knee. 

Treatment 2022 ’ 26 ’ 32 ’ 4243 

It has been well documented in the orthopédie literature 
that consistently good results can be realized when 
complété tears of the médial collateral ligament are 
repaired by suture. However, médial collateral ligament 
injuries with intact cruciates, regardless of degree, can 
be treated equally well nonsurgically. 

Conservative treatment with early mobilization is the 
treatment of choice in isolated tears of the MCL, and 
results in more complété and rapid recovery. In the case 
of an isolated MCL injury, its function is compensated 
for by the residual structures, especially the ACL, which 
plays a vital rôle in resisting varus-valgus moments. The 
initial healing process of the injured MCL can take place 
without much mechanical disturbance because of the 
intact ACL. 

In a grade I injury with pain and swelling along the 
médial collateral ligament and little instability, the patient 
can be placed on crutches with weight bearing as 
tolerated. Supportive therapy in the form of ice, mild 
compression, and élévation are of some benefit. Range 
of motion should be carried out daily with straight-leg 
raising and isométrie exercises. Isotonie exercises can be 
started after 4 to 5 days, initially with light weights, 
progressing to heavier weights to reach a goal of 
50 % of body weight in the quadriceps and 60 to 70 % in 
the hamstrings. 

A grade Ha or Ilb injury represents a variable degree 
of disruption of the ligament, but not complété 
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disruption. Group Ha includes those with a slight opening 
medially (less than 5 mm) to valgus rotation stress. In a 
grade Ilb, there is more opening, but a good end point is 
still appreciated during manual stress testing. Pain is 
more prominent, and an effusion may be présent with 
tenderness along the ligament. Those with slight opening 
and good muscle control are treated like grade I injuries. 
A patient with poor musculature, or in whom a sports 
activity requires a great degree of risk may need longer 
réhabilitation time. In a grade Ilb injury, there is 
disruption of a portion of the ligament, but a component 
is intact as demonstrated by the palpable end point. Grade 
Ilb injuries should initially be immobilized in any of the 
commercially available knee splints. When motion 
reaches 90°, isotonie and isokinetic exercises are added 
until quadriceps strength is approximately 80% that of 
the normal knee. 

Médial collateral ligament (MCL) surgery is 
undertaken during combined reconstruction of an ACL 
grade III MCL-deficient knee. The médial side of the knee 
is approached either through the incision used to harvest 
the patellar ligament or through a separate incision 
located at the posterior border of the superficial MCL. 
The latéral incision offers better exposure of the 
posteromedial corner of the knee and should be used if 
capsular repair in this région is needed. The MCL is 
subject to a variety of tear patterns, and a search for tears 
of the individual parts should be carried out. The deep 
portion can be torn at either the meniscofemoral or 
meniscotibial attachment. The superficial portion can be 
torn at its fémoral or tibial attachment or interstitially. If 
adéquate tissue is available at either the fémoral or tibial 
site of detachment of the superficial MCL, it is secured 
with a bone staple or a cancellous screw and tissue 
washer. If the ligament has sustained interstitial damage 
or the remaining tissue is inadéquate, a reconstruction is 
performed, using the semitendinosus tendon. Absorbable 
sutures are used to re-approximate the ends of the 
ligament. 

ANTERIOR CRUCIATE LIGAMENT INJURIES 

More controversy perhaps surrounds acute ACL ruptures 
than any other ligamentous injury about the knee. 

Injury to the ACL with gross disruption of other knee 
ligaments is now recognized as one of the most common 
major knee injuries incurred in athletics. The mechanism 
of injury is often a noncontact, décélération valgus, and 
external rotation injury. Common mechanisms for 
"isolated" anterior cruciate disruption are décélération, 9 
internai rotation forces, and excessive hyperextension. 


Indication for Surgery 

The goal in selecting patients for acute operative 
treatment is to identify those patients most likely to hâve 
trouble with future functional tasks. The surgeon must 
consider the patient's âge, sporting activity, and future 
expectations. A variety of high-risk factors for poor results 
with a conservative approach can be identified. A 
physiologically young person with a high activity level, 
who is unable or unwilling to modify his or her lifestyle, 
will place high functional demands on the anterior 
cruciate-deficient knee. Other high-risk factors include 
the presence of associated grade III collateral ligament 
injury, damage to the postérolatéral corner of the knee, 
presence of a repairable meniscus tear, recurvatum, and 
generalized ligamentous laxity. 

Repair of Acute ACL Tears 30 

The past decade, as rotary instabilities hâve become better 
understood and the importance of the "central pivot" 
appreciated, increased efforts hâve been made to repair, 
augment, or reconstruct the cruciate ligaments. Except 
when a cruciate ligament has been avulsed with a 
fragment of bone, it is currently the consensus among 
orthopédie surgeons that the rate of success from primary 
repair is quite low. It is true that simple suturing of a 
torn cruciate ligament, unless avulsed with bone, is rarely 
successful. This has led to a number of methods of 
augmentation or reinforcement of the primary repair, 
either by autogenous tissue, by synthetic stents, or by 
primary reconstructive techniques. If repair is considered, 
the authors prefer primary suturing, augmented or 
reinforced with autogenous tissue. 

If the cruciate is shredded beyond any hope of repair 
and neither stump will hold sutures, primary 
reconstruction is indicated. This should consist of intra- 
articular replacement of the cruciate, supplemented by 
the appropriate peripheral capsular and collateral 
ligament repairs. 

Once the diagnosis of a torn ACL has been made, the 
available treatments must be considered. It must be 
recognized that we are not just treating a ligament, or 
even just a knee, but a patient. In the decision to repair or 
not to repair, many factors must be weighed. Certainly 
every "isolated" ACL tear does not require repair. Factors 
to weigh include the patient's âge, associated intra- 
articular and capsular injuries, recreational activities, 
demands of work, and the patient's motivation. Each 
patient must be considered individually. 

Many older patients with an "isolated" ACL 
deficiency who are willing to modify some of their 
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activities (no running, jumping, or cutting maneuvers) 
will do well. Even younger patients who are willing to 
significantly modify their activities may do well. 

Patients with significant associated deficiencies 
(capsular, collateral ligament, meniscal, or articular 
surface defects) are probably best treated by surgical 
stabilization. 

Primary Repair 

The results hâve shown that primary repair will work in 
some patients, but due to a lack of predictability, intra- 
articular augmentation with gracilis and semitendinosus 
tendons has become routine. An alternative is to use the 
central one-third of the patellar ligament as an intra- 
articular graft in the acute reconstruction, and good 
results are being reported in the literature. 14,90 

Augmentation of Acute ACL Tears 

The authors prefer to augment almost ail ACL repairs, 
the occasional exception is the unusual avulsion with a 
fragment of bone. If the stump ends are shredded and 
repair appears futile, the authors prefer to do a primary 
reconstruction rather than an augmentation. 
Augmentation of acute ACL repairs may be made by 
intraarticular or extraarticular techniques or a 
combination of these. Additionally, internai stents of 
various synthetic materials can share stress with the 
autogenous tissues during the early postoperative period 
when autogenous repairs or reconstructions hâve little 
strength. 

For intraarticular augmentations, the authors hâve 
used the iliotibial band or the semitendinosus and/or 
gracilis tendon. 56 The iliotibial band is preferred unless 
severe latéral disruption coexists (Chart 1). 

CHRONIC ACL DEFICIENT KNEE 

Perhaps no other orthopédie procedure has received more 
attention in the past 20 years than ACL reconstruction. 9 

It is certain that ACL (ACL-deficient knee) injury is a 
precursor of progressive joint détérioration, meniscal 
tear and joint instability due to altered knee 
kinematics. 62,67,91,96-98 Disability is the main indication for 
surgery. The authors avoid doing ACL repair in acute 
injury cases because the incidence of severe postoperative 
fibrosis is unacceptable. 92 

ACL reconstruction is one of the most frequent 
orthopédie procedure because of: (i) the increasing 
number of persons of ail âges with a desire to be active in 
sports and lead an active lifestyle, (ii) the increased 
accuracy of diagnosis of an ACL lésion, (iii) the 


improvements in techniques and results of ACL 
reconstructions that seem to offer the patient a good 
opportunity to return to the desired activity level. 

Simple classification of ACL injuries is: (i) isolated, 
and (ii) combined. True isolated injuries are rare. The 
category of combined ACL lésions may be subdivided 
into anteromedial and antérolatéral, based on the 
presence of damage to the ligamentous structures of the 
médial or latéral compartment. 

When there is a minimum interval of 6 months from 
injury, it should be called a chronically ACL déficient 
knee. The patient should hâve experienced one or more 
épisodes of giving way. 

Physical Examination (Table I ) 57 

1. Lachman's test: is felt to be the most accurate test that 
provides clinical proof of a torn and nonfunctional 
ACL and is probably the most sensitive maneuver. 

2. Positive pivot shift-jerk test: Anterior subluxation and 
internai tibial rotation are produced in extension. A 
valgus stress is applied, and the knee is gently flexed. 
When the iliotibial band moves from anterior to 
posterior relative to the center of rotation of the knee, 
the tibia suddenly reduces. The réduction event is 
graded as absent, 1 + (glide), 2 + (jerk), and 3 + 
(subluxation) (Fig. 4). 

Concept of the Pivot Shift 

The pivot shift has been described as antérolatéral rotary 
instability, anterior subluxation of the latéral tibial 
plateau, antérolatéral subluxation, and latéral pivot shift. 
Médial pivot shift is rare. The latéral pivot shift, however, 
is a common and distinctive type of instability, i.e. ACL 
and latéral and postérolatéral capsular deficiency of the 
knee. 

Pathomechanics 47 

The pivot shift is either subluxation or réduction or both 
in rapid succession of the loaded joint. The ACL and the 
latéral and postérolatéral portions of the capsule are 
déficient. Only a twist can subluxate or reduce the joint. 
Partial flexion of the knee permits a twist, complété 
extension prohibits a twist, and flexion beyond 40° 
usually prohibits a twist. 

Twist applied posterolaterally and just below the joint 
will twist the knee that is flexed between 10° and 20° 
into subluxation. 

Patellofemoral joint reaction force pushes the latéral 
fémoral condyle posteriorly and twists the knee into 
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TABLE 1 : Tests for rotatory instability 58 

1. AMRI 

Anterior drawer test with foot in external rotation 

2. ALRI—Pivot shift 
Macintosh test 
Jerk test 

ALRI test 
Losee test 

3. Anterior cruciate ligament insufficiency 
Lachman test 

Anterior drawer test 
Flexion-rotation-drawer test. 


subluxation. This has been called the "sling shot effect" 
of the quadriceps. The contracting quadriceps causes a 
vector of force at the patella that pushes the latéral 
fémoral condyle excessively and posteriorly along the 
latéral tibial plateau if the tibia is fixed, and the knee is 
flexed between 10 and 30°. This is the mechanism of 
subluxation of the déficient knee during décélération and 
jumping. In normal knees, the normal ACL prevents this 




Fig. 4: The pivot shift test for anterior cruciate insufficiency. As 
the knee is brought from flexion into extension, a jump is noticed 
at 30 degrees of flexion caused by anterior tibial subluxation 


Chart 1: Algorithm used to help décidé the management of acute ACL injury 
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action of quadriceps, therefore, care must be taken in 
prescribing quadriceps exercises immediately. It is 
observed that quadriceps exercises as late as eight weeks 
after the operation hâve disrupted a sling and reef repair. 

Macintosh test is performed with the knee extended and 
valgus stress applied to the proximal tibia and with the 
foot internally rotated. As the knee is flexed, the latéral 
tibial plateau will sublux forward until 20 to 40° of flexion 
when the tibia is reduced by the iliotibial tract moving 
posteriorly. 

The Losee test: is done with the examiner grasping the foot 
of the affected extremity while placing the other hand 
over the patella and the thumb under the fibular head. 
Starting with the knee flexed 40°, the joint is extended, 
allowing the foot to internally rotate and, thus, to produce 
a valgus thrust created by pushing the fibular head 
forward. The latéral plateau can be felt to sublux 
anteriorly in a positive test. 

Diagnostic test Arthroscopy is the best method of 
ascertaining the integrity of the ACL. MRI has been a 
major help in evaluating ACL and PCL integrity, with 
accuracies ranging from 67-91% for identification of an 
ACL lésion. 88,93,94 

In jury Pattern 44 

There are seven different injury patterns. 

Clinically, only three of these patterns of knee injury 
functionally lead to the symptomatic ACL déficient knee. 
This type of disability, which involves progressive joint 
détérioration along with increasing meniscal tears and 
instability, occurs only if the patient's condition is allowed 
to progress to the chronic phase. There are four other 
injury patterns involving ACL tears that do not lead to a 
symptomatic ACL déficient knee. These four patterns 
may resuit in instability without treatment, but the 
instability is different from that of symptomatic ACL 
deficiency. 

Injury patterns: (i) the isolated ACL tear, (ii) tear with 
torn latéral ligaments and torn latéral meniscus, (iii) ACL 
tear with torn latéral ligaments and peripherally torn 
médial meniscus with no médial instability, (iv) ACL tear 
with torn latéral ligaments and torn médial ligaments 
with médial instability, (v) ACL tear without torn latéral 
ligaments and with torn médial ligaments with médial 
instability, (vi) ACL tear with torn latéral ligaments and 
torn arcuate ligament complex, (vii) ACL tear with torn 
posterior cruciate ligament, tears of the capsular 
ligaments, and dislocation of the knee. 

In most of the literature, the ail encompassing term 
ACL déficient knee is used to describe the spécifie clinical 


entities ALRI and combined AM-ALRI. Frank Noyés 63 
uses the word symptomatic to modify the term ACL 
déficient knee. He studied patients whose knees 
demonstrated anterior cruciate laxity alone, without the 
superimposed variables introduced by previous 
operative procedures. For a patient to be included, 
examination of the knee had to demonstrate a fully 
positive and unequivocal drawer sign, Lachman test, 
pivot shift test, and flexion-rotation drawer test. 

Noyés' description of the ACL déficient knee 
translates in our vernacular to ALRI at the least and 
combined AM-ALRI at the most. 

Since ALRI with a positive pivot shift-jerk test is 
secondary to the combined injury to the ACL and the 
latéral capsular and iliotibial tract ligaments, both the 
ACL and postérolatéral ligament complex must be 
reconstructed to release the function of the biceps. The 
choice of surgical management does not matter. 

Timing of Surgery 

In acute injury, except the case of bony avulsion of the 
ACL, it is advisable to do extraarticular repair, if any, 
first and wait for 5 to 6 weeks until the acute traumatic 
tissue reaction subsides. This is to prevent disabling 
arthrofibrosis. The authors believe one should operate 
only for disability. 

Indications Patient Sélection 21 

Présent indications (Table 2) for ACL reconstruction 
include: 

i. Athletically active patients 

ii. Active patients with an ACL and meniscus tear 

iii. Active patients with an ACL tear and a complété 
tear of another major ligaments 

iv. Patients experiencing instability with activities of 
daily living. 

The aims of ACL reconstruction are to: 

i. Protect the knee from récurrent injury 

ii. Give the patient a stable knee for activities of daily 
living 

iii. Provide a stable knee for athletically active patients 
and prevent posttraumatic arthritis secondary to 
meniscal injury. The treatment of partial tears of the 
ACL is, thus, somewhat empirical, ranging from 
nonoperative (the majority) to repairs or 
reconstructions if a pivot shift is présent. 

Contraindications 

1. Older âge group 

2. Sedentary workers 

3. Osteoarthrosis 

4. Septic. 
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TABLE 2: Factors influencing anterior cruciate 
ligament reconstruction 

• Patient sélection 

• Other ligament or meniscal injuries 

• Acute versus chronic présentation 

i. Secondary restraint laxity 

• Preoperative patient préparation 

• Operative technique 

i. Graft sélection 

ii. Tunnel placement 

iii. Isometry 

iv. Notchplasty 

v. Graft tension 

vi. Graft fixation 

• Postoperative réhabilitation 


Surgical Technique 68 

Arthrotomy versus arthroscopy: There is always a doubt 
whether to do an ACL reconstruction by open operation 
or arthroscopic procedure. In Cameron's study, there was 
no significant différence regarding operative time, 
hospital stay and usage of pain médication. 95 Early and 
final range of motion, KT1000 measurements, and Cybex 
testing were almost similar. Advantages of the 
arthroscopic assisted technique are: (i) the better 
exploration of the joint and treatment of the associated 
pathology (meniscal or chondral lésions), and (ii) the 
improved visualization of the notch. The low patient 
morbidity with arthroscopic assisted ACL reconstruction 
has in most cases made most open surgery obsolète. 
Today reconstruction of the ACL is usually performed 
with the bone-patellar tendon-bone (most frequent) or 
semitendinosus gracilis. 

Notchplasty 

Appropriately shaping and enlarging the fémoral 
intercondylar notch is important as one of the key points 
of the surgical technique. Two main reasons are: (i) to 
obtain adéquate exposure over the latéral wall of the 
notch from front to back, and (ii) to avoid impingement 
or abrasion of the graft against the roof and the latéral 
wall. Souryal and coworkers investigated in 45 cases. 
They used radiographie tunnel views to measure the 
width of the notch at the level of the popliteal groove 
and calculated the ratio of the width of the notch to the 
width of the condyles (notch width index [NWI]). The 
NWI was 0.23 for the normal knees, 0.22 in acute ACL 
tears, and 0.19 in bilateral ACL injuries. 51,75 

Tunnel Location and Isometry 

Tunnel placement currently is the most critical factor in 
determining ACL reconstruction success or failure. Errors 


in tunnel placement can lead to graft stretching, graft 
failure, overconstraint of the knee resulting in loss of 
motion and failure to correct pathologie laxity. Significant 
attention has been given to the fémoral tunnel placement. 
Tunnel placement not only affects the mechanical 
properties of the graft, but it also affects the ligamenti- 
zation process of graft healing. 30 

Hoogland and Hillen 39 used a Steel cord to replace 
the ACL in cadaveric knees. They found the tibial tunnel 
position to be less crucial than that of the fémoral tunnel. 
A more anterior tibial tunnel was préférable. A 
posterosuperior fémoral hole gave the best and most 
consistent results. Isometry is well recognized as one of 
the most crucial factors for a successful ACL repair. 
Several studies hâve attempted to détermine the idéal 
placement of the tunnels to maintain the normal length 
ACL. 

Graf 27 observed that while most of the anatomie ACLs 
are nonisometric, an isométrie placement of ACL 
substitutes is désirable to allow knee motion without high 
ligament strains. John N Insall and coauthors confirmed 
that the anteromedial band of the ACL tightens with 
flexion but is the most isométrie. The postérolatéral band 
loosens progressively with flexion. Three different 
strategies for ACL reconstruction were proposed. 

1. Over the top fémoral placement with tibial insertion in the 
center of the anatomie area. This is nearly isométrie in 
the 0 to 30 degree range of motion, but loosens with 
further flexion. 

2. Posterosuperior placement of the fémoral tunnel and tibial 
tunnel in the center of the anatomie area. This 
reconstruction is nearly isométrie in the 0 to 110° are 
of motion and duplicates the central fibers of the ACL. 

3. Posteroinferior fémoral placement with an anterior tibial 
insertion. This reconstruction approximately 
duplicates the anteromedial band of the ACL. The 
behavior of this reconstruction was isométrie in the 0 
to 10° range, but an anterior notchplasty was required 
to avoid impingement. 

The Fémoral Tunnel 

The fémoral tunnel should be posterior and superior on 
the latéral wall of the notch, near over the top position 
and high toward the roof. A too posterior position, or an 
over the top position, causes lengthening toward 
extension, possibly also due to impingement against the 
roof of the notch. The isométrie area on the fémur 
dépends on several factors, including tibial position, joint 
loading, and arc of motion. Absolute isometry is 
impossible (Fig. 3). 2 ' 31 ' 74 
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The Tibial Tunnel 

It should be placed médial to the tibial eminence adjacent 
to the médial compartment articular cartilage and in the 
posterior one-half of the ACL stump. 

Graft Sélection and Harvest 

The following factors need to be considered when 
choosing a graft: (i) structural properties of the graft, (ii) 
graft fixation, and (iii) morbidity at the donor site (Tables 
3 and 4). 

The Idéal Grafts (Autograft) 

Bone-tendon-bone 

Semitendinosis gracilis (both doubled/quadrupled). 

Graft tensioning: The proper tension dépends on several 
factors: the length, stiffness, and viscoelasticity of the graft 
material, the amount of tension applied at the time of 
fixation, and the position of the knee at the time of 
fixation. The type of graft utilized plays a significant rôle 
on the amount of tension applied. Bone-patellar tendon- 
bone graft required the least amount of tension (3.6 
pounds). The doubled semitendinosus required 
significantly more tension (8.5 pounds). 

TABLE 3: Mean ultimate tensile strengths for 
common autografts 45,103 

Material tested Mean ultimate strength (W) 


Anterior cruciate ligament 2160 ± 157N 

Bone patellar tendon bone 

(cernent 10 mm) 2790.6 ± 629.2N 

Gracilis tendon (single loop) 1550 ± 369N 

Semitendinosus tendon (single loop) 2640 ± 320N 
Double loop hamstring(4 strands) 4090 ± 295N 


TABLE 4: Autograft and allograft choices for ACL 
reconstruction 


Autografts 

Allografts 

Bone-patellar tendon-bone* 

Bone-patellar tendon-bone* 

Semitendinosus* 

Achilles tendon* 

(tripled or quadrupled) 


Semitendinosus/ gracilis* 

Fascia lata 

(both doubled) 


Quadriceps tendon 



* Noyés et al identified the strength of human autografts and 
demonstrated that the bone-patellar tendon-bone complex is 
the strongest. It is the contention of many that this is the "gold 
standard" of ACL reconstruction. 


Tensioning of a graft should be tissue spécifie. For a 
bone-patellar tendon-bone autograft or allô graft, 5 to 10 
pounds of tension should be applied at 10 to 15° of flexion. 
For a hamstring graft, 10 to 15 pounds should be applied 
at 20 to 30° of flexion. 

Graft fixation: The fixation of the bone-patellar tendon- 
bone graft may be obtained with sutures tied around 
screws, over polyethylene buttons, or with interférence 
screws, as described by Kurosawa and colleagues. The 
interférence screw fixation seems to be an improvement 
over the previously used methods. 54,52,6,61 

The Rôle of Latéral Extraarticular Reconstructions 

Since the description of the latéral pivot shift pheno- 
menon provided by Galway and Macintosh, several 
latéral extraarticular procedures hâve been developed to 
reduce the anterior reconstruction, such as the Elison 
iliotibial band transfer. Latéral extaarticular procedures 
reduce the mobility of the latéral plateau and reduce the 
pivot shift grade and decrease the stresses on the ACL 
graft and allow faster réhabilitation. The extraarticular 
procedures are performed as an addition to intraarticular 
ACL reconstruction. However, there is not definite 
clinical evidence that these goals are met. 28,29,53 Currently, 
ACL reconstructions are allowed to stand alone in the 
case of isolated ACL disruption. 

There is some experimental evidence that an iliotibial 
band tenodesis may be useful to reduce stresses on the 
intraarticular graft. However, it usually overconstrains 
internai rotation. Attention to the details of isometry and 
avoidance of overtensioning the sling may minimize this 
problem. 

Synthetics 

In considering synthetics for ACL reconstruction, two 
factors are of importance: (i) biomechanical properties, 
(ii) technical aspects of implantation (Table 5). 

There are three categories of ACL prostheses: 68 stents, 
scaffolds, and permanent or true prostheses. These are 
either temporary or permanent, and each can function 
in one or more categories. Stents, both absorbable and 
nonabsorbable, protect biologie tissue during a period of 
maturation and revascularization. This function is based 
on the principle of load sharing, which involves load 
transference with or without minimal stress shielding of 
the autograft. 3,7 Low stiffness, élongation properties, and 
sufficient tensile strength to allow early motion and 
réhabilitation are among the biomechanical charac- 
teristics of stents (Table 6). Scaffolds, either permanent 
or degradable, induce fibrous tissue in growth and the 
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TABLE 5: Biomechanical properties of synthetics for 
anterior cruciate ligament reconstruction 



Material 

T >P e 

ACL 

Carbon 

Carbon 

Scaffold 

Stryker 

Dacron 

Prosthesis 

Leeds-keio 

Decron 

Prosthesis 

LAD 

Polypropylene 

Stent 

Gore-Tex 

PIFE 

Prosthesis 

Xenograft 

Bovine 

Prosthesis 

Proflex 

Dacron 

Prosthesis 

ABC 

Carbon-Polyester 

Scaffold 

Richards 

UHMWP 

Prosthesis 


TABLE 6: Désirable characteristics for synthetics in 
anterior cruciate ligament reconstruction 

• Biomechanical properties approximatif those of the 
normal ACL 

• Local and systemic biocompatibility 

• Technically practical, reproducible implantation 

• Adéquate strength for immédiate mobility 

• Capability for adéquate initial fixation for immédiate 
mobility and biologie fixation for long-term function 

• Several during a reasonable life-time of normal function 

• Technical feasibility of révision procedures 

• Reasonable cost 


formation of a neoligament, which in theory would hâve 
biomechanical properties similar to those of the normal 
ACL. Like stents, these should be sufficiently strong to 
provide joint stability from the outset. As well, since the 
development of a neoligament dépends on load sharing, 
scaffolds should not stress shield autogenous tissue. 
Prostheses perform as permanent ACL substitutes with 
little or nonfunctional tissue in growth. The clinical 
performance of almost ail these prosthetic implants is 
discouraging, and the procedures are rarely indicated. 
One-third of ail patients complain of buckling at the 5 
year évaluation. Scuderi Giles R, et al 72 perform the ACL 
reconstruction alone even with grade III collateral 
ligament tears. The surgical procedure the authors now 
prefer is the arthroscopic assisted bone patellar tendon 
bone reconstruction done endoscopically. 

Allografts 

Allografts in knee ligament surgery must be considered 
in terms of biomechanical and regenerative properties, 
disease transmission and immunogenicity, and methods 
of préservation and sterilization (Table 7). 

Allograft-tissue used clinically includes among others, 
bone-patellar tendon-bone, fascia lata, Achilles tendon, 
and posterior and anterior tibialis (Table 8). 


TABLE 7: Désirable characteristics for allografts in 
anterior cruciate ligament reconstruction 76 

• Biomechanical properties approximatif those of the normal 
ACL 

• Diseasefree and nonimmunogenic 

• Adéquate strength for immédiate mobility 

• Capability for initial fixation of adéquate strength for 
imme-diate mobility 

• Sufficient availability 

• Capability for long-term storage 

• Technically practical, reproducible implant techniques 


TABLE 8: Complications 


Generic 

Spécifie 

Anesthetic mortality 

Operative complications 

Vascular injuries 

Graft donor site complications 

Nerve injuries 

Loss of extension 

Fluid extravasation 

Loss of flexion 

Hematoma 

Graft failure 

Hemarthrosis 

Patellofemoral problems 

Would-healing problems 

Patella inféra 

Infection 

Quadriceps weakness 

Deep vein thrombosis 

Degenerative arthritis 

Reflex sympathetic dystrophy 

Récurrent effusion 


FAILURE OF ACL RECONSTRUCTION 73 

The ultimate goal of full restoration of an ACL injured 
knee to pre-injury status may be possible in the distant 
future. In the midterm future, résorbable stents with 
incorporated bioactive growth factors hâve the potential 
of inducing normal ACL anatomy without the need for 
detrimental harvesting of the patient's tissues, or risk of 
microbial transmission with the use of an allograft. In 
the near future, the development of more benign 
autografts and allografts is possible along with methods 
of résorbable fixation of the graft to bone. Future 
development of 3-dimensional arthroscopic visualization 
and robotic surgical techniques hâve the potential for 
improvement in graft placement. Advancements in 
treatment of ACL déficient knees also can be expected 
from nonsurgical areas, such as control of muscle atrophy, 
enhancing cerebellar-proprioceptive réhabilitation, and 
better bracing technique. 

POSTERIOR CRUCIATE LIGAMENT (PCL) INJURY 
Injury and Pathologie Anatomy 

Injury to the posterior cruciate ligament (PCL) is much 
less common than injury to the ACL. The true incidence 
of posterior cruciate injuries is not known, because many 
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isolated injuries are either undetected or unreported. It 
is important to distinguish between truly isolated PCL 
injury and combined major knee ligament disruption in 
which a PCL tear is only one component. 

Injuries to the PCL may occur by several different 
mechanisms. A direct blow to the flexed knee is probably 
the most common mechanism of isolated PCL injury. This 
may occur during sports, when a fall causes the knee to 
strike the ground in a flexed position. If the foot is 
dorsiflexed, injury to the PCL may be avoided, as the force 
is transmitted through the patellofemoral joint along the 
axis of the fémur. If the foot is plantar-flexed, the blow is 
more likely to be sustained in the région of the tibial 
tubercle. Force in this area on a flexed knee imparts a 
forceful posterior drawer to a horizontally oriented PCL, 
causing it to fail. This same mechanism occurs during 
vehicular accidents when the flexed knee strikes the 
dashboard. Because the anterior bulk of the PCL tightens 
with flexion, it is also possible for forced hyperflexion to 
cause a PCL ligament rupture (Figs 5A and B). 

Other mechanisms more commonly produce 
combined ligament injuries rather than isolated posterior 
cruciate ligament disruptions. Forced hyperextension is 
a common mechanism of combined ligament injury, as 
well as knee dislocation. Kennedy and Grainger 
demonstrated that the PCL ruptures at approximately 
30 degrees of hyperextension and would also be 
associated with ACL rupture. 

Severe varus or valgus stress may cause disruption 
of the PCL in combination with collateral ligament injury. 
An acute injury of the PCL is often associated with injury 
to the "postérolatéral corner". This most commonly 
occurs due to a posteriorly directed blow to the 
anteromedial knee with the knee in extension. As a resuit. 



Figs 5A and B: Drawing indicating mechanism of injury during 
through the patellofemoral joint along the axis of the fémurs, 
tubercle, causing a posterior drawer and injury to the PCL 


a hyperextension and varus moment occurs and causes 
failure of the PCL and postérolatéral structures. 

Clinical Evaluation 

Injury to the PCL and postérolatéral structures of the knee 
is commonly missed at the time of initial évaluation. 
Therefore, it is impérative that a thorough examination 
be performed and spécifie tests for posterior cruciate and 
postérolatéral instability be utilized. Swelling, 
ecchymosis, induration, and tenderness in the région of 
the postérolatéral corner of the knee are important signs 
of acute injury. When the knee is positioned at 
approximately 90° of flexion, a mild posterior sag is 
usually seen. This may be unseen if there is significant 
quadriceps spasm présent. An abrasion over the 
anteromedial aspect of the knee may be a due to the 
mechanism of injury. Because many of these knee 
ligament injuries represent a violent injury with severe 
ligament disruption, any lacération about the knee should 
be suspected of communicating with the joint. 

In the acutely injured knee, assessment of the 
neurovascular status is critical. Injury to the PCL or 
postérolatéral structures is often seen as a combined knee 
ligament injury or as a component of the injury in a knee 
dislocation. 

Anteroposterior Translation 

When assessing anterior or posterior translation of the 
tibia on the fémur, it is helpful to palpate the médial and 
latéral sides of the tibial plateau and fémoral condyles to 
aid in determining the amount and direction of 
displacement. In the normal knee, the tibial plateau has 
a step-off anteriorly of approximately 10 mm. Absence 



on knee. (A) Landing with foot dorsiflexed, force is transmitted 
If the foot is plantarflexed, the blow is sustained at the tibial 
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of a step-off with the knee at 90° is highly suggestive of a 
rupture of the PCL. This is the so-called "posterior sag" 
sign. Based on the recent biomechanical sélective cutting 
studies, it is apparent that the posterior drawer performed 
at 80 to 90° of flexion is the best way of assessing the 
integrity of the PCL. 25,34,40 

Both the degree of displacement and the quality of 
the end point should be assessed. In contrast, the posterior 
drawer performed at 30° of flexion is not as spécifie for 
the PCL, even though it is a primary restraint. Injury to 
the postérolatéral structures alone may cause a similar 
increase in posterior translation at this degree of flexion. 

Varus-Vaigus and Rotational Stress Testing 

Varus and valgus stress testing should be performed at 
both full extension and 30° of flexion, along with external 
rotation stress testing at 30 and 90° of flexion to identify 
any coexisting injury to the postérolatéral corner 
structures. Isolated disruption of the PCL does not affect 
varus-valgus stability throughout the range of motion. 
However, the PCL does serve as a secondary restraint to 
a varus or postérolatéral rotatory force at 90° of flexion. 
In contrast, isolated injury to the postérolatéral corner 
results in increased external rotation, as well as increased 
varus instability, at 30° of flexion. This instability is not 
présent at 90° of flexion due to the influence of the PCL. 
Increased external rotation that is présent at both 30 and 
90° of flexion would indicate injuries to both the PCL and 
the postérolatéral corner. Varus instability in full 
extension can occur due to disruption of the postérolatéral 
structures alone with a completely intact PCL. This is in 
contrast to the concept of Hughston, that any evidence 
of varus-valgus instability in full extension is evidence 
of PCL disruption. It must again be stressed that this laxity 
is caused by combined injury to the latéral collateral 
ligament and deep postérolatéral structures, and that 
isolated injury to either will not cause large degrees of 
varus instability in extension. Also, although some degree 
of varus instability in full extension does not necessarily 
imply PCL injury, it is probably more common than not 
that the PCL is also injured when the latéral collateral 
ligament and deep postérolatéral structures are 
completely disrupted. Certainly, large degrees of varus 
instability in full extension would indicate injury to the 
PCL and ACL. 34,35 

Quadriceps Active Test 

Daniel et al hâve described the quadriceps active test as 
a maneuver that can help to clarify the resting position 
of the tibia in relation to the fémur. The test is performed 
in the supine position with the knee flexed 90 degrees 


and the foot resting fiat on the table. In the normal knee 
or the knee with ACL disruption, active quadriceps 
contraction against fixed résistance in this position 
produces a force vector which is directed slightly 
posteriorly. Therefore, when observing the relationship 
of the tibia to the fémur in this position, no anterior 
translation would be observed during the test. In contrast, 
when the posterior cruciate is disrupted, the tibia assumes 
a resting position slightly posterior. The force vector of 
the quadriceps active test is directed slightly anteriorly 
in this setting and produces anterior tibial translation with 
active quadriceps contraction against résistance. The test 
may be very useful when assessing the knee for PCL 
injury. 15,16 

Tibial External Rotation(Dial) Test 

The dial test assesses external rotation at both 30 and 90° 
and can be performed with the patient supine or prone, 
however side-to-side différences are more easily 
visualized with the patient prone. 99,100 An external 
rotation force is placed on each tibia by grasping the foot, 
and the external rotation angle of the feet is compared. A 
side-to-side différence of greater than 5 to 10 degrees 
when compared to the uninjured limb is considered 
significant and indicative of injury. 101 As mentioned 
above, an abnormality noted at 30° of flexion indicates 
injury to the postérolatéral corner, while an abnormality 
noted at both 30 and 90° of flexion indicates injury to 
both the postérolatéral corner structures and the PCL. 

External Rotation Recurvatum Test (Fig. 6) 

The external rotation recurvatum test as described by 
Hughston, is performed in the supine position by 
suspending the lower extremity in extension while 
grasping the great toe. A positive test is produced when 
the knee falls into varus hyperextension and tibial 
external rotation. Hughston stated that this test is spécifie 
for injury to the arcuate ligament complex. 

Reversed Pivot Shift (Fig. 7) 

The most commonly used of these tests is the pivot shift 
test of Macintosh. With the patient supine, the examiner 
grasps the ankle with one hand, while placing the 
opposite hand laterally at the knee behind the fibular 
head, directing pressure anteriorly. While the knee is 
extended, the leg is internally rotated and a valgus force 
applied. In this position, the tibia is subluxated 
anteriorly in an ACL déficient knee. As the knee is 
extended, the iliotibial band will tighten and reduce the 
tibia posteriorly to its normal position. A positive test is 
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Fig. 6 : External rotation recurvatum test allows tibia to 
posteriorly sublux and rotate because of torn postérolatéral 
capsule. (From Tria and Hosea, 39 with permission) 


graded by the serverity of the "réduction clunk" on a 
scale from 1 to 3: grade 1 (glide), grade 2 (shift), grade 3 
(shift and clunk). 46 

Dynamic Posterior Shift 

Shelbourne et al hâve recently described a dynamic 
posterior shift test for posterior cruciate insufficiency. In 
this test, the leg is positioned with the hip at 90° of flexion, 
and the knee is slowly extended from 90° of flexion. As 
the knee extends, the tibia is in a posteriorly subluxated 
position due to gravity and hamstring tension. In PCL 
insufficiency, as the knee nears extension, the tibia 
suddenly reduces with a perceptible "clunk". This is 
indicative of the absence of a functional PCL. 71 

Radiographie Evaluation 

Posterior translation or sag on the latéral radiograph or 
an avulsion of the posterior tibia may signal PCL 
disruption. Fibular head avulsion or avulsion of Gerdy's 
tubercle are evidence of severe latéral or postérolatéral 
disruptions. 17,83 

Recently, magnetic résonance imaging (MRI) has 
become increasingly useful as a tool to assess knee 
ligament injuries. With improved techniques, excellent 
visualization of intraarticular structures is now possible. 
In the normal knee, the PCL appears as a signal void 
(black) on magnetic résonance images. It usually appears 
somewhat more black than the ACL. This may be due to 
its greater thickness and the résultant effect on the 
appearance of the average MRI signal. 

In acute injuries to the PCL, increased signal will 
appear in the substance of the ligament. It frequently 
appears irregular, and either a diffuse or localized 



Fig. 7: Reverse pivot begins in flexion with external rotation 
and valgus stress. With motion into extension, tibia reduces, 
with palpable “clunk”, implying tear of postérolatéral capsule. 
(From Tria and Hosea, with permission) 


increased signal may represent injury. Interestingly, the 
authors hâve obtained follow-up MRI scans on patients 
with partial PCL injuries in which the PCL signal has 
changed from one of increased signal and swelling at the 
time of injury to that of complété signal void, appearing 
relatively normal on follow-up scan images. Because the 
PCL is enclosed within synovial sheath, it may hâve better 
healing potential than the ACL. 

Chronic Posterior Cruciate Ligament 
Déficient Knee 

It is apparent that with an isolated PCL injury, knee 
function may continue to be quite good. Although none 
of these reports can be considered a natural history study, 
they provide evidence that acute isolated PCL injuries 
rarely cause functional instability. When présent, the 
patient with chronic PCL insufficiency usually complains 
of a different type of giving way than that seen with ACL 
insufficiency. The knee appears to give way due to pain 
or the sensation of sliding rather than a true buckling 
sensation. This sense of sliding is particularly noted while 
descending stairs, with the development of high 
quadriceps loads. What has been increasingly 
emphasized is that, in contrast to instability of the ACL 
déficient knee, PCL injuries lead to disability. Knee 
disability related to PCL deficiency may be seen as 
symptoms of aching, stiffness, difficulty in climbing 
stairs, and inability to return to the previous level of 
athletic function. Patellofemoral symptoms are 
common and occur in approximately 40 to 55% of 
patients. 10,11,18,63,65,82 

Patients with chronic postérolatéral instability 
demonstrate varus and hypertension in the stance phase 
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of gait. A visible thrust may be présent during this phase. 
Formai gait analysis and standing full-length lower 
extremity radiographs may be useful in detecting the 
abnormal alignment and mechanics. These patients often 
complain of a sensation of looseness and may hâve giving 
way épisodes. Pain and fatigue, which occur due to 
ligamentous laxity, are common complaints. Because 
many patients are unable to lock the knee in full 
extension, they expérience difficulty with ascending and 
descending stairs or walking on an incline. Twisting or 
cutting activities may also be difficult. 

Studies hâve demonstrated that patients with isolated 
PCL insufficiency will likely function well with a low 
incidence of symptoms or instability and a fairly high 
return to athletic participation. Combined injuries are 
associated with higher incidence of symptoms. 
Additionally, there remains a fairly high number of 
patients with isolated PCL injuries who develop 
symptoms that range from an annoying to a disabling 
level. Unfortunately, the authors hâve not been able to 
characterize these symptomatic patients based on any 
predisposing factors, thus, perhaps allowing earlier 
surgical intervention and improved functional results. 

Recently, attention has also been focused on the 
development of degenerative changes in the knee, even 
following isolated PCL injuries. 12 ' 11 ' 37 ' 49 

Patellofemoral compartment pressure increased with 
both isolated PCL sectioning and combined PCL and 
postérolatéral sectioning, with the peak pressure noted 
at 90°. Quadriceps load increased with both isolated PCL 
and combined PCL and postérolatéral sectioning. 
Increase in the patellofemoral pressure is a resuit of the 
dropback of the tibia after PCL rupture. This "reverse 
Maquet" effect results in an alteration in the force vectors 
that occur during active knee extension. This is reflected 
by: 

i. Increased quadriceps load during active knee 
extension, and 

ii. Increased patellofemoral contact pressures. 

Treatment 

The best treatment for acute and chronic PCL injuries 
continues to be in area of controversy. While the natural 
history is not satisfactorily understood, the literature does 
contain many reports of patients doing well without 
surgery. In addition, as review of the literature shows 
that many of the surgical reconstructions for PCL injuries 
hâve not proved to be completely reliable. 

It has been the author's expérience and that of others, 
that the majority of knees with isolated acute PCL 
disruption return to near full function. 8 ' 11 ' 19 ' 24 ' 38 ' 40 ' 48 ' 55 ' 58 " 

60,64,69,71,81,80,84 
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Conservative treatment (tears): In patients who are treated 
nonsurgically, functional réhabilitation is begun early. 
Immobilization is not necessary and likely will only cause 
stiffness and quadriceps weakness. Quadriceps strength 
less than 100% of the uninvolved side has been correlated 
with the development of symptoms and inability to 
return to sports. Therefore, effective quadriceps 
réhabilitation is critical. A vigorous quadriceps 
strengthening program is begun as soon as the patient's 
symptoms allow. Initially, hamstring exercises are 
avoided. Six weeks following injury, hamstring 
strengthening is begun. 

Surgical Treatment 

înterstitiol rupture: Primary repair of acute interstitial PCL 
ruptures has not achieved a high level of success in 
providing objective stability of the knee. 

The need for a stronger and more durable ligament 
repair led to surgical augmentations and substitutions. 
Hughston and Degenhardt developed a transfer of the 
médial head of the gastrocnemius tendon. Several authors 
for PCL reconstruction hâve used this technique. Results 
of the médial gastrocnemius transfer for reconstruction 
of chronic PCL injuries hâve also been disappointing. 
Therefore, the authors do not utilize this technique in 
augmenting their acute repairs. 

Many alternative methods of PCL augmentation and 
substitution hâve been developed and include dynamic 
hamstring transfer, popliteus transfer, meniscal 
substitution, semimembranosus transfer, semitendinosus 
and gracilis augmentation, and use of one-third of the 
patella tendon. Clancy et al reported on the use of one- 
third of the patella tendon to augment primary repairs 
of acute PCL tears. 

Based on the observation of the results, acute repair 
combined with augmentation is the procedure of choice 
if surgical treatment of a repairable interstitial PCL tear 
is undertaken. The semitendinosus and gracilis tendons 
are the best augmentation tissues available. Their 
availability may be determined by requirement for 
reconstruction of other injured ligaments. 

Chronic PCL Injuries: Surgical Treatment 

Factors that lead us to recommend PCL reconstruction 
include disabling or function-limiting symptoms that 
hâve failed to respond to conservative treatment. In a 
symptomatic knee with evidence of early degenerative 
changes (cartilage wear, degenerated), ligament 
reconstruction may not be of benefit. In a young patient 
with varus alignment, latéral instability, médial 
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compartment arthritis, and posterior cruciate 
insufficiency, a simultaneous or staged valgus tibial 
osteotomy and PCL reconstruction may be indicated. 

As with acute injuries of the PCL, a number of 
different procedures hâve been used to reconstruct the 
ligament. The médial head of the gastrocnemius muscle 
has been used as a dynamic stabilizer. This procedure 
was developed by Hughston and Degenhardt, and used 
by Insall and Hood, Roth et al, and Kennedy and Gaplin. 
Results hâve been disappointing due to the inability of 
this procedure to sufficiently improve static knee stability. 
Other tissues used for PCL reconstruction include the 
semimembranosus, menisci, semimebranousus, 
popliteus, tendon, and one-third of the patella tendon. 

Clancy et al reported on 13 patients in whom surgery 
was performed for chronic instability at an average of 
31 months after reconstruction. The overall static and 
functional resuit was graded as good or excellent in 11 of 
13 or 85%. These results were obtained despite a 
preoperative incidence of moderate or severe médial 
fémoral condyle articular injury in 48% of the patients. 

In evaluating the appropriateness of various graft 
tissues for PCL reconstruction, several issues must be 
considered. These include graft strength, length, fixation, 
proven clinical success, and morbidity to the donor site. 
Kennedy et al hâve shown that the posterior cruciate is 
the strongest knee ligament, stronger than the ACL. They 
determined that the posterior cruciate and anterior 
cruciate ligaments had a maximum load of approximately 
1,100 N and 500 N, respectively. Noyés and et al evaluated 
the mechanical properties of various transplant material 
and found that a central third patella tendon graft 
averaging 13.8 mm in width withstood a maximal load 
of 2.900 N or 168% of the ACLs he tested (1,725 N). The 
semitendinosus and gracilis tendons separately had a 
maximal load of 1.216 N and 838 N, respectively. Cooper 
et al studied the strength of patella tendon grafts and 
found that the ultimate tensile strength of a 10 mm graft 
was approximately 3,000 N. The bone-patellatendon graft 
fits these criteria best. The tissue may be obtained as 
autograft, or an allograft may be used. This choice is 
determined by the presence, type and number of 
associated ligament injuries. 

Latéral Collateral Ligament Insufficiency 

When reconstructing the fibular collateral ligament and 
postérolatéral corner for varus instability, the tissues are 
assessed at the time of exploration. Surgical options 
include advancement and recession, biceps tendon 
augmentation or substitution, or reconstruction using 
bone-tendon-bone autograft or allograft. When 
performed in conjuction with a reconstruction of the 


popliteus tendon, it may be désirable to attempt to tighten 
the latéral collateral ligament if it is felt to be competent 
but stretched. Releasing it from its fémoral origin and 
advancing it either into a bony tunnel with sutures placed 
through its substance, or by securing it to its origin, using 
a ligament washer, may perform a recession. When a 
bone tunnel is being used to reconstruct the popliteus 
tendon, the latéral collateral ligament can be advanced 
into the posterior aspect of this bone tunnel. This allows 
the ligament to remain close to its origin as well as 
allowing the laxity to be removed. It may be secured by 
passing the sutures in the ligament through drill holes 
either posteriorly in the latéral fémoral condyle, or across 
the fémur to the médial side. The biceps tendon has been 
used to augment or reconstruct the fibular collateral 
ligament in some patients. 

Popliteus Insufficiency 

For chronic popliteus insufficiency surgical options 
include: (i) advancement and recession of its bony 
insertion, (ii) distal advancement and tensioning of the 
tendon, (iii) reconstruction with a bone-tendon- 
bone patella tendon autograft or autograft, or 
(iv) reconstruction with an Achilles tendon autograft. 36 

INSTABILITY 

Hughston, et al hâve developed the most elaborate 
classification System of knee ligament instability. This 
classification System attempts to describe the instability 
by the direction of the tibial displacement and, when 
possible, by structure déficits. 

Straight Instability 

There are four types of straight instability, which involve 
no rotation of the tibia with respect to the fémur. 

Médial Instability 

Médial instability is caused by a tear of the médial 
compartment ligament combined with a tear of the ACL. 
In full extension, the knee joint opens on the médial side 
with a valgus stress test. This instability indicates 
disruption of the médial collateral ligament, the médial 
capsular ligament, the ACL, the posterior obligue 
ligament, and the médial portion of the posterior capsule. 
Hughston believes that the PCL is involved in straight 
médial instability, although some investigators feel that 
the PCL may not be disturbed. Hughston believes that a 
positive abducting or valgus stress test at 0°, with a 
normal amount of recurvatum that occurs with complété 
extension indicates that tears of the PCL and ail médial 
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compartment ligaments are présent. Straight médial 
instability detected only when the knee is tested at 30° of 
flexion indicates a tear limited to the médial compartment 
ligaments. 

Latéral Instability 

Straight latéral instability is a resuit of a tear of structures 
of the latéral compartment and the PCL. It is 
demonstrated when the knee opens on the latéral side 
with a varus stress test with the knee in the fully extended 
position. This indicates disruption of the latéral capsular 
ligament, the latéral collateral ligament, and commonly, 
the PCL. Straight latéral instability detected only with 
the knee in 30° of flexion may be présent in minor latéral 
complex tears or may be normal when compared with 
the opposite knee. 

Posterior Instability 

Posterior instability occurs when there is disruption of 
the PCL, the arcuate ligament complex, and the posterior 
oblique ligament complex. This is demonstrated by a 
posterior dropback of the tibia with no evidence of 
rotation. 

Anterior Instability 

Straight anterior instability is caused by disruption of the 
ACL, the latéral capsular ligament, and the médial 
capsular ligament. It is demonstrated during the anterior 
drawer test in neutral rotation when the tibia subluxates 
anteriorly. 

Rotatory Instability 

1. Anteromedial rotatory instability is apparent when with 
stress testing the médial plateau of the tibia rotâtes 
anteriorly and externally as the joint opens on the 
médial side. This implies disruption of the médial 
capsular ligament, the tibial collateral ligament, the 
posterior oblique ligament, and the ACL. The 
instability is well understood clinically. 

2. Antérolatéral rotatory instability detected at 90° of 
flexion has little relation to the anterior drawer sign 
or major anterior displacement of the tibia. The latéral 
tibial plateau rotâtes forward in relation to the fémur 
at 90 degrees of flexion with excessive latéral opening 
of the joint. There is then excessive internai rotation 
of the joint and tibia on the fémur with the knee in 
flexion. This implies disruption of the latéral capsular 
ligament, the arcuate ligament complex (partial), and 
the ACL (partial or complété). Antérolatéral rotatory 
instability detected in full extension of the knee is 


approached more commonly. With a spécifie test (the 
jerk test, the antérolatéral rotatory instability test of 
Slocum, or the latéral pivot shift test of Macintosh), 
the latéral tibial plateau subluxates forward on the 
fémur as the knee approaches extension. This implies 
disruption of the ACL and possible involvement of 
the latéral capsular ligament. Clinically, as the knee 
cornes into extension while weight bearing, the 
anterior subluxation of the latéral tibial plateau is 
dramatic. 

3. Postérolatéral rotatory instability is apparent when with 
stress testing the latéral tibial plateau rotâtes 
posteriorly in relation to the fémur with latéral 
opening of the joint. This implies disruption of the 
popliteus tendon, the arcuate ligament complex 
(partial or complété), the latéral capsular ligament, 
and at times stretching or loss of integrity of the PCL. 
It is important to distinguish this type of instability 
from one-plane posterior instability resulting from a 
rotary instability. In this case, the postérolatéral corner 
of the tibia drops off the back of the fémur and the 
latéral opening of the joint is detected when the 
external rotation recurvtum or reverse pivot shift tests 
are performed. 

4. Posteromedial rotary instability is apparent when with 
stress testing the médial tibial plateau rotâtes 
posteriorly in reference to the fémur with médial 
opening of the joint. This implies disruption of the 
tibial collateral ligament, the médial capsular 
ligament, the posterior oblique ligament, the ACL, and 
the médial portion of the posterior capsule, plus 
stretching or major injury to the semimembranosus 
insertions. A hyper-extension and valgus force can 
tear these structures, with the ACL tearing, and the 
PCL is only mildly stretched. In effect the 
posteromedial corner of the tibia sags back on the 
fémur with médial opening of the joint. 

Combinée! Rotatory Instability 

Anterolateral-Anteromedial Rotatory Instability 

The combined anterolateral-anteromedial rotatory 
instability is the most common combined instability. It is 
the resuit of tears of both the médial and latéral capsular 
ligaments in their middle one-third, while the posterior 
cruciate remains intact. In a knee with this injury, the 
anterior drawer test with the tibia in a neutral position is 
markedly positive. The displacement is exaggerated 
when the tibia is externally rotated but is négative when 
the anterior drawer is performed with the tibia internally 
rotated. Both the varus and valgus stress tests are positive 
to a varying degree. 
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Anterolateral-Posterolateral 
Rotatory Instability 5 

Combined antérolatéral and postérolatéral rotatory 
instability is the resuit of disruption of ail the latéral 
compartment capsular ligaments with or without a tear 
of the iliotibial band, while the PCL remains intact. In a 
knee with this injury, the posterior drawer test with the 
tibia in neutral position demonstrates that the latéral tibial 
plateau will rotate anteriorly and posteriorly as the test 
is performed. Varus instability is great with disruption 
of most of the structure on the latéral side of the knee as 
well as the ACL. Combined anteromedial and 
posteromedial rotatory instability occurs when médial 
and posteromedial structures are severely torn. 

Posterolateral-Anterolateral-Anteromedial Rotatory 
Instability 

Combined postérolatéral, antérolatéral, and anteromedial 
rotatory instability—a triple instability—is caused by 
disruption of both the latéral and médial ligaments. In a 
knee with this pattern of instability, the anterior drawer 
test is markedly positive with the tibia in a neutral rotation 
and négative with tibia in internai rotation. The posterior 
drawer test causes the tibia to rotate externally and 
posteriorly. The valgus and varus stress tests are positive 
with the knee at 30° of flexion, but négative in the fully 
extended position. 

REHABILITATION 

Motion is begun on postoperative day 1, using a 
continuous passive motion (CPM) machine from 0 to 90°. 
The range of motion is advanced to patient tolérance, the 
drain is removed, and nonweight-bearing ambulation 
with crutches is begun on postoperative day 2. On the 
same day, active flexion to 90° and assisted passive 



Fig. 8: Patellar tendon stretching exercises (postoperative) 


extension to 0° are begun. Patients are generally 
discharged on postoperative day 3, wearing a hinged 
brace and maintaining toe-touch weight-bearing. The 
brace is locked at 0 degrees except for exercises performed 
4 or 5 times per day. Closed-chain exercises, such as 
partial squats, are added over the next several weeks. 
Full weight-bearing is allowed at 6 weeks, and the long 
leg brace is converted to a shorter derotation brace. 
Résistance exercises are allowed with quadriceps 
contraction between 90 and 40° and hamstrings from 0 
to 90°. 

Historically, a postoperative cast at 30 degrees of 
flexion was routinely applied at the time of surgery, 
assuming that the graft would not withstand the loads 
imposed by early motion and exercises. This principle 
has been progressively challenged, and there is now 
clinical and experimental evidence that an early 
réhabilitation course is, in fact, bénéficiai to the final 
outcome. "The graft is strongest at the time y ou put it 
in." 

One of the major advances in ACL repair is early 
mobilization after the operation. Shelbourne and Nitz 
hâve advocated an accelerated réhabilitation program 
emphasizing early full extension, early weight bearing, 
early closed chain kinetic exercises and early return to 
normal athletic activities, and reported no compromise 
in graft strength or stability. Ligaments and ligament 
insertion sites undergo deep changes as a conséquence 
of immobilization. From the biochemical point of view, 
changes involve both the collagen and the ground 
substance. The strength of the bone-ligament-bone unit 
is deeply affected by immobility. Noyés et al investigated 
the effect of 8 weeks of immobility on the structural 
properties of the fémur-ACL-tibia complex. 

1. Isométrie hamstring exercises, isométrie quadriceps 

exercises at knee flexion angles—60 degrees or greater. 



Fig. 9: Straight leg-raising exercises are the finest and simplest 
form of early réhabilitation of the quadriceps without irritiation 
to the knee joint. If there is some irritation in the patellofemoral 
joint, these may be the only exercises the patient can tolerate. 
The raises should be started simply, with only the weight of the 
leg: no weights should be placed about the ankle. The exercises 
are repeated in eight répétitions of ten (80 times) three times a 
day at about 8-hour intervals 
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Fig. 10: Straight leg-raising exercises can be performed almost 
anywhere. One does not always hâve to lie down on an 
exercises table or a bed, or the like. The patient can easily do 
these exercises while sitting in a chair with the buttocks toward 
the front edge 



Fig. 11 : Partial squats with the patient holding onto something 
for balance are an excellent exercise for the quadriceps 
performed with the fémur flexing and extending on the fixed 
tibia. These movements do not usually irritate the patellofemoral 
joint and do not displace the tibia on the fémur. This is a normal 
physiological partial squat, the patient should place the feet at 
shoulder width apart, in a slightly externally rotated position. A 
chair or table top should be held onto for balance as the buttocks 
are lowered backward and downward. For added résistance, 
the patient may place weight about the waist. The patient should 
try to keep the tibias as vertical as possible 



Fig. 12: Once there is sufficient range of motion in the knee, 
the patient should begin a cycling program. Cycling is an 
excellent conditioning and building exercises for the quadriceps. 
If the patient’s patellofemoral joint is painful, he or she may be 
unable to do bicycling 



Fig. 13: This is probably the simplest and the best 
Hamstring exercise 


and simultaneous quadriceps and hamstring 
contraction do not endanger a properly implanted 
graft. 

2. Closed kinetic chain exercises resuit in more axial 
orientation of the applied force across the knee as well 
as in muscular concentration and should be 
emphasized as a means in strengthening the muscles 
after ACL reconstruction. 

3. Open kinetic chain exercises produce maximum shear 
forces and minimal muscular concentration and 
should be avoided. 

In conclusion, there is good experimental and clinical 
evidence that immobilization of a joint leads to 
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Fig. 14: The hamstrings can also be stretched by having the 
patient sit on a table with one or both legs out straight, either 
together or spread apart, the patient then leans forward to the 
point of touching the toes but does not let the knee bend 


Fig. 16: Hamstring stretching can be accomplished by having 
the patient lie on his or her back, hold the hip flexed to a right 
angle, and use the quadricepts to actively extend the leg against 
the tightness of the hamstrings 




Fig. 15: Hamstrings can be strengthened by having patients 
use toe clips on the bicycle, having them lie prone on the leg- 
curl weight machine and lift weights, or simply having them 
wear ankle weights standing against the wall and doing multiple 
knee flexions 


Fig. 17: Walking or running up stadium steps, walking up any 
steps, or walking on a stair-climbing machine constitutes an 
excellent exercises for the quadriceps 


oblitération of the joint cavity, limitation of the arc of 
motion, degenerative changes of the cartilage, and 
decreased strength of the ligaments. The severity of these 
changes is time-related. Cartilage changes and fibrotic 
oblitération of the joint may not be permanent, but will 
need a prolonged reconditioning period to regain their 
original mechanical properties (Figs 8 to 17). 


KNEE DISLOCATIONS 

Knee dislocations are relatively infrequent events that 
usually occur as a resuit of high-energy trauma to the 
knee. Dislocations are most commonly caused by motor 
vehicle accident or falls, but can also occur in contact 
sports or in individuals with pathologie ligamentous 
laxity. The dislocation event results in major ligamentous 
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injury, usually tearing both the anterior and posterior 
cruciate ligaments, collateral ligaments and numerous 
capsular structures. Perhaps more importantly, however, 
arterial injury occurs in knee dislocations with a 
frequency of 29 %. Injury to the intimai layer of the 
popliteal artery may be présent even in the face of initially 
intact pedal puises. Until recently, arteriograms or 
Doppler examination were mandatory for every acute 
knee dislocation. 1,13 Recent literature however supports 
the sélective use of angiography only in those patients 
with an abnormal puise exam. 102 Regardless, these 
patients should be admitted for observation for 24 to 48 
hours, as the vascular sequalae can présent in a delayed 
fashion. 

Neurological injuries occur in 9 to 49% of knee 
dislocations with recovery rates from 13 to 80%. Because 
of the urgency of the potential neurovascular injury and 
the extent of the concomitant ligamentous injury, 
immédiate referral to an orthopédie surgeon and possibly 
a vascular surgeon is always warranted. Risk of 
compartment syndromes requiring fasciotomy clearly 
increases with prolonged limb ischemia. Arterial repair 
is necessary within the first 6 to 8 hours to minimize the 
risk of irréversible ischémie damage and potentially 
irréversible limb compromise. 

Immédiate treatment for knee dislocations begins 
with closed réduction without delay. If reduced in the 
field, the limb is splinted and sent for immédiate hospital 
évaluation. Often the réduction has occurred 
spontaneously prior to physician évaluation, and one 
must be suspicious for dislocation if the examination 
demonstrates multiple ligamentous injuries or popliteal 
fossa tenderness and ecchymosis. Open réduction is 
sometimes necessary for postérolatéral dislocations due 
to interposed joint capsule preventing closed réduction. 
Surgical reconstruction of ligamentous injuries should be 
performed in cases requiring open réduction or in cases 
involving open vascular repair. Ligament reconstruction 
should be delayed if limb ischemia or a tenuous vascular 
repair precludes early intervention. Current orthopédie 
opinion favors early reconstruction of ail ligamentous 
injuries. Reconstruction after knee dislocations should 
take advantage of primary repair of bony avulsions when 
présent, but often requires techniques of multiple 
ligament reconstruction using autograft or allograft 
techniques. 
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CONGENITAL DISLOCATION OF PATELLA 

Congénital dislocation of patella is rare, bilateral, often 
familial and accompanied by arthrogryposis multiplex 
congénital and Down syndrome. This latéral dislocation 
of patella is persistent and irreducible and should be 
differentiated from acquired variety of permanent 
dislocation of patella where there is superolateral 
contracture of quadriceps mechanism either due to 
injection fibrosis or idiopathic. In congénital variety, there 
is failure of médial rotation of quadriceps during its 
development. Here vastus lateralis may be absent or 
severely contracted, the patella is small, misshaped, may 
be attached to the anterior aspect of the iliotibial band. 
There is associated genu valgum, flexion contracture of 
knee and external rotation of the tibia on fémur. Médial 
capsule of knee is stretched, latéral fémoral condyle is 
flattened and the insertion of the patellar tendon is located 
laterally. 

Diagnosis of congénital dislocation of patella is 
usually overlooked and delayed till the child is 3 to 4 
years of âge when ossification patella starts. 

Treatment 

As soon as diagnosis is made, operative correction is done 
by derotation of the quadriceps muscles medially and 
médial stabilization of patella by shifting latéral half of 
patellar tendon medially (Stanisavljevic, Zemenick and 
Miller, 1976), 23 or alternatively, latéral release with médial 
imbrication of vastus medialis obliquus muscle (Beaty 
technique). 

ACUTE DISLOCATION OF PATELLA 

Acute dislocation of patella almost always occurs in 
latéral direction and is usually managed with close 


réduction by extension of flexed knee along with pressure 
applied to the latéral aspect of dislocated patella and 
maintained by plaster cylinder applied from groin to 
above ankle for 4 to 6 weeks. Cash and Hughston 6 divided 
acute dislocation of patella into two groups. In the first 
group, the patients showed anatomie prédisposition to 
patellar instability in the unaffected knee, e.g. latéral 
hypermobility of patella and dysplasia of vastus medialis 
muscle. In the second group, there is no predisposing 
signs in the unaffected knee. The patients having 
prédisposition factor should be treated by repair of the 
injured structures, or removal of displaced osteochondral 
fragments and repair of vastus medialis. 

INTRAARTICULAR DISLOCATION OF PATELLA 

It is rare and is of two varieties. The most common variety 
is horizontal intraarticular dislocation of patella following 
detached quadriceps tendon with its articular surface 
looking towards the articular surface of tibia. In the rare 
variety, the articular surface of horizontally dislocated 
patella looks upward following its detachment from 
patellar tendon. 

Treatment 

Open réduction of patella through médial parapatellar 
incision and resuture of quadriceps or patellar tendon to 
the patella are done. Removal of any loose osteochondral 
or cartilaginous fragments is carried out. 

OLD UNREDUCED DISLOCATION OF PATELLA 

Posttraumatic unreduced dislocation of patella is rare. 
Here adaptive flattening of patella and reactive knee 
contracture occur. Treatment may be done by 
observation, patellar realignment or patelletomy. 
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Observation is done if function of the knee is satisfactory. 
If dislocation is not of longer duration and degenerative 
change of patella is minimal, open réduction is suggested. 
In the cases with dislocation of longer duration, 
patellaplasty or patellectomy is indicated. 

RECURRENT, HABITUAL AND PERMANENT 
DISLOCATIONS OF PATELLA 

Définition 

Latéral dislocation or subluxation of the patella is 
classified as "récurrent" when the event is episodic; 
habituai when it occurs during each movement 
commonly in flexion (very rarely in extension) of the knee 
and permanent, when the dislocation persists in ail 
positions of the knee. 

Etiopathogenesis 

In récurrent dislocation, the basic pathological defect is 
poor médial stabilization of patella because of weakness, 
atrophy or change of orientation of fibers of vastus 
medialis muscle with or without associated dysplastic 
patella or latéral fémoral condyle, generalized joint laxity 
or posttraumatic médial capsular laxity and abnormal 
attachment of iliotibial band (Jeffreys, 1963). 17 

In habituai dislocation, there is primary contracture 
of superolateral soft tissues (latéral patellofemoral 
capsule, vastus lateralis, rectus femoris, vastus 
intermedius) and rarely abnormal bands of iliotibial tract. 

Permanent dislocations or subluxations may be 
congénital and due to myodysplasia (Stanisavljevic, 
Zemenick and Miller, 1976) 23 or acquired as a resuit of 
progressive superolateral muscle contracture. In both of 
habituai and acquired permanent dislocations of patella, 
the superolateral contracture is the primary pathology, 
either idiopathic or due to injection fibrosis (Gunn 1964, 
Williams 1968); 11,25 médial laxity or weakness of the 
médial stabilizers of the patella is secondary. A number 
of bone deformities may be associated with the 
dislocation of patella, but may not be the actual cause. 
Since, in such cases, patellectomy without 
quadricepsplasty may resuit in récurrent dislocation of 
the patellar tendon (West and SotoHall, 1958) 24 . This is 
not seen after patellectomy for fracture of the patella. 
Corrective osteotomy for genu valgum associated with 
latéral dislocation of patella often fails to control the 
dislocation (Heywood 1961), 13 and many patients with 
severe genu valgum do not suffer from dislocation of the 
patella. Hence bony factors probably hâve only a small 
rôle in the dynamic stability of the patella. 


Clinical Features 

A typical history of injury to the patella is still one of the 
most important means of diagnosis. Often diffuse ache 
anterior to knee is complained of, which becomes worse 
by going up and downstairs and feeling of insecurity in 
the knee, along with occasional giving way sensation. 

On examination, latéral position of the patella is 
évident in permanent, and also in habituai dislocation 
on each flexion of knee. But in récurrent dislocation with 
the patient sitting and the knee flexed 90°, a latéral 
position of the patella sometimes can be seen. Ail these 
cases may be associated with deformities around the knee 
and often quadriceps atrophy and tenderness over médial 
border of patella. In habituai and permanent dislocations, 
iliotibial band contracture and its abnormal attachment 
to patella is demonstrated by limitation of knee flexion 
when the patella is held fixed in the intercondylar groove. 

A diagnostic appréhension test is positive only in 
récurrent dislocation. When the patella is manually 
subluxated laterally, keeping the knee flexed at 20 to 30°, 
the patient exhibits sudden painful facial expression and 
resists further latéral motion of patella. Finally, a 
subpatellar crepitus is palpable when there is associated 
degeneration of patellofemoral joint. 

Roentgenographic Features 

The conventional AP and latéral views rarely help to 
diagnose this condition. Controversial Blumensaat line 
in latéral view for patella alta, which is a line extending 
through the intercondylar notch, should just touch lower 
pôle of patella with the knee flexed 30°. 

Moreover, the ratio of length of patella and the length 
of patellar tendon should be 1:1 (Insall, Goldberg and 
Salvati 1972) 16 in latéral view. If this ratio is less than 1:1, 
it indicates patella alta. 

Spécial radiographs, like axial views, keeping both 
the knees flexed in the range of 20 to 45° provides 
important information regarding bony configuration and 
relationship. In Hughston view (knee 55° flexed) the 
patellar index (normally in male 15 and in female 17), in 
skyline or Merchant view (knee 45° flexed) the 
congruence angle, and in Laurin views (knees 20° flexed) 
the patellofemoral angle and patellofemoral index are 
determined; but they are of less importance in clinical 
practice. 

Minimal subluxation with lesser degree of 
abnormality which cannot be detected even with the 
knees flexed 30 to 45° can be diagnosed accurately using 
computerized tomography (CT) with the knee in full 
extension (Inoue et al). 15 Minimal subluxation of patella 
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can be diagnosed by MRI at different degrees of knee 
flexion. 

Treatment 

In récurrent subluxation of patella, conservative 
treatment may be tried in the form of quadriceps drill 
and may return to almost normal activities. 

Many reconstructive procedures for récurrent 
dislocation of patella hâve been described when the 
articular surface of the patella is healthy or shows mild 
degenerative changes. Release of latéral contracture only 
or along with it, repair of médial laxity of patella and 
création of suprapatellar check rein (Campbell 1930) 5 may 
be useful in rare cases with récurrent dislocation in 
adolescents and adults especially where there is laxed 
médial capsule but normal quadriceps alignment. But 
they are not useful for those with habituai and permanent 
dislocations. It provides high récurrence rate as created 
suprapatellar check rein is a weak rein since it is 
composed of stretched capsule. Arthroscopic latéral 
release with or without médial plication (Mc Ginty and 
Mc Carthy 1981, Metcalf 1982) 20,21 was also reported. 

Regarding the proximal extensor realignment 
technique: the latéral release together with realignment 
of quadriceps muscle on the patella (Insall, Goldberg and 
Salvati 1972) 16 and vastus medialis transplantation 
distally and laterally to the front of the patella by 
Medigan, Wissinger and Donaldson (1975) 18 , are 
advocated. Both the procedures weakens the vastus 
medialis obliquus, the dynamic médial stabilizer of 
patella. Furthermore, in the later technique, there is 
chance of losing contact of latéral patelloformal articular 
surface. In habituai and permanent dislocations vastus 
medials become stretched and poor in activity; therefore 
the above techniques, are not practicable. In ail the above 
procedures, there is inadéquate release of laterally 
contracted structures; therefore unsuitable for habituai 
and permanent dislocations. Other reconstructive 
procedures either distal extensor realignment techniques 
(Hauser 1938, Goldthwait 1904, Galeazzi 1922, Cox 1976 
Bergman and Williams 1988) 4,7,9,10,12 or combined 
proximal and distal realignment (Hughston 1972) 14 or 
patellectomy with extensor realignment (West and Soto- 
hall 1958) 24 had been tried in habituai and permanent 
dislocations of patella. 

The Distal Extensor Realignment Techniques 

Tibial tubercle shift of Roux (1888) 22 later popularized 
by Hauser (1938) 12 may be useful in adults with Q angle 
more than 15°, but in children it causes genu recurvatum 
from prématuré closure of the anterior part of epiphysis 


and distal migration of tibial tubercle and traction spur. 
This procedure has a récurrence rate of 20%, high 
incidence (70%) of osteoarthrosis of knee and latéral 
rotational deformity of leg. 

Roux-Goldthwait's médial transplantation of latéral 
half of patellar tendon (1940) 10 may be useful in children 
and adolescents with laterally directed patellar tendon; 
but it provides high récurrence rate with rupture of intact 
patellar tendon and latéral tilting of patella. It causes genu 
recurvatum due to injury to proximal tibial epiphysis. 
This procedure should better be avoided in vigorous and 
active patients with strong well developed quadriceps. 

Semitendinosus tenodesis (Galeazzi 1921) 1,9 may be 
useful in récurrent dislocations after adéquate latéral 
release particularly before epiphyseal closure and also 
in adults. But it provides récurrence rate about 19%. 
Furthermore, this behaves as passive sling since it's nerve 
and blood supply is eut off and may undergo attrition 
rupture due to it's thin attachment. 

Latéral retinacular release, médial retinacular 
plication and médial transfer of tibia tuberosity (Elmslie 
- trillat procedure modified by Cox 1976) 7 was used 
successfully in récurrent dislocations of patella in adults, 
with satisfactory results in 66% cases. But this technique 
was contraindicated in young and provides inadéquate 
release of superolateral contracture for habituai and 
permanent dislocations. 

Combined Proximal and Distal Realignment Technique 

Proximally release of vastus lateralis and realignment of 
vastus medialis and distal realignment by médial 
displacement of patellar tendon (Hughston et al. 1984) 14 
was used for récurrent dislocations of patella in adults 
but provided inadéquate superolateral release for 
habituai and permanent dislocations. 

The patellectomy and quadriceps realignment 
(West and Soto-hall 1958) 24 was indicated for dislocations 
of patella in adults with retropatellar degenerative 
changes. But following this technique, quadriceps lag 
lasts for longer period. Only patellectomy without 
quadricepsplasty results in récurrence of dislocation of 
the tendon. Furthermore, knee without patella is partially 
disabled and in children, it is better avoided. 

Many of the above procedures may be useful for 
récurrent dislocations of patella but not for habituai 
dislocation in flexion and permanent dislocation of 
patella because of inadéquate release of superolateral 
contracted structures in later cases. Bergman and 
Williams (1988) 4 described adéquate quadriceps release 
by inverted V-Y quadricepsplasty and médial 
stabilization of patella by sartorius or gracilis transfer or 
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by médial plication or vastus medialis advancement to 
anterior surface of patella; or médial transplantation of 
patellar tendon. This procedure was done in habituai 
dislocation of patella in flexion with 28% récurrence rate 
where quadriceps lag lasts for longer period (av. one 
year). In habituai and permanent dislocations, vastus 
medialis is not contracted. However, the above V-Y plasty 
injudiciously lengthened the apparently unaffected 
vastus medialis which may be the cause of prolong 
Quadriceps lag. 

None of the above operations has been consistently 
successful (Marion and Barcat 1950; Crosby and Insall 
1976) 19,8 . The failure of those reconstructive procedures 
was perhaps due to inadéquate strength of the soft tissues 
used as a médial stabilizer of the patella and in some 
procedures, deforming factors may not hâve been dealt 
with adequately (Baksi 1981) 2 . 

The presenting method (Baksi, 1981, 1993) 2,3 is 
designed to overcome the aforesaid disadvantages. In this 
technique médial stabilization of patella was done by the 
transpositions of lower three fourth of the pes anserinus 
to the anterior surface of patella close to its médial margin 
and patellar tendon (Fig. 1) in ail types of dislocations 
and rare case of habituai dislocation of patella in 
extension. 



Fig. 1: Dislocations of Patella (Récurrent) 
PES Anserinus 


Quadricepsplasty 

In habituai and permanent dislocations, adéquate and 
optimum release of superolateral contractures is essential 
to allow the patella to be stable in the intercondylar 
groove in the fully flexed position of the knee (Figs 2 and 
3). To achieve this, incision of abnormal attachment of 
iliotibial tract to patella if any, release of latéral patello- 
femoral capsule and vastus lateralis is done by its 
detachment from the patella. After release of such 



Fig. 2: Dislocations of patella (Habituai and permanent) 




Fig. 3: Dislocations of patella (Habituai and permanent) 
RF— Rectus femoris VM— Vastus Medialis 

VL— Vastus Lateralis 
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structures, if it is possible to reduce the patella in the 
pattelofemoral groove in fully flexed position of knee 
which occurs only in 35% cases; the released vastus 
lateralis which slids upwards is stiched to the side of 
rectus femoris at a higher level. In the rest of about 65% 
of cases, the réduction of patella is not possible where, in 
addition to release of the above structures, the release of 
rectus femors at its musculo tendinous junction and 
vastus intermedius at the same level of rectus femoris by 
transverse incision is necessary to reduce the patella in 
the patellofemoral groove in fully flexed position of knee. 
Then the quadricepsplasty is completed in the same 
position of the knee by suturing the eut end of vastus 
lateralis to the distal eut end of rectus femoris; proximal 
eut ends of rectus femoris is stiched to the side of vastus 
lateralis at a higher lever and intervening portion of rectus 
femoris and vastus medialis is stiched together in midline. 
In cases with simple récurrent dislocations or in rare cases 
of habituai dislocation of patella in extension, where there 
is no such contractures, latéral release is not needed. The 
rectus may be devided by a V eut in the proximal tendon, 
increased lengthened X sutured by Y fashion. This is 
called V-Y quadriceps-plasty. 

Per anserinus transposition to patella is necessary for 
its médial stabilization which provides a relatively 
unstretchable sling, which retains it's elasticity and 
physiological strength because the blood and nerve 
supply to the proximal muscles remain intact. The wider 
tendon gives a broad based anchorage and being placed 
in the inferomedial aspect of the knee, diagonally 
opposite to the superolateral contracture is biomecha- 
nically more effective. The angulation of the transposed 
tendon is extended knee is straightened when the knee 
is in flexion, ensuring a direct muscle pull acting on the 
patella. Thus, the sling is more active in the flexed position 
of the knee, a position favoring récurrent and habituai 
dislocations of patella. Thus, this active sling will be 
superior to passive sling of a semitendinosus tenodesis 
(Galeazzi, 1922) 9 or a Campbell suprapatellar check rein 5 
and stronger than vastus medialis advancement to the 
latéral border of patella (Medigan et al. 1975) 18 where 
vastus medialis is weak and functioning inefficiently in 
habituai and permanent dislocations of patella. Moreover, 
the sling effect of pes anserinus transposition is stronger 
than a direct transfer of muscle, such as sartorious or 
gracilis (Bergman and Williams, 1988) 4 , because direct 
stretching of a transferred muscle likely to occur during 
flexion of the knee leading to récurrence of dislocation. 
Pes anserinus transposition is relatively unstretchable 
sling, can be used before epiphyseal closure as well as in 
older patients. In congénital dislocation of patella after 
derotation of malrotated quadriceps, médial stabilization 


of the patella can be ensured by pes anserinus trans¬ 
position which prevents récurrence of dislocation by 
means of its active sling. 

THE PROPOSED TREATMENT PROTOCOL FOR 
RECURRENT, HABITUAL AND PERMANENT 
DISLOCATIONS OF PATELLA 

In récurrent dislocation of patella or in rare case of 
habituai dislocation of patella in extension, only médial 
stabilization of patella by pes anserinus transposition, an 
active sling is adéquate. Latéral release in this patient may 
not be necessary as there is no latéral contracture. 

In habituai and permanent dislocations, adéquate 
release of superolateral contracture is essential to allow 
the patella to be stable in the intercondylar groove in the 
fully-flexed knee. Médial stabilization of patella by pes 
anserinus transposition, however, is essential in ail these 
types of dislocations. 
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INTRODUCTION 

Knee is a complex hinge joint composed of three different 
synovial joints; Médial tibio-femoral compartment, latéral 
tibio-femoral compartment and patello-femoral 
compartment. Because of the inhérent complex anatomy, 
presence of various ligaments in and around the knee 
and being a major weight bearing joint with large surface 
area, knee is prone to get affected by various disorders. 

Knee joint is the largest synovial joint in the body. Its 
stability dépends not only on ligaments but also on 
muscles surrounding it. Knee is one of the most 
vulnérable areas in the body due to forces and leverage 
acting on this joint in terms of traumatic and non- 
traumatic pathologies. One should be aware that knee 
will be affected by pathologies of knee ankle and foot. 
Proper history taking and detailed clinical évaluation are 
important to corne to a diagnosis. 

Clinical examination should consist of presenting 
complains, history, observation and physical exami¬ 
nation, unlike other joints while evaluating the knee a 
number of spécial tests need to be carried out in a 
systematic methods. History is most important part to 
know how the injury or the condition occurred. 

PRESENTING COMPLAINTS 

Patients usually présent with complaints of pain, 
swelling, locking and instability. 

Pain 

The onset, duration, location and site of maximum pain 
are enquired. 

First of ail referred pain is to be ruled out. Onset acute, 
chronic or acute on chronic associated with trauma is 
important to know the exact cause of pathology. Pain on 


climbing stairs or coming down is characteristic of 
quadriceps or patellar mechanical problem, associated 
with clicking is mostly due to patello-femoral 
malalignment. Pain associated with tense swelling is 
generally post traumatic effusion but can also be seen in 
acute exacerbation of rheumatoid arthritis or synovial 
irritation. 

Aggravating factors like activities, changing positions, 
stairs or kneeling are to be asked along with previous 
trauma or surgery. 

Reliving factors or treatment taken like ice fomen¬ 
tation, médication or immobilization is noted. 

Pain: Pain can be présent in arthritis, acute trauma, 
chronic osteomyelitis around the knee, ligamental injury. 
Site of pain gives a general idea about the underlying 
cause of pain. In inflammatory and degenerative 
disorders pain will be more of diffuse nature, whereas in 
case of traumatic injuries, pain will be located at the 
spécifie site of injury. Patello-femoral arthritis will cause 
pain localized to anterior aspect of the knee. Pain will be 
located at either médial or latéral joint line in case of 
meniscal injury. 

Swelling 

The onset, duration and site of first appearance with or 
without pain are to be noted. A horse-shoe shaped 
swelling over suprapatellar area is due to synovial 
effusion. Time of appearance of swelling is important. 
Acute onset swelling is commonly due to internai 
dérangement of the knee joint. Non-traumatic swelling 
is mostly due to synovitis, which may be post infective 
or due to some arthropathy. 2 

Swelling (Fig. 1): Swelling can againbe localized or diffuse 
depending upon the nature of underlying disorder. 
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Fig. 1: Swelling around knee 


Bursal swelling will be présent at their spécifie location. 
Arthritis will produce pain ail around the knee. 

Stiffness: Knee joint is very prone to develop stiffness. 
Stiffness can be due to intra-articular or extra-articular 
lésion. "Frame-knee" is the term used to dénoté decreased 
range of motion of the knee after long immobilization. 

Deformity: Varus and valgus deformity of the knee is quite 
common due to arthritis, metabolic disorders and mal- 
united fractures. Procurvatum and recurvatum signify 
anterior or posterior bowing of the limb at the level of 
knee, respectively. 

Instability 

Patient may complain of "giving way" sensation of knee, 
which may be in meniscal pathology or patellar 
subluxation or cruciate injury. Locking of knee may be 
another reason for pain and instability. It may be due to 
patellar instability, axial malalignment of lower 
extremity. Other cause of locking of knee can be due to 
meniscal tear. Hamstring muscle spasm is referred to as 
spasm locking. In young children sudden force can cause 
avulsions of epiphyseal cartilage rather than ligament 
injuries. 2 

Because of the complex anatomy and being a weight 
bearing joint, knee is prone to develop various ligamental 
injuries. Ligaments function as static stabilizers of the 
joint. Traumatic or degenerative tear of ligaments 
produce instability or give-way in a particular direction 
depending upon the injury to spécifie ligament, more so 
on walking due to weight of the body trying to displace 
the joint. Mal-alignment of the joint, patello-femoral 
disorders and neuromuscular problems will also produce 
the symptoms of instability. 4 


Locking 

It is when some form of mechanical obstacle makes the 
knee short of full extension. This is mostly due to meniscal 
tears, also called true locking. 

Other causes can be loose body in the joint or ACL 
stump or a bulky flap dislocated into the joint. 

Knee may get locked in a particular position due to 
foreign body, torn meniscal fragments or loose bodies or 
osteophytes in the knee joint. Patients complain of 
inability to move the limb from locked position in either 
direction. Locking may be springy if there is meniscal 
fragment getting trapped in the knee joint. 

CLINICAL EXAMINATION 

Clinical examination consists of gait, 3 inspection, 
palpation, movements, measurements and spécial tests. 

Both knees should be examined simultaneously, 
observe attitude in full weight bearing and relaxed 
positions. Normal knee should be placed in identical 
position for comparison. 

Gait 

Patient is asked to walk without footwear and gait is 
observed. Antalgie gait is seen in case of painful joint. 
Knock knee gait is seen in genu valgum. Stiff knee gait is 
seen in stiff knee condition. Hand to knee gait observed 
in weak quadriceps like polio. 

Patient can walk, examination of the gait gives useful 
information about the status of the knee joint. A patient 
with a painful knee will try to avoid putting the weight 
of the body on the knee and will walk with what is called 
as "antalgie gait", in which the stance phase (duration of 
time for which patient will keep weight on a particular 
limb) will be reduced as compared to the normal limb. 
Patients with varus deformity will walk with latéral 
thrust in which the upper end of tibia will become more 
prominent laterally on weight bearing. 

Inspection 

Attitude of the limb is first noted in inspection with 
relation to other side. Inspect level of patellae on both 
sides and compare knee joint line. Carefully watch 
swelling around the knee whether it is localized, diffuse 
or extracapsullar. 

A swollen knee will be mostly kept in a position of 
flexion as this provides the maximal space in the joint to 
accommodate the effusion. With the progression of the 
arthritis, limb will lie in a position of deformity depending 
on the destruction. Fixed deformity of the limb will cause 
knee to be kept in the particular position of the deformity. 
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Inspection should be done from anterior, posterior, 
médial and latéral sides of knee. Any observable 
malalignment, varus, valgus or recurrvatum on 
inspection should be noted. Tibial torsion with intoeing 
gait is common in children with foot deformities. 1,3 

Intracapsular swelling is generally diffuse but 
extracapsular swelling is usually localized like prepatellar 
bursitis, or abscess. Sears, sinuses, are of importance if 
there is chronic infective condition of knee like chronic 
osteomyelitis, septic arthritis, or previous surgeries. 
Visible veins are suspicion of neoplasm. Muscular 
wasting of the thigh is commonly seen in knee pathology. 

Skin 

a. Wasting of the muscles - due to long standing disuse 
of the limb, muscles around the knee get wasted and 
will be atrophie as compared to other knee. 

b. Alignment of the limb - any deformity of the limb 
should be noted which can affect the knee due to 
abnormal bio-mechanics. Osteoarthritis commonly 
produces varus deformity and rheumatoid arthritis 
commonly valgus deformity of the lower limb at the 
knee joint. Deformity will be also a sign of mal-union 
of a fracture around the knee. Rickets and other 
metabolic bone diseases produce bowing of the bones. 
Various form of osteo-chondral dystrophies also cause 
retardation of the growth of growth plates leading to 
deformities. Alignment is best seen when the patient 
is standing under the weight of the body. 

c. Swelling - knee joint is surrounded by various bursae 
ail around. Inflammation of any of this bursa will be 
reflected as swelling around the knee joint, for 
example Housemaid's knee - swelling of deep 


infrapatellar bursa, Clergyman's knee - swelling of 
prepatellar bursa. 

Meniscal cysts of médial and latéral menisci will 
be seen as swelling around médial and latéral joint 
line respectively. A malunited fracture may give a 
bump at the site of angulation or due to a mal-aligned 
fragment. 

Acute ACL tear will produce continuous bleed 
inside the knee joint leading to grossly swollen knee 
after the injury. Similarly, infective arthritis will 
présent with large amount of fluid collection in the 
knee joint. 

A horse-shoe shaped swelling on the anterior 
aspect of the knee signifies presence of knee effusion. 
It's a very common mistake to for get examining the 
posterior aspect of the knee joint. Baker's cyst is a 
synovial out-pouching of the knee from the posterior 
aspect just below the joint line, 

d. Position of the patella - patellar problems can be in 
the form of abnormally low lying patella (patella Baja), 
abnormally high lying patella (patella Alta), or 
laterally displaced patella. 

Genu Varum/Valgum (Figs 2B and C) 

It is the alignment of leg component to the thigh 
component. Normally the mid inguinal point, center of 
patella and mid ankle joint are in the same line. Déviation 
of this axis outward is Valgus and medially is Varus. 
There can be physiological varus or valgus but it is always 
bilateral. 

The deformity can be at tibia, fémur or both. If this 
deformity disappears on sitting, it is completely in fémur 
but if it partially disappears then it is in both tibia and 
fémur. 



Figs 2A to C: (A) Genu recurvatum (B) Genu varum (C) Genu valgum 
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Genu Recurvatum (Fig. 2A) 

In normal standing position knee is straight, but it buckles 
back and popliteal fossa becomes convex. It is well 
appreciated in weight bearing position. 

Bakers Cyst 

It is synovial pouch communicating with knee joint by 
flap valve mechanism, it appears as posteromedial 
swelling. 

Triple Deformity (Fig. 3) 

Commonly seen in TB and rheumatoid arthritis, it is 
flexion, external rotation and latéral subluxation of knee. 
Flexed position of knee is the position of rest and 
protective position. With continuous flexed position, 
posterior capsule starts contracting. Continuous flexion 
causes IT band to go into contracture causing valgus 
subluxation of the knee. Biceps femoris also causes latéral 
rotation of fibulotibial component. 17 

Palpation 

Palpate knee to know température of skin. Warm skin is 
seen in infective conditions and neoplasms. Any 
abnormal swelling around the knee joint whether bony 
or soft in nature is noted. Extent of swelling around the 
joint fluctuation and patellar tap confirms presence of 
intra-articular swelling. 

Tenderness 

Pain is a symptom which the patient will complaint while 
the tenderness is a sign which the clinician will produce 
to confirm the patient's complaint and to localize the site 
of lésion. As mentioned above, tenderness will also be 
located lésion spécifie like pain. 



Fig. 3: Triple deformity 


Following are some of the spécifie site and test for 
tenderness in various disorders of the knee: 

Patellofemoral arthritis- Tenderness on the anterior aspect 
of the knee. This tenderness will get exacerbate on 
grinding the patella against the anterior surface of the 
fémoral condyles in a fully extended knee with relaxed 
quadriceps. 

Meniscal injury- Tenderness will be localized at médial 
or latéral joint line in médial or latéral meniscus injury 
respectively. This can be further confirmed by 
McMurray's test (mentioned later). 

Capsule injury- It's fairly common to hâve injury of the 
capsule of the knee joint whenever there is an injury to 
other ligaments and bone. This will cause tenderness at 
the spécifie site of capsular injury. 

MCL injury- MCL may get damaged at three sites. At the 
joint line, at tibial attachment or at fémoral attachment. 
Accordingly tenderness will be at adductor tubercle 
(fémoral attachment- Pellegrini-Stieda disease), joint line 
(mid substance), or 6-8 cm below the joint line on the 
médial aspect of tibia (long sleeve like tibial attachment). 

LCL injury- As with the MCL, LCL will cause tenderness 
at either latéral fémoral épicondyle, joint line or fibular 
head. 

Fibular head- Fibular head has insertion of the LCL, biceps 
femoris, and various other ligaments taking part in the 
stability of postérolatéral corner of the knee joint. Injury 
to any of these structure will produce tenderness at fibular 
head. 

Arthritis- Though the arthritis (degenerative, infective or 
rheumatoid) usually involve the entire joint, and will 
ultimately produce tenderness ail over the joint, 
depending upon the deformity or stage, different 
compartments of the knee may get affected in the early 
stage of the disease. Osteoarthritis (degenerative arthritis) 
usually affects the médial tibio-femoral joint first (due to 
mechanical axis of the lower limb passing slightly médial 
to the center of the knee) and thus will présent with 
médial joint pain initially. With the disease progression 
latéral compartment will also get involved and will cause 
diffuse tenderness. 

Patellar tendon (Jumpers' knee)- Pain at the site of patellar 
tendon origin from the inferior pôle of the patella, due to 
chronic overstress. Usually seen in children. 

Similarly tenderness may be at the insertion of the 
patellar tendon on the tibial tuberosity (Osgood 
Schlatter's disease). 
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Inferior aspect of pateïla- Patella can be glided medio- 
laterally in either direction and undersurface of the patella 
can be felt with the tip of the fingers. Degeneration of the 
patellar cartilage (chondromalacia) canbe a source of pain 
and tenderness. 

In traumatic cases swelling is mostly hemarthrosis if 
it appears immediately, but if it appears late then it is 
mostly due to irritation of the synovium. Make it routine 
to palpate posterior wall of popliteal fossa for presence 
of Morrant baker's cysts, which is herniation of synovial 
membrane, often seen with osteoarthritis. Thickening of 
synovium is easily confirmed by palpating a boggy 
swelling on either side of patella, where the edge of 
synovium can be rolled under the finger. A swelling on 
latéral side of patellar tendon along knee joint line is likely 
to be cyst of latéral semilunar cartilage. 

Bony components- Fémoral condyles, knee joint line and 
tibial condyles must be carefully palpated for any 
tenderness, irregularities or any pathology. Joint line 
tenderness is of importance in degenerative arthritis and 
meniscal pathology. 

Swelling around the knee- Parapatellar gutters are first to 
get obliterated with minimal effusion of the knee. 

Fluid-wave test- For effusion less than 30-50 cc, where it 
is not possible to carry out either patellar tap or 
fluctuation, this test will show the presence of fluid. 
Patient is asked to lie supine, both the parapatellar gutters 
are emptied with the finger pressure from below upward. 
Patient is then asked to stand while examiner keeping 
the fingers on the parapatellar gutters. Fingers are then 
released. A wave of fluid will be seen coming down 
through the parapatellar gutters in case of presence of 
fluid in the knee joint. 

Patellar Tap (Figs 4A and B) 

It is a pathognomie sign of effusion. It is elicited by 
pressing the suprapatellar pouch by one hand driving 
fluid in joint and pushing patella backwards over fémoral 
condyles. Patella can be felt to strike the fémur. 

Cross fluctuation is used to elicit fluid in small 
quantities. Thumb and index finger is used to push fluid 
in suprapatellar fossa while other thumb and index used 
to elicit fluctuation. 

Fluctuation 

In moderate to severe swelling of the knee, fluctuation is 
elicited by keeping two fingers each, superior and inferior 
to patella over the swelling. Fingers on one side will then 
be compressed. Séparation of the fingers on the other side 
of patella will signify presence of fluid in the knee joint. 



Quadriceps 


Patella 
Latéral joint line 
Patellar tendon 


Fibular side (actual 
bony prominence 
M not visible) 


Médial joint line 



Anterior tibial 
tuberosity 


Figs 4A and B: Patellar tap test and surface 
anatomy of knee 


Baker's cyst will be more prominent on full extension 
of the knee and will disappear beneath the muscle belly 
of gestroenemius on flexion. This is in contrast to the 
bursal swelling of the knee which will remain of the same 
size on extension and flexion. 

Transmitted and Expansile Pulsation (Figs 5A and B) 

Popliteal vessel aneurysm will produce a pulsatile 
swelling on the posterior aspect of the knee and on 
holding the swelling with the tip of two fingers, fingers 
will separate with each puise (expansile pulsation). In 
contrast, a lymph node or other swelling lying over the 
vessel will hâve only anteroposterior movement 
(transmitted pulsation) on holding them with absence of 
finger séparation. 

Trans-illumination 

A large swelling of bursa or baker's cyst can be trans- 
illuminated in a dark room with the help of a small light 
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Mechanical Fémoral shaft axis 



Figs 5A and B: (A) Transmitted and expensile pulsation 
(B) Mechanical axis of knee 


Movements 

Flexion-extension partly varus, valgus and rotation 
movements are mainly allowed if joint is lax. Both passive 
and active movements are noted of the joint. Flexion of 
knee is till calf touches the back of thigh which is seen 
normally aroundl50-155°. During both movements 
examiner's hand is placed on patella to feel crepitus and 
abnormal movements. Patient must be asked to extend 
to zéro position of knee, if he is unable to do so, it is Fixed 
Flexion Deformity (FFD). But if he can do it passively it 
is called Quadriceps Lag. Further free flexion is noted in 
case of FFD. 

Extension Lag 

When the patient is unable to bring the knee to full 
extension (active ROM) but with the passive force the 
limb can be further extended. 

Flexion Deformity 

Amount of flexion, beyond which no further extension 
is possible even on passive ROM. 

Fixed Flexion Deformity 

Degree of flexion of the knee from where knee cannot be 
either flexed or extended. This is usually the end resuit 
of arthritis leading to ankylosis. ROM should always be 
compared with opposite limb. Terminal restriction of the 
movement will be présent in early synovitis. With the 
development of arthritis, movement will be painful 
during the almost entire range of motion. Movements 
will be associated with crepitus in advanced arthritis. Loss 
of ROM can be due to intra-articular or extra-articular 
cause. Intra-articular disorders will usually cause total 
loss of joint motion, may not hâve any external sign of 
lésion and will hâve absence of rotation in the flexion (if 
flexion is possible). In extra-articular disorder leading to 
loss of ROM, external sign of previous injury (scar, healed 
sinus) will be présent, some rotation movements may be 
possible, and the diseased tissue can be felt as thickened 
mass through the skin. Similarly, side to side patellar 
movements will be usually présent with extra-articular 
cause of loss of ROM. However, it is usually both intra 
and extra-articular etiology combined, leading to loss of 
ROM. 


source when seen through a dark folded cylindrical paper 
roll. Trans-illumination suggests presence of clear or 
serous fluid in the swelling, whereas absence of trans¬ 
illumination dénotés a solid swelling or presence of pus. 


Synovium 

Palpation for thickened synoviam is an important part 
of knee examination. Knee should be in extended position 
with relaxed muscles with patients resting on a couch. 
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Examiner should roll his fingers immediately 
superomedially to patella against the anterior aspect of 
the supracondylar fémur. Synovium can be felt as thick 
border slipping under the fingers. To assess thickening, 
this should be compared with the opposite knee. 

Synovial thickening will be présent in infectious and 
inflammatory arthritis. Medially vastus-medialis is 
muscular (soft) till its insertion on the patella and is early 
to get atrophied in any disorder of the knee, hence 
palpation of synovium is easier on the médial aspect of 
the knee. In contrast, laterally thick, fibrous Ilio-tibial 
band prevent palpation of synoviam. 

Measurements 

In knee pathologies there is wasting of quadriceps. It is 
noted by measuring the circumference of the thigh. Varus 
and valgus deformities can be measured by 
intermalleolar distance. Normally malleoli must touch 
each other before médial surfaces of knees corne together. 
If there is more gap then it is varus while increased 
intermalleolar distance signifies valgum. 

Linear measurement is to ascertain length disparity 
done as apparent and true length. Circumferential 
measurement is to know thigh wasting and leg wasting 
in knee pathology. 2/ 3 

Q Angle 

It is formed by line joining the patella to tibial tuberosity 
and another line joining the ASIS to center of patella. 
Normally it is 15°. If it is more than that, shows suscep- 
tibility for récurrent subluxation. 

a. Neuro-vascular déficit: Distal sensory and motor 
examination should be carried out to assess 
neurological status of the limb. Popliteal, dorsalis 
pedis and posterior tibialis vessels should be palpated 
for any sign of decreased blood flow. Skin condition 
of the limb distal to knee also should be noted to check 
for hair loss, atrophy or any ulcer. 

b. Lymphadenopathy: Inguinal and popliteal lymph nodes 
should be palpated for any swelling or tenderness. 

c. Ipsilateral hip and ankle and contralatéral knee: These three 
joints should also be assessed as any disorder of 
these joint will secondarily affect the knee under 
examination. 

SPECIAL TESTS FOR KNEE JOINT 7 

THE VALGUS STRESS TEST (FIG. 6A) 

The abduction, or valgus, stress test is done with patient 
supine on table. The extremity is abducted off the side of 


the table and the knee flexed approximately 30°. One of 
the examiner's hands is placed about the latéral aspect of 
the knee, with the other hand supporting the ankle. 
Gentle abduction or valgus stress is applied to the knee 
while the hand at the ankle externally rotâtes the leg 
slightly. Stability with the knee flexed to 30° is observed. 
The test is repeated several times in this position up to 
the point of producing mild pain. The knee is brought 
into full extension, and the gentle rocking or valgus 
stressing is repeated with a gentle swinging motion. It is 
a mistake to grasp the leg and forcibly abduct it enough 
to be markedly painful; rarely will the patient cooperate 
or relax for subséquent examinations. 

THE VARUS STRESS TEST (FIG. 6B) 

The adduction, or Varus, stress test is done in a manner 
similar to the valgus stress test. Adduction stress is 
applied by changing the hand to the médial side of the 
knee and applying an adduction force. The examination 
should be done with the knee both in full extension and 
in 30° of flexion. In addition, with the patient's hip 
abducted and externally rotated and the knee flexed, the 
heel of the injured leg is placed on the opposite knee and 
the latéral aspect of the knee is palpated for a taut, narrow 
band consisting of the latéral collateral ligament. When 
the latéral collateral ligament is torn, this band is not as 
prominent as on the uninjured side. 12 

Grading with Stress Test 

Grade I: 1 to 4 mm opening 
Grade II: 5 to 9 mm opening 
Grade III: 10 to 15 mm opening 

McMurray Test (Fig. 7) 

It is done with the patient supine and the knee acutely 
and forcibly flexed, the examiner can check the médial 
meniscus by palpating the posteromedial margin of the 
joint with one hand while grasping the foot with the other 
hand. 6 Keeping the knee completely flexed, the leg is 
externally rotated as far as possible and then the knee is 
slowly extended. As the fémur passes over a tear in the 
meniscus, a click may be heard or felt. The latéral 
meniscus is checked by palpating the postérolatéral 
margin of the joint, internally rotating the leg as far as 
possible, and slowly extending the knee while listening 
and feeling for a click. A click produced by the McMurray 
test usually is caused by a posterior peripheral tear of 
the meniscus and occurs between complété flexion of the 
knee and 90°. Popping, which occurs with greater degrees 
of extension when definitely localized to the joint line, 
suggests a tear of the middle and anterior portions of the 
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Figs 6A and B: (A) Valgus stress test (B) Varus stress test 


meniscus. Thus the position of the knee when the click 
occurs may help locate the lésion. A positive McMurray 
click localized to the joint line is additional evidence that 
the meniscus is torn; a négative McMurray test does not 
rule out a tear. 

Apley’s Grinding Test (Fig. 8) 

The grinding test, as described by Apley, is done with 
the patient prone, the knee is flexed to 90° and the anterior 
thigh is fixed against the examining table. The foot and 
leg are then pulled upward to distract the joint and 
rotated to place rotational strain on the ligaments; when 
ligaments hâve been torn, this part of the test usually is 
painful. Next, with the knee in the same position, the foot 
and leg are pressed downward and rotated as the joint is 



Figs 7A and 


slowly flexed and extended; when a meniscus has been 
torn, popping and pain localized to the joint line may be 
noted. 

Although the McMurray, Apley, and other tests 
cannot be considered diagnostic, they are useful enough 
to be included in the routine examination of the knee. 

TEST FOR CRUCIATE LIGAMENTS 
Anterior Drawer Test (Fig. 9) 

With patient supine on examining table, the hip is flexed 
to 45° and the knee to 90°, with the foot placed on the 
tabletop.The dorsum of the patient's foot is sat on to 
stabilize it, and both hands are placed behind the knee to 
feel for relaxation of the hamstring muscles. The proximal 



B: McMurray test 
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Fig. 8: Apley’s grinding test 


part of the leg then is gently and repeatedly pulled and 
pushed anteriorly and posteriorly, noting the movement 
of the tibia on the fémur. The test is done in three positions 
of rotation, initially with the tibia in neutral rotation and 
then in 30° of externat rotation. Internai rotation to 30° 
may tighten the posterior cruciate enough to obliterate 
an otherwise positive anterior drawer test. The degree of 
displacement in each position of rotation is recorded and 
compared with the normal knee. An anterior drawer sign 
6 to 8 mm 11 greater than that of the opposite knee 
indicates a torn anterior cruciate ligament. However, 
before applying anterior drawer stress, the examiner must 
make sure that the tibia is not sagging posterior as a resuit 
of laxity of the posterior cruciate ligament. In such knees, 
an apparent sign of anterior drawer instability simply 
may be the return of the tibia to the neutral starting point; 
posterior instability frequently is misdiagnosed because 



of this fact. Even if a positive anterior drawer sign is not 
accompanied by a pivot shift phenomenon, a posterior 
cruciate ligament insufficiency exists until proved 
otherwise. Any tendency of one tibial plateau to rotate 
abnormally should be noted as the test is carried out. In 
an acutely painful knee it may not be possible to carry 
out the anterior drawer test in the conventional 90° flexed 
position. Small degrees of anterior translation of the tibia 
on the fémur may be detected better in the relatively 
extended position, in which the "doorstop" effect of the 
posterior horn of the menisci is negated. 

The Lachman Test (Fig. 10) 

The Lachman test can be useful if the knee is swollen 
and painful. The patient is placed supine on the 
examining table with the involved extremity to the 
examiner's side. The involved extremity is positioned in 
slight external rotation and the knee between full 
extension and 15° of flexion; the fémur is stabilized with 
one hand, and firm pressure is applied to the posterior 
aspect of the proximal tibia, which is lifted forward in an 
attempt to translate it anteriorly. The position of the 
examiner's hands is important in doing the test properly. 
One hand should firmly stabilize the fémur while the 
other grips the proximal tibia in such a manner that the 
thumb lies on the anteromedial joint margin. When the 
palm and the fingers apply an anteriorly directed lifting 
force, the thumb can palpate anterior translation of the 
tibia in relation to the fémur. Anterior translation of the 
tibia associated with a soft or a mushy end point indicates 
a positive test. When viewed from the latéral aspect, a 
silhouette of the inferior pôle of the patella, patellar 
tendon, and proximal tibia shows slight concavity. With 



Figs 9A and B: Anterior drawer test 
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Fig. 10: Lachman test 
Grade 1 + is 0-5 mm displacement 
Grade 2 + is 5 - 10 mm displacement 
Grade 3 + is > 10 mm displacement 

disruption of the anterior cruciate ligament, anterior 
translation of the tibia oblitérâtes the patellar tendon 
slope. 

Posterior Drawer’s Test (Figs 11A and B) 

The posterior drawer test: The posterior drawer test is done 
with the patient supine and the knee flexed to 90°; A 
posterior force is applied on the proximal tibia, which is 
opposite but similar to the force applied in the anterior 
drawer test. Posterior movement of the tibia on the fémur 
demonstrates posterior instability when compared with 
the normal tibia. It is sometimes difficult to interpret 


whether the tibia is abnormally moving too far anteriorly 
or too far posteriorly. Both knees are placed in the position 
to perform a posterior drawer test, and a thumb is placed 
on each anteromedial joint line. Loss of the normal 1 cm 
anterior step-off of the médial tibial plateau with respect 
to the médial fémoral condyle indicates a torn posterior 
cruciate ligament. As with the anterior drawer test, any 
abnormal rotation of the tibial condyles is noted as the 
posterior drawer is tested. 13 To further evaluate stability, 
the patient's hips are positioned 90° in the supine position, 
and the knees are flexed to 90° while the heels of each 
extremity are supported in the examiner's hands. If 
posterior instability is présent, the examiner, by sighting 
across the horizon of the flexed knees, will note that the 
tibia sags visibly posteriorly from the effects of gravity. 
This test also should be done with the patient prone and 
the knee flexed at 90°. The examiner should observe for 
a positive posterior drawer sign and for rotation of the 
foot, which would indicate the presence of a rotary 
component as well. 

Posterior sag of tibia (Figs 11 and 12): Hip and knee are 
flexed by 90°. The foot of the patient is held by the 
examiner. Position of the upper end of the tibia is noted. 
In a case of PCL injury, tibia will sag downward, which 
will be more évident on comparison with the opposite 
limb. 

Quadriceps Active Test 

With the patient supine, the relaxed limb is supported 
with the knee flexed to 90° in the drawer test position. 
Adéquate support of the thigh is important so that the 
patient's muscles are completely relaxed. The patient 
makes a gentle quadriceps contraction to shift the tibia 



Figs 11A and B: (A) Posterior Drawer’s test (B) Posterior sag of tibia 
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Figs 12A and B: (A) Posterior subluxation of tibia (B) Relocation of tibia 


without extending the knee. At this 90° angle, the patellar 
ligament in the normal knee is oriented slightly posterior, 
and contraction of the quadriceps does not resuit in an 
anterior shift. If the posterior cruciate ligament has 
ruptured, the tibia sags into posterior subluxation and 
the patellar ligament is then directed anteriorly (Fig. 12). 
Contraction of the quadriceps muscle in a knee with a 
posterior cruciate ligament deficiency results in an 
anterior shift of the tibia of 2 mm or more. 

Squat Test 

Another useful test, the "squat test," consists of several 
répétitions of a full squat with the feet and legs alternately 
fully internally and externally rotated as the squat is 
performed. Pain usually is produced on either the médial 
or latéral side of the knee, corresponding to the side of 
the torn meniscus. Pain in the internally rotated position 
suggests injury to the latéral meniscus, whereas pain in 
the external rotation suggests injury to the médial 
meniscus. The localization of the pain to either the médial 
joint line or the latéral joint line, however, is a much more 
dependable localizing sign than the position of rotation. 

Latéral Pivot Shift Test of Macintosh 8 (Fig. 13A) 

With the knee extended, the foot is lifted and the leg 
internally rotated, and a valgus stress is applied to the 
latéral side of the leg in the région of the fibular neck 
with the opposite hand. The knee is flexed slowly while 
valgus and internai rotation are maintained. With the 
knee extended and internally rotated, the tibia is subluxed 


anteriorly. As the knee is flexed past approximately 30°, 
the iliotibial band passes posterior to the center of rotation 
of the knee and provides the force that reduces the latéral 
tibial plateau on the latéral fémoral condyle. An isolated 
tear of the anterior cruciate ligament produces only a 
small subluxation; greater subluxation occurs when the 
latéral capsular complex or semimembranosus corner 
also is déficient. Severe valgus instability may make this 
test difficult to do because of lack of médial support. 

Reverse Pivot Shift Test (Fig. 13B) 

This test is performed to assess integrity of structures 
présent at postero-lateral corner of the knee. Patient 
position will be similar to the pivot shift test. However, 
an external rotation force is applied to the ankle with 
valgus force at the knee. Tibia will sub-luxate posteriorly 
in flexed position of the knee if postero-lateral corner of 
the knee is damaged. With graduai extension of the knee, 
in externally rotated position, tibia will be repositioned 
by the anterior and internai rotation pull of ilio-tibial band 
in extension. 

Tibial External Rotation Test (Fig. 14) 

When an injured knee is tested for postérolatéral 
instability, external rotation of the tibia on the fémur is 
measured at both 30 and 90° of knee flexion. The test can 
be done with the patient supine or prone. The médial 
border of the foot in its neutral position is used as a 
reference point for external rotation. At the chosen knee 
flexion angle, the foot is externally rotated with force. 
The degree of external rotation of the foot is measured 
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Figs 13A and B: Latéral pivot shift test of Macintosh (B) Reverse pivot shift test 




Figs 14A and B: Tibial external rotation test 


relative to the axis of the fémur and is compared with 
the opposite leg. External rotation is measured by noting 
the foot-thigh angle. In addition, the tibial plateaus are 
palpated to détermine their relative positions compared 
with the fémoral condyles. This détermines whether the 
external rotation is caused by the latéral tibial plateau 
moving posteriorly (postérolatéral instability) 9 or by the 
médial plateau moving anteriorly (anteromedial 
instability). A10° différence between knees in the amount 
of external rotation is considered pathological. More than 
a 10° increase in external rotation compared with that of 
the contralatéral side at 30° of knee flexion, but not at 


90°, indicates an isolated injury to the postérolatéral 
corner. An increase in external rotation of more than 10° 
compared with that on the contralatéral side at both 30° 
and 90° of knee flexion indicates injury of both the 
posterior cruciate ligament and the postérolatéral corner. 

Patellar Tests 

a. Appréhension test: Patient will lie down in supine 
position. Knee of the patient is flexed by about 20-30° 
and a laterally directed force is applied to the patella. 
Patient will resist this movement as the patella start 
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dislocating. This sign is positive in a patient with 
récurrent dislocation of the patella. 

b. Patellar glide: In an extended knee with relaxed 
muscles, patella can be glided for not more than half 
of its width. With the tear or laxity of the tissue on 
one side, patella will move excessively in the opposite 
direction. 

c. Patellar tilt: Normally latéral border of the patella can 
be lifted up to the horizontal. In case of excessive 
tightness of soft tissues on the latéral aspect of the 
knee, latéral border couldn't be lifted up to the 
horizontal. 


Diagnostic Points of Common Knee Pathologies 16 


Non-Traumatic 

Traumatic 

Osgood shlatters disease 

Anterior cruciate ligament 

Patellar tendonitis 

Posterior cruciate ligament 

Degenerative conditions 

Meniscal Injuries 

Larson johanson syndrome 

Fracture Patella 

Prepatellar bursitis 

Condylar fractures 

Pes Anserinus bursitis 

Récurrent dislocations 

Morrant bakers cyst 

Chondromalacia Patellae 

Meniscal cyst 

Patellar tendon rupture 

Chondromalacia Patellae 

Collateral Ligament injuries 

Osteochondritis Dessicans 

PLC injuries 

Pelligrini steidas disease 
Anterior fat pad syndrome 

IT band friction syndrome 


Clues to Knee Injury Diagnosis 

Non contact injury with a " pop " 
Contact injury with a " pop " 

ACL injury 

MCL or LCL tear, meniscus 
injury or fracture. 

Acute Swelling 

ACL, PCL tear, fracture, knee 
Dislocation, patellar dislocation 

Latéral blow to the knee 

MCL injury 

Médial blow to the knee 

LCL tear 

Knee gave-out or buckled 

ACL tear or patellar dislocation 

Fall onto a flexed knee 

PCL tear 


Infective Conditions 

Acute septic arthritis (Fig. 15)- Knee is the commonest site. 
Infective conditions are usually seen in children, high 
fever with chills and rigors. Hot inflamed joint and 
inability to move the limb are the diagnostic signs of acute 
septic arthritis. 

Laboratory findings are polymorphonuclear 
leucocytosis with raised ESR and CRP. 

TB Knee- It begins with synovial swelling. Primary lésions 
are generally seen in the lungs. Warm, tender and swollen 
knee is observed. Wasting of calf and thigh muscles and 


lymphadenopathy is also observed. Triple deformity is 
also seen in long standing cases. 17 

Chondromalacia Patellae 

Deep pain behind patella increases on sitting and getting 
up; occasional mild effusion and tender patellar inner 
surface are the clinical features of Chondromalacia 
patellae. X-ray of knee is mostly normal. Rôle of 
arthroscopy is diagnostic and therapeutic. 14,15 

Neoplastic conditions: Rapidly growing swelling is seen in 
neoplastic conditions. Deep tenderness, visible veins, 
ulcers and deep boring pains are features of neoplastic 
conditions. 



Fig. 15: Chronic septic arthritis: Usually in adults, long standing 
infection Minimal swelling, associated deformities, adjacent 
bony osteomylitis H/O intermittent flare ups 



Fig. 16: Giant cell tumor 
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Lipoma arboresence is diffuse replacement of synovial 
tissue by fatty tissue. It présents as boggy swelling and 
needs to be differentiated from villonodular synovitis. 
Malignant swellings are usually varying in sizes and seen 
in young adults X-rays are necessary to confirm neoplastic 
lésions. They are eccentrically placed with cortical 
érosions. 

Benign bony out growths from upper tibia or lower 
fémur are firm to hard (Fig. 19). Knob like swelling 
projecting away from central knee axis may cause 
pressure symptoms on nerves, bursitis and ulcérations 
or malignant transformations. 

Giant cell tumour (Fig. 16): Generally swelling seen in the 
epiphyseal areas. These swellings are eccentric, tender 
and crackling on pressure. The movements of knee may 
be affected due to bursting of tumour. X-ray shows corti¬ 
cal expansion, trabeculations, soap bubble appearance. 

Osteosarcoma (Figs 17A and B): Most commonly seen in 
lower end fémur and upper end tibia. It is rapidly 
growing tumour which is fusiform swelling and painful. 
It has ail typical features of malignancy. Ail movements 
of knee usually affected and also seen generalized 
wasting of body. X-ray shows areas of bony destruction, 
codmans triangle and sun ray appearance. 

Traumatic Conditions (Fig. 18) 

• Anterior Crutiate ligament injury ( ACL). 

• It caused due to sudden loading with hyper extension 
and abduction force. Mostly affected per son is unable 
to stand up and continue sport activities. Acute 
swelling with sudden POP is seen. 

• Painful movements and laxity of the joint is seen. 



Fig. 18: Acute traumatic subluxation of knee gives rise to 

global instability with both collaterals and both cruciate injury 

• After pain and swelling settles lachmans test become 
positive. 

• Anterior drawers test is positive, pivot shift test is 
positive. 

• This condition may be associated with médial 
meniscus tear or médial collateral ligament injury. 
This is called Triad of Odonouge. 

Posterior Cruciate Ligament Injury 

Features seen similar to ACL injury but the mechanism 

of injury is different. Loading of knee in flexed position 
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with forceful backward translation of tibia over fémur is 
mechanism of injury. Tenderness in the popliteal fossa, 
with posterior sagging of tibia is clinically seen. 

After pain and swelling subsides, posterior drawers 
test become positive Xray may show bony avulsion of 
the PCL with displaced bony fragment. 

Meniscal tears: Usually H/o twisting of partially flexed 
knee. It gives rise to immédiate pain and locking of knee. 
Mild haemarthrosis may be présent. 

Knee may be locked in partial flexion, further 
movement may not be possible. Joint line tenderness is 
very pathognomie. Macmurrays test and rotational stress 
tests may be positive. 

Collateral Ligament Injury 

Mechanism of injury is generally twisting of knee with 
sudden jerk on inward or outward side. Severe 
tenderness on médial or latéral side of knee is seen. Varus 
and Valgus stress tests are positive. Confirmation is done 
by stress X-rays. 

Osgood Schlatters (Fig. 19) 

This condition is usually in adolescents. Subject mostly 
corne with complaint of pain in tuberosity région of tibia 
after strenuous activity. Tenderness on the tuberosity 
région is felt. Occasionally increased prominence of tibial 
tuberosity is palpated. X-ray shows enlargement or 
fragmentation of tuberosity. 

Osteoarthritis (Fig. 19): OA is chronic degenerative 
disorder of knee joint causing bony deformity mainly 
varus with restriction of movements and severe 
continuous pain. Joint laxity may be présent due to 
deformities of knee. Osteoporosis associated with arthritis 
gives rise to bone pain and disability. 

Rheumatoid arthritis (Fig. 20): RA has generally multiple 
small joint involvement with large joint involvement, 
synovitis, symmetrical involvement and valgus 
deformity at knee joints. Pain generally is increased in 
acute exacerbations with development of fixed 
deformities. 

Rickets: It occurs due to deficiency or defect in metabolism 
of vitamin D. Generally child suffering from rickets looks 
flabby with delayed milestones, retardation of growth 
and deformities. 

Most usual findings are poor muscle tone, delayed 
closure of fontanelles, craniotabes, Harrisons sulcus, 
rachitic rosary, bowing of long bones, wind sweep 
deformities. 

Scurvy: In scurvy tender fixed swellings over bone with 
other signs like bleeding gums, scorbutic rosary is seen. 



Figs 19A to C: (A) Osteochondroma L/E fémur young patient 
(B) Osgood schlatters disease in adolecents (C) Severe 
osteoarthritis of knee with Tibial bone defect and varus deformity 



Fig. 20: Rheumatoid arthritis with periarticular osteoporosis 
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Delayed wound healing when associated with rickets, it 
is called Bartons disease. X-rays are diagnostic showing 
features of penciling of cortex, subperiosteal bone 
formation, white line of frankel, ring sign, pelkan spurs. 

Anterior knee pain: Patellofemoral pathology causes pain 
on bending more than 30° due to increased load on patello 
fémoral joint. Difficulty from getting up after sitting for 
long time "cinéma sign" or clicking sound without pain 
is common. Feeling of dislocating patella is also a 
common présentation. 

Anterior Knee Pain syndrome is classified as: 

1. Traumatic 

a. Overuse syndromes 
Patellar tendonitis 
Quadriceps tendonitis 
Prepatellar bursitis 
Apophysitis 

b. Post traumatic 
Chondromalacia 
Patellofemoral arthritis 
Anterior fat pad syndrome 
Traumatic neuralgia 
RSD 

Acquired quadriceps fibrosis 

2. Patellofemoral Dysplasias 

Latéral patellar compression syndrome 
Chronic subluxation of patella 
Récurrent dislocation of patella 
Chronic dislocation of patella 

3. Idiopathic chondromalacia 

4. Oseochondritis dessicans 

5. Synovial Plicae 

SUMMARY 

A detail clinical history and examination of knee joint 
has a principal significance for the diagnosis and the 
following treatment. When evaluating the symptomatic 
patient based on clinical examination understanding 
anatomy and physiology of both normal and pathological 
conditions of knee is critically important. By gaining an 
appréciation to the basic structures and functioning of 
the knee joint, y ou will be able to logic your way through 
the clinical examination, even if you can not remember 
the eponym attached to each spécifie test. 

Knee is the most vulnérable joint for injuries and 
infections, and hence it affects from number of diseases 
and defects. The proper clinical examination of knee 


helps to make right diagnosis with the aid of other 
diagnostic tools. Clinical examination of knee starts with 
entry of patients in surgeon's clinic and does not end till 
he or she walks out. If clinical examination is done with 
systemic approach it leads to the correct diagnosis. And 
what most matters in clinical examination is the surgeon's 
skill and attitude which is not only helps in early 
diagnosis but also in proper management of the 
conditions of the knee. 10 Most modem techniques can 
not replace clinical examination of the knee but aid in 
the correct diagnosis hence clinical examination of the 
knee is the most important learning process which no 
one should ignore. 
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Various forms of disorders can affect the knee at birth. 
Following are the various forms of congénital deformities 
of the knee. 

1. Congénital dislocation of the knee 

2. Congénital dislocation of the patella 

3. Congénital tibio-femoral subluxation. 

CONGENITAL DISLOCATION OFTHE 
KNEE (CDK) (FIGS 1 AND 2) 

Introduction 

Congénital dislocation of the knee is a rare disorder 
(prevalence <0.1% ). It is diagnosed at birth by the 
presence of hyperextension of the knee and can be 
confirmed with the help of ultrasound. 


Etiopathogenesis 

No genetic détermination for CDK was found. Various 
théories of etiology has been proposed. Knee getting 
locked beneath the mandible of the fétus with 
hyperextension of the knee, congénital absence of the 
cruciate ligaments, congénital fibrosis of the quadriceps 
femoris, contracture of anterior knee capsule, 
intraarticular adhesions are few of them. 

Common findings are fibrous contracture of 
quadriceps and fascia lata. Quadriceps is atrophie with 
fibrous adhesion to the fémur. Absence of supra-patellar 
pouch with anterior dislocation of the hamstrings is 
présent. In fact, hamstring may act as knee extensor in 
this situation. Anterior cruciate may be absent. 



Fig. 1 Fig. 2 


Figs 1 and 2: Congénital dislocation of knee 
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Fig. 3: Congénital dislocation patella 


Clinical Findings 

CDK is readily apparent at birth by hyperextension of 
the knee. Some times foot can be touched to the baby's 
face. Knee may or may not be flexed depending upon 
the grade of dislocation. In severe cases, tibial plateau 
can be felt anterior to the fémoral condyles and is 
irreducible. Patella is usually felt. 1 

CDK, though has no genetic détermination, is usually 
associated with Larsen's syndrome, myelodysplasia, 
Ehlers-Danlos syndrome. Streeter's syndrome and 
arthrogryposis. Ipsilateral congénital dislocation of the 
hip is commonly associated. Other diseases associated 
are clubfeet, anomalies of the hand, elbows, face, spine, 
and urogénital or gastrointestinal System. 

Diagnosis 

Latéral x-ray of the knee reveals anterior dislocation of 
upper tibial ossification center in comparison to the lower 
fémoral ossification center. In older children hypoplasia 
of the tibial plateau, intercondylar eminence, patellar 
hypoplasia 2 fémoral hypoplasia, genu valgus, absent 
patella, and absence of proximal fibula may be found. 

Classification 

Depending upon the amount of displacement of the tibia 
over the fémur, CDK has been divided into three groups 
by Leveuf and Pais. 

Grade 1- Severe genu recurvatum- tibia in contact with 
distal fémur. 

Grade 2- Subluxation of the tibia. 

Grade 3- Complété dislocation of tibia over the fémur. 



Fig. 4: Patella dislocations on flexion 


Treatment 

Initially conservative treatment is started with manual 
traction and relocation of the tibia. Flexion of the knee 
can be achieved after relocation of the tibia. A long leg 
cast is applied after stretching, keeping the knee in as 
much flexion as possible. Patient with the CDH need to 
get their CDK treated first to allow limb to be kept in 
Pavlik harness, however, ipsilateral clubfoot can be 
incorporated in the same cast. 

Surgery is offered to those who fail to show 
improvement with conservative treatment at about the 
âge of 6 months. A progressive release in the form of fascia 
lata, vastus lateralis, patella and quadriceps mechanism 
release has been proposed. Quadriceps tendon may be 
elongated with a V-Y plasty to allow knee flexion. 
Fémoral shortening may be required. 

CONGENITAL DISLOCATION OFTHE PATELLA 
(FIGS 3 AND 4) 

Congénital dislocation of the patella is an entity in which 
the patella is dislocated at birth. It is often familial and 
bilateral. It may be accompanied by arthrogryposis and 
Down's syndrome. 

Clinical Features 45 

There is a fixed flexion contracture of the knee with some 
amount of valgus. A tiny dislocated patella can be felt 
laterally and the inter-condylar notch will be found 
empty. Vastus lateralis may be absent or severely 
contracted. Full extension of the knee and réduction of 
the patella is not possible. This condition often leads to 
progressive valgus deformity if not treated. 
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Fig. 5: Congénital tibiofemoral subluxation 


Treatment 6 

Surgical relocation of the patella is required. Surgery is 
preferred at 6 months of the âge. Patella is released from 
latéral side after quadriceps mobilization. Médial 
stabilization may be required with semitendinosus 
suturing to the patella or capsule placation. Sometime 
entire quadriceps mechanism needs to be shifted medially 
with the patellar tendon attachment. 

CONGENITAL TIBIOFEMORAL 
SUBLUXATION (FIGS 5 AND 6) 

It is also called as congénital snapping knee. Is an 
extremely rare disorder and is usually présent with other 
skeletal metaplasia. Every time the knee is extended, tibia 
will subluxate over the fémur. Some time this condition 
may be présent in CDK patients after the surgery. This 
disorder may be associated with Larsen's syndrome, 
other chromosomal anomalies, otopalatodigital 
syndrome, and congénital short tibia. 

Clinical Findings 

Patient will présent with a snap every time the knee is 
flexed from an extended position due to the relocation 
of tibia on flexion from dislocated position. Anterior 
drawer and Lachman's test are markedly positive. 
Child usually walk with the knee flexed to avoid 
subluxation or will walk with extended and subluxated 
knee. 


Fig. 6: Developmental dysplasia of hip 
DDH same patient in Fig. 5 has bilateral DDH 

Radiological Findings 

Tibia may be found subluxated in extended position. 
There is flattening of the anterior part of fémoral condyles 
and posterior part of tibial condyles. 

Pathology 

Hypertrophy of the iliotibial tract, intermuscular septum 
and biceps femoris is found. Cruciates may be normal or 
anterior cruciate may be elongated or absent. 

Treatment 

Release and sectioning of iliotibial band and distal 
itermuscular septum is required. Biceps femoris may be 
released from its insertion and attached to the vastus 
lateralis. 
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ANATOMY 2 

The patellofemoral joint forms by articulation between 
patella which is a largest sesamoid bone situated in the 
tendon of quadriceps muscle and lower end of fémur. 
The articular surface of patella varying in thickness from 
approximately 2 to 5.5 mm is divided into seven facets. 
The médial and latéral facets are divided into equal thirds, 
superiorly and inferiorly, with the seventh facet being 
the most médial portion called the odd facet. Wiberg, 6 
who is credited with the oldest classification of the 
patellar articular surface, identified three shapes based 
on the position of the vertical ridge. In type one, there 
are roughly equal médial and latéral facets, whereas in 
type two, the most common médial facet is only half the 
size of the latéral facet. In type three, the médial facet is 
so far médial that the central ridge is barely noticeable. 
Owing to the variation in patellar shape and distal 
fémoral sulcus position the patello-femoral joint is the 
most incongruous joint in the body. It is this lack of 
conformity that contributes to many of problems noted 
in patellar tracking. The contact areas documented by 
both Aglietti and Good fellow and coworkers using 
casting and dye techniques respectively, show that the 
maximum contact is at 45°. In this position, both the 
central ridge and the médial and latéral facets are in 
contact with the sulcus. In full extension the lowermost 
portion of the patella is in contact, and it progress 
proximally as the knee is flexed. The odd facet contacts 
the fémur only at maximum flexion, and its relative disuse 
in western civilization has been proposed as an etiology 
of chondromalacia. 

The anterior surface of the fémur that articulâtes with 
the patella is termed the sulcus or trochlear groove. 1 When 
viewed in a flexed position, the latéral condyle projects 


more superiorly and is thought to act as a restraint against 
patellar subluxation or dislocation (Fig. 1). The latéral 
condyle has a greater anteroposterior length and médial 
latéral width than the médial condyle. The intercondylar 
notch houses the origins of both cruciate ligaments, 
ligamentum mucosum, and ligaments of Humphry and 
Wrisberg. 

BIOMECHANICS 

Owing to its superficial anatomie location, the 
patellofemoral joint and remaining portion of the 
extensor mechanism, 5 quadriceps tendon, and patellar 
ligament are the most vulnérable aspects or the knee joint 
to both direct and indirect trauma. In addition, the 
biomechanical function of connecting the trunk to the 
lower leg exerts tremendous forces, contact pressures, and 
potential anatomie aberrations for this articulation. It is 
rather interesting that in view of these overlapping 
considérations, symptoms referable to the patellofemoral 
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joint are more often chronic yet precipitated by an acute 
event. The patellofemoral joint is guided by the origin of 
the quadriceps muscle group, from the anterior inferior 
iliac spine, and the hip. Subsequently, patella is subject 
to potential imbalance between the médial and latéral 
aspects of the quadriceps muscle group. Similarly, 
patellotibial and patellofemoral ligaments can exert an 
abnormal pull on the patella as it engages its fémoral 
articulation on the trochlea. This dynamic activity causes 
a great deal of variation between static évaluations of 
patellofemoral motion and the dynamics of this particular 
articulation. This differential often explains why a patient 
with a normal Q-angle and relatively normal roentgen- 
ographic values is still susceptible to patellar subluxation. 

It is important to reiterate that the latéral pull on 
patella, via the vastus lateralis and its extension, the 
latéral retinaculum, with contributions from the iliotibial 
band, is the prédominant abnormal force on this joint. 
When the balance between these composite latéral 
structures exceeds the influence of the médial supporting 
structures, the patella is subject to excessive latéral 
pressure, possibly even dislocation. This imbalance can 
be représentative of normal anatomy or can be a resuit of 
médial incision. The trochlea as seen on axial view always 
has a higher latéral than the médial projection (Fig. 2). 
This provides greater résistance to latéral dislocation or 
subluxation and its congénital or traumatic absence 
results in a rather unstable situation. 

MECHANISM OF INJURY 

This joint can be injured in almost any possible 
mechanism. As the knee goes through its range of motion, 
the patella and its proximal and distal tendinous 
attachments articulate with the fémur and can be directly 
affected in an adverse fashion. Similarly, owing to the 



Fig. 2: Skyline radiograph showing patello fémoral joint 


latéral pull on the patella virtually any rotational force to 
the knee can exert an abnormal pull on the extensor 
mechanism, resulting in injury to any of its components. 
Any mechanism from a direct blow to a twisting injury 
in which the knee joint appears involved should alert one 
to potential patellofemoral involvement. 

PATHOPHYSIOLOGY OF PATELLOFEMORAL PAIN 

At the beginning of the twenty-first century, the concept 
of the cause for anterior knee pain is shifting away from 
the long-held view of the suprême importance of certain 
structural characteristics (such as the presence of 
chondromalacia or a Q angle greater than a spécifie 
threshold number) to the considération of patho- 
physiologie factors, such as inflamed peripatellar synovial 
lining and fat pad tissues and increased osseous metabolic 
activity of patellar bone hâve been documented to be of 
étiologie importance in the genesis of patellofemoral pain. 

Tissue Homeostasis 

A new perspective of the etiology of patellofemoral pain 
therefore has been developed that emphasizes the loss 
of tissue homeostasis of innervated musculoskeletal 
tissues. Homeostasis is a term used by physiologists to 
mean active maintenance of constant conditions in the 
internai environment. It reflects the maintenance of 
constant level pf Chemical factors in fluids such as sérum 
ionic calcium or blood glucose within a certain range and 
certain biochemical markers in synovial fluid. The 
technique of Technetium-99m-MDP scintigraphy allows 
one sensitively to manifest the metabolic and géographie 
characteristics of bone homeostasis. The dynamic 
character of osseous homeostasis as manifested by 
sequential technitium bone scintigraphy provides a more 
rational explanation for the presence or absence of 
patellofemoral pain. 

Rôle of Loading in Patellofemoral Pain 

Certain activities that highly load the patellofemoral joint 
also are well recognized as being associated with the 
initiation and persistence of anterior knee pain, such as 
climbing up or down stairs, hills or inclines, sitting in 
and rising from chairs, and with kneeling or squatting. 
The recognized phenomenon of anterior knee pain with 
prolonged flexion-the movie sign-deserves spécial 
comment. Swollen, inflamed peripatellar soft tissues may 
be mechanically impinged and irritated by the relative 
position of the patella and fémur with high degrees of 
increasing flexion causing anterior knee discomfort in 
some patients. Furthermore transient increases in 
intraosseous pressure may occur with increasing degrees 
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of flexion and decrease with extension, resulting in the 
perceived anterior knee discomfort of the movie sign, this 
increased in pressure may arise from force directed onto 
the anterior vascular ring sufficient to impede venous 
outflow, but not arterial inflow. 

Envelope Function 

The function of a mechanical transmission is defined by 
the torque that can be safely withstood and transmitted 
by that System without damage. The capacity of the knee 
in a live person to safely accept and transfer a range of 
loads can be described by the envelope of function. If 
one places an increased load across the knee through, for 
example, the répétitive loading involved in distance 
running-loss of osseous and periosseous soft tissue 
homeostasis can resuit, characterized by the early stages 
of a stress fracture or stress reaction. Often the simple 
but potent insight offered by the envelope of function is 
sufficient for patients to gain control of their symptoms. 
Such decreased loading can be as straightforward as 
decreasing the number of stairs a patient climbs in a day 
to that which is painless. Painlessness with a given 
loading activity followed by a second day without pain 
is a clinical définition of loading one's joint within its 
envelope of function. 

CLASSIFICATION OF PATELLOFEMORAL 
DISORDER 

We prefer the classification proposed by Insall. This 
categorization is based on the appearance of cartilage 
damage. Its ranges from normal cartilage to osteoarthritic 
changes. 

I. Usually Normal Cartilage 

a. Peripatellar causes: bursitis and tendonitis 

b. Overuse syndromes 

c. Sympathetic dystrophy 

d. Patellar anomalies 

II. Variable Cartilage Damage 

a. Malalignment syndromes 

b. Synovial plicae 

III. Significant Cartilage Damage 

a. Chondromalacia 

b. Osteoarthritis 

c. Osteochondral fractures 

d. Osteochondritis 

INJURIES WITH NO CARTILAGE DAMAGE 

Four bursae around the knee are susceptible to an 
inflammatory response from direct or indirect trauma. 


The prepatellar bursa, the most commonly affected area, 
has been described as a "housemaid's knee." It is rather 
distinct when inflamed, resulting, in some cases, in a 
significant degree of swelling. Two of the other three 
bursae, the infrapatellar and deep patellar bursae, are af¬ 
fected much less frequently, and it is difficult to ascertain 
whether one has an impingement of the fat pad or a 
bursitis in these areas. The fourth bursa, situated deep to 
the pes anserinus insertion can also be affected, but this 
is a diagnosis of exclusion when one is sure there is not 
an associated chondral fracture, meniscal tear, or osteo- 
necrosis. Inflammation of the bursa is self-limiting and 
can be treated with usual nonoperative modalities such 
as ice and rest. Caution must be exercised in aspirating 
these bursae, especially the prepatellar bursa, because of 
the high incidence of persistent drainage and possible 
infection. Ice compression and sometimes anti- 
inflammatory medicine usually suffice in most instances. 

Tendinitis of the extensor mechanism may occur 
anywhere along the course of the quadriceps or patellar 
tendons. When the calcification is présent at the inferior 
pôle of the patella, it is termed Sindig Larsen-Johanssen 
disease, whereas calcification or tenderness along its 
insertion into the tibial tubercle is identified as Osgood- 
Schlatter's disease. None of these entities usually require 
surgical intervention, but they respond to non-operative 
management that must include quadriceps-strengthening 
exercises. Care should be taken to avoid stressing the 
extensor mechanism in hyperextension or in flexion 
beyond 90° because this often aggravâtes the symptoms 
referable to these tendinitis complaints. In rare instances, 
excision of ossicles from the tibial tubercle or inferior pôle 
of the patella may be required, but the indications must 
include failure of a non-operative program. 

Injuries of the infrapatellar fat pad are usually 
diagnosed only by clinical examination. These are 
traumatic events to this well-vascularized and 
neurologically innervated tissue and rarely présent as 
enlarging masses. A biopsy must be taken of any 
enlarging mass in this area, however, unless there is 
unequivocal proof of its benign nature. Overuse 
syndromes are becoming more frequently diagnosed 
owing to the increasing recreational demands being 
placed on knee function. Whether these entities are 
microfractures or a stress reaction in the bone is difficult 
to say. MRI often reveals the stress reaction (bone bruise). 
A non-operative approach is the standard treatment and 
includes diminution of weight-bearing stress as long as 
symptoms persist. 

Whether secondary to trauma or surgery, dispro- 
portionate extensor mechanism pain must alert the 
physician to a diagnosis of sympathetic dystrophy. 
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Manifestations of this entity are diffuse but usually 
characterized by intense disproportionate pain, stiffness, 
skin discoloration, and decreased skin température. The 
patients are usually anxious and obsessed, and the 
diagnosis often must include other diagnostic modalities, 
including scintimetry, intramedullary pressure 
measurements, interosseous phlebography, biopsies, 
thermography, and ultimately a sympathetic ganglion 
bloc. 

Patellar symptoms with a normal-appearing articular 
cartilage can also be secondary to developmental 
abnormalities. The most frequent roentgenographic 
anomalies include bipartite and tripartite patella, which 
are often misdiagnosed as fractures. These anomalies are 
usually asymptomatic. In those individuals with 
persistent discomfort, however, the non-fused piece of 
bone can be removed without jeopardizing the function 
of the extensor mechanism. 

VARIABLE CARTILAGE DAMAGE 

Patellar subluxation and dislocation are often grouped 
in discussions of malalignment syndromes. Cartilage 
damage has often been described with dislocating patella; 
in fact, small fracture chips may often be seen on axial 
roentgenograms. The term subluxation implies a partial 
dislocation, but this is often untrue. Patients may simply 
be complaining of pain, and the diagnosis is made by 
abnormal clinical findings or roentgenographic indices. 
Although it is often logical to assume that dislocating and 
subluxating patellae are associated with chondral 
damage, two of the most complété studies in the literature 
differ on the etiology of chondral damage. McNab, on 
the other hand, has described the untreated récurrent 
dislocation as developing a severe osteoarthritis, whereas 
Crosby and Insall hâve reported that this was seldom the 
case. It is hoped that future studies will give us more 
information about what chondral changes can be 
anticipated with malalignment of the patella. 

Patella alta is another malalignment that can similarly 
resuit in a subluxation and dislocation. It is often 
associated with congénital anomalies such as an 
abnormal trochlea, hypoplasia. Decreased demineraliza- 
tion localized to the patellofemoral joint is often seen with 
a sympathetic dystrophy or atrophy of the vastus 
medialis, and a very latéral position of the patella 
frequently secondary to a thickened latéral retinaculum. 
Understanding the mechanism of pain in patients with a 
malalignment syndrome is difficult because articular 
cartilage has no nerve endings. Theoretically, pain might 
be secondary to an overload on the subchondral bone 
owing to a softening of the articular cartilage or an 


associated synovitis. It is interesting that in two sériés 
pain and articular cartilage changes did not hâve a direct 
corrélation. 

SIGNIFICANT CARTILAGE DAMAGE 

Budinger has been credited as the first person to describe 
chondromalacia. Softening of this cartilage, he believed, 
was due to trauma and seen visually as fissures within 
the articular surface. Wiberg believed that the convex 
shape of the médial facet of the patella was the underlying 
cause of chondromalacia. Outerbridge described four 
stages of chondromalacia: Stage I -swelling and softening 
of the cartilage ; Stage II —fissuring within the softened 
areas ; Stage III - fasciculations or breakdown of the 
articular cartilage almost to the level of the subchondral 
bone ; and Stage IV - destruction of the articular cartilage 
with the subchondral bone exposed. Histologically, stage 
IV is virtually indistinguishable from osteoarthritis; 
however, there is no unequivocal progression from stage 
I to stage IV. Concerning articular cartilage pathology of 
the patella, it was often believed there would be similar 
findings with the trochlea. Indeed, further arthroscopic 
and operative observation has revealed that trochlear 
involvement occurs independently of the patella. 
Although pathologie changes can occur on both surfaces, 
they might also only be confined to one part of the 
patellofemoral joint surface. Chondromalacia is so 
widespread that it is virtually impossible to perform 
arthroscopy on a knee of a person in the second or third 
decade of life who has been active in sporting endeavors 
and who does not show signs of chondromalacia at the 
patellofemoral joint. It is equally confusing to understand 
why some patients whose articular surfaces look normal 
with no irregularity complain of persistent discomfort. 
Assuming ail other causes of peripatellar pain hâve been 
discounted, as is often the case, this is a perplexing 
situation for both the patient and the physician. Although 
we continue to try to understand and explain patellar 
pain, we must understand that chondromalacia is not 
necessarily diagnostic of patellar pain. 

The etiology of chondromalacia has been attributed 
to surface degeneration, age-related degeneration, 
abnormal ridges of the patella, malalignment, direct 
trauma, patellar shape, biochemical alteration, and loss 
of bone compliance. Goodfellow and colleagues stated 
that stage I and II chondromalacia was visualized on the 
odd facet owing to habituai disuse. Although the odd 
facet does not contribute significantly to patellofemoral 
function, Goodfellow and Bullough thought 7 that a lésion 
of any part of the articular cartilage would disrupt its 
entire surface and thus the initiating cause was the 
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precipitating event. They believed that Westerners are 
more susceptible to this disuse of the odd facet and use 
the work of Marar and Pillay 8 to cite the incidence of 
changes in the Western civilization when compared with 
the Chinese, who though habitually squatting, still hâve 
a considerably lower incidence of chondromalacia. The 
remaining aforementioned explanations for causes of 
chondromalacia at best contradict the specificity of the 
theoretical explanations. Patellar shape has for a long time 
been thought to be a causative factor, yet neither Wiberg 
nor others hâve ever been able to demonstrate a direct 
corrélation with the types of patellar shapes and surface 
degeneration. Chrisman, however, believed that there 
was a biochemical dérangement that was familial in 
nature and that excess cathepsin, splitting protein poly¬ 
saccharide bonds, was the underlying cause of 
chondromalacia and subséquent degeneration to 
osteoarthritis. Similarly, Shoji and Grandait 10 thought that 
osteoarthritis and chondromalacia were a continuum that 
began with a proteolytic degeneration. 

It has been observed, however, that immobilization 
is a contributing cause of chondromalacia and its 
subséquent symptom complex. Knee arthrotomy, on the 
basis of its disturbance to the vasculature, has often been 
implicated as a causative factor in the production of 
chondromalacia. It would seem unlikely, in view of recent 
observations on patellar circulation, that it is the 
arthrotomy rather than the postoperative immobilization 
that causes the chondromalacia findings. 

The natural history of chondromalacia is spéculative 
and at this stage somewhat anectodal. 9 The biochemical 
and histologie analyses of cartilage taken from both 
chondromalacia and osteoarthritic patella do indeed 
suggest that this is a continuum in a disease process. The 
clinical corrélation, however, is difficult, since the 
osteoarthritic patient is usually older and usually does 
not give a long history of chronic knee discomfort. These 
older patients, however, just présent with a rather short 
period of symptoms, without recollection of some 
discomfort as a child, yet now hâve well-advanced 
roentgengraphic changes of patello fémoral arthritis. This 
is further confounded by the difficulty in explaining why 
some patients hâve very significant pain, whereas others 
with either less or more severe arthritic changes hâve 
totally dissimilar symptoms of discomfort. 

Direct trauma can unquestionably cause chondro¬ 
malacia of the patella, and the defect will be rather 
obvious. These chondral fractures are aggravated in a 
patient who has an underlying malalignment and thus 
persist for some time. The disruption of the cartilage 
surface often results in loose bodies that perpetuate a 
synovial reaction and chronic effusion. These patients 


usually respond very well to arthroscopic debridement 
or "washout." 

Osteochondritis dissecans of the patella, a rare entity often 
confused with an osteochondral fracture, is usually 
central in origin and rather difficult to treat. The 
presenting symptom is usually acute trauma, with 
roentgenographic evidence of cartilage and bone 
disruption. Treatment is difficult and dépendent on the 
extent of surface damage. Excision of the loose fragment 
is usually required and, unfortunately, often encompasses 
more than 25% of the articular surface. With per-sistent 
symptoms, patellectomy is often the definitive treatment 
option. 

Radiologie Evaluation of the Patellofemoral Joint 

Standard roentgenographic analysis of the knee joint 
should include anteroposterior, latéral, and tunnel (only 
in skeletally immature individuals) views and at least 
one axial view. The anteroposterior view, in addition to 
assessing fémoral tibial angle and médial and latéral joint 
space alterations, shows the size, position, and integrity 
of the patella. Bipartite patellar fractures and os¬ 
teochondritis dissecans can often be identified in this 
particular view. The latéral view is helpful in estimating 
the height of the patella in relationship to the joint line. 
Essentially, there hâve been four methods of measuring 
whether a person has patella alta or inféra: Boon-Itt; 12,13 
Blumensaat, Insall and Salvati and Blackburne and Pee. 
Blumensaat's measurement is based on a latéral view 
taken with the knee flexed 30°. In this projection, the 
lower pôle of the patella should lie on a line projected 
anteriorly from the intercondylar notch (Blumensaat's 
line). This technique has been discounted in a review of 
44 radiographs of normal knees flexed exactly 30° in 
which no patella was resting on Blumensaat's line. The 
Insall and Salvati method, based on 114 knees and later 
substantiated by Jacobson and Bertheussen. Essentially, 
this technique describes a normal patellar height in 
relationship to the patellar tendon. Length of the tendon 
(LT) is measured on its posterior surface from the lower 
pôle of the patella to its insertion on the top of the tibial 
tu-bercle. The length of the patella by définition is the 
greatest diagonal length measured. With this technique, 
the length of the patellar tendon (LP) was approximately 
equal to that of the patella. The average ratio in this sériés, 
LT/LP, was 1.02, with a mean standard déviation of 0.13. 
Essentially the patellar tendon should not hâve an 
increased dimension of more than 20% of the patellar 
height. 

The axial or sunrise view (Fig. 3) of the knee joint is 
extremely helpful in evaluating patellofemoral align- 
ment. Views with the knee in full extension challenged 
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Fig. 3: Skyline radiograph showing pattello fémoral joint 
[Note arthiritic changes] 


older concepts that the patella is not in a subluxated 
position as it approaches full extension. 

Hughston, modifying the Jaroschy technique flexes 
the knee 55° with the tube angled at 45°. The relationship 
between these angles unfortunately distorts the image 
in a knee that is flexed more than desired. Ficat measures 
the patellofemoral joint with the knee flexed at 30°, 60°, 
and 90°. The x-ray tube is placed at the patient's feet with 
the plate held proximally against the anterior thigh. 
Laurin and associâtes use a similar technique in which 
the patient holds the plate against the distal thigh while 
the beam is projected from between the feet. In this 
position, however, the knee is bent only 20° and the 
quadriceps must be relaxed. 

Merchant uses a technique in which the beam is 
positioned proximally and the cassette is below the knee. 
The knees are bent 45° over the end of a table. 11 This 
assesses both the patella and the trochlear surface of the 
fémur, allowing the congruence angle to be measured. 
The sulcus angle is measured to establish a zéro reference 
line. A second line is projected from the apex of the sulcus 
angle to the lowest point of the articular ridge of the 
patella. The angle between these two lines is the congru¬ 
ence angle. If the apex of the patellar articular ridge is 
latéral to the zéro line, the congruence angle is designated 
positive; whereas if it is médial, the congruence angle is 
négative. 

METHODS OF TREATMENT 

With the possible exception of the acute dislocation in a 
malaligned patellofemoral articulation, ail patients with 
patellofemoral pain should hâve an initial nonoperative 
treatment regimen. This approach should include 


éducation so that they might understand the diagnosis, 
a restriction or refinement in activities, a strengthening 
program, bracing, and possibly orthotics. From a practical 
point of view, it thus behooves us to make them aware of 
the biomechanical forces to which the patellofemoral joint 
is exposed. If they are to alleviate their symptoms while 
enjoying significant recreational activities, they must 
subdivide their actions into activities of daily living, 
conditioning, and récréation. Similarly, it is important to 
develop the understanding that although walking and 
running are advantageous to cardiopulmonary 
physiology, they produce increased pressure at the 
patellofemoral joint. A conditioning program, should 
entail strengthening of the quadriceps muscles to alleviate 
stress at the patellofemoral joint. Free weights, weight 
machines, or bicycling can often achieve these goals. It is 
préférable to confine any running or jumping activity to 
a sport such as tennis, squash, or basketball rather than 
to encourage a persistent running program. 

IMMOBILIZATION 

It should be not more than 48 hours and that too only in 
the acute setting. Further immobilization encourages 
muscle atrophy and subséquent increased stress at the 
patellofemoral joint. It is impérative to understand that 
the braces are an 'icing'. They do not élimina te or even 
minimize the need for strengthening programs. In 
situations where taping has been helpful, using a brace 
to try to reproduce the effects of the tape can be helpful 
and more convenient for the patients. 

OTHER SUPPORTIVE MEASURES 

Icing the knee immediately after activities has proved as 
effective as any analgésie. Médication for the pain should 
be used sparingly. NSAID can be used. Orthotics 
essentially decreases the impact load of the joints of the 
lower extremities. 

MUSCULAR REHABILITATION 

Réhabilitation of vastus medialis obliqus has been the 
mantra of physicians treating anterior knee pain. 
Witvrouw studied the effects of open kinetic chain 
exercise (i.e. exercise without weight bearing) versus 
closed-chain exercise (i.e. weight bearing). Although both 
types of exercise caused improvements in strength, pain 
relief, and return to function, the closed chain exercises 
produced less pain, better functional improvement. They 
also showed that open kinetic chain produced more rectus 
femoris activity whereas closed kinetic chain produced 
greater muscle activity in vasti. Hip muscle activation 
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has been shown to be a key to quadriceps activation. 
Depending on the location of an articular lésion in any 
particular patient, exercise may be better tolerated in 
flexion or extension, open or closed chain. 

The relative timing of contraction for each part of 
quadriceps has been shown to be abnormal in patients 
with patellofemoral pain. 

FLEXIBILITY 

Flexibility déficits are common and important to treat, 
as these déficits contribute to increased load on the 
patellofemoral joint. By examining patients in the prone 
position, flexibility déficits may be documented by 
measuring the degree of prone knee flexion possible. If 
prone knee flexion is substantially different from supine 
flexion, as it often is quadriceps stretching is needed. Most 
patients with anterior knee pain are well served by a 
réhabilitation program that includes hip, quadriceps, 
hamstring, and gastro-soleus stretching. 

AVOID PAIN DURING REHABILITATION 

They improve when efforts are focused on finding 
exercises that they can do without pain. Graduai 
progression to more répétitions and more load as 
symptoms allow usually is possible. Analgésie including 
NSAIDs and the use of ice seem to often be helpful in 
decreasing pain and increasing exercise tolérance. 

Patellar taping has been used successfully to decrease 
pain and to increase exercise tolérance. Patellar taping 
often should be tried during réhabilitation. If it is not 
effective for a given patient, there is no harm in trying it. 
Surgical treatment should be proposed only when the 
clinician is confident that a well-designed non-operative 
progam of treatment has been completed and that 
surgical treatment likely will produce superior resuit. 

PATELLECTOMY 

The primary problem with patellectomy is chronic 
weakness. Patients also take an unduly long time to get 
even reasonable functional strength for daily activities. 
It is extremely important to centralize the extensor 
mechanism and to avoid transecting the tendinous 
portion of the extensor mechanism when removing the 
patella. This procedure as a last resort is a reasonable 
alternative when the patella itself is severely degenerated 
and the trochlea is relatively intact. As with any 
patellofemoral salvage procedure, the extensor 
mechanism should be normally aligned at the time of 
patellectomy. 


ARTICULAR CARTILAGE IMPLANTATION 

Minas and Peterson hâve reported good results using 
autologus chondrocyte transplantation to resurface 
trochlear lésions, but hâve noted less success resurfacing 
the patella. Although long-term follow-up is not yet 
available, autologus resurfacing of trochlea is a reasonable 
alternative. 

Cartilage transplantation of the trochlea is an entirely 
different matter than resurfacing the patella. Loading of 
any unit area of the trochlea is transient compared with 
loading of any area on the patella. Because the mechanics 
of patellofemoral contact allow for gliding of a unit 
surface area of the patella for substantially more time 
during the flexion arc than any corresponding part of 
the trochlea, the demands on patellar articular cartilage 
are much greater. On flexion the patella cornes in contact 
with a broad surface of trochlear cartilage. Patellar 
articular cartilage therefore must be extremely durable. 
Furthermore patellar subchondral bone is dense and the 
normal cartilage resurfacing techniques may not work 
as well on this less inviting surface. This can make 
autologus osteochondral implantation very difficult. 
Abovementioned factors make resurfacing of patella 
complex. On the other hand, alternatives to articular 
resurfacing of the patella may be undesirable, particularly 
when an anteriorizing procedure already has been done 
to unload the joint. At this point the alternatives may be 
patellectomy or patellofemoral replacement. At this point, 
cartilage transplantation to the trochlea is a good 
alternative, combined with anteromedialization of the 
tibial tubercle in selected patients. 

So, the relative merits of these options should be 
discussed with each patient. There must be healthy 
central and proximal patella cartilage in order to expect 
a good resuit from a tibial tubercle anteriorization. 
Patellectomy leaves a well-defined functional déficit and 
therefore is better to avoid whenever possible, although 
relief of pain after patellectomy can be substantial. Total 
replacement of the patellofemoral joint, properly done 
on a well-aligned extensor mechanism, is most appealing 
when the patella and trochlea are déficient. 

ALTERNATIVES TO PATELLOFEMORAL 
ARTHROPLASTY 

In young patients with isolated patellofemoral arthritis, 
main surgical options include anterior or anteromedial 
transfer of the tibial tubercle to shift contact stress and 
unload the patellofemoral joint, patellectomy, and 
articular cartilage resurfacing either by osteochondral 
transfer or by cartilage cell implantation. Some patients 
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hâve a notable synovitis or localized osteophyte such that 
a targeted resection may bring relief. A latéral 
facetectomy can be palliative in many patellofemoral 
arthritis and latéral release alone may provide at least 
temporary relief when there is clear tilt associated with 
latéral patellofemoral arthritis. 

TIBIAL TUBERCLE ANTERIORIZATION OR 
ANTEROMEDIALIZATION 

The idea behind this technique is to diminish load on a 
defective patella. 4 This anterior transfer procedure has 
been used infrequently mainly because of the deformity 
created by excessive anteriorization of the tibial tubercle 
and the concern about skin necrosis, nonunion, and 
compartment syndrome. Alternatively, one may create 
an oblique osteotomy deep to the tibial tubercle to shift 
the tibial tubercle in anteromedial direction. By creating 
a steep osteotomy from the médial patellar tendon and 
directing an osteotomy Postérolatéral under direct vision 
while retracting the tibialis anterior muscle, it has been 
possible to achieve 15 to 18 mm of tibial tubercle 
anteriorization with minimal medialization. Skin slough, 
compartment syndrome, and nonunion are rare when 
the procedure is done properly and is fixed securely with 
screws. One may do a straight médial tibial tubercle 
transfer to realign the patella and weaken the tibia less, 
but fail to gain the benefit of patellofemoral 
décompression, which often is helpful in patients with 
patello-femoral arthritis. The concept behind this 
technique is to shift contact from the latéral and distal 
aspect of the patella onto intact proximal and médial 
articular cartilage. Using the same measures, they also 
observed that patients with large trochlea lésions and 
médial patella articular lésions do not do as well with 
anteromedial tibial tubercle transfer. 

Unfortunately, when a crush configuration exists, 
results are not as good with any anteriorizing procedure, 
because anteriorization moves the patella onto the 
crushed proximal cartilage which portends a less good 
resuit. In other words, when a patient has, for example, 
fallen directly onto a knee the more proximal patella is 
articulating at the time of impact because of the knee 
flexion in most such injuries. These frequently are injury 
on the articulating médial and latéral fémoral condyles 
with such impacts. Patients with this configuration of 
articular lésions tend not to do as well with anteriorizing 
procedures of the tibial tubercle presumably because 
contact stresses pf the patella are shifted to more proximal 
patellar articular cartilage earlier in the flexion arc when 
the tibial tubercle is anteriorized. Severe trochlea 
dysfunction often requires more involved surgery with 
proximal balancing of retinacular structures and even 



Fig. 4: Total knee replacement 


trochleoplasty when there is severe instability related to 
trochlear dysplasia complicating articular degeneration. 

TOTAL KNEE REPLACEMENT 

This is the last procedure to be done in advanced patello¬ 
femoral arthritis, résistant to ail other methods of 
treatment (Fig. 4). 
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Osteoarthritis ofKnee and 
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INTRODUCTION 

Osteoarthritis is a disease due to uncoupling of balance 
between cartilage degeneration and régénération, 
characterized by focal loss of cartilage with periarticular 
bone response, clinically présents as joint pain and 
crepitus, radiologically decreased joint space, osteophytes 
and a variety of deformities. 1 Osteoarthritis (osteo- 
arthrosis) is characterized by degenerative changes in 
articular cartilage of joint and subséquent new bone 
formation at articular margin. The rate of degeneration 
is greater than the rate of repair of articular cartilage. 3 
Mainly the excessive aging is the cause but the 
biochemistry of aging leading to OA (osteoarthritis) is 
not well understood. 

Epidemiology 

About 40% of population, above âge of 40 years hâve 
radiological signs of OA and 50 % of them hâve 
symptoms (Danielsson 1964). 3 Varus deformity is 
associated in 90 % cases. As there is no evidence of 
synovial thickening or inflammatory infiltration, in 
uncomplicated conditions, the term "osteoarthrosis" 3 is 
preferred to OA by Kellgren (1961). It is the most common 
disease affecting human joints, second most 
rheumatological problem next to soft tissue rheumatism, 
and most common medical disorder of adult patients. 6 
In rural India the incidence is 5.78%, which is about 30% 
of ail rheumatological problems. In India, there is 
increased knee arthritis than western population. There 
is endemic secondary OA in western Karnataka due to 
hereditary spondyloepiphyseal dysplasia (Handigodu 
disease). 7 


Etiology 

Primary osteoarthritis 3,5 of knee is more common as 
compared to other joints. Mainly the disease is primary, 
but may be preceded by various predisposing factors. 

• Trauma—fracture, dislocation or subluxation of 
patella, ligamentous injury, torned meniscus, 
including surgical trauma—meniscetomy. Ail these 
cause damage to articular surface leading to incon- 
gruity of surfaces. After meniscetomy, 4 incidence of 
OA is found to be increased. Knee can transmit forces 
upto 3.03 times of body weight and of them 60 % 
passes through menisci. The forces are greatly 
redistributed by angular deformity. 

• Obesity—obesity is associated with increased bone 
mass. Failure of subchondral bone to deform with an 
impact load leading to increased cartilage damage is 
thought to be a major cause of development of OA 
(Radin, Paul 1972). 

• Articular surface destruction as occurs in infection— 
tuberculosis, 6 suppurative. 

• Subchondral necrosis of bone as occurs in spon- 
taneous osteonecrosis, osteochondritis dissecans. 

• Goût— 

Rheumatoid arthritis and osteoarthritis may co-exit 
in same joint. 

Pathology 

The main triggering factors for development of 
osteoarthritis is biomechanical due to micro fracture of 
subchondral bone or fatigue fracture of collagen fibers. 
It may be due to biochemical factors due to primarily 
release of proteolytic enzymes as well. Then the whole 
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Flow Chart 1 : Pathogenesis of osteoarthritis 6 
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sequence of events follow resulting in end stage arthritis. 
(Flow chart l). 6 

Frequently the condition is initiated as chondro- 
malacia patellae. 3,5 Due to continuons friction the joint 
surface of patellofemoral joint is eroded and degenerated. 
Degeneration of hyaline cartilage is the primary lésion. 
The cartilage is progressively eroded and bone matrix is 
exposed. The érosion is patchy with normal islands of 
cartilage in between. 

The cartilage and perichondrium around the 
periphery of joint are stimulated which leads to élévation 
of nonarticular surface of joint above the remaining 
surface and later on projects circumferentially to give 
"lipping" appearance. There is synovitis with fibrosis, 3 
which involves the capsule and sub-synovial connective 
tissue. 

According to Harrison, there is prolifération of blood 
vessels which leads to increased blood supply to 
subchondral bone with thinning of overlying cartilage 
due to pressure (where there is no pressure, prolifération 
of cartilage is noted). 

Cartilage is degenerated which later on invaded by 
large blood vessels and finally replaced by bone. Johnson 
(1951) describes the pathology of forming "subchondral 
cyst" 3,5 in OA. Edema in subchondral marrow is followed 
by formation of mucinous fatty marrow and dilatation 
of surrounding sinusoids. In center of these area mucoid 
sécrétion occurs. These cyst cavities expand by résorption 
of bone trabeculae. Osteoblastic activity surrounds these 
areas which forms the sclerotic wall. According to other 
théories, herniation of synovial fluid through cracks 
within denuded subchondral bone leads to cyst 
formation. 

Outward cartilage growth, followed by ossification 
and local periosteal new bone formation mainly around 
the capsular attachments, leads to "osteophytic lipping". 


Inflammation and metaplasia of synovial membrane 
occurs later on. Detached flakes of cartilage and 
metaplastic synovium give rise to cartilaginous and 
osteocartilaginous "loose bodies". 2,3 

Menisci 3 are also degenerated which are extremely 
vulnérable to injury thereafter. Minimal or gross tears 
may occur. Though, in cruciate ligaments degeneration 
takes place, generally they remain intact even in severe 
OA. There is hypertrophy of infrapatellar pad. 5 

Clinical Features 

The main features of arthritis are pain, loss of mobility, 
instability, deformity and swelling. Pain is the main 
complaint concerning the patient. Pain though not fully 
understood has been described to be arising from (a) 
diseases involving the soft tissues of muscle with spasm 
and contracture of capsule, synovium or periosteum and 
ligaments especially when the joint is unstable (b) disease 
involving the subchondral bone which contains blood 
vessels and nerve plexuses. Cartilage is insensitive. Loss 
of mobility is due to loss of bone and articular cartilage 
symmetry, atrophy, spasm and contracture of muscle, 
capsular contractures, or mechanical blockage by loose 
bodies, osteophytes and cartilaginous or bony débris. 
Instability is due to muscle atrophy and imbalance, joint 
surface incongruity, loose bodies, meniscus degeneration 
and tears, and pain. 

Early findings is painful creaking and grating of 
patellofemoral joint mainly on active motion, at this stage 
roentgenograms found to be normal. Passive motion 
relaxes the quadriceps, thus relieves the patellofemoral 
compression. 2,4 Therefore, no friction of patellofemoral 
articular surface will occur. The pain is aggravated by 
activities, which involves forceful contraction of 
quadriceps, e.g. getting up from sitting or squatting 
position, and while climbing stairs. 

Mechanism of causation of pain is not clearly 
understood, may be: 

1. As the disease involves subchondral bone, which 
contains nerve plexus and blood vessels in the 
adventitial coat is exposed. Bone is sensitive to 
percussion and pressure stimuli but cartilage is 
insensitive (Kellgren). 

2. Spasms and contracture of soft tissues of capsule and 
muscle which are most sensitive in ail joints. 

The patient complains generalized pain on exercise 
which can be "walked off". Patient may complain of 
"locking" due to mechanical blockage by loose bodies, 
osteophytes, cartilaginous or bony débris. 

Loss of normal range of motion is due to incongruity 
of articular surfaces. 
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Patient may complain of "giving away" particularly 
when locked cartilage or osteophytes becomes free and 
also due to patellofemoral joint involvement. An attack 
of acute inflammatory synovitis 1,4 leads to effusion of 
joint. The swollen and congested synovium protrudes 
through joint margins. So, we get tenderness on joint 
margin on examination. 

Due to synovial effusion, patella is floating so 
infrapatellar grating and pain is absent. Stiffness and 
tightness on back of knee is complained which is due to 
inflammation and swelling of synovium. 

Later on pain becomes more severe and constant type 
and range of management (ROM) is grossly restricted. 
There is development of flexion and varus deformity. 2,4 
Protective hamstring muscle spasm leads to flexion 
deformity. The exact cause behind development of varus 
deformity is not known, but the predisposing factor may 
be: 

i. Relative nutritional deficiency of articular cartilage 
of médial tibial condyle (as it is thicker than that of 
latéral condyle) 

ii. Mechanism of joint—the complicated movements 
involve the altered centers of rotation and "screw 
home" for médial fémoral condyle mainly in 
terminal 20° extension may be the cause of initial 
médial compartment involvement. 1-3 

As the disease progresses, there is difficulty in ADL 
(activities of daily living), muscle atrophy, persistent rest 
pain may be very troublesome. 

Radiograph 

The earliest radiological picture in Osteoarthritis is 
narrowing of joint space due to cartilage destruction. 



Other common features suggestive of Osteoarthritis is 
presence of osteophytes, subchondral sclerosis/cyst 
formation, various deformities commonly varus, loose 
bodies, and sometimes calcification (Figs 1 and 2). 

MANAGEMENT 

The initial conservative management includes: 

1. Obesity is a well-known risk factor for the 
development of osteoarthritis and weight loss 
definitely slows down the progression of disease. 

2. Avoidance of ground level activities reduces the 
mechanical stresses on the various compartments 
of knee and hence slows the progression of osteo¬ 
arthritis. Avoidance of squatting, Indian toilet 
seat etc are strongly advised. 

3. Strengthening ofquadriceps and hamstrings and proper 
muscle balancing around the knee hâve been found 
to reduce the pain and disability of the knee in OA. 8,9 
There has been evidence from large randomized 
controlled trials that joint spécifie exercises reduce 
pain and improve function in knees as do the aérobic 
exercise regimens. 8 

4. Education: 10 Patients should be explained about the 
nature of their condition, its prognosis, investigations 
required. Practitioners should détermine with the 
patient the rationale and practicalities of their 
individualized management plan. Several large 
randomized control trials and meta-analysis hâve 
shown improvement in pain and coping skills with 
éducation though with little impact on the knee 
function, with éducation. 10 



Fig. 1 : AP view of knee X-ray showing Fig. 2: Latéral view showing osteophytes and sclerosis 

narrowing of médial joint space 
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5. N S AID s: They are the most commonly used drugs for 
OA knee for reducing the pain and inflammation 
associated with the knee. Unfortunately their 
continuons use is associated with serious side effects. 
Paracétamol should be considered the drug of first 
choice as it is comparatively much safer. 11,12 One trial 
showed that paracétamol can be used in dosages of 
2400 mg for 2 years without significant side effects. 13 
There are no drug interactions or common 
contraindications to the use of paracétamol, including 
its use in the elderly. In patients refractory to 
paracétamol other NSAIDs including cox-2 inhibitors 
should be considered. Gastritis, peptic ulcers and 
peptic ulcer rupture are well known complications of 
these NSAIDs. Besides, Chronic rénal failure is one 
of the most serious conséquences of prolonged use. 
Rofecoxib has been withdrawn from the market 
because its chronic use led to increase in mortality 
due to heart diseases, though coxibs were found to 
be very safe as far as gastrointestinal side effects are 
concerned. 

There is much evidence that osteoarthritis is a phasic 
disease and NSAIDs are effective during identifiable 
periods of inflammation and can be avoided at other 
times. 12 

Topical NSAIDs hâve also been found to reduce the 
pain and night awakenings in some studies. 12 They 
can be tried in those unwilling to take NSAIDs or are 
refractory to NSAIDs. 

6. Symptomatic Slow Acting Drugs for OA (SYSADOA) 
(glucosamine sulphate, chondroitin sulphate, diacerein, and 
hyaluronic acid): There is evidence to suggest that these 
drugs may possess structural modification properties, 
but more methodological studies are required to prove 
the same. 

Compared to placebo. Glucosamine and Chondroitin 
sulfate 14 hâve been found to reduce pain and improve 
functional scores especially in moderate to severe cases. 
Chondroitin is a component of cartilage and is composed 
of repeated chains of glucosamine sulfate. 

Diacerein 15 is the recent most molécule of this group 
that has been recently introduced in Asia. It prevents 
Interleukin-1 activation of spécifie transcription factors. 
Interleukin-1 play s a major rôle in enhancing the cartilage 
breakdown. Interleukin-1 also stimulâtes production of 
prostaglandin E 2 , which increases synthesis of 
stromelysin, a cartilage degrading protein and also 
contributes to clinical symptoms such as pain, swelling, 
erythema, and rest pain and morning stiffness. Recent 
studies in Europe hâve proved statistically significant 
decrease in pain and improvement in knee function with 
the use of Diacerein. 


Methylsulfonylmethane, Omega-3 fatty acids. 
Manganèse ascorbate, Boswellia Serrata, Vitamin C, A, 
E and Aloe vera are some of the other drugs claiming to 
reduce pain and improve function but statistical evidence 
for them is weak. 

7. Intraarticular injections of Sodium Hyaluronate: There is 
strong evidence to support the efficacy of intra¬ 
articular Hyaluronate in management of OA for pain 
réduction and functional improvement. 16 Pain relief 
usually starts within a week and may last upto six 
months. The approved regimen is one injection per 
week, for a total of five injections of 20mg/2ml over a 
4-week period. These injections need to be given in 
strict aseptie conditions. They are expensive and effect 
is short lasting. 

Intraarticular injection of steroid is indicated for acute 
exacerbation of knee pain especially if accompanied by 
effusion. Resuit is usually short lasting. Intraarticular 
steroid is single most common cause of postoperative 
infection. 

8. Arthroscopic debridement: Recent advances in 
instrumentation and a growing understanding of the 
pathophysiology of osteoarthritis hâve led to 
increased use of arthroscopy for the management of 
degenerative arthritis of the knee. Immédiate 
symptomatic relief can be expected in almost ail the 
patients. In properly selected patients arthroscopic 
debridement can provide long-lasting pain relief, 
improvement in quality of life, delay and in a few 
cases even obviate the need of reconstructive 
procedures. Greater and more persistent symptomatic 
relief can be obtained in active, older adults who hâve 
acute pain, mostly mechanical symptoms, hâve 
normal alignment and stable ligaments, roentgeno- 
graphic evidence of mild to moderate degenerative 
changes. 17 

Arthroscopic debridement should include a thorough 
examination of the entire knee joint with removal of ail 
loose bodies, debridement of meniscal tears to a stable 
rim, excision and trimming of cartilage flaps, burring of 
motion blocking osteophytes, and excision of the 
inflamed synovium. Aggressive removal of cartilage and 
meniscus should be avoided as this could aggravate the 
condition and speed up the progression of arthritis. 
Jackson and Dieterichs recommended that arthroscopist 
should be conservative in the surgical debridement 
removing only the fibrillated and scaling fragments of 
articular cartilage. 

9. Proximal/High Tibial Osteotomy(HTO): Proximal tibial 
osteotomy is a well established procedure for the last 
40 years known to decrease pain and improve 
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functional results in unicompartmental knee arthritis 
more than 80% of carefully selected patients as shown 
by various studies with more than 5 years of follow- 
up. However, these results hâve been shown to 
deteriorate over time. With the success of Total Knee 
Arthroplasty (TKA) and difficulties in performing 
TKA after HTO, the interest in HT O declined 
somewhat but still it is very useful procedure in 
carefully selected patients and the interest in this 
procedure has suddenly renewed. 

HTO is indicated in patients with pain and disability 
resulting from osteoarthritis with weight bearing 
roentgenograms showing degenerative changes confined 
to one compartment with a corresponding varus or valgus 
deformity with the patient possessing sufficient muscle 
strength and motivation to carry out réhabilitation with 
crutches and having good vascular status. Berman has 
recognized âge younger than 60 years, ligamentous 
stability and preoperative range of movements more than 
90° as factors associated with favorable outcome. 18 Patient 
is able to mobilize on crutches with foot touching the floor 
on the day after surgery with graduai réhabilitation to 
full weight bearing by 10-12 weeks. Recently Latéral 
retinacular release has been shown to improve the results 
of proximal tibial osteotomy. 19 

10. Unicondylar Knee Arthroplasty (UKA): This is also 
indicated in unicompartmental knee arthritis and has 
been shown to hâve fewer complications and higher 
survivorship compared to HTO though this is still 
controversial. Since its introduction in 1970 this has 
undergone changes from fiat ail poly tibial component 
prosthesis to métal backed tibial component to 
meniscal bearing knee arthroplasty. Though the initial 
results were quite disappointing but with improved 
techniques, new prosthesis, and better patient 
sélection results hâve approached those of TKA. 
Sparing of the cruciate ligaments, the opposite 
tibiofemoral compartment, and the patellofemoral 
compartment is believed to resuit in normal knee 
kinematics and easier révision to TKA. UKA has been 
advocated in two groups of patients. 21 Firstly younger 
individuals with unicompartmental disease where UKA 
can be preferred over HTO in view of easier révision to 
TKA and longer survivorship. But most révisions hâve 
not demonstrated this benefit. Barrett and scott and Insall 
in separate sériés reported significant osseous defects, 
need for bone grafting, tibial wedges and long stem 
components. 20 

Second group is an elderly, thin individual with 
unicompartmental arthritis who would otherwise 
undergo TKA. Suggested benefits are a shorter 
réhabilitation time, greater average range of movements. 


and préservation of proprioceptive function of cruciate 
ligaments. 

UKA is contraindicated in inflammatory arthritis, 
flexion contracture of 5° or more, a preoperative range 
less than 90°, angular deformity of more than 15°, 
significant cartilage érosions in opposite compartment, 
anterior cruciate deficiency, exposed subchondral bone 
beneath the patella. 

11. Total Knee Arthroplasty (TKA): Total Knee Arthroplasty 
is the only effective means of providing a painless 
and functional knee joint in painful arthritic joints. 
Knee pain caused by arthritis with or without 
deformity is the primary indication for total knee 
replacement. From the original Total Condylar design 
that was introduced in 1970 with documented 
longevity of more than 90% at 20 years, TKA has 
evolved into posterior cruciate ligament (PCL) 
retaining and PCL substituting designs both of which 
hâve their own advocates and hâve demonstrated 
excellent longevity. The rôle of universal patellar 
resurfacing is controversial. 22 Significant knee pain is 
the most common complication in unresurfaced 
group 22 whereas the major argument in favor of 
sélective resurfacing of patella is that complications 
of resurfaced patellae account for most of the 
reoperations after TKA. 

Cementless TKA is known to fail early because of 
higher prevalence of tibial loosening, polyethylene wear, 
and osteolysis and thus is not recommended though it 
has got its own advocates. Recently High Flex Knees hâve 
been introduced in the market which are thought to be 
highly useful for the Asian population. With good 
technique patients with high-flexion posterior stabilized 
total knee arthroplasty System are able to flex their knees 
upto 130-155° and thus are able to continue most of their 
daily lifestyle activities like praying, squatting, gardening 
etc. But long term follow-ups of High Flex Knees are not 
yet available. The introduction of computer navigation 
System is supposed to further refine the mechanical 
alignment and thus improve the longevity of TKA. 

Contraindications for Total knee arthroplasty include 
recent or current knee sepsis, a remote source of ongoing 
sepsis, extensor mechanism discontinuity secondary to 
muscular weakness and the presence of well functioning 
knee arthrodesis. 

CONCLUSION 

The management of osteoarthritis has undergone a 
révolution during the last century. Appropriate patient 
sélection for a particular procedure can provide a lasting 
pain relief. Initial stages can be managed with a 
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conservative line of management like changing the 
lifestyle and avoiding ground level activities and proper 
physiotherapy. Newer modalities of drugs are expected 
to modify the disease process to provide a pain free 
period. During later stages, conservative surgical 
procedures like ostéotomies can be helpful to restore 
activities of daily living. Advanced stages need the 
various joint replacement procedures. Here the âge, 
activity, bone quality and after ail the economy of the 
patient plays a rôle to décidé which type of joint will be 
suitable for him/her. 
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INTRODUCTION 

Osteochondritis dissecans is a condition characterized by 
séparation of a segment of articular cartilage together 
with subchondral bone either completely or partially 
from the joint surface. It most commonly involves the 
knee joint, but has been reported in the elbow 
(capitellum), ankle (dôme of the talus) and fémoral head. 

Etiology 

Various causative factors hâve been postulated. However, 
its précisé etiology still remains controversial. 

A history of previous injury has been reported in 
approximately 40 % of the patients with osteochondritis 
dissecans. However, the incidence of bilateral lésions 
cannot be explained solely on the basis of trauma. 
Endogenous trauma may play a rôle particularly in the 
latéral aspect of the médial fémoral condyle where the 
tibial spines abut. Concomitant ligamentous laxity may 
be a factor. In osteochondritic lésions of the patella, a rare 
lésion, it has been shown that most of the lésions tend to 
occur in patients with larger latéral than médial facet, 
hypoplastic médial and hyperplastic latéral part of 
trochlea and mild lateralization or medialization of the 
patella. This also tends to favour biomechanical induction 
of osteochondritis dissecans. Koch et al hâve studied the 
osteochondritic lésions from patients using light and 
électron microscopy and immunohistochemistry and 
demonstrated changes that suggest that main area of 
action is around the subchondral bone plate. There is 
cellular evidence of remodeling with osteoclastic and 
osteoblastic activity close to each other. There is a loss of 
proteoglycans from the superficial layers of the 
extracellular cartilage matrix and an increase in the 
chondroitin and dermatan sulfate in the deeper cartilage 


layers and subchondral bone. The lésions support the 
theory that répétitive stresses acting on once damaged 
osteochondral location might be able to produce the 
lésions of osteochondritis dissecans. 

Other possible causes include interruption of blood 
flow which causes ischémie necrosis and eventual 
séquestration of subchondral bone and articular cartilage, 
abnormalities of ossification of articular cartilage, 
hereditary influences and generalized disorders such as 
multiple epiphyseal dysplasia and Frolich's syndrome. 

Clinical Features 

Osteochondritis dissecans commonly occurs in children 
and adolescents (juvénile osteochondritis) between 
10 and 20 years of âge. It is more prévalent in boys than 
in girls. Osteochondritis dissecans can also occur after 
skeletal maturity. Juvénile osteochondritis dissecans and 
osteochondritis dissecans in adults are not équivalent 
lésions. In the former, patients hâve a high likelihood of 
healing of the lésion with conservative treatment. In 
adults a more aggressive form of treatment is required 
to save the osteochondritis dissecans fragment. The 
condition predominantly affects the latéral aspect of the 
médial fémoral condyle near the attachment of the 
posterior cruciate ligament, but it can occur elsewhere 
on the articular surface of the condyle. The latéral fémoral 
condyle is involved in approximately 15% of ail knees 

(Fig-1)- 

Osteochondritis dissecans must be differentiated from 
chondral séparation, chondral flap, osteochondral 
fracture and osteonecrosis (Fig. 2). These conditions are 
often erroneously included under the heading of 
osteochondritis dissecans, perhaps because the 
radiological appearances are similar. Arthroscopy makes 
it easy to separate one condition from another. 
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Inferocentral Anterior 

13% 2% 

Fig. 1 : Sites of lésions of osteochondritis dissecans of the knee 


Symptoms and Signs 

The symptoms of osteochondritis are often vague and 
intermittent. Patients présent with lowgrade pain, 
récurrent swelling, catching, locking, joint irritability or 
giving way. A high degree of suspicion is required to 
diagnose the condition as the clinical signs may often be 
inconclusive. Examination findings include localized 
tenderness over the affected area, effusion, quadriceps 
atrophy, crepitus and restriction of knee movement. 
Larson reported that internally rotating the tibia and 
extending the knee slowly may produce pain at 
approximately 30 degrees. The patient walks with the 
foot externally rotated to relieve pain. A loose body may 
occasionally be palpated in the knee joint. Rarely 
osteochondritis may be an incidental finding on 
radiograph. 


Investigations 

Plain radiographs show a well-circumscribed fragment 
of subchondral bone separated from the underlying 
fémoral condyle by a radiolucent crescent-shaped line 
(Figs 3 and 4). The lésion may be better seen on the 
'Tunnel" or "intercondylar notch" view. As the fragment 
gradually séparâtes, a crater or dépréssion may be seen. 
Since the lésion is often bilateral in 30 to 40% of the cases, 
it is mandatory to obtain plain radiographs of both knees 
even if the contralatéral knee is asymptomatic. 

The exact location and size of lésion should be 
meticulously recorded. It should be stated whether the 
weight-bearing or nonweight-bearing area of the fémoral 
articular surface is affected. Radioisotope bone scan, 
tomography, CT scan and MRI are the other investigative 
procedures useful for the évaluation of osteochondritis 
dissecans. The bone scan will demonstrate obscure active 
lésions not seen on routine films and will also rule out 
active bilateral disease. The scan is of no value in 
determining the rate of healing or degree of healing after 
surgery, since the uptake can remain high and lasts many 
months. Cahill and Berg demonstrated the usefulness of 
single-photon émission computed tomography (SPECT) 
in monitoring treatment of juvénile osteochondritis 
dissecans. Tomography and CT scans provide 
architectural description of the lésion but are unable to 
assist in evaluating healing of the lésion or the status of 
the articular cartilage. MRI is a sensitive technique not 
only for early diagnosis of osteochondritis dissecans of 
the knee, but appears to be the investigation of choice. It 



Figs 2 A to G: Types of lésions of the fémoral condyle: (A) Normal, (B) chondral séparation, (C) chondral flap, (D) osteochondral 
fracture, (E) separating osteochondritis dissecans, (F) loose body from osteochondritis dissecans, and (G) osteonecrosis 
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Fig. 3 Fig. 4 

Figs 3 and 4: Plain radiographs of an osteochondritis dissecans lésion 


demonstrates the extent of the lésion clearly, because 
changes in the marrow and cartilage can be seen. It can 
be used postoperatively to assess healing and articular 
cartilage integrity. 

Arthroscopy 

Despite obtaining of any number of radiographie studies, 
arthroscopic examination gives the most accurate 
appraisal of the articular cartilage integrity and the 
condition of the underlying bone fragment. Arthroscopy 
is the best method to stage these lésions. 

Stage I: It is an intact lésion with no break in the articular 
cartilage. However, the cartilage may be discolored or 
softened. Careful probing reveals that the underlying 
bone is intact and not mobile. 

Stage II: It is a separated lésion where the bone moves 
under the articular surface. 

Stage III: It is a detached lésion. It présents as a portion of 
the surface articular cartilage flaking into the joint. 

Stage IV: The final category is a completely detached 
lésion—a loose body. 

Arthroscopy is also used therapeutically to treat 
osteochondritis dissecans. 

Treatment 

It is generally agreed that the management of osteo¬ 
chondritis dissecans dépends on the site, size, stability of 


the fragment and the âge of the patient. If the fragment 
does not heal before the physis closes, there is an overall 
poor prognosis. 

Non-operative Treatment 

In a young child with osteochondritis dissecans, with a 
lésion in situ and which is only minimally symptomatic, 
nonoperative treatment is preferred. Patients are advised 
to limit their activity and are encouraged to walk 
nonweight bearing using crutches for 8 to 10 weeks. This 
helps in reducing the acute symptoms and also facilitâtes 
healing of the lésion. Activity is restricted till the lésion 
heals. The child should be reviewed regularly clinically, 
radiologically, and if necessary by radioisotope bone scan 
and MRI. 

Operative Treatment 

Numerous surgical procedures hâve been advocated for 
osteochondritis dissecans. These include drilling, internai 
fixation with pins and screws, bone grafting and excision 
of the fragment with or without curetting of the crater. 

Drilling: It is most applicable in skeletally immature 
patients who are symptomatic, and who hâve stable 
lésions, i.e. which do not move when arthroscopically 
probed. Drilling can be done either arthroscopically or 
via an arthrotomy. Smooth Kirschner wires are generally 
used. Drilling is done through the articular cartilage and 
bone fragment into the underlying trabecular bone. It 
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helps by encouraging revascularization of the lésion by 
vessels that traverse the predrilled holes. 

Internai fixation: If the child is symptomatic and the lésion 
is unstable, internai fixation is advised. As in drilling, 
the procedure can be done arthroscopically with 
significantly less morbidity or by an arthrotomy. Either 
"K" wires, or pins are used to fix the osteochondritis 
dissecans fragment. Care must be taken to see that the 
screws do not cross the growth plate. 

Following fixation, the knee is immobilized till the 
pin is removed 6 to 8 weeks later. The second procedure 
is helpful in assessment of healing and is useful in 
planning réhabilitation. Activities should be restricted till 
there is clinical and radiological evidence of healing. 

In adults where healing of the osteochondritis 
dissecans is difficult to obtain, compression screws are 
often used. The Herbert screw has also been 
recommended for fixing the osteochondritis dissecans 
fragment. 

Bone grafting: With varying success, bone grafting with 
tibial bone pegs with or without pinning has been used. 
The graft is obtained from the proximal tibia or the iliac 
crest. One end is tapered to a sharp point and placed into 
predrilled holes and tapped into position. 

Excision of Osteochondritis Dissecans 

If the lésion is a severely fragmented unstable lésion, or 
if it is a loose body of long-standing duration, the 
fragment must be removed. The résultant crater should 
be prepared with a curette or burr or debrided down to 
bleeding subchondral bone. 

The crater left after the fragment excision should be 
reinspected arthroscopically 6 to 9 months later to assess 
the quality of the fibrocartilaginous repair. 

Complications 

Many complications can occur in treating ostochondritis 
dissecans. Some relate specifically to the disease entity 
itself and some relate to general complications of surgery. 

Failure to recognize osteochondritis dissecans on 
radiographs poses the risk of the disease progressing from 
an early treatable form to one destined to progress to a 
loose body with crater formation. Follow-up physical 
examination and radiographie studies are mandatory 
especially in young patients with unexplained knee plain. 

Excess long periods of immobilization can resuit in 
knee stiffness and quadriceps atrophy and weakness. 

Arthroscopic treatment must be performed with 
meticulous attention in detail to avoid complications. 
These include damage to articular cartilage, splinting of 
the bone fragment and inadéquate fixation. Pin and wire 


breakage should also be avoided. Insertion and removal 
of screws must be performed with great care to avoid a 
loose screw in the joint. 

Bone grafts if not countersunk can stand proud 
producing articular cartilage damage. 

Care should be taken to avoid Crossing the growth 
plate with bone pegs or screws—otherwise deformities 
will resuit. Late degenerative arthritis of the involved 
fémoral condyle is primarily a problem with large lésions 
particularly those in weight-bearing areas, especially if 
flattening of fémoral condyle has occurred or if a large 
loose body has separated and not been treated at the 
appropriate time. 

Summary of the Treatment of 
Osteochondritis Dissecans 

1. In a young child who is asymptomatic, with a lésion 
in situ , conservative treatment is advocated. 

2. If the child is symptomatic and has a lésion in situ 
which is stable—drilling should be considered. If 
unstable, internai fixation is advised. 

3. In an adult with an osteochondritis dissecans lésion 
in situ since spontaneous healing is unlikely, the lésion 
should be drilled if stable or internally fixed if 
unstable. 

4. If the lésion is severely fragmented or is unstable, or 
if it is a loose body, the fragment must be removed. 
The crater should preferably be debrided down to 
bleeding subchondral bone. 

5. In patients with large defects on the weight-bearing 
surface—allografts can be considered. 
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314.1 Quadriceps Contracture 


John Ebnezar 


INTRODUCTION 

The knee joint has always been a marvel of engineering. 
Corne to think of it everyday from the moment we get 
up till we retire to bed we are on our knees. For Indians 
high flexion activities like squatting is a way of life. If for 
some reasons muscles that bring about flexion and 1 
extension of the knees develop contractures severe 
disability develops. A straight and stiff knee due to 
quadriceps contracture is a disabled knee. Mercifully 
extension contractures are less than flexion 
contractuacures. Contracture in a muscle could be due 
to fibrosis or scarring that could cause shortness of the 
muscle with respect to bone and joints. This leads to 
limitation of joint movements and fixed deformities. 

Causes: Quadriceps 4 contracture could develop due to 
congénital or acquired causes. It is the latter that is more 
common. 

Congénital: 5 causes are arthrogryposis multiplex 
congenita, congénital genur recurvatum, and spina bifida. 

Acquired causes in infants: Repeated injections into the 
quadriceps, fracture of the fémur with quadriceps 
adhèrent to the callus, prolonged immobilization of the 
knee in a plaster cast following a injury to the lower limb, 
no mobilization after fixation of fractures of fémoral shaft, 
injections and chronic osteomyelitis of the fémur and 
injury to the quadriceps muscles. 


POST INJECTION QUADRICEPS CONTRACTURES 

This is the common variety of acquired quadriceps 
contracture. 

Historical facts of interest: Hinkwosky first reported it in 
1961 in 12 children, Fairbank 2 and Brett first said it could 
be congénital. Gunn 3 in 1964 first established a link 
between repeated intramuscular injection into the thigh 
and quadriceps contracture. 

Clinical history: There is usually always a history of severe 
infections in infancy like severe bronchopneumonia, 
septicemia, acute gastroenteritis, CHD, néonatal jaundice, 
etc. Thus a careful évaluation of the past history is of 
extreme importance. For the above infections there is 
history of repeated intramuscular injections into the thigh, 
and over the formative years, the child slowly loses its 
ability to flex the knees. 

Injections which commonly cause quadriceps contracture 

• Tetanus toxoid (Most common in Japan) 

• Antibiotics 

• Vitamin K 

• Ascorbic Acid 

Predisposing factors: The following factors contribute to 
the development of post injection quadriceps con¬ 
tractures: 

• Low socioeconomic conditions 

• Poor nutrition 

• Prolonged Recumbency 
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Sites of contractures are vastus intermedius 1 (due to 6 
the poor blood supply among the quadriceps groups), 
vastus laterlais, tendinous b and along the anteromedial 
border of the vastus lateralis and rectus femoris especially 
in Japan where injection are given in front of the thigh. 

PATHOMECHANICS 

Due to the sheer bulk of the médications injected into 
the less bulky quadriceps muscle of an infant and due 
to the toxicity of the drugs, the capillaries and muscle 
bundles are compressed leading to muscle necrosis 
and subséquent fibrosis. The muscle tends to develop 
as the child grows older and progressive loss of flexion is 
seen. 

The following structures are involved according to 
Nicoll: 7 

• Fibrosis of vastus intermedius down the rectus 
femoris to the fémur proximally and in the 
suprapatellar pouch 9 

• Adhesions between the patella and the fémoral 
condyle 

• Latéral expansions of the vasti fibrosed, shortened and 
adhered to the fémoral condyle 

• There could be actual shortening of the rectus femoris 
muscle. 8 

Clinical Features 

History of repeated intramuscular injection into the thigh, 
history of some previous diseases in the infancy. At birth 
both the knees appear normal. 

Graduai limitation of the flexion, both active and 
passive, is then noticed by the parents. In Asian countries, 
parents first become concerned when their child fails to 
squat, and a child walks with a straight knee gait. 


Clinical Signs 

Examination of the child should be carried out. 

On inspection of the knee: 

• Wasting of the front of the thigh 

• Absence of skin creases over the knee 

• Small patella 

• High riding patella - (Patellae acta) 

• Forward inclination of the pelvis 

• Injection scars are visible in the mid-thigh. These 
become prominent on flexion of the knee 

• White patches and dimpling of the skin are due to 
subcutaneous atrophy 

• Genu recurvatum may be seen with growth and 
subluxation could resuit 

• Habituai dislocation is usually seen 

• In a dislocated position of the patella, knee flexion is 
full. 

Régional Examination 

• Exaggerated lumbar lordosis 

• Prominent abdomen 

• Forward inclination of the pelvis. 

Clinical Tests 

In the Supine Position 

1. Thoms's Test: It is frequently positive (Fig. 1). 

2. Ely's Test: The knee is slowly flexed in a supine 
position. It done up to a point and later the hip on the 
same side will automatically flex and is seen to rise 
up from the bed indicating that the rectus on that side 
is tight. 

3. Patella is firmly held in the midline and the knee is 
flexed. Not more than 30 degree of flexion is possible. 



Fig. 1 : Showing the method of performing the Thomas test (from Text Book of orthopedics, III édition by Dr John Ebnezar) 














3000 Textbook of Orthopedics and Trauma (Volume 4) 



Fig. 2: Showing the method of performing the Reverse Ely's 
test (from Text Book of orthopedics, III édition by Dr John 
Ebnezar) 



Fig. 3: Showing the radiographie changes in infantile quadriceps 
contracture (from Sengupta, Text book of Orthopedics, GS 
Kulkarni, I édition) 


Further flexion is possible on allowing the patella to 
dislocate laterally. 

In the Prone Position 

Reverse Ely's Test: The trunk and the thigh are in contact 
with the table and the knees are hanging on the edge. As 
the knee is flexed, lordosis slowly increases (Fig. 2). 

In the latéral position: Ober's test. This is usually positive. 


• Displacement of patella 

• High riding patella (patellae acta) 

• Hypoplastic patella 

• Flattening of the fémoral condyles 

• Genu recurvatum 

• Anterior dislocation of the tibia 

• Degenerative changes seen in the joint late. 

Treatment 

Conservative Methods 

Physiotherapy and stretching has very little in the 
management of established quadriceps contracture and 
is mentioned here only for completion. 

Surgery: This is the treatment of choice. Surgical 
lengthening of the quadriceps can be done either 
proximally or distally. 

Surgical Methods 

Proximal release (Fig. 4): This is indicated during the early 
stages of contractures when there are no significant 
changes seen in the joint. Sengupta recommends proximal 
release. 11 

• This helps to eliminate extensor lag and prevent 
hemarthrosis of the knee 

• Here the affected muscle is in the upper latéral part 
of the thigh involving mostly the vastus lateralis and 
intermedius muscles. 

Procedure 

• A curved incision is taken along the base of the greater 
trochanter and down the mid-thigh laterally. The 
length of the incision dépends upon the degree of 
contractures 

• The contracted iliotibial tract and the tendon of fascia 
lata are transversally eut 

• Now the vastus lateralis is released along the origin 
from the greater trochanter, trochanteric line and 
intermuscular septum 

• The intermedius is released next 

• The knee is gradually bent and the remaining 
adhesion is now released 

• And finally if the rectus femoris is contracted it is 
released 

• Complété flexion of the knee should now be possible. 


RADIOGRAPHIC FINDINGS 

The knee is normal in early stages. In the later stages the 
foliowing changes may be seen (Fig. 3). 


Postoperative Protocol 

• The knee is maintained in full knee flexion for 4 weeks 
in a plaster slab 
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Fig. 5: Showing the extensor lag (from Text Book of 
orthopedics, III édition by Dr John Ebnezar) 


• Later active and passive range of movements exercises 
are begun 

• Knee stretching exercises are carried out for a 
prolonged period. 


Figs 4A to D: Showing the surgical technique of proximal 
quadriceps contracture release (from Sengupta,Text book of 
Orthopedics, GS Kulkarni, I édition) 


• Quadriceps exercises are then begun 

• After 3-4 weeks, child is allowed to walk 

• After 12-14 weeks, it can be allowed to get up from 
the squatting position 

• Knee stretching exercises should be continued 
throughout the growth period. 

Distal Release: Thompson's Quadriceps Plasty 12 

This is the most commonly done procedure in India. 10 

The steps of the procedure are as follows: 

• Antérolatéral incision in the distal third of the thigh 
and the knee 

• Vasti is exposed and separated from the recti and also 
on the either side of the patella and partially excised 

• Remaining adhesions are slowly released by 
gradually bending the knee 

• If the rectus muscle is contracted-Y plasty is done. 

Disadvantages 

• Knee hemarthrosis 

• Extensor lag (Fig. 5). 

POSTOPERATIVE REHABILITATION 

• The leg is kept in plaster splint in a flexion of 70-90° 
for 10-12 days 


Other Procedures 

• If genu recurvatum has developed, supracondylar 
fémoral osteotomy can be done 

• In severe cases, knee arthrodesis is indicated 

• If only rectus femoris in involved 8 (Knee movement 
is full with the hip flexed but restricted when hip is 
extended). Through a longitudinal skin incision, the 
fibrotic rectus femoris are eut transversely (Sasaki 
et al). 

In récurrent dislocation of patella, reefing of the 
médial capsule of the knee may need to be done in 
addition to the above procedure. This surgery is 
performed after the child is 6 years of âge. If récurrence 
still continues, gracilis tendon may be transferred to 
the supero-medial aspect of the patella. 

Prognostic Factors 

Poor prognosis is indicated by 

• Genu recurvatum 

• Elderly patient 

• Post polio quadriceps. 

Results 

Criteria: Active and passive extension of the knees. 

Grading 

• Good: 90-135° 

• Fair: 45-90° plus extension lag présent 

• Poor: More extension lag + decrease power in the 
quadriceps. 
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314.2 Bursae Around the Knee 

N Naik 


INTRODUCTION 

Bursae are a sac lined by membrane similar to synovium. 
These are usually located around a joint or at points where 
the tendon moves over a bony prominence. They may or 
may not communicate with the joint. There are two types 
of bursae, viz those normally présent (Semimembranosus 
bursa) and adventitious bursae produced by repeated 
trauma or constant friction or pressure (e.g. over an 
osteochondroma). Adventitious bursae lack a true 
endothélial or synovial lining, but they are similar to 
normal bursae in behavior and pathological affection. 

Bursitis can be caused by acute or chronic trauma, 
acute or chronic pyogénie infection, low-grade infectious 
conditions such as tuberculosis, goût, rheumatoid 
arthritis, syphilis, etc. 

Anatomically there are many bursae around the knee 
joint. 

1. Prepatellar bursa—located between skin and patella 

2. Infrapatellar bursa—deep and superficial, depending 
on relation to patellar tendon. The bursa separate the 
ligament from the tibia and pad of fat (Figs 1A and B) 

3. Pes anserinus bursa lies between the tendons of sar- 
torius, gracilis, semitendinosus and tibia 

4. Popliteal bursa 

5. Bursa deep to tibial collateral ligament 

6. Bursa deep to fibular collateral ligament 

7. Semimembranous bursa 

8. Bursa deep to tendon of gastroenemius. 


Popliteal Cyst (Baker’s cyst) 

Baker actually described a tuberculous cyst in 1877. It 
was earlier described by Adams in 1840. 

It can be produced either by herniation of synovial 
membrane through posterior capsule of knee or by escape 
of fluid through the normal communication of the bursa 
with the knee, i.e. either semimembranous or médial 
gastroenemius bursa. 



In children 

In adults 

Intraarticular pathology 

Rare 

Common 

Communication with knee 

Common 

May or may not 

Results of aspiration 
or neglect 

Résolve 

Do not résolve 

Récurrence after 

Rare 

Common if primary 

surgery 


pathology is not treated 


Giant synovial cysts ofealf: These are huge cysts that dissect 
in the calf muscles, usually hâve a communication with 
knee, usually in rheumatoid arthritis patients, produce a 
syndrome like thrombophlebitis. Arthrography and 
ultrasound of calf clinch the diagnosis. They may need 
synovectomy in addition to excision of cyst. 

Diagnosis 

Diagnosis is easy. The disappearance of swelling on 
flexion of knee confirms its communication to knee. 
Transillumination test may be done. 
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Figs IA and B: The bursae of the knee: (A) Latéral view— 
these are potential spaces that may swell and fill with fluid when 
they become chronically inflamed. They generally lie between 
tendon and bone, and (B) Médial view—the pes anserinus and 
semimembranosus bursae become inflamed most frequently 


Differential Diagnosis 

It should be distinguished from lipomas, xanthomas, 
vascular tumors, aneurysm of popliteal artery, fibro- 
sarcomas and other tumors, thrombophlebitis and pyo¬ 
génie abscess. 

Investigations 

Aspiration will differentiate from abscess and may be 
curative in children. Steroids may be injected at same 
sitting. 

Arthrography, MRI, ultrasound may be helpful. 
Careful arthroscopic examination should be per- 
formed before excision to treat intraarticular pathologies 
like chondromalacia patellae, meniscal tears and 
synovitis. Arthroscopic aspiration for knee effusion may 
résolve cyst if it is communicating with knee joint. 

Semimembranous bursitis: This is a double bursa located 
between médial fémoral condyle and tendon as well as 
between médial head of gastroenemius and tendon. It 
présents as a swelling in the médial side of popliteal space 
either on médial side of semimebranous tendon or more 
commonly on latéral side of semimembranous tendon. 

Médial gastroenemius bursitis: It usually présents as a 
swelling in the midline with extension under the tendon 
of médial head of gastroenemius. 


Surgical Treatment 

It is excised either through posteromedial Henderson 
incision or through a lazy "S" midline incision. After 
complété removal of bursa, the capsular orifice is closed 
by scarification of edges or simple suture or a graft from 
tendinous part of médial head of gastroenemius or 
semimembranous tendon (Heggart). Burleson et al 
believed that failure to close an opening does not increase 
the incidence of récurrence. 

Prepatellar Bursitis 

In most of the people, prepatellar bursitis is sub- 
cutaneously présent. It is usually located superficial to 
lower half of patella and upper half of patellar ligament. 

It becomes chronically inflamed in those whose occu¬ 
pation involves much kneeling and the inflammation is 
called as "housemaid's knee". This may be caused by 
acute trauma with swelling anterior to patella. Pyogénie 
prepatellar bursitis need to be differentiated from arthritis 
for fear of causing pyogénie arthritis because of wrong 
diagnosis. 

Treatment 

One or two aspirations are usually adéquate along with 
injection of appropriate drug. For acute suppurative 
bursitis, incision and drainage are performed. 
Occasionally, in most résistant cases, the bursa may be 
excised totally using local or régional anesthetic. 

Intrapatellar Bursitis 

It is located between the tuberosity of tibia and patellar 
tendon and is separated from the synovium by pad of 
fat. It présents as a fluctuant swelling that oblitérâtes the 
hollow on either side of the patellar tendon with loss of 
full extension, résistance to full flexion and maximum 
tenderness near that patellar ligament. 

It should be aspirated taking care not to enter the knee. 
If pyogénie incision and drainage are performed through 
médial parapatellar incision, it responds well usually to 
conservative treatment. 

Pes Anserine Bursitis 

It is usually overdiagnosed and need to be differentiated 
from médial meniscal tears, degenerative osteoarthritis, 
osteonecrosis and stress fracture. The pain is located distal 
to joint line. Warmth, exercise, antiinflammatory drugs 
provide relief, injection of steroid may be administered. 
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Tibial Collateral Ligament Bursitis 

As many as five bursae are described between the longi¬ 
tudinal part of tibial collateral ligament and capsule of 
knee presenting as tenderness and swelling on course of 
ligament. Calcification in these bursae will produce 
Pellegrini-Stieda disease. They respond favorably to 
appropriate steroid injection. If symptoms do not respond 
to one or two injections, then MRI and arthroscopy should 
be considered to evaluate meniscal pathologies. 

Fibular Collateral Ligament Bursitis 

It présents as a swelling which is extrasynovial lying just 
anterior or posterior to fibular collateral ligament. Varus 
strain is painful, symptoms of internai dérangement are 
absent. It needs to be differentiated from biceps tendinitis, 
partial biceps avulsion, popliteus tendon popping. 

When a mass is not évident, injections of local anes- 
thetic with a steroid along with support and rest usually 
relieve the symptoms. When mass is palpable excision is 
curative. 
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314.3 Stiff Knee 


INTRODUCTION 

Loss of motion at the knee joint leads to an extremely 
crippling deformity not only in terms of functional loss 
but in the certain professions can also lead to loss of 
occupation. 

The proper and timely management of this condition 
can often give satisfying results however one should 
always try to maintain the function of the quadriceps. 
The term arthrofibrosis is used to describe a group of 
condition characterized by loss of motion at the knee joint. 
Arthrofibrosis 1 is best defined as a condition of restricted 
knee motion characterized by dense proliférative scar 
formation in which intra-articular and extra-articular 
adhesions can progressively spread to limit joint motion. 

ETIOPATHOGENESIS 

Several cause are responsible for proliférative scar 
formation in the knee the most important of which is often 
prolonged immobilization by the surgeon following 
trauma. If the patient has been treated by means of 


GS Kulkarni, Tuhid Irani 

surgical intervention for example an intramedullary nail 
following a fracture of the fémoral shaft then early passive 
and active mobilation is required to prevent arthro¬ 
fibrosis. Prolonged immobilization of the knee in exten¬ 
sion in such cases is often disastrous. Disuse may induce 
abnormal cross-links between collagen fibers at abnormal 
locations decreasing their extensibility and promoting 
intra-articular and extra-articular scarring 2,3 (Fig. 1) 

Other common causes include patients with RA and 
TB of the knee joint who hâve received chemotherapy 
but hâve not been given effective physiotherapy. The use 
of fixators to lengthen the fémur has resulted in patients 
with stiff knees following lengthening. 4 Rare causes of 
flexion deformity in the knee includes arthrogryposis, 
amniotic bands and hemophilia. 

The hallmark of arthrofibrosis of the knee is 
progressive scar formation. This scar tissue is formed 
within the joint, the extensions of the synovial fold and 
the quadriceps musculature. The fibrous scar tissue forms 
as a resuit of an inflammatory cascade that is triggered 
of by the trauma and worsened by prolonged immobili¬ 
zation and pain. 
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The fibrosis is intra as well as extra articular particular 
patterns of fibrosis often lead to sélective loss of either 
flexion or extension. 

The following structures are involved in the loss of 
flexion according to Nicoll: 5 

• Fibrosis of vastus intermedius down the rectus 
femoris to the fémur proximally and in the supra- 
patellar pouch 

• Adhesions between the patella and the fémoral 
condyle 

• Latéral expansions of the vasti fibrosed, shortened and 
adhered to the fémoral condyle 

• There could be actual shortening of the rectus femoris 
muscle. 

Fibrosis in the anterior compartment 6,7 includes 
proliférative fibrosis of the infrapatellar fat pad and 
oblitération of the infrapatellar bursa is often responsible 
for loss of extension and FFD at the knee joint. 

Motion is necessary for nutrition of the articular 
cartilage 8,9, continuous movement pumps synovial with 
nutrients into the cartilage. Prolonged stiffness of the knee 
secondary to arthrofibrosis leads to softening of the 
cartilage, fibrillation within the cartilage and eventually 
destruction of cartilage (Fig. 2). 

The pathology of certain spécifie causes of loss of knee 
motion such as infantile quadriceps contracture and 
following ACL reconstruction and TKA are discussed 
elsewhwere. 


Clinical Features 

The patients main complain is loss of motion at the knee. 
Loss of flexion is often debilitating particularly in rural 
India where acts of squatting and sitting cross legged are 
an essential part of life. Loss of extension results in a FFD 


Pain and Arthrofibrosis 


Pain 



| Limitation of quad. fonction 


Knee heJd in flexed position 


| Prolifération of fibrous tissue 



Arthrofibrosis!!! 



Fig. 1 : A flowehart showing how trauma followed by prolonged 
immobilization, associated with uncontrolled pain leads to the 
formation of progressive scar tissue within the knee 


at the knee although the patients complains are less severe 
this condition results in a poor gait and can progress to 
early OA of the knee. The presence of pain is a poor sign 
that indicates on going activity of the inflammatory 
process or presence of cartilage damage. 

Raised local température and swelling are also signs 
of an ongoing inflammatory process and that any 
intervention is best delayed till ail these signs subside. 
The power of the quadriceps should be tested since any 
intervention often leads to a loss of quadriceps power. 
At the time of surgery it is wise to examine the patient 
under anesthésia, the hip should be flexed to 90° and the 
knee allowed to flex with gravity the amount of flexion 
thus obtained is the true limit of flexion, then the hip 
should be allowed to extend and the amount of FFD 
calculated. Finally the amount of patella movement 
should be assessed. 

RADIOLOGICAL EVALUATION 

X-rays of the knee are mandatory and should be weight 
bearing. The presence of radiological evidence of 
degenerative changes in the joint is a contraindication to 
a surgical release. 

Management 

After careful clinical and radiological scrutinization the 
patients can be subjected to surgical intervention. It is 
important to give the patient a realistic picture of the 
return of joint movement and to motivate them for active 
participation in the postoperative physiotherapy. 
Manipulation of the knee under anesthésia alone should 
not be performed 10 it results in indiscriminate tearing of 



Fig. 2: Softening and marked fissuring of the articular cartilage 
over the médial fémoral condyle noted intraoperatively while 
performing an open arthrolysis (Forcolor version see Plate 46) 
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adhesions in the knee, an increased risk of cartilage 
damage and severe pain ail of which resuit in subséquent 
increased arthrofibrosis. 

The idéal time for intervention is 3 to 9 months 1 
following the initial trauma when ail the acute signs of 
inflammation hâve subsided. A delay in treatment for 
more than a year results in permanent damage to the 
articular cartilage. The management of the stiff knee 
includes one of several surgical options: 

• Quadricepsplasty 

• Arthrofibrolysis 

• Arthrodiatasis 

These surgical options can be performed either 
individually or in combinations. 

Quadricepsplasty 

It is a term used to describe a group of procedures which 
involve the release fibrous adhesions within the 
quadriceps mechanism. It is mainly performed for knee 
stiff in extension. A variety of quadricepsplasties hâve 
been described, they can best be classified into. 

Distal Quadricesplasty 

• Thompson, 1944 11 

• Thompson modified (Hahn et al), 2000 12 

• Mini- Quadricepsplasty (Wang et al), 2006 13,14 

Proximal Quadricesplasty 

• Judet, 1959 15 

• Sengupta 16 

• Paley 17 

The details of the various procedures is described in 
the section on infantile quadriceps contracture. 

Arthrolysis 1 ’ 36 

This involves the release of ail adhesions within the joint 
and the various synovial refléchons. A through release 
of ail adhesions while preserving the weak articular 
cartilage is a must. Arthrolysis may be performed both 
as an open procedure and by arthroscopic means 
(Fig. 3). The use of the arthroscopic method combined 
with a mini quadricepsplasty has been described by Jian- 
Hua Wang, et al 13 in twenty-two patients with severely 
arthrofibrotic knees the average maximum degree of 
flexion increased from 27° preoperatively to 115°. It has 
the advantages of being minimally invasive, causing less 
damage to the quadriceps musculature and allowing a 
complété évaluation of the joint. However an arthroscopic 
release is highly technically demanding there is difficulty 
in primarily inserting the cannula, forceful insertion can 
often damage the weak articular cartilage. 


Certain key steps of an open arthrolysis of the knee 

joint are described below: 

• The skin incision should be along previous incisions 
or taken keeping in mind a distal quadricepsplasty 

• The supra-patella pouch, the undersurface of the 
patella, and the infrapatella fat pad should ail be 
completely freed of adhesions (Figs 4A and B) 

• Ail adhesions within the latéral and médial recesses 
should then be released. They can be identified as 
dense bands of fibrous tissue that runs from the fémur 
to the retinaculum 

• The adhesions in the trochlea région are then excised 
while preserving the cruciate ligaments 

• It is important to release ail adhesions that bind the 
menisci to the surface of the tibia and prevent free 
gliding movement of the menisci. This is a very 
important step since the immobile menisci act as a 
door stopper preventing the smooth gliding 
movement of the fémur over the tibia. While 
performing this release it is important not to sacrifice 
the anterior intermeniscal ligament 

• While releasing ail adhesions it is important that at 
no time articular cartilage be destroyed 

• A through hemostasis should be performed prior to 
closure. Any haematoma inside the joint will 
prédisposé to further fibrosis within the joint. 

ARTHRODIATASIS 18 

Arthrodiatasis, the use of a distraction hinge to stretch 

periarticular soft tissues while protecting underlying 



Fig. 3: The dotted lines show the incisions to be taken for the 
Mini-Quadricepsplasty. This incision provides adéquate release 
of the scarred quadriceps without significant extension lag' (from 
Jian-Hua Wang, Jin-Zhong Zhao, and Yao-Hua He. A New 
Treatment Strategy for Severe Arthrofibrosis of the Knee. JBJS 
2006 88: 1245-50) 
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Figs 4A and B: (A) A case of a knee stiff in extension, the intraoperative picture shows adhesions within the suprapatellar 
pouch (circled area). B) The suprapatella pouch following the release of adhesions (Forcolor version see Plate 46) 


cartilage or even allowing fibrocartilage to fill a narrowed 
joint space, is a unique variation of the Ilizarov method. 
Experimental evidence shows that low load prolonged 
stretch is preferred over high load brief intermittent 
stretch in the élongation of collagen. Previously non 
surgical methods included serial plaster 19 casting, 
dynamic splinting, and traction, however these methods 
were only successful in cases with minimal deformity 
and were associated with a high number of complications 
such as skin necrosis, knee subluxation, articular cartilage 
compression and required the patient to be non 
ambulatory. The technique of using external fixators was 
pioneered by Ilizarov in Kurgan and Volkov and 
Oganesyan 20 in Moscow. The advantages of this 
technique include its versatility, the patient is ambulatory, 
subluxation of the knee is correctable, and large 
deformities can be corrected without fear of neuro- 
vascular complications. 

In very severe deformities, a posterior release of the 
Hamstrings and posterior capsule may be performed 
prior to fixator application. The procedure is performed 
using a preconstructed frame consisting of two tibial rings 
and two fémoral rings (an arch may be used) (Fig. 5). In 
the knee there is no one true center of rotation since the 
normal flexion is a combination of gliding and rotation. 
The instant center of rotation slides backwards to 
accommodate the backward glide of the fémur on the 
tibia during flexion. For uniaxial hinge correction it is 
possible to make an approximation of the center of 
rotation at the point of intersection of the inter condylar 
notch and the posterior cortex. 21 Initially a wire or 
Steinmann pin is passed at this estimated center of 


rotation, keeping it parallel to the knee joint line (Fig. 6). 
This wire serves as a reference point for mounting the 
previously constructed construct frame. The frame is then 
fixed to the fémur and tibia using a combination of wires 
and half pins. 

Initially the joint is distracted uniformly to achieve a 
joint space of 5-10 mm, following which distraction is 
performed on the distraction bar at a rate calculated by 
the rule of triangles and keeping in mind the patient's 
tolérance level. The removal of the distractor allows the 
patient to perform passive flexion 2-3 times a day. The 
correction is carried out till hyperextension is achieved 



Fig. 5: The preconstructed frame routinely used for 
arthrodiatasis. It consists of two fémoral and two tibial rings. 
Notice the position of the distraction bar (posteriorly) and the 
hinges 
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Fig. 6: Diagram tic représentation of the hinge placement. A 
wire is passed to represent the instant center of rotation 

foliowing which the fixator is kept in situ for 4-6 weeks. 
The patient then uses a removable extension orthosis on 
removal of the fixator. 

The common complications following this treatment 
are pin tract infections, pain and skin necrosis. Although 
physeal séparations in children and nerve palsy hâve 
been reported they are relatively rare complications. A 
'rebound phenomenon' as described by Herzenberg 18 is 
commonly seen, that is in spite of complété correction 
with the fixator, there is a slight récurrence of the 
deformity afterwards. A well planned physiotherapy 
programme reduces the severity of the récurrence (Figs 
7A and B). 
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Paleethnologists trace the origin of foot in Devonian 
period (350,000,000 Years ago), in a fish "Eustenopteron", 
which lived in the sweet fresh waters of the Greenland. 

It is about 5,000,000 years ago, that the thoracic and 
abdominal pinnae of the fish became armed with five 
bony longitudinal éléments with a short bone at their 
proximal end, which was to become the tarsus later on. 
So, the fish could swim in the water and also managed to 
walk on the ground; the so-called foot of the fish had no 

leg- 

About 20,000,000 years after Eustenopteron, the thigh 
and leg components appeared in the amphibians. In them 
the feet anyhow served to control the movements made 
by the abdomen. 

The foot passed with few modifications through the 
period of great 'monsters' (which were amphibians or 
reptiles) to the "proscimae" (the ancestors of the monkey), 
which showed the beginning of shape of the human foot, 
with developed seven éléments of tarsus. The forefoot 
was constituted of meta tarsus (very long bones) folio wed 
by very long toes. Even today such foot can be observed 
in the "Galgo" a genus of large eared, long tailed, natural 
African Lemure. 

In these early monkeys, the foot was in the same axis 
of the leg, the tarsi were in the same plane without trace 
of any arch, and the ratio between the forefoot to hindfoot 
was 3:1. 

Gradually in an estimated period of 3,000,000 years, 
the calcanéum which was lying at the side of the talus, 
slipped beneath it, and the arches of the foot appeared. 
These helped in allowing the weight bearing in an upright 
posture and habituai bipedalism. 

The profound evolutionary changes helped the 
developement of the human foot in assuming the bipedal 
(erect and orthograde) stance and locomotion from that 


of quadripedal with the responsibility of adjusting the 
center of the line of gravity to a very small supporting 
surface. 

To balance the weight bearing and provide stability 
in upright posture, the outgrowth of the heel occurred, 
and the curves developed in the spine. Functionally, the 
foot of the quadripedals and monkeys has been designed 
to hop, step and jump in a ceaseless sequence besides to 
climb and grasp. Whereas in human being, the main 
function of the foot became the balanced weight bearing 
and locomotion. To adopt to the posterior shift of weight 
bearing stress, the size of the major revolutionary change 
was doser approximation and firmly tieing up of the 
formerly free moving first metatarsal segment to the 
second. The first segment became longer, stronger and 
posterior, in its prehenside rôle, and thus, allows the foot 
to point more and more forward, and provide better 
leverage in locomotion. 

Embryological Development of (human) Foot 1 

By fourth week of intrauterine life, the limbs begin to 
appear as limb buds. The hindlimb bud appears opposite 
the lumbar and sacral segments of the trunk. The bud 
grows and gets subdivided into thigh, leg, and foot by 
constriction or flexion creases. The terminal portion of 
the limb bud represents the foot as a flattened expansion, 
the foot plate. The mesenchymal tissue in the periphery 
of this plate condenses to outline the patterns of the digits, 
and the thinner intervening régions break down from 
the circumferences inwards sculpturing the interdigital 
clefts. 4 

Initially, the foot lies on the same axis as the tibia and 
the calcanéum lies by the side of the talus, fibula, which 
is earlier shorter than the tibia and is situated on the top 
pôle of calcanéum starts growing in length, and is pushed 
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on the posterior pôle of calcanéum. Calcanéum is, thus, 
moved from low to high and from behind to forward. In 
its movement, it brings with it, the whole foot, which in 
turn is depolarized from its coaxiality with the leg and 
arrives at 90° with the tibia and fibula. 

The continued growth of fibula gradually pushes 
upon the latéral pôle of calcanéum, resulting ultimately 
in shifting the calcanéum, underneath the talus. 

Back of the leg and sole of the foot represent the 
original embryonic ventral surface. 

Anatomy of Foot (L. pes, Pedis, 

Gr. pous, Podos sans pad ) 1 

The foot can be conveniently divided into three 
portions according to their main functions: 

i. the hindfoot extends from the back of heel to the 
midplane of the sinus tarsi 

ii. the midfoot extends from the midplane of sinus tarsi 
to the tarsometatarsal joints, 

iii. the forefoot consists of the metatarsals and the 
phalanges. 

Bony Components 

(normally 26 bones are in a human foot) of foot (Fig. 1) 
consists of: 

i. tarsal bones—talus, calcanéum, navicular, cuboid, 
médial, intermediate and latéral cuneiforms 

ii. fourteen phalanges (2 in big toe, and 3 in others) 

iii. sesamoids—they are présent on the médial and 
latéral sides of the MTP joint of the big toe, 
interphalangeal joints of the big toe, in the tendons 
of tibialis posterior adjacent to the navicular, and 
peroneus longus adjacent to the cuboid, and 
occasionally under the metatarsophalangeal (MTP) 




joint of the fifth toe. A sesamoid may be bipartite 
which can be mistaken as a fracture. 

Accessory bones are frequent in the foot. The most 
common is accessory navicular (os tibialis externum) on 
the médial side of navicular in the insertion of tibialis 
posterior. Others are os trigonum (ununited latéral 
tuberosity on the posterior aspect of the talus), os 
subtibiale at the tip of médial malleolus, of subfibulare 
at the tip of latéral malleolus, os calcaneus secundarius 
on the anterosuperior tip of the calcaneus in tarsal tunnel, 
os vesalianum at the proximal end of the fifth metatarsal 
in the insertion of peroneus brevis. 

Soft Tissue Components of Foot 1 

Ligaments: The small bones of foot are bound together 
by numerous ligaments and the capsule of the joints. 
Functionally, important ligaments are (i) spring ligament 
(plantar calcaneonavicular ligament, which is attached 
posteriorly to the anterior border of sustentaculum tali 
and anteriorly to the plantar surface of navicular, (ii) short 
and long plantar ligaments and plantar aponeurosis 
(important in maintaining the longitudinal arch), (iii) the 
bifurcate ligament is a strong "y" shaped ligament which 
forms important bonds between the proximal and distal 
rows of tarsus. 

Muscles and Tendons 3 

The muscles of foot basically fall into two groups. 

1. The extrinsic muscles lie in legs and their tendons pass 
into the foot, and thus control the ankle and foot 
movements. They are grouped into: 

Dorsiflexors 3 

• Tibialis anterior—also inverts the foot 

• Peroneus tertius—also everts the foot 

• Extensor hallucis longus—mainly extends the big toe 

• Extensor digitorum longus—mainly extends other 
4 toes. 

Plantarflexors 

• Triceps surae 

• Tibialis posterior also invert the foot 

• Peroneus longus 

• Peroneus brevis also evert the foot. 

2. The intrinsic muscles lie entirely within the foot, e.g. 

i. on the dorsum extensor digitorum brevis 

ii. arranged in four layers in the sole are: 

• first layer abductor hallucis, flexor digitorum 
brevis, abductor digiti minimi. 
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Fig. 2: The first subfascial layer consists of three muscles: 
(A) abductor digiti minimi, (B) flexor digitorum brevis, 
(C) abductor hallucis. (After Giannestras, NJ: Foot Disorders, 
Medical and Surgical Management (2nd ed) Lea, Febiger: 
Philadelphia 1973) 


• second layer flexor hallucis longus and digitorum 
longus, quadratus plantaea, lumbricals, 

• third layer flexor hallucis brevis, adductor hallucis, 
flexor digiti minimi brevis, 

• fourth layer interossei. 



Fig. 3: The second subfascial layer consists of two tendons 
and two muscle groups: (A) tendon of the flexor hallucis longus, 
(B) tendon of the flexor digitorum longus, (C) quadratus plantae, 
and (D) lumbrical muscles {After Giannestras, NJ: Foot 
Disorders, Medical and Surgical Management (2nd ed) Lea, 
Febiger: Philadelphia 1973) 


iii. Other intertarsal joints 

• cuboideonavicular 

• cuneinavicular 

• inter cuneiform joints. 

iv. Tarsometatarsal joints 

v. Metatarsophalangeal joints 

vi. Interphalangeal joints. 

Arches of the Foot 


Sole of the Foot (Figs 2 to 5) 

Sole of the foot is a specialized structure consisting of 
thick (up to 4 to 5 mm epidermis), tough, closely adhèrent 
to the subcutaneous tissue and very sensitive skin (having 
eccrine glands sensitive to both adrenergic and 
cholinergic stimuli) and fibrofatty tissue. It has the 
function of spreading the weight from the small area of 
the bones to a larger area on the skin. It also acts as shock 
absorber due to enormous fat globules (especially in heel 
where septa from calcaneus to skin are arranged in a 
layered counterspiralling fashion). 

Joints of the Foot 

Joints of the foot can be grouped as: 

i. Subtalar joints: 

• anterior subtalar 

• midsubtalar 

• posterior subtalar (main subtalar joint) 

ii. Midtarsal joints 

• talonavicular joint 

• calcaneocuboid joints. 


The general shape of articulated skeleton (mainly of 
tarsals and metatarsals) of the foot is that of a half dôme 
with inferior concavity. When the two feet are 
approximated together, the two half dômes form a single 
dôme which apear as if built up into an arch form. 

Anatomically the arches of the foot hâve been 
considered into two groups. 

1. Longitudinal arches 

a. Médial longitudinal arch is made up of (from 
posterior to anterior) calcanéum, talus, 
navicular, three cuneiforms and first, second 
and third metatarsals with its summit at talus. 
These arches are maintained by the long muscle 
tendons (TP, FDL, FHL), short muscles of foot, 
and ligaments. 

b. Latéral longitudinal arch is made up from the 
posterior calcaneal post, the cuboid and fourth and 
fifth metatarsals with its summits at the articular 
facet on the upper surface of calcaneus. The arches 
are supported by peroneus longus tendon and 
maintained by the long plantar and plantar 
calcaneocuboid ligaments. 
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Fig. 4: The third subfascial layer consists of three muscles: (A) 
flexor digiti minimi, (B) adductor hallucis, oblique and transverse 
heads, and (C) flexor hallucis brevis (After Giannestras, NJ: 
Foot Disorders, Medical and Surgical Management (2nd ed) 
Lea, Febiger: Philadelphia 1973) 

2. Transverse arches: They are best marked in the middle 
of foot at the posterior parts (bases) of the metatarsals 
and the anterior part of tarsals. It is a half arch (except 
at the heads of the metatarsals which form a complété 
but transverse arch). The complété transverse arch 
being formed when the feet are placed together. 

The precence of the arches confers considérable 
resilience to the foot and makes it a more efficient lever 
for the forwards propulsion of the body. 

The médial longitudinal arch is higher, more mobile 
and résilient and absorbs the forces of weights and 
thrusts. 

The latéral longitudinal arch is low and less mobile 
and is built to transmit weight and thrust to the ground. 

Ossification of Bones of Foot 

Each tarsal bone ossifies from a single center except for 
the calcanéum which has an additional epiphysis for its 
posterior part (Table 1). 

In few persons, the proximal end of fifth metatarsal 
develops from an epiphysis whose ossification center 
appears are 10 to 12 years and fuses with the shaft 
approximately at 15 years of âge. Occasionally, with the 
failure of this fusion, an accessory bone (os vesalium) may 
remain as a separate ossicle. 



Fig. 5: Muscles of the fourth layer. The plantar interossei arise 
from only one metatarsal (left), but the dorsal interossei are 
bipinnate (right). (After Giannestras, NJ: Foot Disorders, Medical 
and Surgical Management (2nd ed) Lea, Febiger: Philadelphia 
1973) 

Surgical Anatomy of the Ankle and Foot 

Ankle Joint 

The word "ankle" is derived from the root "ank" to bend, 
seen also in anchor, angle (AS ancleow, cog. with Ger. 
enkel, and conn with angle). 

It is a hinge variety of synovial joint, but its 
movements (Table 2) are not those of a single hinge, as 
its axis of rotation is not fixed and changes in extremes 
of plantarflexion and dorsiflexion. Thereby, the 
movements are not only pure plantar flexion and pure 
dorsiflexion, rather in the extreme end of each, there is 
variable amount of varus and valgus respectively. 

Ankle joint is the articulation of the ankle mortise 
proximally with the dôme end sides of talus distally. 

Ankle mortise comprises of (i) bony components, and 
(ii) soft tissue components. 

Bony Components (Fig. 6) 

1. Lower articular end of tibia with its flares and 
projections on médial, posterior and anterior 
aspects—known as médial, posterior and anterior 
malleoli respectively. 

2. Médial articular surface of the latéral malleolus. 
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TABLE 1 : Ossification time table 




Bone 

Primary center 

Secondary center 

Fusion 

Any spécial feature 

Calcanéum (body) 

3rd month IU 

6-8 years 

with rest of the bone 


Talus 

7th month IU 


14-16th year 


Cuboid 

6th month IU 

— 

— 

— 

Latéral cuneiform 

Medical cuneiform 
Intermediate cuneiform 
Navicular 

First Metatarsal shaft 

First metatarsal head 

lst year 

2nd year 

3rd year 

3rd year 

8-9th week of IUL 

3rd year 

17-20th year 

Sometimes a separate 

Other metatarsal shaft 

Other metatarsal head 

8-9th week of IUL 

3rd year 

17-20th year 

center for head appears at 
the same time 

Proximal phalangeal shaft 
Proximal phalangeal base 

12-16th week oflUL 

3-6th year 

17-18th year 


Middle phalangeal shaft 

Middle phalangeal base 
Distal phalangeal shaft 
Distal phalangeal base 

after 15th week of IUL 

3-6 years 

9-12th week of IUL 

6th year 

17-18th year 

17-18th year 

That for fifth toe does not 
appear until shortly after 
birth 


TABLE 2: Movements at the ankle joint 


Movement 

Principle controlling 

Accessory muscles 


muscles 

(&Factors) 

Dorsiflexion 

Tibialis anterior 

Ext. Hallucis longus 

(Range 10-30deg) 

Peroneus tertius 

Ext. dig. longus 

Plantar flexion 

Gastrocnemius soleus 

Plantaris, tibialis 

(range 30-50deg) 


posterior, flexor 
hallucis longus, flex 
dig. longus, 
peroneus longus. 



peroneus 
brevis, + Gravity 


Soft Tissue Components 11 

Fibrocartilaginous surfaces of anterior and posterior 
inferior transverse tibiofibular ligament, posterior inferior 
transverse tibiofibular ligament and inferior surface of 
inferior interosseous tibiofibular ligament. 

The ankle joint is surrounded by the fibrous capsule, 
which is attached to the articular margin ail around 
except: (i) posterosuperiorly where it is attached to the 
inferior transverse tibiofibular ligament, and 
(ii) anteroinferiorly where it is attached to the dorsum of 
the neck of talus. The anterior and posterior parts of the 
capsule are loose but on the sides, it is reinforced by strong 
collateral ligaments. 

The stability of the ankle joint is mainly ensured by 
the stout ligaments on médial and latéral sides. On médial 



Figs 6A to C: Anatomy of the ankle: (A) anteroposterior view, 
(B) view of the tibial side of the joint, illustrating the quadrilatéral 
shape of the articular surface and the postérolatéral position of 
the fibula, and (C) the corresponding surface of the talus 

side, the deltoid ligament is a strong triangular ligament 
having superficial and deep parts. Both parts are 
commonly attached above to the tip and margins of 
médial malleolus. The lower attachment is indicated by 
the name of the fibers. Superficial part consists of: 
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(i) anterior fibers (tibionavicular) which are attached to 
the tuberosity of navicular and médial margin of spring 
ligament, (ii) middle fibers (tibiocalcaneal) to the whole 
length of sustentaculum tali, and (iii) posterior fibers 
(tibiotalar) to the médial tubercle and adjoining part of 
the médial surface of talus (Fig. 7). 

Deep part (anterior tibiotalar) is attached to the 
anterior part of médial surface of talus. 

On the latéral side, the latéral collateral ligament 
consists of three components: 

1. Anterior talofibular (a fiat band) is attached above to 
the anterior margin of the latéral malleolus and below 
to the neck of the talus. 

2. Posterior talofibular (strong horizontal band) extends 
from lower part of malleolar fossa to the posterior 
tubercle of the talus. 

3. The calcaneofibular ligament (a long rounded cord) 
extends from the lower border of latéral malleolus to 
the tubercle on the latéral surface of calcanéum 
(Fig. 8). 

Axis of this hinge joint is not horizontal, rather it is 
sloping downwards and laterally, passing through the 
malleoli just above the apices. It passes from the latéral 
surface of talus just below the apex of the articular triangle 
and through its médial surface at a higher level, just below 
the concavity of the comma-shaped area of talus. 

The ankle région is closely related to important 
tendons and neurovascular bundles protected and 
strapped by extensor and flexor retinaculae and fibrous 
bands as depicted in (Table 3). 

Surgical Approaches to the Ankle 510 

Without injury to the important structures of the ankle, 
adéquate surgical exposure can be obtained, as most of 



Posterior tibiotalar 
fibers 

Deltoid < Tibiocalcaneal 
ligament | fibers 

Tibionavicular 
[fibers 

Navicular 
bone 

Planter 

navicular (spring) 
ligament 


Sustentaculunn 

tali 


Médial 
tubercle 
of talus 


Deep 
deltoïd 
ligament 

Superficiel 
deltoid - 
ligament | 


Figs 7A to C: Médial collateral ligaments (A) bands of the 
superficial deltoid ligament. The asterisk represents the head 
of the talus, and (B) position of the deep deltoid ligament 
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Fig. 8: Latéral collateral ligaments with 
adjacent tibiofibular ligament 


the important structures are superficial in the région of 
the ankle and its essential to hâve the knowledge of their 
location. 

Anterior Approach 

The anterior approach is mainly used for: (i) anterior lip 
fracture of the tibia, (ii) arthrotomy of the joint to drain 
an infection or remove loose bodies, and (iii) sometimes 
for percutaneous placement of screws. The anterior 
approach is centered between the médial and latéral 
malleolus. 

The incision begins on the anterior aspect of the leg 
7.5 to 10 cm proximal to the ankle joint and ends about 5 
cm distally to the joint. The length varies according to 
the indication of surgery. The deep fascia is divided in 
line of skin incision. The cutaneous branches of the 
superficial peroneal nerve should be identified and 


TABLE 3: Relationship of ankle région with 
neurovascular band and important tendons 


Anteriorly (from médial 

Tibialis anterior tendon, extensor 

to latéral) 

hallucis longus tendon, anterior 
tibial vessels, anterior tibia nerve, 
extensor digitorum longus, 
peroneus tertius 

Posteriorly 

Tendo-Achilles 

Posterolaterally 

Peroneus brevis tendon 

(from anterior to posterior) 

Peroneus longus tendon 

Sural nerve 

Short saphenous vein 

Posteromedially (from 

Tibialis posterior tendon 

anterior to posterior) 

Flexor digitorum longus tendon 
Posterior tibial vessels 

Posterior tibial nerve 

Flexor hallucis longus tendon 
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Fig. 9: Anterior approach to the ankle joint 


protected. The anterior neurovascular bundle is located, 
and the extensor retinaculum after being identified is 
split, and the plane of dissection is either between médial 
to the tibialis anterior tendon with latéral retraction of 
both the tibialis anterior tendon and neurovascular 
bundle or between the extensor digitorum and hallucis 
tendons with médial retraction of the extensor hallucis 
tendon and adjacent neurovascular bundle (Fig. 9). 

Médial Approach 

Médial approach is useful for: (i) fracture dislocation of 
talus, 2 (ii) traumatic lésions of ankle joint, and (iii) 
osteochondritis dissecans of talus. The médial approach 
is centered on the malleolus. It may be shifted anteriorly 
for better access of joint or posteriorly to expose back of 
the tibia. The incision may be curved distally or 
longitudinally. The branches of the saphenous nerve and 
long saphenous vein which lie in the superficial tissue 
anterior to the malleolus should be protected. The tibialis 
posterior tendon should be protected by keeping the 
dissection on the bone. The posterior aspect of the tibia 
can be exposed by dissection along the back of the 
malleolus and across the posterior tibia. The tibialis 
posterior muscle, flexor digitorum muscle, neurovascular 
bundle and flexor hallucis muscle are elevated as a group 
and gently retracted medially or posteriorly (Fig. 10). 

Latéral Approach 

The latéral approach is used for treatment of: (i) latéral 
collateral ligament injuries, (ii) fracture of the fibula, 

(iii) injury to the anterior or posterior syndesmosis, and 

(iv) reconstructive procedures. 

The incision is either antérolatéral or postérolatéral 
to the subcutaneous border of the fibula. If it is 
postérolatéral and curved distally around tip of the fibula 
is called Kocher approach which is the best approach for 
exposure of midtarsal, subtalar and ankle joints. The short 




Fig. 11 : Latéral approach to ankle joint 


saphenous vein and sural nerve lie posterior and 
superficial peroneal nerve lies anterior to this incision. 
The dissection is between peroneus tertius anteriorly and 
peroneus longus and brevis posteriorly if incision is 
extended proximally. The posterior tibia can be exposed 
by dissection behind and around the peroneal tendons 
(Fig. 11). 

Posterior Approach 

Posterior approach is mainly for reconstructive procedure 
on ankle or subtalar joint with the patient in prone 
position. An incision is made on either side of the tendo- 
Achilles down to its insertion on the calcanéum. The 
retinaculum and tendon sheath should not be disturbed. 
The dissection is between the flexor hallucis and the 
peroneal muscles, exposing the posterior surface of tibia 
and the joint capsule or capsules. 
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The main objective of gait (whether running or walking) 
is to move the body from one place to another in space. 
The structures and functions of the ankle and foot are 
just one segment of the integrated activities of the lower 
extremity responsible for gait. Ail components of the 
ankle and foot must function properly for efficient 
ambulation. Loss of joint motion, weakness of 
musculature, destruction of soft tissue and bony 
malalinement each produce gait abnormalities. Thus, 
injury to any one component of this complex mechanism 
results in excessive stress on the other components. 

The motion of gait should be accomplished ideally 
by expending as less energy as possible. This energy 
expenditure is lessened by fluid motion that avoids 
abrupt déviation changes. The articulated skeleton of foot 
acts as a rigid lever at push-off, allowing muscular, 
contraction to propel the body forward and at heel strike, 
it becomes a flexible "shock absorber" to accommodate 
the impact of heel strike and allow maximal contact of 
the sole of the foot with the ground. 

The ankle joint being a hinge variety of joint allows 
only dorsiflexion and plantarflexion of the talus within 
the mortise. There is not inversion or eversion of the talus 
within the mortise. The axis of motion of ankle joint passes 
through the tips of malleoli and thus lies about 25° 
externally rotated as compared with the knee joint axis 
and also inclined slightly laterally. The normal range of 
motion of ankle joint is 20° dorsiflexion and 50° of 
plantarflexion. This is critical during stance phase to allow 
the body to roll over the foot, which at that phase is fixed 
to ground. Limitation of this range of motion impairs 
progression of normal gait. 

The subtalar joint is formed by articulation between 
talus and calcanéum. It forms one of the most important 
articulation as, it has 40° of motion, with an axis of 


rotation that passes through the médial dorsal navicular 
and the plantar latéral aspect of the calcaneus. Motion 
about this axis is described as inversion and eversion, 
and it occurs along the straight line passing down the 
posterior aspect of the leg and bisecting the calcaneus. 
The range of motion of this joint is ranging from 10° to 
65° with an average of 40° ±7°. 

At heel strike on uneven ground, the subtalar joint 
can accommodate to allow the talus to be alined correctly 
in the mortise facilitating free ankle motion. If the heel 
contacts the ground off center either medially or laterally, 
the subtalar joint can accommodate this off set and allow 
normal ankle motion and then normal progression of gait. 
The subtalar joint fixation acts as a shock absorber and if 
this fixation of the subtalar joint is lost, it causes the talus 
to bind in the ankle mortise, increasing the shear and 
stress and decreasing efficiency of gait. 

The heel pad also plays an important rôle in absorbing 
the shock of heel strike and helping to accommodate 
ankle motion. The intricate arrangement of fat 
surrounded by firm fibrous septa that arise from the 
dermis and insert into the calcaneus, buffers the impact 
of heel strike in a very efficient function. Damage to this 
hydraulic action cannot be repaired and can lead to 
impaired gait mechanics with significant pain on weight 
bearing. 

The foot has a wider sensorial représentation in the 
brain than the hand. It is the foot from where various 
proprioceptive stimuli start. The foot performs its spécifie 
functions through a very complicated and subtle System 
or proprioceptive reflexes. In the persuit of understanding 
the intricate biomechanics of foot, the anatomists and 
podologists hâve compared the foot to various objects 
like a stool with three legs, tripod dôme, and one binder, 
a screw, a bridge, self-balancing boats sailing boats. Foot 
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acts as a stable base during standing and as a rigid lever 
during locomotion. While standing the stability is offered 
by the interlocking of the joints under influence of the 
compression from the opposing forces of body weight 
from above, and the equal and opposite ground reaction 
from below the "structural stability" of Marton (1935). 
From the stable base provided by two feet, the body is 
held erect and balanced by the postural tone of muscles 
with the center of gravity within the confines of the base 
"postural stability". 

The relationship between the alinement of the subtalar 
joint and the resulting configuration of midtarsal joint is 
biomechanically important. The midtarsal joint also 
called as Chopart's joint is the confluence of talonavicular 
and calcaneocuboid joints. The alinement between 
calcaneus and the talus détermines the degree of motion 
that can occur at the subtalar joint. When the calcaneus 
is everted, the axes of the talonavicular and 
calcaneocuboid joints are parallel, and motion can occur 
at the midtarsal joint. With the heel in inversion, the axes 
of the two joints are no longer parallel, and motion at the 
midtarsal joint is restricted. Biomechanically, this 
interrelationship improves the efficiency of gait. At heel 
strike, the subtalar joint everts "unlocking" the midtarsal 
joint and creating a flexible midfoot to allow further 
accommodation of the foot to the ground and better 
absorption of energy of impact. At push-off, the subtalar 
joint is inverted, "locking" the midtarsal joint to create a 
rigid lever at the midfoot to gain mechanical advantage 
for forward propulsion. 

The body weight is distributed 50% of each foot, and 
again in either, 50% on hindfoot and 50% on forefoot in 
proportion of 6 units on calcanéum, 2 on head of first 
metatarsal, and one each on head of other metatarsals 
which constitute the respective ground contact points. 

Between heel strike and push-off, the ankle joint 
dorsiflexes allowing the body to move forward, and the 
weight is transferred from heel to the toes as this forward 
motion occur s. During normal walking, the vertical load 
applied to the foot is roughly equal to body weight, while 
during running the vertical load increased to two and 


half times the body weight. The weight is borne for a 
longer time on the metatarsal head area during heel strike 
to toe off more so the highest concentration of pressure 
is on the second and third metatarsal heads. 

Also during gait, from about midstance to push-off, 
élévation of longitudinal arch of the foot occur s. This is 
achieved by combination of factors, contraction of 
extrinsic muscles, i.e. posterior tibial, intrinsic muscle 
contraction, i.e. flexor brevis and passive dorsiflexion of 
the MP joints. The passive dorsiflexion of MP joint places 
tension of plantar fascia that originates from calcaneus 
and inserts into the bones of proximal phalanges creating 
a windlass effect to elevate the longitudinal arch. 
Elévation of this arch créâtes a stable lever arm, 
particularly when combined with locking of the midtarsal 
joint for push-off. 

Thus the feet are no more considered just as the inert 
platform to bear the body weight, rather they hâve been 
recognized as one of the most dynamic, reactive and 
adaptive organs of the body, with 28 bones and 57 
articulating surfaces. Directly or indirectly they balance 
the individual in the static or dynamic status of standing, 
walking, running, swimming, driving and other allied 
moneuvers. The biomechanics of foot cannot be 
considered in isolation, but only in relation to the 
mechanics of the whole body, and especially to that of 
entire lower limb, since naturally and functionally, it is 
just one segment of the integrated activities of the lower 
extremity responsible for gait. 
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317.1 Examination of the Ankle Joint 

S Pandey, MS Sandhu, Mandeep Dhillon 


Methodology 

History 

History taking is as in the chapter of introduction. The 
main complaints following any trauma or disease in the 
ankle are pain, swelling, limp, instability and deformity. 

General and Systemic Examination 

As in the chapter of introduction. 

Any affection of the ankle is likely to affect the gait 
and posture of the patient. Hence, if it is possible, patient 
should be asked to walk first, as normally as possible, 
then on the heels and toes alternately. While standing, if 
possible, note the posture and mode of weight-bearing 
at the affected ankle and foot. Each step of examination 
must be compared with that of opposite ankle, however, 
if both are affected, findings should be noted separately. 

Régional Examination 

It should be done from tip of the toes to the hip. 

It is always paying to examine the leg as a whole along 
with the ankle, e.g. even ligamentous disruption at the 
ankle can be associated with fracture of upper end of the 
fibula—Maisonneuve injury. 

Effects of Ankle Pathology on Régional Joints 

As already considered while dealing with the knee, 
various deformities at the knee are likely to affect ankle, 
hip and spine and vice-ver sa. Further, ankle has to act as 


a buffer in any affection of the foot and balance weight 
transmission at the knee. To avoid pain at the ankle due 
to any pathology, the patient tries to manoeuvre the 
intrinsics of the foot, which in turn either produce various 
clawing effects, or fanning out tendency of the toes. When 
the muscles controlling the smaller joints of the foot are 
paralyzed, the main brunt falls on the ankle. On the other 
hand, when ankle movements are affected, the smaller 
joints of the foot try to accommodate as far as practicable, 
e.g. if plantar flexion at the ankle is lost, either due to any 
pathology or following arthrodesis, the mid-tarsal, 
subtalar and even tarsometatarsal joints provide for 
varying amount of workable flexion of the foot. 

Except in paralytic conditions (where the over- 
powering muscles détermine the deformities), the ankle 
has the tendency of postural fixity in the possible position 
of walking, whereas the smaller joints accommodate to 
compensate for the loss of ankle movements. Therefore, 
the overall assessment of the foot and ankle must be done 
simultaneously. 

Varicosities 

Blowing out (dilatation with tortuosity) of the venous 
channels on the médial side of the ankle should be looked 
for. The integrity of the deeper valves of the veins in the 
legs and thighs should be tested for. These varicosities 
may be responsible for pain around the ankle joint. There 
may be discoloration of the skin, chronic ulcers and some- 
times troublesome bleeding from the ulcers. 
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Edema Around the Ankle 

Ankle is the site of edematous swelling from various 
causes, ranging from congénital lymphoedema to 
neoplastic compression. In medical conditions like 
anémia, hypoproteinemia, filariasis, cirrhosis of liver, 
congestive cardiac failure, nephrotic syndrome, edema 
around the ankle may be the first sign. Edema due to 
posture, pregnancy and pelvic pathology should also be 
kept in mind. The nature (pitting on nonpitting) and 
extend of edema should be noted. 

Examination ofLymph Glands 

Palpate the lymph glands in the popliteal fossa and 
inguinal région and note their character. 

LOCAL EXAMINATION 
Inspection 

Attitude 

Typical attitudes (as described in the chapter of Foot) 
should be looked for. 

The attitude of the foot and ankle can also give a due 
to the mode of injury and displacement in different types 
of Pott's fracture. 

In most of the pathologies of the ankle, this région is 
swollen ail around. Any swelling of the tendon sheath 
appears along axis of leg and foot beyond the joint level. 
Keep both ankles and feet in identical position. Inspect 
systematically from anterior, latéral, posterior and médial 
sides. 

Anteriorly, Note the Following 

i. Relation of the foot to ankle (normal, equinus, 
calcaneus, valgus and varus) 

ii. Interrelation of the malleoli (normally the latéral 
malleolus lies 1 cm below and behind the médial 
malleolus (Fig. 1) 

iii. Long saphenous vein 

iv. Anterior group of tendons 

v. Fossae in front of the malleoli (which may be full 
in swelling of ankle) 

vi. Any abnormal finding, like swelling, sinus, etc. 

Laterally, Note the Following 

The tendons of peroneus longus and brevis lie just behind 
the latéral malleolus. Note if they are prominent. From 
here, there is a graduai shallow concavity posteriorly upto 
the fossa on the outer side of the tendo-Achilles (tendo- 
calcaneus). Note any abnormal finding. 



Fig. 1 : Showing inter-malleolar relation, Note that the tip of 
latéral malleolus (F-fibula) is distal and posterior to the médial 
melleolus (T-tibia) 

Posteriorly, Note the Following 

i. Prominence of tendo-Achilles, along with the calf 
bulk 

ii. Any swelling in relation to tendo-Achilles 

iii. Fossae on both sides of tendo-Achilles 

iv. Pattern, position and size of heel, (broadening or 
narrowing; tugged up or plantrigrade or splashed 
out; normal, small or large in size). 

Medially, Note the Following 

The tendon of tibialis posterior lied just adapted to the 
posteroinferior margin of the médial malleolus—note if 
it is prominent. From here, upto the fossa on the médial 
side of tendo-Achilles, a graduai shallow concavity is 
maintained. Note any abnormality. 

Palpation 

Superficial (touch) In superficial palpation, surface and 
texture of skin, température and any superficial 
tenderness, anesthésia, hypoaesthesia or paresthesia is 
to be noted. 

Deep palpation (feel) It is not easy to palpate the joint 
margins of the ankle joint ail around. Palpate the malleoli 
and feel for any thickening, tenderness, and irregularity 
and also note the relation between two malleoli. Palpate 
and assess individually the tendons around the ankle joint 
starting from one side. Note their position and continuity 
and feel for any thickening. Assess their excursion, power 
of parent muscle and spasm if any. Note any tenderness, 
synovial swelling and ganglion along their course. On 
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the posterior side, the presence of a soft to firm swelling 
in relation to the tendo-Achilles is not uncommon. 
Usually it manifests anterior to the tendo-Achilles as pre- 
Achilles bursitis or posterior to it as post-Achilles bursitis. 

Palpate for anterior tibial arterial pulsation in between 
the tendons of extensor hallucis longus and extensor 
digitorum longus, i.e. at about midway between the 
malleoli (Fig. 2A), which may be absent congenitally. 

Palpate for posterior tibial arterial pulsation behind 
the tendon of flexor digitorum longus, i.e. 1 finger breadth 
behind the médial malleolus (Fig. 2B) which may be 
congenitally absent or too feeble. 

Any synovial swelling or fluid in the ankle joint 
usually manifests as outpouchings around the ankle, 
mainly on the postero-lateral, posteromedial, antéro¬ 
latéral and anteromedial aspects. Synovial swellings are 
soft and doughy in feel. It is probably impossible to 
demonstrate the presence of a small amount of fluid in 
the ankle joint. In presence of moderate to large amount 
of fluid, cross-fluctuation can be demonstrated. 

Method of démonstration of cross-fluctuation in 
between the antérolatéral and anteromedial swelling, 
(Fig. 3A) and postérolatéral and postero-medial swellings 
(Fig. 3B). 

Plantar flex the ankle joint as far as practicable. The 
dorsal tendons form tight, longitudinal straps across the 
ankle joint. Place both index fingers in front of both 
malleoli. On pressing from one side, the contralatéral 
finger will feel the impulse in presence of fluid in the 
ankle joint. Similarly, in between the postero-lateral and 
posteromedial pouchings, fluctuation can be 
demonstrated if the ankle is kept dorsiflexed (Fig. 3B). 


Mode of Démonstration of Cross 
Fluctuation in between Anterior 
and Posteior Swellings (Fig. 3C) 

Ankle should be placed in as much neutral position as 
possible. The index finger and thumb of one hand are 
placed anterior to the malleoli. Index finger and thumb 
of the opposite hand are placed on either side of the 
tendoachilles at slightly lower level. Now, simultaneous 
pressure by the finger and thumb of one hand propels 
the fluid to the opposite compartment and therefore an 
impulse is felt by the fingers of the opposite hand. 

Due to circuitous disposition of the ankle, 
transillumination is usually not positive. However, when 
the amount of fluid is large, the distended joint is so tense 
that cross-fluctuation may not be demonstrable 
effectively. Here, transillumination may be positive. 
Transillumination may also be positive if done from 
antérolatéral to anteromedial or from postérolatéral to 
posteromedial out pouchings (and vice versa). 




Figs 3 A and B: (A) Cross fluctuation between antérolatéral 
and antero-medial swelling. (B) Cross fluctuation between 
posteromedial and postérolatéral swellings 


Figs 2A and B: (A) Palpating the anterior tibial artery (ATA— 
anterior tibial artery, EHL—extensor hallucis longus, EDL— 
extensor digitorum longus, DPA—dorsalis pedis artery). (B) 
Palpating the posterior tibial artery (PTA—posterior tibial artery, 
FDL—flexor digitorum longus, FHL—flexor hallucis longus) 



Fig. 3C: Cross-fluctuation between anterior and 
posterior pouchings 
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MOVEMENTS 

Normal movements at the ankle (from O-position of the 
ankle, i.e. in the right angled position) are: 

Dorsiflexion (15°-30°) 

When the joint is dorsiflexed, the widest anterior part of 
the talus is wedged tightly between the two malleoli 
providing sound stability to the joint. 

Plantar Flexion (30°-45°) 

In fully plantar flexed position of the ankle, the posterior 
and narrowest part of the dôme of talus articulâtes with 
the ankle mortice. In this position, some side to side 
rocking and inversion/eversion of the ankle can be 
passively démons trated. Movements should be assessed 
under different headings, as in the chapter of 
introduction. While testing for passive movements at the 
ankle, stress movements at the ankle should be done to 
confirm the integrity of the controlling collateral 
ligaments. Of course, it is better to test dorsiflexion, 
plantar flexion and stress movements at both ankle joints 
simultaneously for comparison. 

Method Patient sits on the edge of the bed or examination 
table keeping his knees bent about 90° and both his legs 
and feet hanging down the edge of the table. Sitting on 
one side of patient, support the lower part of the legs 
from behind. Patient is then asked to alternately dorsiflex 
and plantar flex both the ankles simultaneously from the 
zéro position (i.e. foot at 90° to the leg axis). Note the 
excursion of the hind foot in either direction in both feet 
(Fig. 4). Then, holding the mid and fore parts of the foot 



Fig. 4: Démonstration of active dorsiflexion and plantar 
flexion at ankle 


by another hand, dorsiflex and plantar flex the foot 
passively, at ankle level, and note the additions possible 
over the active range. 

Assessment for Latéral Collapse of Ankle 

The paralytic foot most commonly goes for valgus in 
various combinations. Valgus collapse at the ankle 
becomes quite apparent when the patient bears weight 
on the foot, (Fig. 5 A). Cosmetically it is ugly and difficult 
to correct. It should be assessed separately from valgus 
at the subtalar joint. 

Method (Fig. 5B) Assess the extent of passive valgus at 
the normal foot under maximum possible stress. In 
neutral position of the ankle and foot, hold the ankle from 
dorsum, in between the thumb and index finger. Your 
first web should firmly grip the dorsum of the talus. Hold 
the heel, i.e. the body of the calcanéum in between the 
thumb and index finger of the opposite hand. While the 
first hand remains firmly static, passively evert and invert 
the heel as much as possible, using the other hand. This 
will assess the movements at the subtalar joint. Total 
valgus of the affected foot, minus the possible valgus at 
the subtalar joint will be the valgus collapse at the ankle. 
Similarly, varus collapse of the ankle (rare condition) can 
also be assessed. 

Critical Arc 

15° plantar flexion to 15° dorsiflexion (from 0° position, 
i.e., neutral right angled position of the foot) is the critical 
arc for the ankle. This is because an average 15° plantar 
flexion at the ankle is the minimum required for push off 
phase of the gait. On the other hand about 15° of 



Fig. 5A: Note the valgus collapse at ankle besides the 
valgus of subtalar joint 
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Fig. 5B: Method of measuring the valgus collapse at the ankle: Figs 6A and B: Testing the integrity of (A) latéral and (B) 

angle ‘Y’ dénotés the valgus at subtalar joint, angle ‘X’ dénotés médial collateral ligaments of ankle 

total valgus of foot, so X—Y = valgus collapse at ankle 


dorsiflexion is the minimum required for decelaration to 
heel strike phase of gait and squatting. 

Abnormal Movements 

In paralytic feet and Charcot's arthropathy, abnormal 
movements are possible. Each type of abnormal 
movement should be noted separately. 

Stress Test (To Assess Integrity of the 
Controlling Group of Ligament) 

Method (Fig. 6A) Place the ankle in neutral position. Hold 
the lower leg firmly from the front, by one hand. Hold 
the foot at about the level of the head of talus by the 
opposite hand. For testing the latéral collateral ligaments, 
invert the foot forcibly (within limit of pain tolérance) 
and note: 

i. The yield of the foot 

ii. The gap in front of, beneath and behind the latéral 
malleolus 

iii. The point of maximum pain 

iv. The range of inversion possible at the ankle. 

For testing the integrity of the médial collateral 

ligament (i.e. deltoid ligament), stress has to be given in 
the opposite direction. Holding the lower leg in the same 
position, the foot is everted and the aforesaid points are 
noted in relation to the médial malleous (Fig. 6B). 

Stress tests, for integrity and posterior ligaments, i.e. 
capsular reinforcements, are not that important. 
However, they can be noted as exaggeration of passive 
dorsiflexion and plantar flexion of the ankle (in laxity or 
tear of the posterior and anterior capsular reinforcements 
respectively). 


Anteroposterior Stress Test-(Brostrom-1965 )— 
Anterior Drawer Sign 

The integrity of the capsule and the anterior talofibular 
ligament (sometimes calcaneo fibular ligament as well) 
can be tested by pulling the heel anteromedially against 
résistance applied by the other hand over the anterior 
aspect of the lower leg. Anterior subluxation of 3mm of 
the talus is pathological. 

Spécial Test 

Test for Rupture of Tendo-Achilles (Figs 7A to C) 

Ask the patient to stand on tip toe. In case of weak tendo- 
Achilles, there will be a lag in lifting the heel. In case of 
partial rupture, the patient will also complain of pain at 
the site. In complété rupture, the lag will be complété. 
Along with this, a gap can also be felt at the rupture site 
in which one can insinuate the examining finger. At both 
ends of the gap the rounded ends of the ruptured tendon 
can be felt in late cases. 

Thompson’sTest ( 1962 ) 

Patient is asked to lie prone with his feet projecting 
beyond the examining table. On squeezing the calf the 
foot automatically plantar flexes, if tendo-Achillies is 
intact or even partially torn. However, in complété 
rupture there is no movement of the foot. 

NeedleTest 

Tim O'Brein by performing his "needle test" to 
dynamically assess the integrity of distal 10 cms. of tendo- 
Achillis has reported very reliable results. 
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Figs 7A to C: Photograph showing complété rupture of tendo-Achilles, (B) Test for partial rupture of tendo-Achilles. 

(C) Test for complété rupture of tendo-Achilles 


Method The patient lies prone. Under aseptie conditions 
a 25 gauge hypodermic needle is pierced through the skin 
at a point 10 cms. above the upper end of calcaneus and 
just médial to the midline of the calf. The foot is then 
passively plantar flexed and dorsiflexed. With intact 
tendo-Achillies, the needle will swivel in a direction 
opposite to the movement of the foot. Absence of this 
swiveling indicates complété rupture of the tendo- 
Achillies. 

Test for Pre-Achilles and Post-Achilles Pathologies 
(Mainly Bursitis) (Figs 8A and B) 

The patient is asked to walk on his toes (with the heel off 
the ground). He will complain of pain in case of pre- 
Achilles pathology. The patient is then asked to walk on 
the heel (with the toes off the ground). There will be pain 
in post-Achilles pathology. 

Test for Tendovaginitis of 
Tibialis Posterior Tendon (Fig. 9) 

Patient sits with his legs hanging from the edge of the 
table. Ask him to plantar flex his foot to the maximum 
and then invert it against résistance. Pain will be 
complained of behind the médial malleolus. At the same 
site there may be a tender and soft/firm thickening 
palpable along the tibialis posterior tendon. 

Test for Peroneal Spasm (Fig. 10) 

Patient sits with legs hanging over the edge of the table. 
Ask him to plantar flex and invert the foot. There will be 
marked limitations. Forced inversion will lead to pain 
behind the latéral malleous. 



Figs 8A and B: Test for pre-Achilles 
(A) and post-Achilles (B) bursitis 


MEASUREMENTS 

Linear 

Affection of the ankle as such is comparatively less 
responsible for producing limb length disparity. 
However, severe injuries, advanced tuberculous and 
pyogénie infections, neoplasms and dyschondroplasia in 
the ankle région are likely to affect the length of the limb. 
Chronic pyogénie osteomyelitis of lower end of tibia and 
fibula has been seen to produce limb length disparity 
(increase in length more frequently than shortening). 

Method Total and segmentai measurements of lower 
limb should be done as in the examination of hip and 
knee. The distance between the tip of médial malleolus 
to the sole (along a line dropped vertically from the 
médial malleolus) indicates roughly the height to talus, 
calcanéum and heel pad. Affection of any of these can 
produce disparity in this measurement. 
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Fig. 9: Test for tendovagintis of tibialis posterior tendon 




Fig. 11: a = Vertical height of talus + calcanéum + heel pad; 
b = Circumferential measurement around ankle; c = 
Circumferential measurement at the mid calf level 




Figs 12: Oblique circumferential measurement across the 
ankle. A = calcaneus, B = normal C= equinus. 


Circumferential Measurement (Fig. 11) 

It should be done at the level of ankle joint and mid calf. 
The first indicates any increase or decrease in girth of the 
ankle, whereas the latter measures any increase or 
decrease of the muscular bulk. 

Oblique Circumferential Measurement (Fig. 12) 

It should be done across the point of the heel and front of 
the ankle. In calcaneus deformity, this will be increased, 
whereas in equinus deformity, it will be decreased. 

It should be done across the point of the heel and front 
of the ankle. 

Auscultation 

It is not important, but suspected swelling around the 
ankle should be ausculated. 


Power 

The power of the controlling muscles must be tested and 
charted separately according to MRC scale. Intrinsics of 
the foot should also be tested, as they are likely to be 
variably affected in ankle involvements and vice-versa. 

INVESTIGATION FOR ANKLE PATHOLOGY 
Routine Investigations 

(As in chapter of Introduction) 

Radiology 

Besides routine investigations for various joint affections, 
stress radiography of the ankle are important. These are 
best done under general anesthésia to avoid pain in 
various traumatic and pathological conditions. The 
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importance of these radiography are more in injuries 
around the ankle région. Of course, anteroposterior and 
latéral views are mandatory. 

Stress Radiology 

Patient lies supine with both legs strapped together in 
neutral position. A sand bag in placed beneath the lower 
leg, both feet are held at the forefoot level. The 
radiography plate in placed posteriorly and the beam is 
focussed at the mid ankle level. Then, while the feet are 
forcibly inverted, or everted (as per suspicion) to the 
maximum, the shot is taken (Fig. 13). The ankle mortice 
and talar dôme interrelation can be very well assessed in 
an antero-posterior view. 

Normally, forced inversion can tilt the talus in the 
mortice by 10°. In a stress radiography taken under 
general anesthésia, talar tilt between 10° to 15° is 
suggestive of rupture of the anterior talo-fibular ligament 
alone; between 15° to 30° rupture of anterior talo-fibular 
and calcaneo-fibular ligaments; and more than 30° tilt is 
suggestive of rupture of ail three components of the latéral 
ligament. To assess the integrity of posterior melleous, 
specially in complicated Pott's fracture, an oblique view 
must be taken, which also clarifies any doubtful fracture 
of the médial malleolus. 



Fig. 13: Method of taking stress radiography in fully inverted 
position (to test the integrily of the latéral collateral ligament, 
mainly calcaneo-fibular and posterior talofibular) 


Arthroscopy 

It is gaining importance in exploring the lésions of ankle, 
e.g. loose bodies. 


317.2 Radiological Evaluation of the 

Foot and Ankle 


INTRODUCTION 

Radiographie évaluation of the foot and ankle can provide 
the clinician with much information about structural 
abnormalities as well as local and systemic disorders 
affecting the peripheral distal extremity. Radiographs 
taken in the non-weight-bearing situation may indicate 
alterations of normal anatomy and may allow diagnosis 
of congénital abnormalities; neoplastic disorders; 
infectious, inflammatory, or metabolic diseases; and 
traumatic injuries. 1 Radiographs taken of the weight- 
bearing foot can demonstrate the foot in a more functional 
situation and may provide insight into the relationship 
among the soft tissues, the bones, and the joints under 
physiologie loads. 2 


MS Sandhu, Mandeep Dhillon 

TECHNIQUE OF RADIOGRAPHIC EXAMINATION 

The radiographie examination of the foot and ankle is 
not a substitute for a careful clinical examination. Only 
after a thorough clinical examination should the 
radiographie studies be done. 

Routine Views of the Foot 

The routine radiographs of the foot 3 should include (1) a 
dorsoplantar view, (2) latéral view, and (3) an oblique 
view. 

Dorsoplantar View 

In this view, the patient is supine, the knee is flexed, and 
the sole is placed firmly on the cassette. The central x-ray 
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beam passes vertically to the base of the first metatarsal. 
This projection démonstrates the forepart of the foot 
(Fig. 1). It is a general overview of the foot, illustrating 
bony relationships, contours, and structures, as well as 
joints and soft tissue. 

Latéral View 

The foot is in the neutral position or in slight flexion, with 
the fibular margin against the cassette. The central x-ray 
beam is directed perpendicular to the mid-tarsus. This 
view shows the talus and calcaneus clearly, but there is 
overlapping of the midtarsal, metatarsal, and phalangeal 
structures (Fig. 2). It is not accurate for évaluation of the 
foot contours and alignment. 

Oblique View 

The plantar surface of the foot is on the cassette, with its 
latéral border elevated. The angle of obliquity that is most 
désirable has been shown by Feist and Mankin to be 45°. 4 
This should serve as a standard projection (Fig. 3). They 
standardized the view by using a 45° wedge under the 
outer border of the foot, with the central x-ray beam 
directed at the sinus tarsi. This projection outlines the 
anterior portion of the subtalar joint, the calcaneus, the 
cuboid bone, the talonavicular, naviculocuneiform, and 
calcaneonavicular joints, as well as the latéral cuneiform 
bones and the latéral metatarsals. 



Fig. 1 : Dorsoplantar view (non-weight-bearing) of adult feet. 
The joint between the médial and the middle cuneiform bones 
is clearly seen. The other midtarsal joints are obscure 


Routine Views of the Ankle 

Anteroposterior View 

The patient is supine, the heel is on the cassette, and the 
foot is in the neutral position. The sole of the foot is 
perpendicular to the leg and to the plate, and the central 
x-ray beam is directed perpendicular to the ankle at a 
point midway between the malleoli. The malleoli, 
mortise, syndesmosis, and body of the talus are outlined 
by this view (Fig. 4). There is a clear space at the tibiotalar 
and talofibular joints. The fibula is in the tibial groove, 
and the anterior and posterior tibial tubercles obscure 
the syndesmosis. 

Latéral View 

The patient is on his or her side, with the fibula against 
the cassette. The foot is in the neutral position. The central 
x-ray beam is projected perpendicular to the médial 
malleolus. In this view, the talar trochlea is congruent 
with the tibial articular surface. The subtalar joint is also 
seen with the declining angle of the posterior facet (45°) 
and the inclined angle of the anterior facet. The calcaneus 
and soft-tissue structures anterior and posterior to the 
tibia are outlined. Although the malleoli can be outlined, 
they are obscured by the talus and tibia. 

Oblique View 

The patient is recumbent, with the leg and foot rotated 
medially 45°. The foot is in the neutral position to avoid 
superimposition of the calcaneus, which rests on the 
cassette. The central x-ray beam is directed at the 
midpoint of the ankle and perpendicular to it. The latéral 
side of the mortise is more clearly shown. The tibiofibular 



Fig. 2: Latéral view (non-weight-bearing) of an adult foot. The 
bony aligment and configuration are satisfactory, but the lack 
of résistance from the floor to the body weight permits variations, 
which make such views unsatisfactory for determining foot 
contours 
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Fig. 3: A 45° oblique view showing the toes, metatarsals, 
midtarsal bones, and anterior part of the subtalar joint. An os 
peroneum is seen adjacent to the cuboid 


syndesmosis and the talofibular joint are particularly well 
demonstrated. If overlapping of these structures persists, 
réduction of the degree of médial rotation to 30° improves 
visualization. A 30° médial rotation has been recom- 
mended as the best view for the latéral joint space and 
syndesmosis; it is called the bimalleolar view. 

Spécial Views 

Any view that modifies the routine is a spécial view. 
Many are spontaneously designed to meet an immédiate 
need and are rarely used again. 

Toes 

Frontal Projection: The toes are elevated on a foam wedge, 
and the central X-ray beam passes vertically or caudally 
at a 15° angle. At times, the plantar dorsal view shows 
the phalanges, interphalangeal joints, and the heads of 
the metatarsals to better advantage (Fig. 5). 

Oblique Projection: The patient is in a latéral recumbent 
position, with the knee flexed. The dorsum of the foot is 
obliquely positioned, resting against a 30° wedge, and 
the central x-ray beam is directed vertical to the second 
metatarsophalangeal joint. 

Latéral View ofthe Great Toe: Place the médial side of the 
great toe along the center line of the cassette. The central 
x-ray beam should pass through the interphalangeal joint. 

Sesamoid (Axial Views): The patient is in the prone position, 
and the toes are pressed into moderate extension against 
the cassette. The central X-ray beam is projected 
tangentially to the metatarsal heads. The radiograph will 
demonstrate the metatarsal heads and sesamoid bones. 

Standing Full Weight-bearing Views 

Roentgenograms taken with the patient bearing weight 
are useful in determining the characteristics of a static 
foot deformity. If radiographs are taken during weight 



Fig. 4: Anteroposterior view of the ankle. The transverse rarefied 
zone across the talus is the normal appearance of the posterior 
part of the subtalar joint 



Fig. 5: Spécial view of the toes showing the three médial toes 
to hâve normal configuration. The fourth and fifth toes are mildly 
curved medially. The fourth toe is curved because of a médial 
inclination of the plane of the articular surface of the middle 
phalanx. The middle and distal phalanges of the fifth toe are 
fused and bent medially 
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bearing, comparable studies are more likely to be 
obtained. 

Anteroposterior View 

The patient stands with the feet facing the tube, and the 
cassette is behind the ankle. The médial borders of the 
feet are parallel and about 1 inch apart. The central x-ray 
beam is directed perpendicular to the cassette at the level 
of the médial malleoli. 

Latéral View 

The patient stands with the latéral side of the foot against 
the cassette; the leg is perpendicular to the foot and the 
knee is extended. To prevent the other foot from 
interfering, it is brought anteriorly. The central x-ray 
beam is directed perpendicular to the médial side of the 
midtarsus and the cassette, which is about 1 inch anterior 
to the anterior tibial margin. 

Dorsoplantar View 

The cassette is placed on the footboard, and the patient 
stands on it. The médial borders of the feet are parallel to 
each other and about 1 inch apart. In order to direct the 
central x-ray beam perpendicular to the metatarsals and 
between both feet, the tube is tilted 15°. 

Anterior Tangential View 

The patient stands on the cassette, as for the dorsoplantar 
view. The leg is perpendicular to the foot. The tube is 
anterior to the patient and tilted 45° toward the distal 
ends of the malleoli. In this view, the talonavicular joint 
is clearly shown, as is navicular displacement when 
présent. This study is likewise valuable for visualization 
of the dorsal aspect of the sustentaculum tali, which 
projects as an oval radiodense area on the médial side of 
the calcaneus. 

Posterior Tangential View 

The patient stands with the soles of the feet on the cassette. 
The tube is behind the patient and tilted downward to 
45°, and the central x-ray beam is directed at the ends of 
the malleoli. This provides a good view of the posterior 
part of the calcaneus and posterior and middle facets of 
the subtalar joint. It helps in the évaluation of 
talocalcaneal coalition, especially between the 
sustentaculum tali and the talus, and of displacement of 
the body of the calcaneus in fracture of that bone. If the 
tube is angled at 45°, good comparative views are 
produced for evaluating contours and deformity. 


Stress Views: Orthopédie Aspects 

In stress views, a passive force strong enough to test the 
integrity of the ankle is applied to the foot. Instability is a 
manifestation of ligamentous fatigue or tear. This defect 
may resuit from trauma, disease, abnormal use that 
causes the ligament to stretch, accidentai damage during 
surgery, or congénital malformation. Stress, applied 
mechanically or by hand, can demonstrate the extent of 
instability. 

Opinions differ about the need for anesthésia to secure 
proper stress. When a mechanical de vice is utilized, little 
pain is experienced during stress, and sufficient 
distraction is obtained to make a diagnosis. Anesthésia 
is not needed when testing for chronic instability, and it 
is rarely needed for fresh injuries. 

Latéral Rotation Stress View 

The patient turns from recumbency to the side opposite 
the ankle being examined. In this position, the affected 
leg is rotated medially to its maximum and the foot is 
laterally rotated. This view shows the mortise, talus, and 
syndesmosis. In latéral talar instability, the talus is 
displaced laterally; the space between the médial 
malleolus and the talus widens, but the syndesmosis is 
intact. The term "diastasis" applies to widening of the 
syndesmosis beyond the accepted norm of 2 mm, and it 
may accompany latéral ankle instability. Pathology in the 
syndesmosis - that is, small, bony fragments, exostoses, 
or tibiofibular synostosis - is an indication of syndesmotic 
ligament injury, and latéral rotation stress testing is 
indicated. 

Inversion Stress View 

The patient is recumbent, and the foot is held in maximal 
inversion. If the talus is unstable, it will tilt into inversion 
but remain in the mortise. If the talus is fixed but the 
distal end is unduly prominent, increased calcaneal 
inversion or subtalar instability is suggested. 5 Other 
roentgenographic findings that suggest subtalar 
instability are a failure of the fibula to rotate behind the 
tibia, indicating calcaneofibular ligament rupture, and 
widening of the latéral part of the subtalar joint. 5 The 
presence of a small, bony fragment at the distal end of 
the fibula may be secondary to ligament rupture with 
ectopic bone formation, or it may be an avulsed bony 
fragment from the distal fibula. It is an indication of 
ligament injury and calls for inversion stress studies. 
Motion of the fragment or talar tilting is an indication of 
ligament inadequacy. 
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Eversion Stress View 

The patient remains recumbent, and the foot is everted 
maximally. The central X-ray beam remains focused at 
the midpoint of the mortise. Instability may be 
demonstrated by widening of the syndesmosis, widening 
of the mortise, or latéral mobility or eversion tilt of the 
talus. These findings are usually demonstrated 
adequately in latéral rotation stress films, and eversion 
views are rarely necessary. 

The foot is removed from the holder and stress views 
are taken in the latéral position with the fibular side of 
the foot against the cassette and the central X-ray beam 
focused on the médial malleolus. 

Anterior Transpositional Stress View 

If on clinical examination the talus can be made to slip 
out anteriorly under the tibia when forward pressure is 
applied to the heel, this should be demonstrated. The 
patient is positioned as for a latéral view, with the latéral 
border of the foot against the cassette and the central 
x-ray beam focused at the midtarsus. The stress is most 
conveniently applied manually, with the examiner 
wearing protective gloves and apron. One hand is placed 
behind the heel, pushing it forward; the other hand is 
placed on the anterior surface of the tibia, pushing it 
backward. 

Flexion Stress View 

When roentgenograms are taken with no weight being 
borne and with the foot in maximal flexion, the talar 
trochlea will be congruent with the tibial articular surface. 
If the anterior tibial margin has been compressed by 
fracture or if the anterior capsule and ligaments hâve been 
torn or stretched, the anterior part of the tibiotalar joint 
widens on flexion, and articular surfaces are no longer 
congruent. 

In an attempt to clarify the évaluation of standard 
radiographs of the foot and ankle, numerous angles, lines, 
and osseous relationships hâve been delineated. It is 
believed that the measurement of these quantifiable 
parameters allows more accurate assessment of the 
normal foot and provides objective information with 
which the abnormal foot can be defined. 

Unfortunately, the accuracy and reproducibility of 
this type of data are variable, and therefore, its clinical 
significance is limited. Absolute standardization of 
radiographie technique is not possible. Slight variations 
in technique may negate the value of measured 
parameters. Source of potential errors include variations 
in the relationships of the X-ray source, the foot, and the 


film cassette. Shifting the position of the foot changes 
linear and angular measurements. Striking différences 
are obtained depending on whether the parameter is 
measured on non-weight-hearing or weight-bearing 
films. 

The majority of linear and angular measurements 
described in the literature are evaluated in radiographs 
taken in the anteroposterior standing and latéral standing 
positions. 

The anterioposterior weight-bearing view is taken 
with the patient erect, standing on the cassette. The X- 
ray source is centered on the midfoot and tilted 15° 
toward the ankle joint. 

The latéral weight-bearing radiograph is made with 
the patient standing and the film cassette positioned in 
contact with the médial aspect of the foot. The x-ray 
source is oriented perpendicular to the foot at the level 
of the navicular tuberosity and 40 inches from the plane 
of the film. 

Parameters Measurable 
on the Anteroposterior View 

Linear Measurements and Relationships 

Length of the Distal and Proximal Phalanges of the Hallux: 
The length of the phalanges of the hallux may be helpful 
in the assessment of forefoot deformities. The distance 
between the most proximal and the most distal extent of 
the bone is measured in millimétrés. The length of the 
distal phalanx varies from 1.9 to 2.8 cm, and the proximal 
phalanx from 2.1 to 3.5 cm in the normal adult foot. 6 This 
measurement may provide information regarding the 
mechanical and cosmetic effect of shortening or 
lengthening of the hallux secondary to surgery. 

Relative Lengths of the Toe: The relationship between the 
distal extent of the hallux and the lesser toes provides a 
classification of the structural configuration of the 
forefoot. The relative lengths of the phalanges of the toes 
are evaluated, and a digital formula is calculated. 7 A 
comparison of the lengths of the toes allows classification 
of the foot into one of three types. The most common 
configuration is the Egyptian foot, in which the hallux is 
the longest toe with progressive diminution in the lengths 
of the others. Other possible digital patterns include the 
Greek foot, in which the first toe is shorter than the 
second, and the square foot, in which the first toe is the 
same length as the second. 

It is believed that this classification may help explain 
the etiology of various forefoot deformities and may 
enable the clinician to predict the outcome of forefoot 
surgery. 
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Parameters Measurable on the Latéral View 

Linear Measurements and Relationships 

Total Length of the Foot: The total length of the foot as 
measured from the most posterior point on the posterior 
tuberosity of the calcaneus to the tip of the distal phalanx 
of the longest digit provides objective information 
describing the size of the foot. Steel and coworkers 6 note 
that this value ranges from 23.0 to 27.8 cm in normal 
individuals, with an absolute value of left-to-right 
différence of 0.27 cm. Other authors 8 believe that because 
of the variability in length of the digits, a more reliable 
measure might be that taken to the head of the first 
metatarsal. 

In order to evaluate the relative contribution of 
various portions of the foot to its total length, a variety of 
parameters hâve been identified (Fig. 6), including the 
distance from the posterior cortical margin of the 
calcaneus to the distal margin of the first metatarsal; to 
the distal margin of fifth metatarsal; to the proximal 
margins of the first and fifth metatarsals; and to the 
proximal margins of the navicular and cuboid bones. 6 
The distance from the posterior tuberosity of the 
calcaneus to the apex of the talar dôme has also been 
measured. 

Height of the Foot: The height of the foot at numerous 
points has been quantified in the literature. 6 A line is 
drawn perpendicular to the horizontal plane at various 
points on the cortical margin at the dorsum of the foot 



Fig. 6: The relative contributions of various portions of the foot 
to its total length can be evaluated on the latéral radiograph. A 
= Total length of the foot. B = Length to the distal margin of the 
first metatarsal. C = Length to the distal margin of the fifth 
metatarsal. D = Length to the proximal margin of the first 
metatarsal. E = Length to the proximal margin of the fifth 
metatarsal. F = Length to the proximal margin of the navicular 
bone. G = Length to the proximal margin of the cuboid bone. H 
= Length to the apex of the talar dôme 


(Fig. 7). The apex of the talar dôme is the most superior 
point on the foot, and the height from this point probably 
represents the optimal measure of the total height of the 
foot. This value ranges from 7.3 to 9.5 cm in normal 
individuals, with a left-to-right différence of 0.16 cm. 6 
Other parameters that hâve been identified include the 
height of the calcaneus and the height of the cuboid and 
navicular bones. Variations from normal values may 
represent alterations of the médial longitudinal arch due 
to congénital abnormalities, fractures, or ligamentous 
dysfunction. The height of the base of the first and the 
fifth metatarsals has been measured. A déviation from 
this may represent a pathologie déviation of the forefoot 
with respect to the hindfoot. 

Length of the Calcaneus: The length of the calcaneus as 
measured from its anterior to its posterior margin has 
been implicated in the structural integrity of the foot. 8 It 
is reported that a long calcaneus is associated with a 
relatively weak support for the head of the talus, which 
may be manifested as an increased propensity toward 
pes planus. 

Other Radiological Techniques/Modalities 
Magnification Radiography 

Magnification techniques hâve been developed to 
enhance the quality and maximize the diagnostic 
information obtainable from a radiographie image. 9 Two 
different magnification techniques are available: optical 
magnification and direct radiographie magnification. 
Both techniques are utilized primarily to depict subtle 
early arthritic, metabolic, and infectious abnormalities in 
small parts such as the foot and hand. 9 

Optical magnification relies on conventional X-ray 
equipment but requires films of high quality. Optical 
magnification is achieved with either a hand lens or a 



Fig. 7: The height of various osseous components can be 
measured on the latéral view. A = Apex of the talar dôme. B = 
Height of the calcaneus. C = Height of the cuboid bone. D = 
Height of the navicular bone. E = Height of the base of the fifth 
metatarsal. F = Height of the base of the first metatarsal 
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projector following development of the film. The 
technique affords higher resolution, greater contrast, and 
lower noise than are possible with standard x-ray 
technique. The major limitation of the technique is the 
high radiation dose to the patient. Dégradation of detail 
related to size and thickness also occurs, but this does 
not usually apply to the small bones of the foot. 

Direct magnification radiography employs a small- 
focal-spot X-ray tube; increased object-to-film distance; 
and a high-resolution recording System. It provides a 
magnified image superior in quality to the one obtained 
with optical magnification. 9 It also éliminâtes the 
necessity for the hand lens or projector required with 
optical magnification. In addition, the radiation dose to 
the skin, although high compared with conventional 
radiography, is lower than that with optical 
magnification. Limitations of the technique, apart from 
the high radiation dose, are the small size of the area 
imaged and occasional difficulties in positioning the part 
to be imaged. 

Xeroradiography 

Xeroradiography is most frequently utilized in 
mammography and in the évaluation of bone and soft- 
tissue disorders of the extremities. 10 The technique utilises 
a spécial plate coated with a thin photoconductive layer 
of sélénium to which a uniform positive charge is applied 
prior to X-ray exposure. During exposure, the plate is 
discharged in proportion to the X-rays passing through 
the examined part and striking the plate. Negatively 
charged powder in then applied to the plate and 
accumulâtes in proportion to the remaining positively 
charged segments. A latent image is thus formed and is 
then transferred and fixed to plastic-coated paper, which 
depicts the picture in varying hues of blue. 10 

One unique feature of Xeroradiography is the edge- 
enhancement effect that accentuâtes margins between 
areas of different densities. Another advantage is the 
greater latitude provided by the Xeroradiography 
compared with conventional x-ray film. Both of these 
qualities allow greater detail at sites in which abrupt 
changes in density exist, such as at the junction between 
bone and soft tissue (Fig. 8). The technique has proved 
useful in the depiction of subtle early metabolic or 
arthritic changes and in the détection of soft-tissue masses 
in an extremity or limb girdle. 10 Imaging of subtle 
fractures or casted fractures may also benefit from 
Xeroradiography. 

Despite its unique qualities, Xeroradiography has not 
gained widespread popularity in musculoskeletal 
imaging. Tumor évaluation has been supplanted by 


computed tomography (CT), which provides greater 
density resolution and allows cross-sectional display. In 
many instances, Xeroradiography has proved inferior to 
magnification techniques in the study of subtle early 
inflammatory bony changes. One serious drawback of 
Xeroradiography is the broad area of contrast 
suppression, in which large areas of relatively uniform 
density may be indistinguishable from one another. Also, 
the xeroradiographic process requires a higher patient 
radiation exposure than that with conventional 
radiography, particularly when thick parts of the body 
such as the hip are imaged. The radiation doses for 
imaging small parts such as the hand and foot, however, 
are comparable with those incurred with conventional 
radiography. 

ARTHROGRAPHY OF THE ANKLE JOINT 

Injuries to the ligaments of the ankle are one of the more 
frequent problems that confront the orthopédie surgeon. 11 
The extent of ligamentous rupture cannot always be 
determined by clinical examination, routine roentgeno- 
grams, and stress views. Ankle arthrography is a simple 
and quick technique that can help in assessing the extent 
of damage in acute ankle sprains. In chronic ankle sprains, 
the leakages may hâve sealed, and the injury will not be 
visualized. Gordon indicated that ankle arthrography is 
particularly valuable in detecting complété tears of the 
tibiofibular ligament and partial ruptures of the médial 
and latéral collateral ligaments. 11 

Technique 

Prior to the injection, routine anteroposterior, latéral, and 
oblique radiographs are obtained. Stress views are done 
when indicated. After topical anesthetization of the area 
with 1% lidocaine, a 1.5 inch 20-gauge needle is inserted 



Fig. 8: A xeroradiograph of a normal ankle illustrâtes 
exquisite bony and soft-tissue detail 
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under fluoroscopie control (The ankle joint is entered 
anteriorly and generally away from the side of the 
suspected collateral ligament injury). The needle is 
advanced towards the dôme of the talus, pointed 
cephalad in order to pass under the anterior lip of the 
tibial articular surface. The use of image intensification 
with the ankle in the latéral position is helpful in judging 
the placement of the needle. When the joint is entered, 
fluid is aspirated for laboratory analysis and to avoid 
dilution of the contrast medium. When ligamentous tears 
are suspected, use approximately 5-10 ml of diatrizoate 
meglumine and diatrizoate sodium (Hypaque) 60%. 
Small amounts of contrast medium (2-3 ml) and air are 
injected, if the articular surfaces are to be studied. 

When the contrast medium has completely filled the 
joint, the needle is removed, and radiographs are taken 
in the conventional anteroposterior, latéral, and oblique 
positions. Latéral rotation and inversion stress views 
should be done as part of the study. 

In a normal arthrogram, the contrast medium remains 
within the confines of the joint capsule. 

Extravasation of contrast material outside the ankle 
joint is abnormal and confirms a ligamentous tear. The 
location of the extravasated contrast agent pinpoints 
which ligament(s) is involved. Extravasation anterior and 
latéral to and around the tip of the latéral malleolus is 
indicative of an anterior talofibular ligament tear. 
Extension of contrast material into the peroneal tendon 
sheath confirms a calcaneofibular ligament tear. Deltoid 
ligament tears are associated with extravasation of 
contrast material around the médial malleolus. Other less 
commonly torn ligaments can also be diagnosed by their 
own distinctive patterns of extravasation. Although most 
studies indicate that ankle arthrography is best suited 
for détection of acute ligamentous abnormalities, there 
is indication that it may be of value in the study of chronic 
instability of the ankle. Subtle changes in the capsular 
outline consisting of small recesses adjacent to the latéral 
malleolus or filling of the peroneal tendon sheath may 
be found to be indicative of chronic ligament injury. 

Few pitfalls hâve been reported with ankle 
arthrography. Ideally, the examination should be 
performed immediately after the injury. Tears in the 
capsule may seal over by organizing clots or adhesions; 
hence, arthrography performed more than 48-72 hours 
after the injury can resuit in false-negative studies. Also, 
a tear of the calcaneofibular ligament may be missed 
when massive tears of the latéral ligaments are présent. 
In this situation, the contrast material may follow the path 
of least résistance and extravasate outside the joint via a 
rent in the anterior talofibular ligament rather than fill 
the peroneal tendon sheath. This may be suspected 


arthrographically when the contrast material extravasates 
rapidly and no résistance to injection is felt. 

Tenography 

Prior to the advent of CT and MRI, tenography was the 
only available radiographie technique for evaluating 
ankle tendon abnormalities. The technique is relatively 
simple. A 23- or 25-gauge needle is introduced into the 
tendon sheath, foliowed by injection of a few millilitres 
of contrast material. 

Normally, the tendons and their sheaths are smooth 
and regular in outline. Irregularities of the sheath and 
fusiform enlargement of the tendon are consistent with 
tenosynovitis. Constriction of or obstruction to contrast 
agent flow may arise from either stenosing tenosynovitis 
or tendon rupture. 

Peroneal tenography may also serve in assessing ankle 
joint instability and capsular tears. The calcaneofibular 
ligament and peroneal tendon sheath are in close 
proximity to each other. Therefore, in the presence of a 
torn calcaneofibular ligament, contrast material escapes 
from the peroneal tendon sheath into the ankle joint to 
produce an ankle arthrogram. In severe ankle sprains, 
tenography is reported to be more reliable than ankle 
arthrography is in detecting calcaneofibular tears. 

Tenography is relatively easy to perform, but it has a 
few disadvantages. It is an invasive procedure that is 
difficult to perform when a large amount of swelling 
obscures normal ankle landmarks. Scarring and fibrosis 
may occlude the tendon sheath and preclude introduction 
of contrast fluid. 

Bursography 

Bursography is a technique in which opacification of a 
bursa is performed for diagnostic as well as therapeutic 
purposes. In the foot and ankle, this technique can be 
undertaken for the diagnosis and treatment of 
retrocalcaneal bursitis. 

Retrocalcaneal bursitis is a common cause of posterior 
heel pain, particularly in patients with rheumatoid or 
séronégative inflammatory arthritides. It is characterized 
clinically by posterior heel pain; tenderness proximal and 
anterior to the insertion of the Achilles tendon; soft-tissue 
bulging at both sides of the tendon; and pain with 
dorsiflexion, which compresses the bursa between the 
bone and the tendon. Radiologically, oblitération of the 
retrocalcaneal recess anterior to the Achilles tendon is a 
reliable indicator for the presence of bursitis. It is often 
associated with prominence of the superior aspect of the 
calcaneal tuberosity (Haglund's deformity) and an 
increase in the angle formed between the posterior and 
plantar surfaces of the calcaneus. 
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Erosions of the posterosuperior surface of the 
calcaneus are late but unequivocal evidence of retro- 
calcaneal bursitis in patients with inflammatory arthritis. 

Ultrasound of the Foot and Ankle (Table 1) 

Ultrasound refers to mechanical vibrations that hâve 
frequencies above the limit that is audible to the human 
ear (greater than 20,000 cycles/sec). Diagnostic 
ultrasound utilises frequencies in the range of 2-10 MHz. 
Emission of an ultrasound beam and détection of the 
reflected waves after they hâve travelled through the 
body is performed via a transducer. The returning echoes 
are processed and translated into a cross-sectional display 
of the underlying anatomy. The ultrasound image 
dépends on the qualities of the medium through which 
the beam travels and on the tissue interfaces présent. Two 
basic types of ultrasound scanning are available. The 
static B-mode scanner provides a static image as the 
transducer is moved across the skin surface, and high- 
speed, real time ultrasonography displays dynamic 
information analogous to that provided by radiographie 
fluoroscopy. 

Masses arising from the tendon or rupture of the 
tendon hâve been studied with a high degree of accuracy 
(Figs 9 and 10). Ultrasound has been employed in 
measurements of heal-pad thickness in acromegaly. 
Ultrasonographic evidence of the loss of foot-pad 
thickness in diabetics has been demonstrated to be a good 
indicator of susceptibility to ulcer formations. 

Internai structure évaluation of a mass is occasionally 
helpful in determining the benignity or malignancy of a 
lésion. A simple fluid collection, such as an uncomplicated 
cyst or a ganglion, is displayed as an echo-free région. 



Fig. 9: Normal Achilles tendon. Transverse US scan shows a 
hyperechoic round structure representing a normal Achilles 
tendon (arrows) 


whereas solid masses reflect echoes within their 
substance. Some masses demonstrate a complex écho 
pattern, with cystic and solid components within their 
substance. Although characterization of a mass as fluid, 
solid, or mixed is not histologically spécifie, it provides 
helpful information for patient management since echo- 
free masses tend to be benign whereas echogenic masses 
may be either benign or malignant. 

Diagnostic ultrasound is non-invasive and has no 
known deleterious effect on the body. Another advantage 
is its scanning flexibility. Unlike CT, ultrasound allows 
image display in almost any désirable plane. It is 
inexpensive and quick to perform and does not expose 
the patient to x-ray radiation. Its major disadvantages 
are its inability to visualize deep structures and penetrate 
gas and bone; it is also operator-dependent and requires 
expertise for interprétation. 

Currently sonographic évaluation rivais or exceeds 
MR imaging for évaluation of tendons; joint and bursal 
pathology (Fig. 11); and spécifie soft tissue pathology 
including ganglions, foreign bodies, plantar fasciitis, 
Morton's neuromas, and cellulitis or abscesses. For 
additional soft tissue pathology including lipomas, 
plantar fibromatosis, and pigmented villonodular 
synovitis, MR imaging is indicated. Evaluation of 
ligaments is best performed by clinical examination or 
MR arthrography. Sonography may be the only useful 
cross-sectional modality when métal is présent and 
créâtes artifacts for CT or MR imaging. Sonographic 
guidance of interventional procedures including joint 
aspiration, biopsy, or injection of the joint or tendon 
sheath can also be performed efficiently, even at the 
bedside if necessary. 



Fig. 10: Chronic Achilles tendinitis. Transverse US scan 
shows a thickened and hypoechoic tendon (arrows) 
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TABLE 1: Indications for sonography of the ankle and 
foot 

1. Tendon pathology: tenosynovitis, tendinosis, tendon tears, 
subluxation or dislocation 

2. Joint and bursal pathology: joint effusion, intra-articular loose 
bodies, bursitis 

3. Soft tissue pathology: foreign bodies, plantar fasciitis, Morton 
neuroma, ganglions, cellulitis or abscesses 

4. Assessment when metallic artifact would limit imaging with 
MR imaging or CT 

5. Guidance for intervention: joint aspiration, synovial or soft 
tissue biopsy, joint or tendon sheath injection 


Computed Tomography (CT) 

CT has been used in imaging a wide variety of 
musculoskeletal disorders of the ankle and foot, including 
structural abnormalities, trauma, arthritides, infection, 
bony and soft-tissue tumors, and tendon injuries. 
Advantages of CT over conventional radiography include 
its greater ability to discrimina te low-contrast objects and 
thus display a wide range of varying tissue characteristics, 
cross-sectional display, reconstruction of the image in 
multiple planes, and the ability to measure atténuation 



Fig. 11: Retrocalcaneal bursitis. Sagittal US scan of the the 
posterior aspect of the ankle in a patient with rheumatoid 
arthritis. A fluid-filled retrocalcaneal bursa (arrows) is shown. 
The Achilles tendon is normal (curved arrows) 


coefficients. The cross-sectional capabilities of CT are 
particularly useful in the foot and ankle owing to the 
extensive overlap of bony and joint surfaces on 
conventional radiographs. 

SECTIONAL PLANES 

In working with computed sectional imaging studies, it 
is important to hâve a clear understanding of the 
perspective and terminology of the sectional planes of 
the foot and ankle. Generally, most images are produced 
in one or more of the following orthogonal planes: 
coronal, transverse, or sagittal. These terms are related 
to the anatomy of the foot and ankle in the standing 
position. The coronal plane is perpendicular to the plantar 
surface of the foot and involves axial images relative to 
the longitudinal axis of the foot. The perspective is that 
of looking directly at the tips of the toes and sequentially 
imaging the structures that are proximal to them, ail the 
way to the back of the heel. 

The transverse plane, often called the axial plane, is 
parallel to the plantar surface of the foot. It gives a 
perspective similar to that of an anteroposterior 
roentgenogram of the foot. At the level of the ankle, the 
transverse plane involves axial images relative to the 
longitudinal axis of the tibia and fibula. 

Sagittal section images give the perspective of a 
lateral-projection roentgenogram of the foot and ankle. 

CT 

Technique 

Positioning 

Principles of Positioning: The key principles of positioning 
the feet for CT examinations are to (1) maintain symmetry 
between the two extremities and (2) place the plantar 
aspect of the feet against a fiat surface (with mild-to- 
moderate pressure), simulating weight bearing. 

In most CT studies, it is feasible to show images of 
both feet at the same time, which facilitâtes comparing 
the normal and abnormal anatomy in cases of unilatéral 
pathology. Symmetric positioning is particularly helpful 
in assessing variations of normal and subtle abnor¬ 
malities. 

Placing the feet on a fiat, rigid surface allows the 
plantar aspect of the hindfeet to be on the same transverse 
plane as the forefeet, which makes the images more useful 
in detecting variations in tarsal relationships with 
differing arch structures such as pes planus versus pes 
cavus. It is important for the patient to be comfortable 
during the examination and not to hâve to use 
dorsiflexion or plantar flexion force to maintain the feet 
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firmly against the supporting surface because such force 
can change the relationship of the tarsals and give a false 
impression of arch structure and valgus and varus 
alignment of the hindfoot. 

The fiat surface to which the feet are comfortably but 
firmly apposed serves as a frame of reference for the 
sectional images. The coronal plane images are generally 
made perpendicular to the plantar aspect of the foot, and 
transverse plane images are usually made parallel to the 
plantar surface of the foot. 

Scanning Technique: Although many CT gantries can be 
tilted a few degrees from the vertical, the overall vertical 
orientation of the gantry allows only transverse axial 
images to be obtained in most cases. Some flexibility in 
imaging the ankle and foot, however, is available. Axial 
scans are obtained with the patient's knees extended and 
the feet in the neutral position. These scans are useful for 
demonstrating talonavicular, calcaneocuboid, and 
tarsometatarsal joints and soft-tissue anatomy (Figsl2A 
and B). Coronal scans are obtained with the knees flexed 
and the feet fiat on the table or on a spécial apparatus 
attached to the table. Coronal planes provide optimal 
visualization of ankle and talocalcaneal joints. Various 
gantry tilts are utilized to further optimise définition of a 


particular joint space or lésion margin. Both feet should 
be scanned at the same time to provide comparison with 
the uninvolved side, and bone and soft tissue images of 
each scan should be obtained. 

Computer reconstructions in multiple planes may be 
obtained at the termination of the examination (Fig.l2C). 
However, they lack spatial resolution compared to direct 
axial or coronal scanning. If appropriate software is 
available, the image can also be re-created in a three- 
dimensional display and edited so as to separate 
overlying structures and joint surfaces. Solid models of 
the three dimensional image can be produced to facilitate 
visualization of the area of interest. The three- 
dimensional capabilities of CT are tremendously useful 
for preoperative assessment of patients with complex 
fractures. 

Imaging 

Slice Thickness and Internais: In the author's expérience, 
4 mm slice thickness with 4-mm slice incréments hâve 
been adéquate for imaging most portions of the foot and 
ankle. Two mm slice thicknesses and 2-mm slice 
incréments are useful when the area of pathology is small 
or the anatomie part is small. Two mm slice hâve been 



Figs12A to C: (A) Normal CT anatomy of right foot - Axial CT scan at the level of médial malleolus (B) Axial CT scan at level of 
subtalar joints (C) Latéral reconstruction demonstrating peroneal tendons 

Note: at = Achilles tendon; att = anterior tibial tendon; atfl = anterior tibiotalar ligament; C = calcaneus; cfl = calcaneofibular 
ligament; dl = deltoid ligament; edit = extensor digitorum longus tendon; ehlt = extensor hallucis longus tendon; F = fibula; fdlt 
= flexor digitorum longus tendon; fhlt = flexor hallucis longus tendon; MM = médial malleolus; pet = peroneus tertius; pnvb 
= posterior neurovascular bundle; pt = peroneal tendons; pbt = peroneal brevis tendon; pit = peroneal longus tendon; ptfl = posterior 
talofibular ligament; ptt = posterior tibial tendon; T = talus; TIB = tibia 







General Considérations of the Ankle Joint 3041 


used in evaluating the sesamoids, stress fractures of the 
navicular bone, osteochondral defects of the talus, and 
loose bodies in the ankle. 

Image Plane Sélection: In ordering a CT examination of the 
foot or ankle, an imaging plane is selected that is 
approximately perpendicular to the plane of the articular 
surface or the fracture plane to be evaluated (Table 2). 
For example, the subtalar complex approximates the 
transverse plane and therefore is better visualised in the 
coronal plane than in the tr ans ver se plane. 

The metatarsocuneiform, talonavicular, and 
calcaneocuboid joints are in the coronal plane and are 
best visualized by transverse plane images. 

The sagittal plane looks like a latéral view. It is not 
practical to obtain these views directly because the patient 
would hâve to turn sideways to get through the gantry 
opening, and this is not feasible. However, sagittal 
views can be obtained by computer-programmed recon¬ 
structions. 

Contiguous 2-mm sections in the coronal or transverse 
plane may be useful to provide relatively high resolution 
re-formations in the sagittal plane. The reformations are 
not as clear as direct views, but they do not add to the 
patient's radiation exposure. Given the availability of 
direct transverse and coronal plane images, reconstructed 
sagittal plane images rarely add a significant benefit. 

Double-plane examinations are often useful in 
evaluating neoplasms, sesamoid problems, and mid-foot 
fracture-dislocations. In the assessment of a neoplasm, 
the dorsal-to-plantar dimension as well as the proximal- 
to-distal dimension is important; therefore, double-plane 
transverse and coronal images are recommended. 
Double-plane examinations are also recommended for 


most sesamoid problems: The transverse sections aid in 
identifying fracture lines, and the coronal sections are 
used in evaluating the articulation between the sesamoid 
and the metatarsal head. The évaluation of midfoot 
fracture-dislocations is often helped by double-plane 
images because médial and latéral displacements are 
illustrated well in the transverse plane, and dorsal 
and plantar displacements are visualized in coronal 
sections. 

Radiation Exposure 

There is significantly greater skin radiation exposure with 
CT scanning compared with plain film roentgenography 
but not significantly greater than with traditional 
tomography. The increased radiation exposure from CT 
can be justified in most cases because of the clearer images 
obtained and the fact that both feet can be imaged at the 
same time, allowing a comparison of the affected foot 
and the normal foot without making an additional 
examination. 

Metallic Interférence 

Métal implants significantly obscure CT images owing 
to the complété absorption of the x-rays by the métal. 
Sometimes, despite the blurring of the images from 
métal implants such as screws, Staples, and so on, the 
spécifie point of interest, such as an articular surface, is 
still visible if the métal implant is not too close to the 
target anatomy. If the métal implant is within the bone 
that is the focus of interest or immediately next to the 
articular surface to be evaluated, plain film roentgeno- 
grams would probably provide as much imaging 
information as would CT scans. 


TABLE 2: Recommended planes for computed tomography scans of the foot and ankle 


Structure Pathology Optimal Plane for Scan 


Ankle 

Fracture, epiphyseal 

Coronal and transverse 

Ankle 

Fracture, pilon 

Transverse 

Talus 

Fracture, Osteochondral 

Coronal 

Talus 

Fracture, neck 

Trans verse 

Talus 

Fracture, body; neoplasm 

Coronal and transverse 

Calcaneus 

Fracture, depression-tongue 

Coronal 

Calcaneus 

Fracture with extension to 
calcaneocuboid joint; neoplasm 

Coronal and transverse 

Navicular bone 

Fracture, acute or stress 

Coronal 

Talonavicular joint 

Arthritis 

Transverse 

Calcaneocuboid joint 

Arthritis 

Transverse 

Midfoot 

Fracture; dislocation; diastasis 

Coronal and transverse 

Forefoot 

Malalignment, metatarsal heads 

Coronal 

Sesamoids 

Fracture; arthritis; avascular 
necrosis 

Coronal and transverse 
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Ordering a CT Examination of the Foot and Ankle 

Possibly the most important part of ordering a CT study 
is selecting the proper plane (see Table 2). The key is to 
select a plane perpendicular to the articular surface or 
fracture plane to be evaluated. When in doubt, both direct 
coronal and transverse plane examinations should be 
ordered. It is helpful to indicate to the radiologist the area 
of primary interest so that the image can be enhanced by 
using thinner slices and intervals or by magnifying a 
specified area. It is useful when feasible to send x-rays or 
copies of x-rays with the CT order to indicate the area to 
be evaluated. State-of-the-art office copy machine's can 
be used to produce copies of X-rays by setting the 
indicator of the machine to light. Generally, the clearer 
the order for a CT examination, the more useful the 
examination and the radiologist's interprétation. 

Magnetic Résonance Imaging (MRI) 

Principles 

MRI is a form of computed sectional imaging in which 
tissues are contrasted by the characteristics of their proton 
activity in a magnetic field rather than by their density 
per se. The main advantage of using MRI instead of CT to 
study the foot lies in MRI's ability to differentiate soft- 
tissue structures, soft-tissue lésions, and pathology in 
cancellous bone. Another advantage is the fact that an 
MRI examination does not subject the patient to ionizing 
radiation. MRI has not replaced CT in evaluating the foot 
and ankle to the extent anticipated when MRI first became 
clinically available. MRI examinations are more 
expensive and time-consuming than comparable CT 
examinations, and they do not clearly depict the cortical 
outlines of bones. 

Interpreting MR images is more difficult for the 
clinician initially than interpreting CT images. CT, like 
plain film roentgenography, is based on variations in 
tissue density. Tissue density does not significantly 
influence MR images, however, and therefore the eye 
needs to be trained to fully understand the significance 
of the MR images. 

The radiologist plays a more active rôle in planning 
the MRI study compared with plain film roentgeno¬ 
graphy or CT. Sélection of the optimal electromagnetic 
parameters influences the visualization of various types 
of pathology. It is important that the clinician specify to 
the MRI radiologist the objectives of the examination so 
that the radiologist can make the modifications required 
to provide optimal images that address the clinical 
question. 


Disadvantages 

MRI equipment is very costly, and so are maintenance 
and supplies. MRI examinations are more time- 
consuming than are comparable CT studies. The average 
MRI study of the foot and ankle requires approximately 
50% more time than does a CT study. 

Metallic interférence is a problem with MRI, although 
it may be less of a problem than for CT examinations. 

An MRI examination is contraindicated for patients 
with cardiac pacemakers, intracranial aneurysm clips, or 
electronically driven pumps or other devices. 

The cortical outline of bone, at articular surfaces, for 
example, is not well delineated by MRI and is visualized 
much more clearly on CT studies. 

Soft-tissue calcifications and small intra-articular loose 
bodies produce low-intensity signais on both Tl and T2- 
weighted studies and are not well visualized by MRI. 
Soft-tissue calcifications are better visualized by 
radiographie techniques such as CT scanning. The 
relatively large interslice gap and slice thickness 
characteristics of MRI examinations also limit the ability 
to identify small intra-articular loose bodies with this 
technique. 
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INTRODUCTION 

Fractures involving the ankle joint are common and often 
occur with little apparent force. There is fracture of one 
or more of the malleoli associated with varying 
subluxation or dislocation of the ankle joint. Percival Pott 
described this injury (ankle fractures) in 1768, who 
ironically sustained this himself as compound fracture 
(a transverse fracture of the fibula within 5 to 7 cm from 
its lower end. 

Violence is mostly indirect such as twisting strain 1 
over the ankle, e.g. when the foot is suddenly caught in a 
ditch, missing a step, or falling from a height, striking 
against a hard object, etc. The long lever of the lower limb 
produces considérable stress in the ankle région when 
the foot is held and body weight transmitted even in the 
absence of any external force. Direct hit around the ankle 
can also cause this injury. Today however commonest 
cause is road traffic accidents, especially with two 
wheelers. Incidence has increased dramatically. 
Osteoporosis is another important cause, therefore 
common in elderly women. Basic violence at the ankle 
are abduction and adduction which are rather 
exaggeration of eversion and inversion movements 
occurring at subtalar joint. 

Basic principles as in any other intraarticular fractures 
are: 

i. anatomie réduction of the articular surface 

ii. stable internai fixation of the fragments 

iii. early mobility 

iv. recently added factor, arthrodiastasis (joint 
distraction). Occasionally used. 

Stability 

Stability of the ankle joint is by its bony configuration 
and its complex ligamentous System. The dôme of the 


talus is held snugly in the ankle mortise. Ligaments play 
an important rôle in stabilization. 

Congruity 

The ankle joint is fully congruous in ail positions of the 
talus, from full plantarflexion to full dorsiflexion. Inman 
postulated that both the talar and tibial articular surfaces 
are segments of a cône or frustum with the apex located 
medially, therefore, during the normal ankle motion of 
dorsiflexion to plantarflexion, the dôme of the talus 
rotâtes around its laterally placed base. Some motion 
occurs between the inferior tibiofibular joint, one-sixth 
of the body weight is transmitted through the fibula. 
Therefore, latéral malleolus is not only an ankle 
stabilizing structure but also a weight bearing structure. 
The important points are as follows: 

1. In assessing an ankle injury, ligamentous disruption 
must be assessed. 

2. Even a minor incongruity will lead to a change in the 
biomechanics in the joint. 

3. It has been traditionally taught that the latéral side of 

the joint is of vital clinical importance for both stability 
and congruity and must therefore be anatomically 
restored. Ramsey has shown that 1 mm of latéral shift 
is average réduction of the contact area of tibiotalar 
articular in 42 %. Therefore, incongruity resulting 
from malunited latéral malleolus causes subluxation 
and osteoarthrosis (Figs 1 to 3). However the current 
clinical and biomechanical studies suggest that médial 
side injury is perhaps more important than the latéral 
side injury. 

The dôme itself is wider anteriorily than posteriorly 
and as the ankle dorsiflexes, the fibula rotâtes externally 
through the tubiofibular sytndesmosis to accommodate 
this widened anterior surface of the talar dôme. 
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Figs IA to C: AO classification of ankle fractures (see text) 
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Fig. 2A: Syndesmosis 



Fig. 2B: The médial (deltoid) lig 



hallucis longus 


tibiofibular 

ligament 

Fibula 


Tibia 


Anterior tibial 
artery and 


Peroneus tertius 


Extensor hallucis longus 


Tibialis anterior 


Peroneus 

longus 

Peroneus brevis 


Poste ri or 
tibiofibular 
ligament 


Tibialis 

posterior 


Post tibial 
artery and nerve 


Tendo-Achilles 


Fig. 3: Cross-section of ankle 


Major ligaments are Latéral collateral ligaments, 
médial collateral ligaments, syndesmotic ligagments. 

Syndesmotic ligaments are: Fig 2A 

1. Anterior inferior tibiofibular 

2. Posterior tibiofibular ligament-posterior tibiofibular 
ligament is far stronger than the anterior tibiofibular 
ligament 

3. Stout interosseous ligament. 

The major latéral collateral ligaments are the anterior 
talofibular ligament, the calcaneofibular ligament, and 
the posterior talofibular ligaments. 

The deltoid ligament has been characterized as having 
a superficial component and a deep component Fig. 2B. 

Deep layer primary médial stabilizer of the ankle joint, 
virtually inaccessible from outside the joint, and it cannot 
be repaired unless the talus is displaced laterally or if the 
médial malleolus is inverted distally through fracture or 
osteotomy. 

Pathomechanics of Ankle Fractures 

Mechanism of injury: According to Schatzker, 33,34 there are 
two distinct types of injury: (i) those due to an adduction- 
inversion force causing a latéral injury below the 
syndesmosis, and (ii) those caused by an external 
rotation-abduction force, producing an injury to the 
latéral complex at or above the syndesmosis (Figs 4 
and 5). 

When the foot is held under weight on ground, the 
external rotation, adduction or abduction violence singly 
or in combinations, produce much strain on ligaments 
and undue loading on the bones. With continuance of 
violence, chain reaction of component failures occur till 
the violence ebbs out. 

Classification 

Currently two Systems of classification are commonly 
followed: Lauge-Hansen scheme 19-22 and the Danis 
Weber scheme. In Lauge-Hansen's classification, was 
derived from cadaver studies in which the pattern of 
injury was described by two parameters: the position of 
the foot at the time of the injury and the direction of the 
deforming force. Four types of ankle injuries were found: 
(i) the supination-adduction injury (Fig. 7), (ii) the 
supination-external rotation injury, (iii) the pronation- 
abduction injury, and (iv) the pronation-external rotation 
injury. Each type of injury is divided into stages, 
depending on the severity of the lésion. 

AO Classification (Fig. 1) 

AO classification is based on the position of the fibular 
fracture: type A fractures below the syndesmotic 
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Figs 4A and B: (A) Mechanism of injury: supination-adduction 
force. In the first stage, a transverse avulsion fracture of the 
fibula may occur distal to the syndesmosis or the latéral ligament 
may rupture (1), With a continuing adduction force, a vertical 
fracture of the médial malleolus occurs, often with impaction of 
the joint surface (2). (B) Mechanism of injury: eversion-abduction 
force. A shearing, rotational injury to the latéral joint complex is 
produced, including a spiral rotational fracture of the fibula (1), 
a disruption of the syndesmotic ligament (2), and a disruption 
of the médial ligament or médial malleolus (3) (After Schatzkar) 



Figs 5A and B: Effect of foot position: (A) supination of the 
foot causes laxity of the médial ligament and tension in the 
latéral ligament of the ankle and (B) pronation of the foot causes 
tension in the médial ligament and laxity in the latéral ligament 
of the ankle (Schatzkar) 

ligament, type B are between the anterior and posterior 
syndesmodic ligaments, and type C the latéral lésion is 
above the syndesmotic ligament (Table 1). 


TABLE 1 : AO classification 


Type A: Fibula fracture below syndesmosis (infrasyndesmotic) 
Al-Isolated 

A2-With fracture of médial malleolus 
A3-With a posteromedial fracture 

Type B: Fibula fracture at the level of syndesmosis 
(transsyndesmotic) 

Bl-Isolated 

B2-With médial lésion (malleolus or ligament) 

B3-With a médial lésion and fracture of postérolatéral tibia 

Type C: Fibula fracture above syndesmosis (suprasyndesmotic) 
Cl-Diaphysea fracture of the fibula, simple 
C2-Diaphysea fracture of the fibula, complex 
C3-Proximal fracture of the fibula (Fig. 1) 


TABLE 2: Lauge-Hansen classification (Fig 6) 

Supination-adduction (SA) 

1. Transverse avulsion type fracture of the fibula below the level 
of the joint or tear of the elateral collateral ligaments 

2. Vertical fracture of the médial malleolus 

Supination-eversion (external rotation)-SER 

1. Disruption of the anterior tibiofibular ligament 

2. Spiral oblique fracture of the distal fibula 

3. Disruption of the posterior tibiofibular ligament or fracture 
of the posterior malleolus 

4. Fracture of the médial malleolus or rupture of the deltoid 
ligament 

Pronation-abduction (PA) 

1. Transverse fracture of the médial malleolus or rupture of 
the deltiod ligament 

2. Rupture of the syndesmotic ligaments or avulsion fracture 
of their insertion(s) 

3. Horizontal, short oblique fracture of the fibula above the 
level of the joint 

Pronation-eversion (external rotation)-PER 

1. Transverse fracture of the médial malleolus or disruption of 
the deltoid ligament 

2. Disruption of the anterior tibiofibular ligament 

3. Short, oblique fracture of the fibula above the level of the 
joint 

4. Rupture of posterior tibiofibular ligament or avulsion 
fracture of the postérolatéral tibia 

Pronation-dorsiflexion (PD) 

1. Fracture of the médial malleolus 

2. Fracture of the anterior margin of tibia 

3. Supramalleolar fracture of the fibula 

4. Transverse fracture of the posterior tibial surface (Fig. 6) 


Lauge-Hansen's classification (Table 2) describes the 
mechanism of injury and pathoanatomic feature of the 
ankle injury. However, Lauge-Hansen's classification is 
cumbersome and difficult to apply clinically. The 
disadvantage of AO classification is that it does not clearly 
defines the unstable fractures. Some of the type C 
fractures are stable. 33,34 However, this AO classification 
is still a preferred classification. 
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Fig. 6: Lauge-Hansen classification 


Displacement of the talus is indicative of both 
incongruity and instability of the ankle. Since both the 
latéral and médial joint structures are disrupted the ankle 
is unstable. Compression of the talus or médial tibial 
plafond may cause impaction of the articular cartilage, 
thereby, altering the prognosis. 

The key to the stability of the ankle mortise is the 
posterior syndesmotic ligament complex, i.e. the ligament 
or its équivalent bony attachment, the posterior tibial 
tubercle or malleolus (Volkmann triangle fracture). The 
presence of a posterior lésion always indicates a degree 
of instability, whether or not the médial structures are 
disrupted. 6 

Classification of ankle injuries has been complicated. 
Lauge-Hansen 19 ' 22 proposed a detail and rational 
classification in 1942, associating spécifie fracture patterns 
with the mechanism of injury, with four subdivisions of 
his each broader group. With the passage of time 
unanimity over this classification is dwindling, yet it gives 
a good working hypothesis. Based upon Lauge-Hansen's 
classification 23,38 of the ankle injuries (which was based 
on the reproduction of fracture patterns in cadavers in 
1940). They may be classified as shown in Figure 6. 

Danis-Weber Classification (Fig. 8) 

Danis-Weber AO classification of ankle fractures is based 
on the site of latéral malleolar (fibular) fracture and 
presence or absence of injury on the médial side (médial 
malleolus or deltoid ligament. 7,8,18,26,36 It is claimed to 






Fig. 8: Danis-Weber classification (see text) 
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guide the treatment. On the whole, it is not possible to fit 
in ail the ankle fractures in aforesaid groups. In Weber 
classification, fractures are categorized into A,B, and C 
based on the level of the fibular fracture. Type A fractures 
are below the level of the distal tibial fibular syndesmosis, 
B fractures are at the level of the syndesmosis, and type 
C fractures are above the syndesmosis. Its shortcomings 
are : 

1. This classification was attractive for its simplicity and 
because it guided treatment. 

2. The degree of syndesmosis injury is not always 
accurately predicted by the level of the fibula fracture. 

3. Ignored the médial side injury that is now considered 
to be a more important déterminant of the most 
appropriate treatment than the level of the fibula 
fracture. 

4. May not provide a good guide to prognosis after 
treatment. 

The level of the latéral malleolars is not a good guide 
to plan treatment. 

The new classification is Stable Versus Unstable 
Fractures. 

Ankle fractures can be divided into stable and 
unstable, and this simple two-group classification has 
considérable clinical importance. By ORIF unstable 
fractures must be reduced. 

Unstable fractures are: 

1. When the talus is dislocated or shifted (subluxated) 
or has a significant tilt, the ankle fracture is unstable 
(Fig. 9). 

2. Bimalleolar fractures are unstable 

3. Fibular fractures with deltoid layer. 


Fig. 9: Restoring and maintaining talus in the central 
position is the most important factor for outcomes 


4. Trimalleolar fracture with large posterior fragment is 
very unstable 

5. These fractures hâve worse prognosis 

6. Syndesmotic injury with médial side injury. 

Stable fractures are : 

1. Undisplaced fractures 

2. If the deltoid ligament is competent, and no médial 
malleolar fractures, the talus will be stable in the ankle 
mortise despite a latéral side injury. 

The deltoid ligament tare is assessed by pain 
tenderness echymosis and stress film. The presence or 
absence of a médial injury is the key to stability of a latéral 
malleolar fracture. The médial injury détermines stability. 

CLINICAL FEATURE 

There is usually history of indirect violence and hearing 
of a click or snapping sound. Patient complaints of 
immédiate pain followed by swelling, deformity, 
difficulty in standing or walking with weight bearing. 
Sometimes there is tingling. Ankle and foot are swollen 
and deformed with or without ecchymosis of the 
overlying skin which may be tense. Unreduced 
dislocation may produce circulatory embarrassment and 
skin blisters. On superficial palpation, there is 
hyperesthesia, mild rise of température, and tenderness 
in the fractured zone. 

However, gross swelling may hinder the palpation 
of the bony points, and arterial pulsations. Any attempt 
of moving the ankle initiâtes much pain. Circumferential 
measurement of ankle is increased. Vertical measurement 
of the heel is mostly decreased. 

Mechanism of the injury suggests the severity of the 
trauma. It is important to note the ability of the patient to 
walk after injury. If the patient is able to walk, the injury 
is minor and may be treated nonoperatively by cast or 
by strapping. High-energy injury is usually unstable. 

Physical Examination 

Stress test should be done to assess the stability of the 
ankle. The anterior drawer maneuver évaluâtes the 
anterior talofibular ligament. The inversion and eversion 
tests are performed to test the integrity of médial and 
latéral ligament complex. This should be done under 
anesthésia, under radiographie control or preferably 
image intensification. In most of the cases, it is difficult 
to diagnose the type of fracture clinically. 

Radiological Assessment 

Radiographie views (AP view)-taken in line with long 
axis of foot, entire fibula included. This view tells 
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the fracture of both malleoli, antérolatéral tibia, 
proximal fibula and osteochondral fractures of distal tibia 
or talus. 

• Tibiofibular clear space 

• Tibiofibular overlap 

• Talar tilt 

• Médial clear space. 

Latéral view-tells talus displacement-anterior or 
posterior, 

• Fracture of neck of talus 

• Fracture of anterior and posterior tibial margins 

• Fracture or posterior dislocation fibula. 

Mortise view-obtained by internai rotation of leg 
15 to 20° resulting the beam of X-ray at right angles to 
intermalleolar line of fibular length, talar tilt/shaft, 
talocrural angle, médial clear space, tibiofibular overlap, 
tibiofibular clear space can be evalvated. It is essential 
for proper visualization of the inferior tibiofibular 
syndesmosis (Fig. 10). In comminuted doubtful cases, 17 
CT, MRI and arthroscopy would be helpful. Bone scan 
in useful in chronic ankle problems. 

Computed tomography (CT) scans help to delineate 
bony anatomy, especially in patients with plafond 
injuries. Magnetic résonance imaging (MRI) may be used 
for assessing periankle occult cartilaginous, ligamentous, 
or tendinous injuries. 

X-ray measurements of Alignment and Stability: 

1. Displacement and rotation of médial and latéral 
melleolar. 

2. Talo crural L is usually 7° + 4°, lesser than 3° indicates 
fibular shortening. 

3. Médial clear space. A space greater than 4 mm is 
considered abnormal and indicates a latéral shift of 
the talus. 

4. Syndesmosis: The simplest approach is to measure 
the distance between the médial wall of the fibula and 
the incisural surface of the tibia. This tibiofibular clear 
space should be less than 6 mm on both AP and 
mortise views. 

Latéral Complex (Fibula and Tibiofibular Syndesmosis) 

Two factors are of importance in the injury to the latéral 
joint complex: (i) the amount of shortening or 
displacement, and (ii) the location and shape of the fibular 
fracture. On the mortise view, any break or gross 
displacement of the tibiofibular line should be viewed 
with suspicion. Shortening or latéral displacement of the 
latéral malleolus is presumptive evidence of a tear in a 
portion of the syndesmotic ligament, the presence of an 
avulsion fracture at one of its attachments is definite 


evidence of the same. The location of the fibular fracture, 
i.e. below, at, or above the syndesmosis is also significant. 
Spiral fractures are usually of low energy, short, oblique 
and/or short oblique comminuted fracture suggests high- 
energy fracture with instability. 

The Talus 

The talus should be carefully examined for several 
abnormalities. Talar tilt is the most important sign of 
tibiotalar incongruity due to instability of the latéral 
complex. The incongruity may be due to latéral shift of 
the talus or more commonly, to external rotation of the 
talus in the mortise view. Subluxation of the talus and 
dôme fractures should also be noted. Latéral view shows 
the posterior fracture. 

Tibial Avulsion 

Tibial avulsion may be a large triangular fragment of the 
postérolatéral margin of the tibia (Volkmann's triangle). 
Wide séparation of the fibula from the tibia is evidence 
of complex disruption of the posterior syndesmotic 



Fig. 10: Normal syndesmotic relationships. The tibiofibular clear 
space between the hollow arrows, 1 cm above the tibial plafond, 
should be less than 6 mm. The tibiofibular overlap on this 
simulated anteroposterior view (solid arrows) should be greater 
than 6 mm or 2 % of the fibular width and greather than 1 mm 
on mortise view. {From Katcherian MD: Soft-tissue injuries of 
the ankle. In Lutter LD, Mizel MS, Pfelter GB (Eds): Orthopédie 
Knowledge Update: Foot and Ankle. Rosemonth, IL, American 
Academy of Orthopedics Surgeons 1994;241-43. 
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complex, hence, an unstable ankle mortise. The médial 
complex should be carefully studied, as regards the 
fracture geometry, comminution, displacement and 
associated ligamentous injuries. 

Decision Making 

In the management of ankle fractures, the most important 
factor is to décidé whether the injury is stable or unstable. 
The stable type of injury Al, B1 and some Cl can be 
treated nonoperatively. 

Undisplaced low-energy fractures may be treated in 
a plaster cast. However, there is always a possibility of 
displacement as the initial radiographs may not be as 
benign as they appear. Therefore, if the surgeon décidés 
to treat the fracture nonoperatively, he or she must 
carefully assess the fracture weekly by radiography. 
However, it is préférable to treat most of the fractures 
surgically fixing the fractures internally by lag screws. 

Management 

Immédiate management is by splint support. A pillow 
splint wrapped around the ankle readily confirms to the 
shape of the injured part. The foot-leg should be elevated. 
Application of ice pack (for 24 hours) and analgésies, 
reduces the swelling and pain. 

Confirming by the radiography, the dislocated ankle 
and displaced fractures must be reduced as early and as 
accurately as possible. Many fractures can be managed 
satisfactorily by both well-planned and conducted 
conservative or operative methods. However if the 
fracture is unstable, then accurate réduction is more likely 
to be achieved and maintained by surgical methods. 

Initial Management 

The first important step is to reduce the talus if displaced. 
This is important because unreduced talus may cause 
pressure on the blood vessels further damage to articular 
surface and increases tissue swelling. The limb should 
be elevated. If there is no swelling, immédiate ORIF may 
be carried out. When swelling is severe, élévation, Ice 
packs, cryotherapy and intermittent pneumatic pedal 
compression (foot pumps). 

Clinical and Biomechanical Studies 

JL Marsh described the biomechanical and clinical studies 
regarding the importance of médial side injury. Ramsay 
and Hamilton demonstrated that 1 mm of latéral talar 
shift increased the contact loading of the tibiotalar joint 
by 42%. Even small amounts of talar and fibular 
displacement lead to abnormal contact loading. 


dramatically increasing local contact forces across the 
tibiotalar joint and potentially leading to posttraumatic 
osteoarthritis. Yablon et al showed that the talus followed 
displacement of the fibula. More recent biomechanical 
studies hâve changed our thinking about the way the 
ankle behaves both acutely after fracture and chronically 
after healing. First, in the absence of a médial injury, the 
talus remains centered, and the joint has normal loading 
characteristics and normal kinematics despite displaced 
fibula fractures, at the level of the joint, above the level of 
the joint, and fractures above the level of the joint with a 
disrupted syndesmosis. In fibula fractures at the level of 
the joint and above the joint, movement and stability of 
the talus dramatically changed when a médial injury was 
added to the latéral injury. These biomechanical studies 
hâve cast doubt on the importance of exactly reducing 
the fibula in the absence of a médial injujry. The key 
déterminant appears to be that the talus stays well 
centered and stable in the mortise, as occurs despite a 
displaced fibula fracture when the médial structures are 
not injured. Unstable ankle fractures sustain an injury 
on both sides of the ankle mortise. This injury 
combination results in dynamic instability of the talus in 
the ankle mortise. If healing occurs in a displaced position, 
the mortise remains permanently wide, resulting in 
abnormal movement, ankle symptoms, and the potential 
for degenerative arthritis from repeated shearing forces. 
In these injujries, exact réduction serves to ensure talar 
stability and to prevent these adverse kinematic 
conséquences, not to prevent abnormal contact loading. 
Clinical studies: Clinical studies hâve shown that with only 
latéral side injury (SER 2) without a médial side kinjujry, 
long lasting good results are the rule after simple 
treatment with short-leg casting, bracing and even a 
supportive shoe or elastic bandage. Whereas reducing 
the displaced fibula has been advocated, clinical follow 
up of cases treated without reducing the fibula 
demonstrates that réduction is not necessary. 

Ail unstable fractures should be treated by ORIF. 

General Principles of ORIF (Figs 20 to 25) 

1. Timing of surgery: If there is minimal swelling ORIF 
can be done immediately. If there is swelling and 
blisters, the surgeon should wait till skin rinkles 
appear, blisters flatten. 

2. Surgical approach: Direct approach - Direct réduction 
and fixation of a posterior malleolus fracture are 
possible through a postérolatéral incision through the 
interval between the peroneal and the Achilles 
tendons. The fibula can also be approached through 
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a more postérolatéral incision. For posterior fibular 
plating and fixing a posterior malleolar fracture. 

3. Médial approach: The Médial malleolus is approached 
directly through a longitudinal incision over the 
malleolus. 

In a displaced fracture, it is préférable to inspect ankle 
joint for this anteriomedial curved incision skirting 
around médial malleolus 


Résorbable implants: They hâve the potential advantages 
of eliminating the need for hardware removal, decreasing 
irritation over prominent screws and plates, and allowing 
for graduai stress transfer from the implant to the bone. 
Fixing the syndesmosis with a bioresorbable implant is 
particularly attractive, because removal of these implants 
is routinely required. However, polyglycolide implants 
hâve the complications of local inflammatory 
granulomatous reaction and lytic régions in bone. 

Fixation of latéral malleolus: Anatomie réduction and 
internai fixation of the fibular fracture are indicated in 
most unstable ankle fractures and dislocations. The fibula 
fracture is most commonly fixed with a one third tubular 
plate contoured and fit to the latéral fibula. Exact 
contouring is not necessary. Because it is malléable, the 
one third tubular plate assumes the contour of the bone 
as the screws are applied, particularly when the fibula is 
reduced anatomically and the bone stock is adéquate (Figs 
12 and 13). 


A5 to 8 hole plate is required. 

1. An interfragmentary lag screw can be placed through 
the plate from posterior distal to anterior proximal 
Fig. 14. 

2. When the fibula fracture is long and oblique without 
comminution, it can be fixed with lag screws only 
without a plate. This technique decreases the 
dissection necessary. 



Figs 11A and B: Tension band wire over K wire for latéral 
malleolus, (B) Lag screw fixation for latéral malleolus 



Fig. 12: Restoring length of lat. malleolas 





3. The distal fibula can be fixed with a rod or 
intramedullary screws instead of plates and screws. 
Intramedullary rods hâve been used for fibula 
fractures and hâve been reported to resuit in fewer 
complications and faster réhabilitation of the ankle 
than when plates and screws are used. 

4. The distal fragment may be too small to fix to a plate 
adequately. An intramedullary rod or screw, a tension 
band wire, and an oblique lag screw provide better 
alternatives (Fig. 11). The fracture with comminuted 
area over several cms is most difficult to treat. In this 
type of fracture, first fix a médial malleolar which will 
reduce the distal fibular fracture and use a long plate. 
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Figs 14A to D: (A) Shows 3 screws used for spiral latéral 
malleolus. (B and C) plating on the latéral surface (D) plating 
on posterior-lateral surface of latéral malleolus 

Médial Malleolar fixation: (Fig. 16) The most common 
médial malleolar fracture is the oblique fracture. This is 
best treated by 2 lag screws. The two screws are 4 mm, 
partially threaded cancellous screws. The screws must 
be perpendicular to the fracture site. The screw need not 
engage the opposite cortex. The cancellous bone is strong 
enough. If the surgeon tries to engage the opposite cortex, 
the malleolus may fracture. 

The length of the screw is usually 40° occassionally. 

1. The more vertical fracture is treated by two horizontal 
screws so that they are perpendicular to the fracture 
line. The vertical fracture may be associated with 
impaction of the articular surface of the médial flexion. 
When the malleolar fragment is small, method of 
tension band wires around to K-wires is used Fig. 16. 
This is especially useful in osteoporotic fragment. In 
displaced fractures, ankle arthrotomy is useful for 
inspection of the articular surface, removal of débris, 
and irrigation Fig. 15. In cases of significant 
displacement, articular impaction, or osteopenia, a 
small plate prevents proximal displacement of the 
médial malleolar fragment. 

2. If there is impaction, this should be corrected and bone 
grafting done from proximal metaphesis. 

Deltoid Ligaments: The disruption of the deltoid ligament 
rarely needs to be surgically addressed. Rarely 
interposition of the deltoid ligament is one potential cause 
of residual talar shift. When the latéral side injuries and 
syndesmoses are stabilized, there is no need to suture 
deltoid ligament. Posterior malleolus or (Cotton's 
fracture 6,11,12 ). The posterior fragment is usually situated 
posterolaterally, only occasionally posteromedially. The 
posterior malleolar fracture is usually associated with 
médial or latéral or both malleolar fractures. 28 An external 
rotation, latéral view has been reported to show the 
posterior malleolus better than conventional X-rays. CT 



Fig. 15: Medid malleolus fracture incision straight or curved. 
1. Protect saphenous vein. 2. Permit ant. Med. Ankle arthrotomy. 
3. Inspection of joint. 



Figs 16A to D: (A) Tension band wire (B) one screw and a 
tension band-wire (C) Two screws used to fix médial malleolar 
fracture (D) One screw & one k. wire 

scan is an excellent way to identify its size as well as the 
exact location and orientation of the fracture line. The 
posterior fragment may cause posterior drawer's sign 
positive and responsible for posterior stability. When the 
fragment is greater than 25% of the joint surface. It needs 
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to be fixed by a screw (1) Direct réduction (2) Indirect 
réduction. 25 

Direct visualization through posterior approach and 
fixation from back to front is préférable. It may also be 
fixed from front to back preoperative planning is 
important because if the fragment is situated laterally one 
can approach it through a postérolatéral incision. If it is 
situated medially, then the posteromedial incision is 
required. The médial malleolar fracture may also be fixed 
through these postero médial approach. If there is 
comminution or severe osteoporosis, a small buttress 
plate may be applied. The most important factor in 
reducing and stabilizing the posterior malleolus is 
accurate stable fixation of the associated fibular fracture. 

Syndesmosis Injury: Syndesmosis consists of 4 ligaments 

1. Anterior tibiofibular ligament 

2. Posterior tibiofabular ligament 

3. Inferior tibiofibular ligament 

4. Interosseous. 

Syndesmosis Instability 

Syndesmosis instability can occur in the absence of a 
fibular fracture or with a lower fibula fracture at the level 
of the joint. Clinically pain and tenderness at proximal 
to ankle joint at higher level. Fibular fracture also is at a 
higher level and may be near the upper tibiofibular joint, 
(maisonneuve fracture). Supination external rotation and 
pronation external rotation produce syndesmosis injury. 
The level of the fibula fracture or the Lauge Hansen 
classification cannot be reliably used as the sole 
déterminants of syndesmosis instability. Talus is shifted. 
The level of the fibula fracture provides only an important 
due to the presence or absence of potential syndesmosis 
instability, but other methods of évaluation must be used 
to be certain of the diagnosis. Stress X-rays are taken with 
gentle external rotation. A syndesmotic injury is treated 
by inserting 1 or 2 screws through the fibular plate or 
outside the fibular plate. 

There are many contraversies regarding the number 
of screws, type of screws 3.5 or 4.5, whether 3 cortices or 
4 cortices, removal of screw and when to remove. Usually 
one screw is enough, there is no need to perforate the 
médial cortex of the tibia. If this is done the fibula will be 
compression to tibia and tibio-fibular mobility is reduced. 
For the same reason, the fibula should not be compressed 
to tibia. The syndesmosis screw should not be removed 
before 12 weeks. Even if the screw brakes, clinically it 
does not affect. Two screws resist external rotation forces 
more than one screw. Pronation-abduction injuries 
completely tear the entire syndesmosis and lead to greater 



Fig. 17: Cotton's test 


instability than external rotation injuries in which some 
or ail lof the posterior syndesmosis may be intact. Fixing 
the syndesmosis increases stability. 

During surgery, after fixing the biomelleolar or 
trimelleolar fracture, integrity of syndesmosis should be 
tested by 

1. Balloting the fibula anteroposteriorly. 

2. By Cotton's test which consists of pulling the fibula 
by a hook (Fig. 17). 

3. Under image, direct stress testing of syndesmosis by 
abduction and external rotation. Most use 3.5 or 4.5 
mm screws engaging three cortices. The larger screw 
is stronger, and the large head is easier to identify 
and to remove using local anesthésia. The smaller 
screw produces less damage if it loosens. However, it 
is strong enough to prevent displacement. Engaging 
four cortices with the screw is more secure, but 
engaging only three cortices allows some fibular 
movement, and if the screw is not removed, it is more 
likely to loosen rather than break (Fig. 18). 
Bioabsorbable screws hâve been recommended. 

Screw brakage is more with engage in 4 cortices than. 3 
Removal of screw should be preferably at 12 to 16 weeks. 
Most patients can safely bear weight for most of this time, 
which decreases the need for very early screw removal. 16 
In Massoneuve Neuves, proximal fibular fracture fixing 
the syndesmosis will provide the entire stability of the 
ankle. In this case, a heavier screw and probably two 
screws engaging four cortices are préférable. Direct 
fibular fixation of proximal fracture is not necessary. 27 
When fibula fracture is in the distal half, fibular plating 
realibly restores the ankle congruity. 















3054 Textbook of Orthopedics and Trauma (Volume 4) 



Figs 18A to C: (A) Syndesmotic screw should be inserted with 
an angle of 35 ° (B) A single syndesmotic screw passing through 
the plate (C) Two syndesmotic screws 

Postoperative Care 

Posterior plaster splint is given and elevated. Dorsiflexion 
of the foot is encouraged and the patient is allowed to 
bare weight at about 3 weeks to tolérance. If there is a 
severe fracture dislocation, weight bearing delayed to 
4 to 6 weeks. 

Results: Results are generally satisfactory. Good to 
excellent in 95% of the cases. Prognosis is poor in 
trimalleolar fracture. 


Complications 

1. Loss of réduction may occur if fixation is not proper 
or if treated non-operatively. Malunion occurs usually 
when the fibula heals in either a short or an externally 
rotated position. Resulting in latéral shift of the talus, 
alters the contact loading characteristics and 
kinematics of the ankle joint, and eventually leads to 
joint degeneration. Patient complains of pain and 
swelling after walking. Correction of malunion is 
technically difficult. Fibula osteotomized, lengthened 
and rotated by using AO destr action de vice. To place 
the distal fibula into the corrected position, an 
accurately contoured plate is required. 

2. Bone gmfting : a block of bone from iliac rest is inserted 
in fibular gap (Figs 19A to D). 

3. Non-union is extremely uncommon. Even 
communited fractures of the fibula treated with 
plating which inevitably strips some soft tissues, 
usually heal uneventfully without grafts of bone. 
Surgeons should be aware that bridging callus does 
not usually form in these metaphyseal injuries, and 
the fracture line may persist on X-rays despite a 
favorable clinical course. Non-union of médial 
malleolar fractures are more common. This may be 
due to interposition of periosteum in the fracture gap. 
The non-union site in the fibula or médial malleolar 
is opened and compressed by using lag screws or plate 
and bone graft is usually necessary. 

4. Infection: Infection may occur in the older patient, an 
alcoholic or a diabetic patient. The wound must be 
thoroughly debrided. If the ankle joint is involved, it 
must be opened, irrigated and debrided. Wound 
vaccum System is recently being used. Absorbent 
sponge in the wound is placed under constant suction, 
which évacuâtes exudates, créâtes a relatively closed 



Figs 19A to D: (A) Impacted fragment in the médial corner (B) Disimpact by the fragment by an osteotome 
(C) Bone-grafting from metaphysis (D) Two screws inserted to fix the fracture. 
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environment, and provides a contracting force on the 
wound. 

5. Loss of range of motion and ankle arthrosis are two 
other complications, which are treated by arthrodesis 
or arthroplasty. 

6. Edema and venous dysfunction may occur in some 
patients and may require 18 months to return to 
baseline. 

7. Adhesions of distal tibiofibular joint. It is newly 
reported complication. Patient présents with anterior 
ankle pain. Patients with this complication hâve 
normal radiographs and may benefit from 
arthroscopic resection of the adhesions. 

Closed Réduction 

Indications of nonoperative management 

• Undisplaced and stable fractures 

• Anatomie réduction achieved in displaced fractures. 

• Operative treatment not possible due to general or 
bad local conditions 

• Planned operative treatment is to be delayed. 

Method of Closed Réduction 4 31 

Under general anesthésia, the operator, sitting on a low 
stool, holds the foot with one hand and heel by another, 
while the lower part of thigh rests on a sandbag placed 
at the margin of the table. The principle of réduction is 
reversing the direction of the strain/violence and 
bringing the alinement of the ankle and foot in as much 
neutral position as possible. The médial or latéral 
displacement is corrected by direct pressure by hand 
while the foot is held in traction. The padded well-fitting 
plaster cast is applied from midthigh to beyond the toes 
to maintain the réduction. In abduction fractures, the 
plaster is applied with the ankle kept in stable position 
of inversion. Radiography must be done to check the 
réduction and if it is satisfactory, there will be restoration 
of length and rotations of fibula, and symmetrical and 
equal médial and superior clear space of the mortise. The 
residual latéral displacement of latéral and or médial 
malleolus up to 2 mm is acceptable. 

The first plaster cast is changed after three to four 
weeks by which time edema markedly subsides. If 
recheck radiographs at 2 weeks intervals are also 
satisfactory, below-knee close fitting plaster should be 
applied in neutral position. Walking iron heel or rubber 
heel is fitted with this plaster. Stable fractures can be 
treated with walking cast, and/or fracture brace with 
protected weight bearing. On an average, stable fractures 
are managed with short leg cast, fracture brace or walking 
boot with protected weight bearing, which is increased 


as the condition permits. Plaster is continued for 12 
weeks, followed by paraffin wax bath and exercises to 
mobilize the ankle and strengthen the muscles controlling 
the ankle. Ankle brace may be continued till full functions 
return in the past réduction radiograph réduction is not 
satisfactory (open bones and/or ligaments), réduction 
and internai fixations should be done. 

The treatment of ankle fractures dépends on the 
stability of the ankle as judged clinically and 
radiographically. Isolated latéral malleolus fractures are 
generally treated nonsurgically. On the other hand, 
bimalleolar injuries often require surgical intervention. 

When surgical treatment is required, internai fixation 
with plates and screws as advocated by the AO group is 
favored. These methods give the most satisfactory 
maintenance of réduction until healing is complété. 9 

Treatment of Ankle Fractures in Elderly 2 

In this group of patients, surgical treatment is better than 
nonoperative treatment by closed réduction and casting, 
even though the bones are osteoporotic. Rush rod fixation 
also resulted in lower morbidity. Thus, for elderly 
patients, intramedullary rod fixation of the fibula may 
be a reasonable treatment alternative. 

Fracture Dislocation 

Laterally comminuted fracture-dislocations of the ankle 
constitute a spécifie entity that has not been well- 
described until recently. The injury consists of an 
avulsion-type fracture of the médial malleolus at the level 
of the plafond, latéral displacement of the talus, 
comminution of the fibula at/or proximal to the 
syndesmosis, and often an impaction of the plafond in 
the latéral aspect. 

These injuries are difficult to treat. The treatment 
suggested is, after debridement, first the médial fracture 
is fixed. The latéral malleolus is then positioned 
anatomically into the latéral articular facet of the talus 
under direct vision and provisionally pinned to the talus 
with Kirschner wires. A fibular plate is then contoured 
appropriately and fixed definitively to the proximal and 
distal fibular fragments, bridging the région of 
comminution. When this method is used, anatomie 
restoration can be consistently achieved. Bone grafting 
of the fibula is often needed to gain union. 

The Maisonneuve Fracture 29 

Maisonneuve fracture is ankle fracture associated with 
fracture of upper third of fibula. In the past, these fractures 
were treated by surgically with assumption that the ankle 
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fracture is unstable due to complété disruption of the 
interosseous membrane and ligamentous injuries. It has 
been shown that this is not so, and these fractures are 
stable fractures and can be satisfactorily treated by closed 
réduction and casting. 

Cycle Spoke Injury ofAnkle 

It is a common injury in children, of about 5 to 6 years of 
âge, who are carried either sitting on the front rod or on 
the back carrier of a bicycle, with their feet hanging or 
kept on both sides of the mudguard. The foot slips and 
gets caught in between the spokes of the moving wheel. 
Due to an acute inversion twist strain, abrasions and 
swelling develop on the proximal dorsolateral aspect of 
the foot and ankle. On radiography, variable crushing of 
the lower tibial epiphysis with or without greenstick type 
of fracture of the lower tibial metaphysis may be visible. 
The management consists of the care for the damage of 
the soft tissue and plaster support for the bony injury. If 
the epiphyseal fracture is markedly displaced, it may 
require open réduction (with or without K-wire fixation). 
The parents should be warned against the possibilities 
of future deformities in the ankle région due to disturbed 
growth foliowing damage of the growth plate. 

Postoperative Care 

A plaster splint to hold the ankle at right angles is 
necessary to prevent equinus deformity, and the splint 
must be maintained for a period of 3 to 4 weeks. 

Early motion: If the internai fixation is stable, early 
motion should be started. However, if the fixation is not 
satisfactory, then immobilization in a plaster cast for at 
least a period of 4 to 6 weeks. Weight bearing should be 
delayed. If the fixation is satisfactory then weight bearing 
should be started by the fourth or sixth week and full 
weight bearing by twelfth week. 

Congruity of the joint is ail important. If therefore, 
the implant seems to be in danger of failing, but congruity 
is présent, the patient should be put in a nonweight- 
bearing plaster until union has occurred. If congruity has 
been lost by implant failure, then further surgery must 
be performed. However, this surgery may be extremely 
difficult because of the high porosity of the bone, and 
only stabilization with Kirschner wires may be possible. 
Postoperative immobilization is impérative until bony 
union has occurred. 

Spécial Problems in Ankle Fractures 

Open ankle fractures: Open ankle fractures are treated 
by copious irrigation and cleaning of exposed surfaces 
and the joint and thorough debridement. Immédiate 


internai fixation is a safe and effective treatment for open 
ankle fractures. Infections that do occur may not be 
related to primary internai fixation., severity of the 
trauma, contamination that was présent. The approach 
to the fibula is performed through a noninvolved area 
and fixed the médial malleolus fracture, if présent, is fixed 
through the traumatic wound without any additional soft 
tissue stripping. The mortise view is probably the best 
for making ail of these measurements. A space greater 
than 4mm is considered abnormal and indicates a latéral 
shift of the talus. The simplest approach is to measure 
the distance between the médial wall of the fibula and 
the incisural surface of the tibia. This tibiofibular clear 
space should be less than 6 mm on both AP and mortise 
views. 

Ankle fractures in the elderely: The main problem here 
is, in the elderly, the bones are very osteoporotic and 
therefore incapable of holding the screw and plates. Also 
vascularity in the lower extermity may be compromized, 
resulting in wound necrosis. 

In spite of these, modified internai fixation is better 
than closed réduction and casting. Cast immobilization 
is associated with further disuse osteoporosis and 
malunion. Therefore, the results of closed treatment are 
poor. 

If the bones are osteoporotic and vascularity is 
diminished, the standard technique of open réduction 
should be avoided. 

Instead, percutaneous techniques through small stab 
wounds may suffice to restore stability to the ankle. 
Technique of Kirschner wire fixation supplemented by 
tension band wire is préférable. Rush rods may be 
inserted percutaneously into the latéral malleolus to 
restore some stability and length to the latéral joint 
complex. While perfect rotatory stability cannot be 
obtained by this method, the addition of a cast will 
usually be sufficient to prevent displacement of the 
mortise. 

Primary ankle arthrodesis: It is rarely required and is 
indicated in infected ankle joint and if the fracture is so 
severely comminuted that, open réduction and internai 
fixation is almost impossible. 

Malunited ankle fracture 24 ' 35/37 The major cause of a 
malunited ankle fracture is a shortened, externally rotated 
fibula, resulting from either operative or nonoperative 
treatment. Radiographs will show an increased valgus 
talar tilt, giving the appearance of a smaller joint space. 
It is osteotomized in the lower third and lengthened either 
by an external fixator or by AO distraction de vice. An 
iliac crest cortex cancellous bone graft is inserted in the 
gap. A 3.5-mm dynamic compression plate is applied. 
The gap with gravity is stabilized by compression. During 
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Figs 20A and B: (A) Fracture dislocation of ankle. 

(B) Fracture is fixed with a screw and tension band wire 


surgery the restoration of the normal ankle mortise must 
be verified on intraoperative radiographs or image 
intensification. 

Supramalleolar osteotomy: A valgus or varus deformity 
of the ankle may be well corrected by a supramalleolar 
osteotomy performed through the metaphysis of the tibia. 
Fixation may be carried out by an internai fixation. In 
this respect, Ilizarov external fixator is useful because the 
distal metaphyseal fragment is too small for plate fixation. 
Two or three wires can be passed and connected to the 
Ilizarov ring. 

Nonunion: Most nonunions involve the médial 
malleolus. These are often avulsion injuries that were 



Figs 21A and B: (A) Complété dislocation of ankle joint with 
bimalliolae fracture (B) As the fragments were very small, they 
were fixed with tension band wiring after réduction of the 
dislocation 


initially treated, closed and fail to unité because of 
residual displacement of the fracture, interposed soft 
tissue, or associated latéral instability resulting in 
shearing forces. This is treated by open réduction and 
internai fixation by a tension-band wiring or cancellous 
screws and bone grafting is added (Figs 20A and B). 

Figs 20A and B: Latéral epiphyseal séparation: (A) the 
latéral epiphyseal fragment attached to the anterior 
tibiofibular ligament (juvénile fracture) is shown, and (B) 
Triplane fracture of the distal tibia—a three-fragment 
triplane fracture of the distal tibial epiphysis with an 
associated fibular fracture. 
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Figs 22A and B: (A) Displaced Pott’s fracture and (B) 
Internai fixation of médial and laternal malleolar 

DISLOCATION OF ANKLE 5 

Dislocation of the ankle without fractures are not 
common. They usually occur by the force acting on the 
ankle while the foot is in plantar flexed position, which 
results in the éjection of talus out of mortise. Dislocations 
can be médial, posteromedial, latéral, posterior, and 
rotatory. 

Quite often ankle dislocations are open (about 50%). 
Patient complains of severe pain, swelling, and deformity 
at the ankle. The dislocated prominent talus can be seen 
and felt stretching the overlying skin. In fresh cases, there 


is marked tenderness and gross limitations of the 
movements. There is apparent change in the length of 
the foot. Anterior tibial and dorsalis pedis pulsation must 
be felt as there may be pressure on the artery. Similarly, 
the nerves may be affected. 

Radiographs, anteroposterior, latéral and oblique 
views confirm the position of the talus and associated 
fracture if présent. Closed réduction is successful in most 
of the cases, and it must be attempted at the earliest. Open 
dislocations should be managed like open fractures by 
thorough debridement, 10 lavage and réduction. Reduced 
dislocations should be maintained by plaster casts for six 
week. In failed closed réduction, open réduction should 
be done. Repair of ligaments is not necessary (Fig. 20). 
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Figs 24A and B: (A) Trimaleolar (Cotton’s fracture) c posterior 
dislocation of (B) Through a postero-lateral incision tibular 
fracture fixed c a plate, and the posterior malleolar fragment 
was fixed c 2 lag screws 


Dislocation of Distal Tibiofibular Joint 

Though very rare, the lower end of fibula may dislocate 
as a bone injury posteriorly or anteriorly. Closed 
réduction can be possible. In failed cases, open réduction 
and stabilization by a syndesmotic screw should be done. 
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Evidence of healed ankle fracture has been seen in the 
mummies of ancient Egypt. Hippocrates in 5th century 
BC recommended for reducing the closed ankle fractures 
by extension (traction) of the foot. But he has warned not 
to reduce the open fractures as patient would die by 
inflammation and gangrené within 7 days. 

Ambriose Pare described the anatomy and dislocation 
of the ankle joint in 1726. 

Percival Pott (1768-1769) described fracture- 
dislocations around the ankle which also bears his name 
Pott's fracture. Ironically, he himself sustained injuries 
as compound fracture (a transverse fracture of the fibula 
within 5 to 7 cm from its lower end). 

Dupuytren (1819) a French surgeon-anatomist 
experimentally concluded that the fibula is key to ankle 
stability, and dislocation of ankle could occur only with 
inversion or eversion of the foot. He reported a case of 
fracture of lower end of fibula, with diastasis of inferior 
tibiofibular syndesmosis and upward and outward 
dislocation of ankle. This combined injury bears his name 
as Dupuytren's fracture dislocation. 

Maisonneuve (1840) observed that the injury of the 
ankle due to external rotation of foot can produce fracture 
in upper one-third of fibula. This combination bears his 
name as Maisonneuve fracture. 

Destot (1911) introduced the term "pilon" (hammer) 
for fractures involving the tibial plafond, although the 
injury had been described earlier. 

Cotton drew the attention towards the posterior 
marginal fracture of the lower end of tibia—Cotton's 
fracture. 

Handerson (1922) suggested the concept of 
trimalleolar fracture (latéral, médial and posterior) with 


the displacement of talus either laterally, or posteriorly 
or both. 

Bosworth (1947) reported atype (5 cases) of fracture- 
dislocation of ankle in which the proximal fragment of 
fibula was caught behind the flaring distal postérolatéral 
portion of the tibia—Bosworth's fracture. 

Lauge-Hansen (1950), based upon his dissection 
findings of experimentally produced fractures backed up 
with clinicoroentgenographic assessments, suggested his 
"genetic classification" of the ankle injuries in five main 
groups. 

Dziob (1956) emphasized the importance of stress 
radiography of the ankle to assess the talar tilt [0-5°— 
normal, 5-15°—tear of anterior talofibular ligament, 
15-30°—tear of calcaneofibular ligament, 30-45°— 
damage of ail ligaments]. 

ANATOMY 

Ankle joint is an articulation between the ankle mortise 
on one side and the talus on the other. The ankle mortise 
comprises of lower articular end of tibia, articular surface 
on the médial aspect of latéral malleolus, articular surface 
on the latéral aspect of médial malleolus, anterior and 
posterior transverse tibiofibular ligament, posterior 
transverse tibiofibular ligament, and inferior surface of 
inferior interosseous tibiofibular ligament. However, the 
main articulation of this joint complex is between the 
tibial plafond and the dôme of the talus, which form 
highly congruent saddleshaped weight bearing surfaces, 
through which 80 to 90% of the load is transmitted during 
weight bearing. About 17% of weight load is transmitted 
proximally through the fibula (Lambert 1971). Following 
fractures affecting the ankle the best results are only 
possible after anatomie joint restoration. 3,9 
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TYPES OF ANKLE INJURIES 

Injuries of the ankle can be: 

1. Strain of ankle is not of much significance 

2. Sprain of ankle is the most common injury of ankle 
and the commonest sprain of the body 

3. Internai dérangements of the ankle joint 17 

4. Pott's fracture—subluxation/dislocation of ankle 
joint 

a. Unimalleolar (With diastasis): With upward 
dislocation of talus 

b. Bimalleolar: Without upward dislocation of 
talus 

c. Trimalleolar: Without diastasis 

5. Dislocation of ankle 

a. Anterior 

b. Médial 

c. Posterior 

d. Upward—Dupuytren fracture dislocation 

6. Cycle spoke injuries around ankle 

7. Pilon or explosion fractures. 30 

Sprain of Ankle Joint 

The most common injury of ankle 9,10,11,13 (constituting 
about 25% of sports, running jumping and similar 
injuries), is partial/complété rupture/avulsion of latéral/ 
médial collateral ligament of the ankle joint. Appropriate 
treatment of sprain is essential to avoid the damage "it is 
better to break an ankle than to sprain one". In several 
occasions under treatment as a "simple injury" sprain is 
commonly resulting in neglect. 

Violence is almost always indirect like: 

• Missing steps while getting down 

• Marked wearing off of the outer heel of the shoe leads 
to sudden in-twisting of foot 

• Foot suddenly caught in a ditch, pointed shoe caught 
in a narrow hole 

• Walking on uneven ground may lead to sudden twist 
at ankle 

• Sports injury, e.g. running, Kabaddi, etc. 21,24 
Rarely direct hit in the ankle région can also produce 

sprain. In inversion sprain (85-90% of ankle sprains) there 
is partial or complété tear/ avulsion of anterior talofibular 
ligament (commonest) or calcaneofibular ligament or 
posterior talofibular ligament singly or in a combinations. 
This prédilection for the latéral ligaments is mainly due 
to supination of the foot which tightens these structures 
as the patient turns. 

On examination, the ankle région is swollen, more 
on the sprained side, with or without ecchymosis. 

In order of commonness, tenderness is marked on 
antérolatéral aspect of talus and immediately above it. 


• Inferior aspect of latéral malleolus, 

• Postérolatéral aspect of talus, 

• Tip of latéral malleolus, 

Tip of médial malleolus and immédiate below it. In 
eversion sprain of ankle (about 15%), there is partial or 
complété tear/avulsion of superficial laminae (anterior 
talotibial), (posterior talocalcaneal) of deltoid ligament. 
Damage to this médial ligament results in little instability 
of the ankle. 35 In plantarflexion sprain, the anterior 
capsule is variously disrupted in forceful plantar flexion 20 
(Figs 1 and 2). 



Fig. 1: (1) Fibulotalar ligament, (2) Fibulo calcaneal ligament, 
(3) Lower extensor retinaculum 


2 



Fig. 2: (1) Fibulotalar ligament, (2) Fibulo tibial ligament, 
(3) Fibulo calcaneal ligament, (4) Delfoid ligament 
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Clinical Feature 

Patient's complaints are 19 

• Pain usually following sudden twisting injury in ankle 
région with or without audible click 

• Gradually increasing swelling around the ankle 

• Pain on extreme movements of the ankle 

• Pain on walking on uneven ground 

• Deformity in the ankle région 

• Swelling, more marked on the injured/ruptured 
ligament side 

• Difficulty in weight bearing and walking (due to pain 
and sense of instability) 

• Feeling of instability (in severe ankle sprain, when 
ligaments are torn). 

Instability in such case can be demonstrated by the 
anteroposterior stress test (anterior drawer sign). 

• Local température is slightly raised due to traumatic 
inflammation 

• Ankle is painful to touch—tenderness in the joint line 

• There may be ecchymosis at the ruptured site 

• Bruising appears within next 24 hours on the outer 
side of heel extending forwards 

• Exaggeration of the causative strain (adduction or 
inversion in inversion sprain, and abduction or 
eversion in eversion sprain) augments the pain at the 
ruptured site. 

Any attempt to displace the foot forwards at the ankle 
or to invert the heel is very painful. 

• Other movements of ankle are fairly free 

• Fracture of base of fifth metatarsal may be associated 
with acute inversion sprain indicated by some 
swelling and tenderness in that région (Jones fracture) 

• There may be avulsion fracture of the tip of the 
malleolli indciated by swelling and tenderness (with or 
without ecchymosis) in that région. Anterior drawer tests 
demonstrates the degree of anterior instability. 

Method of Anterior Drawer Test 

The patient lies supine on the couch with the hip and 
knee fixed. The examiner's one hand holds the heel from 
behind to fix it on the bed, and his or her other hand 
holds the shin of the leg and exerts sudden backward 
pressure. If the test is positive, there will be pain at the 
site of torn ligament. If the anterior part of ligament is 
completely torn, there is visible forward movements of 
talus in the tibiofibular mortise. Three to four millimeter 
or more of anterior talar displacement as compared to 
normal side indicates positive anterior drawer sign. A 
différence of more than 8 mm compared with opposite 
(sound) side suggests an injury. 14 


Investigations 

Stress mdiography: Stress radiographs are important in the 
sprains of the ankle. In AP inversion stress films, the 
displacement and tilt of talus in the ankle mortise is noted. 
AP view of both ankles and feet is taken keeping them in 
as much inverted position as possible. Talur tilt of 5 to 
15° dénotés the tear of anterior talofibular ligament, 15 
to 30° dénotés the tear of calcaneofibular ligament, and 
30 to 40° dénotés the damage of ail the ligaments on the 
latéral side (Dziob 1956). In acute cases, general 
anesthésia (or even local anesthésia) may be required for 
these stress radiographs. In latéral stress film, the distance 
between the back of dôme of talus and the posterior 
margin of the tibial joint surface is noted (normal being 3 
mm or less). For taking latéral stress radiograph, the 
patient lies supine with hip and knee flexed to about 30° 
with the aid of support behind the heel and thigh. A 
sandbag (4-5 kg in weight) is laid over the shin to stress 
it backward for more than 2 minutes before taking the 
radiographs from latéral side. 5,6,25 

Arthrography: Though arthrography has been suggested 
as a diagnostic aid for acute ligamentous injuries, it is 
not of much use, because of difficulties in injecting the 
dye in presence of hematoma and clôt formation, more 
false positive and/or false négative results, nonspecific 
value in differentiating the antérolatéral and postéro¬ 
latéral ligaments, and its unreliability if done in more than 
one week old injury. 12 

Stress tenography: Since the peroneal tendon sheath is 
mostly torn in the involvement of the calcaneo-fibular 
ligament, in peroneal tenography the fluid leaks into 
joint. 15 

MRI: At présent, when a definitive diagnosis with 
objective documentation is important, MRI is the imaging 
method of choice. 

Ultrasonography: Ultrasonography has recently been 
advocated for evaluating acute ankle ligament injuries. 
Ultrasound was almost as effective as MRI in 
differentiating between injured and intact ligaments. 
Evaluation by ultrasound is highly operator dépendent. 22 

Classification of Sprain 

Depending upon the extent of rupture of the ligaments, 
the sprain has been grouped under three grades. 

In grade I (interstitial injury) Ligament is 
overstretched or there is partial rupture of few fibers of 
the collateral ligaments—symptoms and signs are mild 
to moderate. In stress radiography, there is no marked 
différence. 
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Talar tilt is 5 to 15°. 

In grade II (partial tear, usually without instability) 
There is incomplète rupture of the collateral ligament (few 
fibers of ligament completely torn). The symptoms and 
signs are moderate to severe. Feeling of instability 
especially on attempt of walking on uneven ground may 
be prominent feature in few cases. Stress radiograph 
shows displacement and tilt of the talus in the mortise. 
Talar tilt is 15 to 30°. 

In grade III (complété tear with instability). There is 
complété tear with or without avulsion of malleolar tip 
swelling, pain, tenderness and instability are much more 
marked. In stress radiograph, talar tilt is more than 30°. 
There may be avulsion of malleolar tip. 

Diagnosis dépends on typical history, clinical findings 
and stress radiograph. CT and MRI give views of the bone 
and soft tissue structures around the ankle in detail. 5,6,25 

Differential Diagnosis 

Ail injuries around the ankle form differential diagnosis 
of each other. 

Management 63 

The aim of treatment should be—to relieve pain and 
swelling quickly, allow the stretched and attenuated 
ligaments to be in reasonable anatomical alinement till it 
heals, early mobilization of the ankle joint. 14 

In acute sprain, initial treatment includes rest, ice, 
compression (30 minutes q.i.d. or even continuous until 
the swelling is gone) and élévation of ankle foot (usually 
48-72 hours). ICE promotes healing, decreases pain and 
reduces swelling around the ankle. Nonsteroidal 
antinflammatory drugs, (NSAIDs) and guarded weight 
bearing help in early recovery. 

After that, in grade I sprain, local infiltration of 
hydrocortisone acetate and Iignocaine 2% should be 
followed by crepe bandage application from toes 
upwards to upper leg in clockwise fashion in inversion 
sprain, and anticlockwise in eversion sprain for right 
ankle and vice versa for the left. This type of crepe bandage 
should be reapplied daily to ensure keeping the ankle 
and foot in desired position for three weeks. Ankle 
fracture brace or air cast support may also be used for 
three weeks. 23 Footwear should be with outer heel raised 
and splashed out by 0.5 cm, for inversion sprain and vice 
versa for eversion sprain. It should be worn for 6 months 
to avoid récurrence. Exercises of the ankle should be 
commenced as early as possible. 4 

i. Paraffin wax bath exercises gives soothing effect and 
helps in early mobilization. 

ii. Exercises to strengthen the triceps surae should be 
commenced early. Brick exercises hâve been 


observed to be handy and effective. Patient stands 
with his or her only forefeet resting on a brick and 
alternately stretches himself or herself up and down 
in vertical direction for 40 to 50 times in each 
morning-evening sittings for minimum of 3 months. 

iii. "Balancing the board exercises" helps to regain 
proprioception, and peroneal strength training 
exercises given. If there is also fractures of fifth 
metatarsal base, or subtalar arthritis, exercises of the 
intrinsic muscles of the foot should also be done, e.g. 
médicinal bail exercises. 

Conservative Treatment by Plaster Cast 

Nonsurgical treatment is the mainstay of management 
for the vast majority of ankle sprains, even in the arthletic 
population. Conservative treatment is also indicated for 
most cases of severe, or unstable ankle sprain. 
Dorsiflexion of the ankle reapproximates the fibers of the 
ATFL. Therefore, cast immobilization for 6 weeks in this 
dorsiflexed position promotes optimum stability. This 
represents the most conservative approach. 22 

For grade II sprain, below-knee plaster support is 
applied with ankle in eversion (for inversion sprain) or 
in inversion (for eversion sprain) for 3 weeks followed 
by treatment protocol as for grade I. 27 

For grade III sprain, plaster cast is applied and it 
should be as in grade II, and it should be kept for 6 weeks 
followed by the treatment as in grade I. Most ankle 
sprains heal in 3 to 8 weeks. 

If the malleolar tip is avulsed, it should better be fixed 
with miniscrew or tension band wiring. Grade III isolated 
injuries of deltoid ligament (superficial and deep portion 
ruptured) end rupture of at least two (anterior talofibular 
and calcaneofibular) ligaments on the latéral side are best 
treated by surgical repair especially in athlètes. 32 On the 
latéral side, even though anterior talofibular ligament is 
the most important stabilizing ligament, its isolated 
complété rupture can be managed satisfactorily by 
immobilization. 1,28 

Late cases: Once neglected chronic instability 19 of the ankle 
develops and sprain becomes notorious for récurrence 
with successive lesser violence. In such cases patients may 
be disabled with persistent pain and instability, especially 
while walking on uneven ground. Besides inadéquate 
treatment and réhabilitation, other causes of persistent 
ankle pain after sprains can be posterior tibial tendinitis 
or tear, subluxation of peroneal tendon, fracture of the 
dôme of talus, and intraarticular meniscoid lésion (a 
localized fibrotic synovitis in the latéral compartment of 
the ankle, usually caused by répétitive or severe sprains. 
It is treated by arthroscopic debridement). 34 
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Management: Prolongée! muscle-strengthening exercises 
(e.g. brick exercises) and a spécial footwear (as described 
above) usually help in several cases with sedentary 
working. If pain persists or recurs, three local infiltration 
of hydrocortisone acetate 37.5 mg with hyaluronidase 
(1500 IU) at biweekly intervals usually gives relief. 
Athlètes, laborers and résistant cases need reconstruction 
of the collateral ligaments using one of the dispensable 
local tendons (e.g. peroneus brevis for latéral collateral 
ligament and flexor hallucis longus for deltoid 
ligament). 36 

Surgical Repair ofAcute Rupture of Latéral Ligaments 

Surgical treatment of a severe unstable ankle sprain is a 
controversial topic. Surgery is used in only rare 
circumstances with an acute latéral ankle sprain, such as 
open injuries, frank dislocations, or large avulsion 
fractures. 22 

Under tourniquet an incision (5 cm long) is taken 
along the anterior margin of the distal fibula, and is 
further prolonged with a posterior curve to about 3 cm. 
Clearing through the overlying aponeurotic tissue, the 
capsule of the ankle and subtalar joint is exposed. After 
incising the peroneal sheath and retracting the peroneal 
tendons, the calcaneofibular and posterior talofibular 
ligaments can be clearly seen. By forcibly inverting the 
foot, the torn ends of the ligament(s) can be clearly 
delineated. After clearing the margins and removing the 
hematoma, if any, the ends are sutured using the 
nonabsorbable sutures. The incised peroneal sheath is 
repaired, the tendons are reposed, eut aponeuritic tissue 
is repaired and the wound is closed. A belowknee plaster 
cast is applied up to the toes. After subsiding the edema, 
the patient is allowed to move about with the help of 
crutches. Stitches are removed after two weeks and close 
fitting plaster is reapplied for four weeks, after which 
the mobilizing exercises of the ankle, and muscle 
strengthening exercises against graduated résistance are 
ins tituted. 7,8,29,31 

Chronic Ligamentous Latéral Instability 

Diagnosis 

Chronic symptoms after ankle sprains require careful 
évaluation to detect disease of b one, tendons, ligaments, 
cartilage, and nerves. Evaluation should always include 
routine radiographs. Stress views (talar tilt, anterior 
drawer, subtalar) (Fig. 4) are usually required, and when 
indicated, a CT scan or MRI should be obtained. The bone 
scan can be particularly useful in differentiating between 
bone and soft tissue problems, and it can be helpful in 
cases where the cause of pain is in question. Usually, there 


is latéral tenderness. The most common feature is a 
positive anterior drawer test or a positive inversion stress 
test. 22 

Conservative Treatment 

In chronic instability conservative treatment does not 
help. The conservative treatment consists of foot exercises, 
lower heels, stiffer soles, latéral heel wedge, an ankle- 
foot orthosis (AFO) with ankle (and perhaps subtalar) 
support. 

Operative Treatment 

Surgical procedure for chronic latéral instability are 

1. Modified Brostrom Procedure 

2. Modified Chrisman-Snook Procedure 

3. Latéral Ligament Reconstruction with free tendon. 

Modified Brostrom Procedure 

The most popular of the anatomie techniques is that of 
Brostrom, which has been modified by others. The most 
popular modifications are reinsertion of the ATFL into a 
bony trough on the fibula, imbrication of CFL, and 
reinforcement with the IER. (Inferior Extensor 
Retinaculum). 22 

Through a small antérolatéral incision anterior tibio 
fibular ligament (ATFL) is exposed. A capsule and 
ligament is incised a few millimeters from their fibular 
origin and imbricated. The periostium is elevated from 
the fibula and ATFL is sutures to the periostium. The 
proximal border of the ATFL can be fixed to the fibula 
with three small drill holes. 



Fig. 3: Chrisman-Snook procedure. Free end of peroneus brevis 
tendon is passed through tunnel 1, then through 2nd tunnel 
and finally 3rd tunnel and sutured to itself 
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Figs 4A to D: (A) Stress film shows latéral subluxation of the 
talus due to atténuation of the latéral, collateral ligament in a 
19 year old athletic girl. (B) Normal X-ray. (C) Anterior drawer 
test stress test shows anterior subluzation of the ankle stress 
test and anterior drawer test showing restoration of the latéral, 
collateral ligament. 


Modifiée! Chrisman-Sriook Procedure (Fig. 3) 

Reconstruction of the ligaments (mainly for chronic 
instability): 37 Surgical reconstruction of the ligaments is 
mostly required on the latéral side, utilizing the peroneus 
brevis tendon. Through a hockey stick-like incision 
starting from the junction of mid to lower one-third of 
fibula, running down with a graduai anterior curve and 
ending about 5 cm from the tip of the latéral malleolus, 
the peroneus brevis tendon (a muscle) is exposed. The 
peroneus brevis tendon is dissected out from its muscle 
bed along with fibrotendinous extension. The perioneus 
brevis muscle mass is sutured to the peroneus longus. A 
tunnel is created using 4.5 drill bit in the calcanéum below 
the tip of latéral malleolus. An oblique anteroposterior 
tunnel is created (drilled) in the latéral malleolus at about 
2.5 cm from its tip. Another tunnel is drilled above- 
downwards parallel to the axis of the leg through the 
latéral part of the neck of talus just in front of the 
talofibular joint. Then, the free end of the peroneus brevis 
tendon is passed distal to proximal in the calcaneal and 


TABLE 1 : From Thomas O. Clanton, Surgery of the 
foot and ankle, Volume (2) Causes of chronic pain or 
instability after ankle sprain 


Articular injury 

• Chondral fractures 

• Osteochondral fractures 
Nerve injury 

• Superficial peroneal 

• Posterior tibial 

• Sural 
Tendon injury 

• Peroneal (tear or dislocation) 

• Posterior tibial 
Other ligamentous injury 

• Syndesmosis 

• Subtalar 

• Bifurcate 

• Calcaneocuboid 
Impingement 

• Anterior tibial osteophyte 

• Anteroinferior tibiofibular ligament 
Miscellaneous conditions 

• Failure to regain normal motion (tight Achilles tendon) 

• Proprioceptive déficits 

• Tarsal coalition 

• Meniscoid lésions 

• Accessory soleus muscle 

Unrelated ongoing pathology masked by routine sprain 

• Unsuspected rheumatologic condition 

• Occult tumor 


then through the latéral malleolus from posterior to 
anterior. Finally the tendon passes through the talar neck 
from above downwards. The end of tendon is sutured to 
itself. The wound is closed. A below-knee plaster cast is 
applied up to the toes for two weeks, when sutures are 
removed, and a close fitting plaster cast with walking 
aids is reapplied for another six weeks. 16,18,26 

Latéral Ligament Reconstruction with free tendon: 

Semitendinosus or gracilis tendon is harvested. For 
proper graft placement, the insertion sites of the ATFL 
(talus and distal fibula) and CFL (distal fibula and 
calcaneus) are exposed. 22 

Internai Dérangements of Ankle Joint: The conditions 
grouped under the heading of internai dérangements of 
ankle joint hâve more or less similar clinical features, e.g. 
ache in the ankle région after prolonged use and walking 
on uneven ground, off and on swelling, tenderness in 
the ankle and sinus tarsi région, etc. They are as follows: 

1. Hidden talar lésions: 

• Talocalcaneal coalition 

• Osteoid osteoma of talus 
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• Avulsion fractures of the inferolateral or 
postérolatéral process of the talus. 

These often get misdiagnosed as chronic ankle 
sprain. Careful bone scan and CT scan are 
necessary to locate exactly the site and type of 
lésion. 

2. Sinus tarsi syndrome: Following sprain of the ankle, 
persistent pain for varying period in sinus tarsi région 
is a common legacy. The exact cause is not known. 
Most of the patients improve after surgical clearance 
of the sinus tarsi. 

3. Anterior impingement syndrome and posterior compression 
syndrome (footballer's ankle): Anterior impingement 
syndrome is mostly seen in athlètes who overuse their 
ankle in dorsiflexion. The athlètes who constantly 
plantarflex the ankle develop posterior compression 
syndrome (trigone syndrome). 

In these syndromes, patients complain of pain in 
the ankle région in dorsiflexion and plantarflexion. 
Tenderness is mostly in the antérolatéral part of ankle. 
In latéral view radiograph, there is usually a ridge 
projecting from the anterior margin of distal tibia and 
almost a similar ridge on dorsal aspect of talar neck. 
Symptoms may improve after stopping overuse of 
ankle and athletic activities and nonsteroidal 
antiinflammatory drugs NSAIDs. If there is no 
improvement, arthroscopic or open surgical excision 
of the ridges provides almost complété relief. 

4. Osteochondritis dissecans 2 of talus: Probably post- 
traumatic osteochondral fractures of dôme of talus 
présent as osteochondritis dissecans. By CT scan, the 
lésion can be located exactly. The incomplète lésions 
and undisplaced complété médial lésions usually 
respond to plaster immobilization or PTB braces to 
be worn for 4 to 6 months. For failed and other 
complété lésions, arthroscopic or open surgical 
excision with curettage of the crator should be done. 
However, large displaced fractures should be replaced 
by open réduction. 2 
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INTRODUCTION 

Intraarticular fractures of the calcanéum is not 
uncommon. The calcaneus is the most commonly 
fractured tarsal bone. Calcaneal fracture account for 
approximately 2% of ail fractures with displaced 
intraarticular fracture comprising 60% to 75% of these 
injuries. Of patients with calcaneal fractures, 10% hâve 
associated spinal fractures and 26% are associated with 
other extremity injuries. 20 

The treatment of calcaneus fracture has long been a 
major orthopédie problem. Because of its unique shape, 
difficulties arose in understanding the geometry of the 
fracture. Because of its location, surgical treatment was 
fraught with complications. It has only been recently, 
however, since the development of computerized 
tomography (CT) scanning, the anatomy and pathology 
of this fracture has been understood. The imaging 
technique has revolutionized the treatment of calcaneal 
fractures. Associated fractures of the extremity and spine 
are frequent. Calcaneal fractures can resuit in severe 
functional disabilitya serious socioeconomic problem. 

Fracture of the calcaneus is usually caused by a 
sudden highvelocity impact on the heel. 

Historical Aspect 

Henderson summed up their difficult expérience with 
conservative calcaneal fracture management in 1916, The 
man who breaks his heel bone is done'. This view has 
been substantiated by a number of subséquent authors, 
including Conn in 1926. In 1955 Conn 16 concluded that 
calcaneus fractures were best treated using a delayed 
triple arthrodesis. Calcaneus fractures are serious and 
disabling injuries in which the end results continue to be 
incredibly bad. The results of crush fractures of the 
oscalcis are poor. In fact, on an average only about 15% 


of patients in available studies were pain free at follow 
up. Despite the best efforts and advances in fracture care 
of the 4 calcaneus over the past 100 years, we still hâve 
room for improvement based on these realities and thus 
to date the calcaneus still remains an unsolved fracture 
to some extent. 

Historical Aspect Biomechanics 

'Hansen has previously outlined the main functions of 
the calcaneus, ail of which can be severely impaired by 
this injury, maintenance and support of the latéral column 
of the foot, a dynamically stable but accommodative 
foundation for body weight, and the lever arm for 
propulsive gait through the gastrocnemiussoleus 
complex. 

Restoration of Heel Height, 

Improves Tibiotalar Position 

Restoration of heel length may improve the ability to wear 
a shoe and the lever arm of the gastrocnemiussoleus 
complex. Maintenance of horizontal length helps support 
the latéral column to control any abnormal abduction or 
adduction of the forefoot. With pathologie forefoot 
rotation (usually abduction) dorsolateral peritalar 
subluxation results in a réduction in push off efficiency 
and overloads the posterior tibial tendon. Narrowing of 
the heel relieves subtibular impingement and restoration 
of valgus inclination permits unlocking of the subtalar 
complex to cushion gait and also stabilize the foot and 
ankle during weight bearing. Such anatomie realignment 
should effectively decrease the pain and stiffness 
commonly associated with tretment of calcaneal fractures 
and often related to incomplète success in achieving these 
goals. 
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In untreated calcaneal fractures, one can expect some 
degree of decreased function of the subtalar joint, a 
shorter heel with a decreased lever arm, varus inclination, 
a widened position, and a requirement for a wider shoe. 

Surgical Anatomy of the Calcaneus 7 (Fig. 1) 

Surface Anatomy 

There are some visible and palpable anatomical 
landmarks that can be used for orientation and surgical 
exposure of the calcaneus. Laterally, the tuberosity of the 
calcaneus is easily identifiable as one follows the Achilles 
tendon inferiorly to its insertion on the posterior and 
inferior two-third of the tuberosity. 1 The superior latéral 
corner of the tuberosity is most easily palpated, unlike 
the inferior latéral border. 

The tuberosity extends approximately 1 cm below the 
junction of the glabrous skin, where it forms the latéral 
tubercle. The inferior surface of the calcaneus usually 
makes an angle of less than 30° in the weight-bearing 
limb. The calcaneocuboid joint lies approximately two- 
third the way along the line, joining the tip of the latéral 
malleolus and the tuberosity of the fifth metatarsal. As 
the forefoot is adducted, the anterior process of the 
calcaneus can be palpated. 

The latéral malleolus extends 1 to 2 cm farther distal 
than the médial malleolus and marks the proximal 
margin of the subtalar joint. The dépréssion anterior and 
distal to the latéral malleolus is the sinus tarsi, which 
outlines the latéral end of the subtalar joint. Occasionally, 
the peroneal tubercle may be palpated 2 to 3 cm distal to 
the tip of the latéral malleolus. 

Medially the soft tissue and muscle may obscure bony 
landmarks. The sustentaculum, however, can usually be 
palpated approximately 2.5 cm below the tip of the médial 
malleolus. The posterior superior margin of the calcaneal 
tuberosity is the only other bony landmark readily 
palpable from the médial side. 



Fig. 1 : Soft tissue structures (tendon, nerves, and ligaments) 
on the latéral side of the calcaneus 


On the plantar surface, the médial and latéral 
tuberosities of the calcaneus are difficult to palpate, the 
former being much larger and the more readily 
identifiable of the two. Posteriorly, the médial and latéral 
borders of the calcaneal tuberosity are well delineated, 
but the inferior border is ill-defined. 

The inferior skin or sole covers a highly specialized 
layer of compartmentalized adipose tissue (the heel pad) 
which is tightly fixed and immobile. It is critical for shock 
absorption. This function can be compromised after 
calcaneus fractures, which may cause disruption of the 
compartmentalized fat, thinning, and increased mobility 
and pain. 

Posterior to the peroneal tendons is the sur al nerve. 
Its most constant site is 10 cm above the tip of the latéral 
malleolus, just at the latéral border of the Achilles tendon 
and superficial to the deep fascia. 

The sustentaculum is visible as an area of dense 
opacity on the latéral film. On the axial projection, the 
sustentaculum protrudes medially from the calcaneus 
and is easily identified. It forms a shelf on the inner side 
that is supported by a curved angled bracket of strong 
cortical bone. In many fractures, the calcaneus, this strong 
bone remains a significant portion of the médial fragment 
and can provide not only a key to réduction but also 
strong bone for fixation. 

The tuber joint angle described by Bohler overlies the 
posterior articular facet. This angle is formed by the 
intersection of two lines on a latéral roentgenogram. 

1. A line from the highest point on the posterior articular 
surface to the most superior point of the calcaneal 
tuberosity. 

2. A line from the highest point on the anterior process 
of the calcaneus to the highest part of the posterior 
articular surface. It varies from 25 to 45° and should 
be compared with the contralatéral side in each 
individual to décidé what is normal for that person. 
The angle usually is taken as a relative measurement 
of the degree of compression and deformity in 
calcaneus fractures. 

The "crucial angle" of Gissane is the angle formed by 
the posterior facet and the line from the sulcus calcaneus 
to the tip of the anterior process. It varies from 120 to 
145°. 

Radiological Evaluation 

Plain Films 

Plain films consist of a latéral, and anteroposterior (AP) 
projection of the foot, ankle sériés and an axial heel view. 
The latéral film shows: (i) a fracture of the calcaneus in 
most cases, (ii) loss of height of the posterior facet—this 
appears as a decrease in Bohler's angle and increase in 
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the critical angle of Gissane, (iii) double density—if only 
the latéral half of the posterior facet is fractured and 
displaced, a split in the articular surface is seen as 
a"double density" and Bohler's angle is normal, (iv) the 
articular surface of the thalamic fragment sinks within 
the body of the calcaneus, which is usually rotated 90° to 
the remainder of the subtalar joint, and (v) whether the 
fracture is a joint dépréssion or tongue type, according 
to the Essex-Lopresti classification. 

The AP view of the foot may show a fracture into the 
calcaneocuboid joint or a latéral wall bulge. Otherwise, 
this view adds very little and in fact may be omitted. The 
axial heel view allows visualization of the joint surface, 
as well as loss of height, increase in width, and angulation 
of the tuberosity fragment. It is extremely difficult to 
obtain this view in an acute fracture because of pain. 




Fig. 2: Method of taking Broden’s view 


Broden’s View 15 

Broden's view is a reproducible means of viewing the 
articular surface of the posterior facet on plantar film. 
This view is obtained by placing the patient supine with 
the X-ray cassette placed under the leg and ankle. The 
foot is in neutral flexion with the leg internally rotated 
30° to 40°. The X-ray beam is then centered over the latéral 
malleolus and four views are taken with the tube angled 
40°, 30°, 20° and 10° respectively toward the head (Figs 2 
and 3). The pictures taken resuit in views that clearly 
show the posterior facet, with the 10° view showing the 
posterior portion of the facet and the 40° view showing 
the anterior portion. In this way, the surgeon can 
détermine if the posterior facet is involved in the fracture, 
and if so, the amount of displacement and the degree of 
comminution CT Scanning is extremely helpful and gives 
accurate information about fracture geometry and should 
be a part of primary évaluation. 

Three-dimensional CT scan is obtained. According to 
Sanders, 13 the correct way to obtain these scans is as 
follows. The patient is positioned with the hips and knees 
flexed. The feet are gently taped together, with the plantar 
surfaceresting on the table. Both feet are scanned to allow 
compression. A latéral digital radiograph (scout film) is 
then obtained, and the position of the scanning table is 
modified until the coronal sections are perpendicular to 
the posterior facet. Contiguous 3 mm thick sections are 
then obtained from the posterior calcaneus to the 
navicular. The hips and knees are then extended, and a 
second scout film is obtained for transverse (axial) CT 
scanning. Once the patient is correctly positioned, 3 mm 
thick sections are taken from the plantar surface to the 
talus. These two views, perpendicular to each other 



Figs 3A and B: (A) AP and latéral view of central dépréssion fracture with comminution. (B) Roentgenographic 
représentation of the subtalar joint using Borden’s view in 40, 30, 20 and 10° 
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permit the surgeon to evaluate the fractured calcaneus 
correctly. 

Classification 

Today CT classification of Sanders is used in most centers. 
This classification, based on the number and location of 
articular fracture fragments, has effectively suggested 
treatment methods and predicted outcomes. 

The old classification of Essex-Lopresti is very 
inadéquate. This classification was based on radiographs. 
Today CT scan give the exact geometry of the fracture 
lines (Figs 4A to E). 


Figs 4 A and B: The primary fracture line as seen in the (A) 
latéral and (B) dorsal views of the calcaneus, producing two 
main fracture fragments, anteromedial and postérolatéral 


Talus 



Fig. 4C: Drawing of the rear view of the talus and calcaneus 
showing the downward movement of the talus and sustentacular 
fragment that leaves the tuberosity fragment displaced laterally. 
Impaction of the latéral part of the posterior facet and the 
comminuted latéral bulge of the tuberosity are illustrated 


Mechanism and Geometry of 
Fracture Calcaneus 

Essex-Lopresti explained the rôle of the wedge-like 
antérolatéral process of the talus in producing the typical 
fracture. Axial loading drives the antérolatéral process 
through the angle of Gissane and the résultant fracture 
line can continue medially to split the posterior facet into 
antero superomedial fragment and posterior inferolateral 
fragment. Because the body of the os calcis sits somewhat 
latéral to the talus, when an axial load is applied to a foot 
whose heel is planted on a fiat surface, the postérolatéral 
edge of the talus fractures the calcaneus obliquely. Strong 



Fig. 4D: Joint dépréssion with secondary fraction line 



Fig. 4E: Second degree; semilunar fracture of posterior 
articular facet 
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ligamentous ties prevent this sustentacular fragment from 
significant displacement, and therefore in normal relation 
with the talus. 

The primary fracture line crosses the posterior facet 
of the subtalar joint, separating a médial sustentacular 
fragment from a large inferolateral fragment. This créâtes 
a two-part fracture: part I is the sustentacular fragment 
which is superomedial, and the second part is the 
inferolateral body fragment. 18 A secondary fracture line 
divides the inferolateral fragment into a thalamic 
fragment and a body fragment, thereby, generating three- 
part fracture: the sustentacular, the thalamic and the body 
fragment (Figs 4A and B). 

The Essex-Lopresti (1952) classification further 
divides three-part fractures into two groups according 
to the position of the secondary fracture line on a latéral 
radiograph. In a "tongue-type" fracture, this line passes 
posteriorly along the body of the calcanéum to exit 
laterally below the tendoachillis, creating a tongue- 
shaped fragment. 

In contrast, in a joint dépréssion fracture, the 
secondary fracture passes down to the latéral side of the 
calcaneus immediately behind the posterior facet of the 
subtalar joint. In both groups, the appearance suggests 
dépréssion of the center of the calcanéum at the level of 
the subtalar joint, flattening Bohler's angle (Fig. 4C). 

The thalamic fragment sinks into cancellous part of 
the body fragment. Another secondary fracture line may 
cause fragmentation of the latéral wall by a line called 
cuboid line which may pass into the calcaneocuboid joint 
or inferior to the joint. 


Thus, one can see that the latéral wall of the calcaneus 
is severely comminuted, whereas the médial wall has 
only one fracture line. This is because the compressive 
forces act on the latéral wall and tensile forces on the 
médial wall (Fig. 5). 

The three main fragments show varying degrees of 
impaction vertically, mediolateral broadening and 
rotation of the individual fragment. This geometry of 
fracture is seen in majority of the fractures. However, 
there are variations (Fig. 4D). 

Variations in Fracture Lines 

The primary fracture line crosses the posterior facet of 
the subtalar joint. In the sériés of Eastwood, in 120 cases, 
the primary fracture line was in the central third of the 
subtalar joint in 63 cases, the latéral part in 38 cases, and 
the médial part in 14. The secondary fracture line also 
showed variations. In most cases, it passed obliquely 
downwards and laterally to produce a thalamic joint 
fragment which lay latéral to the body fragment. 

In 120 cases, sériés of Eastwood, in an intermediate 
group of fractures, the apparent latéral wall of the 
fractured calcaneus was formed in part by the thalamic 
fragment above and in part by the body fragment below. 

In a third smaller group, the secondary fracture line 
ended high on the latéral wall of the calcaneus, forming 
a quadrilatéral latéral joint fragment which was often 
impacted into the body fragment and trapped within it. 
In these cases, the residual latéral wall was formed by 
the latéral cortex of the body fragment alone. 5 



Figs 5A to C: (A) Diagram of a three part, type I fracture. The latéral wall of the fractured bone is formed by the latéral joint 
fragment which is rotated into valgus away from the subtalar joint by the upward impaction of the wedge shaped body fragment. 
The body fragment is in varus angulation. T, talus, S, sustentacular fragment; L, latéral joint fragment, B, body fragment 
(B) Diagram of a type 2 fracture. The latéral wall of the fractured bone is formed by the latéral joint fragment above and the body 
fragment below. The sustentacular fragment is rotated to into varus and the latéral joint fragment is elevated with respect to the 
sustentacular fragment. There is some médial wall communition (C) Diagram of a type 3 fracture. The latéral joint fragment is 
impacted within the body fragment. The residual latéral wall is formed by the apparently intact latéral wall of the body fragment. 
The latéral joint fragment is depressed away from the talus. There is also communition of the sustentacular fragment 
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Eastwood et al classified the three part fractures into 
three types depending on the relationship of the thalamic 
fragment to the body fragment and the formation of the 
latéral wall. 

Type 1: The apparent latéral wall is formed solely by the 
thalamic fragment 

Type 2: The latéral wall is formed by the thalamic 
fragment superiorly and the body fragment inferiorly 

Type 3: The latéral wall is formed solely by the body 
fragment (Flow chart 1). 

Displacement of Individual Fragments 

The body fragment is usually wedge-shaped and is 
displaced, laterally and is in varus. This displacement 
accounting for most of the over ail increase in width of 
the fractured calcanéum. 


Sustentaculum Fragment 

Its normal relationship with the talus is maintained 
because of its strong ligamentous attachment in the sinus 
tarsi. This fragment rotâtes into varus. 

Thalamic fragment usually is in valgus rotation. The 
thalamic fragment contained a mean 41 percent (9 to 80) 
of the subtalar joint articular surface in Eastwood's sériés. 

So the classification, the author suggests is a 
modification of Paley's which also includes the three 
types of latéral wall as suggested by Eastwood. This 
classification covers almost ail the types of intra-articular 
fractures of the calcaneus. 


Flow Chart 1 


Intra-articular Fractures of the Calcaneous 
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Type A (Two-part fracture) which consists of two 
fragments—sustentacular and the latéral joint fragments. 

Type B (Three-part fracture) which consists of three 
fragments: (i) the sustentacular, (ii) the thalamic, and (iii) 
the body fragment. In this type, the latéral joint fragment 
is divided into two parts —thalamic and body fragments. 
The three-part fragment may be divided into two types 
according to Essex-Lopresti,6 joint dépréssion type and 
tongue type. Three-part fracture can be further divided 
into comminuted having a cuboid line. Any of these 
fractures may hâve a secondary fracture line reaching 
cuboid joint. 

Each of the above can be further subdivided into 
type 1,2,3 according to Eastwood. In ail these, the posterior 
articular surface is divided into two parts, at different 
levels of the articular surface. Sanders has shown on CT 
scans that the articular surface may hâve two fracture 
lines dividing the surface into three parts. 

Type C (Many part fracture) In this type, the calcaneus is 
severely comminuted and is a bag of bones and cannot 
be classified into any type. Réduction of fracture is almost 
impossible. This type needs primary or secondary fusion 
of subtalar joint. 

Controversies in Management 

There are many controversies regarding the management 
of intraarticular fractures of the calcaneus. 

1. Various classification. 

2. The major controversy is whether to treat operatively 
or nonoperatively. 

3. If decided upon to treat operatively then whether to 
do open réduction and internai fixation, primary 
arthrodesis or percutaneous réduction. 

4. The fourth controversy is regarding the approach, 
médial, latéral or combined médial and latéral. 

5. There is différence of opinion regarding the non- 
operative treatment, closed réduction and plaster cast 
or no plaster cast and early motion and nonweight 
bearing. 

In most centers, the current tendency of treating 
calcaneal fractures is towards open réduction and by 
internai or external fixation. 

The author believes that displaced intraarticular 
fractures of the calcaneus should be treated on the same 
principles as any other injury of the weight bearing joints, 
i.e. by anatomical réduction which restores the articular 
surface, rigid fixation, early movement of the joint and 
early weight bearing. When ail other weight-bearing 
joints are treated by internai fixation by above mentioned 
principles, why not the subtalar joint, which is the lowest 
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in the body bearing the full weight of the person in the 
stance phase of the gait. 

TREATMENTOF EXTRAARTICULAR FRACTURE 

Lined in Roockwood 

Treatment of intraarticular fractures. 

Treatment - Options are 

1. Nonsurgical 

Closed réduction and manipulation 


TABLE 1 : Closed treatment of calcaneal fractures 


Year 

Authors 

Treatment 

1702 

Petit and DeSault 

Rest until fragments are Consolidated 

1931 

Bohler 

Traction, manipulation, compression 
clamp. 

1937 

Hermann 

Closed manipulation under general 
or spinal anesthésia casting with 
spécial pads, frequent cast changes. 

1936 

Schofield 

Closed manipulation with and 
without "screw" traction. 

1951 

Essex-Lopresti 

Pin manipulation for patient under 50 
yrs. of âge with displaced fractures. 
Ail other patients with early range of 
motion. 

1950-80 McLaughlin, Parks 

Elévation, compression, early active 


Garcica, Lance, 

motion for ail intraarticular 


Rowe Lindsay. 

fractures. 

1983 

Omoto et al 

Manipulation under general 
anesthésia, no cast, early range of 
motion, élévation. Walking in a pool 
at one month. 

1984 

Pozo et al 

Compression, dressing, évaluation, 
physical therapy. 


2. Closed réduction, manipulation with pinning 
(Table 1) 

3. Open réduction and internai fixation 

4. Primary Arthrodesis 

Fractures with higher levels of comminution or 
smaller Bohler angles had poorer outcomes regardless 
of the treatment method. Buckleyand Meek encouraged 
non operative management in patients older than 40 
years, smokers, noncompliant or sedentary individuals 
and workers compensation récipients. Sanders recently 
reviewed ail previous randomized trials on treatment of 
calcaneal fractures. Although pooling such results can 
introduce error in data interprétation, there appeared to 
be no différence in residual pain between operatively and 
nonoperatively treated group. 

Greater numbers of operated patients than non 
operated patients were able to return to their same work. 
Sanders concluded that operative treatment seems to 


hâve a slight benefit over nonoperative treatment of 
calcaneal fractures but that these benefits remain small 
statistically and might be outweighed by the risks 
involved in surgical intervention. These conclusions are 
also supported by another recent meta-analysis in the 
literature. 

Newer methods of management, treatment 
algorithms, fracture classifications, instrumentation, 
imaging procedures, and éducation on handling of the 
surrounding soft tissues hâve resulted in surgical 
outcomes that compare favorably with nonoperative 
management of intra-articular injuries. 

Patients in whom infection of severe wound compli¬ 
cations develop after open treatent are usually worse off 
than if they had been treated in closed fashion. 

Mc-Laughlins stated that because of the excellent 
blood supply of the calcaneus, these fractures always heal, 
and therefore immobilization of the fracture by either 
internai or exteral means is unnecessary. In addition, 
attempts to maintain réduction of a comminuted intra¬ 
articular calcaneal fracture by external or internai means, 
might be likened to "nailing a custard pie to the wall." 

Experience-expertise, infrastructure and O.R. 
conditions ail count in decision making whether 
operative or non operative. 

Indications for Non-operative Treatment 

Nonoperative treatment is still very popular in India in 
many centers. The fracture is reduced by compressing 
the fragments and a below-knee cast is applied. 

Indication for non-operative Treatment 

1. Undisplaced fracture. 

2. Severe comminution. 

3. Medically unfit patient. 

4. When adéquate reconstruction is deemed impossible. 

5. Open fractures, with soft tissue loss. 

6. Lack of infrastructure and expertise. 

7. Soft tissue compromise such as edema, blisters, a 
brasions, compartment syndrome. 

Calcaneal fractures, regardless of treatment should 
not be immobilized in a cast. 

Early mobilization allows maximal préservation of 
subtalar, ankle, and Chopart motion. Some stiffness is 
inévitable, but any preserved motion (preferably 50% or 
greater than normal) should help protect the other joints 
and allow some accommodative motion on uneven 
ground over the long term. Most calcaneal fractures that 
are treated nonoperatively heal in 8 to 12 weeks and pain 
résolves to a tolerable level after 12 to 18 months. 2 3 4 
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Much progress has occurred in the management of 
calcaneal fractures. 

METHODS OF CLOSED REDUCTION 

1. The fracture is treated by élévation, compression, early 
active motion for ail intraarticular fractures. 

2. Closed réduction by manipulation under general 
anesthésia and plaster cast was tried by many. 
Hermann used spécial pads. 

3. Bohler method Bohler inserted a transverse traction 
pin in the tuberosity, applied longitudinal traction, 
and then compressed the prominent latéral calcaneal 
wall with a clamp. 

4. Steinmann pin method Essex-Lopresti introduced a 
heavy Steinmann pin into the tongue fragment to 
reduce the fracture. 

5. Temporary immobilisation followed by the use of 
compression, early range of motion and non weight 
bearing for 12 weeks 

Cosmetically the fracture widens the foot 
considerably, this can compromise not only the latéral 
but also the médial soft tissue structures. Patient has to 
wear two different shoes. 

Nonoperative treatment of displaced intraarticular 
fractures of the calcaneus offers the patient little chance 
of a return to normal function. As the réduction of the 
articular surface is never obtained, there is usually 
subtalar arthritis with pain, peroneal tendinitis due to 
impingement and wide short heel. 

Complications of Conservative Treatment 

Complications of nonoperative treatment are: (i) pain, 
(ii) malunion, and (iii) cosmetic problems. 

Pain 

When calcaneal fractures are treated conservatively, 
majority of the patients complain of pain in the foot. The 
causes of pain are: peroneal tendinitis —the most 
common sites of pain are, just below the latéral malleolus. 
This is because often the latéral malleolus touches the 
latéral cortex of the calcaneus trapping the peroneal 
tendons. This leads to tendinitis and pain. 

Subtalar joint pain: The articular surface cannot be 
accurately reduced by nonoperative methods. This leads 
to incongruity of the joint and osteoarthritis, associated 
with pain. Posttraumatic arthritis appears to be an 
important cause of pain. The source of pain can frequently 
be identified by injection of a local anesthetic agent into 
the joint, through the area of sinus tarsi. The pain arises 
from the joint and usually is in front of the latéral 


malleolus. If the pain does not disappear, then injection 
into peroneal tendon sheaths may help to diagnose the 
cause of pain. 

Heel pad pain: Paley and Hall give more importance to 
the soft tissues (the heel pad) as a cause of pain. According 
to them, the nonweight bearing causes the heel pain 
because of disruption of the fat pad of the heel. Paley 
and Fishgrund 12 hâve treated seven cases by Ilizarov 
method and allowed full weight bearing to tolérance. 
None of the patient complained of heel pad pain, which 
was attributed to the desensitization of the heel by early 
weight bearing. 

Compartment syndrome 9 : Pain may be due to compartment 
syndrome. Mark Myerson and A Munoli 9 hâve shown 
that approximately 10 percent of calcaneal fractures 
develop compartment syndromes of the foot, and of these 
one-half develop, clawing of the lesser toes and other foot 
deformities, including stiffness and neurovascular 
dysfunction. Tense swelling and severe pain are the 
hallmarks of an impending and severe pain are the 
hallmarks of an impending compartment syndrome. 

The diagnosis is confirmed by multistick invasive, 
catheterization particularly of the calcaneal compartment 
in the hindfoot. Immédiate fasciotomy is recommended 
to prevent the development of ischémie contracture. It is 
recommended that the ORIF of a calcaneal fracture is 
performed on a delayed basis, after the fasciotomy 
wounds are closed. 

The clinical conséquences of an untreated compart¬ 
ment syndrome in the foot includes clawing of the latéral 
toes, stiffness, aching, weakness, sensory change, atrophy 
and fixed deformities of the forefoot. 

The modem concept of the foot is one of the 
multicompartmentalized structure. Three of the compart- 
ments run the entire length of the foot (médial, latéral 
and superficial). The other six compartment are confined 
to either the hindfoot (calcaneal) or forefoot (four 
interosseous and the adductor). 

Once the diagnosis of compartment syndrome is 
made, fasciotomy should be performed to prevent the 
development of late contractures. 

Soft Tissue Problems 

L Scot Levin and James Nunley 14 hâve shown that, soft 
tissue problems associated with fracture of the calcaneus 
are common and can présent many pitfalls. A classifica¬ 
tion of soft tissue problems has been suggested to facilitate 
treatment: type 1—closed fractures treated by ORIF with 
an inability to close the skin, type 2—wound break down 
after open réduction, type 3—open fractures of the 
calcaneus with traumatic large soft tissue loss but with 
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adéquate bone stock, type 4—traumatic loss of soft tissue 
and bone, type 5—calcaneal osteomyelitis, type 6— 
chronic uns table soft tissue over the calcaneus. There are 
various surgical options of skin graft, rotational flaps and 
free-tissue transfers that reconstruct each of these 
individual problems. 

The skin under the heel is a specialized tissue, it 
contains specialized fat cells that are unique to the plantar 
surface of the foot. This distinctive relationship between 
bone, fat and glabrous skin, with its hypertrophied 
keratin and thickened dermis, acts as a biologie shock 
absorber for the foot during heel strike. 

Bone spur Pain may be due to a plantar heel spur 
resulting from malunion of the fracture. 

Arthritis of Calcaneocuboid Joint 

Degenerative arthritis of the calcaneocuboid joint 
occasionally is the major source of pain following a 
calcaneal fracture. 

Nerve entrapment Rarely, entrapment of the médial 
or latéral plantar branches of the posterior tibial nerve or 
the sural nerve laterally can resuit from soft tissue scarring 
following calcaneal fracture. Careful neurolysis may help 
if conservative measures do not work. 

A classification of open soft tissue problems has been 
suggested to facilitate treatment: type 1—closed fractures 
treated by ORIF with an inability to close the skin, type 
2—wound break down after open réduction, type 3— 
open fractures of the calcaneus with traumatic large soft 
tissue loss but with adéquate bone 

Pinning 

Closed réduction and pinning is usually indicated for 
tongue-type fractures, usually referred to as the Essex- 
Lopresti technique. 

Multiple K-wires can be used to fix the multiple 
fragments and a posterior splint is given for 3 weeks. 
Paley has used multiple K-wires and olive wires and 
fixation wires to the Ilizarov ring fixator. Olive wire can 
compress the fragment. 

Closed Réduction and Percutaneous Treatment of 
Intra-articular Calcaneal Body Fractures has to 
advantages of - A lower risk of wound complications, a 
shorter operative time, and a laster healing phase by 
virtue of less soft tissue stripping. Hardware removal is 
less often necessary in such patients as well. Incomplète 
réduction and fixation is a significant risk. 

It is not always possible to achieve absolutely 
anatomie réduction of the calcaneus with the percu¬ 
taneous technique because of its limited exposure, but 
one can often get surprisingly close. 


Percutaneous Fixation 

As with other fracture, the modem treatment of fracture 
calcaneus, biological fixation has recently been 
popularized. 

As a whole, the calcaneus acts as an important lever 
arm and vertical support during gait, as well an important 
horizontal support during gait, as well as important 
horizontal support of the latéral column during stance 
phase. It must maintain its normal height to preserve leg 
length and alignment directly under the tibia to avoid 
tilt stress in the ankle. 

POSITIONING 

Standard positioning of the patient in the latéral 
decubitus position on an image table should be done as 
described for the open technique. Care should be taken 
to use in axillary roll and pad ail pressure points carefully 
Gel pads can be used but should not be in the image field 
because they will disrupt radiographie visualization of 
the fracture A 'workbench'should be created with the 
operated leg posterior to the nonoperated downside and 
both knees flexed on the image table. The peroneal nerve 
in the nonoperated extremity should be protected with 
folded blankets at least 2 inches distal to and underneath 
the fibular neck. (The operated limb should be bumped 
higher (doser to the surgeon) than its counterpart so that 
its position allows for easy C-arm access to obtain true 
unimpeded latéral. AP and axial views of the foot without 
having to move the foot at ail. It can not be accomplished 
with the limb either in front of or below the dépendent 
side. With proper positioning. The image technician does 
not need to resort to any complicated maneuvering with 
the machine other than sagital rotation. Because the 
adequacy of any percutaneous technique is dépendent 
on good images, positioning should be carefully verified 
before proceeding further with préparation and draping 
of the leg. 

SURGICAL TECHNIQUE 8 

Tuber fragment directly posterior over the portion of 
tuber - 5 mm beneath the superior rim of the tuber 1 cm 
Other incision a dull rounded elevator to aid in 
disimpaction and réduction of the facet. If the fracture is 
a joint dépréssion injury the proximalaterally displaced 
outer wall often prevents percutaneous élévation of the 
posterior facet, which is hidden far beneath this fragment, 
sural nerve and peroneal tendons the incision can 
alternatively be made parallel to these structures if 
necessary. 
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Screws through Selected Stab Incisions 

To neutralize the primary fracture line. They can be 
inserted from the heel ail the way to the anterior process. 
Just underneath the critical angle and posterior facet. 
Buttress underneath the reduced, elevated facet. Often 
two screws are then also placed. In lag lashion, across 
the posterosuperior lip of the tuber into the inferior body 
to counteract the pull of the Achilles postoperatively on 
the previously displaced tongue fragment. These 
fragments can sometimes become redisplaced within a 
few weeks after surgery from pull or tightness of the 
gastrocnemiussoleus complex if care is not taken to get 
good bicortical fixation. Considération should also be 
given to intraoperative gastrocnemius recession. If it is, 
determined preoperatively or intraoperatively that the 
gastrocnemius is a potential confounder to réduction or 
its maintenance. Finally, one or two screws can be placed 
in lag fashion through the latéral sinus tarsi exposure to 
maintain réduction and compression of the posterior facet 
to the intact médial sustentacular fragment. 

Many of the tongue-type injuries can be 
percutaneously reduced with a joystick through the intact 
tuber/facet fragment, but the discontinuous joint 
dépréssion injuries always require formai ORIF to 
disengage and reduce the impacted posterior facet. 

Open Réduction and Internai Fixation (ORIF) 

Most of the intraarticular fractures of the calcaneus are 
treated by surgery except the undisplaced fractures. ORIF 
is gaining popularity as the method of choice for the 
treatment of displaced intraarticular calcaneal fractures. 
The understanding of the anatomy and the position of 
the fracture lines by different radiographie views. CT scan 
is of paramount importance when determining the 
position of the internai fixation device or external fixation. 
The surgical procedures are (i) open réduction, 
reconstruction of the articular surface and internai 
fixation by lag screws and plate or external fixator by lag 


screws and plate or external fixator, and (ii) in severely 
comminuted fracture primary arthrodesis. 

The goal of open réduction and internai fixation is to 
restore articular integrity and height and width of the 
calcaneus and correct any tuberosity malalignment. 

Surgical treatment- Maintains length and alignment in the 
presence of comminution. A plate construct thereby 
increases stability and maintenance of the réduction until 
healing- Thinner plates hâve evolved. 2.7 mm reconstruc¬ 
tion plates, long H plates, C plates, and plates shaped to 
the peripheral spécial calcaneal contour of the calcaneus 
(Fig. 6). 

Patients should be taught how to perform intrinsic 
flexion exercises to decrease edema. Compression 
dressing and élévation of foot are important. 

A mistake in judgment with prématuré surgery can 
resuit in disastrous soft tissue problems, such as necorsis 
or infection (or both) that may be salvaged only with free 
soft tissue transfer or amputation. While awaiting 
surgery, the patient is splinted with the (1) ankle in neural 
position (2) elevated to the level of the heart for as much 
of the time as possible (3) intrinsic exercises of the deep 
plantar flexors in the foot are also useful in controlling 
edema. Foot pump. these blisters herald a much more 
serious soft tissue injury, and perhaps only a late 
reconstructive procedure is appropriate. 

Assessment 

Strongest areas of calcaneus for screw and insertion 

1. Beneath the calcaneal facets 

2. The critical angle (of Gissane) beneath the latéral 
process of the talus 

3. Sustantsenlum tali 

4. Anteriormost aspect of the anterior process. Outcome 
is directly related to several factors the accuracy of 
réduction of the talocalcaneal joint with early subtalar 
motion, exercises, restoration of normal morphology 
in the heel (height, width, and alignment), accurate 



Figs 6A to C: Displaced Intra-articular fracture of calcaneus treated by titanium calcaneal plate (Synthes) 
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repositioning of the midfoot in relation to forefoot, 
subfibular décompression, and implémentation of 
measures to minimize swelling. 

Amount of displacement of the posterior facet 
widening of the foot and other factors such as 
displacement of the tuberosity, the calcaneocuboid joints, 
involvement or play important rôle in outcome. 

Timing of surgery: Surgery should be performed within 
three weeks after injury to prevent difficulties in réduction 
secondary to early consolidation of the fracture. Surgery 
should not be attempted until after swelling in the foot 
and ankle has significantly decreased. Because this 
decrease may take 7 to 14 days, immédiate élévation and 
use of a Jones dressing with a posterior splint are used. 
Surgery should be done within a day or two or till the 
wrinkle test is positive. The patient is asked to evert and 
dorsiflex the foot, and the observer détermines whether 
the skin creases wrinkle. 

Surgical Approaches (Table 2) 

The médial approach described by McReynolds 2 is a 
limited non-extensile exposure beginning two finger 
breadths distal and one finger breadth behind the médial 
malleolus to avoid posterior tibial neurovascular 
structures. 

The latéral approach described by Palmar is a much 
extensile approach. The L-shaped incision extends from 
the base of the fifth metatarsal in transverse direction, 
posteriorly toward the tuberosity of the calcaneus. 

The entire fracture maybe visualized and has a very 
low incidence of complications. The latéral approach 
allows direct treatment of the entire calcaneal 
morphology including latéral wall blowout, réduction of 
the tuberosity 


TABLE 2: Surgical approaches 


Latéral (Palmar) 

Advantages 

Disadvantages 

Access to ST joint 

Extensile 

No NV-danger 

Room for bone graft 

Room for fixation 

Comminution 

Can decompress latéral bulge 

Poor bone for fixation. 

Access to calcaneocuboid joint 
MEDIAL (MREYNOLDS) 

greater soft tissue dissection. 

Fracture lines clear 

Proximity of NV 

Réduction of body to 
sustentaculum easier. 

Blind to subtalar joint 

therefore alignment and heel 

Not extensile 

height more 

Limited room for hardware 

Good bone available for fixation 

Poor access for bone graft 

Little soft tissue dissection 

Limited anterior exposure 


The combined approach 19 More recently, a combined 
médial and latéral approach in an effort to gain better 
exposure has been described by Stephenson. This 
combines the advantages of both approaches while 
minimizing the limitations of each. It also éliminâtes the 
need for postérolatéral extension of the latéral approach. 

The main concern with the bilateral approach is the 
increased risk of soft tissue complications. Stephenson 
reported 6 wound problems in 22 cases. The advantage, 
is the improved accuracy of réduction of the oscalcis and 
the subtalar joint. 

Extensile right angled latéral incision, A full thickness 
flap is created by subperiosteal dissection of ail tissues 
off the latéral wall of the calcaneus. 

Technique 1112 

The sequence of réduction varies, but basically consists 
of (1) opening the fracture and elevating the posterior 
facet that has been impacted into the body (2) reducing 
the calecaneoucuboid joint (3) restoring the calcaneal 
height by réduction of the médial fracture fragment to 
the sustentaculum. (4) reducing the posterior facet and 
restoring the crucial angle of Gissane (5) provisional 
fixation and appropria te intraoperative imaging to assess 
réduction, and (6) restoration of the latéral wall and 
permanent fixation. 

A latéral incision parallel to the peroneal tendons is 
taken and extended upwards behind the latéral 
malleolus. Dissection of the latéral wall of the calcaneus 
in a subperiosteal plane elevates a thick soft tissue flap 
up to the subtalar joint. The peroneal tendons in their 
intact sheath along with sural nerve are elevated with 
this flap. Two K-wires are inserted to maintain the 
peroneal tendons elevated and away from subtalar joints 
- one in the talus and one in the cuboid. The posterior 
subtalar joint is exposed by placing a lever over the talar 
neck and gently elevating the soft tissues. The thalamic 
fragment is exposed, the subtalar joint is cleared of ail 
the blood clots, loose fragments, etc. and the sustentacular 
fragment is exposed throughout its length. It is usually 
in normal relationship with talus. 

The thalamic fragment is elevated and reduced 
parallel to the inferior articular surface of the talus by 
any blunt instrumentation such as a jocker, a curved 
artery clamp or periosteum elevator. The latéral wall may 
be entirely formed by the body fragment, and thalamic 
fragment lying inside the body. An osteotomy of the 
latéral wall may be performed and a flap turned down 
to reveal the thalamic joint fragment, which can be 
dissected anteriorly and hinged out of the wound. It is 
possible to reduce anatomically and reconstruct the 
posterior subtalar joint. A Kirschner wire is introduced 
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through the thalamic fragment into the subchondral area 
of the sustentacular fragment. This can be done in one of 
the following ways—From the latéral side through 
thalamic fragment into the sustentacular fragments. 
Reduce the thalamic fragment parallel to the talar 
articular surface. At this stage, it is decided whether iliac 
crest bone-graft is necessary. If the gap below the thalamic 
fragment is large and the réduction of this fragment is 
unstable, support of tricortical graft or bone substitute is 
necessary. 

There is controversy over grafting of the defect that 
remains after the superolateral fragment of the posterior 
facet has been lifted from the body. As originally 
described by Palmer, graft was needed because lag screws 
were not available. Since the ad vent of osteosynthesis, 
many authors believe that grafting is not necessary. Bone 
substitute like Tricalcium phosphate (TCP) may be used. 

Second method of maintaining the reduced subtalar 
joint is to pan a K-wire through sustaniliculum tali. 

From the médial side pass a 2 mm K-wire through an 
exact point 2 cm below the tip of médial malleolus and 1 
and 1/2 cm behind the navicular tuberosity. This wire 
will pass through the sustentaculum and is seen at the 
fracture site. Ideally this wire should pass in the 
subchondral bone of the sustentacular fragment. Now 
reduce the thalamic fragment and pass the K-wire into 
this fragment so that the thalamic and sustentacular 
fragments are reduced and fixed. Bone grafting is done 
if needed. Insert one or two 4 mm cancellous screws 
through thalamic fragment into the sustentacular 
fragment and compress the fragments. Insert a 4 or 4.5 
mm Schanz screw with 16 mm threads from the 
postérolatéral aspect of tuberosity of calcanéum into the 
sustentacular fragment, below the cancellous screw. If 
this screw has to pass through the graft, then it is better 
to drill the graft. Otherwise it may be displaced. Instead 
of the half pin, one may use 2 mm or 3 mm K-wire. Schanz 
screw is not necessary if K-wire fixation is stable. Pass K- 
wire through the sustentaculum. Réduction, position of 
the thalamic fragment and the graft are observed, under 
image intensification. Once the articular surface is 
reconstructed by lag screws, the fragmented calcaneus 
need buttressing on the latéral side. This can be achieved 
by three ways: (i) in most centers, the latéral wall is 
reconstructed with plating. The plate may be a 
reconstruction plate or 3.5 AO plate or various modified 
plates. Locking calcaneal plate (Synthes)is a satisfactory 
implant (Fig. 6). 

Some surgeons may prefer a plate covering the body 
fragment and the thalamic fragment. Eastwood uses Y- 
reconstruction plate. One screw going through the latéral 
wall of the thalamic fragment into the sustentacular 


fragment. Précisé screw positioning is essential. (ii) 
Ilizarov apparatus is applied and multiple K-wires are 
passed through many fragments and connected to the 
Ilizarov assembly. The tension is given to the wires. The 
Ilizarov assembly consists of two tibial rings, a half ring 
around the calcaneus and a half over the foot. Paley has 
given a detailed account of the preconstruction and 
application of the assembly. 12 (iii) According the Holz, if 
one does not want to apply Ilizarov fixator, one may pass 
a few more K-wires, close the wound and apply plaster 
cast. This was done in one patient with satisfactory 
results. 

The late clinical results as shown in various sériés, 
were much better in the operated group. Pain was 
minimal in the operated group, most patients in the 
unoperated group had pain on prolonged walking or 
walking on uneven terrain. 

Postoperative Care 

Postoperative care after plating Subtalar motion should 
be started as early as possible. This motion is the most 
important aspect of the patient's postoperative care. A 
second CT scan in both the coronal and transverse plane 
is then obtained to evaluate the réduction. Sutures should 
be left in place for 3 weeks to minimize the chance of 
wound dehiscence. The patient is not allowed weight 
bearing for 8 weeks, after which progressive weight 
bearing is begun. Full weight bearing is allowed by 3 
months. 

Postoperative care for Ilizarov method It is not 
possible to mobilize subtalar and ankle joints. Ail patients 
managed to ambulate with partial to full weight bearing 
throughout the treatment. The treatment period is usually 
10 to 12 weeks. 

Postoperative management after ORIF of calcaneal 
fractures includes three months of nonweight bearing. 
This is recommended to protect the fracture fixation from 
failure due to the limited stability achieved by internai 
fixation techniques. This prolonged period of nonweight 
bearing may contribute to the soft tissue pain and 
dystrophy associated with calcaneal fractures. Early 
partial weight bearing may provide sufficient soft tissue 
stimulation to the heel pad and foot so as to desensitize 
these injured soft tissues and minimize the risk of late 
soft tissue pain and dystrophy. 

Primary Arthrodesis 

Initial Phase 

Initial Phase + Int. Fix. + Arthrodesis 

Closed Reductionarthro to heal and fusion as secondary 

procedure. 
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When the calcaneal fracture is severely comminuted, 
articular surface is severely disrupted, it is impossible to 
reconstruct the articular surface. Primary fusion is 
indicated in these cases. 

For this reason, it has been recommended that the 
shape of the calcaneus is restored first (that is, height, 
width, and as much articular congruity as possible) if the 
articular surface cannot be restored or if alignment of the 
facets is not obtainable, then primary fusion should be 
done. 

Primary fusion addresses only the sublatar pain. 
Widening of the heel and peroneal impingement are not 
addressed to. Sanders 13 has combined an anatomie 
restoration of the calcaneus using internai fixation with 
a primary fusion. In this way, ail problems associated 
with these fractures may be addressed to simultaneously. 
Early expérience of Sanders with 32 cases of severely 
comminuted fractures treated in this manner and 
followed up for 2 years has been surprisingly 
encouraging, with 28 of 32 patients returning to work 
within 6 months of injury. 

COMBINATION OF OPEN REDUCTION AND 
PRIMARY ARTHRODESIS 10 

Myerson has studied the severely comminuted fractures 
of the calcaneus. Nonunion of calcaneal fractures is 
extremely rare, and these fractures heal, albeit in poor 
alinement, with nonoperative care, but subséquent 
reconstructive efforts are significantly more complicated. 
They hâve combined the open réduction of the fracture 
fragment and arthrodesis of the talocalcaneal joint. Thus, 
they hâve restored the height and width of the calcaneus. 
They hâve routinely used iliac crest graft for arthrodesis. 
Cannulated 7 mm screw was used to secure the 
arthrodesis. Partial weight bearing was allowed at 
8 weeks and full weight bearing at 12 weeks. In more 
than 80 percent of their (Myerson) patients, they do not 
advocate tripple arthrodesis. 

They hâve satisfactory results only with fusion of the 
talocalcaneal joint. Furthermore, patients undergoing a 
triple arthodesis had the worst results of the entire group. 
Unsatisfactory resuit was in the heel pad, followed closely 
by the subtalar joint and fibulocalcaneal impingement. 

Prognostic Factors 

1. Prognosis dépends upon the damage to the 
intraarticular surface and therefore dépends upon 
the comminution of the fragments. More the 
comminution, the worse the prognosis. Therefore for 
severely comminuted fracture, the treatment 
advocated is primary subtalar fusion. 


2. Incongruity of the joint: The more the incongruity, less 
is the satisfactory results. 

3. Infection, which may be due to open fractures or 
secondary to surgery. Infection is the major 
complication of operative treatment with deep 
infection after ORIF the results are poor. Chronic 
osteomyelitis of the calcaneus is disastrous. 

4. Decreased tuber angle: Persistent severe decrease (0° or 
less) of the tuber angle has been associated with poor 
long term results, while minor changes in the angle 
do not always correlate with a bad outcome. 

5. Patient's âge: Essex-Lopresti recommended that 
patients over 50 years of âge not be treated as 
aggressively as younger patients. Vestad concluded 
that patients under the âge of 50 had better results 
after open réduction and fixation, and he too 
recommended that most patients over 50 be treated 
with early mobilization. 

6. Prématuré weight bearing: Virtually, ail studies 
emphasize the importance of lack of weight bearing 
until fracture union occurs(6 to 12 weeks after injury). 
However, Paley and Hall advocated early weight 
bearing to reduce the heel pain. 

7. Surgical treatment: Currently surgery is the favored 
method of treatment. Various reports indicate 70 to 
90% of satisfactory results. The best results of ORIF 
are in those fractures with minimal comminution and 
ensures anatomie réduction. 

Incongruity of the Joint 

The more the incongruity, less is satisfactory results. 
Infection, which may be due to open fractures or 
secondary to surgery is the major complication of 
operative treatment. With deep infection, the results are 
poor. Chronic osteomyelitis of the calcaneus is disastrous. 

Smoking, diabètes, and open fractures are factors that 
increase the risk of wound complications 

Fracture of the Peroneal tubercle can cause of 
stenosing tenosynovitis of the peroneal tendons. 

Evaluation Paley and Hall hâve developed an 
évaluation procedure and scoring System and function 
of the hindfoot. With this scoring System, the results of 
the various sériés of calcaneus fracture management can 
be compared rationally (Table 3). 

MALUNITED CALCANEAL FRACTURES 17 

This intraarticular fracture of the calcaneus, if treated by 
nonoperative method may lead to malunion. There will 
be incongruity of the subtalar joint. The thalamic 
fragment is depressed into the body fragments. The 
Bohler's angle and the "crucial angle" of Gissane will be 
disturbed. Malunion leads to pain. 
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TABLE 3: Evaluation protocol and scoring System for pain and function of the hindfoot 


Criteria Score (Points) 

Criteria 

Score (Points) 

Subject 




Pain 


Around the house only 

0 

No Pain 

20 



Occasional, mild pain 

18 

Total 

5 

Moderate pain, necessitating occasional use of médication 

10 

Walking aids 


Severe pain necessitating regular use of médication 

5 

No new walking aid or shoe insert or modification 


Pain at rest 

0 

since the time of the injury 

5 



Insole, heel cushions, wedges, inserts or spécial 


Total 

20 

shoes since the time of the injury. 

3 

Activities ofdaily living and occupation 


Cane crutches walker or wheelchair since the time of the injury 1 

No change 

20 



Modified, without difficulty 

15 

Total 

5 

Same or modified, with difficulty 

5 



Disabled, cannot work or perform activities of daily living 

0 

Total for subjective criteria 

70 

Total 

20 

Objective 


Sports and recreational activities 




No change 

10 

Range of motion* 


Modified, with difficulty 

8 



Same, or modified, with difficulty 

5 

Ankle 


Disabled, cannot participate in sports or recreational activities 

0 

66 to 100%, 50 to 75° 

10 

Total 

10 

33 to 65%, 25 to 49° 

5 



0 to 32%, 0 to 25° 

0 

Walking surfaces 


Total 

10 

Normal walking on any surface 

10 





Subtalar joint 


Difficulty or discomfort on uneven ground, stairs, ladders and 


66 to 100%, 31 to 45° 

15 

inclines 


33 to 65%, 16 to 30° 

10 

Slight 

5 

5 to 32%, 3 to 15° 

5 

Moderate 

2 

0 to 4%, 0 to 2°. 

0 

Severe 

2 

Total 

15 

Total 

10 

Limp 

5 



None 


Walking distance 


Slight 

2 

Same 

5 

Moderate or severe 

0 

Less then before, but more than 6 blocks 

4 



Less the 6 blocks 

2 

Total 

5 


- 

Total for objective criteria. 

30 


* The percentages refer to the percentage of normal of a standard value 


Malunion of calcaneus fractures leads to the foliowing 

problems. 

1. Incongruity of the subtalar joint which may lead to 
osteoarthrosis and pain 

2. Impingement of the calcaneus to the latéral malleolus, 
causing pain (calcaneofibular abutment) 

3. Pressure on the peroneal tendons leads to tendinitis 
and pain 

4. Malunion causes loss of height of the heel, with 
concomitant dorsiflexion of the talus 


5. It also leads to widening of the heel which is 
cosmetically may be unacceptable and it leads to 
problems in shoe-wearing 

6. Altered mechanics of the tibiotalar joint 

7. Unrecognized compartment syndrome 

8. The so-called smashed heel-pad syndrome as 
described above 

9. Nerve entrapment and tarsal tunnel syndrome. 

So, it is important to find the exact cause of pain due 
to malunited calcaneal fracture. Most of the cases are 
treated nonoperatively with physiotherapy, shoe 
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alteration, heat, etc. In many patients, the pain gradually 
subsides, and there is no need for surgical intervention. 
However, if the pain continues to be severe, the patient 
must be fully investigated and surgery may be indicated. 

Peroneal Tendon Pathology 

According to Kashiwagi, pain in malunited fractures of 
the calcaneus sometimes is caused by changes about the 
peroneal tendons. The tendons may be buried in callus, 
caught by bony fragments, affected by adhesions, or 
displaced superiorly by a bony prominence. He 
recommends peroneal tenography to demonstrate 
changes about the tendons and their sheaths. When pain 
is caused by such changes, he advises freeing the tendons 
and sheaths, resecting the bony prominence laterally, and 
if necessary, subtalar arthrodesis. 

Diffuse Burning Pain 

Diffuse burning pain may be due to reflex sympathetic 
dystrophy or may be due to tibial nerve entrapment. 
Nerve block with xylocaine may help in diagnosis. Tibial 
nerve pain is usually on the médial side of the foot and 
ankle. Deformity of the forefoot is usually due to chronic 
compartmental syndrome. If the pain is due to the reflex 
dystrophy, the surgery is contraindicated. 

Types of Surgery 

Following type of surgeries are indicated. 

1. In situ subtalar fusion 

2. Subtalar distraction—bone block arthrodesis 

3. Subtalar arthrodesis with latéral wall calcaneal 
osteotomy 

4. Only latéral calcaneal wall osteotomy 

5. Tripple arthrodesis 

6. Release tarsal tunnel. 

The examination of the foot and ankle as described 
by Myerson includes measurement of the range of 
movements of the ankle and foot. Site of maximum 
tenderness is noted. They do sélective X-rays with the 
use of 1 percent xylocaine helps to indentify the cause of 
pain. Following radiographs are taken: (i) with the patient 
bearing weight, AP and latéral calcaneus. (ii) Broden's 
view with 10, 20, 30 and 40°, (iii) Calcaneal axial view, 
(iv) CT scan if necessary, if indicated. 

In Situ Subtalar Fusion or Subtalar Arthrodesis 

An in situ subtalar arthrodesis is performed by Myerson 
and Quill when the patient had subtalar osteoarthrosis. 
An osteotomy of the latéral aspect of the calcaneus is 
performed when tendinitis is accompanied by impinge- 
ment. Tendinitis is diagnosed, if pain is concentrated 


along the course of the peroneal tendons and if the pain 
becomes worse with passive dorsiflexion and résistance 
to eversion of the hindfoot. 

Subtalar Distraction Bone Block Arthrodesis 

The subtalar distraction bone-block arthrodesis which 
was described by Carr et al 3 was performed by Myerson 
and Quill 11 in 14 patients who had subtalar osteoarthrosis 
with or without pain in the anterior aspect of the ankle. 
Ail of these patients had more than an 8 millimeter loss 
of the height of the heel compared with that of the 
contralatéral foot, as demonstrated on latéral radiographs 
made with the and th position of the fracture lines by 
different radiographie views and if necessary CT scan is 
of paramount importance when determining the position 
of the internai fixation device or external fixator (Fig. 7). 
The surgical procedures are: (i) open réduction, 
reconstruction of the articular surface and interanal 
fixation by lag screws and plate or external fixator, and 
(iii) in severly comminuted fracture, primary arthrodesis 
(Table 2). Eleven of the fourteen patients had anterior 
tibiotalar impingement. 

In patients who hâve loss of height of the heel, the 
posterior distraction bone-block arthrodesis is préférable 
to an in situ subtalar arthrodesis because it restores the 
length of the gastroenemius soleus complex and the 
normal talocalcaneal and tibiotalar relationships and it 
facilitâtes décompression of the peroneal tendons through 
the same incision. 

Carr's procedure Recently Carr et al, 3 hâve described 
a new salvage procedure for calcaneal fracture malunion. 
This is the first procedure that adresses the majority of 
the painful calcaneal problems as described above 
simultaneously with one operation. Through a posterior 
operative approach to the subtalar joint, the calcaneus is 
distracted away from the overlying talus hinging on the 
anterior talocalcaneal articulations. A tricortical iliac crest 
bone graft is inserted between the calcaneus and talus. 
This simultaneously increases the calcaneal height, 
éliminâtes the limb length discrepancy, fuses the subtalar 
joint, décompresses the fibulocalcaneal impingement and 
peroneal tendon space entrapped, and corrects the heel 
malalinement, longitudinal foot arch, and anterior 
tibiotalar impingement. Carr et al reported satisfactory 
results in 13 to 16 patients with chronic pain. 

Triple Arthrodesis 

Myerson and Quill believe that in the absence of 
osteoarthrosis of the talonavicular and calcaneocuboid 
joints, a triple arthrodesis is not an appropriate salvage 
procedure. 
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Figs 7 A to D: (A) Latéral reentgenogram of central dépréssion fracture with comminution. (B) Axial views showing line extending 
into subtalar joint. (C) Axial and latéral views showing placement of screw used to fix the reduced joint fragment in place. (D) 
Latéral roentgenogram with the apparatus in place. Olive were used to release latéral translation 


Calcaneal Osteotomy 

Myerson has done osteotomy of the latéral calcaneal wall, 
and décompression of the calcaneofibular recess was 
performed as an isolated procedure in seven patients. 
They found that the resuit after the procedure alone was 
not as good as they had expected. They now recom- 
mended careful sélection of patients for latéral osteotomy, 
because it is unusual to find impingement in the absence 
of subtalar osteoarthrosis. The osteotomy is, however, an 
important adjuvant to the arthrodesis, and it is performed 
to restore a normal calcaneofibular recess. 

Kashiwagi Modifiée! Technique of Resection of Latéral 
Prominence of Calcaneus. 17 

Latéral surface of the calcaneus is exposed, including the 
latéral aspect of the subtalar and calcaneocuboid joints. 
With a wide osteotome, make a sagittal osteotomy 


through the calcaneus extending from the calcaneocuboid 
joint anteriorly and from the subtalar joint superiorly to 
the plantar surface inferiorly. Discard the bone, thus, 
resected. The latéral side of the calcaneus should now 
consist of a vertical wall, ail excessive bone latéral to the 
subtalar joint and inferior to the latéral malleolus having 
been removed. The latéral aspects of the subtalar and 
calcaneocuboid joints are now exposed, if necessary, 
arthrodèses of these joints is carried out. 

Romesh Procedure 

Michael M Romesh 16 has shown that the reconstructive 
osteotomy recréâtes the primary fracture. 

Subtalar Arthrosis 

Inadéquate or inappropriate primary treatment of a 
fracture of the calcaneus frequently results in persistent 
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Figs 8A to D: (A and B) Subtalar arthrosis secondary to malunited intramedullary fracture of the calcaneus. (C and D) 
Subtalar fusion done. Note the 3 tag screws compressing the talus and calcaneus 


pain in the foot. There may be problem after comminuted 
or intraarticular fractures regardless of the initial 
treatment. Myerson gives more importance to subtalar 
arthrosis (Fig. 8). 

Smashed Heel Syndrome 

Dror Paley and Jeffrey Fischgrund 12 State that the most 
common site for pain in patients with an unsatisfactory 
resuit was in the heel pad, followed closely by the subtalar 
joint and fibulocalcaneal impingement. Postoperative 
management after ORIF of calcaneal fractures includes 
three months of nonweightbearing. This is recommended 
to protect the fracture fixation from failure due to the 
limited stability achieved by internai fixation techniques. 
This prolonged period of nonweight bearing may 
contribute to the soft tissue pain and dystrophy associated 
with calcaneal fractures. Early weight bearing may 
provide sufficient soft tissue stimulation to the heel pad 
and foot so as to desensitize these injured soft tissues and 
minimize the risk of late soft tissue pain and dystrophy. 
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INTRODUCTION 

Fractures of the talus are difficult injuries because of high 
incidence of complications. Talus is the second most 
common of the tarsal bones to sustain fractures. Its 
fractures are usually associated with disruption of the 
ankle joint. The fractures occur in the neck (more than 
30% of the talar fractures) body, head, posterior process 
and trochlea (so-called osteochondral fracture). Adult 
males are common victim. Violence is mostly indirect, 

e -g- 

i. in falling on the foot while it is forcefully pressed in 
dorsiflexed position, and the sharp anterior margin 
of the tibia cuts into the talus. Road traffic accident— 
RTA, is the common cause today. 

ii. severe twisting violence of ankle and foot in which 
fracture of talus may occur along with Pott's fracture 
subluxation, and 

iii. rarely a direct blow on the dorsum of foot. 

Most fractures of the talar neck are caused by a severe 
dorsiflexion force. In more than 50% of such cases the 
médial malleolus fractures obliquely or vertically. 4 

Classification of the Fractures of the Talus 

Fractures of the talus are classified as depicted in Table 1 

(Fig-1). 

1. Fractures through neck of talus —more than 30% of talar 
fractures 

These can be classified into four groups based on 
Hawkins and Canale and Kelly (Table 2 and Fig. 1). 

2. Fracture through body of talus —about 20% of talar 
fractures 

3. Fracture through the head of talus —about 10% of talar 
fractures 


TABLE 1 : Classification of the fractures of the talus 

Fracture of the talar body 27 

Fracture of the talar neck 

Type A: Undisplaced fracture of the talar neck 

Type B: Displaced fracture of the talar neck with subtalar joint 
subluxation 

Type C: Displaced fracture of the talar neck with dislocation of 
the body 

Type D: Canale added : In addition B & C, there is talo-navicular 
dislocation. 

Subtalar dislocation 

Total dislocation of the talus 


4. Fracture of posterior process 

a. Whole process 

b. Médial tabucle 

c. Latéral tabucle 

5. Flake fracture of body (i.e. trochlea) of talus 

6. Fractures of latéral process and posterior and médial 
aspects of talus 

7. Fractures of posterior process or médial or latéral 
tabucle. 

Clinical Features 

Patient complains of pain, swelling around the ankle, and 
inability to bear weight on that foot. Ankle and sinus tarsi 
région are swollen. There is marked tenderness at the 
fracture site. Posteriorly displaced fragment can be felt. 
Body of talus is usually displaced posteriorly and often 
presses against the skin and neurovascular bundle. If not 
reduced urgently, skin may nécrosé and slough out, and 
the foot may become gangrenous. Associated fracture of 
médial malleolus assumes great significance. Ankle 
movements are painfully limited. There may be réduction 
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Superior view Inferior view 



longus 

Fig. 1 : Superior and inferior views of the talus (stippling 
indicates the posterior and latéral processes) 

(Fig. 6) of the height of the foot (from malleolar tip to 
ground). 

Radiogmphy (Fig. 8): Anteroposterior, latéral and oblique 
views of the ankle shows the site, type and displacements 
of the fractures. CT may be essential to delineate the crack 
fractures comminution, posterior tuberosity, fractures 
and congruity of joints. MRI useful to assess AVN. 
Differential diagnosis is mainly from Pott's fracture 
subluxation, and fracture calcanéum. 8 

Canale and Kelly described a view of the talar neck 
achieved by internai rotation of the foot, achieved by 
placing the foot plantigrade on an X-ray film and angling 
the beam at 75° to the perpendicular. 20 Pronation of the 
foot or internai rotation of the limb will achieve rotation 
of the talus such that the médial aspect of the talar neck 
can be well visualized. This view is particularly useful 
intraoperatively to assess the reconstruction of a talar 
neck fracture with associated médial comminution and 
to confirm that varus malalignment has been avoided. 




FRACTURE NECK TALUS 

Type III If open, thorough debridement initially. Closed 
injuries are associated with massive swelling jeopardizing 
skin which represents a true surgical emergency. 


TABLE 2: Classification of fractures through the neck of talus (Figs 2 to 7) 


Type 

Description of injury 

Recommended treatment 

Chances of 

avascular necrosis (AVN) 

Type I 

Undisplaced vertical fracture 
of the neck of talus 

Nonoperative treatment 

Avascular necrosis 
rarely develops 

Type II 

Displaced vertical fracture with 
sub luxated or dislocated joint 

(ORIF) Open réduction 
and internai fixation 

Avascular necrosis of body 
in about 40% 

Type III 

Displaced vertical fracture of 
the neck talus with body of talus 
dislocated from both ankle and 
subtalar joint 

ORIF 

More chances of 
avascular necrosis 

Type IV 

Displaced vertical fracture of the 
neck of talus, with body of 
talus dislocated from both ankle 
and subtalar joint. Talar head 
subluxed or dislocated 
from navicular 

ORIF 

Further more chances of 
avascular necrosis 
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Fig. 5: Type IV talar neck fracture 


Figs 6A and B: Talar neck fractures—most talar neck fractures 
are caused by a severe dorsiflexion force: (A) The talar 
neckabuts the anterior portion of the tibia and the continuing 
force fracture the talar neck, and (B) a continuing inversion 
force ruptures the latéral subtalar ligaments, and often the latéral 
ligament of the ankle, or causes an avulsion of the latéral 
malleolus 



Fig. 7: Type IV fracture of the talar neck with subluxation of 
the subtalar joint and dislocation of the talonavicular joint 



Fig. 8: Canale and Kelly view of the foot. The correct position 
of the foot for X-ray évaluation of the foot is shown 


Open réduction achieved through posteromedial or 
an anteromedial approach. Osteotomy of médial 
malleolus facilitâtes access and réduction of fracture. 
Never sever the intact deltoid ligament carrying along 
with it the blood supply. Réduction is achieved by 
extensive exposure, transverse calcaneal traction pin and 
patience. Use of compression screws perpendicular to 
fracture site gives stability. Delayed primary closure of 
skin at 5 to 7 days minimize swelling and chance of 
infection. 16 

Once the swelling subsides, short leg nonweight 
bearing plaster cast given. In selected cases, primary 
tibiotalar arthrodesis or talectomy or arthroscopic réduc¬ 
tion attempted. 

In type IV, réduction of subluxation or dislocation of 
talonavicular joint along with the treatment for type III 
carried out (Figs 9 and 10). 5,7,12 
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Fig. 9: Type C—displaced fracture of the talar neck with 
posterior dislocation of the body of the talus: (A and B) Latéral 
and anteroposterior diagrams showing a talar neck fracture with 
displacement of the body posteriorly and medially. Note the 
fracture of the médial malleolus, a common associated injury 



Management 712 

1. Undisplaced fractures need below-knee plaster 
immobilization with foot in plantar flexion (15-20%) 
for 6 weeks followed by nonweight-bearing exercises 
and walking for another 6 weeks. 

2. For displaced fractures, closed réduction should be 
attempted under general anesthésia (relaxing the 
space, the displaced fragment is pushed back). The 
radiographs must be taken to check the réduction of 
articular surface which must be at least nearly accurate 
and internally fixed, percutaneously by a lag screw 
or K-wires. 

3. Below-knee plaster immobilization is done for 6 to 12 
weeks in 30° equinus position. 

Operative réduction and internai fixation is the 
standard treatment for most displaced talar neck 
fractures, open réduction and fixation with lag screw 





Fig. 11: Open réduction and internai fixation of neck of talus: 
(A) Réduction achieved by 2 K-wires, (B and C) cannulated 
screw passed through K-wires, (D) compression achieved— 
seen in latéral view, and (E) compression achieved—seen in 
AP view 


(passed from neck to the body of talus) is indicated. In 
any case, weight bearing should be delayed for 12 or more 
weeks depending upon the evidence of avascular necrosis 
of talus. Small flake fractured fragment should be 
removed, but bigger one should be openly reduced and 
fixed with mini screws. 17 For comminuted fractures 
(especially of body) or late presenting displaced fractures, 
it is ultimately gainful to perform tibiotalocalcaneal 
fusion. Fracture of latéral process and posterior and 
médial aspects of talus are more clearly delineated on 
CT scan. Undisplaced such fractures should be treated 
by below-knee plaster cast. Displaced smaller fragment 
should be excised and bigger ones openly reduced and 
fixed (Fig. 11). 
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TABLE 3: Fixation options for talar neck fractures (Sandars in Rockwood and Green’s fractures in adults) 


28 


Advantages 


Disadvantages 


Anterior-to-posterior screw fixation 1. Direct visulalization of fracture réduction 

2. Avoidance of articular cartilage damage 

3. Use of compression screws where indicated 


Posterior-to-anterior screw fixation 1. Stronger fixation compared with anterior 

screw fixation 

2. Easily inserted perpendicular to fracture line 

3. May cause less soft tissue disruption 


Direct plate fixation 


1. Strong fixation 

2. Useful to buttress comminuted columns 


1. Difficult to insert perpendicular to fracture line 

2. Less strong compared to posterior-to-anterior 
screws and plate fixation 

3. Inappropriate use of compression may cause 
malalignment 

1. Indirect visualization of réduction; may require 
change in positioning 

2. Some cartilage damage to posterior talus 

3. Risk of iatrogénie nerve damage 

1. Extensive soft tissue dissection 

2. Risk of hardware prominence 


Methods of Fixation 

1. Percutaneous : AK wire or lag screw passed from (a) 
anterior to posterior (b) posteriolateral or postero- 
medial. Postero-medial is preferred to avoid sural 
nerve to anterior. 16 

2. ORIF : Anteromedial approach to visualize the médial 
aspect of the talar neck is a standard approach for 
non-comminuted fractures (Table 3). A médial 
malleolar osteotomy is done if required. In commi¬ 
nuted fractures, a direct latéral or antérolatéral 
approach is performed in addition to the médial 
incision. Useful adjuncts include a calcaneal traction 
pin or distractor, and the use of a malleolar osteotomy. 
Screws can be placed percutaneously, posterior to 
anterior screw fixation with an associated small 
incision posterolaterally to facilitate visualization of 
the corner of the subtalar joint and to avoid the sural 
nerve. 

Indications or Talectomy 

1. Open talus fracture dislocation with severe contami¬ 
nation. 

2. The talus is lost at the scene of the injury. 

Tibio calcaneal fusion is done. Another calcaneous 
bone grafting is done or tibio calcaneal is performed. 

Complications 

Infection 

Both closed and open injuries are prone to infection. 
Displaced talar fragments may lead to tending of 
overlying skin, pressure stretch necrosis, sloughing and 
secondary infection, which persistently resist the 
treatment and ultimately may end in séquestration of 
avascular talar body. 


Avascular Necrosis (AVN) 1013 

Avascular necrosis of talus occurs more after fracture of 
body than neck and head. The incidence rises sharply 
with displacement of the fracture and dislocation (in 
fracture dislocation). Avascular necrosis on radiograph 
is interpreted as sclerosis affecting part or ail of the talar 
body, which can be seen in 2 to 7% (less in undisplaced 
fractures). Viability of the talar body is best assessed by 
Hawkin's sign—in antero-posterior radiograph taken by 
8 weeks of injury if there is subchondral atrophy 
(osteopenia or résorption) in the dôme of talus, it excludes 
avascular necrosis. Avascular necrosis seems to be a 
radiographie diagnosis and need not necessarily produce 
any clinical symptom. Fractures usually unité even in 
presence of avascular necrosis (Fig. 12). 15,22 by creeping 
substitution. 

RxofAVN 

1. Initial treatment is nonoperative. It should be 
managed by strict nonweight bearing till revascu- 
larization (Patellar tendon-Bearing brace can be a 
good compromise). The complicated one with 
symptoms may require total joint replacement or 
arthrodesis (Fig. 13). 

2. A VN with arthr itis ankle or A VN with nonunion neck 
talus: Rx. Is by Talectomy or excision of body of talus 
and fusion - by modified. Blairs procedure or Tibia- 
calcaneo-Talar head fusion. Tibiocalcaneal arthrodesis 
is an alternative option in which fusion of the entirely 
of the cancaneus to the distal tibia in some cavas with 
the use of intercalary graft material can be used to 
facilitate a hindfoot arthrodesis. Results hâve been 
noted to be superior to talectomy or ankle fusion by 
Canale and Kelly. 20 Proponents of this procedure note 
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Fig. 12: Radiograph AP and latéral view of the left ankle joint 
showing avascular necrosis (AVN) of talus due to fracture neck 
of talus 


that the fusion of the tibia to the calcaneus may 
provide more stability compared to the sliding graft 
technique of Blair or L. of tibia by ilizarov. The use of 
intercalary material is required if the appearance and 
length of the hindfoot is to be maintained. 5,19 

Other options are 

Pantalar fusion or triple fusion. Recently, ankle arthro- 
plasty has been suggested. 

Delayed Union 

Delayed union, which usually unités with prolonging the 
management. 

Malunion 

A purely mechanical complication may produce pain and 
limited movements. It should be managed by physio- 
therapy, resection of obstructing nonarticular portion of 
bone and delayed triple arthrodesis in résistant cases. 

Posttraumatic Arthritis 

Painful gait may improve with physiotherapy, intra- 
articular hydrocortisone acetate injection, and protected 
weight bearing. Advanced cases ultimately need total 
ankle joint replacement or arthrodesis of ankle, the later 
is being more preferred. 

FRACTURE OF THE BODY OF TALUS 

It occurs in about 20% of the injuries affecting the talus. 27 
It usually occurs due to fall on an extended foot and ankle 


Deltoid 

branches 


Dorsalis nedis 



Fig. 13: Blood supply to the médial third of the talus 

when a significant compression force is produced. There 
is excessive pain and swelling, more marked in the 
anterior aspect of the ankle. Tenderness is most marked 
over the talus, and the movements are painfully limited 
at the ankle and subtalar joints. 

Undisplaced fractures should be treated conser- 
vatively with a below-knee plaster cast for 8 weeks. The 
prognosis is very good, however, 10% may undergo 
avascular necrosis. 

Displaced fractures, if not reduced by closed method, 
should be openly reduced and fixed by screw or 
Krischner wires, supported by below-knee plaster cast 
in a neutral position for 8 weeks. Access to such fractures 
is easy by a médial incision with an osteotomy of the 
médial malleolus. Severely comminuted fractures are 
better treated by primary arthrodesis of ankle (with or 
without subtalar joint, i.e. tibiotalar fusion or 
tibiotalocalcaneal fusion) (Figs 14A to E). 25 The joints are 
exposed through antérolatéral incision, (Fig. 15) the 
articular cartilage is denuded, and a corticocancellous 
graft (2 cm x 5 cm) removed from the anterior aspect of 
distal tibia is slided down into a prepared hole in the 
fractured talus (or across the fractured talus into the 
calcanéum). The foot is placed at 10° of plantar flexion, 
and plaster of Paris (POP) cast is applied (above knee for 
6 weeks and below knee for another 6 to 12 weeks) with 
walking aids (Fig. 16). 

FRACTURE OF THE HEAD OF TALUS 

Fracture of talar head is a rare injury and is usually 
produced by the longitudinal force traveling through 
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Figs 14A to E: Blair fusion. Schernatic drawing showing the 
antérolatéral incision (A) the sliding graft from the distal tibia 
(B), and the sliding graft embedded into the talar neck and head 
fragment (C). Note the space left by removal of the talar body. 
(Blair HC) Comminuted fractures and fracture-dislocations of 
the body of the astregalus: Operative treatment. Am J Surg 
1943;59:38. (D,E) Radiographs demonstrate a healed modified 
Blair fusion 2 years following a type III talar neck fracture with 
the sliding graft incurrporated. The talar body has been retained 
and remains sclerotic, but appears to be healed to the distal 
tibia. 


metatarsals and navicular, while the foot is held in 
extreme plantar flexion. 

Clinically localized pain, swelling and tenderness, and 
painful limitation of movements at midtarsal joints lead 
to the suspicion, which is confirmed by superoinferior 
latéral and oblique view radiographs. Nondisplaced 
fracture of talar head should be treated by below-knee 
plaster immobilization for 6 weeks folio wed by footwear 
with well-moulded médial arch support. Displaced 
fracture should be treated with open réduction and 
internai fixation (ORIF—K-wire or screws). 

FRACTURES OF LATERAL PROCESS, MEDIAL 
AND POSTERIOR ASPECTS OF TALUS 

These fractures can be easily missed in routine radio¬ 
graphs, but can be delineated in CT scanning or 
tomogram. 23 The mechanism involved in these fractures 
is severe dorsiflexion of the inverted foot. Fracture of 
latéral process is most common in this group. 
Management principally consists of nonweight-bearing 
plaster cast for 6 weeks followed by graduated weight- 
bearing cast for another 6 weeks. However, if the 
fragment is more displaced (4-5 mm in CT), the articular 
cartilage is involved more. 



Figs15A and B: Primary subtalar fusion—posterior approach. 
As advocated by Pennal and Hall (1960), a primary subtalar 
fusion is indicated when the articular surface is so comminuted 
that reconstruction becomes impossible. Réduction of the 
fracture diminishing the heel width is extremely important in 
this primary arthrodesis. Therefore, after insertion of the Schanz 
pin into the tuberosity and exposure of the subtalar joint 
posteriorly, the comminuted fragments of bone are removed to 
the intact portion of the calcaneus. An autogenous bone graft 
taken from the iliac crest is inserted as demonstrated in the 
latéral (A), and posterior (B) view. Stability is maintained by 
placing the external fixator in a slightly compressive mode 


Fractures of posterior process as a whole is rare 
reported once only (Nasser and Manole, 1990). Fracture 
of its médial process is quite rare. Fractures of its latéral 
tubercle is little more common and was first described 
by Cloquet in 1844 and Shepherd in 1882, 26 thence it is 
also preferred as Shepherd's fracture. These fractures can 
accompany the ankle springs, and if the symptoms persist 
in ankle sprains after 8 to 12 weeks of the proper 
treatment, these fractures should be suspected. 3,6,9,11,18,21 

DISLOCATIONS OF AND AROUND TALUS 

Usually subluxation/dislocation of talus occurs with 
certain talar fracture. However, pure dislocations can 
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Figs 16A and B: Open réduction and internai fixation of body 
of talus with cortical screw: (A) latéral view, and (B) AP view 


reduced at the earliest. Even closed injury require open 
réduction. Complication rate is very high, e.g. avascular 
necrosis, infection and degenerative changes. Ultimately 
arthrodesis (tibiotalar or plantar) is mostly required, 
which leads to protrusion of talus anterolaterally. Usually 
the subtalar joints also become displaced. Such severe 
violence mostly resuit in open wounds. 24 



Fig. 17B: Excision of talus as it was contaminated and 
temporary fixation with a nail 


occur as subtalar (peritalar) and total talar dislocations 14 
(Figs 17A to E). Total dislocation is a very rare and serious 
injury. Most of them are open injury, which must be 




Fig. 17A: Total dislocation of talus—open injury 


Fig. 17C: 12 days after, when the wound was clean, 
tibiocalcaneal fusion was done using ilizarov apparatus 
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Fig. 17D: Notice the consolidation of three cortices and 
defective anterior cortex. However, this is strong enough to 
bear weight. Notice the lengthening of tibia 



PERITALAR DISLOCATIONS 

In closed dislocations, there is plantar flexion and mostly 
exaggerated eversion of foot with obvious anterior 
protrusion of talus. In an open wound, these peritalar 
dislocations constitute 1 to 1.5% of ail dislocations. 
Peritalar injuries involve the ligaments around the 


talotibial, talonavicular and subtalar joints. With severe 
ligamentous injuries, talus may dislocate. The mechanism 
of injury is usually hyper flexion and inversion under 
load. Findings are more than obvious. The condition of 
the stretched skin and sensation and circulation distal to 
the injury need careful assessment. Radiographs should 
be taken in anteroposterior, latéral and oblique views to 
avoid missing any injury. It is quite essential to reduce 
the dislocations at the earliest to avoid any skin necrosis 
and sensory and circulatory complications. Failing the 
closed attempt, open redcution must be done. To avoid 
any redislocation, it is safer to drill one or two Kirschner 
wires (to be kept for 3-4 weeks) through the calcanéum, 
and talus into the tibia before applying the below-knee 
plaster cast for 8 weeks. 

SUBTALAR DISLOCATIONS 

In subtalar dislocation, the calcanéum, cuboid and 
navicular rather the forefoot as a whole get displaced 
from the talus. Foot can dislocate médial (most common), 
latéral, anterior and posterior to talus. Uncomplicated 
médial and latéral subtalar dislocations can be reduced 
by closed manipulations under general or spinal 
anesthésia. After réduction foot should be immobilized 
for 6 weeks. However, marginal fractures of talus or 
calcanéum can obstruct the réduction of médial subtalar 
dislocation, and entrapped tibialis posterior tendon, and 
osteochondral fracture of talus can make the latéral 
subtalar dislocations irreducible. These should be 
reduced surgically. 

Surprisingly avascular necrosis of talus is rare after 
subtalar dislocation, however, in peritalar dislocations 
also this complication has been overrated. Surprisingly 
again the avascular necrosis after these dislocations 
recover early (Fig. 18). 

Other complications are skin necrosis and persistent 
infections. In late presenting cases, it is rewarding to 
perform tibiotalocalcaneal fusion, especially to achieve a 
painless stable weight-bearing joint. 

When the talus is severely comminuted or infected, 
telectomy and tibial calcaneal fusion is indicated. 19,25 
After these procedures, the limb will be shortened by 3 
to 4 cm and therefore limb lengthening is indicated. By 
Ilizarov method, the limb is lengthened at the same time 
and compression of the tibia and calcaneal for fusion is 
achieved (Figs 19A to C). It is very rare. 19 It occurs due to 
continuation of forces causing subtalar dislocation. 
Extrême supination forces first produce médial subtalar 
dislocation, if further forces continue, it produces total 
médial talar dislocation, similarly extreme pronation 
forces first produce latéral subtalar dislocation, if further 
forces continue, it produces total latéral talar dislocation. 
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Fig. 18: Médial subtalar dislocation 


It is most devastating injury and causes lot of tissue 
damage, médial dislocation may cause vascular 
compromise, latéral may cause local soft tissue ischemia 
due to pressure effect. Most of the injuries are open. 

Treatment 

It is to be treated on similar lines as of subtalar dislocation. 
Initially debridement of the soft tissue is carried. Many 
authors recommend primary excision of talus with 
tibiocalcaneal fusion. 

Osteochondritis Dissecans 
(Osteochondral Fractures) 

Osteochondral lésions of the talus remain a diagnostic 
and therapeutic challenge. Many lésions are initially 
misdiagnosed and treated as latéral ankle ligament 
injuries. Osteochondral fracture occur in 15% of ail 
fractures of talus. The mechanism of injury is mostly a 
heavy single compression load with the foot either in 
inversion (Posteromedial lésions of trochlea) or eversion 
(antérolatéral lésions of trochlea). However, repeated 
loading may cause such fatigue fractures. 2 

Although the etiology of these lésions is thought to 
be primarily traumatic, an underlying ischémie problem 
resulting in pathological fracture may contribute in 
varying degrees to these lésions. In 1959, a staging System 
was described by Berndt and Harty based on cadaveric 
observations and corrélation with radiographs. Using 
MRI, DiPaolo et al hâve modified the standard 



Figs 19A and B: (A) Radiograph AP and latéral of right ankle 
joint showing avascular necrosis of talus due to improper screw 
fixation, (B) radiograph showing fusion of the ankle joint by 
llizarov method [tibiotalar fusion] 


classification to more accurately reflect the underlying 
pathology. 

Patients usually complain of chronic pain, instability, 
swelling, and limitation of movements. On suspicion, 
when routine roentgenograms are négative, antero- 
posterior and latéral tomograms and CT scanning in 
coronal plane are helpful. 

Depending upon its stage of fracture (Table 4) the 
treatment can be nonsurgical (below-knee POP cast for 8 
weeks) or surgical (excision of smaller fragment and 
curettage of the defect, fixation of bigger fragment with 
screw). The ankle joint is approached through antero- 
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TABLE 4: Staging System for classifying osteochondral lésions of the talus 


Stage 

Arthroscopy 

MRI 

Radiographs (Berndt and Hardy) 

Treatment 

Stage I 

Irregularity and 
softening of 
articular cartilage no 

Thickening of 
articular cartilage 
and low signal 

Compression lésion, 
no visible fragment 

No surgery 

Stage II 

Articular cartilage 
breached definable 
fragment, not 
displaceable 

Articular cartilage 
breached low signal 
rim behind fragment 
indicating fibrous 
attachment 

Fragment attached 

No surgery 

Stage III 

Articular cartilage 
breached definable 
fragment, displaceable 
but attached by some 
overlying articular 
cartilage 

Articular cartilage 
breached high signal 
changes behind 
fragment indicating 
synovial fluid between 
fragment and underlying 
subchondral bone 

Nondisplaced fragment 
without attachment 

Surgery if 
symptoms +ve 

Stage IV 

Loose body 

Loose body 

Displaced fragment 

Surgical treatment 



Fig. 19C: Radiograph showing fused tibiotalar joint after 
removal of llizarov fixator 


médial for médial lésions and antérolatéral for latéral 
lésions. 1 Médial malleolus may be osteotomized for 
extensive exploration. Skilled arthroscopists can treat 
such lésions through ankle arthroscopy. 

Treatment 

Acute stage 4 injury be treated by internai fixation. If the 
fragment is too small to be fixed, it should be excised 
and the base drilled to stimulate ingrowth of fibro- 
cartilage. In spite of adéquate treatment of stage 3 and 4, 
a significant number (up to 75%) develop osteoarthrosis. 


One important pronostic factor seems to be the condition 
of the overlying articular cartilage. Subchondral lucency 
in the talar dôme is thought to be secondary to hyper- 
vascularity. 
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INTRODUCTION 

This zone of the foot is principally consists of the 
midtarsal joints (the talonavicular and calcaneocuboid), 
the navicular, cuboid and cuneiform bones. It has great 
strength and stability, hence the injuries in the région are 
relatively uncommon (0.6% of ail fractures and 
dislocations). Usually, the structural failure occurs in 
other part of the foot due to any violence, hence, the 
midfoot injuries are mostly accompanied by injuries 
elsewhere in the foot. In such injuries, the foot is markedly 
swollen and painful and even may hâve a deformed look. 
Injured part remains markedly tender. The movements 
at the joints in this zone are markedly limited due to pain. 

Even in good quality radiographs taken in antero- 
posterior, latéral and oblique views, few injuries may be 
missed. Spécial projection in which the central beam is 
focussed at the talonavicular joint, kept in the plane of 
the base of the metatarsus and at right angles to the long 
axis of the foot may be more helpful in delineating these 
injuries. 

FRACTURE OF TARSALS 

(OTHER THAN TALUS AND CALCANEUM) 

Fracture of tarsals, other than calcanéum and talus, are 
not common and can occur by direct, indirect or avulsion 
injuries. Stress fracture can occur in navicular. 1 Displaced 
fractures of these bones are usually accompanied with 
subluxation of the adjoining joints (proximally Chopart 
or distally Lisfranc) and/or fractures of other adjacent 
bones. Superoinferior, true latéral and médial and oblique 
radiograph, tomograms, CT and even MRI may be 
essential to delineate the fracture line. Nondisplaced 
fractures, stress fractures of navicular (occurs in athlètes) 
impacted fractures of cuboid and avulsion fractures of 


cuneiforms should be treated by below-knee plaster cast 
for six weeks. In displaced fractures, closed réduction is 
usually not successful. Smaller fragments should be 
excised open réduction through longitudinal dorsal 
incisions, and internai fixation of the bigger fragment by 
Kirschner wires or Steinmann pins or lag screws in 
vertical fractures is mostly essential to restore the integrity 
of the concerned joints (e.g. talonavicular, calcaneo¬ 
cuboid, naviculocuneiform joints), otherwise disabling 
osteoarthritic changes of these joints may require 
subséquent triple arthrodesis. In grossly displaced or ir- 
reducible fractures of navicular, primary talonavicular 
or talocalcaneonavicular arthrodesis can be done to avoid 
disabling pain. 

Injuries to Isolated Tarsal Bones (Other than 
Calcaneus and Talus) 

Navicular Fracture 

Eichenholtz and Levine identified three types: 

• Cortical avulsion (47%) 

• Tuberosity (24%) 

• Body (29%) 

Cortical avulsion fracture: Cortical avulsion occurs as a 
resuit of a twisting injury (ususally eversion) applied to 
foot. They occur more frequently in female. They occur 
because talonavicular capsule and the anteriormost fibers 
of the deltoid ligament insert into the dorsal lip of the 
navicular and excessive tension on the structures cause 
this fracture. 

Treatment: It should be with initial splitting and then with 
a short leg walking cast for 4-6 weeks. Persistent 
displacement of a fragment may resuit in a painful dorsal 
prominence irritated by shoe wear. If more than 20-25% 
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articular surface it should be reduced accurately and fixed 
with K wire or a small screw to restore the articular 
surface of talonavicular joint. 2 

Tuberosity: Acute eversion of the foot resulting in 
increased tension on the posterior tibial tendon, places 
an avulsion pull on the navicular tuberosity, producing 
this fracture. Rarely is the fragment displaced 
significantly. Often such an avulsion fracture is seen in 
conjunction with compression fracture of the cuboid. 
Local tenderness, combined with pain on passive 
eversion or active inversion of the foot are the 
characteristic signs of this fracture (Fig. 1). 

Treatment: Minimally displaced or nondisplaced avulsion 
fractures is with initial splinting and then a short leg 
walking cast, occasionally nonunion occurs if it is 
asymptomatic the nonunion is disregarded if pain 
persists, excision of the fragment is carried out through a 
médial slightly curved incision. 

Body: Most fracture of the body of the navicular are 
associated with the other injuries in the midtarsal joint. 

Sangeorzan identified three injury pattern of body- 
Type I The fracture is in the coronal plane with no 
angulation of forefoot 

Type II The major fracture line is dorsolateral to 
plantarmedial and the forefoot is displaced 
medially 



Fig. 1: Latéral fracture-dislocation of the midtarsal joint. Note 
the avulsion of the navicular tuberosity and the comminution of 
the cuboid 


Type III The fracture is comminuted and the forefoot 
is displaced laterally 

Treatment: Non-displaced fracture, a snug below the knee 
walking cast for 6 weeks or until the union is complété. 

Displaced fracture 

Type I Open réduction and lag screw fixation. 

Type II ORIF and screws réduction is more difficult to 
achieve and maintain, because frequently 
comminution is plantarwards 
Type III Surgical correction 

Stress fracture: It is rare, occurs primarily in young athelete 
with increasing frequency. These fractures are very 
difficult to identify on plain X-rays, bone scan and CT 
scan are required for diagnosis fracture line is sagitally 
oriented in middle third of bone. It may be complété or 
incomplète. 

Treatment: If diagnosed earlier non-weight bearing cast 
immobilization for 6-8 weeks or until tenderness résolves. 
The first sign is usually dorsal cortical bridging. 

Dislocation of navicular: Dislocation of navicular is rare, 
isolated. Dislocation requires open réduction to restore 
joint congruity. Osteonecrosis was late complication. 

Cuboid Injuries 3 

The most frequent mechanism is latéral subluxation of 
the midtarsal joint which créâtes "nut cracker fracture." 
When minimal impaction of cuboid is présent 
conservative treatment with short leg walking cast. Severe 
comminution and residual displacement may require 
calcaneocuboid arthrodesis to restore alignment of foot 
and minimize late complication. 

Healing of cuboid fracture, scarring and irregularity 
of peroneal groove can lead to impaired peroneus longus 
tendon. 

Dislocations usually require open réduction and 
fixation by K-wire. 

Lisfranc’s Joint / Injuries 

1. Sprain of Lisfranc joint can produce pain, swelling, 
and point tenderness. Passive abduction and 
pronation of forefoot produce pain in tarsometatarsal 
joints. It should be treated by below-knee plaster for 
4 to 6 weeks. 

2. (Fracture-dislocations of tarsometatarsal articulations) 
Bony configuration (more or less Roman arch-like) 
and strong short stout ligamentous and other soft 
tissues support provide intrinsic stability to these 
joints. The recessed base of second metatarsal and the 
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Total displacement Partial displacement 

Fig. 2: Hardcastle classification of Lisfranc’s injuries 

trepezoid shape of middle three metatarsal base help 
in their being locked and prevent their displacement. 
Usually, the injuries responsible are twisting of the 
forefoot, axial loading of the fixed foot or crushing. 6 
Injuries in this région was considered to occur only 
in adults, however, now cases are also being reported in 
children. These injuries can be easily overlooked unless 
careful scrutiny of superoinferior, latéral and 30° oblique 
views radiography is done. If needed oblique tomogram 
and CT 9 scan should also be done. Usual mechanism of 
violence is compression of plantar-flexed foot, 
longitudinal force passing through acutely plantar-flexed 
foot or sudden angulation of the farefoot in flexion. 


Patient présents with marked swelling and tenderness 
in midfoot with possible circulatory embarrassment. 
Hardcastle et al (1982) hâve classified these injuries into 
three types. 

Type A (total incongruity): Ail five metatarsals are 
dislocated as a unit laterally or dorsolaterally, usually 
after fracture of the base of second metatarsal. This is the 
most important injury of the forefoot. Historically, it was 
commonly seen in cavalry accidents (foot trapped in the 
stirrup while falling from horse) at the battle of Waterloo, 
where Lisfranc developed his forefoot amputation for 
closed injuries of the forefoot apprehending gangrené at 
this site (JN Wilson 1982)7 

Type B (partial incongruity): One or more metatarsals are 
dislocated as a unit dorsolaterally, dorsomedially or 
dorsally. 

Type C (divergent complété or partial): Médial (first 
metatarsal) and latéral éléments (rest of the forefoot) of 
the forefoot move away from each other in different 
planes (Fig. 2). 

Management 

To avoid future pain, it is mandatory to reduce these 
fracture dislocations perfectly. 

Lisfranc's injuries canbe managed by closed réduction 
in general anesthésia by applying longitudinal traction 
on a plantar-flexed foot, and rotating into eversion or 
inversion according to the fracture pattern. 

The réduction should be maintained by percutaneous 
pinning and below-knee plaster cast for six weeks. 
Unsuccessful closed réduction must be managed by open 
réduction and Kirschner wires fixation across the joint 
into the tarsal bones along with below-knee padded 
plaster cast for six weeks. 5 

Complications of Midfoot Injuries 

1. Compartment syndrome may develop in the foot 
which must be managed by early fasciotomy 
décompression of ail four compartments. 

2. Painful gait may variably persist, even after neglected 
sprain of Lisfranc's joint. 

3. Claw toes deformity may develop due to unrelieved 
intrinsic muscle and/or nerve ischemia, which can 
be variably corrected by physiotherapy and/or 
surgery. 

4. Médial or médial and latéral plantar nerves may be 
damaged. Complété paralysis of both plantar nerves 
causes a "pied en griffe" deformities. 
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INTRODUCTION 

The injuries of the forefoot are not that uncommon, but 
certainly hâve been given much less space in any standard 
textbook on fractures. These are the injuries where correct 
early treatment can mean the différence between a normal 
foot and one which is severely crippled. 

With better understanding of the rôles of metatarsals 
in dynamic distribution of the body weight, the 
importance of treating these fractures is increasing. 
Metatarsals are fractured mostly due to direct injuries, 
e.g. fall of heavy object, runover injury, etc. however, they 
may occur due to indirect injury (e.g. twist) of forefoot or 
there may be avulsion fractures (e.g. of base of fifth 
metatarsal). Fracture can occur at any âge, even in 
children. They are relatively common. Fractures can occur 
at the metatarsal base or the shaft or neck or even the 
head (though extremely rare). 

FRACTURES OF METATARSAL BASES 

The base of any metatarsal can fracture, but except those 
of first and fifth others are insignificant. 

Fracture of the Base of Fifth Metatarsal 

Since this fracture was first discovered by Sir Robert Jones 
(1902), 1 it is called Jones fracture (fracture of the proximal 
fifth metatarsal diaphysis about 1.5 cm from the tip of 
the tuberosity) which ironically he sustained himself 
while dancing. 

These are three types (Fig. 1) 

Type I More common type is avulsion of the tip of 
base due to peroneus brevis tendon, and in this 
fracture articular surface may be involved. 
Type II Less common type is the transverse fracture 
of the proximal part of the shaft just distal to 


the tarsometarsal joint and insertion of 
peroneus brevis—the fracture suffered by Sir 
Robert Jones (Fig. I). 1 
Type III Occur s at diametaphysis. 6 

The Dancer's fracture is a common term used to 
describe a spiral fracture of the shaft of the fifth metatarsal 
occurring in the absence of a direct blow. 

The zone I injury occurs as a resuit of a sudden 
inversion force applied to the foot. This pattern of injury 
is commonly associated with latéral ligament complex 
injury. Zone II injuries are a resuit of a sudden adduction 
force being applied to the foot resulting in tensile forces 
being created along the latéral aspect of the metatarsal. 4 
The resulting fracture line starts on the latéral cortex and 
propagates towards the médial cortex. Zone III fractures 
represent true stress fractures seen in high performance 
athlètes. They are a resuit of repeated loading of the latéral 
cortex resulting in microfractues that spread towards the 
médial cortex. 8 A history of exertional pain along the 
latéral border of the foot in an athlete is usually diagnostic 
of this injury. 

Avulsion fractures of the base of fifth metatarsal 
(zone I) are fairly common in children, and they should 



Fig. 1: Fracture of base of fifth metatarsal (Jones fracture) 
showing 3 zones 
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be differentiated from an apophyseal growth center 
(whose long axis is parallel to the shaft) or a sesamoid 
lying proximal to the insertion of peroneus brevis. The 
apophysis appears at the âge of 8 and unités with the 
shaft by 12 years in girls and 15 in boys. 

Treatment 

The avulsion fractures 11 of the tuberosity (zone I) should 
be better treated by below-knee plaster cast with foot plate 
extending beyond the toes for three to four weeks, 
followed by elastic bandage support for another three 
weeks. The fracture usually unités without leaving any 
disability. 

The treatment of zone II fractures is contro ver sial. 
Patients with prodromal symptoms tend to behave like 
zone III injuries and progress to nonunion. In patients 
with acute injuries without any prodromal symptoms cast 
application similar to zone I for 8-10 weeks provides 
satisfactory results. In those with prodromal symptoms 
an initial trial of conservative treatment may be tried but 
the possibility of nonunion should always be kept in 
mind. 

Zone III fractures represent true stress fractures and 
are invariably associated with prodromal symptoms. 
Patients with a brief period of symptoms can be treated 
by conservative means with surgery being reserved for 
established nonunion. 

In cases of nonunion surgical intervention is often 
necessary. The fracture site is exposed through a latéral 
incision. The sural nerve and the tendon of the peroneus 
brevis should be protected. The nonunion site should be 
freshened with osteotomes and a burr till bleeding bone 
is obtained. The medullary cavity should be cleared of 
any débris. The nonunion site is compressed with an 
intramedullary 3.5 mm screw. 9 Bone graft is packed into 
the void left by the freshening. 

Fracture of the Base of First Metatarsal 

Isolated fracture of the base of first metatarsal is mostly 
caused by direct violence and is usually transverse and 
undisplaced. It should be better treated by below-knee 
plaster cast for six weeks (Fig. 2). 4 

Injuries of the Tarso-metatarsal Joints 

Fracture-dislocation of first tarsometatarsal joint (Benett's 
fracture), is a rare injury occurring due to acute angulation 
into plantar flexion. It should be treated by closed 
réduction and percutaneous K-wire fixation supplemen- 
ted with below-knee plaster cast for six weeks. 

Sometimes fracture-dislocation of the first metatarsal 
may be accompanied with crush fracture of médial 



cuneiform disrupting the plantar ligament attachments. 
There may even be fractures of the proximal shaft of other 
adjoining matatarsals. Rarely fracture of médial or latéral 
sesamoid may accompany the dislocation. Fortunately, 
closed réduction can be possible in most of such cases, 
which should be maintained by percutaneous K-wire 
fixation and below-knee plaster cast for six weeks. 3 

Clinical Présentation (of Metatarsal Fracture) 

Severe inversion sprain of ankle may be associated with 
avulsion fracture of the base of fifth metatarsal (due to 
peroneus brevis avulsion). Pain, swelling and painful 
walking are the main complaints. Single metatarsal 
fracture may be missed initially both by patient and the 
clinician. On examination there is direct tenderness at 
the fracture site, and on squeezing of the forefoot from 
the sides, the patient points the fracture site. Occasionally, 
the displaced fragments can be felt. 

Confirmation of the fracture is by radiograph 
(superoinferior), oblique and latéral views of foot. 

Management 

For early functional gain, single metatarsal fracture may 
be ignored, if patient manage to walk. Initially, élévation 
of the foot, crepe bandage application and gentle 
mobilization exercises of the foot within pain limits are 
advisable. 

Fractures of two or more metatarsals are usually 
displaced. The undisplaced ones should be treated by 
walking plaster cast for 3 to 4 weeks followed by 
graduated physiotherapy and weight bearing. The 
displaced fractures of two or more metatarsal are difficult 
to reduce by closed method. Depending upon the merit 
of the cases, open réduction and internai fixation by 
medullary pins or small ASIF plate, should be done. 
Fracture of the distal part of metatarsal shaft (neck région) 
are better treated by open réduction and fixation by 
K-wires. Plaster immobilization in such cases usually 
resuit in stiff painful foot. When operation is not possible. 
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the fracture should be ignored, foot should be elevated, 
possible exercises of the foot is started, crepe bandage is 
applied, and graduated weight bearing should be 
permitted. Very few of these fractures leave permanent 
disability, unless there is marked plantar displacement 
of the metatarsal heads. Taking the advantage of 
extensive capability of remodeling, most of the metatarsal 
fractures in children can be treated by immobilization in 
a short leg walking cast for 3 to 6 weeks. However, a 
reasonable alignment must be obtained. In grossly 
displaced fractures, attempt of réduction should be done 
by applying traction on the affected toes by using Chinese 
finger traps. Acceptable réduction should be maintained 
by well-moulded padded plaster cast. Unstable réduction 
can be fixed percutaneously by K-wire. In failed case, 
open réduction and K-wire fixation is needed. 

March Fracture (Stress Fracture of the Metatarsals) 

By définition, a stress fracture occurs in the normal bone 
of normal person with normal but répétitive activity and 
no injury. However, the mechanism involved in ail the 
stress fracture is répétitive stress applied to the bone 
which does not hâve the structural strength to stand it. 

This fracture was first observed in second metatarsal, 
as a complication of prolonged route marching by the 
army recruits (justifying its name as "march fracture"). 
However, it can be seen in any one, often associated with 
atheletic activities or excessive walking. The runners and 
joggers in their third decade are more vulnérable. With 
increasing interests in running, physical fitness and the 
sports activities, the incidence of stress fracture is 
correspondingly increasing. In children, stress fractures 
of metatarsals are less common. 

It occurs mostly in the distal third of second and third 
metatarsal, even though affection of ail five metatarsals 
(Manu 1978) hâve been reported. Besides the metatarsal, 
stress fractures is being seen in médial and latéral 
cuneiforms, talus, navicular and even the sesamoid. The 
base of first metatarsal is affected by a compression stress 
fracture. The fifth metatarsal sustains a transverse stress 
fracture at its base and oblique type in shaft, the former 
is liable to undergo nonunion (Fig. 3). 3,4 

Clinical Features 

With the history of excessive amount of walking, running, 
jogging or similar activities, patient complains of dull pain 
or ache in forefoot for prolonged period. In the initial 
stage of fatigue, the symptoms are mostly disregarded 
even by the clinicians. Of ail the activities, running is most 
painful. When the crack becomes a complété fracture, 
there may by severe exacerbation of trivial ache. The 



Fig. 3: March-fracture commonly seen in 
second and third metatarsal 

affected région is tender. There may be fullness in the 
overlying région. Pressure under the forefoot and 
squeezing the forefoot may give rise to pain. Standing or 
walking on tiptoe is painful. 

By the time the patient seeks advice (usually few 
weeks), radiographie changes manifest as periosteal bone 
formation ail around the fracture site. Initially the 
radiograph looks normal or there may be a haziness of 
bone only. MRI may show decreased signal intensity on 
Tl-weighted images (indicating marrow edema). But the 
bone scanning shows specifically increased uptake of 
radioisotope even by second to third day of the onset of 
symptoms indicating stress reactions. 

In neglected/late presenting cases, there may be bone 
résorption, trabecular condensation, clear transverse 
fracture line and variable reactionary periosteal bone 
formation. 4 

This condition need to be differentiated from: 

i. Morton's metatarsalgia due to plantar neuroma, 
where there is sharp pain beneath the metatarsal 
head (s) augmented with forefoot compression. 
There may be sensory loss in the toes supplied by 
the affected nerve. 

ii. Freiberg's disease (Osteochondritis 12 of second, third 
and even fourth metatarsal heads), occurs in children 
(when march fracture does not occur), and radio¬ 
graph présents osteochondritic changes. 2 
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iii. dorsal subluxation of second and/or third meta- 
tarsophalangeal joints due to degenerative changes. 
It may occur in older people presenting similar 
clinical findings, but here they are more distal at the 
matatarsophalangeal joint région. 

iv. tarsal tunnel syndrome. 

v. lumbar disk disease. 

vi. synovitis/arthritis of metatarsophalangeal joint. 

Treatment 

Abstinence from the causative overactivities usually 
lessen the symptoms, but to avoid prolonged morbidity, 
a below-knee plaster cast for six weeks is recommended 
except in basal transverse fracture of fifth metatarsal, 
where more period is required. 4 Footwear with metatarsal 
pad should be used for three to six months. When the 
symptoms completely résolve with nontender fracture 
site, graduated activities canbe resumed. Patient should 
be warned against the récurrence of this fracture after 
resuming the previous activities. 

Metatarsophalangeal Dislocation 

Dislocation of first metatarsophalangeal joint is rare, but 
complex occurring mainly due to hyperextension of the 
great toe resulting in displacement of proximal phalanx 
onto the dorsum of first metatarsal head and neck. It has 
been divided into two types (Lewis and De Lee 1984, Jahss 
1980). In the first type, there is no disruption of the 
sesamoid complex, while in the second type either there 
is disruption of the intersesamoid ligament or a fissure 
fracture of one or other sesamoid. 

Closed réduction is very difficult if the inter sesamoid 
ligament has not been disrupted in the injury. In such 
cases open réduction with a midline (or just on the latéral 
side of the joint) longitudinal dorsal incision is 
recommended. Réduction is maintained by a K-wire 
passed across the joint, along with a below-knee walking- 
plaster for three weeks. When there is disruption of 
sesamoid complex, the metatarsal head can be easily 
reduced by manipulating through the split. Dislocations 
of other metatarsophalangeal joint are easily reducible 
by closed method (by applying longitudinal traction and 
flexing the toe). Failure is usually due to interposition of 
plantar plate, which may require open réduction. 

In neglected cases, closed réduction mostly fails, and 
open réduction leaves a painful rigid joint. In such cases, 
proximal hemiphalangiectomy for the metatarso¬ 
phalangeal joint, with arthrodesis of interphalangeal 
joints is recommended. 7 


Injuries of Phalanges 

Phalanges of toes are vulnérable for dislocations of 
interphalangeal joints of hallux and other toes, or 
fractures (more of oblique type), or crush injuries. 
Violence is hyperextension or stubbing injury, indirect 
twist injury of forefoot, or toe caught in trouser—end 
stitches, or fall of heavy object on the toes. 

Local tenderess, swelling, and deformity of the toe, 
and painful movements are main clinical findings. 
Confirmation is by radiograph (superoinferior, latéral 
and oblique view of forefoot). 

Dislocations of the Interphalangeal Joint 

Dislocation or fracture dislocation of the interphalangeal 
joint of the great toe mostly occur s due to axial loading, 
e.g. toe kicking against the wall. The dislocation is mostly 
dorsal. Closed réduction is mostly possible. It can be 
irreducible to entrapment of the plantar plate and 
sesamoid, when open réduction is essential. 

Dislocation of the distal interphalangeal joint of other 
toes (DIP or PIP) can be easily reduced by closed method 
except when there is interposition of plantar plate, and 
then open réduction is needed. 

Dislocation of interphalangeal joints of other toes are 
easily reduced by applying traction over the tip of the 
toes, and arrestable, except where there is button-holing 
or interposition of sesamoid bone or the plantar plate, 
which requires open réduction. 

Of the fractures of the phalanges that of the proximal 
phalanx of the fifth toe is most common. It has been called 
"nightwalker's fracture as it can occur due to stubbing 
injury when one walks barefooted to attend call of nature 
(Jahss 1982). Usually fracture occurs at the base or neck 
of the proximal phalanx. In children the corresponding 
injury is fracture-separation of the basal epiphysis. On 
the whole, fractures of the phalanges of the foot in 
children are quite uncommon. Fractures are usually in 
acceptable position and should be treated by strapping 
the toe with the adjacent toes after placing a gauze pad 
in the web space to prevent skin macération, or by using 
a long thimble-like protection for the whole toe for three 
to six weeks. However, care should be taken to prevent 
rotational malunion by viewing the nail bed of the injured 
toe, which should be in the same plane as of other toes. 
Rarely (e.g. severely displaced intraarticular fracture) 
percutaneous fixation or open réduction and fixation (by 
Kirschner's wire or screw) is indicated in displaced, 
deforming and unstable fractures. The terminal 
phalangeal fractures usually occur due to fall of heavy 
objects on the tip of toes (especially the big toe) leading 
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to excessive painful subungual hematoma. In such cases, 
decompressing the hematoma through a hole in the nail 
plate provides relief. 

In multiple phalangeal fractures besides suitable 
treatment (as mentioned above) a below-knee plaster 
extending beyond the tip of the toes is helpful. 

Fractures of the Sesamoid Bones 

Fracture of sesamoid can occur due to direct trauma, 
avulsion forces or répétitive stress. Médial sesamoid is 
more frequently fractured than the latéral. Certain 
atheletic injuries, where there is forced dorsiflexion of 
the great toe or fall from a height on the hyperextended 
toe (e.g. in ballet), can produce fractures of the sesamoid 
(more common of médial one). Pain aggravated by forced 
dorsiflexion of first metatarsophalangeal joint is main 
complaint. Tenderness and some swelling can be 
localized beneath the bail of the big toe. Skyline 
anteroposterior radiographs of the both forefoot (for 
comparison) with the big toe hyperextended delineate 
the fracture. Management is mainly to relieve the pain 
by applying a protective felt around the neck of the first 
metatarsal (when pain is mild) or even below-knee plaster 
along with the same type felt pad for four weeks. When 
the pain persists and is annoying, the fractured sesamoid 
should be removed through the plantar or dorsal 
approach. 5,10 
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Anatomical Considérations 

Tendon injuries around the ankle and foot are not 
common, whereas sprains are very common. Eleven 
tendons Crossing the ankle hâve their muscles originating 
in leg. Except the tendo-Achilles and plantaris tendons, 
ail are having true synovial sheath for variable extent. 

Anteriorly the dorsiflexors of the foot and toes (tibialis 
anterior, extensor hallucis longus, extensor digitorum 
longus and the peroneus tertius) cross the ankle passing 
through tight osseofibrous canal formed by the superior 
and inferior extensor retinacula. 

Medially the tibialis posterior, flexor digitorum longus 
and flexor hallucis pass through separate compartments 
deeper to the flexor retinaculum. While the médial mal- 
leolus act like a pulley for the former two tendons, the 
posterior process of talus and the sustentaculum tali form 
the mechanical fulcrum for the flexor hallucis longus. 

Laterally the peroneus longus and brevis pass in a 
common compartment behind the latéral malleolus 
strapped by superior and inferior peroneal retinacula. 
Latéral malleolus serves as a pulley for these peronei 
tendon, however, as the peroneus longus tendon pass 
distally it takes purchase against the fulcrum of peroneal 
tubercle of calcanéum and further does on the under 
surface of the cuboid bone. 

Posteriorly, the tendo-Achilles and plantaris tendon 
are attached on the posteroinferior surface of the 
calcanéum. They are separated from the upper aspect of 
calcanéum by a bursa, from the deep flexors by the deep 
transverse fascia, and from the skin by loose fibrofatty 
tissue. The Achilles tendon is flanked by two separate 
bursae. One is superficial adventitial bursa (may not be 
présent always) lying subcutaneously, while other is 
constantly présent deep subfascial synovial bursa which 
lies retrocalcaneally. 


Pathomechanics of Rupture of Tendons 

Normal tendon does not rupture even with severe strain. 
Rupture can take place only through diseased tendon 
substance. Répétitive mechanical stress leads to 
disruption of the collagen fibrils and chronic inflam- 
matory changes. Subsequently, the capacity of the 
fibroblasts to synthesize collagen is affected. Finally 
tendon ruptures with variable stress. 

Extensive inflammation leads to gross thickening of 
the peritendinous sheath and fraying of tendons. 
Gradually tendon gets degenerated and ultimately 
ruptures. 

Rupture of Achilles Tendon 

Disease of the Achilles tendon canbe a typical continuons 
manifestations of peritendinitis (inflammation of vascular 
peritendinous tissue), peritendinitis with tendinosis 
(degenerative lésions in the tendon tissue with no 
evidence of alteration of the peritendon) to rupture 
(Table 1). 

The patient usually gives history of sudden painful 
snap of the heel cord. But they usually présent late, since 
the pain subsides, soon and some active plantar flexion 
is maintained by the combined action of tibialis posterior, 
flexor digitorum longus, flexor hallucis longus, and 
peroneus longus and brevis. Organized hematoma and 
swelling may obscure the palpation of the ruptured ends 
of the tendon. 2 

Tendon usually ruptures 2 to 6 cm proximal to its 
insertion in calcanéum, where vascularity has been 
shown to be decreased (Hastad et al 1958-59, Lagergren 
and Lindholm (1958-1959). 11 In late cases, the gap 
between the retracted rounded ends can be seen and felt, 
in which one can insinuate the examining finger. The 
weakness in plantar flexion is a constant finding. 14 
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TABLE 1: Differentiating factors of peritendinitis, 
peritendinitis with tendinosis and partial rupture and 
tendinosis with acute complété rupture (After Paul Plattner 
and Kenneth Johnson, 1985) 


Factor 

Peritendinitis 

Peritendinitis 
with tendinosis 
and partial 
rupture 

Tendinosis with 
acute complété 
rupture 

Symptoms 

(pain,swelling) 

Acute 

Subacute/ 

Chronic 

Instant/ acute 

Thickening 

Présent 

Présent 

Initially présent, 
later on only at 
the retracted ends 

Audible snap 

No 

No 

Yes 

Limp 

Yes 

Yes 

Yes 

Tenderness 

Yes 

Yes 

Yesflate cases+(-)] 

Crepitus 

May be 

May be 

No 

Gap in tendon 

No 

May be 

Yes 

Passive 

dorsiflexion 

Decreased 

May be 
decreased 

Increased 

Atrophy 
of calf 

No 

Yes 

Calf belly retracted 
proximally positive 

Thompson test 

Négative 

Négative 

positive 

Standing on 

Possible with 

Possible 

Not possible 

tip-toe 

pain 

with pain 



Clinical Tests for Tendo-Achilles Rupture 

1. In partial rupture , patient finds difficulty in walking 
on tip-toe, and there will be lag lifting the heel, and 
he also complains of pain at the site of partial rupture. 
In complété rupture, the patient cannot stand on tip- 
toe, as lag is complété. 

2. Thompson "calf squeeze test" is useful in diagnosing the 
complété rupture. Patient is asked to lie prone with 
his or her feet projecting beyond the examination 
table. When the calf muscles are squeezed just distal 
to their maximal girth, the plantar flexion of the foot 
occurs (unless the soleus is detached from the Achilles 
tendon). In complété rupture of tendo-Achilles plantar 
flexion is not possible (Figs IA and B). 



3. Needle test: Tim O' Brien (1984) reported it as a reliable 
test for dynamically assessing the integrity of distal 
10 cm of tendo-Achilles. 

The patient lies prone. Under aseptie conditions, a 25 
gauge hypodermic needle is pierced through the skin 
at a point 10 cm above the upper end of calcanéum 
end just médial to the midline of the calf. The foot is 
then passively plantarflexed and dorsiflexed. With 
intact tendo-Achilles, the needle will swivel in a 
direction opposite the movement of the foot. Absence 
of this swivelling indicates complété rupture of tendo- 
Achilles. 

4. Copeland sphygmomanometer test—100°. 15 

Management 

Peritendinitis (Conservative): Optimum non-strained use, 
to avoid athletic activity, orthosis/shoes, heel lifts 
physical therapy, NSAIDs, local hydrocortisone injections 
decrease the symptoms. Injection of cortisone reduces the 
metabolic rate of chondrocytes and fibrocytes, and 
weakens the structural integrity of tendon and articular 
cartilage. It may lead to rupture of tendo-Achilles. Hence, 
it should not be given. 

Peritendinitis with Tendinosis and Partial Rupture 

Conservative—(Casting in equinus position, 8 to 12 
weeks, orthosis with bilateral up rights and heel lift), 
surgical (excision of diseased tissue and reconstruction). 

Tendinosis with Acute Complété Rupture 

Conservative—(Casting in equinus for 8 to 12 weeks, AFO 
with bilateral uprights heel lift for 8 to 12 weeks. 

1. In fresh cases immédiate repair with burried sutures. 

2. In late cases excision of diseased and fibrosed portion; 
repair reconstruction. 

"Pump bump", more common in women, is not a true 
tendinitis,but rather an irritation or inflammation of the 
superificial bursa overlying the insertion of tendo- 
Achilles on the calcaneus usually due to rubbing in the 
shoe. 



Figs IA and B: Thompson’s test: Plantar flexion on squeezing the calf muscles. It is absent in Tendo-Achilles rupture 
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Investigations 

Diagnosis mostly dépends upon proper clinical 
examinations investigations are not that useful. 

In latéral view radiograph, délinéation of Kager's 
triangle and Toygar angle can be useful in diagnosis. 
Kager's triangle is a triangular space bounded by the 
margins of Achilles tendon, the calcaneus and the deep 
flexors. This space is filled with areolar tissue. In tendo- 
Achilles rupture, the triangle loses its regular configu¬ 
ration. Toygar angle is the angle of posterior skin surface 
as seen on radiograph—in complété rupture the angle 
becomes 130 to 150° due to anterior displacement of 
ruptured tendinous ends. However, these hâve been 
found to be nonspecific. For confirming partial rupture, 
ultrasonography, electromyography, bursography, CT 
and MRI scanning may be useful. 

Management 

For partial ruptures, conservative methods are mostly 
useful. Plaster cast extending from above the knee to the 
toes with knee flexed by 30 to 40 degree and ankle in 
equinus is worn for 8 to 12 weeks. The cast is changed at 
monthly interval with gradually increasing the dorsi- 
flexion. Cast is followed by ankle foot orthosis with 
bilateral uprights and heel lift in the boot for another 8 to 
12 weeks. 8 ' 9 

In rare cases, surgery is needed when excision of the 
diseased paratendinous and tendinous tissue is done with 
needed reconstruction. 

In fresh cases of complété rupture, the conservative 
regimen as for partial rupture may be followed. However 
immédiate repair (direct suturing with burried stitches) 
has the advantages of closure of the gap without much 
tension, and keeping the musculotendinous unit at its 
proper physiological length—tension ratio, which helps 
in maintaining optimal strength, power, and endurance. 
If the excision of the diseased tissue nécessitâtes 
reconstruction, the lengthening of the tendon at the 
musculotendinous junction in a V-Y manner is helpful. 

In late cases, direct suturing is not advisable because 
of retraction of the ruptured ends. For reconstruction of 
the gap, various methods hâve been suggested, e.g. V-Y 
lengthening of the tendon, fascia lata strip weaving from 
proximal to distal end, peroneus brevis tendon weaving 
(passing from proximal tendinous segment through the 
gap into the distal segment and reversing it again 
from the distal to the proximal one). Postoperative 
immobilization is similar to that used in conservative 
method. 3 " 5,7,10 


Tendon Injuries 

Percutaneous Suturing Ruptured Tendo-Achilles 

The problem of open suturing of acute rupture of tendo- 
Achilles is wound-dehiscence. This wound is very 
stubborn to heel because the tendon is exposed. The 
solution of this problem is percutaneous suturing 
procedure. Percutaneous suturing procedure: (1) 1 cm 
incision is taken about 4-5 cms on the médial side from 
the palpable end of the proximal tendon. (2) Second 
incision is taken on the latéral side 1 cm below the médial 
incision. A straight needle with vicryl is passed from the 
médial wound to the latéral wound. (3) Third incision is 
taken on the médial side 1 cm below the second incision. 
The needle is passed through the second incision and 
brought out through the third incision. Another straight 
needle is taken and the free end of vicryl is passed through 
the first wound and similarly second and third and if 
necessary fourth incision. The two needles are passed in 
a similar fashion through the distal portion of tendo- 
Achilles. 

The foot is planterflexed and two ends of the suture 
are tightened below knee. Plastercast is given for six 
weeks and heel raised shoes for another six weeks. 

Neglected Rupture of Achilles Tendon 

A neglected rupture of the Achilles tendon is common in 
India. 1 This is because the patient has the ability to 
plantarflex the foot with the peroneal and toe flexor 
muscles. However, the patient is unable to push off the 
affected side, severely compromising the ability to run 
or descend a flight of stairs. Ail the tests described for 
acute rupture are positive. Surgical repair of a neglected 
rupture is a difficult problem owing to migration of the 
proximal tendon. End-to-end anastomosis may not be 
possible since the contracture of the calf muscle occurs 
rather quickly. The degree of élongation may be estimated 
by the degree of increased foot dorsiflexion as compared 
with the opposite side. There are many options of repair 
of the neglected rupture. 

Fascia Lata Graft 

Bugg and Boyd 6 fashioned three 1-cm strips from a 
3-inch by 6 inch fascia lata graft from the thigh. The 
tendon strips were sutured to the proximal and distal 
tendon stumps with a fascia needle. The fascial sheath 
was sutured around the grafts in a tube-like fashion, and 
the repair was reinforced with a large pull-out wire. 
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Gastrocnemius-Soleus Strip 

Bosworth 4 used al/2-inch strip of fascia harvested from 
the central third of the gastrocnemius-soleus complex, 
leaving it attached distally. This strip is then woven 
through the proximal and distal tendon stumps. 

V-Y Gastroplasty 

Abraham and Pankovich 1 used a proximal V-Y 
gastroplasty to bridge the defect in the neglected repture. 
The apex of the inverted limb is centered over the central 
portion of the aponeurosis, and the limb must be 1.5 times 
the length of the defect for closure in a Y-configuration. 6 

Flexor Digitorum Longus Graft 

Mann et al 4 described a new technique using the flexor 
digitorum longus to span the gap and reinforced the 
repair with a central slip from the proximal tendon. The 
flexor digitorum longus is eut just proximal to its division 
into separate digital branches. The proximal aspect of the 
distal stump of the flexor digitorum longus is sewn to 
the adjacent flexor hallucis longus. The proximal part of 
the flexor digitorum longus is then passes through a 
drillhole in the calcaneus in a médial to latéral direction 
and sewn to itself. A central slip from the proximal 
portion of the Achilles tendon is mobilized and brought 
down into the distal stump or into a trough created in 
the calcaneus. The author preferred V-Y gastroplasty 
method. 12 

Rupture of Extensor Tendons of Ankle-Foot 

Disruption of the extensor tendons of the foot is not 
common. Most of the cases are in open injuries. 

Rupture of Tibialis Anterior Tendon 

Rupture of tibialis anterior tendon is quite uncommon 
(Dooley et al 1980, Mensor and Ordway 1953). It occurs 
even with mild trauma mostly in patients around 
50 years. Patient may feel pain with partial footdrop. 
There is swelling in ankle région and weakness in 
dorsiflexion of the ankle. Patients usually miss the rupture 
and présent late. Rupture is usually near the insertion 
(within 5 cm). In fresh cases direct suturing can be done. 
In late cases, the retracted torn end should be sutured to 
the extensor hallucis longus tendon, or it can be left as 
such in non-demanding or elderly patients. 

Rupture of extensor hallucis longus and extensor 
digitorum longus mostly occur in open injuries. 
Whenever feasible, they should be sutured end to end 
after thorough debridement. If it is not possible to repair 


(either due to loss of a portion or gross retraction of the 
proximal end), the distal stump should be sewn into the 
flexion hallucis brevis. 13 

TIBIALIS POSTERIOR TENDON 
DYSFUNCTION 

INTRODUCTION 

Painful dysfunctional disorders involving the tendons of 
the rear foot are not uncommon. According to Johnson 
(1989) the posterior tibial tendon is the most commonly 
affected. The tibialis posterior tendon has the main 
function of stabilizing the rear foot against eversion 
(valgus). As a tendinous structure, it is susceptible to 
peritendinitis and rupture (Ross, 1997). Posterior tibial 
tendon (PTT) dysfunction has many étiologies. The 
disorder can be the resuit of overuse, can be secondary 
to a biomechanical anomaly, or simply to a traumatic 
incident (Ross, 1997, Shereff, 1993). Often posterior tibial 
tendon dysfunction is due to an intrinsic abnormality of 
the tendon itself. In cases where chronic tenosynovitis is 
a predisposing factor, rupture of the tendon is often likely. 
If the tenosynovitis continues untreated, chronic 
peritendinits develops. Consequently, the chronic 
inflammatory process can cause tendon degeneration, 
tendon élongation, interstitial tearing, atténuation and 
eventually rupture (Ross, 1997, Shereff, 1993). 

The condition is often over looked and misdiagnosed. 
The disabling condition is a direct resuit of and the final 
stage of a loss of function of the posterior tibial tendon. 
The condition leads to increased calcaneal valgus, talar 
plantar flexion and talonavicular subluxation. The 
graduai loss of alignment results in further forefoot 
abduction and pronation. (Landorf, 1995, Mann and 
Thompson, 1985, Quinn and Mendicino, 1991, Ross, 
1997). 

OverView 

The following report discusses the disorder in some 
detail. Reference will be made to anatomy, etiology, 
diagnostic criteria and clinical présentation relevant to 
the disorder. Attention will be given to the treatment 
modalities available; both conservative and surgical. 

Spécifies 

Anatomy of Tibialis Posterior. 

Origin and Insertion 

The tibialis posterior muscle originates from the posterior 
aspect of the interosseous membrane, the superior two 
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thirds of the postero-medial aspect of the fibula and the 
superior aspect of the posterior surface of the tibia 
(Landorf, 1995, Myerson, 1993, Roukis et al, 1996, Blake 
et al, 1994). 

The tendon of tibialis posterior passes, within in its 
own synovial sheath, anterior to flexor digitorum longus, 
posterior tibial artery, vein and nerve; and the flexor 
hallucis longus tendon (Ross, 1997). As these structures 
pass posterior to the médial malleolus, they are restrained 
by the flexor retinaculum. (Hutchinson and O'Rourke, 
1995, Landorf, 1995). 

As the tendon of tibialis posterior passes behind the 
malleoli it changes its course anteriorly. The médial 
malleoli acts as "a first pulley System around which the 
tendon establishes its effective angle of approach for its 
function on the ankle and rearfoot" (Hutchinson and 
O'Rourke, 1995, p. 704). The tendon divides, proximal to 
the navicular tuberosity, into three distinct components. 
The anterior component inserts primarily into the 
navicular tuberosity. This tendon, being the largest, 
provides the "second pulley System " (Hutchinson and 
O'Rourke, 1995 p. 704). The middle component continues 
distally, inserting into the cuneiforms, cuboid and the 
médial three metatarsal bases. It has primarily a 
ligamentous function, providing stability to the plantar 
arch (Johnson, 1989, Vander Graff and Fox, 1995, 
Myerson, 1993). 9 The posterior component originates 
from the main tendon prior to its insertion to the navicular 
tuberosity. This posterior component inserts as a band 
on the anterior aspect of the inferior calcaneonavicular 
(spring) ligament. They both work to provide stability to 
the talonavicular joint (Hutchinson and O'Rourke, 1993, 
Landorf, 1995). 10 Ail three components provide the 
function of supporting the médial longitudinal arch. 

Action of Tibialis Posterior 

Tibialis posterior is a "stance phase" muscle. It becomes 
active shortly after heel strike and continues through out 
the contact and mid stance phases of gait. It ceases to 
contract shortly after heel lift (Landorf, 1995, Hutchinson 
and O'Rourke, 1995, Roukis et al, 1996). 10 The primary 
actions of the muscle are subtalar joint supination and 
adduction around the oblique midtarsal joint axis. It is a 
prime stabilizer against rearfoot valgus and forefoot 
abduction (Johnson, 1989). During the contact phase of 
gait, it contracts eccentrically to decelerate subtalar joint 
pronation and internai rotation of the tibia. Concentric 
contraction commences in midstance to assist in 
stabilizing the midtarsal joint in préparation for 
propulsion. At heel lift it provides a plantar flexory torque 
that allows heel to leave the ground (Landorf, 1995, 


Hutchinson and O'Rourke, 1995,Vander Graff and Fox, 
1995, Roukis et al, 1996, Blake et al, 1994). 10,11 The function 
of tibialis posterior as a supinator of the subtalar joint 
and an adductor of the midtarsal joint results in it having 
an antagonistic relationship with the peroneal muscles, 
especially peroneus brevis (Landorf, 1995 Mann and 
Thompson, 1985). If there is a weakness in tibialis 
posterior, peroneus brevis exerts an unopposed influence 
on the foot during midstance. If so, the mid tarsal joint 
becomes locked and the subtalar joint will pronate. There 
will also be increase abduction of the forefoot. Ail are 
classic signs of posterior tibial tendon dysfunction (Quinn 
and Mendicino, 1991, Ross, 1997). Etiology of tibialis 
posterior tendon dysfunction. The exact cause of the 
disorder in not known. A majority of researchers hold 
the views that tendon degeneration is the primary cause 
yet there are many proposed étiologies for the disorder. 
This can be seen in Table 2. 

TABLE 2: Etiological factors for posterior tibial tendon 

dysfunction 

• Direct trauma 

• Lacération 

• Iatrogénie 

• Steroid injection 

• Structural/Anatomical 

• Os navicularis 

• Rigid fiat foot 

• Flexible fiat foot 

• Osteophytic prolifération in malleolar groove 

• Zone of tendon "hypovascularity" 

• Shallow malleolar groove 

• Equinus inflammatory process causing tenosynovits 

• Rheumatoid arthritis 

• Séronégative disease 

• Indirect trauma 

• Ankle fracture 

• Eversion ankle sprain 

• Acute avulsion off navicular 

• TP dislocation 

• Other 

• Primary/metastatic bone tumor 

• PVNS 

(Hutchinson and O'Rourke, 1995, p. 707). 

Landorf (1995, p.ll) and Ross (1997, p.485) both refer 
to an area of hypovascularity posterior and distal to the 
médial malleolus. This is apparently the most frequent 
site for degeneration and rupture. At this location the 
tendon progresses around the médial malleoli and it kept 
in place by the flexor retinaculum. Consequently, there 
are increased compressional forces at play in this région 
contributing to the hypovascular status. Any excessive 
pronation would add further compressional force against 
the distal surface of the médial malleolus. In summary. 
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increased tension alters the vascular status of the tendon, 
directly influencing the inhérent strength of the tendon. 
Quinn and Mendicino (1999) discuss other possible 
causes. Occasionally a spécifie trauma can be identified 
as primary cause, but in most instances there is not a 
spécifie traumatic instigator of the dysfunction. As 
loading on the foot increases so too does muscle activity. 
It is not unrealistic to relate dysfunction to heavy loading, 
obesity or overuse. Other influencing factors include 
inflammatory joint, collagen vascular disease or 
rheumatoid arthritis. Traumatic causes include médial 
malleolar fracture that may resuit in the tendon being 
transected or damaged in some way. 

Classification of Tibialis Posterior Dysfunction and 
Clinical Présentation 

There are various classification Systems available for PTT 
dysfunction. According to Hutchinson and O'Rourke 
(1995) and Landorf (1997), the various stages in the 
pathological development of TPD can be categorized. 
They are as follows: 

Stage 1 - primarily an asymptomatic stage. Generally 
there is an underlying biomechanical fault that 
may prédisposé any symptomatology. 

Stage 2 - this is the initial symptomatic stage. At this 
stage posterior tibial tendonitis is the major 
symptom. Only a mild weakness is présent. 
Stage 3 - during this stage there is significant 
dysfunction of the tendon. This can be the 
resuit of a tear, atténuation or partial rupturing 
of the tendon. Patients are generally presenting 
with mid foot pronating and the forefoot 
abducting. 

Stage 4 - this is the end stage of development of the 
disorder. There is a rapid progression of the 
above mentioned symptoms. Movement is 
severely restricted due to the rigidity of the 
condition. Hutchinson and O'Rourke (1995) 
also refer to a 'Temporal staging" System (pg. 
708) for PTT dysfunction. In this System there 
are three stages: acute, sub-acute and chronic. 
During the acute stage, of zéro to two weeks, 
the injury may go undiagnosed. Typically, the 
patient présents with edema and tenderness 
over the médial ankle. They may also refer to 
aching and muscle fatigue (Johnson, 1989, 
Mann and Thompson, 1985). In the subacute 
phase, of two weeks to six months, there is 
typically pain and edema along the médial 
arch and course of tibialis posterior. Tarsal 
tunnel symptoms are also common during this 


phase. Usually there is no pain with range of 
motion of the subtalar or midtarsal joints. Gait 
abnormalities présent as an abducted forefoot, 
lack of resupination and appropulsivenesss 
(Johnson, 1989, Mann and Thompson, 1985). 
Characteristic of the chronic stage, of greater 
than six months, is a unilatéral, rigid fiat foot 
(Hutchinson and O'Rourke, 1995, Shereff, 1993, 
Myerson, 1997, Johnson, 1995, Mann and 
Thompson, 1993). In advanced stages of the 
disorder, pain may transfer laterally to the 
sinus tarsi région. This is usually the resuit of 
the progressive calcaneal valgus producing 
calcaneo-fibular abutment, periosteal inflam¬ 
mation, peroneal tendonitis or subtalar 
tendonitis (Myerson, 1993, Johnson, 1989 
Hutchinson and O'Rourke, 1995, Landorf, 
1995). 9 This System, when used in conjunction 
with the pathological staging System allows the 
clinician to differentiate stages and propose the 
best treatment. 

In addition, there are also four types of pathology 
involved with TPT dysfunction as discussed by Ross 
(1997, p. 485) and Quinn and Mendicino (1991, p. 543). 
These include avulsion of the tendon from its insertion 
onto the navicular tuberosity, a mid substance tendon 
rupture, longitudinal tears with élongation without a 
complété rupture, and an isolated tenosynovitis of the 
PTT (no tear of the tendon). 

Diagnosis of TPT Dysfunction 

According to Hutchinson and O'Rourke (1995) and Ross 
(1997) sufferers of TPT dysfunction are usually females 
over the âge of 40. However, younger athlètes may also 
suffer from similar problems. Initial stages of the disorder 
only présent with mild symptoms and as such patients 
may not seek any treatment. The initial symptoms are 
dépendent on the stage of the deformity. Clinically, the 
disorder is characterized by diffuse swelling, tenderness 
and warmth at the médial ankle and along the course of 
the tendon. The patient will generally complain of a 
graduai loss of the médial longitudinal arch and will 
generally hâve excessive médial heel wear of the shoes 
(Ross, 1997). It is necessary to obtain a thorough history 
from the patient. Duration of the signs and symptoms is 
significant in determining the best course of action (Quinn 
and Mendicino, 1991). Palpation is the next step in 
diagnosis. It is always important to compare to the 
contralatéral side. Direct pressure along the course of 
tibialis posterior will elicit painful symptoms (Johnson, 
Hutchinson and O'Rourke, 1995). If partial or complété 
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rupture has occurred a distinct defect will be felt. Often 
no tendon will be available for palpation (Mann and 
Thompson, 1985 Landorf, 1995). Assessment of the 
tendon can be performed by asking the patient to resist 
an abductory force applied to the forefoot whilst the foot 
is in a plantar flexed and adducted position. This should 
resuit in the tendon becoming prominent and able to be 
palpated (Landorf, 1995). It is vitally important to 
détermine the exact location of the injury. Approximately 
50% of cases présent with localized trauma. Partial or 
complété rupture of the tendon secondary to trauma has 
distinct pain at the navicular tuberosity. Overuse injuries 
with tendon degeneration présent with pain just distal 
to the médial malleolus (Ross, 1997). Muscle testing is 
also an important step in the diagnosis. Any weakness 
can be evaluated by holding the foot in an everted 
position and instructing the patient to invert against 
résistance (Landorf, 1995, Ross, 1997). Viewing the patient 
from a posterior location will reveal swelling inferior to 
the médial malleolus and the classic "too many toes" sign 
(Johnson, 1983, Funk et al, 1986, Landorf, 1995). Due to 
forefoot abduction more toes will be seen latéral on the 
affected side. As the disorder progresses more toes will 
be seen with greater forefoot abduction, calcaneal valgus 
and médial longitudinal arch collapse (Landorf, 1995). A 
single heel raise test will assess the strength of tibialis 
posterior. Initially the patient should be instructed to lift 
the affected foot off the ground so that they are weight 
bearing on the unaffected side. They are then required to 
rise up onto the bail of the foot. The patient will need to 
assume rearfoot stability before this can be successfully 
completed. This is achieved via inversion of the rearfoot 
via the action of tibialis posterior and the gastrocnemius 
- soleus complex (Johnson, 1983 p., 226, Funk et al, 1986 
p. 96). When this is attempted with the affected foot, the 
initial inversion of the rearfoot will be absent. It will then 
be difficult for the patient to rise up onto the bail of the 
foot. A lack of tibialis posterior function renders the mid 
and rearfoot unstable and unlocked (Johnson, 1983 Funk 
et al, 1986). 

Radiographie Evidence 

The évaluation of plain radiographs is only of benefit is 
assessing the extent of structural changes, not in the actual 
diagnosis (Landorf, 1995, Ross, 1997). On a standard 
weight bearing anterior posterior view the angle between 
the longitudinal axis of talus and the longitudinal axis of 
the calcaneus will hâve increased. This is due to the 
calcaneus rotating out from beneath the talus with the 
"posterior facet of the subtalar joint being the fulcrum 
(Johnson, 1989,p. 232). In addition, an anterior break in 
the cyma line will be visible, accompanying subtalar and 


midtarsal pronation (Landorf, 1995). The second 
metatarsal will be displaced with a ruptured tendon. The 
forefoot will be abducted and the long axis will no longer 
bisect the rearfoot angle (Johnson, 1989). On a latéral 
radiograph the normal linear relationship of the talus, 
navicular, médial cuneiform and the first metatarsal will 
be lost (Johnson, 1989). As the condition progresses, 
osteoarthritic changes may become évident at the first 
metatarsophalangeal joint (Landorf, 1995). Magnetic 
résonance imaging (MRI) is the most useful method of 
imaging tendons around the ankle. It is highly sensitive 
and spécifie for the détection of a rupture (Hutchinson 
and O'Rourke, 1995, Landorf, 1995). Other tests include 
bone scans and diagnostic injections (Hutchinson and 
O'Rourke, 1995, Ross, 1997). 

Differential Diagnosis 

The clinical signs and symptoms for the disorder can 
resuit in misdiagnosis. Possible differential diagnoses for 
the disorder are listed in Table 3. 

TABLE 3: Differential diagnosis of PTT dysfunction 

• Os naviculare (os tibiale externum) syndrome 

• Navicular avulsion 

• Navicular stress fracture 

• Deltoid ligament strain 

• Avascular necrosis of head of talus or navicular 

• Médial malleolar fracture 

• Médial ankle capsulitis/ synovitis, tarsal tunnel syndrome 

• Flexor hallucis longus strain 

• Flexor digitorum longus strain 

• Subtalar tarsal coalition 

• Retrocalcaneal bursitits 

• Os trigonum syndrome 

• Médial sinus tarsitis 

(Blake, et al, 1994, p.144). 

Treatment 

Treatment is ideally dépendent on the stage of the 
deformity, presenting symptoms and severity of pain. 
The disorder is disabling and therefore treatment should 
be implemented rapidly and aggressively to avoid further 
progression (Landorf, 1996, Johnson, 1989). If the patient 
is seen in the early stages conservative methods may be 
of assistance, especially if medical factors contraindicate 
surgical intervention. Initial treatment will be centered 
on stabilizing the joint, controlling pain and decreasing 
inflammation (Lutter, 1997). 

Conservative Methods 

Conservative methods may include: 

1. Nonsteroidal antiinflammatory-for pain associated 
with tenosynovitis 
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2. Ultrasound 

3. Taping-low and high dye to reduce the tension on 
tibialis posterior 

4. Shoe modifications-arch padding for example to place 
the rearfoot in a slight varus position 

5. Rigid orthoses-a requirement for long term 
repositioning of the affected foot, réduction of tendon 
strain and allowing the muscle to function more 
efficiently. Most will need to be inverted with a médial 
heel skive to increase subtalar joint control and a 
latéral flange to control forefoot abduction 

6. Muscle strengthening-concentric and eccentric 
strengthening of tibialis posterior 

7. Immobilization-lower leg cast immobilization with 
the foot in inversion for several weeks to months 

8. Steroid injections - once were considered useful but 
there is now evidence to suggest that they increase 
the likelihood of rupture in an already weakened 
tendon (Johnson, 1989, Lutter, 1997, Hutchinson and 
O'Rourke, 1997, Landorf, 1997). 

If the patient is unresponsive after approximately 
eight weeks of conservative treatment they are then 
considered surgical candidates. 

Surgical Options 

According to Lutter (1997) there are three stages of 
posterior tibial dysfunction requiring surgical attention. 
The first stage has mild tenosynovitis with no fraying 
and minimal tendinosis. With such a case the surgical 
régime is generally peritendinous release, synovectomy 
and tendon debridement. The tendon is released from 
the muscle belly proximally to distally around the médial 
malleolus and the insertion point on the navicular. Any 
tenosynovium is removed and any tearing within the 
tendon sutured (Johnson, 1989). In stage two there is a 
graduai increase in severity. There may be evidence that 
the tendon has elongated with associated tenosynovitis. 
Séparation of the tendon from its insertion is also possible. 
In such cases a synovectomy, insertion reattachment or a 
transfer of flexor digitorum longus are the options 
available (Johnson, 1989, Lutter, 1997, p. 173, Funk et al, 
1998, Quinn, 1987, Kobb, 1987, Kitoaka et al 1998). 

Stage three is the most severe. Upon examination 
there will be evidence of complété rupture with fibrosis 
of the tendon sheath and degenerative arthritis. In such 
cases, the transfer of flexor digitorum longus is also an 
option (Lutter, 1997). This is often the tendon of choice 
because of its size, strength and location (Ross, 1997). 
"Imbrication" (pg. 173) of the spring ligament and the 
médial capsule has been suggested as a means of 
reinforcing the tendon transfer. Before suturing the FDL 
graft, the spring ligament and the talonavicular capsule 


are divided and shortened by bringing the proximal end 
distally and suturing (Lutter, 1997). Some cases may also 
require an enlargement of the osseous groove below the 
médial malleolus in which the tendon traverses. This 
allows for improved function of the tendon (Ross, 1997) 
Following any of the above-mentioned surgical 
procedures the foot is immobilized firstly by a pressure 
dressing and then a posterior splint cast. The foot is placed 
in a plantar flexed and inverted position to prevent stress 
and traction of the tendon. Immobilization is usually for 
three weeks after which time gradually passive motion 
is introduced to prevent adhesions forming within the 
surgical location (Ross, 1997). As previously mentioned, 
pain in the later stages of the disorder présents in the 
latéral région of the ankle. If the theory that the calcaneus, 
cuboid, navicular and the distal bones of the foot are 
acting as a single unit and are being displaced laterally 
off the inferior surface of the talus is correct, then it seems 
plausible that fusing the calcaneus under the talus will 
relieve symptoms. Subtalar arthrodesis has been found 
to be successful in restoring foot alignment and relieving 
symptoms (Lutter, 1997). Other suggested combination 
rearfoot arthrodèses are talonavicular and combined 
talonavicular - calcaneocuboid. Ail offer relief by blocking 
subtalar joint motion (Johnson, 1989) (Figs 2A to L). 

Technique of Médial Calcaneal Slide 
Osteotomy and Transfer FDL to PTT in 
Severe Posterior Tibial Tendon Dysfunction 

Médial calcaneal slide osteotomy: A 3 cm to 4 cm incision 
is taken laterally along the peroneal tendons. Sur al nerve 
is safeguarded. Calcanéum is exposed subperiosteally. 
Osteotomy is done sloping 15°, proximal posterior to 
distal anterior. The tuberosity fragment is displaced 1 cm 
medially and the fragments are fixed with a lag screw. 

FDL to PTT tondon transfer: Incision is taken medially 
from the navicular tuberosity to the tip of médial 
malleolus and curved proximally. Tibialis posterior (PTT) 
tendon is exposed. The degenerated part of the tendon is 
excised. The tendon of flexor digitorum longus (FDL) is 
exposed and traced to the 'knot of Henry', a segment is 
harvested. A drill hole is made in the navicular tuberosity 
in the dorso-plantar direction. The FDL is passed below 
upwards and is sutured to surrounding soft tissue and 
periosteum using non-absorbable sutures using adéquate 
tension. The proximal end of the PTT is sutured to the 
FDL. The distal end of the FDL is sutured to the flexor 
hallucis longus (FHL). Wound is closed and cast is given 
in slight plantar flexion and inversion. Cast is removed 
after 6 weeks and muscle strengthening excersises are 
begun. Graduai weight bearing is begun at the end of 12 
weeks. 
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Figs 2A to L: (A and B) A-45 years old lady with pain in knee, foot and ankle régions. Signs: Valgoid foot, ‘too many toes’ sign, 
inability to raise heel (most sensitive). Diagnosis - Tibialis posterior deficiency Gr. III. (C to E) X-ray of the same patient showing 
loss of arches. (F to H) Steps of médial calcaneal slide osteotomy. Note the 1 cm displacement of the posterior fragment in fig. 
H. (I) Note the degenerated tibialis posterior tendon. Inset shows the excised tendon. (J and K) Flexor digitorum longus is eut 
distally at the Flenry’s knot. Note the eut end of tibialis posterior tendon at its insertion in the navicular bone. (L) Postoperative 
radiograph showing successful union of the calcaneal osteotomy. Note the arch has regained and is supported. Note: Valgus in 
the knee joint was corrected earlier with corrective tibial osteotomy and fixation with fixator assisted interlocked nailing (Forcolor 
version see Figs 2A, B and I to K 47) 


Complications and Prognosis 

As with ail surgery there are complications related to 
the surgical treatment of tibialis posterior tendon 
dysfunction. Firstly, the correction of planovalgus 
deformity is inconsistent. There are failure rates. 
Secondly, the patient should not hâve excessively high 
expectations and should be aware that the recovery 
process is long. They should ideally expect an increase 
in stability during stance. Thirdly, atténuation of the 
reconstructed tendon may occur over time leading to the 
récurrence of symptoms. Finally, arthritis of the rearfoot 
may progress and cause symptoms. 


SUMMARY 

Conclusion 

Posterior tibial tendon dysfunction is not uncommon. 
Treatment of the disorder is dépendent upon the spécifie 
présentation of the individual patient. It is impérative to 
treat as early as possible as the condition may progress 
rapidly. The ultimate goal should be to prevent rupture 
and late secondary deformity. A clinician should always 
be suspicious of posterior tibial tendon dysfunction when 
a progressive, unilatéral flatfoot is observed. Early 
diagnosis and prompt treatment can minimize the 
débilita ting effects. 
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Rupture of Peroneal Tendons 

Traumatic rupture of peroneal tendon is an extremely 
rare condition. Amongst the peroneal tendons, peroneal 
brevis is prone to develop partial tears. The patient 
usually misses the injury and présents quite late with 
persistent latéral ankle pain, swelling, instability of ankle 
and increasing weakness of eversion. As discussed in the 
beginning peritendinitis or tendinosis or both prédisposé 
to the rupture. However trauma has been the major factor 
to precipitate tenosynovitis of the peroneal tendon sheath 
(e.g.latéral malleolar fractures, inversion ankle injuries, 
trauma to peroneal tubercle, calcaneal fractures). Even 
in late cases, tenolysis, excision of the diseased tendon 
tissue and end to end repair, tenodesis to the peroneus 
longus tendon may be possible. However, initially the 
patient may be treated conservatively, be plaster cast for 
6 to 8 weeks, NSAIDs and outer heel raise. 

If the symptoms persist with degenerative changes 
at subtalar joint, subtalar arthrodesis, is recommended. 

Traumatic Subluxation and 
Dislocation of Peroneal Tendons 

Traumatic dislocation of the tendons around the ankle is 
uncommon, however, it is more common in the peroneal 
tendons than is recognized. This injury results from 
sudden, forceful, passive dorsiflexion of the inverted foot 
with reflex contraction of the plantar flexors and 
peroneals. It is commonly seen in skiing, ice-skating and 
soccer injuries, and less often in footballers or 
basketballers. Peroneal dislocation can be acute or 
chronic. Acute ones are often missed or misdiagnosed as 
acute inversion strain, and are mostly converted into 
chronic dislocations. 

Anatomically, laxity of the peroneal retinaculum, and 
absence of the posterior fibular groove, and convex 
surface of the posterior fibula prédisposé to subluxation 
or dislocation of the peroneal tendons. 

Patient usually gives history of snapping sensation, 
and complains of pain and swelling in the postero- 
superolateral région of the latéral malleolus, sense of 
giving way and uneasiness especially while walking on 
uneven ground. Dorsiflexing the plantarflexed and 
everted foot against résistance puts stress on the peroneal 
retinaculum causing pain behind the latéral malleolus 
and even may resuit in dislocation of the peroneal 
tendons. 

Plane radiograph is not of much value, but computed 
tomography may be helpful in diagnosing dislocation of 


the tendons. Peroneal tenograms may shows leakage of 
the dye anteriorly. 

Treatment 

It is mainly nonoperative, consisting of 6 weeks of well- 
moulded nonweight bearing plaster cast (or strapping) 
keeping the ankle mildly flexed and everted. However 
récurrent and symptomatic dislocations need operative 
reconstruction of the peroneal retinaculum with 
periosteum or fascia, rerouting the tendons below the 
calcaneofibular ligament, or deepening of retromalleolar 
peroneal groove in the distal fibula or combined 
procedures. 

REFERENCES 

1. Abraham E, Pankovich AM. Neglected rupture of the Achilles 
tendon. JBJS 1975;57A:253. 

2. Astrom M, Westlin N. Blood flow in the human Achilles tendon 
assessed by laser doppler flowmetry. J Orthop Res 1994;12:246- 
52. 

3. Beskin JL, Sanders RA, Hunter SC, et al. Surgical repair of Achilles 
tendon ruptures. Am J Sports Med 1987;15:1-8. 

4. Bosworth DM. Repair of defects in the tendo-Achillis. JBJS 
1956;38A: 111. 

5. Bradley JP, Tbone JE. Percutaneous and Opn. Surgical repairs of 
Achilles tendon ruptures. Am J Sports Med 1990;18:188-95. 

6. Bugg EL, Boyd BM. Repair of neglected rupture or lacération of 
the Achilles tendon. Clin Orthop 1968;56:73. 

7. Getti R, Christensen SE, Reuther K. Ruptured Achilles tendons 
treated surgically under local anesthésia. Acta Orthop Scand 
1981;52:675-77. 

8. Haggmark T, Liedberg H, Eriksson E, et al. Call muscle atrophy 
and muscle function after nonoperative vs operative treatment 
of Achilles tendon ruptures. Orthopaedics 1967;9:160-64. 

9. Jacobs D, Martens M, Van Audekercke RV, et al. Comparison of 
conservative and operative treatment of Achilles tendon rupture. 
Am J Sports Med 1978;6:107-11. 

10. Levy M, Velkers S, Klossman O. A Method of repair for Achilles- 
tendon ruptures.Clin Orthop 1984;187:199-204. 

11. Lindholm A. A new method of operation in subcutaneous rupture 
of Achilles tendon. Acta Clin Scand 1959;117:261. 

12. Ma GWC, Grifth TG. Percutaneous repair of acute closed ruptured 
Achilles tendon. Clin Orthop 1977;128-247. 

13. Mann RA. Functional anatomy of the ankle joint ligaments in 
Griffin PP (Ed): Instructional Course Lectures, American 
Academy of Orthopaedic Surgeons. CV Mosby, St. Louis 1987;161- 
70. 

14. Mann RA, Holmes GB (Jt), Seale KS, Collims DN. Chronic rupture 
of the Achilles tendon— a new technique of repair, JBJS 1991;73A: 
214-19. 

15. Thompson TC, Doherty JH. Spontaneous rupture of Achilles —a 
new clinical diagnostic test. J Trauma 1962;2:126. 



Tendon Injuries Around Ankle and Foot 3117 


TIBIALIS POSTERIOR TENDON DYSFUNCTION 
BIBLIOGRAPHY 

1. Blake RL, Anderson K, Ferguson H. Posterior tibial tendonitis: A 
literature review with case reports. JAPMA, 1994;84(3);141-9. 

2. Funk DA, Cass JR, Johnson KA. Acquired adult fiat foot secondary 
to posterior tibial tendon pathology. The Journal of Bone and 
Joint Surgery, 1986;68A (1):95-102. 

3. Hutchinson HB, O'Rourke EM. Tibialis posterior tendon 
dysfunction and peroneal tendon subluxation. Clinics in Pédiatrie 
Medicine and Surgery, 1995;12(4):703-23. 

4. Johnson KA. Surgery of the foot and ankle. Raven Press, New 
York 1989. 

5. Kitaoka HB, Luo Z, An KN. Reconstruction operations for 
acquired fiat foot: Biomechanical évaluation. Foot and Ankle 
International, 1998;19(4), 203-7. 


6. Landorf K. Tibialis posterior dysfunction. Australian Pediatrist, 
March 1995. 

7. Lutter LD. Atlas of adult foot and ankle surgery. Mosby, St Louis. 
Mann RA, Thompson FM. Rupture of the posterior tibial tendon 
causing fiat foot. The Journal of Bone and Joint Surgery, 1997;67A 
(4), 556-61. 

8. Myerson M. Posterior tibial tendon insufficiency. In Myerson M. 
Current therapy in foot and ankle surgery. BC Decker, St Louis 
1993. 

9. Ross JA. Posterior tibial tendon dysfunction in the athlete. Clinics 
in Podiatrie Medicine and Surgery 1997;14(3):479-88. 

10. Roukis TS, Hurles JS, Page JC. Functional significance of torsion 
of the tendon of tibialis posterior. JAPMA 1996;86(4):156-65. 

11. Shereff MJ. Atlas of foot and ankle surgery. WB Saunders, 
Philadelphia 1993. 



SECTION 


Disorders of 
Ankle and Foot 

Mandeep Dhillon 


tahir99 - UnitedVRG 
vip.persianss.ir 






325.1 Idiopathic Congénital Clubfoot 

Dhiren Ganjwala, Ruta Kulkarni 


INTRODUCTION 

Congénital talipes equinovarus or clubfoot is one of the 
commonest congénital deformities. Its incidence is one 
to two per thousand live births. 

Since Hippocrates' time the treatment of clubfoot has 
remained perplexing. Much progress has been made in 
last two décades, but still various aspects hâve confusion 
and divergence of opinion. 

Over the years many different forms of treatment 
ranging from gentle manipulation and strapping, serial 
plaster corrections, forcible manipulations with the use 
of mechanical devices to surgical correction hâve been 
tried. 

There has been much debate in the past as to whether 
conservative or operative treatment was more effective 
in the treatment of the clubfoot deformity. But now most 
of the centers consider nonoperative treatment as first 
choice for early cases. Most surgeons favor surgical 
correction in cases of rigid clubfoot which do not respond 
to treatment by manipulation. 

In spite of progress in the management of early cases, 
relapsed or récurrent cases are still common. These feet 
usually hâve had a numerous manipulations and 
operations, and are stiff and deformed, often rigid due 
to scar tissue. Neglected cases are also seen frequently in 
areas where access to orthopédie treatment is not possible. 

Etiology 

Genetic Factors 

The incidence of clubfoot varies widely with respect to 
race and gender and increases with the number of 


affected relatives, suggesting that the etiology is at least 
partly influenced by genetic factors. Siblings of affected 
individuals hâve up to a thirty fold increase in the risk of 
clubfoot deformity. Clubfoot affects both siblings in 32.5% 
of monozygotic twins but in only 2.9% of dizygotic twins. 
24.4% of affected individuals hâve a family history of 
idiopathic clubfoot. 

Histologie Anomalies 

Almost every tissue in the clubfoot has been described 
as being abnormal. 

A primary germ plasm defect of bone resulting in 
deformity of the talus and navicular was suggested by 
Irani and Sherman. Ionasescu et al. identified increased 
collagen synthesis in clubfeet. Ippolito demonstrated 
deformity of the talus, with médial angulation of the neck 
and médial tilting and rotation of the body of the talus. 
Together with médial tilting and rotation of the calcaneus, 
these deformities accounted for the varus deformity of 
the hindfoot, which in turn accounted for the supination 
of the forefoot. In a study by Davidson et al., magnetic 
résonance imaging studies demonstrated plantar flexion 
and varus angular deformity of the talus, calcaneus, and 
cuboid in the infant's clubfoot. 

Ultrastructural muscle abnormalities were identified 
by Isaacs et al. Ippolito and Ponseti proposed a theory of 
retraction fibrosis of the distal muscles of the calf and the 
supporting connective tissues. In a more recent anatomie 
and histologie study, Ippolito demonstrated increased 
fibrosis of muscle tissue in four aborted fetuses with 
clubfoot. 1 
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Deitz et al. identified a réduction in cell number and 
cytoplasm inthe posterior tibial tendon sheath compared 
with that in the anterior tibial tendon sheath, suggesting 
a régional growth disturbance. Zimny et al., in an électron 
microscopie study of the fascia from the médial and latéral 
sides of clubfeet, suggested that myofibroblasts might 
contribute to contracture and deformity. 

Immunohistochemical analyses and électron 
microscopie studies of biopsy specimens from the clubfeet 
of patients hâve shown contractile proteins and a 
gradation of cells from fibroblasts to myofibroblasts. The 
authors suggested that this pattern showed similarities 
to a healing process and that the presence of the proteins 
and cells indicated a cause both for the clubfoot deformity 
and for the common récurrence of the deformity after 
surgery. 

Vascular Anomalies 

It has been observed that the majority of clubfoot 
deformities were associated with hypoplasia or absence 
of the anterior tibial artery. 

Anomalous Muscles 

Turco identified anomalous muscles in about 15% of his 
patients with clubfoot. Porter recently described an 
anomalous flexor muscle in the calf of five children with 
clubfoot. He also observed that patients with this 
anomalous muscle had a greater frequency of first-degree 
relatives with clubfoot. 

Intrauterine Factors 

Hippocrates suggested that the foot is held in a position 
of equinovarus by external uterine compression and 
oligohydramnios. However, Turco suggested that it is 
unlikely that such increased pressure would repeatedly 
produce the same deformity, especially when there is 
plenty of room in the utérus at the time that a clubfoot 
forms (in the first trimester). In a review of the literature 
and of the cases of his own patients, Turco observed that 
there were as many left as right clubfeet, despite the 
asymmetrical positioning of the fétus in the womb. This 
finding suggests that positioning is not a factor. A study 
which analyzed various stage of intrauterine 
development of feet, suggested that the normal foot 
appears to be similar to a clubfoot during the ninth week 
of gestation. They suggested that an interruption in 
development might be responsible for the deformity. 

In recent studies of the complications of amnio- 
centesis, an association has been observed between 
clubfoot and early amniocentesis (prior to the eleventh 
week). Farrell et al. reported that the rate of clubfoot after 


amniocentesis was 1.1%, approximately ten times higher 
than the rate of 0.1% associated with ail livebirths. 

Pathoanatomy 

Much has been written on the pathoanatomy of con¬ 
génital clubfoot. Even so, conflicting views continue to 
exist. The sources from which information is derived are 
(i) evidence from the dissected specimens of the deformity 
obtained at different stages of fêtai life including the 
findings of a stillborn child at birth, and (ii) evidence from 
the operative findings. In reviewing the existing 
literature, the reader must remain alert to the fact that 
X-ray photograph of a newborn child shows that the 
major part of the foot is cartilaginous. The ossifie centers 
of the calcanéum and talus though présent, it is difficult 
to orient their actual position inside the cartilaginous 
cover. Thus, routine radiography yields truncated 
information as the infant's foot is only partially ossified. 
The recent efforts to study the pathoanatomy on the basis 
of MRI imaging hâve confirmed older information. 

It is important to understand the pathoanatomy for 
proper treatment. It is important to know the site of 
deformity in clubfoot. Deformity may be at the bones 
which are abnormal in shape or size or in the soft tissues 
like ligaments / muscles which hold bones in abnormal 
position. It may be at joint level. The literature suggests 
that in clubfoot, there are changes in the position and 
shape of the tarsal bones, ligaments, tendons, and 
muscles. The body of the talus in the clubfoot is in severe 
plantar flexion. The neck of the talus is medially and 
plantarly deflected. The navicular is flattened laterally, 
wedge-shaped and severely medially displaced, 
adducted and inverted. Its médial tuberosity is large and 
very close to the médial malleolus. The calcaneus is in 
severe flexion, adducted and inverted underneath the 
talus. The cuboid is medially displaced and inverted in 
front of the calcaneus (Fig. 1). 

The shape of the tarsal joints is altered relative to the 
altered position and shape of the tarsal bones. The forefoot 
is pronated in relation to the hindfoot causing the cavus 
(a high plantar arch). The posterior ligaments of the ankle 
and the médial ligaments of the hindfoot are thick, short 
and very cellular (Fig. 2). The ligaments are formed by 
bundles of collagen fibrils that appear wavy under the 
microscope (Fig 3). They stretch easily in most clubfeet 
but are stiff in a few. The posterior tibial tendon and the 
tendo Achilles are thick. They are mostly made of long 
and thick bundles of collagen fibers typel. They resist 
stretching. The anterior tibial tendon and the toe extensors 
are medially displaced. The muscles of the anterior and 
posterior compartments of the leg are smaller and shorter 
than in the normal foot. The intercellular connective tissue 
is increased. 
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Fig. 1 : Clubfoot of a-3-day-old- infant. The navicular is medially 
displaced and articulâtes only with the médial aspect of the 
head of the talus. The cuneiforms are seen to the right of the 
navicular and the cuboid is underneath it. The calcaneocuboid 
joint is directed posteriomedially. The anterior two-thirds of the 
os calcis is seen underneath the talus. The tendons of the tibialis 
anterior, extensor hallucis longus, and extensor digitorum 
longus are medially displaced 


Fig. 2: Section in the frontal plane of the ankle of a 17-week- 
old fétus with a developing clubfoot. The tibionavicular ligament 
(TN) is very thick and merges with the short plantar 
calcaneonavicular (CN). Thr tibialis posterior tendon (TP) is 
very thick. The interosseous talocalcaneal ligament is thin and 
loose (x 10). CA=calcaneus 

Carrol suggested the foot to be composed of two 
columns. The médial column consists of the talus, 
navicular, three cuneiforms, and médial three 
metatarsals. The latéral column consists of calcaneus, 
cuboid and latéral two metatarsals. Since the columns 
are joined, displacement of the médial side must be 
accompanied by displacement of the latéral side. Mckay 
(1983) observed that a horizontal rotation of the calcaneus 



Fig. 3: Photomicrograph of the tibionavicular ligament shown 
in Figure 2. The collagen fibers are wavy and the cells abundant 


and the remainder of the foot occurred around a vertical 
axis passing upwards in the area of the interosseous 
talocalcaneal ligament. There is a significant rotation of 
about 40° at the subtalar joint. Anterior end of calcaneus 
moves underneath the head and neck of the talus, and 
the posterior aspect of the calcaneus moves towards the 
fibula. He suggested that calcaneofibular ligament 
restricts this movement and it has to be released during 
surgery. 

Tibial torsion is another area of controversy. Earlier 
studies stated external tibial torsion or internai tibial 
torsion as one component of deformity. But later studies 
found no significant internai or external tibial torsion 
below the âge of eight years. 

While performing soft tissue release procedures the 
structures to be sectioned vary from case to case 
depending on the severity of the deformity. In severe case 
following structures need to be dealt with for correcting 
the deformity. 

• Tendo Achilles 

• Tibialis posterior 

• Flexor digitorum longus 

• Flexor hallucis longus 

• Abductor hallucis 

• Caneonavicular ligament or spring ligament 

• Subtalar joint capsule—médial, posterior and latéral 

• Superficial part of the deltoid ligament 

• Talofibular ligament 

• Calcaneofibular ligament 

• The médial, dorsal and plantar calcaneocuboid 
ligament 

• Plantar fascia and the origin of the small muscles of 
the foot from the undersurfaces of the calcaneal 
tuberosity. 

• Y-ligament 

• Part or whole of the interosseous talocalcaneal liga¬ 
ment and 
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• Latéral calcaneocuboid ligament. 

In older children such extensive soft tissue release may 
hâve to be combined with sectioning of the tibiofibular 
posterior ligament and part of the syndesmotic ligament 
to permit the anterior overgrown part of the talus to be 
accommodated in the mortise of the ankle joint. 

Physical Examination 

Clubfoot is a visible deformity from birth. One should 
try to décidé whether the case is that of idiopathic clubfoot 
or nonidiopathic being a part of a more generalized 
disorder of development. Assessment of the severity 
guides regarding duration of treatment and success rate 
of treatment. 

For a case presenting for the first time a complété 
examination including neurological assessment and 
search for other errors of development, e.g. dysrhaphism 
is essential. It is important to examine the entire body of 
a patient with clubfoot. Associated anomalies of the upper 
extremities, back, and legs as well as abnormal reflexes 
can provide information about the etiology of the 
deformity and the outcome of treatment. 

Ail deformities should be assessed in relation to the 
next most proximal segment—i.e., the forefoot on the 
midfoot, the midfoot on the hindfoot, and the hindfoot 
on the leg. If the hindfoot is in 30° of varus and the forefoot 
(the line of the toes) is angulated 30° in relation to the 
leg, then the deformity is hindfoot varus and there is no 
forefoot supination. Errors in this assessment may lead 
the surgeon to overcorrect the forefoot in a cast or to 
surgically create a pronation deformity. 

Observe 

• The shape of the leg and the degree of atrophy of the 
calf 

• Degree of médial skin creases 

• Look for normal skin crease at the back of the heel 

• The shape and lack of prominence of the calcaneal 
tuberosity-feet with little démarcation between the 
heel and the back of the leg indicates severe deformity 

• Rigidity of the foot-resistance to manual correction. 

• Whether the skin is inelastic and adhèrent to the 
subcutaneous tissues, or there is adéquate subcu- 
taneous fat with free mobility of the skin 

• The presence or absence of secondary changes caused 
either due to previous treatment or weight bearing 
causing callosities of the skin on the outer side of the 
foot. 

Radiological Assessment 

Although radiographie examination has been used to 
demonstrate the deformities of the tarsal bones in 


clubfeet, the images are hard to reproduce, evaluate, and 
measure. There are several reasons for this: (1) it is 
difficult to position the foot, particularly when it is very 
stiff and deformed, in a standard fashion in the X-ray 
beam; (2) the ossifie nuclei do not represent the true shape 
of the mostly cartilaginous tarsal bones; (3) in the first 
year of life, only the talus, calcaneus, and metatarsals may 
be ossified (the cuboid is ossified at six months; the 
cuneiforms, after one year; and the navicular, after three 
years and even later) (4) rotation distorts the measured 
angles and makes the talar dôme appear flattened; and 
(5) failure to hold the foot in the position of best correction 
makes the foot look worse than it is on the radiograph. 

For optimum results from radiographie studies, the 
foot should be held in the position of best correction, with 
weight-bearing, or, if an infant is being examined, with 
simulated weight-bearing. Since the anteroposterior and 
latéral talocalcaneal angles (Kite's angles) are the most 
commonly measured angles, the X-ray beam should be 
focused on the hindfoot (about 30° from the vertical for 
the anteroposterior radiograph). For latéral view, the foot 
should be held in maximum dorsiflexion with latéral 
rotation but without pronation. The X-ray beam should 
be focused on the hindfoot. The foot should be positioned 
with the radiographie plate placed laterally against the 
posterior half of the foot. The clubfoot is bean-shaped, 
and placement of the radiographie plate medially forces 
the foot to be rotated laterally in the X-ray beam. For an 
older child, it may be useful to focus the X-ray beam on 
the midfoot as this view allows assessment of dorsolateral 
subluxation and narrowing of the talonavicular joint. 
Latéral dorsiflexion and plantar flexion radiographs may 
be useful to assess ankle motion. 

Common Radiographie Measurements 

Three measurements should be made on the 
anteroposterior radiograph (1) the anteroposterior 
talocalcaneal angle (usually <20° in a clubfoot), (2) the 
talar-first metatarsal angle (up to about 30° of valgus in a 
normal foot and mild-to-severe varus in a clubfoot), and 
(3) médial displacement of the cuboid ossification center 
on the axis of the calcaneus. This apparent displacement 
may represent angular deformity of the calcaneus or 
médial subluxation of the cuboid on the calcaneus. 

On latéral radiograph two measurements should be 
made: (1) the talocalcaneal angle (typically <25° in a 
clubfoot), and (2) the talar-first metatarsal angle. Plantar 
flexion of the forefoot on the hindfoot indicates contracted 
plantar soft tissues or midtarsal bone deformity (a 
triangular navicular). 
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Classification and Evaluation 

Classification and évaluation hâve different purpose. 
Classification involves typing the foot by etiology, such 
as neurologie, tératologie, or idiopathic. Evaluation 
involves measuring the foot i.e., the size, shape, rigidity, 
and radiographie angles. Both classification and 
évaluation are important to the understanding of 
comparative outcome studies and to the successful 
treatment. 

Clubfeet hâve been evaluated in many ways, yet there 
is little agreement on a standard and reproducible 
method. In an interobserver study, eighty-five parameters 
of history, physical examination, radiographs, and 
function were evaluated and only twelve parameters 
were found reproducible at the 80% level. Poor 
reproducibility is also noted in the interprétation and 
measurement of clubfoot radiographs. Flynn et al. studied 
interobserver reliability with use of two clubfoot grading 
Systems described by Pirani et al. and by Dimeglio et al. 
They found very good reliability after an initial learning. 2 

Dimeglio et al divided clubfeet into four groups with 
use of a20-point scale. Points were apportioned according 
to motion, with 4 points each for equinus, varus of the 


heel, internai torsion, and adduction. In addition, 1 point 
each may be added for the presence of a posterior crease, 
a médial crease, cavus, and poor muscle condition. The 
points were then converted into four grades, each with 
implications for the success of treatment. Grade I 
indicated that the clubfoot was mild or postural, not 
requiring surgery; grade II, that there was considérable 
reducibility; grade III, that the clubfoot was résistant but 
partially reducible; and grade IV, that it was tératologie. 
They recommended that grade-I feet be excluded from 
statistical analysis, as they tended to improve results 
artificially. After excluding grade-I feet from their own 
sériés in France, they found that 30% of the remaining 
deformities were grade II, 61% were grade III, and 9% 
were grade IV. 

The amount of deformity présent in any one clubfoot 
will change - for example, as it improves with treatment. 
Documenting the amount of deformity helps the treating 
practitioner know when tenotomy is indicated and to 
reassure parents on progress. Reliability and validity in 
measurement allows meaningful comparison of results 
between practitioners and clinics and extraction of 
subgroups. 


325.2 Pirani Severity Score 

Shafique Pirani 


The Pirani Clubfoot Score, a reliable and valid method 
of clinically assessing the amount of deformity présent 
in an un-operated congénital clubfoot under 2 years of 
âge, is based on six clinical signs which can always be 
evaluated objectively during treatment and which change 
in severity as the foot deformity changes. Three of these 
signs represent hind-foot pathology and 3 represent mid- 
foot pathology. Each sign is scored 0 [normal], 0.5 [mildly 
abnormal] or 1 [severely abnormal]. 

The amount of deformity is "scored" at every visit 
and recorded as "Hindfoot Score", "Midfoot Score" and 
as a summed "Total Score". 

Technique of Examination 

The examiner is seated. The infant is on mother's lap. A 
feeding relaxed infant allows for a more précisé 
examination. 

Step One: Look at the plantar surface of the foot, then at 
the heel. 


Curved Latéral Border (CLB): Place a straight edge along 
the latéral border of the calcaneus. The normal foot has a 
straight latéral border from the heel to the fifth metatarsal 
head [Score 0]. The clubfoot has a curved latéral border. 
In a mild curve the latéral border of the foot moves away 
from the straight edge at the level of the proximal 
metatarsals [Score 0.5]. In a severe curve, the foot moves 
away from the straight edge at the level of the calcaneo- 
cuboid joint [Score 1] (Fig. IA and B). 

Médial Crease (MC)- The normal foot longitudinal arch 
displays multiple fine skin lines that do not alter the 
contor of the arch [Score 0]. Deeper skin creases imply 
more médial/plantar contracture. An arch with one or 
two deeper creases is scored 0.5. The presence of a single 
deep crease that changes the contor of the arch suggests 
severe médial/plantar contracture [Score 1] (Fig. 2). 

Posterior Crease (PC): The normal posterior ankle skin 
shows multiple fine creases [Score 0]. Deeper creases 
imply more posterior contracture. A posterior heel with 
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Figs IA and B: Score for curved latéral border 



Fig. 2: Score for médial crease 
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Fig. 3: Score for posterior crease 


one or two deeper creases is scored 0.5. The presence of a 
single deep crease that changes the contour of the heel 
suggests severe posterior contracture [Score 1] (Fig. 3). 

Step Two: Feel and move the foot 

Latéral Head of talus (LHT): First, hold the foot deformed 
with the thumb over the easily palpable head of the talus 
approximately 2cm anterior to the tip of the fibula. 
Abduct the foot with the other hand and note if the 
navicular reduces onto the head of the talus. In a normal 
foot, with foot abduction, the navicular reduces 
completely over the talar head and it is no longer palpable 
[Score 0]. With mild deformity, the navicular starts to 
reduce onto the head of the talus, but only partially covers 
it [0.5]. With severe deformity, the navicular does not 
reduce over the talar head at ail when the foot is abducted 
[Score 1] Fig. 4. 

Empty Heel (EH): The foot is gently dorsiflexed at the ankle 
as much as it will go without hurting the child. Now, feel 
the heel pad over the calcaneal tuberosity. The examining 
finger is placed at the corner of the heel and gentle 
pressure applied. Palpating the heel pad for the presence 
of the posterior calcaneus gives an estimation of how 
plantar flexed the calcaneus and talus are, and therefore, 
an estimation of residual posterior contracture. Normally 
the calcaneus is immediately and superficially palpable 
[Score 0], as the posterior calcaneus fills the heel pad. 
With mild posterior contracture, the calcaneus is palpable 
only deeply within the heel pad [Score 0.5]. With severe 
posterior contracture the talus and calcaneus are fully 
plantar flexed, and the posterior aspect of the calcaneus 
is drawn up and out of the heel pad. The examining finger 
cannot palpate any bone [Score 1] (Fig. 5). 



Fig. 4: Score for latéral head of talus 



Fig. 5: Score for empty heel 


Rigid Equinus (RE): Extend the knee fully and gently 
dorsiflex the foot as far as it will go without hurting the 
child. The normal ankle will dorsiflex at least 15° [Score 
0]. The more the residual posterior contracture, the less 
the foot will dorsiflex. With mild posterior contracture, 
the ankle dorsiflexes to neutral [Score 0.5]. With more 
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Fig. 6: Score for equinus 


severe posterior contracture, the ankle does not even 
reach neutral [Scorel] (Fig. 6). 

Calculate Scores and Interprétation 

The Hindfoot Score [HS] is the sum of the scores for 
Posterior Crease [PC], Rigid Equinus [RE], and Empty 
Heel [EH]. HS value is a measurement of contracture 
posteriorly from 0 [no deformity] to 3 [severe deformity]. 

The Midfoot Score [MS] is the sum of the scores for 
Médial Crease [MC], Curved Latéral Border [CLB], and 
Latéral Head of Talus [LHT]. MS value is measurement 
of contracture medially from 0 [no deformity] to 3 [severe 
deformity]. 

The Total Score[TS] is a sum of the HS and MS. TS 
value is measurement of overall deformity from 0 [no 
deformity] to 6 [severe deformity]. 

Achilles tendon tenotomy is indicated to correct 
hindfoot contracture [if HS greater than 1] when midfoot 
contracture is corrected [LHT=0 and MS=1 or less]. 

Management 

Aim of clubfoot management is to achieve plantigrade 
foot which is supple and painfree in ail activities of daily 
living. 

The first written record of clubfoot treatment is found 
in the works of Hippocrates from around 400 BC. 
Hippocrates recommended gentle manipulation of the 
foot followed by splinting. The first advance in 
nonoperative treatment occurred when the plaster-of- 
Paris cast were introduced. Around the turn of the 
century, devices such as the Thomas wrench, which 
allowed the foot to be "corrected" more rapidly through 
forceful manipulation, were introduced. Kite, recognizing 


that forceful manipulation and extensive surgical releases 
were harmful, recommended a return to gentle 
manipulation and cast immobilization for the 
nonoperative treatment of congénital clubfoot. 

The basis upon which nonoperative techniques rest 
is the correction of deformity through the production of 
plastic (permanent) deformation (lengthening) of the 
shortened ligaments and tendons in the involved foot. 
Serial manipulation and cast immobilization relies on the 
viscoelastic nature of connective tissue to produce plastic 
deformation through a process known as stress relaxation. 
Deformity is corrected as much as possible with gentle 
stretching, which places the shortened tissues under 
tension. As the foot is held in the maximally corrected 
position by the cast, the tension in the shortened tissues 
decreases over time. When the tension decreases 
sufficiently, more correction canbe obtained by repeating 
the process. The spécifie viscoelastic properties of the 
tissues of the congénital clubfoot relative to those of other 
connective tissues do not appear to hâve been studied. 
Therefore, the duration for which the foot needs to be 
stretched, the amount of force that needs to be applied, 
and whether the force should be applied continuously 
or intermittently are unknown. Consequently, there is 
controversy regarding how much preliminary stretching 
of the foot should occur before manipulative correction 
of the deformity is attempted. However, most recent 
reports in literature seem to agréé that treatment should 
be started as early as possible. 

There are many techniques for manipulative 
treatment of congénital clubfoot. The two methods that 
seem to be the most widely performed and that hâve the 
highest reported long-term success rates are the Kite and 
Lovell technique and the Ponseti technique. 
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Kite and Lovell Technique 

The Kite and Lovell technique starts with stretching of 
the foot through longitudinal traction applied to the foot. 
A thumb is placed laterally in the sinus tarsi over the head 
of the talus. Navicular is gently pushed onto the head of 
the talus with the index finger. A slipper cast is applied 
after the talonavicular joint is reduced. As the cast dries, 
the foot is molded on Plexiglas, with simultaneous 
pushing of the heel out of varus and flattening of the foot 
to prevent cavus. Correction of forefoot adduction is 
achieved by abducting the forefoot on the hindfoot as the 


slipper cast dries. During this maneuver, a finger is placed 
laterally over the distal end of the calcaneus to act as a 
fulcrum. This slipper cast is used to externally rotate the 
calcaneus and forefoot as a unit from beneath the talus. 
The cast is then extended to the thigh while the foot is 
held in external rotation. No effort is made to correct 
equinus until forefoot adduction and heel varus are 
corrected because an attempt to correct equinus before 
correction of the other deformities leads to a rocker- 
bottom deformity. Kite and Lovell preferred wedging the 
cast when equinus could not be corrected after the 
forefoot adduction and heel varus were corrected. 


325.3 Ponseti Technique 

Ignacio V Ponseti 


The correction of the severe displacements of the tarsal 
bones in clubfoot requires a clear understanding of the 
functional anatomy of the tarsus. The tarsal bones are in 
very extreme positions of flexion, adduction and 
inversion, thus causing the foot to be in extreme 
supination (see Fig. 1; 325.1). Supination does not correct 
by pronating the foot. Instead, it increases the cavus and 
compresses the inverted calcaneus against the talus. The 
tarsal joints are functionally interdependent. The 
movement of each tarsal bone involves simultaneous 
shifts in the adjacent bones. There is no single axis of 
motion on which to rotate the tarsus in a normal foot or 
in a clubfoot. The posterior subtalar joint is saddle shape 
in the sagittal plane while the anterior calcaneal joint 
surface is part of the acetabulum pedis together with the 
spring ligament, and the navicular surface. Owing to the 
contour profiles of the subtalar joint, when the calcaneus 
abducts it simultaneously goes into extension and 
eversion (Figs IA and B). 

Correction of the clubfoot nécessitâtes a simultaneous 
and graduai latéral shifting of the calcaneus, the navicular 
and the cuboid so they can be everted to a neutral 
position. Therefore, the three components of the clubfoot 
deformity, adduction, inversion and flexion, must be 
corrected simultaneously. 

Therefore, correction is accomplished by abducting 
the foot in supination and flexion while counter pressure 
is applied over the latéral aspect of the head of the talus 
to prevent it from rotating in the ankle mortise. By 
abducting the foot in supination and flexion the cavus 
corrects and the anterior tuberosity of the inverted 


calcaneus exerts no pressure on the undersurface of the 
head of the talus. The heel is not touched and the foot 
must never be pronated (Fig. 2). 

The médial ligaments must be stretched slowly and 
gently while they give. The infant must not cry from pain. 
A well-molded plaster cast extending to the upper thigh 
maintains the correction in the improved position. After 




Figs IA and B: (A) In the clubfoot, the anterior portion of the 
calcaneus lies beneath the head of the talus. This position 
causes varus and equinus of the heel. (B) Aduction of the 
calcaneus to its normal relationship with the talus will dorsiflex 
and evert the calcaneus and correct the heel varus deformity 
of the clubfoot 
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Fig. 2: The clubfoot corrects by abducting the foot in equinus and slight supination with counter pressure applied with the thumb 
on the latéral aspect of the head of the talus. The index finger rests over the posterior aspect of the latéral malleolus. The heel 
is not touched 



Fig. 3: Sériés of 5 plaster casts (AP and latéral views from 
right to left) needed to correct the right clubfoot 


4 or 5 days the ligaments can be further stretched and a 
new plaster cast applied (Fig. 3). Bones and joints remodel 
congruently with each manipulation and casting because 
of the viscoelastic properties of the young connective 
tissue, cartilage and bone. 

Pirani has demonstrated with magnetic résonance 
imaging how fast the position and shape of the tarsal 
bones improve with each cast change. Five cast changes 
are usually sufficient to correct a clubfoot (Fig. 4). Since 
cast changes can be made every 4 to 5 days correction 
may be completed in three weeks. Short leg casts to below 
the knee should never be used because the leg and foot 
will rota te medially and correction is lost. 

Before applying the last plaster cast the tendo Achilles 
may hâve to be percutaneously sectioned under local 
anesthésia with a cataract knife to achieve complété 
correction of the equinus. When sectioned transversally 



Fig. 4: Subcutaneous section of the tendo- 
Achilles with a cataract knife 


it regenerates in three weeks in infants. The last cast is 
kept for three weeks while the severed Achilles tendon 
regenerates in the proper length with minimal scarring 
which disappears in a few months (Fig. 5). 

To prevent relapses that may occur until 5 years, the 
child should wear a foot abduction brace at night and 
napping hours for at least 3 or 4 years. A relapse can be 
treated with two or three plaster casts worn for one or 
two weeks. A second relapse is best corrected with casts 
followed by a transfer of the anterior tibial tendon under 
the ankle retinaculum to the third cuneiform. 

Atypical Clubfoot 

About 3% of clubfeet are short, stubby, with severe cavus, 
a deep transverse crease in the sole of the foot, and a rigid 
equinus with a deep crease above the heel. Ail metatarsals 
are in stiff plantar-flexion. The big toe is short and 
hyperextended. The Achilles tendon is very tight, wide, 
and fibrotic up to the middle third of the calf. These 
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Fig. 5: A 2-week-old baby with bilateral clubfeet treated with 
manipulation and five plaster cast changes in 4 weeks. A 
subcutaneous tendo-Achilles tenotomy was performed before 
the last plaster cast was applied. At 3 months of âge the feet 
are normal 



Figs 6A to F: Pictures of a newborn with bilateral clubfeet. The 
big toe is of normal length and the médial crease does not 
reach the outside border of the foot. After 7 casts the feet présent 
a severe, complex deformity. After four plaster casts the feet 
were corrected 


findings suggest clubfoot which is difficult to correct and 
is called atypical clubfoot. 

This atypical clubfoot requires slight modification in 
technique. Adduction and varus of the foot usually 
corrects easily with two casts. The foot is then in straight 
line with the leg because the equinus and cavus persist 
allowing the foot to slip up in the cast. To prevent slippage 
and correct both cavus and equinus both thumbs should 
exert pressure under the metatarsals while the heel is held 
downwards with the ring fingers. Hyperabduction of the 
metatarsals and calcaneus should be avoided. The knee 
should be immobilized in at least 110° of flexion. A plaster 
splint under the foot and another one in front of the knee 
will reinforce the plaster cast. After 3 or 4 cast changes a 
percutaneous section of the Achilles tendon under local 
anesthésia is often necessary to completely correct the 
equinus (Figs 16 and 17). Conventional foot abduction 
brace is indispensable to hold the atypical, short, stubby 
foot from slipping out of the cast that would cause blisters 
and skin breakdown over the heel (Fig. 8). 

Other Non-operative Methods 

While the most common way to maintain the position of 
the foot after manipulation is with a plaster cast, other 
methods also hâve been used. Shaw, among others, 
favored the use of adhesive tape and reported a success 
rate of 70% with his technique. Denis Browne introduced 
a technique in which the child's own "physiologie 
motions" were used to correct the foot through a dynamic 
mechanism. The technique consisted of the application 
of corrective shoes that were then attached to a bar. The 



Fig. 7: Manipulation for the treatment of complex clubfoot. The 
cavus and equinus are simultaneously corrected by dorsiflexing 
ail metatarsals with both thumbs while holding the forefoot 
aligned with the hindfoot and pushing the heel down with the 
ring fingers 
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Fig. 8: Foot-ankle abduction brace. Three soft leather straps 
hold the feet firmly in the sandal in 40° of outward rotation. A 
posterior plastic slab is attached to the shoe in neutral position 
to prevent relapse 

attachment of the shoes to the bar allowed progressive 
external rotation of the feet. While the feet were in this 
apparatus, the constant kicking by the infant stretched 
the contracted tissues, thereby correcting the deformity. 
Japanese sériés reported their expérience of clubfeet 
treated with a modified Denis Browne splint. In about 
two third feet good or excellent correction was maintained 
at an average of six years and three months after 
treatment. 

Bensahel et al. developed a nonoperative technique 
involving manipulation of the foot by a physical therapist. 
Each manipulative session lasts thirty minutes and is 
followed by taping of the foot to a wooden splint. This 
treatment is performed daily for up to eight months. 
Bensahel et al. reported that 48% of their patients had a 
good resuit. 

Dimeglio et al. described treatment for congénital 
clubfoot with continuous passive motion. As with the 
Bensahel method, the foot is manipulated by a physical 
therapist for thirty minutes. After the manipulation, the 
foot is placed in a machine that performs stretching 
(continuous passive motion). Treatment is usually started 
at about two weeks of âge. The machine is adjusted each 
day on the basis of an examination of the foot. The foot is 
maintained in the machine for up to eight hours each day. 
After each session, a splint is applied to hold the foot in 
the maximally corrected position until the next day. 
Dimeglio et al. reported that, in a sériés of 216 feet, forty- 
five had to be excluded because the children's parents 
were "noncompliant" and 68% of the remaining feet were 
deemed to hâve a successful resuit. It is important to note 
that "success" did not necessarily mean that no surgery 
was required. Treatment was deemed to be successful if 


the required surgery proved to be less extensive than that 
predicted to be necessary on the basis of the examination 
of the foot before treatment was started. It was possible 
to avoid surgery on the latéral side of the foot in 32% of 
the feet that required surgery. 

Delgado et al. injected Botox (botulinum toxin type 
A) into the gastrocnemius-soleus and posterior tibial 
muscles of three infants with congénital clubfoot that had 
been incompletely corrected by the French method. After 
the injections, additional correction was obtained with 
continued nonoperative treatment. The rationale for the 
use of Botox appears to be that a réduction of tone in the 
most contracted muscles might facilitate their lengthening 
by manipulative stretching. Determining whether such 
pharmacologie intervention is useful will require 
additional study. 

Operative Procedures 

Despite our best efforts, some clubfeet cannot be 
completely corrected with nonoperative treatment. Some 
cases also présent late and they cannot be successfully 
treated with nonoperative methods. In such feet, soft- 
tissue release is clearly indicated. 

Preoperative Assessment 

As ail clubfeet are not the same it is important to assess 
the foot carefully to détermine the components of the 
deformity that need correction by surgery. Once that has 
been done, the surgeon must think about what anatomical 
structures contribute to eachcomponent of the deformity. 
Obviously, those are the structures that need to be 
addressed at the time of surgery. A foot in which ail 
components of the deformity are still présent likely 
requires a full posteromedial, plantar and latéral release. 
If the clinical examination indicates a flexible forefoot and 
midfoot with a straight latéral border and a palpable 
interval between the tuberosity of the navicular and the 
médial malleolus but a persistent equinus, then a 
posterior release may be ail that is needed. 

Radiographie assessment of the foot compléments the 
clinical examination. Radiographs can be used to 
détermine the relationship between the talus and the 
calcaneus in both the anteroposterior and latéral planes. 
The radiographs reveal whether there is subluxation of 
the talonavicular joint and the calcaneocuboid joint and 
whether the foot has a cavus component. The latéral 
radiograph can reveal the degree of persistent equinus 
in the ankle. 

"A la carte" approach to the clubfoot as described by 
Bensahel et al. i.e., do only what is necessary to get a good 
correction of the foot, is suggested. 3 
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Age 

Most surgeons hâve one of two opinions concerning the 
optimum âge at which surgery should be performed. 
Advocates of "early" treatment perform the surgery when 
the patient is between three and six months of âge. They 
argue that there is a great deal of growth in the foot, and 
therefore a lot of remodeling potential, during the first 
year of life. At one time there was some enthusiasm in 
performing néonatal soft tissue operation, but the 
difficulties of the actual operative technique using 
magnifying lenses and the problem of maintaining the 
correction over the whole period of growth starting from 
the first month of life till ambulation appears to hâve 
dampened the enthusiasm of those who claimed initial 
success. In contrast, advocates of 'date" treatment prefer 
to wait until the child is nine to twelve months of âge. 
They believe that, because the components of the foot are 
larger, the pathoanatomy is more obvious and the surgery 
is easier to perform. Also, because the child is old enough 
to walk, early weight-bearing may help to prevent 
récurrence of deformity. Simons recommended that the 
size of the foot, rather than the âge of the patient, be used 
to détermine the optimum time to perform the surgery. 
He stated that the foot should be 8 cm long at the time of 
surgery. 

Incisions 4-6 

Incisions fall into one of three categories: the Turco 
oblique or hockey-stick posteromedial type of incision; 
the circumferential incision, more commonly referred to 
as the Cincinnati incision; and the two-incision or Carroll 
approach. Each has its own limitations. The Turco incision 
crosses the skin creases on the médial side of the foot and 
ankle. It is certainly more difficult to reach the 
postérolatéral structures, such as the talofibular and 
calcaneofibular ligaments, through this incision. The 
origin of the plantar fascia may also be a challenge to 
expose and release. The Cincinnati incision has the 
potential for creating problems with the skin edges. It has 
also been criticized for limited exposure of the Achilles 
tendon. The criticism of the Carroll approach is that it 
can limit the correction of the equinus and/or varus 
deformity because of the posteromedial skin tether. What 
is done beneath the incision is far more important to the 
resuit than the incision itself. 

Release can be described in 3 parts, posterior, médial 
combined with plantar and latéral. Depending on 
surgeons preference either posterior or médial plantar 
release is performed first. 


Posterior Release 

Through posterior incision the Achilles tendon is exposed 
as far proximally as possible. A z-plasty is performed, 
detaching the médial end distally, to reduce the tendency 
of the tendon to pull the heel into varus. McKay stated 
that he preferred to lengthen the Achilles tendon with a 
coronal z-plasty. 

The structures that pass behind the médial malleolus 
are identified. The sur al nerve is found and protected. 
The latéral structures are now dissected. The peroneal 
tendons are exposed, and the sheath is divided distally, 
beginning at the tip of the latéral malleolus. The sheath 
should not be divided proximal to that level, if possible, 
to prevent later subluxation of the tendons anterior to 
the latéral malleolus. With retraction of the latéral 
structures, the calcaneofibular ligament is divided. This 
is an important part of the procedure as this ligament 
tethers the calcaneus to the fibula. It would be impossible 
to rotate the calcaneus into the corrected position without 
this release. The subtalar joint is opened first. The latéral 
capsular release is continued as far as can be seen from 
the posterior perspective. Then the ankle joint is carefully 
approached. If the ankle is in substantial equinus, not 
much of the posterior part of the talar body is between 
the calcaneus and the tibial plafond. Care must be taken 
not to enter the distal tibial physis while looking for the 
ankle joint. The ankle joint capsule is released from the 
posteromedial corner of the body of the talus to the 
postérolatéral corner. The posterior talofibular ligament 
should be divided. In older children, some authors hâve 
recommended the release of the posterior tibiofibular 
ligament to allow more room for the body of the talus 
when it is brought out of equinus. 

Médial Plantar Release 

The abductor hallucis muscle is the guide for the initial 
part of the procedure. It should be followed proximally 
to its origin from the calcaneus. As it is exposed 
proximally, some thickened fascia that crosses the muscle 
in a vertical direction may be encountered. The fascia is 
divided, and the abductor hallucis is released from the 
calcaneus. The part of the origin that passes between the 
médial and latéral neurovascular bundles and attaches 
to the sustentaculum tali must also be released. The 
muscle is then reflected distally. Dividing the laciniate 
ligament then exposes the médial plantar neurovascular 
bundle. Careful dissection is continued distally to the 
forefoot. An artery and two small veins cross the nerve 
in the midfoot. 
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The next structures to be identified are the tendons of 
the flexor digitorum longus and flexor hallucis longus. 
They are foliowed distally past the master knot of Henry 
and proximally above the ankle joint. As the flexor 
hallucis longus passes under the sustentaculum tali, there 
is a thick retinaculum to be divided. The dissection 
continues on the plantar aspect of the foot. 

The tendon of the peroneus longus is identified and 
is carefully released from its sheath as far as the latéral 
border of the foot. This tendon passes around the latéral 
border at the level of the calcaneocuboid joint. It must be 
carefully protected. Many surgeons make the mistake of 
looking for the calcaneocuboid joint too distally. Care 
must be taken as it is very easy to create a joint by cutting 
through cartilage. Once the joint has definitely been 
identified, it should be released medially and plantarly. 
A thin elevator such as a Freer elevator can then be used 
to fenestrate the latéral part of the capsule. The médial 
part of the capsule and the spring ligament are divided, 
which also helps to identify the medial-inferior portion 
of the talonavicular joint. By lifting up the tendons and 
bundle, the médial portion of the talocalcaneal capsule 
can be identified and released. Care must be taken not to 
start the release too far posteriorly, where the ankle and 
subtalar joints are close together, as it is easy to mistake 
the subtalar joint for the ankle joint. The risk is that the 
deep deltoid ligament could be divided completely. Care 
should also be taken not to damage the sustentaculum 
tali. 

The tendon of the tibialis posterior is then identified 
above the ankle joint. The sheath is carefully divided 
longitudinally. Some of the retinaculum is preserved as 
a bridge distally. A z-plasty of the tendon is carried out, 
and the distal stump is pulled through the retinacular 
bridge. Finding the talonavicular joint can be somewhat 
challenging. It is critical to remember that the plane of 
this joint is paralleling the médial aspect of the talar neck. 
The inferior portion may be approached first. Distraction 
of the joint by pulling on the insertion of the tibialis 
posterior helps in the release. The dorsal structures, such 
as the tibialis anterior, the extensor tendons, and the 
neurovascular structures, must be protected. As the 
capsule is released dorsally, care must be taken not to 
divide the deep deltoid ligament and to avoid the dorsum 
of the neck of the talus. Both of these areas contain 
important blood supplies to the talus. The talonavicular 
joint capsule should be fully divided dorsally, medially, 
and plantarly. The Freer elevator can be used to fenestrate 
the latéral aspect of the capsule. Carroll also suggested 
division of the slips of the tibialis posterior that run 
forward to attach to the undersurfaces of the cuneiforms 
and the bases of the second, third, and fourth metatarsals. 
The médial plantar release should then be complété. 


In some cases, additional release of the plantar fascia 
aids in the proper réduction of the navicular on the talus. 
For releasing plantar fascia, the latéral plantar nerve is 
identified. The main calcaneal branchis the most posterior 
structure. The interval between the two is a safe area in 
which to approach the origin of the plantar fascia and 
the short toe flexor s. Their origins are divided across the 
plantar aspect. Obviously, this release is done only when 
the deformity is thought to hâve a cavus component. 

Latéral Release 

The releases described above allow for excellent 
correction of the deformity in many feet. In some feet, 
however, there will still be difficulty in rotating the 
calcaneus outwardly relative to the talus. In these cases, 
a more extensive latéral release needs to be performed. 
During this dissection, the sural nerve and peroneal 
tendons are protected. Talonavicular and calcaneocuboid 
joints are release on latéral side. Also, as much of the 
interosseous ligament asnecessary canbe divided to spin 
the calcaneus on the talus. One should try to preserve at 
least the médial portion of this ligament otherwise valgus 
overcorrection is possible. 

The navicular should be reduced on the head of the 
talus. When the navicular is properly reduced, the médial 
tuberosity should be prominent. If it is flush with the 
médial aspect of the talar head and neck, it is overreduced 
laterally. It should, however, be flush with the dorsum 
of the talar head. Réduction can be held with a pin. This 
pin can be inserted either antegrade or in rétrogradé 
direction. Often this is the only pin necessary to maintain 
the réduction. If the interosseous ligament has been 
completely released, the subtalar joint needs to be 
stabilized. The pin is placed through the plantar surface 
of the calcaneus, across the subtalar joint and into the 
talus. It should not pass into the ankle joint. Care should 
be taken to ensure that the calcaneus is not tipped into 
varus or valgus. 

Once the réduction and pinning hâve been completed, 
the degree of tightness of the toe flexors should be 
assessed. If the toes cannot be brought easily to the neutral 
position, the flexor digitorum longus and/or the flexor 
hallucis longus should be lengthened. The position of the 
foot should be checked with the knee in 90° of flexion. It 
must be plantigrade without a varus, valgus, supination, 
or pronation deformity. The thigh-foot axis should be 
outwardly rotated 0° to 20°. 

There is a différence of opinion about the value of 
intraoperative radiographs. Some surgeons use them, and 
others believe that radiographs are not necessary if the 
foot is carefully positioned and clinically assessed at the 
end of the procedure. If there are any doubts about the 
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quality of the réduction on clinical examination, 
radiographs can help to détermine the site of the problem. 
If the réduction is not satisfactory, the pins must be 
removed and the foot, repositioned. 

The distal stump of the tibialis posterior tendon is then 
pulled back under the bridge of the retinaculum. It is 
sutured under some tension to help to prevent the 
tendency for an overcorrected planovalgus foot to 
develop. If the flexor hallucis longus and flexor digitorum 
longus tendons hâve been lengthened, they are repaired 
without tension. The Achilles tendon is repaired with the 
ankle in 10° of plantar flexion so that there is some tension 
on it when the foot is in the neutral position. 

Wound Closure 

Some surgeons allow the foot to return to an equinovarus 
position and close the skin completely. A manipulation 
is planned for one to three weeks postoperatively to bring 
the foot up into the neutral position. Other surgeons 
position the foot in the neutral position, approximate the 
skin medially and laterally, and leave a skin gap 
posteriorly. Gaps as large as 2 to 3 cm hâve been left with 
good healing and minimal scarring. The wound is 
dressed, and some form of immobilization, which varies 
from a soft dressing to a full above-the-knee cast, is 
applied. Some surgeons bivalve the cast, and other s do 
not. 

Postoperative Management 

At one week postoperatively, the child is sedated, the 
postoperative dressing is removed, and the wounds are 
inspected. The foot is held in the neutral, plantigrade 
position, and a cast is applied. The knee is held at 90° of 
flexion, the foot is outwardly rotated, and the cast is 
extended above the knee. The cast is worn for four to six 
weeks, after which the pin or pins are removed, and an 
ankle-foot orthosis or foot orthosis is fitted. 

At the end of 2 to 3 months, care taker is trained to 
tickle the undersurface of the foot, holding the foot into 
corrected position so that the extensors and dorsiflexors 
contract, thereby, helping balanced action between the 
everters and inverters and dorsiflexors and plantar 
flexors. 

Late Presenting Cases 

Procedure described in the previous sections works well 
for child who is less than 2 years. When child présents at 
around 3 years, latéral border becomes longer than 
médial border. Some sort of bony procedures to shorten 
latéral border is carried out along with the soft tissue 
procedure. Although numerous methods hâve been 


described to shorten the latéral column of the foot, there 
are three that receive the widest use. 

The Lichtblau (1973) procedure is based on the 
assumption that adaptive changes in the calcaneocuboid 
joint prevent adéquate réduction. With the médial 
displacement of the navicular, the latéral side of the 
calcaneus overgrows, and the resuit is a calcaneocuboid 
joint that is angled in such a way that the cuboid cannot 
be laterally displaced on the calcaneus. The operation, 
which is recommended for children older than 2 years of 
âge, excises a laterally based wedge from the distal end 
of the calcaneus. He claimed that the resected calcaneal 
articular surface was replaced by fibrocartilage, and he 
demonstrated mobility at the calcaneocuboid joint up to 
six years after surgery. The resulting fibrocartilaginous 
joint functions well and remains asymptomatic. 

Evans, in 1961, described a procedure consisting of 
posteromedial releases in conjunction with latéral 
calcaneocuboid wedge resection and fusion. The 
procedure is not recommended for children under four 
years of âge because of possible overcorrection. Accurate 
réduction of the navicular on the talus is essential, as the 
position of the navicular is permanently stabilized by the 
procedure. Only a narrow wedge from the calcane¬ 
ocuboid joint should be removed; otherwise, 
overcorrection into valgus may occur. The operation 
decreases growth of the latéral column of the foot. 

Goldner achieves the shortening of the latéral side of 
the foot by resecting a wedge of bone from the cuboid 
bone. This préserves the joint surfaces and is more 
effective than decancellation of the bone. This operation 
can be used at any âge, if deemed necessary by the 
surgeon. 

Triple arthrodesis has been used in children who are 
more than ten years old and is considered a salvage 
procedure. 

The Ilizarov apparatus has been combined with 
various ostéotomies to provide distraction osteogenesis 
for the correction of residual deformity in the clubfoot 
and other foot deformities. Equinus, varus angulation of 
the hindfoot, midfoot adductus, and cavus may ail be 
addressed with the use of a circular frame and Kirschner 
wires. Non hinged apparatus like Joshi's System or its 
prototype are alternative to Ilizarov. Foot is held by thin 
wires and graduai distraction is applied. Various 
components of deformities are corrected simultaneously 
or one by one. Once the deformities are corrected the foot 
is maintained in corrected position. The patient 
undergoing corrective procedure by distraction method 
must understand that the final functional outcome will 
be a cosmetically improved plantigrade foot which may 
be somewhat stiff. 
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Révision Surgery 

The objective of clubfoot surgery is to obtain a complété 
and lasting correction with one operation. However, 
about 25% (range, 13% to 50%) of the feet hâve a 
récurrence. The most common persistent deformities are 
forefoot adduction and supination. However, varus, 
equinus, cavus, and overcorrection of the heel hâve ail 
been reported following clubfoot surgery. Récurrence of 
one or more components of the clubfoot deformity may 
resuit from an incomplète correction, failure to maintain 
correction, tarsal bone remodeling, abnormal scar 
formation with tethering of tendons, and tarsal coalition 
that was either iatrogénie or missed during the surgical 
procedure. 

A distinction has to be made between residual, and 
récurrent or relapsed deformity. Residual means that 
although treated nonoperatively or operatively, the 
deformity was ne ver properly corrected. Récurrent or 
relapsed deformity means that feet which was initially 
fully corrected clinically and radiologically but developed 
récurrence of some element of deformity or ail éléments 
of the deformity during the period of growth. 

There is no consensus amongst surgeons regarding 
when one should suggest révision surgery to a child who 
has less satisfactory outcome after first surgery. 

Residual Forefoot Adduction 

Residual adduction is usually found at the midfoot and 
occasionally at the forefoot. In patients who are less than 
two years old, forefoot adduction is addressed with repeat 
complété soft-tissue releases. In patients who are two to 
four years old, osteotomy is not recommended because 
of the immaturity of the foot. Excision of the 
calcaneocuboid joint cartilage or cuboid énucléation are 
better options. These procedures must be combined with 
a médial soft-tissue release. Cuboid decancellation 
préserves the articular surface of the cuboid surface 
proximally and distally and at the same time 
decancellation of the bone shortens the latéral column 
and corrects adduction. 

For patients who are more than four years of âge, 
many procedures hâve been described, including excision 
of the distal part of the calcaneus, fusion of the 
calcaneocuboid joint, opening-wedge osteotomy of the 
first cuneiform, metatarsal ostéotomies, and tarso- 
metatarsal capsulotomies. 

Excision of the distal part of the Calcaneus and fusion 
of the calcaneocuboid joint are described in previous 
section. 

Fowler et al. described an opening-wedge osteotomy 
of the médial cuneiform for the treatment of residual 


adduction in clubfoot. The Fowler procedure includes an 
opening-wedge osteotomy of the médial cuneiform, a 
radical plantar release, and a transfer of the tibialis 
anterior tendon to the dorsum of the first metatarsal. This 
procedure is reserved for children who are more than 
eight years old because a well-ossified first cuneiform is 
a prerequisite. Supination of the midfoot is not addressed, 
and the degree of correction is limited by the intact latéral 
column complex of the calcaneocuboid joint. 

McHale and Lenhart described a procedure for an 
adducted forefoot and a supinated midfoot with hindfoot 
varus. The procedure combines an opening-wedge 
osteotomy of the médial cuneiform with a closing-wedge 
osteotomy of the cuboid, addressing both residual 
forefoot adduction and midfoot supination. The authors 
showed, in a cadaver model, that a cuboid osteotomy is 
necessary for correction of midfoot supination. 

Kôse et al., in 1999, described trans-midtarsal 
osteotomy. The procedure involves an opening-wedge 
osteotomy of the médial cuneiform and dorsal, truncated 
wedge ostéotomies of the middle and latéral cuneiforms. 
Osteotomy of the middle and latéral cuneiforms allows 
better correction of rotational and cavus deformities. 
Again, the procedure requires well-formed tarsal bones, 
and it is most appropriate for patients who are more than 
six years old. 

Metatarsal ostéotomies are indicated when the 
adduction deformity originates distal to the navicular. 
Care must be taken to avoid injury to the physis of the 
first metatarsal by osteotomy or by periosteal stripping; 
otherwise, shortening of the first metatarsal may resuit. 

Heyman et al. described release of the tarsometatarsal 
joints for correction of résistant metatarsus adductus or 
for treating residual clubfoot adduction deformity. 
Through a dorsal incision, complété capsulotomies and 
ligament releases were performed. Because of reports of 
frequent postoperative stiffness and pain, this procedure 
is not recommended. 

Residual Cavus 

Inadéquate plantar release and muscle imbalance are 
both possible causes of residual cavus deformity. Soft- 
tissue release should be adéquate in patients who are less 
than two years old. Steindler described release of the 
plantar fascia from its insertion at the calcaneus. 

Rigid cavus in children who are more than eight years 
of âge may require osteotomy of the tarsal bones or the 
calcaneus. The Japas V-osteotomy, recommended for 
patients who are more than six years old, allows 
correction at the midfoot without shortening the foot. The 
Akron midtarsal osteotomy also allows correction at the 
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midfoot but utilizes a so-called dome-type osteotomy to 
allow dorsoplantar and varus-valgus control. A more 
distal osteotomy, at the level of the tarsometatarsal joints, 
was proposed by Jahss. The wedge osteotomy of the 
tarsometatarsal joints is intended for patients who hâve 
reached skeletal maturity. Arthrodesis at the hindfoot- 
midfoot région has also been described. 

Residual Varus or Valgus Angulation of the Heel 

Dwyer described a calcaneal osteotomy with either an 
opening or a closing wedge to address varus and cavus 
angulation of the heel. Dwyer's latéral closing-wedge 
osteotomy is recommended for children who are more 
than four years old. The extra-articular Grice procedure, 
originally developed for paralytic or spastic foot 
deformity, can be used to treat valgus angulation of the 
heel in younger patients as it does not interfère with 
subséquent growth. It has been successful for flexible feet 
in the four-to-ten-year-old age-group. Rigid, 
overcorrected feet may require repeat soft-tissue releases 
as well. 

Dynamic Forefoot Supination 

Transfer of the tibialis anterior tendon has a rôle in the 
treatment of a supple récurrent clubfoot. There are several 
prerequisites for successful transfer of the tibialis anterior 
tendon. The patient must be less than six years old and 
hâve a passively correctable deformity, weak peroneals 
confirmedby electromyography, and no active abduction 
or eversion. Stiff joints or strong peroneals are 
contraindications. This procedure is also recommended 
for dynamic supination after nonoperative treatment. 

Residual Tibial Torsion 

Supramalleolar osteotomy is required occasionally to 
correct residual tibial torsion in older child. 

Dorsal Bunion 

Dorsal bunion refers to a plantar flexion contracture of 
the first metatarsophalangeal joint with a dorsiflexion 
contracture of the first tarsometatarsal joint. It canbe the 
resuit of imbalance between weak Achilles and peroneus 
longus tendons and strong flexor hallucis longus and 
tibialis anterior tendons. One procedure described for its 
correction is the "reverse Jones" procedure, which 
involves transfer of the flexor hallucis longus to the head 
of the first metatarsal. If necessary, a plantar flexion first 


metatarsal osteotomy and capsulorrhaphy can be 
included. 

The Overcorrected Foot 

Valgus position of the hindfoot and pronation of the 
forefoot characterize the overcorrected clubfoot 
deformity. Multiple factors may produce this deformity, 
including the release of the interosseous ligament at the 
subtalar joint and division of the deep deltoid ligament. 
The forefoot may be corrected nonoperatively by 
stretching and bracing and operatively by metatarsal and 
midfoot ostéotomies. Treatment of the overcorrected 
clubfoot includes the use of orthoses for flexible deformity 
in children who are less than four years of âge and repeat 
soft-tissue release for rigid deformity. Subtalar or triple 
arthrodesis is recommended for a child who is more than 
ten years old. Combination médial and latéral column 
ostéotomies of the calcaneus, cuboid, and cuneiforms 
hâve also been described. 

Skin Problems 

Frequently, severe clubfoot deformities are associated 
with difficulty in skin closure. This problem is especially 
true of posteromedial wounds. Options to avoid the 
problem include tissue expanders; free muscle flaps; and 
partial wound closure which allows secondary healing 
to close a wound in order to decrease the risk of necrosis. 
Free muscle flaps such as gracilis flaps require 
microvascular techniques. Other techniques that may 
assist in wound closure are latéral skin release and z- 
plasty of the skin. 
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325.4 Clubfoot Complications 

Dhiren Ganjwala, AK Gupta 


INTRODUCTION 1 

Most complications of clubfoot are treatment related. 
These can be divided into two groups: (i) complications 
associated with nonsurgical treatment, and (ii) compli¬ 
cations associated with surgical treatment. These two 
groups can be further subdivided into two categories: (i) 
complications that arise during the course of treatment, 
and (ii) late or posttreatment complications. 

Complications Associated with Nonsurgical 
Treatment 

Spurious Correction 

Spurious correction can resuit in a rocker bottom 
deformity and bean-shaped foot. The rocker bottom 
deformity is the resuit of a transverse breach in the 
midtarsal area caused by overstretching while attempting 
to correct the equinus of the heel with pressure under 
the metatarsal heads rather than under the midpart of 
the foot without correcting the varus deformity. It is 
important to recognize the pudgy heel, which on 
palpation reveals a high position of the calcaneus inside 
the heel pad. A maximum dorsiflexion radiograph of the 
foot will confirm hindfoot equinus and forefoot 
dorsiflexion with a breach of the midtarsal joint. If the 
complication is recognized, forcible manipulation should 
be stopped and the foot should be maneuvered into its 
original deformity and placed in a cast. A heelcord release 
is indicated and should restore the foot alignment. In 
severe deformity or when the deformity is recognized 
late, and open réduction of the hindfoot and midfoot with 
internai fixation may be necessary. 

Bean-Shaped Deformity 

A longitudinal break of the foot can occur as a resuit of 
prématuré eversion of the hindfoot before correction of 
the midtarsal varus in the horizontal plane. Abduction is 
transmitted to the hindfoot which is rotated spuriously 
into latéral rotation resulting in a bean-shaped foot. 
Structural appearance of bean-shaped deformity may not 
become évident until 4 to 11 years of âge and soft-tissue 
release alone may not achieve correction. Dillwyn-Evans 
operation, open wedge navicular osteotomy along with 
closed wedge cuboid osteotomy and if there is 
pronounced associated cavus a midtarsal circular 
osteotomy may be required to correct the deformed foot. 


Fractures 

Use of excessive force during manipulation, especially if 
cast is used for forceful correction rather than for rétention 
can cause fracture. Four types of fractures are reported: 
(i) anterior metaphyseal compression of the distaltibia 
and fibula, (ii) distal tibial metaphyseal spur caused by 
impaction and translation at the epiphyseal plate, 
(iii) torus fracture of the distal tibial metaphysis within 
an inch of the epiphyseal plate, and (iv) distal fibular 
fracture. The first three types resuit from forced 
dorsiflexion of the foot, the fourth type is produced by 
the dorsiflexion eversion stress. If the child cries 
persistently following manipulation and cast application 
and if on removal of the cast, ankle and foot swelling is 
noticeable a radiograph should be taken to rule out 
fracture. These fractures usually heal without residual 
deformity. 

Pressure Sores 

Pressure sores can occur in inexperienced hands if the 
cast is used to force correction. Careful padding in the 
areas where corrective forces are used while moulding 
will prevent this problem. 

Fiat Top Talus 

True flattening of the talus can occur if forced 
manipulation causes an osteochondral compression 
fracture or ischémie necrosis. The diagnosis is made after 
careful évaluation of the radiographs. Proper positioning 
of the ankle is important because, when rotated the talus 
offers a front profile in the latéral radiographs which gives 
the appearance of a flattened top. Correct positioning 
with the fibula superimposed on the tibia rather than 
posterior is important. The condition appeared to 
improve when the bone had matured. In order to avoid 
the flat-top talus, early surgical release of the tight 
posterior structures is indicated. 

Failure of Correction 

There is a general agreement that initial treatment of 
clubfoot should be nonsurgical and should be started as 
early as possible after birth. A generally accepted method 
is manipulation and application of plaster cast at weekly 
intervals. Less accepted methods are stretching and 
adhesive strapping and splintage. Nonsurgical methods 
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can be expected to achieve full correction in about 15% 
of clubfeet. Success of conservative treatment generaly 
varies with the severity of the original deformity, the âge 
at which treatment is initiated, the expertise of the treating 
physician and adequacy of the treatment. Other 
conditions commonly associated with failure after 
nonsurgical treatment are arthrogryposis, myelo- 
meningocele, Larsen's syndrome and diastrophic 
dwarism. 

Complications Associated with 
Surgical Treatment 

Neurovascular Complication 

Recent studies suggest that vascular dysplasia can occur 
in idiopathic postoperative necrosis requiring amputation 
has been related to possible vascular injury. After 
complété correction, stretching of the posterior tibial 
artery can also cause vascular compromise. This condition 
is identified clinically if the toes blanch in full correction 
and undercorrection restores the circulation. Spasm of 
the posterior tibial artery occurs occasionally following 
dissection around the neurovascular bundle. A 
papaverine-soaked sponge is helpful in such situation. 

Transection of the neurovascular bundle can occur 
especially in foot excessively scarred by previous surgery 
and may resuit in an anesthetic foot. Any damage to the 
neurovascular bundle should be repaired immediately. 
Blind percutaneous releases can damage vessels and 
could resuit in an arteriovenous fistula. 

Bony Damage 

Transection of the talar head can occur accidentally at 
the time of médial talonavicular capsulotomy. It is 
important to realize that the talar head is often flattened 
medially and the navicular is rotated medioposterior to 
it. The cartilaginous neck of the talus is soft and will yield 
to pressure from a hemostat or knife. The only true 
identification of the talonavicular joint may be the 
presence of joint fluid. Careful dissection around the 
navicular by retraction of the posterior tibialis rendon 
stump will prevent this complication. If transection has 
occurred, it should be anatomically reduced and fixed 
with pins. 

The middle facet of the calcaneus in clubfoot may be 
oriented more sagittally than horizontally, resulting in 
osteochondral injury to the sustentaculum tali during 
subtalar release. Injury to this point could be responsible 
for the high incidence of talocalcaneal bar formation in 
révision surgery. If resection of a large fragment occurs, 
it should be repositioned and fixed with a pins. 


Physeal Damage 

Damage to the posterior tibial physis, distal fibular physis, 
and first metatrsal physis can occur during surgery. The 
posterior tibial physis can be damaged during posterior 
tibiotalar capsulotomy. Such damage can resuit in 
limiting dorsiflexion or increasing equinus deformity at 
the ankle. Damage to the fibular physis, which usually 
occurs during the incision of the calcaneofibular ligament, 
results in increasing valgus deformity at the ankle. The 
physis of the first metatarsal is proximal, unlike the latter 
four, which are distal. The first metatarsal physis can be 
damaged during a cuneiform metatarsal capsulotomy or 
basal osteotomy, and this damage can resuit in a short 
first metatarsal. Meticulous surgical dissection in small 
feet will prevent these complications. 

Stretching the posterior capsule by dorsiflexion at the 
time of capsulotomy of the ankle is helpful. The risks of 
violating the physis are greater in a smaller foot, and it is 
préférable to avoid extensive release operations in 
patients younger than 6 to 8 months of âge. 

If physeal damage occurs, appropriate treatment 
should include physeal bar excision with interposition 
of fat or a subséquent lengthening procedure of the fibula 
or first metatarsal. Corrective supramalleolar osteotomy 
of the tibia may be required to correct the deformity 
resulting from growth arrest of the posterior part of the 
distal tibial physis. 

Skin Slough and Wound Dehiscence 

Skin slough and wound healing problems are often 
associated with surgical correction because of contracted 
skin on the médial aspect of the foot. Some of these 
problems hâve been related to the type of incision used. 
Circumferential incisions hâve been found suitable for 
extensive release operations and hâve resulted in good 
cosmesis. 

Wound dehiscence can be expected in older âge 
groups but can be effectively prevented by preperative 
manipulation and stretching of the contracted soft tissues. 
Also meticulous surgical technique, use of sharp hooks 
for skin retraction, maintenance of perfect hemostasis 
before wound closure, and a two-layer closure without 
tension decrease wound problems. If the suture line 
blanches with the foot in neutral position, immobilization 
in undercorrection (equinus) greatly reduces the chances 
of postoperative wound problems. The cast may be 
changed within 2 weeks after surgery for wound 
examination and further correction. Spécial care should 
be taken in treating children with arthrogryposis and 
myelomeningocele, because wound dehiscence is more 
likely to occur in these patients. If the patient's 
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température is elevated beyond 38°C on the third or 
fourth postoperative day, wound infection should be 
suspected. Skin slough may be treated in the cast by 
allowing the wound to granulate and epithelialize. 

AvascularNecrosisofthe Talus 

Extensive surgical dissection in the area of the tarsal sinus 
can jeopardize the vascular supply of the talus and resuit 
in osteonecrosis. Changes are usually noticeable as early 
as 3 months and the incidence after combined posterior 
médial latéral release is reported to be 3.2 to 14.3 %. 
Latéral dissection in and around the sinus tarsi should 
be avoided and complété release of the talocalcaneal 
interosseous ligament should be supportive, with use of 
patellar tendon-bearing orthosis to prevent collapse. 
Continuous pain and stiffness may eventually warrant 
an arthrodesis. 

Aseptie Necrosis of the Navicular 

The diagnosis of osteonecrosis in the immature navicular 
may be difficult, because such changes can be observed 
in normal feet as well. Total naviculocuneiform 
capsulotomy should be avoided. If the patient is 
symptomatic, arch support may be needed. The bone will 
usually reossify without much functional impairment. 

Failure to Achieve or Loss of 
Correction 2 ’ 35 

Clinical correction of deformities can usually be obtained 
if releases are adéquate. A lack of talocalcaneal 
convergence on the forced latéral dorsiflexion radiograph 
is usually associated with failure. In order to prevent the 
loss of correction, internai fixation of the talocalcaneal 
and talonavicular joints should be performed. Correction 
should be held long enough for the subchondral articular 
surfaces to begin to remodel and adapt to their new 
locations. 

Overcorrection 

Overcorrection of clubfeet can reslt in excessive hindfoot 
valgus, forefoot abduction, calcaneus deformity, and pes 
planus. Clubfeet associated with gestational diabètes, 
floppy infant, eye problems, excessive skin creases on the 
back of the heel and rocker bottom deformity, and early 
extensive surgery (<6 months) are at risk for overcorrec¬ 
tion. 

Hindfoot valgus can occur at the ankle and the subtalar 
joint. At the ankle, the cause is deep deltoid ligament 
division, which should be repaired if incised accidentally 
during the surgery. At the subtalar joint, complété release 


of the interosseous talocalcaneal ligament without 
fixation could cause excessive valgus with possible 
calcaneal translocation. Extrême valgus position in cast 
should also be avoided. Overcorrection deformity can 
resuit in unsatisfactory function. Flexible deformity 
should be treated by manipulation and cast immobiliza- 
tion into varus foliowed by an orthosis. In older children, 
médial displacement calcanal osteotomy or a subtalar 
arthrodesis may be required in addition to repeat 
corrective surgery. 

Forefoot abduction could occur after latéral transfer of 
the tibialis anterior into the base of the fifth metatarsal, 
metatarsal ostéotomies, tarsometatarsal capsulotomy, 
metatarsal ostéotomies following latéral subluxation of 
the navicular, and Dillwyn-Evans procedure. The 
deformity may présent late and if rigid on examination, 
a soft tissue release or osteotomy may be required to 
correct the alignment. 

Pes planus , which is often observed after an extensive 
softtissue release in clubfeet, is attributed to complété 
release of the talocalcaneal ligaments, release of the tibials 
posterior tendon and of the spring ligament. Excessive 
hyperlaxity of the ligaments, underdeveloped sustenta- 
culum tali or its resection during surgery can also resuit 
in pes planus. To avoid this, posterior tibial tendon 
lengthening should be done instead of tenotomy. Also, 
excessive plantar tendon lengthening should be done 
instead of tenotomy. Also excessive plantar release should 
be avoided in the presence of a rocker bottom deformity. 
Primary transfer of the tibialis posterior tendon to the 
dorsum of the foot without subtalar stabilization should 
be avoided. Most clubfeet with résultant fiat feet improve 
with growth without any treatment. Some patients may 
expérience shoe wear problems. In younger children, arch 
supports may be helpful, however, in rigid symptomatic 
feet in the olderage groups, a reverse Dillwyn-Evans 
(calcaneal lengthening) osteotomy may correct the 
deformity. In rare cases, a triple arthrodesis may be 
required. 

Calcaneus deformity, which usually results from 
overlengthening of the Achilles tendon, may be caused 
by postoperative casting in excessive dorsiflexion. 
Appropriate suture tension in about 5°C plantar flexion 
following heel cord lengthening should be able to prevent 
this deformity. The initial treatment should include 
stretching of the dorsiflexors and anterior capsule of the 
ankle. Surgical treatment consists of dorsal soft tissue 
release, with shortening and imbrication of the Achilles 
tendon. Other approaches include tendoachillis tenodesis 
tibialis anterior and/or peroneus longus transfer to the 
calcaneus and calcaneal lengthening osteotomy. 
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Undercorrection 

Persistent equinus, heel varus, forefoot adductus médial 
spin, and pes cavus may resuit from undercorrection of 
these deformities at the time of surgery. 

Persistent equinus can be caused by inadéquate 
posterior release of the ankle and subtalar joint and 
improper heel cord lengthening. One should never accept 
a tibiocalcaneal angle of less than 110°C on radiograph. 
Treatment consists of stretching, physical therapy, 
splinting or a repeat posterior soft tissue release. For the 
older child, it is extremely important to hâve good 
radiographs in latéral maximum dorsiflexion and plantar 
flexion to rule out a bony deformity, such as flat-topped 
talus, preventing or blocking true dorsiflexion. In such 
cases, a posterior soft tissue release is contraindicated, 
and a tibial supramalleolar anterior closing-wedge 
osteomomy is necessary to shift the axis of the range of 
motion. 

Heel varus can be caused by incomplète release of the 
subtalar joint and failure to rotate the calcaneus 
underneath the talus. Repeat soft tissue release may be 
required to achieve full correction in younger children 
and Dwayer calcaneal closing-wedge osteotomy may be 
indicated in the older child. 

Forefoot adduction and supination can persist following 
inadéquate release of navicular cuneiform first metatarsal 
capsules and abductor hallucis muscle. Supination can 
also be caused by a muscle imbalance between a strong 
tibialis anterior and weak peronei and undercorrection 
associated with failure to release the calcaneocuboid joint 
and plantar fascia. The deformity becomes more évident 
with growth, mild deformity is treated by manipulation, 
bivalved casts or splinting. Moderate deformity may 
require capsulotomies,author believes that metatarsus 
adductus improves with âge, eventually resulting in an 
acceptably mild pigeon toe gait. 

Persistent Médial Spin 4 

When despite acceptable clinical correction, the foot 
appears to be internally rotated, the anterior calcaneus is 
medially rotated beneath the talus and the posterior 
calcaneus is externally rotated toward the fibula. Médial 
spin can be prevented by meticulous release of the 
postérolatéral structures, such as the oblique talofibular, 
calcaneofibular and retinacular ligaments. The calcaneus 
must be rotated medially away from the fibula and 
pinned to the talus in the corrected position at 90°C to 
the transmalleolar axis. 

Pes cavus is either caused by an inadéquate médial 
plantar release during surgery or by persistent dorsal 


subluxation of the forefoot after surgery. The former may 
require treatment, depending on the âge of the child by a 
plantar fascial release, a dorsal closing-wedge calcaneal 
osteotomy or a midtarsal osteotomy. 

Skew Foot (Serpentine Foot) 

The combination of undercorrected forefoot adduction 
and overcorrected hindfoot valgus can cause this 
deformity. Conservative treatment (manipulation and 
casting of the forefoot into abduction and the heel into 
varus) should be tried before opting for surgical 
correction, which include soft tissue release or metatarsal 
ostéotomies combined with a calcaneal osteotomy. 

Sinus Tarsi Syndrome 

Correction of the varus angulation of the calcaneus after 
a clubfoot corrective procedure often closes the sinus tarsi 
on weight bearing and can resuit in pain over the sinus 
tarsi. Surgical exploration and debridement of the sinus 
tarsi may relieve the pain. 

Reduced Calf Girth and Foot Size 

Reduced calf girth and a shorter foot are prominent 
features in unilatéral clubfoot, but these changes are not 
complications in a real sense. These findings are usually 
présent before treatment, and they should be pointed out 
to the parents lest they feel cast immobilization and/or 
surgery caused the complication. Différences in bilateral 
deformity are less pronounced. Recent studies hâve 
indicated a neuromuscular or vascular origin for these 
différences. An alternate theory is that the retracting 
fibrosis of the distal muscles of the calf and supporting 
connective tissues is the primary cause. These théories 
suggest that clubfoot is more than deformity of the foot 
rather it is a disorder of the distal part of the leg that 
causes the typical clinical appearance of the foot and the 
associated atrophy of the calf, decreased foot size, and 
mildlimb length inequality. 

Récurrence of the Deformity 6 

Récurrence may resuit from inadéquate correction. The 
first sign of récurrence is usually progressive contracture 
of the tendocalcaneus. A clinical and radiologie 
assessment to document correction is necessary to 
eliminate spurious correction. Once the feet are corrected, 
it may be necessary to use night splinting for 4 to 5 years. 
Usual causes of récurrence are inadéquate correction, loss 
of réduction persistent primary deformity of the talar 
neck, muscle imbalance, and bad scarring. Another 
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reason for récurrence is the failure to diagnose a primary 
neuropathy as the etiology of the deformity. 

SKEW FOOT 

Skew foot is a rare complex foot deformity consisting of 
forefoot adduction and heel valgus. Synonyms for this 
abnormality are S-shaped foot, serpentine foot, and A- 
foot deformity. Skew foot has not been recorded at birth 
and is often first discovered after cast treatment for 
metatarsus adductus as a complication of clubfoot or after 
ambulation in patients with metatarsus varus. 

Clinical Features 

Patient présents with a complaint of uneven shoe wear 
pain, and abnormal gait. The forefoot is adducted, and 
the heel is in valgus. Both the deformities continue to 
increase. Radiographs are taken to assess the extent of 
the deformity. 


Treatment 

Serial aggressive casting is started early in infancy. In 
older children, surgery is indicated to realign the bones 
and to stabilize the hindfoot by triple arthrodesis. 
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Metatarsus adductus is a common foot condition. Its 
incidence is one per thousand live births. 2 Metatarsus 
adductus, which consists of adduction of the forefeet in 
relation to the midfoot and hindfoot, is a fairly common 
anomaly, often causing in-toeing in children. It can occur 
as an isolated anomaly or in association with clubfoot. 3 

Etiology 

The cause remains unknown. The following causes are 
suggested: (i) muscle imbalance, (ii) contracture of the 
médial soft tissues of the tarsometatarsal joints of the foot, 
(iii) intrauterine pressure theory—It is often associated 
with other congénital complications such as hip 
dysplasia, and (iv) anomaly of the médial cuneiform- 
metatarsal joint. 

Clinical Features 

The child has adduction of the forefoot with a convex 
latéral border and prominence at the base of the fifth 
metatarsal. The heel is in neutral or slight valgus. There 
is no equinus or heel varus. There is no neurological 
déficit. There may be a transverse crease on the médial 
border of the foot or an enlargement of the web space 
between the great and second toes. 

Radiography 

Radiographie évaluation is not necessary. Bleck 1 et al 
classification System, mild, moderate, severe was based 
on observation of the foot and the heel bisector. By visual 
examination, the line bisecting the heel is drawn. If this 
line crosses between the second and third toes, the foot 
was thought to be normal. In a severe variety, the heel 
bisector line passes between fourth and fifth toes. 


Clinically, in the mild form the forefoot can be 
abducted to the midline of the foot and beyond. The 
moderate form has enough flexibility to allow abduction 
of the forefoot to the midline but usually not beyond. In 
rigid metatarsus adductus the forefoot cannot be 
abducted at ail 3 (Fig. 1). Natural history of metatarsus 
adductus guides the line of treatment. Majority of the 
patients (80 to90%) of the foot become normal. Only a 
few require treatment. 

Treatment 

Most infants presenting at birth with metatarsus 
adductus do not require treatment. If the child has a 
moderate or severe deformity according to the heel 
bisector classification and is not passively correctable. 



Fig. 1 : Grading of severity of metatarsus adductus deformity. 
Heel bisector defines relationship of heel to forefeet. (Redrawn 
from Bleck EE: J Pediatr Orthop 3:2, 1983) 
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Figs 2A and B: Idiopathic metatarsus adductus in a child of 
six years. Mid-tarsal osteotomy done with good correction of 
the deformity 


casting is indicated. The plaster should be given when 
the child is about 6 months old. The initial treatment 
should be simple stretching and observation. 

Surgical Treatment 

The indication for surgery include pain, objectionable 
appearance, or difficulty in fitting shoes because of 
residual forefoot adduction. 

Mobilization of tarsometatarsal joint should not be 
done as it is associated with unacceptable rate of 


complications. Multiple metatarsal ostéotomies can 
correct metatarsus adductus deformity. 

Metatarsus adductus can be treated by mid-tarsal 
osteotomy. A wedge is taken from cuboid and is inserted 
in the first médial cuneiform. The osteotomy is completed 
by passing the osteotome from cuboid, through the latéral 
and middle cuneiform and médial cuneiform. Médial 
cuneiform is opened and wedge taken from cuboid is 
inserted. Open wedge of the cuboid is closed by abducting 
the foot. The osteotomy is fixed by passing 2 or 3 K-wire, 
one passing through the middle cuneiform through the 
graft and one passing through the cuboid. 4 (Figs 2A 
and B). This is a simple operation and is associated with 
less complications. 

One of the complications of surgery is failure to correct 
the deformity, regardless of the procedure performed. 
Sears on the dorsum of the foot can become painful, as 
can the metatarsals themselves, and there can be 
degenerative tarsometatarsal joint changes. 
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INTRODUCTION 


Flexible Pes Planus: Fiat Foot 


Pes planus (fiat foot) generally refers to loss of the normal 
médial longitudinal arch. However, other anatomie 
abnormalities also are présent, 14 such as valgus heel, 
médial treating of the talus, forefoot abduction. 
Alternatives names given by the Medline encyclopedia 
are Pes planovalgus; Fiat feet; Fallen arches; Pronation 
of feet. 

Types of Pes Planus 

Congénital 

• Hypermobile 

• Rigid (due to tarsal coalition) 

Acquired 

• Osseous (fracture or disease of calcanéum or talus) 

• Dislocation (tearing with eventual lengthening of 
ligaments) 

• Commonest cause of acquired pes planus tibialis 
posterior deficiency. Muscle imbalance (weakness of 
invertors in presence of strong peronei) 

• Postural or static (internai tibial) torsion, excessive 
weight, muscle fatigue, faulty footwear, and bad 
walking habits can cause dropping of longitudinal 
arch. 

• Arthritic (Rheumatoid arthritis with peroneal spasm). 
Midfoot break is forcible correction of club foot, or 

equinus deformity. 

Définition Fiat foot refers to loss of the normal médial 
longitudinal arch (Fig. 1). 


Pathologie Anatomy 


Various other abnormalities develop in combination. 
These are 

• valgus posture of the heel 

• mild subluxation of the subtalar joint in which the 
head of the talus tilts medially and plantarward 

• eversion of calcaneus at subtalar joint 

• latéral angulation at the midtarsal joint 

• supination of the forefoot 

• shortening of tendo-achilles accentuating the valgus 
posture of heel. 

Muscles play a very little rôle in maintaining 
longitudinal arch. This is the reason why exercise 
program to strengthen intrinsic and extrinsic muscles in 
and about the foot is not emphasized. 6 



Fig. 1: Classic appearance of hypermobile flatfoot—the 
unbalanced metastable foot 
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Figs 2A to C: (A) A break at the talonavicular joint with a tilting of the talus and disruption of the normal longitudinal axis. 

(B) The break at the naviculocuneiform joint. (C) Reconstitution of the axis of the longitudinal arch by dorsiflexion of the big toe 



Infants are born with flatfeet, and the normal arch 
might not develop fully until the child is 7 to 10 years 
old. Moreover, 15 to 20% of adults hâve some degree of 
flexible pes planus, and most of these are asymptomatic. 14 

Clinical Features (Figs 2A to C) 

• In a flexible fiat foot, when nonweight bearing the 
arch appears normal, disappearing on standing. If it 
does not appear on weight bearing it is a rigid fiat 
foot. When patient raises the heel, the arch is restored. 

• Dorsiflexion to neutral will be possible after the foot 
goes in valgus due to tight heel cord. 

• The common complaint is foot pain in teenagers after 
standing for long periods or running, with easy 
fatiguability or leg pain more so in obese children, 
children with external rotation, contracture of hip or 
excessive external tibial torsion. 8 

Radiography 

• Standing roentgenograms in AP and latéral 

• Nonstanding latéral oblique view. 12 

Treatment 

The management is contraversial. It may differ at various 
stages of growth, and may dépend upon presenting signs 
or symptoms. 

Conservative Treatment 

Arch supports: Felt pads or sponge rubber inserts glued 
inside the shoe provide a résilient support for the arch. 
In severe cases Whitman's brace with big métal arch 
support is prescribed. 2 

Arch supports: These are felt by many to not be relevant 
with the level of knowledge prévalent today. Felt pads 
or sponge rubber inserts glued inside the shoe provide a 
résilient support for the arch. In severe cases Whitman's 
brace with big métal arch support is prescribed. 21 


Shoes: Shoe should hâve 

i. firm counter to grasp the heel 

ii. tight fitting waist to restrict dorsiflexion of midtarsal 
joints 

iii. low heel to hâve heel cord stretching effect 

iv. Thomas heel with 1/4 inch médial wedge 

v. inward flaring of forepart to facilitate adduction. 

Walking âge to 3 years: Various expensive shoe modi¬ 
fications and inserts are not indicated as arch may not 
develop fully until âge of 7 to 10 years and 15 to 20 % of 
adults hâve flexible pes planus which is asymptomatic. 
Shoes may be prescribed if there is strong family history 
of flatfoot persisting into adulthood. 

The various prescriptions are shoes with Thomas heel, 
médial heel wedges 1/8 to 3/16 inches, and navicular 
pads and shoe inserts. These treat parents and 
grandparents more than the child. 

3 to 9 years: The issue is again controversial. For child 
who is symptomatic with severe pes planus with marked 
heel valgus forefoot abduction with a prominent talar 
head protruding medially, an arch support placed in a 
leather shoe, with a firm heel counter, an extended médial 
counter, a Steel shank, a Thomas heel, and a médial heel 
wedge can be prescribed primarily for comfort or to treat 
an associated knock knee deformity. 10 

10 to 14 years: In asymptomatic cases no spécifie treatment 
is prescribed. In symptomatic patient, a moulded 
polypropylene shoe insert to be placed in a firm shoe is 
prescribed. The radiographs taken with the orthosis on 
should show correction of deformity. 

If excessive heel valgus, i.e. Kite angle (standing 
dorsoplantar talocalcaneal angle) is more than 40 to 45°, 
correction of subtalar subluxation by soft tissue reefing 
alone is unpredictable and may need triple arthrodesis if 
âge of child is at least 12 years. 11 

Surgical treatment: It is indicated only for disabling pain 
and only after exhausting every means of conservative 
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management and not for cosmetic purpose. The patient 
must be explained that there will be loss of inversion and 
eversion due to surgery. The principles of various surgical 
procedures is described below. 5,18 

Miller Procedure 

• Advancement of insertion of tibialis posterior and 
spring ligament under tibialis anterior tendon distally 

• Arthrodesis of first metatarsal médial cuneiform and 
médial cuneiform navicular joints with a small 
fragment screw 

• If necessary tendoachillis lengthening. 

Although valgus of heel and height of médial 

longitudinal arch might not be changed, but there will 
be relief of pain. 

Modified Hoke Miller procedure: (Duncan and Lowell) To 
correct sag at talonavicular joint, a dorsally based opening 
wedge osteotomy of first cuneiform is added to above 
procedure. 8 

Midfoot Osteotomy 

Mid foot osteotomy is an excellent osteotomy. Planterly 
based wedge is removed from the cuboid and the 
3 cuneiform bones. Incisions are made on the cuboide 
laterally and cuneiform medially. When the wedge is 
closed the pes planus is corrected. It has the advantages 
of early heeling and does not disturb the mobile joints 
and also it corrects the valgus deformity of the four foot. 

Durham plasty: A proximally based osteoperiosteal flap 
of which does not include tibialis posterior is advanced 
to sustentaculum tali with reattachment of tendon. 
Arthrodesis with screw fixation of naviculocuneiform 
joint is done as well. 13 

Triple arthrodesis: In adolescence in some patients, the foot 
becomes progressively more fixed and symptomatic 
which needs subtalar arthrodesis. As peritalar complex 
acts as a unit and to perform arthrodesis on one 
component of this unit might lead to prématuré 
degenerative changes in the others. So, triple arthrodesis 
should be performed in patients of 12 years or greater. In 
addition in the adolescent with symptomatic, flexible 
planus with marked generalized ligamentous laxity will 
need this surgery. Proper correction of ail deformities 
should be done with standard approach. 4 

Calcaneal Osteotomy 17 

• In transverse plane (Chambers, Miller) to raise the 
floor of sinus tarsi. 3 


• In oblique plane through tuberosity, shifting the distal 
fragment medially to improve the weight bearing axis 
of the calcanéum (Gleich, Koutso-giannis). 

• In coronal plane just proximal to calcaneocuboid joint 
to lengthen the latéral column of the foot, thereby, 
push the navicular and the forefoot medially thus 
correction of abduction (Dillwyn Evans, Anderson 
Fowler). The procedure is recommended in children 
6 to 10 years old with severe flexible pes planus and 
significant symptomatology (Figs 3 and 4A and B). 10 
However, calcaneal osteotomy rarely corrects the 

entire deformity, especially in an older patient with long 
standing posterior tibial tendon insufficiency. 14 

Accessory Navicular Bone 
(Prehallux, Os Tibial Externum) 

The accessory navicular is a separate ossification center 
for the tuberosity of the navicular that is présent in 
approximately 5 to 10% of the population. Most patients 
with an accessory navicular hâve no symptoms, and it is 
often discovered as an incidental radiographie finding. 14 

It is found that support to the médial longitudinal arch 
by tibialis posterior tendon is compromised by abnormal 
insertion into the accessory navicular. The relationship 



slide osteotomy 



Fig. 3: Various operative approaches to the problem of 
restoring balancée! stability to the foot 







3148 Textbook of Orthopedics and Trauma (Volume 4) 



Figs 4A and B: Combinée! rotation-displacement osteotomy of 
the os calcis to secure maximum displacement of the calcaneo- 
contact articulation combined with stability. Dotted area in B 
indicates bone to be removed 

between accessory navicular and médial longitudinal 
arch is doubtful. It needs to be differentiated from 
sesamoid in the tibialis posterior tendon. A prominent 
médial navicular tuberosity caused by fusion of main to 
accessory navicular, if causing symptoms may be treated 
excising the médial beak of navicular flush with the 
médial cuneiform. If there is tenderness présent then only 
the excision of cuneiform. If there is tenderness présent 
then only the excision of accessory navicular is useful. 
Before treatment, one should look for any structural 
changes in the foot leading to symptoms. 

Kidner's procedure This consists of excising accessory 
navicular and rerouting the tibialis posterior tendon in a 
more plantar position. The indication is 10 to 12 year child 
with symptomatic flexible pes planus, i.e. unrelieved by 
conservative treatment. Though relief of symptoms and 
réduction of fatigue from arch strain are predictable, 
correction of arch sag cannot be certain. 15 

Several authors, however, hâve reported that excision 
of the accessory navicular, without élévation and 


advancement of the posterior tibial tendon insertion, is 
an effective as more extensive procedures. 14 

Tarsal Coalition 

Development The tarsal originate from mesenchyme and 
differentiate into cartilaginous precursors of adult bones 
separated by joints. Ossification occurs around a central 
ossification center throughout childhood. Incomplète 
division may leave a connecting bar more commonly 
between the talus and the calcanéum, and calcanéum and 
navicular. Thus, the cause of tarsal coalition is a failure 
of primitive mesenchyme to segment by cleavage in the 
27 to 72 mm fétus and thus produce normal peritalar joint 
complex. Varying degrees of continuity are represented 
by 16 ' 20 

• a completely bony bar—synostosis 

• a cartilaginous bar—synchondrosis 

• a fibrous bar—syndesmosis. 

This is hereditary and the expression is calcaneona- 
vicular bar—autosomal dominant gene with reduced 
penetrance. Leonard stated that the tarsal coalition is 
inherited probably as unifatorial disorder of autosomal 
dominant inheritance with nearly full penetrance. The 
spécifie type of coalition probably represents a genetic 
mutation that is responsible for failure of the primitive 
mesenchyme to segment. 9,19 

Peroneal spastic foot Most patients with tarsal coalition 
hâve fixed hindfoot valgus with some loss of médial 
longitudinal arch. So, peroneal spasm, rigid fiat foot and 
tarsal coalition are discussed together. 

The peroneal spasm is an adaptive or acquired 
shortening of the muscle tendon unit of peroneal muscles. 
Inversion stress produce 3 to 4 beat clonus of these 
muscles. This is seen in many disorders as 

• tarsal coalition 

• osteochondral fracture 

• neoplasm adj acent to sub talar j oint (osteoid osteoma, 
osteochondroma, Trevor's disease, fibrosarcoma) 

• rheumatoid arthritis 

• infection (tubercular, mycotic). 

The relaxed position of the subtalar joint is valgus, 
which produces least strain on interosseous talocalcaneal 
ligament. Probably through an unknown mechanism, the 
peroneal muscles are stimulated to evert the hindfoot, 
thus, decompressing the subtalar joint. With time, this 
position gets fixed. Peroneal spasm is the resuit of talar 
coalition and not the cause. So, the âge old treatment of 
forceful manipulation of the hindfoot after removal of 
segments of the peroneal tendons under general 
anesthésia followed by prolonged casting is irrational. 
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Calcaneo-navicular bar 


Figs 5A and B: (A) The latéral appearance of the calcaneo- 
navicular bar, (B) an oblique anteroposterior view showing the 
calcaneonavicular bar 


Calcaneonavicular Coalition 

The bar does not ossify until âge of 8 to 12 years. Before 
this period, probably because of resiliency of cartilage, 
significant symptoms are rare. As the cartilage ossifies, 
hindfoot stiffness results and the patient's ability to 
withstand the stress of vigorous childhood activity 
déclinés. The incomplète coalitions that is fibrous or 
cartilaginous are more symptomatic (Fig. 5A and B). 

Symptoms are vague dorsolateral pain, foot pain 
centering about the sinus tarsi, difficulty in walking on 
uneven surfaces, foot fatigue, and occasionally a painful 
limp in an active adolescent. 

Physical examination may show significant réduction 
of subtalar motion with flattening of médial longitudinal 
arch. Tenderness is usually présent on sinus tarsi and 
along the course of the bar. Hindfoot valgus, peroneal 
spasm are présent. 

Diagnosis is by radiography. The 45° latéral oblique 
roentgenographic examination is most useful. The 
abnormal bar runs from anterior process of calcaneus to 
just latéral to the anterior facet dorsally and medially to 
the latéral and dorsolateral extraarticular surface of the 
navicular, usually 1 to 2 cm long and 1 to 1.2 cm wide. In 
cartilaginous bar the adjacent bony margins are indistinct 
and irregular, the talar head might appear small and 
underdeveloped. Beaking of dorsal articular margin tolar 
head is common. It should not be confused with 
prominent anterior tuberosity of calcanéum in 
adolescents and adults (pseudocoalition) 

Treatment 

• Education of family regarding hereditary nature of 

this disease. 


• A trial of reduced activity and cast immobilization is 
given for 4 to 5 weeks which may relieve symptoms 
for a variable period of time. Intermittent casting may 
be needed. 

• Use of molded firm arch support do not allow the 
adolescent to participate in the activities he or she 
enjoys, then, the surgical treatment is recommended. 

Surgical Treatment 

• Excision of calcaneonavicular bar with interposition 
of extensor digitorum brevis muscle in between raw 
surfaces. 

• Triple arthrodesis is advised for patients whose 
symptoms do not improve after above surgery and/ 
or degenerative arthritis, patients older than 14 year 
girls and 16 year boys. 1 

Talocalcaneal Coalition 

This usually ossifies between 12 and 16 years pain about 
the hindfoot on increased activity, loss of longitudinal 
arch, peroneal spasm and marked réduction of subtalar 
motion are the findings. Tenderness on the sinus tarsi, 
talonavicular joint, along the peroneal tendons, medially 
over the sustentaculum tali may be présent. 

Radiography 

The joint space is replaced by a bony bridge or the distinct 
articular margins are lost, implying a fibrous or 
cartilaginous bridge in posterosuperior oblique 
projection. It is taken with the patient standing on the 
cassette with the knees flexed. The cône is angled 
45° to the cassette and directed towards the heel (Fig. 6). 

Other roentgenographic signs that gives a corro¬ 
borative evidence are: 

• beaking of the head of the talus at the dorsal articular 
margin 

• broadening or rounding of the latéral process of the 
talus as it impinges on the calcaneal sulcus 

• narrowing of the posterior talocalcaneal joint space 

• loss of middle subtalar joint as seen on latéral view 

• latéral oblique view, anterior facet of calcanéum is 
asymmetric 

• the angulation of middle and posterior subtalar facets 
is 25 to 40° and 45 to 60° respectively to the long axis 
of calcanéum normally which is altered 

• Broaden's view (X-rays) is excellent 

• CT scan at 3 mm incréments in coronal plane 

• Rarely there is coalition of anterior facet which can 
be again confirmed by CT (Fig. 7). 

In 1948, Harris and Beath published an extensive 
description of talocalcaneal coalition in which they 
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Fig. 6: A comparison of a latéral radiographie view of normal 
foot with one of a foot with a coalition. The schematic illustration 
shows three secondary features: narrowing of the posterior 
talocalcaneal space, failure of visualization of the middle facet 
of the subtalar joint, and rounding of the latéral process of the 
talus 

attributed the difficulty in diagnosis to the coalition's 
possibly being bony fibrous or cartilaginous. The 
symptoms are similar for the both groups. Herzenberg 
et al outlined the use of CT for diagnosing talocalcaneal 
coalition. They recommended positioning the feet in 
plantar flexion and obtaining coronal CT sections from 
the posterior aspect. Kumar et al reported that CT 
scanning allowed preoperative identification of the three 
distinct types of coalitions. 14 

Treatment 

Conservative treatment: Reduced activity, 4 to 6 weeks in a 
walking cast followed by wearing of firm arch supports, 
steroid injection in sinus tarsi may be tried. 

Surgical treatment: In young patients, 9 to 12 years old, 
resection of symptomatic middle facet coalition, resection 
of bar is popular. Otherwise triple arthrodesis is the 
treatment of choice. 

When the foot is in severe, fixed valgus and the 
coalition is large and ossified, triple arthrodesis is 
recommended. 14 




Fig. 7: Asymmetry of the anterior facet of the subtalar joint in 
the latéral oblique view, a secondary sign of coalition 


In tarsal coalition for heel valgus latéral opening 
wedge osteotomy of calcanéum (Dwyer) or médial 
closing wedge osteotomy (Cain and Hyman) is also 
mentioned for relieving peroneal spasm. 
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INTRODUCTION 

The congénital vertical talus, (CVT) or convex pes valgus 
(rocker-bottom fiat foot, congénital rigid fiat foot was first 
described by Henken in 1914. 7 The first review in the 
English literature was by Lamy and Weissman (1939) 
who also suggested the name "congential convex pes 
valgus". 9 It has now been analyzed, after extensive work 
by numerous authors (Patterson et al 1968) that the 
congénital vertical talus essentially consist of a dorsal and 
latéral dislocation of the talocalcaneonavicular joint, 
together with contractures of the surrounding soft 
tissues. 12 Congénital vertical talus (CVT) must be 
distinguished from the flexible pes planus typically seen 
in infants and children. Anatomie studies hâve revealed 
abnormalities of bones, joints, ligaments, muscles, 
tendons and fascia. If the "bail and socket" concept is 
broadly considered, the bail (consisting of the head of 
the talus) is dislocated medially and downwards. The 
"socket" is composed of three structures, i.e. the posterior 
articular surface of the navicular, the anterior and the 
middle dorsal articular surfaces of the calcaneus, and the 
spring ligament. This is completed by the deltoid 
ligament medially and the calcaneonavicular segment of 
the bifurcate ligament. Once there is a break in this joint, 
not only do the bones involved become mishappen, but 
the soft tissues also contract, making réduction very 
difficult. The navicular is dislocated laterally and dorsally, 
and may be lying on the neck of the talus. The talus itself 
is vertical in orientation, and the shape of the head and 
neckbecomes oblong, especially in cases treated late. The 
dorsal muscles are pulled laterally and may be contracted, 
while the peronei and the tibialis posterior may be at 
abnormal places anterior to the malleoli. The calcaneus 
itself is plantar flexed and pushed laterally from beneath 
the talus, and the structures on its postérolatéral aspect 


are contracted. On the inferomedial side, the tibials 
posterior and planta spring ligament are elongated. 

Etiology 

Etiology is obscure. It has been considered a 
developmental anomaly, with a probable arrest of 
development at the end of second month of intrauterine 
life, when the foot fails to dorsiflex from its straight 
position. Heredity may play a rôle as this is seen in 
siblings and twins, genetic defects hâve also been 
demonstrated in these cases. Certain authors believe that 
the soft tissues are primarily at the fault, with muscle 
imbalance and contractures being instrumental in causing 
the foot deformity. 1,2 It is suffice to say that isolated cases 
of congénital vertical talus are unusual, and this condition 
is commonly associated with other problems like 
arthrogryposis, 13 Hurler's syndrome, mongolism, spina 
bifida and cérébral palsy. Viladot et al found only 5 cases 
of isolated vertical talus in over 20,000 fiat feet, on the 
other hand in cases of spina bifida, it appeared in 20 % of 
the cases. 

Pathoanatomy 

Dissection of still birth specimens has led to detailed 
descriptions of the pathology (Coleman et al 1970, 
Drennan and Sharrad, 1971). 3,4 Specimens at the birth are 
different from those of a later âge, as adaptive changes 
take place with growth which may not necessarily be 
there at birth. Architectural anomalies of the calcaneus 
hâve been demonstrated like absence of anterior facet, 
hypoplasia of middle, and facet sloping of the posterior 
facet. Talus is medially and plantaward directed, with 
hypoplasia of the neck, the sustentaculum tali is blunt. 
Initially the navicular, which is in line with the cuneiform 
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metatarsal axis, is normal, it may become deformed if it 
remains dislocated. The calcaneocuboid joint may be 
disrupted. Collosities develop beneath the anterior end 
of the calcaneus and along the médial border. 

The tendoachilles, posterior ankle capsule and 
subtalar capsule are tight, the toe flexors may be 
overactive. Tibialis posterior, peroneus brevis and longus 
may be dislocated anteriorly, contributing to the 
deformity. The anterior muscles and ligaments are 
abnormal with increased fibrous content. The 
talonavicular, interosseous, spring and calcaneocuboid 
ligament are abnormal to adapt to the bony mala- 
linement. Previous investigators believed that the 
primary problem was in the soft tissues with the bony 
changes being secondary to abnormal tension and 
positioning. 13 This is not thought to be the case now, and 
the structural and positional abnormalities of talus and 
calcaneus are considered to be the principal cause. 

Clinical Features 

The foot has a characteristic appearance similar to a boat 
(Fig. 1), with a loss of concavity on the sole and a rounded 
prominence of head of talus medially. A distinct "rocker 
bottom" foot is made out and some hâve called it a 
"Persian slipper foot". There is equinovalgus of the heel 
and abduction and dorsiflexion of the forefoot. A deep 
crease is seen laterally beneath the latéral malleolus, and 
there is relative lengthening of the médial column of the 
foot. The entire foot is rigid. 

On attempted weight bearing, there is significant foot 
pronation and the heel may not touch the ground. If seen 
at the stage when the child walks, the gait is awkward 
with poor balance. Initially the feet are not painful, but 
by the time of adolescence, pain is a feature along with 
thick callosities on the médial surface of the foot. 



Fig. 1 : Typical boat shaped appearance of foot in 
congénital vertical talus (For color version see Plate 48) 



Fig. 2: Latéral view of congénital vertical talus, showing that 
the talus is almost in line with the long axis of the tibia. Note the 
equinus of the calcaneus 


Another condition with similar findings, but without 
the rigidity of vertical talus is the oblique talus with 
talonavicular subluxation. In these cases, the foot appears 
similar to one with vertical talus, but the forefoot can be 
reduced onto the hindfoot, with the navicular being 
reduced onto talus in plantarflexion. Congénital vertical 
talus can be difficult to distinguish from severe pes 
planus, clinically x-rays will confirm. 

Radiology 

Latéral radiographs reveal the talus to be lying in line 
with the long axis of the tibia (Fig. 2). This position does 
not change in dorsi or plantarflexion. There is equinus of 
the calcaneus and its inferior surface is convex. The 
navicular is dislocated and lies on the dorsal surface of 
the neck, however, this is not easily made out before 3 
years of âge (when the ossification center appears). Before 
this âge, a line can be drawn through the long axis of the 
first metatarsal, which will point to the dorsal talar 
surface. The talar shape is distorted, with a narrowed 
waist (hourglass appearance). The AP view shows an 
increased angle between the talus and the os calcis, giving 
the appearance known as "open hindfoot scissors" 
(Fig. 3). Jaykumar (1976) 8 differentiated between the 
oblique talus and the congénital vertical talus. In the 
former, on forced plantarflexion of the foot, the 
metatarsals will corne in line with vertically alined talus, 
while in the more severe variety the break in continuity 
will persist. Another important feature, from the 
prognostic point of view is dislocation or opening out of 
the calcaneocuboid joint, this indicates that the problem 
is more severe. 
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Fig. 3: AP view of the same case showing angle between the 
long axis of the calcaneus and the talus. Note the break in the 
talonavicular joint 

Treatment 

It is important to recognize the problem early so that 
treatment can start as soon after birth as possible. Early 
management gives a small chance of the possibility of 
reducing and retaining a réduction of the talocal- 
caneonavicular joint by non-operative means. 

However, the general agreement is that in "true" 
congénital vertical talus, closed manipulation rarely 
succeeds even with forced plantar flexion, serial plaster 
of Paris (POP) casts fail to correct the deformity fully 
(Fig. 4). Previous conflicting reports in the literature 
regarding success of closed réduction are perhaps due to 
a wide spectrum of conditions that présent as congénital 
vertical talus. These may range from the supple feet that 
resemble calcaneovalgus feet (which can be helped) to 
the markedly rigid feet found in arthrogryposis. 

Closed Manipulation 

Although it rarely corrects the rigid type of case, 
manipulation has some benefit because it stretches the 
soft tissues and provides a more supple foot at the time 
of surgical correction. As the infants grows, the contracted 
soft tissues mainly exert their forces on the latéral column 
of the foot, causing a relative slowing of growth on this 
side. This leads to adaptive changes in the bones and 



Fig. 4: Latéral view of an arthrogrypotic case, having severe 
bilateral congénital vertical talus 


further contractures of the soft tissues, leading to a rigid 
foot later on. 

Thus, it is important that manipulations be started at 
birth and serial POP casts applied to minimize the 
problem. Manipulation is done intermittently (20 minutes 
twice a week for 6 weeks, then once a week) with the 
force directed in an opposite direction to that in congénital 
talipes equino valus (CTEV). The thumb is placed on the 
head of the talus and tried to reduce it, while the fingers 
and the other hand attempt to plantarflex, adduct and 
invert the forefoot. This is done repeatedly and a POP 
cast is applied in maximally corrected position, which is 
changed weekly. Long leg casts are applied for a 
minimum period of 2 months before any attempt is made 
to reduce the hindfoot equinus. If a réduction is achieved, 
POP casting should be continued for 3 to 4 months 
subsequently. 

In a recent study, Marcuende et al 10 reported excellent 
results using non-operative method and none of the 
children in this study required extensive soft tissue 
release. In this study, weekly manipulations were done 
to plantarflex, adduct and invert the forefoot by giving 
counterpressure at the head of talus followed by cast 
immobilization. As talonavicular réduction was achieved, 
it was fixed by a k-wire and percutaneous tenotomy was 
done to correct the hindfoot equines to achieve full 
correction. 

Cases which do not reduce by the third month, or are 
seen late after this âge, generally do not respond to 
manipulation and will require open réduction. However, 
repeated manipulations and POP cast will still help in 
stretching the soft tissues, if the patient is seen prior to 
walking âge. 

Surgical Treatment 

Since this problem is essentially a dorsal and latéral 
dislocation of the talocalcaneonavicular joint, along with 
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adaptive bony cartilage and soft tissues changes, 
correction of the deformity involves addressing ail the 
deformed and contracted structures. The operative 
procedures described vary from simple soft tissue releases 
to bony resections, the surgery can be done in one or two 
stages, and the incisions used in the one stage procedure 
can be single or double (médial and latéral). 3,11,14,15 The 
surgical procedure also dépends upon the âge at the time 
of treatment. Under one year of âge, dorsolateral release 
and accurate positioning of the talar head is advocated. 
Tendon transfers (tibialis anterior to talar neck after 
réduction is obtained, and peroneus brevis to insufficient 
tibialis posterior) are used by those who believe in the 
neuromuscular etiology, (Duckworth and Smith, 1975). 5 
After the âge of three years, it is better to do a subtalar 
arthrodesis along with the primary réduction, as the 
abnormal facets of calcaneus are unable to hold the talus. 
In older patients, partial or total talectomy has also been 
advocated (Lamy and Weissman,1939). 9 As the médial 
column is felt to be elongated, Eyre-Brook (1967) has 
excised the navicular in an attempt to gain réduction, and 
combined with this médial and inferior talar release. 6 
Clark et al reported satisfactory results with navicular 
excision, ail but one of 15 feet were asymptomatic, but 8 
patients were incompletely corrected at the middle of the 
foot. There was significant remaining forefoot abduction 
in 6 patients, and three out of seven feet where TA 
lengthening was done had persistent equinus. The exact 
surgery indicated is determined by the âge of the child 
and the severity of the deformity. Children 1 to 4 years 
old generally are best treated by open réduction and 
realignment of the talonavicular and subtalar joints. 
Occasionally in children aged three years or older with 
severe deformity, the navicular requires excision at the 
time of open réduction. Children 4 to 8 years old can be 


treated by open réduction and soft tissue procedures 
combined with extraarticular subtalar arthrodesis if 
necessary. Children 12 years and older are best treated 
by triple arthrodesis for permanent correction of résistant 
deformity. Children 4 to 8 requires subtalar fusion in 
addition to open réduction. Children 12 years and older 
are best treated by triple arthrodesis for permanent 
correction of résistant deformity. For a young child with 
a mild or moderate deformity, the technique of Kumar 
et al is recommended. 

Technique of Single Stage Open Réduction 
(Figs 5 A and B) 

As advocated by Goldner, two separate incisions are 
used. A postérolatéral incision is used to lengthen the 
tendo-Achilles, peroneal tendons and the contracted 
ankle and subtalar capsules are released. The common 
toe extensors and some fibrous bands, if présent on the 
dorsum, are excised. A médial incision, centered on the 
talus, extending from the proximal third of first 
metatarsal to the tip of the médial malleolus is made, and 
the tibialis posterior tendon is traced to the navicular. A 
flap can be made from the talonavicular capsule, which 
facilitâtes support of the final réduction. The navicular is 
released from its position atop the talar head, the latéral 
portion of the bifurcate ligament is eut and the spring 
ligament is eut and tagged. The tibialis posterior is 
sectioned and tagged. Talar réduction is achieved after 
ensuring complété cutting of the subtalar joint capsule, 
by levering the talar head upwards and laterally, while 
plantar flexing and inverting the hindfoot and forefoot. 

The interosseous talocalcaneal ligament may need 
sectioning, but should be avoided to prevent avascular 
necrosis (AVN) of the talus. After ensuring good 



Figs 5A and B: (A) Severe congénital vertical talus: the foot was very stiff-Rocker bottom foot, and 
(B) correction of the foot by reducing the talocalcaneonavicular joint (Courtesy: G.S. Kulkarni) 
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réduction, the head of the talus is redislocated, and a K- 
wire is drilled through it to emerge posteriorly, this is 
pulled out so that it does not project beyond the articular 
cartilage of the talar head, and the réduction is then 
obtained. The K-wire is driven forward into the navicular 
and the cuneiform. Occasionally a second K-wire may 
be needed to hold the talocalcaneal articulation, the spring 
ligament and the talonavicular capsular flaps are now 
advanced and sutured under tension. The tibialis- 
posterior is drawn forward and sutured under tension 
on the plantar surface of navicular tuberosity. The wound 
is closed in layers and a POP cast is applied with the foot 
in plantigrade position. The K-wire is removed at 6 weeks, 
and serial POP casts are continued for a minimum period 
of 4 to 6 weeks. 

Two Stage Procedure 

This was recommended by Coleman et al (1970) and also 
by the doctors at the Hospital for Sick Children in 
London. 3 This procedure is done in two stages along with 
a subtalar bone block, although this maintains correction, 
it will invariably limit subtalar motion. The first stage 
consists of correcting the forefoot deformity which is done 
through a latéral incision centered over the sinus tarsi, 
extending posteriorly to peroneal tendons and anteriorly 
to tibialis anterior. Tendons are lengthened by Z-plasty, 
and capsular resections are done. The navicular is 
properly reduced and fixed with a K-wire. Through a 
second incision is over the distal fibula, a 2.5 cm piece is 
removed and a Grice extraarticular subtalar arthrodesis 
is performed. Long-leg-cast is applied, and after 6 to 8 
weeks posterior release is done through a médial 
approach, lengthening the TA, releasing posterior ankle 
capsule, pilcating the spring ligament and advancing the 
tibialis posterior plantarward. POP cast is applied and 
continued for 2 to 4 months. 

Whatever form of open réduction is done, the 
potential for AVN of the talus exists, and surgical 
dissection should be meticulous and handling should be 
gentle. Récurrence of deformity is invariably due to 
inadéquate correction, and this can be often seen in the 
immédiate postoperative period. AP and latéral 
radiographs should be taken in the operating theater to 
confirm that the navicular is completely reduced on to 
the talus, and K-wire fixation is essential in ail cases to 
hold the correction. Lately, single stage procedure is being 
preferred because incidence of long term complications 
such as avascular necrosis of talar head and récurrence 
is much less as compared to two stage procedure. 11,15 

Despite the caution that early diagnosis and early 
operation are idéal for good end results, it is important 


to remember that surgery should not be done in children 
with chromosomal defects who are unlikely to survive 
past childhood. 

Treatmentof Congénital Vertical Talus by 
Manipulation by Ponseti Technique 

Idiopathic congénital vertical talus can be treated a new 
method of serial manipulation. A new method of 
manipulation and cast immobilization, based on 
principles used by Ponseti for the treatment of clubfoot 
deformity. Manipulation is followed by pinning of the of 
the talonavicular joint and percutaneous tenotomy of the 
Achilles tendon. However the forces applied are in 
exactly the opposite direction to that of club foot. 

Ail components of the deformity are corrected 
simultaneously, except for the equinus, which should be 
corrected last. 

Technique of manipulation by Ponseti Method 
(Matthew B. Dobbs) 

1. Plaster Cast: It is crucial for the manipulation that the 
treating physician be able to palpate the head of the talus. 
The thumb of one hand is placed on the head of the talus 
and pushed laterally, calcaneus will slide from a valgus 
to a varus position under the talus (Figs 6A and B). After 
two to three minutes of gentle manipulation, a thin, 
wellmolded long leg plaster cast is applied over a 
thin layer of soft cotton in two sections. The tightness of 
the ligaments gradually decreases during cast 
immobilization. 16 

During the plaster cast application, an assistant holds 
the thigh with one hand and holds the toes with the 
thumb and index finger of the other hand, maintaining 
the knee in 90° of flexion. A two-inch-wide (5.1-cm-wide) 
roll of soft cotton is wrapped by the treating orthopedist, 
starting at the toes and proceeding to the proximal part 
of the thigh. Only a thin layer of cotton is applied so that 
the physician can still easily palpate the osseous 
landmarks in the foot, which allow careful molding of 
the plaster cast. A two inch (5.1-cm) fast-setting plaster 
bandage, moistened in lukewarm water but not wrung 
out, is wrapped over the cotton, starting at the toes and 
ending distal to the knee. Keeping the plaster very moist 
allows better molding than if the plaster dries while it is 
being applied. The plaster is smoothed with one hand 
after every wrap around the foot and ankle, which also 
optimizes the ability to obtain a good mold. One roll of 
two-inch (5.1-cm) plaster is enough to cover the leg in 
most infants and children of less âge, a three-inch 
(7.6-cm) plaster may be used. One should avoid the 
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Figs 6A and B: Manipulation of idiopathic congénital vertical talus. Thumb is placed 
on the head of the talus on the médial side and fingers are above the ankle. The foot 
is stretched into plantar flexion and inversion while counterpressure is applied with 
the thumb to the médial aspect of the head of the talus 


temptation to put on more plaster; a thicker cast is more 
difficult to mold. The plaster should be wrapped around 
the assistants fingers to prevent the cast from being too 
tight on the toes. 16 

The foot is held by the assistants in the position 
achieved earlier by gentle manipulation while the plaster 
cast is applied. It is important for the assistant to hold 
the foot in the position achieved by manipulation as the 
cast is applied. If the orthopedist has to manipulate the 
foot into position after the plaster is applied, then the 
cast mold will be poor and there is a potential for pressure 
sores under the cast. The treating physician then takes 
the foot from the assistant and carefully molds the plaster 
cast. The assistant should place a hand on the knee and 
should provide slight countertraction as the orthopedist 
molds the foot into equinus and adduction. The cast is 
gently molded over the malleoli as well as over the head 
of the talus and the arch and above the calcaneus. It is 
important that these areas are molded precisely to avoid 
creating pressure sores. Once the plaster has set, the cast 
is extended above the knee, covering the thigh, with the 
knee in 90° of flexion. A single three-inch (7.6 cm) plaster 
bandage is usually enough to complété the longleg 
portion of the cast. 16 

Four to six plaster casts, changed weekly following 
gentle manipulations, are necessary to loosen the dorsal 
and latéral ligamentous structures of the tarsus. With each 
successive cast, the foot is brought into more equinus, 
hindfoot varus, and forefoot adduction. In the last cast. 


prior to any surgical intervention, the foot should be in a 
position of maximum plantar flexion and inversion to 
ensure adéquate stretching of the contracted dorsolateral 
tendons, joint capsules, and skin (Fig. 7). A latéral 
radiographs of the foot should be made while the limb is 
in the cast to ensure réduction of the navicular on the 
head of the talus. As the navicular is not ossified in infants, 
an indirect radiographie measurement (the talar axis-first 
metatarsal base angle on the latéral radiograph) is used. 16 

2. Kirschner Wire Fixation ofthe Talonavicular Joint: A week 
after the last plaster cast, if the talus joint has been reduced 



Fig. 7: The foot is in maximum adduction before pinning the 
talonavicular joint and lengthening the Achilles tendon 
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Fig. 8: When the talonavicular joint is reduced a K-wire is 
passed from navicular into talus to maintain the réduction and 
tendo-achilles is tenotomised 

in the plaster cast for a Kirschner wire is inserted from 
the navicular into the talus, to hold the talonavicular joint 
in the reduced position. 16 

3. Percutaneous Tenotomy ofthe Achilles Tendon: Once the 
talonavicular joint is reduced and stabilized with 
Kirschner wire, a percutaneous tenotomy of the Achilles 
tendon is carried out to correct the equinus deformity. 
The tenotomy is required both in cast manipulation or in 
open réduction 16 (Fig. 8). 

REFERENCES 

1. Adelaar RS. Vertical talus. In Gould JS (Ed). The Foot Book 
Williams and Wilkins: Baltimore, 1988. 

2. Bentley G, Shearer JR. The foot and ankle. In Duthie RB, Bentley 
G (Ed) Mercer's Orthopaedic Surgery (9th ed) Arnold: London 
1996;1199-1201. 


3. Cloman SS, Sterling FH, Jarrett J. Pathomechanics and treatment 
of congénital vertical talus. Clin Orthotop Rel Res 1970;70:62-72. 

4. Drennan JE, Sharrad WJW. The pathologie anatomy of convex 
per valgus. JBJS 1971;53B:455. 

5. Duckworth T Smith TWD: The treatment of paralytic convex pes 
valgus. JBJS 1974;54B:305. 

6. Eyre-Brook A. Congénital vertical talus. JBJS 1967;49B:618. 

7. Henken R. Contribution aTetude dos formes osseuses due pied 
plat valgus congénital. These de Lyon, 1914. 

8. Jaykumar S. Vertical and oblique talus—a scientific dilemma. 
Scientific exhibit: American Academy of Orthopaedic Surgeons, 
1976. 

9. Lamy L, Weissman L. Congénital convex pes valgus. JBJS 
1939;21:79. 

10. Morcuende JA, Dobbs MB. Early results of a new method of 
treatment for idiopathic congénital vertical talus. JBJS 2006;88A: 
1192. 

11. Mazzoca AD, Thompson JD. Comparasion of the posterior 
approach versus the dorsal approach in yhe treatment of 
congénital vertical talus. JPO 2001;21(2):212. 

12. Patterson WR Fitz DA, Smith WS: The pathologie anatomy of 
congénital pes valgus, post mortem study of a newborn infant 
with bilateral involvement. JBJS 1968;50A:458-66. 

13. Robbins H. Congénital vertical talus and arthrogryposis. Jahss 
848-863. 

14. Schrader LF, Gilbert RJ, Skinner S, et al. Congénital vertical talus. 
Surgical correction by a one stage médial approach. Orthopaedics 
1990;13:1233-36. 

15. Stricker SJ, Rosen E. Early one stage reconstruction of congénital 
vertical talus. Foot Ankle 1997;18:535. 

16. Matthew B. Dobbs, Derek B. Purcell, The Journal of Bone and 
Joint Surgery JBJS, Ed. by Robert W. Buholz, Pub. by The British 
Editorial Society of Bone and Joint Surgery vol. 89-A supplément 
2, Part I JBJS ORG;2006:111-119. 




INTRODUCTION 

The synonyms for pes cavus are claw foot, pes arcuatus, 
and hollow foot. The cavovarus foot appears in 
childhood, as a complex deformity. In most cases, it is 
due to a progressive neuromuscular disorder causing a 
muscle imbalance which leads to the varus or a cavovarus 
deformity of the foot. This may be an intrinsic or extrinsic 
muscle defect (Figs IA to C). 

Pes cavus is a foot with excessively high longitudinal 
arches for which there are many causes and an uncertain 
prognosis. The bare foot should be examined. On weight 
bearing the foot maintains the arch and fails to flatten 
out. The prédominant deformity in pes cavus may be in 
the hindfoot, the forefoot, or a combination of both. If 
there is pes cavus the center of the outer longitudinal arch 




Figs 1A to C: Cavovarus deformity of the left foot (For color version see Plate 48) 
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does not touch the floor. It is now recognized that the 
majority of patients with pes cavus hâve developed the 
deformity because of bone or neurological diseases. 

Pathogenesis and Biomechanics 

There is little doubt that cavo varus deformity is caused 
by muscle imbalance. However, there is controversy 
about the muscle involved in causing the imbalance. It is 
suggested that there is weakness of the tibialis anterior 
and intrinsic muscles of the foot with the tibialis posterior 
and peroneals having normal strength. The triceps surae 
also is weak and may be contracted. The first metatarsal 
drops. The long toe extensors attempt to assist the weak 
tibialis anterior in dorsiflexing the foot. The 
hyperextended toes, however, also contribute to 
metatarsal plantar flexion by a windlass like mechanism. 
The plantar aponeurosis normally functions as a windlass 
mechanism to elevate the longitudinal arch, plantar flex 
the metatarsals, and invert the calcaneus. In the cavus 
foot, ail three of these conditions are présent permanently, 
and the plantar aponeurosis becomes contracted. 
Aduction of the forefoot with hindfoot varus is commonly 
seen. The unopposed peroneus longus also contributes 
much to this deformity. 

The contracture of the plantar aponeurosis as well as 
the intrinsic muscles is predominantly a secondary 
process. However in many cases, there is no weakness of 
tibialis anterior at ail. 

As the forefoot deformity becomes more rigid in 
pronation, the hindfoot must supinate into a varus 
position. Weight bearing is then through a tripod 
mechanism, bearing weight on the heel and on the first 
and the fifth metatarsal heads. On weight-bearing area 
beneath the metatarsal heads and heel pad is decreased, 
leading to substantially higher plantar pressures in both 
locations. The subtalar joint axis is more vertical. 
Although initially supple, with time the hindfoot varus 
deformity become fixed. The claw toe deformity also 
tends to progress, although its severity is variable, or claw 
toe deformity may not be présent at ail. 

Another theory is that, in an attempt to compensate 
for the paralysis of the peroneus brevis muscle, the 
peroneus longus hypertrophies and overpowers the 
action of the anterior tibial muscle. 

Duchene believed the mechanism of clawing of the 
foot to be similar to that of the claw hand seen foliowing 
paralysis of the intrinsic muscles of the hand. 

However, Garceau and Brahms demonstrated the 
importance of functioning intrinsic muscles in the 
production of pes cavus and pes cavo varus. 

Tachdjian summarises, 7 the exact pathogenesis of pes 
cavus is not known. Diverse factors may be operative in 


it. In some cases, equinus forefoot may be the primary 
deformity, in others, clawing of the toes, and occasionally, 
inversion of the hindfoot. Pes cavus is a manifestation of 
neuromuscular disease unless provided otherwise. 8 
Therefore, it is impérative that the following studies be 
performed to détermine various possible etiological 
factors (i) a thorough family history (which should 
include foot examination and neurologial assessments of 
the siblings and parents, (ii) a muscle examination to rule 
out paralytic disease, (iii) a thorough neurological 
évaluation (often it is best to obtain consultation with a 
pédiatrie neurologist), (iv) radiography of the entire spine, 

(v) nerve conduction and electromyographic studies, and 

(vi) in selected cases when indicated, lumbar puncture, 
myelography, computed tomography and MRI of the 
spine. 

Types of Deformities 

The spectrum of pes cavus deformity ranges from a mild 
cavus foot, with flexible claw toes as the only significant 
clinical problem, to a severe rigid deformity with altered 
weight bearing, callosities, latéral ankle laxity, stress 
reactions and pain. 

The Hindfoot: A hindfoot cavus describes an elevated pitch 
of the long axis of the calcaneus which is usually greater 
than 30 degrees in a cavus foot. Pure hindfoot cavus is 
now less common. Elevated calcaneal pitch is usually 
encountered as a component of a combined deformity in 
the idiopathic cavus foot with no clear neurologie cause. 

The Forefoot: A forefoot cavus describes plantar flexion of 
the metatarsal and is usually more pronounced along the 
médial column. Forefoot is usually adducted. The first 
metatarsal drops and toes clawed. Initially the clawing 
is flexible gradually it progresses and flying becomes 
rigid. 

The Metatarsophalangeal Joint: The toe extensors serve to 
hold the metatarsal heads in a plantar flexed position. 
The fiat pad is displaced and its cushioning effect is 
reduced. In the hindfoot the calcaneus is elevated and is 
almost vertical in a calcaneus deformity due to severe 
weakness of gastrosoleus in poliomilatrus. 

Soft Tissues: The plantar aponeurosis commonly develops 
a contracture with time in ail forms of cavus foot. It is 
important to remember that anatomically the plantar 
aponeurosis is much more stout on the médial aspect 
of the foot. The plantar aponeurosis is stronger on the 
médial side. The contracted plantar aponeurosis holds 
the longitudinal arch in an elevated position but also 
holds the forefoot adducted and keeps the calcaneus 
inverted. 
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TABLE 1 : Etiology of pes cavus 


1. Congénital 

2. Neuromuscular 

A. Afflictions of peripheral nerves and 
lumbosacral spinal nerve roots 

B. Anterior horn cell disease of spinal cord 

C. Long tract and central disease 

D. Muscle disease 

3. Traumatic 


1. Idiopathic cavus foot 

2. Residual of club foot 

3. Arthrogryposis 

1. Charcot-Marie-Tooth disease 

2. Spinal dysraphism 

3. Polyneuritis 

4. Intraspinal tumor 

1. Poliomyelitis 

2. Spinal dysraphism 

3. Diastematomyelia 

4. Syringomyelia 

5. Spinal cord tumors 

6. Spinal musculature atrophy 

1. Friedreich's ataxia 

2. Cérébral palsy 

1. Muscular dystrophy 

1. Residual of compartment syndrome 

2. Severe burn 

3. Malunion of fractured foot 


Etiology (Table 1) 

The commonest cause in the west cavus foot is Charcot- 
Marie-Tooth disease that does not so common in India. 

1. Congénital pes cavus is very rare 

2. Idiopathic: Pes cavus is known as idiopathic, when 
there is no evidence of any nervous lésion, gradually 
the cavus deformity increases. The plantar fascia 
becomes taut and stands out as a band when the 
foot is stretched. 

3. Spinal cord: Myelomeningocele, diastematomyelia 
and cord tumors 

4. Spinal dysraphism: Pes cavus in spinal dysraphism is 
due to paresis of the muscles. When the surgery is 
performed on the spine for this condition, the pes 
cavus may gradually disappear. It is inadvisable to 
operate on the cavoid foot until the end resuit of 
décompression of the cord is known 

5. Poliomyelitis: Pes cavus may develop when there is 
weakness of the dorsiflexors with normal plantar 
flexors. It is often associated with equinus deformity 
due to contracture of the calf muscle and of weak 
dorsiflexors 

6. Spastic paralysis: Cérébral palsy, spastic hemiplegia 

7. Scarring of the sole: Scarring after trauma, burns or 
infection of the sole is a rare cause of pes cavus 

8. Compartmental syndrome: Volkman's ischemia of 
muscles complicating fracture of the shafts of the 
tibia and fibula leads to contracture which usually 


produces equinovarus, but the deformity may be 
almost entirely cavus. This requires treatment by soft 
tissue release. Telltale evidence of compartment 
syndrome is clawing of toes. The tarsal bone adapts 
to the cavus deformity. The calcaneus becomes 
elevated and later inverted. The talus becomes 
wedge-shaped. Clawing to toes foliows the cavus 
deformity 

9. Arthrogryposis multiplex congenita is a rare cause 
of pes cavus 

10. Muscular dystrophy: Particularly the distal type may 
cause cavus deformity 

11. Hyterias in which, when the position of pes cavus is 
maintained constantly for prolonged periods, 
permanent contracture and fixed deformity may 
develop. 

There are various types of pes cavus that should be 

distinguished. 7 

1. Simple pes cavus: Here medially and laterally columns 
of the forefoot are equal with normal heel 

2. Pes cavovarus: There is a marked first metatarsal drop. 
The forefoot is in varus 

3. Calcaneocavus deformity: In this the flaccid paralysis in 
hindfoot is in calcaneus position and forefoot is in 
equinus position. 

4. Pes equinocavus: Secondary to contracture of the 
tendoachilles. 
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TABLE 2: Pes cavus-five grades of deformity related to treatment (as suggested by J Fitton) 3 

Grade 

Clinical features 

Cavus deformity 

Toes 

Treatment 

1. Mild mobile 

Normal 

Erect 

Conservative 

2. Mild to moderate 

Deformed 

Erect 

Plantar fasciotomy 

Fixed 

Mobile 


or Steindler operation 


Inverted 


Calcaneal osteotomy 
and plantar 
release 

3. Moderate fixed 

Deformed 

Erect 

Steindler 


Early 


operation and 


Stiffness and 


tendon transfer 


callosity 

formation 

Inverted 

Calcaneal 




osteotomy, plantar 
release and tendon 




transfer. 

4. Moderate to 

Deformed 

Erect 

Tarsectomy "V" 

severe 

Fixed 


Midtarsal wedge osteotomy 


Callosities 

Inverted 

Triple arthrodesis 

5. Severe 

Deformed 

Fixed 

Callosities 

Skin blue 


Triple arthrodesis 


Equinus deformity unrelated to grade is treated as a secondary procedure 


Clinical Examination 

Examination of the patient should be done in the prone 
position. This is the best position to observe inversion of 
the heel and equinus deformity at the ankle joint. Foot 
should be examined on weight bearing. Presence or 
absence of clawing of toes and their degree are noted. 
Painful callosities and adventitious bursa are examined 
for. A through neurological examination is important. Ail 
the muscle should be examined to assess the strength. 
The joints must be examined for suppleness. 

Coleman's test 1 Evaluation of the rigidity of the hindfoot 
varus is based on the block test proposed by Coleman 
and Chestnut 1 in 1977 (Figs 2A to C). One must détermine 
whether the rigid forefoot pronation is accompanied by 
a rigid hindfoot varus. Rarely, a rigid hindfoot with a 
supple forefoot may occur. A 1 to 1.5 inch wooden block 
is placed under the heel and latéral border of the foot, 
with the first metatarsal hanging free to neutralize the 
forefoot pronation. During weight bearing, a hindfoot 
that returns to a neutral or valgus position is flexible, 
whereas a hindfoot that remains in varus is considered a 
rigid deformity (Table 2). 


Radiology 

The study of radiographs of the foot has six objectives: 

1. To assess the total amount of cavus 

2. To détermine the distribution of deformity in the j oints 
of the foot 

3. To recognize variations in the shape of the bones 

4. To measure the degree of correctability 

5. To assess the amount of bone which must be removed 
to correct deformity by wedge transectomy 

6. To recognize equinus deformity at the ankle joint. 
Weight-bearing anteroposterior and latéral 

radiograms of the feet are made. First cuneiform is usually 

of the apex of the pes cavus. 

1. Hibbs method : Hibbs measures the angle formed 
between two lines drawn through the centers of the 
longitudinal axes of the calcaneus and the first 
metatarsal 

2. Meary method: Meary measures the angle formed 
between two lines drawn through the centers of the 
longitudinal axes of the talus and the first metatarsal 
(Figs 3A to C). 
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Figs 2A to C: Test to détermine hindfoot flexibility in cavovarus 
foot (Coleman's cavovarus test): (A) Posterior view of feet, 
standing. Note the varus deformity of the right heel, and (B and 
C) posterior and anterior views of the right foot, standing. The 
heel and the latéral border of the foot are bearing full weight on 
a block 2.5 cm thick, whereas the first through third metatarsals 
are plantarflexed into pronation. (Adopted from Tachdjian MO, 
Pédiatrie Orthopaedics (2nd ed.)) 

Cavus is measured from lines drawn through the long 
axes of the calcaneus and first metatarsal. Normally, angle 
is 135 degrees. In pes cavus the angle decreases. 

The cavus can also be quantitated by Meay's angle, 
the angle between the long axis of the first metatarsal 
and the long axis of the talus. 

Latéral radiographs of the foot weight bearing and 
nonweight bearing serve to assess correctability, the size 
of wedge to be removed by wedge osteotomy and the 
amount of hindfoot equinus. 


Figs 3A to C: Methods of measuring the degree of pes cavus 
in the standing latéral radiograph of the foot: (A) In the normal 
foot, the longitudinal axis of the talus is parallel with that of the 
first metatarsal, (B) Meary measures the angle formed between 
lines drawn through the centers of the longitudinal axes of the 
talus and the metatarsal, and (C) Hibbs measures the angle 
formed between two lines drawn through the centers of the 
longitudinal axes of the calcaneus and the first metatarsal. 
(Adopted from Tachdjian MO: Pédiatrie Orthopaedics (2nd ed.)) 

Treatment 

The nonoperative management of the cavovarus foot has, 
in general, been unsuccessful in correcting or preventing 
progression of the deformity. No treatment is required 
when there are no symptoms. When the foot is supple, 
nonoperative treatment such as passive stretching of the 
foot, exercises and the use of metatarsal bar on the shoe 
are indicated. 
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A supportive insole with a 1 cm pad just behind the 
metatarsals is placed in the shoe to relieve pressure from 
the metatarsal heads and redistribute the weight. 

Before surgery the following factors must be carefully 
considered. 

- The location of the apex of cavus deformity. 

- The type of pes cavus. 

- The position and suppleness of the hindfoot 

- The deformity of the toes 

- Forefoot supple or rigid 

- The shoe wear 

- Strength of the muscles 

- Stability of the neurological status 

- Age of the patient and skeletal maturity. 

Surgical procedures fall into three groups: (i) soft 

tissue procedure (plantar fascial release, tendon release 
or tendon transfer), (ii) osteotomy (metatarsal midfoot 
or calcaneal), and (iii) bone-stabilizing procedure (triple 
arthrodesis) (Figs 4A to C). 

Which procedures to use is determined by three 
factors: (i) the etiology of the deformity, (ii) the âge of the 
patient, and (iii) the nature of the deformity. The child 
younger than eight years of âge usually has supple 
hindfoot and responds to soft tissue releases and 
appropriate tendon transfers. If the child is younger than 
12 years of âge and has a rigid hindfoot, a radial plantar- 
medial release or a calcaneal osteotomy may provide 
correction. The Hoke triple arthrodesis is reserved for the 
child older than 12 years of âge. 2 A child with successful 
soft tissue releases or limited ostéotomies will often 
require a triple arthrodesis at maturity because of 
progression of the neurological disease or persisting 
muscle imbalance about the foot. 

In general, operative measures should be delayed 
until several periodic examinations hâve ruled out 
progressive neuromuscular déficit. As a rule, surgical 
correction of pes cavus should be executed in stages in a 
systematic, progressive approach. 

1. The first step of surgery is to release the tight plantar 
soft tissue (Steindler procedure) 

2. If the hindfoot is flexible as determined by Coleman 
test tendon transfers to correct the metatarsal drop 
by modified John's operation, correct the inversion 
by appropriate tendon transfer. 

If the foot is rigid and the hindfoot is stiff, the bony 
procedures are required. If necessary bony procedure is 
foliowed by tendon transfers. 

Soft Tissue Procedure 

The keystone procedure is an extensive plantar release, 
by Steindler's operation. Access is rather easier through 
a médial incision. Unless the cause of the cavus deformity 



Figs 4A to C: Technique of “beak” triple arthrodesis for 
correction of severe pes cavus deformity. Médial and latéral 
incisions are employed for exposure of the subtalar, 
talonavicular, and calcaneocuboid joints. With the exception of 
the head of the talus, ail joint surfaces are denuded of hyaline 
cartilage as in an ordinary triple arthrodesis. A dorsal-based 
wedge is removed from the calcanocuboid joint and navicular 
bone. The plantar half or one third of the talar head-neck is 
resected to form a beak. Care is taken not to disturb the soft 
tissues in the superior aspect of the talus and anterior part of 
the ankle joint: (A) The lines of osteotomy are indicated, 

(B) The area of bone resected is shown by hatched areas, and 

(C) The final resuit demonstrating correction of the cavus 
deformity. Note that the forefoot is displaced plantarward and 
locked under the talar beak. (Adopted from Tachdjian MO: 
Pédiatrie Orthop (2nd ed)) 

is removed, this operation is liable to be followed by 
relapse. 

Tendon transfer : It is used to balance the previously 
corrected foot. Tibialis posterior may be transferred into 
the oscalcis for a calcaneus deformity, or it can be 
transferred anteriorly when there is peroneal and anterior 
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tibial weakness as in Charcot-Marie-Tooth disease. This 
tendon is transferred anteriorly through the interosseous 
membrane to the middle or third cuneiform. In some 
cases of anterior tibial weakness, and weak peroneus 
brevis a normal peroneus longus can be transferred to 
the peroneus brevis. In progressive neuromuscular 
disease, tendon transfers are not usually sufficient, and a 
young child may later require triple arthrodesis. 

After appropriate tendon transfers to correct the 
muscle imbalance, bony procedures such as ostéotomies 
or arthrodesis are considered. 

Steindler Plantar Fascia Release Procedure 

In a cavus foot plantar fascia is contracted. It needs to be 
release along with other procedures. Incision is made on 
the médial side. The origin of the plantar fascia is 
transected while tension is being applied to it by 
dorsiflexing the MTP joints. After releasing the plantar 
fascia, the surgeon palpâtes along the médial aspect of 
the foot, particularly in a severely deformed case, to 
release the superficial and deep fascia surrounding the 
abductor hallucis muscle. This is a very important part 
of the release, particularly in cases involving significant 
adduction of the forefoot. 

Jones procedure: The procedure is used to correct a 
hyperextension deformity of the first MTP joint caused 
joint caused by weakness of the tibialis anterior. 

1. EHL tendon is inserted into the neck of the first 
metatarsal 

2. Correct the deformity and interphalangeal joint 
arthrodesis is done 

3. Peroneus longus is transferred peroneus brevis when 
peroneus brevis and tibialis anterior are week in CMT. 

Bony Procedures 

Ostéotomies: Proximal osteotomy of the first metatarsal 
osteotomy proximally corrects the deformity. First 
metatarsal osteotomy is not carried out as an isolated 
procedure but as part of a more comprehensive cavus 
foot correction. In the patient with very mild deformity, 
sometimes only a plantar fascia release and dorsiflexion 
osteotomy of the first are required. More often, however, 
a calcaneal osteotomy, plantar fascia release, and first 
metatarsal osteotomy are done together. The first-toe 
Jones procedure may be associated with other procedure. 
Bony procedures to correct forefoot equinus deformity 
are (i) dorsal tarsal wedge osteotomy, and (ii) lambrinudi 
arthrodesis. 

Midtarsal Ostéotomies: Various type of midfoot 
ostéotomies hâve been proposed for the patient with a 


forefoot equinus or anterior cavus deformity with the 
apex located at Chopart's joint. The foliowing are the 
midtarsal ostéotomies. 

1. Cole osteotomy 

2. Japas osteotomy 

3. Close wedge mid foot osteotomy. 

1. Cole osteotomy: Cole osteotomy, which consists of 
removing a dorsal wedge of bone from the navicular, 
cuneiforms, and cuboid. 

2. Japas V-shaped osteotomy: Japas developed a V- 
osteotomy which is done within the tarsal bone. The 
distal portion is then depressed to allow the forefoot 
to be brought out of its equinus position. Japas 
tarsectomy corrects only up to 20 degrees. Therefore, 
it is reasonable to use Japas operation for mild to 
moderate deformity, and dorsal wedge triple 
arthrodesis for more severe deformity. 4 (Fig 5A to C). 

3. Midfoot osteotomy : In mid foot ostéotomies a dorsally 
based wedge of bone is taken from ail the cuneiform 
bones and cuboid then the osteotomy is closed. A good 
correction is achieved. This procedure is usually 
combined Steindler's and Johns procedures. I prefer 
this procedure because of the following advantages. 

1. The correction is done at the apex of the deformity 

2. It does not involve the important intraarticular 
fusions such as navicular calcaneocuboid joints. 
Midtarsal osteotomy involves the inter-cuneiform 
joint and cuneiform cuboid joints which are not 
important for movements of the foot. 

3. With midtarsal osteotomy equinus, varus, valgus 
or combination is satisfactorily corrected. Normal 
hind foot forefoot relations can be restored. 

4. Sears are on the latéral or médial side, therefore 
not visible scars are small. 

Procedure 

The procedure is performed by one to three small 
incisions. One medially on the médial cuneiform, second 
laterally on the cuboid, third on the dorsum from the head 
of talus. The bones are subperiosteally exposed. Wedges 
are removed and the osteotomy is closed by dorsiflexion 
of the forefoot. 

Dwyer's calcaneal osteotomy: Patients with a moderate-to- 
severe cavus deformity usually hâve a varus deformity 
of the calcaneus. A fixed varus deformity is treated with 
the latéral closing wedge calcaneal osteotomy described 
by Dwyer. If the patient lacks adéquate dorsiflexion and 
has a high calcaneal pitch angle (a hindfoot cavus), a 
Samilson osteotomy is carried out to allow the calcaneal 
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Fig. 5A: Pes cavus treated by midtarsal osteotomy with 
wedge based dorsally 



Fig. 5C: After closing the wedge full correction of the 
deformity is achieved without disturbing the mobile joints 



Fig. 5B: Midtarsal osteotomy dorsal view 


displacement and dépréssion of the proximal end of the 
forefoot segment under the head and neck of the talus. 5 

Siffert Triple Arthrodesis: Siffert arthrodesis involves a step 
eut made in the talar head to facilitate réduction of the 
cavus deformity. It is used in more severe, rigid 
deformities. 

Triple Arthrodesis: The triple arthrodesis is the requisite 
operation for more severe, rigid postural deformities of 
the hindfoot of any kind. Triple arthrodesis is the most 
important definitive operation for pes cavus in the mature 
foot. 

Claw toes which are mobile may straighten when a 
cavus deformity is corrected. If not corrected, it should 
be treated by resection of the proximal interphalangeal 
joints, transfer of the extensor tendons to the metatarsal 
necks, or both. 
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Painful heel is one of the commonest présentations to 
orthopédie surgeons worldwide. The problem maybe as 
benign as planter fascitis, or unusually as serious as a 
chronic infection or a bone tumor. 


Causes of Pain Around Heel 


Soft tissue causes 

Bony causes 

Joint pathologies 

Tendon disorders 

Calcaneal epiphysitis 
(Sever's disease) 

Subtalar arthritis 

Plantar fasciitis 

Calcaneal malunion/ 
Fibula pinch 
syndrome 

Primary osteoarthritis 

Painful heel pad 

Tumor s 

Inflammatory: 

Rheumatoid arthritis 
ankylosing arthritis 

Achilles bursitis 

Infections 

Traumatic: secondary 

Retrocalcaneal 


to fracture dislocation 

bursitis 


Infection: tuberculosis 

Plantar 


(commonest), pyogénie. 

fibromatosis 


rarely gonococcal 

Post neoplasm: multiple 
myeloma, cyst 

Metabolic: goût, diabètes, 
Reiter's syndrome 

Deformity: cavus 


Pain due to Disorders of Tendons 

Disorders ofthe Tendocalcaneus 

Vascularity of the tendocalcaneus is through the 
paratenon on the deep surface, through muscular arterial 
branches and small interosseous vessels at the insertion 
of the tendon. There is a zone of relative avascularity 2 to 
6 cm proximal to its insertion. 


Chronic tendocalcaneal disorders can be classified 
into insertional and noninsertional problems. Insertional 
tendinits may be associated with retrocalcaneal bursitis 
and superficial tendocalcaneal bursitis. Noninsertional 
tendinosis may or may not be associated with peritendi- 
nitis. 

Clinical Features 

Insertional tendinits: Usually characterized by one or a 
combination of the conditions. Haglund deformity or 
pump bump is caused by chronic inflammation of the 
adventitious superficial pretendinous Achilles bursa that 
séparâtes the tendocalcaneus from the overlying skin. 
This pretendinous bursitis usually is caused by chronic 
irritation from a shoe heel counter. 

Patient complains of increased difficulty with wearing 
closed-backed shoes and pain after a period of rest. 
Tenderness will be situated directly over the retrocal¬ 
caneal bursa just anterior to the insertion of the tendo- 
Achilles. 

There may be clinical prominence of the bone and 
there can be significant contracture of the gastrosoleus 
complex. 

Treatment 

Prolonged conservative measures are necessary. 
Measures like heel lift, NSAIDS, stretching exercises for 
the calf, ice application, protective silicone pad and 
closed-backed shoes are to be tried. Six weeks short leg 
cast may be necessary. 

If the conservative treatment fails, surgical treatment 
has to be considered. Debridement of the tendocalcaneus 
tendon may be necessary with release of the tendon from 
superior to inferior. 
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Noninsertional Disorders 

May resuit in heel pain from overuse injuries and cause 
tendinosis (tendon degeneration without associated 
inflammation, peritendinitis or tendinitis, partial tears 
may occur from overuse injuries. 2 The sheath is swollen, 
distended by as effusion, tender, and a fine crepitus is 
perceived with motion. 

They can be classified into 3 types. 

Peritendinitis: Inflammation primarily of the paratenon 
and peritendinous structures. 

Peritendinitis with tendinosis: Inflammation of the 
paratenon and degenerative changes in tendon. 

Tendinosis: Typically asymptomatic swelling and 
degeneration in the tendon. 

Eccentric loading of a muscle tendon unit from 
overtraining, hill running, poor running shoes, running 
on uneven terrain, insufficient gastrosoleus strength or 
flexibility hâve ail been associated with the onset of this 
disease. Functional over pronation producing a whipping 
action on the tendocalcaneus as well as the heel goes from 
varus on heel strike to valgus in midstance also probably 
contributes to tendocalcaneus tendinitis. Symptoms 
include severe pain, marked swelling, and acute 
tenderness over the tendon. 

Conservative: Rest, ice massage, NSAIDs, correction of 
technical errors in shoe, running, custom orthoses to 
prevent overpronation. 

Treatment 

Surgical treatment: It is advised for failure of conservative 
treatment. Conservative measures as described about are 
attempted for at least 6 months before considering 
surgery. If more than 50% of the tendon shows 
degenerative changes on the MRI, tendon transfer may 
be necessary. 

The principal of surgical treatment are as follows. 

• If tendon sheath is hyperemic, thickened, fibrotic and 
adhèrent to underlying tendon, then it is excised using 
sharp dissection without disturbing the anterior fatty 
tissue or mesotenon. 12 

• If on palpation, there is thickening, defects or 
softening of the tendon, multiple longitudinal 
splitting incisions to excise the foci and initiate a local 
inflammatory reaction, are taken 

• If retrocalcaneal bursitis is présent, it is excised 

• If posterosuperior angle of calcaneus is impinging on 


the tendo—Achilles on dorsiflexion of foot, then it is 
osteotomized from insertion on calcaneal in a 45 
degree direction and smoothened. 

DISORDERS OF TIBIALIS POSTERIOR TENDON 810 

Disorders of Tibialis Anterior Tendon 

This tendon maybe damaged by attritional rupture in 
physically active males or by eccentric contraction in 
sports. The sites of rupture are at its insertion or beneath 
superomedial limb of the inferior extensor retinaculum. 
Synovitis at the latter level may constrict the tendon, 
predisposing to attritional rupture. 

The patient complains of weakness of dorsiflexion 
with pain. The defect may or may not be palpable. 

Treatment 

The tenosynovitis is treated by immobilization in a cast 
worn continuously for three weeks and while ambulation 
for another three weeks. Oral antiinflammatory drugs 
and steroid injection in the sheath may be advised. In 
cases associated with inflammatory arthritis, usually 
synovectomy is indicated. 

In complété rupture, a short leg brace with 90° 
downstop for 3 to 6 months may allow enough healing 
that the patient will not desire surgery. 

Disorders of Peroneal Tendons 

Disorders of the peroneal tendons fall primarily into three 
types. 

1. Peroneal tendonitis without subluxation, with or 
without attritional rupture—seen primarily in middle 
aged athlètes. 

2. Peroneal tendinitis associated with instability of the 
peroneal tendons at the level of superior peroneal 
retinaculum. This is frequently seen in younger 
athlètes after acute ankle trauma. 

3. Stenosing tenosynovitis of the peroneus longus tendon: 
There can be complété encasement of the peroneus 
longus tendon in a bony tunnel at the level of cuboid. 

Clinical Features 

Patients maybe middle-aged adults with attritional 
rupture of peroneals longus in or around cuboid tunnel 
and associated with os peroneum sesamoid bone, or a 
second subgroup of young athlètes with récurrent 
plantigrade inversion injuries, especially in cavus or high 
arched feet. Presenting symptoms for tenosynovitis 
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include swelling, tenderness, gratting and crepitance. 
Ruptures usually occur at musculotendinous junction 
beneath superior peroneal retinaculum or at its distal 
edge or may occur in the cuboid tunnel. 11 

Manual testing of eversion strength is necessary, 
which maybe maintained in many cases. Sélective testing 
of the strength of peroneal longus tendon is done with 
the ankle in forced active eversion by pushing up on the 
médial column at the level of the first metatarsal head. 

Diagnosis is aided by plain roentgenograms (bone 
avulsion), bone scan, computerized tomography, 
tenograms and MRIs which give the most detailed 
évaluation. 

Treatment 

Conservative treatment of isolated peroneal tendinits is 
effective, especially if MRI doesn't demonstrate 
significant intratendinous tearing. Cast or boot 
immobilization, NSAIDS, and even injection of cortisone 
into the peroneal tendon sheath may be effective in 
relieving pain and inflammation. 

Debridement, repair and tenosynovectomy of the 
peroneal tendons are indicated for patients who do not 
respond to conservative treatment. 

Injuries to Flexor Tendons 

These usually do not need repair as the intact slips of 
brevis take over and functionally these do not create any 
problem. 

Fibula Pinch Syndrome 

This is a feature of malunited fractures of the calcanéum, 
where latéral wall blow out causes latéral spreading of 
bone. The bony prominence impinges against latéral 
malleolus during eversion; in significant malunion 
standing and walking are painful. Tenderness is 
perceived immediately below the malleolus, and made 
worse by attempted eversion. 

Axial views shows latéral extrusion of calcaneal wall. 
CT scans are diagnostic and could show the peroneal 
tendons caught between the calcaneal latéral wall and 
fibula. 

Excision of latéral wall of calcanéum, called as 
tectoplasty, relieves the symptoms if they are the isolated 
problem. More frequently there are associated problems 
like subtalar arthritis etc, and a more extensive correction 
of calcaneal tuberosity with subtalar fusion maybe 
indicated. 


Xanthoma of the Achilles Tendon 

A very indurated nontender, slowly growing mass may 
develop in the Achilles tendon especially at its insertion. 
The tendo—Achillies appears enlarged, the mass 
disappearing at the middle of posterior aspect of heel. It 
is lobulated, non-painful, and doesn't interfère with ankle 
motion. Grossly the tumor lies on and is embedded in 
the tendon. Although localized, it is excised with 
difficulty. The eut surface is a gray but flecked with 
streaks of yellow pigment. Microscopically the tumor 
contains cholestérol and carotène. The degree of yellow 
color dépends on amount of pigment. Treatment is 
excision if the mass becomes painful. 

Planter Fasciitis 

The plantar fascia is a broadband, multilayered, fibrous 
aponeurosis. The plantar fascia originates from the 
anterior and médial aspect of the calcaneus. The five 
digital bands insert in the base of proximal phalanx. 
Activities such as running and prolonged weightbearing, 
which concentrate forces to the plantar fascia during 
stance and push off with weight bearing, the forward 
movement of the leg increases the tension in the plantar 
fascia and créâtes dorsiflexion forces at the MTP joints. 
Because the attachment of the plantar fascia is distal to 
the MTP joints, dorsiflexion of the toes causes tension on 
the plantar fascia. Arch is also at its highest point, held 
in place by the plantar fascia and intrinsic muscles, both 
acting as the truss of the bony arch. A high-arched 
position results in less tension on the plantar fascia. When 
the foot is vertically loaded, the plantar fascia is under 
its greatest amount of tension. Windlass mechanism 
exerts greater tension on the plantar fascia. 13,14 

This is a very frequent présentation to the orthopédie 
outpatient department, and présents as pain beneath the 
anteromedial prominence of calcaneal tuberosity. 

Clinical Features 

Patients in the 40 to 70 years âge group, predominantly 
males, with an active lifestyle are the most frequent 
sufferers. Recent increase in weight, obesity. 

Pain in the heel is typically worse in the morning or 
after sitting for a while; this usually reduces after walking 
for a while, as the muscles warm up and stretch of fascia 
reduces. The patient is reasonably comfortable 
throughout the day. At the end of the day the discomfort 
becomes more of an aching that is relieved by absence of 
weight bearing. 
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Localized tenderness at the inferomedial aspect of 
calcaneal tuberosity, along with mild swelling and 
erythema may be présent. 

The differential diagnosis should include post 
traumatic causes leading to osteoarthritis inflammatory 
pathologies like rheumatoid arthritis, ankylosing 
spondylitis, Reiter syndrome, infections like tuberculosis 
and rare causes like soft tissue abscess in diabetic 
patients. 15 

Etiology 

1. Degenerative changes in the adipose tissue and 
collagenous septa of the heel pad due to weight 
bearing with increasing âge. Aging also leads to 
graduai réduction in collagen and water content and 
elastic fibrous tissue. 

2. Windlass mechanism of plantar fascia as the toes are 
dorsiflexed. The plantar fascia attached between the 
calcaneal tuberosity and metatarsal head level on 
tightening elevates the longitudinal arch placing 
traction on the origin of plantar fascia, i.e. calcaneal 
tuberosity. 6 

3. Répétitive traction could produce microscopie tears 
and cystic degeneration in the origin of plantar fascia 
as well as flexor digitorum brevis immediately 
beneath the plantar fascia evidenced by pain at 
anteromedial aspect of calcaneal tuberosity coinciding 
with the origin of flexor digitorum brevis. 

4. A branch of latéral plantar nerve between the deep 
surface of flexor digitorum brevis and heel spur and 
the adjacent quadratus plantae muscle may get 
compressed giving rise to pain. 

5. Plantar aponeurosis and flexor digitorum brevis pull 
on the area of calcaneal tubercle, results in collapse of 
anterior lip which is nothing but a fatigue fracture 
and the spurs seen on radiograph reflect a layering 
out of calcification on the flexor digitorum brevis 
muscle in an attempt to heal the fracture. 6 

6. Nerve entrapment syndrome involving a branch to 
abductor digiti minimi at the sharp, fascial edge of 
the abductor hallucis muscle or at the médial ridge of 
calcaneus. 

Physical Examination 

Thorough examination of foot and ail Systems is 
necessary. Assess Achilles tendon tightness. The location 
of the pain is important in making the correct diagnosis. 
Lee point art that distal plantar fascitis produces pain in 
the distal aspect of the plantar fascia. Passive dorsiflexion 
of the toes with tightening of the windlass mechanism 
can exacerbate the pain in both proximal and distal 


plantar fasciitis. Plantar fibromatosis causes pain over the 
midportion of the fascia; the clinician can palpate nodules 
within the fascial substance. Flexor hallucis longus 
tendonitis at the level of the master knot of Henry can 
manifest as plantar heel pain. Tarsal tunnel syndrome 
has diffuse pain that is typically not worsened through 
passive dorsiflexion of the toes (Fig. 1). 

Investigations 

Radiographs 

Calcaneal spur is seen in 50% of patients, but most authors 
think this is due to the planter fascitis and is not the cause 
of the pain unless it is very large. A 45° médial oblique 
X-ray may be useful to demonstrate fatigue fracture. 
Nerve conduction and electromyography of abductor 
digiti minimi may be useful. Ultrasound of the plantar 
aspect of the foot can also detect plantar fascia thickening, 
and soft tissue edema. Ultrasound is inexpensive, fast, 
and painless. 

Radioisotope studies may be done to see increased 
uptake. 

Treatment 

Conservative Treatment 

This includes use of shoe inserts (scooped heel or heel 
pads), oral antiinflammatory drugs, use of soft chappals, 
local steroid injections, stretching, Silicon heel cushions 
and orthoses. Sins stretching of planter fascia by passive 
dorsiflexion and also Achilles stretching exercises are 
helpful. 

Local Steroids 

Clinicians can reduce the incidence of complications by 
placing the needle superior to the fascia, typically from 
the médial side. This technique spreads the solution 
across the fascia layer and typically avoids the plantar 
nerves and fat pad. 1 Plaster cast and dorsiflexion night 
splints are also useful at times. 



Fig. 1 : Dorsiflexion of the toes causes tension on the plantar 
fascia. This is the windlass effect of the plantar fascia 
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Extracorporeal shock: Extracorporeal shock wave therapy 
(ESWT) is the newest technology used to treat chronic 
plantar fascitis using powerful shock waves to break up 7 
scar tissue and allow healing of the inflamed fascia. 57 to 
80% good or excellent results. 


Operative Treatment 


Most of the patients respond to conservative treatment. 
Operative treatment is indicated only in intractable cases. 
Various operations are recommended which aim at one 
or more of the following: 

• Release of plantar fascial from tuberosity of calcaneus 

• Removal of calcaneal spur 

• Neurolysis of nerve to abductor digiti minimi 

• Release of flexor digitorum brevis 


Calcaneal 

spur 




Removal of calcaneal spur 


Incision 


ess 


Latéral aspect avoids 
nerve damage 
heel shoe pressure 



Figs 2A to C: (A) Incision for calcaneal spur resection, (B) 
dissection for heat exposure, and (C) technique of spur resection 


• Excision of the anterior tuberosity of the calcaneus 

• Drilling multiple holes—décompression operation 
(Figs 2A to C). 

Endoscopie: Endoscopie plantar fascia release as a safe and 
effective alternative to open release. 

Complications: Persistent and récurrent pain are the most 
common complications, most often due to failure to 
correctly diagnose the source of the pain or the failure to 
treat the condition appropriately. 

Sever’s Disease 

Heel pain in the pédiatrie âge group (8 to 12 years), often 
bilateral, associated with increased activity is labeled as 
Sever's disease. There is increased radiodensity of 
calcaneal apophysis (previously misinterpreted as 
avascular necrosis) and some fragmentation maybe 
observed. The pain and radiographie changes are often 
bilateral. 




Figs 3A and B: (A) Incision for exposure of the posterior tibial 
nerve, and (B) dissection for posterior tibial and médial plantar 
neurolysis 
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Relevant Anatomy 

The ossification center for calcaneal apophysis appears 
between 6 and 10 years (mean 5.6 in females and 7.9 yrs 
in males) and takes an average of 7.1 years to develop 
fully and fuse to the body of calcaneus. During 
appearance flakes of calcification are first seen, frequently 
several ossifie centers may be found developing 
independently. 

Clinical Features 

Athletically oriented children between âge of 9 and 12 
are often seen with painful heels; symptoms develop 
gradually, and generally not related to any single or 
spécifie traumatic event. On examination, there is 
tenderness on deep pressure over a localized area over 
calcaneal apophysis. Sometimes prominence of heel may 
be présent. 

Treatment 

Conservative treatment consists of rest from ail athletic 
activity for three weeks; NSAIDs and hot soaks maybe 
added, and some tendo—Achilles stretches maybe 
advocated. The child is encouraged to use a heel raise 
during walking. 

Intractable cases maybe aided by local Ultrasound 
massage, and if the problem is bilateral, by a short period 
of enforced rest by using POP casts. 

Plantar Fibromatosis 

Fibrous nodules may develop in plantar aponeurosis in 
a manner similar to Dupuytren's contracture with similar 
etiology and histopathology. 

Clinically, it develops as a fixed mass in the sole, 
adhèrent to skin with no inflammatory signs. Diabetics, 
and those that hâve a Keloid tendency, maybe more prone 
to this problem. Initial treatment consists of stretching of 
the fascia, especially. The mass and the nodule may need 
to be excised if there is pain and a deformity is developing; 
patients need to be warned that récurrence is common, 
but the lésion is benign. 

Retrocalcaneal Bursitis (Haglund’s disease) 

There are two separate bursae about the posterior part of 
the heel: (i) the tendo—Achilles bursa, and (ii) the 
retrocalcaneal bursa. 3,4 

Tendo-Achilles Bursa 

This bursa is superficial to the TA, and lies within the 
subeutaneous tissue adjacent to the insertion of the 


Tendo-Achilles. The inflamed bursa produces a midline 
swelling, which may coincide with the edge of the shoe 
counter. The bursal swelling is tender, and the overlying 
skin may be keratotic, reddened and fissured. Women 
are more affected than men. 

Retrocalcaneal Bursitis 

This inflammation of a constantly présent bursa between 
the posterior smooth surface of the tuberosity of the 
calcanéum and the Achilles tendon. The pain in this case 
is more diffuse and not well localized. Tenderness is 
evoked by palpation anterior to the Achilles tendon both 
medially and laterally. 16 Dorsiflexion of the foot 
reproduces the pain. Men are more affected than women. 

Investigations 

Radiographs shows posterior superior angle of the cal¬ 
caneus is prominent in both types of bursitis (Fig. 4). 

Treatment 

Conservative treatment consists of wearing a shoe 
without a counter and an elevated heel. Local injections 
of steroids and moist heat applications may be sufficient 
in most of the cases. 16 Thereafter proper footwear is 
necessary. 

Surgical treatment may be required in some cases. The 
superior prominence of the calcaneal tuberosity is 
resected together with removal of the adventitous bursa 
or the retrocalcaneal bursa. 

SUBTALAR ARTHRITIS 

This is a rare cause of heel pain, and synovitis of the 
talocalcaneal joint is a reactive inflammation; the chief 
causes are as follows. 



Fig. 4: The areas of tenosynovitis and bursitis which can 
occur around the tendocalcaneous and peroneal tendons 
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Arthritis: Osteoarthritis, rheumatoid arthritis and 
traumatic arthritis usually secondary to fracture or 
dislocation of the talus or calcaneus. Because of 
intercommunicating channel, rheumatoid disease often 
simultaneously involves other tarsal joints and the ankle 
joint and peritendinous synovial sheaths. 

Infection: Subtalar arthritis is often the first manifestation 
of tuberculous or pyogénie osteomyelitis of adjacent foci, 
it generally spreads throughout the dorsal area. 

Neoplasms: Multiple myeloma, cyst may break through 
the cortex and first reveal itself by a painful subtalar 
articular involvement. 

Metabolic: Gouty arthritis may affect this joint. 

Deformity: The stresses imposed on the talocalcaneal joint 
by a foot deformity (e.g. cavus foot) will eventuate in 
secondary osteoarthritis. 

Clinical Features 

Pain develops on walking and weight bearing about the 
hind foot and relief is obtained by rest. Tenderness is 
présent on deep pressure over the sinus tarsi in front of 
the latéral malleolus. 

On passive inversion and eversion of the heel, there 
is crepitus and pain. The patient tries to avoid pressure 
on the heel by limping, which is often by holding the 
foot in eversion by reflex peroneal spasm. 

Investigations 

Radiographs: In degenerative arthritis, narrowing, 
sclerosis, irregularity, and osteoporosis are seen. Post 
traumatic cases will also show a deformed calcaneus, 
while inflammatory or infective lésions will show joint 
space irregularities and destruction. CT or MRI maybe 
needed to complété the évaluation of this complex joint. 


Treatment 

The primary cause should be found out and treated. If 
pain is not relieved by nonoperative methods, then triple 
arthrodesis is the treatment of choice. 
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INTRODUCTION 

Metatarsalgia is a general term used to designate pain 
under forefoot. There maybe a diverse host of causes of 
pain beneath the forefoot, and many factors are 
responsible. 

Forefoot Biomechanics 

Static 

When standing the center of gravity of body lies midway 
between the heel and the metatarsal heads. The 
distribution of body weight is nearly equal for each 
metatarsal head except for first which takes a load twice 
than that of the other heads. The second and the third 
metatarsal heads are more firmly in contact with the 
ground forming static médian axis of balance. 

Dynamic 

Vertical ground forces exceed body weight twice during 
the gait cycle at either side of the midstance phase. Shear 
forces developing between the ground and foot are 
important during stance phase of gait. The excessive 
microtrauma causes hyperkeratosis of the skin in areas 
of greatest force concentration (Fig. I ). 1,11 

Investigations for Forefoot Pain 

Blood Investigations 

These should include ESR, hemoglobin, blood counts, 
electrophoretic strip, calcium, phosphate, alkaline 
phosphatase, uric acid, rheumatoid factor, serological 
tests for treponema, glucose, ASO and antistreptococcal 
titers. 



First ray overload syndrome 


Central ray insufficiency syndrome 




Fig. 1: Biomechanical alterations of the metatarsal support 
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Radiological Investigations 

Routine views of foot may be taken. Axial view for 
sesamoids when necessary. Bone scanning with 
technetium-99m may be done in presence of normal 
radiograph. 

Pressure Studies 

Semiquantitative: Deformation of pyramidal projections 
on a rubber mat, depth of a footprint in plaster, smooth 
glass plate into which light was shone from edges and 
patterns produced are processed electronically. 

Quantitative Strain gauge load cell matrix built into an 
8 meter walkway and interfaced with a computer for data 
loading and processing. 

Classification of Metatarsalgia 


Pain under the metatarsals maybe broadly classified as 
primary metatarsalgia, secondary metatarsalgia, and 
metarsalgia unrelated to disorders of weight distribution. 


Primary 

Secondary 

Unrelated to weight 
bearing disorders 

1. Static 

1. Rheumatoid disease 1. Spinal radiculopathy 

2. Hallux valgus 

2. Sesamoiditis 

2. Nerve entrapment 
syndromes 

3. Hallux rigidus 

3. Posttraumatic 

3. Morton's neuroma 

4. Iatrogénie 

4. Neurogenic 


5. Traumatic 

5. Stress Fractures 


6. Freiberg's disease 

Miscellaneous causes 

6. Goût 


7. Kohler's disease 

7. Short Limb 

4. Planter warts 

8. Iselin's disease 




Primary Metatarsalgia 

Primary metatarsalgia is due to chronic imbalance in 
weight distribution between the toes and the metatarsal 
heads. The causes are as follows. 

Static Causes of Metatarsia 

a. Functional causes : When the toes don't flex at MTP joint 
and intrinsics fail, splaying of foot, curling of toes, 
and loss of transverse arch occurs. The MT heads may 
get excessive pressure concentration. Aggravating 
factors are tight pointed shoes with high heel; obesity 
is a significant factor. 

b. Structural: Some normal anatomie variants sometimes 
become pathological and lead to pain. The causes are: 
overload and insufficiency syndromes, long first 


metatarsal or short first metatarsal leading to 
abnormal weight concentration; metatarsus primus 
varus, synostosis between metatarsals, length 
discrepancy between metatarsals due to any cause, 
pes cavus with its abnormal biomechanics, or toe 
abnormalities. 

Other causes listed are Hallux valgus, Hallux rigidus, 
and even Iatrogénie causes, Post traumatic issues may 
cause significant pain. 

Freiberg’s Disease 

The head of second metatarsal appears crushed as if an 
infarction has occurred. This usually affects the second 
metatarsal in adolescents and is more frequent in girls. It 
can be bilateral and if associated with diaphyseal 
thickening is known as Panner's disease. 5 

Staging : Smillie described various stages of the problem, 
ail seen on radiographs. 

1. Fissure fracture; 

2. Bone absorption; 

3. Further absorption with sinking of central portion; 

4. Loose body séparation; 

5. Flattening, deformity, arthrosis of MTP joint. 

Treatment Options 

• If patient cornes early the blood supply across the head 
could be restored by a bone graft. 

• Removal of the loose body 

• Resection of head and syndactylization of the adj acent 
toes 

• Resection of head and silicone elastomer replacement 

• If symptoms are due to pressure metatarsalgia, then 
osteotomy followed by early weight bearing to allow 
the head to ride up and level the tread is done 

• If joint arthritis is cause of symptoms, total joint 
arthroplasy is done 

• The base of proximal phalanx is excised if there is 
pressure metatarsalgia 

• If the metatarsal head is already been excised and 
patient présents with metatarsalgia beneath the 
remaining heads replacement of excised heads 
combined with metatarsal ostéotomies of the others 
is done to level the tread with lasting relief of 
symptoms. 6 

Kohler’s Disease 

Not a true cause of metatarsalgia, but described here to 
complété the section of pain in the région of the 
metatarsals. 
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Relevant Anatomy 

The ossification center of the navicular appears between 
the âges of 1.5 and 2 years in girls and between 2.5 to 3 
years in boys. Various degrees of irregularities of 
navicular are normal especially in late appearing center s. 

The development of ossifie nucléus is most frequently 
associated with a single artery, but the incorporation of 
other penetrating vessels as part of the vascular supply 
is variable, occasionally a single vessel is the sole supply 
until the âge of 4 to 6 years. If the osseous vessels are 
compressed as they pass through the junction between 
cartilage and bone, ischemia results and leads to reactive 
hyperemia and pain. 

The lateness of ossification, subjects it to more pres¬ 
sure than bony structures can withstand. Further delay 
in ossification may be the earliest event of this disease. 
Abnormal ossification may be the response of the 
unprotected, growing nucléus to normal stresses of 
weight bearing. 

Clinical Features 

The diagnosis should be clinical one requiring the 
presence of pain and tenderness in the area of the tarsal 
navicular associated with roentgenographic changes of 
sclerosis and diminished size of the nucléus. Multiple 
ossification centers and roentoenographic findings of 
Kohler's disease without clinical features should not be 
confused with Kohler's disease. 

Treatment 

Most patients respond to cast immobilization. This is a 
self-limiting condition rarely needs operative treatment. 
If the navicular bone becomes distorted and sclerotic, the 
head of the talus becomes flattened, the articular surface 
of the two bones become fibrillated, with disabling 
symptoms, arthrodesis may be indicated. When this is 
done, fusion should include the calcaneocuboid joint as 
well. When the symptoms arise from naviculocuneiform 
joint, these joints should be included in the fusion. 

Traction Epiphysitis of Fifth Metatarsal Base 
(Iselin’s Disease) 

This occurs in adolescents at the time of appearance of 
secondary ossification center which is small shell-shaped 
flake of bone oriented slightly obliquely to the metatarsal 
shaft on the latéral plantar aspect of the tuberosity on 
which peroneus brevis inserts. 

Iselin's disease causes tenderness over a prominent 
fifth metatarsal. Weight bearing produces pain over the 
latéral aspect of the foot, more after participation in sports. 


The area is tender on palpation and resisted eversion and 
extreme plantar flexion and dorsiflexion of foot elicit pain. 

It is not usually visible on the anteroposterior and 
latéral radiographs, but can be seen on the oblique view. 
Oblique radiographs show enlargement and 
fragmentation of epiphysis and widening of cartilaginous 
and osseous junction. Bone scan shows increased uptake. 
Fracture and os versalianum (sesamoid in the tendon of 
peroneus brevis) must be differentiated from Iselin's 
disease. 

For mild symptoms, limitation of sports activity, 
application of ice and nonsteroidal antiinflammatory 
drugs (NSAIDs) should be sufficient. For severe 
symptoms, cast immobilization is required. 

Secondary Metatarsalgia 

These patients hâve secondary callosities, intraarticular 
pain and increased pressure under metatarsal heads on 
force plate analysis. The causes are 

1. Rheumatoid disease 

2. Sesamoiditis—Various sesamoid pathologies are 
subluxation, dislocation, chondromalacia, fractures 
(avulsion, crushing, bipartite dehiscence) osteoarth- 
ritis, osteomyelitis, presesamoid bursitis and rarely 
tumors. 

The tibial sesamoid beneath the lst MT head is 
commonly injured by hyperextension and axial loading 
because of its central location beneath the first metatarsal. 
Répétitive stress through a syndesmotic union of a 
bipartite sesamoid can weaken the junction and a 
displaced fracture can resuit. 

Along with the routine X-ray views of the forefoot, 
axial sesamoid views are useful. A bone scan may be done 
when doubt persists, to pick up early disease. 

Treatment 

Conservative treatment employed is in the form of 
médication (NSAIDs), activity modification, full length 
shoe orthoses with metatarsal pad and a relief beneath 
the first metatarsal head or cast immobilization. If no relief 
is obtained, excision of sesamoid is indicated. 

3. Posttraumatic: Any bony injury that results in 
malunion results in disturbance of forefoot structures, 
creating different pressure points. These need 
treatment accordingly. 

4. Neurogenic: Friedreich's ataxia, mild spina bifida, 
multiple sclerosis, cerebrovascular accidents 
commonly présent with metatarsalgia due to fixed 
deformity and conservative treatment is unsuccessful. 

5. Stress fracture: The central portion of second or third 
metatarsal shaft is frequently involved, starting on the 
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médial aspect of bone. Multiple metatarsals may be 
involved. The patient rarely gives history of sudden 
trauma, but is more likely to hâve recently embarked 
on a training program that may involve road running 
or taking regular unaccustomed exercise. 
Radiographs are initially normal. Treatment is 
symptomatic. 

6. Goût: The diagnosis is obvious by its classical 
appearance. 

7. Short limb: May give rise to metatarsalgia. 

Forefoot Pain Unrelated to Disorders in 
Weight Distribution 

Neurological Problems in the Spine 

Some patients may présent with pain in the forefoot 
which maybe due to fifth lumbar or first sacral root 
pathology, and maybe referred pain or radiculopathy. A 
detailed neurological examination will confirm or réfuté 
the issue. 

Local neurological issues may also lead to pain under 
the foot. 

Tarsal Tunnel Syndrome 1314 

Tarsal tunnel syndrome is caused by compression of the 
tibial nerve or its associated branches as it passes 
underneath the flexor retinaculum at the ankle level or 
distally. Symptoms maybe confined to the distribution 
of latéral plantar nerve, médial plantar nerve or medical 
calcaneal nerve; or ail of above may be exhibiting 
symptom in tarsal tunnel syndrome. First described in 
1962 by Keck and Lam, tarsal tunnel syndrome is 
analogous to carpal tunnel syndrome of the wrist. 

Anatomy: The flexor retinaculum (lancinate ligament) 
extends from posterior border of médial malleolus 
inferiorly to the médial side of tuberosity of calcaneus, 
2 to 3 cm wide, proximally continuons with the investing 
deep fascia of the calf and distally with the investing deep 
fascia of the sole. Projecting from this roof to calcanéum 
are septa which separate the anteromedial structures. 


Cause of Constriction 


Causes from outside 

Causes from within 

1. Bony fragments from distal 

1. Varicosities 

tibial, talar, calcaneal fractures. 

2. Nerve tumors 

2. Tenosynovitis or ganglia of an 

(neurilemmoma etc.) 

adjacent tendon sheath 

3. Perineural fibrosis. 

3. Bone and soft tissue encroachment 


in rheumatoid arthritis, or 


ankylosing spondylitis. 



Clinical Features 

• Unexplained paresthesias in the plantar aspect of the 
foot. 

• Pain is often more at night, maybe increased by 
exercise, or even by elevating or lowering the leg. 

• There may be différences in température, sweating 
pattern and skin abnormalities when compared with 
the opposite normal foot. Atrophy of abductor digiti 
minimi or abductor hallucis may be présent, and 
should be looked for. 

Diagnosis 

The history is the most revealing diagnostic aid, especially 
when augmented by electromyography and nerve 
conduction évaluation. 

Neurological examination of the selected intrinsic foot 
muscles may show fibrillation and positive sharp waves 
within abductor hallucis, first dorsal interosseus or 
abductor digiti minimi. Prolonged sensory letencies of 
the médial or latéral plantar nerve also provide 
confirmation. 

Treatment 

Conservative Treatment 

Initially 6-12 wks of ankle immobilization in night splint, 
anti-inflammatory agents and a wide cushioned, 
comfortable shoe are recommended. In pregnancy, rest 
and élévation of the extremity may be continued for 
several weeks after delivery because the symptoms may 
résolve postpartum. 

Surgical treatment: The tibial nerve and its branches are 
meticulously exposed and unroofed. A section of flexor 
retinaculum is removed and the release is extended above 
the proximal edge of retinaculum as well as distally both 
the branches of médial and latéral plantar nerve beneath 
the abductor hallucis are released as one or more of these 
may pass through fascial slings as they enter the plantar 
surface of the foot. In patients with pes planus with tarsal 
tunnel syndrome, the médial plantar nerve is traced distal 
to the level of the navicular tuberosity to be certain. 

Anterior Tarsal Tunnel Syndrome 

This syndrome most commonly occurs in runners or in 
patients with dorsal osteophytes at the ankle, midtarsal, 
or metatarso-cuneiform articulation. Other causes of this 
syndrome include tight fitting shoes or skiboots and 
ganglion cysts. 

This is entrapment of deep peroneal nerve beneath 
inferior extensor retinaculum. The symptoms are 
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dysesthesias in the first web space and opposing sides of 
the adjacent toes. The physical findings are decreased 
touch and pinprick in the first web space, a possible Tinel 
sign over the deep peroneal nerve and possible atrophy 
of the extensor digitorum brevis. Electrical studies 
confirm the diagnosis. Both operative décompression and 
neurolysis of the deep peroneal nerve distal to the ankle 
joint and nonoperative treatment in the form of local 
steroid injection or immobilization or both hâve been 
successful. 

Vascular Insufficiency: Peripheral vascular disease and 
Burger's disease give a typical clinical picture. The 
neuropathy and vasculitis of diabètes may give rise to a 
penetrating ulcer. 

Treatment of Metatarsalgia 

This should be tailored to meet needs of each patient. 

Conservative Treatment 

Various alternatives are Rocker bottom sole, anterior heel. 

Insoles —metatarsal pad, metatarsal bar, médial arch 
support, moulded orthosis. 

New footwear —moulded plastazoate "space shoes", 
surgical shoes. 

Silicone Insertions 

Solid ankle cushion heel (SACH) heel with rocker bottom 
sole. 

Operative treatment: Conservative treatment should be 
given for at least six months before thinking of operative 
treatment. 

Soft tissue procedures: These are effecive for mobile 
deformities. These include plantar fascia release, extensor 
tendon release, flexor to extensor transfer to correct 
clawing. 

Bony procedures: These are needed for rigid and fixed 
deformities of metatarsal. These include the following. 

Metatarsal ostéotomies: If there are painful callosities under 
the metatarsal heads which do not move when pressure 
is applied to their plantar surface, then a metatarsal 
osteotomy is indicated. It can be proximal (Ganong's 
oblique osteotomy) or distal osteotomy of middle three 
metatarsals (Helal). 

Metatarsal head resection—(for isolated pressure 
metatarsalgia) 

Forefoot arthroplasty—for multiple metartasalgia 
Calcaneal osteotomy—for fixed supination and 
pronation deformities. 


Amputation—for chronic infection supervening to 
penetrating ulcer trauma or other causes. 

Morton’s Metatarsalgia (Moton’s Digital Neuralgia) 

Historical Aspects 

In 1876 Thomas G Morton of Philadelphia who allowed 
several of his patients to give vivid accounts for their acute 
symptoms established it as an entity. 8 At one stage, he 
even suspected nerve compression by bone. Finally, he 
settled on fourth metatarsophalangeal joint as culprit. 
Here, he lacked Durlacher's insight who explained to 
queen of England as a "form of a neuralgic affection" 
involving the plantar nerve. 2, “ 4,8 

Various hypothèses regarding the pathogenesis of 
Morton's metatarsalgia. 10 

1. Neuroma results from pinching of common branch 
of latéral plantar nerve to the fourth web space 
between the mobile heads of 4th,5th metatarsals. 7,15 ' 

17 

2. Laxity of transverse metatarsal ligament allows a 
break in the anterior arch with plantar displacement 
of central metatarsal heads and pressure on adjacent 
digital nerve. 

3. Instability of the fourth metatarsophalangeal joint. 

4. Development of pressure neuralgia from pressure on 
the nerve during weight bearing. 

5. Flattening or falling of the transverse arch that results 
in excessive pressure over the central metatarsal 
heads. 

6. A tumor involving latéral most branch of médial 
plantar nerve 

7. Lumen occlusion of the common digital artery 
adjacent to the nerve. 12 

8. The fourth digital branch of médial plantar nerve 
which receives a communicating branch from 
common digital branch of latéral plantar nerve. 
Because of this additional branch, common digital 
nerve to third web space is thicker and more likely to 
be compressed against the unyielding deep transverse 
intermetatarsal ligament dorsal to it (Fig. 2). 18,19 
None of the théories has been universally accepted. 

Localization of Morton's neuroma maybe in the Latéral 
plantar nerve or Médial plantar nerves. 

Pathological Findings 

The term neuroma is not correct in the strict sense because 
of the haphazard prolifération of axons that is seen. The 
déposition of hyaline and collagenous material accounts 
for the enlargement. The pathological process probably 
is degenerative rather than proliférative, with répétitive 
trauma against the deep transverse intermetatarsal 
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Local ization of 
Morton's neuroma 


Latéral Médial 

plantar plantar 

nerve nerve 



Fig. 2: Morton’s neuroma is in the 3rd and 4th toes 


ligament being the most likely cause, but even this is 

uncertain. 

The common findings are as follows: 

1. Perineural fibrosis 

2. Increased number of intrafascicular artérioles with 
thickened and hyalinized walls caused by multiple 
layers of basement membranes. 

3. Demyelination and degeneration of nerve fibers with 
a decrease in the number of axon cylinders. 

4. Endoneural edema 

5. Absence of inflammatory changes 

6. Frequent presence of bursal tissue accompanying the 
specimen. 

7. Obliterative changes in the contiguous artery is the 
most unusual type and debatable origin. 

Electron microscopy shows an increased amorphous, 

éosinophilie material built up by filaments of tubular 

structure. 

Clinical Features 


tenderness is in the third web space just distal to the 
transverse intermetatarsal ligament. 

Description: Varies from severe cramp, as if toes are 
minced, as if a long nail has pierced the sole of the shoe, 
and the end of the toe is burning. Pain is increased on 
walking, relieved by rest or removing the shoe, massaging 
the forefoot. In the morning the foot is comfortable, 
however, it can disturb the sound sleep. 

Examination 

Some tests considered spécifie for this pathology are 
described. 

Cardinal test: With patient's foot resting on examiner's 
knees, one hand applies continuons intermittent 
compression of foot, the thumb of the other hand then 
applies moderate pressure upward backwards in the web 
space first in 1 to 2 and 4 to 5 web space to gain confidence 
of patient then in 2 to 3 and 3 to 4 space. Focal tenderness 
here is almost diagnostic. 

Mulder's click: A palpable and audible click may occur as 
the metatarsal heads are squeezed together, pushing the 
neuroma into the sole. This is best appreciated when the 
patient lies prone and the examiner places the thumb 
dorsally and the index finger plantarward over the 
appropriate web space (usually the third) and gently 
rocks the hand back and forth. However, frequently this 
sign also is positive on the opposite asymptomatic foot. 

Inestigations: Diagnosis of Morton toe is still a clinical one. 
Although MRI and ultrasonography hâve been 
recommended for diagnosing Morton neuroma, their rôle 
is to supplément the clinical information. Nerve conduc¬ 
tion is of limited value. Tests for rheumatoid arthritis are 
a precau-tionary measure. 

Treatment 

Conservative treatment in the form of metatarsal bars 
and pads, local injection of a steroid préparation into the 
affected web space, wide toe box shoes are worth trying. 
The mainstay of treatment, of course is surgery. In most 
of the sériés reported, 80% to 95% of the patients are 
completely asymptomatic and pleased with the resuit of 
surgery. 


Females are commonly affected (M:F ratio: 5:1). The usual 
âge at présentation is 20 to 50 years, and the problem is 
usually unilatéral. Good general health is the rule. 

Pain localization: In the région of metatarsal heads. Most 
often located in the région of metatarsal heads, usually 
the third and the fourth. The most frequent area of 


Surgical Treatment 9 

Excision is the operation of choice. However, neurolysis 
of nerve is mentioned as a modality of treatment. 

Division of the transverse metatarsal ligament during 
this procedure is controversial. Whether it results in 
dropped metatarsal or splaying of foot is uncertain. 
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Through the dorsal approach, the nerve is better exposed 
in its proximal portion if the ligament is divided. Plantar 
approach gives excellent exposure, but the patients do 
complain of soreness about the wound, which takes time 
to résolve. 

For récurrent interdigital neuroma, plantar approach 
is better as through dorsal approach it is difficult to find 
the stump of the nerve in the scar tissue. Through plantar 
approach it is easy to identify the nerve in the normal 
tissue and dissect it out to affected tissue. The nerve is 
transected as far proximally as possible as the incision 
allows. 

Plantar Warts 

These maybe localized lésions with sharp margins, and 
could cause planter pain. These warts are quite vascular, 
with vessels running perpendicular to the plantar surface 
and bleed profusely at surgery. A callus on the other hand 
is avascular and often has diffuse margins. These appear 
beneath weight bearing areas where localized pressure 
occurs whereas warts may occur anywhere in the foot. 
Latéral pressure produces pain in wart while direct 
pressure produces pain in callus or corn. The surgical 
procedure used is curettage. 
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Hallux Valgus 


Generally speaking, latéral déviation of great toe is 
termed as hallux valgus. However Stamn (1957) defined 
it as "complex progressive deformity affecting the 
forefoot in which latéral déviation of the great toe is the 
most obvious feature" (Figs IA and B). The condition is 
relatively less common in Indian as compared to western 
countries. 



Figs IA and B: Displacement of the sesamoids along with 
musculo-tendinous complex in hallux valgus: A—normal 
relationship of musculotendinous structures and sesamoids and 
the metatarsal head, S— sesamoids, EHB—extensor hallucis 
brevis, AbH—abductor hallucis, FHB—flexor hallucis brevis, 
AdH—adductor hallucis brevis, B—in hallux valgus, with rotation 
of the first ray (arrow dénotés the direction of rotation) the 
sesamoids are displaced laterally. The latéral head of flexor 
hallucis brevis row acts as a dynamic deforming force. The 
crista, an area of metatarsal head between two sesamoids in 
normal situation, gets eroded in hallux valgus 


Bunion 

It has been used to dénoté any enlargement or deformity 
of the MTP joint,including diverse conditions like 
enlarged bursa, overlying ganglion, gouty arthropathy, 
hallux valgus, etc. 

A hallux valgus "complex" may be associated with 
the foliowing features: 

1. Varus deformity of first metatarsal 

2. Pronation of great toe 

3. Bunion—a swelling on médial side of forefoot caused 
by three structures—increased médial prominence of 
the head of first metatarsal due to varus position 
coupled with uncovering due to latéral déviation of 
the proximal phalanx, an adventitious bursa overlying 
the head of first metatarsal and a callosity in this area. 
Similarly a "bunionett" may develop over the head 
of fifth metatarsal 

4. Degenerative arthritis of the first metatarso- 
phalangeal joint 

5. Overriding or underriding of the second toe by great 
toe 

6. Overriding of latéral toes 

7. Metatarsalgia 

8. Hammer toe and claw toe deformities of the latéral 
toes. 

Pathoanatomy of Hallux Valgus 

Because no muscle inserts on the metatarsal head,it is 
vulnérable to the extrinsic forces. Once the metatarsal 
becomes destabilised and begins to subluxate medially, 
the tendons about the MTP joint drift laterally. The Plataar 
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aponurosis and the Windlass mechanism contribute to 
the significant stabilization of the lst ray. As the hallux 
valgus deformity progresses soft tissue on the latéral side 
contracted and on the médial side attenuated. 

Etiology 

The complex deformity is probably multifactorial in 
origion. Proposed etiological factors are as follows: 

Shoes 

Due to low incidence of hallux valgus amongst unshod 
people as compared to shoewearers and female 
prépondérance, shoes, especially tight toe shoes, hâve 
been incriminated as a single most important factor in 
causation of this deformity. Although the shoe appears 
to an important extrinsic factor, it is well-known fact that 
ail those who wear pointed shoes do not develop hallux 
valgus. Hence, it seems that there is already some intrinsic 
predisposing factors that make some feet more vulnérable 
to the effect of footwear. Lam-Sim-Fook and Hodgson, 
in a study, encountered some° of hallux valgus in 33% of 
Shod individuals, while the incidence was much lower, 
as low as 1.9%, in unshod population. 

Occupation 

Metatarsus Primus Varus 

The association of hallux valgus and metatarsus primus 
varus is well-established. Of these, which one is the 
primary deformity, is yet to be established. Most of the 
workers feel that metatarsus primus varus is secondary 
to hallux valgus and progresses with increasing latéral 
déviation of great toe. Hardy and Clapham (1951) and 
Craigmile (1953) believed that metatarsus primus varus 
is secondary to hallux valgus. Hardy and Clapham found 
highest correla-tion (a coefficient of 0.71) between 
metatarsus primus varus and hallux valgus, of ail the 
variables considered in their study. Mann and Coughlin 
(1993) believed that metatarsus primus varus is more 
frequently associated with juvénile form of hallux valgus 
than the adult form, and it probably is a strong 
predisposing factor, whereas in adult population it is 
more often a secondary phenomenon. 

Foot Pronation 

Rogers and Joplin (1947) found that 83% of there patients 
had pronated feet. The médial side of the foot bears more 
stresses during push off causing latéral déviation of the 
great toe. Moreover, with the pronation of first ray the 
sesamoids, moving along with the metatarsal head in 


rotation, are displaced laterally so that they are no more 
now in the médian plane of first metatarsophalangeal 
joint. The latéral tendon of flexor hallucis brevis now acts 
as a dynamic deforming force which pulls the proximal 
phalanx laterally rather than stabilizing the latter on 
metatarsal head in flexion leading to hallux valgus 
deformity. 

Pesplanus 

Association of pesplanus with development of hallux 
valgus is controversial. But there are reports of pesplanus 
associated with hallux valgus. 

Muscular Imbalance 

The muscular imbalance is probably more important 
factor in progression of the deformity once it is established 
rather than a major factor in the causation of this disease. 

Hereditary 

It is a controversial factor. However, in approximately 
half of these cases a positive family history can be traced. 
Congénital hallux valgus is extremely rare (Giannestras 
1973). A positive family history of hallux valgus was 
noted in 63% of 91 patients in a sériés by Hardy and 
Clapham (1951). Johnston believed that in some cases the 
hallux valgus deformity is transmitted as an autosomal 
dominant trait with incomplète penetrance. 

Hallux valgus deformity is also seen in rheumatoid 
arthritis and other collagen disorders. Abnormal length 
of the first metatarsal has been regarded as an important 
factor, but the relationship seems to be fortuitous. 
Amputation of second toe may precipitate this deformity. 
Factors causing atténuation of the médial capsule, e.g. 
cystic degeneration as seen in ganglion formation, may 
resuit in hallux valgus. 

Patients with poliomyelitis, cérébral palsy or cere- 
brovascular accident or any other neuromuscular 
disorder may develop hallux valgus secondary to the 
equinus deformity at the ankle. With equinus deformity, 
the patient tends to externally rotate the foot in stance 
phase and may roll over the médial border of foot. This 
places a lot of stress on the médial side of foot, deviating 
the great toe into valgus. 

Clinical Présentation 

Hallux valgus is usually bilateral and the patient usually 
présents in the late adulthood (Fig. 2). In some familial 
cases, the patient may présent in adolescence. There are 
two main complaints. 
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Fig. 2: Clinical picture of a typical case of hallux valgus 

Problems of Footwear 

With increasing deformity the patient finds it difficult to 
walk comfortably after wearing shoes. This complaint is 
more common in females who wear shoes with a narrow 
toe box. 


AP, latereal and oblique views.The AP radiographs 
obtained with tube tofilm distance of 1 mm and the 
X-ray tube centered over the tarsometatarsal joint and 
angled 15 degs towards the ankle joint relative to the 
plantar aspect of the foot. 

Valgus Halux Valgus Angle 

The angle between the long axes of first two metatarsals 
may be more than 9° (normal 7.4-8.5 0 ). Metatarsal and 
long axis of proximal phalanx of great toe may be more 
than the normal of 12° in adolescence and 15° in adults. 
Hallux valgus angle of more than 20° is likely to cause 
symptoms. 

Interphalangeal Angle 

The interphalangeal angle between long axes of proximal 
and distal phalanx should be noted. The normal range is 
less than 10°. The inclination of the first metatarsoc- 
uneiform joint should be noted. Excessive médial 
inclination implies instability at this level. The inclination 
of the articular surface of the head in relation to the long 
axis of the shaft should be noted. In severe hallux valgus 
deformity, the latéral tilt of the articular surface may be 
more than the normal value of 10°. 


Pain 

It is usually experienced at the base of the great toe. The 
pain may arise from an inflamed bursa (bunion), or due 
to degenerative changes in the first metatarsophalangeal 
joint. At times the pain is felt mainly in the latéral toes 
due to callosities, metatarsalgia or claw toes. 

The examination reveals splaying of the forefoot and 
prominence of the head of the first metatarsal. The great 
toe is deviated laterally and pronated. There may be 
tenderness in the area of bunion, over the first 
metatarsophalangeal joint signifying degenerative 
changes, on the plantar aspect at the site of the sesamoid 
articulation, or metatarsalgia and callosités under the 
heads of the rest of the metatarsals. 

The first metatarsophalangeal joint retains good range 
of movements. It is also important to note the range of 
movements at interphalangeal joint of great toe. The 
extent of the valgus deformity of great toe is also 
measured with the patient standing. Other positive 
findings may include planovalgus foot, tight 
tendoachilles and deformities of the latéral toes. 

Radiography 

A weight bearing AP and latéral projection of foot is 
obtained (Fig. 3). The basic studies should include the 


Intermetatarsal Angle 


Angle between the lst and the 2nd metatarsal is the 
intermetatarsal angle. Normal angle is less than 9° look 
of latéral toes should also be noted. 

Besides this one should for any degenerative changes 
at the first metatarsocuneiform joint and first 
metatarsophalangeal joint. Moreover an os intermeta- 
tarsium, between the bases of first and second metatarsals 
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or os tibialis externum may be présent. The extent of the 
latéral displacement of sesamoid bones and condition of 
the joints. 

Médial Eminence 

Size of the médial eminence is the key components of 
hallux valgus deformity this size is measured by drawing 
the line along the médial diaphyseal border of the lst 
metatarsal. A perpendicular line is then drawn at the 
widest extent of the médial eminence. 

Metatarsophalangeal Joint Congruency 

On AP radiographs the congruency of the MTP is 
determined by inspecting the articular surface of the base 
of the proximal phalynx and the lst metatarsal head 
.halux valgus with congruent metatarsophalengel joint 
is caused by lateal inclination of the distal metatarsal 
articular surface non-congruent joint characterised by 
latéral déviation of the articular surface of the phalynx. 

Classification of Hallux 

Piggott (1960) classified adolescent hallux valgus into 
three types depending upon the parallelism or congurity 
of first metatarsophalangeal joint. The classes, with 
increasing severity include: (i) congruous, (ii) deviated, 
and (iii) subluxated. The latter classes show definite 
progression. 

Mann and Conghlin (1993) divided hallux valgus 
deformity into three categories. 

Mild: The hallux valgus angle is less than 20°. There may 
be some element of hallux valgus interphalangeus. The 
metatarsophalangeal joint is often congruent. The 
intermetatarsal angle is usually less than 11°. Radiographs 
demonstrate normal position of sesamoids or up to 50%, 
subluxation of the fibular sesamoid. 

Modemte: 20 to 40° of hallux valgus angle with increased 
deformity of metatarsophalangeal joint. The 
intermetatarsal angle isbetween 11 and 18°. Radiographs 
demonstrate a subluxated metatarsophalangeal joint with 
75 to 100% latéral displacement of fibular sesamoid. 
Clinically, there may be some pressure over second toe. 
Overlapping is rare. 

Severe: Hallux is deviated more than 40°. The 
intermetatarsal angle is greater than 16 to 18°. There is 
significant subluxation of metatarsophalangeal joint and 
100% latéral subluxation of latéral sesamoid. Clinically, 
patient has overlapping or underriding of second toe, 
large médial bunion, callosity beneath second metatarsal 
head, and varying degrees of first ray pronation. 


Conservative Management 

In early stages, a soft leather shoe with broad and deep 
toe box and no seams on médial side may ease the patient. 
Once the deformity is established it is difficult to check 
the progression of the disease by conservative measures 
alone and the patient usually requires surgical 
intervention use roomy foot wear to reduce the pressure 
over the médial eminence. Soft leather shoes with wide 
toe box. Nigth splinting can be used and orthosis. 

Surgical Treatment 

More than 100 procedures to correct this deformity has 
been described in the literature. Only those that hâve 
given consistent results in the majority of hands will be 
briefly discused. 

Factors on which surgery of the hallux valgus dépends 
on: 

The patients chief complains,occupation and athletic 
interests 

• Physical Findings 

• Radiographie évaluation 

• The patients âge 

• Neurovascular status of the foot 

• The patients expectations 


Treatment protocol 
Hallux valgus 

• Congruent joint 

- Cheveron procedure 

- Double osteotomy 

- Akin procedure with exostectomy 

• Incongruent joint 

- Chevron procedure 

- Distal soft tissue procedures with or without proximal 
metatarsal osteotomy 

- Mitchell,scarf osteotomy 

- Metatarsophalyneal joint fusion 

• Degenerative joint diseases 

- Fusion 
- Prosthesis 


Modified McBride Bunionectomy 

The modified McBride procedure is a combination of 
various procedures described by various workers (Silver 
1923; McBride 1928,1967; DuVries 1959; Mann 1981). 

Technique: Start the procedure by making an incision on 
the midmedial aspect of first metatarsophalangeal joint 
extending from middle of the proximal phalanx up to 
approximately 2 cm proximal to the proximal pôle of 
médial prominence. Retract the skin carefully and protect 
the most médial branch of superficial peroneal nerve 
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dorsally and proper digital branch of médial plantar 
nerve inferiorly. Incise the capsule in longitudinal fashion 
and with sharp dissection expose the médial eminence. 
Exercise great care at this step and do not detach the 
proximal attachments of the capsule to the metatarsal 
neck. Now, excise the médial eminence carefully, starting 
at the level of the parasagittal groove. Do not splinter the 
metatarsal shaft. 

Make an another incision on the dorsal aspect of first 
web space starting at the level of heads of the metatarsals 
and extending it proximally for 2 to 3 cm. Identify the 
neurovascular structures in this area (terminal branches 
of first dorsal intermetatarsal artery, proper digital 
branches of deep peroneal nerve) and separate them 
carefully. Identify the bellies and tendons of adductor 
hallucis and flexor hallucis bovis along with latéral 
sesamoid. Release the insertion of adductor hallucis into 
base of proximal phalanx. Severe ail attachments of the 
adductor hallucis into its conjoined insertion with the 
latéral head of flexor hallucis brevis into the latéral 
sesamoid. Next incise the deep intermetatarsal liga-ment 
and the latéral capsule. The latéral capsulotomy extends 
from the latéral border of extensor hallucis longus tendon 
to the latéral border of the plantar plate. 

McBride at this stage advised excision of latéral 
sesamoid bone. But excision of latéral sesamoid is 
attended with high rate of the complication of hallux 
varus. It should be excised only if it is absolutely essential 
to correct the deformity. 

Once, the hallux can be brought to the corrected 
position, perform médial capsulorrhaphy. The plantar 
flap is sutured over the dorsal flap and an imbrication is 
thus done. The abductor hallucis muscle is relocated to 
its normal position this way. If the capsule is too 
redundant, excise a portion of the capsule from margins. 
If latéral sesamoideotomy was done, do not pull the 
plantar flap of capsule too taut over dorsal flap. This will 
prevent médial dislocation of tibial sesamoid and 
production of hallux varus deformity. While performing 
médial capsulorrhaphy, hold the hallux in neutral 
position. The hallux can be held in corrected position 
either by passing a transarticular oblique Kirschner wire 
or by the bandaging method as described by Mann. 

At the completion of soft tissue reconstruction, Z- 
plasty lengthening of extensor hallucis longus may be 
required if the tendon bowstrings across the first 
metatarsophalangeal joint pulling the great toe in the 
extension. Most of the surgeons do not prefer to suture 
the conjoined tendon of adductor hallucis to the first 
metatarsal. 

DuVries (1959) and Mann (1981) advocate reattach- 
ment of the adductor hallucis to the periosteum on the 


latéral side of the head of first metatarsal and suturing 
latéral capsule of the first MP joint to the médial capsule 
of second MP joint with interposition of the released 
adductor hallucis tendon. Moreover, they advise, the 
great toe to be held in 5° of varus while imbricating the 
médial capsule of first metatarsophalangeal joint. 
Popularly this procedure is nowadays termed as distal 
soft tissue realinement procedure. Postoperatively, strict 
élévation of the limbs is observed for 3 to 5 days. 
Thereafter, the patient can be allowed walking, wearing 
a wooden clog with rocker bottom sole. At 2 weeks the 
sutures are removed. The Kirschner wire is removed at 4 
weeks. Thereafter, wide toe box shoe is worn for next 
4 to 6 months. Finally some variety of footwear is allowed, 
but patient is instructed to avoid high heels or pointed 
toed shoes. 

Following are the common complications 
encountered after soft tissue procedures for correction of 
hallux valgus deformity—undercorrection or overcorrec- 
tion (hallux varus) of the deformity, painful neuroma 
formation, récurrence of the deformity, stiffness of first 
metatarsophalangeal joint, clawing of great toe, hallux 
extensus (due to lacération of long flexor during surgery). 
Of these, the most significant complication is récurrence. 
Meyer et al and Mann and Coughlin advocate this 
procedure for mild to moderate deformities only. To 
avoid complication of récurrence, the procedure should 
be combined with proximal metatarsal osteotomy. 

Combinée! Soft Tissue and Bony 
Procedure (Keller’s Arthroplasty) 

Keller's arthroplasty is one of the most extensively used 
operative procedure worldwide but at the same time most 
controversial regarding its exact technique and 
postoperative management (Figs 4A to D). In authors 
expérience, it gives satisfactory results in more than 90% 
in appropriate cases. The operation is indicated in the 
above 50 years âge group with hallux valgus of 30° to 
45°and intermetatarsal angle of less than 10° to 15°. This 
operation should never be performed in adolescents or 
young adults. If the patients has latéral toe deformities 
and metatarsalgia, these problems either should be 
treated surgically at the same time or procedure other 
than Keller's resection arthroplasty should be performed. 
The results of this operation may be unsatisfactory in 
those individuals whose profession demands prolonged 
hours of standing. 

The procedure entails resection of the proximal half 
of proximal phalanx of the great toe. The shortening of 
the hallux thus produced relaxes the latéral capsular 
structures and the adductor hallucis in addition to 
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Figs 4A to D: Keller’s resection arthroplasty: A (a) release of 
the adductor tendon and the shaded area shows the bone to 
be resected, (b) position of the bones after resection, B (c) a 
Kirschner wire is used to keep the arthroplasty site distracted, 
and (d) the plantar flap of the capsule is sutured over the dorsal 
flap while performing médial capsulorrhaphy 


extensor hallucis longus and flexor hallucis longus. The 
médial bony eminence of the first metatarsal head is then 
removed. The redundant capsule is excised, and a 
capsulorrhaphy is then performed. Finally, the rotation 
of hallux is checked, and if necessary, it is corrected by 
rotating the great toe about the Kirschner wire while 
maintaining distraction. 

Technique: Make a midline straight incision on the médial 
side of first metatarsophalangeal joint in the internervous 
plane. The incision extends from middle of the proximal 
phalanx to the proximal end of the médial eminence. 
Retract the skin and incise the capsule by again a médial 
longitudinal incision creating dorsal and plantar flap. 
Expose the médial eminence and the proximal half of 
proximal phalanx by sharp dissection—force the hallux 
into valgus and expose the articular surface of proximal 
phalanx. By sharp dissection, free the attachments from 
the base of proximal phalanx. Now, remove the proximal 
half of the proximal phalanx by power saw. 

Then remove the médial eminence with a sharp 
osteotome. Remove only osteophytes around the 
metatarsal head. Most of the workers now prefer to 
maintain the position of hallux and distraction with the 
help of a Kirschner's wire. Hence pass a Kirschner's wire 
in a rétrogradé manner across the partially resected joint 
to keep it distracted. The Kirschner wire should 
preferably exit few mm plantarwards in relation to the 
nailbed. The hallux is immobilized in 5 to 10° of valgus 
and extension. Excise the redundant capsule and overlap 
the plantar flap over dorsal flap and perform a 
capsulorrhaphy. Close the skin and apply a soft bulky 
dressing. Postoperatively the foot is elevated for 3 to 4 
days following which walking with a wooden clog is 
allowed. Sutures are removed after 2 weeks, and the pin 
is removed after 3 weeks. Great stress is laid on vigorous 
postoperative physiotherapy which usually décidés the 
outcome of the procedure. 

As a modification to Keller's procedure Kelikian 
(1982) suggested raising the capsule as horseshoe-shaped 
flap and dividing this flap into dorsal and plantar halves. 
The plantar half of the capsular flap is draped across the 
metatarsal head and sutured on to the conjoined tendon. 
Moreover, he advised removal of proximal phalanx up 
to just distal to the flare of its base. However, he cautioned 
that this modification of the Keller's procedure was not 
suitable for severe grades of deformity with overlapping 
of toes. 

Complications of Keller's procedure include transfer 
metatarsalgia (this is supposed to be the strongest 
objection to this procedure), hallux varus. récurrence of 
deformity, degenerative arthritis of the remaining joint. 
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desired position, (iv) médial capsular imbrication (Figs 
5A to C). Proximal displacement of the distal fragment 
at the osteotomy site slackens the conjoint adductor 
tendons and relaxes other tight structures arround the 
first metatarsophalangeal joint. Helal et al (1971) in 


short floppy unattractive hallux and hammer toe 
deformity of second toe. To avoid development of 
hammer toe deformity of second toe, few surgeons 
perform prophylactic shortening of second metatarsal if 
it is too long as compared to the first metatarsal. In cases 
where there is considérable varus of first metatarsal an 
intermetatarsal suture between first and second 
metatarsal necks may improve the functional and 
cosmetic results. 

Metatarsal Osteotomy 

Broadly speaking, ostéotomies of the first metatarsal can 
be categorized into three groups depending upon the 
level of osteotomy. The most common complication seen 
in ail groups is metatarsalgia as a resuit of either 
dorsiflexion malunion of distal fragment producing 
metatarsus elevatus or excessive shortening of the 
metatarsal or both. 

Oblique displacement osteotomy of first metatarsal shaft 
(Wilson 1963): The operation consists of: (i) excision of 
médial eminence, (ii) oblique osteotomy of the metatarsal 
shaft in its distal 1/3, (iii) latéral displacement of the distal 
fragment of the osteotomy site, and at the same time, 
bringing the laterally deviated hallux medially to the 


Fig. 5A: Wilson’s oblique displacement osteotomy of the first 
metatarsal: (a) the incision starts at the middle of the proximal 
phalanx and then curved dorsomedially over the exostosis and 
proximally along the metatarsal shaft to the junction of its distal 
and middle one-third. A flap of capsule based distally is raised 


Figs 5B and C: Wilson’s oblique displacement osteotomy of 
the first metatarsal: (B) after osteotomizing the bone along 
marked line, the great toe is held with one hand while a thin 
osteotome is inserted at the osteotomy site. The hand holding 
the great toe brings the hallux to the desired position while 
osteotome taking leverage on the proximal fragment displaces 
the distal fragment laterally, (c) the médial capsule is sutured 
while holding the hallux in 5° of valgus 
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reviewing their results of oblique osteotomy suggested 
an oblique eut rather than vertical, at the osteotomy site 
to prevent the dorsal displacement of the distal fragment 
and to increase the area of bony contact at the osteotomy 
site. This will overcome the complication of dorsiflexion 
malunion to a large extent. 

Distal ostéotomies: Reverdin (1881) was the first to 
described distal metatarsal osteotomy to correct hallux 
valgus. Hohmann in 1925, established distal osteotomy 
by recommending osteotomy at metatarsal neck, latéral 
displacement and plantar tilting of the distal fragment. 
Peabody (1931) modified Hohmann's technique by 
leaving a lip of the médial cortex on the distal fragment 
for stability and imbricating the médial capsule after 
excision of médial prominence. 

Mitchell (1958) reported on 100 metatarsal 
ostéotomies performed by the technique described by 
Hawkins, Mitchell and Hedrick in 1945 (this procedure 
is commonly known as Mitchell's osteotomy). The results 
were good to excellent in 82% of feet. Carr and Boyd 
(1968), Miller (1974) and Glynn et al (1980) reported 90% 
satisfactory results with this technique. 

Mitchell's osteotomy: Consists of careful exposure of 
metatarsal neck (Figs 6A to G) area along with first 
metatarsophalangeal joint through a dorsomedial incision 
and removal of médial eminence as a first step. Two drill 
holes are then made in the area of the neck in following 
manner—first drill hole is made about 1.5 cm proximal 
to the distal margin of the articular surface of the 
metatarsal head and towards its médial cortex. Second 
drill hole is made 1 cm proximal to the first drill hole 
near the latéral cortex. A no.l absorbable suture is passed 
through both drill holes, in such a way, that it can be tied 
dorsally. The double osteotomy of neck is then carried 
out, leaving a peg of bone on the latéral side of distal 
fragment. The distal capital fragment is then displaced 
laterally, to an extent, that the peg of bone on distal 
fragment rests on the latéral cortex of the proximal 
fragment. The suture is tried, while the distal fragment 
is held in a position of 10° of plantarflexion. Any bone 
projecting medially from the distal-end of the proximal 
fragment is resected and then médial capsulorrhaphy is 
carried out holding the great toe in 5° of varus and 
plantarflexion. Postoperatively Mitchell et al recommen- 
ded padded rigid support for first 10 days followed by a 
short leg walking cast with toe plate. The cast is worn 
until the osteotomy is healed. 

Carr and Boyd (1968) recommended that no more 
than 4 mm thickness of bone should be removed from 
metatarsal neck area. 


Peg in hole osteotomy: Mygind (1952) devised a different 
modification of original Hohmann operation. Bone from 
dorsomedial aspect of metatarsal neck is removed to 
create a bony peg on the latéral side at the distal-end of 
proximal fragment. A corresponding hole consistent with 
the size of peg is made in the capital fragment. The distal 
fragment is displaced laterally and plantarwards 
correcting the deformity, and the peg of bone is inserted 
in distal fragment. Gibson and Piggott (1962) presen-ted 
long-term results of this procedure and the osteotomy is 
popularly known by their name. The complications 
encountered were—latéral toe metatarsalgia, dorsal 
angulation of the distal fragment, nonunion of osteotomy 
(less than 1%). Overall satisfactory results were achieved 
in 90% cases. 

Chevron osteotomy: Johnson et al (1979) described a V- 
osteotomy through metatarsal neck with apex of V 
pointing distally. The distal fragment is displaced 4 to 5 
mm laterally after osteotomy. The angle between the 
limbs of V-osteotomy is approximately 50 to 60°. Of 
course, médial eminence resection, removal of 
uncorrected médial part at the distalend of proximal 
fragment, médial capsulorrhaphy are also carried out. 
This osteotomy is mainly suited for mild deformities in 
young patients with intermetatarsal angle of less than 
20° and hallux valgus angle of less than 40°. It is difficult 
to correct pronation of great toe associated with severe 
deformities, with this procedure. 

Basal ostéotomies: Biomechanically, correction of 
metatarsus primus varus close to its point of origin seems 
reasonable, more so, if a soft tissue procedure is done in 
the area of first metatarsophalangeal joint. The osteotomy 
at the base can be closing wedge, opening wedge or a 
dome-shaped osteotomy. However, these ostéotomies are 
not widely practised alone. These ostéotomies are usually 
combined with other procedures like distal soft tissue 
realinement. Dôme osteotomy has the major advantage 
of retaining the length of first metatarsal after osteotomy. 

Proximal phalangeal osteotomy: Akin (1925) suggested a 
médial closing wedge osteotomy of the proximal phalanx 
near its base along with removal of médial condylar flare 
of proximal phalanx excision of médial eminence and 
adductor release for correction of hallux (Figs 7A and B). 

The procedure is suitable for patients over 45 to 50 
years of âge with hallux valgus of more than 30° and 
first second intermetatarsal angle of less than 12°. 
Degenerative changes at first metatarsophalangeal joint, 
latéral metatarsalgia or deformity severe than described 
above are contraindications to this procedure. 
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Figs 6A to G: Mitchell’s osteotomy: (A) skin incision, (B) fashion a flap of capsule based distally on the base of proximal phalanx, 
(C) the médial eminence is removed—ideally the osteotome should be directed proximally, plantarwards and medially to prevent 
splinter of the bone, (D) two drillholes are made as described in text—note that the proximal hole is near latéral cortex while the 
distal hole is near médial cortex, (E) double osteotomy of the metatarsal neck—the distal eut is incomplète and leaves 3 to 4 mm 
bone of the latéral cortex intact, the intervening bone of 3 to 4 mm thickness is then removed, (F) the capital fragment is 
displaced laterally until the latéral spike of the distal fragment cornes to lie on the outer surface of the latéral cortex of the 
proximal fragment—keeping the distal fragment in 10° of plantarflexion the suture is tied, shaded area of the bone is resected, 
and (G) the capsular flap is advanced proximally, holding the hallux in 5°of varus and plantarflexion, and sutured. 
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Arthrodesis of First Metatarsophalangeal Joint 

In selected cases, arthrodesis of first metatarsophalangeal 
joint gives gratifying results. Once a solid fusion is 
achieved in desired position, the patient can bear weight 
on the first ray without any pain, thus, avoiding latéral 
transfer metatarsalgia or rather improving preexisting 
latéral metatarsalgia. It is indicated for patients with 
severe hallux valgus deformity, patients with severe 
metatarsalgia, hallux valgus secondary to rheumatoid 
arthritis, hallux varus following Mc Bride procedure, 
intrinsic minus hallux following Keller's arthroplasty, 
récurrence of hallux valgus following any procedure, 
hallux valgus with gross muscular imbalance as seen in 
cérébral palsy and as a part of various combination 
procedures perform, e.g. arthrodesis of first meta-tar- 
sophalangeal joint along with basal osteotomy and 
proximal phalangeal osteotomy to correct severe hallux 
valgus with severe metatarsus primus varus. 

The most common complication is fusion of joint in 
less than optimal position of first metatarsal leading to 
secondary deformities of great toe. Main disadvantage 
lies in the inability to wear shoes of varying heel height 
after arthrodesis—a limitation which should always be 
told to female patients before contemplating this surgery. 
The surgical technique will be discussed in the section of 
hallux rigidus. 

Choice of Surgical Procedure in Different 
Age Groups 

Adolescent Hallux Valgus 

Most of the cases in this group présent with the complaint 
of deformity of great toe, cosmesis being the greatest 
concern, especially among females, in western countries. 
Pain is almost never a marked feature and the médial 
prominence being minor part of the deformity. There is 
often a positive family history, and the parents are 
concerned with the likelihood of the deformity to 
increase. Often the deformity is associated with a 
hypermobile flatfoot. Metatarsus primus varus and 
valgus at interphalangeal joint are prominent features. 
Osteotomy of first metatarsal or proximal phalanx is often 
needed, and soft tissue procedures alone are fraught with 
high rate of récurrence and unsatisfactory results. 

Unless there are spécifie indications, adolescent cases 
should be managed by conservative measures in early 
stage. Patients having strong family history, showing 
progressive deformity or subluxation at first 
metatarsophalangeal joint, difficulty in shoe fitting or 
severe pain in bunion area are the candidates for surgical 
intervention. 



Figs 7A and B: Proximal phalangeal osteotomy and adductor 
release: (a) the shaded area of the bone is removed after 
adductor tenotomy, through a separate linear incision in the 
first web space, the adductor tendon is incised at the level of 
its attachment to the base of proximal phalanx and latéral 
sesamoid, and (b) the osteotomy site and the corrected position 
of hallux are held in position with a thick Kirschner’s wire. 
However, two-thin Kirschner’s wires is a better option as they 
control the element of rotation at osteotomy site 

Wilson oblique osteotomy: Coupled with adductor release 
and médial capsulorrhaphy gives gratifying results. 
Proximal phalangeal osteotomy can be added if valgus 
at interphalangeal joint is a prominent feature. MitchelTs 
distal osteotomy gives equally good results in adolescent 
patients. Simmonds and Melaneus (1960) suggested 
opening wedge basal metatarsal osteotomy, latéral 
capsulo-tomy of first metatarsophalangeal joint and 
transfer of adductor hallucis to metatarsal neck for 
adoles-cent hallux valgus. 

The Lapidus operation: (Fig. 8) is primarily indicated in 
cases with severe deformity or as a secondary salvage 
procedure for récurrence of varus inclination of the first 
metatarsal following an osteotomy of this bone. The 
surgery comprises of: 

i. Removal of médial eminence 

ii. Tenotomy of adductor hallucis and latéral 
capsulotomy, percutaneously 

iii. Médial relocation of abductor hallucis 

iv. Médial capsulorrhaphy 

v. Arthrodesis of first metatarsal cuneiform joint and 
synostosis at the bases of first and second 
metatarsals, after correction of varus angulation 
of first metatarsal by angulating and displacing it 
laterally. 
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Fig. 8: Lapidus operation for adolescent hallux valgus: (a) 
shaded area shows the bone to be resected, and (b) release of 
adductor hallucis, fixation of arthrodesis site by a wire, 
placement of bone grafts at arthrodesis site and médial 
capsulorrhaphy 

While performing arthrodesis at first metatarsal 
cuneiform joint, extreme care needs to be exercised, to 
avoid dorsal angulation of first metatarsal. Secondly, the 
bone obtained by removal of médial eminence should be 
used as a source of graft at the arthrodesis site either 
morcellized (Lapidus) or as a chunk between the base of 


first metatarsal and médial cuneiform to produce valgus 
angulation of the first metatarsal. The authors prefer 
fixing the arthrodesis site by an oblique Kirschner wire. 

Postoperatively the limb is elevated for 2 to 3 days, 
and the patient is kept in nonwalking below-knee 
platform cast with extended toes for next 6 weeks. After 
this the Kirschner's wire is removed, and patient is 
allowed to bear weight in a new below-knee cast which 
is kept till solid fusion is achieved, usually for next 4 to 
6 weeks. 

Adult Patient 

Before deciding on the type of surgical procedure, careful 
attention should be paid to the presence or absence of 
any degenerative changes in first metatarsophalangeal 
joint. If there are no degenerative changes in first 
metatarsophangeal joint, which is usually the case in this 
âge group, one can expect good results from Wilson or 
Mitchell osteotomy. If a patient has an element of stiffness 
or degenerative changes in first metatarsophalangeal joint 
an operation which includes arthrodesis of first 
metatarsophalangeal joint should be undertaken. 

Older Age Group 

In this âge group, degenerative changes along with hallux 
valgus are common. If the deformity is not too severe, 
Keller's resection arthroplasty gives best resuit. Latéral 
metatarsalgia, if présent, should be taken care of in same 
sitting. 

In cases with severe deformity, arthrodesis of first 
metatarsophalangeal joint is the procedure of choice. 


Hallux Rigidus 


Hallux rigidus dénotés painful limitation of movements, 
especially dorsiflexion, at first metatarsophalangeal joint. 
In contrast to the hand, the range of extension at first 
metatarsophalangeal joint is much greater than flexion. 
The joint can be passively extended up to 90° while flexion 
is limited to a few degrees. The extension movement of 
the great toe involves plantarflexion of first metatarsal 
so as to permit the proximal phalanx to glide on the head 
of first metatarsal. Although this much dorsiflexion of 
the great toe is not required in normal walking, however, 
the activities of running and jumping do require much 
greater excursions of the great toe. 

Restriction of movements at the first metatarso¬ 
phalangeal joint, sufficient to generate symptoms during 


normal walking or other activities, is termed as hallux 
limitus. Total loss of dorsiflexion at this joint is called as 
hallux rigidus. Severe grades of hallux rigidus leading to 
marked spasm of long toe flexor and flexion deformity 
of great toe at metatarsophalangeal joint is termed as 
hallux flexus. 

Females predominate in adolescent âge group, while 
sex incidence is almost equal in adults. The condition is 
usually bilateral. 

Etiology 

The most common cause is intrarticular trauma, in 
patients who sustain acute injuries to the to the MTP joint. 
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forced hyperextension or forced plantar flexion can create 
compressive forces throught the jamming of the toes. 

Possibly multifactorial in origin, an important 
causative factor is osteochondritis dissecans of the head 
of first metatarsal (Flow chart 1). Goodfellow (1966) 
convinc-ingly showed three cases of hallux rigidus 
developing as a resuit of osteochondritis dissecans at the 
first metatarsal head. McMaster (1978) presented 
evidence that the lésion starts as a cleavage defect in the 
articular cartilage of the head of first metatarsal, without 
involving the bone. McMaster labeled this lésion as 
"chondritis dissecans" situated in an area between dorsal 
margin and the apex of the dôme of the articular surface. 
Clinically, this is the typical site of tenderness in an early 
case coupled with limitation of extension. 

Radiologically, this may be évident as a small 
dépréssion on the metatarsal head, a finding which is so 
subtle that it is usually missed in early cases. Gradually 
the lésion progresses, as the base of proximal phalanx 
abuts this lésion, everytime extension of great toe occurs. 
This causes a painful limitation of extension, promoting 
flexion attitude of the great toe. With further progression, 
a dorsal osteophyte limits great toe extension by virtue 
of mechanical blockade. Gradually degenerative arthritis 


of the first metatarsophalangeal joint sets in resulting in 
a full-blown picture of hallux rigidus. Various other 
factors causing either initiation or pro-gression of the 
disease are as follows (Flow chart 1). 

Long Narrow, Fiat, Pronated Feet 

The médial side of the foot bears more stresses leading to 
increased stresses at first metatarsophalangeal joint. This 
probably leads to degenerative changes at this joint and 
résultant stiffness. 

Long First Metatarsal / Long Hallux 

This situtation forces the forefoot to be in adduction 
during stance phase in order to bring the hinge axis of 
the forefoot perpendicular to the angle of gait. Moreover, 
long first metatarsal or long hallux prédisposés this area 
to repeated trauma. 

Metatarsus Elevatus 

Jack (1940) considered that elevated metatarsal caused 
an increased pressure over metatarsal head by the dorsal 
part of the proximalphalangeal articular surface. This can 
cause localized érosion in this area. 'This érosion in turn 


Flow Chart 1 : Etiopathogenesis of hallux rigidus 
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may cause either osteochondritis dissecans or degene- 
rative changes. 

Hypermobility at First 
Metatarsophalangeal Joint 

Hypermobility at first metatarsophalangeal joint 
can secondarily cause metatarsal elevatus. Bingold and 
Collins (1950) noted the association of hypermobility of 
first metatarsal and metatarsal elevatus. In normal gait 
cycle, during the heel-off stage of stance, the toes are fixed 
to the ground while metatarsals dorsiflex on fixed toes. 
Hypermobility at first metatarsophalangeal joint, 
permitting more gliding movements, leads to a graduai 
subluxation of metatarsal head during this phase. 
Consequently, each time the heel rises, the articular 
surface of first metatarsal head impinges on to the dorsal 
rim of the proximal phalangeal concave articular surface 
with considérable force. This ultimately leads to degene- 
ration in this area of metatarsal head and later on of the 
whole joint. The picture of degenerative arthritis 
ultimately sets in with typical clinicoradiological picture. 

Congénital: "Metatarsus primus elevatus" secondarily 
causes the great toe to remain in flexion during standing 
and walking, in order to maintain contact with the 
ground. Persistence of flexion of the great toe may lead 
to a contracture of the structures on plantar surface of 
the joint leading to limitation of dorsiflexion. 

Repeated minor trauma: Due to abnormally long first 
metatarsal or improper shoe fitting leads to localized 
traumatic osteoarthrosis associated with muscle spasm 
forcing hallux in flexed position. Subséquent contracture 
of soft tissues on plantar aspect and degenerative changes 
produce hallux rigidus. 

Other factors such as osteochondritis of the epiphysis 
of the proximal phalanx and tightness of médial band of 
planter fascia may cause hallux rigidus. A few cases may 
be associated with rheumatoid arthritis or goût (called 
as secondary hallux rigidus). 

Clinical Feature 

In the early stages, the patient suffers intermittent acute 
bouts of pain, brought about by unusual activity or high 
heeled shoes. As the disease progresses, the painbecomes 
chronic and the element of stiffness is also added. An 
adventitious bursa may form over dorsal osteophytes, 
the bunion, which may become inflamed adding to the 
misery of patient. In addition there may be tendinitis of 
extensor hallucis tendon. To avoid bearing weight on 
symptomatic first metatarsophalangeal joint the patient 
walks and stands with supinated forefoot in order to 


transfer weight on the latéral side of the foot. This gives 
rise to uneven shoe wear. Compensatory hypermobility 
develops at second metacarpophalangeal joint and inter- 
phalangeal joint of great toe leading to increased weight 
sharing by these joints and hence formation of callosi- 
ties in these areas. The foot may develop secondary 
changes like onychogryposis, subungual corn or sub- 
ungual hematoma due to excessive pressure of the shoe 
over nails. 

Ail these changes take years to develop. The initial 
course may be painless. But once the joint becomes 
painful, there may be fast détérioration of the joint 
functions. 

Examination: Reveals prominence at the base of great toe 
on its dorsal surface, as a resuit of osteophytic 
prolifération around first metatarsophalangeal joint. The 
great toe is held straight at metatarsophalangeal joint. 
The forefoot is inverted during stance phase of gait or on 
standing. Presence of a callosity on the médial side of the 
plantar surface of the base of proximal phalanx is a 
constant finding. Dorsiflexion at first metatarsopha¬ 
langeal joint is markedly reduced. The degree of 
restriction of movements varies with the mode of onset 
and the extent of degenerative changes within the joint. 
In acute stage, the dorsiflexion may be absent and the 
great toe held in flexion (hallux flexus). In chronic case, 
the movements are gradually lost and a few cases show 
varying loss of plantarflexion also. Pain may then become 
less severe. With the complété loss of movements at the 
first metatarsophalangeal joint, pain may altogether cease 
to exist, but secondary lésions such as bunion or corns 
may continue to generate pain and cause trouble. 

The range of movements of interphalangeal joint and 
second metatarsophalangeal joint is carefully noted. 

The latéral toes may reveal dorsal or interdigital 
lésions, as a resuit of inversion of forefoot. Halux valgus 
is uncommon with hallux rigidus. 

Pathology 

The joint passes through ail stages of degenerative 
arthritis and the sequential pathological changes include: 

i. Erosion, fibrillation of articular cartilage 

ii. Synovial hypertrophy and thickening 

iii. Eburnation of the subchondral bone 

iv. Formation of osteophytes at the margin of joint, 
most prominent being on the dorsal aspect. A 
bursa may form over this bony prominence 
(bunion) and may become inflamed. Sometimes a 
callosity is formed in the area of bunion. The head 
of first metatarsal may show flattening in 
association with osteochondritis dissecans. 
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Radiographie Examination 

The radiographie examination may reveal nothing 
significant in adolescent cases. With the progression of 
the disease, graduai narrowing of radiologie joint space 
with flattening of head becomes obvious. In an estab- 
lished case, the head of the metatarsal gives square 
flattened appearance with corresponding flattening of 
base of the proximal phalanx. In addition, osteophytes 
prolifération around the first métatarses phalangeal joint 
is évident. AP radiograph demonstrate flattening of the 
lst metatarsal head and non-uniform joint space 
narrowing onlateral radiograph the osteophyte courses 
proximally resembling candie wax. 

In secondary hallux valgus rigidus, radiological 
findings of primary pathology are also visible. Marginal 
érosions coupled with local osteoporosis is observed in 
rheumatoid arthritis. 

Gouty arthritis may reveal punched-out lésions on 
the articular surface as an additional feature. 

Conservative Measures 

During acute bouts rest to the part in a below-knee 
platform slab, and later below-knee walking cast is 
effective. This can be followed by a rocker bottom shoe 
with stiff sole which provides rocking movements during 
stance phase. For those patients who are in habit of 
walking on outer border of sole to avoid movements at 
first metatarsophalangeal joint, an outside sole wedge 
should be added to rocker bar and stiff sole. The rocker 
bar should be wide enough to provide effective rocker 
action and is placed slightly anterior to the place where a 
metatarsal bar is usually put. 

Surgical Treatment 

Surgery is recommended for the patients having 
récurrent acute exacerbations or chronic persistent 
symptoms. The type of operative procedure, to be chosen, 
dépends upon the âge of patient and the extent of 
degenerative changes at metatarsophalangeal joint. 

• For adolescent and adult patients with practically no 
visible radiological degenerative changes, extension 
osteotomy (Kessel and Bonney 1958) of the proximal 
phalanx gives good results provided 3° of free 
plantarflexion is available at metatarsophalangeal 
joint preoperatively. 

• In adult patients with mild to moderate degenerative 
changes, cheilectomy (Mann, Coughlin, and Duvries 
1979) gives gratifying results. 

• In adults with severe degenerative changes, 
arthrodesis of the first metatarsophalangeal joint is 
the operation of choice. 


• For older patients with severe degenerative changes, 
Keller's resection arthroplasty usually gives lasting 
relief. This operation should never be done in 
adolescents and adult patients as it may cause cocked- 
up toe, weakness and latéral metatarsalgia in these 
active patients. 

Extension Osteotomy of Proximal Phalanx 

The indications for dorsal closing proximal phalyngeal 
osteotomy for hallux rigidus are in adolescent patients 
with no significant osteophalanx formation. 

In contrast to the hand, dorsiflexion movement at 
metatarsophalangeal joint is much désirable as compared 
to plantarflexion. A dorsally based, closing wedge 
osteotomy of the proximal phalanx of the great toe is 
performed near its base (Fig. 9) consequently, available 
range of plantar—flexion at first metatarsophalangeal 
joint is thus converted into useful range of dorsiflexion 
movement at the joint. 

Technique (Kessel and Bonney, Mobergs Modification): The 
proximal half of the proximal phalanx of the great toe is 
exposed by a midline longitudinal incision. The extensor 
apparatus is split in médian plane and retracted on either 
side. The base of proximal phalanx with adjoining shaft 
is thus exposed. The osteotomy sites are marked for a 
predetermined wedge. Two drill holes, 2 to 3 mm on 
either side of site of the osteotomy cuts, are made from 
médial to latéral direction near the dorsal cortex. The 
proximal hole should be 2 to 3 mm distal to the articular 
margin at the base of proximal phalanx. 

The drill holes should allow free passage of 1 or 1-0 
nonabsorbable suture or 24 no. stainless Steel wire. Then, 
the osteotomy cuts are made. Proximal eut is made in 
plantar distal direction and should be 2 to 3 mm distal to 
the proximal drill hole. The distal eut should start 5 to 
6 mm distal to the first eut directed plantarwards and 
proximally to meet the plantar-end of the first eut. The 
cuts should not osteotomize the plantar eut. The stainless 
Steel wire or a nonabsorbable suture is passed through 
the drill holes. The wedge of bone is removed with an 
osteotome or a Kocher's forceps. The gap thus produced 



Fig. 9: Extension osteotomy of the proximal phalanx for hallux 
rigidus. Shaded area depicts the wedge of the bone to be 
removed (FHB—flexor or hallucis brevis) 
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is closed by dorsiflexing the distal fragment. In this 
maneuver, the plantar cortex is broken or fractured. 

Bone surfaces are opposed and the suture or wire is 
tied on the latéral aspect of the proximal phalanx. The 
extensor apparatus is repaired with roll stitch. 

Postoperatively, a platform walking cast is applied 
for 3 weeks and partial weightbearing is allowed. Sutures 
are then removed and a new below-knee walking cast 
with toes extension is applied for antoher 3 weeks or until 
the osteotomy is radiologically united. 

Kessel and Bonney (1958) found an increase in dorsi- 
flexion movement from a preoperative mean angle of 10° 
to a postoperative mean of 44° in 10 patients. However, 
only in one patient continued pain was encountered. The 
average follow-up of patients was 28 months. Citron and 
Neil (1987) presented a long-term follow-up (average 22 
years) of 10 toes. The authors reported long lasting 
benefits of this surgery in hallux rigidus. 

Cheilectomy (Mann, Conghlin, DuVries) 

The operation encompasses removal of dorsal exostosis 
along with the part of metatarsal head, suffi-cient to 
allow at least 60° of dorsiflexion on the operation table 
(Figs 10A to C). This way the bone block (proliférative 
bone around the head of first metatarsal) preventing 
normal dorsiflexion of proximal phalanx, is removed. 



Figs 10A to C: Cheilectomy: (a) diagram showing proliférative 
bone on the dorsal aspect of the head of first metatarsal, the 
dorsiflexion of proximal phalanx is restricted, (b) holding 
metatarsophalangeal joint in full flexion, the dorsal osteophytes 
are osteotomized along with some part of the head, and (c) at 
least 60° of dorsiflexion should be achieved on the table 


Indications 

Grade 1 and grade 2 hallux rigidus, in younger athletic 
patients and in patients with more advanced 
degenerative arthosis. 

Technique: The first metatarsophalangeal joint, metatarsal 
head and base of proximal phalanx of great toe are 
exposed by a midline longitudinal incision. The extensor 
tendons are retracted medially. The capsule is incised 
longitudinally and the metatarsophalangeal joint is 
opened by forcibly plantarflexing the proximal phalanx. 
The head of first metatarsal is thus exposed. A generous 
excision of the proliférative new bone around first 
metatarsophalangeal joint is done. Using a thin osteotome 
or oscillating saw, one-quarter to one-third of the 
metatarsal head is excised on its dorsal aspect along with 
exostosis. This usually permits enough dorsiflexion of 
great toe. On table, minimum 45° dorsiflexion of great 
toe should be achieved, to expect good results from this 
surgery. The capsule is then closed, extensor hallucis 
longus is relocated and stitched. Skin is closed in usual 
manner and a compression dressing is applied. The 
dressing is inspected at 2 to 3 days, and active movements 
of great toe are encouraged on the heels of pain. The range 
of movement usually improves in the ensuing 6 months. 

Soft Tissue InterpositionsI Arthroplasty 

This is the procedure in which there is excisional 
arhroplasty combined with soft tissue interpositional 
arthroplasty and this soft tissue serves as a biological 
spacer .indicated in very severe form of hallux rigidus. 

Arthrodesis of First Metatarsophalangeal Joint 

The great toe is fused in 15 to 20° valgus and 
approximately 20 to 25° of dorsiflexion in relation to first 
metatarsal shaft (Fig. 11). The first metatarsal itself has 
natural 15° of plantarwards inclination in relation to 
horizontal plantar surface of sole. This automatically 
places pulp of great toe in approximately 10 to 15° of 
dorsiflexion in relation to horizontal plantar surface of 
sole after arthrodesis. 

Technique: (McKeever) An incision is made, starting at 
the midportion of proximal phalanx, in midline on médial 
side. It is extended proximally to the center of the apex 
of médial eminence and then gently inclined dorsally to 
remain in the midline of the médial aspect of first 
metatarsal. The capsule is incised longitudinally in the 
midline and proximal half of the proximal phalanx and 
distal 2 cm of the metatarsal shaft are exposed 
subperiosteally by sharp dissection. The joint is angulated 
into valgus to expose articular surfaces. With the help of 
a gauge or curet, the articular cartilage of the proximal 
phalanx is removed and a concavity of 8 to 10 mm depth 
at the base of proximal phalanx is created. Then the head 
of metatarsal is denuded of its articular surface with the 
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Fig. 11: Position of hallux in relation to the surface of sole at 
the time of arthrodesis. The plantar surface of great toe should 
subtend an angle of 10 to 15°to an imaginary line running from 
calcaneal tuberosity to the skin of the sole beneath the head of 
first metartarsal. Besides this, the great toe is kept at a valgus 
angle of 15 to 20° 

help of a rongeur. A convexity at the head of metatarsal 
is shaped in such a way that it will fit into the 
corresponding concavity at the base of proximal phalanx. 
The convexity is approximately 1 cm in diameter and 
gently slopes from dorsal distal to proximal plantar 
aspect. This slope permits the placement of great toe in 
approximately 10 to 15° of valgus and 20 to 25° of 
dorsiflexion after opposition of the two raw surfaces. 
Now, both the surfaces are opposed and minor 
adjustments in the opposing surfaces if required, are 
made by using a small rongeur. The position of great toe 
for arthrodesis is then finally determined. The proximal 
phalanx should make an angle 10 to 15° of dorsi flexion 
and approximately 15° of valgus angulation. The angle 
of dorsiflexion is formed between long axis of proximal 
phalanx and an imaginary line on the plantar surface of 
foot that passes under the calcaneal tuberosity and under 
the first metatarsal head as the foot is held at 90° to the 
leg, in plantigrade position. This will make the 
dorsiflexion angle between proximal phalanx and long 
axis of first metatarsal between 20 and 25°. Holding the 
hallux in desired position, drill a hole with 2.5 mm drill 
bit, starting on the plantar surface of the proximal phalanx 
in midline 1 cm distal to its articular margin and reaching 
the meduallary canal of first metatarsal. McKeever 
recommends use of a screw to stabilize the arthrodesis 
site, long enough to reach the base of first metatarsal 
usually 5 to 6 cm in length, and a small washer to prevent 
the head of the screw from receeding into the medullary 
canal of the proximal phalanx. The wound is closed in 
layers. Postoperatively a compression dressing is applied 
for 3 to 4 days. Weight bearing is then permitted in a cut- 
out shoe. The authors advise below-knee platform slab 
postoperatively. After 2 weeks stitches are removed and 
a new belowknee cast with toes in extension is applied 
for another 4 weeks. During this period nonweight 


bearing ambulation with crutches is allowed. After 
6 weeks of surgery, a new well fitting cast is applied and 
partial weight bearing is allowed. The cast is kept till 
arthrodesis is solidly fused. The screw is not removed 
until it produces any symptom. 

Lipscomb modifications: Lipscomb recommended few 
modifications of the original McKeever's method of the 
arthrodesis of first metatarsophalangeal joint based on 
his expérience of performance of 16 such operations. They 
are: 

i. Insertion of fixation screw through the médial part 
of the plantar surface of the base of proximal 
phalanx 

ii. Overdrilling of the starting hole in the proximal 
phalanx 

iii. Use of 3 mm screw with 5 mm head and no washer 

iv. The dorsiflexion angle at arthrodesis site between 
15 and 20°. 

Mann's modification of McKeever procedure: Make a 
longitudinal incision over first metatarsophalangeal joint. 
The extensor hallucis longus tendon can be retracted 
medially or laterally. Now, excise the capsule. With the 
help of power saw and thin blad, resect the articular 
surfaces of first metatarsophalangeal joint. The bone is 
resected in such a way that after opposition, of raw 
surfaces the hallux can be held in approximately 25° of 
dorsiflexion in reference to the longitudinal axis of first 
metatarsal. Do not shorten the hallux by more than 5 mm 
in relation to second toe. Use 3.6 mm and 3.2 mm 
Steinmann pins with cutting edge at both the ends to hold 
the arthrodesis site and insert them in rétrogradé manner. 
The pins should exit 3 to 5 mm below the nail margin at 
the tip of distal phalanx. Once the great toe is held in 
desired position, advance the Steinmann pins. First pin 
should exit 3 to 5 mm proximal to the first metatarsopha¬ 
langeal joint through plantar médial cortex of first 
metatarsal. Now, if desired, correct the rotation of great 
toe and then advance the second pin. After seating the 
pins eut their distal ends approximately 6 mm beyond 
the skin. 

Shaped arthrodesis: To ensure good contact between raw 
surfaces cône arthrodesis has been developed by Mann 
(1960), Wilson (1967), Johansson and Barrington (1984). 

Marin's method of shaped arthrodesis: A straight incision is 
made on the médial aspect of the joint two to three inches 
in length. The head of the metatarsal and the base of the 
proximal phalanx are cleared of soft tissues by sharp 
dissection, keeping the periosteum and the joint capsule 
as much as possible in one continuons layer. The joint is 
then disarticulated, preferably with the help of a Lanetype 
of tissue forceps gripping the base of the proximal 






Disorders of Toes 3197 


phalanx. The metatarsal head is shaped into a conical 
peg with several sharp blows from an osteotome before 
the specially designed reamer is used (Figs 12A and B). 
The base of the proximal phalanx is then hollowed out, 
starting with a 1/8" awl, and the hole thus started is 
further enlarged, using in succession, two different sizes 
of Paton's burrs, before being hollowed out to its 
maximum size with a specially designed large burr. The 
reamer and the burr are complementary, allowing the 
shaped metatarsal head to be jammed into the 
hollowedout base of the proximal phalanx, thus, 
impacting the two bones firmly together. The best 
position for fusion of the joint is with the toe dorsiflexed 
10° in the sagittal plane and deviated outwards some two 
to five degrees in the coronal plane. Care should be taken 
to ensure that the rotation of the toe is corrected. A screw, 
which need not be more than 1" in length or more than 
5/32" in diameter, is then inserted obliquely from the 
médial side of the base of the proximal phalanx, so as to 
cross the joint and engage the cortex of the latéral surface 
of the neck of the first metatarsal. 

The obliquity of the screw compresses the bones 
together, producing solid fixation and encouraging rapid 
union. The hole for the screw is best made with a power 
drill, which can be controlled with the right hand, while 
the hallux is firmly held by the left hand. It is unnecessary 
to countersink the head of the screw. The incision is closed 
with a single layer of continuons 3-0 silk. The foot is firmly 
bandaged with a Kling type bandage over wool padding. 



Figs 12A and B: Female (a) and male (b) conical reamers 
used in cône arthrodesis to shape metatarsal head and proximal 
phalanx respectively 


A few turns of plaster of Paris may be applied to form a 
thin shell if the fixation is not too secure. 

Postoperatively, after two days, the dressings are 
removed and a wellfitting plaster bootee or slipper, giving 
a substantial measure of protection to the arthrodesed 
joint, is applied. Full weight bearing is then allowed, 
whether in unilatéral or bilateral cases. This is worn for 
four to six weeks, depending on the security of the fixation 
obtained and the âge of the patient. There is no necessity 
for the patient to be in the hospital for longer than one 
week. Even elderly patients, who hâve had both toes 
operated upon, can be fully mobile with the aid of a cane, 
two or three days after application of the plaster slippers. 

Another method of fusion is by using a compression 
clamp across the joint after making the surfaces raw 
(Hamson and Harvey 1963). However, the apparatus is 
cumbersome and not preferred by most of the orthopédie 
surgeons. 

Fitzgerald (1969) reviewed 49 patients and found 
malposition of the arthrodesis in 16% cases. Osteoarthritis 
of the interphalangeal joint was encountered in 25% of 
patients. He achieved 98% overall success rate (satisfied 
patients) after fusion of first metatarsophalangeal joint 
for hallux rigidus. Mohniyan (1967) achieved 100% 
patient satisfaction rate in 14 cases followed up for 2 to 7 
years. 

Keller’s Arthroplasty Excisional 

Nilsonne (1930) and Severin (1948) strongly advocated 
this surgery in hallux rigidus. This procedure should be 
reserved for older âge group as the incidence of latéral 
metatarsalgia is high in young patients after this surgery. 
To obtain good results, well-supervised postoperative 
physiotherapy is must. 

Wrighton (1972) presented a 10-year review of Keller's 
procedure done in 14 patients. He reported 100% relief of 
pain in these patients. Cleveland and Winant (1950) 
reported 85% patients satisfaction with this surgery in 
20 cases. 

The technique of Keller's arthroplasty is described in 
the chaper of hallux valgus. Here, instead of médial 
eminence excision, the proliférative bone around the base 
of the first metatarsophalangeal joint is excised. 

This procedure is indicted in older and more 
sedentary patients not in younger patients. 

Replacement Arthroplasty 

Total joint arthroplasty using a silastic or other type of 
implant is generally not favored due to high incidence of 
complications. Common complications include loosening 
of prosthesis, soft tissue reaction and joint stiffness. On 
the other hand, other procedures hâve stood test of the 
time and should be preferred. 
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Hallux Varus 


Hallux varus generally refers to the médial déviation or 
médial subluxation of the great toe at first meta- 
tarsophalangeal joint. This is usually associated with 
supination of the great toe. If the great toe is only 
adducted at the metatarsophalangeal joint without any 
element of rotation, it is usually called as hallux adductus. 
However, both the situations are usually referred to as 
hallux varus. 

Majority of the hallux varus deformities are secondary 
to hallux valgus surgery. Less commonly it is congénital 
or may be acquired due to generalized systemic disease 
involving the skeleton or trauma. 

CONGENITAL HALLUX VARUS 

Congénital hallux varus may be associated with médial 
déviation of the first ray (primary variety) or ail the 
metatarsals (secondary variety) as seen in association 
with talipes equinovarus (Thomson, 1960). Joseph et al 
(1984) described three distinct groups of congénital hallux 
varus. The primary variety includes médial déviation of 
the proximal phalanx at the level of first meta¬ 
tarsophalangeal joint. The secondary variety demons- 
trates médial déviation of the first metatarsal at the 
metatarsocuneiform joint. The third variety of congénital 
hallux varus is the one associated with other forefoot 
anomalies, called as tératogénie variety. The latter may 
be associated with accessory bones/toes or a short thick 
first metatarsal or a firm fibrous band extending from 
the médial side of the great toe to the base of first 
metatarsal (Fig. 13). 



Fig. 13: Radiograph of a case of bilateral hallux varus. The 
deformity here is mainly at the interphalangeal joint 


Iatrogénie Hallux Varus 

Most of these cases develop secondary to the surgery for 
hallux valgus. Hallux varus may develop after few 
months or years after the surgery,the latéral collateral 
ligament of the hallux is ruptured. Few of these cases 
may be associated with a cock-up deformity of the great 
toe. Majority of the hallux varus cases occur secondary 
to McBride or DuVries procedure with concurrent 
removal of the fibular sesamoid. 

McBride (1935) reported two cases of over-correction 
of hallux valgus deformity, while reviewing 39 cases of 
hallux valgus repaired by his technique. Hawkins (1971) 
reported this complication in 1% of the cases who 
underwent McBride bunionectomy. He classified 
iatrogénie hallux varus into two categories: (i) static type 
which occurred secondary to the procedures not 
involving muscle tendon balancing procedure, e.g. first 
metatarsal ostéotomies first metatarsophalangeal arthro- 
plasties, silver type bunionectomies, and (ii) dynamic 
type—which foliow, muscle tendon balancing operations 
for hallux valgus. The former variety tends to gradually 
realine while the latter variety tends to persist and 
progress. 

Jarvis and Donick (1975) reviewed 1100 case of 
McBride operation and found 18 (1.6%) cases of iatrogénie 
hallux varus deformity. In their opinion, excessive médial 
exostectomy, correction of intermetatarsal angle below 
8°, a long first metatarsal and a round first metatarsal 
head were the common factors leading to this compli¬ 
cation. On the contrary, Feinstein and Brown (1980), 
reviewed 878 cases of hallux valgus surgery and found 
that the length of first metatarsal was equal to or shorter 
than the second metatarsal in 10 cases of their sériés who 
developed hallux varus deformity following surgery 
head Banks, Ruch and Kalish (1988) proposed that the 
development of hallux varus following surgery for hallux 
valgus, is usually multifactorial in origin. The important 
causes are as follows. 

Excessive médial exostectomy: Overzealous excision of the 
bone from metatarsal head may disrupt the normal 
anatomie contors of the joint affecting its stability 
adversely. The proximal phalanx or the médial (tibial) 
sesamoid can displace medially altering the line of pull 
of the médial head of flexor hallucis brevis muscle and 
converting it into a dynamic deforming force. To prevent 
this complication, only dorsomedial portion of the 
exostosis should be excised sparing plantar médial 
condyle of the metatarsal. 
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Indiscriminate removal of plantar fibular sesamoid without 
paying attention to the continuity of the latéral conjoined 
tendon: This will lead to muscular imbalance and a hallux 
varus deformity. The problem may get compounded by 
concomitant sectioning of the extensor digitorum brevis 
and leng-thening of the extensor hallucis longus tendon. 

Excessive tightening of the médial structures of first 
metatarsophalangeal joint: This may occur inadvertently if 
valgus at interphalangeal joint is also contributing to the 
overall deformity of hallux valgus, and the surgeon 
attempts to correct whole of the deformity by performing 
a procedure around first metatarsophalangeal joint only. 
Overcorrection ofthe hallux valgus deformity by osteotomy of 
first metatarsal: This may reduce the intermetatarsal angle 
excessively leading to the development of hallux varus 
deformity. 

Postoperative immobilization ofthe great toe in varus position: 
In cases with arthroplasty excessive removal of bone, 
excision of the part of metatarsal head, excessive capsular 
stripping from metatarsal head, improper sectioning of 
the bone and inability to keep the great toe in neutral 
position till the healing of soft tissue may lead' to the 
complication of hallux varus. 

Acquired Hallux Varus 

Besides iatrogénie causes, there are few other acqui-red 
conditions which may cause hallux varus. These are: 
rheumatoid or psoriatic arthritis complicated by rupture 
of latéral conjoined tendon, traumatic disruption of latéral 
capsule and latéral conjoined tendon. 

Clinical Présentation 

Patients with iatrogénie hallux varus initially may 
complain of stiffness at metatarsophalangeal joint level. 
With further médial déviation of great toe, the tibial 
sesamoid along with the tendon of flexor hallucis brevis 
are displaced medially. This makes the plantarflexion 
stability action of flexor hallucis brevis relatively 
ineffective. The proximal phalanx of the great toe, thus, 
assumes an extended position. This leads to ineffective 
propulsive action of the great toe. To compensate for the 
extensus of the proximal phalanx, the great toe 
secondarily develops flexed position at the 
interphalangeal joint. To avoid bearing weight on the 
médial side of the foot, the patient supinates the forefoot 
during walking and ultimately develops plantar fifth 
metatarsal lésions or lésions of the lesser toes. 

In severe grades of the deformity, the volar plate of 
the first metatarsophalangeal joint is displaced medially. 
Subsequently, this médial pull is transmitted to the lesser 


toes also, through deep transverse intermetatarsal 
ligament. This deforming force and the void created by 
médial déviation of the great toe promotes médial 
déviation of the lesser toes also. 

Patients with hallux varus are more concerned with 
cosmesis and inability to obtain proper footwear rather 
than the pain. Patient may présent with complications 
secondary to hallux varus such as tailor's bunion or 
symptoms arising from the latéral side of foot or ankle. 

Radiographie examination may reveal narrowing of 
the médial part of metatarsophalangeal joint along with 
médial déviation of proximal phalanx and tibial 
sesamoid. 

Treatment of Congénital Hallux Varus 

The treatment of congénital variety of hallux varus 
dépends on the cause and the severity of the deformity. 
Cases associated with accessory hallux or first ray need 
excision of the functionless ray and correc-tion of the 
deformity. It is important to identify the functionless ray, 
of the two. Usually it is the "latéral" one or the ray with 
less functional "shorter metatarsal". 

When the latéral hallux requires excision, it is done 
through longitudinal dorsal incision along with resection 
of the redundant skin. Plication of intermetatarsal space 
is done. Moderate to severe varus deformity may require 
abductor tenotomy, médial metatarsophalangeal 
capsulotomy and occasionally création of syndactyly 
between great toe and second toe (Farmer, 1958). 

When the médial hallux requires excision, the médial 
side of the remaining hallux should be carefully covered 
by plantar redundant skin to avoid cicatrization in this 
area which may cause récurrence of the deformity. 

Hallux varus at interphalangeal joint level should be 
treated by arthrodesis of interphalangeal joint (Fig. 13). 

ACQUIRED HALLUX VARUS 
Static Variety 

If the hallux varus deformity is noticed during first 4 to 6 
weeks of surgery, a period during which soft tissue 
healing is going on, holding the hallux in a corrected 
position may tackle the situation. The hallux is held in 10 
to 15° valgus position by either bandaging or taping. This 
corrected posidon is maintained for 2 to 3 months. This 
should ideally be followed by a night splint, which holds 
the hallux in valgus position, for another 2 to 3 months. 
Patient can also be prescribed surgical footwear with a 
felt pad on inner médial side of the shoe in its distal part 
which pushes the hallux into valgus. 

If the hallux varus deformity develops more than 2 
months of original surgery, a time by which the soft tissue 
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is usually healed, a surgical intervention is required. If 
the hallux can be brought to neutral position without 
great force, on clinical examination, a médial capsulotomy 
along the long axis of metatarsophalangeal joint and 
placing the hallux in corrected posidon usually suffice. 
The great toe is held in desired position of 10 to 15° of 
valgus with the help of a Kirschner wire which is retained 
for 4 to 6 weeks. 

In case the varus deformity is severe and of fixed 
nature, a more radical operation is required. The options 
lie between arthrodesis and Keller's resection 
arthroplasty. If one apprehends the possibility of hallux 
extensus following Keller's resection arthroplasty, which 
can occur following this surgery, arthrodesis is a better 
choice. 

Dynamic Variety 

As the deformity is secondary to imbalance of muscular 
forces, some kind of redistribution of muscular forces is 
needed to correct this deformity. The most common 
precipitating factor is excision of fibular sesamoid in 
McBride's procedure. 

For mild and passively correctible varus deformity, 
Hawkins (1971) suggested the following procedure to 
reestablish muscle balance. 

The abductor hallucis brevis is reattached to either 
the stub of the conjoined tendon if that structure could 
be found. If the latter structure cannot be traced, a strip 
of periosteum along with the tendon of abductor hallucis 
is elevated. This provides enough length to the tendon 
to be rerouted deep to the flexor hallucis brevis muscle 
and tunneling it through the base of the proximal 
phalanx, from latéral to médial side. A médial V- 
capsulotomy, with base distally, is carried out along with 
mobilization of the médial sesamoid to its normal position 
beneath the metatarsal head. Latéral capsular imbrication 
if required is carried out. Hawkins could achieve 
satisfactory results in ail five patients of his sériés. 

Miller (1975) reporting on five patients of hallux varus 
deformity following McBride procedure noted that latéral 
sesamoid was absent in ail of them. For early cases he 
advised resection of articular part of the proximal phalanx 
and if required excision of médial sesamoid. He advised 
another concomitant secondary procedure if there was 
associated fixed flexion deformity of the interphalangeal 
joint with dorsal subluxation or médial subluxation of 
great toe at the bunion joint. Miller advised that when a 
McBride or Joplin bunionectomy is done, great care must 
be exercised to transplant or detach only the "superior 
portion" of the conjoined tender. 

Johnson and Spigel (1984) advocated rerouting of 
extensor hallucis longus tendon and attaching it to the 


latéral side of the base of the proximal phalanx of great 
toe (Fig. 14). The operation includes médial capsulotomy 
and interphalangeal arthrodesis. This is the most 
commonly done procedure for hallux varus deformity 
with no degenerative changes at metatarsophalangeal 
joint. Hence, the procedure is described here in detail. 

Technique: Make a L-shaped incision over the base of great 
toe with its horizontal transverse limb near the insertion 
of extensor hallucis longus and its longitudinal limb 
running on the latéral border of extensor hallucis up to 
midportions of the first and second metatarsals. Carefully 
expose the insertion of the extensor hallucis longus 
tendon and divide it at the base of proximal phalanx and 
avoid damage to the nailbed and dorsal sensory nerve. 
Flex the interphalangeal joint and dénudé the articular 
surfaces. Perform an arthrodesis of interphalangeal joint 
keeping the distal phalanx in anatomie neutral position. 
Stabilize arthrodesis site by using a 4.0 mm cancellous 
screw. 

Now, dissect free the tendon of extensor hallucis 
longus proximally to a point 5 to 6 cm proximal to the 
metatarsophalangeal joint. Pass a nonabsorbable suture 
back and forth through distal 1.5 cm of the tendon. This 
will help later in rerouting the tendon. 

Drill a 3.6 mm hole in the latéral part of the proximal 
phalanx in dorsoplantar direction. Pass a hemostat from 



Fig. 14: Extensor hallucis longus transfer for hallux varus 
deformity. Note that the tendon is passed deeper to the deep 
transverse intermetatarsal ligament. The screw provides 
compression at interphalangeal arthrodesis site, while a 
Kirschner wire holds the hallux in 15° valgus. The Kirschner 
wire should not impale the extensor hallucis longus tendon 
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the distal part of wound, plantar to deep intermetatarsal 
ligament, emerging in the first web space just proximal 
to the head of first metatarsal. Then grasp with the 
hemostat the stuture at the end of the tendon and pull it 
distally. Pass the tendon through the hole in the proximal 
phalanx from plantar to dorsal direction. Place the hallux 
in desired position (to place the hallux in desired valgus 
position a médial capsulotomy and probably médial 
sesamoidectomy may be needed) and pull the extensor 
hallucis longus tendon and suture on itself. Stabilize the 
hallux in valgus position with the help of an oblique 
Kirschner wire inserted from médial distal to latéral 
proximal direction across first metatarsophalangeal joint. 
Postoperatively a compression dressing is applied for 2 
to 3 days. A below-knee nonweight bearing cast is then 
applied for next 3 weeks. This cast is later on changed to 
a weightbearing cast for 3 more weeks. After 6 weeks of 
surgery, the Kirschner wire is removed and the patient 
is allowed weight bearing without a cast. 

For patients with marked degenerative changes at 
metatarsophalangeal joint along with hallux varus either 
arthrodesis or Keller's resection arthroplasty depending 
upon the âge of the patient, is the operation of choice. 
Arthrodesis of the first metatarsophalangeal joint is 
preferred for young and active persons. Along with 
arthrodesis the patient may need volar plate release at 
the level of interphalangeal joint to correct flexion 
deformity at this level. Any contraction of flexor hallucis 
longus tendon needs lengthening at this stage. Keller's 
resection arthroplasty should be reserved for older âge 
group patients. Symptomatic contracture of the 
interphalangeal joint is dealt with an arthrodesis of this 
joint in same sitting. 
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Onychogryposis and Onychocryptosis 


INTRODUCTION 

The nails are fiat elastic structures of a horny texture 
placed upon the dorsal surface of the distal part of the 
toes and fingers. The nail is an ana-lo-gous structure to 
the horny zone of thick skin. It serves the purpose of 
shielding the tender, epithelium of the distal plalanx 
besides serving as tactile end organ. 

Anatomy 

For descriptive purpose, the nail can be divided into two 
parts (Figs 15A and B): (i) the body—the exposed part of 
the nail, and (ii) the root—the proximal part of the nail 
implanted into a groove in the skin. The root of the nail 
is covered by a flap of skin called nail-fold. The stratum 
corneum of the nail-fold is prolonged distally as a thin 
cuticular fold called éponychium. The éponychium, 
partially or completely covers a white area in the proximal 
part of the nail called lunula. The germinative zone 
together with subjacent corium form the nailbed, over 
which lies the nail. The germinative zone of the nailbed 
functionally consists of two parts. 



Figs 15A and B: Gross and cross-section anatomy of the nail: 
(A) Various zones of the nail (a) nail plate, (b) nail folds, (c) 
lunula, (d) germinal matrix, (e) nail root; and ( B ) cross-section 
of the terminal phalanx in médian and frontal plane (a) laternal 
nail fold, (b) phalangeal bone, (c) nail plate (d) nail bed, (e) 
lunula, (f) éponychium, (g) nail root, (h) stratum germinativum, 
(i) matrix, (j) stratum corneaum 
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Germinal matrix—part beneath the lunule and nail 
root. It is thicker with acute proliférative activity. 
Epidermal cells in this area are gradually converted into 
nail substance. 

Stérile matrix—part of germinative zone beneath the 
rest of the nail. It is relatively thinner and does not 


participate in nail growth but provides a surface over 
which the nail glides during growth. 

The greater part of each latéral border of the nail is 
overlapped by a fold of skin called nail wall. The distal 
end of the body of the nail is called free border. A little 
proximal to the free border of the nail, the skin is attached 
to its under surface forming the hyponychium. 


Onychocryptosis 


Syn: In ingrowing toenail, ingrown toenail, embedded 
toenail or onychocryptosis. In the side of the nail curls to 
form a spike which pierces the sulcus and then the 
subcutaneous tissue of the latéral nail wall leading to a 
painful infection of the overhanging nailfold (Fig. 16). 
The condition occurs most frequently during adolescence, 
in males and may be unilatéral or bilateral. The great 
toenail is most commonly affected, the lessor toenails are 
rarely affected. 

In initial stages the offending portion of the nail sets 
up an acute inflammatory reaction in the surrounding 
soft tissue structure. Normally, the junction of the margins 
of the nail and underlying corneum provides a barrier 
against bacterial invasion. Once this barrier is breached 
by ingrowing toenail, infection usually follows leading 
to pus formation (paronychia). 

As the disease becomes chronic, granulation tissue 
grows around the ingrowing margin. The adjacent skin 
shows signs of inflammation and appears swollen. The 
patient may hâve acute throbbing pain or chronic pain. 
The area is acutely tender and the patient winces even 
on slight touch. With the passage of time, there is 
formation of "hypergranulation" which along with 
swollen nail-fold can cover the latéral part of nail plate 
to a great extent (Fig. 16). 

Etiology 

The common predisposing factors are improper trimming 
of nail, faulty footwear and hyperhidrosis. 

Heifitz (1937), Harold Daniel (1968), Murray (1979) 
and Dixon (1983) believe that faulty nail cutting usually 
causes ingrowing toenail. Most of the workers suggest 
that the nails should be eut straight across. Cutting the 
corners of the nail obliquely allows the nail to embed itself 
deeply in the nail grooves. If the nail is eut too short, the 
pressure over the underlying soft tissue is removed and 
the soft tissue tends to overhang nail margins. 

Narrow tight shoes hâve also been implicated (Heifitz 
1937, Barlett 1937, Frost 1950, Dixon 1983). A shallow tight 
shoes force the nail wall to overgrow the médial nail 



Fig. 16: Diagrammatic représentation of a typical case of 
ingrowing toenail (onychocryptosis): (a) proud hypergranulation 
tissue, (b) nail plate, and (c) offending portion of the nail plate 
“growing in” 

margin or shoes press the hallux towards second toe, and 
the latter puts pressure over the latéral nail wall leading 
it to protrude over the latéral nail margin. Dorsal pressure 
from a shallow shoe presses the nailplate and causes the 
surrounding soft tissue of the nailwall to overgrow. 

Vandenbos and Bowers (1959), Harold and Daniel 
(1968) are of the opinion that it is primarily overgrowth 
of the soft tissue secondarily leading to an ingrowing toe¬ 
nail. DuVries (1933,1944) propose that there is soft tissue 
hypertrophy in response to trauma. 

Langford, Burke and Robertson (1989) found 
statistically significant différence in nailfold width and 
nail thickness between unaffected toes of the patients and 
the Controls. They also found that a family history of 
ingrowing toenail in the first and second degree relatives 
was twice as common as in Controls. 

Polokoff (1961) suggested that some degree of hallux 
valgus pushes the great toe against second toe which 
might put excessive pressure on latéral nail margin 
leading to onychocryptosis. 
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However, it seems that more than one factor seems 
to be responsible for the causation of this disease. 

Frost (1957) divided ingrown nail into three types: 
(i) an incurvated nail, (ii) hypertrophie ungualabia, and 
(iii) ingrown nail. Heifitz (1937), on the basis of clinical 
signs and symptoms staged ingrown nail into three 
stages. 

Stage I Inflammatory stage—the patient has redness and 
swelling along the latéral nailfold. There is marked 
tenderness in this area. 

State II Abscess stage—the patient has inflammatory 
sécrétions from this area. 

Stage III Granulation stage—as the condition becomes 
chronic there is formation of granulation tissue around 
penetrating nail edge. This granulation tissue may get 
covered with epithelium hindering drainage and 
promoting collection. Patient may hâve acute flare-up of 
the condition. 

Conservative Management 

In early stage, i.e. stage I and early stage II, conservative 
treatment followed by proper chiropodical measures may 
provide relief. Heifitz stated that if performed properly 
the "packing treatment" is the simplest and most effective 
conservative treatment. The offending nail edge is lifted 
gently and a piece of stérile nonabsorbent wool or cotton 
mixed with antiseptie is passed beneath the corner of the 
nail. If there is abscess formation, the splinter of nail 
penetrating the soft tissue should be nipped off under 
local anesthésia, to provide free drainage. The patient is 
prescribed antibiotics (if there is infective drainage) and 
is advised to use cut-out shoe. Intermittent warm soaks 
give soothing effect. The pack insertion is repeated daily 
and patient is advised to give rest to the foot as far as 
possible. Majority of the patients, in early stage of the 
disease respond within 2 to 3 weeks. Usually the patient 
is able to insert more packing material himself or herself 
than the physician. In the end, the patient is taught proper 
trimming of nail (should be eut straight across, not to eut 
the ends obliquely and not to eut too short) and wide toe 
box shoes are prescribed. 

Operative Treatment 

A number of surgical procedures are described in the 
literature to treat this stubborn condition. Few workers 
believe that the nail is primary offender and the soft tissue 
pathology is secondary, while others feel vice versa. 

Winograd's Method 

The most popular operation for ingrowing toenail is 
probably that of Winograd. He described his technique 


in 1929 and 1936. However, many modifications of the 
original technique hâve been done by many workers 
(Heifitz 1937, 1945, Scott 1968, Yale 1987). Winograd 
believed that the nail was primary offender and tissue 
surrounding the offending part is in state of chronic 
inflammation, which automatically résolves when the 
offending part of the nail along with matrix is removed. 

Technique: Make a longitudinal incision in the latéral part 
of the éponychium, beginning 5 mm proximal to the 
lunula. Extend the incision in a vertical line distally by 
scoring the nail plate with the help of a knife blade. 
Elevate the eponychial flap by sharp dissection. Pass a 
hemostat beneath the latéral offending part of nail plate 
and lift it up. With the help of sharp straight scissors, the 
latéral offending part of the nail is removed. Then, the 
underlying matrix along with the periosteum of the distal 
phalanx (a surest way to remove matrix) is removed with 
scalpel. Be sure to remove the proximal most portion of 
germinal matrix, which normally lies beneath the root of 
the nail. The eponychial flap is relocated and wound 
lightly packed and nonadherent dressing applied. 

Postoperatively extremity is elevated for 48 hours. The 
dressing is then changed. The dressing is later on changed 
regularly till the wound is healed. Warm soaks se ver al 
times a day give soothing effect. The results of Winograd 
technique hâve been variable in the literature. Clarke and 
Dillinger (1946) reported nine récurrences in 29 cases 
operated. In 1936, Winograd himself reported 15% 
récurrence rate after 18 months. 

Zadik’s Procedure 

The procedure entails removal of nail plate and entire 
germinal matrix. Zadik (1950) described this procedure 
for treatment of onychocryptosis and onychogryposis. 

Technique: Two oblique longitudinal 1 cm incisions are 
made at both the corners of éponychium and it is lifted 
as a flap. A straight thin hemostat is passed beneath the 
nail initially in midline from hyponychium 5 to 10 mm 
proximal to the nailfold adjacent to lunula. In the similar 
manner, the hemostat is passed beneath the latéral border 
of nail adjacent to nailfolds. This maneuver is usually 
sufficient to make the nail loose enough to be pulled out 
easily. If nail cannot be pulled easily, a knife blade is 
passed along the superior surface of nail root to separate 
if off from éponychium and now the nail can be pulled 
out gently. In no case, the nail should be forcefully pulled 
out. Then excise the 1 to 2 mm of nail fold on either side. 
The germinal matrix is then excised by sharp dissection 
taking spécial care to remove it from the latéral sides as 
it extends up to midlateral line. 

According to Zadik, sutures are used in the end if the 
latéral furrows, after excision of the tissue, are deep. The 
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éponychium is then relocated. The wound is dressed with 
nonadherent dressing which is changed after 48 hours. 
Intermittent warm soaks are also prescribed. 

Murray and Bedi (1975) reported a 16% récurrence 
rate following Zadik's procedure. Palmer and Jones 
(1979) reported a 28% récurrence rate after this surgery 
for ingrowing toenails. Murray (1979) found asympto- 
matic nail regrowth in 4% of 53 toes and advocated this 
procedure. Murray strongly advocated sharp dissection 
to remove germinal matrix and careful removal of 
germinal matrix especially from the corners. 

Fowler's method: Fowler described his procedure for 
"bilateral embedded nails". He advocated création of 
three skin flaps for total removal of germinal matrix. 
However, the technique more or less resembles Zadik's 
procedure. 

Total nail plate removal: Removal of the nail plate alone is 
attended with high rate of récurrence. The technique of 
total nail plate removal is a part of Zadik's operation and 
is described in that section. 

Murray (1979) reported a récurrence rate of 64% after 
this procedure. 

Partial nail plate removal: The récurrence rate is still higher 
with partial nail plate removal without concomitant 
removal of matrix. Only latéral one-fourth of the total 
width of the nail is removed with the help of sharp 
scissors after "the part of the nail to be removed" has 
been lifted off by blunt straight hemostat. The nail must 
be incised up to its proximalend beneath the éponychium. 

Partial Nail Plate, Nail Matrix and 
Nailfold Removal 

Mogensen (1971) advocates removal of a wedge-shaped 
tissue from the latéral part of nail which includes 
offending margin of nail, part of latéral nailfold and along 
with it part of germinal matrix. Mogensen reported a 
récurrence rate of 6% with this procedure while reporting 
on 116 procedures in 66 patients. The most common 
complaint following this procedure is reformation of a 
spiculé of nail at its proximalend due to incomplète 
removal of germinal matrix. 

Phénol and Alcohol Partial Nail Matrixectomy 

McCarthy (1990) wrote that "to date, the most widely 
accepted and used procedure for the treatment of 
onychocryptosis is the phénol and alcohol partial 
matrixectomy". The latéral part of nail is removed well 
up to its proximalend beneath the éponychium. Fibrous 
tissues are resected with a curette and tissue nippers. With 
the help of a wisp of cotton, 88% phénol is touched to the 


raw area of the nailbed, three times for 30 seconds each 
time. The area is then flushed with alcohol. Care is 
exercised not to apply phénol to the nailfolds to avoid 
burns. A stérile dressing is then applied. Dressing is 
changed after 48 to 72 hours and Betadine soaks are 
advised. The advantages of this procedure include ease 
of performance, high success rate and decreased 
postoperative pain. Disadvantages include prolonged 
healing time and drainage. 

Terminal Syme Procedure 

This radical procedure involves removal of nail plate, 
nailfolds, matrix and distal half of the distal phalanx. 
Lapidus who described this procedure in 1933 advocated 
this surgery for onychogryposis, subungual osteoma and 
any nail pathology where total nail removal is intended. 
Murray (1979) advocated this procedure for récurrent 
symptomatic nail regrowth after a second attempt at 
proximal nailbed ablation. 

The procedure as advised by Lapidus is as follows: A 
"U"-shaped incision is made ail around the nail, 
peripheral to latéral nailfolds. Another horizontal incision 
near the free edge of the nail connects both the limbs of 
"U". The edge of skin around the nail, the nail and the 
matrix are totally resected. Approximately, distal half of 
the terminal phalangeal bone is resected. This leaves 
behind a long plantar flap which is draped over the cut- 
end of the proximal phalanx and turned up to be sutured 
to the short dorsal flap. 

Postoperatively foot is elevated for 48 hours. Dressing 
is then changed. Walking in a wooden clog is then 
allowed. Stitches are removed at 12 to 14 days. 

Complications of this procedure include development 
of nail spiculés, osteomyelitis of terminal phalanx and 
epidermal inclusion cysts along the suture line. 

Electrosurgery and Cryosurgery 

Both the procedures hâve been described in few reports 
but currently are not widely used, (Vernon 1938, 
Gardener 1958, Polokoff 1961, Dinesh 1979). 

Silverman in 1984 described use of liquid nitrogen 
for destroying germinal matrix after removal of the part 
of nail plate. He suggested that onychogryposis was 
caused by a sublethal injury to the germinal matrix. Of 
26 patients treated by cryosurgery Silverman noted two 
symptomatic and two asymptomatic récurrences. 

Braces (Devices) 

A number of metallic devices capable of keeping edges 
of the ingrowing toenail straight hâve been advised. Few 
of these braces reduce the curvature of nail also. These 
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braces are applied either over the dorsal surface or at the 
edge of the nail. Newman (1949), Farnsworth (1964), Ilfeld 
and August (1974) proposed different types of devices. 
Main aim of these devices is to keep the offending edge 
of nail away from soft tissue so that it will allow the latéral 
nail groove to heal. Before the start of brace treatment, 
some of the exubérant soft tissue may need removal. In 
the wake of available simple surgical procedures with 
long lasting results, these devices are not very popular. 
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Onychogryposis 


In Club nail, Ram's horn nail, Ostler's toe, or 
onychogryposis, the affected nail is hypertrophied as well 
as grossly deformed into a curved or convoluted "Ram's 
horn" shape (Fig. 17). The condition should be 
differentiated from onychauxis in which the nail is 
hypertrophied but not deformed. The most commonly 
great toenail is affected, though any toenail may be 
involved. 

Etiology 

By far the most common etiological factor is trauma. 
Omission of regular trimming causes undesirable long 
nails. These long nails are subjected to repeated trauma 
by footwear. Patient may suffer single significant trauma 
to the nail like a heavy blow or severe stubbing of the 
toe. Other predisposing factors include fungal infection 
and chronic skin diseases. 

Treatment 

Temporary relief for few months can be given by 
chiropodical measures. The excessive growth of nail can 
be removed by nail nippers and podiatrie burr. As these 


nails grow slowly, the routine conservative treatment is 
required two to three times a year. For long lasting relief, 
surgery is the best option. Removal of nail along with its 
entire matrix gives lasting results. Avulsion of nail is more 
indicated in young persons who are distressed at the 
appearance and discomfort of onychogryposis. 



Fig. 17: Clinical appearance of an onychogrypotic nail. If it 
deviates towards the second toe, it may cause repeated trauma 
to the toe leading to symptoms 
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Subungual Exostosis 


As the name implies it is an exostosis like growth beneath 
the nail (Fig. 1) near its free edge or immediately distal to 
it. The protubérance is of bright red color and the great 
toe is most commonly involved. The growing bone 
displaces the nail plate dorsally. The epidermis covering 
the exostosis becomes thinned and appears red. A typical 
exostosis reveals following features—the epidermis 
covering the exostosis will blanch on pressure, the 
swelling offers a bony hand résistance to pressure and 
the margins of the swelling are well demarcated. 

Subungual exostosis may directly cause ingrowing 
toenail (Kehr 1965) or may cause changes in the overlying 
distal pulp and alter the nail growth leading to this 
complication (Rubin 1968). On the other hand, Kopal et 
al (1968) believe that it is rather change in the osseous 
configuration of the distal phalanx, which leads to 
onychocryptosis, may it be a spur on the dorsal aspect of 
the tip of the terminal phalanx or an upward sweep of 
the phalanx. 

In extreme cases, the overlying nail may be so 
deformed that it looks like an inverted "V" in cross- 
section, the tip being on the dorsal aspect in midline and 
the limbs on either side. The free latéral edges show 
incurvation, and the nail grips the underlying tissue like 
a tissue forceps. This is called as pincer nail. 



Fig. 18: Cross-section anatomy of great toe in a case of 
subungual exostosis: (E) exostosis, (D) distal phalanx, (N) nail 
plate, (M) soft tissue mass présent at the distal-end of the 
phalanx, (P) proximal phalanx. Arrow indicates lifting up of the 
nail plate by underlying exostosis 


The roentgenogram reveals bony out-projection from 
the dorsal aspect of the distal phalanx which classically 
looks like a mushroom. 

Etiology 

Trauma especially to the médial, latéral and dorsal part 
of terminal phalanx may produce a reactive periostitis. 
Initially, there is possibly a cartilaginous outgrowth 
which later ossifies. 

Differential Diagnosis 

Subungual exostosis needs to be differentiated from 
subungual osteochondroma. The osteochondroma 
commonly occurs in 10 to 25 years âge group, has male 
female ratio of 2:1, occurs away from the epiphyseal line 
and has a slow rate of growth (Norton 1980). 
Pathologically, it is a well-defined sessile bone growth 
with hyaline cartilage cap. Fuselier et al believe that 
paronychia or nail plate deformity and discoloration are 
rare in distal phalanges as compared with exostosis and 
osteoma. 

On the other hand, subungual exostosis is common 
in 20 to 40 years âge group with female prépondérance 
(female/male ratio 2:1) and has moderate growth rate 
(Norton 1980). Pathologically, it exhibits trabeculated 
osseous growth with expanded distal portion covered 
with fibrocartilage. 

Treatment 

Chiropodical measures including relief of pressure in the 
area of protubérance may provide temporary relief. 
Permanent relief can be obtained by aggressive surgical 
excision of the mass (McCarthy and Montgomery, 1986). 
The moderately enlarging painful exostosis of the distal 
phalanx, especially if the exostosis has arisen after trauma, 
demands surgical intervention (Brenner, Montgomery, 
Kalish 1980). Zadik's procedure gives satisfactory 
exposure. The nail plate is removed and the germinal 
matrix is reflected as a flap. The exostosis then can be 
easily resected. The area is then smoothened flush with 
the remaining dorsal surface of the distal phalanx. 
Nailbed is relocated and sutured and the wound is 
dressed. 
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Overlapping Toes 


A mild degree of congénital dorsiflexion deformity is 
commonly seen in the second or third toes, but severe 
grades of congénital dorsiflexion deformity, is seen in fifth 
toe forcing it to deviate medially, and override fourth 
toe. 

In milder varieties, the toe tends to override the 
adjacent toe but can be easily brought to its bed where it 
should normally lie. The treatment consists of strapping 
the affected toe with normal toes, in normal position for 
at least 6 months. If the toe cannot be corrected this way, 
a simple tenotomy of the extensor tendon usually corrects 
the deformity. 

Overtapping of the fifth toe is usually a more severe 
deformity. Majority of the patients seek treatment for 
cosmetic reasons or problem of footwear. Conservative 
treatment is ineffective and surgery is indicated. Type of 
surgery dépends on the direction of the displacement of 
the fifth toe. 

Lapidus described an operation when the 
fifth toe is either in neutral position with dorsiflexion 
deformity or the fifth toe overlaps the fourth toe. 

Technique: Make a bayonet-shaped incision, coursing 
along the dorsomedial aspect of the fifth toe from the 
distal interphalangeal joint to the web between the fourth 
and fifth toes, the laterally over the dorsum of fifth 
metatarsophalangeal joint, and then proximally along the 
latéral aspect of fifth metatarsal head. Make the extensor 
tendon taut by flexing the fifth toe. Perform tenotomy of 
the long extensor tendon through a separate dorsal 
horizontal incision over middle of the fifth metatarsal. 
Free the distal part of the tendon up to its insertion. 
Perform capsulotomy of fifth metatarsophalangeal joint 
on dorsal, latéral and médial aspect. The distal stump of 
long extensor is routed from dorsomedial aspect of the 
toe to médial, plantar and then finally the latéral side of 


fifth metatarsophalangeal joint. Now suture the end of 
the long extensor tendon in this area to the tendons of 
the short flexor and abductor of fifth toe to completely 
correct the deformity. Release the skin if required to 
further correct the deformity and close the wound. 
Postoperatively, the toe is immobilized in corrected 
position for 4 weeks. Walking is allowed during this 
period. 

Cockin (1968) described Butler's operation for 
overlapping fifth toe. The skin is incised in circumferential 
manner at the base of toe. Two extensions of this incision 
are made: one—along the extensor longus tendon, 
other—in longitudinal direction on plantar latéral side. 
This makes a "double-handed racquet incision". The 
extensor tendon and the dorsal and plantar capsule are 
eut taking care not to damage neurovascular bundle. The 
toe is placed in corrected position. The skin is sutured 
with toe in corrected position. No splintage is needed. 
Black et al (1985) could achieve good to excellent results 
in 90% of cases. 

Kelikian et al (1961) described surgical création of 
syndactyly to correct contracture and angulation of 
central toes. This is done by a cruciate incision placed in 
the web space between the toes to be undertaken for 
création of surgical syndactyly. 

The fourth toe may overlap the fifth toe. In this 
situation, the fifth toe is fixed in plantarflexion and 
adducted beneath the fourth toe. Ruiz Mora (1954) 
advised excision of an elliptical of skin from plantar aspect 
of fifth metatarsal and removal of entire proximal phalanx 
to correct this deformity. However, this procedure 
overloads head of fifth metatarsal and fourth toe resulting 
in painful symptoms in this area. Hence, excision of only 
head and neck of proximal phalanx of fifth toe is a better 
choice. 
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Hallux Flexus 


Hallux flexus dénotés abnormal flexed position of the 
great toe at metatarsophalangeal joint. This deformity is 
usually secondary to some primary pathology in the foot. 
Treatment therefore should be directed towards the 
primary pathology. 

In great majority of cases, the deformity is secondary 
to forefoot varus, a short first metatarsal, a hypermobile 
first ray or congénital metatarsus elevatus (see section of 
hallux rigidus). The plantarflexion of great toe occurs as 
a compensatory mechanism to improve the stability and 
functional capacity of the forefoot. It is held in deformed 
position, initially by long flexor. Gradually, contracture 
of the soft tissue on the plantar aspect of the first 
metatarsophalangeal and interphalangeal joint contribute 
to the deformity. Ultimately, pathological changes of 
hallux limitus or hallux rigidus may appear, further 
limiting the dorsiflexion. The plantarflexion deformity 
now becomes fixed. The patient then tends to avoid 
bearing weight on the médial side and bears more weight 
on the latéral side of foot. The interphalangeal joint of 
great toe and second metatarsal head are similarly 
overloaded. This may lead to the development of painful 
lésions at these sites. 

Plantar warts in the région of first and second 
metatarsal head may temporarily cause hallux flexus. 

The treatment of hallux flexus is always directed 
towards primary pathology (see section of hallux rigidus). 
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INTRODUCTION 

Diabetic foot is one of the commonest complications of 
diabètes. It is the leading indication for hospital 
admissions often with prolonged stay and major limb 
amputation. 

A classical triad of neuropathy, ischemia, and 
infection (Fig. 1) are the characteristics of the diabetic foot. 
The presence of infection and altered host response 
because of chronic hyperglycemia rapidly worsens the 
clinical picture from what appeared trivial just the other 
day, to one that now is suddenly limb or even life 
threatening. 

In Western world, patient éducation and use of 
multidisciplinary team approach for the management 
and prévention of diabetic foot has resulted in successful 
réduction of the number of major amputations by 50% 
as the St Vincent Déclaration had stated. In India the 
scénario is quite demoralizing mainly because of lack of 
éducation, ignorance on the part of primary physicians 
and diabetic patients, barefoot walking, late reporting 



Fig. 1: Triad of neuropathy, ischemia and infection 
(For color version see plate 49) 


after the initial trauma and continued use of tobacco. 
Considering the current estimate of 41 million diabetics 
in India (highest in the world), it would not be an 
exaggeration to State that India might emerge as the 
country with highest amputations in diabetics in the 
coming years unless urgent préventive measures are 
taken. 

Diabetic foot should be managed using a multi¬ 
disciplinary team approach. The motto of this team 
approach is to save the limb and amputate it. 

Preventing the diabetic foot should be the first 
priority. This can be achieved by identifying the highrisk 
individuals, like those with peripheral neuropathy, 
peripheral vascular disease, foot deformities, presence 
of callus, etc. 

Quantitative plantar pressure measurements hâve 
remarkably changed the understanding of the 
pathogenesis of foot ulcer. It has also refined the footwear 
prescription, which is so essential for high-risk feet. 
Newer antibiotics, recent thérapies, and better dressing 
materials, hâve improved the clinical course of diabetic 
foot lésions to some extent. Although newer thérapies 
hâve shown some promising results in promoting and 
hastening wound healing of non-infected plantar 
neuropathie ulcers, they are no substitute to the 
fundamental principles of management of plantar ulcers 
like off-loading, pressure relief and callus removal. 

EPIDEMIOLOGY 

Diabetic foot ulcers are common and estimated to affect 
15% of ail diabetic individuals during their lifetime. 1 
Almost 85% of amputations are preceded by diabetic foot 
ulcers. 2 

In India, point prevalence of foot ulcers in diabetics 
in clinic population is 3%, 3 which is much lower than 
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reported in the Western world. 4 A possible reasoning for 
the low prevalence in Indians is younger âge and shorter 
duration of diabètes. 

Peripheral vascular disease has been reported to be 
low among Asians 5,6,7 ranging between 3 and 6% as 
against 25 and 45% in Western patients 8-10 The prevalence 
of PVD increases with advancing âge and is 3.2% below 
50 years of âge and rises to 55% in those above 80 years 
of âge. 11 Similarly it also increases with increased 
duration of diabètes, 15% at 10 years and 45% after 20 
years. 1 

Amputation rates in diabetics increase with 
advancing âge and are generally high in males than 
females. Various studies hâve reported that 
approximately 50% of amputées will undergo second leg, 
contralatéral amputation 12,13 within 1 and 3 years. 

Most of the Western studies hâve reported a high 
mortality after lower limb amputations ranging between 
11 and 41% at 1 year, 20 and 50% at 3 years and 39 and 
68% at 5 years. 12,14,15 Although population based data are 
not available, rough estimâtes indicate that in India 
approximately 45,000 legs are amputated every year, and 
the numbers are increasing each year. 16 

CLASSIFICATION 

Diabetic foot is mainly classified into two types: 

The neuropathie foot, in which neuropathy dominâtes. 

The neuroischaemic foot , in which occlusive vascular 
disease is the main factor, although neuropathy is 
présent. 17 

Neuropathy leads to fissures, bullae, neuropathie 
(Charcot) joint, neuropathie oedema, digital necrosis 
(Fig. 2). Ischaemia leads to pain at rest, ulcération on foot 
margins digital necrosis and gangrené (Fig. 3). 
Differentiating between these two entities is essential 
because their complications are different and they require 
different therapeutic strategies. Another classification of 
diabetic foot is known as Wagner's Classification. 18 

Wagner classification (Fig. 4 to 9) has been the most 
widely used. Wagner classification is based on depth of 
ulcer. The Wagner classification is modified by including 
ischemia. A great advances hâve been the University of 
Texas classification. It is the same as the depth-ischemia 
classification. In addition Texas classification includes 
considération of infection. Stage A is neither infected nor 
ischémie. Stage B is infected but not ischémie. Stage C is 
ischémie but not infected. Stage D is both ischémie and 
infected. 

The presence of infection and ischemia are more 
strongly prédictive of outcome than the depth of the 



Fig. 2: A typical foot of a patient with neuropathy 



Fig. 3: Gangrené of the heel right, ulcer on left 
(For color version see Plate 49) 


wound. In general, hindfoot lésions are associated with 
a higher incidence of serious problems and a greater risk 
of amputation. 

So today while assessing diabetic ulcération, three 
considérations are important: (i) depth of ulcer, (ii) 
vascularity of foot and (iii) grade of infection. 

PATHOGENESIS 

Neuropathy 

Neuropathie foot ulcérations resuit from two or more risk 
factors occurring together. In diabetic polyneuropathy 
(sensory, motor and autonomie), which leaves the foot 
with loss of protective sensations (LOPS), any damaging 
stimuli or external trauma are either perceived as less or 
not at ail, resulting in an ulcer (Fig. 10). Sensory 
neuropathy is the most important prerequisite for foot 
ulcérations. Ail the other factors contribute to foot 
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Fig. 4: Ulcération in a high risk foot (Forcolor version see Plate 49) 



Fig. 6: Deep ulcération that pénétrâtes to the tendon, 
bone or joint (Forcolor version see Plate 49) 



Fig. 8: Localised gangrené (For color version see Plate 49) 


ulcération only in the presence of sensory neuropathy. 
Motor neuropathy leads to atrophy and weakness of the 
intrinsic muscles of the foot (intrinsic minus foot), results 
in clawed toes, prominent metatarsal heads and abnormal 
walking pattern. Autonomie neuropathy results in 
reduced or absent sweating causing dry feet with cracks 
and fissures. Limited joint mobility, foot deformities and 
abnormal gait resuit in an altered biomechanical loading 
of the foot with elevated plantar pressures and probably 
increased shear forces. Loss of protective sensations 
coupled with the répétitive trauma of walking, in 
presence of raised plantar pressures, results in a plantar 
callus. Growth of plantar callus (Fig. 11) further increases 



Fig. 5: Superficial ulcération (For color version see Plate 49) 



Fig. 7: Osteomyelitis or a deep abscess 
(For color version see Plate 49) 



Fig. 9: Extensive gangrené requiring a major amputation (For 
color version see Plate 49) 



Fig. 10: A neuropathie ulcer 
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TABLE 1: Wagner’s Classification 


Grade 0 

No ulcération in a high risk foot 

Grade 1 

Superficial ulcération 

Grade 2 

Deep ulcération that pénétrâtes up to tendon, bone 
or joint 

Grade 3 

Osteomyelitis or deep abscess 

Grade 4 

Localised gangrené 

Grade 5 

Extensive gangrené requiring major amputation 


TABLE 2: Factors contributing to foot ulcération 


Intrinsic factors 

Extrinsic factors 

Bony prominences 

Inappropriate footwear 

Limited Joint Mobility 

Walking barefoot 

Joint deformity 

Falls and accidents 

Callus 

Objects inside shoes 

Altered tissue properties 
Previous foot surgery 
Neuro-osteoarthropathic joint 

Activity level 


the local skin pressure as it works as a foreign body in 
the skin surface. Neuropathie foot ulcération results from 
factors extrinsic to insensitive foot such as an external 
trauma, often together with intrinsic factors such as 
increased plantar pressure. Plantar ulcers do not occur 
overnight but are a resuit of répétitive stress of walking 
and abnormal weight bearing, resulting in chronic tissue 
damage. Quantitative plantar pressure measurement can 
identify areas of high pressure unsuspected on clinical 
examinations and in shoe measurement can refine the 
process of footwear prescription by defining the exact 
degree of pressure relief at high-risk areas 16 (Table 2 and 
Figs 12 to 14). 

Neuropathy, especially sensory neuropathy, is the 
prominent source of initiating event of almost ail 
ulcérations and most infections. 2 

The large number of patients are unaware of the 
severe neuropathy because they hâve no pain. 3 

The probable cause of neuropathy is changes in the 
vasa nervorum with resulting ischemia the nerves. 
Neuropathy remains an irréversible condition that tends 
to progress gradually and somewhat relentlessly. 

It seems paradoxical, but the diabetic patient with 
diminished sensibility in the lower extremities can still 
expérience severe pain. The painful neuropathy may 
présent as burning, searing, tingling, or lancinating 
dysesthesia. Cuderock may occur. 8 

Neuropathy and Risk of Falling 

Peripheral neuropathy, regardless of the cause, was 
demonstrated to be associated with an increased risk of 
falling. Balance is a function of three things: proprio- 
ception, which is affected by peripheral neuropathy in 
the lower extremities; vision; and the vestibular System. 



Figs 11A to D: Stages of plantar ulcer (A) Callus, (B) Soft tissue 
damage, (C) Ulcération, (D) Infection, (Reproduced with kind 
permission of the “International Working Group on the Diabetic 
Foot”) 



f 


Fig. 13: Commonly noticed objects inside the shoe 

Angiopathy 

Although atherosclerosis in patients with diabètes is 
similar to that seen in nondiabetics, it is generalized, 
occurs prematurely and progresses at an accelerated pace. 













3218 Textbook of Orthopedics and Trauma (Volume 4) 



Fig. 14: Types of footwear to be avoided 


Coronary artery, cerebrovascular and peripheral vascular 
disease (PVD) are the prédominant manifestations of 
macro vascular disease in diabètes. Majority of patients 
with PVD hâve associated coronary artery disease, 
however the opposite is not true. This is perhaps because 
the clinical manifestations of PVD occur almost a decade 
later than those of coronary artery disease. In fact the 
disease of posterior tibial artery commonly seen in 
diabetics, is a surrogate marker of coronary artery disease. 

Peripheral vascular disease in diabetics differs from 
that in nondiabetics, in many ways in diabetics at a 
younger âge, progresses quicker and shows less male bias 
than in nondiabetics. In the lower limb, the vessels 
particularly involved are the distal superficial fémoral, 
tibial and peroneal vessels, this involvement is usually 
diffuse rather than limited to a single vessel. 

It seems paradoxical, but the diabetic patient with 
diminished sensibility in the lower extremities can still 
expérience severe pain. The painful neuropathy may 
présent as burning, searing, tingling, or lancinating 
dysesthesia. 

Charcot Foot 

A Charcot joint or neuroarthropathy is defined as a 
relatively painless progressive arthropathy of single or 



Fig. 15A: Ankle deformity of left Charcoot foot, médial view, see 
radiograph of the same patient (For color version see Plate 50) 



Fig. 15B: Radiograph showig collapse of talonavicular, 
naviculo-cuneiform and calcaneocuboid joints with osteolytic 
destruction of calcaneus 



Fig. 16: Rocker bottom deformity of Charcot foot 
(For color version see Plate 50) 
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Fig. 17: Injury over dorsum of the great toe caused Fig. 18: Injury in the 1 st web space caused 

due to footwear (For color version see Plate 50) due to footwear (For color version see Plate 50) 


multiple joints caused by an underlying neuropathy. The 
most frequent location of the neuropathie joint is the 
tarsal-metatarsal région followed be the metatarso- 
phalangeal joints and then the ankle and subtalar joints. 19 
The initial présentation is often a hot swollen foot, the 
precipitating event usually being a minor trauma (Figs 
15A and B). 

The process of destruction takes place over a few 
months and leads to two classic deformities, the rocker 
bottom deformity (Fig. 16) (in which there is displacement 
and subluxation of the tarsus downwards and the médial 
convexity, which results from displacement of the 
talonavicular joint or from tarsometatarsal dislocation. 
If these deformities are not accommodated in properly 
fitting footwear, ulcération at vulnérable pressure points 
often develops (Figs 17 and 18). 

Charcot Joint in Diabètes 

Diabetese is now a leading cause of Charcot joint. 
Charcot's joints remain the most enigmatic and most 
dramatic manifestation of the profound and ever-present 
danger of diabetic peripheral neuropathy. The incidence 
of Charcot joint of the foot is increasing because in India 
cause of large population of diabetic patient. Ankle 
fractures in diabetic patients may develop charcot joint. 

Multiple factors appear to contribute to the 
development of the Charcot foot. A peripheral neuro¬ 
pathy with loss of protective sensation, autonomie 
neuropathy with increased blood flow to the bone, and 
mechanical trauma, hâve emerged as the most important 
déterminants. Basically, there is increased osteoclastic 
(bone résorption) activity over an osteoblastic (bone 
déposition) activity. The autonomie neuropathy leads to 



Fig. 19: Radiograph showing osteolytic destruction of MTP 
joints with fragmentation, 2nd MTP joint, pencil like narrowing 
of 4th toe phalanx 


arterial dilatation (sympathetic denervation) and 
arteriovenous shunting, increasing blood flow which in 
turn causes bone résorption. The loss of protective pain 
sensation and presence of uninterrupted physical activity 
finally make these ostéopénie bones susceptible to stress 
fractures, bone destruction, and collapse of the foot 
architecture. 

Radiologically, metatarsals show an atrophy or 
osteolysis of bone, often described as a 'sucked candy' 
and 'mortar and pestle' appearance of the MTP or IP joint 
(Fig. 19). An X-ray foot can also reveal fragmentation, 
fracture, new bone formation, subluxation and 
dislocation of the joints (Figs 20 and 21). 
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Fig. 20: Radiograph showing involvement of tarsometatarsal 
joints with latéral displacement of MT bases, bone fragmen¬ 
tation, tapering of 2nd and 3rd MT shafts resembling a “sucked 
candy” appearance 

Clinical présentation: The clinical présentation of Charcot 
foot can be divided into three phases: 

• Acute onset-stage of synuvitis and fragmentation 

• Stage of bone destruction/deformity-healing signs 

• Stage of stabilization. 

Acute onset: Classically, the Charcot foot at its acute onset 
is hot, erythematous, and swollen with bounding puises 
and prominent veins. Usually the pain or discomfort is 
minimal due to underlying neuropathy. Charcot joint can 
mimic other causes of acute inflammation, such as 
cellulitis or osteomyelitis. A history of recent injury often 
précédés onset of the swelling. It is important to 
differentiate the acute stage of Charcot foot from cellulitis, 
as both hâve a red, hot, and swollen foot. An X-ray of the 
foot may be normal in the acute stage of Charcot. 
However, technetium di-phosphonate bone scan may 
detect early bone damage. Another simple clinical test is 
on élévation of Charcot foot swelling and redness reduces. 
This test distinguishes from cellulitis. 

Stage of bone destruction/deformity: Clinically the foot is 
swollen, warm and the médial arch of the foot is usually 
collapsed. An X-ray reveals fragmentation, fracture, new 
bone formation, subluxation and dislocation (see Fig. 20). 
These damages develop very rapidly, within a few weeks 
of the onset. Classical deformities of the Charcot foot are 



Fig. 21: Radiograph latéral view showing collapse of 
talonavicular and calcaneo-cuboid joints 



Fig. 22: Toe deformities increases friction with the uppers of 
shoe increasing risk of ulcération on the dorsum of toes 



Fig. 23: Macération in the interdigital space 
(For color version see Plate 50) 


a rockerbottom foot (see Fig. 16), a médial convexity and 
ankle deformities. Involvement of tarsometatarsal joints 
leads to altered shape of the foot. The mid foot appears 
broad and the médial arch collapsed. Involvement of MTP 
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Fig. 24: Ingrowing toe nail has led to ulcération and 
hemorrhage (For color version see Plate 50) 


and IP joint lead to deformities of the toes and the ankle 
joint involvement leads to a swollen hind foot and 
deformities of the ankle (ankle vagus) (see Fig. 19). 
Calcaneal pitch is reduced. Protubérances occur. 

Stage of stabilization: The foot is no longer red or swollen. 
From several weeks of immobilization, the patients can 
be gradually weaned off to some degree of mobilization. 
Molded insoles along with extradepth and a wide 
footwear should be advocated. Too rapid a mobilization 
can be dangerous, resulting in further destruction. 
Regular shaving of the callus at the site of raised pressure 
can prevent mid foot ulcération. 

Anatomie Classification 

Type 1 or midfoot or Charcot joint: These patients hâve 
rocker-bottom feet and severe midfoot valgus deformity 
and bony protubérances that produce increased pressure 
leading to serious and persistent ulcérations. 

Type 2 Hindfoot group: These patients developed chronic 
and persistence stanical instability with multiple 
fragments of bone so called bag of bones. 



Fig. 25: Thickened nail left great toe (onychogryposis) 
(For color version see Plate 51 ) 



Fig. 26: Hemorrhage underneath the nails of both great toes 
(For color version see Plate 51 ) 


Conservative treatment: Treatment of the Charcot joint 
begins with rest and élévation to decrease the swelling. 
Most common and most effective treatment is a total 
contact cast. The complications of total contact cast are 
blisters, abrasions and ulcérations. The cast is removed 
and foot is elevated. 

Complications of Charcot joint are deep infection, 
osteomyelitis, ulcérations from Charcot's bony 
prominences, and severe uncontrollable deformity (not 
necessarily a discrète prominence) causing soft tissue 
breakdown, even to the point of requiring amputation. 

Foot Infection 


Type 3: Patients develop chronic enlargement and 
shortening and can then drift into serious varus or valgus 
deformities and lead to pressure over the malleoli with 
subséquent ulcérations, infection, and osteomyelitis. 
These patients may develop pathlogic fracture in the 
tubercle of the calcaneus that later leads to secondary 
collapse of the foot. 


Infection in diabetic foot is a limb threatening condition 
because the conséquences of deep infection in a diabetic 
foot are more disastrous than elsewhere mainly because 
of certain anatomical peculiarities. Foot has several 
compartments which are intercommunicating and the 
infection can spread from one into another, lack of pain 
allows the patient to continue ambulation further 
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facilitating the spread. The foot also has soft tissues, which 
cannot resist infection, like plantar aponeurosis, tendons, 
muscle sheaths and fascia. A combination of neuropathy, 
ischaemia and hyperglycaemia worsens the situation by 
reducing the defence mechanism. 

Non-ulcer Pathologies 

Bone deformities, nail pathologies and dermatological 
infections are some of the non-ulcer pathologies. Even a 
minor lésion can provide a portai of entry for infection 
and should never be underestimated. Foot deformities 
may be corrected non-surgically (orthoses) or by proper 
footwear. Common bone deformities are hallux valgus, 
hammer toe, clawing of toes, (Fig. 22) rocker bottom and 
pes cavus. 

Fungal infections can provide a portai of entry for 
more serious infections. Tinea pedis is seen as macerated 
lésions with fissuring interdigitally (Fig. 23). It should be 
promptly treated with local as well as systemic antifungal 
drugs. Infection of the nails (onychomycosis) is also 
common in diabetics and requires prolonged antifungal 
treatment. 

Nail deformities (Figs 24 to 26) 

Ingrowing toe nails, thickening and other deformities of 
the nails are common neuropathie and neuroischemic 
feet. Thickened nails can lead to subungual ulcers and 
deformed nails can traumatize the adjacent soft tissues. 
Ail these need to be cared for by regular nail clipping 
and attended by a podiatrist. 

• Calcification of arteries produces the typical lead pipe 
appearance of calcified arteries on radiographs. 
Proximal occlusive vascular disease may occur. 7 

DIAGNOSIS 

Imaging 

Radiographs are still the mainstay of diagnosis of osseous 
disorders of the diabetic foot and is the first diagnostic 
disease. X-rays may show osteolysis which is often 
mistaken for osteomyelitis. Osteolysis is neuropathie in 
absence of origin as in leprosy. The characteristic 
penciling of a distal metatarsal or a vanishing phalanx is 
usually not associated with infection. The changes of a 
Charcot joint, is another form of osteoarthropathy. 

The cardinal features are fractures, dislocations, bone 
destruction, multiple fragmentation, and an architectural 
disruption of one or multiple joints of the foot. 

Technetium-99 m bone scans and MRI are much more 
sensitive than plain radiographs in detecting early bone 


changes of osteomyelitis and Charcot's joint. However, 
MRI is significantly more sensitive. MRI has been a major 
advance in the treatment of the diabetic foot. Earlier 
Charcot joint was confused with abscess. MRI can 
distinguish between infectious lésion and Charcot joint. 

Neuropathie Foot 

It is the chronic sensorimotor and peripheral sympathetic 
neuropathies that can be assessed by detecting sensation 
to pinprick and cotton wool and vibration using 128 Hz 
tuning forks. Knee and ankle jerks should be examined. 
It is difficult to examine autonomie nerves, except to note 
a dry skin with marked fissuring. Hand-held 
biothesiometer can assess vibration perception threshold. 
The vibration threshold increases with âge and values 
must be compared with age-adjusted normograms. 18 
Using the monofilament one can assess the protective 
pain sensation. The filament is applied to the foot until it 
buckles. Buckling of the 5.07 monofilament occurs at 
10 g of linear pressure and is the limit used to detect 
protective pain sensation. 20 If the patient does not detect 
the filament, then protective pain sensation is assumed 
to be lost. The feet should also be examined for limited 
joint mobility, clawing of toes, callus formation, bunions, 
and callosities on the dorsum of foot. Nail changes 
onychauxis, onychomycoses and interdigital mycoses 
should be looked for. 

Osteomyelitis 

Osteomyelitis generally results from contiguous spread 
of deep soft tissue infection through the cortex to the bone 
marrow. Majority of the deep longstanding foot infections 
are associated with osteomyelitis. Diagnosing 
osteomyelitis in a patient with diabetic foot is often 
difficult. Major problems include differentiating soft 
tissue infection from bone infection and infections from 
noninfectious disorders (Charcot foot). Plain radiography 
usually shows focal osteopenia, cortical érosions or 
periosteal reaction in early stage and séquestration in the 
late stage. Radiographie changes take atleast 2 weeks to 
be évident. Newer techniques like bone scan, 
computerized tomography scan (CT), positron émission 
tomography (PET), magnetic résonance imaging (MRI) 
are being evaluated of which MRI is said to be more 
sensitive and spécifie. 21 A simple clinical test is probing 
to bone. A stérile métal probe is inserted into the ulcer if 
it pénétrâtes to the bone it almost confirms the diagnosis 
of osteomyelitis. Chronic discharging sinus and sausage 
like appearance of the toe are the clinical markers of 
osteomyelitis. Definitive diagnosis requires obtaining 
bone biopsy for microbial culture and histopathology. 
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Neuroischaemic Foot 

There are several invasive and noninvasive methods to 
evaluate the neuroischemic foot. The critical assessment 
areas are; diagnosis of PVD, prédiction of wound healing, 
decision on the need for revascularization and/or to 
judge the correct level for amputation. 

Ankle/Brachial Pressure Index (ABI) 

A hand-held Doppler can be used to confirm the presence 
of puises and to quantify the vascular supply. When used 
together with sphygmomanometer, the ankle and 
brachial systolic pressures are measured and their ratio 
calculated. In normal subjects, the ankle systolic pressure 
is higher than the brachial systolic pressure. Normal ABI 
is >1 and in presence of ischemia it is < 0.9. Absent or 
feeble peripheral puises with ABI <0.9 confirms ischemia. 
Conversly, the presence of puises and ABI of >1 rules 
out significant ischemia. In médial arterial calcification 
(Monckeberg's sclerosis), the calcified arteries being 
incompressible, the ABI is falsely elevated >1.2. An ABI 
of <0.5 indicates significant ischemia and further 
évaluation like angiography is warranted. 

Duplex Color Doppler 

It is an invaluable, noninvasive tool in the diagnostic 
évaluation of the peripheral vascular disease. 

Duplex Doppler can detect hemodynamically 
significant stenosis and extent of the atherosclerotic 
vascular disease in the major lower limb vessels up to 
the begining of the plantar arch. 

Angiography 

Transfemoral angiography is the gold standard for 
évaluation of PVD in diabetics. 

Digital subtraction angiography (DSA) is now the State of 
art and has largely replaced conventional angiography. 
It is able to produce excellent angiograms even in the 
distal pedal circulation with a minimal amount of 
contrast. 

Other techniques which might replace DSA in future 
are Computerised Tomography Angiography (CTA) and 
Magnetic Résonance Angiography (MRA). 21 

MANAGEMENT 

Diabetic foot should be managed using a multidiscip- 
linary team approach. 


Several members in the team are- 
Podiatrist Orthotist 

Diabetologist Nurse 

Educator Radiologist 

Orthopédie surgeon. Plastic surgeon, Vascular 
surgeon 

The motto of this team approach is to save the limb 
and not amputate it. 

Surgical problems: Four basic clinical orthopédie problems 
affect the feet of diabetic patients : (i) ulcérations, (ii) 
infections, (iii) Charcot's joints, and (iv) skin and nail 
problems. 12 

The risk factors are (i) Alcohol addiction (ii) ill fitting 
shoes and (iii) Vascularity of foot. 

Neuropathie Ulcers 

Ulcérations of the diabetic foot are the single most 
common problem. Planter ulcers are caused by weight- 
bearing pressure, whereas dorsal and side ulcers are 
usually caused by shoe pressure. 14 

Three Factors Must be Considered 

1. Depth ischemia infection 

2. How deep is the ulcers ? Is it ischemia 

3. Is it infected ? 

The treatment of neuropathie ulcers involves callus 
removal, éradication and redistribution of the weight 
bearing forces. Callus contributes to high plantar pressure 
and must be looked for and proper measures taken to 
prevent, limit and remove it. The removal of callus 
permits wound drainage and is best achieved using a 
scalpel. Callus should be removed carefully and evenly. 
Failure to remove the callus may lead to increased 
compression of the soft tissues, abscess formation. 22 
Ulcers need rest to heal. Immobilization, non-weight 
bearing (off-loading) and treatment of infection can 
achieve this. 

The main treatment of neuropathie ulcer is relief of 
pressure by Total contact plaster cast, specialized foot 
ware, prefabricated walking brace or custom AFOX 
thorough surgical debridement is usually necessary 
especially in infected cases. 14 

Off-loading: Ideally the plantar ulcers must be managed 
with rest and avoidance of pressure. Total non - weight 
bearing (bed rest) is neither practical nor acceptable to 
most of the patients. Various other methods of off - 
loading are: 
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Fig. 27: A layer of plaster is continuously molded around the 
bony prominenus unit it has set 


• Wheel chair , crutches, walker 

• Total contact cast (TCC): It is the "Gold standard" 
among various methods used to aid the healing of 
plantar foot ulcers. The principle of TCC is to equalize 
loading of the plantar surface by a uniform Total 
contact' of the plantar surface with the cast material 
thereby increasing the weight-bearing area and 
minimizing the pressure at the ulcer site. Plantar 
pressure studies hâve shown a réduction in the 
pressure at the ulcer site with TCC by over 80%. Most 
of the ulcers heal in approximately 6 weeks. 


The idéal indication for TCC is longstanding, non- 
healing, non-infected plantar ulcer. The contraindications 
are—infected plantar ulcer, non-compliant patient, ulcer 
depth greater than its width, swelling of the foot and ABI 
0.5 or less. 

Total contact cast: (Fig. 27) The total -contact cast is still 
the best and most widely used method for healing the 
most common type of plantar ulcérations. The method is 
efficacious and cost-effective. The principles of 
application of total contact cast: (i) The first important 
principle is that the cast must not be overpadded; this 
leads to shifting of the limb within the cast, (ii) the cast 
must limit toe motion, (iii) the bony prominences and 
anticipated areas of high pressure should be padded wth 
felt or foam to diminish the concentration of pressure. 14 
The cast must be changed over week. 14 

Total contact plaster cast is very effective because the 
most important mechanical property is the proximal 
transfer of a large portion of plantar weight bearing forces 
to the calf and leg. However, watch for abrasion, blister, 
superficial ulcersations in the cast. Watch for equines 
deformity of the foot. 

Charcot Foot 

Heel ulcers: These ulcers are difficult to manage. 
Debridement and total contact plaster cast are the main 
principles of treatment. Severe heel ulcers with 


TABLE 3: The depth-ischemia classification of diabetic foot lésions 


Grade 

Définition 

Treatment 

0 

The at-risk foot previous ulcer or neuropathy with 
deformity that can cause new ulcérations 

Patient éducation; regular examination,appropriate footwear, 
appropriate insoles 

1 

Superficial ulcération, not infected 

External pressure relief; total-contact cast, walking brace, spécial footwear, etc. 

2 

Deep ulcération exposing a Tendon or joint 
(with or without superficial infection) 

Surgical debridement,wound care, pressure relief if the lésion closes and 
converts to grade 1 (prn antibiotics) 

3 Extensive ulcération with exposed bone and/ 

or deep infection (osteomyelitis) or abscess 

ïschemia Classification 

Surgical debridement ray or partial foot amputation; antibiotics; pressure 
relief if wound converts to grade 1 

A 

Not ischemic-excellent pulsation 

None 

B 

ïschemia without gangrené 
puise not palpable 

Vascular évaluation (Doppler, tcP02 arteriogram, etc.) vascular 
reconstruction as needed 

C 

Partial (forefoot) 

Gangrené of the foot 

Vascular évaluation; vascular reconstruction (proximal and/or distal 

Bypass or angioplasty); partial foot Amputation. 

D 

Complété foot gangrené 

Vascular évaluation; major extremity amputation (below knee or above 
kneewith possible proximal vascular reconstruction. 
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involvement of bone may into bone dissection or even 
amputation. If the wound is clean, free muscle predicle 
graft may be considered. 

Wound care: The most important principle in would cares 
is to recognize the rôle of pressure in the création and 
persistence of the ulcer. Therefore, if there is a bony 
protubérance, it should be excised. 

Surgical ulcers treatment: If heeling does not loccur with 
total contact cast arthrosis, then surgery is required. Aim 
of surgery is to correct a deformity and relieve pressure 
by osteotomy or resection of bony prominence, realign- 
ment of the bone segments causing the deformity, and 
reconstruction to realign the deformity in a proximal 
segment that will resuit in decreased pressure distally 
on the midfoot or forefoot. Bone resection is the most 
commonly used because it is the most direct, most 
effective, and generally the least risky. 

First Metatarsophalangeal Ulcérations 

Ulcérations beneath the first metatarsal head are very 
common. Due to weight bearing pressure from 
sesamoids, resection of médial sesamoids and reconstruct 
of the tendon flexor hallucis longus may be necessary. 
Ulcération under the metatarsal heads. Excision of the 
heads is necessary. 15 

Management of the Charcot foot should be based on 
the acuteness of symptoms, the anatomie pattern of bone 
and joint destruction, the degree of involvement (e.g. 
deformity, fractures, bone fragmentation and instability), 
and presence of infection. Surgery should be contem- 
plated only when attempts at conservative care hâve 
failed to establish a stable, plantigrade foot or to prevent 
récalcitrant plantar ulcération. 

Immobilization 

A general rule of thumb in managing patients with 
charcot foot is that at least 3 months of nonweight bearing 
plaster cast immobilization is required before the 
resumption of partial weight bearing in a therapeutic shoe 
or walking brace. 22,23 

Orthoses 

A patellar tendon-bearing (PTB) orthosis used together 
with therapeutic shoes may effectively decrease load on 
the foot. 24 

Nonsurgical treatment utilizing total-contact casting 
followed by appropriate bracing and footwear is the "gold 
standard" for treatment of majority of foot and ankle 
neuropathie (Charcot) fractures and dislocations. 


However, surgical treatment is indicated for chronic 
récurrent ulcération, joint instability. 

The goals of operative treatment are to preserve 
functional activity with the aid of appropriate footwear 
or bracing and to prevent amputation. 

Ostectomy 

The midfoot in the most common location for neuropathie 
destruction. 25 The apex of the rocker bottom foot 
deformity that results is a frequent source of récurrent 
ulcération. The most common operative procedure for 
neuropathie deformity is removal of a bony prominence 
on the médial, latéral or plantar aspect of the foot that is 
creating récurrent ulcération and difficulty with footwear. 

Realignment and Arthrodesis 

Severe Charcot foot and ankle deformity or instability is 
treated with realignment of the involved join and 
stabilization by arthrodesis. 22 

Infected Foot 

Infection in a diabetic foot is limb threatening and at times 
life threatening and therefore, must be treated 
aggressively. Superficial infections should be treated with 
debridement, oral antibiotics and regular dressings. Deep 
infections are considered when the signs of infection are 
combined with evidence of involvement of deeper tissue 
structures such as bones, tendons or muscles. Although 
superficial infections are usually caused by gram-positive 
bacteria, the deep foot infections are invariably 
polymicrobial and caused by gram positive, gram- 
negative bacteria and anerobes. Ail patients with deep 
infections should be hospitalized and started on broad- 
spectrum antibiotics. The choice of antibiotics initially 
should be empirical but once the culture reports are 
known, it should be spécifie and narrowed down. 
Multiple injections of insulin or continuous insulin 
infusion should be instituted to achieve metabolic control. 
Patients should be posted for surgical debridement as 
early as possible (24-36 hr) and necessary medical work 
up should be done preoperatively. 

The most important charactreristic of infection of the 
diabetic foot is the frequency with which it is 
polymicrobial. The diabetic foot has greater susceptibility 
of infection, foui odor is due to anaérobie pathogens. 
Antibiotic résistance is another problem. Gas in the soft 
tissue is usually due to staphylococci really due to classic 
gas gangrin by Clostridium perfringens (gas gangren). 

Treatment of infection: Early aggressive surgical treatment 
is important. Cellulitis, abscess, abscess formation, 
osteomyelitis may require partial dissection of the part. 



3226 Textbook of Orthopedics and Trauma (Volume 4) 


ray resection, forefoot amputation, or Sigri's amputation. 
Osteomyeliktis of the calcaneus may require partial or 
complété excision of calcanéum. Large ulcers require 
thorough debridement and flap reconstruction by plastic 
surgery. 

Surgical debridement should be carried out in an 
operation theatre and not at bed side. The incision is made 
over the site of maximum fluctuation or web space and 
deepened up to the second layer of the sole, cutting the 
plantar fascia along the line of flexor tendons till either 
pus or edema fluid is seen. Ail the devitalized tissue, 
sloughed tendons and infected bones should be debrided. 
If the infection is spreading proximally, an additional 
incision behind the médial malleolus should be given for 
better décompression. 26 " 28 Although the objective is to 
salvage the limb, the decision should be revised in favor 
of limb amputation if the patient continues to show signs 
of worsening of infection and septicemia. Bold 
debridement often leads to skin loss and large raw area. 
Closure of such wounds needs plastic surgery with skin 
grafting. 

A multidisciplinary approach providing debri¬ 
dement, meticulous wound care, adéquate vascular 
supply, metabolic control, improvement of nutritional 
status, empirical antimicrobial treatment and non-weight 
bearing are the cardinal features in the treatment of 
infected diabetic foot. 

Amputation 

Amputation is the end point of diabetic foot lésions. Major 
amputations resuit in considérable morbidity and at times 
even mortality. It leads to permanent disability to the 
patient. However, in diabetic foot lésions this unfortunate 
decision has to be taken in order to save the life. 

Amputations are divided into minor amputations (up 
to mid-tarsal level) and major amputations (above mid- 
tarsal level). 

Various amputations carried out are toe disarti¬ 
culation, ray amputation, transmetatarsal amputation, 
tarso-metatarsal disarticulation, mid-tarsal disarti¬ 
culation, ankle disrticulation, transtibial amputation (BK, 
below knee), knee disarticulation (TK, through knee), 
transfemoral amputation (AK, above knee) and hip 
disarticulation. 4,16 

Minor Amputations 

Aggressive treatment of foot infection, better diabètes 
management and vascular reconstruction procedures 
hâve helped in salvaging many limbs, but the number of 
minor amputations hâve increased. In infected foot it is 
often necessary to carry out open amputations. To close 


the amputation wounds primarily, the tissue must be free 
of infection and well perfused. Skin grafts and 
reconstructive plastic surgery at a later date are often 
necessary for such open amputations. 16 

Major Amputations 

Major amputations resuit in considérable morbidity as 
well as a high post-operative mortality. Long-term results 
show a high risk of contralatéral amputation and 
increased mortality. 14 

Major amputations are indicated in neuroischemic 
foot where revscularisation is not feasible, in advanced 
infections, in medically compromised patient and 
occasionally in severe Charcot deformities. 

Ail the patients who hâve undergone a major 
amputation hâve a high risk of subséquent contralatéral 
amputation and therefore a surveillance programme, for 
the remaining foot is crucial. Patients, after major 
amputation, should be referred to prostheses center for 
limb prosthesis. 

REVASCULARIZATION IN PVD 

Percutaneous Transluminal Angioplasty (PTA) 

The most common of these catheter-based procedures is 
balloon dilatation angioplasty. In addition to balloon 
angioplasty, a variety of other endovascular procedures 
are available including laser angioplasty, mechanical 
atherectomy and intravascular stents. These procedures 
hâve advantages in that there is a reduced hospital stay, 
a réduction in the frequency of complications, low 
mortality, high success and patency rate. Success of 
angioplasty dépends upon the morphology and character 
of the stenotic lésions. Idéal lésions for angioplasty are 
short (<10 cm), concentric, non-ostial, and non-calcified. 
Patients with suboptimal results after a balloon 
angioplasty can now be treated with endovascular stents. 

Indications for Vascular Surgery in Lower Limb 

• Severely disabling intermittent claudication 

• Critical leg ischemia (Limb threatening) 

• Nonhealing ischémie foot ulcers or distal gangrené. 

Principles of Vascular Surgery 

The ultimate goal of lower extremity arterial 
reconstruction is to restore perfusion pressure in the distal 
circulation, by bypassing ail major occlusions and if 
possible, re-establishing a palpable foot puise. The 
récipient artery (distal to the block), usually dorsalis pedis, 
anterior tibial, or posterior tibial and the donor artery 
(proximal to the block), usually the fémoral or popliteal 
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vessel, should be relatively free of an occlusive disease. 
The conduit used is the saphenous vein. 

The increased use of lower extremity vascular 
reconstruction has resulted in a significant décliné in 
incidence of amputations at ail levels. The results of 
vascular reconstructions are as gratifying in diabetics as 
in nondiabetics. 29 

PREVENTION 

Preventing the diabetic foot should be the first priority. 
This can be achieved by identifying the high-risk 
individuals, like those with peripheral neuropathy, 
peripheral vascular disease, foot deformities, presence 
of callus, etc. They should receive intensive foot care 
éducation, regular attention by a podiatrist and should 
be advised proper footwear and insoles. Patients should 
be reviewed frequently, assessed for neuropathie and 
neuroischaemic lésions and treated, if necessary. 

Preventing the diabetic foot using the multi- 
disciplinary team approach is a noble step in the right 
direction. However, the concept of a podiatrist and 
orthotist are not well developed. These specialties need 
to be developed urgently. Intensified éducation of high- 
risk patients, éducation of primary physicians and 
prescribing proper footwear, are essential components 
of this programme. 

Dressing Material 

Conventional dressings, such as gauze, impregnated 
gauze, gauze and cotton, packing strips hâve been in use 
for fifty years. Moist wound environment that these 
dressings provide is best for wound régénération and 
repair and increasing the velocity of healing. Effective 
wound management aims to strike a balance, i.e. a moist 
environment to promote healing, but not so wet as to 
cause macération and excoriation. 

Newer Dressings 

A wide variety of new dressing materials hâve been 
developed. However none of the newer dressings fulfill 
ail the characteristics of an idéal dressing. 

Some of the newer dressings are—film dressing, foam 
dressing, non-adherent dressings, hydrogels, hydro- 
colloids, alginates. 

The treating foot care team has to make appropriate 
choice of dressing for a particular type of wound. It is 
important to note that there is a wide range of 
performance parameters within and between various 
types of newer dressings. Although no dressing fulfills 
ail the characteristics of an idéal dressing, important 


factors to consider include user friendliness, cost 
effectiveness and ability to maintain a moist wound 
environment. 

Newer Thérapies 

Wound healing is the process by which tissues respond 
to an injury. The process of wound healing is controlled 
by growth factors that initiate cell growth and 
prolifération by binding to spécifie high-affinity receptors 
on the cell surface. Growth factors hâve the ability to 
stimulate the mitosis of quiescent cells. Platelets, 
macrophages, épithélial cells, fibroblasts and endothélial 
cells produce them. The growth factors most commonly 
involved in wound healing include platelet-derived 
growth factor (PDGF), fibroblast growth factor (FGF), 
epidermal growth factor (EGF) and insulin like growth 
factor (IGF). Newer thérapies provide various growth 
factors topically, to promote and hasten wound healing. 30 

Dermagraft 

It is bioengineered human dermis designed to replace a 
patient's own damaged or destroyed dermis. It consists 
of néonatal dermal fibroblasts cultured in vitro on a bio¬ 
absorbable polyglactin mesh. Fibroblasts are screened 
extensively for infectious agents before they are cultured. 
As the fibroblasts proliferate within the mesh, they secrete 
human dermal collagen, fibronectin, growth factors and 
other proteins, embedding themselves into a self 
produced dermal matrix. This results in a living, 
metabolically active dermal tissue with the structure of a 
papillary dermis of newborn skin. 30 

Maggot’s Therapy 

Maggot is the larval form in the life cycle of a housefly. 
Maggots are commonly seen in infected wounds, which 
are left uncovered. In UK stérile larvae are available on 
prescription and are also exported to other European 
Countries. Maggots are used for debridement of 
neuroischemic wounds where sharp debridement is not 
possible. There are presently ongoing randomized 
controlled trials to compare maggots with conventional 
treatments in the management of different types of 
necrotic wounds. 30 

It has to be realized by ail those involved in footcare 
for persons with diabètes that no one specialist possesses 
ail the skills needed to prevent leg amputation. Therefore, 
the team approach is of paramount importance. 
Unfortunately, in majority of the centers, in India, the 
scénario is just the opposite. The diabetic foot services 
are compartmental and fragmented, with hardly any 
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coordination and communication among various 
specialists. Different specialists see the patients at 
different times and venues. The net effect is no effect. No 
one shoulders the primary responsibility, no joint are 
made, the anesthetists and the surgeons tend to postpone 
the surgery, for the lack of smooth glycémie control prior 
to surgery, ward nurses avoid stinking patients and push 
them to distant corners of the ward and the poor diabètes 
specialist finds it difficult to achieve the desired glycémie 
control in presence of infection. Days and weeks are often 
lost before the definitive surgery is carried out, by then 
more soft tissues are necrosed and the infection 
progresses more proximally. 

The diabetic foot care team should work in the diabetic 
foot clinic to provide integrated approach to the 
management of varied clinical présentations of the 
diabetic foot. There is an urgent need to develop such 
multidisciplinary diabetic foot clinics, where the team 
members are willing to work with great interest and 
dedication. The well organized diabetic foot clinic, 
providing consistent patient éducation as well as 
préventive and acute care of diabetic foot lésions can be 
expected to bring gratifying results both in preventing 
the foot lésions as well as healing them. More limbs will 
be salvaged and the quality of life of diabetic patients 
with foot problems will improve enormously. 
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INTRODUCTION 

In spite of the fact that the potential for development of 
bone and soft tissue tumors exists in the foot, true 
neoplasms arising from this site are uncommonly 
encountered. The authors of large sériés on bone 
neoplasms hâve reported an incidence of less than 4% of 
cases recorded in the foot. 1,8 Small sériés and case reports 
of benign and malignant tumors hâve been reported 
previously, 2 " 6,12,13 but most of these hâve focussed on 
spécifie neoplasms. In the largest reported review of 
osseous neoplasms of the foot, Murari et al 12 found that 
the incidence was more than expected. In the opinion of 
the présent authors also, the incidence is significant, 
however, the relative rarity of these lésions delays the 
diagnosis, and the initiation of therapy is not as prompt 
as the situation warrants. In India these cases may be 
seen with large periods of delay, and the problems of 
treatment are compounded. The common mistake is to 
misdiagnose the tumor for some other entity, primary 
neoplasms like Ewing's of the metatarsal may be 
mistaken for stress fracture, plantar sarcomas may be 
labeled as fibromatosis, and dorsal tumors as ganglion. 
The authors hâve seen numerous osteolytic tumors of the 
foot being treated for tuberculosis. Ail these factors, 
especially when some form of surgical intervention is 
involved, lead to a potential increase in the morbidity 
and récurrence rates. 

Certain anatomie factors in the foot hâve importance 
with regard to the clinical features and growth of these 
tumors. As there are no effective fascial barriers 
separating the individual rays of the foot, spread to the 
neighboring bones is not uncommon. 9 In the hindfoot 
and midfoot, cortical bones is relatively thin and porous, 
and does not act as an effective barrier to soft tissue 
extension of primary osseous tumors, nor does it prevent 


bony involvement from aggressive soft tissue neoplasms. 
On the other hand, the plantar fascia and flexor and 
extensor retinacula act as effective compartmental 
barriers. 

Clinical Evaluation of Foot Neoplasms 

The three basic parameters for assessment remain history, 
physical évaluation and radiological examination. Due 
to the weight bearing site of the foot, as well as its compact 
structure, pain is a feature seen earlier in the course of 
the disease than at other sites. Soft tissue lésions may be 
detected due to the dorsal skin being thin, and in those 
patients who wear shoes, swelling may interfère with 
footwear. These tumors are usually always tender to 
palpation, which is not always the case with comparable 
lésions elsewhere in the body. Ail these factors, however, 
do not ensure an early diagnosis, as most of these patients 
in India présent to the specialist after significant delays. 

Supplementary examination should include routine 
radiographs, which are usually sufficient to establish a 
diagnosis. However, the picture is not always typical, and 
the features seen at other sites like periosteal reaction 
sunray appearance, etc. are not always seen. In early 
stages, bony lésions may just présent as osteolytic lésions 
and the confusion with inflammatory processes is 
genuine, demanding a high index of suspicion and 
further investigations. Radionuclide scans canbe of great 
help to delineate these problems. Once the diagnosis is 
suspected, further investigations are warranted, CT scans 
are useful when cross-sectional bony detail is needed. 
The addition of vascular contrast or the use of 
angiography can demonstrate the relationship to vascular 
structures. The recent advent of MRI, although not 
available at ail centers, is a major advance, especially in 
determining the extent of soft tissue and marrow 
involvement. 
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However, certain problems regarding the staging 
techniques are unique to the foot, an aggressive benign 
and malignant tumors, extra compartmental extension 
has usually occurred at the time of diagnosis, as anatomie 
barriers are lacking. Additionally, due to the weight 
bearing function, and the proximity of neurovascular 
structures, the requisite surgical excision may not be 
always compatible with a functional foot. 

Soft Tissue Tumors 

Numerous tumors and tumor-like conditions are prone 
to occur in the soft tissues of the foot. Most authors divide 
soft issue tumors into those of synovial or extra synovial 
origin. That classification, however has no prognostic or 
therapeutic advantage (Fig. 1). 

Benign Lésions 

Xanthomas, lipomas, fibromas and neurofibromas are 
benign neoplasms frequently encountered. Fibromatosis, 
especially on the plantar aspect, may be clinically 
confused with soft tissue tumors. Treatment in the form 
of excision is impérative if these interfère with weight 
bearing or footwear. More important is the accurate 
establishment of the diagnosis to rule out potentially 
harmful or neoplastic conditions. Nerve tumors like 
neurofibroma may require excision and biopsy as they 
can cause significant discomfort. Most of these tumors 
are encapsulated and are amenable to surgery under local 
anesthésia. However, the use of a tourniquet helps the 



Fig. 1 : CT scan showing an osteolytic lésion 
of the body of the tatus (GCT) 


surgeon, and some form of régional anesthésia is 
préférable. 

Spécial mention must be made here of the condition 
labelled as "giant cell tumor of the tendon sheath." This 
is a localized nodular growth seen in relation to tendon 
sheaths, usually occurring after the end of the third 
decade. It is a form of villonodular tenosynovitis and can 
occur at any site in the foot. The importance of this tumor 
lies in 10 to 30% récurrence rate seen after excision. 
Meticulous technique is required for complété removal, 
often involving tracing of the tortuous route of the tumor. 

Another frequently encountered swelling is the 
ganglion, usually over the dorsum of the foot. These may 
some times be very hard and may simulate an exostosis. 
Treatment protocols are the same as those followed at 
other sites. 

Other conditions varying from neurofibromatosis, 
hemangioma/hamartomas and glomus tumor to 
synovial chondromatosis are mentioned for the sake of 
completing the list. These are extremely rare and the 
treatment is standard. 

Malignant Soft Tissue Tumors 

Malignant soft tissue tumors, although much less 
common, are inherently more dangerous, as they are 
initially treated as innocuous soft tissue swelling. At the 
author's institute, out of the available records of 13 soft 
tissue tumors, 8 were malignant. This does not reflect 
the incidence of these growths, but rather the fact that 
most lésions are treated at peripheral centers and only 
those with subséquent diagnosis or récurrences are 
referred to tertiary centers, making the treatment and the 
prognosis more complicated. 

Synovial Cell Sarcoma 

Synovial cell sarcoma has been shown to constitute less 
than 10% of soft tissue malignancies by different studies, 
our expérience, however, shows a 50% incidence of this 
in the soft tissue malignancies. Twenty percent of ail 
synovial sarcomas hâve ben shown to occur in the foot 
and ankle. These may be confused with ganglia, 
especially on the dorsum of the foot, and unfortunately 
these tumors may sometimes follow an indolent course, 
and the diagnosis is usually established after casual 
excision. These are usually seen in young adults (âge 
average is 22.5 years) with a male prépondérance, and 
arise from the periarticular surfaces, but not directly from 
the synovium. They présent as gradually increasing 
swelling which may be painful. The diagnosis is 
confirmed histopathologically, and MRI will show the 
exact extent of the soft tissue involvement. This is 
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important for surgical planning, as these sarcomas hâve 
rapid access to the bony, neural and vascular structures, 
due to the unique lack of barriers in the foot. Bone scans 
will reveal some increased uptake of adjacent bones, as 
the reactive capsule is in contact with them or the tumor 
may invade the thin cortices. Most of these studies should 
preferably be done prior to biopsy. 

The majority of these tumors are stage II and require 
radical resections. Most cases présent with some 
inadéquate surgical procedure being done elsewhere. 
Wide local excision may be possible in untouched tumors, 
presenting distally and at an early stage. The author's 
policy, however, is to advise this only in stage I lésions, 
presenting dorsally and subcutaneously. The deeper 
lésions and those presenting late or after surgical 
interférence are advised amputation, the authors do a 
Syme's amputation for forefoot lésions and high below- 
knee amputation for mild or hindfoot lésions. This is 
important as ail the tendons in the foot arise from the 
tibia, and wide/radical margins are never achieved 
without high amputation. 

Fibrosarcoma / Neurofibrosarcoma 

Fibrosarcomas or neurofibromas are rare and at times 
the histological différentiation is also difficult. Ail the 
problems enumerated above apply here also, wide local 
resection is only possible in early diagnosed tumors of 
small size. Amputation is the preferred form of treatment, 
especially in the poorly differentiated or récurrent tumor. 
Unfortunately, métastasés are quite common. 

Malignant Melanoma 

Malignant melanoma involving the skin is especially 
mentioned as the foot is a common site for this potentially 
léthal tumor, with the incidence on the sole and the 
dorsum being equal. They may présent as fiat or nodular 
lésions, with the characteristic pigmentation. The 
diagnosis is confirmed histologically, and surgery 
remains the mainstay of the treatment. Local extension 
of small lésions présent superficially should include a 
1 cm margin ail around. Amputation is the treatment of 
choice in other lésions. In spite of the fact that lower 
extremity lésions in general carry a good prognosis, 
malignant melanoma of the foot is an exception, and the 
one case that the authors hâve seen died due to metastasis 
in spite of amputation. 

Skeletal Tumors (Bony, Cartilaginous, Marrow, 
Miscellaneous) 

Primary skeletal neoplasms are uncommon, and the 
benign forms are much more frequently seen than the 


malignant varieties. 4,12 Dahlinl reported on incidence of 
105 cases in the foot out of a sériés of 6034 bone tumors, 
but found an almost equal incidence of benign and 
malignant neoplasms. Enneking 8 on the other hand found 
that most of the foot lésions were benign. Ail these can 
be classified into fibrous, cartilaginous, osseous, marrow 
tumors and présentation in each. 

In the authors' analysis, although giant cell tumors 
hâve been classified as benign neoplasms, they consider 
them as potentially malignant lésions with a high rate of 
récurrence if inadequately treated. In many cases, the 
borderline between benign and malignant tumors is 
blurred, and thus an accurate diagnosis is essential before 
definitive treatment. The principles of treatment for 
certain types of malignant tumors like Ewing's sarcoma 
may be different at this site than in more central lésions. 
In general however, benign neoplasms can be treated by 
curettage, with or without bone graft (intralesional 
resection) or by marginal excision leaving a good 
functional foot. Malignant tumors should be treated only 
by wide resection (tumor plus biopsy tract with a cuff of 
normal tissue) or by radical resection wherein the entire 
anatomie compartment is removed. The choice of the 
surgical procedure is governed by the anatomie site, the 
stage of the lésion and the anticipated disability. 

The most significant advances in bone tumor 
management, in addition to staging and diagnostic 
techniques, hâve been the success of adjuvant 
chemotherapy and radiation techniques. Although used 
successfully in other areas, radiation has limited rôle in 
the foot, as the disability from radiation skin changes, 
and arthrofibrosis is usually more disabling than a good 
prosthesis after amputation. Additionally, in tumors seen 
in the growing âge, significant growth plate damage is 
envisaged. The foot is a resectable area, and long-term 
results after radical resection hâve proven to be better 
than limited treatment. 

On the other hand, the rôle of chemotherapy in 
treatment of Ewing's and osteosarcoma has shown 
increased survival rates and in certain areas of the body, 
this has allowed less aggresive surgery with wide rather 
than radical margins. In the foot however, the réduction 
in surgical aggresion may not be possible, as wide 
resection usually means amputation. However, the 
control of micro-metastasis is well achieved. 

Benign Bony Neoplasms 

Giant Cell Tumor—GCT (Figs 1 to 3) 

Giant cell tumor (GCT) constitutes 5 to 8% of the primary 
bone tumors, originating usually at the end of the long 
bones. Less than 50 such cases hâve been reported to occur 
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Fig. 2: Radiograph (latéral view) showing a collapsed talus 
(giant cell tumor) 



Fig. 3: Same case after total talectomy 


in the foot bones. The authors hâve seen 10 cases out of a 
total of 46 bony tumors of the foot (an incidence of 22%). 
There was aslight male prépondérance with an average 
âge of 26.7 years. The most common bone involved is the 
talus foliowed by the calcaneus. Most cases présent as 


expansile geographical lésions, usually involving the 
head/neck of the talus, or expanding the médial cortex 
of the calcaneus. Featureless areas of bone destruction 
are seen, with 11 defined margins and in the authors' 
expérience none of these cases had a prominent trabecular 
pattern. This may indicate a more active lésion. 

The most important factor influencing treatment 
decisions is delay in diagnosis, well-contained tumors 
seen early in the disease can be treated by curettage and 
bone grafting. Most cases, however, are seen later, and 
the potential for seeding and local récurrence after limited 
surgery is significant. Revell and Sommerlandl6 note that 
the récurrence rate after curettage is 50%, and 10% out of 
these metastasize. Harrelson 9 advocates wide excision 
and arthrodesis in midfoot lésions and talectomy for 
tumors involving the talus. Some authors hâve advocated 
below knee amputation. It is the authors' opinion that 
total excision of the tumor with its surrounding shell of 
bone and soft tissue is the treatment of choice. The 
metatarsal can be replaced either by fibula or a 
corticocancellous block from the iliac crest. The midfoot 
bones can be similarly excised and replaced by 
appropriate bony wedges. In the case of the calcaneus, 
Enneking, 8 citing limited personal expérience, prefers 
complété excision of the bone since the loose trabecular 
pattern makes an intraosseous procedure risky and the 
remaining shell of bone is of little reconstructive value. 
He advocates filling up of the defect by a composite flap 
of fat and skin with or without a contoured iliac crest 
bone graft on the undersurface of the talus. The authors 
feel that the calcaneus can be excised totally, and after 
suturing the tendoachilles to the plantar structures, grade 
IV power remains in the heel cord, and the patient are 
even able to walk barefoot. In those cases who wear shoes, 
a 1.5 cm heel lift gives a near normal gait with a mildly 
preceptible limp. 

As the talus is involved in half the cases, spécial 
attention has to be devoted to this bone. In the rare case 
involving the posterior aspect of the bone, partial excision 
followed by a Blair type of fusion is satisfactory. In the 
more common involvement of the head and neck, partial 
excision or complété talectomy with or without plantar 
arthrodesis is recommended. However, the authors do 
not advocate a pantalar arthrodesis at the initial stage as 
the increased stiffness and shortening make this a 
disabling procedure in those people who hâve to squat 
on the ground. We do not do a tibiotalar arthrodesis 
primarily, with the aim of maintaining some mobility at 
the cost of side to side instability. This should be done at 
a second stage if the disability increases. Another option 
available is the replacement of the talus with a prosthesis 
or a banked allograft, if the facility and expérience exist. 
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Ail in ail, the management of GCT of the foot bones is 
based on early aggressive surgery. If there is récurrence, 
the authors advocate below knee amputation. 

Benign Cartilaginous Tumors 

Enchondroma 

Enchondroma is an intramedullary neoplasm composed 
primarily of hyaline cartilage, seen more commonly in 
the hand, and rarely as an isolated lésion in the foot. These 
are stage 1 lésions, usually asymptomatic, and discovered 
accidentally. The cause of pain is usually a pathological 
fracture or malignant transformation. Treatmnt is by 
curettage and cancellous bone grafting. 

Osteochondroma 

These cartilage capped osteophytes are rare in the distal 
extremities. In the foot, though uncommon, they do not 
stay asymptomatic due to the close anatomie confines 
and the weight bearing function, they are commonly seen 
in the phalanges or metatarsals. They présent as hard 
immobile protusions, often with pain from an overlying 
bursa. In young children, radiographs show no minerali- 
zation of the cartilage cap, but patchy calcification at the 
margin of the cartilage cap may be seen in adult. These 
can usually be cured by excision, but a watch should be 
kept for récurrence. 

Chondroblastoma 

Chondroblastoma is a rare tumor, traditionally arising 
in the epiphyseal part of a long bone, mostly occurring 
in adolescence or adult life. They hâve a prédilection for 
the mid- or hindfoot and localized pain and swelling are 
common features. These are stage 2 lésions, with a 
capacity for continued growth and rarely may be 
aggresive stage 3 lésions with adjacent joint or tissue 
involvement. Radiographs show a radiolucent area 
surrounded by a narrow zone of sclerosis, and there may 
be spot calcification in the center. CT scan should be done. 

Intralesional excision is accompanied by a significant 
rate of récurrence, but should be attempted at the first 
stage, along with bone grafting. Wider surgical margins 
are needed for more aggressive lésions or récurrences. 

Chondromyxoid Fibroma 

Chondromyxoid fibroma is a rare tumor, very infrequent 
in the foot, and seen after the second decade of life. It is 
included because the radiological picture may mimic a 
GCT or a chondroblastoma without calcification. The 
diagnosis is histological where myxomatous, fibrous and 
chondroid areas are seen. The treatment is the same as 
for stage 2 lésions. 


Benign Osseous Neoplasms 

Osteoid Osteoma (Figs 4 and 5) 

Osteoid osteoma is an intensely painful entity, which is 
the most common bone forming tumor encountered in 
the foot, seen between the âges of 5 and 25. The talus is 
the bone most frequently involved. As they do not exceed 
1 cm in diameter they are extremely difficult to detect on 
conventional radiographs, and bone scans and CT scans 
are usually needed. Radiographs show a typically small 
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Fig. 4: Latéral view radiograph of medfoot showing sclerotic 
nidus in the cuneiform bone (osteoid osteoma) 



Fig. 5: CT scan of cuneiform showing sclerotic lésion of 
osteoid osteoma 
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area of radiolucency with a surrounding area of sclerotic 
bone. If situated subperiosteally, some new bone 
formation adjacent to the tumor may be noted. These are 
stage 2 lésions in their early development, which may 
gradually convert to stage 1 over a period of years. 
Treatment is by enbloc excision of the tumor without 
biopsy, and cancellous bone graft is usually not required. 
It is impérative to take intraoperative radiographs with 
marker K-wires to ensure accurate surgical excision. 
Except in cases of inadéquate removal, the prognosis is 
excellent. 

Osteoblastoma 

Osteoblastoma, with histological similarity to osteoid 
osteoma, does not hâve the same pain characteristics. 
These are usually larger than 1.5 cm, and radiographically 
are seen as expansile lucent areas, with a variable amount 
of sclerosis at the margin. Ail authors cases involved the 
talus, but it has been reported in the metatarsals and the 
calcaneus. The treatment is intralesional curettage and 
bone grafting. 

Miscellaneous Bony Lésions 

Miscellaneous tumor-like conditions ranging from simple 
bony cyst to éosinophilie granuloma can rarely be seen 
in the foot. The simple bone cyst, seen in the growing 
period, almost exclusively occurs in the calcaneus. The 
diagnosis is suspected when pain from a pathological 
fracture is the presenting complaint. In the calcaneus, the 
common mistake is to confuse this with the "pseudocyst", 
a triangular area seen between the principal trabeculae 
of the calcaneus beneath the subtalar joint. These are 
aberrations of growth, présent bilaterally and may be 
filled with fat. In contrast, the SBC has a sharp margin of 
reactive bone, is usually circular and the diagnosis is 
confirmed by needle aspiration. Modem treatment 
methods include injection of méthylprednisolone, or in 
large cysts, curettage and bone grafting. 

Aneurysmal bone cyst, a lésion of unknown etiology, 
gives an osteolytic expansile lésion with a thin reactive 
shell of periosteal bone. The diagnosis may be confused 
with more aggressive lésions, but surgical exposure 
reveals dark blood clots and honey-combining with 
extensive bleeding on curettage. Bone grafting usually 
results in cure. 

Malignant Bony Tumors 

Osteosarcoma 

Osteosarcoma is the second most common skeletal 
malignancy, with a peak âge in the second decade. Less 


than 2% of osteosarcomas occur in the foot and ankle. 
The literature reveals no obvious prédilection for any 
bone. In the authors' expérience, the average âge was 
more than 30 years, and the tumor was localized 
predominantly to the hindfoot. Pain and rapidly 
increasing hard swelling make for a short clinical history, 
even so most of these tumors are stage II-B at the time of 
diagnosis. Although the radiological picture is variable, 
most of these tumors are predominantly osteolytic, 
usually with evidence of ossification or calcification, 
which may extend into the surrounding tissues. Bone 
scan, CT scan or MRI may be valuable adjuvants for 
staging studies and in determining the extent of the 
tumor. 

The basis for curative therapy is surgical. Current 
success with chemotheraphy and limb salvage has little 
application in the foot. In spite of the good response to 
chemotherapy, below-knee amputation will be needed 
to achieve adéquate margins in cases who hâve no skip 
lésions or metastasis. This should be followed up with 
chemotherapy, with the regimen continuing up to 1 year. 
Sometimes early fitting of prosthesis has to be deferred, 
as the patient may hâve significant weight fluctuation 
due to the therapy. 

The authors hâve no expérience with the lesser grade 
variety of parosteal osteosarcoma. This is a stage 1 lésion, 
and is not responsive to chemotherapy. This is also best 
treated by below-knee amputation. The high grade 
variants like radiationinduced or telangiectatic 
osteosarcoma are treated on previously outlined 
guidelines. 

Chondrosarcoma 

Chondrosarcoma is a tumor occurring primarily or as a 
secondary lésion in an already preexisting condition. This 
is seen after the third decade and can occur in any bone, 
the authors hâve encountered it in the forefoot, and both 
the cases were males. Local pain and swelling either in 
isolation or in a preexisting lésions give a suspicion of 
the diagnosis. Radiographs show an irregular osteolytic 
defect, with or without cortical expansion. These are slow 
growing lésions, and occasionally may produce graduai 
enlargement of a phalanx or a metatarsal. As these are 
stage IA lésions, wide margins are needed for adéquate 
ablation, the metatarsals can be removed by ray resection. 
In hindfoot lésions or high-grade tumors or récurrences, 
amputation may be the best answer. There is no rôle of 
radiation or chemotherapy in these tumors. 

We hâve no expérience with the rare dedifferentiated 
type of chondrosarcoma. This is more aggressive, has a 
greater potential for récurrence and metastasis and 
usually requires early amputation for appropriate control. 
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Marrow Tumors 

Ewing’s Sarcoma (Figs 6 to 8) 

Ewing's sarcoma presenting with primary involvement 
of the foot bones is rare. However, it is the most common 
skeletal malignancy, and in our expérience 8 out of 15 
malignant neoplasms of the foot were of this variety . 
Most patients présent with pain and swelling in the first 
or second decade of life although the authors hâve seen 
cases as old as 30 years of âge. The most common bone 
involved is the metatarsal (50%) followed by the 
calcaneus and talus (25% each). The histology should not 
be confused with other small cell tumors. The radiological 
picture is not as typical as elsewhere in the body, the 
amount of cortical and medullary destruction, and the 
periosteal reaction are variable. In the authors' 
expérience, about 77% of the tumors are osteolytic, with 
or without bony expansion. Two cases showed an osteos- 
clerotic lésion. In the early stages, the cortical perméation 
and periosteal reaction may mimic infection and 
sometimes deposits of reactive osteoid may give the 
impression of osteosarcoma. 

An alternative staging System has been proposed by 
Enneking which relates to the prognosis of this disease: 
EWI—solitary intraosseous disease, EWII—solitary with 
soft tissue extension, EW III—multicentric skeletal, and 
EW IV—distant métastasés. In the authors' expérience, 
80% of the patients were EW II or III, and 20% were seen 
with stage EW IV. 

Considérable controversy exists regarding manage¬ 
ment. Prior to radiation or chemotheraphy, surgical 
intervention achieved only 5% five year survival rates. 



Fig. 6: Expansile, osteolytic lésion of the talus 
(Ewing’s sarcoma) 



Fig. 7B: Same case after radiotherapy/chemotherapy 
demonstrating postirradiation changes 



Fig. 8: CT scan of Ewing’s sarcoma of third metatarsal 
showing spread to adjacent bone 
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With the ad vent of radiation and chemotherapy, as this 
tumor is known to be radiosensitive, survival approached 
50% and the rôle of surgery declined. Many technical 
problems, however, are encountered in calculating the 
doses to be delivered at this site. Additionally, problems 
related to the heel flap and the sole make this treatment 
some what difficult in the foot. Local failure as high as 
52% has been reported with doses of radiation up to 35 
Gy for large tumors, and higher dose may not be tolerated 
by the sole of the foot. Observations that residual tumor 
may be présent in as high as 10% of the cases after 
radiation has lead to a renewed interest in surgical 
procedures. These tumors are readily accessible 
surgically, especially when the forefoot is involved. 
Amputation of the distal extremity présents a far more 
acceptable morbidity than the complications of radiation 
in a growing child, who may also develop leg length 
discrepancies. However, this may be difficult to explain 
to uneducated people, but the surgeon must make a 
spécial effort as 100% disease-free survival rates are 
reported in cases of foot Ewing's sarcoma treated by 
amputation and chemotherapy. Chemotherapy should 
be aggressive, induction therapy, followed by surgery 
and maintenance chemotherapy. 

Lymphoma/Myeloma 

Primary lymphoma of the foot bones is rare, and only 
five such cases hâve been reported in the literature. The 
authors hâve seen two such cases, one each in the 
calcaneus and the metatarsal. No spécifie radiographie 
features define these lésions. It is important to 
differentiate primary lymphoma of bone from secondary 
bony involvement in the disseminated non-Hodgkin's 
lymphoma as the treatment and prognosis are entirely 
different. Treatment of primary lymphoma consists of 
large field radiation therapy. When the tumor is isolated 
in the foot without métastasés to régional lymph nodes, 
resection will improve the prognosis. 


REFERENCES 

1. Dahlin DC. Bone Tumours (4th ed) Charles C Thomas: Springfield 
1986. 

2. Dahlin DC, Salvador AH. Chondrosarcoma of bones of the hands 
and feet—a study of 30 cases. Cancer 1974;34:755-60. 

3. Dhillon MS, Singh DP, Nagi ON, et al. Ewing's sarcoma of the 
talus—report of a case and review of the literature. Indian Orthop 
1991;6(l):29-32. 

4. Dhillon MS, Singh DP, Mittal RL, et al. primary malignant and 
potentially malignant tumours of the foot. The Foot 1992;2:19-26. 

5. Dhillon MS, Singh B, Gill SS, et al. Management of giant cell tumor 
of the tarsal bones—a report of nine cases and a review of the 
literature. Foot and Ankle 1993;14(5):265-72. 

6. Dhillon MS, Singh DP, Sur RK, et al. Ewing's sarcoma of the foot 
bones—an analysis of seven cases. Contemporary Orthopaedics 
1994;29(2):127-33. 

7. Dhillon MS, Singh B, Singh DP, et al. Primary bone tumors of the 
talus. J Podiatrie Ass 1994;84(8):379-84. 

8. Enneking WF. Musculoskeletal Tumor Surgery Churchill 
Livingstone: New York, 1983;719-40. 

9. Harrelson JM. Tumours of the foot. In Jahss M (Ed): Disorders of 
the Foot and Ankle WB Saunders: Philadelphia (2nd ed) 
1991;1654-77. 

10. Leeson MC, Smith MJ. Ewing's sarcoma of the foot. Foot and 
Ankle 1989;10:147-51. 

11. Mechlin MB, Kricun ME, Stead J, et al. Giant cell tumour of tarsal 
bones. Report of 3 cases and review of the literature. Skeletal 
Radiol 1984;11: 266-70. 

12. Murari TM, Callaghan JJ, Berry BH (Jr), et al. Primary benign 
and malignant osseous neoplasms of the foot. Foot and Ankle 
1989;10:68-80. 

13. Singh DP, Dhillon MS, Sur RK, et al. Primary lymphoma of bones 
of the foot—management of two cases. Foot and Ankle 1991;11(5): 
314-6. 

14. Steinberg MD, Steinberg LB, Calihman N. Tumours of the foot— 
benign and malignant. J Am Podiatr Assoc 1979;69:135-8. 

15. Parker F (Jr), Jackson H(Jr). Primary Réticulum cell sarcoma of 
bone. Surg Gynecol Obstet 1939;68:45-53. 

16. Revell PA, Sommerland BC. Tumours. In Helal B. Wilson D (Eds): 
The Foot Churchill Livingstone: London 1988;2:739-69. 



SECTION 


Pédiatrie Orthopedics: 

Trauma 


K Sriram 





Peculiarities of the 
Immature Skeleton 
(The Child is not a Miniature Adult) 
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INTRODUCTION 

The skeleton of the newborn child is much softer, more 
pliable and biologically résilient than the rigid skeleton 
of an adult. 5 In children the capacity for repair and 
remodeling foliowing injury is tremendous. Hence, treat- 
ment principles and techniques are unique to the 
children's injuries. 

Fractures are common in children and occur follow- 
ing comparatively minimal trauma. Physeal injuries 
constitute about 15% of ail the skeletal injuries in 
children. 4 Joint dislocations and ligamentous injuries are 
less common. 

The periosteum is thicker and exhibits greater 
ostéogénie potential than that seen in adults. It affects 
displacement of the fracture, réduction and the rate of 
callus formation. It more easily séparâtes from the bone 
in children and the hinge on the concave side, imparts 
some degree of intrinsic stability to the fracture, and helps 
in réduction of the fracture. Ectopic bone forms when 
there are avulsion injuries of the periosteum without bony 
involvement. 2,3 

There are spécial problems of diagnosis of injuries to 
the musculoskeletal System in children. Epiphyses are 
partly or totally radiolucent, and radiographie évaluation 
of the status of the epiphyses is very difficult. 

Fractures are known to stimulate longitudinal growth 
by increasing vascular supply to the metaphysis, physis 
and epiphysis. Bone healing is rapid because of the 
abundant blood supply to the bone and the thick 
ostéogénie periosteum. 1 The healing capacity is 
maximum in the newborn with progressive decrease with 
aging. Nonunion is a rarity. 6 

Overtreatment is safer because once the child is 
allowed out of plaster, it immediately returns to normal 


unrestrained physical activity. Thus, the healed bone 
should be strong enough to withstand ail the stresses. 
Open réduction and internai fixation are generally not 
indicated in children except in spécifie instances. 
Operative intervention of fractures in children when not 
indicated might itself resuit in nonunion. 

The site, type and frequency of skeletal injuries in 
children follow a classical pattern dépendent on the âge 
of the child (Table 1). 

Follow-up of the injured child is essential up to 
skeletal maturity. Comminuted fracture in children are 
uncommon because of the increased cross-sectional 
porosity of the bone. The swelling of the limb following 
the fracture is more rapid in onset and reduces quickly 
in children when compared to adults. Restoration of 
function is fast following most injuries in children, and 
stiffness of the joints is rare except in intra-articular 
fractures. 7 

Plastic Deformation 

This form of incomplète failure of bone in response to a 
longitudinal compression force in children is based on 
the concept of plastic deformation of a "Solid" structure. 
When the force persists beyond the plastic limits of the 
bone, permanent residual bowing remains even after the 


TABLE 1 : Site, type and frequency of skeletal injuries 


During birth 

Type I physeal disruptions and 
fractures of shafts of long bones, skull, 
clavicle 

First two years of life 

Nonaccidental injuries, fractures of 

Toddlers 

metacarpals, phalanges 

Fracture of distal half of the tibia 

Throughout childhood 

Fractures of the clavicle 
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force has been removed. Only longitudinal forces can 
bring about plastic deformation. 

Traumatic bowing of the ulna and fibula are well- 
documented condition. 

If a longitudinal compression force is applied to each 
end of a naturally curved, immature tubular bone, the 
curvature increases and the ends of the bone are slightly 
approximated. Up to a certain point, bone responds by 
deforming in an elastic mariner, and it looses ail such 
deformation once the excessive force is no longer applied. 
However, continued compression may cause the bone to 
deform plastically—i.e. when the injury force is removed, 
some residual bowing remains as a permanent 
deformation. With increasing force, the bone may 
progressively weaken and finally reach a complété failure 
(fracture). 

Traumatic bowing of forearm bones or fibula in 
children may occur because of plastic deformation 
capacity of certain developing bones. 

Remodeling Following Injury 

Not ail fractures in children remodel. In cases where 
remodeling of the malunited fracture does not occur, the 
end resuit would be unacceptable. Remodeling dépends 
on endochondral and appositional bone formation and 
integrated résorption. The remodeling capacity of the 
deformity caused by a fracture or epiphyseal injury 
dépends on the following factors (Figs IA and B). 

1. The skeletal âge of the child. 

2. The distance of the fracture from the end of the bone. 

3. The amount of residual angulation. 

4. Relative parts played by different physes in the 
longitudinal growth of a given bone. 


5. Stimulation of longitudinal growth by the fracture. 

The remodeling capacity is better in axial deformities 
in younger children and when the fracture is close to the 
physis. There appears to be no remodeling capacity for 
rotational deformities, and when the deformity is in a 
plane at right angles to the plane of motion of the adjacent 
joint. Displaced fractures Crossing the physis and 
displaced intraarticular fractures demonstrate a very poor 
remodeling potential. 

Healing Responses 

The healing responses following fracture in a child 
dépend on the type of bone, the skeletal maturation, the 
vascularity and responsiveness of the periosteum. 7 

Osseous Healing 

Osseous healing occurs in three phases which are in a 
chronological sequence: 

i. inflammatory phase, 

ii. reparative phase, and 

iii. remodeling phase in children, this phase is much 
more extensive and physiologically active, than in 
adult. 8 

Trabecular Healing 

Fracture healing in cancellous bone occurs principally 
through the formation of internai, endosteal callus. It is 
also accompanied by subperiosteal or external callus. 
There is a much larger area of surface contact, and because 
of the increased vascularity bone necrosis is lesser. 



Figs IA and B: A 2-year-old male child with fracture of the shaft fémur M 3 L 3 treated with hip spica 
showing good union and signs of remodeling 
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Physeal Healing 

The physis primarily heals by increased endochondral 
bone and cartilage formation, and graduai reinvasion by 
the disrupted metaphyseal vessels to eventually replace 
the temporarily widened growth plate. 

Epiphyseal Cartilage Repair 

The differentiated hyaline cartilage of the joints and the 
undifferentiated hyaline cartilage of the epiphysis hâve 
a limited ability for repair and régénération. 
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INTRODUCTION 

The physis or the growth cartilage which is a specialized 
layer of tissue unique to children provides for both 
longitudinal and latitudinal growth of bone. 1,2 Injuries 
to the physis can cause cessation of growth and résultant 
angular deformities (Figs IA and B). 3 

Physeal injuries are not uncommon, represent 15 to 
20% of ail injuries in children. Physeal injury due to 
various causes such as trauma infection, etc may results 
in growth arrest which may cause shortening, Limb 
length discrepancy (LLD) and/or deformity which may 
be angular, rotational at or translational. Additionally, 


in the growing child there is a fourth dimension of 
deformity: time. LLD changes over time (Figs 2A and B). 

Although physeal injuries are common, growth 
deformity is a rare occurrence, because in majority of 
cases fracture line passes through hypertrophie zone and 
germinal layer is spared. Growth arrest occurs in 1 to 
10% of ail physeal injuries. They are often predictable 
and occasionally preventable. 

Phalanges are the most common site 37%, distal radius 
18% and distal tibia 10%. Surgical intervention increases 
with severity of injury and transphyseal extension of 
fracture line. 


Greater tuberosity 
Appears M 6 mo.-2 yr. 

F 3 mo.- 11/2 yr. 

Trochlea 

Appears M 9 yr. F 8 yr 
Range M 8-10 yr. F 7-9 yr. 


Latéral épicondyle 
Appears M 12 yr. 
Fil yr. 



Capitulum 
Appears M 5 mo. F 4 mo. 
Range m 6 wk. -8 mo. 


Radius head 
Appears M 5 yr. F 4 yr. 
Range 3-6 yr. 


Radius distal epiphysis 
Appears 1 yr. 

Range 3 mp. -11/2 yr. 




Humérus, head 
Appears birth-3 mo. 

Lesser tuberosity 
Appears 3.5 yr. 


Médial épicondyle 
Appears M 7 yr. F 5 yr. 
Range M5-7 yr. F 3-6 yr. 


Ulna, epiphysis 
Appears M 5 yr. F 4 yr. 
Range 3-6 yr. 


Greater trochanter 
Appears 3 yr. 


Fibula, proximal epiphysis 
Appears M 4 yr. 

F 3 yr. 


Fibula, distal epiphysis 
Appears M 1 yr. 

F 9 mo. 



Head of fémur 
Appears 4 mo. 

Lesser trochanter 
Appears M 12 yr. 
F 11 yr. 


Fémur, distal epiphysis 
Appears 36th fêtai week 


Tibia, proximal epiphysis 
Appears 40th fêtai week 


Tibial tuberosity 
Appears 7-15 yr. 


Tibia, distal epiphysis 
Appears 6 mo. 


Figs IA and B: Typical âge (and range) of development of the secondary ossification centers of the epiphyses 

in the (A) upper extremity and (B) lower extremity 
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Humérus, head and 
gr. and lesser tuberosities 
Fuse together 4-6 yr. Fuse to 
ShaftM 19-21 yr. F 18-20 yr. 

Humérus, capitulum, 
lat. Epicondyle, and 
trochlea Fuse together 
at puberty Fuse to shaft M 
17 yr. F 14 yr. 

Radial, head 
Closure M 15-17 yr. 

F 14-15 yr. 

Radial Tuberosity. 
Closure 14-18 yr. 

Distal epiphysis 
Closure M 19 yr. 

F 17 yr. 

Styloid process radius 
Closure variable 


Médial épicondyle 
Closure M 18 yr. 

F 15 yr. 

Olecranon 
Closure M 15-17 yr. 
F 14-15 yr. 

Ulna, distal epiphysis 
Closure M 19 yr. 

F 17 yr. 

Styloid of ulna 
Closure 18-20 yr. 


Greater trochanter 
Closure 16-17 yr. 

Lesser trochanter 
Closure 16-17 yr. 

Distal epiphysis 
Closure M 18-19 yr. 
F 17 yr. 


Fibula, proximal epiphysis 
Closure M 18-20 yr. 

F 17 yr. 


Fibular malleolus 
Closure 17-18 yr. 



Fémur, head 
Closure M 17-18 yr. 
F 16-17 yr. 


Proximal epiphysis 
Closure M 18-19 yr. 
F 16-17 yr. 

Tibial tuberosity 
Closure 19 yr. 

Distal epiphysis 
Closure 17-18 yr. 

Malleolus, médial tip 
Closure M 18 yr. 

F 16 yr. 


Figs 2A and B: Typical âge (and range) of closure of physes in the (A) upper extremity and (B) lower extremity 


Physeal Anatomy 

The physis divided into four zones, the resting or 
germinal zone, the proliférative zone, the zone of 
hypertrophy, and the zone of enchondral ossification 
(Fig. 3). This area of the hypertrophie zone just above the 
area of provisional calcification is the weakest area of the 
physis and fortunately it is here that most injuries to the 
physis occur, normal growth should résumé after an 
injury. The zone of Ranvier is a wedge-shaped group of 
germinal cells that is continuons with the physis. 



Metaphyseal ___ 
artery 


center 


Germinal zone 


Zone of 
Raniver 

Periosteal 

sleeve 


Proliférative 

zone 

Hypertrophie 


Zone of 

endochondral 

ossification 


Fig 3: Schematic diagram of the organization of the physis. 
Four zones are illustrated: the germinal, proliférative, 
hypertrophie, and provisional calcification (or enchondral 
ossification) layers. Note also the groove of Raniver and the 
perichondral ring of LaCroix. 


Epiphysis and meta physis hâve separate source of blood 
supply (Figs 4A and B). 

At birth, with the exception of the distal fémur and 
occasionally the proximal tibia, ail of the epiphyses are 
purely cartilaginous. The germinal and proliférative 


Articular cartilage 



Articular cartilage 



Figs 4A and B: Classification of epiphyseal blood supply 
according to Dale and Harris. (A) Type A epiphyses are nearly 
completely covered by articular cartilage. Blood supply must 
enter via the perichondrium. This blood supply is susceptible 
to disruption by epiphyseal séparation. The proximal fémur and 
proximal humérus are examples of type A epiphyses.( B) Type 
B epiphyses are only partially covered by articular cartilage. 
Such epiphyses are more résistant to blood supply impairment 
by epiphyseal séparation. The distal fémur, proximal and distal 
tibia, and distal radius are clinical examples of type B epiphyses 
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zones are characterized by an abundance of extracellular 
matrix, whereas the hypertrophie and enchondral 
ossifications zones are primarily apoptotic cells and 
vascular channels. 23 

Zone I 

The zone of undifferentiated or resting cartilage cells 
immediately adjacent to the bone plate is the germinal 
layer on the epiphyseal side. 

The peripheral perichondrial vascular ring supplies 
the developing cartilage cells in this zone. Injury to this 
zone by direct trauma, circulatory impediment or 
compression arrests longitudinal growth. 

Zone II 

The zone of proliferating cartilage provides length to the 
tubular bone. The number of cells in this zone reflects 
the activity of the growth plate. 

Zones I and II together constitute approximately half 
the thickness of the physis. 

Zone III 

At this zone of hypertrophie cells or vacuolization, no 
active growth occurs. 

Hypertrophy of cells in this zone adds length to the 
bone passively. 

This zone is the weakest part of the physis 

Zone IV 

The zone of provisional calcification or cell degeneration 
is where the longitudinal bars of cartilage matrix become 
calcified and vascular mesenchyme invades and absorbs 
the dead cells. 

Vascular Supply of the Physis 

The physis has three distinct sources of blood supply 
(Fig. 5). 

1. Invading metaphyseal vessels from the nutrient 
artery. 

2. Peripheral periosteal vessels supply the perichondrial 
ring area. 

3. Epiphyseal vessels nourish the central portion of the 
physis. 

Loss of blood supply to the epiphysis produces 
physeal necrosis and thereby growth cessation. At the 
time of the injury, the blood supply to the epiphysis is 
not damaged at most sites except the proximal fémoral 
and proximal radial epiphyses. 6 

Physiology of Physeal Growth 

Many fundamental concepts of physeal growth are still 
not understood. In the lower limb, more longitudinal 
growth takes place at the epiphyseal plates in the région 



Fig. 5: Radiograph AP and latéral view T/F showing Salter- 
Harris type-ll injury of distal end tibia (Thurston-Halland sign) 

of the knee, and in the upper limb more growth takes 
place in the région of shoulder and wrist. 

No plausible explanation is available for such 
différences in the rate of growth within individual bones. 

Classification of Physeal Injuries 

Open and Closed Injuries 

In open physeal injuries, there is contamination of the 
tissues, and possibly loss of tissues which détermines the 
prognosis. Infection might destroy the physis with 
résultant cessation of growth. Physeal injuries can also 
be caused by drugs, irradiation, thermal injuries, 
infections and tumors. Physeal stress injuries hâve been 
documented following unaccustomed work or sports. 

Closed physeal injuries hâve been classified by 
Aitken, 7 Ogden, 8 Weber 9 and others. The most commonly 
used classification, which is based on the roentgeno- 
graphic appearance of the fracture is that of Salter and 
Harris, 10 which is used here. 

Salter and Harris Classification (Fig. 6) 

The most widely utilized classification is that of Salter 
and Harris, as it is a satisfactory working classification. 
This classification is based on the mechanism of injury, 
the relationship of the fracture line to the physis, the 
method of treatment and the prognosis (Fig. 7). 

Type î: There is complété séparation of the epiphysis 
without a true fracture through the bone. 11 The growing 
cells remain with the epiphysis (Fig. 8). 
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Fig. 6: Salter's Harris classification 



l 

Metaphysis 
—* Physis 



II 

Metaphysis 
and Physis 



III 

Physis 



IV 

Epiphysis 
and Physis 



V 

Metaphysis, 
and Physis 
Epiphysis 



VI 

Physis 

Missing 


Fig. 7: Peterson's classification of epiphyseal injuries 



Physis 


Germinal 

Zone 


Metaphysis 


Epiphysis 


Fig. 8: In type I and II Salter-Harris, fracture line passes 
through hypertrophie zone 

This type of injury results from shearing, torsion or 
avulsion. When it occurs before the ossification of the 
epiphysis, diagnosis is difficult radiologically as there 
may be no diagnostic findings on plain radiographs. 

Intact periosteum around most of the circumference 
of the epiphysis facilitâtes réduction. Maintenance of 


réduction is not difficult if the epiphyseal displacement 
is reduced sufficiently early. 

The prognosis is excellent except in fémoral and radial 
head epiphyseal injuries. 

In the past, the form of epiphyseal injury was common 
in scurvy and rickets. 12 It is quite rare and seen 
most frequently in infants or in pathologie fractures, such 
as those secondary to rickets scurvy, or acute osteomyelitis. 
Example of type I is fracture through physis of the proximal 
fémur and slipped capital fémoral epiphysis. 

Type II: This is the most common type of epiphyseal 
injury found in children more than 10 years of âge. 13 " 16 

The fracture-separation line traverses along the physis 
to a variable distance and then out through a portion of 
triangular shaped metasphyseal fragment. 

This metaphyseal fragment is called the Thurston- 
Holland sign (Figs 9A and B). 

The periosteum is intact on the side of the metaphyseal 
fragment. Closed réduction and its maintenance is easy, 
and overreduction is prevented by both the periosteal 
hinge and the metaphyseal fragment. The prognosis for 
future is excellent. 
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Figs 9A and B: Salter-Harris type II injury treated with close réduction and smooth “K” wire fixation for maintenance of réduction 


Type III: An intra-articular shearing force produces a 
vertical split from the joint surface to physis and then 
along the physis to the periphery. 17 

This type of injury is uncommon and is mostly seen 
at the lower tibial epiphysis. 

Open réduction for restoration of a congruent joint 
surface is essential. 

The prognosis for growth is good provided the blood 
supply of the separated fragment is intact and the 
réduction is maintained. Triplane and Tillaux fracture of 
distal tibia belong to this group. 

Type IV: The intra-articular fracture extends from the joint 
surface through the epiphysis, the entire thickness of the 
physis and a portion of the metaphysis. 

The fracture of the latéral condyle of the humérus is 
the most common example of this type of injury. Open 
réduction and internai fixation (ORIF) are mandatory to 
restore a normal joint surface and obtain perfect 
apposition of the physis (Fig. 10). 

Prognosis for further growth is bad unless perfect 
réduction is obtained and maintained. 

Type V: It is a relatively uncommon type of injury caused 
by a severe crushing force applied through the epiphysis 
to one area of the epiphyseal plate. Mechanism of this 
injury is by longitudinal compression, which damages 
the germinal layer of physeal cells. Weber who was 
unable to find any type V injuries, returned to the Aitken 
classification. Many others doubt the existence of this 
entity type V. There is no fracture. Because the radiograph 
taken at the time of injury is normal and growth arrest is 
discovered only in retrospect, if it exists at ail. It may be 



Fig. 10: Displaced fracture of the latéral condyle of humérus 
open réduction and internai fixation showing union 


due to missed type 1 injury or a vascular damage. It is 
quite rare, and has a poor prognosis with almost universal 
growth disturbance. 

This type of injury cannot be diagnosed radiologically 
at the time of trauma. The prognosis for growth is poor, 
and there is a likelihood of prématuré growth cessation. 

In suspected type V epiphyseal injuries of the lower 
limb, weight bearing is to be avoided for at least three 
weeks. 

Type VI: This type of injury was described by Rang as a 
perichondrial injury, which may resuit from burn, a blow 
to the surface of the extremity or in runover injury. 
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The epiphysis is undisplaced in this form of injury, 
but it may lead to rapid development of an angular 
deformity. 

It has been suggested that a solitary osteochondroma 
may develop following this injury. 

Peterson's Classification 

Type I: (transverse fracture of the metaphysis with fracture 
line extending to the physis). There is no fracture along 
the physis and no displacement of the epiphysis on the 
metaphysis. The mechanism of injury is most likely 
longitudinal compression as evidence by cortical torus, 
buckling, comminution. The most common sites are the 
distal radius, finger phalanges, and metacarpals. 

Type II: It is a séparation of part of physis, with a portion 
of metaphysis attached to the epiphysis (Thurston- 
Holland sign). This fracture is the most common type of 
injury (53.7%). The most common site is finger phalanges. 

Type III: It is the séparation of epiphysis from the 
diaphysis through any of the layers of physis, disrupting 
the complété physis (only physeal cartilage is broken no 
bone is disrupted). It is most common in distal fibula. 

Type IV: (Fracture of the epiphysis extending to and along 
the physis). This fracture is most often occurs when part 
of the physis usually central has begun to close. So, it is 
more common in older children. Prematured growth 
arrest is common, usually complété, there is rarely 
angular deformity. The most common sites are finger 
phalanges, distal tibia. 

Type V: (fracture that transverses metaphysis, physis and 
epiphysis). It usually also transverses the articular 
cartilage. The common sites are the distal humérus (latéral 
condyle), finger phalanges, distal tibia. 

Type VI: Fracture in which part of physis has been 
removed or is missing. This occurs only with open or 
compound fractures. The common mechanisms of injury 
are from lawn mowers, snow mobiles, farm machinery, 
gun shots. 

Ogden added four more to Salter-Haris : 1. peripheral 
damage at the zone of Ranvier resulting in bridge 
formation. 2. Intraepiphyseal injury. 3. Metaphyseal 
injury. 4. Avulsion of periosteum which involves the 
periosteal growth mechanism. 

Comminution and open fractures are uncommon 
which results in prématuré physeal closure. 

Growth impairment may occur more frequently than 
the Salter-Harris classification scheme originally 
suggested. This is particularly true in lower extremity 
physeal injuries. Many hâve observed that it may be 


responsible for significant discrepancy and distortion in 
bone growth. But it was thought that Salter-Harris type I 
and II do not cause growth disturbance and is a safe injury 
because the injury may affect ail tayers of growth plate, 
including germinal layer. This helps explain why 
prématuré growth arrest may occur following fractures 
along the physis even in type I and II 

DIAGNOSIS 

Physeal injuries are often missed. History of injury, pain, 
swelling restricted movement and deformity near joint 
point to physeal injury should be carefully noted. Plane 
X-rays, AP latéral and oblique help in the diagnosis. 
Ultrasonography or CT or MRI are helpful, if X-rays are 
doubtful. There is a high incidence of infection in India. 
Acute osteomyelitis and clinical signs of infection should 
be watched for. 

Management of Acute Physeal Injuries 

Radiographie Assessment 

Physeal injuries are three-dimensional problems and 
radiographs only give us a two-dimensional picture of 
the injury. Radiographie views at 90° planes to each other 
help us to make a diagnosis to a great extent. The growth 
plate should be positioned perpendicular to the plane of 
the radiographie film, and the X-ray tube centered over 
the physis to get clear views. Comparative views of the 
normal opposite limb should be obtained in doubtful 
cases. 

45° oblique views might be bénéficiai in cases where 
anteroposterior and latéral views do not show the lésion 
when there is a high degree of clinical suspicion of an 
epiphyseal injury. 

Stress views are useful in identifying cases where 
spontaneous réduction has occurred after the injury. 

Tomograms, MRI and CT scans are helpful in difficult 
situations, e.g. triplane epiphyseal injury of the ankle. 

General Principal of Treatment in Acute Physeal Injuries 

1. Ail réductions must be done with utmost gentleness 
to prevent further damage to the physis. Direct 
pressure on the physis by instruments must also be 
avoided during open réduction. Microvascular 
disruption also plays a significant rôle to produce 
growth arrest. More deformity can be accepted if the 
potential to remodel is high. To avoid damage to the 
germinal layer of the physis during réduction, it is 
préférable to accept any displacement in type I or II 
injuries after 2 to 3 weeks and later on correct the 
residual deformity by osteotomy. Because of the intra- 
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articular component, displaced type III and IV injuries 
must be reduced regardless of the time that has 
elapsed since the injury. Latéral condyle fracture is 
treated by open réduction even upto 3 months and 
some suggest upto 6 months. : Percutaneous pinning 
with smooth is often sufficient to stabilize the 
fragment. Cancellous cannulated screws of 
appropriate size may be used. Joy stick method may 
be used to reduce the type III and IV fractures, to avoid 
open réduction (if possible). 

2. In fact, after 10 days, type 1 and 2 physeal injuries 
probably cannot be manipulated without exerting 
undue force, which may damage the cartilaginous 
growth plate. Further remodeling may correct 
deformity. Both Salter and Rang suggest to accept the 
displacement after 10 days and allow remodeling. If 
any residual deformity, it may be corrected by proper 
osteotomy later. 

Réduction: The réduction maneuver must be performed 
as early as possible and must be gentle, to prevent damage 
to the physis in the process of réduction. Each day of delay 
makes the réduction more difficult, especially in infants 
and younger child. 

Method of Réduction 

Type I and II: Injuries can be managed by closed réduction, 
as these cause less damage to the physis. Type 3,4, injuries 
require anatomie réduction in types 1 and 2 anatomically 
perfect réduction, although désirable, is not absolutely 
essential. 

Type III and IV: might need open réduction to obtain 
anatomical réduction. Maintenance of réduction, if 
needed, is with smooth Kirschner wires passed at right 
angles to the place of the physis, and they are removed 
as soon as the injury heals. Threaded screws or wires 
should not be inserted across the physis. Biodégradable 
smooth pins are now available. 

One can accept a greater degree of deformity in 
multiplane joints, such as the shoulder, than in single 
plane joints, such as the knee and ankle. Because of the 
intra-articular component, displaced type III and IV 
injuries must be reduced usually by open method 
regardless of the time that has elapsed. The fracture of 
the latéral condyle of humérus can be treated upto 3 
months or some suggest even up to 6 months. 

Caution must always be exercised during open 
réductions to prevent injury to the circulation entering 
the epiphysis. Excessive stripping of the already damaged 
periosteum and perichondrium avoided. Soft tissue 
attachments are carefully preserved. 

Parents must be warned of possible growth 
disturbance deformity, LLD and of potential compli¬ 


cations which can occur in any type of fractures and the 
importance of long-term foliow-up must be stressed. 

Infants and new borns-any swelling near a joint, 
growth plate injury should be inspected unless otherwise 
proved by C.T. bone scans, MRI. 

The most désirable internai fixation is epiphysis to 
epiphysis and metaphysis to metaphysis if possible, 
especially in young children. 

Period ofimmobilization andfollow-up: Type IV injuries need 
the same time of immobilization as that needed for a 
metaphyseal fracture of the same bone in a child of the 
same âge. In type I, II, III injuries, immobilization is only 
needed for half this time. 

Fracture is immobilized for at least 3 to 4 weeks. No 
activities or play is allowed at least 4 to 6 weeks after 
removal of cast. 

Follow-up will be needed for at least 1 year after the 
treatment, and comparative radiographs of the 
contralatéral limb should be taken. 

Factors Affecting the Prognosis for 
Future Growth Disturbance 

Prognosis: Dépends upon the following factors viz - 
severity of injury-displacement comminution and open 
v/s closed and âge. 

Type of Injury 

In type III and IV, complications rate is higher. Though 
absolute accuracy in the prédiction of future growth 
disturbance is not possible, a few factors help in 
estimating the prognosis. 

Type of injury Prognosis 

• I, II and III Good 

• IV Bad 

• V Worst 

Age at the time of injury: The younger the âge at the time 
of injury, the more serious the likelihood of growth 
disturbance. However, in younger patient remodeling 
capacity is more. 

Blood supply to the epiphysis: Interférences with the blood 
supply to the epiphysis will lead to a poor resuit, as in 
fémoral and radial head epiphyseal injuries. 

Severity ofthe injury: High-velocity injuries like automobile 
accidents carry a poor prognosis because of the associated 
crushing of the physis. 

Method of réduction: Forceful manipulation open or closed, 
excessive soft tissue dissection and pénétration of the 
physis by screws, nails or threaded wires may prédisposé 
to physeal damage. 
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Closed or open injury: Open injuries, which are uncommon, 
hâve a poor prognosis, and if infection sets in, 
chondrolysis destroys the physis. Interval elapsed since 
injury. Delay in treatment causes difficulty in réduction. 
Further damage may occur to growth plate during 
réduction. 

Complications of Physeal Injuries 

Growth Accélération 

The magnitude of lengthening generally may not be 
significant enough to warrant therapeutic intervention. 
Growth arrest as described below. 

Malunion 

Angular malunion might correct spontaneously if it is in 
the plane of motion of the adjacement joint. Malunion of 
type III and IV physeal injuries of the distal tibial physis 
might resuit in secondary osteoarthrosis and prématuré 
cessation of growth respectively. 

Nonunion 

Nonunion is the most common in type IV injury of the 
latéral condyle of the humérus. Hence, this fracture is 
best treated by open réduction and internai fixation 
(ORIF) to prevent malunion, nonunion, latéral instability 
of the elbow and tardy ulnar nerve palsy. 

Osteomyelitis 

In open injuries, infection of bone might resuit in 
chondrolysis and prématuré cessation of growth. Acute 
osteomyelitis may involve the growth plate causing 
partial or complété destruction. This results in shortening 
of the limb or angular deformity which are treated by 
limb lengthening or corrective osteotomy respectively. 

Neurological Complications 

Médian nerve compression in unreduced type II injury 
of distal radial epiphysis is known. Type I or II injuries 
of distal fémoral or proximal tibial physis can cause 
traction injury to the posterior tibial nerve. Careful 
documentation of examination findings is essential to 
distinguish between injuries due to trauma and 
treatment. 

Vascular Complications 

The popliteal artery is at risk in the physeal injuries 
around the knee following hyperextension injuries. 
Unrecognized intima damage or disruptions of the artery 
might lead to gangrené. 


Avascular necrosis of Epiphysis 

Completely displaced type I physeal injuries of the 
fémoral and radial head carry a high risk of this 
complication. It results in cessation of growth. 22 

Growth Arrest 

Although most physeal injuries are free of serious acute 
and chronic complications, in some partial or total growth 
arrest may subsequently occur. Incidence of physeal 
growth damage after a distal radial physeal fracture is 
10% proximal tibia and distal fémur represent only 3%. 
A complication unique to physeal fractures is growth 
disturbance, trauma is the most common cause of growth 
disturbance, most important is the severity of the injury 
to the physis. Osteomylities is a common cause of growth 
disturbance and résultant deformity. Total destruction 
causes shortening of the limb and partial destruction 
causes angular deformities near the joint. 

Growth arrest due to trauma. Growth arrest may be 
immédiate or growth may continue at a retarded rate for 
a period of time before it ceases completely. Growth 
disturbance, from a physeal fracture is usually évident 2 
to 6 months after the injury, but it may not become évident 
for up to a year. Growth disturbance is usually the resuit 
of the development of a bony bridge, across the physeal 
cartilage. This produces a tethering effect. 

The more of the physis involved the greater the 
chances of growth arrest. A smooth, fiat physis, such as 
the distal radius, is much less prone to arrest. The degree 
of displacement and the patient's âge are also important. 
Distal fémur or proximal tibia, both of which hâve large 
undulating, multiplaner physes, are prone to arrest. 

CT is the modality most commonly used today to 
detect bar Partial physeal arrests are usually classified as 
peripheral (type A) or central (type B or C). 

Growth arrest could be of two types 

Complété growth arrest: This will resuit in progressive limb 

length discrepancy. 

Partial growth arrest: It may be of three types. 

Type I Progressive angular deformity if the bony 
bridge is peripheral 

Type II Progressive shortening may occur if the bony 
bridge is central 

Type III Combined lésion (sequelae of type III and IV 
physeal lésions). 

General Principles of Treatment 

In general, fractures in children, including physeal 
injuries, heal more rapidly than in adults, and they are 
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less likely to expérience morbidity or mortality from 
prolongée! immobilization. 23 If a growth arrest is 
suspected on plain X-rays in a skeletally immature child, 
further évaluation often is warranted. CT scanning with 
sagittal and coronal reconstructions (orthogonal to the 
area of interest) may demonstrate clearly an area of bone 
bridging the physis between the epiphysis and 
metaphysis. 23 

In the lower limb, length discrepancies of more than 
3 cm need surgical lengthening of the involved bone or, 
alternatively, epiphyseal arrest or surgical shortening of 
the normal limb in accordance with the principles of leg- 
length equalization. This holds good also if one of the 
two paired bones (radius or ulna, tibia or fibula) 
prematurely cease to grow (Figs 11 A, B and 12 A to C). 

Angular deformities are first tackled by open wedge 
osteotomy. In progressive angulation, the osteotomy may 
need to be repeated. Treatment options for physeal arrests 
is observation or physeal bar resection and correction of 
deformity. Resection of a physeal bar is indicated for 
partial arrests with substantial growth remaining. The 
cavity created is filled with fat or Cranioplant, 
(Methylmethacrylate )or other material to prevent bar 
formation. Poor results are observed with bars involving 
more than 50 % of the physis. 

Excision of the osseous bridge Crossing the physis 
and insertion of free fat graft, as developed by 
Langenskiold, 19,20 gives good results when the bony bar 
does not exceed one-third of the physis. 



Silastic inserts hâve been used in place of free fat grafts 
with encouraging results. 21 

Apophyseal Injuries 

Traction epiphyses commonly referred to as apophyses 
are bony prominences offering attachment of a major 
muscle group. An apophysis does not contribute to 
longitudinal growth of the bone. Examples of apophyseal 
injuries are avulsion of the médial épicondyle of the 
humérus and lesser trochanter of the fémur. 

Apophyseal injury: (apo-away from, separated from) These 
are similar to epiphyses, do no participate in longitudinal 
growth, usually not perpendicular to the long axis of the 
bone. These are characteristically placed on the bony 
prominence base from where they are subjected to 
tractional pull of the attached tendon or muscle. 

Common Apophyseal Injuries 

Lower extremity 

• Fémoral greater trochanter 

• Calcaneal apophysis 

• Lesser trochanter 

Upper extremity 

• Ulnar coronoid 

• Olecranon 

• Médial épicondyle of humérus 



Fémur 

Proximal 38 % 


Fémur 
Distal 70 % 

Tibia 

Proximal 55 % 


Fig. 11A and B: Approximate percentage of longitudinal growth provided by the proximal and 
distal physes for each long bone in the upper (A) and lower (B) extremities 
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Figs 12A to C: (A) 18 year old boy has physeal injury atthe âge of 10. By the âge of 18 he develops 4 cm of shortening of varus 
deformity in the distal tibia. (B) This was treated with supramalleolar osteotomy. (C) Lengthening of 3 cms and correction of 
varus deformity 


Pelvis 

• Ischial tuberosity 

• ASIS 

• Iliac crest 

• Periacetabular rim 

Scapula 

• Coracoid process. 

Treatment 

Apophyseal injuries may be treated either by appropriate 
splintage to rest the affected part or by open réduction 
and internai fixation when the displacement of the ossifie 
nucléus is 1 cm or more. 

Physeal plate closure is a common occurrence after 
the injury or its treatment. If this occurs early in life, there 
might be alteration in the shape of the bone. 

Causes of Physeal Injuries 

1. Trauma as described above. The physeal injuries other 
than fracture, that are sufficient to cause prématuré 
partial or complété arrest share two characteristics: 

i. Normal radiographie findings 

ii. Appearance of prématuré physeal arrest later on. 

These injuries can be classified as follows. 

2. Radiation: The radiation-induced physeal damage 
includes growth inhibition and destructive effect due 
to radiographs. It dépends on patient's âge, amount 
of radiation, site and field size. Dose as low as 400 R 
can produce growth retardation. 

3. Infection: Septic arthritis and metaphyseal 
osteomyelitis are known to cause physeal damage. 


4. Neural involvement: Mainly associated with 
poliomyelities and cérébral palsy. 

5. Metabolic abnormalities: It includes vitamin A 
intoxication and vitamin C deficiency. 

6. Cold injury: Mainly due to frostbite. Phalangeal physes 
more commonly involved. 

7. Stress injury stress: induced changes more common in 
distal radius and ulnar of gymnasts and often bilateral. 

8 . Iatrogénie: Mainly due to surgical insults, transphyseal 
pins Staples. 

9. Other causes: Disuse, tumor, vascular impairment, heat 
injury, electrical injury, laser injury, longitudinal 
compression, developmental anomalies. 
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Fractures of the Shaft of the 
Radius and Ulna in Children 


N Ashok 


INTRODUCTION 

The upper end of the ulna articulâtes with the trochlea 
of the humérus and provides flexion and extension of 
the elbow. In its lower portion, the ulna splints the radius 
and provides stability to the forearm. The radius 
articulâtes with the carpus and through its rotatory 
motions of pronation and supination, it provides 
dexterity to the hand. 

The radius is bound to the ulna by the interosseous 
membrane, which provides a hinge mechanism for 
rotatory movements. The annular ligament holds 
together the proximal radioulnar joint. The distal 
radioulnar and radiocarpal joints are firmly connected 
by the dorsal and volar radiocarpal ligaments, and the 
médial ulnocarpal and latéral radiocarpal ligaments. 

Fractures of the forearm in children are different from 
those in adults. 6 The periosteum is thicker and is less 
likely to be torn when fractures occur. Long bones in 
children hâve small medullary canals and more 
cancellous bone near the epiphysis which extends much 
further proximally along the shaft. Greenstick and torus 
fractures occur exclusively in children. The need for near 
perfect anatomie alinement is not always necessary 
because of the remodeling properties inhérent in the 
growing bone of a child, and hence open réduction is 
rarely indicated. 

Fractures of a child's forearm occur most frequently 
in the distal third. Epiphyseal plate injuries are more 
common in the older child. 

Mechanism of Injury and Pathological Anatomy 

Forearm injuries usually resuit from a fall on the 
outstretched hand. The breaking force is transmitted to 
the radius. With the hand fixed on the ground, the 
momentum of the body rotâtes the humérus and ulna 


laterally and a fracture of the ulna results. Once the bone 
breaks, the direction and extent of displacement of the 
fractured fragments dépend upon the level of fracture, 
muscle action, and the direction of the breaking force. 

In the réduction and immobilization of these fractures, 
the origin, insertion, and action of the forearm muscles 
must be considered. It is usually necessary to bring the 
movable distal fragment in line with the proximal 
fragment, which is displaced by the muscles attached to 
it and cannot be manipulated. This feature has led to the 
division of forearm fractures into three groups, according 
to the forces acting on the proximal segment. 5 In the 
proximal third of the forearm, the biceps brachii and 
supinator muscles are attached to the proximal fragment 
of the radius and hold it in supination and flexion. The 
distal fragment, therefore must be supinated in dealing 
with these fractures to bring the fragments into alinement. 
In the middle third of the forearm, the pronator teres also 
inserts into the proximal fragment of the radius, thus 
neutralizing the rotational pull of the biceps and 
supinator. A fracture in the middle third is alined by 
bringing the distal fragment into neutral rotation. In the 
distal forearm, the pronator quadratus attaches to the 
distal aspect of the radius and holds it in pronation. 
Fractures of the distal third are, therefore, alined in 
pronation (Fig. 1). 

The Ruleof Thirds 

1. If the fracture of the shaft is proximal to the insertion 
of the pronator teres, the forearm should be held in 
supination. 

2. If the fracture is in the middle third, midprone 
position is advised. 

3. If the fracture is in the distal third, pronation is the 
position of choice. 




3254 Textbook of Orthopedics and Trauma (Volume 4) 


Classification 

Fractures of the shaft of the radius and ulna may occur 
in the distal third, middle third, or upper third. One or 
both bones may be broken. The fracture may be of the 
greenstick type or complété, the latter may be 
undisplaced, minimally displaced, or markedly dis- 
placed with overriding. The fractures may be greenstick 
or complété in both radius and ulna, or it may be complété 
in one bone and greenstick in the other. Angulation may 
be volar, dorsal, or towards or away from the interosseous 
space. Traumatic bowing of one or both bones of the 
forearm may occur in children. 17 

Diagnosis 

The diagnosis of the fracture is usually simple. The history 
of injury and the presence of pain, tenderness, swelling, 
crépitation and angular deformity are generally 
confirmatory. The radiographie findings make the 
diagnosis obvious. 

Radiographie Findings 

Anteroposterior and latéral radiographs which include 
both the proximal and distal joints are essential and they 


BICEPS (Supinator) BICEPS (Supinator) 



Fig. 1: Muscular forces deforming fractures of the radius. In 
fractures above the level of insertion of pronator teres, the 
proximal fragment lies in supination because of the unopposed 
pull of the supinator and the biceps. Below the level of insertion 
of the pronator teres, the proximal fragment is in the neutral 
position 


should reveal whether the fractures are complété or 
incomplète. 

It is essential to realize that either anterior or posterior 
angulation of greenstick fractures hâve a rotational 
element. It is necessary to détermine the position of the 
proximal fragment, which cannot be controlled, so that 
the distal fragment which can be controlled, can be made 
to aline with it in the same amount of rotation as the 
proximal fragment. This can be determined by the 
position of the bicipital tuberosity in the fractured radius. 

In a normal forearm, on complété supination, an 
anteroposterior view will disclose both bicipital 
tuberosity and radial styloid, but neither the coronoid 
process nor the ulnar styloid will be visualized. The latéral 
view shows both coronoid process and ulnar styloid, but 
neither prominence of the radius will be visualized. Thus, 
if the styloid process of the ulna is seen on the 
anteroposterior view and is absent on the latéral view, a 
torsional deformity of the ulna is présent. If the bicipital 
tuberosity of the radius projects medially in the 
anteroposterior view while the radial styloid is not seen, 
a torsional deformity of the radius is présent. In the 
midprone position, no bony prominence will be seen in 
the anteroposterior projections, but ail four prominences 
will be seen on the latéral radiographs. 10 

Treatment 

Fractures of both bones of the forearm are difficult to treat 
and they are often mismanaged. Most forearm fractures 
in children can be treated without resorting to open 
réduction and internai fixation. 

The objective of successful treatment should be the 
full recovery of forearm rotation. To restore full rotation, 
any rotational deformity of the radius as well as 
angulation must be accurately corrected. Houghston 9 
stated that a child under 10 years of âge with a fracture 
close to the lower end of the radius with 30° of angulation 
would still hâve excellent function and minimum clinical 
deformity. Fuller et al 8 believed that the limitation of 
rotation of the forearm is directly related to the angular 
deformity présent. Blount 2 believed that persistent 
angulation resulted in some permanent loss of pronation 
and supination. Thus, it can be seen that various opinions 
are expressed about the amount of angulation that can 
be tolerated with the expectation that remodeling will 
eventually correct it. 

For closed réduction most authors agréé that for distal 
fractures, the forearm should be placed in pronation, for 
fractures of the middle third, in neutral position, and for 
proximal fractures, in supination. King 10 States that radial 
bicipital tuberosity proximally and the radial styloid 
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distally are best seen in maximal supination, and he 
recommends that these two landmarks be alined on the 
anteroposterior roentgenograms for proper rotational 
alinement. 

Greenstick Fractures of the Middle 
Third of the Radius and Ulna 

The usual deformity is a dorsal tilt of the distal fragment 
with the apex of the fracture towards the volar aspect. 
Some authors suggest that simple straightening of the 
bones and immobilization in the cast are not adéquate as 
the deformity will recur. They suggest that the intact 
cortex should be completely broken through, with slight 
overcorrection in order to prevent récurrence of the 
deformity from plastic deformation while in the cast. An 
above elbow cast is applied with the elbow in 90° of 
flexion and the forearm in midprone position. The cast 
should be well moulded, utilizing three-point fixation. 
The cast may need to be changed in 7 to 10 days, as it 
may become loose because of réduction in swelling. Serial 
radiograms are needed to detect loss of alinement. The 
fracture usually consolidâtes in 4 to 6 weeks. 

Complété Fracture of Middle 
Third of The Radius and Ulna 

These fractures require correction of angular and 
rotational deformities. If the normal alinement is not 
restored, there will be restriction of pronation and 
supination of the forearm. The distal fragment may 
présent in any position, but muscle pull détermines the 
position of the proximal fragment. Thus, it becomes 
necessary to détermine the position of the proximal 
fragment so that the distal fragment can be alined with 
it. It is necessary to détermine the rotation of the proximal 
fragment and then place the distal fragment in the same 
amount of rotation. 

After réduction, a well-moulded above elbow cast is 
applied with the elbow in 90° of flexion and the forearm 
in midprone position. Postreduction care includes a snug 
cast, frequent radiographs to detect loss of position and 
prompt remanipulation if such loss of réduction occurs. 
Complété fractures in the middle third of the radius and 
ulna require about six weeks to heal. 5 

Fracture of the Proximal Third of 
the Shaft of the Radius and Ulna 

These relatively rare injuries are caused by direct trauma. 
Frequently one bone is fractured. It is mandatory to 
include the wrist and elbow in the roentgenograms to 
rule out a dislocation of the radial head or the inferior 
radioulnar joint. Isolated fractures of the proximal third 


of the radial shaft are reduced and immobilized with the 
forearm in full supination and the elbow in extension. A 
cast with the elbow in flexion does not provide adéquate 
control of the proximal fragment. 

PLASTIC DEFORMATION (OR TRAUMATIC 
BOWING) OF BOTH BONES OF THE FOREARM 

Acute traumatic bowing of the bones of the forearm in 
children was first reported by Borden in 1974. 
Experiments in animais hâve shown that this type of 
deformity is produced by plastic deformation of the bone 
caused by micro fractures or slip lines, which disrupt the 
collagen bundles and canaliculi of the Haversian System. 3 

Site of Involvement 

One or both bones of the forearm may be involved. The 
ulna is the most common bone involved followed by the 
radius. One bone may be traumatically bowed and the 
other fractured. When both bones are bowed, plastic 
deformation in one bone may be greater than in the other. 

Signs and Symptoms 

In the acute stage, the child complains of pain and the 
involved bone will be locally tender on palpation. The 
bowing of the forearm is évident on comparison with 
the opposite normal forearm. Later, with healing of the 
bone, pain and tenderness subside, but the deformity and 
limitation of pronation-supination of the forearm will 
persist. 

Radiographie Findings 

The bowing deformity of the radius and ulna is évident, 
it is best seen in the true latéral projections and when 
compared with that of the opposite normal forearm. It is 
vital to include the elbow and wrist in the radiographs 
in order not to miss an associated Monteggia lésion or a 
Galeazzi lésion. With healing, periosteal new bone does 
not form. There may be cortical thickening on the concave 
side of the long bone. 

Treatment 

An obvious question to be answered is whether any of 
this plastic deformations need to be reduced. 18 Partial 
réduction has been reported in a few cases in the 
literature, but the method used was not given. 
Unfortunately, since this injury is somewhat unusual and 
probably is often unrecognized, a prospective sériés 
comparing similar cases and similar âge groups treated 
by réduction and skillful neglect is not available. 
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In treating children with plastic bowing of the forearm 
bone, the following guidelines may be followed (Fig. 2). 16 

1. In children younger than four years of âge, réduction 
is probably not necessary unless there is gross 
angulation (over 20°). 

2. In children of any âge in whom plastic deformation 
of one bone prevents the réduction of a fracture of 
the other bone or a dislocation of an adjacent joint, a 
réduction of the plastic deformation is indicated. 

3. It is unknown at the présent time whether complété 
remodeling and return of pronation and supination 
will occur in these injuries if they are untreated. Since 
the complication from réductions hâve been minimal 
and the results quite promising, an attempt at closed 
réduction is suggested for those patients who show 
obvious clinical deformity or hâve any significant 
limitation of pronation and supination (Figs 3A 
to 4B). 

MONTEGGIA FRACTURE DISLOCATION 

The Monteggia lésion is a typical example of a double 
bone injury, characterized by a radial dislocation and a 
fracture of the ulna. The eponym Monteggia lésion was 
used by Bado 1 as a general term to designate various types 
of dislocations of the radial head with a fracture of the 
ulnar shaft. The term Monteggia équivalent has been used 
when the proximal radial epiphysis is fractured, or the 
radial neck is fractured instead of the radial head being 
dislocated. 

The most frequent site of fracture is at the junction of 
the proximal and middle thirds of the ulna (60 to 70%). 12 
This localization must not be considered as being 
exclusive, as a traumatic lésion can présent ail the 
characteristics described by Monteggia with the ulnar 
fracture located proximal or distal to this level. The 
dislocation of the radial head can be anterior, latéral or 
posterior. 



Fig. 2. Correction of plastic deformation—plastic deformation 
of ulna is corrected first which allows réduction of radial head 



Fig. 3A. Fracture shaft of radius and ulna 



Fig. 3B. Union after intramedullary nailing 
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2. Anterior dislocation of radial head with greenstick 
fracture of ulna. 

3. Complété fracture of ulna with anterior dislocation 
of radial head. 

4. Posterior dislocation of radial head with fracture of 
ulnar metaphysis. 

5. Latéral dislocation of radial head, metaphyseal 
green-stick fracture of ulna (Fig. 5). 

Monteggia Lésion 16 

Type 2 

• Anterior dislocation of the radial head 

• Fracture of the ulnar. Diaphysis at any level with 
anterior angulation 

• Sixty percent of cases (Fig. 6) 

Type II 

• Posterior or postérolatéral dislocation of the radial 
head 

• Fracture of the ulnar diaphysis with posterior 
angulation 

• Fifteen percent of the cases (Fig. 7) 

Type III 

• Latéral or antérolatéral dislocation of the radial head 

• Fracture of the ulnar metaphysis 

• Twenty percent of the cases (Fig. 8) 

Type IV 

• Anterior dislocation of the radial head 

• Fracture of the proximal third of the radius 

• Fracture of the ulna at the same level (Fig. 9) 



Classification 

Pédiatrie Monteggia Lésion 
Classification by Letts 4 

Types 

1. Anterior dislocation of radial head with plastic 
deformation of ulna. 


Fig. 5. Letts’ classification of Monteggia lésion. Type-I—anterior 
dis-location of radial head with plastic deformation of ulna. 
Type-ll—anterior dislocation of radial head with greenstick 
fracture of ulna. Type-lll—complété fracture of ulna with anterior 
dis-location of radial head. Type-IV—posterior dislocation of 
radial head with fracture of ulnar metaphysis. Type-V—latéral 
dislocation of radial head, metaphyseal greenstick fracture of 
the ulna 
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Fig. 6: Monteggia lésion, type 1— (left) 
front view 




Fig. 9: Monteggia lésion, type 4_fracture of the ulnar shaft, 

fracture of the radial shaft and anterior dislocation of the radial 
head 




Fig. 7: Monteggia lésion, type 2—(left) fracture of the ulnar 
shaft, posterior angulation, and (right) postérolatéral dislocation 
of the radial head 


True monteggia lésions (bado) 

Type 2 

• Anterior dislocation of the radial head with fractures 
of the ulnar diaphysis 

• Ulna fracture can be at any level but usually mid shaft. 

• Most common montegia injur in children 

Type 2 

• Most common injury in adult 

• Posterior dislocation of the radial head wit associated 
fracture of the ulnar metaphysis or diaphysis with 
posterior angulation 

Type 3 



Fig. 8: Monteggia lésion, type 3—fracture of the ulnar 
metaphysis and latéral dislocation of the radial head 


• Consists of latéral and antérolatéral dislocation of the 
radial head associated with the fractures of the ulnar 
metaphysic 

• The ulnar metaphysic is usually greenstick fractures 
in children 19 

• It can be associated with radial nerve injuries 

Type 4 

• Least common in adults and children 

• Anterior dislocation of the radial head with fractures 
of the radius and ulna at the same level. 

Monteggia Equivalents (Fig. 10) 14 

Typel 

• Anterior dislocation of the radial head in child or adult 

• Fracture of the ulnar diaphysis with fracture of the 
neck of the radius 

• Fracture of the neck of the radius 
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Fig. 10: Type-I—Monteggia équivalents: (A) isolated anterior 
radial head dislocation, (B) ulnar and proximal radius fracture, 
including fractures of the radial neck, (C) isolated radial neck 
fractures, and (D) fracture of the ulnar diaphysis with anterior 
dislocation of the radial head and fracture of the olecranon 


• Interosseous ligament 

• Stability 

• Osseous relation 

The shape of the radial head contributes to the tightnes 
of the ligaments as it rotâtes. 

Elliptical in cross section supination the long axis is 
perpendicular to the ulna. 

Contact between the radial and the radial notch is 
greater in supination because of broadened surface area 
of the circumference of the radial head in that position. 

Radiocapetalar Relation 

The radiocapetallar relation is best defined in the true 
latéral view of the elbow if there is doubt regarding it the 
true lat view if the opposite elbw should be taken .Smith 
and Storen noted that the line drawn through the centre 
of the radial neck and the head should extend directly 
through the centre of the capitulum the alignment should 
remain intact regardless of the flexion and the etension 
of the elbow. 


• Fracture of the ulnar diaphysis with fracture of the 
proximal third of the radius. The radial fracture is 
always proximal to the ulnar one. 

• Posterior dislocation of the elbow and fracture of the 
ulnar diaphysis, with or without fracture of the 
proximal radius. 

Wrist lésions may also be found with Monteggia 
lésions, particularly in type I injury or its équivalents. 
The wrist injuries include: inferior radioulnar dislocation, 
physeal injuries, distal radial fractures or a fracture of 
the distal third of the radial diaphysis with a sprain of 
the inferior radioulnar joint (Galeazzi's lésion). 

Type II 

This has no équivalents other than epiphyseal fractures 
of the dislocated radial head or fracture of the neck of 
the radius. 

Monteggia lésions types III and IV hâve no 
équivalents. 

• Anatomy and biomechanics 

• Ligaments 

• Annular ligament 

- It maintains the position of the radial head within 
the radial notch it becomes tighter in supination 
because of the shape of the radial head 

- Reinforced by the radial collateral ligament 

• Quadrate ligament 

- Between the radius and the ulna distal to the 
annular ligament 

- Stability to the proximal radioulnar joint 

- Tight in supination 


Mechanism of Injury 

Type l 

It has been suggested that rotation, and more specifically 
forced rotation, is the cause of the injury. 7 When a child 
falls forwards on his outstretched hand with the forearm 
in pronation and a rotational force is added from the 
trunk, exaggerated pronation of an already fully pronated 
forearm occurs. Since the hand is fixed to the ground by 
the weight of the falling body, the degree of rotation 
exceeds the normal radioulnar pronation, and a fracture 
occurs in the ulnar shaft. At the same time, the radius is 
forced anteriorly resulting in a dislocation of its head, a 
radial fracture or exceptionally both (Figs 11A to 12B). 

• Direct blow theory 

• Hyperpronation theory 

• Hyperextension theory 

Type II 

A type II injury is believed to occur in flexion and thus, 
the fracture of the ulna and dislocation of the radial head 
should reduce when the elbow is extended. The position 
of the forearm may be in pronation, neutral or supination. 

Type III 

The mechanism of injury for latéral dislocation of the 
radial head and associated fracture of the ulna with latéral 
angulation is not so clear. Bado 1 felt it was due to forced 
supination. Penrose 13 believed that pronation was a 
factor. Wright believed that supination associated with 
hyperextension of the elbow caused the latéral angulation 
of the ulna with latéral dislocation of the radial head 
(Figs 13A and B). 
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12A 12B 


Figs 11 A to 12B: Monteggia fracture type I treated by intramedullary nail 
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Type IV 

This type could be interpreted as an association of type I 
and a fracture of the radial shaft. The type I lésion occurs 
initially. The dislocated radius fractures with a continued 
hyperextension force. 



Diagnosis 

Clinically a Monteggia fracture dislocation reveals itself 
by pain, functional incapacity of the elbow and a 
characteristic deformity. Swelling may not be marked at 
présentation but may be présent later. The range of 
motion of the elbow is restricted. The radial head may be 
palpable in the dislocated position, and the angulation 
of the ulnar shaft may be visualized or palpable. 

In order to recognize this injury, it is impérative to 
obtain a radiograph of the forearm that includes the 
elbow and wrist. The most important radiograph is a true 
latéral view of the elbow. The lésion may be missed on 
the anteroposterior view. In the latéral radiograph, a line 
drawn through the center of the radial neck and head 
and extended through the capitellum should pass 
through the center of the capitellum, irrespective of 
whether the elbow is flexed or extended. 10 

A Monteggia fracture-dislocation may be confused 
with congénital dislocation of the radial head. Congénital 
dislocations of the radial head are usually bilateral and 
frequently posterior. The radial head is big, elliptical, or 
slightly irregular, and the capitellum of the humérus is 
hypoplastic. Lloyd-Roberts 11 proposed that ail unilatéral 
dislocations (particularly anterior) are acquired and not 
congénital. 

Fundamental Principles of Treatment 



Figs 13A and B: Monteggia fracture with latéral dislocation 
of radius treated by plating and IC-wire 


1. Assessment of radial head location on AP radiograph 
and true latéral view. 

2. If there is any angulation or overlap in the radiograph, 
subluxation of radioulnar joint should be considered. 

3. Radial head réduction should be concentric and 
congruent either by open or closed method. 

4. Radial head fracture must be stabilized before radial 
head réduction in type IV injuries. 

5. Additional stability of radial head réduction may be 
needed. 

6. Early mobilization especially rotation is important to 
avoid stiffness. 

7. Frequent radiologie examination is important to 
monitor position of radial head and ulna fracture. 
Most authors agréé that Monteggia lésions in children 

should be treated by manipulation and closed réduction. 
This is in contrast to adults in whom open réduction is 
probably the treatment of choice. 15 

It is probably true that the fracture of the ulna is of 
little conséquence, and the dislocation of the radial head 
is more important. There seems to be uniform agreement 
that closed réduction should be attempted and if the 
radial head cannot be reduced, open réduction is 
indicated. 
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In type I, the réduction is obtained by gentle traction 
the long axis of the forearm with supination the ulnar 
length and alignment hâve been established radial head 
can be relocated by simply flexing the elbow to 90 deg or 
more. The latter movement is what actually corrects the 
anterior dislocation of the distal head and the déviation 
of the ulnar fracture. The elbow is immobilized at 110- 
120° in a plaster cast with the forearm in moderate 
supination. 

Operative Treatment 

• Failure of ulnar head réduction-fixation with IMN or 
kwres can be done 

• Kocher j approach for the radial head can be used 
,boyds approach used 

• Annular ligament -once the réduction is obtained 
repair of the annular ligament is done immédiate 
reconstruction of the annular ligament is unnecessary 
as the réduction of the ulna reduces he radial head. 
For type II, longitudinal traction is applied with the 

elbow extended which allows the radial head to reduce. 
Immobilization is continued in a long arm cast with the 
elbow extended for 4 weeks until the fracture has healed. 

If imn is used elbo may be fixed to 80 degree and cast 
applied. 

Type III, is reduced with the elbow extended, while 
pressure is applied over the radial border of the ulna to 
effect its réduction. Usually this will also reduce the latéral 
dislocation of the radial head valgus stress is placed on 
the ulna at the fracture site immobilization is continued 
for 4 weeks in a long arm cast with the elbow flexed to 
90° and the forearm supinated. 

Operative intervention-if the réduction of the radial 
head is not obtained educyion doe throught boyds 
approach if possible the annular ligament is repaired ulna 
can be mainted by imn o by k wires. 

Type IV is so rarely seen in children, thus one can 
only state that closed réduction should be attempted to 
reduce both radial head and radial fracture by strong 
supination. However, should closed réduction of the shaft 
of the radius and radial head not succeed, open réduction 
should be considered aim is to transform the type 4 lésion 
to typel lésion. 

Operative intervention - plating for the radius and 
imn for the ulna are the treatments of choice 

Complications 

1. Old undetected fracture dislocations: They may with 
develop prématuré arthritis in adulthood pain, 
instability and loss of motions. Children may develop 
valgus deformity and a prominence in anterior aspect 
of elbow. 


2. Nerve injuries: The radial nerve is most commonly 
injured, mainly with type I and III injuries. The ulna 
and médian nerves are less frequently affected. 

GALEAZZI FRACTURE DISLOCATION 

1. Axial loading plus rotation is the mechanism that is 
implicated, however, extremes of rotation can 
produce disruption of the distal radioulnar joint. 

2. In children extremes of supination or pronation can 
produce this fracture. 

Fracture of the shaft of the radius with an associated 
dislocation of the distal radioulnar joint is a rare injury. 
Sir Astley Cooper was the first to give an account of this 
lésion. Like the Monteggia lésion, Galeazzi fracture 
dislocations often are unrecognized. 12 

Mechanism of Injury 

A fall on the outstretched hand with the forearm in forced 
pronation can resuit in a fracture of the distal half of the 
radius and a tear of the articular disk at the distal 
radioulnar joint. 

Walsh’s Classification 

This classification is based on displacement of distal radial 
fragment. 

Type I: Dorsal displacement of distal radius. 

Type II: Volar displacement of distal radius. 

Type I: It is the most common pattern in which there is 
dorsal displacement with supination of the distal radius. 
The distal ulna lies volar to the dorsally displaced distal 
radius. 

Type II: There is volar or anterior displacement of 
the distal radius and the distal ulna lies dorsally 
(Fig. 14). 

Diagnosis 

Although the fracture of the radius seems obvious, the 
dislocation of the distal radioulnar joint is often 
overlooked. The radius is shortened and the ulnar head 
may be prominent as compared with the normal wrist. 
The distal radioulnar joint is swollen and painful to 
palpation. 

The fracture of the radius occurs most often at the 
junction of the middle third and the distal third and less 
commonly in the middle third. The dislocation of the 
distal radioulnar joint is évident on radiograph, but 
subluxation may not be seen on the radiograph but will 
be apparent clinically. 
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Fig. 14: Walsh’s classification—type-l—dorsal displacement 
with supination of the distal radius. Type-l I—volar displacement 
of the distal radius 

Treatment 

1. Nonoperative. 

• Closed manipulation is the treatment of choice 
which achieves good results in 90 percent of the 
injuries. 

2. Operative technique indications 

• Instability with secondary proximal migration of 
distal radial fracture fragment 

• Inability to reduce the distal RU joint due to 
interposed tendons 

• Inability to reduce distal ulna physis. 
Longitudinal traction usually restores the radius to 

its original length and with it the dislocation at the distal 
radioulnar joint. A long arm cast is used with the forearm 
in supination. Some authors, however, prefer to 
immobilize the forearm in pronation (Fig. 15). 

Complications 

1. Malunion: Angulation more than 10° can cause loss of 
pronation and supination with pain at the distal RU 
joint. 

2. Nerve injuries: Ulnar and the anterior interosseous 
branch of the médian nerve injuries reported are 
usually transitory and recover spontaneously. 

3. Radioulnar subluxation: It is possible when the radial 

fracture, heals in a shortened and rotationally 
malalined position. 





Fig. 15: AP and LAT X-ray showing malunited fracture of distal 
and radius. Corrective dorsal closing wedge osteotomy of the 
distal radius done. Osteotomy fixed with crossed K wires 

4. Ulna physis arrest: Distal ulnar physis fracture hâve 
60 % chances of growth arrest. 

5. Loss of radial bow: It causes actual lengthening of radius 
and distal RU joint incongruity. 
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INTRODUCTION 

Children try to protect themselves with the outstretched 
hand when they fall, thus, injuring their elbow. The most 
common area of upper extremity fracture is distal 
forearm. The présentation of a child with a swollen elbow 
causes anxiety to both the parents and the treating 
orthopédie surgeon. Supracondylar fractures are the most 
frequent elbow injuries in children. Latéral condyle 
fractures are the second, followed by médial épicondyle. 
Physeal injuries in most parts of the body occurs in the 
older children between the âges of 10 and 13 years; 
however, the peak âge for injuries to the distal humérus 
physes is 4 to 5 years in girls and 5 to 8 years in boys,which 
are believed to be due to weakning of perichondrial ring 
as it matures. The complications produced by injuries to 
the elbow cannot only alter the appearance and function 
of the limb, but also can affect the viability of the 
extremity. Elbow injuries are more common in boys than 
in girls and is common in the âge group between 5 and 
10 years. The dominant upper extremity is more 
commonly affected and the incidence is higher during 
summer. Injuries around the elbow in children include: 
(i) injuries to the distal humérus, (ii) dislocations of the 
elbow, and (iii) injuries to upper end of the ulna and the 
radius. 

Applied Anatomy 

Carrying Angle 

The elbow is a complex hinge joint consisting of 
humeroulnar, radioulnar and radiohumeral joints, 3 
within a common articular cavity. The humeroulnar joint 
is spirally oriented and because of this, the transverse 
axis of the elbow is not perpendicular to the long axis of 
the humérus. 9 Thus, the long axis of forearm makes 


valgus angle with the long axis of the humérus known 
as "carrying angle." The carrying angle varies from 2 to 
18° with an average of 11° and is more in angle 1 (Fig. 1). 

Ossification Around the Elbow 

The process of différentiation and maturation begins at 
the centre of long bones and progresses distally. The 
ossification processes begins in the diaphyses of the 
humérus,radius and ulna at the same time. The 
ossification centers and their time of appearance and 
fusion is shown in (Fig. 2). 



Fig. 1: Normal carrying angle 
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Fig. 2: Ossification centers and their fusion around the elbow 


Baumann's Angle 

The Baumann's angle can be measured on the 
anteroposterior radiograph of the elbow. It is the angle 
formed by the physeal line and the line perpendicular to 
the long axis of humérus. 2 The normal angle is 10 to 20, 
and it should always be compared with the opposite side 
on account of wide individual variations (Fig. 3). 



Latéral View of the Elbow 

The long axis of the humérus and the long axis of the 
latéral condyle make an angle of 40° on the true latéral 
radiograph. The anterior humerai line usually passes 
through the middle to the capitellar epiphysis. A 
line directed proximally along the border of the 
coronoid process just touches the anterior portion of the 
latéral condyle, and this line is known as coronoid line 
(Fig. 4). 


Fat Pad Sign 

The dorsal fat pad is usually not seen in the latéral 
radiograph. When there is an occult fracture (Fig. 5). 

Jone's View 

It is often difficult for the child to extend the injured 
elbow,and an axial view of the elbow,the Jone's view,may 
be helpful. 





Fig. 4: Latéral view of the normal elbow 
showing different signs 


Blood Supply 

1. Extraosseous: There is rich arterial network around the 
elbow. Major arterial trunk, the brachial artery, lies 
anteriorly in the antecubital fossa. 

2. Intraosseous: conducted initially by Haraldsson. 

Landmarks 

1. Antero-posterior 

Baumann angle 
Humeral-ulnar angle 
Metaphyseal-diaphyseal angle 

2. Latéral 

Teardrop 

Shaft-condylar angle 
Anterior humerai line 
Coronoid line 
Pseudo fracture 
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Fig. 5: Fat pad sign 

Fat Pad Signs of elbow 

a. Anterior (coronoid) 

b. Posterior (olecranon) 

c. Supinator. 

Classification of Injuries Around 
the Elbow in Children 

a. Supracondylar fractures: 

i. Extension type 

ii. Flexions type. 

b. Physeal Fractures: 

i. Fracture of the latéral condyle 

ii. Fracture of the médial condyle 

iii. Fracture of the entire distal humerai physis 

c. Apophyseal fractures: 

i. Fracture of the latéral épicondyle 

ii. Fracture of the médial épicondyle 

d. Elbow dislocations 

e. T - condylar fractures: 

i. Type 1 (undisplaced) 

ii. Type 2 (displaced) 

iii. Type 3 (-with comminution) 

f. Fractures of proximal end of forearm bones: 

i. Fractures of radial head and neck 

ii. Fractures of olecranon. 

SUPRACONDYLAR FRACTURE OF HUMERUS 1516 

The supracondylar fracture of the humérus is the most 
common elbow injury in children, comprising 56 to 60% 
of ail the elbow injuries in children. It is a fracture which 
occurs within the metaphysis of the humérus distinctly 
proximal to the transverse epiphyseal line. Its more 
common in male children between the âges of 
5 and 10 years. Boys hâve higher incidence than girls. 
Increased ligamentous laxity has been correlated with 
occurance of fracture. Almost ail fractures are caused by 
accidentai trauma rather than abuse. 


The most commonly associated fractures are distal 
radius fractures, but fractures of scaphoid and proximal 
humérus do occur. 

Classification 

1. Extension type of supracondylar fracture 

2. Flexion type of supracondylar fracture. 

Extension Type of Supracondylar Fracture 

In extension type of supracondylar fracture, the distal 
fragment lies posterior to the proximal fragment. 4,5 It is 
the most common type of supracondylar fracture and 
accounts for 97.7% of ail supracondylar fractures. 

Incidence 

Age increases during first 5 years and peaks at 5 to 8 years 
of âge. Incidence of displacement is greater in older 
children. Males sustain almost twice as many fractures 
as females. Left side is predominently involved in 
60% of the cases. Nerve injuries in 7.7% of fractures, 
radial, médian and rarely ulnar nerve involved.Médian 
nerve is much more commonly involved,particularly the 
anterior interosseous nerve. 

Mechanism of Injury 

The fracture usually occurs due to a fall on the 
outstretched hand, with the wrist in dorsiflexion and the 
elbow in hyperextension or slight flexion. 

In the AP view the fracture is tr ans ver se, starting just 
above the épicondyles and running through the thinbone 
separating the olecranon and cornoid fossae. In the latéral 
view the fracture line starts proximally posteriorly and 
runs obliquely anteriorly and distally. The distal fragment 
may just angulate posteriorly or displace posteriorly if 
the force is severe. The distal fragment in addition may 
get tilted posteromedially or posterolaterally and also get 
rotated either internally or externally. The displacement 
détermines the future deformity the child is likely to 
develop if the fracture is not reduced properly.Posterior 
displacement of distal fragment occurs with the proximal 
or metaphyseal fragment impaling the anterior soft tissue 
structures. The most common tilt is the posteromedial 
tilt, which if persistant produces a cabitus varus 
deformity. The latéral spike of the proximal fragment 
might injure the radial nerve, while the anterior spike of 
the proximal fragment may injure the brachial artery or 
the médian nerve. 

Hyperextension: During the peak âge for these fractures, 
the ligamental laxity allows hyperextension of the joints. 
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Relations of joint structures in hyperextension: 4 In 
hyperextension, linear force applied along the extension 
elbow is converted into pending force. The interlocking 
of the tip of the olecranon into its fossa also concentrâtes 
the bending force in this area. 

Bony architecture: The thin cortex in supracondylar area, 
metaphyseal remodeling stage, less trabeculi these ail 
contribute in transferring the force of hyperextension 
injury to supracondylar area. 

Rôle of Periosteum 

As the supracondylar fractures displaces posteriorly,the 
anterior periosteum fails and tears away from the 
displaced distal fragment. The anterior loss of periosteal 
integrity leads to frequent failure of anterior callus 
formation in early fracture healing. 

Intact médial and latéral periosteum,the periosteal 
hinge, has been said to provide stability after fracture 
réduction. 

Classification 

A simple classifications of extension type of 
supracondylar fractures is that of Gartland. 

Type î: Undisplaced 

Type II: Displaced with an intact posterior cortex 

Type III: Displaced with no cortical contact. 

a. Posteromedial 

b. Postérolatéral. 

The distal fragment X - rays appearance may be highly 
variable depending on (a) the degree of ossification of 
distal humerai epiphysis, (b) the size of the metaphyseal 
fragment ossification, (c) the distal humerai fragments 
position of flexion and rotation. 

Clinical Features 

The elbow is invariably swollen and shows subcutaneous 
hemorrhage. There is rotation of the forearm reflecting 
the rotation of the distal fragment. The major diagnostic 
difficulty is in differentiating supracondylar fractures 
from elbow dislocations. In supracondylar fractures, the 
relationship between the three bony points, viz. the 
épicondyles and the olecranon is maintained, whereas 
this relationship is distorted in elbow dislocations, and 
the olecranon is more prominent posteriorly. With type I 
fractures,there may be distal humerai tenderness, 
distention and swelling in the anconeus soft pad spot 
(elbow effusion), restriction of motion and evidence of 
bruising. In type III, gross displacement of elbow is 
évident. 


Signs 

S-shaped deformity: In complété (type 3) fractures, the 
extremity develops two points of angulation to give it an 
S-shaped configuration (Fig. 6). 

Pucker sign: The distal end of the proximal fragment 
pénétrâtes into the branchialis muscle. The puckering or 
dimpling of the skin in this area usually indicates 
difficulty of réduction by simple manipulation. 

Radiographie Finding 

Anterior humerai line displacement-true latéral view 
shows posterior displacement of the ossification center 
of the capitellum in relation to the anterior humerai line. 

Oblique views are necessary to demonstrate fracture 
line when on routine radiographs fracture is not seen. 

Buttonholedfragment: In severely displaced supracondylar 
fracture, the presence of a large médial spike into the 
subcutaneous fat layer may indicate the distal fragment 
is "buttonholed" through the brachialis muscle. 

Radiography: The antero-posterior and latéral views will 
delineate the type of fracture and the amount of 
displacement. The fat pad sign may be positive in hairline 
fractures. Oblique views may occasionally be helpful 
when a supracondylar or occult fracture is suspected. 

Treatment 

Undisplaced fractures (type I): Undisplaced supracondylar 
fractures usually require no more than simple 




Fig. 6: The S-shaped configuration is created by the prominence 
of the spike of the proximal fragment(A), flexion of the distal 
fragment(B), and the postrior prominence of the olecranon 
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immobilzation for comfort and for protection from further 
injury in a posterior slab at 60 to 90 degree for a period of 
three weeks. 

Displaced fracture with an intact posterior cortex (type II ): A 
posterior tilt of the distal fragment up to 10" is quite 
acceptable. In the significantly displaced and angulated 
fractures with acceptable an intact posterior cortex, 
manipulation should be performed under adéquate 
anesthetic relaxation. The extremity is immobilized in the 
posterior slab or a circular cast with the elbow well flexed 
for 4 weeks. Recently, researchers has proposed "sélective 
pinning". 

Totally Displaced Fractures (type III) (Fig. 7) 

1. Manipulative réduction is done under general 
anesthésia and complété relaxation. Traction is 
applied to the forearm in supination with the elbow 
in extension with counertraction on the arm. Valgus 
and varus angulation is corrected first and the elbow 
is gradually flexed. As the elbow is flexed, the clinician 
pulls the proximal fragment posteriorly with his or 
her fingers and pushes the distal fragment anteriorly 
with both his or her thumbs. The vascular status of 
the limb is checked and if compromised, the flexion 
at the elbow has to be decreased. Failure to obtain, a 



Fig. 7: 9-year-old male child with fracture supracondylar 
humérus group III treated with close réduction and cast showing 
good réduction 


satisfactory réduction after two attempts at 
manipulation usually indicate interposed soft tissue. 
"Milking maneuver" is done to disengage soft tissue 
from proximal fragment. If a réduction is obtained it 
is maintained by a posterior slab or a cast for 4 weeks 
(Fig. 8). 

2. Traction: is another alternative to both obtain and 
maintain a réduction. It can be used as a temporary 
measure till the swelling around the elbow reduces 
prior to réduction 

a. Skin traction - the most commonly used skin 
traction technique is that of Dunlop, which is a 
side arm traction with the elbow in mild flexion, 
with countertraction applied to the arm with the 
help of a sling (Fig. 9). 

b. Skeletal traction (Wing nut traction) : It can be 
applied by using a small wire, pin or screw 
through the olecranon. The skeletal traction can 
either be an overhead traction or sidearm traction. 

Assessment ofaccumcy of réduction: Only a gross 
estimate of the accuracy of réduction can be 
obtained by clinical évaluation. If the long axes of 
forearm and arm are parallel when the elbow is 
flexed completely, it is likely that the réduction is 
adéquate. Radiographs détermine the alignment 
more accurately. A Jone's view and a latéral view 
are needed to assess the réduction. The Baumann's 
angle is determined on the Jones view and 
déviation of less than 5" as compared to the normal 



Fig. 8: Steps of manipulation in supracondylar fracture 
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side indicates on adéquate réduction. The latéral 
radiograph should show the diameters of the 
fracture fragments at the fracture site to be equal. 
If there is any discrepancy, it suggests rotational 
malalignment. If the supracondylar spike is 
visible, it again suggests rotation. The tilt is 
depicted by the crescent sign in the latéral view 
(Fig. 10). 

3. Internai fixation: Inability to either achieve or 

maintain réduction is indication for internai fixation. 

a. Percutaneous pinning: Here first réduction is 
achieved by closed manipulative methods. Two 
pins are then introduced, one from the latéral and 
the other from the médial side, at an angle of 30 to 
40 degrees to the sagittal plane and 10" posterior 
to the coronal plane. The pins must engage the 
opposite distal humerai cortex to provide a firm 
fixation. The pins are retained for a period of 
3 weeks. There is a risk of injury to the ulnar nerve 
during the procedure (2 to 10%). Currently many 
centres favor latéral pinning. Three pins are passed 
through the distal fragment which are engaged in 
the opposite cortex of proximal fragment. The 
great advantage is ulnar nerve is avoided. With 
three pins stability provided in almost equal to 
bilateral cross pinning (Figs 11 to 16). 

b. Open réduction: An open réduction is mandatory 
in the presence of severe vascular compromise. 
The fracture can be exposed either posteriorly by 
splitting the triceps or through a latéral approach. 
After open réduction, the fragments are fixed with 




Fig. 11: Latéral condyle humérus displaced fracture in child 
treated by open réduction and fixation with three K wires 
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Fig. 12: Percutaneous crossed pinning. Note pins are 30° to 
sagittal plane and 10° posterior to coronal plane 



Figs 13A and B: 11-year-old male child with group III 
supracondylar fracture treated with closed réduction and 
percutaneous pinning 


two pins. The major complications recorded after 
surgical réduction include loss of motion, myositis 
ossificans, infection and neurovascular injury. 

Complications 

The complications of supracondylar fracture can be 

immédiate or late. 

Immédiate Complications 

1. Neurological: The overall incidence of nerve injury is 
around 7%. The radial nerve is the most common 
nerve involved and is injured by the latéral spike of 
the proximal fragment. It is seen most often in type 
IIIA fracturs of Gartland. Médian nerve injuries tend 



Figs 14A and B: Fracture of supracondylar humérus 



Figs 15A and B: (A) Case of fracture of supracondylar humérus 
(Gr II) treated with closed réduction (CR) and percutaneous 
pinning (B) 4 wks after CR and pinning showing good union at 
fracture site 



Figs 16A and B: (A) Case of fracture of supracondylar humérus 
(Gr III) treated with CR and percutaneous pinning showing good 
signs of union (B) 


to be associated with the type III b fractures, and often 
they are associated with brachial arterial injuries. 
Spinner has described anterior interrosseous nerve 
injury associated with supracondylar fractures. 10,11 

In most instances recovery of nerve injury is nearly 
complété, with motor recovery. If a médian nerve 
déficit develops following réduction, immédiate 
exploration of the nerve should be considered. 
Persistent radial nerve dysfunction for 3 months 
warrants exploration. 

2. Vascular: Vascular complications following an 
extension type of supracondylar fracture is one of the 
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most serious complications of any fracture seen in the 
pédiatrie âge group. The outcome may range from 
loss of motor or sensory function, fibrosis of muscles 
to gangrené and subséquent amputation. In most of 
the sériés, the incidence of vascular injury ranges from 
0.5 to 1% and is common in type II B fractures. 

The ischemia may be due to a tear of brachial vessels 
by the fracture fragment, spasm of the vessel, and intimai 
tear producing a thrombus or due to a compartment 
syndrome. The récognition of ischemia is based on 
détection of the six classical clinical features or the "six 
P's"-pain, paraesthesia, pallor, pulselessness, paralysis 
and pain on passive stretching of the tendons. Early 
récognition and prompt treatment within the first 12 
hours usually leaves no permanent sequelae. 

If the Volkmann's ischemia is diagnosed early, some 
authors recommend skin traction for a brief observation 
period of one hour for evidence of improvement in 
vascularity. If there is no improvement, surgical 
exploration is mandatory. Open fractures and type III B 
fractures with vascular injury should undergo surgical 
exploration without the trial of traction. 

If the brachial artery is completely reptured, vascular 
repair is done along with a fasciotomy of the forearm 
compartments. If the artery is in continuity but in spasm, 
a stellate ganglion block, local application of papaverine 
or a local anesthetic can be tried. Some authors ad vice 
complété resection of spasmodic segment with 
reconstruction of the vessel. Ail these procedures should 
be supplemented with a fasciotomy if there are signs of 
distal ischemia. 

Pulseless Pink Hand 

Even if the puise is not felt due to pressure or tear of 
brachial artery, the hand may be pink, warm and painless. 
This is due to abundant collateral circulation. Such a pink 
hand need not be operated on, unless the patient has signs 
and symptoms of compartmental syndrome. 

Late Complications 

1. Stiffness: Loss of flexion may be due to persistent 
posterior angulation or posterior displacement. A 
higher incidence of elbow stiffness is noted foliowing 
open réduction. 

2. Myositis ossificans: This occurs due to vigorus 
physiotherapy, forceful manipulation or after an open 
réduction. 

Cubitus varus: Cubitus Varus the commonest complication 
following this fracture is mainly due to the persistence 
of the angulation in the coronal plane, i.e. médial tilt, but 
may also occur due to physeal damage and médial 
growth suppression or latéral growth stimulation. 


1. Cubitus varus produced by an extension type of 

supracondylar fracture has four distinct features; 

i. A varus tilt of the distal fragment, 

ii. Médial rotation of the distal fragment, thus, 
shifting the latéral supracondylar ridge anteriorly 
and making it prominent 

iii. Decreased external rotation and increased internai 
rotation of the ipsilateral shoulder compared to 
the opposite side, and 

iv. In some cases, there may be hyperextension of the 
elbow. 

A latéral closing wedge osteotomy done either 
through a posterior triceps splitting approach or through 
a latéral approach is the treatment of choice. If the 
deformity is not progressive the osteotomy can be done 
at any âge, but if it is progressive surgery is deferred till 
skeletal maturity (Fig. 17). 

Cubitus Valgus: This may accompany type III B 
fracture. The cosmetic blemish is much less because the 
deformity is just an exaggeration of the normal carrying 
angle. A major concern is the development of tardy ulnar 
palsy. A médial closed wedge osteotomy and anterior 
transposition of ulnar nerve are the recommended 
treatment (Fig. 18). 

Flexion Type of Supracondylar Fractures 

Flexion type of fracture accounting for 2.5% of supra¬ 
condylar fractures occurs by a fall on the point of the 
elbow or by a direct blow to the posterior aspect of elbow 
joint. Injury to the ulnar nerve can occur by the posterior 
médial spike of the proximal fragment. This fracture 
needs immobilization in extension which is both 
cumbersome and bad for réhabilitation. 8 The usual 
method employed is closed réduction and immobilization 
in a plaster slab with the elbow in extension for 2 weeks 
followed by a posterior splint with the elbow in flexion. 
Another alternative is to perform réduction and closed 
pinning and then immobilize the elbow in flexion for 
three weeks, mainly for type II and III. 


Figs 17A and B: Case of cubitus varus deformity fracture side 
treated with modified French osteotomy fixed with two screws 
and wire. Radiography showing correction of deformity 






Fractures Around the Elbow in Children 3273 





Fig. 18: Milch's osteotomy for valgus and translocation 


FRACTURES OF THE LATERAL CONDYLE 
OF THE HUMERUS 

Latéral condylar fractures constitute around 10 to 18 
percent of the total fractures around the elbow. Incidence 
of functional loss of range of motion of elbow is more as 
line often passes the articular surface. Associated fractures 
include dislocation of elbow, radial head fracture, 
olecranon fracture. 3,23 

Classification 

A. Milch described two types of latéral condylar 
fractures 17 (Fig. 19). 

Type î: It is a Salter-Harris type IV epiphyseal fracture 
where the fracture line extends to the capitellotrochlear 
groove. 

Type II: It is a Salter-Harris type II epiphyseal injury, and 
it extends to the middle of the trochlea, thus, producing 
elbow instability. 

B. According to the extent of displacement Rang 18 
classified latéral condylar fractures into three different 
stages (Fig. 20). 

Stage I: Undisplaced fracture, where the hyaline cartilage 
of the joint is intact. 

Stage II: Moderately displaced fracture. The fracture is 
complété and the fractured fragment is unstable. 

Stage III: Severely displaced fracture. Here the fragment 
is totally displaced laterally, proximally and rotated. In 


addition the radial head and the olecranon are translated 
laterally, proximally and rotated. In addition the radial 
head and the olecranon are translated laterally. 

Mechanism of Injury 

1. Push off 19 When the child falls forward on the palm 
with the elbow flexed, there is valgus force at the 
elbow which forces the radial head against the 
capitellum producing a Milch type I fracture. 

2. Pull off 20 Adduction of the forearm with the elbow 
extended and the forearm supinated produces 
avulsion forces at the condyle with the sharp articular 
surface of olecranon hitching at the trochlea. This 
produces more common Milch type II fracture. 




Figs 19A and B: Milch's types of latéral condylar fractures 
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Stage l 


Stage 11 


Stage III 



Fig. 20: Rang's stages of latéral condylar fractures 


Pathology 

The fracture line usually begins at the latéral side of the 
distal metaphysis of the humérus and extends obliquely 
downwards and medially to the latéral portion or the 
middle of trochlea. Thus, the distal fragment contains the 
epiphysis of the capitullum, the latéral épicondyle, a part 
of the trochlea, a part of the metaphysis, radial collateral 
ligament and the common origin of the extensor muscles 
of the forearm attached to it. In stage III, the distal 
fragment may get rotated 90" with the fractured surface 
facing laterally or up to 180" where the distal articular 
surface faces cephalad. 

Soft Tissue Injury 

Injury is mainly in the area between the origins of the 
extensor carpi radialis longus and the brachioradialis 
muscle. 

Signs and Symptoms 

Soft tissue swelling concentrated over latéral distal aspect 
of the humérus. 

Treatment 

There are three basic modalities of treatment for fractures 
of the latéral condyle 

1. Immobilization without réduction 

2. Closed réduction and immobilization 

3. Percutaneous pinning 

4. Open réduction and internai fixation 


Immobilization without Réduction 

Stage I: fractures of Rang can be treated by simple 
immobilization in a posterior slab with the elbow flexed 
to 90° and forearm in supination. 

Closed Réduction and Immobilization 

The results of closed réduction and plaster immobilization 
hâve been poor with as much as 30 to 50% poor results. 21 
Réduction is done by traction and flexion of the elbow 
beyond 90° with full pronation of the forearm with 
simultaneous direct pressure over the fragment. The same 
position of immobilization is recommended as the acutely 
flexed position of the elbow binds the olecranon firmly 
with the trochlea, and full pronation of the forearm tends 
to secure the distal fragment to the proximal fragment. 
The radiographs are taken once after 5 days and again 
after 2 weeks to ensure proper maintenance of réduction. 
Three to four weeks of immobilization is adéquate. 

Closed Réduction and Pinning 

Minimally displaced fractures can be stabilized by 
pinning (Figs 21 to 24). 

Open Réduction and Internai Fixation 17 

Because of a high incidence of poor results after closed 
réduction, open réduction is now widely advocated 
through a latéral Kocher's approach. Heavy sutures, pins 
or a screw may be used to fix the fracture fragments (Figs 
22 and 23). 
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Fig. 21 : Method of closed réduction of latéral condylar fracture 




Fig. 22: Methods of internai fixation 
for latéral condylar fractures 


A cast is applied for a period of 3 weeks with the elbow 
at 90" of flexion and the forearm in the midprone position. 
The cast and pins are removed after 3 weeks. 

Complications 

Latéral Condylar Overgrowth and Spur Formation 22 

It is a deformity seen in 15 to 28% of the latéral condylar 
fractures, secondary to periosteal overgrowth 23 and 
produces no functional disability. 

Nonunion 

This develops in untreated stage III latéral condylar 
fractures.The ununited fragment tends to migrate 
proximally and produce cubitus valgus and tardy ulnar 
palsy. These patients usually expérience loss of some of 
motion, but are still able to function quite well. In the 
literature the consensus is a "hands-off" policy 6 for this 
complication, unless it gives rise to a tardy ulnar palsy. 



Figs 23A to C: Fracture of left latéral condyle treated with K-wires 
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Figs 24A and B: (A) Case of latéral condyle fracture of left 
side with gross displacement of fragment (B) Treated with closed 
réduction (CR) and percutaneous pinning under image 
intensifier showing signs of union 

Cubitus Valgus 

This may be the sequel of nonunion of the fracture where 
the fragment migrâtes proximally and laterally giving 
rise to valgus and also latéral translocations of the radius 
and ulna. Another cause is arrested growth of the latéral 
condylar epiphysis due to prématuré physeal fusion. 
Tardy ulnar palsy may occur. 

If there is not much cosmetic deformity, anterior 
transpositon of ulnar nerve is sufficient. Cubitus valgus 
without translocation of the radius and ulna requires a 
simple médial closed wedge osteotomy. If there is 
translocation with valgus, Milch's osteotomy (Fig. 23) that 
corrects both angulation and realigens the longitudinal 
axis of humérus with forearm is done. 

Cubitus Varus 

This can also develop following latéral condylar fracture 
due to overgrowth of the latéral condyle. 

Neurological Complications 

A few cases of posterior interosseous nerve injury hâve 
been reported. Cubitus valgus may produce tardy ulnar 
nerve palsy. 

Physeal Arrest (Fishtail deformity) 

It can occur primarily due to the fracture producing 
cubitus valgus. A second type of physeal arrest is the fish¬ 
tail type due to a gap developing between the latéral 
condylar physis and the médial trochlear physis. 

Avascular 

Necrosis AVN of the latéral condyle is usually iatrogénie 
due to extensive dissection during surgery. 

Myositis Ossificans 

Myositis ossificans is a rare complication. 


MEDIAL CONDYLAR FRACTURES 

Médial condylar fractures are rare accounting for less 
than 1 percent of ail elbow fractures in children. 12 It 
generally occurs in children between 8 and 14 years. 
Fractures has two components; intraarticular (involve 
trochlear articular surface), extraarticular(involve médial 
metaphysic and médial épicondyle). 

Surgical Anatomy and Pathology 

This fracture is considered as "mirror image" of latéral 
condyle injury and thus has characteristics of Salter - 
Harris type IV physeal injuries. 

Classification: Milch has classified médial condylar 
fractures into two types (Fig. 25). 

Type I: Here the fracture involves the médial epicondylar 
epiphysis and the trochlear epiphysis, with the fracture 
line terminating in the trochlear notch. 

Type II: Here the fracture involves a portion of the 
epiphysis, and the fracture line terminâtes in the 
capitulotrochlear groove. 

According to the displacement, Kilfoyle 25 classified 
médial condylar fractures into three types (Fig. 26). 

Type I: Incomplète fracture with a portion of articular 
hyaline cartilage intact. 

Type II: Complété, undisplaced fracture 

Type III: Displaced fracture with rotation. 

Mechanism of Injury 

1. Fall on the point of a flexed elbow. 26 

2. Fall on the outstretched hand producing valgus 
strain in the elbow causing avulsion of the médial 
condyle. 24 




Fig. 25: Milch's classification of types of médial condylar 
fractures 
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Type I Type II Type III 


Fig. 26: Kilfoyle's types of médial condylar fractures 


Treatment 

1. Kilfoyle type I and type II fractures can be treated in 
a posterior plaster slab for a period of 3 to 4 weeks. 

2. Kilfoyle type III needs open réduction and internai 
fixation with two smooth K-wires (Fig. 27). 

Complications 

Complications include nonunion, cubitus varus, cubitus 
valgus and ulnar neuropathy. 

FRACTURES INVOLVING THE ENTIRE DISTAL 
HUMERAL PHYSIS 

Fractures of the entire distal humerai physis is more 
frequently encountered recent. Majority of these injuries 
occur before the âge of 6 or 7 years. As the humérus 
matures, the physeal line progresses more distally and 
later consist of only médial and latéral condylar physes 
in a configuration of a "V". 

Mechanism of Injury 

1. Birth injuries associated with difficult deliveries 27 

2. Child abuse 28 

3. Hyperextension of the elbow with a varus or a valgus 
force. 

Classification 

DeLee et al 28 classified this injury into three groups based 
on the degree of ossification of thelateral condylar 
epiphysis. 

Group A: In infants before the latéral condylar epiphysis 
develops, the injury is Salter-Harris type I. 

Group B: In children 7 months to 3 years in whom 
ossification of latéral condylar epiphysis has begun, a 
Salter-Harris type I injury occur s. 

Group G: Between 3 to 7 years of âge, Salter-Harris type II 
injury usually occur s. 

Clinical Features and Diagnosis 

The child présents with a swollen elbow, and there may 
be crepitus typically described as a "muffled crepitus". 12 



Figs 27A and B: A 10-year-old male boy with dislocation of 
elbow with avulsion of médial épicondyle treated with CR and 
percutaneous pinning 


Radiographs may be difficult to interpret as the 
ossification centers may not hâve appeared. The only 
positive finding will be that the proximal radius and ulna 
maintain a normal anatomical relationship to each other, 
but are displaced posteriorly and medially in relation to 
the distal humérus. If the latéral condylar epiphysis is 
ossified, the diagnosis is easier. 

Treatment 7 

Immobilization with elbow flexion and pronation is 
recommended in infants. Closed manipulative réduction 
and immobilization in a plaster splint is the treatment in 
older children. If closed réduction fails in type B and C, 
open réduction and internai fixation with smooth K wires 
may be needed. 

Neurovascular injuries, malunion and avascular 
necrosis of the trochlea can occur. 

FRACTURES OF THE MEDIAL 
EPICONDYLAR APOPHYSIS 

Fractures of the médial epicondylar apophysis are 
distinctly different from médial condylar fractures and 
constitutes around 14.1 percent of injuries of the distal 
end of humérus. 12 The maximum number of cases occur 
between the âges of 9 and 14 years. It may be associated 
with 30 to 55% of dislocations of the elbow. 12 The médial 
épicondyle is a traction apophysis, which has the 
attachment of flexor mass, collateral ligament and the 
capsule of the elbow joint. 

Mechanism of Injury 

1. Direct blow on the posterior aspect of épicondyle 

2. Avulsion of the épicondyle by the flexor muscles of 
the forearm caused by a fall on the outstretched hand 
with a valgus force at the elbow. 

Condylar Epiphysis 

Group A: In infants before the latéral condylar epiphysis 
develops, the injury is a Salter-Harris type I. 
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Group B: In children 7 months to 3 years in whom 
ossification of latéral condylar epiphysis has begun, a 
Salter-Harris type I injury occurs. 

Group C: Between 3 to 7 years of âge, Salter-Harristype II 
injury usually occurs. 

Clinical Features and Diagnosis 

The child présents with a swollen elbow, and there may 
be crepitus typically described as a "muffled crepitus". 12 

Radiographs may be difficult to interpret as the 
ossification centers may not hâve appeared. The only 
positive finding will be that the proximal radius and ulna 
maintain a normal anatomical relationship to each other, 
but are displaced posteriorly and medially in relation to 
the distal humérus. If the latéral condylar epiphysis is 
ossified, the diagnosis is easier. MRI is helpful and 
compared with contra latéral side. 

Treatment 

Immobilization with elbow flexion and pronation is 
recommended in infants. Closed manipulative réduction 
and immobilization in a plaster splint is the treatment in 
older children. If closed réduction fails in type B and C, 
open réduction and internai fixation with smooth K wires 
may be needed. 

Neurovascular injuries, malunion and avascular 
necrosis of the trochlea can occur. 

Condylar epiphysis (Fig. 28). Group A In infants 
before the latéral condylar epiphysis develops, the injury 
is a Salter-Harrish type I. Group B in children 7 months 
to 3 years in whom ossification of latéral condylar 
epiphysis has begun, a Salter-Harris type I injury occurs. 
Group C Between 3 to 7 years of âge, Salter-Harris type 
II injury usually occurs. 

Clinical Features and Diagnosis 

The child présents with a swollen elbow, and there may 
be crepitus typically described as a muffled crepitus. 12 

Radiographs may be difficult to interpret as the 
ossification centers may not hâve appeared. The only 
positive finding will be that the proximal radius and ulna 
maintain a normal anatomical relationship to each other, 
but are displaced posteriorly and medially in relation to 
the distal humérus. If the latéral condylar epiphysis is 
ossified, the diagnosis is easier. 

Médial épicondyle may get in carserated in the 
elbow joint. This is often associated with dislocation of 
elbow. This is a definite indication for surgery. The 
épicondyle is taken from the joint and fixed with K wire 
or a screw. 



Fig. 28: Types of séparation of distal humerai physis 


Treatment 

Immobilization with elbow flexion and pronation is 
recommended in infants. Closed manipulative réduction 
and immobilization in a plaster splint is the treatment in 
older children. If closed réduction fails in type B and C 
open réduction and internai fixation with smooth K wires 
may be needed. 

Neurovascular injuries malunion and avascular 
necrosis of the trochlea can occur. 

FRACTURES OF THE MEDIAL 
EPICONDYLAR APOPHYSIS 

Fractures of the médial epicondylar apophysis are 
distinctly different from médial condylar fractures and 
constitutes around 14.1 percent of injuries of the distal 
end of humérus. The maximum number of cases occur 
between the âges of 9 and 14 years. It may be associated 
with 30 to 55 percent of dislocations of the elbow. The 
médial épicondyle is a traction apophysis, which has the 
attachment of flexor mass, collateral ligament and the 
capsule of the elbow joint. 

Mechanism of Injury 

1. Direct blow on the posterior aspect of épicondyle. 

2. Avulsion of the épicondyle by the flexor muscles of 
the forearm caused by a fall on the outstretched hand 
with a valgus force at the elbow. 

3. Injury associated with dislocation elbow where the 
ulnar collateral ligament causes the avulsion. 

Classification 12 

1. Undisplaced 

2. Minimally displaced 

3. Significantly displaced 

a. Elbow not dislocated 

b. Elbow dislocated 

4. Entrapment in joint 

a. Elbow not dislocated 

b. Elbow dislocated 
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5. Fractures through epicondylar apophysis 

a. Without displacement 

b. With displacement. 

Clinical Features 

A child between 8 to 14 years with swelling on the médial 
side of elbow, in whom the valgus stress test produces 
pain is likely to hâve this injury. The integrity of the ulnar 
nerve should always be documented. 

Treatment 29 

1. Undisplaced fractures are treated by immobilization 
in a posterior splint. 

2. Closed réduction and cast application is needed for 
displaced fractures. 

3. Open réduction and internai fixation is indicated 
when there is: (i) ulnar nerve dysfunction, and 
(ii) incarcération of the fragment inside the joint. 

Complications 

1. Failure to recognize incarcération of the fragment 
inside the joint 

2. Ulnar nerve neuritis 

3. Valgus instability 

4. Stiffness 

FRACTURES OF THE LATERAL 
EPICONDYLAR APOPHYSIS 30 

Fractures of the latéral epicondylar apophysis hâve been 
described as being "so rare as to hardly desire notice". 
The forearm extensor muscles originate from this area. 
The fracture occurs either due to a direct blow or due to 
avulsion of the extensor muscle group. The fragment can 
very occasionally get incarcerated into the elbow joint. 
Immobilize is sufficient unless the fragment is inside the 
joint, which warrants an open réduction. 

Late ossification: The latéral epicondylar apophysis is 
présent for a considérable period but does not become 
ossified until the second decade. Just before ossification 
margin of latéral supracondylar ridge of distal 
metaphysic curves abruptly medially towards the latéral 
condylar physis. 

Mechanism of Injury 

Avulsion forces from extensor muscles can be responsible 
for some of these injuries. 

Treatment 

Simple immobilization in splint for comfort. 


DISLOCATION OFTHE ELBOW 

The peak incidence of dislocation of the elbow is between 
13 and 14 years of âge. The injury accounts for 3% of ail 
elbow injuries in children (Fig. 29). 

Classification 12 

1. Proximal radioulnar joint intact 

a. Posterior 

1. Posteromedial 

2. Postérolatéral 

b. Anterior 

c. Médial 

d. Latéral 

2. Proximal radioulnar joint disrupted (divergent) 

a. Anteroposterior 

b. Mediolateral (transverse). 

Mechanism of Injury 

The injury occurs due to a fall on the outstretched hand. 
The elbow initially hyperextends disrupting the ulnar 
collateral ligament, which allows valgus instability. The 
most commonly accepted mechanism of posterior elbow 
dislocation involves the application of both abduction and 
extension forces. The radius and ulna are forced laterally 
and posteriorly over the latéral slope of the trochlea 
(Fig. 30). 



Fig. 29: Incidence of elbow dislocation 
and supracondylar fractures 
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Fig. 30: Steps of elbow dislocation 


Clinical Features and Diagnosis 

The elbow is swollen, with subcutaneous ecchymosis. The 
forearm is shortened, the olecranon is prominent and the 
relation between the épicondyles and the olecranon are 
altered. Associated médial epicondylar, coronoid and 
radial neck fractures should be looked for on the 
radiographs. 

Radiographs 

Both antero-posterior and latéral X-rays are usually 
diagnostic. 

Treatment 

Closed Réduction 

Many methods hâve been described to reduce an elbow 
dislocation. The safest method is to supinate the forearm 
to unlock the radial head. Simultaneously traction is 
applied to the forearm in the long axis of the humérus 
with the elbow flexed. Once the réduction is achieved, 
the elbow is flexed further and immobilized for 3 weeks 
in a posterior splint 12 (Fig. 31). 

Complications 

Neurological Complications 

Neurological complications associated with elbow 
dislocations are as high as 11% 12 : (i) ulnar nerve lésions 
found in association with médial epicondylar fractures 
are usually transient and résolve completely, (ii) radial 
nerve injury is rare, 12 and (iii) the médian nerve can get 
entrapped within the joint, or between the médial 
épicondyle and distal humérus (Fig. 32). 



Fig. 31 : Method of réduction of elbow dislocation 


Arterial Injury 

Arterial injuries are common with open dislocations. 
Even without obvious arterial damage, a compartment 
syndrome can develop in the forearm. 

Myositis Ossificans 

The incidence is around 3% foliowing elbow dislocations. 
The ossification occurs mainly in the course of brachialis 
muscle. Gentleness in the manipulative réduction and 
judicious physiotherapy later definitely decreases its 
incidence. 

Récurrent Dislocation 

Récurrent Dislocation is quite rare. 32 

The primary pathology is in the laxity of postérolatéral 
capsule and the ulnar collateral ligament. There may be 
an osteochondral defect in the capitellum. 

FRACTURES OF THE NECK AND HEAD OF RADIUS 

The radial head begins to ossify at the âge of 5 years. A 
normal anatomie variant with angulation of the radial 
neck in children may be erroneously diagnosed as a 
buckle fracture. However, true radial neck fractures 
accounts for 7% of ail injuries around the elbow in 
children. The âge of occurrence varies from 4 to 14 years. 33 
The radial head is normally angulated in relation to the 
radial shaft in the antero-posterior view. In the latéral 
view, the neck is angulated 3.5° anteriorly (range 10-5°). 
No ligaments attach directly to radial head and neck. 

CAM effect: When a displaced fracture disrupts the 
alignment of radial head on the centre of radial neck,the 
arc of rotation changes. 











Fractures Around the Elbow in Children 3281 



Fig. 32: Médian nerve entrapment in elbow dislocation 


Classification 

Chambers classified fractures of the radial neck and head 
as follows (Fig. 33). 

Group I: Primary displacement of radial head 
A . Vaigus Fracture 

a. Type A Salter-Harris type I and II injuries of the 
proximal radial physis 

b. Type B Salter-Harris type IV injuries of the 
proeximal radial physis. 

c. Type C Fractures involving only the proximal 
radial metaphysis. 

B. Fractures associated with dislocation of the elbow 

a. Type A : Réduction injuries 

b. Type B : Dislocation injuries. 

Group II : Primary displacement of radial neck 

A. Angular injuries(Monteggia III var.) 

B. Torsional injuries 

Group III: Stress injuries 

A. Osteochondritis dissecans of the radial head 

B. Physeal injuries with neck angulation 

Mechanism of Injury 

Majority of these are caused by a valgus force while falling 
on an outstretched arm with the elbow in extension. There 
are two rare types of fractures of the radial neck associated 
with elbow dislocation: (i) if the fracture is due to the 
radius, and (ii) if the fracture occurs during réduction of 
the dislocated elbow, the radial had fragment will lie 
posterior to the radius. 



Fig. 33: Types of radial head and neck fractures 


Treatment 

The treatment options include simple immobilization, 
closed manipulation and réduction, and open réduction. 
The aim of the treatment is to reduce the angulation of 
head to less than 20 to 30" and translocation to less than 
3 mm (Fig. 34). 

Simple Immobilization 

If the angulation is less than 20 to 30" it can be managed 
by posterior splinting with th elbow in flexion for 3 weeks. 

Closed Réduction and Immobilization 

Closed réduction is done if the angulatioin is between 
30" and 60". If the initial angulation is more than 60", 
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Fig. 34: Method of closed réduction of Radial head fractures 

chances of achieving réduction is low. 34 The technique 
for réduction is that of Patterson. 12 Under anesthésia 
grips the arm proximal to the elbow joint, and the other 
hand of assistant is placed medially over the distal 
humérus to produce a médial fulcrum for a varus stress. 
The surgeon applies distal traction with the forearm 
supinated. A varus force is then applied across the elbow, 
which opens up the joint on latéral side. The radial head 
is then pressed medially by the thumb of the surgeon. 
Following réduction the elbow is immobilized in 90° of 
flexion and in full pronation. 34 

Open Réduction 

Results of open réduction are less favorable than those 
achieved by closed réduction. A trial of closed réduction 
must be done before embarking on open réduction. 
Surgical intervention after 5 days should not be done. 
After open réduction, the fragment is held by a smooth 
stout transcapitellar Kirschner wire. It is better to accept 
an angulation of even up to 90" when the patient présents 
7 days or more after the injury. 

Intramedullary Pin Réduction 

Using the curved flexible pin. 

Complications 

Stiffness: Loss of pronation is generally more common 
than supination. 33 The causes include incongruity of the 
joint, fibrous adhesions and enlargement of the radial 
head. 


Radial head overgrowth: This occurs due to hyper- 
vascularity to the head following injury. 35 

Notching of radial neck: Scar tissue round the neck in the 
région of the orbicular ligament produces this notch. 

Prématuré closure of the physis. 34 This canbelead to 
shortening of the radius, but it is usually Iss than 5 mm. 
Nonunion of radial neck 34 Wedge has reported few cass 
of nonunion but despite the nonunion, the functional 
results were good. 

Avascular necrosis of the radial head: The incidence is rare, 
but it does occur. There appears to be no corrélation to 
the amount of displacemnt or the method of réduction. 35 

Carrying angle Jones 35 found an increase in the carrying 
angle of about 10 degrees on the affected side. 

Neurological: Ulnar nerve paresis and posterior 
interosseous nerve injury hâve been reported. 

Radioulnar synostosis: This is usually seen after open 
réduction. A delay in treatment tends to increase the risk 
of this réduction. A delay in treatment tends to increase 
the risk of this complication. 

Myositis ossificians: It is usually limited to the supinator 
muscle. This has reported in some sériés occurring as 
frequently as in 32 percent of the cases. 12 

FRACTURES OF THE PROXIMAL 
PHYSIS OF THE OLECRANON 

Introduction 

Séparation of the olecranon epiphysis is one of the rarest 
forms of epiphyseal detachments. 12 The ossification of 
the olecranon develops in the area of the triceps insertion 
at about 9 years of âge, and the epiphysis fuses between 
14 and 16 years. 

Classification 

Type I : Apophysitis 

Type II: Incomplète stress fracture 

Type III: Complété fractures 

A. Pure apophyseal avulsions 

B. Apophyseal-Metaphyseal combinations. 

Mechanism of Injury 

It is either a direct blow, or an avulsion force which 
produces this injury. 

Signs and Symptoms 

Swelling with defect is seen with associated tenderness. A 
palpable defect may be présent. 
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Treatment 

Open réduction and internai fixation by tension band 
wiring is the treatment of choice. 

Complications 

1. Spur formation 

2. Nonunion 

3. Apophyseal arrest 
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Fractures ofthe Distal 
Forearm, Fractures and 
Dislocations ofthe Hand in Children 


VK Aithal 


INCIDENCE 

The distal forearm is the most common area to fracture 
in the immature skeleton. 

Fractures of distal radius account for 75% of ail 
fractures. 1,5 The relative weakness of metaphyseal bone 
during growth spurt may account for the increased 
incidence. 

Mechanism of Injury 

Common fractures of the distal forearm are: 

1. Physeal injuries of the distal radius 

2. Metaphyseal fractures of distal radius 

3. Galeazzi fracture dislocation. 

Acute physeal and metaphyseal fractures are hyper 
dorsiflexion injuries involving axial load, 8 resulting form 
a fall on outstretched hand. There is also a chronic type 
which occurs in gymnasts due to repeated hyper- 
dorsiflexion stress. Galeazzi fracture dislocation involves 
axial loading with a rotational component. 

Classification 

1. Physeal fracture 

a. Displacement 

i. Distal fragment dorsal (95%) 

ii. Distal fragment volar (5%) 

b. Salter Harris types: 

i. 75 % are Salter Harris type 2 injuries 

2. Distal Radial Metaphyseal Fracture 

a. Displacement 

i. Dorsal (98%) 

ii. Volar 

b. Combination 

i. Isolated radius 

ii. Radius with distal ulna injury (fracture of ulnar 
styloid/ physis/ metaphysis) 


c. Patterns 

i. Torus 

ii. Greenstick 

1. Compression greenstick (one cortex) 
a. stable injury 

2. Tension injury (both cortices fractured) 

a. unstable injury 

b. tends to angulate 

3. Complété fracture 

a. length maintained 

b. bayonet apposition 

3. Galeazzi Fracture-Dislocation 

a. Dorsal : distal fragment supinated 

b. Volar : distal fragment pronated 

c. Associated distal ulnar injury may be présent. 

Clinical Features of Distal Forearm Injuries 

Diagnosis of torus fracture occasionally poses a problem 
due to lack of obvious clinical signs like deformity or gross 
swelling. Only local bony tenderness will be présent. 

Classical metaphyseal fractures are obvious as there 
will be deformity, pain and tenderness along with 
swelling of the limb. Associated neurovascular injury 
needs to be excluded. There may be médian nerve or 
ulnar nerve neurapraxia which should be carefully 
evaluated before réduction is undertaken. Neglected 
fractures and those presenting after indigenous treatment 
may présent with compartment syndrome. 

Open fractures are not uncommon. There may be an 
innocuous looking puncture wound in the forearm where 
the bone has penetrated the skin momentarily. 

Physeal injuries of Distal Radius and Ulna: 

Comprise of 14% of ail children's fractures. Associated 
injuries to distal humérus or scaphoid may be présent. 
Most of these are Salter Harris Type II injuries and are 
amenable to closed réduction and cast. 
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Fig. 1 : Correct position for a latéral view of distal radius 



Fig. 2: Fat pad sign—subperiosteal hematoma from a 
fracture displacing the pronator quadratus fat pad 


Diagnosis 

Routine AP and Latéral views of forearm with wrist are 
important to assess the displacement of the fracture. 
Latéral view with 15° cephalad tilt will show the 
congruity of articular surface (Fig. 1). 

Soft Tissue Signs in Occult Fractures 

1. Pronator fat pad: In a nondisplaced SH type 1 injury, 
due to the sub-periosteal bleeding, periosteum and 
pronator quadratus are anteriorly displaced (Fig. 2). 

2. Navicular fat stripe: Fat stripe between the radial 
collateral ligament and tendons of abductor pollicis 
longus and extensor pollicis longus are displaced in 
occult fractures of scaphoid. This is well defined after 
10 years of âge. 

Occult fractures of physis can présent with physeal 
arrestlater. 

Treatment (Fig. 3) 

Closed réduction is the mainstay of treatment. Traction 
in finger trap with local pressure to reduce the physis 
helps réduction. Immobilization in short arm cast with 
good three point moulding is needed for 4 weeks. 


Fig. 3: Method of closed réduction of distal 
physeal fractures of the radius 

It is important to avoid excessive force during 
manipulation. Repeated manipulations should not be 
done. In injuries more than 3 days old or redisplacement 
of the physis after closed réduction, lot of shearing force 
necessary for achieving réduction and it is not désirable. 

Operative Indications 

1. Failure to obtain closed réduction due to soft tissue 
interposition (e.g. interposed periosteum preventing 
réduction) 

2. Ipsilateral fracture (e.g. supracondylar fracture of 
humérus) 

3. Open fractures 

4. Unstable réductions (e.g. obese patient with lot of 
swelling) 

5. Compartment syndrome or carpal tunnel syndrome 

6. Fractures with volar displacement of distal fragment 
whichmaybe unstable 

7. Type III Salter Harris injury where there is 
intraarticular incongruity. 

Method of fixation is a single smooth pin placed 
obliquely through the metaphysis avoiding the physis 
so as to provide a dorsal buttress. Distal ulnar physeal 
injury may coexist and can cause arrest (60%). Unstable 
ulnar physis may need fixation. 

In late injuries, observation with expectation of 
remodeling is advocated. Any residual deformity at 
maturity can be treated with corrective osteotomy. 

Distal Metaphyseal Fractures of the Radius 

Usually occurs during the years of growth spurt, due to 
relative weakness of cortex. These fractures hâve very 
good remodeling potential due to the physis which is 
close to the fracture site. Even though it is so common 
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and may be considered by many to be a benign injury, 
recent sériés hâve reported 34% remanipulation rate. 10 

Volar apex deformities are hidden by the soft tissues 
and may not be visible clinically even if malreduction is 
présent, but dorsal apex deformities are visible clinically 
and good réduction is necessary. 

It is necessary to rule out ipsilateral scaphoid fractures, 
so one has to carefully look for them in the AP, latéral 
and oblique views including changes in navicular fat 
stripe. 

Treatment 

Nonoperative Treatment 

1 . Torus fractures: These are usually stable. These require 
only immobilization in short arm cast for 3 weeks. 
Recent studies hâve even shown that they can be 
effectively treated with splint alone. They can be 
removed by the parents after 3 weeks without need 
for foliow up. 12 

2. Greenstickfractures: Controversies exist regarding the 
management of greenstick fractures. They center 
around the concept whether they need to be 
completed before immobilization. Supination of the 
distal fragment is présent in volar angulated 
greenstick fractures and pronation in dorsal angulated 
fractures. 3 

Evans 3 believes that angulation of a greenstick 
fracture is more apparent than real and that the 
deformity is mainly rotatory. Dorsal angulation 
resulting from pronation can be corrected by 
supinating the forearm and vice versa. This concept of 
not breaking the fracture has its followers. Stumher 8 
likened the intact cortex and periosteum on the 
concave side to a one-sided tension band that resulted 
in redisplacement following réduction and, therefore, 
recommended completing the fracture. 

The controversies extend on to the position of 
immobilization after the réduction. Espousing Evan's 3 
concept, one can reduce and immobilize a dorsal 
angulated fracture in supination and apply a cast in 
pronation for a volar angulated fracture. Pollen 6 
advised immobilizing the arm in supination after 
completing the fracture whatever be the angulation. 
Supination, he believed, inactivâtes the brachio- 
radialis and prevents récurrent deformity. 

The recommended treatment is to complété the 
fracture, correct the angulation and immobilize in 
above elbow plaster (Fig. 4). 

3. Displaced fracture: Method of réduction is traction in 
hyperdorsiflexion and the flexing the distal fragment 
once the length has been attained. The method is 


reversed if volar displacement is présent. This is 
required as pronator quadratus may prevent 
réduction. 

Traditional method of immobilization is an above 
elbow cast, though a short arm cast with three point 
moulding has been shown to be adéquate. What is 
more important in achieving an oval cast index, i.e. the 
AP diameter of the cast is less than latéral diameter. 
Thumb should also be included in the cast to reduce 
the pressure of the cast on the thenar eminence. 2 

Patient should be seen after one week to check for 
displacement. If the réduction has slipped due to 
resolution of swelling, then remanipulation has to be 
done. Cast should be kept for 6 weeks in the younger 
child and 8 weeks for the older child. During 
réhabilitation volar splint may be given during 
activity for 10 days to prevent refracture. 

Operative Treatment 

Indications 4 

1. Failure of closed réduction due button holing of the 
fragments through the soft tissues 

2. Open fractures 

3. Massively swollen limb or compartment syndrome 

4. Loss réduction as swelling subsides. Remanipulation 
of fracture may require fixation. 

Percutaneous smooth pinning may be performed after 
closed réduction. Oblique pin directed distal to proximal 
and radial to ulnar side just proximal to physis is used. 
Second dorso-ulnar pin also may be used for additional 
stability. 

Galeazzi Fracture Dislocation 

These consist of 3% of ail radial injuries. These injuries 
are commonly missed. It includes distal radius fracture 
and injury to the ulna, triangular fibrocartilage complex 



Fig. 4: Sequence of réduction in an irreducible fracture of the 
lower radius due to pronator quadratus interposition 
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Figs 5A and B: Patient with fracture of distal radius and ulna developed severe contracture of wrist after 
VIC with ulnar nerve palsy and claw hand. Ilizarov fixator was applied to correct deformity 




and distal radioulnar joint. They are treated by closed 
réduction. A long arm cast is required. If radius is 
foreshortened open réduction and internai fixation may 
be needed. Distal ulnar styloid may need fixation if found 
unstable. 

Complications of Fractures of Distal Forearm 79 

1. Loss of réduction and malunion 

Late displacement may occur in as high as 34% of 
patients. 10 This is due to the inadéquate réduction, 
poor casting techniques, resolution of swelling. 


muscle atrophy and initial periosteal disruption. It is 
also common in obese patients as the cast slips due to 
poor hold. So, ail patients should be reviewed after 
one week for assessing any loss of réduction. 

These fractures hâve the potential to remodel 
depending on the âge of the child and proximity to 
the physis. The upper limit of acceptable angulation 
is 20° in sagittal plane and 15° in coronal plane in a 
male child less than 12 years old and in a female less 
than 10 years old. No rotational malalignment is 
acceptable 2 as it will not remodel. 
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Fig. 7: Distal radial physeal séparation which was reduced 
accurately. Madelung deformity developed in adolescence due 
to physeal arrest 


2. Nerve injury and deformity (e.g. wrist flexion 
contracture or ulnar claw hand) (Fig. 5) 

3. Compartment syndrome 

Compartment syndrome may be more common with 

these fractures than previously imagined. One has to 
carefully observe for clinical signs of developing 
compartment syndrome and intervene early. 

Compartment syndrome is suspected under the 
foliowing conditions: 

Child is very restless, cries incessantly and requires 
increasing dose of analgésies to relieve the pain. The 

pain is out of proportion to the injury. There is severe 

pain on passive stretch of fingers and compartment 
is tense on palpation. If there is strong clinical 
suspicion, the cast has to be bivalved and spread open. 
Compartment pressures may be measured by the 

bedside to confirm the diagnosis. Once the diagnosis 
is confirmed, fasciotomy should be done as soon as 

possible to relieve compartment pressure. 


Do not rely on iperiipheral puises, capillary filling of 
fingers and parasthesia to assess compartment syndrome. 
These are late clinical signs and damage has already 
occurred by that time. 

Untreated compartment syndrome results in 
Volkmann's Ischémie contracture (Fig. 6). 

4. Carpal tunnel syndrome 

5. Physeal arrest and Madelung deformity (Fig. 7): 
Incidence of growth arrest after physeal fractures is 
4% in distal radius and 60% in distal ulna. 2 3 * * * * * * * 11 Patients 
will hâve to be followed up to 6 months to assess the 
occurrence of early epiphyseal arrest. If detected early, 
physeal bar resection may be possible. 
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Fractures of the 
Humerai Shaft in Children 


RB Senoy 


INTRODUCTION 

Humerai shaft fractures are relatively rare in the pédiatrie 
âge group, accounting for 2 to 5% of ail pédiatrie 
fractures. 11 The humerai shaft fractures are the 2nd most 
commonbirth injuries. The âge distribution shows peaks 
at the toddlers âge, around starting of school, around the 
âge of 10 and on leaving school. These peaks correspond 
to the initial confrontation with road traffic, the child's 
first journey to school, commencement of sports at school 
and increased participation in road traffic after leaving 
school. Open fractures and neurovascular injuries 
associated with humerai shaft fractures are quite 
uncommon in children. 

TYPES OF FRACTURES AND 
MECHANISM OF INJURY 

High Energy Direct Force 

Transverse Fractures 

Transverse fractures resuit from a fall onto the adducted 
arm. If the force is minimal, a greenstick fracture occurs. 
Otherwise, a displaced transverse fracture results. 
Greenstick fractures are extremely rare and are usually 
caused by relatively slight direct violence in a young 
child. The cortex is broken on the convex side of the 
angulation with a torn periosteum. The periosteum on 
the opposite side remains intact over the bent underlying 
cortex. 

Displaced transverse fractures resuit from direct 
trauma or by a fall on the adducted arm. The periosteal 
euff and the cortex are usually broken through 
completely, giving rise to the characteristic displacement. 


Oblique Fractures 

Direct injury to the shaft of the humérus produces oblique 
fractures. The direction of displacement of the fracture 
varies with the site of the fracture. 

Spiral Fractures 

These are usually simple spiral fractures without a 
butterfly fragment. These resuit from indirect injury to 
the bone, like falling on to the extended arm or the elbow 
or are caused by placing the hand in a rotating object like 
a laundry spin dryer. 

Comminuted Fractures 

These rarely occur in children and are due to severe direct 
injuries. 

Open Fractures 

These are caused by severe direct or indirect trauma. 
Depending upon the direction of the traumatic force and 
the level of the fractures, either the proximal or the distal 
fragment pierces the soft tissues and the skin. 

The fractures that occur in later childhood are mostly 
in the metaphyseal région. These injuries occur through 
the relatively weak cancellous bone and are frequently 
the "greenstick" or "buckle" type of fractures. 4 

Signs and Symptoms 

When an infant is reluctant to move the upper extremity, 
a fracture of the humerai shaft must be excluded. Gentle 
palpation along the clavicle, scapula, humérus and elbow 
will help in localizing the site of the injury. A 
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pseudoparalysis is quite abnormal and requires a 
radiographie examination to rule out a fracture. 8 The 
signs and symptoms in the preadolescent may not be as 
definite as in the younger child, because the injury in this 
âge group is more likely to be of "greenstick" or "buckle" 
type. Patients presenting with multiple long bone 
fractures, fracture ribs without a history of major chest 
trauma or with multiple contusions should be 
investigated thoroughly to rule out nonaccidental injury. 

Trivial fall if the shaft fractures then the suspicion of 
pathological fracture due to unicameral bone cyst or 
fibrous dysplasia. 

Anatomy 

The humérus is cylindrical proximally and becomes 
broad and fiat distally. 

Fracture angulation dépends on if the fracture is 
proximal or distal to the deltoid insertion . 

When distal to the deltoid insertion, the proximal 
fragment laterally and anteriorly. 

If the fracture proximal to the deltoid but distal to the 
pectoralis major. 

Radiography 

Radiographs must be taken in two planes at 90° to each 
other, and occasionally it may be necessary to compare it 
with the normal side. In those patients who démonstrate 
significant osteopenia, a pathological fracture should be 
ruled out. 5 A unicameral bone cyst should be excluded 
each time a new metaphyseal fracture is encountered. 6 
The presence or absence of the callus on the radiograph 
will help in differentiating birth trauma from child abuse. 
A child seen after 10 days of birth with no evidence of 
callus is extremely unlikely to hâve had a birth fracture. 

Prognosis 

Prognosis is excellent in most of the cases. Bone healing 
occurs within an average period of 6 weeks. Anatomically 
reduced fractures may be followed by an overgrowth of 
0.5 to 2 centimeters, but this increase in length is seldom 
noticed by the patient or the parents. 

Complications 

Most of the fractures of the humérus in children do not 
get complicated by nerve or vessel injuries, but in high 
velocity direct injuries with severe soft tissue damage, 
there may be a vascular injury. In these instances, there 
is also the danger of the compartmental syndrome in 
either the forearm muscles or the intrinsic muscles of the 
hand. One should watch carefully for the signs of 


compartmental syndrome in these children. Appropriate 
fascial releases should be performed when there is 
unphysiological compartmental pressure. 

Nerve Injuries 

Radial nerve injuries complicating humerai shaft 
fractures are less common in children than in adults. It is 
more frequent with fractures at the junction of the middle 
and lower thirds of the humérus. 1,7 The prognosis for 
these patients with radial nerve injuries is very good, with 
signs of recovery within 2 months of the injury. Injuries 
to the médian and ulnar nerves are quite rare with 
humerai shaft fractures. One should look for other causes 
in instances of médian and ulnar nerve lésions 
complicating a humerai shaft fracture. 2,3 

Rotational Deformity 

When there is a completely displaced fracture, 
immobilization of the forearm against the trunk after 
réduction can lead to internai rotation deformity of the 
distal fragment. This will resuit in an increased internai 
rotation with corresponding decrease in the range of 
external rotation. This change in rotation may not be 
évident normally. However, it might cause some 
problems for future athletic activities. 

Growth Disturbances 

Overriding of up to about 2 cm will not cause a problem 
because of overgrowth of the humérus after the injury. 
Most of the overgrowth occurs within the first 18 months. 
The amount of the humerai overgrowth is directly 
proportional to the amount of displacement of the 
fracture. 

Treatment 

Treatment of the fracture humérus is categorized by âge 
into four distinct groups: (i) neonates, (ii) neonates to 
3 years, (iii) late childhood, and (iv) children aged above 
12 years of âge. Treatment of fractures in children requires 
an appréciation of the fact that once pain subsides, the 
child will be less willing to refrain from unlimited 
physical activity. 

Réduction of the Fractures 

Downward traction to correct the deformity will 
disengage the fracture fragments and overcome muscle 
interposition. Radiographs following réduction should 
be taken in both AP and latéral views. An angulation of 
more than 20° and overriding of more than 2 cm are 
unacceptable. 
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Neonates 

Alignement of grossly displaced fractures canbe achieved 
by gentle traction. This can be maintained in a small 
splint. An alternative method is to strap the arm to the 
chest with a soft bandage for 1 to 3 weeks, or till the 
fracture is united solidly. Further radiological follow-up 
is not necessary usually. One complications to be guarded 
an internai rotation deformity. Patients of cérébral palsy and 
brachial plexus injury are more prone to this deformity. 

Neonates to 3 Years 

In this âge group, fractures are usually incomplète or a 
"greenstick" fracture. The strong periosteum prevents 
significant displacement of the fracture. These fractures 
heal faster than the displaced fractures, and a shorter 
period of immobilization is sufficient. Since the patient 
is ambulatory, it is better to keep the elbow flexed to 90°. 
A posterior long arm slab may be used to keep the patient 
more secure and comfortable. This can also be 
incorporated in a modified Velpeau's dressing. 

3 to 12 Years 

Most of the injuries of the humérus in this âge group are 
at the junction of proximal and middle third of the 
diaphysis and are undisplaced or minimally displaced. 
These can be treated with a stockinet, Velpeau bandage, 
cuff and collar or a long arm posterior slab depending 
upon the amount of the displacement. 

Completely displaced fractures are treated like similar 
fractures in younger children, i.e. by réduction of the 
fracture and maintaining it by any one of the methods 
described above. 

12 Years to Maturity 

Fractures of the humerai shaft in the adolescent and older 
children can be treated like adult humerai shaft fractures. 
Several alternate methods hâve been proposed for 
children in this âge group. 

The fracture is reduced with gentle traction. The 
traction should not be heavy to prevent distraction of the 
fracture. 

After réduction, one of the following methods of 
treatment is used to maintain the réduction. Sling and 
Swathe: The arm is supported in a sling and is bound to 
the chest with a soft roller bandage. When the fracture 
becomes sticky, the swathe may be removed (Fig. 1). 

Cuff and collar: The weight of the limb provides the 
required traction in this form of treatment. 



U slab: When the patient is not very cooperative, then a 
"U" slab supporting the arm on médial and latéral sides 
can be applied. This can be converted into a "U" cast by 
encircling plaster of Paris bandages to make it more 
secure. 

Plastic arm splints: To reduce the weight of the plaster of 
Paris bandages, "U" slab or a "U" cast can be made up of 
thermoplastics which are light, cool and comfortable. 

Hanging arm cast: A lightweight long arm cast extending 
slightly proximal to the fracture site is applied to treat a 
humerai shaft fracture. However, a sling is required to 
support the forearm. The sling can be moved proximally 
or distally to correct the posterior or anterior angulation 
at the fracture site (Fig. 2). 
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This cast should not be heavy because this can distract 
the fracture and retard the union. 10 When a hanging arm 
cast is applied, the child should be encouraged to sleep 
in a sitting or semi-sitting position to avoid resting the 
arm or the elbow against the cot which can angulate the 
fracture or increase the overriding. 

Skeletal traction: In grossly comminuted fractures, to 
maintain the length of the arm and alinement of the 
fracture, skeletal traction is applied through the olecranon 
pin. But proper care should be taken to avoid injury to 
the proximal growth plate of the ulna while passing the 
pin. The overhead traction method is préférable to side 
arm traction. 9 

Spica cast s: In an unstable fracture, after réduction, to 
maintain the alinement, a spica cast can be applied 
keeping the shoulder in 90° of abduction. 

Open Fractures 

Open humerai fractures are treated similar to the open 
fractures in the adults. They require primary debridement 
and skeletal traction through an olecranon pin. Primary 
closure of the wound should be avoided. Blood supply 
of the bony fragments should not be compromised during 
debridement of the wound. Limited internai fixation with 
"K" wires to stabilize the fracture can be done in some of 
the open fractures. This is an alternative method to 
olecranon pin traction. 

Internai fixation: Internai fixation with nail or plate and 
screws may be indicated in polytrauma and fractures 
with uncontrolled major axial déviation. 

Complications of humerai shaft fractures are 
uncommon, and one should remember that the compli¬ 
cations are often due to overlooked rotational deformities, 
repeated manipulation, erroneous indications or 
inappropriate internai fixation. 


When basic precepts are observed, the treatment of 
humerai shaft fractures in children carries a favorable 
prognosis. 12 

Distal Humérus Fracture 

Distal humérus fracture are prone to varus deformity. 
Therefore, displaced fractures are treated by closed 
réduction and percutaneous pinning similar to 
supracondylar fractures. Pins may engage the opposite 
cortex or enter the intramedullary cannai. Undisplaced 
fractures are treated by U splint or plaster cast. 
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Fractures and Dislocations 
ofthe Shoulder in Children 


RB Senoy 


INTRODUCTION 

The principal function of the "shoulder" is to place the 
hand in the best position for different activities of daily 
living. It has a remarkable range of movement. Five 
functional articulations work synchronously to produce 
movement around the shoulder. They are as follows: 

1. Glenohumeral j oint 

2. Sternoclavicular joint 

3. Acromioclavicular joint 

4. Subacromial joint 

5. Scapulothoracic joint. 

Fractures of the Proximal Humérus 

The proximal humerai physis contributes 80% of the 
longitudinal growth of the humérus. 2 The periosteum in 
this région is strong. So, injuries do not cause significant 
deformity. The potential for remodeling of physeal 
fractures is tremendous. 

Deforming Forces 

In fractures of the proximal humérus, the head is flexed, 
abducted and externally rotated by the intact rotator cuff, 
and the distal fragment is adducted and impacted by the 
pectoralis major. 6 

Incidence 

Fractures of the proximal humérus in children represent 
less than 1% of ail fractures and only 3 to 6% of ail physeal 
fractures. 3 It is most commonly seen in adolescents and 
is only second to clavicular fractures in the newborn. 
Pathological fractures can occur through unicameral bone 
cysts commonly found in the proximal metaphysis. 


Mechanism of Injury 

Age group 

• Newborn—Trauma during delivery 

• Older child—Fall on the outstretched hand. 

Classification 

Neer and Horowitz 16 classification takes into consid¬ 
ération the fracture location, the degree of displacement 
and the degree of stability. 

Grade 1 — less than 5 mm displacement 
Grade 2— 1/3 width of the shaft is displaced 
Grade 3 — 2/3 width of the shaft is displaced 
Grade 4— more than 2/3 width of the shaft is displaced 
or there is total displacement. 

The fractures can also be classified as either stable or 
uns table. 

Symptoms and Signs 

Neonate 

• Pseudoparalysis of the limb. The differential diagnosis 
should include fracture of the clavicle, infection or 
proximal humerai fracture. 

Older child 

• Pain, dysfunction, swelling and local ecchymosis 

• Shortening of the arm with deformity 

• Painful restriction of shoulder movement. 

A careful examination of the neurovascular status is 
mandatory. 7 Radiographs of the shoulder in two planes 
at 90° to each other are essential. Clinical corrélation and 
comparison with the other shoulder are also very 
important. 
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Figs 1A to C: (A and B) Anteroposterior and axillary X-rays of a 8-year female child show two part surgical neck fracture. 
Patient was treated conservatively with sling, and (C) Note the good sign of union 


Treatment 

For Salter-Harris type I injuries in newborns or infants, 
gentle longitudinal traction with the arm flexed at 90° 
and abducted to 90° can reduce the fracture. The arm 
can be immobilized to the trunk with a soft sling and 
swathe dressing for approximately two weeks. 23 

In older children after réduction and a short period 
of immobilization, graduai mobilization is started. 

Acceptable réduction based on the âge would be: 

l-5yearsage —less than 70° angulation with some 
opposition of the fragments. 

5-12 years âge —less than 40 to 45° angulation and at least 
50% opposition of the fragments. 

If foliowing the réduction, the fracture is unstable then 
immobilization with a shoulder spica cast or a commercial 
abduction splint may be used. Fractures gain stability and 
become solid in 6 to 8 weeks time in this âge group. 

In adolescents, more accurate réduction is required 
because of less potential to remodel. Interposition of the 
biceps tendon periosteum complex hinders closed 
réduction. In unstable fractures, shoulder spica immobi¬ 
lization might be needed for 6 to 8 weeks (Fig. 1). 

Operative treatment Open fractures need to be debrided. 

Rétrogradé percutaneous pinning under image inten¬ 
sification, using smooth Kirschner wires might be 
indicated in very unstable, displaced fractures after 
réduction. The pins are removed in 3 to 4 weeks time. 
Other indications for open réduction include: 

i. fractures with neurovascular damage, 

ii. Salter-Harris type III and IV injuries, and 

iii. interposition of the biceps tendon and periosteum. 


Complications 

Complications are rare, but they include neurovascular 
injury, malunion, humerai shortening, varus angulation 
and some degree of restricted shoulder movement. 

Glenohumeral Subluxation and Dislocation 

Surgical Anatomy 

The capsule of the glenohumeral joint is redundant 
inferiorly to accomplish a wide range of motion neces- 
sary to perform upper extremity function. The articular 
surface of the humérus is nearly three times the size of 
the relatively fiat glenoid. The strong capsular attachment 
to the epiphysis makes the physis a weak link, and thus 
dislocations are less common than physeal injuries 
around the shoulder in children. 20 25 

Incidence 

Shoulder dislocations in children under 12 years of âge 
are extremely rare. 

Classification 

Site of dislocation 

1. Anterior—most common (Fig. 2) 

2. Posterior 

3. Inferior (luxatio erecta)—rare. 

Etiology 

1. Traumatic 

2. Atraumatic 
a. Voluntary 
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Fig. 2: Anterior dislocation of the shoulder 
b. Involuntary 

i. congénital bone and soft tissue abnormality 

ii. hereditary ligamentous laxity, e.g. Ehlers- 
Danlos syndrome 

iii. psychiatrie and emotional problems 

iv. developmental ligamentous laxity. 

Mechanism of Injury 

A fall on the outstretched hand with significant force, 
like in automobile accidents, contact sports, and fall from 
heights can cause an anterior dislocation. Convulsions, 
electric shock and trauma with the arm adducted, flexed 
and internally rotated might cause a posterior dislocation. 

In neonates epiphyseal séparation with pseudo¬ 
dislocation is common. 4 

Voluntary dislocation or subluxation is associated 
with very little pain, and the patient can always expéri¬ 
ence spontaneous réduction. 26 

Symptoms and Signs 

In anterior dislocation of the shoulder, the patient pré¬ 
sents with a painful, swollen, deformed shoulder, the arm 
being held in abduction and external rotation. The deltoid 
contour is lost, and careful examination for an axillary 
nerve injury must be performed. Ail movements of the 
shoulder are painfully restricted. The humerai head can 
be palpated in an anterior and inferior position. 

In posterior dislocation of the shoulder, there is 
hollowness anteriorly and fullness posteriorly. The arm 
is held adducted and internally rotated. Active supination 
of the forearm is not possible. Meticulous examination 
to rule out neurovascular damage must be performed. 

Traumatic séparation of the proximal humerai 
epiphysis can mimic anterior dislocation in neonates. In 
atraumatic dislocations, pain is absent or minimal if 


présent. Ligamentous laxity can be demonstrated in other 
joints, and multidirectional instability of the affected 
shoulder can be elicited. 

Radiography 

The findings are similar to those found in the adult. 4,23 
The Hill-Sachs compression lésion on the postérolatéral 
aspect of the humerai head can be demonstrated more 
clearly by axillary, latéral and West point latéral views. 
In atraumatic dislocation, normal radiographs are seen. 

Treatment 

Dislocations should be treated as an emergency and 
under sédation or general anesthésia, the dislocation is 
reduced by the Kocher's method. 

Postreduction radiographs and detailed neuro¬ 
vascular examination is mandatory. The limb is immo- 
bilized, uninterrupted for at least three weeks. For 
réduction of posterior dislocation, gentle traction and 
external rotation of the limb is performed, and limb is 
immobilized in neutral or slight external rotation, if need 
be in a shoulder spica. 7,13,30 

The récurrence rate is very high, being as high as 
80 to 90%. 7,24,25 

Clear-cut indications for surgical intervention for 
récurrence in children hâve not been established. 
Strengthening of the rotator euff and deltoid muscle 
réhabilitation program is quite successful in cases of 
récurrent posterior dislocation. Neer and Foster hâve 
described on operative procedure to treat capsular redun- 
dancy and multidirectional instability. 17 

Fractures of the Scapula 

Surgical Anatomy 

Many physes that are présent in the scapula, especially 
in the région of coracoid and acromion can mimic a 
fracture. Clinical and radiological comparison of the 
uninvolved side is useful, if in doubt. 7 In children, 
scapular fractures are rare. 1,14 

Fractures of the Body of the Scapula 

Fractures of the body of the scapula are relatively uncom- 
mon in children. Direct trauma as in road traffic accidents 
or falls from heights might cause them. 

Associated rib, cervical spine and clavicular fractures 
are common. Injuries to the brachial plexus, lungs and 
internai viscera must be ruled out by thorough 
examination. 
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Four to six weeks of rest and immobilization of the 
upper limb in an arm sling with progressive mobilization 
is advocated. 

A case of scapular dislocation has been reported by 
Nettrour et al. 18 Neurovascular catastrophe is expected 
in such injuries. 

Fractures of the Glenoid 

Fracture of the glenoid is usually associated with severe 
traumatic dislocation of the shoulder. 7,8 

Large anterior glenoid rim fractures might require 
operative réduction and internai fixation, otherwise these 
fractures do well with nonoperative treatment and early 
mobilization because of the tremendous potential for 
remodeling. 

Fractures of the Acromion 

Severe blows to the point of shoulder can cause a frac¬ 
ture of the acromion, but this injury is extremely rare. Os 
acromiale due to failure of fusion of one of the epiphyses 
can be mistaken for a fracture. 

Rest for a week and active mobilization are the 
treatment of choice for fractures of the acromion. 

Fractures of the Coracoid 

A hard fall on the point of the shoulder can resuit in a 
fracture of the base of the coracoid with associated 
acromioclavicular injury. This avulsion injury is usually 
missed on anterioposterior radiographs but is clearly seen 
in the Stryker notch view. 7 

Treatment is nonoperative with supportive measures. 

Fractures of the Clavicle 

Incidence 

Clavicle is the most common bone to fracture in children 
and more than 80% are shaft fractures. The thick 
periosteum prevents displacement. Angulated greenstick 
fractures may also occur. Plastic deformation has been 
reported but is not easily detected. 5 

Mechanism of Injury 

Clavicular fractures are commonly caused by an indirect 
force, while falling on the outstretched hand. A direct 
blow can cause them, when underlying structures may 
be damaged. 

Birth fractures of the clavicle are known, and they are 
usually greenstick fractures. 


Symptoms and Signs 

In neonates there may be swelling and pseudoparalysis. 

Brachial plexus injuries must be ruled out. No active 
treatment is needed for clavicular fractures in neonates. 

In the older child, there may be pain with swelling 
and deformity of the clavicle. Radiographs are essential 
to rule out pseudoarthrosis and cleidocranial dysostosis. 

Radiology 

Undisplaced fractures can be overlooked due to overlap 
with the second rib or even slight motion by the child 
during exposure. A cephalic tilt view with the X-ray tube 
angled upward by 30 to 40° may be helpful. 

Treatment 

Nonoperative treatment is the treatment of choice in 
clavicular fractures in children. 

In the neonate a soft bandage to bind the arm to the 
thorax for a few days may be given. In the older child, a 
"figure-of-eight" bandage and triangular sling or a small 
arm sling for a period of 3 weeks is adéquate (Fig. 3). 

Indications for surgical treatment 

1. Open fractures 

2. Associated neurovascular complications. 12 

Complications 

1. Neurovascular complications are rare but are 
reported. 12,22 

2. Malunion does not pose a problem. Parents must be 
warned about the "bump" that might be seen after 
union, but this would remodel in a year's time. 

3. Nonunion is extremely rare. 15,19,29 The reported inci¬ 
dence of nonunion in clavicular fractures in ail âge 
groups is less than 3%. 


Fig. 3: Figure of ‘8’ bandage 
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Fig. 4: Serendipity view 


Injuries of the Médial end of the 
Clavicle and Sternoclavicular Joint 

These injuries are extremely rare in children. It constitutes 
less than 1% of ail injuries of the clavicle. 23 A few instances 
of sternoclavicular dislocations hâve been reported. The 
Salter-Harris type I and II médial physeal injuries can 
mimic a sternoclavicular dislocation. 

Mechanism of Injury 

An indirect force with a short lever arm applied to the 
point of the shoulder anteriorly as in contact sports like 
football can produce this injury. 

Classification 

1. Salter-Harris type I or II physeal injuries 

2. Fractures of the médial shaft of the clavicle 

3. Sternoclavicular dislocation. 

Signs and Symptoms 

Signs and symptoms include pain and swelling in the 
région. The head may be tilted to the affected side, and 
the injured arm is supported across the chest. 

Sometimes venous congestion, weak puises on the 
ipsilateral arm, breathing difficulties, swallowing dif¬ 
ficultés, and a choking sensation must be taken seriously 
and meticulous examination performed. Careful 
palpation along the superior border of the sternum allows 
us to ascertain the position of the médial end of the 
clavicle. 

Radiographie Findings 

The serendipity view is reliable and simple (Fig. 4)7 
This is a 40° cephalic tilt view. Here the sterno¬ 
clavicular joint and médial end of the clavicle are 
projected away from other structures. If there is a strong 


clinical suspicion of an injury, but plain radiographs do 
not reveal much, then tomography or CT scanning are 
very helpful. 9 

Treatment 

These fractures or physeal injuries hâve a tremendous 
potential for healing and remodeling. Undisplaced 
fractures are diagnosed only late and need no treatment. 
Anteriorly displaced fractures or physeal injuries 
mimicking sternoclavicular dislocation are reduced by 
closed means under local or general anesthésia. A figure- 
of-eight bandage and an arm sling immobilization is 
advised for 6 weeks after the réduction. Fractures with 
posterior displacement may need emergency 
réduction. 7,21,28 The patient is placed supine with a bolster 
in the interscapular région. After préparation and 
draping, the arm is held in latéral traction. The médial 
end of the clavicle is held with a towel clip, percuta- 
neously, pulled laterally and anteriorly to achieve 
réduction. A figure-of-eight dressing is used for 3 to 4 
weeks. Rapid healing and remodeling foliows as a rule. 

Injuries of the Latéral End of the Clavicle and 
Acromioclavicular Joint 

Injuries of the latéral end of the clavicle and acro¬ 
mioclavicular joint are more common than injuries to the 
médial end of the clavicle. They account to about 10 to 
12% of ail clavicular fractures. 27 In children fractures of 
the latéral end of the clavicle with pseudodislocation of 
the acromioclavicular joint is common. 29 

Mechanism of Injury 

Sports injuries and fall from heights are common causes 
for these types of injuries (Fig. 5). 



Fig. 5: Mechanism of injury of clavicular fractures 
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Signs and Symptoms 

Ecchymosis, local swelling, tenderness and painful 
restriction of movements are noted. A deformity is 
évident in type III to type VI injuries. 

Radiographie Findings 

An axillary latéral view and 20° cephalic tilt views are 
necessary for clear démonstration of the type of injury. 

Stress radiographs as described in adults holds good 
here too. The coracoclavicular distance is unaltered in 
type I but increased by 25% for every increase in type 
and is 100% in type V injuries. The Stryker notch view 
demonstrates fractures of the base of the coracoid, clearly. 

Treatment 

Basically, these injuries can be viewed as herniation of 
the cia vicie from its periosteal tube. Réduction closed or 
open is unnecessary. Healing progresses in six to eight 
weeks followed by remodeling. Surgical réduction is 
reserved for type IV, V and VI injuries. Falstie-Jensen 
and Mikkelsen and Odgen are some who advocate open 
réduction and internai fixation. 11 Nonoperative treatment 
for acromioclavicular dislocation in children less than 
13 years of âge is recommended by Eidmann et al. 10 

Immobilization is needed for three to six weeks and 
fixation devices if used are removed after three weeks. 


Figs 6A to E: Classification of acromioclavicular dislocation,: 
A—type 1, B—type 2, C—type 3, D—type 4, and E—type 5 


Classification 

• Metaphyseal fracture 

• Salter-Harris type I or II fracture 

• Acromioclavicular joint dislocation. 23 

Type î: Mild ligamentous sprain of the acromio¬ 
clavicular ligaments. The periosteal tube is 
intact. 

Type II: Partial disruption of the dorsal periosteal tube 

with mild instability of distal clavicle. 

Type III: Greater disruption of periosteal tube with gross 
instability of the distal clavicle. 

Type IV: The distal end of the clavicle button holes and 
lies in the trapizing. 

Type V: Subcutaneous dislocation of the distal end of 
the clavicle. 

Type VI: Infracoracoid dislocation of the distal end of 
the clavicle (Fig. 6). 
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Fractures and Dislocations 
of the Spine in Children 


RB Senoy 


CERVICAL SPINE 

Injuries to the cervical spine are rare in children. The 
upper cervical spine in children is more prone to injury 
because the immature spine is hypermobile due to 
ligamentous laxity and the facet joints are more 
horizontally oriented. An interval of up to 4 mm between 
the dens and the arch of the atlas is normal. 1 

In a sériés of 42 spinal injuries in children, about half 
involved the atlas and axis, 2 and the prédominant causes 
are diving accidents, road traffic accidents and sports- 
related injuries. 3 

Neurological involvement occurs in about 40% of the 
cases, and frequently there are associated injuries to the 
head or the face. As the patient may be unconscious, the 
spine is in danger of further trauma from movements of 
the neck during emergency management, especially 
flexion of the neck. 4 5 

Clinical Features 

Symptoms 

The most common presenting symptom in patients with 
cervical spine injuries is pain localized to cervical région. 
Other symptoms are headache, neck stiffness, neurologie 
déficit. 

Evaluation 

A thorough neurological examination is mandatory in 
ail patients. Check for muscle power, reflexes, sensations 
and proprioception. The évaluation of rectal sphincter 
tone, bulbocavernous reflex and perianal sensations are 
important in obtunded patients and patients with partial 
or complété neurologie injuries. 


X-ray Evaluation 

Initial xrays should include an AP , latéral and open 
mouth odontoid view of cervical spine. Flexion and 
extension X-ray may help évaluation of stability and 
ruling out acute ligamentous injury in an alert and 
cooperative patient. 

X-ray Evaluation of Spécifie Areas 

Atlanto-occipital junction: The distance between the 
occipital condyles and facet joints of atlas should be less 
than 5 mm. On a latéral X-ray distance between basion 
and tip of dens should be less than 12 mm. The Power s 
ratio and Wackenheim line are other ways of determining 
atlanto-occipital disruption. 

Atlanto-axial joint: The atlanto-dens interval (ADI) and 
the space available for spinal canal (SAC) are two useful 
measurements for évaluation of atlanto-axial joint. 

Upper cervical spine: The posterior line of Swischuk has 
been used to differentiate pathologie subluxation from 
normal anatomie pseudosubluxation at C2-C3 and 
C3-C4. 

Lower cervical spine : Using latéral cervical X-ray, the 
overall alignment can be evaluated by continuous lines 
formed by the line adjoining the spinous processes, the 
spinolaminar line, and lines joining the posterior and 
anterior vertébral bodies. 

Spécial Imaging Techniques 

MRI is useful in patients with neurologie déficit. It can 
be used to rule out ligamentous injuries. Also useful in 
evaluating patients with SCIWORA. 
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Initial Management of Cervical Spine Injuries 

The child should be placed on a modified backboard that 
has a cutout to the recess of the occiput to obtain better 
spinal alignment. Supplémentai sandbags and taping on 
either side of the head are also required. The administ¬ 
ration of méthylprednisolone within the first 8 hours of 
injury has shown to be bénéficiai in neurological recovery. 
The initial loading dose of méthylprednisolone is 30 mg/ 
kg body weight. If the loading dose is given within 3 
hours, then a maintenance infusion of 5.4mg/kg is given 
for 24 hours after injury. If the loading is given between 
3 and 8 hours then a maintenance infusion 5.4 mg/kg is 
given for 48 hours. The méthylprednisolone decreases 
edema, has an anti-inflammatory effect and protects the 
cell membranes from oxygen free radicals. Also do an 
initial foley's catheterization followed by intermittent 
catheterization and a bowel training program. Also 
prophylactically treat for stress ulcers. 

SCIWORA 

The condition is defined as a spinal cord injury in a patient 
with no visible fracture or dislocation on plain X-ray, 
tomograms or CT scans. It is thought to occur as the spinal 
column in children is more flexible than spinal cord and 
can undergo more deformation without disruption. 
Diagnosis is made by doing MRI in suspected patients. 

Néonatal Trauma 

Obstétrical and néonatal trauma has been reported as a 
cause of serious and occasionally fatal cervical spine 
injury. Forcible breech extraction, in addition to 
angulation appears to be the most common cause. The 
youngest patients with upper cervical spine lésions hâve 
been newborns in whom autopsy has revealed atlanto- 
occipital and atlanto-oaxial dislocation, fracture of the 
odontoid and transection of the cord. 6 The cervical 
muscles and ligaments in the newborn are weak and 
hence incapable of protecting the cervical spine and cord 
against excessive traction and torsional trauma that 
occurs in obstetrics. 7 The hyperextension of the neck seen 
in utero in breech présentation can resuit in cord injury 
during vaginal delivery. 8 

Spinal cord injury without skeletal injury (SCIWORA) 
can occur and this results in a floopy infant with areflexia 
followed by hyperreflexia when the spinal shock has 
resolved. Whiplash injury as the resuit of nonaccidental 
injury (child abuse) 9 can also cause cervical spine injury 
in infancy. An infant's large head, combined with poor 
control of cervical musculature prédisposés the cervical 
spine to injury from violent shaking (shaken infant 


syndrome). Vigilance for other associated musculo- 
skeletal injuries will help to identify these injuries. 

The treatment of néonatal cervical spine injuries is 
nonoperative and should consist of careful realignment 
and positioning of the child on a bed with neck support 
or a custom cervical thoracic orthosis. Healing of bony 
injuries is rapid and complété. 

Pseudosubluxation and 

Other Normal Anatomie Variations 

The normal cervical spine in children differs from that in 
adults. By the âge of 8 years, most individuals hâve 
achieved the adult configuration, but prior to that time 
the normal anatomy of the cervical spine may prove 
misleading. In the upper cervical spine, hypermobility 
and laxity of the cervical ligaments permit considérable 
excursion of the atlas anteriorly and posteriorly. 
Ligamentous laxity at the C2-C3 and C3-C4 levels, the 
horizontal configuration of the facet joints, and possibly 
the lack of development of the joints of Luschka also 
permit striking but normal pseudosubluxations at these 
levels. 10 

Vertébral growth centers can also alter the appearance 
of the cervical spine in children. The synchondrosis at 
the base of the odontoid process does not fuse with the 
vertébral body of the axis until the seventh or eighth year 
of life, and hence the radiographie appearance can 
resemble either a fracture of the base of the dens or an os 
odontoideum. This is particularly so when there is 
angulation of the odontoid process which is seen in 
approximately 4% of normal children. The synchondrosis 
is wide in infants and young children, and in about one- 
third of normal individuals, it remains radiographically 
visible throughout life, under these circumstances it can 
produce the appearance of a linear fracture at the base of 
the odontoid almost within the substance body of the axis. 
Similarly, anterior wedging of immature vertébral bodies 
can produce the appearance of compression fractures. 
Ossification centers of spinous processes can be confused 
with avulsion fractures, and the apical epiphysis of the 
odontoid process can be misinterpreted as an apical 
fracture. An awareness of the normal anatomy of the 
pédiatrie cervical spine helps to prevent overtreatment. 
Positive radiographie findings must be accompanied by 
physical signs so that prolonged traction, casting or even 
surgery will not be carried out under the misconception 
that serious true injury exists. 11 

Occipital Condylar Fracture 

CT with multiplanar reconstruction usually is required 
to establish the diagnosis. These fractures are classified 
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by Anderson and Montesano as type 1, impaction 
fracture, type 2, basilar skull fracture extending into 
condyle, type 3, avulsion fractures. 

Type 1 and 2 fractures are usually stable and can be 
treated in cervical orthosis. Type 3 fractures can be 
unstable and may require halo immobilization or 
occipitocervical fusion. 

Occipitoatlantal Dislocation 

Occipitoatlantal dislocations are rarely seen, and most of 
them are fatal because of cervicomedullary cord damage. 
They occur in sudden décélération accidents. In children 
the occipital condyles are small, and the plane of the 
occipitoatlantal joint is almost horizontal. The steep 
inclination of the occipitoatlantal joint develops only with 
ageing, because of which dislocation without fracture 
occurs in children. The susceptible areas of neurological 
dysfunction associated with occipitoatlantal injury are 
the upper cervical cord, brain stem and cranial nerves.13 
This is a ligamentous injury so nonoperative treatment 
is usually not successful. The dislocation often reduces 
spontaneously, if not, réduction with minimal traction 
should be followed by posterior occipitocervical fusion. 

Atlas Fractures 

Fractures of the atlas are very rare in children. Indirect 
trauma is the cause of these injuries. They are due to axial 
compression load applied to the head, transmitted 
through the latéral occipital condyles to the latéral masses 
of the atlas. Because of the oblique inward orientation of 
the occipital condyles, downward displacement of the 
skull has a chisel-like effect that causes a burst fracture 
with displacement of the latéral masses of the atlas. 

Usually there is disruption of the ring of the atlas both 
anteriorly and posteriorly (Fig. 1). If the force is applied 
eccentrically, there may only be a single fracture. The 
transverse ligament may be ruptured or avulsed, 
resulting in Cl and C2 instability. Spinal cord damage is 
uncommon in this injury. The patients usually complain 
a sense of instability, suboccipital pain and discomfort. 
The lésion is best shown by CT scan. The treatment 
consists of a Minerva jacket or SOMI or halo brace for 
6 months followed by a cervical brace. 12 

Atlantoaxial Lésions 

The four lésions occurring at the atlantoaxial interval are: 

i. Traumatic ligament disruption, 

ii. Ligament laxity related to local inflammation, 

iii. Rotary deformity, and 

iv. Odontoid "epiphysea l" séparation. 14 



Fig. 1 : Disruption of the ring of the atlas both 
anteriorly and posteriorly 


The primary motion of the atlantoaxial joint is 
rotation. About 50% of the cervical rotation takes place 
between the first and second cervical vertebrae. The 
spinal canal of Cl is large compared to the other cervical 
segments. The canal of Cl is equally occupied by the cord, 
odontoid and the free space. According to Steel, the cord 
moves into the free space when Cl displaces. Therefore, 
anterior displacement of the atlas exceeding the thickness 
of the odontoid may place the adjacent segment of the 
cord in jeopardy. 15 

Traumatic Ligamentous Disruption 

Traumatic rupture of the transverse ligament of the atlas 
resulting in atlantoaxial subluxation is rare and may lead 
to neurological involvement. 15 

Isolated atlantoaxial subluxation or dislocation is due 
to rupture of the transverse ligament. Following an acute 
injury, the patient complains of pain in the neck. 16 The 
normal distance between the anterior arch of the atlas, 
and the dens is 3 mm in adults and 4.5 mm in children. 
Displacements over 5 mm in flexion are indicative of 
atlantoaxial ligamentous compromise, especially if there 
is history of trauma. There may also be a subtle widening 
of the distance between the spinous process of Cl and 
C2 on a neutral latéral radiograph. 

Conservative treatment includes Minerva cast after 
réduction in extension for 8 to 12 weeks followed by stress 
films. If displacement persists, fusion from Cl to C2 is 
indicated. 

Nontraumatic instability is common in association 
with a variety of disorders including Down's syndrome, 
Klippel-Feil syndrome, juvénile rheumatoid arthritis, 
Reiter syndrome, Larsen syndrome, bone dysplasias such 
as Kniest syndrome, Morquio polysaccharidosis, 
spondyloepiphyseal dysplasia, occipitalization of atlas. 
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This may be due to laxity of the transverse ligament 
or hypoplasia of the odontoid. These patients are at a risk 
following trivial trauma, and hence, they should be 
routinely screened for instability even if asymptomatic. 
If an atlantodens interval greater than 5 mm is 
encountered, it is recommended that the patient avoids 
contact sports and other activities that carry a high risk 
of the flexion injury. If the atlantodens interval is more 
than 10 mm or if the patient has any symptoms or signs 
of spinal cord compression, spinal fusion is recom¬ 
mended. 

Atlantoaxial Displacement Due to Inflammation 

Atlantoaxial displacement can also occur secondary to 
chronic inflammatory disease is the throat and neck. 
Various causes include rheumatoid disease, upper 
respiratory and throat infections and tuberculosis. 17 

The pathogenesis is that it is caused by capsular 
distension with ligament softening similar to that seen 
in septic hip dislocations in children. The presenting 
symptom is usually pain which may vary from mild 
discomfort to agony. Evaluation may be difficult because 
of frequently associated torticollis and atlantoaxial 
rotatory deformity. The radiograph should include a true 
latéral view of Cl and C2 to détermine the anterior 
displacement of the atlas on the axis. The treatment 
includes réduction by skeletal traction or halter traction 
with the neck in extension followed by a Minerva jacket 
for 6 to 8 weeks. 

Atlantoaxial Rotary Displacement 

Rotary atlantoaxial subluxation or displacement is a 
common cause of childhood torticollis. The two most 
common causes are trauma and infection. When it is 
associated with peripharyngeal inflammation is known 
as "Grisels syndrome". Long standing cases (>3 months) 
are called rotatory fixation. 

Fielding and Hawkins classified atlantoaxial rotary 
displacement into four types based on the direction and 
degree of rotation and translation. Type 1 is a unilatéral 
facet subluxation with an intact transverse ligament. This 
is the most common and benign type. Type 2 is a 
unilatéral facet subluxation with anterior displacement 
of 3 to 5 mm. Type 3 is bilateral anterior facet displace¬ 
ment with more than 5 mm of anterior displacement. This 
can significantly limit the space available for spinal cord. 
Type 4 is unusual in which the atlas is displaced 
posteriorly. 

Rotary displacement of Cl on C2 usually occurs 
within the normal range of motion. Clfixes on C2, and 
the patient cannot return his or her head to the neutral 


position. In most cases, it résolves within a few days, but 
it may persist resulting in a fixed contracture and 
résultant rotatory fixation. The usual présentation is with 
an acute torticollis with almost complété limitation of 
neck movements and pain. During play, the child's head 
may hâve been jerked to one side and rotated, although 
there may be no précisé history as to the way in which 
the condition developed. The typical head position is one 
in which there is 20° of tilt to one side, 20° of rotation to 
the opposite side and slight flexion, the so called "cock 
robin position". 17 In long-standing cases, there may be 
facial flattening or plagiocephaly. When it is acute, the 
child resists attempts to move the head and complains of 
pain with associated muscle spasm. The pain and spasm 
differentiate the condition from developmental torticollis. 

Examination needs to be made to exclude any 
abnormal neurological finding that will indicate the 
presence of pressure on the spinal cord or any of the 
cervical roots, which occasionally develops. 

Radiological changes are subtle and often difficult to 
interpret because of the rotated position. In the open- 
mouth anteroposterior projection, one latéral mass of the 
atlas is rotated forwards and appears wider and doser 
to the midline, while the opposite mass is smaller and 
lies a way from the midline. One of the facet joints is often 
obscured. In the latéral view, the latéral mass of the atlas 
lies anteriorly. CT scanning is the idéal technique for 
visualization of the lésion. With atlantoaxial rotatory 
fixation, cineradiography may help in confirming the 
diagnosis bye showing that the atlas and axis are rotating 
as a single unit. 

Treatment 

Rotatory deformities of the atlantoaxial joint are usually 
temporary and easily correctable. If the lésion is mild and 
has been présent for less than a week, a simple soft collar 
and analgésies are often ail that is necessary. If there is 
no response, the application of traction through a harness 
in the line of deformity is often sufficient to relax muscle 
spasm so that the subluxation spontaneously reduces. 18 
If it does not, an analgésie sufficient to relax muscle spasm 
will almost always resuit in spontaneous correction 
without the need for manipulation of the neck. After 2 
weeks, the traction can be replaced by a cervical brace. 

Dislocations require longer immobilization, and in an 
older child in Minerva jacket is needed. Immobili-zation 
needs to be continued for 6 weeks, after which 
radiographs can be taken in various positions of the neck 
to ensure that stability has been achieved. In long- 
standing cases (after 3 months), the deformity becomes 
fixed and may require halo traction. If réduction cannot 
be maintained, occipitocervical fusion should be done. 
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Odontoid Fractures 

Odontoid fractures are among the most common of 
cervical injuries in children. 19 They occur in children at 
about 4 years of âge. 

Fractures of the odontoid occur as an epiphyseal 
séparation of the growth plate at the base of the dens 
(Fig. 2). The cause is a fall or a road traffic accident where 
there is sudden décélération of the body while the head 
continues forward, but it can resuit from relatively trivial 
head trauma. The child complains of pain in the neck 
and resists attempts to extend the neck. The lésion may 
be seen in the latéral radiograph. The displacement is 
usually anterior. Réduction is achieved by recumbency 
in hyperextension followed by a Minerva jacket in 
extension. The lésion heals in 6 to 12 weeks. 20 

Nonunion may resuit in an os odontoideum. Failure 
to recognize an odontoid fracture in childhood may be 
responsible for the clinical syndrome of os odontoideum. 
Previously it was believed that os odontoideum was a 
congénital anomaly due to failure of fusion of the 
odontoid process to the vertébral cent-rum. 21 Fielding 
et al believe that injury to the blood supply combined with 
retraction of the dens by the alar ligaments contribute to 
creating a nonunion of the odontoid. 22 Os odontoideum 
leads to atlantoaxial instability, because the odontoid can 
no longer function as a post with which the anterior atlas 
and transverse ligament can articulate. In the sympto- 
matic patient or the asymptomatic patient with 
documented instability, treatment is by posterior cervical 
fusion. 

Fracture of the Pedicle of the Axis 

The so called "Hangman's fracture" can occur in 
children. 22 The mechanism of injury is hyperextension. 
The lésion is seen on the latéral radiographs. Treatment 


with a Minerva cast is usually successful, but failure to 
do so can lead to nonunion which requires spinal fusion 
from Cl to C3. 5 

Subaxial Injuries 

Injuries below C3 are very rare in children, because the 
mobility of the child's spine allows for dissipation of the 
forces over a large number of segments. 

These injuries are most commonly seen in children 
older than 8 years of âge. Simple compression fracture is 
the most common injury and flexion injuries 
prédomina te. Complété facet dislocation appears to be 
uncommon until late adolescence. In children the so 
called Perched facet is a true dislocation. Hyperextension 
injuries resuit in a physeal fracture through the vertébral 
end plate. The endplate may break completely through 
the cartilaginous portion (Salter type 1) or may exit 
through bony edge (Salter type 2). 

Many injuries are associated with ligamentous 
disruption with graduai secondary displacement. 
Intervertébral dise lésions and subluxation of one or both 
facets can also occur. 24 Treatment must involve prolonged 
immobilization but continuing instability, and kyphosis 
may require posterior spinal fusion, though Ogden States 
that surgical treatment is rarely necessary in young 
children with ligamentous instability. 25 

With the exception of burst fractures in which anterior 
surgery is required to remove bone fragments com- 
pressing the spinal cord, anterior fusion is contraindicated 
in the growing child. Anterior fusion destroys the anterior 
growth potential, while posterior growth continues, and 
a kyphotic deformity results. 26 If posterior fusion is 
required, autogenous bone grafts should be utilized. 

THORACIC AND THORACOLUMBAR SPINE 

Injuries to the thoracic spine are rare. The protective effect 
of the rib cage and the intrinsic elasticity of this région 
reduces the abnormal stresses necessary to cause a 
fracture or dislocation. The spinal cord appears more 
susceptible to injury because of its narrow canal and 
tenuous blood supply. 12 

The Denis three-column System permits injuries to be 
divided into 4 major types (Fig. 3). 

1. Flexion (compression fracture) which is failure of the 
anterior column with an intact middle column. 

2. Burst fracture, which is failure under compression of 
both the anterior and middle column. 

3. Flexion-distraction injuries (Seatbelt or Chance fracture), 
which is a compression injury of the anterior column, 
with distraction of the middle and posterior columns 
through either bony or ligamentous éléments. 
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Fig. 3: The three columns of Denis 


4. Fracture dislocation in which ail three columns fail in 
compression, with rotation and shear of the anterior 
column, distraction with shear of the middle column, 
and distraction with rotation and shear of the 
posterior column. 27,28 

Denis 28 groups instability of the spine into three types. 

1. First-degree instability, which is a mechanical 
instability with risk of kyphosis. 

2. Second-degree instability which is a neurologie 
instability, such as collapsing " stable" burst fracture. 

3. Third-degree instability which is both mechanical and 
neurological instability, such as an unstable burst 
fracture or a fracture dislocation. 

Compression Fractures (Fig. 4) 

Fractures in the thoracolumbar région occur more 
frequently than those in the thoracic spine. The 
compression is usually 20% or less, and compression of 
two or more vertebrae occurs more frequently than a 
single vertébral compression. Most compression fractures 
canbe treated conservatively. Compression fractures heal 
quickly and do not tend to progress. If the compression 


Fig. 4: Compression fracture 

is mild, the patient can be treated symptomically by bed 
rest followed by mobilization with or without an external 
support. Patients with multiple compression fractures 
should be watched closely since deformity in both the 
coronal and sagittal planes can develop. Compression 
fractures rarely require surgery. When there are multiple 
compression fractures leading to an increased kyphosis, 
posterior compression instrumentation is necessary. 
Instrumentation should be long enough in the thoracic 
spine to encompass the kyphosis, and the compression 
forces must be by multiple anchors. 31 

Axial (Burst) Fractures 

Holdsworth introduced the concept of burst fractures in 
1970. 29 Burst fractures usually occur in the lower thoracic 
région and the thoracolumbar junction. 

When a vertical (axial) compression force is applied, 
the vertébral end plate fractures and the nucléus of the 
disk are forced into the vertébral body which shatters. 
Axial compression injuries that are more severe and 
extend into the posterior wall of the vertébral body are 
called burst fractures. 30 

Assuming that there is no neurologie involvement, 
defining stable and unstable burst fractures has been 
attempted based on the degree of comminution, kyphosis, 
loss of vertébral height, and integrity of posterior 
ligamentous complex. Some of these burst fractures are 
both mechanically and neurologically unstable. The 
extent of bursting cannot be appreciated in plain 
radiogrpahy, but CT scanning helps in the évaluation of 
burst fractures, both as an aid to diagnosis and as a guide 
for further treatment. 

In burst fractures, if the lésion involves the end plates, 
progressive deformity may resuit. Children who are, 
treated nonoperatively should be followed up to make 
sure that no subséquent deformity develops. 

Nonoperative treatment should be considered when 
the posterior ligamentous complex and neurologie 
function are intact. Treatment is based on thoracic lumbar 
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sacral orthosis, with the goal of upright position and 
ambulation. 

Surgical stabilization can be performed through either 
anterior or posterior approach. Anterior approach allows 
direct canal décompression and structural strut grafting 
restores the integrity of the anterior column. Posterior 
approach options include pedicle screw fixation one level 
above and below the fractured vertebra. 

Flexion Distraction Injuries 

These fractures can be reduced by an extension moment 
which can be maintained by either a cast or internai 
fixation. When there is more of soft tissue injury with 
ligamentous disruption, surgical stabilization with 
arthrodesis of injured motion segment is preferred. 23 

Fracture Dislocation 

These injuries usually occur at the thoracolumbar 
junction. There are often associated neurological injuries 
of either the conus medullaris or nerve roots. These 
injuries are unstable and require rigid fixation with long 
instrumentation and multiple anchors. In addition if the 
patient has complété neurological déficit, longer fusion 
and instrumentation may help to prevent subséquent 
paralytic deformity. Patients who are neurologically 
incomplète and hâve plateaued or are getting worse are 
candidates for décompression. 13 

LUMBARSPINE 

Fractures of the lumbar spine is very rare in children. 32 
The compression type fractures are the most commonly 
seen in the lumbar spine. Chance 33 described an unusual 
lésion in the lumbar spine in which the fracture went 
through the vertébral bodies, existing through the neural 
arches and the pedicle (Fig. 5). He thought the fracture 
was secondary to a flexion injury, but Smith and Kauffer 
focussed attention on lumbar injuries associated with lap 
belts. 34 They suggested flexion and distraction as the 
cause of the fracture. The lésion mainly occurs in the 
upper three lumbar vertebrae because of forward flexion 
over a lap belt. There is a high association with intra- 
abdominal pathology. 

Seatbelt fractures can be treated nonoperatively if 
satisfactory réduction can be obtained and maintained 
in a cast or rigid orthosis. 

If réduction is not achieved by nonoperative methods, 
a posterior compression force is required to reduce the 
fracture. This can be achieved by wiring in small children 
or by pedicle screws in older patients. Instrumentation is 
usually extended one level above and one level below 
the injury. 13 Isolated fractures that involve the neural 




Fig. 5: Chance fracture 

arch, facet or the transverse process account for the 
remaining injuries. Facet and neural arch fractures are 
best treated with an external support. For fractures of 
the transverse process, external supports may or may not 
be used depending on the patients discomfort. 

Spinal Cord Injury in Children 

In children, spinal cord injury may occur without 
radiological evidence of vertébral fracture or dislocation. 

In children there are only three indications for 
immédiate surgical compression of the spinal cord. 

1. Compound wound. 

2. Progressive neurological déficit noted in an 
incomplète injury. 

3. Unstable fracture dislocations. 

The spinal cord injured child can hâve ail the problems 
found in the adults, long bone fractures, hip dislocation, 
pressure sores, joint contractures, genitourinary 
complications and progressive spinal deformity. The goal 
of physical treatment should be prévention of the above 
complications. Nonoperative treatment of spinal 
deformity employing external support should be initiated 
when the potential for spinal deformity exists. External 
supports improve sitting balance and allow free upper 
extremity movement. Spinal surgery can be a conser¬ 
vative measure when there is radiological evidence of 
progressive spinal deformity. Posterior spinal fusion with 
Harrington instrumentation and an external support 
permits immédiate return to vertical activity. 35 

Foliowing the acute phase of treatment, réhabilitation 
begins, with the goal being to make the child to return to 
his or her routine activities at the earliest. 
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INTRODUCTION 

Pelvic fractures comprise <0.2% of ail pédiatrie fractures. 
Pelvic fractures in children occur as a resuit of high energy 
trauma and is usually associated with life-threatening 
complications. Because of greater plasticity, flexibility, 
and elasticity of sacroiliac joint and pubic symphysis, 
more energy is required in fracture of a child's pelvis than 
an adult. 

Mechanism of Injury 

The most common mechanisms of injuries are pedestrian 
struck by a motor vehicle, passenger in a motor vehicle 
and falls. 

Applied Anatomy 

There are following anatomie différences between the 
pelvis of a child and that of an adult. 

1. A child's pelvis is more malléable because of the 
nature of the bone itself, the increased elasticity of 
the joints, and the ability of the more cartilaginous 
structures to absorb energy. 14,16 

2. The elasticity of the j oints (sacroiliac j oints, symphysis, 
and so forth), may allow significant displacement and 
résultant fracture in only one area rather than the 
traditional concept of a mandatory "double break" 
in the ring for a displaced fracture. 

3. Avulsion fractures of an apophysis occur more often 
in children and adolescents than in adults because of 
the inhérent weakness of cartilage as compared with 
bone—fractures of the acetabulum into the triradiate 
cartilage also occur more often for the same 
reason. 33,19,44 

4. Fractures through physeal cartilage in children can 
ultimately cause growth arrest. Leg-length discre- 


pancy, and faulty development (e.g. a fracture 
through the triradiate cartilage with résultant "bony 
bar" formation and ultimately a déficient 
acetabulum). 2,7,18,20,36 

Ossification Centers 

Three primary centers-ilium , ischium and pubis. 

Secondary centers-iliac crest, ischial apophysis, AIIS, 
pubic tubercle, angle of pubis, ischial spine and latéral 
wing of sacrum. 

The secondary centers of ossification should not be 
confused with avulsion fractures. 9 

Clinical Examination 

Detailed history regarding the mechanism of trauma, 
history of congénital anomalies and preinjury neuro- 
vascular status should be noted down. 

General Examination 

High incidence of associated soft tissue injury makes it 
mandatory to perform a thorough general examination 
to détermine a respiratory, circulatory, vascular and soft 
tissue injuries. 6 Rectal examination and careful 
genitourinary évaluation must always be performed as 
part of primary évaluation. 42 Emergency measures as 
endotrachéal intubation, catheterization and emergency 
resuscitation measures should be undertaken. 

Physical Signs 

Milch 30 has démonstrated three physical signs: 
i. Destot's sign—Formation of a large hematoma 
superficially beneath the inguinal ligament or in the 
scrotum. 
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ii. Roux sign—In latéral compression fractures, 
decrease in the distance between pubic spine and 
greater trochanter on the affected side. 

iii. Earle's sign—Bony prominence, or large hematoma 
and tenderness on rectal examination indicating 
significant pelvic fracture. 

In pelvic or sacral fractures, damage to lumbosacral 
plexus leading to sciatic, fémoral or obturator nerve palsy 
is common. 

Radiological Examination 

After the stabilization of general status of patient, 
radiographs of pelvis, chest, skull, cerivical spine, 
abdomen and long bones are taken. Spécial views of 
pelvis as inlet and outlet views are helpful. Obturator 
and iliac Judet views are useful for evaluating fractures 
of the acetabulum. Spécial investigations like CT scan and 
MRI are useful procedures to assess intraarticular 
fragments and soft tissue injury. CT scan is very useful 
when operative intervention is being planned. MRI 
provides better délinéation of soft tissue injuries and 
fragments that are mainly cartilaginous. 

Classification 

The classification of pelvic fractures by Key and Conwell 28 
is commonly followed : 

1. Fracture without a break in the continuity of the pelvic 
ring 

a. Avulsion fractures 

i. Anterior superior iliac spine 

ii. Anterior inferior iliac spine 

iii. Ischial tuberosity 

b. Fractures of the pubis or ischium 

c. Fractures of the wing of the ilium (Duverney) 

d. Fractures of the sacrum or coccyx 

2. Single break in the pelvic ring 

a. Fracture of two ipsilateral rami 

b. Fracture near or subluxation of the symphysis 
pubis 

c. Fracture near or subluxation of the sacroiliac joint 

3. Double break in the pelvic ring 

a. Double vertical fractures or dislocation of the pubis 
(straddle fractures) 

b. Double vertical fractures or dislocation 
(Malgaigne) 

c. Severe multiple fractures 

4. Fractures of the acetabulum 

a. Small fragment associated with dislocation of the 
hip 


b. Linear fracture associated with nondisplaced 
pelvic fracture 

c. Linear fracture associated with hip j oint instability 

d. Fracture secondary to central dislocation of the 
acetabulum. 

Other classification Systems for pédiatrie pelvic 
fractures are : 

• Quinby and Rang's classification 

• Watts classification 

• Torode and Zeig classification 

• Tile and Pennal classification 

• AO classification of pelvic fractures : 

A. Stable fractures 

B. Rotationally unstable fracture, vertically stable 

C. Rotationally and vertically unstable fractures 
Cl : Unilatéral posterior arch disruption 
Cl-1 : Iliac fracture 

Cl-2 : Sacroiliac fracture dislocation 
Cl-3 : Sacral fracture 

C2 : Bilateral posterior arch disruption, one side 
vertically unstable 

C3 : Bilateral injury, both unstable. 

Fractures Without a Break in the 
Continuity of the Pelvic Ring 

Avulsion Fractures 

Avulsion fractures are rare 10,11,30,35 f rac t ures i n pédiatrie 
âge group. They occur in children and adolescents 
participating in sports 9,17,34 and athletic activities. 

Mechanism of injury : Due to sudden, powerful contraction 
of the attached muscles and chronic répétitive traction 
on a developing apophysis. 

Avulsion fracture of anterior superior iliac spine can 
occur due to overpull of the sartorius muscle. 

Overpull of direct straight head of the rectus femoris 
muscle leads to avulsion fracture of anterior-inferior iliac 
spine. Avulsion fracture of the ischial tuberosity is 
reported following maximum exertion of hamstring 
muscles. 1,5,11,4,3,30 

Clinical Features 

Localized swelling and tenderness at the site of avulsion 
fracture. Motion is usually restricted. In chronic avulsions 
caused by répétitive activity, pain and limitation of 
motion are gradually progressive. 31 

Diagnosis 23 

It is confirmed by radiographs of the pelvis. Comparison 
with the opposite side is necessary to ensure that what 
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appears to be an avulsion fracture is not in reality a 
normal adolescent variant. Radionuclide scan and CT 
scan can aid in exact diagnosis. 

Treatment 

These injuries are usually treated conservatively. 
It consists of rest and positioning of the hip to lessen, 
stretch on involved muscles and guarded weight bearing 
on crutches for two weeks or more. Some authors 
recommend ORIF of those rare acute avulsion fragments 
displaced more than 1 to 2 cm. 

Complications 

The most common complication noted is formation of 
excessive callus, 24 thus, leading to chronic pain. It is 
commonly seen following ischial avulsions. Excision of 
the ischial apophysis is indicated in the setting of chronic 
pain and disability. 32 

Fractures of the Pubis or Ischium 

Usually these are stable fractures. Superior ramus of the 
pubis is fractured more often than the inferior ramus. If 
there is significant displacement of the pubic rami, a 
second fracture through the pelvic ring should be 
suspected. 37,38 

Treatment of uncomplicated pubic fracture is usually 
bed-rest until the pain subsides, followed by progressive 
weight bearing. 

Fractures ofthe Wing ofthe Ilium (Duverney Fracture) 

These fractures usually occur due to direct trauma to 
ilium or as an association with other pelvic fractures. 
Severe displacement is prevented by préservation of some 
of the attachments of the abdominal muscles and hip 
abductors. A painful Trendelenburg gait may be présent 
because of spasm of hip abductor muscles. 

Treatment consists of rest in comfortable position 
usually with legs in abduction, followed by partial weight 
bearing on crutches. These fractures usually heal 
satisfactorily. 

Fractures of Sacrum and Coccyx 

These are important fractures because of risk of damage 
to the sacral nerves leading to loss of bladder and bowel 
functions. 21 Rectal examination elicits pain on palpation 
anterior to sacrum. The fractures are often missed on 
plain radiographs, hence, CT scan may be helpful in 
detecting displacement of fragments. A 35° Caudad 
view of the pelvis may reveal a fracture of the body of 
sacrum. 


Fracture of the coccyx 25 : They resuit from a direct fall 
onto buttocks in the sitting position. Pain on défécation 
and on rectal examination may be présent. Latéral X-rays 
of the coccyx with hip s flexed maximally may reveal the 
fracture.Treatment consists of an inflated doughnut 
cushion and activity restriction. 

Single Break in the Pelvic Ring 

Fracture or subluxation of pubic symphysis, fracture of 
superior and inferior rami, fracture or subluxation of 
sacroiliac joint leads to single break in the pelvic ring. 

Fracture oftwo ipsilateral rami: This is commonly associated 
with trauma or rupture of abdominal viscera as bladder 
and urethra. Short-term bedrest followed by guarded 
weight bearing is ail that is needed. Usually adéquate 
remodeling of the fractures takes place. 

Fracture or subluxation of symphysis pubis: Clinically, severe 
pain is présent at the fracture site with legs externally 
rotated. Motion of the hip joint is restricted and painful. 
Often pain is worse in supine position than in side-lying 
position. Watts suggested X-rays with and without latéral 
compression. More than 1 cm différence in width of 
symphysis pubis suggests a symphysis pubis séparation. 
Treatment modalities include bedrest on side-lying 
position, Buck's traction, pelvic sling, and spica cast. 
External fixation with an anterior frame may provide 
immédiate stability and allow early mobilization in 
displaced fractures or severe subluxation. 

Fracture or subluxation ofthe sacroiliac joint: Clinically, the 
movements of the hip are grossly restricted, and the Faber 
sign is strongly positive. Oblique views, inlet and outlet 
views, and also CT scan may be necessary to evaluate 
the injury. 

For isolated subluxations or fractures treatment 
consists of bedrest and guarded weight bearing. 

Double Break in the Pelvic Ring 

These injuries are basically unstable injuries and are 
associated with injury to abdominal and genitourinary 8,14 
System. 

Straddle Fractures 

Straddle fractures are bilateral fractures of both inferior 
and superior pubic rami. The anterior arch of the pelvic 
ring remains floating, thus, it is an unstable fracture. 
Increased incidence of bladder or uréthral disruption 8,12,41 
is noted with this fracture. The floating fragment is 
usually displaced superiorly by the pull of rectus 
abdominis muscle. This injury usually occurs in a fall 
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while straddling a hard object or by latéral compression 
on the pelvis. Diagnosis is made by inlet view of the 
pelvis. Fortunately, the fracture heals satisfactorily and 
remodels by conservative measures in children. 

Treatment consists of bedrest in semi-fowler position 
with flexion of the hips to relax the abdominal 
musculature and adductors. 

Malgaigne Fracture 

Malgaigne fracture consists of fracture of superior and 
inferior pubic rami anteriorly and ipsilateral posterior 
fracture of the ilium or dislocation of the sacroiliac joint. 

Mechanism of Fractures 

1. Anteroposterior compression forces 22,43 

2. Latéral compression force 29 

3. Indirect forces transmitted proximally along the 
fémoral shaft 15,39 while the hip fixed in extension and 
abduction. 

Clinically leg-length discrepancy and asymmetry of 
the pelvis is présent because of displacement of 
hemipelvis. Amount of displacement can be confirmed 
by inlet or outlet views and CT scan. 

Treatment 

Bedrest 22 and distal fémoral skeletal traction 27,28 on the 
displaced side of the hemipelvis is usually sufficient in 
younger patients with minimal displacement. Open 
réduction and internai fixation 13,15,26,40 may be required 
in children over the âge 8 to 10 years with displacement 
of more than 3 cm. A combination of external as well as 
internai fixation may be used selectively. 

Operative treatment of pelvic fractures in children is not 
routinely recommended because: 

1. Exsanguinating hemorrhage is rare in children. 

2. Pseudoarthrosis is rare in children and fixation is 
not necessary to promote healing. 

3. The thick periosteum in children tends to stabilize the 
fracture. 

4. Prolonged immobilization is not necessary for fracture 
healing. 

5. Significant remodeling may occur in skeletally 
immature patients. 

6. Long-term morbidity after pelvic fractures is rare. 

Operative treatment may be indicated in following 
situations: 

1. Facilitate wound treatment in open fractures. 

2. Control hemorrhage during resuscitation. 

3. Allow patient mobility and make nursing care easier. 


4. Prevent deformity in severely displaced fractures that 
may not heal or adequately remodel. 

5. Improve overall patient care in patients with 
polytrauma. 

6. Minimize risk of growth disturbance or restore 
articular congruency. 

Fractures of the Acetabulum 

Acetabular fracture occurs from a force transmitted 
through the fémoral head. The position of the leg with 
respect to pelvis and location of impact détermine the 
fracture pattern. Watts described four types of acetabular 
fracture associated with pelvic fractures in children: 

i. Small fragments that most often occur with 
dislocation of the hip, 

ii. Linear fractures that occur in association with pelvic 
fractures without displacement and are generally 
stable, 

iii. Linear fractures with hip joint instability, and 

iv. Fractures secondary to central fracture-dislocation 
of the hip. 

A more comprehensive classification is the AO 
classification - 

Type A: Acetabular fractures involve a single wall or 
column. 

Type B: Fracture involves both columns and a portion 
of dôme remains attached to the intact ilium. 
Type C: Fractures involve both columns and separate 
the dôme fragment from the axial skeleton by 
a fracture through the ilium. 

Diagnosis 

AP and latéral views of pelvis with spécial views as inlet 
view, outlet view, 45° oblique views (Judet) are required. 
CT scan will indicate amount of acetabular displacement, 
congruency of réduction, intra-articular fragments. MRI 
discloses the true size of largely cartilaginous posterior 
wall fragments in children. 

Treatment 

Aim of treatment is to restore joint congruity, hip stability 
and anatomical alignment of triradiate cartilage. 
Malalignment of triradiate cartilage leads to cessation of 
growth of acetabulum leading to dysplastic acetabulum. 
Type I Fractures can be treated simply by short period 

of bedrest and guarded ambulation. If 
réduction is incongruous, open réduction of the 
hip joint with removal of offending structures 
from hip joint is required. 
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Type II Linear nondisplaced fractures are treated by 
longitudinal skin or skeletal traction. 

Type III Large displaced fractures of weight bearing 
surface of acetabulum. The treatment dépends 
on amount of displacement. If it is less than 
2 mm, patient can be treated conservatively by 
rest and traction. If more than 2 mm, 
displacement is présent open anatomical 
réduction is required. 

Type IV Central fracture dislocation of hip with 
acetabular fracture. This type usually requires 
open réduction and reconstruction of posterior 
wall of the acetabulum. Results in this type are 
not satisfactory. 

Complication of Acetabular Fractures 

The reported complications include prématuré triradiate 
cartilage closure, osteonecrosis, traumatic arthritis, sciatic 
nerve palsy, hétérotopie myositis ossificans about the 
acetabulum and pelvis after acetabular fractures and 
pelvic asymmetry may cause maternai dystocia during 
pregnancy and labor. 
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INTRODUCTION 

Fractures of the hip are relatively rare in children as 
compared to such fractures in adults. The occurrence 
stated is roughly 1% of that of hip fractures in elderly 
patients. 1 Overall proximal fémoral fractures account for 
less than 1% of ail pédiatrie fractures. 2 The assumption 
of Hamilton, that an orthopédie surgeon might not see 
one of these fractures in a lifetime, may not hold true in 
this era of modernization and increasing frequency of 
high-energy injuries in children. 3 These children cannot 
be treated as Tittle adults' as far as fémoral neck fractures 
are concerned. Their peculiar anatomical location, 
presence of epiphyseal growth plate, and high rate of 
complications makes them "difficult fractures" for any 
surgeon to treat and prognosticate. There is also some 
disagreement regarding the cause and the management 
of their complications. 4-9 

Relevant Anatomy 

At birth there is only one proximal fémoral physis, médial 
part of which is destined to become subcapital, and latéral 
part trochanteric physis. The anatomy of proximal fémur 
at maturity is an outcome of relative growth of these two 
physes. 10 The ossification centre for the fémoral head 
appears between 4th and 7th month of life, and the 
trochanteric ossification centre appears around the âge 
of 4 years. Both these physes fuse at 14-16 years. 11 The 
proximal fémoral physis (subcapital) is responsible for 
13% of the overall growth in the length of fémur. This 
physis is mainly responsible for proximal fémoral 
metaphyseal growth, and hence, damage to this physis 
leads to coxa vara and short fémoral neck. On the other 
hand trochanteric apophysis has minimal contribution 
to the metaphyseal growth of fémur. Instead, this 


apophysis is responsible for the growth of greater 
trochanter. Damage to the trochanteric apophysis before 
the âge of 8 years causes coxa valga and a short greater 
trochanter. 12 

In a growing child, the epiphyseal and metaphyseal 
blood supplies remain functionally separate until the 
physeal closure. 13-17 Small metaphyseal vessels 
penetrating the peripheral part of the physis, may 
contribute to the fémoral head vascularity only upto the 
âge of 4 years. 15 The artery of ligamentum teres (usually 
a branch of obturator artery) contributes very little to the 
fémoral head blood supply until the âge of 8 years, and 
thereafter to only about 20% of the fémoral head in 
adulthood. The latéral epiphyseal branches of médial 
circumflex fémoral artery supply the majority of fémoral 
head throughout the life (Fig. 1). Ogden identified that 
these latéral epiphyseal vessels actually were two major 
branches i.e. posterosuperior and posteroinferior. 15,16 



Fig.1 : Vascular supply of fémoral head. The latéral epiphyseal 
branches of médial circumflex fémoral artery supply the majority 
of fémoral head 
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These latéral epiphyseal vessels mainly course along the 
fémoral neck making them highly susceptible to damage 
in fémoral neck fractures. However, anterior capsulotomy 
done for the open réduction, per se does not endanger 
these vessels, as they course along the neck, rather than 
the capsule. 4 - 6 ' 9 ' 17 " 19 

Peculiarities of the Fractures of the Hip in Children 

Hip fracture in a child is usually the resuit of high-energy 
trauma. The fracture can occur through the growing 
proximal fémoral physis. Injury to open physis makes it 
vulnérable to damage and potential for development of 
growth aberration. At the same time, changing vascular 
pattern of pédiatrie hip and precarious fémoral head 
blood supply make it different from adults. 

The fémoral neck in children consists of smooth, hard, 
dense bone without typical adult trabeculae pattern. 20 
This hard dense bone is difficult to penetrate; large 
devices/ implants may distract fracture site. Fracture line 
is often uniplanar, almost smooth with very little 
interlocking pattern, making such fractures inherently 
unstable. The smaller diameter neck limits the size and 
number of fixation device. 20 Not ail features of pédiatrie 
neck fractures are unfavourable. Children hâve great 
remodeling and growth potential. Secondly, the so-called 
TunctionaT periosteum in children's fémoral neck is 
thicker, stronger and more active (ostéogénie) than 
adults. 21 The hard dense bone of fémoral neck permits 
good hold for fixation devices. Hip spica forms an 
important part of treatment armaterium in children, as 
these small children are able to bear spica, which is not 
tolerated by adults. 20 

Classification 

Cromwell was the first to describe the fractures of the 
neck of fémur in children. 22 Delbet published the standard 
classification of proximal fémoral fractures in 1907. 23 This 
classification did not gain widespread acceptance until 
Colonna (1929) reported 12 cases with use of Delbet's 
classification. 24 The four-part classification System of 
Delbet, till date remains versatile, prédictive and useful 
for treatment decisions. 23,25 The Delbet's classification is 
depicted in Table 1. Table 2 depicts the important 
characteristics of pédiatrie fémoral fractures according 
to the Delbet's type. 

TABLE 1 : Classification of hip fractures in children 

(Delbet) 23 


• Type I 

Transepiphyseal séparation (With or without 


dislocation fémoral head from acetabulum) 

• Type II 

Transcervical 

• Type III 

Cervicotrochanteric 

• Type IV - 

Intertrochanteric 


Mechanism of Injury 

Traumatic proximal fémoral fractures in children are 
resuit of high-energy trauma as children's fémoral neck 
is dense and hard. 26,27 High force or impact causing this 
fracture seems to be an important factor in development 
of complications foliowing the fracture. Unlike developed 
countries, where the most common cause of this injury is 
road traffic accident, majority of patients in our country 
suffer this fracture due to fall from height (either tree or 
roof top). 20,26,27 30% of these patients hâve significant 
associated injuries including chest, head and abdomen. 
Extremities injuries such as fractures of fémur, tibia- 
fibula, and pelvis are also common. 28 Another important 
cause in less than two years of âge is child abuse. 25 In a 
neonate, birth injury can cause transepiphyseal 
séparation. 5,17,29 Other less important causes of proximal 
fémoral fracture include fracture through a pathologie 
lésion. 30 

Not uncommonly, the initial fracture diagnosis 
(of fémoral neck fractures) is missed in following 
circumstances: 

• Undisplaced fracture missed because of poor x-ray 
quality or in want of a proper latéral view in a crying 
and uncooperative child. 

• Hip injury overshadowed by more serious abdominal 
/chest/head injuries or concomitant limb injury (open 
or close). 

• Ipsilateral fémoral shaft fracture (Fig. 2). 

• Proximal fémoral epiphyseal traumatic slip can be 
missed in a new born as the fémoral head epiphysis 
is unossified. 



Fig. 2: Fémoral neck fracture can easily be masked in a situation 
of associated ipsilateral fémoral shaft fracture if x-rays of hip 
région are not included 
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TABLE 2: Pédiatrie fémoral neck fractures - Types and their important characteristics 


Delbet'sType 

Inc. 

Cause 

Important characteristics 



High energy trauma 

• 

50% cases occur with dislocation of capital 

Type I 

8% 

Child abuse 


epiphysis. 



Difficult breech delivery 

• 

High risk of AVN (20-100%) if associated with 



Attempted closed réduction of 


dislocation of epiphysis. 



posterior hip dislocation 

• 

Differential diagnosis: Septic arthritis, hip 
dislocation, slipped capital fémoral epiphysis. 

Type II 

45% 

Severe trauma 

• 

Most common variety. 




• 

70-80% displaced. 




• 

High risk of AVN (upto 50%). 




• 

In displaced fractures, loss of réduction, 
malunion, non-union, varus deformity, PEC 
and other complications resuit in poor 





outcome. 

Type III 

35% 

Severe trauma 

• 

AVN 20-25% depending on the displacement at 
the time of injury.Coxa vara 14% in displaced 

PEC 25% fractures. 

Type IV 

12% 

Trauma 

• 

Nonunuion and AVN uncommon. 



• 

Overall best outcome. 


Abbrevations: Inc-Incidence; AVN—Avascular necrosis of fémoral head; PEC-Premature epiphysical closure. 


• Child complaining of pain in knee instead of hip area 
(referred pain) diverting the attention of treating 
surgeon from hip area. 

Lam reported a delay of diagnosis of 1 week to 8 months 
in 15 fractures in his sériés of 75 pédiatrie fémoral neck 
fractures. 7 

Diagnosis 

Clinically the diagnosis is often obvious. The child usually 
présents after severe trauma with pain in the hip région 
and a shortened, externally rotated extremity. In cases of 
stress or nondisplaced fracture, the child may limp or 
may be unable to bear weight over the affected extremity. 
Local tenderness is elicited on palpation and is most 
severe posteriorly over the fémoral neck. 30 

An undisplaced fracture may reveal tenderness only 
in extremes of range of motion during passive joint 
examination. A good quality anteroposterior view of 
pelvis including both hips in about 20° of internai rotation 
if feasible, to observe for full profile of the fémoral neck 
is essential in every suspected case of fracture neck of 
fémur. Cross table latéral view should also be attempted, 
though it may be difficult in an uncooperative child. Any 
break in the continuity or offset of the bony trabeculae 
near the base of fémoral neck may be the only evidence 
in nondisplaced or impacted neck fractures. 31 Type I 
injury is a spécial condition in a neonate as this variety of 
fracture is extremely uncommon and not usually 
suspected. Moreover, the unossified fémoral head is not 
visible on plain radiographs in a very young child. In 
cases of high suspicion, ultrasonography is useful. 31 


Newer imaging modalities such as radioisotope scan, CT, 
MRI are useful to reveal an occult fracture and in other 
doubtful cases. 

Differential Diagnosis 3031 

1. Synovitis 

2. Hemarthrosis 

3. Infection 

4. Developmental coxa vara (Fig. 3) 



Fig. 3: Congénital Coxa Vara. The radiographs show relative 
overgrowth of the greater trochanter, shortening of the fémoral 
neck, varus deformity of fémoral head and neck, vertical 
orientation of capital epiphysis and a radiolucent inverted V 
isolating a segment of the médial fémoral neck 
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5. Hip dislocation 

6. Slipped capital fémoral epiphysis 

7. Pathologie lésions. 

Treatment 

There are many reports in literature quoting poor results 
with conservative treatment is these fractures. 5,7,9,20,32 In 
his review of 71 cases from British Orthopédie Association 
reported in 1962, Ratliff pointed out the higher incidence 
of non-union when type II or type III fractures were 
treated conservatively. 9 Canale and Bourland in 1974, 
reported the Campbell clinic expérience with 61 
fractures. 4 They reiterated the observation of better results 
with operative fixation of these fractures. Gradually, over 
the years, consensus has grown towards more and more 
operative fixation of these fractures. 1,2 

Current Recommended Treatment Protocols 

General considérations: The treatment of traumatic fémoral 
neck fracture in children will dépend upon the type and 


amount of displacement of fracture, presence of associated 
injuries , and skeletal maturity of the child. 1 For internai 
fixation of type I, II and III fractures of the fémoral neck, 
smooth pins may be used in infants, cannulated 4.0 mm 
screws in children; and cannulated 6.5 mm screws in 
adolescents. 33 For fixation of type IV fractures, 
theoretically pédiatrie hip screw is preferred in children 
and adult hip compression screws in adolescents. 33 A 
practical problem in operative management of type IV 
fractures is non-availability of pédiatrie hip screw in our 
country. In such situations, we use 6.5 mm cancellous 
screws coupled with molded narrow dynamic 
compression plate. A hip spica cast is used for 
postoperative immobilization in majority of children <10 
years of âge. For elder children, immobilization in pin 
traction is preferred. In young patients, internai fixation 
is removed 12-18 months after fracture union to avoid 
growth of bone over the fixation. Finally, the concept of 
stable fixation even at the cost of Crossing physis is now 
favored (Figs 4-7). 1 If the stability of fixation is 
questionable, the internai fixation device should extend 
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Figs 4A to D: Long-term follow-up of a type I fracture. (A 8) Type I fracture in a 5-year-old child, fixed with single Moore’s pin. 
(B & C) X-rays at follow-up of 22 years show spheroidal head and short neck. (D) Patient had 80% range of movement at this 
stage and able to manage day to day activities without pain 



Figs 5A to E: Implant penetrating the physis. (A) Type II fracture fixed with 2 cancellous screws. (B) The superior screw is 
violating the physis. (C) At 3 months, the fracture is united. (D & E) At 18 months, the neck has outgrown the length of screw. The 
physis is still open 
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Figs 6A to D: No Prématuré Epiphyseal Closure (PEC) following bulky fixation and implant penetrating the physis. (A) Type III 
fracture. (B) Fixation with bulky implant occupying 50% of neck diameter. Patient was closely followed up for development of 
PEC. (C) At follow-up of 10 years, there is no evidence of PEC (D) 



Figs 7A to D: Behavior of coxa vara with a neck shaft angle of less than 110° (A) Type III fracture. (B) Fixed in malposition- 
neck shaft angled 10°. (C) At 4 months, fracture showing evidence of union (also note affected site showing osteoporosis- a 
good sign and implant has also penetrated the physeal line). (D) At follow-up of 4 years, the coxa vara is still persisting with not 
much change in neck shaft angle. There is no AVN and neck has outgrown the implant 
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into the fémoral head for stable fixation, regardless of 
the type of fracture or the child's âge. The physis outgrows 
the implant pénétration as the neck length increases with 
growth (Figs 5 and 7). Moreover, the physis provides only 
1 / 8-inch longitudinal growth per year and any resulting 
leg length discrepancy, if at ail there, is usually minimal, 
especially in older children. 1 Also one should avoid 
superolateral sector of fémoral head for screw fixation. 

The Concept of Primary Proximal Defunctioning 
(Undisplaced Intertrocanteric) Osteotomy 

First described by Bhansali, defunctioning intertro- 
chanteric osteotomy works on the principles of 
eliminating flexor adductor pull and improving proximal 
fémoral vascularity. 34 It is a natural tendency of painful 
hip to undergo adductor spasm. This is believed to 
produce shearing forces at fracture site. By performing a 
defunctional proximal osteotomy above the insertion of 
adductors, this adductor pull is eliminated (defunctioning 
of adductors) during the healing of fracture, thus 
reducing shearing forces at fracture site. However, the 
functional effectiveness of this osteotomy was never 
established. Despite osteotomy, the shearing forces due 
to abductors still persist at fracture site. The fracture 
healing in children is quite rapid with fracture surfaces 
becoming sticky as early as 3 weeks, thereby eliminating 
the "defunctioning" effect of the osteotomy. In a study 
conducted by senior author (AA) evaluating the rôle of 
proximal defunctioning osteotomy, although no delayed 
union or non-union was observed in the osteotomy group 
(p=0.05), no statistically significant improvement in 
results (p=0.139) was noted. 35 Ratliff (1962) and Kohli 
(1974) held the same views. 9,36 Because of these 
drawbacks, this osteotomy is not widely practiced. 

Type I 

Type I are the least common of the hip fractures in 
children and occur more often in younger children 
(usually less than 5 years of âge). 4 " 8,18,19 ' 37 Approximately 
50% of type I fractures are associated with dislocation of 
capital fémoral epiphysis. 2 This fracture pattern is 
dreaded because of associated high complication rates. 4 " 
8 , 18 , 19,37 g ecause 0 f their less numbers, the expérience with 
these fractures is also limited. 

For type I fractures without dislocation, gentle close 
réduction foliowed by internai fixation with smooth pins 
or cannulated screws (older children) is the treatment of 
choice. 2 Internai fixation may not be needed if réduction 
is stable and child is younger than 2 years. In these cases, 
réduction may be held in hip spica cast. Understanding 
the meaning of stable réduction : Fracture stability is a 


qualitative term with different meaning for different 
surgeons. We consider a réduction stable, when after close 
réduction, if the heel is held in the cup of the palm in 
position of abduction and internai rotation without 
traction- the réduction stays in place without proximal 
migration of the fémur. 

For type I fractures with dislocation of the fémoral 
head, an attempt at close réduction followed, if 
unsuccessful, by immédiate open réduction and internai 
fixation is recommended. 2 We prefer taking up these 
children with dislocated fémoral head for open réduction, 
with careful dissection and preserving whatever tag of 
soft tissue is attached to them, rather than making 
attempts at close réduction of fémoral head which can 
jeopardize the remaining tenacious blood supply of 
fémoral head (proximal fémoral capital epiphysis). A 
prereduction CT scan is a useful investigation to diagnose 
and detect the direction of dislocation. 

Risk of AVN in type I fractures: The dislocation of the 
fémoral head with type I fracture is a major factor 
jeopardizing the blood supply of fémoral head leading 
to AVN. In the sériés by Ingram and Bachynski, 4 out of 
6 type I fractures developed AVN and prématuré physeal 
closure. 6 Ail patients in this sériés, however, had complété 
dislocation of fémoral head from acetabulum. Miller 
(1973), in an another study having 11 type I fractures, 
described favorable results with no patients in his sériés 
having AVN in this group. 20 Davison and Weinstein 
experienced AVN in only 1 out of 4 type I fractures. 37 
The patients in these two latter sériés had type I fracture 
without dislocation of fémoral head. The overall risk of 
AVN in displaced type I fractures is estimated around 
80% in various sériés. 1 Since this variety of fracture 
commonly occurs in children under 2 or 3 years of âge, 
prognosis may remain favorable despite AVN. Younger 
is the child at the time of development of complication; 
better is the possibility of good functional outcome 
(Fig. 4 and 8). In a younger child, the vascular insult may 
lead to only minimal residual deformation of head at 
maturity because of immense remodeling potential 
following fracture union and revascularization. If there 
is no AVN, physis in these patients may remain open, 
upto near maturity in about two-thirds of these patients 
(Figs 8A to D). 

Type II 

The most common hip fracture, this type can be broadly 
divided into undisplaced (approximately 10%) and 
displaced (90%). 4,5,7 As a word of caution, to label a 
transcervical fracture "truly undisplaced" one need to 
get a good latéral view in these patients, which is often 
not possible in a crying non- cooperative child (Fig. 9). 
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Cross table latéral view, instead of frog latéral view 
should be attempted in such a situation. 

Truly undisplacedfractures: Some authors hâve suggested 
universal conservative treatment in hip spica cast for 
undisplaced fractures. 7 We suggest that only a truly 
undisplaced type II fracture (defined by authors' as 
fracture line width < 2mm on an anteroposterior and 
latéral radiograph of hip) can be considered for 
conservative treatment. Fracture line width gives a fair 
idea of fracture displacement in children. In adults or 
elderly, in whom a fémoral neck fracture is caused by a 
twisting force, the resulting fracture is often spiral. In such 
cases, projection of radiological fracture line in 
anteroposterior and latéral views may not represent the 
true anatomical fracture plane. On the other hand, these 
fractures are usually not spiral in children and 
radiological fracture line coincides with anatomical 
fracture line closely. Hence truly undisplaced fractures can 
still be detected in children on plain radiographs. Even 
in these cases, if the regular follow up is doubtful, opt for 
a surgical fixation. The risk of late displacement far 


outweighs the risk of percutaneous pinning or cannulated 
screw fixation. 

Minimally displaced type II fractures: Lam reported 
uniformly good results after treatment of undisplaced 
and minimally displaced transcervical fractures with 
immobilization in spica cast. 7 However, Ratliff has 
reported subséquent displacement in a cast with coxa 
vara complication. 9 We are of the opinion that these 
fractures are inherently unstable. The fémoral neck in 
children consists of smooth, hard, dense bone without 
typical adult trabecular pattern. 20 Fracture line is often 
uniplanar unlike spiral and triplanar in adults, less jagged 
with very little interlocking pattern, making such 
fractures very unstable. 20 Loss of réduction is common 
in traditionally applied hip spica (Fig. 10). The pelvi- 
femoral muscles tend to pull the shaft in cranial direction. 
As the hip spica is open at the top, it can never provide 
stability in this direction. Hence if the fracture does not 
hâve inhérent stability (because of interlocking at fracture 
site after réduction), which usually is the case, it will 
redisplace in spica. In our opinion, any fracture line 



Figs 8A to D: Follow-up of 1 2 years in a type I fracture in a 21 / 2 -year-old child. (A) X-rays at présentation 
showing type I fracture. (B) Patient landed up in coxa vara after treatment in spica for 3 months. (C) 
Subtrochanteric osteotomy done for correction of coxa vara. (D) Twelve year follow-up reveals open 
physis. Patient had painless full range of movements and Vz cm shortening 
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Fig. 9: The importance of latéral view in the childhood fémoral neck fractures. (A) X-ray pelvis anteroposterior view giving an 
impression that this is an undisplaced fracture but the latéral view shows opening of fracture line posteriorly. (B) The fracture was 
fixed and it went on to uneventful healing. 


> 2 mm wide in radiographs or even minimally displaced 
fractures should be fixed. If one is in doubt regarding the 
true undisplaced nature of fracture, then it is safer to fix 
it rather than treat conservatively. 

Displaced fractures: The treatment for displaced type II 
fracture is close/open réduction and internai fixation. 
Internai fixation with partially threaded cancellous 
screws besides providing solid continuity between 
fracture fragments and counteracting deleterious effects 
of muscular forces, also help in drainage of intracapsular 
hematoma, if performed early. Moore's pin cause 
distraction at the fracture site and hence no longer 
recommended. The implant even if violating the physis 
(in want of stable fixation) has no deleterious effect on 
physeal growth and with growth of child, the physis 
outgrows the implants, which latter cornes to lie in the 
fémoral neck région (Fig. 5). 


Does performing anterior capsulotomy for open réduction 
increase the occurrence ofAVN? In our expérience, the rate 
of AVN is not affected by the method of réduction (i.e. 
open or close). A small surgical incision in the anterior 
capsule for open réduction does not increase the 
occurrence of AVN. 31 However, care should be taken not 
to violate the intertrochanteric notch and the latéral 
ascending vessels. 31 

Type III 

The truly undisplaced fracture in a younger child may be 
treated in an abduction hip spica cast, but same 
précautions that were mentioned for type II fractures, 
should be kept in mind (Figs 11A and B). Prefer internai 
fixation for older, heavier or bigger child. Overall, truly 
undisplaced type III fractures behave more favorably 
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Fig.10: Loss of réduction of pédiatrie fémoral neck fracture is 
common in a traditionally applied hip spica. The pelvi-femoral 
muscles [adductors (Ad) and abductors (Ab)] exert a pull in the 
cranial direction on the distal fragment. The hip spica being 
open at the top, is not able to resist these forces, permitting 
pull of the distal fragment by these muscles. This results in the 
loss of réduction and coxa vara 


with conservative treatment when compared with type 
II, the reason being better blood supply at fracture site 
and hence more chances of union. Minimally displaced and 
displaced type III fractures should be treated with 
anatomical closed or open réduction and internai 
fixation. 2 Some authors hâve advocated cast treatment 
for these fractures after réduction. 7 We hâve experienced 


that they tend to redisplace in spica if treated 
conservatively (Fig. 12). 

Type IV 

True intertrochanteric fractures in children less than 10 
years of âge are quite rare. Both undisplaced and 
displaced intertrochanteric fracture can be easily treated 
conservatively with closed réduction and immobilization 
in a spica cast in patients <10 years of âge. 4,5,7,8,37,38 
Rotation and other angulatory remodeling is excellent in 
these children (however, do not accept neck shaft angle 
<110°) as hip is a polyaxial joint and this area has rich 
blood supply and good bone stock (Figsl3 and 14). Varus 
or inadéquate réduction (neck shaft angle <110°), failure 
to maintain réduction adequately in traction, children 
older than 10 years (less remodeling potential remaining) 
or if the fracture tend to be more towards subtrochanteric 
area (they tend to behave like reverse intertrochanteric 
fractures of adult and less amenable to close réduction) 
and polytrauma cases are potential candidates for open 
réduction and internai fixation. Wherever available, 
pédiatrie screw is the best implant for fixation purpose. 

Complications of Fémoral Neck Fractures 
in Children 

Childhood fémoral neck fractures are well known for 
their sinister nature and potential for developing 
complications. The complications encountered in various 
large sériés of pédiatrie fémoral neck fractures are 
tabulated in Table 3. 



Figs 11A and B: Truly undisplaced cervicotrochanteric (type III) fracture treated 
conservatively in spica cast. (A) Truly undisplaced cervicotrochanteric fracture treated 
conservatively in spica cast. (B) Check x-ray taken during treatment. The fracture healed 
without coxa vara 
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TABLE 3: Complications in various large sériés of Childhood fracture neck fémur 


S. No. 

Sériés 

No. 

Age 

F/U 

Dist. 


Disp. 

IF 

Complications 

1 

Ingram and 

24 

2 to 16 y (Av 

18 m* 

I 

6 

* 

11 

A VN 6 (1-4, II-2) 


Bachynski 6 


10.75y) 


II 

11 



CV 2 


1953 




III 

5 



NU 3 






IV 

2 



Inf 1 

2 

McDougall 28 

24 

4-16 y 

14m-15 y 

I 

2 

* 

10 

A VN 14 (1-2, II-5, III-5, IV-2) 


1961 




II 

11 



CV 13 






III 

8 



NU 2 






IV 

3 




3 

Henry** 57 

36 

Av 5.1 y 

<15 y* 

TC 

9 

* 

Sfr 

AVN 6 * 


1966 




CT 

17 



CV11 






IT 

10 




4 

Kay and Hall 

20 

3-14 y(Av 

3-36m 

II 

8 

5 

7 

AVN 9 (II-4, III-5) 


58 1971 


9.5y) 


III 

12 



CV 5 










NU 3 










DU I 










Inf 1 

5 

Lam 7 1971 

75 

8m-17y 

Av. 5.8y 

Early 

60 

40 

11 

AVN 10 (1-1, II-5, III-4) 






I 

2 



CV 23 






II 

28 



PEF 15 






III 

18 



DU 6 






IV 

12 



NU4 






Late 

T 

15 


5 

Inf 2 






1 

II 

9 









III 

5 









IV 

1 




6 

Miller** 20 

39 

1 d-15y(Av 

14 m-12y 

EPI 

11 

Sfr 

Sfr 

AVN 2 (FN) 


1973 


6.75y) 

(Av 5y) 

FN 

12 



CV 9 






IT 

8 



NUI 

7 

Ratliff 19 1974 

132 (130 

2 -16 y 

1-20 y (Av 5 

I 

9 

96 

55 

AVN59* (III-16) 



Pt) 


y) 

II 

65 



CV19 






III 

48 



PEF 26 






IV 

9 



DU 21 










NU10 










Shortening 32 

8 

Canale and 

61 (60 

0.5 -17 y (Av 

3-53 

I 

5 

48 

38 

AVN26 (1-1,11-14, III-6) 


Bourland 4 

Pt) 

9.7y) 

years(Av 17 

II 

27 



CV 13 


1977 



y) 

III 

22 



PEC 33 






IV 

7 



NU 4 










Inf 1 

9 

Heiser and 

40 (39 

6 m-16y(Av 

2 -22 y(Av 

I 

7 

28 

16 

AVN 7 (1-2, II-4, III-l) 


Oppenheim 

Pt) 

8.9y) 

7y) 

II 

15 



CV 5 


5 1980 




III 

9 



PEC 9 






IV 

9 



NU 3 

10 

Ng and Cole 

32 

Av 9.5±5y 

Av 18 m 

I 

4 

23 

26 

AVN 9 (1-3, II-5, III-l) 


43 1996 




II 

11 



CV 4 cases 






III 

12 



PEC 2 cases 






IV 

5 




11 

Pape et al 56 

28 

Av 11.8 y 

3-21 y 

I 

3 

16 

18 

AVN 3 (I- 2, II-1) 


1999 



(Avll.ly) 

II 

8 



CV1 






III 

12 



CVL 2 






IV 

5 



NUI 






I 

1 

46 

38 

AVN 21 (II-2, III-8) 

12 

Morsy 59 2001 

53 

3-16 y 

5-20 y(Av 

II 

28 



CV 19 




(Avl0.2y) 

9.4 y) 

III 

21 



CVL 5 






IV 

3 



PEC 20 










NU 19 










Shortening 29 










Inf 12 


Contd... 
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Contd... 


S. No. 

Sériés 

No. 

Age 

F/U 

Dist. 


Disp. 

IF 

Complications 

13 

Arora et al 60 

63 

< 17 y 

3-24 y 

I 

3 

58 

51 

AVN 16 (1-2,11-13, III-l) 


2004 




II 

27 



CV 17 






III 

17 



CVL 1 






IV 

6 



PEC 8 

DU 7 




2-14y (Av. 
10.2y) 

14 y 

I 

1 

23 

53 

NU 4 

AVN 9 (1-1, II-3, III-3, IV-2) 

14 

Togrul et al 42 

62(61 


II 

22 



CV 5 


2005 

Pt) 



III 

25 



CVL 2 





IV 

14 



PEC 5 

NUI shortening 7 

Arthritic changes 2 



Abbreviations used: No.-Number of cases; F/U-Follow-up period; Dist.-Distribution of cases according to Delbet's classification (See table 2); 
Disp.- Number of displaced cases; IF- Number of cases in whom internai fixation of the fracture was done; *-data not available; AVN- Avascular 
necrosis of fémoral head; m-months; y-years; Av- Average; CV- Coxa vara; CVL-Coxa valga; DU- Delayed union; NU- Non-union; Inf-Infection; 
PEC- Prématuré epiphyseal closure; pt- patient; **-did not use Delbet's classification; TC-Transcervical; CT- Cervicotrochanteric; IT- 
Intertrochanteric; EPI- Epiphyseal; FN- Fémoral neck. 



Fig. 12: Redisplacement of type III fracture in a spica. 
Closed réduction achieved followed by spica application. 
X-rays taken after removal of spica at 3 months showed 
fracture redisplacement and coxa vara deformity 



Figs 13A to D: Excellent remodeling in type IV fracture treated conservatively. (A) Type IV fracture in a 18 months old child. 
Reduced and held in spica cast. (B and C) X-rays at 3 months after removal of spica cast showing malunion. (D) Excellent 
remodeling at follow-up of 4 years 
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Avascular necrosis offémoral head (AVN): AVN is the most 
frequent and dreaded complication of hip fractures in 
children. This complication develops in 17 to 47% of ail 
pédiatrie fémoral neck fractures. 2,4,7,9,19,20,32,33 Seen more 
in displaced fractures, avascular necrosis develops in 
approximately 80% of type 1,50-60% type II, 30-40% type 
III and 14% type IV fractures (Fig.13-15). 1 AVN is the 
primary cause of poor results after treatment of pédiatrie 
fémoral neck fractures. 2,5,9,18,33 Traditionally, the risk is 


thought proportional to the amount of initial dis¬ 
placement of fracture fragments and vascular 
compromise at the time of trauma. 5,6,18,39,40 Age >10 years 
is another predisposing factor. 2,40,41 In a recent meta- 
analysis of 360 cases, Moon et al found that fracture type, 
displacement, âge, and treatment were ail statistically 
significant independent predictors of AVN. 40 Out of 
these, fracture type and âge were found most important. 
Older children were 1.14 times more likely to develop 



Figs 14A to E: Excellent remodelling of type IV fractures at follow-up of 21 years. (A and B) Poorly fixed type IV fracture showing 
malunion. (C and D) At follow-up of 21 years, patient has excellent remodeling, except for some rounding of greater trochanter, 
the head and neck appear normal. (E) At follow-up of 21 years, patient had normal hip function 
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Figs 15A to F: AVN in a type III fracture. (A) Preoperative x-rays. Intraoperatively the fracture line was found to extend to 
superolateral part of fémoral head. (B) At 3 months, the fracture was united. Patient was followed closely as AVN was anticipated 
because of fracture pattern i.e. fracture extending into superolateral part of fémoral head possibly disrupting latéral epiphyseal 
vessels. (C) Radiological picture at 9 months showing AVN and Prématuré Epiphyseal Closure in the latéral part of fémoral 
head. (D) At this stage screws were removed and a muscle pedicle bone graft was done. (E and F) One year postoperatively, 
radiological picture showing spheroidal head, evidence of revascularization (osteoporosis of the involved side) and PEC. The 


hip function improved markedly following this procedure 

AVN for each year of increasing âge. 40 Type I to III 
fractures were 15,6, and 4 times, respectively, more likely 
to develop AVN than type IV fractures. 40 In contrast, 
Togrul et al in long term follow-up of 62 hip fractures 
observed no différence in the risk of avascular necrosis 
between displaced and non-displaced type II and III 
fractures. 42 However, the authors do emphasized the 
importance of severity of initial trauma and development 
of AVN. 42 

The type of treatment of an acute fracture (open/ 
closed) does not seem to affect the rate of avascular 
necrosis as long as the fracture is handled gently. 2,5,9,18,33 
There is some evidence that prompt réduction of a 
displaced fracture might reduce the rate of a future AVN, 
but effectiveness of this method remains to be proven in 
further studies. Another factor which might influence 
the development of AVN following fracture is 
increased intracapsular pressure caused by fracture 


hematoma. 2,43, 44 Boitzy (1980) reported that an 
abnormally increased intracapsular pressure is one factor 
responsible for the development of AVN. 45 He 
recommended early évacuation of intracapsular 
hematoma by either aspiration or capsular release, 
followed by immédiate operative fixation. He reported 
no subséquent occurrence of AVN in 11 patients with 
type II fractures. Pforringer and Rosemeyer (1980) in their 
study of 52 fractures of the hip reported a lower 
prevalence of AVN, prématuré closure of the physis and 
non-union after immédiate operative treatment than after 
delayed operation or non-operative treatment. 8 They 
recommended décompression of the capsule by 
fenestration or aspiration for undisplaced fracture that 
were treated non-operatively. Swiontkowski and 
Winquist, following these principles, also had excellent 
results with six displaced type II and type III fractures 
treated by open réduction with internai fixation and 
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Figs 16A to I: Natural history of AVN on follow-up of 20 years. (A) Preoperative x-rays of a type II fracture. (B) Closed réduction 
done. (C & D) Fixation with two Moore’s pins. (E) X-rays at 7-years follow-up showing flattening of head and degenerative 
changes. (F and G) Radiological picture at follow-up of 20 years showing further degenerative changes and réduction in joint 
space. (Fl) Hip function at 7-years follow-up. The patient was able to manage activities of daily living without pain, though he had 
some limitation of hip motion. (I) Same patient at 20-years follow-up, showing détérioration of hip function. The patient had pain 
on prolonged walking or any laborious activity, sometimes even pain on rest, limitation of hip motion interfering activities of daily 
living 


capsulotomy. 46 In contrast, Gerber et al reported AVN 
after 8 (29%) of 28 type I or type II fractures despite early 
open réduction and internai fixation. 39 In a recent study 
at a level 1 trauma center, Shrader et al reported no 
relationship between capsular décompression and 
osteonecrosis development. 47 Quality of réduction and 
timing of réduction were the key factors in their sériés 
resulting in low rates of AVN (only 2 cases in a sériés of 
20 cases, fifteen fractures fixed within 12 hours). There 
are no randomized controlled studies to define the exact 
rôle and effectiveness of urgent joint décompression in 
pédiatrie hip. Although, the rôle of hematoma and urgent 
joint décompression in posttraumatic AVN in children 
still remains controversial, the current consensus is the 
needle aspiration of the hip joint using a wide bore needle 


at the time of initial treatment. This should preferably be 
done postfracture réduction to minimize the 
reaccumulation of fracture hematoma. 30 

AVN usually présents with groin pain and limitation 
of motion because of synovitis. 2 On plain radiographs, 
an impending AVN can be anticipated from the lack of 
fémoral head osteoporosis compared to the opposite side 
with widening of the joint space as early as 6 weeks after 
the injury (Figs 17-19). 31 Advanced changes include 
fragmentation or gross deformity of fémoral head. 1 The 
fracture may unité despite the presence of AVN. 7 
Although the radiographie evidence of AVN usually 
develop within 1 year of injury 4,19 , patients should be 
followed with serial plain radiographs for a minimum 
duration of 2 years to rule out a late onset AVN. MRI 
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Figs 17A to E: AVN following type II fracture. (A & B) Type II fracture fixed after closed réduction. At 3 months, the fracture has 
united. The fémoral head did not show any evidence of osteoporosis when compared to opposite normal side, which is a bad 
prognostic sign. (C) Evidence of AVN at 9 months. At this stage hardware was removed and latéral bump was excised. (D) At 
follow-up of 3 years, patient had developed reasonable spheroidal head. (E) She had 75% range of hip motion, Vfecm shortening 
and no limp 


reveals AVN within a few days of injury. If MRI does not 
show any evidence of AVN within 6 weeks of injury, the 
chances of future development of AVN are remote. 31 
However, MRI has the limitation of presence of metallic 
implant and cost. Bone scanning is another method for 
détection of AVN. 

Ratliff suggested a classification (Fig. 20) for avascular 
necrosis. 9 

• Type I with total head involvement. This variety is 
the most severe, most common and associated with 
poorest prognosis. It is believed to resuit from damage 
to ail latéral epiphyseal vessels 

• Type II with segmentai involvement of fémoral head 
results from localised damage to one or more of the 
latéral epiphyseal vessels in antérolatéral area of 
fémoral head 


• Type III with metaphyseal région AVN, is not much 
of functional conséquence. It is associated with good 
prognosis. 

There is no single documented, consistently effective 
treatment for AVN. Morrisy doubted the effectiveness 
of any treatment modality in altering the natural course 
of AVN (Fig. 14). 48,49 Canale and Bourland reported that 
60% of patients with AVN following pédiatrie hip 
fractures had poor results regardless of whether 
treatment was specifically undertaken to treat the AVN. 4 
In a long term follow-up study, Davison and Weinstein 
reported 64% (9 out of 14) of patients with AVN had 
severe pain, limitation of motion and proximal fémoral 
deformities. Four patients in their sériés ultimately 
required an arthroplasty procedure. 37 Leug and Lam in 
another long term follow-up of fémoral neck fractures in 
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Fig.18: Osteoporosis of the involved side on follow-up as a 
favorable radiological factor. Radiographs at follow-up of 3 
months showing osteoporosis of the involved side. The patient 
did not develop AVN 



Figs 19A to E: Osteoporosis of the involved site on follow-up as a favorable radiological sign. (A and B) Poor fixation of a type 
Il fracture. In this case AVN was anticipated, and patient kept under close follow-up. (C) At follow-up of 3 months, patient 
showing osteoporosis of the involved side. (D and E) No AVN at follow-up of 3 years 
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Figs 20A to C: Ratliffs classification for avascular necrosis 
of fémoral head 


children (3 to 5 years after treatment) reported extremely 
poor results in 20% of their AVN cases. 50 

The goals of treatment in an established AVN are to 
preserve the functional range of hip motion, maintain 
containment of the fémoral head within the acetabulum 
and preserve as much head viability as possible. 
Treatment suggestions range from bed rest, non-weight 
bearing modification, soft tissues releases for 
contractures, acetabular and fémoral ostéotomies to 
"contain" the fémoral head, arthodesis and 
arthroplasties. 2 It is stressed that internai fixation devices 
be removed once fracture has united to prevent the 
hardware from violating the joint with collapse of the 
fémoral head. 33 Screw removal also permits vascular 
channels to grow through the screw tracks. This 



Figs 21A to E: Remodeling of coxa varaatfollow-up of 19 years. (A and B) Type III fracture treated in spica. 
Patient developed coxa vara (angle >110°). (C) X-rays after 4 years showing remodeling and improvement 
in neck shaft angle. (D, E) Follow-up of 19 years showing normal radiological picture. Patient had normal hip 
function 
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complication may hâve the minimal deformation of 
fémoral head, on long term in children younger than 5 
years because of biologie plasticity of the bone and great 
remodelling potential. In authors' expérience, prognosis 
is bad if the latéral column of the fémoral head is involved. 
Non-intervention leads to latéral flattening and results 
on long term follow-up are poorer than surgically 
intervened cases (Figs 16 and 17). Procedures aiming at 
containment of head and maintaining sphericity are 
helpful here. A varus or valgus osteotomy should be 
considered for patients with partial head involvement 
(Ratliff type II involvement) to move the avascular 
segment away from weight bearing zone, and bring the 
uninvolved portion of fémoral head in the weight bearing 
zone. 

Sometimes, even in older children, despite bad 
radiographs, functional results are gratifying (Fig. 4). 
More recently, there hâve been some reports of treatment 
of established AVN with articulated distraction method. 51 
Overall prognosis for established AVN remains poor. 
Coxa vara: The overall incidence of coxa vara (neck shaft 
angle less than 130 degrees) 37 ranges in the literature from 
20 to 30%. 2,4,5/7 ' 9 In the sériés by Lam, 23 (31%) of 75 
fractures developed coxa vara. 7 These were primarily 
displaced type II and III fractures treated with closed 
réduction and external immobilization. Its incidence is 
significantly less in those sériés, where internai fixation 
was used more often after réduction of displaced 
fractures. 52 Coxa vara may be due to malunion, AVN, 
prématuré physeal closure or as a resuit of combination 
of these factors. 2 Significant coxa vara (neck shaft angle 
less than 110°) results in an abductor or gluteal lurch, a 
potential leg length discrepancy and prédisposés to late 


degenerative changes about the hip. 2,30 Isolated coxa vara 
>110° in younger children remodel well, provided the 
proximal fémoral capital physis is open (Figs 21 and 

22) 753-55 

Coxa vara <110° does not remodel with growth 
(Fig.7). The remodeling is further less in patients more 
than 10 years of âge. No remodeling is expected if the 
proximal capital physis has undergone prématuré 
epiphyseal fusion. Persistent coxa vara of <110°, présent 
for more than 2 years should be subjected to 
subtrochanteric valgus osteotomy (Fig.8). 2,33,49,55 The 
osteotomy should be fixed with either a pédiatrie hip 
screw or moulded dynamic compression plate. A latéral 
closing wedge just distal to the greater trochanter, with 
apex at the level of lesser trochanter is performed. If a 
molded DCP is used for fixation, two 4.0 mm fully 
threaded cancellous screws are passed through the plate 
holes, proximal to osteotomy, into the neck short of physis 
(and across the physis for better stability near maturity). 
Prématuré epiphyseal closure (PEC): The incidence of this 
complication in various sériés varies from 5 to 65%. 9,17,33 
Pénétration of physis by the fixation implant has been 
long considered the sole and most important cause of 
this complication. In Forlin et al sériés, PEC occurred in 
11 out of 15 cases in whom the implant crossed the 
physis. 53 In a study by Canale and Bourland, 64% patients 
in whom the pins penetrated or crossed the physis, 
developed PEC; however, PEC did also occur in cases in 
whom pins did not violate the physis. 4 PEC is also 
reported in cases of fracture neck fémur treated 
conservatively. 7 Hence, one should not compromise on 
the stability of fracture fixation, and should not hesitate 
to cross the physis if the situation demands so, to get rigid 
fixation. In authors' expérience, physeal fixation does 



Figs 22A to C: Remodelling to Coxa valga in a case having follow-up of 19 years. (A) Coxa vara following fixation and an 
intertrochanteric osteotomy. Patient did not corne for regular follow-up and implant removal. (B, C) X-rays at follow-up of 19 
years showing coxa valga on the affected side. Probably métal has stimulated growth in the inferior part of the fémoral neck. The 
neck has outgrown the implant 
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not alter its growth significantly. Even in cases where 
fixation was performed with bulky implants, physeal 
growth continued to occur unhindered (Figs 5 and 6). 
Damage to the physis at the time of injury, by the force 
causing fracture, probably plays more important rôle in 
causing PEC. Occurrence of A VN is another factor, which 


has been shown to cause prématuré physeal closure of 
physis (Fig. 15). 4,9,18 

The proximal fémoral physis contributes only 13% to 
the growth of the lower extremity and hence overall leg 
length discrepancy more than 1.5 to 2.5 cm is rarely noted 
in isolated PEC (Figs 23A to D). 1 More shortening is 



Figs 23A to D: Behavior of Prématuré Epiphyseal Closure at follow-up of 19 years. (A and B) Type III fracture, fixed with two 
Moore’s pins. (C) Patient developed PEC. Classical coxa vara with trochanter beaking at follow-up of 10 years. (D) Clinical 
picture depicting graduai decrease in range of motion with growth. Patient had restriction of flexion and abduction and 2 cm 
shortening. The right side frame shows the hip function of same patient at 19 years follow-up 
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usually associated with a concomitant AVN, especially 
in younger children, or when AVN develops with coxa 
vara. The leg length inequality should be monitored by 
scanograms and distal fémoral epiphysiodesis performed 
on the normal leg if the discrepancy is projected to be 
greater than 2.5 cms, at an appropriate time. 1,2 Rarely, 
trochanteric epiphysiodesis may be used in progressive 
coxa vara in a growing child. 2 

Non-union: It has been reported to occur in 6-10% of these 
fractures. 1,2,4,5,9 After a fémoral neck fracture in a child, 
pain should subside and there is usually evidence of 
healing at the fracture site by 3 months after injury. If no 
or minimal healing is seen by 3 months, the diagnosis of 
nonunion is established. 31 Expérience in various sériés 
has shown that the primary cause of non-union is 
inadéquate réduction, as most non-union hâve occurred 
in displaced fractures. 4,17,48,56 In two consecutive 
Campbell clinic sériés of pédiatrie fémoral neck fractures, 
non-unions occurred only in displaced fractures. 4,6 
Additional factor associated with non-union include a 
Pauwel's angle greater than 60°. 30 As compared to adult 
fémoral neck fractures, the rate of this complication is 
less in children fractures. There has been often reference 
to functional periosteum in children. 21 We hâve observed 
external callus in few cases of these fractures, which hâve 
been fixed in slight distraction by Moore's pins (Figs 25A 
to C). 

Non-union can exaggerate or cause coxa vara and can 
prédisposé to complications such as AVN and PEC. 
Therefore, prévention by means of an anatomical 
réduction, rigid internai fixation and external immobi- 
lization is important. Child's neck consists of dense hard 
bone and use of non-compressive fixation device such as 



Fig 24: Delayed union because of bulky fixation in distraction 
at 8 months after surgery. Fracture still ununited at 6 months 
follow up because of bulky fixation in distraction. The fracture 
united at 8 months follow up 

Moore's pin might distract the fracture site leading to 
delayed or non-union (Fig. 24). 20 Unlike other 
complications like AVN and coxa vara, where 
intervention is often delayed, the treatment of non-union 
requires prompt surgical management. 2 Rigid internai 
fixation or subtrochanteric valgus osteotomy to produce 
compressive forces across the fracture site with or without 
bone grafting has produced good results in non- 
union. 1,2,33 Postoperatively, immobilization in spica cast 
should be supplemented. Canale and Bourland reported 
four non-unions treated successfully with valgus 
osteotomy without bone grafting in children. 4 Ratliff 
suggests use of fibular graft and abduction osteotomy to 
treat nonunion of such fractures. 9 



Figs 25A to C: Evidence of functional periosteum in a child. (A) Type III fracture. (B) Fixed in distraction 
with two Moore’s pins showing external callus on the inferior aspect of neck. (C) Fracture united at 6 
months 
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Other complications: Infection, an uncommon compli¬ 
cation, averages 1% in various sériés. 4,6,7 Chondrolysis 
following hip fracture has been reported in 7 patients by 
Forlin et al in his sériés of 16 cases. 53 However, other 
investigators hâve not found this complication. This 
complication is usually associated with AVN and has 

• 53 

poor prognosis. 

In summary, children with fracture neck of fémur 
cannot be treated as "little adults". The fractures are 
usually resuit of high energy trauma and a thorough 
search should be made for the associated injuries during 
the clinical examination. These fractures still remain 
unsolved, especially in regards to complications (AVN). 
It is necessary to handle these fractures gently and with 
utmost care. Prognosticate the parents at the outset. Don't 
hesitate to perform open réduction, if needed, to obtain 
a stable and anatomical réduction. It is préférable to fix 
even minimally displaced type II and type III fractures. 
Type IV shows remarkable remodeling and gives 
excellent results even with conservative treatment in 
children less than 10 years of âge. These children hâve 
great remodeling potential and sometimes good 
functional results are experienced despite bad x-rays. 
Lastly, these patients should be kept under supervised 
follow-up till they are skeletally mature and even 
thereafter to détermine occurrence of any complication 
and if required, management of complications. 
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Fracture of shaft of fémur is a common injury in pédiatrie 
âge group. In the past, nonoperative treatments were 
popular but with advancement in surgical technique, 
many patients are currently treated with operative 
treatments. 

While most of these injuries are caused by blunt 
trauma, some are caused by high velocity accidents. 
Nonaccidental injury or child abuse is more common in 
case of infants but seen in only in less than 5% of children 
of walking âge. 3 

Initial Management 

Although majority of fracture shaft of fémur are isolated 
injuries, some hâve associated head, chest or abdominal 
injuries. A child who is suspected of fracture shaft of 
fémur should be examined for vital signs and if necessary 
initial management should focus on stabilizing these vital 
signs. 4 Skin traction and fémoral nerve block provide pain 
relief. Anteroposterior (AP) and latéral radiographs of 
the fémur should include hip and knee. Although the 
child is often in skin traction by the time a radiograph is 
obtained, a latéral image without traction gives the best 
indication of shortening. Fracture level, pattern, 
displacement, angulation, shortening and associated 
injuries are noted. 

Decision Making 

Various treatment options are used to treat this injury. It 
ranges from non operative treatment in the form of 
traction, spica cast to operative treatment in the form of 
external fixation, intramedullary fixation or plating. Each 
option has distinct advantages and disadvantages. To 
choose the best option for a particular child, several 


factors should be considered, including associated 
injuries, fracture personality, âge, social issues, and cost. 
Early surgical treatment of the child with high-energy 
trauma, head injury, or associated multiple trauma may 
reduce complications and decrease hospital stay. In a 
child with a floating knee, care is optimized when the 
fémur is stabilized with fixation. A fémoral shaft fracture 
associated with arterial injury may be best managed with 
internai fixation at the time of vascular repair. Spasticity 
after head injury makes non operative treatment difficult. 
Fracture pattern, stability, and location are important 
factors in determining the best treatment option. High- 
energy fractures with more periosteal stripping are slower 
to heal and more likely to shorten. Spiral, comminuted, 
or very proximal or distal fractures may be less suitable 
for flexible nailing. Transverse fractures hâve less surface 
area for callus and are at greater risk of refracture after 
external fixation. 

Casting is idéal for infants and toddlers, in whom 
considérable angulation and shortening will usually 
remodel. Internai fixation is best for adolescents, in whom 
there is little remodeling potential. Nonsurgical 
management of adolescent fémoral fractures has a 
complication rate of 30%. Remodeling potential is greatest 
in children younger than âge 10 years, in fractures near 
the physis, and for deformities in the plane of joint 
motion. Angular deformity is tolerated better near the 
hip than near the knee. 

Fémoral fracture management can hâve a great impact 
on the child and family. A school-age child immobilized 
in a spica cast requires significant nursing needs. Some 
families are not capable of managing child with spica cast 
or external fixator. Leave from school is another issue 
which is becoming important in decision making. 
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Management 

Age is important factor to décidé type of treatment. 
Various options can be discussed for two âge groups, 
children younger than 6 years and children who are older 
than 6 years. It should be emphasized that these groups 
are not rigid compartments. 

Children 6 Years or Younger 

For infants up to 6 months of âge, care may be easier in a 
Pavllik harness than in a spica cast. The Pavlik harness, 
sometimes supplemented with a simple splint, provides 
adéquate alignment and comfort for proximal and 
middle-third shaft fractures and avoids the potential skin 
problems associated with using a spica cast. For the older 
infant, immédiate spica casting is usually better for 
maintaining comfort and fracture alignment. Early spica 
casting is preferred for the child between 1 year and 
6 years of âge with a low-energy, isolated fémoral 
fracture. High-energy trauma is not an absolute 
contraindication for early spica casting, but loss of 
réduction is likely. The family should be prepared for 
repeat réduction. 

A few days of traction is used for displaced fémoral 
fracture if the spica cast is not applied immediately. 
Prolonged skin or skeletal traction in the younger child 
is rarely needed. Indications for prolonged traction 
include a difficult high-energy injury, such as a 
comminuted shaft fracture or an unstable subtrochanteric 
fracture. 

A very large or obese child without a parent strong 
enough to lift her or him may be better served by surgical 
fracture fixation. Young children with severe head, chest, 
or abdominal injuries may be better treated with surgical 
fixation in spécifie cases. Simple, low-energy fractures 
can be casted under conscious sédation, réduction and 
casting in the operating room under general anesthésia 
provides several advantages. Examination under 
anesthésia is useful to détermine fracture stability and 
the amount of distraction needed for proper alignment. 
Fluoroscopie évaluation of the fracture after réduction 
can allow adjustments before the cast has hardened. The 
hip and knee should each be flexed to 90° in the cast. 
Although some surgeons prefer to cast with the hip and 
knee extended, children treated in the 90°/ 90° position 
hâve less chances of loss of réduction and are much easier 
to carry. 

Follow-up radiographs should be obtained within the 
first 10 days. The position noted 7 to 10 days after 
réduction predicted the final position. The cast can be 
removed when mature callus is présent, typically at 6 to 
8 weeks. For most children, no spécial therapy is needed 
after cast removal. The family should be forewarned 
about the limp which may remain apparent for several 
months. 


Children Older than Age 6 Years 6 

Several options are available for children older than âge 
6 years but not yet skeletally mature. These include 
traction and casting, external fixation, flexible nailing, and 
intramedullary nailing, as well as plating. In choosing 
the best option, considération is given to the decision- 
making factors as well as to the surgeon's skill and 
expérience with each method. The risks and benefits of 
treatment should be discussed with the family before 
selecting a particular treatment option. 

Traction Before Casting 1 

Traction is recommended when there is a high risk of 
unacceptable shortening with immédiate casting. 7 
Generally, the risk increases in children older than âge 
6 years or in children with a high-energy fracture. Buehler 
et al described the telescope test, in which 3 cm of 
shortening with gentle force while the child is 
anesthetized predicted a twenty fold greater chance of 
unacceptable shortening in an immédiate spica cast 1 . 
Relative contraindications for traction and casting include 
obesity, multiple trauma, significant head injury, floating 
knee injury, and very distal fractures that compromise 
traction pin placement. The pin is placed in the distal 
fémur to avoid damage to the proximal tibial physis. A 
3/16-in threaded Steinmann pin is drilled médial to 
latéral. The child is placed in 90°/ 90° traction. 
Radiographs in traction are obtained periodically to 
ensure that the fracture is out to length and in satisfactory 
alignment. When radiographs show callus and there is 
no tenderness at the fracture site (typically at 3 weeks), 
the pin is removed and a spica cast is applied. 

Flexible Intramedullary Nail Fixation 910 

Flexible intramedullary nailing has become popular 
because it allows rapid mobilization of children with little 
risk of osteonecrosis, physeal injury, or refracture. It 
functions as an internai splint that holds length and 
alignment but permits enough motion at the fracture site 
to generate sufficient callus. Results hâve been excellent 
with Ender nails and titanium elastic nails. Flexible 
intramedullary nailing is preferred for skeletally 
immature children older than âge 6 years with transverse 
fractures in the middle 60% of the fémoral diaphysis. 
More proximal and distal fractures, as well as those with 
comminution or spiral patterns, are more challenging to 
manage with flexible nailing; in such instances, 
intramedullary fixation may be supplemented with a cast 
or brace. 

Although both Ender nails and titanium elastic nails 
offer flexible intramedullary fixation, the fixation 
techniques hâve important différences. Stainless Steel 
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Ender nails are stiffer than titanium elastic nails. With 
Ender nails, stability is based on both the bend placed in 
the nail and on stacking the nails to increase canal fill. 
Titanium nail fixation technique involves balancing the 
forces of two opposing implants. The entry site, nail size, 
and nail length should be symmetric; stacking is not done 
with titanium nail fixation. Malunion, shortening, and 
re-fracture rarely occur when standard flexible nailing 
indications and principles are followed. Malunion is more 
likely to occur in unstable fracture patterns and in heavy 
adolescents. The most frequently reported complication 
is soft-tissue irritation by the nail tip at the insertion site. 
Refracture has been reported after prématuré nail 
removal (Fig. 1). 

External Fixation 8 

External fixation is excellent for achieving satisfactory 
alignment without long incisions. With its relatively quick 
application using easily available and familiar 
equipment, external fixation offers a valuable solution 
for several difficult situations like: open fractures or 
fractures associated with severe soft-tissue injury; 
multiple trauma or head or vascular injuries; and fracture 
patterns less amenable to flexible intramedullary nailing. 
External fixation is also valuable for subtrochanteric 
fractures which are difficult to control and fractures at 
the distal diaphyseal-metaphyseal junction, where callus 
formation is good but proximity to the insertion site 
makes flexible nailing difficult. 

Popularity of external fixation as the primary 
treatment method for children aged 6 to 16 years has 
waned in recent years due to some of the problems with 


this method and with increasing evidence to support the 
use of flexible intramedullary fixation. Common 
problems with external fixation technique are family 
acceptance of the fixator, pin site irritation or infection, 
knee stiffness, and unsightly thigh scars. Delayed union 
and refracture after device removal hâve raised concerns 
that the external fixator may stress-shield the fracture site 
and prevent satisfactory callus formation, especially if 
the fixator is not effectively dynamized. Regardless of 
the type of fixator that is used, proximity to the trochanter 
or distal physis must be considered. The most proximal 
and distal pins are placed first, both perpendicular to the 
long axis of the shaft. The two central pins are then placed; 
spacing them fartherfrom the fracture and doser to the 
first two pins decreases the stiffness of the frame and thus 
stress-shielding. 

Usually, weight-bearing as tolerated is allowed, and 
the frame is dynamized once callus is visible. The fixator 
is removed only when three cortices with bridging callus 
are seen on anteroposterior and latéral radiographs. The 
fracture and pin sites are protected by allowing only 
partial weight-bearing in a brace or knee immobilizer for 
several weeks. 

Rigid Intramedullary Nail Fixation 

Rigid antegrade intramedullary nail fixation, which offers 
maximum stability and load sharing, is the treatment of 
choice for displaced fémoral shaft fractures in skeletally 
mature adolescents. Surgeons hâve extended the 
indications for rigid antegrade nails to children with open 
proximal fémoral physes. Although results hâve been 
good, reports of osteonecrosis of the fémoral head are 



Figs 1A to C: An eight-year-old boy with bilateral shaft fémur treated by titanium flexible nail both fractures united 
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increasing. The standard technique for antegrade 
intramedullary nail fixation is used. An entry site through 
the tip of the greater trochanter is used in adolescents to 
avoid the piriformis fossa and the potential damage to 
the blood supply to the fémoral head. Until a new 
pédiatrie nail design is available which can be placed 
without risking osteonecrosis, this option is less preferred 

(Fig. 2). 

Open Réduction and Plate Fixation 11 

Plating is an effective method for treatment of pédiatrie 
fémoral fractures. Advantages include a familiar 
technique and rigid fixation in anatomie alignment that 
allows rapid mobilization. However, the long incision, 
higher blood loss, possibility of implant failure and 
refracture and need for implant removal limit the use of 
this option when other methods are available. However 
few indications are children younger than âge 12 years 
with multiple trauma, open fractures, head injury, 
or compartment syndrome. Some surgeons use plating 
for very proximal or distal fractures for which no 
other treatment allows rapid mobilization. Standard 
technique includes the use of 4.5-mm compression plates 
with fixation of at least six cortices on each side of the 
fracture. Newer plating techniques include longer plates 
with fewer screws, percutaneous plate placement with 
indirect réduction, and less soft-tissue stripping. Six to 8 
weeks of protected weight bearing after surgery is 
recommended. 


Difficult Fémoral Fractures 

Difficult fémoral fractures include those in the child with 
multiple injuries or head injury, open fémoral fractures, 
subtrochanteric and supracondylar fémoral fractures, or 
floating knee. In young children, the head is 
proportionately larger than trunk and frequently 
involved in high-energy injuries. Although early 
stabilization of a fémoral fracture in a child with a head 
injury leads to a shorter hospital stay and fewer general 
complications, it does not decrease the number of 
orthopédie and neurologie complications. 

Open fémoral fractures in children comprise only 3% 
to 4% of ail open fractures. 15 Management of grade I or II 
open injuries is similar to that for other high-energy open 
fractures and includes irrigation and debridement 
followed by stabilization. Grade III open injuries are the 
most difficult to manage, with higher risk of osteomyelitis 
and malunion. The best form of surgical stabilization for 
the grade III injury has not been established. Regardless 
of the treatment method used, open fémoral fractures 
hâve a longer time to union, particularly in the older child 
and in those with more severe soft-tissue injury. Fractures 
at either end of the fémoral shaft can présent difficulty 
with alignment, stability, and function. Subtrochanteric 
fémoral fractures often are caused by high-energy trauma, 
such as a motor vehicle injury or a fall from a height. In 
the younger child, traction in 90° of hip and knee flexion 
until the appearance of fracture callus, followed by spica 
casting, is effective. Although early spica casting can be 



Figs 2A to C: A-13-year-old boy has fracture of the shaft of the fémur treated by interlocking intramedullary nailing 
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used in younger children but child may require a 
remanipulation. Adolescents, or younger patients with 
an unacceptable position, require surgical treatment. 

Distal supracondylar fémoral fractures 14 occur in 
approximately 12% of nonphyseal fémoral fractures. An 
external fixator can maintain anatomie alignment until 
there is enough callus for a walking cast. When there is 
enough room for screws between the fracture and the 
physis, plate fixation is also a viable option. 

A floating knee injury pattern is usually the resuit of 
high-energy trauma. 5,16 Nonsurgical management has 
been used for the young child. Surgical stabilization of at 
least the fémur is recommended for children with a 
floating knee as it leads to earlier independent walking. 
It may decrease the possibility of limb length discrepancy 
and angular deformity. Adolescents are best managed 
with surgical stabilization of both the bones. 

Complications 

Complications of nonsurgical management include 
malunion and shortening, pintract infection or associated 
tibial growth arrest from the skeletal traction pin, 
decubitus ulcer, skin problems in the cast, nerve injury, 
refracture, and skin burns from a cast saw. The risk of 
complications, including peroneal nerve palsy, is greater 
in children treated for several weeks with traction 
compared with children placed in a cast within 48 hours. 
Those fémoral fractures treated with 90°/90° spica cast 
can be at risk for peroneal nerve palsy when excessive 
traction or wedging is used or when insufficient padding 
is placed behind the knee. Potential risks of surgical 
management include those of anesthésia, malunion, 
infection, implant prominence, unacceptable scarring, 
refracture after implant removal, and fémoral head 
osteonecrosis. 

Leg-Length Discrepancy 12 

Shortening and overgrowth are two common 
complications of this fracture. Overgrowth may vary with 
the âge of the child, the fracture pattern and location, the 
amount of shortening, and possibly the treatment 
method. In children between the âges of two and ten 
years, overgrowth averages 0.9 cm. 

Final shortening dépends on initial shortening 
resulting from injury. The final shortening is usually 
within 1 cm for children younger than âge 6 years with 
low-energy fractures which are treated in an early spica 
cast with the hip and knee in 90° of flexion. Early spica 
casting is indicated in fractures with up to 20 mm of initial 
shortening. However, the risk of losing an initial 
réduction doubles with each centimeter of initial 


shortening (1 cm, 12%; 3 cm, 50%). 2 As a general rule, 
shortening at union should be no more than 1.5 to 2.0 cm 
in children less than ten years old. In older children, no 
more than 1.0 cm of shortening is recommended. 

When shortening in a cast is noted within the first 3 
weeks of injury, the surgeon should recast the leg in a 
90°/90° position after the fracture has been manipulated 
to an adéquate length. An opening wedge of the cast can 
correct both angulation and some shortening. When >3 
cm of shortening is noted within 2 weeks of injury, 
beginning or returning to skeletal traction can often 
reestablish and maintain proper length until sufficient 
callus develops for casting. Shortening after callus 
formation is more difficult. Families should be counseled 
about the risks and benefits of immédiate or delayed 
treatment to correct the final amount of leg-length 
inequality. When immédiate treatment is selected, 
osteoclasis with application of an external fixator that can 
maintain both the length and alignment is effective. 
Shortening noted after complété fracture union is best 
managed with an optimally timed epiphysiodesis of the 
contralatéral distal fémur, which can provide up to 3 to 5 
cm of leg length correction. In the rare circumstance of 
extreme leg-length inequality, the injured side may be 
lengthened or the uninjured side shortened. 

Angular Deformity 13 

Varus and valgus deformities are more likely to cause 
problems than are flexion/extension deformities. 
Angular deformity is tolerated better near the hip than 
near the knee. Remodeling potential is greatest in children 
less than ten years old, in fractures near the physis, and 
in deformities in the plane of joint motion. Angular 
deformity correction takes place by differential growth 
at physis and, to a lesser extent, bone apposition at the 
fracture site. Remodeling occurs most rapidly in the two 
years following injury, although some additional 
improvement may occur for several years. 

As a general guideline, acceptable fracture alignment 
at union in children who are two to ten years old is up to 
15° of varus or valgus angulation, up to 20° of anterior or 
posterior angulation. 

Varus malalignment is most common in proximal 
fémoral fractures managed with casting. The deforming 
muscle forces can be counteracted by a valgus mold at 
the fracture site and abduction of the distal shaft fragment 
on the proximal fragment. Some varus malalignment can 
be corrected or improved in the first 3 to 4 weeks after 
injury with cast wedging or recasting. When a varus 
deformity is noted after final union, a 2-year delay in 
treatment is recommended to allow maximum correction 
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through remodeling. When the varus malunion persists 
after 2 years, osteotomy along with external or 
intramedullary fixation can be used. Distal varus or 
valgus malunion is poorly tolerated, especially in 
adolescents with little growth remaining. When cast 
treatment is chosen for a supracondylar fémoral fracture, 
optimal alignment should be ensured. Staple 
epiphysiodesis can be used for uniplanar deformities 
when at least 2 years of growth is remaining. For 
correction of multiplanar deformities, especially in an 
older child, complex treatment, such as the Ilizarov 
technique, may be required. 

Rotational Malunion 

Up to 25° to 30° of rotational malunion seems to be well- 
tolerated unless there is preexisting fémoral antéversion 
or rétroversion. The key to avoid rotational malunion is 
to understand the muscle forces on the proximal fragment 
and aligning the distal shaft fragment accordingly. 

Delayed Union and Nonunion 

Delayed union and nonunion are rare in pédiatrie fémoral 
fractures. Typical causes are either infection or stress 
shielding, often caused by the fracture management itself. 
External fixation substantially slows the rate of union, 
even after dynamization. Plating or intramedullary 
fixation that holds a fracture distracted also can cause 
delayed union or nonunion. Management of such 
problems involves both biologie and mechanical 
solutions. When an infection is présent, antibiotics and 
surgical treatment with bone grafting are needed. The 
idéal mechanical solution involves a load-sharing implant 
that will reduce stress shielding. To achieve satisfactory 
union, it is essential to remove any distraction at the 
fracture site. 

Compartment Syndrome 

Although compartment syndrome of the thigh is very 
rare, it has been reported after fémoral fracture and 
treatment. The surgeon should be suspicious when 
massive thigh swelling is associated with complaints of 


continuing pain despite stabilization, traction, or 
immobilization. If facility is available to measure 
compartment pressure further decision should be based 
on the resuit. Thigh fasciotomy is indicated when the 
pressure is >30 mm Hg and the clinical examination 
suggests compartment syndrome. 
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SEPARATION OFTHE DISTAL 
FEMORAL EPIPHYSIS 

Injuries to the distal fémoral physis are more common 
than injuries to growth plates elsewhere in the knee or in 
the hip and less common than analogous injuries in the 
ankle or upper extremity. Between 1 and 6 % of ail 
epiphyseal injuries occur at the distal fémur. 12 If 
epiphyseal injuries constitute 15 % of ail fractures in 
children, séparation of the distal fémoral epiphysis 
account for less than 1 % of the fractures of the growing 
skeleton. 

Mechanism of Injury 

Fracture séparation of the distal fémoral growth plate is 
most often caused by indirect injury. Compression 
(crushing) or avulsion (tearing) of the plate may occur. 
A compression force may be exerted across the physis by 
décélération at the end of a fall or by accélération of the 
leg by muscle action. 

Fracture-separation of the distal growth plate may 
also be caused by a direct blow, e.g. a run over by a 
moving vehicle or when the anterior knee strikes the 
ground when falling on a bent knee. 

This injury has also been recorded to occur in a 
newborn at the time of delivery by breech présentation. 3 

Classification 

Various classifications hâve been made depending on the 
direction of displacement, mechanism of injury and 
anatomical pattern of the fracture. The Salter and Harris 
classification is the most useful, as it describes the fracture 
and also helps in planning the treatment. 


Classification Based on Mechanism of Injury and 
Direction of Displacement 

Distal fémoral epiphyseal injury may be grouped 
according to the mechanism of injury: 

i. Abduction, 

ii. Adduction, 

iii Hyperextension, and 

iv. Hyperflexion. 

The abduction type of injury is common. It is caused 
by a blow on the latéral side of the distal fémur, frequently 
occurring in athlètes or when being hit by a "bumper" of 
a car. It usually results in a type II physeal injury in which 
the periosteum is ruptured on the médial side, and the 
distal fémoral epiphysis is displaced laterally with a 
latéral fragment of the metaphysis (Fig. 1). 



Fig. 1 : Type 2 epiphyseal injury of the distal fémur 
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The adduction type of injury is caused by a médial 
blow or by an indirect injury. The epiphysis is medially 
displaced and is usually a type I or II epiphyseal injury. 
With an additional rotational component, a type III or IV 
injury may occur. 

Hyperextension type of injuries are the ones where 
the distal portion of the fémoral epiphysis is displaced 
anteriorly by the hyperextension force and the pull of 
the quadriceps. They are often associated with 
neurovascular injury due to the posteriorly displaced 
proximal fémoral shaft. 

Hyperflexion injuries are rare. The fémoral epiphysis 
is displaced posteriorly due to forceful flexion or by a 
direct blow to the distal fémur. The posteriorly displaced 
epiphysis may injure the popliteal vessels. 

Radiographie Findings 

If the standard views (anteroposterior and latéral views 
show the displacement of the epiphysis, then the 
diagnosis becomes obvious. An undisplaced séparation 
without a metaphyseal fracture may be easily missed. In 
such cases, stress views may be useful when clinical 
findings are suggestive of an epiphyseal injury (Fig. 2). 
Stress radiographs may be falsely négative in the presence 
of severe muscle spasm. Occasionally, the pattern of 
séparation may appear to be different in different 
radiographie views. Axial tomography should be 
considered in such cases. 

Comparative views of the opposite uninjured knee 
may be helpful in infants, as only the center of the 
epiphysis is ossified, hence, minor degrees of 
displacement may be missed. The ossicle should be in 
line with the fémoral shaft on both, the anteroposterior 



Fig. 2: Diagrammatic représentation showing stress view 
revealing a type 1 injury to the distal fémoral epiphysis 


and the latéral views. Arthrography of the knee joint may 
be done to identify the separated nonossified fémoral 
epiphysis if the epiphysis has not yet ossified. 

In diagnosing the type V injuries to the distal fémoral 
epiphysis, it is useful to note that the radiolucent line 
representing the physis on the anteroposterior radiograph 
is between 3 mm and 6 mm up to adolescence. A decrease 
in the distance is suggestive of a compression injury to 
the growth plate. Neer has pointed out that the 
radiographie evidence of prématuré closure usually 
becomes manifest within 6 months after injury. 

Management 

Anatomical réduction is désirable for a displaced 
séparation of the epiphysis. The doser the patient is to 
skeletal maturity the more will be the need to obtain exact 
realignment as the residual deformity after réduction will 
tend not to remodel with further growth. 4 Angulation of 
less than 15° in the plane of movement of the knee joint 
is well tolerated. Burman and Langsam 5 hâve cited good 
results in displaced birth fractures that were merely 
splinted. 

Closed réduction can usually be obtained in the older 
child up to 10 days after injury. Open réduction is usually 
reserved for cases in which closed réduction fails. 

Salter and Harris type I and II may sometimes be 
difficult to reduce by the closed methods, as soft tissue 
usually in the form of a flap of torn periosteum that curls 
inside the séparation cleft may be interposed. The type 
III and IV injuries require an open réduction to minimize 
the disruption of the articular surface and to minimize 
the risk of prématuré fusion of the physis. 

Closed Réduction 

The technique dépends on the direction and degree of 
displacement of the epiphysis. The procedure is better 
done under general anesthésia to decrease the associated 
muscle spasm. This maneuver consists of a sequence of 
"pull, tip and close", taking care to avoid grinding of the 
cartilage of the growth plate against the metaphysis. The 
réduction should be done very gently to prevent further 
damage to the growth plate. 

An anteriorly displaced epiphysis may be reduced 
either with the patient lying supine or with the patient 
prone. After réduction, it is important to check the puises 
in the foot and ankle. Flexion of a swollen knee to beyond 
90° may compromise the vascular supply. If adéquate 
réduction is obtained as seen by a check radiograph with 
the knee in that amount of flexion, a long leg cast is 
applied in this position. To avoid difficulty in regaining 
extension after prolonged immobilization in flexion, the 
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knee is brought out to 45° flexion after 7 days. Griswold 6 
has used a lace and tape technique for limited active 
flexion and extension within a week after réduction. 

Percutaneous pinning is done when maintaining the 
réduction becomes difficult. Sagittal plane displacement 
of the distal fémoral epiphysis can be quite unstable. 
Récurrent displacements are likely to occur after initial 
réduction as the swelling subsides. When a second 
manipulation is indicated, it is better fixed with 
percutaneous pins. Repeated manipulation runs the risk 
of damage to the proliférative cells of the growth plate. 

Pins in plaster may also be used when a pull on the 
soft tissues helps to maintain réduction. 

Open réduction is indicated only when closed 
réduction fails. During open réduction of type III and IV 
epiphyseal injuries, an arthrotomy allows inspection of 
the articular surface. When réduction is accomplished, 
the fragments are fixed using pins that are threaded 
transversely across the epiphysis in a type III injury or 
across the metaphysis in a type II or type IV injury. When 
a pin has to be passed across the growth plate, smooth 
pins or wires are preferred. Postoperative immobilization 
in a long leg cast for six weeks is advocated. The pins are 
removed at approximately 3 months after injury (Figs 3 
and 4 A to C). 

Following réduction of a posteriorly displaced 
epiphysis, the knee is held in extension (Fig. 5)7 

Postreduction Care 

Isométrie quadriceps and hamsteing exercises are begun 
as soon as pain permits. Check radiographs are done at 
one week intervals to make sure that redisplacement has 
not occurred. If displacement occur s, remanipulation is 
usually successful. 


The cast is retained for four weeks. At this time, if 
there is no tenderness at the fracture site and the 
radiograph shows subperiosteal new bone formation, 
active muscle strengthning and range of motion exercises 
are started. Partial weight bearing is then gradually 
increased. 

Complications 

Complications of epiphyseal séparations of the 
distal fémur in a child include/injury to the popliteal 




Fig. 3: Réduction and percutaneous screw fixation of Salter- 
Harris type II fracture with a large metaphyseal fragment: 
(A) Cannulated screws are placed doser to the physis than to 
the fracture line. Two screws may be placed anterior and 
posterior to each other. A washer will help increase 
compression. (B) After both screws are in place, réduction 
should be maintained when pressure is removed. If deformity 
recurs, the metaphyseal fragment may be unstable or the 
periosteum may be infolded on the contralatéral side 




A 


Figs 4A to C: (A) One month old epiphyseal séparation of lower end of fémur, (B) Closed réduction and pinning, 

(C) Fracture united 10 weeks after réduction 
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Fig. 5: Open réduction of displaced latéral Salter-Harris type IV fracture of the distal fémur: (A) Longitudinal skin incision, (B) 
Provisional stabilization with Kirschner wires—Cortex, physis, and joint surfaces are aligned (arrows), (C) Fixation screws are 
inserted parallel to the physis 


artery (2%), peroneal nerve neuropraxia (3%), knee 
stiffness and prématuré growth plate arrest. 

Progressive angulation due to asymmetrical physeal 
arrest is treated by using the techniques described by 
Langenskiold and Bright. 8,9 If the patient is skeletally 
mature, a corrective osteotomy is indicated. Abbott and 
Gill 10 point out that compensatory deformity may hâve 
occurred in the proximal tibia, and hence if the angulation 
of the fémur is corrected, a subséquent osteotomy for 
correction of the tibial deformity may become necessary. 

Progressive limb length discrepancy may follow if 
symmetrical prématuré arrest of the physis occurs. The 
limb length discrepancy may progress at a rate of 1 cm 
per year. 

SEPARATION OFTHE PROXIMAL TIBIAL EPIPHYSIS 

Séparation of the proximal tibial epiphysis is a relatively 
rare injury. The proximal tibial epiphysis is well protected 
by its shape and by soft tissues around it, especially the 
médial collateral ligament and the insertion of the 
semimembranous muscle. It probably constitutes less 
than 1 % of ail the epiphyseal injuries. 

Whenever this injury does occur, the incidence of 
associated vascular injury is quite high and is always due 
to the posteriorly displaced metaphysis. 

Virtually ail types of physeal injuries may affect the 
proximal tibia, however, the majority of the fracture- 
separations are Salter and Harris type I or II. 

Radiographie Evaluation 

As in the case of distal fémoral physeal injuries, 
radiographs are taken in two planes, and stress 


radiographs are taken whenever there is a suspicion of 
an undisplaced physeal injury. 

Management 

Séparations of the upper tibial epiphysis are quite 
unstable. Undisplaced séparations may be treated by 
applying a long leg cast in 30° flexion at the knee. The 
cast is then split anteriorly from the top to the bottom to 
prevent any vascular complications. Check radiographs 
are taken at weekly intervals to look for displacement. 
Displaced injuries are reduced by the closed methods. 

The neurological circulatory status of the limb should 
be checked before réduction of a hyperextension injury. 
Closed réductions are to be done under general 
anesthésia. Once réduction is attained, the knee is flexed 
to 90°. The cast is split immediately and check 
radiographs obtained. The degree of flexion at the knee 
is reduced at the end of two weeks. An unstable réduction 
is maintained with percutaneous pins. 

When closed réduction fails, open réduction is 
indicated. A displaced Salter and Harris type III injury is 
an indication for open réduction by an anteromedial or 
an antérolatéral incision. 

Complications 

The complications that occur following proximal tibial 
physeal injuries are usually the same as those which occur 
after distal fémoral physeal injuries. 

AVULSION OF THE TIBIAL TUBEROSITY 

The incidence of this injury remains ill-defined as: 
i. the severe type or avulsion that extends into the 
upper epiphysis of the tibia is classified as a Salter 
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and Harris type III fracture of the upper tibial 
epiphyses, and 

ii. the acute localized avulsion fracture of the tibial 
tuberocity is thought sometimes to be a variant of 
the Osgood-Schlatter lésion. However, these two 
entities need to be differentiated as shown in 
Table 1. 

Mechanism of Injury 

Acute traumatic avulsions of the tibial tubercle occur 
following sports injuries or after a fall when the patellar 
tendon pulls hard enough to exceed the combined 
strength of the growth plate underlying the tuberocity, 
the surrounding perichondrium and the adjacent 
periosteum. Violent contraction of the quadriceps muscle 
against a fixed tibia can generate such a force. Conditions 
like patella infra, tight hamstrings, Osgood-Schlatter's 
disease and myelomeningocele can be predisposing 
factors to avulsion of the tuberocity. 

Classification 

Ogden et al 11 described three types depending on the 
distance of the séparation from the distal end of the 
tuberocity. Each type is then divided into two subtypes, 
depending on the severity of displacement. 

Type 1: Séparation through the distal portion of the physis 
(Fig. 6A). 

IA Fracture is distal to the normal junction of the 
ossification centers of the proximal end of the tibia and 
tuberosity. Displacement is minimal. 

IB The fragment is displaced and hinging proximally 
at the anterior cortex. 

Type 2: Séparation of entire ossification center of the 
tuberosity occurs (Fig. 6B). 

2A The séparation is at the junction of the ossification 
of the proximal end of the tibia and the tuberosity, in line 
with a transverse continuation of the tibial epiphysis. 


TABLE 1 : Différence between Osgood-Schlatter lésion 
and traumatic avulsion of the tibial tuberosity 



Osgood-Schlatter 

lésion 

Acute traumatic avulsion 
of tibial tuberosity 

Onset 

Insideous 

Acute injury 

Symptoms 

Intermittent, mild 

Immédiate marked pain 
with swelling 

Disability 

Partial 

Often unable to stand or 
walk 

Treatment 

Symptomatic, 

Often open réduction and 


supportive 

internai fixation 

Prognosis 

Fairly good 

Rapid healing and return 
to full activities 


2B The tuberosity fragment is comminuted, and the 
more distal fragment may be more proximally displaced. 

Type 3: The séparation propagates up through the 
main proximal tibial epiphysis into the joint under the 
anterior attachments of the menisci or the anterior fat 
pad. Discontinuity of the joint surface occurs (Fig. 6C). 

3A Tuberosity and anterior aspect of the proximal 
tibial epiphysis are a unit. 

3B The unit is comminuted with fragmentation 
usually being at the junction of the ossification centers of 
the tuberosity and proximal end of tibia. 

Mildly displaced, small avulsion fractures are treated 
by closed methods. A cast, well moulded above the 
proximal pôle of the patella is applied to relieve tension 
on the patellar ligament. 




Fig. 6A: Types of injury to the tibial tuberosity: type IA— 
Undisplaced fracture distal to the normal junction of the 
ossification centers of the proximal tibia and tuberosity, and 
type IB displaced fragment hinged proximally and anteriorly 




Fig. 6B: Types of injury to the tibial tuberosity: Type 2A— 
fracture-separation at the junction of the ossification of the 
proximal tibia and tuberosity, and type 2B—the tuberosity 
fragment is comminuted 
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Fig. 6C: Type of injury to the tibial tuberosity: Type 3A- the 
fracture extends to the joint and is displaced, the tuberosity 
and the proximal tibial epiphysis are a composite unit, and Type 
3B-the unit is comminuted 


In ail other types of fractures of the tibial tuberocity, 
open réduction and internai fixation is preferred. A 
transverse or a vertical incision may be used. A periosteal 
flap may be found folded into the bed of the epiphysis 
which is extracted, and the fragment is fixed with pins. 
Staples and bone pegs hâve also been used for internai 
fixation. Postoperatively a well-fitting moulded cylinder 
cast is retained for six weeks (Fig. 7). 

Genu recurvatum may follow prématuré closure of 
the anterior portion of the epiphysis. The incidence of 
this complication is rare although healing of the lésion 
actually occurs by epiphysiodesis probably, because this 
lésion occurs in patients very close to skeletal maturity. 

OSTEOCHONDRAL FRACTURES 

The differential diagnosis of an acutely injured knee in 
the adolescent includes osteochondral fractures of either 
the fémoral condyle, the patella or both. 12 

Osteochondral fractures of the médial or latéral 
fémoral condylar articular surfaces may be caused by a 
direct blow or rapid latéral subluxation or dislocation of 
the patella. 

The fracture fragment may be visualized as a loose 
body. The fragments lodge in the suprapatellar pouch, 
and beneath the médial and latéral collateral ligaments. 
When the fractured fragment is from the undersurface 
of the patella or from the fémoral condyle, the fractured 
bed becomes extremely difficult to visualize. A tunnel 
view is useful when the fragment is placed in the 
intercondylar notch. A largely cartilaginous loose body 
may not be visualized and in such cases an arthrogram 
may be useful. 



Fig. 7: Open réduction and internai fixation of Type II tibial 
tubercle fracture: after anatomie réduction a large fragment is 
stabilized with two screws 

When the osteochondral fragment is very small, it is 
best excised. The defect at the fracture bed fills in with 
fibrocartilage. When the fragment is fairly large, it needs 
to be fixed back and held with pins or screws. This is 
especially so when the fracture is fresh, and involves the 
weight bearing area. Whichever is the method of fixation, 
the device used needs to be contersunk into the articular 
surface. 

FRACTURE OF THE INTERCONDYLAR EMINENCE 
OF THE TIBIA 

"A child with a swollen, painful knee after a bicycle injury 
can be assumed to hâve a fracture of the intercondylar 
eminence of the tibia until proved otherwise"—a 
categorical statement made by Meyers and McKeever, 13 
as fractures of the anterior intercondylar eminence in 
children occur very commonly following a fall from a 
bicycle. 

It has been speculated that the tibia is forced into 
latéral rotation relative to the fémur, thereby, increasing 
the tension on the cruciate ligament. Bohler 14 States that 
the injury occurs with the knee extended. 

Classification 

The classification proposed by Meyers and McKeever 13 
is based on the degree of displacement of the avulsed 
fragment (Fig. 8). 

Type 1 Minimal displacement. Knee extension full. 
Type 2 The anterior rim of the fragment is pulled 
upwards hinging on the posterior border 
which is still in contact with the surface of the 
tibia. Knee extension is limited. 
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Type I 


Type II 



Fig. 8: Fractures of the intercondylar eminence of the tibia 

Type 3 The entire fragment is displaced from its bed. 

It is also rotated so that the fracture surface 
faces anteriorly. Knee extension is limited. 

Radiologie Finding 

The fracture of the anterior intercondylar eminence is best 
seen on a latéral radiograph. The fractured fragment 
visible, is only the ossified part and may be as thin as a 
flake. Visualizing the anteroposterior view is also 
important to détermine the dimension of the fragment. 
The dimension détermines the choice of treatment. 


The internai fixation is done by passing absorbable 
sutures (Vicryl Nol) through anterior cruciate and is tied 
over the metaphyseal area, passing through two drill 
holes. If the fragment is large one can use a lag screw to 
fix the fragment, taking care not to pass the screw through 
physis. 

FRACTURES OF THE PATELLA 

Fractures of the patella in children are very rare. Only 
1 % of ail fractures occur in the patella, and only 1 % 
percent of these occur in the immature skeleton. The low 
incidence of fracture of the patella is probably because 
the osseous portion of the patella is surrounded by a thick 
layer of cartilage that acts as a cushion against direct 
trauma. Also, the magnitude of force generated in the 
extensor mechanism is smaller due to less muscle mass 
and a shorter moment arm. 

Mechanism of Injury 

Fractures of the patella may follow a direct blow on to 
the bone or following a sudden contraction of the extensor 
mechanism or a combination of both. 

Preexisting abnormalities in the extensor mechanism 
of the knee in children may prédisposé to avulsion 
fractures. 

Classification 


Management 

The undisplaced or type I fracture may be treated by 
closed methods. The hemarthrosis is aspirated and the 
knee immobilized in a cylinder cast. Quadriceps 
excercises are started as soon as the pain subsides. 

Roberts 15 recommends a closed réduction for ail 
displaced fractures as even large displaced fragments 
often fall back into place after aspiration of the 
hemarthrosis and gentle extension of the knee under 
general anesthésia. 

The réduction has been judged by him by the amount 
of extension regained in the affected knee. When full 
extension has been obtained, the check radiograph may 
show some residual upward tilt. This has been accepted 
if the range of movement is full. According to Gronkvist, 
Hirsch and Johanson, 16 younger children will compensate 
for any anterior instability as the skeleton grows, but in 
older children some anterior instability persists. 

Open réduction is indicated for type II and III injuries 
which do not fall back by closed réduction. The usual 
findings on arthrotomy is that there is interposition of 
the anterior part of the latéral meniscus between the 
fragment and the bed (Fig. 9). 


Fractures of the patella are classified according to the 
spécifie location of the fracture, pattern of the fracture 


Fig. 9: Techniques of fixation of tibial spine fractures: (A) 
Peripheral sutures for large cartilaginous fragment in young 
child, and (B) Transepiphyseal pull-out suture for smaller 
fragment in an adolescent (After Beaty JH: In Rockwood, Green 
(Eds) Fractures in Children 1996) 
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and degree of displacement. To this anatomical 
classification is added the "sleeve" fracture. 

"Sleeve" fracture An avulsion of a small bony fragment 
from the distal pôle of the patella, associated with an 
extensive sleeve of articular cartilage and retinaculum 
pulled off from the main body of the bony patella 
(Fig. 10). 

This injury is reported in children of 8 to 12 years of 
âge. If allowed to heal without réduction and fixation, 
the gap fills with bone and produces an enlargement of 
the patella. 

The extent of displacement may not be fully 
appreciated radiologically unless the knee is flexed to 30°. 
Presence of accessory ossification centers, bipartate 
patella, and evidence of overuse injuries around the 
ligamentous attachments hâve to be differentiated from 
flake fractures or marginal fractures of the patella. 

Management 

Undisplaced fractures are managed by closed methods, 
particularly if active extension is possible at the time of 
examination. The hemarthrosis is aspirated under aseptie 
précautions, and a cylinder cast is applied with the knee 
flexed to 5°. Diastasis on radiographs of more than 4 mm 
or a step in the articular surface of greater than 3 mm 
warrant operative intervention. 

Open réduction and internai fixation is done using 
nonabsorbable sutures, circumferential wire loops, AO 
tension band technique, fixation with screws or threaded 
pins. 

Ogden 17 prefers circumferential wiring through 
adjacent soft tissues around the patella than wiring 
through the patella, as the damage to the growth of the 
patella is reduced. The repair of the adjacent retinacular 
tear is just as important as accurate approximation and 
stable fixation of the bone fragments. 

The ''sleeve" fracture if treated inadequately leads to 
complications like persistent deformity and extensor lag 
with residual disability. 

Smillie 18 recommends excision of the latéral marginal 
fracture as they inevitably end up with nonunion due to 
avascularity of the fragment. He advices the médial 
marginal fractures to be internally fixed with a screw. 

DISLOCATIONS ABOUT THE KNEE 

Trauma that is necessary to dislocate a knee in a child is 
more likely to fracture the distal fémur or the proximal 
tibia, thus, the incidence of dislocation of the knee in 
children is very rare. 

When a knee is dislocated, it is associated with 
damage to the soft tissues, ligaments and frequently to 
the neurovascular bundle. Green and Allen 19 found the 



Fig. 10: “Sleeve” fracture of the patella 

popliteal artery to be injured in one-third of 245 knee 
dislocations. The results are far better when these 
dislocations are reduced immediately. 

Acute latéral dislocation of the patella is usually a 
problem of the adolescent and commonly associated with 
osteochondral fractures. Often the dislocation would 
hâve reduced immediately, and diagnosis may be based 
on the clinical findings and a high degree of suspicion. 

Occasionally, a unique type of dislocation of the 
patella occurs in a child, the intraarticular dislocation of 
the patella. The patella rotâtes around its transverse axis 
so that the anterior surface rotâtes after being stripped 
off its quadriceps aponeurosis and cornes to lie in contact 
with the articular surface of the fémur (Fig. 11). While 
some people hâve succeeded in reducing it by closed 
methods, most hâve had to resort to surgery. 

LIGAMENT INJURIES 

The notion that tears of the knee ligaments occur only 
after growth plates hâve closed is not true. There are 
documented cases of knee ligament injuries occurring in 
children from 4 to 14 years of âge. The incidence of 
ligamentous injuries in children and adolescent is on the 
rise. 

Classification 

These injuries may be classified as follows: 

Médial collateral ligament insufficiency 
1. Superficial 

a. Fémoral insertion 

b. Middle portion 

c. Tibial insertion 
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2. Deep 

a. Meniscofemoral 

b. Middle portion 

c. Meniscotibial 

Anterior and posterior cruciate ligament insufficiency 

1. Fémoral insertion 

2. Interstitial 

3. Tibial insertion 

a. without avulsion of the intercondylar eminence 

b. with fracture of the intercondylar eminence. 

Latéral ligament insufficiency 

1. Fémoral insertion 

2. Middle portion 

3. Fibular insertion. 

Stress radiographs may demonstrate opening up of 
the joint space with collateral ligament injuries and 
anteroposterior translation of the tibia with injury to the 
cruciate ligaments. 

Management 

Clanton et al 20 State that, when a joint line opens by more 
than 8 mm on stress views, there is an indication for 
surgery. Whenever surgery is indicated it entails suturing 
the ligaments or fixing the avulsed fracture with sutures 
or pins. Arthroscopic repair of these injuries is possible 
in experienced hands. 

OSGOOD-SCHLATTER LESION 

It is considered separately from acute traumatic avulsion 
of the tibial tubercle. This lésion occurs when the tibial 
tubercle is in the apophyseal stage and secondary 
ossification center has appeared. The cartilage overlying 
the ossification center anteriorly and underlying it 
posteriorly is fibrocartilaginous tissue. 



Fig. 11: Intraarticular dislocation of the patella 




Mechanism of Injury 

Usually no spécifie mechanism is related to the onset of 
symptoms, but repeated normal stresses, overuse can 
produce a limited or localized disruption. Patella alta, 
genu valgum, pronated feet are mainly associated with 
this lésion (Fig. 12). 

Signs and Symptoms 

Patient is between 11 and 15 years old, mainly boys are 
more frequently affected. There is usually history of 
precipitating trauma in 50 % of cases. Pain is intermitently 
over period of several months, which is aggravated by 
running, jumping, kneeling, squatting and climbing and 
relieved by rest. Clinically, there is localized swelling, 
tenderness at the insertion of patellar ligament. 


Fig. 12: Development of Osgood-Schlatters lésion 
Radiology 

The lésion is best seen in latéral view taken with the knee 
in slight internai rotation. The diagnosis is confirmed by 
showing blurred edges of patellar ligament, displacement 
of small flake-like fragments of secondary ossification 
center. The prospective study with serial MRI, CT scan 
showed that the striking feature was soft tissue 
inflammation, not the bony avulsion. 

Treatment 

Treatment is mainly symptomatic and supportive. The 
most important thing is to explain the natural history of 
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the disease to the family, as it is related to activity and 
relieved with rest and maturation. The basic goal of 
treatment is to treat pain and swelling. The temporary 
restriction of activities, quadriceps stretching exercises 
is helpful. In cases of severe symptoms, knee 
immobilization may be useful. 

Prognosis 

The overall prognosis is excellent. Symptomatic treatment 
is useful. Persistent symptoms beyond the normal course 
of the lésion usually associated with an ununited ossicles, 
which can be successfully treated by simple excision in 
adults. 
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FRACTURES OF THE DISTAL 
TIBIAL AND FIBULAR PHYSIS 

Fractures of distal tibial and fibular physes comprise 4% 
of ail ankle injuries, and 25% of ail physeal injuries in 
children. The distal tibial ossifie nucléus appears between 
the second and third year of life and fuses with the shaft 
at the âge of 15 years in girls and at the âge of 17 years in 
boys. The distal fibular ossification center appears in the 
second year of life and unités with the shaft at the âge of 
20 years. 1 

The ankle joint is a modified hinge joint consisting of 
the dôme of talus and the lower ends of the tibia and 
fibula. The médial and latéral ligament complexes are 
attached distal to the respective growth plates. The tibia 
and fibula are bound together by a syndesmosis which 
has four ligaments, viz. anterior and posterior inferior 
tibiofibular ligaments, the interosseous ligament and the 
anterior transverse ligament. 

The ligaments of the ankle are stronger than the 
growth plate, and hence tension on a ligament produces 
a fracture séparation of the epiphysis. 

Classification 

Numerous classifications hâve been described for ankle 
injuries in children. A lucid classification is described by 
Dias and Tachdjian. 2 

1. Supination-external rotation 

a. Stage I 

b. Stage II 

2. Pronation-eversion-External rotation 

3. Supination-plantar flexion 

4. Supination-inversion 

a. Stage I 

b. Stage II 


5. Axial compression 

6. Juvénile tillaux 

7. Triplane fracture 

8. Other physeal injuries. 

Supination-External Rotation 

While the foot is in full supination, the talus gets 
externally rotated. This injury occurs in two stages. 

Stage I (Figs IA to D): It is a Salter-Harris type II fracture 
of distal tibial physis. Here the fracture line starts laterally 
at the distal tibial growth plate and runs proximally and 
medially as an oblique or long spiral fracture. The 
metaphyseal fragment is posteriorly situated and if any 
displacement occurs, the displacement is posterior. 

Stage II: If the external rotation force continues, a spiral 
fracture of distal fibula occurs. This fracture starts 
medially above the physis running superiorly and 
posteriorly. 




Fig. IA: Supination-external rotation—stage I 
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Figs IB to D: (B) X-ray showing Pott’s fracture in a 9-years- 
old child. (C) Médial malleolus was fixed with two K wires 
passed percutaneously. Latéral malleolus was fixed with 
tension band wiring with two K wires. (D) Médial malleolus is 
already united and good signs of union of latéral malleolus 



Fig. 2: Pronation-eversion-external rotation fracture 


Fig. 3: Supination-plantar flexion fracture 
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Fig. 4: Supination-inversion injury—stage I 



Pronation-Eversion-External Rotation 

Here the pronated foot is everted and the talus externally 
rotâtes. This produces a Salter-Harris type II fracture in 
the lower physis of tibia with the metaphyseal fragment 
located laterally or posterolaterally. The fibular fracture 
is short oblique and occurs 4 to 7 cm above the tip of the 
latéral malleolus. Occasionally, the distal tibial fracture 
may be a Salter-Harris type I injury (Fig. 2). 

Supination-Plantar Flexion 

Here in the supinated foot, the talus undergoes plantar 
flexion producing a Salter-Harris type II injury with the 
metaphyseal fragment being posterior. Occasionally, this 
can be a Salter-Harris type I fracture. The fibula is not 
fractured, and the tibial fracture is usually identified only 
in the latéral radiograph (Fig. 3). 


Supination-Inversion 

An inversion force acts on a supinated foot producing 
epiphyseal fractures in two stages. 

Stage I: Traction on the fibular physis produces its 
séparation with either a Salter-Harris type I or a Salter- 
Harris type II fracture. Occasionally, there may be rupture 
of latéral ligament or a fracture of the distal tip of the 
latéral malleolus (Fig. 4). 

Stage II: If the force continues, the talus hitches over the 
médial half of the distal tibia physis producing a Salter- 
Harris type III or IV fracture. This force can also produce 
a Salter-Harris type I or II fracture occasionally (Fig. 5). 

Axial Compression 

Axial compression is a rare injury. The changes in the 
radiograph may be difficult to detect, but usually leaves 
sequelae in the form of prématuré growth arrest. these 
are Salter Harris type V. MRI may be the diagnostic tool 
in this type. 

Juvénile Tillaux 3 

Juvénile Tillaux is actually a variant of the supination- 
external rotation injury. It is a Salter-Harris type III 
fracture. The fracture line extends proximally from the 
articular surface, traverses the physis and extends along 
the physis laterally. The fragment has the attachment of 
anterior tibiofibular ligament (Fig. 6). This takes place 
due to the asymeric closure of the physis which begins 
centrally lst followed by medially then laterally.As the 
latéral physis is not yet closed external rotation force 
causes avulsion fracture of the antérolatéral distal 
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Fig. 7: Triplane fracture 


epiphysis. Injury is often misdiagnosed as sprain. Proper 
X-ray mainly the mortise view should be taken. 

Triplane Fracture 

Triplane fracture is produced by a severe external rotation 
force. It usually produces a three part fracture when the 
physis is completely open. Coronal fracture line begins 
in the physis and travels proximally through the posterior 
metphysis, the sagital fracture travels from the midjoint 
line to the physis and the transverse line traverses 
through the physis. When the médial portion of the distal 
tibial physis is closed, it produces a two part triplane 
fracture. In the three-part triplane fracture, the first 
fragment includes the antérolatéral portion of the distal 
tibial physis—a Salter-Harris type III fracture. The second 
fragment has the remainder of physis with the attached 
postérolatéral spike from the metaphysis, and the third 
fragment is the remainder of distal tibial metaphysis 
(Fig. 7). Thus, the three planes are: (i) sagittal, (ii) coronal, 
(iii) horizontal. 

Other Injuries 

A few fractures of the lower end of the tibial cannot be 
included in any of the above types, e.g. degloving injuries 
which avulse the periochondral ring. 



Fig. 8: Salter-Harris classification applied to distal tibial physeal 
fractures: Type I—complété séparation of the epiphysis, type 

II— fracture line passes along physis to metaphyseal région 
with triangular metaphyseal beak. (Thurston Halland sign), type 

III— intra-articular fracture line, type IV—intra-articular fracture 
line extending into entire epiphysis, physis and metaphysis, 
type V—severe crushing type of injury through epiphysis 


région. There may be a deformity suggesting the type of 
force involved. Distal puises should be palpated and good 
neurological examination should be performed. 

Radiographs should include the entire tibia and fibula 
and the ankle. Anteroposterior, latéral and oblique 
projections are needed. Mortise and latéral view should 
be taken. CT scan is helpful in diagnosing the triplane 
epiphyseal injury and the Tillaux fracture. 

Treatment 

Closed réduction and cast are the treatment of choice 
manipulation should be slow. If the fracture is 10 days 
old then no manipulation. Leave it as it is ant let it remodel 
sagittal plane deformities are remodeled better. 

Salter Harris classification is used for surgery and 
gives prognosis. 

Supination-External Rotation Injuries 


SALTER-HARRIS CLASSIFICATION-APPLIED TO 
DISTAL PHYSEAL FRACTURES (FIG. 8) 

Clinical Features and Diagnosis 

Swelling around the ankle with tenderness just above the 
ligamentous attachment is diagnostic of a fracture in this 


Most of the cases can be treated with closed réduction 
under general anesthésia by reversing the force which 
has produced the fracture. After a closed réduction, an 
above-knee cast is applied for three weeks followed by a 
short leg walking cast for another three weeks. If the 
closed réduction fails due to a periosteal sleeve 
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interposition, open réduction and fixation either with a 
cancellous screw or by periosteal suturing is indicated. 

Pronation-Eversion-External Rotation Fracture 

Here closed réduction under anesthésia is tried by 
reversing the causative force. Closed réduction may fait 
either because of jamming of a triangular piece of the 
tibial metaphysis between the tibia and fibula or due to 
an interposed periosteal sleeve. If closed réduction fails, 
open réduction and fixation with a cancellous screw 
proximal and parallel to the physis is done. 

Supination-Plantar Flexion 

It is treated by closed réduction by pronating the foot 
and dorsiflexing the ankle. If the closed réduction fails, 
open réduction and fixation with a cancellous screw is 
justifiable. 

Supination-Inversion Injuries 

Closed réduction is done by pronating and everting the 
foot. If the closed réduction fails, open réduction is 
undertaken. The fibula can be fixed with a smooth K wire 
passed at a right angle to the physeal plate. A type II or 
type IV fractures with a large metaphyseal fragment is 
fixed with a cancellous screw in the metaphysis parallel 
to the physeal plate. Type II and type IV fractures with a 
small metaphyseal beak are fixed with cancellous screw 
in the epiphysis parallel to the physeal plate. 

Axial Compression 

The injury is managed by immobilization in a short leg 
cast for 3 to 4 weeks. Prématuré closure of the physis 
invariably ensues. 

Juvénile Tillaux Fracture 

Closed réduction under anesthésia is done by internally 
rotating the foot, thus allows the anterior tibiofibular 
ligament to relax. The réduction is performed when the 
patient is concious sédation or general anesthésia.The 
réduction is maintained by a long leg cast with the foot 
in supination and internai rotation for three weeks and a 
short leg walking cast for another three weeks. If the 
réduction is not within 2 mm of the anatomie position 
then open réduction and internai fixation of the fracture 
should be performed. If the closed réduction fails, open 
réduction and internai fixation is done with a cancellous 
screw. The screw can cross the physis if it has already 
started closing medially. Open reductiom is performed 
through the anterior approach between the extensor digitorum 


longus and the extensor halucis longus interval. Réduction is 
achieved by the 4 m screw. 

Triplane Fractures 4 

Closed réduction is tried by internally rotating the foot. 
If closed réduction fails, open réduction is done through 
a médial longitudinal incision and a antérolatéral incision. 
The fragments are fixed with cancellous screws running 
parallel to the physis. CT scan should be done to evaluate the 
articular surface. 

Other Fractures 

Ail other fractures except open fractures should undergo 
a trial of closed réduction before open réduction is 
undertaken. 

Complications 

The frequency of complications may be as high as 14.1%. 5 
Complications often follow Salter-Harris type III or IV 
fractures of the tibia, the juvénile Tillaux fracture, the 
triplane fracture and comminuted tibial physeal injuries. 2 

Angular Deformity due to Asymmetrical Arrest 

Varus deformity : It is the most common angular deformity 
and is seen frequently after supination-inversion injury. 6 
Almost 14% of Salter- Harris type III and type IV fractures 
of distal tibial physis produce varus deformity. 2 An 
osseous bridge in the médial part of physeal plate 
develops, producing médial growth arrest. Treatment of 
the growth arrest dépends on the location size and the amount 
of growth remaining more than 2 yrs and physical arrest less 
than 50% then only resection ofthe bony bar is done; replace it 
with adipose tissue. Patient is closer to maturity latéral 
epiphysiodysis is performed it should be acompained by opposite 
side epiphysiodysis to prevent the limb length discrepancy. 
Significant varus deformity then perform osteotomy of the 
fibula. 

Vaigus deformity: This is usually produced by pronation- 
eversion-external rotation injury. Subséquent formation 
of a bony bridge or latéral growth arrest produces valgus 
deformity. When growth is complété then distal tibila 
osteotomy is performed using WILTSE technique. 

Other angular injuries: Plantar flexion injuries and 
degloving injuries can produce arrest in the anterior or 
the posterior portion of the physis. 

Angular Deformities Secondary to Malunion 

Valgus: This is usually produced by malunion of 
pronation-eversion-external rotation injuries, but usually 
gets corrected by remodeling up to 10 to 14°. 
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Varus: This is usually seen in malunion of fracture of the 
médial malleolus. 

Treatment of Angular Deformities 

Excision of the osseous bridge and interposition with fat 
graft or silastic is recommended if the involvement of 
the growth plate is less than 50%. If the involvement is 
more than 50% and the osseous bridge is central, an 
epiphyseodesis is done. The leg length discrepancy which 
might develop should be corrected later. 

For correction of angular deformity, asupramalleolar 
valgus or varus osteotomy is performed. If the angulation 
is severe in a young child, an osteotomy should be 
combined with excision of bridge and fat interposition. 

Leg Length Discrepancy 

Leg length discrepancy foliowing ankle fractures may 
vary from 10 to 30%. The shortening which is less than 
2 cm does not need any treatment. If it is above 2 cm and 
up to 4 to 5 cm, an epiphyseodesis of opposite proximal 
tibia and fibula canbe done at the appropriate âge. When 
the discrepancy is more than 4 to 5 cm, lengtheing of the 
ipsilateral tibia and fibula is indicated. 

Rotational Deformity 

An external rotational deformity, if severe, can be 
corrected by a supramalleolar derotation osteotomy. 


Nonunion and Delayed Union 

This develops if there is interposition of soft tissues and 
can be corrected by surgery. 



Aseptie Necrosis of the Distal Tibial Physis 

This may develop when there is severe comminution of 
the distal tibial physis. 

FRACTURES OF TIBIA AND FIBULA IN CHILDREN 

These are the most common injuries of the lower limb in 
children. These fractures heal so rapidly that delayed 
union and nonunions are rare. 

Classification 1 

A. Mid Shaft Fractures 

1. Isolated fractures of the tibial shaft 

a. Longitudinal-spiral,oblique 

b. Transverse 

2. Fractures of both tibial and fibular shafts 

a. Lontitudinal 

b. Transverse 

3. Isolated fractures of the fibular shaft 

4. Plastic deformation of the bone 

a. Usually in fibula alone 

b. Has been reported in tibia as well 

B. Metaphyseal Fractures 

1. Proximal 

2. Distal 

C. Spécial Fractures 

1. Stress fractures 

2. Soccer injuries 

3. Toddlers fractures 

4. Bicycle spoke injuries 

5. Ipsilateral fémoral tibial fractures 

6. Pathological fractures of the shaft metaphysis. 



Figs 9A and B: (A) X-rays of a 7-year-old boy showing fracture 
Lt. tibia fibula middle third. Closed réduction and cast was given. 
(B) Showing acceptable réduction in cast 


Figs 10A and B: (A) X-ray of a 7-year-old boy showing fracture 
tibia fibula mid third and lower third junction. Closed réduction 
and cast was given. (B) X-ray showing acceptable réduction in 
cast 
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Mechanism of Injury of Tibia Fractures 

1. Indirect injuries most commonly produce fractures 
due to a twisting or torsional force 

Rotational injuries below the âge of 4 years is most 
common 

2. Direct trauma. Mainly transverse fractures they can resuit 
also due to the bending forces 

Pathology of Tibial Fractures 

1 . Isolated fractures tibial shaft muscle forces across the 
site produce varus angulation because of rotation at 
the proximal and distal tibia fibular joint. 

2. Complété fracture of the tibia and fibula shaft tends 
to angulate into valgus because of combined flexor 
and extensor forces. 

Treatment (Figs 9 and 10) 

These fractures are easily treated by simple manipulation 

and long leg cast application. The following guidelines 

may be adopted while treating these fractures: 

1. Oblique isolated fractures of the tibia hâve the 
tendency to go into varus because of the effect of the 
long flexor s of the foot and ankle. Therefore, it is wise 
to immobilize these fractures by placing the knee and 
ankle in flexion in the early periods of immobilization 

2. When both the tibia and fibula are fractured, the major 
problem is shortening and a valgus deformity. 
Accurate réduction is essential since tibial growth 
stimulation following the fracture is minimal. Valgus 
deformity can be prevented by immobilizing the limb 
with the knee in flexion and foot in slight plantar 
flexion in the first three weeks. 

3. Titanium flexible enders nail also used. 2 enders nails 
are used : work on principle of 3 point fixation. 

Remodeling oftheBone 

1. Remodeling needs to be accurate with tibial shaft 
fractures, there is little room for remodeling 

2. Remodeling can correct upto 10% of angulation 

3. If deformity is in 2 planes poor recovery than only 
1 plane good recovery 

4. The younger the patient, the better remodeling 

5. Posterior and valgus angulation recover less than 
varus and anterior upto 15% can be accepted 

6. Physeal tilt may compensate for deformity without 
correction of primary angulation 

7. Rotational deformities do not remodel 

8. Remodeling ceases after 18 years of âge 

Union rate is good, no nonunion for tibia fractures 
Time of union increases with âge. 


Operative Indication for Tibial Fractures 

1. Open fracture 

2. Severe shortening 

3. Ipsilateral fractures 

4. Haemophiliacs-internal stabilization. 

Complications 

Angulation 

Isolated tibial fractures hâve the tendency to go into varus 
angulation and fractures of both bones into valgus 
angulation. Anterior bowing and recurvatum are the 
other two angular deformities that can occur. Since 
recurvatum is in the plane of movement of the knee and 
ankle up to 10° of it can be accepted. More than 5° of 
varus or valgus are unacceptable. 

Upper Tibial Physeal Closure 2 

Few cases in the literature hâve been reported of this 
complication producing recurvatum deformity after tibial 
shaft fractures mainly due to the closure of anterior 
portion of upper tibial physis. 

Leg Length Discrepancy 

Stimulation of epiphyseal growth is not much with the 
diaphyseal fractures of the leg; hence overiding is 
unaccep table. 

Following guidelines may be adopted while treating 
these fractures: 

1. Oblique isolated fractures of the tibia hâve the 
tendency to go into varus because of the effect of the 
long flexor s of the foot and ankle. Therefore, it is wise 
to immobilize these fractures by placing the knee and 
ankle in flexion in the early periods of immobilization 

2. When both the tibia and fibula are fractured, the maj or 
problem is shortening and a valgus deformity. 
Accurate réduction is essential since tibial growth 
stimulation following the fracture is minimal. Valgus 
deformity can be prevented by immobilizing the limb 
with the knee in flexion and foot in slight plantar 
flexion in the first three weeks. 

Malrotation 

Malrotation in both directions can occur and will not get 
remodeled with growth. If severe, it can be corrected by 
a supramalleolar osteotomy. 

Delayed Union and Nonunion 

Open fractures, bone loss, infection and faulty internai 
fixation are the causes of these complications. 
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Compartmental Syndrome 

This can involve an isolated compartment ( viz . anterior 
compartment, latéral compartment, superficial posterior 
compartment, deep posterior compartment) or more than 
one compartment may be involved. Early identification 
and treatment with fasciotomy is essential. 

Avascular Necrosis of Distal Tibial Epiphysis 

The patient présents with significant joint stiffness. This 
is not very common. There may be valgus deformity 
secondary to collapse. 

Deformity Secondary to Malunion 

Rotational malunion usually occurs after triplane 
fractures. Valgus deformity is most common after 
external rotation Salter-Harris type-II fractures. 
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Fractures and 
Dislocations of the 
Foot in Children 


N Ashok 


INTRODUCTION 

The child's foot is so flexible and résilient that a force 
applied to it is usually transmitted higher up to produce 
a fracture there. Almost ail fractures of the foot are due 
to direct trauma. A fall from a great height will cause a 
fracture of the calcaneus and/or the talus as in the adult, 
but lesser falls will break only the tibia. Crush injuries 
will fracture the metatarsals or the toe. 1 

The recuperative power of the child's foot is 
tremendous. Except when the fracture is open, surgical 
intervention is almost ne ver indicated. In treatment, the 
first step is to decrease the soft tissue swelling by 
application of a compression dressing and élévation of 
the foot and leg. During the initial few days, management 
of soft tissue injury takes priority over that of the fracture. 
When the soft tisse swelling has subsided and the 
vascular and skin status permits, the fracture is reduced 
and immobilized in a plaster-of-Paris (POP) cast. 

FRACTURES OF THE TALUS 
Anatomy 

The talus, like the head of the fémur, has almost no 
periosteal covering and 60% of its surface is covered by 
articular cartilage. Ligaments and joint capsules are 
attached to various points over the remainder of the 
surface, leaving little space through which blood vessels 
can pass. The most important source of blood supply 
passes from the tarsal sinus into the talar sulcus, the 
arteries which enter posteromedially and anterolaterally 
anastomose in the tarsal sinus. A branch of the dorsal 
artery of the foot supplies the neck of the talus from the 
dorsomedial side, and the posterior process of the talus 
also receives its own supply (Fig. 1). Thus, the majority 
of the nutrient flow to the body of the talus enters from 
below and passes upwards. It follows that almost every 


proximal fracture of the neck or body of the talus may 
endanger the intraosseous blood supply to the body. 2,3 

Classification 

In the literature, talar fractures are classified according 
to their radiological appearances or trauma mechanisms. 
However, the classification proposed by Hawkins, 4 which 
is based on the amount of disruption of the blood supply 
to the talus, seems to be the idéal one. A type I lésion is a 
fracture through the neck of the talus with minimal 
displacement and minimal damage to the blood supply 
of the talus. In type II lésions, the subtalar joint is 
subluxated or dislocated, and at least two of the three 
sources of blood supply are lost, that through the neck 
and that entering the tarsal canal and sinus tarsi. In type 
III lésions, the body of the talus is dislocated from the 
ankle mortise and from the calcaneus, and thus, ail three 
sources of blood supply are disrupted. The incidence of 
a vascular necrosis (A VN) is high in type III fractures. 

Diagnosis 

Major fractures with obvious local signs of injury présent 
little problem in diagnosis, but nondisplaced fractures 
can be elusive. Swelling and pain in the région of the 
talus, especially when a history of forced dorsiflexion can 
be elicited should alert the examiner to the possibility of 
a fracture of the talus. The patient will permit palpation 
over the leg and foot without objecting with the exception 
of the dorsum of the talus. Dorsiflexion of the ankle joint 
will be actively resisted. Letts and Ginbeault 5 noted that 
occasionally the fracture was évident in retrospect when 
the injury was not initially suspected from the physical 
examination. Local swelling can be variable, depending 
on the severity of the injury, and may be absent in the 
undisplaced fractures. 
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Fig. 1 : Blood supply of the talus: (A) Superior aspect—branches of the dorsal artery of the foot enter the neck of the talus from 
the médial side and the arteries of the tarsal sinus enter from the latéral side, branches of the posterior tibial artery run in the joint 
capsule to the body of the talus, (B) inferior aspect—anastomoses are présent in the tarsal sinus a small artery supplies the 
posterior process of the talus, and (C) latéral aspect showing the anastomosis in the tarsal sinus. In type IV fractures talus is 
dislocated or subluxated at the subtalar joint, the body of the talus is dislocated at the ankle joint, the talar neck is fractured, and 
the head of the talus is dislocated at the talonavicular joint 


Compartment syndromes hâve been known to occur 
in the presence of closed and at times even with open 
fractures. While measuring soft tissue pressures is an 
important aid to diagnosis even clinical suspicion in 
absence of measurements can make surgery necessary. 
A compartment syndrome can occur even in the absence 
of fractures and only with soft tissue injuries. 

Anteroposterior, latéral and oblique radiographs 
should be made with the beam centered on the hindfoot. 
The technique described by Canale and Kelly 6 of 
plantarflexing the foot and internai rotating it by 15° with 
the tube angled at 75° to the table top produces an 
excellent shadow of the talus. CT scanning can produce 
elaborate délinéation of the fracture geometry and be also 
useful to confirm or réfuté the presence of a fracture in 
cases where plain radiographs are doubtful. 

Treatment 

The aims of treatment are to obtain an anatomically 
précisé réduction of the fracture and to minimize the risk 
of AVN of the bone. If these ends can be attained by 
nonoperative treatment, one should avoid endangering 
the blood supply further by performing unnecessary 
surgery. On the other hand, treatment is indicated for 
fractures which are likely to cause necrosis (types III and 
IV) as well as for fractures of the articular processes. 

Closed réduction followed by nonweight-bearing is 
the preferred treatment for type I fractures. If an adéquate 
réduction cannot be obtained or maintained, open 
réduction and internai fixation (ORIF) may be justified. 
A réduction of less than 5 mm of displacement and less 
than 5° of malalinement is considered adéquate. Type II 
fractures may be treated by immédiate closed réduction 


in th form of maximal plantar flexion and foot traction to 
align the head and the body in a sagittal plane. Varus/ 
valgus with or without pronation or supination promotes 
alignment in the coronal plane. A near anatomie 
réduction may delay surgery. 

Operative treatment is always indicated for fracture 
types, III and IV. It consists of open réduction and internai 
fixation with cancellous screws or with K-wires. 
Compression fixation does not prevent necrosis, but by 
eliminating relative movement between the fragments 
facilitâtes revitalization by vessels growing in from the 
viable fragment. If open réduction and internai fixation 
are necessary then three surgical approaches are 
available, to be used as per the local skin condition, type 
of displacement and its degree. These are the 
postérolatéral, anteromedial and the antérolatéral. The 
postérolatéral approach is considered the best because 
the biomechanical superiority of posterior screws has 
been well-established. Furthermore, it avoids any more 
damage to the already precarious blood supply to the 
talus.one or two 4 mm or 4.5 mm partially threaded 
cannulated cancellous screws or a single 6.5 mm screw 
can be used directed along the long axis of the talar neck 
from a postérolatéral to antero médial direction. Titanium 
screws may be used since they are MRI compatible in 
case AVN develops. 

Complications 

Avascular Necrosis of Talar Body 

The most significant complication of fractures of talus in 
children is AVN. The prognosis dépends on location of 
fracture line, degree of displacement. Nondisplaced 
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fractures appears to hâve better prognosis. The rate of 
A VN noted in type I fractures is 0 to 10%, type II fractures 
20 to 50%, and type III fractures 80 to 100% 

The subchondral lucencies in the dôme of talus, the 
so-called "Hawkins line" is an excellent indicator of 
viability of the talar body after fracture. The absence of 
this radiographie finding of subchondral lucency in a 
child does not necessarily indicate AVN, because in 
children with nondisplaced fractures and relatively short 
periods of immobilization did not develop this sign due 
to lack of disuse hyperemia. Technetium bone scanning 
and MRI are helpful to diagnose in cases of doubt about 
the vascular status of the talus. Protected weight-bearing 
while awaiting reossification of the talar dôme is the gold 
standard of treatment. 

Other Complications 

The other complications are malunion, traumatic arthritis 
of ankle joint and subtalar joint, infections. 

Fracture of the Dôme and Body of the Talus 

Fractures of the dôme and body of the talus are rare in 
children, and usually resuit from violent trauma, as in a 
fall from a height or an automobile accident. The fracture 
usually consists of compression of the dôme of the talus 
with varying degrees of comminution and collapse. Body 
fractures are classified according to the sneppen 
classification. 

Grade 1: Transchondral or osteochondral. 

Grade 2: Coronal, sagittal or horizontal shear. 

Grade 3: Posterior tubercle. 

Grade 4: Latéral process. 

Grade 5: Crush The primary goal of treatment is to 
salvage as much length and function of the foot 
and ankle as possible. As undisplaced fracture 
of the body of the talus is treated satisfactorily 
by closed methods, and good results can be 
expected. It is surprising how well the fracture 
is remodeled and how much functional range 
of ankle motion is achieved. Primary ankle 
fusion should not be performed, but be 
reserved if needed, as a salvage procedure for 
relief of pain later on in adult life. If the fracture 
is significantly displaced and intra-articular, 
ORIF is preferred. 8 

Transchondral Fractures of Talus 
(Osteochondral fractures) 

In children approaching skeletal maturity, a trans¬ 
chondral fracture or osteochondritis dissecans can 
develop in the dôme of thee talus. The presenting 


symptoms and signs are pain, limitation of motion, and 
effusion of the ankle. It is unusual for this lésion to be 
diagnosed at the time of injury. Treatment consists of 
excision of the detached fragment, curettage of the 
depressed area, and debridement of any other loose 
fragments. The patient is then immobilized in a plaster 
cast 4 weeks after which graduai return to function is 
allowed. 9 

Osteochondral Fractures ofthe Talus 

Mechanism of injury Torsional impaction—inversion and 
dorsiflexion produces antérolatéral lésion with rupture 
of fibular collateal ligament. Inversion and plantar flexion 
of the foot with external rotation of tibia produces 
posteromedial lésion, which was more common. The 
fractured fragment becomes avascular "a dead prisoner 
in a stérile cell" because of lack of blood supply to the 
fragment and interposition of a dense fibrous connective 
tissue between fragment and body. Due to this, the 
articular cartilage dépendent only on available synovial 
fluid continues to thrive. 

Classification Described by Anderson and Colleagues 

This classification is based on CT and MRI findings. 
Stage I — Recognizable only with MRI scanning, 
which consists of subchondral fracture 
without collapse 

Stage II — Incomplète séparation of fragment with 
subchondral cyst 

Stage III — Undislpaced, unattached fragment 
Stage IV — Unattached, displaced fragment. 

Treatment For stage I and II lésions, nonweight- 
bearing immobilization for 6 weeks. Excision of detached 
fragment, and curettage of depressed area is also useful. 
Nowadays arthroscopic techniques are useful and 
preferred. 

FRACTURES OF THE CALCANEUS 

Fractures of the calcaneus are very infrequent in children 
and usually do not involve the subtalar joint. The usual 
mechanism of fracture of the calcaneus is a fall from 
height or an explosion underneath the foot. Most of the 
fractures of this bone involve the tuberosity of posterior 
portion so that involvement of the subtalar joint and its 
concomitant problems are rarely seen. 10 

Classification 

Fractures of the calcaneus are generally divided into intra- 
articular (involving the subtalar joint) or extra-articular. 
The Essex-Lopresti classification of intraarticular fractures 
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has become widely accepted and divides these fractures 
into two major groups. In both groups, the inferiorly 
protruding latéral process of the talus is jammed into the 
superiorly displacing calcaneus during impact, and 
cracks the calcaneus in a dorsoplantar direction. The 
secondary fracture line can extend posteriorly through 
the body producing a "tongue" of calcaneus superior to 
this secondary fracture line, so this gropu is known as 
the tongue type fracture. If the secondary line extends 
superiorly to exit from the body between the posterior 
and middle facet, a "joint dépréssion" type of fracture is 
produced with varying degrees of impaction of the latéral 
two-third of the posterior facet 11 (Fig. 2). 

Signs and Symptoms 

Pain, localized swelling, tenderness, a history of fall with 
inability to walk as a resuit of this injury should produce 
little difficulty in diagnosis. As many minimal fractures 
of the calcaneus are unrecognized, careful palpation of 
this région in a child refusing to walk may well provide 
the key to diagnosis. With localized tenderness, a more 
complété radiographie examination might well demon- 
strate a fracture that would otherwise be unrecognized. 

Radiographie Examination 

Standard anteroposterior, latéral and axial views are 
mandatory for diagnosing and assessing fractures of the 
calcaneus. Occasionally, minimal fractures are not 
évident until callus is noted at the time of healing. A 
latéral view of the spine should be made in the presence 
of more obvious fractures, as Schmidt and Werner 12 
reported that compression fractures of the spine can 
relate to fractures of the calcaneus in the child as well 
as in the adult. An anteroposterior view of the ankle is 






Fig. 2: Essex-Lopresti’s classification of calcaneal fractures 


most helpful in assessing widening of the calcaneus 
especially in the joint dépréssion type of fractures. On 
the latéral view, the "tuber joint angle" (Bohler's angle, 
"salient angle") is drawn by a line parallel to the 
articular surfaces of the calcaneus intersecting a line 
drawn from the posterior lip of the posterior facet to 
the superior margin of the calcaneal tuberosity. 
Réduction of this angle indicates dépréssion of the joint 
surface. CT scanning is the best way to image the 
pédiatrie foot because it identifies key features like 
involvement of the posterior facet and the 
sustentaculum tali and the calcaneocubiod joints.the 
sanders classification is based on CT scanning. 

Treatment 

Various authors are of the opinion that fractures of the 
calcaneus in children do not require operative treatment, 
since remodeling always occurs, even following transient 
aseptie necrosis. Treatment of calcaneal fractures in 
children is with a long leg plaster cast for 6 to 8 weeks 
followed by partial weight bearing for an additinal two 
to four weeks. This is done when plain x ray s and et scans 
demonstrate less than 4 mm of disruption of the three 
subtalar facets, no fibular impingement. Severe soft tissue 
injuries also preclude surgical management. The goal of 
surgical management is to provide a pain free plantigrade 
foot that fits into normal footwear. 

This can be achieved using the following principles: 

1. Restoration of the height of the calcaneus. 

2. Restoration of the width of the calcaneus. 

3. Restoration of the articular surface of the subtalar 
joint. 

4. Décompression of any fibulo calcaneal impingement. 

5. Réduction and fixation of the calcaneocubiod joints. 
Healing is uneventful and complété with no residua 
such as a widened bone as seen in adults. 

Cysts of calcanéum which are not uncommon may 
become large enough to permit stress fractures from 
ordinary activity. The cysts often require curettage and 
bone grafting to prevent récurrence. Osteopenia due to 
chronic rénal disease and leukemia hâve resulted in 
pathological fractures of the calcaneus. These injuries 
heal with immobilization, but récurrence can be 
prevented only by appropriate therapy for the 
underlying disease. 10 

FRACTURES OF THE TARSAL BONES 

Isolated fractures of the tarsal bones are uncommon in 
children. Usually a fracture of the navicular, cuboid, or 
cuneiform bone is but part of a more major injury to the 
foot, including the metatarsals, and may involve fracture 
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of the tibia or fémur as well. This seems to indicate that 
severe trauma is needed to produce fractures in the tarsal 
area because of the flexibility of the foot in children. 13 

Direct blunt trauma or crush injuries may resuit in 
fracture of the tarsal bones. Because of the blunt nature 
of the applied force, the patient should be watched closely 
for the first few days for evidence of neurovascular 
damage. The swelling can be considérable, and the soft 
tissue injury may be more important than the underlying 
bony injury. Generally the bone injury results in minimal 
displacement so that réduction is seldom needed. 
Elévation and compression bandaging constitute the 
initial treatment with monitoring of the neurovascular 
status. Once swelling recedes, provided no evidence of 
neurovascular impairment is présent, a below-knee cast 
is applied. Healing sufficient to permit weight bearing is 
présent in 6 to 8 weeks. Prolonged swelling of the distal 
parts of the foot may resuit from interférence with venous 
and lymphatic return but eventually subsides. 

In open fractures, if sepsis and vascular impairment 
are avoided by meticulous debridement surgery, fracture 
healing in the tarsal bones usually proceeds uneventfully. 

FRACTURES OF THE METATARSALS 

Although fractures of the hind and midparts of the foot 
are uncommon in children, fractures of the metatarsals 
are more common and represent, along with phalangeal 
fractures, the more frequent lésions seen in children. 

Blunt direct trauma and torsional indirect trauma are 
responsible for most of these injuries to this area. Falls 
from a height produce fractures at a level higher than 
the foot, but falls from lesser heights contribute their share 
of injuries to the metatarsals. 

Fractures of the proximal ends of the metatarsals 
usually do not cause significant displacement because of 
the strong interosseous ligaments and diarthrodial joints, 
which do not permit much motion under normal 
circumstances. Fractures of the proximal end of the 
metatarsals are associated with severe trauma such as 
autocollisions or direct trauma to the foot, i.e. run over 
by a bus or auto tyre. These injuries produce considérable 
soft tissue trauma, with multiple fractures of the 
matatarsal bases. The swelling may be excessive. If a 
plaster cast is used as immédiate treatment, the foot must 
be watched for vascular impairment. These injuries are 
best treated with élévation and compression bandaging 
until the swelling largely subsides. Otherwise one must 
be prepared to bivalve the solid cast before circulatory 
embarrassment occurs. 1 

Since displacement of a significant amount seldom 
occurs, closed or open réductions are not necessary 
generally. However, with severe trauma, significant 


displacement could occur that would require open 
réduction to restore proper alinement. The growth centers 
for metatarsals II to V are located at the distal end, limiting 
the degree of remodeling that can occur. If malainement 
is allowed to persist, abnormal pressure is exerted by the 
shoe and can be disabling. Angular deformity, in 
particular, may produce foot discomfort if not corrected. 

Isolated fractures of the metatarsals occur with 
relative frequency. When the first metatarsal is involved, 
proper alinement by closed réduction is important. 
Otherwise remodeling may not be sufficient to prevent 
abnormal weight distribution and subséquent foot 
discomfort. 

When significant displacement of the distal ends of 
the metatarsal occurs, the fracture may be unstable and 
may become displaced after closed réduction and plaster 
casting. Even though the epiphyseal plate is located at 
the distal end, one cannot rely always on sufficient 
remodeling of the displaced fragments to prevent future 
foot discomfort. If growth disturbance follows fractures 
of the distal metatarsals, significant deformity does not 
generally ensue but may consist mainly of shortening, 
which does not lead to foot disability if the lesser 
metatarsals are involved. 10 

Nonunion of the metatarsal fractures is seldom 
encountered in children. Infection and soft tissue damage 
are the precipitating factors, but if nonunion occurs, union 
can be achieved at a later date once the situation is 
favorable. 

FRACTURE OF THE BASE OF THE 
FIFTH METATARSAL 

Fracture of the proximal end of the fifth metatarsal is due 
to muscle pull of the peroneus brevis and is an avulsion 
type of injury. In the child, the displaced portion 
represents an apophysis and is usually a Salter type I 
injury. If the séparation of the fragments is not marked, 
immobilization for a few weeks in a plaster cast is 
sufficient. Occasionally the fragments are separated 
sufficiently to warrant an attempt at closed réduction. 11 

FRACTURES OF THE PHALANGES 

The mode of production of these injuries is similar to that 
in adults. Hitting the toe against a hard object and a heavy 
object falling against the toe are the most common modes 
of injury. 

For most of these fractures, the treatment is relatively 
simple, such as strapping the injured toe to its adjacent 
mates for immobilization. Marked displacement is the 
exception rather than the rule, so, healing is prompt and 
without growth disturbances. When strapping is used. 
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cotton or any other suitable material is used between the 
toes to prevent skin macération over the two to three week 
period of immobilization. 13 

Fractures of the proximal phalanx of the great toe 
produce some difficulties in treatment. The usual mode 
of injury is direct trauma, often with compression. As a 
resuit, trauma to the epiphyseal plate may occur and leads 
to lack of growth, often asymmetrical with the production 
of an angular deformity. Because osteotomy to correct 
the deformity may become necessary, parents should be 
warned about possible problems if damage to the 
epiphyseal plate is suspected. 

Fractures of the proximal phalanx hâve given rise to 
a greater incidence of osteomyelitis than might be 
expected. If immédiate closure can be succcessful. For 
infected phalangeal fractures treated later, debridement, 
wet dressings, intravenous administration of antibiotics, 
and delayed closure are the treatment of choice. 

OPEN FRACTURES OF THE FOOT 

Open fractures of the foot in children are caused by severe 
injuries, most often by the wheel of a motor vehicle 
running over the foot. The amount of soft tissue damage 
is considérable usually, and after adéquate rede- 
bridement primary closure cannot be made. These 
wounds are treated best by open dressings and delayed 
closure because of the marked swelling and possible 
vascular impairment. Skin grafting may be needed to 
provide coverage, and primary closure of these wounds 
may lead to disaster. Damage to the underlying bone may 
be considérable also, and disturbances in growth due to 
crushing of growth centers, poor circulation, and loss of 
parts ail give rise to problems. 
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INTRODUCTION 

Birth trauma, i.e. injury to a bone or joint occurs more 
often with complicated obstétrical procedure or breech 
deliveries and is rare in spontaneous labor. Many of these 
injuries or fractures occur in infants of primiparous 
women and 75% of these with breech deliveries. In breech 
deliveries, the obstetrician must apply traction to the 
extremities and because infants' body must rotate at least 
45% during descent, a torsional shear force may be 
applied to the long bones. 18 

The most common sites of epiphyseal injuries at birth 
in order of decreasing fequency are the proximal 
humérus, the distal fémur, distal humérus, proximal 
fémur and distal tibia. 33 These fractures are difficult to 
identify on radiograph and are only detected on 
appearance of callus. In contrast to this, the fractures of 
the shaft of long bones are easily identified on 
radiographs, and corrected if completely displaced. They 
may be readily remodeled. Angulation in shortening is 
compensated by overgrowth. Other types of injuries 
included in birth trauma are: 

i. Obstetric palsy, 

ii. Spinal cord injury, 

iii. Muscle injury in breech delivery, 

iv. Blunt abdominal trauma with hemorrhage due to 
hepatic rupture. 

v. Soft tissue injuries. 

They are as below: 

Cephalhematoma is a subperiosteal collection of blood 
secondary to rupture of blood vessels between the skull 
and the periosteum; suture lines delineate its extent. Most 
commonly pariétal, cephalhematoma may occasionally 
be observed over the occipital bone. The extent of 
hemorrhage may be severe enough to cause anémia and 
hypotension, although this is uncommon. The resolving 


hematoma prédisposés to hyperbilirubinemia. Rarely, 
cephalhematoma may be a focus of infection that leads 
to meningitis or osteomyelitis. Linear skull fractures may 
underlie a cephalhematoma (5-20% of cephalhe- 
matomas). Resolution occurs over weeks, occasionally 
with residual calcification. No laboratory studies are 
usually necessary. Skull radiography or CT scanning is 
used if neurologie symptoms are présent. Usually, 
management solely consists of observation. Transfusion 
for anémia, hypovolemia, or both is necessary if blood 
accumulation is significant. Aspiration is not required for 
resolution and is likely to increase the risk of infection. 
Hyperbilirubinemia occurs following the breakdown of 
the RBCs within the hematoma. This type of 
hyperbilirubinemia occurs later than classic physiologie 
hyperbilirubinemia. The presence of a bleeding disorder 
should be considered. Skull radiography or CT scanning 
is also used if concomitant depressed skull fracture is a 
possibility. 

Subgaleal Hematoma 

Subgaleal hematoma is bleeding in the potential space 
between the skull periosteum and the scalp galea 
aponeurosis. Ninety percent of cases resuit from vacuum 
applied to the head at delivery. Subgaleal hematoma has 
a high frequency of occurrence of associated head trauma 
(40%), such as intracranial hemorrhage or skull fracture. 
The occurrence of these features does not significantly 
correlate with the severity of subgaleal hemorrhage. The 
diagnosis is generally a clinical one, with a fluctuant 
boggy mass developing over the scalp (especially over 
the occiput). The swelling develops gradually 12-72 hours 
after delivery, although it may be noted immediately after 
delivery in severe cases. The hematoma spreads across 
the whole calvaria; its growth is insidious, and subgaleal 
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hematoma may not be recognized for hours. Patients with 
subgaleal hematoma may présent with hémorrhagie 
shock. The swelling may obscure the fontanelle and cross 
suture lines (distinguishing it from cephalhematoma). 
Watch for significant hyperbilirubinemia. In the absence 
of shock or intracranial injury, the long-term prognosis 
is generally good. Laboratory studies consist of a 
hematocrit évaluation. Management consists of vigilant 
observation over days to detect progression and provide 
therapy for such problems as shock and anémia. 
Transfusion and phototherapy may be necessary. 
Investigation for coagulopathy may be indicated. 

Caput Succedaneum 

Caput succedaneum is a serosanguineous, subeutaneous, 
extraperiosteal fluid collection with poorly defined 
margins; it is caused by the pressure of the presenting 
part against the dilating cervix. Caput succedaneum 
extends across the midline and over suture lines and is 
associated with head moulding. Caput succedaneum 
does not usually cause complications and usually résolves 
over the first few days. Management consists of 
observation only. 

Abrasions and Lacérations 

Abrasions and lacérations sometimes may occur as 
scalpel cuts during cesarean delivery or during 
instrumental delivery (i.e., vacuum, forceps). Infection 
remains a risk, but most uneventfully heal. Management 
consists of careful cleaning, application of antibiotic 
ointment, and observation. Bring edges together using 
Steri-Strips. Lacérations occasionally require suturing. 

Subeutaneous Fat Necrosis 

Subeutaneous fat necrosis is not usually detected at birth. 
Irregular, hard, nonpitting, subeutaneous plaques with 
overlying dusky red-purple discoloration on the 
extremities, face, trunk, or buttocks may be caused by 
pressure during delivery. No treatment is necessary. 
Subeutaneous fat necrosis sometimes calcifies. 

Cia vicie Fractures of the clavicle represent 92.4% of 
ail obstétrical fractures. But are mostly unrecognized. 
Predisposing factors include high birth weight and mid 
forceps delivery. Clinical Features Clinically, signs of 
fracture clavicle are edema, pseudoparalysis of the 
extremity, crepitus. The fracture in usually mid shaft and 
callus is seen after 3 weeks of injury. Often these fractures 
are associated with brachial plexus injury. 

Differential Diagnosis 

Differential diagnosis are fracture of proximal or midshaft 
humérus, infection or shoulder dislocation. 


Investigation 

Occult fracture may be detected by apical oblique views 
of clavicle angling the injured side of the patient 45° 
towards the radiographie tube and angling the x-ray 
beam 20° cephalad. 

Treatment 

These fractures seldom require treatment. Prognosis is 
excellent with solid union in 7 to 10 days. 

Humérus 

In fracture of proximal humérus, the patient présents with 
pseudoparalysis of upper extremity, swelling of shoulder, 
and pain with passive motion. They may also hâve 
concurrent Erb's palsy. On radiography, the epiphysis 
of proximal humérus is difficult to diagnosis, because the 
ossifie nucléus of the epiphysis is often absent in neonate. 6 
To diagnose, the fracture, both AP and axillary views 
should be taken, and comparison views of the other 
shoulder are helpful. 

Both transverse and spiral fracture occur in m/3rd of 
humerai shaft, and antérolatéral angulation is due to 
abduction of proximal fracture fragment by deltoid 
muscle. Radial nerve palsy is frequent with these fractures 
but résolves spontaneously within 4 to 6 weeks. 

Treatment 

Bandaging of the arm to the chest in neutral position for 
2 to 3 weeks, abduction splints and simple collar and euff 
are treatment of choice. In shoulder dislocation, close 
réduction fails usually or is done by either anterior or 
posterior approach. 

Elbow 

Fractures of distal epiphysis of neonate presented as 
below are of extremity and mild swelling of the elbow. It 
mimics elbow dislocation. Muffled crepitus may be felt 
with manipulation of the elbow. The distal epiphysis may 
be displaced medially, dorsally or posteromedially. MRI 
may be helpful. 

Diagnosis 

Diagnosis is difficult as at birth no ossification centers 
are présent in distal humerai epiphysis. Comparison 
radiograph including 15° external rotation view may be 
helpful. 

Elbow arthrography by latéral approach with a 22- 
gauge needle has proved quite helpful in visualizing the 
displaced epiphysis. 
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Almost ail these injuries are Salter-Harris type I 
fractures of distal humerai epiphyses, and calus is noted 
11 to 15 days after injury. Rarely, traumatic radial head 
dislocation has been reported, and the dislocation can be 
anterior, postérolatéral and anteromedial and are 
associated with breech deliveries. 

Treatment 

These fractures are reduced with traction. The elbow is 
fixed to 90° and then forearm is pronated to lock the 
médial periosteal hinge. This is maintained in posterior 
splint for 3 weeks. 

Proximal Fémur Fracture 

The Salter-Harris type I fracture of proximal fémoral 
epiphysis is rare injury and is extremely difficult to 
distinguish from congénital dislocation of hip. 
Observation and examination. There is swelling in both 
groin and thigh and pain on passive motion of the hip. 
Pseudoparalysis is common with the extremity in external 
rotation, abduction and flexion. 

On plain radiograph, the fracture resembles 
dislocation of hip with both posterior and latéral 
displacement of proximal fémoral epiphysis. An 
arthrogram is useful for detecting the fracture. 20 

Fracture of the Shaft 

It is usually tr ans ver se and located in midportion of the 
fémur. The proximal fragment is flexed by psoas muscle, 
and union ocurs within 2 weeks of injury. 28,32 

Fracture of the Distal Epiphysis 

Fracture of the distal epiphysis présents as swelling and 
tenderness of the knee and is associated with breech 
deliveries. In the neonate, the epiphysis is usually 
displaced posteriorly with attached proximal periosteum 
tube. 4 Callus appears within 5 to 7 days of injury. The 
radiographs may diagnose fracture of dital epiphysis as 
ossifie nucléus has usually appeared in neonate. 

Treatment 

Proximal fémoral epiphysis. The options are as follows. 

1. Splint RusselTs traction with internai rotation strap 

2. Jones splint with abduction traction 

3. Double hip spica cast with 90° flexion and 45° 
abduction by the hip 

4. Skin traction or abduction splints 

5. Overhead traction for 7 to 10 days and 4 to 6 weeks of 
additional treatmentthrough an abduction pillow 


splint or a Pavlik harness, currently preferred 
treatment. 25 

The prognosis is usually good and sometimes, coxa 
vara or mild anterior bowing of the fémoral shaft is seen 
in later stages. 

Fracture of Fémoral Shaft 

Treated with 3 weeks of Bryant's traction up to 1 cm of 
overriding, and 20° of posterior angulation is acceptable 
(Figs IA to C). 

Pavlik harness is also preferred by some for treatment 
of fracture shaft fémur in infants. 

Fracture Distal Epiphysis 

Displaced fractures are treated with close réduction and 
casting (spica cast). Some recommend Bryant's traction 
for 2 to 3 weeks. 8 

SPINAL INJURIES IN THE NEONATE 
Cervical 

The most commonly reported spine injuries in the 
neonate are those that involve the cervical spinal cord. 
Injury to the cervical vertebrae would appear to be 
uncommon, or at least not commonly recognized, and 
occurs in principally two areas—proximally near the 
occiput (the Cl-2 articulation), and distally near the 
thorax (C6-7 or C7-T1). 2 The néonatal spine is more elastic 
than the spinal cord itself. Towbin 30 noted that the 
newborn spine could lengthen two inches by traction, 
but the spinal cord only one-quarter inch. 35 Thus, 
stretching forces can cause a complété transection of the 
spinal cord without roentgenographic evidence of bony 
disruption. 

Foliowing a spinal cord injury, the infant typically 
exhibits a period of "spinal shock"—hyporeflexia, 
hypotonia, respiratory, distress, and decreased 
ventilation—usually without evidence of neurological 
involvement above the foramen magnum. There is often 
associated Erb's palsy 2,7,31 or injury to the phrenic nerve, 
with paralysis of the diaphragm. 29 

The Flying Fétus Syndrome 

This unusual positioning of the fêtai head and neck is 
frequently associated with cervical spinal cord injury. The 
distinguishing feature is the intrauterine position of the 
fêtai cervical spine, with marked hyperextension. The 
position has been variously described as the "flying 
fétus", "star-gazing fétus" or "opisthotonos." 9 
Hyperextension is so marked that the occiput may be at 
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Figs IA to C: This baby has very severe flexion deformity of 
the hip and knee due to arthrogryposis. As the baby was 
presented with breech présentation and the leg was pulled 
causing fracture of the right tibia in the lower third. Notice severe 
bilateral foot deformity 


the level of the eleventh thoracic vertebra. 1 This 
intrauterine posture appears to make the neck more 
sensitive to longitudinal stretching and flexion, 1 and more 
susceptible to spinal cord injury and avulsion of the 
cervical roots. 1,10 The lumbar spine may also be injured 
and the présentation and management are as follows ; 
Spinal cord injury incurred during delivery results from 
excessive traction or rotation. 30 Traction is more 
important in breech deliveries (minority of cases), and 
torsion is more significant in vertex deliveries. True 
incidence is difficult to détermine. The lower cervical and 
upper thoracic région for breech delivery and the upper 
and midcervical région for vertex delivery are the major 
sites of injury. 

Major neuropathologic changes consist of acute 
lésions, which are hemorrhages, especially épidural, 
intraspinal, and edema. Hémorrhagie lésions are 
associated with varying degree of stretching, lacération, 
and disruption or total transaction. Occasionally, the dura 
may be torn, and rarely, the vertébral fractures or 
dislocations may be observed. 

The clinical présentation is stillbirth or rapid néonatal 
death with failure to establish adéquate respiratory 
function, especially in cases involving the upper cervical 
cord or lower brainstem. Severe respiratory failure may 
be obscured by mechanical ventilation and may cause 
ethical issues later. The infant may survive with weakness 
and hypotonia, and the true etiology may not be 
recognized. A neuromuscular disorder or transient 
hypoxie ischémie encephalopathy may be considered. 
Most infants later develop spasticity that may be mistaken 
for cérébral palsy. 16 

Prévention is the most important aspect of medical 
care. Obstetric management of breech deliveries, 
instrumental deliveries, and pharmacologie augmen¬ 
tation of labor must be appropriate. Occasionally, injury 
may be sustained in utero. 

The diagnosis is made by MRI or CT myelography. 
Little evidence indicates that laminectomy or décom¬ 
pression has anything to offer. A potential rôle for 
méthylprednisolone exists. 

SUPPORTIVE THERAPY IS IMPORTANT 

Differential Diagnosis of Fractures 

Menkes syndrome 14,24 It was first described in 1962 as a 
neurodegenerative disease consisting of psychomotor 
retardation, seizures and failure to thrive. It is believed 
to be related to copper deficiency. 

The afflected children hâve a decrease in bone 
strength and multiple fractures of the long bones are 
common. Obstétrical fractures may occur, but typically 
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the child is older (2 to 3 months of âge) when the first 
fracture is recognized. 

The radiographie appearance is quite similar to the 
battered child syndrome, with extensive metaphyseal 
spurring, and diaphyseal periosteal reaction of the long 
bones. 2 A differential point is that, typically in Menkes' 
syndrome, 2 the findings are bilateral and symmetrical, 
and the ribs are flared anteriorly. 

The condition is progressive, and 4 to 6 months, 
extensive periosteal reaction and new bone formation can 
be seen. The hair is always stubby, coarse, and ivory white 
in color. 14 In addition, there is a malformed cérébral 
arterial System, leading to cérébral atrophy and 
hypoplasia. 2,26 

Battered child syndrome 21 The infant usually has other 
evidence of neglect, such as poor skin hygiene, 
malnourishment, with retardation of growth and 
development. 15,22 The characteristic roentgenographic 
findings are symmetrical metaphyseal periosteal new 
bone formation secondary to periosteal avulsion and 
subperiosteal hemorrhage. 5 However, the classical 
radiographie findings are présent in only 20% of the 
children. The long bones are more commonly involved, 
but fractures of the sternum, scapula, ribs, clavicle and 
spine hâve been reported, similar to those noted in 
obstétrical injuries, and can thus lead to confusion. 22,23 
Typically, the radiographie appearance of the fractures 
suggest varying stages of healing, indicating the child 
may be malnourished, new bone formation may be 
delayed. 5 

Osteogenesis imperfecta Usually, in osteogenesis 
imperfecta, there is a family history of the condition. 
There are, however, occasional spontaneous occurrences. 
The typical blue sciera is not a consistent finding, and is 
not diagnostic of the condition. Radiographically, the 
wormian bone appearance of the skull is helpful in the 
differential diagnosis. 

Nerve Injuries 

Brachial Plexus Injury in the Newborn 

Brachial plexus injury to the newborn is due to traction 
on the brachial plexus during delivery. 12 The usual 
mechanism is distraction of the upper extremity away 
from the head and neck and stretching the nerve roots, 
as they exit from the cervical spine. 7 The delivery is 
usually difficult, and the infants are large. 3,17 

During a cephalic delivery following présentation of 
the head, a shoulder dystocia may develop with 
inadvertent traction injury to the brachial plexus. In a 
breech présentation, the problem is more likely due to 
cephalopelvic disproportion to the aftercoming head. 11,12 
This is supported clinically in that the majority of brachial 


plexus injuries occur from shoulder dystocia during a 

vertex delivery. 13 

These can be of the following types: klumpke's palsy 

- injury to the lower roots (C8 and Tl ) and or C7 ; 

- may follow forceful abduction of shoulder, 
produces weakness in intrinsics of hand as well 
as long flexors and extensors of the fingers; 

- these lésions are usually preganglionic; 

- look for an associated Horner's syndrome; 

- sensory déficit is along the médial aspect of the 
arm, forearm, hand. 

Characteristics of Lower Cord Injuries 

- C4 - C7 roots are well secured to their respective 
vertebrae and are less prone to avulsion areas; 

- C8 and Tl roots are not well secured; 

- Tl level preganglionic injuries often include a 
Horner's syndrome due to disrupting the first 
sympathetic ganglion; 

- traction injuries are most common at C5 and C6 
levels; 

- proximal cord lésions will injure supraclavicular 
branches + distal plexus and will lead to winging 
of scapula. 

Erbs palsy 

- most common birth related neuropraxia (about 
48%); 

- lésion of C5 and C6 roots are usually produced by 
widening of the head shoulder interval (in some 
cases C7 is involved as well); 

- may occur at birth, producing lésion of axillary 
nerve, musculocutaneous, and suprascapular nerve; 7 

- muscles most often paralyzed are supraspinatus 
and infraspinatus because the suprascapular nerve 
is fixed at the suprascapular notch; (Erb's point) 

- in more severely affected patients deltoid, biceps, 
brachialis, and subscapular iaffected (C5 and C6 ); 

- chronic internai rotation contracture leads to 
secondary osseous changes (increased glenoid 
rétroversion) and posterior subluxation of the 
shoulder; 

- mean glenoid rétroversion on the injured side is 
approximately 26° vs 6° on the normal side; 

- w/increasing rétroversion, there will be associated 
subluxation, dislocation (w/development of false 
glenoid), and w/increasing severity, there will be 
flattening of the humerai head. 

Diffdx 

- pseudoparalysis resulting from clavicle and 
humérus fractures or osteomyelitis must be 
excluded; 
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Prognosis 

- brachial plexus injuries range from mild 
neuropraxia w/early recovery to complété 
disruption with no potential for recovery; 

- fortunately, between 80% to 90% of children with 
such injuries will attain normal or near normal 
function; 

- attempt to détermine whether the lésion is 
preganglionic or post-ganglionic; 

- preganglionic lésions hâve a worse prognosis; 

- preganglionic lésions may be more common w/ 
breech deliveries. 

Follow upper trunk innervation: 

- affected children who show clinical or EMG 
evidence of biceps function before 6 months of âge 
hâve near normal to excellent function; 

- in addition to biceps, follow motor strength of 
shoulder abduction, wrist extension, and thumb 
extension. 

Exam 

- arm cannot be raised, since deltoid (axillary nerve) 
and spinati muscles (suprascapular nerve) are 
paralyzed; 

- elbow flexion is weakened because of weakness 
in biceps and brachialis ; 

- if roots are damaged above their junction, 
paralysis of rhomboids and serratus anterior is added, 
producing weakness in retraction and protraction 
of scapula; 

- after the âge of 6 months, contractures begin to 
develop (adduction and internai rotation 
contractures); 

- paralytic supination deformity of the forearm; 

- develops from the imbalance between the 
supinator and the paralyzed pronator muscles 
(pronator teres and pronator quadratus); 

- passive correction of the deformity is possible 
initially, but becomes fixed w/ later growth as the 
interosseous membrane becomes fixed; 

- chronic changes include volar subluxation of the 
distal end of the ulna or proximal head of the 
radius. 

Radiographs 

- look for presence of cervical rib; 

- in the report by J. Becker et al (JBJS Br. vol 84-B No 
5 July 2002 - p 740), the authors noted that in a 
sériés of 42 infants found to hâve a cervical rib, 28 
newborns had an Erb's palsy; 

- they conclude that a cervical rib was a risk factor 
for an Erb's palsy; 


- ref: The cervical rib. J. Becker et al. JBJS Br. vol 84- 
B No 5 July 2002 - p 740. 

Management 

- during first six months gentle ROM exercises are 
necessary to retain external rotation and abduction 
at the shoulder; 

- EMG will help distinguish réversible vs 
irréversible nerve damage and will help map out 
anatomy of the injury. 

Nerve Grafting Controversies 

- children who show no clinical or electro- 
myographic evidence of biceps , muscle function at 
âge 6 months in patient w/C5-6 brachial plexus 
palsy hâve a poor prognosis for functional 
recovery; 

- these pts should undergo early brachial plexus 
exploration and nerve grafting to improve 
function of dennervated muscle groups; 

- other authories recommend nerve grafting before 
6 months of âge, noting that after 6 months, muscle 
contractures occur due to unopposed muscle 
forces. 

Release of Contractures 

- indicated for patients w/internal rotation and 
adduction contraction of the shoulder; 

- chronic internai rotation contracture leads to 
secondary osseous changes (increased glenoid r 
etroversion) and posterior subluxation of the 
shoulder; 

- early operative management includes: release of 
subscapularis (and in some severe cases release of 
anterior joint capsule and pectoralis major); 

- soft tissue release is performed inorder to regain 
external rotation and to prevent pathologie 
osseous changes; 

- it is important to note that aggressive anterior 
releases may resuit in anterior instability; 

- some authors feel that the pectoralis does not 
usually resuit in contracture and does not require 
release. 

Technique of Release of Subscapularis From the Scapula 

- as compared to releasing the subscapularis off of 
the humérus, this technique avoids anterior 
instability; 

- patient is placed in the latéral position; 

- make a longitudinal incision along the latéral 
border of the scapula; 

- identify the fibers of the latissimus muscle (over 
the latéral aspect of the scapula), and retract it 
inferiorly 
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- subscapularis is elevated off of the anterior surface 
of the scapula; 

- increase in external rotation demonstrates 
adequacy of the release; 

- avoid injury to the subscapular artery and nerve 
at the scapular notch and at the anteromedial 
aspect of the glenoid neck; 

- splint is applied to maintain the arm in abduction 
and external rotation for 3 months, followed by 3 
months of night splinting. 

Tendon Transfers 19 

- indicated to counteract the shoulder adductors 
and internai rotators; 

- generally performed prior to âge 7 yrs; 

- latissimus dorsi may be transfered to the rotator 
cuff/greater tuberosity (augments external 
rotation power); 

- in the report by TB Edwards et al, a rétrospective 
study of the results of latissimus dorsi and teres 
major transfer in the treatment of Erb's palsy was 
conducted in 10 patients; 

- ail patients underwent release of the pectoralis 
major and transfer of the latissimus dorsi and 

- teres major tendons to the rotator cuff at a mean 
âge of 7 years and 2 months; 

- active shoulder abduction improved from a mean 
of 72° preoperatively to 136° postoperatively; 

- postoperative shoulder active external rotation 
averaged 64°; 

- ail but one patient were satisfied with the final 
outcome; 

- ref: Results of latissimus dorsi and teres major 
transfer to the rotator cuff in the treatment of Erb's 
palsy. Edwards TB, Baghian S, Faust DC, Willis 
RB. J Pediatr Orthop 2000 May-Jun;20(3):375-9. 

Posterior Glenohumeral Subluxation 

- as w/ DDH, aggressive treatment early on may 
reverse the deformity, where as older children may 
require derotational osteotomy; 27 

- limitation of external rotation; 

- for older children (older than 5 yrs of âge) with 
fixed bony adaptive changes, proximal humerai 
external rotation osteotomy can be considered; 

- in late cases, w/a déficient posterior glenoid 
consider humerai derotational osteotomy; 

Forearm Pronation Deformity 

- correction of the supination deformity requires 
early intervention; 

- consider brachioradialis transfer through the 
interosseous membrane; 


- ref: A surgical technique for pédiatrie forearm 
pronation: brachioradialis rerouting with interosseous 
membrane release. 

The differential diagnosis includes fracture of the 
clavicle or proximal humérus, which usually resuit in 
pain and limitation of passive motion and crepitance. The 
appearance of the upper extremity is similar in infants 
with arthrogryposis, but in arthrogryposis, the passive 
motion of the joints will be limited and both upper and 
lower extremities will be involved. Erb's palsy may be 
confused with an injury to the cervical spine, and two 
may coexist. Children with spinal cord trauma generally 
hâve upper and lower extremity weakness. Similarly, in 
cérébral palsy there are typically changes in the ipsilateral 
lower extremity. 
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INTRODUCTION 

Battered baby syndrome or child abuse appears to be 
uncommon in our country. However, the author has seen 
two cases. It appears common in the United States. It has 
been estimated that 1 to 1.5% of ail children are abused 
each year. The number ranges from 70,000 to 2.6 million. 
In 1991 reports, an estimated 2.6 million children who 
were alleged subjects of child abuse and neglect were 
reviewed by child protective agencies in the United States. 
Forty-four percent of the substantiated or indicated types 
of maltreatment were classified as neglect, and 24% were 
classified as physical abuse. The rôle of orthopédie 
surgeon extends beyond simple treatment of child's 
fracture. 1 

A battered child is one who is a victim of deliberate 
nonaccidental physical trauma that has been inflicted by 
a person or persons responsible for his or her care. Now, 
the concept of child abuse has been broadened to include 
physical and emotional neglect, physical abuse, 
psychological and sexual abuse. 

In 1946, Caffey 6 first drew attention to the association 
of multiple fractures of long bones with significant 
number of cases of subdural hematoma. 5 He emphasized 
that the radiographie manifestations of injury and its 
repair were identical, whether a history of injury was or 
was not obtained and regardless of the presence or 
absence of subdural hematoma. 

The basic problem is complex, with many 
psychopathological, social and legal aspects. Also there 
are many undesirable environmental factors and family 
circumstances which lead to physical attack on these 
children. 4 


RISK FACTORS FOR CHILD ABUSE 

Households in turmoil from marital séparation, job loss, 
divorce , family death , housing difficulties, money 
problems are more likely to hâve abusive épisodes. 
Parental substance abuse also makes child abuse more 
likely. 

Manchausen Syndrome by Proxy 

Children who are persistently presented by parents for 
medical assessment of vague illness and hâve a history 
of multiple diagnostic or therapeutic procedures with 
unclear outcome are at risk for having a form of child 
abuse known as Munchausen syndrome by proxy. The 
biologie mother is almost always the perpetrator of this 
pattern of abuse. 

The acute signs and symptoms of the child's illness 
in Munchausen syndrome by proxy will résolve if the 
syndrome is recognized early and the child is separated 
from the caretaker. Diagnosis remains difficult. Covert 
in hospital video cum audio surveillance of caretakers 
with their children may be a valuable means to 
substantiate or disprove this diagnosis. 

HISTORY TAKING 

The history taking is critical in diagnosis of child abuse. 
The extensive history needed to detect child abuse is 
termed the 'The Investigative Interview'. Delay in seeking 
medical care for an injured child is highly suggestive of 
child abuse. One should consider whether the history of 
trauma given is adéquate enough to explain the severity 
of the injury. 
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Clinical Features 

The battered children usually are very young (6 months 
of âge to 3 years). The child is usually in poor general 
health, underweight, malnourished and retarded in 
development. Boys are a slightly more prone to parent- 
induced trauma than girls. A variety of skin lésions, 
including bruises, burns, lacérations, and scars, are by 
far the most common findings in cases of child abuse. 7,8 
Burn injuries are also common and are seen in 20% of 
abused children. Bruises on back of head, neck, arms and 
legs, on the buttocks, abdomen, cheeks or genitalia may 
be suspicious for abuse. 

Head injury is common as the head is a convenient 
and vulnérable target. In child abuse the most common 
cause of death is head trauma. When an infant with 
musculoskeletal injury présents with altered mental 
status, whiplash shaken infant syndrome should be 
suspected. Violent shaking of a small child whiplashes 
relatively large head back and forth over the thorax with 
possible development of subdural hematomas. Shaken 
baby syndrome has a high mortality rate - 30%. There 
may be permanent cérébral damage. Skeletal injuries are 
significantly more common in the younger âge groups. 
Metaphyseal fractures occur due to forceful pulling of 
the limb. 

Multiple fractures, 3 evidence of repeated trauma, 
bruises and lacérations confirm the diagnosis. The parents 
are usually emotionally maladjusted. 

The trauma is inflicted by direct blows and throwing 
the child around. There is a possibility of subdural 
hematoma which must be always considered. Also injury 
to viscéral organs can occur. Common abdominal injuries 
are a ruptured liver or spleen. 


Specificity of skeletal trauma for abuse 

High specificity 

Any metaphyseal fracture 
Posterior rib fracture 
Scapular fracture 
Spinous process fracture 
Sternal fracture 

Moderate specificity 

Multiple fractures, especially bilateral 
Fractures of different âges 
Epihyseal séparation 
Vertébral body fracture 
Digital fracture 
Complex skull fracture 

Low specificity 

Clavicular fracture 
Long bone shaft fracture 
Linear skull fracture 


Children who are sexually abused can hâve 
symptoms or bed wetting, fecal incontinence, difficult 
défécation, pelvic pain, vaginal itching and bleeding, and 
pregnancy in postmenarchal girls. 

Radiologie Features 

There is always possibility of multiple skeletal lésions 
which is well described by Silverman in 1953. He 
presented a report on multiple long bone fractures 
without subdural hematoma in three children and 
established their traumatic basis. The condition is 
sometimes referred to as Silverman's syndrome. 

There is always prédilection for the metaphysis with 
exaggerated periosteal reaction and multiplicity of the 
lésions in various stages of healing and repair. The 
physeal injuries with gross or minimal displacement of 
the epiphysis are common. There is profuse subperiosteal 
new bone formation which converts into thick cortex later 
on in cases of old injuries. But recent injury may show 
only soft tissue swelling in the radiogram. The répétitive 
nature of the injury is hallmarked by the presence of 
various stages of bone repair. 

The Skeletal Survey 

A skeletal survey is useful for finding out additional 
fractures in battered children. The standard skeletal 
survey should include 

1. AP of the humérus. 

2. AP of the forearm. 

3. Oblique and AP of the hands 

4. AP of the fémur 

5. AP of the lower legs 

6. AP of the feet 

7. AP and latéral of the chest 

8. AP of the pelvis, including the mid and lower 
lumbar spine. 

9. Latéral of lumbar spine. 

10. Latéral of cervical spine. 

11. AP and latéral of the skull. 

Laboratory Studies 

Battered children should undergo routine blood 
investigations including blood counts, ESR, LFTs and also 
urine analysis. If there is any suspicision of use of poison, 
a toxicology screen should also be performed on the 
patient. 

Diagnosis 

The child with multiple fractures, evidence of repeated 
trauma, bruises and lacérations usually raises suspicion 
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of battered baby syndrome. The radiogram shows the 
presence of various stages of bone repair which is the 
hallmark of child abuse. 

Differential Diagnosis 

In the differential diagnosis, one should rule out 
osteogenesis imperfecta, congénital insensitivity to pain, 
infantile cortical hyperostosis, scurvy, congénital syphilis, 
Caffey disease, osteomyelitis, septic arthritis, fatigue 
fracture, osteoid osteoma and other tumors, rickets, 
leukemia, bleeding disorders, hypophosphatasia, 
neuromuscular disease, metastatic neuroblastoma, 
osteopetrosis, kinky hair syndrome, prostaglandin 
therapy. 

Management 

The management of child consists of two parts: one is 
diagnosis, documentation and treatment and the second 
is future protection of child and legal aspects. 

Once child abuse is suspected first step in treatment 
is admission to hospital. In India battered baby syndrome 
may be less common than in the West. However, the 
possibility of underdetection can not be ruled out. It is 
important to take the responsible members of the family 
into confidence and inform about this syndrome. The 
child must be protected from further battering. The 
person concerned with battering the child should be 
submitted to psychiatrie treatment. If the child is not 
protected and continues to hâve trauma, the police and 
the juvénile court must be informed by the physician. 


This is a délicate matter involving judicial and legal 
aspects. The fractures and trauma are treated. 

Prévention of Child Abuse 

Early intervention is essential to prevent child abuse. 
There can be antivictimization programs that teach 
children certain concepts of self-protection such as 
identification of strangers, types of touching, saying 'no' 
to inappropriate advances, and telling someone about 
inappropriate behaviour. Another method is parent 
éducation in spécifie parenting skills such as basic child 
care , discipline , child development and éducation and 
familiarity with local support services. 
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INTRODUCTION 

A proper clinical examination is a cornerstone of the 
practice of pédiatrie orthopedics. A meticulously taken 
history and painstaking examination point to the diag- 
nosis and correct treatment. The clinician must acquire 
the motor skill and délicate art of examination. Each 
patient affords an opportunity to practise diagnostic skills 
to the orthopedicians. It is extremely difficult to examine 
a frightened, crying child. The clinician must be 
sympathetic, kind and concerned with the disease of the 
child and problem of the family. Therefore, the physician 
must establish love and friendship with the child. This is 
essential first part of the examination, the child is afraid 
of the "injection" so inform him or her and show your 
empty hands that you do not hâve any injection or any 
other instrument. A toy or a piece of chocolaté would 
develop an immédiate friendship with the child. Before 
physical examination should start, observe the child. The 
child should be allowed to move about and walk so that 
the spontaneous active range of motion (ROM) is noted 
down. 

The presenting complaints are recorded. Common 
complaints pertaining to the musculoskeletal System are 
deformity, limp, localized or generalized weakness. 


swelling, pain, and stiffness of joints. Carefully presented 
history and birth history should be noted down. The first 
step is inspection of the body as a whole, the child's stance 
and postures. Obvious deformities of the spine and limbs 
are noted down. Deformities of the joints must be noted 
down. If there is any weakness, a thorough neurological 
examination of muscle testing must be done. If cérébral 
palsy is suspected, the hand grasp reflexes, Moro reflex 
and other spécial tests must be done. 

Normal Development 

The clinician must know the normal milestones of the 
normal development (Table 1). 

The Newborn 

At birth ail limbs are maintained in flexion postures, and 
passive manipulation reveals strong flexor tone in ail 
extremities and the neck. The normal newborn moves 
limbs in an alternating manner when stimulated. 

The postural reflexes, such as neck and body righting 
and the parachute posture, appear later and are not 
présent at birth. 

The Moro response, a vestibular reflex, is présent in 
the normal newborn and in many prématuré babies. Any 
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TABLE 1 : Average Developmental Achievement by Age 


Age Achievement 


1 month 

2 months 

3 months 

4 months 
6 months 

8 months 
10 months 
12 months 
18 months 

2 years 

3 years 

4 years 

5 years 


Little change from newborn 

Maintains head in plane of body when held in prone position 
Head held up above plane of body when supported in prone position 
When prone, can lift head and chest off bed with weight on forearms 

When prone, lifts head and chest off bed, with weight on hands, when held in standing position, almost full 
weight on legs—sits with support 
Sits with support reaches for toys 

Crawls—can pull to sitting position, can stand holding on to furnitures 

Walks independently or with hand support 

Handedness becoming established 

Jumps, knows full name, helps put things away 

Goes upstairs alternating feet, stands momentarily on one foot, knows âge and gender 
Hops on one foot, climbs well, throws bail overhand 
Skips, dresses and undresses 


(Adopted from Gross RH: The pédiatrie orthopédie examinations. In Morissy R, and Weinstein L (Eds): Loivell Winter's Paediatric Orthopedics (4th 
edn) Lippincott-Raven: Philadephia 1996) 


maneuver producing sudden extension of the neck 
provokes a Moro reflex. 1 The hand under the head is then 
suddenly withdrawn, allowing neck extension. A positive 
response is sudden abduction and extension of the upper 
limbs, with spreading of the fingers followed by an 
embrace, in normal infants, this reflex disappears by 
about 4 months of âge. 1 

The newborn can grasp the finger when the finger is 
placed on the palm. The grasp reflexes disappear at 2 or 
3 months of âge. 

Asymmetrical tonie reflex when the baby's head is 
turned to the side, the elbow on the side of occiput flexes, 
and the elbow in the side of the face extends. The reflexes 
are tested by tapping the tendons by the finger tips. 

Early Childhood 

The newborn Controls the head by two months of âge. 
By six months of âge, the infant should be able to grasp 
objects. 

1. Neck righting reflex: When the head is turned, the trunk 
and limbs turn to same side. 

2. Moro reflex 

3. Symmetrical tonie neck reflex: The child is placed in the 
crawling position on hands and knees. When the neck 
is flexed, the upper limbs extend, and the lower limbs 
flex. 

4. Parachute reflex the child is held above a table and 
dropped slightly, simulating a fall. The normal 
response is extension of the limbs and placement of 
the hands as if to prevent injury from the fall. 

Body Proportions 

Body proportions change markedly throghout growth. 
In fêtai life, the head is disproportionately large and even 


at birth, it accounts for about one-quarter of the length of 
the entire body. 

Upper to Lower Segment Ratio 

Top of the head to symphysis pubis 

Symphysis pubis to the soles 

At birth 1.7, at 10 years = 1. After 10 years, less than 
one. 

General Examination 

Examination of the skin of the body should be observed 
for cafeaulait spots, nodules, localized hypertrophy, hairy 
patches or dimples, discoloration, etc. Observe the child's 
development and general health. 

Examination of Lower Limb 

Gait Start the examination with gait. Observation of gait 
is done with minimal clothing. While observing the gait, 
first observe the feet in relation to line of progression and 
dynamic deformities of the foot. The second observation 
is in relation of patella to the line of progression to observe 
motion of the entire limb. Finally, the physical 
examination of the affected part. 

Examination of the Affected Part 

Examination of the affected part should be done gently. 

Examination of Joint Mobility 

It is important to carefully record the exact joint mobility 
of the affected limb. Contracture indicates loss of the 
normal excursion of a joint or muscle-tendon unit. 
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Contracture may be due to affection in the bone, capsule 
and synovium unit and the soft tissues around. Bony 
deformities may be due to congénital (congénital or 
developmental coxa vara) or malunion after injury. The 
capsule and synovial contractures are usually due to 
inflammatory condition such as rheumatoid arthritis or 
tuberculosis, soft tissue contractures such as quadriceps 
in cérébral palsy, and in acquired diseases such as polio, 
infection and trauma. Limitation of joint may be caused 
by contractures and by blocking due to loose body or a 
torn meniscus. 

Spasticity is another important cause of restriction of 
the joint mobility. Spastic muscles are very difficult to 
control because of the reflex movements. Cérébral palsy 
is the most common cause. When evaluating the ROM in 
a patient with a spastic condition, the end point is often 
less certain. With gentle persistence, a spastic muscle 
relaxes and an increased joint motion can be achieved. 
As a resuit, different quantitative values may be obtained 
for the same examination. 

The examiner can make two records such as initial 
range of mobility and after gentle persistence. 

Recording of muscle strength at the first examination 
is important from the treatment point of view, though it 
is difficult in a young noncooperative child. 

Limb Length Measurement 

Both apparent and true lengths must be carefully 
recorded. If flexion extension or abduction-adduction 
deformity is présent, measurement of the bone in the 
segment should be done separately, e.g. if there is a flexion 
deformity of the hip or knee, limb length is measured 
from the tip of the greater trochanter to the joint line of 
the knee, and tibia is measured from the joint line to the 
médial malleolus. Limb length discrepancy can also be 
evaluated with the patient in standing position using 
wooden blocks under the short limb and leveling the 
anterior superior iliac spines. 

Spine 

Cervical spine must be carefully examined for congénital 
torticollis, rotatory subluxation. It is preferrable to use 
goneometer to evaluate cervical spine motion. Thoracic 
spine may show scoliosis, kyphosis. Scapula may appear 
elevated secondary to thoracic curve. Forward bending 
must be carefully observed from the side and from back 
of the patient. Both postural scoliosis and kyphosis 
almost disappear at forward bending out structural 
scoliosis persists. Child can hâve spondylolisthesis, and 
the forward bending is restricted due to hamstring 
tightness. 




Figs IA to F: Tachdjian’s rapid assessment of shoulder motion: 
(A) élévation, (B) abduction and external rotation, (C) internai 
rotation and adduction, (E) élévation, internai rotation and 
adduction, and (F) extension, adduction and internai rotation 
(From Tachdjian MO: Pédiatrie Orthopedics WB Saunders: 
Philadelphia 1: 1990) 

Shoulder and Upper Limbs 

Common shoulder problems in infancy are birth palsies 
or fractures. An infant with birth palsy has adducted and 
internally rotated shoulder (Figs IA to F). 

In adolescence, shoulder instability is relatively com¬ 
mon. The appréhension test is reliable. Shoulder girdle 
problems may be congénital, such as Sprengel deformity, 
or acquired, such as scapular winging after trauma or 
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accompanying some of the muscular dystrophies or 
syringomyelia. 2 

Measurements of the deformity must be carefully 
recorded. A hinged goneometer should be used for 
angular measurements. Clinical photographs can be 
invaluable method of documentation. 

Systemic examination should be done after the local 
examination because the child may not cooperate in a 
prolonged examination. 


Documentation is extremely important for the future 
prognosis and treatment and also for the legal aspects. 
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351.2 Nuclear Medicine Bone Imaging 

in Pediatrics 

I Gordon 


INTRODUCTION 

With the introduction of phosphate compounds labeled 
with Technetium-99m ( 99m Tc) bone scintigraphy has 
gained significant clinical relevance in pediatrics. The 
uptake of " m Tc phosphate complexes is dépendent on 
bone metabolism, which in most pathological bone 
processes is increased. " m Tc phosphate complexes hâve 
no toxic effect on growth or bone metabolism. In the bone 
scintigram of a healthy child, the main activity is found 
in the growth zones of the extremities and in parts of 
bones with predominantly spongioid structures. Good 
knowledge of the position and shape of the normal 
skeleton is essential to avoid misdiagnosis in the child. 1 

Technique 

Spécial préparation of the child is not necessary. 
However, it is usual to encourage hydration by offering 
the children extra fluids, this results in frequent emptying 
of the bladder and will reduce the radiation burden since 
40% of the injected radioactive dose is eliminated by 
the kidneys in the first 4 hours. The amount of 
radiopharmaceutical is scaled down either by the body 
surface area or weight with an adult dose of 550 MBq. 2 

Improvement in equipment (especially high-reso- 
lution gamma caméras and collimators) has resulted in 
the ability to obtain detailed scans from small parts of 
bones and joints. Nevertheless, the use of pinhole 
collimators is still required, especially for the child's hip 
joint. Single-photon émission computed tomographie 
(SPECT) Systems, in older children, allows improved 


localization of the pathological findings especially in the 
spine. 

Images 

Skeletal scintigraphy may be performed using the three- 
phase technique. Immediately after the injection of the 
radiopharmaceutical, sequential images, centered on the 
concerned area, are taken at 2 seconds per image for up 
to 60 seconds. This first phase allows analysis of the 
arterial perfusion of bone or soft tissue processes. At the 
end of the dynamic acquisition, single static images with 
an acquisition time of 2 to 3 minutes are taken of the 
appropriate parts of the skeleton. The images offer 
information about the arterial and venous blood flow as 
well as the beginning bone metabolism. Two to four hours 
after the injection, the delayed images of the skeleton, in 
at least two views, are obtained. If there is suspicion of 
hip pathology, then pinhole views are essential, while if 
suspicion of pathology is on the spine then SPECT is 
required. Older children may be scanned from anterior 
and posterior. Babies and small children are examined 
lying directly on the head of the gamma caméra. 

Clinical Indications 

• Infection/inflammation 

• Bone necrosis 

• Trauma 

• Chronic pain/limp where there is clinical suspicion 
of a skeletal cause 

• Tumors. 
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Infection (Fig. 1) 

The course of inflammatory skeletal disease in children 
dépends on rapid diagnosis, early treatment with 
antibiotics and immobilization. Early diagnosis is difficult 
since osteomyelitis may progress without any local 
symptoms in the first days. Radiological abnormalities 
of the skeleton appears late, bone scintigraphy is usually 
abnormal in the presence of osteomyelitis early on, 
however, false-negative bone scans hâve been reported. 
Nevertheless, great care must be taken, especially in the 
newborn, when there is a strong clinical suspicion of 
osteomyelitis and the bone scan is négative. 

In the newborn, osteomyelitis leads to vascular 
compression with conséquent reduced perfusion and 
therefore reduced accumulation of the readionuclide in 
the areas of concern. The resuit may be either a normal 
bone scan, or a cold lésion may be detected with modem 
technical equipment, which together with the 
corresponding clinical findings suggests osteomyelitis. 

In chronic osteomyelitis, the rôle of isotopes remains 
uncertain. The " m Tc bone scan may remain hot for a 



Fig. 1 : Osteomyelitis of the tibia: A 18-month-old boy with fever 
who stopped moving his right lower limb. The radiograph was 
normal. The posterior view of the tibia and fibula 3 hours after 
the injection of " m Tc MDP shows abnormal increased uptake 
of isotope in the lower third of the right tibia. Note the clarity 
with clear séparation of the tibial from the fibula allowing the 
diagnosis of osteomyelitis of the distal tibia to be made and the 
pus drained 


significant time, but that may not necessarily reflect active 
infection. Labelled WBC using either m In or " m Tc 
hexamethyl-propyleneamineoxime. (HMPAO) normally 
goes to bone marrow, therefore, the interprétation of the 
scan is difficult. The use of " m Tc colloid for bone marrow 
imaging as a part of a comprehensive complex of exami¬ 
nations is appealing, but results from the combination of 
a " m Tc medronate methylene diphosphonate (MDP) and 
" m Tc colloid as well as a labeled WBC scan in this group 
of children is awaited. 

In septic arthritis, bone scintigraphy may be positive 
or normal especially in cases of acute septic arthritis of 
the hips. The rôle of " m Tc bone scans is to diagnose the 
possible associated osteomyelitis, this may be done within 
one to two days in cases of proven septic arthritis of the 
hip. An indication for a bone scan is when the diagnosis 
is uncertain and the possibility exists that there is acute 
osteomyelitis, a normal bone scan under these 
circumstances does not exclude septic arthritis. 

Diskitis is a condition which is often misdiagnosed, 
there is controversy as to whether this is an infective or 
an inflammatory condition. The radiograph can remain 
négative for weeks, whereas bone scintigraphy is hot 
early on (see the section on "chronic pain" below). 

Bone N ec rosi s (Fig. 2) 

The high sensitivity of bone scintigraphy is well known 
in the early détection of Perthes disease in cases with a 
normal radiograph. Routine bone scan including pinhole 
images is required. In children with sickle cell disease 
who présent with acute hip pain or a limp, the bone scan 
may be helpful in distinguishing between infection and 



Fig. 2: Perthes disease: static 3-hour anterior image of the pelvis 
shows reduced uptake in the right fémoral capital epiphysis 
compared to the left 
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Fig. 3: Fracture of the base of the second and third metacarpals: The static 3-hour nonmagnified view of the hands shows 
increased uptake in the région of the right wrist, the exact bones are difficult to make out. The top right image was obtained with 
magnification at the time of acquisition. This shows that the increased uptake of isotope is in the base of the second and third 
metacarpals on the left. The pinhole images confirm the site of the abnormalities which were seen on the radiograph following 
this examination 


infarction. Scintigraphy should be performed in other 
osteonecrosis conditions, e.g. Osgood-Schlatter disease 
and Kienbôck's disease, if the radiographie images are 
not typical. In the case of slipped fémoral head epiphysis, 
the diagnosis is made by radiography. 

Trauma (Fig. 3) 

The rôle of " m Tc bone scans is when there are persistent 
symptoms following trauma and the radiograph remains 
normal. 

Backache may be due to fracture of the pars inter- 
articularis, this is readily seen on " m Tc bone scan espe- 
cially if SPECT is undertaken as well as full spinal views. 

In the diagnosis of the battered baby, the bone scan 
frequently shows fractures which cannot be seen on 
radiographs, this is especially common in the thoracic 
cage. 

Trauma to the growth plate may resuit in prématuré 
fusion of part or ail of the growth plate which may lead 
to growth imbalance with severe conséquences to the 
joint. This is readily detected on " m Tc bone scan. 

Chronic Pain (Fig. 4) 

There is a rôle for bone scanning in the child with chronic 
pain (over 2 weeks), when there is a suspicion that the 
pain may be skeletal in origin. This most commonly 



Fig. 4: Osteoid osteoma of the lumbar spine at L 5 : The 
radiographs of the spine were normal. The posterior 3 hour 
view of the lumbar spine shows focal abnormal increased uptake 
of isotope in the left latéral aspect of the fifth lumbar vertebra. 
There is an associated scoliosis concave to the left. In addition 
rétention of isotope in the left rénal pelvis is noted 
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applies to hip and back symptoms. If the radiograph of 
the affected area is normal, yet the symptoms persist, then 
a 3-phase bone scan is recommended plus pinhole views 
of the hips. The clinical situation usually arises in relation 
to the hip where the differential diagnosis in this nonacute 
situation lies between synovitis and Perthes disease. 3 In 
the spine, the differential diagnosis includes diskitis, 
fracture of pars interarticularis or a benign bone tumor. 
Images of the spine should include posterior, oblique and 
magnified views of the appropriate area as well as SPECT. 
There may be a higher détection of spinal abnormalities 
if SPECT would be routinely used when the planer 
images were normal, however, no formai study has been 
undertaken to substantiate this postulate. With chronic 
pain, a normal bone scan goes a long way to exclude the 
skeleton as the cause of the symptoms. 

Tu mors (Fig. 5) 

Primary benign and malignant bone tumors or tumor like 
lésions hâve abnormal bone scans, thus, there is a rôle 
both in diagnosis and staging for bone scans. The tumor, 
benign or malignant, can be detected in nearly 100% of 
the cases. Différentiation between a malignant and a 
benign primary bone tumor is rarely possible using 
nuclear medicine alone. If doubt exists as to the 
significance of a finding on radiography, then a bone scan 
will reveal whether there is abnormal osteoblastic activity 
to suggest bone pathology. 

Métastasés: Malignant tumors which potentially meta- 
stasize to bones are an indication for bone scintigraphy. 
Scintigrams of the entire skeleton should be performed 
in the initial work-up. Follow-up bone scans can monitor 
the course of the disease, and/or therapeutic 
effectiveness. The rôle of nuclear medicine is to stage the 
disease at présentation as well as at various times in the 
follow-up period. Children with neuroblastoma 
frequently présent with stage 4 disease, diagnosis is not 
usually a problem. However, since the prognosis remains 
poor, accurate staging at the end of initial chemotherapy 
as well as following others slazer of therapy would be 
useful. Great hope was placed on the potential use of 
metaiodobenzylguanidine (MIBG) to fulfil this gap. There 
are reported sériés where the " m Tc bone has been more 



Fig. 5: Osteoid osteoma in the fémoral neck: This child had 
hip pain, the radiograph was thought to show a benign bone 
island in the fémoral neck. The CAT scan was also interpreted 
as a benign bone island. The posterior view of the pelvis on 
the bone scan shows abnormal increased uptake of isotope 
throughout the left hip with a more intense focal abnormality 
in the fémoral neck. An osteoid osteoma was removed at 
surgery 


sensitive than MIBG in the diagnosis of skeletal 
involvement. 
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352.1 Normal Gait 


INTRODUCTION 

The normal human gait provides a smooth energy 
efficient transfer of the body through space. Bipedal gait 
sacrifices stability and speed to free the upper extremities 
for prehensile functions. 

Biomechanics 

The normal bipedal gait is described as an interplay 
between loss and recovery of balance in which the center 
of gravity of the body located anterior to the second sacral 
vertebra shifts constantly. The center of gravity follows a 
sinusoidal course in coronal and sagittal planes. In sagittal 
plane, the body's center of gravity is at its highest point 
in midstance and at its lowest point in terminal stance 
phase. There is a cyclical process involving trans¬ 
formation of potential to kinetic energy and the use of 
kinetic energy to accelerate the body and create potential 
energy throughout the gait cycle. Gait is most efficient 
when the magnitude of energy transferred is minimized. 
There are mainly three mechanisms by which body 
conserves energy during gait. 

1. By minimizing the excursion of center of gravity. This 
is achieved by synchronized pelvic, hip, knee and 
ankle motions. In above knee amputee gait, the energy 
cost is approximately double than that of nonamputee 
gait due to loss of this mechanism. 

2. By external moments to stabilize joints during gait 
cycle. In midstance phase, eccentric contraction of 
soleus places the ankle in proper position due to which 


the ground reaction force vector falls in front of the 
knee, generating an extension moment in which 
stability at knee is provided by the ligaments. 
Similarly at the hip joint the ground reaction force 
vector falls behind the joint center to generate an 
extension moment which is stabilized by anterior hip 
ligaments. This causes efficient transfer of energy 
between body segments. 

3. By the efficient transfer of energy between body 
segments. 1,2 The two-joint muscles such as the rectus 
femoris, which can generate power when serving as 
a hip flexor while simultaneously absorbing power 
in its rôle as a knee extensor during rapid walking— 
serve a central rôle in the efficient transfer of energy 
between nonadjacent segments. 9,10 

The Normal Gait Cycle (Stride) 

The normal gait cycle also known as stride describes the 
events occurring between two sequential floor contacts 
by the same limb (Fig. 1). Considering the presence or 
absence of contact for the limb being considered, the gait 
cycle is divided into two phases: 

i. Stance phase 

ii. Swing phase. 

Stance Phase 

Stance phase constitutes the first 60% of the gait cycle. It 
is further divided into four sub phases: 
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Fig. 1 : The normal gait cycle 


i. Heel strike (initial contact), 

ii. Midstance, 

iii. Push-off (terminal stance), and 

iv. Accélération (preswing). 

It also consists of five events known as critical 
incidences. They are: (i) heel-strike, (ii) foot-flat, (iii) heel- 
off, (iv) knee-bend, and (v) toe-off. 

Heel strike: It constitutes 15% of gait cycle. 

Critical event: This phase begins with heel strike and 
terminâtes with foot-flat (Fig. 2). 

Midstance: It lasts for the second 15% of the gait cycle. 
During this period, hip and knee are bent preparing the 
limb for the swing phase. 

Critical event: It begins with foot-flat and ends with heel- 
°ff (Fig- 3). 

Push-off: The push-off subphase constitutes the next 25% 
of the gait cycle. During this period, hip and knee are 
bent preparing the limb for the swing phase (Fig. 4). 

Critical event: It is initiated by heel-off and terminâtes 
with knee-bend (Fig. 4). 

Accélération: It is the final period of stance phase and is 
5% of the gait cycle. 

Critical event: It begins at knee-bend and ends at toe-off 
(Fig. 5). 



Fig. 2: Heel strike: The long arrow represents the ground 
reaction force vector. Its position relative to each joint 
détermines the external moment. The smaller arrows represent 
the net internai moment that are generated by the muscles 
Crossing each joint 


The stance phase contains two periods of "double 
support", when both limbs are in contact with the floor. 
The first period occurs immediately after the initiation 
of stance phase, and the second just before the end of 
stance. 
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Fig. 3: Midstance: After the gound reaction force vector (long 
arrow) falls in front of the knee, generating an external extension 
moment, and behind the hip, generating an external extension 
moment, internai muscle-generated moments are no longer 
necessary for joint stability. This is one of the energy-efficient 
mechanisms often lost in pathologie gait déviations. Tibial 
advancement over the foot constitutes the second or ankle 
rocker and is controlled by an internai ankle plantar flexion 
moment (small arrow) 



Fig. 4: Push-off: Heel rise occurs as the body advances and 
the ankle plantar flexors resist the large external dorsiflexor 
moment. (This constitutes the third or forefoot rocker) (Long 
arrow, ground reaction force vector; curved arrow, internai 
plantar flexion moment) 

Swing Phase 

The swing phase constitutes the remaining 40% of the 
gait cycle and begins at the point where the limb is 


Fig. 5: Accélération: Passive ankle plantar flexion, knee flexion, 
and hip flexion (i.e. no internai muscle moments) occurs as the 
limb is unloaded. (Long arrow, ground reaction force vector) 



Fig. 6: Initial swing: Hip flexion, knee flexion, and ankle dorsi- 
flexion contribute to limb clearance. (Curved arrow, internai 
ankle dorsiflexion moment) 


unloaded and the foot comes-off the ground. Swing phase 
is subdivided into three subphases: 

i. Initial swing—period of variable accélération, 

ii. Midswing—transitional period, and 

iii. Terminal swing—period of décélération and limb 
positioning. 

Initial swing: It constitutes 10% of swing phase. It 
commences with toe-off and continues as the foot is 
elevated from the floor in an arch by hip and knee flexion 
and the limb moves forward (Fig. 6). 

Midswing: It constitutes 80% of swing phase. It begins 
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Fig. 7: Midswing: Gravitational and internai external moments 
dominate at the hip and knee. The ankle position for clearance 
is determined by an internai dorsiflexion moment (Curvedarrow) 


when the swing limb passes the opposite limb in stance, 
the knee extends and the path of the foot is forward- 
swinging arc (Fig. 7). 

Terminal swing: It is the décélération period which occu- 
pies final 10% of swing phase. The force of gravity and 
the musculature of the limb smoothly break the forward 
moving swing limb, the heel strikes the ground (Fig. 8). 

Foot clearance and correct positioning for the 
initiating of the subséquent stance phase are critical 
components of swing phase. The limb is advanced from 
behind the body to in front of the body reaching out to 
take the next step. 

The velocity of gait can be altered by: 

i. Stride length—It is the distance covered by a single 
gait cycle, 

ii. Cadence—It is the number of gait cycles per unit 
time, and 

iii. Step length—It is distance from the heel of one foot 
to and heel of the opposite foot during the double 
support phase. 

The functioning assessment of gait can be done by 
considering the kinematics and kinetics of anatomie areas 
such as joints and body segments. 

At Ankle 

Stance phase: Ankle function during stance phase is 
considered in terms of three rockers: 

i. Heel rocker, 

ii. Ankle rocker, and 


Fig. 8: Terminal swing: Internai muscle moments at the hip 
knee (i.e. simultaneous flexion and extension moments), and 
ankle decelerates the limb and positions it correctly for the 
initiation of the subséquent stance phase ( Curved arrows, 
internai moments generated by the muscle Crossing each joint) 


iii. Forefoot rocker. 

Heel rocker begins at initial contact (heel strike) and 
extends through the loading response. The planter flexion 
seen in the loading response is resisted by internai 
moment generated by ankle dorsiflexors muscle. The 
décélération of ankle plantar flexion contributes to tibial 
advancement and shock absorption. 

The ankle rocker occurs during midstance. The 
dorsiflexion at ankle is resisted by the internai moment 
generated by the ankle plantar flexor muscles. The 
décélération of ankle dorsiflexion Controls tibial advance¬ 
ment and contributes to stance stability by ensuring that 
the ground reaction force vector is anterior to the knee 
and posterior to the hip creating an external extension 
moment at each joint. 

This promotes joint stability through ligaments 
without muscle action. 

The forefoot rocker occurs during terminal stance. 
Minimal ankle movement during forefoot rocker causes 
the heel to rise maintaining momentum and efficiently 
transferring energy between body segment. 

Swing phase: Active ankle dorsiflexion during initial swing 
helps in early swing limb clearance. In midswing the 
internai dorsiflexion moment resists inertia and gravity 
forces to promote clearance. In terminal swing, the 
internai muscle moments position the ankle for initial 
contact so that the heels strike the floor first generating 
heel rocker. 
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At Knee 

Stance phase: In initial contact (heel strike) phase, full 
extension at knee provides stability for weight acceptance 
and contributes to optimal foot position. In loading 
response phase, flexion at knee joint is the principal 
means of shock absorption without compromising the 
knee stability. In mid stance knee extends to promote 
stability and advancement. Maximum knee extension is 
attained in terminal stance maintaining stability during 
forward progression. In preswing phase, the knee flexes 
and the limb is unloaded. 

Swing phase: Approximately two-third of knee flexion 
necessary for swing limb clearance occurs in preswing 
subphase. Further knee flexion occurs during initial 
swing which is necessary for foot clearance as the ankle 
is in equinus at this point. The limb clearance is achieved 
when the tibia attains a vertical alinement. Then for 
limb advancement, the knee extends. Optimal stride 
length is achieved by further knee extension by terminal 
stance. An internai flexion moment by the hamstrings 
decelerates the advancing limb before beginning the 
stance phase. 

AtHip 

Stance phase: In initial contact (heel strike), the hip is flexed 
to promote limb position. During loading response 
subphase, the ground reaction vector falls in front of the 
hip joint. The hip joint extends as the body advances in 
midstance phase. The hip stability is provided by anterior 
ligaments. Pelvic rotation contributes to apparent hip 
hyperextension at the end of stance phase. In the 
preswing subphase, the hip begins to flex and the limb is 
unloaded. 

Swing phase: In initial swing subphase, internai muscle 
flexion moments contribute to hip flexion. The hip flexion 
contributes to limb clearance early in swing phase and 
limb positioning for weight acceptance after the terminal 
swing subphase. 

Gait Cycle in Walking and Running 

In terms of gait cycle walking is differentiated from 
running by pattern of ground contact, i.e. duration of 
stance phase. In running the duration of the stance phase 
constitutes less than 50% of the gait cycle. 1,3,4 

Both periods of double support are lost in running. 
The toe-off motion occurs before the opposite heel strike, 
creating two periods of double float (i.e. neither foot in 
contact with the floor). 


Development of Mature Gait 

The development of mature gait dépends upon 
maturation of the central nervous System, which 
progresses cephalocaudally. 

The average milestones of development of loco¬ 
motion are: the infant sits at 6 months of âge, crawls at 
9 months, cruises and walks with assistance at 12 
months, and runs at 18 months. 6 The independent gait 
of the infant has a wide base, the hips and knees are 
hyperflexed, the arms are held in extension and abduc¬ 
tion, and the movements are abrupt. With maturation of 
the neuromuscular System, gradually the width of the 
base diminishes, the movements become smoother, 
reciprocal swing of the upper limbs begins, and step 
length and walking velocity increases. The adult pattern 
of gait develops between three and five years of âge. 6 

Sutherland et al performed gait studies and identi- 
fied five statistically significant parameters of gait 
maturity. 5 

1. Single-limb stance duration increases with âge and 
maturation 

2. Walking velocity increases with âge and limb length 

3. Cadence decreases with âge and limb length 

4. Step length increases with âge and limb length 

5. The ratio of the inter ankle distance to the pelvic width 
decreases with âge and maturation. 

Gait Analysis 

A. Observational Gait Analysis 

B. Instrumented Gait Analysis 

Observational Gait Analysis 

Observational gait analysis is a systematic method of the 
assessment of gait déviations and functional déficits. It 
is done in three phases. 

1. Préparation phase: A detailed clinical history is taken 
to détermine the principal gait problems and the 
underlying condition. A thorough physical 
examination is done to test the active and passive 
moments at ankle, knee and hip joints. Neurological 
examination includes sensations, muscle strength, 
tone and spasticity. 

2. Observation phase: Gross analysis of child's gait is done 
taking into considération velocity, cadence, stride 
length, stability and antalgia. 

3. Interprétations phase: Systematic analysis of the data 
collected helps to identify the gait déviations at each 
joint and the functional déficits with respect to gait 
tasks and the subphases of the gait cycle. 
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Instrumentée! Gait Analysis 

There are five modalities that constitute instrumented gait 

analysis. 

1. Movement measurements: Evaluate the magnitude and 
timing of limb-segment motion and generate 
kinematic data, such as linear position and angular 
orientation. There are different types of automated 
video Systems used to generate kinematic data. 

2. Dynamic electromyography: It assesses the timing and 
magnitude of skeletal muscle function. EMG 
documents the electrical activity associated with 
skeletal muscle contraction on a visual record. 
Dynamic EMG uses surface or internai électrodes to 
record these myoelectric potentials. 

3. Force platform: Force platforms détermine the 
magnitude and direction of the stance phase ground 
reaction force. It is done with a de vice which is a rigid 
plate mounted on four piezoelectric triaxial 
transducers. With each corner having a transducers 
sensitive to applied loads in three-dimensions, the 
vertical force and horizontal shear forces can be 
measured directly. As the body advances forward 
over the stance phase limb, a three-dimensional 
ground reaction force, which is equal in magnitude 
and opposite in direction to the force being 
experienced by the stance phase limb, is generated. 
The magnitude of the vertical, horizontal, and axial 
components of the ground reaction force can be 
determined by a force platform. 

4. Stride analysis: It détermines parameters such as 
velocity, cadence, step length. Velocity is the distance 
per unit time, cadence is the steps per unit time, stride 
length is the distance between two sequential initial 
contacts by the same limb, step length is the distance 
between the initial contact by each foot, and single- 
limb stance time is the period during which the 
opposite limb is in swing phase with no floor contact. 
Stride analysis can be performed by direct or indirect 
method. The indirect method uses kinematic data. A 
single foot or ankle marker is tracked with respect to 


time and distance over a predetermined gait cycle 
sequence. 

Direct techniques measures the foot contact with 
the floor. This is accomplished with a foot switch 
System, which consists of individual pressure sensors 
that are placed beneath the heel and the metatarsal 
heads. 

5. Energetics: Energetics évaluâtes the energy expen- 
diture and efficiency of gait. It quantifies the physio¬ 
logie cost of various gait déviations. It can be 
measured by indirect calorimetry which uses open 
spirometry to measure 0 2 consumption. The magni¬ 
tude of 0 2 consumed reflects the energy requirements 
for walking. 0 2 cost is an important parameter in 
measurement of gait efficiency. The 0 2 is defined as 
the 0 2 rate divided by the walking velocity, which is 
expressed as milliliters per kilogram meter, and it 
describes the amount of energy needed to walk a 
standard distance. 7,8 
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352.2 Abnormal Gait 


Normal toddlers do no walk like small adults. 8 Toddlers 
walk with a side-based gait. They hâve little arm swing 
and little ground clearance. They take faster steps. Ail 
these combined lead to trip and fall easily. 


Abdominal gait can be broadly classified into: 

i. Torsional deformities, 

ii. Hypermobile joints. 
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iii. Limp, and 

iv. Tip-toe walking. 

Torsional Deformities of the Lower Limb 

Rotational deformities vary widely among healthy 
children. Version is defined as tilt or inclination within a 
bone. 7 Example is fémoral head and to the shaft. Capsular 
laxity or contracture, muscle contractures of paralysis 
produces dynamic component to the rotational profile. 

Torsional deformities may be in the fémur, tibia, ankle 
or foot. 

Etiology 

The exact cause of torsional deformity of the lower limb 
is unknown. 

1. They are probably caused by an arrest of skeletal 
development. 

2. Hereditary Abnormal torsion deformity may be due 
to heredity and familial. 

3. Malposture Posture 11 in the utérus and intrauterine 
pressure may play the rôle in etiology. The abnormal 
posture of sleeping, sitting or playing may cause 
abnormal development of lower limbs and even cause 
deformities in early childhood. 

Sleeping habits such as prone position may cause 
rotation deformities of the hips. Frog leg position may 
cause external rotation deformity of the hip and the knee. 

Causes of in-toeing (Fig. 1) and out-toeing are shown 
in the Table 1. 

Rotational problems are frequent in neuromuscular 
disease. They do not improve spontaneously, they get 
worse due to muscle imbalance and contracture. 


TABLE 1 : Causes of in-toeing and out-toeing 


In-toeing 

Out-toeing 

Clubfeet 

Pes valgus due to 

Metatarsus varus 

Tendo-achilles contracture 

Médial tibial torsion 

Calcaneal valgus deformity 

Genu valgum 

Latéral tibial torsion 

Fémoral intorsion 

Tight iliotibial band 

Acetabular dysplasia 

Neurovascular disorders, 
menningomyelocele, cérébral palsy 
Polio 

Acetabular dysplasia 


According to Mercer Rang, children usually in-toe 
because of a twist in the bones of the leg. This may be in 
the pelvis, fémur, knee, tibia, talus, or foot. Children with 
neuromuscular disease in-toe because of rotatory 
paralysis in addition to these reasons. In the newborn, 
in-toeing is usually due to metatarsus varus, in the 
toddler, it is usually due to internai tibial torsion, and in 
the school-age child, it is usually due to internai fémoral 
torsion (Fig. 2). 

Assessment: Through clinical examination of the child is 
important. The static examination describes the available 
range of rotational motion. The dynamic examination 
displays the effect of various torsional forces at play 
during the walking cycle. 7 

1. Range of the motion of the joints in the lower limb 
should be carefully measured. 

2. Rotation of the foot laterally or medially is used to 
assess the degree of available hip rotation. 7 Excessive 
médial or internai rotation of the hip causes toed-in 
gait. External rotation causes toed-out gait. 

3. Thigh foot angle is measured as shown in the figure. 
The patient is in prone position. The thigh is held in 



Figs IA to E: The causes of in-toeing: (A) metatarsus varus, (B) internai tibial torsion—commonly associated with sitting on the 
feet, and (C) internai fémoral torsion—the feet may point forward but then the knees turn in. It is commonly associated with the 
TV sitting position. (Adopted from Mercer Rang: Art and Practice of Children’s Orthopedics) 
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Fig. 2: Determining the torsional profile: 
Analyzing leg and foot alinement 


neutral position. Knee flexed to 90° and the alignment 
of the sole of the foot relative to the thigh is measured. 
This angle describes the contribution of the leg 
segment or the degree of tibial torsion. Foot defor- 
mities such as club foot, metatarsus varus, and skew 
foot may cause in-toeing. The leno valgus causes out- 
toeing. 

4. Gait: The child gait should be observed. Foot 
progression angle gives the approximate quantity of 
in-toeing and out-toeing. 

Differential Diagnosis 

Residual foot deformities, disorders of the hip and 
neuromuscular diseases are the most common causes of 
pathologie in-toeing or out-toeing. Fémoral antétorsion 
is often seen in spastic diplegia or quadriplegia which is 
combination of excess fémoral antéversion with 
contracture of the adductor and médial hamstring 
muscles. 7 A compensatory tibial torsion which is called 
as malicious malalignment. There may be tendo-Achilles 
shortening. Out-toeing may be due to severe pes 
planovalgus, tarsal coalition, rigid fiat feet and fémoral 
rétroversion. Slipped capital fémoral epiphysis (SCFE) 
should be considered in a differential diagnosis of out- 
toeing. Some authors hâve demonstrated a relation of 
antéversion with degenerative changes in the knee, 
presumably from increased shear loads. 7 

Fémoral Antéversion 

Fémoral torsion, 4,9,10 high anterversion of the fémur 
causes rotational malalinement and toeing-in. 


This is a common deformity. Fémoral antétorsion 
usually decreases with âge. In the first year, fémoral 
torsion is 40°, at the end of second, it is 30°, then it slowly 
decreases and at the end of year 10 it is 24°, and in adults 
it is about 15°. 

Clinical Features 

The excessive fémoral anterversion is usually présent at 
birth. However, when the child starts walking the parents 
notice that the child is in-toeing. The child has squinting 
patella and is unable to sit cross-legged. Limitation of 
latéral rotation of the hips in extended position is the 
principal physical finding. Médial rotation of the hip in 
extension is exaggerated and may be as much as 90°, 
whereas latéral rotation is restricted, usually to neutral 
position. When the hip is in 90° of flexion, latéral rotation 
of the hip is increased to as much as 45°. This is explained 
by the fact that in extension of the hip, the anterior capsule 
and Bigelow's ligament becomes taut, in flexion they are 
relaxed, permitting latéral rotation of the hip. Thus, the 
importance of testing the degree of rotation of the hip in 
extension and flexion in fémoral antétorsion cannot be 
overemphasized. The Q-angle is increased. People with 
fémoral intorsion run as fast as others. 

Method of measurement: Clinical measurement 3 is enough 
for everyday purposes, and there is little point in using 
other methods. Mark the midpoint of the latéral surface 
of the greater trochanter and the transverse axis of the 
fémoral condyles. Palpate the greater trochanter, rotate 
the limb until the greater trochanter reaches the most 
latéral position, the degree of rotation of the fémoral 
transcondylar plane from 0 degree (neutral position) is 
estimated—this is the angle of fémoral torsion. 

Imaging Methods 

CT scan: It is the most accurate imaging method and has 
replaced the previous radiographie methods. The axial 
images best depicting the fémoral necks and fémoral 
condyles are selected. MRI is also equally accurate. 
However, the ultrasonography is not accurate. 

Radiographie methods: Neck-shaft angle is measured in the 
AP view. Torsion of the proximal fémur is determined 
on a latéral radiogram of each hip, using frame. The 
simple method suggested by 

Tachdjian is to détermine the degree of antéversion 
of the proximal fémur is to place the patient in prone 
position and under image intensifier fluoroscopy, to 
measure the length of the fémoral neck (intertrochanteric 
line to capital physis) with the hip in varying degrees of 
rotation. The hips should be in full extension. Flexion of 
the knees to right angles will assist in determining the 
degree of hip rotation. The degree of fémoral antétorsion 
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is the degree of médial rotation of the hip beyond which 
the relative length of fémoral neck does not increase. 

Treatment 

Conservative treatment: In majority of the patients, 
excessive fémoral antétorsion corrects itself subsequently 
by the âge of 7 or 8 years. Therefore, the main treatment 
consists of explanation, reassurance and offer to carefully 
observe. Orthopédie appliances such as shoes with latéral 
sole and heel wedges splinting, etc. are ineffective. 
Illustration in sitting with cross-leged is encouraged. Most 
torsion whether in fémur, tibia or foot résolves 
spontaneously. Unresolved torsion is seldon harmful. 
Therefore, surgery is rarely indicated. 

Operative treatment: Derotation fémoral osteotomy is the 
only effective method of correcting excessive fémoral 
antétorsion. Surgery should not be performed before the 
âge of eight years. Also the surgery should not be 
postponed until late adolescence because of the possible 
development of increasing fixed latéral antéversion is 
more than 45° the limitation of external rotation causing 
functional disability. Derotation osteotomy may be 
performed anywhere in the fémur. Some prefer the 
subtrochanteric area, some supracondylar area. 
Supracondylar osteotomy causes knee stiffness, valgus 
deformity of the knee and loss of correction due to 
inadéquate fixation. An alternative way of performing 
derotation osteotomy is at the midshaft level, with 
fixation by an intramedullary interlocking nail. Médial 
rotation osteotomy of the tibia may be required if there is 
marked secondary latéral tibial torsion. 

Malicious malalignment or the combination of 
fémoral internai rotation with tibial external rotation 7 
causes pain in the knee. This combination requires 
osteotomy of the fémur as well as tibia. 

Supramalleolar rotational osteotomy of the tibia and 
fibula has less potential for serious neurovascular 
complication than does proximal tibial osteotomy. 7 In 
small children K-wire fixation and in older T-plate 
fixation is required. 

Locking intramedullary fixation can be used for either 
the tibia or the fémur. Latéral trochanter entry site is 
necessary to avoid injury to the médial portion of the 
trochanteric growth plate and injury to the terminal 
branches of the médial circumflex artery in the 
trochanteric fossa. Complications are non-union, 
infection, blood loss, joint stiffness, scarring, and 
anesthésia. 7 Osteotomy may cause frontal sagittal 
deformity. 


Tibial Torsion 

Normally an infant is born with 5° of latéral rotation of 
the tibia. By the âge the child reaches 10 years, the tibial 
torsion is 10° and after âge of 15, it is between 15 and 25. 

Clinical measurement of tibial torsion is difficult. 
Tachdjian has described simple clinical method of 
measurement of tibial torsion. The knee is flexed to 90° 
and the transcondylar line is made bilateral to the edge 
of the table. The tops of the médial malleolus are marked 
and held with fingertips at this point. The illustrative 
method is to détermine the angle formed by the proximal 
tibial tuberosity, and the second metatarsal ray of a 
normal foot supported in neutral position. 

Radiographie method: AP latéral radiographs with the 
proximal tibial tubercle in the neutral position are taken. 
The positions of the médial and latéral malleoli are noted. 
Other method of radiographie measurement is Hutter 
and Scott method in which X-ray tube is placed above 
the knees, and the exposure is made with the beam 
parallel to the longitudinal axis of the tibia. An image of 
the malleoli and the feet is projected on the film. Rozen 
and Sandwick method measures tibia fibular torsion and 
not isolated tibial torsion. CT scan and MRI give accurate 
measurement of the tibial torsion. 

Médial tibial torsion: In infants, abnormal médial tibial 
torsion is usually associated with congénital metatarsus 
varus to developmental genu varum. The child is brought 
in with a deformity. The foot points inward. 

Latéral tibial torsion: This is usually an acquired deformity 
that is secondary to contracture of the iliotibial band, 
although it does occur occasionally as a congénital or 
primary developmental deformity. In the congénital 
variety, it is usually bilateral with the patient stand with 
the patella facing forward, the feet point outward. 

Ober's test detects the iliotibial (IT) band contracture. 
Tendoachilles contracture is a common cause of latéral 
rotation and should ruled out. 

Treatment 

If the médial tibial torsion persists past 10 years of âge 
and disabling deformity is severe, derotation osteotomy 
is indicated. This can be done by corticotomy through 
1 cm incision in the supramalleolar area and drilling the 
posterior cortex. A distal drill osteotomy leaves little scar 
and seems to carry less risk of a compartmental syndrome 
than does a proximal osteotomy. It is a very simple 
operation. 

Latéral tibial torsion: This does not correct itself with 
growth. Soft tissue contractures of the iliotibial band or 
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tendoachilles which are stretched previously or released 
surgically. If the deformity is severe and disabling 
rotational osteotomy is indicated after the âge of 10, 
osteotomy may be done in the supramalleolar area or in 
the upper end of the tibia. 

Hypermobile Joints 

Birth is only possible because babies hâve hypermobile 
joints. With the passage of time, joints lose excessive 
motion. The parents notice and complain that the child 
is fiat foot, genu recurvatum and may hâve subluxation 
of the patella. The gait is slightly abnormal. Joint laxity is 
more common in females and is often familial. The 
persons with hypermobility is good at ballet and 
gymnastics. 1 

Familial Joint Hypermobility 

Many normal persons hâve hypermobile joints. They may 
say they are double jointed. These children do not require 
any treatment except explanation and assurance. Some 
syndromes involving hypermobile joints (Fig. 3) 
described by Mercer Rang are as follows. 

Ehlers-Danlos syndrome: 2 This is characterized by 
hyperextensible fragile skin, hypermobile joints, and 
weak vessels. 

Cutis daxa: This involves changes in the skin mostly. An 
example is the elastic lady of the circus. 

Down syndrome: (Trisomy 21) Ail the joints are lax, this 
produces fiat feet, hallux valgus, dislocations of the 
patella, and instability in the neck. 

Osteogenesis imperfecta: This is characterized by brittle 
bones and hyperextensible joints. 

Larsen syndrome: Children with this disorder are born with 
dislocated hips, clubfeet, and dislocated knees due to joint 
laxity. 

Limp 

Another gait disorder is a limp which means abnormal 
walking. Limp may be due to multiple causes. The 
abnormality may be in the brain, in the spinal cord, in 
the spine or in the lower limbs. The causes can be 
classified as: (i) injury to the spine, hip, anywhere in the 
lower limb, (ii) cérébral palsy, (iii) diseases of the spine, 
(iv) diseases of the hip joint such as congénital dislocation 
of hip (CDH), Perthes, slipped epiphysis, (v) diseases of 
the knee or feet, (vi) limb lengthening discrepancy, 
(vii) myopathy, (viii) diseases of the bones such as 
osteomyelitis, rickets and tumors, (ix) deformities of the 
joint due to rheumatoid arthritis, sep tic arthritis, and (x) 
neurological diseases such as polio. A thorough clinical 
examination, and radiographie investigation is necessary 
to find out the causes to treat it effectively. 



Fig. 3: The joints hâve a greater range of movement in children. 
Several Systems of recording laxity are in use. These are the 
basic observations described by Ruth Wynn-Davies. She noted 
that the prevalence of joint laxity declined with âge (Adopted 
from Mercer Rang: Art and Practice of Children Orthopaedics) 

Tiptoe Walking (See Chapter on Toe Walking) 
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Anesthetic Considérations in 
Pédiatrie Orthopedics 
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INTRODUCTION 

Pédiatrie orthopedics encompasses a wide ranging 
variety of surgery from néonatal period to 12 years and 
beyond. Anesthésia, as a necessary adjunct has to be 
tailored according to the âge, size and general condition 
of the patient, as well as the surgical procedure. 

Pédiatrie anesthésia could be considered a gentler, 
more refined form of anesthésia with the risk threshold 
lowered inversely proportional to the âge of the patient, 
especially below 2 years of âge. 

These babies below 2 years are highly vulnérable 
under anesthésia because they are in a readymade situa¬ 
tion for the development of hypoxia due to a demand 
which may outstrip the reserve capacity for supply of 
oxygen. The oxygen consumption of a baby is twice than 
that of an adult, while the area for gas exchange and the 
ability of functional reserve capacity (FRC) to act as a 
buffer against sudden changes in the concentration of 
inspired gases is much lower than in an adult. The 
incidence of serious desaturation is significantly higher 
in children below two years, and they suffer three-times 
the adult incidence of cardiac arrest. 1 

It is very easy to cause trauma to intraoral structures 
in a baby because a force considered necessary in an adult 
may be gross in a child, making delicacy in handling 
babies mandatory. Even slight trauma can cause critical 
réductions in airway, more so in presence of 
developmental anomalies, inflammatory conditions, etc. 
Significant oral and airway abnormalities do exist which 
need to be screened before induction of anesthésia. 

Température Régulation 

A knowledge of température régulation and its 
maintenance in babies during anesthésia helps to reduce 
the morbidity and ensure a successful outcome. Infants 


(a baby below 1 year) hâve a large body surface area and 
lack heat insulating subeutaneous fat. As a resuit they 
lose heat rapidly in a cool environment like the operation 
theater. The capacity to shiver and generate heat by this 
muscular activity is poor in infants. Their alternative for 
heat génération is by nonshivering thermogenesis from 
brown fat (brown because of high vascularity). This 
increases their oxygen consumption and stress leading 
to metabolic acidosis. A hypothermie baby may not 
respond to hypoxia by increasing ventilation as seen in a 
normothermic baby. 

Preoperative Considérations 

A child below 2 years has a larger extracellular fluid 
compartment which forms the volume of distribution for 
water soluble drugs. The immaturity of kidney and liver 
functions also leads to longer half-life of drugs. The 
plasma proteins produced by liver are lower leading to 
coagulopathy, making administration of vitamin K 
mandatory before any néonatal surgery. The low albumin 
values lead to less protein binding of drugs leaving higher 
levels of free drugs in the blood. The colloid osmotic 
pressure is lower with a tendency to tissue edema with 
even slight fluid overload. The ability to handle free water 
and soluté loads may also be impaired. These factors are 
to be borne in mind while anesthetizing babies for 
procedures like congénital Talipes equino varus (CTEV) 
correction, congénital dislocation of hip (CDH) septic 
arthritis, osteomyelitis, birth injuries, etc. 

Children above 2 years of âge présent a different 
situation pharmacologically. They hâve mature rénal and 
hepatic functions, normal sérum proteins, fat and muscle 
mass. Their metabolic rate is high. Thus, a normal child 
actually requires slightly higher dose/kg of drugs than 
an adult. 
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Inhalational Anesthetics 

Halothane : Halothane remains the mainstay of 
inhalational anesthésia in pediatrics. It is the drug of 
choice for inhalational induction because of its pleasant 
smell, predictable duration of action, rapid recovery, 
relaxant property and its remarkable safety record in 
children. Reports of "halothane hepatitis" are extremely 
rare. 2 Occasional arrhythmias associated with halothane 
or trilene are more a reflection of hypercarbia, or 
inadéquate level of anesthésia and/or hypoxia. 3 

Isoflurane : The use of isoflurane has been limited by its 
cost and the need for spécifie vaporizer. There hâve been 
occasional incidences of stunned myocardium in the 
pédiatrie âge group which has made its use unpopular. 
It is a useful agent with remarkable analgesia and 
minimum cardiovascular dépréssion. The only 
disadvantage is its pungent smell. 

Sevoflurane : Sevoflurane has the ability to induce faster 
and is exhaled rapidly. It is now the choice of inhalational 
anesthetic amongst the pédiatrie anesthesiologist. Except 
for its high cost the drug is remarkably popular for early 
recovery and discharge time. 

Intravenous Anesthetics 

These should be handled with caution because of their 
potency and the ease and speed with which overdose 
can be given. The dosage has to be accurate and facilities 
for securing the airway kept ready at ail times. Often the 
author double dilutes the drug making it safe for injection 
and decreasing the incidence of thrombophleblitis. 

Thiopentone: In a dose of 4 to 6 mg/kg is sufficient to 
induce anesthésia in healthy unpremedicated babies. It 
has to be given slowly. Even a small overdose is enough 
to cause cardiovascular and respiratory dépréssion. It has 
no analgesia and no significant relaxant property. Hence, 
it cannot be used as a sole anesthetic agent. It is eliminated 
slowly. The only absolute contraindication is porphyria. 

Ketamine 4 : It provides excellent analgesia amnesia even 
in very low doses (0.5-1 mg/kg IV) with smooth transition 
to general anesthésia with an increase in dose (3-4 mg/ 
kg IV). It can also be administered by IM route at (9-11 
mg/kg) which is a great advantage in an unpremedicated 
howling child. Venepuncture can be accomplished after 
the child has slept, for subséquent anesthésia. It may also 
be given as nasal drops. 

An ultra small dose IM ketamine 2-3 mg/kg BW is 
sufficient to induce sleep in a neonate and even perform 
a surgical procedure. This is a good alternative to 


halothane (the more commonly used inhalational agent) 
in patients with a known history of néonatal jaundice. 

The ease of administration, prolonged analgesia, 
maintenance of a safe airway most of the time and stable 
cardiovascular System hâve popularized the drug in the 
last decade. The emergence reactions can be aborted by 
administration of a benzodiazépine (e.g. Diazepam) and/ 
or thiopentone in a more elderly child. 

Infants below 3 months of âge may require a higher 
dose of ketamine (> 3 mg/kg IV) and then contrarily go 
for severe respiratory dépréssion and opisthotonos. 
Because of this bizarre reaction, it is not recommended 
below 3 months. 

Ketamine is definitely an anesthetic agent with ail the 
attendant hazards therein. Starvation is mandatory. It 
should never be administered in the absence of an 
anesthetist and resuscitation equipment. Ketamine is a 
good anesthetic for orthopédie procedures particularly 
in combination with thiopentone and diazepam in a total 
IV technique. 

Sédatives and Hypnotics 

Vallergan in 3 mg/kg dose and triclofos in 15 mg/kg dose 
are both good premedicants. 

Narcotics 

Fentanyl are to be used with caution in babies less than 6 
months. It is a potent short acting narcotic and 
administered in a dose of 1-3 meg/kg IV. Interestingly 
Fentanyl lollipops are available in the western countries, 
sédation becomes easier. 

Muscle Relaxants 

Depolarising relaxant—suxaméthonium in a dose of 
2 mg/kg IV (adult dose 1 mg/kg) is idéal for intubation 
in ail patients except those with muscular disorders, those 
who hâve been paralyzed or immobilized for long 
periods, and those who hâve had burns in the recent past. 
Scoline apnea is a rare entity and is to be treated 
symptomatically by intermittent positive pressure 
ventilation as long as it lasts while the patient is kept 
normothermic. Ail these patients hâve an uneventful 
recovery. 

Nondepolarizing Muscle Relaxants 

The available relaxants are atracurium and vecuronium. 
These are short acting relaxants, atracurium self 
eliminated by Hoffman élimination while vecuronium 
is hepatic dépendant. 
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Preoperative Starvation 

The accepted period is now about 3 hours for infants up 
to 3 months. Infants from 3 months to 1 year are starved 
for 4 hours. In both these the last feed should be breast 
milkby preference. Above 1 year of âge starvation period 
may be longer than this, but should not exceed 6 hours, 
as these children are vulnérable to hypoglycemia and 
déhydration. 

Apart from the above the author prefers to give oral 
clear glucose containing fluid 2 mg/kg BW. 

General Anesthésia 

General anesthésia, may be induced and maintained by 
intravenous or inhalational route with an endotrachéal 
tube in situ. Clinical monitoring is to be supplemented 
with oximetry and capnography and cardioscope in that 
order of preference as per facilities available. In the last 
decade, oximeter monitoring must hâve prevented many 
fatalities. It is mandatory to monitor EGG and saturation 
in ail the âge group. 

Intraoperative Management 

Analgesia is supplemented with a narcotic of 
anesthesiologist choice. Occasionally and in many 
pédiatrie centers épidural and continuous cathéters in the 
plexus is the choice for perioperative pain relief. 

Neostigmine 0.03-0.05 mg/kg BW along with 0.02 
mg/kg BW atropine/ 0.002 mg/kg BW glycopyrollate is 
utilised. After making sure the requirements of extubation 
are fulfilled, the trachea is extubated. 

Postoperative Pain Relief 

There are plenty of choices for postoperative pain relief. 
Diclofenac suppositories - 2-3 mg/kg BW. 

Paracetemol suppositories 20-30 mg/kg BW. 

IM NSAIDs 

IV Narcotics - fentanyl 1-3 meg/kg BW. 

Continuous épidural analgesia. 

Continuous plexus cathéters. 

Régional anesthésia techniques like caudal and 
lumbar épidural are being used more frequently in 
children in the last decade. The local anesthetic agents 
used are lignocaine (up to 5-6 mg/kg) in 0.25 to 5% or 
1% concentration. Bupivacaine (up to 3-5 mg/kg in 
0.25%) and 0.5% concentrations. 

Caudal épidural anesthésia is very useful for proce¬ 
dures on lower half of the body. It is very easy to 
administer. The failure rate is less than the 10% seen in 
adults. 6 A short sédation or anesthésia is required to 
institute the block. Subséquent to the block, sédation may 


be given to prevent awareness and to keep the child from 
moving during longer procedures like pelvic ostéotomies, 
hip and fémoral surgery. An épidural cathéter may be 
used to prolong the effect. The morbidity of any surgical 
procedure is reduced with régional anesthésia. However, 
complications like respiratory and cardiovascular 
dépréssion limit their use by the casual anesthesiologist. 

There is also increasing use of brachial plexus and 
Psoas compartment cathéters for perioperative pain relief. 
The dose has to be carefully titrated to avoid local 
anaesthesia toxicity. 

IV fluids and blood replacement. 

IV fluids may be given along this guidelines. 

For babies up to 10 kg-4 ml/kg/hr (isolyte-P or 5% 
glucose with or without 1/3 normal saline). 

For babies up to 20 kg—40 ml + 2 ml/kg for every kg 
above 10 kg/hour. Isolyte M or 5% glucose or Ringer 
lactate for third space loss. 

For babies above 20 kg— 60 ml + 1 ml/kg for every kg 
above 20 kg/hour. Isolyte M or 5% glucose or lactated 
Ringer. 6 

Blood loss and replacement: Infants are very sensitive to 
blood loss. The expected blood volume should be 
calculated for every patient (varying between 70 and 90 
ml/kg according to âge). The maximum allowable blood 
loss is 10% of blood volume in infants. In older babies, it 
is up to 20%, but the loss must be replaced as 3 ml Ringer's 
lactate/cc of blood loss. As far as possible ail attempts 
are made to avoid blood transfusion to decrease toe blood 
related problems. 

Spécifie Entities 

Muscular dystrophies: These patients are prone to 
aspiration pnuemonitis due to poor esophageal motility. 
They are to be treated like patients with full stomach. 
Ventilation facilities may be needed anytime peri- 
operatively, and relaxants if at ail are to be used cautiously 
especially suxaméthonium. Régional techniques if 
suitable can be used. 

Osteogenesis imperfecta: Mask ventilation and intubation 
may be difficult because of short neck, flattened head and 
small face. Gentleness in handling, especially under 
anesthésia is essential. They hâve a tendency for 
hyperthermia intraoperatively due to increased metabolic 
rate. This may be compounded by high ambient 
température. Online température monitoring is essential. 
Hyperthermia should be treated by ventilation under the 
drapes to cool the skin, tepid sponging, and adéquate 
hydration with glucose to provide calories to cater to the 
increased metabolic demands. 
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Arthrogryposis: Venepuncture is rendered difficult, 
mandibular hypoplasia and chest wall and spine 
deformities may make ventilation and endotrachéal 
intubation difficult. Careful padding is necessary to avoid 
skin damage. 

Myelomeningocele: These babies corne for repeated 
orthopédie operations. Before each surgery, the status of 
their intracranial tension must be ascertained because 
raised tension can lead to anesthetic morbidity and even 
mortality. Patency of any ventriculoperitonial shunt in 
situ should be ensured. The shunt may also nécessita te 
prophylactic antibiotic. If on anticonvulsants, the 
perioperative therapy has to be given. These patients may 
hâve severe kyphoscoliosis, or urological problems. 
Précautions are to be taken to suit the individual needs. 

Cérébral palsy: Patients may need anticonvulsants, may 
hâve malnutrition, a bad chest due to récurrent aspiration 
pneumonia, and contractures. Tramadol could be 
contraindicated in this case. 

CTEV: The operative intervention for CTEV is at quite 
an early of âge 3-months. The total corrective surgery may 
last for up to 2 hours, so it is préférable to secure the 
airways with an endotrachéal tube or laryngeal mask 
airway. Régional techniques like caudal may also be 
employed. For shorter procedures, total intravenous 
anesthésia with ketamine and pentothal may be useful. 

The author utilizes single shot spinal 0.6 ml/kg BW 
heavy 0.5% Bupivacaine, followed by single shot caudal 
bupivacaine 0.25%, 0.5 mL/kg BW. In the bilateral 
correction continuons caudal replaces single shot 
technique. 

Kyphoscoliosis: Kyphoscoliosis may be associated with 
carditis, muscular dystrophy, carditis, lung disease and 
anémia in juvénile rheumatoid arthritis, cardiomyopathy 
in Friedreich's ataxia, etc. The duration of kyphoscoliosis 
détermines the problems associated with it as much as 
the degree of body deformity and associated 
neuromuscular abnormality. Early kyphoscoliosis 
doesnot pose problems though they may hâve lowered 
pulmonary function test values. In extreme cases and 
those with associated problems, the vital capacity is very 
much reduced and the ability to cough and breathe 
deeply is compromised. This makes the clearing of 
sécrétions difficult paving the way for atelectasis and 
pneumonia. They may also hâve ventilation perfusion 
abnormalities leading to increased physiological dead 
space which nécessitâtes oxygen therapy postoperatively. 
Intraoperatively also they may need a higher 
concentration of oxygen than the usual 33%. 5 In severe 
cases they may hâve cor pulmonale and pulmonary 


hypertension. A preoperative PFTs and ABG is necessary 
in extreme cases. 

These patients should receive preoperative chest 
physiotherapy and deep breathing exercises. Knowledge 
about the wake up test should be imparted to the patient. 
Ail these investigations are very useful in a patient who 
requires a staged repair where the first stage will 
comprise anterior fusion of vertebrae with excision of up 
to 6 ribs. This compounds the existing problems because 
of the chest being rendered flail, but surprisingly these 
patients do very well even without ventilatory support. 
However it is safe to ventilate them overnight. These 
young patients should be explained and reassured 
preoperatively about this to spare them unnecessary 
bewilderment and fear. 

Those patients with cardiac problems may require 
cardiology opinion, central venous cannulation for CVP 
monitoring and fluid replacement. 

Intubation may be difficult in those with cervical spine 
problems or those in traction. Ail the paraphernalia 
necessary for a difficult intubation should be kept ready. 

In the single stage surgery or the second stage of 
staged procedure, patient has to be in prone position. It 
is préférable to use an armored endotrachéal tube to 
prevent any torsion or distortion of the tube which may 
given erroneous auscultatory findings and difficulty in 
ventilation. The actual management of the anesthésia is 
dépendent on the needs and preferences of surgeon and 
anesthesiologist. Good positioning with no abdominal 
compression and a good plane of anesthésia with care to 
prevent even slight hypercarbia will provide a good 
noncongested operative field. Hyperventilation will 
actually help. A slow puise rate (60-80/min range) which 
is possible with the newer muscle relaxants like 
atracurium and vecuronium with judicious use of 
halothane will be an additional refinement with this kind 
of anesthésia, hypotension with nitroglycérine or sodium 
nitroprusside drip is rarely, if ever required. 
Hemodilution and autotransfusion hâve a lot to offer in 
these days of AIDS. 

Blood loss may be significantly high due to the time 
taken and for meticulous baring of bones necessary to 
achieve a good fusion. Transfusion is usually necessary. 

Intraoperative évaluation of spinal cord function after 
distraction may be done from the sensory angle with the 
somato-sensory-evoked potentials (SSEP). This requires 
elaborate equipment, experienced personnel and may be 
affected by changes in anesthetic level. 

The "wake up" test, tests the motor function. This is 
quite easy to achieve thanks to short-acting relaxants like 
atracurium especially when used in drip form and 
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halothane. After ensuring that the level of anesthésia is 
adéquate to provide analgesia, the muscle relaxant drip 
or the last dose is adjusted and the patient is woken up 
and asked to move the toes. There is usually a lag 
period after which the patient will wiggle the toes. 
Postoperatively patient should be kept pain-free. Patient 
is ventilated overnight if necessary. It is préférable to hâve 
the patient in an intensive care unit (ICU) where nursing 
will be reliable. Spécial care should be taken while shifting 
patient to prevent any torsion on the Harrington rod. 

The authors choice is propofol, atracurium, fentanyl, 
midazolam ail short acting drugs.At the end of the first 
stage in supine position, a paravertebral cathéter is 
inserted through the open chest and 5-10 ml 0.25% 
Bupivacaine is injected. In the prone position in the same 
setting a prone spinal buprénorphine 150-300 mcg diluted 
in 3-4 ml is injected for intra and postoperative pain relief. 

The total effect of the spinal buprénorphine is 24-48 
hrs. Intermittent -10 ml 0.25% Bupivacaine is injected 
through the paravertebral cathéter. 

Treatment of Postoperative Nausea and Vomiting 

Postoperative nausea is common in children, although 
not particularly after peripheral orthopédie procedures. 
Young patients (peak 11-14 years of âge) are more likely 
to suffer from postoperative nausea and vomiting 
(Table 1). 


Additional helpful measures includes not forcing 
intake of oral fluids until the patient is hungry, main- 
taining adéquate hydration and minimizing early 
postoperative ambulation, especially when opioids hâve 
been given. 


TABLE 1: Pharmacologie approach to postoperative 
nausea 


Agent 

Dosage 

Route 

Promethazine 

(Phenergan) 

0.25-0.5 mg/kg 

IV or per rectum 

Metoclopramide 

0.1 mg/kg 


(Reglan) 

(maximum dose, 5 mg) 

IV 

Ondansetron 

0.15 mg/kg (maximum 

IV 

(Zofer) 

dose 4 mg) 
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INTRODUCTION 

Genetics is the science of inheritance. In recent years, 
revolutionary advances hâve been made in this branch 
of medicine. Gene splicing by genetic engineering 
methods has become a reality. Very soon the human 
genome will be completely mapped. Advanced methods 
of diagnosis and management at the molecular level are 
being developed. Replacement of defective genes is one 
such treatment modality which is rapidly evolving. 
Genetic disorders are numerous and varied in ail 
disciplines of medicine including orthopedics, and 
clinicians should be aware of the potential and limitations 
of the genetic approach. Therefore, knowledge of genetics 
has become necessary for the student and the practitioner 
of orthopedics. 

Many orthopédie conditions are associated with 
genetic anomalies that produce congénital, develop- 
mental, metabolic, immunologie and neoplastic 
disorders. Identification of the genes responsible for many 
of these conditions has resulted in more précisé diagnosis 
and yielded insights into the pathogenesis, classification 
prognosis and treatment of the disorders. 

Normal Karyotype 

In Denver System, the chromosomes are arranged serially 
in pairs in the order of decreasing size. Of each pair of 
homologous chromosomes, one member is contributed 
by the sperm and the other by the ovum. The two 
members of each pair hâve a point-to-point corres- 
pondence regarding gene number, content and sequence. 
The genes are highly complex molécules of deoxy- 
ribonucleic acid (DNA) linearly arranged along the 
length of the chromosome. It is the genes that convey the 
genetic information. Chromosomes are only carriers of 
genes. 


Basis of Genetic Disorders 

The genetically determined disease can be divided into 
four categories: 

i. Cytogénie disorders with visible chromosomal 
abnormalities, 

ii. Mendelian disorders having origin in a single gene 
of large effect, 

iii. Disorders having origin in multifactorial inheritance, 
and 

iv. The few entities having variable modes of trans¬ 
mission. 

Virtually any trait is the resuit of additive effect of 
genetic and environmental factors. Disorders can be 
broadly categorized into three main types. 1 

1. Single gene disorders. These are caused by mutant genes 
which may be présent on only one chromosome of a 
pair (heterozygous) or on both chromosomes of a pair 
(homozygous), e.g. achondroplasia, Marfan's, 
myotonie dystrophy, osteogenesis imperfecta. 

2. Chromosome disorders: These defects resuit from an 
excess or deficiency of a whole chromosome or a 
segment which disturbs the balance of the genome 
(full set of genes in gametes). Osteochondromas or 
autosomal dominant multiple exostoses. 

3. Multifactorial disorders: These disorders tend to recur 
in families but do not show the characteristic pedigree 
pattern of single gene traits. This pattern of inheritance 
is seen in a number of common developmental 
disorders and congénital malformations. The exact 
mechanisms underlying these problems hâve yet to 
be elucidated. There is no major error in genetic 
information, but rather minor gene effects, terratogens 
and environmental factors combine to produce a 
serious defect. The terms multifactorial and polygénie 
are used synonymously, e.g. neural tube defects, 
congénital Talipes equinovarus. 
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Modes of Inheritance 

Single Gene Phenotypes are said to be Mendelian traits, 
because they segregate within families and occur in fixed 
proportions. 2 The pedigree pattern shownby these traits 
dépends on two factors, whether: (i) the gene responsible 
is on an autosome or X chromosome, or (ii) it is dominant 
or récessive. Thus, there are four basic patterns. 

1. Autosomal 

• Dominant 

• Récessive. 

2. X-Linked 

• Dominant 

• Récessive. 

Family data can be summarized in a pedigree which 
is merely a shorthand method of recording the classified 
data with reference to générations and involvements. 
With small family size, the patient may be the only 
affected member. Complications arising from lack of 
information, limitations in diagnosis, genetic hetero- 
geneity, variation in clinical expression and environ- 
mental effects can make interprétation of the pedigree 
difficult (Table 1). 


Autosomal Dominant (AD) Inheritance 

A dominant disorder or trait is one that is largely or 
completely expressed in the hétérozygote. When one 
parent is affected and the other parent is normal, there is 
a 50 % chance of being normal. Among children whose 
parents are heterozygous for the abnormal gene, the 
genotypic expectations follow Mendel's ratio 1:2:1 
(25% or 1 /4 of the progeny are homozygous affected, 25% 
or 1 /4 are normal, and 50 or 1/2 are heterozygous) in 
every pregnancy outcome. 

AD traits hâve peculiar features. At times, the gene 
may not express itself, i.e. it is nonpenetrant and results 
in skipped générations in pedigree charts. There is a wide 
variability noted in phenotypic expression. Most patients 
with these conditions are hétérozygotes and hâve 
inherited the disorder from only side of the family or 
represent new mutations. A new mutation is permanent 
once it has occurred. Homozygous State is either 
unknown or rare but when it occurs, it may be extremely 
severe enough to produce lethality, e.g. léthal 
achondroplasia. Some dominant genes hâve late onset 
of their effects with little or no manifestations at birth. In 


TABLE 1 : Inheritance of common hereditary bone disorders 

\utosomal Dominant 

Autosomal Récessive 

X-Linked 

Multifactorial 

(sporadic) 

Variable 

Uncertain 

Environmental 

Achondroplasia 

Achondrogenesis 

Hypophosphatémie 

Sporadic(?) 

Albright's 

Amniotoc bands 

Cleidocranial 

chondrodysplasia 

rickets (dominant) 

CDH 

fibrous 

Caudal régression 

dysplasia 

punctata 


CTEV 

dysplasia 

syndrome 





Caffey's disease 

Congénital bowing 

Diastrophic dwarfism 

Orofacial digital (I) 




(Blount's) 


syndrome 




Craniometaphyseal 

Hypophosphatasia 

Otopalato 

Perthes 

Camptomelic 


dysplasia 


digital Syndrome 


dysplasia 


Dyschondrosteosis 

Jeune's Thoracic 

Spondyloepi- 

Scoliosis 

Chondrodys- 


Diaphyseal aclasis 


physeal 


plasia punctata 

(Multiple exostosis 

Larsen's 

dysplasia 





Metaphyseal dys¬ 

tarda 


Thanatophoric 

Fibrodysplasia 

plasia (Jansen) 



dwarfism 


ossificans 

Mucopolysaccharidosis 






progressive 
Hypochondroplasia 
Kniest syndrome 
Limb defects 
(Polydactyly, 
syndactyly, 
brachydactyly) 
Metaphyseal dysplasia 
(Schmidt) 

Multiple epiphyseal 
dysplasia 

Osteogenesis imperfecta 
(I,IV) Pseudoachon- 
droplasia Spondylo- 
epiphyseal dysplasia 
congenita 


(except type II) 
Metatropic dwarfism 
Ollier's osteochondromatosis 
Osteopetrosis 


Osteogenesis imperfecta (II,III) 

Pyknodysostosis 
Short rib polydactyly 

Thrombocytopenia 
absent radius 
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a situation where one parent has mild achondroplasia 
and the other hypochondroplasia, the progeny will be a 
homozygote having both abnormal alleles and will 
appear as a genetic compound. These homozygotes are 
indistinguishable from the hétérozygotes. Patients with 
AD traits tend to hâve a longer lifespan when compared 
to those with récessive disorders. 

Autosomal Récessive (AR) Inheritance 

These disorders hâve an earlier présentation, marked 
severity of affection and a léthal potential. Cases affected 
with AR disorders are born to healthy but heterozygous 
(carrier) parents and may not hâve affected relatives. Both 
parents contribute the abnormal gene to the affected 
child. It is important to estimate the chance of being a 
carrier, as the risk to be affected would dépend on 
frequency of hetero-zygotes in a family and also in the 
general population. Consanguinity increases the chance 
of producing children with AR disorders. Single genes 
are passed down in families and get concentrated in close 
family groups. Therefore, related parents hâve higher chance 
of being carriers of AR genes. Examples of degrees of 
consanguinity are uncle-niece marriage (second degree), 
first cousin marriage (third degree). On an average, the 
ratio of affected, carriers and non-affected is 1:2:1 (i.e. 
25%, 50%, 25%) in sibs. Each pregnancy outcome has a 
25% of being homozygous and affected. 

X-Linked (XL) Inheritance 

A male has only one X chromosome and always transmits 
X-linked traits to ail his daughters who become carriers. 
Affected males cannot transmit the trait to their sons. 
They are related to one another through females. Female 
carriers should be identified to prevent further 
transmission of the X-linked récessive trait. Half the off- 
springs would be normal, half the sons affected, and half 
the daughters would be carriers. These traits are 
expressed by ail males and females only if they are 
homozygous. The latter situation is deemed léthal, as 
there are no viable évidences of these. 

Figures 1 to 3 depict a pedigree with AD, AR, XL 
récessive inheritance patterns. Table 2 shows the mating 
types and résultant phenotypes IIIIIIIV. 

CHROMOSOMAL ABERRATIONS 

Anomalies may occur in autosomes or sex chromo¬ 
somes. 



Figs 1 and 2: (1) Pedigree showing autosomal dominant 
inheritance, (2) Pedigree showing autosomal récessive inheri¬ 
tance: ■ —Affected male, • —Affected female, O —Carrier 
female, □ —unaffected male, O —Unaffected female, □ — 
heterozygous male, and O—heterozygous female 



Fig. 3: Pedigree pattern for an X-linked trait: ■—Affected male, 
• —Affected of ail female, □ □ —carrier female, unaffeched 
malem O —unaffected female - heterogygous male, and O — 
heterozygous female. 
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TABLE 2: Autosomal inheritance-mating types and ex- 
pected proportions of progeny for a pair of autosomal 
alleles D and d 


Mating Types 


Pregeny 

Génotypes 

Phenotypes 

Génotypes 

Phenotypes 

DD x DD 

Normal Normal 

Ail DD 

Ail normal 

DD x Dd 

Normal Normal 

Vi DD 

Vi Dd 

Ail normal 

DDxdd 

Normal Affected 

Ail Dd 

Ail normal 

Dd x Dd 1 

Normal Normal 

Va DD 
y 2 Dd 

Va Normal 



y 4 dd 

Va Affected 

Dd x dd 2 

Normal Affected 

ViDd 

Vi Normal 



Vidd 

Vi Affected 

dd x dd 

Affected Affected 

Ail dd 

Ail affected 


1 This is the usual pattern for a récessive trait 

2 This is the usual pattern for a dominant trait 


Autosomal Trisomy 

Autosomal trisomy results from an extra chromo-some 
due to failure of two sister chromosomes to separate and 
therefore go to the same pôle at meiosis. This tripling 
results in 47 chromosomes in the patient. The parents of 
such children hâve a normal karoyo-type and are normal 
in ail respects. 

Among the autosomal trisomies of orthopédie interest 
are trisomy 21 (Down's syndrome), trisomy 13 with 
multiple congénital anomalies (Patau's syndrome) and 
trisomy 18 with flexion deformity of fingers, rocker 
bottom foot, clubfoot, etc. (Edward's syndrome). It is 
possible that many instances of trisomy or monosomy 
may be léthal in the embryonic life resulting in 
miscarriage and therefore their rarity. 

Down’s Syndrome 

Trisomy 21 was discovered by Lejeune, Gauthier and 
Turpin (1959) and Jacob, Baikie, Court Brown and Strong 
(1959). It is the most common of the chromosomal 
disorders and is a leading cause of mental retardation. 
Priest (1977) States that it occurs once in 1550 live births 
in women under the âge of 20 years in contrast to one in 
25 live births for mothers over 45 years of âge. However, 
recent studies suggest that in up to 30% of the cases the 
extrachromosome 21 may be of paternal origin. 

The characteristic mongoloid faciès with epicanthic 
folds and mental retardation give these children a striking 
resemblance immaterial of the race or région they belong 
to. The orthopédie surgeon is very often involved in 
management of AAD (Atlantoaxial dislocation), delay of 
developmental and motor milestones and contractures 
which are very often seen in this condition. 


Trisomy 18 (Edward's Syndrome): The individuals are 
of short stature and severely mentally retarded with 
visual and hearing problems. Microcephaly is a feature 
and also a short first metacarpal and a vertical talus. 

Sex Chromosome Anomalies 

Turner's syndrome and Klinefelter's syndrome belong 
to this category. 

Turner’s syndrome (45, X) 

Individuals with Turner's syndrome hâve 45 chromo¬ 
somes only, as only one X-chromosome is présent, 
(XO). The individual is female in character. The clinical 
features are short stature, webbing of the neck, cubitus 
valgus, broad chest with wide-spaced nipples, low 
posterior hair line peripheral lymphedema. They are 
infertile with primary amenorrhea and rudimentary 
ovaries and may hâve co-arctation of aorta and 
pigmented nevi. 

Klinefelter’s Syndrome (47, XXY) 

It occurs more frequently. There are 47 chromosomes with 
the cell containing two X and Y-chromosome (XXY). 
These patients are male in character, but the testes are 
atrophie with azoospermia, eunuchoid bodily habitus, 
with gynecomastia and female distribution of hair, 
increase in sole-to-os pubis length and mental retardation. 
Other variants with radioulnar synostosis hâve been 
described (Fig. 4). 

Lobster Hand 

The hands and/or feet may be affected on both sides. 
The unilatéral deformity is less likely to be inherited 
(Fig. 5). 

AUTOSOMAL RECESSIVE INHERITANCE 

Autosomal récessive disorders form the single largest 
category of Mendelian disorders. In general, diseases 
resulting from mutations involving enzyme proteins are 
inherited as autosomal récessive traits. The characteristics 
are as follows: 

1. The affected individuals are homozygotes while their 
parents are hétérozygotes, i.e. they carry the 
unexpressed récessive gene. 

2. Siblings of an affected child hâve a 1 in 4 chance of 
being affected. The pedigree chart shows a horizontal 
pattern with involvement of siblings of either sex. 

3. Consanguinity is more common among parents of 
affected children. Moreover the rarer the disease, the 
greater the likelihood of parental consanguinity. 
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Fig. 4: Turner’s syndrome in a 15-year-old female. 
Her intelligence was below average 



Fig. 5: A 19-year-old male with lobster hand 

The common orthopédie disorder of autosomal 
récessive inheritance are mucopolysaccharoidosis I and 
IV, osteopetrosis, pyenodysostosis, alkaptonuria, and 
limb girdle form of muscular dystrophy. 

The following conditions are described elsewhere in 
this book: (Fig. 2). 


• Mucopolysaccharoidosis (MPS) 

• Neurofibromatosis 

• Achondroplasia 

• Osteogenesis imperfecta 

• Osteopetrosis 

• Alkaptonuria 

• Hemophilia. 

Pyenodysostosis 

The condition is characterized by short stature, delayed 
closure of cranial sutures, dysplasia of skull bones, 
flattened obtuse mandibular angle, dental caries, partial 
or total aplasia of terminal phalanges, increased bone 
density and proclivity for fractures of bones. It is 
transmitted as autosomal récessive inheritance. The 
patients hâve prominent eyes with parrot-beaked nose. 
Elmore has emphasized the striking similarity in 
appearance of patients regardless of sex and race 
(Figs 6A to C). 

X-LINKED RECESSIVE INHERITANCE 

Almost ail X-linked are récessive. 

The Y-chromosome is not homologous to the X and 
so the mutant genes are not paired with alleles on the Y. 
Thus, the male is hemizygous for X-linked mutant genes 
resulting in the expression of these disorders in them. 
The features of X-linked inheritance are: 

i. The lésion occurs invariably in males through 
unaffected carrier mother, 

ii. Each son of a carrier mother has a 1 in 2 chance of 
being affected, 

iii. Affected males cannot transmit the mutant genes to 
their sons but do transmit it to ail their daughters 
who will always be unaffected heterozygous 
carriers, 

iv. Unaffected males never transmit the disease, and 

v. Very rarely a homozygous female may suffer if she 
has a carrier or affected mother and an affected 
father. 

The common orthopédie disorders subject to X-linked 
récessive inheritance are hemophilia (factor VIII 
deficiency hemophilia B (Christmas disease-Factor X 
deficiency), Charcot-Marie-Tooth peroneal muscular 
atrophy and progressive pseudohypertrophic muscular 
dystrophy of Duchenne. 

Duchenne Type Progressive Pseudohypertrophic 
Muscular Dystrophy 

It accounts for 65% of ail dystrophies. Males are affected 
five times more often than the females. The disease is 
steadily progressive ending fatally in the second or third 
decade. 
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Figs 6A to C: Pycnodysostosis in a 45-year-old male (A) malunited fractures of ail four limbs, 
(B) obtuse mandibular angle, and (C) radiograph of the right leg with gross anterior angulation 


While the actual muscle mass is reduced, 
pseudohypertrophy of some muscles (calf muscles) 
occurs due to infiltration of mature fat cells between 
degenerative muscle fibers. Sérum glutamic oxaloacetic 
transaminase (SGOT), sérum glutamate pyruvate 
transaminase (SGPT) and creatine phosphokinase (CPK) 
are elevated in which sérum levels of CPK is a more 
sensitive test in assessing the progress of the disease. 

In addition to the common X-linked récessive 
transmission, it may be transmitted as autosomal 
récessive trait. 


X-linked Dominant Inheritance 

It is similar to autosomal dominant inheritance except 
that ail the daughter, but none of the sons of affected 
male will exhibit the disease. This method is seen in 
vitamin D-resistant rickets with low sérum phosphate 
(Figs 7 A and B). 

Multifactorial Inheritance 

Most isolated congénital anomalies hâve a multifactorial 
pattern of inheritance. There may be a racial predis- 



Figs 7A and B: Progressive pseudohypertrophic muscular dystrophy of Duchenne with probable involvement 
of the elder girl. Note the wasting of the muscles of pectoral girdle and pseudohypertrophy of calf muscles 
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position to certain disorders. The following are some 
general rules governing this type of inheritance: 3 

1. There is a similar rate of récurrence among ail first- 
degree relatives. 

2. Some disorders hâve a sex prédilection, e.g. congénital 
dislocation of hip (CDH) is common in girls. 

3. The récurrence risk in subséquent pregnancies 
dépends on previous outcomes, i.e. the risk increases 
with increasing number of abnormal offspring. 

4. The récurrence risk may be directly related to the 
severity of the malformation. 

5. If there is an altered sex ration, an affected person of 
the sex less likely to be affected is more prone to hâve 
affected children. 

These traits also exhibit continuous variation. Table 3 
shows the etiology of various orthopédie disorders. 

Myositis Ossificans Progressive 

It is characterized by progressive ossification within 
musses and certain spécifie skeletal abnormalities. It is a 
rare disabling disease in which group after group of 
muscles, tendons and joints ligaments are affected 
converting the sufferer into a véritable statue. The 
etiology and pathogenesis of heterotrophic bone 
formation are unknown. Probably excessive prolifération 
of collagenoblast sets the pace. The collagen accepts 
calcium a sait, i.e. dystrophie calcification occurs. This is 
followed by metaplasia of collagenoblasts into osteoblast 
and chondroblast which eventually transform into 
mature bone. It progresses along with muscle sheaths and 
the collagenous supportive tissue within muscle bundle, 
gradually causing replacement and atrophy of the latter 
(Figs 8A to D). 

The first, lésions appear as doughy subeutaneous 
masses in the neck and interscapular région. These may 
be painful and accompanied by fever. The masses shrink 
as they collagénase and get calcified and ossified. 

Microdactyly of great toes with or without hallux 
valgus and sometimes of thumbs is almost diagnostic, 
and forms part of the syndrome. 


Bone formation occurs in the connective tissue 
between the fibers. 1 The skeletal abnormalities are usually 
présent at birth. The most common is a monophalangeal 
great toe. The monophalangeic great toe is characteristic 
of patients with myositis ossificans progressiva. Other 
abnormalities include short first metacarpal bones, 
microdactyly, malformation of the little finger, réduction 
defects of ail limbs and abnormalities of the cervical 
vertebrae. 1 

The ossification centers may also be abnormal. 
Progressive ossification occurs in épisodes. 

Minor traumas such as neglected intramuscular 
injection often prove to be précipitating the épisode. The 
area becomes swollen, tender and inflamed. The muscle 
mass involved is replaced by bone as the disease 
progresses. The function can be reduced leading to 
progressive immobility. Characteristically muscles 
involved are those of the hand and back, then the shoulder 
muscles and hips. The muscles of the face, laryngés, 
tongues and diaphragm are characteristically spared. 

Treatment: As the etiology is not known, there is no known 
method to prevent the épisode of bone formation. 
However with the advent of bisphosphonates and related 
compounds several clinical trials are in progress globally 
but with limited success, and hence we are yet to see them 
in clinical practice. Low frequency radiotherapy and 
immunomodulators which are in vogue for cancer 
chemotherapy are also potentially being modified for 
clinical use. One vista which holds great promise for the 
treatment of this dismal condition is the use of gamma 
interferon but the applications are yet evolving. 

Marfan’s Syndrome 

It is an uncommon disorder of connective tissues of the 
body manifested by changes in the skeleton, eyes, and 
cardiovascular System. The person is tall with excep- 
tionally long extremities especially of the forearm and 
the thighs with long fingers and toes (arachnodactyly). 
Dislocation of the lens, cystic medionecrosis of the aorta 
leading to dilation or rupture and joint laxity are other 


TABLE 3: Showing the possible étiologies of congénital orthopédie problems 



Sporadic 

Mendelian 
(single gene) 

Chromosomal 

Multifactorial 

Environmental 

1. Isolated malformation 

+ 

+ 

± 

++ 

+ 

2. Skeletal dysplasias 

+ 

++ 

— 

— 

— 

3. Defects as a part of syndromes 

+ 

++ 

+ 

+ 

— 

4. Contracturai deformities 

± 

++ 

+ 

+ 

+ 

5. Metabolic disorders 
(dysostosis multiplex) 

— 

++ 

— 

— 

— 
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Figs 8A to D: Myositis ossificans, progressive in a 15-year-old female showing ail the features of the disease 


notable features. The defect is probably in the elastic and 
collagen fibers. 

NONTRADITIONAL MODES OF INHERITANCE 

With sophisticated methods in molecular diagnosis, it has 
been proved that ail disorders do not follow the above 
mentioned Mendelian inheritance patterns. Clinical 
observations hâve shown qualitative and quantitative 
différences in certain disorders depending whether the 
transmission is maternai or paternal. Through the 
mechanism of genomic imprinting one of the parental 
genes is marked to reduce its expression in the offspring, 
and each allele is different in expression depending on 
its parental dérivation. In certain areas of the genome, 
genes from the mother are imprinted and in other area 
genes from the father are imprinted. If a gene is 
maternally imprinted, it will be turned off in expression 
when inherited from the maternai side, but will express 
itself if inherited from the father. Inheritance of both 
members of a chromosome pair from only one parent is 


called uniparental disomy and could resuit in an 
abnormal phenotype. Neurofibromatosis I is an example 
of paternal imprinting. 4 

Dysmorphology 

The field of dysmorphology has dramatically expanded. 
An approach to structural defects includes an analysis of 
the nature of the defect, dues to the time of onset, 
mechanisms of injury and potential etiology. There can 
be a single primary defect in development or a multiple 
malformation syndrome with secondary defects arising 
out of the developmental conséquences of the primary 
defect. 5 They are further categorized into the following 
(Table 4). 

1. Malformation (primary structural defect arising from 
a localized error in morphogenesis. 

2. Deformation (alteration in shape and structure of a 
part which has differentiated normally). 

3. Disruption (results from destruction of a previously 
normally formed part). 
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TABLE 4: Congénital limb defects 



Category 

No.of 

cases 

1 . 

Failure of formation of parts 
(transverse, longitudinal defects) 

11 

(5.7) 

2. 

Failure of différentiation 
(shouldder forearm, hand level) 

30 

(15.6) 

3. 

Duplication of parts 

21 

(11) 

4. 

Overgrowth of parts 

Macrodactyly, arachnodactyly 

16 

(8.3) 

5. 

Undergrowth of parts 

Brachydactyly, micro-, rhizo-, 
meso-, acro- and peromelia 

115 

(59.9) 

6. 

Congénital constriction 
bands 

7 

(3.6) 

7. 

Part of generalized skeletal 
abnormality 

24 

(12.0) 



192 

(100) 


Figures in parenthèses are percentages 


Two percent of the newborn babies hâve defor¬ 
mations. Ninety percent of these noticed at birth correct 
spontaneously or with early postural inter-vention. 5 
Factors like intrauterine molding, extrinsic pressures and 
oliogohydramnios cause defects involving the musculo- 
skeletal System. Intrinsically derived deformations are a 
resuit of primary neuromuscular disease or malfor¬ 
mations. Breech présentation is associated with a 10-fold 
increased incidence of deformities. Extrinsic factors like 
small uterine cavity, pregnancy in one horn of a 
unicornuate utérus, presence of more than one fétus or 
abnormal site of placental implantation also cause 
deformities. 

Disruption may be caused by: 

i. Entanglement followed by tearing apart and/or 
amputation of a normally developed structure (as 
with amniotic b and), and 

ii. Interruption of vascular supply of a developing part 
leading to infarction, necrosis and or resorbtion of 
structures distal to the insult. 

Prénatal Diagnosis 

Detailed évaluation of the fêtai skeleton is feasible since 
the advent of realtime ultrasonography (USG). The ability 
to freeze movement adds to better resolution of the 
pictures. Although over 200 skeletal dysplasias are 
described, the number that can be recognized ante 
partum by USG is small. 8 A spécial effort should be made 
by the obstetricians and neonatologists to obtain 
photographs, radiographs and details of previous 
children and stillbirths. 


The sonologist and geneticist are confronted with 
limitations, because in utero findings of ail dysplasias are 
not well known, tissues around the fétus hamper 
évaluation, and a wide range and degree of severity at 
different gestational âges is noted. The field of prénatal 
diagnosis poses a challenging task. Clinical présentations 
are as follows: 

1. A patient who has previously delivered an infant with 
léthal dwarfism or bone dysplasia and desires 
antenatal assessment at the next conception. 

2. Accidentai détection of short limb s, narrow thorax, 
oligo or polyhydramnios, polydactyly on a routine 
USG screening. 

3. A positive family history of a deformity (e.g. radial 
defect) that poses a risk to the fétus. 

4. History of drug intake by the mother (e.g. warfarin, 
phenytoin). 

5. Medical illness in the mother, e.g. maternai diabètes 
which is known to cause caudal régression, sacral 
agenesis and fémoral hypoplasia in the fétus. 
Nomograms are available for fêtai bipariétal diameter 

and length of ail long bones. The gestational âge is used 
as an independent variable. Spécial nomograms with 
percentiles for gestational âge hâve been constructed to 
relate relative lengths of long bones to each other or other 
body parts to long bones. 9 

METHODS OF PRENATAL 
DIAGNOSIS OR SCREENING 

USG Diagnosis: An organized approach includes the 
following. 

1. Evaluation of Long Bones: Ossification begins at 10 to 
12 weeks of gestation. The exact length of long bones 
and mineralization is determined in the early second 
trimester. Fractures, bowing and shortening 
(rhizomelic, mesomelic, acromelic) must be ruled out. 

2. Evaluation ofThoracic Dimensions , Ribs and Vertebrae: 
The thoracic circumference is taken at the level of the 
four chamber view of the heart. Thoracic circum¬ 
ference is equal to (anteroposterior diameter + 
transverse diameter) x 1.57. The thoracic length is 
taken from the boundary of the neck and diaphragm. 
A hypoplastic thorax leads to pulmonary hypoplasia. 
Thoracic to abdominal and head circumference ratios 
are 0.77 to 1.01 and 0.56 to 1.04, respectively. Ribs and 
vertebrae are evaluated in the second trimester by a 
longitudinal scan done for the axial skeleton. 9 

3. Evaluation of Hands and Feet: Polydactyly, missing 
digits, réduction defects, syndactyly and postural 
deformities must be excluded. 
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4. Evaluation ofthe Fêtai Cranium: The cranium is ossified 
by 10 to 12 weeks of gestation, and so the bipariétal 
diameter serves as a good assessment in the second 
trimester. 

The other modalities of prénatal diagnosis are as 
follows: 

Fetoscopy 

Direct inspection of the fétus can be done in the second 
trimester. It is hardly performed as procédural risks are 
high and only a small area can be seen at one time. 

Amriiotic Fluid Culture 

Amniocentesis is done transabdominally at 14 to 16 weeks 
of gestation. The fibroblasts from the amniotic fluid are 
cultured. Enzymes for the lysosomal storage disorders 
affecting the skeleton such as mucopolysaccharoidosis 
are estimated in the cultured cells. 

Chorion Villous Sampling (CVS) 

Chorionic tissue is obtained transvaginally between 8 and 
10 weeks of gestation. The biopsy which contains fêtai 
tissue and DNA can be subjected for enzyme analysis 
for lysosomal and other storage disorders. Southern blot 
of DNA and type 1 collagen polymorphisms for diagnosis 
of autosomal dominant type of osteogenesis imperfecta 
and use of DNA/RNA probes to detect the mutation 
involving gene for collagen synthesis in osteogenesis 
imperfecta are some newer methods of molecular 
diagnosis, which hâve been successfully carried out with 
the help of small amounts of fêtai DNA. 10 

Fêtai Blood Sampling 

Fêtai blood sampling or cordocentesis is performed in 
the second trimester. Lysosomal enzymes, alkaline 
phos-phatase for diagnosis of hypophosphatasia, 
karyotyping in cases of multiple arthrogryposis and 
chromosomal breaks in cases with radial defects are some 
available tests. 

With a systematic approach and detailed sonographic 
évaluation, at least 80 % of the léthal skeletal dysplasias 
can be diagnosed antenatally. 

Genetic Counseling in Pédiatrie 
Orthopédie Disorders 

Genetic counseling is the process of communication by 
which patients or relatives at risk of a hereditary disorder 
are advised on the natural history and conséquences of 
the disorder, the probability of developing and 
transmitting it, the ways in which it may be prevented 


or ameliorated, progress of the disorder and known 
associated complications which can arise at a future 
date. 11 

Counseling in primary bone dysplasias requires 
spécial care. An exact diagnosis should be entertained 
only after full clinical assessment and a complété set of 
radiographs. Despite this many cases remain 
undiagnosed. Most cases follow mendelian inheritance 
which may be obvious from the family pedigree pattern. 
For an isolated case, it is often impossible to distinguish 
between a new dominant mutation and AR inheritance. 
A spécial effort should be made to get photographs, 
radiographie évidences and necropsy details on ail 
dysplasias, more so for stillbirths. 

Autosomal Dominant Conditions 

The risk to offspring of affected members is 1 /2 regardless 
of whether the disease is fully developed or preclinical. 
Risk for offspring and more distant pro-geny of 
unaffected family members is not increased over the 
general population risk. Achondroplasia is unique among 
the AD conditions in that 80% cases are new mutations 
with no significant récurrence risk for sibs. There is a 
25% risk in each progeny for achondroplasia when both 
parents are affected, and is léthal after birth. A patient 
representing a new mutation has the same 50% chance 
of transmitting the trait as does the patient with an 
affected parent. Certain situations pose a problem in 
counseling for AD disorders. The reasons are as follows: 

1. Variability of gene expression 

2. Late onset of disease: The discrepancy between the âge 
of onset and first détection of disease may be extreme. 

3. Lack ofpenetrance: Some disorders may not manifest 
in an individual, though he or she may possess the 
abnormal gene and affection of parents is only évident 
on relevant investigations. 

4. Variation in expression (forme fruste) Individuals 
(apparently normal phenotypes) are less severely 
affected and may go undetected. Apparent inconsis- 
tencies such as skipped générations may be explained 
on the basis of this phenomenon. 

Autosomal Récessive Conditions 

The principle difficulty is to be sure that this is indeed 
the mode of transmission in the family. Vertical 
transmission like AD disorders is rarely seen. The 
hétérozygote or carrier frequency in the population is not 
known for ail dysplasias. There is a 25% chance of 
récurrence, 50% of being a carrier, and 25% of being 
normal in each pregnancy. Consanguinous marriages 
should be avoided in a family in which an AR trait has 
been detected. 
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X-linked Disorders Neural Tube Defects 

Récognition of this pedigree pattern and détection of The overall incidence is 1 to 5 per 1000 live births. The 
female carriers is crucial. Ail daughters of an affected récurrence risk is 5% and 10 to 15% with one and two 
male will be carriers in a récessive disorder. Female affected sibs respectively. An affected mother has a 3 to 
carriers will transmit the trait to 50% daughters who will 4% chance of having an affected child. Mother s are 
again be carriers, and to 50% male progeny who will be advised to take folie acid in the periconceptional period 
affected. An affected male transmits the trait to ail his and undergo alpha fetoprotein estimation and an USG 
daughters in dominant conditions. in early first trimester. 12 


Multifactorial Inheritance 

A general rule for récurrence risk is 3% (1-4%), 0.7% (0.5- 
1%) and 0.3% (0.1-0.5%) for first, second and third degree 
relatives, respectively. Most common defects are sporadic 
events. Those orthopédie malformations which are the 
conséquence of another primary malformation, e.g. (rénal 
agenesis) hâve a récurrence risk similar to that for the 
underlying mechanism. 12 


TABLE 5: Récurrence risk-percentage for CDH13 


ïndividual 

affected 

ïndividual 
at risk 

Overall 

Male 

Female 


One sib 

Sib 

6 

1 

11 

One parent 

Children 

12 

6 

17 

One parent + 
one child 

Children 

36 

— 

— 

Second-degree 

Nephews 

Nieces 

1 

— 

— 


From Davies RW: Heritable Disorders in Orthopaedic Practice. Blackwell: 
Oxford, 1973. 


Congénital Dislocation ofHip (CDH) 

Overall incidence is 5/1000 live births, sex ratio 3:1 (F:M) 
récurrence riskl3 is depicted in Table 5. 

Congénital Talipes 

The incidence is 1:1000 births with a M:F ratio 2:1. 13 The 
risk for sibs is 3%, sibs of male patient 2% and of a female 
patient 5%. Risk to twins is 5%. 12,13 

Perthes Disease 

The prevalence in the population is 0.07%, récurrence risk 
is low 0.6% in sibs, and 2.8% in children of affected 
parents. Risk is not higher in relatives of patients which 
bilateral disease and is 3.7% if brother is affected. 3,13 

Scoliosis 

1. Infantile—incidence is 1 to 3 per 1000 births. 

2. Adolescent—incidence is 0.3 and 4 per 1000 births in 
boys and girls respectively with risk for first-degree 
relative being 5 to 7%. 13 


Ankylosing Spondylitis 

Risk for sibs is 7%. 13 
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INTRODUCTION 

Mckeown and Record 6 defined congénital malformations 
as "a macroscopie abnormality of structure resulting from 
faulty development." Franz 4 believes that a majority of 
congénital anomalies are due to complex interactions 
between genetic and intrauterine environmental factors. 

It looks as though growing tissues are vulnérable at 
certain periods of their development. Such diverse agents 
like physical and Chemical or infective lésions in the 
mother hâve been seen to resuit in the same deformity 
(e.g. clubfoot), their only common denominator being the 
exposure or these agents during a critical period of 
growth. 

The thalidomide tragedy created tremendous interest 
in the congénital malformations of the extremities. A great 
deal of work is being studied for spécifie effects of drugs 
and Chemicals on the fétus. Various agents such as tryptan 
blue can produce spina bifida, clubfoot and axial torsion, 
hypervitaminosis A-anencephaly, absence or dysplasia. 
These are also produced by thalidomide in certain species 
of animais, and nitrogen mustard can produce 
polydactyly. 

Durai swamy injected insulin in the chick embryo and 
produced deformities of the limbs such as clubfoot. 

Congénital anomalies are produced by pathological 
changes in the developmental process of the embryo, 
usually in the first trimester of pregnancy. The 
abnormalities are observed at birth but may présent later 
in life. The anomalies may be due to the defect in the 
gene or chromosome. However, it is often difficult to 
differentiated whether it is truely of a genetic or an 
environmental (intrauterine) origin. 

Teratology 

The effects of known teratogens on the fétus are 
determined by the timing of exposure and dosage. During 


the period of 18 to 60 days postconception, the fétus is 
most vulnérable to the effect of teratognes. Most 
teratogens act by interfering with metabolic processes. 
The following are a few of the tératogénie agents in 
humans. 

1. Cyclophosphamide 

2. Diethylstilbestrol 

3. D-penicillamine 

4. Phenytoin 

5. Tetracyclines 

6. Thalidomide 

7. Alcoholism 

8. Ionizing radiation 

9. Diabètes mellitus. 

Alcohol is the most common teratogen to which a 
pregnancy is likely to be exposed. 

Parents of infants with congénital malformations are 
very anxious and frustrated. They often ask about the 
cause of the deformity. The clinician may say the cause 
as heredity, drugs taken during pregnancy, radiation and 
in most cases, the cause is unknown. Amniotic bands 
cause constriction in the limbs, deformities amputation. 
The another question parents ask is about chance of 
similar anomaly in the subséquent offspring. The 
incidence of récurrence of the same deformity is just 
slightly higher than of the general population, in the 
range of 1 to 3 %. It is important to encourage parents to 
hâve more children if they so desire. 

In our country, sometimes mother is blamed for the 
deformity. It should be explained to ail that no one is at 
fault. The parents must be sympathetically and tactfully 
informed about the prognosis and treatment. At the same 
time, realistic prognosis should be given. The parents 
must be informed about the recent advancements in the 
management. Many of the amazing results achieved with 
the newer techniques like Ilizarov method, should be 
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conveyed to the parents. Today it is possible to help most 
of the children with modem orthopédie techniques, e.g. 
fibular hemimelia. The deformities and limb lengthening 
are treated simultaneously with good results with Ilizarov 
technique. 

Classification 

Previous classifications were complex. The new classi¬ 
fication is simple and easy to remember. Eponyms and 
Greek and Latin terms such as phocomelia are deleted. 
Classification is divided into: 

i. Failure of formation of parts, 

ii. Failure of séparation of parts, 

iii. Duplication, e.g. polydactyly, 

iv. Overgrowth (gigantism), 

v. Undergrowth (hypoplasia), 

vi. Congénital constriction hand, and 

vii. Generalized skeletal syndrome and develop- 
mental defects. 

Failure for formation of parts (arrest of development): In this a 
part of the limb is absent. This is divided into terminal 
deficiency and intercalary deficiency. In the terminal 
deficiency, there is no part distal to and in line with the 
deficiency portion. There are two types of terminal 
deficiencies: (i) transverse, and (ii) paraaxial or 
longitudinal. In the transverse terminal deficiencies, 
defect extends transversely across the entire width of 
limb. In the paraaxial or longitudinal deficiency, only the 
preaxial or postaxial portion of limb is absent. 

The term intercalary deficiencies indicates the absence 
of middle portion of a limb or segment. The intercalary 
deficiency is of two types: one is transverse and another 
is paraaxial. In the transverses intercalary deficiencies, 
the entire central portion of the limb is absent with 
foreshortening. In the paraaxial intercalary deficiencies, 
there is segmentai absence of preaxial or postaxial limb 
segments, and there is intact proximal or distal portion. 

Failure of séparation: Here the parts are not separated. 
Examples are syndactyly, radioulnar synostosis, block 
vertebrae. 

Duplication: In this the parts are duplicated, e.g. 
polydactyly. 

Overgrowth (gigantism): In this ail or part of the limb is 
overgrown, e.g. macrodactyly. 

Undergrowth (hypoplasia): In this the part or the limb may 
be hypoplastic. 

Congénital constriction hand syndrome: In this there may 
be congénital amputation, or the part distal to the 
constriction band is deformed. 


Generalized skeletal abnormalities: In this there is a 
generalized skeletal developmental defect. The defor- 
mity encountered is unique to each syndrome, e.g. 
osteogenesis imperfecta, polyosteotic mucopoly-sac- 
charidosis. 

Congénital malformations (Figs 1 to 2C) of the spine 
are as follows: 

1. Spinal dysraphism (neural tube defect)—described in 
the section on spine. 

2. Congénital absence of sacrum 

Congénital Torticollis 

Torticollis is a combined head title and rotary deformity. 
Torticollis indicates a problem at C 1 -C 2 , because 50% of 
the cervical spine rotation occurs at this joint. 7 There are 
two types of torticollis: Osseous type and nonosseous type. 
Nonosseous type is due to sternomastoid contracture. 
Congénital torticollis It is an asymmetric deformity 
of the neck resulting from unilatéral contracture of 
sternocleidomastoid muscle. 

The right sternocleidomastoid muscle is more often 
involved. A firm mass is palpable in the middle of the 
sternomastoid muscle in the second or third week after 
birth. In older children, the sternomastoid is short and 
prominently seen. The chin is deviated to the opposite 
side, the head is tilted toward the side. Facial asymmetry 
may be présent. 

Contractures of the sternocleidomastoid muscle on 
one side results in torticollis.—the cause is not known. 
There are various théories. 



Fig. 1: Lumbosacral meningocele: A chubby male child of 
6 months with paralysis of adductors of both thighs and plantar 
plexors of both feet 
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Figs 2A to C: Congénital absence of sacrum: absence of sacrum and fifth lumbar vertebra with fusion of both ilia 
into a fan-shaped bone. Note the dimples in the buttocks and abduction of the hips. The lower limbs are flaccid 


1. Ischémie theory: Compartment syndrome occurs due 
to soft tissue compression of the neck at the time of 
delivery. Brooks (1922) produced identical lésion in 
dogs by ligature of the vein draining the muscle. The 
etiology is not known, but it may be related to 
malposition in utero or birth trauma. Plagiocephaly 
has been observed in some of them. Blood supply to 
the portion of the limb is eut off. 

2. Intrauterine crowding is blamed. 

3. Primary neurogenic cause due to cotiogenic. 

4. Congénital deformity of the sternocleidomastoid 
muscle. 

Congénital Muscular Torticollis: Congénital muscular 
torticollis, or congénital wry neck, is the most common 
cause of torticollis in the infant and young child. The exact 
cause is not known and there are se ver al théories. 

Sternomastoid tumor is observed in 40% of the cases. 
This so-called tumor reaches its maximum size within 
the first 4 weeks of life then gradually régresses. After 4 
to 6 months of life the contracture and the torticollis are 
the only clinical findings. It is associated hip dysplasia in 
children with congénital muscular torticollis is 8%. If the 
deformity is progressive, skull and face deformities can 
develop (plagiocephaly). The level of the eyes and ears 
become unequal and can resuit in considérable cosmetic 
deformity. 7 

Pathology 

A fusiform swelling appears within a few days in the 
muscle, it resembles a soft fibroma. Histology shows a 
dense fibrous tissue. There is no evidence of hemorrhage. 
Fibrous tissue has replaced the affected muscle. The 


fibrous tissue contracts. The clinical featues and the 
deformity may be présent at birth or may develop in the 
second or third week. The head is tilted to the side of the 
affected muscle, and the chin is rotated to the opposite 
side. The hard nontender fusiform swelling is palpated 
in the lower half of the muscle. It the size of the distal 
phalanx of the adult thumb. Then, it begins to regress 
and gradually disappears in two to six months. The face 
becomes asymmetrical. On the affected side, the face is 
smaller. The eyes becomes slanting. Eye strain may resuit 
from ocular imbalance (Figs 3A and B). 

Differential Diagnosis 

1. Postural torticollis is due to intrauterine malposture. 
This can be corrected by manipulation. 

2. Torticollis may be due to contractures of scalenus 
anterior and omohyoid. 

3. Cervical spine observed to exclude congénital 
anomalies of the vertebrae, such as hemivertebrae, 
unilatéral atlanto-occipital fusion, and the KlippelFeil 
syndrome may minimize torticollis. 

4. Trauma fracture—one should also consider traumatic 
disorders of the cervical spine, such as fracture or 
rotary subluxation, particularly of C x and C 2 . 

5. Inflammatory conditions such as lymphadenitis 
causes tilting of the neck. 

Treatment 

Nonoperative 

Mother is taught passive stretching and manipulation of 
the neck to the opposite side. It is important to hold the 
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Figs 3A and B: Sternomastoid tumor at 28 days and 41/2 mos. The child was delivered with difficulty after breech 
présentation. Note the swelling in the middle of the right sternomastoid muscle and its subsidence with passive stretching 


muscle stretched to the count of 10. The exercises should 
be performed 15 to 20 times in each direction, 4 to 6 times 
a day. 

The ear opposite the contracted muscle should be 
positioned to the shoulder, and the chin should be 
positioned to touch the shoulder on the same side as the 
contracted muscle. 7 

Surgery is indicated when the torticollis does not 
respond to conservative measures up to one year of âge 
or if the child is presented after one year. 

Operative Treatment 

Surgical treatments includes a unipolar release at the 
sternoclavicular or mastoid pôle, bipolar release, middle 
third transaction, and even complété resection. 7 
Satisfactory results are usually obtained by division or 
partial excision of the muscle. 

Surgery is indicated at one year and later in patients 
who hâve not responded to nonoperative treatment. 9 The 
commonly performed operation is to divide both the 
heads of sternomastoid muscle afinger-breadth away 
from the clavicle and the sternum. An incision of 3-4 cms. 
is taken one finger breadth above the clavicle. The 
platisma is incised. Clavicular heads are defined and eut. 
Wound is closed over a drain. 

In severe cases when the patient has corne late at the 
âge of 8 or more the sternomastoid is eut both proximally 
at the mastoid tuberosity and distally at the clavicle. In 
the proximal incision the accessory nerve is carefully 
protected. 

In some centres percutaneously the sternomastoid is 
eut above the clavicle. In view of the important structures 
underneath the sternomastoid muscle, it is better to do 
open surgery. 


The head is immobilized in the corrected position in 
a Minerva plaster cast for a period of 4 to 6 weeks. Active 
and passive exercises are carried out to prevent any 
récurrence of the deformity (Figs 4A to 5). 

Aggressive postoperative stretching is mandatory. A 
custom made survicie collar is given. 

CONGENITAL ANOMALIES OF THE UPPER LIMBS 

Congénital High Scapula (Sprengel’s Shoulder) 

Described in the section of Disorders of Shoulder. 

Longitudinal Suppression (Ectromelia) 

Particle suppression of the limb buds results in ectromelia. 
Preaxial border is more often suppressed than the 
postaxial part. Hence, the congénital absence of radius 
and tibia are more common than those of ulna and fibula. 
The corresponding rays of the hand may be missing. 5 

Congénital Dislocation of Radius 

Isolated congénital dislocation of the head of the radius 
is very rare. Usually the patient is asymptomatic. 
However, in some cases there may be limitation of flexion 
or extension. Usually it is anterior dislocation. In the 
normal latéral radiograph, line of diaphyseal radius 
passes through the center of the capitellum. This 
condition should be distinguished from traumatic 
dislocation of Monteggia fracture dislocation. 

To distinguish between congénital and acquired 
radial head dislocation, a history of bilateral involve- 
ment, family history, history of trauma, associated 
régional abnormalities, dislocation noted at birth, and the 
radiographie appearance may be helpful in 
distinguishing the two types. 2 
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Fig. 5: “Hysterical” torticollis in a 45-year-old male, fully flexed 
neck which started with a hysterical background in a mental 
patient differential diagnosis similar deformity may occur in 
ankylosing spondylitis. Radiographs of neck assists in diagnosis 

Treatment 

In infants closed réduction may be tried. Tachdjian 9 
recommends open réduction with shortening of the 
radius in children up to three years of âge. In the older 
child, it will be impossible to reduce the radial head. The 
dislocation is left alone until late adolescence. If 
symptoms warrant, the radial head is excised. However, 


excision of the radial head does not improve the range of 
motion of the forearm because of the tight soft tissue 
structures. 

Madelung’s Deformity 

Madelung's deformity is a congénital abnormality of the 
palmar ulnar part of the distal radial epiphysis in which 
progressive ulnar and volar tilt develops at the distal 
radial articular surface, with dorsal subluxation of distal 
ulna (Figs 6A and B). 

Etiology 

Etiology is uncertain in an autosomal dominant pattern 
after trauma, after infection or neoplasm. it is caused by 
growth disturbances of the ulna and portion of the distal 
radial growth plate. 8 The primary deformity is a bowing 
of the distal radius. The distal radius bends volarly. Ulna 
continues to grow normally. The radius becomes short. 
The Madelung's deformity is a hereditary disorder. There 
are two types of Madelung's deformity: 

(i) in typical form, the distal articular surface of the 
radius may tilt toward its palmar surface as much as 80° 
degrees and ulnarward as much as (90°)— tarsal bones 
assume a pyramidal shape with the lunet at the apex, 
and (ii) in atypical form, the dislocated end of the radius 
is tilted dorsally. 

Vender and Watson classified Madelung's and 
Madelung-like deformities into four groups: 

i. Post-traumatic 

ii. Displastic (dyschondrosteosis or diaphyseal 
aclasis) 
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Figs 6A and B: Madelung’s deformity: Notice ulnar déviation of the radius and angulation deformity. The carpus is like a pyramid 
with the lunate at its apex in the triangle formed by the distal end of radius and ulna. Notice the séparation and dislocation of the 
ulnar joint. There is also deformity of the radius and ulna (x-ray from Kulkarni GS) 


iii. Genetic (for example, Turner's syndrome), and 

iv. Idiopathic. 

Clinical Features 

Patient usually présents between the âge of 8 and 12 years. 
It is more commonly bilateral and affects girls more 
frequently than boys. A family history of the deformity 
often is présent. The main complaint is the deformity of 
the wrist. The radial and the ulnar styloid processes are 
at the same level. There is a restriction of wrist motion 
especially dorsiflexion and ulnar déviation. Pronation 
and supination of the forearm are also limited. 
Interosseous space is wide. 

Differential Diagnosis 

1. Dislocation of the radial ulnar joint 

2. Rickets 

3. Osteomyelitis affecting the growth plate 

4. Salte-Harris type fracture 

5. Multiple hereditary exostosis 

6. Multiple epiphyseal dysplasia 

7. Ollier's disease—surgical treatment consists of 
correcting the bowing deformity by corrective 
osteotomy of the radius and shortening of the ulna. 


As a rule, surgical correction is done only up to 11 to 
13 years of âge. 

The following conditions are described in their 
respective sections. 

1. Congénital absence of radius 

2. Congénital absence of ulna 

3. Congénital short absence of tibia (tibial hemimelia) 

4. Congénital absence of Fibula (fibulae hemimelia) 

5. Congénital radioulnar synostosis 

6. Congénital dislocation of joint hip (CDH) 

7. Congénital angular deformities of leg (kyphosco- 
liotic tibia) 

8. Congénital pseudarthrosis of the tibia 

9. Clubfoot 

10. Neglected CTEV. 

Congénital Humeroradial Synostosis 

The condition is often bilateral, and the elbows are in 
nonfunctional position and ulna may be bent (Figs 7 to 9). 

Transverse Suppression 

The development of limb bud may be suppressed at 
different periods resulting in as spectrum of conditions 
from amelia, phocomelia to mere skin tags for fingers. 
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Fig. 7: Congénital radioulnar synostosis 


The thalidomide disaster of the fifties and sixties 
which left hundreds of children in Europe maimed with 
amelias of upper or lower limbs or of ail four limbs had 
poignantly brought to focus not only the cause-and-effect, 
but also the cavalier attitude of the drug industry 
(Figs 10 to 11B) 

Multiple Congénital Anomalies of Upper Limb 

Gross anomalies of ail segments of both upper limbs give 
this patient a fancied resemblance to a "batman" he can 
write, eat, drink, dress and work with his hands. He 
exemplifies the theory of "the critical periods of growth" 
as the tératogénie agent, whatever it was, must hâve acted 
on the developing upper limb buds, but before the lower 
limb buds hâve arisen in the fourth week of intrauterine 
life as évident from the normal lower limbs and trunk 
(Fig. 12). (See Chapter 229 Congénital Deformities of 
upper limb) 



Congénital Constricture Bands of Limbs 
(Streeter’s syndrome) 

Also known as Streeter's dysplasia, constriction band 
syndrome is a rare abnormality occurring in the lower 
and upper limbs. It is usually seen with higher frequency 
and associated with several deformities. Prognostically 
the presence of the constriction band makes the deformity 
less amenable to conservative treatment and usually 
means mandatory staged surgery. 

Etiology 

The exact cause is not known. There are four théories 
(i) failure of development of the mesodermal masses 
under the skin, 10 (ii) prématuré rupture of the amniotic 
sac and sudden réduction of amniotic fluid volume. The 
amniotic bands constrict the limb. (iii) partial growth 
arrest and misdirection of the growing mesoderm in the 
limb buds around 5th to 8th week of intrauterine life. 
(iv) reduced foetal movements in the amniotic sac along 
with altered protein synthesis and coagulability of the 
liquor producing dense bands None has been proved. 

Clinical Features 

The ring may be shallow or bone deep. Depending on 
the depth of the band it may cause even pseudofractures 
of the affected limbs at times, nerve compression, and 
hypoplasia of the underlying muscles or merely 
unesthetic indentations on the affected digit. This very 
often manifests as amputations of phallanges or entire 
digits. It may occur in the digits or in the upper segments 
of the limbs (Fig. 13A). The portion distal to the ring may 
show some deformities such as the clubfoot. It may be 
swollen. The part distal to the constriction ring may be 
edematous or may appear ballooned with an abnormal 
subeutaneous thickening of adipose-fibrous tissue or 



Figs 8 and 9: Congentital humeroradial synostosis—bilateral passive extension is not possible. Radiographs of an older patient 
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Fig. 10: Transverse suppression of both upper limbs and right 
lower limb. An adult male is unable to use effectively his only 
normal limb: Note his mode of walking 

bands which tether the overlying dermis and epidermis. 11 
The distal circulation may be remarkably disrupted and 
the part indicates amputation in utero. Single or multiple 
amputations of the digits can occur. The nails may be 
hypoplastic or absent. Concomitant anomalies such as 
syndactyly, brachydactyly, may occur (Fig. 13B). 

Treatment 

This may be divided as urgent, early and late. Shallow 
constrictions do not require any treatment. They may 
often get mistaken as skin creases, and therefore a careful 
clinical examination especially the mobility and 
consistency of the surrounding soft tissue should reveal 



Figs 11A and B: Transverse Suppression, R. Hand in a 
30 year-old male. Brachimetacarpi and skin tags for fingers. 
He used the stump as a clamp and supporting hand 



Fig. 12: Batman anomaly in a 20-year-old male S.20/M. This 
détermine young man refuses to be called “disabled” 



Figs 13 A and B: Streeter’s syndrome: Presence of ring in lower limb 
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the différence. The decision making for the treatment of 
these may be urgent, early or late. Superficial bands may 
be left alone and only counseling may be required. 
Infrequently the constriction band may be cause a 
compartment syndrome like picture and require an 
absolutely urgent fasciotomy to decompress and save the 
limb, and also to preserve function or provide for future 
reconstruction. The deeper bands need early treatment 
and are surgically divided and excised down to normal 
structures through the use of Z-plasty transposition flaps. 
In addition to this in certain cases only a de- 
epithelialisation and mobilization of the surrounding skin 
and dermis may suffice. Surgery should be done in 2 or 3 
stages, several months apart to prevent circulation 
disturbance. No more than 50% of the circumference of 
the limb or digit should be done at a time. Circumferential 
excision is not done A Z-plasty should be done with 



Figs 14A and B: Congénital Constricture Bands: 
(A) hand, and (B) leg and foot 


carefully preserving the neurovascular structures. Late 
treatment is focused on reconstruction of the associated 
anomalies and deformities viz. syndactyly, CTEV, first 
web deepening, etc. 

The constricture of the skin and subcutaneous tissues 
encircling the limb/limbs at one or more levels are seen 
occasionally. The etiology is not known. Amniotic bands 
hâve been incriminated. Occasional presence of 
amputated limbs in the placental sac gives credence to 
the theory (Figs 14A and B). 

Congénital Genu Recurvatum and Anterior 
Dislocation of Knee 

At birth a spectrum of deformities may be seen at the 
knee ranging from mild hyperextension to anterior 
dislocation. Many of these infants had breech malposition 
in utero. The basic pathology is shortened quardriceps 
musculature from malposition in utero. The subcutaneous 
tissue of thigh is lax and creased. The fewer the creases 
the chances of correction of the deformity with return of 
flexion at the joint with conservative treatment are 
brighter. Congénital anterior dislocation invariably 
requires surgical correction (Figs 15 and 16). (See chapter 
no. 369 on angular Deformities in Lower Limb in 
Children). 

Pes Planus 

Unlike the rigid fiat feet, the mobile fiat feet are usually 
symptomless. However, they are liable to become sore 
with unaccustomed strains like prolonged standing or 
walking. The heel are in valgus position, and the médial 
arch and instep are flattened (Fig. 17). 



Fig. 15: Congénital genu recurvatum knee and calcaneovalgus 
right foot. Both deformities were corrected by splinting 
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Fig. 16: Congénital anterior dislocation of knee. Prominent 
condyles of fémur in popliteal région. Compare the number of 
creases with those in Figure 15 



Fig. 17: Pes planus—bilateral 


Congénital Metarsus Adductus 

The condition may be mistaken for a mild form of 
clubfoot, but the hindfoot is unaffected until the late 
stagers. It is probably that overactivity of the abductor 
hallucis sets the pace for the deformity followed by 
inversion of the forepart of the foot by the tibialis anterior 
and a varus deformity (Fig. 18). 



Fig. 18: Congénital metatarsus adductus—bilateral. 



Fig. 19: Congénital hallux varus—bilateral 


or later. But the feet are usually asymptomatic in bare- 
footed person (Fig. 19). 

Congénital Joint Laxity 

Hyermobile joints may be associated with multiple 
System disorders or syndromes like Ehlers-Danlos 
syndrome, mucopolysacchariodosis, Larson's syndrome 
etc. The condition may hâve a genetic basis as it 
sometimes runs in families (Figs 20 to 21). 


Congénital Hallux Varus 

The deformity consists of médial angulation of the great 
toe at metatarsophalangeal joint. The other toes may 
foliow the great toe. Degenerative arthritis sets in sooner 
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Figs 20 and 21 : Congénital joint laxity Genu valgum, heel valgus and fiat feet both sides and squint left eye and genu 

recurvatum—bilateral. His mother also has similar deformities. 
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Osteogenesis imperfecta is also known as fragilis ossium, 
osteopsathyrosis, idiopathica, brittle bone, Lobstein's 
disease, Vrolik's disease. 

Classification 2 

Looser Classification 

Type 1 (Osteogenesis imperfecta congenita ): Fractures occur 
in périnatal period. 

Type 2 (Osteogenesis imperfecta tarda): Fractures occur after 
périnatal period. 

Seedorff Classification 

The subgroup osteogenesis imperfecta tarda of former 
classification is divided into two types. 

Type 2 a (Tarda gravis): The first fracture occurs within 
first year of life—so severe type. 

Type 2 b (Tarda levis): The first fracture occurs after first 
year of life—so less severe. 

Falvo et al Classification 

Age may not correlate with severity so bowing of the long 
bones is given importance. 

• Tarda without bowing are type I 

• Tarda with bowing are type II. 

Sillence Classification 

Classification of Osteogenesis imperfecta as proposed by 
Sillence is depicted in Table 1. 

Pathology 5 

The basic defect is failure of maturation of collagen 
beyond reticulin fiber stage with a defect in cross-linking 
which will resuit in decreased stability of polymeric 
collagen. 


Formation of both intramembranous and endo- 
chondral bone are disturbed. The amount of woven bone 
is larger and is proportionally large as per severity of 
disease. The bone trabeculae are thin and lack organized 
trabecular pattern. The spongiosa is scanty with réduction 
of matrix and relative abundance of ostéocytes. 
Osteoclasts are normal, osteoid seams are wide and 
crowded by plump osteoblasts indicating increased bone 
turnover. 

The lamellae in lamellar are thin and tenuous, the 
compact bone consists of coarse fibrillary type of 
immature bone without haversian Systems . 9 

Periosteum and perichondrium are normal. 

The physis is broad and irregular, the proliférative 
and hypertrophie zones are disorganized and the 
columnar arrangement is lacking, the calcified zones in 
the growth are thinner, and the metaphyseal vessels 
permeate the growth plate. 

The metaphyseal spongiosa is sparse with woven type 
of bone with varying amounts of islands of cartilage in 
juxtaepiphyseal région. 

The epiphysis shows residual islands of cartilage with 
delay in maturation of secondary centers of ossification. 

The cartilage contains proteoglycans rather than 
collagen. At birth, the bone ends are disproportionately 
large with normal height, dwarphism develops later due 
to (i) decreased production of matrix by connective tissue 
cells, and (ii) trauma causing fragmentation and 
disruption of the physis. 

Clinical Features 

In severe form, baby will sustain hundreds of fractures 
caused by minimal trauma during delivery, or in utero 
the limbs are short with bowing. This type is usually fatal 
due to intracranial hemorrhage. 1 
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TABLE 1: Sillence classification 


Type 

Inherit 

autosomal 

Dentinim 

inperft 

Bonefrag 

Deformity 

Stature 

short 

Deafness 

Sclerae 

Skull 

worm 

Prognosis 

I 

A dominant 

- 

+ 

+ 

+ 

++ 

blue 

+ 

fair 


B dominant 

+ 

+ 

+ 

+ 

++ 

blue 

+ 

fair 

II 

récessive 

? 

++++ 

+++ 

? 

? 

blue 

+++ 

Périnatal 

death 

III 

récessive 

+ 

+++ 

++ 

++ 


blue at 
birth white at 
adulthood 

++ 

Wheel chair 
bound die at 
3rd decade 

IV 

A dominant 

- 

++ 

+ 

+ 

+ 

normal 

+ 

fair 


B dominant 

+ 

++ 

+ 

+ 

+ 

normal 

+ 

fair 


In moderate and mild forms, the features are as 
follows. 

1. Bones: Due to fragility, multiple fractures occur 
with trivial trauma, number being proportional 
to severity, earlier the fracture occurrence, severe 
is the disease. Lower extremity is affected more 
commonly, with fémur being affected more. 
Fracture is usually at convexity of bone and 
transverse, associated with very little pain. They 
usually heal well with plenty of callus formation 
with deformity in various planes. Pseudarthrosis 
may occur if the fracture is not immobilized. A 
bone usually fractures repeatedly because of 
deformity causing malalinement and atrophy due 
to disuse, growth may be arrested due to fractures 
in the epiphyseal ends. The frequency déclinés 
with adolescence. 

Common deformities are antérolatéral bowing 
in distal fémur, coxa vara in proximal fémur, 
protrusio acetabula, latéral angulation in humérus, 
forearm in pronation, cubitus varus with flexion 
contracture at elbow, atlantoaxial subluxation, pes 
valgus, récurrent dislocation at patellofemoral 
joint. 

2. Muscles are usually hypotonie. 

3. Skin is thin. 3,8 

4. Subcutaneous hemorrhages occur due to capillary 
fragility as a resuit scars of incision are wide. 

5. The forehead is broad with prominent pariétal and 
temporal bones and overhanging occiput giving 
rise to triangular elfin shape of face. The ears are 
displaced downward and outward. This confi¬ 
guration is described as "soldier's helmet head". 

6. Sclerae may be blue as per described in Sillence 
classification. This is caused by thinness of its 
collagen layer. Abnormal thinness or trans- 
luscency of sciera permits visibility of intraocular 
pigment which varies from deep sky blue to bluish 


white tint. The "Saturn's ring" appearance may 
be seen due to white sciera immediately surroun- 
ding cornea. Hyperopia, opacity in periphery of 
cornea (arcus juvenilis), and retinal detachment 
may occur. 

7. Dentinogenesis imperfecta due to déficient dentin 
may occur affecting both milk and permanent 
teeth. The teeth break easily and prone to caries 
and the fillings do not hold well. Yellowish brown 
or transluscent bluish gray tinge is common. 

8. Deafness may occur, conductive type due to 
otosclerosis or nerve type due to pressure on 
auditory nerve, as it emerges from skull. It usually 
arises in adult life. 

9. A squeaky voice may be présent. 

10. Severe kyphoscoliotic deformities may occur due 
to scoliosis, osteoporosis, hyperlaxity of ligaments. 

11. Short stature is common. 

Radiographie Features 

In severe form the long bones are short, wide and thin. 

There are fractures in different stages of healing. 

Malunions may be seen. Multiple rib fractures and 

atrophy of the thoracic cage may be présent. 

Fairbank described three radiographie patterns. 

1. Thick bone: This may be due to callus formation 

2. Thin bone: Shafts are narrow with thin cortices, thin 
trabeculae in the medullary cavity and marked 
osteopenia. Narrowness is due to failure of 
subperiosteal bone formation. Remodeling defect 
leads to trumpet-shaped metaphysis 

3. Cystic bone: Lack of normal walking give rise to cystic 
honeycomb appearance in long bones, popcorn 
calcifications, or whorls of radiodensities represent 
traumatic fragmentation of cartilaginous growth plate 
which are more in lower limbs and which increase 
during adolescent growth spurt. 
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The skull has mushroomed appearance with thin 
calvarium. The wormian bones which are detached 
portions of primary ossification centers of adjacent bones 
are présent. They are supposed to be significant when 
they are more than 10 in number, measure 6 mm by 
4 mm and arranged in a general mosaic pattern. 

The spine shows marked osteoporosis, the vertébral 
bodies are compressed becoming biconcave between 
bulging disks. 

In milder forms of disease, the features are 
osteoporosis, Harris lines, Erlenmeyer's flask appearance 
due to remodeling defect, fractures in various stages of 
healing, bowing deformities due to microfractures, 
basillar invagination in adolescence. 

Laboratory Findings 

• Sérum calcium and phosphorous levels are normal 

• Alkaline phosphate levels may be elevated. 

Prénatal Diagnosis 

Prénatal diagnosis is done by measurement of inorganic 
pyrophosphate in the fluid obtained by amniocentesis. It 
is elevated by 3.4 to 3.7 times normal value for that 
gestational âge. The normal values are as follows. 


Weeks 

gm/dl 

0-14 

6 

15-24 

18 

25 to term 

13 


Differential Diagnosis 6 

• Congénital hypophosphatemia—low phosphate and 
alkaline phosphate 

• Achondroplasia—radiographie appearance is 
different 

• Camptomelic dwarphism—fractures do not occur 

• Cystinosis 

• Pyknodysostosis—sclerosis with other features are 
présent 

• Spondyloepiphyseal dysplasia 

• Rickets 

• Battered baby syndrome/Silverman syndrome— no 
osteoporosis bruises présent 

• Early stages of leukemia—osteoporosis is présent 

• Idiopathic juvénile osteoporosis 

• Prolonged intake of steroids. 

Treatment 

There is no spécifie treatment to treat the basic pathology 

of osteogenesis imperfecta. 


Empirical Medical Treatment 

• Sex hormones hâve been tried but found of no value 

• Anabolic steroids failed to increase the déposition of 
calcium 

• Fluoride therapy: Though the bone density increased, 
long term results do not warrant their use 

• Magnésium oxide: Solomons et al showed its usefulness 
but later studies failed to do so 

• Calcitonin: It reduces bone turnover, but the clearcut 
effectiveness in reducing the incidence of fracture is 
not found 

• Effectiveness of high doses of ascorbic acid is 
questionable 

• Spécial diets hâve not proved to be of value. 
Recently ® very promising studies regarding the 

use of a biphosphonate, aminohydroxypropylidene 
(pamidronate), hâve been published. 2 This compound 
inhibits osteoclastic résorption of bone, an activity that 
appears to be increased in patients with osteogenesis 
imperfecta. Administration of this médication intra- 
venously in dosages ranging from 15 mg given every 
20 days to 7 mg/kg/year given every 4 to 6 months has 
resulted in subjective improvement in complaints of 
generalized bone pain and fracture frequency. In 
addition, increased bone minerai density as determined 
from dualenergy X-ray absorptiometry has been noted. 

Spécifie Treatment 

The objective is to provide maximal function. 

Newborn 

• Pulmonary insufficiency due to fracture ribs are 
managed by neonatologist 

• Subdural hematoma are managed by neurosurgeons 

• For fractures, posterior plastic shell spica for 2 weeks 

• Parent éducation of handling the infants. 

Infant 

As head and neck control develops, physical therapist is 
consulted to teach the parents. For fractures, rapid 
mobilization with adéquate bony alinement should be 
done. 

In severe cases, the fractures and bowing impair 
functional ability. Immobilization and lack of stress lead 
to muscle atrophy and osteopenia. Abnormal mechanical 
stress on malalined bone increases susceptibility to 
fracture. Thus, the vicious cycle continues. 

The necessity is to give support either by internai 
fixation by rods or externally by orthoses/pneumatic 
trouser splints. 
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Orthoses: They should be light weight and support to 
promote stance and locomotion. 

Pneumatic trouser splints (Morel and Houghton) 
The advantages are: 

i. noncumbersome, 

ii. tolerated well by children, 

iii. allow to stand upright improving the mobility and 
general health, and 

iv. closed osteotomy and traction for deformities till 
osteotomy heals and later pneumatic splints give 
good results. 

Commercial unavailability and lack of expérience 
make them unpopular. 


area avoiding the growth plate. The second nail is passed 
rétrogradé starting in the metaphyseal area again 
avoiding growth plate. The two nails lye side by side and 
as growth of the limb occurs the nail slidepast each other. 
This is a simple cost effective treatment of brittle bone 
and prevents further fracture. 

Risks of anesthésia: They may pose problems because of 
chest deformities and diminished pulmonary function. 
They are more prone for hyperthermia, so atropine 
should be given in minimal dosage. Draping should be 
light, preferably a stérile paper. 

Blood should be available for replacement. Both 
femora should not be operated at one setting. 


Multiple Ostéotomies, Realinementand 
Intramedullary Rod Fixation 4 > 5 

The process was first described by Sofield and Millar. 

Indications are severe, increasing deformity of long bones 
interfering with fitting of the orthotic support and 
impairing function and multiplicity of fractures. 

Age at surgery: It should not be carried until at least two 
years of âge, best to postpone until after fourth or fifth 
year of âge. 

Solid rod versus telescoping rod: Disadvantages of solid rod 
is growth of long bone beyond the end of rod nécessitâtes 
reoperation and replacement by a longer rod. Reoperation 
was required three and half times less often with the use 
of telescoping rod. 

Disadvantages of telescoping rods are many. 

• More likely to bend, and after straightening no longer 
remain extensible 

• They demand a large intramedullary canal, précisé 
central placement, accurate sizing and much more 
difficult to tailor in the operating room than the solid 
rods 

• Not very suitable for tibia or bones of forearm 

• Disassembly of epiphyseal fixation device damages 
the articular cartilage 

• Lack of control of rotation 

• As they are weak, external orthotic support and 
prolonged réhabilitation are required 

• Complication rate is higher than solid rod. 

The choice between the two should be individualized, 
depending on the preceding factors and the expérience 
of the surgeon. 

Another option is to use to double intramedullary 
nails. Intramedullary square nails or round nails are used. 
One nail is passed antigrade starting in the metaphyseal 


Surgical Tips 

• Radiographie control is must 

• Muscles should be preserved and should be elevated 
from intermuscular septum 

• Periosteum should be incised sharply and elevated 
with periosteal elevator, first over intact bone and 
progressively towards the fracture 



Figs IA to D: A case of osteogenesis imperfecta treated to 
overlapping nail. After two years notice the migration of nail 
from the growth plate 
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• Individual fragment should be as long and as few as 
possible 

• Cuts should be made with oscillating saw, in fémur 
and tibia, the first eut at distal diaphyseometaphyseal 
junction 

• Reaming of the narrowest fragment is done first and 
with care to avoid splitting of the fragments 

• Periosteum whenever possible should be meticu- 
lously closed 

• External support till bony union is given. 

Williams modified the Sofield technique by reducing 
the number of cuts and resection of bone to avoid 
stretching of soft tissues on concave side and modification 
of technical details. 

Placing the rod across the physis into the epiphysis 
adds to length and postpones the problem of relative bone 
overgrowth. Tiley and Albright recommended advice of 
placement of distal end of the rod in central and slightly 
antérolatéral as the common deformity in lower fémur is 
antérolatéral angulation. 

Extensible intramedullary rod: This is designed to allow 
élongation of the rod as the bone elongates. It consists of 
outer tubular sleeve with détachable T-shaped end and 
an inner obturator rod with a solid T-shaped end. The 
inner rod is capable of telescoping totally into the sleeve. 
The T-shaped ends are anchored into the epiphyses away 
from the physes, with longitudinal bone growth the 
telescoping rod elongates. 

Scoliosis and kyphosis: These are very common problems. 
The curves are severe and continue to progress in 
adulthood. Orthotic de vices are ineffective. The efficacy 
of spinal fusion is questionable. Instrumentation is 
problematic. 


Prognosis 7 

In severe cases, the fétus may not survive or die shortly 
after birth. 

In mild and moderate type, the prognosis varies. 
There is graduai tendency toward improvement, with the 
incidence of fracture usually decreasing after puberty. 
They are dwarf, below twenty-fifth percentile. 

They should be encouraged for schooling. They 
should be treated as handicapped and not as patients with 
chronic disease. Most patients are capable of adapting to 
their problems, and become useful, independent and 
productive member of society. 
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INTRODUCTION 

Generalized developmental disorders of the skeleten are 
rare, but hâve intrigued and been known to mankind. 

Nomenclature and Classification 

Sir Thomas Fairbank was the pioneer (Table 1)—his Atlas 
of General Affections of Skeleton, set the groundwork. It 
was followed by monumental contributions of other 
investigators namely Lamy and Marotearix of France, 
Wiedemami and Spranger of Germany, and Mokuisk of 
United States. 

The term dysplasia was substituted for dwarfism and 
is used when developmental changes in the skeleton are 
generalized. When the changes affect single bone, i.e. a 
segment of the skeleton, the term dystosis is used. 

TABLE 1 : Classification of Dysplasias 

I. Epiphyseal dysplasias 

A. Epiphyseal hypoplasias 

1. Failure of articular cartilage: spondyloepiphyseal 
dysplasia, congenita and tarda 

2. Failure of ossification of center: multiple 
epiphyseal dysplasia, congenita and tarda 

B. Epiphyseal hyperplasia 

1. Excess of articular cartilage, dysplasia epiphysealis 
hemimelica 
IL Physeal dysplasias 
A. Cartilage dysplasias 

1. Failure of proliferating cartilage: achondroplasia, 
congenita and tarda 

III. Metaphyseal dysplasias 

IV. Diaphyseal dysplasias 

A. Diaphyseal hypoplasias 

1. Failure of periosteal bone formation: osteogenesis 
imperfecta, congenita and tarda 


A malformation dénotés primary abnormality of 
development whereas deformity means change in 
structure of previously normal bone. 

The disproportionate type of dwarfism may be of 
either two types—short limb and a short trunk. The short 
limb variety may be further subdivided according to their 
site of maximal shortening: rhizomelic (in the proximal 
portion), mesomelic (in the middle), and acromelic (in 
the distal portion). 

Pathology 

The basic defect is disturbance in the development of 
epiphyseal ossification center s. Enchondral ossification 
is disorganized and epiphyseal cartilage cells are irregular 
with disordered columns and areas of degeneration. The 
articular deformities are permanent with degenerative 
changes and osteoarthritis developing in early adult life, 
especially in weight bearing joint. 

The fémoral and humerai heads are common sites. 
The short tubular bones of hands and feet may also be 
involved. The vertebrae are normal in childhood, but 
development of secondary ossification center in the spine 
may be irregular. 

The skull, facial bones and pelvis are normal. 
Histological and biochemical analyses of the physes hâve 
failed to show any abnormality. 

Clinical Features 

The condition is not suspected in infancy. Attention is 
first drawn to the disease when the child is delayed in 
walking. The presenting complaints begin with joint 
stiffness, pain, limp, waddling gait. With growth the 
progressive subnormal length of the limbs becomes more 
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obvious. There is no true dwarfism. The deficiency in 
stature is of short limb type, the height of trunk is normal. 

The digits are short and stubby. Some limitations of 
movements of affected joints, particularly flexion 
contracture of the knees and elbows is usual. Genu 
valgum or varus is not uncommon. In adolescence or 
early adult life with onset of degenerative arthritis pain 
in hip, knee, ankle may be présent. Motor musculature is 
of normal strength. The intelligence of these patients is 
normal. 

Radiographie Findings and 
Differential Diagnosis 

In the radiographs, the principle finding is the delay and 
irregularity of ossification of the epiphyses, which are 
markedly fragmented and mottled. They appear 
flattened. 

The capital fémoral epiphysis is frequently affected 
involvement is usually bilateral, différentiation from 
Legg-Calve-Perthes disease(LCPD) is a common 
problem. Stages of avascular necrosis (AVN) as in LCPD 
are not présent. 

Multiple epiphyseal dysplasia is distinguished from 
spondyloepiphyseal dysplasia by the absence of severe 
vertébral changes. In spondyloepiphyseal dysplasia, the 
limbs particularly hands are much less involved. 
Cretinism is differentiated from multiple epiphyseal 
dysplasia by its characteristic clinical and biochemical 
features. 

Treatment 

In the management of this disorder, excessive body 
weight should be avoided. Continuous passive motion 
(CPM) or major joints particularly the hip and knee may 
assist remodeling. Pelvic osteotomy may be indicated if 
joint incongruity and pain and disability are severe. 
Degenerative arthritis is symptomatically treated. 
Angulation osteotomy may be indicated to correct coxa 
vora and genu varus or valgum. 

MULTIPLE EPIPHYSEAL DYSPLASIA 2 

This common bone dysplasia is characterized by 
irregularity in development of the epiphysis that 
manifests itself as late appearance and mottling of the 
ossification centers, i.e. Knobby joints, stubby digits and 
minimal shortness of stature. There is little or no vertébral 
involvement. 

Fairbank first delineated this entity, giving it the name 
dysplasia epiphysealis multiplex. The condition is very 


rare, though it is being detected with increasing 
frequency. There is no sex prédilection. According to 
Wagnee, Davies et al, there is possible prevalence of 11 
per million patients and 16 per million including affected 
relatives. 

Chondrodysplasia Calcificans Punctata 
(Conradi’s Disease ) 1 

This rare congénital bone dysplasia compromises a 
heterogenous group of conditions characterized by 
stippling or epiphyses, disordered longitudinal bone 
growth, mental retardation and sometimes cataracts. 

Achondroplasia 

The most common type of dwarfism is a developmental 
abnormality in which enchondral bone formation is 
defective. Intramembranous bone formation however, is 
normal. This condition is discussed elsewhere. 

LETHAL FORMS OF SHORT LIMBED DWARFISM 

There are bone dysplasia with prédominant metaphyseal 
involvement including thanatophoric dwarfism which 
is characterized by large head, very short limbs and a 
narrow thorax with short horizontal ribs, short rib 
polydactyly syndromes, such as Saldino-Noonan, 
Majewski and Naumoff and achondrogenesis with 
marked defective ossification. These children die shortly 
after birth because of respiratory failure. There are no 
orthopédie implications. 

CHONDROECTODERMAL DYSPLASIA 
(Ellis-van Creveld Syndrome) 

This syndrome was originally described in 1940 by Ellis 
and van Creveld. 

The mode of inheritance is autosomal récessive. There 
is high incidence of consanguinity in parents and Ellis- 
van Creveld syndrome has been reported in identical 
twins. This dysplasia is extremely rare, with a prevalence 
of under 0.1 per million. 

Clinical Features 

Salient components of the syndrome are chondro¬ 
dysplasia, polydactyly, ectodermal dysplasia affecting the 
hair, teeth and nails and congénital heart disease. Both 
mesodermal and ectodermal tissues are affected. The 
clinical features are présent at birth becoming more 
manifest with growth and maturation. 
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METAPHYSEAL CHONDRODYSPLASIA 

Metaphyseal chondrodysplasia is a rare disease of the 
skeletal System in which dwarfism similar to that seen in 
achondroplasia is noted. This is caused chiefly by 
improper mineralization of the shafts of bones in the 
metaphyseal région resulting in knobby segments of 
proliferating cartilage. 

Jonsen Type 

This is most severe type and is extremely rare. Inheri- 
tance is most probably by an autosomal dominant trait. 
The disorder is apparent at birth because of severe short 
stature. The striking finding in the radiogram is the 
bulbous expansion of the metaphyses of the long bones. 
The metaphyses are irregularly mottled and fragmented. 
The epiphysis are normal but delayed in appearance and 
markedly separated from metaphyses because of the 
widened physes. 

Schmid Type 

More common and much less severe, this type is often 
mistaken for achondroplasia. It is characterized by 
prédominant involvement of proximal fémur and 
moderate shortness of stature. Skeletal changes are not 
présent at birth but develop at 3 to 8 years of âge inherited 
by autosomal dominant mode. Severity of involvement 
varies and may be asymmetrical. Radiographs show 
splaying, irregularity and cupping of metaphysis similar 
to those of vitamin D-resistant rickets. 

Spar-Hartmann Type 

This type of metaphyseal dysplasia is autosomal récessive 
in origin, and severe bowlegs is the principle clinical 
finding. 

CARTILAGE HAÏR HYPOPLASIA (MCKURICK TYPE) 

This chondrodysplasia is caused by récessive gene. The 
presence of fine, sparse, short and brittle hair is 
distinguishing feature. Radiographie finding some what 
resemble Schimid type. Ankle deformity may be caused 
by unusual length of fibula. There is excessive joint laxity. 
Drafting may be marked. 

Treatment 

There is no spécifie therapy. Management is symptomatic, 
supportive orthotic devices may relieve stress to body 
weight if deformity is severe. 

In the Schmid types progressive coxa vara and tibia 
vara are deformities that require correction by valgus 


osteotomy. In metaphyseal chondrodysplasia, there is 
primary growth abnormality and the deformities tend 
to recur after surgery requiring repeat osteotomy. 

SPONDYLOEPIPHYSEAL DYSPLASIA 

Spondyloepiphyseal dysplasia is characterized by 
dwarfism with shortening predominantly of trunk, 
primary progressive involvement of spine and epiphysis 
of long bones particularly upper fémur. There are two 
types of spondyloepiphyseal dysplasia: (i) the congenita 
type which can be detected at birth, and (ii) the tarda 
type which manifests itself later on in childhood. The 
congenita type is inherited as autosomal dominant trait, 
the tarda type is an X-linked récessive trait occurring only 
in male. The tarda is more common with prevalance of 
three or four per million, the prevalance of congenita type 
is one or two per million. 

The vertebrae are flattened throughout and pear 
shaped in early infancy. The odontoid process is 
dysplastic and delayed in ossification with the risk of 
atlantoaxial instability. Scoliosis and kyphosis develop 
late in childhood, and thorax is deformed with pectus 
carinatum. Other epiphyses of the long bones show 
varying degree of involvement, e.g. coxa vara. 

Treatment 

Back pain is managed conservatively. Joint deformities 
are not severe enough to warrant surgery. 

PROGRESSIVE DIAPHYSEAL DYSPLASIA 
(CAMURATI ENGELMANN DISEASE) 

This is a rare developmental syndrome of skeleton 
characterized by widened fusiform diaphysis with 
excessive periosteal and osteal new bone formation and 
scierosis, but with no involvement of epiphysis or physis. 
Over the involved part of the limb, muscles are atrophie 
and weak with wasting of subeutaneous fat. It was first 
described by Camurati in 1922 and by Engelmann in 1929. 

Clinical Features 

Involvement of the long bones is usually bilateral and 
symmetrical. The bone most commonly affected is tibia, 
next in order of frequency are fémur, fibula, humérus, 
radius and ulna. With the progression of the disease, the 
base of skull, other calvarial bones pelvis and vertebrae 
may be affected. 

MISCELLANEOUS DYSPLASIAS: 

METAPHYSEAL DYSPLASIA (PYLE’S DISEASE) 

Metaphyseal dysplasia, one of the sclerosing bone 
dysplasias is characterized by thickening of the médial 
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ends of clavicle, pubis and ischium with poor modeling 
of ail long bones with marked "Erlenmeyer flask" flaring 
of long bones particularly at the distal portions of fémur 
and proximal portions of tibia and fibula. The bony 
cortices may be thin. 
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Fibrous Dysplasia 


INTRODUCTION 

Fibrous dysplasia is a condition in which the skeleton 
fails to develop normally and is characterized by 
fibroblastic stroma and immature bone. There are three 
subtypes: (i) monostotic, (ii) polyostotic, and the (iii) 
Albright syndrome. Thirty percent of patients with 
fibrous dysplasia hâve polyostotic lésions, and 3% hâve 
endocrine disturbances (the Albright syndrome). 1 

The lésions usually stop progressing after puberty, 
with the change in activity of connective tissue which 
occurs from childhood to adult life. 

It appears to be a developmental abnormality of bone- 
forming mesenchyma. Almost any bone may be affected 
by fibrous dysplasia. The monostotic type often involves 
the fémur, tibia, humérus, rib, or a facial bone. In the 
polyostotic type, there is a tendency for segmentai 
distribution in the bones of one limb, usually the lower 
one, in such an instance, the fémur, tibia, fibula, some of 
the bones of the foot, and a portion of the innominate 
bone are usually involved. This segmentai distribution 
of the lésions in a single limb is a hallmark of polyostotic 
fibrous dysplasia. In some, skeletal involvement is very 
diffuse. Occasionally the entire skeleton seems to be 
affected. Ribs may be affected (Fig. 1). 

Patient may présent with bowing deformity of the 
limbs, limp and limb length discrepancy. A shepherd's 
crook deformity of the fémoral shaft and varus deformity 
of the fémoral neck will cause a short-leg gluteus medium 
limp. There is increased susceptibility to pathological 
fracture. 

Nonskeletal manifestations include abnormal 
cutaneous pigmentation. The cafeaulait spots may be very 
extensive. In neurofibromatosis also pigmentation of the 
skin is seen. In Albright's syndrome there is sexual 
precocity, cutaneous pigmentation and polyostotic 
fibrous dysplasia. Most cases of Albright's syndrome are 
in girls. 1 


Other endocrine disease may also be associated with 
polyostotic fibrous dysplasia, they are hyperthyroidism, 
Cushing's syndrome, etc. If history and clinical 
examination suggest any endocrinopathies, endo- 
crinological investigation may be done. 


Pathology 


The tissue may be grayish white firm in consistency and 
feels gritty. Histology shows Chinese letter-like 
appearance and shows the délicate, spindly connective 
tissue stroma in which are scattered thin spiculés of fiber 
bone with wide osteoid streams. 

Sarcomatous transformation of a fibrous lésion has 
been reported in 0.5% of the cases. The most common 
malignancy is osteosarcoma followed by fibrosarcoma 
and chondrosarcoma. 
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Radiology 

The radiograph shows a cystic lésions and has a ground- 
glass appearance to the area of radiolucency. It has a 
multilocular appearance. In the long bones, the lésions 
are usually metaphyseal in location, extending into the 
middiaphysis. Periosteal reaction is absent. There may 
be a pathological fracture. Radiograph of the proximal 
fémur may show coxa vara "shepherd's crook" 
deformity. There may be genu varum or valgum. 

In doubtful cases, CT scan is useful. In the differen- 
tial diagnosishyperthyroidism, solitary bone cyst, solitary 
or multiple enchondromas, cortical fibrous defects, 
éosinophilie granuloma, and neurofibromatosis are 
considered. Up to the âge of 18 the lésions progress. After 
that the fibrous tissue matures and the deformity does 
not increase. 

Treatment 

Surgery is indicated when there is fracture or severe 
progressive deformity. The mere presence of fibrous 
dysplasia in bone is not an indication for operation. 
Surgical overtreatment should be avoided. Pathological 
fracture needs internai fixation. If there is progressive 
Coxa-vara deformity, early surgery by curettage and bone 
grafting is highly recommended. 

Fibrous dysplasia of the fémoral neck can be treated 
by cortical bone grafting, with or without internai 


fixation, when the deformity is progressing or impending 
fracture is suspected. 

Tacdijian 2 suggest that "shepherd's crook" deformity 
and coxa vara are treated by valgus médial displacement 
osteotomy combined with excision of the lésion, bone 
grafting, and internai fixation. The level of the osteotomy 
would preferably be intertrochanteric. 

Over 80% of the patients younger than 18 years of 
âge treated by curettage and bone grafting hâve an 
unsatisfactory resuit. Bone grafting and osteotomy failed 
to control deformity in children with severe polyostotic 
fibrous dysplasia as they sustained fractures due to 
mechanical stress and deformities progressed, further 
treatment is needed. 

The results of closed treatment or curetage and 
grafting are reported to give satisfactory results in 
patients over 18 years of âge. After puberty, when the 
fibrous tissue has become mature, mechanical stress is 
the most important cause of deformity. 
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INTRODUCTION 

Hematological and oncological problems in children can 
resuit in multitude of orthopédie manifestations. Hence, 
a basic knowledge of these diseases becomes mandatory 
for a pédiatrie orthopedist. This chapter describes the 
various disorders as they would manifest with bone, joint 
or neuromuscular complications (Table 1). Of these 
hemophilia more commonly présents with joint problems 
and, therefore, discussed in greater details. 

HEMOPHILIA 

The hemophilias are a group of congénital inherited 
disorders in which a coagulation factor does not function. 
This leads to hemorrhage. Hemophilia A, also known as 
classical hemophilia or factor 8 deficiency, is the most 
common, accounting for 80% of hemophiliacs. Factor 9 
deficiency also known as Christmas disease or 
hemophilia B, is seen in approximately 19% of the 


TABLE 1 : Orthopédie manifestations of hematological 
and oncological diseases in children 


Bone diseases 

Anémia—Fanconi's anémia 


Hemoglobinopathies—Thalassemia 

Sickle cell disease 


Leukemia and lymphoma 

Histiocytosis 

Metastatic bone tumors 

Joint diseases 

Others, e.g. Gaucher's, osteopetrosis 
Coagulopathies 

• Hemophilia 

• von Willebrand's disease 


Inherited prothrombotic States 
• Protein C 

N euromuscular 
disease 

• AT III deficiency 

From a combination of above problems 


hemophiliacs. Factor 11 deficiency accounts for 
approximately 1 to 2% of the hemophiliac population. 
Deficiencies of other factors are very rare, but can occur. 
The severity of the disorders dépends on the level of 
coagulation factor présent. Normal concentration of 
coagulation factors 8 and 9 is between 50 and 150%. When 
a patient is below the surgical hemostatic levels of 30%— 
factor 8 or 20%—factor 9, he/she has the possibility of 
hemorrhage. Spontaneous hemorrhage occurs most 
frequently in the patients who hâve less than 1% factor 
level. Mild hemophilics (with a Factor 8 or 9 level greater 
than 5%) may hâve no spontaneous bleeding, but will 
usually hâve extensive bleeding at the time of trauma or 
surgery, they are, therefore, also at risk for fatal 
hemorrhage. 

The advent of component therapy and fractionation 
which began in the mid 1960s has totally altered the 
treatment of the hemophilias. In hemophilia A, the 
missing coagulation factor 8 is found in fresh frozen 
plasma, cryoprecipitate and spécifie factor 8 concentrâtes. 
Replacement material for factor 9 is présent in fresh 
frozen plasma and in spécifie factor 9 concentrâtes, but 
not in cryoprecipitate. The only replacement for factor 
11 is fresh frozen plasma. 

Elective and emergency surgery in the hemophiliac 
is a challenge to the physician. At présent, we strongly 
feel that the following general requirements should be 
met before surgery is undertaken. 

1. A hematologist and diagnostic coagulation laboratory 
are available. 

2. The surgeon is familiar with the handling of a patient 
with a coagulation disorder. 

3. There is a blood bank capable of providing adéquate 
supplies of appropriate replacement material. 

4. There is an appropriate réhabilitation team for 
postoperative management 

5. No inhibitor is présent. 
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TABLE 2: Clinical effect of various levels of factor 
VIII or IX 



Level of factor 

VIII or IX 
(iu/dl) 

Clinical state 

50-200 

Normal 


25-50 

Very mild 

Normal except after major surgery 


hemophilia 

or major accident 

5-25 

Mild hemophilia 

Excessive bleeding after any 
operation or accident. Very rarely 
or never spontaneous hemorrhage 

1-5 

Moderately severe 

Occasional spontaneous 


hemophilia 

hemorrhage. Excessive 
bleeding after any trauma 

0-1 

Severe hemophilia 

Frequent spontaneous 
hemorrhages. Excessive 


bleeding after any trauma 

Inheritance 

It is X-linked récessive, therefore, men are clinically 
affected and women carry the abnormal gene, usually 
without having a significantly low level of fact VIII. 

Clinical Features 

Clinical features dépend on the level of factor VIII as 
shown in the Table 2. There is also slight individual 
variation in the frequency of spontaneous hemorrhages 
at a given level of factor VIII, e.g. one patient with a level 
of 1 iu/ dl may suffer frequent spontaneous hemorrhages, 
while another with the same level of factor VIII may hâve 
very few bleeds. Joint and muscle hemorrhages are the 
most common problems (Tables 3 and 4). 

The protein defect appears to be a deficiency of the 
part of the molécule responsible for the coagulant activity 
rather than of the whole molécule as in von Willebrand's 
disease. 

Treatmentand Response to Transfusion 

The half-life of factor VIII:C (the time taken for the level 
of factor VIII:C in vivo to fall to half of its posttransfusion 
level) varies between 8 and 12 hours in hemophilia A 
depending on whether the patient is bleeding or has had 
an operation that day, and on the nature of the factor 
VIII transfused. 

Hemophilia B 

(Factor IX Deficiency, Christmas Disease) 

Hemophilia B disorder is clinically indistinguishable from 
hemophilia A (Factor VIII deficiency), and the pattern of 
inheritance is identical (X-linked). The only important 
différences are in the laboratory tests unused for diagnosis 
and in the therapeutic materials given to treat bleeding. 


TABLE 3: Clinical features of hemophilia A 

Hemarthroses, spontaneous or after trauma 
Intramuscular hemorrhages, spontaneous or after trauma 
Excessive bruising after trauma 

Mucosal bleeding (rare than in von Willebrand's disease) 
Hematuria 
Epistaxis 
Bleeding gums 

Gastrointestinal bleeding (usually from a local lésion) 
Récurrent bleeding from skin and mucosal wounds after 
initial hemostasis has been normal 


TABLE 4: Laboratory features of hemophilia A 

Prolonged partial thromboplastin time 
Low or absent factor VIII: C 
Normal factor VIII: WF 
Normal factor VIII: Ag 
Normal skin bleeding time 
Normal platelet function 
Normal prothrombin time 

The disorder has an incidence of about one-fifth of that 
of hemophilia A. 

Inheritance 

X-linked récessive. 

Clinical Features 

Clinical features are same as those of hemophilia A. 

Laboratory Features 

These are prolonged partial thromboplastin time and low 
or absent factor IX. Other tests are normal. 

Treatment and Response to Transfusion 

Factor IX is a more stable protein than factor VIII. It has a 
half-life after transfusion of about 18 hours compared 
with a factor VIII half-life of 8 to 12 hours. Fresh frozen 
plasma is used to treat bleeding in factor IX déficient 
patients, but although the level of factor IX in fresh frozen 
plasma (FFP) is about 90 iu/dl, the recovery of factor IX 
in the patient's circulation is poor compared with factor 
VIII, therefore, plasma at a dose of 15 to 20 ml/kg would 
only raise the patient's level of factor IX by about 10 iu/ 
dl. Freeze-dried concentrate is now used for ail 
hemorrhages in hemophilia B. Due to the poor recovery 
of factor IX, slightly higher doses are needed than for a 
similar bleed in hemophilia A treated with factor VIII. 
Minor bleeds—10-20 iu/kg 
Major bleeds—40-50 iu/kg 

Surgery—80 iu/kg foliowed by 50 iu/kg 12 hourly. 
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The above doses are only a general guide. Each 
patient's in vivo recovery should be calculated by assays 
as in hemophilia A and doses of factor IX concentrate 
chosen accordingly. During and after surgery, the factor 
IX level should be kept above 40 iu/ dl. Treatment should 
be continued until the wound is healed, and ail rules for 
surgery and dental extractions are followed as for 
hemophilia A. 

Mild and Moderately Severe Hemophilia A and B 

Although spontaneous hemorrhages are less common in 
the milder forms of hemophilia, trauma or surgery can 
lead to severe bleeding. Therefore, these patients must 
be treated according to the same rules as the severely 
affected patients. A patient with a baseline factor VIII or 
IX of 10 iu/dl will still need 12 hourly treatment after 
surgery to keep his/her factor VIII or IX level above 
40 iu/dl. 

Patients with the milder forms of hemophilia hâve 
fewer hemorrhages and, therefore, less expérience in 
assessing the significance of their symptoms. Some of 
these patients ignore bleeds that should be treated, while 
others worry about themselves far more than most 
severely affected patients do. Therefore, mild hemo- 
philiacs need just as much initial attention, reassurance 
and instruction as to the severely affected patients. 

von WillebrancTs Disease 

Like hemophilia A von Willebrand's disease is an 
inherited deficiency of factor VIII, however, there are 
important différences from hemophilia in the inheritance, 
the clinical features, the nature of the protein defect and 
the management of von Willebrand's disease. 

Inheritance 

This disease is usually autosomal dominant, therefore, 
women are affected as well as men. 

Clinical Features 

von Willebrand's disease is a milder bleeding disorder 
than severe hemophilia. Even the rare patients with factor 
VIII levels of less than 1 iu/dl hâve fewer bleeds than 
severe hemophiliacs. The clinical features can roughly 
be divided up into those caused primarily by the 
coagulation defect (these are similar to hémophilie 
musculoskeletal bleeds) and those due to prolonged 
bleeding time and platelet dysfunction. The latter type 
of bleeding is most troublesome in von Willebrand's 
disease (Tables 5 and 6). 


TABLE 5: Clinical features of von Willebrand’s 
disease 

Spontaneous and excessive bruising after trauma 
Prolonged skin bleeding from cuts 

Prolonged mucosal bleeding, spontaneous or after trauma 
Epistaxis (These are more common in 

Bleeding gums von Willebrand's disease 

Menorrhagia than in hemophilia) 

Gastrointestinal bleeding 
Hematuria 

Joint and muscle bleeds (rare and related to the level of VIII:C 
rather than to the bleeding time and platelet dysfunction) 


TABLE 6: Classical laboratory features of 
von Willebrand’s disease 


Prolong partial thromboplastin time 
Prolonged skin bleeding time 
Low factor VIII:C 
Low factor VIII:WF 
Low factor VIIIR:Ag 

Reduced or absent platelet aggregation with 

Ristocetin (this dépends on the level of VIIIiWF) 

Reduced platelet adhesion by glass beads 

The protein defect appears to be a deficiency of the 
whole factor VIII:WF) and VIIIR:Ag, rather than a 
deficiency of the coagulant part of the molécule alone as 
in hemophilia A. 

There are many variants of these classical laboratory 
features of von Willebrand's disease. 

Treatment and Response to Transfusion 

Transfusion of factor VIII into a patient with von 
Willebrand's disease not only corrects the factor VIII 
deficiency, but also leads to a secondary rise in factor VIII: 
C level reaching a peak 18 to 24 hours after transfusion. 
There appears to be production of new factor VIII:C, 
and this has been observed after transfusion of 
cryoprecipitate, factor VIII concentrate, normal plasma 
and even after hémophilie plasma or sérum. Therapeutic 
doses of factor VIII can, therefore, be given at wider 
intervals than in hemophilia often on alterna te days. 
Cryoprecipitate is the therapeutic material of choice, as 
it produces the best correction of the bleeding time. 
Assays of VIII:C level should be done just as in 
hemophilia, and similar levels of VIII:C should be 
obtained. 

RIFAMPICIN SYNOVIORTHOSIS IN 
HEMOPHILIC SYNOVITIS 

Chronic synovitis persists in severe and moderate 
hemophilia despite improved and increased availability 
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of clotting factors. Rifampicin synoviorthosis is the 
procedure of injecting rifampicin into a joint. The 
procedure is based on the proteolytic, antifibrinolytic 
properties of rifampicin to achieve synovial sclerosis and 
fibrosis. It is an early expérience of Chemical synovior¬ 
thosis with rifampicin in hémophilie synovitis both by 
subjective and objective methods. The protocol included 
an initial 20% coagulation factor correction followed by 
aspiration of articular contents and a 150-300 mg 
rifampicin in 2-5 ml saline solution injection to the joint. 
A 20-minute cold therapy was applied to the joint 
involved and compressive pads were used for the next 
24 hours. Then physiotherapy and réhabilitation program 
followed for 6 days. The procedure was repeated once a 
week for 6 weeks. In addition to the clinical response, 
spécial imaging techniques like ultrasonography, RBC 
labeled bone scan and MRI assessed results objectively. 

Rifampicin synoviorthosis is quite effective in the 
management of hémophilie synovitis. 8 

Factor XI Deficiency 

This rare coagulation disorder is less common than 
hemophilia A or B but more common than the very rare 
bleeding disorders. Factor XI deficiency is usually found 
in people of Jewish race. 

Inheritance 

This disorder is autosomal récessive, therefore, men and 
women may be affected. Most of those with clinical 
evidence of a bleeding disorder are homozygous for factor 
XI deficiency, but some heterozygous "carriers" may hâve 
a mild bleeding tendency. 

Clinical Features 

It is a mild bleeding tendency even at the lowest levels of 
factor XI, e.g. a homozygous may hâve less than 1% factor 
XI but bleed rarely. The severity does not always correlate 
with the level of factor XI. Spontaneous hemorrhages and 
hemarthrosis are rare. Dangerous bleeding may follow 
major trauma, surgery or dental extractions if no 
prophylactic plasma is given. 

Laboratory Features 

The skin bleeding time is normal as in hemophilia. The 
partial thromboplastin time is prolonged due to a low 
factor XI level. Other coagulation factors are normal. 

Treatment 

Fresh frozen plasma contains abut 0.8 m/ml of factor XI 
and this is effective therapy. 


HEMARTHROSES 

Bleeding into the synovial cavity of a joint (hemarthrosis) 
is the most common and disabling complication of severe 
hemophilia. In severe hemophilia, the majority of such 
bleeds are spontaneous—in other words there is no 
history of trauma to the joint immediately before the 
bleed. Hemarthrosis may begin when the patient is 
resting or asleep in bed. 

Factors which affect the incidence of intraarticular 
bleeding in hemophilia A and B are given below: 

1. Severity of the coagulation defect patients with 
antibody to factor VIII suffer récurrent severe 
hemarthroses which are often inadequately treated 
due to the poor recovery of factor VIII infused. These 
patients often hâve more severely damaged joints and 
more frequent bleeds than other hemophiliacs. 

Moderately or mildly affected hemophiliacs 
(factor VIII:C over 1 iu/dl) rarely hâve spontaneous 
hemarthroses, but usually give a history of preceding 
trauma. 

2. Type of joint knees, elbows and ankles are ail hinge 
joints, whereas the less commonly affected shoulders 
and hips are bail and socket joints. The fact that hips 
are rarely affected and the elbows are commonly 
involved implies that weight bearing is not such an 
important factor as might be expected. An explanation 
may be that hinge joints are much more vulnérable to 
twisting and tilting forces. 

3. The extent of damage caused by previous bleeds joints 
affected by severe hemarthroses are usually held 
immobile for a few days and movement, therefore, is 
regained slowly. Disuse muscle wasting occurs which 
may resuit in joint instability and increased liability 
to further bleeding. The knee joint is particularly 
vulnérable if the quadriceps are weak. 

Persisting or récurrent hemarthrosis cause the 
synovium to become thickened and hypervascular, 
and it is more likely to bleed spontaneously or after 
restricted use of the joint. The swollen synovium, 
especially at hinge joints where it is arranged in folds 
is at risk of being nipped between the articular 
surfaces. A vicious circle of bleeding causing synovial 
damage which in turn causes more bleeding is thus 
instituted. The chance of still further bleeds is 
increased by the presence of damaged articular 
cartilage or joint stiffness due to adhesions or capsular 
and muscle contractures. 

4. Age: There is some evidence that the frequency of 
hemarthroses decreases with increasing âge of the 
patient, as he/ she stops growing and leads a more 
careful less active life. Children hâve the most 
frequent hemarthroses, but adolescents hâve more 
severe bleeds. 
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5. Other factors: Many patients hâve good months when 
no bleeds occur and bad months when they hâve 
hemarthroses every few days. Some patients hâve 
more hemarthroses in winter than summer. It is 
known that there is seasonal variation in plasma 
cortisol, and this may be connected with the variation 
in frequency of hemarthroses. Some patients hâve 
fewer bleeds when away on holiday than when they 
are taking examinations or under kind of stress. 
Other s tend to hâve fewer bleeds when under stress. 

Pathophysiology of Hemarthroses 

It is not known precisely why virtually ail severely 
affected hemophiliacs suffer from intraarticular bleeding, 
whereas the incidence of bleeding into other tissues and 
organs (with the exception of muscle) is so much lower. 

Presumably the natural stresses of movement, 
postural control and weight bearing to which muscles 
and joints are subjected are significant, and it is likely 
that the main cause of the initial joint bleed is the 
anatomical vulnerability of the dense subsynovial 
vascular plexus, particularly in hinge joints. 

Most intelligent patients will seek treatment as soon 
as the symptoms of an early bleed appear. They are often 
able to recognize the early bleed before any abnormality 
is clinically détectable. If a hemarthrosis is treated at this 
early stage, residual joint damage will be minimal. A 
definite clinical diagnosis of hemarthrosis cannotbe made 
by a doctor until there is visible and palpable swelling. 
Treatment should be given for symptoms without waiting 
for signs to appear (Table 7). 

A knee hemarthrosis causes swelling of the 
suprapatellar pouch and on either side of the patella, the 
ankle joint swells anteriorly and in front of and below 
the malleoli, the elbow joint swells posterolaterally. 

The pain of a hemarthrosis develops if the bleed is 
not adequately treated at once. Pain is due to distention 
of the sensitive joint capsule. Once the capsule is 
distended and bleeding stops, pain will soon decrease, 
although the swelling may per sis t for se ver al days. The 
severity of the pain is not directly related to the volume 
of blood, but to pressure in the joint. Chronically damaged 
arthritic joints hâve such fibrous thickening of the capsule 


TABLE 7: Clinical features of hemarthroses 



Early bleed 

Moderate bleed 

Severe bleed 

Signs and 

Slight 

Pain 

Severe pain 

symptoms 

stiffness 

Slight swelling 

Obvious swelling 

in the 

Slight ache 

Limited movement 

Immobile joint 

joint 

(worse on 
movement) 

Feeling of warmth 

Feeling of warmth 


and synovium with partial oblitération of the synovial 
cavity by adhesions that only small quantities of blood 
can be contained, yet pain is intense. The position in 
which the patient holds the joint is that in which the 
hemarthrosis is contained under least pressure. Hence, 
knees and elbows are held flexed at approximately 70 to 
90°. 

Physical Examination 

1. Note the position of the joint. Record the angle of 
flexion but do not attempt to move the joint. 

2. Inspect for swelling of the joint and bruising of the 
extraarticular tissues. Measure the circumference of 
the joint at the point of maximum distention and mark 
gently the position of the tape measure on the skin. 
Repeated measurement of the swelling is particularly 
important in patients with antibody to factor VIII, as 
it gives a reliable indication as to whether bleeding is 
continuing or has stopped. 

3. Gently palpate to détermine if the extent of the 
fluctuant swelling conforms to the limits of the 
synovial cavity or whether the swelling is 
extraarticular. Assess the degree of synovial 
thickening by estimating the thickness of the soft 
tissue between the palpating finger tip and the 
underlying bone. 

4. Note the presence and site of tenderness. 

5. Note any increase of warmth compared with the 
opposite joint. 

6. Soon after an acute hemarthrosis, it will be impossible 
to test the range of joint movement, but when the acute 
phase has passed, the passive range canbe determined 
with care. 

7. Radiographs are indicated, if the hemarthrosis 
followed appréciable trauma. After spontaneous 
hemarthroses, there is usually no need to take 
radiographs except to assess the degree of chronic 
hémophilie arthropathy, and these should be taken 
later when the joint is no longer painful or sensitive 
to movement. 

Treatment of Acute Hemarthrosis 

1. Aspiration of the joint, if indicated 

2. Replacement of the appropriate clotting factor should 
be given whenever a patient says he/she has a 
hemarthrosis, even if there are no physical signs. 
Infusion of concentrate will often relieve the pain of 
an acute hemarthrosis within half an hour. The dose 
of concentrate should be calculated according to the 
severity of the bleed, the patient's usual response and 
the weight of the patient. 
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3. Restriction of activity—Many patients who are treated 
effectively for early hemarthroses may return 
immediately to activity, but full unrestricted use of 
the limb, particularly weight bearing should be 
avoided until symptoms hâve subsided. 

In general 

a. After infusion, rest for Vi - 2 hours is advised 

b. After mild hemarthroses, partial weight bearing 
for at least 12 hours. After severe hemarthroses, 
bed rest until the symptoms subside, followed by 
graduai return to weight bearing. An arm or hand 
should be immobilized for 12 to 24 hours. 

c. Splints are used for severe, récurrent hemar¬ 
throses, to protect the joint and to provide stability 

d. Calipers are valuable in the recovery period 
following severe, récurrent hemarthroses with 
muscle wasting. 

4. Analgésies may be needed in the acute phase 

5. Physiotherapy—This should not be started until the 
pain has gone and the swelling is subsiding. Further 
infusions should be given before intensive physio¬ 
therapy. 

joint aspiration: This should not be necessary if treatment 
is given at the very first symptom of a bleed. Some 
patients are slow to corne to hospital for treatment, 
and the joint usually a knee becomes extremely swollen, 
hot and painful. These severe hemarthroses tend to 
occur in joints which hâve bled repeatedly in the past. 
Severe hemarthroses are expected after trauma. There 
may be as much as 200 ml of blood in a badly swollen 
knee joint. 

Why aspirate? 

A joint which is distended by blood is not only extremely 
painful, but it is also slow to recover and is damaged by 
prolonged presence of blood. Aspiration reduces pain and 
the risk of damage. Pain often subsides after only a few 
mililitre of blood hâve been aspirated, as capsular 
distention is reduced. Even when the joint has been 
swollen for several days and the pain is subsiding, it is 
often advisable to aspirate if a considérable volume of 
blood remains. 

Very occasionally the general condition of the patient 
may indicate the possibility of an infected hemarthrosis. 
Aspiration and bacteriological examination of the fluid 
are important. 

Do not aspirate the joints of patients with factor VIII 
antibodies unless you are prepared to give enough factor 
VIII to keep the patient's level high for several days. 

Do not aspirate painful joints if there is no visible or 
palpable swelling. 


Muscle Hemorrhages 

Although occurring less frequently than hemarthroses, 
these bleeds constitute the second most common 
complication of hemophilia. 

Because muscles lie in inelastic fascial compartments, 
continuing intramuscular bleeding causes a progressive 
rise in pressure, and the patient develops a tense tender 
swelling with pain and loss of movement. In certain sites, 
such as the flexor compartment of the forearm, nerve and 
blood vessels may be compressed. Skin numbness and 
muscle weakness in the distribution of the nerve become 
apparent, and limb function may be even more severely 
affected if vessel compression leads to extensive muscle 
ischemia and fibrous contracture. 

Muscle bleeds often require hospital admission for 
regular replacement therapy, assays and clinical 
observation. It is important to record regularly the 
peripheral puises and cutaneous circulation, and to 
perform repeated neurological examinations and 
measurements of the limb circumference. 

Treatment 

1. Prompt replacement therapy to raise factor VIII (or 
IX) level to 30 to 40 iu/dl (give 20-30 iu/kg). Assays 
(pre, post and dose) should be carried out after severe 
bleeds, and a therapeutic level maintained until 
bleeding has stopped and absorption is well 
advanced. 

2. Immédiate rest of the affected limb and immobili- 
zation in a splint are essential for effective control of 
the hemorrhage. The development of contractures can 
be prevented by serial splinting, but forceful 
stretching of muscles in spasm must be avoided 

3. Initially active movement of the affected muscle group 
is painful and must be avoided, but once the bleeding 
has ceased and the hematoma has decreased in size, 
cautious active movements under supervision are 
permitted. However, it is important not to start any 
muscle strengthening exercises or unrestricted weight 
bearing until the swelling has become much smaller, 
nontender and free from pain. 

4. Réhabilitation after a serious muscle bleed is thus 
rather protracted, as every care must be taken to avoid 
the very real risk of further bleeding into the muscle 
and the development of a cystic hematoma. 

Iliopsoas Hemorrhage 

The iliopsoas muscle group is the major flexor of the hip 
joint and is commonly affected by hemorrhage. Pressure 
within the iliacs sheath almost always compresses the 
fémoral nerve producing paresthesiae and numbness 
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over the front of the thigh and knee, often extending 
down the médial aspect of the shin to the ankle. The 
quadriceps muscle group is weakened or paralyzed, and 
the knee jerk is diminished or absent. 

Clinical Features of lliopsoas Hemorrhage 

In the early stages of the bleed, the patient complains of 
difficulty in walking and especially lifting the foot up, as 
on to a step. Soon iliopsoas spasm causes hip flexion, 
forcing the patient to stoop or to lie with the knee and 
hip flexed to nearly a right angle. 

Hip movement is restricted, but not the degree seen 
in the much less common hip joint hemarthrosis. 
Extension is limited out of proportion to the restriction 
of movement in other directions. Pain is felt anteriorly in 
the groin with radiation into the iliac fossa and upper 
thigh. 

Tenderness is maximal over the inguinal ligament and 
anterior aspect of the hip joint, but can also be elicited in 
the iliac fossa. There is no tenderness over the latéral or 
posterior aspect of the hip joint. Fullness is usually présent 
in the iliac fossa over the iliacus sheath. 

Signs of fémoral nerve compression are usually 
présent. 

Differential Diagnosis of lliopsoas Hemorrhage 

1. Acute retrocecal or pelvis appendicitis may 
occasionally be difficult to distinguish from a right 
iliopsoas bleed, but tenderness and guarding are 
limited to the iliac fossa. Iléus or colicky pain is not 
expected in an iliopsoas bleed. 

2. Rétropéritonéal hemorrhage—Pain tenderness and 
guarding are also confined essentially to above the 
inguinal ligament. Some degree of iléus is usual. 
Bruising may appear in the flank. 

3. Hip joint hemarthrosis—Pain on weight bearing and 
hip movement is felt in the hip and also over the 
trochanters and spreads down the thigh to the knee. 
Tenderness is présent anteriorly laterally and 
posteriorly over the joint capsule and percussion of 
the fémoral condyles or even of the heel causes pain 
in the hip. Pain and muscle spasm limit movement in 
ail directions and in particular rotation and abduction 
in flexion. 

Aids to the Diagnosis of lliopsoas Hemorrhage 

1. Plain radiographs of the abdomen and pelvis These 
views will show whether hemorrhage has enlarged 
the psoas shadow and caused its characteristic outline 
to become indistinct and will also show soft tissue 


swelling around the hip joint, and the presence or 
absence of chronic hémophilie arthropathy. 

Fluid levels in the bowel indicating paralytic iléus 
are seen in best in the erect anteroposterior view or 
the latéral decubitus view. 

2. Intravenous pyelogram—This technique is required 
only occasionally but can show displacement of the 
bladder and ureter by hematoma in patients with 
frequency and pain on passing urine. 

3. Ultrasound scanning—A safe noninvasive method 
which can demarcate even small hematomata. 

Treatment of lliopsoas Hemorrhage 

1. It is very important that the patient be admitted to 
hospital and confined to bed with the flexed leg/hip 
adequately and securely supported on pillows. 

No attempt should be made to overcome the flexor 
spasm by traction or serial splinting. 

2. Replacement therapy is given to raise and maintain 
the factor VIII level above 40 iu/dl 

3. Analgésies will be required 

4. Re-examine regularly to assess the effectiveness of the 
treatment. Réduction of pain, swelling, tenderness 
and muscle spasm and recovery, or no further 
worsening, of the fémoral nerve lésion are useful 
indicators. 

5. As the hip spasm lessens, the number of supporting 
pillows is reduced. When the angle of the hip flexion— 
measure with the patient lying fiat and the lumbar 
spine in contact with the mattress—has reduced to 
approximately 25°, he/ she is allowed up using elbow 
crutches and taking only a little weight on the affected 
leg. 

Walking and exercising in the hydrotherapy pool 
are valuable at this stage. Particular attention is paid 
to restoring power to the quadriceps by static 
exercises, but straight leg raising is avoided. 

6. Until powerful quadriceps action has been recovered, 
the knee joint must be regarded as being unstable and 
in need of bracing by a backslab, cylinder or caliper. 
Failure to protect the knee is unfortunately a familiar 
cause of serious keen hemarthroses. Major surgery in 
hemophilia Laparotomy, prostatectomy, herniorr- 
haphy, arthrodesis, manipulation of a fracture 
excision of pilonidal sinus or any other major 
operations which may hâve to be performed on a 
hemophiliac require a factor VIII level over 40 iu/dl 
until the wound has healed. This can usually be 
achieved by giving a preoperative dose of 60 iu/kg 
foliowed by 8 hourly doses of 30 iu/kg for 2 to 3 days, 
12 hourly doses for another 4 to 6 days and once daily 
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thereafter until the wound is healed. Treatment may 
hâve to be continued for much longer if infection or 
bleeding occur. 

The usual régime is as follows: 

1. Two to three weeks before the operation check 

• Hemoglobin 

• Prothrombin time 

• VIII:C assay 

• VIII antibody assay 

• Urea and electrolytes 

• Liver function tests 

• HBs antigen. 

2. Coagulation factor replacement on the day of the 
operation give factor VIII 60 iu/kg one hour before 
the patient goes to theater. 

If previous assays show that the patient has a poor 
recovery allow for this by giving a slightly higher dose. 

Take blood for assays pre and post. Assay the pooled 
dose. The postdose assay should be about 90 iu/dl in 
which case the next dose will be needed about 8 hours 
later. Check the rate of decay of factor VIII activity by 
repeating the assay 4 to 6 hours after the dose. Give the 
next dose before the factor VIII level fails to less than 40 
iu/dl. The half-life of factor VIII is usually about 8 hours 
for the first 2 to 3 days after surgery, and then lengthens 
to 10 to 12 hours. 

Continue with 12 hourly doses of 30 iu/kg for 6 to 10 
days if this régime is giving levels greater than 40 iu/dl. 
Once the wound is almost healed, treatment can be 
reduced to 20 iu/kg daily until healing is complété. 

If wound hematoma or infection develops, treatment 
must be continued. These complications can usually be 
avoided by careful monitoring and regular treatment 
during the first two weeks after the operation. 

Orthopédie Aspects 

Ail the more seriously affected hemophiliacs suffer from 
musculoskeletal bleeds. 

The management of hemarthroses is described earlier. 

Chronic Hémophilie Arthropathy 

Repeated bleeding into joints results in a thickened 
synovium stained by blood pigments. The deeper layers 
are fibrosed and in places, the joint cavity becomes 
obliterated by adhesions (Tables 8 and 9). 

Joint movements is limited by the adhesions and by 
contracture of the capsule and muscles. 

Serious damage also occurs to the articular cartilage 
which becomes discolored, softens and disintegrates. In 
some areas, it is replaced by fibrous tissue and in others, 
it is eroded to expose the subchondral bone. Diffuse 


TABLE 8: Pathological changes in a hémophilie ankle 
joint 

Bleeding from synovium and subsynovial vessels—hemarthrosis 
Synovium proliférâtes 

• Hyperplasia of type A cells (macrophages) 

• Fe taken up into cells (remains for up to 2 years) 

• Angioneogenesis 

• Hypertrophie synovium more susceptible to further bleeds 

Hemosiderin accumulâtes in synovial cells 

• Cell death 

• Release of destructive enzymes, e.g. collagénase, 
neutral protéinase 

Articular cartilage destroyed 

• Joint space narrowing, irregularity, and cyst formation 

• Anterior and posterior osteophytes form 

• Progressive joint fibrosis—ankylosis 


TABLE 9: Petterson (1980) radiological classification 
of hémophilie arthropathy 


Radiographie change 

Findings 

Score 

Osteoporosis 

Absent 

- 


Présent 

1 

Irregularity of subchondral surfaces 

Absent 

0 


Slight 

1 


Pronounced 

2 

Epiphyseal enlargement 

Absent 

0 


Présent 

1 

Joint space narrowing 

Absent 

0 


< 50% 

1 


> 50% 

2 

Subchondral cyst formation 

Absent 

0 


1 cyst 

1 


> 1 cyst 

2 

Joint margin érosions 

Absent 

0 


Présent 

1 

Incongruence between joint surfaces 

Absent 

0 


Slight 

1 


Pronounced 

2 

Deformity (angulation and/or 

Absent 

0 

displacement of articulating bones) 

Slight 

1 


Pronounced 

2 

Maximum possible score 


13 


osteoporosis of the articular end of the bones is usual and 
in some younger patients, there is overgrowth of the 
epiphysis. 

The joint surfaces become irregular, scierosis is seen 
at points of contact and érosions and osteophytes develop 
at the articular margins. These appearances indicate that 
secondary osteoarthrosis is affecting the joint. 

Subchondral bone cysts often seen early in the process 
enlarge and contribute to bone collapse, deformity and 
loss of normal joint congruity due to advancing 
osteoarthrosis characteristic of established chronic 
hémophilie arthropathy. 
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Prévention of Chronic Hémophilie Arthropathy 

Prompt and effective management of hemarthroses, or 
better still, their prévention by prophylactic therapy is 
the only way to avoid permanent joint damage. 

Physiotherapy and the use of splints and braces for 
joint immobilization, prévention of contractures and 
protection against bleeds is described in the next section. 

Treatment of Contractures in Chronic Hémophilie 
Arthropathy 

Joints which hâve stiffened in flexion interfère seriously 
with normal function. The stiffness may be due to one or 
more of the factors intra-articular adhesions, shortening 
of the joint capsule, ligaments and muscles and bony 
deformity. Methods of graduai stretching are likely to be 
effective providing there is no significant bony deformity, 
and treatment is started without delay. 

Serial casts: Carefully padded plaster-of-Paris casts are 
applied in the position of maximum correction and 
changed every few days. 

Wedged casts: Casts are applied, wedged open after 48 
hours, and perhaps wedged for a second time 2 or 3 days 
later, before being renewed and the wedging repeated. 

Traction: Knee contractures may respond to skin traction 
on a suspended Thomas splint and the correcting force 
supplemented by tension on reversed slings adjacent to 
the joint. 

Tenotomy and capsulotomy: Suitable if the major reason for 
the joint stiffness is long-standing soft tissue contracture 
and not bony deformity. 

An open operation is usually préférable. Once 
released, a severely contracted joint must not be corrected 
too abruptly or the vessels and nerves could be stretched 
and damaged. 

Examples: Hamstring tenotomy and posterior capsulo¬ 
tomy of the knee and élongation of the Achilles tendon 
and posterior capsulotomy of the ankle. 

Joint Surgery in the Treatment of 
Chronic Hémophilie Arthropathy 

Synovectomy: The removal of ail accessible thickened 
hypervascular synovium together with any loose bodies, 
detached pièces of articular cartilage and damaged 
menisci. 

This operation is usually successful in stopping 
serious récurrent hemarthroses in the knee, ankle and 
elbow. Pain and disability are relieved, but détérioration 
of the joint usually continues even if the operation is 
carried out when the changes of chronic hémophilie 
arthropathy are still minor. 


Synovectomy of the elbow joint usually includes 
removal of the deformed head of the radius with 
conséquent improvement of forearm rotation and 
sometimes of elbow flexion as well. 

Osteotomy: This procedure may be considered for patients 
with painful deformities of both knees. The upper end of 
the tibia is divided close to the knee joint, and any angular 
deformity is corrected. Staples and a plaster cast stabilize 
the bone which unités in 6 to 8 weeks. 

Equinovarus deformity of the foot can be corrected 
by removing a wedge of bone from the tarsus, allowing 
the remaining tarsal bones to unité. 

Arthrodesis: In general, joint fusion is an irréversible 
procedure, therefore, very careful considération is given 
to the needs of the patient and the condition of his/her 
other joints before recommending this operation. 

A successfully arthrodesed joint is, however, painless, 
strong and reliable. 

The foliowing joints are suitable for fusion: shoulder, 
wrist, hip, knee, ankle and foot. 

Arthroplasty: Although total replacement arthroplasty of 
the hip and knee has been carried out successfully on a 
small number of hemophiliacs, the risk of serious 
complications developing after the operation must be 
appreciated. 

An accidentai fall could loosen the prosthesis by 
breaking the cement/bone bond and lead to bleeding in 
the cap. Reoperation could then become necessary 
because of pain and érosion of bone adjacent to the 
prosthesis. 

Infection is even more serious as this not only causes 
loosening, bone érosion and pain, but sometimes ill 
health, abscess formation and discharging sinuses. The 
infection is usually blood borne from antoher site in the 
body and regular intravenous therapy increases this risk. 

Occasionally reoperation with replacement of a 
prosthesis loosened by infection is possible, but more 
commonly ail foreign material has to be removed, leaving 
a pseudarthrosis with leg shortening, limited movement 
and often some pain. 

The hip joint is far less frequently the site of chronic 
hémophilie arthropathy compared with the knee, elbow 
and ankle joints. Total replacement prostheses are 
available for these joints, but here the mechanical stresses 
are greater than at the hip, and the risk of loosening is 
higher. These operations hâve been evaluated almost 
entirely in nonhemophilic patients. The soft tissue cover 
is much less than at the hip and wound breakdown and 
infection is more common. A pseudarthrosis of these 
joints after infection is unsatisfactory, and arthrodesis is 
difficult. 
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Fractures and Dislocations 

In ail fractures and dislocations, there is bleeding from 
torn vessels in the periosteum, bone, capsule, synovium 
and surrounding soft tissues, particularly muscle. Thee 
is a serious risk of a build-up of pressure within one or 
more fascial compartments causing nerve, vessel and 
muscle compression which occasionally is so acute that 
urgent fasciotomy is necessary. 

However, if the fracture or dislocation is associated 
with an open wound, the tissues may be effectively 
decompressed. A communicating wound, however small, 
is a direct indication for antibiotic therapy and tetanus 
prophy Iaxis. 

In general the management of fractures and 
dislocations in hemophiliacs is essentially the same as in 
patients without a coagulation defect once an adéquate 
level of the missing factor has been achieved and 
maintained. Healing takes place without any extra delay. 

A level of about 90 iu/dl is needed to cover the 
primary treatment of the injury by closed manipulation 
or open réduction, and thereafter the level should not 
fall below 40 iu/dl until the risk of bleeding has passed. 
This lasts approximately 5/7 days after a closed réduction 
of a stable fracture which can be effectively immobilized 
in a plaster cast, but longer periods of cover are necessary 
if the fracture is unstable and requires further 
manipulation or an open réduction and internai fixation 
has been performed. 

Plaster casts are always applied over wool bandages 
and completely split to allow for swelling. Elévation of 
the injured limb and active exercises help to reduce 
swelling and joint stiffness, but even so careful 
observation is needed to detect evidence of external or 
internai pressure which must be relieved without delay 
by easing the cast or splitting the deep fascia. 

Physiotherapy 

The physiotherapist has an important rôle in the overall 
care of the hemophiliac and preferably should be attached 
to a hemophilia center and so hâve the advantage of 
treating the patients on a regular basis. 

Recovery from a minor muscle or joint bleed is helped 
by the patient voluntarily restricting movement and 
weight bearing for a day or two before returning to his/ 
her usual level of activity. 

More severe bleeds require immobilization of the limb 
and joint during the acute stage foliowed by a program 
of supervised and graded active exercises with a graduai 
return to weight bearing and general activity. 
Replacement therapy is given initially to control the 
bleeding and maintained to prevent any récurrence 
during the recovery period. 


Active Exercises 

The aims are to prevent deformity, recover joint 
movement and restore muscle tone and power and joint 
control. Function is, therefore, improved and the risk of 
frequently repeated bleeding into the same joint is 
reduced. 

Exercises after an Acute Hemarthrosis 

At first no exercises are advisable or even possible. Pain 
and tension within the joint inhibit muscle activity, and 
in any case, prématuré joint movement could prolong or 
restart bleeding. 

But after immobilization, replacement therapy and 
aspiration hâve controlled the bleeding, and the painful 
swelling has largely subsided, gentle active movements 
can be started with the limb temporarily removed from 
the splint and bandages. 

Short exercise periods lasting one minute or two and 
frequently repeated, say half hourly or hourly, are safer 
and more effective then occasional long and exhausting 
sessions. 

It should be remembered that only a relatively small 
volume of blood in a joint will limit movement, especially 
flexion, and forcing the joint beyond this range will cause 
unnecessary pain and will stretch the joint capsule. 

The range of movement and the strength of muscle 
contractions are gradually increased provided there is 
no sign of further bleeding, and the synovial reaction and 
effusion continue to settle. Contractures and joint stiffness 
can be minimized or entirely avoided. 

Stronger active exercises against résistance help to 
restore the power and tone necessary to control weight- 
bearing joints and reduce the risk of future hemarthroses. 

Replacement therapy is given throughout the early 
stages of mobilization, and often a decreasing level of 
cover is helpful during the later phase of réhabilitation. 

Exercises after a Muscle Hemorrhage 

Exercises covered by adéquate replacement therapy are 
started relatively late when absorption of the hematoma 
is well advanced and are continued until movement and 
power are recovered provided there is no sign of further 
bleeding. 

Iliopsoas bleeds complicated by fémoral nerve 
compression warrant spécial mention because of the 
importance of protecting the knee for as long as the 
quadriceps remain weak. Most fémoral nerve palsies 
eventually recover but not always fully. Once signs of 
recovery are detected, the patient is started on a 
prolonged course of static quadriceps exercises, the knee 
being braced until sufficient power has been regained. 
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Hydrotherapy 

The warmth and dotation provided by a hydrotherapy 
pool allows many patients to be started earlier on their 
exercise program, and they can also start walking 
retraining and weight bearing in the pool long before it 
would be safe on dry land. 

Exercise Programs and Chronic Hémophilie Arthropathy 

There does appear to be a place for muscle building 
exercises in the management of chronic hémophilie 
arthropathy, for improved muscle control of weight- 
bearing joints can help in reducing the incidence of 
hemarthroses caused by sudden giving way or 
unguarded movements. Whenever a patient is confined 
to bed on account of a hemarthrosis or muscle 
hemorrhage, there will be a tendency for a generalized 
loss of muscle tone and power to occur. Therefore, any 
opportunity to exercise muscles of the unaffected limbs 
during a period of high level replacement therapy should 
not be lost. 

Splints 

Uses 

1. To immobilize a single joint or an entire limb 

2. To prevent the development of a contracture or to 
correct an existing one 

3. To support a weak joint. 

Types of Splints 

The Robert-Jones bandage: In its modified form, this is a 
soft splint composed of alternate layers of cotton-wool 
and crepe bandages. It is light, bulky, and affords a mild 
degree of compression and can be used on any of the 
peripheral joints. 

Plaster of Paris: It is a very versatile, quickly applied, strong 
but moderately heavy splint capable of only limited 
adjustment in shape. It can be used to give additional 
rigidity to the Robert-Jones bandages. 

Back-slabs and complété casts must be applied with 
care to avoid localized pressure to soft tissues or bony 
prominences. Always apply over a layer of plaster wool. 
Retain back-slabs in place with crepe, not cotton 
bandages, and split full casts and cylinders from end to 
end. 

Thromboplastic materials (e.g. plastazote). These hâve 
advantages of lightness, comfort and durability. 
However, the larger splints hâve to be reinforced to give 
adéquate rigidity and can be bulky. 

A hot air oven or hot water is required to head and 
mould the material which is fairly expensive but can be 
reused. 


Polythene: It is a useful material for strong, light splints 
which are needed for repeated use over a period of time. 
Hinges with stops or locks can be incorporated into split 
cylinders for the elbow. 

Calipers: These are used for bracing the knee or ankle 
when muscles are severely wasted or paralyzed, or if 
these joints required protection by restricting their range 
of movement. 

Footwear: Various minor modifications which can hâve a 
considérable benefit can be carried out on the patient's 
own boots or shoes, e.g. floating the heels in and out to 
improve ankle stability or raising the heel for mild 
equinus or leg length inequality. 

More serious deformities are helped best by custom- 
made footwear which incorporâtes concealed raises and 
supports or accommodâtes the irons and straps of 
calipers. 

Walking Aids: Sticks, crutches and frames ail play a part 
in maintaining the patient's mobility and independence 
by reducing the extent of weight bearing on affected leg 
joints, but an extra strain may be thrown on to the arms. 
Therefore, it is important to use the appropriate type and 
size of aid and to train the patient in its correct use. 

General activity and sport Walking, swimming and 
other noncontact sports should be recommended to 
patients with hemophilia. Any physical activity which 
appears to be associated with an increase in the number 
of bleeds should be modified, but some form of regular 
exercise should be encouraged. Some patients find that 
they hâve fewest bleeds when taking regular exercise. 

Motor-bicycles are discouraged as there is a high risk 
of serious trauma which is not justified in a patient with 
hemophilia. Ordinary bicycles are more acceptable if care 
is taken, heavy traffic is avoided, and the amount of 
exercise is graded to avoid undue stress. 

HEMOGLOBINOPATHIES 

The normal hemoglobin A molécule is a tetramer of two 
alpha and two beta globin chains each carrying in heme 
group which is responsible for the carriage of oxygen. 
Both globin chains are similar, consisting of a sériés of 
helices of amino acids, the beta chain having 146 and the 
alpha 141. The three-dimensional structure of the 
individual globin chains is similar. A small proportion 
of hemoglobin consists of Hb A2 which is composed of 
two alpha and two delta chains. For the last few months 
of gestation of prédominant hemoglobin species is 
hemoglobin F which has two gamma chains in place of 
the beta chains in hemoglobin A. At birth the production 
of gamma chains is switched to beta chains so that 
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hemoglobin F is gradually replaced by hemoglobin A in 
the first few months of life. 

Molecular Basis ofthe Hemoglobinopathies 

In recent years there has been an enormous increase in 
knowledge of the DNA coding responsible for globin 
chain production. Beta chains are coded by a gene on 
chromosome 11 in a cluster of ail the nonalpha genes, 
which interestingly are in the same sequence on the 
chromosome in which they appear in phenotypic 
development. The alpha genes and their fêtai precursors 
are similarly ordered on chromosome 16, but the former 
are duplicated resulting in four alpha genes in the normal 
individual. 

Inherited defects of hemoglobin synthesis may be 
divided into two main groups. 

1. Abnormal hemoglobins: There is usually a single amino 
acid substitution in one of the globin chains resulting 
from a single base change in the gene, e.g. Hbs (sickle 
cell disease). 

2. Thalassemias: An imbalance of synthesis of the globin 
chains causes the clinical manifestations, and there 
are several mechanisms by which this can occur. Gene 
délétion, loss of a section of the gene and errors of 
transcription are the most frequent. 

Sickle cell disease: This is the most common disease caused 
by an abnormal hemoglobin. First described in 1910, it is 
now known to be due to a substitution of valine for 
glutamic acid at the sixth residue of the beta chain. This 
substitution causes the hemoglobin to polymerize when 
deoxygenated forming strands of hemoglobin molécules 
which distort the red cell and make it rigid, so reducing 
its ability to negotiate the microvasculature. 

The term "sickle cell disease" (SCD) applies not only 
to the homozygous sickle cell anémia (HbSS) but to mixed 
syndromes in which sickling occurs clinically due to Hbs 
being in combination with another Hb, the most frequent 
being HbC, HbD, HbE, HbO and beta thalassemia. The 
term "sickle cell trait" applies to the clinically silent 
heterozygous State HbAS. 

The hallmark of the disease is one of chronic hemolysis 
punctuated by crises of varying severity and type 
occurring in an unpredictable fashion but often 
precipitated by intercurrent infections. The types of crisis 
are as follows. 

Infarctive crisis: This occurs most frequently in the 
musculoskeletal System and fortunately does not usually 
resuit in long-term sequelae, although avascular necrosis 
of the hip and occasional permanent damage to other 
joints is well recognized. Infarction of any organ may 
occur, but the spleen is often affected and by the time a 


patient has reached the late teens, the spleen is usually 
reduced to a small fibrous remnant with no significant 
function. Under the âge of 5 years a common presenting 
feature is bilateral dactylitis, which is rarely, if ever, seen 
in the older patients. Cérébral infarcts, thankfully rare, 
also hâve a prédilection for childhood and hâve a 
tendency to recur. This later phenomenon is unexplained, 
but regular transfusion often gives protection from 
further épisodes. 

The reduced immunity in sickle cell disease is 
probably largely due to the early loss of splenic function 
and results in an increased propensity to infections, 
particularly bacterial. Osteomyelitis, frequently due to 
Salmonella, is a well-known complication of the disease. 
Pneumococcal infections are a particular hazard in 
childhood. There is clear evidence that prophylactic oral 
penicillin is of benefit in childhood, but its value in the 
older patient is not proven. There is less evidence of the 
value of pneumococcal vaccine in children. This may in 
part be due to the strain of Pneumococcus in the vaccine 
being inappropriate. The frequently quoted protection 
from malaria is only applicable to the first two years of 
life in sickle cell trait and then only from overwhelming 
falciparum infection. Consequently sickle patients should 
always receiver malarial prophylaxis, as infection may 
precipitate a crisis. Récurrent upper respiratory tract 
infections and pneumonia from a variety of organisms 
are also common. 

Aplastic crisis: As well as infarction patients with sickle 
cell disease are prone to other forms of crisis. Aplastic 
crisis occurs when the marrow is temporarily suppressed, 
commonly as a resuit of intercurrent infection. It has been 
shown in recent years that the most frequent infection 
causing aplastic crisis is human parvovirus. Although the 
marrow suppression is usually only for a few days and 
sélective for the red cell seires, owing to the markedly 
shortened red cell lifespan. The fall in hemoglobin 
concentration is often dramatic and may be life- 
threatening. 

Séquestration crisis: In young patients of a séquestration, 
crisis may also resuit in a sudden life-threatening drop 
in the hemoglobin concentration. The séquestration may 
be in the spleen or less commonly in the liver. In either 
case, there is rapid painful swelling of the affected organ 
over a few hours accompanied by dramatic worsening 
of the anémia, requiring rapid intervention by 
transfusion.' 

Other manifestations: Other complications, although less 
acute, nonetheless cause a significant morbidity in SCD. 
Leg ulcers are particularly common. They rise 
spontaneously and need diligent care, possibly including 
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transfusion, if they are to heal quickly. The few that 
become intractable can cause contractures if the 
underlying tendons become involved, and it is préférable 
to attempt skin grafting if this outcome appears likely. 

Management 

The early intervention in crises not only softens and 
relieves the patient's discomfort but also probably reduces 
the incidence of complications in the long-term. The main 
factors needing early attention are as follows. 

Pain: Earliest possible administration of analgesia not only 
brings relief but also gives the patient confidence. As the 
patient has usually taken mild analgésies before seeking 
help, opiates are frequently required. 

Déhydration: Owing to their illness these patients are often 
dehydrated due to poor fluid intake, hyposthenuria and 
increased insensible loss if there is an associated fever. 
Patients should be advised to increase fluids as a 
protective measure should they begin to develop a crisis 
or an intercurrent infection. 

Hypoxia: As well as advising patients not to expose 
themselves to hypoxie stress, e.g. high altitude, hypoxia 
should be borne in mind as an aggravating factor in any 
patients in crisis, particularly if pneumonia or other lung 
complication is suspected. Adéquate oxygénation is 
essential. 

Infection: Due to the increased susceptibility to infections 
and the effect of fever in including sickling, it is 
impérative to treat infections in SCD promptly and 
vigorously. First, as a prophylactic measure ail children 
should hâve daily oral penicillin to protect against 
pneumococcal infection. Any SCD patient who is feverish 
needs adéquate investigation and prompt treatment of 
any infection. As crisis in SCD also causes fever, the 
problem of differential diagnosis is always présent, but 
if in doubt antibiotics should be given. 

Transfusion: As well as treating anémia in crises, 
transfusion also helps in aborting severe crises. This is 
particularly important in life-threatening situations such 
as acute lung syndrome, where early intervention is often 
life-saving. 

Diagnosis 

The clinical story outlined above coupled with 
confirmation of the hemolytic anémia and a blood film 
showing the characteristic sickle cell usually indicates 
SCD. The initial test used is frequently the solubility test, 
which is simple and reliable if performed properly and 
interpreted by an experienced worker. 


Hemoglobin electrophoresis is performed at acid pH 
usually on cellulose acetate. An abnormal band in the 
position of sickle hemoglobin must be confirmed with a 
positive solubility test as HbD has the same mobility. 

THALASSEMIAS 

The fundamental defect in the thalassemia is a réduction 
in synthesis of one of the globin chains, resulting in an 
imbalance of chain synthesis. Réduction of alpha and beta 
chains synthesis causes alpha and beta thalassemia 
respectively. Whilst there is multitude of causes at the 
gene level of either form, the clinical expression of 
hypochromia and microcytosis is almost universal. 
Depending on the degree of chain imbalance so the 
clinical picture varies from a transfusion-dependent 
anémia to a clinically silent feature which is usually 
detected coincidentally. 

Clinical Pathology 

The hallmark of thalassemia is the microcytosis and 
hypochromia of the red cells in the absence of iron 
deficiency. This reflects the poor hemoglobinization due 
to the imbalance of globin chain synthesis. 

In the mildest forms, the hemoglobin concentration 
is maintained, whilst in the more severe forms it is so 
low that regular transfusion support is required. In the 
most severe forms, the erythropoiesis is ineffective so the 
marrow, in its attempt to overcome the defect, expands 
to give the characteristic radiographie findings, 
particularly the "hair on end" appearance in the skull. 
There is usually extramedullary hemopoiesis leading to 
massive hepatic and splenic enlargement. The marrow, 
if examined, shows hypercellularity, predominantly of 
the erythroid line. The greater the imbalance of globin 
chain synthesis the greater will be these pathologial 
abnormalities. With increasing severity, there is also a 
progressive shortening of red cell survival. 

Beta Thalassemia Major 

Beta thalassemia, also known as Cooley's anémia is the 
most severe form of thalassemia seen in clinical practice. 
After being normal in the first month or two of life, the 
child rapidly becomes transfusion dépendent with an 
enlarging spleen. Owing to the many genetic causes, there 
is a wide spectrum in the clinical severity depending on 
whether there is no beta chain produced (beta 0) or 
reduced production (beta +). Without blood transfusion, 
there is often difficulty in maintaining the hemoglobin 
even as high as 2-3 gm/dl, and the ineffective 
erythropoiesis results in marrow hypertrophy in its 
attempt to overcome the anémia. The resulting bone 
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changes give rise to the classical faciès with the prominent 
frontal, pariétal and maxillary bones with the associated 
typical radiological appearances. With the universal use 
of blood transfusion support, these once characteristic 
signs of the condition are now rarely seen. 

The current practice of maintaining the hemoglobin 
above 10 gm/ dl by regular transfusion has resulted in 
near normal growth and development. The spleen, 
however, continues to enlarge and frequently needs 
removal in childhood due to hypersplenism or 
occasionally because of its physical size. The regular 
transfusion régime leads in accumulation of iron and a 
chélation program has to be commenced with the 
transfusions. Whilst it is clear that chélation results in a 
lower rate of iron accumulation and conséquent 
improved survival, secondary failure of other organs, 
particularly endocrine, is still frequent. 

Fanconi’s Anémia 

Congénital aplastic anémia in association with multiple 
deformities was reported by Fanconi in 1927. This rare 
condition is familial and is most probably inherited as 
an autosomal récessive trait. The skeletal deformities are 
common, with aplasia or hypoplasia of the radius, first 
metacarpal, and thumb being the most consistent 
associated anomalies. Congénital dislocation of the hip, 
syndactyly, and angular deformities or shortening of long 
bones may also occur. Nonskeletal anomalies include 
hyperpigmentation of the skin, microcephaly, mental 
retardation, congénital strabismus, deafness, hypogona- 
dism and malformations of the urinary tract. 

The erythropoietic failure is usually not recognized 
at birth. It manifests itself during the first five years of 
life by the symptoms of easy bleeding and récurrent 
infection. Hématologie studies will disclose the severe 
anémia, granulocytopenia, and thrombocytopenia. Not 
infrequently the orthopédie surgeon is consulted initially 
because of the skeletal deformities. Anomalies of the 
thumb, first metacarpal, or radius should arouse 
suspicion of Fanconi's aplastic anémia. 

Treatment consists of transfusion of whole blood 
antibiotics. Corticosteroids hâve been shown to hâve no 
effect. The prognosis is poor with death occurring from 
uncontrolled infection or from intracérébral or gastro¬ 
intestinal bleeding. On occasion, some affected children 
with hypoplastic anémia do well requiring orthopédie 
treatment of their skeletal deformities. 

Recent Research Shows These Discoveries 

1. FA is one of se ver al deadly inherited anémias. 

2. Both parents must be carriers of a récessive FA gene 

for their child to be born with this disorder. If both 


parents carry the récessive gene, the chances are one 
in four that any of their children will inherit the 
disease. Scientists call this pattern of inheritance 
"autosomal récessive". 

3. FA patients may hâve a variety of noticeable birth 
defects ranging from minor to serious. These defects 
may affect every major System of the body. Other FA 
patients are free of any visible disorder other than 
ultimate bone marrow failure. 

4. FA patients expérience a high incidence of leukemia 
(10-15%). 

5. FA patients hâve a much higher incidence of cancer 
than the general population. 

6. The chromosomes in the cells of FA patients, when 
studied in the laboratory, break and rearrange easily. 
Scientists do not yet understand this basic defect in 
FA but can use it as a diagnostic test for the disease. 

Acute Lymphoblastic Leukemia (ALL) 

ALL is the most common type of leukemia in childhood. 
It occurs in ail races with a peak incidence in children 
between 3 and 5 years of âge. The causes are not known, 
but environmental agents including irradiation, Chemical 
carcinogens, and retrovirus infections hâve been 
implicated. Cytogenetic abnormalities hâve been found 
and may relate to the prognosis. 

Signs and Symptoms 

The symptoms occur as a conséquence of almost complété 
replacement of normal bone marrow éléments by 
leukemic blast cells. The child commonly manifests 
pallor, fatigue, fever, bleeding, bone pain, dyspnea on 
exertion, anorexia, spontaneous bruising and infections. 
Examination may reveal pallor, fever, bruising, petechiae, 
lymph node enlargement, hepatosplenomegaly, kidney 
enlargement, médiastinal mass, testicular enlargement, 
cranial nerve paresis, or meningitis/ 

Evaluation 

ALL can usually be diagnosed from: (i) the presence of 
blast cells in the peripheral blood, (ii) a bone marrow 
aspiration (done at the earliest opportunity to define its 
morphology), (iii) cytochemical staining characteristics 
which are often periodic acid Schiff reagent (PAS) positive 
and négative to Sudan black, peroxidase, nonspecific 
esterase, and chloroacetate esterase, (iv) immuno¬ 
phénotype, and (v) cytogenetic features. 

Other laboratory tests include plasma electrolytes, 
calcium, urea, créatinine, uric acid, sérum glutamate 
pyruvate transminase, sérum glutamate oxaloacetate 
transminase, sérum alkaline phosphatase, sérum 
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bilirubin, prothrombin time (PT), PTT, sérum IgG, IgA, 
and IgM, and urinalysis. An ECG (echocardiogram) 
éjection fraction, or radionuclide scan (multigated- 
MUGA) and microbiological cultures of swabs from nose, 
throat and other sites are added as indicated. 

Prognostic Groups 

Patients fulfilling any of the following criteria belong to 
"increased risk" groups: 

1. Age greater than 2 and less than 10 years 

2. L3 morphology 

3. White blood cell count greater than 50,000 mm 3 

4. Médiastinal masses or other bulky disease 

5. Translocations t(9;22) or t(l;19) 

6. Hypodiploidy 

7. B-cell or T-cell disease. 

Treatment 

Based on the above criteria, treatment is stratified as 
follows. 

1. Low-riskALL 

Ages 2 to 9 years, white blood cell count less than 
10,000 LL mm 3 

Ail girls, boys with platelet count greater than 1,00,000 
LL mm 3 

Recommended treatment for low risk Induction, 
consolidation, intérim maintenance, and delayed 
intensification followed by maintenance therapy for 
2 years. 

2. HighriskALL 

Ages ALL 1-20 years with white blood cell count 
greater than 50,000/mm 3 or at least one physical 
finding and one laboratory finding (Table 10). 

HISTIOCYTOSIS SYNDROMES 

It is more than 33 years since Lichtenstein's concept linked 
éosinophilie granuloma of bone. Letterer-Siwe disease, 
and Hand-Schüller-Christian syndrome under the term 
"histiocytosis X", now more correctly called Langerhans 
cell histiocytosis (LCH). 

Class I—Langerhans Cell Histiocytosis 

LCH embraces disorders previously called histiocytosis 
X. Distinctive pathological features include the presence 
of Langerhans' cells as components of the lésion. Only a 
"presumptive diagnosis" is warranted when findings, on 
study of conventionally stained biopsy material alone, 
are merely "consistent" with those defined in the 
literature. A higher level of diagnostic confidence 
(designated "diagnosis") is justified when these findings 


TABLE 10: Physical and laboratory findings for high- 
risk acute lymphoblastic leukemia (ALL) 


Physical findings 

Laboratory findings 

Massive lymphadenopathy 

T-cell disease 

Massive splenomegaly 

Hemoglobin > 10 g/dl 

Large anterior médiastinal mass 

White blood cell count 
> 50,000/mm 3 


are supplemented by the presence of two or more of the 
following features: positive stain for ATPase, S-100 
protein, or alpha-D-mannodidase, or characteristic 
binding of peanut lectin. "Definitive diagnosis" requires 
the finding of Birbeck granules in lesional cells by électron 
microscopy or démonstration of T-6 antigenic détermi¬ 
nants on the surface of lesional cells in a setting consistent 
with that described in published reports. 

The etiology and pathogenesis of LCH remain 
unclear, however, some evidence suggests that the 
disorder is a manifestation of an immunological 
abberration. There is no evidence that the disease is a 
malignant neoplastic process. Though a few patients hâve 
progressive disease that responds poorly to current 
therapy, others require only minimum treatment. In these 
children, overlying intensive therapy is potentially 
hazardous. No single prognostic indicator is accepted, 
and no previous clinical classification has proved entirely 
satisfactory, but young âge and signs of organ 
dysfunction seem to prédictive of poor prognosis. 

Class II—Histiocytosis of Mononuclear 
Phagocytosis (other than Langerhans’ Cells) 

This group includes disorders which feature 
accumulations of active histiocytes and lymphocytes, but 
crucially, the histiocytes are not Langerhans' cells. The 
two most common are hemophagocytic lympho- 
histiocytosis (familial hemophagocytic reticulosis), which 
is usually familial and léthal, and the infection-associated 
hemophagocytic syndrome, which is not familial but is 
related to various infectious agents. 

Class III—Malignant Histiocytic Disorders 

These disorders are distinctive neoplastic diseases— acute 
monocytic leukemia, malignant histiocytoses, and true 
histiocytic lymphomas. 

Diagnostic Evaluation 

A complété history should include spécial note made of 
the occurrence of pain, irritability, loss of appetite, fever, 
polydipsia, polyuria, diarrhea, and activity level. The 
complété physical examination should include 
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measurement of température, height, weight and head 
circumferences, ail in comparison with prior serial 
measurements, if available. Spécial attention should be 
given to characterization of skin and scalp rashes, 
presence of purpura, bleeding, ear discharge, orbital 
abnormalities, lymphadenopathy, gum and palatal 
lésions, dentition, swelling over bones, dyspnea, 
tachypnea, intercostal retractions, edema, liver and spleen 
size, ascites, and jaundice. In the neurological évaluation, 
cranial nerve abnormalities, papilledema, and cérébral 
dysfunction should be specifically tested for. This 
complété clinical évaluation should be performed at each 
folio w-up visit. 

Laboratory and Radiographie Studies 

The laboratory and radiographie studies to be performed 
in the initial évaluation of a child with LCH are 
summarized in Table 11. 

Treatment 

The incorrect concept that some forms of LCH are a 
malignancy has now been replaced by the correct 
understanding of LCH as a reactive process. This has 
profoundly altered the définition of treatment objective 
and expectations. Nonetheless, management of the 
patient with LCH continues to présent a dilemma for the 
physician, as the disease can be very variable and very 
unpredictable, the natural history of LCH varies from an 
acute fulminant course, to a recurring or recrudescing 
disease, to a process with spontaneous régression. 

The fulminant form of LCH which usually occurs in 
very young children and with soft tissue involvement is 
rapidly progressive and can be fatal. Intervention is 
indicated early in the disease process and may be life- 
saving, although too often it is not. Localized disease 
usually confined to bone may require immédiate 
treatment if progression could lead to damage of vital 
structures (e.g. spinal cord or optic nerve), dysfunction, 
or pain. However, if none of these criteria for treatment 
is fulfilled, both the need and value of therapeutic inter¬ 
vention remain controversial, although a high proportion 
of patients with disseminated disease respond to a given 
chemotherapy, it has not been proved that therapy 
prevents long-term sequelae or shortens the course of the 
disease. 

Not infrequently, patients with LCH hâve a chronic, 
recurring, or recrudescent course. This form of LCH 
should be considered a chronic disease needing long-term 
management to control immédiate and late sequelae, 
rather than an acute disease to be cured. The former 
stance leads to minimal treatment to relieve signs and 


TABLE 11 : Required laboratory and radiographie 
évaluation of new patients with LCH 


Test 

Follow-up test interval when 


organ System is 


Involved Not Single 


involved bone 


lésion 


Hemoglobin and/or hematocrit 

Monthly 

6 mo 

None 

While blood cell count and 

Monthly 

6 mo 

None 

differential platelet count 

Liver function tests 
(SGOT, SGPT, alkaline 
phosphatase, bilirubin, total 
protein, and albumin) 

Monthly 

6 mo 

None 

Coagulation studies 
(PT, PTT, fibrinogen) 

Monthly 

6 mo 

None 

Chest radiograph 
(PA and latéral) 

Monthly 

6 mo 

None 

Skeletal radiograph survey 
at 6 mo 

6 mo 

None 

Once, 

Urine osmolality measurement 
after overnight water deprivation 

6 mo 

6 mo 

None 


Radionuclide bone scan is not as sensitive as the skeletal radiograph 
survey in most patients. It may be performed optionally but should 
not replace the skeletal survey 


symptoms, the latter to aggressive multimodal attacks 
that cannot generally be recommended. The ultimate 
objective in these cases should be the prévention of long- 
term sequelae, while the disease runs its course. 

BIBLIOGRAPHY 

1. Aronstrem A, McLellan DS, Mbatha PS, et al. The use of an 
activated factor IX complex (Autoplex) in the management of 
haemarthroses in haemophiliacs with antibodies to factor VIII 
Clin Lab Haematol 1982;4: 231. 

2. Biggs R, Rizza CR. The control of haemostasis in haemophilic 
patients. The treatment of haemophilia A and B and Willebrand's 
Disease Blackwell-Scientific: Oxford 1978. 

3. Chauhan PM, Kondlepoodi P, Natta CL. Pathology of Sickle cell 
disorders. Pathol Ann 1983;2:253. 

4. Dolwart BB, Scheimacher HR. Arthritis in beta-thalassemia—trait 
clinical pathologie features Ann Rheum Dis 1984;40:185. 

5. Dyszy-Laabe B, Kaminshi W, Crizycka I, et al. Sylovectomy in 
the treatment of haemophilic arthropathy. J Pediatr Surg 
1984;9:123. 

6. Crrese RB (III), Ballard JD (III). Musculskeletal bleeding in 
haemophilia. Pediatr Ann 1982;11:521. 

7. Koren A, Grarty I, Katzune E. Bone infarction in children with 
sicle cell disease—early diagnosis and différentiation from 
osteomyelitis. Eu J Pediatr 1984;142:93. 

8. Shubhranshu S. Mohanty, from Mumbai in WFH 9th 
Musculoskeletal Congress. 







INTRODUCTION 

Myopathy is a broad term used to encompass ail varieties 
of disease of muscles. Myopathies constitute about 10 to 
15% of ail neurological problems. Muscles can be affected 
by a variety of causes, primarily or secondarily, inherited 
and acquired myopathies from the two large groups. 
Over the past few years, genetic understanding of the 
inherited myopathies has advanced very rapidly, 
particularly in cases of Duchenne's 2,5 muscular dystrophy 
and myotonie disorders. Currently, looking at the speed 
of these developments, gene therapy appears to be a 
distinct possibility. Acquired myopathies hâve a better 
outlook particularly if they are inflammatory in origin. 
Salient features of major groups of myopathies are 
discussed in this chapter. 

Clinical Features 

The chief clinical feature of myopathies is weakness of 
muscles. Most muscle disease produce symmetrical 
weakness of the large muscles of the girdles and trunk. 
Hip girdle is the most commonly affected and results in 
difficulty in getting up from squatting position and from 
low chair. Upper girdle weakness prevents the patient 
from performing chores like hanging clothes on a clothes 
line or taking down items from high shelves. A patient 
having trunk weakness has difficulty in turning in bed 
and getting up from recumbent position. Neck muscle 
weakness manifests with inability to control neck while 
in a vehicle as it rapidly accelerates and decelerates. 

This results in neck pain and stiffness. Amongst the 
cranial musculature, ptosis and external ocular 
movement weakness are commonly seen with 
myopathies. The restriction of the ocular movements is 
symmetrical, and hence diplopia is not common, but the 


patient has to use his/her head and neck movements to 
compensate the inadequacy of eye movements. Facial 
weakness présents with inability to close eyes fully and 
difficulty in drinking with a straw. At the onset of the 
weakness, myopathies involve the distal musculature 
only exceptionally, but distal muscles may be affected in 
many myopathies in the later stages of the processes. 

Besides weakness, these patients may hâve 
hypertrophy of muscles. Calves, glutei and deltoids are 
the muscles where the hypertrophy is commonly seen. 
Mild hypertrophy can be seen in a variety of muscular 
dystrophies. The hypertrophy is most pronounced in 
conditions like Duchenne muscular dystrophy and 
Becker muscular dystrophy. To a lesser extent, it is seen 
in sarcoglycanopathies and other forms of limb girdle 
muscular dystrophies. It can also be seen in patients 
having infestations of muscles by patients like cysticercus 
cellulosae and Trichinella spiralis. In these conditions, if the 
patient is asked to stand on tiptoes, the calves can be seen 
to knot up in multiple small swelling, unlike the uniform 
contraction seen in dystrophies. It is important to 
remember that mild muscular hypertrophy can be seen 
in conditions of neurogenic origin like the spinal muscular 
atrophies. 

Fasciculations and other abnormal movements of the 
lower motor neurone unit are very uncommon in 
myopathies, and the examination of the sensory System 
is essentially normal. The deep tendon reflexes remain 
normal for a long time in these illnesses and tend to get 
diminished, as the patient looses strength significantly 
and is immobilized. 

An important clinical point needs emphasis at this 
stage. Inherited myopathies like dystrophies tend to hâve 
a pattern of muscular weakness. For example, the 
syndrome of facioscapulohumeral dystrophy will affect 
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the muscles of face, scapulae and the shoulder girdle in 
the most characteristic fashion which enables the clinical 
diagnosis. Limb girdle muscular dystrophies tend to 
affect the adductors and the hamstring group of muscles 
of the hip girdle. In contrast to this selectively seen in 
inherited myopathies, the metabolic and inflammatory 
myopathies hâve a more uniform or nonselective 
distribution of weakness. Hence, the démonstration of 
selectivity is important as it leads the clinician to the 
group of inherited conditions. 

Metabolic myopathies like the glycogen and lipid 
storage disease présent with exercise intolérance, as there 
is a defect in the energy production of the muscles. Such 
patients may be entirely normal at rest, and they should 
be examined after exercise sufficient to produce 
syndrome. It is also important to realize that the hallmark 
symptom of exercise intolérance is not universal and a 
significant proportion of patients with metabolic storage 
diseases actually présent with a gradually progressive 
weakness and exercise intolérance is only a minor part 
of the symptom complex. 

Differential Diagnosis 

Any condition affecting the lower motor neuron can 
présent with weakness as the chief symptom and needs 
to be differentiated from primary muscle disease. 
Table 1 helps as a quick guide in this differential 
diagnosis. The initial step is to differentiate between pure 
motor disorders from sensorimotor disorders. 
Sensorimotor disorders arise from either the nerves or 
the roots. Neuropathies are essentially distal and often 
symmetrical. Radiculopathies produce pain and 
asymmetrical loss of sensorimotor function over limited 
areas of one or two roots as is classically seen in the disk 
disease. 

Pure motor disease arises from muscles, as described 
earlier, they are proximal and symmetrical. Anterior horn 
cell disorders are almost always asymmetrical and hâve 
fasciculations as seen in motor neurone disease and spinal 
muscular atrophies and additionally, they may hâve 
upper motor neuron signs. The last group of conditions 
that need to be considered in the differential diagnosis is 
the myoneural junction diseases like myasthenia gravis. 

These conditions affected certain groups of muscles 
namely the external ocular muscles and swallowing. The 


TABLE 1 : Differential diagnosis of lower motor 
neuron weakness 


Sensorimotor 

Pure motor 

Symmetric 

Asymmetric 

Distal+proximal 

Proximal 

polyneuropathy 

rediculopathy 

ant. horn cell 

myopathy 


symptoms fluctuate and at a given time when the patient 
has rested, there may not be any clinical signs. hence it is 
important to see the patient when he or she is at her worst. 
Besides fatigability and weakness, in these diseases, there 
is no other lower motor neuron sign. 

Classification 

Myopathies can be basically classified in two main 
categories, inherited myopathies and acquired 
myopathies. These two large categories hâve been 
subdivided (Table 2). 


TABLE 2: Classification of myopathies 



Inherited 


Acquired 

1 . 

Muscular dystrophies 

1 . 

Infective disease 

2. 

Myotonias 

2. 

Inflammatory myopathies 

3. 

Periodic paralyses 

3. 

Toxic and drop related 

4. 

5. 

Congénital myopathies 
Mitochondrial disorders 

4. 

Endocrine and metabolic 


Muscular Dystrophies 

Dystrophy is an inherited, progressive, primary disease 
of the muscle with evidence of de-and régénération of 
the muscle fibers. Most dystrophies are inexorably 
progressive, but the rate of progression is variable. 
Dystrophies hâve been classified according to their mode 
of inheritance into X-linked, autosomal and 
mitochondrial inheritance. 

Duchenne's muscular dystrophy (DMD) is the most 
common dystrophy with an incidence of 1:3500 live male 
births and is seen ail over the world (Fig. 1). This condition 
is transmitted as X-linked récessive and hence, females 
are carriers and males are sufferers. It affects boys at the 



Fig. 1 : Hypertrophy of the calf muscles in Duchenne's 
muscular dystrophy (For color version see Plate 51) 
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âge of 3 to 4 years. The initial symptoms are of repeated 
falls and weakness while climbing stairs and getting up 
from ground. The patients get progressive weakness of 
the girdle muscles. In the early stages, calf hypertrophy 
is striking. Patients also hâve cardiac abnormalities. 
Weakness is rapidly progressive, the child becomes 
wheelchair bound by the âge of 8 to 10 years, and the 
lifespan rarely exceeds 20 years. A large proportion of 
patientd hâve mental subnormality. Genetics of DMD has 
advanced very rapidly and now we know that the genetic 
abnormality is présent on the short arm of the X 
chromosome at site Xp 21, hence, the disease is also called 
Xp 21 myopathy. The gene product is a protein called 
dystrophin which is a part of subsarcolemmal 
cytostructural proteins. The deficiency of dystrophin 
leads to weakness of the sarcolemma, the muscles 
membrane gives way on traction leading to the cell 
degeneration. Régénération possibly is a corrective 
phenomenon. 

In patients with DMD, the sérum creatine kinase (CK) 
is very high, usually in thousands, and the EMG shows 
myopathies findings. The muscle biopsy shows features 
of degeneration and régénération with increase in the 
connective tissue. Presently, it is possible to perform 
dystrophin immunocytochemistry on the fresh frozen 
muscle to achieve an accurate diagnosis. It is possible to 
study the gene which has an application in the genetic 
counseling. Mother and sisters of the patient should be 
studied for the presence of genetic abnormalities and if 
positive, they hâve a risk of bearing affected children. It 
is possible to study the DNA from chorionic villous 
biopsy from an "at risk" pregnancy and carry out abortion 
only if the DNA shows gene defect. 

Presently, in addition to physiotherapy, some 
physicians use corticosteroids in the doses of 0.75 to 3.0 
mg per kg wt. This therapy reduces the CK values. 
Inflammatory response as seen on muscle biopsy also 
reduces. However, substantial lasting clinical 
improvement is rare and hence the therapy cannot be 
justified universally. in the author's personal view, a dose 
of 0.75 mg per kg per day on a ten day on and 10 day off 
period is perhaps the best in avoiding the changes in the 
hypothalamopituitary axis. Contracting a disease like 
tuberculosis is also a genuine concern in our country. 
Attempts at gene therapy and myoblast transfer are also 
on and in recent future, may hâve practical applications. 
Stem cell therapy is also gaining ground and may become 
a reality in the coming times. 

Becker muscular dystrophy is similar to Duchenne's 
dystrophy. The genetic defect lies at the same site of Xp 
21, but is such that some amount of dystrophin can be 
synthesized and utilized by muscles. Hence, the clinical 
disorder is mild and affected individuals can live up to 


40 years. The aspects of genetics are identical to the DMD. 
The mutations in Becker muscular dystrophy tend to be 
in the central hot spot of the gene and tend to be Tn frame' 
in nature so that some dystrophin can be functionally 
relevant. 

Other muscular dystrophies like the facioscapulo- 
humeral dystrophy FSHD and limb girdle dystrophy 
LGMD are less common. Their genetic aspects are also 
evolving and will hopefully resuit in therapeutic 
capabilities. FSHD is autosomal dominant condition with 
a graduai but step ladder évolution and a characteristic 
pattern of weakness. LGMDs are heterogeneous and are 
autosomal in nature. Five types of dominant and nine 
types of récessive genetic abnormalities hâve been 
described by now and the list is increasing. A large body 
of literature has accumulated to date as to the protein 
products and the physiopathology of these dystrophies. 
This knowledge is vital for the future évolution of the 
therapeutic strategies. 

Myotonie Disorders 

Patients suffering from myotonia hâve abnormalities of 
the sarcolemma. On receiving a nerve signal, the muscle 
membrane undergoes a sériés of depolarizations and the 
resuit is failure of relaxation. This is clinically seen as the 
inability to relax hand grip. Myotonie dystrophy is the 
most common myotonie disorder a multisystem disease 
due to genetic defect, on chromosome 19. The gene 
product is a protein kinase which is présent in ail the 
cells, hence, the manifestations are seen in many Systems. 
Patients hâve prématuré baldness, grip myotonia and 
muscular weakness, early cataracts and testicular 
atrophy. This condition is inherited as autosomal 
dominant and tends to express more severely in 
successive générations. The myotonia can be reduced by 
using membrane stabilizers like phenytoin sodium or 
carbamazepine. Cataracts need surgery. Other 
manifestations are difficult to treat. Myotonia congenita 
is another form of myotonia which présents in the second 
or third decade of life with hypertrophy of ail muscles 
(Herculean appearance) and grip myotonia. These 
patients are usually not significantly weak. The response 
to membrane stabilizers is better in these patients. 

Periodic Paralyses 

Periodic paralyses are a group of disorders wherein the 
patients get repeated épisodes of weakness of the limb 
muscles. These épisodes last for few hours to few days 
and are often precipitated by exercise, heavy meals or 
fasting. The basic abnormality is in the handling of 
potassium by the muscle cells. In an attack, the potassium 
can be normal, low or high and the values do not 
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necessarily correlate with the degree of weakness. It is 
important to avoid the precipitating factor and to prevent 
the attack. During the attack, the sérum potassium levels 
should be checked. It is also useful to do an 
electrocardiogram. Very rapid intravenous correction of 
potassium is not necessary and may be counter- 
productive. Oral suppléments may be needed for long 
time. 

Congénital Myopathies 

As a group, the congénital myopathies hâve some clinical 
features in common. They présent at birth, often as floppy 
child and unlike most other myopathies, the weakness 
either remains static or actually improves as the âge 
advances. Progressive détérioration is exceptional in the 
congénital myopathies. Affected patients are usually very 
thin, 'skin and bones' but are surprisingly strong for the 
lack of muscle bulk. The main abnormalities are seen only 
on muscle biopsies and are a resuit of faulty maturation 
of the muscle cells. Depending upon the muscle biopsy 
findings, they are sub classified. Nemaline myopathy, rod 
body myopathy, zébra body myopathy, trilaminar 
myopathy and central core disease are some of the 
congénital myopathies. As the natural history is of 
improvement, the outlook is better than other myopathies 
and active physiotherapy is advisable. 

Storage Disorders 

If the glucose or the lipid metabolism of the muscle is 
defective due to an enzymatic deficiency, the patients get 
exercise intolérance. They may be totally asymptomatic 
at rest but when asked to exercise, they develop muscles 
pain and weakness. Rest improves them. In the cases of 
lipid metabolism defects, clinically patients sometimes 
hâve a "second wind phenomenon", wherein after the 
initial weakness, they can go on exercising again for a 
certain time before finally getting disabled. A detailed 
study of the muscle biopsy, in particular, staining for 
glycogen and lipids can show abnormal accumulation of 
these métabolites, and électron microscopy can further 
clarify the deposits. Advanced enzymatic studies are 
necessary to get down to the exact enzymatic defect. 
Currently, no therapeutic options are available for most 
of these conditions, but the future holds promise of 
enzyme replacement and gene therapy. Avoiding 
excessive physical exertion is very important. 

Mitochondrial Disorders 

This comparatively newly recognized group of disorders 
is getting to be seen regularly in muscle clinics. The 
mitochondrial energy production is affected due to 
enzyme defects in the mitochondrial respiratory chain. 


As the mitochondria are derived only from the ovum, 
these disorders are maternally transmitted. They présent 
with a variety of peripheral and central manifestation. 
Chronic external ophthalmoplegia, limb weakness, stroke 
like épisodes and myoclonie epilepsy are commonly seen. 
The combination of central and peripheral déficits should 
alert the physician about the diagnosis. The diagnosis can 
be further substantiated by démonstration of ragged red 
fibers on Gomori trichrome stain and the démonstration 
of abnormal mitochondria on the électron microscopy. 
Exact détection of the enzyme defect needs a 
sophisticated laboratory set-up. A proportion of these 
patients are benefited by supplementing cofactors like 
riboflavin, thiamine, biotin and coenzyme Q. 

Acquired Myopathies 

Irifective Myopathies 

The muscle may be attacked by infectious agents. Viruses 
like influenza, coxsackie and many other viruses can 
produce acute myositis. At times it can be severe and lead 
to myoglobulinuria and rénal failure. Staphylococci are 
capable of producing multiple abscesses in the muscle. 
These patients need urgent antibiotics. Large pockets of 
pus may need to be drained. Parasities like Cysticercus 
cellulosae and Trichinella spiralis can infest the muscles in 
large numbers and may lead to diffuse hypertrophy. On 
asking the patient to contract these large muscles, small 
lumps can be seen and the biopsy of lump can give the 
definitive diagnosis. Albendazole in the dose of 15 to 25 
mg per kg body weight is given for a period of 1 to 3 
weeks for cysticercosis and as well as trichinosis. 

Inflammatory Myopathies 

Inflammatory myopathies resuit from idiopathic 
immune-mediated inflammation of the muscles. The 
antigenic challenge is yet unrecognized but could be viral 
in origin. These patients présent with acute or subacute 
weakness of the proximal muscles. Myalgia and 
tenderness of muscles is common. Dysphagia is also seen 
frequently and has been stressed by some reviewers. The 
sérum CK levels are very high, usually in thousands and 
the EMG examination shows a myopathie pattern with 
the additional finding of spontaneous fibrillations. 
Muscle biopsy done early in the disease course shows 
evidence of random necrosis of muscle fibers with 
evidence of muscle régénération. The blood vessels may 
be inflamed and interstitial inflammatory cellular 
response is seen. At times, polymyositis may be 
presenting nonmetastatic manifestation of internai 
malignancy and hence, a search for malignancy is 
indicated particularly if the patient is elderly. 
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Polymyositis may be associated with skin 
involvement, the dermatomyositis, where in the skin over 
the eyelids, knuckles and chest is particularly vulnérable. 
When dermatomyositis affects children, there may be 
very early development of contractures. Biopsies of such 
patients show the brunt of the inflammation in blood 
vessels and there is perifascicular atrophy. In some 
children, as the muscle weakness improves, a calcinosis 
developes on pressure areas and can be very painful and 
difficult to treat. 

Both polymyosities and dermatomyositis respond to 
corticosteroid therapy. Steroids are given in the doses of 
1 to 2 mg per kg body weight till there is réduction in the 
sérum CK and clinical improvement begins. Later other 
immunosuppressants like azathioprine or methotrexate 
can be added and the doses of steroids reduced. The 
overall outlook of these patients is satisfactory, but long- 
term immunosuppression may be needed, and steroid 
dependency may be seen. Rarely malignancy surfaces 
later and changes the prognosis. 

It is particularly important to recognize and to treat 
this group of réversible myopathies. In the preceding few 
years, a new subgroup of conditions called the inclusion 
body myositis is being increasingly recognized. These 
patients are older and develop an insidious weakness 
stretching over years and affecting the proximal as well 
as distal musculature in an asymmetric manner. Their 
biopsies show éosinophilie inclusions, hence the name. 
They do not respond well to immunomodulation and the 
prognosis is unfavorable. 

Endocrine and Metabolic Myopathies 

Thyroid and parathyroid disorders are the common 
endocrine entities resulting in myopathy. Usually, the 
myopathies are a small part of the whole endocrine 
abnormality and hence easy to diagnose, but at times it 
canbe the presenting feature. Other endocrinopathies can 
also potentially cause muscle weakness. Osteomalacia, 
osteoporosis, rénal insufficiency and many metabolic 
conditions can lead to mild myopathy. The osteomalasic 
myopathy results in painful waddle and reflexes may 
become brisk. This condition is common in multiparous 
women wearing burkha and other settings of vitamin D 
deficiency. 

Drug-induced and Toxic Myopathies 

A wide variety of drugs are capable of damaging muscles. 
Corticosteroids and antiepileptic agents are probably the 


most common ones. Steroids produce myopathy by down 
regulating the anabolism of the muscle. Toxins also 
produce muscular weakness as a part of the various 
System manifestations. The weakness is réversible to a 
large extent after the offending agent is withdrawn, but 
the time lag can be of many months. 

CONCLUDING REMARKS 

Muscular weakness can resuit from wide variety of 
hereditary and acquired conditions. The inherited 
myopathies tend to hâve sélective involvement and slow 
évolution, while the acquired ones produce more 
generalized weakness and can be rapid. Good history 
taking, including the family history and the drug intake, 
coupled with careful examination and investigations like 
sérum CK, EMG and muscle biopsy help the orthopedist 
to achieve accurate diagnosis. Inflammatory myopathies 
are most rewarding to treatment and many other 
acquired ones also respond well. The therapeutic options 
for the inherited myopathies are invited at the moment, 
but the genetic advances are opening up the possibilities 
of gene therapy in near future. 
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INTRODUCTION 

Arthrogryposis represents a group of about 150 
syndromes, ail of which hâve in common obvious joint 
contractures that are présent at birth. Goldberg has 
classified them into three types. 14 

Arthrogryposis involving ail four extremities-this 
includes arthrogryposis multiplex congenita, Larsen 
syndrome, and Pena-Shokier, with more or less total body 
involvement. 

Arthrogryposis predominantly or exclusively 
involving the hands and feet these are the distal 
arthrogryposis. Because facial involvement is common 
in this group, Freemen Sheldon whistling face is included. 

Pterygia syndromes in which identifiable skin webs 
cross the flexion aspects of the knees, elbows and other 
joints. Multiple pterygias and popliteal pterygia fit in this 
group. It is perhaps easiest to address the other 
syndromes if arthrogryposis multiplex congénital 
(amyoplasia) is first defined. 

ARTHROGRYPOSIS MULTIPLEX CONGENITA 

Arthrogryposis multiplex congenita is a nonprogressive 
clinical disorder of congénital origin, présent at birth and 
characterized by marked stiffness and contracture of 
joints affecting the limbs and the trunk with improper 
development of muscles around them. 

Although the condition was first described by Otto 
in 1841 as a "human wonder with curved limbs." Stern 
(quoted by Peter William 35 first coined the term 
arthrogryposis multiplex congenita, the word 
arthrogryposis meaning a curved joint (Greek arthro 
means joint, and grypos means curved). The affected 
limbs lose their contours, are almost cylindrical with some 
joints having flexion contracture and other s fixed in 


extension. Because multiple joints are involved, Swinyard 
and Black 32 used the term multiple congénital 
contractures for this condition. 

According to Sarwark, MacEwen and Scott 28 the term 
should be used for a heterogenous group of disorders 
mimicking the condition and not for a spécifie diagnostic 
entity. On the contrary, WynneDavis, Williams and O' 
Conor 36 prefer to use this condition as a spécifie clinical 
entity etiologically unrelated to the "arthrogryposis-like" 
deformities of neurological disorder like myelomenino- 
gocele and myelodysplasia. The condition will be 
described here as two definite types as mentioned by 
Brown, Robson and Sharrard. 4 

Types of Arthrogryposis 

Myopathie type This type is a rare congénital non- 
progressive muscular dystrophy of strong hereditary 
prédisposition of autosomal récessive type with fixed 
flexion contractures of limbs and gross deformities of 
chest and spine. 1 ' 8 ' 19 ' 22 ' 23 

Neuropathie type This is due to primary neurogenic 
disorder of anterior horn cells with weakness or paralysis 
of the affected muscles, and majority of cases are 
sporadic in incidence with fixed extension or flexion 
contractures of limbs without any obvious hereditary 
components. 15,25,31,34 

Incidence 

Arthrogryposis multiplex congenita and not 
"arthrogrypsis-like" deformities is a rare condition and 
varies in incidence in different countries. The reported 
incidence in Helsinki was 3 per 10000 live births. In Royal 
Children's Hospital, Melbourne, Australia, Peter Williams 
detected and treated 120 cases in 20 years. A combined 
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survey of 132 patients of arthrogryposis multiplex 
congenita in three different countries between 1940 and 
1976 showed an occurrence of 73 from the United 
Kingdom, 34 from Melbourne, Australia, and 25 from 
Delaware, USA. 36 No definite report in incidence is 
obtained form the orient. 

Etiology 

Various causative factors suggested over the years 
establish this condition as a non-genetic disease of early 
pregnancy associated with neurogenic, myogénie and 
some environmental intra-uterine factors. 

1. Neurogenic cause: Joint contractures develop from 
muscle imbalance in early intrauterine life, which is due 
to deficiency in the organization or number of anterior 
horn cells, roots, peripheral nerves or motor end plates. 

2. Myogénie cause: Contractures are produced from 
nonprogressive muscular dystrophy similar to that found 
in progressive muscular dystrophies. 

3. Intrauterine environmental factors: These are hormonal, 
vascular, mechanical, infective and limited movements 
of fétus. These are mostly being incriminated as 
associated and not causative factors. 

Prolonged intrauterine immobilization of joints in 
various stages of development of fétus in conditions like 
oligohydramnios, fêtai malposition and in association 
with amniotic bands of simultaneous multiple 
pregnancies has been found as predisposing factor. 

4. Hyperthermia: In early pregnancy, hyperthermia has 
been suggested as a possible tératogénie cause. 24 

Infection of mother during early pregnancy by the 
Akabane virus causing similar contractures has been 
reported to occur in cattles and horses but not been 
confirmed in human being. 36 

Pathology 

Contracted soft tissues produced deformities with 
varying types of adhesions in different joints. The patella 
is sometimes found to be fixed to the front of the fémur 
in contracture of knee in extension. Similarly in a 
deformed elbow, the olecranon may be found adhèrent 
with the posterior aspect of humérus. 

Definite changes are observed in the muscles, nerves 
and in the joints. 

In the muscles: Some muscles appear normal, whereas 
others are small or absent or replaced by fat and fibrous 
tissue. Sometimes a whole muscle compartment is absent 
like biceps and brachialis in elbow. The more affected 


muscles look pale-pink. The contractures are produced 
from stronger and healthier muscles overpowering their 
antagonists. Microscopically, the fibers are small, stain 
indistinctly, but retain both transverse and longitudinal 
striations. 

In the nerves: There is fibrous infiltration of nerve bundles 
in the peripheral nerves and anterior born cells, which 
are degenerated and decreased in number; shortening is 
observed in the nerves contained within contracted soft 
tissues on the concave side of the deformity. 

In the joints Ligaments, capsules and periarticular 
tissues and the vessels within the contracted tissues are 
short in length. Intraarticular tissues are contracted in an 
untreated case; specially in a severely affected foot the 
joints around the talus are poorly formed with 
intraarticular adhesions. 19 

Clinical Features 

The clinical findings in arthrogryposis multiplex 
congenita hâve been described by different authors under 
various headings, and about 150 such odd syndromes 
may be identified. 3 Hall et al 16 found many reports on 
arthrogryposis in the European literature since the early 
nineteenth century. The author treated 21 babies with 
congénital arthrogryposis in a period of 22 years between 
1975 and 1996. The patients were seen between birth and 
four years of âge (Figs. 1A and B) and found to hâve joint 
contractures involving limbs (Fig. 2) and trunk with poor 
and wasted muscles around the joints. Intelligence was 
unimpaired in ail the patients. 

The myopathie type is présent at birth, hereditary and 
nonprogressive in nature, bilaterally symmetrical 
involvement, mostly affecting ail four limbs and 



Fig IA: Arthrogryposis multiplex congenita in a baby of 
3 months with involvement of both lower limbs-bilateral 
dislocation of hips, equinovarus deformity in left foot and 
calcaneovalgus in right were the features 
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Fig. IB: Arthrogryposis multiplex congenita in a girl of 4 months 
with flexion deformities in knees, clubfeet and abduction external 
rotation in hips 



Fig. 2: Arthrogryposis multiplex congenita in a girl of 4 years 
presenting late with involvement of ail four limbs. Flexion 
contracture in fingers of both hands and knees with bilateral 
talipes equinovarus deformities were the features 

sometimes involving two limbs, lower extremities being 
more affected than the upper limbs. The affected limbs 
show joint contracture in flexion or extension with loss 
of normal contours, knobbly joints, absent skin creases 
and deep skin dimples on or near the affected joints. 
Webbing is seen in the flexor aspect of the joint. 
Association of clubfoot is quite common. Congénital 
dislocation of hip is found on many occasions and 


sometimes dislocation of knee with genu recurvatum is 
an outcome of the condition. Scoliosis or spina bifida 
cystica as an associated finding is detected sometimes. 

Brown, Robson and Sharrard found two types of 
arthrogryposis multiplex congenita neurologica in the 
upper limbs, and six types in lower limbs, each 
corresponding to spécifie cervical or lumbar involvement 
causing deformity from paresis or paralysis of the muscles 
affected; the condition is presenting at birth with the joints 
and skin being same as described above. In their classical 
description of upper limbs involvement they showed 
adduction and médial rotation of shoulder with either 
flexion or extension of the elbow, flexion and ulnar 
déviation of the wrist, and occasional weakness of 
intrinsics in both the types of upper limbs involvement. 

In the six types of lower limb affection they found 
flexion with or without adduction of the hip in three types 
with associated extension of the knee in two types and 
flexion of the knee in the other. Equinus with or without 
varus of the foot was common to ail the types and in one 
type — a particular case with a single lower limb 
involvement the flexion deformity of knee was associated 
with equinovarus of foot. Two patients had weak intrinsic 
muscles of the feet. The skin sensation was normal in 
both upper and lower limbs. Four patients developed 
spinal deformity — scoliosis in three and hyperlordosis 
in lumbar région in one patient. 

Diagnosis 

In order to corne to a definite diagnosis, a suspected case 
of arthrogryposis should be subjected to a neurological 
assessment, radiological investigation when necessary, 
sérum enzyme study, nerve conduction studies, 
electromyography, where possible, and a muscle biopsy, 
as the arthrogrypotic syndromes mimic each other. 

The two varieties of arthrogryposis - the congénital 
myopathie type of récessive inheritance and the 
neuropathie type of sporadic occurrence will hâve to be 
differentiated form other arthrogrypotic syndrome of 
sporadic but common occurrence - amyoplasia, 
manifested with multiple congénital contractures, 
symmetrical in nature and involving ail four limbs which 
will hâve decreased girth of the muscles. Regarding the 
cause of this syndrome, both neuropathie and myopathie 
changes were observed in different muscle sites of the 
same patient in electromyographic studies as reported 
by Hall et al. 16 No anterior horn cell defect was found 
and histological examination of muscles revealed 
nonspecific changes of replacement of muscles tissue with 
fibrofatty scar tissue having normal muscle spindle. 
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Treatment 

The deformities in arthrogryposis are difficult to correct 
as the muscles are replaced by resistible fibrous tissues. 
Even when a deformed limb is corrected by stretching or 
plastering, it is difficult to maintain the functioning 
position as balancing muscles are often found paralyzed 
and inadéquate to hold the correction. But an attempt 
for correction should always be made preferably 
immediately after birth as the tissues stretch better at that 
time. A passive stretching program has been suggested 
followed by serial splinting. The need for corrective 
surgical procedures is less following this method. 24 
Careful splinting and meticulous surgery are often 
rewarding and should be tried even in severe cases. 

The principles of orthopédie treatment as suggested 
by Drummond, silver and Cruess 9 and later on by 
Williams 35 are acceptable to most of the surgeons. The 
authors emphasized the need for establishment of 
muscle-balance with available functioning muscles, 
tenotomy with capsulotomy and in more résistant cases 
capsulectomy on contracted flexor side of the joint hâve 
been suggested, which are to be followed by holding the 
correction with plastering and subsequently by orthosis. 
The surgical procedure as suggested by them should aim 
at maximum correction, as wedging or corrective casts 
hâve very little rôle for further correction. The authors 
further suggested corrective ostéotomies at skeletal 
maturity or transfer the range of motion to a more useful 
arc. For the correction of clubfoot component in three feet, 
Joshi's external stabilization System (JESS) fixator 21 has 
been used by the présent author between three and four 
years of âge of arthrogrypotic patients with good results. 

Lower limb deformities: Arthrogryposis with clubfeet need 
correction by serial plastering. When a functional 
correction is not achieved, posteromedial release may be 
tried usually at about the âge of four to six months. An 
incomplète correction or récurrence of deformity will 
invite further correction by a drastic operation like 
talectomy. The results of talectomy are often good, as 
there is achievement of fusion between the tibia, 
calcanéum and navicular with âge if the functioning 
position is maintained with plaster or brace. The results 
of tendon transfer are not satisfactory as a good 
nonfibrotic, and functioning transférable tendon is 
difficult to obtain. In a skeletally mature foot with a 
residual deformity, correction is usually obtained by 
tarsal or metatarsal ostéotomies or by triple arthrodesis. 
The foot always remains small and will require a specially 
ordered shoe. 

Failure of stretching or plaster correction of flexion 
contracture of knee will need surgery. Often a hamstring 


release is inadéquate, hence, a supracondylar osteotomy 
of fémur with the base of the wedge anteriorly placed 
will be necessary. Fémoral shortening may be required 
to release tension in the porsterior neurovascular 
structures. A hyperextension deformity of knee (genu 
recurvatum) with or without dislocation needs correction 
at a very early âge, by quardicepsplasty and open 
réduction with Kirschner's wire fixation, where 
necessary. Stretched and attenuated anterior cruciate 
ligament is difficult pathology to treat with. A late case a 
genu recurvatum will hâve adaptive changes in the upper 
tibia, and the fémoral condyles are often found square. 
The correction is achieved by osteotomy. 

A unilatéral dislocation of hip resists correction due 
to fibrosis, and is to be treated with open réduction 
because, the late resuit of a failed réduction is troublesome 
shortening of limb length with pelvic obliquity and 
scoliosis. Bilaterally dislocated hip should better be left 
alone if conservative treatment for correction fails. 

Upper limb deformities: The upper limbs may be adequately 
functioning even in the presence of severe deformity. A 
failed overative treatment is often found to produce 
disaster. Hence, operative correction is usually not done 
until the âge of three or four years or best deferred till 
skeletal maturity. 29 If need be, the shoulder deformity of 
adduction, and internai rotation is corrected by upper 
humerai rotational osteotomy. To help the patient feeding 
on his or her own, the elbow flexion needs reinforcement 
by triceps transfer to radial neck or by a Steindler 
proximal transposition of flexors of forearm. 33 Often the 
elbow may need fusion after skeletal matuity. A palmar 
flexion deformity of wrist and hand can be corrected by 
a Riordan-like procedure of centralization of radial 
clubhand and at skeletal maturity by wrist fusion, when 
spontaneous carpal fusion is commonly found. In the 
fingers, a combination of stiff metacarpophalangeal or 
interphalangeal joints with absent or weak long flexors 
and extensors is often found. The results of inter¬ 
phalangeal joints or metacarpal ostéotomies are poor in 
these conditions. However, a hypoplastic thumb clasped 
into the palm can be corrected by release of the web, a 
skin supplémentation and a tendon transfer to the 
dorsum to replace the absent extensors and abductors. 

Scoliosis: Ten to thirty percent patients with arthro¬ 
gryposis présent with scoliosis. 10 As mentioned before, 
the deformity is associated with pelvic obliquity due to 
unilatéral dislocation of hip. Correction with plasters and 
braces should be tried at an early âge. 

The results of treatment in artrogryposis are not at ail 
rewarding. The object of treatment is defeated if a patient 
cannot be made to stand or walk and do his or her usual 



Arthrogryposis Multiplex Congenita 3461 


work. The results of treatment of 75 patients with lower 
extremely arthrogryposis 13 reveals a not too gloomy 
picture, where 50 percent walked independently 
foliowing operations, 25 percent walked with braces, and 
25 percent were bedridden or led wheel-chair life. 

Other Forms of Arthrogryposis 

Larsen syndrome, distal arthrogryposis, Freeman- 
Sheldon syndrome, and the pterygia syndromes hâve 
joint contractures, dislocations, and deformities that are 
similar to classic arthrogryposis multiplex congenita, but 
they also hâve several distinctive features. 

Characteristic features of Larsen syndrome are 
multiple congénital dislocations of large joints, a 
characteristic fiat face, and ligamentous laxity. 20 It is a 
hereditary disorder. Common joints dislocated are knee, 
hips and elbows. The dislocation is usually bilateral. 
Patient may hâve bilateral clubfeet. The dislocation is 
usually due to ligamentous laxity. The primary treatment 
is to reduce the joint with or without operation. If an 
infant is brought early close manipulation of the 
dislocated joint may succeed. Ail other deformities are 
treated with ostéotomies, tendon transfers or soft tissue 
release. Differential diagnosis of multiple congénital 
dislocations are: (i) Larsen syndrome, (ii) Marfan's 
syndrome, (iii) congénital laxity of joints, and (iv) Achler's 
Dunlop syndrome. 

Distal Arthrogryposis 

Children with distal artrogryposis hâve characteristic 
fixed hand contractures and foot deformities, but the 
major large joints of the arms and legs are spared. 6,18,27 
The deformities of the hand are ulnar déviation of finger, 
flexion deformities of the finger joints of the adducted 
thumb, the foot may hâve talipes equinovarus or vertical 
talus. 

Freeman-Sheldon Syndrome 

Freeman-Sheldon syndrome is often combined with 
distal arthrogryposis. It is recognized by its most 
characteristic feature, a "whistling face". Scoliosis is 
common. 

Pterygia Syndromes 

Pterygium cornes from a Greek word meaning little wing. 
A pterygium is a web. There are clinically important 
pterygia syndromes: (i) multiple Pterygium syndrome, 
and (ii) popliteal pterygia syndrome. 17 Popliteal web is 
common. Surgery is rarely needed for the upper 
extremities. Early surgery for the web, especially popliteal 


is recommended. There is high récurrence rate despite 
previous surgery. Fémoral shortening and extension 
osteotomy were considered previously. 

Other Orthopedically Important Syndromes 

Fêtai Alcohol Syndrome 

Infant born of alcoholic mothers, who drink throughout 
pregnancy may hâve malformations. Alcohol is 
considered a teratogen. A cardinal clinical feature is 
disturbed growth. Growth retardation starts in the 
intrauterine period continues in childhood, despite good 
nutrition. The second important feature is disturbed 
central nervous System development. The child may 
présent as case of cérébral palsy, hypotonia or spasticity. 
Orthopédie problems are stiffness of the hand, a clubfoot, 
dysplasia of the hip and fusion of the cervical vertebrae. 

Nail-Patella Syndrome 

Children with nail-patella syndrome hâve a quartet of 
findings that include nail dysplasia, patellar hypoplasia, 
elbow dysplasia, and iliac horns. 2 This is an autosomal 
dominant disorder. The most prominent feature is the 
dystrophie nails. The nail may be completely absent, 
hypoplastic, or show grooves and distortions in its 
surface. 5,26 

Hypoplastic patellae with deformities of the knee, 
dislocation of the radial head. 

The pathognomonic feature is iliae horns. The most 
important nonorthopedic condition is kidney failure. 

Turner Syndrome 

The affected girl has short stature, sexual infantilism, a 
webbed neck, and cubitus valgus, features associated 
with a single X chromosome. The other features présent 
during childhood are low hair line, growth retardation 
and scoliosis. Osteoporsis is a significant problem. 

Noonan Syndrome 

In Noonan syndrome, the patient has similar clinical 
features. However, the chromosomes are normal. This 
syndrome affects boys and girls. The incidence is 1 in 
1000, and it is an autosomal dominant disorder. 30 

Down Syndrome 

Down syndrome is the most common and perhaps the 
most readily recongnizable malformation in humans. 
Complété trisomy 21 accounts for 95% of the cases, with 
2% mosaics and 3% translocations. The overall risk is 1 
per 660 live births, and the incidence is closely related to 



3462 Textbook of Orthopedics and Trauma (Volume 4) 


maternai âge. If the mother is younger than 30 years of 
âge, the risk is 1 in 5000 live briths, and if the mother is 
older than 35 years of âge, the incidence rises to 1 in 250. 12 

The classic features are characteristic faciès, hand 
anomalies, congénital heart disease, and some aspects of 
the mental retardation resuit from the duplication of a 
single band, 21q22.2-22.3. 3 About one-half of the patient 
with Down syndrome hâve scoliosis, with an idiopathic 
pattern in 99%. 7 The pelvis of an infant with Down 
syndrome has a diagnostic roetgenographic appearance 
characterized by fiat acetabula and flared iliac wings. 
There may be deformities in the joints. The patient has a 
short stature. 
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362.1 General Considérations 

AK Purohit 


GENERAL CONCEPTS 
Définition 

Cérébral Palsy (CP) is a disorder of movement and 
posture that appears during infancy or early childhood. 
It is caused by nonprogressive damage to the brain bef ore, 
during, or shortly after birth. CP has been defined as a 
nonprogressive injury to the immature brain leading to 
motor dysfunction. 

Although the lésion is not progressive, the clinical 
manifestation change over time (Mercer Rang). CP is not 
a single disease but a name given to a wide variety of 
static neuromotor impairment syndromes occurring 
secondary to a lésion in the developing brain. 

The damage to the brain is permanent and cannot be 
cured but the conséquences can be minimized. 
Progressive musculoskeletal pathology occurs in most 
affected children. 

The lésion in the brain may occur during the prénatal, 
périnatal, or postnatal periods. Any nonprogressive 
central nervous System (CNS) injury occurring during 
the first 2 years of life is considered to be CP. 

In addition to movement and balance disorders, 
patients might expérience other manifestations of cérébral 
dysfunction. 

CP was first described by the English physician Sir 
Francis William Little in 1861 and was known as Little's 
disease for a long time. Little thought that this condition 
was caused by néonatal asphyxia. Later, Sigmund Freud 


and other scientists challenged Little's idea and proposed 
that a variety of insults during pregnancy could damage 
the developing brain. Today, it is accepted that only 
approximately 10% of cases of CP can be attributed to 
néonatal asphyxia. The majority occur during the prénatal 
period, and in most of the cases, a spécifie cause cannot 
be identified. 

Epidemiology 

CP is the most common cause of childhood disability in 
Western societies. The incidence is 2 to 2.5/1000 live 
births. 

Some affected children do not survive and the 
prevalence varies between 1 to 5/1000 babies in different 
countries. It was previously thought that improvements 
in périnatal and obstetric care would decrease the 
incidence of CP. However, the incidence has not declined 
and the over ail prevalence increased during the 1980s 
and 1990s. This is explained by increased survival of 
prématuré and very-low-birth-weight infants and by a 
rise in the number of multiple births. Even at centers 
where optimal conditions exist for périnatal care and birth 
asphyxia is relatively uncommon, the incidence of CP in 
term babies has remained the same. This has led 
researchers to consider unknown prénatal causative 
factors. 

Etiology 

The etiology can be identified only in 50% of the cases. 
Certain factors in the history of the child increase the risk 
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of CP. The incidence of CP among babies who hâve one 
or more of these risk factors is higher than among the 
normal population. The clinician should therefore be 
alerted to the possibility of the presence of CP in a patient 
with these factors. 

Time of brain injury 

Prénatal period Conception to the onset 

of labor 

Périnatal period 28 weeks intrauterine to: 

7 days postnatal 

Postnatal period First two years of life 


• Bradycardia 

• Hypoxia 

Postnatal (0-2 years) 

• CNS infection (encephalitis, meningitis) 

• Hypoxia 

• Seizures 

• Coagulopathies 

• Néonatal hyperbilirubinemia 

• Head trauma. 

Risk Factors 


Manifestations of Cérébral Palsy 


Neurological 
Muscle weakness 
Abnormal muscle 
tone 

Balance problems 
Loss of sélective 
control 
Pathological 
reflexes 

Loss of sensation 
Musculoskeletal 

Contractures 

Deformities 


Associated problems 

Intellectual impairment 
Epilepsy 

Visual problems 
Hearing loss 

Speech and 

communication 

problems 

Swallowing difficulty 
Feeding difficulty, 
failure to thrive 
Respiratory 
problems 
Incontinence 


Risk Factors 

Prénatal 


Risk factors associated with CP are grouped into prénatal, 
périnatal, and postnatal factors. Prematurity and low 
birth weight are the two most important risk factors in 
developed countries with high standards of obstétrical 
care. Postnatal risk factors additionally play a major rôle 
in other countries. A clear association exists between 
prématuré delivery and spastic diplegia. Low birth 
weight increases the risk. Rubella, herpes simplex, 
toxoplasma, and cytomegaloviruses cross the placenta 
to infect the fétus and hâve severe effects on the 
developing CNS. Eclampsia or other severe maternai 
illness hypothermia, hypoglycemia of the neonate cause 
a réduction in the levels of oxygen and nutrients available 
to the fétus or an increase in the levels of toxins or waste 
products, adversely affecting the developing CNS. 
Multiple pregnancies or breech présentation also can 
increase the risk. Excess of bilirubin resulting from the 
hemolytic disease of the newborn is clearly associated 
with CP. Babies who carry these risk factors should be 
under close supervision by a pédiatrie neurologist for 
signs suggestive of neuromotor developmental delay. 


Prematurity (gestational âge less than 36 weeks) 
Low birth weight (less than 2500 g) 

Maternai epilepsy 
Hyperthyroidism 
Infections (TORCH) 

Bleeding in the third trimester 

Incompetent cervix 

Severe toxemia, eclampsia 

Hyperthyroidism 

Drug abuse 

Trauma 

Multiple pregnancies 
Placental insufficiency 
Périnatal 

Prolonged and difficult labor 
Prématuré rupture of membranes 
Présentation anomalies 

Vaginal bleeding at the time of admission for labor 


Pathological Findings in the CNS 

Spécifie brain lésions related to CP can be identified in 
most of the cases. These lésions occur in régions that are 
particularly sensitive to disturbances in blood supply and 
are grouped under the term hypoxie ischémie encephalo- 
pathy (Fig. 1). 

Five types of hypoxie ischémie encephalopathy exist; 
parasagittal cérébral injury, periventricular leukomalacia, 
focal and multifocal ischémie brain necrosis, status 
marmoratus and sélective neuronal necrosis. 

Clinical Findings 

Children with CP présent with three types of motor 
problems. The primary impairments of muscle tone, 
balance, strength and selectivity are directly related to 
damage in the CNS. Secondary impairments of muscle 
contractures and deformities develop over time in 
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Fig. 1 : Approximately 11% of prématuré babies who survive 
in néonatal intensive care units develop CP 


response to the primary problems and musculoskeletal 
growth. Tertiary impairments are adaptive mechanisms 
and coping responses that the child develops to adapt to 
the primary and secondary problems. One typical 
example is gastrocnemius spasticity as a primary 
impairment leading to secondary ankle plantar flexion 
contracture and knee hyperextension in stance as an 
adaptive mechanism. 

Mechanism of the Movement Problems 

Abnormal muscle tone, disturbance of balance 
mechanisms, muscle weakness and loss of sélective motor 
control lead to an inability to stretch muscles. Muscle 
weakness, spasticity, and contractures also resuit in 
abnormal skeletal forces which cause bone deformity as 
the child grows older. 

Muscles grow through stretch which occurs during 
active movement. When the child wants to play, he moves 
and stretches the muscles. This créâtes the necessary input 
for muscle growth. The child with CP cannot play because 
of pathological tone, weakness, poor sélective control and 
abnormal balance. His muscles are not stretched and do 
not grow. The distal biarticular muscles are more affected 
because sélective motor control is worse distally and the 
biarticular muscles are more abnormal than are the 
monoarticular muscles. 

The child with CP has abnormalities of muscle tone 
and reflexes, shows delay in developmental milestones, 
and présents with posture and movement problems. 
When he tries to move, muscle contractions cannot be 
effectively controlled. This is a resuit of many factors. 

Common Sites for Contracture (Fig. 2) 

Upper extremity Lower extremity 

Pronator Hip adductor-flexor 

Wrist and finger flexor Knee flexor 
Thumb adductor Ankle plantar flexor 



Fig. 2: Various contractures and deformities 

Common Sites for Deformity 
Spine Scoliosis, kyphosis 

Hip Subluxation, dislocation 

Fémur and tibia Internai or external torsion 

Foot Equinus, valgus, varus 

Primary Impairments (due to the brain lésion) 

• Muscle tone (spasticity, dystonia) 

• Balance 

• Strength 

• Selectivity 

• Sensation 

Secondary impairments (due to the primary impairments 
causing the movement disorder) 

• Contractures (equinus, adduction) 

• Deformities (scoliosis) 

Tertiary impairments: Adaptive mechanisms (knee 
hyperextension in stance) 

Causes of the Motor Problem 

The muscles are weak and cannot generate the 
appropriate force necessary for movement. Spasticity 
does not allow the muscle to relax. It causes unnecessary 
contractions during movement. The coordinated 
contraction and relaxation of many muscles is necessary 
for a smooth movement. Certain muscles need to relax 
while others contract. The cérébral centers controlling this 
complex sélective motor control are disturbed in CP. The 
child is unable to relax certain antagonist muscles and 
contract the agonists necessary for a spécifie task. 
Primitive reflexes interfère with the development of gross 
and fine motor control. Advanced postural reactions for 
balance and equilibrium that are a prerequisite for sitting 
and walking are either delayed or nonexistent. 
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When the child cannot sustain balance, movement 
becomes more difficult. Apraxia (inability to plan and 
execute motor function) is présent. Superficial sensation 
is generally normal, cortical sensation, proprioception 
and sensation of movement may be impaired. 

Maturation of the Central Nervous System 

• Primitive reflexes 

• Cutaneous 

• Palmar grasp 

• Plantar grasp 

• Rooting 

• Sucking 

• Gallant 

• Labyrinthine 

• Prone 

• Supine 

• Proprioceptive 

• Symmetric tonie neck reflex 

• Asymmetric tonie neck reflex 

• Moro 

• Foot-hand placement 

• Advanced (postural/protective) reactions 

• Head righting 

• Head and body righting 

• Protective-antigravity 

• Forward-lateral-backward reactions 

• Parachute-protective extension response 

• Landau 

• Equilibrium reactions 

• Voluntary movement 

• Fine motor 

• Gross motor 

• Rolling 

• Sitting 

• Standing 

• Sphincter control 

Evolution of CP During Infancy and 
Early Childhood 

The movement problem associated with CP is not 
apparent in infancy. It is established during the period 
of CNS development. Children who are going to hâve 
CP show neuromotor developmental delay in infancy. 
The typical clinical picture is established toward the âge 
of 1 year in a number of these children. Movements 
become normal as the nervous System matures in some 
others. 

The normal newborn demonstrates primitive reflex 
movements. These are complex, stereotypical patterns 
that occur in response to a variety of sensory stimuli. At 


birth almost ail motor behavior is controlled by these 
primitive reflexes. Within a few months, they are replaced 
by a more mature set of protective and postural reflexes 
called advanced postural reactions that position the body 
segments against each other and gravity. Advanced 
postural reactions provide the basis for trunk balance and 
voluntary control of movements. The child gains motor 
skills as primitive reflexes are suppressed and advanced 
postural reactions are established. 

Primitive reflexes persist and advanced postural 
reactions do not appear in the child with CP. Abnormal 
movement patterns emerge as the child grows. 

The child's ability to achieve head control, sit, crawl, 
stand, and walk is always delayed. Late achievement of 
a milestone such as sitting indicates the presence of a 
motor déficit and the degree of delay correlates with the 
severity of the problem. 

Babies with CP usually hâve a period of hypotonicity 
during the early months of life. Between the âges of 6 to 
18 months, muscle tone gradually increases in those who 
are going to develop spasticity. Fluctuations in tone from 
hypo-to hypertonicity is a characteristic of developing 
dyskinetic CP. Athetosis becomes obvious after 18 to 24 
months. Ataxia may not be apparent until even later. 

Early signs suggestive of CP in the infant are abnormal 
behavior, oromotor problems and poor mobility. The 
infant is irritable, too docile, or difficult to handle. He 
does not suck well, sleeps poorly, vomits frequently and 
has poor eye contact. Déviant oromotor patterns include 
tongue retraction and thrust, tonie bite and grimacing. 
Early motor signs are poor head control with normal or 
increased tone in the limbs, and persistent or asymmetric 
fisting. Motor development is both delayed and 
abnormal. Instead of crawling, the child moves by 
creeping or hopping like a bunny. Hand preference 
during the first two years of life is a sign of hémiplégie 
CP. 

The clinical picture of CP is established in early 
childhood as the movement problem becomes prominent. 
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SIGNS SUGGESTIVE OF CP IN AN INFANT 

• Abnormal behavior 

• Excessive docility or irritability 

• Poor eye contact 

• Poor sleep 

• Oromotor problems 

• Frequent vomiting 

• Poor sucking 

• Tongue retraction 

• Persistent bite 

• Grimacing 

• Poor mobility 

• Poor head control 

• Hand preference before 2 years of âge 

• Abnormal tone 


• Associated problems 

• Seizures 

• Mental retardation 

• Behavior problems 

• Nutrition 

• Constipation 


Anatomical Classification 


Location 

Hemiplegia 

Diplegia 

Quadriplegia 

Triplegia 

Monoplegia 

Double 

Hemiplegia 


Description 
Upper and lower 
extremity on one side of body 
Four extremities, legs 
more affected than the arms 
Four extremities plus the 
trunk, neck and face 
Both lower extremities and 
one upper extremity 
One extremity (rare) 

Four extremities, arms 
More affected than the legs 


Clinical Classification 

Tonus Lésion Site 

• Spastic xortex 

• Dyskinetic basal ganglia—extrapyramidal System 

• Hypotonie/ataxie cerebellum 

• Mixed diffuse 

• Ail hémiplégie children become independent walkers 
by the âge of 3. Sensory déficits and learning disability 
add to the movement problem in hemiplegia. 


Classification (Fig. 3) 

CP encompasses a spectrum of motor disorders of 
varying tone, anatomical distribution and severity. 
Clinicians classify patients to describe the spécifie 
problem, to predict prognosis and to guide treatment. 


Major Déficits in Patients With CP 


• Loss of sélective motor control and dependence on 
primitive reflex patterns for movement 

• Abnormal muscle tone that is strongly influenced by 
body posture, position and movement 

• Imbalance between agonist and antagonist muscles 
that, with time and growth, leads to fixed muscle 
contracture and bony deformity 

• Impaired body balance mechanisms 

• Sensory loss 

• Vision 

• Hearing 

• Superficial and deep sensation 




Partial irwolvement 


/TTY 


Total body involvement 


f 


Hemiplegia Diplegia Quadriplegia Ataxic-spastic Dyskinetic 

Spastic Dyskinetic 


Fig. 3: Classification of cérébral palsy 
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Classification is based on the change in muscle tone, 
anatomical région of involvement and severity of the 
problem. Classification provides a clearer understanding 
of the spécifie patient and directs management. 

Spastic CP 

Spasticity is defined as an increase in the physiological 
résistance of muscle to passive motion. It is part of the 
upper motor neuron syndrome characterized by 
hyperreflexia, clonus, extensor plantar responses and 
primitive reflexes. Spastic CP is the most common form 
of CP. Approximately 70 to 80% of children with CP are 
spastic. Spastic CP is anatomically distributed into three 
types. 

Hemiplegia 

With hemiplegia, one side of the body is involved with 
the upper extremity generally more affected than the 
lower. Seizure disorders, visual field déficits, 
astereognosis, and proprioceptive loss are likely. Twenty 
percent of children with spastic CP hâve hemiplegia. A 
focal traumatic, vascular, or infectious lésion is the cause 
in many cases. A unilatéral brain infarct with posthe- 
morrhagic porencephaly can be seen on magnetic 
résonance imaging (MRI). 

Diplegia 

With diplegia, the lower extremities are severely involved 
and the arms are mildly involved. Intelligence usually is 
normal, and epilepsy is less common. Fifty per cent of 
children with spastic CP hâve diplegia. A history of 
prematurity is usual. Diplegia is becoming more common 
as more low- birth-weight babies survive. MRI reveals 
mild periventricular leukomalacia (PVL). 

Quadriplegia (Total body involvement—tetraplegia) 
With quadriplegia, ail four limbs, the trunk and muscles 
that control the mouth, tongue, and pharynx are involved. 
When one upper extremity is less involved, the term 
triplegia is used. Thirty percent of children with spastic 
CP hâve quadriplegia. More serious involvement of lower 
extremities is common in prématuré babies. Some hâve 
périnatal hypoxie ischémie encephalopathy. MRI reveals 
PVL. 

Dyskinetic CP 

Abnormal movements that occur when the patient 
initiâtes movement are termed dyskinesias. Dysarthria, 
dysphagia, and drooling accompany the movement 
problem. Mental status is generally normal, however 


severe dysarthria makes communication difficult and 
leads the observer to think that the child has intellectual 
impairment. Sensorineural hearing dysfunction also 
impairs communication. Dyskinetic CP accounts for 
approximately 10 to 15% of ail cases of CP. Hyperbiliru- 
binemia or severe anoxia causes basal ganglia dysfunction 
and results in dyskinetic CP. 

Ataxie CP 

Ataxia is loss of balance, coordination, and fine motor 
control. Ataxie children cannot coordinate their 
movements. They are hypotonie during the first 2 years 
of life. Muscle tone becomes normal and ataxia becomes 
apparent toward the âge of 2 to 3 years. Children who 
can walk hâve a wide-based gait and a mild intention 
tremor (dysmetria). Dexterity and fine motor control is 
poor. Ataxia is associated with cerebellar lésions. 

Mixed CP 

Children with a mixed type of CP commonly hâve mild 
spasticity, dystonia, and/ or athetoid movements. Ataxia 
may be a component of the motor dysfunction in patients 
in this group. Ataxia and spasticity often occur together. 
Spastic ataxie diplegia is a common mixed type that often 
is associated with hydrocephalus. 

Exceptions 

Some children with CP cannot be fitted into these CP 
groups because they présent with many different 
impairments. Dystonia may be seen in the spastic child, 
and anatomical classification may not be fully 
explanatory because clinical findings may overlap. An 
example is the hypotonie total-body-involved baby who 
stays hypotonie throughout childhood. Define the 
pathological abnormalities observed in these children 
according to the anatomical, and clinical involvement, 
as described above. 
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ASSOCIATED PROBLEMS IN CP 

• Seizures 

• Visual impairments 

• Intellectual impairment 

• Learning disabilities 

• Hearing problems 

• Communication problems and dysarthria 

• Oromotor dysfunction 

• Gastrointestinal problems and nutrition 

• Teeth problems 

• Respiratory dysfunction 

• Bladder and bowel problems 

• Social and emotional disturbances 

Primary impairments due to the neurological lésion 

• Cortical blindness 

• Deafness 

• Intellectual impairment 

• Epilepsy 

Secondary problems - disabilities 

• Strabismus due to weak eye muscles 

• Malnutrition due to swallowing déficits 

Tertiary problems—handicaps 

• Loss of binocular vision 

• Psychosocial problems 

Associated Problems 

A number of associated problems occur that increase with 
disease severity. Cortical blindness, sensory loss, 
deafness, mental retardation and epilepsy are primary 
impairments because of the neurological lésion. 
Disabilities that are secondary to motor déficits are 
weakness of external eye muscles causing strabismus or 
difficulties in normal swallowing leading to malnutrition. 
Malnutrition is an important cause of retarded brain 
growth and myelination. Lastly, deprivation handicaps 
occur. The child who cannot move is deprived of peer 
interaction and stimulation through play. Psychosocial 
problems develop as a resuit. Check for the presence of 
associated problems and get appropriate referral for 
treatment. Correct these problems as much and as early 
as possible to prevent the development of deprivation 
handicaps. 

Intellectual Impairment 

Cognition refers to spécifie aspects of higher cortical 
function; namely, attention, memory, problem solving 
and language. Cognitive disturbance leads to mental 
retardation and learning disability. The prevalence of 
moderate, severe and profound mental retardation is 30 


to 65% in ail cases of CP. It is most common in spastic 
quadriplegia. Visual and hearing impairments prevent 
the physician from accurately assessing the degree of 
intellectual impairment. Children with intellectual 
impairment need spécial éducation and resources to 
stimulate the senses for optimal mental function. 

Epileptic Seizures 

Seizures affect about 30 to 50% of patients. They are most 
common in the total body involved and hémiplégies, in 
patients with mental retardation and in postnatally 
acquired CP. Seizures most résistant to drug therapy 
occur in hémiplégies. Seizure frequency increases in the 
preschool period. Electroencephalograms are necessary 
for the diagnosis of seizure disorder. 

Vision Problems 

Approximately 40% of ail patients hâve some abnor- 
mality of vision or oculomotor control. If there is damage 
to the visual cortex, the child will be functionally blind 
because he will be unable to interpret impulses from the 
retinas. In severe cases, the optic nerves may also be 
damaged. Loss of coordination of the muscles controlling 
eye movements is very common. The child cannot fix his 
gaze on an object. In half of the cases, binocular vision 
does not develop. Myopia is a concomitant problem. 
Screen for visual déficits because some are preventable 
and they contribute to the movement problem. 

Hearing 

Sensorineural hearing loss is seen in 10% of children. 
Children born prematurely are at high risk for hearing 
loss. It is generally not diagnosed early because of other 
handicaps. Test ail babies for hearing loss because 
appropriate hearing devices prevent many future 
problems resulting from loss of hearing ability. 

Communication Problems and Dysarthria 

Dysarthria refers to speech problems. The child has 
difficulty producing sound and articulating words. 
Dysarthria occurs in 40% of patients. The causes are 
respiratory difficulties due to respiratory muscle 
involvement, phonation difficulties due to laryngeal 
involvement, and articulation difficulty due to oromotor 
dysfunction. Spasticity or athetosis of the muscles of the 
tongue, mouth and larynx cause dysarthria. It is 
important that every child is provided with an alternative 
means of communication as early as possible to avoid 
further disability. 
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Oromotor Dysfunction 

Sucking, swallowing, and chewing mechanisms are 
impaired. Drooling, dysarthria and inability to eat resuit 
in failure to thrive, delayed growth and nutrition, poor 
hygiene and impaired socialization. 

Gastrointestinal Problems and Nutrition 

There is a general deficiency of growth and development. 
Children with dyskinesia and spastic quadriplegia fail 
to thrive. This is related to inadéquate intake of food, 
récurrent vomiting with aspiration secondary to 
gastroesophageal reflux and pseudobulbar palsy. 
Difficulties in swallowing (dysphagia), hyperactive gag 
reflex, spasticity or loss of fine motor control impair 
feeding. Gastroesophageal reflux and impaired 
swallowing cause aspiration pneumonia. Many children 
with CP hâve high basal metabolic rates. Increase in basal 
metabolic rate coupled with feeding difficulties cause 
malnutrition. Malnutrition may be severe enough to affect 
brain growth and myelination in the first 3 years of life. 
There is immune System suppression and increased risk 
of infection. 

Oromotor Dysfunction 

• Drooling 

• Dysarthria 

• Inability to chew 

• Inability to swallow 

Urinary Problems 

• Enuresis 

• Frequency 

• Urgency 

• Urinary tract infections 

• Incontinence 

Causes of Urinary Problems 

• Poor cognition 

• Decreased mobility 

• Decreased communication skills 

• Neurogenic dysfunction 
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HISTORY 

History is a key component in evaluating the child. It 
provides valuable information for diagnosis. In children 
with a definite diagnosis, the timing of achievement of 
developmental milestones and the presence of associated 
impairments help to décidé a functional prognosis. The 
physician gains insight into the parents' expectations and 
disappointments from previous treatment procedures. 
Knowledge of previous botulinum toxin injections, 
physiotherapy, surgical procedures, outcomes, 
complications, and psychological burden are key issues 
when making a treatment plan. History taking provides 
the time and room to build a sense of understanding 
between the family and the physician. The goal is to make 
the child and the family comfortable so that the clinical 
examination will be accurate. 

Key Points in History 

• Health of parents 

• Hereditary factors 

• Siblings 

• Pregnancy 

• Labor and delivery 

• Rh factor 

• Birth weight 

• Condition at birth 

• Néonatal history 

• Age disability recognized and symptoms noted 

• Development and présent status of head balance and 
control 

• Sitting 

• Crawling 

• Walking 

• Feeding 

• Dressing 

• Toilet care 

• Speech 

• Mental status 

• Hearing 

• Vision 

• Handedness 

• Drooling 
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• Convulsions 

• Emotional development 

• Social and recreational activities 

• School placement 

• Parental attitude 

• Braces 

• Médication 

• Previous treatment 

• Reason for referral 

Goals of Physical Examination in a Child With 
Movement Disorder 

• Establish an Accurate Diagnosis 

• Differentiate CP from progressive causes of childhood 
neuromotor disability 

• Classify the Type and Severity of Involvement 

• Define the musculoskeletal impairment (spasticity, 
balance, weakness, contractures and deformities) and 
décidé on ways of treatment. 

• Evaluate associated impairments and get appropriate 
treatment 

• Détermine functional prognosis 

• Set treatment goals 

• Devise a treatment plan 

• Evaluate the outcome of previous treatment 
procedures 

• Assess the changes that occur with treatment as well 
as with growth and development 

A Detailed History Provides Knowledge About 

• Risk Factors 

• Timing of achievement of developmental milestones 

• The presence of associated impairments 

• Progression of child's capabilities 

• Insight into the family's resources. 

Clinical Examination 

Observing the child's movements is the initial and a 
crucial part of the examination. Observe before you touch. 
If the child is young, apprehensive or tearful, let him or 
her stay on mother's lap while you watch and talk to the 
mother. As the child adapts to the environment, slowly 
place him or her on the examination table or on the floor 
and watch him or her move around. If the child cries a 
lot and does not cooperate, continue while he or she is in 
the mother's lap. Tools required for the examination are 
very simple: toys, small wooden blocks, round beads or 
pebbles, triangular, circular and square shaped objects, a 
few coins, objects with different textures and a tape 
measure. Perform a neurological, musculoskeletal and 
functional examination, although not necessarily in that 
order. Every physician develops his or her own style and 
sequence of examination over the years. 


Examination Outline 
Neurological Examination 

• Skull, head circumference 

• Spine 

• Mental status 

• Cranial nerves 

• Vision-hearing-speech 

• Motor System 

• Muscle tone 

• Muscle power 

• Muscle bulk 

• Degree of voluntary control 

• Reflexes 

• Involuntary movements 

• Sensory examination 

• Sphincters 

• Developmental milestones 

• Musculoskeletal examination 

• Range of motion 

• Deformities, contractures 

• Posture 

• Functional examination 

• Sitting 

• Balance 

• Gait 

• Hand function 

Vision and Hearing 

The diagnosis of visual and hearing loss in infants can be 
easy. Call the child when he is not looking. Clap your 
hands or deliberately drop an object to make a noise 
behind the child and watch the response. If the child does 
not seem to hear, look in the child's ears for wax or signs 
of infection. Considering the high incidence of visual and 
oculomotor problems in cases of CP, ail children with a 
definite diagnosis of neurodevelopmental delay and/or 
CP should undergo a detailed ophthalmological and 
audiological examinations during early infancy. The 
examinations should be repeated at yearly intervals until 
school âge. 

Muscle Strength and Sélective Motor Control 

Many children with CP cannot voluntarily contract or 
relax their muscles in isolation and therefore are unable 
to move their joints separately. For example, when the 
child attempts to extend his elbow, he involuntarily 
moves his whole arm. Lack of sélective motor control 
makes it impossible to détermine muscle strength using 
simple manual muscle testing. Observe muscle strength 
by watching the child perform certain tasks, such as 
throwing or hitting a bail. 
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Reflexes 

Evaluate the persistence of primitive reflexes and the 
absence of advanced postural reactions. The presence of 
primitive reflexes beyond 6 months of âge is a sign of 
poor prognosis. 

Muscle Tone and Involuntary Movements 

Spasticity is the résistance felt while moving the joint 
through a passive range of motion. Use the modified 
Ashworth or Tardieu scales to grade spasticity. Also 
record tremor, chorea, athetosis, dystonia and ataxia . 

Normal Developmental Stages of the Child 

Age (months) Milestones 

1 Lifts head 

3 Good head control, follows, laughs, 

smiles 

5 Reaches and grasps objects 

6 Propped sitting 

8 Independent sitting, equilibrium 
reflexes 

9 Gets to sitting position, présents 
parachute reflex 

10 Pulls to stand, cruises 

12-14 Walks, first words 

18 Removes clothes, uses spoon 

24 Uses two word phrases, throws 

overhand 

30 Knows full name, puts on clothing 

36 Jumps, pedals tricycle, learns rhymes 

48 Hops, plays with others. 

Signs of Poor Prognosis 

Présent 
ASTNR 
STNR 
Moro 

Extensor thrust 
Stepping reflex 

Différences Between Spasticity and Dystonia 



Spasticity 

Dystonia 

Examination 

You feel 

You see 

Tendon reflexes 

Increased 

Generally 

normal 

Clonus 

Présent 

Absent 

Pathological reflexes 

Présent 

Rare 


Musculoskeletal Examination 

• Joint range of motion (ROM) 

• Deformities 

• Contractures 


• Balance 

• Posture 

• Sitting 

• Gait 

Spinal deformity Occurs in 

Scoliosis Total body involved spastic 

and dystonies 

Kyphosis (thoracolumbar) Patients with no sitting 

balance 

Kyphosis (lumbar) Patients with hamstring 

contractures 

Hyperlordosis (lumbar) Ambulatory patients with hip 

Flexion contractures 

Musculoskeletal Examination 

The musculoskeletal examination reveals contractures 
and deformities that interfère with mobility. Perform the 
examination in a comfortable room with adéquate space 
and props to attract the child's attention. Control 
spasticity by relaxing the child (Fig. 4). 

Range of Motion 

Examine range of motion in a slow and smooth manner 
because sudden stretch of the muscle will increase 
spasticity, creating the false impression of a fixed joint 
contracture. 



Figs 4A and B: Deformities are not apparent in many young 
children when they lie supine. Bring the child to erect position 
to demonstrate dynamic deformities 


Absent 

Parachute response 
Neck righting reactions 











Cérébral Palsy 3473 


Most young children do not hâve fixed deformities. 
The hip and knee joints can be moved through a full range 
of motion when the patient is prone or supine. However, 
the child will demonstrate hip flexion and adduction, 
knee flexion or extension and ankle equinovarus or valgus 
in the erect position when weightbearing. This is dynamic 
deformity caused by spasticity, impaired motor control 
and weakness of muscles. Severe dynamic deformity 
caused by spasticity is difficult to differentiate from 
contracture. Stretch slowly, reassure the child and 
provide a relaxed and calm atmosphère in which to assess 
muscle tone. 

Back Assessment 

Spinal deformity associated with CP might be postural 
or structural and includes scoliosis, hyperkyphosis, and 
hyperlordosis. Patients lacking sitting balance often 
exhibit a long postural kyphosis. Lumbar hyperlordosis 
occurs in ambulatory patients with hip flexion contrac¬ 
tures, whereas lumbar kyphosis occurs in patients with 
hamstring contractures. Inspect the back for scoliosis and 
kyphosis with the patient standing and in forward 
flexion. Examine the back of the nonambulatory child 
while he or she sits in the wheelchair. Hâve the child 
bend forward as you check for any paramedial élévations 
indicating lumbar spine involvement or rib élévations 
showing thoracic spine involvement. Note sitting balance 
and pelvic obliquity, if présent. Contracture and/or limb 
length discrepancy also contribute to spinal asymmetry. 

Pelvic Obliquity 

Pelvic obliquity is the abnormal inclination of the pelvis 
in the frontal plane. It is commonly associated with 
scoliosis and hip instability in the nonambulatory child. 
Check for sitting balance in the child with scoliosis and 
hip dislocation. 

Limb-length Discrepancy 

Measure actual lower limb lengths from the anterior 
superior iliac spine to the médial malleolus. Measure from 
the trochanter to the knee joint line and from there to the 
médial malleolus if knee flexion contracture is présent 

Hip Assessment 

Measure passive and active hip range of motion. Check 
for flexion and adduction contractures. Evaluate flexion 
contracture with the Thomas test. 

The Thomas test is based on the fact that a hip flexion 
contracture is compensated by an increase in lumbar 
lordosis. 


Test for adduction contracture: Evaluate range of abduction 
with the hips in flexion and in extension 

The Ely test shows rectus femoris tightness. The rectus 
femoris flexes the hip and extends the knee, Crossing both 
joints so that when the hip is in extension, it is difficult to 
flex the knee if the rectus is tight. With the child lying 
prone, stabilize one hip in extension and bring the lower 
leg quickly intoflexion. If the buttock rises off the table, it 
is a sign of spastic or tight. 

Use the Ely test to demonstrate rectus femoris 
spasticity and hidden flexion contracture of the hip. Most 
children are unhappy in the prone position so they will 
hâve increased muscle tone. Be careful not to mistake 
increased tone from actual contracture. 

Test for hip rotation: Test in prone position with the knee 
in flexion. Excessive internai rotation suggests persistent 
fémoral antéversion. 

Knee Assessment 

The patella position: Evaluate the patella position with the 
child supine and sitting. The patella slides up in children 
with severe quadriceps spasticity (Fig. 5). 

Posterior capsule tightness: Extend the leg. If it does not 
extend fully, slowly force the knees and hips into full 



Fig. 5: Evaluation of patella position. Look for a high riding 
patella (patella alta) which is common in cases of rectus femoris 
spasticity 
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Fig. 6: Test for posterior capsule tightness 

1. Extend the child's legs on the examination table 

2. Force the knees and the hips in full extension 

3. The back of the knee should touch the table 

4. Limitation indicates tight posterior capsule 

extension. Limitation indicates posterior capsule tightness 
(Fig. 6). 

Popliteal angle: Measure the popliteal angle to test for 
hamstring contracture (Fig. 7). 

Foot and Ankle Assessment 

Evaluate contractures and deformities of the ankle and 
subtalar joints and toe deformities. 

Test for triceps (gastrocnemius/soleus) contracture: The 
gastrocnemius muscle is shortened and the soleus is 
normal in most children. Use the Silverskiôld test to assess 
triceps surae tightness. 

1. Lie the patient in supine position. 

2. Measure ankle dorsiflexion first with the knee in 
flexion and then in extension. If the ankle dorsiflexion 
is greater when the knee is flexed, the gastrocnemius 
is shortened and the soleus is normal. If dorsiflexion 
is unchanged with the knee in flexion or extension, 
then both gastrocnemius and soleus are contracted. 
Always hold the foot in slight inversion while 
performing this test. 

Test for tibial torsion: Examine tibial torsion with the 
patient in the prone position. Evaluate the thigh-foot 
angle with the knee flexed to 90°. 

Evaluation of posterior tibialis , anterior tibialis and peroneal 
muscles: A spastic posterior tibialis muscle causes hindfoot 
varus. A spastic anterior tibialis muscle also causes varus 
and must be carefully evaluated in mono- and hémiplégie 
patients. A spastic peroneus or gastrocnemius muscle 
may cause a valgus deformity. 

Foot deformities Pes valgus, pes varus and hallux 
valgus occur in ambulatory children. 

Flexion Contracture 

1. Measure flexion contracture of the wrist with the wrist 
in full flexion and the fingers in full extension. 

2. Slowly and gently pull the wrist into extension while 
keeping the finger joints in extension. 



Figs 7A and B: The popliteal angle. Stabilize one leg on the 
table, then flex the other hip to 90°. Extend the lower leg until 
you feel résistance. Measure the angle from either the tibia 
and the line of full extension or the 90° position to full extension. 
Popliteal angle shows the amount of hamstring contracture. 


3. The angle of wrist with the forearm is the angle of 
flexion contracture. 

4. Then evaluate the PIP and DIP joints separately to 
détermine the spastic muscle group. 

Upper Extremity Examination 

Examination for the hand and upper extremity consists 
of observation and évaluation of joint range of motion, 
the presence of contracture, muscle strength, and 
sensation. Testing wrist and finger muscle contracture 
requires a detailed examination. Spasticity of intrinsic 
hand muscles causes flexion contracture of the 
metacarpophalangeal (MCP), proximal interphalangeal 
(PIP) and distal interphalangeal (DIP) joints. Superficial 
flexor tightness causes PIP joint limitation, whereas deep 
flexor tightness causes DIP joint limitation. The most 
common deformity is thumb in palm deformity. 
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Using Local Anesthetic Blocks to Test Contractures Functional Examination 


If the muscle does not relax, fixed contracture is indicated. 
Block the médian nerve at the wrist to relax the wrist 
and finger flexors. 

Using Dynamic Electromyography to 
Test Contractures 

Dynamic electromyography identifies which muscles are 
active and when they are active. Actively contracting 
muscles can be used for transfers. Transfers are more 
effective if the transferred muscle group fires in phase 
with the récipient muscle group. 

Try to recognize adaptive responses so as not to 
interfère with them. Efficient hand grasp dépends on 
balance between flexor and extensor muscles. Wrist 
flexors are dominant and the finger extensors are weak 
in the hand with spasticity. When the child wants to grasp 
objects, he brings the wrist into flexion by releasing his 
finger flexors. The child then locks the object in the palm 
by bringing the wrist into extension. This is not a strong 
grasp, but an adaptive mechanism that is valuable to the 
child. Flexor releases will lead to loss of hand grasp in 
children with this adaptive response. 

Lack of sensation is a significant disability. Evaluate 
stereognosis, two-point discrimination, and pro- 
prioception. Stereognosis is the ability to recognize an 
object by touching it without looking at it. This ability 
requires the synthesis of multiple sensory inputs at the 
cortical level. 

Examination of the Upper Extremity 

• Joint range of motion 

• Presence of contracture 

• Muscle strength 

• Coordination 

• Sensation 

• Function 


Classification of Sitting Ability 


Hands-free sitter 
(Independent sitter) 

Hand-dependent 
a sitter 

Propped sitter 


Can independently corne to a 
sitting position, 

Does not need hands to sit-up 
and can sit in a normal chair 
without losing his balance. 
Uses hands for support when 
sitting, needs a chair with side 
supports to be able to use His 
hands for eating or writing. 
Has to be brought to a sitting 
position by someone else, needs 
external support and sits in a 
reclining position when 
strapped into the seat. 


Sitting 

Evaluate sitting to décidé whether the child needs 
support. Children with adéquate sitting balance are more 
functional. 

Balance 

Balance and equilibrium reactions are prerequisites for 
walking. Evaluate balance in ail children. Push the 
standing child gently from the front, back, and side to 
see whether he or she can promptly regain balance. 
Assess deficiency of balance and equilibrium using the 
Romberg sign, unilatéral standing balance test and the 
hop test. 

Romberg sign: Shows whether the child can maintain 
balance. If the child sways and cannot keep his balance 
with feet held together and eyes closed (positive 
Romberg's sign), then there is sensory ataxia. If the 
Romberg sign is négative in the ataxie child, the ataxia is 
of cerebellar origin. 

Unilatéral standing balance test: Reveals inability to 
maintain balance in less severely involved children. A 5 
year old should be able to stand on one foot for 10 seconds. 
Failure in the unilatéral standing balance test explains 
why children sometimes show excessive trunk leaning 
when walking. 

Hop test: Boys can hop on one leg for 5 to 10 times from 
âge 5 year s and girls from âge 4 year s onwards. Inability 
to perform single-leg hop is another sign of poor balance 
and neuromuscular control. 

Mobility: A crucial part of the examination is the 
observation of the child's walking pattern (Fig. 8). Video 
recordings of the child's movement also guide treatment. 



Fig. 8: Reciprocal movement is the ability to move one 
extremity after the other while crawling or walking. It is a sign 
of good motor control 







3476 Textbook of Orthopedics and Trauma (Volume 4) 


Ask the family to obtain photographs or video recordings 
of their child to understand how the child functions at 
home. Computerized gait analysis is possible in advanced 
centers. The nonambulatory child is placed on the floor 
to assess his mobility. The child may roll, creep, crawl or 
'walk on ail fours'. 


Classification of Ambulation 


Community ambulators 


Household ambulators 


Therapeutic ambulators 


Nonambulators 


Are free to ambulate in the 
Community independently 
with or without orthotics or 
assistive de vices. 

Walk independently indoors 
using Braces and assistive 
de vices. 

They need a wheelchair for 
outdoor mobility. 

Walk as part of a therapy 
session for short distances 
with a helper. They need a 
wheelchair at ail other times. 
Use the wheelchair for mobi- 
lity. 


Functional Scales Used in CP 

Scale 

• Gross motor function measure 

• The pédiatrie évaluation of disability inventory 

• Wee functional independence measure 

• The movement assessment infants 


Ages 

• Birth to 5 years 

• 6 months to 7 years 

• 6 months to 7 years 

• Birth to 12 months 


Measures 

• Change in gross motor function over time compared 
to normal children 

• Functional status and functional change 

• Level of independence in 6 different areas 

• Gross and fine motor performance of infants 

Gross Motor Function Measure (GMFM) 

The GMFM was developed to measure changes in gross 
motor function over time in children with CP. It compares 
the child with normal children of the same âge. The 
GMFM is a reliable scale to evaluate gross motor function. 
It measures the child's skill in lying, rolling, sitting, 
crawling, kneeling, standing, walking, running, and 
jumping, but it does not measure the quality of move¬ 


ment. It can be used for children from birth to 5 years of 
âge. 

Gross Motor Function 
Classification System (GMFCS) 

The Gross Motor Function Classification System 
(GMFCS) was developed to create a systematic way to 
describe the functional abilities and limitations in motor 
function of children with CP. The emphasis is on sitting 
and walking. The purpose is to classify a child's présent 
gross motor function. Five levels are used in the GMFCS 
from very mild to very severe. The levels are based on 
the functional limitations, the need for assistive 
technology and wheeled mobility. The quality of 
movement is not very important. Because motor function 
dépends on âge, separate scales are used for different âge 
bands. Classification at 2 years allows one to predict 
prognosis at âge 20 years. 

Gross Motor Function 
Classification System (GMFCS) 

Level Ability 

1 Walks without restrictions 

2 Walks without assistive de vices but 
limitations in community 

3 Walks with assistive de vices 

4 Transported or uses powered mobility 

5 Severely limited dépendent on wheelchair 

Progressive Disorders Resembling CP 

• Glutaric aciduria type I 

• Arginase deficiency 

• Sjôgren-Larsson syndrome 

• Metachromatic leukodystrophy 

• Lesch-Nyhan syndrome 

• Joubert's syndrome 

• Chiari type I malformation 

• Dandy-Walker syndrome 

• Angelman's syndrome 

• Gillespie's syndrome 

• Marinesco-Sjôgren syndrome 

• Ataxia-telangiectasia 

• Hexoaminidase A and B deficiency 

• Behr syndrome 

• Serotendinosus xanthomatosis 

Nonprogressive Disorders Resembling CP 

• Mental retardation 

• Deprivation 

• Malnutrition 

• Non-motor handicaps (blindness) 

• Motor handicaps (spina bifida, myopathies) 
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Early Differential Diagnosis in 
Developmental Disability 



Cérébral palsy 

Mental retardation 

Risk factors 

Often positive 

Mostly absent 

Complaints 

Irritable, sleepless 
baby 

Easy baby 

Milestones 

Delayed 

Delayed 

Examination 

Delayed growth 

Négative or a 


or négative 

syndrome 

Muscle tone 

Primitive 

Increased 

Hypotonia 

Reflexes 

Postural 

Persist 

Normal 

disappearance 

reflexes 

Delayed 

appearance 

Delayed appearance 

Focal signs 

Appear 

Absent 


Therefore, it provides a basic understanding of the 
level of involvement of a child for ail those involved in 
caring for the child. The use of the GMFCS is becoming 
increasingly common in CP clinics. 

Differential Diagnosis 

One needs to distinguish CP from progressive disorders 
of childhood. It may not be always necessary to find the 
exact cause because this does not change the management 
for most children (with the exception of inborn errors of 
metabolism that can be cured). Mental retardation 
syndromes, attention déficit disorder, autism and non- 
motor handicaps such as blindness and emotional dis¬ 
orders also cause motor delay. Cognitive problems are 
prominent in ail these syndromes except for blindness. 
On the contrary, motor problems are prédominant in CP. 
Ail children with suspected motor delay should be seen 
by a pédiatrie neurologist to assess for differential 
diagnoses. 

Imaging Studies 

Imaging studies enable the physician to define the type 
and location of the brain lésion and to differentiate 
progressive neurological syndromes. 

Radiology 

The primary indication to perform radiography in cases 
of CP is to monitor hip instability. Obtain baseline spine 
and hip radiographs in every child and follow the hip at 
risk with hip radiographs. Measure the Reimer's index 
which is the percentage of fémoral head coverage by the 


acetabulum. Three dimensional CT is useful when 
planning hip reconstruction. 

Clinical examination is sufficient to diagnose and 
follow-up scoliosis. Measure the Cobb angle in children 
who are candidates for surgery. Obtain radiographs of 
the extremities for patients if you plan ostéotomies. 
Standing radiographs of the feet help if there are varus/ 
valgus deformities. 

Cranial Ultrasonography (USG) 

Cranial USG can help in the differential diagnosis of the 
infant when the fontanelle is open. It is easy and it does 
not require sédation as does MRI. Cranial USG évaluâtes 
the ventricles, basal ganglia and corpus callosum. 
Periventricular white matter ischémie injury and 
intraventricular hemorrhage are apparent on real-time 
cranial ultrasonograms. 

Cérébral Computerized Tomography (CT) 

CT is helpful in the diagnosis of intracranial bleeding in 
the newborn, it may be helpful in evaluating congénital 
malformations and PVL but in these and other lésions 
MRI is superior. 

Cranial Magnetic Résonance Imaging (MRI) 

MRI is the best method for diagnosing lésions in the white 
matter after 2 to 3 weeks of âge. At présent, MRI and 
ultrasonography are the only methods to show peri¬ 
ventricular leukomalacia in an infant from 1 week of âge. 
No biochemical methods are available to identify high- 
risk infants at birth. 

Electroencephalography (EEG) 

EEG measures electrical activity on the surface of the 
brain. It is a necessary tool in the diagnosis and follow- 
up of seizure disorders. 

Muscle Function During Gait 

The body mass exerts a force to the ground and the 
ground responds with an equal force in the opposite 
direction to the body; this is termed the ground reaction 
force. The body responds by muscle contraction to sustain 
balance and stability in the joints. 

Tïbialis anterior is active in the first rocker of gait cycle. It 
allows smooth ankle plantar flexion as the foot cornes in 
contact with the ground. It provides mediolateral stability 
and foot clearance by active dorsiflexion of the ankle 
during the swing phase. Weakness contributes to foot 
drag during swing and to instability during stance. 
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Quadriceps: Contracts from initial contact through 
midstance to allow 15° of knee flexion and contribute to 
forward progression of body. It contracts at the end of 
stance to counteract the external flexor moment that the 
ground reaction force produces at the knee. This is a brief 
contraction to prevent the swinging knee from flexing 
too far. Weakness of the quadriceps muscle causes the 
knee to flex too much during stance, leading to crouch. 
Spasticity causes inability to flex the knee during swing 
leading to stiff knee gait. 

Hamstrings: Contract at initial contact to keep the hip and 
knee stable and at the end of swing to prevent the tibia 
from going too far into extension. Spasticity causes 
crouch. 

Gastrocnemius-soleus are active during the middle and end 
of stance, limiting passive ankle dorsiflexion and 
providing push off. 

Their weakness causes crouch and spasticity causes 
equinus. 

Shock absorption: Approximately 60% of the body weight 
is transferred to the extremity in stance in 0.02 seconds 
during heel strike. The effects of this shock are reduced 
by muscle action at the ankle, knee and the hip. Ankle 
dorsiflexors limit ankle plantar flexion and allow a 
smooth contact with the ground. The quadriceps limits 
knee flexion and the hip abductors prevent excessive 
pelvic drop. 

Energy Consumption 

The excursion of the body center of mass détermines the 
energy cost of walking. Energy cost is high in patients 
with CP because of the increased excursion of the body 
center of mass. 

Clinical Examination of Gait 

Ambulatory children with CP hâve various types of 
pathological gait. Efficient intervention dépends on 
proper évaluation: observation and video recordings are 
sufficient to understand the abnormality in many cases. 
Watch the video in slow motion for a better under- 
standing. Videos are useful to demonstrate the child's pro- 
gress to the parents. Computerized gait analysis is neces- 
sary in the few cases with more complex gait patterns. 

Gait Analysis 

Computerized gait analysis is an objective, standardized, 
reproducible and quantifiable method to evaluate gait 
pathology. Computerized gait analysis consists of 
5 components. Gait analysis helps to décidé on the type 
of therapeutic intervention and to asses the effects of the 
intervention. It has a rôle in research, éducation and 
therapeutic decision making. Computerized gait analysis 


has advantages and disadvantages. Gait analysis is useful 
as a research and éducation tool. It is an additional aid in 
decision making for treatment. It requires expensive high 
technology equipment and educated staff. It shows how 
the child walks graphically but does not tell how 
functional the gait pattern is unless it measures the 
amount of energy consumed during walking. It adds little 
to the clinical examination and remains more a research 
tool than part of a routine clinical examination in most 
countries. 

Examination of Gait 

• Observation 

• Video recording 

• Computerized gait analysis. 

Observation 

1. The child walks a distance of 10 meters. 

2. Stand at a distance of 3 m, watch the child walk 
towards you. 

3. Stand at a distance of 3 m, watch from the side. 

4. Look at each joint separately in the order of: L hip, R 
hip, L knee, R knee, L ankle, R ankle. 

5. Watch balance as the child turns. 

6. Record step length, stride width and any deformities. 

7. Record the gait on video. 

8. Do not overtire the child. 

Components of Computerized Gait Analysis (Fig. 9) 

Kinematics: Recording joint motion with markers and 
caméras. 

Dynamic electromyography: Electrophysiological moni- 
toring of muscle activity using fine wire électrodes placed 
into the key muscles. Needle électrodes can be placed 
into deep muscles and skin électrodes are used for 
superficial muscles in dynamic EMG. 

Kinetics: Assessment of force vectors using force plates. 

Energetics: Evaluation of 0 2 consumption and energy cost 
of walking using gas analysis Systems. 

Dynamic pedobarography: Pressure changes of the sole of 
the feet. Pedobarograph measures the pressure changes 
of very small sections of the sole of the foot. It gives a 
pressure distribution map of the weight bearing foot. 
These measures are then fed into a computer System and 
processed. Analysis of this data by physicians 
experienced in the field of gait analysis will resuit in a 
clearer définition of problems during gait. 

Computerized Gait Analysis 

Advantages 

• Provides quantifiable is data 

• Shows moments and powers across the joints 

• Shows muscle activity during gait. 
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Fig. 9: Forces acting upon the joints are estimated through a 
complex mathematical équation by first capturing the ground 
reaction force using force plates. The three dimensions of the 
ground reaction force vector can be measured separately 
(For color version, see Plate 51) 

Disadvantages 

• Data interprétation is necessary 

• Different laboratories produce different results for the 
same patient 

• Expensive to start and maintain 

• Difficult in small children 

• Kinetic data not possible below âge 4. 


Characteristics of Gait in Children (Figs 10 to 12) 


Parameter 

Char acteris tic 

Normalizes at âge 

Step length 

Short 

15 

Step width 

Increased 

4 

Cadence 

Increased 

15 

Speed 

Slow 

15 

Stance 

Longer 

4 

Muscle 

Increased 

4 

activity 

Heel strike 

None 

2-3 

Knee flexion 

Minimal in stance 

2-3 

Legs 

External rotation 

2-3 

Arm swing 

during swing 
Absent 

4 


Types of Gait in Diplegic and Ambulatory Total 
Body Involved Children 

Stability in stance, progression and foot clearance in 
swing are necessary for efficient walking. Stability is 
disturbed in CP because of impaired balance, increased 
muscle tone leading to contractures and muscle 
weakness. The common problems in stance are equino- 
varus, jump knee, crouch knee and internai rotation of 



Fig. 10: Crouch gait occurs in the growing diplegic child. It is 
characterized by increased knee flexion and ankle dorsiflexion 
during stance. Isolated gastrocnemius lengthening or 
overlengthening weakens push-off and causes crouch. Severe 
hamstring weakness also causes crouch 



Fig. 11: Stiff knee gait may accompany crouch. In this case, 
the quadriceps and the hamstring muscles are spastic. Stiff 
knee gait is easily recognized by shoewear due to drag in swing 



Fig. 12: Scissoring or Crossing over is caused by médial 
hamstring and adductor muscle spasticity in the young child. 
Increased fémoral antéversion contributes to the problem in 
the older 

the legs. Progression of the body is disturbed because of 
weakness and contractures as well. The common 
problems of swing are shortened step length and 
impaired foot clearance such as that which occurs in stiff 
knee gait. 

The child's walking pattern changes with âge. 
Diplegic children begin standing with the hips, knees and 
ankles extended and the legs crossed. Later, hip and knee 
flexion and ankle plantar flexion occur. Crouch occurs 
as the child grows older. Walking patterns are established 
at approximately 5 to 7 years of âge. In the sagittal plane, 
look for three types of pathologically abnormal gait: The 
jump, the crouch and the stiff knee gait. 
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Jump Gait 

The child walks with hips in flexion, knees in flexion and 
ankles in plantar flexion as if getting ready to jump. This 
is typical for diplegic and ambulatory total body involved 
children when they begin to walk. The reason is spasticity 
of hip and knee flexors and ankle plantar flexors. 

Crouch Gait 

Increased knee flexion and ankle hyperdorsiflexion occur 
during stance phase. They occur in older children and 
after isolated triceps lengthenings that hâve been 
performed without addressing the spastic hamstrings. 
Hip flexors and hamstrings are tight, and quadriceps and 
triceps are weak. 

Stiff Knee Gait 

Decreased knee flexion occur s during swing phase. The 
rectus femoris muscle is spastic and does not allow the 
knee to flex in initial and midswing phases. Limitation 
of knee flexion causes difficulty in foot clearance and stair 
climbing. These sagittal plane gait patterns coexist with 
frontal and transverse plane pathologies. Look for 
scissoring and trunk lurching in the frontal plane. 

In the frontal and transverse planes look for scissoring 
gait and trunk lurching. 

Scissoring Gait and Internai Hip Rotation 

Scissoring gait is defined as Crossing over of the legs 
during gait. The cause is hip adductor and médial 
hamstring spasticity combined with excessive fémoral 
antéversion. 

Trunk Lurching 

Trunk lurching is an increase in the side-to-side 
movement of the trunk during walking. It is caused by 
deficiency of balance. It may become worse after surgery 
and during periods of rapid growth. 

Traps to Avoid: Apparent Equinus 

The cause of toe walking may not be gastrocnemius 
spasticity, but rather insufficient knee extension in certain 
children. When the patient is unable to extend the knee 
because of hamstring spasticity or knee flexion 
contracture, he or she seems to walk on tiptoe which can 
be mistaken for pes equinus. 

Types of Gait in Hémiplégie Children 

Hémiplégie gait is subdivided into four types. With type 
1, no active dorsiflexion of the ankle is présent, and the 
foot in equinus. With type 2, a functioning tibialis anterior 


is présent, and the foot is still in equinus because of the 
spasticity in gastrocnemius. With type 1, even if the 
gastrocnemius muscle is lengthened, the patient still 
needs a brace to keep the foot in neutral; however with 
type 2, lengthening of the gastrocnemius results in a more 
functional gait because the patient is able to dorsiflex the 
ankle. The différentiation between the two types of gait 
can be made using dynamic electromyography, which 
shows the activity in the tibialis anterior. With type 3, 
abnormal hamstring or rectus femoris activity is présent, 
causing genu recurvatum or stiff knee, in addition to the 
problems observed with types 1 and 2. With type 4, in 
addition to the abnormal knee muscle activity, increased 
hip flexor and adductor spasticity or contracture are 
présent. Transverse plane deformities such as tibial 
torsion and fémoral antéversion also might be présent. 
In spite of ail technological advances in computerized 
gait analysis, certain gait abnormalities in CP continue 
to présent difficulties for the clinician. The hints presented 
in the table help make better decisions for treatment. 
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HINTS ON HOW TO ANALYZE GAIT 

• Be familiar with normal child gait, watch children 
walk (Fig. 13) 

• Watch the child many times in different conditions 

• Record walking with a video caméra 

• Ask the parents for photos and videos recorded at 
home and outside 

• Interpret gait data cautiously 
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Fig. 13: Distinguish apparent equinus from true equinus. Some 
children appear to walk in equinus but their ankle is actually in 
neutral or even dorsiflexed. Hamstring spasticity causes 
dynamic knee flexion deformity and the child walks as if he has 
equines 

• Test balance and stability 

• Test in real life situations (at school, on the Street) 

• Test speed. 

Factors Affecting Prognosis 

Reflexes 

• Absence of Landau, parachute sign 

• Presence of Moro, ASTNR, STNR 

• Timing of achievement of developmental landmarks 

• Severity of involvement by the GMFCS 

• Degree of intellectual involvement, mental develop¬ 
ment 

• Sensory function, perception 

• Motivation to move, interest to explore 

• Medical problems 



Good prognosis for 
independent walking 

Poor prognosis for 
independent walking 

Head control 
Sitting 

Floor mobility 

by 9 months 
by 24 months 
by 30 months 

none by 20 months 
none by 48 months 
none by 48 months 


Prognosis and Goals of Management 

This wide spectrum of clinical findings makes it difficult 
to predict prognosis. 

The Natural History 

The brain lésion is nonprogressive and cannot be cured; 
however, the clinical picture changes as the child grows, 
due to the growth and maturation of the CNS and the 
musculoskeletal System. 


Predicting Functional Prognosis 

It is easier to predict a functional prognosis once the 
clinical picture is established. Many factors affect 
function. Walking is usually possible between 2 to 7 years 
of âge. Approximately 85% of partially involved children 
hâve the potential to become independent ambulators 
compared to only 15% of severely involved. Certain 
criteria help the physician détermine prognosis in the 
young child. 

He must be able to hold his head before he can sit, 
and he must be able to sit independently before he can 
walk on his own. In children between 5 to 7 years of âge 
it is easier to détermine prognosis. The child with severe 
developmental delay who cannot stand by âge 5 to 6 is 
not going to walk. 

The gross motorfunction classification: System is useful after 
âge 2 years to détermine prognosis. Spastic hémiplégie 
and diplegic children with good cognitive function 
generally become independent walkers and productive 
members of the community. Most spastic hémiplégie 
children are able to become independent adults even 
without therapy. Diplegic children need treatment. 
Physiotherapy, bracing, and efficient spasticity 
management resuit in a more efficient gait with less 
contracture formation in diplegics. However, most of 
them still need orthopédie surgery in childhood or 
adolescence. Approximately 85% of total body involved 
children are unable to walk even indoors. They remain 
fully dépendent on a caregiver and require assistive 
devices, spécial housing arrangements and continuous 
care. Physiotherapy, bracing, and drug treatment do not 
resuit in functional gains in athetoid or dystonie patients. 
Mild cases use assistive devices and mobility aids to 
ambulate, and severely involved children remain totally 
dépendent. 

Factors Adversely Affecting 
Independent Living in the Adult 

• Mental retardation 

• Severity of disability 

• Prolonged therapy preventing socialization 

• Overprotection of the adolescent 

• Déniai of disability. 

Activities of Daily Living 

Activities of daily living are self-care activities such as 
feeding, toileting, bathing, dressing, and grooming in 
addition to meal préparation and household main¬ 
tenance. Dyskinetic and total body involved children 
hâve problems of dexterity and fine motor control that 
prevent independence in activities of daily living. 
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Hémiplégie and diplegic children can become functional 
in these areas. They sometimes need help of occupational 
therapy. Family attitude is a critical factor determining 
the level of independence of a child. Overprotection 
results in a shy and passive individual who has not gained 
self-care abilities. 

Mobility 

Mobilization is crucial for the young child to improve 
his mental capacity and understanding of the 
environment. Use wheelchairs or other mechanical 
assistive devices to promote independent mobility in the 
community if the child cannot achieve mobility by 
walking. Mobility is important to function in the fast 
paced societies we live in. People who hâve difficulty 
moving are always at a disadvantage. In the adult, 
becoming an independent member of the society and 
earning a living dépend upon independent mobility. 

Ambulation 

Families view ambulation as the most important issue 
during childhood. This changes in adolescence. The 
adolescent needs éducation, independence, and an active 
social life. For him, although still important, ambulation 
is the least needed function. Learning how to use the 
computer may benefit the child more in the long run than 
being able to take a few assisted steps. Mobility is critical 
to the child, and social identity and independence are 
more valuable to the adolescent. Every effort must be 
made to increase the child's ability to walk; however, 
walking dépends on the extent of the child's neurological 
impairment rather than the amount of physical therapy, 
surgery or bracing he receives. The child achieves his or 
her maximum potential with practice. Psychosocial issues 
are important. Psychiatrie consultation is needed. 

Children who receive intensive, well meaning but 
scientifically unproven thérapies and surgery hâve 
psychological problems in adolescence and adulthood. 
Lack of independent mobility and presence of deformities 
in spite of prolonged years of therapy frustrâtes the 
adolescent who becomes aware of the différence between 
him and his peers as he grows older. The child with CP 
grows up to become the adult with CP. He has to continue 
life as a disabled person facing physical as well as spiritual 
barriers of the society. Sometimes he is forced into tasks 
which his functional capacity will not allow and at other 
times he is barred from social life. Both these resuit in 
increased frustration, anxiety neurosis or dépréssion 
which decrease independence further. Keep ail these 
problems in mind while formulating a treatment plan to 
address the individuaTs needs. 
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MANAGEMENT PRINCIPLES 

Management Principles in Neuromuscular Disease 
Based on Valuing Childhood' 

The childhood of children with CP is often placed at risk 
because it is squeezed out by treatments. 

1. Consider the natural history of the disorder: Fixed 
contractures cause altered loading of joint cartilage, 
disturbed growth and bony deformity. These defor¬ 
mities limit function and mobility, and eventually 
cause degenerative arthritis and pain. Under¬ 
standing this sequence is important in planning 
management and preventing adverse outcome. A 
knowledge of natural history helps us differentiate 
the effect of our treatment from that of growth and 
maturation of the child. 

2. Appreciate the significance of sensation and perceptive 
disabilities: The child with cérébral palsy has a loss 
of sensation that is not often appreciated. A diagnosis 
of spastic diplegia does not acknowledge the 
existence of any sensory component. In the child 
with hemiplegia hand function may be more limited 
by the sensory loss than the deformity and muscle 
weakness. The child with arthrogryposis with severe 
deformity still functions well because of intact 
sensation. Skin ulcers are common in children with 
myelodysplasia. 

3. Recognize the limitations of treatments: Our treatments 
do not correct the primary neurological lésion. Our 
inability to cure the disease means we manage 
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symptoms or deformity. Acknowledging these 
limitations is important in developing a treatment 
plan that balances time for treatment and time for 
being a child. 

4. Be cautious with comparions: Our objective is to give 
the child the best possible life-not to make the child 
normal. Be cautious about using normal values to 
assess children with cérébral palsy. Becoming too 
focused on making limbs straight or gait lab curves 
normal may be counterproductive. 

5. Focus on appearance , function and comfort, not on 
deformity: Focus management to the individual's 
needs. Base management principles on severity of 
the problems. 

6. Provide functional mobility: Provide functional 
mobility to promote intellectual and social 
development. Functional mobility must be practical, 
effective and energy efficient. Walking is only one 
method of mobility. If necessary, provide mobility 
aids early to increase independence. Children do not 
become addicted to these aids. Make time for 
exploration. 

7. Establish appropriate priorities: Adults with CP rank 
communication and socialization above mobility in 
importance. Frequently the family's major concern 
is whether or not their child will walk. Walking is 
important but not essential. 

8. Shift priorities with âge: In early childhood focus on 
mobility and self care. In mid childhood focus on 
socialization and éducation. In late childhood focus 
on vocational préparation. 

9. Maintain family Health: Protect the health and well 
being of the marriage and the family. Help the family 
monitor the family's stress and avoid overloads. 

10. Avoid management fads: History of medical manage¬ 
ment includes a vast number of treatments that were 
either harmful or ineffective. Children are vulné¬ 
rable, adults would never tolerate what has been 
done to children. Steer the family away from 
interventions that are unproven or unrealistic. Such 
treatments drain the resources of the family and lead 
to eventual disappointment for the child. Extensive 
bracing, misguided operations and exhaustive 
thérapies are examples of treatments once in vogue 
but later abandoned. Often management methods 
are like waves, a rise and fall followed a new wave 
of some new treatment. We cannot cure these 
disorders but we can care for the child and the 
family. Most important care not cure. 

11. Protect the child's play expérience: The objective is a 
child who meets his potential both emotionally and 
physically. Play is the occupation of the child. The 


child with a disability needs to play just as other 
children, perhaps more. Preserve time and energy 
for this expérience. The individual is a child only 
once. Spécial Olympics and wheelchair basketball 
are examples of appropriate team sports. Sponta- 
neous play is best. Let the child discover the joy of 
childhood. Monitor the child's time and preserve 
time for play. 

Courtesy ofLynn Staheli MD and Fana Staheli PhD* 

Summary 

The relationship with the health care provider is very 
important in the child's life. Monitor and preserve the 
health of the family. Avoid excessive stresses by too many 
programs. Help the family accept the child's problem. 
Compliment and affirm the child and the family 
whenever possible. Focus on the child's assets. Provide a 
time for childhood with play. 

Réhabilitation and Physiotherapy 

Réhabilitation is the name given to ail diagnostic and 
therapeutic procedures which aim to develop maximum 
physical, social and vocational function in a diseased or 
injured person. The goal of réhabilitation is to gain 
independence in activities of daily living, school or work 
and social life. This is possible to the extent of the person's 
impairments. 

Components of Child Réhabilitation 

Child réhabilitation consists of improving mobility, 
preventing deformity and educating the parents about 
the child's problem. It also involves helping the child to 
learn the skills he will need in daily life, school and while 
playing with friends. Lastly, réhabilitation means 
decreasing the complications which arise as a resuit of 
the child's neuromuscular impairments. Therapeutic 
exercises help the child learn how to sit, stand, walk and 
use his upper extremity for function. The child also learns 
how to use his remaining potential to compensate for the 
movements he cannot perform. Decreasing spasticity, 
gaining muscle strength and improving joint alignment 
decrease deformity. The éducation of caregivers involves 
gently coaching them to set reasonable expectations for 
their child, and teaching them to foliow their child's 
exercises at home. Parents should encourage their 
children to participate in daily living activities by using 
the functional skills they learned during therapy. 
Community and social support is another aspect of 
réhabilitation. 

There is no method which can decrease the neuro- 
logical impairment. Explain to the parents not to spend 
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valuable time and hope with alternative treatments. Aim 
to hâve the child fulfil his maximum physical, intellectual 
and psychological capacity and hâve a happy childhood 
as close to normal as possible. Focus on the child's abilities 
and interests. Try to improve function by working on 
these. The child can easily improve in the activities he 
likes doing. This will enable him to hâve a happy 
childhood and a job in the future. CP réhabilitation 
consists of physiotherapy, occupational therapy, bracing, 
assistive devices, adaptive technology, sports and 
récréation. The main aim of réhabilitation is providing 
an éducation for the child, and to help him grow up to be 
a productive, independent adult. Various therapy 
procedures exist some of which do not really relate to 
real world situations. The skills that the child gains during 
therapy sessions should be useful within the community. 
Never ignore the child's éducation throughout the various 
therapy procedures. Always aim to send the child to 
school for an éducation and préparé him for community 
intégration . 

Planning Réhabilitation 

The child begins to receive physiotherapy when he is a 
baby. Occupational therapy starts towards âge two to 
teach daily life activities. The toddler uses assistive 
devices for mobility. Bracing may be necessary as the 
child begins to walk. Sports and récréation are crucial 
for the school aged child. Play is important beginning in 
infancy throughout adolescence. Hâve short and long- 
term goals depending on the child's expected functional 
outcome. Evaluate the child, specify these short and long- 
term functional goals and set a time limit in which you 
expect the child to achieve these goals. Review the plan 
if the child cannot achieve the expected function in the 
predetermined time period. Mobility is essential for 
successful intégration into the community. 

Treatment Team 

The pediatrician provides diagnosis and préventive 
health care. The orthopédie surgeon tries to minimize 
static and dynamic contractures to improve mobility. The 
pédiatrie physiatrist évaluâtes the child's overall medical, 
surgical and therapy options and helps the child and the 
family to set functional, achievable goals. Together, the 
réhabilitation team works to assist the person with CP to 
achieve his place in the society. A productive interaction 
between the physicians and the therapists is essential for 
the maximum benefit of the child. Ail those involved with 
the child must hâve a basic understanding on the diag¬ 
nosis, family expectations, degree of motor dysfunction, 
functional goals and the therapy program. 


A. Goal of Réhabilitation 


Improve mobility 

Teach the child to use his remaining potential 
Teach the child functional movement 

Gain muscle strength 

Prevent deformity 

Decrease spasticity 

Improve joint alignment 

Educate the 

To set reasonable expectations 

parents 

Do the exercise at home 

Teach daily living 

Hâve the child participate in 

skills 

daily living activities 

Social intégration 

Provide community and social support 


B. Components of réhabilitation 

Physiotherapy 
Occupational therapy 
Bracing 

Assistive technology 
Sports and récréation 
Environment modification 


Medical Problems of the Child 

The réhabilitation physician and the team must be 
prepared to anticipate certain acute and chronic problems 
during the réhabilitation of the child with CP. The dis- 
abled child is more prone than his able-bodied peers to 
respiratory problems, convulsions, dysphagia, déprés¬ 
sion, gastroesophageal reflux and sleep disorders. Total 
body and some severely involved diplegics hâve visual 
and hearing déficits, mental retardation, cortical sensory 
déficits and communication déficits that prevent the child 
from reaching his maximum potential. 

The Child’s Character 

The motivation to move, tempérament, behavior/ 
coopération and the willingness to take risks are 
important déterminants of réhabilitation outcome. These 
personality characteristics of the child are independent 
of impairment or disability. 

The Family 

Some families provide their children with ample 
expériences and opportunities that enrich their 
environment and increase their ability to achieve new 
skills. Family resources, quality of home environment, 
family support and parent/caregiver expectations guide 
the plans of long-term care for the disabled child. 
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Physiotherapy 

Physiotherapy helps improve mobility. It is the basic 
treatment in ail children with CP. It consists of exercises, 
bracing and activities towards reaching spécifie 
functional goals. It aims to bring the child to an erect 
position, give the child independent mobility and prevent 
deformity. Organize physiotherapy to fit into the family's 
lifestyle. 

Physiotherapy Tries to Improve 

• Postural control 

• Muscle strength 

• Range of motion 

• Decreasing spasticity and contracture 

• Increasing muscle elasticity and joint laxity 

• Joint alignment 

• Motor control 

• Muscular/cardiovascular endurance and mobility 
skills 

• Increasing coordination/agility 

• Balance 

• Transitions 

• Use of assistive devices. 


Therapy program 

Infant 

Stimulating advanced postural, equilibrium 
and balance reactions to provide head and 
trunk control 

Toddler and 
preschooler 

Stretching the spastic muscles, strengthening 
the weak ones, and promoting mobility 

Adolescent 

Improving cardiovascular status 


Principles of Therapy Methods 

• Support the development of multiple Systems such 
as cognitive, visual, sensory and musculoskeletal 

• Involve play activities to ensure compliance 

• Enhance social intégration 

• Involve the family 

• Hâve fun. 

Basic Problems in the Neuromotor 

Development of Children with CP 

• Difficulty with flexing and extending the body against 
gravity 

• Sitting Functional ambulation. 

For Functional Ambulation a Child Needs 

• Motivation to move enough muscle strength and 
control 


• Able to shift his body weight (balance). 

• Awareness of body position and movement (deep 
sensation) 

• Sufficient visual and vestibular System 

• No deformities interfering with joint function. 

General Principles of Physiotherapy 

Physiotherapy begins in early infancy and continues 
throughout adolescence. The primary purpose is to 
facilitate normal neuromotor development. With the help 
of correct positioning, appropriate stimulation and 
intensive exercise the therapist tries to gain head control, 
postural stability and good mobility in the child. This is 
possible only to the extent of the child's neurological 
capacity. Even with vigorous physiotherapy many 
children remain functionally impaired in varying 
degrees. There are different methods of therapy for chil¬ 
dren with neurological impairments. Even though they 
differ in the techniques they use, basic principles remain 
the same. The problems of neuromotor development are 
difficulty flexing and extending the body against gravity, 
difficulty sitting and functional ambulation. 

Therapy Methods 

In addition, neurofacilitation techniques stimulate the 
central nervous System to establish normal patterns of 
movement. These neurofacilitation techniques were 
developed over the years to minimize the neurological 
impairment and help the healing CNS to recognize. This 
has not been possible and the focus of therapy shifted 
from trying to heal the neurological lésion to increasing 
motor function. There is no treatment method that can 
heal the lésion in the CNS. The intact neurons in the brain 
may substitute for lost function, new synapses may form 
and reorgnization of neurons take place so that the child 
gains function as he grows. This process is termed 
neuronal plasticity. The présent neurofacilitation 
methods stimulate the CNS and accelerate neuromotor 
maturation through the process of neuronal plasticity. 
The Vojta method is common in Eastern Europe whereas 
the neurodevelopmental training technique established 
by B. Bobath and named after her is widely used in the 
Western world. Bothbecause of difficulties in diagnosing 
CP in infancy, and the inhérent potential of the CNS to 
heal, it is extremely difficult to judge the actual success 
of such procedures. The success of the techniques used 
in physical therapy dépends on repeated practice. The 
parents must repeat the exercises with their children 
every day and observe children for improvement or 
changes that may be needed. 
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Conventional Exercises 

Conventional exercises consist of active and passive range 
of motion exercises, stretching, strengthening and fitness 
to improve the cardiovascular condition. Night splints 
and stretching are not by themselves sufficient to prevent 
contractures. Strengthening exercises to the antagonist 
muscles are always necessary because spastic muscles 
are also weak. Sports activities are helpful in decreasing 
stiffness and contractures in adolescents using the 
wheelchair. Cardiovascular conditioning is crucial for the 
total body involved individual in the wheelchair. Balance 
is a prerequisite for independent walking, balance 
training is one of the key reasons for physiotherapy. 
Strengthening does not affect muscle tone, it does not 
increase spasticity. On the contrary, the importance of 
strengthening the spastic muscles and their antagonists 
cannot be over emphasized for efficient motor function. 
Do not prevent sitting in the W-position for fear of hip 
subluxation. W-sitting does not increase fémoral 
antéversion or cause hip subluxation. Children with 
fémoral antéversion sit in a W-shaped position because 
it is comfortable. When forced to change position for fear 
of contracture, the child needs to use his hands for balance 
which interfères with hand function. 

Equilibrium reactions and balance can take a very long 
time to develop and sometimes do not develop at ail 
despite intensive training. 

• Active and passive range of motion 

• Stretching 

• Strengthening 

• Fitness. 

Vojta Method of Therapy 

Vojta established 18 points in the body for stimulation 
and used the positions of reflex crawling and reflex 
rolling. He proposed that placing the child in these 
positions and stimulation of the key points in the body 
would enhance CNS development. In this way the child 
is presumed to learn normal movement patterns in place 
of abnormal motion. Positioning and stimulation 
techniques are different from NDT. Vojta States that 
therapy should be applied by the primary caregiver at 
home at least 4 to 5 times daily and stopped after a year 
if there is no improvement. 

Bobath Neurodevelopmental Therapy 

This is the most commonly used therapy method in CP 
worldwide. It aims to normalize muscle tone, inhibit 
abnormal primitive reflexes and stimulate normal 
movement. It uses the idea of reflex inhibitory positions 
to decrease spasticity and stimulation of key points of 



Fig. 14: Do not prevent W sitting if the child is comfortable and 
relaxed in this position. It is only a resuit of increased fémoral 
antéversion and will not cause hip subluxation 

control to promote the development of advanced postural 
reactions. It is believed that through positioning and 
stimulation, a sense of normal movement will develop. 
An important part of therapy of the infant is teaching 
the mother how to position the child at home during 
feeding and other activities. The baby is held in the 
antispastic position to prevent contracture formation 
(Fig. 14). 

Benefits and Limitations 

Physiotherapy cannot correct the movement problem in 
CP. A few rare cases reach their full potential through 
physiotherapy alone, the majority of children need other 
interventions. The effect of physiotherapy in preventing 
contractures and deformities or improving balance and 
coordination is also limited. Physiotherapy is bénéficiai 
in promoting the neurological development of the child 
and teaching the child to use his existing potential in the 
best possible way. By improving mobility, physiotherapy 
may also prevent secondary mental and psychosocial 
retardation. However, the success of treatment dépends 
on the neurological capacity of the child. An allegory can 
be made with sports: even with the best coaching, an 
athlete cannot compete in the Olympics if he does not 
hâve the potential. Similarly, even with the best 
physiotherapy, the child with CP cannot walk if he does 
not hâve the neurological capacity. The treatment team 
must be careful therefore not to raise any false hopes 
about the outcome of physiotherapy in children. 
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Occupational Therapy and Play 

OT aims to improve hand and upper extremity function 
in the child through play and purposeful activity. There 
are defined systematic treatment methods for occupa¬ 
tional therapy. Ayres sensory intégration therapy aims 
to enhance the child's ability to organize and integrate 
sensory information. In response to sensory feedback, 
CNS perception and execution functions may improve 
and the motor planning capacity of the child may 
increase. 

Begin therapy toward one year of âge when the child 
can feed himself using a spoon and play with toys. Teach 
the child age-appropriate self care activities such as 
dressing, bathing and brushing teeth. Encourage the child 
to help with part of these activities even if he is unable to 
perform them independently. Always include play 
activities in the réhabilitation program. Play improves 
mental capacity and provides psychological satisfaction. 
Organized play can address spécifie gross and fine motor 
problems in the child and take the place of boring exercise 
protocols. This increases the child's compliance with 
therapy. For example, riding a toy horse may improve 
weight shift over the pelvis, swinging may improve 
sensation of movement. Riding a horse is bénéficiai for 
the child in many ways. It gives the child self-condense, 
a feeling of responsibility, improves balance and posture. 

Advantages of Swimming 

• Normalizes muscle tone 

• Decreases rate of contracture 

• Strengthens muscles 

• Improves cardiovascular fitness 

• Improves walking. 

Early Intervention 

Early intervention is the general name given to many 
therapy modalities including exercise and caregiver 
éducation. Early intervention programs involving infant 
stimulation and caregiver éducation may retard or 
reverse the central nervous System lésion causing the 
clinical picture of CP and thus prevent or minimize 
neuromotor delay. There is no established routine and 
no proven value of these programs, however until we 
know which babies are going to be normal on their own, 
it is better to let them hâve the benefit of early treatment 
so that any improvement potential is not lost. Despite 
the controversies early treatment benefits the parents. 
They receive a great deal of practical advice and support 
this way. The child's functional status may improve with 
parental support. Early treatment créâtes more oppor- 
tunity for the potential to develop any normal abilities 
and for decreasing the defects. 
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BRACING 

Braces are devices which hold the extremities in a stable 
position. The brace should be simple, light but strong. It 
should be easy to use. Most importantly it should provide 
and increase functional independence. Indications 
change as the child's functional status changes. Evaluate 
the child at 3 to 6 month intervals and renew ail braces 
regularly as the child grows. 
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Lower Extremity Bracing 

Various kinds of ankle foot orthoses called AFOs are the 
most commonbraces used in CP. Static braces immobilize 
the joint while flexible or hinged ones use body weight 
to stretch the muscles of the leg and ankle. AFOs provide 
appropriate contact with the ground during stance and 
foot clearance during swing. Knee immobilizing splints 
and hip abduction splints are prescribed both for 
nonambulatory and ambulatory children. 

Ankle Foot Orthoses (AFO) 

The AFO is the basic orthosis in CP and is a crucial piece 
of equipment for many children with spastic diplegia. 
The main function of the AFO is to maintain the foot in a 
plantigrade position. This provides a stable base of 
support that facilitâtes function and also reduces tone in 
the stance phase of gait. The AFO supports the foot and 
prevents drop foot during swing phase. When worn at 
night, a rigid AFO may prevent contracture. AFOs 
provide a more energy efficient gait but do not prevent 
foot deformities such as pes valgus, equinus or varus. It 
is better to use the AFOs part time in most children. They 
may cause sensory deprivation and muscle atrophy if 
used continuously. Adolescents generally outgrow their 
braces and adults do not comply with them. The évolu¬ 
tion of braces in CP. From métal and leather to plastic 
and carbon, with better understanding of the 
biomechanics; from KAFOs and calipers hâve largely 
been abandoned. They are cumbersome, hâve very 
limited mechanical advantages, are very difficult to done 
on and off and in many cases they hide the deformity 
rather than correct it. 

Children with CP do not benefit from and connot 
tolerate extensive bracing such as total body braces, 
HKAFOs with pelvic bands and KAFOs. AFOs and their 
variations are generally sufficient to increase function, 
therefore an AFO is the basic brace in CP. 

Braces in CP 

• Ankle foot orthoses: AFOs 

• Knee-ankle foot orthoses: Plastic KAFOs and knee 
immobilizers 

• Hip abduction orthoses 

• Thoracolumbosacral orthoses: TLSOs 

• Supramalleolar orthoses: SMOs 

• Foot orthoses: FOs 

• Hand splints 

Functions of the AFO 

• Main function keep the foot in a plantigrade position 

• Stance phase stable base of support 

• Swing phase prevent drop foot 


• At night orevent contracture 

• The évolution of braces in CP: From métal and leather 
to plastic and carbon, with better understanding of 
the biomechanics; from KAFOs to AFOs with ankle 
control. Orthopédie shoes, KAFOs and calipers hâve 
largely been abandoned. They are cumbersome, hâve 
very limited mechanical advantages, are very difficult 
to done on and off and in many cases they hide the 
deformity rather than correct it. 

Types of AFO 

• SolidAFO 

• Posterior leafspring AFO (PLSO) 

• Ground Reaction AFO (GRAFO) 

• Antirecurvatum AFO 

• Hinged AFO 

• Hinged GRAFO 

• Hinged antirecurvatum AFO 

Various Types of the AFO 

Solid AFO The solid or rigid AFO allows no ankle motion, 
covers the back of the leg completely and extends from 
just below the fibular head to metatarsal heads. Raise the 
sides for better varus-valgus control. The solid AFO 
enables heel strike in the stance phase and toe clearance 
in the swing phase. It can improve knee stability in 
ambulatory children. It also provides control of varus/ 
valgus deformity. Advise solid AFOs to prevent contrac¬ 
tures and to provide ankle stability in the standing frame 
in nonambulatory children. Because they are more 
comfortable compared to a short leg cast, consider using 
them in the early postoperative period for protection of 
the operated extremity. 

Posterior leafspring AFO: A PLSO is a rigid AFO trimmed 
aggressively posterolaterally and postero-medially at the 
supramalleolar area. This provides flexibility at the ankle 
and allows passive ankle dorsiflexion during the stance 
phase. A PLSO provides smoother knee-ankle motion 
during walking while preventing excessive ankle 
dorsiflexion, particularly in larger children who hâve the 
strength to deform the material. However it also increases 
knee flexion in stance. Varus-valgus control is also poor 
because it is repeatedly deformed during weight bearing. 
The brace breaks when it is repeatedly deformed. These 
AFOs are frequently renewed because of material failure. 
A PLSO is an idéal choice in mild spastic equinus. Do 
not use in patients who hâve crouch gait and pes valgus. 

GRAFO or FRO 

(Ground Reaction or Floor Reaction AFO) (Fig. 15) 

This AFO is made with a solid ankle at neutral. The upper 
portion wraps around the anterior part of the tibia 
proximally with a solid front over the tibia. The posterior 
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Fig. 15: GRAFO as seen from posterior, latéral and anterior. 
The characteristic of a GRAFO is the tibia restraint in front. 
This restraint prevents the tibia from moving forward as the 
person starts to put his weight on his extremity in stance ( the 
second rocker phase of stance). It prevents excessive ankle 
dorsiflexion and crouch gait (For color version, see Plate 52) 


front. This restraint prevents the tibia from moving 
forward as the person starts to put his weight on his 
extremity in stance (the second rocker phase of stance) It 
prevents excessive ankle dorsiflexion and crouch gait. Solid 
AF O as seen from posterior and anterior Posterior leaf 
spring AFO (PLSO) in neutral position and under load 
Bracing (Figs 15 and 16). 

Anti-recurvatum AFO: This spécial AFO is molded in slight 
dorsiflexion or has the heel built up slightly to push the 
tibia forward to prevent hyperextension during stance 
phase. Consider prescribing this AFO for the treatment 
of genu recurvatum in hémiplégie or diplegic children. 
Anti-recurvatum AFOs may be solid or hinged 
depending on the child's tolérance (Fig. 17). 



Fig. 16: Mechanism of action of the GRAFO. BY pushing the 
tibia back, the GRAFO prevents passive ankle dorsiflexion in 
stance. When the tibia does not corne forward, the fémur rolls 
over the tibia and the knee extends 


opening extends to the malleoli level. The rigid front starts 
just below the tuberositas tibia with a band at the back to 
create a three point pressure distribution and provide 
strong ground reaction support for patients with weak 
triceps surae. The foot plate extends to the toes. The ankle 
may be set in slight plantar flexion of 2-3° if more 
corrective force at the knee is necessary. Use the GRAFO 
in patients with quadriceps weakness or crouch gait. It is 
an excellent brace for patients with weak triceps surae 
foliowing hamstring lengthening. Use an anterior strap 
in children below 15 kg. Above that, use a rigid GRAFO 
if the foot alignment is poor and a hinged GRAFO if it is 
satisfactory. The benefit dépends also on the work quality 
of the orthotist. Children with s ta tic or dynamic knee 
flexion contractures do not tolerate the GRAFO. Surgi- 
cally release the knee flexion contracture before 
prescribing the GRAFO. 

GRAFO as seen from posterior, latéral and anterior. 
The characteristic of a GRAFO is the tibia restraint in 



Fig. 17: The mechanism of antirecurvatum AFOs: The AFO is 
built in 5° dorsiflexion. Therefore initial contact occurs with the 
ankle in dorsiflexion. Equinus is prevented. The back of the 
AFO pushes the tibia forward and the ground reaction force 
vector slides behind the knee joint creating a flexion moment 
at the knee 
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Hinged AFO (Figs 18 and 19) 

Hinged AFOs hâve a mechanical ankle joint preventing 
plantar flexion, but allowing relatively full dorsiflexion 
during the stance phase of gait. They provide a more 
normal gait because they permit dorsiflexion in stance, 
thus making it easier to walk on uneven surfaces and 
stairs. This is the best AFO for most ambulatory patients. 
Adjust the plantar flexion stop in 3 to 7° dorsiflexion to 
control knee hyperextension in stance in children with 
genu recurvatum. 

The hinged AFO is contraindicated in children who 
do not hâve passive dorsiflexion of the ankle because it 
may force the midfoot joints into dorsiflexion and cause 
midfoot break deformity. Knee flexion contractures and 
triceps weakness are other contraindications where a 
hinged AFO may increase crouch gait. 

Knee Orthoses 

Knee orthoses are used as resting splints in the early 
postoperative period and during therapeutic ambulation. 
There are two types of knee orthoses, the knee immobi- 
lizer and the plastic knee-anklefoot- orthosis (KAFO). The 
use of such splints protects the knee joint, prevents 
récurrence after multilevel lengthening and enables a 
safer start to weight bearing and ambulation after 
surgery. 

Knee Immobilizers 

Knee immobilizers are made of soft elastic material and 
holds only the knee joint in extension, leaving the ankle 
joint free. Consider using them in the early postoperative 
period after hamstring surgery and rectus transfers. 

Plastic KAFOs 

Plastic resting KAFOs extend from below the hips to the 
toes and stabilize the ankle joint as well as the knee. They 
are more rigid and provide better support to the ankle 
and the knee in the early postoperative phase. 

Knee-ankle-foot orthoses with métal uprights and 
hinged joints (KAFOs) were developed and used 
extensively in the 1950s and 60s for children with 
poliomyelitis. Though KAFOs are still used for ambu¬ 
lation in poliomyelitis and myelomeningocele where 
there is a need to lock the knee joint, they are not useful 
for the child with CP because they disturb the gait pattern 
by locking the knee in extension in the swing phase. 
Donning the KAFOs on and off takes a lot of time and 
they are difficult to wear. For these reasons, KAFOs for 
functional ambulation hâve disappeared from use in 
children with CP. Use antirecurvatum AFOs or GRAFOs 
for knee problems in ambulatory children. 



Fig. 18: The AFO may be fitted with a hinge that allows 10° 
passive dorsiflexion while preventing plantar flexion. This 
créâtes a more natural gait but the hinges may be an obstacle 
to wearing shoes (For color version, see Plate 52) 


Fig. 19: Hinged antirecurvatum AFO and 
hinged G R AFO (For color version, see Plate 52) 

Foot Orthoses (FO) 

Foot orthotics do not prevent deformity. They provide a 
better contact of the sole of the foot with the ground. 

Supramalleoler Orthosis (SMO) 

Extends to just above the malleoli and to the toes. 
Consider in mild dynamic equinus, varus and valgus 
instability. 

University of California 

Biomechanics Laboratory Orthosis (UCBL) 

Médial side is higher than the latéral, holds the calcaneus 
more firmly, supports the longitudinal arch. Prescribe in 
hind and midfoot Instability 
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Heel Cup 

Holds the calcaneus and the surrounding soft tissue, ends 
laterally underneath (trim lines are below) the malleoli 
and proximally ends at the metatarsals. Use in cases of 
mild subtalar instability causing varus or valgus 
deformity. 

Hip Abduction Orthoses 

Consider using hip abduction orthoses in children with 
hip adductor tightness to protect hip range of motion and 
prevent the development of subluxation. It is easier and 
cheaper to use a simple abduction pillow. Use mainly at 
night or during periods of rest. There is no scientific 
evidence to support the belief that they prevent subluxa¬ 
tion. One clear indication for hip abduction orthoses is 
the early period after adductor lengthening. 

Spinal Orthoses 

There are various types of braces used for spinal 
deformity. None of them alter the natural history of 
scoliosis in children with CP. Do not aim to stop the 
progression of scoliosis by prescribing a brace. Contrary 
to idiopathic scoliosis, the deformity continues to progress 
even after skeletal maturity in CP. Therefore, most 
children with scoliosis need spinal surgery to establish 
and maintain sitting balance in the long run. Prescribe a 
brace for the time period until surgery to enable the child 
to grow as much as possible. An important indication 
for using a brace in a spinal deformity is to provide better 
sitting balance. A thoracolumbosacral brace helps the 
child sit better during the growth spurt period when 
spinal deformity becomes apparent, progresses fast and 
the child outgrows custom molded seating devices 
quickly. Children who are not candidates for surgery for 
different reasons may use spinal braces instead of seating 
devices for better sitting. Patients with mild and early 
scoliosis tolerate brace without difficulty. The brace 
should not be too difficult for the child to put on and 
take off should not compress the chest too tight and 
should be properly ventilated for comfortable use. 

Upper Extremity Bracing 

The indications of bracing in the shoulder and elbow are 
very limited. An example of a resting splint is a 
thermoplastic resting elbow, wrist and hand splint which 
keeps the wrist in 10° extension, the metacarpophalangeal 
joints in 60° flexion and the interphalangeal joints in 
extension. This type of splint is used at night and during 
periods of inactivity with the hope of preventing 
deformity. An example of a functional splint is an 
opponens splint to bring the thumb out of the palm of 
the hand, allowing for better grasp. This type of splint is 
used in every day activities. Hand orthoses may inhibit 


the active use of the extremity. They also effect sensation 
of the hand in a négative way. Use them only in the 
therapy setting or at school and take off during other 
times in the day. 
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STANDERS 

Standing in an erect posture contributes to the child with 
CP in many ways . It establishes the sense of verticality, 
helps develop better eye contact, improves communi¬ 
cation and balance reactions. The pulmonary, cardio- 
vascular, gastrointestinal and urological System functions 
ail improve by standing. Passive standers support the 
child in the erect posture and enable weight bearing on 
the lower extremities, stretch the muscles and may 
prevent contractures, decrease muscle tone, improve 
head and trunk control. There are supine standers, prone 
standers and the parapodium. 

Benefits of Standers 

• Support erect posture 

• Enable weight bearing 

• Stretch muscles to prevent contractures 

• Decrease muscle tone 

• Improve head and trunk control 

Consider These Factors When Selecting a Stander 

• Head and trunk control 

• Abnormal postures and muscle tone 

• Growth 

• Potential for mobilization 



3492 Textbook of Orthopedics and Trauma (Volume 4) 


Mobility Aids, Wheeled Mobility and 
Assistive Devices 

A child with CP needs to move around, to explore his 
surroundings and to interact with his peers so that his 
mental, social and psychological skills develop to the 
fullest. A variety of mobility aids and wheelchairs provide 
differing degrees of mobility to these children. Transfer 
aids such as lift Systems assist the caregiver when 
performing transfers. Passive standing devices called 
standers allow the child to get accustomed to standing 
erect and provide therapeutic standing. Some ambulatory 
children hâve to use gait aids as well as braces for efficient 
and safe ambulation. These gait aids are walkers, crutches 
and canes. They are mainly used to assist with balance, 
not for weight bearing. 

Gait aids help develop balance. The child receives 
sensory information regarding the position of the body 
and space by holding onto the walker, crutch or cane. 
Gait aids decrease energy expenditure, decrease the loads 
on the joints, improve posture and pain in addition to 
improving balance. Children who do not hâve ambu¬ 
lation potential need to use wheelchairs for moving 
around. Wheelchairs must be properly chosen and fitted 
with seating aids, cushions and other positioning 
components. 

Transfer Aids 

Different types of lifts provide safe and easy transfer of 
the older and heavy handicapped children. These are 
designed to help the caregiver transfer the child without 
trunk and upper extremity control into wheelchairs, toilet 
and baths. Some families prefer lift Systems that hâve 
slings for the child to sit in. Transfer boards are simple 
rotatory or sliding devices to move the child from bed to 
the wheelchair. The child sits on a round board that 
rotâtes 360°. When the board rotâtes to position, the child 
slides from the bed to the wheelchair. Grab bars and rails 
may be placed around and over the bed to improve bed 
mobility. 

Prone Frames 

Prone frames support the body and the chest from the 
front. This position stretches the hip flexors, providing 
knee extension and ankle dorsiflexion. Latéral body 
supports, hip guides, abductor blocks, knee blocks and 
shoe holders support the body and the extremities. If the 
head control is not satisfactory, the child may use a chin 
support. The angle between the ground and the frame 
can be adjusted to stimulate head and body control 
against gravity. The tray in front helps the child to put 
his weight on the upper extremities and also use them 


actively. Prone frames stimulate the child to actively use 
the extensor muscles of the back. Do not use prone frames 
in children with poor head control and increased extensor 
spasticity. Choose supine frames in such children. 

Supine Frames 

Supine standers support the child from the back. Latéral 
supports, knee pads abduction-adduction hip supports 
and head rests help maintain standing. Supine standers 
are better for children who do not hâve head control and 
who need to work on upper extremity skills. Prefer to 
use them when there is extensor muscle spasticity. Supine 
standers are easier to use in large children. Begin to use 
standers as early as possible to adapt the child to erect 
posture. Encourage the nonambulatory child to spend 
some of the day in the standing frame and work on upper 
extremity function in the meantime. Gradually increase 
the time in the frame from 15 minutes to a couple of hours 
at different hours during the day. The child with walking 
potential learns to stand in the stander and then gradually 
progresses to training in parallel bars. 

Gait Trainer 

The gait trainer is a métal frame with métal uprights that 
support the trunk and arms. Slings or bicycle type seats 
are attached to keep the child erect. It provides significant 
trunk and pelvis support and can help teach the child a 
reciprocal gait pattern. Consider using the gait trainer to 
préparé the child for walking. As the child gets used to 
walking in a reciprocal manner in the trainer, he 
progresses to walking with a simpler assistive device such 
as a walker or crutches. The gait trainer is also useful to 
provide therapeutic ambulation at home in total body 
involved children. 

Gait Aids Walkers 

Ail children's walkers should be built from ultralight 
durable aluminium and supplied with wheels to 
minimize energy expenditure. Swivel wheels, forearm 
attachments, hip guides, hand brakes, baskets and seats 
are added to the walkers if necessary. Walkers provide 
the greatest support during gait but they pose certain 
difficulties during stair climbing, among crowds and 
within narrow corridors. There are two types of walkers 
for pédiatrie use. The anterior open (reverse) walker is 
also called a postural control walker. Use the reverse 
wheeled walker in the majority of children. It provides 
the best gait pattern and is less energy consuming. 
Standard forward walkers lead to increased weight 
bearing on the walker and increased hip flexion during 
gait. Choose them only in cases where extensor spasticity 
prédominâtes. 
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Canes, Crutches and Gait Pôles 

Walking aids are usually prescribed for balance problems. 
Slowly push the standing child from the side and then 
from the front and back. Watch for signs of disturbed 
balance. Canes or gait pôles are necessary if the child does 
not hâve sufficient latéral balance. Quadriped canes are 
the next usual step as the balance improves following 
walker use. Instruct the child to use the quadriped canes 
latéral to the body rather than out in front. Try to switch 
from posterior walker to forearm crutches in adolescents. 
Gait pôles or sticks provide sensory input for gait and 
facilitate a normal gait pattern, but sometimes are not 
cosmetically acceptable to patients. Avoid forearm 
crutches, as children tend to lean forward into these and 
develop hip flexion contracture . Forearm crutches also 
lead to the child to bear the body weight on the upper 
extremities, leading to a pattern of walking on ail fours. 
Use forearm crutches only in children who need an 
assistive device for weight bearing as well as balance. 

Wheelchairs 

Encourage wheeled mobility in ail children who hâve 
poor potential for walking. Strollers and wheelchairs are 
options for wheeled mobility. Use strollers, wheelchairs 
which tilt backwards, or wheelchairs with reclining backs 
in children who are totally dépendent and do hâve any 
potential for independent mobility. They provide 
caregiver relief in transport and ease of care. A wheelchair 
is a mobility as well as a seating device (positioning 
device) in children with severe motor dysfunction, poor 
sitting balance and no functional ambulation . 
Independent mobility can be achieved with manual or 
power wheelchairs in children who hâve adéquate 
cognitive and motor function. Independent wheeled 
mobility allows the child to explore his surroundings, 
contributes to his mental improvement, socialization and 
self esteem. Prefer motorized wheelchairs in severely 
involved children who hâve upper extremity dysfunction 
. Motorized wheelchairs hâve a great positive impact on 
the life of the severely impaired child and his family. 
Consider prescribing them as early as four-five years of 
âge and enable the child to move around independently 
to explore his surroundings and to take part in family 
life without spending too much energy. Some severely 
involved spastic and athetoid children spend excessive 
energy while trying to walk with walker s and crutches. 
Motorized wheelchairs preserve energy and improve the 
level of social and educational function. Even though 
there is an argument that early use of the motorized 
wheelchair causes laziness and decreases cardiovascular 
capacity it is obvious that the bénéficiai effects of early 


independent mobilization with less energy expenditure 
far outweigh the risks. Choose an age-appropriate 
mobilization device and teach the child how to use it. 


Wheelchair use in terms of functioni 


Independent 

Independent in 
sitting and rising 
from a wheelchair 

Manual or power wheelchair 

Needs help 
in transfers 

Somebody is 
necessary to help 
to sit in and rise 
from a wheelchair 

Manual or power wheelchair 

Dépendent 

The child is carried 
when sitting in and 
standing up from a 
wheelchair 

Strollers, wheelchairs which 
tilt backwards, or wheelchairs 
with reclining backs 


Factors in Wheelchair Prescription 

Foot rests: Long enough for the shoe to fit inside 
Hold the feet in neutral position 
Able to swing out of the way 
Velcro bands for restraint if feet control is poor 
Seating : Height: Feet placed firmly against the 

foot rests ankle in neutral, hips and knees in 90° 
flexion 

Depth: Support both thighs not compress the 
poplitea 

Width: Wide enough to relieve the trochanter 
prevent the pelvis from slipping sideways 
Firmness: To limit of tolerability for maximum 
stability prevent pressure sores over the bony 
prominences 

Back: Height: The middle of the scapula 

Width: Accommodate the trunk 
Supportive pads inside 
Semirigid to prevent kyphosis 
Custom molded body braces for scoliosis 
Reclining 

Portability: Light to fit inside an automobile 

Propulsion: Sufficient upper extremity function: self propelled. 

There are many factors to consider when prescribing 
a wheelchair. Always make sure that the chair is 
comfortable for the child. Do not use the wheelchair to 
stretch the spastic muscles, because this will be too 
uncomfortable for the child. 

Seating Systems 

Seating Systems provide support and stability, prevent 
postural deformity and enable the use of upper extremity 
in the severely impaired child without trunk control. 
Seating devices hâve various components. They can be 
made both for the back and for the seat. They are either 
linear, contored or custom-molded 
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Linear Systems 

Basic material for linear Systems consists of wood for the 
base, foam for comfort and pressure relief and a cover. 
They can also hâve abductor or adductor supports at the 
sides. Linear Systems compensate for the child's growth 
and accommodate to the size. They are not comfortable 
and insufficient to relieve pressure over the bony 
prominences. 

Contoured Systems 

Contoured Systems are better aligned to the body. They 
do not accommodate to growth so one must renew the 
System frequently if the child is growing fast. This 
increases the cost of treatment. 

Custom-molded Systems 

Custom-molded seating Systems provide the most trunk 
support. They enable sitting in children who hâve 
complex deformities. They are expensive, need to be 
replaced as the child grows, and limit the child's 
movements in the seating device. 

Cushions and Positioning Components 

Various cushions are manufactured to provide an even 
distribution of body weight and to prevent pressure sores. 

They contain either foam, water, air or a gel-like 
substance. Light cushions are advised if the child is 
independent in transfers. Adding certain positioning 
pièces to the seating System provides better trunk 
alignment in the wheelchair dépendent child. Side 
supports keep the body in the center while chest belts 
support the front. A pelvic band at 45° to the seating 
surface positions the pelvis. Use abduction pillows and 
wedges to prevent excessive adduction of the hips. 
Footrests are helpful to position the feet correctly. The 
position of the head is important for many reasons 
including visual perception, control of muscle tone, 
feeding and swallowing. Posterior and latéral head rests 
provide support and increase transport safety in children 
who do not hâve head control because of low muscle tone. 
A child sitting in a properly fitted wheelchair with the 
right seating and positioning devices has more opportu- 
nity to explore and expérience the world. Social 
intégration and involvement in school activities increases 
greatly. 

Assistive Aids 

There are a variety of assistive devices used in children 
with CP to gain function. These devices aim to decrease 


the caregiver's burden and to increase the child's 
independence in activities of daily living, communication, 
éducation, récréation and vocation. 

Feeding Aids 

Various knives and forks hâve been devised to enable 
independent feeding . The shape, thickness and angle of 
these knives, forks and spoons are modified according 
to the child's joint range of motion, strength and 
coordination. These kitchen utensils may be bought or 
modified from standard knives and forks at home. 
Mechanical and electronic feeding devices hâve also been 
invented for children who do not hâve sufficient hand 
control but they are very expensive and not available 
worldwide. 

Aids for Communication 

Communication is among the most important priorities 
of children with CP. Communication impairment has two 
components, dysarthria and dysphasia. Problems of 
speech and articulation are called dysarthria and 
problems of language are named dysphasia. Dysarthria 
occurs because of involvement of the oropharyngeal or 
laryngeal muscles. Dysphasia occurs because of mental 
problems secondary to global developmental delays or 
because of a lésion in the language centers of the brain. 
Various devices exist to improve both speech and 
language impairments and increase communication. 
They range from very simple picture sets of symbols to 
high technology equipment such as computerized 
Systems. The simplest is a communication symbol set 
used to understand the child's wishes. It can be made at 
home from simple pictures. The child learns the meanings 
of these symbols in activities of daily living. Speech 
therapists teach the child how to express his thoughts, 
needs and feelings using communication boards, 
notebooks and devices producing simple every day talk. 
Communication boards are a set of symbols and pictures 
that the child sees and knows from every day life. He 
simply points at the picture or nods when the picture is 
pointed at. More complex Systems produce sounds when 
the picture is pushed. Computerized Systems developed 
after 1980s produce âge and gender appropriate speech 
in different languages. 

Personal computer or portable notebook computer 
working with mouse, keyboard, joystick, eye gaze, 
touchscreen or breath supplied with the appropriate 
software is necessary for speech production. The speech 
impaired child can communicate with his family and 
friends in this manner but the language impaired child 
will still need picture boards and symbol sets. A computer 
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is an asset for the child who cannot speak but can write. 
Dyskinetic and total body involved children who cannot 
speak but hâve sufficient mental function can use it with 
an appropriate mouse or trackball to write and express 
themselves. Ail children who hâve problems with fine 
motor control benefit from having a computer at school 
for éducation. 

Recreational Equipment 

Games are the primary means of any child to discover 
the world and learn. The child with CP needs to join the 
community life, playing games with peers and friends. 
There are many simple and relatively cheap options to 
increase the child's opportunity to play. The three- 
wheeled bike can be modified for the disabled child with 
hand propulsion, wide seats, seat belts, trunk supports 
and chest straps. Children with trunk extensor spasticity 
can pedal spécial bicycles in the upright position. Battery 
powered cars can easily be adapted with joysticks or 
spécial switches. 
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ORTHOPEDIC SURGERY 

Orthopédie surgery is widely used in the management 
of children with CP to prevent or correct certain musculo- 
skeletal problems such as muscle shortening and bony 
deformities . 

Preparing for Surgery 

Discuss the expected surgical outcome with the family 
to the extent of their understanding. Reconsider the 
treatment plan if the expectations of the family are not 
consistent with the aims of surgery. Family counseling is 
very important to overcome the communication barriers 
and to prevent disappointments. 


Improvements Expected by Surgical Procedures 

Orthopédie surgery corrects some of the primary and 
secondary impairments in CP. 

Tendon Surgery 

1. It reduces muscle tone because lengthening of the 
spastic muscles decreases the sensitivity of the stretch 
reflex. Balance is decreased immediately after surgery 
but improves in the long run because the patient has 
plantigrade stable feet which provide a better base of 
support. 

2. Muscles usually get weak after surgery but they 
respond well to strengthening exercises. 

3. Tendon transfers change the direction of deforming 
forces that create muscle imbalance. Tendon transfers 
may prevent deformity and allow the child to use his 
muscle strength more efficiently in this way. 

4. Decreasing spasticity of the antagonist muscles allows 
the agonists to function better. Improving balance by 
creating a stable base of support also helps movement. 
These factors indirectly improve sélective motor 
control, however primitive reflexes do not change 
after surgery. 

5. Tendon lengthening decreases the unopposed pull of 
spastic muscles preventing skeletal contractures and 
deformities caused by this pull. Muscle balance déter¬ 
mines posture in sitting and standing. Orthopédie 
surgery reestablishes this balance by lengthening and 
transfers to provide stable standing and sitting. Even 
severe contractures can be treated effectively with 
muscle lengthening (Figs 20 and 21). 

Bony surgery: Most importantly, surgery corrects 
deformities of the spine and extremities that disturb 
sitting, standing and walking capacity. The human 
musculoskeletal System can be regarded as a System of 
multiple lever arms where joints act like fulcrum points, 
the bones are the lever arms and the muscles provide the 
necessary force. When the joints are malaligned, the bones 
are malrotated or the muscles are weak, or do not pull in 
the desired direction, the lever System cannot perform 
efficiently. This approach of the lever System provides a 
better understanding of most orthopédie problems and 
especially the musculoskeletal problems of CP patients. 
For example, a dislocated hip joint is a bad fulcrum and 
the forces acting through this fulcrum cannot perform 
efficient work. Another example related to CP is a weak 
tibialis anterior muscle that acts as a weak lever arm and 
cannot dorsiflex the foot to oppose the spastic 
gastroenemius muscle. Rotational ostéotomies and 
arthrodèses that correct bony deformities help to transfer 
the malaligned muscle force into the correct plane of 
movement, and make it easier for the child to walk. Pelvic 
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Fig. 20: The relatively weak tibialis anterior muscle (drawn as 
level arms and forces on the right) cannot create an efficient 
moment to counteract the pull of the the spastic gastrocnemius 
muscle, the ankle remains in equinus 


Fig. 21: The spastic hamstring muscles pull the pelvis 
posteriorly and cause posterior pelvic tilt. The child sits on the 
sacrum and lumbar kyphosis increases. Lengthening the 
hamstrings corrects this posture by allowing proper pelvic 
alignment (For color version, see Plate 52) 

obliquity and painful hip dislocation can be prevented. 
Posture may be improved. The correction of joint 
alignment makes walking easier and the child may stop 
using coping mechanisms and adaptive responses he 
developed because of his contractures and deformities. 

Timing of Surgery 

There are no absolute rules regarding time of surgery, 
only guidelines exist. These guidelines dépend on the 


maturation level of the CNS, the walking potential of the 
child and the rate of deformity development. Use 
nonsurgical means to alleviate muscle tightness until the 
nervous System has matured. This occurs around the âge 
of 4 to 6. At this âge the physician can know more 
accurately what the muscle imbalance consists of, assess 
the functional prognosis of the child better and can make 
sure that no other abnormalities such as athetosis or 
dystonia are présent. As a general rule, perform soft tissue 
procedures between âges 4 to 7, hand surgery between 
âges 6 to 12 and bony procedures after 8 years of âge 
unless the rotational abnormality significantly deters their 
ability to walk. The exceptions to this rule that make early 
surgical intervention obligatory are progressive hip 
instability and early deformities and contractures 
interfering with function. The âge of surgical intervention 
needs to be tailorized for each patient even though certain 
âge limits exist. There are some children who may benefit 
from early surgery, and some children in whom 
musculoskeletal development continues above the âge 
of 4 to 7 where surgery is best delayed. It is not the âge 
but the needs of the patient which détermine the timing 
and indication of surgery. Delay upper extremity surgery 
to an âge when the child's motor function can be clearly 
defined. Sélective motor control is the key to hand 
function. It is appropriate to delay the procedure until 
sélective control is established if the procedure requires 
the patient to selectively use certain muscles post- 
operatively. Perform upper extremity surgery between 
the âges of 6 to 12 when the child will cooperate easily 
with postoperative réhabilitation. 

Timing Surgery 

Soft tissue procedures Age 4-7 

Hand surgery Age 6-12 

Bone procedures Around puberty 

Exceptions 

Progressive hip instability or severe fémoral antéversion 

Early severe deformity interferring with functiion 


Patient Sélection 

The skill of the orthopédie surgeon lies partly in his ability 
to décidé whether the patient will benefit from surgical 
intervention. Certain patients benefit a lot from ortho¬ 
pédie surgery whereas others may get worse. Spastic 
diplegic and hémiplégie children improve more com- 
pared to spastic total body involved, dyskinetic and 
mixed types after surgical intervention. Fewer operations 
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are performed and the gains are limited in dyskinetic 
cases. 

Factors to Consider in Patient Sélection 

Neurological Impairment 

Functional gains dépend on the extent of the lésion in 
the CNS. Orthopédie surgery corrects deformity, balances 
the muscular forces across the joints and decreases 
spasticity but the patient can walk only if he has sufficient 
neurological function. 

Sélective motor control: Orthopédie surgery is usually 
performed to correct pes equinus and pes varus in 
hemiplegia and jump, scissoring and crouch gait in 
diplegia. In the child with total body involvement, spinal 
deformity and hip instability are treated with surgical 
methods. Results are best in children who hâve sélective 
motor control. Do not operate on dyskinetic cases. 

Balance has an important rôle in the functional status of 
the spastic child. However lack of balance is not a 
contraindication for an operation. Creating a stable base 
of support through surgery improves overall balance. 

Cognitive function and Visual impairment: Children with 
cognitive problems need spécial évaluation . Cognitive 
déficits and visual impairments are not by themselves 
contraindications for orthopédie surgery and do not affect 
the surgical outcome unless they are very severe. The goal 
of surgery in severe mental retardation is to improve 
nursing care and relieve pain. Surgical correction of 
deformity may improve walking in a child with moderate 
cognitive déficit. 

Avoid surgical procedures requiring postoperative 
intensive physiotherapy or long-term cast immobilization 
in children with severe cognitive déficits. 

Sensation is fundamental to hand function. Most 
children with upper extremity problems are not 
candidates for surgery because of sensory déficits. 
Consider hand surgery to gain function in the occasional 
spastic hémiplégie child who has good stereognosis. 
Perform surgery to improve hygiene and cosmesis in total 
body involved children. 

Apraxia: Some children with CP hâve déficits in motor 
planning called apraxia. They are unable to move their 
body parts automatically through a sequence when 
carrying out a complicated action such as opening a door 
and walking out. 

This problem is difficult to diagnose and may be a 
reason why surgery does not improve function as much 
as expected in some cases. Patients are grouped in terms 
of their functional capacity by the GMFCS. 


Factors to Consider in Surgical Sélection 

• Sélective motor control 

• Balance 

• Cognitive function visual impairment 

• Apraxia 

• Sensation 

• Neurological involvement level 

• Gross Motor Function Classification System (GMFCS) 

Class goal oftreatment are 

1. Walks independently, speed, balance and coordi¬ 
nation reduced. 

2. Walks without assistive devices but limitations in 
community: Diminish energy expenditure, decrease 
level of support, improve appearance. 

3. Walks with assistive devices: Improve gait, position for 
sitting, transfers, supported standing. 

4. Transported or uses powered mobility: Decrease pain, 
improve sitting and standing. 

5. Severely limited , dépendent on wheelchair: Better 
positioning, decrease pain, improve hygiene. 


Types of CP 

Surgical procedures most often performed 

Quadriplegic 

Hip adductor flexor release, osteotomy 

Spine fusion 

Diplegic 

Hamstring-gastrocnemius lengthening 

Hip adductor-flexor lengthening 

Derotation osteotomy 

Rectus femoris transfer 

Hémiplégie 

Gastrocnemius lengthening 

Split tibialis anterior and posterior transfer 
Tibialis posterior lengthening 

Aims of surgical procedures 

Tendon lengthening 

Weakens spastic and shortened muscles, 
balances muscle forces 

Split transfer 

Balance deforming forces 

Simple tenotomy 

Balances deforming forces 

Angular osteotomy 

Corrects varus and valgus deformities of the 
foot and flexion deformities in the lower 
extremity 

Hip surgery 

Stabilizes the subluxated or dislocated hip 

Rotational 

osteotomy 

Corrects torsional deformities of the tibia or 
fémur 

Arthrodesis 

Corrects deformity and stabilizes joints 

Spine surgery 

Corrects spinal deformity 
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Fig. 22: Muscle lengthening: Lengthen the short 
gastrocnemius muscle to achieve a plantigrade foot 



Fig. 23: Split transfer of the posterior tibialis muscle balance 
the forces across the foot and corrects the varus deformity 


propose that casting weakens the already weak spastic 
muscles, créâtes atrophy and does not allow the 
antagonist muscle to work. However, it still has a place 
in the treatment of minor deformities of the knee and 
ankle. It is used after botulinum toxin injections as well. 

Surgical Methods 

Orthopédie surgical procedures used in CP are muscle 
releases and lengthenings, split tendon transfers, 
ostéotomies and arthrodèses. Upper extremity surgery 
is much more complex and should only be done by 
surgeons experienced in this field. 

Muscle-tendon surgery: Muscle-tendon lengthening is the 
most commonly used method. It weakens spastic and 
shortened muscles, thereby balancing the forces acting 
on the joint. Split tibialis anterior and posterior tendon 
transfers of the foot help balance the deforming forces 
(Fig. 22). Simple ténotomies may be performed in selected 
muscles (Fig. 23). 

Osteotomy: Corrects varus and valgus deformities of the 
foot and flexion deformities in the lower extremity. Hip 
osteotomy stabilizes the subluxated or dislocated hip. 
Rotational ostéotomies correct the torsional deformities 
in the tibia or the fémur. Arthrodesis corrects deformity 
and stabilizes the joint. 

Spinal fusion and instrumentation: Corrects spinal 
deformity. Neurectomies are rarely performed. 


Orthopédie Interventions 

When treating muscle contractures and deformities 
distinguish the stage of the problem and plan treatment 
accordingly. 

Corrective Casting 

Corrective casting is used for minor ankle equinus 
contracture that does not respond to physical therapy or 
botulinum toxin injections; and knee flexion deformities 
that involve more than just hamstring tightness. A 
turnbuckle or hinged cast may help correct some 
significant knee flexion contractures. Apply the cast in a 
serial manner to the lower extremity with the knee and 
ankle as close to the anatomical position as possible. Local 
heat followed by vigorous stretching exercises are helpful 
before hand to obtain better correction. Remove the cast 
and reapply if possible under sédation in 3 to 7 day 
intervals for 3 or 4 times. The value of casting is 
controversial. Good results are possible over a long-term. 
The effects may wear off after a few months. The 
compliance with serial casting is low due to the difficulties 
of repeated casting and cast removals. Some authors 


Preoperative Assessment 

Evaluate ail patients thoroughly before elective surgery 
to prevent complications or unpredictable outcomes. The 
motivation of the child and family is crucial to the success 
of the operation. Consider the family's resources (time, 
finance, access to therapy and hospital) for postoperative 
follow-up and réhabilitation. Assess the severity of the 
problem to détermine the expected functional resuit of 
surgery. The Gross Motor Classification System is a way 
to assess severity of involvement. Try to get treatment 
for co-morbidities such as seizures, gastroesophageal 
reflux and infections preoperatively. Evaluate the severity 
of mental retardation, behavioral disturbances and social 
problems. 

Consider gastrostomies for children with oromotor 
dysfunction and growth retardation. Plan preoperative 
physiotherapy, exercises and instructions in walker or 
crutch use. 

Postoperative Care 

Analgesia 

Pain accompanies ail operations. Focus on pain and 
anxiety relief, muscle relaxation in the immédiate 
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postoperative period. Usually a combination of a narcotic 
analgésie and diazepam helps to control the immédiate 
pain. Elévation of the extremity is essential for both pain 
relief and edema prévention. Pain is very common in the 
postoperative period, though it is difficult to predict who 
will hâve mobilization problems because of pain. 
Postoperative pain management is important for early 
réhabilitation. Parentéral analgésies and patient 
controlled épidural analgesia are options to control pain. 
Consider épidural anesthésia for ail operations of the 
lower extremities in the older child. Insert a urinary 
cathéter before the épidural. Continue the épidural 
cathéter for postoperative analgesia at least 24 hours for 
muscle and 72 hours for bone operations. Turn the 
épidural off afterwards and switch to oral médications 
like diazepam or oxycodone. Remove the épidural 
cathéter if oral médications control the pain. Routinely 
use antiinflammatory médication for pain relief. Do not 
use ketodolac after bony surgery because it delays bone 
healing. Reassure the child and family that the pain will 
subside within few days. Ice application after ail 
operations relieves pain and keeps the swelling down. 
Apply the ice for 2-3 days through the cast. Try to 
distinguish spasticity pain from inflammatory muscle/ 
joint pain and make an effort to relieve it. After surgery 
spasticity may be reduced because the muscle length has 
changed but it frequently returns 3 to 6 months later. 
Choose diazepam or baclofen for muscle relaxation and 
analgesia. Baclofen has analgésie effects in pain due to 
spasticity. The administration of diazepam as a central 
muscle relaxant and sédative agent is helpful. 

Mobilization 

Minimize recumbency and immobilization. Encourage 
early mobilization and early weight bearing as well as 
strengthening of the trunk and upper extremities. 
Following surgery use casts , splints, plastic AFO's or 
KAFO's depending on the âge and coopération of the 
child as well as surgical stability. Choose prefabricated 
knee immobilizers in older children after hamstring 
lengthening. Allow to bear weight on the second to fourth 
days after soft tissue surgery. Time for weight bearing is 
guided by the quality of internai fixation of the bones in 
combined soft tissue and bony surgeries. Adéquate 
nutrition and skin care are necessary to prevent 
complications such as pressure sores. Use a synthetic cast 
if the child has bladder control. Prefer a plaster of Paris 
cast and overwrap with synthetic material to avoid 
making the cast too heavy if the child is incontinent. A 
thin layer of plaster of Paris absorbs urine and prevents 
skin irritation. 


The hip: Encourage prone sleeping early on after flexor 
releases or ostéotomies of the hip. Hâve the child sleep 
in knee extension splints for 6 to 8 weeks after surgery to 
maintain hip extension. Use an abduction wedge or 
pillow after adductor releases to keep the hips in 30° 
abduction at night. Continue postoperative abduction 
pillows for 6 weeks. Limit the time the child spends in a 
wheelchair after hip adductor and flexor releases or 
ostéotomies. Do not allow sitting for more than an hour 
after bone surgery. Start active exercises on the 3rd 
postoperative day. Stretching exercises are essential. 

Apply a hip spica cast for 4 weeks in young children 
after pelvic ostéotomies, 3 weeks after fémoral varus 
derotation ostéotomies. There is no need for hip spica 
casts after intertrochanteric ostéotomies with stable 
internai fixation above âge 8. Bed rest is sufficient. Begin 
ambulation with crutches in the early postoperative 
period. 

The knee: Use cylindrical casts or splints in knee extension 
for 3 weeks after hamstring lengthening. Hâve the child 
wear the splints or knee immobilizers at night for 6 weeks 
after surgery. Limit élévation of the leg in bed to one 
pillow in order to prevent stretch of the sciatic nerve. 
Mobilize the patient within 2 or 4 days with the cast or 
splint on. Immobilize the knee in an extension brace or 
knee immobilizer after rectus femoris transfers. Begin 
knee flexion exercises and weight bearing on the second 
to fourth postoperative days to prevent adhesions and 
knee stiffness. 

Postoperative médication 

Pain control 

• Epidural cathéter 

• Antiinflammatory médication 

(No ketodolac after bone surgery) 

• Reassurance and support 

• Ice over the cast 

Spasticity control 

• Baclofen (oral) 

• Diazepam (oral or parentéral) 

Immobilize the patient in a cast or brace for a few days after surgery. 
Ostéotomies take longer to heal. Keep the child in case longer after 
ostéotomies. Elevate the legs with pillows under the shins. Use abductor 
wedges in the early postoperative period after hip adductor lengthening. 
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Thefoot: The most common surgery in the foot is the heel 
cord lengthening. In a very young child a Vulpius type 
procedure is used. Three weeks of immobilization in a 
short leg cast is sufficient then they should be placed in a 
walking splint. Keep the cast on for 4 weeks in a young 
child, 6 weeks in an older child when tendo-Achilles 
lengthening is performed. For tendon surgery, i.e. split 
tendon, total tendon or anterior tibial tendon transfers, 
recommend 6 weeks in a walking cast. For bone 
operations such as calcaneal lengthenings, subtalar 
arthrodesis and ostéotomies of the cuneiform bones, 
recommend 6 weeks in a cast; non-weight bearing for 
the first 3 weeks, weight bearing for the second 3 weeks. 
The spine Foliowing spine fusion for scoliosis spinal braces 
are not necessary if the fixation is stable. Use body casts 
or braces for 6 months in children with poor bone quality. 

Night splints: A period of splint use to prevent the 
récurrence of contractures after cast removal is helpful. 
However, splints disturb sleep by constantly keeping the 
muscles in the stretched position. Night splints should 
be used very carefully because not ail children will 
tolerate them. It is important that the child sleeps well. 
Splints are not necessary in children whose muscle tone 
decreases during sleep. The correction obtained by splints 
should not be painful for the child. A way to improve 
compliance is to use night splints on one extremity the 
first night and on the other the next night. Children who 
tend to hâve récurrence of equinus or who hâve had a 
second heel cord lengthening should sleep in a 
dorsiflexion splint at night. The severe quadriplegic child 
who has dystonia and tends to contract severely can be 
placed in an A frame at night. Do not use night time knee 
extension splints for more than 3 months post operatively. 

Early Mobilization is Crucial for the Success of 
Postoperative Physiotherapy 

A significant change in ail the primary impairments is 
expected after surgery. There is a need for gentle return 
to function. Try to regain range of motion and strength 
as early as possible after surgery. Begin mobilisation as 
soon as the child is comfortable and painless, usually on 
the second to fourth day after soft tissue procedures. Do 
not allow weight bearing for 3 weeks after ostéotomies. 
Begin training with range of motion exercises and 
gradually progress to strengthening as healing allows. 
Keep in mind that a spastic muscle is also a weak muscle. 
Strengthen the muscles after muscle lengthening. The 
ultimate aim is to improve the ambulatory capacity. It 
usually takes approximately 3 months to regain the 
preoperative muscle strength after multilevel surgery. 


Immédiate postoperative physiotherapy re-introduces 
movement and the new alignment. The skills that the 
patient acquires are established in 3 to 6 months after 
surgery. Provide intensive physiotherapy in this period. 
Monitor changes in the patient's status attributable to 
growth or increased spasticity 6 to 12 months post- 
operatively. Change in function will not be very obvious 
for up to one year after the operation. Physiotherapy ends 
when the child has no more change in strength, function 
and skill level. Other ways to provide therapeutic 
movement programs for these children such as sports 
and play are encouraged. The réhabilitation physician 
must also monitor for new dynamic or fixed contractures, 
accurate braces and provide guidance for adaptive 
equipment. 

The ‘Birthday Syndrome’ 

One group of complications related to multiple operations 
over the years is social isolation, loss of motivation, 
frustration and psychosocial problems. Do not perform 
a chain of surgical operations leading to The Birthday 
Syndrome as described by M Rang. Plan to do ail necessary 
surgical interventions at the same time if the child's 
medical and social status permits. This is called single 
event multilevel surgery and spares the child the burden 
of multiple consecutive surgical interventions throughout 
his life. Do not forget, however, that treatment plans must 
be individualized for each child according to his specifi c 
needs. Tailor treatment for each patient. 

Complications of Surgery 

Immédiate postoperative complications such as infection, 
thrombosis and pulmonary embolism are very rare in 
young children. Complications of general anesthésia such 
as pneumonia or pressure sores from lying in the bed are 
possible. 

Pressure sores are common particularly in the mal- 
nourished children. Children who hâve hip ostéotomies 
and are treated without a spica cast in bed often will lie 
in one position and develop pressure areas on their heels, 
buttocks or the sacral région. It is important to make sure 
that there is a little élévation under the ankle so that the 
heel does not get pressure. Achilloplasty incisions 
frequently cause skin lésions in elder patients . For an 
uneventful recovery from orthopédie surgery keep the 
incisions small and use intracutaneous résorbable sutures 
to minimize the trauma of suture removal later . Always 
keep the risk of a postoperative fracture in mind in the 
immobilized and osteoporotic patients, particularly 
children who are wheelchair bound spastic quadriplegics. 
After a child has been immobilized in a spica cast the 
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Fig. 24: Sciatic nerve traction injury can occur after surgery to 
relieve knee flexion contracture. Avoid excessive élévation of 
the operated extremity postoperatively to minimize traction on 
the nerve 

incidence of a supracondylar fracture has been reported 
to be as high as 20%. Be careful when mobilising the child 
after spica cast removal. Signs of fracture are swelling 
and pain in the distal fémur. Obtain radiographs at the 
least suggestion. Recently bispho-sphonates hâve been 
used to treat osteoporosis in CP patients. These should 
be reserved for the most severely involved patients. They 
can be given either IV or orally. Many children who hâve 
spastic quadriplegia also hâve significant esophageal 
reflux problem and they will not tolerate the oral 
médication. Oral bisphosphonates can be harmful 
because it increases gastroesophageal reflux, ulcers and 
hâve other gastrointestinal side effects. One of the 
significant complications that can occur is over- 
lengthening of tendons. Heel cord overlengthening will 
lead to pes calcaneus which is worse than mild equinus. 

Hamstrings that are overlengthened can lead to 
recurvatum of the knee which is worse than mild flexion. 
Vigorous stretching of the knee in the supine position 
with the hip flexed to 90o after hamstring lengthening 
can cause a neuropraxia of the sciatic nerve. Therefore 
optimum range of motion following hamstring 
lengthening should not exceed 70° (Fig. 24). 

BIBLIOGRAPHY 

1. Bleck EE. Orthopédie Management In Cérébral Palsy. JB 
Lippincott Co Philadelphia, 1987. 

2. Dormans JP, Copley LA. Orthopédie approaches to treatment. In 
Dormans JP, Pellegrino L Paul H (Eds): Caring for children with 
cérébral palsy: a team approach. Brookes Co Baltimore 1998;143- 
68 . 

3. Karol LA. Surgical management of the lower extremity in 
ambulatory children with cérébral palsy. J Am Acad Orthop Surg 
2004;12(3):196-203. 

4. Morrell DS, Pearson JM, Sauser DD. Progressive bone and joint 
abnormalities of the spine and lower extremities in cérébral palsy. 
Radiographies 2002;22(2):257-68. 


5. Rab GT. Diplegic gait is there more than spasticity? In Sussman 
MD(Ed): The diplegic child: évaluation and management. 
American Academy of Orthopédie Surgeons Rosemont 1992;99- 
113. 

6. Renshaw TS, Green NE, Griffi n PP, et al. Cérébral palsy: 
orthopédie management. Instr Course Lect 1996;45:475-90. 

7. Root L. An orthopedist's approach to cérébral palsy. Dev Med 
Child Neurol 1988;30(5):569-70. 

8. Schwartz MH, Viehweger E, Stout J, et al. Comprehensive 
treatment of ambulatory children with cérébral palsy: an outcome 
assessment. Pediatr Orthop 2004;24(l):45-53. 

9. Staheli LT. Practice of Pédiatrie Orthopedics Lippincott Williams 
andWilkins Philadelphia 2001. 

10. Sussman MD. Orthopédie surgery for ambulatory children with 
cérébral palsy. Turk J Phys Med Rehabil 2002;48 (2):15-6. 

11. Warner WC. Cérébral palsy. In Campbell's Operative Orthopedics 
(lOth edn). Canale TS Mosby, Philadelphia 2003;1213-79. 

12. Wenger DR, Rang M. The Art and Practice of Children's 
Orthopedics Raven Press New York, 1993 

ANESTHESIA AND CHRONIC PAIN MANAGEMENT 

The patient with CP présents a real challenge for 
anesthesiologists because of the associated multiple 
disabilities and systemic problems. 

Preoperative Assessment 

Children with CP require spécial considération because 
of their various disabilities. Medical, communication, 
general care problems and social issues often complicate 
the preoperative assessment of patients with CP. Be aware 
of the visual and hearing déficits, behavioral and 
communication problems that the child has. 

Spécial Considérations in 
Preoperative Assessment 

• Behavioral problems 

• Gastroesophageal problems 

• Nutrition 

• Pulmonary 

• Dental and mouth hygiene 

• Convulsions 

• Latex allergy 

• Spasticity 

Dental and Mouth Hygiene 

Note the presence of loose teeth, dental caries and 
temporomandibular joint dysfunction preoperatively 
because these frequently cause difficulty with laryngos- 
copy during endotrachéal intubation. 
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Epilepsy 

Children who receive regular anticonvulsant médication 
should continue their medicine during the perioperative 
period for symptom stability. Keep in mind the side 
effects of these agents, such as bleeding tendency with 
valproate sodium. 

Latex Allergy 

Patients with CP are at increased risk of developing latex 
allergy because of multiple surgical procedures and 
exposure to latex allergens from an early âge. Ask the 
parents about respiratory symptoms such as wheezing 
or allergie rhinitis and cutaneous manifestations such as 
rush, itch, edema when exposed to products containing 
latex. 

Spasticity 

Remember that antispastic médications such as baclofen, 
benzodiazépines and botulinum toxin hâve side effects 
that interfère with anesthésia. Oral baclofen may delay 
emergence from anesthésia and cause bradycardia- 
hypotension during anesthésia. 

Allow the mother into the operating theatre to 
minimize the child's anxiety. Cover the young child in 
cotton to minimize heat loss during surgery. 

Postoperative Management 

Emergence from anesthésia may be delayed because of 
hypothermia and residual volatile anesthetic agents. 
Frequent suctioning is required in patients who had been 
drooling preoperatively. Protect the airway from 
excessive sécrétions, régurgitation and vomiting. Patients 
will be irritable during emergence from anesthésia 
because the environment is unfamiliar especially if they 
hâve intellectual disability, pain, visual defects, hearing 
Positioning for surgery may be difficult due to contrac¬ 
tures, bilateral tourniquets and multiple cathéters. 
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PATHOPHYSIOLOGY OF SPASTICITY 

Spasticity is a major neuromuscular problem in CP. It is 
so deeply engrained in medical and public literature that 
a spastic child has corne to mean a child with CP for most 
people around the world. Spasticity is difficult to define. 
The pathophysiology is obscure, findings on examination 
are inconsistent, and treatment is not always successful. 
Understanding the physiology of normal movement may 
help the physician in the management of spasticity. 

Physiology of Movement 

Afferent input from the internai organs, the musculo¬ 
skeletal System, and the skin converge on the medulla 
spinalis. This afferent input activâtes the stretch reflex, 
both directly and through the interneuron, and results in 
a reflex motor response. The same afferent information 
goes to the cerebellum and the somatosensory cortex. It 
is processed in those centers as well as in the basal ganglia. 
The resulting motor response is relayed to the lower 
motor neuron through the pyramidal and extrapyramidal 
System tracts. The pyramidal tracts go directly to the 
lower motor neuron whereas the extrapyramidal tracts 
end at the interneuron. The cerebellum, basal ganglia, 
and extrapyramidal System nuclei modify the motor 
response as it goes to the medulla spinalis. In this way ail 
motor output is influenced by the incoming sensory input 
and converges on the lower motor neuron. The 
interneurons in the medulla spinalis regulate the activity 
of the motor neuron. 
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The Upper Motor Neuron Syndrome 

Positive-Findings 

1. Increased muscle tone 

2. Exaggerated tendon reflexes 

3. Clonus 

4. Babinski positive 

5. Flexor synergies 

Negative-findings 

1. Loss of sélective motor control 

2. Loss of hand and finger dexterity 

3. Muscle weakness 

Results in muscle 

1. Stiffness 

2. Contracture 

3. Fibrosis 

4. Atrophy 

Modified Ashworth Scale 

0 No increase in muscle tone 

1 Slight increase in muscle tone, manifested by a catch 
and release or by minimal résistance at the end range 
of motion when the part is moved in flexion or 
extension/abduction or adduction, etc. 

1 + Slight increase in muscle tone, manifested by a catch, 

followed by minimal résistance throughout the 
remainder (less than half) of the ROM 

2 More marked increase in muscle tone through most 
of the ROM, but the affected part is easily moved 3 
Considérable increase in muscle tone, passive 
movement is difficult 4 Affected part is rigid in 
flexion or extension (abduction, adduction, etc.) 

The Upper Motor Neuron Syndrome 

CP results in an upper motor neuron syndrome 
characterized by spasticity, exaggerated tendon reflexes, 
clonus, pathological reflexes, mass synergy patterns, 
muscle weakness, loss of sélective motor control and loss 
of hand dexterity. Spasticity is a component of the upper 
motor neuron syndrome. 

Définition of Spasticity 

Muscles show a physiological résistance to passive 
motion. This is called muscle tone. Spasticity is the 
increase in this physiological muscle tone. The terms 
spasticity and increased tone may be used interchangeably. 
Spasticity is velocity dépendent. The faster the passive 
movement, the greater the résistance of the muscle. The 


increase in muscle tone causes loss of trunk balance and 
difficulty of active movement in the extremities. 

Pathogenesis 

The pathogenesis of spasticity is presumed to be an 
increase in the excitability of the lower motor neuron. 
This présents as hyperactive stretch reflexes at clinical 
examination. Many hypothèses attempt to explain this 
hyperexcitability. One suggests a change in the balance 
of excitatory and inhibitory inputs to the motor neuron 
pool. When the inhibitory inputs are reduced, the 
interneurons send excitatory impulses to the lower motor 
neurons and they become hyperexcitable. 

Measuring Spasticity 

Spasticity can be measured by clinical examination, 
mechanical instruments, and electrophysiological 
techniques. The modified Ashworth and Tardieu scales 
are commonly used for clinical évaluation. They measure 
tone intensity but do not evaluate the effect of spasticity 
on function. Mechanical instruments measuring the 
résistance of the muscle to passive stretch and electro¬ 
physiological measures showing the hyperexcitability of 
the stretch reflex are used only for research purposes. 

The Ashworth Scale 

The Ashworth scale is by far the most commonly used 
évaluation method for spasticity. Always test the patient 
while he or she is in a relaxed supine position. Passively 
move the joint rapidly and repeatedly through the 
available range of motion and grade the résistance using 
the définitions. 

Measurements in Spasticity 

Clinical Measures 

• Range of motion 

• Tone intensity measures 

• Modified Ashworth Scale 

• Tardieu Scale 

Mechanical Instruments 

• The pendulum test 

Electrophysiological Measures 

• The H reflex 

• Vibration inhibition index 

Functional Measures 

• Upper extremity function 

• Gait 
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The Tardieu Scale 

The Tardieu scale measures the intensity of muscle tone 
at specified velocities . Note the joint angle at which the 
catch is first felt. Always grade the Tardieu scale on the 
same day. Keep the body in a constant position for a given 
extremity. Keep the other joints, particularly the neck in 
a constant position throughout the test and from one test 
to another. Perform the test at a reproducible velocity of 
stretch. Détermine the effect of spasticity on the child's 
function, ease of care and quality of life by using various 
functional scales. This guides the treatment. 

Effects of Spasticity 

Adverse Effects 

Spasticity causes difficulty in movement, abnormal 
posture in sitting and standing, contractures leading to 
deformities, pressure sores and pain. Increase in tone is 
uncomfortable. Sitting is difficult for the nonambulatory 
child because of increased adductor and hamstring 
muscle tone. The child slides out of the wheelchair and 
cannot be positioned properly. He cannot transfer to and 
from the bed, wheelchair and bathtub. Périnéal hygiene 
and dressing the child require more effort. The 
ambulatory child has trouble initiating movement. 

He cannot wear his braces. Energy cost of movement 
increases. Loss of function results and parents hâve 
difficulty caring for the child. 

When muscle tone increases, muscles become tight. 
This inhibits normal gait and posture. Normal movement 
patterns do not develop. Instead, the child shows 
abnormal or compensatory movement patterns. 
Spasticity affects muscle growth. Muscles need to be 
stretched while relaxed; failure to do this results in poor 
growth. Spasticity initially causes apparent muscle 
shortening but the passive range of motion is full. This 
abnormal permanent résistance is dynamic contracture. 
If uncorrected, fibrosis and eventually bony deformity 
lock the joint into a fixed contracture. How fast a 
contracture will develop dépends on the severity of 
spasticity and the muscles involved: contractures 
progress more quickly in some muscles. Bone growth is 
distorted by the abnormal résistance of the shortened 
muscles. Growing bone is easily distorted by sustained 
pressure. Untreated spasticity puts excessive stress on 
bone that produces abnormal rotation or it inhibits 
physiological derotation of long bones. If not relieved at 
an early stage, bone deformities occur. Prolonged 
equinovarus caused by triceps surae and tibialis posterior 
spasticity might rotate the tibia inwards. Spasticity of hip 
adductor s can rotate the fémur inwards. This inhibits the 
physiological derotation process of infantile fémoral 
antéversion. 


Bénéficiai Effects 

Increased tone may be useful for the child. It helps 
maintain to keep the legs straight, thereby supporting 
the child's weight against gravity. The child with 
increased tone in trunk extensors may stand and take a 
few steps. Spasticity may help preserve muscle bulk and 
bone density. 
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TARDIEU SCALE 

Quality of Muscle Reaction is Measured 

0 No résistance throughout the course of the passive 
movement 

1 Slight résistance throughout the course of the passive 
movement 

2 Clear catch at précisé angle, interrupting the passive 
movement, followed by release 

3 Unsustained clonus (less than 10 sec when 
maintaining the pressure) occurring at a précisé angle, 
followed by release 

4 Sustained clonus (more than 10 sec when maintaining 
the pressure) occurring at a précisé angle 

Angle of muscle action is measured relative to the 
position of minimal stretch of the muscle (corresponding 
to angle zéro) for ail joints except the hip where it is 
relative to the resting anatomical position. 

Effects of Spasticity 

Positive Effects 

• Extensor tone in the limbs help standing 

• Preserve muscle bulk 

• Preserve bone density 
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Négative effects 

• Masks contraction in the antagonist 

• Difficulty in movement 

• Abnormal posture 

• Difficulty in sitting and transfers 

• Inhibits muscle growth 

• Leads to contractures 

• Difficulty in hygiene and dressing 

• Pressure sores 

• Pain 

Goals of Spasticity Treatment 

• Increase function 

- to perform better in activities 

- of daily living 

- to walk better 

• Increase sitting ability and balance 

• Prevent deformity and decrease contractures 

• Pain relief 

• Improve hygiene and patient care 

Treatment Methods 

Physiotherapy 

• Positioning 

• Exercises 

- Stretching 

• Neurofacilitation 
Electrostimulation 
Splinting and casting 
Oral médications 

• Baclofen 

• Diazepam 

• Clonazepam 

• Dantrolene 

• Tizanidine 
Intrathecal médications 

• Baclofen 

• Morphine 

• Clonidine 
Neuromuscular blocks 

• Local anesthetics 

• Phénol 

• Botulinum toxin 
Orthopédie surgery 
Sélective dorsal rhizotomy 

Essentials of Spasticity Treatment 

Indications for Treatment 

Consider treating spasticity when it causes loss of 
function or produces contractures, deformities, pressure 


sores, or pain. Additional indications include difficulty 
in positioning or caring for the total body involved child. 
Even though a wide range of treatments exist, none of 
them is fully satisfactory. Unwanted side effects limit the 
use of certain modalities. Some children do not respond 
to any of the antispasticity measures. The success of 
treatment dépends on having spécifie goals in treatment, 
choosing the correct method according to the child's prob- 
lem and monitoring for side effects and complications. 

Treatment Methods 

Treatment options are divided into réversible and 
permanent (surgical) procedures. They can also be 
classified as sy s ternie or local treatments. Ail treatment 
procedures aim to modulate the stretch reflex. In mild 
spasticity, basic measures such as positioning, exercises 
and bracing may be sufficient whereas in more severe 
cases, interventions can be more invasive. Often, 
treatments are combined to decrease side effects and to 
improve outcome. 

Physiotherapy 

Physiotherapy is a fundamental part of spasticity 
management. Muscle overactivity produces muscle 
shortening and muscle shortening increases spindle 
sensitivity. Muscle contracture and stretch sensitive 
muscle overactivity are intertwined. Therefore physical 
treatments aimed at lengthening the overactive muscles 
are fundamental. Address both shortening and 
overactivity. Consider applying various techniques such 
as positioning, ice, and exercises for these purposes. 

Positioning: Position the child to stretch the spastic 
muscles and decrease the sensitivity of the stretch reflex 
and the brainstem reflexes that trigger spasticity. The 
therapists should teach these positions to the family so 
that the child lies and sits this way most of the time at 
home. Head supports may improve tone in the trunk 
muscles by providing a sense of safety and inhibiting the 
tonie neck reflexes. Advise use of the tailor-sitting position 
to reduce adductor spasticity. Good seating provides a 
stable platform and facilitâtes good upper extremity 
function. 

Stretching exercises: Stretching muscles may prevent 
contractures and promote muscle growth. Spasticity 
decreases with slow and continuons stretching. This effect 
lasts from 30 minutes to 2 hours. Use stretching exercises 
before bracing and serial casting to obtain the necessary 
joint position. 
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Inhibitive (Tone Reducing) Casting and Bracing 

Muscle relaxation after stretching exercises lasts for a 
short period of time. For longer duration the stretch on 
the muscle should be maintained for several hours 
everyday. This is possible with the use of rigid splints or 
serial casting . The effects are maximal if the cast or the 
splint is applied after the muscle is relaxed. The tone- 
reducing effect of casts and splints is controversial. Some 
think that casts decrease muscle tone by creating atrophy 
in the already weak spastic muscle. Casts also cause 
pressure sores in children who are malnourished and 
hâve severe spasticity. Patient compliance may be poor 
because of difficulties of living with the cast. Consider 
casting as an adjunct to treatment with local antispastic 
médications in the young diplegic or hémiplégie child 
with severe spasticity interfering with ambulation to 
delay orthopédie surgery. At présent, the most common 
methods of spasticity management in cases of CP are oral 
médications, botulinum toxin, phénol or orthopédie 
surgery. 
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ORAL MEDICATIONS 

Various pharmacological agents decrease spasticity. 
Baclofen, benzodiazépines (diazepam, clonazepam), 
dantrolene sodium and tizanidine are commonly used 
in children. 

Indications 

Consider systemic oral antispastic drugs in total body 
involved nonambulatory children with generalized 


spasticity. They are also useful for short periods after 
orthopédie surgery. Systemic side effects such as 
drowsiness, sédation, and generalized weakness are 
common, so they generally are not recommended for 
ambulatory children. Keep the initial dose low and 
gradually titrate to a level at which the effect is maximal 
and the side effects are minimal. The responses of the 
children to oral antispastic drugs are not consistent. Try 
different drugs to achieve a satisfactory clinical effect. 

Oral Antispastic Drugs 

Baclofen 

Baclofen is an agonist of the main inhibitory CNS 
neurotransmitter gamma aminobutyric acid (G AB A). It 
shows its effect mainly on the spinal cord. It decreases 
spasticity by increasing the inhibitory effect of the 
interneuron on the alpha motor neuron. The lipid 
solubility of baclofen is poor, so it cannot easily cross the 
blood brain barrier. High oral doses are necessary to 
achieve a therapeutic dose in the cerebrospinal fluid 
(CSF). The effect starts 1 hour after ingestion and lasts 
for 8 hours. The drug must be taken three to four times 
daily in divided doses. Daily dose for children between 
âges 2 to 7 is 10 to 15 mg per day with a maximum of 40 
mgrs per day. After the âge of 8 years, the dose may be 
increased to 60 mg per day. Maximum doses range 
between 80 to 120 mg. per day in adults. Side effects 
including sleepiness, sédation, drowsiness, fatigue, 
headache, nausea, and a decrease in seizure threshold 
are commonly associated with increasing doses. Baclofen 
also causes generalized muscle weakness. Ail side effects 
are dose dépendent. Sudden withdrawal may cause 
hallucinations and seizures sometimes accompanied by 
extreme hyperthermia and increased spasticity called the 
baclofen withdrawal syndrome. The dose of the drug 
must be decreased gradually. 

Diazepam 

Diazepam is a benzodiazépine tranquillizer that works 
as a GABA agonist. It enhances the presynaptic inhibitory 
effect of GABA and decreases spasticity. It is absorbed 
faster than baclofen, acts faster, and has a longer lasting 
effect. Doses in children range between 0.12 to 0.8 mg/ 
kg body weight with a maximum of 20 mg daily divided 
into two or three equal doses. Diazepam decreases painful 
muscular spasms and improves sleep. Sédation and other 
CNS side effects are very common, so this drug is not 
recommended for treating ambulatory children except 
after orthopédie surgery when it improves the child's 
tolérance and participation in the réhabilitation program. 
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CNS side effects are weakness, memory loss, ataxia, 
dépréssion, and dependency. 

Clonazepam 

Clonazepam has an effect similar to that of diazepam, 
but it has a slightly longer half-life. It is preferred over 
diazepam because its side effects are fewer. Initial dose 
is 0.1 to 0.2 mg/kg/day. This dose is titrated for an 
optimal effect. 

Dantrolene Sodium 

Dantrolene sodium inhibits muscle contraction by 
blocking calcium release from the sarcoplasmic réticulum 
in the muscle fiber. Initial dose is 0.5 mg/kg of body 
weight with a maximum dose of 3 mg/kg of body weight. 
Total daily dose should not exceed 12 mg per day 
administered in four divided doses. 

Side effects include muscle weakness, sédation, 
diarrhea, and hepatotoxicity. CNS side effects are rare. 
Liver function tests should be performed two to four 
times a year, and the total treatment duration should not 
exceed 2 years. 

Tizanidine 

Tizanidine is an alpha adrenergic receptor agonist. It 
shows its effect at the brain and the spinal cord level. 
Tizanidine decreases the release of excitatory neuro- 
transmitters and increases the release of inhibitory 
neurotransmitters. Guidelines for use in children are not 
well established. In adults the initial dose is 2 to 4 mg 
administered at 4 hour intervals and increased to 36 mg 
as needed. It may cause drowsiness, nausea, halluci¬ 
nations, and is hepatotoxic. 
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NEUROMUSCULAR BLOCKING AGENTS 

Local Anesthetics (Phénol, Botulinum Toxin) 

Consider using local anesthetics, alcohol, phénol and 
most recently, botulinum toxin as neuromuscular 
blocking agents when treating focal spasticity. 

Mechanism of Effect 

Local anesthetics block nerve conduction by changing 
membrane permeability to sodium ions. They affect both 
sensory and motor function in the area innervated by the 
nerve. This effect is completely réversible and causes no 


structural damage to the nerve. The effect starts within 3 
to 15 minutes after the injection and lasts from 45 minutes 
to 8 to 12 hours depending on the type of drug used. 
Médian nerve in the upper extremity and many nerves 
in the lower extremity are available for local anesthetic 
blocks. 

Dosing and Administration 

Lidocaine, etidocaine and bupivacaine are used for nerve 
blocks. 

Prefer bupivacaine because it is more potent and its 
duration of action is longer. It can be injected in amounts 
up to 3 mg/kg of 0.25 to 0.75% of a solution. Do a 
perineural injection when y ou want to block the motor, 
sensory and autonomie fibers in the nerve. A motor point 
block affects the motor fibers only. 

A peripheral nerve stimulator that gives a low 
intensity electrical current through a needle electrode is 
used for blocks. Use small needles and give short-lasting 
stimuli to localize the nerve more accurately. This makes 
the procedure less painful. 

Electrical Stimulation Technique 

1. Locate the motor point or the nerve with the help of a 
stimulator. 

Charts exist for the location of each nerve. 

2. Cleanse the skin. Choose the injection site and start 
stimulating the nerve. Adjust stimulation intensity 
first to a maximum, when the muscles innervated by 
the nerve begin to twitch, lower the intensity to 0.2 to 
0.5 miliamperes. 

3. If the muscle is still contracting, aspirate first and then 
inject the local anesthetic or phénol until the muscle 
is silent. 

4. Increase the stimulus intensity to control the block. If 
there is no contraction at maximum stimulus intensity, 
the block is efficient. If not, inject more until the 
contraction stops. 

Indications 

Local anesthetic blocks may be used as a diagnostic tool 
to differentiate spasticity from contracture and to predict 
functional changes with long-term therapy. The block 
may clarify which muscles contribute to spasticity and 
unmask sélective motor control in the antagonist muscles 
if there is any. Block the médian nerve at the elbow to 
evaluate the upper extremity. The hand relaxes comp¬ 
letely a couple of minutes after the injection if the flexion 
in the wrist and fingers is because of spasticity. Bring the 
fingers into extension while holding the wrist in 
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extension. The joint will not relax if there is a contracture. 
Thus, a local anesthetic block aids the physician in the 
decision making process of treatment of the spastic hand. 

Indications for local anesthetic blocks 

• Differentiate spasticity from contracture 

• Predict functional changes 

• Distinguish the muscles that contribute to spasticity 

• Evaluate the presence of sélective motor control 
The injection may be painful and is best performed 

under general anesthésia in young children. 

Advantages 

Local anesthetics hâve a short and réversible effect, so 
they are useful for diagnosis of the problem and 
differentiating contracture from dynamic spasticity. 

Advantages of local anesthetic blocks 

• Réversible short duration effect 

• Relatively painless 

• Helps differentiate contracture from spasticity 

• Unmasks activity in the antagonists by relaxing the 
spastic muscles. 

Side Effects and Précautions 

Local anesthetics rarely cause a hypersensitivity reaction 
in the form of a mild rash. Fatal anaphylactoid reactions 
hâve been reported. Hematoma may occur at the injection 
site. There can be significant changes in walking and 
transfers after a nerve block. The sudden decrease in 
muscle tone may resuit in falls and injuries in the few 
hours after the block. In high doses, local anesthetics may 
hâve systemic toxic side effects if they enter the systemic 
circulation by mistake. This is uncommon in children and 
in doses used for peripheral nerve blocks. 

Side effects and précautions 

• Hypersensitivity reaction 

• Hematoma at injection site 

• Sudden weakness may cause injuries in the 
unprepared patient 

• Systemic toxicity (dose related) 

CHEMICAL NEUROLYSIS: ALCOHOL AND PHENOL 

Alcohol and phénol are Chemical agents that block nerve 
conduction by creating a lésion in a portion of the nerve. 

Alcohol 

Ethyl alcohol acts as a local anesthetic by decreasing 
sodium and potassium conductance at the nerve 
membrane at low concentrations. It causes protein 


dénaturation at higher concentrations such as 50%. 
Intramuscular injection of ethyl alcohol causes burning 
pain, therefore children must be injected under general 
anesthésia. Even though alcohol has fewer adverse effects 
and is safer than phénol it has not been used as 
extensively in spasticity treatment possibly because of 
the pain it causes during the injection. Phénol blocks are 
generally used for lower extremity spasticity. Recently 
botulinum toxin was added to the armamentarium of 
focal spasticity treatment. 

Phénol 

Mechanism of Effect 

Phénol is benzyl-alcohol or carbolic acid with the old 
terminology. It has been used as a disinfectant and 
antiseptie. It causes protein dénaturation and nonselective 
tissue destruction in the injected area. Wallerian 
degeneration of neurons occurs in the weeks following 
injection. Most axons regrow, over a period of time . The 
effect of phénol starts rapidly because of its local 
anesthetic properties and lasts for up to 2 to 12 months. 

Dosing and Administration 

The usual dilution is 3 to 6% depending on the technique 
and the injection site. There are two techniques to apply 
phénol blocks: the motor point block and the motor nerve 
block. Motor point and motor nerve injection sites must 
be identified using electrical stimulation as explained in 
local anesthetic blocks. Electrically stimulating to find the 
motor points enables the physician to use very small 
quantities of the drug to obtain good clinical response . 
Indications The advantages include an early onset of 
action, longer duration of effect and low cost. In addition, 
there is no antibody formation to phénol so that larger, 
more powerful muscles may be treated without dosing 
considérations. Although the injection is painful at first, 
pain résolves in seconds because of its analgésie effects 
and injections are as easy as botulinum toxin injections 
for the experienced physician. 

Side Effects and Précautions 

The main risks to be aware of when using phénol for 
spasticity management are permanent nerve injury, 
causalgia or neuropathie pain because of sensory fiber 
damage, tissue edema, venous thrombosis, and 
compartment syndrome resulting from large amounts of 
phénol in constrained space . Avoid using phénol in the 
upper extremity because nerves in the upper limb are 
mainly mixed nerves and motor point blocks are difficult. 
Risks of dysesthesia, causalgia, venous thrombosis, and 
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compartment syndromes are higher. Phénol is destructive 
to tissues, intramuscular administration in the small child 
may lead to unwanted and irréversible muscle fiber 
atrophy. 

Combination treatment At présent phénol has a rather 
small but useful place in spasticity treatment. State-of- 
the-art treatment for focal spasticity relief is botulinum 
toxin. However, there is an upper limit to the amount of 
botulinum toxin that can be used in a single setting so a 
combination of phénol with botulinum toxin is preferred 
to better control multisegmental focal spasticity and to 
provide a longer duration of effect. Use phénol for large 
lower extremity muscles and botulinum toxin for smaller 
lower and ail upper extremity muscles for multilevel 
injections whenever the necessary botulinum toxin dose 
exceeds the maximum amount y ou can use. 

Botulinum Toxin 

Botulinum toxin, produced by the anaérobie bacteria 
Clostridium botulinum, is one of the most potent poisons 
known to man. In the past two décades it has been 
transformed into one of the most useful antispastic agents. 
Of the seven distinct toxins from A to G, only type A and 
B are used for therapeutic purposes. The structure of ail 
toxins and their mechanism of action are similar, only 
their site of action is different. 

Disadvantages and Précautions 

• Relatively painful injection 

• Chronic dysesthesia and pain 

• Peripheral edema, deep venous thrombosis 

• Réversible sensory loss 

• Systemic side effects (dose related) 

• Relatively difficult technique 

• Advantages of phénol 

• Rapid action 

• Longer duration 

• Low cost 

• No antibody formation 

Hints on Using Phénol 

• Avoid using in the upper extremity 

• Do not inject mixed peripheral nerves 

• Only inject motor nerves 

• The most common uses are: rectus femoris motor 
point block, obturator nerve block, hamstring motor 
point block, tibialis posterior nerve block (mixed 
nerve), gastroenemius motor point block. Use 6% 
concentration of phénol 

• Maximum dose 1 ml/kg body weight 


• The effects are immediately obvious 

• Use 0.5 to 1 ml for motor point blocks 

• Use up to 3 ml for nerve blocks. 

The Mechanism of Effect 

The toxin inhibits acétylcholine release at the 
neuromuscular junction causing a réversible chemoden- 
ervation. Studies suggest that the toxin affects the muscle 
spindle and afferent nerve fiber s as secondary actions. 

Effect at the neuromuscular junction The toxin must 
enter the nerve endings to exert its effect. It becomes fully 
active once inside the cholinergic nerve terminal. 

When the impulse for contraction arrives at the axon 
terminal acétylcholine (ACh) vesicles fuse with the nerve 
membrane and the ACh is released into the synaptic cleft. 
This causes excitation in the muscle fiber and muscle 
contraction. The various serotypes of botulinum toxin act 
on different portions of the acétylcholine vesicle complex. 
Botulinum toxin inhibits the fusion of acétylcholine 
vesicles at the presynaptic membrane. Ach cannot be 
released into the synaptic cleft, the impulse from the nerve 
to the muscle fiber is blocked and the muscle fibers 
innervated by that axon cannot contract. This is Chemical 
denervation . The extent of muscle weakness created by 
the botulinum toxin dépends on the serotype, dose and 
volume of toxin used. 

The effect of botulinum toxin is réversible. Nerve 
sprouts form at the unmyelinated terminal axon 
immediately proximal to the end plate. These sprouts 
innervate the muscle fiber. 

Eventually, the original neuromuscular junction 
regains function. This terminâtes the clinical effect in 3 
to 6 months and spasticity reappears. Afferent effect The 
toxin may block the sensory afferents from the muscle 
spindle. This reduces spindle sensitivity and conséquent 
reflex action. 

Analgésie effect: There is an analgésie effect of the toxin 
explained by a couple of mechanisms. First, decreasing 
spasticity decreases pain. Second, botulinum toxin affects 
afferent transmission and inhibits the release of substance 
P. Substance P is the primary mediator of pain in the 
spinal cord and the brain. Inhibition of its release together 
with the block in afferent transmission resuit in pain 
relief. 

Spécifie Pharmacology 

The potency of the toxin is defined by mouse units. One 
mouse unit is the amount required to kill 50% of a group 
of female Swiss-Webster mice. There are two different 
commercial préparations for botulinum toxin; Botox® 
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(Allergan), and Dysport® (Speywood). BTX-B is available 
as Myobloc™ in the United States and NeuroBloc® in 
Europe and elsewhere. 

There are 100 units of botulinum toxin in one vial of 
Botox and 500 units in one vial of Dysport. The clinical 
potency of Botox and Dysport are influenced by 
numerous factors including the way they are produced. 
Therefore, the units are not interchangeable and there is 
no équivalence ratio between the two products. 

Indications 

Botulinum toxin injections hâve been used as a safe and 
effective treatment for spastic CP for the past 10 years. 
Botulinum toxin B is also becoming commercially 
available. 

The general indication for botulinum toxin injections 
in CP is 'the presence of a dynamic contracture, 
interfering with function, in the absence of a fixed 
muscular contracture/ If botulinum toxin injections are 
started at an early âge and repeated as necessary, they 
can help prevent the development of muscle contractures 
and bony deformities. This helps to delay orthopédie 
surgery until the gait is mature. The need for extensive 
surgical procedures may be eliminated if bony 
deformities are prevented by botulinum toxin. 

Dosing and Administration 

Botulinum toxin dosing dépends on which préparation 
is used. Dysport dosing is different than Botox and there 
is no équivalence ratio between the two préparations in 
terms of clinical effect. The doses mentioned here refer 
to Botox injections. The amount changes according to the 
number of muscles to be treated, prior response of the 
patient if there are any prior injections and functional 
goals. 

The dose limits range from 2 units to 29 units/kg of 
body weight, most common range being between 10 to 
20 units/kg of body weight. Avoid injecting more than 
400 to 600 units of total dose at any one time, injecting 
more than 50 units at one injection site and exceeding 20 
units per kilogram per muscle at any one time. If there is 
a need for more toxin because of multilevel involvement, 
combine treatment with phénol. Inject larger muscles 
with phénol and use botulinum toxin for more distal and 
smaller muscles. 

Targeting the neuromuscular junction during the 
injection using electrical stimulation guide may resuit in 
more effect for less volume. Even though no serious 
complications hâve been reported, it is a good idea to 
apply high doses under general anesthésia in the 
operating theatre. Reduce the dose if the child is small 
and has atrophie muscles, if the treatment is going to be 


repeated for a number of times and if multiple muscles 
are being injected. Severely spastic and larger muscles 
should receive a larger dose whereas less spastic and 
small muscles receive a smaller dose . 

The amount of toxin given to one muscle must be 
divided into more than two injection sites, depending on 
the dose. Put a safe distance between two injection sites 
with high doses. This increases the diffusion of the toxin 
in the muscle and prevents it from entering the systemic 
circulation. Divide the total dose per muscle over more 
sites as much as possible. For example, for a 20 kg child 
who has a very spastic gastroenemius muscle, the dose 
should be 6 U/kg/muscle, 120 U total. This dose should 
be divided into 4 injection sites, 30 units per site in the 
muscle. 

Patient Sélection 

Botulinum toxin is useful in various upper and lower 
extremity problems in spastic cérébral palsy cases . 

Muscle Sélection 

Choosing the right muscles to inject dépends on a good 
clinical valuation . Evaluate passive range of motion at 
the ankle, knee and hip; measure spasticity using the 
modified shworth or the Tardieu scale and détermine 
strength and sélective motor control of different muscle 
groups of the lower limbs. Gait analysis using dynamic 
EMG may be helpful in complex cases. 

Injection Technique 

Needle size dépends on site of injection and physician 
preference. 1.0 ml tuberculin type syringes and 26 to 30 
gauge, 1/2 inch (1.5 cm) needles are used. Teflon-coated 
monopolar injection needles are necessary for stimulation 
and injection with EMG or electrical stimulation guide. 

Targeting: Botulinum toxin dosing and injection technique 
is relatively easy. For optimal results the physicians must 
be experienced in managing children with CP. Difficult- 
tolocalize muscles often require adjunctive methods to 
confirm injection sites and to target the région of the 
neuromuscular junctions. Electromyography (EMG), 
electrical stimulation , computerized tomography (CT), 
fluoroscopy, and ultrasound hâve been used to target the 
région of maximum muscle activity. 

The technique of electrical stimulation is the same as 
in local anesthetic blocks. Efficacy is maximal and adverse 
effects minimal if the muscles are targeted properly. 

Sédation: The injection is not painful, but may be a cause 
of distress in young children and in multilevel injections. 
It is rather difficult to inject certain muscles such as the 
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hamstrings or iliopsoas in a fully awake and frightened 
child in the outpatient setting. Consider a simple sédative 
like diazepam or chloral hydrate when injecting single 
muscles in the outpatient clinic. Using EMG or ES guide 
and injecting multiple muscles is a considérable stress 
on the child so perform these under local anesthésia, 
conscious sédation using midazolam or general 
anesthésia. 

Préparation: Keep the toxin frozen in vial. Dilute with 
normal saline to the desired concentration prior to usage. 
The toxin is in a vacuumed vial, when diluting hold the 
piston of the syringe steady because sudden inflow of 
saline into the vial may cause protein dénaturation and 
loss of pharmacological activity. 

Then put a second needle through the lid to balance 
the négative pressure inside the vial before drawing back 
the diluted toxin. 

Injection: Clean the area, put stérile gloves on, localize 
the target muscle, inject the desired amount into the 
muscle belly. You may need to inject at two or more sites 
depending on the dose and muscle size. 

Dilutions 

For 100 units of Botox préparation 
Aimed final dilution Saline added to vial 
2.5 U/0.1 ml 4 ml. 

5.0 U/0.1 ml 2 ml. 

10.0 U/0.1 ml 1 ml. 

Post-injection Treatment 

The antispastic effect appears within 24 hours to 3 days 
after injection and becomes maximum at 10 days to a 
month. It lasts for 3 to 6 months. Some patients are golden 
responders in whom the antispastic effect lasts for over a 
year. Proper exercises, splinting and casting may increase 
the number of golden responders. 

Casting: For 2 to 3 weeks after injections may improve 
the results. Botulinum toxin relieves dynamic spasticity 
whereas casting addresses fixed contracture. Consider 
casting for two weeks beginning on the third day after 
the injection in severe cases. If injecting under conscious 
sédation or general anesthésia, put the cast on when the 
child is sedated or asleep . 

Problems related to casting are psychological trauma 
of putting the cast on and taking it off and muscle atrophy. 

Physical therapy: Perform range of motion and strengthe- 
ning exercises in an intensive manner to obtain maximum 
benefits from the injection. Intensive exercises and 


electrical stimulation after the injection may increase toxin 
uptake by the nerve terminal and potentiate the effect. 

Orthotic management: Continue bracing as prior. Brace 
tolérance generally increases after the injection. 

Résistance 

A small percent of children may not respond to initial 
injection of botulinum toxin. Consider one or more 
treatments before classifying patient as a non-responder. 
A secondary nonresponder is a child who shows a relative 
or complété loss of effect after a second injection. The 
reasons are too low a dose, poor injection technique, a 
change in the spastic muscles during treatment, inappro- 
priate reconstitution or storage of toxin and the presence 
of neutralizing antibodies. 

Development of résistance to botulinum toxin therapy 
is characterized by absence of any bénéficiai effect and 
by lack of muscle atrophy following the injection. 
Antitoxin antibodies are presumed responsible for most 
cases of résistance. Use the smallest possible effective dose 
and extend the time interval between treatments to at 
least 3 months to reduce the likelihood of antibody 
development. Botulinum toxin B or F may benefit those 
who hâve developed antibody résistance. 

Advantages and Disadvantages 

Side effects are few, mild and rare. The injection is 
relatively easy compared to phénol. There is no 
permanent tissue injury and ail the effects are réversible. 
The cost is the only factor limiting toxin use. 

Contraindications 

Side effects are extremely few . Slight weakness at 
injection site, local pain, fever, generalized weakness and 
fatigue presenting as a flu-like syndrome, respiratory tract 
infections, temporary incontinence and constipation hâve 
been reported with an incidence of 2 to 3%. Contraindi¬ 
cations include patients who are hypersensitive to any 
ingrédient in botulinum toxin, who are using amino- 
glycoside antibiotics, prégnant or may become prégnant, 
or in lactation . These contraindications are not absolute 
and not really relevant for children with CP. Patients who 
hâve a neuromuscular junction disease such as myas- 
thenia like syndrome are not appropriate candidates for 
botulinum toxin therapy. 

Conclusion 

Botulinum toxin has an established place in the treatment 
of spasticity in cérébral palsy. Consider botulinum toxin 
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treatment as early as two years of âge and combine with 
other treatment options as the child grows older and 
spasticity begins to cause contractures and deformities . 

The only factors limiting its use are high cost and 
restriction on the maximum dose per treatment session. 
The most common indications are young diplegic and 
hémiplégie children. 
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INTRATHECAL BACLOFEN (ITB) 

Baclofen is one of the most potent antispastic drugs. It 
cannot easily cross the blood-brain barrier because of its 
poor lipid solubility. This makes it difficult to reach 
therapeutic doses in the CNS. A novel method of intro- 
ducing the baclofen directly into the CSF through an 
implantable pump and cathéter System has been devised 
in the past decade and has become increasingly popular. 
Intrathecal administration enables the drug to reach the 
receptor site quicker with a much lesser side effect profile. 


Indications for ITB 

Intrathecal baclofen is useful for the severely involved 
spastic, dystonie or mixed child. The aim is to enable 
sitting in the wheelchair, make transfers easier, decrease 
spinal deformity, increase the comfort level and ease of 
care through a decrease in spasticity. 

Intrathecal baclofen pumps hâve been used in severe 
spastic diplegia, but more research is needed before one 
can definitely recommend this form of therapy for this 
particular problem. 

Factors to Consider 

Consider several factors before the implantation. Look 
for spasticity interfering with function and patient care. 
Define the type of involvement and the expected outcome 
after the intervention. Family coopération is absolutely 
essential because complications of ITB pumps are 
potentially life threatening. The pump can be inserted in 
cases above the âge of three, with an abdomen large 
enough for implantation. Check for hydrocephalus. It 
should be under control if présent, otherwise it increases 
the chance of CSF leak. Get appropriate medical treatment 
for seizure activity because baclofen decreases the seizure 
threshold. Examine the skin of the back. It must be intact, 
there must be no pressure sores or active infection 
anywhere in the body. Financial resources must be 
sufficient because both the implantation and maintenance 
cost a substantial amount. 

Performing the Test Dose 

After the initial decision to implant a baclofen pump, 
perform a test to evaluate the effect of the drug when 
given intrathecally. Introduce 50 micrograms of baclofen 
into the intrathecal space by bolus injection through a 
lumbar function in the spastic total body involved child. 
Implant the pump if the child responds to this dose. If 
the child does not respond, use 75 to 100 micrograms in 
the consecutive trials on the following days. The effect of 
intrathecal baclofen starts at 1 to 2 hours after the injec¬ 
tion, reaches a maximum at 4 to 6 hours and gradually 
diminishes after 8 hours. Perform the test with an 
intrathecal cathéter placed at the level of the 9th thoracic 
vertebra for the dystonie child. Give a continuous infusion 
of baclofen. Children who show a decrease of one or more 
in the Ashworth scale for a six to eight hour period are 
good candidates for pump implantation. 

Implanting the Pump 

A minor surgical procedure is necessary for pump 
implantation. Introduce the cathéter into the intrathecal 
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space at the distal thoracic or lumbar spine. Push the 
cathéter tip to upper thoracic levels in cases of upper 
extremity spasticity and dystonia. The cathéter is attached 
to an externally programmable pump implanted into the 
abdominal wall. The pump is filled transcutaneously 
every 2-3 months depending on the dosing schedule. 

Symptoms of Acute Baclofen Withdrawal 

• Acute increased tone 

• Spasms 

• Paresthesias 

• Profuse sweating 

• Dysphoria 

• Hallucinations 

• Seizures 

Follow-up 

Dosing and Clinical Evaluation 

Intrathecal administration of baclofen provides a 
continuous infusion of the desired amount of baclofen 
into the CSF. A computer based remote control System 
makes it possible to regulate the daily dose. The 
antispastic effects of intrathecal baclofen are obtained at 
1% of the daily oral dose. Begin with an initial daily dose 
of 25 micrograms and titrate up until there is a satisfactory 
réduction in spasticity. The dose is usually between 100 
to 500 micrograms per day. A static dose is generally 
achieved within a year after implantation. The pump 
should be refilled at 1-3 month periods. Refills are made 
through a transcutaneous injection. The battery life of the 
pump is approximately 4-5 years. Begin an intensive 
physiotherapy program after pump implantation to reach 
functional goals. Muscle weakness becomes prominent 
after a decrease in spasticity. Strengthening is important. 

Complications 

ITB pump implantation is expensive and the complication 
rate is moderately high. Complications include CNS 
infections, CSF leaks, and cathéter related problems. 
Acute baclofen withdrawal syndrome characterized by 
hallucinations, seizures, psychosis and rebound spasticity 
occurs if the baclofen flow to the CSF is interrupted. Signs 
of overdose are drowsiness, dizziness, somnolence, 
seizures, respiratory dépréssion and loss of consciousness 
progressing to coma. 
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SELECTIVE DORSAL RHIZOTOMY AND OTHER 
NEUROSURGICAL TREATMENT MODALITIES 

Sélective dorsal rhizotomy (SDR) involves sectioning of 
the dorsal column rootlets to interrupt the spinal reflex 
arc . This inhibits the afferent input from the muscle and 
tendons and reduces the efferent activity at the level of 
the spinal cord. The advantage of SDR is a global muscle 
tone réduction in lower extremities without producing 
weakness. Ail the lower extremity muscles are affected. 
The effects are permanent and weakness is not a major 
issue, however, there is loss of superficial and deep 
sensation. 

Indications 

Patient sélection is important for success of the 
intervention. The idéal patient is an independent 
ambulatory diplegic child between the âges of 3-10 with 
pure spasticity, no fixed contractures, good strength and 
balance with spasticity being the major limitation to 
function. Family commitment is essential for success 
because there is a need for long-term intensive physio¬ 
therapy after the procedure. The extent of functional 
improvements cannot always be related to SDR itself 
because the patients also receive long and intensive hours 
of physiotherapy after the procedure for at least a year. 

Technique 

A laminectomy is done under general anesthésia and the 
posterior roots are exposed. EMG monitorization is 
recommended to détermine which rootlets should be eut. 
The rootlets are stimulated electrically and the response 
from the muscles are observed. This way, the most active 
rootlets are localized. Up to 30 to 50% of the dorsal rootlets 
at each level from L2 to SI are eut. 
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In some centers, the L1 rootlets are also eut to assist 
in réduction of psoas activity. S2-S4 rootlets must be 
spared to preserve bladder function. 

Follow-up 

Expected results of the procedure are a loss of deep 
tendon reflexes, decrease in muscle tone, an improved 
gait pattern and smoothness of gait. Energy consumption 
may improve if walking is very inefficient prior to 
surgery. Sensory loss is usually transient though long- 
term effects are not clear. There is a need for extensive 
postoperative réhabilitation. After surgery, the therapy 
must focus on strengthening. 

Orthopédie surgery is still necessary usually for foot 
instability (excessive valgus), rotational abnormalities 
and contractures. Continued gait improvements are 
minimal between 1 and 2 years after surgery. 

Contraindications 

SDR is contraindicated in patients who hâve 
extrapyramidal findings, significant weakness or 
contractures, spinal abnormality and poor family support 
and commitment. 

Side Effects and Précautions 

There are concerns regarding the development of hip 
instability and spinal deformity after SDR. Proprioceptive 
sensory loss is common and the long-term effects are 
unknown. 

Other Neurosurgical Treatment Modalities 

Deep brain stimulation and magnetic répétitive 
stimulation hâve ail been tried in the CP patient with 
limited success. Certain neurosurgical procedures such 
as thalamotomy and stereotaxic surgery hâve not 
produced satisfactory results. 
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HEMIPLEGIA 

Hémiplégie children hâve involvement of the arm and 
leg on one side of the body. The upper extremity is more 
severely involved than the lower. Spastic hemiplegia 
constitutes 20% of cases with spastic CP. These children 
generally hâve very few associated problems. Communi¬ 
cation is unimpaired most of the time. They may hâve 
seizures, learning and behavioral problems. Functional 
prognosis is good compared to other types because one 
side of the body is normal. Ail hémiplégie children learn 
to walk by the âge of three. They become independent in 
the activities of daily living. Seizures, mild mental 
retardation, learning difficulties and behavioral 
disturbances may complicate the management and 
intégration into the society. 

Common Musculoskeletal Problems (Fig. 25) 

The shoulder is adducted and internally rotated, the 
elbow is flexed and pronated, the wrist and fingers are 
flexed, the thumb is in the palm. The hip is flexed and 
internally rotated, the knee is flexed or extended, the 
ankle is in plantar flexion. The foot is generally in varus, 
although valgus deformity may also be seen. The 
hémiplégie side is short and atrophie depending on the 
severity of involvement. Treatment consists of physio¬ 
therapy, occupational therapy, bracing, botulinum toxin 
injections and orthopédie surgery . Some children may 
need speech therapy and antiepileptic médication. 



Fig. 25: Typical problems of the hemplegic child consist of 
difficulty using the hand, walking on tiptoes and falling frequently 
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Musculoskeletal problems in hemiplegia 


Upper extremity Lower extremity 


Shoulder 

Internai rotation 
Adduction 

Hip 

Flexion 

Internai rotation 

Elbow 

Pronation 

Flexion 

Knee 

Flexion 

Extension 

Wrist 

Flexion 

Ankle 

Plantar flexion 

Hand 

Flexion 

Thumb in palm 

Foot 

Varus 


Physiotherapy and Occupational Therapy 

Motor problems of the hémiplégie child are usually mild. 
Physiotherapy is prescribed to prevent contractures of 
the involved side, to strengthen the weak muscles, to 
enable functional use of the upper extremity and to 
establish a better walking pattern. The basic program for 
the lower extremity consists of hip, knee, ankle range of 
motion exercises; rectus femoris, hamstring and 
gastroenemius muscle stretching and agonist muscle 
strengthening. Do not neglect the back extensors and 
pelvic girdle muscles. Prescribe occupational therapy to 
gain hand function. Activities that involve both hands 
may improve the use of the involved side. Inhibiting the 
Sound extremity and forcing the involved one to work is 
a novel method called constraint induced therapy. This 
method has certain bénéficiai effects but it is frustrating 
for most children. Children with hemiplegia do not need 
physiotherapy for ambulation. Prognosis for independent 
walking is very good. Physiotherapy is bénéficiai to 
prevent contractures of the ankle. In most of the cases 
the physiotherapy and occupational therapy can be 
accomplished on an outpatient basis or home program. 


Treatment in hemiplegia 


Physiotherapy 

Prevent contractures 

Strengthen weak muscles 

Establish a better walking pattern 

Occupational therapy 

Functional use of upper extremity 
Activity of daily living 

Bracing 

Lower extremity 

Solid or hinged AFOs 


Upper extremity 

Functional or resting hand splints 

Botulinum toxin A 

Lower extremity 

Rectus femoris and gastric spasticity 
Upper extremity 

Pronator flexor spasticity 

Orthopédie surgery 

Correction of Pes equinovarus 

Stiff knee 

Fémoral antéversion 


Botulinum Toxin A 

Botulinum toxin injections are used for upper and lower 
extremity spasticity in the young child. The toxin reduces 
gastrocnemius-soleus and rectus femoris spasticity in the 
lower extremity. The child uses his braces more efficiently 
and may develop a better walking pattern. Early relief of 
spasticity may prevent shortening of the gastroenemius 
muscle and delay or eliminate the need for surgical 
intervention. In the upper extremity, inject botulinum 
toxin to relax wrist, finger and thumb flexors so that the 
child may gain forearm supination and wrist stabilization. 
Relaxing the spastic muscles with botulinum toxin 
injections may aid the treatment team to visualize how 
the child will function when his spastic muscles are 
surgically lengthened. However, the toxin cannot show 
its real effect in some older children with already 
shortened muscles. 

Botulinum toxin may be combined with surgery in 
the older child. Inject muscles which hâve mild spasticity 
and no shortening with Botulinum toxin and surgically 
lengthen the severely spastic short muscles. This 
combination approach adopted in the recent years 
enables a swifter return of function, less complications 
and less muscle weakness because of less extensive 
orthopédie surgery. 


Botulinum toxin A injections in hemiplegia 


Location 

Problem 

Muscle 

Dose/ 

units/kg 

Upper 

Elbow flexion 

Biceps 

2 

extremity 

Forearm pronation Pronatorteres 

1 


Wrist flexion 

Flexion carpi radiais 

2 



Flexor ulnaris 

2 


Finger flexion 

Flexor digitorum sup 

2 



Flexor digitorum prof 

2 


Thumb in palm 

Adductor pollicis 

0.5 

Lower 

Rectus femoris 

Stiff knee 

3-6 

extremity 

Gastroenemius 

Pes equinus 

3-6 


Tibialis posterior 

Pes varus 

1-3 


Bracing Upper Extremity Bracing 

There are two indications for hand splints in hemiplegia. 
One is to prevent deformity and the other is to improve 
function. Night splints help stretch muscles and maintain 
range of motion. Tone usually decreases at night, 
therefore the use of resting splints at night to prevent 
deformity is questionable. The child's compliance with 
night splints is generally poor. Use day splints to increase 
function by either supporting the wrist in 10° extension, 
the thumb in opposition or both. Keep in mind that day 
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splints prevent sensory input in the already compromised 
hand. 

Lower Extremity Bracing (Fig. 26) 

AFOs stabilize the ankle and foot and keep it in the 
plantigrade position for weight bearing. They are set in 
5° dorsiflexion to avoid genu recurvatum or at neutral to 
prevent knee flexion. If the foot remains fixed the child 
has to extend the knee. Correct ail fixed contractures 
before giving braces. Use hinged AFOs for mono and 
hémiplégie patients especially when they hâve active 
dorsiflexion. 

Orthopédie Surgery 

The usual indications for surgery are pes equinus, pes 
varus and stiff knee. Thumb-in-palm and wrist flexion 
deformity also respond to surgery. Perform soft tissue 
procedures around 5 to 6 years of âge. Wait until at least 
8 years of âge for bone procedures unless the deformity 
is causing a functional problem. Delay upper extremity 
surgery for function (âge 6 to 12) until the child is mature 
enough to cooperate with postoperative réhabilitation. 

The Foot 

The common problems of the foot in hemiplegia are pes 
equinus and varus. They often occur in combination with 
each other and with knee problems. Evaluate the hips, 
knees and feet as a whole when examining the lower 
extremity. 

Pes Equinus (Fig. 27) 

Pes equinus is ankle plantar flexion during gait that 
occurs because of gastrocnemius-soleus spasticity. It may 
be dynamic or static. Dynamic equinus occurs only 
during walking secondary to gastroenemius spasticity. 
Passive ankle dorsiflexion is not limited. 

When the gastroenemius-solues muscle is short, 
passive ankle dorsiflexion is limited and static pes 
equinus occurs. The child with pes equinus bears body 
weight on the metatarsals. Callosities occur in adolescents 
and adults. Step length is short, toe clearance in swing is 
inadéquate and the ankle is unstable. Sometimes the 
discrepancy caused by pes equinus may resuit in pelvic 
obliquity. 

Stretching and corrective casting: Treat children younger 
than âge 5 with stretching exercises and corrective casting. 
Apply corrective casts for 2 or more consecutive sessions 
for 3 weeks in dynamic and mild static contractures. 
Consider injecting botulinum toxin prior to casting to 
improve the results. Always prescribe stretching exercises 
and plastic AFOs after casting. 



Fig. 26: The AFO stability in stance and 
foot clearance in swing 


Make sure that the corrective force is applied at the 
ankle joint during casting. If the cast does not fit properly, 
the force stresses the midfoot and causes rocker bottom 
deformity. 

Botulinum toxin: Botulinum toxin is the treatment of choice 
in very young children with gastroenemius spasticity, 
recommended as a time-buying agent in children who 
are not suitable for surgery. Inject botulinum toxin into 
the spastic gastroenemius muscle in a dose of 6 to 10 units 
per kilogram. Do not exceed 50 units per injection site. 
Apply a cast or use a full time solid AFO after the injection 
to improve and lengthen the effect. Relief of spasticity 
may resuit in a better gait pattern in young children. 

Surgical treatment: Consider surgical treatment in children 
who hâve walking difficulty because of a dynamic or 
static contracture. Lengthen the gastroenemius muscle 
by selectively incising its tendon through a full thickness 
transverse eut at the musculoskeletal junction as it 
combines with the soleus. Warren-White or Hoke are two 
different techniques advised to perform this operation. 
Lengthen the Achilles tendon if there is soleus contracture 
as well. Cut the Achilles tendon percutaneously by 
multiple partial tendon incisions and then dorsiflex the 
ankle with the knee in extension to allow the cut portions 
to slide in place. Try Z-lengthening in older and neglected 
cases where the tendon is markedly short. Try and gain 
at least 15-20° dorsiflexion at the ankle. Put the child in a 
short leg cast with 5° dorsiflexion. Never cast in excessive 
dorsiflexion. 
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A. Neglected gastrocnemius spasticity 
results in forced pes equinus deformity 

B. Causes 

• Gastrocnemius spasticity 

• Soleus spasticity 

C. Pes equinus results in 

• Inadéquate toe clearance during swing 

• Instability in stance 

• Short step length 

• Collosifies 

• Difficulty with shoewear 

D. Surgical options for pes equinus 

Silverskiôld’s test négative Gastrocnemius lengthening 

Silverskiôld’s test positve Achillies tendon lengthening 

Severe neglected equinus Posterior capsulotomy 

Combine with Achillies tendon lengthening 


E. Postoperative care: pes equinus surgery 

Cast 3 weeks in young child 

6 weeks in older child 
Ambulation 2-3 days 

Weight bearing Full 

Brance Until active dorsiflexion appears 


F. Predography shows the 
pressure distribution of the 
foot and is useful in évaluation 
pes equinus 



G. Complications of pes equinus surgery 

Recurrance 
Excessive lengthening 
Pressure sores 


E. Causes of récurrence after pes equinus surgery 

Weak stialis anterior 
Musculoskeletal growth 
Inadéquate lengthening 
Noncompliance with the brace 
Early surgery (âge < 5years) 

Z-lengthening 


Fig. 27: Pes equinus 


Postoperative care: Keep the child in a short leg cast for 3 
weeks. Use the cast up to 6 weeks for older children or 
after Z-lengthening. Begin ambulation as early as 2 to 3 
days after surgery. Allow full weight bearing with 
crutches. Put the patient in AFOs right after cast removal 
and hâve him wear it night and day. Discard the brace 
during the day and use it as a night splint only after 3 
months in children with good voluntary tibialis anterior 
function. Récurrence is high in patients with no voluntary 
tibialis anterior function. They must use their brace until 
they gain active dorsiflexion. A pedobarography is useful 
to evaluate the outcome. 

Complications of pes equinus surgery are rare. There 
is a 25% risk of récurrence because of weakness of tibialis 
anterior muscle and also to skeletal growth. Récurrence 
risk increases in cases who hâve inadéquate lengthenings 
or do not wear braces. Patients younger than 5 years of 
âge hâve a high risk of récurrence. Excessive lengthening 
of the triceps surae causes pes calcaneus deformity and 
the push-off is weakened. 

Pes Varus (Fig. 28) 

Pes varus is characterized by increased inversion and 
exaggerated weight bearing on the latéral margin of the 
foot. The causes are tibialis anterior, tibialis posterior and 
triceps surae spasticity with peroneal muscle weakness. 
The more common tibialis posterior spasticity causes 
hindfoot varus and tibialis anterior spasticity causes 
midfoot varus. Pes equinus usually accompanies pes 
varus, pure varus is relatively rare. The hémiplégie child 
with increased fémoral antéversion or internai tibial 
torsion has in toeing gait that looks like varus. Varus over 
10° causes problems with foot clearance during swing 
and stability in stance. Older children hâve difficulty 
wearing shoes. Callosities form under the fifth metatarsal. 

Stretching and corrective casting: Treat flexible pes varus 
with stretching exercises and braces. Inject botulinum 
toxin to the spastic tibialis posterior to decrease spasticity 
and achieve foot alignment with a brace. Perform the 
injection with EMG or electrical stimulation guide to 
localize the deep lying tibialis posterior muscle. Inject the 
gastrocnemius and soleus at the same session. Varus 
deformity tends to worsen after 5 to 6 years of âge in 
many patients. Consider surgical treatment if the 
deformity becomes fixed. 

Surgical treatment: Correct muscle imbalance in young 
children before bony deformities develop. The choice of 
surgical method dépends on the involved muscle . The 
tiptoe test is a good method to evaluate the posterior 
tibialis muscle. Ask the child to walk on his toes. Because 
the tibialis anterior does not contract during tiptoe 
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A. The muscle responsible for pes varus may be difficult to 
détermine on physical combination 


B. Causes of the varus foot 

Tibialis posterior spasticity Hindfoot varus 

Tibialis anterior spasticity Midfoot varus 

Triceps surae spasticity Ankle varus 


C. Pes varus results in 

Poor foot clearance during swing 
Instability in stance 
Difficulty with showear 
Painful callosities 
Cosmetic problems 


D. Surgical options for pes varus 

Split stralis anterior muscle transfer 
Tibialis posterior lengthening 
Split tibials posterior muscle transfer 
Achilles-tendon lengthening 
Calcaneal osteotomy 
Truoke arthrodesis 

These two operations are usually combined 



E. Pure varus deformity results in excessive weight bearing on 
the latéral margin of the foot. The increased load on the latéral 
aspect of the foot can be detected by pedotography 



F. Pes varus and pes equinus frequently occur together 


Fig. 28: Pes varus 


walking, persistence of varus shows spasticity of the 
tibialis posterior muscle. 

EMG 

It is not used a lot in the young child because the EMG 
needles inserted into the muscles disturb the child's gait. 
Pedobarography may also help détermine the true cause 
of equinovarus. Overactivity of the tibialis posterior will 
cause more weight bearing on the fifth metatarsal 
whereas overactivity of the tibialis anterior will cause a 
cavus weight bearing pattern with increased pressure 
over the first and fifth metatarsals. 

Soft tissue surgery: Lengthen the tibialis posterior muscle 
at the musculotendinous junction and perform a split 
transfer of the tibialis anterior tendon (SPLATT). 

Do a split transfer of the posterior tibialis tendon 
(SPLOTT) if the tibialis anterior muscle is weak, or when 
there is posterior tibialis contraction during swing. This 
operation préserves plantar flexion force and replaces 
weak peroneals. Results may not be optimal though 
récurrence is rare. Combine triceps lengthening with 
other soft tissue surgeries if the triceps muscle is short. 

Bone surgery There is a need for bone surgery in children 
with bony deformity. Wait until the child is 7 to 8 years 
old for a calcaneal osteotomy. Combine calcaneal 
osteotomy with tendon surgery to achieve satisfactory 
correction. Triple arthrodesis is an option for severe 
deformities in older children. Do not perform triple 
arthrodesis before 15 years of âge. Postoperative care is 
similar to pes equinus. 

The Knee 

Common knee problems in hemiplegia are flexed knee, 
genu recurvatum and stiff knee. 

Flexed Knee 

The prédominant pattern in hemiplegia is the flexed knee 
that is usually associated with triceps and hamstring 
spasticity. Use an AFO for mild cases, combine with 
botulinum toxin injections to the hamstrings if necessary. 
In older children and in severe cases lengthen the 
hamstrings surgically. 

Genu Recurvatum (Fig. 29) 

Genu Recurvatum is defined as knee hyperextension 
during stance. It occurs secondary to pes equinus, 
spasticity of rectus femoris, hamstring weakness or their 
combinations. 
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A. The knee in hemiplegia 

Problem Définition Cause 


Flexed knee Flexion in stance Flamstring spasticity 

Genu recurvatum Flyperextension Rectus femoris spasticity 

in stance Pes equinus 

Flamstring weakness 

Stiff knee Decreased flexion Rectus femoris spasticity 

during gait 



B. Genu recurvatum is generally secondary to pes equinus. 
Rectus femoris spasticity constitutes to the problem 


C. Treatment of genu recurvatum 

Pes equinus 

Gastroenemius lengthening 

rectus femoris spasticity 

Rectus femoris lengthening or 


transfer 


Fig. 29: Genu recurvatum 


Conservative treatment: Consider botulinum toxin injection 
to rectus femoris and gastrocnemius-soleus muscles. A 
plastic hinged or solid AFO with plantar flexion stop set 
at 5 to 7° dorsiflexion may prevent genu recurvatum. 

Surgical treatment: Depending on the etiology, lengthen 
the triceps surae and/or the rectus femoris. Rectus 
femoris transfer to médial hamstrings is another option . 

Stiff Knee 

Stiff knee gait is defined as decreased knee flexion (less 
than 30°) during the gait cycle. The cause of stiff knee 
gait is rectus femoris spasticity. The spastic rectus femoris 
contracts during the swing phase and prevents the knee 
from going into flexion. Treatment is often difficult. Try 
botulinum toxin injections to the spastic rectus femoris. 
Lengthen or transfer the rectus femoris to the médial 
hamstring if necessary. 


The Hip 

Hip problems are not common in hémiplégie children. 
Hip subluxation is extremely rare. Some children hâve a 
flexion adduction and internai rotation deformity. 
Persistent fémoral antéversion causes hip internai 
rotation and in toeing gait. Internai rotation of the 
extremity disturbs foot clearance, the child may trip over 
his foot and fall. Children with in toeing develop a 
compensatory dynamic equinus that can be mistaken for 
gastroenemius spasticity. Consider lengthening the 
iliopsoas and adductor muscles and performing proximal 
or distal fémoral rotation ostéotomies according to the 
patients' needs. Correct a compensatory tibial external 
rotation with a distal tibial osteotomy during the same 
operation. 

Limb Length Discrepancy 

Almost ail hémiplégie children hâve slight atrophy and 
shortening of the involved lower extremity. The 
discrepancy is generally less than 15 mm. Shoe inserts or 
surgery are not necessary. On the contrary, having a 
slightly shorter leg on the involved side helps toe 
clearance during swing. Consider a shoe insert in a 
discrepancy of over 15 mm to prevent pelvic obliquity. 

Management of Hémiplégie Gait (Fig. 30A) 

There are four types of hémiplégie gait. 

Type 1: There is weakness of the tibialis anterior and an 
adéquate gastrocnemius-soleus length. The child shows 
foot drop in the swing phase. Use a hinged AFO allowing 
free dorsiflexion. 

Type 2: Gastrocnemius-soleus muscle is short in addition 
to tibialis anterior weakness. The child compensâtes with 
knee hyperextension in mid distance . Inject botulinum 
toxin to the gastrocnemius-soleus complex if the 
deformity is dynamic. If static, serial casting or surgery 
are options. Use hinged AFOs after surgery. 

Type 3: There is persistent knee flexion in stance phase 
and decreased knee motion in swing phase in addition 
to the above findings. This is defined as stiff knee gait. 
The treatment should include hamstring lengthenings to 
treat knee flexion if they are active during swing as well 
as rectus femoris transfers to semitendinosus to treat 
decreased knee motion in swing. 

Type 4: There is adduction and flexion of the hip in 
addition to the findings above. Lengthen the hip 
adductors and flexors if necessary. Bony deformities such 
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1. Hémiplégie gait is characterized by pes equinus, genu 
recurvatum internai fémoral rotation and hip adduction 




2. Fémoral antéversion causes hip internai 
rotation and in toeing gait 



3. Limb length descrepancy is common, may cause 
pelvic obliquity and secondary scoliosis 


4. Hemplegic gait (According to Writers and Gage) 


Problem 

Resuit 

Treatment 

Weak tibialis anterior 

Foot drop in 

Hinged AFO 

Adéquate gastroenemius 

swing 

dorsiflexion 

Allowing free 

Weak tibialis anterior 

Foot drop in 

Botulinum toxin to 

Short gastro-soleus 

swing 

gastroenemius 


Genu 

Serial casting 


recurvatum 

Surgery 

Hinged AFOs 

In addition to above: 

In addition to 

In addition to above: 

Hip adduction, flexion 

above: 

Release at the hip 

and internai fémoral 
rotation 

Intoeing 

Derotation osteotomy 


as excessive internai fémoral rotation and tibial torsion 
may also be seen. Treat bony deformities with appropriate 
rotational ostéotomies. 

Upper Extremity 

Lack of voluntary control, sensory impairment, muscular 
imbalances caused by spasticity and weakness, joint 
contractures, and articular instabilities ail contribute to 
the upper extremity problem in CP. The child has 
difficulty using the hand. The shoulder is in internai 
rotation and adduction, elbow in flexion, forearm in 
pronation, wrist in flexion and ulnar déviation, and 
thumb in adduction and flexion (thumb-in-palm). These 
deformities cause loss of function, but being unilatéral 
they do not compromise the activities of daily living a 
lot. The child cannot position the hand in space, grasping 
an object and letting go are difficult. Children with 
hemiplegia hâve a normal upper extremity that they use 
in daily life. They ignore the plegic side. 

This neglect reinforces the impairment, inhibits the 
development of hand-eye coordination and prevents 
function in the involved extremity. The child learns not 
to use his involved hand even if he has the potential. 

The aim of treatment is to increase function, improve 
hygiene and cosmesis. The hand is a tool also for social 
communication. 

Even minor improvements in hand cosmesis increase 
the patient's self esteem and social status. 

Physical and Occupational Therapy (Fig. 30B) 

Physical therapy and occupational therapy are useful to 
improve movement quality and range of motion. Range 
of motion and strengthening exercises as well as 
neurofacilitation methods are part of treatment. Activities 
involving the use of both hands improve function. 
Provide adéquate sensory stimulation to develop better 
hand control. Inhibiting the normal extremity by bracing 
or casting and forcing the plegic one to work may be 
useful in the young child during the period of the 
development of hand-eye coordination. 

Bracing 

The effects of bracing are unclear. Night splints in 
functional position may promote lengthening of muscle- 
tendon units and prevent deformity. However most 
children sleep with a completely relaxed arm and 
extended hand which make night splints seem useless . 
Neoprene thumb splints to keep the thumb out of the 
palm or thermoplastic wrist extension splints are 
commonly used during the day. 


Fig. 30A 
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i. 


2 . 


Upper extremity problems 

Lack of voluntary control 

Poor hand-eye coordination 

Sensory loss 

Astereognosis 

Spasticity 

Dystonia 

Weakness 

Contractures 

Joint instability 

Common deformities of the upper extremity 

Shoulder Internai rotation, adduction 

Elbow Flexion 

Forearm Pronation 

Wrist Flexion 

Fingers Flexion, ulnar, déviation, swan neck 

Thumb Adduction, flexion 



3. Spasticity and loss of sélective motor control prevent 
positioning the upper extremity and manipulating objects 
with the hand 



4. Evaluate the hand using toys and simple every day tools. 
Détermine the missing function and work towards 
mastering that 


5. Resting splints to prevent deformity 

Resting hand splint Wrist: 30 extension 

Metacarpophalangeal joints: 60° flexion 
Interphalangeal joints: neutral position 
Thumb: Opposition 

Bail abduction splint Thumb abduction and opposition 


6. Splints to improve function 


Wrist cock-up splint 

Wrist: 30° extension 


Thumb: abduction 


Finger movement: free 

Soft thumb loop splint 

Thumb: out to the palm 

Opponens splint 

Thumb: abduction and opposition 


Wrist: 30° extension 


Fig. 30B 


Local Anesthetic and Botulinum Toxin Blocks 

Local anesthetic blocks are used to détermine the presence 
of a contracture and to assess power in the antagonist 
muscles. Block the médian nerve at the elbow to relax 
the flexor muscles in the forearm. Spastic muscles will 
relax completely after the médian nerve block. If the wrist 
or the fingers remain flexed after the local anesthetic 
injection, this indicates a fixed contracture and will benefit 
only from surgery. Check for active muscle contraction 
in the antagonist muscles. The presence of voluntary wrist 
and finger extension after the block indicates better 
functional prognosis after botulinum toxin injections or 
surgery to relieve flexor spasticity. 

Dynamic contracture caused by spasticity responds 
well to botulinum toxin injections. This method is 
particularly valuable in the young child from âge 2 to 6 
years because relief of spasticity allows him to use the 
hand better. This may permanently improve hand 
function, sensation and hand-eye coordination. The dose 
is 1 to 2 units per kilogram of body weight per muscle. 
EMG or electrical stimulation guide is bénéficiai to target 
the spastic muscles, but this is a painful technique and 
requires conscious sédation or general anesthésia in most 
children excep t the very bright and courageous. Because 
botulinum toxin effects are temporary, consider surgical 
intervention in the older child for definitive treatment. 

Surgery 

Upper extremity surgery can improve hand function in 
a few selected cases. The idéal surgical candidate must 
be a motivated, intelligent child who has good sensation 
in the hand and uses the extremity. Those children with 
satisfactory hand-eye coordination can benefit from 
surgery even when hand sensation is poor. 

The surgeon must be careful in patient sélection 
because some children develop adaptive mechanisms to 
compensate for lost hand movements as they grow. 
Functional loss occurs after surgery in such patients 
because surgery prevents the adaptive movements they 
developed over the years. Consider surgery between 6 
to 12 years of âge when the child will cooperate with 
postoperative réhabilitation. Set goals that fit with the 
expectations of the child and the parents. 

The shoulder: Adduction internai rotation contracture is 
the most common problem. Provide a program of 
stretching exercises. Consider surgical lengthening of the 
muscles if the deformity is severe. 

The elbow: Flexion contractures of more than 45 are 
functionally disabling. Try botulinum toxin injection to 
elbow flexors and stretching exercises in dynamic 
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deformities and even for cosmetic reasons. Consider 
surgery for elbow only if the hand is functional, if there 
is skin breakdown at the elbow or if hygiene in the 
antecubital fossa is poor. Deformities greater than 60° 
require surgical lengthening of the biceps tendon, be 
aware of the fact that this procedure worsens the forearm 
pronation deformity. Maximum range of motion is 
gained 3 months postoperatively. 

Forearm (Fig. 31): The main problem is a pronation 
contracture because of spasticity in the pronator teres and 
pronator quadratus muscles. Activities that require 
supination like grasping a walker or a cane, balancing 
objects in the palm, washing the face are impossible. 
Severe pronation causes radial head dislocation but it is 
generally painless and does not cause functional 
problems. 

Consider pronator teres transfer to the supinator if 
the child can voluntarily pronate the forearm. Pronator 
release gives satisfactory results if the child has active 
supination. Long-standing pronation contracture of the 
forearm leads to relative shortening of the biceps 
aponeurosis. Release this structure to allow the biceps to 
be a more effective supinator. 


A. Before surgery consider 
Voluntary hand use 
Sensation 
Intelligence 
Athetosis 



B. Limitation of forearm supination is a common problem of 
the hémiplégie upper extremity. It is also one of the most 
functionally disabling deformities 


C. Surgery for pronation contracture 

Release of teres insertion 
Pronator teres resouring 
Flexor-pronator slide 
Pronator quadratus recession 


Wrist (Fig. 32): The wrist usually is held in a position of 
flexion and ulnar déviation because of flexor carpi radialis 
and flexor carpi ulnaris spasticity. The digital flexors also 
contribute to wrist flexion. Finger flexors are inefficient 
and the grasp is weak when the wrist is flexed . Grasping 
is essential for function. 

Correct flexion contractures of wrist and fingers and 
adduction of thumb if they interfère with grasp. 
Macérations and mycotic infections are common in severe 
flexion contractures of the hand. Surgery becomes 
necessary for hygienic purposes. 

Options for surgery include wrist flexor lengthening, 
flexor origin slide, tendon transfer to improve wrist 
extension, proximal row carpectomy, and wrist fusion 
with or without carpal shortening. Avoid wrist 
arthrodesis because the patient loses the tenodesis effect 


A. Wrist flexion in hemiplegia 
may be a combination of 
spasticity and dystonia 


B. Wrist flexion impairs the 
ability to grasp objects 
and limits the use of the 
hand 





C. Treatment of wrist flexion deformity 

• Active finger extension at 20° wrist flexion. No need for surgery 

• Active finger extension with the wrist over 20°flexion: Flexor 
releases, augmentation of wrist extensors or flexor carplunaris 
release. 

• No active finger flexion: Finger extensors must be augmented 
with flexor carplunaris. 


D. Indications for wrist arthrodesis 

• No wrist control, strong finger flexiona nd extension 

• Severe wrist flexion deformity and weak hand and wrist 
muscles 

• Athetosis or dystonia, when finger function improves by wrist 
immobilization. 


Fig. 31 : Pronation contracture 


Fig. 32: Wrist flexion deformity 
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of wrist extension that results in finger flexion and 
facilitâtes grasp and release. Consider wrist arthrodesis 
only to relieve the pain and improve the cosmesis of the 
hand when there is no or limited hand function. 

Wrist and digital flexor muscles can be selectively 
lengthened distally. Do not release or transfer both flexor 
carpi ulnaris and radialis as this éliminâtes active wrist 
flexion. 

Consider tendon transfers to augment wrist extension 
when it is weak or absent. Transfer the flexor carpi ulnaris 
to extensor digitorum communis when both finger and 
wrist extension is weak. This transfer improves wrist 
extension and does not impair finger extension and 
release. 

Fingers (Fig. 33): Finger flexion deformity is a resuit of 
spasticity and contracture in the flexor digitorum 
superficialis and profundus muscles. It becomes more 
obvious when the wrist and metacarpophalangeal joints 
are held in neutral position. 

Consider surgical intervention when flexion 
deformity is severe. The flexor-pronator origin release 
effectively lengthens the flexor digitorum superficialis, 
pronator teres and flexor carpi radialis. Correct finger 
flexion deformity by direct Z-lengthening of involved 
tendons. If there is spasticity of intrinsic hand muscles, 
releasing the finger flexors will increase the deformity. 
Excessive lengthening weakens flexor power, impairs 
grasp, and can produce swan neck deformities. In this 


Procedures for finger flexion 
deformity 

Flexor-pronator origin release 

Spécifie lengthening of musculo- 
tendinous units 

(Fractional lengthening or z-lengthening) 
Sublimits to profundus tendon transfer 
Finger flexor transfer for 
Wrist, finger, or thumb extension 



Swan-neck deformity is generally not functionally disabiling 


case, transfer the flexor digitorum superficialis tendon 
to augment wrist, finger or thumb extension instead of 
lengthening. Swan-neck deformity is hyperextension 
deformity of the proximal interphalangeal joints. It is 
because of overactivity of the intrinsic muscles, and 
increases with the pull of the extensor digitorum 
communis when the wrist is in flexion. Consider surgical 
intervention if there is severe hyperextension, or when 
the proximal interphalangeal joints lock in extension. 

The thumb (Fig. 34): The thumb-in-palm deformity is 
characterized by metacarpal flexion and adduction, 
metacarpophalangeal joint flexion or hyperextension and 
usually interphalangeal joint flexion . The causes are 



A. Thumb-in-palm deformity in a teenager 


B. The thumb-in-palm deformity 

• Simple metacarpal adduction 

• Metacarpal adduction & metacarpophalangeal joint flexion 

• Metacarpal adduction withhyperextension instability of the 
metacarpophalangeal joint 

• Metacarpal adduction, metacarpophalangeal & interphalan¬ 
geal joint flexion 


C. Causes of thumb-in-palm deformity 

• Contracture and spasticity of adductor pollicis, flexor pollicis 
brevis, flexor pollicis longus and first dorsal interosseous 

• Contractures of abductor pollicis longus, extensor pollicis 
brevis and extensor pollicis longus 

• Hypermobility of thumb metacarpophalangeal joint 


D. Surgical procedures for thumb in palm deformity 


Procedure 

Location 

Reason 

Tendinous insertion 

Adductor pollicis 

Release 

Muscular orogin 

First dorsal 

contracture 

Fractional 

interosseous 


Release or lengthening 

Flexor pollicis brevis 
Flexor pollicis longus 


Resoursing 

Extensor pollicis 

Augment active 


longus 

thumb abduction 
and extension 

Arthodesis 

Metacarpophalangeal 

Stabilization 

Capsulodesis 

joint 


Four-flap Z-plasty 

Skin contracture 

Between thumb 

deepening 


and index fingers 



Fig. 33 


Fig. 34 
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spasticity and contracture of the adductor pollicis, first 
dorsal interosseous, flexor pollicis brevis, and flexor 
pollicis longus. The extensor pollicis longus, extensor 
pollicis brevis, and/or abductor pollicis longus are often 
weak or ineffective. The thumb-in-palm deformity 
impairs the ability of the hand to accept, grasp, and 
release objects. The goals of surgery are to release the 
spastic muscles to position the thumb, to create a balance 
in the muscles around the thumb, and to provide articular 
stability for grasp and pinch. 
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DIPLEGIA 

Diplegia is defined as gross motor involvement of the 
lower and fine motor involvement of the upper 


extremities. Diplegia constitutes 50% of the spastic CP 
population. Diplegic children hâve normal mental 
function and can communicate without difficulty. Their 
oromotor and gastrointestinal functions are normal. 

They often hâve visual perceptual déficits and 
strabismus. There is a tendency to fall backwards because 
of poorly developed balance reactions. The main problem 
in spastic diplegia is walking difficulty. Balance 
disturbance, muscle weakness, spasticity and deformities 
resuit in abnormal gait patterns typical for diplegic 
children. Abnormal gait increases energy consumption 
causing fatigue. Most diplegic children start cruising at 
two years of âge and walk by âge four. Neuromotor 
function improves until âge seven. Children who cannot 
walk by then in spite of appropriate treatment usually 
become limited walkers. 

Among ail types of CP diplegic children benefit most 
from treatment procedures. Unlike hémiplégie children 
they cannot reach their potential if left untreated. With 
treatment they may become productive members of the 
society. Every effort is worth spending when treating a 
diplegic child (Fig. 35). 

Physiotherapy and Occupational Therapy 

Positioning, strengthening and stretching exercises 
preserve joint range of motion, increase strength and help 
improve gait. Combine physiotherapy with bracing, 
walking aids and antispastic treatments to facilitate 
independent walking. The risk of contracture formation 
increases between âges 4 to 6 and during the prepubertal 
growth spurt period when the rapid increase in bone 
growth is not accompanied by a similar growth in muscle 
lengths. 

Relative muscle shortening causes contractures 
during this period. Biarticular muscles such as psoas, 
rectus femoris, hamstrings and gastroenemius are more 
vulnérable. Intensive physiotherapy is then necessary to 
prevent contractures. Diplegic children should receive 
physiotherapy until they are reschoolers. Boring exercises 
should be combined with play activities particularly in 
toddlers and in noncompliant children. Provide anti¬ 
spastic médications above âge 2 if spasticity interfères 
with mobility and sleep. Time ail orthopédie inter¬ 
ventions in the preschooler so that they do not interfère 
with the child's éducation. Sports activities and play with 
peers are essential during school years. Swimming and 
horseback riding are bénéficiai for the poorly developed 
balance reactions of the diplegic. These activities restore 
a sense of well-being and self-confidence in the child. 
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A. Déficient balance reactions and lower extremity spasticity 
are the main reasons of walking difficulty in diplegic children 


B. Musculoskeletal problems in diplegia 

Hp Flexion, internai rotation and adduction 

Knee Flexion or occasionally extension 

Ankle Equinus, valgus (rarely varus) 


C. Treatment in diplegia 


Physiotherapy 

Occupational therapy 
Bracing 

Botulinum toxin 

Orthopédie surgery 


Increase strength 

Decrease spasificity 

Prevent contractures 

Improve gait 

Improve hand function 

Solid or hinged 

AFOs or GRAFOs 

Decrease spasiticity 

Hip: flexor/adductor 

Knee: flexor/extensor 

Ankle: plantar flexor/peroneal muscles 

Correct deformities 



D. Stretching and strengthening exercises are fundamental 
components of physiotherapy in diplegia. 


Provide occupational therapy to improve hand 
function if there are obvious coordination problems. 

Botulinum Toxin 

Botulinum toxin is useful to relieve spasticity of the lower 
extremities of the young diplegic child. Consider injecting 
when spasticity becomes an obstacle to mobility and 
causes contractures. The dose is 4 to 6 units per kilogram 
of body weight per muscle. Many muscles need injections, 
do not exceed a total dose of 400 units in a single injection 
session. When the necessary dose exceeds 400 units use 
phénol motor point block to the proximal muscles and 
botulinum toxin to the distal muscles. It is better to per- 
form multiple muscle injections under general anesthésia 
or conscious sédation. Use simple local anesthetic creams 
beforehand for single muscle injections. 

Casting after botulinum toxin injections enhances and 
prolongs the effect. Continue with physiotherapy and 
bracing. The toxin has a temporary effect, yet it is an 
important tool to relieve spasticity in the young child 
when it is too early for orthopédie surgery. Older children 
benefit from a combined use of botulinum toxin surgery. 
Inject muscles without contractures and surgically 
lengthen those with contractures. This combined 
approach surgery decreases the extent of surgery and 
enables a return of function in the postoperative period. 

Bracing (Fig. 36) 


A 


Type of brace 

Indication 

Flinged AFOs 

Jump gait and 10° passive ankle dorsiflexion 

Solid AFOs 

Jump gait and no passive ankle dorsiflexion 
Crouch gait 

Severe pes equinovalgus 

GRAFOs 

Crouch gait 

SMOs 

Mild valgus-varus deformity 
and good ankle control 


E. Botulinum toxin A Injections in diplegia 



Jump Crouch 

Scissoring 

Stiff 

knee 

Psoas 

1-2 u 

1-2 u 

1-2 u 


Adduclors 

3-6 u 


3-6 u 


Rectus femoris 

3-6 u 


3-6 u* 


Médial hamstrings 

3-6 u 

3-6 u 

3-6 u 


Latéral hamstrings 

3-6 u 

3-6 u 



Gastrocnemius 

3-6 u 





The given doses are per kg of body weight. Total doses should not 
exceed 12 ukg of body weight or 400 u. 

Inject ail parts of the quadriceps muscle in stiff knee gait 



B. Use resting splints only after you reduce spasticity and make 
sure that the child sleeps well without waking up. 


Fig. 35 


Fig. 36 
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Most diplegic children need variations of the AF O. AFOs 
provide a stable base for standing and maintain good 
alignment during walking. Prescribe solid, hinged AFOs 
GRAFOs depending on the gait pathology. Resting and 
KAFOs are used to prevent knee and ankle contractures 
The child with severe spasticity cannot tolerate these, 
wakes often and cries a lot. Do not use night splints if 
there is severe spasticity or contracture, relieve spasticity 
first. 

Other Measures 

A small group of mildly involved diplegic children may 
benefit from sélective dorsal rhizotomy. The idéal 
candidate for SDR. The independent ambulator between 
the âges of 3 to 10 with spasticity, good balance, no 
deformities, and a strong family support. The procedure 
is technically complex, and there need for long intensive 
physiotherapy afterwards. There be increases in the hip 
and spinal pathology after the procedure. The long-term 
effects of SDR are still controversial though has a place 
in treating spasticity in a very sélective group diplegic 
children. Use of intrathecal baclofen pumps are becoming 
common in ambulatory diplegic children. The compli¬ 
cation rate and the expense limit their use. 

Orthopédie Surgery 

Most deformities of diplegics can be prevented or 
corrected appropriate surgery. Therefore the most 
successful outcomes are seen in diplegic children. Delay 
surgery until the child able to cruise holding unto 
furniture or walk holding hands. 

Provide intensive physiotherapy and botulinum toxin 
injections to lengthen the spastic muscles and prevent 
contractures during this period. The idéal âge of operation 
is between years. Early surgery is necessary in cases with 
hip instability, knee flexion contracture because of spastic 
hamstrings and contracture of gastrocnemius-soleus 
unresponsive physiotherapy, botulinum toxin or serial 
casting. Define clearly ail of the musculoskeletal problems 
of lower extremities prior to surgery and address them 
in a single setting in order to obtain a successful resuit. 
Multiple Operations for each separate deformity add to 
the burden of the child the family, lengthen the treatment 
period and cause multiple hospitalizations . 

Multilevel Surgery (Figs 37A and B) 

Multilevel surgery is performing multiple surgical 
interventions at a single session. This concept evolved 
when physicians realized that doing one operation at a 
time did not address the complex gait pathologies of CP. 




Fig. 37A: Correcting only equinus deformity in a child causes 
crouch gait with increased hip and knee flexion. A second 
operation to lengthen the knee flexors without addressing the 
hip flexors causes the child to bend at the hips because of the 
spastic iliopsoas. Erect posture is possible only after the third 
operation to lengthen the hip flexors. Lengthen ail the flexors 
of the lower limb in a single surgical session to reduce 
hospitalizations 


Fig. 37B: Multilevel surgery is not the universal solution for 
every diplegic child. Some children need hamstring or 
gastroenemius lengthening only. Plan surgery as the child’s 
needs dictate 
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Perform ail surgery directed at the hip, knee and ankle 
such as hip adductor releases, hamstring and gastroc- 
nemius lengthenings or rectus transfers simultaneously 
during a single session to correct jump, crouch, stiff knee 
or scissoring gait. Add bony procedures for deformities 
such as hip subluxation, fémoral antéversion, external 
internai tibial torsion and severe pes valgus. Prescribe 
intensive physiotherapy to strengthen the muscles, 
prevent contractures and increase function after 
multilevel surgery. Ail children do not need multilevel 
surgery. Some mild problems and require lengthening 
of one or two muscles only. Tailorize treatment according 
to the child's needs. 

Musculoskeletal Problems and Their Treatment 

Muscle imbalance, spasticity and deformities at the hips, 
knees and ankles contribute to the spécifie posture and 
gait patterns typical for diplegic CP. 

Scissoring (Figs 38A and B) 

Scissoring is a frontal plane pathology also called Crossing 
over. It occurs as a resuit of hip adductor and/or médial 
hamstring spasticity . Persistent fémoral antéversion is 
another important cause of scissoring. The child walks 
with legs Crossing one another. The hip is in flexion, 
adduction and internai rotation. The knees are turned 
inward. Scissoring gait may accompany sagittal plane 
pathologies such as jump or crouch knee gait. 

Give stretching exercises to the hip adductors and 
médial hamstrings. Ad vise night splints for keeping the 
hips in abduction in the young child. W-sitting may 
increase adduction and internai rotation. It is presumed 
to reinforce fémoral antéversion. However, if W-sitting 
is the only way the child can maintain sitting balance, do 
not prevent it. Encourage tailor-sitting or using an 
abduction wedge. Botulinum toxin injections in a dose 
of 50 to 75 units per muscle to the adductors and médial 
hamstrings temporarily increase range of motion. 
Adductor and psoas spasticity may resuit in hip 
subluxation. Lengthening tight hip adductors and médial 
hamstrings becomes necessary. 

Fémoral derotation ostéotomies are necessary if 
scissoring is caused by fémoral antéversion. 

Jump Gait (Fig. 39) 

Jump gait is the most common sagittal plane pathology 
in young diplegic children. Almost ail diplegic children 
begin walking with a jump knee gait pattern. Jump gait 
is defined as excessive hip flexion, knee flexion and 
equinus in stance. The cause is lower extremity flexor 
muscle spasticity. The child walks with hips and knees 



Figs 38A and B: (A) This type of scissoring is typical in the 
young diplegic child who is just beginning to walk, (B) Scissoring 
in the older child is because of persistent fémoral antéversion, 
médial hamstring and adductor spasicity 


Fig. 39: Younger diplegic children show a jump gait pattern 
with hips, knees and ankle in flexion when they first start walking. 
They need to hold hands or use a walker, rarely they can 
balance themselves 

in flexion and ankles in plantar flexion looking like an 
athlete getting ready to jump. 

Early treatment consists of multilevel botulinum toxin 
injections to the hip, knee and ankle flexor s in addition 
to aggressive physiotherapy and AFOs. Strengthen the 
weak lower extremity muscles (gluteus maximus, 
quadriceps and tibialis anterior) and stretch the spastic 
muscles. Most children with jump gait require surgery 
around the âge of 5-6 to release tight hip flexors and 
lengthen knee and ankle flexors. Perform ail operations 
at a single session. Combine with adductor releases at 
the hip if necessary. 

Crouch Gait (Fig. 40) 

Crouch gait is the second most common sagittal plane 
pathology and it occurs in the older diplegic. It is defined 
as excessive knee flexion throughout the stance phase 
with dorsiflexion of the ankle joint. Common causes of 
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Fig. 41A: Knee flexion is the most common knee deformity in 
the diplegic child. It occurs in combination with hip flexion and 
ankle equinus 


l 



Fig. 40: Crouch gait, common in the older diplegic child is 
characterized by increased knee and hip flexion with ankle 
dorsiflexion. Pedobarography shows the disturbed load 
distribution the heel carries most of the body weight 


crouch gait are short or spastic hamstrings, hip flexor 
tightness and excessive ankle dorsiflexion. Excessive 
ankle dorsiflexion may resuit from isolated triceps surae 
lengthening without addressing the spastic hamstrings. 
Hamstring tightness causes crouch and a short step length 
when walking. When sitting, tight hamstrings pull the 
ischial tuberosities and tilt pelvis posteriorly causing 
kyphosis and sacral sitting. 

Treatment of crouch gait is difficult. Nonsurgical 
treatment methods are physical therapy to stretch the 
hamstrings and strengthen the quadriceps and triceps 
muscles. A GRAFO is useful to bring the ground reaction 
force in front of the knee and create an extensor moment. 

Lengthen the hamstrings in children who hâve 
hamstring shortening and/or knee flexion contractures. 
After surgery, strengthen the gluteus maximus, quadri¬ 
ceps and triceps muscles by intensive physiotherapy. Use 
GRAFOs to prevent excessive knee flexion post- 
operatively. 

Hamstring contractures cause knee flexion deformity. 
Supracondylar extension osteotomy may be necessary in 
severe cases. 

Stiff Knee (Figs 41A and B) 

This is a sagittal plane pathology characterized by limited 
range of motion in the knee joint, especially a lack of 
flexion in swing . It occurs because of spasticity of rectus 


Fig. 41 B: Stiff knee gait is characterized by decreased knee 
range of motion during walking (For color version, 
see Plate 52) 

femoris muscle or unopposed rectus femoris function 
after hamstring lengthening. Compensatory movements 
of hip external rotation and circumduction are observed. 
The patient expériences difficulty going up steps. Step 
length is shortened, foot clearance is poor, shoes wear 
out rapidly. 

Conservative treatment of stiff knee gait consists of 
stretching the rectus femoris. Botulinum toxin injections 
or motor point blocks with phénol to the rectus femoris 
can temporarily decrease spasticity and allow knee 
flexion. Transfer of the rectus femoris tendon posteriorly 
to the gracilis or semitendinosus can improve knee 
flexion. 

Genu Recurvatum (Fig. 42) 

Genu recurvatum occurs in the stance phase of walking 
and is generally associated with mild equinus caused by 
triceps surae spasticity, excessive spasticity in the 



Fig. 42: Genu recurvatum is usually seen as a secondary 
problem because of mild pes equinus 
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quadriceps, and may be related to weakness of the 
hamstring muscles or contracture of the hip flexors. 
Botulinum toxin injections to the spastic gastrocnemius 
and rectus femoris muscles are useful in young children. 
AFOs set in 5 degree dorsiflexion prevent genu recur¬ 
vatum. Transferring the spastic rectus femoris to the 
médial hamstring and lengthening the gastrocnemius 
muscle are surgical options. 

Torsional Deformities (Figs 43A and B) 

Fémoral antéversion is naturally increased in ail babies 
and régresses as the child grows. Persistent fémoral 
antéversion causes scissoring and in toeing gait. Adductor 
and flexor tightness also contribute to scissoring caused 
by increased fémoral internai rotation. The knee and 
ankle joints do not function on the plane of movement 
and walking difficulty is increased. 

There is no conservative treatment for torsional defor¬ 
mities. Perform proximal or distal fémoral derotation 
ostéotomies to correct this problem. Compensatory tibial 
external torsion is often secondary to fémoral antéversion 
and causes pes valgus in many children. This malignant 
malalignment syndrome requires external rotation 
osteotomy of the fémur along with internai rotation 
osteotomy of the tibia. 

Hip 

The risk of hip instability is less in diplegics than in the 
total body involved children. Ail diplegic children should 
still hâve baseline radiographs. Adductor stretching, posi- 
tioning, and botulinum toxin injections decrease spasti- 
city to a certain extent. Surgery is necessary in children 
with hips at risk. 

Pes Valgus 

Pes valgus is characterized by abnormal eversion of the 
heel, convexity of the médial border of the foot and 
prominence of the head of the talus. It occurs because of 
spasticity of the peroneals, extensor digitorum communis 
and triceps surae. External tibial torsion créâtes a valgus 
stress at the ankle and contributes to pes valgus. The 
natural history of certain mild developmental problems 
of the lower extremities such as pes planovalgus and genu 
recurvatum is benign. These disorders are seen in able 
bodied children as well and disappear spontaneously 
around 7 to 8 years of âge as ligaments get tighter. 

Severe pes valgus deformity causes callosities on the 
médial side of the foot, midfoot abduction and hallux 
valgus. Exercises and casting are not effective. Orthopédie 



Fig. 43A: Fémoral antéversion leads to 
inforcing and pes equinus 



Fig. 43B: Misérable malalignment syndrome consists of fémoral 
antéversion and external stial torsion forcing the feet into valgus 

shoes or shoe inserts cannot correct the deformity. UCBL, 
SMO or rigid AFOs with UCBL soles (footplates) provide 
a stable base for standing. Surgical options are limited. 
Lengthen the gastrocnemius if the pes valgus is because 
of gastrocnemius tightness. Use AFOs postoperatively. 

Tendon transfers do not correct the muscle imbalance 
in pes valgus. Combine lengthening the peroneus brevis 
muscle with bone surgery in young children. Dennyson- 
Fullford subtalar arthrodesis or calcaneal neck lengthe¬ 
ning (Evans procedure) preserve hindfoot mobility 
without disturbing the growth potential. Delay bone 
surgery until preadolescence except for cases with severe 
deformity and rapid progression of hallux valgus. Triple 
arthrodesis in adults and adolescents is a last resort. 

Hallux Valgus (Figs 44 E to F) 

Hallux valgus occurs secondary to pes valgus or pes 
equinovalgus in ambulatory children. Correct equino- 
valgus deformity first, hallux valgus deformity improves 
after this. Spasticity of the adductor hallucis muscle 
causes hallux valgus in plantigrade feet. In this case, 
release the spastic muscle. Comfortable shoes with a wide 
toe box are useful for mild deformities. Perform meta- 
tarsal ostéotomies or metatarsophalangeal arthrodesis in 
severe cases. The foot and ankle problems of the child 
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Figs 44A and B: This child has hallux valgus secondary to 
crouch gait. An Achilles tendon lengthening caused pes 
calcaneus that led to crouch when combined with untreated 
hamstring spasticity. Treatment plan should include hamstring 
lengthening and bilateral GRAFOs 




Figs 44E and F: (E) Prominence of talar head, (F) 
Gastrocnemius spasticity contributes to pes vagus 



Fig. 44G and H: Halux valgus in the 
younger and older child 




Fig. 441 and J: Non lengthened hamsting oral GRAFQs 


with CP must be evaluated as a whole, not as separate 
deformities. A problem in one joint leads to problems in 
ail the others. Do not intervene unless y ou are certain of 
the effects of your intervention on ail the other joints of 
the extremities. 

Postoperative Care (Fig. 45) 

The postoperative care of the diplegic child consists of 
pain and anxiety relief, antispastic médication, early 


mobilization, bracing and intensive physiotherapy. 
Epidural analgesia is helpful in the early period surgery. 
Oral baclofen or diazepam decrease muscle spasms pain. 
Use plastic KAFOs or combine knee immobilizers with 
AFOs immobilizing the lower extremity and allow 
ambulation on the second to third postoperative day after 
muscle tendon lengthenings importance of strengthening 
the lower extremity muscles, especially those that hâve 
been lengthened cannot be overemphasized. Begin 
exercises and sports after 6 weeks, as the child's general 
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Elévation of the lower extremities, patient controlled épidural 
analgesia and early mobilization allow a faster return to function 


Postoperative care of the diplegic child 



Muscle-tendon surgery 

Bone surgery 

Pain relief 

Epidural or crucial analgsia, 
antispastic médication, 
NSAIDs 

Narcotics 

Immobili¬ 

3-6 weeks in bivalved casts 

3 weeks in cast, 

sation 

or splints, 6 weeks in 

no need for cast in the 


cast for tendon transfer 

older child after 


at the foot 

fémoral derotation 
osteotomy 

Physio- 

Intensive for 3 months 


therapy 

strengthening and range of 
motion exercises, switch 
gradually to swimming 
and sports 


Ambulation 

2-4 days postoperatively 

3-6 weeks 


Fig. 45: Postoperative care 

medical condition allows. Swimming, riding a bicycle or 
a tricycle, playing bail are excellent options. Progress from 
parallel bars to a reverse walker with wheels to forearm 
crutches or gait pôles depending on the child's balance 
not neglect strengthening and range of motion exercises 
in the first months after surgery. 

The bénéficiai effects of the surgical intervention 
become obvious the first 6 months after surgery, the child 
continues to progress for one to two years postopera- 
tively. Neglected cases hâve a longer recovery period. 

Upper Extremity 

The upper extremity of the diplegic child is generally free 
from deformity. Severe cases hâve difficulty with fine 
motor control, they are slow clumsy in activities of daily 
living, self-care and writing. These children benefit from 
occupational therapy to improve hand function. 
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QUADRIPLEGIA 

Quadriplegia is the involvement of neck, trunk and ail 
four extremities. Quadriplegics hâve severe motor 
impairment and other signs and symptoms of CNS 
dysfunction such as cognitive impairments, seizures, 
speech and swallowing difficulties . Some call this total 
body involvement because the trunk, neck and orofacial 
muscles are affected as well as the extremities. 

Primitive reflexes persist, extrapyramidal signs such 
as dystonia and athetosis are common. Mental retar¬ 
dation, seizures, visual déficits, strabismus, bulbar dys¬ 
function manifested by drooling, dysphagia, dysarthria 
and medical complications are frequent. Gastro¬ 
esophageal reflux causes feeding difficulty and can resuit 
in aspiration pneumonia. Growth retardation is typical 
in severe cases. Many do not hâve bladder and bowel 
control. Cérébral dysfunction is more extensive and 
prognosis is worse. The spectrum of severity is variable, 
from having no sitting ability or head control to being 
able to walk independently. With proper treatment and 
éducation, children who hâve adéquate mental function 
can use a wheelchair and communicate through a 
computer or other alternative aids. 

The majority of quadriplegics cannot be independent 
and need assistance in daily life. Only about 15% hâve 
the potential to walk and the rest are wheelchair bound. 
Most of them require lifelong ail day care by the family. 
More than 50% of non-ambulatory quadriplegic children 
in North America do not survive beyond adolescence. 
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The survivors face the late complications related to hip 
instability and spinal deformity. Spine and hip 
deformities such as hip instability, pelvic obliquity and 
scoliosis are very common and interfère with sitting 
balance. Knee and ankle deformities seen in hémiplégie 
and diplegic children may also exist in quadriplegia. The 
incidence of lower extremity contractures increase with 
severity of the motor impairment. 

Goals of Treatment 

Management strategy changes over time. Between âges 
0-2 years, emphasize physiotherapy, infant stimulation, 
positioning and parent éducation. During âges 2-5 muscle 
tone becomes a problem, dyskinesias manifest them- 
selves. Look for ways to decrease muscle tone. From 5 
years onwards consider orthopédie interventions. During 
the teen years provide better hygiene and seating for the 
nonambulator; prévention secondary to spasticity. The 
main goal is to obtain and maintain sitting balance. 

Good sitting in the upright position facilitâtes care, 
enables independence with a motorized chair and frees 
the hands for any limited use. The child can become 
partially independent in activities of daily living. Stable 
hips and a straight spine are necessary to sit indepen- 
dently in the wheelchair. Prevent deformity in the spine 
and hip, correct the existing deformities, try to preserve 
standing ability for transfers. 

Physiotherapy and Occupational Therapy 

Neurofacilitation techniques like Vojta or Bobath are used 
with the hope of stimulating the CNS towards normal 
development during infancy. Mobility issues arise as the 
baby becomes a child. Some children try to pull to stand 
whereas others move around hopping on their backs like 
a bunny or crawling backwards. There is a group of 
severely affected children who are not motivated to move 
or hâve no ability to move by themselves. Encourage 
every child to stand in a suitable stander for short periods 
during the day regardless of the ambulation potential . 
The child will be able to see the world vertically and hâve 
a feeling of what it's like to be standing on his feet. 
Standing may prevent contracture and improve 
cardiovascular, bowel and bladder function. It may 
increase bone mass and decrease fracture rate. 

Less severely affected patients gradually learn to stand 
independently. The ability to stand independently for 
short periods and to take a few steps increases indepen¬ 
dence in daily living activities to a great extent. Some 
severely involved children who hâve motivation to move 
should use a wheeled mobility de vice. They can learn 
transfers and wheelchair activities. Provide powered 
mobility devices to children from 2 years of âge. Continue 


physiotherapy in the preschool and school period to 
prevent contractures, strengthen the upper extremity and 
improve cardiovascular capacity. Also provide occu¬ 
pational and speech therapy to improve hand function 
and communication to children who need support. 

Bracing 

The quadriplegic child spends almost his entire day in 
the wheelchair. The wheelchair must be very comfortable. 
Do not use the wheelchair as a stretching device. Night 
splints to prevent knee and ankle contractures are poorly 
tolerated by the child. Contoured seating aids increase 
sitting balance. Prefer powered wheelchairs because they 
conserve energy and are easier to use. Quadriplegic 
children with intact cognitive function can learn 
wheelchair skills. Use plastic rigid KAFO's for therapeutic 
ambulation in parallel bars. Parapodiums and gait 
trainers are available to assist walking in mildly involved 
quadriplegic children. 

Orthopédie Treatment 

Hip instability and spinal deformity are the most 
important orthopédie problems of the nonambulatory 
quadriplegic child. They do not respond to conservative 
measures and generally require orthopédie surgery. Knee 
and ankle flexion deformities of the ambulatory 
quadriplegic child should be treated according to the 
same principles as in diplegia. 

Scoliosis 

Scoliosis is the most common spinal deformity. The 
incidence and severity varies directly with the severity 
of motor involvement. Quadriplegics are 10 to 15 times 
more prone to develop scoliosis than diplegics. Scoliosis 
causes difficulty with sitting and impairs breathing. 
Pressure sores and pain cause a further décliné in the life 
quality of the individual. 

Natural history Keep in mind that scoliosis in CP is 
different from idiopathic scoliosis. Scoliosis develops by 
âge 5 to 6 in CP and is progressive. The deformity 
continues to progress after skeletal maturity, especially 
if the curve exceeds 40°. It cannot be controlled by 
orthotics and requires surgical treatment. Risk factors for 
curve progression are younger âge, poor sitting balance, 
pelvic obliquity, hip dislocation and the presence of 
multiple curves. 

Conservative treatment: The goal of treatment is to preserve 
the ability to sit erect and comfortably. Good sitting 
improves the patients respiratory function, feeding, 
gastrointestinal function, hand use, mobility and 
communication. Do not operate on small curves that do 
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not disturb sitting ability or large curves in severely 
involved patients. Provide a thoracolumbosacral brace 
(TLSO) in curves of 30o to 60o to slow curve progression 
and allow the spine to grow before surgical stabilization. 
TLSOs may improve sitting balance, particularly for those 
patients in whom surgery is not indicated and for those 
who still hâve significant spinal imbalance after surgical 
treatment. 

A TLSO is the most effective and economical means 
of providing improved trunk support. Place a custom 
molded seating device inside the wheelchair for patients 
who cannot tolerate the TLSO. Simple wheelchair modifi¬ 
cations may lessen progression, delay surgery to allow 
for spinal growth prior to fusion and enable proper 
sitting. 

Surgical treatment Progressing scoliosis needs surgical 
stabilization. Surgical correction of a high grade scoliosis 


in a total body involved child or young adult is difficult 
and may require anterior and posterior procedures. 
Perform posterior spinal fusion with segmentai instru¬ 
mentation to achieve a balanced spine over a reasonably 
level pelvis. Perform segmentai instrumentation with 
arthrodesis (fusion) of the spine to the pelvis to correct 
for pelvic obliquity. Aim to achieve spinal balance in both 
the coronal and sagittal planes to maximize sitting 
balance. Extend the fusion to the upper thoracic région 
to minimize the risk of developing cephalad junctional 
kyphosis. 

Include the pelvis in the fusion if pelvic obliquity 
exceeds 10° from the intercristal iliac line to the top of L5 
or L4 when measured on a sitting anteroposterior 
radiograph. Perform fusion from the upper thoracic 
région (T1-T3) to L5 or to the pelvis. If not fused, pelvic 
obliquity continues to progress. Rarely a lesser degree 
curve can be treated without pelvic fusion (Fig. 46). 



Associated problems in 
quadriplegia 

Mental retardation 
Seizures 

Dysarthria/dysphasia 
Incontinence 
Hydrocephalus 
Deafness 
Visual impairment 
Gastrointestinal disorder 




Mental retardation, communication 
difficulty, drooling dysphagia, co-exist in 
quadriplegia 


Gastrotomy is helpful in children 
with difficulty in swallowing and 
severe gastro-oesophageal reflux 


Total body involved spastic children 
generally cannot walk, often need seating 
supports, hâve spinal and hip deformities 
and many other medical problems which 
complicate the management 


Treatment in quadriplegia 


Musculoskeletal problems in quadriplegia 


Spine 

Scoliosis 

Hyperkyphosis 

Hip 

Subluxation 

Dislocation 

Knee 

Flexion 

Ankle 

Plantar flexion 


Physiotherapy 
Occupational therapy 
Bracing 


Sealing ankle 
Spasticity management 


Orthopédie surgery 


Prevent hip subluxation 

Decrease deformity 

Preserve cardiovascular fitness 

Provide assistive aids 

Adaptive equipment 

Increase independence in ADLs 

Spinal traces for better sitting 

Hip abduction brace for hip stability 

Resting splints for the knee and ankle 

Proper positioning 

Oral médication 

Intrathecal baclofen pump 

Botulinum toxin 

Correct spine and hip problems 


Fig. 46: Contd... 
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Some severely involved 
children do not hâve the 
motivation to sit by 
themselves and need 
external support in ail 
positions 



Child supported in the near- Associated problems such as Child sitting supported in the wheel chair, 

vertical position in a stander Visual impairments prevent Ideally the wheelchair should become part of 

develops a sense of verticality mobility in the quadriplegic the child 
as a préparation for ambulation child 



Scoliosis interfères with sitting and also causes hip problems. It is the most 
common spinal pathology quadriplegic children 

Fig. 46: Problems in mobilizing a quadriplegic child 


Postoperative care: There is no need for postoperative 
bracing. Hâve the patients seated in the upright position 
a few days after surgery. Be aware of the physical and 
psychological problems of the patients. The children are 
malnourished, prone to infection, hâve difficulty 
communicating their needs and pain. Spasticity prevents 
appropriate positioning. Early postoperative mortality 
and morbidity is high. Preoperative nutritional status is 
important because malnourished patients hâve signifi- 
cantly higher infection rates and longer hospitalizations. 
Patients requiring both anterior and posterior fusions 
hâve fewer complications if both procedures are 
performed on the same day rather than at 1 to 2 week 
intervals. The surgeon's skill, speed, and stamina as well 


as patient blood loss and other factors détermine the 
wisdom of same day anterior and posterior procedures 
in neuromuscular scoliosis (Fig. 47). 

Hyperlordosis 

Increased lordosis in the lumbar spine is usually 
secondary to hip flexion contractures and responds to 
correction of those contractures by appropriate means 
such as stretching or more often hip flexor release. 
Attempt spinal fusion and instrumentation to correct the 
deformity if it becomes rigid. Hyperlordosis can also be 
a compensatory deformity below a rigid thoracic 
hyperkyphosis, and it usually responds to correction of 
the primary problem. 
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Fig. 47: Another method of obtaining lumbopelvic fusion is 
attaching iliac screws to spinal rods 

Hyperkyphosis (Fig. 48 and 49) 

Hyperkyphosis occurs in the young child with weak 
spinal extensor muscles. There is a long, C-shaped 
forward posture of the entire spine. Correct this posture 
with proper seating, restraint straps on the wheelchair 
or a thoracolumbosacral orthosis providing support. A 
similar kyphosis occurs secondary to neglected hamstring 
contracture in the sitting patient. The hamstrings pull the 
pelvis and cause posterior pelvic tilt. The patient sits on 
his sacrum. Lumbar lordosis decreases and thoracic 
kyphosis increases. Lengthen the hamstrings to correct 
this problem. 

The Hip (Fig. 50 and 51) 

Hip dislocation affects hygiene, sitting, and gait of the 
total body involved child. It causes pain by early 
adulthood. Secondary scoliosis and contralatéral 
adduction deformity causing 'windswept hips' further 
worsen the situation. Dislocated hips are difficult to treat, 
emphasize early treatment to prevent progression of hip 
instability. 

Classification: Hip instability is classified as hip aï risk , hip 
subluxation and hip dislocation. A hip at risk is defined 
as limitation of abduction to less than 45° bilaterally or 
markedly less abduction of one hip compared to the other. 
Hip subluxation is identified radiographically when the 
fémoral head migrâtes partially out of the acetabulum . 
Dislocation is présent when ail contact is lost between 
the fémoral head and the acetabulum. 

Pathogenesis and natural history: The pathophysiology of 
hip instability is different from developmental hip 
dysplasia (DDH), the natural history is worse, outcome 


Scoliosis in CP 


Risk factors for curve 
progression 


Develops by âge 5-6 
Progresses after skeletal maturity 
Cannot be prevented by braces 
Requires surgical treatment 
Worsens quality of life 
Shows poor prognosis 


Younger âge 
Poor sitting balance 
Pelvic obliquely 
Hip dislocation 
Presence of multiple curves 


Requirements for comfortable balanced sitting and 
independent transfers 

A straight spine and horizontal pelvis 
Hip range of motion: 30° to 90° of flexion 
Stable and painless hip 
Knee range of motion: 20° to 90° of flexion 
Plantigrade feet 


Surgical indications for scoliosis 

Curves >50° 

Fast curve progression 
Pain 

Détérioration of function 


Treatment in different types of curves 



Group 1 

Group II 

Curve type 

Double thoracic or 

Large lumbar or 


thoracolumbar 

thoracolumbar 

Pelvic obliquity 

Life 

Marked 

Surgical procedure 

Posterior fusion 

Combined anterior 


alone 

and posterior fusion 

Include pelvis in 

Nonambulatory 

Ail patients 

fusion 

patients only 



Fig. 48 


of salvage operations for the skeletally mature patients 
with a neglected hip are not always satisfactory. In 
contrast to DDH, the hips are normal at the first years of 
life. Progressive instability occurs later because of a 
combination of muscle imbalance, persistent primitive 
reflexes, faulty posture and absence of weight-bearing 
stimulation on bone to progressive instability. 

The adductors and iliopsoas are spastic. Adduction 
and flexion contractures occur. Hamstring spasticity 
contributes to muscle imbalance. Excessive muscle tone 
exerts a constant force on the developing hip, deforming 
both the fémur and the acetabulum. Deformities include 
fémoral antéversion (normal decrease in antéversion does 
not occur during early childhood, fêtai antéversion 
persists) and coxa valga (increased neck shaft angle of 
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Sublaminar wires attached to the laminae provide secure fixation. The 
rods can be extended to include pelvis in the fusion. Implant costs are 
minimum 



Use multiple pedicle screws for better correction and shorter fusion area if the 
dorsal skin coverage is adéquate 

Fig. 49: Management of neuromuscular scoliosis 


the proximal fémur). The combination of these 
abnormalities leads to acetabular insufficiency and hip 
instability. The majority of the hips subluxate in the 
posterior-superior direction, because the adductors and 
flexors are stronger than abductors and extensors. 

Hip subluxation usually begins between the âges of 2 
to 6 years though dislocation can occur as early as 18 
months of âge. Most hips dislocate by 6 years of âge if 
they are going to do so. Children with the most severe 
neurologie involvement hâve the worst hips. The highest 
risk group is those who never achieve the ability to sit 
independently. The risk of hip instability is markedly less 
in diplegia and hemiplegia. 

Clinical évaluation and follow-up: Perform a clinical 
examination of the hips and obtain radiographs in every 
child. Asymmetric sitting and a shorter leg are dues to 
underlying hip subluxation/dislocation. Evaluate the hip 
abduction range both in flexion and extension. Use the 


Thomas test to measure hip flexion contracture. Evaluate 
rotation in the prone position. 

Excessive fémoral antéversion worsens the pro¬ 
gression of hip instability. Hip instability is always 
progressive. Monitor progression carefully. Test and 
record hip abduction. Repeat clinical and radiographie 
évaluation twice a year between the âges of 2 to 8. Baseline 
AP hip radiographs are obligatory in ail diplegic and 
quadriplegic children. Measure the migration index (MI) 
on hip radiographs. The upper limit of normal for the 
migration index is 20% at âge four. Computerized 
tomography with three-dimensional reconstruction is not 
essential but it shows deformities of the fémoral head 
and the area of greatest acetabular deficiency (postero- 
superior in most-but not all-cases). One can also measure 
fémoral antéversion on computerized tomography. 

Conservative treatment: Prescribe physical therapy to ail 
children to preserve hip motion and promote weight 










Cérébral Palsy 3537 


R 


Hamstring spasticity 
Long C-shaped hyperkyphosis in causes posterior pelvic tilt 

the child with weak spinal and sclerosing resulting in 

extensor muscles lumbar kyphosis 



Hip dislocation results in pain 

Secondary scoliosis 
Loss of sitting balance 
Contralatéral adduction deformity 
Difficulty caring for the child 
dressing, hygiene,feeding 



Hip subluxation is progressive 
unless treated 


Hip dislocation causes difficulty 
with sitting and pain. The affected 
leg is shorter on examination 



Hip instability 

Hip at risk Abduction <45° bilaterally or less abduction 

on one side 


Hip subluxation Fémoral head migrâtes partially out of the 
acetabulum 

Dislocation Ail contact lost between fémoral head and 

acetabulum 


Différences between developmental hip dysplasia and hip 
instability in CP 



Developmental hip 
dysplasia 

Hip in CP 

At birth 

Pathological 

Normal 

Dislocation 

First months 

After âge 2 

Etiology 

Idiopathic 

Secondary to CP 

Pathophysiology 

Progressive 

Spasticity, muscle 


acetabular deficiency 

imbalance, primitive 


leading to dislocation 

reflexes and no weight 
bearing leading to 
progressive instability 

Natural history 

Moderate to poor 

Poor to very poor 

Treatment 

outcome 

Good 

Limited 

Causes of instability 

Muscle imbalance 

Persistence of primitive reflexes 

Absence of weight bearing 



Fig. 51A: The Reimer’s index: Draw a perpendicular line from 
the latéral acetabular margin. The percentage of the fémoral 
head that lies latéral to this line is the migration index 



Figs51B and C: (B) Hip subluxation disturbs sitting 
balance and leads to discomfort, (C) Leg length discrepancy is 
a sign of hip dislocation 



Fig. 51D to I: (D, E) Examine hip abduction in flexion and 
extension. Obtain hip X-rays with 6 months intervals if there is 
persistent hip flexion or adduction tightness. (F to I) Neglected 
hip instability usually has a bad prognosis. The subluxed hips 
gradually dislocate, shortening gets worse, the high riding 
fémoral heads disturb sitting and transfers. Intervene as early 
as is necessary to lengthen the spastic muscles. A minor 
operation saves the patient from extensive hip surgery later 


Treatment of the hip at risk 

Migration index Surgical procedure 

> 20% Follow-up 

> 20% + scissoning 

20-50% Adductor +/- iliopsoas 

50-75%, âge < 4 lengthening 

50-75%, âge , 4 Bony reconstruction 

> 75% 


Fig. 50: Problems in the hip région in CP 


Fig. 51 
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bearing. Physical therapy alone does not prevent hip 
subluxation. Use abduction splints or a pillow to keeps 
the knees apart. Botulinum toxin A can be injected in the 
adductors to temporarily decrease tone for 4 to 6 months. 
Adductor muscle lengthening Intervene early and release 
the hip adductor muscles to prevent the need for 
complicated hip reconstruction later. Adductor release 
is necessary if the migration index (MI) is greater than 
20% in children with scissoring or in any child with MI 
between 20 to 50%. Consider adductor lengthening in 
children under âge 4 even if MI is up to 75%. Strive to 
gain at least 60° passive abduction on each side with the 
hip and knee flexed 90° or at least 45° abduction with the 
hip and knee extended. Dividing only the adductor 
longus is usually sufficient. Release the adductor brevis 
and gracilis muscles if necessary. 

Prefer open release to percutaneous techniques. Do 
the procedure bilaterally to balance the pelvis. Perform a 
fractional lengthening of the iliopsoas or a tenotomy if 
there is concomitant flexion contracture. Consider 
lengthening the rectus femoris muscle and the hamstring 
if popliteal angle is > 45° and hamstring tightness 
contributes to hip instability. Use traction or an abduction 
pillow after adductor lengthening. 

Do not attempt obturator neurectomy. There are risks 
of overcorrection and hip abduction contracture. Bone 
surgery perform a hip reconstruction when instability 
progresses after muscle lengthening, there is severe 
subluxation (MI > 75%) or the hip is dislocated. Bony 
reconstruction is more reliable than adductor lengthening 
in children older than âge four with an MI > 50%. 

The âge for hip reconstruction is 4 years and onwards. 
Older children hâve better bone stock for plate fixation. 
The upper âge limit dépends on the degree of the loss of 
sphericity of the fémoral head. Hip reconstruction is 
successful before permanent advanced deformity of the 
fémoral head occurs. Once the fémoral head begins to 
flatten medially and laterally, loss of articular cartilage 
is likely and pain relief after reconstruction is not 
satisfactory. 

Treatment ofthe subluxed hip: The usual surgical procedure 
is a combination of fémoral varus—derotation osteotomy, 
iliac osteotomy, capsuloplasty, adductor and iliopsoas 
lengthening. Some of these are not necessary in certain 
children. Plan the procedures according to the needs of 
the child. Preoperative three dimensional CT scans may 
help surgical planning (Fig. 52). 

Treatment ofthe dislocated hip: There are a large number of 
different techniques to reconstruct the severely sub- 
luxated or dislocated hip. The surgeon has to décidé on 
the extent of surgery depending on the patients' 
pathology. In spastic hip disease, the acetabulum has a 


very limited ability to remodel once advanced dysplasia 
has developed. Because acetabular deficiency is 
posteriorly located in most cases variations of the Dega 
acetabuloplasty in combination with soft tissue 
lengthenings, fémoral shortening, varus derotation osteo¬ 
tomy of the fémur (VDRO) and capsuloplasty is 
preferred. 



Figs 52A to D: Long-term follow-up of surgical treatment of a 
patient with hip subluxation. The combined femoral-iliac 
osteotomy and soft tissue releases hâve produced a stable 
and pain free hip joint 
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Windswept hip: Treatment of the windswept hip is a major 
task. The combined procedure is a fémoral varus 
derotation osteotomy with shortening, iliac osteotomy 
and flexor adductor on the dislocated and adducted side. 
This must be accompanied by a fémoral osteotomy and 
soft tissue releases on the contralatéral abducted side 
(Fig. 53). 

Salvage of the neglected dislocated or irreducïble hip: Painful 
hip subluxation or dislocation in the older child is difficult 
to treat, attempting to reduce the hip may be impossible. 
The salvage procedures for these children are resection 
arthroplasty, valgus osteotomy, arthrodesis and 
arthroplasty. Proximal fémoral resection arthroplasty 
involves interpositioning of the muscles and capsule, is 
easier to perform and the aftercare is more comfortable 
both for the family and the surgeon. Valgus osteotomy is 
not universally accepted. Arthrodesis of the hip can 
provide a stable and painless hip but is a major procedure 
and often not well tolerated because of the long immobili- 
zation in a hip spica cast. Total hip replacement has been 
done successfully even in young children but should be 
done by someone who has expérience in hip replacement 
as well as understands the problems of the cérébral 
palsied person. In children who are able to stand for 
transfers and daily life activities or who are therapeutic 
ambulators, total hip arthroplasty provides a better 
outcome. 

Postoperative care: The patient is kept in a hip spica cast 
for 4 to 8 weeks depending on the extent of surgery, bone 
quality, âge and compliance. 

The Knee, Ankle and the Foot 

There are some mildly involved quadriplegic children 
who hâve the potential to stand independently and take 
a few steps. Correct the knee and ankle deformities in 
such children to enable efficient transfers and limited 
ambulation. Even limited ambulation can ease the 
caregiver's burden enormously, if a quadriplegic patient 
can stand to transfer try to maintain this ability. Aim to 
obtain a comfortable posture in lying, sitting and in the 
standing frame. The knee should flex to 90° for sitting 
and extend to at least 20° for transfers. Severe knee flexion 
deformity causes skin sores behind the knee because of 
friction against the chair. Begin stretching and range of 
motion exercises early to prevent knee flexion deformity. 
Consider early hamstring lengthenings in children with 
deformity. Prescribe regular exercises, night splints and 
standing in the stander to protect the range of motion 
gained by surgical intervention. Distal fémoral osteotomy 
is an option in children who hâve walking potential for 
knee flexion contractures. A plantigrade foot is necessary 



Figs 53A to F: (A, B) The ‘windswept hip’ is the combination of 
hip dislocation and adduction deformity on one side and 
secondary abduction deformity on the contralatéral hip, (C to 
F) The ‘windswept hip’ can only be treated by a sériés of major 
operations performed in the same session. The outcome can 
be excellent but the operation is traumatic for the child. Try to 
prevent hip instability from progressing to this advanced stage 
with simpler measures like early adductor releases 
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Fig. 54A: Knee flexion deformity prevents 
therapeutic ambulation 



Fig. 54B: Improper positioning results 
in equinovarus deformity 



Fig. 54C: Elbow flexion pronation contracture and wrist flexion 
in a quadriplegic child impairs the ability to use the upper 
extremities for transfers 



Fig. 54D: Patient with a severe wrist flexion contracture was 
treated effectively with arthrodesis (Courtesy: G Koloyan) 


for standing during transfers and in the stander, placing 
the foot comfortably on the footrests in the wheelchair 
and wearing shoes. Stretching, range of motion exercises 
and orthotics may prevent deformity in the young child. 
Perform soft tissue procedures, corrective ostéotomies or 
arthrodèses in the older child (Fig. 54). 

Upper Extremity 

Sensory déficits, spasticity, loss of sélective motor control, 
movement disorders such as chorea, dystonia and rigidity 
and muscle weakness are the reasons for upper extremity 
dysfunction in total body involved children. Visual and 
cognitive disability increase the problem. The child does 
not use the upper extremities and in time, develops 
contractures and deformities. 

Many times there is no need for intervention beyond 
simple stretching and positioning. Functional splints may 
be useful. 

The shoulder internai rotation-adduction contracture 
does not interfère with function. The elbow flexion- 
pronation contracture créâtes problems when using 
forearm crutches. Consider lengthening the spastic 
muscles and releasing the anterior capsule in a 
contracture of 100° and above to improve hygiene. Treat 
severe flexion contractures in the hand impairing hygiene 
and cosmesis with arthrodesis only after growth has 
stopped. 
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DYSKINESIA (Fig. 55) 

Athetosis, dystonia and chorea are the main movement 
disorders seen in dyskinetic children (Fig. 55). These 
children are initially hypotonie. As they get older, muscle 
tone begins to fluctuate. Involuntary movements occur 
when the child tries to move. Sometimes there is also 
movement at rest. When the child is totally relaxed in 
the supine position or asleep, there is full range of motion 
and decreased muscle tone. When the child wakes up or 
is excited, he becomes rigid. Lack of coordination is even 
more prominent during strenuous activities. The 
dyskinetic child spends excessive energy because of 
continuous uncontrolled movements. Abnormal contrac¬ 
tions of many muscles occurring with the slightest volun- 
tary motion increase the energy demand considerably. 

Classification (Fig. 56) 

Dyskinetic patients are subdivided into two groups. The 
first and most common group are hyperkinetic or 
choreoathetoid children. They show purposeless, often 
massive involuntary movements. The initiation of a 
movement of one extremity leads to movement of other 
muscle groups. Rapid, random and jerky movements are 
called chorea and slow writhing movements are called 
athetosis. They increase when the child is excited or 
frightened. 

The second group are dystonie children. They 
manifest abnormal shifts of general muscle tone induced 
by movement. When the child tries to move, there is a 
co-contraction of agonist and antagonist muscles leading 
to an abnormal posture of one or more parts of the body. 
These abnormal and distorted postures occur in a 
stereotyped pattern. The trunk and neck are rigid. As in 
ail types of dyskinetic CP, the contractions in the flexor 
and extensor muscles of the extremities increase with 
voluntary movement and disappear during sleep. 


A. Movement problems in dyskinesia 


Athetosis 

Involuntary, slow wishing movements of the 
hands, feet, face or tongue 

Chorea 

Multiple rapid jerky movements usually of 
the hands and feet 

Dystonia 

Muscle knee is greatly increased. There are 
slow torsional contractions which increase 
with attempts at voluntary movement and 
resuit in abnormal posturing. Dystonia is 
localized more to the trunk and proximal 
extremities 

B. Classification 

Choreoathetoid 

Dystonie 

Hyperkinetic 

Rigid 

Purpose involuntary 
movements 

Co-contraction of agonist and 
antagonists 


Fig. 55 



Fig. 56A: Severe dystonia interfering with sitting and 
positioning, may respond to medical treatment only 





Fig. 56B: Involuntary contraction of hand muscles 
prevents infective use of the extremity 
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Fig. 56C: This child is able to walk with a walker but prefers 
crawling because dystonia disturbs her balance 



Fig. 56D: 23 year-old mixed CP with severe dyskinesia and 
spasticity. His face, neck trunk and extremity muscles are ail 
affected. He cannot sit in the wheelchair because of forceful 
muscle contractions. Intrathecal baclofen pump implantation 
may be a possible treatment alternative, however keeping the 
cathéter in place would be a major challenge in such a severe 
case 

Dyskinesia may accompany spasticity in a group of 
total body involved children. Athetosis is common in 
combination with spastic diplegia. 

Associated Features 

Mental status is generally not impaired. There is 
communication difficulty because of oromotor dys- 


function and most of these children are unable to talk. 
Spasticity of oropharyngeal muscles impair feeding. 
Growth retardation and a decreased capacity to gain 
weight are characteristic. 

Musculoskeletal Issues 

The ambulation potential of dyskinetic children dépends 
on the severity of involvement. The majority of children 
with severe dystonia are unable to walk. Management is 
aimed at improving communication, independence in 
activities of daily living and wheelchair use. A percentage 
of children with athetosis can become ambulatory, 
however they hâve a clumsy and unstable gait. They lose 
their balance and fall easily when there is even the 
slightest disturbance from the world surrounding them. 
Contractures are almost never seen. Degenerative hip 
disease and acetabular dislocation are common 
complications during the adolescent growth spurt, 
particularly in children with athetoid cérébral palsy. 
Scoliosis is common. Complication rate of spine surgery 
is high. Cervical spine fusion is an option for treatment 
of advanced degenerative disease of the spine and C5-6 
instability in the adult. 

Treatment 

Medical treatment, physiotherapy or orthopédie surgery 
do not benefit children with dyskinetic CP. Medical 
treatment options are many in dyskinesia however their 
efficacy is questionable. The aim is to minimize muscle 
contractions and unwanted movements to ease the 
burden of care and to minimize the child's discomfort. 
The use of intrathecal baclofen pumps are becoming 
increasingly popular in dystonie children to lessen 
involuntary contractions and ease the burden of care. 
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THE NEGLECTED CHILD (FIG. 57) 

Some children with CP cannot receive proper medical 
care because of reasons related to the family, the society 
and to the health care System they live in. Lack of proper 
care by the family is one of the important reasons of 
neglect. The parents lack financial resources or are 
psychologically unable to provide adéquate care for their 
disabled children. Families who are initially hopeful try 
to keep up with the demands of caring for a disabled 
child. They are frustrated or disappointed if the their child 
does not achieve what they expect. Eventually they stop 
providing even the basic treatments such as home 
exercises because they think that their efforts are futile. 
Some families are ashamed of having a disabled child 
for cultural reasons. 

In certain parts of the world the society is not well 
prepared or does not hâve the resources to accept and 
live with the disabled. The community is not organized 
to continue the care of the child with CP at school or at 
home. Opportunities for spécial éducation, récréation, 
vocational training and sheltered work are extremely 
limited. The child who cannot use a wheelchair outside 
the house because of environmental barriers remains 
confined to the house and loses skills. The adolescent or 
young adult with CP who cannot find a job has no reason 
to leave the house so he loses his ambulatory skills. 

Resources for health care and medical éducation are 
limited in many countries around the world. These 
limited resources are often not used effectively because 
of a lack of information. The information on CP that is 
available is often incorrect, outdated and sometimes even 
promotes harmful treatments. Physicians and other 
health care providers lack up-to-date éducation in the 
treatment of CP. No matter what the reasons behind the 
neglect are, neglected children are unable to reach their 
full potential and become a burden for their caregivers 
in the long run. The child with diplegic CP is hurt most 
by neglect because he has a great potential that is wasted 

Physicians treating CP patients meet such patients 
from time to time when the families décidé to provide 
medical care for their children at some point in their lives 
or when charity organizations décidé to finance treatment 
efforts. Most neglected children need orthopédie surgery 
for better function . The decision to perform surgery is 



General conséquences of neglect 

Secondary mental deprivation 
Failure to thrive 
Social isolation 

Loss of mobility and ambulation 
Increased burden on the family 
Early mortality 



Fig. 57: Neglected 21 year old woman before and after 
treatment: Prior to surgery, she had severe knee flexion and 
ankle plantar flexion contractures, she had poor sitting balance. 
Simple hamstring muscle and Achilles tendon lengthening were 
sufficient to improve sitting balance and enable therapeutic 
ambulation in solid plastic KAFOs 
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risky because these children hâve been neglected for a 
longtime and prognosis may be poorer than expected. 
The child and the family may not comply with the 
necessary prolonged and intensive postoperative 
réhabilitation. The child's medical and psychosocial status 
may not allow major interventions. There are basic dues 
to making decisions about treatment of the neglected 
child that spring mainly from expérience. Conséquences 
of neglect are different for diplegic and total body 
involved children. 

The Total Body Involved Child (Fig. 58) 

The main problems of the neglected total body involved 
adolescents and adults are spinal deformity and painful 
hips interfering with sitting as well as knee and ankle 
flexion contractures which prevent transfers. The patients 
also hâve severe hand flexion deformities. Growth 
disturbance, frequent infections and poor nutritional 
status almost always accompany the movement problem. 
Spasticity and dyskinesia are another major concern. 

Define the expectations clearly and get the parents' 
consent before advancing with treatment procedures. 
Spine surgery is a difficult operation that places a great 
burden on the family and the child. Morbidity and 
mortality risks are high because of the poor general 
medical condition. Consider spine surgery only if there 
is a strong family support even if the patient's medical 
condition permits. Proper preoperative care does not 
decrease the risk of complications after spine surgery. 
Operations for the painful hip are relatively easy, but 
families prefer nonsurgical intervention most of the time. 
Advise analgésie médications and proper positioning. 
Perform hamstring and Achilles tendon lengthenings if 
there is a potential for standing and therapeutic 
ambulation. Do not attempt temporary measures such 
as phénol or botulinum toxin injections in this group of 
patients who seek more radical solutions to their 
problems. 

The Diplegic Child (Fig. 59) 

The neglected diplegic child is probably the saddest 
situation that physicians treating children with CP will 
encounter. Most of these children hâve the potential to 
walk, but hâve been confined to immobility because of 
neglect. Common problems include multiple severe 
deformities of the lower extremities. Hip problems are 
uncommon, instead, knee pain is présent because of 
degenerative changes and overuse because of crawling 
on the knees. Children learn to walk between the âges of 
4 to 7. It becomes difficult to teach them once they hâve 
missed that period in their lives. As the child grows older 



Conséquences of neglect 


Total body involved 


Diplegic and hémiplégie 

Failure to grow 


Loss of motivation to move 

Poor nutrition 


Fear of failing 

Frequent infections 


Fragile bones 

Painful hips 


Painful knees 

Severe spinal deformity 

Severe knee flexion 

Knee and ankle contracture 

Ankle plantar flexion 
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Fig. 58: Total body involvement in CP 
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Fig. 59A: Neglected 11 year old diplegic. He can crawl around 
the house but the equinus deformity is a major problem when 
he tries to stand 



Fig. 59B: Neglected 16 years old boy with spastic diplegia. He 
has severe flexion contractures of both lower extremities, 
fémoral antéversion and pes equinovarus. He can walk a couple 
of steps with the assistance of two people. He has never used 
a walker and never received treatment of any kind 


he loses the motivation to move, starts to feel afraid of 
falling and hurting himself. Bones are fragile and not used 
to carrying the body weight. The elderly immobile child 
has learnt to receive what he wants to hâve without 
spending any effort to move. 

The neglected diplegic needs bone surgery as well as 
muscle tendon lengthenings to correct his deformities and 
to enable him to stand in an erect posture. Muscle 
weakness, bone pain and loss of sélective motor control 
are much more pronounced compared to the young child 
who received adéquate therapy. Ail deformities can be 
corrected, but correction of deformity does not always 


resuit in functional gain. The postoperative réhabilitation 
period is tiring both for the child and the treatment team. 
Pain is an important obstacle to mobilization. There is 
need for aggressive analgésie treatment. 

Fractures may be seen with intensive exercises. 
Intravenous bisphosphonate may prevent fractures. 
Bracing is difficult because of increased spasms and also 
decreased skin tolérance. It is difficult to gain ambulation 
in a child who has been in a wheelchair for a couple of 
years. In spite of ail, children who hâve good intelligence 
and strong motivation should be given the chance of 
ambulation through orthopédie surgery and aggressive 
réhabilitation. 

The Hémiplégie Child 

The problems of the hémiplégie child are rather mild 
compared to total body involved or diplegic children. 
They become functional adults even if they do not receive 
physiotherapy, bracing or spasticity treatment in early 
childhood. The problems they will encounter are flexion 
contractures of the hand and equinus contracture of the 
foot. Hand surgery generally does not resuit in functional 
gains because of poor sensation and neglect. Equinus 
contracture will respond to Achilles tendon lengthenings. 
The patients do not like to use AFOs after surgery 
especially if they hâve been used to walking tiptoe for a 
long time. 


The Adult 

Thanks to increased awareness of the community 
intégration of disabled people, more children with CP 
are becoming adult members of the society. Despite the 
fact that adult CP patients continue to hâve similar 
problems they had as children, they often do not receive 
adéquate medical care and physiotherapy. Diplegic and 
hémiplégie adults hâve near normal longevity. Both 
hearing and vision become worse with âge. Total body 
involved adults continue to hâve the problems they had 
as children, namely; seizures, drooling, feeding and 
dental issues. 9 to 10.5% of adult patients with cérébral 
palsy hâve cardiovascular problems, including arterial 
hypertension and coronary artery disease. The goals of 
management and the modalities remain the same though 
aging substantially affects the outcome of treatment 
(Fig. 60). 

There are certain aspects where the adult CP patient 
is different from the child. Some of the spécial problems 
of the adult are pain, increased rate of fractures, scoliosis 
and dietary issues. 
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The halo effect as the baby with CP grows and becomes an 
adult the loses ail the sweetness and cuteness of infancy and 
childhood. He gradually turns into a disabled adult the people 
around him stop treating him with the affection and sympathy 
they had when he was a cute little child. The change in altitude 
is difficult to handle and the adult with CP is pushed towards 
social isolation 


C Goals of management D Management modalities 


Maintain function Physiotherapy 

Maintain walking Analgésie médication 

Treat pain Antispastic médication 

Orthopaedic surgery 


E Effects of aging on outcome of therapy 

Prominent muscle weakness 
More time and effort for strengthening 
Loss cardiovascular capacity 
Slower recovery 


F General problems of the adult 

Musculoskeletal pain 

Neck 50% in spastic, 75% in dyskinetic CP 

Back 

Hip 

Knee 

Foot 

Contractures 

Overuse syndromes (in wheelchair or assistive device users) 
Fractures (More common in ambulations) 

Scoliosis (More common in nonambulatory patients) 
Gastrointestinal problems 
Constipation 
Reflux 

Dental problems 
Drooling 

Fig. 60: The halo effect 


Spécial Problems of the Adult Patient 

Pain 

Pain in the nonverbal patient is difficult to understand 
and evaluate. The patient is agitated, restless, does not 
eat or sleep well. Perform an extensive work-up to 
détermine the cause of pain. Differential diagnosis 
includes musculoskeletal problems, gastroesophageal 
reflux leading to ulcers, urinary or gynecological 
problems and menstruation. Common musculoskeletal 
System problems causing pain in the nonambulatory 
adult are cervical spine degeneration, scoliosis and hip 
pathology. Common musculoskeletal System problems 
causing pain in the ambulatory adult are hip, knee and 
foot deformities. Physiotherapy and simple analgésies 
may help. Consider surgery in severe cases. 

Fractures 

Adult quadriplegic CP patients hâve osteopenia. They 
hâve a lower dietary intake of calcium. Decreased 
exposure to sunlight, immobility, spasticity, and the 
metabolic conversion of the precursors of vitamin D to 
inactive métabolites by anticonvulsant médications 
prédisposé the patients to fractures. Osteoporosis 
becomes worse as the patient âges. 

Scoliosis 

Scoliosis occurs in 25 to 64% of institutionalized adults. 

Uncorrected scoliosis may resuit in decreased 
ambulation and decubiti. 

Sexuality Issues 

Adolescents with cérébral palsy hâve delayed and 
prolonged puberty. The reason is poor nutritional state. 
They may develop precocious puberty as well. Try and 
recognize the timing of sexual maturation and provide 
age-appropriate sexual éducation. Also try and détermine 
if the patient is sexually active. Pose questions regarding 
sexuality privately, using normalizing statements and 
open-ended questions. 

Feeding and Nutrition 

Feeding problems in adolescents with low calorie intake 
may resuit in poor growth and decreased muscle mass 
at maturity. They resuit in an adult with low fat-free mass. 
Athetoid patients hâve higher calorie requirements. 
Réductions in appetite and weight are harmful to the 
adult who already has a low fat-free mass and résultant 
malnutrition. A diet with sufficient iron (particularly in 
female patients) is important, because iron deficiency 
anémia is common in women with cérébral palsy. 
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General Goals of Management 

The goals of management in the adult with CP are to 
maintain function, maintain walking and to prevent or 
treat pain. Physiotherapy, analgésie and antispastic 
médication and orthopédie surgery hâve definite rôles 
in this patient group. Oral tizanidin, diazepam or baclofen 
are options for spasticity treatment. The intrathecal use 
of baclofen is another alternative. Aging affects the 
outcome of ail therapy procedures. Muscle weakness is 
more prominent in the adult compared to young children. 
Strengthening takes almost twice as much effort and 
energy. Cardiovascular capacity of disabled adults is 
markedly less than able bodied individuals. Recovery 
process after surgery is much slower. 

The Ambulatory Patient 

Détérioration of walking is the most important issue in 
ambulatory diplegics . Adult diplegics hâve a greater 
energy expenditure when walking because of their bigger 
and heavier bodies. They exercise less, and receive almost 
no physiotherapy. Dépréssion is a problem in the adult 
patient. They lose the family support they had as a child 
and become socially isolated. Social isolation and 
dépréssion contribute to the détérioration in walking 
ability. Because of a lack of exercise there may be an 
increased rate of contractures. Treat flexion and/or 
adduction contracture of the hip with release and 
lengthening of the involved muscles together with 
intensive postoperative réhabilitation. 

Hamstring tightness causes crouched gait, short stride 
length and kyphosis when sitting. Lengthen the muscles 
to relieve this problem. Heel cord tightness and valgus/ 
varus deformities of the feet respond to lengthening, 
muscle releases and split transfers. Spécial problems 
encountered in the ambulatory adult CP patients are hip 
pain because of subluxated hips, malalignment syndrome 
causing painful knees and foot deformities. Hip 
subluxation is rare in the ambulatory CP child, but hip 
pain because of subluxated or dislocated hips may be seen 
in the adult. Treatment of choice is total hip arthroplasty. 

Apply hip spica casts for three weeks after total hip 
replacements to prevent early dislocations and relieve 
pain. Encourage the patients to stand in the cast fully 
weight bearing. Spastic rectus femoris working against 
tight hamstrings causes patella alta and leads to knee 
pain. Consider distal rectus femoris and intermedius 
tenotomy combined with distal hamstring lengthening. 
Osteoarthritis of the knee is rare. 

Another important problem of gait in the ambulatory 
adult is the malalignment syndrome presenting as a 
combination of fémoral antéversion and external tibial 
torsion. Malalignment syndrome results in patellofemoral 


A Orthopaedic surgery in adult CP 

1. Muscle releases lengthenings and transfers for contractures 
Hip flexor/adductor 

Hamstring 

Gastrocnemius-soleus 
Rectus femoris 

2. Spine surgery for 
Scoliosis 

Back pain 
Neck pain 

3. Hip surgery 

Total hip replacement 
Valgus osteotomy 
Resection arthroplasty 

4. Bone surgery 

Fémoral or tibial décoration osteotomy 
Triple arthrodesis 
Halux valgus surgery 


B Problems of the ambulatory adult 

Détérioration of walking 

Greater energy expenditure when walking 
Less exercise 
No physiotherapy 
Psychosocial problems 
Dépréssion 
Social isolation 
Musculoskeletal problems 
Subluxated painful hips 
Malalignment syndrome 
Patella alta and knee pain 
Pes valgus-hallux valgus 



This adult patient has multiple lower extremity deformities but there 
was no need to intervene because he has an efficient gait and functions 
well in the society 


Fig. 61 : Surgery in adult CP 
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C Problems of the nonambulatory adult 

Problems with care and transfer 
Severe contractures 
Lack of hip abduction 
Fractures 

Osteoporosis 
Hip pain 

Subluxation 

Dislocation 

Scoliosis 


B Moderate malalignment charac- C 

terized by fémoral antéversion, 
tibial external isolation and plano- 
valgus 


This young man is a severely involved mixed 
diplegic. Dystonia and ataxia limit his walking 
capacity. He has pes valgus and spontaneous 
extension in both great toes 



D to H Treatment options for the painful of ambulatory adults are total hip prosthesis, resection arthroplasty, arthrodesis, and valgus osteotomy 

Fig. 62: The nonambulatory patient 


osteoarthritis and painful knees. Treat with proximal 
fémoral derotation and supramalleolar rotation osteo¬ 
tomy. Common foot deformities are bunions (hallux 
valgus), claw toes and severe pes valgus. The standard 
procedure of metatarsophalangeal fusion is performed 


for hallux valgus. Consider resection arthroplasty, 
proximal interphalangeal fusion or the Ruiz procedure 
for claw toes. Severe pes valgus is usually associated with 
external tibial torsion. A treatment option is supra¬ 
malleolar rotation osteotomy with triple arthrodesis. 
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The Nonambulatory Patient 

Adults are physically bigger, therefore the care and 
transfer of the adult total body involved patient becomes 
a burden for the caregiver. Nonambulatory adults often 
hâve severe osteoporosis with an increased rate of 
fractures. Wheelchair accommodations are sufficient for 
contractures that do not interfère with sitting or standing 
transfers in nonambulatory adults. Spécial problems of 
the nonambulatory adult are scoliosis, lack of hip 
abduction and knee pain . 

Scoliosis can be progressive even in adults. Consider 
extensive spinal fusion if contoured wheelchairs or TLSO 
braces are not sufficient to provide adéquate sitting 
balance. Lack of hip abduction causes difficulty with 
hygiene and sitting. The cause of hip pain in the adult is 
hip subluxation and dislocation. Simple analgésies and 
physiotherapy may be helpful. Total hip replacement is 
becoming increasingly popular because it offers the 
advantages of stability and standing for transfers . 
Resection arthroplasty, arthrodesis or valgus osteotomy 
are other options. 

CP is not just a pédiatrie problem. Exercise, stretching 
and other management modalities are lifelong commi- 
tments. Physicians and therapists alike need to be well 
prepared to deal with the problems of the adults with 
CP. 
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MANAGEMENT WITH LIMITED RESOURCES 

CP is a worldwide problem. It spares no country or geo- 
graphical location. The incidence of babies born with CP 
is the same around the world, however the prevalences 
at the time of school entry are different. This may mean 
that some children are lost by the time they approach 
school âge or that some never hâve the chance to enter 
any sort of éducation. There are many options for 
managing the child with CP to make him part of the 
society, to improve his quality of life as well as help his 
family. Even in well developed countries resources are 
rich but not infinité. In most other parts of the world 
disabled children are not lucky enough to benefit from 
most advanced technological improvements such as 
powered wheelchairs or newly developed drugs such as 
botulinum toxin. 

There is a limitation of specialized medical staff, 
equipment and finance. It remains to the physician to 
use his skill to help these children. The success of 
treatment dépends upon an effective use of resources of 
the family, society and the health care System. The 
principles of management with limited resources are to 
use the least expensive, time consuming and relatively 
more effective methods to deal with the problems of these 
children and to enable them to use the existing 
educational and vocational resources of the community 
they live in. In this context, the question of what is 
necessary and what is a luxury becomes a major concern. 

What Happens When Resources are Limited? 

Hemiplegia 

Almost ail children who hâve hémiplégie CP can become 
independent adults. They may hâve contractures and 
deformities but function efficiently despite these. Some 
with seizures, learning disabilities and behavioral 
problems expérience difficulty attending school. 

Diplegia 

Most diplegic children hâve the potential to walk. They 
benefit a lot from ail treatments to decrease spasticity and 
to improve walking capacity. When resources are limited 
they cannot fulfil their potential and remain nonambu¬ 
latory or crawl for mobility. Mobility is directly related 
to intégration into the society and independent living in 
most parts of the world. In countries where health care 
resources are limited éducation opportunities are also 
limited and children with impaired mobility hâve a 
greatly decreased chance of getting a proper éducation. 
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Quadriplegia 

Quadriplegic children cannot be independent and need 
continuons care. They need proper health care and 
adéquate nutrition to survive beyond adolescence. They 
also benefit from treatments to decrease spasticity so that 
the mother can take better care of them and from 
equipment for sitting, mobility, communication and 
éducation. When resources are limited, a higher 
percentage of children die early. The survivors and their 
families hâve poor life quality. 

What to do When Resources are Limited? 

In most countries the medical treatment of children with 
CP is the responsibility of family rather than the 
government. Therefore it becomes very important that 
each penny spent for treatment gets good return. Keep 
this in mind and select the treatment that is worth the 
money spent. Try to make the child as independent as 
possible for a better future. Spécial éducation can be very 
important in this regards. Tell the parents that 
physiotherapy improves only motor component of the 
child. Hâve them spend time for communication, 
cognition, self help and social development. 

Provide a home bound program for children coming 
from far away places. Address the basic needs of the child 
and the family. Provide the opportunities for the child to 
get an éducation. Teach the family basic exercises to 
prevent contractures and deformities. Try and increase 
the level of communication. Find a way to establish a 
useful purpose for the child in the society so that he will 
be integrated. Aim to involve ail the family members into 
caring for the child. Get support from the brothers and 
sisters of the disabled child. 

The Necessities 

For ail children the basic treatment should include 
positioning, stretching and strengthening exercises. 


Children with walking potential 

Simple solid AFOs are necessary to improve walking in 
the ambulatory children and to prevent contracture in 
the child who sits in the wheelchair. 

Children Without Walking Potential 

Severely involved children need abductor pillows to 
prevent hip instability. They may need KAFOs for 
therapeutic ambulation. KAFOs at rest and at night may 
help prevent hamstring contractures. Severely involved 
total body involved children need proper seating 
arrangements in a wheelchair. A TLSO strapped to the 
wheelchair will provide the necessary trunk support. Oral 
antispastic agents such as baclofen and diazepam are 
readily available in many countries around the world, 
they are cheap and relatively safe. Gastrocnemius, 
hamstring and adductor lengthening surgery are safe, 
easy and reliable surgical interventions to relieve 
spasticity and improve walking in ambulatory children. 
Progressive hip instability is a major problem which 
impairs the life quality of the child, decreases survival 
and increases caregiver burden. In the presence of hip 
flexion and adduction contractures early adductor and 
psoas tendon releases may help prevent hip subluxation. 
If subluxation exists however, soft tissue releases alone 
will not be helpful. The child who cannot communicate 
but has normal mental functions can easily use a 
communication board which contains a set of pictures or 
symbols. Simple methods to provide the basic educational 
needs exist and can be taught to mother s. Feeding and 
constipation problems may be solved using a daily 
routine and feeding the child at regular short intervals 
with food in liquid form. 

Improving mobility is the most important issue 
worldwide. For the total body involved child, a manual 
wheelchair driven by caregivers may be the basic option. 
Powered children's wheelchairs may be unavailable or 
too expensive for certain parts of the world. Unfortunately 
in many régions environmental barriers limit the use of 
powered wheelchairs. 
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362.2 Neurosurgical Approach for Spasticity 

AK Purohit 


INTRODUCTION AND HISTORY 

The first surgery for spastic problem ever performed on 
cérébral palsy people is release of tendo-Achiles (TA) by 
an orthopédie surgeon John Little as early as in 1853. The 
first neurosurgical procedure performed was obturator 
neurotomy for relief of spastic hip adduction by Lorenz 
in 1887. In the last hundred years, many more orthopédie 
and neurosurgical procedure were developed, practised 
and improved. Even then, both TA release and 
neurotomy with some modifications hâve an important 
rôle in surgical réhabilitation of spastic people. 

Otfrid Foerster in 1908, introduced rhizotomy for 
spastic lower limbs. 1 But, the procedure underwent revo- 
lutionary change in 1977 following introduction of 
preoperative electrical stimulation of posterior rootlets 
by VA Fasano et al 2 and peripheral nerves by Gros et al. 3 

In India, first time in 1988, WJ Peacock, who modi- 
fied the Fasano's technique, 4 demonstrated sélective 
posterior rhizotomy at Nizam's Institute of Medical 
Sciences (NIMS) in Hyderabad. The author subsequently 
got expertise in the technique and developed one of the 
largest sériés in the world. In India, the author introduced 
electrostimulation neurotomy in 1993 for the first time 
and named it functional motor fasciculotomy. 


The neurosurgical procedures are performed to 
relieve spasticity, but the people with orthopédie 
complications of this neurodeficit need to undergo 
orthopédie surgery also. Author feels that when no 
muscular complications of spasticity hâve developed, it 
means the muscles are otherwise normal, it is better to 
avoid surgery on them. These two kinds of procedures 
are complimentary to each other in selected spastic 
people. Therefore, the professionals from one specialty 
is expected to learn somewhat about the procedures 
performed by other speciality surgeon. However, spastic 
people, especially those having cérébral palsy require 
multidisciplinary management with an important rôle 
by therapists. Therefore, it is the moral duty of the surgeon 
to ascertain multidisciplinary management before and 
after surgery. 

Idéal neurosurgical method to treat spasticity is to 
generate or transplant the damaged neural tissue. Short 
of these methods presently available procedures are of 
immense value in selected spastic people. 

Classification 

The neurological procedures for optimum réduction in 
spasticity are classified according to side and nature of 
the surgery (Table 1). 


TABLE 1 : Classification of neurosurgical procedure for optimum réduction in spasticity 


Nature 

Site 

Nonablative 

Ablative 

Segmentai (spinal circuit) 
PNS 

Extracraniospinal 

Myoneural junction 


MNJ inj. of botulinum toxin 

Peripheral nerves 

Temporary nerual block 

Permanent neural blocks 


Spinal 


Peripheral nerve stimulation 
Spinal root 

Fasciculotomy 

Rhizotomy 

CNS 

Spinal 

Spinal cord 

Intrathecal baclofen 

Drezotomy 

Supra segmentai 

CNS 

Spinal 


Spinal cord 

Myelotomy 

Spinal cord stimulation 

Cranial 

Brain 

Thalamic stimulation 

Thalamotomy 



Cerebellar stimulation 

Pulvinarotomy 

Dentatotomy 

Fastigii lésions 


PNS—Peripheral nervous System, Peripheral procedure 
CNS—Central nervous System, Central procedure 
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Anatomicophysiological Classification 

According to the site of surgery procedures are classified 
into foliowing two types: 

1. Segmentai: The procedures which interrupt the spinal 
circuit of maintenance of tone are called as segmentai 
procedures. These are performed on peripheral or 
central nervous System (CNS). 

2. Suprasegmental: The procedures which act on supra- 
segmental control of tone are called as suprasegmental 
procedures. These are always performed on CNS only. 

Pathophysiological Classification 

According to the nature of surgery, the procedures are 
classified into following two types: 

1. Ablative: Where an irréversible lésion is created in the 
neural tissue, e.g. fasciculotomy, rhizotomy, etc. 

2. Nonablative: Where without creating a lésion with the 
help of neurostimulation or Chemical substances, a 
réversible neural response is obtained, e.g. spinal cord 
stimulation surgery. 

Spasticity: Treatment Protocol 

The spastic person should initially undergo physical, 
occupational and developmental thérapies. Along with 
these, antiseptie drugs and other nonsurgical methods 
can be tried. Despite this if spasticity adversely affects 
the development of voluntary control or produces other 
harmful effects, nonablative least invasive procedures, 
e.g. temporary neural blockes, etc. can be tried. At the 
end, if still harmful spasticity persists, the ablative 
procedures may be considered. 

The near idéal method of optimum réduction in muscular tone 
in spastic people: It is worth remembering at this stage that 
short of idéal treatment like permanent neural activation, 
régénération or transplants a comparable method should 
be invented. 

The method should produce calculated, if desired 
réversible, réduction in spasticity with least possible 
invasion and without adversely affecting the normal and 
potentially normal functions of the nervous System. The 
method should be safe, not too time consuming or 
expensive, and technically easy to perform. It should not 
cause geographical or any other dependency. 

Sélection of Cases 5 7 

One of the most important steps in the success of 
spasticity relieving surgery is correct sélection of case. 
Persons having good voluntary control in the affected 
muscle get best results. However, orthopédie compli¬ 
cations and poor motivation adversely affect the results. 


Ablative procedures are indicated only on people 
having nonprogressive disorders like cérébral palsy, 
injury to CNS or sequel of progressive disease like benign 
neoplasm, etc. In progressive diseases, the ablative sur- 
geries are of temporary benefit, because after some time 
récurrence can occur and weakness may settle. 

The other important point before undertaking 
ablating is détection of résistant spasticity. It means ail 
the nonsurgical methods hâve been practised for suffi- 
cient period of time, and the best possible improvement 
has been obtained. At this stage, it is ascertained whether 
the spasticity is harmful or useful to the person. The 
harmful spasticity is only considered for relief. The most 
harmful effect of spasticity is to prevent development of 
motor functions. However, discomfort, pain, excessive 
fatigue and development of orthopédie complications are 
also considered harmful effects of spasticity. One must 
note that paraplegia in extension is the best example of 
useful spasticity. The spasticity in such people acts as 
natural calipers and helps them in weight bearing during 
standing and walking. Relief in such a bénéficiai spasticity 
causes détérioration in motor functions. 

The spastic person and relatives are explained about 
the nature of surgery, safety and probable goals. The same 
is recorded and consent is obtained. 

Procedures 

Peripheral neural blocks: These are indicated for focal 
spasticity. Bupivacaine is used to obtain temporary effect, 
thereby, assisting in assessing whether the definitive 
procedure will be bénéficiai or not. The neural blocks with 
phénol, alcohol, glycerol are used to produce permanent 
relief in focal spasticity. The procedure is technically 
simple. But limited results, high récurrence rate and 
unacceptable side effects hâve restricted the use. 

Motor point blocks: Injection of botulinum toxin into the 
myonerual junction of limb muscles reduces focal 
spasticity to some extent. However, it is not recom- 
mended to inject this toxin for relief of severe grades of 
spasticity affecting multiple muscles of large dimensions. 
In such cases, high doses of botulinum toxins are needed. 
This makes the procedures very expensive. The 
récurrence rate of spasticity is also very high. 

Spinal cord stimulation (Dorsal column stimulation, Posterior 
column stimulation): Electrodes are implanted in the spine 
posteriorly over the dura at the desired site of action 
through an open surgical method, or by closed method 
under fluoroscopie guidance. The électrodes are 
connected to a receiver implanted into the body subeuta- 
neously. A nonimplanted transmitter is used to adjust 
the frequency of the receiver. This brings the calculated 
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réduction in positive phenomena of the neurological 
picture. 

Leakage of current, displacement of électrodes, infec¬ 
tion, CSF leak, pain at the stimulation site, geographical 
dependency, high expenses, etc. are the possible problems 
with this System. 

Waltz has reported moderate to marked overall 
improvement in neruological picture in 75% people with 
cérébral palsy, head injury and spinal cord injury. 8 Similar 
results hâve not been reproduced by other scientists and 
hâve suggested the use in highly selected cases. 

Intrathecal baclofen: An intrathecal tube connected to an 
implantable réservoir cum pump is used to provide 
sustained controlled release of the drug. The tube is 
introduced into the limbar theca. The pump is kept 
subcutaneously in the abdominal wall. 

This procedure is found effective in relieving spinal 
spasticity . 9 The results in people with cérébral palsy hâve 
not been established. 10 

Tolérance to drug, unconsciousness to the extent of 
coma and respiratory failure, infection, disconnection in 
the System, geographical dependency and high expenses 
are the limiting factors for the use of this procedure. Long- 
term benefits of the procedures are yet to be established. 



Fig. 1: Functional motor fasciculotomy (FMF). The motor 
peripheral nerve (MoPN) is dissected into its component 
fascicles. The fascicles are stimulated during the procedure: 
Sp C—Spinal cord AR—anterior root, PR—posterior root, 
MIPN—Mixed peripheral nerve; EPIN—epineurium). PERIN— 
(Perineurium), ENDON—(endoneurium) around a nerve, 
fascicle and nerve fiber respectively 


Neurostimulation of brain: Stimulation of thalamus or 
cerebellum (cortex and dentate nucléus) is performed 
through stereotactic methods for relief of spasticity. But 
the discovery of better procedures, equivocal results, 
récurrence, expensive technology, etc. hâve limited the 
use of these techniques. 

Fasciculotomy (functional motor fasciculotomy — FMF) 3,11,12 : 
Each nerve is composed of fascicles which carry either 
sensory or motor impulses. The distinction among them 
becomes more clear as the nerve supplying a muscle 
reaches close to it. Preoperative electrical stimulation also 
helps in distinguishing motor fascicles from sensory 
fascicles, and hyperactive from normally active motor 
fascicles. The hyperactive fascicles are considered for 
ablation. This procedure, instead of sélective neurotomy, 
should preferably be called as functional motor 
fasciculotomy (Fig. 1) which is indicated for focal 
spasticity. 

Author has performed 70 musculocutaneous, 140 
médian, 23 ulnar, 1 fémoral, 50 obturator, 20 sciatic and 
80 tibial fasciculotomies in last 52 months 
(Fig. 2) with good success in achieving the goals. There 
are hardly any récurrence of spasticity. 

Principle of surgery is to keep fascicular dissection as 
close to the muscle as possible and avoid injury to sensory 
fascicles. Complications like sensory impairment, 
hyperesthesia and weakness can occur following 
fasciculotomy. But these complications can be avoided 



Fig. 2: A spastic cérébral palsy child developed prehensile 
following functional motor fasciculotomy (FMF) of médian 
nerve 
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by optimum electrical stimulation and by sticking to the 
above mentioned principle. 

Rhizotomy: Rhizotomy is classified as shown in Table 2. 

Open surgical method (Functional sensory rhizotomy— 
FSR) Each spinal nerve root is composed of 2 to 10 rootlets. 
Through and through sectioning of root is called as 
rhizotomy. In electrostimulation posterior rhizotomy, the 
component rootlets of posterior root are stimulated and 
those eliciting hyperactive response are considered for 
ablation. The procedure may be called as functional 
posterior rhizotomy (Fasano), sélective posterior 
rhizotomy (Peacock) or FSR. 

Rhizotomy is usually indicated in people having 
diffuse spasticity in the limbs. It relieves spasticity right 
on the operation table. Results of réduction in spasticity 
are excellent and récurrence does not occur. However, 
improvement in motor functions dépends on various 
factors, which hâve been discussed earlier in this chapter. 
Author has performed 150 FSRs in 8 years. In most of the 
cases, there was excellent relief in spasticity and improve¬ 
ment in preexisting motor functions. The procedure does 
not significantly improve spasms and spastic patterns. 
FSR does not produce any significant sensory impair- 
ment, whereas anterior rhizotomy is likely to produce 
weakness. Positive side effects of FSR at remote sites such 
as improvement in hand functions, speech, swallowing, 
micturition, etc. hâve been observed more often than 
négative side effects. 

TABLE 2: Classification of rhizotomy 


Procedure: The person is positioned prone and limbs are 
kept exposed to visualize movements or muscle contrac¬ 
tion. The lower limbs are kept exposed in lumbosacral 
and upper limbs in cervicothoracic FSR. Under general 
anesthésia, multilevel limited laminectomy is performed, 
and then muscle relaxation effect of drug is withdrawn. 
The roots are dissected into their component rootlets and 
each one is stimulated. Threshold of each rootlets is detec- 
ted and at this site a train stimulus of 20 to 50 cps is passed. 
Those rootlets showing hyperactive responses at lower 
thresholds are sectioned. Sustained, clonie, phasic, 
incrémental responses and diffusion of stimulus are the 
features of hyperactivity of stimulated myotome. 
Preoperative clinical knowledge of the severity of 
spasticity of various muscles is also taken into 
considération while sectioning a rootlet. Depending on 
the distribution of the spasticity, the rhizotomy is 
performed at the foliowing sites: 

1. Lumbosacral (L 2 to S 2 )—for diffuse spasticity of the 
lower limbs (Figs 3A to 4B). 13 ' 18 

2. Cervicothoracic (C 5 to T^ for diffuse spasticity of the 
upper limbs. 19,20 

3. Sacral (C 5 to S 5 ) for spastic bladder. 

Closed surgical method (percutaneous radiofrequency posterior 
rhizotomy): The procedure is performed under general 
anesthésia in latéral position. A skin incision, 6 cm latéral 
to midline and at the level just below the site of passage 
of root or roots responsible for carrying hyperactive 
impulses, is made. A high rate of récurrence has limited 
its use in high-risk people with focal spasticity. 


Surgical 


Nonsurgical 



Open 

Closed 


Posterior (dorsal, 
sensory) 

Functional 

Sélective 

Posterior 

Functional 

Sectorial 

Percutaneous 
Rdiofrequency 
(Thermocoagulation) : 



Nonfunctional 

Posterior 

sélective 

Partial 

Total 

Phénol 

Chemical 

Alcohol 

Anterior (ventral, 
motor 

Functional 

Nonfunctional 



Combined 

• Functional 
Nonfunctional 

• Posterior 

Anterior 




Régional anatomical classification 

Cervical to sacral depending on the muscles involved. Common ones are cervicothoracic and lumbosacral 
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Figs 3A and B: An idéal spastic diplegic cérébral palsy child: (A) prior to, and 
(B) following lumbosacral functional sensory rhizotomy (FSR) 



Figs 4A and B: An adult spastic diplegic persons: (A) prior to, 
and (B) following lumbosacral functional sensory rhizotomy (FSR) 
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Nonsurgical method (chemical rhizotomy): Earlier alcohol 
was injected into the thécal sac for relief of hypertonia. 
Presently phénol (5%) in glycérine with water-soluble 
contrast is the best solution for this purpose. 

High-risk patients suffering from severe intractable 
painful spasms and diffuse spasticity in lower limbs with 
no useful lumbosacral neural functions can be considered 
for this procedure. There are many major and minor side 
effects of the procedure such as arachnoiditis, thrombosis, 
etc. 

Microsurgical drezotomy —MDT (sélective Posterior 
Rhizotomy — Drezotomy): Sindou (1972) is credited to hâve 
performed drezotomy for relief of spasticity. In this 
procedure nonciceptive and large A-Alpha myotatic 
fibers are sectioned. These fibers get separated from other 
fibers of the posterior root and then get repositioned more 
centrally and laterally in the dorsal root entry zone 
(DREZ). A thermocoagulation lésion is created at 45 
degrees angle and at 2 mm depth in the DREZ. The site 
is identified by electrical stimulation of the posterior 
rootlets. The drezotomy procedure is quite sélective for 
relief of painful diffuse spasticity involving one or both 
lower or upper limbs. 21 Reports on improvement in 
spasms and motor functions hâve also been published. It 
has been noted that the spinal spasticity improves better 
than the cérébral spasticity. 

Author has performed this procedure in 8 people with 
good initial relief in pain and spasticity. But récurrence 
in pain and spasticity was noticed perhaps due to lack of 
facility to produce a perfect coagulation of the nerve fibers 
by RF current. 

Longitudinal myelotomy: Wilhelm Bischof, 1951, intro- 
duced longitudinal myelotomy for relief of lower limb 
spasticity and spasms. 22 He suggested to divide the cord 
into two halves, anterior to the attachment of dentate 
ligaments. This method transects accidentally the 
pyramidal tracts also. Therefore Pourpre (1960) modified 
the technique. 23 He passed a style knife from the dorsal 
fissure and disconnected the dorsal and ventral horns. 
Laitinen (1973) introduced stereotactic myelotomy. 24 He 
improved upon the Pourpre technique by saving even 
the commissure fibers which transmit nociceptive and 
thermal fibers. Highly gratifying results in relief of 
intractable spasms hâve been reported. 

Stereotactic thalamotomy and dentatotomy: A high-frequency 
thermocoagulation of ventrolateral (VL) part of the 
thalamus or dentate nucléus is created. Thalamotomy 
especially reduces rigidity and tremors. In India B. 
Ramamurthy, V Balasubramniam and TS Kanaka and 
Ramanujam hâve performed this procedure on many 


spastic people since 1970. 25 Kanaka et al hâve suggested 
even combining the VL thalamotomy with dentatotomy 
to relieve spastorigidity in cérébral palsy people. 
Encouraging results in cérébral palsy people were 
published by many surgeons. But with the discovery and 
improvement in many other procedures, they are 
performed infrequently. 
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INTRODUCTION 

Spinal dysraphism is a condition characterized by 
maldevelopment of neural tube, notocord, mesoderm, 
cutaneous ectoderm and rarely may be associated with 
malformation of endoderm, vertébral arch of the spinal 
column is either incompletely formed or absent. The term 
bifida is from the Latin bifidus. Or " left in 2 parts " Thus, 
it is likely to présent with neurological déficit alongwith 
orthopédie and urogénital abnormalities. 16 Clinical 
manifestations can vary from asymptomatic patients to 
multisystem involvement, rendering the patients 
physically and mentally handicapped. 

Myelomeningocele is the most complex treatable 
congénital malformation of the central nervous System 
(CNS). Its effect on the child, the parents, and the medical 
community may be devastating. 

Embryology 

The nervous System develops by the formation of a 
tubular structure (neurulation), and closure of this tube 
is completed by closure of the cranial and caudal 
neuropores at about 24 to 26 days of gestation. 1 True 
myelomeningocele is believed to resuit from failure of 
fusion of the neural folds during this process. The 
myelomeningocele is formed by protrusion of dura and 
arachnoid through the déficit in the vertébral arches. The 
spinal cord, nerve roots are carried out into the fundus 
of the sac. 

Other abnormalities of spinal cord often occurs with 
the myelomeningocele including duplication of the cord, 
diastomatomyelia and severe vertébral bony anomalies 
such as defects in segmentation and failure of fusion of 
vertébral bodies which causes congénital scoliosis, 
kyphosis or kyphosoliosis. 


There are other associated neurological conditions 
like hydrocephalus, Arnold-Chiari malformation, 
hydromyelia, tethered spinal cord, cerebellar hypoplasia 
which should be looked for and treated. 

Myelomeningocele occurs very early in the 
embryological period, between the twenty fourth and 
twenty-eighth days of gestation. It has not been 
established whether the deformity occurs as a resuit of 
failure of closure of the neural tube or of subséquent 
opening of a closed tube. Varying in severity, neural tube 
defects hâve a range of présentations, from stillbirth to 
incidental radiographie findings of spina bifida occulta. 

Myelomeningocele is visibly évident at birth. The 
incidence has been estimated at 1-2 persons per 1000 
population. Folie acid deficiency is associated with this 
condition. Folate fortification of enriched grain products 
can reduce the incidence of neural tube defects by about 
70% and can also decrease the severity of these defects 
when they occur. Siblings of patients with spina bifida 
hâve an increased incidence of neural tube defects. 
Consequently, following the birth of a child with spina 
bifida, amniocentesis is suggested during subséquent 
pregnancies in order to monitor fetoprotein (an indicator 
of failed spine closure and exposure of neural éléments 
to the amniotic fluid). An open neural tube defect is 
marked by an elevated alpha-fetoprotein level in the 
amniotic fluid. Peak concentrations of alpha-fetoprotein 
in the 13th to 15th weeks of pregnancy permit diagnosis, 
and ultrasound confirmation with amniocentesis 
generally is possible at 15-18 weeks. 

Unprotected neural éléments are at severe risk during 
delivery. Neural tube defect cause further sequelae due 
to mechanical factors, desiccation, scarring resulting from 
closure, lack of vascular support or other insults to the 
délicate neural éléments. Intrauterine surgery has been 
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proposed for cases of spina bifida, with some favorable 
results reported at selected centers. 

In the past, it was debated whether surgical treatment 
should be offered or whether the disease should be 
allowed to take its natural course. The results of 
withholding the treatment are well documented, with 
most patients dying within the first 6-12 months. 2 

A child born with myelomeningocele requires 
specialty care and transfer to a center where néonatal 
surgery and closure can be performed. Surgery involves 
freeing latéral muscles and skin for coverage and 
attempting to form a closure of the neural éléments with 
minimal scarring, because the late complication of a 
tethered cord has frequent and severe conséquences. 

Because of effective early management, orthopédie 
surgeons are presented with the challenge of managing 
children who hâve myelomeningocele. Initially, the 
musculoskeletal problems in these children were treated 
with the modalities and expectations that had been 
learned from the treatment of poliomyelitis. However, it 
soon became apparent that the management of children 
who hâve myelomeningocele was not so simple. 
Additional factors include a decrease or loss of sensation 
affecting some or ail parts of the lower extremities, 
associated congénital anomalies of the spine and lower 
extremities, and muscle imbalance that affects skeletal 
development over the entire period of growth. 
Furthermore, some patients hâve a static encephalopathy 
which results in the loss of strength of the lower and 
upper extremities. In some affected individuals, cerebellar 
deficiency from the Arnold-Chiari malformation may 
impairs coordination. Normal intelligence can be 
expected with aggressive shunting for hydrocephalus. 
Seizure activity secondary to the neural tube defect may 
be noted. Progressive neurological détérioration may 
occur because of tethered cord syndrome or syringo- 
myelia. The neurologie damage generally results in a 
neurogenic bowel and bladder, which leads to 
incontinence. With a lack of neural input, a contracted 
bladder causes hydronephrosis along with infections and 
rénal failure, which may affect longevity. 

Terminology 

Neural tube defects are grouped together under the 
generic terms myelodysplasia, spinal dysraphia, and 
spina bifida (Fig. 1). 

Classification (Table 1) 

The most commonly used classification of myelo¬ 
meningocele is based on the neurologie level of lésion. 
Patients may be placed in one of the three groups 


according to the level of lésion and résultant muscle 
function. 

Group I: Thoracic or high lumbar level lésion, no 
quadriceps function, community ambulation as adults 
in this group is rare unless trunk balance is excellent, and 
upper extremity function is nearly normal. 

TABLE 1 : Classification of spinal dysraphism 

A. Occult spinal dysraphism 

• Tethered cord syndrome 

• Lumbosacral lipoma 

• Diastematomelia and diplomyelia 

• Neyrenteric cyst 

• Intrasacral meningocle 

• Anterior sacral meningocele caudal régression 

B. Open spinal dysraphism 

• Meningocele, meningomyelocele 

• Hemimeningomyelocele 

• Lipomeningomyelocele 

• Myeloschisis 

C. Nondysraphic malformation 

• Caudal régression 

• Extradural cyst 

D. Split cord malformation (SCM) 

• Type I—two himocord with two different durai coverings 

• Type II—two hemicord inside one durai sac 


Group II: Low lumbar level lésion, functioning quadriceps 
and médial hamstring muscles, no gluteus médius 
function. Most children in this group require ankle-foot 
orthrosis for support and crutches for trunk stability. 

Group III: Sacral level lésion, functioning quadriceps and 
gluteus medium muscles. Most of the children in this 
group can walk without external support and may or may 
not require ankle-foot orthoses. 

According to Asher and Alson, the différence in the 
ability to walk is significant between children with L4 
level lésions and those with L3 level lésions. This stress 
that knee extensor power is also necessary for community 
ambulation, children with L3 or L4 level lésions hâve the 
most to gain from orthopédie treatment of musculo¬ 
skeletal deformities. 

Spina Bifida Cystica 

Spina bifida cystica, a neural tube defect, can occur 
anywhere along the spinal axis but most commonly is 
found in the lumbar région. In spina bifida cystica, the 
spine is bifid and a cyst forms. Subtypes of spina bifida 
cystica uses Greek words meninx (membrane), myelo 
(spinal cord) and kele (tumor). A meningocele , a cystic 
swelling of the dura and arachnoid, protrudes through 
the spina bifida defect in the vertébral arch. A person 
with a meningocele may hâve no neurologie sequelae. 
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Enlarged 




Fig. 1 : Two further types of spina bifida 


A myelomeningocele, a cystic swelling in which spinal 
cord or nerve roots and méningés, both are protruding 
through the defect. The myelomeningocele is the most 
common type. The most severe form of spina bifida 
cystica is the myelocele, in which the open neural plate is 
covered secondarily by epithelium and the neural plate 
has spread out onto the surface. 

MYELOMENINGOCELE 

In this the sac contains the abnormal éléments and the 
méningés. A lipomeningocele is a lésion in which the sac 
contain a lipoma that is intimately involved with the 
sacral nerves. Progressive neurologie loss is the measure 
concerned. Rachischisis is complété absence of the skin 
and sac. 

The roof of the myelomeningocele is composed of the 
spinal cord. It is open from the central canal posteriorly 
through the dorsal columns. The censory abnormalities 
are usually worse than the motor. 


Spina Bifida Occulta 

Spina bifida occulta is a limited defect of the vertébral 
arch that does not involve protrusion of the cord or 
membrane. Most often occurring at the lumbosacral 
junction, spina bifida occulta appears as an incidental 
radiograph finding in up to 10% of the healthy 
population. 

Syringomeningocele 

Syringomeningocele is another form of spina bifida. The 
Greek word syrinx, meaning tube or plate. The term thus 
describes a hollow center, with the spinal fluid connecting 
with the central canal of the cord enclosed by a membrane 
with very little cord substance. 

Syringomyelocele 

Syringomyelocele is a type of spina bifida in which 
protrusion of the membranes and spinal cord lead to 
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increased fluid in the central canal, attenuating the cord 
tissue against a thin-walled sac. Syringomyelia, or 
hydrosyringomyelia, is the presence of cavities in the 
spinal cord, which may occur as a resuit of the breakdown 
of gliomatous new formations. 

Diastematomyelia 

Diastematomyelia, from the Greek root diastema (interval) 
and myelon (marrow), is sometimes accompanied by a 
bony septum. This septum may cause a tethered cord and 
irréversible neurologie loss from differential growth of 
the spinal canal exceeding the earlier developing spinal 
cord, but a tethered cord also may exist without a bony 
septum. 

Myelodysplasia 

Myelodysplasia is from the Greek term myelos, meaning 
spinal cord, combined with dys, for difficult, and plasi, 
for molding. It is used as a synonym for spina bifida. 

Dysraphia 

Dysraphia, from the Greek term raphia and its root, rhaphe, 
a seam, is a defective fusion of parts that normally unité. 
This term could be applied to the vertébral arch. 

Associated Abnormalities 

Tethered Cord Syndrome 

Pain is the main symptom of the tethered cord syndrome. 
It is associated with increased spasticity, decreasing 
bladder function, progressive scoliosis. The MRI describes 
the nature of the tether and confirms the diagnosis. The 
attachment of the spinal cord to the meningocele sac 
prevents the normal upward migration of the spinal cord 
with growth. This produces the tethered cord, even if 
surgically released tethering may recur due to post- 
operative adhesions. 

Arnold-Chiari Deformity 

Arnold-Chiari deformity is a malformation of the 
cerebellum, with élongation of the cerebellar tonsils. The 
cerebellum is drawn into the fourth ventricle. The 
condition also is characterized by smallness of the 
medulla and pons and by internai hydrocephalus. Many 
patients with spina bifida cystica (failure to close 
caudally) hâve some form of Arnold-Chiari malformation 
(failure to close cranially). 

Hydrocephaly 

Almost 90% of children with myelomenin-gocele develop 
hydrocephaly, which communicates with the open 


syndrome canal of the cord and the sac. If the 
hydrocephaly is not treated, hydrosyrin-gomyelia may 
develop, which may lead to increasing paralysis of the 
lower extremity and progressive scoliosis. 14 

EVALUATION 

Due to above mentioned reasons the évaluation and 
treatment of musculoskeletal problems in these patients 
can be quite difficult. 

Evaluation should include the following points. 

• Examination of neurologie déficit helps détermine the 
functional level at which the spina bifida cystica lésion 
has interrupted function. At birth, 2 main types of 
neurologie involvement can be recognized. Type I, 
which is considered typical, is présent in one third of 
patients in the néonatal period. A certain segmentai 
level is involved, with resulting flaccid paralysis, loss 
of sensation, and loss of reflexes. Type II is présent in 
two thirds of patients and is characterized by the 
interruption of long track signs, with préservation of 
pure reflex activity, although it may be grossly 
exaggerated in isolated distal segments. Absolute 
détermination of neurologie level may not be possible 
before the child 3 or 4 years old. Serial examinations 
are essential for the évaluation of decreasing or 
increasing neurological function. 

• Sitting balance as an indication of CNS-function. If 
one or two hands are required for support while 
sitting, probability of ambulation is significantly 
decreased. 

• Upper extremity function including decreased grip 
strength and atrophy of the musculature (indication 
of hydromyelia). 12 

• Spinal curvature, as evaluated on yearly spinal 
roetenograms to detect development of scoliosis, 
kyphosis and increased lumbar lordosis. 

• Range of motion, stability and contractures of the hip. 

• Alignment, range of motion and contractures of knee. 

• Rotational malalignment like external tibial torsion. 

• Angular deformities at ankle. 

Foot for deformities 

Diagnosis 

Diagnosis in patients with spina bifida aperta is obvious 
at birth. 13 In cases of occult spinal dysraphism, the 
diagnosis may be missed when there is not cutaneous 
pointer. Patients without neurological déficit and without 
any cutaneous abnormality may présent later with 
progressive neurological déficit due to tethered cord. Not 
infrequently, patients presenting with urogénital or 
anorectal anomaly, following investigations, are 
diagnosed as cased of occult spinal dysraphism. 



3562 Textbook of Orthopedics and Trauma (Volume 4) 


Sometimes, an adolescent may présent with progressive 
scoliosis. 16 

With the ad vent of water-soluble myelography, CT 
scan and MRI, the diagnosis of underlying pathology has 
become easy, and repeated radiological assessment of 
patient has become possible. Imaging has gained 
considérable importance in the management of spinal 
dysraphism. 

Over the last decade, MRI scan has become an 
investigation choice because of its ability to clearly 
delineate the whole pathology. 

The treatment is controversial. If detected during 
pregnancy, Whether to terminate the pregnancy or to 
treat the detected myelomeningocele. Once the child is 
born, whether to treat infant or to leave it. This is 
especially problematic in developing countries like India. 
A child with meningomyelocele with severe paralysis of 
the lower limbs and bladder, (often associated with 
congénital anomalies in other System) is a great financial 
burden to the family especially in the low socio économie 
status. Long-term results are unpredictable. Important 
factors which détermine the ultimate outcome are: (i) 
presence of paraplegia, (ii) associated, spinal cord and 
brain anomalies leading to deteriorated mental function, 
and (iii) associated crippling anomalies of other Systems. 

Large number of authors believe in no treatment for 
newborn with paraplegia, severe brain malformation or 
sy s ternie anomalies. 

Treatment After Birth 

Ail patients should be nursed in a latéral or prone 
position, supporting the hips and shoulders with soft 
rôles. Proper antibiotics must be prescribed. 

The aim of the surgery is to preserve the neural tissue, 
excise the sac and achieve multilayered closure with good 
skin coverage. The treatment of hydrocephalus is 
considered. 

Once the myelomeningecele is closed, child is brought 
to the orthopédie surgeon for abnormalities of the spine 
and lower limbs. Paralytic Symptoms—the usual 
symptoms are inability to walk, deformities of the foot, 
trophic ulcération, spinal deformities, pelvic obliquity, 
contractures of the hip and knee. There are four necessary 
requirement of walking: (i) alinement of trunk and legs, 
(ii) range of motion, (iii) control of the hip, knee, and ankle 
joint, and (iv) power to provide forward motion. Motion 
of the hip is the most important part of walking. 16,17 

MANAGEMENT 

The need for a team approach is recognized in treatment 
of myelomeningocele. Bringing together a number of 


medical and surgical specialists can help to spare parents 
the strain and exhaustion of coordinating with multiple 
doctors and can ensure availability of necessary services. 
The orthopédie surgeon assumes a significant rôle in 
coordinating the many treatment components that 
together allow patients to gain maximum function and 
independence. 6,7 

Before any decision is made concerning the treatment, 
the physician and the parents must understand the 
realistic goals with respect to functional walking - that 
is, walking independently either in the community or 
about the house. It is clinically useful to categorize these 
patients into general groups because the function and 
treatment of patients with spina bifida follow broad 
guidelines. Generally, neurologie levels are grouped as 
thoracic, upper lumbar (L1 and L2), mid lumbar (L3 and 
L4) and lumbosacral (fifth lumbar or first sacral). 

Independent ambulation generally is a function of 
having an intact quadriceps muscle with good to excellent 
strength. Patients who do not hâve adéquate quadriceps 
function may require bilateral crutches or may be 
primarily restricted to a wheelchair. Functional 
ambulation generally is described according to the 
foliowing levels, developed by Hoffer and colleagues: 

• Community ambulator - Indoors or outdoors, crutches 

with or without braces 

• Household ambulator - Only indoors, crutches with 

or without braces 

• Nonfunctional ambulator - Wheelchair, crutches, and 

braces, in therapy 

• Nonambulator - Wheelchair bound 

Patients who hâve thoracic myelomeningocele may 
be able to walk during the first decade of life, but 
expérience has shown that these patients become 
dépendent on a wheelchair as they attain adult body 
mass. Even patients who hâve upper lumbar (first or 
second lumbar) myelomeningocele seldom retain the 
capacity for functional walking by the time growth is 
complété. The prognosis is certainly better for patients 
who hâve mid-lumbar (third or fourth lumbar) 
myelomeningocele or lumbosacral (fifth lumbar or first 
sacral) myelomeningocele; however, it must be 
remembered that even some of these patients may 
eventually lose the capacity for functional walking as a 
resuit of neurological détérioration, ulcération of the feet, 
and other problems. Usually, if a child who has 
myelomeningocele is not able to stand independently by 
the âge of six years, it is unlikely that he or she will ever 
be able to walk. 

Physical therapy and orthosis play a major rôle in helping 
a child to achieve an ambulatory status. In the normal 
course of development, children begin to stand and walk 
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at about the âge of twelve months. For this reason, initial 
bracing to enable the child to stand should not begin 
before the âge of twelve months. 9 Before this âge, the 
family should assist motor development by encouraging 
the child to crawl and to sit for short periods. Passive 
exercises are carried out to prevent contractures. At 
around twelve months, control of the trunk can be 
assisted with various simplified braces and supporting 
de vices. Once the child is upright and is interested in 
walking, advanced braces may be fitted, depending on 
the functional level of the lower extremities. The braces 
may be unlocked sequentially at the hip and knee, as 
indicated. Until the child is about ten or twelve years old, 
knee-ankle-foot orthoses may be used to prevent flexion 
contractures or hyperextension deformity of the knees. 

Ankle-foot orthoses , which align the foot and the ankle, 
are bénéficiai for the child who has a low-level lésion. 
The child who has a high-level lésion and is not walking 
by the âge of six years will usually use a wheelchair or 
extensive orthoses (braces, crutches, or a walker). 
However, the advantages of an upright, weight-bearing 
posture, which aids in decreasing the risks of osteoporosis 
and decubitus ulcers and in improving function of the 
kidneys and bladder, may be outweighed by the 
disadvantages of braces, such as the energy consumption 
that is required to walk, the time that is needed to learn 
how to use the braces, and the psychological effects of 
their appearance, especially in adolescence. One 
approach is to give every child, including those who hâve 
a high-level lésion, the opportunity to use braces and the 
option to discontinue them when desired. 

Light reciprocating braces, designed as assistive 
devices for walking with a four-point gait, are bénéficiai 
for a very select group of patients. 3 The idéal user of the 
reciprocating brace is relatively thin; has a lésion at the 
level of the twelfth thoracic or first lumbar vertebra; has 
good control of the head and trunk and no major muscle 
contractures, especially at the hip; and has a motivated 
and cooperative family. The reciprocating brace cannot 
be used proficiently by an obese adult who has a high- 
level lésion and persistent flexion contractures at the hip. 

Most children who hâve a high-level lésion will 
ultimately discontinue the use of braces and begin to use 
a wheelchair; children who hâve a low-level lésion (third, 
fourth, or fifth lumbar vertebra) may, as adults, continue 
to walk with ankle-foot orthoses and elbow crutches. 

ORTHOPEDIC TREATMENT 5 
Foot 

Foot deformities are very common in myelomeningocele. 
Approximately 85% of these children, regardless of 


functional level, hâve some form of paralytic deformity 
of the foot that is exaggerated by muscle imbalances 
associated with this lésion. The goal of treatment of such 
deformities is a plantigrade, supple foot on which a brace 
can be fitted and a shoe can be worn. 

Clubfoot 

The clubfoot deformity in myelomeningocele is usually 
more severe and more rigid than the congénital 
deformity. Initial treatment consists of the serial 
application of plaster casts, which should be begun as 
early as possible; slow but persistent correction should 
be sought over the first year of life. Spécial care must be 
taken to avoid pressure sores under the cast in insensitive 
feet. Appréciable correction usually can be obtained with 
this treatment, but récurrence is frequent because of 
muscle imbalance, and an operation is often needed for 
lasting correction. Because of the common neurological 
and urological problems and the high risk of récurrence 
in these children, an operation is done later than it would 
be in a child who has idiopathic clubfoot. Generally, 
operative intervention should be delayed until the child 
is twelve to eighteen months old. Extensive soft tissue 
releases produce satisfactory results. Regardless of 
procedure, tenotomy or transfer of a tendon to alleviate 
muscle imbalance is essential for the prévention of 
récurrence. Residual deformities after the correction of 
clubfoot may warrant additional operative procedures. 
For scarring over the médial aspect of the foot, repeat 
posteromedial and postérolatéral releases may be needed, 
and if the scarring is extensive, procedures such as 
énucléation of cuboid or talus or a talectomy may be 
performed. Persistent varus angulation of the hind part 
of the foot may be corrected with a closing-wedge 
osteotomy, such as the Dwyer procedure, and 
overcorrection into a valgus position may be corrected 
with a sliding osteotomy of the calcaneus. Residual 
adduction of the fore part of the foot may necessitate 
shortening of the latéral border of the foot. Arthrodesis 
of the ankle and triple arthrodesis should be avoided. 

Congénital Vertical Talus 

Congénital vertical talus occurs more frequently in 
association with myelomeningocele than as an isolated 
congénital deformity. The deformity is usually severe and 
rigid, with the hind part of the foot locked in equinus 
angulation under the tibia and the fore part of the foot 
pulled dorsally by the unopposed extensor and peroneal 
muscles. Functioning peroneus longus and brevis 
muscles combined with a paralytic tibialis posterior 
pronate and evert the foot. The dorsiflexors and extensors 
of the toes may be intact and may bowstring across the 
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ankle joint, whereas the plantar flexors are weak or 
absent. These imbalances must be considered in the 
treatment of a patient who has congénital vertical talus. 
Non-operative treatment may be instituted to stretch the 
skin, soft tissues, and tendons over the dorsum of the 
foot and to facilitate the operation that is almost inevitably 
needed. Operation should be delayed until the child is 
about eighteen months old and should include a one- 
stage open réduction to lengthen the tendo achillis and 
ail extensors of the foot, with the exception of the tibialis 
posterior, which may be shortened. Extensive 
posteromedial and postérolatéral releases are done to 
relocate the talonavicular and subtalar joints. For 
correction of muscle imbalance, the peroneus longus or 
brevis, or both, may be transferred to the insertion of the 
tibialis posterior or near the navicular or talus, and the 
tibialis anterior may be transferred to the neck of the talus. 
An extra-articular subtalar (Grice-Green procedure) 
arthrodesis may be needed for récurrence in the older 
child, and talectomy or énucléation of the talus or 
navicular may be necessary in the patient who has a 
severe, récalcitrant deformity. 

Other Deformities of the Foot 

Talipes Calcaneus is seen due to muscle imbalance. Non- 
operative treatment for talipes calcaneus has limited rôle 
and operative treatment is required in most cases. The 
exact muscle imbalance causing this deformity should 
be determined before an operation is attempted, and 
operative intervention is not recommended before the 
child is eighteen months old. Tendon release, lengthen- 
ing, or transfer may prevent récurrence or worsening of 
the deformity, but after the âge of six years the deformity 
is usually osseous, and a posterior displacement 
osteotomy of the calcaneus may be necessary. 21 After the 
âge of ten years, a triple arthrodesis may be done for a 
severe deformity that is not controllable by bracing or an 
osteotomy. 10 

Cavus deformity can develop in a foot that has weak, 
paralyzed, spastic or fibrotic intrinsics. Cavus can be 
corrected by plantar release. A severe deformity in old 
child may require an osteotomy. 

Vaigus deformity of the ankle is common in children with 
lumbosacral level. This deformity can make orthotic 
fitting difficult. Valgus may be corrected by a tendo 
achillis-fibular tenodesis, a médial tibial epiphyseodesis, 
or a supramalleolar (tibial) osteotomy. 4 Fibular tenodesis 
is generally indicated in a child between the âges of six 
and ten years who has a low level lésion and a mild 
deformity; epiphyseodesis, in a child between the âges 


of eight and ten years who has a moderate deformity; 
and a supramalleolar osteotomy, in the older child who 
has a severe deformity. 8 

Knee 

Operative treatment of the knee is needed considerably 
less often than operations on the hip and foot in children 
who hâve myelomeningocele. 

Congénital hyperextension of the knee is occasionally seen 
in patients who hâve thoracic myelomeningocele. 
Patients who hâve rigid deformities should not be 
managed with a cast because the risk of skin ulcération 
or bowing of the tibia is too great. Treatment involves 
either a V-Y lengthening of the quadriceps tendon, a 
percutaneous release, or a division of the patellar 
ligament. The latter is a simple procedure for the 
treatment of extension deformities of the knee in patients 
who hâve thoracic myelomeningocele. 

Flexion contractures of more than 20 to 25° may affect 
bracing and walking. Primary reason for release of a knee 
flexion contracture associated with myelomeningocele is 
to improve or allow bracing. Unless there is a tethered 
cord, the severity of the flexion contracture of the knee is 
not markedly different when measured with the hip in 
flexion. This indicates that contraction of the posterior 
aspect of the knee capsule, as opposed to the hamstrings, 
is the primary pathological finding. Therefore, a complété 
release of the capsule is necessary to correct the problem. 

If full extension is not achieved after posterior 
capsulotomy, wedging of the cast is initiated on the 
second or third postoperative day. After a radical 
posterior knee release, no more than two or three wedges 
are required to obtain full extension. Skin ulcération may 
develop at the heel after postoperative cast-wedging, 
despite appropriate précautions. This is not surprising 
because the heels of these patients are insensate. Frequent 
inspection of the cast identifies the problem before serious 
complications occur. 

When a patient has a severe contracture, cast-wedging 
may cause posterior subluxation of the tibia. Although 
this problem is uncommon in patients with 
myelomeningocele who hâve had a posterior release of 
the knee capsule, a latéral radiograph should be made to 
exclude the possibility. If posterior subluxation occurs, 
two-pin skeletal traction through the distal aspect of the 
fémur and the proximal aspect of the tibia, is necessary 
to correct the subluxation and obtain full extension. 
Comprehensive posterior release for flexion contracture 
of the knee has been useful in most cases. Extension 
osteotomy of the distal aspect of the fémur is another 
technique that can be used to treat a flexion deformity of 
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the knee. This osteotomy does not correct the primary 
deformity but rather straightens the knee by creating a 
second deformity. If performed at young âge récurrence 
of the deformity is likely. 

It has recently become apparent that arthropathy of 
the knee may develop in relatively young adults who 
hâve myelomeningocele. Patients with myelomeningo- 
cele who hâve absent or diminished strength of the hip 
abductors and the ankle plantar flexors walk with an 
increased valgus-external rotation thrust applied to the 
knee during midstance. These forces are exacerbated 
when these patients walk without the use of forearm 
crutches, a situation that is almost universal during the 
adolescent years. As they reach the second decade of life, 
these patients should be counseled concerning the 
abnormal biomechanics and the fact that total joint 
arthroplasty is not a good option for them as young 
adults. Most importantly, they need to understand that 
the use of forearm crutches can decrease the abnormal 
forces acting to accelerate degenerative arthrosis of the 
knee joint. 18 ' 19 

Hip 

The neurological level is a critical factor in determining 
the type of deformity of the hip. Patients who hâve 
thoracic myelomeningocele lack active movement of the 
lower-extremity muscles. Therefore, the lower extremities 
tend to lie in abduction, external rotation, and flexion. 
This causes the progressive development of a flexion- 
abduction-external rotation contracture. Tightness of the 
iliotibial band also causes external tibial torsion and 
contributes to a flexion deformity of the knee. In addition, 
tethered cord syndrome, which is more common in 
patients who hâve thoracic myelomeningocele, may 
cause spasticity of the adductors and subluxation of the 
hips similar to that observed in patients who hâve 
cérébral palsy. 

In patients with upper lumbar myelomeningocele, 
contracture of the unopposed hip flexors typically 
develops. A mild contracture of the unopposed hip 
adductors may also occur; however, the restriction of hip 
abduction is usually mild and is not clinically important. 

Patients who hâve mid-lumbar myelomeningocele 
typically hâve normal strength in the hip flexors and 
adductors but no function of the hip extensors or 
abductors. Therefore, a flexion contracture of the hip and 
some limitation of abduction frequently develop in these 
patients. More importantly, this pattern of muscle 
imbalance prédisposés to progressive subluxation of the 
hip. 


In lumbosacral myelomeningocele the probability of 
subluxation or a severe flexion contracture of the hip is 
low. 11 This is particularly true for sacral level, but 
adéquate stability and an adéquate range of motion of 
the hip are usually maintained even in patients with fifth 
lumbar myelomeningocele who hâve only grade 2 or 3 
strength of the hip abductors and absent or trace strength 
of the hip extensors. Apparently, this degree of activity 
of the hip abductors combined with activity of the 
hamstrings can be an effective counterbalance to hip 
flexors and adductors of normal strength. 

Dislocation of Hip 

Dislocation of the hip in children who hâve myelomen¬ 
ingocele is either présent at birth or paralytic resulting 
from muscle imbalance. Dislocation of the hip does not 
affect the child's ability to walk, as the neurological level 
of involvement is the primary influence. In general, the 
goal of treatment of dislocation of the hip in children who 
hâve a thoracic or upper lumbar lésion is the prévention 
of contractures that would interfère with walking in a 
hip-knee-ankle-foot orthosis during the first ten years of 
life. This goal can usually be accomplished with physical 
therapy and positioning. Thereafter, most of these 
patients use a wheelchair full time. 

For children who hâve a low lumbar lésion, réduction 
of the hips is indicated for the prévention of progressive 
deformity that may interfère with the goal of walking. 
The best candidate for operative correction is a child who 
has a unilatéral dislocation, is between the âges of one 
and three years, and has an established neurosegmental 
level and stable neurological status. As a general 
guideline, an operation is not appropriate for bilateral 
teratological dislocation, but is indicated for unilatéral 
paralytic dislocation in the child who can walk. An 
operation may be indicated for bilateral paralytic 
dislocation in the child who can walk and has a 
neurological lésion at the third or fourth lumbar level or 
lower and for an older child who has progressive 
subluxation caused by muscle imbalance. A functional 
range of motion of the hips is necessary regardless of the 
child's ability to walk, but corrective procedures may not 
be needed or désirable. A painless dislocated hip is 
préférable to a stiff, painful, reduced hip. The concentric 
réduction of a dislocated hip in a child who has 
myelomeningocele usually involves both soft-tissue 
procedures, to balance the muscle forces, and osseous 
procedures, to correct the deficiency of the acetabulum 
and center the fémoral head in the acetabulum. The 
balancing of muscle forces involves a combination of 
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lengthening or transfer of the iliopsoas, external oblique, 
rectus femoris, sartorius, and tensor fasciae latae muscles. 
Transfer of the iliopsoas muscle to the greater trochanter 
(the Sharrard procedure) 20 or transfer of the external 
oblique muscle combined with adductor tenotomy or 
transfer of the adductor muscles to the ischium is 
indicated in the child who has a lower level lésion, no 
function of the abductors and extensors of the hip, and 
good potential for walking. These transfers are 
occasionally done as isolated procedures to assist in 
walking or, more commonly, in combination with open 
réduction, capsulorrhaphy, and either fémoral or pelvic 
osteotomy, or both, to produce a concentric, balanced joint 
when osseous deformity is présent. Muscle transfers 
alone usually are not effective in producing stability of 
the hip in children who hâve a lésion at the level of the 
first or second lumbar vertebra and, in general, should 
not be done. 

Spinal Deformities 

Scoliotic and kyphotic deformities in children who hâve 
myelomeningocele may be either congénital or paralytic, 
and some children hâve scoliosis that is a combination of 
both types. The goal of treatment of a spinal deformity 
for ail patients who hâve myelomeningocele is a 
compensated spine of normal height over a level pelvis, 
with préservation of normal sagittal alignment. 7 Fifteen 
to 20% of children who hâve myelomeningocele hâve 
congénital vertébral abnormalities in addition to 
congénital scoliosis. The documented progression of a 
curve is an indication for early arthrodesis, just as in the 
child who does not hâve myelomeningocele. Orthotic 
treatment is helpful for the more common paralytic curve 
until the child reaches puberty. Although bracing does 
not alter the natural history of the deformity, it promotes 
spinal growth and préserves better sitting posture, 
especially in patients who hâve a lésion at a thoracic level. 

Kyphotic deformity is characterized by a severe 
angular deformity with a prominent gibbus at the apex 
of the curve. These deformities can lead to breakdown of 
the overlying soft tissues and relentless progression of 
the kyphosis, which in turn can cause compression of 
the abdominal viscera, impairment of pulmonary 
function, and poor sitting posture. Operative 
interventions are often required. 

Spinal deformities in children who hâve 
myelomeningocele may hâve neural anomalies in 
addition to osseous anomalies of the vertebra. Scarring 
or adhesion to the spinal cord at the level of the repair of 
the myelomeningocele often results in tethering of the 
cord. This tethering of the neural éléments is not 


necessarily a problem, but pain and neurological 
symptoms indicate a clinically important lésion. A 
tethered cord syndrome is more frequent in children who 
hâve a lésion at the level of the fourth or fifth lumbar 
vertebra than in those who hâve a lésion at a thoracic 
level. Symptoms may occur during the period of rapid 
growth and may include scoliosis and spasticity; the 
development of scoliosis at a young âge often is indicative 
of a tethered spinal cord. Pain, progressive spinal 
deformity, increasing spasticity, and decreasing motor 
function of the lower extremity are indications for 
operative release of the tethered cord. This may not resuit 
in improvement or resolution of the scoliosis, but it does 
arrest its progression and may facilitate non-operative 
management. 

Additional Problems 

Patients with myelomeningocele can hâve several 
complications, of which fracture is very common. 
Fracture may occur after surgical procedure, such as hip 
réduction or spine surgery. 

Ulcers from bracing are prominent in the lower 
extremities, in the pelvis, and, particularly, over the bony 
prominences as a resuit of sitting. Carefully inspecting 
the skin on a routine basis is important because the area 
may be subjected to pressure for a couple of hours. The 
skin subsequently may be reddened, and although the 
patient may hâve no pain, the skin can develop significant 
full-thickness problems after only a brief period of 
neglect. 

Infection is common, particularly with a neurogenic 
bladder. An increased risk exists with any operative 
procedure. 

Patients with spina bifida hâve an increased incidence 
of sensitivity to latex, which can cause anaphylactic 
reactions. 6 Child who hâve undergone multiple 
operations, particularly in the first year of life is more 
likely to hâve latex sensitivity. The most common source 
of latex exposure is balloons, followed by latex gloves. 
Treatment with latex-free materials has been shown to 
reduce the incidence of reactions. 
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364.1 Spinal Muscular Atrophy 

V Kulkarni 


INTRODUCTION 

Spinal muscular atrophy is a group of disorders in which 
the anterior horn cells of the spinal cord are degenerated 
resulting in lower motor neuron diseases. It is an 
autosomal récessive disorder. It is not a progressive 
disease. The earlier the onset the worse will be the 
prognosis. 1 

Clinical Features 

The clinical features of the spinal muscle atrophy vary 
according to severity. The characteristic features are 
symmetric limb and trunk muscle weakness and atrophy. 
The lower limbs are more affected than the upper. The 
muscles show hypotonia. Reflexes are présent. Sensation 
and intelligence are normal. These are important 
diagnostic features. In infants, gross fasciculations of the 
tongue and fine tremors of the fingers are commonly 


présent. The only muscles not involved are the 
diaphragm, sternothyroid, sternohyoid, and the 
involuntary muscles of the intestine, bladder, heart, and 
sphincters. EMG and nerve conduction studies are 
helpful. Créatinine phosphokinase (CPK) and aldolase 
levels are normal. 

Treatment 

There is no spécifie treatment. Orthopédie treatment is 
to correct the fractures, subluxation and dislocation and 
spinal deformity. 
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364.2 Motor Neuron Disease 
(Progressive Muscular Atrophy) 

V Kulkarni 


In motor neuron disease, there is progressive atrophy 
paralysis of the hand and proximal muscles. The cause is 
not known. There is degeneration of the anterior horn 
sells of the spinal cord, motor neuclei of the cranial nerves 
and the corticospinal tracts. 

This disease occurs in the adults causing weakness of 
the muscles of the hand. Atrophy gradually increases and 
the characteristic claw hand deformity is developed. In 
the late stages, the muscles of the arm and shoulder girdle 
become atrophie. 


The cranial neuclei are also frequently affected, 
resulting in bulbar palsy causing dysarthria and 
dysphagia. There is no spécifie treatment. 
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364.3 Hereditary Motor Sensory Neuropathies 

RM Kulkarni 


INTRODUCTION 

Hereditary motor sensory neuropathies (HMSNs) are a 
large group of variously inherited neuropathie disorders. 1 
Charcot-Marie-Tooth disease is one of them. 2 

Classification 

HMSNs is classified into seven types. The first three types 
occur in childhood and last four in adults (Table 1). 

Charcot-Marie-Tooth Disease 

Peroneal Muscular Atrophy (CMT Disease, Hereditary 
and Sensory Neuropathy Type I and Type II) 

CMT disease is also known as peroneal atrophy and 
Hereditary and Sensory Neuropathy Type I and Type II. 
It is a demyelinating disorder that is characterized by 
peroneal muscle weakness, absent deep tendon reflexes, 
and slow nerve conduction velocities. 4 

The disease begins in the feet and legs and progresses 
slowly. In the later stages, hands and forearms are 
involved. It is characterized by atrophy of certain muscle 
groups, particularly the peroneals and the intrinsic 
musculature of the hands and feet. 

CMT disease is not, in fact, a single disease but rather 
a heterogeneous group of disorders caused by inheritable 
defects in any of several constituent proteins of the myelin 
sheath of a peripheral nerve. 3 The disorder was described 


in general terms by the great French neurologist Jean 
Martin Charcot and his pupil Marie in 1886 and 
independently by Tooth in England later that year. Tooth 
classified it as a peripheral nerve disorder. The disease 
is the most common inheritable defect of peripheral 
nerve. 5 

It is a rare disease in India. The peripheral nerves and 
motor nerve roots show degenerative changes. 

Pathology 

CMT-1 is the most common form and accounts for more 
than 50% of ail cases. It is autosomal dominant. 5 

CMT-1 accounts for 80%. There are many types of 
CMTs depending on the chromosome involves. The 
disease almost always affects the peroneus brevis but 
spares the peroneus longus. The extensor hallucis muscle 
can be spared while the anterior tibialis is affected. The 
tibial posterior is unaffected. The reasons for the unusual 
patterns of motor weakness in CMT remain poorly 
understood. 5 

Strong tibialis posterior and weak peroneus brevis 
leads to forefoot varus and cavus deformity. The 
contracted plantar fascia causes clawing of the toes. 

In cases with sparing of the EHL, the claw toe 
deformity of the hallux is worsened even more 
dramatically because the patient uses the EHL to dorsiflex 
the foot and compensate for weak anterior tibialis. 5 
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TABLE 1: 

Classification of motor sensory neuropathies (From George H, Thompson) 

Type 

Terminology 

Inheritance 

I 

Charcot-Marie-Tooth syndrome 

(hypertrophie form) or Roussy-Levy syndrome (aroflexic dystaxia) 

Autosomal dominant 

II 

Charcot-Marie-Tooth (neuronal form) 

Variable 

III 

Dejerine-Sottas disease 

Autosomal récessive 

IV 

Refsum's disease 


V 

Neuropathy with spastic paraplegia 


VI 

Optic atrophy with peroneal muscle atrophy 


VII 

Retinitis pigmentosa with distal muscle weakness and atrophy 



In type-3, the sensory changes are more extensive 



Figs IA and B: Showing brother and sister with weakness in ail 4 limbs and sensory déficit in the 
hands and feet. The boy was in the habit of chewing ail fingers with teeth without any pain. The girl 
had severe osteomyeliltis of the tarsal bones and ankle. The infection could not be controlled in 
spite of multiple operations, ultimately amputation was performed. (B) Right foot of the boy showing 
bone deep and trophic ulcer due to loss of sensation 


Clinical Features 

The âge of onset is usually between 5 and 15 years in 
type I and above 20 in type IL The presenting complaints 
are pain, discomfort and muscles cramps in the legs and 
feet. The gait is unstable due to muscle weakness and 
foot deformity. On examination initially, there is a cavus 
deformity of the foot with clawing. Both slowly increase 
in severity. The muscular atrophy is symmetrical and 
distal in distribution. The paralysis is flaccid. The 
peroneals and intrinsic muscles of the feet are affected 
first. 

Equinus deformity may develop when the soleus and 
gastrocnemius muscles are involved. The calcaneus 
deformity of the foot may occur. The normal thigh 
muscles and slender legs resemble ostrich-like leg. 


Sensory changes may be présent causing hypo- 
esthesia. Planter muscles are normal. Spinal deformity 
develops in 10% of the cases of Charcot-Marie-Tooth 
disease (Figs IA and B). 

Diagnosis 

Diagnosis of HMSN is made by physical examination in 
combination with EMG, nerve conduction studies, 
muscle biopsy, and perhaps peripheral nerve biopsy. The 
orthopédie problems are disturbed gait, cavovarus foot. 

1. The disease starts distally affecting the peroneal 
muscles first and gradually involving other muscle 
of the leg. The proximal muscles in the upper and 
lower limbs are normal. 3 

2. Distal course of the disease. 

3. Positive family history, and wasting of the leg of foot. 
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Cavus Deformity in Poliomyelitis 

In poliomyelitis gastrocsoleus complex the calcaneus 
becomes almost vertical. This results in hind foot cavus 
deformity. Fore foot cavus deformity is due to paralysis 
of tibialis anterior. Unopposed peroneus longus pulls the 
first metatarsal plantar wards resulting in fore foot cavus. 

Neurologie Causes of Cavus Foot 

Friedreich's ataxia, spinal muscular atrophy, spinal cord 
tumors, syringomyelia, diastematomyelia, spinal 
dysraphism, cérébral palsy cause cavus deformity. 

Post-traumatic Cavovarus Foot Deformities 

Post-traumatic cavovarus foot deformity is usually due 
to compartmental syndrome resulting in clawing and 
cavus deformity. Post surgical club foot may hâve cavus 
varus due to under correction or planovalgus due to 
under correction. 

Treatment 

In the initial stages stretching exercises, splinting and 
active exercises are advised. In the later stages, 
appropriate tendon transfers are performed. Anterior 
transfer of the posterior tibial tendon through the 
interosseous route to the base of the third metatarsal is 
indicated. 

Triple arthrodesis is performed to stabilize the 
hindfoot and to correct the cavovarus deformity. Planter 
fasciotomy is usually performed. It is best to correct 


equinus deformity by wedging casts rather than by 
lengthening the tendo-Achilles. 

Scoliosis 

Orthotic management can be effective in arresting 
progression of the deformity. If progression reaches 45 
to 50°, a posterior spinal fusion and segmentai spinal 
instrumentation can effectively stabilize and partially 
correct the deformity. 

Irivolvement of Upper Limb 

The upper extremities are involved in about two-third of 
individuals with HMSN. The upper limb is involved at a 
later date. Motor weakness and sensory changes in the 
hand are noticed. The treatment is similar to the treatment 
of the leprosy hand. 
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364.4 Congénital Absence of Pain (Analgia) 

R Kulkarni 


CONGENITAL ABSENCE OF PAIN 

Congénital absence of pain is a rare disorder charac- 
terized by absence of normal pain sensation, with intact 
central and peripheral nervous Systems. Dearborn 
reported a case who performed public show in which 
the spectators thrust stérile needles into his limbs. The 
stage performance of this actor terminated with a spécial 
"crucifixion stunt" in which a lady in the audience fainted 
when spikes were driven through his palms. 


Pain is a protective reflex. In the absence of pain the 
child may chew his or her own fingers. Fingertips may 
be totally damaged. 

Burns, corneal opacities are common features. The 
limb may show gross deformity, and the long bones may 
hâve nonunions. Osteomyelitis of the calcaneus, 
mandible and other bones is common. Epiphyseal injuries 
are neglected. The joint may show Charcot type of 
neuropathy. 

The presence of Charcot's joints in a child should 
arouse suspicion of congénital indifférence to pain. 
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Differential Diagnosis 

Congénital indifférence to pain should be differentiated 
from congénital sensory neuropathy, hereditary 
motor and sensory neuropathy, peripheral neuritis, 
syringomyelia. 


Treatment 

Treatment is to prevent injuries from trauma, burns, etc. 
Charcot joints are difficult to manage. Results of 
arthrodesis are poor. 


364.5 Friedreich Ataxia 

S Kulkarni 


INTRODUCTION 

Friedreich ataxia is one of the most common form of a 
group of diseases caused by spinocerebellar degeneration. 
They are hereditary. It is associated with high incidence 
of scoliosis. It is characterized by slow, progressive 
spinocerebellar degeneration. It is a slowly progressive 
disease. 

Clinical Features 

Friedreich ataxia is characterized by a clinical triad 
consisting of ataxia, which is usually the presenting 
symptom, areflexia of knee and ankle jerks, and a positive 


Babinski sign. 1 In some patients, there may be optic 
atrophy, nystagmus, distal weakness and wasting, partial 
deafness, pes cavus, and diabètes mellitus. The usual 
âge group is 7 to 15. The patient soon becomes non- 
ambulatory, due to muscle weakness. The treatment is 
correction of deformities. Muscle spasms are treated by 
diazepam and baclofen. 
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364.6 Syringomyelia 

RM Kulkarni 


Syringomyelia is a chronic progressive affection of the 
spinal cord. 

The cord on section shows a central gelatinous mass 
of glial tissue containing an irregular cavity, usually in 
the cervicodorsal and lumbar enlargement. The cord is 
compressed. 

Clinical Features 

The patient is usually a young adult with complaints of 
wasting of the hand and dissociated sensations. 


The patient has loss of pin-pricks and heart sensations 
but can feel light touch with cotton wool. Classically 
patient gets cigarette burns without his or her knowledge. 

Claw hand—atrophie ulcers and Charcot type of 
joints. 

Skeletal deformities are common such as kyphosis, 
pes cavus or cranial asymmetry. Cervical sympathetic 
chain may be involved CT or MRI, will confirm the 
diagnosis. The differential diagnosis is thoracic outlet 
syndrome, and carpal tunnel syndrome. 




Scoliosis and Kyphosis 
Deformities of Spine 


K Sriram 


INTRODUCTION 

Spinal deformities may be scoliosis, kyphosis, lordosis, 
or a combination of deformities. 

Scoliosis is a latéral déviation of the spine altering the 
shape of the trunk. Though, it is apparently a latéral 
déviation of spine, it is actually a triplane deformity with 
latéral, anteroposterior and rotational éléments (Dickson 
et al 1984). 

Scoliosis is divided into postural scoliosis and 
structural scoliosis. In postural scoliosis, the spinal defor¬ 
mity is secondary to a short limb or pelvic obliquity; the 
deformity disappears when the patient sits down or lies 
down. 

Structural Scoliosis 

Structural scoliosis is characterized by latéral déviation 
of the spine with rotation of the ribs on the convex side. 
When the patient bends forward, the ribs on the convex 
side become prominent, causing a rib hump to appear 

(Fig-1). 



Fig. 1: Rib hump on forward bending 


Initially the deformity is supple but as it progresses it 
becomes fixed. Compensatory curves develop above and 
below the structural curve in order to balance the spine, 
ultimately they may also get fixed. 

Classification 

Scoliosis Research Society (1976, 1987) has provided a 
comprehensive classification of scoliosis based on 
etiology. 

1. Idiopathic 

2. Neuromuscular 

a. Neuropathie 

b. Myopathie 

3. Congénital 

4. Other causes namely, Neurofibromatosis, Marfan's 
syndrome, posttraumatic, post laminectomy, radia¬ 
tion induced etc. 

The terminology committee of the Scoliosis Research 
Society (1976) has provided a glossary of scoliosis terms. 

Apical Vertebra 

Apical vertebra is the central vertebra within a curve and 
most horizontally displaced with in the curve. 

Major Curve 

It is the term used to designate the largest structural curve. 

Minor Curve 

It is the term used to refer to the smallest curve, which is 
more flexible than the major curve. 

Primary Curve 

It is the first or earliest of several curves to appear if 
identifiable. 
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Structural Curve 

The segment of spine with a fixed latéral curvature is 
termed as structural curve. It is not necessarily the major 
or primary curve. Radiographically, it is identified in 
supine latéral side bending or traction films by failure to 
demonstrate normal flexibility. 

Curvatures are described by the area of the spine in 
which the apex of the curve is located. 

• Cervical curve C 2 to C 6 

• Thoracic curve T 2 to T n / T 12 dise 

• Thoraco Lumbar curve T 12 to L a 

• Lumbar curve - L 2 dise to L 4 

Pathological Changes in Structural Scoliosis 

The affected area of the spine is rotated backwards on 
the convex side. The ribs are close together on the concave 
side and separated on the convex side. The vertebrae are 
rotated so that the spinous processes are rotated towards 
the concavity, and the ribs are rotated backwards on the 
convex side—causing the rib hump. The thoracic cage is 
narrowed on the convex side and in large curves 
restrictive lung disease decreases the pulmonary 
function. 

In the sagittal plane, there is an apparent kyphosis 
due to convex rib hump (Figs 2A to C). However, in most 
patients the apical région of the spine is hypokyphotic or 
even lordotic. The vertebra gets deformed with maximal 
wedging located at the apex of the curve. The pedicles 



become progressively thin towards the apex of the curve. 
The spinal cord tends to lie doser to the concave apical 
pedicle. 

Evaluation of the Patient 

A proper history is essential. When was the deformity 
first noticed? How has it progressed over a period of time? 
Is there pain? Scoliosis is a painless condition. If there is 
pain it may be a pointer to a tumor. Is there a past history 
of poliomyelitis or any significant illness pointing to a 
neuromuscular disorder? A family history of scoliosis 
may indicate a familial type of disease (such as Marfan's 
disease, muscular dystrophy, etc). Shortness of breath or 
repeated épisodes of respiratory infection may be a 
pointer for decreased pulmonary function in severe 
deformities. In case of girls, spécifie question should be 
asked about the onset of menstruation and in boys, 
question about change in voice and appearance of facial 
hair. 

Previous treatment such as bracing and surgical 
procedure are carefully recorded. 

Physical Examination 

The patient is examined from the back. The location of 
the curve is first determined. The asymmetry of shoulder, 
scapula and iliac crests are noted. Plumb line is dropped 
from the seventh cervical vertebra, and its déviation from 
the gluteal cleft is measured in centimeters. The midline 
is specifically looked for patch of hair or midline swelling 
or dimple, as these may indicate an underlying 
intraspinal anomaly. 

The patient is examined from the side to detect the 
presence of lordosis or kyphosis. 

The forward bending test is then performed and the 
rib hump is observed. The range of movement of the spine 
is then recorded. It should be full in idiopathic scoliosis. 



Figs 2A to C: (A) Right thoracic curve (B) Apparent kyphosis (C) Rib hump 
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The skin is examined for evidence of multiple cafe- 
au-lait spots which may indicate neurofibromatosis. 

The limb lengths are then measured. The hips and 
knees are then examined to exclude contractures. A 
general examination of the patient, including a record of 
height and weight is made. Generalized ligamentous 
laxity is noted. Ratio of arm span to height is recorded in 
cases of suspected Marfan's syndrome. 

A complété neurological examination is made, 
particularly looking for asymmetric or absent abdominal 
reflexes and atrophy. The presence of an associated foot 
deformity may suggest an intraspinal anomaly. 

Lastly, in both sexes the status of maturity is 
determined by observing the development of secondary 
sexual characters. 

The presence of a left thoracic curve or pain should 
alert the doctor that the curve may be nonidiopathic in 
origin. 

Radiological Examination 

A 17" x 14" cassette or 36" cassette is used to obtain 
standing PA and latéral view of the whole spine. Spinal 
balance can then be assessed accurately. PA view is 
preferred as it reduces radiation to the breast tissue. PA 
view in supine and bending films are not usually taken, 
unless surgery is being considered. In pathological 
kyphosis, hyperextension films are obtained to détermine 
their flexibility. 

Lines are drawn along the top and bottom of the 
vertebrae that are maximally tilted into curve. (End 
vertebrae). Perpendicular lines are drawn to these lines 
and the angle subtended by the intersection is termed 
the Cobb angle. This detects the magnitude of the curve. 
The compensatory curves above and below the major 
curve are also measured. The vertébral rotation is noted 
by the amount of pedicle rotation. In cases of severe 
rotation, the concave pedicle shadow is lost and the 
convex pedicle may move beyond the midline. The 
déviation of the apical vertebrae from the midline is 
measured. The neutral vertebra (NV) ie., the first non 
rotated vertebra at the caudal and cranial ends of the 
curve are noted. Stable vertebra (SV) is the vertebra 
bisected by the central sacral line (a vertical line drawn 
upward from S T spinous process) (Fig. 3). 

Skeletal maturity is assessed in many ways. One of 
them, is the Risser sign. The iliac apophysis starts its 
ossification at the level of the anterior superior iliac spine 
and progresses along the upper border of the crest until 
it reaches the posterior superior iliac spine. It is divided 
into GradeO-absent, Risser I (0-25%), Risser II (26-50%), 
Risser III (51-75%) and Risser IV (76-100%) according to 


the extent to which it is ossified in relation to the iliac 
wing. Risser 5 is union of the apophysis to the iliac crest. 
Risser 4 corresponds to end of spinal growth and Risser 
5 cessation of height increase. 

Spécial studies such as CT, CT-myelogram and MRI 
are performed in patients with congénital spinal defects 
in whom clinical suspicion for evidence of intraspinal 
anomalies exist. Evaluation of other Systems such as the 
heart, genitourinary System and abdominal viscera are 
performed in congénital spinal anomalies. 

Pulmonary function studies are performed in patients 
with severe thoracic deformity and those with 
neuromuscular scoliosis. Réduction of pulmonary 
function helps the surgeon to décidé on the need for 
ventilatory support in the postoperative period and also 
alert the parents regarding the higher risk of surgery. 

Idiopathic Scoliosis 

It is the most common type of scoliosis and the etiology 
is not definitely known. The criterion for diagnosis is 
a curve measured greater than 10° by the Cobb method. 
It is classified according to the âge of onset. (a) Infantile 
0-3 years (b) Juvénile (3 -10 years) and adolescent (> 10 
years). The natural history differs in the three conditions. 



Fig. 3: Right thoracic curve with measurement of Cobb angle 
and central sacral line 
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Infantile Idiopathic Scoliosis 

It has a male prépondérance. Left thoracic curve is the 
most common pattern. It may be associated with 
plagiocephaly, mental retardation and developmental hip 
dysplasia. 85% résolve and 15% progress. Progressive 
curves are treated by brace. In cases of brace failure, 
surgery is performed. 

Juvénile Idiopathic Scoliosis 

This represents a graduai transition from the charac- 
teristics of infantile idiopathic to adolescent idiopathic 
scoliosis. 

It is less common than adolescent idiopathic scoliosis 
(12 -16% of ail patients with idiopathic Scoliosis) Female 
prépondérance is noted with increasing âge. Curve 
patterns tend to be right thoracic and double major types. 
Nearly 70% of patients hâve progressive deformity and 
need bracing or surgery. MRI of the spine is recom- 
mended in this group as the deformity of the spine may 
be the only due to an underlying abnormality of the 
neural axis. 

Adolescent Idiopathic Scoliosis 

It accounts for about 80% of cases of idiopathic scoliosis. 
It présents during puberty. The etiology is unknown. In 


smaller curves, the female to male ratio is 3:1, but in 
curves greater than 30° the female to male ratio is 10:1. 

Four major curve patterns are seen (Figs 4A to C). 
Primary thoracic curves are convex to the right, lumbar 
curves to the left, thoracolumbar curves to the right and 
double major curves (right thoracic left lumbar) Since 
most thoracic curves are to the right, a left convex thoracic 
curve needs careful neurological exam. MRI of spine 
should be considered in view of the high association of 
left thoracic curve with intraspinal pathology. 

The adolescent idiopathic scoliosis progresses during 
the adolescent growth spurt. The risk factors are: 

1. Gender (Curves in females progress more than in 
males). 

2. Curve magnitude at the time of diagnosis. A large 
curve in an immature child (Risser 0 to 1) has greater 
potential to progress than a smaller curve in a mature 
child (Risser 3 or 4). Curves under 30° at maturity are 
least likely to progress. Curves between 30° to 50° are 
likely to progress 10 - 15° over life time. Curves 
between 50 - 75° steadily increase at the rate of 1° per 
year. Lumbar and thoracolumbar curves are likely to 
progress more than thoracic curves (Figs 5A and B). 
Curves under 20° may regress or even remain stable. 

3. Curve pattern (double curves progress more than 
single curves) 



Figs 4A to C: Curve patterns in Idiopathic Scoliosis (A) Right thoracic curve 
(B) Left thoracolumbar curve (C) Left lumbar curve 
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Figs 5A and B: (A) 14 years old girl with left dorsolumbar curve of 85° (B) It progressed to 115° by 27 years of âge 


4. Skeletal growth potential of the patient - this is 
assessed by a variety of factors, namely, Risser stage. 
Tanner stage, menarche, peak height velocity etc. The 
onset of menses generally follows the rapid stage of 
skeletal growth by 12 months. When Risser is 0 or 1, 
the risk of progression is 60 to 70% (Lonstein, Carlson 
(1984). However, if Risser is 3 the risk is reduced to 
10% Unfortunately, Risser sign and menarche appear 
after the adolescent growth spurt. When a girl is 
premenarchal and Risser 0, it is difficult to know 
whether she is in peak growth velocity or not. Closure 
of triradiate cartilage of the acetabulum has been 
identified to approximate the time of peak growth 
velocity. 

The natural history of untreated idiopathic scoliosis 

hâve been studied by several authors 

1. Pulmonary function: There is a direct corrélation 
between the curve magnitude and pulmonary 
function. Pulmonary function gets restricted in 
curve greater than 70°. Thoracic lordosis and chest 
wall deformity contribute to the restrictive lung 
function. 

2. Back pain: The incidence of back pain in adult scoliosis 
patients is comparable to general population. 
However, patients with large lumbar curves report 
increased incidence of low back pain at the distal end 
of the curve. 

3. Mortality rate: This is comparable to general popu¬ 
lation. However, cor pulmonale may develop in 
patients with thoracic curves exceeding 100° and early 
onset of scoliosis (under 5 years of âge). 


4. Self image: There is a négative self image and many 
adults seek treatment on this account. 

The natural history influences the treatment protocol. 

Treatment 

The aims of treatment are: 

a. Prevent a mild deformity from becoming severe 

b. Correct existing deformity which is unacceptable to 
the patient. 

It is necessary to individualize ail the treatment 
decisions based on the curve magnitude and probabilities 
of progression. Age and skeletal maturity of the patient 
are taken into considération. 

In a skeletally immature child, a curve of 25° or less 
should be observed and progression documented before 
starting treatment. In curves 30° or more, documented 
progression is unnecessary and treatment can be begun 
immediately. In patients who are approaching skeletal 
maturity and the deformity is less than 30° and acceptable 
to the patient, treatment is unnecessary. 

Treatment dépends upon: 

i. History, 

ii. Physical examination, 

iii. Radiological évaluation, 

iv. Cosmetic appearance, and 

v. Social factors. 

Nonoperative treatment includes orthosis, exercises, 
electrical stimulation and biofeedback. Except orthotic 
devices, the other methods hâve not shown to effectively 
change the natural history of the disease (Lonstein J, 
Winter R 1994). 
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Orthosis is contraindicated in: 

i. Patients who are skeletally mature, 

ii. Curve greater than 45°, 

iii. True thoracic lordosis, and 

iv. Nonacceptance by patient or parents. 

The orthosis for scoliosis are, Milwaukee brace and 
thoracolumbar sacral orthosis (TLSO). 

The Milkwaukee brace is a passive corrective support 
consisting of a pelvic corset and a neck ring connected 
by uprights. The pelvic support reduces the lumbar 
lordosis. Pads are added to the uprights so that the curve 
is reduced by the principle of three-point pressure. 

The TLSO is an under arm brace. It has a pelvic 
portion similar to Milwaukee brace. There are two types. 

i. One extending up to both axillae, and 

ii. Low-profile extending to lower thoracic area. 

Corrective pads are added to the inner surface of the 

brace at appropriate places. TLSO is indicated in 
thoracolumbar and lumbar curves, but contraindicated 
in thoracic curves with apex above T 8 . Milwaukee brace 
is the orthosis of choice if the apex is above T 8 or the 
patient has a double curve pattern. 

The brace is worn full time except for bathing and 
sports. Follow-up is done every 4 months when the 
bracefit is checked and adjustments are made. Standing 
radiograph in brace is done and spinal balance is checked. 

During the follow-up, the progression of the curve is 
carefully watched and if it progresses in spite of good 
brace compliance, surgery is needed. Failure of brace 
treatment is more common in an immature child (Risser 
0 or 1) as compared to a more mature patient (Risser 2 or 
3). 

Weaning from the brace is started when patient is not 
increasing in height and Risser is four. The weaning is 
done gradually. A standing radiograph is done 4 hours 
out of brace. This is compared with the most recent 
radiograph in brace. If there is minimal loss of correction, 
patient can be allowed 4 hours out of brace. The duration 
of out of brace is gradually increased until child sleeps in 
the brace. The brace is finally discontinued at the end of 
growth. According to (Lonstein 1994), this regimen has 
given the best results. Some patients may obtain 
correction of deformity, but most patient end up with 
pretreatment curve measurement after weaning from the 
brace. 

Surgical Treatment of Idiopathic Scoliosis 

Surgery is indicated in patients with Cobb angle greater 
than 45°. This is not an absolute value but a general 
guideline. Sometimes, even a patient who has a 40° curve 
may require surgery due to marked rotation or thoracic 
lordosis. 


The other indications are: 

i. Progression of deformity to an unacceptable degree 
in spite of good brace compliance 

ii. Adults with progressive deformity and pain due to 
scoliosis 

iii. Curves anticipated to progress beyond 50° after 
skeletal maturity 

The goals of operative treatment are (a) Safe correction 
of the deformity and obtain solid arthrodesis so that 
progression of deformity is prevented. (b) spinal balance 
in both coronal and sagittal planes should be obtained. 
Once surgery is decided upon the surgeon must décidé 
the approach , levels of fusion and choice of instrumentation. 

The preoperative X-rays include PA, Latéral and 
bending film of the spine. Bending X-rays are useful for 
curves less than 50° while traction films are useful for 
curve greater than 60°. Fulcrum bending X-rays are also 
obtained to détermine the maximum flexibility of the 
curve. 

Majority of the cases can be treated by posterior spinal 
fusion and instrumentation. 

Sélection of the Fusion Area 

The fusion should include the major curve and avoid 
fusion of the secondary curves (Figs 8A to E). This is 
determined by the bending films. The fusion should 
include ail the vertebrae that are rotated in the same 
direction as the apex of the curve, and it should extend 
to the first vertebra that is not rotated. The fusion should 
be within the stable zone of the vertebrae. 

If the patient has a double major curve, both of them 
must be fused. In the lumbar région, it is préférable to 
stop fusion at L 4 so that there are two mobile segments 
distal to the fusion. It is important to identify the false 
double major curve, where the lumbar curve will be 
flexible in the bending films and can be left out of the 
fusion. 

Patients with idiopathic scoliosis do not hâve curves 
extending to the cervical spine. Thus, the top most 
vertebrae to be included in the fusion area should not be 
above T x . Fusion to sacrum is also rare unless there is 
symptomatic spondylolisthesis between L 5 and S a . 

The King Moe classification (1983) (Figs 6A to E) of 
thoracic curve to détermine the levels of spinal fusion 
was evolved in the era of Harrington instrumentation. 
They distinguished five curve patterns. The classification 
takes into account only PA view of spine and the 
flexibility of thoracic and lumbar spine. Sagittal plane 
deformities are not taken into considération. 

The Lenke classification (Figs 7A to C) was proposed 
in 2001 to détermine to levels of arthrodesis. The coronal 
and sagittal plane deformities are taken into consi- 
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Figs 6A to E: King-Moe classification (A) Double Major curve (B) False double major curve - Lumbar spine flexible (C) Right 
thoracic curve (D) L4 is tilted into the thoracic curve (E) Double thoracic curve - Tl is tilted into the left thoracic curve 
Five types of idiopathic scoliosis based on définition by King, Moe, Bradford and Winter. JBJS 1983;65A:1302-13. 


deration. The location of dominant curve, minor 
structural curve, the déviation of the apical lumbar 
vertebra (Lumbar spine modifier) and sagittal profile of 
the thoracic spine are taken into considération. This 
classification is useful for follow-up studies and is 
reproducible. 

Surgical Techniques 

In the past, Harrington instrumentation was the "Gold 
Standard" to produce correction of the deformity (Figs 
8A to E). In recent years multi segmentai instrumentation 
(Figs 9A to F) has become the standard procedure. The 
posterior spinal structures are exposed, the facet joints 
an excised and autogenous bone grafts are packed into 
the facet joints and the decorticated bone. The spinal 
levels to be instrumented are verified by intraoperative 
imaging. The anchor sites are carefully prepared and 
multiple anchors (screws and hooks) are placed according 
to plan. Two parallel rods are attached to the anchors at 
multiple levels. The deformities are corrected by rotation, 
translation, distraction and compression maneuvers. The 
rods are connected by transverse connectors at either end. 
The procedure allows adéquate coronal, sagittal and axial 
plane correction. Postoperative spinal bracing is not 
recommended except in unreliable patients. 

Complications of Surgery 

Medical complications such as iléus, pulmonary 
atelectasis and inappropriate sécrétion of anti diuretic 
hormone may occur. The surgical complications include 
infection, implant failure and pseudarthrosis (upto 3%). 
Pseudarthrosis is recognised by pain, loss of correction 
and implant failure. Good quality radiographs, AP, latéral 
and oblique views are obtained in order to detect 


pseudarthrosis. Once it is recognised. exploration and 
repair are indicated. 

Neurological Complications 

This may be a complété paraplegia or paraparesis. This 
is the most feared of ail the complications. The common 
test used is the "wake up" test. Once the instrumentation 
is completed, the anesthésia is lightened and the patient 
is asked to move the feet voluntarily. If the patients move 
the limb, the anesthésia is deepened and surgery is 
proceeded with. If the patient fails to move the lower 
limb, the instrumentation is either removed or tension is 
reduced, and the wakeup test is repeated. Surgery is then 
completed. 

Avoidance of spinal cord injury is achieved by spinal 
cord monitoring during surgery with the use of 
somatosensory evoked potentials and motor evoked 
potentials. The mean arterial pressure should be 
maintained above 70 mm Hg in high risk patients. 

Anterior Surgery in Idiopathic Scoliosis 

There are spécifie indications for anterior surgery in 
idiopathic scoliosis. 

In Juvénile scoliosis patients with Risser 0 and open 
triradiate cartilage of pelvis, posterior fusion alone may 
resuit in bending of the fusion mass. This occur s due to 
continued anterior growth of the vertebrae. (Crank shaft 
phenomenon). Antero-posterior fusion is indicated in 
these patients. 

Rigid Idiopathic Scoliosis 

Where the initial curve exceeds 90° and corrects very little 
on bending films, anterior release is indicated. This 
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Curve type 


Type 

Proximal 

Thoracic 

Main 

Thoracic 

Thoracolumbar 

Lumbar 

Curve Type 

1 

Non- 

Structural 

Structura l(major) 

Non-Structurai 

Main Thoracic (MT) 

2 

Structural 

Structurai (major*) 

Non-Structural 

Double Thoracic (DT) 

3 

Non- 

Structural 

Structural (major*) 

Structural 

Double Major (DM) 

4 

Structural 

Structural (major*) 

Structural 

Triple Major (TM) 

5 

Non- 

Structural 

N on-Structural 

Structural (major*) 

Thoracolumbar /Lumbar (TL/L) 

6 

Non- 

Structural 

Structural 

StructuraI(major*) 

Thoracolumbar / Lumbar Main Thoracic 
(Tl/L- MT) 

Lumbar Curves > Thoracic by > 50 


STRUCTURAL CRITERIA 
(MINOR CURVES) 

Proximal Thoracic Side Bending Cobb> 25 ° 
-T2-T5 Kyphosis > 20* 

Main Thoracic Side Bending Cobb > 25 Q 
—T10 -L2 Kyphosis > 20* 

Thoracoinmbar / Lumbar Side Bending Cobb > 25 " 
-T10-L2 Kyphosis > + 20' 


'Major = Largest Cobb Mea sure ment, always structural 
Minor = Ali other curve s with structural criteria applied 

LOCATION OF APEX 
(SRS DEFINITION) 

CURVE APEX 

Thoracic T2 -TU -12 DISC 

Thoraco I u mbar T12- L1 

Lumbar L1-2DISC-L4 


Thoracic Sagittal Profile 

T5-T12 


-(Hypo) 

< 10° 

N (Normal) 

1CM0* 

+ (Hyper) 

>40° 


Lumbar 

Spine 

Modifier 

CSVL to Lumbar Apex 

A 

CSVl Between Pedides 

B 

CSVL Touches Apical Body (ies) 

C 

CSVL Completely Médial 


Lumbar Spine Modifiera 



Figs 7A to C: Lenke LG, Betz RR, Harms J, et al. Adolescent Idiopathic scoliosis - a new classification 
to détermine extent of spinal arthrodesis. J Bone Joint Surg 2001 ;83A:1169-81 
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Figs 8A to E: Harrington instrumentation of a type II curve (A) Apparent double major curve (B) Right bending shows the 
structural curve (C) Left bending - lumbar curve corrects completely (D) Latéral view - Thoracic hypokyphosis (E) Fusion of the 
thoracic curve restores spinal balance 


consists of diskectomies and interbody fusion at the apex 
of the deformity (5 or 6 levels). The procedure makes the 
deformity supple so that posterior instrumentation and 
fusion gives better correction of the deformity. In 
addition, obtaining global fusion reduces the incidence 
of pseudarthrosis. Both the procedures may be performed 
in one or two stages. 

Thoracolumbar and Lumbar Curves 

Normal, sagittal profile is very important, particularly 
preserving lumbar lordosis after spinal fusion. Anterior 
instrumentation of the spine can effectively preserve the 
lordosis of lumbar spine, and reduce the number of seg¬ 
ments of lumbar spine that are fused. Thus, greater mobi- 
lity of lumbar spine is obtained after surgery (Figs 10A 
to D). 

Video assisted thoracoscopie instrumentation is 
performed is some centers to reduce the morbidity 
associated with the anterior approach. 

In conclusion, majority of adolescent idiopathic 
scoliosis can be successfully managed by posterior 
approach. There are some spécifie indications for 
combined anterior and posterior surgery or anterior 
surgery alone. 

Congénital Scoliosis 

Congénital scoliosis is due to abnormalities of vertébral 
development during 4-6 weeks of the embryonic period. 
The abnormalities may be due to failure of formation, 
failure of segmentation or a combination of both (Figs 
11A to F). Partial failure of formation causes a wedge 
vertebra, while complété failure of formation causes 
hemivertebra. Failure of segmentation on one side causes 


unilatéral bar, while bilateral failure of segmentation 
causes a block vertebra. 

The failure of formation may also be in two planes - 
so that if there is a failure of the antérolatéral portion of a 
vertebra (i.e. presence of a postérolatéral portion) a 
kyphoscoliosis results (Figs 12A and B). In some patients, 
the anomalies are mixed and the deformities are 
unclassifiable (Fig. 13). 

Hemivertebrae may be single or multiple. They are 
classified according to the nature of the disk space 
adjacent to them. They may be fully segmented (good 
disk space on either side), semisegmented (disk space 
présent on one side) and nonsegmented (no disk space 
on either side). 

Natural History of Congénital Scoliosis 

The risk and rate of progression of the deformity dépends 
on the type and location of the abnormality as well as the 
âge of the patient. Unbalanced growth is responsible for 
progressive deformity; greater the disparity in the 
number of healthy growth plates between the two sides 
of the spine, greater the deformity. Location of the defect 
affects spinal balance. A hemivertebra in the lumbosacral 
junction causes far more spinal imbalance than one at 
mid thoracic level. The deformities progress rapidly 
during the first three years of life and during the 
adolescent growth spurt. The most rapidly progressive 
deformities are (a) unilatéral bar with contralatéral 
hemivertebra (average rate of progression is 6° per year) 
and (b) unilatéral bar (increase of 5° per year). Prognosis 
for progression for patients with hemivertebra dépends 
on the type and location of the hemivertebrae. Some 
abnormalities are non progressive (e.g. Block vertebra). 
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Figs 9A to F: Right thoracic curve in a 15 years old girl, treated by multisegmental instrumentation (A) Erect (B) Supine 
(C) Right bending (D) Left bending - Lumbar curve is non-structural (E) Thoracic hypokyphosis (F) Post-op - Segmentai spinal 
instrumentation performed and spinal balance restored 


Clinical Présentation 

Some patients présent with deformity at birth or early 
infancy and childhood. In others, the deformity may be 
detected incidentally while radiograph is obtained for 
some other reason. Fêtai ultrasound at 20th week of 
gestation may detect the anomaly. 


Evaluation of the Patient 

On the first visit, a good quality AP and latéral views of 
the spine are obtained so that the type of anomaly can be 
documented. A careful note is made of the associated 
anomalies of the thoracic cage such as fusion of the ribs 
or absent ribs. A careful attention is paid to the presence 
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Figs 10A to D: (A and B) Right lumbar scoliosis in a 14 years old girl. (C and D) Treated by anterior instrumentation and 
fusion. Structural titanium cages hâve been placed anteriorly on the concave side 



Figs 11A to F: Congénital scoliosis classification (A) Wedge vertebra (B) Hemivertebra - Segmented on both sides 
(C) Hemivertebra - non segmented on cranial side (D) Hemivertebra non segmented on both sides (E) Unilatéral unsegmented 
bar (F) Block Vertebra 

Winter RB: Congénital Deformities of the Spine Thieme Stratton: New York 1983. 


of pedicle and the disk spaces over the involved area of 
the spine. 

Congénital scoliosis is associated with anomalies of 
other Systems. Hence, it is important to look for them. 
Urinary tract anomalies may be associated in 20% of the 
patients (such as absent kidney), but 6% of the patients 


may hâve asymptomatic yet significant obstructive 
uropathy (MacEwen et al 1972). The rénal anomalies are 
detected by ultrasound or in MRI. In cases of obstructive 
uropathy, IVP may be required. Treatment of life- 
threatening abnormalities must take precedence over the 
treatment of spinal deformity. Ten to fifteen percent of 
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Figs 12A and B: Postérolatéral 
hemivertebra 



Fig. 13: Congénital scoliosis of the spine (Unclassifiable) 


the patients may hâve associated cardiac defects. If a 
murmur is heard in a child with congénital scoliosis, 
further investigations such as echocardio-graphy are 
mandatory. 

Spinal dysraphism may be présent in 20% of the 
patient (McMaster 1984). The condition may be occult or 
may clinically manifest as a progressive foot deformity, 
bowel or bladder disturbance. After the advent of MRI a 
number of studies hâve estimated the incidence of 
intraspinal anomalies to be 30%. 

The cutaneous manifestation may be a midline patch 
of hair, lipoma, nevus, or a dimple. An area of widened 
interpedicular distance may be indicative of diastemato- 
myelia (Figs 14A to C). MRI has become the investigation 
of choice. It is performed preoperatively or if neurological 
signs develop. But, some authorities perform screening 
MRI in ail cases. CT scan with 3D reconstruction is helpful 
for operative planning. In cases of gross deformity, CT- 
myelogram may be necessary to establish the diagnosis. 

The associated syndromes may be VACTERL 
(Vertébral, anorectal, Tracheo oesophageal fistula, 
cardiac, rénal and limb anomalies), caudal régression and 
Poland syndrome etc. may be présent. 

The associated intraspinal anomalies may be tethered 
cord, low conus, lipoma, syringomyelia and diastomyelia. 

Follow-up 

Follow up dépends upon the growth rate, severity and 
type of malformation. 
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Figs 14A to C: (A) Hair patch in the back (B) X-ray: widened interpedicular distance (C) Diastometamyelia 


Follow frequently during growth spurt and during 
adolescence. Patients are foliowed up every 6 months 
during the first three years of life. If the curve is stable, 
follow up on yearly basis is enough, until adolescent 
growth spurt when the six monthly évaluation is 
required. 

Follow up X-rays are compared with the original 
X-ray to document progression. The land marks used for 
measurement must be the same. 

Treatment 

Congénital curves are rigid, hence braces are ineffective. 
They are occasionally indicated for long flexible curves 
adjacent to the congénital spine. 

Progression of the curve irrespective of the patient's 
âge is an indication for surgical stabilization (Figs 15A 
and B). Whenever progressive deformity is predictable 
(e.g. Unilatéral bar with contralatéral hemivertebra) 
fusion is indicated without documented progression. In 
situ fusion, cast correction and plaster jacket are standard 
procedures. However, if the MRI reveals good growth 
plates, anteroposterior fusion is advisable to prevent 
lordosis or crank shaft phenomenon (Figs 16A to D). 
Other surgical options for congénital scoliosis are: 

1. Posterior fusion with instrumentation 

2. Convex growth arrest 

3. Hemivertebra excision 

4. Combination of the above procedures 

Posterior fusion with instrumentation (Figs 17A to C) 
is indicated in the older child, where some correction will 


occur through the secondary curves. But, intraspinal 
anomalies, if any, must be surgically corrected before 
instrumentation is performed. 

Convex hemiarthrodesis of spine (Anterior and 
posterior) is designed to produce correction in case of 
hemivertebrae. The child should be under 5 years of âge 
and good concave growth potential is necessary. 

Hemivertebra excision is indicated for fully 
segmented hemivertebra with truncal imbalance, (e.g. 
Lumbo sacral hemivertebra) (Figs 18A to D). 

Other procedures such as ostéotomies and posterior 
approach for hemivertebra excision carry a higher risk 
for neurological injury. 

Thoracic Insufficiency Syndrome 

Multiple vertébral anomalies of the thoracic spine may 
be associated with multiple fused ribs or absent ribs. This 
may lead to "Thoracic insufficiency syndrome" (Fig. 19). 
Campbell (2004) defines it as "inability of the thorax to 
support normal respiration or lung growth". These 
patients are helped by expansion thoracostomy and 
VEPTR (Vertical, expandable, prosthetic, titanium ribs). 
They maximize the trunk and chest wall growth so that 
lung volume increases. Long thoracic fusion is performed 
at 10 - 12 years of âge. 

Kyphosis 

Kyphosis is a deformity of the spine in sagittal plane. 
The normal thoracic kyphosis is 20 to 45° and when it 
exceeds this degree, it becomes a kyphotic deformity. 
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Figs 15A and B: 8 months old child with congénital 
scoliosis. This progressed to 65° by 16 months of âge. 
Child was treated with anteroposterior fusion and cast 
correction 




The deformity may be postural or structural. 
Structural kyphosis may be the resuit of deformity of the 
spine involving one or two vertebrae or several vertebrae. 

The common types of kyphosis seen are: 

i. Postural kyphosis 

ii. Angular kyphosis due to fracture of spine, tuber- 
culosis of the spine or a congénital defect of the spine 
including spine bifida 

iii. Adolescent kyphosis - Scheuermann's disease 

iv. Osteoporosis, osteomalacia, and 

v. Miscellaneous causes such as postlaminectomy 
kyphosis, postradiation kyphosis, kyphosis 
accompanying skeletal dysplasia, etc. 


Congénital Kyphosis 

Congénital kyphosis occurs due to the failure of formation 
or failure of segmentation of the cartilaginous model of 
the spine. Winter (1973) has classified congénital kyphosis 
into: type-I (failure of formation), type II (failure of 
segmentation), and type III (mixed form with failure of 
formation and failure of segmentation): When the defect 
in formation is symmetrical, kyphosis results, while 
asymmetrical defects lead to kyphoscoliosis (Fig. 20). 

These deformities progress with growth and 
progression is related to the type of deformity, number 
of vertebrae involved and the growth potential of the 
affected vertebrae (Dubousset et al 1994). Type I deformity 
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Figs 17A to C: (A) Congénital scoliosis - PA view. (B and C) Posterior spinal fusion 
with instrumentation performed. Tethered cord was released before surgery 



Figs 18A to D: (A and B) L5 hemivertebra with truncal imbalance (C and D) Hemivertebra excision 
and stabilization performed. Spinal balance restored 


produces a more severe kyphosis (Fig. 21) with an average 
increase of 7 degrees a year. They also hâve a high 
incidence of paraplegia (Winter 1973) because the spinal 
cord is stretched tightly over the acute angulation. Type 
II deformities (Fig. 22) are the resuit of anterior failure of 
segmentation and progress gradually. They cause a round 
kyphosis due to involve-ment of several vertebrae and 
rarely cause neurological déficit (Mayfield et al 1980). 


Both Type I and Type III deformities increase 
considerably during the adolescent growth spurt. Type 
III with mixed anomalies are associated with risk of 
spontaneous neurological détérioration (Mc Master 
1999). 

These anomalies may be associated with intraspinal 
and other extraskeletal anomalies similar to congénital 
scoliosis. 
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Fig. 19: A 11 years old girl with congénital scoliosis and 
fused ribs. She had “thoracic insufficiency syndrome” 


Clinical Features and Evaluation 

The deformity may be detected prenatally by ultrasono- 
graphy or may be detected at birth. The deformity is mild 
at birth, later it becomes obvious during early childhood. 
The kyphotic deformity is présent in the lower dorsal 
spine or at the dorsolumbar junction. Sometimes, in type 
II deformity, the compensatory lumbar lordosis is more 
obvious than the kyphosis itself. 

A complété neurological examination is necessary to 
detect early paraparesis. A search for intraspinal 
anomalies by MRI and for associated congénital defects 
of other Systems (genitourinary and cardiac) are essential. 
MRI is helpful to détermine the extent of cord com¬ 
pression, exclude associated instraspinal anomalies and 
give information about the status of the cord such as 
myelomalacia Hyperextension latéral view of the spine 
will be helpful to détermine the flexibility of the spine. 

Treatment 

Surgery is the treatment of choice in Type I congénital 
kyphosis. The type of surgery performed will be 
determined by the type of congénital kyphosis, 
magnitude of the deformity and the presence or absence 
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Fig. 20: Classification of congénital kyphosis and kyphoscoliosis 

McMaster MJ, Singh H. The natural history of congénital kyphosis and kyphoscoliosis. A study of one hundred and twelve 
patients. J Bone Joint Surg 1999;81A:1367-83 
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Fig. 21 : A 10 years old female showing 
Sharp angular kyphosis 


of neurological déficit. Winter (1983) has suggested the 
following. 

Mild deformity in children younger thanfive years of âge 
In kyphosis less than 50° in supine X-rays, the idéal 
treatment is posterior arthrodesis extending to one level 
above the kyphosis to one level below the kyphosis. The 
deformity may improve with growth (Winter 1983). 

Moderate to severe deformities in older child Posterior 
arthrodesis of spine may be successful in arresting the 
progression of deformity, if the kyphosis is less than 50° 
(Winter et al 1973). If the deformity is greater than 50°, 
posterior arthrodesis is unlikely to succeed because the 
fusion mass will be under tension and pseudarthrosis 
with récurrence of deformity may occur. In such condi¬ 
tions, anterior strut grafting followed by posterior 
arthrodesis is essential so that further progression is 
prevented. The posterior arthrodesis can be supple- 
mented by compression instrumentation. 

Treatment of congénital kyphosis with neurological déficit 
Cord compression with paraparesis or paraplegia occurs 
more commonly in type I kyphosis. The internai gibbus 
compresses the cord anteriorly (Fig. 23). Hence, anterior 
décompression must be performed followed by posterior 
arthrodesis. Laminectomy is dangerous, as it destabilizes 
the spine and worsens the paralysis. Similarly strong 
traction will cause the spinal cord to impinge more on 



Fig. 22: A 3 years old boy: kyphosis due to failure of 
formation and segmentation at many levels 



Fig. 23: MRI: Congénital kyphosis with 
pressure on the cord anteriorly 
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the apex of the kyphosis and paralysis may become worse 
(Winter et al 1985). 

Type II is carefully observed for progression. Posterior 
fusion is performed when progression is documented. 

Type III is treated by arthrodesis preferably by 5 years 
of âge. 

Adolescent Kyphosis (Scheuermann Disease) 

The etiology is unknown. This was originally thought to 
be "osteochondritis" by Scheuermann, because the 
vertébral end plates are irregular. Histological studies of 
the growth plates hâve not demonstrated any 
inflammatory or necrotic tissue in the growth plates. 
Schmorl pointed out that the cartilaginous material 
herniates into the vertébral bodies giving rise to 
"Schmorl's nodes". The vertébral end plates may under— 
go ischémie necrosis during the adolescent growth spurt. 

Clinical Features 

The disorder begins at puberty. It is more common in 
males. Some reports suggest an equal male to female ratio. 
The patients develop a round kyphosis of the lower dorsal 
spine with compensatory increase in lumbar lordosis (Fig. 
24). 

The shoulder appears rounded and head protrudes 
forwards. The patients often présent for deformity. 



Fig. 24: A 19 years old - Round back due to 
Scheuermann’s disease 


sometimes for vague ache in the back. The deformity may 
progress even at the end of growth and becomes severe 
in some patients and causes pain. 

The kyphosis is fixed and does not correct on hyper¬ 
extension of the spine. Tight hamstrings are often présent. 
The compensatory lordosis does not become structural. 
Mild to moderate scoliosis is présent in one-third of 
patients (Lowe 1980). The scoliosis is mild and does not 
usually progress. 

The differential diagnosis includes postural kyphosis 
(deformity corrects on hyperextension) and other causes 
of kyphosis. 

The two types of Thoracic Scheuermann's kyphosis 
are: 

a. Kyphosis at T7-T0 level and 

b. Kyphosis with apex at T11-T12 or dorsolumbar 
région. There is a variety called the lumbar 
Scheuermann's kyphosis with apex at L1-L2. This 
condition is more common in boys and athlètes. 
Tenderness on palpation may be présent above or 

below the apex of the kyphosis. 

Myelopathy and radiculopathy are very rare, but may 
occur due to extreme kyphosis or associated épidural cyst. 

Natural History 

Some authors think that the natural history is benign and 
needs no treatment. Others believe that progressive 
kyphosis and pain occurs due to the deformity. 

Radiological Features 

The AP view may show a mild scoliosis. The latéral view 
shows increased kyphosis (more than 45°) of the lower 
thoracic spine (D6-D10) and increased lumbar lordosis. 
There is anterior wedging of at least three adjacent 
vertébral bodies associated with irregularity of the 
vertébral end plates (Figs 25A and B). Mild narrowing of 
the disk space and Schmorl nodes are often présent. 

The kyphotic angle is drawn by identifying the end 
vertebrae which are maximally tilted into the curve, and 
perpendicular lines are drawn from these lines. The 
intersection angle is the kyphotic angle. 

Treatment of the skeletally immature patient is 
designed to prevent progressive deformity and pain. This 
is achieved by body cast or Milwaukee braces. But the 
treatment is rarely successful in preventing the récurrence 
of kyphosis after skeletal maturity. 

Surgical Treatment 

Surgery is rarely indicated in Scheuermann's Kyphosis. 
The goal is to restore normal thoracic kyphosis and 
lumbar lordosis while relieving pain. 
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Figs 25A and B: Scheuremann’s disease (A) Latéral view - 
wedging of three vertebrae and narrowing of the dise spaces 
(B) Same patient has mild scoliosis 

This canbe either posterior surgery alone or combined 
anterior and posterior surgery. If the kyphosis can be 
corrected to less than 50 degrees, then posterior fusion 
with compression rods will be adéquate (Speck and 
Chopin 1986, Sturm et al 1993). 

If the deformity is severe and nonflexible, then 
combined anterior and posterior surgeries are necessary. 
Stage one requires anterior release and interbody fusion 


at four or five levels at the apex of the deformity. Stage 
two consists of posterior fusion and instrumentation to 
correct the kyphosis. The instrumentation must extend 
into the normal lordotic segments proximal and distal to 
the kyphosis. Both the stages may be performed in one 
or two stages. Postoperative immobilization may be in a 
brace or a Risser cast depending on the instrumentation 
used. 

Cord décompression is indicated for the rare patient 
who has paraparesis due to épidural cyst or increased 
kyphosis. 

Patients with lumbar Scheuermann's kyphosis 
présent mainly for pain. The pain is intermittent in nature 
dull aching in nature and is activity related. It is relieved 
by rest. 
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INTRODUCTION 

Developmental dysplasia of the hip (DDH) represents a 
spectrum of intracapsular displacement of the fémoral 
head from its normal relationship in the acetabulum 
before, during, or just after birth. 1 This includes frank 
dislocation, subluxation, instability and primary 
acetabular dysplasia. Despite recent advances in néonatal 
screening, emphasis on early diagnosis, and a better 
understanding of management options in DDH; the 
incidence of late-diagnosed cases and poor results of 
conservative treatment and surgery hâve not decreased 
in our country. The goal of treatment of DDH is to 
produce a hip that will last a lifetime, by minimizing 
complications such as avascular necrosis, stiffness etc. that 
would otherwise resuit in a "hip cripple". The purpose 
of this review is to highlight current concepts in DDH 
with the focus on newer advances in the diagnosis and 
management of DDH. 

Causes of Hip Dislocation 

Hip dislocation can occur from a variety of causes. These 
include - 

• Congénital or Developmental hip dislocation (DDH) 

• Tératologie or prénatal hip dislocation as is seen in 
arthrogryposis, chromosomal abnormalities and other 
congénital malformations 

• Syndromic hip dislocations associated with 
syndromes such as Larsen syndrome, Freeman- 
Sheldon syndrome, diastrophic dysplasia etc 

• Neuromuscular hip dislocation due to spasticity, 
muscle imbalance or paralysis as seen in cérébral 
palsy, myelomeningocele, poliomyelitis etc. 

This review will focus on the typical or developmental 
hip dislocation (DDH) that occurs in the périnatal period 
of life. 


Causes of hip dislocation: 

• Congénital or developmental 

• Tératologie 

• Syndromic 

• Neuromuscular 

Nomenclature 

The term developmental dysplasia of the hip (DDH) is 
now the preferred term to describe congénital dislocation 
of the hip (CDH), as it emphasizes the dynamic spectrum 
of the disease and reinforces the concept that périnatal 
instability and dislocation are related. 1 While the 
congénital aspect of the disease cannot be ignored, the 
term DDH accurately reflects the biologie features of the 
disorder and underscores the susceptibility of the hip to 
become dislocated at various times in the prénatal and 
périnatal period. This change has been endorsed by the 
American Academy of Orthopaedic Surgeons (AAOS), 
the Paediatric Orthopaedic Society of North America 
(POSNA) and various other world associations. 

Embryology 

Understanding the developmental nature of DDH and 
the subséquent spectrum of hip abnormalities requires 
knowledge of the growth and development of the hip 
joint. 2 Embryologically, the fémoral head and acetabulum 
develop from the same block of primitive mesenchymal 
cells. A cleft develops to separate them at 7 - 8 weeks of 
gestation. By 11 weeks' gestation the development of the 
hip joint is complété. At birth, the fémoral head and the 
acetabulum are primarily cartilaginous. The acetabulum 
continues to develop postnatally and development of the 
fémoral head and acetabulum are intimately related. The 
hip is at risk for dislocation during 4 periods: 1) the 12th 
week of gestation, 2) the 18th week of gestation, 3) the 
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final four weeks of gestation and 4) the postnatal period. 
During the 12th gestational week, the hip is at risk as the 
fêtai lower limb rotâtes medially. A dislocation at this 
time is termed tératologie. The hip muscles develop 
around the 18th week. Neuromuscular problems such as 
myelodysplasia also lead to tératologie dislocations. 
During the final four weeks of pregnancy, mechanical 
forces play a rôle. Conditions such as oligohydramnios 
or breech position prédisposé to DDH. The frank breech 
position of hip flexion and knee extension places a 
newborn at the highest risk. Postnatally, infant 
positioning such as swaddling with the lower limbs in 
extension, combined with ligamentous laxity also has a 
rôle. 

Epidemiology 

The true incidence of hip dislocation can only be 
presumed. There is no "gold standard" for diagnosis 
during the newborn period. Physical examination, plain 
radiography and ultrasonography are ail fraught with 
faise-positive and false-negative results. The reported 
incidence of DDH is influenced by genetic and racial 
factors, diagnostic criteria, the expérience and training 
of the examiner and the âge of the child at the time of 
examination. DDH is not always détectable at birth, but 
some newborn screening surveys suggest an incidence 
as high as 1 in 100 newborns with evidence of hip 
instability at birth. In an élégant study, Barlow showed 
that hip instability was seen in almost 1 in 100 newborns 
at birth. 60% of these stabilized in the first week of life 
and 90% in the first 1 month. 3 The quoted incidence of 
frank dislocation is reported to be 1 - 1.5 per 1000 live 
births, confirming that most cases of hip instability résolve 
in the first few weeks after birth. 3,4 The incidence is much 
lower in Chinese and Africans (0.1 per 1000) and highest 
among the white race. There is no study which has 
documented the true incidence of DDH in the Indian 
population. Mohanty and Chacko (1986), 19 reviewed 
37 cases over a 12-year period, but commented that the 
low incidence is due to late diagnosis or ignorance. There 
is a definite prépondérance of females affected by DDH, 
the female to male ratio being as high as 6:1. 

Etiology and Risk Factors 

Several factors hâve been implicated in the causation of 
DDH. These include ligamentous laxity, mechanical 
forces, genetic influences and postnatal environmental 
factors. 

1. Ligamentous laxity: Laxity of the capsule of the hip 
joint and its associated ligaments is one of the prime 
factors in the etiology of DDH. This phenomenon is 
thought to resuit from the action of the maternai sex 


hormones responsible for the physiologie prénatal 
relaxation of the maternai ligaments in préparation 
for labor. 

2. Mechanical forces : Malposition of the foetus in utero 
and mechanical factors hâve been implicated in the 
etiology of DDH. A high incidence of DDH is seen in 
children born by breech présentation (almost 1 in 35). 
There is also a greater incidence of DDH in first born 
children related to an unstretched utérus, taut 
abdominal muscles, oligohydramnios and increased 
likelihood of breech présentation in primigravidas. 5 
Mechanical pressure resulting from oligohydramnios 
can lead to "packaging defects such as DDH, torticollis 
and metatarsus adductus. 

3. Genetic influences : There is a definite genetic 
prédisposition to DDH that runs in a family. Wynne- 
Davies carried out a detailed survey of genetic factors 
in 600 index patients with DDH and established the 
following risk to subséquent members of a family 
when DDH is présent : when a sibling is affected the 
risk to subséquent siblings is 6%, when one parent is 
affected the risk to the child is 12% and when a parent 
and child are affected, the risk to the subséquent child 
is 36%. She suggested that the genetic prédisposition 
opérâtes through two separate inheritable 
mechanisms : acetabular dysplasia which is inherited 
as a polygénie trait and generalized joint laxity which 
is inherited as a dominant trait with incomplète 
penetrance. 6 

4. Postnatal environmental factors : Societies that 
practice swaddling (hips bound in a position of 
extension and adduction) hâve a higher incidence of 
DDH. 

Etiology of DDH 

• Ligamentous laxity 

• Mechanical forces in utero 

• Genetic prédisposition 

• Postnatal environmental factors 

Combining ail these epidemiological and etiological 

factors, a high-risk group of patients for DDH can be 

identified. These risk factors include : 

• Female child 

• Breech delivery 

• Positive family history especially in first-degree 
relatives (e.g. mother, sis ter) 

• Firstborn 

• Oligohydramnios 

• Torticollis 

• Metatarsus adductus, calcaneovalgus and other foot 
deformity 

• Persistent hip asymmetry 
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The first three risk factors are the most important and 
any child manifesting these in combination must be 
carefully screened for DDH. Spécial mention has to be 
made of screening programs - at présent no large scale 
screening program exists in our country and pediatricians 
or obstetricians usually do not get an orthopédie opinion 
at birth for high-risk cases also. The value of this is 
underlined by the fact that most cases in India are seen 
after the âge of walking, when the treatment becomes 
more complicated and the prognosis more grave. Not 
only is an examination by an expert important at birth, 
but it has to be understood that multiple examinations 
till the âge of walking are mandatory in cases who are at 
risk. 

PATHOANATOMY OF DDH AND OBSTACLES TO 
REDUCTION 

The spectrum of pathologie anatomy in DDH is 
dépendent upon the severity and the âge of dislocation. 7 
In the dislocatable or unstable hip, the capsule is loose 
and stretched out. The ligamentum teres is elongated and 
may be attenuated. The labrum may be everted and the 
acetabulum is usually dysplastic. Usually there is 
excessive antétorsion of both the proximal fémur and the 
acetabulum. 

In the dislocated hip, the fémoral head is displaced 
upward and backward completely out of the acetabulum 
to lie on the latéral wall of the acetabulum. As âge 
advances, adaptive changes occur in and around the hip 
joint which ultimately combine together to prevent the 
fémoral head from reducing concentrically within the 
true acetabulum. These form barriers to réduction and 
are well-appreciated in a neglected hip dislocation. These 
obstacles to concentric réduction may occur singly or in 
combination and include : 

• A thickened, elongated capsule with a narrowed 
introitus that prevents the fémoral head from entering 
the true acetabulum. Adhesions may also develop 
between the superior part of the capsule and the 
latéral wall of the acetabulum or between the inferior 
capsule and the floor of the acetabulum. 

• A hypertrophie and flattened ligamentum teres that 
obstructs réduction of the head into the acetabulum. 

• A thickened limbus , which is a pathologie response of 
the fibrocartilaginous labrum to eccentric pressure. 
In long-standing dislocations with up and down 
motion of the dislocated fémoral head, the limbus 
hypertrophies, inverts and présents as a rigid semi- 
diaphragm interposed between the fémoral head and 
the acetabulum. 


• An hourglass constriction of the capsule produced by 
the iliopsoas tendon which markedly reduces the 
diameter of the entry into the acetabulum by the 
formation of a capsular isthmus. 

• A hypertrophie pulvinar which is a pad of fibrofatty 
tissue lining the base of the acetabular socket. 

• A hypertrophie inferior acetabular ligament which 
blocks the entry into the lower part of the acetabular 
cavity. 

• Finally, contracted pelvifemoral muscles such as the 
adductors, abductors, hamstrings and hip flexors form 
important extra-articular barriers to réduction. 

Obstacles to Concentric Réduction 

Intra-articular 

• Capsule 

• Ligamentum teres 

• Limbus 

• Pulvinar 

• Inferior acetabular ligament 

Extra-articular 

• Iliopsoas 

• Pelvifemoral muscles 

DIAGNOSIS AND CLINICAL ASSESSMENT OF DDH 

A. In the néonatal period - In the newborn, the diagnosis 
of DDH relies on two important clinical signs : the 
Barlow and the Ortolani tests. 

The Ortolani sign was described in 1936 as a palpable 
sensation of the hip gliding in and out of the 
acetabulum. 8 It is interesting to note that this sign was 
brought to the attention of Ortolani, a pediatrician, 
by a mother who felt the clunk everytime she changed 
her baby's nappies! The Ortolani test must be 
performed with the baby relaxed and lying supine 
on a firm examination table. The pelvis is stabilized 
with one hand while the other hand is used to hold 
the lower limb with the hip flexed to 90°. The 
examiner's index and middle fingers are placed on 
the latéral aspect of the thigh near the greater 
trochanter while the thumb is placed medially. The 
hip is the gently abducted and one can feel a clunk as 
the fémoral head glides over the posterior rim of the 
acetabulum into the socket. This is recorded as the 
"clunk of entry" or segno del scatto as originally 
described by Ortolani. Next the hip is adducted and 
the fémoral head is displaced out of the acetabulum 
with a palpable clunk - the "clunk of exit". 



3596 Textbook of Orthopedics and Trauma (Volume 4) 


The Barlow test is a provocative maneuver to détermine 
whether the hip is dislocatable. 3 Similar to the Ortolani 
test, the examiner attempts to displace the fémoral head 
out of the acetabulum by adducting the hip and 
applying pressure posteriorly (Figs IA and B). 

B. In the older infant, the Ortolani and Barlow tests may 
be négative especially after the âge of 4 - 6 months. 
The most reliable clinical sign in this âge is limitation 
of abduction. Other signs include apparent shortening 
of the thigh (Galeazzi sign), asymmetry of gluteal and 
thigh folds, telescopy and limb length inequality. In 
patients with bilateral dislocations, clinical findings 
include a waddling gait and lumbar hyperlordosis. 
Clinical signs of DDH: 

• Barlow test/Ortolani sign 

• Restriction of abduction 

• Galeazzi sign 

• Asymmetry of thigh and gluteal folds 

• Telescopy 

• Limb length inequality 

• Waddling gait 

• Lumbar hyperlordosis 

INVESTIGATIONS 

1. X-rays: X-rays hâve little rôle to play in the diagnosis 
of DDH in the newborn and at times may be quite 



misleading. Much of the newborn pelvis is 
cartilaginous and hence not visible on routine 
radiograms. Furthermore, the fémoral head is not 
ossified at birth and its relationship to the acetabulum 
is hard to détermine. A further problem is that in an 
unstable hip, a single static X-ray may be normal 
though dynamic instability may be présent. Clinical 
examination and dynamic ultrasound are superior in 
this setting. X-rays are most reliable after the âge of 3- 
6 moths when an ossifie nucléus is présent in the 
capital fémoral epiphysis. In a properly made 
anteroposterior radiograph of the pelvis, latéral and 
upward displacement of the fémoral head are looked 
for. If ossification centers are not visible, the position 
of the fémoral head can be surmised by a few 
important lines and landmarks. These include the 
Hilgenreiner's line and the Perkins line (Fig. 2). The 
médial margin of the proximal epiphysis should 
normally lie médial to Perkin's line and inferior to 
Hilgenreiner's line. If it is laterally and superiorly 
displaced, it a very reliable sign of dislocation. A break 
in the Shenton's line and a widened teardrop are also 
suggestive of DDH. Acetabular dysplasia can be 
measured by the Acetabular index which is normally 
27° in the newborn and decreases to less than 20° by 
2 years of âge (30° is the upper limit of normal). 9 




Figs IA and B: (A) Ortolani test. To note the feel of the ‘clunk’ at réduction, (B) Barlow provocative test 
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Figs 3A and B: Harke’s dynamic USG:(A) A normal ultrasound 
is seen in the right upper panel, (B) while an unstable hip is 
seen in the right lower panel 


X-ray landmarks in DDH: 

• Perkins line 

• Hilgenreiner's line 

• Shenton's line 

• Acetabular index 

• Center-Edge angle 

• Widened teardrop 

2. Ultrasound: Ultrasound has recently become the 
primary imaging tool to assess the hip joint of the 
neonate and young infant. Two methods of 
ultrasound imaging are available - 

• Static non-stress technique popularized by Graf of 
Austria 10 (Fig. 3A and B) 

• Dynamic stress technique described by Harke and 
Clarke. 11 

The Graf technique is a morphological assessment and 
relies on anatomie characteristics of the hip joint. 
Emphasis is placed on dysplastic changes in the 
acetabulum rather than on instability. This is 
accomplished by measuring two angles on the ultrasound 
image - the alpha angle which is a measurement of the 
slope of the superior aspect of the bony acetabulum 
(normally > 60°), and the beta angle which évaluâtes the 
cartilaginous acetabulum (normally < 55°). The hip is 
classified into 4 types and subtypes depending on these 
two angles besides other factors. 10 

The Harcke technique involves imaging in both 
transverse and coronal planes and while applying 
stress. 11 Motion can be visualized in real-time and 
provides a means of seeing what occurs during the 
Ortolani and Barlow maneuvers. Recently, Graf and 
Harcke combined their methods into a Dynamic Standard 
Minimum Exam (DSME 1993). The key points of this 
combined exam are to examine the hip in two planes at 
right angles to each other, to assess morphology and 
stability, and to examine the hip at rest and on stress. 

The indications for ultrasound in the diagnosis and 
treatment of DDH are not universally established. In 
Europe it is used as a routine screening tool for ail 
newborns, but this can resuit in overdiagnosis and over- 
treatment. Furthermore it is not cost-effective and 
sélective screening of high-risk newborns does not appear 
to reduce the prevalence of late diagnosed cases of DDH. 
The American Academy of Paediatrics (AAP) guidelines 
for the use of ultrasound in DDH hâve recently been 
published and are the standard of care for newborn 
screening in the US. According to the AAP 
recommendations (Paediatrics 2000:105), ultrasound of 
the hip is to be selectively performed only in high-risk 
infants (e.g. female breech, positive family history etc). 
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or if abnormal physical findings such as asymmetric hip 
abduction, hip clicks etc persist after 4 weeks of âge. 
Ultrasound screening at birth is not recommended and 
the idéal âge for sélective ultrasound has been set at 4 
weeks of âge so that minor varieties of hip instability are 
not treated unnecessarily. 

Techniques of Ultrasound for DDH 

• Static non-stress technique (Graf) 

• Dynamic stress technique (Harcke and Clarke) 

• Dynamic Standard Minimum Exam (Combined 
technique) 

3. Arthrography : This is an extremely useful modality 
for imaging the infant hip and has remained the 
"gold-standard" for many years. 12 Arthrography will 
show and define the limits of the capsule and 
abnormal adhesions and constrictions. It provides 
information regarding the depth of the acetabulum 
and the thickness of the cartilage of the fémoral head 
and the socket. It depicts the intrinsic barriers to 
concentric réduction such as an inverted limbus or 
hypertrophied ligamentum teres or pulvinar. Under 
image intensifier control, arthrography can 
dynamically détermine the zone of safe réduction, 
concentricity of réduction and anatomie factors of 
instability. Typical arthrographic findings seen in 
DDH include : 

• Blunting of the rose-thorn sign outlining the limbus 

• Hourglass constriction of the capsule 

• Médial pooling of dye > 7 mm 

• Filling defect in the floor of acetabulum by 
hypertrophie pulvinar 

• Space-filling defect by hypertrophied ligamentum 
teres. 

Arthrography is performed by an aseptie technique 
using radiopaque contrast medium such as Urografin 
(Sodium diatrizoate 76%, 1:1 dilution) injected by a 
médial or anterior portai into the hip joint. 

4. MRI scan : MRI scan is a newer and exciting modality 
for imaging in DDH. 13 Obstacles to réduction can be 
clearly defined on MRI which has the advantage of 
being non-invasive. The high cost involved and the 
need to sedate the child during scanning, however, 
prevent the more wide-spread use of this imaging 
modality in DDH. MRI is invaluable in cases of 
révision surgery for DDH in which anatomical 
landmarks are poorly defined. 

5. CT Scan and 3D reconstruction : This modality of 
imaging is especially useful in studying acetabular 
and proximal fémoral morphology in late-diagnosed 


cases and residual acetabular dysplasia in the older 
âge group. 

TREATMENT OF DDH 

Based on the understanding of the normal growth and 
development of the hip joint, the fundamental treatment 
goals in DDH are the same, regardless of âge. The 
principal goals are to obtain a concentric réduction, to 
maintain that réduction and to prevent proximal fémoral 
growth disturbance. Treatment modalities, however, 
differ depending on the âge of présentation and thus 
treatment is presented depending on the âge of the 
patient. Treatment can broadly be divided into the 
following âge groups : 

1. Birth to 6 months of âge 

2. 6 months to 18 months of âge 

3. 18 months to 3 years of âge 

4. >3 years of âge 

1. Birth to 6 months ofage : The diagnosis and treatment of 
DDH should be iniated in the newborn nursery. Minor 
degrees of hip instability may be observed for 2-3 weeks 
for natural resolution to occur. Major instability and 
dislocated hips (Ortolani positive) should be treated 
as soon as possible. The most commonly used device 
for the treatment of DDH in the newborn is the Pavlik 
harness. Though other devices are available (e.g. von 
Rosen splint, Ilfeld splint, Frejka pillow), the Pavlik 
harness is popular for its well-established efficacy and 
ease of use. When appropriately applied, the Pavlik 
harness prevents hip adduction and extension but 
allows flexion and abduction which leads to réduction 
and stabilization. The principle of proper application 
is not forced abduction but rather prévention of 
adduction. The surgeon should be well-versed with 
proper application techniques. 14 The chest strap should 
be positioned at the nipple line and the shoulder straps 
are set to hold the cross straps at this level. The leg and 
foot stirrups must hâve their straps oriented anterior 
and posterior to the knees. Hip flexion should be set at 
100-110°. The flexion strap should be fixed in the 
anterior axillary line. The posterior abduction straps 
should be adjusted to allow comfortable abduction. 
No forceful abduction is tolerated and the posterior 
straps merely act as checkreins to prevent the hip from 
adducting to the point of redislocation. The harness is 
used full-time for a minimum of 6-8 weeks before 
weaning is initiated. Ultrasound is a useful means of 
documenting improvement. The harness is checked at 
7-10 day intervals to assess hip stability and to adjust 
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the straps to allow for growth of the child. Most hips 
stabilize within days or weeks. Success rates for the 
Pavlik harness vary from 95% for the dislocatable hip 
to 70-85% for the frankly dislocated hip at birth. 

2. 6 months to 18 months of âge: It is difficult to maintain a 
child older than 6 months of âge in a Pavlik harness 
because of the activity levels. In this âge group, closed 
réduction and immobilization in a hip spica is the 
treatment of choice. This may or may not be preceeded 
by a period 2-3 weeks of skin traction. The theoretical 
purpose of traction is to facilitate réduction by graduai 
stretching of the soft-tissue structures and to avoid 
inciting avascular necrosis by sudden réduction. 15 
This is however, a somewhat controversial topic and 
there are no well-controlled studies that analyze the 
effect of traction as a single variable (Figs 4A to D). 
Closed réductions are done in the operating room and 
are always to be performed gently under general 
anesthésia. The fémoral head is gently manipulated into 
the acetabulum by flexion, traction and abduction. An 
open or percutaneous adductor tenotomy is almost 
always necessary prior to this maneuver. Because large 
portions of the fémoral head and acetabulum are 
cartilaginous, arthrography is a useful tool in assessing 


the obstacles to and the adequacy of réduction (Figs 5A 
and B). An anatomie, concentric réduction is the only 
acceptable réduction and nothing less should be accepted. The 
réduction is maintained in a well-moulded plaster cast. 
The "human position" of flexion >100° and abduction 
between 45- 60° within the "safe zone of Ramsey" is the 
preferred position. Extrême positions of abduction or 
internai rotation are to be avoided, they are associated 
with an increased incidence of proximal fémoral growth 
disturbances. The time of maintenance of réduction in 
the spica casts varies considerably with a minimum of 6 
weeks and a maximum of 6 months. Réduction after spica 
application should be documented ideally with a few 
axial CT scan cuts, MRI or ultrasonography. Once the 
plaster is removed and the hip is stable, further 
maintenance requires use of an abduction orthosis that 
is used full-time for 3 months and in the night for another 
6-12 months. 

Repeated attempts at closed réduction should be 
avoided to prevent growth disturbances to the proximal 
fémur. If a concentric réduction cannot be obtained or 
maintained following a single attempt of closed réduction 
and adductor tenotomy, then closed treatment should be 
abandoned and an open réduction of the hip should be 



Figs 4A to D: Closed réduction and spica immobilization in human position 
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Ljmbüs from postent)r and 
superior border of acetabulum 
interposed between fémoral 
epiphysis and acetabulum 
preventing réduction of fémoral 
head 




Figs 5A and B: Obstructions to closed concentric réduction of DDH 


carried out. A careful assessment of the hip joint must be 
made by arthrography or MRI to analyze the cause of failure 
of closed réduction. 

Indications for Open Réduction 

• Failure of closed réduction 

• Persistent subluxation 

• Soft tissue interposistion 

• Unstable réduction 

Open réduction can be carried out by a variety of 
surgical approaches. The anterior Somerville approach 
using a bikini incision as described by Salter is the 
preferred approach. Médial approaches to the hip joint 
are associated with an unacceptable risk of avascular 
necrosis and should be avoided. 

Checklist for Open Réduction by Antérolatéral Approach 

• Interval between sartorius and tensor fascia lata 

• Identify and preserve latéral cutaneous nerve of the 
thigh 

• Release both heads of rectus femoris 

• T-shaped incision in capsule 

• Excise hypertrophie ligamentum teres 

• Clear acetabulum of pulvinar 

• Evert an inverted limbus - occasionally radial cuts 
may be required 

• Divide inferior acetabular ligament 

• Gentle réduction of fémoral head into acetabulum 


• Meticulous capsulorrhaphy 

• Reattach rectus, abductors, sartorius 

• Subcuticular closure. 

Following open réduction, a hip spica is applied and 
maintained for a minimum of 3 months, followed by an 
abduction orthosis for a few months. 

3. 18 months to 3 years ofage: Once a child reaches walking 
âge, closed réduction is almost always unsuccessful 
and open réduction is required. 16,17 With weight- 
bearing, the fémoral head migrâtes superiorly, and 
open réduction must be preceded by a period of pre- 
operative skin traction or concomitant fémoral 
shortening. Open réduction is performed as described 
before and the fémoral head is gently maneuvered 
into the acetabulum. If the réduction is achieved with 
difficulty or if the fémoral head is reduced under 
pressure, a simultaneous fémoral shortening with or 
without a varus osteotomy is performed simul- 
taneously. In this âge range, because the potential for 
acetabular remodeling is markedly diminished, many 
surgeons recommend a concomitant acetabular 
procedure in conjunction with an open réduction. The 
decision about whether to perform a secondary 
acetabular procedure is occasionally subjective. If the 
acetabulum appears dysplastic or if the réduction is 
unstable, an acetabular procedure is warranted. The 
preferred acetabular preedure is an innominate 
osteotomy as described by Salter or a Pemberton 
osteotomy. Periacetabular ostéotomies such as the 
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Albee shelf or the Dega osteotomy are recently gaining 
popularity. 

4. >3 years ofage : After the âge of 3 years, open réduction 
of the hip should be accompanied by a varus 
osteotomy, fémoral shortening and a concomitant 
acetabular procedure depending on hip stability at 
the time of open réduction. 18 

Fémoral osteotomy: Fémoral osteotomy canbe done above 
the lesser trochanter or below it. The fémur is usually 
exposed through another latéral incision and an 
osteotomy is performed in the intertrochanteric area. A 
K-wire is passed through the proximal fragment and out 
of the center of the fémoral head. The head is then 
concentrically reduced into the acetabulum taking care 
to provide optimum coverage by flexion, abduction and 
internai rotation. The K-wire is advanced into the 
acetabulum and the réduction is held temporarily. The 
distal fragment is then aligned in the neutral position after 
excising the necessary wedge of bone and fixed to the 
proximal fragment with an AO small fragment plate. 
After a meticulous capsulorrhaphy, the temporary K-wire 
I removed. 

Salter Osteotomy: The aim of this procedure is to redirect 
the acetabular floor downwards and forwards. The hinge 
for this movement is the pubic symphysis, and hence, 
this is ideally done between the âge of 18 months and 6 
years, after the hip has been reduced and the Socket has 
been found to be déficient. Ail contractures should be 
reduced and the hip should be congruent. The results 
are better in younger patients and poorer when it is done 
after the failure of other procedures. A VN is known to 
occur in 5.7 percent of the hips. The osteotomy is done 
just above the acetabulum, by using a Gigli saw passed 
through the greater sciatic notch, or by a eut made from 
the anteroinferior iliac spine to the sciatic notch. The 
sciatic nerve has to be carefully protected. The distal 
fragment is hinged downwards, forwards and outwards, 
and maintained in position by a bony wedge taken from 
iliac chest. By adding two K-wires across the osteotomy, 
there is less chance of loss of correction. 

SEQUELAE AND COMPLICATIONS 

• Residual acetabular dysplasia 

• Residual fémoral dysplasia 

• Subluxation/re-dislocation 

• Stiffness 

• Avascular necrosis and proximal fémoral growth 
disturbances 

In conclusion, the goal of treatment of DDH is to 


obtain a clinically and radiologically normal hip at 
maturity to prevent degenerative joint disease in the 
future. The key to diagnosis and successful management 
of DDH is early détection and prompt treatment. It is the 
initial physician who has the greatest chance of 
successfully achieving a normal hip. Orthopédie surgeons 
must educate primary care colleagues in making the 
diagnosis early and in initiating prompt referral. 
Optimum management can be provided by a trained 
pédiatrie orthopedist who has the necessary skill, 
expérience and knowledge and not by the surgeon who 
sees and treats DDH only occasionally. Unlike a 
prosthetic arthroplasty which may need to function only 
for a few décades, a dislocated hip in a child needs to last 
a lifetime and thus its treatment should be taken with a 
great deal of seriousness. 

REFERENCES 

1. Klisic P. Congénital dislocation of the hip : a misleading term. J 
Bone Joint Surg 1989;71-B:136. 

2. Strayer L. Embryology of the human hip joint. Clin Orthop 
1971;74:221. 

3. Barlow T. Early diagnosis and treatment of congénital dislocation 
of the hip. J Bone Joint Surg 1962;44-B:292. 

4. Weinstein S, Ponseti I. Congénital dislocation of the hip. J Bone 
Joint Surg 1979;61-A:119. 

5. Suzuki S, Yamamuro T. Corrélation of fêtai posture and congénital 
dislocation of the hip. Acta Orthop Scand 1986;57:81. 

6. Wynne-Davies R. Acetabular dysplasia and familial joint laxity. 
J Bone Joint Surg 1970;52-B:704. 

7. Dunn P. The anatomy and pathology of congénital dislocation of 
the hip. Clin Orthop 976;119:23. 

8. Ortolani M. Congénital hip dysplasia in the light of early and 
very early diagnosis. Clin Orthop 1976;119:6. 

9. Laurenson R. The acetabular index: a critical review. J Bone Joint 
Surg 19589;41-B:702. 

10. Graf R. Classification of hip joint dysplasia by means of 
sonography. Arch Orthop Trauma Surg 1984;102:248. 

11. Harke H, Kumar J. The rôle of ultrasound in the diagnosis and 
management of congénital dislocation and dysplasia of the hip. J 
Bone Joint Surg 1991;73-A:622. 

12. Severin E. Contribution to the knowledge of congénital dislocation 
of the hip joint. Acta Chir Scand 1941;84:1. 

13. Kashiwagi N, Suzuki S, et al. Prédiction of réduction in DDH by 
MRI. J Pediatr Orthop 1996;16:254. 

14. Mubarak S, Garfin S, et al. Pitfallis in the use of the Pavlik 
harness for treatment of congénital dislocation of the hip. J 
Bone Joint Surg 1981;63-A:1239. 



3602 Textbook of Orthopedics and Trauma (Volume 4) 


15. Gage J, Winter R. Avascular necrosis of the capital fémoral 
epiphysis as a complication of closed réduction of congénital 
dislocation of the hip. J Bone Joint Surg 1972;74-A:624. 

16. Shoenecker P, Strecker W. Congénital dislocation of the hip in 
children. J Bone Joint Surg 1984;66-A:21. 

17. Wenger DR. Congénital hip dislocation: Techniques for primary 
open réduction including fémoral shortening. Instr Course Lect 
1989;38:343. 


18. Galpin R, Roach J, Wenger DR. One-stage treatment of 
congénital dislocation of the hip in older children including 
fémoral shortening. J Bone Joint Surg 1989;71-A:737. 

19. Mohanty SP, Chacko V. Congénital dislocation of the hip—a 
review of 37 consecutive cases. Ind J Orthop 1986;20(1):9. 




Congénital Short Fémur 
Syndrome (Proximal 
Focal Fémoral Deficiency) 


GS Kulkarni 


INTRODUCTION 

The spectrum of defective development of the fémur 
ranges from simple congénital short fémur 2 to complété 
absence of the fémur. 

The deficiency consists of osseous defect and 
deformity. This may be associated with dysplasia, insta- 
bility and stiffness of the hip, knee and patellofemoral 
joints. There may be associated dysplasia of the 
acetabulum. 

Classification 

Aitken Classification (Figs IA to D) 

The Aitken classification System has some clinical 
relevance and is the most widely used System for 


classifying fémoral deficiencies. PFFD are categorized as 
type as type A, B, C or D. 6 

The other classification Systems are Pappas classi¬ 
fication and Gillespie classification. 

Congénital Short Fémur 2 Severity Grade 

1. Short, intact, hip mobile, knee mobile 

2. Short, stiff pseudarthrosis, hip mobile, knee mobile 

3. Short, mobile pseudarthrosis, hip mobile, knee mobile 

4. Short, mobile pseudarthrosis or absent proximal 
fémur, hip stiff or absent, knee mobile 

5. Short, mobile pseudarthrosis or absent proximal 
fémur, hip stiff or absent, knee stiff 

6. Absent fémur. 

Pappas has classified congénital short fémur into 
nine types. 5 






Figs 1A to D: In type A there is varus angulation in the subtrochanteric area often with pseudarthrosis. In type B no osseous 
correction between head and shaft. In type C no articular relation between fémur and acetabulum. In type D severe proximal 
deficiency of fémur 
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1. Congénital absence of the fémur 

2. Proximal fémoral and pelvic deficiency 

3. Proximal fémoral deficiency 1 with no osseous 
connection between fémoral shaft and head 

4. Proximal fémoral deficiency with disorganized 
fibrosseous disconnection between fémoral shaft and 
head 

5. Midfemoral deficiency with hypoplastic proximal and 
distal development 

6. Distal fémoral deficiency 

7. Hypoplastic fémur with coxa vara and sclerosed 
diaphysis 

8. Hypoplastic fémur with coxa valga 

9. Hypoplastic fémur with normal proportions. 

Paley's classification System is based on severity of 

deficiency and deformity. It is these factors that are used 
to décidé on treatment options. His classification is 
treatment oriented. 

Associated Anomalies 

There is high incidence of associated anomalies. Fibular 
hemimelia is the most common associated anomaly. 
Valgus deformed, stiff knee is often observed. 

Clinical Feature 

The thigh is bulky and short. There is limb lengthening 
discrepancy. The acetabulum may be dysplastic. Hip joint 
may be mobile or stiff. 

Hip has usually a varus deformity. There is fixed 
flexion deformity with external rotation. The knee may 
be in valgus and may hâve fixed flexion deformity. 

The fémur is short and varus. There may be pseudar- 
throsis at the neck of the fémur, which may be stiff or 
mobile. The hip, knee and patellofemoral joint may be 
subluxated or dislocated or may be stiff. There is little or 
on telescoping at the site of nonunion. 

Functionally, severe limb length discrepancy is the 
outstanding problem of the fémoral déficient patient such 
that prosthetic management for ambulation becomes the 
cornerstone of treatment, with surgery mainly employed 
for alinement or to aid in prosthetic fitting. 

Persistent severe coxa vara produces deformity of the 
fémoral head and arthrosis. If the growth plate angle is 
60° or more, there is high likelihood that the coxa vara 
will be progressive. 

Evaluation 3 

A thorough clinical examination is extremely important. 
Mobility should be tested at the hip, knee, patellofemoral 
joint, and joint of the foot and ankle. 

The shortening is progressive and the knee rides 
higher and higher. The hip and knee flexion deformities 


increase, making the limb functionally shorter. A gluteus 
médius lurch is common. Based on the clinical exami¬ 
nation and the initial radiograph, one should try to 
détermine if the fémur has a fémoral head or a 
pseudarthrosis, varus deformity of the hip and acetabular 
dysplasia. If there is nonunion, examination under 
fluoroscopy will détermine if the pseudarthrosis is mobile 
or stiff and also whether the head moves in the 
acetabulum is noted. In a stiff pseudarthrosis, the fémoral 
head moves with the fémur. If the pseudarthrosis is 
mobile, one has to détermine whether the head is fixed 
in the acetabulum. If the hip is not moving in the 
acetabulum, osteosynthesis would cause a total stiff hip. 
The presence of a well-developed acetabulum may 
suggest that the fémoral head is mobile. MRI and 
ultrasound may be useful. Ail movements of the hip are 
carefully noted down so also the fixed flexion deformity. 
Lack of abduction is a sign of varus deformity of the hip 
rather than dislocation of the hip. External rotation of 
the limb is also typical of ail grades of CSFS. 

Despite radiographie defect, there is cartilaginous 
connection that has a tendency to progressively ossify 
with advancing skeletal maturity. The knee joint usually 
has valgus and fixed flexion deformity. The range of 
motion of the knee is the critical feature. The patella 
should be palpated and its tracking observed. Also 
détermine if there is any subluxation or dislocation of 
the hip, knee and patellofemoral joint. Carefully examine 
the ankle and foot for any deformity. 

Treatment 

There are two types of treatment: 

1. Reconstruction of the hip, knee and fémur by 
osteotomy and limb lengthening (Figs 2A to D) 

2. Prosthetic replacement with or without surgery or 
amputation. 

Congénital Short Fémur with Hip and Knee Normal 

See Figs 5A to F. 4 

PALEY’S CLASSIFICATION (FIGS 3A TO C) 

Type 1: (Subtrochanteric osteotomy and limb lengthen¬ 
ing) This type of patient requires limb lengthening and 
correction of varus deformity of the shaft of the fémur. 
In the absence of adéquate physiotherapy, limb lengthen¬ 
ing program should never be considered. 

Type 2; (Stiff pseudarthrosis) Osteotomy of proximal 
fémur to decrease shear on pseudarthrosis and reorient 
it more perpendicular to the weight-bearing axis while 
correcting varus and flexion deformities. Distraction will 
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Figs 2A to D: (A) This boy aged 9 years had congénital shortening (8 cm) of the 
fémur, the apex of the varus deformity is shown by the third wire which is the 
osteotomy site to correct the angulation deformity and lengthening, and the other 
wire indicates the approximate site of the rings, (B) llizarov apparatus with 
distraction at the end of 6 weeks, (C) shows consolidation, and (D) clinical 
photographs with apparatus on notice the hinge placement on the latéral side 
and restoration of limb length distraction bar medially 




Fig. 3A: Type la-Intact fémur with mobile hip and knee. Normal Fig. 3B: Type 2a-Mobile pseudarthrosis with mobile knee. 
ossification proximal fémur. Type Ib-Delayed ossification Fémoral head mobile in acetabulum. Type 2b-Femoral head 
proximal fémur absent or stiff in acetabulum 
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Partially Mobile 
Knee >45° 




Fig. 3C: Type 3a-Diaphyseal deficiency of fémur. Knee 
motion > 45°. Type 3b-Knee motion < 45° 


cause new bone formation and unité the fracture. 
Distraction should be only 1 to 3 cm. The proximal fémur 
is stabilized to the pelvis during correction. The fixation 
crosses the knee to prevent sub-luxation. 

Type 3: (Mobile pseudarthrosis) Attempt is made to open 
the pseudarthrosis bone graft and reoriented. 

Type 4; Mobile pseudarthrosis with stiff hip fémoral head 
if fixed in the acetabulum. Here osteosynthesis should 
not be tried. The treatment is pelvic support osteotomy 
with limb lengthening. This type of hip reconstruction is 
not performed until âge of 10 to 16 years. 

Type 5: It is extremely difficult to treat this type. The best 
resuit that can be hoped for in these limbs with a 
lengthening program to equalization of limb length, a 
mobile hip, a mobile ankle and a stiff knee with at the 
most 45° of motion. The other alternatives are van Ness 
operation or Syme's procedure. 

Type 6: These patients are better left alone. 

Existing classifications of congénital short fémur and 
proximal fémoral focal deficiency are descriptive but are 
not helpful in determining treatment. 

Paley’s CFD Classification 

Type 1: Intact fémur with mobile hip and knee 

• normal ossification proximal fémur 

• delayed ossification proximal fémur. 

Type 2: Mobile pseudarthrosis with mobile knee 

• fémoral head mobile in acetabulum 

• fémoral head absent or stiff in acetabulum. 
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Type 3: Diaphyseal deficiency of fémur 

• knee motion > 45° 

• knee motion < 45°. 

Knee joint mobility/deficiency rather than hip joint 
mobility/deficiency is the most important determining 
factor for functional outcome and reconstructibility of 
congential short femora. 

Type 1 CFD: Intact Fémur 

Hip and knee considérations: This group is the most re¬ 
constructible. Before lengthening, significant bone 
deformities and soft tissue contractures of the hip and 
knee should be reconstructed. At the hip, if the 
acetabulum has a center edge angle greater than 20°, the 
neck shaft angle is greater than 110°, the greater 
trochanter is not significantly overgrown such that the 
médial proximal fémoral angle is not less than 70°, then 
no hip surgery is required before the first lengthening. 
At the knee, if the fixed flexion deformity is less than 10° 
and the patella does not track and/or subluxate or 
dislocate laterally and if there is no evidence of significant 
rotary subluxation or dislocation of the tibia on the fémur 
with flexion and extension, then the knee does not require 
surgical reconstruction before lengthening. If, however, 
any of these criteria are not met, the hip and/or knee 
should be reconstructed before the first lengthening is 
performed. 

Acetabular dysplasia: It is very common for even mild cases 
of CFD to hâve acetabular dysplasia, which prédisposés 
the fémoral head to subluxation during lengthening. A 
center edge angle of less than 20° before fémoral 
lengthening is an indication for pelvic osteotomy. The 
acetabular dysplasia of CFD is not like that of 
developmental dysplasia of the hip. The deficiency is not 
predominantly antérolatéral. The deficiency is more 
superolateral, often with a hypoplastic posterior lip of 
the acetabulum. Therefore, the Dega osteotomy is our 
preferred method to improve coverage rather than the 
Salter or Millis-Hall modification of the Salter (combining 
innominate bone lengthening with the Salter). This is best 
done when the patient is 2 years of âge but can be done 
even in adolescents if the triradiate cartilage remains 
patent. 

Proximal fémoral deformities: The proximal fémoral 
deformity of CFD is not a simple coxa vara in most cases. 
Until recently, the pathoanatomy of this deformity was 
not clear. It is a complex combination of bone deformities 
in the frontal, sagittal, and axial planes combined with 
soft tissue contractures affecting ail three planes. The 
severity of these deformities is often mild in type la cases 


but is usually severe in type lb cases (Figs 5A to F). The 
obvious coxa vara is associated with an abduction 
contracture of the hip. If the coxa vara is corrected on its 
own, the abduction contracture will be uncovered. This 
contracture will prevent full valgus correction and/or 
prevent the hip from coming back to a neutral position 
relative to the pelvis. The abduction contracture causes 
a fixed pelvic tilt, which makes the limb length 
discrepancy (LLD) appear less than before surgery. In 
the face of an open growth plate or a non-ossified neck 
or subtrochanteric segment, as in type lb cases, the 
abduction contracture leads to récurrence of the coxa vara. 
Fixed flexion deformity of the hip is also often présent in 
these cases. The magnitude of the fixed flexion deformity 
is often masked by an extension deformity in the bone of 
the proximal fémur. External rotation deformity of the 
distal relative to the proximal fémur (rétroversion) is 
always présent. This is because of a combination of bone 
torsion and contracture of the piriformis muscle. The 
correction of these deformities is performed with a new 
surgical procedure developed by Dr. Paley, called as 
super hip procedure because of its complexity. Thus type 
I is associated (i) Coxa vara (ii) Absolute contracture (iii) 
Fixed flexion deformity (iv) Rétroversion, 

Super hip procedure: Super hip procedure is an extensive 
surgery of reconstruction of the proximal fémur and hip. 
Description of super hip procedure is beyond the scope 
of this chapter. 

Choice of Osteotomy Level for Lengthening of the 
Congénital Short Fémur 

In most cases, we prefer to lengthen the fémur using a 
distal osteotomy. Distalosteotomies hâve the advantage 
of a broader cross-sectional diameter for better bone 
formation and less deforming forces from the adductors 
and hamstrings. Distal osteotomy lengthening is doser 
to the knee joint and therefore has greater effect on knee 
range of motion and on knee subluxation. Proximal 
ostéotomies hâve less effect on knee range of motion but 
are more prone to poor bone consolidation, especially a 
narrow or partially déficient regenerate bone formation. 
With the external fixator only method of bone 
lengthening, there is a higher rate of fracture after 
removal of fixation in the proximal than in the distal 
lengthening groups. Proximal ostéotomies should be 
reserved for the technique of lengthening over nails 
because the nail prevents deformation of the proximal 
fémur both during and after removal of fixation and 
almost eliminate the risk of fracture. The other 
considérations for level of osteotomy are the associated 
deformities of the hip and knee. The external rotation 
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Figs 5A to F: (A and B) Congénital short fémur with severe coxa vara, and (C) proximal osteotomy was done to correct the varus 
deformity. The distal osteotomy is to lengthen the fémur—notice the pins in the pelvic bone, (D) Acute correction of the varus 
deformity and distraction of the distal osteotomy—notice osteotomy is done obliquely starting from distally reaching the médial 
cortex upwards and proximally and medially, while correcting the varus deformity this compresses hip osteotomy site, if the 
osteotomy transverse, the fragment might separate, (E) 7 cm of distraction—notice the subluxation of the knee joint and valgus 
deformity, and (F) the subluxation was corrected by extending the apparatus across the knee joint of the tibia 


deformity of the fémur with CFD should be corrected 
only by using a proximal osteotomy. Because the 
quadriceps muscle is in a normal relationship to the knee 
joint and because most of the quadriceps muscle 
originates distal to the level of a proximal fémoral 
osteotomy, a proximal fémoral derotation osteotomy 
reorients the quadriceps relative to the knee joint. A distal 
osteotomy leaves the bulk of the quadriceps muscle 
attached proximally in a latéral position and rotâtes the 
knee medially, thus increasing the effective Q angle and 
increasing the tendency to latéral subluxation/dislocation 
of the patella. Varus deformity of the hip or proximal 


fémoral diaphysis is corrected using a proximal 
osteotomy, whereas valgus deformity of the knee is 
corrected using a distal osteotomy. 

If the fémur has undergone previous super hip 
reconstruction, the proximal fémoral deformities should 
already be corrected and no proximal osteotomy is 
required at the time of lengthening. If there is previously 
untreated or residual/récurrent varus, flexion, and/or 
external rotation deformity despite previous osteotomy, 
these deformities can be addressed at the time of 
lengthening by acute correction with a proximal fémoral 
osteotomy. This proximal osteotomy should not be used 
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for lengthening because of the bone healing 
considérations noted above. In the distal fémur, an 
osteotomy is made to gradually correct the distal fémoral 
deformities of valgus and flexion. As noted above, this 
région of the fémur has a wider cross-sectional area than 
the proximal fémur and is not in the zone of sclerotic 
poorly healing bone. Therefore, the regenerate bone from 
the distal fémur is wider and stronger and subjected to 
less bending forces than in the proximal fémur. In older 
children with wider medullary canals (>7 mm), 
lengthening over nails can be performed. A proximal 
osteotomy can be used for lengthening with this 
technique because there is little risk of refracture with a 
rod in the medullary canal. Intramedullary nailing in 
children adds the risk of disturbance of growth of the 
apophysis (1) and avascular necrosis of the fémoral head. 1 
To avoid the latter, we use a greater trochanteric starting 
point and a nail with a proximal bend (e.g., humerai or 
tibial). To avoid a coxa valga deformity, we prefer to use 
this technique in patients with some coxa vara. The 
apophysiodesis created by the nail can lead to graduai 
correction of the coxa vara. Fixator only lengthening is 
the method we usually use for the first lengthening. 
Lengthening over nails is usually the method we chose 
for the second lengthening, if the anatomie dimensions 
and deformities mentioned above permit. 

Différence in treatment of types la and lb: In general, CFD 
type la (normal ossification) has less proximal fémoral, 
hip, and knee deformity, deficiency, and discrepancy 
than does CFD type lb (delayed ossification). This is not 
always the case. 

Most type la cases do not require the complex super 
hip reconstruction. Approximately half of the type la 
cases do require pelvic osteotomy before lengthening. Ail 
type la cases require extension of the fixator across the 
knee to protect the knee joint. The distinction between 
types la and lb should be made in infancy because the 
natural history of type lb is to ossify. Therefore, adult 
type lb cases generally appear to be severe type la cases. 
The strategy of treatment for type lb is to correct ail the 
associated deformities, which will allow the proximal 
fémur and hip to be more normally oriented and accept 
more axial loading. The response to the anatomie change 
is ossification of the proximal fémur and conversion from 
type lb to type la. We do not lengthen type lb cases until 
they convert to type la. This conversion usually occurs 
within 2 years of the super hip procedure. Our preference 
for the first lengthening is between the âges of 2 and 4 
years. Patients with type la CFD typically undergo their 
first lengthening at âge 2 years, whereas patients with 
type lb CFD undergo their lengthening doser to âge 4 
years. 


Treatment CFD Type 2 

The goal of treatment in this group is to reconstruct the 
hip and then perform lengthening. Although type 2a 
differs from type 2b by the presence of a mobile fémoral 
head, attempts at connecting these together is often met 
with failure or stiffness of the hip. Therefore, the preferred 
option is to reconstruct the hip without directly joining 
the proximal fémur to the fémoral head and neck. This is 
accomplished by combining a pelvic support osteotomy 
for hip reconstruction with a distal fémoral lengthening 
and realignment osteotomy. This combination is called 
the Ilizarov pelvic support osteotomy to distinguish it 
from other pelvic support ostéotomies that do not include 
a second osteotomy for distal fémoral lengthening and 
realignment. In very young children with very short 
femora, the fémur may be too small to perform both the 
pelvic support and the distal lengthening ostéotomies. 
In such cases, pins are extended to the pelvis to prevent 
proximal migration during lengthening. The lengthening 
is then performed through a distal fémoral osteotomy, 
much in the way described previously. In older children, 
the pelvic support osteotomy is performed at the level at 
which the proximal fémur crosses the ischial tuberosity 
in the maximum cross-legged radiograph. The amount 
of valgus is equal to the total amount of adduction of the 
hip plus 15° of overcorrection. The proximal osteotomy 
should also be internally rotated and extended. The 
amount of rotation is judged by the position of the knee 
relative to the hip in maximum adduction. The amount 
of extension dépends on the amount of hip fixed 
flexion deformity. The level of the distal osteotomy is 
planned by extending the line of the tibia proximally and 
seeing where it intersects a line perpendicular to the 
pelvis passing through the midproximal segment of 
fémur. In general, a distal osteotomy is preferred because 
of bone healing considérations, even if the hinges hâve 
to be placed more proximal. The external fixator must 
be extended to the tibia with hinges, as previously 
discussed. 

Treatment of Type 3a: Diaphyseal Deficiency, Knee 
Range of Motion > 45° (Figs 6 and 7) 

Deficiency of the proximal fémur with absent fémoral 
head, greater trochanter, and proximalfemoral meta- 
physis results in a mobile pseudarthrosis and a very short 
fémoral remnant. Some cases hâve a mobile knee with 
greater than 45° of motion (type 3a), usually with a 45° 
knee flexion deformity, whereas others hâve a stiff knee 
with a less than 45° range of motion (type 3b). The most 
predictable and reliable treatment option in these cases 
remains PRS (rotationplasty or Syme's amputation). 



3610 Textbook of Orthopedics and Trauma (Volume 4) 



Figs 6D to F: Osteotomy was done to reduce the abduction deformity 
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Figs 6G to I: Prosthetic fitting was done. Patient is able to walk and very much satisfy (For color version see Plate 52) 



Figs 7 A to C: Two year old girl with cartilaginous neck of fémur and short fémoral shaft. This was treated with a 6.5 screw which 
was removed after 2 years and she developed ossification of the cartilaginous gap. As she had mild instability of the knee tibial 
lengthening was done. She needs fémoral lengthening 
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Figs 7D to F: Tibia was lengthen because the knee was unstable by 5 cm 



Fig. 7G: X-ray of fémur at the âge of 
8 with lengthening tibia 
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Legg-Calve-Perthes' Disease (LCPD) is a self-limiting 
disorder of the hip characterized by avascular necrosis 
of the capital fémoral epiphysis and may cause 
enlargement and flattening of the fémoral head and may 
leave a deformity, which may resuit in osteoarthritis of 
the hip in adult life. Following the avascular event , growth 
of the ossifie nucléus stops and the bone becomes dense. 
Complété revascularisation of the avascular epiphysis occurs 
almost invariably , over a period of about two years with or 
without anyform oftreatment whatsoever. 1 * * * * * * 8 LCPD is the least 
understood of pédiatrie hip disorders. There is 
controversy about almost ail its aspects, including 
etiology, pathogenesis, classification, management, 
natural history, and the results of treatment or no 
treatment. 

History 

Legg-Clave-Perthes disease was independently 
recognized as a distinct entity toward the end of the first 
decade of the twentieth century by Arthur Legg, of the 
United States, Jacques Calve , of France, George Perthes , of 
Germany, and Henning Waldenstrom , of Sweden. 8 

Walden-strom thought the disease was a form of 
tuberculosis and not a distinct entity. In the early years, 
patients were treated with bed rest, immobilization and 
weight relief by brace or cast. It was not unusual_for 
patients to be kept in hospitals for 5 years or more for 
treatment, during which time they would use specially 
designed carts and gurneys to move about. The Synder 
sling was another popular treatment device during the 
1950s. 8 

Broomstick plaster was used since 1929. Eyre-Brook 
treated patients of perthes disease by traction in bed for 
18 to 24 months. 8 


Despite lack of scientific proof, containment treatment 
has been the treatment of choice today and remains 
popular. 8 

Etiology 

The exact etiology of the disease remains unknown. 
However, it has been generally accepted that changes in 
the fémoral head in Perthes disease are caused by 
repeated épisodes of ischemia to the fémoral capital 
epiphysis. Hence, it is sometimes called 'coronary disease 
of the hip' (Tables 1 and 2). 

TABLE 1 : Pathways of bone necrosis in perthes disease 

• Histological sections suggest two pathways for bone necrosis 

• Primary avascularity 

• Primary disorders of epiphyseal 

• Cartilage with collapse and 

• Necrosis as a résultant 

1. Prevalence of Perthes Disease: In South India the 

prevalence of the disease is in the order of 29.7 per 
100,000 children between the âges of 5 and 15 years. 

The incidence of the disease in the Udupi Taluka in 

Karnataka is 10 times than that of Vellore Taluka in 

Tamilnadu. The highest incidence of LCPD in South 

India is in the rural South-West Coastal plain and it is 

rare in the crowded cities like Madras and Madurai. 
The disease is more common in the urban areas of 
England. In contrast to urban distribution in England, 
LCPD is rare among Chinese, Negroes and in the 

Maori population of New Zealand. These distinct 
geographical variations suggest that major 
environmental influences are involved in the 
causation of LCPD. 
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It occurs in children between the âges of 4 and 9 years 
but it can occur as early as 2 years and as late as 
18 years. It is four times as common in boys as in girls 
and is bilateral in about 15%. 1 In South India, Chacko 2 
found a high mean âge in the incidence of Perthes 
disease of 9.9 years in boys and 8.7 years in girls. 

2. Heredity: There is little evidence to suggest that genetic 
factors are involved in the causation of Perthes 
disease. Hall, however, reviewing the reports on 
histocompatibility antigens in Perthes disease 
concluded that children with HLA-A antigens on their 
lymphocytes may be susceptible to developing this 
disease. Hall also noted higher incidence among 
children from low income families. This feature has 
not, however, been seen in Indian population studies. 

3. Anthropométrie studies : Several studies hâve shown 
that children with Perthes disease are of a shorter 
stature than their peers. It has also been demonstrated 
that there is a disproportionate growth of the 
appendicular skeleton with the distal parts of the 
limbs being most severely affected. Similar observa¬ 
tions hâve been made on patients from South India. 2 
Their bone âge trails 2 to 3 years behind their chrono- 
logical âge. Perhaps the current hypothesis that is 
most plausible concerning the etiology of Perthes 
disease is that the child has genetic or acquired 
dysplasia resulting in delayed bone âge. The thick 
preossific cartilage of the fémoral head provides 
inadéquate protection for the vessels traversing the 
cartilage en route for the ossifie epiphysis. 
Compression of the cartilage may reduce blood flow, 
causing ischemia or infarction. 

4. Sex : The disease is more common in boys than in girls. 
Reports from the West shows a male: female ratio of 
5:1. However, in India, a higher proportion of females 
seem to be affected. The male/female ratio is one 
sériés from South-West India was 2.58:1. 

5. Age: The mean âge of onset of the disease in Western 
children is around 6 years. However, the mean âge of 
onset in India is around 9 years. This late onset of the 
disease appears to be a feature common to children 
in India and colored children in South Africa. Age of 
onset is an important parameter. It correlates better 
with the final resuit than does any other factor. 
Younger children hâve milder forms of the disease. 
Younger the patient better the prognosis. Therefore, 
child below âge 5 with Perthes disease should not be 
treated. 

6. Obesity: An obese patient does not respond well. 

7. Coagulopathy. 


TABLE 2: Factors Related to the Etiology of Legg- 
Calve—Perthes Disease 

1. Arterial ischemia - Réduction in blood flow resulting in 
multiple infarcts and avascular necrosis. 

2. Venous drainage - Venous out-flow obstruction 

3. Abnormal growth and development - Delay in bone âge 
relative to patient's chronological âge and growth hormone 
abnormalities. 

4. Trauma, particularly in the "predisposed" child. 

5. Hyperactivity or attention déficit disorder. 

6. Hereditary influences. 

7. Environmental influences, particularly nutritional factors. 

8. Synovitis - Synovitis may be the_first manifestation of the 
disease but is rarely, if ever, the cause of the disorder. 

9. Coagulopathy - Coagulation abnormalities is likely the 
primary cause in some cases. 8 


Pathogenesis Arterial Obstruction 

Obstruction of the superior capsular arteries of the 
fémoral head was clearly demonstrated. 

Some patients with transient synovitis hâve coexisting 
transient ischemia of the fémoral epiphysis and that those 
with more severe cases or récurrent épisodes of ischemia 
are at greater risk of developing Legg-Clave-Perthes 
disease. 

Multiple infarcts were necessary to produce the 
characteristic pathologie picture of the disease. 8 

Venous Pressure 

There is increased venous pressure in the affected fémoral 
neck and associated venous congestion in the metaphysis 
and venous outflow has been found to exit more distally 
through the diaphyseal veins. 8 

The “Predisposed Child” 

Delay in bone âge relative to the patient's chronological 
âge is the most commonly observed abnormality. 

A number of other growth abnormalities hâve also 
been reported in children with Legg-Calve-Perthes 
disease. 

A number of growth abnormalities hâve also been 
reported in children with Legg-Calve-Perthes disease 
such as low birth weight, short stature, abnormal growth 
patterns, etc. 8 

Trauma 

Trauma in the predisposed child précipitâtes AVN of the 
fémoral head and the development of Legg-Calve-Perthes 
disease. 8 
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Hyperactivity or Attention Déficit Disorder 

Many children with Legg-Calve-Perthes disease tend to 
be extremely active physically, and some are 
pathologically hyperactive or suffer from attention déficit 
disorder. 

WALDENSTROM’S STAGING OF LCPD 

First Stage of Ischemia and Avascular Necrosis 

The ossifie nucléus of the fémoral head is smaller than 
that of the contralatéral fémur due to temporary arrest 
of endochondral ossification caused by ischemia. This is 
an early radiological sign. At the same time hypertrophy 
of the articular cartilage of the hip (both fémoral and 
acetabular surfaces) occurs. Maximal articular cartilage 
hypertrophy occurs medially and this causes the fémoral 
head to be displaced laterally. The infarcted zone thus 
extrudes beyond the confines of the acetabular margin 
The apparent widening of the médial joint space may be 
caused by synovitis and hypertrophy of articular 
cartilage. 8 

Avascularity causes a necrotic mass consisting of dead 
marrow and pulverized particles of dead bone. The 
extrusion or subluxation of the fémoral head is due to 
over growth of the articular cartilage because the 
nourishment of the cartilage from synovial fluid. 
Abductor muscle spasm and contracture further uncover 
the fémoral head. 11 

Second Stage of Revascularization and Résorption 

Pathological Subchondral Fracture (Crescent Sign) 

During the lst stage of the disorder, in approximately 
one-third of cases, in the earliest phase of the disease a 
linear fracture is noted in the subchondral area of the 
fémoral head, called crescent (cresent sign of caffe). 

Metaphysis shows osteolytic band or cysts. This 
radiographie phase normally lasts a mean of 6 months, 
with a maximum time period of 14 months. 8 2nd Stage 
of Fragmentation. 

The nucléus breaks up into a number of fragments 
with cyst like space between them. Collapse of the 
necrotic trabeculae of the infarcted zone occurs 
particularly at the peripheral zone giving, at times, a head 
within head appearances. The head is divided in 3 zones 
médial, central, latéral. In more severe disease there is 
no séparation between the central and latéral portion, 
and there may not be any between the central and médial 
portion. In mild disease fragmentation may be observed 
only on a frog-leg latéral view. In the mildest cases there 
is no actual fragmentation phase. 8 


Third Stage of Reossification (Healing) Stage 

The new bone formation occurs and necrotic bone is 
replaced by creeping substitution. On X-ray, the necrotic 
area appears sclerotic partly due to new bone formation, 
partly to the calcification of necrotic area and partly to 
the collapse of epiphysis. Flattening of the bony nucléus 
may occur. During the stage of régénération immature 
woven bone replaces the infarcted trabeculae and this 
new bone is vulnérable to deformation. Salter calls it 
'biological plasticity' not a physical plasticity, i.e. it is not 
physically soft like wax. Muscular forces and weight 
bearing stresses transmitted across the ring of the acetabu- 
lum cause the biologically plastic bone of the healing 
epiphysis to deform. Outer edge of acetabulum indents 
into the soft head, which has extruded, resulting in hinge 
abduction. 

Head becomes mushroom shaped due to flattening 
and moulding in the acetabulum. Flattening of the 
fémoral head was caused by mechanical collapse, 
irregular growth and disrupted endochondral ossification 
at the growth plate. However, during the process of 
revascularisation, in a significant proportion of patients, 
deformation of the epiphysis occurs if appropriate 
treatment is not given. In spite of this, the children become 
virtually asymptomatic in most instances, healing hâve 
no pain or functional.disability. Several young adults with 
healed untreated Perthes disease develop clinical and 
radiological features of secondary degenerative arthrosis. 
It has been our expérience that such patients présent with 
pain by the early part of the fourth decade of life. Since 
treatment of osteoarthrosis of the hip in young adults 
poses a very serious problem, it is to attempt to avoid 
this late complication of Perthes. 

The purpose of treating Perthes disease, is to attempt 
to présent late secondary osteoarthrosis of the hip. 

Fourth Stage of Healing and Remodeling 
and Sequelae of Perthes Disease 

At the end of recovery phase the head may be round or 
deformed depending on severity of disease and 
treatment. The acetabulum may also become normal or 
deformed. The bone repairs and becomes hard again. 
When the head is soft the acetabulum deforms the head. 
As the head hardens, it deforms the acetabulum. 
Remodeling occurs and may take 6 months to 5 years. 
Various types deformities described below may occur. 
The head may become ellipsoid and flattened in the later 
stages after the head has become hardened. Acetabular 
shape is modified often forming two compartments. 
Incongruous congruity may occur. A saddle shaped joint 
may be formed and phenomenon of the hinge abduction 
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may occur. Central or latéral growth arrest may occur 
leading to shortening of the limR. 12 The hip may hâve 
flexion adduction deformity. The hips of adults with 
secondary osteoarthrosis show that ail of them hâve one 
or more of the following changes, an irregularly shaped 
fémoral head (coxa irregularis), a large fémoral head (coxa 
megna) or a short neck (coxa breva) with relative 
overgrowth of the greater trochanter, joint incongruity 
seen in coxa irregularis would lead to osteoarthrosis of 
the hip. Both coxa magna and coxa breva resuit in altered 
mechanics of the hip leading to excessive stresses on the 
hip joint which in turn leads to osteoarthrosis. 

Some classical changes occurring in the head and neck 
of fémur secondary to LCPD are: 

1. Coxa Magna: It is the enlargement of the fémoral head. 
The pathogenesis has already been described. The 
stage of repair may vary in different parts of the 
fémoral head because of repeated épisodes of 
infarction. It is due to peripheral over growth of 
cartilage. Coxa magna occurs as a response to the 
hyperemia around the hip subséquent to the synovitis, 
and also partly due to flattening of the epiphysis and 
broadening of the metaphysis (Fig. I). 1 

2. Coxa Breva: It is due to complété arrest of growth plate, 
which also causes shortening of the limb. 

3. Coxa Irregularies: Deformity of the fémoral head at the 
time of healing may lead to congruous congruity or 
incongruous incongruity. Ail these changes could 
prédisposé to the development of osteoarthritis. 


4. Greater trochanteric overgrowth: Greater trochanter 
continues to grow, in association with coxa breva. 
What occurs actually is that in the presence of 
prématuré capital physeal arrest, the greater 
trochanteric apophysis continues to grow. The biome- 
chanics of the hip is thereby altered as greater 
trochanteric overgrowth associated with coxa breva 
results in a functional coxa vara with gluteus médius 
insufficiency and Trendelenburg's gait. This results 
in greater stresses on the hip joint, which could 
prédisposé to the development of osteoarthritis later. 

5. Coxa Volga: It is due to latéral arrest. 

6. Coxa Vara: It is due to médial arrest. 

7. Osteoarthrosis of the hip usually after the âge 40. In 
severe forms it may occur even earlier than 40. 
Prématuré fusion of the capital fémoral growth plate 

can neither be prevented nor even predicted and hence, 
coxa breva cannot be prevented, the "overgrowth" of the 
trochanter can possibly be prevented. Coxa magna again 
cannot be prevented but it may be possible to minimize 
the extent of coxa magna. Since fémoral head_extrusion 
appears to be the cause of the fémoral head deformity, it 
follows that prévention of extrusion may prevent it from 
déformation^ 

Clinical Features 

The mode of présentation varies. Usually the child 
présents with limp and pain with insidious onset. Often 
pain is felt in the knee due to obturator nerve supplying 
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Fig. 2: LCPD occurs in 10-12% of cases. In this case while a 
patient was in the stage of healing after fémoral osteoarthiritis, 
the other hip show signs of LCPD 


both hip and knee joints. Occasionally the child présents 
with acutely painful hip. Florid radiological changes of 
LCPD may be detected by a chance in an asymptomatic 
child, metaphasealisis and widening observed, X-rayed 
for other reasons (e.g. IVP). Children from India tend to 
hâve a more severe form of the disease than that encoun- 
tered in the West. It occurs bilateral in 10-12% of cases. 
Three types of clinical présentation can be seen Fig. 2. 

Changes in the Physis 

X-ray may show abnormal growth of the proximal 
fémoral physis. Prématuré physeal closure has been 
reported in one-fourth of patients. Early closure was 


assumed based on greater trochanteric overgrowth, 
physeal shape changes, latéral extrusion of the capital 
nucléus médial bowing of the fémoral neck and coax 
breva and coxa vara. There may be coax irregularies^ 

TABLE 3 

• Clinical at risk signs 

• Older âge 

• Stiffiness 

• Obesity 

• Bilaterality 

• Female 


Changes in the Acetabulum 

When the fémoral head protrudes from the acetabulum, 
the médial wall may form what looks like a second 
compartment for the head called as "biocompartmentali- 
zation". The acetabulum may take the shape of head. 

Synovitis Type 

Ail children with synovitis will hâve restriction of 
movements in ail directions. It is, therefore, to be 
distinguished from other causes of childhood hip 
disorders such as early tuberculosis and transient syno¬ 
vitis. However, following a period of rest and traction 
the symptoms in ail except tuberculosis subside. In the 
case of LCPD, abduction and internai rotation remains 
restricted. 

Tuberculous Type (Figs 3A and B) 

A few patients of severe deformities group show clinical 
as well as radiological features resembling tuberculosis. 
However, ail these patients regain fairly good function 
of the hip with rest, mobilization and nonweight bearing 




Fig. 3A: Tuberculos type of LCPD. Note the reduced joint space movements of hip restricted in ail directions, and painful 
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Fig. 3B: The same case was treated with distraction of the joint by Orthofix Hip Distractor. 
There was some improvement in ROM, but painfree 


ambulation of varying periods of time. These patients 
show stigmata of healed LCPD. 

Ankylosing Type (Fig. 4) 

In 10% of patients there are no constitutional symptoms 
but the hip appear stiff and immobile in ail directions. 
After prolonged period of traction in bed fixed 
deformities get corrected. Patients are given nonweight- 
bearing ambulant treatment. Movements gradually 
improve and the patients are able to move around 
without pain and limp. X-rays reveal restoration of joint 


space and in most cases a congruent incongruity. Routine 
biochemical investigations are négative except for the 
ESR, which may be slightly raised. Significant increases 
in sérum IgG and IgM concentrations in children with 
LCPD hâve been reported 

There may be récurrent épisodes with intervals of 
weeks or months. In patients presenting late, in whom 
the disease has partially run its course, there may be no 
clinical findings except for slight loss of abduction, 
extension and médial rotation. 



Fig. 4: Ankylosing type of LCPD with very stiff hip inspite of fémoral osteotomy 
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Signs 

The child's limp is normally a combination of an antalgie 
and a Trendelenburg's gait. In the stance phase of gait, 
the child will often lean the body over the involved hip 
to decrease the force of the abductor muscles and the 
pressure within the hip joint. The Trendelenburg test will 
be positive on the involved side. Range of motion is 
reduced especially abduction and internai rotation. 
Flexion extension are not affected. When the hip is flexed, 
it may go into obligatory external rotation. In some cases 
abduction contractures and stiff hip may be developed. 

Radiological Features 

The first radiographie sign is the smaller size of the ossifie 
nucléus of the fémoral head combined with the widened 
articular cartilage space of the affected hip as compared 
with the opposite normal hip, due to temporary cessation 
of enchondral ossification of the ossifie nucléus of the 
fémoral head due to ischemia. There is an increase in the 
articular cartilage space due to over growth of the 
articular cartilage of the acetabulum and head of the 
fémur. 

The second sign is the subchondral fracture line of 
the fémoral head. Caffey described it first; therefore, it is 
called "Caffey's Sign" or "Caffey's crescent line". The 
crescent is due to stress fracture in the infarcted area. 
Salter and Thompson described the prognostic signifi- 
cance of Caffey's crescent line. Extent of the crescent line 
is proportional to the severity of the disease (Fig. 1). The 
subchondral fracture line heralds the clinical onset of the 
disease. The crescent line présent from two to nine 
months. Later on, bone résorption and enchondral 
ossification, the fracture cannot be detected. The crescent 
is présent in l/3rd of cases. In the advance stage of disease- 
increased radio-opacity, fragmentation, mushrooming of 
the head, deformities are seen Table 4. 

Apley's sagging rope sign is a radiological relie of a 
former disease and refers to a line, which remains 
permanently after Perthes disease Table 5. 

Radioisotope Scintigraphy 

Technetium 99 mm scintigraphy is useful in diffe- 
rentiating Perthes disease from transient synovitis. The 
characteristic feature on the bone scan is the presence of 
a "cold area" in the région of the fémoral epiphysis. The 
abnormality in isotope uptake is apparent before any 
change is seen in plain radiographs. However, routine 
use of scintigraphy is not advocated, as it has no bearing 


TABLE 4: Radiological classification of perthes disease 

Imaging classification 

• Stage (Waldenstrom) 

• Severity (Catterall, Salter- Thompson (Latéral Pillar) 

• Outcome (Mose, Stulberg) 

TABLE 5: Radiological stages of perthes disease 

Initial 

• Decreased size of ossifie center 

• Widening médial joint space 

• Subchondral fracture 
Fragmentation 

• Areas of radiodensity lucency 
re-ossification (repair) 

Healed 

• Residual deformity 


on initiation of treatment. Scans also show an increased 
radioisotope uptake in the acetabular roof. 

Bone scintigraphy is a highly sensitive method to 
diagnose early Perthe's disease. 

Arthrography 

Since significant portions of the head acetabulum are 
cartilaginous in children, arthrography is useful in 
determining the exact shape of the fémoral and acetabular 
articular surfaces. This investigation also needs not be 
done routinely and should be reserved for those patients 
for whom surgery is being planned, whose plain 
radiographs cast doubt on the sphericity of head. 

Magnetic Résonance Imaging (MRI) 

With magnetic résonance imaging the fémoral head can 
be assessed for flattening, irregularity of outline, 
congruity with the acetabulum, and antérolatéral 
extrusion. MRI, useful in early diagnosis, is more sensi¬ 
tive than any other imaging modality. MRI is more 
accurate in defining the extent of necrosis. 

The extent of the necrotic area within the epiphysis is 
the most important indication of the prognosis of the 
disease and thus for the therapeutic management can be 
assessed earlier and more reliably with MRI than with 
other techniques. The loss of containment can be 
visualized by MRI, because depiction of the cartilaginous 
structures is possible earlier than with conventional 
radiography. Staging of LCPD is also possible with MRI 
especially in stage I and II. Disadvantages of MRI seems 
to be the occasional need for sédation or anesthésia of 
the child to avoid motion artifacts and cost. 
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Anterior-Posterior Views 



Group I Group II 

Fig. 5: Caterall’s radiological classification 


Group III Group IV 

of groups of involvement in Perthe’s disease 


Ultrasonography 

Is a valuable investigation in LCPD. Sonographic 
évaluation of the Perthes hip is a simple and standardized 
procedure. 

Computed Tomography 

CT Scan provides accurate three-dimensional images of 
the shape of the fémoral head and acetabulum. However, 
it is not routinely, may be of use later stages of the 
disease. 8 

Classification 

Caterall Classification (Fig. 5) 

Caterall 3 5 described four groups of the disease based on 
the extent of epiphyseal involvement and percentage of 
collapse of head as seen on X-rays. His classification is 
based on radiologie appearance. 

Group I- Only the anterior portion of the epiphysis is 
affected. 

Group II- More of the anterior segment is involved 
and central sequestrum is présent. Although the affected 
segment may collapse, epiphyseal height is preserved. 

Group III- Most of the epiphysis is "sequestrated" 
with the unaffected portion located médial and latéral to 
the central segment (Fig. 6). 



Fig. 6: The case of LCPD harring type A and cataral type B 
note the head within a head situation. 


Group IV- Ail of the epiphysis is sequestrated. 

Disadvantage of Caterall classification: The disease 
process is progressive and episodic; therefore, it is 
extremely difficult to prognosticate looking at first set of 
X-rays. Caterall classification gives a rétrospective finding 
and not prospective. The stage I may go to stage II. 
However, it is definitely useful in the later stage of the 
disease. The second disadvantage is inter-observer error. 
Often it is difficult to group a case. 
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Salter’s Classification 

Salter's classification is useful in the early stages of the 
disease before résorption of the fémoral head takes place. 
The classification is based on Caffey's crescent line, which 
indicates subchondral fracture due to stress fractures in 
the affected area. Extent of crescent is proportional to the 
severity of the disease. 

In group A the extent of subchondral fracture is less 
than half of the fémoral head; in group B, the extent of 
subchondral fracture is more than half of the fémoral 
head. The disadvantages of Salter's classification is the 
practical problem that the fracture often ends in a blur at 
the 50% mark and the hip can be placed in either group. 3 

Both classifications hâve significant limitations when 
applied early in the disease. More recently, maintenance 
of 50% of the normal height of the latéral portion of the 
epiphysis (the latéral pillar), regardless of the degree of 
involvement of the remainder of the epiphysis, has been 
suggested as an important favorable prognostic factor. 10 
Bones scans and magnetic résonance imaging are sensi¬ 
tive in establishing the diagnosis, but the images hâve 
not yet been shown to be of prognostic value. 

Harring’s Latéral Pillar Classification 

In the fragmentation stage the head is divided in three 
segments, médial, central and latéral. An intact latéral 
pillar acts as a weight bearing support to protect the 
central avascular segment. 8 

The fragmentation stage of the disease is classified 
into three groups based on radiolucency, in the latéral 
pillar in the fémoral head. 

Group A- There is minimal density change in the 
latéral pillar and no loss of height. 

Group B- Lucency is observed in the latéral segment, 
and there is subséquent height loss up to but not 
exceeding, 50 % of the original height of that segment of 
the epiphysis. Collapse of the central fragment beneath 
the level of the latéral segment is often an early 
manifestation of this group. Fig. 6. 

Group C- Early lucency is noted in the latéral pillar, 
there is minimal or no séparation between the latéral and 
central segments, and the latéral pillar collapses to less 
than half its original height. 8 

This classification 5 is easy to apply during the acute 
stage of the disease and has a high corelation in predicting 
the amount of flattening of the fémoral head at skeletal 
maturity. Currently latéral pillar involvement is given 
more importance. Harring's classification is a 
significantly better predictor of Stulberg outcome in 
LCPD. It has a greater interobserver reliability and is 
reliable. 


Natural History 

Studies of the natural history reveal that at least 50% of 
involved hips do well with no treatment. Children older 
than 9 years at onset do poorly. Patients with significant 
symptoms and restriction of motion at skeletal maturity 
also show poor prognosis. 

Head at risk signs (Radiological): Caterall has described 
signs of "head at risk" (risk of permanent deformity) 
— (1) A small osteoporotic segment on the latéral side of 
the epiphysis. (2) Latéral displacement of the fémoral 
head. (3) A horizontally oriented growth place. 

(4) Calcification latéral to the epiphysis (Gage's sign). 

(5) Diffuse metaphyseal changes. 

Risk signs (Clinical): (1) Persistent and progressive loss 
of hip motion. (2) Increasing adduction contracture of 
the hip. (3) Obese child. (4) Female. 

The radiological sign of latéral extrusion of fémoral 
head is the most important radiological head-at-risk sign, 
Gage's sign, growth plate, horizontal and metaphyseal 
changes are not important. 

PROGNOSTIC FACTORS IN LCPD 13 

The heads in class V of waldenstrom's with asepherical 
incongruency. These patients developed severe arthritis 
before the âge of 50 yrs. 8 

The following factors hâve definite bearing on 
prognosis: 

1. Age of onset ofthe disease: Perpich et al found the worst 
results in children over the âge of 9 years at the time 
of diagnosis. 

2. Extent of the epiphyseal involvement: The prognosis is 
poor when more than half of the epiphysis is involved. 
Green described measurements of epiphysis 
extrusion. It is the percentage of the width of the 
fémoral head that is latéral to Perkin's line in an 
antero-posterior view with the hip in neutral rotation. 
More than 20% indicates poor prognosis. 

3. Sex: The prognosis is distinctly poorer in girls than in 
boys. 

4. Loss of fémoral head containment: An important factor 
associated with a poor prognosis is lateralization of 
the fémoral head. Klisic noted that if more than 20% 
of the width of fémoral head is outside the confines 
of the acetabulum there was only a 15% chance of 
obtaining a satisfactory resuit. 

5. Extent of metaphyseal and acetabular changes: The 
prognosis appears to be poor when metaphyseal and 
acetabular changes are marked. Such as widening 

6. Growth disturbance ofthe physis : Majority of the patients 
with perthes disease show some disturbance of 
physeal growth. There may be prématuré closure of 
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the growth plate. Prématuré closure may on the 
médial or latéral side. The growth plate may become 
horizontal. 

7. Persistent Loss of Hip Motion 

This is one of the most important N clinical signs of 
poor prognosis. In the initial stages, it is due to muscle 
spasm and contracture. Therefore, the treatment of 
traction and movements of the hip help in the initial 
stage. The range of motion is restricted in the later 
part due to deformities of the head and hinged 
abduction. Therefore, the current method of treatment 
is to make the head contained in the acetabulum and 
maintain the full range of movements of the hip 
simultaneously. An adduction deformity tends to 
uncover the head and expose it to an edge of the 
acetabulum. 

8. Latéral Calcification 

Indicates the disease is advance to stage III and is too 
la te for surgery of containment because the deformity 
is already formed. The fact that a large number of 
patients with incongruent hip osteoarthosis suggest 
that LCPD is not a benign disorder. 

(Benjamin) 

9. Duration of the Course 

The longer it takes for the hip to heal, less likely is a 
good outcome. Prématuré closure of the capital physis 
and a mushroom head hâve also been associated with 
a poor prognosis. 

Harrings suggest that it is also important to keep 
in mind that the shape of the fémoral head often 
continues to evolve from early reossification to skeletal 
maturity. It may become more spherical or it may 
progressively flatten during this period. Patients need 
to be continuously assessed until they reach skeletal 
maturity before any conclusion can be made 
regarding the effect disease or the results of treatment. 
The long-term prognosis can then be more accurately 
determined based on the shape of the fémoral head 
at that time. 

Classification of Outcome 

Mose and Stulberg hâve classified the end results. 

The Moss Classification 

The Mose classification System dépends on the 
contour of the healed fémoral head to a template of 
concentric circle. If the shape of the fémoral head deviates 
no more than 1mm from a given circle on both AP and 
frog -leg-lateral radiographs. If the shape falls 2 mm it is 
fair, more than 2 mm is poor. 


The Stulberg Classification 

Group I: Shape of the fémoral head is normal. 

Group II: Loss of the head height occurs, but head's contor 
conforms within 2 mm to a concentric circle on AP and 
frog-leg latéral radiographs. 

Group III: Fémoral head is more elliptical and deviates 
from a circle by more than 2 mm. Contor of acetabulum 
matches that of the fémoral head ("congruous 
incongruity"). 

Group IV: fémoral head is flattened with the flattened area 
greater than 1 cm in length. Contor of acetabulum 
matches that of the fémoral head. 

Group V: Collapse of fémoral head but acetabular contor 
does not change ("incongruous incongruity"). 
Appearance is similar to that seen in adult avascular 
necrosis in which there is collapse of central portion of 
the head. 

This classification System is very helpful in predicting 
the end results. Prognosis is good in type IL In group III 
and IV the patient moderate degenerative changes in late 
adulthood, in-group V painful arthritis in early 
adulthood. 8 

Differential Diagnosis (Table 6) 

The following conditions may show some features of 
Perthes disease. (1) Transient synovitis (2) Tuberculosis 
of the hip (3) Cretinism (4) Multiple epiphyseal dysplasia 
(5) Juvénile rheumatoid arthritis. 

Tuberculosis 

In India LCPD is often confused with tuberculosis 
especially if it is associated with stiff hip. In tuberculosis, 
the child is ill, there is fever, loss of appetite, loss of weight, 
raised ESR, and movements are restricted in ail directions. 
Child is usually unable to walk. X-rays in tuberculosis 
shows reduced joint space and erosive lésions in the 
fémoral head, in the acetabulum. 

Epiphyseal Dysplasia (Multiple or Spondylo) 

When both hips are involved, it is important to 
distinguish the epiphyseal dysplasia because the 
treatment will not be of any use in these conditions to 
differentiate from hip dysplasias. Dysplasias can be 
differentiated from the Perthes disease by: 
(1) involvements of other sites on the X-rays, hands, 
knees, and spine, (2) they tend to run in families, 
(3) patient as well as the affected members of the family 
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TABLE 6: Differential diagnosis of perthes disease 

Inflammatroy 

• Toxic synovitis 

• Septic arthritis 

• Juvénile arthritis 
Hématologie 

• Sickle cell 

• Thalassemia 

• Hemophilia 

• ITP 

• Leukemia 

• Gauchers 
Congénital 

• Multiple epiphyseal dysplasia 

• Spondyloepiphyseal dysplasia 
Endocrine 

Hypothyroidism 


are short in height, (4) no cystic changes in metaphysis, 
and (5) acetabulum and pelvic bones may be affected. 
(6) Symmetrical involvement. 

Epiphyseal dysplasia is not uncommon and perhaps 
it may be upto 20%. The other very rare conditions, which 
confuse with Perthes disease are. Juvénile cretinism (in 
which there is delayed appearance of ossifie nucléus), 
Goucher's disease, Marquio's disease and such as sickle 
cell disease, hemoglobinopathies, leukemia, hemophilia 
etc. 

TREATMENT 

Treatment is controversial. Benjamin with his large 
expérience suggests early surgery in majority of the cases 
whereas ST canale in lOth édition of CampbelTs operative 
Orthopaedics writes :" we rarely recommend surgery for 
Perthes disease because of the complications possible after 
major hip surgery. 

Aims of treatment are: (1) élimination of hip 
irritability; (2) restoration and maintenance of hip motion; 

(3) prévention of extrusion and collapse of epiphysis; 

(4) attainment of spherical fémoral head. 

A doser look at these prognostic variables shows that 
the only prognostic factor related to fémoral head 
deformity, which is amenable to modulation by 
treatment, is epiphyseal extrusion. Treatment should 
therefore, primarily be directed to preventing or reversing 
epiphyseal extrusion. 6 56 

It is also emphasized that, treatment is likely to be 
ineffective if offered in the stage of revascularisation 
(stage III) as the biologically plastic bone has already been 
subjected to deforming stresses. 2 

The principles of treatment are to maintain the full 
mobility of the hip and the containment of the fémoral 


head in the acetabulum to prevent deformity of the head 
and future osteoarthrosis. Previously, static containment 
was the principle of treatment using plaster hip spica and 
various types of orthosis. Currently emphasis is placed 
on hip motion during treatment. It has been found by 
natural history of LCPD that 50% of Perthes patients do 
well without treatment. Only 50% may need treatment. 

Treatment is controversial and differs from center to 
center. Treatment options are: (1) observation and super- 
vised neglect; (2) intermittent symptomatic treatment 
with bed-rest and traction; (3) ambulant treatment with 
weight relief using various orthosis; and Petrie plaster 
cast. and (4) containment of the diseases with nonsurgical 
and surgical procedures. 

Supervisée! Neglect 

This is a somewhat flippant term, which implies that 
active treatment is abandoned. The child résumés normal 
activities and is checked regularly. If the symptoms recur 
or signs increase, a decision as to the future management 
can then be taken. The child is not neglected but the 
disease may be. 14 

Weight Relief 

During periods of irritability of the hip especially at its 
initial stage, weight bearing is prevented. Should the child 
get repeated attacks of pain further treatment in bed may 
be necessary. A period of non-weight bearing crutch 
walking may be instituted for few weeks. However, 
weight-relieving calipers hâve no place in the treatment 
of Perthes disease. It has been amply proved that forces 
acting on the hip of the child using weight relieving 
calipers far exceeds the forces when the child is actively 
walking. Hence, so-called weight relieving calipers add 
to extrusion and deformation of the fémoral head. 

Broomstick Plaster (Patrie Cast) 

Broomstick plaster consists of groin to ankle plaster linked 
by crossbar to hold the hip in 30° abduction and internai 
rotation. Definite radiographie signs of reossification 
signal the point at which weaning from bracing and 
return to normal activity after surgery may be consid- 
ered. Its advantages are simple, cheap, there is not much 
to go wrong. Patients are satisfied that some treatments 
are being given. The disadvantages are—it needs to be 
changed every 6 to 8 weeks, the knees may become stiff 
and, therefore, child needs admission to hospital for 
mobilization of the knees. It is difficult to note the end 
point of treatment. 

Treatment of grade I and II of Caterall or group A of 
salter: No treatment, apart from continuing observation. 
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is required for half-head Perthes disease with fully 
contained head and patients under the âge of 5 years. 
There is no evidence to support restriction of activity. The 
child should be examined and X-rayed every 3 months 
until the hip has healed. It is often difficult to convince 
the parents that no treatment is required for the limping 
child and limp will continue for a year or two. 

Symptomatic Therapy 

If the child pain and restrictive movements traction for 
3 to 10 days reduces the physom and symptoms. The 
partial no weight bearing. 

Orthrotic Treatment 

A variety of braces hâve been used. But in our country 
the patients does not use it. Hence we do not 
recommended. 

Surgical Containment 

Protocol for surgical treatment dépends on three factors: 

A. Stage of the disease: Indicated in stage I and II and never 
in stages III and IV. 

B. Age of patient. Surgery not indicated: 

• Surgery is not indicated in one patient less than 5 
yrs 

• Patient in grade I of Caterall or grade I and II of 
Harrings classification with contained head, 
surgery not indicated 

• Surgery is contraindicated in stiff hip and probably 
in stage III and IV 

• Age more than 12 yrs. 

C. Caterall group: 

• Not indicated in Group I cases 

• Indicated in ail patients with Group II, III, and IV 
involvement 

• Under seven years when extrusion is présent and 
always over seven years old. 

In India, surgical treatment appears to be préférable 
because orthosis is not utilized by the patient and its 
therapeutic value is also doubtful. Containment by 
surgery is accomplished by the fémoral or innominate 
osteotomy. The full range of motion should be regained 
before proceeding to definitive treatment of surgery or 
orthosis. 

Advantages of surgery are: (1) no end point of 
treatment is required; (2) in India, patient often do not 
corne for follow-up. Nonoperative treatment becomes 
uncertain; and (3) within three months the patient 
résumés his normal activities and can go to school. 
Disadvantages of surgery are: (1) second operation 


to remove the hardware; and (2) risk of anesthésia and 
of surgery, infection and nonunion. Indications for 
surgery are: (1) patient with head at risk signs especially 
subluxation more than 20%, (2) patients of stage II, III, 
and IV, and (3) patients over the âge of 7. 

Contra-indications for surgery are: (1) patient below 
âge of 5 years, because treatment is not necessary; 
(2) patients with stiff hip do not respond well to surgery; 
and (3) severe deformity of the fémoral head. (4) patients 
in stage III and IV (5) Patients over 12 years, of âge at the 
onset of the disease. This is because the natural his tory 
of this adolescent form of Perthes' disease is very different 
from that seen in younger children and containment 
surgery does not seem to offer any benefit in these 
patients. 

Joseph B et al studied 26 640 cases and analyzed. They 
conclude that the short-term outcome of surgical 
treatment of children with Perthes' phericity of the 
fémoral head was maintained in 62.5% of the operated 
children. The results were far poorer in children who had 
not received treatment (20% only had good spherical 
fémoral heads) The children who had undergone surgery 
had less pronounced coxa magna than those who did not 
undergo surgery. It is clear from this study that the 
frequency of coxa irregularis and coxa magna can be 
minimized by early surgery. It is also important to note 
that in this study, 60% of children who did not receive 
treatment had distinctly poor results as opposed to less 
than 15% of poor results among those who were operated. 

In carefully selected cases, surgical containment, if 
performed early in the course of the disease, significantly 
reduces the risk of coxa magna and coxa irregularis. 

Thus, the morphological changes, in the hip, which 
prédisposé to osteoarthrosis may be either prevented or 
minimized by containment. 

The frequency of late présentation can be minimized 
by an increase in the awareness among orthopédie 
surgeons that it is important to ensure containment, early 
in the course of the disease. The treatment options for 
those older than 12 years of âge at the onset of the disease 
remain unclear at présent, as the disease appears to 
behave very differently and often unpredictably in the 
older child. 

Over the years a clearer understanding of Perthes' 
disease has led to vastly improved results in treatment. 
It is hoped that more information will be gathered in the 
years to corne to enable us to treat this enigmatic disease 
even more effectively in the future. 

Surgical Treatment Consist of 

Fémoral osteotomy or Salter's innominate osteotomy or 
combined. 
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Fémoral Osteotomy (Fig. 7) 

Since the 1960s, varus derotational fémoral osteotomy has 
been successfully used to contain the fémoral head in 
patients with LCPD It is recommended performing the 
operation within 8 months of onset of symptoms. 

Fémoral varus derotation osteotomy and varus 
extension ostéotomies are the favored procedures. These 
procedures ensure that the part proximal to site of 
osteotomy is held abducted and internally rotated or 
abducted and flexed to achieve containment in the same 
way as obtained by means of an orthosis. 

The amount of varus angulation should barely 
position the fémoral head beneath the latéral rim of the 
acetabulum avoiding the varus less than 110°, and with 
considération to perform a greater trochanteric 
epiphyseodesis at the time of initial fémoral osteotomy. 

Advantages of fémoral osteotomy: (1) containment is 
better; (2) there is no pressure over the head; (3) it tends 
to enhance the remodeling process 9 ; and (4) it is a simple 
procedure compared to Salter's osteotomy. 

Disadvantages of varus osteotomy are: (1) it causes 
élévation of the greater trochanter and Trendelenburg 
sign becomes positive; (2) patient limps for a period of 1 
to 2 years. It becomes difficult to convince the parents 
about the limp. Parents must be properly counceled 
before surgery; (3) the varus position of the neck improves 
with âge. Rarely the varus deformity may remain; (4) the 
fémoral osteotomy may cause further shortening of the 
fémur and limb length discrepancy (2-3 cm), which may 
require limb lengthening; (5) rarely, infection and 
nonunion may occur; and (6) stress fracture below the 
plate or through the screw hole may occur though rarely. 

Contraindications: evidence of physeal arrest is a 
contraindication to fémoral osteotomy. 


Apophyseodesis 

At the same time perform an apophyseodesis of greater 
trochanter. This prevents an overgrowth of trochanter in 
patients having a few years of growth remaining in their 
apophysis. 

Technique 

The osteotomy is held by a five or six hole 3.5 DCP prebent 
to around 20°. It avoids any cumbersome orthosis or 
plaster cast in mobilization. and patient compliance is 
good. 

Salter’s Innominate Osteotomy 

Prerequisite for Salter's innominate osteotomy are: (1) 
absence of the irritability of the hip; and (2) hip mobility. 

Disadvantages of Salter's innominate osteotomy are: 
(1) chondrolysis may occur due to pressure on the fémoral 
head; (2) postoperative stiffness of the hip with prolonged 
or persistent loss of joint motion; (3) extent of antérolatéral 
coverage provided by Salter's osteotomy is limited. There 
may be uncovering of the fémoral head posteriorly; and 
(4) the procedure is technically difficult compared to 
fémoral osteotomy. 

Technique 

Through the latéral approach, subtrochanteric osteotomy 
is done. The length of the base of the opening wedge, is 
calculated on paper by tracing. With the use of an 
alu.template, the plate is bent as shown in figure. 

The capsule iliopsoas is lengthened if there is flexon 
deformity and aductor tenotomy is done, if it is tight. 



Figs 7A to C: (A and B) AP and latéral X-rays of a case of LCPD in fragmentation stage Herring Type B. Note the subluxation 
open wedge varus proximal fémoral osteotomy. Note the curreting of the physis of trochanter and the screw in the physis. Head 
is fully contained. 
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Complication 

Some of the complications associated with innominate 
osteotomy include 

1. Loss of fixation with displacement of the distal 
fragment. 

2. Lengthening of the leg. 

3. Decreased hip flexion. 

4. Joint stiffness. 

5. Hinge abduction can also occur postoperatively. 

Combined Procedure 

This dual surgical approach may provide greater 
coverage of the fémoral head. Salter's innominate and 
varus fémoral osteotomy may be indicated in severe 
LCPD. It is a safe and effective salvage procedure. 

Postopertive Management 

The child is allowed weight bearing after osteotomy has 
united, usually in about 6 weeks. Strenuous games are 
discouraged till revascularization of the head is complété. 

Reconstructive Surgery 

1. Limb length equalization procedure. This may be 
needed if there is 3 cm or more of shortening. 

2. Relative overgrowth of the greater trochanter and 
coxa breva may require shifting of the greater 
trochanter to improve the strength of abductor 
muscles and reduce the Trendelenburg lurch. 

3. Distally hinged abduction of hip due to indentation 
of the superior lip of the acetabulum may cause a 
saddle shape joint. The hip is hinged at the acetabular 
rim. The head is held in abducted position. This is 
treated by valgus osteotomy to bring the unaffected 
head in the weight bearing area of the acetabulum. 

Valgus Osteotomy: The operation is performed if the 
head and acetabulum are congruent when the joint is 
adducted but are incongruent in a neutral or abducted 
position. The most noticeable resuit following 
abduction of the limb is improvement in gait. 

It also improves roundness of the fémoral head 
joint motion, and leg length, reduced subluxation and 
lessened pain. 

4. Chilectomy is the surgical excision of the protruded 
latéral portion of the fémoral head, which is causing 
mechanical block to abduction. Removal improves the 
range of motion. Chilectomy, however, has the serious 
disadvantage of reducing the load-bearing area of the 
joint and increasing stress forces across the hip. 
Chilectomy is now seldom done. 


5. Chiari osteotomy - Indication are healed fémoral head 
which is laterally extruded and in older child with 
incongruent hip and pain. 

6. Osteochondritis Dissecans 

It is a rare complication in Perthes disease. It needs 
removal when it forms a loose body. Symptoms are 
locking, catching or crépitation. Torn acetabular labrum 
is a very rare complication and should be excised. 

7. The child may corne with various types of deformities 
as described above. Moss sphericity greater than 4 mm 
or more round required surgery. 

Postoperative Management 

The child is allowed weight bearing after osteotomy has 
united, usually in about 6 weeks. Strenuous games are 
discouraged till revascularization of the head is complété. 

CONCLUSION 

The treatment of Perthes disease aims at obtaining a 
spherical head well contained within the acetabulum. 
Changes such as coxa magna and coxa breva are inhérent 
in the pathogenesis of the disease and fortunately does 
not lead to degenerative changes. Coxa irregularis will 
certainly lead to early degenerative changes. So also the 
development of a functional coxa vara from trochanteric 
overgrowth. These two changes are, however, under 
surgeon's control and can be prevented by early 
containment procedures. However, any treatment is 
effective only in the active phase of the disease. Until 
etiological factors are identified, Perthes disease will 
remain an enigma. 

Arthrodiastasis in Perthes’ Disease 

Maxwell reported - treated 15 cases of Perthes' disease 
above the âge of 8 and compared with a conventionally 
treated, consecutive, historical control group. 
Arthrodiastasis was applied for approximately four 
months. The complication of arthrodiastasis included pin- 
site infection in most hips, transient joint stiffness in two, 
and breakage of a pin in two. 

Their preliminary results show considérable potential. 
The early radiographie findings are promising since 
further epiphyseal collapse has largely been arrested and 
the overall shape of the fémoral head has been 
maintained. 

1984-2004 Multicenter Prospective LCP Disease Study 
was Carried out by B Stephens Richards, MD 16 

Recommendations from this study are: 

1. For those patients with latéral pillar group A 
involvement and those with group B hips whose onset 
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of disease is at âge 8.0 years or less (skeletal âge 6 
years or less), symptomatic care is ail that is required. 
Children with group A involvement can usually be 
recognized and "protected" from aggressive treat- 
ment, as they rarely expérience persistent loss of joint 
motion or major symptoms. Initial management 
should focus on pain relief, with réduction of activities 
and anti-inflammatory médications, and short periods 
of bed rest for major épisodes of pain or loss of joint 
motion. 

2. Patients with group B/C border whose onset of 
disease is at chronologie âge 8.0 or less hâve a poorer 
prognosis but do not appear to benefit from surgical 
treatment. 

3. Patients with group B and group B/C border 
involvement whose onset occurred after chronologie 
âge 8.0 years (skeletal âge 6 years) benefit from 
surgical containment once joint range of motion has 
been achieved by symptomatic means. In the study, 
Salter pelvic osteotomy and fémoral varus osteotomy 
produced similar results in terms of fémoral head 
shape. Salter ostéotomies occasionally resuit in 
stiffness of the hip, especially in patients greater than 
10 years old at the onset of the disease process. 
However, fémoral osteotomy results in élévation of 
the greater trochanter which can lead to abductor 
dysfunction. 

4. Children in latéral pillar group C hâve no évident 
improvement with surgical treatment regardless of 
âge, and they hâve an unfavorable prognosis. 
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INTRODUCTION 

Slipped capital fémoral epiphysis (SCFE) is a well known 
disorder affecting adolescent hips with the potential of 
serious long-term sequalae. SCFE is characterized by a 
deformity of the proximal fémur at the level of the growth 
plate with a postero-inferior position of the capital 
fémoral epiphysis relative to the metaphysis. The term 
SCFE is a misnomer since it is not the epiphysis that 
"slips", but the proximal fémoral metaphysis that 
externally rotâtes with antero-superior translation, thus 
creating a three-dimensional deformity. Occ asionally, the 
metaphysis can translate postero-inferiorly, leading to a 
valgus SCFE. 

Epidemiology 

The incidence of SCFE varies widely among different 
populations. In North America, SCFE is the most common 
hip disorder affecting adolescents with an incidence of 
10 per 100,000. The prevalence of SCFE is substantially 
lower in India, the Middle East and the North African 
subcontinent. SCFE is twice as common in Blacks 
compared to the Caucasian population and more 
common amongst boys compared to girls. The left hip is 
affected twice as often as the right side. The patient 
typically présents between 10 to 16 years of âge, with an 
average âge of onset of 13.5 years in boys and 12 years in 
girls. Delayed skeletal maturity, by as much as 20 months, 
is common in SCFE. There is a seasonal variation in the 
incidence of this disorder, being more commonly 
reported in the summer and autumn months. 

Etiology and Pathogenesis 

Although the exact etiology of SCFE remains unknown, 
the proximal fémoral growth plate is thought to fail due 


to excessive shear stress. A variety of biomechanical 
factors in combination with biochemical events may lead 
to weakening of the physis. Predisposing factors such as 
obesity, increased fémoral rétroversion, physeal obliquity 
and increased depth of the acetabulum, hâve ail been 
suggested as possible mechanical factors which increase 
the shear stress along the proximal fémoral physis. SCFE 
is typically seen during the pubertal growth spurt; a time 
when there are significant alterations in hormonal 
activity, which may contribute to physeal weakening. 
Growth hormone induces prolifération of the 
chondrocytes with élongation of the zone of hypertrophy, 
thus making the growth plate more susceptible to shear 
stress. Some hâve suggested that the male prédominance 
of SCFE may be related to the weakening effect of 
testosterone on the growth plate. Although hormones are 
implicated in the pathogenesis of SCFE, in the vast 
majority of patients the changes are so subtle that no 
demonstrable hormonal imbalance is noted on routine 
blood work. The SCFE occurs through the weakest zone 
of the physis, the zone of hypertrophy. Histological 
examination of the affected physis reveals loss of the 
columnar pattern of the chondrocytes in the hypertrophie 
zone. 

Atypical SCFE (5%) can occur due to underlying 
endocrinopathy such as hypothyroidism, panhypop- 
ituitarism, hypogonadism, treatment with growth 
hormone or metabolic diseases such as rickets. Previous 
radiation to the hip joint, rénal osteodystrophy and Down 
syndrome are also associated with increased risk for 
atypical SCFE. 

Diagnosis 

A typical case of SCFE involves an obese adolescent, 
between 10 and 16 years old, presenting with a history 
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of insidious onset of a painful limp for several weeks to 
months. The discomfort may be in the groin, thigh or knee 
area. Since about half of ail patients with SCFE do not 
hâve hip pain, the examiner may not fully assess the hip 
joint and thus contribute to a significant delay in 
diagnosis. Thus, it is impérative to examine the hip joint 
when an adolescent présents with distal thigh or knee 
pain. The most consistent physical finding is loss of 
internai rotation at the hip along with obligate external 
rotation of the hip on flexion and shortening of the 
affected extremity. The adolescent may hâve an 
out-toeing gait with a Trendelenburg lurch due to 
insufficiency of the ipsilateral abductor muscles 
secondary to a relatively proximal location of the greater 
trochanter. In patients with bilateral SCFE, a waddling 
gait with less asymmetric hip rotation may be noted. 

Based on the duration of symptoms, SCFE is 
traditionally classified into four categories- pre-slip, acute, 
chronic and acute-on-chronic. A SCFE is diagnosed as 
acute or chronic, based on whether the symptoms started 
less or more than 3 weeks prior to présentation and acute- 
on-chronic if there was a sudden increase in discomfort 
in a patient with chronic symptoms. However, this 
traditional classification System is unpredictable and does 
not reliably assess prognosis. Loder has recently reported 
a prognostic classification, based on physeal stability. The 
patient's inability to bear weight on the affected 
extremity, with or without crutches, suggests an 
"unstable" slip, with up to 50% reported incidence of 
osteonecrosis despite adéquate treatment. 

Although quite uncommon, patients may hâve an 
atypical présentation in 5% of the cases. These children 
are typically short (height less than lOth percentile) and 
light (weight less than 50th percentile). Moreover, they 
may be younger than 10 or older than 16 years of âge at 
the onset of symptoms. These patients with atypical SCFE 
hâve a higher incidence of bilaterality and need further 
workup to rule out endocrinopathies such as 
hypothyroidism or other metabolic disorders. 

Radiographs 

In ail suspected cases of SCFE, antero-posterior (AP) and 
latéral views of both hips should be obtained, since there 
is up to 50% reported incidence of bilaterality, many with 
an asymptomatic contralatéral slip. Mild cases of SCFE 
may not show any apparent deformity on the AP view 
other than subtle irregularity of the proximal fémoral 
physis, and the latéral view may reveal minimal anterior 
displacement of the metaphysis. Klein's Line, a line 
drawn along the superior or anterior aspect of the fémoral 
neck normally transects at least 20% of the epiphysis. A 


cross-table latéral rather than a frog-leg latéral view 
should be performed in cases of unstable slips in order 
to avoid further displacement during manipulation of the 
limb for radiographie positioning. There are two types 
of radiological classification of SCFE, both based on the 
severity of the slip. One classification is based on 
displacement of the fémoral epiphysis in relation to the 
width of the metaphysic; up to 33% of fémoral head 
displacement is classified as mild, 33 to 50% moderate 
and more than 50% is considered severe SCFE. However, 
this classification is not reliable, especially in chronic slips 
with considérable remodeling of the fémoral neck. The 
second classification, originally proposed by Southwick, 
is more prognostic for determining the risk of prématuré 
arthritis of the hip and is based on the différence in the 
latéral head-shaft angle between the affected and 
unaffected sides on frog-leg radiographs (Figs IA to C). 
In cases of bilateral slips, the normal value of 12° of the 
latéral head-shaft angle is used to détermine severity of 
the SCFE. Based on the Southwick classification, a head- 
shaft angle différence of less than 30° is considered mild, 
30 to 50° moderate and greater than 50°, a severe slip. 
Advanced imaging studies are rarely indicated for 
diagnosis, although MRI is helpful in diagnosing a pre- 
slip, in clinically suspected cases with normal radiographs 
of the hip. A CT scan is useful for preoperative planning 
of ostéotomies. 

Treatment of Stable SCFE 

Once a diagnosis of SCFE is made, the child should be 
admitted to the hospital. Strict bed rest and non-weight 
bearing should be enforced until surgery. Pre-operative 
traction is not indicated. Although methods such as spica 
casting, open bone graft epiphyseodesis and acute 
realignment with ostéotomies hâve been advocated by 
some, in-situ pinning using a single 7.3 mm wide 
cannulated stainless Steel screw is currently the most 
accepted treatment for patients with stable SCFE. The 
screw should be placed in the center of the fémoral 
epiphysis using biplanar fluoroscopy. Such treatment 
avoids further progression of the slip with low morbidity. 
Increasing the number of screws in the treatment of a 
stable slip does not offer any significant increase in 
stability and does raise the incidence of unrecognized 
intra-articular position of the screw with chondrolysis 
and possible increased incidence of vascular disruption 
leading to a vascular necrosis of the fémoral head. 

Either a fracture table or a radiolucent table may be 
used for in-situ pinning. Use of a radiolucent table 
shortens the surgical time due to easier setup and allows 
the surgeon to freely move the limb to check appropriate 
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Figs IA to C. An AP radiograph of the pelvis of an obese, 
11 years old female demonstrating bilateral SCFE. She was 
unable to bear weight on the left lower extremity and was 
diagnosed with a “stable” right and an “unstable” left SCFE of 
moderate severity (A). She underwent gentle partial réduction 
of the left hip with aspiration of the intra-articular hematoma 
and stabilization with two 7.3 mm stainless Steel screws on the 
left and in situ pinning with a single screw for the right sided 
SCFE. AP pelvis (B) and frog-lateral radiographs (C) following 
stabilization is shown 


position of the hardware. However, this technique does 
require an assistant and can be associated with bending 
the guide wire as one moves the limb from an AP to a 
frog latéral position. When using the fracture table, the 
location for skin incision can be identified as the 


intersection of two lines over the proximal thigh 
simulating the projected path of the screw. One line is 
based on the AP view and the other line on the latéral 
view, as seen on intraoperative fluoroscopy of the 
involved hip. After making a small incision at this 
intersection point, a hemostat is passed down to the base 
of the fémoral neck, at the intended starting point of the 
screw. The more severe the slip, the further anterior and 
proximal one needs to start on the fémoral neck. The thick 
guide wire for the cannulated screw is then passed 
freehand on to the antérolatéral cortex of the fémur with 
its tip pointing in the direction of the center of the fémoral 
epiphysis. The number of attempts to pass the guide wire 
should be minimized to avoid stress risers. Proper 
identification of the starting point for the guide wire is 
crucial, since this avoids iatrogénie complications such 
as malpositioning of the hardware and sub-trochanteric 
fractures related to a more latéral and distal starting point. 
Once the appropriate position of the guide wire is 
confirmed with biplanar fluoroscopy, the length of the 
screw is measured with a depth gauge and the outer 
cortex is drilled with a cannulated drill bit. The number 
of threads engaging the epiphysis is crucial because it 
significantly affects the strength of fixation. The tip of 
the screw should ideally be no about 5 mm from the 
subchondral bone, with four to five threads into the 
epiphysis. The true position of the screw tip must be 
evaluated with live fluoroscopy by gently ranging the 
hip joint through an arc of rotation while checking the 
relationship of the screw tip to the articular surface of 
the fémoral head. Leaving the screw head too prominent 
can cause impingement of the screw head on the 
acetabulum with flexion and may also lead to hip pain 
and loosening of the screw. Moreover, one should use 
either a fully threaded or a long threaded screw, since 
this further increases the purchase of the screw into the 
fémoral neck and avoids "windshield wiper" loosening 
of the screw. The use of titanium screws should be 
avoided since hardware removal, although not routinely 
required, can be challenging secondary to bony in-growth 
seen with titanium implants. Post operatively the child 
should be given crutches. Protected weight bearing with 
crutches is recommended for approximately four weeks, 
after which graduai return to physical activities can be 
resumed. Serial AP and latéral radiographs of both hips 
should be performed to follow any changes in fixation 
and possibility of a contralatéral slip, until skeletal 
maturity. 

Treatment of Unstable SCFE 

The management of an unstable SCFE differs in some 
aspects from a stable slip. While no réduction maneuver 
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is attempted in a stable slip, a gentle attempt at réduction 
with internai rotation of the hip to obtain a "stable" 
position may be performed in these unstable slips. 
However, one needs to avoid forceful manipulation of 
the hip or over- réduction, since such manipulation can 
lead to increased incidence of osteonecrosis. Convincing 
evidence in support of emergent treatment of unstable 
slips is lacking, although most would agréé that an 
unstable slip should be stabilized within 24 hours of 
présentation. Some experts recommend urgent hip 
aspiration or arthrotomy to alleviate intra-articular 
pressure in hope of decreasing the risk of osteonecrosis, 
although scientific validation of such treatment is 
currently not available. Since an unstable slip is similar 
to a Salter I fracture of the proximal fémur, use of a second 
screw to achieve rotational stability has been advocated 
by some authors. However, when placing two screws, 
the possibility of screw malposition does increase and 
one needs to ensure acceptable position with the use of 
intra-operative fluoroscopy. Post-operatively, these 
children are protected longer before being allowed to fully 
weight bearing and return to unrestricted physical 
activities. 

Complications 

Chondrolysis and osteonecrosis (ON) are the two major 
complications of SCFE treatment that hâve certain 
associated risk factors. Patients with chondrolysis of the 
hip typically présent with pain and stiffness and hâve 
radiographie narrowing of the joint space. The risk factors 
typically implicated for this complication include 
persistent screw pénétration into the hip joint, severe 
SCFE, treatment with hip spica cast and intertrochanteric 
osteotomy. Management of chondrolysis dépends on the 
underlying etiology. Besides repositioning misplaced 
screws, initial management is non-operative with anti- 
inflammatory médications and range of motion exercises. 
In récalcitrant cases, one can attempt hip joint capsulo- 
tomy, followed by mobilization and possible use of 
traction or a hinged external fixator. 

The risk factors for osteonecrosis include an unstable 
SCFE, forceful attempts at réduction, fémoral neck 
ostéotomies and the presence of hardware on the 
posterosuperior quadrant of the epiphysis. The patient 
will typically présent with signs of hip irritation, pain 
and loss of internai rotation. Radiographs will show 
typical signs of ON with collapse and cyst formation. 
Immédiate management includes restriction of weight 
bearing, range of motion exercises and anti-inflammatory 
médications. The surgical management of these 
patients can be challenging and based on the extent of 


involvement may necessitate core décompression, a 
"trap-door" procedure, redirectional ostéotomies or 
arthrodesis. 

Controversies 

Rôle of Secondary Procedures 

The risk of developing degenerative osteoarthritis 
correlates with the severity of the SCFE. In a study by 
Carney and Weinstein, within 40 years of the diagnosis, 
one-third of patients with mild SCFE and nearly ail of 
those with moderate and severe SCFE had radiographie 
evidence of degenerative arthritis of the hip. After 
successful initial in-situ pinning of a SCFE, some bony 
remodeling may occur with improvement in symptoms 
and hip mobility. However, there is a high likelihood of 
anterior femoroactetabular impingement due to residual 
rétroversion of the fémur in patients with severe defor- 
mities. Some authors advocate secondary procedures 
such as redirectional fémoral osteotomy and/ or a fémoral 
neck osteoplasty to improve the head-neck offset of the 
proximal fémur and thus avoid the "cam" impingement 
of the fémoral neck on the acetabulum with hip flexion. 
An inter-trochanteric biplanar antérolatéral closing 
wedge osteotomy as described by Southwick can improve 
range of motion and may reduce the incidence of 
degenerative joint disease. A variety of technical 
modifications using an assortment of internai and 
external fixation devices hâve been reported with 
reasonable short term results (Fig. 2). Recently 
popularized, open surgical dislocation of the hip with 
fémoral neck osteoplasty has shown promising results, 
but is technically demanding and long-term results are 
not available. 

Prophylactic Pinning of Contralatéral Normal Hip 

Recent studies show that almost two-thirds of ail SCFE 
cases are bilateral and of those bilateral SCFE, two-thirds 
of the patients présent initially with bilateral involvement. 
The remaining one-third of these children develop a 
contralatéral SCFE within 18 months of the initial slip. 
Patients who are less than 10 years old at initial présen¬ 
tation are more likely to develop bilateral SCFE. Recent 
studies hâve also shown that if ail SCFE patients got 
prophylactic pinning, almost 80% would hâve had 
unnecessary intervention. The current trend is to perform 
prophylactic pinning in a subset of patients; such as 
children with an underlying endocrinopathy or those 
younger than 10 years of âge. 

In summary, the clinician should hâve a high index 
of suspicion for diagnosing a slipped capital fémoral 
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Figs 2A to D: Preoperative AP (A) and latéral radiographs (B) of a 16 years old male with severe left sided SCFE. Two years 
earlier, he had undergone in situ pinning for a stable left sided SCFE and was currently symptomatic with pain on hip flexion 
and an out-toeing gait on the left side. Following an opening wedge flexion,valgus, internai rotation subtrochanteric osteotomy 
(C,D) his symptoms, hip mobility and radiographie impingement improved. Note the residual translational deformity on the 
latéral view (D) 


epiphysis in an adolescent presenting with hip or knee 
pain or a limp. With prompt détection using appropriate 
radiographs of both hips, one can prevent further slippage 
by using appropriate surgical stabilization and thus 
minimize long term sequelae. The rôle of redirectional 
ostéotomies and fémoral osteoplasty to improve the 
biomechanics of the hip and prevent prématuré 
degenerative arthritis continues to evolve. 
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INTRODUCTION 

Coxa vara, the diminished neck shaft angle of fémur, is a 
term derived from Latin words coxa means the hip joint, 
and varus meaning angulation towards the midline of 
the body. The condition of congénital coxa vara is found 
in infancy and childhood. 7 A rare variety of it is présent 
at birth and is associated with congénital defects like short 
fémur and other limb abnormalities, which appears to 
be related to the environmental factors without any 
genetic involvement. 3 The other variety, an isolated 
congénital coxa vara, is often bilaterally symmetrical 
having some familial occurrences. The latter is more 
common than the first type and is detected when the child 
learns walking, and hence is termed developmental or 
infantile coxa vara. 2 After histological studies Pylkkanen 6 
suggested the cause of the defect as a disturbance of 
ossification and growth originating in the médial part of 
proximal fémoral epiphysis plate. A third variety has 
been reported which is occurring due to a secondary 
congénital error associated with intrauterine affection of 
bone such as achondroplasia. 10 Developmental coxa vara 
is a rare entity. 

There are many diseased entities which ultimately 
produce varus deformity of the upper end of the fémur. 
Ail these conditions hâve similar clinical symptoms and 
management. 

Pathology 

The shearing forces across the physis gradually increase. 
A progressively shortened lower limb due to progressive 
decrease in the neck shaft angle with a short neck of 
fémur, having a defect at its médial part, forms the crux 
of the pathology. A vertically disposed epiphyseal plate 
is médial to the defect forming an inverted "V" and the 


metaphysis on the latéral side of the defect is osteoporotic 
with a triangular piece of bone separated from the inferior 
aspect of the neck, known as Fairbank's triangle, are the 
characteristics of the pathology 10 (Fig. 1). Microscopically 
the defect is composed of cartilage and osteoid tissue. 
The cartilage cells are arranged in an irregular columnar 
fashion and ossification within it is irregular. The 
trabeculae in the adjoining osteoporotic metaphysis are 
atrophie containing occasionally large group of cartilage 
cells. The head of the fémur is normal. 

If the deformity is left untreated, the greater trochanter 
gradually extends upward towards the ilium, ultimately 
the trochanter goes much higher than the level of the head 
of the fémur. 



Vertical epiphyseal 
plate and inverted 
V shaped defect 
in the neck 

Fairbank's 

triangle 

Short neck 
of fémur 

Decreased neck 
shaft angle 


Fig. 1. Shows decreased neck shaft angle with short neck of 
fémur having a vertically disposed epiphyseal plate and an 
inverted "V"-shaped defect, the fairbank's triangle being placed 
inferiorly 
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Etiology 

The cause of developmental coxa vara remains unknown. 
Various théories hâve been put forth. 5 Histopatho- 
logically confirmed abnormalities exist in cartilage 
production and secondary metaphyseal bone formation 
in the inferior portion of the proximal fémoral neck. The 
growth plate is regular and wide. 

1. Metabolic: A metabolic abnormality causing a déficient 

production of or a delay in the normal ossification 
process of the proximal end of the fémur has been 
proposed. 

2. Developmental error: Varus deformity may be due to a 

developmental error. 

3. Primary cartilage defect in the fémoral neck: Pylkkanen 

proposed what remains as the most widely accepted 
theory about the cause of developmental coxa vara. 
He postulated that the deformity in the proximal 
fémur is the resuit of a primary ossification defect in 
the inferior fémoral neck. 

Physiological shearing stresses applied during weight 
bearing cause fatigue of the local dystrophie bone, 
resulting in the progressive varus deformity seen 
clinically. This theory remains most widely accepted. 

Classification 

1. Congénital coxa vara. 

2. Developmental coxa vara. 

3. Acquired coxa vara This type includes traumatic 
epiphyseal injury, malunited fracture trochanter or 
neck, infection and metabolic type like rickets, 
Morquio's disease, fibrous dysplasia, multiple 
epiphyseal dysplasia (Fig. 2A). 'Perthes' disease and 
Pseudoachondroplasia (Fig. 2B). 



Fig. 2A: Multiple epiphysis dysplasia in both 
hips carusing coxa vara 


Clinical Findings 

There may be excessive lumbar lordosis especially when 
the deformity is bilateral. 

Before the Child Learns Working 

The shortened lower extremity with free movements of 
hip within the acetabulum raises suspicion of coxa vara, 
mostly associated with a short fémur of type III. 

After the Child Learns Walking 

A painless limp is the common complaint. In bilateral 
cases, waddling gait is the presenting feature, caused by 
weak hip abductors. The hip movements are fairly normal 
without any telescoping sign. The greater trochanter lies 
above the Nelaton's line. The Trendelenburg's test is often 
positive because of weak abduction of hip. 

A Neglected Case in Adult Life 

The waddling gait is pronounced. As the greater 
trochanter lies much above the head of the fémur and 
often of bilateral occurrence, there is pain and stiffness 
of the hip due to degenerative arthritis, which appears 
quite early. The abductors and flexors of hip gradually 
shorten, and there is a progressive limitation of abduction 
and internai rotation. 

Physical Signs 

The greater trochanter is elevated, Trendelenburg's sign 
positive, the limb is shorter, by above 2.5 cm; movements 
of the hip are restricted in abduction and internai rotation 



Fig. 2B: A case of pseudoachondroplasia with 
bilateral coxa vara 
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Fig. 3: This patient aged 22 with 
bilateral coxa vara has no symptoms 


but may be restricted to some extent to ail direction. The 
loss of internai rotation is due to progressive decrease in 
the fémoral antéversion. Ail the loss of abduction is due 
to abductor muscle weakness, secondary to elevated 
trochanter. 

Radiographie Features 

The characteristic findings in radiography of a typical 
case of coxa vara are as follows: 

1. The neck shaft angle of the fémur is 90° or even less 
with rétroversion of neck. 

2. An oblique defect in the fémoral neck extending 
upward toward the vertically disposed epiphyseal 
plate forming an inverted "V" with the latter. 

3. The metaphysis is osteoporotic with a triangular 
fragment at its proximoinferior part, placed in the 
inferior portion of the inverted "V" known as 
Fairbank's triangle. 

4. The neck is short in length, its inferior border is 
concave forming a down-hanging lip and its superior 
border convex. 

5. The head, epiphyseal cartilage and the triangular 
fragment appear to be slipping downward as a unit. 

6. The acetabulum is deformed as the head is radiolucent 
and lowly placed in it. 

7. In neglected cases, the greater trochanter is 
beakshaped, goes up and almost touches the ilium 
(Fig. 3). 

8. Weinstein et al 9 in a rétrospective review of 22 cases 
of congénital coxa vara introduced the Hilgenreiner 
epiphyseal (HE) angle as measured on the 
anteroposterior radiogram of the hips to détermine 
the degree of coxa vara deformity. The HE angle is 
the angle between Hilgenreiner's line on the 



Fig. 4: ZABC=Hilgenreiner’s epiphyseal line 



Fig. 5: Five-years-old boy with developmental coxa vara. Notice 
the bone formation at inferior part of the physis. Growth plate is 
almost vertical, making an angle of 80° of the Hilgenreiner's 
line 

horizontal axis and the line through the metaphyseal 
side of the fémoral neck on the vertical axis-angle ABC 
(Fig. 4). 

These authors concluded that if the HE angle is greater 
than 60° and gradually increasing, progression of coxa 
vara can be anticipated, if the HE angle is less than 60° 
and greater than 45°, these hips represented a "gray zone" 
— they should be observed, and HE angles of less than 
45° will gradually correct spontaneously without 
operative intervention. They recommended surgical 
correction of the HE angle to more than 45° (Fig. 5). 
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Diagnosis 

Isolated cases of congénital coxa vara need différentiation 
from coxa vara associated with congénital short fémur 
of type III 3 where the fémoral shortening is the primary 
defect, whereas coxa vara is prédominant in the other. 
The fémoral neck is not horizontal in the latter variety 
but retroverted and bent with irregular and mottled 
growth plate. Unlike the isolated coxa vara, the other 
variety has marked thickening of the calcar in the fémoral 
shaft with a hypoplastic or absent lesser trochanter. 
Although there is no incidence of familial occurrence in 
the congénital short fémur variety, yet association with 
other limb abnormalities is not rare in it. 

Natural History 

The patient may develop stress fracture and nonunion 
of the fémoral neck. The deformity may lead to 
degenerative osteoarthritis with pain. Weinstein 9 and 
colleagues and Serafin and Szulc showed that not ail 
patients with developmental coxa vara follow such a 
progressive course. 

Treatment 

Additional procedures are as follows: 

1. Adductor tenotomy may be needed. 

2. The valgus osteotomy may lead to a pressure on the 

head of the fémur and chondrolysis. Therefore, to 


unload the fémoral head, shortening of the fémur at 
the level of osteotomy may be performed. 

3. If there is rétroversion, it should be corrected by 
internally rotating the distal segment; to prevent loss 
of correction internai fixation is preferred. 

The surgical aim is to overcorrect the neck shaft ankle 
in valgus position regardless of the patient's âge. The 
indications for surgery described by Kehl, are the 
proximal fémoral Hilgenreiner physeal angle is greater 
than 45 to 60°, the proximal fémoral neck shaft angle is 
progressively decreasing or measures less than or equal 
to 90 to 100°, or the patient with developmental coxa vara 
develops a Trendelenburg's gait. 

The treatment is mainly operative correction of the 
deformity because: (i) conservative treatment is of little 
or no value, and (ii) if left untreated there may develop a 
pseudoarthrosis at the defect, and the head may lie widely 
separated from the neck. So, the treatment should be 
started early before the âge of eitht years. 8 Operative 
restoration of proximal fémur is indicated before the coxa 
vara and the limp are on the increase. The aim of 
operative treatment is to realign the proximal fémur, to 
prevent downward displacement of the head of the fémur 
and supporting it from below by corrective osteotomy 
which makes the disposition of the vertical defect into a 
horizontal one. Various types of osteotomy had been 
advocated by different surgeons at different times. 

According to Tachdijan, perhaps the best time of 
surgery is between one and a half and two years of âge. 



Figs 6A to D: (A) Plane in Pauwel"s ’V" osteotomy with P representing plane of the growth plate, H being the horizontal line in 
the subtrochanteric fémur, a44°closing wedge osteotomy corrects the growth plate inclination to 16°, (B) afterthe osteotomy the 
fémoral shaft fragment supports the triangular metaphyseal fragment and the displaced fémoral head, (C) showing abducted 
fémoral shaft in stippled line following Dickson's géométrie osteotomy, and (D) showing subtrochanteric valgus osteotomy with 
abducted fémoral shaft in stippled line and the hatched wedge in adjoining upper fragment, to be removed before aligning the 
fragments 
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Recently, external fixation devices such as Ilizarov and 
DeBastiani orthofix hâve been effective in producing 
stable fixation of the osteotomy fragments. The 
advantages are correction of varus deformity, 
rétroversion and limb length discrepancy—ail can be 
corrected in one procedure with a small percutaneous 
osteotomy. Fine tuning of correction can be performed 
during the postoperative period. 

Types of Ostéotomies (Figs 6A to D) 

1. Pauwel devised a Y-shaped intertrochanteric 
osteotomy where on closing the wedge component 
of the "Y", correction of the plane of the growth plate 
was achieved, while the stem component supported 
the epiphysis and the metaphyseal fragmentl 
(Figs 6A and B). 

2. Dickson's géométrie osteotomy 8 (Fig. 6C) changes the 
fémoral alignment, places the vertical defect into a 
horizontal position, and abducted shaft of fémur 
supports the head and also increases limb length. 

3. Subtrochanteric valgus osteotomy also serves the 
same purpose like the other two, where a small wedge 
is removed from the upper fragment before aligning 
the lower fragment into abduction (Fig. 6D). The 
ostéotomies are fixed by various methods like pin- 
plate or blade-plate fixation or by tension band wiring 
for Pauwel's osteotomy. 

4. A different type of osteotomy was described by 
MacEwen and Shands. 4 which corrects coxa vara as 
also rétroversion of fémoral neck. An oblique 
subtrochanteric osteotomy at an angle of 30° to 60° 
from anterosuperior to posteroinferior direction is 
made. Osteotomy made at 30° to long axis of shaft 
produces less rotation. Maintaining contact between 


the fragments produces internai rotation of the 
fragment as well, thereby, corrects both coxa vara and 
rétroversion of the neck of fémur. The fragments are 
fixed with a screw and also two removable Steinmann 
pins fixed with pins and plaster type of cast. 

As récurrence following correction of coxa vara is 
quite common, regular follow-up is essential. A short 
fémur associated with coxa vara needs operative 
lengthening. 
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INTRODUCTION 

Bone and joint sepsis is a serious and ancient disorder in 
the pédiatrie population. Osteomyelitis was found in 
Egyptian mummies 4000 years back. Earlier without 
modem antibiotics bone and joint infections had very 
high mortality [60%] but after advent of Penicillin [1944] 
mortality fell below 1%. 

It is frequently a diagnostic challenge especially when 
child présents early or has had partial treatment with oral 
antibiotics. The infant may only appear to be sep tic. The 
cause of the limp may not be obvious and the bone 
changes of infection may resemble a tumor. The joint 
swelling may be due to an acute onset of juvénile 
rheumatoid arthritis (JRA). Multiple bone and joint 
affection especially in neonate may confuse the treating 
physician leading to delay in the diagnosis and 
complication due to cartilage damage leading to 
permanent sequel. Large joints and those of the lower 
extremity are more commonly involved. 

After the diagnosis is made, there is problem of 
sélection of antibiotic before culture results and dilemma 
when the cultures are négative. There is also lack of 
consensus regarding the best way to administer the 
antibiotics, the duration of treatment and the rôle and 
timing of surgical intervention. 

Because so many patients with septic arthritis hâve 
négative cultures, it is important to use criteria that 
include those patients. Morey et al/ 15 ) included those 
patients with négative cultures when five of the foliowing 
six criteria are présent: température greater than 38.3°C, 
pain in the suspected joint that is made worse with 
motion, swelling of the suspected joint, systemic 
symptoms, absence of other pathologie processes, and a 
satisfactory response to antibiotics. 


PATHOPHYSIOLOGY 

The unique anatomie features of a joint should be 
considered in relation to infection. The synovial lining of 
the joint is a highly vascular tissue without a basement 
membrane. It sécrétés a fluid that is essentially a 
transudate of sérum. The remainder of the joint surface 
is relatively a vascular cartilage. Thus interior of the joint 
provides a unique environment for bacterial prolifération, 
similar to a culture tube. 

Microorganism can enter the joint from (i) bacteremia 
which is frequent in childhood, (ii) from extension of bony 
infection when the metaphysis is intra-articular like hip 
joint (iii) direct inoculation, e.g. fémoral puncture in case 
of hip joint infection or penetrating injuries. The joint has 
the ability to clear bacteria from itself but the mechanism 
is not so effective with pathogenic bacteria (e.g., S. aureus), 
and there is a limit to the amount of bacteria that can be 
cleared. Localization of bacteria in a joint is not so well 
understood. Although trauma has been implicated as 
being a factor in osteomyelitis but, its rôle in septic 
arthritis is not well understood. 

Once the bacteria are lodged in synovial membrane 
absent basement membrane of synovial capillaries allow 
bacteria to escape in the joint interior. The synovial 
fibroblasts are shown to inhibit phagocytosis which leads 
to spread of bacteria throughout synovium and synovial 
fluid. Within a matter of hours, this is leads to synovitis 
and fibrinous exudate, followed shortly by areas of 
synovial necrosis. 

CARTILAGE DESTRUCTION 

A large variety of enzymes (e.g., proteases, peptidases, 
collagénases) are released from the leukocytes, the 
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synovial cells, and the cartilage. These enzymes are 
capable of degrading the matrix and the collagen of 
articular cartilage. In addition, organisms (e.g., S. aureus, 
several gram-negative bacteria) liberate extracellular 
proteolytic enzymes which can directly bind to cartilage 
cells and destroy them. This can occur as early as 8 hours 
in experimental models, and is not détectable by visual 
inspection. After ground substance destruction collagen 
is exposed to collagénase. This destroys collagen and 
renders the cartilage less stiff and perhaps subject to 
increased wear. 

Complété destruction of joint with dislocation, 
subluxation and OM may occur especially in néonatal 
hip joint. 16 Collection of fluid with its temponade effect 
may lead to avascular necrosis of fémoral head especially 
in the neonates leading long-term sequel. 

In rare advanced case of septic arthritis loss of cartilage 
on both sides of joint may expose the subchondral bone 
leading to bony ankylosis. 

PATHOPHYSIOLOGY 

History 

Pain which is the most common symptom of any infection 
may présent in many different ways in children. Children 
may express pain by refusai to walk, refusai to bear 
weight, limping, or simple disuse of a part or psedo- 
paralysis in neonates. 

There is often history of trauma leading to limp or 
pain, but a careful inquiry will show a symptom free 
interval between trauma and the onset of symptoms, 
making injury merely an incidental event. 

In the history, a careful search should be made for 
concomitant infections, recent infection, or reasons for 
lowered résistance to infection. Recent rashes or swollen 
nodes are important for their association with diseases 
such as rheumatoid arthritis, Lyme arthritis, or leukemia. 
Chickenpox is the most common childhood illness that 
produces a temporary suppression of immunity, leading 
to an increased incidence of skin infections, usually due 
to S. aureus and group A Streptococcus. This in turn leads 
to an increased opportunity for bone or joint infections 
with these organisms. 

Examination 

The child who is seen in the first 48 - 72 of onset of septic 
arthritis may appear unhappy and uncomfortable, but 
rarely appear s to be moribund. Fever is not a consistent 
accompaniment as seen in serious infections, but in later 
stage of the disease it is always seen. This may cause 
confusion in the diagnosis and in sériés by Luhman 12 
33% patient had misdiagnosis on initial présentation. 


As septic arthritis commonly involves the lower 
extremities 20 , a common finding is limp. The child has 
an antalgie limp, defined by a shortened stance phase on 
the affected leg. When the upper limb joint is involved it 
is reflected as failure to use the affected extremity in the 
usual manner, or discomfort noted by the parent in 
dressing the child. 

Swelling and redness, cardinal signs of infection, are 
of value only in subeutaneous joints that are not covered 
by muscles. Loss of normal concavities and skin wrinkles 
may be the only subtle dues in initial stage. It can be 
judged by comparison of the normal and affected limb, 
in symmetrical position. Due to fluid collection the 
affected joint is kept in a characteristic position in which 
the joint cavity is roomy and accommodâtes increased 
fluid. For most of the joints comfortable position is of 
flexion except hip which is kept in flexion, abduction and 
external rotation. 

Joints are more effectively examined by ROM than 
tenderness, although palpation of subeutaneous joints 
may reveal both the presence of an effusion, and 
tenderness. Involvement of deep seated joints like hip 
and shoulder is detected by a decreased ROM. But when 
the child is very young who cry at the mere presence of a 
stranger and panic at being touched, it is often useful to 
instruct the parent how to elicit the tender area. After 
which the physician should leave the room and allow 
the parent to first examine the unaffected, then the 
affected part, and report the results. 

One should careful try and look for sign and causes 
of immunosuppresion. 

LABORATORY INVESTIGATIONS 
Hematology 

Traditionally elevated leukocyte count is considered 
hallmark of sep sis. But in earlier stage of inflammation it 
may remain normal and often leads the physician away 
from the correct diagnosis of sepsis. In a sériés from the 
Mayo clinic^, only 25% of infants and children with 
osteomyelitis and septic arthritis had a leukocyte count 
above normal for their âge. 

The most useful laboratory tests in the diagnosis of 
bone or joint sepsis are those that measure the acute phase 
response. The two most common tests to measure the 
acute phase response are the C-reactive protein (CRP) 
and the érythrocyte sédimentation rate (ESR). 6 The ESR 
is almost always elevated within 48 to 72 h of the onset 
of infection, and returns to normal over a period of 2 to 4 
weeks after élimination of the infection. The delay in rise 
of ESR level makes it less reliable in the first 48 h of the 
infection. ESR continues to rise for 3 to 5 days after 
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institution of successful therapy hence it is not a good 
means of assessing the resolution of sepsis during the 
first week of treatment. 

On the other hand CRP is more sensitive, acute phase 
protein of hepatic origin. It is elevated within 6 hours of 
onset of inflammation and continues to rise several fold 
within 24 to 48 hours after infection. It has a short half 
life and has constant high clearance rate hence CRP level 
dépend purely on synthesis, which makes it very useful 
to judge the success of the antibiotic response. In newborn 
normal levels do not rule out sepsis. 

Blood cultures are indispensable, as it demonstrates 
the organism in 30-50% of cases, 13 but the yield from both 
blood culture and aspirated material decreases with 
previous antibiotic therapy. 

Joint Aspiration 

Aspiration of joint fluid provides useful information. The 
joint should be aspirated with full aseptie précautions 
and subjected to the culture, Gram stain and microscopie 
examinations. Gram staining is the only opportunity for 
presumptive identification of the organism [in 30-50% of 
cases] ^ within a few hours of initial patient contact and 
should not be overlooked. 

Traditionally cell count of more than 50,000/ emm is 
considered représentative of infection and count less than 
that is suggestive of inflammatory disease. In study by 
Kunnamo [129 patients] count more than 40000 had 90% 
sensitivity and specificity for SA. There is significant 
overlap in the values of cell count as Baldassare showed 
count more than 88,000/emm in 6 patients of JRA. While 
in 126 bacteriologically proved cases of septic arthritis, 
Fink and Nelson found leukocyte counts of 50,000 or less 
in 55%, with 34% having counts less than 25,000/mL. 
Only 44% of the patients had counts of 100,000/emm. 

Recently the molecular diagnostic tests (e.g. 
Polymerase Chain Reaction) are being introduced to 
identify the presence of bacteria by identification of 
spécifie DNA and RNA in the samples. They hâve the 
advantage of identifying the organism even if treatment 
with antibiotics has begun, since they do not dépend on 
live bacteria. However, to date these tests hâve not proven 
spécifie or sensitive enough for reliable clinical use. 19 

IMAGING 

X-ray and CT Scan 

X-ray is the first investigation to find out the cause of 
painful joint. In earlier stages it is normal but later will 
show subtle leucencies and soft tissue swelling. 



Fig. 1: Septic subluxation of left hip 


Sometimes it may be diagnostic as in case of septic hip 
subluxation (Fig. 1). It may show osteomyelitic changes 
in the adjacent bones or intra-articular metaphysis as the 
cause of septic arthritis. CT scan is not very useful for 
diagnosis of septic arthritis. 

Nuclear Imaging 

The accepted criterion for diagnosis of septic arthritis on 
radionuclide scan is equally increased uptake on both 
sides of the joint. The interprétation is not so simple in 
practice. Although the scan may correctly identify the 
site of joint sepsis in about 90%, it does not accurately 
separate bone from joint sepsis, nor differentiate 
infectious from noninfectious arthritis. This is a particular 
problem in the hip, in which the differential diagnoses 
may include transient synovitis, septic arthritis, or 
osteomyelitis of the fémoral neck. It has a rôle in neonate 
when multiple site of infection are common. 

MRI 

MRI is not necessary for the diagnosis of the usual case 
of septic arthritis. It is helpful in those cases in which 
uncertainty of diagnosis exists but the location of the 
disease is known. It allows excellent délinéation of soft 
tissue like marrow and pus formation. 

Ultrasound 

Ultrasound (US) examination is of great value for the 
imaging of joint which are deep seated. It demonstrates 
presence of fluid (Fig. 2) and capsular bulging in hip and 
shoulder. US can demonstrate fluid collection ^ 19 ^ but can 
not separate pus in septic arthritis from synovial fluid 
due to toxic synovitis, 7 thus limiting the value of the 
test. 
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Fig. 2: Ultrasound showing collection in right hip 
with let hip normal in comparison 

At the same time it is of greatest use in the irritable 
hip that may be secondary to extracapsular irritation, e.g., 
early pelvic osteomyelitis with irritation of the 
surrounding muscles or abscess formation in muscles 
surrounding hip like psoas or gluteal abscess. 

US can also diagnose concurrent osteomyelitis, by 
détection of the soft tissue changes in the periosteum and 
surrounding soft tissues, including subperiosteal abscess. 
It may be of value in guiding aspiration in some cases. 

DIFFERENTIAL DIAGNOSIS 

Septic arthritis may be confused with many conditions 
like JRA, rheumatic arthritis, leukemia and transient 
synovitis or irritable hip. 

JRA may présent clinically similar to SA when it 
présents as a monoarticular disease. In JRA the there is 
graduai onset of symptoms. The patient usually remains 
ambulatory, range of movement is good with surprisingly 
little pain, compared with the large amount of swelling. 
There will be minimal tenderness and the synovium may 
be thickened. Initial laboratory tests are not helpful in 
the differential diagnosis. The synovial fluid leukocyte 
count usually contains fewer than 100,000 leukocytes/mL 
but it is not always reliable. 

Rheumatic fever generally involves large joints and 
has migratory pattern, there will be history of previous 
throat or skin infection and diagnosis is based on Jone's 
criteria. 

Transient synovitis of the hip joint is an important 
D/D for SA of hip. The diagnosis can be arrived with 
help of Kocher's criteria: 11 history of fever, non-weight 
bearing, ESR greater than 40 mm /h, and WBC greater 
than 12,000/ cmm. According Dr. Maninder Kocher from 
Harvard when ail four criteria are présent than the 
possibility of septic arthritis is most likely (99.6%). 


TREATMENT 

Antibiotic Treatment 

The treatment of septic arthritis basically involves 
identification of organism and sensitive antibiotics and 
prompt administration to prevent tissue damage. The rôle 
and timing of surgical intervention is a controversial 
issue. 

When the child is first seen and suspected to hâve SA 
one need to start empirical antibiotics after the necessary 
samples for culture are obtained. For this knowledge of 
common bacterial prevalence in different âge groups is 
essential. (Table 1) 

TABLE 1: Likely organisms depending on âge group 

• Neonates 

Streptococcus 

Staphylococcus 

Gram négative organism [klebsiella, E. coli] 

N. gonorrhoeae 

• Older infant and child 

Staph aureus 

H influenzae [with vaccine] 

Kingella kingae 

• 5years 

Staph aureus 

Salmonella 

• Young adolescence 

Staph aureus 

N. gonorrhoeae 

On admission the antibiotic should be started 
depending on âge of the child and history of previous 
infection or previous antibiotic therapy. The antibiotics 
may be changed depending on the resuit of gram-stain 
test and finally according to results of culture sensitivity. 
The antibiotic therapy in SA should always begin with 
intravenous route. The advantage intravenous 
administration is that high concentrations of antibiotic 
can be achieved quickly with certainty. There hâve been 
many conflicting reports regarding the duration of 
parentral antibiotic treatment and rôle of oral antibiotics 
after short course of intravenous treatment. The old 
recommendation is of 6 weeks of intravenous 
administration. At the same time there are many reports 
claiming excellent clinical resuit with short course of 
intravenous antibiotics. 3 

In the current practice the clinical parameters 
détermine when oral antibiotics begin. In the case which 
résolves quickly with treatment, oral therapy starts after 
5 to 7 days of intravenous antibiotic administration; in 
the case of osteomyelitis, it continues for 4 to 6 weeks 
and, in septic arthritis, for an additional 2 to 3 weeks. 
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When child is between birth and 2 to 3 years of âge 
are it is better managed along with a pediatrician, as they 
may frequently hâve other sites of involvement, e.g. 
meningitis and they may of great held in the management 
of the antibiotics [dosage, administration]. 

Surgery 

Killing the bacteria is main part of the treatment, but not 
the only part. It is equally important to prevent tissue 
destruction. As discussed earlier tissue destruction is 
carried out by inflammatory reaction which is initiated 
by bacteria but can take place without living bacteria. 
The products liberated by bacteria and leukocytes, cell 
wall fragments of dead bacteria and products of tissue 
destruction itself are ail capable of causing an 
inflammatory reaction, which results in tissue 
destruction. If the bone is damage it can repair itself but 
once the cartilage is damaged it is a permanent loss. 

Surgery is basically a debridement. It helps by 

• Removing the inflammatory products more rapidly 
than the host defense mechanisms 

• Provides a more effective environment in which 
antibiotics can work 

• Reduces the size of the inoculum, ensuring more 
effective antibiotic action 

• Removes ail of the dead and avascular tissue and thick 
fibrinous exudate from joints, thus exposing ail of the 
organisms to antibiotics. 

Surgical procedure involves small incision, thorough 
drainage of the pus, synovial biopsy if deemed necessary, 
irrigation and drainage with plastic cathéter. The 
operated joint should be splint for few days. Other option 
is arthroscopic clearance of the joint. 5,17 This requires a 
suitable set and elder child and superficial joint. 

Other alternative is repeated aspirations. 18 It has 
problem of ineffective in draining the joint compared to 
open surgery and needs be repeated at least daily for 
se ver al days. This may necessitate multiple anesthetic, 
operative room facility and may not be cost effective and 
convenient in our set up. At the same time it is more useful 
in superficial joints. 

RESULTS AND PROGNOSIS 

The resuit and prognosis dépends on the time of diagnosis 
and starting of treatment before the tissue destruction. 
When this is done in first 48 to 72 hours the outcome is 
the most favorable. 16 After this there may be permanent 
cartilage damage. This is especially true in the case of 
neonates and in hip joints. The delay in management of 
néonatal hip may cause permanent disability which is 
extensively studied in literature. 


THE NEONATAL SEPTIC ARTHRITIS 

By définition the néonatal period is the first 28 days of 
life but for the purposes of antibiotic sélection in 
community-acquired infection, it can be extended to the 
first 8 weeks of life. The immune System in neonate is 
not well developed and due to this they are susceptible 
to infection more commonly then older children, at the 
same time the immune response to establish infection is 
not usual that créâtes the signs and symptoms so 
important to early diagnosis. 

There are two types of présentation in neonates. One 
is prématuré child with risk factors like intensive care 
admission, multiple catheterization, sepsis, périnatal 
asphyxia, difficult birth. 10 They frequently hâve multiple 
sites of involvement. The other is a normal baby without 
any risk factors who develops fever and irritability 
between 2 to 4 weeks of life without systemic illness. They 
generally hâve single site of involvement. 

The common organisms in this group are S. aureus 
and group B Streptococcus. In neonates with risk factors 
nosocomial infection with gram négative organism like 
Klebsiella are also quite common. Candida albicans is not 
uncommon, and usually occurs along with or after other 
infection. It is characterized by an even greater lack of 
the usual symptoms of warmth, tenderness. 

In neonates co-existing infection of bone and joint is 
more common then any other âge group. This is due to 
peculiar vascular anatomy. In néonatal period vascular 
channels of metaphysis penetrate the physis and the 
chondroepiphysis (cartilaginous anlage of the epiphysis). 
Due to this metaphyseal infection can spread in epiphysis 
and then in to the joint. This in turn leads to lysis of the 
cartilage, through infection and by damage of the blood 
vessels (and the conséquent avascular changes) by the 
inflammatory process. Due to this fact it is mandatory in 
neonate to carefully look for osteomyelitis in ail cases of 
SA. 

There are very few subjective and objective signs in 
neonates. The pain manifests as pseudoparalysis, cry on 
movements and pain while nappy change. To localize 
the affected joint in lower extremity 'suspension test' is 
handy. In this test the child is lifted in air and movements 
of both lower limbs are observed carefully. Lack of active 
movements and flexion attitude of the joint involved joint 
will become obvious. 

The soft tissue swelling is apparent only in superficial 
joints and is readily obscured by large amount of 
subcutaneous fat. Lack of systemic illness may lead 
unsuspecting physician to ascribe the lack of motion or 
apparent pain to some other cause like injury or sprain. 
The delay in the diagnosis may be due to associated 
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conditions like meningitis, pneumonia or child being on 
ventilatory care diverting attention to life. 

The early diagnosis of infection is most important is 
this âge group hence any infant who exhibits disuse, 
discomfort of a joint with motion, or tenderness of a limb 
should be suspected of having bone or joint sepsis. This 
child should be seen sequentially till the cause is 
established with certainty. 

Due to lack of immune response blood investigation 
should not be heavily relied upon. The most useful 
investigation is CRP and ESR but normal values do not 
rule out sepsis in neonates. The X-ray is not a useful tool 
in this âge group as significant amount of the skeleton is 
still unossified. Ultrasound is of extreme help in detecting 
the presence of fluid and associated bony infection. 
Nuclear imaging with Tc99 is recommended routinely 
by many authors as neonates may hâve multifocal 
involvement in up to 40% of cases. When there is high 
amount of suspicion and ail other investigations are 
normal, MRI can be of use in imaging the bone as well as 
joint, but this test will require sédation or anesthetic. 

Once the area of involvement is identified, aspiration 
is mandatory. This allows confirmation, either through 
obtaining pus, a positive Gramstain, or a positive culture. 

It would seem to be even more impérative to treat the 
neonate with surgical debridement because adéquate 
immune mechanisms are lacking and large amount of 
skeleton is still cartilaginous. 

THE SEQUELAE OF NEONATAL SEPTIC 
ARTHRITIS OF HIP 

The hip joint in neonate is one of the commonest sites of 
involvement. Being a deep seated joint there is 
considérable delay in the diagnosis of septic hip for the 
reasons already discussed in the chapter. This makes it 
most common joint having morbidity arising out of 
néonatal SA (Fig. 3). 

The head of fémur in neonate is purely cartilaginous 
hence more susceptible to direct destructive activity of 


pus and inflammatory products. Due to small capacity 
of the joint increase in intra-capsular pressure leads to 
tamponade and avascular necrosis of head. 

L Hunka^ was the first person to classify sequelae 
1982 (Fig. 4). This was followed by Johari^ from India 
who studied 66 patients with residual problems in 71 hips 
and gave his classification in 1988. 

The classification most commonly used currently is 
the one given by Choi (Table 2) which is very similar to 
Johari's classification. 


TABLE 2: Choi classification 


Type 1 A 

No residual deformity 

Type 1 B 

Mild coxa magna 

Type 2 A 

Coxa breva with deformed head 

Type 2 B 

Progressive coxa vara or valga due to asym- 
metric prématuré closure of proximal fémoral 
physis 

Type 3 A 

Slipping at the fémoral neck resulting in coxa 
vara or valga with severe antéversion or 
rétroversion 

Type 3 B 

Psuedarthrosis of fémoral neck 

Type 4 A 

Destruction of the fémoral head and neck 
with a small médial remnant of the neck 

Type 4 B 

Complété loss of the fémoral head and neck 
and no articulation of the hip 



Type I Type IIA Type I IB Type III 


ik\\\y 

Type IVA Type IVB Type V 

Fig. 4: Classification of sequelae of septic 
arthritis of hip joint by L Hunka 
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TREATMENT 

It is recommended that the treatment of complication 
should be delayed for some time as this: 

• Reduces the danger of reactivating the old infection 

• Allows improvement in strength and general 
character of the bone 

• Allows the status of the proximal fémur to be 
definitely determined. 

Type 1 and Type 2A hips may require abduction 
orthosis initially followed by observation till skeletal 
maturity. Type 2B hips will need epiphysiodesis of 
remaining physis with or without greater trochanteric 
physis. Type 3A hips will need osteotomy of fémur to 
correct version and neck shaft angle, while Type 3B will 
need bone grafting in addition to osteotomy. Type 4 
deformity may be treated with greater trochanteric 
arthroplasty with fémoral and acetabular osteotomy, 
arthrodesis, Ilizarov hip reconstruction and micro 
vascular reconstruction. 1 The Choi classification has not 
taken in to considération septic dislocations with viable 
capital fémoral epiphysis, which is described well in 
Johari classification (Group 3a, 3b) should be treated on 
the guidelines of DDH. 
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Transient synovitis of the hip represents one of the most 
common cause of pain in hip in childhood. The exact 
cause is not known but natural history, signs and 
symptoms are familiar. Acute onset on monarticular hip 
pain, limp in a child without any systemic illness 
classically represents transient synovitis. Graduai and 
complété resolution of symptoms over days to weeks 
occurs in most of the cases. This condition is also referred 
to as irritable hip, observation hip, toxic synovitis, 
transitory coxitis and coxitis serosa. 

Etiology 

Exact etiology is not known. Most popular hypothèses 
suggested strong association between transient synovitis 
and one or more of the foliowing factors—active infection, 
trauma, allergie hypersensitivity. 1 Nonspecific upper 
respiratory tract infection associated in 70% cases. History 
of local trauma to hip reported in 17 to 30% cases. Allergie 
prédisposition is associated in 16 to 25 percent of 
symptomatic patients. Edwards evidenced this 
corrélation as after giving antihistaminics to symptomatic 
patients, dramatic clinical improvement is noted. Obese 
and stocky built child is more prone. 

Biopsy specimens from hip of patient with transient 
synovitis demonstrates synovial hypertrophy secondary 
to "nonspecific nonpyogenic inflammatory réaction". 
Aspiration of hip joint reveals, cuttore-negative synovial 
effusion. Usually 1 to 3 ml. 

Incidence 

It is one of the most common cause of pain in hip in 
children. 

No right or left prédominance of involvement is 
reported, is reported, but bilateral involvement never 
noted. 2 

Male to female ratio is 2:1. 


Clinical Présentation 

Most of the children are between âge of 3 and 18 years. 
The average âge of onset of symptoms is 6 years. Usually 
there is history of respiratory infection. 

Acute onset: Unilatéral hip pain without any systemic 
illness, pain confined to ipsilateral groin and hip région 
associated with limp, and antalgie gait is always there. 
Involved extremity is held in flexion and external rotation. 
Range of movements are restricted, mainly abduction and 
internai rotation. 

Associated flexion contracture and protective muscle 
spasm is noted. Patient may hâve low-grade température. 
If there is ipsilateral muscle atrophy, it indicates long 
standing disease and thus excludes transient synovitis. 
The extremity is held in flexion and external rotation, and 
there is decreased range of motion, especially hip 
abduction and internai rotation. Ultrasonography can be 
very useful in documenting the presence of an effusion 
in the hip joint, and is more sensitive than plain films in 
detecting hip effusion. MRI is extremely sensitive to 
alterations in the bone marrow that may represent 
pathology. Aspirations of the hip joint should be 
performed if sep tic arthritis is suspected. 4 

Investigation 

Laboratory values are usually within normal limits. Total 
and differential count of blood, urine analysis, blood 
culture, electrophoresis, rheumatoid factor, tuberculin 
skin test are within normal limits. It is not necessary to 
do ail these investigations routinely. 

Radiographie studies are not helpful in diagnosis, but 
they prove helpful to exclude other clinical conditions of 
hip with similar présentation. Simply, diagnosis of 
transient synovitis is a diagnosis of exclusion. 
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Differential Diagnosis 

1. Tuberculous arthritis 

2. Pyogénie arthritis 

3. Osteomyelitis in the adjacent fémoral neck or pelvis 

4. Juvénile rheumatoid arthritis 

5. Acute rheumatic fever 

6. Perthe's disease 

7. Tumor 

8. Slipped capital fémoral epiphysis. 

Septic arthritis présents with more severe pain and 
marked limitation of motion of the hip because of the 
pain. If the diagnosis is not clear from the history, physical 
examination, and radiography hip aspiration should be 
performed, preferably with fluoroscopy or ultrasono- 
graphy guidance. 4 

In pyogénie arthritis or associated osteomyelitis, child 
is systemically ill with high fever, pain is more intense 
symptoms does not improve with rest rather they 
progresses. Total count and ESR will be raised. Aspiration 
of hip joint reveals purulent fluid. 

In juvénile rheumatoid arthritis, Perthes disease 
tuberculous arthritis, synovitis is of insidious onset. Range 
of motion of affected hip is restricted to a lesser degree 
as compared to in transient synovitis. Radiographie 
factors are diagnostic in Perthes disease and tuberculous 
arthritis. 

In acute rheumatic fever, synovitis occurs 2 to 4, weeks 
after streptococcal infection, joint pain is migratory and 
may be associated with carditis, rheumatic nodule or 
transient rash. 3 

Plain radiographs shows displacement or blurring of 
peri-articular fat pads in ail patients with acute septic 
arthritis. 4 

Radiographie Findings 

Plain radiographs of pelvis and hip are normal. They are 
useful in excluding other clinical conditions. 60% patient 
may hâve soft tissue changes. Ultrasound is used to detect 
joint effusion and to know the natural history of disease 
(Wingstrand, Futami et al). 

About 29 % of symptomatic patient had no evidence 
of joint effusion indicating that joint effusion in transient 
synovitis is not always the source of symptoms. USG is 
not itself diagnostic and not routinely used. 

Pin-hole collimation, scintigraphy of hip demons- 
trating various patterns of isotope intake by fémoral head 
in transient synovitis is used. During early stages of 
transient synovitis, there is transient decrease in 
vascular perfusion of fémoral head and as the disease 
résolves spontaneously, fémoral head perfusion returns 
to normal. 


Natural History 

Transient synovitis means synovitis for a limited 
duration. Average duration is 10 days duration less than 
1 week in 67% patients and less than 4 weeks in 88 % 
cases. Most of the épisodes limited to a single event 
récurrence noted in 4 to 17% cases. In most of the cases, 
complété resolution of ail signs and symptoms with no 
immédiate residual or clinical abnormalities occurs. 

Patients remain asymptomatic but the long-term 
studies demonstrated mild radiographie changes. 
According to Kallio, coxa magna occurs in about 32% 
patients. Coxa magna and fémoral head density changes 
were found to be increased over normal values, but these 
changes are not associated with functional limitations. 3 

It is now accepted that there is no corrélation between 
this disease and Perthes disease. 

Treatment 

Treatment of choice—strict bed rest and nonweight 
bearing on affected side till synovitis subsides. Later on 
avoid ail strenuous activities of hip joint. 

If the asymptomatic limp persists, continue bed rest 
or ambulation with partial weight bearing is advised till 
the return of normal gait because, early return of activities 
may double the time required for symptomatic relief and 
also hâve an increased rate of récurrence. 

Skin traction is not recommended routinely but 
should be used in patients with récurrent symptoms. 

Position of affected limb and hip during traction is of 
great importance. Hip joint pressure measurements are 
maximum when hip is in extension and very critical for 
capillary blood flow. In 30 to 45° flexion, minimal pressure 
measurements are noted so always traction is given with 
limb and hip in 30 to 40° flexion. 

There is no therapeutic value of routine aspiration of 
hip joint. Only it helps in diagnosis. Even after aspiration, 
it recurs rapidly. Therefore, it is not recommended. 
Anti-inflammatory médications can be used for a short 
period of time. 
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INTRODUCTION 

Idiopathic chondrolysis of the hip (ICH) is a very rare 
disorder characterized by the destruction of the articular 
cartilage due to an unknown cause, principally affecting 
women during adolescence and producing prématuré 
degeneration of the hip. 5 

The disease is charecterised by an insidious onset of 
pain in the hip, thigh, or knee and radiographie 
symmetrical joint space narrowing. 4 

It was first described by Jones 9 in 1971. He reported a 
sériés of nine adolescent girls with chondrolysis 
secondary to slipped capital fémoral epiphysis. It is 
considered being most common cause of degenerative 
arthritis of hip in women. 11 Chondrolysis most commonly 
affects hip but cases affecting knee, shoulder, and ankle 
hâve been reported. 18 

Etiology 

In ICH single hip affection is more common than bilateral 
with right hip involvement is slightly higher. 6 It is six 
times more common in female. Onset of the disease is 
most commonly around âge of 11-12 years. 

Many authors hâve given different théories for the 
origin of the disease process. The théories include 
abnormal chondrocyte metabolism triggered by 
unknown environmental event, 1 abnormal intracapsular 
pressure and mechanical insult to articular cartilage 
leading to release of chondrolytic enzymes. 

Pathology 

The changes in the articular cartilage in patients with ICH 
were studied from core biopsy of head. On microscopie 
examination Zone I was missing and zone II was the most 


superficial layer présent in the articular cartilage. 
Collagen fibrils were thinner than normal and more 
uniform in diameter, and proteoglycans were normally 
distributed among them. Degenerating chondrocytes 
were found, as well as débris of dead cells, but many 
chondrocytes were still vital and engaged in active 
synthesis. These chondrocytes are important for the 
subséquent régénération of the articular cartilage in some 
cases. 7 

Some authors hâve demonstrated déposition of IgM, 
and C3 components of the complément in synovium of 
these patients with chondrolysis. 16 

Clinical Features 

Typically in idiopathic chondrolysis premenstrual girl of 
11-12 years présents with insidious onset of pain in 
affected hip, anterior thigh or knee. It is associated with 
stiffness and limp but without constitutional symptoms. 
With delay in présentation, which is common there will 
be fixed contracture (flexion, abduction and external 
rotation) around hip. This in turn will lead to limb length 
discrepancy, pelvic obliquity and increased lumbar 
lordosis. As long term conséquence of the disease fibrous 
ankylosis is seen in majority of the patients (Fig. I). 12 

Laboratory Features 

CBC, CRP. Rheumatoid factor, HLA B 27 antigen, 
antinuclear antibodies (ANA), blood culture and 
Montoux test is négative. The ESR is either normal or 
mildly elevated. Essentially idiopathic chondrolysis can 
not be diagnosed by any hematological investigations but 
they are important to rule out infective and inflammatory 
causes of hip involvement. 
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Fig. 1 : Radiograph of F/ 11 years showing concentric narrowing Fig. 2: MRI showing synovial effusion, cartilage loss, prématuré 

of right hip joint with pelvic obliquity secondary to contractures fusion of CFE and remodeling changes in proximal fémur 


Investigations 

Radiographie examination of hip in early stages is normal 
except régional osteoporosis. Later on it shows, concentric 
narrowing of the joint space, small subchondral bone 
érosions. A concentric diminution of the articular space 
of less than 3 mm is considered diagnostic for idiopathic 
chondrolysis. 

Other signs include prématuré closure of the capital 
fémoral physis, and latéral overgrowth of the fémoral 
head on the neck. 2 Protrusio acetabulae is described in as 
many as 50% cases secondary to softening of floor of 
acetabulum. 6 With resolution of the disease there will be 
2 mm restoration of the joint space in up to 50% of the 
cases. 

Bone scan shows marked periarticular uptake and 
prématuré fusion of the epiphysis of the greater 
trochanter. It précédés other imaging methods 
(radiography and MRI) in the diagnosis of the 
progression, status of the remodeling activity, and early 
involvement of an opposite joint (Fig. 2). 13 

MRI feature of ICH include cartilage loss, small 
synovial effusion, bone remodelling and régional muscle 
wasting. Cartilage loss is more severe in the central part 
of the joint. It is also very helpful in the differential 
diagnosis of hip joint disease in children like sep tic 
arthritis of hip joint. 8 

Natural History 

Natural history of ICH is very variable. Jones in his 
original article showed ail 9 patients developing severe 
stiffness and pain with poor function. 9 In following years 
many authors hâve reported poor outcome with fibrous 
ankylosis of hip as commonest outcome of this condition 
regardless of the treatment. 10 


Recently many authors hâve shown reasonably good 
prognosis. Bleck 2 reported nine patients (eleven hips) 
with idiopathic chondrolysis with 6 yr follow up. Six 
patients had either no symptoms or only minor 
intermittent discomfort in the hip and three patients had 
disabling pain, joint détérioration on X-rays. 2 

After the acute stage is passed, there will be graduai 
improvement in range of movements and joint space. 
Improvement in flexion and extension is more than 
abduction, adduction and rotations. 

Treatment 

Mainstay of the treatment of ICH includes anti- 
inflammatory drugs to control synovial inflammation, 
protected weight bearing and maintenance of range of 
motion. Bed rest and traction are useful during acute 
exacerbations. 

Indications of surgical treatment are not clearly 
defined. Surgical management includes subtotal 
capsulectomy, contracture and tendon releases and 
aggressive physiotherapy. 

Garcia 5 et al reported 12 cases (11 patients) with follow 
up of 13.2 years, ail had undergone capsulectomy and 
ail of them had progressive degeneration of the joint with 
almost constant pain and stiffness. While Roy 14 reported 
three cases treated similarly and foliowed up for 3 years. 
Ail were symptom-free and displayed an extremely 
satisfactory range of motion. Radiographs revealed 
reconstitution of the joint space in ail cases. 

Currently arthrodiastasis by hinged distraction has 
provided new hope in surgical management of patients 
with ICH. 3 Arthrodiastasis provides joint séparation and 
motion, cartilage healing is permitted by decreasing 
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mechanical load and stimulating chondrocyte 
nourishment through motion and even distribution of 
the synovial fluid. Thacker 17 et al presentedll adolescents 
with hip joint arthritis secondary to osteonecrosis or 
idiopathic chondrolysis were treated with articulated 
hinged distraction. Three patients had ICH. Average 
duration on fixator was 4.4 months. After treatment ail 
patients had complété pain relief, functional movements 
and could walk without walking aid. Aldegheri et al 1 
presented 80 patients with various hip diseases treated 
with arthrodiastasis, of which 15 had ICH. Ail but one of 
these patients had good results with hinged abduction. 
Currently arthrodiastasis remains a promising alternative 
to hip fusion in patients with severe chondrolysis. 

Even with significant progress of basic science 
research, chondrolysis still remains an enigma both for 
the diagnosis and treatment for pédiatrie orthopédie 
surgeons. 
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Angular Deformities in 
Lower Limb in Children 


GS Kulkarni 


Angular Deformities in Children are common. They occur 
in different conditions such as: 

1. Physiologie b owing—Varus or Valgus 

2. Blount's disease 

3. Genu recurvatum 

4. Antérolatéral or posteromedial bowing of the tibia 

5. Metabolic bone disease 

a. X-linked hypophosphatémie rickets 

b. Nutritional rickets. 

6. Skeletal dysplasia 

7. Achondroplasia 

8. Pseudoachondroplasia 

9. Metaphyseal chondrodysplasia 

10. Neoplastic disease 

11. Osteomyelitis. Common in India 

12. Trauma to physis. 

Normal Development of Lower Limb 

Lower limb alignment follows a predictable pattern. 
Infants typically hâve a gentle varus bow throughout the 
fémur and tibia. By 18 to 24 months, the lower leg is nearly 
straight with a normal mechanical axis. Valgus gradually 
develops and is most apparent between 3 and 4 years of 
âge. By 7 years of âge, the lower limb is in slight valgus 
and changes very little thereafter. Varus should not recur 
nor should valgus increase. 4 

Physiological Bowing (PB) (Varus Knee) 

Mild to moderate bowing of the lower limb at knee joint 
is common in infants and young children. Bowlegs are 
usually associated with varying degrees of médial tibial 
torsion. The bowlegs and the knock-knees are 
spontaneously corrected between the âge of 4 to 10 years. 
Therefore, these are physiological genu varum and 
valgum. Normally there is moderate genu valgum in the 
new born (Figs 1 to 4). 


Parents are concerned about the abnormal gait and 
cosmetic deformity. On examination, the gait is observed 
and foot progression angle is noted. Médial rotation 
of the lower limbs exaggerates the appearance of 
bowlegs. 

The genu varum is measured by the distance between 
two condyles of the fémur with the patellae facing 
forward and the médial malleoli touching (Figs 1 to 3) 
Ligamentous stability of the knee is noted. 

Typically these children are early walkers. Surgeon 
must differentiate the normal from the abnormal. A 
family history of bowing is common. Examination 
typically reveals bowing of both lower extremities with 
in toeing. These infants characteristically are very active. 
Most of patients presenting with PB will résolve. 5 

In PB, the entire lower extremity will appear bowed; 
with Blount's the bowing is characteristically focused at 
the proximal tibia. The metaphyseal-diaphyseal angle can 
be used as a relative predictor of severity of Blount's 
disease; through by itself it is not diagnostic. 5 For those 
patients with an MD angle between 10 and 16°, folio w- 
up for at least 1 to 2 years is necessary to détermine 
whether the metaphyseal changes résolve (physiologie 
bowing) or progress (Blount disease). 4 
MD angle < 10° suggests physiologie bowing 
MD angle >16° likely diagnosis is Blount's 
10 to 16° is "grey zone" observe for 2 years. 

Furthermore, the ratio of the metaphyseal-diaphyseal 
angle of the fémur to the tibia is also prédictive: 


Physiologie 

Blount's disease 

Bowing 

Deformity at tibia 

Entire extremity bowed 

MD angle >16° 

MD angle < 10° 

MD of fémur 

MD of fémur 

> 1 

<1 

MD of tibia 

MD of tibia 
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Radiograph 

The PB varum must be differentiated from, (i) rickets, 

(ii) tibia vara due to trauma infection or Blount's disease 

(iii) bone dysplasia and, (iv) fluorosis Blount's disease is 
rare in our country. 

Treatment of PB 

No spécial treatment is necessary for PB. Parents must 
be assured, and properly informed that spontaneous 
correction of this physiologie varus is anticipated. 
Documentation of remodeling that occurs can most 
readily be done with serial photography. The child is kept 
under observation to rule out any other pathology. Advise 
parents of foliow-up in later childhood (< 11 years for 
girls, < 13 years for boys) for any residual bowing for 
possible staple treatment. 5 

There is no need for spécial shoe or splints. No caliper 
is needed. Surgery is indicated after the âge of 10, if the 
deformity is severe. Ilizarov method is ideally suited to 
correct the severe angular deformity. Osteotomy is done 
through 1cm incision at the apex of the deformity. The 
deformity is corrected slowly and completely. Similarly 
angular deformity due to other diseases such as rickets, 
metabolic disease, dysplasia can be corrected by Ilizarov 
method. Plating is favoured in many centers. 


Genu Valgum 


Exacerbated physiological angular deformity gaits are 
spontaneously corrected up to the âge of 7. The degree of 
knock-knee was measured by the distance between the 
médial malleoli (with the patellae facing straight forward. 



Figs IA and B: Idiopathic genu varum, bilateral at third and 
sixth years note the normal wrists and satisfactory correction 
with serial wedging casts 


the médial surfaces of the knees just touching, and the 
ankles dorsiflexed to neutral position). Four grades of 
knock-knees were specified: (i) grade I-intermalleolar 
distance of less than 2.5 cm (1 inch), (ii) grade II—2.5 cm 
(1 inch) but less than 5.0 cm (2 inches), (iii) grade III—5 
cm (2 inches) but less than 7.5 cm (3 inches), and (iv) grade 
IV-7.5 cm (3 inches) and over. 1 

No treatment is necessary for this type of knock-knees. 
Knee pain is a common feature. Increases after 7 years of 
âge is not physiologie. 1 

The differential diagnosis includes metabolic bone 
disease such as rickets, post-traumatic valgus, or skeletal 
dysplasia. Skeletal dysplasias most typically associated 
with genu valgum are chondroectodermal dysplasia 
(Ellis-van Creveld), mucopolysaccharidosis type IV and 
spondyloepiphyseal dysplasia. Benign neoplastic 
processes such as multiple hereditary exostoses and focal 
fibrocartilaginous dysplasia (Fig. 5). 4 

Treatment of genu valgum: Hemiepiphysiodesis: 
Stapling is performed in the distal fémur, proximal tibia, 
or both will dépend on the location of the deformity and 
the amount of growth remaining. A-2 plate is carefully 
placed extraperiosteally. Use of C-arm image intensifi¬ 
cation is critical in assuring optimal staple placement. On 
the latéral view the plate should be placed centrally 
(équidistant from the anterior and posterior edges of the 
physis) to avoid inadvertent création of a sagittal plane 
deformity. Plate is placed in the plane of the deformity. 
Overcorrection to a varus position can occur and is not 
désirable. Long cassette radiographs of the lower 
extremities should be obtained at 3 months intervals. 



Fig. 2: Tibia vara (Blount's disease) bilateral, Note the beaking 
of the médial part of the upper tibial epiphysis and outward 
curvature of shaft of tibiae 
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Fig. 3: Osteoarthrosis with genu varum, both knees 



Fig. 4: Septic arthritis with absorption of latéral fémoral condyle, 
right knee. Note the pelvic tilt and equinus deformity to 
compensate the shortening 

Following plate removal, rebound médial overgrowth 
can occur resulting in some loss of correction. Stevens 
has reported resumption of growth following removal 
of Staples that were across the physis for more than 2 
years in patients. 4 

Osteotomy: Indications for corrective osteotomy are for 
pathologie genu valgum. The fémur is more often the 



Fig. 5: Résistant rickets and genu valgum, bilateral, 
she and her siblings had ichthyosis 

primary site of valgus deformity. Exploration and release 
of the peroneal nerve, is necessary in severe deformities. 
Medially based oblique wedge osteotomy hinges 
proximally and laterally near the physeal scar, utilizing 
a short compression plate to produce a controlled fracture 
of the latéral cortex. 4 

Complications: Injury to the involved growth plate. 
Timing of placement, follow-up, and removal are sources 
of error. If stapling is performed too late, there will not 
be adéquate growth remaining to correct the deformity. 
Overcorrection, is the most common serious complication 
of hemiepiphyseal stapling. We hâve used 18 to 24 
months as the upper limit if resumption of growth is 
desired. Complications related to osteotomy include 
failures of union or fixation, infection, blood loss, knee 
stiffness, compartment syndrome and scar formation. 
Personal nerve injury is a serious. 4 

Tibia Vara or Blount's Disease 

Infantile Blount's disease is a growth plate disturbance if 
left untreated progresses and develops irréversible 
pathological changes in the involved metaphysis and 
epiphysis and can cause médial tibial condyle dépréssion 
secondary to prématuré closure of the proximal médial 
tibial physis and an early onset of osteoarthrosis of knee. 5 

Tibia vara or Blount's disease is rare in India. The 
common variety of tibia vara in India is due to growth 
arrest by infection or trauma or rickets. Two major types 
of tibia vara are recognized: (i) infantile, (ii) juvénile, or 
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adolescent types. The infantile is the most common type. 
Bowing may be bilateral. The cause is not known. 
Radiograph shows step-in of the growth plate on the 
médial side. 

Infantile Blount’s Disease 

Etiology 

Exact cause of the disease not known, probably due to 
secondary to disruption of normal growth of cartilage 
and bone caused by excessive pressure on the proximal 
médial tibial growth plate and adjacent bone from 
abnormal weight bearing. Usually the patient is morbidly 
obese. 4 

Pathoanatomy and Radiographie Features 

In stage I and II, the irregular metaphyseal ossification 
changes are often indistinguishable from physiologie 
bowing. Stage III shows definite deformity in the 
proximal tibial physis, often with some fragmentation. 
Stage IV lésions can be associated with early bar 
formation across the deformed physis, as it assumes a 
vertical orientation. 4 

Stage V and VI 

Severe Varus Deformity with Médial Joint Dépréssion: V or 
VI deformity hâve irréversible changes in the médial tibial 
physis. There is severe dépréssion of the médial tibial 
plateau, often with ligamentous laxity and latéral thrust 
Compensatory distal fémoral valgus deformity may 
develop. Left untreated, degenerative arthritis is likely 
to occur early in life (Fig. 6). 4 

Nonoperative Treatment 

Brace treatment should be considered in ail patients less 
that two and half years of âge with early Blount's disease 
changes. Stage I and II additional risk factors include 
obesity, ligamentous instability, or the presence of latéral 
thrust. Improvement in the tibial MD angle should be 
apparent within 12 months of brace treatment. Brace 
treatment can correct both the varus deformity and the 
pathologie proximal-medial tibial disturbance. Bracing 
should not be initiated after 3 years of âge, nor should 
brace treatment be continued if Langenskiold stage III 
changes develop. 4 

Operative Treatment of Stage III 

Children older than 3 years with Blount's disease in stage 
III, a varus correcting osteotomy is indicated. A straight 



Fig. 6: Bilateral Blount’s disease or tibia vara-notice the bilateral 
arrest of the growth of the antérolatéral site with rotation of the 
tibia 


transverse osteotomy allows for necessary adjustment in 
correction of frontal, sagittal, and rotational deformity. 
The fragments are stabilized with smooth K-wires. The 
mechanical axis of the leg within the latéral compartment 
of the knee, optimally unloading the médial proximal 
tibia assessed intraoperatively using the bovie cord 
stretched from the center of the hip and across the center 
of the ankle. Stage IV disease, which is the formation of 
physeal bar, simple osteotomy after 5 years of âge does 
not assure permanent correction and carries a higher risk 
of récurrent deformity. In addition to osteotomy physeal. 4 

Treatment of Stage III and IV physeal bar resection in 
conjunction with a varus correcting osteotomy will be 
most effective if the patient is younger than 10 years. 
Physeal bar is resected first. Excision of the bony bridge 
is done cautiously, preserving as much normal physeal 
tissue as possible. 4 

Assessment 

Through clinical examination is done orthoradiogram is 
taken. Both fémur and tibia are assessed by noting the 
mechanical axis and joints orientation lines, both in 
frontal and sagittal planes, described by Paley. Identify 
the exact life plane, magnitude of deformity. It is uniapical 
or multiapical. Find out the CORA and bisector line. It is 
important to find the exact location and magnitude of 
deformity. 2 
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Osteotomy for Blount's Disease 


Etiology 


Procedure 

1. Complex deformity correction consists of (i) médial 
tibial plateau élévation (ii) realignment osteotomy of 
the proximal tibia. If significant distal fémoral valgus 
is présent, osteotomy of the distal fémur is performed 
as well. 4 Take anterior longitudinal skin incision from 
below the tip of patella to a point turning slightly 
below the tibial tuberosity. 

2. Preserve soft tissue attachment to proximal (condylar) 
fragment to prevent devascularization. Do osteotomy 
distal to médial collateral ligaments. Make anterior 
to posterior drill holes (protecting posterior neuro- 
vascular bundle). 5 Elevate the médial condyle to the 
level of latéral condyle under the image intensifier. 
Insert a segment in fibula in the gap. Also fill the gap 
in the cancellous bone graft from iliac crests. 

3. Give a plaster cast from grow to toes. A smooth 
laminar spreader is helpful in maintaining élévation 
of the médial tibial plateau while the bone grafting 
and internai fixation is completed. 4 

4. Do latéral and fibular epiphysiodesis and latéral tibia 
expose the médial condyle subcutaneously not 
subperiosteally. Mark the osteotomy site obliquely to 
the center of tibial tubucle. Finally do fixation by 
plating or K-wires (Fig. 7). 

5. Hemiepiphyseal stapling of the distal latéral fémur 
can be used for graduai correction of valgus. The 
surgical goal of this comprehensive approach is 
correction of ail components of the deformity. 4 

Complications 

Wound closure may be compromised. Patients treated 
by this comprehensive approach experienced wound 
healing complications. The extensive soft-tissue and bony 
dis-section necessary to perform a tibial plateau élévation 
also increases the risk of avascular necrosis of the médial 
tibial condyle. Neurovascular complications are risk 
associated with a proximal tibia osteotomy. A careful 
epiperiosteal exposure minimizes direct nerve and vessel 
trauma. Prophylactic limited fasciotomy and the use of 
drains help to prevent increased compartment pressure. 
If a compartment syndrome is suspected postoperatively, 
immédiate fasciotomy should be performed. 4 

Late-Onset Juvénile and Adolescent Blount's Disease: 
Bowlegged deformity that develops later in childhood, 
overweight, typically involves both the proximal médial 
tibia and the distal fémur. Blount disease develops varus 
without médial joint dépréssion. 4 


Adolescent tibia vara and SCFE occur in association with 
each other. Large thighs, has difficulty adducting the hip. 
"Fat thigh syndrome" produces a varus moment on the 
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knee that leads to increased pressure on the médial 
proximal tibia physis". 4 

Pathoanatomy 

Distal fémoral varus deformity is common, because that 
physis can also undergo excessive loading. This is in 
contradistinction to infantile tibia vara in which the distal 
fémur is either normal or in valgus. 4 

Clinical Features 

An obese male who présents with complaints of bowing, 
limp or latéral thrust to one or both knees. The patient 
may hâve anterior knee pain secondary to holding the 
knee in a flexed position during gait. Morbidly obese 
patients presenting with adolescent Blount disease may 
hâve varying amounts of respiratory distress. 4 

Radiographie Features 

A true latéral supine radiograph of the proximal tibia is 
obtained to evaluate the magnitude of the procurvatum 
deformity. The genu varum produces relative abduction 
at the hip and can mask a significant fémoral deformity. 
The radiograph of the knee in the weight-bearing position 
must be examined to assess the presence of significant 
latéral collateral laxity. 4 

Preoperative Evaluation 

The magnitude and location of the various bony 
deformities, of soft tissue laxity at joint contractures and 
leg-length discrepancy should ail be assessed. 4 

Circular External Fixation 

Circular external fixation is préférable for graduai 
correction of the proximal tibia; it allows for the maximal 
adjustability of the alignment in ail planes and is ideally 
applicable in the most severe deformities and more obese 
patients. Advantages include stable fixation with 
improved patient mobility, the ability to evaluate 
alignment in a functional, standing position, and the 
ability to correct accurately ail of the tibial deformities 
including proximal tibial varus and procurvatum, 
internai tibial torsion, and distal tibial valgus. A hybrid 
circular fixator such as an Ilizarov or Taylor spatial frame 
can be used. The latter de vice is our preferred method of 
fixation. Ail of the deformities are addressed in a single 
surgical procedure. 4 If the physis are closed, interlocking 
nail may be used to correct the deformities. 


Correction of Lower Extremity Angulatory (Fig. 8) 

Deformities in Children 

Guided growth (Epiphysiodesis): Growth plate can be 
guided to grow in a particular direction, so that an 
angular deformity can be slowly corrected. In this method 
a plate with two screws are inserted straddling. The 
growth plate (physis) on either side. On the side of the 
plate growth is restricted and opposite side grows 
correcting the angular deformity. For epiphysiodesis in 
1950s Blount Staples were used, in 1990s transphyseal 
screw and in 2000 two hole plate. 

Hemiepiphysiodesis with a non-locking plate affords 
the opportunity to realign malformed extremities without 
having to resort to osteotomy. Multiple and complex 
deformities may be addressed simultaneously. The 
technique is simple, cost effective and well tolerated; it 
may be applicable for any âge group and virtually any 
diagnosis, and repeated as often as necessary. 6 

According to Stevens, the rationale for hemi¬ 
epiphysiodesis (vs osteotomy) 6 : 

1. It is a simple, minimally invasive, versatile 
procedure. 

2. Increased patient comfort and mobility. 

3. Multi-level correction-bilateral/simultaneous. 

4. Corrections occur at or near CORA. 

5. Réconciliation of true and apparent length (gain 
length despite implant). 

6. It is an outpatient procedure. 

7. Immédiate mobilization. 

8. Cost effective. 

9. Low complication rate. 

10. Osteotomy can be avoided. 

Advantages of plate technique. 6 

• It is a simple extraphyseal instrumentation. 

• It is flexible and acts as tension band (no compression 
of physis). 

• It provides peripheral focal hinge for continued 
physeal growth. 

Indications for plate hemiepiphysiodesis 6 

• It corrects any deformity that would otherwise require 
an osteotomy. 

• It can be done at any âge and any size patient. 

• Frontal, sagittal or oblique plane deformities can be 
corrected. 

Contradictions for plate hemiepiphysiodesis are 6 : 

1. Physiologie deformities 

2. Skeletal maturity 

3. Physeal closure (bar, etc.). 
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Figs 8A to D: Adolescent and Blount's disease-A boy, 15 years old has a bowing deformities of both legs morbid obesity, 

treated by multiple ostéotomies and interlocking intramedullary nail 


Procedure for plate hemiepiphysiodesis 

• Tournequet is applied. 

• Under tourniquet check an incision is taken of 2 to 3 
cm centring the growth plate under image intensi¬ 
fication. Preserve the periosteum. 

• Take a plate of 12 to 16 mm and precontoured to fit 
on the growth plate. 

• Cannulated 4.5 mm screw is inserted (24 or 32 mm). 
They need not be inserted parallel. 

• Only drill 2 to 3 mm cortex. Use- self-tapping screws. 

• Place the plate at the apex of deformity on the convex 
side in the frontal, oblique or sagittal. 

• Three monthly foliow up should be done. Plate is 
removed when deformity corrected/neutral axis. 

• Follow up: Patient should be foliowed every 3 months. 

Pitfalls 

Do not use: (1) 3.5 or 4.0 mm screws. (2) Stiff plate. 

(3) Locking plate. 

Indications 

• Genu valgum due to Blount's disease dysplasias, etc. 

• Genu varum. 

• Fixed knee flexion due to various causes. 

• Distal tibia 6 

- Valgus-spina bifida/CP/HME/CEV/NF 

- Bail and socket 

- Equinus 

- Calcaneus. 


Metabolic bone disease - Deformity due to rickets, etc., first 
treat the metabolic disease then do epiphysiodesis: 
Combining ostéotomies with guided growth. 

• Angular and or rotational deformities may be 
combined with guided growth procedure. 

Antérolatéral Bowing of the Tibia 

Antérolatéral bowing of the tibia is described in the 
section on Ilizarov External Fixator. 

Posteromedial Bowing of the Tibia 

In this deformity, the tibia and fibula are bowed 
posteromedially at the junction of the middle and distal 
thirds of their shafts (Fig. 9). The cause is not known. 
Possibly it may be due to intrauterine pressure or 
malposition. The angulation may vary from 25 to 65°. 
The foot is hyperdorsiflexed. The anterior muscles are 
shortened, the calf is moderately atrophie. Involvement 
is unilatéral. The affected tibia and fibula are shortened 
to a varying degree, the fibula a little more than the tibia. 
The shortening is progressive. The limb length 
discrepancy increases with âge. At 5 years, the limb length 
discrepancy is 2.4 cm, at 10 to 3.3 cm, and at majority 
4.1 cm with a range of 3.3 to 6.9.3 with âge the angulation 
corrects itself. 

In the first few months of life, the correction of bowing 
is strikingly rapid. 7 As apposed to antérolatéral bowing, 
posteromedial bowing is an innocent disease. 

Treatment 

The treatment should be started in early infancy. Passive 
stretching exercises are started to improve plantar flexion. 
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Fig. 9: Congénital posterior angulation, of tibia and fibula of 
R. legs. Latéral radiograph 


Osteotomy to correct posteromedial bowing of the tibia 
is not ordinarily indicated. If severe bowing persists after 
the âge of 4, osteotomy may be indicated. A corrective 
osteotomy should be combined with limb lengthening 
with Ilizarov method, if the shortening is > 2 cms. 

Genu Recurvatum (Figs 9 and 10) 

The baby may be born with hyperextended knee 
especially if there is breech delivery. The other causes of 
hyperextended knee are familial ligamentous laxity, 
arthrogryposis and idiopathic. Congénital quadriceps 
contracture if the recurvatum is due to quadriceps 
contracture or arthrogryposis, surgery may be needed. 
In this condition, the anterior part of the upper articular 
surface of the tibia has contact with the lower articular 
surface of the fémur. Genu recurvatum should be 
distinguished from congénital subluxation of the knee, 
in which there is loss of contact between the lower end 
of the fémur and the upper end of the tibia. The acquired 
causes are polio, trauma and infections. 



v 


Fig. 10: Genu recurvatum, R. knee 


Treatment 

Hyperextended knee in the new bone should be gradually 
corrected and plaster splint is given. The deformity is 
usually fully corrected even if it is severe up to 90°. If a 
serial casting fails, open surgery of the knee as indicated 
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INTRODUCTION 

By the âge of three, children should walk with a heel 
strike. Persistent toe-walking beyond this âge is 
abnormal. 3 

Clinical Features 

Often there is positive family history. The condition is 
twice as common in boys, and approximately in one-third 
cases, there may be family history. There may be no pain 
or limitation of activities. 

Idiopathic Toe Walking 

There is toe walking without apparent cause, so called 
habituai. These children tend to be clumpsy and are often 
hyperactive. The child may when standing lower his or 
her heel to ground without hyperextending his or her 
knee and may be persuaded to walk normally for short 
distances. 

Clinical Examination 

Shows an adéquate range of dorsiflexion to above 
15° in a child less than 2 years old. Even if toe walking 
continues for several years, the range of dorsiflexion 
may remain full, but in some cases it may be less. 

Diagnosis 

The diagnosis can be made after ruling out ail other 
causes. 

Treatment 

Spontaneous recovery without treatment is possible. Heel 
cord stretching and dorsiflexaion strengthening exercise 
are done repeatedly during the day for a period of 


3-4 months. It is important to maintain inversion of the 
hindfoot to optimize stretch of the heel cord. If range of 
passive dorsiflexaion is less than 15°, serial plaster casts 
below knee with a walking sole for 6 to 8 weeks will 
succeed in most patient. The casts are applied with the 
foot maximally dorsiflexed. After the plaster only night 
time splinting is continued for a few weeks. If relapse 
occurs, casting treatment is repeated. Even some authors 
hâve confirmed that an abnormal gait pattern confirmed 
by EMG is converted to normal one by this measure. 

Operative Treatment 

If the serial casting treatment fails surgical heel cord 
lengthening may be done. If toe-walking after 6 years of 
âge often does not improve, and the heel cord contracture 
slowly worsens. The heel cord lengthening can be done 
by variety of techniques. Surgical correction predictably 
has a satisfactory outcome. 3 

Other Causes of Toe Walking 

1. Congénital short tendo calcaneus 

Hall et al (1967) 2 recognized that some children who walk 

on their toes and who otherwise are completely normal 

hâve a congenitally short TA. Cases with familial 

tendency hâve been reported showing autosomal 

dominance. 

Clinical Features 

The child walks on his or her toe remarkably steadily. If 
asked to put his or her heel down on the ground he or 
she may do so but has to extend his or her knees. If he 
attempts to walk with a heel toe gait, he or she does so 
awkwardly with extension of knees. 
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Clinical examinations show no abnormality except 
equinus of both ankles. The degree of equinus is likely to 
be between 30 and 60° with tightening of TA. 

A careful assessment reveals no muscle weakness or 
altered sensations, no alteration in muscle tone or tendon 
reflexes, no history suggestive of CP no delay in motor 
development, no abnormal EMG or muscle biopsy 
findings. 

Treatment 

It is wise to observe the patient for 6 months to see 
whether any change take place. The passive stretching 
of tendocalcaneus may be tried in some children. 

Failure to show any improvement needs surgical 
intervention. The tendocalcaneus can be elongated by one 
of several variant of Z incision technique or by multiple 
level partial divisions. Full dorsiflexion can usually be 
contained after mobilization of tendon, and it should be 
sutured with slight dorsiflexion. Usually immobilization 
with below-knee cast is required for 4-6 weeks. 

Cérébral Palsy 

Many factors may affect the gait and stance of a cérébral 
palsied child: some muscles are spastic, others are weak. 
Static or dynamic contractures may be présent at one or 
other joints and central control of neuromuscular 
mechanism may be unbalanced is délicate. Ability to walk 
dépendent on neuromuscular control and balance. 

The hémiplégie spastic child walks with a limp and 
may walk on toes of affected limb with a foot drop gait. 
If he or she walks fast, the upper limb tends to flex at 
elbow and wrist. The examination of sole of shoes will 
show a lack of wear on heels. In diplegic spastic child, 
shortness of gastroenemius may cause the child to walk 
on toes and to hyperextend the knees. 


Duchenne’s (Pseudohypertrophic) 

Muscular Dystrophy 

It is an X linked autosomal récessive lésion. 

Clinically Gowers clumbing sign will be positive. 

The child waddles and walks on a wide base with a 
lordotic lumbar spine, and there is some times a tendency 
to walk on toes at an early stage. 

The course of disease is slow but remorseless. The 
child begins to walk with protruberent abdomen due to 
flexed positive of hips with lumbar lordosis, and later 
walks on toes with development of shortness of 
tendocalcaneus. 

Congénital Subluxation or Dislocation ofHip 

Usually présent in unilatéral subluxation or dislocation 
of hip. 

The child lurches towards affected side and because 
of shortening of affected leg, walks and stands with knee 
of normal limb flexed or walks on toes of affected limb. 
Other causes of toe walking are myotoniedystrophy, 
dystrophy, dystonia, and tethered cord syndrome. 
Lumbar lordosis is usually présent. 

Postpolio equinus: Toe-walking after poliomyelitis is a 
common deformity. 
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Microsurgery 
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INTRODUCTION 

Microsurgery is a general term for surgery requiring an 
operating microscope, and encompasses ail procedures 
involving anastomosis of successively smaller blood 
vessels and nerves (typically 1 mm in diameter) which 
has allowed transfer of tissue from one part of the body 
to another and re-attachment of severed parts. A number 
of surgical specialties now use microsurgical techniques. 
Otolaryngologists perform microsurgery on structures of 
the inner ear or the vocal cords. Ophthalmologists 
perform cataract surgery, corneal transplants, and 
treatment of conditions like glaucoma. Urologists and 
gynecologists can frequently now reverse vasectomies 
and tubal ligations to restore fertility. 

JB Murphy performed the first vascular anastomosis 
in 1897, but Alexis Carrel first described the method for 
triangulation of blood vessels to perform arterial and 
venous repairs in 1902. He performed an end-to-end 
anastomosis. In 1908, he devised methods for the 
transplantation of whole organs. Together with CC 
Guthrie, Carrel was able to amputate and reattach an 
entire lower limb at the level of the thigh in an animal. 
Carrel was awarded the Nobel Prize in Medicine and 
Physiology in 1912, "in récognition of his work on 
vascular suture and the transplantation of blood-vessels 
and organs". The advances in the techniques and 
technology that popularized microsurgery began in the 
early 1960s. Vascular surgeon, Jules Jacobson, described 
the first microvascular surgery, using a microscope to aid 
in the repair of blood vessels, in 1960. Using an 
otolaryngology microscope, he performed coupling of 
vessels as small as 1.4 mm and coined the term 
"microsurgery". Hand surgeons Kleinert and Kasdan 
performed the first revascularization of a partial digital 
amputation in 1963. 


Nakayama, a Japanese cardiothoracic surgeon, 
reported the first true sériés of microsurgical free-tissue 
transfers using vascularized intestinal segments to the 
neck for esophageal reconstruction after cancer resections 
using 3-4 mm vessels. 

Harry Buncke introduced contemporary reconstruc¬ 
tive microsurgery. In 1964, Buncke reported a rabbit ear 
replantation, famously using a garage as a lab/ operating 
theatre and homemade instruments. This was the first 
report of successfully repairing blood vessels 1 millimeter 
in size. In 1966, Buncke used microsurgery to transplant 
a primate's great toe to its hand. 

The late sixties and early 1970's ushered in many new 
microsurgical innovations that were previously 
unimaginable. The first human microsurgical trans¬ 
plantation of the great toe (big toe) to thumb was 
performed in April by Mr John Cobbett, in England. In 
Australia, work by Bernard O'Brien and Ian Taylor 
ushered in new techniques to reconstruct head and neck 
cancer defects with living bone from the hip or the fibula. 
O'Brien in fact was the first to set up a Microsurgery 
Research and Training Centre in Melbourne which has 
trained a few hundred microsurgeons from ail over the 
world. 

Dr NH Antia and VI Buch, Indian plastic surgeons, 
reported transfer of an abdominal derma-fat graft by 
direct anastomosis of blood vessels in 1971 {Br J Plast Surg 
24:15,1971}. Dr SR Tambwekar of Mumbai, Dr Abraham 
Thomas of Ludhiana and Dr R Venkataswami of Chennai 
pioneered the development of microvascular surgery in 
India. 

To successfully and consistently repair very small 
arteries and nerves it was necessary to develop finer 
suture material and needles that would not damage 
fragile small blood vessels. Jeweller's instruments were 
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modified for surgical use. Microsurgery today is not 
merely a technique, but a discipline, which requires 
extreme levels of concentration, meticulous care and 
gentle handling of délicate tissues like blood vessels and 
nerves, and intensive monitoring of patients post 
operatively. Since the structures being repaired are so 
small, the margin for error is extremely low. Hence a long 
period of supervised training is required before anyone 
can perform microvascular surgery. Training begins with 
a stint in an animal laboratory, where trainees learn how 
to handle délicate blood vessels and nerves in rats, and 
master the basic techniques of anastomosis. This 
expérience is then transferred to the clinical environment, 
where trainees learn first by assisting and then 
performing under supervision, microvascular procedures 
like vessel repairs, replants and free flaps. 

Rôle of Microvascular Surgery in Orthopedics 

Microvascular surgery is a collaborative specialty, and 
has found the widest application in the field of 
orthopaedics. Amputated fingers and limbs, compound 
fractures with vascular and skin and soft tissue injuries, 
limb saving tumor resections, are some examples of 
situations where microsurgical techniques hâve greatly 
improved the salvage rates and provided reconstructive 
options beyond the scope of routine orthopaedic surgery 
or conventional plastic surgical techniques. 

Replantation 

Replantation is the reattachment of a completely detached 
body part. Fingers and thumb, ear, scalp, nose, arm and 
pénis hâve ail been replanted. Successful replantation was 
only made possible by achieving consistent rates of 
success in joining small vessels less than 1mm diameter 
in the experimental situation. Generally, replantation 
involves restoring blood flow through arteries and veins, 
restoring the bony skeleton and connecting tendons and 
nerves as required. The level of amputation détermines 
the size of vessels and nerves to be joined, and hence the 
more distal amputations are more technically 
demanding, however the proximal amputations carry 
with them a much higher risk of major systemic 
complications following reattachment. 

Initially, when the techniques were developed to 
make replantation possible, success was defined in terms 
of a survival of the amputated part alone. However, as 
more expérience was gained in this field, surgeons 
specializing in replantation began to understand that 
survival of the amputated piece was not enough to ensure 
success of the replant. It was equally important to restore 
maximum possible function to the amputated part. 


Reimplantation is therefore one of the most technically 
demanding procedures, requiring great skill and dogged 
perseverance. Functional demands of the amputated 
specimen became paramount in guiding which 
amputated parts should and should not be replanted. 
Additional concerns about the patients' ability to tolerate 
the long réhabilitation process that is necessary after 
replantation both on physical and psychological levels 
also became important. So, when fingers are amputated, 
for instance, a replantation surgeon must seriously 
consider the contribution of the finger to the overall 
function of the hand. In this way, every attempt will be 
made to salvage an amputated thumb, since a great deal 
of hand function is dépendent on the thumb, while an 
index finger or small finger may not be replanted, 
depending on the individual needs of the patient and 
the ability of the patient to tolerate a long surgery and a 
long course of réhabilitation. Badly crushed digits, 
multiple level injuries, severe avulsion injuries, and the 
presence of other life threatening conditions or injuries 
are relative contraindications for reimplantation. Every 
attempt must be made to salvage major limb amputations, 
multiple finger amputations, and the thumb, even if some 
element of crushing or avulsion exists. 

Primary care of patients at the site of injury is very 
important. The amputated part should be washed gently 
with saline, placed in a plastic bag, which in turn is placed 
in a container of appropriate size, with a mixture of ice 
and water. The idéal température for cold préservation 
of amputated parts is 4°C, which is achieved by a mixture 
of ice and water. The patient is reassured, administered 
pain relief, and the amputation stump cleaned gently and 
covered with a clean dressing. Most bleeding from the 
stump can be controlled by direct pressure. No attempt 
should be made to hold bleeding vessels with a hemostat 
or ligate them, as this damages the vessel and reduces 
the available length of vessel. The patient is then quickly 
transported to the reimplantation centre, which should 
be informed in advance so that replantation team and 
the operation theatre can be kept ready. Whether the limb 
or digit is suitable for replantation is a decision to be taken 
only by the replantation experts, and not by the primary 
care physician. So ail amputated tissues should be 
transported with the patient. Even if an amputated part 
is not replantable, tissues from the part may be used for 
repair of other injuries in adjacent digits. 

The time available for replantation dépends on the 
level of injury, and is a function of the muscle content of 
the amputated part. Muscle tissue is the least tolérant of 
ischaemia, so the more proximal the injury the less time 
available for revascularisation. The ischaemia time, i.e. 
the time between amputation and revascularisation, is 
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typically divided into warm ischaemia, where the 
amputated part is stored at room température, and cold 
ischaemia, where it is stored at 4 degrees Celsius. For 
any amputation above the level of the wrist or the ankle, 
4 hours warm ischemia or 8 hours of cold ischaemia is 
considered as acceptable, beyond which the risk of 
complications following reimplantation is very real. 

Reimplantations should be performed by an 
experienced team, in a centre geared for long surgeries. 
Anesthetists, theatre staff, ancillary support like blood 
banks, intensive care and facilities for close post-operative 
monitoring are very important (Figs 1 to 3 and 10). 

When the patient is received by the replantation team, 
he is first resuscitated, reassured, and examined 
thoroughly. The amputated part is cleaned thoroughly 
and inspected for suitability. 

While the patient is being anesthetized, to save time, 
the amputated part is cleaned thoroughly, explored and 
important structures like blood vessels, nerves, tendons 
identified, marked and prepared for repair. A thorough 
debridement is performed so that only healthy 
undamaged tissues are preserved for repair. If it is not 
possible to replant an amputated specimen to its original 
location entirely, this does not mean that the specimen is 
unreplantable. In fact, replantation surgeons hâve learned 
that only a piece or a portion may be necessary to obtain 
a functional resuit, or especially in the case of multiple 
finger amputation, a finger or fingers may be transposed 
to a more useful location to obtain a more functional 
resuit. This concept is called "spare parts" surgery. 

Once the patient is anesthetized, the proximal stump 
is similarly cleaned, debrided and structures to be 
repaired are identified and marked with fine sutures. 


The best functional results are obtained when ail 
structures are repaired primarily, i.e. ail tendons and 
nerves are repaired at the time of replantation. Once the 
initial debridement and identification of structures is 
complété, the process of reattachment is commenced. 
Bony fixation is performed first, usually with the simplest 
technique that will give quick yet stable fixation. Upto 
the wrist level, generally Kirshner wires only are used. 
Plates and screws or intra-medullary nails are reserved 
for major bones only. The flexor and extensor tendons 
are repaired next, with care taken for accurate 
approximation of tendon ends. The blood vessels are 
repaired next, with the veins being anastomosed before 
the arteries. The nerves are coated with fine sutures, and 
then the skin edges are sutured without tension. Skin 
grafts may be required to cover residual raw areas. 

A loose non compressive dressing is given, keeping 
the finger tips exposed for monitoring. 

For proximal replants, the sequence of repairs may 
be altered to reduce ischaemia time. If the fixation and 
soft tissue repair is likely to take time, a vascular shunt is 
inserted between the arterial ends to re-establish blood 
flow and reduce the effects of ischaemia. Ail replants 
above wrist level must hâve a fasciotomy performed 
prophylactically; tissues swell dramatically following 
revascularisation, and the increased compartment 
pressure following revascularisation may cause muscle 
ischaemia. Fasciotomies should be performed in ail the 
compartments in the hand. 

Free Tissue Transfer 

Free tissue transfer is a surgical reconstructive procedure 
using microsurgery. A région of "donor" tissue is selected 



Fig. 1: Microsurgeons at work 
(For color version see Plate 54) 


Fig. 2: Arterial ends prepared for repair as seen through the 
microscope (For color version see Plate 54) 
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Figs 3A to E: Reimplantation of a hand: (A, B) Hand amputated by circular saw 
(C) X-ray showing plate fixation (D, E) Functional resuit following reimplantation (Forcolor version see Plate 54) 


that can be isolated on a feeding artery and vein; this 
tissue is usually a composite of several tissue types (e.g., 
skin, muscle, fat, bone). Common donor régions include 
the rectus abdominis muscle, latissimus dorsi muscle, 
fibula, and radial forearm bone and skin, latéral arm skin, 
and antérolatéral thigh skin. The composite tissue is 
transferred (moved as a free flap of tissue) to the région 
requiring reconstruction (e.g., to the leg to cover an 
exposed tibia in a Grade III compound injury,). The 


vessels that supply the free flap are anastomosed with 
microsurgery to matching vessels (artery and vein) in the 
reconstructive site. The procedure was first done in the 
early 1970s and has become a popular "one-stage" (single 
operation) procedure for many surgical reconstructive 
applications. 

Free flaps hâve several advantages over conventional 
techniques of transferring large areas of skin and soft 
tissue, like the cross leg flap and the pedicled abdominal 
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and groin flaps, which were staged repairs requiring long 
periods of immobilization in uncomfortable positions. A 
second surgery is required to divide the pedicle and 
complété the inset of the flap. Any surgery on underlying 
structures like tendon grafts, nerve grafts and bone grafts 
has to be done at a later stage. With microvascular free 
tissue transfer, large blocks of tissue can be transferred 
in one stage, surgery on underlying structures can be 
performed at the same time, and the entire defect can be 
covered in one go. The sélection of the donor site can be 
tailored to match as closely as possible the requirements 
of the récipient site. Sensate flaps can be performed for 
areas where sensation is critical such as the sole of the 
foot. The sensory nerve supplying the area of skin 
included in the flap is joined to a sensory nerve at the 
injured site, to restore sensations in the transferred flap. 
Hence free flaps are gradually replacing pedicled flaps 
as the procedures of choice, although considerably greater 
technical expertise is required. 

Applications of Free Flaps (Figs 4 and 7) 

The most common application of free flaps in 
orthopaedics is for cover of exposed bone, such as the 
tibia in a compound fracture. Early free flap cover in the 
first 48 to 72 hours in Grade III tibial fractures has been 
shown to considerably reduce the rate of complications 
like infection and non-union. Similarly, exposed b are 


tendons, vessels or nerves, commonly encountered in 
upper limb crush injuries, are common indications for 
free flap cover. Definitive treatment of fractures including 
bone grafting, tendon and nerve repair or grafting, ail 
can be performed at the same time, and covered in one 
stage with a vascularised free flap. Free flaps are 
sometimes preferred to skin grafts or local flaps for 
cosmetic reasons, since the donor site of the free flap can 
be hidden, and the aesthetic resuit of a flap is always 
superior to that of a skin graft. 

Degloving injuries involving the sole of the foot need 
spécial attention. Plantar skin is specially designed for 
weight bearing, and should ideally be replaced by tissue 
similar in type. However, when large areas of the sole 
are lost, similar tissue is not available, so the next best 
option is a sensate free flap. The radial artery free flap, 
with the latéral or médial cutaneous nerve of the forearm 
included, or the latéral arm flap are useful sensate free 
flaps for use to cover moderate sized defects of the sole 
of the foot. When the entire skin of the sole is lost, the 
latissimus dorsi muscle covered with a skin graft is the 
idéal choice. 

When large osteomyelitic cavities in long bones are 
saucerised, the résultant surface defect needs cover with 
vascular tissue. Free muscle flaps hâve proven to be the 
best form of cover for such defects. The muscle flap brings 
in its own blood supply, and fights infection better, 
allowing the area to heal quickly. 



Figs 4A to D: (A) Grade III compound fracture of the tibia with large area of skin and soft tissue loss (B) A 
large latissimus dorsi muscle flap used to cover defect-vessels ready for anastomosis (C) Muscle covered 
with a skin graft (D) Soft tissue defect completely healed (For color version see Plate 55) 
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Vascularized Bone Transfers (Fig. 5) 

The fibula and the iliac crest can both be transferred as 
vascularised grafts along with their supplying vascular 
pedicle. The Iliac crest is supplied by the latéral circumflex 
iliac artery, which originates from the external iliac artery 
and runs along the deep surface of the Iliac bone about 
2.5 cm below its upper border. The fibula can be harvested 
as an osteocutaneous flap along with the peroneal vessels 
which run close to the deep surface of the fibula along its 
entire length. The entire length of the fibula, from the 
neck down to about 2.5 cm from the ankle joint, can be 
transferred. 

Vascularised bone grafts can be used to fill large bone 
gaps resulting from traumatic bone loss, non-union, 
osteomyelitis, or following resection of large segments 
of bone for tumors. The fibula has the added advantage 
that a large island of skin supplied by septocutaneous 



Figs 5A to F: Vascularised bone transfer: (A) Tibial non-union 
following failed llizarov treatment (B) Scar covering non-union 
site (C) Markings for fibular osteocutaneous transfer (D) Skin 
flap sutured to margins of skin defect and linear external fixator 
applied (E) X-ray showing fracture ends excised and fibula 
dowelled into tibial medullary cavity at both ends X-ray showing 
complété bony union at 6 months with remodeling and 
thickening of fibula (F) Leg completely healed (For color version 
see Plate 55) 


perforators arising from the peroneal artery can be 
transferred along with the bone, thus making it possible 
to replace a defect comprising both skin and bone. The 
iliac crest graft, can be transferred as a pedicled 
vascularised graft, into the head of the fémur for 
treatment of avascular necrosis of the head. Congénital 
pseudoarthrosis is also another common indication for 
vascularised fibula transfer. 

Growth disturbances in long bones are common after 
epiphyseal injuries or sep tic arthritis and osteomyelitis 
affecting the epiphyseal growth plate. The fibular head, 
which is supplied by a branch from the anterior tibial 
artery, can be isolated on this vascular pedicle and 
transferred as a vascularised epiphysis to such affected 
ares as the wrist or humérus, and hâve been shown to 
grow in length and remodel with time to restore the 
length and shape of the affected bone. 

Toe to Hand Transfer (Fig. 6) 

One of the most dramatically successful applications of 
microvascular surgery is the reconstruction of lost thumbs 
or digits by toe to hand transfer. The main arterial supply 
to both toes arises from the first dorsal metatarsal artery, 
which is a continuation of the dorsalis pedis artery. The 
entire toe, or a part of it, can be dissected along with its 
flexor and extensor tendons, the digital nerves and the 
supplying artery and draining veins. With refinements 
in technique over the years, expert microvascular 
surgeons hâve been able to tailor the size of the toe to 
match that of the finger or thumb which is to be replaced, 
providing an aesthetically pleasing, sensate and 
functional digit reconstruction, the resuit of which cannot 
be matched by any other method of reconstruction. 

Functioning Muscle Transfers 

The gracilis and the latissimus dorsi muscles can be 
isolated on the vascular pedicle, along with the motor 
nerve supplying them. The muscle recovers its ability to 
contract within a few months after transfer with the 
ingrowth of nerve fibres from the donor nerve. 

In situations where large portions of muscle tissue are 
lost, either following trauma, or ischaemic necrosis such 
as in Volkmann's ischaemic contractures, and where 
tendons are not available for transfer, functioning muscle 
transfers are used. The gracilis or latissimus dorsi muscles 
are commonly used in the forearm to restore finger flexion 
or extension, with the nerve being joined to a motor 
branch of the médian nerve. 

In brachial plexus injuries, the functioning gracilis 
transfer is used to restore elbow flexion or finger flexion 
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Figs 6A to E: Toe to hand transfer: (A) Thumb amputation (B) Second toe transferred to thumb 
(C) 7-year-old child with loss of thumb (D) Great toe transferred to thumb (E) Double Second toe 
transfer to reconstruct 2nd and 3rd digits (For color version see Plate 56) 



Fig. 7: Free muscle flap to resurface a defect in tibia 
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and extension, with the nerve being anastomosed to 
available donor nerves such as the intercostals or spinal 
accessory nerves. 

Recent Advances in Microsurgery (Figs 8 and 9) 

The first hand transplant was performed in Ecuador in 
1964, but the transplant was rejected in 2 weeks. The first 
clinically successful transplant was performed by a team 
of surgeons in Lyons, France, in 1998. The patient was 
administered immunosuppressive drugs, but the 
transplant was rejected two years later when he stopped 
taking the drugs. Since then several successful hand 
transplants hâve been performed ail over the world. 
Patients receiving hand transplants need lifelong 
immunosuppression, with ail its associated compli- 


Fig. 9: Microvascular anastomosis 
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Fig. 10: Replantation a hand with long-term resuit—Devitalized tissue extensively debrided. 
Depending on the extent of devitalized tissue, the bone will need shortening to enable a tension- 
free repair and anastomosis. Very often debridement is inadéquate due to hésitation on the part 
of the surgeon, leading on to severe wound infection in the postoperative period and poor functional 
recovery. Replantation: Limb replantation can be done under tourniquet control except in very 
high level of amputation. The surgeon uses the loupe for initial dissection except in the case of 
terminal digit replantation. Use of microscope usually deferred till vessels are to be dissected and 
anatomosed 


cations. Hence strict criteria hâve been laid down for case 
sélection. Mainly the recepient of a hand transplant 
should hâve lost both upper limbs. The focus of research 
in transplantation centres ail over the world is the 


development of safe immunosuppression, or trans¬ 
plantation without immunosuppression. Only then will 
non-vital organs like the hand and face be more 
frequently transplanted. 
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377.1 Cemented Hip Arthroplasty an OverView 
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INTRODUCTION 

Total hip replacement was introduced as a panacea to 
relieve the intractable pain of hip arthritis. Additional 
objectives that were later achieved were correction of 
deformities and the restoration of hip mobility with 
stability. In achieving ail these objectives, hip replacement 
has been a hugely successful operation. It has provided 
millions with the ability to lead a normal life. 

Sir John Charnley introduced the basics of modem 
hip arthroplasty with the élucidation of three basic ideas 
namely the concept of low-friction torque arthroplasty, 
the introduction of high-density polyethylene, and the 
use of acrylic bone cernent to secure implant fixation to 
bone (Learmonth I). 

Subséquent years hâve thrown up newer challenges, 
notable amongst which has been the demands of younger 
patients undergoing surgery, which led to early loosening 
and polyethylene wear with conventional implants and 
bearing surfaces. The understanding of the principles 
behind implant loosening and aseptie osteolytic processes 
hâve thrown up the challenge of developing newer 
articulating surfaces and interface options that would not 
only last longer but also give near normal life to its 
récipients. Even more daunting is the task of preserving 
as much bone as possible by minimizing bone resections 
while performing arthroplasty. 

The basic science however remains unchanged and 
an understanding of the concepts of Charnley 
arthroplasty is the best way to train oneself in the art of 
hip replacement. This chapter will deal with the basics 


of hip replacement, basic cemented techniques, and the 
management of major complications. 

HISTORICAL REVIEW 

Three major surgical techniques hâve contributed 
towards the development of low friction total joint 
arthroplasty. 

1. Interposition of various materials to prevent stiffness 
and give low friction. 

2. Partial j oint replacement: In these techniques only one 
side of the joint was replaced which was the head of 
the fémur. This type of joint was exemplified by the 
Moore and Thompson arthroplasty. 

3. Total joint replacement 

Interposition of Membranes and Other Materials 

In 1840—first known interposition arthroplasty by 
Carnochau of New York, inserted a block of wood in the 
temporomandibular joint of the lower jaw. From 1865 
onwards, various materials were used in an attempt to 
resurface the joint, which included muscles, fascia, skin, 
oil, rubber, celluloid, ivory, gold foil and pig bladder. 

In 1923, Smith-Peterson in America, used cups of 
various materials such as glass, celluloid, pyrex and 
finally in 1938 he used vitallium, a chrome-cobalt alloy. 

Partial Joint Replacement 

In 1919, Delbet in France used reinforced rubber 
prosthesis to replace the head of the fémur. Heygroves 
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from England, in 1927, used an ivory prosthesis. 
Bohlmann and Moore in America, in 1940, used a 
stainless Steel métal prosthesis and this was a major step 
forward for future developments. 

In 1950, Judet in France, used an acrylic prosthesis in 
patients with fractured neck of fémur. This prosthesis 
failed due to disintegration of acrylic material leading to 
loosening and foreign body reaction. In the same year, 
Thompson and Moore (1952) described their long 
stemmed métal prostheses. Both these hâve stood the test 
of time. However, it was érosion of bone on the pelvic 
side that brought attention to the need for resurfacing of 
the acetabulum. 

In 1972, CJE Monk of Liverpool, described a prosthesis 
with an in-built acetabular component. This combined 
the simplicity of a partial joint replacement with the 
advantages of total joint replacement. This was used 
increasingly with gratifying results. 

Total Joint Replacement 

Philip Wilie of London, in 1938, probably performed the 
first total joint replacement. He used a bail and cup device 
made of stainless Steel which was mechanically ground 
to an accurate fit. The head component was fastened by 
a boit through the fémoral neck and the acetabular cup 
was fixed by a screw. 

In 1950, Seven Kiaer introduced the use of dental 
acrylic cernent in orthopaedics by using it to bind a plastic 
prosthesis to bone. In December of the same year, 
Haboush of the Hospital for Joint Diseases in New York 
used acrylic cernent to implant a total hip prosthesis. 

In 1951, McKee and his associâtes Watson-Farrar of 
Norwich, England introduced a total joint replacement 
using a Thompson type fémoral component and a métal 
acetabular cup. Both were of chrome cobalt alloy and 
were cemented into bone. 

Sir John Charnley (Fig. 1) noted that the Judet 
prostheses were known to 'squeak' in an osteoarthritic 
socket. Charnley concluded that this was due to high 
frictional résistance. This led to the search for a cartilage 
substitute that would return the joint to the low frictional 
State found in nature. It was through a sériés of brilliant 
experiments on the nature of lubrication in animal joints 
that led Charnley to break with the théories of the time 
and suggest a boundary rather than hydrodynamic 
mechanism. His pioneering efforts led to the introduction 
of Teflon Arthroplasty (1955), which he used with a thin 
shell on the acetabular side. Failure of this design led to 
the development of a small head métal prosthesis 
combined with an intramedullary stem and fixation with 
cernent to resist torsional forces. A thick walled Teflon 
socket was used. This design incorporated the 
engineering principle of low friction torque. 



Fig. 1 : Sir John Charnley 


By 1962, however, unforeseen difficulties with 
adverse tissue reaction and severe wear in the sockets 
caused Teflon to be abandoned. Ultrahigh molecular 
weight polyethylene (UHMWPE) was then introduced 
as a bearing surface. Though its coefficient of friction was 
considerably higher than Teflon, the wear characteristics 
of this new material were 500 to 1000 times superior and 
its frictional behavior was enhanced by load and synovial 
fluid, making it an idéal bearing surface material for the 
acetabulum. 

Maurice Muller of Berne, Switzerland, designed a 
System with variable neck sizes and a larger 32 mm 
fémoral head. These allowed adjustment of the leg length 
and abductor tension without trochanteric osteotomy. He 
reasoned that larger heads reduce acetabular wear and 
provide greater stability than that obtained with smaller 
heads. 

Different designs were introduced by Ling, at Exeter, 
England, Aufranc and Turner, Amstutz HC, Harris and 
others. In 1968, Ring described a métal to métal prosthesis 
with an Austin Moore stem and matched socket which 
was screwed into the acetabulum. The fémoral 
component was later modified with an undercut neck 
for improved range of motion. The high frictional torque 
generated in this métal on métal joint produced metallic 
débris and led to early loosening and failure. 

Advances in biomechanics and better understanding 
of biomaterials, along with intensive research and 
computer aided design and manufacture, has brought 
constant improvement in the implant design and cernent 
technique. During the course of 1962 to 1982 four 
générations of Charnley fémoral and acetabular 
prosthesis were developed. 
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Fémoral Component 

1. First génération (1962): Had a fiat back with squared 
corners which was discontinued due to stress risers 
and occasional fractures. 

2. Second génération (1975): Basically same design with a 
round back which added some strength to the 
prosthesis. It was produced with cold worked 
forgings. 

3. Third génération (1980): Stainless Steel 'Ortron 90' 
material was introduced which has greater strength 
and corrosion résistance. A flanged portion was added 
to improve cernent pressurization, add to strength and 
greatly enhance load transmission to the cernent. 

In September 1976, a 40 mm offset and long neck 
prosthesis were added. The réduction in the offset 
from 45 to 40 mm increased the strength of the 
prosthesis by reducing the bending moment. In 
August 1979, long-stem prosthesis for révision was 
introduced. 

4. Fourth génération (1982): The basic design was the same 
but varieties of prosthesis were added such as extra 
heavy, smaller CDH, with straight and thinner stems. 
The main alteration was to reduce the neck diameter 
from 12.5 to 10 mm to improve the range of flexion 
and to avoid impingement. 

Acetabular Component 

1. First génération: Standard small and large cup (Fig. 2) 
with inner diameter of 22 mm and outer diameter of 
47 mm and 50 mm respectively. 

2. Second génération: The long posterior wall (LPW) 
(Fig. 3) was designed to enhance stability against 
posterior dislocation. 

3. Third génération: A flanged portion was added for 
pressure injection of the cernent (PIJ), but this 
increased the area of unused socket bone surface on 
the posterior lip of the acetabulum. 


4. Fourth génération: The OGEE socket (Fig. 4) makes use 
of maximum posterior bone surface on the 
acetabulum whilst closing the anterior gap. 

BIOMECHANICS 

Total hip component must withstand many years of cyclic 
loading. Static forces around the hip vary from 3.5 to 5 
times the body weight during normal working, further 
magnified during accélération and décélération 
(Crowninshield et al). Forces are maximum during stance 
phase, approximately 5 to 6 times the body weight. The 
forces are reduced by slow walking and least during 
swing phase of the gait. During active straight leg raising 
and non-weight bearing walking, forces generated are 
twice the body weight. 

The forces acting on the hip joint may be described 
as: 

Effort x Effort arm = Load x Load arm, i.e. 

Abductor Pull x Abductor Lever arm = 

Body wt. x Load arm. 

The abductor musculature, acting on a lever arm, 
extending from latéral aspect of the greater trochanter to 
the centre of the fémoral head must exert an equal 
moment to hold the pelvis level during one legged stance. 
The normal ratio of body lever arm to abductor lever arm 
is 2.5:1. This indicates that the abductor musculature has 
to work 2.5 times the body weight so as to maintain the 
pelvis leveled in standing. When lifting weight, running, 
jogging or jumping, the load may be 10 times the body 
weight. Hence a patient with artificial hip joint must 
ideally restrain from these activities as excessive body 
weight or physical activities hâve the potential to loosen 
the stem or break (Crowninshield et al). Forces as these 
are not only in coronal plane, but also in sagittal plane. 
The center of gravity is located anterior to the S 2 vertebra 
in the midline which is posterior to the axis of hip joint. 
These forces are increased when the hip is loaded in 



Fig. 2: Standard Fig. 3: Long posterior wall Fig. 4: OGEE socket 
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Fig. 5: KT Dholakia 


flexion as in case of rising from chair, ascending or 
descending from stairs. During this act résultant force 
applied at a point even farther anterior on head will lead 
to posterior deflection or rétroversion of the fémoral 
component. Whenever the abductor lever arm is 
increased there will be a réduction in the forces across 
the hip joint. This lowers the friction and frictional torque, 
and therefore, lessens the chances of wear and loosening. 
Charnley therefore advocated medialization of the 
acetabulum and lateralization of the trochanter. 
However, with this concept, he violated the subchondral 
bone on the acetabular side, which led to increased 
acetabular loosening. Today, it is universally accepted 
that it is essential to keep biologically good bone stock of 
subchondral bone with multiple anchoring holes for idéal 
fixation rather than medialization. 

Rotational Torque on the Fémoral Component 

Rotational Torque = Prosthesis offset x Load 

Valgus placement decreases physiological offset, hence 
decreased bending moment. This should reduce fémoral 
loosening and stem breakage. But excessive valgus 
placement increases the dislocation incidence due to 
impingement. Hence, it is recommended to keep the 
prosthesis in a mild degree of valgus or neutral alignment. 
In contrast, varus positioning of the fémoral prosthesis 
will lead to increased bending arm moment and decreases 
the axial loading on the stem. Even though varus position 
lengthens the abductor lever arm there is a higher 
incidence of loosening which is attributed to excessive 
bending moment and cantilever mechanism. Frictional 
torque force is produced when the loaded hip moves 
through an arc of motion. This torque dépends on the 
coefficient of friction, applied load and the surface area 


of contact between head and the socket. If two hip joints 
of different head sizes are moved through the same arc 
of motion with the same load, the smaller head will hâve 
less frictional torque. Hence Charnley chose 22 mm head 
for a low frictional torque. 

Coefficient of Friction 

The low coefficient of friction of metallic head acting with 
polyethylene cup as a bearing is a fundamental to the 
total hip arthroplasty. The coefficient of friction is a 
measure of the résistance encountered in moving one 
object over other. It varies from material to material, finish 
of the material, température and various other factors. 
The normal coefficient of friction in a human joint is 0.008 
to 0.02. Walker and Bullough studied that the coefficient 
of friction of métal on métal is around 0.8 and of métal 
on high density polyethylene is 0.02. The advent of 
ceramics has reduced the wear when it is used as high 
density polyethylene to the ceramics, or ceramic to 
ceramic, but métal on ceramic has the highest coefficient 
of friction which can be disastrous. 

Wear 

Wear has become a significant problem in the long-term 
resuit of total hip arthroplasty. Wear dépends on 
coefficient of friction, boundary lubrication, load, distance 
travelled from each cycle and hardness of material. Any 
irregularity on the surface of the head produces excessive 
wear. The retrieved cups removed at the end of 14 to 15 
years showed the wear at the superior part of the socket 
10° to 15° inclined towards the midline. Wroblewski found 
that 41% of sockets were worn latéral to the vertical line 
drawn upwards from the center of the fémoral head. 
Charnley reported average wear varied from 0.13 mm to 
less than 0.01 mm per year with total wear in 10 years 
ranging between 1 mm to 2 mm Wroblewski demons- 
trated an exponential relationship between depth of the 
socket wear and incidence of socket loosening and 
migration. He reported that wear more than 4 mm will 
lead to neck impingement and secondary loosening of 
the acetabulum. 

Wear is difficult to measure accurately. Careful 
measurement of any decrease in the distance between 
metallic cup and the surface of the fémoral head on a 
radiograph will give some information (Livermore, 
Ilstrup and Morrey). Most accurate data can be availed 
only from retrieved specimens. 

Today in the long-term, surgeons involved in hip 
surgery are worried about polyethylene débris. This 
débris produces foreign body reaction and periprosthetic 
osteolysis which will lead to failure of this assembly. 
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Hence there is ongoing research of newer materials which 
will hâve same coefficient of friction as human joint and 
the particles generated by them will not produce 
osteolysis. 

Wear can be defined as loss of material from surface 
of the prosthesis as a resuit of motion between those 
surfaces. There are three types of primary wear 

a. Abrasive wear: The harder surface produces grooves 
in a softer material. 

b. Adhesive wear: Softer material is transferred as a thin 
film on the hard surface. 

c. Fatigue wear: Répétitive loading cracks the material 
which delaminates. 

In a total hip arthroplasty abrasive and adhesive wear 
are more common than fatigue. Particles produced are 
potentially adverse to the tissue, leading to osteolysis and 
loosening. 

SELECTION OF IMPLANTS 

Sélection of implant will dépend on the patient's need, 
anticipated longevity, level of activity, bone quality and 
its dimensions. This canbe discussed under the following 
headings for cemented arthroplasty (Fig. 6). 

• Head diameter 

• Head material 

• Neck configuration and diameter 

• Stem métal 

• Surface finish 

• Collared / not collared 



Fig. 6: Biomechanical features of the fémoral component 


• Length of stem 

• Offset of stem 

• Taper 

• Ratio of métal to cernent. 

HEAD DIAMETER 

Sir John Charnley popularized this operation as a low 
friction arthroplasty (LFA) because he used a head with 
22 mm diameter which has less frictional torque than 32 
mm head. The 22 mm head has less volumétrie wear but 
more pénétration wear leading to neck impingement and 
secondary acetabular loosening. Wroblewski reported 
90% of loose cups had more than 4 mm wear and this 
loosening was due to neck impingement. Initially 
Charnley stem had the neck diameter of 12.5 mm which 
was reduced to 10 mm to avoid impingement and to get 
additional movements. Maurice Muller introduced 
32 mm head which had a high volumétrie wear in the 
long-term foliow-up though low pénétration wear. Due 
to large number of particles, osteolysis was more 
common. In order to compromise the head diameter 
between 22 and 32 mm the idéal head diameter can be 
28 mm. 

Head material: The best material available today still is 
cobalt-chrome. Ceramic which has smaller grain particle 
has shown less wear when used as ceramic to ceramic or 
ceramic to polyethylene options. 

Neck configuration and diameter: Neck configuration can 
be circular, oval or rectangular. The ratio of head to neck 
should be 2:1. This will avoid impingement and reduce 
the chances of dislocation. 

Stem material: Cobalt-Chrome is the idéal material for 
cemented arthroplasty. Titanium which has low modulus 
of elasticity has shown poor performance in cemented 
arthroplasty. Cobalt based alloys are highly preferred 
materials due to high fatigue failure, good strength, high 
wear résistance and a good surface porosity (Hot isostatic 
pressing). In Charnley cobra design a flanged portion was 
added to improve the strength of the implant (Fig. 7). 

Collared/not collared: There is a controversy regarding 
whether to use a collared stem or not. Collar improves 
pressurization of proximal and médial cernent, but does 
not prevent fémoral neck résorption. Today, most of the 
designs in cemented arthroplasty are either collarless or 
hâve a small collar like original Charnley design. 

Surface finish: In mechanical engineering term surface 
finish is defined in terms of Ra. The surface finish can be 
highly polished. Ra = 2p inch (0.05 pm). Satin finish Ra = 
25 p inch (0.64 pm), Matt finish Ra = 48 p inch (1.22 pm). 
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Fig. 7: Charnley Cobra Stem 


Rough finish Ra = 97 p inch (2.4 pm), Textured finish Ra 
= 557 p inch (14.2 pm). The surface finish technique used 
is Vaquasheen. 

The long-term data of highly polished stem of the 
Exeter fémoral component suggested 2.7% révision rate 
at 27 years. The same component with similar geometry 
but with matt finish showed révision rate of 10% at 10 
years. Today, highly polished stem is fully acceptable. 
Higher the Ra, higher is the métal cernent adhesion, 
which increases the abrasion, which acts like sand paper 
polishing, leading to particle débris. This particle débris 
produces osteolysis. Hence, pre-coated stems are not 
preferred. One of the studies of Précision hips showed a 
failure rate of 12% at 68 months (Mayo Clinic 1995). 

Length of stem: The routine length of the stem for primary 
hip arthroplasty is between 13 to 15 cm which gives 
adéquate fixation in the metaphysis and the proximal 
shaft. Long stem in primary hip arthroplasty must be 
avoided. The reasons are they are difficult to put in 
neutral position, complété cernent mantle is difficult to 
achieve, and long-term loosening will be high due to 
distal loading and proximal stress shielding. 

Offset: The fémoral offset is the distance between the 
pyriformis fossa to the centre of the fémoral head. This 
will vary in various races and also dépend on the neck- 
shaft angle. In a valgus neck the offset is smaller and in 
contrast a varus neck has a higher offset. A comparative 
study on Caucasians, Asians (Chinese) and Indians 
suggested that Indians hâve smaller offset as compared 
to Caucasians. Caucasians hâve 43.0 ± 6.8 mm, Asians 


(Chinese) 28.9 ± 4.9 mm and Indians 38 ± 5.5 mm The 
width of the isthmus also in Indians showed narrow 
configuration than the Caucasians. (John Nobel, David, 
Fang, Siwach). 

It is important to restore the offset during total hip 
replacement. If offset is not restored it can lead to abductor 
weakness, limp, need to use walking aid, and increase in 
résultant forces at hip, leading to excessive wear. 

There are certain methods to increase the offset. 

1. By increasing the neck length, but this will lead to 
non anatomical neck shaft angle and increase in 
cantilever mechanism. 

2. By decreasing the neck shaft angle one can increase 
the offset, but again neck shaft angle is not anatomical. 

3. By shifting the stem more medially this is not always 
possible. 

4. Dual offset stem -135° Mallory neck shaft angle stems 
hâve shown only 40% restoration of the offset. 131° 
synergy stem showed 68% of restoration of offset. But 
by using dual offset 95% hâve shown restoration of 
offset. The new C-stem designed by Wroblewski has 
high offset which can increase 4 to 6 mm of offset 
without changing the neck length. 

Advantages of high offset are, it can produce stable 
hip with good soft tissue tension and réduction in the 
dislocation rate. It also reduces impingement. 

Taper (intramedullary geometry): In cemented Arthroplasty, 
taper of the stem is a great advantage as it allows for 
some physiological subsidence of the stem within the 
mantle of cernent. This also allows for torsional and axial 
stability in the cernent mantle. The original Charnley 
design has a single taper. The Exeter stem has a double 
taper and the C-stem has triple taper. 

Ratio of métal to cernent: The original Charnley design in 
70's had only one stem size which was called 'Standard'. 
As there is gross variation in the proximal geometry of 
individuals it did not allow proper cementing of these 
hips. The ratio of métal: cernent can be achieved with 
proper templating and intraoperative execution. This will 
allow physiological transfer of load from proximal to 
distal. Hence the requirement of stems of various 
thickness to maintain the ratio of métal to cernent of 80:20. 

Sélection of cemented acetabular prosthesis: The cemented 
acetabular cups should hâve vertical and horizontal 
grooves on the external surface to increase the stability 
in the cernent mantle. More recent designs hâve pods 
which are 3 mm spacers. This gives 3 mm uniform cernent 
mantle and avoids the phenomenon of "bottoming out." 
This bottoming out will resuit in thinner cernent mantle 
or discontinuation of cernent mantle. Cups should hâve 
a flange which will allow pressurization of cernent. The 
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Fig. 8: Preoperative Fig. 9: Postoperative Fig. 10: Postoperative 20 years 


OGEE cup is idéal and has double flanges. This allows 
customization of acetabulum of individual patient. The 
two flanges allow excellent pressurization of cernent 
leading to good micro-interlock. It also allows transfer of 
weight on the iliac and ischial part of pelvis and can 
reduce the stress at bone cernent junction. The minimal 
requirement of plastic thickness should be 7 to 9 mm 
Thicker polyethylene cups absorb more energy, allows 
to distribute stresses uniformly and allows more wear. 
With introduction of new highly cross linked 
polyethylene the thinner poly is allowed, but in general, 
in the cups which are less than 48 mm diameter one 
should use 22 mm head, and for cups more than 48 mm 
we should use 28 mm head. Métal back cemented cup 
which was introduced by William Harris, showed in an 
in vitro study good stress transfer, but clinical evidence 
at 5 years was extremely poor. Hence, the cups hâve been 
abandoned. 

INDICATIONS 

The main aims of total hip replacement surgery are pain 
relief, good functional mobility, stable joint, and if 
possible, correction of limb length. 

The major indications in our country are grouped 
under foliowing headings. 

Group 1 

Secondary Osteoarthritis: In this group major share belongs 
to avascular necrosis of various étiologies (Figs 8 to 10). 
This affects younger individuals and cripples them in the 
productive years of their lives. This group also consists 


of old fracture dislocations, old healed Perthes' and other 
post traumatic conditions leading to secondary OA. 

Group 2 

Inflammatory arthritis: This group mainly consists of 
Rheumatoid arthritis, Ankylosing Spondylitis (Fig. 11). 
Juvénile rheumatoid arthritis and other séronégative 
arthropathies. These patients are young with multiple 
joint affections and on immunosuppressant drugs with 
fair degree of disability. Joint replacement provides them 
with a new lease of life for a reasonably long period as 
their demands are low. 

Group 3 

Failed Unipolar or Bipolar arthroplasty (Figs 12 to 13). 



Fig. 11: Ankylosing Spondylitis 
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Failed Hemiarthroplasty 



Fig. 12: Preoperative Fig. 13: Postoperative 


Group 4 

Nonunion fracture neck fémur (intra- and extracapsular). 

Group 5 

Primary osteoarthritis: This is rare in India. 

Incidence is less than 4% (Our own unpublished data). 

Group 6 

Fresh fracture neck fémur: These are mainly intracapsular 
displaced fractures in physiologically active elderly 
individuals. A grossly comminuted intertrochanteric 
unfixable fracture in an elderly population is one of the 
relative indications. 

Group 7 

Local infiltrative tumors: Tumors involving acetabulum or 
upper end of the fémur, like aggressive giant cell tumor, 
osteosarcoma, Ewing's sarcoma and other rare tumors. 
These need customized implants. 

Group 8 

înfective pathology: In tuberculosis which is quiescent or 
subséquent to radical debridement, reconstruction should 
be considered. Prognosis and survivorship is fairly 
comparable to other pathologies if adéquate attention is 
paid to chemotherapy. Old pyogénie burnt out arthritis 
can be reconstructed. 

Group 9 

Dysplastic hips: In India this is rare. 


Group 10 

Failed ostéotomies: These patients require spécial attention 
regarding the proximal configuration. The latéral 
radiograph is mandatory to know the amount of 
displacement. 

Group 11 

Rare conditions: Like old slipped capital fémoral epiphysis, 
ochronosis, achondroplasia and other metabolic diseases. 

CONTRAINDICATION 

Spécifie contraindications for total hip replacement are: 

1. Active infection of the hip joint. 

2. Active infection in other sites like urinary, skin, chest 
infection, etc. 

3. Rapidly destroying bone diseases like disappearing 
bone disease and neuropathie joints. 

4. Insufficient abductor musculature or abductor palsy 
and progressive neurological disorders. 

5. Medically unfit patients. 

If the présent popularity of the total hip replacement 
tends to décliné in future the fault shall be with surgeon 
for careless sélection of the patient (Sir John Charnley). 

PREOPERATIVE RADIOGRAPHS AND 
TEMPLATING 

Radiograph of the pelvis which includes both hips with 
upper half of the shaft with the fémur - Anteroposterior 
view should be taken on 14" x 17" film with 40" distance 
from tube to object. The position of the limb should be 
10° abduction and neutral rotation. The centering of the 
tube should be on the symphysis pubis. The latéral view 
of the hip with upper third shaft is necessary to see canal 
size, deformity and any other old fracture. The oblique 
Judet views are necessary for old fracture acetabulum to 
know integrity of the columns. These standard 
radiographs will be useful for preoperative templating. 
On spécial occasions, CT scans are helpful for pre¬ 
operative planning, as in cases of dysplastic hips and old 
fracture dislocations. These radiographs will give idea 
of various factors like: 

• Size of the acetabulum. 

• Bone stock of the acetabulum—whether graft will be 
required and if so, type of the graft. 

• Any protrusio which needs médial grafting. If there 
is a gross protrusio technical difficulty of dislocation 
can be contemplated. 

• Level of fémoral neck osteotomy can be determined. 

• Distance from the top of the lesser trochanter to the 
center of the head is measured which can be executed 
intraoperatively to avoid limb length discrepancy. 
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• Size of the canal can be assessed. 

• Measurement of the horizontal offset from the 

pyriformis fossa to the center of the head. 

• Inter tear drop line is useful for measurement of limb 

length discrepancy. 

Preoperative templating with plastic templates is 
mandatory to hâve an idea of the size of the implants to 
be used. These plastic templates are corrected to 
magnification of 1.2 (20%) according to standard 
radiograph mentioned above. The acetabular size is 
measured by keeping the acetabular size template to 5 
mm inferior and latéral to the teardrop with adéquate 
latéral coverage. The angle of inclination of the cup should 
be 40 to 45°. The diameter of the cup should be selected 
with the cup just touching the subchondral bone (Fig. 
14). The fémoral templating consists of measurement of 
the fémoral offset, neck length adjustment and canal size. 
Horizontal fémoral offset is measured from the 
pyriformis fossa to the center of the head. If there is a 
gross deformity of the fémoral head it is better to measure 
on the normal side. The same is true for grossly deformed 
and disorganized joint. Neck eut can be adjusted with 
the template. Canal size is templated for cemented hip. 
The métal occupies 80% and allows 20% cernent mantle 
around the prosthesis (Fig. 15). With this method of 
templating it is possible to choose the size of the 
components in 80 to 90% of the cases. But one must keep 
the entire range of implants of variable sizes available 
for the surgery. 

SURGICAL TECHNIQUE 
Surgical Approaches 

The choice of spécifie surgical approach for total hip 
arthroplasty is largely a matter of personal preference 
and training. The surgeon should hâve adéquate 
exposure to facilitate proper component orientation. 
There are many surgical approaches which are described 
with their advantages and disadvantages. The original 
Charnley technique consists of antérolatéral approach, 
patient in supine position with trochanteric osteotomy 
and anterior dislocation. Nowadays this approach is less 
commonly used due to the incidence of trochanteric 
nonunion, excessive blood loss and slight increase in the 
rate of infection. But it gives an excellent exposure to the 
acetabulum as well as to the internai canal of the fémur. 
One must master this exposure which can be utilized in 
difficult cases. 

The Müller approach is an antérolatéral approach, in 
which the patient is in supine position and the anterior 
fibers of gluteus médius are released. The Hardinge 
approach is a direct latéral approach which is muscle 


splitting approach. Vastus lateralis and anterior third of 
gluteus médius up to 5 cm is reflected as a sheet anteriorly 
and the head is dislocated anteriorly with external 
rotation. One of the disadvantages of this approach is 
the possibility of injury to the inferior gluteal nerve which 
can lead to abductor lurch. 

The commonest approach used in India is postéro¬ 
latéral approach. In this exposure the patient is in a latéral 
decubitus position. A slightly curved incision is taken 
centered over the greater trochanter beginning proxi- 
mally at the level of anterosuperior iliac spine along a 
line parallel to the posterior edge of the greater trochanter. 
Distally, it extends on the fémoral shaft to a point 10 cm 
distal to the greater trochanter. The tensor fascia lata is 


Preoperative Templating 



Fig. 14: Acetabular templating 



Fig. 15: Fémoral templating 
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incised along the same line of incision and fibers of the 
gluteus maximus are split proximally. Insertion of gluteus 
maximus is eut 1 cm away from its insertion which can 
be sutured at the end of the procedure. One has to take 
précaution not to damage the sciatic nerve which lies just 
below this tendon. This tendon release is crucial so as to 
retract the neck of the fémur anteriorly to get a proper 
exposure of the acetabulum. The external rotators are 
identified and the gluteus médius is retracted anteriorly. 
The sciatic nerve is palpated along its course at the level 
of the external rotators but no attempt is done to expose 
the nerve. External rotators are eut at the level of the 
intertrochanteric line and the posterior capsule is 
exposed. A separate capsular incision is taken at the 
intertrochanteric line. The dislocation is achieved with 
graduai flexion, adduction and internai rotation so as to 
dislocate the head posteriorly. If adéquate internai 
rotation is not possible release the anterior capsule. In 
patients with severe flexion deformity, the iliopsoas is 
released from the lesser trochanter. The only dis- 
advantage of this approach is a slightly higher rate of 
dislocation. The recent data suggest the dislocation rate 
is same as latéral and antérolatéral approach if capsule 
and rotators are repaired adequately. 

Acetabular and Fémoral Préparation 

After dislocation of the hip, measure the horizontal offset 
which is the distance from pyriformis fossa to the center 
of the head, which should be recreated with the artificial 
joint. Second measurement is from the top of the lesser 
trochanter to the center of the fémoral head which allows 
limb length discrepancy to be corrected. Neck osteotomy 
is done with the trial component keeping the trial 
prosthesis along the shaft centering over the fémoral 
head. The preoperative templating also helps us to décidé 
the level of neck resection. 

Acetabular préparation: 360° exposure of the acetabulum 
will be needed (Fig. 16) before acetabular reaming. The 
anterior retractor can be placed in the left hip between 9 
o'clock and 10 o'clock position and in the right hip in 2 
o'clock and 3 o'clock position. This avoids injury to the 
vascular structures. Also this is the thickest portion of 
the bone so with the anterior retractor there is less 
possibility of fracturing the lip of the acetabulum. The 
posterior retractor is put into ischial tuberosity after 
protecting soft tissues and sciatic nerve. A small inferior 
spike is put so that the transverse acetabular ligament is 
visualized which can be kept as a guide for cup 
antéversion. The acetabular labrum should be excised ail 
around. Soft tissue and pulvinar pad of fat should be 
cleared from the cotyloid fossa. First acetabular reamer 



Fig.16: Intraoperative 360° exposure of the acetabulum 
(For color version see Plate 57) 

which is of 40 mm size is used at 90° to the torso to ream 
the médial wall of the acetabulum. The médial wall is 
reamed only to flatten the cotyloid notch. The next 
reamers are in 2 mm incréments with 35 to 45° inclinations 
in horizontal plane and 15 to 20° of antéversion. The 
reaming is done to expose bleeding subchondral bone. 
Multiple anchoring holes are made minimum of 5 to 7 in 
number with a 6 mm step drill. The trial acetabular 
component is inserted to check the adequacy of fit, 
circumferential bone contact and adequacy of bony 
coverage of the component. If the last reamer used is of 
size 50 mm then the 48 mm trial cup should be used so as 
to hâve adéquate layer of cernent mantle. Thorough 
pulsatile lavage should be used to remove soft tissue, fat 
and loose bone. The exposed bone should look like 
honeycomb and should be dry. At this juncture the 
anaesthetist should provide hypotensive anaesthesia but 
central venous pressure should be adéquate. The 
acetabular cavity is packed thoroughly for the hemostasis. 
The acrylic cernent is used with proper consistency in a 
doughy phase. Ail pressurization techniques must be 
used to pressurize the cernent into cancellous bone which 
will act as a micro interlock. The acetabular component 
is then driven with sustained pressure without 
hammering. The acetabular pressure must be sustained 
after proper orientation for antéversion and inclination. 
The recommended inclination is between 35 to 45° to the 
horizontal plane and antéversion 15 to 20°. This is possible 
with inclination guide and by making use of transverse 
acetabular ligament. Excessive cernent should be 
removed with a blunt instrument to avoid damage to the 
polyethylene. The pressure on the acetabulum should be 
maintained till bone cernent is set. The excessive 
osteophytes around the cup should be removed to avoid 
impingement and dislocation. 






Total Hip Arthroplasty 3685 


Fémoral préparation: Broad neck retractor is kept under 
the anterior part of the neck to facilitate the vision. Ail 
soft tissues are cleared from the pyriformis fossa and the 
gluteus médius is retracted. Box chisel is used to remove 
the bone laterally. The fémoral canal entry is done with a 
canal finder from the most latéral position of the 
trochanteric fossa (Fig. 17). Fémoral broaches are used 
with antéversion guide. The size of the broach will 
dépend on preoperative templating and the feel of the 
surgeon. Currently ail broaches available do not remove 
any bone. Loose cancellous bone can be removed gently 
with a scoop. The final broach with trial is inserted. The 
offset and the distance between the center of the head 
and lesser trochanter is measured which should be 
correlated with the preoperative measurements. The 
réduction is achieved with gentle traction and external 
rotation. Few tests for stability done at this point are 

a. Combined antéversion test of Richard Scott and 
Ranawat—keep the leg in a straight line with torso 
and rotate the hip internally till the head becomes 
coplanar with the cup. Measure the angle between 
the tibia and the horizontal plane. This angle is known 
as angle of combined antéversion which should be 
around 35 to 40°. 

b. Put the hip in various ranges of motion and check the 
stability. 

c. Soft tissue tension test—Pull the hip in a straight line 
with in knee flexion. Telescoping of more than 2 to 3 
mm indicates a lax joint. 

d. Sciatic stretch test—Keep the limb in a straight 
position with the knee in flexion, roll the sciatic nerve 
under the fingers and extend the knee. If the nerve 
becomes cord like it indicates excessive soft tissue 
tension. 

e. The limb length measurement by Ranawat method— 
Preoperative marker is made with a Steinman pin in 
the inferior cotyloid notch before dislocating the hip 
and the same maneuver is repeated after the trial 
réduction. If the mark has shifted distally it indicates 
lengthening. 

Component Implantation 

Fémoral canal is washed with pulsatile lavage. A bone 
block usually obtained from the resected fémoral head, 
or an artificial cernent restrictor is used around 1 cm 
below the actual length of the prosthesis. If the 'C' stem 
is used the block is used just at the tip of the stem. The 
fémoral cavity is packed with roller gauze tightly for 
hemostasis. Cementing is done by using cernent gun with 
rétrogradé filling of the fémoral canal. The venting System 
should be used to remove air bubbles and blood from 
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Fig. 17: Entry point of the fémoral canal 

the canal. Proximal pressurization should be done at the 
doughy consistency of the cernent and gradually the vent 
should be removed. The final prosthesis is inserted from 
the trochanteric fossa keeping the thumb on the médial 
side to avoid cernent extrusion. The prosthesis should be 
inserted gradually without hammering so that adéquate 
pressure is created into the canal. The final level of seating 
is identified and ail cernent is removed from the calcar 
area. The pressure on the prosthesis is maintained till the 
cernent is set. Réduction is achieved after cleaning the 
acetabular cup. 

Reattachment of posterior capsule and rotators to the 
intertrochanteric line is done with 2 or 3 pull through 
sutures. The gluteus maximus tendon which was eut 1 
cm away from its insertion is sutured back. One deep 
suction drain is adéquate. Few centers like our own 
advocate two drains one deep in the joint capsule and 
the other in the subeutaneous tissue. Tensor facia lata, 
subeutaneous tissue and skin are sutured back in layers. 
If there is no adéquate abduction closed adductor 
tenotomy is done. 

THR IN SPECIFIC CONDITIONS 
THR in Ankylosing Spondylitis 

The general incidence of ankylosing spondylitis has been 
0.25 to 1% in our population which is slightly more than 
the western world. If this disease starts under the âge of 
15 years then 15% of these patients will require total hip 
replacement, and if the onset of the disease is after 20 
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years then only 1% will require total hip replacement. 
This group of patients can hâve cardiac conduction 
defects and wall dysfunction (3.5%), rénal amyloidosis 
in late stage of the disease (10%). They hâve severe 
cardiopulmonary restriction. Total hip replacement 
should be considered only if they are severely disabled 
due to pain. The next indication is a fused hip in a 
nonfunctional position. 

Preoperative anaesthetic check-upevaluation needs to 
be detailed considering the nature of the disease. As these 
patients often hâve stiff cervical spines, with kyphotic 
deformities, more than 20 to 30% patients require fiber- 
optic intubation. Cardiopulmonary restrictions are 
extremely high, so preoperative blood gas estimation and 
pulmonary function test must be done. The position of 
the patient may be critical in a severely deformed patient. 

The radiological classification described by Dholakia 
et al in 1990 is helpful in management. Three types are 
described; a concentric réduction in joint space like in 
RA is called Chondrolytic Variety (69%), secondly bony 
ankylosis (24%) and lastly a protrusio type (7%) (Figs 18 
to 20). 

Any surgical approach can be used. The positioning 
of the patient is crucial to know the alignment of the 
components. Most of the chondrolytic and protrusio 
patients hâve good movements after the anaesthesia, 
hence dislocation can be contemplated. These patients 
do need additional exposure and release. It is better to 
avoid a tight hip in these patients otherwise they will 
hâve some residual deformity. In an ankylosed hip, if 


the fémoral neck can be exposed and identified, it is idéal 
to do a subcapital neck osteotomy. In a grossly deformed 
externally rotated hip we might hâve to consider a dual 
approach. In this approach initially the posterior exposure 
is done and external rotators are detached. Then anterior 
exposure is done through the same incision between 
gluteus médius and vastus lateralis and this exposes the 
neck, thereafter the neck osteotomy is done. Rest of the 
procedure will be done through the posterior approach 
with routine anterior and posterior closure. 

Acetabular préparation is done with gentle reaming 
for chondrolytic and protrusio varieties. For ankylosed 
variety, after the osteotomy, gentle reaming should be 
started more inferiorly. There is always a pad of fat called 
"Pulvinar pad of fat" présent in ankylosed hips. This fat 
pad indicates most of the médial wall and one should 
not go beyond this fat while reaming. This is the most 
important structure for location and reaming of the 
acetabulum. Cup preference can be cemented or 
uncemented depending on philosophy of surgeon. 

Fémoral canals are usually wide and may need two 
packets of cernent. Long-term cemented fémoral 
component loosening in ankylosing spondylitis has been 
relatively low. 88.4% survival of fémoral stems and 74.4% 
acetabular component survival at 22.7 years (Sochart and 
Porter). Our own data (unpublished) shows 6.7% of 
fémoral stem loosening and acetabular component 
loosening of 40% at average follow-up of 15.2 years. 

The Broker et al classification is the most accepted 
one. Reported incidence of ectopic ossification in general 


Radiological Classification of Ankylosing Spondylitis 



Fig. 18: Chondrolytic—69% Fig. 19: Ankylosed—24% Fig. 20: Protrusio—7% 
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was 0.6 to 67%. There has been good documentation in 
literature regarding indomethacin. This should be started 
within 24 hours of the surgery before osteoblastic action 
starts. The dose recommended is 25 mg thrice daily for a 
period of six weeks. This drug has definitely reduced the 
risk of ectopic ossification. Current trend has been to use 
linear accelator radiation 700 rads as a single dose within 
24 hrs after surgery. This linear accelator protects the 
implant from radiation which will not hamper either bone 
cernent junction or bone ingrowths. The radiation is only 
given to the capsular area and results are encouraging. 

Fracture Acetabulum Converted to THR 

Total hip replacement is a reasonable option in 
symptomatic post traumatic fracture dislocations. The 
acetabular fractures hâve high incidence of post traumatic 
arthritis, as high as 57% in some reported sériés (Letournel 
et al 1980,). The cause of post traumatic arthritis is residual 
articular incongruity, damage to the articular cartilage 
at the time of the injury, avascular necrosis of the fémoral 
head, and preexisting arthritis of the hip. Open réduction 
and internai fixation is the treatment of choice for fracture 
acetabulum to optimize the bone stock which may be 
needed in future joint replacement. There are few 
indications for primary total hip replacement in fracture 
acetabulum like grossly comminuted posterior wall, 
central fracture dislocation in elderly individuals, 
incarcerated head, and fracture dislocation with fracture 
of the head of fémur. Spécial considération should be 
given for preoperative status of sciatic nerve, previous 
incision, need for removal of previous implant, 
requirement of bone graft (Figs 21 to 22) and post- 
operative prévention of ectopic ossification. Surgical 
exposure of the previous implant should be avoided as it 
might increase the chances of neurological injury. 
Occasionally acetabular reconstruction with a cage may 
be required. 

There are few reports with long-term data following 
total hip replacement in this condition. Mark Coventry 
first reported, in 1974, five patients with two staged 
surgery—first fixation and then after 5 to 8 weeks 
cemented arthroplasty. Boardman and Charnley in 1978 
reported good results with average follow-up of 3 to 5 
years, but they reported excellent data of operative 
findings suggestive of poor bone stock. Romness and 
Lewallen, in 1990, reported high incidence of acetabular 
loosening (39%), which they compared with arthro- 
plasties done in patients with degenerative arthritis in a 
sériés of Staffer which had only 5% of acetabular 
loosening. Martin Weber and Cowochus (1998) reported 
66 primary arthroplasties with an average follow-up of 
14.9 years for cemented cup. They also had reported 


uncemented hips with a short follow-up of 3.9 years. 
There was no acetabular loosening in uncemented cups. 
Nowadays, more and more uncemented cups are used, 
but a long-term data is unavailable. Pritchett and Bortel 
(1991) reported short follow-up of 2 years of uncemented 
sockets in this condition with no loosening. Carlio 
Bellabarba et al reported uncemented sockets in 2001 with 
33 hip arthroplasties. They hâve shown increased 
operative time with greater blood loss, more intra¬ 
operative instability. The survival at 10 years is 97% 
compared to 99% survival in non-traumatic arthritis. 

Conversion of Hemiarthroplasty to THR 

Hemiarthroplasty is a commonly done procedure for the 
intracapsular fractures of the neck of fémur. Erosion of 
acetabular cartilage over a period of time may produce 



Fig. 21 : Preoperative 



Fig. 22: Postoperative 
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pain enough to warrant conversion to total hip 
replacement. There are many issues to be tackled for this 
procedure. Firstly preoperative évaluation of the patient 
is necessary which should include history of 
complications during previous surgery, fever, and 
discharge from wound or delayed wound healing. The 
operative scar should be examined for any sign of 
infection such as puckering. Hematological investigations 
should include a complété hemogram, ESR, C-reactive 
protein to exclude low grade infection. If in doubt " m Tc 
bone scan and aspiration of the joint can be done. 

Preoperative radiograph should be done, which 
should include pelvis with both hips and upper 2/3rd of 
fémur so that 2 to 3 cm beyond the tip of the prosthesis 
should be visualized. Also a latéral radiograph may give 
additional information. The points to be assessed on the 
radiographs are protrusion of the acetabulum, unusual 
destruction, varus placement, loss of calcar, overridden 
greater trochanter, pedestal sign, neocortex formation and 
osteoporosis. 

Conversion of endoprosthesis can be challenging due 
to technical difficulties like: 

1. Difficult dislocation in protrusion 

2. Extraction of the prosthesis occasionally is difficult 
due to fibrous or bony ingrowth or use of cernent at 
the index surgery. 

3. Fémoral bone cementing will be poor due to poor bone 
stock. 

4. Limb length discrepancy is high due to the calcar 
absorption and may need long neck prosthesis or 
calcar replacement prosthesis. 

5. Many a time, the acetabulum will hâve a poor bone 
stock which needs to be reconstructed. 

Any surgical approach can be used depending on 
surgeons' familiarity. Most surgeons will prefer posterior 
incision. Occasionally greater trochanter osteotomy may 
be needed in a gross protrusion where dislocation will 
be difficult. Routine exposure of the joint, capsulotomy 
and gentle maneuver by a single surgeon is needed to 
avoid spiral fracture of the shaft. In a protrusio 2 mm of 
the rim of the acetabulum should be removed 
(acetabuloplasty) with a curved osteotome from superior 
to posterior rim so as to facilitate dislocation. Whenever 
there is a telescoping of the prosthesis it is difficult to 
rotate and dislocate the prosthesis. In such cases the 
dislocation maneuver can be done with a bone holding 
forceps around the neck of the prosthesis. Occasionally 
one can use the bone hook around the neck of the 
prosthesis for dislocation. During the procedure it is 
mandatory to send joint fluid for culture and sensitivity 
and fibrous tissue for histopathology to rule out low grade 
infection. Sarmiento and Gérard reported that out of 90 


patients, culture was positive in 10%, out of which 2.2% 
developed infection. 

Extraction of the endoprosthesis is an easy task most 
of the times as many patients seek advice for painful 
loosening. In a difficult extraction remove ail fibrous 
tissue around the calcar and the trochanteric fossa. Use 
of thin flexible osteotome or reciprocating saw may be 
needed to remove the bony or fibrous ingrowth in 
proximal area in the fenestration of the prosthesis. After 
clearing either use a cold chisel which can be hammered 
from the collar of the prosthesis or use a heavy extraction 
hook. 

Préparation of the acetabulum is like in any other 
pathology. Only one has to be aware of poor bone quality 
and the protrusion. Uncemented cups are preferred. 
Protrusio will require médial bone grafting. 

Préparation of the fémur is like révision situation due 
to poor bone stock. The fémoral canal is full of fibrous 
tissue which is called as cul-de-sac (Eftekar). This fibrous 
tissue must be removed with varieties of scoops. Many 
endoprostheses are in varus and the new prosthesis is 
likely to take the same tract due to formation of neocortex. 
Hence inorder to create a proper neutral or valgus place¬ 
ment of the prosthesis the neocortex has to be curetted 
out with the use of variety of high speed burrs. The 
fémoral broaching must start from the trochanteric fossa. 

The choice of stem in this elderly population is a 
cemented stem with third génération cementing tech¬ 
niques. The length of the prosthesis will dépend on the 
quality of the bone. If the bone quality is reasonably good 
use a routine length stem without disturbing distal 
pedestal bone which will act as a bone block. If the quality 
of the bone is poor we can choose longer length pros¬ 
thesis, and the usual recommendation is 2 to 2.5 times 
the diameter of the isthmus from the tip of the original 
prosthesis. 

Protrusio 

Protrusio acetabuli which is most common in rheumatoid 
arthritis (RA) has an incidence of hip involvement of 15 
to 20%. Radiological measurements are done by using 
the Kohler's line that is called as ilioischial line. Any cup 
or part of the head or acetabular wall médial to this line 
more than 2 mm is considered as protrusion. 

The most accurate method for measurement is Gates' 
Tear-Drop method. The Inter Tear Drop line and a 
perpendicular line bisecting tear drop are drawn. The 
superior migration is to be measured from the horizontal 
line and médial migration is measured from vertical line. 
This method gives more accurate estimation of protrusion 
because of persistence of tear drop. 
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Sotello and Charnley classified protrusion in three 
varieties. The médial migration of 1 to 5 mm was called 
as mild, 6 to 15 mm was called as moderate, and more 
than 15 mm was called severe (Figs 23 to 25). 

The médial wall deficiency intraoperatively has been 
classified according to the size of the médial defect and 
is more often membranous. 

Type I - Less than 1 cm 
Type II - 1-3 cm 

Type III - More than 3 cm—which is usually with 
pelvic dissociation. 

Protrusio in a joint replacement is a challenge because 
of abnormal bone. It is a progressive disease with 
disturbed remodeling. Progression is usually graduai. 
Hasting and Parker reported 2 to 3 mm/year of 
migration. Ranawat et al reported that is not only 2 to 3 
mm/year médial migration but there is also a superior 
migration of 4 mm/year. 

With the posterior approach, while performing the 
surgical exposure, one has to be careful as the sciatic nerve 
is extremely close to the neck. Circumferential excision 
of the capsule after cutting external rotators should be 
carried out. If it is mild to moderate protrusion 2 mm of 
overhanging osteophyte should be taken out with a 
curved osteotome. Graduai rotation must be done 
without using much force to dislocate the head. If in case 
of severe protrusion if it is not possible to dislocate the 
head then it is better to do a subcapital neck osteotomy. 
Forceful maneuver is likely to fracture the shaft as most 
of these bones are osteoporotic. 

The acetabular préparation needs gentle reaming to 
expand the narrow mouth and no reaming of médial wall. 


Médial bone grafting with morcellized bone which will 
allow the cup to be lateralized with normal centre of 
rotation and strengthening of médial wall should be done. 
If it is a mild protrusion bone grafting may not be needed, 
but in ail other situations médial grafting is mandatory. 
Long-term results of cemented cup s hâve shown 50% 
loosening (Bayley et al 1987). Impaction bone grafting 
and cemented cup hâve shown good survival at 12 year s 
(Rosenberg et al 2000). 

Recent literature has been supporting uncemented 
cups in protrusion. Thomson et al in 2001 reported a 7.5 
year s folio w up with only 2 cases of aseptie loosening. 

In those cases with pelvic dissociation one must 
consider using acetabular cage. 

Cemented stems in Rheumatoid Arthritis hâve shown 
good long-term track record. Most of the canals are wide 
and may need 2 packets of cernent. 

The analysis of 150 cases of Rheumatoid Arthritis at 
Bombay Hospital suggested that 53% had protrusion 
which is much more than the western literature (our own 
data unpublished). 

Excised Hip—THR 

In those cases which had excision arthroplasty done in 
the past, when conversion has to be considered, previous 
pathology must be identified. If these cases are done for 
post infection must exclude dormant infection by clinical, 
hematological, radiological and other investigative 
modalities like bone scan, MRI and aspiration. 

Clinically these patients hâve gross shortening, 
deranged abductor mechanism, positive Trendelenburg 
test and many of them hâve secondary back pain. 


Radiological Grading of Protrusio in Rheumatoid Arthritis 



Fig. 23: Mild 1 to 5 mm Fig. 24: Moderate 6 to 15 mm Fig. 25: Severe > 15 mm 
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Surgical approach will dépend on previous incision. 
Most of the surgeons will prefer posterior approach as 
these patients require extensive soft tissue release and 
occasionally subtrochanteric shortening. The identifi¬ 
cation of the sciatic nerve may be difficult many times. 
The acetabulum requires 360° of exposure. The floor of 
the acetabulum is always full of fibrous tissue which 
should be excised before reaming. Occasionally we need 
to take intraoperative radiographs for identification of 
acetabulum. The acetabulum is usually soft as it is not 
weight bearing for long time. Hence reaming should be 
done by hand rather than by a power reamer. Un- 
cemented and anatomical cup placement is preferred. 

On the fémoral side fair degree of proximal controlled 
soft tissue release is required which includes anterior 
capsule, iliopsoas, gluteus maximus insertion and 
adductor tendon. Very rarely réduction may not be 
possible; hence subtrochanteric shortening will be 
indicated. 

The literature is scarce but support conversion of 
excised hips to THR which has good functional outcome. 
One of the comparative study suggested superior 
outcome by M Rittmeister et al. 

THR in TB 

There hâve been limited numbers of reports with 
satisfactory results of THR done in patients with quiescent 
TB hip. In some instances diagnosis was made post- 
operative by histopathology. Hecht et al reported 
réactivation of TB infection after THR in patients whom 
diagnosis was not made prior to surgery. Kim, Han and 
Park reported 8 to 13 years follow-up of 60 patients with 
both active and quiescent TB infection who underwent 
THR. In their sériés, 3 réactivations of quiescent disease 
occurred believed to be caused by inadéquate chemo- 
therapy. No patient with active TB developed clinical 
infection. Kim et al recommended 3 drug régime, 3 
months prior to surgery till 6-9 months post surgery. ESR, 
preoperative aspirations are not prédictive of récurrent 
infection. Many patients who developed réactivation of 
infection could be treated with debridement, chemo- 
therapy and rétention of prosthesis. 

THR in Sickle Cell 

Patients with sickle cell disease may develop painful 
avascular necrosis of head of fémur. Most of them hâve 
bilateral affection. Radiologically, large collapsed 
avascular areas are common. They also hâve infarct in 
other areas. The areas of intramedullary sclerosis from 
prior infarctions can be a major technical problem in 
reaming the canal. 


Total hip replacement in sickle cell disease has high 
rate of complications. The rate of infection is higher 
because these patients are more susceptible for 
Salmonella infections. Hence they require aggressive 
antibiotic management. Late hematogenous infections are 
also known in this group of patients. Bishop et al reported 
postoperative infection in 4 out of 11 patients. Acurio and 
Friedman reported 20% infection rate. Post surgery these 
patients do need multiple blood transfusions. 
Postoperatively they may develop sickle cell crisis. Intra 
and postoperatively hypoxia and déhydration must be 
avoided to prevent sickle cell crisis. 

Mid term results in this group of patients are not 
satisfying. Moran et al reported 38% failure at 4.8 years 
follow-up as a resuit of loosening and sepsis. Acurio and 
Friedman reported 40% révision at 7.5 years. With 
modem antibiotics, intraoperative care, postoperative 
management and uncemented components these patients 
hâve shown promising results. Life expectancy in this 
group of patients has improved with the medical 
management. Hence benefit of this surgery must be given 
to these patients. 

COMPLICATIONS 

Infections 

Postoperative infections in total hip arthroplasty are 
usually catastrophic complications. The infection is 
usually difficult to eradicate and may be due to growth 
of the bacteria in the biofilm on biomaterials (Gristina 
and Costerton). The bacteria are shielded from host 
defenses and antibiotics, and the infection is difficult to 
élimina te. The worldwide incidence which is accepted is 
between 1 to 2%. Infection can be minimized by using 
ultra clean théâtres, body exhaust Systems, imperméable 
linen, and prophylactic antibiotics. 

The risk factors for infections are obesity, immuno- 
suppressed patient, diabètes, previous hip surgery, sickle 
cell disease, urinary tract infection and previously 
infected hips. 

As a general rule for any planned sophisticated 
implant surgery one must avoid this complication by 
taking care of foliowing things. 

Preoperative évaluation of infective focus (Nail bed 
infection, dental abscess, skin boils and urinary tract 
infections). 

• Shaving just 4 to 5 hours prior to the surgery. 

• Preoperative use of 2nd and 3rd génération 

cephalosporins. 

• Ultra cleaned théâtres with body exhaust System. 

• Réduction in numbers of personnel in the operating 

room. 
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• Atraumatic handling of the tissues. 

• Frequent irrigation of operating site. 

• Antibiotic cernent. 

• Prévention of hematoma. 

• Avoiding late hematogenous infections by prompt 
antibiotic prophylaxis. 

The commonest organisms which are reported in large 
sériés are Sïaphylococcus, Streptococcus, E. coli and 
Pseudomonas. Charnley and Nelson reported that the main 
source of organisms is air. 

There is general agreement that rate of infection is 
significantly higher in patients who had previous hip 
surgery and therefore prophylactic antibiotics are 
definitely indicated. It will be wiser to take a culture from 
a joint that has been operated previously. Petterson et al 
reported that patients with previous hip surgery with 
positive cultures had an incidence of 6.4% of deep 
infection as compared to 0.6% in patients with négative 
cultures. 

It is generally recognized that the single most 
important factor in reducing perioperative sepsis is 
routine use of antibiotic prophylaxis. Patients who need 
prostatic or bladder surgery must be treated for the same 
prior to total hip replacement with good interval between 
the two surgeries. 

Management of Infection 

Treatment of infection dépends on severity of infection, 
presence or absence of sinus, virulence of the organism, 
stability of the implant and co-morbidity of the patient. 
Infection is managed by: 

1. Antibiotic therapy 

2. Incision and drainage of the hip 

3. Removal of the prosthesis (girdle stone) 

4. One or two stage révision. 

Fitzgerald has classified postoperative infection after total 
hip replacement in three stages. 

Stage I 

This acute postoperative fulminant wound infection most 
commonly occurs within first 12 weeks. It can be initially 
superficial but extend to deeper structures and joint. 
These patients hâve pain on rest and any movement of 
hip joint. The most signs of infection like fever, tachy- 
cardia, warm tender or erythematous operative site and 
occasional discharge is présent. Surgeons at this stage 
hâve dilemma whether it is superficial or deep infection. 
Most investigations do not give due to this. The usual 
hematological investigations show a high ESR, positive 
C-reactive protein (CRP) test and a raised white cell count. 
Radiograph in initial stages will be normal. The bone scan 


"Te or 67 gallium will be positive but does not give idea 
of superficial or deep infection. 

In case of clinical suspicion it is advisable to take the 
patient to a clean operative room. The wound is opened 
with ail possible aseptie précautions like a routine total 
hip operation. Majority of the time it is always deep 
infection. If deep layer of sutured tissue is healthy then 
one can put wide bore needle in the joint to know whether 
the joint is involved or not. If there is collection in the 
joint it must be opened, tissue must be debrided. Wound 
wash with lavage System is useful. Three to four liters of 
saline should be used. If the debridement is done 4 to 6 
weeks after the index operation, the modular acetabular 
liner should be exchanged. Wound should be closed 
primarily with two appropriate drains. The culture and 
sensitivity should hâve at least 3 samples. Intravenous 
antibiotics should be given for a minimum of 3 weeks 
and maximum of 6 weeks depending on the type of 
infection. The cover of antibiotics should constitute a drug 
which is sensitive in minimum of two collected samples. 
After intravenous antibiotics one must keep a watch on 
routine blood count and sérum créatinine. If baseline CRP 
is available one must monitor postoperative CRP. This 
will definitely show whether infection is under control 
or not. If vancomycin is used as an antibiotic, vancomycin 
trough levels should be done as this drug is known to 
hâve nephrotoxicity. 

Stage II 

This is delayed deep infection which occurs between 6 to 
24 months after the surgery. This infection may be in the 
form of acute or low grade, and can be indolent. Persistent 
pain in the hip may be an indication of low grade 
infection. Patients' previous history usually indicates 
persistent discharge or delayed primary wound healing. 
Clinical examination always reveals pain on extreme 
movements. The pain can be présent at rest or on weight 
bearing and it rarely becomes severe like pyarthrosis. 
Fever is usually absent, if présent only of mild grade. 

Hematological investigations show that white cell 
count is usually normal, occasionally may be moderately 
elevated. ESR is usually raised. C-Reactive protein may 
be a more accurate means of identifying infection, and it 
should be quantitative CRP. 

Radiographs must be reviewed from immédiate 
postoperative to the latest follow-up. Localized scalloping 
of endosteal bone with radiolucent lines more than 2 mm 
width at the bone cernent interface in both prosthetic 
components is highly suggestive of infection. Periosteal 
new bone formation is also suggestive of infection but is 
an uncommon finding. Nuclear scan ( 99 Tc) gives hot area 
ail around the prosthesis, but WBC labeled with 
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Indiumlll is more sensitive and spécifie. Merkel and 
Brown found Indium scan was positive in 88% of cases 
compared to 62% positive in "Te and Gallium scans. 

In absence of a sinus, but with a positive history, 
radiographie changes and supporting laboratory 
investigations one must suspect deep infection. 
Aspiration of the hip under fluoroscopy with wide bore 
needle should be considered before starting any antibiotic 
cover. After the culture report patient should be put on 
proper antibiotic at least for 48 to 72 hrs before any major 
surgical procedure is undertaken. In almost ail patients 
deep delayed infection requires removal of the implant. 
Removal of the implant includes thorough debridement 
of granulation tissue, removal of the bone cernent 
including artificial bone block which can act as a nidus 
for infection. Two to three samples of tissue for culture 
and sensitivity and one specimen for histopathological 
examination should be sent. Rarely one may encounter 
tuberculosis in our country. 

The decision of 1 or 2 stage surgery is a dilemma to 
many surgeons. One stage exchange implant has been 
recommended by Buchholz, Elson and Heinert and their 
statistics shows 77% success rate. Today's literature 
suggests the use of antibiotic spacer (Prostalac) as a 
temporary implant. The antibiotics used are Vancomycin 
and tobramycin mixed in gentamycin cernent. Patients 
are put on intravenous antibiotics for 4 to 6 weeks 
depending on the culture spectrum. After the period of 6 
weeks to 3 months reimplantation is considered. The 
advantages of two stage procedure hâve been many as 
the infective organisms are identified and necessary 
antibiotics are instituted and also adequacy of 
debridement can be insured (Figs 26 to 31). In a morbid 


patient we can consider only removal of the implant with 
thorough debridement. 

Stage lll—Late Hematogenous Infection 

It occurs after 24 months of index surgery with no positive 
history of perioperative sepsis, due to remote source of 
infection mainly from infected tooth, respiratory, urinary 
or skin infection. Hence it recommended that patients 
who hâve undergone a joint replacement should consider 
prophylactic antibiotics for such type of infections. Also 
it is mandatory to hâve a prophylactic antibiotic before 
any surgical procedure including dental extraction and 
genitourinary instrumentation. 

Most of the clinical signs, hematological and 
radiological investigations and treatment are the same 
as those for stage II. 

At the time of reimplantation aérobic and anaérobie 
tissue cultures are taken from multiple sites, along with 
tissue specimens for histological examination. If in doubt 
then frozen sections of the tissues can be examined by 
the pathologist. If more than 10 polymorphonuclear cells 
per high power field are seen then the hip is redebrided 
and reimplantation is not done. 

NERVE INJURY 

Incidence of this complication is reported around 0.7 to 
3.5% in primary arthroplasty. Amstutz et al reported a 
7.5% incidence of nerve palsies after révision procedures. 

These injuries are related to sciatic, fémoral, obturator 
and peroneal nerves. The cause of these injuries can be 
surgical trauma, traction, pressure of retractors, excessive 
limb lengthening, extremity positioning and thermal 
injury from bone cernent. 



Fig. 26: Preoperative 
immédiate 


Fig. 27: Postoperative 


Fig. 28: Nine years 
postoperative infection 


Fig. 29: Excision hip 
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Fig. 30: Two stage Fig. 31 : 14 years post 

révision révision 


Injury to the peroneal branch can occur when the limb 
is lengthened between 1.9 to 3.7 cm (Edward et al). The 
complété sciatic palsy will occur if the limb is lengthened 
more than 4 cm. It is advisable not to do excessive 
lengthening specially in patients with high dislocations. 
Recently intraoperative SSEP (somatosensory evoked 
potential) has been used in difficult cases and révision 
situations. Postoperative positioning of the limb with 
marked external rotation can cause isolated latéral 
popliteal palsy. This can be easily avoided by keeping 
the limb in proper rotation. Fémoral nerve injuries are 
usually rare and the cause is due to excessive anterior 
retraction. This is also seen in patients with gross flexion 
deformity which is corrected by an anterior release. Most 
of the fémoral palsy recovers in 4 to 6 weeks time. 

Nerve exploration should be considered if no recovery 
is seen within the first week or if an acetabular screw or 
cernent mass is suspected to be compressing the nerve. 
A CT scan is helpful in delineating the position of the 
offending device. 

DISLOCATION AND SUBLUXATION 

The average incidence of dislocation after primary THR 
is fairly inconsistent due to multiple variations regarding 
approach, size of the fémoral head, and pathologies. 
Approximately the incidence is around 3%. The foliowing 
factors do increase the incidence of dislocation: 

1. Previous hip surgery and révisions 

2. Posterior approach 

3. Faulty position of one or both components 

4. Impingement of components 

5. Impingement of osteophytes 


6. Poor soft tissue tension 

7. Abductor weakness or palsy 

8. Nonunion or avulsion of greater trochanter 

9. Noncompliance of the patient. 

Previous hip surgery and révisions: Williams, Gottesman and 
Mallory reported a dislocation rate of 0.6% in primary 
Total Hip Replacement and the same group reported 
dislocation rate of 20% in révision surgery. The main 
contributing factors in révision surgery are extensive soft 
tissue release, muscular weakness, greater trochanter 
nonunion, difficulty in getting idéal implant position due 
to lack of bony support. Most of these révisions are done 
for slightly older group of patients, who hâve lack of 
proprioceptive responses. In another sériés Flacker and 
Poss reported 20.8% incidence of dislocation after 
révision. Our incidence reported in 380 révisions is 3%, 
and in primary THR it is 1.2% in 2758 patients 
(unpublished data). 

Surgical approach: The choice of surgical approach 
definitely influences the rate of dislocation. Woo and 
Morrey had reported 5.8% of dislocation with postéro¬ 
latéral approach as compared with 2.3% with antéro¬ 
latéral approach. Now with proper posterior capsular 
repair with reattachment of muscles in two layers, 
Medley, Hendren and Mead reported only two 
dislocations in 259 patients. Many surgeons would like 
to consider antérolatéral approach in patients with 
neuromuscular diseases, fresh fracture neck fémur, and 
elderly dementic patients. With improved posterior 
capsule repair, the rate of dislocation has decreased to < 
1% (Pellici et al Corr 1998). Wroblewski has reported 
0.63% dislocation rate with transtrochanteric approach 
with 22 mm head 

Malposition (orientation) of components: The single most 
important contributing factor for dislocation is 
malposition of the implants. The acetabular component 
is more contributing to dislocation than the fémoral. The 
position of the patient and secure stabilization in latéral 
position is surgeon's responsibility in posterior approach. 
Women with broad hips and narrow shoulders are in 
relative Trendelenburg position, and tendency is to 
implant the cup more horizontally than planned. In men 
with narrow pelvis and broad shoulders, the reverse is 
true. With an anterior retractor if the fémur obstructs the 
vision of acetabulum, the cup will not go into proper 
antéversion, and if forceful anterior retraction is done, 
pelvis is likely to be flexed, which will reduce the 
antéversion of the cup. 

In ail these situations, the acetabular orientation guide, 
which is always in relation to operation table and torso, 
will give false acetabular orientation. If the trial cup shows 
the exposed anterior lip, practically this cup has good 
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antéversion. This is not possible in anterior déficient 
acetabulum or posterior rim deficiency. Transverse 
acetabular ligament can be taken as a guide for acetabular 
antéversion and inclination (David Beverland JBJS 2006). 

Literature is unclear regarding exact définition of 
antéversion of acetabulum. Average antéversion reported 
is 17.0° (11.5 to 28.5°). Charnley recommended very little 
antéversion, whereas Amstutz and Miller recommended 
15° of antéversion. Lowinnek et al coined a term as a safe 
range of acetabular orientation. The safe zone was 
antéversion 15° ± 10° and inclination 40° ± 10°. In this 
zone, the rate of dislocation was 1.5%, and outside this 
range it was 6.1%. 

The fémoral component should be around 5 to 10° 
antéversion and maximum accessible limit can be up to 
15° antéversion. More than 15° antéversion of the fémoral 
component is likely to prédisposé to an anterior 
dislocation will cause dislocation anteriorly. Rétroversion 
of the fémoral components is not acceptable as it can 
dislocate the hip posteriorly, especially during flexion and 
internai rotation. 

Impingement of neck of fémoral component on the 
socket may lever the head out of articulation. The ratio 
of the head to neck should be 2:1 which will reduce this 
impingement. The modular neck with skirt increases the 
neck diameter which can cause impingement and is a 
potential risk of dislocation. Current available modular 
acetabular component hâve elevated lip liners which can 
be placed in appropriate positions so as to reduce the 
impingement to avoid dislocation. 

Bony osteophytes, présent mainly anteriorly, can act 
as a fulcrum to dislocate the hip in opposite direction. A 
similar mechanism can be caused by retained excess 
cernent which can dislocate the hip. The inferior 
osteophyte or excessive bone cernent can dislocate the 
hip in adduction. Hence these osteophytes should be 
removed after the cup is implanted. 

Abductor weakness or palsy is an important cause of 
récurrent dislocation. In patients who had previous 
multiple surgeries one has to keep in mind abductor 
palsy. Trochanter nonunion has high incidence of 
dislocation or récurrent dislocation (Woo and Morrey). 
Noncompliant patients like alcoholics, démenties, 
Parkinsons hâve high incidence of dislocation. 

Most dislocations occur within first 3 months after 
the surgery. They should be reduced under intravenous 
sédation or short general anaesthesia. The technique for 
réduction is gentle longitudinal traction in adducted 
position and then graduai abduction. The Allis or 
Stimson's maneuver is rarely indicated. Image intensifier 
is extremely useful to recognize the type of instability. 
Incongruous réduction will require open réduction. Post 
réduction patient should be immobilized in bed in some 


degree of abduction for at least for a period of 7 to 10 
days. Récurrent dislocations are more common with mal- 
alignment of one or both components. This is the major 
contributing factor for récurrent dislocation which needs 
révision surgery. Preoperative high resolution CT scan 
with métal subtraction technique is useful in evaluating 
malposition of the components (Figs 32 and 33). 

LIMB LENGTH INEQUALITY 

Limb length inequality affects the function of hip. Most 
patients are unsatisfied and it is one of the major concerns 
for medicolegal problems. The second most important 
cause of medical litigation in USA is limb length 
inequality. 

One-third of the patients undergoing total hip 
replacement notice limb length inequality. Out of these, 
50% bother the surgeon. Only 1 /2 of the patients recall 
preoperative counselling. Hence it is mandatory for a 
surgeon to discuss this problem before surgery, as a part 
of preoperative counselling. Vast majority of limb length 
inequality is lengthening ranging from 3 to 16 mm 
(Amstuz CORR1992, Love And Wright JBJS 1993). Most 
sériés showed 13 to 16% hâve lengthening more than 5 
mm. 

To minimize this problem, clinical preoperative 
assessment is crucial, which needs to be documented. 
Fixed deformities are to be considered. Preoperative 
éducation of the patient must be done. 

Radiographie templating gives adéquate idea, but 
with severe deformities magnification may be an error. 
For intraoperative assessment, measurement devices 
with fixed point hâve been available in the market. The 
commonest one in use is Schanz pins into the iliac wing 
and the distance to be measured from the tip of greater 
trochanter. Depending upon the shortening/lengthening, 
postoperative measurement can be done. The second 



Fig. 32: Dislocated total hip replacement 
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Normal side Operated side 

Fig. 33: CT scan to détermine fémoral component antéversion 


method is Ranawat's method. A Steinmann pin at the 
level of cotyloid notch has to be marked on the greater 
trochanter before dislocation of the hip, and the same 
manoeuvre is repeated with trial réduction. Depending 
upon the radiological and clinical shortening the mark 
will be inferior to the previous level which can be 
measured. The other intraoperative measurements are 
relation of the tip of the greater trochanter to centre of 
head. The other method is distance between the top of 
the lesser trochanter to the centre of the head which has 
to be measured prior to neck osteotomy and rechecked 
after the trial prosthesis. The relation of the feet and knee 
in latéral position is not reliable. In future, computer 
navigation will help us. 

Upto 5 mm of lengthening is acceptable which 
significantly increases the hip stability and reduces the 
chances of dislocation. Lengthening more than 4 cm can 
cause neuropathy. 

Treatment of limb length inequality needs shoe raise 
which is most satisfying. Functional limb length 
inequality (due to pelvic obliquity) improves with time 
in majority of cases. Surgical correction is rarely indicated 
in such cases. 

VASCULAR INJURY 

Vascular injuries are rare in total hip replacement, 
accounting mainly 0.2 to 0.3%. Most of these vascular 
injuries occur in révision surgery or unstable excised hips, 
which has to be converted to total hip replacement. In 
excised hips one has to be careful in excising anterior 
capsule. If anterior capsule has to be released one must 
be aware of the placement of the anterior retractor as it is 
crucial. In a left hip, the retractor should be placed 
between 12 to 9 O'clock position, and in the right hip 
between 12 to 3 o'clock positions. The retractor must be 


blunt ended and not a sharp one. In an uncemented 
acetabular préparation if the screws are to be used, they 
should be used in the antero-superior and postero- 
superior quadrants only to avoid death zone. 

While removing the soft tissue from the inferior area 
below the transverse ligament, the obturator artery may 
bleed. Very rarely if we violate the médial wall, which is 
most common in révision, we might damage the common 
iliac artery and superficial iliac vein. The extrusion of the 
cernent into the médial wall of acetabulum may cause 
damage to the vascular structures. 

In our sériés (unpublished) of 3000 THRs, there were 
two épisodes of vascular damage. First case was a 
multiply operated patient with ultimately excised hip. 
The fémoral vessel was damaged during anterior 
capsular release, which was noticed and rectified with 
artificial grafts. The second case was in a révision hip at 
the time of acetabular préparation, which was repaired 
by a venous graft. 

PERIPROSTHETIC FRACTURE 

As the patient longevity and the number of primary and 
révision arthroplasty procedures continue to increase, so 
does the prevalence of periprosthetic fractures. A reliable 
figure of incidence of periprosthetic fractures is difficult 
to estimate. 

Cumulative data from various centers can give us a 
rough estimate. According to the Mayo clinic data. 
Intraoperative fractures in Primary arthroplasty was 0.3 
to 1% in cemented sériés, and 5.4% in uncemented sériés. 
Postoperative fractures are 1.1% in primary hip 
arthroplasty and 4% in révision arthroplasty. 

Classification 

Many classifications hâve been proposed depending on 
site of fracture, pattern of fracture and stability of the 
implant. Most acceptable classification has been 
Vancouver classification, proposed by Clive Duncan 
(OCNA, April 1999). It takes into considération the site 
of fracture, stability of implant and surrounding bone 
stock. This classification provides an algorithm for 
treatment. 

Site of Fracture 

a. Fracture proximal to prosthesis (Trochanteric area). 
AG—Greater trochanter: If it is displaced, fixation with 
trochanteric plate. 

AL—Lesser trochanter: Conservative approach. 

b. Fracture around the stem or just distal to the tip. 

B1—A stable implant 
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Type B1 


Type B2 



Fig. 34: Preoperative 


Fig. 35: Postoperative 


Fig. 36: Preoperative Fig. 37: Postoperative 


Conventional DCP or locking compression plate with 
missing nail technique and primary bone grafting 
(Figs 34 and 35). 

B2—lInstable implant. 

Révision of stem should be done (Figs 36 and 37). Most 
preferred stem implant is uncemented with extensive 
coating. 

B3—Inadéquate bone stock. 

Needs composite alloprosthetic graft or tumor 
prosthesis. 

c. Fracture well below the tip of stem should be treated 
like a routine fracture. 

Most of the difficult stem révisions may be benefited 
with cortical onlay allografts. They act like a biological 
plate. It gives increased stability, strength, and bone stock 
(Allan Gross). 

Cemented stems are only indicated in elderly 
population with simple fracture in diaphyseal bone. The 
caution regarding cernent extrusion into the fracture site 
must be taken. 

Uncemented stems hâve become the benchmark in 
the treatment of periprosthetic fractures. Most of them 
will provide diaphyseal fixation. The stems can be 
proximally porous coated, extensively coated, or grit 
blasted. Ail of them hâve shown satisfactory results. 

ECTOPIC OSSIFICATION 
Heterotrophic Ossification 

Heterotrophic ossification is a distressing postoperative 
complication that is seen in 0.6 to 61.7 % of total hip 
arthroplasties. Various methods hâve been used to 
document ectopic ossification. 


Brooker et al classification is more acceptable and 
reproducible. It is useful in describing the extent of bone 
information. 

1. Island of bone within soft tissues. 

2. Bone spur from proximal fémur or pelvis with at least 
1 cm gap between opposing bone surfaces. 

3. Bone spur from proximal fémur or pelvis with less 
than 1 cm gap between opposing bone surfaces. 

4. Bony ankylosis. 

The cause of ossification is not yet known. Authors 
hâve suggested many causative factors like hemorrhage, 
local inflammation, migration of bone marrow cells, 
trauma and change in local metabolism. Mollan (1979) 
has recorded that patient with preoperative high sérum 
alkaline phosphatase levels are three times more likely 
to develop ectopic ossification. This complication is more 
common in males than females with ratio of 3.1 to 2. The 
male prépondérance may suggest a genetic prédis¬ 
position. It could be equally explained by a more 
aggressive postoperative réhabilitation in males. 

There is certainly a link with the underlying pathology 
in the hip joint, as incidence is high in hypertrophie 
osteoarthritis and ankylosing spondylitis than 
rheumatoid hips. Bisla, Ranawat and Inglis hâve reported 
highest incidence of ossification (61.7%) in ankylosing 
spondylitis. Dholakia et al hâve reported 41% incidence 
of ectopic ossification in ankylosing spondylitis. 

Morrey et al (1984) reported comparative study of 
incidence of ectopic ossification with antérolatéral, 
transtrochanteric and posterior approach. He found 
lowest incidence was with posterior approach but did 
not show statistically significant différence. He also noted 
the severity of ossification is less with posterior approach. 
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The patient with ectopic ossification following 
unilatéral hip arthroplasty hâve an overall 58% chance 
of developing ectopic ossification on other side. 

In 96% of hips with ectopic ossification there is 
radiological evidence at 6 weeks with maturation 
throughout first 6 months and then no change (Merill 
and Ritter—1977). Total maturation takes around 9 
months to one year. 

Treatment and Prévention 

The uncertainty that surround the issue of causation in 
ectopic ossification is undoubtedly related to the paucity 
of treatment modalities that exist for this problem today. 
Early physiotherapy does not prevent bone formation. 
Biphosphonates hâve been advocated for prophylaxis. 
These drugs block the transformation of amorphic 
calcium phosphate into hydroxyapatite and inhibit the 
hydroxyapatite crystals from forming large clusters. 
Discontinuation of this therapy, however, ultimately 
results in calcification of non-mineralized matrix and 
therefore in heterotrophic bone formation. 

Coventry and Scanlon (1981) reported efficacy of 2000 
rad irradiation in preventing this complication, This 
attacks the osteoblastic precursor cells, thus preventing 
these cells from multiplying and forming active 
osteoblasts. It éliminâtes massive bone formation but is 
unable to prevent moderate level of ossification. More 
recently, Hedley, Mead and Hendren, as well as Healy 
et al reported improved results using a single dose of 600 
to 700 rad. No patient in either group developed 
significant ossification. Treatment should be given within 
24 hours of post surgery before osteoblastic reaction starts. 
This radiation is given on linear accelator which will 
protect implant. Main area of radiation is the capsular 
area. It does not affect bone ingrowth in an uncemented 
prosthesis (Figs 38 and 39). 

Nonsteroidal anti-inflammatory drugs (NSAIDs) and 
Indomethacin in particular hâve shown to decrease 
formation of ectopic ossification. Ritter et al (1983) 
reported overall différence in ectopic ossification between 
pre-Indomethacin patients and post-Indomethacin 
patients as 10%, which was found to be statistically 
significant. At présent time, the literature pertaining to 
mechanism of réduction of ectopic bone by Indomethacin 
appears to be scarce and inconclusive. This drug should 
be given 25 mg 3 times a day for 6 weeks. 

Bentley and Duthie (1973) found local irrigation of 
wound is useful in removing bone fragments which may 
stimulate osteogenesis. 

In certain circumstances, ectopic bone may be 
responsible for restricting movements. Even though this 
restriction is extracapsular, it may be acting as a fulcrum. 



Fig. 38: Grade IV ectopic ossification 



Fig. 39: Post surgery radiation therapy 


producing abnormal loading of the implant and 
conséquent increased stress at implant bone interface. 
DeLee reports that stiffness may be associated with only 
moderate ectopic ossification whereas excellent 
movement may be présent with gross ossification. There 
has been higher incidence of dislocation with this 
condition due to impingement. 

STEM FRACTURE 

Deformation or fracture of stem in cemented total hip 
arthroplasty occurs after several years of surgery due to 
cyclic loading. The average time of fracture is usually after 
3 to 5 years. Wroblewski reported that 90% of the failed 
Charnley stem occurred 2 years or more after surgery 
and that a small percentage occurred after 11 years. 

Stem is the stiffest part of bone cernent stem 
composite, and may carry enough loads to fracture 
without evidence of loosening. Second, most common 
cause of failure is the loss of support of bone cernent in 
proximal one third leading to cantilever forces and 
ultimate fracture of stem. Most common site of fracture 
is middle third (Fig. 40) and less often the distal third. 
Torsional deformity produces combination of forces 
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which tends to deflect the stem medially and posteriorly. 
Hence fracture starts on antérolatéral surface and 
progresses to médial border. 

There are some factors which contribute to high 
incidence of stem fractures 

1. Excessive weight. Original Charnley round back 
prosthesis failure rate reported was 0.23% in patient 
with 65 kg weight and 6.1% in patients which weighed 
more than 67 kg. 

2. Increased physical activities. 

3. Varus placement of prosthesis. 

4. Fémoral component with long neck which hâve more 
cantilever forces. 

5. Smaller stems. 

6. Stainless Steel stems hâve high failure rate than cobalt 
chrome. 

7. Inadéquate support in proximal third of stem by bone 
cernent (Gruen mode IV). 

8. Metallurgical defects in the stem. 

Most patients are presented with fracture of stem 
rather than deformation. The pain is like acute fracture 
neck fémur. Any weight bearing attempted is painful. 
Révision surgery is indicated as soon as possible before 
bone stock is lost. 

ACETABULAR LOOSENING 

Radiological loosening in a cemented socket has given 
anxiety to many arthroplasty surgeons ail over the world. 
This has led to a significant swing away from cemented 
sockets to cementless sockets. However, clinical and 
radiological évaluation over a long period indicates 
acrylic cernent fixation can be acceptable as a biologically 
compatible material. Improved material design and 
cernent technique will allow successful long-term results 



in a higher percentage of patients in future. At long-term 
follow-up of 10-12 years there was 15% radiological 
loosening which was attributed to unsophisticated 
cernent technique, inappropriate acetabular component 
and quality of adjacent bone (John Older). 

There are no universally accepted criteria for 
diagnosis of loosening. This complicates the comparison 
of available data. The survivorship is defined as révision 
or removal of prosthesis. Some others feel that radio¬ 
logical loosening should be taken as evidence of failure 
in spite of good clinical success. Diagnostic criteria used 
for acetabular loosening as described by Carol et al are: 

1. On serial radiographs change of acetabular angle with 
respect to pelvis. 

2. Development of protrusio. 

3. Radiolucency at bone cernent interface which is at 
least 2 mm wide around ail three zones described by 
DeLee and Charnley (Figs 41 and 42). 


Cup Loosening 



Fig. 41 : Preoperative 



Fig. 40: Stem failure 


Fig. 42: Postoperative 15 years 
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Technical problems which may resuit in loosening of 
the acetabular cup. 

1. Failure to pressurize the bone cernent. 

2. Failure to remove cartilage, loose bone, fibrous tissue. 
Also failure to hâve adéquate multiple anchoring 
holes. 

3. Inadéquate bony support around the acetabulum. 

4. Failure to distribute equal thickness of the cernent 
around the cup. If the cup is placed when the cernent 
is semi liquid there is a possibility of bottoming up of 
the cup. 

5. Movement of the cup during the setting time of the 
cernent. 

6. Malposition of the cup which will lead to neck 
impingement. 

FEMORAL LOOSENING 

Aseptie loosening of the fémoral component is now a 
major complication of this otherwise reliable procedure. 
As the length of the follow-up increases, and more 
particularly as the operation is applied to younger and 
more active patients, incidence of aseptie loosening can 
be expected to rise. Indeed, orthopaedic surgeons heavily 
involved in adult hip surgery already find that révision 
operation for loosening occupies steadily increasing 
proportion of their operating time. Perhaps we are 
expecting artificial joints to carry out ail the functions of 
normal hip joint. 

The frictional properties of the bearing of a normal 
hip are 70 times better than those of the best currently 
available artificial hips. This means that bone supporting 
an artificial joint will be exposed to stresses that are 
abnormal in both direction and magnitude in comparison 
with the bone that supports the articular surface of the 
normal hip. Added to this are extra stresses produced by 
impingement of the component and lack of protective 
nerve supply as an inhibitor to heighten the chances of 
loosening (Ling 1984). 

Comparative radiographs at various intervals with 
standard position and distance are reviewed on a large 
screen. Gruen et al hâve mentioned seven fémoral zones 
for radiolucency. This radiolucency is at Bone-Cement 
interface. The stem of fémoral component is divided in 
three equal parts and the zones are identified from latéral 
to médial as 1 to 7 and the tip remains 4th. 

There are no standardized criteria to document 
loosening. Each author has his own criteria. In spite of 
gross radiological loosening if patient is asymptomatic, 
many authors will not put this as fémoral loosening. The 
generally accepted criteria are (Paul Cotterill et al 1982). 

1. Progressive increase in the extent and width of the 
radiolucent lines between acrylic cernent and the 
bone. 


2. Widening of the cernent fracture gap. 

3. Gross movement of the fémoral component. 

4. Progressive subsidence of the fémoral prosthesis. 
However, loosening is a complicated problem both 

in interprétation of what is seen in radiograph as to 
component is stable or loose, and in whether what is seen 
in radiographs is producing symptoms. The radiolucent 
lines at bone cernent interface are due to fibrous tissue 
layer or fibrocartilage which forms in first 6 months of 
surgery, and this produces radiolucent line which is about 
2 mm wide. If this radiolucent line widens progressively 
one must expect impending failure. 

Some of the technical points which contribute to stem 
loosening are: 

1. Failure to remove soft cancellous bone from médial 
fémoral neck. The médial side of the prosthesis must 
remain with close proximation of dense bone or 
cortical bone. The médial cernent does not stand long 
time with transmitted forces of the hip. 

2. Failure to roughen medullary canal which allows 
micro lock with bone cernent interface. 

3. Maintenance of metal-cement ratio—80:20. If the layer 
of the cernent becomes too thin the fracture of the 
cernent leads to failure. 

4. Failure of pressurization which will lead to 
inadéquate column of cernent. Hence bone block is 
mandatory. 

5. Position of the fémoral component should be neutral. 
Any varus prosthesis is going to loosen out in 5 to 6 
years time (Figs 43 and 44). The newer prosthesis has 
improved position by different sizing which will 
allow the prosthesis to be neutral. Secondly the distal 
centralizer is attached to the tip of the prosthesis 
which will lead the prosthesis into neutral position 
into the canal. 

6. Voids in the cernent must be avoided otherwise there 
will be increase in lamination which will weaken the 
cernent mantle. Once the prosthesis is in position there 
should not be any movement. 

7. Adéquate time of introduction of cernent is an 
extremely vital step of fémoral cementing. Once the 
canal is washed with pulsatile lavage it is packed 
tightly so as to make canal dry and ready for good 
micro interlock without admixture of blood, fibrous 
tissue and loose bone. The cernent is introduced at 
appropriate time of curing so that it does not stick to 
surgeons gloves but it should not be delayed which 
will avoid pressurization. 

There are two ways of cementing the fémoral canal, 
a. Digital pressurization—in olden days it was 
thought to be gold standard but today it is not 
being practiced. 
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b. The use of a cernent syringe from distal to 
proximal, filling the fémoral canal. This has now 
become a gold standard. 

Incidence of fémoral loosening today in the literature 
has been quite varied due to different criteria which hâve 
been followed up. Amstutz (1976) reported 19.5% 
loosening at 2 to 5 years follow-up. Beckenbaugh and 
Ilstrup (1978) reported 24% loosening at 4 to 7 years 
follow-up. 

Cemented stem rate of loosening in long-term analysis 
is fairly low as compared to acetabular loosening. As 
cementing technique has improved we expect better 
survivorship of cemented stem than previous reported 
sériés. 

Gruen et al (1979) has described radiological 
description of mode of failure of the fémoral component 
(Fig. 45). 


Stem Loosening 



Fig. 43: Immédiate postoperative 



Fig. 45: Radiological mode of failure 


Long-term results of cemented arthroplasty over 15 to 
20 years are summarized in Table 1. We hâve to think 
these results are related to stem génération 1 and 2 and 
cernent technique which was not sophisticated like today. 
We expect cemented arthroplasty will last longer with 
modem cernent technique, pressurization equipments, 
and better quality of implants. "There is no doubt that in 
orthopédie surgery acrylic cernent is going to be widely 



Fig. 44: Postoperative 6 years 


TABLE 1 : Long-term results of cemented total hip 
arthroplasty 



Age 

No. of 
bips 

Follow- 

up 

Failure 

Medling and Ritter 

HN 2000 


379 

20.9 years 

9.5% 

Wroblewski 1986 

53 years 

116 

16.6 years 

51% 

Smith et al 1998 

61 years 

84 

18 years 

49% 

Mulroy WF et al 1995 

61 years 

102 

15 years 

42% 

Sullilvan 1994 

56 years 

112 

18 years 

A —50% 
F—8% 

Kavanagh BF et al 1989 

65 years 

166 

15 yrs 

32% 
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used in many different parts of the world; There is equally 
no doubt that its use by an uninformed operator will 
produce complications which might seriously threaten 
its réputation and might hold back the progress of 
science" (Sir John Charnley 1982). 
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377.2 Total Hip Arthroplasty: An OverView of 
Uncemented THA and Recent Advances 

VS Vaidya, Prashant P Deshmane 


INTRODUCTION 

One of the most significant breakthroughs of the 
twentieth century is joint replacement surgeries, totally 
revolutionizing the care of patients with end stage 
arthritic conditions of their hip and knee joints. 
Comparative clinical research has revealed that THAs, 
both cemented and cementless are the most cost effective 
interventions utilized and are durable up to twenty years 
or more following implantation. Despite the over- 
whelming success of the THA, variation has been noted 
in outcomes such as révision rates, thigh pain and 
osteolysis. This has lead to significant controversy among 
the surgeons with regard to many considérable factors 
such as surgical technique, type of fixation; bearing 
surfaces, surface finish, and implant preferences. The 
purpose of this chapter is however to discuss the THA 
biomechanics, preoperative planning and surgical 
technique and complications with more emphasis on the 
uncemented THAs. 

TRIBOLOGY AND COMPARATIVE ANALYSIS OF 
BEARING SURFACES 

Bearing surfaces in THA play an important rôle in the 
overall performance of the arthroplasty. To understand 
this mechanism we hâve to understand certain termino¬ 
logies right at the outset .It is also important not confuse 
wear with damage, which in orthopédie literature typically 
refers to visible changes in the surfaces of the bearing 
(polishing, scratching, etc.) which may or may not be 
associated with actual wear. For total joint replacement 
wear is best defined as the removal of materialfrom bearing 
surface in the form of particles , since the intensity of the 
biological reaction is the function of the rate of release of 
this débris. Wear particles can be generated by abrasive 
wear , in which particles are generated by rough articular 
surfaces (e.g. scratches, Carbide asperities) either at the 
primary articulation or at the secondary articulations 
(back side of the polyethylene insert with the métal back 
shells). Adhesive wear occurs if the bond strength of micro 
contacts exceeds the inhérent strength of either material, 
which may not be visible when its at micron or submicron 
level, but at the same time giving rise to progressive 
osteolysis. Fatigue wear is cracking, pitting and délami¬ 


nation caused by the cyclic stresses applied to the bearing 
surface. Corrosion of the métal component and oxidation 
of the polyethylene component are not wear mechanisms 
per se but they significantly reduce the wear résistance 
of the materials. 

A surgeon performing joint replacement surgeries 
must choose from new polyethylenes or a modem metal- 
metal or ceramic-ceramic bearing, each of which has its 
potential advantage and disadvantage, keeping the risk— 
benefit ratio in mind. 

HIP REPLACEMENT SURGERY 

Two most important factors in hip replacement surgery 
are: 

A. Implant fixation 

B. Hip stability. 

Implant Fixation 

The method of long-term fixation of the hip component 
is one of the two i.e. either a cemented or uncemented 
fixation. It is thought that increased cycles and higher 
stresses applied to the hip joint in young and active 
patients leads to a more rapid failure of cemented 
components, and that is why for these group of patients 
the trend is shifting towards uncemented implants, which 
by virtue of their nature offer bone ingrowth and 
biological stability. As already stated , the purpose of this 
chapter is to give comprehensive discussion on uncemented 
THA; the cernent fixation aspect will not be dealt here. 

Biological Fixation 

This can be offered either by porous coated metallic 
surface which offer stability by bone ingrowth or by a 
grit blasted surface that offers bone ongrowth fixation. 

Porous Coated Surface (Fig. 1) 

Pores are created on the metallic surface that allows the 
bone to grow in and secure the prosthesis to the host bone. 
An optimum pore size of 50 to 350 microm (preferably 
50 to 150 micrometer) is required for successful bone 
ingrowth. The optimum area for this of the prosthesis 
should be around 40 to 50% and an increased porosity 
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Overall advantages and disadvantages of the current bearing surfaces in THA 

Bearing combination 

Potential advantages 

Potential disadvantages 

Ceramic on ceramic 

Very low wear 

High biocompatibility 

Component fracture 

High cost 

Squeaking 

Technique sensitive surgery 

Métal on métal 

Low wear 

Can self polish modéra te wear 

Long-term local and systemic reaction to métal ions, 
Teratological influence 

Métal on polyethylene 

Some additional protection against third 
body wear 

Hardened surface can wear off 

Ceramic on poly 

Lower wear than métal on polyethylene. 

Component fracture High cost 

Highly cross linked ,thermally 
stable polyethylene on métal 

Minimal polyethylene wear rates 

No problem of oxidative degeneration 

Newest of ail, so only early clinical results available 



Fig. 1 : Porous coated metallic surface 
(For color version see Plate 57) 


above this is detrimental because of the surface being 
sheared off. A deeper pore depth into the prosthesis 
provides greater interface shear strength with loading. 
Finally, the gap between the prosthesis and the bone must 
be kept to less than 50 micrometer. 

Grit Blasted Surface 

The very meaning of this is that the metallic surface is 
roughened with abrasive spray. This results in peaks and 


valleys on the surface, which provide surface for the bone 
to integrate on. With this method the success of bone 
ongrowth fixation dépends on the surface roughness. The 
increase in surface thickness directly increases the 
interface shear strength. However the drawback of girt- 
blasting is that the fixation occurs only on the surface 
and therefore e requires a more extensive area of coating, 
and more often than not the entire surface of the implant. 

Factors Determining Successful Fixation 

A. Technique of fixation 

• Successful bone ingrowth or ongrowth requires an 
initial rigid fixation. 

• And secondly micro motion of the prosthesis kept 
below 150 micrometer. 

Initial rigid fixation of a porous coated implant is by 
press-fit technique , in which the bone prepared for 
acetabular side or the fémoral side is sized slightly smaller 
(usually 1 to 2 mm undersized). The concept is based on 
the hoop stresses which generate in the expanded bone 
after which keep the implant securely fixed and prevent 
micro motion. The other technique is Une to line fit in which 
the bone is prepared to the same size as the implant, 
which is then secured with additional measures i.e. 
screws for the acetabular implant and extensive porous 
coating for the fémoral stem to obtain the interférence fit. 

If the micro motion of the prosthesis is more than this, 
it allows fibrous ingrowth, and continuons pain. However 
if gross motion is allowed in the interface, the prosthesis 
will be encapsulated in fibrous tissue rather than fibrous 
ingrowth, which will cause the prosthesis to settle down 
and remain mechanically uns table. 

B. Surface coating Hydroxyapatite is an osteo-inductive 
agent and allows for more rapid closure of the gaps. 
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HA coated surface readily receives the osteoblasts and 
helps in bidirectional closure of the gaps i.e. from bone 
to prosthesis and vice versa. The drawback of HA 
coating is délamination and therefore the use has been 
advocated in extensively porous coated implants 
where the bone implant interface is not the only 
fixation of the implant. It requires high crystallinity 
and optimal thickness of 50 micrometers. 

Extent of Porous Coating 

The loading pattern after different stems makes a 
différence in the stress shielding of the fémur as well. As 
in case of proximally coated stems, allows proximal bone 
ingrowth and less stress shielding .Conversely, in 
extensively porous coated stems, most bone ingrowth 
occurs in the diaphysis and the weight bearing forces 
bypass the proximal fémur. Radiographically this 
increased bone density is seen at the distal stem, and not 
bellow the stem, the proximal fémur is stress shielded 
leading to loss of bone density. Typically this appears as 
spot weld (Fig. 2). 

HIP STABILITY 

The assessment of stability dépends on four major areas: 

1. Component design (Fig. 3) 

2. Alignments 

3. Soft-tissue tension 

4. Soft tissue functions 


Component Design 



Primary arc angle 
100 ° 

22 mm head standard 
Taper 


Primary arc angle 
120 ° 

28 mm head standard 
Taper 




Fig. 3: Component design 

Certain terminologies need to be understood in brief at 
this stage are: 

Primary arc range: Defines the amount of arc the bail and 
cup articulation move before impinging and levering. 

Head neck ratio is defined as the ratio of fémoral head 
diameter to neck diameter, and is the major déterminant 
of the primary arc angle. 

Excursion distance is the distance the head has to travel to 
dislocate is the excursion distance. 

Larger the head, more favorable be the head neck 
ratio, and the longer will be the distance the head must 
travel (excursion distance) to dislocate. That is why a 
bipolar prosthesis head by virtue of being larger, is 
inherently more stable than a THA head .The recent trend 
in THA is also shifting towards using larger and larger 
head. 


Fig. 2: Bone ingrowth in porous coated surfaces 
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Alignment 



Because there is a différence in the size of native fémoral 
head and the THA fémoral component head, the goal is 
to centre the primary arc range in the middle of patient's 
functional range. By doing so, even if the primary arc 
range is exceeded, there is still some stability with 
prosthetic excursion distance. Though misaligned 
components do not necessarily decrease the primary 
excursion and dislocate. Therefore on the acetabulum, 
the antéversion should be 15 to 20 degrees and the thêta 
angle (coronal tilt should be 35 to 45 degrees. The 
combined antéversion of both the components should be 
35 to 45 degrees (CAT TEST) (Figs 4A and B). 

The acetabular component fixation can also be 
strengthened with passing of additional screws, the 
position of which is critical as is shown in Figure 5. 

Soft Tissue Tension 

Even if the components are properly placed, the hip may 
still dislocate if the soft tissue tension is inadéquate. The 
major factor in that is the abductor mechanism (Fig. 6). 
The neck offset and the neck length should be recreated 
postoperatively to achieve the optimum abductor 
mechanism tensioning. A short neck length keeps the 
abductors lax and enough force is not generated across 
hip to keep it in place. A short offset causes the trochanter 


Poste ri or su péri or: 

Safe zone 
Risk:-sciatic nerve s 
superior gluteal vessels 



to migrate medially and impinge against the pelvis and 
lever out. The worst case scénario is to hâve both, neck 
length and off set short. 

Soft Tissue Function 

The optimum functioning soft tissue is key factor for 
stability .This canbe divided into two categorizes -Central 
and peripheral causes. Central causes like stroke, 
parkinsonism disease, multiple sclerosis, cerebellar 
dysfunction, dementia and peripheral causes like polio, 
myopathy, myelopathy, radiation injury, localized 
trauma are ail poor candidate for the THA. 



Figs 6A and B: (A) Proximal hip prosthesis, 
(B) hip resurfacing 
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COMPLICATIONS 

Proper positioning of the components and good soft tissue 
repair is the key to the success of THA. Common 
complications seen after THA are: 

Dislocation, Hip Loosening, Periprosthetic fractures. 
Infection, Hétérotopie ossification. However to discuss 
these in detail is beyond the scope of this chapter. 


Recent Advances in THA 

With advent of science and with better understanding of 
the THA, more and more bone preserving alternatives 
to the présent version of THA are coming. To tell a few 
of them are, Hip Prosthesis with metaphyseal fitting and 
hip resurfacing. 


377.3 Surface Replacement of Hip Joint 

SKS Marya 


SURFACE REPLACEMENT 
ARTHROPLASTY OF HIP 

Total hip replacement in patients younger than 55 years 
the survival rate is only 80% at 10 years, which drops 
down to 33% by 16 years. 1 These hips when revised 
required usage of implants of much larger size extending 
up to and beyond the middle of the fémoral shaft. The 
life of these révision implant is still less. A need was, 
therefore, always felt for a prosthesis with longer life and 
one, which did little damage to the native bone. This is 
what has been tried since the beginning of 20th century 
with little success and conviction, till recently. Surface 
Replacement Arthroplasty (SRA) is the culmination of 
ail these thoughts and attempts. 

SRA of the hip entails scoring of the arthritic cartilage 
of the acetabulum and fémoral head and replacing it with 
métal alloy liners. The implants are monobloc cobalt- 
chrome-molybdenum alloys on either side. These are 
paired units to achieve perfect matching to achieve 
minimum wear of the components. This translates into 
longer lasting prosthetic hips. The articulation being a 
larger diameter, almost the natural size, surface 
replacement hip is more stable and permits near normal 
range of motion. The patient after surface replacement 
can kneel, squat and sit cross-legged on the ground, as 
may be the demand of younger patients. The surface 
replacement implants by virtue of their concept are 
weight-sharing devices and encourage mineralization of 
the adjacent bones of the fémoral head/ neck and the 
acetabulum. The bone quality at subséquent révision, 
when required is anticipated to be good. Since the 
juxtaarticular bones are not sacrificed the révision is 
simpler and far less destructive compared to a révision 
following conventional counterpart. The salient features 
of surface replacement arthroplasty include the following: 


• It is the surgery to change the defective lining of the 
articulating surfaces of the hip joint. 

• The head and neck bone stock is essentially preserved. 

• The patient can pursue near normal range of activities 
including active sports, squatting, kneeling and sitting 
cross-legged. 

• It is a métal on métal prosthesis with extremely low 
wear and longer life of the implant. 

• It allows and encourages mineralization of the 
juxtaarticular bones. 

• Révision is easier and far less destructive. 

Evolution of Surface Replacement Arthroplasty 

SRA is a confluence of research attempting to make hip 
replacement a bone conserving surgery and the 
refinements in métal on métal articulation technology. 
Hip arthroplasty started in the beginning of the twentieth 
century as a conservative procedure of înterpositional 
arthroplasty. Smith-Petersen in 1923, introduced the 
concept of mould arthroplasty using moulds of glass and 
other materials to induce synovium formation at the hip. 2 
In 1938 he used Vitallium an alloy of chromium, cobalt 
and molybdenum a more durable material (cup 
arthroplasty). Though it was not a stable fixation some 
survived for many years. 1,3 Sir John Charnley also 
attempted hip resurfacing arthroplasty (early 1950s). The 
bearing surfaces were Teflon on Teflon, leading to 
misérable early failure. 

Surface replacement is a direct descendant of cup 
arthroplasty. Müller (1967) introduced the first génération 
metal-on-metal surface arthroplasty and stemmed métal 
on métal prostheses at the same time. Six of these all- 
metal articulations were needed to revise after 25 years. 1 
Cemented surface arthroplasty was tried extensively in 
1970's using polyethylene acetabular component. 1,3 In 
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1983 Amstutz attempted resurfacing arthroplasty with 
cementless fixation. The implants were made of Titanium 
alloy and had a polyethylene acetabular liner. 1 

Results of Early Resurfacing Surgeries 

The results of hip resurfacing in the 1970s and 1980s were 
disappointing and the procedure was almost abandoned. 
The initial failures were attributed to technical and 
fixation inadequacies. The fémoral neck fractures in the 
first génération implants were due to osteolysis and 
extreme valgus placement of the fémoral shell leading to 
notching of the latéral cortex of the neck. The medium 
and long-term failures were due to debris-induced 
osteolysis, which increased with the size of the prosthetic 
head. These surgeries were not easy to revise, as there 
was extensive destruction of the acetabulum due to bone 
removed at the time of index surgery in order to place 
the large component and also to the subséquent 
osteolysis. 1,3,5 

Revival of Metal-on-metal Resurfacing 

The crédit of revival of metal-on-metal articulations goes 
to Bernard G. Weber. 1,3 This was due to the availability 
of low-wear, high-carbon métal bearings of Co-Cr-Mo 
alloy (the Metasul) in the late 1980's. Second génération 
metal-on-metal THR was launched using 28 mm heads. 
The low wear with added stability and good range of 
motion were encouraging. The hard alloy led to designing 
of thinner acetabular implants. Heinz Wagner (Germany) 
and Derek McMinn (England), 1991, developed their 
respective second-generation metal-on-metal surface 
arthroplasty Systems. 1,3 The Wagner de vice was initially 
designed to be the cementless type, which was 
subsequently changed to hybrid, the acetabulum being 
uncemented. The acetabular component was titanium 
shell with Metasul inlay. The fémoral component 
similarly had two layers. The construct was thick. The 
resuit was good in the hands of the inventors. Derek 
McMinn developed the McMinn device initially an all- 
cementless System. The fixation was revised repeatedly 
which finally led to development of a hybrid System with 
uncemented Hydroxy-Apatite (HA)-coated cup (1994). 
In 1996, due to change in the metallurgical processing 
(double heat treatment), there was excessive wear of the 
prosthesis and had to be recalled. 6 


acetabulum is one piece designed on the outside for 
interférence fit (sintered beads). The fémoral component 
has chamfered cylindrical design with a short stem. It 
has improved sphericity and surface finish. 3 The failure 
of the early McMinn System led to the development of 
two other designs Cormet Resurfacing Hip System 
(Cormet 2000; Corin, UK) and the Birmingham Hip 
Resurfacing (BHR; MMT, UK) in 1997. The BHR is an as- 
cast alloy with porous HA coated exterior for acetabular 
fixation. 6 These third génération MOM surface 
replacement are superior in terms of designing and 
metallurgy. 

Durom hip is designed out of wrought alloy of Co-Cr- 
Mo alloy (Zimmer, Switzerland, 2001). 1 DePuy, UK (2003) 
developed the Articular Surface Replacement (ASR™) 
System made of cast alloy (Fig. 1)7 These are the fourth 
génération metal-on-metal surface replacement Systems. 7 



Current Hip Resurfacing Options 

HC Amstutz, 1996, developed the Conserve Hip 
Resurfacing (Wright Medical Technologies, USA). The 


Figs IA and B: The fourth génération métal on métal surface 
replacement: Articular Surface Replacement (ASR™) System 
(DePuy, U) (A) and postoperative radiograph following surface 
replacement (B) 









3708 Textbook of Orthopedics and Trauma (Volume 4) 


The common features shared by ail the current designs 
include: 

• Bone conserving surgery 

• Co-Cr-Mo alloy bearing with high carbon content 

• Cementless fixation of the acetabular component 

• Cemented fixation of fémoral component. 

There are however fine différences in: 

• The type of alloy (cast versus wrought) 

• The implant design, geometry and tribology 

• The size-options of implants 

• The instrumentation ergonomics 

• Implant fixation techniques 

• The fémoral stem design load sharing or not. 

Relevant Biomechanics of the Hip 

Humans hâve a bipedal gait. In the erect position the 
entire weight of the body minus that of the lower limbs 
is divided equally on the two hip joints. Hip, a bail and 
socket joint, allows rotation and movement in coronal 
and sagittal planes however there cannot be any 
translation. 8 The plane of force coincides with the strongly 
developed trabeculae in the médial portion of the fémoral 
neck that extend upwards through the superomedial 
aspect of the head and then along the acetabular 
trabeculae, to the SI joint. 9 The fémoral neck-shaft angle 
and the neck-length are the variables that décidé the 
fémoral offset. A higher offset implies lateralized 
abductor insertion, at the greater trochanter, an improved 
abductor lever arm. This reduces the net force acting on 
the hip. Acetabulum is formed at the fusion of three pelvic 
bones. In the erect position the acetabulum is directed 
approximately 45° laterally and 15° forward. The center 
of gravity of human body lies just anterior to the second 
sacral vertébral body. This is posterior to the axis of the 
joint. In single-leg stance phase the center of gravity 
moves away and distal to the loaded hip. This tends to 
turn the body mass to the non-weight bearing side in the 
coronal plane, which is counterbalanced by the combined 
action of abductors and other hip stabilizers. Thus the 
pelvis tilts; the non weight bearing side rising up. Since 
the ratio of the length of the lever arm of the body weight 
from center of fémoral head to the abductor lever arm is 
2.5:1 the sum of forces then acting on the weight bearing 
fémoral head is about three times the body weight. 10 Peak 
contact forces across the hip joint while doing various 
activities hâve been calculated to be 5 to 6 times to up to 
10 times the body weight. Thus excessive body weight 
and increased physical activity lead to excessive stresses 
on the hip. These forces may be detrimental if there is a 
prosthetic hip joint and particularly if the components 


are uncemented and hâve not yet glued up with the bone. 
In surface replacement as the acetabular shell is 
uncemented a waiting period of three months is prudent 
before normal activities are resumed. 

The mechanical axis of the lower limb passes from 
the center of the fémoral head through the tibial spine of 
the knee to the center of the ankle mortise. 10 In a normal 
limb a line from the center of the fémoral head to the tip 
of the greater trochanter (Hip orientation line) is usually 
at about 90° to the mechanical axis. After surface 
replacement once the implants hâve fixed well, complété 
weight bearing is resumed. The natural biomechanics 
ensues which leads to increased mineralizations of juxta 
articular bones. The improved bone quality is useful at 
révision surgery. 

Patient Sélection Indication and Contraindication 

An idéal candidate for hip resurfacing arthroplasty is a 
relatively young person (âge less than 60 years) with 
active life style. He/she présents with severe pain and 
disability secondary to structural damage to the hip 
articular surface without having damaged much of the 
underlying bone, on either side. The shape and congruity 
of the bones is preserved. The patient should hâve 
relatively normal anatomy of the proximal fémur and 
acetabulum. 

• The common indications are: 7,11 

• Osteoarthritis 

• Rheumatoid arthritis 

• Early ankylosing spondylitis 

• Post-traumatic arthritis 

• Osteonecrosis 

Limited indication in degenerative conditions secondary 
to: 

• Developmental hip dysplasia 

• Slipped capito-femoral epiphysis (SCFE) 

• Legg-Calve-Perthes' disease. 

• Collagen disorders 

The contraindications are absolute and relative. 
Absolute contraindications: 

• As in conventional hip surgery (active/ recent joint 
sepsis, osteoporosis, insufficient bone-stock, poor hip 
musculature, neuromuscular disease involving the 
hip). 

• Elderly people with osteoporotic bone 

• Known métal hypersensitivity 

• Impaired Rénal function 

• Immature skeleton 
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Relative contraindications: 

• Inflammatory arthropathies (particularly if the bone 
quality is poor) 

• Acetabular dysplasia 

• Grossly abnormal proximal fémur as in severe 
Perthes' disease and severe SCFE 

• Large avascular necrosis of fémoral head 

• Large Geode formation. 

• Contralatéral replaced total hip in a relatively older 
patient. 

High Risk Patient Factors 

A combination of two or more of the below mentioned 
factors make surface replacement an unsuitable 
proposition for the patient: 7 

• Fémoral head cyst > 1 cm 

• Decreased bone minerai density 

• Latéral head-neck remodeling 

• Poor shape/biomechanics 

• Short fémoral neck (< 2 cm) 

• Head and neck ratio <1.2:1 

• Shallow or small acetabulum 

Beaule et al identified several independent factors and 
developed a 6 point scoring System, to identify the right 
candidates for surgery: SARI (surface arthroplasty risk 
index). 11,12 This includes fémoral head cyst > 1 cm (2 
points); weight < 82 kg (2 points); previous hip surgery 
(1 point) and University of California activity (UCLA) 
score > (1 point). A SARI score of 6 represents the highest 
risk. A score of more than 3 represents a significantly high 
risk in terms of early failure or adverse radiologie changes 
and surface replacement of the hip is contraindicated. 
The author has reported 97% success rate using this 
scoring as a guideline. 11 

Schmalzried et al hâve evolved an AHG (arthritic hip 
grading) System to preoperatively assess the arthritic 
proximal fémur. Anteroposterior radiographs of the hip 
in 15 degrees of internai rotation were assessed. Four 
characteristics were evaluated: bone density, shape, 
biomechanics and local bone defects. The hips were then 
graded as grades A, B, C, D and E depending on the 
number of unfavorable characteristics. Hips with lesser 
degree of arthritic changes hâve a better AH grading and 
a better outcome with total hip resurfacing. 

In terms of diagnosis, initial analyses hâve not 
demonstrated any particular group at greater risk of early 
failure, though any structural deformity may pose 
difficulty in initial fixation of the implant 

Métal hypersensitivity is an issue, which should be 
discussed with the patient when planning for MMSA. 11 
Patient with impaired rénal function are not proper 


candidates for MMSA as there might be decreased 
excrétion of the eluted métal ions from the body. 

A patient being worked-up for surface arthroplasty 
should not delay the surgery lest he/ she develops further 
structural damage or évolution of a cyst making the 
procedure not possible. An early prosthetic intervention 
is recommended wherein indicated. 

MMSA may yield a poor five-year survivorship 
particularly if a careful in screening the patient for the 
high risk factors is not done. The recommendation for 
resurfacing versus total hip replacement should be based 
on the analysis of benefit to risk ratio for each hip and 
patient. Because of relative ease of révision, resurfacing 
has an increased benefit to the younger patients with 
more physical demands. This is provided the charac¬ 
teristics of the proximal fémur and the acetabulum do 
not put them at excessive risk for an early failure. 

Surface Replacement: Implant Design 
and Rationale 

The current designs are bone-conserving prostheses with 
bearing on either side made of highly polished, high- 
carbon Cobalt-Chrome-Molybdenum alloy. These almost 
universally, hâve hybrid fixation. The acetabular cup is 
uncemented and fémoral shell cemented. The cup, a 
monobloc component mates with a monobloc fémoral 
implant. The two are very size spécifie and are 
appropriately mismatched. The fémoral shell is 
somewhat smaller than that of the acetabular cup, which 
is deliberate. This mismatch is defined as radial or diamétral 
clearance. The clearance has to be optimal, which leads to 
formation of a fluid interface between the articulating 
surfaces. This act as a lubricant (a State of fluid-film bearing 
lubrication), which reduces wear rate (Fig. 2). 13,14 The 
fémoral shell is supported by a central peg stem, which 
guides its placement and enhances fixation. Implant 
variables affecting longevity that hâve been described 
include carbon-content of the alloy, radial mismatch, 
surface roughness, bail sphericity and alloy heat 
treatment and processing. 

MOM wear shows two discrète wear trends. Initially 
it is the run-in wear followed by the steady-state wear. 
The run-in wear is high as the two métal surfaces co- 
adapt. This is for about one million cycles. The higher 
the surface irregularity (roughness) and géométrie 
mismatch the greater the volumétrie wear. Episodic run- 
in wear pattern during the steady-state period has also 
been observed. The wear is however less by one order of 
magnitude when compared to métal on polyethylene 
(MOPE) articulations for 28 mm bearing. With the larger 
diameter metal-on-metal articulation a linear increase in 
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Fig. 2: A State of fluid-film lubrication due 
to idéal radial clearance 


the run-in wear was observed however the steady—State 
wear was comparable (Clarke et al, 2005). 

Rieker et al (2005), hâve described lubrication as 
Lambda coefficient, which is directly related to the central 
film thickness, and is inversely related to the root mean 
square roughness of the head and the cup. 13 A value more 
than three means fluid-film lubrication and implying less 
wear. A value less than three implies more contact 
between the surfaces and hence more wear. 15 The volume 
of wear is a function of bearing diameter and radial 
clearance. Larger head diameter and optimized radial 
clearance leads to fluid film lubrication and improved 
wear performance. Cup profile (equator) is subjected to 
internai deflection forces, in vivo, thus less than optimal 
clearance results in stress-concentration around the cup 
rim with local lubricant-fluid déplétion leading to higher 
frictional torque, excessive wear and implant loosening. 13 
Grigoris et al recommend a minimum thickness of 4 mm 
for acetabular cup wall to avoid deflection. 1 A high 
clearance leads to significant polar contact and poor fluid 
film interface producing relatively high wear débris. The 
idéal radial clearance described variously for 28 and 32 
mm implant is 80 to 100 mm. 16 In a hip simulator study, 
Chan et al confirmed that the wear increased with 
increasing radial clearance for comparable roughness of 
the métal. This increase was described by a quadratic 
équation (as quoted by Reiker et al). 16 The minimal 
clearance is different for each design of metal-on métal 
articulation. However there is still some objections to this 
concept, Müller with a high radial mismatch had low 
wear. 17 Sphericity déviation of the components is another 
source of increased running-in wear. The congruency of 
the components is important. 


Metallurgy 

There is some discrepancy in the literature regarding the 
idéal metallurgy of the implant. According to Dowson et 
al there is no significant différence in wear between 
wrought and cast Co-Cr alloy provided they hâve a high 
carbon content. 18 Similarly Rieker et al hâve reported 
Streicher et al that carbon concentration is the main 
parameter influencing the wear of cobalt-chrome alloy. 16 
However Clarke et al attribute variables besides carbon 
content, such as alloy processing particularly alloy heat 
treatment as responsible for the différences in wear. 17 A 
high-carbon content of 0.20 to 0.25% leads to less wear 
compared to that of the low-carbon content of 0.05 to 
0.08%. 15,16 Wang et al in a study using MTS hip simulator 
showed a higher wear rate of high carbon wrought alloy 
compared to its cast counterpart. This différence was 
however not statistically significant (as quoted by Reiker 
et al). 16 Rieker et al concluded that for small diameter 
metal-on-metal bearings the différence of hardness 
between cast and wrought alloys of similar carbon 
content is not significant. However, according to Grigoris 
et al the wrought high-carbon alloy offers considérable 
advantages over its cast counterpart. It is harder and can 
be highly polished leading to far less wear. 1 Varano et al 
hâve attributed carbon crystallography rather than 
carbon volume as the déterminant to wear résistance. A 
high carbon alloy has better crystal structure (face 
centered cubic) compared to low carbon alloy (hexagonal 
closed pack), (as quoted by Reiker et al). 16 Until long-term 
clinical outcomes or reliable retrieval studies become 
available, it will not be possible to détermine the true 
relevance of carbon content. 1 

Fixation of Metal-on-metal Resurfacing Implants 

The fémoral shell is routinely being fixed using bone 
cernent. Fixation with low-viscosity cernent is generally 
accepted. Uncemented acetabular fixation is now 
preferred universally. The porous-coated cup has proved 
to be successful implant with the options of beaded or 
plasma coating. Co-Cr beads and titanium vacuum 
plasma sprays are currently in use. However concern has 
been raised that the extreme température involved in the 
sintering of Co-Cr beads may alter the surface-wear 
property of monobloc component. 1 The fixation may be 
enhanced using screws, fins or hydroxyapatite (HA) 
coating (Figs 3A and B). Uncemented HA coatings hâve 
also been described. More incidences of failure on the 
fémoral side hâve been reported compared to the 
acetabulum particularly with smaller diameter implants. 
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Probably, the larger fixation interface in larger implants 
has a protective effect. Thus in smaller implants the use 
of central stem in the implant design is recommended. 
However there is still some debate whether this stem 
should be a press fit guide or cemented/ porous-coated/ 
HA coated to enhance fixation. 17 The rôle of the short 
stem can be for alignment alone or both alignment and 
force transmission. Force transmission can be achieved 
by cementation of the stem, by bony in-growth, or by 
friction fit. Such a stem may protect a déficient fémoral 
head but can resuit in stress-shielding and eventual bone 
loss. 1 Metallurgical properties of the implant and more 
than that, the bearing geometry is important in 
determining the wear-performance of large diameter 
metal-on-metal bearing. 

To summarize the geometrical variables identified are: 

• Radial clearance 

• Sphericity (congruity) 







Figs 3A and B: The cemented fémoral component (A) and the 
uncemented HA coated acetabular shell (B) ASR™ System 


• Effective roughness of the surfaces 

• The bearing diameter. 

The most highlighted of these is the radial clearance. 

Preoperative Planning for Surgery 

Preoperative implant planning requires a recent X-ray 
of both the hips AP view with pelvis and the affected hip 
latéral view for templating the size. The templates are 
available at 100% of the actual size 110% of the actual 
size. The System we routinely use is the DePuy ASR™ 
System. In this System the size of the fémoral prosthesis is 
strictly linked to the size ofthe acetabular component and vice 
versa. 7 

Fémoral Templating 7 (Fig. 4A) 

In this System the fémoral component must be sized to 
create an exact fit of its outer diameter with the inner 
diameter of the acetabular component. The size is selected 
such that reaming the fémur does not notch the neck. 
The distal diameter of the fémoral implant (effective neck 
diameter) is in fact kept slightly greater than the widest 
diameter of the neck. (actual neck diameter), at the same 
time trying for the smallest fémoral size possible. The 
measurement is at the neck and not at the head, as it may 
be distorted. Also identify any defect in the fémoral dôme 
and measure the same using corresponding graduation 
on the template (This détermines the extent of central 
reaming with the pin reamer. Three graduation marks, 
équivalent to 6 mm (2 mm = each graduation) and is the 
thickness of the fémoral component at the implant dôme) 
The fémoral implant is positioned at a neutral to 10° 
valgus compared to the natural neck shaft angle. It should 
never be in a varus angulation vis-à-vis the natural neck- 
shaft angle. 

Acetabular Templating 7 (Fig. 4B) 

An acetabular component size is selected that matches 
the selected fémoral component and fills the acetabular 
fossa. If the acetabular component does not fill in well 
then it is prudent to upgrade to the next set of matching 
sizes on both the sides. The positioning of the cup on the 
AP radiograph of the pelvis is in 45° of abduction of the 
acetabular template with complété latéral coverage and 
the médial aspect within a few millimeters of the 
radiographie teardrop. 

Like any other orthopaedic surgery, templating is a 
guide to the final implantation and liable to mis- 
interpretation due to many variables like X-ray magnifi- 
cation, observer interprétation etc. The correct size should 
be checked on the table prior to making any bony cuts. 
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Figs 4A and B: Templating: fémoral (A) and acetabular 
components (B). The two sizes should be compatible. The 
fémoral component size is checked at the neck. The acetabular 
component is seated abutting the médial tear-drop 

ASR™ (Surface Replacement) Instrumentation 7 

Fémoral Instruments 

1. Neckgauge 

2. Guide pin 

3. Tripod alignment guide 

4. Size spécifie fémoral gauge block with spring loaded 
reference Stylus 

5. Pin reamer (cannulated) 

6. Reamer guide-pin 

7. Chamfer reamer 

8. 2 in 1 profile reamer 

9. Trial head 

10. Fémoral head impactor 

Acetabular Instruments 

1. Acetabular reamers 

2. Trial seizer 


3. Acetabulum alignment guide 

4. Cup impactor 

Surgical Steps for Surface Replacement 
Arthroplasty (SRA) 

Patient positioning dépends on the approach being used. 
Currently, postérolatéral approach is the favorite amongst 
the surgeons performing SRA. In this approach, the 
patient is placed in dead latéral position depending on 
the side to be operated The limb is cleaned from toe to 
up to the navel and draped free as for any other hip 
replacement surgery, taking meticulous aseptie 
précautions. 

Postérolatéral approach is preferred as it allows 
relatively better exposure of the acetabulum, with 
preserved fémoral head. It is similar to the posterior 
approach described by Gibson and Moore. The skin 
incision here is in line with the fémur and does not curve 
down significantly at the superior extent. The exposure 
requires incision of piriformis and external rotator 
muscles and at times the tendinous insertion of gluteus 
maximus distally on the fémur. One should be careful 
about preserving the capsule. Anterior approach for SRA 
requires a comparatively larger release of soft tissue. The 
acetabular visualization is difficult and the posterior 
capsular release in case required poses risk to the médial 
circumflex artery (MCA). Some prefer the postérolatéral 
transtrochanteric approach , by anteriorly dislocating the 
hip. This is reportedly a biologically respectful 
approach. 17,18 

Postérolatéral Approach 

• A straight skin incision is made centered on the tip of 
the greater trochanter, in line with fémur. The length 
of the incision will dépend on the thickness of the 
subeutaneous fat in the région. 

• The deep fascia and the iliotibial band are incised at 
the lower end of the wound and then the muscle fibers 
split proximally using a pair of scissors. A Charnley 
retractor is now placed retracting the eut edges of the 
Iliotibial band. 

• The trochanteric bursa is then incised in the same line 
using a sharp knife. The short external rota tors now 
exposed, the sciatic nerve is felt for medially and one 
is careful to not damage it in the subséquent steps. 

• Retracting the gluteus médius proximally exposes the 
piriformis tendon. The tendons of piriformis and 
obturator internus are then retracted from the capsule 
and held using nonabsorbable sutures. These are then 
detached from their insertion close to the fossa and 
reflected medially. The quadratus femoris is also 
released, 5 mm away from the insertion, depending 
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on the extent of exposure required. The insertion of 
the gluteus maximus on the fémur may also be incised 
to facilitate better exposure. 

• The capsule is now incised in an L-shaped fashion. 
The superior limb runs parallel to the gluteus 
minimus. 

• The head is dislocated posteriorly with the knee flexed 
90° by internally rotating. The fémur at the hip such 
that the foot is directed anteriorly. Any adhesion 
around the head and neck is released 

• The acetabulum is exposed using Hohman's and pin 
retractors around the acetabulum by displacing the 
head anteriorly. 

The surgical steps of SRA (ASR™) broadly include: 7 

1. Fémoral sizing/gauging. 

2. Acetabular sizing and reaming to the desired size. 

3. Trial cup sizing. 

4. Acetabular implant impaction. 

5. Fémoral positioning. 

6. Initial reference pin insertion, checking for the 
correct placement of central pin in terms of notching, 
and varus/excessive valgus. 

7. Pin reaming, check for notching again. 

8. Insert reamer guide pin. 

9. Chamfer reaming (optional). 

10. 2 in 1 profile reaming. 

11. Place trial shell, check for notching and mark the 
level of implant seating. 

12. Seat definitive fémoral shell using bone cernent. 



Figs 5A and B: Fémoral head dislocated posteriorly the neck 
is being sized using a guage (A). Appropriate sized acetabular 
cup being seated after préparation of the bed (B) (For color 
version see Plate 57) 


Fémoral Pin Insertion 


Fémoral Sizing/Gauging (Fig. 5A) 

Once the fémoral head is dislocated out posteriorly the 
largest fémoral neck diameter is assessed using the 
fémoral gauge (keeping the templating figures in mind). 
The largest neck diameter is usually the superior-inferior 
dimension (the maximal actual neck diameter). The size 
chosen should be a shade larger (the effective neck 
diameter). The gauge should not only be kept across the 
widest diameter but should also run freely around the 
neck. 

Acetabular Préparation (Fig. 5B) 

The acetabulum is exposed, is cleared of ail the soft tissue 
and then reamed progressively with the acetabular 
reamers. The final reaming is 1 mm less than the 
acetabular size decided. The trial implant is seated. If the 
cup-fitting is loose then the implant needs to be 
adequately upsized along with the fémoral component. 
The appropriate size definitive cup is seated using 
alignment rod. Joint relocated the réduction and stability 
is confirmed 


The head dislocated posteriorly, two axes are marked on 
the superior and the posterior aspect of fémoral neck. A 
diathermy or a surgical marker may be used. These lines 
are extrapolated superiorly to cross on the fémoral head. 
The arthritic head being deformed, because of secondary 
remodeling may hâve some degree of eccentricity relative 
to the neck. Thus the lines may not cross in center of the 
top of the head. This intersection is used as a guide to 
place the guide-pin in about 5 to 10° valgus to the neck 
(Fig. 6A). The tripod alignment guide, in neutral position 
both for angulation and translation, is then threaded on 
the guide- pin. The laser-marked limb is placed on the 
superior aspect, the plane of maximal dimension of the 
neck; the other two limbs are anchored in position with 
two pins. A color-coded fémoral gauge block of 
appropriate size is attached to a reference arm and then 
threaded over the barrel-guide of the tripod. The Stylus 
of the reference arm is run ail around the neck to ascertain 
correct placement of the pin (Fig. 6B). In case of any 
correction if required the reference pin is readjusted in 
the correct alignment without removing the tripod by 
translating or toggling its guiding barrel in the desired 
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direction and angle. The angulation and translation locks 
can be opened and retightened as desired. In the neutral 
position the reference Stylus is aligned to the line marked 
on the fémoral neck. Whereas with 10° valgus position 
the reference arm is approximately parallel to the calcar. 
The pin is introduced into the head to gain secure 
purchase. Once satisfactory position is achieved the 
tripod is removed. 

Fémoral Reaming 

Fémoral reaming is performed using a sériés of 
cannulated reamers, which are size spécifie. These 
reamers are pin reamer, chamfer reamer and 2 in 1 profile 
reamer and used in that order (Fig. 7A). The pin reaming 
should be the chosen on the basis of the extent required 
as measured on the template. In case of no bony loss the 
pin reamer should be seated to the third mark 6 mm mark 
at collar). The reference arm Stylus is reloaded on the pin 
reamer to ascertain the extent of final seating position 
and to recheck the clearance around the neck. The pin 



Figs 6A and B: Lines drawn in the middle of the neck in two 
planes are extrapolated to meet on the top of the fémoral head. 
This is the point of insertion of the guide pin (A). The tipod 
locator with reference arm Stylus is then introduced over it to 
check the concentricity (B) (For color version see Plate 57) 


reamer is then exchanged with the reamer guide pin. The 
fémoral head is then prepared with chamfer/profile 
reamer of the same size by threading over the reamer 
guide pin. Once the head is prepared trial cup is seated 
and trial réduction done. Ail being well, multiple drill 
holes are made on the top of the fémoral head, a vent 
hole is made at the lesser trochanter. The definitive cup 
is seated using low viscosity bone-cement (Fig. 7B). 

Cementing Technique 

Cementing technique is most important déterminant of 
cernent pénétration. Manual cementing technique gives 
adéquate cernent pénétration. Cernent should not be 
added into the shell, it leads to incomplète seating of the 
fémoral component and over-penetration of bone-cement 
that may resuit in bone necrosis and subséquent failure. 
According to Bitsch et al cernent viscosity has minor 
influence on the final cementing achieved. However, they 
still suggest use of low viscosity cernent as it extrudes 
out easily without causing excessive pénétration into the 
bony trabeculae and the cernent mantle formed is not 



Figs 7A and B: Fémoral head prepared using cylindrical I (2 in 
1 profile) reamer (A). Cemented fémoral component being 
seated after the préparation of fémoral head (B) (For color 
version see Plate 58) 
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too thick, there by averting the complications of proud 
fémoral implant fixation, like incomplète seating and 
fracture neck of fémur. In patients with smaller sized 
fémoral component, use of multiple drill holes on the 
chamfered part of the head and neck is recommended. 
They also recommend fixation of the stem, with cernent, 
besides the shell. Ail this to increases the fixation area of 
the implant on the bone. Pulsatile lavage before 
cementing is recommended, and the stem hole should 
be thoroughly sucked clean with suction tip of adéquate 
size. 7 


Postoperative Management 

Immédiate Postoperative Care 

The patient after the surgery is shifted to the recovery in 
supine position with the operated limb abducted. The 
patient is permitted some degrees of flexion at the hip. 
He/ she may also be permitted to lie in the latéral position 
on the other side with the abduction pillow between the 
knees. The patient is encouraged ankle and toe 
mobilization in bed. A continuons monitoring of puise, 
BP, respiration and cardiac activity is done. The patient 


STEPS OF HIP SURFACE REPLACEMENT 

• Templating of the Hip radiographs in both AP and latéral position. Assess for the right size of both the 
fémoral and acetabular component. The smallest fémoral component without notching the neck with 
acetabulum that is not loose. 

i 

• Patient in latéral position with the opérative side up, part cleaned and draped with the limb free. 

• Hip joint exposed using the posterior approach. Attempt preserving the Obturator externus muscle with 
médial circumflex artery. Hip dislocated posteriorly. 

• Fémoral head and neck sizing done (Choose the smallest comfortable size of fémoral sizer without notching 
the neck). Do not y et ream the fémoral side. 

i 

• Ream the acetabulum 1 mm smaller to the determined size. 

i 

o If, trial cup loose upsize the acetabular components and the fémoral component accordingly. 
o If the trial cup fits well, fix the definitive cup in proper orientation 15° to 20° of antéversion and 45° of 
abduction 

• Now préparé the fémoral head and neck to the matching size. The target angle for the fémoral component 
stem is 140° with the fémoral shaft. No notching of the neck cortices while cylindrical reaming with the 2 
in 1 profile reamer. 

• Place trial fémoral shell and check for the réduction 

i 

• The bone bed is prepared by removing ail the cysts and soft tissue and bone grafting (if required). Multiple 
drill holes made on the dôme and chamfered région. Pulse-lavage is followed by the placement of a suction 
cannula into the head to suction out the marrow 

i 

• Seat definitive fémoral implant using proper cementing technique and vent on the lesser trochanter to 
minimize intra-osseous pressure. 

• Relocate the joint and check for stability. Repair the capsule and the external rota tors and the iliotibial 
band with the Gluteus maximus. The wound is closed. 

• The patient is made supine and shifted with an abduction pillow between the legs. 
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is also monitored for urine output, soakage and drain 
output. Continuons analgésies are started for the pain 
management. This may be done using an épidural 
infusion of analgésie solution or through intravenous 
analgésies, PCA, i.e. Patient controlled analgesia. The 
dosage of infusion is adjusted according to the pain 
response, which is evaluated on a scale of 1 to 10 using 
the visual analogue scale (VAS) card. The patient needs 
to be monitored for any progressive weakness or 
numbness of the limbs. PCA involves an infusion pump 
with narcotics controlled strictly by the patient. The pain 
control modalities are usually continued for 48 to 72 hours 
when the patient is put on suitable oral analgésies. 
Intravenous antibiotics are started to cover both Gram 
négative and positive organisms. The patient may usually 
require parentéral antacids (proton pump inhibitors) and 
pro-kinetic agents in the immédiate postoperative period. 
Thromboprophylaxis involves subeutaneous LMWH, 
started 12 hours after the surgery in order to avoid 
excessive bleeding both at the operative and épidural 
sites. Blood transfusion is decided depending upon the 
drainage and soakage (if any). An average patient drains 
about 250 to 300 ml of blood following surface 
replacement. Transfusion of about two units is usually 
required in the first 24 hours. 

Hb% and PCV are done the subséquent morning and 
more blood is arranged if required The other blood tests 
carried out on the first postoperative day are for sérum 
electrolytes, blood urea and créatinine. The suction drain 
is removed on the first postoperative day. In case the 
collection in the drain is more than 300 ml it may be 
retained for 48 hours. The wound is inspected and the 
dressing changed in case of significant soakage. The 
patient is shifted to the ward on postoperative day one. 
In bed physiotherapy is started on the first postoperative 
day. This entails static exercises for the glutei and the 
quadriceps. The patient is made to sit up in the bed and 
also with the legs hanging by the side of the bed. Besides 
this the patient is taught to perform ankle pumps and 
chest exercises (Incentive Spirometry). The patient is 
strictly advised to continue the abduction pillow and to 
not lie on the operated side for six weeks. 

On the second or the third postoperative day, 
depending on the patient's comfort level, the patient is 
made to stand up and walk with walker, toe-touch on 
the operative side. Partial weight bearing is permitted in 
patients with very secure macro fixation of the 
components.. The patient is permitted to visit the toilet 
by postoperative day four or five, however the patient 
uses a high western commode. This has to continue for 
three months. Oral antibiotics may be started after 72 
hours of injectables. The patient is discharged from the 
hospital on postoperative day five. After bilateral surface 


replacement the patient goes home on postoperative day 
eight. At home the oral antibiotics are continued for 
postoperative day seven .The analgésies are weaned of 
depending on the patient's requirement. Patient 
continues supervised physiotherapy and ambulation at 
home following the same regimen, for six weeks. The 
patient follows up at two weeks for suture removal and 
then at six weeks for réévaluation and radiological 
assessment. At that time a graduated increase in weight 
bearing is permitted. Before the end of three months the 
patient is off the walker and walks with the support of a 
stick. At the end of three months the X-rays are repeated 
and ail being well the patient is permitted to résumé 
activities of daily living including squatting, sitting cross- 
legged on the ground and stair climbing. 

Surface Replacement Arthroplasty: 

Complications and Problems Associated 

The problems/complications encountered with surface 
replacement may be 

1. Problems associated with hip replacement of any type, 
viz. dislocation, infection, thromboembolie disease, 
aseptie loosening, neurovascular injuries, heteroto- 
phic ossification. 

2. Problems spécifie to surface replacement arthroplasty. 
These are: 

• Fémoral neck fractures 

• Avascular necrosis 

• Métal reaction and raised métal ions in blood. 

Fémoral Neck Fractures 

An incidence of 0.86 to 1.46% of fémoral neck fracture 
has been reported with hip resurfacing surgery with 
male-female distribution of 1:2. This may be due to higher 
incidence of osteoporosis amongst female. The mean time 
to fracture was 15.4 weeks (range: 0 to 56 weeks). 21 The 
surgical factors responsible include: 

1. Notching of the superior cortex of the fémoral neck 
(especially due to excessive valgus placement of the 
implant). 

2. Varus placement of the fémoral implant. 

According to Amstutz et al (2004) in a sériés of 600 

MMSA the component-neck junction was the commonest 
site of fémoral neck fracture, these occurred in the first 
six months. Though ail of these had super added trauma 
there was definite technical/structural risk factor 
predisposing it, 22 viz: 

• Noncoverage of the reamed part of the fémoral head 
with the implant. This area behaves as a circum- 
ferential stress-riser. They suggested removing extra 
bone from the dôme to achieve complété coverage. 
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• Notching of the fémoral neck while using cylindrical 
reamer. It was suggested to stop reaming before the 
reamer touched the latéral cortex of the neck of fémur. 

• Anterior osteophytes removal lead to stress-riser. It 
is recommended only if impingement occurred when 
the hip was flexed to 90° and internally rotated. They 
recommended removal of minimum bone anteriorly, 
they instead suggested reorientation of the component 
in slight rétroversion with some anterior translation 
to avoid damage to the osteophytes. 

• Use of high viscosity bone-cement led to a thick 
cernent mantle leading to proud implant (higher 
incidence of fracture neck) and/or excessive 
pénétration of the cernent into the trabecular bone 
increasing the likelihood of osteonecrosis. 

• A large cyst in the inferior aspect of the neck may 
lead to fracture. 

A varus placement of the neck puts a lot of stress on 
the latéral aspect of the neck and thus making it prone to 
fracture. Literature suggests that a period of protected 
weight bearing postoperatively may reduce such 
occurrences particularly so in case of fémoral neck 
notching. It is important to realize that the patient is 
informed and has also given consent for total hip 
replacement at the time of préparative planning for 
surface replacement arthroplasty. Certain problems 
encountered at surgery such as improper alignment, 
notching, or large geode, the surgeon should hâve the 
liberty to opt for conventional hip arthroplasty with more 
predictable fixation and resuit. 

Avascular Necrosis of the Fémoral Head 

Freeman believed that the arthritic hip undergoes 
changes in the vascular supply of the fémoral head, the 
blood supply being predominantly intra-osseous. 23 A low 
incidence of avascular necrosis has been reported in the 
literature. Retrie val analysis done on post-resurf acing 
fémoral head revealed no evidence of avascular necrosis. 
The posterior surgical approach poses a risk to ascending 
branch of the médial fémoral circumflex artery. A direct 
latéral approach minimizes this risk. Amstutz et al (2004) 
reported one incidence of osteonecrosis following surface 
replacement probably a conséquence of excessive cernent 
pénétration. 21 The idéal cement-penetration depth 
suggested is 1 to 2 mm. 7 

Métal Ion Levels 

Metal-on-metal (MOM) bearings hâve been used for hip 
surgery for over 40 years with no known adverse long- 
term effects. Their wear produces higher sérum cobalt 
and chromium levels compared to métal on polyethylene 
articulation 21 In a normal healthy adult without 


environmental exposure the levels are effectively zéro. 
In a patient with métal on polyethylene bearings the 
sérum levels of these ions are generally less than 1 part 
per billion (ppb). In a metal-on-metal articulation the 
levels are between 1 and 5 ppb. However no clinical 
symptom has been attributed to it. There is no cause and 
effect relationship between the metal-on-metal implants 
that were first seated in 1960s and cancer. Sporadic cases 
of hypersensitivity hâve been reported. 21 In an article 
Schmalzried has quoted a report stating that the risk of 
death within 90 days of a révision total hip arthroplasty 
is 2.6%. Thus if metal-on-metal bearing prolongs the life 
of the prosthetic joint and delays révision surgery with 
its magnitude of risks and complications then it is 
worthwhile to consider métal on métal arthroplasty with 
its risk of trace ions with no reported case of direct 
causation of any complication. 

Aseptie Loosening ofthe Components (Fémoral) 

Amstutz et al (2004) reported aseptie loosening in 1.5% 
fémoral components. 21 The predisposing factors 
identified were large fémoral head cysts, patient height, 
female gender, and smaller component size in male 
patients. They recommended cementing the fémoral stem 
besides the shell and additional drill-holes in the prepared 
head to increase the fixation area. The hip s that failed 
had a varus stem-shaft angle (average 128.3°) compared 
to the rest of the patients (average 136.2°) The meta- 
physeal stem lucency was on an average seen at 20 
months; the time to first symptom was on an average 27 
months and the average time for révision to total hip 
replacement was thirty-five months. 

Amstuz et al reported 0.75% incidence of dislocation 
(Fig. 8). 21 One patient with dysplastic hip with multiple 



Fig. 8 : Dislocation a rare complication following surface 
replacement may occur due to incorrect orientation of the 
component 
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épisodes of fémoral osteotomy had récurrent dislocation 
and had to be converted to a total hip replacement. One 
patient had protrusio of the acetabular component in the 
immédiate postoperative period. 

Amstutz reported one incidence of joint infection. 
Other reasons described for repeat surgery are: 

• Cup exchange because of component mismatch 

• Removal of heterotropic ossification mass 

• Wire removal in trochanteric bursitis. 

A relatively high incidence of hétérotopie ossification 
has been reported (7% in the general group and 10% 
amongst the male patients). 21 It may be due to additional 
stretching of the muscles at the time of surgical exposure. 
Indomethacin prophylaxis of four days has been 
recommended for unilatéral surface replacement. Use of 
preoperative dose of 700 rads of radiation is recom¬ 
mended for bilateral surface replacement in the western 
literature. 

CONCLUSION 

Total hip replacement has 90% success at 10 years in 
elderly and late middle-aged patients. In patient 55 years 
and younger the figures are not that encouraging. Thus 
a need for an alternative System was always felt. THR 
implants share the following undesirable features 

• Proximal fémoral bone loss, as the load is transferred 
inside out through the stem to the cortices distally 

• Osteolysis due to pénétration of débris from the 
bearing surfaces. 

• A higher chance of dislocation because of small 
articulation size. 

• Thigh pain in a small percentage of patients due to 
fémoral stem tip impinging the cortex. 

The surface replacement design, on the contrary, 
maintains existing bone stock and may actually restore 
some of the lost bone minerai density of the proximal 
fémur. The metal-on-metal articulation has, 
comparatively, low wear rate, by one order of magnitude. 
Less débris means less further wear including the third 
body wear and a far less incidence of débris induced 
osteolysis. This translates into longevity of joint 
replacement. The head and socket size being comparable 
to the original anatomy make the joint stable and hip 
dislocation is almost unknown if the surgery is done 
technically correct. A large head size also entails a larger 
range of motion. The magnitude of invasion into the 
anatomy is less at the time of surface replacement. This 
leads to less postoperative morbidity and pain; easier and 
faster recovery and reduced care. This probably would 
also mean lesser incidence of DVT and embolism in 
experienced hands. The associated blood loss and its 
requirement is also minimized in experienced hands. 


Since bone resection is minimal the chances of 
postoperative limb-length inequality is less. The patient 
being planned up for surface replacement is anyway not 
anticipated to hâve significant limb-length variation. 

The newer génération of MMSA permits higher 
activity level as desired and demanded by the younger 
patients. This though very technically would mean 
reduced life span of the implant compared to a situation 
where these hâve been put to a conservative load. The 
métal on métal surfaces partly offset this. 

Since the surface replacement is a conservative 
surgery with minimal bony shaving and excision, the 
révision surgery required later will be akin to primary 
total hip replacement of today also the bone-quality at 
révision is expected to be good. 

It is a conservative hip arthroplasty with following 
salient features 

• Bone stock preserving surgery 

• Optimization of stress transfer to the bone, 
encouraging proximal fémoral mineralization 

• Enhanced inhérent stability due to large head size. 

• Optimal range of movement again due to large 
diameter of articulation 

• Longer life; due to its métal on métal bearing surfaces 
having low wear rate. 

• Patient can pursue active life style, no restrictions, 
whatsoever (can squat or sit cross-legged on the 
ground) 

• Révision is easier and is essentially a conventional hip 
replacement. 
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377.4 Révision Total Hip Surgery 

P Suryanarayan 


Results of hip arthroplasty with the présent designs and 
materials hâve progressively given better results. Many 
long-terms follow up studies report a success rate of 
greater than 90% at a minimum follow up of 10 years. 1 
Révision surgeries, however, are an inévitable squeal in 
the natural history of the life of a prosthetic joint. Over 
50,000 révisions were performed in the United States in 
the year 2001. 2 Aseptie loosening secondary to wear of 
the polyethylene is the most common mode of failure 
after the first decade. Most published reports show an 
increased incidence of loosening of the cemented sockets 
after the lOth year. 3 Results of cemented replacements 
hâve improved considerably with the modem cementing 
techniques. Published reports show a direct corrélation 
of between the quality of the cementation and the long- 
term survival of the prosthesis. The success rates with 
the uncemented devices hâve also been upward of 95%. 4 
Use of the non cemented devices on the other hand has 
brought forth the additional problem of the increased 
incidence of osteolytic lésions which again is due to the 
polyethylene wear particles. As the fixation issues are 
getting resolved both with cemented and uncemented 
devices the concern of wear and the conséquent increase 


in révisions is still an unsolved issue. Use of hard bearings 
like métal on métal or ceramics, with their low wear rate 
may be a way forward. 

Incidence of révision in young individuals is higher. 
This is attributed to higher activity levels and conse- 
quently greater degree of wear. More than just the 
chronological âge it is the extent of physical activity that 
détermines the rate of wear and failure. 

Unlike the index surgery révisions pose greater 
surgical challenge. The problems encountered in early 
and late révisions are vastly different. Early révisions are 
mainly due to technical failures and the prédominant 
problems being that of infection, component malposition, 
dislocations etc. These are essentially due to sub optimal 
techniques and understanding and are avoidable. Most 
of the bone loss encountered is due to the fretting of the 
loose components. Late aseptie loosening on the other 
hand leads to considérable bone loss due to the particulate 
reaction. Anchorage of the révision components in the 
déficient bone situation and restitution of the bony 
deficiencies becomes an important element of the 
treatment plan. 
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EVALUATION OF A PAINFUL HIP 

It is worthwhile to note that loosening is not always 
associated with pain. New pain in an otherwise painless 
joint should arouse the possibility of loosening. Pain of 
loosening is aggravated by weight bearing, rotatory 
movements, extreme abduction etc. Loose fémoral 
components are often more painful than loose acetabular 
components. In one published study with 15-year follow 
up, 52% of the acetabular components were loose with 
ail radiologie signs. However only 10% reported pain, 
and were symptomatic to warrant révision. 

Characteristics of pain arising due to failure of the 
socket or the stem are distinct. Dull aching pain over the 
thigh, limp and shortening point to a fémoral failure. 
Inability to walk immediately on getting up and pain on 
turning over the gluteal area is pathognomonic of 
acetabular loosening. Impingement of the neck over the 
cup margin induces pain in the groin area. This points to 
improper version of the cup and component malposition. 
If this is significant this may lead to dislocation or 
récurrent subluxation. Typically patients complain of a 
click on spécifie activity like getting up from a chair. 

Pain that has been présent since surgery and has not 
resolved at ail should arouse the suspicion of infection. 
Commonly they also complain of night pain and an 
uneasy feeling at ail times. Suspicion of infection should 
be higher in immuno-compromised individuals. 
Fulminant symptoms like fever, induration, gross 
erythema etc. are not seen in the low-grade sepsis that 
has been localized to the periprosthetic environment. 

Besides these, assessment of the degree of bone loss, 
the abductor muscle strength, functional status of the 
patients, etc. form an important part in the decision 
making process. Deficiency of the abductor strength 
resulting in a lurch on walking by itself could be painful. 
Understanding the cause and the mechanism of failure 
enables a better planning of the révision. 

Pathologie Processes in Failed Hips and its 
Evaluation 

Morphologie changes occurring in the periprosthetic 
areas is caused by: 

1. Particle induced osteolysis leading to focal/diffuse 
bone loss 

2. Secondary bone loss due to the abnormal inter planar 
movement of the loose components within the bone 
envelope. In addition there is also the involutional 
bone loss with âge and disuse. By the time pain 
supervenes, the radiological changes are quite 
pronounced. Hence the radiological appearances give 
us far more valuable information in understanding 


the cause, the extent of bone loss and some insight 
into the adaptive mechanical changes in the 
periprosthetic area. It is also necessary to distinguish 
the osteolysis from stress shielding which could also 
be présent to a variable degree depending upon the 
implant type, fixation and the type of failure. Early 
détection of an impending failure is possible only if 
there is a foliow-up performed at regular intervals. It 
is vital to realize that the results of révision surgery 
are adversely affected when performed late in the 
presence of considérable bone loss, and also the 
complexity, morbidity and the financial stress increase 
drastically. 

ASEPTIC LOOSENING IN CEMENTED THA 

1. Micromotion at the cernent bone interphase leads to 
formation of a biofilm. Tissue mediators released by 
this membrane (cytokines, TNF alpha) lead to 
osteoclast stimulation leading to bone résorption 

(Fig- 1)- 

a. Ingress of the wear particles into these defects 
triggers osteolysis. This leads to focal bone loss and 
loss of the micro interlocking achieved at the time 
of primary surgery. In the cortical bone, this is slow 
and is usually seen as focal osteolysis. Further 
distal migration of the particles is also facilitated 
by the pump action of the hip movements which 
lead to increase in the intra-articular pressure that 
push the particle laden joint fluid into the spaces 
at the cernent—bone interphase. 

2. Cernent with the prosthesis is thus dissociated from 
the host bone and this is seen as radiolucent lines. 
There is also thinning of the supporting cortex due to 
particle reaction and fretting of the loose implant. 

3. If the radiolucency involves a significant circum- 
ference of the cortex, there is eventual loosening with 
migration of the component. The direction of 
migration is determined by the hip forces. The initial 
micromotion at this stage is amplified leading to 
abnormal component movements, loss of fixation and 
alignment. 

4. The mechanics of the hip are considerably altered at 
this stage. The quanta of bone loss, stress deformation, 
risk of péri prosthetic fractures, instability, loss of 
component alignment with résultant dislocation are 
the concerns. 

Radiographie Evaluation 

1. A standard complété radiographie évaluation 
includes: 

a. A-P view of the pelvis centered on the pubis 
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Area of 



b. A-P view of the affected hip 

c. Lowenstein latéral view 

d. Shoot through latéral view 

e. The obturator oblique and the iliac oblique views 
(for evaluating the integrity of the columns of the 
acetabulum). 

It is important that the X-rays are standardized with 
regard to exposure, magnification and the centering, so 
that it is easy to compare with the serial films. This is 
very useful in identifying the subtle changes as well as 
definitive radiological signs of loosening. 

ACETABULUM 

The supra acetabular dôme is cancellous and is much 
more vulnérable to the effects of osteolytic process. The 
loose prosthesis tends to migrate in the superior médial 
direction (along the direction of the hip forces). If there is 
a change or tilt in the orientation of the loose socket, it 
tends to erode the columns leading to further thinning 
of the residual structural support. 

Assessment 

1. Changes in implant position 

2. Bone—cernent interphase 

3. Implant—cernent interphase. 

EVIDENCE OF LOOSENING 

1. Definite loosening: Implant migration, cernent fracture 

2. Probable loosening: Circumferential radiolucency > 2 
mm. If the lucent lines are continuous, almost certainly 
they are loose. However non progressive radiolucent 
lines as seen on serial radiographs are not pathogno- 
monic of loosening. 

The socket is divided into three zones (Charnley and 
DeLee). 


Radiolucency in ail the 3 zones - 94% are loose 
Radiolucency in zone 1 and 2 - 71% are loose 

Radiolucency seen only in zone 3 - 7% are loose 

(Hodgkinson et al). 
Further migration of the loose component leads to 
quantum bone loss. 

The amount of proximal and médial migration is 
assessed with reference to fixed landmarks. 

Kohler's line—médial migration 
Inter teardrop line—superior migration. 

Depending on the direction of the migration, there is 
loss of bone mass either in the cancellous bone in the 
supra acetabular area or the bone over the columns. 
Extent of the loss of bone in the columns détermines how 
well the révision component is supported that will 
détermine the type of révision options. The newer CT 
scans with thin slices are useful in defining the bone 
defects more precisely. 

1. Ischial lysis: Posterio-inferior wall and column 
destruction 

2. Tear drop: Anterior deficiency 

3. Kohler's line: Médial deficiency. 

CATEGORIZING THE BONE 
LOSS-CLASSIFICATION (Fig. 2) 

Though a variety of classification Systems hâve been 
described, the AAOS classification is widely used. 5,6 It is 
easy to remember and reproduce. This classification 
defines the pattern of the loss, which is very useful to 
plan the treatment strategy. However its deficiency is that 
it does not quantify the extent of bone loss. 

1. Segmentai: Loss involves one of the three major 
segments (supra acetabular cône of bone, anterior 
column, posterior lip and column). Careful 
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Fig. 2: AAOS classification of acetabulae bone loss 


quantification and mapping of the deficiency is 
crucial, so that the revised cup is stable. Significant 
defects need reconstruction with grafts, substitutes or 
augments. 

2. Cavitory: This dénotés a concentric expansion of the 
socket. The supporting columns are still good. 

3. Combined segmentai and cavitory: These are more severe 
defects. 

4. Pelvic disruptive: There is total dissociation of the 
columns from the superior segment. These require 
more extensive reconstructions and the results are 
guarded. 

5. Fused hips. 

Though the X-ray and CT scans help in defining the 
extent of the defect and the bone loss it is a common 
observation that the actual defect is often seen to be far 
more at surgery than the initial assessment. This needs 
to be considered during the planning. 


AAOS classification of acetabular bone loss in 
révision arthroplasty 

Type 1 

Segmentai loss 

Type 2 

Cavitary loss 

Type 3 

Combined segmentai and cavitary defects 

Type 4 

Pelvic discontinuity 

Type 5 

Hip fusion 


FEMUR 

Except in the proximal 3rd the fémoral structure is mainly 
cortical. It is also the upper metaphyseal cortico 
cancellous area that is first exposed to the débris particles. 
The initial changes hence are seen in these areas first. 
The secondary changes seen subsequently is due to a close 
interplay of both the particulate reaction (biologie 
response) and the mechanical changes induced by the 
loose stem on the fémoral bone tube. 

The loose component is subject to both axial and 
torsional deforming forces. Like in the acetabulum, 
radiolucency is a sign of impending loosening. Fémoral 
lucency could be seen in either the cement-implant 
interphase or the cernent- bone interphase. 

CEMENT—IMPLANT INTERPHASE 

If this radiolucency is seen in the immédiate postoperative 
films, it is due to a poor surgical technique of cementation. 
If subséquent X-rays do not show any progression and is 
stable, it is not a matter of concern. If it is progressive, 
then it indicates debonding of the prosthesis. Often this 
is seen in the superolateral area. Initial subsidence of the 
fémoral component within the cernent mantle especially 
with the tapered stems also show a small radiolucency 
in the superolateral area. What is more important and 
significant would be is whether it is progressive. 

BONE—CEMENT INTERPHASE 

Most symptomatic loosening will occur in this space. The 
biologie response to the wear particles leads to the forma¬ 
tion of the membrane in the bone-cement interphase. 
There is also progressive érosion of the endosteal cortex. 



Fig. 3: Loosening of bone-cement interphase 
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This coupled with further micromotion of the prosthesis 
leads to widening of the potential joint space ( the effective 
joint space). This then facilitâtes the distal migration of 
the wear débris further propagating the interphase 
loosening. 

The subséquent dynamics of the loose stem is dictated 
by the hip joint forces (Fig. 3). The vertical forces lead to 
subsidence of the component. This may also lead to 
fracture of the cernent mantle especially in areas where 
it is inadéquate in thickness. There is also a varus thrust 
imposed on the stem leading to a varus tilt. Conséquences 
of this are érosion of the médial calcar area and 
impingement of the tip of the stem on the latéral cortex. 
Since these processes occur gradually one could also see 
some appositional new bone over the areas of high stress. 
This may be seen as 

1. A pedestal at the tip of the prosthesis 

2. Focal areas of thickening 

3. Graduai deformation of the proximal fémur into varus 
(a stress response). 

The fémur has been divided into seven zones 
(RADIOGRAPHIC ZONES OF GRUEN) for a systematic 
évaluation of the changes in the fémur. This method is 
almost uniformly used to categorize the fémoral changes. 
Both the A-P view and the latéral views of the fémur are 
used for this purpose. Radioluscent zones >2 mm wide 
dénoté loosening. It is the progressive changes that are 
seen in serial radiographs that are more important. 

DEFINITE SIGNS OF LOOSENING 

• Subsidence of implant 

• Tilt 

• Rotational changes. 

HIGH INDEX OF SUSPICION 

• Cernent fracture 

• Progressive lines 

• Endosteal ballooning. 

CLASSIFICATION OF FEMORAL BONE LOSS 

Mallory classification of Fémoral bone loss in révision 
arthroplasty 

Type 1 Cortical tube intact—cancellous bone présent 

Type 2 Cortical tube intact—cancellous bone absent 

Type 3a Cortical deficiency to the lesser trochanter 

Type 3b Cortical deficiency extending below the lesser trochanter 

Type 3c Cortical deficiency extending to and involving the isthmus 

A number of classifications hâve been described for 
the fémoral bone loss. The AAOS classification was 
designed to combine the preoperative and intra operative 


assessments. It is a bit cumbersome. The Chandler- 
Pennenberg System does provide a good description of 
the defects most commonly encountered and is more user 
friendly. 7 On the other hand the Paprosky System of 
grading and the Mallory-Head classification employ a 
detailed System with treatment recommendations based 
on the extent of bone loss. 8,9 This is hence very useful in 
planning the treatment strategies. 

EVALUATION OF LOOSENING 
IN UNCEMENTED HIPS 

Acetabulum 

Loose non cemented sockets on the other hand are not as 
dramatic in their appearance on X-rays (Fig. 4). The 
changes are very subtle. Further these may sometimes 
be obscured by poor radiology, rendering the diagnosis 
of a loose cup difficult. Diagnosing implant stability is 
further made difficult due to the additional fixations with 
screws and pegs. 

Features that suggest loosening are: 

1. Migration 

2. A hallow around the screws that suggest instability 
and oscillation of the screws. 

3. Démarcation lines along the margin 

4. Sclerosis along the margin of the cup and absence of 
any evidence of intégration. 

5. MRI in some instances may be useful 

FEMUR 

Détection and évaluation of a loose uncemented stem is 
more difficult than the cemented stem. Subsidence 
(migration) is one sure sign that indicates a loose stem. 
Most other findings are subtle and one needs to hâve a 
good knowledge of the bone response to the uncemented 
stems to appreciate if the subséquent changes are 
pathological. 

Initial stability of a non cemented device is by a press 
fit. Long-term stability is ensured by osteo-integration of 
the prosthetic surface. Most of the prosthesis are designed 
to transfer the load to the proximal fémur like the normal. 
Secondary adaptive changes to the proximal fémur and 
the shaft is dépendant on a number of variables like: 

1. Material 

2. Design 

3. Surface finish 

4. The appropriate coaptation of the surface with the 
endosteum. 

It is important to realize that some amount of 
micromotion at the bone prosthetic interphase is 
inévitable. Within the acceptable range it does not hinder 
the osteointegration. However if it is more, it is the fibrous 
tissue that forms instead. 
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Fig. 4: Loosening in non cemented 


Engh and co workers hâve described the major and 
minor signs to assess the fixation and stability of the fully 
coated stems (AML). 10 The behavior of the tapered 
titanium grit blasted stems on the other hand is quite 
different (CLS, ZWEYMULLER). 

Radiological signs of unstable fixation: 

1. Progressive migration 

2. Widening or nonparallel démarcation lines 

3. Absence of spot welds 

4. Pedestal formation (endosteal sclerosis at the tip of 
the prosthesis). 

5. Progressive bead shedding in the porous coated 
devices persisting beyond 2 years suggest instability. 

PLANNING THE SURGERY 
General Remarks 

Unlike the index surgery, révisions pose greater surgical 
challenge. 11 Anchorage of the révision components in the 
déficient bone situation and restitution of the bony 
deficiencies becomes an important element of the 
treatment plan. This requires a good understanding of 
the principles involved in the évaluation, rationale in the 
choice of implant and the possible treatment options and 
their results. 

Révision surgeries demand an extensive planning. 
Unlike the primary surgery, révisions should not be 
considered in setups without ail the required facilities. 
Outcome of révision surgeries is highly dépendant on 
the technical skills and familiarity with various treatment 
options. Often one needs to make a critical assessment of 
the residual good bone and plan the appropriate 
prosthesis. Some issues peculiar to the planning, 
préparation and execution of the révision surgeries 
deserve attention. 


1. Patient issues: Révision surgeries are prolonged. The 
blood loss at times could be considérable. The patients 
are elderly with associated medical problems. One 
should ensure availability of adéquate blood 
components. If feasible use of blood conservation 
measures like cell savers, hypotensive anaesthesia, 
hemodilution etc. are extremely useful to minimize 
heterologous transfusion. Good hypotensive 
anaesthesia reduces the bleeding by 60 to 70% and 
transfusion needs by 50%. 

2. Understanding the previous implants: Adéquate 
information and familiarity with the existing implant 
is needed to ensure comfortable removal and also 
organize for any spécial tools that may be needed for 
removal. It is not uncommon that some designs are 
obsolète by the time they corne for révision and getting 
the right tools may be difficult. 

3. Removal of cernent: Ensure a variety of instruments for 
atraumatic removal of the cernent from the fémoral 
canal. This sometimes could be a frustrating 
expérience. Removal of the well fixed cernent should 
follow well defined steps. There is always the danger 
of injuring the cortical bone. Long cutting osteotomes 
in varying shapes and sizes must be available. 

4. Evaluation ofthe bone defect: Bone deficiencies should 
be evaluated. This helps in planning 

a. Need for allogenous/autogenous bone 

b. Choice of prosthesis. 

5. Bone bank: It is a great boon to hâve a bone bank. Auto 
grafts, though idéal are often in short supply. Allograft 
is the only source for major reconstructions. These 
allografts could be used in two ways. 

a. Morsellized chips tofill cavities: The results here hâve 
been predictably good since they get vascularized 
better. Chips Morsellized to small pièces 
approximately 4 sq.mm in length incorporate 
better. 

b. Block structural graft: Though they hâve been an 
excellent option for major reconstructions, there 
hâve been some concerns with regard to their long- 
term behavior. This is due to the poor revalori- 
zation of the bulk graft leading to failure of 
incorporation of the components (up to 60% at 10 
year—Harris et al). 3 

6. Sélection of prosthesis and templating: On the 
antero®posterior film détermine the following: 

a. Leg length discrepancy. CT scannogram is a much 
more accurate method. 

b. Détermine the bone defects in the socket. This 
helps plan the type of acetabular reconstruction. 
Template the size of the cup. 
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c. Plan the fémoral stem such that it bypasses ail the 
bone defects and has a good fit in the cortex. Often 
one finds the quantum bone loss is far in excess of 
what was anticipated. One must hâve alternate 
prosthetic option should the first one be not 
possible. 

TREATMENT 
Surgical Exposure 

The standard exposures described and practiced can be 
used. It is important that one is familiar with the approach 
and the extensile options. Common problems en- 
countered are: 

a. There is considérable scarring especially if it has been 
operated many times. There is a thick pseudo capsule. 
The normal anatomical planes may be obliterated. 

b. The thin cortex is constantly under the danger of 
fracture. 

c. The margin of the cup may be obscured due to médial 
migration and peripheral osteophyte formation. This 
leads to difficulty in dislocation. 

d. Further loss of bone is a constant concern and one 
should ensure wide exposure. 

e. The abductor muscle mass should be protected from 
further injury. Damage leads to considérable 
functional morbidity. 

Difficult révision situations often require the following 
extensile options. 

Trochanteric Osteotomy 

Though it is seldom used today in the primary situation 
, it offers an excellent exposure of the Socket. Exposure to 
the canal of the fémur for cernent removal and dislocation 
are also facilitated. 

The disadvantages are: 

• Difficulty in reattachment 

• Non union and lurch while walking 

The main indications are protrusio of the loose cup 
and difficult dislocation. 

Extended Trochanteric Osteotomy 

This is a modification of the trochanteric osteotomy. A 
long segment of the trochanter together with the proximal 
latéral fémoral cortex is reflected anteriorly. The gluteus 
médius and the vastus lateralis are in continuity with the 
fragment. This thus préserves the viability of the bone 
and also the integrity of the abductor mass. 

Advantages 

• Stem removal simplified 

• Time efficient technique 

• Thorough cleaning of canal possible 


Disadvantage 

• Need for a long révision stem to bypass the distal 
extent of osteotomy. Only diaphyseal anchorage. 

• Proximal fixation not possible. 

Acetabular Reconstruction 

Surgical goals 

• Stable primary fixation 

• Restore the center of rotation 

• Reconstruct the acetabular defects. 

Techniques that enable reconstruction of the lost bone 
are always appealing. No prosthetic construct, today can 
be considered permanent and thus by restoring the lost 
bone, one is laying the foundation for the possible future 
révision. This is especially true in younger individuals 
undergoing révision. 

SURGICAL OPTIONS IN ACETABULAR 
RECONSTRUCTION 

For establishing a treatment approach the clinical 
situations may be categorized to 

1. Contained (stable) situations, e.g. cavitory defects 

2. Uncontained (unstable) situations, e.g. segmentai, 
combined defects. The damage to the columns is 
considérable and the residual columns may be 
insufficient to support the new components and will 
need augmented reconstructions. 

CONTAINED SITUATIONS 
Uncemented Pressfit Devices 

Hemispherical Press fit devices with various surface 
treatments that enable bone ingrowth hâve given the best 
results. The survival of these reconstructions with end 
point as révision for aseptie loosening exceeds 93% in 
minimum 10 to 15 year follow-ups. 11 

The prerequisites are: 

1. Intact supporting columns 

2. Adéquate host bone contact—minimum 70% 

It is the fit between the columns (antero-posterior) that 
détermines the stability. 

If the surface contact is between 50 to 70%, it is 
categorized as being partially supportive. Though not the 
idéal situation press fit cups may still be used in this 
situation if the deficiency is not predominantly in the vital 
areas, like in some segmentai defects. 

Surface contact less than 50% is inadéquate and will 
require other options. 
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Uncontained Defects 

1. Bulk allograft reconstruction with press fit cups. 

2. Bulk allografts (fémoral head, distal fémur, 
acetabulum): 

a. Should be adequately protected. 

b. Using auto grafts at the margins is recommended. 

c. Should be big enough to avoid late revasculari- 
zation and collapse. 

d. Bulk grafts protected by support rings and cages 
hâve performed better 

e. It is also useful to orient the graft along the stress 
lines while fixing. This also protects the grafts from 
collapse. 12 

Reconstruction Rings and Cages 

There are a variety of rings and cages used. Principally 
they are anchored and fixed solidly to the remaining 
cortical bone in the ileum, ischium or pubis . A 
polyethylene cup is then cemented into the ring or cage. 
Commonly used devices are Muller roof reinforcement 
ring, Burch Schneider cage, ring with hook, etc. 

Features 

a. Act as anti protrusio devices and act as a conduit for 
force transmission 

b. Transmit the body load to the columns. 

c. Protect the grafts behind them from over load 

d. The cage and hook devices help in restoring the hip 
rotation center. 

They are very useful in cases with: 

a. Médial wall defect (protrusio) 

b. Segmentai defects reconstructed with grafts 

c. Osteoporotic bones 

d. Reconstruction of superior latéral defects—restoration 
of the hip center is facilitated by the combined use of 
grafts and cages or ring with hook. 

Impaction Grafting 10 

The uncontained defect is converted to a contained one 
with mesh. Cancellous chips approximately 5 mm in 
diameter is then compacted densely. A cemented cup is 
then fixed. The idéal situation for this technique is the 
contained cavitory defects. Otherwise the uncontained 
defect should be made contained with the use of mesh. 
This technique has the great benefit that it helps in 
restoration of the bone mass. Also the procedure requires 
only the conventional implants, hence cost effective. 
Availability of a good volume of allogenous bone is a 
prerequisite. 


Important aspects: 

1. Resuit is very technique sensitive 

2. Graft chip size and préparation of the récipient bed 
seems to influence incorporation 

3. Solid compaction is crucial to success. 

Results 

The success rate with end point as révision over a 15 to 
20 year follow up for aseptie loosening is 84% (type 2 
and type 3 cases). 13 There are concerns however about 
the efficacy of this technique in more severe defects and 
one should also consider alternate options. 

FEMORAL REVISION 
Cemented Fémoral Révisions 

Early results with cemented fémoral révisions were 
dismal with high failure rates within 8 years. 14 New 
cernent delivery Systems, better understanding of the 
requirements hâve markedly improved the results. 
Success of the cemented stems dépends a great deal on 
the micro interlock of the cernent with the cancellous 
trabecular bone. This is true even in the révision 
situations. 

Important Requirements 

• Atraumatic cernent removal. Avoid making cortical 
perforations during removal. 

• Proper canal préparation. Remove ail the membrane 
and the new bone formed in the endosteal surface. 
This will expose the cancellous surface underneath 
that enables better cernent fixation. 

• Solid canal plugging distally, so that cernent 
pressurization is good. 

• Good préparation of the proximal fémur where one 
can find virgin cancellous surface. This gives sound 
proximal fixation. 

• Tapered cobalt chrome stems with broad médial 
surface and no sharp corners are the stem of choice. 

• Bypass ail cortical defects, by choosing the appropriate 
length. 

Impaction Grafting 15 

Principles are similar to the acetabular technique: 

1. Make the defect contained with the use of mesh 

2. Solid impaction of the bone chips. 

3. Proper cementation. 

Spécifie instruments and improvements in the 
technique hâve made the outcomes better. 
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With more extensive defects and in high demand 
younger individuals, it is préférable today to consider 
other options. 

Uncemented Fémoral Révisions 

Various types of designs are in use today which some 
times makes the choice confusing. The principles of 
achieving a sound fixation and restoring the bone stock 
if feasible, remains the same. Restoration of the bone is 
relevant in younger individuals, keeping the possibility 
of a re-revision in mind. 

The broad characteristics of the various designs and 
their indications are: 

1. Fixation: 

• Proximally fixing devices 

• Distally fixing devices 

Fixation of the révision component is primarily 
determined by the residual bone stock. It is also 
dépendant on upto what length down the fémur we 
hâve the bone loss and cavitation. Though there are a 
number of classification Systems (AAOS, Paprosky) 
the Mallory- head System seems simple and helps in 
rationalizing the treatment plan. 

2. Surface finish and coatings: Initial stability of the 
uncemented devices is dépendant on the pressfit. This 
is further augmented by the addition of fins, 
longitudinal ribs etc. long-term fixation is achieved 
by osseo intégration between the prosthetic surface 
and the endosteum. Surface treatment with porous 
coating, addition of hydroxy apatite coating, grit 
blasted surface, are some techniques that promote and 
enhance bone ingrowth and osteointegration. 
Opinions differ as to whether this bone intégration 

should be restricted to only the proximal fémur or the 
entire length of fémur. This is due to: 

1. Concerns of stress shielding in fully coated devices 

2. Possibility of thigh pain 

3. Difficult removal should it be necessary. 

Reported long-term results with ail these Systems 

however are comparable. 

3. Modularity: Modular components (where the various 
segments are interchangeable) and designs help in 
simplifying the complexities and variabilities of 
challenging révisions. This concept helps the surgeon 
to adapt the prosthesis to various types of bone loss 
encountered in révisions. This also enables a good fit 
of the canal both proximally and distally. For example, 
a combination of a distal fit with a proximal host bone 
contact ingrowth surface will lead to proximal 
fixation. Since these terms are available in various 
lengths, offsets and sizes one can fine tune the length, 
diameter, antéversion etc., making the reconstructions 
précisé. 


Algorithm for Choice of the Prosthesis 


Tyep I 
Options 
Type II 


Options 


Type IIIA 
Options 


Type III B 
Options 


Cortical tube intact and contents preserved 
Like any primary surgery 
Cortical tube intact, some medullary 
deficiency (canal widening, cortical 
thinning) 

Long-stem distal fixing devices. 

Fully coated devices so that bone 
intégration is possible over greater length. 
Impaction grafting. 

Tube and contents déficient proximal to 
lesser trochanter 

Proximal modular System with calcar 
substitution 

Distal fixing devices to achieve diaphyseal 
fixation 

Deficiency in the area between the lesser 
trochanter and isthmus 
Proximal modular System with calcar 
replacement if need be 
Distal fixing devices 


If bone shell poor proximal fémoral allograft + long 
stem prosthesis (alloprosthetic composite). 

This System gives the broad choices possible . Final 
choice is guided mainly by the type and location of bone 
loss and where one could get good fixation. 


Some additional important principles: 

1. The diaphyseal fit should be for minimum 6 cm. 

2. Préférable to use anatomical stems (incorporating the 
anterior bow of the fémur if length more than 250 mm 

3. Ensure rotational stability. 


Other Options 

1. Custom prosthesis 

2. Substitution designs like the ones used in tumors 
(mega prosthesis) 

3. Segmentai allografts and long prosthesis. 

CONCLUSION 

It is certain that révisions are inévitable. As the threshold 
in terms of âge for primary hip decreases, more révisions 
will be needed in future. The complex issue is the âge at 
révision too is decreasing. Choosing the right options and 
restoring the lost bone in these young group becomes 
paramount. An in-depth understanding of ail the issues 
involved is crucial. The newer implant Systems and 
techniques hâve surely made the révision procedures 
easy and reproducible, but, their long-term outcome 
continues to be evaluated. 

Considération should also be given to decreasing the 
load of the polyethylene particles that is the prime culprit 
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for the osteolytic bone loss, with the use of alternate 
bearings. Sometimes it may be prudent to suggest and 
perform the révisions early despite lack of considérable 
symptoms, mainly to prevent catastrophic bone loss and 
a very difficult révision situation. This one again 
highlights the strong need for a systematic time bound 
follow up protocol after the index surgery, so that 
potential problems are identified early. 
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377.5 Bipolar Hip Arthroplasty 


Baldev Dudhani 


INTRODUCTION 

Since the introduction of the Austin-Moore and 
Thompson prosthesis in the early 1950's a primary 
prosthetic replacement after displaced fémoral neck 
fracture has undergone a significant évolution in terms 
of indications as well as prosthetic design. The Austin- 
Moore prosthesis was designed for use, without bone 
cernent and was characterized by a fenestrated stem to 
allow "self-locking" of the prosthesis in the proximal 
fémur. The Thompson prosthesis, designed for a more 
extensive neck resection, had no fenestrated stem and 
was inserted using bone cernent. One problem with the 
use of these implants was thigh and groin pain, which 
was related to either, prosthesis loosening within the 
fémoral canal (thigh pain)—as a resuit of cementless 
insertion in the case of Austin-Moore device or 
progressive acetabular érosion (groin pain). Protrusio 


acetabuli, arising from excessive érosion of the 
acetabulum was reported to occur in 5 to 26% of patients 
using these prosthetic designs. In another study, 64% of 
patients had acetabular érosion after 5 years and 24% had 
protrusio. Factors that hâve been found to correlate with 
the severity of acetabular érosion in patients with these 
devices are patient activity level, duration of 
implantation, and fixation technique (cemented versus 
non-cemented). 

In 1965, a multicomponent prosthesis was developed 
by Tor Christiansen. His trunion-bearing prosthesis 
attempted to limit the wear of the acetabulum by allowing 
motion at the internai bearing. This concept was further 
advanced by the introduction of the Bipolar prosthetic 
design by James Bateman in 1974. In this concept, an outer 
métal cup articulâtes with the preserved acetabular 
cartilage and encloses an internai low - friction universal 
bearing. This dual or bipolar bearing was designed to 
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favor motion at the internai articulation and thereby to 
diminish cartilage wear. A number of investigators 
working with the bipolar concept hâve refined the type 
of internai articulation, altered the internai head size, 
changed the external component geometry, and tailored 
component materials and type of fixation to conform to 
the clinical situation. 

BIOMECHANICS 

The bipolar prosthesis has two layers of movements, with 
an inner low friction bearing where small metallic head 
articulâtes the shell covering polyethylene insert which 
further articulâtes against acetabulum. A friction 
differential thus exists at two movements so that even in 
the presence of even minute irregularities of acetabular 
surface, most of the motion tends to occur at the inner 
bearing. The small diameter inner head reduces résistance 
to motion and thereby also reduces forces of mechanical 
loosening on the fémoral stem. Due to the size and 
geometry of the inner bearing, the rim of the polyethylene 
insert impinges on the metallic neck of prosthesis after a 
certain arc of abduction-adduction movement and then 
further movement occurs between acetabulum and outer 
metallic cup of prosthesis. 

Protrusio acetabuli and proximal migration of Austin- 
Moore prosthesis occurs due to frictional wear of 
acetabulum over a period of time. Bipolar prosthesis was 
designed primarily with the aim of reducing the frictional 
stresses and thereby decreasing the acetabular érosion 
and stem loosening (Devas et al 1983, Gilberty 1985, 
Lausten et al, 1987). Shock absorbing character of 
UHMWPE insert also reduces impact load on acetabulum 
during weight bearing. 

Several theoretical considérations that are important 
in a discussion of bipolar components include friction 
factors, wear factors, dislocation/dissociation factors, 
centricity considérations and component design features 

FRICTIONAL FACTORS 

Bateman pointed out that shear stress at a joint interface 
is proportional to the coefficient of friction. The coefficient 
of friction for a smooth métal surface against cartilage is 
three times that of a purely cartilaginous articulation. 
Therefore shear stress occurring across a metal-cartilage 
interface is 300% higher than that occurring across a 
natural joint. Bateman hypothesized that cartilage wear 
would be decreased by shifting motion to an inner 
prosthetic bearing. In addition, he showed that a 22 mm 
head in a bearing insert, exerts less torque on the inner 
bearing under a given load, than does a 40 mm outer cup 



Figs 1A to C: Bipolar centricity considérations : (A) centric, 
(B) négative eccentric, (C) positive eccentric 


against the acetabular cartilage (an application of the 
Tow-friction principle' of Charnley). Under these 
conditions, movement is favored at the inner bearing. 

WEAR FACTORS 

Internai component wear is an important considération 
in bipolar device. Studies show that the linear wear rate 
of a 22 mm head is 100% greater than that of a 32 mm 
head and it is minimal when 26 or 28 mm head is used. 

CENTRICITY CONSIDERATIONS (FIGS 1A TO C) 

The concept of centricity has become essential to the 
understanding of the bipolar design. When the géométrie 
centers of the inner and outer spheres coincide, the 
configuration is centric. Négative eccentricity results 
when the center of the external articulation lies proximal 
to the internai articulate center and the edge angle of the 
external component is aligned perpendicular to the axis 
of the neck of the fémoral component. Pappas and 
Buechel pointed out that a destabilizing force results from 
this négative eccentricity configuration, causing the 
external component to fall into varus. 

When the center of rotation of the external unit falls 
distal to the internai articular center, with the edge angle 
of the external component perpendicular to the axis of 
the neck of the fémoral component, then the external 
component falls into valgus and the situation is said to 
demonstrate positive eccentricity. The valgus position of 
the external component enhances its load bearing 
characteristics and increases the functional range of 
motion of the internai articulation. Most current bipolar 
Systems demonstrate positive eccentricity. 
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DISLOCATION 

Although dislocation is uncommon following hemi- 
arthroplasty, it is important to consider those variable 
that increase its incidence. Of related importance is an 
understanding of those variable that influence the 
probability of a successful réduction. Since bipolar 
components are more difficult to relocate than single - 
unit endoprostheses, design features that promote their 
réduction will be discussed. The amount of edge that 
overhangs the fémoral head and the bevel of that edge 
influence the ease of réduction. A small overhang allows 
easier réduction. For this reason, a fémoral component 
with large diameter head is usually easier to reduce than 
one with a smaller head because of the relative effect of 
head diameter on the overhang of the external component 
edge. A beveled edge on the external component also 
facilitâtes réduction. 

The amount of internai motion allowed within the 
component inversely influences its dislocatability. The 
more internai motion allowed, the less likely is 
dislocation. Internai motion is influenced by the internai 
fémoral head and neck diameters, as well as the amount 
of overhang and the bevel of the edges of the external 
component. In general, a relatively larger internai fémoral 
head size allows more internai motion. 

IMPLANT 

Simplest of currently available bipolar prosthesis like 
Indian version and the Monk prosthesis hâve an Austin- 
Moore type stem and the small fémoral head (22 and 26 
mm) which cannot be detached from outer metallic cup— 
UHMPWE insert complex. Better and modified versions 
of bipolar prosthesis hâve a modular System with 
interchangeable stems (fenestrated, solid, straight, long, 
porous coated, press fit, cernent compatible), inter¬ 
changeable small diameter head (metallic or ceramic) 
which allows adjustment of neck length, different sizes 
of outer metallic cup—UHMPWE insert with press fit 
looking mechanism over small head. Most of the stems 
available with total hip System are compatible with 
various bipolar heads available in the market (Figs 2 
and 3). 

INDICATIONS 

a. Traumatic 

• Displaced intracapsular fracture neck fémur in 
elderly 

• Pathological fracture neck fémur 

• Nonunion fracture neck fémur 

• Comminuted intertrochanteric fracture fémur 

b. Atraumatic 

• Avascular necrosis head fémur 

• Rheumatoid arthritis 



Fig. 2: Modular bipolar prosthesis 



Fig. 3: Monoblock bipolar prosthesis 


• Osteoarthritis 

• Ankylosing spondylitis 

• Dysplastic acetabulum 

• Failed hemi and total hip arthroplasty 

• Limb salvage procedure for tumors around hip 

Fracture Neck Fémur 

Treatment of fresh fractures of the upper end of the fémur 
has remained the most frequent indication for Bipolar 
arthroplasty. The bénéficiai results in elderly patients is 
to return to early weight bearing with shortened hospital 
stay, greater stability, more rapid réhabilitation and 
markedly decreased systemic complications with a 
universal relief of pain (Bateman 1990). 

Devas and Hinves (1983) evaluated the Hastings 
bipolar prosthesis and concluded that Thompson type 
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Fig. 4: Monoblock bipolar prosthesis well seated in proximal 
fémur, 9 months postsurgery 


prosthesis should now become obsolète since the 
performance of bipolar prosthesis is so much better. 

Lestrange has shown very successful results in the 
treatment of unstable comminuted fractures also. The 
relief of pain has been paramount as reported by Long 
and Knight reporting 97% with slight to no pain at the 
end of 3 years. Majority studies hâve consistently reported 
no examples of acetabular protrusion. In 496 hip fractures 
reported by Lestrange, he concluded that the bipolar 
implant, cemented or uncemented improved the results 
markedly. Primary arthroplasty has been especially 
useful in the treatment of unstable comminuted 
intertrochanteric fractures which occurs in patients of 
more advanced âge. The use of cernent is recommended 
when there is any suggestion of poor bone stalk which 
may permit rotation or subsidence of the prosthesis 
within the fémoral canal. The use of cernent with the 
Bipolar implant has improved results with no 
disadvantages. 

Colwil et al concluded in their sériés of 88 cases in the 
elderly and debilitated that the overall results were 
gratifying. General and local complications were limited 
to a low range. Pain although not severe, was still an 
important symptom in medium term results. There were 
no examples of acetabular protrusion. 

In a sériés of 500 hips with displaced fractures of the 
fémoral neck reported by Garrahan and Madden, the use 
of a long stem (305 mm) was recommended. They 
reported that the long stem Bipolar implant fits securely 
in the fémoral canal and has good patient tolérance, 
presenting few problems postoperatively leading to 
reliable results (Figs 4 and 5). They reported no érosion 
of the acetabular cartilage or evidence of protrusio. It was 



Fig. 5: Patient sitting cross—Legged comfortably on the bed 


felt that the use of the long stem prevented érosion of the 
calcar. The three-point fixation of the long stem remains 
secure within the fémoral canal with a tendency to limit 
severe calcar stress. In the 8 year follow-up of their sériés, 
Garrahan and Madden concluded that the implant 
performed most satisfactorily. 

The literature contains numerous references to the 
superiority of the Bipolar implant compared to Austin- 
Moore, in fémoral neck fractures. 

Moshein et al in 1989 reported that moderate to severe 
postoperative pain was reduced to 12% with the Bipolar 
implant as compared with 42% pain persistence with the 
Moore prostheses. In Bateman's sériés of 761 cases, 
follow-up studies were done at 6 months, 5 years, 10 years 
and 15 years. Studies of the acetabulum showed healthy 
bone préservation as long as 15 years postsurgery. 

A process of floor reinforcement in certain stages was 
identified. The relatively simple operative technique 
resulted in few postoperative complications. Clinical 
results as long as 15 years post surgery compare favorably 
with 2-piece replacement techniques. 

OSTEOARTHRITIS OF THE HIP 

In his sériés of 760 degenerative hips followed for 15 years 
after bipolar hip arthroplasty, Bateman (1990) has shown 
good results wherein preoperative Harris hip score 
improved from 51 to 87. They hâve shown healthy 
acetabular bone préservation and graduai acetabular 
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floor reinforcement. McConville et al (1990), in their 100 
consecutive patients of degenerative arthritis treated with 
bipolar hip arthroplasty, found it to be viable alternative 
to Total Hip Arthroplasty especially with respect to 
absence of most complications related to acetabulum. 93 
to 96 % good to excellent results hâve been reported in 
osteoarthritis in other sériés. 

AVASCUAL NECROSIS HEAD FEMUR 

Bipolar hip arthroplasty has been used in Avascular 
necrosis of fémoral head (Ficat stage III) for a number of 
years (Figs 6 and 7). Chan et al (2000), in their article on 
bipolar hip arthroplasty versus total hip arthroplasty for 
hip osteonecrosis in the same patient observed that after 
a foliow-up of more than 6 years, there were no stastical 
différence in both groups in terms of clinical resuit, thigh 
pain, groin pain, osteolysis, dislocation and révision rate. 
Hiroshi et al (1990) in their study of bipolar hip 
arthroplasty for osteonecrosis of fémoral head had 42% 
radiographie failure and 25% hips were revised. Harris 
hip score increased from 46 to 86. Groin symptoms were 
présent in 42% hips. Their results were inferior to those 
previously reported for total hip arthroplasty. They no 
longer use Bipolar Hip Arthroplasty for avascular 
necrosis. 

RHEUMATOID ARTHRITIS 

Patients with severe Rheumatoid arthritis affecting 
multiple joints are generally physically weak and cannot 
tolerate multiple soft tissue and total joint replacement 
operations in quick succession. In this situation, bipolar 
hip arthroplasty is an operation of considerably smaller 
magnitude (as compared to any of total hip arthro- 
plasties). 




Fig. 6: X-ray showing avascular necrosis head fémur 


Mess and Barmada in their sériés of 47 hips with 
avascular necrosis fémoral head had Harris hip score 
increased from 24 to 84. They also had 14 hips where 
multiple level motion was seen as long as 7 years 
postoperation. 

Bateman (1990), in his sériés of 82 rheumatoid arthritis 
hips did not find any acetabular protrusion and noticed 
subchondral line of ossification in most of his patients. 
Harris hip score increased from 39 preoperatively to 82. 

Vazquez Vêla et al (1990) in a study of 114 rheumatoid 
hips followed for 3-14 years, got almost 88-90% excellent 
to good results. In 50% of their 11 patients with protrusio 
and thin médial wall, significant thickening of the médial 
acetabular wall took place. No bone grafts were used. In 
the remaining half, there was no increase in protrusio. 
This reflects the better biomechanical tolérance of the 
bipolar prosthesis by the acetabulum. 

Bhan et al in their 7 cases of rheumatoid hips with 
protrusio also noticed that there was no further 
progression in protrusio. Mechanical tolérance and 
biomechanical equilibrium seem to be so good that even 
subchondral cysts (which reflect the continued damage 
in rheumatoid arthritis) gradually disappear in spite of 
generalized osteoporosis. 

DYSPLASIA 

Dysplasia of the hip is a common source of osteoarthritis 
and it becomes disabling at a much earlier âge than the 
routine type of osteoarthritis. 



Fig. 7: Bipolar implant in good stable position 
(horizontal cup) after 31/2 years 
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In Bateman's sériés which was included in the overall 
group of osteoarthritis, the dysplasia hip has not been a 
serious problem. This largely results from doing a 
segmentai reaming of the acetabulum with a small hand- 
held burr rather than an acteabular reaming. It is quite 
possible to convert the acteabulum to a symmetrical unit 
by removing bone from the superior aspect largely to 
accommodate the bipolar head. Not having to further 
weaken the acetabulum by inserting a fixed acetabular 
cup simplifies the operation considerably. Bateman has 
not had to support such hips with any form of bone 
grafting, because it is possible to preserve a larger area of 
strong supporting bone when a fixed acetabulum is not 
used. 

Yamamuro has reported results in similar conditions 
with the occasional use of supraacteabular bone grafts. 
In his sériés, the patients, average 41 years, the average 
preoperative score was 45, the average postoperative 
score as assessed by the Japanese Orthopédie Association 
schedule showed an average score of greater than 80 as 
long as 8 years following surgery. Twenty percent of these 
cases showed an upward migration of the head, but the 
migration was not a deterrent clinically in any of these 
cases. 

In some instances, the précaution was taken to prevent 
total loading postoperatively by the use of crutches for 6 
to 12 months. The gauging of the necessary use of crutches 
was on the basis of the appearance of a circumferential 
zone of osteosclerosis. 

Torisu has reported the successful use of the bipolar 
implant without bone grafting in dysplastic osteoarthritis 
in a sériés of 36 hips of the steep and shallow acetabulum. 
Survivorship analysis showed that 84.6% of the Bipolar 
hip arthroplasties remained in place for 8 years. Twenty- 
seven of the 29 hips were classified as either excellent or 
good by the Charnley Functional Score method. A study 
of the cases showed that any migration of the bipolar 
implant as long as 6 years postoperatively was very 
limited. 

Torisu assessed the internai function of the bipolar 
implant in 20 of 24 hip joints showing the implant having 
dominant function at the inner bearing. 

From the technical point of view, the important thing 
to do is to restore an acetabulum fitting the cup exactly, 
depending on the normal anatomo-pathological 
condition of the acetabulum itself. When the actetabulum 
is continent and has a good bone thickness, just ream to 
get a very good fit between acetabular and cup surfaces. 
When this happens, it is possible to observe a very good 
rétention of the trial cups due to a négative pressure, as 
in normal hip. 


In dysplastic hips, one needs to keep in mind the ratio 
between craniocaudal and anteroposterior diameter of 
the acteabulum and always choose the lower one. 
Moreover the thickness of a dysplastic acetabulum is 
always reduced compared to a normal one. 

When it is possible to make the two diameters equal 
without a heavy bone loss, cups are utilized congruent 
to the obtained cavity. When the ratio between the two 
diameters is too high (and, as a conséquence its not 
possible to equalize the two diameters without 
jeopardizing the integrity of anterior and posterior 
columns), it is better to chose the best anatomical point 
to position a cup with a size nearer to the acetabular 
anteroposterior diameter. 

Since 1983 to 1994 Fantasia et al hâve implanted 415 
bipolar cups in osteoarthritis of the hip. Clinical results, 
according to Harris' score, were 53% excellent, 40% good 
and 7% poor. 

REVISION TOTAL HIP REPLACEMENT 

Results of révision total hip replacement are not very 
encouraging, as the cup failure rate is very high. In failed 
primary total hip replacement, as the acetabular cup is 
removed and cernent is extracted, a portion of the 
acetabulam fixed with cernent also cornes out leading to 
cavitary defects within the acetabulum. If a new cemented 
cup is implanted along with bone grafting, the cernent 
tends to intersperse within the bone grafts leading to cup 
loosening. In such situation use of Bipolar prosthesis with 
bone grafting is a viable alternative. 

Murray (1984) and Scott (1987) described the use of 
Bipolar prosthesis and bone grafting as a salvage 
procedure, for marked acetabular loss. In cases of cavity 
deficiency, Cameron et al (1990) used a larger size Bipolar 
cup after minimal reaming. Even large médial wall 
defects were ignored. In majority of patients, the 
acetabular walls became harder and denser and little or 
no cup migration occurred. 

SURGICAL TECHNIQUE 
Preoperative Planning 

It is important to plan the surgery properly, so that one 
can achieve good results. Proper history is of paramount 
importance. One should assess the présent activity level 
of the patient. Elderly patients who are active before the 
fall, usually do well after the surgery. One should also 
enquire whether the patient is suffering from diabètes 
mellitus, ischémie heat disease, hypertension or urinary 
tract infection, or any other medical illness or if the patient 
is on antiplatelet therapy (ecosprin) or on cortisones. 
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Patients with cardiac, hepatic and rénal disorders are 
more prone to complications related to bone cernent. One 
has to be cautious in using cernent in such cases, or else 
bone grafting can be chosen for proper fitting of prosthesis 
in the proximal fémoral canal. 

TEMPLATING 

It is useful in determining the size of the fémoral stem, 
head size, and level of eut in the neck fémur. If the 
templates are not provided by the company, one can 
make indigenous templates (Fig. 8), as described by the 
author. Superimposing the tracings on patients X-ray of 
the pelvis, including both hips in internai rotation will 
give a fair idea as to the level of neck eut and size of 
prosthetic head to be used. 

THROMBOPROPHYLAXIS 

As per the ACCP guidelines, low molecular weight 
(LMW) heparin should be given to ail patients 
undergoing major hip surgery. Patients with high risk of 
getting DVT, should take this therapy for five weeks and 
those who are not at a high risk, anti coagulant therapy 
should be given for five to seven days or till they start 
walking. According to ACCP guidelines again, Dispirin 
given alone, does not give protection for DVT. 

Technique 

The author prefers postérolatéral modified Gibson's 
approach, in latéral decubitus position. After exposing 
the short rotators, incision is taken from piriformis 
insertion to trochanter, along the trochanteric crest, 
cutting the short rotators and capsule right upto the lesser 
trochanter. The neck fémur is eut at the predetermined 


level with saw and the head is extracted by dislocating 
in flexion, adduction and internai rotation of the affected 
leg. If there is difficulty in dislocating the hip, the deeper 
incision can be extended proximally, cutting the capsule 
and part of gluteus minimus, and extending the eut 
distally, along the insertion of quadriceps femoris and 
transverse tendinous fibers of gluteus maximus. Canal 
préparation is same for stem fixation as described for total 
hip replacement. If the bone stock of fémur is good and 
the canal is narrow or flûte type, Author prefers to use 
press fit uncemented prosthesis. If the canal is wide with 
gross osteoporosis, it is better to use cernent. As most of 
the elderly population suffers from long standing medical 
illness and are on cardiac médications, they are more 
prone to cernent related complications. In such situation 
author prefers to use uncemented monoblock prosthesis, 
with or without bone graft, provided the canal is not very 
wide. It is better to use cernent when the canal is wide 
and there is gross osteoporosis (with calculated risk). One 
should be careful while pressurizing the cernent in severe 
osteoporosis, as the chances of fat embolism and cernent 
reaction are very high. A modular prosthesis is preferred 
in young and active elderly population, as one can 
achieve good canal fit with proper size of stem and also 
get proper soft tissue tension and good offset. 

In a diseased hip, the author excises the capsule and 
recommends gentle reaming of the acetabulum. The main 
aim of reaming is to remove the loose cartilage and make 
the acetabulum concentric for proper fitting of the Bipolar 
cup. The cup size should be the same as the last reamer 
used. This will ensure that on weight bearing, movements 
are transmitted to the inner bearing. In due course of time 
the outer bearing motion stops and the inner bearing 
motion continues. In effect, this works like a total hip 
replacement. Since the subchondral bone is preserved, 
and the cup fits into the acetabulum symmetrically, 
chances of acetabular érosion and protrusion are 
minimized. If the cup size chosen is small, it will cause 
point wear, or if it is too large, it will cause peripheral 
wear and is more prone to dislocate. Once the bipolar 
cup is fitted on the morse taper of modular stem, the 
whole unit is relocated by traction, abduction and external 
rotation of the limb. Stability is checked by moving the 
limb in ail directions. The wound is closed in layers over 
a drain and the patient is shifted out of the operation 
theater with a knee brace or triangular pillow. 

Antibiotic preferred is intravenous third génération 
Cephalosporin with Amikacin. The first shot of antibiotics 
is given at the time of induction, and the first dose of low 
molecular weight heparin is given 12 hours after the 
surgery. Stockings on both legs are given and the patient 
is taught ankle-foot dorsiflexion exercises. 



Fig. 8: Indigenous template 
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Physiotherapy régime is started from the second 
postoperative day and the patient is made to walk with 
the help of walker/crutches from third to fifth day 
onwards. The author prefers to keep the knee brace for a 
period of 3 weeks in those elderly patients who are not 
mentally very alert and uncooperative. Gradually walker 
is substituted with a stick. 

COMPLICATIONS 

The complications mentioned below are common to 
partial and total hip arthroplasty 

a. Intraoperative: 

• Cardiothoracic 

• Fémoral fractures 

• Fémoral perforation 

• Stem protrusion 

• Cernent extrusion 

• Malposition 

- Varus or valgus 

- Version 

- Excessive lengthening or shortening 

b. Postoperative: 

• Dislocation 

• Subluxation 

• Dissociation 

• Thromboembolie disease 

• Pulmonary disease 

• Infection 

• Myositis ossificans 

• Calcar résorption 

• Fémoral loosening or migration 

• Acetabular érosion and protrusio 

• Component failure. 

INTRAOPERATIVE COMPLICATIONS 

The cardiovascular and metabolic complications inhérent 
in any major procedure are well known and will not be 
discussed here. Potential injury of the neurovascular 
structures about the hip is a function of the surgical 
approach. In the postérolatéral approach, the sciatic nerve 
is vulnérable, while the anterior approach places the 
fémoral nerve and vessels in jeopardy. Meticulous and 
délicate technique, with extensile exposure should be 
utilized to prevent fémoral fractures and perforation with 
reamers, rasps and broaches. When a Bipolar arthroplasty 
follows a prior hip nailing, the component stem can 
inadvertently exit through the residual latéral cortical 
defect. Bone grafting of the bony defect are indicated. 
Wide exposure with complété capsulotomy will allow 
correct alignment of the components. Careful removal 


of the latéral fémoral neck out to the greater trochanter, 
using rongeurs or a box osteotome, helps to ensure proper 
insertion of the fémoral stem and avoid varus angulation. 
Component rétroversion should be avoided since this 
prédisposés to postoperative dislocation. Leg length 
discrepancies can be avoided by preoperative templating 
of anteriorposterior pelvic X-rays. In this way, précisé, 
predetermined cuts can be made so as to maintain leg 
length equality. 

POSTOPERATIVE COMPLICATIONS 
Dislocation 

Dislocation can be a function of improper component 
alignment or fitting and can be aggravated by indiscreet 
leg positioning. A fall in the early postoperative period 
may cause dislocation as well. 

Incidence of dislocation with bipolar prosthesis is 
much lower (1-3%) as compare to Total Hip Arthroplasty 
(>3%). Bipolar prosthesis has a self aligning acetabular 
component which finds a correct orientation on its own 
and the problem of subluxation and dislocation is taken 
care of, while in case of Total Hip Arthroplasty, if the 
dislocation becomes récurrent, it requires a major révision 
procedure. A number of articles hâve corne up where 
Bipolar Hip Arthroplasty has been done for such révision. 

Closed réduction of a bipolar component is more 
difficult compared to AM Prosthesis because of 
impingement by the rim of the external component on 
the acetabulum. In addition, dissociation of the 
components may occur upon attempted réduction. 

Dissociation 

Dissociation in the absence of dislocation may occur on 
occasion. This situation mandates operative component 
re-association and réduction of the hip. More recent 
bipolar designs has decreased the incidence of this 
complication. 

Ectopic Para Articular Bone 

Ectopic para articular bone formation following Total Hip 
Arthroplasty in osteoarthritis hips is fairly common, i.e. 
60 to 80%. (DeLee et al, Ritter et al, Sodeman et al). 
Functional impairment due to this occurs in 3 to 10% cases 
of total hip arthroplasty (Rosendahl et al, Ling et al). 
Incidence of this complication is minimal after Bipolar 
Hip Arthroplasty and this is due to a simple operative 
technique where acetabular préparation is either not 
required or is minimum. Also minimal capsular exposure 
is needed. 
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EROSION 

As compared to Total Hip Arthroplasty, Bipolar Hip 
Arthroplasty has been blamed for incidence of groin pain 
and thigh pain (Cabanela). This has been variably 
attributed to préservation of joint capsule, to irritation of 
the subchondral nerve endings of the acetabulum or to 
acetabular érosion. Sometimes groin pain can be as high 
as 42% as reported by Hiroshi et al. Pandit et al 1996 
reported transient start-up soreness in 34 of 100 
osteoarthritic hips at 5 years. It is generally believed by 
most of the surgeons doing regular bipolar hip 
arthroplasty that poor fitting bipolar prostheses can lead 
to cartilage necrosis and degeneration. Reaming créâtes 
a better fit which will effect the frictional conditions, 
movements and resuit in reduced pain and damage to 
acetabular bone stock. It is when a good fit is not achieved 
that problem of érosion can occur (Coudane IBN ). 
Dr Fantasia (IBN) presented results of 926 bipolar 
prothèses in a range of indications over 10 years. His 
expérience suggested that, it is better to limit outer head 
motion which may be responsible for a 'rising from chair' 
pain. 

Eccentricity of inner and outer head centres and 
congruency is important and he advised to use bipolar 
cup 1 mm larger than the acetabulum.. This finding 
supports the view of Bateman that acetabular floor retains 
a regenerative property which regenerates bone in the 
subchondral région if stimulation in the form of weight 
bearing is given through an accurately fitted bipolar cup. 
Also as nerve endings in the posterior capsule supply 
the acetabulum, excising it blocks the nerve supply to 
the acetabulum and thus helps in relieving the pain 

Aseptie Loosening 

Aseptie loosening of the fémoral stem often présents with 
activity-related anterior thigh pain. Component loosening 
may be manifested by migration which is seen with both 
cemented and uncemented components. Fémoral 
migration is sometimes associated with médial calcar 
résorption, which, as an isolated entity, is felt to be 
asymptomatic. 

Calcar Résorption 

Calcar résorption is thought to occur as the resuit of 
several possible mechanisms. Some authors hâve 
suggested that the vascularity of the calcar may be 
disrupted during component placement with subséquent 
bone necrosis and résorption. In fact, the fenestrations of 
the proximal stem of Austin-Moore hemiarthroplasty 
were originally intended to encourage increased 


vascularity of the proximal fémur. Alternately, calcar 
résorption may be a resuit of bone necrosis, secondary to 
component pressure imposed on the calcar région. Others 
feel that stress protection to the calcar area, conferred by 
the stiff fémoral component may lead to bone résorption, 
in accordance with the Wolf's Law. When cernent has 
been used, thermochemical toxicity in addition to stress 
protection may resuit in bone necrosis and résorption. 
Loosening alone, with or without migration of a bipolar 
arthroplasty is not an indication for révision surgery 
unless a trial conservative management, consisting of 
crutch walking, heat applications and analgesia fails. 

Misconceptions about Bipolar Arthroplasty 

Differential Motion 

Bipolar prosthesis was thought to allow differential 
motion at two bearing surfaces with majority of 
movement occurring at inner bearing. Some workers 
believe that in normal acetabulum, the cartilage- 
prosthesis junction has low coefficient of friction (in 
contrast to arthritic joint) and therefore even bipolar 
prosthesis may work as unipolar hemiarthroplasty with 
movements occurring mainly between acetabulum and 
outer cup of the bipolar prosthesis. Following 
replacement with Monk duo-pleet prosthesis in fémoral 
neck fractures Chen et al (1980) hâve reported on 
radiological study that movement occurs between inner 
metallic head and polyethylene, and between acetabulum 
and outer metallic cup of prosthesis. They also found that 
movements increase with passage of time and the two 
sites of movement contribute to a greater range of motion 
and possibly less migration of prosthesis. Philips (1987) 
has reported on fluoroscopie study of movement in 
Bateman bipolar prosthesis and found that implant 
functioned as a bipolar device with movement primarily 
at the inner metal-on-polyethylene surface. But in 75% 
cases of fracture group the prosthesis functioned largely 
as a unipolar device with movement occurring primarily 
at the outer metal-on-cartilage surface. While using the 
prosthesis in an abnormal acetabulum Philips and Rao 
(1990) obtained radiographs in abduction and adduction 
on supine patients and found that in nine out of fifteen 
patients, ail "Primary motion" meaning in the range used 
during walking, occurred at the inner bearing. The other 
six hips showed an average of 48% of movement 
occurring at the outer bearing in positions beyond weight 
bearing. Long and Knight (1980) hâve shown that 
radiological study reveals major movements occurring 
at the inner bearing and the outer bearing action serves 
as a compensatory one. 
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An X-ray Motion Studies Laboratory was constructed 
by Bateman and 178 cases examined postoperatively. It 
was essential to assess the implant function in a weight 
bearing or walking stance. These studies showed that the 
implant functioned as designed in ail examples, but the 
range of respective motion between inner and outer 
bearing varied to a degree according to the pathological 
State. 

In common applications then, the results were: 

• Fractures: 82% inner bearing and 18% outer bearing 
dominance 

• Osteoarthritis: 95% inner bearing and 5% outer bearing 
dominance 

• Osteonecrosis < 50 years: Action was almost a balanced 
one with 50% at inner bearing and 50% at outer 
bearing. 

• Osteonecrosis > 50 years: Motion was 70% at inner 
bearing and 30% at outer bearing. 

Acetabular Erosion 

Acetabular response to the bipolar prosthesis remains 
controversial to some extent. Most of published reports 
like that of Devas et al (1983) record either no or greatly 
reduced acetabular érosion. On the other hand, Verberne 
(1983) and Leyhson et al (1984) hâve reported significant 
incidence of acetabular érosion. An observation on 32 
cases of fémoral neck fractures treated with bipolar 
prosthesis and followed up for over three year period 
was that the incidence of acetabular érosion was 
negligible with bipolar prosthesis. 

Bipolar Use in Diseased Hips 

There is a general belief that Bipolar arthroplasty should 
not be done when the acetabulum is showing 
irregularities. As it has already been discussed in this 
chapter and recommended by Bateman that Bipolar 
results will be good if the acetabulum is reamed gently 
and made concentric for tight fitting of the Bipolar cup. 
In most of the studies published, the Harris Hip Score 
attained is between 85 to 89, which is reasonably good, 
as most of these patients are not very active and not very 
demanding either. Bipolar hip arthroplasty can work as 
an intermediate viable option in younger individuals and 
in any case, total hip replacement results in such 
individuals are not very good, as wear rate is quite high. 

This author has implanted Bipolar prosthesis in about 
500 patients during the last 13 years, in both fracture neck 
fémur and diseased hips and is pleased with the overall 
encouraging results. 
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378.1 General Considérations 
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HISTORY AND EVOLUTION OF TOTAL 
KNEE ARTHROPLASTY (TKA) 

Modem total knee arthroplasty is a product of 130 years 
of development in biomechanical concepts, prosthetic 
material and surgical technique. In 1861, Ferguson 4 
reported a knee resection foliowing which the patient was 
said to be functioning in a satisfactory fashion five years 
later.The interpositional arthroplasty was first done by 
Verneuil 18 in 1863 2 when he used a flap of joint capsule 
to cover the resected articular surfaces. Later, others used 
various materials including pig bladder, cellophane and 
nylon. However, results were not encouraging. 

In 1938, a metallic mould was designed by Harold 
Boyd, which he used along with Campbell, reporting the 
first endoprosthetic knee arthroplasty. 1 Hinged implants 
with long intramedullary stems were developed to confer 
stability and restore alinement. However, loosening 
reported with these implants led to unacceptable failure 
rate. Working with John Charnley in Wrightington, 
Gunston in 1968, designed first nonhinged knee 
replacement. 16 The unit was minimally constrained with 
rétention of the cruciate and collaterals, and it required 
minimal bone resection. The significant design concept 
in it was the capacity for the polycentric motion similar 
to that found in the normal human knee. Thus, started 
the current era of knee arthroplasty of minimally 
constrained knee prosthesis. 


The total condylar unit developed at the hospital for 
spécial surgery in 1970, was the first widely used 
nonhinged unit to permit resurfacing of the patello- 
femoral joint and to sacrifice the cruciate ligaments. 7 The 
géométrie total knee unit developed by Coventry and 
other was first used in 1971. 2 This had the capacity to 
allow for correction of moderate varus, valgus and flexion 
deformities at the time of insertion. In order to increase 
flexion and to allow greater rotation, separate right and 
left fémoral components were designed with 
progressively decreasing radii of rotation as found in 
normal fémoral condyles. The first unit designed in 
accordance with this principle was the Anametric total 
knee. 12 This design decreased posterior stresses during 
flexion. Other units which included these principles were 
the RMC, Townley, Kinematic and PC A knees. Another 
development has been the use of press-fit fixation 
technique to eliminate the use of acrylic, and porous 
coated implants to produce true bone-prosthesis 
inter lock. 

Based upon these principles, the development has 
resulted in hundreds of designs in the market today with 
daims of superiority by each manufacturer. However, 
the success of any of these designs of the knee 
replacement dépends upon proper indication, well- 
planned surgery and adéquate follow up care. 
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Prosthesis Sélection 

The complex type of movement which occur at the knee 
joint, coupled with the shape of knee joint dependence 
of the soft tissues for stability, hâve produced major 
problems for suitable prosthetic designs. It was thought 
earlier that a simple solution for the knee joint was a 
hinged replacement. Unfortunately, a hinged joint does 
not allow rotation or abduction/adduction movements 
which are normally présent in the knee joint, and this 
leads to an excessive force being applied at the bone 
cernent interface, leading to eventual loosening or 
breakage of the prosthesis. 

Constraint 

The restriction of the freedom of movements which a 
particular prosthesis imparts is known as the constraint. 
Understanding constraint involves the knowledge of the 
normal kinematics of the knee. It is known that a 
moderate degree of passive internai and external rotation 
of tibia over the fémur is possible. Some degree of varus- 
valgus and anteroposterior movements are also possible. 
Thus, natural knee flexion and extension, involves more 
than simple one plane rotation about a fixed axis. 
Constraint can involve forcing flexion-extension 
movement to occur about a fixed axis, as one would hâve 
with a hinge. 

A fixed extension block, présent with some hinges and 
tibial stabilized units, also constitutes constraint. 
Alternatively there could be the restriction of the varus 
and valgus angulation (function of the collateral 
ligaments). There may be a prosthetic blocked 
anteroposterior displacement (function of cruciate 
ligaments). By carefully matching the length and shape 
of the protruding tibial stem to the receiving 
intercondylar geometry of the fémur, it is possible in the 
extremes to provide adéquate stability by even a single 
hinge. From a practical standpoint, the widest use of 
stabilizing tibial stem has been for the purpose of 
providing only a posterior stabilized part of the 
components (i.e. the Insall Burstein posterior stabilized 
knee).In it the fit of the tibial stem to the intercondylar 
area are such that varus-valgus stability is not présent. 

The next degree of constraint is provided by the 
collateral ligament roller-in trough design, which resists 
anteroposterior displacements and rotational move¬ 
ments, to the degree that the roller is forced to move— 
uphill—from within the trough combination with the 
degree of résistance to such motion offered by the 
collateral ligaments. The greater the degree of tibial 
flattening, the greater will be the propensity for rotation 


and anteroposterior movements. Next along the 
constraint scale is the posterior cruciate retaining knee. 
This uses modified roller in trough mechanism, together 
with rétention of the posterior cruciate ligament. This 
helps protection from posterior subluxation or dis¬ 
location. Other advantage is the rolling as opposed to 
sliding of fémoral and tibial components on flattened 
surfaces, which avoids posterior abutting and thus 
permits increased range of flexion. In the clinical setting, 
however, this benefit may not be adequately achieved. 5 

Requirement of Suitable Prosthesis 

In trying to décidé which type of knee prosthesis to use, 
one must bear in mind few basic guidelines, First the knee 
must be stable at the end of the surgical procedure. 
Second, the potential of the loosening of the prothesis 
can be reduced by using the least intrinsically stable 
prosthesis comparable with the clinical situation. One 
should also choose a prosthesis which can be inserted 
with minimal amount of bone resection compatible with 
the restoration of stability and alinement. It is also 
essential to restore normal tibiofemoral valgus angle, i.e.d 
(5 to 7 e D ) and normal biomechanical axis. 

Cemented or uncemented total knee replacement (TKR) 
Currently, a significant controversy exists concerning the 
issue of cemented versus uncemented fixation. Among 
the relatively popular cemented prosthesis, the tibial 
component may hâve a stem or multiple fixation pegs. 
There are tibial components with high density 
polyethylene (HDP) alone or with métal backing. With 
uncemented prosthesis, different options exist for fixation 
of component. These may be having porous coating with 
different pore sizes (big pore sizes for the bone ingrowth 
and smalll for soft tissue ingrowth) or of press-fit types. 
It is clear that the cancellous bone of upper tibia is 
inadéquate to support the tibial component in most cases 
unless broad surface contact is achieved. With better 
design features, survivorship results as high as 97 % hâve 
been reported even with noncemented TKR. 19 The best 
results are expected even if révision arthroplasty is 
needed, as better bone stock is left over. The complications 
usually expected with a noncemented TKA include 
patellar failure, patellar fractures or loosening of the com¬ 
ponent. As a whole, the noncemented prosthesis need 
much better judgement from the surgeon because the 
margins of the safety are minimal. Whenever the choice 
is limited, i.e. the patient is elderly with poor bone stock, 
or having polyarticular rheumatoid arthritis with 
restricted functional activity, cemented TKR should be 
the choice. 
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Implant material Material variety in prosthetic 
construction is still limited. Chrome-cobalt alloy or 
titanium and HDP are in use. In further sélection, the 
arguments are about relative tissue toxicity, strength, 
modulus of elasticity, propensity for tissue ingrowth and 
many such characteristics. Bearing surfaces hâve also 
changed from metal-metal to metal-HDP in most designs 
available. Yet another provision is for meniscal bearing 
surfaces, i.e.movable HDP pièces. However, the 
superiority for such modifications is still to be established 
in long-term foliow-up studies. 

Components sizing This is an important aspect for the 
success of the TKR. To build up of any asymmetrical bony 
defect, either custom-made prostheses are used or métal 
wedges hâve been used to compensate for the lost bone. 
The use of radiography for sizing of the prosthesis can 
lead to problems,as any deformity of the knee like flexion 
or rotation can alter the size of radiographie image of the 
bones. The magnification is another factor. Eyeballing and 
expérience can lead to optimum-sized prosthesis,though 
the celluloid templates are also available. Oversized 
fémoral components can hâve loose fit on the distal 
fémur, and there can be a problem in closing the knee 
capsule with the oversized component. Undersizing can 
cause excessive notching anteriorly on the fémur, 
creating a weaker area, this also gives less than optimum 
contact. Oversized tibial components can leave 
overhanging margins, which may be troublesome on the 
médial collateral ligament side. Ligamentous tightening 
could also become adverse. On the other hand, 
undersized tibial components will reduce the back 
support. The availability of different sized trials and 
implants during the surgery has been the idéal solution 
to this problem. 

Available designs Among the available prosthesis, most 
popularly used are total condylar type with various 
modifications. These include Kinemax II (Howmedica), 
Insall/Burstein-II (Zimmer), AGC (Biomet), AMK 
(DePuy), Search knee etc. Among the popular 
noncemented brands are AGC knee using plasma spray 
technology and ORMED (Wipro GE.) 

Patellofemoral replacement The patellofemoral replace¬ 
ment is another controversial aspect in TKA. Those who 
avoid patellar resurfacing argue that replacement 
prédisposés to patella fracture, dislocation and 
subluxation, and others feel that (it may be unnecessary 
most of the times. The advocates for the patellar 
resurfacing feel that) by doing it, the increase in the 
complications rate is minimal, while clinical results are 
much more satisfactory. The current opinion is that 


resurfacing of patella is essential in selected patients only. 
Isolated révision of the patellar component after TKR 
ususally has a rate of complications as high as 30 
percent. 15 There is a need for meticulous operative 
technique to avoid failures in extensor mechanism. Patella 
should be left unsurfaced, if there is absence of eburnated 
bone, crystalline disease or synovial inflammation and if 
patella has normal shape with congruent tracking. 
However ail patients with rheumatoid arthritis usually 
require routine patellar resurfacing. 15 

Indications and Patient Sélection 

To tabulate précisé indications for TKA may be difficult, 
however, it is possible to select individuals where this 
surgery may be the only option. Whenever the indication 
is clear, decision may be achieved in one consultation, 
but in cases where the indications are less clear, it is better 
to examine the patient repeatedly at intervals of time. In 
patients where the complications are anticipated, it is 
better to defer the surgery till indications become 
absolutely clear. The primary cause of joint degeneration 
could be osteoarthritis, rheumatoid arthritis or post- 
traumatic arthritis. Of late, osteonecrosis is being seen 
more often, and sequelae of burnt-out infection are being 
considered as indications for TKA. In a broad sence,the 
indications could be the patients having the problems of : 
the knee pain, deformity, mechanical instability at the 
knee, the limited range of movements in an arthritic joint. 
Ail these problems may be présent in various 
combinations. 

TKR in Young Patients 

The useful life of any prosthesis is limited, and successive 
révisions are usually less satisfactory. Thus, TKR usually 
avoided or delayed in young patients. The problem, 
however, cornes in the définition of a young patient. 
Usually, the patients older than 60 years, might be 
considered eligible for TKA, but this criteria is likely to 
alter if symptoms are severe or if the problem is 
monarticular in an otherwise active patient, or a patient 
is of polyarticular rheumatoid arthritis where general 
activity is otherwise limited or in a patient who is on 
steroids for a problem like systemic lupus erythematosus 
(SLE) where total life-expectancy may not be long. Total 
joint replacement can totally transform the lives of such 
patients, as it can make their knees painless, with good 
functional range of movements. 

The surgeon must satisfy not only the patient but 
himself also in that particular patient will be benefitted 
from the surgery. 
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Preoperative Evaluation 

Preoperative evalution is better done by a team 
comprising orthopédie surgeon, anesthetist, cardiologist, 
physiotherapist an social worker. The évaluation should 
also include assessment of the professional and économie 
status of the patient. 

In orthopédie assessment, complété clinical examina¬ 
tion is essential with fully exposed lower limbs. The 
antalgie component of the gait is a very reliable clinical 
guide. The examination of the patient in the supine 
position is followed by assessing the knee for any warmth, 
synovial thickening, effusion, marginal osteophytes and 
the area of local tenderness. The range of motion is 
recorded. The maneuvers which alter the pain status are 
defined. The stability of the knee is tested with valgus 
and varus strains with knee in flexion and extension. A 
proper assessment of cruciate ligaments is also 
performed. The patellofemoral joint is evaluated for any 
tenderness, painful position or tendency of subluxation 
of patella. The knee is examined to know the degree of 
deformity, whether varus or valgus, with any associated 
rotation. Any deformity in fémoral or tibial diaphysis if 
présent is also searched for. The évaluation of the vascular 
status of the limb is then made. The ipsilateral hip is also 
examined to record any simultaneous pathology which 


can give rise to problems, e.g. the lower end of fémur 
may be rotated if there is any deformity in the hip joint 
which may need surgical correction before planning for 
TKR. 

Radiography 

The radiographie imaging is done by standing AP, latéral 
and a skyline view. Particular emphasis should be on the 
évaluation of the general bone quality, limb alinement, 
loss of joint space, osteophytes an and effusion (Figs IA 
to C). Presence of features like bone defects, loose bodies 
or presence of old injury in supracondylar area of fémur 
or in the upper tibia area, or any stress fracture should 
be looked into. Any asymmetrical enlargement seen in 
one knee in a bilateral radiograph can indicate a State of 
flexion contracture. Many patients may not be able to 
hâve weight bearing AP views, so, a latéral view can serve 
as a guide in such cases. The localized degeneration can 
be observed at the tibial plateau which may not be seen 
in standing AP radiographs. 

Ail radiographie observations should be correlated 
with the clinical features with great care. Where this may 
not happen and symptoms seem to be out of proportion 
to the changes in the radiographs, search should be made 
for the evidence of any synovial disease, articular or 



Figs 1A to C: (A) Anteroposterior radiograph of knee showing loss of médial joint space, subchondral sclerosis and osteophyte 
formation, (B) and (C) postoperative anteroposterior and latéral views of the knee showing prosthetic joint replacement 
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meniscal cartilage disease, or for any nonspecific 
tendinitis, etc. There may be occasional need for other 
studies like CT,MRI,and arthroscopy. 

Treatment Options 

It is better that once the diagnosis is confirmed, ail options 
for treatment should be considered. The conservative 
treatment usually include the provision for the walking 
sticks, advice for weight loss if indicated, nonsteroidal 
antiinflammatory drugs (NSAIDs) and physiotherapy. 
The various surgical options available are arthroscopic 
synovial debridement of the joint, osteotomy, 
unicompartmental arthroplasty, TKA with or without 
patellar resurfacing, or in some cases arthrodesis. 

High tibial osteotomy In the patients under the âge of 
55 years, and osteotomy may provide satisfactory pain 
relief for a significant period. The likely patient for HT O 
is one with varus deformity, médial compartment 
changes and good range of movements (>90 c ) without 
any patellofemoral changes. Patients with high excercise 
tolérance even with symptoms can be candidates for 
osteotomy, as they hâve a joint not very sensitive to pain. 
Obesity and history of previous infection may also lead 
to the considération for this treatment modality. The 
surgery may hâve to be redefined if there is presence of 
anterior instability or intraarticular pathological factors. 
The presence of médial instability might also need 
modification in the design of osteotomy. The varus 
deformity of the knee should be corrected by valgus HTO 
and a valgus deformity by a distal fémoral osteotomy. 
Insall et at 8 hâve concluded that HTO is likely to help in 
delaying the TKA by about 10 years. However, the 
révision from the HTO to TKA may become technically 
demanding. 

Arthrodesis 

An indication or knee arthrodesis is a joint with history 
of persistent infection, because such a joint will be a strict 
contraindication for TKA. A charcot joint either due to 
local conditions or patient's systemic factors shall also be 
unsuitable for TKA. A traumatized joint with fibrous 
ankylosis may hâve associated overlying skin and soft 
tissue damage. A patient who is psychologically consi¬ 
dered unfit or uncooperative for réhabilitation, is one 
where along with other indications, knee arthrodesis may 
be the preferred option. 

Patients with quadriceps atrophy or postpolio residual 
paralysis will also not be candidates for TKA. A TKA 
should be offered to a group of primarily selected patients 
for whom other alternatives are not available. 


An informed discussion with the patient, detailing 
ail the risks and complication is an important aspect of 
preoperative work-up. It is also appropriate and 
comforting to the patient to know that TKA is a well- 
received procedure leading to significant improvement 
in function and marked decrease in pain. This discussion 
has to end by offering surgery rather than by 
recommending surgery. 

Ail patients will hâve a concern at the end of 
hospitalization about the and long-term ressult. A 
reasonable amount of estimate of sucess at 5 to 10 years 
needs to be given. The hospital stay, pysiotherapy 
regimen and weight-bearing restrictions should also be 
outlined. A point in delaying surgery could be discussed 
along with increased chances of progression of 
deformity, involvement of other joints due to the 
uncorrected biomechanical axis of the weight trans¬ 
mission in one joint, i.e. ail those things which are likely 
to make subséquent surgery and réhabilitation difficult. 

Contraindications 

1. Infection has been considered one of the main 
contraindication for the TKR. There hâve been 
attempts to do this procedure in burnt-out tuber- 
culosis and even in cases of old pyogénie arthritis. 
However, it is advisable to hâve great care in selecting 
such case and take ail necessary précautions 

2. Weak muscles, whether due to paralytic conditions 
or other neurological déficits 

3. Quadriceps adhesions 

4. Patient unfit for the success of the TKR, for reasons 
like lack of patient's coopération in the postsurgical 
physiotherapy 

5. Primary or secondary bone tumors near the knee joint. 

Preoperative Care and Investigations 
(Figs 2A to D) 

After the admission of the patient for surgery, total 
medical évaluation is needed. Any presence of occult 
infection should be searched for, as associated bacteremia 
can cause infection in TKA. The adequacy of peripheral 
circulation also needs to be determined. Routine 
hematological investigations, chest radiographs, ECG, 
etc. need to be done for evaluating anesthetic fitness with 
search for diseases like diabètes, hypertension, etc. A team 
discussion with the social worker, occupational therapist 
and physiotherapist during the preoperative period also 
improves the patient's understanding of réhabilitation 
protocol. Isométrie quadriceps and hamstring muscles 
contractions and isotonie ankle and foot movements are 
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Figs 2A to D: (A) Anteroposterior radiograph of both knee joints, having degenerative arthritis 
showing grade IV varus with rotation and subluxation deformity, (B) the clinical photograph of the 
patient, (C) postoperative radiograph showing the correction achieved in the knee joints with 
the replacement arthroplasty, and (D) postoperative clinical photograph showing the correction of the 
deformity 
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also taught to the patient. Ultraviolet rays canbe applied 
to the knee skin area for 3 days prior to TKA to minimize 
the chances of infection from skin bacteria. The limb is 
scrubbed and draped 12 hours prior to surgery. 

Assessment is made to anticipate any difficulty in the 
operative period. Preoperative restriction in the range of 
movements is a major problem during surgery. This not 
only makes surgery technically difficult, but it has also 
been observed that poor preoperative range of 
movements correlates to some degree with poorer than 
average postoperative range of motion. It is also 
important to know the exact nature of deformity 
preoperatively, for making the appropriate surgical 
modifications for getting proper alinement. 

Preoperative Radiographie Analysis 

Bone quality and bone loss récognition can help in the 
adéquate planning of the procedure. The dense scierotic 
bone may be difficult to eut on the operation table, and it 
may give difficulty in cernent ring or prosthesis insertion. 
Soft bone may get easily damaged,so, more care is needed 
while cutting it. This is done to facilitate the use of 
prosthetic instrumentation and to improve the accuracy 
of bone cuts and relate to overall alinement. It is desired 
that normal or prosthetic knee joint should be centered 
on the mechanical axis of the lower extremity and proper 
orientation of the joint line from the center of the fémoral 
head to the centre of the knee and beyond,a second line 
in the tibial shaft axis is drawn from the center of the 
knee to the midpoint between the malleoli.The angle 
formed depicts angular deformity. The exact center of 
the knee is identified by taking a midpoint between the 
médial and latéral joint margins, and the distal fémoral 
and proximal tibial surfaces. Some technical points need 
attention like metaphyseal defect which can lead to the 
significant deformation of the normally horizontal joint 
line and would make ligament balancing difficult. 
Assessment should also be made for the degree of bone 
loss at the fémur and tibia, general condition of both the 
compartments and any subluxation of the joint, general 
bone density, conditions of the metaphyseal area and 
loose bodies in the posterior compartment. The varus 
deformity may be associated with internai rotation and 
valgus with external rotation. The presence of flexion 
contracture may accentuate the rotational deformity (Figs 
3A to 4B). 

Operative Technique 

The patient lies supine on the operation table. No 
rotational deformity is left in this position. A tourniquet 
is placed as proximally as possible around the thigh. 


The exsanguination is done when the surgical team is 
ready, to give the surgeon maximum time available to 
carry out the operation. 

Surgical Exposure 

Several alternatives are available with respect to placing 
the surgical incision. The médian parapatellar approach 
is usually the most accepted, as it can give good and easy 
exposure for a given length of incision, even in the most 
difficult cases. This is due to the relative latéral position 
of the tibial tubercle and due to the fact that a longitudinal 
incision in the quadriceps mechanism facilitâtes the 
overall exposure. The distal end of the skin incision may 
hâve to be extended in cases with varus deformity in 
order to allow a satisfacatory soft tissue release. This 
incision is deepened through subeutaneous fat to expose 
the deep fascia, which is then incised in the line of the 
skin incision to expose the rectus femoris tendon. A small 
médial skin flap is elevated at the level of the deep fascia 
in order to expose the médial capsule of the knee joint. 
Rectus femoris tendon is then incised longitudinally in 
its midline to superior border of patella from where the 
eut is extended around the médial margin of patella and 
continued into the médial capsule of the knee joint. Then 
incision is carried 1 to 2" below the lower margin of tibial 
tuberosity on the anteromedial aspect of upper tibia.The 
synovial fluid needs to be continuously sucked to avoid 
contamination of the surgical field. The aponeurotic 
capsule sleeve is then dissected subperiosteally from the 
margin of the proximal médial tibia as far posteriorly as 
possible, any adhesions should be removed. In cases of 
rheumatoid arthritis, proliférative synovial tissue also 
needs to be excised. The knee is then flexed to 90°, and 
the patella is dislocated laterally. Difficulty in disloca- 
ting patella could be due to the inadéquate proximal 
extension of the incision in rectus femoris tendon or to 
insufficient clearing of the adhesions in the latéral fémoral 
gutter. 

Infrapatellar fat pad is excised to facilitate exposure 
of the latéral aspect of the proximal tibia. Osteophytes 
are then removed from the margins of the médial and 
latéral fémoral condyles, as these can act as cams 
producing tightness in the collateral ligaments. The 
intercondylar notch is then identified, and any 
osteophytes if présent there also need removal. 

Use of Knee System Instruments 

The précisé sequence of using the instrumentation 
dépends upon the type of implant being used. However, 
a few general points need considération. It is important 
to make a final check of structures before any resection is 
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Figs 3A to D: (A) and (B) Preoperative anteroposterior and latéral radiographs of the knee joints of a patient of rheumatoid 
arthritis, and (C) and (D) postoperative radiographs AP and latéral showing bilateral total knee replacement 


made. In extended knee, the surgeon notes the position 
of the tibial tubercle (which is normally slightly latéral), 
the position of the intermalleolar axis, and the position 
of the long axis of the foot. The appearance of the distal 
fémoral condylar groove is noted in extension and in 
flexion. Correction of deformity and soft tissue balancing 
is essential before the bone cuts are made. 

Tibial resection The tibial resection needs various 
considérations. A minimal thickness of tibial eut is idéal 
as it makes strong subchondral bone available for the 
tibial implant. With the posterior sloping eut, the 
protection of the bony attachment of posterior cruciate 
ligament (PCL) becomes essential. Careful checking of 
the jig orientation is important. One must avoid the errors 
of getting abnormal varus tilt and downhill anterior slope. 


as these are associated with prématuré prosthetic 
loosening. The judicious use of peripheral soft tissue 
retractors is needed. The flatness of the tibial eut is 
checked,it is worth noting that the mediolateral center of 
the tibial eut surface is easiest to see when no instruments 
are in place. The center can be marked and the tibial 
fixation guide instruments can be alined. 

Fémoral resection The exact sequence of cuts for fémoral 
préparation is variable depending upon the instru¬ 
mentation employed. One of the basic technical points is 
to define the reference for the rotational orientation. This 
may be from the posterior fémoral condyles. Eyeballing 
may be needed to compensate for the asymmetrical 
posterior condylar wear. Once rotation is determined 
with the jigs, the requisite amount of bone is resected. 
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Figs 4A and B: (A) Preoperative photograph of a patient suffering from polyarticular rheumatoid arthritis with deformities, 
and (B) postoperative clinical photographs of the patient after joint replacement surgery in the knee joints 


At this point, in the flexion-extension gap, by balancing 
method the distal fémoral eut is made at a set distance 
from the proximal eut surface of the tibia at the end of 
the basic cutting sequence. 

Patellar resection The patella is small and hard to hold 
securely. The goal is commonly to resect a minimal 
amount of bone, that will serve to create a fiat surface for 
the seating of the component. Excessive resection should 
be avoided. A resulting thickness 10 to 15 mm of patellar 
bone has been recommended to minimize the strain on 
the patella. 17 Médial placement of the patellar implant to 
recreate the height of the médian ridge of the patella 
provides more normal tracking than does central 
placement of the implant in the patella. 23 

Trial réduction The bone surfaces should be prepared 
so that the trial components go over and on to the bony 
surfaces easily. Fixation holes should be widened, and 
anteroposterior fémoral cuts should be adjusted so that 
ail the components slip on easily. In performing a atrial 
réduction to assess the ligament stability, one should 
always attempt, to try one size larger, but a flexion block 
should be avoided. There remains a tendency to 
underestimate instability, which gets accentuated after 
the final component fixation. At this stage, patellar 
tracking should be checked and realinement done if 
needed. 


Hemostasis The surgeon may elect to deflate the tourniquet 
and achieve hemostasis at this stage. The advantage is in 
allowing good access to the osterior aspect of the knee 
joint to secure bleeders in this situation. The area is packed 
with gauze swabs and tourniquet is deflated. After about 
5 minutes, swabs are removed and hemostasis secured. 
Alternatively, the definitive prosthesis can be cemented 
in positioin, and then the tourniquet is deflated for 
achieving hemostasis. 

Cernent technique Cernent to be used can be either of low 
or regular viscosity, and it may be mixed with antibiotics. 
Among the various sites, the tibial plateau represents the 
site of greatest concern for the intermediate and long- 
term loosening. For cleaning the area before cementing, 
the pulsatile lavage Systems are effective and convenient, 
or otherwise routine irrigation fluid can be used. Suction 
is used to draw away blood clots, fat and other débris. 
Then, sloppy wet sponges are applied to ail surfaces while 
the first cernent mixing is begun. Some surgeons also use 
thrombin or epinephrine solution. Cernent mixing ideally 
needs vacuum mixing/centrifugation. In common 
practice, low viscosity cements become ready for 
application between 1.5 and 3 minutes. Information to 
the anesthetist is necessary before application of the 
cernent. Cernent is applied to the textured undersurface 
of the component and to the bone surface. Low viscosity 
cernent will intrude into porous or textured métal 
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surfaces. Regular viscosity cernent is used in liquid form 
and may be little difficult to use in doughy form, which 
is routine with the finger pressure intrusion. While 
applying cernent to fémoral surfaces, low viscosity 
cernent is more prone to flow posteriorly. The previously 
applied tibial component blocks access to the posteriorly 
extruded cernent. 

Prosthetic component placement Some advantage is seen in 
applying the prosthetic component to the cernent bone 
interface, while the cernent is in a slightly doughy form, 
as this may allow the last downward movement of the 
component to create a uniform pressure across the 
component. The trial components are usually of same 
thickness as the implant, thus, leaving a 2 to 4 mm cernent 
mantle will certainly lead to a flexion blockade if adéquate 
care has not been taken during the ligament balancing. 
Surgeons with less expérience are advised to do 
cementing in separate stages. With good exposure, 
expérience and a well-organized team, it is possible to 
cernent ail the components in one stage. In low viscosity 
State, cleaning of the cernent leads to its spreading on 
surface and making it difficult to remove. Allowing the 
cernent to stiffen to a hard State permits marginal cleaning 
more easily. The cementing of the fémoral component is 
done in extension and the tibial component in 90° flexion. 
During this period, hyperflexion of the knee should be 
avoided, as it may lead to anterior and distal placement 
of the component. On the other hand, avoiding full 
extension shall prevent component lift off or even varus 
or valgus error. After the component fixation, the patellar 
alinement is checked at 90° flexed position of the knee 
for patellar tracking and if needed, latéral release can be 
done. 

Wound closure Closed wound suction is the standard 
during closure. The stitches should be applied in layers 
while keeping the knee in 20 to 30° of flexion. It is 
sufficient to close the capsule and the tendinous layer 
without a separate deeper synovial closure. In obese 
individuals, a second closed wound suction drain is kept 
in the subcutaneous plane. 

Management of Bone Defects 

The defects can be présent in the peripheral area or in 
the central area. In the marginal defects, squaring off 
converts the pressure from shearing to compression. In 
the rounded defects also, the same procedure converts a 
bony defect to one with a fiat bottom and vertical sides. 
Bone grafting is another mode with which the defects 
can be filled. The création of the fiat surfaces for the fiat 
pièces of the graft solves the problem of contact stability. 


Smaller contained grafts probably need no internai 
fixation, while the medium sized peripheral grafts can 
be conveniently held with spikes or wires, and even 
screws. 

Management of Deformity 

There exists-interrelationship between capsular- 
ligamentous anatomy joint surfaces and the stability of 
the joint. In a deformity situation, it is important to assess 
the amount of deformity, the apparent ligament 
imbalance, instability and correctability of the deformity. 
Balancing the soft tissue sleeve means pulling the 
capsular ligamentous structures to optimal length, 
without leaving any laxity or without excessive stretch. 
At PGIMER, Chandigarh the knee deformities are graded 
according to the severity, with corrective surgical steps 
defined to achieve normal balance around the knee joint. 
The deformities can be varus or valgus, flexion deformity 
or rotational problem either alone or combined. Some 
time, the component of subluxation may also coexist. 

Grade I deformity, varus or valgus (less than 10°) The usual 
problem in these cases is of the laxity of ligaments on the 
concave side with deformed axis of the knee, on the 
convex side the ligaments retain the normal tension. 
Passive correction of deformity is usually possible. During 
surgery also, no spécifie soft tissue release is needed. The 
normal exposure for the tibial mobilization is sufficient 
and full stability is usually achieved. 

Grade II deformity, varus or valgus (10-15°) The problem 
on the concave side consist in cartilage and bone loss and 
contractures in the collateral ligaments. On the convex 
side, the collateral ligaments are stretched. Passive 
correction is incomplète. In the surgical steps, there is 
need to remove osteophytes, synovial/fibrotic adhesions 
between aponeurotic sleeve and fémoral surface and 
tibial osteophytes, ail from the médial side in varus 
deformity and from the latéral side in the valgus 
deformity. 

Grade III deformity, varus or valgus (16-25°) In these cases, 
along with the loss of cartilage and bone on concave side, 
there are collateral as well as cruciate contractures. On 
the convex side, there occurs marked stretching and the 
deformity is not correctable. The surgical steps dépend 
upon whether the deformity is varus or valgus. In cases 
with grade III varus deformity, resection of 1 cm of médial 
flare of tibia is needed along with total release of 
semimembranosus. In cases with valgus deformity, 
transverse eut in the latéral intermuscular septum and 
release of tensor fascia lata from the Gerdy's tubercle is 
needed. 
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Grade IV deformity, varus or valgus (more than 25 degrees) 
In this severity of involvement, there occures fixed 
deformities having cartilage and bone loss, collateral and 
cruciate contractures and associated rotational 
deformities. The additional surgical steps in this grade 
of varus deformity consist in excision of médial flare up 
to permissible levels and increasing the level of bone eut, 
thereby, increasing the size of the tibial component and 
lateralization of the tibial component. On the valgus side, 
additional surgical steps include release of popliteus and 
subperiosteal release of the latéral collateral ligament of 
fémoral attachment. Rarely biceps femoris release may 
be needed. 

Fixed flexion deformity Up to 10° of flexion deformity 
usually gets corrected with normal soft tissue release, 
beyond which stepwise surgical release is performed till 
the complété correction. These steps include removal of: 

• patellofemoral osteophytes (anterior fémoral) 

• anterior tibial osteophytes from the tibial spine area 
and corresponding part of the intercondylar groove 
of the femora 

• posterior tibial/fémoral osteophytes 

As varus is usually associated with severe flexion 
deformity so it needs subperiosteal release of posterior 
capsule from tibial attachment and release of 
semimembranosus 

• Release of posterior capsule attached to fémur 
(possible only after posterior fémoral eut) 

• Erasion of the gastroenemius from both fémoral 
condyles. It is important to avoid posterior inclination 
of tibial eut. 


Rotational deformities of knee Usually ail rotational 
deformities get corrected after soft tissue releases for the 
associated angular deformities, if these persist then 
foliowing approach is used (Figs 5A and B). 

The external rotation deformity is usually associated 
with valgus and is fully corrected with the release of 
tensor fascia lata at its insertion over the Gerdy's tubercle. 

The internai rotation deformity which is usually 
associatesd with varus gets corrected after cutting 
popliteus tendon. 

Subluxation of the knee The subluxation component has 
also been observed in many patients. This could be in 
latéral or posterior direction. If mild, it may be corrected 
with the routine soft tissue release during the operative 
correction for the other deformities. 

Postoperative Management 

Adéquate blood replacement is needed at the time of the 
tourniquet release. Patient can be nursed with the 
operated leg lying on the bed and the foot of the bed 
elevated to control swelling of the lower limb. If drain is 
minimal, the suction drain tubes can be removed in 48 
hours. Continuons épidural analgesia has been observed 
to resuit in rapid réhabilitation. However, the gain in 
consistency and quality of pain control is offset by the 
high incidence of side effects. The bed is elevated for 4 to 
5 days till the wound inspection day. 

The knee flexion excercises can be commenced under 
the supervision of a physiotherapist. Isométrie quadriceps 
and hamstring excercises should be commenced on the 



Figs 5A and B: Clinical photographs showing correction of the rotation deformity after replacement surgery 
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first postoperative day and continued during the period 
of immobilization of knee in flexion. Then the partial 
weight bearing on crutches can be allowed. Ideally patient 
should be ready for discharge after 2 weeks of surgery. 
Afterwards also the patient has to continue physio- 
therapy. When knee flexion is adéquate and quadriceps 
power is regained, more active physiotherapy can be 
stopped. 

Manipulations are needed to increase the range of 
motion (ROM), if progress in knee flexion is not up to 
the expected range (<70°). At six weeks, ROM should be 
more than 90°, and patient should be bearing full weight. 
Subséquent follow-up is made at 3 monthly, 6 monthly 
and then on yearly basis. 

Complications 

The swelling can develop around the knee and ankle, so, 
care should be taken to avoid any compartment 
syndrome. If the large painful hematomas develop, these 
should be evacuated. If médial capsule closure is 
insufficient, there can be persistent leak of blood which 
may need reexploration. 

Excessive bleeding should be counted if blood loss is about 
100 to 200 cc per hour through first 10 to 12 hours. If 
significant vascular injury occurs, then the emergency 
vascular consultation and intervention is advised. 

Pulmonary embolism is another complication which needs 
to be taken care of. In observation of peroneal nerve 
dysfunction, an attempt should be made to reduce local 
tension or pressure on the nerve during its course. 

Deep venous thrombosis (DVT) has also been seen to be 
common in TKA patients. Clinically, however, most 
people avoid using anticoagulant therapy. Enoxaprin 
administered subcutaneously postoperatively, at a dose 
of 30 mg twice daily for 4 to 14 days hâve been seen to 
reduce the incidence of DVT significantly without causing 
increased chances of hemorrhage. 3 If peroneal nerve 
function does not return adequately, direct surgical 
exposure and neurolysis can be considered. Popliteal 
function should be assessed in the early postoperative 
period, as nerve to popliteus can get injured with 
correction of significant valgus deformities. 

Infection in total knee replacement The infection rate in 
the total knee replacement has ranged from less than 1 
percent to as high as 23%. 9 One of the recent reports, 
however, suggests the overall deep infection rate to be 
about 1 to 2%. 22 The infection if develops will show as 
increased pain, swelling and redness with swinging 
températures. If suspected, patient should be taken again 


for exploration and debridement accordingly. Overall the 
choice of treatment in a case of infected knee replacement 
dépends upon variables like chronicity of infection, host 
factors including âge, health and immunological 
compromise, as well as on the virulence of the organism. 
While acute infections can be managed successfully in 
good number of cases with debridement and rétention 
of the components, the chronic infections invariably need 
arthrodesis or sometimes even amputation. Best 
functional results hâve been achieved usually with 
reimplantation only. 20 Single stage surgery has the 
advantage of the smaller surgical dissection, ability to 
maintain motion and soft tissue health, but overall results 
hâve not been very rewarding. In 2 stage reimplantation, 
the intermediate use of the antibiotic impregnated spacers 
hâve found very good use. 6 These spacers maintain the 
joint space and avoid collateral contracture. Combined 
with the usage of the intravenous antibiotics, delayed 
exchange arthroplasty (6-12 weeks later) is considered 
idéal in this situation. The subséquent care has to be 
maintained as some of these patients receiving 
reimplantation prosthesis, may require multiple 
operative procedures to obtain wound closure, successful 
union, and éradication of infection. 

Loosening and instabïlity were frequent with the earlier 
designs of prosthesis. Now with the use of total condylar 
design prosthesis, improved instrumentation, improved 
technique, failures from loosening are becoming less 
common. Now the failures are either due to deep 
infections or polyethylene wear. 

Révision Arthroplasty 

As the number of primary arthroplasties hâve increased, 
so has the need for the révision knee arthroplasty. Basic 
problems in these cases are the bony defects, ligament 
imbalance and poor bone conditions. Révisions hâve 
often been done necessitating the use of extensive grafting 
and spacer wedges, and sometimes the use of more 
constrained designs with the extended intramedullary 
fixations. The allografts hâve also been used successfully. 
The cemented révisions hâve been widely used though 
these may often resuit in further bone loss, which might 
pose a bigger problem if the révision TKA fails. Now the 
cementless reconstructions hâve proved to be the only 
technique that hâve been successful. 13,21 These need rigid 
fixation of the implants, with massive bone grafting for 
the support of the implant. 

Simultaneous Bilateral Total Knee Replacement 

In the treatment of bilateral knee involvement, the option 
of simultaneous bilateral TKA can be considered. The 
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rationale behind single stage bilateral TKA is, the 
decreased hospitalization period, reduced cost, and 
reduced anesthésia risk. Studies comprising single-stage 
and two-stage bilateral TKA hâve shown comparable 
results except for the increased incidence of pulmonary 
embolism and DVT in such cases. 11 In one such study 
done in PGIMER, Chandigarh, the alteration in the 
hémodynamie and coagulation profile did not alter 
significantly between unilatéral and simultaneously 
performed bilateral TKA. Even the knee scores and 
functional scores were observed to be similar with almost 
equal days of hospitalization. 

Hybrid Total Knee Arthroplasty 

It has been observed that late component loosening can 
be decreased by the élimination of the bone cernent for 
prosthesis fixation and replacing it by noncemented 
porous coated total knee Systems. 19 However, with the 
use of porous coated prosthesis, poor bone ingrowth has 
been reported on the tibial side. 22 To get the better results 
hybrid fixation has been used in the TKR at many centers 
in which the tibial component is fixed using cemented 
technique. While the fémoral and patellar components 
are stabilized with porous coating to get the bone 
ingrowth. Clinically, the hybrid technique has been found 
to give satisfactory results. 10 However, long-term studies 
need to be reviewed. 

Life of Total Knee Arthroplasty 

In one of the long-term studies of 14 year follow-up, 14 it 
has been observed that the total condylar knee 
replacement with improvements in technique has led to 
a success can be predicted for TKA. In the last 10 years, 
more than 200 TKAs hâve been performed in the authors' 
institute. In the analysis of results, remarkable 
improvements in the pain status, knee scores and 
functional scores hâve been observed. From 1995 
onwards, expérience has been accumulating over the 
simultaneously performed bilateral total knee 
arthroplasties and révision arthroplasties. The overall 
results hâve been quite gratifying, though long-term 
studies are still awaited. 
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378.1 Knee Arthroplasty 

EW Abel, DI Rowley 


INTRODUCTION 

The history of total knee replacement is probably as long 
as that of hip arthroplasty, but successful operations 
which fulfil ail the criteria for knee joint replacement are 
relatively more recent. 

Early knee replacement were hinges, that is they had 
a fixed axis of rotation. It appeared then that a hinge 
would be a reasonable approximation to the motion of 
the natural joint. The hinged design also offers total joint 
stability, because it cons trains fully the motion of the joint 
by allowing rotation about only a single axis, which was 
at first seen to be an essential design feature. The desire 
to produce well constrained pivot or fixed linkage 
mechanisms between fémoral and tibial components 
however led designers to follow what ultimately proved 
to be false trails. We know now that the hinge design has 
many serious shortcoming which will be discussed here. 

One of the main difficulties has been to design 
prostheses that combine two important features: 

• an acceptable réplication of the motion of the natural 
joint, and 

• sufficient stability without being so rigidly 
constrained in its motion that it results in high stresses 
at the bone-implant interfaces under latéral and 
twisting loads. 

Successful designs hâve, however, emerged during 
the last fifteen years and are largely based on a so called 
Total condylar' design which is essentially a surface 
replacement which achieves stability through its shape. 
An example of a total condylar design is shown in Figure 
6. Much of the discussion in this module will concentrate 
on this very common and highly successful type of knee 
prosthesis. Later on, we will briefly discuss hemi- 
arthroplasty, in which the joint surfaces of only one 
compartment of the knee are replaced, meniscal bearing 
designs which include an artifical meniscus, and révision 
replacements which hâve some spécial fixation features. 

BIOMECHANICAL CONSIDERATIONS 

It is essential to hâve a good understanding of the 
biomechanics of the knee joint before discussing the 
criteria for, and design features of, knee replacements. 
An understanding of the rôle of the knee ligaments in 


stabilizing the joint under load and controlling its motion 
is particularly important (Fig. 6). 

The Stabilizing Rôle of the Ligaments 

The hip joint comprises a well-contained bail within a 
deep acetabular socket, surrounded by strong ligaments 
and powerful muscles. It is therefore an inherently stable 
joint and only requires a limited range of movement to 
function in everyday activities such as walking and 
standing. 

The knee on the other hand has a joint surface with a 
shape that is not conducive to stability and which is little 
improved by the shallow hollows of the menisci. It is 
highly dépendent for its stability on sound ligaments, 
integrity of the posterior joint capsule and good 
musculature. These soft tissues act together to hold the 
knee in place throughout its range of motion. 

A hip joint replacement may be designed with a well- 
constrained shape—a bail and socket—which does not 
rely on ligaments to maintain stability. Any new knee 
design, however, must take the ligaments into account 
in the design process to try to achieve the délicate balance 
between good kinematic function and mechanical 
stability. 

Fémoral component (usually cobalt chrome) 
















Total Knee Arthroplasty 3753 




Fig. 7: The knee ligaments 


Anterior 



Fig. 8: Location and orientation of the cruciate 
ligaments on the tibia 


The rather complex layout of the four knee ligaments 
is shown in Figures 7 and 8. The collateral and cruciate 
ligaments act together to prevent subluxation (partial or 
complété dislocation) of the joint under load, but 
essentially their main stabilizing rôle is as follows: 

• Anterior cruciate ligament (ACL)—resists anterior 
subluxation of the tibia 

• Posterior cruciate ligament (PCL)—resists posterior 
subluxation of the tibia 

• Latéral collateral ligament (LCL)—resists adduction 
of the joint 

• Médial collateral ligament (MCL)—resists abduction 
of the joint 

• Ail the ligaments act together to limit distraction of 
the knee 

• Ail the ligaments act together to limit long axis 
rotation of the joint. 


In addition, the posterior capsule, which is a band of 
tendinous material, resists hyperextension. It is important 
to remember that the ACL and PCL are named according 
to their anterior and posterior attachments to the tibia, 
not the fémur. 

From Figure 8, it is quite easy to visualize how the 
ACL and PCL control the fore-aft motion of the joint. If 
the ACL is absent, the fémur can slide excessively 
backwards over the tibia. If the PCL is absent, the fémur 
can slide excessively forwards. Figure 9 shows examples 
of knee instability due to the MCL being shorter than the 
LCL (see Fig. 9A) and both MCL and LCL being lax (see 
Fig. 9B). It is important during knee replacement surgery 
to try to correct such ligament imbalances and looseness. 
If the ligaments are damaged or are removed during knee 
replacement surgery, the resulting loss of stability must 
of course be compensated for in the design of the 
prosthetic knee. 

Motion of the Joint 

The knee joint rotâtes in rather a complex way, not as a 
simple hinge but with a varying center of rotation, as both 
the shape of the natural joint surfaces and the constraining 
rôle of the ligaments together détermine the pattern of 
rotation of the knee and must be considered in 
replacement joint design. 

Some of the most important research into knee motion 
has been done by O'Connor at the University of Oxford 
and Muller in Germany (O'Connor et al, 1989; Muller, 
1982) and this discussion is to a large extent based on 
their work. 

The ligaments move early isometrically (i.e. they keep 
the same length as they move and do not lengthen or 
shorten). With this in mind we can look at how the two 
cruciate ligaments move as the knee moves from full 
extension to full flexion. In Figure 10, the anterior cruciate 
is represented by line AN and the posterior cruciate by 
line PO. Points A and P are on the tibia, points O and N 
are on the fémur. If we look at how the fémur moves in 
relation to the tibia, we fix points A and P on the tibia 
and note how the points O and N move as the fémur 
flexes. Figure 10 shows positions of O and N at full 
extension, 45° of flexion and 120° flexion. 

As the knee flexes, its axis of rotation changes. This 
can be seen by the horizontal movement of the vertical 
line passing the center of rotation at each knee position, 
this being the point at which the links cross. This point is 
known as the instantaneous center of rotation, because it 
changes at every instant of motion. The center of rotation 
moves posteriorly as the knee rotâtes, as does the point 
of contact on the surface of fémur and tibia. The line 
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Fig. 9: (A) Ligament imbalance (B) Ligament looseness. 

The distracted joint is shown on the right in each case 

joining I Q , I 45 and I 120 would be horizontal if the tibial 
plateau were fiat and horizontal and the condyles of the 
fémur circular. In fact, the shape of the joint surfaces is 
complex. The médial compartment of the tibial plateau 
is slightly concave (i.e. lower at the center than at the 
edges) and the latéral compartment is slightly convex. 
Sections through the latéral and médial condyles (Fig. 11) 
show that the part that articulâtes with the tibia is over a 
140° arc if flexion is nearly circular. It only gets flatter as 
the knee reaches full extension, when the motion becomes 
more complicated as the knee also rotâtes axially as it 
'screws home'. 

The four-bar linkage cruciate mechanism constrains 
the motion of the fémur on the tibia so that there is a 
combination of rolling and sliding motion. The 
instantaneous center moves as much as 10 to 15 mm in a 
posterior direction from extension to full flexion and 
distally a few millimeters. The radius of the posterior part 
of each fémoral condyle is about 22 mm and the full range 
of knee flexion is about 140°. We know from the geometry 
of a circle that its circumference (that is the distance 
around the circle for a full 360° rotation) is equal to 27ir, 
where r is its radius. The length of an arc of 140° can be 
found simply as (see Fig. 11). 

140 

s = 27ir x- 

360 




Fig. 10: Cruciate ligament positions and instantaneous centers 
of rotation (A) As the knee moves from extension (B) To 120° 
flexion (C) 



Fig. 11 : Near circular shapes of sagittal view of sections through 
(A) the latéral and (B) the médial fémoral condyles (o’connor 
et al, 1989) 


In our example: 

140 

s = 2 Tir x 22 x-= 54 mm 

360 

The radius of the condyle in fact increases anteriorly 
(as the knee extends) so that total rolling distance would 
in reality need to be much more than 54 mm in order to 
rotate 140°. It is clear, then, that knee motion during 
flexion/extension involves sliding due to rotation as well 
as rolling (see Fig. 12) for the range of angular motion to 
be accommodated with just 20 mm of translation of the 
instantaneous center of rotation. This limit to the rolling 
distance, provided by the cruciate ligaments, has the effect 
of controlling the position of the most posterior point of 
the center of rotation, I 140 , so enabling the knee to flex 
fully without rolling up against the posterior capsule. 

Applying this information to replacement knees, we 
can firstly say that a fairly fiat replacement tibial plateau 
and circular replacement condyles will give a good 


















Total Knee Arthroplasty 3755 



Slidlng due îo rotalion 



Roliinçp motion 


Fig. 12: Rotation of the knee involves sliding and rolling 


approximation to the motion of the real knee. Of course, 
this type of design requires that the cruciates are retained 
during surgery, otherwise the fémoral component will 
slide in an uncontrolled manner over the tibial plateau. 
For additional stability, we could select a replacement 
tibial plateau that is concave and still design a fémoral 
component with an almost circular shape that would 
allow the ligaments to remain taut as they rotate. These 
points will be discussed later. 

Knee Joint Loading 

The external forces acting at the knee joint are mostly 
compressive, due to the weight of the body. As with the 
other lower limb joints the magnitudes of the compressive 
joint forces at the contacting fémoral/tibial surface are 
much higher than body weight due to the combined 
effects of these gravitational forces, the contracting forces 
of the muscles and the balancing loads of the ligaments. 
Joint forces range typically from 2 to 6 times body weight 
under normal daily activities. The prédominance of 
compressive loading at the knee will make the use of 
cernent, which is effective in compression although 
weaker in tension, a useful option for the designer. 
However, the joint is not always loaded in compression, 
as we shall see below. 

The vertical component of the ground reaction force 
(Fig. 13) just exceeds body weight during the stance phase 
of gait (see Figure 13C) and this is transmitted to the knee 
joint. The compressive force due to the action of the 
quadriceps acting via the patellar ligament during the 
stance phase of gait generates a maximum force of about 
3 x BW (Body Weight). This is added vectorially to the 
ground reaction force of 1 x BW to give a résultant joint 
reaction force of about 4 x BW (Fig. 14). 


5 ^ ^ 

-5 Mâdial 




0 

11 


Fig. 13: Ground reaction forces during gait (expressed as a 
percentage of body weight): (A) medial-lateral (B) fore-aft (C) 
vertical 


However, as Fig. 13B shows, there is also a fore-aft 
ground reaction force component of up to 20% body 
weight, which is also transmitted to the joint, so one or 
other of the cruciate ligaments will be required to balance 
this component of the joint reaction force. Figure 15A 
shows the shear force in the stance phase of gait. Figure 
15B shows the shear force during descending stairs, 
where the forward component of the load acting on the 
fémur tends to push it forwards over the tibia and the 
posterior cruciate ligament restrains this movement. 

Ground reaction forces during walking also hâve a 
horizontal component directed medially, which generates 
a turning moment on the knee; this must again be 
balanced by the muscles and ligaments. This show in 
Figure 13A and is typically about 5% body weight. Figure 
16 shows how, for an adduction moment caused by a 
medially acting horizontal ground reaction force, the load 
distribution shifts such that the greater the horizontal 
force component the greater the load transferred from 
the latéral compartment to the médial compartment of 
the joint. For low magnitude sideways médial reaction 
forces, such as those that occur during gait, the quadriceps 
muscle, acting via the patellar tendon ligament, can pull 
the joint together hard enough to keep both condylar 
surfaces in contact with the tibial plateau (Figs 16A 
and B). 

As the horizontal force increases, in activities more 
strenuous than normal walking, it becomes necessary to 
use the hamstrings as well, which of course increases the 
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Patellar force of 3 BW 



Fig. 14: Simplifiée! compression forces on knee during standing 



Fig. 15: Shear forces at the knee (A) during gait (mid stance) 
and (B) on stairs 


joint reaction force. Eventually, as the load increases, the 
muscles do not hâve the strength to maintain contact at 
both condylar surfaces, the latéral side loses contact and 
ail the load is taken by the médial condyle (Fig. 16C). 
The stability of the joint then relies on the latéral collateral 
ligament, which is required to balance the turning 
moment due to the sideways acting force. The fact that 
there are high loads acting on the médial compartment 
of the knee has implications for joint replacement design. 


PT = 3 BW PT-3BW PT-3.7BW 


Hamsifing - 0 BW Hamsfcring - 0 BW Hamstring = 0.7 BW 



Fig. 16: Effect of increasing medially directed external force on 
the magnitude and distribution of the joint reaction force (PT = 
patellar tendon) 

as the tibial component needs to be able to transfer high 
médial compartment loads on its upper surface to the 
underlying bone without causing high compressive 
stresses, which could cause the bone to fail. The collateral 
ligaments play an important rôle in stabilizing the joint 
under medio-lateral loading and if they are absent for 
any reason or cannot be retained during surgery, then 
the replacement joint is required to provide ail the latéral 
stability. In such cases a linked prosthesis, such as a hinge, 
would be required. 

The knee is also required to resist axially generated 
torques which try to twist the knee axially and, if 
excessive, can cause a meniscus to tear. Whereas the hip 
has an innate capacity within the bail and socket design 
to accommodate axial torque, the knee joint does not and 
relies on the ligaments to keep the joint stable. A 
replacement knee joint must therefore hâve adéquate 
stability to axial rotational loads. 

GENERAL CRITERIA FOR KNEE 
JOINT REPLACEMENTS 

Against the background given above, we may apply the 
general design criteria for orthopédie implants (Abel 
et al, 1997) to knee replacements. 

Be tolerated within the human body with no short- 
term and little long-term risk of adverse toxic effects such 
as carcinogenesis (inducing cancer). 

Nearly ail commercially available knee replacements 
are made of a cobalt chrome fémoral component and a 
tibial component of HDP. Some variations on this theme 
hâve included titanium components instead of cobalt 
chrome-these were seen to give problems with métal 
wear particles being taken up by the synovial membrane 
causing blackening, but the significance of this is not 
known. Otherwise there hâve been no particular varia- 
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Figs 17A and B: Reference line for fémoral eut (B) fémur 
eut at 6-7° to reference line 


tions in materials except in relatively small différences 
in the way they are treated in the manufacturing process. 

Achieve its aim of relieving pain and restoring the 
activities of daily living. 

Total knee arthroplasty in its development phase had 
a bad réputation for early failure, with conséquent severe 
disability. This trend has been reversed in the last ten to 
fifteen years and now knee replacement can be performed 
routinely with results that are at least as good as those 
quoted for hips. A 90 to 95% ten year survival of the 
prosthesis may be expected. Ultimately however the same 
concerns relating their survival to patient activity apply 
to the knee as apply to the hip. The more active patient 
will incur a greater risk of failure than the sedate patient. 

The minimum functional kinematic requirements of 
a knee replacement are that: 

• It should fully extend to 180° at which point the patient 
should be able to stand without the need for muscular 
effort by the quadriceps. This means that the collateral 
ligaments and posterior capsule must be intact, to 
enable the screw home mechanism of the knee to 
operate, or the replacement must be designed with 
an alternative stabilising mechanism. This is usually 
done by creating tibial and fémoral components that 
are congruent in extension. 

• It should flex to 90° at which point the patient should 
be able to stand without the need for muscular effort 
by the quadriceps. This means that the collateral 
ligaments and posterior capsule. 

• It should permit slight axial rotation as the knee 
extends to maintain natural ligament tension 
throughout the flexion and extension process. 


Last a reasonable length of time which ideally should 
extend beyond the expected life span of the individual 
patient without the need for révision. 

This has been commented on above. The excellent 
figure quoted for total condylar replacement make the 
case for it being used as our "gold standard" against 
which new designs are compared. 

Be insertable by a competent surgeon of average 
ability such that a predictable outcome can reasonably 
be guaranteed. 

Because of the need to protect and balance ligaments, 
the surgical technique is far more demanding than that 
for other joints. It is essential that the two bearing surfaces 
are eut parallel—this means the tibial surface is 
maintained at right angles to the tibial shaft, parallel with 
the ground when weight bearing. This can be determined 
from a radiograph of the fémur and drawing a line from 
the center of the fémoral head to the knee center (Fig. 17A) 
The fémoral eut will hâve to be at an angle to compensate 
for the natural angulation of the fémur relative to the tibia, 
as shown in Figure 17B. Although theoretically variable 
by a few degrees, in general the fémoral eut needs to be 
six or seven degrees relative to the axis of the fémur in 
order to get satisfactory results. 

The posterior capsule of the knees must be dissected off 
the back of the fémur to ensure that the replacement knee 
can fully extend. Figure 18 shows that this is done. 

The collateral ligaments should be balanced in tension 
so that the bony cuts are parallel when the bones are 
stretched apart by the new joint and there is no tendency 
of the joint to open more medially than laterally or vice 
versa. The soft tissue are dissected from either side of the 
joint in order to achieve equal tension across the joint. 
This is reasonably easy to achieve, the commonest method 
being to lengthen tightened ligaments to match slack 
ones—this means using a bigger tibial plastic component 
which, as will be seen later, is no bad thing. Figure 19 
shows how the bones can be jacked apart, which allows 
the tension in the ligament to be checked. 




Figs 18A to C: (A) A natural knee (B) posterior capsule 
dissected off back of fémur (C) bones shaped to take inserted 
prosthesis 

















3758 Textbook of Orthopedics and Trauma (Volume 4) 



Fig. 19: Manually operated clamps can be used 
to jack apart the joint surfaces in flexion 


Cruciate ligaments may be preserved (especially the 
posterior) or dissected away in the operation. This will 
be commented on later. 

Although this is a more involved surgical dissection 
than that for the hip, a trained surgeon of average skill 
can meet this criterion with a success rate approaching 
90%. 

Be of acceptable cost, bearing in mind the relative costs 
of hospital stay and the economy of the individual and 
his/her country. 

This is somewhat more controversial than the hip. 
Knees on average cost five times as much as hips. Suffice 
it to say that although production costs are higher and 
volume lower the degree of margin between cost and 
price is not always obvious to the purchaser, which is 
normally the National Health Service in the UK. 

FUNCTIONAL FACTORS AFFECTING SURFACE 
SHAPE AND DEGREE OF MOTION CONSTRAINT 

Function Design Factors 

The term 'constraint' in the modem context of knee 
replacement is used to refer to the relationship between 
tibial and fémoral bearing surface geometries. The more 
constrained they are the less freedom of movement they 
hâve to slide and rota te in different directions. In the old 
knee classification the term constraint was used to 
distinguish between linked prostheses such as hinges, 
e.g. Figure 20A, referred to as fully constrained, and surface 
replacement referred to as unconstrained prostheses. Some 
designs hâve a mechanism effective only in certain 
degrees of extension, i.e. the linkage only engages to 
tighten under loading in axial rotation as the knee extends 
(the Sheehan, for example, shown in Figure 20B) and such 
devices were termed semi-constrained. Ail knee 
replacements are to some degree contained in their 
movement and simply clarifying them into three 



Fig. 20: (A) Hinged prosthesis (Shiers), 

(B) A semi-constrained stemmed prosthesis (Sheehan) 


categories is not helpful, especially as today's prostheses 
almost ail fall into the semi-constrained category, so using 
this term does not distinguish between them. 

From the previous section you will hâve realised that 
the important functional design features of knee 
replacements are to provide an acceptable range of 
motion of the joint combined with good stability under 
loading and a screw home mechanisms or some 
équivalent that allows standing up straight without the 
need to apply the quadriceps muscle. The ligaments are 
essential for achieving ail these characteristics in the 
normal joint, but anatomically shaped replacements can 
only work if the ligaments are retained during surgery 
and made to function with the prosthesis. If one or more 
ligaments cannot be used, the prosthesis must be 
designed to compensate for the functional loss. 

Designs that Substitute for Ligaments 

If there are no ligaments intact a hinged prosthesis is used. 
The hinge mechanism (Fig. 20A) constrains the motion 
of the knee to a single axis of rotation with total stability. 
If therefore does not require the ligaments. The problem 
with the hinge is that it has no 'give' under latéral and 
long axis rotational loading and transmits the sometimes 
high shear forces associated with these loadings to the 
implant-cement. Some more recent designs hâve allowed 
axial rotation at the joint, such as the Spherocentric 
prosthesis (Fig. 21A) and the Attenborough prosthesis 
(Fig. 21B); this helps to relive the stresses due to rotational 
loading. Problems of loosening, however, still remain. 
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Figs 21A and B: (A) Spherocentric prosthesis, which has a 
central bail joint, and (B) Attenborough prosthesis, which has a 
central rod 


Cruciate Ligament Rétention Considérations 

In most cases the collateral ligaments are either intact or 
can be made to function properly by corrective 
adjustment to their length so that they are balanced in 
tension with the prosthesis in place, as shown in Figure 
22. In most forms of osteoarthritis the anterior cruciate 
ligament is either destroyed or is so attenuated as to be 
of no mechanical value. The posterior cruciate ligament 
more often than not is preserved. 

How the PCL Controls the rolling motion of the tibia 
is discussed earlier in this chapter. Different designs of 
knee replacement with different surface shapes are used 
according to whether the posterior cruciate ligament is 
retained or removed. If the PCL is not to be retained, it is 
necessary to substitute a mechanism within the 
prosthesis. This enables the fémur to rotate on the tibial 
plateau without moving too far posteriorly, so that a good 
range of knee flexion is achieved without restriction of 
movement due to the soft tissues. The posterior 
stabilization mechanism may be a simple stop or a more 
sophisticated cam-like device. You will learn about these 
in Section 7. 

The theoretical advantages of retaining the PCL are 
that it provides some degree of anterior-posterior knee 
stability and that it may preserve some proprioceptive 



Figs 22A and B: Unbalanced ligaments, and 
(B) balanced ligaments 


activity, i.e. it may offer some sensory feedback to the 
brain to protect against overloading with joint. It appears 
that normal gait is unaffected but walking on stairs is 
more stable with the PCL retained, as wound be expected 
from out earlier discussion relating to Figure 14. The 
disadvantages are that it constricts a free surgical 
dissection of the posterior capsule, which may limit full 
extension, and it encourages the fémoral component to 
slide over the tibial bearing which may hâve detrimental 
surface wear effects. Removal of the PCL allows the use 
of more congruent joint surfaces which, as we shall see 
later, reduce HDP wear. Removal may also facilitate may 
deformity correction. Some surgeons therefore prefer to 
remove the PCL. 

A recent study (Hirsch et al., 1994) found that the only 
significant différence between retension and substitution, 
with an alternative device built into the prosthesis to 
enable the fémur to roll as well as to slide, was that the 
former offer s a better range of motion than the latter. The 
scientific evidence in the literature (from many clinical 
studies of knee kinematic function of patients with knee 
prostheses) fails to support an strong case either way. So 
loss of the PCL does not seem to matter, provided a design 
appropriate to rétention or resection is used. 

PCL retaining prostheses hâve a fairly fiat tibial 
plateau, like that on the natural tibia, because of the need 
to provide a kinematic design that allows the PCL to 
function properly. Technically, it is difficult to position 
the tibial plateau accurately enough to get the PCL to 
work as it should, even for a skilled surgeon, because the 
motion pattern of the knee is complex. The height of the 
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Fig. 23: High contact stress at point P due to tightening 
as the knee rolls back 

tibial plateau above the PCL and the anterior-posterior 
angulation of the tibial plateau need to be carefully 
determined at surgery if the PCL is to work properly. If 
the PCI is too loose it allows forward movement of the 
fémur on the tibia so that the normal rolling back motion 
no longer works. On the other hand, if it is too tight there 
will be a restricted degree of flexion, excessive rolling 
back of the fémur on the tibia and possible compression 
of the two prosthetic joint surfaces together posteriorly, 
generating high contact stresses (Fig. 23). Relative 
positioning of the tibial component with respect to the 
insertion point of the PCL on the tibia is therefore very 
important. Also it is normal to slope it posteriorly by 
about 10 degrees, as shown in Figure 24, to encourage 
the fémoral component to roll back on the tibial 
component. 

Mechanically, expérience has shown that there are 
HDP wear and fatigue problems associated with many 
PCL retaining prosthesis design and others that hâve a 
fiat or nearly fiat tibial plateau. We shall be discussing 
the reasons for this in Section. A good sélection of clinical 
research papers discussing comparisons between PCL 
retaining and PCL substitution designs can be found in 
Clinical Orthopedics and Related Research volumes 299 
(1993) and 309 (1994). 

Mechanical Factors Affecting Surface Shape and 
Degree of Motion 

There are three important mechanical factors relating to 
the surface shape of a knee prosthesis: 




Fig. 24: Anteroposterior angulation of 10 degrees 
to encourage roll back 


• the effect of constraint on load transmission and the 
génération of high shear stresses, 

• the effect of surface contact on wear of the HDP tibial 
component, and 

• the effect of surface contact area on the stresses in the 
HDP tibial component. 

It would normally also be important to consider the 
material properties of the fémoral and tibial components, 
but this is rather academie at présent because almost ail 
prostheses use cabalt chrome (CoCr) for the fémoral 
component and HDP for the tibial component. HDP is 
known to hâve some undesirable properties, particularly 
the adverse effect of its wear débris on bone tissue, leading 
to bone résorption. Its surface is known to become stiffer 
due to an increase in density after sterilization with 
gamma radiation and overtime after implantation due 
to oxidization. The greater stiffness increased the joint 
contact stress under loading and therefore, makes the 
HDP tibial component more prone to wear. However, 
there are no proven suitable alternative to HDP so our 
discussions will be limited to the CoCr/DHP joint. HDP, 
being the softer material, is the one that wears out first 
while the CoCr component is hardly affected by wear. 
The HDP component is also prone to fatigue failure under 
loading, whereby sub-surface délamination due to 
cyclical loading causes larger fragments of the material 
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Fig. 25: Examples of shapes with varying degrees of congruity 


to break off. This eventually results in the failure of the 
joint. HDP fatigue and wear are more of a problem in the 
knee than in the hip because the bearing surface contact 
area is smaller so the stresses in the material are higher. 

Effect of Degree of Constraint on 
Load Transmission 

The load transfer problems associated with the hinge, 
which constrains motion to a single axis. Figure 25 shows 
six different knee surface shapes and Table 1 lists the axes 
about which they can translate (T) and rotate (R). The x- 
axis represents the flexion-extension axis and the z-axis 
the longitudinal axis of rotation. Wherever a T or an R is 
equal to zéro, the joint is effectively rigid in this loading 
mode, so there will be no load transfer to, or energy 
absorption by, the soft tissues at the joint itself, and the 
prosthesis-bone interface (or the prosthesis-cement-bone 
interfaces if cernent is used) will hâve to transmit ail the 
load. 

Most knee replacements are designed to provide some 
constraint in axial rotation (R z ) and horizontal motion 
(T x and T ) and use either a short stem or some form of 
interlocking mechanism to resist loads in these directions. 

Ail the models in Figure 25 allow rotation R x about 
the x-axis (the flexion-extension axis) and we need not 
concern ourselves with T z as the joint does not operate in 
this direction. The hinge of Model A is the most 
constrained, the bail and socket (B) can rotate in ail 


directions but not translate at ail. The others hâve partial 
constraint in some directions according to the curvature 
of the bearing surfaces and how conguent they are. For 
example, Models C and E can translate it the y-diretion, 
E more so than C, but with difficulty as this involves the 
fémoral component riding up the tibial component, 
whereas Model D is free to translate in the x-direction 
and y-direction. 

Rotation about the z-direction is clearly possible with 
Model D, more difficult with Model E and even more 
difficult with Model C, the latter two of which provide 
an increasing résistance to rotation as the angle of rotation 
increases, as again the upper component must ride up 
the lower one. Model F provides more constraint in the 


TABLE 1: Translational and rotational constraints for 
models A-F (Fig. 20) 


Model 

Motion 

A 

B 

C 
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E 
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y-direction than do Models C, D and E but a more 
constrained dish shape shown later in Figure 28 is mostly 
used in popular designs of total condylar prostheses, 
which we will be coming to in the next section. 

Cernent and prosthesis materials are much stiffer than 
the soft tissue and not viscoelastic, so the energy due to 
sudden loads is not absorbed gradually and can give rise 
to large instantaneous stresses at the interfaces which can 
cause failure in these régions. It is important, therefore, 
to hâve a sufficiently large area of contact to prevent 
these loads producing stresses that are large enough to 
loosen the interface. Stems and pegs on the fémoral and 
tibial components tend to be used for this purpose—the 
more constrained the motion of the prosthesis the greater 
the length of the stem required. In a hinged prosthesis, 
for example, the stems are very long onboth components, 
as Figure 19 shows. 

Effect of Surface Contact on HDP Wear 

If the prosthesis does not loosen and its components do 
not break, and if there are no medical problems such as 
infection, then it is the rate of were of the HDP component 
the détermines the useful life of the prosthesis. This is 
based on the simple formula: 

cNs 

V =- 

P 

where V is the volume of were. 

c is a constant called the coefficient of wear 
(related to the molecular interaction between 
the bearing materials), 

N is the applied load across the bearing surface 
(the normal load), 

s is the distance that the bearing slides, and 
P is the hardness of the surface being worn. 

For a cobalt chrome fémoral component and a HDP 
tibial component, c and p are fixed. For a given activity, 
N is defined, so the formula can be simplified for the 
purpose of comparing the wear rate of different surface 
geometries to: 

V = K x s 

where K is some constant. This formula says that the 
volume wear material produced is proportional to the 
sliding distance moved. 

If to start we take the example of a knee replacement 
that is constrained to rotate only (see Fig. 26), then just as 
for the hip joint the sliding distance to achieve a rotation 
of Q degrees is proportional to the radius of the bearing, 
because s = rQ, and therefore also its diameter d since 

d 

r =-, i.e. 



V= Kx =-xQ 

2 

V= Cxd 

Where C is some other constant. A smaller diameter 
of bearing will therefore reduce the volume of wear 
material. This is advantageous as there will be fewer HDP 
wear particles to react adversely with the bone tissue. 
However, it is the rate of depth to wear, not the rate of 
volume of wear the détermines the life of the HDP 
bearing. The relationship between the two is: 

volume of wear (V) = area of contact (A) x depth of wear (t). 

So for a particular volume of wear, the depth of wear 
can be reduced by having a large surface area of contact. 
From Figure 26, the area of contact (the grey area A) is 
equal to the length of the arc s (= d x Q) x w, where w is 
the width of the bearing. The area of contact can therefore 
be increased by increasing d and w, but increasing d 
increases the volume rate of wear (as we hâve just seen) 
so it is préférable to increase w. This is achieved by having 
a large contact profile as viewed from the front, such as 
models A, B and F in Figure 25 and H, I and J in Figure 
27(A). 

To summarise, in order to minimise the rate of 
production of wear particles (i.e. the volume rate of wear) 
the sliding distance of the bearing surface should be 
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Figs 27A and B: Illustration of how bearing profiles affect 
surface contact (A) for dual condyle contact and (B) for single 
fémoral condyle contact 


minimised, while in order to reduce the rate of depth of 
wear the contact area should be increased, which can be 
achived by having a wide bearing. However, the natural 
knee does not slide simply by rotation, it also slides in 
translations, as we saw in Figures 25 and 26, where the 
center of rotation does not remain constant as it would 
in a rotating bearing, but it moves at least 10 mm in the 
anterior-posterior direction. Cruciate retaining prostheses 
can only operate if the joint slides as in Figure 25. So 
functional design considérations may conflict with, and 
sometimes over-ride, some of the mechanical design 
criteria, with the resuit that a prosthesis may not be 
designed optimally to minimise wear; i.e. having surfaces 
with a low contact area. A compromise is normally 
required and we will look at some designs later. 

Load Transfer Considérations 

In addition to HDP surface shape, which we hâve already 
discussed, four other important design features also 
influence prosthesis contact stress and the load transfer 
affecting the interface stresses between the tibial 
component and the underlying bone. These are: 

• the thickness of the HDP component. 



• whether or not the HDP has a métal backing plate, 

• whether the tibial component has a stem (often called 
a peg because they are so short), and 

• the stiffness of the HDP material. 

Thickness of the HDP Component 

Clinical findings and finite element analysis hâve 
provided clear evidence that the thinner the HDP 
component, the greater it is stressed. This is because of 
stresses cannot be distributed evenly in the material. The 
relationship is not, however, linear as Figure 28 shows. 
Even for a conforming prosthesis shape, such as that 
shown in Figure 26, below about 8 mm the contact stress 
starts to rise quite steeply, a réduction in thickness from 
8 to 5 mm, for example, giving in 30% increase in contact 
stress. An 8 mm thickness is the minimum now 
recommended for HDP tibial components without a 
métal backing tray. If a métal tray is used, the HDP 
component tends to be thinner in order to limit the total 
thickness, for surgical reasons. This has caused problems, 
as well as discuss in this chapter. 

Surgical Tensioning and the Tibial Component 

From the above mechanical discussion the usual design 
compromise seems to favor thicker tibial components. In 
general, the thinner métal backed component can be of 
value from a surgical point of view when there is only a 
small space for insertion of a prosthesis due to tightness. 

The ability to vary the tibial height in a prosthesis is 
essential to the ligament balancing technique described 
earlier. If the joint is to be uniformly compressed it 
ligaments must be uniformly tight, or at least maintained 
at a length that does not allow the joint to open up 
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Fémoral component 
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Fig. 29: Modular HDP inserts can be of different 
thickness to suit surgical requirements 


medially or laterally when loaded with a latéral turning 
moment. In most modem designs, modular plastic 
component are interlocked to a métal tibial component 
at the time of surgery. This is useful as occasionally, if 
the balance has not been correctly achieved, the surgeon 
can repeat an operation and re-balance ligaments against 
a larger tibial HDP component. An example of modular 
tibial component using interchangeable HDP inserts is 
shown in Figure 29. 

Effect of a Métal Backing Plate 

The natural tibial plateau takes most load on the médial 
side (at least 60% but sometimes more) due to the line of 
action of the joint force. The replacement tibial plateau 
will be similarly loaded and as such the médial edge of 
the plateau will be the more highly stressed. It will in 
turn transfer a higher load and stress to the underlying 
bone than on the latéral side. The load is taken proximally 
by cancellous bone only and is transferred to the cortical 
bone more distally (see Fig. 30). 

The tibial component may or may not be mounted on 
a métal plate, which is held in place using a tibial peg 
(Fig. 31 A). This tibial backing tray HDP tibial component 
is intended to distribute the high contact stresses under 
the condyles in order to provide an even loading on the 
bone beneath it. Figure 31B shows how the concentration 
of load on the top surface of the HDP is spread out over 
the contact area with bone, due to the high stiffness of 
the métal plate. 

A métal tray has therefore been regarded as a good 
way of evening out the load. Clinical results, however, 
hâve not confirmed that the métal tray is better than a 
thick HDP component. The problem with a tray may 
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Figs 30: Proximal to distal compressive stress 
distribution variations in a normal tibia 
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Figs 31A and B : Tibial component with a métal tray (B) loading 
distributions under tibial component with and without a métal 
tray 


occur if the knee is loaded unevenly. Normally, it is the 
médial side that takes the largest proportion of the load, 
and the stress concentration on the underlying médial 
bone is greater if a métal tray is présent than if the 
component is only HDP because the métal is so much 
stiffer. There will also be a tensile stress between the plate 
and the bone laterally. The bone cernent between them 
will not tolerate this well if it is présent, as it is in the 
majority of prostheses (see Fig. 32). Using the métal tray 
gives rise to higher tensile forces than using in ail HDP 
component. Despite these findings, tibial components 
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Fig. 32: Uneven knee compartment loading 
gives rise to stress concentrations 


inmost knee replacement are metal-backed and hâve 
performed well. However, there may now be a trend 
towards ail HDP components, particularly since recent 
research has shown that a thicker HDP component of 10 
mm or more behaves similarly to a métal tray (Fig. 33). 
This may influence designers it the future, but it is too 
early to tell. 

The Effect of a Tibial Component Stem 

Most tibial components hâve a small peg which is 30 to 
50 mm long. It has been found that tibial components 
loosen mainly from shrinkage in the bone, probably due 
to graduai bone failure from high localised stresses as 
discussed in the previous section. Providing a central peg 
reduces the incidence of loosening. 

Finite element studies (Apel et al, 1991) hâve shown 
that an HDP tibial plateau with an HDP peg has little 
influence on the maximum compressive stress in the 
cancellous bone underneath the plateau, no matter 
whether the joint load is applied evenly or on one 
compartment only. However, a métal backing tray with 
a métal peg can reduce the stresses by some 20 to 40%, as 
Figure 34 shows. The highest stresses are created at the 
médial anterior side. Further analysis in this study 
showed that the load transfer to the peg about 25%, which 
therefore relieves the tibial plateau and the underlying 
bone of some of the total load. 

It may be that the peg assists in preventing loosening 
by helping to reduce the high contact stresses due to 
uneven loading that could cause the bone to fail. Figure 
35 shows how a peg can help to resist this load. The latéral 
reaction force acts to assist the rotating influence of the 
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Fig. 33: More even load distribution can be obtained under a 
thick HDP component than under a thin one 


Each dot shows where plateau is loaded 




Fig. 34: Maximum compression stresses under the tibial plateau 
for different surface loading conditions (The shadowed areas 
on the graph show stress for a métal tray with a peg and are 
lower than those for no Peg) 


vertical load by providing a latéral reaction force. A 
central peg is therefore a useful design feature. 

The Stiffness of the HDP 

The higher the Young's modulus of the HDP the greater 
the contact stress. This is to be expected as the HDP 
deforms less. Doubling Young's modulus increases the 
stresses by about 40%. 
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Fig. 35: Bending loads, due to eccentric loading on tibial 
plateau, resisted by the stem 


Prosthesis Design Features 

Today's total knee prostheses can be said to hâve been 
derived from the original Insall-Burnstein Total Condylar 
Prosthesis, which was a partially constrained, unlinked 
replacement for the condylar surfaces, with an anterior 
flange for articulating with an HDP dôme (Figure 36). 
The tibial component was sidled in order to maintain 
stability without relying on the cruciate ligaments, 
although this was later found to be inadéquate for 
anterior-posterior stability and led to the design of the 
Posterior Stabilized models, which we shall corne to 
shortly. The principal features of this type of prostheses 
are described below. 

Fémoral Component Shape 

Superficially, the fémoral component of a total knee 
replacement looks like that of the normal knee. However 
most modem designs do not hâve left right sided 
prostheses—they are symmetrical. This is in contrast to 
the normal knee where the latéral condyle is larger that 
the médial condyle, with a radius about 1.5 mm greater. 
The geometrical asymmetry aids in the axial rotation 
achieved during the last phases of full extension. 

The disadvantages of completely copying the 
asymmetry (and some expensive knee replacement do) 
is that it literally doubles the size of the required inventory 



Fig. 36: A total condylar knee 


of components required to carry out any knee joint 
replacement. It also means having matched instruments 
ail this adds considerably to cost, which threatens our 
basic criteria discussed earlier. The advantages of 
maintaining natural asymmetry do not in practice appear 
to be of any benefit. 

The symmetrical condyles when looked at in profile 
vary in shape according to the design of the tibial plateau. 
Some start with a constant radius of contact in flexion 
then increase in radius as the knee extends. Others hâve 
a more complex shape, made up a number of connecting 
curves but still with a smaller radius of curvative in 
flexion than in extension. Figure 37 shows how this radius 
of curvature changes. 

The very anterior part of the fémoral component 
curvature accommodâtes the movement of the patella 
during flexion and extension. 

Tibial Surface Shape 

The degree of constraint of a knee prosthesis is in practice 
determined largely by the surface shape design of the 
tibial component. Partially constrained shapes, used in 
total condylar prostheses, tend to be favored as they can 
provide the required degree of functional movement, 
they do not suffer greatly from loosening due to 
overstressing and they limit the range of sliding motion 
to help reduce wear. 

We hâve already discussed the need for a flattish 
surface profile with prostheses that retain the posterior 
cruciate ligament. If the PCL is excised, which is usual, 
this is no longer a constraint and many different PCL 
substitution designs hâve been produced commercially. 
The usual compromise between excessive PCL wear and 
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Fig. 37: Example of a fémoral component, showing the 
change in curvature of the joint surface 


Fig. 38: Posterior stabilization using a stop 


failure, and inadéquate stability, is a surface shape which 
is dished in ail directions. The exact shape canbe designed 
to give a relative lack of constraint immediately short of 
full extension but hâve very close reciprocation in shape, 
and therefore more constraint, in full extension. This is 
again well illustrated in our 'gold standard' prosthesis. 

The posteries established designs provide mechanism 
which can: 

• prevent posterior fémoral subluxation of the fémur 
over the tibia, and 

• cause the fémur to 'roll back' as it flexes. 

There are several ways in which this can be done. 
Examples are illustrated in Figures 38 to 40. The 'cam' 
shaped designs (which employ more of a graduai curve 
on the tibial component) tend to produce a smoother 
transition to the roll back position in flexion. 



Fig. 39: Posterior stabilization using a cam 
(sectional view from side) 


Method of Anchorage of Components 

Provided a knee joint replacement is properly aligned 
and its ligaments balanced with reasonably symmetrical 
tension, then both fémoral and tibial components of the 
endoprosthesis are maintained in compression 
throughout the range of joint motion, if the tibial 
component is loaded evenly. Theoretically, therefore, the 
use of PMMA cernent around the components at the 
interface with the bone should provide a good anchorage. 

If, due to a latéral turning moment the tibial 
component is loaded by one condyle only, the other side 
will tend to lift off, giving rise to a tensile stress in any 
bonding material between the tibial tray and the 
underlying bone. We hâve discussed this already. 
Imbalance in the ligaments will produce uneven loading 
on the tibial component and will resuit in greater stresses. 
There is good evidence to suggest that such imbalance is 
a cause of early failure. 


The shape of the fémoral component means that it is 
well anchored to the bone, assisted by a peg or other 
projection, as shown, for example, in Figure 37. 

Additional rotatory control can be provided by the 
use of projections built into the undersurfaces of the tibial 
components (Fig. 41). 

In practice these features hâve proved to be successful 
and the 'gold standard' total condylar prosthesis has a 
good record of firm fixation. HDP wear and wear particles 
are the ultimate mode of failure, as for the hip joint. 

There are several cementless bone prostheses, which 
are generally restricted to the PCL-retaining type. Porous 
coated beads and meshes hâve been tried. The tibial 
component requires a screw fixation or a stem, although 
fully porous coated stems are believed to contribute to 
stress shiedling; good contact give ruse to a reduced 
proximal load transfer, which can cause done resortion. 
The fémoral component tends not to require more than a 
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Fig. 40: Different profiles of posterior stabilized tibial 
components, the taller and more anterior spine on the right 
providing better prévention of subluxation 



press fit and the use of pegs. Long-term clinical results of 
cementless knee prostheses are not yet available and there 
is some hesitancy in using because cemented versions 
perform so well. 

Patellar Resurfacing 

Whether or not to replace the patella remains 
controversial. The patello-femoral joint canbe a principal 
source of pain in osteoarthritis of the knee, yet if a total 
knee replacement is carried out without specifically 
resurfacing the patella, pain relief can be total. Of course 
in the process of total knee replacement the patellar 
bearing surface in the fémur is replaced as an inhérent 
part of the fémoral component design, so this may be 
regarded as a form of hemi-arthroplasty. 

Mechanically, the patella provides a better leverage 
for the patellar tendon, so that flexion movement can be 




F 2 


Stabilizing moment = M 

With patella M = F-, x d 1 

Without patella M = F 2 xd 2 

d 1 is greater than d 2 . In practice F 2 can be 30% greater 
than F 1 


Fig. 42: Knee extensor forces with and without patella 


provided by a lower patellar force than if no patella were 
présent (Fig. 42). This is turn lower the joint reaction force, 
so component wear and loading are reduced. 

The reaction force of the patella against the fémur can 
be as high as 4 to 5 times body weight, loads that are 
sufficient to require careful structural design of the 
replacement patella to prevent stress failures. Although 
fractures of replacement patellae are not common they 
can occur in the more active patient, who tends to climb 
stairs and stand up from sitting in the usual way, causing 
high patellar contact stresses, rather than relieving the 
limb of some loading during such activities. 

The anterior part of the fémoral component may be 
grooved in the frontal plane to better accommodate the 
patella and the encourage patellar tracking. Examples of 
patellar shapes are shown in (Fig. 43). 

The replacement patellar bearing surface is made from 
HDP so excessive wear and délamination need to be taken 
into account. The shape of the contact surface of the 
patella affects the wear rate. Conforming shapes 
contoured to match the fémur (e.g. in Figure 43A) wear 
less than convex (non-conforming) shapes (e.g. Figure 
43B). Wear has also been shown to be worst in métal 
backed patellae, because the HDP is insufficiently thick 
to distribute the loads and if therefore prone to higher 
contact stresses then the less rigid all-HDP component. 

The natural patella is not always replaced but can be 
used if its surface is in good condition. However, in a 
recent study of bilateral arthroplasties (Enis et al, 1990) 
where the patella was replaced on one side but not on 
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Patella component 


A B 

Figs 43A and B: (A) Conforming and (B) Nonconforming 
patellar shapes 


the other, patients complained of less pain on the side 
where it was replaced. They also found their knee to be 
stronger in flexion for demanding activities such as stair 
climbing. 

Sometimes to achieve closure of the surgical wound 
after TKR it is actually necessary to make the patella 
thinner. The use of an HDP patellar replacement 
component can help this as it is thinner than a patella 
created by placing a surface replacement on the patella 
bone. 

The surgical outcome of patellar replacement as part 
of TKR is equivocal. In rheumatoid arthritis there is little 
doubt that the addition on a patellar dôme makes little 
différence but it may be appropriate for some stiff, 
osteoarthritic knees which hâve very deformed patellae. 

Meniscal Bearings 

Meniscal bearing prostheses incorporate a third bearing 
surface, called a meniscus, which is a king of substitute 
for the real knee meniscus. They consist of a métal fémoral 
component, a métal tibial component and an HDP 
meniscus. This design of bearing has a large contact area 
(to reduce contact stresses) but a low degree of constraint 
(to avoid high stresses, other than compression, during 
load transfer). Figure 44 shows how the meniscus moves 
forwards during extension and backwards during flexion: 
this allows the fémoral component to move in an 
anatomical manner. For long axis rotation and latéral 
movement, the meniscus slides at the lower bearing 
surface which, of course, is not représentative of the true 
anatomical motion, as this is as much as 10 mm below 
the height of the line of the center of rotation of the natural 
joint. Meniscal bearing designs therefore départ from the 
design of most knee prostheses, which on the whole try 
to move in a similar way to that of the normal knee. The 




Fig. 44: Motion of meniscal bearing extension (left) to 
flexion (right) 



Fig. 45: Meniscal bearing replacement 
for one knee compartment 


effect of this déviation from normal motion on function 
has not been reported. 

Design of meniscal bearings vary. In one version, a 
unit is provided for just one knee compartment. An 
example is shown in Figure 45. Two of them can be used 
together, one for the médial side and one for the latéral 
side. It is more common, however, to use a total knee 
replacement version if the joint surfaces in both 
compartments need replacing. Examples of these are 
shown in Figures 46 and 47. They are thicker than most 
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Fig. 46: Meniscal bearing design—note the projecting peg on 
the tibial plateau which constrains motion of the meniscus 



Fig. 47: Meniscal bearing design—The cross-shaped projection 
on the patella component is to improve fixation to the patella 

other types of knee prostheses and this requires the 
removal of more bone during surgery to accommodate 
the prosthesis. 

The design of the bearing surfaces is important. Figure 
44 showing how an earlier, unsuccessful design of a two- 



Fig. 48: Design improvements to a two-compartment 
meniscal bearing (top view) 


compartment meniscal bearing has been improved by 
providing a larger meniscal bearing surface and a smaller 
gap between the two menisci. 

Some results with the more recent meniscal prostheses 
hâve been promising, in that loosening and wear rates in 
some studies are approaching those for total condylar 
prostheses. The principal disadvantages of designs is the 
increased technical difficulty in achieving ligamentous 
balance and overall alignment without risking dislocation 
of the moving bearing. This difficulty has been borne out 
in practice, but newer design do now incorporate stops 
that reduce the risk of dislocation by limiting sliding 
motion of the menisci. 

Hemiarthroplasty 

So far ail the descriptions above are concerned with total 
surface replacements. It is possible to replace only one 
side of the tibio-femoral joint-either the médial or the 
latéral side. This is called a hemi-arthroplasty. 

This operation is seen as an alternative to osteotomy 
in younger patients who hâve a painful an deformed joint 
that is not severe enough to warrant total joint 
replacement but with too advanced a disease process to 
permit osteotomy. The concept of joint realignment is 
very similar in principle to that to osteotomy, in that both 
operations are designed to restore the joint alignment to 
normal and so balance the forces on the médial on the 
latéral sides of the joint. 

The fémoral component must be broad enough to cap 
the damaged condyle. Small pegs or lugs are used to limit 
loss of bone stock in case of the need to perform a révision 
operation. Two lungs are required to counter any 
tendency to rotate (see Fig. 49). Unicompartmental 
meniscal bearings, such as the one shown in Figure 44, 
can also be used, although they tend to require removal 
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Fig. 49: Unicompartment fémoral component—There are two 
pegs to resist axial rotation 


of more bone in order to fit in the meniscus. As for the 
condylar type of prosthesis, métal backed tibial 
components should hâve an HDP thickness of at least 
8 mm in order to prevent excessive wear. 

Surgeons differ in their views of the rôle of this 
operation. It seems a useful alternative for the person in 
their late forties or early fifties who has moderate 
functional requirements. Unfortunately this makes a very 
small proportion of patients suitable. One of the 
attractions is said to be that the joint will be easy to revise 
to a total knee later, but in practice this is not always the 
case. 

Révision Knees 

Despite the high degree of success of TKR there will be 
failures through wear, loosening and infection. The basic 
problems in révision of the TKR are shared with the hip— 
in particular the loss of bone stock for anchoring the 
révision prosthesis. There are additional problems at the 
knees created by the necessity of having to achieve 
alignment and stability, especially when ligaments may 
hâve been destroyed in the loosening process. 



Angulaled wedge Distal wedge Foslerior wedge 

Figs 50A and B: Examples of wedges (A) on tibial 
component (B) on fémoral component 


The simple solution is to create a linked hinge design. 
Hinges, as we discussed earlier, are in general 
unsatisfactory because of their inability to accommodate 
axially generated torque without putting great strain on 
the bone prosthesis interface. A better solution is to design 
a bearing surface which has a high degree on constraint 
built into the tibio-femoral bearing. This can be provided 
by having a high peg projecting above the tibial plateau 
which is partially captured by a central groove in the 
fémoral component, but the needs to be designed with 
care as too intimate a contact will hâve the same effect as 
a full hinge in transmitting axial torque to the prosthesis- 
bone interface. 

The central peg should be seen as a secondary 
constraint—a fail mechanism—to confer stability only if 
the joint is loaded either medially or laterally. 

In order to achieve contact between prosthesis and 
bone in révision, where there may be considérable bone 
loss, it may be necessary to use modular components to 
which fiat or wedge shaped blocks can be added to the 
prosthesis at the time of surgery. These blocks fill the gaps 
and allow the prosthesis to rest on the bone. They are 
frequently called augmentation blocks. Figure 50 shows 
some examples. 

If there is gross loss of bone through the loosening 
process then alignment and some degree of anchorage 
may be achieved by the use of intramedullary stems. The 
stems should be intimately fixed within the long bone 
medullae of the fémur and tibia—this may involve 
reaming, which is a process of enlarging a hole by using 
a spécial tool which removes only small amounts of 
material. In general, anchorage dépends on converting 
the axial loads into hoop stresses at the stem-bone 
interface. 

Summary 

In many ways the current State of knee replacement is 
highly satisfactory and the knee designs commercially 
available more neatly fit out basic requirement than the 
hip design do. The limitations appear to be the implant 
materials. The perennial problem of HDP wear particles 
is a limiting factor in knee replacement longevity, 
provided the surgical technique is sufficiently refined and 
well performed. A recent HDP wear laboratory study 
(White et al. 1994) of a tibial component articulating 
against both a cobalt chrome and a ceramic fémoral 
component made from zirconium has shown, as with the 
hip, that the zirconium performs much better. HDP wear 
was reduced by about 40% and there was no severe 
scratching or délamination, which occurred using CoCr. 
The reason for the différences was attributed to the 
increasing roughness of CoCr during the 2 million test 
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cycles, whereas zirconium was not affected. From a wear 
point of view, ceramic materials might help to improve 
the life of the tibial component and reduce HDP wear 
particles. 

The principal design variation amongst commercially 
available knees centers around modularity in design and 
in surgical instrumentation designed to help the surgeon 
get a good fit and alignment of the prosthesis. The latter 
is not of any particular mechanical importance. 
Modularity in design has two attractions, firstly it reduces 
inventory and so cost, and secondly it permits the surgeon 
to build up a customized implant which will be more 
accurately suited for any particular individual. 
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378.2 Indications and Contraindications: TKR 


Total knee arthroplasty has become a highly successful 
joint reconstruction process. 1,2,7 Surgical outcomes, 
patient satisfaction in terms of pain relief, restoration of 
range of motion and function hâve increasingly improved 
since its inception. 

In the early years of total knee arthroplasty the surgery 
was offered to an older âge group with a low level of 
activity. With advent of time, developments in implant 
designs, better surgical techniques and faster 
réhabilitation programme this has become a widely 
accepted treatment option even for the younger patients 
with an active lifestyle. However the more suitable 
candidates for an arthroplasty would remain those 
patients aged above sixty years so that an uncomplicated 
arthroplasty lasts for the rest of their lives. Survivorship 
of cemented total knee arthroplasty ranges from 91% to 
99% over ten years and 91% to 96% over 15 years. 

TKR IN THE YOUNG 

With an increase in life expectancy and better health care 
facilities more and more patients are being referred to 


Sushrut Babhulkar, Kaustubh Shinde 

arthroplasty surgeons at earlier stages rather than as a 
"last resort". Patients are opting voluntarily for joint 
replacement based on sound surgical and anaesthetic 
techniques. However it remains to be decided who is 
considered "young"- a person aged less than 60 years. In 
these patients with severely debilitating disease e.g. 
advanced rheumatoid arthritis with marked limitation 
of movements, monoarticular disease severe enough to 
cause morbidity are indications enough to justify a total 
knee arthroplasty. 

INDICATIONS 

Symptomatology And Disease Process: 

The yrimary indications for total knee arthroplasty are 
severe pain and functional disability. 

Relative indications are: 

1. Deformity 

2. Instability 

3. Loss of motion 

Diagnosis associated with above problems and for 
which TKA has been successfully performed are : 
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1. Osteoarthritis 

2. Rheumatoid arthritis 

3. Inflammatory arthritis 

4. Post-traumatic arthritis 

5. Hemophilia 

6. Other disabling disorders associated with tumors and 
fractures. 

In spécial situations total knee arthroplasty can be 
performed as a salvage procedure for knee with 
neuropathie arthropathy or to restore motion in a 
previously arthrodesed knee. 

BENEFITS, RISKS AND ALTERNATIVES 

Patient undergoing total knee arthroplasty surgery 
should be clearly explained about risks, benefits and 
alternatives related to the procedure. 

• Personal expérience of the operating surgeon, implant 
survivorship studies, and longevity should be 
discussed with the patient with a particular mention 
of the clinical history and performance of the implant. 

• The recuperative and réhabilitation protocol should 
be explained to the patient as also a normal expected 
postoperative course and milestones. 

• No amount of good surgery can pacify a patient 
with unrealistic expectations or a psychological 
impairment. 

• Patients should also be informed about known 
indicators of adverse outcomes e.g. patients with 
rheumatoid arthritis, diabètes, multiple joint 
deformities are expected to hâve a higher chance of 
complications. 

• Medical complications including anaesthesia 
complications, cardiovascular compromise, deep vein 
thrombosis, pulmonary embolism, urinary tract 
dysfunction and blood related issues should be 
discussed. 

• In patients with bilateral disease the possibilities of 
performing the surgeries at the same or sequential 
sittings should be discussed. Keeping in view the 
condition of the patient - medical, psychological and 
social - decision should be taken. 

EXAMINATION AND PATIENT ASSESSMENT 

Patient's presenting complaints are of utmost importance 
to guide a patient to opt for the right kind of treatment 
modality- conservative or surgical. 

General Medical History 

Obtaining a complété medical history is essential not 
only for planning surgery but also in anticipation of the 
patient's post-operative care. 3,6 


• Pre-operative nutritional status has to be assessed 
critically as it affects wound healing directly. 

• We must try to elicit history of previous infections - 
systemic or cutaneous. Associated conditions such as 
diabètes mellitu, cardiovascular disorders, goût, 
rheumatoid arthritis, peptic ulcer disease, peripheral 
vascular disease, pulmonary embolism, skin 
ulcérations and psoriasis can ail affect the patient's 
outcome. 

• Patients with rheumatoid arthritis hâve an increased 
chances of post-operative complications but it is still 
inclear whether this is due to actual disease process 
itself or due to the fact that most of these patients hâve 
at some point in time been treated with steroids. 

• Additionally any history of bypass surgery or 
peripheral vascular disease can preclude the use of 
tourniquet or even the surgery itself .Also essential is 
to note any prior difficulties with anaesthesia. 

• Eliciting a history of old fractures, rickets, rénal 
osteodystrophy, fémoral or tibial osteotomy is also 
important for preoperative planning and implant 
sélection. 

General Physical Examination 

A satisfactory general physical examination of the patient 

is necessary to rule out any associated disorders. 

• Patient's gait is observed and the type is recorded- 
normal, varus/ valgus attitude, with or without thrust, 
with or without gluteal component to it. 

• Inspection is made for adaptive changes in the foot 
and the ankle such as piano valgus deformity 
commonly observed in rheumatoid arthritis . 

• Skin of the extremity is scanned for prior incisions, 
skin grafts, poor or atrophied subeutaneous tissue, 
stasis, varicosities, chronic cellulites or active infection 
or ulcer especially in the foot or toes. 

• Puises, skin température and proprioception are 
noted. 

• Thigh and calf atrophy is noted and any hip or spine 
disorder is ruled out. 

• Alignment for both extremities is noted for obvious 
obvious extra-articular anomalies. 

In addition the patient should be observed during 

sitting down and arising from a chair in the examining 

room. 

CLINICAL PRESENTATIONS 

• Pain is the commonest complaint with which the 
patient cornes is With advent of time as the disease 
progresses gradually "pain on walking or exertion " 
is replaced by night pains which further progress on 
to rest pain coinciding with increasing pressures in 
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the bone. Now a days the patients usually turn up 
quite early and tend to stay with the surgeon till they 
reach a stage when they themselves demand a better 
solution to their pain rather than just conservative 
treatment. However in a developing country like India 
there still exists a substantial number of patients who 
corne directly for a joint replacement. In such a 
situation it becomes important to critically assess the 
patient for any other related conditions before a 
decision to undertake an arthroplasty procedure is 
taken. 

• Deformity is another problem with which the patient 
cornes to the surgeon. With a long standing deformity 
the patient develops increasing intensity of pain and 
ultimately présents with the chief complaint of pain 
rather than deformity. 


• Secondary arthritic changes are seen in increasingly 
more number of patients which are a resuit of trauma, 
tumor or even old quiescent infections. These patients 
comprise a significant proportion of candidates for 
total knee arthroplasty. 

• Révision arthroplasty is also another présentation 
which is growing commoner. These are patients who 
hâve undergone the procedure long back ,have landed 
up with implant loosening or failure. 

CONTRAINDICATIONS TO 
TOTAL KNEE ARTHROPLASTY 

Infections recent or past are a definite contraindication 
to total knee arthroplasty. 4,5,6 The infective process can 
affect the adjacent metaphyseal région, of the fémur or 



Fig. 1: Preoperative patient showing gross varus deformity clinically and radiologically 



Fig. 2: Postoperatively with full correction of varus deformity 
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tibia other than the joint itself. If sufficient time has 
elapsed so that the process is cured or arrested a joint 
replacement can be considered. However there always 
lingers a risk of récurrence of infection which will lead to 
further complications. If any doubt exists about infection 
always a two staged procedure should be considered- 
initial procedure being joint debridement and osteotomy 
of fémur and tibia with an antibiotic impregnated spacer 
insertion. This is followed by second stage implant 
arthroplasty if frozen sections are négative. 

Tuberculosis Knee : Though no definitive rules hâve been 
laid about considering a Knee arthroplasty in a tuber- 
culous arthritic knee there has been a convincing evidence 
that in situation wherein it was accidentally implanted, 
followed by a regular course of anti tuberculosis has 
yielded a successful outcome. Our recommendation is to 
defer considering a Joint replacement for atleast three 
years after the course of anti TB finishes and a complété 
period of quiescence in between. 

Inadéquate soft tissue coverage is another absolute 
contraindication to total knee arthroplasty. With or 
without associated poor vascularity. In some cases joint 
salvage can be obtained by use of soft tissue expanders 
but results remain equivocal. Also of use are muscle 
pedicle or rotational flaps. 


Certain other relative contraindications are: 

1. Peripheral vascular insufficiency 

2. Uncontrolled diabètes 

3. Repetitively Failed knee replacement 

4. Bone tumor expansing a large amount of area around 
the knee joint. 
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378.3 Preoperative Evaluation of 
Total Knee Replacement 

AV Gurava Reddy 


In the earlier years of total knee arthroplasty the operation 
was offered usually to an older âge group whose activity 
level was relatively sedentary but it has now been shown 
that total knee arthoplasty is effective and durable in 
younger and more active patient as well as in elderly 
population. 

In addition to immédiate potential complications, the 
potential for failure of the knee replacement as the time 


passes has made the careful patient sélection and pre 
operative évaluation mandatory. 

Preoperative Evaluation (is ail about decisions) 

In whom to be done — patient sélection 
In whom not to be done contraindications 
When to be done 
What précautions are to be taken 
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Pre Operative Evaluation Involves Two Main Facets 

To make patient safe for the operation 
To make operation safe for the patient 
Indications for the TKA are : 

1. Osteoarthritis 

2. Rheumatoid arthritis 

3. Inflammatory arthritis 

4. Post -traumatic arthritis 

5. Osteonecrosis 

6. Arthritis associated with polio 

7. Hemophilia. 

8. Those with tumors and fractures. 

9. To salvage a knee with neuropathie arthropathy. 

10. Restore motion to a previously arthrodesed knee. 
The main prime indications of TKR are pain; 

functional disability where as relative indications are: 
Deformity, Instability and Loss of motion. 

Patient sélection is made primarily depending on his 
symptomatology and what he expects from the treatment. 

A patient with single joint involvement from 
osteoarthritis will hâve different needs and expectations 
to be addressed than with the severely disabled systemic 
rheumatoid patient. 

Obtaining a detailed history about the prime 
indication for TKR from the patient has a key rôle in 
patient sélection. 

HISTORY 

1. Pain 

• Is it mild, moderate or severe ? 

• Présent only on work or even at rest ? 

• Présent on walking on a fiat surface or going up and 
down stairs. 

• Présent at night while in bed, sitting or lying or even 
standing upright. 

• Whether pain relieved with médication or not 
responsive to médication. 

2. Function 

• Whether pain or stiffness of joints interfères with daily 
activities such as standing from sitting, walking on 
fiat ground, in bed, domestic activities or doing 
Personal work. 

• The symptomatology are scored under various 
scoring Systems to hâve a pre and post operative 
comparison 

The various scoring Systems are: 

1. The Hospital For Spécial Surgery Knee Score 

2. Knee Society score. 

3. WOMAC score 


Patients who are suffering with moderate to sever 
pain and has a limitations of function in doing their 
activities of daily living are the prime patients to undergo 
TKR. 

Those patients with moderate pain and disability who 
cannot tolerate pain subsidence médication due to other 
systemic factors are relative indicators. Patient with 
athrodesed knee who wants to obtain range of motion is 
another relative indication. 

Absolute Contraindications 

• Those patient with loss of soft tissue coverage 

• Inadéquate limb perfusion. 

Relative Contraindications 

Extensor Mechanism Deficiency 

Those patients who has unrealistic expectations or 
psychological impairment, who can dérivé secondary 
gain either financially or emotionally from continued 
disability should be screened very carefully from the 
history. 

B. Physical Examination of Knee Joint 

• Physical examination of the knee joint is the second 
key step in deciding which knee is to be operated 

• Look for any of the gross deformity of the knee joints 
like Genu varus/valgus or recurvatum. See for any 
swelling, sinuses, scars to rule out présent or past 
infections of knee joint. 

• Palpate for abnormal rise of température [indication 
of infection] tenderness of joint line/surrounding 
bony ends. Synovial hypertrophy or thickening, 
presence of synovial fluid. 

• Examine for the médial, latéral, anterior or posterior, 
as well as rotating stability which helps in deciding 
which implant design is to be choosen. 

• Finally palpate for distal puises and sensation to rule 
out any distal neurovascular déficit which if présent 
is absolute contraindication for TKR. 

C. Diagnostic Assessment 

Pre operative assessment of the knee prior to the TKR 
primarily involves conventional radiographs. Advanced 
imaging modalities such as MRI, CT and Necular Imaging 
play an ancillary rôle in imaging these patients. 

Standard Radiographie Views 

AP View: Routinely performed with patient Standing 
[weight bearing]. 
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X-ray beam is directed in an anteroposterior direction; 
angling the beams 5 to 7 degrees cephalad provides 
optimal visulisation of the joint space. 

The joint space on the weight bearing AP film should 
be more than 3 mm or within 50% of the joint space of 
the contralatéral knee. 

The knee is normally in 7 of valgus alignment on AP 
view and the latéral joint space is wider than the médial 
space. 

Articular surfaces of the médial and latéral joint 
compartments, and the prescence of associated 
osteophytes and subchondral bony changes at the 
fémoro-tibial joint are assessed to best advantage on this 
view. 

Latéral View: By convention, the knee is flexed 30% with 
the latéral aspect of the knee against the x-ray film 
cassette. 

X-ray beam is directed at a 90% angle to the film. Some 
advise a 5 cephalad angulation to superimpose the 
fémoral condyles. Patellar height assessed in this view 
supra patellar région is evaluated for loose bodies. 

Merchant's View: Helps in optimal assessment of patello 
fémoral alignment, joint space, articular surfaces, any 
preoperative patellar subluxation requiring latéral release 
of patella. 

Standing 52 Inches Cassette [three joint view] 

Standing AP view of the lower extremities from hips to 
ankles is helpful preoperatively for assessing overall 
alignment (Mechanical axis) of the lower extremity. 

The film allows accurate depiction of the degree of 
varus or valgus alignment at both knees, relative leg 
length, presence of any extra articular deformities. 

At this half way of preoperative evalution, from the 
history, physical and diagnostics assessment one would 
identify the knee that is to be replaced. 

A knee which is causing severe pain interfering with 
the Activities of daily living, on conventional radiograph 
showing a gross narrowing of the joint space, with 
osteophytes, loose bodies with loss of normal alignment, 
with intact extensor mechanism and no evidence of 
vascular insufficiency is idéal for replacement. 

Knee is Fit For Surgery But is the Patient Bearing 
That Knee Fit For The Surgery? 

This is being answered by further évaluation of the 
patient as a whole because a successful outcome is 
dépendent not only on good surgery being excuted but 
good total réhabilitation of the patient on whole. 


General Medical History 

It is essential not only to help in planning of surgery, but 

also in the anticipation of patients post operative 

problems. 

• Obtain a history regarding 

- Any infectious process either systemic or 
cutaneous or dental caries. 

- Diabeties Mellitus 

- Goût 

- Rheumatoid arthritis 

- Peptic ulcers 

- Bleeding disorders 

- Deep veins theombosis 

- Pulmonary embolus 

- Peripheral vascular disease 

- Skin ulcérations and psoriasis 

• Enquire any vascular insufficiency or bypass surgery. 
This precludes the performance of surgery itself or 
usage of tourniquet during the procedure. 

• History of any stroke or polio indicative of disability 
or instability that require a constrained implant. 

• History of cervical spine instability to be ruled out so 
as to hâve an uneventful intubation. 

• History of any old fractures, Rickets, Rénal 
osteodystrophy. Fémoral or tibial osteotomy 
contributing to the extra articular deformity. 

• History of any ipsilateral total hip arthoplasty or an 
obliterated medullary canal precluding use of 
Intramedullary instrumentation. Patient's social and 
family history are useful in post operative care and 
réhabilitation. 

Physical Examinations 

• Patient gait is observed and recorded whether normal, 
varus, valgus attitude, or antalgie 

• Trendelenburg type. 

• Any walking aids are used 

• Any leg length discrepancies présent 

• Any changes in spine (Ankylosing Spondylitis) 
Rheumatoid arthritis), foot and ankle. (piano valgus 
deformity in Rheumatoid Arthritis) 

• Distance the patient can walk. (limitations in the 
distance the patient can walk can be related to 
vascular insufficiency, spinal stenosis or arthritis in 
other weight bearing joints which should be given 
individual attention 

• Visual inspection and manual testing to gain an idea 
of the relative strength of the hip, thigh and calf 
musculature. 

• Vascular status of lower extremities can be 
preliminary assessed by nature of puises, evidence of 
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venous congestions varicosities loss of normal hair 
pattern and pre tibial skin discoloration. 

Systemic Examination 

Referral to Cardiologist is mandatory for ail TKR patients 
who are above the âge 60 yrs to minimize the post- 
operative surgical morbidity and mortality. 

A. Cardiac Evaluation 

Risk stratification of a cardiac patient can be accom- 
plished using history physical examination, ECG, chest 
radiograph and 2DECHO. 

Once the risk stratification is accomplished additional 
diagnostic testing specialized monitoring or even 
alteration of a planned surgical approach or its timing 
may be considered. 

History of myocardial infarction (ever), unstable 
angina, MI within preceeding 6 months, âge >70 yrs and 
recent or previous pulmonary edema will be significant 
risk factors to be considered 

Depending on the risk stratificaitons patients are 
selected for surgery or subjected to further investigations: 

Low risk ïntermediate risk High risk 

No risks for CAD Pre-op assessment Pre-op assessment 

• Age <70 yrs Non invasive diagnostics 

• Active life style 

i 

Proceed with ◄- Normal Abnormal 

surgery 

Coronary angiography 

B. Pulmonary Evaluation 

Pre operative assessment allows identification of patients 
at risk and quantifications of the prédisposition to post 
operative pulmonary complication. 

History is taken about pre existing lung disease, 
general health status, smoking, obesity and âge. 

In Suspected lung disease and the diagnostic 
modalities include Chest roentgenograms Pulmonary 
function tests, spirometry and arterial blood gas study. 

C. Rénal Evaluation 

Enquiry into any established rénal disease is essential. 
Blood Urea and Sérum Créatinine are important 
laboratory parameters. In pre operative évaluation, when 
needed, refering to Nephrologists will be helpful. 


D. Urological Evaluation 

H/o any burning micturation/increased frequency, 
H/o dysuria and H/o repeated fever throw light on the 
integrity of urological System. Complété urine exami¬ 
nation and Urine culture and sensitivity are important 
lab tests Urine infection with report of "plenty of pus 
cells in urine" will necessitate postponement of surgery 
for at least 2 weeks and treatment of infection with 
appropriate antibiotics. 

E. Gastrointestinal Evaluation 

• H/o repeated throat infections 

• H/o any acid peptic disease 

• H/o any bowel disturbances noted 

Examination: Throat swab culture: 

• If needed X-ray of erect abdomen 

• USG abdomen are done 

Other Routine Investigations Include 

• Complété blood picture 

• Erythrocyte sédimentation rate 

• Clotting time 

• Bleeding time 

• Prothrombin time 

• APTT 

Communication with Patient and Relatives 

In joint replacement surgery, this is a very important 
perquisite one should at least spend 30-45 minutes with 
patient and his relatives explaining (with the help of bone 
models and laptop présentation) ail the procedure steps 
and risks and benefits of surgery. Then an informed 
consent needs to be obtained. 

Discussion of the Critical Pathways 

Reasonable expectations for corrections of deformity and 
predicted range of motion are to be discussed. 

Any associated adverse outcomes and spécifie 
surgical complications of total knee arthroplasty like 
infection, wear, loosening, instability, fracture, implant 
breakage, dislocation, wound healing difficulties or 
stiffness requiring manipulation, neurovascular 
compromise or reflex sympathetic dystrophy should be 
mentioned to the patient. 

Medical complications including anesthésia compli¬ 
cations, cardiovascular compromise, DVT, pulmonary 
embolus, urinary tract dysfunction and blood related 
issues should be discussed. 
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PREOP COUNSELLING 

1. Preoperative strengthening of the extensor 
Mechanism with physiotherapy 

2. Certain adjustments in the home environment for easy 
and uneventful réhabilitation 

3. Preop advice for réservation of blood units or if 
required preoperative transfusion to correct anémia. 

4. Continuation of cardiac médication (B blockers are 
continued) is followed and decision regarding anti 
coagulation may be made jointly between Consulting 
cardiologist and surgeon. 

5. Patients with mechanical prosthetic valves should 
discontinue ail anticoagulants 1-3 days, pre- 
operatively and résumé after 2 days postoperatively 
(Post operatively) Injection low molecular weight 
Heparin 6 hrs pre op and resuming 12-24 hrs post 
operatively given. 

In Pulmonary Disease, cessation of smoking is 
advised. Incentive spirometry, Chest physiotherapy, 
continuation of pulmonary médication (steroids and 
bronchodilators) and DVT prophylaxis are important 
per and postop issues. 

6. Diabètes monitoring of blood sugar levels and 
involvement of diabetologist is essential. 

7. Preoperative antibiotics if any evidence of dental 
caries and removal of decayed teeth prior to TKR is a 
wise step. 

8. Rénal 

• If dialysis is needed should be done with in 24hrs 
just preceding surgery 

• Immédiate pre-op (check) Potassium levels 

• Avoid large volumes if Intravenous fluids 

• Avoid potassium containing fluids 

• Carefully protect hemodialysis angio-access 

9. Preoperative Radiological Planning 
Anatomical axis of fémur is a line joining the 
pyrisformis fossa to the intercondylar notch and a line 
joining the médial point of the latéral horns or 
meniscus to the mid point of the distal tibia or 3 mm 
médial to mid point of ankle 

Mechanical Axis 

When standing normal leg is full extension is viewed 

from front, straight line connecting centre of fémoral head 

to centre of talus passes through the centre of the knee. 

PLANNING FEMORAL AND TIBIAL CUTS 

• Long term success of arthoplasty dépends on 
restoration of normal alignment of lower limbs and 
bringing transverse axis of the knee parallel to the 
ground in anatomie two legged stance. 


• Restoring normal weight distribution along the joint 

• Ultimate resuit should place the transverse axis of 
prosthetic knee parallel to the ground as soon as 
possible 

• In the frontal plane, a line joining the tops of the tibial 
plateau, is oriented at approx 88 degree to anatomie 
ad mechanical axis. 

PREOPERATIVE RADIOGRAPHIC EVALUATION 
Purpose 

• To estimate the ratio of bone to be removed from the 
tibia and fémoral condyles at the time of surgery in 
order to correct any bony deformity and achieve 5-8° 
of valgus aligment or reproduce the mechanical axis 
of the knee in the frontal plane 

• To estimate the size of the fémoral implant with the 
help of a 15% magnified template. 

TECHNIQUE 

On the AP radiograph a perpendicular or horizontal line 
is drawn which passes through the subchondral plate of 
the médial tibial plateau and subchondral bone of the 
latéral tibial plateau. The distance from the subchondral 
plate of the latéral condyle to the horizontal line is 
measured. If for example 5 mm on the latéral side is eut 
and 1mm from the médial side, the ratio of bone to be 
removed is 1:5 mm from the médial to the latéral condyle. 
The condyle excised with above method would give a 
90% tibial eut in frontal plane. 

A longitudinal line is drawn along the long axis of 
the fémur to the intercondylar notch with a 5° angle, a 
second line is drawn toward the centre of the hip from 
the intercondylar notch. A tangent is drawn from the 
latéral condyle at 90° to the second line across the médial 
fémoral condyle. For example if 1 mm is removed from 
the latéral condyle and 5 mm from the médial fémoral 
condyle a ratio of 1:5 exists. This would give a distal 
fémoral eut with 5° degree of valgus. 

The true latéral radiographs of the fémur is required 
to estimate the size of the fémoral implant. 

By superimposing the template which is magnified 
15%, one can estimate the proper fémoral component 
which will fit on a given bone. 

The anteroposterior width can be directly measured 
at the time of surgery as well. 

The thickness of the patella is determined from the 
patellofemoral joint and this information is kept in mind 
at the time of surgery. The radial facet is removed to the 
level of subchondral bone of the latéral facet to obtain a 
fiat surface to seat the patellar implant. 
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Decisions regarding implant sélection: Rough guidelines are: 

• Hinged implants 

- Limb salvage procedure 

- Severe ligament insufficiency (polio) 

• Unconstrained implants 

PCL Retension PCL Substitution 

Severe Varus Severe fixed flexion deformity 

Severe Valgus Ankylosed knee 

As the PCL has the médial Patellar instability 
Stabilizing force Post patellectomy knee 

Révision surgery 
High flexion implants 


Whether to do a Simultaneous Bilateral or Unilatéral 

Mainly dépends on the physiological âge, co-morbid 
conditions and severity of joint involvement. In patients 
with severe joint involvement and minimal co-morbid 
conditions simultaneous bilateral joint replacement is 
preferred. 


378.4 Knee Replacement — Prosthesis Designs 

Sachin Tapasvi, Dynanesh Patil, Rohit Chodankar 


INTRODUCTION 

The successful development of the total hip replacement 
has encouraged and given impetus to bioengineers and 
surgeons to develop equally successful total knee 
prosthesis. In the past decade improvements in technique 
and technology hâve lead to numerous forms of implants 
based on various design rationale. 

The fundamental différence in the many forms of 
implants available is the Tevel of constraint'. Increasing 
constraint of implant adds stability but increases stress 
on the bone-implant interface. This may lead to early 
osteolysis. 

Biomechanics of the Knee 

The study of the kinematics of the knee began in the 
1800's. In 1891, Braune and Fischer expounded the 
concept of "Variable flexion extension axis". The flexion 
extension axis according to these proponents is 
perpendicular to the saggital plane and is located in the 
posterior fémoral condyles, essentially making the knee 
joint a hinge joint. We now know that this is incorrect 
and the knee function is a "Triaxial motion", viz. 

• Flexion and extension 

• Abduction and adduction 

• Rotations 

The knee acts as a combination of hinge and pivot 
joint. The tr ans ver se axis of the fémur in flexion and 
extension at the knee changes constantly, and is described 
as a "J shaped curve". 


There are essentially 2 types of motion occurring here 
- Translation and Rotation. 

Translation occurs when ail points on a body move 
in the same direction, and Rotation occurs when a rigid 
body moves on a fixed centre of rotation. 

The movement of the knee joint is a combination of 
translation and rotation thus creating a number of "Instant 
centers of rotation"; which are defined as a point on the 
fémur, which, at that instant is not translating. 

Fémoral Rollback: This phenomenon was described by 2 
German brothers Weber & Weber in 1936. The first 20 
degrees of flexion, the movement of the tibia on the fémur 
is one of "Rocking". At 20 degrees the axis of the tibia is in 
line with the axis of rotation, and the rocking movement 
changes to a "Gliding" movement. This change over from 
rocking to gliding is smooth and progressive and is 
supposed to be 1:2 in early flexion and 1:4 in the later 
half, and is facilitated by the PCL (posterior cruciate 
ligament). 

Historical Review 

Early Prosthetic Models 

The concept of improving knee joint function by 
modifying the articular surfaces has received attention 
since 19th century. 

As early as 1860, Fergusson introduced resection 
arthroplasty which resulted in mobility of newly created 
subchondral surfaces. 
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More bone resection resulted in mobility at the cost 
of stability, whereas with less bone resection spontaneous 
fusion often resulted. In 1860, Verneuil suggested the 
interposition of soft tissues to reconstruct the articular 
surface of a joint. Subsequently, pig bladder, nylon, fascia 
lata, prepatellar bursa and cellophane were some of the 
materials used for the purpose. The results were 
disappointing. 

In 1958, Mclntosh introduced acrylic tibial plateau 
prosthesis into affected side to correct deformity, restore 
stability and relieve pain. Later versions of this prosthesis 
were made of métal and somewhat similar McKeever 
prosthesis showed more success. 

Gunston instead of using simple métal dise interposed 
within the joint, substituted metallic runners embedded 
in the fémoral condyles that articulated against 
polyethylene troughs attached to tibial plateau. Gunston 
polycentric prosthesis was the first cemented surface 
arthroplasty of knee joint. 

The design objectives for prosthesis were outlined in 
1973 by Freeman and colleagues. Other early examples 
of resurfacing prostheses were Géométrie, Duocondylar, 
UCI and Marmor. 

Coventry et al in 1973 introduced the Geomedic Knee. 
The polyethylene tibial component closely conformed to 
the fémoral condyles for increased stability. This was a 
cruciate retaining design thus ignoring kinematic 
principles of Gunston. This flaw led to the knee attaining 
less motion, the phenomenon Vince termed as 'Kinematic 
Conflict'. 

This phenomenon describes the knee's inability to 
serve two aspects - Articular geometry of the implant, 
and the anatomie structures viz. the PCL. 



Fig. 1: Cruciate retaining total knee prosthesis 
(For color version see Plate 58) 


Constrained Prostheses 

A second line of development in knee arthroplasty 
occurred parallel to the concept of interposition and later 
surface replacement. 

In 1940 Boyd and Campbell designed a metallic 
mould to cover the fémoral condyles for hemiarthroplasty 
of the knee which subsequently failed. Tibial 
hemiarthroplasty was also attempted in McKeever and 
Mclntosh tibial plateau prosthesis. These prostheses like 
their fémoral counterparts failed. 

The first attempts to replace both fémoral and tibial 
articular surfaces appeared in 1950, as hinged implants 
with intramedullary stems were developed by Walldius, 
Shiers and other s. These failed to account for the complex 
components of knee motion and subsequently failed. 

The Guepar hinged design enjoyed brief period of 
popularity but quickly failed because of two reasons: 

1. These implants failed to account for the complex 
components of knee motion. 

2. Increasing constraint causes increasing bone-implant 
interface stress and osteolysis. 

Although these implants are not meant for routine 
use, their main indications for use as of today are severe 
ligamentous insuffiency and in limb salvage surgery 
following tumor resection. The Rotating Hinge Prosthesis 
that is used today exemplifies the current status of truly 
linked knee replacements. 

The modem era of TKA began with Gunston's report 
in 1971 with the polycentric knee. He incorporated many 
of the concepts of Charnley's low friction arthroplasty of 
the hip. In the years following Gunston's original work, 
many different implant designs were introduced and 



Fig. 2: Cruciate sacrificing fixed bearing total knee prosthesis 
(For color version see Plate 58) 
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Fig. 3: Rotating hinge prosthesis (For color version see Plate 58) 


components, a wider sélection of implant materials such 
as titanium alloys and a choice of new fixation techniques, 
in addition to conventional cernent fixation. Surgeons 
became aware of the importance in attaining correct limb 
alignment and anatomically balanced knee ligaments to 
properly distribute weight bearing and other forces on 
the surface of implants. 

Graduated System Concept 

This is the sélection of prosthesis according to the degree 
and extent of damage. The requirements for an idéal total 
knee prosthesis: 

1. More than 100 degrees stable flexion 

2. Permitting rotational laxity in transverse plane 

3. Possess inhérent stability in both mediolateral and 
anteroposterior planes 

4. Low coefficient of friction between sliding surfaces 

5. Composed of inert materials 

6. Duplicate centre of rotation of normal knee 

7. Provision for motion at old anatomical joint line 

8. Minimal wear of component materials. 


Fig. 4: Constrained modular rotating hinge prosthesis Unconstrained Prosthesis 

These prostheses contain a small amount of built in 
more précisé knowledge concerning the biomechanics of constraint in one or more axis of motion. These types of 
the normal knee was acquired. prostheses greatly dépend on the integrity of soft tissues 

The Total Condylar Prosthesis was developed at the to provide joint stability. When they are selected for use 
Hospital for Spécial Surgery, New York 1973. The good with significant deformity, much soft tissue balancing is 
features of the above prostheses were incorporated in the necessary while restoring limb alignment. 
design of the Total Condylar Prosthesis. Expérience with Because of the inhérent trade-off between conformity 

these prostheses resulted in further refinements in and freedom of motion that exists in fixed bearing 
implant design, such as métal encapsulation of plastic prostheses, significant improvements in contact stress are 
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Fig. 5A: Unicompartmental knee prosthesis-mobile bearing 
(For color version see Plate 59) 


not feasible. Therefore, at the présent time, a mobile 
bearing prosthesis seems to represent the most plausible 
solution to this problem. 

Mobile bearing éliminâtes the relationship between 
articular conformity and freedom of rotation that exists 
in fixed bearing prostheses. This is because rotation occurs 
at the interface between tibial base plate and the 
undersurface of the polyethylene insert. Articular 
conformity thus remains a property of the fémoral 
component and superior surface of polyethylene insert. 

In 1976 Good Fellow and O'Conner introduced 
Bicondylar knee by providing a meniscal bearing. 

Buechel and associâtes hâve developed the meniscal 
bearing concept into a sériés of prostheses known as low 
contact stress (LCS) knee prostheses. 1,2,5 

Meniscal bearing designs hâve the disadvantage of 
increased complexity, with movement occurring both 
proximal and distal to polyethylene bearing and the 
potential for wear at both surfaces. Dislocation of bearing 
has also been reported. 1 

LCS (low contact stress meniscal bearing 
prosthesis) [DePuy Warsaw] 

It is a mobile bearing design with modification of tibial 
component to allow for bi cruciate préservation, PCL 
rétention or PCL sacrifice. 3,4 

Original Design Features (Unconstrained TKR 
prosthesis) 

1. Highly conforming fémoral and tibial articulating 
surfaces that maintain high contact. 

2. Posterior condyles with decreasing and multiple radii 
of curvature. 



Fig. 5B: Unicompartmental knee prosthesis-fixed bearing 
(For color version see Plate 59) 

3. Common articulation of the fémur and tibia such that 
these articulations remain relatively constant and 
highly conforming throughout early range of motion 

4. Mobile bearing patella to match the same geometry. 
Other design examples: Genesis II (Smith & Nephew) 
MBK (métal backed knee) [Zimmer]. 

Semi Constrained Prostheses 

Maximum numbers of prostheses fall into this category. 
Currently, most TKA can be accomplished with one of 
these prostheses. A convenient sub-classification of these 
types of prostheses relates to whether the particular 
implant design provides for posterior cruciate ligament 
rétention, sacrifice or substitution. 

Cruciate ligament retaining designs are less 
constrained than sacrificing designs which are in turn 
are less constrained than cruciate substituting designs. 

Cruciate Excision, Rétention and Substitution 

ACL is often absent in arthritic knee. Although PCL is 
often attenuated in arthritic knee, it is usually présent. It 
has been considered the collateral ligament for the médial 
compartment of knee. 12 The PCL causes fémoral condyles 
to glide and roll-back on tibial plateau as the knee is 
flexed. 20 

Substitution of PCL with cam and post mechanism 
not only recréâtes fémoral roll-back but also allows a 
conforming articulation to be used without risk of 
posterior impingement. 
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Arguments for PCL Excision 

1. Correction of deformity. It is important in soft tissue 
release of fixed varus or valgus deformities. Clearance 
of intercondylar notch provides clear visualization of 
posterior capsule which facilitâtes release and 
osteophyte removal during correction of flexion 
deformities. 

2. Simpler technique: facilitâtes surgical exposure, 
especially in tight knees. 

3. Wear: Excision of PCL allows use of more conforming 
articulation which increases contact area and reduces 
contact stress. 

4. Diseased PCL: A diseased joint has a diseased PCL, 
hence there is no rôle for retaining diseased structures. 
This is especially true in rheumatoid knees. A tight 
PCL will limit flexion and cause excessive roll back. 
A loose PCL on the other hand will cause no roll back 
with paradoxical anterior translation of the fémur on 
the tibia. 

5. Better surgical exposure 

6. See Saw effect 

Arguments Against Cruciate Ligament Excision 

1. Range of motion: Without PCL or PCL substituting 
mechanisms, roll-back of fémoral component does not 
occur. This theoretically limits ultimate knee flexion. 
This has not been shown to be completely true in 
clinical practice. 

2. înstability: failure to achieve flexion and extension 
balance can resuit in antero-posterior laxity that may 
exceed stability imparted by moderately conforming 
articular surfaces. Such laxity may lead to 
symptomatic instability. 

3. Loosening: Increased conformity of articular surfaces 
used in total condylar prosthesis theoretically results 
in increased stress at bone-cement -prosthesis 
interface. 

4. Prosthesis design: Allows for less bone resection as the 
cam is not required. 

PCL Rétention Vs Substitution 

Kinematics: Fluoroscopie studies by Steihl and Co-authors 
& Dennis and colleagues 8 hâve demonstrated that PCL 
retaining prostheses do not replicate the kinematics of 
normal knee. In addition Dennis and co authors 
demonstrated that although posterior stabilized 
prostheses did not completely reproduce normal knee 
kinematics, reliable roll back did occur. 

Range of motion: Pooled data from numerous studies 
demonstrate mean flexion of approximately 100 to 115 
degrees with both types of prostheses 26 Posterior 


stabilized prosthesis is less technically challenging and 
produces more consistent results. 

Proprioception: Kleinbart and co-authors hâve observed 
significant degenerative changes in the PCL's of patients 
with arthritic knees that exceed those in âge matched 
Controls. 21 Therefore, a PCL that is preserved with a PCL 
retaining prosthesis is likely to be abnormal and should 
not be expected to function normally either biomechanical 
or proprioceptively. 

Gait analysis: Although gait patterns after TKR are 
different from those in normal Controls, there is no clear 
effect of prosthesis type. 

Correction of deformity: Patients with significant pre-op 
fixed varus, valgus or flexion deformities can be 
successfully managed with the use of PCL retaining 
prostheses. However, because the PCL is one deforming 
factor in these cases, careful balancing with PCL release 
or recession may be required to achieve flexion and 

• 1 R 99 ^1 

extension space symmetry. ' ' 

In most circumstances use of a posterior stabilized 
prosthesis is technically less challenging and allows more 
reliable correction of pre-operative deformity. 

Stability: neither PCL retaining nor the PCL substituting 
prosthesis are designed to compensate for instability in 
medio-lateral direction. Because of the uncertainties in 
achieving optimal tension in the PCL, we believe that 
PCL substituting prostheses produce more reliable long- 
term anterior-posterior stability. 

Polyethylene wear: The more conforming surfaces of 
Posterior stabilized implants seem been better suited to 
optimizing long-term wear. 

Loosening: At 10-15 years follow up there is little evidence 
to suggest that posterior stabilized prostheses hâve an 
increased risk of aseptie loosening. 


Surface replacement TKR 

4 4 

4 4 


Cemented 

Insall & Burstein (IB) PS 
Modular IB II 
Nexgen Legacy PS 
LPS Flex 
PFC Sigma PS 
Kinematic I & II 
PFC CR 


Uncemented 

Porous coated anatomie (PCA) 
PC AII 

Miller Galante I 
Miller Galante II 
Tricon M 

Genesis and Ortholoc 
Freeman & Samuelson 
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Uncemented TKR Prostheses 

Concerns about the long term durability of cernent 
fixation prompted the development of a variety of knee 
prostheses designed for cementless use during 1980s. The 
first design was by David Hungerford viz. Porous coated 
anatomie prosthesis. 

Unfortunately, the initial enthusiasm in some circles 
for these devices was not supported by the long term 
results. Aseptie loosening and failure to achieve initial 
fixation, coupled with incidental problems related to 
materials selected, as well as confounding problems 
caused by fiat on fiat geometry, led to higher failure rates 
than noted with comparable cemented prostheses during 
first decade(61,200). Consequently, these devices did not 
achieve widespread acceptance. 

Posterior Cruciate Retaining TKA Prostheses 

Fémoral comportent: Contour of fémoral component 
provides for optimal restoration of normal kinematics and 
normal ligament tension. Fémoral component has 
anatomie shape. The fémoral component has larger radius 
of curvature on the latéral condyle of fémur. 

Tibial component: In the saggital plane, there is minimal 
conformity to allow fémur to roll back on tibia. There is 
slightly flattened design in saggital plane. Significant 
congruence in frontal plane allows the stress in the 
polyethylene to be minimized and thus reduce long-term 
wear. In the process of resurfacing the tibia, the posterior 
slope of articulation must be maintained. 
e.g. PFC CR, Genesis, Nexgen 

High Flex CR Prosthesis 

This has a posterior Condylar build up with extra 
posterior curve on the poly insert. This enables the knee 
to flex beyond 120 degrees and yet maintain conformity 
without edge loading. 

Mobile Bearing CR Prostheses 

Movement occurs between undersurface of insert and 
tibial base plate by virtue of a rotating ploy insert. 

PCL Sacrificing TKR Prostheses 

Total condylar prosthesis designed in 1973 was intended 
to substitute for anatomie function of cruciate ligaments, 
native articular geometry and menisci. Total Condylar 
prosthesis was designed for cruciate excision. 


Total Condylar Prosthesis 

Fémoral component: Made of cobalt-Chromium alloy 
.fémoral component that contained a symmetrically 
grooved anterior flange that separated posteriorly into 
two symmetric condyles, each of decreasing radius 
posteriorly with a symmetric convex curvature in coronal 
plane. 

Tibial component: Made of high density polyethylene in 
one piece with two separate biconcave tibial plateaus. 
The symmetric tibial plateaus were separated by an 
intercondylar eminence designed to prevent translocation 
or sideways tilting movements. The undersurface of the 
component had a central fixation peg 35 mm in length 
and 12.5 mm in width. The anterior margin of peg was 
vertical, but the posterior margin was oblique thereby 
conforming to the posterior cortex of tibia. 

Patellar component: Made of high density polyethylene, 
dôme shaped on its articular surface closely conforming 
to the curvature of fémoral flange. The bony surface of 
prosthesis had a central rectangular fixation peg. 

PCL Substituting Designs 

It has a tibial and fémoral component articulation that 
allows for fémoral roll back during knee flexion. Fémoral 
cam and tibial post articulate during knee flexion. 

Also known as posterior stabilized prosthesis. 

E.g. Insall and Burstein PS, Insall and Burstein II 

- Nexgen Legacy PS, LPS Flex 

- PFC sigma PS 

- Optetrak PS 

- Advance PS prosthesis. 

Original Insall Burstein posterior stabilized prosthesis: 

Fémoral component: made of chrome -cobalt alloy. Cam 
mechanism in the intercondylar notch area. 

Tibial component: Wedge shaped post at tibial plates 
engages oval intercondylar fémoral cam at 70 degree 
flexion. The cam rides up the back of post resulting in 
progressive posterior displacement of fémur. Tibial 
component is made of polyethylene with 3 degrees of 
posterior slope to help clear posterior tibial condyles in 
maximum flexion. Posterior slope also adds to enhance 
knee stability. 

Patellar component: Ail polyethylene , dôme articulating 
surface with central round peg fixation. 

Insall and Burstein II Prosthesis: Contains métal backed 
tibial component with modular plastic inserts. Modular 



3786 Textbook of Orthopedics and Trauma (Volume 4) 


tibial component allows interchange of plastic insert on 
each metallic tray. 

PCL substituting implants are further divided into 
fixed bearing and mobile bearing depending upon 
mobility between polyethylene insert undersurface tibial 
upper surface. 

PCL substituting TKR (fixed bearing) do not hâve 
mobility between polyethylene insert undersurface and 
tibial base plate. 

Fixed bearing PCL substituting TKR prosthesis 

4 4 4 ' 

Ail poly. Métal backed 

e.g. IB -I PS (metallic tibial 

base plate) 

Modular tibia Single 
e.g. PFC compression 
Sigma mould 

e.g. Biomet AGC 

Mobile bearing PCL Substituting -Metallic tibial base 
plate allows axial rotation of poly insert over metallic 
tibial base plate 

Rotating platform High flex 

E.g. PFC -RP e.g. PFC-RPF 

Mobile Bearing Design 

In 1976 Goodfellow & O'Connor introduced a Bicondylar 
knee that attempted to solve the problems of potential 
polyethylene wear by providing a meniscal bearing that 
is the polyethylene tibial component which is fully 
congruent with the fémoral component but is free to move 
on a polished metallic tibial base tray. Later, Frederick 
Buechel, MD and Michael Pappas, PhD in 1976 
introduced the New Jersey Low Contact Stress (LCS ) 
Knee System using mobile-bearing technology. 

The concept knee provides maximum conformity 
between the fémoral and tibial components without the 
constraint tradeoff encountered in regular fixed bearing 
implants. The LCS Knee had two variants, a cruciate- 
retaining meniscal bearing (MB), and a cruciate- 
sacrificing rotating platform (RP). This knee System 
consists of a side-specific fémoral component ,a matching 
tibial insert, a tibial base plate and a cruciform patella. 

LOW CONTACT STRESS DESIGN 

The LCS® Complété Mobile Bearing Knee System 
incorporâtes unchanged fémoro-tibial, insert-base plate 
and patello-femoral articulations from the original LCS® 
Knee. In the normal knee the maximum loading of the 


fémoro-tibial joint is seen between 0° - 30° of flexion, with 
peak loading occurring at around 20° of flexion - the point 
of heel strike. Highly congruent surface features 1:1 
congruency throughout this primary gait cycle. The resuit 
is maximum contact area and a corresponding réduction 
in the force per unit area. The fémoro-tibial articulation 
is essentially a sphere within a sphere with 1:1 
conformity. This yields a typical contact area of 902 mm 2 
from full extension to approximately 34 degrees of flexion 
before slowly decreasing through full ROM. A. Seth 
Greenwald et al. hâve documented the maximum contact 
pressure found in LCS Knees to be under 10 MPa versus 
the 25- 35 MPa found in typical fixed-bearing designs. 2 
The LCS Complété Knee incorporâtes a common 
generating curve for maximum congruency between 
fémoral component, patellar implant and the tibial insert. 
The LCS Complété anatomie patello-femoral groove 
incorporâtes the common generating curve in the 
medial/lateral plane and follows the fémoral compo- 
nent's J-curve in the anterior/posterior plane. This allows 
a smooth, uninterrupted quadriceps function from exten¬ 
sion to deep flexion. In the event of varus-valgus lift-off 
or patellar tilt, maximum contact area is maintained. 

The need for a mobile bearing implant stemmed from 
the fact that the fixed bearing knee does not account for 
the rotational aspect of the screw-home kinematics of the 
knee and hence increases polyethylene wear. The mobile 
bearing design can be broadly divided into meniscal 
bearing prosthesis and the rotating platform design. Most 
of the modem designs incorporate another design called 
the LCS (low contact stress) along with mobile bearing 
knees. Various types of mobile bearing knees are 
available. 

Walker et al classified them into 4 types: 

1. Cône in cône design 

2. Rotation allowed about the media; tibial axis 

3. Rotation with antero-posterior translation 

4. Cam guided motion 

The type 1 design has been the most successful and 
incorporated in most designs today. 

Concerns about mobile-bearings: 

Two areas, dual articulation and surgical technique, 
are common concerns raised by clinicians discussing 
Mobile Bearings. 

a. Dual Articulation and Wear: Mobile bearing designs 
inherently hâve two articular surfaces (fémoral/ 
bearing and tibial base plate/bearing) that could be 
potential sources for polyethylene wear. These 
concerns are unfounded in clinical practice. 

b. Balancing: Clinical reports on the MB Knee 
demonstrate a strong corrélation between balanced 


High flex 
E.g. Nexgen 
LPS Flex 
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gaps and long-term survivorship. A study by Laskin 
et al. showed that equal flexion and extension gaps 
resulted in a less post-op pain and increased flexion. 
Attention must be paid to achieving equal and parallel 
gaps through ligament balancing and appropriate 
bone cuts. 

c. Insert instability and dislocations: These complications 
are unique to MBK and as mentioned earlier an 
improperly balanced knee prédisposés the knee to it. 
Benefits of mobile bearing design: 

1. Increased conformity increases contact area , thus 
reducing contact stresses throughout the entire range 
of flexion. 

2. It découplés the motion to the 2 articular surfaces and 
that linear motion at each surface reduces résultant 
wear. 

3. Accommodâtes minor degrees of mal-alignment as 
compared to the fixed bearing knees. 

Hinges and Rotating Hinges 

In 1951 Walldius developed hinged prosthesis that bears 
his name. The de vice was initially made of acrylic and 
later of métal. It was technically easy to use because of 
self alignment. Ail ligaments and soft tissue constraints 
can be sacrificed because the prosthesis is self stabilising. 
The most extreme deformities can be corrected by 
dividing the soft tissues and resecting sufficient bones. 
The early hinged designs were uncemented. Later 
developments like the Guepar prosthesis were cemented. 
Their inhérent limitations were those of limited range of 
motion and transmission of stress to prosthesis cernent 
interface, causing early loosening. 

Biaxial Constrained TKR Prostheses 

The early hinged prostheses were supplanted by rotating 
hinge devices that constrain the prosthesis in coronal and 
saggital planes, but allow rotation in axial plane. 

For example, Spherocentric prosthesis 

• Kinematic rotating hinge 

• Rotating hinge knee (RHK) 

• S-ROM knee prosthesis. 

Constrained Prosthesis 

In cases in which the maximal constraint offered by a 
linked hinge is not required, unlinked but constrained 
devices hâve been extensively used in révision and 
complex primary TKR. 63 

For example, TC3 prosthesis 
Constrained condylar knee prosthesis (CCK) 


The primary characteristic s of these devices is a Post- 
cam Mechanism which is thicker and taller. 

Accessories used with constrained prostheses: 

• Tibial and fémoral prosthetic intramedullary stems 

• Tibial wedges 

• Fémoral defect augments (distal and posterior) 

Patellar Component in TKR 

These are of two types - ail poly and métal backed. The 
métal backed patella could be inserted as a cemented or 
a cementless type (e.g. LCS). The initial enthusiasm with 
the métal backed patella died out with the high rates of 
wear and dissociation reported with this device. Since 
then the ail poly patella is the gold standard of patellar 
resurfacing. The recent use of Trabecular Métal (Zimmer, 
Warsaw IN) has renewed interest in the métal back 
patella. 

The ail poly patella may be a dôme shaped patella or 
and anatomie sombero shaped patella. The fixation to 
bone may be achieved with the help of either one single 
or three pegs. 

Biconcave patella: Is used in révision situations with 
a scalloped out patellar bony shell. 

Inset patella: A trough is created in the patella with an 
intact bony rim. The poly patella is then inset in this bony 
trough. 
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378.5 Complications of Total 
Knee Arthroplasty 

Anirudh Page, Arun Mullaji 


Prévention of complications, early diagnosis if they occur 
and appropriate treatment of these complications is 
critical to ensure success of TKA. 

According to the onset after surgery, complications 
can be divided into 

• Immédiate - vascular injury, neurological injury 

• Early - thrombo embolism, wound complications, 
patellofemoral complications 

• Late - péri prosthetic fractures 
Infection may occur any time after TKA. 

INFECTION 

Infection is the most dreaded complication following 
TKA, which may threaten the function of the joint and 
occasionally the limb. Various large sériés hâve reported 
an incidence of 1.5% to 2.5% after TKA. 

Pre Operative Factors Associated with Increased Risk 
of Infection 

• RA 

• Local skin problems, skin ulcération, psoriasis 

• Previous knee surgery 

• Steroid use 

• Rénal failure 

• Immune suppression-DM, malignancy, poor nutrition 

• Concomitant UTI 

• Obesity 

Certain anatomical factors make the knee more 
susceptible to infection, like superficial location beneath 


the skin and fascia without much muscle cover, 
watershed area of vascularity over the anterior aspect, 
which is the région of the incision. 

Diagnosis 

The timing of infection has a profound effect on the 
treatment modality and its outcome. Late infection can 
be acute hematogenous or chronic. 

Clinical Features 

Pain is a cardinal feature. This can either be a consistently 
painful TKA or the acute onset of pain in a previously 
well functioning TKA. 

Other features include swelling, erythema, prolonged 
wound drainage, increased warmth and painful range 
of motion. 

Investigations 

• Hemogram - increased total WBC count 

• Raised ESR 

• Raised CRP - more reliable marker because it returns 
to normal within about 3 weeks of its peak (48 - 72h) 

• Differential Thallium and Indium labeled WBC 
uptake scan (especially to differentiate from aseptie 
loosening). 

X-ray Features 

• May be absent initially 
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• Bone résorption at the bone cernent interface 

• Implant loosening 

• Periosteal reaction 

• Cyst formation 

Joint aspiration remains the standard for diagnosing 
infection after TKA. It typically shows WBC count > 
25,000 cells/cubic mm. Aspiration should be done before 
starting antibiotics. 

Most common organisms responsible are 
Staphylococcus aureus, Staphylococcus epidermidis and 
Streptococcus species. 

Prophylaxis Against Infection 

• Antibiotic sensitive to the common infecting 
organisms like a first génération cephalosporin is 
started prior to surgery to achieve peak concentration 
during intra operative period. 

• Use of body exhaust suits by the operating team 

• Vertical laminar airflow operating rooms 

• Minimizing ingress and egress of operating room 
personnel 

• Diagnosing and treating aggressively any UTI, dental 
or other infection pre- operatively. 

Treatment Options 

1. Antibiotic suppression 

2. Debridement with prosthesis rétention 

3. Resection arthroplasty 

4. Arthrodesis 

5. Single or two stage reimplantation 

6. Amputation. 

Antibiotic suppression is indicated when the infecting 
organism is of low virulence and susceptible to an 
antibiotic with low toxicity, prosthesis is not loose, 
prosthesis removal is not feasible due to poor general 
condition of patient. Antibiotic suppression should be 
lifelong. This option carries the risk of emergence of 
résistant strains, progressive loosening, extensive 
infection and septicemia. 

Joint debridement and prosthesis rétention is 
indicated in early post operative infection. Hematogenous 
sources of infection should be diagnosed and treated. Post 
operative antibiotics are given for 6 weeks. Repeat 
cultures are sent after 2 weeks with repeat debridement 
if these are positive. Some studies hâve shown good 
results with isolated tibial polyethylene exchange during 
debridement. 

Resection arthroplasty is done for patients with severe 
polyarticular RA with very limited ambulation or when 
local risk factors preclude operation. 


Knee arthrodesis is indicated in active patients with 
single joint sepsis, when extensor mechanism is déficient 
and in infection with highly virulent organisms requiring 
highly toxic antibiotic therapy. This can be done using 
an external fixator or a long intramedullary nail. 

Single or two stage exchange arthroplasty offers the 
greatest chance of functional recovery after an infected 
TKA. Two stage exchange arthroplasty is more 
commonly done. In the lst stage radical debridement 
with removal of prosthesis, cernent, synovium and scar 
tissue is performed. Antibiotic imprégnated spacer may 
or may not be placed in the intérim. This is followed by 
6 weeks intravenous antibiotics. The 2nd stage is then 
carried out - reimplantation of another prosthesis 
with use of antibiotic impregnated cernent. Some 
surgeons use temporary knee components with antibiotic 
impregnated cernent to maintain knee function and soft 
tissue tension during the intérim period before final 
reimplantation. 

Above knee amputation is indicated in cases of life or 
limb threatening infection or in cases of persistent local 
infection with massive bone loss not amenable to 
arthrodesis or resection arthroplasty. 

Patello-Femoral Complications 

Complications related to the extensor mechanism are 
common after TKA. They may require reoperation. 

Patellar Maltracking/Patello-Femoral Instability 

Causes 

A. Extensor mechanism imbalance -either the latéral 
retinaculum is too tight or the médial capsular or soft 
tissue repair is loose (e.g. - following post operative 
trauma, too tight médial closure) 

Patellar tracking should be checked intra operatively 
before closure during knee flexion. 

No thumb test: If the patellar button tracks congruently 
within the fémoral trochlea throughout the range of 
knee motion before retinacular closure with minimal 
or no pressure applied to the latéral side of the patella, 
tracking is adéquate. 

Médial retinacular and capsular layer closure should 
be done with the knee in 90° of flexion to ensure 
proper médial tensioning. 

B. Malposition of fémoral, tibial or patellar components- 

• excessive latéral patellar facet resection (normally 
latéral facet is deeper than médial). 

• latéral placement of the patellar component on the 
eut patella. 
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• tibial component placed in internally rotated 
position increases the Q angle by moving the tibial 
tubercle laterally. The tibial component should be 
centered on the médial border of the tibial tubercle. 

• Internai rotation and médial translation of the 
fémoral component. Posterior condylar axis, 
epicondylar axis and AP axis of Whiteside are used 
intra operatively to assess fémoral rotation 

• Placement of components in excessive valgus. 

Treatment 

Latéral release (sparing the superior latéral geniculate 
artery if possible) should be done first. If maltracking 
persists, a proximal realignment procedure should be 
done. Distal realignment procedures usually are not done 
for fear of non-union of the tibial tubercle. If the 
components are malpositioned, they should be revised. 

Patellar Fracture 

Causes: Excessive resection, vascular compromise due to 
latéral release, excessive joint line élévation, trauma. 

Treatment 

Non-union and hardware failure are common after 
internai fixation. 

Incidentally detected asymptomatic fractures do not 
need treatment. 

Acute non-displaced fractures are treated non-ope- 
ratively with cylinder cast for 6 weeks. 

Displaced fractures are treated surgically - 
Tr ans ver se middle third fractures are treated with 
tension band wire and retinacular repair, loose 
components are removed and not replaced because this 
impairs fracture healing. 

Proximal or distal fractures are treated with partial 
patellectomy and suture repair. 

Severely comminuted fractures are treated with 
patellectomy and extensor mechanism repair. 

Patellar Failure 

Métal backed patellar components may fail due to fatigue 
fracture of the métal base plate from the fixation lugs, 
délamination of polyethylene from the base plate and 
polyethylene wear. 

Effusion, patello fémoral crepitus and audible 
squeaking suggest failure. 

Early révision is recommended to prevent metallosis 
of the knee. 


Patellar Loosening 

This is diagnosed radiographically in patients with 
anterior knee pain. 

Treatment consists of révision, component removal 
or patellectomy depending on the quality of the 
remaining patellar bone. 

Patellar Clunk Syndrome 

This is described in association with posterior stabilized 
knee arthroplasties.lt is due to the formation of a fibrous 
nodule on the posterior surface of the quadriceps tendon 
just above the superior pôle of the patella. This may be 
due to proximal placement of the patellar button which 
impinges on the quadriceps tendon during movement 
or due to a relatively high, sharp fémoral sulcus 
contacting the patella during lesser degrees of knee 
flexion. 

This condition gives rise to a pop/clunk in the knee 
when the nodule becomes entrapped in the intercondylar 
notch of the fémur at 30 to 45° of flexion. 

Treatment is arthroscopic debridement of the nodule. 

A limited syovectomy of the posterior surface of the 
quadriceps tendon durins surgery is a valuable 
prophylaxis against this condition. 

Extensor Mechanism Rupture 

This devastating complication fortunately is rare after 
primary TKA. Quadriceps rupture may be due to latéral 
release or due to extension of the release anterior 
weakening the tendon. Patellar tendon rupture is 
associated with previous knee surgery, knee manipu¬ 
lation or distal realignment procedures. 

If the patellar bone stock is adéquate, either distal 
primary repair with tension band wire from proximal 
patella to tibial tuberosity can be done or hamstring 
augmentation or both can be done. 

If the patellar bone stock is poor, allograft 
reconstruction using tendoachilles calcanéum graft or 
gastrocnemius muscle flap are considered. 

Vascular Injury 

Direct injury to the vascular structure is a rare (0.03% to 
0.2%) but devastating complication of TKA which may 
end up in lower limb amputation. 

Prévention 

Proper knowledge of anatomy is important in preventing 
this complication. At the joint line, the three important 
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structures - vein, nerve and artery lie directly posterior 
from 11 o'clock to 1 o'clock position. These can be 
damaged while removing the posterior capsule during 
meniscal resection or PCL removal or while doing 
capsular release. 

Pre-operative non-invasive investigations like 
Doppler USG and vascular surgery consultation should 
be done in patients with peripheral vascular disease. 

Treatment 

If there is any doubt about vascular injury during surgery, 
the tourniquet should be deflated before implantation of 
components and the situation evaluated. Intrs operative 
arteriography and immédiate vascular surgery are 
necessary. 

Neurological Injury 

Peroneal nerve palsy occurs in about 0.5% of patients 
undergoing TKA. It is especially common with correction 
of fixed flexion and valgus deformities (e.g. RA). 

Causes 

• Traction occurring on correction of deformity 

• Ischemia resulting from stretching of surrounding soft 
tissues. 

• Compression from tight dressing or splint. 

Treatment 

When peroneal nerve palsy is discovered post 
operatively, the dressing should be removed completely 
and the knee should be flexed. 

Electro physiological tests are done at 3 months to 
document the extent and location of the nerve lésion. 

Nerve décompression may be required after 6 months 
in those cases who do not recover completely. 

PERI PROSTHETIC FRACTURES 

A. Supra Condylar Fémur Fractures 

These occur in 0.3 to 2% cases. 

Riskfactors - 

• Osteoporosis 

• Steroid use 

• Anterior fémoral notching 

• Révision TKA 

• RA 

• Neurological disease. 

The anterior flange of condylar type prosthesis créâtes 
a stress riser at its junction with the weak supra condylar 
bone predisposing to fracture. 


Classification 

Type 1: Undisplaced fracture, prosthesis stable 
Type 2: Displaced fracture, prosthesis stable 

Type 3: Unstable prosthesis with or without fracture 
displacement 

Treatment 

Type 1: Fractures are treated non operatively with a brace 

Type 2: Fractures can be treated with open réduction and 
internai fixation if bone stock is good or with brace if 
bone stock is poor. 

Type 3: Fractures require révision with a stemmed 
prosthesis, open réduction internai fixation with or 
without bone graft. 

B. Tibial Fractures 

Classification 

Type 1: Involving the condyle 

Type 2: Fracture extending transversely above the tip of 
the prosthesis 

Type 3: Fracture below the tip of the prosthesis. 

Treatment 

• Loose implants require révision with stemmed 
implants. 

• Undisplaced fractures are treated conservatively. 

• Displaced fractures require open réduction and 
internai fixation. 

WOUND COMPLICATIONS 

For a successful TKA it is critical to achieve primary 
healing of the wound. Any delay could increase the risk 
of infection and failure. 

Intrn operative factors to be considered: 

• Skin élévation deeper to subcutaneous fascia to avoid 
disrupting blood supply 

• Midline skin incision 

• Avoid large latéral skin flap 

• Gentle retraction 

• Preserve superior latéral geniculate artery during 
latéral release 

• Prevent hematoma formation 

• Careful wound closure without tension 

• Use pre-existing skin incisions 

Risk factors that retard skin healing are RA, DM, 
steroid use, obesity and malnutrition. 
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Treatment of Wound Complications 

Prolonged serous drainage: If there is no erythema or 
purulence, immobilization and local wound care is 
indicated. If it persists for more than seven days, 
debridement is done. Prolonged drainage has been 
shown to increase te chances of infection later on. 

Hematoma: If it is large enough to cause soft tissue tension 
or restrict range of motion, then it needs drainage. 

Superficial soft tissue necrosis: Small areas measuring les 
than 3 cm usually heal with local wound care or 
secondary closure. Larger areas should haveimmediate 
debridement and cover with split thickness skn graft or 
fascio cutaneous flap. 

Full thickness soft tissue necrosis: Usually leads to exposure 
of the prosthesis and therefore needs immédiate attention 
with debridement followed by reconstruction with fascio 
cutaneous, myo cutaneous or simple cutaneous flap. 

THROMBOEMBOLISM (TE) 

The overall prevalence of deep venous thrombosis (DVT) 
after TKA without any prophylaxis is reported to be 40%- 
84% in various large sériés. Calf thrombi distal to the 
trifurcation of the popliteal vein are more common after 
TKA (40%-60%) than proximal thrombi (9%-20%). 
However, proximal thrombi pose a greater risk of 
pulmonary embolism (PE). The risk of asymptomatic PE 
is 10%-20% and symptomatic PE is 0.5%-3% and a 
mortality rate upto 2%. 

Preventing TE is much preferred to treating it, because 
anti coagulant therapy beginning after the diagnosis of 
DVT may not significantly decrease the incidence of PE. 

The usual anti coagulant agents, heparin and warfarin 
do not effectively suppress platelet surface reactions/ 
ADP induced platelet aggregation. They are effective in 
preventing the growth phase of the thrombus and in 
decreasing the diffuse clotting effect. 

Factors associated with increased risk ofDVT: 

• Age > 40 yrs 

• Prolonged immobility 

• Previous TE 

• Hyper coagulable States - cancer, nephritic syndrome, 
CCF 

• Oe strogen use 

• Smoking 

• Obesity 

• HT, DM 

Clinical Features 

Clinical examination is not completely reliable in 
diagnosing DVT as clots can occur without signs and 
symptoms. 


It is important to check the calf and the remainder of 
the lower limb daily for signs of DVT which are pain, 
swelling, calf tenderness along with a rise in température 
and tachycardia. 

Venography is considered the gold standard for the 
détection of DVT. 

The lesser saphenous veins and subcutaneous veins 
of the foot are the entry portais for radio opaque dye. 

The diagnosis ofDVT dépends on certain signs: 

• Constant filling defects 

• Abrupt termination of column occurring at a constant 
site 

• Non: filling defects of entire deep System 

• Diversion of flow 

The most direct sign is démonstration of thrombus 
itself. 

A loose, potentially movable thrombus is thought to 
produce a ground glass type of shadow, and the contrast 
medium can be seen between the thrombus and vein wall. 
If the thrombus is old and fixed, the affected vein 
disappears on the X-ray film and often dilated collateral 
veins appear more prominent. 

Duplex USG has been reported as an alternative non 
invasive method for diagnosis of DVT. It is useful as a 
screening test, but the accuracy dépends on the 
expérience of the technician. 

Radio Active lodine Labeled Fibrinogen 

This is based on the principle that radio active fibrinogen 
will be taken up in the thrombus and be detected with a 
scintillation counter over the affected area of the leg. It 
compares favourably to venography for the détection of 
calf vein thrombi. 

D Di mer Assay 

D dimmer is a fibrin breakdown product that is produced 
when plasmin proteolyses a fibrin dot. Patients with 
secondary rise in D dimer values are at risk for pathologie 
thrombi. 

Diagnosis of PE 

Clinical Features 

• Transient shortness of breath, pleuritic type of chest 
pain, hemoptysis. 

• Right heart failure in severe cases. 

Perfusion Scan 

Radio isotope lung scanning has been employed to 
investigate the régional pulmonary blood flow to help 
détermine the presence of perfusion defects. 
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Ventilation Perfusion Scan 

• V/Q ratio 

• ECG - right ventricular strain pattern 
ChestX-ray 

Abnormalities include atelectasis, blunting of the CP 
angle (pleural effusion), elevated hemi diaphragm of the 
side of embolus, Hampton's hump, Fleischner sign. 

Arterial Blood Gases 

These show hypoxia and hypercarbia. 

Puimonary Angiography 

This remains the most accurate method of detecting PE. 
The primary positive signs are the trailing edges of 
vascular occlusions within an arterial network of the lung 
and intra luminal defects outline by contrast material 
within the lung vasculature. 

The secondary signs include non filling of vessel, areas 
of slow perfusion, vascular tortuosity, delayed clearance 
of contrast medium. 

DVT PROPHYLAXIS 

• Mechanical devices - compression stockings, foot 
pumps. 

• Advantages - non invasive, no risk to patients. 

• Disadvantages - compliance, can be used only in 
hospital. 

• Phamaceutical agents - warfarin, low dose heparin, 
aspirin. 

• Anti platelet agents - aspirin 150 mg od, clopidogrel 
75 mg od. 

Warfarin 

Two regimens used: 

• 10 mg on prior evening, 5-10 mg the foliowing night, 
maintenance dose 2-10 mg according to PT. To 
maintain PT 3 -5 sec above control. 

• Start low dose warfarin 7-10 days prior to surgery, 
keep PT below 14 sec 

Advantages - oral medicine, low cost 
Disadvantages - monitoring required (PT daily, stool 
guaic exam, hematocrit) 

- Delayed onset of action 

- Bleeding 

- Drug interactions 


Low Molecular Weight Heparin 

Heparin potentiates the action of anti thrombin 3 
3200 IU s/c od 

Advantages - standard dose regimen, 

- Less frequent monitoring 
Disadvantages - s/c administration 

- Cost 

- Bleeding (esp. épidural hematoma - neurological 
complications) 

TREATMENT OF DVT AND PE 

Once the diagnosis is confirmed, 10,000 to 15,000 IU 
Heparin (loading dose) is given, followed by continuous 
drip (1,000 IU/h) and is adjusted to maintain the APTT 
twice to thrice normal. 

This is continued for the next 72 hour. 

Then, warfarin 5-15 mg/d is begun. 

Heparin is discontinued after 5 days or when PT is 
1.3 to 1.8 times normal under the influence of warfarin 
whichever is longer. 

Warfarin is continued 3 to 6 months post op to 
maintain PT 3 to 6 sec greater than normal 
Indications for puimonary embolectomy - 

• Persistent hypotension 

• Persistent cyanosis 

• Puimonary artériographie evidence of massive PE. 
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378.6 Soft Tissue 


INTRODUCTION 

Knee Replacement surgery is basically a soft tissue 
operation. The basic bony cuts are taken to align the joint 
at 90° to the mechanical axis. Use of instruments and 
anatomie bony landmarks allow every surgeon to implant 
the knee prosthesis in an idéal position. Use of Computer 
aided surgery (CAOS) will increase the accuracy of 
implant placement and mechanical alignment. The real 
skill of a surgeon lies, however, in doing soft tissue release 
for balancing the opposite ligaments to obtain 
symmetrical knee movement. The deformity correction 
in TKR is basically dépendant upon adéquate soft tissue 
release. Deformity correction cannot be done by altering 
the bony cuts. Hence the expérience of a surgeon in 
obtaining a good soft tissue balancing décidés how well 
a deformed knee will be corrected by him on the table. 

In this article, I will discuss the Principles of soft tissue 
balancing in the Knee Replacement surgery and give 
some practical tips for a new surgeon based on our 
expériences. 

• Factors to be seen in Pre-operation évaluation of 
patient 

• Factors in the Basic surgical dissection. 

• Spécifie conditions and situation. 

Factors in the Pre-Operation Evaluation Of Patients 

The surgeon needs to assess the extent of deformity and 
its correctibility, clinically and radiologically. 
Examination in outpatient may not give the correct idea 
about the extent of correctable component of the 
deformity. Examination under anesthésia before surgery 
gives the surgeon the exact amount of flexion deformity 
the knee has and how much the soft tissues release is 
necessary during the surgery. 

Spécifie Radiological évaluation of the knee : 

1. Single leg standing AP X-ray of the knee 

2. Angular correction stress AP view of the knee (valgus 
stress view for varus knee, varus stress view for valgus 
knee). 

3. The latéral ( shoot - through ) Film . 

The single leg standing AP X-ray of the knee indicates 
actual dynamic deformity of the patient. This indicates 
the amount of latéral opening and stretching out of the 
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collateral ligament on convex side. This also shows the 
amount of latéral translation of the tibia, which is an 
indication of dynamic instability of the knee. In presence 
of significant latéral translation or excessive opening up 
of convex side of the joint, possibility of constrained type 
knee prosthesis needs to be considered, as the latéral soft 
tissues may be too lax. 

The angular correction stress view of the knee 
indicates the correctibility of the knee deformity in 
coronal plane. If the knee opens up completely and the 
angular deformity is fully correctible, the collateral 
ligament on the concave side is not tight and does not 
need release during surgery. If the surgeon fails to realize 
this fact he may end up doing over-release of the 
ligaments and create unstable knee. Here the deformity 
is entirely because of loss of bone on concave side. This 
bone loss is visualized better on stress view. If it is severe, 
one needs to keep option of métal wedges or bone graft 
ready to build and augment the bony defects. A long stem 
of tibial component may also be necessary. 

The shoot through latéral X-ray of the knee is useful 
to identify the presence of osteophytes in the posterior 
part of the knee joint. These osteophytes cause denting 
of the posterior capsule and resuit in flexion deformity. 
If they are not removed during surgery the correction of 
flexion deformity becomes difficult and surgeon may end 
up doing excessive release of the soft tissues to correct 
the FFD. The second thing visualized in latéral view is 
the position of patella and the ratio of patella height to 
patella tendon length. In post HTO knee, the patella may 
be at a lower position (Patella baja) due to patella tendon 
contracture. Note of this must be taken during the surgical 
procedure as eversion of such patella may resuit into 
patella tendon avulsion during surgical procedure. The 
soft tissue balancing of the patella may need spécial care 
in such situation. 

Factors in Basic Surgical Techniques 

The soft tissue balancing in the TKR is done in three 
stages. The patellar balancing is given a separate 
considération. 

1. Primary soft tissue release 

2. Basic bony cuts and Flexion-Extension gap balancing 

3. Trial réduction and final soft tissue balancing 

4. Patella replacement - tricks of the trade. 
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Primary Soft Tissue Release 

The knee is exposed by anterior paramedian approach 
with anterior midline incision. The médial soft tissue flap 
is elevated with sharp dissection from médial tibial 
condyle. This médial soft tissue flap includes superficial 
and deep collateral ligament, and the peripheral rim of 
meniscii. The Pes Anserinus must be protected and its 
insertion from the tibia should not be detached. While 
reflecting this flap, the tibia is progressively rotated 
externally by the Assistant till the postero médial corner 
of the tibial plateau is exposed. Care needs to be exercised 
in patient with severe médial tibial bone loss (in severe 
varus deformities) while doing the dissection of soft 
tissues in a postero médial corner of tibia. The bony loss 
may cause lowering of the joint line up to the attachment 
of médial hamstring which may get detached during the 
médial soft tissue dissection. This will lead to serious 
médial instability especially in flexion. The médial 
meniscus is excised leaving the peripheral millimeter of 
its rim intact to preserve menisco-tibial and menisco- 
femoral ligaments. 

The patella is subluxed laterally. (We do not 
recommend everting the patella as this may lead to 
quadriceps inhibition in post operative period). A right 
angle Hohman retractor placed in the latéral para tibial 
gutter reflect patella and infra-patella pad out of the way. 
The latéral meniscus is excised along its entire periphery 
up to the posterior attachment. Latéral inferior genicular 
artery usually gets eut at this stage in the postero latéral 
corner of the knee. It needs to be identified and 
coagulated. The PCL is released from the posterior part 
of tibia. A second right angle Hohman retractor is placed 
behind tibia. This will allow the anterior dislocation of 
tibia for complété visualization of tibial plateau. (When 
surgeon desires to use PCL sparing knee prosthesis, this 
step of PCL release is not done. Consequently anterior 
dislocation of tibia in front of fémur is not possible in 
such cases). The popletius tendon is normally visualized 
in the postero latéral corner of the knee which needs to 
be protected. This may need to be released when it is 
tight due to old latéral translation of tibia in varus knees. 

This complétés the primary soft tissue release. 

Basic Bony Cuts and Flexion - 
Extension Gap balancing 

There are three basic bony cuts: 

a. Upper tibial eut 

b. Distal fémoral eut 

c. Anterior and Posterior fémoral eut 

There are two associated cuts: 


d. Box eut for fémur (For posterior stabilized knee) 

e. Chamfer eut 

f. (The patellar eut is a separate procedure described 
later). 

Upper Tibial Cut 

The upper tibial cut is taken at 90° to the long axis of tibia 
in the coronal plane and at 90° to the mechanical axis in 
sagital plane. Cut is taken with 8 mm thickness from the 
normal tibial plateau. (It is latéral tibial plateau in varus 
knee having médial defect). The defective tibial plateau 
may not get completely cut leaving some defect in the 
bone which needs to be filled up with bone graft or métal 
wedges. Important point to remember is to cut less bone 
when the knee has excessive deformity, as the gap created 
after proper ligament balancing will be too much if bones 
are not cut prudently. 

Distal Fémoral Cut 

This should be at 90° to the mechanical axis of fémur (Axis 
from center of fémoral head to the center of knee joint). 
When we make distal fémoral cut using intra medullary 
jigs we need to give an angle of valgus to the cut 
équivalent to the angle of diversion between anatomical 
axis of fémur (medullary axis) and mechanical axis of 
fémur (Fémoral heal - center of knee joint axis). With 
normal hip joint having 135° coxo fémoral angle, the angle 
of valgus for distal fémoral cut is usually six degrees. For 
varus hip this angle needs to be increased and for valgus 
hip this angle needs to be reduced. This happens because 
the diversion between mechanical and anatomical axis 
of fémur changes according to the neck shaft angle of 
fémur. 

The fémoral distal cut has to be also at 90° to the 
mechanical axis in sagital plane. If this cut is angled 
backward, the fémoral component goes into flexion. This 
will lead to: 

a. Incomplète extension of the knee and 

b. Interférence with patella tracking because of 
prominence of anterior flange of fémoral component 
If the fémoral cut slopes forward it will cause 

extension of fémoral component. This will lead to: 

a. Notching of anterior cortex by the anterior fémoral 
flange and 

b. The knee may go into hyper extension position. 

ANTERIOR POSTERIOR FEMORAL CUTS 

Flexion-Extension Gap Balancing 

The distal fémoral cut and proximal tibial cut créâtes 
extension gap in the knee. This extension gap needs to 
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be balanced by doing soft tissue release on concave side 
of deformity i.e. médial side on varus knee and latéral 
side on valgus knee. This release is important as it corrects 
the coronal deformity of the knee joint. After the release 
is performed, the width of the extension gap is measured. 
This is done by putting a spreader between the two eut 
surfaces and spreading them out in extension with a fixed 
force. If the surfaces are parallel when spread apart the 
extension gap is balanced. Now the distance between the 
two surfaces is measured. 

The standard gap between the two surfaces in 
extension of the knee joints is called "Extension gap". 
Extension gap is = upper tibial eut thickness 
+ distal fémoral eut thickness 

+ the amount of release required on the concave side 
+ excess ligament laxity. 

This équation explains why in severely deformed 
cases a surgeon has to be conservative on the bone cuts. 
Normal cuts in severe deformed patients may lead to 
excessively large gaps and unstable knee, when the 
contracted ligaments are balanced. 

Once the extension gap is balanced, the knee is flexed 
to 90° position and a spacer block is kept on the eut 
fémoral surfaces. This is "the AP cutting block" to make 
anterior and posterior bone cuts on distal fémur. The 
block is positioned using several different techniques. 
Anterior referencing Stylus is used to prevent notching 
of anterior cortex of fémur by anterior bone eut. Here a 
Stylus on the anterior surface of the block makes sure that 
the anterior eut is flush to the anterior cortex of the fémur. 
The gap between posterior surface of the block and eut 
tibia is measured with knee in 90° flexion. This is called 
flexion gap. 

This flexion gap needs to be same as the extension 
gap in its width. When the knee deformity is balanced in 
extension, it also usually gets balanced in flexion. 

Further release of collateral ligaments are not 
attempted in flexed position of knee joint as many 
surgeons believe that this will alter the extension balance 
which has been achieved before. (White side has 
presented a paper claiming that MCL has two compo- 
nents one of which is tight in flexion while the other is 
tight in extension. So he believes in releasing the tight 
MCL component in flexion gap balancing even when 
MCL is well balanced in extension. 

The rotation of the AP cutting block is decided by one 
of the four techniques: 

1. Fixed 3° external rotation from the posterior condylar line: 
A jig with two skids is placed on the eut distal fémur 
surface. The skids are placed flush with the posterior 


fémoral condyles. The jig has two holes which give a 
fixed 3° rotational axis with respect to the posterior 
condylar axis. Two pins are put into the holes which 
are used to place the AP cutting block. This technique 
puts the fémoral component in fixed 3° external 
rotation with respect to the posterioral condyle of the 
fémur. It can go wrong when one of the two condyles 
are dysplastic (e.g. In valgus knee with dysplastic and 
déficient latéral posterior fémoral condyle, this jig will 
give the fémoral prosthesis rotational axis in internai 
rotation compared to the true rotational axis). 

2. Rotation axis parallel to the epicondylar line: Médial and 
latéral epicondylar points are identified. A line 
passing through them is drawn on a eut fémoral 
surface. The cutting block is placed parallel to this line. 
In this technique, erroneous identification of 
épicondyle (which is sometimes difficult to palpate 
can lead to wrong rotational axis sélection by the 
surgeon). 

3. Whiteside Line: A line is drawn between the highest 
point of the fémoral intercondylar notch and the 
lowest point of patella groove. This is called Whiteside 
line. This is at 90° to the epicondylar axis of fémur. 
The presence of osteophytes in a patello fémoral 
articulation and intercondylar groove of fémur will 
make it difficult to identify and draw this line 
accurately. 

4. Dr. Ranawat's technique: Here it is presumed that the 
knee is balanced in flexion if it is already balanced in 
extension by the surgeon. So, AP cutting block is 
placed parallel to the eut tibial surface with the knee 
in 90° flexion. The anterior surface of the block should 
be flushed with anterior cortex of fémur to prevent 
anterior notching. If there is slight inequality between 
the médial and latéral joint spaces, it is corrected by 
rotating the block slightly externally. Further release 
of soft tissues in flexion is not recommended. 
Normally during the surgery, ail of the above methods 

should be used. They should give a good and accurate 
approximation of right axis of fémoral component 
rotation to make the true rotational axis of fémur. 

Flexion Extension Gap Balancing 

When the bone cuts are taken and soft tissue is released, 
surgeon créâtes flexion and extension gaps between eut 
surface of fémur. These gaps may be symmetrical, but 
they also need to be equal. The following table explains 
the steps to be taken when flexion and extension gaps 
are unequal. 
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Extension Gap 


Flexion 

Gap 

Tight 

N 

Loose 

Tight 

i. Cut tibia more 

i. Down size 
fémur 

ii. Cut more tibia 
and use distal 
fémoral augment 

i. Distal fémoral 
augment + down 
size fémur 

N 

ii. Cut Distal 
Fémur more 

Idéal situation !! 

i. Distal fémoral 
augment 

Loose 

Cut distal fémur 
more +/- upsize 
fémur 

i. Upsize the 
fémur 

ii. Cut distal 
femor + use 
thick tibial insert 

Use thicker tibial 
insert 


When surgeon has to curt excess distal fémur to 
increase selectivity extension gap, he also elevates the 
joint line. This happens because the distal thickness of 
ail fémoral components in same irrespective of their size. 
This can lead to patella-baja, altered knee kinematics. 
Note that cutting extra tibia or using thicker tibial insert 
will NOT cause jointline alteration. It will only lead to 
limb shortening or lengthening depending upon whether 
the size of insert used is thinner or thicker compared to 
the thickness of upper tibial eut respectively. 

Trial Réduction and Final Soft Tissue Balancing 

Box Cutfor the Fémur and the Chamfer cuts : These cuts do 
not change the soft tissue balancing in the knee. When 
ail the cuts are taken and the trial components are in place 
the knee joint is moved in ail its range. The gliding of 
patella and stability of the knee joint is seen. Any tightness 
or laxity in knee at any range of movement is analyzed. 
The final release of soft tissues is done at this stage. If the 
earlier two stages of soft tissue balancing is done right, 
the surgeon has little to do at this stage. If one encounter 
a gross instability at this stage, it is difficult to correct it 
at this stage as it indicates some error at some of the earlier 
stage ! The only option is to use a constrained type of 
device (if one is readily available). 

Patellar Replacement and Patellar Balancing 

There are two opinions about replacing the patella. Some 
surgeons believe in replacing ail cases, while some 
surgeons replace patella in only sélective cases. The final 
verdict about this issue has not been decided. Patella, 
when replaced, needs to be eut parallel to the articulating 
surface with minimum 10 to 12 mm bone of patella 
preserved. The amount of bone eut dépends upon 
thickness of patellar button to be used. The combined 


thickness of patellar button and the bony patella must be 
the same as the thickness of patella before replacement. 
This eut can be taken using a jig or by freehand technique 
(Author's preferred way!). 

The final gliding of patella is culmination of proper 
steps taken at every stage of surgery as any error at the 
preceding step will resuit in the mal-alignment of the 
patella. Before closure it is mandatory for a surgeon to 
assess the movement of the knee joint. The gliding of the 
patella must be concentric on the fémur without latéral 
tilt or latéral shift. This patella gliding should be possible 
without the surgeon supporting the patella. If the patella 
is not tracking well, then the surgeon may need to do 
additional soft tissue release to improve the patella 
tracking. The common intervention is latéral retinacular 
release with médial plication or double breasting of vastus 
medialis. Mal tracking of patella must not be left 
uncorrected. There are multiple causes for patellar mal 
tracking. If these causes are identified at the time of trial 
réduction by the surgeon, some corrective action can be 
taken. This will prevent the need for latéral release and 
médial plication of the soft tissues after cementing the 
definitive components. 

Following is the list of factors which can cause patella 
mal tracking: 

A. Fémur related factor 

i. Over sizing the fémoral component 

ii. Not lateralizing the fémoral component 

iii. Rotating the fémoral component internally instead 
of externally 

iv. Inadéquate valgus of fémoral component 

v. Large anterior cam of tibial component 

B. Tibia related factor 

i. Medialising the tibial component instead of 
lateralizing 

ii. Rotating the component internally instead of 
externally 

iii. Excessive valgus of tibial component 

iv. Too thick tibial component 

v. Large anterior cam of tibial component 

C. Patella related factor 

i. Over stuffing the patella 

ii Placing the patella more laterally on the bone 
(Thus causing medialization of patella bone) 

iii Placing the patella button too low on the eut bone, 
causing patella baja 

iv. Oblique eut on the patella 

D. Soft tissue related causes 

i. Tight latéral patello fémoral bands to lax médial 
retinacular structure 

ii. Infra patellar contracture due to previous surgery 
(e.g. HOT, Fracture tibial plateau). 
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Correction of these causes or attention to these factors 
during the surgical technique will ensure that patella 
tracking is good in 95% cases. 

Spécifie Condition and Situations 

Severe Varus or Vaigus deformity : The excessive contracture 
on the concave side of the deformity and possibility of 
ligament stretching on the convex side make the situation 
complex. The stress view may help the surgeon to 
anticipate the necessity of constrained type of knee 
component. The spécifie sequence of the release of various 
structures on the concave side is discussed in the spécifie 
chapters which deals with the correction of these severe 
deformities. 

Rotating platform TKR: The rotating platform TKR has 
plastic insert which can move freely and thus needs the 
ligament very accurately done. If the balancing is not 
done accurately, the insert can dislocate. This can happen 
in mid range of the flexion from 60 to 100 degrees. This is 
called 'Mid-Flexion Instability' and it is usually due to 
over release of the médial ligaments. Surgeon must hâve 


the back-up of fixed bearing TKR or Constrained TKR in 
such situation. 

Severe FFD: Here the main problem is excessive flexion 
gap and tighter extension gap. Three things help the 
surgeon to obtain perfect soft tissue balancing in such 
situation. 

1. Cutting little extra distal fémur. (This may cause the 
joint line to get little elevated, so this extra eut should 
not be more than 4-6 mm over the standard 10 mm). 

2. Releasing posterior soft tissues from the back of fémur 
and tibia. This includes releasing the PCL and using 
Posterior stabilized implant. 

3. Using a larger size of fémoral implant which will take 
up the flexion gap but will not affect the extension 
gap. This needs the TKR System which allows tibio- 
femoral mismatching between components. 

Severe Hyper-extension or Fax Knee : The principle here is 
to be very conservative about bone cuts. The ligaments 
need to be preserved and "routine" release must NOT 
be done ! Constrained type of knee prosthesis must be 
kept ready. 


378.7 Correction of Varus and Valgus 
Deformity During Total Knee Arthroplasty 

Amit Sharma, Arun Mullaji 


Total knee arthroplasty has proved to be a reliable 
treatment modality for knee disorders. The most common 
indication for TKA is primary osteoarthritis (OA) of the 
knee. OA usually produces varus deformity of the limb 
as the mechanical axis of the limb passes slightly médial 
to the center of the knee. However, sometimes, valgus is 
also présent, specially in inflammatory arthritis, e.g. 
Rheumatoid Arthritis. Restoration of limb alignment is 
of utmost importance for normal biomechanics, longevity 
of the implant and range of motion of the knee joint. 

In a knee with varus or valgus deformity, soft tissue 
will be contracted on the concave side of the knee. 
Cartilage degeneration and articular defects may lead to 
deformity at the level of knee joint itself. At times, 
deformity is due to varus or valgus angulation of the peri- 
articular bones (extra-articular deformity). 

Various methods to restore the alignment of the knee 
are présent depending upon the type of deformity (varus 
or valgus) and the site of deformity (articular or extra- 
articular). In most of the cases, release of the soft tissue 


on the médial or latéral side of the knee is sufficient to 
correct the alignment. However, at other times, when 
there is large bone defect at the level of knee joint, bone 
grafting procedures or specialized implants are required. 
In case of extra-articular deformity, osteotomy and 
correction of deformity is required. 

Correction of Varus Deformity 

Varus is more common than valgus in knee disorders. In 
varus deformity, soft tissue on the médial side of the knee 
gets contracted. Médial collateral ligament (MCL) is the 
major soft tissue contracted in varus knee. There is 
minimal affection of the bone even in severe varus on 
the médial fémoral condyle. Médial tibial plateau is 
affected more in varus knees. In severe varus of the knee, 
there may be bony defects on the médial tibial plateau. 
Some amount of release will be required with ail TKA, 
but severe varus is a very challenging surgery with 
inhérent technical intricacies. Correction of varus knee 
during TKA can be discussed on the following points: 



Total Knee Arthroplasty 3799 


A. Release of soft tissue on the médial side: Soft tissues 
on the médial side of the knee gets contracted due to 
long standing varus deformity. When the distal 
fémoral and tibial cuts are taken perpendicular to their 
respective mechanical axis, joint spaces in the knee 
need to be equal on the médial and latéral side. In a 
varus knee, where médial structures are contracted, 
this can be achieved by release of the soft tissues on 
the médial side. 

MCL is the main stabilizing structure on the médial 
side of the knee. It provides 57-78% of the valgus stability 
with more contribution in flexion. This is the major 
structure requiring release on the médial side. 
Semimembranosus, pes anserinus are the other major 
structures contracted in a varus knee and require release. 
Deep MCL, the part of médial capsule spanning the 
médial joint, has little contribution in valgus stability and 
similarly has little effect on correction of varus deformity 
after its release. 

A sequential soft tissue release seems to be a reliable 
mechanism to correct the varus deformity of the knee. 
Though there is no consensus regarding the release 
sequence of different soft tissues, following structures will 
require some or the other form of release: 

1. Médial collateral ligament (MCL): MCL is the major 
structure requiring release on the médial side of the 
knee joint. 

Three different methods of MCL release has been 
described: 

a. Sub-periosteal release ofthe soft tissue on the médial side of 
tibia: In this procedure, soft tissues are released by 
elevating them off the bone with the help of a 
periosteal elevator. This procedure has the advantage 
of healing by secondary scarring with good stability 
once the healing is complété. However, hematoma 
formation and postoperative pain are more common 
with this procedure. 

b. Joint line release ofthe MCL: It has been found that the 
middle third of the MCL is mainly contracted in varus 
knee. This ligament can be approached from within 
the knee joint. MCL is released in its middle third with 
the help of a knife or an electrocautery. Though this 
procedure is simple to execute, excessive release of 
the MCL may occur with secondary instability of the 
joint. In such cases, resuturing of the ligament is 
required. Semimembranosus, posterior oblique 
ligament and posterior capsule of the knee joint are 
not disturbed with this procedure. 

c. Médial epicondylar osteotomy: Médial épicondyle of the 
fémur can be osteotomized in the form of a sliver of 


the bone in antero-posterior direction with MCL and 
other soft tissue attached to it. It is not necessary to 
reattach it with fémur as good fibrous or bony union 
always occurs even without fixation. Médial stability 
is maintained by continuity of médial ligamento- 
periosteal sleeve of MCL distally and the tendon of 
adductor magnus medially. This procedure is useful 
in treating severe varus with flexion contracture. 
Accessibility to posterior capsule is also improved and 
ligaments are well preserved. However, epicondylar 
osteotomy is an all-or-none phenomenon which 
should be done in knee with severe deformities only. 
It has been noted that release of the anterior fibres of 
the MCL increases the médial joint gap in flexion 
because they are usually tight in flexion whereas 
posterior fibres hâve more effect in extension of the 
knee. 

2. Removal of osteophytes and médial tibial condylar 
osteotomy: Médial osteophytes on the tibia may lead 
tenting of superficial MCL and other soft tissues on 
the médial side of the knee joint. This leads to relative 
shortening and tightness of the médial tissues. After 
removing the osteophytes and proximal tibial eut, soft 
tissues get their length back and help in correction of 
the varus deformity. 

3. Release of other soft tissues: Semimembranosus and pes 
anserinus also may need to be released to achieve 
varus correction. 

4. Posterior capsule: Posterior capsule may be contracted 
in a varus knee on the médial side. However, it is 
relaxed in flexion and act as a tether only in extended 
position of the knee. Hence, if a knee is tight medially 
in extension only, posterior capsule requires release. 

5. Rôle of Posterior Cruciate Ligament (PCL): There is 
controversy regarding the rôle of PCL in varus 
deformity. According to some of the studies, PCL is 
contracted in a varus knee, whereas others say that 
PCL is away from the médial joint line and has no 
major effect in the development of varus deformity 
of the knee. However, PCL release produces an 
increase in the joint gap, more in flexion than 
extension. 

B. Correction of articular defects: Articular defects on 
the médial joint surfaces are présent in severe varus 
deformity. Tibial articular surface is usually affected. 
Less bone is resected from the médial tibial surface as 
compared to the latéral side. If the médial defect is 
less than 5 mm, it can be taken care of by using cernent 
to fill the defect. If the defect is more than 5 mm, bone 
grafting is preferred. A wedge of bone taken from the 
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resected tibial or fémoral bone is taken and fixed with 
the help of a screw or kirschner wires with spécial 
care to keep the track of screw away from the stem of 
the tibial implant. 

Metallic augments or wedges are also available to 
fill the bony defect on the médial tibial joint surface. 
They are specially useful for the avascular bones 
where union of the bone graft may pose problem. 

C. Correction of the extra-articular varus deformity: 
Varus may be présent in the tibia or sometimes in the 
fémur next to the joint line. Various causes are 
metabolic bone diseases, post-traumatic deformities, 
and mal-united fractures. This will lead to a similar 
effect on the knee joint as varus at the level of the 
knee joint because of malalignment of the mechanical 
axis. Correction of varus deformity in these locations 
requires osteotomy and fixation either with a long 
stem or other method. 

Complication: Most common complication with varus knee 
TKA is under-correction of the deformity and failure to 
achieve neutral limb alignment. This may secondarily 
lead to unequal joint gap on médial and latéral side in 
flexion and extension, early polyethylene wear, and 
instability of the joint. Similarly, over release of the 
ligaments may lead to excessive laxity and secondary 
implant problems. Mal-rotation of the fémoral component 
may be présent with patellar subluxation or clunk due to 
error in posterior referencing of the posterior fémoral 
cutting jig. In cases requiring substantial amount of soft 
tissue release, post-operative swelling and pain are 
pronounced. 

Results: Though in various studies it was found that 
correction of varus deformity may be difficult, it has been 
found that long term clinical and radiological results of 
the post-operative TKA patients are comparable in knee 
with less than 5 degrees of deformity to those with more 
than 20 degrees deformity. 

Correction of Valgus Deformity 

Though valgus knee deformity is less common than varus 
deformity, correction of the valgus deformity is more 
difficult than varus deformity. Valgus knees has 
produced variable results in the terms of deformity 
correction and stability post-operatively. Major causes of 
valgus deformity are rheumatoid arthritis, posttraumatic 
arthritis, osteoarthritis and metabolic bone disease. Along 
with the soft tissue contracture, presence of the 
hypoplastic and deformed latéral fémoral condyle is quite 
common in valgus knees as compared to absence of 
similar changes on the médial fémoral condyle in varus 
knee. 


Two components are involved in valgus knee- soft 
tissue contracture and bone loss from latéral fémoral 
condyle or latéral tibial plateau. 

Different grades of valgus deformity hâve been 
proposed: 

Type I: Minimal valgus and médial soft tissue stretching 

Type II: More than 10° valgus with moderate médial soft 
tissue stretching 

Type III: Severe osseous defects and ligament stretching 
Following are the various techniques for correction 
of the valgus deformity during TKA. 

1. Soft tissue release: Various soft tissues contracted on 
the latéral side in a valgus knee are latéral 
retinaculum, latéral collateral ligament (LCL), ilio- 
tibial band, tendon of biceps femoris, popliteus 
tendon, latéral head of gastrocnemius, fabello-fibular 
ligament, and arcuate ligament. Some authors 
included the release of the periosteum also from the 
fibular head. LCL is the major stabilizing ligament 
against varus laxity. It contributes about 55-69% of 
the total restrain against varus laxity. Release of LCL 
provides major correction of valgus deformity. 
Various soft tissues are released from the latéral side 
of the joint sequentially to achieve desired limb 
alignment. Latéral retinaculum is the first structure to be 
released in a valgus knee, however, it is seldom sufficient 
to achieve desired amount of correction. Ilio-tibial band 
release is done from Gerdy's tubercle to achieve latéral 
joint opening in extension. However, it has little effect 
on latéral joint space in flexion. LCL and popliteal tendon 
may be released from their fémoral attachment to achieve 
correction of valgus deformity but may lead to instability 
in flexion. Sometimes, tendon lengthening of biceps 
femoris is required to achieve correction. Fabello-fibular 
ligament and arcuate ligaments may be released from 
their fémoral attachment. Subperiosteal élévation of 
fibular head periosteum and resection of latéral 
intermuscular septum is done in extreme cases. 

Pie crusting (Inside-out technique): In this method soft 
tissues on the latéral side of the knee in valgus deformity 
are pierced with the help of a scalpel from inside the knee 
joint after taking initial bone cuts and soft tissue release 
is achieved after excising the latéral capsule from inside, 
structures which are tight in extension are felt with the 
tip of finger. Multiple stab incisions are taken in ilio-tibial 
band from inside the knee joint at the level of the knee 
joint and extension gap is balanced. Now the knee is 
flexed and flexion gap is equalized after taking the 
posterior and chamfer cuts on the fémur. The posterior 
eut is kept parallel to the transepicondylar axis or 
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perpendicular to the Whiteside's antero-posterior axis. 
If there is unequal gap with latéral joint space being tight, 
carefully multiple stab incisions are taken in the latéral 
retinaculum to open the joint laterally. Rarely stab incision 
in the LCL is also required. 

Rôle ofPCL- PCL is usually not contracted in valgus knees. 
However, in some of the studies it has been found to affect 
latéral joint opening and hence, may warrant release. 
External rotation of the tibia is commonly associated with 
valgus knees, and this may require PCL release. 

2. Latéral sliding osteotomy: Latéral sliding osteotomy of 
the latéral épicondyle of the fémur is another method 
to achieve ligament release. A sliver of bone is 
removed from the latéral épicondyle and shifted 
distally and posteriorly if flexion deformity is also 
présent. 

3. Bone defects: Latéral fémoral condyle will be more 
affected than latéral tibial plateau. Distal as well as 
posterior part of the latéral fémoral condyle will be 
hypoplastic in valgus knees. Reference point should 
be chosen from the médial condyle, otherwise excess 
bone and soft tissues will be resected off the médial 
side and joint line élévation will occur. To take 
posterior eut, referencing from the anterior cortex can 
be taken with the help of Stylus. 

If the trial component of fémur is in contact with the 
posterior surface of the latéral condyle, distal defect can 
be treated as contained defect and can be left alone. 
However, if there is no contact on the distal as well as 
posterior surface, bone grafting of the latéral condyle is 
required to fill the gap. 

Rôle of tibial tubercle transfer: In knee with severe valgus, 
where angle between quadriceps mechanism and patellar 
tendon is more than 20 degrees, patellar subluxation may 
occur. In these cases, médial transfer of tibial tubercle is 
required to align extensor mechanism and prevent 
patellar subluxation. 

Complications in TKA in valgus knees: TKA in valgus knee 
is technically challenging. Even with the utmost 
précaution, following complications may occur. 

a. Peroneal nerve palsy: Peroneal nerve, like other soft 
tissues on the latéral side of the knee, gets contracted 
in long standing valgus knees. With acute correction 
of the deformity, nerve may get stretched. 
Additionally, during various release procedures e.g. 
pie crusting, nerve may get directly damaged by 
trauma. 

b. Under-correction of the deformity: This is the most 
common complication of TKA in valgus knees. Due 


to misjudgment of the alignment intra-operatively, 
surgeon may not be able to restore the alignment of 
the limb to neutral with secondary mechanical 
problems and implant failure. 

c. Patellar dislocation: Patella may be lying excessively 
laterally in valgus knees. Quadriceps mechanism and 
latéral patellar ligaments may be contracted. Failure 
to give proper attention to these factors and adéquate 
release of tight latéral tissues may cause patellar 
subluxation or dislocation postoperatively. 

d. Internai rotation of the fémoral component: Due to 
hypoplastic posterior part of latéral fémoral condyle, 
fémoral component may tend to be placed in internai 
rotation if proper attention is not paid to the rotation 
of the fémoral component intra-operatively, especially 
if the posterior fémoral condylar axis is used for 
referencing. Use of trans-epicondylar axis, Whiteside's 
antero-posterior axis and proper ligament balancing 
may reduce occurrence of this problem. 
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378.8 Long-Term Results of 
Total Knee Arthroplasty 

Parag Sancheti 


INTRODUCTION 

Total Knee Arthroplasty (TKA) is a highly successful 
surgery. The short-term results are often dramatic. But 
whether these results remain good in the subséquent 
years is the real question. Many advances hâve been made 
today in TKA. At times newer advances bring newer 
problems. Modularity was one such advance. It was 
introduced in the tibial component in 1988. (Insall - 
Burstein II, Zimmer, Inc). 1 This design modification was 
well received initially, but later came the problem of 
backside wear. Therefore everything new may not be 
necessarily good. Recently mobile bearings and high 
flexion designs with newer implant materials hâve been 
introduced. 

For the original total condylar design, survivorship 
at 15 years for révision for any reason was 95.9%. 2 The 
results of total condylar design hâve been considered the 
Gold Standard in terms of their longevity and any newer 
designs must be compared to it. In this chapter we shall 
discuss issues with respect to long-term results of TKA. 

HISTORY 

Verneil 3 in 1863 used the joint capsule as an interposition 
material in the arthritic knee. This was the beginning of 
knee replacement. Many other substances were used like 
muscle, skin, fat, pig bladder, cutis and nylon. Campbell 


in the 1920s used free fascial grafts as an interposition 
material. 

Then began the era of mold hemiarthroplasty of the 
knee (Boyd in 1940 and Smith-Petersen in 1942) 4 Mold 
arthroplasty is a type of knee hemiarthroplasty in which 
metallic molds were fitted to the fémoral condyles. But 
results were short lived and discouraging. In 1958, 
Macintosh 5 inserted acrylic tibial plateaus on the affected 
side of the joint. 

Hinged implants appeared in the 1950s (Walldius) 4 
(Fig. 1). This was actually the first attempt at total knee 
arthroplasty. The prosthesis was a hinge fixed to the 
bones with stems into the medullary canals. These hinges 
provided good short-term pain relief but function was 
not always great due to the limitations of motion and 
early loosening. The simple unicentric design of the hinge 
failed to mimic the complex multicentric movements 
occurring at the knee. 

In 1971, Gunston 4 recognized that the knee does not 
rotate on a single axis like a hinge, but rather the fémoral 
condyles roll and glide on the tibia with multiple instant 
centers of rotation. His polycentric knee replacement had 
early success with its improved kinematics over hinged 
implants but was unsuccessful because of inadéquate 
fixation of the prosthesis to bone. Gunston's prosthesis 
(Fig. 2) were semicircular prosthesis made of Steel, which 
resurfaced the fémoral condyles and articulated with 
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Fig. 1 : A hinged knee arthroplasty 



Fig. 2A: Intra-op view of Gunston prosthesis at the time of 
révision surgery (For color version see Plate 59) 



Fig. 2B: A radiograph showing Gunstons prosthesis 



Fig. 3: The geomedic knee 


relatively fiat médial and latéral high-density 
polyethylene tibial plateau replacements. The Geomedic 
knee arthroplasty (Fig. 3) was introduced in 1973 by 
Coventry et al. At the Mayo Clinic. 4 The Geomedic knee 
replacement has the advantage of requiring relatively 
little bone removal, which makes révision surgery easier 
and its action as a spacer confers stability on a knee in 
which there is some degree of ligamentous laxity. 

In 1968 the ICLH (Impérial College—London 
Hospital) prosthesis was introduced (Fig. 4). It had a 
cylinder in trough design. The tibial component had no 
intramedullary stem to minimize the conséquences of 
possible infection and to maximize the potential for knee 
fusion as a salvage procedure. 

In 1973, Insall and Ranawat came out with the Total 
Condylar Knee. This was the first true total replacement 
of the knee in that the patellofemoral joint was replaced 
as well. The inhérent geometry of the prosthesis was 
intended to substitute for the function of the cruciates 
and menisci. The total condylar knee then evolved into 
the Posterior Stabilised Knee with the introduction of the 
post and cam. 

In contrast to the total condylar knee, the duopatellar 
prosthesis 6 designed at the hospital for spécial surgery, 
was intended to preserve the posterior cruciate ligament. 
It consisted of two separate tibial plateaus which were 
fiat in the sagittal plane. 

In the seventies, the patella was not routinely 
resurfaced. Many patients complained of anterior knee 
pain. As a resuit patella resurfacing was started in the 
early eighties. Initially the patella was métal backed and 
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the articulation of the resurfaced patella with the 
trochlea of the fémoral component was not congruent. 
As a resuit patellar complications were common 
including loosening and patellar fractures. Hence patellar 
resurfacing again went into disfavor. Today the métal 
backed patellar component has been replaced by an ail 
polyethylene one and the trochlear flange of the modem 
fémoral components are more anatomical. This has 
improved patellar tracking and reduced patellar 
complications. 

FACTORS INFLUENCING LONG-TERM RESULTS 

Many factors influence the long-term results of TKA. 
These factors factors can be considered in the form of a 
pyramid depending on its importance. 

1. Surgical Technique: At the end of an well executed TKA 
the knee should be balanced in flexion and extension. 
Also it should restore the normal mechanical axis of 
the limb. This has a direct effect on long-term 
survivorship since if normal alingment and balance 
of the knee are not restored it can lead to instability. 
This will resuit in implant loosening, accelerated 
polyethylene wear and pain. Windsor et al 7 reported 
that tibial loosening can occur as a resuit of varus 
alingment. 

2. Patient Sélection: Patients with active sepsis and poor 
skin condition are absolute contraindications for TKA. 
Neuropathie joint, extensor mechanism discontinuity 
or severe dysfunction and recurvatum deformity 
secondary to muscular weakness are relative 
contraindications for TKA. 

3. Prosthesis design: Cemented fixation has shown to 
produce reliable long-term. Cementless designs still 
do note replicate these long-term successful results. 
Recently though Buechel 8 reported that survivorship 
of the patients who underwent primary cementless 
knee replacements with an end point of révision for 
any mechanical reason was 97.4% at 10 years. 
Currently however cemented TKAs remains the gold 
standard but in the future with newer advances 
uncemented design may become popular. Hi flex and 
mobile bearing designs hâve been recently introduced 
in the market and their long-term results are still 
awaited. 

4. Prosthesis material: Bartel et al 9 hâve shown that thin 
polyethylene inserts lead to accelerated wear. 
Minimum polyethylene thickness of 8 mm is 
recommended. Polyethylene quality, its manu- 
facturing process and method of sterilization also 
affects wear characteristics. Modularity has 


introduced the potential problem of backside wear. 
Improved metallurgy does hâve a rôle to play in 
increasing the longevity of the implant. 

5. Rehabilation: Post-operative multimodal pain 
management and supervised physiotherapy do hâve 
a bearing in faster recovery of the patient. 

6. Minimally invasive surgery (MIS) and computer assisted 
surgery (CAS): Whether MIS and CAS do help to 
improve the longevity of TKA is still to be proven. 
Initial studies do indicate that MIS and CAS can 
improve the longevity of TKR but randomized 
controlled trials with longer follow up are essential 
to prove their efficacy. 

7. Others: In younger patients with high demands who 
want to undertake strenuous activities and pursue 
sports undertaking a TKA can lead to transfer 
excessive forces to the cement-bone and cement- 
prosthesis interface. This may lead to early loosening, 
patellofemoral problems and periprosthetic fractures. 

LONG-TERM RESULTS OF INDIVIDUAL DESIGNS 

1. Cruciate Retaining (PCL - Sparing) Total Knee 
Arthroplasty 

Whether to retain or sacrifice the PCL still remains to be 
a controversial issue in TKA. Dixon et al 10 in their 15 year 
follow up study of modular fixed bearing TKA concluded 
that the survival rate without révision or a need for any 
reoperation was 92.6% at fifteen years. (PFC Total Knee 
Prosthesis, Johnson and Johnson.) 

Rétention of the PCL allows fémoral roll back and 
therefore theoretically should allow increased knee 
flexion. But literature does not support this view. Becker 
et al found no clinical advantage of PCL rétention over 
substitution. 11 

Initially fiat nonconforming tibial inserts were used 
in PCL rétention prosthesis (Fig. 4) with the belief that 
this was necessary to allow fémoral roll back. However 
this lead to early wear and failure. 12 Scott and Thornhill 
did a study 13 in which they concluded that sagittally 
curved, more conforming tibial inserts with retained, but 
balanced, posterior cruciate ligaments, do not adversely 
effect ROM and tibial radiolucencies. Their use forms an 
attractive compromise between the schools of cruciate 
préservation and cruciate substitution, maximizing their 
advantages while minimizing their disadvantages. The 
joint line is maintained better in PCL retaining prosthesis 
as compared to PCL substitution. Alteration in joint line 
alters patello-femoral mechanics. This may cause post- 
operative anterior knee pain. 
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Fig. 4B: A latéral view of a PCL retaining prosthesis 


Fig. 4A: A PCL retaining prosthesis 


Another debate is regarding postoperative gait 
patterns. Dorr, in a study of Gait analysis concluded that 
the cruciate-sacrificed TKA is less efficient and has greater 
médial loading and higher joint reaction forces that may 
affect durability of the prosthesis. 14 However Wilson et 
al found the gait patterns comparable between the two. 15 

Severe varus or valgus deformity greater than 20° 
posterior cruciate substituting design seems a better 
option. By excising the PCL, its tethering effect is 
removed. But Faris et al 16 studied 82 TKA's on 75 patients 
with deformities and concluded that severe varus and 
valgus deformities may be satisfactorily corrected with 
the use of a cruciate-retaining type of total knee 
arthroplasty. Finally proprioception is also better after 
cruciate rétention. 17 

2. PCL Sacrificing Total Knee Arthroplasty 

The most used PCL sacrificing design was the total 
condylar knee (Fig. 5). It was designed by Insall and 
Ranawat in the 1970s. This design has stood the test of 
time with excellent durability even at 20 years follow up. 18 
In this prosthesis the PCL is excised and anteroposterior 
stability is imparted by the conforming prosthesis 
articulation. There is no PCL substitution in this design 
so balancing the flexion gap accurately is essential. This 
design has evolved into further modifications. 

The original tibial component in this design was ail 
polyethyle. Initially the patellar component was métal 
backed. This has been replaced by an ail polyethylene 
component because of high complication rates. 19 

Follow up studies of earlier implants with early 
cementing techniques showed a high percentage of tibial 



Fig. 5: The total condylar knee 


radioluscent lines. 20 These hâve reduced with puise 
lavage and modem cementing techniques. 21 However 
Ecker et al hâve shown no statistically significant 
corrélation between the occurrence of thin radiolucent 
lines in any location and the eventual postoperative 
clinical resuit. 22 

3. Posterior Stabilised (PCL Substituting) Total Knee 
Arthroplasty 

The total condylar design had a few drawbacks. Poor 
post-operative range of motion was one of them. 
Instability during stair climbing was another problem. 
To overcome these problems posterior stabilised condylar 
prosthesis was developed. It had a transverse cam on the 
fémoral component which articulated with a central post 
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on the tibial polyethylene which allowed for fémoral roll 
back to occur thus increasing knee flexion and stability. 

Initially the tibial component was ail polyethylene. 
Higher radiographie lucencies and rates of aseptie 
loosening led to the introduction of métal backing to the 
tibial polyethylene for even distribution of loads to the 
proximal tibia. 

An increase in patellar complications were noted in 
this design which was possibly due to the increased 
flexion that was possible. Another complication seen with 
this design was the patellar clunk syndrome. Fibrous 
tissue at the superior pôle of the patella gets entrapped 
between the anterior edge of the trochlea and the patella 
during flexion. During extension of the knee the nodule 
cornes out leading to a painful clunk. To prevent this, the 
anterior wedge of the box was cambered and the trochlear 
groove was deepened in order to improve patellofemoral 
tracking. 

It was thought that the increased constraint created 
by the cam and post would lead to early loosening. 
However this was not reported in long-term results. 23 

Excellent results hâve been reported in active and 
younger patients as well. In a study conducted by Diduch 
et al 24 one hundred and fourteen knee replacements were 
performed in eighty-eight patients who were an average 
of fifty-one years old (range, twenty-two to fifty-five years 
old). The resuit for ail 103 knees was good or excellent as 
per the HSS and Knee Society scores. Ninety-seven knees 
(94%) had good or excellent function according to the 
functional score of the Knee Society. Within the average 
eight-year follow-up interval of this study, polyethylene 
wear, osteolysis, and loosening of the conforming 
posterior cruciate-substituting prosthesis were not major 
problems for these younger, active patients. 

In 1988 modularity was introduced in the métal 
backed tibial component. (Insall Burstein II, Zimmer, Inc) 
(Fig. 6) With modularity came the problems of backside 
wear and osteolysis. In an article published in 1997, 
Wasielewski 25 conclusively proved that the undersurface 
of the insert is an additional source of polyethylene débris 
contributing to tibial metaphyseal osteolysis. Weber et 
al, 26 in a study of modularity issues at 5 to 11 years found 
higher rates of osteolysis, radiolucent lines, and révision 
in the modular group as compared to the monoblock. In 
another study by Brassard et al 27 which was a 10 year 
comparison between modular and non-modular tibial 
inserts there was no clinical or radiographie evidence of 
tibial component loosening with either prosthetic design 
and there were no-revisions for polyethylene wear or 
osteolysis in either cohort of patients. Though radio- 
graphically, the incidence of minor radiolucent lines was 
11% for the non modular prostheses and 29% for the 



Fig. 6: The IB II prosthesis 


modular prostheses, their presence was of no clinical 
significance. 

4. Meniscal Bearing (Low Contact Stress) Total 
Knee Arthroplasty (Fig. 7) 

The principle of meniscal bearing arthroplasty is to 
provide more congruent bearing surfaces at ail degrees 
of flexion to reduce the contact stresses while allowing 
rotation between the polyethylene and tibial tray. 

In 2001, Buechel et al 8 published their long-term 
results of Low Contact Stress mobile bearing total knee 
replacement. In 282 patients at 10 years, the results were 
excellent in 68.1% of primary posterior cruciate retaining 
meniscal bearing knee replacement. Survivorship of the 
patients who underwent primary cementless posterior 
cruciate-retaining meniscal bearing knee replacements (Fig. 
8) with an end point of révision for any mechanical reason 
was 97.4% at 10 years. Survivorship of the patients who 
underwent primary cemented rotating platform knee 
replacements (Fig. 8) with end points of révision for any 
mechanical reason or a poor clinical knee score was 97.7% 
at 15 years. Survivorship of the patients who underwent 
cementless rotating platform knee replacements with end 
points of révision for any mechanical reason or a poor 
clinical knee score was 98.3% at 10 years. 

5. Uncemented TKA 

When using uncemented components there is evidence 
(Carlsson et al The Press-Fit condylar modular, posterior- 
cruciate-retaining prosthesis - Johnson and Johnson) 28 
that augmenting a porous surface with hydroxyapatite 
cause less motion between implant and bone after the 
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Fig. 7: The LCS meniscal bearing prosthesis 


Fig. 9: The Uncemented TKA prosthesis 




Fig. 8: The rotating platform knee 


initial one year. The important issue is how to obtain 
initial fixation with the cementless prostheses to avoid 
the initial migration (Fig. 9). If this can be achieved, they 
may perform similarly to cemented implants and over a 
period of time even better the performance of cemented 
implants. But currently no such designs are available. 

SUMMARY 

Today there conclusive evidence that TKA is a successful 
surgery having predictable long-term results. A good 
surgical technique backed up by information of various 
prosthesis available and the working knowledge of tiding 
over adverse situations can optimize individual results. 


In an attempt to improve flexion various design 
modifications hâve been introduced. In a recent study 
Huang 29 showed that using the high-flex design an 
average 138° of knee flexion was achieved which was 
significantly higher than the posterior stabilised design 
group (average, 116°). The question is will the stresses 
generated by these high flexion designs lead to early 
polyethylene wear and loosening. Only long-term results 
can answer this question. 

In the years to corne current designs of TKA prosthesis 
will change, surgical techniques will get refined, newer 
modalities of réhabilitation will be available. However 
what will never change are the basic principles of TKA, 
thus understanding principles rather than procedures is 
of paramount importance. 
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378.9 Unicompartmental Knee Arthroplasty 

A Mullaji, Raj Kanna 


INTRODUCTION 

Knee osteoarthritis (OA) has been described as highly 
segmentai, primarily médial, and slowly progressive. In 
the early 1990s, unicompartmental knee Arthroplasties 
(UKAs) were nearly forgotten as an option for the 
management of unicompartmental arthritis of the knee 
and the two principal surgical options were high tibial 
osteotomy (HTO) and total knee arthroplasty (TKA). The 
recent introduction of minimally invasive techniques has 
renewed interest in UK A. 1,2 

Advantages 

In sélective cases, UKA has advantages over TKA such 
as: 

1. Preserving bone stock, 

2. Pess blood loss, 

3. Better proprioception with more physiologie function, 

4. Greater range of movement, 

5. Quicker recovery because of minimally invasive 
techniques, 

6. Fewer serious complications and 

7. Less expensive. 

The proposed advantages of UKA over HTO include: 

1. More predictable relief of pain, 

2. Quicker recovery and 

3. Better long-term results. In the case of révision with 
TKA, the situation is less complex compared to 
révisions after HTO or TKA. 

Disadvantages 

The disadvantages of UKA include its: 

1. Instrumentation, 

2. Design, 

3. Poor fixation and 

4. Uncemented Systems failures. The design of the 
undersurface macrostructure of the tibial component 
is critical to its ability to withstand shear and offset 
loading in the laboratory. A reduced survivorship has 
been reported compared with TKA. 

As more than 95% of ail the UKA described in the 
literature are for médial compartment disease, the 
subséquent discussion will be limited primarily to this 
condition. 


Indications 

The indications for the procedure are: 

1. Osteoarthritis, 

2. Post traumatic arthritis, and 

3. Idiopathic necrosis of the médial fémoral condyle with 
full-thickness loss of cartilage involving médial 
tibiofemoral compartment. The varus deformity 
should be less than 10 degrees and the knee flexion 
should be at least 90°. 

Contraindications 

The contraindications for UKA are: 

1. The absence of an intact anterior cruciate ligament 
(ACL), 3 ' 4 

2. Inflammatory arthritis, 

3. Crystal induced arthritis (goût and pseudogout), 

4. Patellofemoral arthritis, 

5. Varus deformity more than 10 degrees 

6. Fixed flexion deformity more than 5 to 10 degrees 

7. Genu recurvatum 

8. Non localized knee pain 

10. Active life style (sports) and 

11. Previous patellectomy. 

A functioning ACL is essential for normal stability 
and long term success after UKA. Absent ACL is shown 
to increase the sliding motion and polyethylene wear in 
laboratory studies. Hypothetically, such motion could 
lead to accelerated wear of UKA in an ACL déficient knee. 

Slight condromalacia of the patellofemoral compart¬ 
ment is acceptable for UKA but not the eburnated bone. 
Age, gender and weight of the patient are not the absolute 
contraindications for UKA. 

Pre Operative Evaluation 

Pre operative assessment includes: 

1. Standing AP X-ray to observe the extend of the 
arthritis, 

2. Full length standing X-ray from hip to ankle to record 
the severity of the varus deformity, 

3. Valgus stress X-ray to know the extend of correction 
of the varus deformity, and 

4. Latéral X-ray to evaluate the patellofemoral joint and 
to know the fémoral component size by templating. 
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Implant Design 

Métal backing of the tibial component was initiated in 
order to distribute the weight bearing forces more 
uniformly. However the minimum thickness of a metal- 
backed tibial component must be 8 to 10 mm. This makes 
métal backing less attractive when compared to ail 
polyethylene tibial components. Yet the long-term failure 
rates of fixed-bearing UKA are high, especially because 
of polyethylene wear. 

The fully congruent mobile bearing UKA exhibits 
minimal polyethylene wear. The principle is that a 
polyethylene mobile bearing, concavely spherical above 
and fiat below, can maintain perfect congruity between 
the spherical métal fémoral condyle and the fiat métal 
tibial plateau. This ensures complété freedom to rotate 
and slide upon one other with physiologie kinematic and 
low intrinsic stability. The low contact stress results in 
reduced polyethylene wear. 

However this design usually requires slightly more 
tibial resection to accommodate the thinnest bearing and 
runs the slight additional risk of bearing subluxation. The 
fully congruent meniscal bearing knee has gained 
importance in recent years since it uses both a minimally 
invasive surgical approach and has the potential for faster 
recovery of the patient, as well as improved wear 
characteristics. 

Technique 1821 

1. Minimally invasive approach is used without everting 
the patella. A limited médial parapatellar incision that 
reduces perioperative morbidity is recommended. 
The incision is 6 to 10 cms extending from 1.5 cm 
inferior to the joint line approximately 5 to 6 cm 
superiorly along the médial edge of the patella. 

2. Remove the notch osteophytes which can cause 
intercondylar impingement with pain on weight 
bearing and may lead to subséquent wear and tear of 
the ACL. 

3. Removing the peripheral osteophytes from the tibia 
and fémur causes relative lengthening of the médial 
collateral ligament and capsule allowing passive 
correction of the deformity. 

4. The resection of the tibial plateau must be 
perpendicular to the shaft of the tibia. Varus 
positioning of the tibial component has led to early 
loosening. Three to five degrees of posterior slope is 
usually appropriate. 

5. Accurate 3D anatomie orientation of the fémoral 
component is a key element for longer life of 
unicompartmental prostheses. Minimally invasive 
UKA does not conflict with component positioning 


although a learning curve needs to be respected, with 
fémoral component positioning as the major obstacle. 
Regardless of which component and instrumentation 
System is used, the fémoral component should always 
be lateralized on the fémur to avoid mediolateral 
mismatch during extension and flexion. 

6. Slight undercorrection of varus def ormities (hip-knee- 
ankle angle of 171 degrees to 179 degrees) does not 
produce any significant différences in the révision 
rates but most notably there are fewer failures from 
disease in the latéral compartment. However gross 
undercorrection (hip-knee-ankle angle <170 degrees) 
can lead to failures from excessive loading of the 
médial compartment. An overcorrection in valgus of 
the preoperative deformity (hip-knee-ankle angle > 
180 degrees) was associated with an increased risk of 
degenerative changes in the opposite compartment. 14 

Complications 

Early complications are usually because of technical 
errors. They are: 

1. Fracture of the médial tibial plateau (can occur either 
intraoperatively or post operatively) with minimally 
invasive instrumentation. This can be prevented by 
avoiding multiple pins in the proximal tibia for 
fixation of the guide pins as this can reduce the 
compression strength of the proximal tibia. Peripheral 
pins that infract the médial tibial cortex should also 
be avoided. Also careful préparation of the tibial 
plateau avoids intraoperative fractures during 
impaction of the tibial component. 

2. Extrusion of cernent into the posterior compartment. 
This may rarely need arthroscopic removal. 

3. Patellar impingement causing pain while ascending/ 
descending stairs or on rising from a chair. This can 
be circumvented if the fémoral component is placed 
not too anteriorly. 15,16 

4. Dislocation of the Mobile bearing inserts. 

5. Periprosthetic fracture 

6. Deep infection. UKA is associated with lower risk of 
infection compared with TKA. 

Disease progression to the patellofemoral or opposite 
compartment (3.4 to 46%) and tibial subsidence with 
wear 5,6 (2 to 10.4%) are the major long term problems 
requiring révision. Other la te complications include wear 
of polyethylene, aseptie loosening of the fémoral 
component and component failure. 19,20 

Long Term Results 

Study by Squire et al 8 has shown that the révision rate 
for cemented fixed bearing knee with ail polyethylene 
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tibial component (Marmor) was 12.5% (six out of 48 
knees) after 7 15 years of follow up. In the study by 
O'Rourke et al after 21 years of follow up the révision 
rate for the same implant (Marmor) was 37% (seven knees 
out of 19 knees). 12 

Rougraff et al 13 has shown that the Prosthetic 
survivorship using nonmetal-backed polyethylene tibial 
components was 92% at 10 years follow up. Further Bert 
et al showed that after metal-backed, unicompartmental 
arthroplasties (MBUKAs) in 95 patients (10 uncemented 
and 85 cemented) survival rate was 87.4% at a mean 
follow up of 10 years. 10,11 

Conversely Aldinger et al showed that the survival 
rate for fully congruent mobile bearing (Oxford) knee was 
94% after 15 years. Also Murray et al 17 showed that the 
cumulative prosthetic survival rate at ten years was 98% 
for the same (Oxford) implant. Survivorship analysis by 
Emerson et al based on component loosening and révision 
showed a 99% survival for the meniscal-bearing implant 
and 93% survival for the fixed-bearing implant at 11 years 
follow up. The fully congruent mobile bearing UKA 
exhibits minimal polyethylene wear, failure from this 
cause does not seem to occur before 10 years. 9 

In summary if a consistent sélection of patients is 
maintained, a précisé operation technique is used and a 
reliable implant is chosen, excellent immédiate as well 
as long-term outcomes will be achieved. 
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378.10 Principles of Révision TKR 
for Aseptie Loosening 

Hemant Wakankar 


INTRODUCTION 

Aseptie loosening is the second commonest indication 
for révision TKR, infection being the first. Révision total 
knee arthroplasty for aseptie loosening is challenging due 
to the loss of bone stock secondary to osteolysis. The 
technical challenges include maintenance of joint line and 
alignment of the limb, ligament balance as well as the 
ways of dealing with the loss of bone stock. Révision TKR 
is a demanding surgery that needs the expertise and 
expérience on part of the surgeon and also requires good 
infrastructure support to carry out the procedure. 

Biology of Osteolysis 

Polyethylene wear is responsible for the biological 
reaction that leads to osteolysis. Every motion between 
the artificial knee surfaces produces submicron 
polyethylene particles within the joint. This poly wear is 
particularly severe if there is any instability or mechanical 
malalignment of the knee. The submicron particles of 
polyethylene stimulate macrophages to release cytokines 
and other enzymes and this leads to destruction of bone 
at the cernent bone interface. This process is progressive 
and leads to loosening of the component. If révision 
surgery is not undertaken early, osteolysis continues and 
présents major challenges in révision surgery. 

Classification of Bone Defects 

There are several classifications of bone defects. The 
classification used commonly is Anderson Orthopaedic 
Research Institute (AORI) classification. The bone defects 
are classified as follows: 

Type 1 defect: Intact metaphyseal bone: Minor bone defects 
that do not compromise the stability of the component. 

Type 2 defect: Damaged metaphyseal bone: Loss of 
cancellous bone that requires substitution with cernent, 
bone graft or augments to restore joint level. Type 2 defets 
can be in one fémoral condyle or tibial plateau (2A), or in 
both condyles or plateaus (2B). 

Type 3 defect: Déficient metaphyseal segment: Bone loss 
compromises a major portion of either condyle or plateau. 


These are usually associated with collateral or patellar 
ligament detachment and usually require bone grafts or 
custom implants. 

Preoperative Planning and Choice of Prosthesis 

The tibial osteolysis can be apparent on X-rays but 
osteolysis under the fémoral component can be difficult 
to judge. Osteolysis, as a rule, is much more extensive 
than appreciated on x-ray. It may be useful to use opposite 
knee x-ray as a template especially to judge the joint level. 
It is necessary to judge the extent of bone loss so that 
appropriate technique can be used. Stress x-rays can 
reveal the extent of instability as well as collateral 
imbalance that may exist. Most révision TKRs require the 
use of intramedullary extension rods on both fémoral and 
tibial sides to enhance the fixation and may require the 
use of constrained prosthesis as collateral balancing may 
not be optimum. In addition, metallic augmentations may 
be needed to compensate for the bone loss. A variety of 
métal augments in different shapes and configurations 
are available. Complété inventory has to be kept available 
for the révision surgery. 

The new development of trabecular métal has great 
potential as it can effectively compensate for the bone 
loss and can osseointegrate rapidly. Trabecular métal in 
a variety of shapes including wedges, blocks and cônes 
are being developed and should be of great help in 
révision surgery in near future. 

Incision and Exposure 

Adéquate exposure is absolutely essential for the révision 
TKR. It is mandatory to use the previous single incision 
as vascularity of the skin flaps can be very precarious. In 
case of multiple previous incisions, the last incision is 
used if appropriate. Alternatively, the most latéral scar 
is used. If the vascularity of the skin flaps is suspect, sham 
incision may be taken and the implantation surgery 
performed 2 to 3 weeks later after ensuring the shin 
healing. 

Patellar eversion may be difficult due to stiffness 
secondary to quadriceps and capsular fibrosis. A variety 
of options include. 
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1. Quadriceps snip 

2. Wandering resident's approach 

3. Quadriceps turndown 

4. Tibial tubercle osteotomy 

Removal of Components 

It is important to avoid any further damage to host bone 
during removal of components. Thin osteotomes are used 
to develop a plane between the prosthesis and cernent. 
A stacking osteotome technique can prevent damage to 
the host bone. A reciprocating saw blade may be used to 
disrupt the cernent prosthesis interface. A Gigli saw may 
be useful on the fémoral side. After removal of the 
prosthesis, ail cernent and fibrous membrane covering 
the bone is removed carefully to expose the native bone. 

Intramedullary Stem 

Most type 2 and 3 defects on fémoral or tibial side require 
the use of intramedullary extension stem. The stem 
reduces the stress on the metaphyseal bone by 30 to 40%. 
The stem may be fully cemented within the canal or can 
be used press fit uncemented. Cemented stem (Fig. 1) 
has the advantage of immédiate stability and has good 
track record. However any further révision can be very 
difficult if the stem is fully cemented. Uncemented stems 
(Fig. 2) do hâve the advantage of easier révision and need 
to be of appropriate size to hâve good fit in the canal and 
give primary stability. 

Management of Bone Defects 

The management options dépend on the location and 
extent of the defects. In most situations, even with minor 



Fig 1 : Cemented stem 


bone loss, primary stability of the prosthesis is not 
optimum and stem needs to be added to the components. 
Addition of intramedullary stem reduces the stress on 
the cement-bone interface significantly. The management 
options include 

1. Cernent alone or with screws 

2. Bone Grafts 

3. Métal augments 

1. Cernent with or without screws: Small defects can easily 
be filled with bone cernent alone. Additional support 
with screws within the cernent can be done in small 
defects. This technique is unsuitable if there is no 
primary contact of prosthesis with host bone. 

2. Bone Grafts: Minor bone defects can be filled with 
autografts, but the defects are usually much more 
extensive requiring use of allografts. Most common 
type of allografts used are fresh frozen, usually 
fémoral heads procured stérile and stored at -70 
degree. The grafts are either morcellized and packed 
into defects or used structurally to fill large cavity. 

3. Métal Augments: Loss of Bone may be substituted with 
métal augments on both fémoral and tibial sides. On 
tibial side, métal augment can be in the form of a 
wedge or a block. On fémoral side (Fig. 3), block métal 
augments can be applied to distal or posterior 
condyles as required. 


Fig 2: Uncemented stem 
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Fig. 3: Modular fémoral distal and 
posterior augmentation blocks 


Constrained Prosthesis 

If collateral stability cannot be achieved either due to 
extensive bone loss that involves the épicondyles (type 


3) or due to ligament incompetency, constrained 
prosthesis (CCK type) need to be used (e.g. LCCK, TC3). 
Most constrained prosthesis hâve a large métal reinforced 
tibial peg that is captured within the fémoral box. If the 
instability severe, Rotating Hinge Knee (RHK) may be 
required. The rotating hinge prosthesis allows rotatory 
motion at the level of the joint thereby reducing the stress 
at the cernent bone interface. 

SUMMARY 

Révision TKR is a major undertaking that requires 
surgical expertise as well as complété inventory of the 
modular components. The aim is to achieve primary 
stability with good alignment of the limb. Bone loss 
présents the major challenge to the surgeon and requires 
the use of allografts, métal augments along with use of 
intramedullary stems. If collateral stability is not good as 
in type 3 defects, constrained condylar type (CCK) 
prosthesis or Rotating Hinge Knee (RHK) need to be used. 
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ABSTRACT 

Révision arthroplasty requires careful pre-operative 
planning and the choice of surgical approach is one of 
the most important components of this plan. The 
development of extensile approaches hâve significantly 
simplified the removal of solidly fixed components 
without compromising bone stock. In révision total knee 
arthroplasty, the extensor mechanism is often at risk of 
disruption or avulsion, and in most cases, manoeuvres 
that allow wide exposure of the fémur and tibia, whilst 
preserving the extensor mechanism, are essential. Such 
exposures include extensor mechanism reflecting 
techniques either proximally by quadriceps snip or 
patellar turndown, or distally by tibial tubercle 
osteotomy. 

Alternatively, a fémoral peel, an epicondylar 
osteotomy or a quadriceps myocutaneous approach may 
be required. There should be a low threshold to consider 


one of these specialised approaches during révision knee 
arthroplasty. 

INTRODUCTION 

The increasing number and complexity of révision total 
knee arthroplasties performed demand a clear 
understanding of the available approaches, their 
indications and their pitfalls. In this setting, the extensor 
mechanism is often at risk of disruption or avulsion, and 
the risk of periprosthetic fracture is increased. A wide 
exposure facilitâtes the safe extraction of components, 
allows an accurate assessment of any bone loss, and 
permits easy soft-tissue balancing and accurate 
positioning of the new components. 

The approaches generally used for primary total knee, 
arthroplasty may not provide satisfactory access for 
révision surgery. This has led to the development of 
extensile approaches involving the bone, the soft-tissues 





Total Knee Arthroplasty 3815 


or both. These include extensor mechanism reflecting 
techniques such as the quadriceps snip, the patellar 
turndown, or tibial tubercle osteotomy, and ligament 
reflecting techniques such as the fémoral peel or médial 
epicondylar osteotomy. The development of these 
extensile approaches has simplified the exposure of the 
joint and the removal of the components without 
compromising bone stock or endangering the integrity 
of the extensor mechanism. There should be a low 
threshold to consider one of these specialised approaches 
in the planning of any révision knee arthroplasty. In this 
paper we will describe the most commonly used 
approaches in révision total knee arthroplasty surgery. 

Pre-operative Assessment 

Révision arthroplasty surgery requires careful pre- 
operative planning. The choice of surgical approach is 
one of the most important components of this plan. This 
demands a careful assessment of potential pitfalls on ail 
sides of the joint, the identification of solutions to those 
problems, and the availability of back up plans should 
there be any unexpected intraoperative findings or 
complications. A carefully planned approach will avoid 
excessive soft tissue dévitalisation, uncontrolled bone 
avulsions and excessive retraction and manipulation, ail 
of which may lead to periprosthetic fractures or poor 
implant positioning and fixation. Moreover, a controlled 
soft tissue release or osteotomy is more easily repaired, 
and is more likely to provide a stable rapidly-healing 
reconstruction. 

A thorough history, physical examination and 
appropriate imaging are impérative prior to révision knee 
arthroplasty. Note should be taken of any previous 
surgical interventions on adjacent joints. For example, in 
the patient with a hip arthrodesis, révision knee 
replacement on the ipsilateral side is technically difficult 
and requires careful planning, as it will not be possible 
to flex or abduct the hip to gain satisfactory access to the 
knee. 

The alignment of the knee, the effects of previous 
surgery such as tibial osteotomy or patellectomy, and the 
height of the patella may well dictate the required 
approach, particularly if previous hardware has to be 
removed at the same time. Pre-operative radiographs will 
détermine the length and fixation of ail components with 
particular regard to the extent of the tibial cernent mantle 
that may require a tibial osteotomy for access. A v high- 
riding patella is suggestive of patellar tendon rupture. 
Conversely, patella inféra may suggest interstitial fibrosis; 
which may be a requirement for proximal advancement 
of the tibial tubercle. The conversion of a knee fusion to a 


total knee replacement may require soft tissue 
expansion 22 , and usually nécessitâtes an extensile 
approach in order to adequately insert the components 
and to restore satisfactory tension in the extensor 
mechanism. 

A careful examination of the patient's soft tissues is 
warranted as scarring and stiffness may render the 
approach and exposure difficult, and may increase the 
likelihood of fracture. The general health and mobility 
of the skin and capillary retum at the wound edges should 
be inspected. If possible, the approach should minimise 
additional soft tissue scarring by using previous healed 
incisions. Otherwise, the choice of exposure for révision 
of a failed knee arthroplasty is to a large extent influenced 
by the mobilisation of the extensor mechanism. Knees 
with less than 90 degrees of motion hâve lost much of 
the elasticity of the quadriceps tendon and patellar 
ligament'. Lack of mobility of the patella in the coronal 
plane also indicates scarring of the extensor mechanism. 
Obesity, scarring and a tight quadriceps mechanism 
contribute to high forces at the tibial tubercle 24 . In the 
obese patient, the thick tibrotic adipose tissue layer that 
is directly adhérant to the capsule and the skin prevent 
the quadriceps mechanism from being folded laterally 41 . 
Subfascial dissection should be done laterally to create, a 
secure pocket where the quadriceps mechanism can be 
placed, instead of having the entire wall of fat.- forcefully 
stuffed under the patella. 

Infected knee replacements commonly hâve extensive 
scar formation which increases the stiffness of the soft 
tissues 13 and the risk of patellar tendon avulsion 27 ' 28 . An 
extensor lag may suggest preexisting extensor mechanism 
disruption. 110 degrees of knee flexion are usually 
required to safely extract and reinsert the components 3 . 
If such a range cannot be obtained with standard 
approaches, release of the extensor mechanism, either 
proximally or distally, may be necessary. This decision 
can be made intraoperatively, but should always be 
considered in pre-operative planning in order to avoid 
inadvertent avulsion of the patellar tendon during 
eversion of the patella. 

Principles 

The primary decisions in the operative approach relate 
to the skin incision, the capsular approach and to 
mobilisation of the extensor mechanism. Occasionally 
additional capsular and ligament releases may be 
necessary. 

The first decision regarding exposure relates to the 
skin incision. Poor quality skin may require preliminary 
soft tissue expansion or flap coverage which may be 
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performed either before révision surgery or at the same 
sitting. 11,14,16,22/23,25 A number of skin incisions hâve been 
described but in the révision case, the approach is usually 
predetermined by the previous incision(s). In ail cases, 
the patella and its borders, the quadriceps tendon, the 
patellar tendon, the tibial tubercle and ail previous scars 
should be identified and marked pre-operatively. In some 
cases, a new incision may be made if the previous skin 
incisions prevent reasonable access to the joint. 
Transverse scars may be crossed perpendicular to the scar 
with minimal compromise of the junctional zone. 43 If 
possible, the skin incision should be médial to the tibial 
tubercle, but if the old scar is over the tubercle, it should 
be used, being careful not to disrupt the patellar tendon, 
which is subcutaneous at this level. In cases where is 
doubt, a sham incision may be performed and its healing 
monitored. This will encourage an increase in the 
collateral blood supply, and, in the event of wound 
breakdown, the capsule has not been breached, and the 
risk of periprosthetic infection decreased. The blood 
supply to the skin should be considered. The 
microanatomy of the skin in the thigh consists of an 
anastomosis of vessels just superficial to the fascia which 
is fed through the deep fascia. 12 Blood vessels penetrate 
the subcutaneous fat from this anastomosis to supply the 
epidermis, with little communication in the superficial 
layer. Wide dissection in the superficial layer will 
compromise skin blood supply, whereas dissection deep 
to the fascia is more likely to maintain it. Skin flaps should. 
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therefore, be kept as thick as possible, and it may be 
helpful to extend the incision proximally and distally to 
identify virgin tissue and the correct plane for dissection. 
As the deep perforators arise medially, and 
transcutaneous oxygen measurements typically show 
lower oxygen tensions on the latéral wound edge, 19 the 
most latéral of multiple longitudinal skin incisions should 
be chosen if it will give adéquate access to the joint. 39 

The next decision relates to the capsular approach. A 
number of capsular approaches can be used to access the 
joint A médial parapatellar approach is most commonly 
used, and has the greatest extensile potential. The variant 
described by Insall 18 , where the capsule is subperiosteally 
dissected off the patella medially, can similarly be easily 
converted to one of the révision approaches to be 
described. Other médial approaches include the von 
Langenbeck vastus splitting approach, 8 the Southern 
subvastus approach, 15 and the médial trivector approach 9 
The von Langenbeck approach is carried down through 
the fibers of the vastus medialis. It is not recommended 
as the pull of the vastus medialis is interrupted potentially 
increasing the risk of postoperative patellar instability. 43 
Similarly, the subvastus approach 15 should be chosen 
cautiously for révision knee surgery as it only allows a 
limited view of the latéral part of the knee, and tibial 
tubercle osteotomy or epicondylectomy are the only 
means of extending the approach. We are unaware of 
any reports of the use of the trivector approach in révision 
knee arthroplasty. The latéral approach can be extended 
proximally or distally, but usually offers less access than 
a médial approach; its primary rôle is in the knee with a 
severe valgus deformity. 

If a routine approach is chosen, at least initially, some 
important factors can be used to gain increased access to 
the joint. After the capsular incision has been performed, 
the médial and latéral gutters of the knee are developed 
by synovectomy and excision of the pseudo-capsule. 39 

It is easiest to begin the synovectomy around the 
patella moving from the inferior surface of the patellar 
tendon proximally across the anterior aspect of the fémur 
and back down along the médial side of the joint. The 
posterior synovium usually cannot be reached at this 
point, but can be debrided later with the limb held in 
extension by laminar spreaders. A large curette can be 
used to separate the scar and synovium from the posterior 
capsule. Longitudinal strokes will avoid perforating the 
capsule and disturbing the neurovascular structure in the 
popliteal fossa. Posterior synovectomy and scar removal 
are crucial to rebalancing the knee. 2 

The quadriceps mechanism should be mobilised, and 
any scarring dissected off the fémur to mobilise the knee. 
A latéral patellar retinacular release aids mobilization of 
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the extensor mechanism and créâtes a pocket into which 
the patella may be everted. Care should be taken to dissect 
to, but not including, the collateral ligaments; 26 except 
where division is specifically indicated in cases of 
ankylosis or chronic knee dislocation. The plane between 
the scar and normal tissue can be identified at the level 
of patella by removing the meniscus of scar around the 
patellar component. Proximally a plane can usually be 
found between the deep surface of the quadriceps tendon 
and scar. Distally, this plane is usually deep to the patellar 
tendon. The tibia is exposed by sharp dissection and 
élévation of the deep médial collateral ligament from its 
insertion posteromedially beyond the mid-coronal plane 
but staying beneath the superficial médial collateral 
ligament. 21 Except in cases of marked varus deformity 
the semimembranosus tendon should not be released. It 
is usually necessary to completely release the posterior 
cruciate ligament in révision knee arthroplasty surgery. 
External rotation of the tibia will then ease its delivery 
anteriorly. Further motion may be gained by releasing 
the capsule posteriorly either off the tibia or off the 
fémoral condyles. It is far safer to mobilise the posterior 
capsule rather than penetrate it, as it is tethered by the 
genicular arteries to the popliteal artery. 46 

The fate of the superior genicular artery has generated 
considérable debate. It runs horizontally just distal to the 
vastus lateralis muscle in the same plane, deep to the 
synovium. It may be preserved, even when a latéral 
release is performed, by careful dissection. Scuderi 
showed a higher incidence of cold bone scans of the 
patella after latéral releases. 35 Ritter felt that sacrifice of 
the superior latéral geniculate artery was a benign 
procedure although latéral release did lead to an increase 
in the number of patellar fractures. 30,31,37 In a larger sériés 
however, Scott showed histological evidence of 
osteonecrosis in two cases of stress patellar fracture after 
TKA, and recommends sparing of the superior latéral 
geniculate artery. 34 

The third decision concerns mobilization of the 
extensor mechanism. Extensive scarring of the extensor 
mechanism precludes adéquate exposure through a 
routine anteromedial approach, necessitating one of the 
extensor mechanism reflecting techniques, either 
proximally or distally. The choice to extend the incision 
proximally, distally or in combination should be decided 
on an individual basis. Proximally, relaxation of the 
quadriceps tendon can be achieved by a quadriceps snip 
which is easier but -results in less exposure than the 
quadriceps turn-down technique. 36 Distally, the exposure 
can be improved by a tibial tubercle osteotomy which 
gives the greatest degree of exposure; but, has a greater 
potential for complications. 7,24,40,44 


When these methods are not sufficient, more 
aggressive techniques of capsular release may be 
indicated. On occasion, it may be necessary to dissect the 
collateral ligaments from the distal fémur using a fémoral 
peel or an epicondylar osteotomy. 

EXTENSILE APPROACHES 

If the patellar tendon is tight and the degree of flexion of 
the knee is insufficient to safely extract the components 
and insert new ones, an extensile approach is necessary. 
The extensile approach chosen will dépend on the 
capsular route taken, on the degree of stiffness and on 
spécifie requirements such as the removal of deep 
intratibial cernent. 

Quadriceps Snip 

The quadriceps snip also termed the Tectus snip', is a 
recently described but frequently used extensile 
technique for mobilizing the extensor expansion. Garvin 
et al, in 1995, described their expérience with this 
modification of the quadriceps turndown which they had 
been using since 1988 for the treatment of the stiff, 
ankylosed or tight révision knee. 10 This approach can 
provide excellent exposure of the knee without 
jeopardizing the patellar tendon. 



Fig. 2: The Quadriceps Snip A standard médial parapatellar 
incision is used. The rectus femoris tendon and the quadriceps 
expansion are divided by extending the incision obliquely in a 
proximal and latéral direction. The extensor mechanism can 
then be either everted or displaced laterally. 

©American Academyof Orthopaedic Surgeons. Reprintedfrom 
the Journal of the American Academy of Orthopaedic Surgeons. 
Volume 6(l),pp55-64 with permission. 
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The quadricep snip is used when the standard médial 
parapatellar approach has failed to give adéquate 
exposure of the joint and a small amount of additional 
exposure is required. A standard médial parapatellar 
approach is used. At the apical end of the standard 
incision, the rectus portion of the quadriceps tendon is 
isolated and divided obliquely at an angle of 45°, 
extending superiorly and laterally. 10 Some authors 
perform this snip transversely. 41 The patella is then 
everted and the knee is flexed with the patellar tendon 
insertion under observation. If the patella cannot be 
everted or laterally mobilised, a latéral release and 
excision of further latéral gutter scar tissue may assist 
the exposure. The capsulotomy is simple to repair and 
allows a normal post operative physiotherapy program. 
This technique may be modified by starting the snip more 
distally with the advantage of an improved exposure, 
but at the cost of increased tension on the repair. 

This approach maintains the. musculotendonous 
bridge of vastus medialis and of vastus lateralis 
facilitating a normal réhabilitation program. 39 and 
avoiding the need for postoperative immobilization. It is 
safe and simple to do, and does not lead to quadriceps 
weakness compared to contralatéral knee replacements. 10 
Finally, if this technique does not afford adéquate 
exposure, it can be converted to a full V-Y turndown or 
supplemented with a tibial tubercle osteotomy. It is not 
an option after a latéral capsular or subvastus approach, 
and should be used with caution in very stiff knees as it 
may not give adéquate exposure. 

Patellar Turn-down 

Coonse and Adams described a V-Y turn-down 
procedure of releasing the extensor mechanism proximal 
to the quadriceps attachment of the patella for exposure 
of knees with significant scarring and contracture of the 
extensor mechanism. 4 Because this approach cannot be 
extended from a standard médial parapatellar capsular 
incision, the Coonse-Adams approach has been modified 
by Insall to include a patellar turn-down after an initial 
médial parapatellar arthrotomy. 17 This approach affords 
wide exposure and may be used to lengthen a scarred 
extensor mechanism but will invariably weaken the 
extensor mechanism and delay réhabilitation. 17 " 33 It is 
particularly useful when a wide exposure is required and 
a distal osteotomy is contraindicated. Proximal releases, 
however, are contraindicated when the quality of soft 
tissues proximal to the patella are poor and the 
contractility of the muscle is limited. 36 

InsalTs modification allows a standard médial 
parapatellar approach; if adéquate exposure cannot be 
achieved, a second incision is made in the extensor 



Fig. 3 : The Quadriceps Turn-Down A standard médial 
parapatellar incision is used. The incision proceeds distally at 
a 45° angle from the apex of the arthrotomy, and continues 
distally as a latéral retinacular release. This may be closed 
anatomically or by V-Y advancement. 

©American Academyof Orthopaedic Surgeons. Reprintedfrom 
the Journal of the American Academy of Orthopaedic Surgeons. 
Volume 6(l),pp55-64 with permission. 


mechanism 45° to the proximal end of the parapatellar 
incision. This incision avoids the muscular fibres and 
dissects the tendinous insertion of the vastus lateralis. 
Dissection continues through the latéral retinaculum 
terminating in the anterior fibres of the iliotibial tract. 
The extensor flap is reflected distally and laterally giving 
access to the knee joint. 

The latéral incision should stop short of the vessels 
arising from the inferior latéral geniculate artery. 1,33/39 The 
standard midline parapatellar approach to the knee will 
disrupt the contribution of the three médial vessels that 
supply the patellar anastomosis. 32 In this approach, the 
superior latéral geniculate artery will be divided and with 
a more extensive latéral release, the inferior latéral 
geniculate will be at risk. The blood supply to the patella 
is maintained through the inferior latéral geniculate 
artery and the vessels within the fat pad supplying the 
inferior pôle of the patella. 17 Opinion is divided whether 
interruption of the latéral supply to the patella may 
increase the rate of fragmentation of the patella. 31 
Préservation of at least one of the latéral geniculate 
arteries would seem wise. 

Scott and Siliski hâve modified InsalTs patellar turn- 
down technique by taking the latéral limb of the incision 
underneath the edge of vast,us lateralis through its 
tendinous insertion into the retinaculum, rather than 
through the latéral retinaculum. 33 This modification 
préserves the superior latéral geniculate artery. 
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At the time of closure, the médial and apical portions 
of the incision are repaired. It is possible to do 
advancement in order to lengthen a scarred extensor 
mechanism. The latéral retinaculum can be left open as a 
latéral release to facilitate patellar tracking. The repair is 
tested by flexing the knee and determining what degree 
of flexion places excessive tension on the repair. The knee 
should not be flexed past this point and is limited with a 
hinge brace for two to six weeks post operatively to allow 
the repair to partially heal prior to mobilization. 17,33 

The advantage of the patellar turn-down approach 
over the Coonse-Adams exposure are the maintenance 
of the longitudinal continuity of the vastus medialis and 
the theoretical advantage of preserving the inferior latéral 
geniculate artery. Post operatively, an extensor lag is 
common but ultimately causes little impairment. 33 There 
is significant weakness of quadriceps strength compared 
to the contralatéral knee, but this différence is not 
significant when compared to a contralatéral knee 
replacement. 38 Insall's modification and Scott and 
Silisky's modification hâve yielded similar outcomes. 

Tibial Tubercle Osteotomy 

This approach is particularly indicated when a wide 
exposure to the latéral half of the knee is required, when 
a vastus medialis splitting or subvastus approach has 
been made, and when there is a severe quadriceps 
contracture or fibrous or bony ankylosis. It is also very 
useful when bone cernent needs to be accessed a long 
way down the tibial snaft. Mobilising the extensor 
mechanism by tibial tubercle osteotomy provides 
superior visualisation than turn down techniques, 36 and 
has the potential for lengthening and realignment of the 
extensor mechanism. 7 The anterior tibial window created 
by the osteotomised tubercle fragment allows access to 
the tibial component, cernent and plugs. The osteotomy, 
however, is technically more demanding and has been 
associated with increased morbidity when compared to 
proximal mobilisation of the extensor mechanism. 7,24,40,44 

Dolin first described the osteotomy in 1983 using a 
4.5 cm tubercle fragment secured with a screw. 6 A 23% 
complication rate was seen with this technique, including 
non union in 11% and tendon rupture in 4%, this was 
particularly a problem in rheumatoid patients. There 
hâve been several reports of tibial fractures occurring after 
tibial tubercle osteotomy. 29,40 Whiteside has described a 
technique whereby the latéral attachment of the crural 
fascia and muscular remains intact, maintaining 
vascularity and facilitating/ reinforcing wire fixation. 40 
Ries has also described a modification where the 
osteotomy is tapered distally to avoid potential stress 


risers. 28 In ail cases, the tibia should be protected until 
solid healing has occurred at the distal end of the 
osteotomy. This can be achieved by protected weight- 
bearing in the cooperative patient, or by bypassing the 
osteotomy with a press-fit stem. When a short stem is 
used on the tibial component, the tibial tubercle 
osteotomy causes concentration of stress in the anterior 
tibial cortex and increases the risk of fracture. Moreover, 
too short an osteotomy fragment often can be associated 
with fracture of the tubercle fragment itself. A tubercle 
segment measuring at least 4 cm is recommended. 41 
Whiteside's technique, 40 with an osteotomy of eight to 
ten centimeters fixed with wires allows the use of canal- 
filling press fit stems, and is currently the most popular 
in North America. An additional modification of this 
technique includes preserving a small bone shell 
immediately above the tibial tubercle to stabilize the 
fragment against proximal migration (Chandler H, 
personal communication; Wiedel J, personal communi¬ 
cation). With this technique a Standard anteromedial 
arthrotomy is usually performed. If the knee cannot be 
flexed to allow adéquate exposure after release of the 
latéral gutters and scar excision, the tibial tubercle 
osteotomy is performed. To perform the osteotomy, the 



Fig. 4: Tibial Tubercle Osteotomy 
A standard médial parapatellar incision is extended distally by 
approximately 10 cm. An longitudinal osteotomy is performed 
from the médial side using an oscillating saw. It is completed 
using osteotomes, and taking care to maintain a latéral soft- 
tissue hinge. The osteotomised fragment should measures 
approximately 8 cm in length, 2 cm in width,and 1 cm in depth. 
This allows adéquate access to the tibial shaft, and leaves a 
substantial fragment which is reattached with wire or screws. 
©American Academyof Orthopaedic Surgeons. Reprintedfrom 
the Journal of the American Academy ofOrthopaedic Surgeons. 
Volume 6(l),pp55-64 with permission. 
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incision is extended distally from the médial side of the 
tibial shaft an additional ten centimeters. The osteotomy 
is performed with an oscillating saw from the médial to 
latéral direction. The bone block should be eight to ten 
centimeters in length, two centimeters wide and 
approximately one centimeter thick. It is impérative to 
monitor the status of the patellar tendon at ail times. The 
osteotomy is incomplète on the latéral side, maintaining 
the periosteum and muscular attachments to stabilize the 
osteotomy from proximal migration. The osteotomy is 
hinged open laterally, and the latéral attachments of the 
quadriceps expansion are left attached to the latéral tibial 
flare. 

Whiteside reattached the fragment using two or three 
cerclage wires passed around the tibial tubercle and 
around the tibial component within the canal. The wires 
are angled down 45° to the shaft of the tibia to maintain 
the distal attachment of the osteotomy. 

Following insertion of a press-fit stern, the wires are 
tightened on to the shaft, and the remaining joint is closed 
in a routine manner. It is also possible to fix the osteotomy 
with screws. 28 

Post operatively, early range of motion and full weight 
bearing are encouraged, 41 as long as the stem bypasses 
the osteotomy. During active knee extension, tensile 
forces are lower in the patellar tendon than in the 
quadriceps tendon, theoretically giving the tubercle 
osteotomy an advantage over the quadriplasty. 5 It is also 
possible to proximally translate the tubercle one to two 
centimeters to improve knee flexion. 7 

Distal osteotomy is contraindicated after previous 
procedures hâve compromised the tibial tubercle or the 
potential bed is of poor quality such as large tibial bone 
defects or osteoporosis. 24 It is also not recommended 
when lengthening of a sclerotic extensor mechanism is 
required, in which case, a patella turn-down with V-Y 
advancement may be indicated. 36 The extended tubercle 
osteotomy may compromise wound healing when there 
is poor tissue coverage and bleeding from the osteotomy 
site may resuit in protracted wound drainage with the 
potential for prosthetic infection. 7,24 In such cases a 
prophylactic gastrocnemius flap should be considered. 

Fémoral Peel 

Mobilization of the extensor mechanism is usually 
sufficient to afford adéquate exposure of the components 
during a révision arthroplasty. However, in cases where 
the exposure remains tight and particularly in stiff knees 
with a fixed flexion deformity, release of the capsular 
attachments to the distal fémur may be indicated. 

This was described first by Windsor and Insall for 
tight knee or ankylosed knees. 42 Following the standard 


médial parapatellar incision, the dissection is extended 
around the latéral and médial aspects of the fémur with 
subperiosteal élévation of the médial and latéral collateral 
ligaments. The exposure of the joint is completed by 
stripping the posterior capsule from the back of the fémur. 
Release of the médial and latéral heads of the 
gastrocnemius may also be necessary. The knee is 
destabilized in flexion permitting the tibia to be externally 
rotated and angled into valgus. The patella is dislocated 
in its valgus position without further mobilization of the 
extensor mechanism. This provides a wide exposure, but 
risks de vascularisation of the distal fémur. 

Médial Epicondylar Osteotomy 

This is also indicated in very tight or ankylosed knees. 
This approach was described by Engh et al, in 1997, and 
is a modification of the fémoral peel with élévation of 
the médial collateral ligament and adductor tendon with 
the médial fémoral épicondyle, maintained as a long 
médial sleeve. 7 This may be performed after standard 
parapatellar or subvastus approaches. With the knee 
flexed to 90° and placed in a figure-of four position, a 





Fig. 5: The Médial Epicondylar Osteotomy This can be used 
with either a médial parapatellar, or a subvastus approach. The 
médial épicondyle is elevated from the posterior aspect of the 
fémur, maintaining a soft-tissue flap with the attachments of 
the médial collateral ligament distally and the adductor tendon 
proximally. The joint can then be hinged open by flexing and 
externally rotating the lower leg. 

©American Academyof Orthopaedic Surgeons. Reprintedfrom 
the Journal of the American Academy of Orthopaedic Surgeons. 
Volume 6(l),pp55-64 with permission. 
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one inch osteotome is used to elevate a one cm thick wafer 
of bone, including the médial épicondyle and adductor 
tubercle, from the distal fémur in a distal to proximal 
direction. 

The adductor magnus, the épicondyle and the 
attached collateral ligament are raised as a continuons 
flap. The wafer of bone is hinged from the fémur exposing 
the posteromedial joint capsule. Fibers of the posterior 
oblique ligament and posteromedial joint capsule may 
need to be released from the posterior margin of the bone 
wafer or adjacent posteromedial corner of the knee. It is 
then possible to evert the patella and open the knee by 
external rotation and hinging into valgus. 

The fémoral epicondylar osteotomy is inherently 
stable as the adductor tendon inserting into the bone 
fragment créâtes proximal stability, and the collateral 
ligaments provide distal stability. The osteotomy is 
further stabilized with a single lag screw. The knee is 
otherwise closed in a routine fashion. Postoperatively, 
there are no spécifie restrictions with regards to range of 
motion or weight bearing. 

It is possible to perform this approach laterally as well 
by elevating the latéral fémoral épicondyle. This may be 
necessary in cases of allograft reconstruction of the distal 
fémur allowing complété skeletonisation for exposure 
and removal of the components. The latéral épicondyle 
will reposition much as the médial épicondyle during 
closure of the capsule and can be reattached with Staples 
or screws. 

Quadriceps Myocutaneous Flap 

This approach which has been described for tumour 
resection, 1 ' 20 can be used for unusually complex révision 
knee arthroplasties where a circumferential exposure of 
the distal fémur is necessary. The extensor mechanism is 
accessed using a U shaped myocutaneous flap based on 
the quadriceps muscle. As the quadriceps muscle is still 
attached to the deep fascia and skin, wound necrosis is 
not a problem. An inverted V turndown of the quadriceps 
tendon is performed. The distal blood supply to the 
patella is not disturbed. A very clear view of the knee 
and distal fémur is obtained. We hâve found this 
approach particularly useful for allograft reconstructions. 

SUMMARY 

In the révision situation, no single approach is suitable 
for ail cases. Surgeons performing difficult révision cases 
should hâve a sound knowledge of the local anatomy, 
and should be familiar with a broad range of approaches. 
Prior to embarking upon a révision, it is necessary to 


décidé whether a standard approach can be used. If not, 
considération should be given to an extensile or dedicated 
révision approach. In general, there should be a low 
threshold for the use of an extensile approach. 
Ostéotomies and soft-tissue incisions should be adéquate 
and avoid uncontrolled bone and soft-tissue disruption. 
The appropriate surgical exposure should be determined 
by careful pre-operative planning based on a knowledge 
of the previous exposures used, an assessment of the type 
of implant to be removed, and on the extent of bone 
deficiencies to be reconstructed. 
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378.11 Selecting A Surgical Exposure 
for Révision Hip Arthroplasty 

Nelson Greidanus, John Antoniou, Paramjeet Gill, Wayne Paprosky 


INTRODUCTION 

Decision making regarding sélection of surgical approach 
to the hip at the time of révision hip arthroplasty is 
dépendent on many factors: extent of exposure required 
and anticipated pathology to reconstruct (iliac, acetabular, 
fémoral); presence of prior incision scars; tissue and skin 
qualities; range of motion; leg length discrepancy; 
comorbid neuromuscular conditions; and surgeon's goals 
and familiarity with surgical anatomy. Basic surgical 
approaches commonly used in primary arthroplasty can 
be useful in limited révision arthroplasty procedures and 
include: direct latéral approach to the hip (Hardinge), 
antérolatéral approach (Watson-Jones), and the posterior 
approach. Extensive exposures are often required in 
révision arthroplasty and include: the trochanteric slide, 
the vastus slide, and the extended trochanteric osteotomy. 

Principles 

Ail exposures require positioning of the patient with care 
to pad potential pressure points, allow conversion to a 
more extensive exposure if necessitated by the operative 
pathology, rigidly immobilize the pelvis, and allow free 
movement of the hip during surgery. Skin and soft tissue 
problems can be minimized by incorporating previous 
incision scais or observing wide skin bridges, using 
internervous planes where possible, and using surgical 
drains to minimize hematoma formation in the 
postopeative period. 

SURGICAL APPROACHA 

Antérolatéral (Watson - Jones) Approach 

This exposure dissects the interval between gluteus 
médius and tensor fascia muscles (superior gluteal 
innervation). It is described for biopsy, fracture réduction, 
arthrotomy, and arthroplasty and in such cases may 
minimize dissection between muscle groups. 6 The patient 
is usually positioned supine with a sandbag under the 
ipsilateral buttock. The incision is curvilinear apex 
posterior over the greater trochanter. After incising the 
fascia, the anterior edge of gluteus médius is identified 


and a plane is developed between the tensor fascia lata 
and the gluteus médius. A portion of the gluteus médius 
may be reflected anteriorly with the tensor. Care must 
be taken to avoid injury or ligation of the superior gluteal 
neurovascular bundle that runs from gluteus médius to 
tensor approximately 5 cm above the trochanter. Gentle 
release of the anterior portion of gluteus médius and 
minimus tendons, with or without a wafer of bone, and 
rectus femoris will facilitate exposure of the anterior hip. 
Although not infrequently used in primary arthroplasty 
the limited acetabular and fémoral exposure make it a 
poor choice for extensive révision procedures. 

Direct Latéral (Modified Hardinge) Approach 

This exposure dissects a plane between the anterior hip 
abductors. It can provide excellent exposure to both the 
anterior hip and proximal fémur with ability to extend 
the approach distally for extensive fémoral reconstruc¬ 
tion. This exposure provides excellent visualization for 
arthrotomy, arthrodesis, hip arthroplasty and limited 
révision hip procedures. 2 Reports of decreased rates of 
sciatic nerve injury and prosthetic dislocation with 
préservation of posterior hip tissues hâve popularized 
this approach. A recent review of 640 patients with total 
hip arthroplasty performed through this approach 
describes a dislocation rate of 0.3%. Disadvantages 
include limited proximal acetabular exposure, increased 
risk of hétérotopie ossification, and possible slower 
abductor réhabilitation due to dissection through the 
anterior abductors. Moderate or severe limp can be 
expected in as many as 10% of patients. Positioning is 
usually latéral however some surgeons elect to use this 
approach with the patient supine. After a direct linear 
incision is made centered over the greater trochanter, the 
fascia is incised for the length of the incision. The anterior 
two-thirds of gluteus médius and glutus minimus are 
then reflected together, with or without a wafer of bone, 
with the anterior vastus lateralis to allow exposure of the 
anterior hip capsule. Capsulectomy may be perfonned 
or the hip capsule may be reflected anteriorly with the 
anterior myofascial flap as a single flap. As with the 
antérolatéral approach great care must be taken to avoid 
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injury to the superior gluteal neurovascular bundle when 
extending the glutues médius division more than 5 cm 
above the greater trochanter. For this reason proximal 
dissection is generally limited to 3 cm above the 
trochanteric insertion of the abductors. Extension of the 
approach distally with release of more of the-vastus 
lateralis may prevent undue tension on the superior 
gluteal bundle. When reflecting the myofascial flap 
anteriorly blood loss can be minimized by cauterizing 
the ascending branch of the médial circumflex artery as 
it courses behind the greater trochanter and the transverse 
branch of the latéral circumflex artery in the proximal 
vastus lateralis. At closure, to minimize abductor 
weakness and limp a careful reapproximation of the 
anterior abductors is required. Disroptions of abductor 
tendinous attachment more than 2.5 cm correlate with a 
significant post operative limp. Heavy nonabsorbable 
suture is used to reattach the anterior flap to the greatesr 
trochanter. Passing the suture through a generous cuff 
of peritrochanteric tissue or through drill holes in the 
greater trochanter can minimize dehiscence of the 
abductor repair. 

Posterior Approach (l,angenbeck/Moore) 

Use of this exposure provides good visualization of the 
posterior capsule, the posterior column and the entire 
acetabulum. 1 The skin is incised in a curved postérolatéral 
fashion centered over the greater trochanter after placing 
the patient in the latéral position. The fascia is incised in 
a similar fashion and the fibres of the gluteus maximus 
are split parallel to their orientation. Care must be taken 
identify and avoid injury to the scia tic nerve along its 
course. The short external rotators and posterior hip 
capsule are then released. Some surgeons pedorm a 
complété posterior capsulectomy without reattachment 
of the rotators but we prefer to take down the rotators 
and posterior capsule in a single layer and to reattach 
them at the end of the procedure. The gluteus médius 
and minimus are reflected anteriorly to offer a better 
exposure superiorly. Further exposure is obtained by 
releasing the quadratus femoris in a subperiosteal fashion 
while carefully cauterizing the circumflex vessels. In 
addition, the gluteus maximus tendon can be released 
near its insertion and it can be reattached at the end of 
the procedure. An anterior capsulotomy is often required 
for soft tissue balancing and can offer further exposure 
of the anterior wall and column. Proximal extension up 
the latéral wall of the ilium makes this approach amenable 
to posterior wall and column reconstruction with 
allograft, plate, andlor cage/protrusio ring. Distal 
extensile exposure along the latéral intermuscular septum 
and ability to create an extended Vochanteric osteotomy 


allow reconstruction of the most deformed and damaged 
fémoral arthroplasty cases. 

The obvious advantage of this exposure is the 
préservation of the abductor mechanism. The relative 
ease of exposure, quick réhabilitation, diminished 
operating time and diminished hétérotopie ossification 
rate compared to a Hardinge approach make it a favorite 
in primary and révision arthroplasty. The theoretical 
disadvantages are increased risk of injury to the sciatic 
nerve and risk of posterior dislocation. The increased risk 
of posterior dislocation is effectively negated if the 
posterior soft tissues are repaired, and if the patient is 
compliant and not neurologically compromised. The 
tendency to place a component in inadéquate anteversioa 
with this approach decreases with surgeon expérience 
and familiarity with the approach. 

Trochanteric Slide 

Traostrochanteric approaches provide excellent 
visualization of proximal fémur and acetabulum. The 
traditional transtrochanteric approach as popularized by 
Chamley is not widely used because of concerns 
regarding reattachment and possible nonunion of the 
trochanteric fragment. 9 

As a modification of the latéral approach the 
trochanteric slide involves osteotomizing anterior 
trochanteric bone and reflecting it in continuity with the 
gluteus médius and vastus lateralis. 5 The osteotomy is 
made just latéral to the gluteus minimus insertion, or 
alternatively, can be made thicker to also take the gluteus 
minimus with the fragment. Reattachment of the 
osteotomy is performed by passing cerclage wire around 
the lesser trochanter and through the bony fragment. 
Stability is usually excellent following reattachment due 
to the opposing pull of the gluteus médius and vastus 
lateralis. This modification can improve visualization in 
the difficult primary arthroplasty case as well as in 
révision arthroplasty. In addition, proximal acetabular. 
reconstruction can be performed without the increased 
risk of damage to the superior gluteal neurovascular 
bundle as described with the modified Hardinge 
approach. Dynamization of the trochanteric fragment has 
the advantages of reestablishing appropriate abductor 
tension and can facilitate fixation to proximal fémoral 
allograft in cases of extensive femotal reconstruction. 

Vastus Slide 

As an exteosile modification of the Hardinge approach 
this approach allows wide exposure of the hipjoint and 
fémur. The superficial exposure is the same as for the 
Hardinge approach. The deep exposure is different in 
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that the vastus lateralis is reflected off of the proximal 
fémur from its posterior attachment to the latéral 
intermuscular septum. The vastus slide approach 
préserves the anterior myofascial flap of the anterior 
gluteus médius and minimus and extends the flap distaliy 
to reflect the vastus lateralis anteriorly off of the latéral 
intermuscular septum. 3 Care must be taken to leave a 
cuff of vastus lateralis proximally on the greater 
trochanter to allow later reattachment and also great care 
must be taken to control vascular perforators that 
penetrate the latéral intermuscular septum. Closure 
approximates well and drill holes through the greater 
trochanter can be used to augment the soft tissue repair. 
Indications for the vastus slide include isolated fémoral 
révision without significant varus deformity, removal of 
hardware (blade plate or dynamic hip screw and plate) 
in conjunction with hip arthroplasty, or for performing 
ostéotomies for Cemoral deformity at the time of hip 
arthroplasty (i.e. subtrochanteric osteotomy in 
developmental dysplasia). As with the Hardinge 
approach theoretical advantages of this extensile 
approach include a decreased rate of posterior hip 
dislocation and diminished risk of sciatic nerve injury. 
Disadvantages include a possibly longer réhabilitation 
petiod for hip abductor funetion, increased rate of limp 
and hetetotopic ossification. Limitations are poor 
acetabular visualization and exposure which is essential 
in major acetabular révision requiring acetabular graft 
or cage/protrusio ring fixation. In addition, the vastus 
slide does not provide the opportunity for proximal 
Cemoral varus deformity correction without an 
additional osteotomy. Recently,an exposure has been 
described that utilizes the modified latéral/Hardinge 
approach superficially and then créâtes a posterior 
osseous flap, as a modified extended trochanteric 
osteotomy, to address these issues. 8 In addition to 
increasing the risk of injury to the superior gluteal 
neurovascular bundle, there is no obvious advantage to 
this new technique compared to the conventional 
Extended Trochanteric Osteotomy. The Trochanteric 
Slide or Extended Trochantetic Osteotomy are 
approaches better suited for addressing significant 
proximal fémoral defotmity and complicated acetabular 
reconstruction. 

Extended Trochanteric Osteotomy 

This approach is a very useful approach in the révision 
of both cemented and non-cemented fémoral stems in 
addition to acetabular révision. It allows for controlled 
access to the fémoral stem without compromising bone 
stock or significantly devitalizing the osteotomized 


segment, which remains a viable myo-osseous flap. 11 The 
osteotomy allows the abductors to be moved anterior as 
part of the myo-osseous flap which further permits 
excellent visualization of the entire acetabulum. Extensive 
acetabular grafting and implant fixation options are 
possible with this approach. In cases of révision of 
cemented stems the extended osteotomy hastens the time 
to complété cernent removal, without the need for 
cemoral Windows, and has a lower rate of inadvertant 
fémoral perforation or fracture. The extended osteotomy 
also hastens the removal of cemeatless stems. 10 Fine 
cementless removal osteotomes can be used to create a 
plane around the body of the fémoral implant and métal 
cutting devices san then eut away the body of the implant, 
while a trephine can be used around the cylindrical or 
tapered distal portion of the stem. In our expérience the 
best results in fémoral révision hâve been when a 
minimum of 4 cm of diaphyseal press if is obtained with 
a fully coated cementless stem. The extended trochanteric 
osteotomy facilitâtes the insertion of such a stem and need 
not exclude the use of other reconstructive stems,such as 
tapered designs or bone impaction techniques, if the 
osteotomy is repaired propedy prior to insertion of these 
designs. We hâve no expérience using these other stem 
designs in conjuntion with the extended osteotomy. 

We hâve observed that approximately 30% of our 
révision cases hâve excessive proximal fémoral varus 
deformity due to failure of the primary arthroplasty into 
a varus position. 4 Unless the proximal fémur is opened 
with an osteotomy the varus attitude of the fémur would 
prédisposé to encentric diaphyseal reaming and fémoral 
implant insertion that could resuit in fémoral fracture, a 
false perception of diaphyseal fit of the implant, and a 
révision fémoral implant that is placed in varus and thus 
mechanically predisposed to failure. Although criticized 
as an aggressive, if not destructive, approach to fémoral 
we hâve clinical and radiographie evidence to support 
excellent union and remodelling of the proximal myo- 
osseous flap. In some cases, the quantity and quality of 
proximal fémoral bone improves significantly following 
the osteotomy leading us to believe that it can be 
therapeutic for some proximal fémurs. 

Preoperative templating is an intégral part of planning 
for the extended trochanteric osteotomy. The length of 
ihe osteotomy should allow for easy removal of the 
porous coated stem or retained cernent while ensuring 
that adéquate diaphysis is retained for subséquent 
fixation. This approach utilizes the same supedicial 
dissection as discussed in the posterior approach to the 
hip with the distal extension made along the posterior 
border of the gluteus médius and vastus lateralis. The 
tendon of the gluteus maximus is released and the vastus 
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Fig. 6: Interval between the gluteus maximus teadon and the 
posterior aspect of the vastus lateralis tendon. 


lateralis is released off of the latéral intermuscular septum 
with care to cauterize vascular per feratures as they pass 
through the intermuscular septum (Fig. 6). 

The latéral third of the proximal fémur is then 
osteotomized using an oscillating saw or a 'pencil tip' 
burr (Fig. 7). 

The distal aspect of the eut should be rounded to 
prevent any sharp corners from acting as a propagation 
point for possible fracture. In addition, the distal eut 
should be rounded anteriorly and the anterior proximal 
portion should be eut to initiate the remainder of the 
osteotomy. Osteotomes can be passed into the osteo¬ 
tomized segment to spread the fémur and possibly allow 


Fig. 8: Lambotte osteotomes being used 
to spread the osteotomy site. 

removal of the implant (Fig. 8). If this does not permit 
removal, an oscillating saw can be passed through the 
posterior osteotomy site and used to complété the anterior 
eut. If the latter manouver is not possible, the osteotomy 
can be completed with the careful leverage of the 
osteotomized segment with the use of multiple 
osteotomes. Once the osteotomy is completed, care 
should be taken to preserve the muscular attachment on 
the proximal segment while freeing the soft tissue at the 
proximal and distal osteotomy sites to allow for adéquate 
motion of the segment for subséquent reattachment. Once 
the implant is removed, cernent can be removed with the 
appropriate equipment and fémoral canal préparation 
can be carried out (Fig. 9). Prior to insertion of a fully 
coated diaphyseal fit cementless component we advocate 
some additional reaming for 1 to 2 cm passed the distal 
extent of the osteotomy and placement of a temporary 
cerclage wire at that level to prevent hoop stresses of 
implant delivery from starting a fracture at that level. 

Once the révision implant is positioned appropriately, 
the osteotomized segment is reflected back into position 
and reattached using two tensioned cables (Fig. 10). 

The leg is held in neutral abduction and slight internai 
rotation during osteotomy closure to ensure that the 
abductors are restored to a mechanically and 
anatomically correct position. Closure is then routine for 
the posterior approach. 

From 1992 to 1996, the senior author (W.P.) performed 
122 révisions using this technique with a minimum of 
two years follow-up 4 . There were 83 women and 39 men 
wih an average âge of 63.8 years (range: 26-84 years). 
Révision for aseptie loosening occurred in 114 cases, 
component fracture in four cases, récurrent dislocation 




Fig. 7: The Latéral third of the proximal fémur is 
osteotomized using a ‘pencil tip’ burr. 
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Fig. 9: Cernent can be removed with the appropriate 
equipment under direct visualization. 


in two cases and two cases where fémoral fracture 
occurred. Ail ostéotomies united at three months with 
migration not greater than 2 mm. Bone ingrowth of stems 
occurred in, 92% of cases, stable fibrous in 7% and 1% 
being loose. There was a 5% dislocation rate and 9% intra¬ 
operative fracture rate. No clinically évident scia tic nerve 
injury occurred as a resuit of this approach. The speed 
and safety of fémoral révisions hâve improved 
significantly in our hands as a resuit of using this 
approach. 

For a patient requiring révision total hip arthroplasty, 
a number of surgical approaches are available. The 
surgeon should be familiar with these approaches and 
choose an approach which is comfortable and safe, and 
will permit an exposure adéquate to address the 
pathology unique to the case. While the primary 
approaches may address the needs of minor révisions 
there is often the need for greater extensile exposure for 
acetabular and fémoral reconstruction. The extended 
trochanteric osteotomy provides a safe extensile option 
to a familiar primary approach and can meet the demands 
of extensive acetabular and fémoral reconstruction with 
a low rate of complications and predictable results. 
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378.12 Infected TKR 

Vikram Shah, Saurabh Goyal 


Infection in a total knee surgery is a devastating 
complication for both, the patient and also, to a certain 
extent, the surgeon. For the patient because he/she was 
expecting a better quality of life and this complication 
compromises that with a lot of physical, mental and 
financial harassment to say the least. Infection is, and will 
continue to be, a potential complication that probably can 
never be completely eliminated but if adéquate care and 
précautions are taken the rate of infection can definitely 
be reduced. To minimize the morbidity associated with 
this complication a thorough understanding of the 
multiple issues surrounding an infected TKR needs to be 
understood. Maximization of the préventive aspects, 
prompt diagnosis and proper management is impérative 
for a successful out corne. 

Incidence and Risk Factors 

With the earlier hinged designs infection rate was as high 
as 23% which reduced to around 5% in the 1970s. 
Accepted contemporary infection rate is 1%. 

Risk factors can be broadly categorized as host factors 
and those related to peri-operative environment or 
surgical technique. A comprehensive list is found in the 
attached table. 

Host factors cannot be altered but others should be 
appropriately screened to minimize risk. Immuno- 
compromise has been clearly associated with increased 
infection rate- Rheumatoid arthritis (2.6 times as 
compared to OA), Diabètes mellitus (3-7%), also 
malnutrition and steroid médication. Other factors 
include obesity, previous surgery, révision and previous 
infection. 

The greatest source of bacteria in the OT is the 
circulating personnel. A study has shown that bacterial 
shedding is 100-10,000 organisms per minute per person. 
Another study has shown that with the use of laminar 
airflow, antibiotics and iodine impregnated drapes an 
infection rate of 0.5% in 649 cases was obtained. Other 
factors which may hâve an impact on contamination by 
surgical team include surgical attire- enclosed hood, 
impregnable gowns, shoe covers, double gloving etc. 

As is the expérience, decreasing the constraint of 
implant has a favourable outcome on the rate of infection. 
Good preoperative planning with meticulous technique, 
minimal dissection and adéquate hemostasis minimizes 
the bacteria contamination during the surgery. It is a well 



Fig. 1 : Infected TKR (For color version see Plate 59) 


known fact that as the surgical time increases and the 
wound is kept open for a along time, contamination of 
the gloves, instruments and suction tip increases and thus 
the infection rate is directly proportional to the duration 
the wound is kept open. 

Our primary infection rate at Shalby hospital 
(unpublished data) after more than 8400 TKRs is 0.23% 
in the last 13 years. 

Microbiology 

Common organisms involved in deep infection in TKR 
are given in Table 1. 


TABLE 1 : Common organizing involved in deep 
infection in TKR 


Prédominant 

Emerging 

Other 

Organisms 

Organisms 

Organisms 

Gram-positive 

Gram-positive 

Gram-negative 

Staph. aureus 

Methicillin-resistant 

Escherichia coli 

(Coagulase positive) 

S. aureus 

Pseudomonas 

Staph. epidermidis 


aeruginosa 

(Coag. négative) 


Proteus species 

Streptococci 

Methicillin-resistant 

Anaérobie 


S.epidermidis 

Fungal 


V ancomy cin-resistant 

Mycobacteria 


Enterococcus species 

Brucella 



Mixed infection 
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In our sériés of deep infection ail excepting three cases 
had Staphylococcus aureus which was a sensitive strain. 
We had one case of E.coli and two of Staphylococcus 
epidermidis. In delayed infections, again the prédomi¬ 
nant organism was Staph. aureus but one had fungal 
infection (patient was on steroids), another had mixed 
infection following dental caries and the last had 
Salmonella. 

With indiscriminate use of antibiotics new multi drug 
résistant strains are emerging which is an alarming trend. 
The chances that the surgeon would be able to save the 
joint decreases with such organisms. 

Prophylactic antibiotics is probably one of the most 
important factor in infection prévention in arthroplasty 
surgery. Idéal antibiotic should cover the most common 
organisms prévalent and should be given about 30 
minutes before tourniquet inflation. 

Commonly used molécules are shown in Table 2: 

TABLE 2: Commonly used molécules 

Standard prophylaxis 

Cefazolin, 1 gm IV at surgery, then q 8 hour for 24-48 h 
Cefuroxime, 1.5 gm IV at surgery, then 750 mg q 8 hour for 24-48 
hour 

Penicillin Allergie 

Clindamycin, 600 mg at surgery, then q 8 hour for 24-48 hour 
Vancomycin, 1 gm at surgery, then 500-1000 mg q 12 hour for 
24-48 hour 

Gram Négative Organisms 

Gentamicin, 2.0 mg/kg at surgery, then 1.0 mg/kg q 8 hour for 
24-48 hour 

Amikacin 15 mg/kg/day in BD doses 

We use Cefazolin 1 gm IV starting the evening before the surgery 
and then BD for 3 day s ( total 6 doses ) in females. In males we give 
Cefuroxime 1.5 gm instead. To cover gram négative organisms we 
give Amikacin 500 mg BD for 2 days. 

Diagnosis 

It is important to remember that there is no single test 
which can conclusively prove the presence or absence of 
infection and ail investigations should be taken into 
considération. 

Most of the times, the symptoms are ambiguous and 
the diagnosis is difficult. It is also difficult to differentiate 
between superficial and deep wound infection. But it is 
prudent to consider it infected unless proved otherwise. 
Factors which should arouse suspicion are sudden 
increase in intensity or character of pain, decrease in range 
of flexion which was already achieved, and increasing 
drainage and wound healing problems. An important 
factor to be considered in the final out corne is the onset 


of symptoms after surgery and the duration of symptoms 
before active intervention. 

Rand described early infection as occurring within 2 
months of surgery; intermediate between 2 to 24 months 
and late there after. Early infections are considered to be 
due to bacterial contamination during surgery. Late 
infections are supposedly due to hematogenous seeding 
from an infected source in the body. The importance of 
this classification is that early infection is more likely to 
be successfully treated by an implant retaining procedure 
whereas late infections may require staged procedures 
including prosthetic removal. Late infections may also 
be late in présentation which may resuit in érosion at the 
bone cernent interface thus reducing the success of 
implant retaining procedures. 

Typical symptoms include pain, swelling in the knee, 
decrease in flexion etc. Fever may or may not be a 
presenting symptom. If there is discharge from the 
wound the diagnosis may be évident. But care should 
also be taken to distinguish between superficial and deep 
infection. 

Lab investigations include complété blood count, ESR 
and C-reactive protein (quantitative). We get it done 
whenever we suspect infection. In the post operative 
period the counts and CRP may be high. CRP is more 
spécifie for infection and usually returns to normal after 
3 weeks of surgery. Persistently high values should be 
viewed with suspicion. Increasing/decreasing titer (in 
the tests done 2-3 days interval) in case of ambiguous 
présentation will give a better idea. 

Radiology includes plain X-rays which should always 
be done to rule out other causes of pain like mal- 
alignment, fracture, plastic wear, loosening etc. Other 
tests include technitium99 (Fig. 2), gallium 111 and 



Fig. 2: Technetium bone scan. Left image shows operated left 
TKR which is normal but the right knee shows increased uptake 
due to rheumatoid activity. Image on the right shows increased 
uptake in the operated left knee of a different patient 
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Fig. 3: Technique of aspirating knee 


(For color version see Plate 59) 
indium labeled WBC scan. These tests can differentiate 
between septic and aseptie loosening with varying 
degrees of sensitivity and specificity. At best the 
radionuclide investigations should be viewed as 
corroborative evidence. Recently Indium labeled 
polyclonal antibody and technetium labeled monoclonal 
antibody scans hâve been shown to be effective in 
diagnosis of infection. 

When still in doubt aspiration of the joint (Fig. 3) 
should be done and the fluid evaluated for total number 
of cells presence of pus cells, bacteria and also a culture 
done. Antibiotics should be stopped at least 2-3 days 
before the procedure. Ail swellings in the knee may not 
be infection and one should exercise good clinical acumen 
before inserting a needle into such a joint because y ou 
may introduce infection iatrogenically. A frozen section 
at the time of debridement or révision arthroplasty is also 
a reliable investigation to ascertain the presence of 
infection. 

Treatment 

Involves association of orthopaedic surgeon, infectious 
disease specialist and if required a plastic surgeon also. 
The modalities include: 

1. Antibiotics only 

2. Debridement and antibiotics 

3. One stage exchange arthroplasty 

4. Two stage exchange arthroplasty 

5. Salvage procedures 

Aspiration and Antibiotics 

It should be considered only as a salvage procedure in a 
severely infirmed and debilitated patient where he cannot 
be considered fit to undergo surgical debridement. 


Bengston and Knutson reported a success of only 15% in 
357 cases with this method. 

Intra-articular antibiotics should also be given when 
aspiration sample has been taken and the decision of 
debridement dépends upon the results of aspirate. 

Potential side effects include development of résistant 
strains, toxicity, allergie reactions and above ail 
continuation of infective process leading to érosion and 
loosening. 

Debridement and Antibiotics 

This method should be considered in ail the patients 
where the implant is well fixed on radiology. An open 
debridement gives the best opportunity to do a complété 
synovectomy, change the plastic insert and clean the bone 
cernent interface. The surgeon can also look for loosening 
and take a decision for removal of implant and a one or 
two stage exchange arthroplasty. The surgeon is also able 
to clear the adhèrent biofilm over the implants. Bleeding 
surfaces postoperatively brings in fresh antibiotics and 
other defense mechanisms of the body. Multiple 
procedures may be required to get the best results. 

Numerous studies hâve reported the success of this 
modality of treatment. The chances of successful outcome 
increases when it is early infection and debridement is 
performed within 2 weeks of the présentation of 
symptoms, organism isolated is a penicillin sensitive 
gram positive organism and immunocompétent host. 

IV antibiotics should be administered for 6 weeks after 
the procedure with preferably change in molécule at 3 
weeks to prevent development of résistance. This should 
be foliowed up with oral antibiotics for another 6 weeks. 
Periodic blood counts with CRP should be done to assess 
the progress and a repeat procedure to be considered if it 
is unsatisfactory. 



Fig. 4: One stage exchange arthroplasty 
of the tibial component. 
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One Stage Exchange Arthroplasty 

This can be considered where there is a loose, malaligned 
component in a healthy immunocompétent host with 
adéquate soft tissues and a susceptible gram positive 
organism. The literature is not very indicative because of 
fewer numbers of cases in ail sériés. 


Borden and Gearen 
Mayo clinic 
Freeman 


3 cases 
14 cases 
18 cases 


100% success 
35% 

94% 


Adéquate aseptie précautions between removal and 
reimplantation should be exercised. The procedure 
should be followed up with antibiotics for 3 months. 

Two Stage Exchange Arthroplasty (Table 3) 

This provides the best method to eradicate infection and 
provide a stable mobile joint. Numerous studies hâve 
shown the results of this treatment modality. 

This is indicated in a case with septic loosening of the 
joint. The protocol in the first stage is to remove the joint 
with ail the cernent, a thorough debridement and 
irrigation with a puise lavage. A spacer made from 
antibiotic impregnated cernent is inserted in place of the 


r I 


joint. This spacer serves dual purpose of preventing the 
collapse of the created space and allowing stability with 
some useful motion. This also elutes antibiotics which 
further helps in controlling infection. 

This is followed by six weeks of IV antibiotics. During 
this period regular counts and CRP tests are done to assess 
the progress and efficacy of the antibiotics. Aspiration of 
the joint and bacterial culture is also done before deciding 
the second stage reimplantation. 

In the second stage the cernent spacers are removed 
and reimplantation of joint is done. 

Antibiotic bone cernent should be used to fix the joint. 
This is again followed with six weeks of IV antibiotics to 
prevent récurrence of infection. 

The variables which can be unfavorable with this 
treatment modality include the presence of a highly 
virulent organism, multiple previous operations and if 
the patient is rheumatoid. 

TABLE 3: Summary of results using delayed two- 
stage exchange arthroplasty 


Study 

No. 

patients 

Average 

Follow up 

Success Rate 

Wasielewski et al 

50 

57 months 

92 % (46/50) 

Hirakawa et al 

55 

61.9 months 

87.2 % (48/55) 

Goldman et al 

64 

7.5 years 

97 % (62/64) 

Windsor and Insall 

38 

4 years 

97.4 % (37/38) 

Hannsen et al 

36 

52 months 

89% (32/36) 

Hofmann et al 

26 

30 months 

100 % (26/26) 

Our sériés 

42 

min f / u 

90.4 % (38/42) 

(unpublished) 


12 months 




Fig. 5: Two stage exchange arthroplasty. The sériés shows a loose infected TKR followed by 
bone cernent spacers followed by final radiographs after reimplantation (For color version see Plate 60) 
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Fig. 6: Two stage exchange arthroplasty of another patient. 



Fig. 7: Arthrodesis of a loose infected joint 


Salvage Procedures 

Should be considered when ail other measures hâve 
failed. This can be thought of when there is very poor 
soft tissue envelope, disrupted extensor mechanism, 
immunocompromised host and also the willingness of 
the patient to undertake further procedures. 

Choices include arthrodesis, resection arthroplasty 
and amputation. The optimal surgery should dépend 
upon a thorough assessment of the individual, âge and 
needs. 

BIBLIOGRAPHY 

1. Athanasou N, Pandey R, DeSteiger R, et al. Diagnosis of infec¬ 
tion by frozen section during révision arthroplasty. J Bone joint 
Surg Br 1995;77:28. 


2. Ayers D, Dennis D, Johanson N, et al. Common complications of 
total knee arthroplasty. J Bone joint Surg Am 1997;79:278. 

3. Backe H, Wolff D, Windsor R. Total knee replacement infection 
after 2-stage reimplantation. Clin Orthop 1996;331:125. 

4. Burger R, Basch T, Hopson C. Implant salvage in infected total 
knee arthroplasty. Clin Orthop 1991;273:105. 

5. Devenport K, Traina S, Perry C. Treatment of acutely infected 
arthroplasty with local antibiotics. J Arthroplasty 1991;6:179. 

6. Deburge A. Guepar hinge prosthesis -Complications and results 
with two years' follow up. Clin Orthop 1976;120:47. 

7. Goldman R, Scuderi G, Insall J. Two stage reimplantation for 
infected total knee replacement. Clin Orthop 1996;331:118. 

8. Hanssen A, Rand J, Osmon D. Treatment of the infected total 
knee arthroplasty with insertion of another prosthesis. The effect 
of antibiotic impregnated bone cernent. Clin Orthop 1994;309:44. 

9. Hester R, Nelson C, Harrison S. Control of contamination of the 
operative team in total joint arthroplasty. J Arthroplasty 
1992;7:267. 

10. Insall JN, Scott WN. Surgery of the Knee, 3rd Ed.Churchill 
Livingstone. 

11. Mauerhan D, Nelson C, Smith D, et al. Prophylaxis against 
infection in total joint arthroplasty. J Bone Joint Surg 1994;76:39. 

12. Mont M, Waldman B, Banerjee C, et al. Multiple irrigation, 
debridement, and rétention of components in infected total knee 
arthroplasty. J Arthroplasty 1997;12:426. 

13. Salvati E, Robinson R, Zeno S, et al. infection rates after 3175 
total hip and total knee replacements performed with and without 
a horizontal unidirectional filtered airflow System. J. Bone Joint 
Surg 1982;64:525. 











Total Knee Arthroplasty 3833 


378.13 Results of Révision 
Total Knee Arthroplasty 

A Rajgopal 


With the increase in the number of TKA being performed 
and the aging population the need for révision TKA is 
also going to increase. The success of primary TKA with 
contemporary implant designs in relieving patients of 
their suffering has a great bearing on the increased 
number s being performed. 

The causes of failures of TKA 1,2 are myriad and are 
broadly divided into septic and aseptie. Infection after 
TKA can be early, late or hematogenous. Aseptie causes 
include polyethylene wear, loosening, instability, 
arthrofibrosis, malalignment, extensor mechanism 
dysfunction and peri-prosthetic fractures. 

In this chapter we shall endeavour to assess the 
various modes of treating failed TKA and review their 
results. 

Révision TKA is a demanding procedure and for a 
successful resuit the following principles 2,6,7 must be 
adhered to: 

• Détermine the cause of failure 

• Preoperative planning 

• Adéquate exposure 

• Extraction of failed implant minimizing bone loss 

• Deal with bone defects 

• Restore joint line 

• Select appropriate révision implants 

• Obtain joint stability 

• Optimal réhabilitation 

Adéquate exposure is a prerequisite to a well 
functioning révision TKA. To avoid excessive tension on 
the patellar tendon numerous extensile approaches 3,4,5 
hâve been described namely the rectus snip, V-Y 
quadricepsplasty, quadriceps turndown and the tibial 
tubercle osteotomy. Barack 6 et al compared the above 
approaches and concurred that the outcomes with the 
standard médial arthrotomy and the rectus snip were 
identical. V-Y quadricepsplasty resulted in a greater 
extensor lag when compared to the tibial tubercle 
osteotomy but the patient satisfaction was superior. Tibial 
tubercle osteotomy is extremely bénéficiai when 
removing cemented tibial stems, dealing with pre- 
existing patellofemoral instability or a patella baja. 
Compared to the standard arthrotomy and rectus snip 
outcomes of quadricepsplasty and osteotomy had lower 
outcome ratings. The quadriceps turndown is associated 


with a higher rate of patellar avascular necrosis when 
compared to the tibial tubercle osteotomy. 

Infection 10 " 14 after TKA is a devastating complication 
for both the patient and the surgeon. Treatment of 
infected TKA is a lengthy process requiring multiple 
surgeries, long periods of hospital stay in addition to the 
increased costs to the patient. Use of modem technology 
including laminar flow, water-repellent gowns, body 
exhaust suits and preoperative antibiotics hâve reduced 
the incidence of infection to 0.39% in primary TKA and 
0.97% in révision TKA. There are various options for 
managing the infected TKA. 

Antibiotic suppression as a mode of treatment has 
very poor results. Bengston 19 et al reported a cure rate of 
18% when using antibiotic suppression as a method of 
treating infected TKA. The poor results stem from the 
fact that scar tissue, limited vascularity and bacterial 
glycocalyx formation at the implant bone interface 
prohibit the successful delivery of antibiotics to the areas 
where the microbes are harboured. It is recommended 
for those patients who are not medically fit for an 
aggressive procedure, the diagnosis is made very early 
(preferably within the first 48 hours), the prosthesis is 
well fixed and the microbe has a low virulence and is 
susceptible to an oral antibiotic. The toxicity of long term 
antibiotics is also a deterrent. 

Irrigation and debridement with prosthesis rétention 
can be done by open and arthroscopic means. It involves 
removing ail infected tissue while leaving the fixed 
components in place. High failure rates ranging from 45% 
to 82% hâve been reported. However Mont 20 et al 
demonstrate that in a properly selected cohort of patients 
this mode of treatment has a good rate of success. Patients 
with an early postoperative infection (less that 30 days) 
or a late hematogenous infection with less than 30 days 
of knee symptoms, well fixed components, susceptible 
gram-positive microbes and absence of sinus tracts stand 
a fair chance of a good resuit with this method. Mont et 
al reported a 83% cure rate in the 24 infected knees treated 
using the above strict patient sélection criteria. 
Arthroscopic irrigation and debridement with rétention 
of the prosthesis allows for a thorough irrigation of the 
joint and sampling of the tissue for cultures but the 
polyethylene insert cannot be exchanged and the 
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debridement is not as thorough as open debridement. 
Waldman 21 et al reported on 16 patients (4 early and 12 
late) with infected knees treated with arthroscopic 
irrigation and debridement and found that only 38% of 
the prostheses remained in place at a mean follow up of 
64 months. The remaining 10 knees required an open 
debridement with component removal with 2 of these 
knees ultimately required arthrodesis. 

The gold standard in treatment of infected TKA has 
been the two stage prosthesis 10,12,13 exchange method 
with success rates ranging from 77% to 100% (Figs 1 to 
3). It consists of an aggressive initial debridement with 
component removal, use of an antibiotic impregnated 
spacer and 4 to 6 weeks of intra-venous antibiotics 
followed by reimplantation. Hirakawa et al demonstrated 
an 87% success rate at an average follow up of 61.9 
months while reporting on a sériés of 55 infected TKA. 
Poor prognostic factors were thought to be virulent 
organisms (ie, MRSA or VRE), rheumatoid arthritis and 
multiple prior operations. Insall et al in small sériés of 11 



Fig. 1 : Infection 5 months post op 



Fig. 2: After Stage 1 révision with an articulating spacer 


knees demonstrated a 100% cure rate. Goldman 22 
reported on 64 infected TKA at an average of 7.5 years 
after their two stage révision and the Kaplan Meier 
analysis prédiction of 10 years infection free survivorship 
was 77.4%. 78% of the patients were satisfied with the 
end resuit. Use of articulating spacers in the period 
between the two stages resulted in a decrease in extensile 
exposure maneuvers and increased the post-operative 
range of motion (Hoffman). Emerson was of the view 
that use of the static or mobile spacers did not influence 
the reinfection rate but the post-operative ROM was 
better with the mobile spacers. 

Reports of a successful outcome with the one stage 
prosthesis exchange hâve been reported in the literature. 
von Foerster 23 et al evaluated 104 infected TKA treated 
with immédiate exchange using antibiotic impregnated 
bone cernent and reported that 73% of knees remained 
infection free. Its success dépends on the presence of 
antibiotic sensitive gram positive microbes, absence of a 
sinus, use of antibiotic impregnated bone cernent, 12 
weeks of antibiotic therapy and an immuno-competent 
host. 

Arthrodesis of the knee 14 is usually resorted to when 
ail methods hâve failed. Though it offers an excellent 
chance of eradicating the infection, reliable pain relief 
and a stable limb the absence of knee motion makes it 
less attractive to patients. Various fixation methods are 
in use (external fixation, intramedullary nail, plates and 
screws). Hak et al reported on a 61% fusion rate using 
the external fixator. Waldman showed a 95% fusion rate 
using a modular titanium intramedullary nail. Non- 
union, malunion, limb shortening, nail migration, pin 
tract infection, récurrent deep infection and ipsilateral 
limb fractures are some of the complications observed. 
Amputation is only reserved in cases with life threatening 
sepsis. The overall incidence of above knee amputations 



Fig. 3: 7 years post two stage révision 
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has been reported to be 0.18%. Functional outcome is 
dismal after the amputation. 

Bone defects are managed based on their location and 
size. 15 Minor defects (<5 mm) are dealt with using bone 
cernent. Greater than 5 mm defects require bone grafting 
or métal augments. Larger bone defects may call for the 
use of bulk allografts. The implants stability canbe further 
enhanced by using stem extensions. The intramedullary 
stems should not be cemented but should be press fit. 
Stems are also benefical in cases of osteoporotic bone and 
aid in stability when using the constrained option (Figs 4 
to 8). 





Fig. 6: Tibial malposition and undersizing 



Fig. 5: Révision after disorganised knee 


Fig. 8: 4 years post révision 
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Hinged implants 16 (Walldius, Shiers, GUEPAR) were 
easy to use but long term results revealed high rates of 
loosening, significant patellar pain and instability & high 
infections rates. Excessive bone loss made salvage by 
Arthrodesis difficult. 

The non-linked CCK designs hâve had good results. 
Donaldson 17 et al reported a 77% excellent and good 
resuit in 14 révision TKA at an average follow up of more 
than 8 years. Trousdale 18 reported an 80% survival rate 
of TCP III implant at an average follow up of 18.3 years. 

The clinical results of révision TKA are not 
comparable to those of primary TKA. Goldberg et al, 
Friedman et al and Peters et al reported good to excellent 
results in 46 to 74% of patients at 5 years post révision. A 
22% reoperation rate was observed by Mow and Wiedel 
in a 9.8 years follow up study. Complications are more 
frequent especially extensor mechanism complications 
and deep infection. 

With the ad vent of modular implant Systems, better 
surgical techniques and a clearer understanding of 
révision mechanisms and principles the future holds out 
a promise of better results after révision TKA. 
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INTRODUCTION 

Joint arthroplasties hâve evolved over time to become 
an established method of treating end stage pathologies. 
Hip and knee replacements hâve been studied for over 
half a century. 

Developments in shoulder arthroplasties hâve been 
relatively recent. The peculiar anatomical and functional 
characteristics of the shoulder make it difficult to achieve 
idéal results. Greater attention needs to be paid to soft 
tissue balancing and prosthetic geometry. 

EVOLUTION OF PROSTHETIC DESIGN 

Much has changed since 1893 when Pean reported the 
first shoulder arthroplasty using a platinum and rubber 
implant for a tubercular shoulder. There were se ver al 
reports on resection arthroplasties (Albee 1921, Jones 
1933) until 1951, when Neer performed a hemiarthro- 
plasty with an unconstrained 44 mm Vitallium prosthesis. 
In 1974 he introduced the Neer II prosthesis (Fig. 1) which 
successfully combined humerai head replacement with 



glenoid resurfacing. Results using this prosthesis were 
good. 

Constrained shoulder prostheses became popular in 
the 1970s especially in patients with a loss of the rotator 
cuff but with a functional deltoid. Unfortunately, follow 
up reports demonstrated significant loosening rates. Semi 
constrained designs and a mismatched humerai head and 
glenoid with differing radii of curvatures, were later 
developments which ensured low component failure 
rates. 

Modular components to accommodate variations in 
humerai anatomy were introduced in the 1980s and hâve 
developed significantly in the last decade (Fig. 2). 

Most current Systems hâve varying humerai head 
diameters and neck lengths for more accurate coverage 
of the eut surface of the humerai neck and reproduction 



Fig. 1: Neer II prosthesis 


Fig. 2: Global (Modular) shoulder 
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of the original joint line. The humerai heads hâve a médial 
and posterior offset. Stems are made of cobalt chrome 
with or without a titanium porous coating. Proximal fins 
help in correct orientation and provide rotational stability. 
Stems can be inserted with a press-fit or cemented 
technique. Some reports suggest (Harris et al, Sanchez- 
Sotelo et al) better fixation with cernent. However, 
humerai component loosening is rarely a problem. 

Glenoid components hâve an increased radius of 
curvature (2-4 mm more) compared with the humerai 
head to allow humerai head translation and thus avoid 
edge loading (Fig. 3A and B). 

Glenoid component fixation has been a major problem 
in shoulder arthroplasty. Métal backed designs were 
introduced to enhance fixation. However, they were 
fraught with problems associated with polyethylene liner 
dissociation, o vers tuf fing of the joint and lateralization 
of the joint line. This led to stiff shoulder s. Currently 
4 mm ail polyethylene cemented glenoid components are 
most commonly used. Ail polythelene components hâve 
a single keel or multiple pegs to aid fixation. Though 
biomechanical studies hâve shown no différence, some 
surgeons believe that pegged prostheses are better for 
normal bone and keeled components are better for 
rheumatoid, osteoporotic bone. Others (Murphy et al) 
believe that an anterior offset keel decreases stresses 
across the cernent mantle and can help compensate the 
effects of a déficient rotator cuff. 

OBJECTIVES 

The aims of a shoulder replacement are to: 

a. Abolish pain arising from a pathological gleno- 
humeral joint and/or the rotator cuff. 

b. Restore a functional range of motion. 

c. Ensure that the abovementioned objectives last the 
lifetime of the patient. 




Fig. 3B: Glenoid with keel 


Variables to achieve a good resuit include meticulous 
attention to soft tissues, restoration of anatomy and an 
effort at minimising frictional torque. 

INDICATIONS 

Several pathologies lead to an arthritic shoulder. Each of 
these présent spécifie clinical challenges. It is important 
to understand the pathologie process in order to 
appreciate the technical problems of reconstruction and 
potential complications in each case. 

Primary Osteoarthritis (Fig. 4) 

Pathological process : Rotator cuff tears are uncommon and 
the shoulder capsule is rarely contracted. It is quite 
common to see anterior, posterior and inferior 
osteophytes at the humerai end. The glenoid is flattened 
and eroded especially along the posterior rim with 
smaller peripheral osteophytes as compared to the 
humerai head. 



Fig. 4: Primary osteoarthritis 
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Indications : Pain is the chief indication. Range of motion 
and function are secondary benefits. 

Technical problems : Surgery is usually straightforward. 
Posterior osteophytes can occasionally cause difficulty 
in dislocating the joint. In such cases, using a lever to 
distract the joint followed by gentle externat rotation 
enables dislocating the head. 

Secondary Osteoarthritis 

Avascular Necrosis (Fig. 5) 

Pathological process : Common causes of avascular necrosis 
of the humerai head include steroid therapy, alcohol 
abuse, décompression in divers and tunnel builders and 
sy s ternie lupus erythamatosis. The humerai head might 
présent with a subchondral collapse following micro¬ 
fractures. The glenoid remains relatively normal. The 
rotator euff and capsule are usually intact. 

Indications : Pain associated with progressive collapse of 
the humerai head. 

Technical problems : The extent of involvement of the 
disease helps décidé performing a hemiarthroplasty as 
against a total shoulder replacement. Patients are often 
young. Bone préservation is an important issue. Besides, 
good fixation and low stresses across components is 
especially important in achieving longevity. A surface 
replacement can achieve these objectives in many such 
cases. Surgery is relatively straightforward with good 
results. 


Septic Arthritis (Fig. 6) 

Candidates suitable for an arthroplasty are those in whom 
sepsis has cleared clinically and radiologically, and in 
whom sérum markers for infection (CRP and ESR) are 
within normal limits. 

Technical considérations: A biopsy should be performed at 
the time of surgery. Prophylactic antibiotics should be 
given thereafter (and not at induction as is usually the 
case). A thorough synovectomy should be done and a 
careful inspection to rule out any active infection. A 
surface replacement is préférable to a stemmed implant 
as it can be easier to remove should infection return. 
Antibiotic loaded cernent should be used depending 
upon the sensitivity of the organism at time of sepsis. 

Tubercular shoulders can be replaced at an average 
of three months after starting therapy to which the patient 
has clinically and pathologically (CRP and ESR) 
responded well. 

Rheumatoid Arthritis (Fig. 7) 

Pathological process : Neer has described two forms of 
rheumatoid disease—the "dry" and "wet" type. The 
patterns of these two diseases are markedly different. The 
dry type is more like primary osteoarthritis—good bone 
quality, slow progression and minimal érosion. The wet 
type présents with a highly vascular, thick and aggressive 
synovium. The bone quality is poor with large érosions 
and a rapid progression. 

The euff is of poor quality and often torn. The capsule 
is often contracted. Considérable bone destruction is 
évident and thus the glenoid is often médial. 



Fig. 5: Avascular necrosis (intact glenoid) 



Fig. 6: Septic arthritis 
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Fig. 7: Rheumatoid shoulder 
(medialized glenoid, superior migration of head) 


The rheumatoid process quite often affects surroun- 
ding structures such as the subacromial space and the 
acromioclavicular joint. A large subacromial bursa is a 
common finding. 

Indications : One needs to make sure that the pain arises 
from the glenohumeral joint. Subacromial and/or 
acromioclavicular injections might help in making this 
decision. 

Technical considérations : The usual deltopectoral approach 
is used. Gross medialization of the glenoid might 
necessitate a predrilled coaracoid osteotomy. The bone 
is very soft and this might lead to a postoperative coracoid 
screw pullout. Supplementary suture fixation might help 
obviate this problem. The brachial plexus is relatively 
close. The subacromial bursa should be excised taking 
care at times not to damage the axillary nerve as it passes 
around on the deep surface of the deltoid muscle. 

Capsular contractures need to be released : the 
anterior capsule released from the glenoid, the inferior 
capsule released from the humérus and the posterior and 
superior capsule incized. Contractures in the rotator 
interval area need to be released. 

Bone grafting for a medialized glenoid might help, 
though due to poor bone quality, fixation is difficult. It 
might thus be best to accept a medialized glenoid. 

Fracture Dislocations (Fig. 8) 

Early Présentations 

Indications : The head is at a great risk of avascular necrosis 
following four part fractures with/out dislocations. Neer 
advocated primary hemiarthroplasty as a routine. His 
results were excellent with only one complication—an 
infection in 32 cases. Similar results were reported from 



Fig. 8: Fracture dislocation 


se ver al studies thereafter (Schai et al 1995, Bunker et al 
1997). 

However, several authors believe that preserving the 
humerai head is possible and thus has its merits (Lee and 
Hansen 1981, Kofoed, 1983). They suggest that although 
avascular necrosis does occur in these fractures, the 
humerai head is quickly vascularized by creeping 
substitution which prevents humerai head collapse. 
Several studies on fixation (Sturzenegger et al) hâve 
reported 60 to 70% good to excellent results. Although 
different devices hâve been used, it is clear that if one 
elects to fix such fractures, less invasive techniques of 
fixation are preferred (Misra et al, 2002). Fixation is 
preferred in the four part valgus impacted fractures. 

Primary arthroplasty is mandatory in head splitting 
or depressed fractures of the humerai head. It is also the 
preferred line of management in the elderly osteoporotic 
patient. 

Technical considérations : Compito et al (1995) discussed 
the factors associated with good results following a 
hemiarthroplasty in acute trauma. They reported a good 
or satisfactory resuit in 80% of patients presenting with 
four part fractures. 

The anatomy in such cases is distorted. It is 
particularly useful in adopting an extensile approach 
which would as a routine involve tenotomising the 
pectoralis major. This should be meticulously repaired 
later. Besides, it is useful to detach the deltoid distally 
(not proximally) to gain good exposure. Gentle handling 
of compromized tissues is mandatory. This would also 
avoid the risk of creating a fracture per operatively. 

In cases where dislocating the humerai head is 
difficult, a coracoid osteotomy after predrilling might 
help. This would also decrease the risk of damaging the 
brachial plexus. 
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It is at times difficult to recognize the tuberosities. A 
reliable method is to locate the long head of biceps distally 
and follow it proximally. The tuberosities are on either 
side of this tendon proximally. Heavy sutures are placed 
around the tuberosities at the tendon bone junction 
(Fig. 9). 

Unlike in arthritis, accurate section of the neck is 
difficult. The transepicondylar axis at the elbow can be 
used as a reference to gauge rétroversion of the humerai 
prosthesis. The humerai version should be adjusted 5 to 
10° away from the direction of dislocation i.e. retroverted 
for an anterior dislocation. The humerai prosthesis should 
be inserted such that the fin lies just posterior to the 
bicipital groove. 

The humerai head offset measures from the géométrie 
center of the humerai head to the latéral edge of the 
greater tuberosity. Préservation of this offset is important 
in maintaining the efficiency of the lever arm of the 
supraspinatus and deltoid. This is a more difficult task 
in an acute trauma setting as compared to an arthritic 
joint (Bunker et al, 1999). Gauging euff tension is 
particularly difficult. 

Results following hemiarthroplasty for fracture 
dislocations consist of good pain relief but less than 
complété motion (Fig. 13). A limited goals approach must 
be followed and explained to the patient pre operatively 
such that expectations are real. 

Several factors adversely affect the outcome following 
this surgery (Fig. 10). A pre-operative nerve injury would 
understandably compromise the resuit. During surgery, 
an inadéquate fixation of the tuberosities, incorrect rotator 
euff tension (Figs 11 and 12), unrepaired euff tear, insuffi- 
cient humerai offset or an incorrect version of components 



Fig. 9: Stay sutures through tuberosities 



Fig. 10: Cancellous graft from humerai head 



Fig. 11: Anterior, médial and latéral sutures 
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Fig. 12: Overlap tuberosities with shaft 


could lead to an unsatisfactory outcome. An uncoopera- 
tive patient with inadéquate postoperative réhabilitation 
can lead to less than adéquate results. 

Failure of fixation of the greater tuberosity has been 
the single greatest cause of failure in most studies 
(Compito et al). Most of the modem prosthetic designs 
hâve holes in the proximal flange (similar to the Neer II 
prosthesis) to attach the tuberosity. Hawkins et al (1991) 
strongly suggest fixing the tuberosities directly to the 
shaft (Fig. 12), and to each other and supplementing this 
with cancellous bone graft from the humerai head (Fig. 
10 ). 



Fig. 13: Post-traumatic hemiarthroplasty— 
limited forward élévation 



Fig. 14: Post-traumatic 
hemi arthroplasty 


Late Présentation 

Technical considérations : Patients presenting late with 
fracture dislocations pose different problems. Malunion 
of fragments is most commonly encountered. 

Malunion of the head to the shaft often requires a 
corrective osteotomy to restore the posterior and médial 
offset. If not corrected, varus angulation of the head 
would resuit in greater tuberosity impingement (Fig. 14). 
Whilst dissecting a varus head, one needs to be careful 
in not damaging the axillary nerve. Similarly, a 
medialized shaft is close to the brachial plexus. 

The greater tuberosity quite often malunites in a 
posterior and superior position. If left uncorrected, it 
would impinge and the rotator cuff would be dys- 
functional (altered lever arm). 

The capsule or the cuff might be torn leading to a high 
risk of postoperative dislocation. Identification and 
meticulous repair is mandatory. 

CUFF ARTHROPATHY (Fig. 15) 

These shoulders hâve been the most difficult to replace 
successfully. Considérable progress has been made over 
the years in finding a correct prosthesis for such shoulders 
which présent with non/dysfunctional motor units (cuff 
muscles). This shall be discussed later (The Reverse 
Shoulder). 















Shoulder Arthroplasty 3843 



Fig. 15: Cuff arthropathy 


OTHERS 

Récurrent Dislocation 

Multiple épisodes of dislocation cause severe damage to 
the head and glenoid. Besides, 20% (Hovelius et al, 1996) 
of repaired shoulders présent with arthritis at an average 
of 10 years presumably due to tight repairs or screw 
impingement. 

Previous surgery makes it difficult to define planes. 
The musculocutaneous and axillary nerves are at risk 
whilst dissecting. 

Ankylosing Spondylitis 

Ectopic bone formation is common. Patients should thus 
be given indomethacin for 3 weeks during and after 
surgery. 

Hemophiliac Arthropathy 

Hématologie management would best be left to an 
experienced hematologist. These patients should be 
thoroughly screened for infection. 

CONTRAINDICATIONS 

Contraindications to shoulder arthroplasty include active 
or recent infection or a neuropathie joint. Paralysis of both 
the deltoid or rotator cuff with complété loss of function 
also excludes a shoulder arthroplasty. However, if either 
one of them is functioning, a shoulder arthroplasty is not 
contraindicated. An irréparable rotator cuff is a relative 
contraindication to glenoid replacement. 


PREOPERATIVE PLANNING AND EVALUATION 

A careful clinical évaluation would include a detailed 
history and an assessment of the glenohumeral joint, 
acromioclavicular joint and the subacromial space. An 
assessment of the cuff muscles and the deltoid is 
mandatory. Joint stability should be assessed as unstable 
joints conséquent to bone loss would most certainly 
require grafting. Internai rotation contractures, if présent 
should be noted. 

Injections might help localize the pain. 

Standard roentgenograms including a true anteropos- 
terior view and an axillary view should be obtained. 
These views provide information regarding degenerative 
changes of the glenohumeral joint, humerai head 
élévation, tuberosity position, glenohumeral wear, 
subluxation and osteophyte formation. An axillary view 
may demonstrate posterior glenoid érosion, commonly 
seen in osteoarthritis. 

Preoperative CT scans with 3D reconstructions are 
especially useful in evaluating fracture mal/non unions 
and in determining the need for glenoid bone grafting. 

An MRI is helpful in evaluating the rotator cuff and 
the vascularity of the humerai head. 

SURGICAL PROCEDURE 
Anesthésia 

The patient is intubated. Some surgeons prefer the 
anesthetic machine to be positioned at the foot end of the 
patient. Prophylactic antibiotics (Cefuroxime and 
Amikacin) are given at induction. 

Patient Positioning 

The axilla is prepared pre operatively. 

The patient is positioned supine. A sanbag is placed 
under the scapula. The shoulder is placed over the edge 
of the table such that extension of the arm is possible. 
The head is placed over a ring and a cap over the head 
helps keep the hair away from the surgical site. The head 
is turned to the opposite side and is wrapped with a green 
sheet. 

Some surgeons prefer the beach chair or semi Fowler 
(Figs 16 to 18) position with the hips and knees flexed. 
The standard headrest portion of the table is replaced 
with a neurosurgical support. The involved shoulder 
extends over the top of the table. The head is secured 
with a tape. 

The anesthetist and the machine could be positioned 
at the foot end of the table to create space for the assistant 
and maintain a stérile field. 
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Fig. 16: Semi-Fowler position 



Fig. 17: Shoulder over top of table 



5% Povidone Iodine (Betadine) is used to préparé the 
skin from below the nipples to the ear superiorly, and 
from the midline to scapular area posteriorly (ask the 
assistant to lift the arm whilst he is standing on the 
contralatéral side). The arm is prepared till the elbow. A 
stockinette is used to cover the forearm and elbow. U 
drapes are used to seal off the surgical area superiorly 
and inferiorly. The coracoid and clavicle can be marked 
with a skin marker. Gloves are now changed. An opsite 
seal is applied. 

SURGICAL APPROACH (Figs 19 to 26) 

We use a straight incision extending from the clavicle, 
over the coracoid and deltopectoral groove until the 
antérolatéral proximal humerai shaft. Gilpes retractors 
help separate the subcutaneous fat and define the 
deltopectoral groove along which the cephalic vein 
traverses. 

The cephalic vein is retracted laterally preserving the 
venae comitantes from the deltoid draining into it. The 
deltoid and acromial arteries are now ligated. The 
undersurface of the deltoid is freed from the subacromial 
bursa and rotator cuff. Self-retaining retractors are 
applied. 

A tenotomy of the upper quarter of the pectoralis 
major tendon helps obtaining a good exposure of the head 
and glenoid. This is especially useful in patients with 
internai rotation contractures. 

The anterior circumflex humerai artery is ligated and 
divided at the lower border of the subscapularis. 

The axillary nerve can be located beneath the strap 
muscles, near the inferior margin of the subscapularis. If 
the nerve is not readily felt, the tug test described by 



Fig. 19: Extended deltopectoral approach 
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Fig. 24: Axillary nerve below strap muscles 


Cephalic vein 


Fig. 20: Cephalic vein retracted laterally 


Fig. 21 : Pectoralis major tenotomy 


Anterior 
humerai 
circumflex 
artery 
& vein 


Fig. 22: Ligate ant circumflex humerai vessel 


Axillary nerve 


Fig. 23: Locate axillary nerve 

Flatow and Bigliani can be helpful. This involves placing 
one finger on the undersurface of the coracoid, and then 
with a sweeping motion bringing the finger to the bottom 
of the subscapularis, beneath the strap muscles. Applying 
gentle tension under the anterior aspect of the deltoid 
over the terminal end of the axillary nerve with the other 
hand would produce a tugging sensation over the finger. 
The axillary nerve is retracted away from the dissecting 
field. 

The subacromial space is now inspected by releasing 
the coracoacromial ligament. If necessary an anterior 
acromioplasty is performed and any osteophytes 
removed. The bursa is removed. Care is taken to avoid 
damaging the acromial insertion of the deltoid whilst 
working in this area. 

The upper border of the subscapularis is defined. Stay 
sutures are placed and a vertical incision made through 
the subscapularis and capsule a cm médial to its insertion. 
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Fig. 25: Incision through subscapularis 


operative instability. Current modular prosthetic designs 
help choose appropriate head sizes. 

Rétroversion Angle 

The average rétroversion angle of the humerai head is 21 
to 22° (Neer 1955, Roberts et al 1991). This angle might 
vary between the two shoulders in the same individual. 
The degree of rétroversion can be dialled into the cutting 
jig in most instrumentation Systems. Some surgeons 
prefer a larger rétroversion angle in order to decrease 
the risk of an anterior post operative dislocation. 
However, appropriate soft tissue releases can prevent this 
complication whilst using the normal rétroversion angle 
(Bunker et al, 1999). 


In patients with a preoperative internai rotation 
contracture, a Z- lengthening of this tendon is preferred. 
The subscapularis is reflected medially and the incision 
continued through the inferior capsule where it inserts 
into the humerai neck, keeping clear of the axillary nerve. 
The rotator interval is released. The humerai head is 
dislocated by externally rotating it and simultaneously 
releasing the inferior capsule from the humerai neck. 

Osteophytes are excised to expose the normal humerai 
head. 


Neck Shaft Angle 

The average neck shaft angle is 45° (+/- 5°) with a range 
of 30 to 50°. Most prosthetic designs hâve a neck shaft 
angle of 45° which is incorporated in the cutting jig. 
Inappropriate cuts can be accommodated whilst using 
cemented prostheses by using a smaller stem in valgus/ 
varus. However, uncemeted or press fit designs are 
unforgiving and a gap between the collar and shaft would 
be visible. 


RESTORATION OF JOINT MECHANICS 
The Humerai Head 

Diameter 

The average head size in cadaveric studies (Boilleau and 
Walch, 1992; Ianotti et al, 1992) is 46 to 48 mm. The head 
size canbe templated pre-operatively and confirmed after 
dislocation. Larger heads would stuff the joint leading to 
stiffness. Smaller heads would increase chances of post- 
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Fig. 26: Incision through capsule 


Distance Above Tuberosity 

After insertion, the prosthetic humerai head should 
protrude 8mm above the tip of the greater tuberosity. If 
the distance is less the tuberosity would impinge in 
abduction. If the distance is more the head may damage 
the rotator euff and overstuff the subacromial space 
leading to stiffness. 

In order to maintain the correct distance, it is 
mandatory to eut the humerai head at the correct level. 


Correct eut 

Incorrect eut 


Osteophyte 


Fig. 27: Correct humerai eut at sulcus 
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The eut must exit at the sulcus between the head and 
greater tuberosity which also présents as a synovial 
reflection at the superior articular surface (Fig. 27). 

Médial Offset (Fig. 28) 

The center of the head is médial to the axis of the humerai 
shaft by an average of 7mm. Modem designs do take this 
into account. If the offset is too much, it will decrease the 
distance above the tuberosity. If too less, it would 
overstuff the subacromial space. Williams et al, in a 
biomechanical cadaver study, determined that offset of 
more than 8 mm in any direction significantly decreased 
passive range of motion. 

Neck Length 

The average neck length is 15 mm (12-18 mm). In cases 
with glenoid érosions a larger neck length might partially 
compensate the problem. In cases where the capsule and 
euff are severely contracted, a prosthesis with a smaller 
neck length might be the only possible remedy. 

Harryman and Matsen (1995) hâve demonstrated that 
small changes in neck length can dramatically affect 
shoulder function. A 5 mm increase in neck length forces 
the patient to double the muscle forces across the shoulder 
to achieve the same degree of élévation. Larger neck 
lengths tend to cause a stiff shoulder. 

Joint Line 

Glenoid érosions are common in patients with 
rheumatoid arthritis. Such medialized shoulder s can be 



best compensated with longer neck lengths resulting in 
stiff shoulder s. 

Posterior Offset 

The center of the head lies 3-5 mm behind the center of 
the proximal humerai shaft. If a prosthetic design does 
not hâve this inhérent component, the head might 
impinge the coracoid during élévation. Increasing the 
rétroversion angle of the head, reduces the posterior 
offset. 

THE GLENOID 

Problems with the Glenoid 

Replacing the glenoid to reproduce normal kinematics is 
technically the most demanding aspect of a shoulder 
arthroplasty. In osteoarthritis, posterior rim érosions are 
common thus increasing the rétroversion angle. In 
rheumatoids, superior érosions and medialization of the 
glenoid are more common making, glenoid replacements 
almost impossible. 

The shearing forces at the glenoid start at the inferior 
aspect on initiation of élévation, move to the superior 
aspect at 30° of élévation and return to the center of the 
glenoid at 60° of élévation. Besides, there is also an 
anteroposterior translation of the humerai head on the 
glenoid during flexion (Harryman et al, 1990). These 
movements are known as the "rocking horse effect" and 
are accentuated by rotator euff tears or dysfunctions. 
Besides, rotational torque forces during élévation tend 
to dissociate the glenoid prosthesis from parent bone 
(Bunker et al). 



Figs 28A and B: F-H (Humerai offset); B-C (Humerai head thickness); 
D-E (8 mm) From lannotti et al: JBJS 74A: 491, 1992 
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The above mentioned problems hâve led many 
surgeons to prefer doing hemiarthroplasties in ail cases. 
However, it has been well reported that total shoulder 
replacements (where indicated) tend to do significantly 
better than hemiarthroplasties (Gshwend et al, 1991; 
Norris and Iannoti, 1996). 

Diameter 

The glenoid on an average and is 30 mm deep. Glenoid 
components must replicate the parent glenoid in size. 
Oversized glenoids make cuff repair difficult and increase 
friction wear. Undersized components présent with poor 
fixation problems. 

Surface Shape 

Neer believed in conforming shapes (identical radii of 
curvatures of humerai head and glenoid). Rockwood and 
Matsen believe in mismatched components with shallow 
glenoids. This allows for anteroposterior translation 
during forward élévation. There is not enough evidence 
to prove the superiority of either designs. A mismatched 
humerai head and glenoid results in point loading and 
résultant low friction wear. However, point loading on a 
3 mm ail polythelene glenoid insert might lead to 
unacceptable polythelene wear. 

The shape of the back of most prosthetic designs is 
fiat such that they conform well to host bone. 

Thickness 

Most glenoids are 3 to 4 mm thick. Despite better load 
characteristics, métal backed prosthesis are out of favor 
due to unacceptable thickness. 

Rétroversion and Facing Angle 

These must match with the humerai head. Any posterior 
rim érosions must be corrected with bone grafts. 

The normal glenoid points 5° upwards. However, a 
neutral glenoid is préférable in shoulder replacements. 

BONE PREPARATION 

The head is sectioned keeping the above mentioned 
factors in mind using the appropriate cutting jig. Most 
jigs hâve an intramedullary rod which is also the humerai 
canal reamer. The reamed canal is thoroughly washed 
and a cernent plug positioned. A peroxide dipped ribbon 
gauze is inserted in the canal (Fig. 29). 

Soft tissue balancing and capsular releases are now 
performed. The anterior capsule is released from the 
glenoid down to the 6'o clock position. Anterior 
osteophytes are removed (Fig. 30). The posterior capsule 



Fig. 29: Carefully ream canal 
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is released if tight close to and parallel to the posterior 
glenoid rim. 

An assessment is now made of the degree of glenoid 
erosion-posteriorly, superiorly and centrally (Fig. 31). A 
slot is made in the glenoid to accommodate the keel of 
the prosthesis. One must be careful in avoiding a posterior 
or anterior breach. Any breach must be bone grafted 
(from the humerai head). The suprascapular artery and 
nerve lie in a groove at the back of the glenoid. The trial 
prosthesis is inserted and checked (Fig. 32). 

The bone bed is cleaned with a puise lavage followed 
by cernent pressurization. The definitive glenoid is 
inserted. 

A trial humerai component is inserted with the 
appropriate head size and neck length. The shoulder is 
checked for range of movement, impingement, stability 
and cuff tension. The canal is now lavaged and cernent 
pressurized with a cernent gun and restrictor. The 
definitive stem is inserted. The head is impacted once 
the cernent has set. The prosthesis is now reduced. 

CLOSURE 



Fig. 32: Bone graft the defect 


The coracohumeral ligament (which forms the roof of the 
rotator interval) and the rotator interval are routinely 
released. Occasionally tight cuff muscles necessitate a 
release from the articular and bursal surface. The 
pectoralis major tenotomy is closed with mattress sutures. 
The subscapularis is closed such as to allow 30° of external 
rotation on table (Fig. 33). 




Fig. 33: Secure subscapularis closure 


In cases with a preoperative internai rotation 
contracture, the pectoralis major tenotomy is not repaired 
and a subscapularis lengthening might help. A closed 
suction drain is inserted. The skin is closed with Staples. 
An absorbent dressing is applied. 

The arm is placed in a sling. 

Soft tissue procedures related to a good outcome 
include an adéquate surgical approach, an intact deltoid, 
adéquate capsular releases, repair of the cuff and 
restoration of cuff tension, attention to the subacromial 
and acromioclavicular areas, appropriate reconstruction 
of the pectoralis major and subscapularis and early 
supervised réhabilitation. 
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REHABILITATION 

Surgery is just half the job done. A structured réhabi¬ 
litation régime is impérative to produce the best possible 
results. This requires a compliant and motivated patient. 

Réhabilitation of a patient undergoing a shoulder 
arthroplasty consists of 

a. Pre operative Phase 

b. Protective Phase 

c. Strengthening Phase 

Pre operative phase : The importance of réhabilitation in 
achieving a good resuit is explained to the patient. This 
would require his/her co-operation and a positive 
mindset. 

Patients are taught pendulum exercises, shoulder 
shrugs and range of motion exercises to increase their 
familiarity with these movements post operatively. 

They are explained that they would be discharged 
from hospital after 5 to 6 days. They would need someone 
to help them dress, cook and shop for the first four weeks. 
They would be in a shoulder sling for the first three weeks. 
They would not be allowed to drive until eight weeks 
post surgery. 

Protective phase (first month): The objectives of this phase 
are to prevent shoulder, elbow and wrist stiffness and 
prevent wasting of muscles whilst protecting the 
subscapularis and pectoralis major repair. 

Patients are made to do pendulum exercises whilst 
sitting and leaning forwards. They are then made to 
squeeze objects to restore range of motion and reduce 
swelling in the wrist and small joints of the hand. They 
are then made to stand up and do elbow extensions. 
Lastly, they are put through shoulder shrugs. These 
exercises are gradually built up. 

Patients are not allowed any active internai rotation, 
no passive or active external rotation beyond neutral and 
no élévation above the shoulder level. 

Strengthening phase : The objectives are to regain maximal 
range of motion and strength. 

Phase one exercises are continued. Thereafter, the 
patients use the pulley to regain élévation and a 
theraband for active external rotation. Controlled passive 
stretches are also used to regain external rotation and 
élévation. Using a towel across the back helps in regaining 
internai rotation. Strenghtening exercises of the deltoid, 
infraspinatus, subscapularis and biceps follow. 

COMPLICATIONS 
Peroperative Complications 

Fractures 

Fractures of the humerai shaft are estimated to occur in 
less than 1% of patients. However, they are commoner 


than post-operative peri-prosthetic fractures (Fig. 34). 
Campbell reported that almost half of these fractures 
occur at the middle third of the humérus. Humerai shaft 
fractures are most likely to occur at two steps. Whilst 
reaming the canal, when résistance is met, a torque can 
be generated and a spiral fracture produced. Besides, 
overzealous dislocation and relocation of the trial 
prsothesis might lead to a shaft fracture. 

Fractures of the proximal third can be treated with 
circlage wiring and a long-stem prosthesis. Fractures of 
the middle and distal third might require plate and screw 
fixation. 

Cortical fractures of the glenoid are extremely rare. If 
they do occur, they should be bone grafted to avoid post- 
operative instability. 

Nerve Injury 

This is extremely rare. The axillary nerve might be injured 
especially during révision surgery or during a primary 
arthroplasty in a shoulder that has had multiple previous 
operations. The radial nerve can be injured by an intra¬ 
operative humerai shaft fracture. 

Most nerve injuries are neuropraxias and heal with 
time. Exploration might be needed at 3 months if no signs 
of recovery are seen. 

Component Malpositioning 

If the humerai component is found to be malpositioned 
after cementation, an offset humerai head prosthesis 
might allow correction of version by 5 to 7°. 



Fig. 34: Periprosthetic intraop fracture 
fixed with cablegrip 
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POSTOPERATIVE COMPLICATIONS 
Loosening 

This is the commonest reason for révision surgery. 
Loosening of the glenoid is more common. Studies in the 
past hâve reported 30 to 50% loosening rates (Compito 
et al) of the glenoid at 10 years. Radiolucent lines around 
the glenoid correlate well with pain arising from the 
glenoid. Beaus and co workers found that an average of 
84% of shoulder arthroplasties showed lucent lines 
around the glenoid at 5 years. Long-term studies are 
required with modem prosthetic designs to assess glenoid 
failures. 

A reoperation would be indicated if the glenoid is 
loose and/or the cause of pain. If there is sufficient bone 
stock, the glenoid can be revised. 

Loosening of the humerai component is rare with 
présent day prostheses and cementation techniques. 

Dissociation 

This was reported in glenoids with métal backs. The 
polyethylene liner at times dissociâtes from the métal 
backed glenoid. 

Instability 

Anterior or posterior instability might occur if the 
components are too anteverted or retroverted. Besides, a 
poor subscapularis repair might contribute to anterior 
instability. Posterior glenoid érosions which hâve not 
been grafted might contribute to posterior instability. 
Rotator cuff dysfunction might lead to superior migra¬ 
tion. 

Cuff Tears 

These are more common following arthroplasties for 
fracture dislocations. Non union of carefully reattached 
tuberosities is well known. In fact, this is the commonest 
cause of failure following hemiarthroplasties following 
fracture dislocations. 

Massive cuff tears do not justify conventional shoulder 
replacements. We shall discuss this issue in detail later 
(Reverse Shoulder Prosthesis). 

Stiffness 

Post-operative stiffness usually results from oversizing 
of components, shortening or overtightening of the 
subscapularis, or insufficient réhabilitation. 

Careful attention at component size at time of 
implantation and an aggressive réhabilitation protocol 
would obviate this problem. As a general rule 1cm of 
lengthening of the subscapularis would increase the 
external rotation by 20° 


Infection 

Early : If suspected an aggressive early (within first week) 
debridement followed with a puise lavage should be 
performed. Culture sensitivities taken at the time of 
surgery should décidé the parentéral antibiotics used. A 
regular (weekly) CRP and ESR ould help monitor 
progress. 

Late : A first stage radical debridement is performed. The 
prosthesis and ail cernent is meticulously removed. An 
antibiotic spacer is left in. Culture sensitivities (including 
a PCR for TB) are taken. If the wound is quiescent at 6 
weeks and the CRP and ESR return to normal, a second 
stage reimplantation is done. 

Nerve Injury 

This is rare following a shoulder arthroplasty. The axillary 
or musculocutaneous nerves might be involved. Most of 
these are neuropraxias and recover well. They might 
impede réhabilitation resulting in a poor outcome. 

Deltoid Dysfunction 

Damaging the deltoid during surgery might lead to 
problems with abduction. Careful attention at surgery in 
avoiding peeling off the acromial origin of the deltoid 
whilst dissecting in the rotator cuff area is mandatory 
(Figs 35 to 38). 

REVERSE SHOULDER 
PROSTHESIS (FIGS 35 TO 38) 

The problems associated with shoulder arthroplasties in 
shoulders with irréparable cuff tears (cuff arthropathy) 
hâve been briefly discussed earlier. In the absence of 
functioning cuff muscles, active arm élévation is severely 
compromised. Recognising this problem, attempts were 
made to produce a fixed fulcrum prosthesis whereby the 
deltoid muscle would elevate the arm whilst the 
prosthesis did not elevate. Problems with earlier semi 
constrained and constrained designs lay in a lateralized 
glenohumeral center of rotation resulting in a significant 
moment arm of the deltoid. This, along with limitations 
of prosthetic design, resulted in unacceptably high wear 
and loosening rates. 

Surgeons settled for hemiarthroplasties in such cases 
with a limited goals réhabilitation. 

In 1991, the reverse shoulder prosthesis (a modifica¬ 
tion of an earlier design by Grammont et al, 1987) was 
introduced in France. The glenoid component was a 
hemisphere and the humerai side had a stemmed métal 
backed polythelene cup. Problems with earlier designs 
associated with high shear stresses across the glenoid 
were obviated by a medialized center of glenohumeral 
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Fig. 35: Fixed fulcrum around which shoulder rotâtes 



Fig. 36: Early grammont prostheis 


motion and a semiconstrained design. 

Further modifications over the next decade involved 
changes in the glenoid to achieve better fixation and 
altering the humerai component to accommodate 
modularity. This prosthesis can also be used to good effect 
in révision surgery where glenoid bone loss is a problem. 
The minimum âge of patients in most studies involving 
this prosthesis has been over 60 years. 

Early results of this prosthesis hâve been encouraging. 
Sirveaux et al conducted a multicenter study on 80 
patients with a rotator cuff arthropathy who underwent 



Fig. 37: Inferior articulation is biomechanically preferred 



Fig. 38: Reverse shoulder prosthesis 


a reverse shoulder arthroplasty. At an average follow up 
of 44 months, 96% of patients reported little or no residual 
pain. Active élévation increased from 65 to 138° with a 
6.25% rate of glenoid loosening. However, considérable 
research is needed to résolve important issues such as 
appropriate indications, minimum âge of patients, type 
of approach, size and position of components, appro¬ 
priate deltoid tension, use of adjunct muscle transfers and 
appropriate réhabilitation. 

SURFACE REPLACEMENT 

Similar to hip resurfacing implants, the resurfacing 
humerai head implant is well suited for younger 
osteoarthritic or rheumatoid arthritic patients in need of 
a bone preserving implant. The implant is designed to 
articulate either with a glenoid component or without a 
glenoid (a hemiarthroplasty) (Figs 39 and 40). The 
implant is surface treated either in porous or 
hydroxyapatite coating. Evidence based studies are 
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Fig. 39: Surface replacement 



Fig. 40: Postop surface replacement 


needed to demonstrate long term results. 

SUMMARY 

Shoulder arthroplasty is a technically demanding 
procedure. It requires a proper under standing of the soft 
tissue and géométrie variables that affect joint function. 
Significant advances hâve been made in prosthetic design 
in helping restore joint mechanics. Attention to detail in 
balancing soft tissues and restoring joint geometry is the 
key to functional success. 

Further evidence based studies need to address 
surface replacements and prosthetic designs for rotator 
euff arthropathy. 
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Arthroplasty means reconstruction of réplication of 
damaged articular ends of a joint by autogenous or 
heterogenous materials or its replacement by prosthesis. 
They may be nonprosthetic and prosthetic arthroplasty. 

NONPROSTHETIC ARTHROPLASTY 

Nonprosthetic arthroplasty can be performed in the form 
of Excisional arthroplasty, functional anatomie 
arthroplasty, interposition arthroplasty or Distraction 
arthroplasty. 

Excisional Arthroplasty 

It is performed by resection of the entire joint comprising 
distal humérus and proximal radius and ulna. Indication 
mainly in painful fibrous ankylosis following tubercular 
arthritis. It was not popular because of gross instability 
of the elbow occurred following the procedure. 

Functional Anatomie Arthroplasty (Hass, 1944) 11 

This is a variety of resection arthroplasty where the distal 
humérus is fashioned in the shape of a wedge to provide 
a fulcrum against which the proximal ulna pivots. It is 
performed as a salvage procedure following infective 
arthritis or following failed irretrievable arthroplasty 
procedure and may produce satisfactory functional 
outcome in the long run. 

Interposition Arthroplasty 

It is designed to preserve functional stability as also to 
prevent reankylosis by interposing a substance 
(autogenous or heterogenous) between the bone ends. 
Among the interposing materials, fascia lata is most 
popular. Other materials like skin, fat, muscles and 


periosteum, etc. are in use. The procedure is indicated in 
younger patients presented with loss of articular surface 
or malunion needing refashioning of articular surface or 
painful post-traumatic arthritis in the absence of sepsis 
or in cases of untreated elbow dislocations. But the 
procedure is contraindicated in the presence of overt 
sepsis, before completion of growth, ankylosis in 
nonfunctional position, osteoporosis, and marked loss of 
bone around the joint. Moreover, this procedure is not 
suitable for patients performing strenuous physical 
labour. 

This procedure provides satisfactory relief of pain and 
recovery of elbow motions especially in younger patients 
with overall improvement of elbow function in 56% to 
75% cases, though their good results deteriorate with time 
(Henderson 1925, 12 Campbell 1939, 7 Knight and 
Vanzandt 1952 14 ). On the hand, in post-traumatic 
arthritis, this procedure produced 60 to 70% 
unsatisfactory results (Silva 1958 21 and Dee 1969 8 ). The 
complications of this procedure are bone résorption, 
hétérotopie bone formation, triceps rupture, subluxations 
(médial or latéral) with concomitant instability, infection, 
seroma formation in facial graft of donor site. Long term 
failure of this procedure results from pain, reankylosis 
or instability. 

Therefore, this procedure has got limited rôle because 
it is technically demanding with production of 
upredictable results and higher rate of complications than 
those associated with semiconstrained total elbow 
replacement (Morrey, 1990) 17 among the cases having 
similar pathology. 

DISTRACTION INTERPOSITION ARTHROPLASTY 

The interposition arthroplasty may be performed with 
application of distraction apparatus 19 following the 
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release of contracture (Mayo or Oganesian device), 
especially for prévention of reankylosis. But, several 
complications of this procedure are reported, like 
infection (deep and pinsite), wound slough, neurological 
complications (ulnar, radial or médian), motion loss, 
triceps rupture, neurotrophic joint. Like the interposition 
arthroplasty, whatever, the results obtained that 
deteriorate with time. 

Prosthetic Elbow Arthroplasty 

Prosthetic arthroplasty of elbow may be hemiarthroplasty 
or total elbow arthroplasty. 

Hemiarthroplasty 

Because of unpredictable results of anatomie, excision, 
and interposition arthroplasties, attempts were made to 
replace the distal humérus or proximal ulna using 
endoprosthesis (Venable, Barr and Easton). But the results 
of those hemi-arthroplasties were not satisfactory, 
therefore, are not used nowadays. 

Total Elbow Arthroplasty 

The modem design of total elbow replacement basically 
are of two varieties, the coupled or uncoupled designs. 
The coupled designs are sub-classified into constrained 
and semiconstrained/sloppy hinge varieties. Uncoupled 
design is unconstrained resurfacing implant. 

The Constrained Linked Prosthesis 

(Dee, McKee, Shiers. Stanmore, Baksi, 1978 1 ) 

Structurally, they are métal on métal or HDPE having no 
laxity at the joint level. They are indicated in salvage 
situations, especially in cases of extensive bone loss 
around the elbow. But they are outdated due to increase 
incidence of early loosening due to stress over prosthesis 
transmits directly to bone cernent prosthesis interfaces 
and also due to higher incidence of breakage of prosthetic 
stem. 

The Unconstrained Resurfacing Prosthesis 

(Ewald, Souter, Kudo, Wadsworth, Lowe-Miller, etc.) 

They are designed for anatomical duplication of articular 
surfaces. Structurally, they hâve two parts, métal 
articulate with HDPE, mostly stemless and some with 
stem. It has no snap fit, link or pin connection. They are 
indicated in rheumatoid arthritis (Type III) where 
articular cartilage is destroyed but ligaments remain 
intact and also in cases of early painful Sosteoarthrosis 
of elbow joint. However, they are contraindicated in 


ankylosed joint as well as in unstable joint with loss of 
bone ends. In practice, they produce several 
complications like subluxations or dislocations of inter- 
prosthetic joint, malalignment, insecurity, loosening of 
prosthetic stem and triceps rupture. 

Semiconstrained/Sloppy Hinge Prosthesis 

(Pritchard - Walker, GSB III, prosthesis, Triaxial, 
coonrad - Morrey, Baksi Sloppy Hinge 1984 2 , etc.) 

They are basically two or three parts prosthesis; either 
métal on HDPE or métal on métal articulation connected 
with locking pin commonly: snap fitting rarely. There 
are inbuilt varus - valgus laxity at the hinge section which 
allows dissipation of forces over the prosthesis to the 
surrounding soft tissues- so less strain occurs at bone- 
cement prosthesis interfaces. They are indicated for broad 
spectrum of elbow pathology like rheumatoid arthritis 
(Type III and IV), post-traumatic arthritis, unstable elbow 
and révision surgery. Among the complications, they 
produce infection rate average 2%, late loosening and 
révision rate average 5%. 

BAKSI’S SLOPPY HINGE PROSTHESIS 

Baksi's sloppy hinge design (Fig. 1) hâve 7 - 10° varus- 
valgus laxity with limited rotation at the hinge section 
like other semiconstrained design but is a métal linked 



Fig. 1: Baksi’s sloppy hinge 
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prosthesis having smaller mobile segment than its fixed 
longer hinge component. There is potential gap between 
its motion bearing surfaces resulting in partial articular 
contact during elbow motions and hence minimal métal 
dust libération. On the other hands, hinge section of other 
semiconstrained prosthesis composed of métal on HDPE 
which has got total contact of motion bearing surfaces 
produce more acrylic dust libération. Morever, the varus 
- valgus laxity at the hinge section of sloppy hinge 
prosthesis like other semiconstrained design allows the 
forces across the prosthesis to dissipate primarily to the 
surrounding soft tissues, this protecting the bone-cement 
interfaces (Baksi, 1984 2 , 1989 3 ). 

This prosthesis is indicated in different functional 
disabilities of elbows like bilateral elbow ankylosis (bony 
or fibrous) in poor functional position, other significant 
painful conditions and instability of elbow and failed 
elbow arthroplasty of any type. Moreover, sloppy hinge 
elbow arthroplasty can be used for different pathological 
conditions like rheumatoid arthritis (Stage III and IV), 
post-traumatic ankylosis or arthrosis with persistent 
subluxation or dislocation, gross degenerative arthrosis, 
significant loss of bone stock following trauma, tumor 
and infection. 

On the other hand, sloppy hinge elbow arthrosplasty 
is contraindicated in the presence of active infection 
around the elbow old open injuries less than 3 years 
duration, high functional demand of elbow among 
labourers, patients having functional range of elbow 
motions, and in neurotrophic joint. 

SURGICAL TECHNIQUE OR BAKSI’S SLOPPY 
HINGE ELBOW ARTHROPLASTY 

The operation is performed under general anaesthesia 
with the patient supine and a tourniquet applied over 



Fig. 2: Posteromedial incision with 
subfacial dissection 


upper arm. A posteromedial incision is made followed 
by subfascial dissection, first medially, then laterally. 

Through médial dissection, the ulnar nerve is isolated 
and mobilized with flexor carpi ulnaris (Fig. 2) erased 
from the proximal ulna. The médial épicondyle, coronoid, 
olecranon process and lower end of humérus are exposed 
by subperiosteal dissection and detachment of the soft 
issues. Further dissection exposes the posterior surface 
of the lower triceps, the latéral épicondyle and the 
supracondylar ridge. Initially, the head of the radius is 
excised at the level of the annular ligament, and then the 
distal humérus is sectioned transversely just proximal to 
the olecranon fossa. A subarticular 'L' shaped bone 
resection at the upper end of the ulna préserves the 
insertion of triceps and brachialis (Fig. 3). The ankylosed 
bony mass is then removed (Fig. 4). The vertical height 
of the prosthetic hinge portion is compared with the gap 


Fig. 3 



Fig. 4 

Figs 3 and 4: Shaped bone resection to preserve insertion 
of triceps and brachialis 
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Fig. 5: Ulnar intramedullary reaming 


between the eut ends of the humérus and ulna in both 
extension and full flexion. In patients with marked 
contractures of the elbow flexors and extensors, it may 
be necessary to resect more bone from the lower humérus 
to accommodate the hinge of the prosthesis. 

Reaming of medullary canal of ulna is done with the 
help of harpoon shaped reamer and quadrangular ulnar 
rasp (Fig. 5). Reaming of humerai medullary canal is done 
with the help of triangular humerai rasp. Size of the 
prosthesis is determined from snugly fitting size of it's 
stems in the medullary canal of humérus and ulna. In 
post-traumatic flail elbow with loss of olecranon and 
détachement of triceps insertion, the latter is reattached 
to the proximal ulna and adjacent soft tissues by vicryl 
or stainless Steel wire suture placed through the 
transverse drill hole, made in the upper end of ulna after 
reaming its medullary canal prior to cementing the ulnar 
stem. The ulnar stem followed by humerai stem of the 
prosthesis are fixed with bone cernent (Fig. 6). Final 
fixation of the prosthetic stems is done by hammering 
and manual pressurization with the help of spécial elbow 
impactor. 

The hinge components of humerai and ulnar stem are 
assembled with the help of main hinge screw introduced 
fully from the latéral side of the prosthesis. After full 
introduction of main hinge screw, when the longitudinal 
grooves on the main screw head and the outer face of the 
humerai hinge sheath coincides, then the hole of the lock 
screw on ulnar component as well as the hole on the main 
hinge screw align together. The alignment of lock screw 
holes is further confirmed by the lock screw hole probe 
as well as by matching the longitudinal groove over the 
médial face of the hinge (Fig. 7). Then the lock screwing 




Fig. 7: Alignment of lock screw holes 


is completed keeping the elbow 90° flexed to allow the 
elbow flexors to be relaxed to pull them laterally to 
provide the space for lock screw introduction. 

Before would closure, full flexion and extension of 
elbow is tested. Any block in extension due to projecting 
tip of olecranon process is trimmed off. Tourniquet is 
deflated at this stage and hemostasis secured. Suction 
drain is placed around the prosthesis hinge and brought 
out médial to ulnar nerve. Muscles are stiched in both 
latéral and médial sides of the wound closed in layers. 
Well padded compression bandage is applied around the 
elbow. POP cast is applied in extended position of the 
elbow. 
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Postoperative Care 

Suction drain is removed after 48 to 72 hours. Dressing 
changed on 5th postoperative day while POP cast is 
removed and the elbow is retained in adjustable splint in 
maximum flexion and extension alternatively for six 
hours. Passive movements of the elbow and forearm are 
encouraged out of splint intermittently if there is no 
wound edema, otherwise it may be delayed till sutures 
are removed in two weeks. Thereafter, the active and 
passive movements of elbow and forearm are encouraged 
out of splints. When some muscle power has recovered 
(in 3 to 5 weeks time) the splint is discontinued. Heavy 
weight lifting or physically strenuous work with the 
replaced elbow must be avoided. 

RESULTS OF PROSTHETIC 
ARTHROPLASTY OF ELBOW 

Results of elbow arthroplasty in post-traumatic ankylosis or 
instability (Baksi, 1998 5 , 2000 6 ). The sloppy hinge 
arthroplasty provided satisfactory relief of pain in 83.6% 
cases in average 11.5 years follow up among post- 
traumatic ankylosed and unstable elbows. 

Sloppy hinge arthroplasty provided improvement of 
average 89.5° arc of elbow motions and 46° arc of forearms 
motions in the same sériés with 89.5% cases had recovery 
of stable elbow function and 87% survival rate in average 
11.5 years follow up (Baksi, 1995 4 , 1998 5 , 2001 6 ). Non- 
survival or failures were due to removal of prosthesis is 
4.9% cases following intractable deep infection or brokem 
prosthetic stem or significant (>3 mm) aseptie loosening 
in 8.1% cases. In post-traumatic sériés, other 



semiconstrained design like Coonrad-Mayo prosthetic 
replacement provided significant relief of pain in 76% 
cases in average six years follow up (Schneeberg et al 
1997) 20 . Clinical results of post-traumatic bony ankylosis 
of elbow replaced by Baksi sloppy hinge prosthesis is 
shown (Figs 8A to C). 

Results of Elbow Arthroplasty 
in Rheumatoid Arthritis 

The unconstrained prosthetic arthroplasty among the stage 
III rheumatoid elbow provided significant relief of pain 



Figs 8A to C: Case of post-traumatic bone ankylosis treated with Baksi sloppy hinge prosthesis 
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in 90% cases in average 13.5 years follow up (Kudo et al, 
1994) 15 and 92% cases in average 12 years follow up 
(Souter, 1989) 22 . Elbow motions improved average 8° 
(Souter, 1989) 22 to average 25° (Kudo et al, 1994) 15 , 
whereas the forearm motions improved average 8° 
(Souter, 1989) 22 to average 37° (Kudo et al, 1994) 15 . Overall 
satisfactory results obtained in 78% cases during average 
9.5 years follow up (Kudo and Kunio, 1990) 16 . Among 
the complications, posterior subluxations or dislocations 
occurred in 7% (Ewald and Jacobs, 1984) 9 to 14% (Kudo 
and Kunio, 1990) 16 cases with overall survival rate 80% 
due to asymptomatic yet, significant radiological 
loosening and 87% due to révision in average 12 years 
follow up (Souter, 1989). 22 

The semiconstrained prosthetic arthroplasty in ail stages (III 
and IV) of rheumatoid elbow provided relief of pain in 
90% cases in average 5 years follow up (Morrey and 
Adams, 1992) 18 to 95% cases in average 12.5 years 
duration (Gill and Morrey, 1998) 10 and the arc of elbow 
motions improved average 12° and that of forearm 
motions average 22° (Gill and Morrey, 1998) 10 . Overall, 
stable elbow function recovered in 86% cases with 
survival rate 92.4% in average 10 years duration (Gill and 
Morrey 1998) 10 . In advanced rheumatoid arthritis, sloppy 
hinge arthroplasty (Baksi, 1995) 4 provided pain relief in 
94.5% cases with improvement of elbow motion average 
25° and forearm motions average 22.5° with recovery of 
stable elbow function in 94.5% of 18 cases in average 11.5 
years follow up. 

Complications of Baksi’s Sloppy 
Hinge Elbow Replacement 

Among the early complications, peroperative fracture 
olecranon process occurred in 1.7%, peroperative stem 
pénétration of cortex in 1.1% postoperatively, ulnar nerve 
paresis in 5% and palsy in 1.7% and early wound infection 
in 5.1% cases. 

Among the late complications, aseptie loosening of 
prosthesis occurred commonly around the humerai stem, 
rarely ulnar. Asymptomatic radiolucent line upto 2 mm 
at bone cernent interface developed in 17.6% cases of 
anky;psed elbows and 24.8% in unstable elbows. 
Significant radiolucency (>3 mm) developed 4.9% of 
ankylosed elbows and 8.3% of unstable elbows. Other 
late complications include late infection in 1.7% cases at 
19 years follow up, ectopic bone formation mainly on 
posterior aspect of elbow, 10 - 30° (average 25°) fixed 
flexion deformity at elbow in majority, breakage of 
humerai stem of prosthesis (1.7%) and ulnar one (0.6%), 
métal wear débris or particulate effect as evidenced by 
bony érosion close to shank of prosthesis in 10.3% cases. 

Despite loosening, many elbows retained satisfactory 
elbow movements with the arm by the side of the body 


or in abduction. Subsidence of the prosthetic stems in 
the presence of loosening allowed further approximation 
of bone ends for their enchorage by periprosthetic fibrous 
tissue occurred following minimal métal dust libération 
ensuring stability. When prosthetic needed removal; good 
stability in sagittal plane and fair in coronal plane with 
arm in abduction was noted due to anchorage of bone 
ends by mature periprosthetic fibrous tissue and 
reorientation of muscle balance (Baksi, 1998) 5 , The bone 
ends remained stable upto 11 years, with adéquate 
function and little of the détérioration seen late after fascia 
lata or other interposition arthroplasties (Knight and Van 
Zandt, 1952 14 , Kita 1977 13 , Wright et al, 1993 13 ). 

CONCLUSION 

Sloppy hinge elbow replacement like other semi¬ 
constrained designs appears to be a viable proposition 
for post-traumatic ankylosis and instability and also in 
broad spectrum of elbow pathology even in younger 
individuals provided they are willing to accept 
permanent restriction of strenuous activities. Whereas 
unconstrained prosthetic arthroplasty is recommended 
only for type III rheumatoid and painful early 
osteoarthrosis of elbow. 
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Common causes of pain around the ankle is due to— 

1. Osteoarthritis 

2. Rheumatoid arthritis 

3. Post-traumatic arthrofibrosis 

4. Arthritis due to previous ankle surgery. 

Ankle fusion gives satisfactory short and medium 
term results however in longer term it leads into subtalar 
and midtarsal osteoarthritis (OA) which is difficult to 
treat. 

Ankle replacement is considered because implant 
designs hâve been improved, surgical technique has 
become simpler and causes of implant failure are 
properly understood. 

Considérations for ankle replacement are: 

1. The mobile bearing joint 

2. Préservation of anterior tibial cortex 

3. The sides of the tibial component 

4. Curvature in the coronal plane of the talar 
component. 1 ' 4 

Mobile bearing: Congruent ankle design consisting only 
two pièces, tibial and talar components, should no longer 
be employed. Use of mobile bearing is bénéficiai since it 
converts shear and torque into translation movement of 
meniscal component. 

Préservation of Anterior Tibial Cortex 

Ankle replacement requires a window in the anterior 
tibial cortex.Insertion through this window will weaken 
the bone at this level. The région increasingly is stressed 
with weight bearing. 


Side of Tibial Component (Fig. 1) 

Ankle replacement must ensure maximum joint 
containment. However, the latéral and médial joint space 
must not be involved in stabilization of joint. If this 
requirement is not taken into account, transverse stability 
will be provided by médial and latéral malleoli which 
will be stressed by direct abutment on médial and latéral 
aspect of calcaneus. 

Curvature in Coronal Plane of Talar Component 

Biomechanical study shows atleast two distinct axes- one 
for plantar flexion and one for dorsiflexion. The curvature 
of coronal plane of talar component allow varus and 
valgus movement which occurs without loss of joint 
congruence. 



Fig. 1 : The side of tibial component 
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Fig. 2: Surgical incision 



Fig. 3: Component trial 


Surgical Technique (Fig. 2) 

Patient Position: The patient supine with a pad under 
ipsilateral buttock to prevent externat rotation. A 
tourniquet is applied and inflated. Commonly a 
longitudinal anteriorcentral 10 cm long incision 
employed. After fascia is incised dissection is carried out 
between tendon tibialis anterior medially, extensor 
digitorum longus tendon laterally, the neurovascular 
bundle is reflected and protected. A complété 
capsulotomy is performed. Anterior osteophytes are 
chiselled out to provide complété view of the joint. The 
tibial cutting guide is placed in the anterior tibial cortex. 
The width of tibial eut must be such as to extend from 
base of médial malleolus to the anterior tubercle laterally. 
Talar eut is made with oscillating saw. It must be 
horizontal and completely divided the bone in sagittal 
direction. Anterior, médial, latéral and midline 
debridement is very important. A periosteal elevator 
must fit comfortably into talomalleolar joint space and it 
must be possible to make joint line gap with axial traction. 

The trial mobile bearing inserted. The size bearing 
must be same width with the tibial component. Ankle 
joint must hâve good range of movement, plantar flexion 
40 to 60° and dorsiflexion must be atleast 10 to 20° 
(Fig. 3). 

If the dorsiflexion is insufficient or if there is equinus 
deformity, following action will needed— 

1. Do not insert thinner mobile bearing since doing so 
would cause instability and pain. 

2. Lengthen the achilles tendon to preserve the correct 
ligament tension and give satisfactory range of 
movement. 

Insertion of final implant component: The component may 
be cemented if the quality of the patient bone stock is 


less than optimal or simply press fitted. Whether to or 
not to cernent will be decided on case by case. 

Réhabilitation 

lst month: Graduai return to full weight bearing (toe 
walking aid followed by one walking aid). Gentle active 
and passive flexion and extension exercises. 

2nd month: Graduai weight bearing is started and full 
weight bearing at the end of 2nd month. 

3rd month: Flexible ankle brace continue to wear, 
proprioceptive exercise and varus valgus movement. 

Complications 

Intraoperative complication: 

1. Fracture of weakened médial malleolus which may 
occurr during insertion and excessively wide mobile 
bearing 

2. Varus valgus malposition 

3. Insufficient dorsiflexion 

4. Bleeding may occur 

5. Blood clôt may form 

6. Nerve damage may occur 

7. Blood vessel may be damaged. 

Postoperative complication: 

1. Loosening of artificial joint over time 

2. Ankle weakness, stiffness, instability 

3. Dislocation of the artificial joint 

4. Allergie reaction to implant 

5. Painful ankle 

6. Infection. 
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Causes of Failure Related to Surgery 

Causes of submalleolar impingement are: 1. Calcaneus 
fracture and 2. Malleolar osteoarthritis. 

The short achilles tendon syndrome: If the dorsiflexion 
déficient or an equinus deformity allowed to persist, 
walking and weight bearing will cause major compressive 
forces to act on the anterior part of the implant. The defect 
is caused by contraction of powerful tendoacheles. This 
resuit in anterior osteolysis, progressive backward tilting 
of the implant eventually loosening. Treatment of this 
syndrome is achelles tendon lengthening. Preferably this 
lengthening should be performed as a préventive major 
whenever 20° of dorsiflexion cannot obtained at 
arthroplasty. 6 

Fusion after Failed Joint Replacement 

Since fusion by direct apposition of tibial and talar bone 
surface is dangerous and very often not feasible, the 


tricortical iliac crest graft should be used between two 
plain surface. As a rule two such grafts should be 
inserted. 5 
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Glenohumeral arthrodesis remains a valuable method of 
shoulder reconstruction for spécifie indications. The 
advent of total shoulder arthroplasty and refinement of 
other reconstructive procedures hâve narrowed the 
indications for shoulder arthrodesis (Neer, 1982). 19 

INDICATIONS 

Paralysis 

Flail shoulder with good elbow and hand function is an 
indication for shoulder arthrodesis. Patients with anterior 
poliomyelitis, severe proximal root and upper trunk 
brachial plexus lésions, and some patients with axillary 
nerve paralysis are candidates for shoulder arthrodesis 

(Fig-1). 



Fig. 1: A 44-year-old male with axillary nerve injury with 
supraspinatous tear post-traumatic left shoulder dislocation. A 
primary nerve repair was attempted but was unsuccessful due 
to an attritioned distal end of the nerve which could not be 
harvested. A shoulder fusion was performed using plate and 
screws 


Infection 

Tubercular arthritis is a common indication for shoulder 
arthrodesis. It is also recommended for a painful shoulder 
joint folio wing sep tic arthritis. 

Reconstruction Following Tumor Resection 7 

Shoulder arthrodesis is the procedure of choice in 
reconstructing the shoulder following wide resection of 
periarticular malignancies. The rotator euff and/or 
deltoid are often sacrificed with en bloc resection of 
periarticular malignant tumors. The reconstruction of 
shoulder with an arthroplasty is inadvisable due to high 
risk of instability with an unconstrained prosthesis and 
certain loosening with a constrained prosthesis. 

Failed Total Shoulder Arthroplasty 

Patients often hâve severe loss of humerai and glenoid 
bone stock. The choice of surgery lies between a repeat 
arthroplasty and arthrodesis. The decision regarding 
arthrodesis must be considered when the reconstructive 
surgeon feels that further total shoulder arthroplasty is 
not possible. 

Shoulder Instability 

Shoulder instability is a rare indication for arthrodesis. If 
every surgical therapeutic altenative has been exhausted, 
and the shoulder remains symptomatically unstable, and 
the patient does not wish to wear a thoracobrachial 
support, arthrodesis is indicated to restore shoulder 
stability. 

Rotator Cuff Tear 

Rotator cuff tear is a very rare indication. 2 Severe shoulder 
dysfunction can resuit from massive rotator cuff tears. 
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Majority of them can be managed by coracoacromial 
décompression and repair of rotator cuff. Long-standing 
cases can be treated by shoulder arthroplasty with cuff 
reconstruction. Shoulder arthrodesis can be kept in mind 
as a possible alternative form of reconstruction in such 
cases. 

Malunion 

Glenohumeral arthrodesis is rarely indicated for post- 
traumatic deformity. 

Osteoarthrosis 

If a patient develops osteoarthrosis at a relatively young 
âge, then shoulder arthrodesis may be considered. 

Rheumatoid Arthritis 

Rheumatoid arthritis is a rare indication. 

Contraindications 

• Shoulder arthrodesis should not be performed if an 
alternative method of shoulder reconstruction is 
available 

• Progressive neurological disorders 

• Active infection (Neer) 

• Paralysis of both trapezius and serratus anterior 
muscle 

• Contralatéral fusion 

• When elbow and wrist functions are poor 

• Osteonecrosis, when other better solutions are 
available. 

Timing of Procedure 

Shoulder fusion can be performed successfully in children 
who hâve reached the âge of 10 years. Joint fusion is best 
done between 12 to 15 years, because enough cancellous 
bone is présent in humerai head, and operation will not 
interfère with the growth of the arm. Makin 15 (1977) 
reported excellent fusion in seven children aged 5 to 9 
years for flail shoulder, and little humerai length was lost. 
Ail shoulders were fused in 80 to 90° of abduction with 
the expectation that some abduction would be lost with 
growth, but this did not occur and abduction was 
excessive. 

Early fusion should be discouraged because of 
possible epiphyseal injury and growth disturbance after 
fusion, the tendency and uncertainty for change of the 
angle at fusion site with growth, and chance of fusion 
failure. 


OPTIMUM POSITION 

There is a great controversy in the literature (Table 1) 
regarding optimum position of fusion. Final position of 
shoulder fusion 20 must: 

i. Permit the hand to reach the face, head and midline 
of body in front and behind, 

ii. Permit lifting, pulling and pushing, 

iii. Allow comfort of the extremity with the arm at the 
side, and 

iv. Permit scapula to lie fiat against the chest wall. 

According to Neer, 19 fusion in a best possible position 

allows the hand to reach from just below hip pocket to 
the eyebrow. The rotation is the most critical position to 
consider in fusion. With more external rotation, the hand 
may reach to top of the head but cannot reach the opposite 
axilla to clean it and also cannot reach belt, buckle and 
zipper in front of the pant. If fusion is in more internai 
rotation, the hand can reach anal région but has difficulty 
in reaching the mouth. Position in excessive forward 
flexion causes winging of the scapula and extra fatigue 
of scapular muscles. A fusion in too much abduction 
causes inability to lower the arm to side of body during 
ambulation and in recumbency. 

American Orthopédie Association established a 
committee Barr et al 1 (1942) to détermine the optimum 
position of shoulder arthrodesis. It recommended to fuse 
the shoulder in 70 to 90° of abduction of arm from the 
side of body (45 to 50° measured from vertébral border 
of scapula), 15 to 25° forward flexion from the plane of 
scapula, and 25 to 30° internai rotation. This report caused 
a great deal of controversy in the literature following its 
publication, partly because of method of measurement 
of abduction. Some authors recommended the angle 
formed by vertébral border of scapula and axis of 
humérus in order to détermine abduction, while others 
suggested the angle between arm and side of body 
(clinical abduction). Various positions recommended by 
different authors are summarized in Table 1. 

Authors prefer 20° of abduction, 40° of flexion and 
40° of internai rotation at shoulder so that one can walk 
comfortably without winging of scapula, and hand can 
reach up to mouth and in the pocket (Fig. 2). 

PREREQUISITE 

Before shoulder arthrodesis is undertaken, it is important 
that the patient has a stable scapula to control upper 
extremity movements. Normal glenohumeral fulcrum is 
transferred to scapulothoracic région, thus, muscles 
namely trapezius, serratus anterior that insert into 
scapula must be strong. A good range of scapulothoracic 
motion must be demonstrated preoperatively. 
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Fig. 2: Position of arm for arthrodesis of shoulder (clinical 
measurement) 20° abduction, 40° forward flexion, and 40° 
internai rotation 


TECHNIQUES 

Extra-articular Procedures 

Extraarticular arthrodesis is primarily a historical 
procedure used in pre-antibiotic era to treat tuberculous 
arthritis. This was used to avoid entering the tuberculous 
joint and to obliterate motion to joint without activating 
and spreading infection. Several methods of extra¬ 
articular arthrodesis are described popular being 
Birttain's technique. 

Putti's technique 21 (1933): The spine of scapula and 
acromion are exposed subperiosteally. The spine of 
scapula is detached and the acromion is split. An 
osteoperiosteal flap of 2.5 cm x 2.5 cm is raised from 
greater tuberosity of the upper end of humérus, and the 
spine of scapula is drive down into humérus with the 
arm abducted. The spica cast immobilization is a must 
foliowing this procedure. 

Watson-Jones techniques 27 (1933): A straight incision is used 
over the point of shoulder, centering over the tip of 
acromion, extending upward midway between clavicle 
and spine of scapula and downward upto 12 cm. Expose 
acromion, clavicle and greater tuberosity. The acromion 
and latéral part of clavicle are angled downward and 
implanted in a broad bone flap 2.5 cm wide and 2.5 cm 


TABLE 1 : Recommended positions for shoulder 
arthrodesis 


Reference 

Abduction 

Eflexion 

Internai 

External 

Rotation 



Rotation 


(year) 

(Degree) 

(Degree) 

(Degree) 

(Degree) 

Gillll (1931) 

45 

- 

- 

- 

Brett 4 (1933) 

70 

20 

- 

- 

Barr et al 1 (1942) 

70-90 

15-25 

25-30 

- 

May 16 (1962) 

65 

60 

- 

40 

Charnley, 

45 (Clinical 




Houston 6 (1964) 

position) 
15-20 (arm 

45 

45 

— 


from side 
of body) 

25-30 

40-50 

_ 

Rowe 26 (1974) 


20 

25 

- 

Beltran et al 1 

50 

30 

30 

- 

(1975) 

Richards et al 22 

30 





(1985) 


long on latéral surface near greater tuberosity. The arm 
is abducted and spica cast is applied for four months. 

Neither Watson-Jones nor Putti's technique is truly 
extra-articular, since shoulder joint was usually entered 
in creating the split in proximal humérus. 

Brittan's technique 5 (1952): This is a true extra-articular 
technique using a large tibial graft shaped like an arrow. 
The pointed end of which is inserted into the humérus 
and opposite notched end into axillary border of scapula. 
The graft was stabilized by its shape, and compression 
force exerted by adduction tendency of arm. 

Intra-articular Procedure 

The intra-articular fusion alone without supplémentation 
by screw fixation and cancellous bone grafting is usually 
inadéquate (Fig. 3). 10 

Combined Intra- and Extra-articular Procedure 

The combined intra-articular and extra-articular 
procedures appear to give the best results. 

Gill's Technique 11 (1931): The capsule is opened and intra- 
articular portion of long head of biceps tendon is resected, 
and its lower end is tenodesed into bicipital groove. The 
superior and inferior surfaces of acromion are denuded. 
The articular cartilage of the glenoid is removed along 
with underlying paper thin glenoid cortex. Similarly, 
cartilage and subchondral bones are removed from 
médial and anterior parts of humerai head so that 
cancellous bone will corne in contact with the glenoid. A 
wedge of bone is removed from the outer and anterior 
portion of the utérus, creating a cleft beneath the raw 
acromion. When patient's arm is abducted to desired 
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Fig. 3: Intra-articular shoulder arthrodesis by two screws and 
cancellous bone graft 

degree, the acromion fits into the cleft to a depth of 1.3 
cm. The remaining capsule is sutured to the perosteum 
left over superior aspect of acromion. The extremity is 
placed in the spica cast. This method can be modified 
using internai fixation with two long cancellous screws. 

Brett's technique 4 (1933): A tibial cortical graft large enough 
to fit snugly is passed through a 2 cm hole just below the 
greater tuberosity and then through glenoid into the spine 
of scapula after denuding humerai head and glenoid 
fossa. Acromion is denuded of and greensticked so that 
a broad raw bone surface can be fixed to humerai head. 
Capsule is sutured down on the humérus. 

May's technique 16 (1962): Distal clavicle, acromion and 
scapular spine are exposed. The acromion is denuded to 
bleeding raw bone. The glenoid cartilage is removed. A 
partial osteotomy of acromion is performed through its 
base, and the clavicle is divided at the junction of middle 
and latéral third. The distal end of each bone is angled 
downward to contact denuded humerai head. Arm is 
held in desired position, and a large screw is placed 
through head into glenoid and spine of scapula. The 
angled acromion and clavicle are fitted into a groove in 
humerai head and if necessary multiple bone chips from 
ilium may be used. Capsule is sutured and limb is kept 
in spica cast. 

Moseley's technique 17 (1961): He divided rotator cuff 
insertion and excised intra-articular portion of biceps 
tendon to suture the tendon into bicipital groove. He 
denuded inferior surface of acromion as well as articular 
cartilage of humerai head and glenoid fossa. Humerai 
head was elevated to oppose under surface of acromion 
and maintained the position with internai fixation. 


Davis and CotterelVs technique (1962): Fusion is performed 
with the patient sitting upright. The glenohumeral joint 
is temporarily fixed preoperatively with small 
Steinmann's pins, and optimum position for function is 
established. 13 Shoulder spica is applied preoperatively. 
The operation is performed through a window made in 
spica cast. The rigid internai fixation is achieved with 
screws, an intra-articular muscle pedicle cancellous bone 
graft fashioned from acromion is placed as a bridge across 
the denuded superior joint surface. 

Beltran et al technique 3 (1975): Shoulder arthrodesis was 
performed through anterior approach. They 
osteotomized the coracoid process and created a tunnel 
Crossing the humérus and entering glenoid cavity. A 
screw and fibular graft from proximal humérus into 
infraglenoid area were used for internai fixation. 

Makin's technique 15 (1977): This method of shoulder 
arthrodesis préserves the growth potential of proximal 
humerai epiphysis in children. He fused the shoulder in 
80 to 90° of abduction fixing the humérus to glenoid with 
Steinmann's pins, inserted first into humérus in a 
proximodistal direction and then driven in reverse 
direction into the glenoid. 

Compression Method 

Charnley and Houston's technique 6 (1964): This is 
compression arthrodesis of the shoulder. The first 
Steinmann's pin was inserted posterosuperiorly into the 
base of acromion and then in the main mass of scapula 
just proximal to the glenoid. The second pin was inserted 
posterolaterally in relation to shaft of humérus and 
perpendicular to the axis of humérus. A compression 
apparatus was applied to the two pins and plaster spica 
cast applied, for an average of 5.3 weeks. 

Richard's halfframe compression 23,24 (1991): One set of pin 
is placed through clavicle and acromion, and second set 
of pins inserted in separate plane into the spine of scapula 
and neck of glenoid. Two half frames are then constructed 
in order to stabilize the shoulder. The half f rames can be 
cross-connected to increase stability. This technique is 
désirable if there is an open infected wound draining from 
shoulder joint. This method allows dressing change as 
well as care of soft tissues. External fixation has limited 
value at présent with successful use of internai fixation. 

AO Technique (Fig. 4) 

The AO/SIF 14 group advocated use of two plates for 
internai fixation. The first plate was applied along spine 
of scapula and then bent down over humérus 
maintaining a position of 70° abduction between vertébral 
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border of scapula and humérus. Muller et al 18 anchored 
this plate to the scapula with a long screw placed down 
through the plate, the acromion and into neck of glenoid. 
Fixation could be improved by insertion of two long 
screws inserted through the plate, humerai head into the 
glenoid cavity. If necessary a second plate is applied 
posteriorly to improve internai fixation (Fig. 4). Kostuik 
and Schatzker 14 and Riggins 25 did not utilize external 
immobilization postoperatively and reported good 
results with AP technique. 

Recently Richards et al 14 (1988) reported a modi¬ 
fication of the technique using malléable plate for internai 
fixation (a single 10 hole reconstruction plate). This plate 
although weaker than 4.5 mm DC plate, is much easier 
to contor in operating room and is much less prominent. 

Complications 

Nonunion: This is an infrequent complication. Repeat 
operation with révision of internai fixation device, and 
bone grafting is indicated when nonunion occurs. 

Infection: Relatively uncommon due to the excellent 
vascularity of periarticular tissues. 

Malposition: Excessive abduction places significant strain 
on thoracoscapular musculature. It also causes winging 
of the scapula in order to drop the forearm to patient's 
side. The patient cannot bring easily his or her hand to 
mouth when excessive internai rotation occurs. The 
rotational osteotomy of humérus is indicated in such 
situation. 

Prominence of internai fixation device: Internai fixation 
devices applied over the spine of scapula hâve significant 
skin tenderness in area of application, which may 
necessitate removal of implant. 



Fig. 4: Muller et al technique of shoulder arthrodesis 
(AO technique) 


Fracture of humérus: Fracture of humérus at the distal end 
of internai fixation device is significantly common. The 
AO group hâve even recommended prophylactic bone 
grafting in this area. Coffield and Briggs 8 (1979) reported 
fracture in fused extremity in 10 of 71 patients. 

Functional Outcome After Shoulder Arthrodesis 12 23 

Richards et al reported a solid arthrodesis in 51 of 53 cases. 
Two cases had acromiohumeral fusion. Infection 
occurred in one case. Ail shoulder s fused within 10° of 
desired position. Twelve patients needed surgery for 
plate removal and two sustained fracture of humérus 
distal to the plate. Pain persisted in those cases which 
were having either neurogenic pain preoperatively or 
compensatable injuries. Patient's satisfaction was highest 
in those patients undergoing the procedure for a brachila 
plexus injury, osteoarthritis and failed total shoulder 
arthroplasty. The ability to perform activities of daily 
living dépends on underlying indication of shoulder 
arthrodesis and degree of function présent 
preoperatively. The patients of flail shoulders expérience 
a significant improvement in glenohumeral function after 
arthrodesis, because they can actively position their 
extremity. 

Fusion 

Union is difficult to assess with rigid internai fixation. 
Periarticular new bone formation is rare. Nonunion in 
different sériés is mentioned in Table 2. 

Pain Relief 

Pain relief is not universal after shoulder arthrodesis. 
Some expérience moderate to severe pain even after 
successful arthrodesis and thought to be problem of 
contiguous soft issues. The patients with neurogenic pain 
due to brachial plexus injury do not expérience pain relief 
after glenohumeral arthrodesis, but shoulder function is 
improved. 


TABLE 2: Average rate of nonunion in some sériés 


Author 

No. of Cases 

Non-union rate 
(Percentage) 

Barr et al 

102 

22 

Davis and Cottrell 

10 

0 

May 

14 

0 

Charnley and Houston 

19 

5.3 

Beltran et al 

11 

1.8 

Richards 

53 

4 
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Acromioclavicular Joint Pain 

Acromioclavicular pain has been reported after shoulder 
arthrodesis. Some methods of shoulder arthrodesis may 
even require acromial osteotomy. Such ostéotomies 
disturb normal acromioclavicular relation. It is rare in 
Richards' sériés as acromioclavicular joint is left 
undisturbed. 

CONCLUSION 

Arthrodesis of the glenohumeral joint is a valuable 
procedure in properly selected cases. With advent of 
glenohumeral arthroplasty for destruction of gleno¬ 
humeral joint by arthritis and injuries and with control 
of poliomyelitis and tuberculosis, there are very few 
indications for glenohumeral fusion. 
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JUSTIFICATION 

The need for arthrodesis in current scénario of surface 
replacement, cemented and uncemented total hip 
replacecment (THR) arthroplasty with promise of 
improved functional results may be questioned. The THR 
is easier and more pleasurable to perform than hip 
arthrodesis. 

The results of conventional THR and resurfacing 
arthroplasty 10,16 fail to justify when these procedures are 
performed on young active people, and to date there are 
not many long-term follow-up studies on current 
uncemented implant. 8,35 In contrast, long-term follow- 
up studies hâve shown a high degree of patient 
satisfaction and a functional productive life after hip 
arthrodesis. The hip arthrodesis can be converted to THR, 
so hip arthrodesis may be considered when treating 
young, active individual with unilatéral hip diseases. 

Historical Review 

In 1894, Heusner of Germany reported the first successful 
arthrodesis of the hip in a patient with old congénital 
dislocation. Fred Albee 2 (1908) performed the first hip 
fusion in America. During the first half of 20th century, 
hip fusion in spite of being formidable and with high 
failure rate was considered as one of the most effective 
orthopédie operation as it eradicates the disease, relieves 
the pain and restores the patient on an acceptable way of 
life. 15 

The operative techniques of arthrodesis of the hip in 
general fall into three categories: (i) intraarticular 
arthrodesis, (ii) extraarticular arthrodesis, and (iii) com- 
bined intra-extraarticular arthrodesis (paraarticular HA). 

Transarticular internai fixation was advocated by 
Watson-Jones (1938). 41 Charnley (1955) 11 created a central 


displacement and added compression fixation while 
Muller (1970) 29 advocated double plates and pelvic 
osteotomy. Schneider (1974) 34 developed cobra head 
plate. White (1985) 42 has shown that multiple 
transarticular bolts can enhance hip arthrodesis with 
minimal tissue alteration or destruction. 

Extraarticular arthrodesis were first done for 
tuberculosis and involved the use of either iliofemoral or 
ischiofemoral bone grafts. 1,2,24,40 The extraarticular 
procedures are probably not in favor, because these 
procedures destroy normal anatomy, and current 
methods for dealing with infection allow a less 
destructive intraarticular procedures. 

Most paraarticular procedures are done to augment 
an intraarticular procedure. The common one is a graft 
between ilium and fémur in close proximity to 
joint, 9,18,21,27 tensor fascia lata and anterior fibers of 
gluteus minimus and medius-based muscle pedicle 
graft. 13 Paraarticular procedures tend to distort anatomy 
and should probably be avoided if future conversion to 
a THR is being considered. 15 

An associated proximal fémoral osteotomy, either 
subtrochanteric, intertrochanteric has been used by many. 
This enhances osseus union of hip arthrodesis by 
reducing long fémoral lever arm. 

INDICATIONS 
In Young Adults 

The idéal candidate for arthrodesis is an active patient 
under the âge of 35, preferably a manual laborer with 
unilatéral hip disease. 4 Posttraumatic degenerative 
disease, avascular necrosis and septic arthritis are 
common étiologies in majority of candidates for hip 
arthrodesis. 
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For Failed Arthroplasty 

The most frequent cause of failure of total hip arthroplasty 
is an infection and mechanical failure. The failure rate 
after révision of infected THR is 35 to 73%, 15 and 
following mechanical failure is 40%. 11 Girdlestone 
operation as salvage procedure has proven to be 
unsuccessful because of persistent pain and failure to 
provide an acceptable lifestyle in most patients. 
Arthrodesis in such patients provide pain relief and 
improvement of function. Kostuik et al (1984), 25 proposed 
that arthrodesis of hip joint should be undertaken in 
patients under 50 years of âge and révision THR in 
patients over the âge of 50 years provided multiple 
operations hâve not been done. 

In Skeletally Immature Person 

There are very few indications namely tuberculosis and 
septic arthritis, painful ankylosis following slipped capital 
fémoral epiphysis, congénital coxa vara, aseptie necrosis 
of head of fémur, Perthes disease, congénital dislocation 
of hip, Otto pelvis, trauma with fracture neck of fémur. 
It relieves pain, eradicates the disease, permits a 
functional and acceptable gait and returns patient to 
active and productive lifestyle. 

CONTRAINDICATIONS 

• Systemic inflammatory disease (rheumatoid arthritis, 
systemic lupus erythematosus) 

• Bilateral hip disease 

• Patient with stiff spine 

• Limited life-expectancy as in malignancy 

• Patients on long-term corticosteroid 

• Ipsilateral knee involvement. 

Active sepsis in the hip is an absolute contraindication. 
The infection should be inactive for 12 months before 
performing a hip fusion. 

RELATIVE CONTRAINDICATIONS 

• Obesity 

• Occupation requiring long periods of sitting or 
bending, squatting, climbing 

• Significant low back pain. 

TECHNIQUE 

General Considérations 

Preoperative Planning: Preoperative counseling of 
patient is an intégral part of hip arthrodesis, as it is a 
motion sacrificing procedure. Thus, the level of function 
should be explained. 


The conversion to total hip arthroplasty may be 
required in the future so the technique chosen must 
simultaneously preserve the anatomy of proximal fémur 
particularly the abductor musculature, while providing 
stable internai fixation to minimize chances of nonunion. 
Idéal position: The efficiency of walking is influenced 
by hip position in sagittal plane (flexion-extension), 17 
while the adverse affects on adjacent joints are influenced 
by hip position in the frontal plane (abduction- 
adduction). 8 

The patients with hip fusion in slight adduction had 
the most normal appearing gait with fewer symptoms 
from degenerative changes. 8,32 The déviation from slight 
hip adduction was more often associated with static knee 
deformities in frontal plane (varus-valgus) on a long 
follow-up. 35 Hence, neutral or 5° adduction appears to 
be the desired position in frontal plane. The patients hâve 
some energy expenditure during normal walking if the 
hip is fused in 30° flexion or normal hip immobilized in 
30° flexion. The normal subjects with hips immobilized 
in either full extension or more than 60° flexion showed 
increased energy expenditure during normal walking. 
Hence, the hip should be fused in 30° flexion in most 
individual. For individuals who do much sitting the angle 
should be slightly more. 37 

There are no objective data to indicate the best position 
of rotation. Most authors recommend 0 to 15° external 
rotation. 

Perioperative details: Hip arthrodesis nécessitâtes large 
surgical exposures and often involves the use of large 
fixation devices. Therefore, ail standard measures to 
achieve asepsis as followed in THR should be used. 
Adéquate (approximately 4 units) autologous or donor 
blood should be available. 

The patient is taken in supine position on fracture 
table. Normal lordosis in supine position provides desired 
30° flexion at hip joint when leg is fiat on table. Motion in 
frontal plane (abduction-adduction) can be controlled 
with large goniometer. A line drawn between the anterior 
superior iliac spines provides the reference for one arm 
of goniometer. Radiographs should be used during the 
operation if there is any doubt about position (Fig. 1). 
Incisions: The incisions used to fuse a hip joint are: (i) 
the anterior iliofemoral incision or one of its 
modifications, (ii) the latéral thigh incision, and (iii) the 
posterior gluteal incision. 

The anterior iliofemoral incision is used in 
intraarticular and combined intra-extraarticular 
arthrodesis. The latéral incision is used in extra-articular 
arthrodesis with or without subtrochanteric osteotomy. 
The posterior curved gluteal incision is used for 
extraarticular ischiofemoral arthrodesis. 
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Spécifie Techniques 

Intraarticular arthrodesis : An intraartricular arthrodesis 
is rarely used alone because the area of contact between 
the denuded acetabulum and fémoral head is not large 
enough to ensure solid bony fusion. High rate of 
successful arthrodesis is attained when combined with 
extraarticular bone grafts or rigid internai fixation 

(Fig-1)- 

Combined Intra-extraarticular Arthrodesis 

The essential feature of this operation is addition of an 
iliofemoral graft or a muscle pedicle graft to the 
intraarticular operation. 14 Internai fixation devices may 
be added to ensure rigid fixation. 

Many operations of this type hâve been performed 
and were based on same principle and ail if meticulously 
performed, were successful in eradicating disease and 
attaining a high rate of bony fusion. Some of those that 
are effective and still used are being described. 

Hibbs hip arthrodesis 22 (1926): Open the hip through 
antero-lateral approach. Detach the anterior three-fourth 
of trochanter together with about 5 cm of cortex of fémur. 
Divide the capsule and dénudé superior surface of neck 
of fémur. Cut a trough in ilium just above acetabular rim, 
large enough to accept graft. Rotate the graft and lay it 
on the superior surface of neck of fémur and wedge its 
distal end into the trough in the ilium. Keep the limb in 
abduction to impact the graft in iliac trough (Fig. 2). 

Henderson hip arthrodesis 21 (1950): Expose the hip joint 
through anterior iliofemoral approach. Divide the capsule 
to dislocate the joint and dénudé the fémoral head and 



acetabulum of ail its articular cartilage. Decorticate 
superior surface of neck of fémur and remove enough of 
the médial portion of fémoral head so that it abuts tightly 
against the médial wall of acetabulum. Cut a deep and 
wide cleft on médial aspect at junction of trochanter and 
neck. Cut a graft from side of the ilium, large enough to 
fit firmly in the cleft in the trochanter and span the 
superior surface of fémoral neck and lie on side of ilium 
when limb is in adducted position. Elevate the bone flap 
just above the acetabulum which will firmly seat the 
proximal end of the graft when limb is brought from 
adducted position to the desired position. Finally pack 
cancellous graft along the length of graft (Fig. 2D). 

Ghormley hip arthrodesis 18 (1931): Ghormley coined the 
term paraarticular arthrodesis in which capsule is opened 
along superior aspect, but fémoral head and acetabulum 
are left undisturbed. Open the hip through extended 
anterolateal approach. Remove a 9 to 10 cm long graft 
consisting of iliac crest, anterior superior iliac spine. Cut 
out a deep trough extending from superior aspect of 
acetabulum through the head and neck of fémoral deep 
into greater trochanter. Impact the graft within the trough 
(Fig. 2C). 

Wilson hip arthrodesis 44 (1933) : A trough is made on 
médial aspect of trochanter at the junction of neck and 
trochanter. Superior part of head and neck are 
decorticated. The distal base iliac crest graft is reflected 
into it (Fig. 2B). 

Davis hip arthrodesis 13 (1954): Davis described a 
technique of transferring a portion of anterior ilium with 
origins of tensor fascia lata and anterior fibers of gluteus 
médius and minimus, to enhance rate of union in 
arthrodesis. He combined this procedure with an 
intertrochanteric osteotomy and cast immobilization. He 
reported 95% of union rate, however, time to union was 
increased when osteotomy was added. 

Ranawat, Jordan, Wilson hip arthrodesis 33 (1971): This 
is a modification of Davis procedure in which a larger 
graft attached to origins of rectus femoris sartorius, tensor 
fascia lata, anterior portion of gluteus médius and 
minimus are used. He performes subtrochanteric 
osteotomy as well, if it is deemed necessary. They also 
used multiple Knowles' pins for internai fixation and 
spica cast for immobilization. 

Arthrodesis with rigid internai fixation: Rigid internai 
fixation was added in combined intra- and extraarticular 
arthrodesis for early mobilization of patient and to 
eliminate the use of plaster casts, if possible. Many 
techniques using different metallic devices hâve been 
described, but essentially the principles of operations 
remain the same. A few illustrative techniques are 
described. 
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Figs 2A to D: Line diagram showing intraarticular and 
extraarticular (paraarticular) arthrodesis of hip: (A) Hibbs, 
(B) JC Wilson, (C) Ghormley, and (D) Henderson 

Watson-Jones-Robinson 42 (1956): Excise the capsule, 
dislocate the joint and dénudé the articular cartilage from 
head and acetabulum. Insert a guidewire until it 
protrudes from fémoral head. Reduce the hip and select 
a Smith-Peterson nail of proper length which should 
extend 2.5 cm beyond the fémoral head. Before inserting 
the nail, keep the limb in desired position. Full thickness 
wedge-shaped graft is raised from dorsum ilia. The 
narrow end of the graft is driven into a slot made just 
above the acetabulum. the cancellous bone chips are 
packed tightly around the graft, fémoral neck and head. 
Plaster spica cast was maintained for 4 months. 

Watson-Jones and Robinson (1956) reported a sériés 
of 120 patients with a failure rate of 6%. 

Lam hip arthrodesis 26 (1968): Hip is fixed using long nail 
as in Smith-Peterson technique. A wedge of bone is eut 
from latéral aspect of the joint. The space is packed with 
cancellous bone chips, and a large full thickness graft is 
slotted across latéral aspect of joint. 

Stewart and Cocker arthrodesis 36 (1969): He modified 
Henderson arthrodesis by supplementing the fusion with 
a long Smith-Peterson nail and multiple Knowles' pin. 
No external support is used and patient starts ambulation 
in one to two weeks'. 

De Raima Arthrodesis 15 (1966): De Palma used a specially 
devised intramedullary splint as fixation de vice. Part of 
it goes into the fémoral medullary canal. The portion 
protruding out, holds the ilium with bolts in desired 
position. The fémoral head and the acetabulum are 


denuded off ail cartilage. The head is rounded off with a 
rasp to displace it centrally in such a manner that the 
greater trochanter abuts against the acetabular rim. 
White hip arthrodesis 43 (1985): Young active adults with 
unilatéral hip disorders may require conversion to total 
hip replacement at a future date. White attempted to 
maintain normal anatomy of hip joint which minimized 
functional and structural shortening of the limb. 

Patient is placed in latéral decubitus position. The hip 
is dislocated through a postérolatéral approach. The hip 
is reduced after denuding cartilage from the head and 
acetabulum. The limb is placed in desired position of 
fusion. The second incision is made along anterior inferior 
iliac half of iliac crest to strip iliacus subperiosteally to 
expose broad area for placement of washer nut 
combination of Harris bolts. The vitallium Harris bolts 
are available from 20 to 180 mm in length and 4 mm in 
diameter. At least 4 bolts are used. The bolts should 
traverse the fémoral head and neck. However, some can 
pass through the greater trochanter above the level of 
superior surface of neck of fémur. Each boit is tightened 
individually to compress the contact area between 
fémoral head and acetabulum. Cancellous bone is packed 
at the site of contact filling in ail spaces. Corticocancellous 
graft can be tailored in the slot made on acetabulum 
fémoral neck and trochanter. Single hip spica is applied 
and weight bearing is allowed. 

Cobra head plate technique (Schneider) 34 (1974): 
Schneider combined the use of cobra head plate with 
pelvic osteotomy to attain an arthrodesis in young 
patients with osteoarthrosis in whom osteotomy is 
contraindicated or has failed. He achieved 87% successful 
fusion in a sériés of 112 cases. 

Cobra head plate is an internai fixation device that 
exerts pressure and functions as a tension band. It is 
placed on the latéral aspect of pelvis and fémur, thus, it 
lies as far from the axis of loading as possible and when 
limb bears weight, maximum stability occurs at site of 
arthrodesis. 

Displacement of fémur medially reduces dislocating 
force at hip joint. Pelvis is osteotomized at the level of 
roof of acetabulum, displacing the lower segment of 
pelvis medially. The important feature of pelvic 
osteotomy is increased contact between fémur and pelvis 
which is conducive to rapid bony fusion. 

Barmada arthrodesis 3 (1976): The head of the fémur is 
dislocated centrally through the médial wall of 
acetabulum, and hip arthrodesis is performed with cobra 
plate compression technique. The technique is simple to 
perform, with less blood loss, and it avoids pelvic 
distortion. Barmada had no failure in 16 consecutive 
arthrodesis. 
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Charnley arthrodesis 11 (1955): Charnley devised a 
technique using central dislocation of hip with or without 
Charnley spring compressor. It differs from previous 
arthrodesis (i) the limb's center of weight bearing is 
shifted towards midline of body, (ii) ail movements such 
as abduction, adduction, rotation are blocked, and (iii) 
the contact area between the fémur and pelvis is increased 
and gluteus médius is no longer essential. The distortion 
of normal anatomy caused by disrupting médial wall of 
acetabulum and loss of trochanter and abductor muscle 
may make conversion impossible or difficulté 1 But rigid 
internai fixation and compression devices assure a high 
rate of successful fusion. 28 

Hip joint is exposed through antérolatéral approach. 
The joint is dislocated, using Charnley's spécial 
instruments. Tailor the fémoral head into a cylinder. Make 
a drillhole in the médial wall of acetabulum 1.3 cm 
anterior to center of floor of acetabulum and perforate 
the médial wall. Enlarge the médial hole with successive 
reamers. When desired size is reached, reduce the 
dislocation and push the head through the hole. It is kept 
in neutral rotation and neutral abduction, adduction, and 
single hip spica cast is applied. 

Spring compressor is applied in some cases through 
base of trochanter and superior surface of neck to superior 
rim of acetbaulum. Drive a screw, drilling if into pelvis 
until only 4 cm of its outer end remains outside the 
fémoral shaft. Now apply oblique block, the spring and 
finally tighten the nut until spring is fiat. 

McKee arthrodesis 27 (1957): McKee used long screw with 
3 hole plate with 94 percent (50 cases) successful results. 
It is a combined intra- and extraarticular procedure. Hip 
is opened through latéral approach. The articular cartilage 
of the acetabulum and head of fémur were denuded 
without dislocating it. A lag screw is passed through neck 
into the pelvis and attached with 3 hole plate to shaft of 
fémur. The greater trochanter is used as graft and is fixed 
on supero-lateral margin of head and acetabulum by one 
screw and packed with cancellous chips. 

Extraarticular arthrodesis Trumble 40 (1932): It is an 
operation designed to attain an ischiofemoral fusion 
without invading the joint. The operation was primarily 
designed to fuse tubercular hips. He opened hip through 
posterior approach and took the graft from tibia. A notch 
was made in ischial tuberosity. A bone flap was raised 
just below lesser trochanter on posteromedial surface of 
fémur, and the graft was placed horizontally on prepared 
surface. 

Brittain 57 (1941): It is an ischiofemoral arthrodesis, 
performed through latéral approach. A tibial graft is 
inserted through a subtrochanteric osteotomy into a cleft 
of ischium medially. It is technically difficult with danger 
to sciatic nerve and large vessels. The distal fragment of 


fémur is also displaced medially, so that it abuts against 
ischium, the double hip spica is applied till sound fusion 
is achieved. The contraindications are the involvement 
of ischium by disease process and excessive fixed flexion 
deformity of the hip. Brittain reported a failure rate of 20 
percent with most common cause of the graft failure. 
Kirkaldy-Willis 24 (1950) : It is a combined intra-and extra- 
artricular operation. It is modification of Brittain 
operation done through anterior approach and without 
a subtrochanteric osteotomy. The anterior approach 
avoids the damage to sciatic nerve. The use of cancellous 
bone chips in addition to strut graft enhances fusion. 

Current methods of arthrodesis of the hip using the 
principles of compression, central displacement of head 
of fémur and rigid fixation hâve a low rate of failure and 
reduces the indications of ischiofemoral arthrodesis to 
an insignificant level. 

Postoperative Schedule 

1. One and half hip spica cast is applied for 8 weeks, 
when no rigid internai fixation is used or if sub¬ 
trochanteric osteotomy is not made. It is changed 
every 8 weeks till radiological evidence of union is 
found. 

2. If no osteotomy is done and hip is rigidly fixed, a cast 
may not be necessary and patient may be allowed to 
bear weight with crutches a few days or weeks after 
surgery, or a single short leg spica is applied and 
patient is permitted weight bearing with crutches. 
Follow-up assessment should be made at regular 
interval of 3 to 6 months till 1 to 2 years after ail 
immobilization discarded. Children should be under 
observation until skeletal maturity, because a 
deformity of limb may develop due to proximal 
fémoral epiphyseal abnormality and contracture of 
flexors and adductors. 

Arthrodesis in Children 

Procedure described by Compere and Thompson 12 
(1955), recommended intra- and extraarticular fusion 
with two or more tibial bone grafts bridged between 
pelvis and fémur with intrapelvic obturator neurectomy 
to prevent development of adduction deformity later. 30 
Price and Lovell 32 (1980) used this technique with solid 
fusion in 14/15 hips. 

Arthrodesis in Spécial Situations 

Arthrodesis is more difficult in presence of extensive 
destruction of the fémoral head and neck or in their 
complété absence following Girdlestone excision 
arthroplasty and failed total hip arthroplasty. 
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Abbott and Lucas 1 (1931) described operation in three 
stages: (i) correction of deformities, (ii) arthrodesis of hip 
in mild abduction, and (iii) final positioning by 
subtrochanteric osteotomy. 

Kostuik and Alexander 25 (1984) described a procedure 
for failed arthroplasty and reported 14 such successful 
cases. Straight latéral approach with an osteotomy of 
greater trochanter was used. After implant removal, 
wound is thoroughly lavaged, debrided till bleeding 
cancellous bone is exposed. Remaining fémur is placed 
in acetabulum and cobra head plate is applied. In 
addition, a dynamic AO compression plate is applied 
anteriorly. Greater trochanter with abductors is attached 
to arthrodesis site. 

Gait in a Fused Hip 

Gore et al 19 (1975) studied the gait characteristics of 28 
men with a fused hip on one side and 28 men with normal 
hips of same âge and height. The gait in men with a fused 
hip is slower, and the step length is shorter. They walk 
with a wide base gait. Arrhythmical gait was seen in 
arthrodesed hips. 17 

To achieve a satisfactory comfortable gait, some 
alteration must occur in normal motion of uninvolved 
joints (compensatory motion). The most pronounced 
alteration is the increased antero-posterior tilt produced 
by movement in lumbar spine. 19 There is an increased 
transverse rotation of pelvis to increase the step lengths. 
On normal side, during stance, this rotation occurs in hip. 
In the limb with fused hip, pelvic rotation occurs through 
flexed knee during the stance phase. 

Function After Arthrodesis 

Longterm follow-up studies of hip arthrodesis reveal high 
patient satisfaction despite degenerative changes in 
lumbar spine and adjacent joints of lower extremities. 
These changes manifest after 15 to 25 years of arthrodesis. 
The incidence of symptomatic changes in lumbar spine 
ranges from 55 to 100%, while similar problems with 
ipsilateral and contralatéral knee (45-68%) and 
contralatéral hip (25-63%) are common. Thirteen to 
twenty-one percent patients require conversion to total 
hip arthroplasty on long-term follow-up. 

Total Hip Replacement after Hip Fusion 

It is often indicated for pain or loss of function due to 
malposition or immobility. It is technically demanding 
with high chances of failure and uncertain improvement 
in function. 


CONCLUSION 

Despite low general acceptance, arthrodesis of the hip 
remains a valuable procedure for select subgroup of 
patients with disabling hip disease who are young and 
active. Long-term results hâve been documented and 
appear equal or superior to currently available 
alternatives. 

Careful preoperative planning and meticulous 
technical execution will ensure a successful arthrodesis. 
In addition, it will facilitate conversion to total hip 
arthroplasty should this become advisable in future. 
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Knee arthrodesis is one of the oldest reconstructive 
procedure, originally described by Albert (1878) for polio- 
myelitis. It had been used in the past for severe post- 
traumatic or degenerative arthritis, infection, neuro¬ 
pathie degeneration or severe ligamentous instability. 
With the ad vent of total knee arthroplasty, arthrodesis is 
most commonly used as a salvage procedure for failed 
prosthetic knee replacement in West, however, in 
developing countries infective arthritis and poliomyelitis 
remain the most common indication. 

Key 11 (1932) recognized the value of compression in 
knee arthrodesis. Charnley 2 (1948) popularized the 
concept of compression arthrodesis. Chapchal 1 (1948) 
described intramedullary nailing as a means of fixation 
of knee arthrodesis. Green et al 8 (1967) reviewed 142 
procedures in pretotal knee arthroplasty era and 
documented that internai fixation was more successful 
(over 90%) than nonfixation techniques (85%). Nelson 
and Evarts 13 (1971) recommended external fixation 
compression as to be treatment of choice for arthrodesis 
in failed total knee arthroplasty. 

INDICATIONS 

Primary indications for knee arthrodesis are relief of pain, 
correction of marked angular deformity and severe joint 
instability. Knee arthrodesis is indicated in: 

i. knee destroyed by sepsis, particularly tuberculosis, 

ii. salvage after an unsuccessful reconstructive 
procedure, typically after an unsuccessful 
reconstructive procedure, typically after failed total 
knee arthroplasty or rarely after proximal tibial 
osteotomy, 

iii. malignancy around knee, 

iv. paralysis of any type, e.g. poliomyelitis or any other 
neuromuscular disease. 


v. neurotrophic joints from diabètes, syphilis and 
amyotrophie latéral sclerosis, 

vi. severe post-traumatic or degenerative arthritis, and 

vii. congénital dysgenesis of fémur in some patients. 

CONTRAINDICATIONS 

Most common contraindication is generalized involve- 
ment with conditions such as rheumatoid arthritis or 
epiphyseal dysphasia. Relative contraindications are 
contralatéral amputation, bilateral knee disease, 
ipsilateral hip or ankle pathology severe segmentai bone 
loss. Fusion is difficult to achieve in neuropathie disease, 
so, a prolonged external protection must continue until 
fusion occurs. 

SURGICAL TECHNIQUES 

These are categorized by means of fixation which in turn 
is determined by amount and quality of bone présent. 

Compression Arthrodesis 3 

Primary arthrodesis is indicated for septic and 
neurotrophic knees with minimal bone loss, where broad 
cancellous surfaces with adéquate cortical bone allow 
compression with external fixation. It is particularly 
useful in infective conditions because external fixation 
can be applied proximally and distally to infected joint 
to lessen the likelihood of contamination or spread. Key 11 
(1932) used turnbuckles attached to the transverse 
stainless Steel pins for compression and repoted five 
successful arthrodesis of knee. Charnley and Baker 4 
(1952) reported 98.5% union with compression clamps 
in 67 patients. Charnley's compression clamp is excellent 
method with good results in author's hand. However, 
several rigid fixators are more and more used currently. 




External fixator may be single plane, biplane or ring 
fixator. The single plane and biplane fixator hâve shown 
similar fusion rate. The extent of bone loss is most 
important factor influencing knee arthrodesis. The type 
of external fixation System is surgeon's choice. The author 
has been using Charnley compression clamps, so, the 
technique is described in detail. 

Charnley's compression arthrodesis: Patient lies supine on 
an ordinary operation table. General or spinal anesthésia 
is used. A midline centrally placed 20 cm long incision is 
made over anterior aspect of knee under high thigh 
tourniquet. Transverse incision is made in capsule just 
below the level of meniscus. The patellar tendon is 
divided at this level. The front of capsule is reflected 
upwards as a flap containing patella, and the knee is kept 
in 90° of flexion.Division of capsule, médial and latéral 
collateral ligaments and cruciate ligament is complété 
when knee can be fully flexed with the heel touching the 
buttock. A bone lever is passed behind the head of tibia, 
using lower end of fémur as a fulcrum for forward 
subluxation of tibia and protect popliteal structures. 

Patella: Patella is excised since sometimes residual pain 
can develop from patellofemoral arthritis. 

Resection of upper end of tibia: The tibia is held vertically 
with knee in full flexion and bone lever guarding popliteal 
fossa. The saw is started at right angle to long axis of 
tibia about 1 cm below the level of articular cartilage. On 
reaching within 6 mm of the posterior surface of the tibia, 
the saw blade should be twisted and table of bone cracked 
upwards. Any remaining projection on posterior surface 
is chiselled out. 

Resection of lower end fémur: The knee is held in five degree 
of flexion, and some traction is applied to open the space 


between bones. The tibia should be kept in desired 
alinement in anteroposterior plane. The saw is applied 
at the level of the intercondylar notch. The plane of saw 
blade must be strictly parallel to eut surface of tibia in 
desired position of arthrodesis. When saw has penetrated 
about 2.5 cm into fémoral condyles, the knee is flexed to 
facilitate final sawing of the lower end of fémur. 

Insertion of tibial pin: Tibial pin is inserted first. The tibial 
pin should pass across tibia 3.5 cm below the eut surface, 
half way between anterior crest and posterior surface of 
the tibia. It must be at the right angle to the plane of long 
axis of tibia. 

Insertion of fémoral pin: Charnley's compression clamps 
are now applied to the distal pin to act as a guide for the 
pin in fémur to be inserted midway between anterior and 
posterior cortices. 

Tightening of the clamps: The posterior edges of eut bone 
surfaces are brought in contact first, while leaving anterior 
edge slightly gaping to prevent soft tissue innerposition 
between posterior edges. Clamps are now tightened, 
keeping them 2.5 cm away from pin entry site. Twelve 
half turns of Charnley clamps will give if tightened 
together 50 kg of compression force. With worth tightening 
of clamps should give sufficient rigidity for fixation. 
Wound is closed in layers, pressure dressing is then applied 
and tourniquet is released (Figs IA and B). 

Postoperative management: Compression unit is kept for 
6 weeks and clamps are tightened every day for 7 days. 
At sixth week, clamps with pins are removed, cylinder 
cast applied and patient is allowed to bear weight on it. 
It is kept for further six weeks. Within three months, 
patient is usually permitted to walk without plaster. 



Figs IA and B: An illustration of classic Charnley compression device for arthrodesis of the knee joint 
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Figs 2A to C: This is the case of a young boy with tuberculosis of the knee joint. A decision to 
fuse the knee joint using llizarov external fixator was taken to achieve stability and pain relief 


Knee fusion using llizarov ring external fixator : llizarov 
external fixator is a better option than Charnley's 
compression clamps. Its chief advantage is its ability to 
achieve three dimensional correction and desired 
compression 9 (Figs 2A to C). 

Arthrodesis with Intramedullary Nail 

Arthrodesis with intramedullary nail is used when no 
cancellous broad surface is available for compression. The 
most common circumstances in which this occurs are 
bone resection for tumor and following failed total knee 
arthroplasty leaving only cortical rim contact. 

Kaufer and Matthews technique 10 (1990): The patient is 
placed in latéral position on a routine operation table. 
The knee is exposed and patella is reflected. After the 
primary pathology has been addressed such as removal 
of an implant, tumor mass or infected focus, usually 
adéquate rim contact is présent for fusion. The distal 
fémur is exposed and subperiosteal bone coaptation is 
attemted in position of 10° of flexion. The tibia is first 
reamed with a flexible device. The nail selected should 
be 0.5 to 1 mm less than the maximum diameter of 
reamer. The patient is placed supine and periformis fossa 
is exposed. Guide pin is placed down the medullary canal 
of the fémur and is reamed 1 to 2 mm larger than the nail 
to be used. The length from periformis fossa to ankle 
plafond is measured. A curved Küntscher's nail is 
introduced from proximodistal with the convexity of 
curve in the direction of antérolatéral bow of fémur. After 
the nail has been driven 2 to 3 cm beyond the end of 
fémur, the tibia is reduced over the nail, and it is impacted 
down to the shaft of tibia. When reducing tibia over the 
protruding nail, slight amount of (10° to 15°) external 


rotation should be obtained, this will decrease the lever 
arm of foot during gait. Crutches are prescribed and 
weight-bearing is allowed as tolerated by the patient and 
as dictated by bone quality. 

Potters technique 16 (1969): It is useful in patients with 
ipsilateral total hip arthroplasty or with deformities of 
fémur that would prevent antegrade nail insertion. 
Médial parapatellar incision is used to expose lower end 
of fémur and proximal end of tibia transversely. Extend 
the knee to appose bony surfaces and aline the limb. 
Dénudé posterior surface of patella and notch the 
intercondylar area to accept it as a graft. Ream the tibia 
and select the nail width. Make a second incision 10 cm 
long over médial aspect of distal tibia. The bone is 
exposed subperiosteally. Cut a slot 10 cm long and of the 
same width as subperiosteally. Cut a slot 10 cm long and 
of the same width as that of selected medullary nail in 
the bone. Ream the fémur. Introduce the selected nail 
through proximal end of tibia while knee is fully flexed 
and taken out from distal slot just proximal to ankle. 
Extend the knee and drive the nail distoproximally 
through the slot into the fémoral canal until the ends of 
the nail are at équidistant across the joint. Reinsert tibial 
cortical window. Close the tibial and arthrotomy wound 
and long leg cast is applied. 

Short-locked intramedullary nail: Cheng and Gross 6 (1995) 
introduced a new intramedullary nail designed 
specifically for arthrodesis. It avoids second incision 
required for insertion of long knee fusion nails, bulkiness 
of double plating technique, and inhérent difficulties with 
prolonged use of pins for external fixation. This short 
stainless Steel locked nail is inserted through single 
anterior knee incision. An outrigger targeting rod to guide 
the insertion of the locking screws is used. 









Figs 3A to C: A case of a 22-year-old young female with an aggressive aneurysmal bone cyst of the proximal tibia which was 
treated with wide excision and fusion of the knee joint using intramedullary locked nail with fibular graft and cancellous bone graft 
from iliac crest (For color version See Fig. 3A, Plate 60) 


The knee arthrodesis using intramedullary nail 
fixation hâve shown a high rate of successful fusion even 
in cases of infected total knee arthroplasty, with fusion 
even in cases of infected total knee arthroplasty, with 
fusion rate ranging 67 to 100% (Figs 3A to C). A prolonged 
duration of surgery and high blood loss are important 
disadvantages, observed when intramedullary nail was 
used in a sériés of 20 cases by Donley et al 7 (1991). 
Additional complications reported were infection, 
intraoperative fracture and nonunion. Knee arthrodesis 
in cases of failed infected total knee arthroplasty: 
waldman reported successful knee arthrodesis in 20 of 
21 patients after failed infected TKR in a mean of 6.3 
months. Modular titanium nails were used and titanium 
spacers were used in 16 patients. Ail patients were given 
6 weeks of intravenous antibiotics before the procedure. 
An anterior approach was used and the bone surfaces 
were thoroughly debrided. Reaming of the tibia and 
fémur was done using flexible reamers. The nails 
extended 6 cm beyond the isthmus of the bones. Fémoral 
nail was introduced rétrogradé and the tibia nail was 
introduced antgrade. Titanium spacers were inserted if 
the bone loss in the metaphysis was more. Nails were 
joined with conical couple and then locked. Primary 
autologous bone grafting was done. Immédiate post 
operative weight-bearing was allowed. 

Plating 12 

Dual plating is used primarily in instances of failed 
internai fixation, or occasionally in conjunction with 
intramedullary fixation. 


The anteromedial aspect of fémur and antérolatéral 
aspect of knee are exposed using médial parapatellar 
incision. The patella may be removed and used as a graft. 
A minimum of 8 and usually a 10 hole plate with 4 or 
more screws above and 4 or more screws below in either 
plane are used. The plates should be rotated 60 to 90° 
from each other on antérolatéral and antero-medial 
surfaces. Extra-articular bone graft is applied and if the 
bone is unusually ostéogénie, plaster cylinder cast is 
applied. The patient is mobilized on crutches, but weight- 
bearing is not allowed. Partial weight-bearing is 
permitted at 12 weeks, and full weight-bearing is allowed 
on seeing the radiological evidence of union. 

Arthroscopic Assisted Fusion 

The arthroscopic abrasion of the surface of fémur and 
tibia with percutaneous application of a compression 
device has shown an uneventful union in a single case 
report. 15 

RESULTS 

Charnley and Baker 4 (1952) reported a 98.8% successful 
fusion rate in 171 patients treated for an average of 9 
weeks in external fixation compression device and plaster 
cast with mobilization. These results hâve been 
considered a gold standard. However, underlying 
pathology for which knee arthrodesis has been performed 
affects resuit depending upon available bone stock. 
Overall approximately 96 to 98% patients achieve a solid 
arthrodesis for conditions other than the failed total knee 
arthroplast. 5,17 
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With newer techniques such as dual plating and 
intramedullary nails, success rate has reached 95% for 
failed total knee replacement (TKR) Nicholas et al 14 (1991) 
achieved solid union in 8/8 cases of failed total knee 
replacement with dual plating. Donley and Matthews 7 
noted 85% union in 20 patients using intramedullary nail. 
Charnley's contribution of emphasizing the value of 
compression demonstrated that some patients achieve 
fusion as quick as 3 weeks. 2 However, most consider 2 to 
3 months as lower limit to achieve stable fusion, while 
some cases take as long as 2 years to obtain a solid union. 
Limb lengths inequality averages 1.5 to 2.5 cm although 
this does not appear to be a significant functional 
problem. 

Arthrodesis of Knee in Children 

Fusion can be achieved as early as 6 to 7 years of âge. 
Charnley 2 (1948) recommended that a compression 
arthrodesis should not be used before 10 years of âge. In 
fibrous ankylosis of tuberculosis of the knee in children, 
the joint surface should be separated with an osteotome 
rather than forced flexion of knee to avoid danger of 
proximal tibial epiphyseal séparation. If one condyle is 
completely destroyed, the tuberculous material should 
be curetted with care to preserve the epiphyseal plate. 
Brace must be used for several years after knee fusion 
to prevent traumatic séparation of distal fémoral 
epiphysis. 

Functional Impact of Arthrodesis 

Limited shortening of extremity has little effect on energy 
expenditure. The fusion in less than 20° of flexion was 
well tolerated. The amount of flexion greater than 20° 
causes a marked increase in energy expenditure slight 
external rotation is also recommended. Siller 18 (1976) 
detailed functional impact in 41 patients of knee 
arthrodesis out of which 18 had back pain related to 
abnormal pelvic tilt and pelvic motion during gait. He 
observed that knee arthrodesis completely alters patient's 
lifestyle. Boarding buses, trains and other forms of routine 
activity is difficult. 


CONCLUSION 

The quantity and quality of bone interface at arthrodesis 
site are probably the most important factors in 
determining the success of an arthrodesis. Compression 
arthrodesis remains a successful technique in most hands. 
However, new techniques like dual plating, shortlocked 
intramedullary nail, arthroscopy-assisted arthrodesis 
promise more and more successful fusions. 
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Ankle arthrodesis remains the standard reconstructive 
technique for treatment of disabling ankle pain. A solid 
fusion provides predictable pain relief and créâtes a stable 
plantigrade foot. Many attempts at development of 
reliable total ankle arthroplasty hâve not stood the test 
of time. 8 

Albert (1879) first described ankle arthrodesis, and it 
became quite popular for stabilization of paralytic in 
poliomyelitis. His technique largely remained unchanged 
until 1951 when Charnley 3 (1951) introduced the concept 
of compression to ankle arthrodesis. Since then, more 
than 30 techniques and countless modifications hâve been 
advocated. 8/13/21,26 Arthroscopically assisted ankle 
arthrodesis has been successful in some authors' hand 
for patients without significant deformity. 19,20 

INDICATIONS 

Ankle fusion is primarily indicated for the réduction of 
pain, deformity and instability. The indications are as 
follows. 

1 . Degenerative joint diseases: The most common 
indication for ankle fusion is post-traumatic 
degenerative arthrosis of ankle following untreated 
or inadéquate/poorly executed management of ankle 
fractures. 

2. Paralytic deformities: The deformities as a resuit of 
various neuromuscular disorders including polio— 
myelitis, nerve injuries, spinal disorders and following 
compartment syndromes respond well to fusion. 

3. Infection: Septic arthritis and osteomyelitis (bacterial 
or tubercular) may resuit in painful deformity of 
ankle, which may be alleviated by ankle fusion. 

4. Post-traumatic deformities: Deformities due to trauma 
may interfère with functional activities. So, equinus, 
varus and valgus deformities at ankle are relative 
indications for arthrodesis. 


5. Avascular necrosis of talus 

6. Rheumatoid arthritis: In rheumatoid arthritis, ankle 
fusion is performed for severe érosion of the joint, 
although patients with rheumatoid arthritis are poor 
candidates for ankle fusion because of osteoporosis, 
skin atrophy, and vasculitis. 

7. Failed total ankle arthroplasty. 

CONTRAINDICATIONS 

1. Inadéquate circulation 

2. Severe osteoporosis—because of different internai 
fixation, 

3. Peripheral neuropathy—Charcot's arthropathy, 
peripheral neuropathy as in diabètes may be 
contraindications to arthrodesis because of increased 
likelihood of nonunion 

4. Other considérations include contralatéral ankle 
arthritis and ipsilateral or contralatéral ankle arthritis 
and ipsilateral or contralatéral knee or hip 
arthroplasty, arthrodesis or arthritis. 

Optimum Position 

The optimum position for arthrodesis has changed 
slightly through years. The earlier authors recommended 
0 to 15° of equinus. The greater equinus in women for 
fashionable high-heeled shoes has been suggested though 
equinus produced awkward gait, and these 
recommendations had no scientific base. 

Buck et al 2 suggested the optimum position for fusion 
to be neutral or slight dorsiflexion of 5°, mild hindfoot 
valgus of 5° to 8°, external rotation of 5 to 10° to match 
the other foot and slight translation of talus posteriorly 
on tibia.Neutral or slight dorsiflexion is important in India 
for squatting for toilet 




3886 Textbook of Orthopedics and Trauma (Volume 4) 


Gait Alteration 

Visual gait analysis foliowing ankle fusion is normal in 
two-third patients despite decreased walking speed 
owing to shortened stride length. Modified shoe with a 
solid-ankle cushioned heel (SACH) and metatarsal rocker 
improves patient's gait. 

Malposition of foot contributes gait abnormalities. 
Excessive "equinus" produces a "halting gait" in which 
the stance phase is not completed, the foot is kept in front 
of body and walking is accomplished in short steps, the 
fused foot being pushed ahead and the opposite foot 
brought up from rear. It can resuit in genu recurvatum. 
Fusion in "calcaneus" will resuit in a stiff "peg leg gait" 
with the lack of push-off. "Varus" position of the ankle 
can resuit in a latéral thrust at the knee. Failure to translate 
the talus posteriorly on tibia produces a "vaulting gait". 
Motion across the tibiotalar joint is, by définition, 
eliminated after an ankle arthrodesis. However, 
tibiopedal motion remains and can be up to 40 % of the 
preoperative range. Radiographically, this is seen to occur 
through Chopart's and Lisfranc's articulations. Although 
studies disagree as to the presence of hypermobility or 
lack of mobility through the midtarsal joints. It is 
recognized that subtalar motion is usually decreased 
following ankle arthrodesis. 7 ' 9 ' 15 ' 17 ' 18 ' 22 ' 23 

PREOPERATIVE PLANNING 

The patient for ankle arthrodesis should be carefully 
evaluated for the following: 

Bone Quality 

1. In presence of osteoporosis, ail kinds of possible 
internai and external implants should be available, 
as plan of fixation may change while operating. 

2. Bone loss Bone grafting may be required in severe 
pillion fractures with bone loss and failed total ankle 
arthroplasty. 

3. Significant scierosis, such as that seen on tibial side 
of ankle following severe pillion fractures, may 
require intramedullary drilling and prolonged 
immobilization to avoid nonunion. 

Skin 

Sears from previous surgery may require modifications 
from the recommended incisions. 

Timing of Arthrodesis 

In severe pillion fractures, waiting 1 to 2 years before 
arthrodesis may allow sufficient revascularization of the 
bone fragments. 


Subtalar Arthritis 

Sinus tarsi tenderness and ankle pain on forced passive 
flexion are indicators of subtalar irritability. These early 
changes are not seen radiographically, but coronal 
sections of computed tomography (CT) of hindfoot may 
be helpful. The early subtalar arthritis, patient is alerted 
for possible persistent ankle pain which may require 
additional surgery later. When radiographie changes of 
significant subtalar arthritis are présent, arthrodesis of 
this joint is also planned. 

Preoperative Counseling 

The patient should be made well aware about realistic 
expectation, expected shortening, need for bone grafting, 
need for prolonged casting and shoe modifications. He 
or she should be forewarned about complications such 
as infection, nonunion and neurovascular problems. 

Surgical Techniques 

The surgical technique of ankle arthrodesis has 
undergone numerous changes through the years. These 
include various surgical approaches, internai and external 
fixation for compression and intra- or extra-articular 
methods of arthrodesis. There is no single best surgical 
technique. Many techniques can be combined with a 
preferred exposure and a preferred method of arthrodesis 
and fixation. Spécial circumstances may necessitate 
alteration of a preferred approach or require use of 
external fixation in an open, infected nonunion. 

The limb is shortened after an ankle fusion. This 
lowers the relative position of malleoli and causes them 
to impinge on the upper edge of the heel counter of the 
shoe, resulting in pain and possibly ulcération. Excision 
of malleoli prevents impingement, provides an improved 
cosmetic appearance and permits better compression at 
the fusion site. 

Surgical Approaches 

Anterior approaches : The anteromedial incision is made 
médial to tibialis anterior tendon, while antérolatéral 
incision is given latéral to peroneus tertius/extensor 
digitorum longus centered over the ankle approximately 
8 to 10 cm in length. The extensor retinaculum is eut in 
line with skin incision, and the capsule is opened 
longitudinally to expose the ankle joint. 

A combind approach with both médial and latéral 
incisions provide better visualization. The incisions are 
made on the médial and lateal malleoli. The fibula is 
osteotomized 2 cm above the level of plafond. 
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Médial and latéral transmalleolar approach: A 10 cm 
longitudinal incision is made directly over the distal 
aspect of fibula extending approximately 1 cm distal to 
its tip. The incision is carried sharply down to the bone 
and the distal aspect of fibula is exposed subperiosteally. 
The fibula is transected approximately 6 cm proximal to 
its tip. Distal portion of fibula is stripped off the 
interosseous membrane and removed. Ankle joint is now 
visualized. Subperiosteal dissection of tibia anteriorly and 
posteriorly, exposes the entire joint clearly from latéral 
side. 

A médial longitudinal incision approximately 6 to 8 
cm in length is made over médial malleolus. At supero- 
medial aspect, médial malleolus is divided, subperiosteal 
dissection of tibia anteriorly and posteriorly will further 
expose ankle joint. 

By combined médial and latéral incisions, the entire 
ankle joint can be exposed. 

Posterior approach: The patient is placed prone. Either the 
foot can hang over the end of the table or the leg can be 
supported. A12 cm long incision is made along the latéral 
margin of Achilles tendon starting distally at its insertion 
and extending proximally. The sural nerve is exposed 
and protected. Achilles tendon is divided in a "Z" fashion. 
The plane between flexor hallucis longus and peroneal 
tendons is developed. Peroneal tendons are retracted 
laterally, while flexor hallucis longus, tibialis posterior 
and neurovascular bundles are retracted medially. 
Posterior ankle capsule is opened transversely. Achilles 
tendon is repaired on completion of arthrodesis. 

Methods of Arthrodesis 

Intra-articular 21 : There are three methods commonly used 
to remove articular cartilage. 

1. Remove the cartilage from tibia and talus 
concentrically following the curve of each bone. 
Rotate the talus on tibia to produce the desired 
amount of equinus. The technique does not permit 
varus or valgus correction. 

2. Osteotomize the tibia perpendicular to its long axis 
with a large osteotome or oscillating saw. A fiat 
matching surface is similarly eut on top of talus. This 
method allows correction of varus/valgus, but 
shortens extremity more than first method. 

3. Chevron or V-shaped osteotomy has been suggested 
to provide greater bony contact, but this technique 
does not permit adjustments in position. 
Intra-articular fusion can be combined with extra- 

articular fusion. 


Extra-articular Fusion with or Without Intra-articular 
Fusion 3 

Blair-Campbell-Cramer-Lasher Technique: A rectangular 
section of bone is eut from anterior surface of tibia and 
advanced distally into the already created tunnel in talar 
neck. The tibial graft is impacted in the talar neck. This is 
suitable technique following avascular necrosis of talus. 

Chuinard-Peterson: An iliac bone graft is used to inter-face 
between the tibia and talus. A trough is made 2.5 cm wide 
and 2.5 cm deep in talus and tibia. A tricortical iliac graft 
is obtained from iliac crest and wedged into the trough. 

Adams-Horowitz-Goldwaith: A transfibular arthrodesis 
osteotomizes the fibula 8 to 12 cm proximal to its distal 
tip. The bone is used as strut across ankle joint. 

Cordebar-Glissan: A transmalleolar arthrodesis through a 
médial malleolus, it incorporâtes small section of bone, 
which is fixed to tibia. 

Campbell: An extra-articular arthrodesis, useful in equinus 
conditions, is achieved by raising a posterior calcaneal 
flap that is brought towards the posterior talus and tibia 
to facilitate fusion 

Mead: This procedure uses the médial malleolus as an 
onlay bone graft. 

Chevron-V: The Chevron V-osteotomy is made across the 
ankle joint with the apex superiorly, removing the 
articular surface of tibial and talar dôme. The médial 
malleolus is used as an onlay graft. 

Interposition arthrodesis (Stauffer) 25 for failed ankle 
arthroplasty: The interposition of an intercalary bone graft 
is required to minimize limb shortening after ankle 
fusion. After removal of implant, the joint surfaces are 
freshened to bleeding bone. A tricortical iliac graft is 
interposed between tibia and talus. A generous amount 
of cancellous bone is passed ail around the graft. An 
external frame is used to stabilize the ankle. 

Arthroscopic assisted fusion 19,20 : The arthroscopic 
techniques to ankle hâve been successfully used for 
arthrodesis. The articular cartilage is removed by a high 
speed burr. The bony surfaces are opposed, and 
compressed with either cancellous screws inserted 
percutaneously or with an external fixator. 

Fixation Options 

External fixation: Charnley introduced the concept of 
compression arthrodesis. His single axis frame does not 
provide rigidity in ail planes. Calandruccio's triangular 
frame produces compression, Controls motion in ail three 
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Figs 1 A to D: (A and B) AP and Latéral view of ankle joint. A case of fracture dislocation of the talus. Body was excised. Patient 
came to us after 8 months. (C and D) Tibio-talo-calcaneal fusion was done by cancellous lag screws 


planes and is ralatively easy to apply. More recent designs 
include ring or circular external fixators that utilize 
tensioned wires rather than large threaded pins, 
theoretically reducing the incidence of pin tract infection, 
while alinement can be changed as required. These 
frames are cumbersome for the patient to use, require a 
great deal of patient compliance for pin tract care and 
are expensive. They may be effective in révision for 
nonunions, in patients with poor bone quality, and in 
salvage situations such as failed total ankle arthroplasty 
or active infection. 5,10,11 

Charnley's compression method: It is authors' preferred 
method. Ankle is opened anteriorly, and dislocated 
completely by plantarflexion of the foot. The malleoli are 
excised, and half inch of tibia is cleared of soft tissues. 
Two small bone levers are placed behind lower end tibia 
to protect tibial nerve and blood vessels. The bone is 
divided with hand saws 6 mm from articular surface, 
and 90° to long axis of tibia. 

A eut is made with the saw in body ot talus parallel 
to eut end of tibia, and foot is alined in required position. 

A stout Steinmann's pin is passed through the center 
of the lower end of tibia 5 cm proximal and parallel to 




eut surface. The eut surfaces are placed in close 
apposition, and a similar pin is passed through body of 
talus parallel to first pin. This pin should be placed so as 
to lie just anterior to the center of the bone compression . 
(Figs 2 A and B) Charnley clamps are applied with 
butterfly screws downwards and compressed till there 
is good compression with some bending of pins. 

Postoperatively, a below-knee cast is applied. Foot is 
kept elevated until postoperative swelling settles, and the 
patient is mobilized with crutches. At 5 weeks, the plaster 
and pins are removed, and a below-knee-walking plaster 
is applied and retained until union is sound usually up 
to 8 to 10 weeks. 

Internai fixation (Figs IA to D): Recent biomechanical 
testing has revealed that three crossed cancellous screws 
generate greater compression and résistance to torque 



Figs 2 A and B: Pin placement as recommended by Charnley 
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across the arthrodesis site as compared to two screws. 
Many other combinations of plates, screws, Kirschner 
wires, Steinmann's pin, and even absorbable screws hâve 
been utilized with varying success rate for a variety of 
indications. However, compression screws may not 
provide adéquate compression or rigid immobilization 
in patients with poor bone quality. 

The recent trend towards internai fixation is an effort 
to circumvent the problems encountered with external 
fixation. Several advantages including ease of insertion, 
lower rates of delayed union, nonunion and infection, 
greater résistance to shear stress as well as patient's 
convenience make this an attractive option for many 
patients. 6,14,16,24,28 

Vreferred current technique (Johnson) 26 of internai fixation: 
The ankle is opened by transmalleolar approach using 2 
separate incisions with the patient in prone position and 
pneumatic tourniquet around thigh. Through latéral 
incision, distal tibial plafond is transected 2 to 3 mm 
proximal to articular cartilage right angle to transverse 
axis of tibia to provide a bleeding cancellous surface. The 
talus is then positioned on tibia with the knee flexed 90° 
and tibia vertical. The desired alinement is achieved, and 
a reference Steinmann's pin is passed through the anterior 
crease of heel fat pad and advanced down through 
calcaneus across talus into the tibial intramedullary canal. 
Pin is left in place, and final position is evaluated for 
neutral, plantar versus dorsiflexion, slight hindfoot 
valgus and posterior translation and rotation. The 
osteotomy is begun across the talus parallel to the eut 
surface of tibia. The saw blade is advanced until 
longitudinal pin is encountered. The pin is then retracted, 
and osteotomy is completed using the initial eut as a 
template. The four aspects of position are now checked 
with tibia held vertical by the assistant and the knee flexed 
90°. The plantar aspect of foot is easiest to visualize and 
should be at right angle to the anterior aspect of tibia. It 
is préférable to err on dorsiflexion. Hindfoot valgus is 
best seen from the head side of the table and again it may 
be better to err on the side of valgus. Rotational alinement 
is judged from opposite side noting the relationship of 
the first web space to tibial tuberosity. Finally, translation 
of the talus posteriorly on tibia can be checked by 
palpation and direct visualization. 

Three large cannulated cancellous screws 6.5 to 7 mm 
are inserted to hold the corrected position. First screw is 
started on anterior surface of the latéral talar body and is 
directed into the posteromedial tibia. Second screw 
started on the antérolatéral surface of tibia directed into 
posteromedial aspect of talus. Third one is started in 
médial surface of tibia at midcoronal plane and directed 
anteriorly towards latéral talar neck (Fig. 3). 


Postoperatively Robert-Jones compression dressing 
with a stirrup splint are applied. A well-padded short 
leg nonweight-bearing cast is generally placed on third 
postoperative day. The patient is not allowed to bear 
weight for 6 weeks. On seeing early radiographie 
consolidation, a walking cast is applied. Immobilization 
may be continued for several months. 

COMPLICATIONS 

Nonunion 

Modem techniques hâve brought the nonunion rates 
from 35 to 40 % to a more acceptable 5 to 10 %. 4,18,24 
Neuropathie atrophy or presence of pre-operative 
infection can significantly increase the incidence of failure 
of arthrodesis. 

Malunion 

Malunion can hâve deleterious effects on the foot and 
adjacent joints throughout the extremity. 4 Minor 
deformities can be treated with pads, inserts and shoe 
modifications, severe malposition can usually be 
corrected with osteotomy. 

Infection 

The routine use of prophylactic antibiotics, care in 
handling the soft tissues and early aggressive treatment 
of superficial wound problems may lessen the occurrence 
of this complication. Compression dressings limit 
swelling and minimize hematoma. 




Fig. 3: Anterior and latéral view drawings showing 
cannulated screw placement 
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Persistent Pain 

Despite a solid fusion, the persistent pain is particularly 
disheartening to both the patient and the surgeon. 
Subtalar inflammation or arthrosis is often the cause. 
Screws penetrating the subtalar joint can also be painful. 
Most patients hâve decreased subtalar motion after ankle 
arthrodesis. 2,9,15,18,22 Although it is asymptomatic, some 
will complain of stiffness. 

Degenerative Changes 

The Chopart's and Lisfranc's joints hâve been 
documented radiographically at long-term follow-up to 
hâve degenerative changes. 12,15,18 Interestingly most 
remain asymptomatic or can be treated with shoe wear 
modification. 

Tendon Lacération 

The tibialis posterior and the long flexor of the hallux are 
vulnérable during the resection of distal tibial articular 
surface. 

CONCLUSION 

Fusion procedures of ankle are indicated primarily for 
severe pain, instability and deformity. Regardless of 
reason or technique success is largely predicted. 
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The word Amputation is derived from the Latin word 
Amputare which means "Cutting Around". Amputation 
can be defined as "removal of diseased, protruding, 
functioning unit of body". To restore function, the use of 
an appliance or prosthesis is required. 

Amputation- Removal of limb through one or more bones 

Disarticulation- Removal of limb through a joint 

Amputation is the most ancient of ail surgical 
procedures. Neolithic man is known to hâve survived 
amputation as evidenced from the skeletons with 
amputated stumps and from the knives and saws made 
of stone used at that time. Even the murais of La Tene 
and the drawings on the Peruvian pottery depict human 
figures with amputated stumps. In the olden times, 
amputations were practised not only for disease but also 
as a punishment for criminals and as rituals to appease 
Gods or even in the practice of Black Magic. It is 
considered that the first account of amputation as a 
purposeful medical procedure is found in the Hippocratic 
Treatise and it was concerned with amputation for 
vascular gangrené. 

The Earliest Literature Discussing Amputation is 
The Babylonian Code of Hammurabi, Inscribed on 
Black Stone, From 1700 BC. 

Ambrose Pare (1529) is the father of amputation surgery 
The control of bleeding was a major problem and early 
surgeons dipped the stump in boiling oil to secure 
hemostasis. Hippocrates refers to the use of cautery. 
Slowly these procedure gave way to the use of artery 
forceps, the earliest being designed in 800 BC in Hallstadt, 
a village in Austria. Ambroise Pare (1536) improved the 
design of artery forceps and he was said to be the first to 
use ligatures for the control of bleeding after amputation. 


Subséquent invention of tourniquet by Morel in 1674 
made the job of surgeons easier. In 1873, Esmarch refined 
the tourniquet and introduced the rubber bandage. With 
the introduction of anesthetics (nitrous oxide by Horace 
well in 1844 and ether by Morton in 1846) and antisep tics 
and subsequently asepsis, surgeons could refine the 
techniques of amputation. The early amputations were 
of the guillotine type which slowly gave way to the flap 
amputations. The modem concept of cutting skin, muscle 
and bone at different levels was popularized by Benjamin 
Bell of Edinburgh. 

Prostheses themselves hâve a history as old as 
amputations. Better understanding of prosthetic needs 
has led to improved amputation techniques, better 
engineering has led to better devices to replace human 
functions. The science and art of amputations and 
prosthetics hâve changed and are continuing to change 
and they go hand in glove. 

INCIDENCE 

Age—more common in 50-70 years of âge 
Sex— more In Men 75% 

Lower Limb > Upper Limb 

GENERAL PRINCIPLES 
Indications 

Indications for amputations vary according to availability 
of skill, facilities and line of treatment adopted. Many 
limb cancers are treated by amputations, but in some 
advanced centers limb préservation surgeries are done. 
A severely traumatized limb where the circulation is good 
may be amputated if the facilities for reconstruction are 
not available. The major indications are as follows. 
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Lack of Circulation 

Irréparable loss of blood supply of a diseased or injured 
limb is an absolute indication. Peripheral vascular disease 
is a major component—the problem may be further 
complicated by diabètes mellitus. In the presence of 
diabètes, tissues heal poorly and are more susceptible 
to infection. Diabetic neuropathy can cause delayed 
healing. 

Injury (Fig. 1) 

When the blood supply of a limb is irreparably destroyed 
or when the limb is so severely damaged that reasonable 
reconstruction is impossible, amputation of the limb is 
indicated. In injuries of limbs, if three or more out of the 
five components (blood vessels, nerves, skin, muscles and 
bones) are badly damaged, amputation can be 
considered. The amputation can be early, intermediate 
or late depending on the timing after injury as will be 
discussed later in type of amputation. 

Thermal burns, frostbite or electrical burns are other 
injuries that may require amputation. 

Infection 

In acute fulminating infection with death of tissue, 
amputation may be life-saving. Chronic osteomyelitis 
and/or infected nonunions which are résistant to 
treatment are relative indications for amputation and 
prosthetic fitting as this is more cost-effective, will 
improve function in shorter time, and allow more normal 
activities. 

Amputation and prosthetic fitting is an obvious 
indication for chronic infected trophic ulcer in an 
anesthetic limb where the part is functionally useless. 

Tumors 

Amputation of a malignant tumor is indicated to prevent 
metastasis or as a palliative measure. Of late, the limb 
salvage procedures hâve reduced the number of 
amputations. 

Congénital Anomalies 

Removal of a part or ail of a congenitally abnormal limb 
may be indicated if prosthetic fitting is likely to improve 
the function. This is particularly so in the lower limb. 

Whatever the reason for extremity amputation, 
it should not be viewed as a failure of treatment. 
Amputation can be the treatment of choice for severe 
trauma, vascular disease and tumors. 



Fig. 1: Showing severe crush injury 
(For color version see Plate 60) 


Types of Amputation 

Open Amputation 

Here the wound is not closed after amputation. This may 
be 

i. Guillotine* amputations where ail the tissues from 
skin to bone are eut at the same level and the wound 
is left open for further management. This is done as 
an emergency to save life of patient in cases of 
gangrené, crushed limbs, etc. An easy way of 
preventing skin retraction is to apply skin stitches 
at 3,6,9 and 12 O'clock positions, and tying together 
3 and 9 O'clock and 6 and 12 O'clock threads over 
an antiseptie soaked mop. 

ii. Open amputation with flaps where the wound is 
left open and the flaps are closed at a later date 
thereby retaining some more length of the stump. 

Closed Amputation 

Where the flaps are fashioned and closed primarily at 
the time of amputation. 

Révision Amputation 

Where the terminal granulation tissue, scar tissue and 
bone are removed, and skin flaps are fashioned and 
closed in an attempt to create an idéal stump. This is done 
for Guillotine amputations or for stumps with problems. 

Reamputation 

The limb is amputed at a higher level and flaps closed. 


Guillotine is a machine used for décapitation during French Révolution in 19th Century. 
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Early Amputation 


GENERAL GOALS OF BURGESS TECHNIQUES 


The degree of destruction foliowing injury is so gross that 
there is no alternative to immédiate amputation. 

Intermediate Amputation 

Where in an injured limb, the decision to amputate is 
taken after ineffective attempts to obtain a limb with 
reasonable function. Presently, we hâve technical 
advances to salvage traumatized limbs that would hâve 
been amputated in earlier days. The ultimate function of 
the limb thus salvaged, after numerous operations, 
prolonged hospitalization and enormous financial costs, 
must be weighed against the functional capabilities of 
modem prosthesis fitted after early amputation. When 
the degree of destruction does not justify early 
amputation, expérience is required to judge the 
advantages of early amputation and prosthetic fitting 
against prolonged surgical efforts with a dubious end 
resuit and limited recovery. A second opinion is 
immensely helpful especially in the présent era of 
increasing litigation should be considered. 

Late Amputation 

Symptomatic malunions, nonunions which hâve resisted 
ail surgical efforts, etc. may justify amputation many 
years after the injury. But it is possible that symptoms 
from these conditions are magnified by the background 
of legal compensation. A decision to amputation is better 
taken after the legal daims are settled. 

Amputation must be performed with great care and 
be considered a reconstructive procedure, similar to total 
hip arthroplasty (internai amputation of the hip joint) or 
mastectomy (amputation of breast) rather than an 
ablative procedure. 

Level of Amputation (Table 2, Fig. 2) 

In the past amputation through spécifie levels was 
necessary for proper fitting of prosthesis. The accepted 
idéal stump lengths are 23 to 28 cm from greater 
trochanter in above-knee amputations, 13 cm from the 
tibial articular surface inbelow-knee amputations, 10 cm 
above elbow in amputations through arm, and 17 cm 
from olecranon in forearm amputations. With modem 
prosthetic fitting techniques, a prosthesis can be fitted to 
any well-healed nontender stump. 

Determining the level of amputation requires an 
understanding of the trade-offs between increased 
function with more distal level of amputation and a 
decreased complication rate with a more proximal level 
of amputation. 


1. Conservation of every possible dynamic structure to 
preserve maximum sensation, proprioception and 
muscle power, thus creating a painless dynamic 
stump to accept prosthetic fitting. It must be kept in 
mind that the end of the stump plays the rôle of the 
foot. 

2. Préservation of the knee joint by ail possible means is 
of paramount importance. 

3. Muscle stabilization is crucial in the above knee 
amputation to prevent migration of the fémur and 
loss of muscle control with subséquent inability to 
ambualte properly. 

The higher the level of amputation, the greater the 
energy expenditure required for walking, the walking 
speed of the individual decreases and the oxygen 
consumption increases (Table 1). 


TABLE 1 : Association of Amputation level and energy 
expenditure 


Amputation level 

Energy above 
baseline % 

Speed 

M/Min 

Oxygen 

Cost ml/Kg/M 

Long transtibial 

10 

70 

0.17 

Average transtibial 

25 

60 

0.20 

Short transtibial 

40 

50 

0.20 

Bilateral transtibial 

41 

50 

0.20 

Transfemoral 

65 

40 

0.28 

Wheelchair 

0-8 

70 

0.16 


TABLE 2: Nomenclature of amputations by levels 


Name 


Part of the limb removed 


Upper limb 

• Forequarter amputation 

• Shoulder disarticulation 

• Above elbow amputation 

• Elbow disarticulation 

• Below elbow amputation 

• Wrist disarticulation 

• Ray amputation 


• Krukenburg's amputation 

Lower limb 

• Hindquarter amputation 

• Hip disarticulation 

• Above-knee amputation 

• Knee disarticulation 

• Below-knee amputation 

• Syme's amputation 

• Chopart's amputation 

• Lisfrane's amputation 


Scapula + Latéral 2/3 of clavicle + 
whole of the upper limb 
Removal through the gleno-humeral 
joint 

Through the arm 
Through the elbow 
Through the forearm bones 
Through the radio-carpal joint 
Removal of a finger with respective 
metacarpal from carpo-metacarpal 
joint 

Making 'forceps' with two forearm 
bones 

Whole of the lower limb with one 
side of the ilium removed 
Through the hip 
Through the fémur 
Through the knee 
Through the tibia-fibula 
Through the ankle joint 
Through talo-navicular joint 
Through intertarsal joints 
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Hemipelvectomy 


Hip disarticulation 
very short A/K 

Short A/K 


Medium A/K 


Long A/K 

Very long A/K and 
disarticulation 

Very short B/K 

Short and 
medium B/K 


Lower extremity 



Fig. 2: Showing levels of lower limb amputations 


Determining the most distal level for amputation with 
a reasonable chance of healing can be challenging. 
Preoperatively, clinical assessment of skin color, hair 
growth, and skin température provides valuable initial 
information. Preoperative arteriograms, although already 
obtained for vascular surgery consultation, are of little 
help in determining potential for wound healing. 
Segmentai systolic blood pressures likewise offer little 
useful information because they are often falsely elevated 
owing to the noncompliant walls of arteriosclerotic 
vessels. Measurements of skin perfusion pressures, 
however, may be of some benefit. Some authors hâve 
recommended thermography or laser Doppler flowmetry 
as methods to test skin flap perfusion. Others recommend 
determining the tissue uptake of intravenously injected 
fluorescein or the tissue clearance of intradermally 
injected xénon 133. We hâve found transcutaneous 
oxygen measurements to be most bénéficiai. 

Transcutaneous oxygen measurements can be 
determined at multiple sites along the limb. The test is 
performed by inserting a probe that is heated to 45° C for 
10 minutes before oxygen tension is measured. This 
allows for a maximum vasodilatory response and thus a 
more accurate détermination of perfusion potential. 
Various studies hâve recommended different cutoff 
levels, ranging from 20 to 40 mm Hg, for "good" healing 
potential. There is, however, no absolute cutoff, as some 


studies hâve shown healing rates of up to 50% even when 
the transcutaneous oxygen level is less than 10 mm Hg. 
The measurement can be falsely decreased in 
circumstances that decrease the diffusion of oxygen such 
as cellulitis or edema. The test can be improved by 
comparing the transcutaneous oxygen level before and 
after the inhalation of 100% oxygen. An increase of 10 
mm Hg at a particular level is a good indicator for healing 
potential. Accuracy also can be improved by comparing 
supine and élévation of the extremity measurements in 
patients who fall into the 20 to 40 mm Hg gray zone. A 
decrease of greater than 15 mm Hg after 3 minutes of 
élévation of the involved limb is a poor prognostic 
indicator for healing. Obviously this information must 
be used in light of other patient variables including âge, 
concomitant medical problems, and ambulatory 
potential. 

However, before proceeding with an elective 
amputation, discussions with a physiotherapist and 
prosthetist may be useful since amputations at some 
levels can so restrict the use that a less satisfactory 
prosthesis results. 

Some of the points that guide the level of amputation 
are as follows. 

1. The higher the level of amputation, the more difficult 
it is to restore the patient to full functional ability, as 
more joints are lost and there will be less muscle 
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power to control the artificial limb. The cardinal rule 
is to preserve ail possible length consistent with good 
surgical judgement. 

2. Since the amputation stump is the level which 
Controls the prosthesis, it must be long enough. 

3. Section of bone just above a joint may prevent the 
use of the best type of artificial joint. 

4. Rétention of limb remnants below a joint which 
cannot move the part is rarely justified. 

5. If a joint is arthrodesed, section at joint level or above 
is favored. 

6. Thermal burns and frostbite should be treated 
conservatively until the extent of damage of 
gangrené can be accurately assessed. 

7. In severe electrical burns and some crush injuries, 
the soft tissues may be necrotic well proximal to the 
level of injury apparent externally. 

8. In peripheral vascular diseases, healing is early with 
short stumps and réhabilitation is better with longer 
stumps. So, it is recommended that amputation 
should be performed below the most distal palpable 
arterial puise to be sure of uncomplicated wound 
healing. 

9. Below-knee amputation is recommended, if 
possible, in frail elderly patients—especially double 
amputées—as the réhabilitation is much easier. 

10. When below-knee amputation is not possible, 
thorough knee disarticulation gives good results 
even in ischémie limbs when latéral skin flaps are 
utilized. 

11. The Gritti-Stockes and supracondylar amputations 
hâve excellent record for low mortality and primary 
wound healing, but patellar nonunion is a problem. 

In ischémie limbs, the ultimate decision on the level 
of amputation must be made according to the ability of 
the tissues to heal. Much investigation has been made 
into ways of selecting the optimum level. Arteriography 
has some corrélation—if profunda femoris is not présent, 
below-knee stumps are unlikely to heal. Intra-arterial 
dyes give little more information than clinical 
examination. Intra-arterial isotope injection, skin 
thermometry and skin thermography, electromagnetic 
flow studies, etc. may indicate the likelihood of tissue 
healing. Yao and Irvine (1969) believed that systolic blood 
pressure at the ankle measured by using ultrasound 
detector over the posterior tibial artery may correlate with 
the ability of a lower amputation to heal—ankle systolic 
pressure of less than 40 mm Hg makes it unlikely that a 
below-knee amputation will heal. Xénon clearance, 
amidopyrine clearance, skin diffusion oxymetry, etc. 


seems to be still in the experimental stage. In a developing 
country like ours none of them are available yet, leave 
alone their reliability. In clinical practice at the présent 
time, the color and température of the skin before surgery 
and the appearance of free capillary bleeding from the 
eut surfaces of tissues at operation remain the best guide. 

Amputation Versus Disarticulation 

Disarticulation (amputation through or near a joint) has 
some advantages and disadvantages over an amputation 
through the shaft of long bones. 

Advantages 

1. The expanded cancellous bone adapted to load 
bearing in its natural State remains to provide end- 
bearing transmission and a normal pathway for 
proprioception. 

2. The skin and superficial fascia at the heel, knee, 
buttock and elbow are adapted to accept high loads. 
They are best suited for transmission of forces at the 
stump-socket interface. 

3. In children the growth plate is preserved, and in 
adults the collateral circulation from the shaft through 
the growth plate scar to the epiphysis is retained. 

4. Few muscle bellies are divided, the section being 
through fibrous origins or tendinous insertions, the 
latter making reattachment easier. 

5. The area is less vascular and control of bleeding at 
operation is eased, lessening the risk of complication. 

6. The medullary cavity of the shaft is not opened and 
the risk of infection spreading is reduced. 

7. The bulbous expansion provides suspension of the 
prosthesis and an element of rotatory control. 

8. The long bone preserved in its entirely provides a long 
level. 

9. Stump pain is rare. 

Disadvantages 

1. Healing may be problematic at some levels— 
overcome by redesigning of the skin flaps (e.g. 
mediolateral flaps in knee disarticulation). 

2. The destroyed joint cannot be placed prosthetically 
at the same level. 

3. Insertion of the stump into the socket is difficult 
because of the bulbous end. 

There are prosthetic problems which can make these 
levels unacceptable to some amputées on the grounds of 
appearance. Recent advances in prosthetic design are 
overcoming many of these problems. 
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Basics of Surgical Technique 

Anesthésia General or Spinal 

Tourniquet: The use of a tourniquet is advantageous and 
the surgeon is comfortable. However, in ischémie and 
atherosclerotic limbs, it is not applied. Exsanguination 
of the limb prior to tourniquet application adds to the 
advantage. Again, this procedure is avoided in infected 
limbs and malignant tumors for obvious reasons, the 
alternative being élévation of limb for five minutes prior 
to tourniquet application. A badly applied tourniquet 
(either the pressure is low or the inflation is done slowly) 
is worse than no tourniquet, for, if the venous return is 
occluded and the arterial supplies continue, there is 
terrible venous ooze. 

Skin flaps: It is needless to say that good skin coverage 
of the stump is a very important aspect of amputation. 
The anterior and posterior flaps can be of equal lengths 
or the posterior one can be longer. With modem total 
contact prosthetic sockets, the location of the scar is not 
important. If it needs, it is préférable to hâve atypical skin 
flaps than to amputate at a higher level. In below knee 
amputations of ischémie limbs, since the posterior skin 
is more vascular, long posterior flap is more suitable as 
described by Kendrick (1956) and later on Burgess (1969). 
Where below knee amputation is not possible in an 
ischémie limb, knee disarticulation with level skin flaps 
is better suited than a long anterior flap (Fig. 4). 

A TENSION FREE CLOSURE IS IMPORTANT 

Large dog-ears are to be avoided, except in a Syme's 
amputation. 

The combined length of the flaps can be calculated 
easily at the time of operation and it should be one-third 
of the circumference of the limb at the level of bone 
section. Compensation must be given for skin retraction. 

Muscles: The muscles must be sectioned 5 cm distal to 
bone section if myoplasty or myodesis is planned. The 
muscles are trimmed to produce normal fiber length and 
the opposing muscles are sutured over the end of bone 
(myoplasty) or attached to the end of bone (myodesis). 
These procedures hâve the following advantages (Fig. 3). 

1. The shape of the stump is good. 

2. The muscles insulate the eut nerve endings and bone 
from prosthesis by producing a cushion end. 

3. The muscles originating proximally to the joint 
produce better stump mobility, and leverage is 
increased. 

4. The muscles which are not acting on the joint above 
contract isometrically and assist in venous return. 

5. Prevent retraction and painful muscle contractions. 

6. Phantom pain may be prevented. 



Note: Myodesis is specifically contraindicated in 
ischémie limbs where circulation of soft tissue at the 
amputation stump is borderline. 

Bevelling or tailoring of muscles may be necessary to 
prevent an undesirable bulbous stump. 

In Transfemoral Amputation 

Nerves: The nerves are gently pulled down and eut with 
a sharp knife so that they can retract into the muscle mass 
and prevent formation of tender adhèrent neuromas. 

Blood vessels: Major blood vessels should be isolated 
and individually ligated doubly with nonabsorbable 
sutures. 

The large arteries and veins are dissected and 
separately ligated. This prevents development of 
arteriovenous fistulas and aneurysms. 

Before closure of the wound, the tourniquet is released 
and ail bleeders ligated or cauterized for meticulous 
hemostasis. Minimal use of cautery is advocated. 

Bone: While cutting the bone damage to muscle is 
prevented. Periosteal stripping should be minimized to 
prevent the formation of ring sequestrum. The sharp bone 
edges are rasped and subeutaneous bones beveled. 
Suturing of periosteal flap over the medullary canal is 
supposed to maintain normal pressure gradient within. 
In the leg, the fibula is eut at a higher level to produce a 
conical stump. 

Fascia: Both fasciae are sutured separately, the deep 
to restore the supportive function and the superficial to 
prevent adhérence of the skin to deeper structures. 

Drain Corrugated rubber drain or suction drain helps 
to prevent formation of hematoma, and they are removed 
at 48 hours. 
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POSTOPERATIVE CARE 
Aftertreatment 

Postoperative care of amputations often requires a 
multidisciplinary team approach. In addition to the 
surgeon, this team may include a physical medicine— 
specialist, a physical therapist, an occupational therapist, 
a psychologist, and a social worker. An internist often is 
required to help manage postoperative medical problems. 
Ail of the same précautions are foliowed as for any major 
orthopédie surgery, including perioperative antibiotics, 
deep venous thrombosis prophylaxis, and pulmonary 
hygiene. Pain management includes the brief use of 
intravenous narcotics followed by oral pain medicine that 
is tapered as soon as tolerated. Several studies hâve noted 
decreased narcotic usage with improved pain 
management through the use of continuous postoperative 
perineural infusional anesthésia for several days. 

Treatment of the stump from the time the amputation 
is completed until the definitive prosthesis is fitted is 
extremely important if a strong and functional 
amputation stump capable of maximum prosthetic use 
is to be obtained. Over the past three décades, there has 
been a graduai shift from the use of "conventional" soft 
dressings to the use of rigid dressings, especially in 
centers performing significant numbers of amputations. 
The rigid dressing consists of a plaster of Paris cast that 
is applied to the stump at the conclusion of surgery. Early 
weight-bearing is not an essential part of the 
postoperative management program. If weight-bearing 
ambulation is not planned in the immédiate 
postoperative period, the rigid dressing may be applied 
by the surgeon, observing standard cast application 
précautions including appropriate padding of ail bony 
prominences, avoiding proximal constriction of the limb, 
and use of dependable cast suspension methods. If 
weight-bearing ambulation in the immédiate 
postoperative period is anticipated, a trueprosthetic cast 
should be applied, preferably by a certified prosthetist, 
with appropriate use of stump socks, contoured felt 
padding over ail bony prominences, and spécial 
suspension techniques. A métal pylon with a prosthetic 
foot is attached to the cast and properly aligned for 
ambulation. Spécifie details of such prosthetic cast 
applications for the major levels of amputation are 
provided after each discussion of surgical technique. 
Rigid stump dressings may be successfully and 
beneficially employed at essentially ail levels of 
amputation in both the lower and upper limbs and are 
applicable to ail âge groups. 

Rigid dressings offer several advantages over soft 
dressings. Rigid dressings prevent edema at the surgical 


site, protect the wound from bed trauma, enhance wound 
healing and early maturation of the stump, and decrease 
postoperative pain, allowing earlier mobilization from 
bed to chair and ambulation with support. For trans tibial 
amputations, rigid dressings prevent the formation of 
knee flexion contractures. The physiological benefits of 
upright posture to the respiratory, cardiovascular, 
urinary, and gastrointestinal Systems are easily 
recognizable, but the psychological benefits sometimes 
are more subtle. 

In most instances the hospital stay can be decreased 
and the cost of care reduced accordingly. Finally, earlier 
definitive prosthetic fitting is possible, and a higher 
percentage of patients are successfully rehabilitated. 

Drains usually are removed at 48 hours. The patient 
is instructed on how to position the stump properly while 
in bed, while sitting, and while standing. The stump is 
elevated by raising the foot of the bed, which helps 
manage edema and postoperative pain. The patient is 
cautioned against leaving the stump in a dépendent 
position. With transfemoral amputations, the patient is 
cautioned against placing a pillow between the thighs or 
beneath the stump or otherwise keeping the stump flexed 
or abducted. These précautions are necessary to help 
prevent flexion or abduction contractures. Exercises for 
the stump are started under the supervision of a physical 
therapist the day after surgery or as soon thereafter as 
tolerated. These should consist of muscle-setting exercises 
followed by exercises to mobilize the joints. Patients 
should be mobilized from bed to chair on the first 
postoperative day. Patients with lower extremity 
amputations should begin physical therapy within the 
first several days to begin ambulating using the parallel 
bars. This is followed shortly by ambulation with a walker 
or crutches when they can control the limb and are 
comfortable enough.The optimal time to begin prosthetic 
ambulation with protected weight-bearing dépends on 
a number of factors, including the âge, strength, and 
agility of the patient, as well as the patient's ability to 
protect the amputation stump from injury as a resuit of 
excessive weight-bearing. The availability of a well- 
trained team of nurses, therapists, and prosthetists who 
can consistently carry out a well-integrated prosthetic 
treatment program and the desire and willingness of the 
surgeon to meticulously supervise such a treatment 
program are ail important factors. 

The graduai application of functional mechanical 
stress in the appropriate distribution can actually enhance 
wound healing; however, shearing forces can lead to 
wound breakdown. Early unprotected weight-bearing 
can resuit in sloughing of the skin or delayed wound 
healing. Any weight-bearing before the stump has healed 
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should be strictly supervised. Advancement of weight- 
bearing status should be individualized. A young patient 
with a traumatic amputation above the zone of injury 
could probably begin 25 lb partial weight-bearing 
immediately postoperatively. A patient with a traumatic 
amputation through the zone of injury or a patient with 
an amputation performed secondary to ischemia 
probably should wait until early wound healing is 
documented before gradually beginning partial weight- 
bearing. Weight-bearing status should be reevaluated 
with each subséquent cast change. If the wound is 
progressing well, weight-bearing can progress in 25 lb 
incréments each week. Supervision is especially 
important in patients with peripheral neuropathy who 
may hâve difficulty judging how much weight they are 
placing on their stumps. Juvénile amputées also require 
close supervision because they are usually quite 
comfortable in a temporary prosthesis and often attempt 
to walk without support. 

Regardless of when prosthetic ambulation is begun, 
the rigid dressing should be removed and the wound 
inspected in 7 to 10 days. Cast loosening, fever, excessive 
drainage, or systemic symptoms of wound infection are 
indications for earlier cast removal. If the wound is 
healing well, a new rigid dressing is applied, and 
ambulation with or without a pylon and prosthetic foot 
is continued. The cast should be changed weekly until 
the wound has healed. After the wound is well healed, 
the rigid dressing may be removed for bathing and stump 
hygiene, and, if desired, an elastic stump shrinker may 
be used at night in lieu of the rigid dressing. As stump 
shrinkage occurs, continued gentle compression of the 
stump is maintained by applying an additional stump 
socket before donning the plaster socket. This minimizes 
the need for repeated cast changes. Use of the rigid 
dressing is continued until the volume appears 
unchanged from the previous week. At that time the 
prosthetist may apply the first prosthesis. One or more 
socket changes frequently are required over the first 18 
months, so many prosthetists prefer to make the initial 
prosthesis in a modular fashion. 

In addition to the routine postoperative care, the 
following points are important for a better réhabilitation. 
Flexion contracture of the stump is prevented by applying 
plaster slab or suitable method when the patient is at rest. 
Early ambulation of patient by crutch walking helps 
psychological réhabilitation. The plaster slab is removed 
intermittently, and stump exercises are started early. 
Proper stump bandaging with a crepe bandage produces 
a shape. While bandaging caution must be exercised to 
avoid constricting the stump proximally which may 
produce stump edema. 



Fig. 4: Showing open amputation with inverted skin flaps 


Complications 

Hematoma prevented by meticulous hemostasis at 
surgery, postoperative wound drainage and stump 
bandaging. 

Infection especially in ischémie and diabetic limbs. 

Necrosis: of skin edges in ischémie limbs. 

Contractures: Flexion contracture in BK stump and flexion- 
abduction contracture in AK stump. 

Painful neuroma: Prevented by allowing the nerve to 
retract, treated by ultrasonic therapy, surgical excision 
may be necessary. 

Phantom limb: This is the feeling by the patient of the 
presence of amputation limb. This is a normal 
phenomenon in almost every case and the phantom limb 
disappears by telescoping proximally. A painful phantom 
limb is rare and is abnormal and can be résistant to 
treatment. This phenomenon can be prevented by proper 
treatment of nerves at surgery, myoplastic procedures 
and proper stump bandaging and stump exercises. It may 
disappear after wearing a prosthesis. A troublesome, 
painful phantom limb can be treated by analgésies, 
sédatives, stump exercises, local nerve blocks, differential 
spinal anesthésia or transcutaneous nerve stimulation. 
A detailed psychological évaluation is essential. 
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DERMATOLOGICAL PROBLEMS 

Patients should be instructed to wash their stumps with 
a mild soap at least once a day. The stump should be 
thoroughly rinsed and dried before donning the 
prosthesis. Likewise, the prosthesis should be kept clean 
and should be thoroughly dried before donning. 

Contact dermatitis is common and may be confused 
with infection. Skin inflammation is associated with 
intense itching and burning when wearing the socket. 
The most common cause is failure to rinse détergents 
from stump socks thoroughly. Other sensitizers include 
nickel, chromâtes used in leathers, skin creams, 
antioxidants in rubber, topical antibiotics, and topical 
anesthetics. Treatment consists of removal of the irritant, 
soaks, steroid cream and compression. 

Bacterial folliculitis may occur in areas of hairy, oily 
skin. The problem may be exacerbated by shaving and 
by poor hygiene. Treatment initially consists of improved 
hygiene and possibly socket modifications to relieve areas 
of abnormal pressure. Occasionally, cellulitis develops 
that requires antibiotic treatment, or an abscess forms that 
requires incision and drainage. 

Epidermoid cysts may develop at the socket brim. 
These frequently occur late and are best treated with 
socket modification. Excision may be required. 

Verrucous hyperplasia refers to a wartlike overgrowth 
of the skin at the end of the stump. It is caused by proximal 
constriction that prevents the stump from fully seating 
in the prosthesis. This "choking," as previously 
mentioned, causes distal stump edema followed by 
thickening of the skin, fissuring, ulcération, and possibly 
subséquent infection. Treatment initially is directed 
toward treating the infection. The skin should then be 
treated with soaks and salicylic acid to soften the keratin. 
Socket modification is mandatory, since pressure on the 
distal skin is essential to treat the problem and to prevent 
récurrences. 

The Stump 

A good stump is necessary for fitting a good prosthesis 
and better réhabilitation (Table 3). The characteristics of 
a good stump are: (i) idéal length, (ii) idéal shape, 
(iii) muscular and not flabby, (iv) good muscle power, 
(v) no fixed deformity, (vi) full and free movements at 
the joint above, (vii) infection free, (viii) nonadherent 
incision scar, (ix) absence of neuroma, and (x) bone end 
well covered by muscles. 

i. stump drainage and removal of drain in time 

ii. stump splinting 

iii. stump bandaging with maximal pressure terminally 
and minimal pressure proximally prevents blood 


loss and terminal edema, reduces phantom sensation 
and produces good shape. 

iv. stump exercises started early 

v. stump hygiene and intermittent exposure to air to 
prevent skin diseases. 

AMPUTATIONS IN LOWER EXTREMITY 
Amputation of Foot 

Amputations at various levels of foot, despite their 
limitations, are quite useful and dependable as the natural 
weight-bearing area of the foot is preserved to some 
extent so that the amputee can ambulate without a 
prosthesis. Hence, it is most helpful for the rural 
population who want to move about barefoot into the 
fields. However, for cosmetic purposes, suitable 
prosthesis can be fitted to them. 

The levels of amputation in the foot are: 
(i) disarticulation of toes at IP or MP level. The border 
ray amputation—the first or fifth ray is amputed, multiple 
ray amputation—more than one ray is amputed. Central 
ray amputation—mostly in diabetic foot or trauma. (ii) 
transmetatarsal amputation, (iii) Lisfranc's tarsometatar- 
sal amputation, (iv) Chopart's midtarsal amputation, 
(v) Pirogoff s amputation, (vi) Boyd's amputation, and 
(vii) Syme's amputation. 

In the surgical technique, certain principles are 
followed for foot amputations. Always a longer plantar 
flap is fashioned so that the scar is either anterior or dorsal 
and never on the plantar surface as the amputated foot 
has still to bear weight (Fig. 5). The exposed ends of the 
bones are well covered by the thick plantar fascia so that 
these do not form subcutaneous projections to develop 
callosities and bursae. The cutaneous and deep nerves 
are eut and allowed to retract well within the tissues. 
Sutures are removed after a considérable period, say at 
least after 15 day s, as the skin surfaces sutured are not of 
the same thickness. Earlier removal of sutures early 



Figs 5A and B: Showing racquet shaped incision 
for 3rd toe amputation 
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TABLE 3: Problems in stumps and how to rectify them 


SI. No Type of stump 

Difficulty experienced 

Treatment suggested 

Prévention 

1. Too short stump 

Lack of leverage to move 
the artificial limb, so that 
the stump slips out of the 
socket 

To provide a slip socket to 
the prosthesis, so that the 
stump is made artificially 
a longer one 

Proper amputation 
at the idéal site 

2. Too long stump 

1. Difficulty in healing of 
the operated wound the 
to lack of vascularity 

2. The stump strikes against 

the socket of the artificial limb 

Révision amputation (amputation 
of the limb at the proper level) 

Proper amputation 
at the idéal site 

3. Bulky stump 

The socket of the artificial 
limb will not fit the stump 
properly 

A firm stump bandage 

Bandaging the stump with 
elastic crepe bandage, so 
that the stump gets a 
proper shape 

4. Flabby stump 

No good musculature in the 
stump and hence less of 
muscle power, and difficulty 
to move the artificial limb 

Exercises for the stump 

Stump exercises from the third 
day of amputation 

5. Bony stump 

1. No good musculature 
and hence less of coverage 

2. Soft tissue coverage over bone 

Give more padding 
(soft felt) within the 
socket of the artificial 
limb. 

The bone ends of the 
stumps should be covered 
well with the remaining 
muscles so that the stump 
is well cushioned 

6. Deformed Stump 

Not possible to fit the 
artificial limb as there 

1. Passive stretching of 
the stump 

1. Proper physiotherapy to 
the stump 

(Flexion contracture 
of stump) 

is no proper alinement 

2. Active movements to 
the stump 

3. Stretching under general 
anesthesis 

4. Surgery 1. Tendon surgery 

2. Bone surgery 

2. Avoid pillows to the stump 

3. Make the patient lie on 

the face and do the exercises 


mobilization and early limb fitting help the patient to 
recover quickly and return to his or her work. 

There are merits and demerits of foot amputations at 
certain levels. Disarticulation of toes and midfoot 
amputation are comfortable as larger natural weight- 
bearing areas are preserved. Lisfranc's and Chopart's 
amputations hâve poor réputation as very often the 
stump goes into equinus and varus and causes difficulty 
in prosthetic fitting (Figs 6 and 7) Further, there may be 
frequent ulcération over the anteroinferior aspect of 
calcanéum. Pirogoff s Boyd's and Syme's amputations are 
comfortable for weight-bearing. 

In Pirogoff s amputation, anterior part of calcanéum 
is eut across and the raw bone is fixed to the raw 
undersurface of tibia, after excising the talus. The 
calcaneal tuberosity forms the inferior weight-bearing 
area. In Boyd's amputation also, the talus is excised and 
the superior surface of the calcanéum is fused to the 
undersurface of tibia, after advancing calcanéum. These 
operations hâve the advantage of producing stable load 
bearing surface, provided the calcaneal fusion is sound. 
The stump is very bulky and because of its length, the 
ankle joint cannot be incorporated in the prosthesis. At 


best, an éléphant boot can be worn. Though these are 
good for the developing countries they are not popular. 

Syme's Amputation 

Syme's amputation is a very good operation, especially 
for the developing countries, if the heel is preserved in 
the diseased limb. The greatest advantage is that the 
normally weight-bearing heel continues to bear weight 
after the amputation and the patient can walk without a 
prosthesis if needed. Conventional prosthesis is bulky at 
the malleoli and hence not accepted by the sophisticated 
people. 

The essential features of Syme's amputation are: 

i. two points 1.75 cm below the latéral malleolus and 
2.5 cm below the médial malleolus are joined in front 
of the ankle and also vertically across the heel pad 

ii. the anterior incision is deepened and the talus and 
calcanéum are removed, remaining close to the 
bones and leaving ail soft tissue in the flap 

iii. the médial and latéral malleoli, including a thin 
wafer of the plafond of the tibia are sliced off in a 
single eut (Fig. 8) 
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Beveled anterior 
tibial crest 45-60* 


Tension myodesis 


Fig. 6: Lisfranc amputation with reattachment of peronei and 
tibialis anterior for balancing residual muscle power 


Fig. 8: Showing long posterior flap and 
beveled anterior crest tibia 




Fig. 7: Boyd amputation 

iv. closure of the wound produces large "dog ears" on 
either side and the temptation to trim them should 
be resisted as the essential calcaneal branches 
supplying blood to the heel flap are contained in 
them. The "dog ears" eventually disappear 

v. the heel flap is firmly bandaged so that it is 
absolutely vertical and does not slip in any direction. 

Numerous attempts at modifying Syme's amputation 
to reduce the bulbous end were only futile exercises. Some 
of the modifications tried were taking a thicker slice of 
the tibia, slicing the malleoli vertically, etc. 

1. Sarmiento has described a modification of the syme 
technique that produces a less bulbous stump and 
allows the use of a more cosmetic prosthesis. Here 


tibia and fibula are resected at 1.3 cm proximal to the 
ankle joint and both malleoli are excised. 

2. Wagner has advised two stage technique of the syme 
amputation for the use in diabetic patients with an 
infected or gangrenous foot. 

Below-Knee (BK) Amputation 

Below-knee amputation can be performed either in 
supine or prone position. It is very convenient to the 
surgeon if the patient is put in prone position-on flexion 
the knee the front and back of the stump are easily 
accessible, and the surgeon can perform the operation in 
greater comfort (Fig. 9). 

Burgess' technique of using a long posterior flap is 
especially useful in ischémie limbs and gives a soft cover 
to the bone. The tibia is sectioned electively 13 cm below 
its articular surface, 8 cm is the minimum length required 
for a prosthesis utilizing knee flexion. Particular attention 
is paid to bevelling of the shin. Fibula is sectioned 2.5 cm 
higher using a Giglee saw. Burgess' technique sometimes 
results in a bulky stump. To overcome this problem, a 
"skew flap myoplastic amputation" was developed. 

Disarticulatiori of Knee 

Disarticulation of knee is a quick, silent operation with 
minimal blood loss especially suited for the sick elderly 
patient. Its end-bearing properties and the rétention of 
proprioception made it more popular, while the difficulty 
in fitting a prosthesis and the tendency to develop a 
flexion deformity at the hip tend to make it unpopular. 
Though conveniently a long anterior flap is used, in 
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Fig. 9: The skew sagittal flap below-knee amputation 

ischémie limbs latéral flap s are preferred to prevent flap 
necrosis. These amputées were given prostheses with 
conventional side steels and joints, but the modem 
approach is to use a "four-bar link knee unit". 

The Gritti-Stoke's and supracondylar amputations 
which were developed to minimize the bulbous end, 
reduce the end-bearing area and are not popular. 

Above-Knee Amputation 

Above-knee amputation is done at the site of élection, 
bone section being 13 cm above the knee joint. This is the 
idéal level for doing osteoplasty, myoplasty and myodesis 
procedures. Because of the proximity to perineum, the 
chances of infection are more especially by the anaerobes. 
Réhabilitation of patient is more difficult for obvious 
reasons. 

Amputations of Hip Pelvis 

Disarticulation of Hip 

A racquet incision starting from anterior superior iliac 
spine encircling gluteal-thigh junction is made and a 
bigger posterior skin and muscular flap is planned 
(Fig. 10). Ail the muscles are sectioned nearer the fémur 
so that they fall into the acetabular cavity. The patient is 
rehabilitated using the Canadian tilting table prosthesis. 

Hindquarter Amputation 

Bones are eut anteriorly at pubic symphysis and 
posteriorly two or three inches latéral to the sacroiliac 
joint. 

Disarticulation of hip and hindquarter amputation 
require: 

i. A good preoperative planning and patient 
counseling 



Fig. 10: Incision for hip disarticulation 

ii. Five to six units of blood 

iii. A good surgical knowledge and techniques, if 
necessary, two teams may hâve to operate 
simultaneously. 

iv. Proper positioning—latéral position suspending the 
limb from a stand with stérile towels may be useful. 

Hemicorpectomy 

Body is sectioned below L3 or L4 level with colostomy 
and ureterostomy. These patients are kept in bucket-like 
prosthesis with wheels, and they move about pushing 
with hands. 

One such patient was asked whether it is worth living 
like this. He replied that he enjoys seeing beautiful things 
with eyes, listening to nice music with ears and munching 
tasty food with mouth. Certainly life is worth living even 
without limbs for those who hâve will power. 

Réhabilitation 

Amputation is the beginning of réhabilitation. For a 
complété réhabilitation, it is followed by physiotherapy, 
prosthetic fitting and occupational therapy, or course, he 
or she has to be put into a job by the social worker. An 
amputation is complété only when the person is properly 
rehabilitated. 

Amputations of the Upper Extremities 

Upper extremity amputations, excluding finger 
amputations account for 15 to 20% of major amputations. 
Ninety percent of them are a resuit of trauma and majority 
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occur in men in the âge group between 20 and 40 years. 
The loss of an upper limb has more devastating 
conséquences than the loss of lower extremity. 

Most of the below-knee amputées can be rehabilitated 
and made ambulant with prosthetics. Despite advances 
in prosthetics, the success rate for adult upper limb 
prosthetic réhabilitation after amputation is < 50% as the 
prosthetics cannot replace proprioception and fine motor 
control. 

Indications 

Trauma 

• Crush injuries beyond salvage when circulation of 
supplying the limb is completely compromised. 

• Severed limbs. 

• Brachial plexus injuries with irréversible prognosis. 

Tumors 

• Peripheral vascular disease 

Infection 

• Including gas gangrené 

Burns 

• Deep burns with a large muscle mass involvement 
and neurovascular damage severe contractures—not 
amenable to surgical correction. 

Principles of Amputations of Upper Limb 

The level of amputation should be through the most distal 
part which results in perfect wound healing. Recent 
developments in prosthetic fitting hâve changed the older 
concepts about levels of amputations. However, 
prosthetics at higher levels, i.e. disarticulation of the 
shoulder and forequarter amputation are not well 
accepted. Early prosthetic fitting and training in 
amputations distal to proximal one-third of the arm will 
hâve great bénéficiai effect both in the function as well 
as the psychological aspect. A tourniquet is permitted, 
but exsanguination should be avoided in cases of 
infection. 

Skinflaps: Either anteroposterior or latéral médial equal 
or unequal are raised depending on the availability of 
healthy skin at that level. 

Isolation and double ligation of the major blood 
vessels—Radial and ulnar arteries in amputations distal 
to elbow, brachial. Axillary or subclavian arteries in 
amputations proximal to elbow joint. 


Identification of the main nerves, i.e. médian, ulnar 
and radial and dividing them after applying traction so 
that the ends retract into muscle mass. 

Ail the muscles are divided just distal to the level of 
bone section. Perfect hemostasis should be secured before 
the closure. 

Either a corrugated or suction drain is inserted and 
skin closure is done without tension. Ail through gentle 
handing of tissue including skin is essential for perfect 
healing. 

Wrist Amputation 

Transcarpal amputation is done just distal to radiocarpal 
joint. Flexor and extensor tendons are anchored to the 
proximal row of carpals. 

Advantages are préservation of movements at the 
radiocarpal joint including rotations long lever arm 
increases the power with which a prosthesis can be used. 

Below Elbow Amputations 

Good prosthetics for efficient usage are available even 
for very short stumps distal to elbow joint. Where the 
level is proximal to the insertion of biceps, its tendon is 
resected to facilitate prosthetic fitting. At the same time, 
flexion at the elbow is not affected because of intact 
brachialis muscle. 

Myoplastic closure is another method of closure after 
fashioning an anterior flap with flexor digitorum sublimis 
muscle which is carried around the bony ends and 
sutured to the deep fascia on the dorsum. 

Elbow Disarticulation 

Elbow disarticulation is usually préférable to amputation 
at a proximal level, because the prosthesis can fit well, 
and rotation of the prosthesis is possible due to humerai 
rotation at the shoulder. 

Above Elbow Amputations 

Any level from the supra condylar ridges to the axillary 
fold. If there are no limiting factors, equal anterior and 
posterior skin flaps are fashioned. Myoplastic closure 
suturing triceps to the anterior compartment muscle mass 
gives a good, stable stump. Transection at the level of 
surgical neck requires shoulder disarticulation prosthesis 
which is a cosmetic prosthesis with an elbow lock for 
flexion and extension, and a turntable for rotations. 

Disarticulation of Shoulder 

Skin incision commences at the coracoid process runs 
along the anterior and posterior borders of the deltoid to 
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end at the posterior axillary fold. The two limbs are joined 
through a transaxillary extension. 

After reflecting the deltoid and pectoralis major, the 
neurovascular bundle identified and divided in the usual 
fashion. Now various groups of muscles attached to the 
coracoid process, proximal humérus and the glenoid are 
divided, the capsule is incised ail around, and the limb is 
excised. The eut ends of the various muscles are used to 
fill the glenoid cavity. The deltoid muscle flap is sutured 
to the inferior edge of the glenoid. The skin flaps are 
trimmed for accurate closure. 

Forequarter Amputation 

Interscapulothoracic amputation : In this procedure, the 
whole of the upper limb is removed along with the 
scapula and part of the clavicle. 

This is performed almost exclusively for malignant 
disease involving shoulder girdle. The approach is either 
anterior or posterior. The anterior approach is generally 
used through a racquet-shaped incision with linear 
extension along the clavicle, thus, reducing the blood loss. 

The trunks of the brachial plexus are divided so that 
the ends retract under muscles. Through the posterior 
part of the incision, dorsal group of scapular muscles are 
resected after ligating suprascapular vessels. Dividing the 
rest of the muscular attachments to scapula, the entire 
forequarter is separated and removed from the chest wall. 

In order to support normal clothing, the shoulder 
deformity is corrected with a light shoulder prosthesis. 

Amputations Through the Hand 

Almost ail amputations in the hand resuit from trauma. 
Initial mismanagement may resuit in greater subséquent 


disability. In general, as much viable tissue as possible 
should be preserved after hand injury keeping in view, 
however, the useful function of the remaining stump. 

Amputation ofdigits: If the injury is solely to the index 
or little finger, useful function is unlikely unless one-and- 
half phalanges are still présent. The best cosmesis is 
achieved by amputation through the metacarpal shaft 
with suitable bevelling. This, however, reduces the span 
of the hand and power of the grip, so, it may be better to 
disarticulate through the metacarpophalangeal joint in 
manual workers. 

The long and ring fingers are best amputated through 
whatever level will leave a mobile and comfortable 
stump. Even a very short stump, for example, the 
proximal phalanx, may hâve some definite functional 
value and in the half-closed position may be at least 
cosmetically acceptable. Amputations of either of these 
fingers in which the metacarpal ray is excised for cosmetic 
reasons may seriously disturb function and are seldom 
désirable. 

As much of the thumb as can be and must be 
preserved for as long as possible. Any stump covered 
with sensitive skin may be of great value. 

Technique: The objective is to cover the stump with 
sensitive and supple skin. A painful and sensitive scar 
will be produced if the skin flap is stretched and sutured 
tightly over the bone end, if possible the scar should be 
on the dorsum, using a longer palmar flap. The extensor 
and flexor tendons should be allowed to retract, suturing 
them over the bone end will tether the flexor profundus 
and interfère with the function of other fingers. The bone 
should be smoother off, and in a disarticulation through 
interphalangeal joint, the condyles of the phalanx should 
be trimmed to reduce the bulk of the tip. 


Krukenberg Amputation 


INTRODUCTION 

The hand is one of the most important part of the human 
body and has many functions. It behaves as a sense organ. 
Its loss, therefore, results in a great catastrophe, even of a 
greater magnitude if both hands are lost, because it results 
in total loss of functions. Loss of vision encountered in 
such individuals while handling explosives, adds insult 
to the injury. 

Krukenberg operation (Fig. 11) a plastic procedure in 
which the forearm is phalangized into a radial and ulnar 
ray, is of inestimable value to such individuals, especially 
to those who are also blind, in whom neither sight nor 


touch is présent if prostheses are worn. The great 
advantage of this procedure is that préhension and sense 
of touch are preserved, and the amputee is spared the 
trouble of putting on a prosthesis. 

Surgical Technique 

The object of this operation is to convert the forearm into 
forceps, in which the radial ray acts against the ulnar ray 
with tactile sensibility. 

The skin incisions over the forearm are planned in 
such a way that the radial ray could be covered in its 
entire extent with the available skin and if needed a 
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small part of the ulnar ray is covered with split thickness 
graft. 

Incisions are planned keeping in mind the length of 
the stump. In a standard 7 to 8" long stump or a shorter 
stump (Fig. 12), a U-shaped incision is given starting at a 
point 3" distal to the flexor crease of the elbow passing 
longitudinally close to the ulna, turning around the end 
of the stump to a point at the same level on the dorsal 
surface. 

In a longer stump in the vicinity of wrist joint or in 
through-wrist disarticulations (Fig. 13), it is mostly 
possible to cover both the rays with the available skin, 
by making 7-shaped incisions. A 4?Æ" long longitudinal 
incisions on the anterior and posterior aspects close to 
the ulna are given starting from a point 3" from the flexor 
crease of the elbow. The ends of the two incisions are 
then joined by a transverse incision along the anterior, 
latéral and posterior aspects. By making such an incision, 
the skin distal to the transverse incision can be utilized 
to cover the ulnar ray easily in its entire extent. 

After raising the skin flaps, the forearm is split into 
two parts by carefully separating the muscles and 
dividing the interosseous membrane. The radial half 
carries along with it the radial wrist flexor and extensors, 
radial half of flexor digitorum sublimis and the radial 
half of extensor digitorum communis, brachioradialis, 
palmaris longus, and the pronator teres. The ulnar wrist 
flexors and extensors, the ulnar halves of flexor digitorum 
sublimis and extensor digitorum communis are taken to 
the ulnar side. 

No attempt should be made to resect muscles to 
reduce the bulk of the stump in order to maintain the 
vascularity of the stumps. Stumps in which too much of 
muscles is resected out, are bony and therefore patients 
expérience discomfort or even pain while holding objects 
in between the rays. 
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Fig. 12: Incisions for shorter stump 
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Fig. 13: Incisions for longer stump 

After separating the muscles, the interosseous 
membrance is incised ail along its ulnar attachment, to 
prevent damage to the interosseous vessels. 

The radial and ulnar rays are then gently separated 
to achieve a séparation of about 5" at their tips. Thereafter, 
both the bones are eut at a distance of about 7" from the 


Fig. 11: Krukenberg stumps 
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flexor crease of the elbow. Before cutting the bones, raise 
a periosteal sleeves about Vi distal to the level of the bone 
section. This important step helps in covering the exposed 
surface of the bone with its own periosteum and 
performing myoplasty at the terminal eut end of the 
bones. The muscles separated at the interosseous 
membrane site, are approximated to cloth the bone with 
the muscles ail around. 

The nerves and vessels are treated in the usual 
manner, but the médian nerve which is bared along its 
entire extent is resected high up near the web of the ray. 

Hemostasis is secured after releasing the tourniquet, 
and the radial ray is covered with the available skin flaps. 
The shorter ulnar stump may need a part of its raw 
surfaces to be covered with a split thickness skin graft 
(STSG). In longer stumps, the ulnar ray can invariably 
be covered with locally available skin flaps. A drain is 
usually put for 48 hours. The rays are dressed, kept 
separated by adéquate dressing material in between to 
maintain séparation of around 5" at their terminal ends, 
and limb immobilized with a POP (plaster-of-Paris) slab. 
After the wounds hâve healed, réhabilitation is begun. 

Réhabilitation 

The patient should be thoroughly motivated before 
undertaking this procedure. The best way to achieve this 
goal is by arranging a practical démonstration by another 
such amputee or by showing slides or video films of 
patients, who after having gone through such an 
operation, hâve achieved total independence (Fig. 14) not 
only in activities of daily living, but also settled in jobs. 

Majority of the patients accept this operation willingly, 
as they are more concerned about functions and 
usefulness of these stumps than cosmesis. Such 
amputatees, who are reduced to a State of total 
dependence, even for activities of daily living, therefore, 
readily accept this procedure, as their very existence 
dépends upon their ability to use their krukenberg 
stumps. In fact, such individuals having achieved total 
independence, take pride in demonstrating the functional 
capabilities following this reconstructive procedure, and 
do not care about its appearance. 

The greatest advantage of this operation is in the 
rétention of the tactile sensations which no prostheses 
can substitute. The success of this procedure is largely 
dépendent upon the patients motivation, meticulous 
surgical technique and postoperative care in training the 
forearm muscles in performing adduction and abduction 
movements of the radial ray over the ulnar ray. Normally, 
it takes about 3 to 4 months from the time of operation 
for the patient to develop sufficient power and 
coordination to perform these movements. As time 
passes, the power and coordination of movements 



Fig. 14: Eating food with Krukenberg stump 

improve further and so does the freedom of activities. 
These patients however find it too difficult to button up 
their shirts, clean their bottom after défécation as the 
stumps cannot reach the site and are also unable to 
perform heavy manual work. Velcro in places of buttons 
on shirts and elastics in trousers waist overcome the above 
difficulties. Cleaning the bottom with the help of the back 
of the heel of the foot under a running tap water is 
recommended to overcome these problems. Except for 
these limitations, they are able to perform most of the 
activities of daily living and are able to lead an 
independent existence. 

Though this procedure is usually indicated for 
bilateral below-elbow amputées, sometimes it is 
applicable to a unilatéral amputee as well. Unilatéral 
Krukenberg operation is indicated in those who are also 
blind, those in whom loss of functions of the dominant 
hand, has not been taken over by the supporting hand, 
either due to lack of interest on the part of the patient or 
due to disease/ disability. It is also indicated in those who 
cannot afford a prosthesis or those who demand such a 
procedure for their improved bimanual activities. Usually 
in a unilatéral amputee whose job entailed doing heavy 
work manually, are fitted with suitable prosthesis. For 
cosmetic purposes, if desired both unilatéral as well as 
bilateral amputées can be fitted with cosmetic hands. 
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INTRODUCTION 


Trauma is the most common cause of acquired 
amputations in children. Diseases, especially malignant 
tumors, form the rest. Ischémie limb is not a problem in 



Figs 15A and B: Showing terminal 


the child. Comparing a child amputee with its adult 
counterpart, the child is growing, irresponsible and 
dépendent upon its parents. Whereas the adult's 
prosthetic needs are primarily concerned with occupation 
and cosmesis, the child's needs are concerned with 
récréation and durability. 

While performing an amputation in a child, the 
dictum for adults holds good here also—Conserve as 
much limb length as possible. Most of the techniques 
described for adults are also useful for children. 
Amputation surgery in childhood differs from that in the 
adult in the foliowing ways. 

• Growth: Major epiphyses and growth potential must 
be kept in mind. For obvious reasons, the stump of 
above-knee amputation becomes proportionately 
shorter and that of the below knee becomes longer as 
the child grows. So, instead of an AK amputation, a 
disarticulation of the knee must be preferred, and a 
BK amputation should be attempted however small 
the stump might be. 

• Stump overgrowth (Figs 15A and B): The bone may 
overgrow the muscles and protrude under the skin. 


To prevent this, myodesis must be preferred at the 
time of amputation which will stimulate the muscles 
to grow along with the bone. 

• Terminal overgrowth: This is different from stump 
overgrowth—a spike-like new bone grows over the 
transected bone end. This may cause irritation and 
érosion of skin and make wearing of prosthesis 
uncomfortable. Terminal overgrowth is an ill- 
understood problem and is possibly due to high 
ostéogénie activity of child's periosteum or due to 




îp overgrowth and capping procedure 

mechanical stimulation of the bone end by the 
prosthesis. This complication is more often seen in 
humérus and fibula and in children under the âge of 10. 

• The child amputee has much better wound-healing 
and tolérâtes surgical insults very well. In trauma, the 
surgeon should use whatever skin flaps are available 
and should not hesitate to use skin grafts to close gaps 
in an attempt to preserve length. Complications after 
surgery are less severe in children and extensive scars 
are well tolerated. 

• Phantom sensations are much less in children. 

• Psychological problems are rare in children until 
adolescence or teenage. 

• Training a child with prosthesis is easier and they use 
them extremely well. 

• Disarticulation has three distinct advantages: 

i. epiphyseal growth at the end of stump is preserved 

ii. terminal overgrowth is avoided 

iii. end-bear potential is great. 

• One should keep a constant watch on the child 
amputee since the prosthesis needs frequent repairs 
and needs to be changed as the child grows. 











3910 Textbook of Orthopedics and Trauma (Volume 4) 


Immédiate Postsurgical Prosthetic Fitting 


INTRODUCTION 

After conventional amputations, stump bandage is 
applied for 2 months to allow subsidence of stump edema 
and shrinkage of stump following which a permanent 
prosthesis is given. During this period, the patient 
ambulates himself or herself on crutches. Both the actual 
and visually recorded loss of the extremity combined with 
the inability to ambulate himself or herself properly pose 
a formidable psychological problem. 

The Concept 

The concept of fitting patients with a temporary 
prosthesis immediately after surgery and start 
ambulation was originated by Berlemont in late fifties. 
But it was Marion Weiss, a Polish surgeon, who modified 
the procedure and popularized in sixties. However, this 
procedure is not practised widely in our country possibly 
because of the time consumed in the operating room, the 
requirement of prosthetist's help and the difficulty in 
procuring the prosthetic jig which is interposed between 
the plaster socket and foot piece. 

The Jig 

The jig has a complicated construction comprising of 
métal socket attachment strips attached to a métal 
platform, quick disconnect unit, anteroposterior and 
mediolateral sliding adjustment and varus-valgus 
anterior and posterior angulation adjustments. However, 
the length cannot be adjusted and the tubular shank is to 
be eut to required size prior to fitting (Fig. 16). 

Indigenous Version 

In the place of the above jig, an adjustable shank was 
innovated in Hyderabad by the author with indigenously 
available material at an incredibly low cost (Fig. 17). This 
consists of two aluminum tubes which can telescope into 
each other. The proximal end of the proximal tube is 
radially divided to a length of 6" to form the four-socket 
attachment strips. A circular aluminum disk rivetted at 
the base of these strips forms the socket resting platform. 
The distal tube is fixed to a Jaipur foot by means of a nut 
and boit. The two tubes can telescope into each other and 
can be fixed at any required length by means of two 
horizontal bolts. Constructing the shank into two pièces 
serves two functions: (i) it acts as a quick disconnect 
System and the foot piece can be removed whenever 
required, and (ii) the length of the shank is adjustable 



Fig. 16: Blow-out picture of conventional IPPF shank: 31-flexible 
socket attachment straps, 32-tube for foot attachment, 33- 
clamp, 34-platform for socket rest, 35-anteroposterior sliding 
adjustment, 35A-quick disconnect screw, 36-wedge disks for 
angular adjustment, and 37-mediolateral sliding plate 

—a facility not présent in the sophisticated version. This 
shank does not provide the sliding and angulation 
adjustments. This calls for more précision on the part of 
surgeon while applying it and if needs correction can be 
removed and reapplied with ease. 

Material 

The material required is locally available and 
economical—stockinet, woolen felt pads, a cup made of 
sponge rubber, suspension waist belt and suspension 
strap (tape used for cots) and buckle. 

Putation Technique 

Burgess technique of long posterior flap used for ischémie 
limbs is followed. What is good for ischemis limbs is good 
for nonischemic limbs also. The wound is closed with a 
suction drain. 
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Fig. 17: Components of indigenous IPPF shank: 1-flexible 
socket attachment straps, 2-socket resting platform, 3 and 4- 
telescoping tubes of shank forming quick disconnect System, 
5-horizontal bolts for quick disconnection, 6-wooden plug in 
the tube to take nut and boit, 7-nut and boit to fix Jaipur foot to 
shank, and 8-Jaipur foot 

IPPF Technique 

With the patient still under anesthésia, immediately after 
wound closure, a stérile stockinet closed at one end is 
applied over the stump. Felt pads are kept over the 
stockinet to protect bony prominences, fluffed gauze 
pièces cover the end of the stump, and they are covered 
by the sponge rubber cup (Fig. 18). An above-knee POP 
cast is applied compressing the sponge rubber cup 
(plaster socket) to give a "rigid dressing". The plaster cast 
also incorporâtes the suspension strap. The proximal half 
of the indigenous shank is fixed to the plaster socket 
(Fig. 19) using one POP roll. While fixing care is taken to 
see that the axis of the shank is Vi médial to the axis of 
the socket to compensate for the valgus position of the 
proximal tibia. The distal shank and the foot are now fixed 
and length adjusted (Fig. 20). 

Postoperative Management 

• 24 hrs—Suction drain removed. Stands by the side of 
the bed 

• 48 hrs—Walks with walker, bears weight about 3 kgs 
(Fig. 21) 

• 3-8 days—Parallel bar walking—weight bearing 
increased to 20 kgs. 

• 14 days—POP cast removed, sutures removed, 
temporary prosthesis reapplied immediately over BK 



Fig. 18: Stockinet, felt pads and sponge rubber cup covering 
the end of stump: 1-stockinet covering the limb, 2-felt pads 
covering tibia and patella, and 3-sponge rubber cup 



Fig. 19: Fixing the proximal shank to plaster socket 



Fig. 20: IPPF completed on the operating 
table under anesthésia 


POP cast, continues to walk, quadriceps and knee 
bending exercises. 

• 30 days—Definitive prosthesis given. 
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The sponge rubber cup serves two purposes: 
(i) distributing pressure over the stump during weight 
bearing, and (ii) when compressed by POP cast, it gives 
"rigid dressing". 

The rigid dressing provided by the fluffed gauze, 
sponge rubber cup and the plaster socket provides tissue 
rest and minimizes pain on movement. The appropriate 
terminal pressure provided by the "Rigid dressing" 
markedly restricts stump edema which in turn promotes 
wound healing and maturation of stump with favorable 
stump shaping. 

Concept, Rationale and Advantages of IPPF 

1. Wound healing is enhanced by rigid dressing 

2. Amputation rigid dressing by virtue of minimizing 
pain permits early upright and bipedal stance and 
gait with awareness of pressure and tension forces 
through the prosthesis to the body allows 
for continuity in proprioception. Even if the 
patient cannot ambulate due to defective mental 
make-up, he or she still has the advantage of rigid 
dressing. 

3. Psychological: Rapid transition from limb loss to 
function bespeaks hope. A hopeful rather than 
négative approach to surgery is accomplished. The 
actual and visually recorded loss of the extremity are 
muted by the patient's ability to stand on his or her 
"leg". The problem of phantom limb is remarkably 
minimized. Effective and faster réhabilitation is 
achieved. 

Immédiate postsurgical prosthetic fitting has the 
advantage of good wound healing, early ambulation 
and psychological uplift. This can be practised even 
in smaller hospitals using the indigenously developed 
shank and the procedure described. However, it 
demands précision and exactness in technique for an 
excellent resuit. 



Fig. 21: Third postoperative day after immédiate post 
surgical prosthetic fitting-patient walking with walker 
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Amputations ofthe Foot 


INTRODUCTION 

Amputation of the foot is mainly divided into: 
(i) amputation through a toe, (ii) amputation of ail the 
toes, (iii) amputation of a single metatarsal, 
(iv) transmetatarsal amputation, and (v) amputations 
through the middle of the foot. 


Amputation Through a Toe 

A little disturbance of stance or gait is caused by the 
amputation of a single toe. Amputation of the little toe 
does not resuit in any functional loss, also amputation of 
the second, third or fourth toes hâve negligible functional 
loss, but in case of second toe, it may prédisposé to an 
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increased valgus deformity of the great toe. Amputation 
of the great toe through metatarsal phalangeal joint does 
not significantly affect standing or walking at a moderate 
pace (Figs. 22), but a limp develops when the person tries 
to hurry or attempt to run, because the push-off provided 
by great toe is lost. 8 

In amputation through the toe, a long plantar flap and 
a short dorsal flap are required. The skin incision begins 
at the intended level of the bone section at the midpoint 
on the médial side curving slightly forwards over the 
dorsum of the toe to a similar point on the latéral side. A 
similar flap is now fashioned to the plantar surface, but 
extending distally well beyond the level of the bone 
section. 

The skin flaps are dissected proximally to the level of 
the section. The flexor and extensor tendons, the vessels 
and the digital nerve are sectioned and allowed to retract 
into the depths of the wound. The bone is sectioned and 
smoothed with a file if necessary. Only the skin is sutured 
with nonabsorbable material, after trimming the flaps so 
that the terminal aspect of the stump is covered by plantar 
skin with the suture line lying anterodorsally. 
Disarticulation of the Interphalangeal Joint 

Disarticulation at the interphalangeal joint is done by 
the same technique but it is sometimes necessary to trim 
with bone nibblers the flare of te distal end of the phalanx 
in order to improve skin cover (Fig. 23). 



Fig. 22: Amputation of foot (1) amputation through a phalanx 
(2) disarticulation of a phalanx (3) disarticulation of a toe 
(4 and 5) Transmetatarsal amputation (6) Lisfrane’s amputation, 
and (7) Chopart’s amputation 


Disarticulation of the Metatarsophalangeal Joint 

Disarticulation of the second, third, or fourth toes should 
be performed by making incisions to either side of the 
toe, its base beginning on the plantar surface and curving 
slightly forwards up onto the base of the shaft of the toe 
in the web of the foot to meet on the dorsal surface. After 
full plantar flexion of the toe, the extensor tendon and 
dorsal capsule are divided, as this allows further flexion 
of the toe and thus, the remains of the joint capsule and 
ligaments are exposed and divided. After divisio of the 
flexor tendon, nerves and vessels, they are allowed to 
retract into the depths of the wound. The skin is closed 
with nonabsorbable material so that the suture line is 
vertical and subsequently sinks into the cleft on the 
anterodorsal aspect of the foot. 

Disarticulation of the Fifth Toe 

Disarticulation of the fifth toe is best performed through 
a racquet incision starting in the cleft between the fourth 
and fifth toes and extending dorsally across the toe to a 
point 1 cm behind and latéral to the metacarpophalangeal 
joint (Fig. 24). The plantar incision curve forwards over 
the base of the proximal phalanx and then backwards to 
join the dorsal incision laterally. From the devision of the 
tendons and vessels and nerves to the closure, the process 
is same as that of the disarticulation of the other toes, 
only the différence here is that the latéral third of the 
metatarsal head is removed, and smoothening of the bone 


Fig. 23: Disarticulation of the interphalangeal joint 


Fig. 24: Disarticulation of MP joint 
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is done with a file. This is to avoid painful pressure in 
footwear caused when the metatarsal head is left intact. 

Disarticulation of the Great Toe 

The incision is taken over the middle of the médial side 
of the great toe 1.5 cm proximal to the metacar- 
pophalageal joint curving the incision forwards over the 
médial and plantar surface of the toe producing a long 
médial plantar flap (Fig. 25). Dorsally the incision passes 
convex forwards from the médial border to the web of 
the toe. The flexor tendon is divided and sutured side of 
the metatarsal head should be trimmed with bone 
nibblers and smoothed with a file if it is prominent. The 
skin is sutured with nonabsorbable material having 
trimmed the skin flaps so that the suture line lies on the 
anteromedial border of the stump. 

Amputation of a Single Metatarsal 

A single metatarsal may be removed keeping the toe for 
cosmetic reasons. However it may become painful. It is 
préférable to remove the entire ray. 

Amputation of Ail The Toes 

Amputation of ail the toes does not noticeably affect 
standing or slow walking, but it results in considérable 
loss of spring and resilience, and the patient is limited to 
a steady, rather plodding gait. 3 

This procedure is indicated in long-standing 
progressive painful deformity of the toes. General 
anesthésia is preferred, and the procedure is done under 
toniquet control. 



Parallel incisions are made on the plantar and dorsal 
surfaces of the foot, starting at the metatarsophalangeal 
joint and passing laterally rising up a little onto the plantar 
surface and not meeting in the clefts. The incision is 
deepened up to the capsules of the metatarsophalangeal 
joints. After division of the capsule the toes are removed. 
The metatarsal heads are completely excised, sectioning 
the neck of the metatarsal joint behind the head, as they 
become very prominent in the sole of the foot is covered 
often only by thick skin and painful bursae. The 
sesamoids in the flexor tendons are excised, and ail 
tendons and digital nerves are pulled down and 
sectioned, so that the eut ends retract deeply into the 
wound, and neuroma which develops at eut ends of the 
nerve will not be subjected to pressure or pinched 
between the ends of the metatarsal. The digital vessels 
are coagulated or ligated after release of the torniquet, 
and hemostasis is achieved. The skin and subeutaneous 
tissue are sutured in one layer, and the suture line is 
drawn up onto the anterodorsal surface so that the plantar 
skin protects both the plantar and anterior aspect of the 
stump. Posteroperatively, the foot is dressed with lot of 
cotton and crepe bandage applied, and foot is given 
élévation for 48 hours. The sutures are removed after 14 
days, and in patient with rheumatoid arthritis after 3 
weeks. After wound as healed, the patient can progress 
to full weight bearing using a stiffness in the shoe, almost 
any type of shoe can be worn with a sponge filler in the 
toe space. 

Transmetatarsal Amputation 

The more proximal the amputation through the 
metatarsal, the greater will be the loss of ability, and loss 
of diminished power to push off to the shortened lever 
arm of foot. The metatarsal bones should only be 
amputated through cancellous bone either at the head or 
preferably at the base (Figs 26 and 27). Amputations 
through the cortical diaphysis lead inevitably to bony 
résorption. These stumps become as sharp as a pencil 
with risk of pain and perforating ulcers in the case of 
neuropathy. Partial amputations give excellent stumps 
as long as the first metatarsal or at least 2 minor rays are 
preserved. However, the asymmetrical partial foot stump 
requires well-designed foot othotics in order to avoid 
overloading of the remaining rays. 6 

In amputation of single transmetatarsal ray, it is 
important that ail the infected and necrotic material is 
excised, and sufficient bone must be excised so that the 
skin flaps can be sutured without any tension. For single 
second, third, fourth toes and rays, a wedge of tisue with 
its apex proximally placed at the base of the metatarsal is 
excised, and this closes well leaving a symmetrical foot. 
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Fig. 26 


Figs 26 and 27: Metatarsal amputation should be done 
through the cancellous area at head or base 

As the wounds in metatarsal ray excision are generally 
infected, irrgation using antibiotic solution facilitâtes 
healing. 

In total transmetatarsal amputation, the technique is 
similar to that of amputation of ail the toes. Here the skin 
incision are more proximally placed. The dorsal incision 
is slightly curved and is made across the foot at the level 
just proximal to the metatarsal necks. The plantar incision 
is curved dorsally and placed just behind the creases at 
the base of the toes. The metatarsals are sectioned at the 
level of the dorsal skin incision and their edges carefully 
bevelled. The skin flaps are sutured so that the eut 
metatarsal ends are covered by thick plantar skin and its 
subeutaneous tissue. Mobilization canbegin in a walking 
plaster-of-Paris cast for 10 days. 7 

Amputation Through The Middle of the Foot 

These are largely of historical interest only they include, 
Lisfranc's amputation through the tarsometatarsal joints, 
Chopart's amputation through the midtarsal joints and 
Pirogoff's amputation in which part of the os calcis is 
fused to the lower end of the tibia (Fig. 28). 1,5 



Fig. 28: Amputation through middle of foot (A) Chopart, 
(B) Pirogoff (C) Symes 


Lis Franc's Amputation 

Lis Franc's amputation has been discarded because of a 
severe equinus deformity generally develops as a resuit 
of muscle imbalance. Consequently, there is excessive 
pressure and friction on the anteroinferior aspect of the 
stump producing painful callosities, and in a diabetic or 
ischémie foot, skin breakdown will follow. 4 

The amputation is done under tourniquet control. A 
distally convex incision in the plantar skin is made 
commencing laterally just proximal to the prominent base 
of fifth metatarsal and ending medially 2.5 cm distal to 
the tubercle of the navicular. A thick plantar flap is 
dissected off the shafts of the metatarsal and elevated 
until the transometatarsal joints are reached. The anterior 
part of the foot is plantarflexed, and a dorsal incision 
made to curve parallel and just distal to the line of the 
transmetatarsal joint. 

Latéral metatarsals are detached from the cuboid and 
latéral cuneiform by sharp dissection, and first metatarsal 
is similarly detached from the médial cuneiform. 
Hemostasis achieved and flaps sutured so that the suture 
line is close to the anterior dorsal edge of the stump. 
Section drainage should be used and the stump is 
protected by a padded below-knee plaster-of-Paris cast 
with the heel in a neutral position for three weeks walking 
can then commence in a modified boot. 

Chopart’s Amputations 

Chopart's amputation has similar complications as that 
of Lisfranc's amputation, therefore, both these 
amputations are abandoned. The Chopart's amputation 
is also done under tourniquet control. The incision is 
commenced on the plantar surface of the foot beginning 
medially just behind the tubercle of navicular, curved 
forwards towards the head of first metatarsal, then 
curving laterally across the shafts of the metatarsals 
before turning back on the latéral side to a point between 
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the styloid process of the fifth metatarsal and the latéral 
malleolus. The ends of this incision are then linked by a 
dorsal incision gently curved convexly forwards. The 
plantar flap is elevated carefully from the bony and 
ligamentous structures preserving the fatty tissue as 
much as possible until the talonavicular and 
calcaneocuboid joint are reached. The talonavicular joint 
can be entered on the médial side and ligaments and 
capsule are divided by sharp dissection. 

The tibialis anterior tendon is detached from its 
insertion which is at the navicular. The capsule and 
ligaments of the calcaneocuboid are exposed by forcible 
manipulation of the foot and divided completing the 



Fig. 29: Amputation through mid-tarsal joint (Chopart) 
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disarticulation. To minimize the tendency of developing 
equinus deformity, the tibialis anterior tendon is firmly 
anchored in a vertical hole drilled in the neck of the tallus 
with a pull-through suture (Fig. 29). 2 The posterior tibial 
and dorsalis pedis vessels are ligated. The flaps are 
sutured in a single layer after trimming them so that the 
suture line is placed anterodorsally on the stump. A 
below-knee plaster-of-Paris cast is given for four weeks, 
so that the tension is taken for the tibialis anterior tendon. 
A simple boot with an above ankle extension may be 
sufficient as a prosthesis, but a stiffened or orthotic 
extension of the boot to the midcalf posteriorly, greatly 
improves function (Fig. 30). 



Fig. 30: Chopart’s amputation subtalar fusion and 
élongation of tendo-Achilles 
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MATERIALS USED IN 
PROSTHETICS AND ORTHOTICS 

The increasing availability of diverse materials for 
prosthetic and orthotic appliances imposes a greater 
responsibility on the professional for prudent sélection 
to meet the needs of the select category of the patient. 

In addition, these génération next materials open up 
possibilities for newer designs and offer opportunities 
for solutions to perpétuai problems like breakage, 
bulkiness, clothing damage, poor hygiene or inadéquate 
support. 

Sélection of the correct material in the right place for 
each appliance dépends on understanding the 
elementary principles of mechanics of materials, concept 
of forces, fatigue strength of material under load, ability 
of a material to retain its original properties when 
subjected to heat treatment. 

Despite publicity for exotic new materials, and 
accelerating research, there is no single material that will 
serve as a magic potion for prosthetic and orthotic 
problems. One reason is that diametrically opposite 
properties are needed for spécial clinical situations or 
even parts of the same device. For example, stiffness of 
the structure may be désirable for a knee-ankle-foot 
orthosis (KAFO) intended to support body weight. By 
contrast, considérable flexibility and range of motion are 
necessary if the ankle component is to allow plantar 
flexion in response to heel strike. 

Metals 

• Steel 

• Aluminum 

• Alloys of titanium. 


Steel 

The properties are low cost, availability; relative ease of 
fabrication, strong, rigid, and fatigue résistant but it is 
heavy. It is used in prosthetic and orthotic joints, métal 
bands, rivets, cuffs, cables, springs, bearings, and 
hydraulic and pneumatic components. 

Aluminum 

This is lighter than Steel. It is useful in upper extremity, 
pédiatrie and other applications where weight is a major 
concern. The main disadvantage is that it has a poor 
résistance to fatigue. 

Alloys of Titanium 

They are light, corrosion résistant and hâve good fatigue 
strength, but they hâve limited availability and cost is 
prohibitive. They are utilized for making the pylon 
assemblies of the endoskeletal components. 

Plastics 

These are any synthetic materials that can be moulded, 
extruded, laminated, or hardened into any form. Plastics 
are lightweight and offer a great deal of flexibility. They 
can be formed into complex anatomie shapes and are inert 
and impervious to body fluids thereby maintaining good 
hygiene levels. 

Thermoplastics 

These materials become soft and malléable when heated 
and become hard when cooled. Materials that become 
workable at températures less than 70° centigrade are 
called "low température thermoplastics" and with care 
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they can be formed directly on body segment. These are 
also called as memory plastics, since they can be formed 
and deformed umpteen number of times. These are useful 
for upper limb orthoses, spinal orthoses and for 
temporary use such as in fracture braces since they hâve 
limited strength and fatigue résistance. 

The materials that become malléable above 80° 
centigrade are called "high température thermoplastics." 
These must be shaped over a model and include materials 
such as acrylic, high density polyethylene, polypropylene, 
polycarbonate, PVC, etc. They are used for making 
posterior shoe inserts, spinal; jackets and prosthetic 
sockets depending on the thickness of the sheet used. 

Thermosetting Plastics 

These develop permanence when formed and cannot be 
reheated and reformed. These must be formed over a 
plaster of paris model of the body segment. The model 
can be laminated with layers of cotton/ nylon stockinette 
interspersed with layers of fiber glass or carbon fiber for 
imparting strength in medium of either polyester or 
epoxy resin to form a laminate. The laminate thus formed 
has great impact and load résistance strength. The 
laminate can be sanded, ground down, drilled and 
riveted, and can be pigmented. They are used for making 
prosthetic sockets and components requiring extensive 
load bearing capabilities. 

Foams 

They can be broadly divided into two categories: (1) rigid 
foams and (2) flexible foams. 

Rigid foams like PVC floats and expanded 
polyuréthane foams, which are light and porous, are 
being extensively used to replace cork as a 
compensatory/filler material in cases of limb length 
shortening. They are water résistant and are résistant to 
compression. 

Flexible foams of varying densifies and thicknesses 
are used for different purposes in the field of prosthetics 
and orthotics such as: 

• Padding or lining of appliances (making the 
appliances washable) 

• Making soft sockets/inserts for prosthetic use 

• Moulded insoles for the partially sensate /insensate / 
deformed foot. 

• External cosmetic cover for endoskeletal prostheses. 

• Gel lined foams for protection of burn areas. 


Wood 

Maple and hickory are used for prosthetic foot. Base 
wood, willow, poplar, linden are used for prosthetic knees 
and shins. 

Properties of wood are lightweight, strong, 
inexpensive, easily shaped, and consistent in texture. 
They are laminated from the exterior to impart strength, 
résistance to water and improve cosmesis of the 
prosthesis. It is rarely used in orthotics. 

Leather 

Leather of different varieties hâve varied uses in the 
prosthetic and orthotic industry as mentioned below, 

• Orthopédie footwear (buffalo hide and cow hide) 

• Thigh lacer s for conventional prostheses. 

• Lining/Padding material for P and O appliances 

• Fixation straps 

• Moulded insoles. 

Fabric 

Natural wool, cotton, silk, lycra etc. 

Synthetics nylon, olefin, polyester, rayon, vinyl, etc. 
These may be woven or knitted, moulded with pressure, 
heat and Chemicals. In prostheses these are used for waist 
belts, straps, harnesses, socks that keep skin dry, 
cushioning of limb, taking up space to improve fitting of 
prosthesis on limb segments. In orthoses these are used 
for fastening or for less rigid supports like corsets, belts, 
stockings. 

They are also used for making pressure garments 
wherein compressive forces are employed to achieve 
volumétrie réduction of the segment in question. 

Rubber 

Elastic properties and high coefficient of friction make 
these useful for padding in prosthetic and orthotic 
devices, for seals in hydraulic and pneumatic 
mechanisms, for heels, bumpers in prosthetic feet and 
spécial footwear. 

IMPORTANT CHARACTERISTICS OF PROSTHETIC 
AND ORTHOTIC MATERIALS 

Strength 

The maximum external load, which a component can 
withstand. 
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Stiffness 

Stress strain ratio, the amount of bending strength and 
stiffness both dépend on type of material, thickness and 
shape of material. Cylindrical and semicircular shapes 
and components with ridges, flanges or corrugations are 
inherently stronger and stiffer than fiat and thin sections. 

Durability (Fatigue Résistance) 

This is ability to withstand repeated loading. Areas of 
concern are interfaces of two materials that hâve 
significantly different properties and areas that are 
stretched or notched. 

Density 

This is weight per unit volume. Goal is to make the device 
lightweight. 

Corrosion Résistance 

Résistance to Chemical dégradation. 

Ease of Fabrication 

Equipments and techniques needed to shape it. 

Cost and Availability 

STEPS IN PROVIDING PROSTHESES/ORTHOSES 

Step I: Evaluation/prescription 

Step II: Measurement/impression taking (plaster) 

Step III: Fabrication/bench alignment 

• Selecting proper size of a prefabricated off the shelf 
device 

• Make a positive model of body part to which device 
may be fitted. The positive model is not exactly replica 
of body segment, but is skillfully modified by 
prosthetist or orthotist to that the final device will hâve 
spécifie areas of increased contact (pressure) and other 
areas of reduced contact (pressure). 

Step IV: Fitting/static alignment. 

Step V .'Modification/dynamic alignment 

• Addition of padding or grinding or trimming of 
material is done. This may include major changes. 

Step VI: Re-evaluation/foliow-up 

• This is to account for wear and tear, as well as body 
status may be fluctuating as per functional ability, 
lifestyle, body weight proportions and similar factors. 


Fabrication Option 

Components that are mass-produced and stocked by 
prosthetist are likely to be of: 

I. More consistent quality, 

IL Less expensive, 

III. Delivered faster to the patient, and 

IV. Standardized, interchangeable off the shelf 
components should make replacement and repair 
of devices easier and faster. 

Central Fabrication vs Local Fabrication 

Central fabrication allows complex and expensive 
technology without the need for each faculty to purchase, 
use and maintain expensive, high technology modem 
equipment. 

It makes better use of certified practitioner's time 
making it possible for him or her to serve more patients 
and for prosthetist and orthotist to hâve a more 
professional location apart from small, dusty, congested 
fabrication site. 

Disadvantages of Central Fabrication 

• There is a communication problem with technicians. 

• Additional time may be required for shipping models 
and finished devices. 

SPECIFICATIONS FOR THE IDEAL PROSTHESIS/ 
ORTHOSIS 

Function 

• Meets user's needs 

• Simple 

• Easily learned 

• Dependable. 

Comfort 

• Fits well 

• Easy to put on and take off 

• Lightweight 

• Adjustable. 

Cosmesis 

• Looks, smells, sound normal 

• Easily cleaned 

• Stain résistant. 

Fabrication 

• Fast, modular 

• Readily and widely available 
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Economies 

• Affordable 

• Cost-effective. 

REACTIONS AND ADJUSTMENT ASSOCIATED 
WITH AMPUTATION AND USE OF PROSTHESIS 

Physical Factors 

1. Loss of motor function. 

2. Loss of sensory feedback. 

3. False joint between skeletal System and prosthesis 
resulting in feeling of insecurity. Secondary 
conséquence is feeling that artificial limb is heavier 
than normal limb even though it may be lighter. 

4. Socket is fitting to tissues, which are not weight 
bearing. This may lead to edema due to tight proximal 
fit. Pressure problem like atrophy of subeutaneous 
tissue, muscle, osteoporosis, body spurs, allergie 
reactions to Socket material, cysts, infections, and 
reduced blood flow and neuromata may occur. 

5. Central body température régulation problem may 
occur, because of lost body segment. Perspiration over 
rest of the body increases. 

6. Increase in fatigue due to increased energy 
consumption. 


7. Normally the functions carried at sub-cortical level 
automatically now require cortical attention by the 
amputee. Such an attention limits concurrent 
activities. 

8. Discomfort is associated with the prosthetic device. 

9. Phantom sensation. 

Psychological/Psychosocial Factors 

Grief Reactions 

Phase I—impact phase 
Phase II—recall phase 

Phase III—reconstruction/réhabilitation phase. 

Vocational/Economic Factors 

These are more in laborers than professional, managerial 
or executive duties. 
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BODY POWERED COMPONENTS 
Terminal Devices 

The terminal device is regarded as most important 
component of upper extremity prosthesis since it 
provides replacement of the most required function, i.e. 
préhension or ability to grasp the object. They are 
classified into 


Terminal devices 


Passive 

I- 

Externally powered 

Voluntary opening 

|_JL_| 

Hand like Utilitarain 


Prehensors 

-1 

Body powered 

Voluntary closing 

|_JL_| 

Hand like Utilitarain 


Passive Terminal Devices 1 

The production is made from the donor mould that is 
similar to the missing appendage and offers acceptable 
cosmesis to some patients (Fig. 1). 

Voluntary Opening Hook Terminal Devices 

The sériés 5 hooks are used for adults. The addition of 
letter X indicates addition of neoprene rubber lining. The 
letter P indicates that it has been coated with plastisol. 
The letter A indicates use of alluminum alloy which 
reduces weight (Fig. 2). 

The sériés 8 hooks are intended for females, sériés 9 for 
adolescents, sériés 10 for children, sériés 12 for infants. 


Voluntary closing hooks: APRL (Army prosthetics research 
laboratory) has developed this hook. The device was 
originally developed to use biceps cineplasty as a source 
for body power. The mechanical complexity of this 
device makes it both expensive and prone to break down. 



Fig. 1 : Passive terminal 
device 


Fig. 2: Voluntary opening 
hook terminal device 


Work hook: Large opening between two fingers called farmer 
hook 

Canted hook: Slanted configuration is présent. This 
facilitâtes visual inspection during fine motor tasks. 

Two load hook: Lyre-shaped to grasp cylindrical objects. 
Contour hook: Commonly used for bilateral amputee. 

Manufacturées 

Hosmer Dorrance—Most popular 

USMC United States manufacturing company 

CAPP Child amputee prosthetic project, Otto Bock. 
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It does not hâve a locking mechanism, which means 
that the amputee must maintain continuons force to grasp 
object. 

Voluntary closing hands: The frictional losses in this 
mechanism are greater. The rubber glove of the hand 
further impedes motion and the contours block visual 
inspection of fingertips. So, these hands never became 
popular. 

Voluntary opening hand: The problems are frictional loss, 
glove restriction of motion, contours that block visual 
inspection and limited pinch force. 

Becker plylite hand: Thumb moves 

Becker lockgrip and impérial hand: Ail fingers open 

Robin aids soft mechanical hand: Fingers 2,3,4,5 move 

Sieera voluntary opening hand: Two position stationary 
thumb 

Hosmer-Dorrancefunctional hands. 

Cosmetic glove: This is the rubberized covering that 
détermines the external appearance of the prosthesis. Three 
types are available. 

1. Stock glove: These are ordered on basis of skin size and 
color. 

2. Custom production glove: This is manufactured from a 
donor mould of hand similar to shape of amputee's 
hand. 

3. Custom sculpted glove: This is made from sculptured 
reverse copy of the remaining hand. These are made of 
spécial rubber that is more durable than polyvinyl 
chloride used for more common less expensive gloves. 
This offers the greatest cosmesis. 


Wrist units: The prosthetic wrist units serve two basic 
functions: 

i. To attach the terminal de vice to the forearm of the 
prosthesis, 

ii. to permit the amputee to préposition the terminal 
device prior to operation. 

The various types available are as follows: 

1. Friction wrist units: These permit the amputee to 
substitute for pronation and supination by manually 
rotating the terminal device with the remaining normal 
hand. The modifications are: 

i. Oval shaped friction wrist unit—more cosmetic 

ii. Friction wrist unit designed for wrist disarticula¬ 
tion—these are made thinner 

iii. Constant friction wrist unit—these provide constant 
friction throughout range of rotation of terminal 
device 

iv. Quick change wrist unit—these are designed to 
facilitate rapid interchange of different terminal 
de vices, usually hook and hand. 

2. Flexion wrist unit: These permit flexion at the wrist which 
is useful for activities of the midline like toileting, eating, 
dressing, shaving, etc. This is of crucial importance for 
bilateral amputee (Fig. 3). 

3. Rotational wrist: Friction wrists tend to permit unwanted 
rotation when subjected to high torsional loading. The 
rotational wrist units cable controlled, positive locking 
mechanism. 

4. Bail and Socket wrist: The unit permits universal 
prepositioning of the terminal device with constant 
friction. 



Fig. 3: Flexion wrist units 








Upper Extremity Prostheses 3925 


Elbow Units 

1. Flexible hinge: These are made of métal, leather or dacron 
webbing. Attached to the triceps pad proximally and to 
prosthetic forearm distally, these permit transmission of 
50% forearm rotation to the terminal device in a transradial 
amputee. 

2. Rigid hinge: Used for amputations at or above forearm 
level. 

a. Single axis hinge 

b. Rigid polycentric hinge—helps to increase elbow 
flexion 

c. Rigid step-up hinge—allows full range of elbow 
flexion 

d. Rigid stump activated locking hinge 

e. Outside locking hinges used for elbow dis¬ 
articulation and transcondylar amputations 

f. Inside locking elbow units—for amputation of above 
elbow type at least 5 cm proximal to elbow, these 
elbows can be fitted. These permit the amputee to 
lock the elbow in any of 11 positions of flexion 

g. Flail arm hinges—these contain an oversized clock 
spring mechanism to partially balance the weight 
of the forearm 

h. Spring lift assist—This is to counterbalance the 
prosthetic forearm and reduce the force necessary 
for elbow flexion. 

Shoulder Units 

Bulk head: Humerai head is directly connected to the Socket 
and no motion can occur. 

Passively movable friction loaded shoulder: 

1 . Single axis shoulder—this permits only abduction 

2. Double axis shoulder—this allows abduction and 
flexion 

3. Bail and socket shoulder—this permits universal 
passive motion. 

Nudge control units: This is a paddle-shaped lever that can 
be moved by the chin or phocomelic digit or against 
environmental objects to provide a small amount of 
excursion. 

Endoskeletal Upper Limb Prosthesis 

They are composed of tubular forearm and arm éléments 
and components allow for encasement in cosmetic foam 
covers, e.g. Otto Bock pylon arm System for transhumerai 
or shoulder disarticulation amputee. 


Harnessing and Controls for Body Powered Devices 2 

Standard transradial harness (Fig. 4), This consists of: 

i. dacron webbing—arranged to formed horizontally 
oriented figure of 8. It is 1" wide 

ii. axilla loop—encircles shoulder girdle on nonampu- 
tated side 

iii. anterior strap/inverted Y suspensor—it resists 
displacement of the socket on the residual limb 

iv. control attachment strap—it acts as an extension of 
the control cable. Located between spine and inferior 
angle of scapula, it permits the use of scapular 
abduction and shoulder flexion on the amputated 
side to operate the terminal device 

v. cross of the straps may be sewn together posteriorly 
or connected by a stainless Steel ring called ring 
harness. Mechanical efficiency will be increased, if 
the cross-point is located just below C 7 spinous 
process slightly towards nonamputated side. 

Heavy duty/shoulder saddle harness: The disadvantage of 
standard transradial harness is the axilla loop hurts in 
axilla may cause pressure symptoms. This is prevented by 
fitting a fairly wide, leather shoulder on the amputated 
side. It is anchored in place by means of a chest strap. 
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Bilateral transradial harness: It is same as standard 
transradial harness. The control strap of one side goes 
obliquely to other side to continue as anterior support 
strap. 

Modifications of Transradial Harness 

• Splitting the cable housing in proximal and distal 
segments 

• When no suspension is needed, triceps pad and 
anterior support strap will be absent 

• Control strap is attached directly to the terminal device. 

Mechanism of Transradial Harness System 

A stainless cable is firmly attached to one of the dacron 
straps of the harness. Distally the cable terminâtes on 
some kind of terminal device. The amputee uses shoulder 
motion on the amputated side to apply tension to the 
control cable. The force of préhension is determined by the 
number of rubber bands at the base of hook fingers, each 
rubber band accounts for 1 lb pressure. The amount of 
body motion required to operate the terminal device 
remains essentially the same with the elbow flexed to 135° 
and full extension. 

Mechanism of Transhumerai Control System 

These prostheses are operated by two separate control 
cables. 

Elbow flexion 'terminal device control cable (Fig. 5): The 
housing is split into two separate parts, proximal attached 
to the posterior surface of humerai section of prosthesis, 
the distal is fixed to prosthetic forearm by elbow flexion 
attachaient. In between two housings, the cable is exposed 



Fig. 5: Split housing for cable in an elbow 
flexion/terminal device 


anterior to mechanical axis of elbow and the flexion is 
limited to the gap between the two housings. The nearer 
the elbow flexion attachaient to the elbow, more is the force 
needed and less is the excursion needed. 

Elbow lock control cable: This works on alternator principle— 
pull and release to lock, pull and release to unlock. 

The operating sequence is: 

i. tension is given to elbow flexion, terminal device 
control cable causes elbow to flex 

ii. when the desired angle of elbow flexion is achieved, 
the rapid sequential application and release of 
tension on the elbow lock control cable locks the elbow 

iii. with the elbow locked, the reapplication of tension 
on the elbow flexion/terminal device control cable 
permits operation of the terminal device. 

Standard Transhumerai Harness 

More than two times excursion is needed for transhumerai 
as compared to transradial (5 cm for transradial) 

• Dacron straps—figure of 8 

• Axilla loop 

• Anterior support strap—helps to suspend the 
prosthesis, and prevent rotation of prosthetic Socket 

• Latéral support strap—attached just anterior to the 
acromion. It prevents external rotation of the Socket 
and has got a suspensory function 

• Control strap—position should be midway between 
spine of scapula and posterior angle of scapula 

• Cross-back strap—this is used primarily for comfort of 
amputee and ease of prosthetic operation by: 

i. reducing vertically directed force by snug axilla 
loop in midhumeral and higher levels 

ii. when posterior intersection rides too high cross- 
back strap may be made of dacron or elastic 

• Elbow control strap—it originates at upper nonelastic 
portion of anterior strap. It is attached at distal end to 
elbow lock control cable. 

Shoulder saddle harness: Alleviation of axillary discomfort 
is best achieved through saddle harness. 

Harness for bilateral transhumerai amputee: It consists of two 
figure of 8 loops without axilla loop. The control attachment 
strap of one side is continued over the amputee's opposite 
shoulder and becomes the anterior support strap of 
opposite side. 

Shoulder disarticulation harness , It consists of : 

i. chest strap—force is exerted through bicapsular 
abduction and tension on chest strap 

ii. vertical suspension of the Socket and chest strap is 
augmented by use of an elastic suspensor strap 
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iii. exersion amplifier—consists of a small pulley attached 
near the posterior end of the chest strap of the harness 

iv. elbow lock control strap—is an anterior extension of 
chest strap. An alternative arrangement is attachaient 
to a waist belt. The third option is use of a nudge 
control mounted on the anteroproximal surface of the 
prosthetic shoulder cap. 

COMPONENTS OF EXTERNALLY 
POWERED SYSTEMS 

Préhension Mechanism 

• Distal palmar pad of thumb opposes to index and 
middle finger 

• Broad contact surface and frictional properties of 
cosmetic glove are utilized. 

Préhension Force 

Régulation of applied force below maximum is a function 
of control System of particular device. Ail prehensors 
include some mechanism for maintaining the applied force 
in absence of control signal and without the additional 
power to the motor. Without such a mechanism, it would 
be necessary to continue to drive the motor in stall to hold 
the object which would deplete the battery supply within 
a short time. The same mechanism pre vents the finger s 
from being pried open by external forces while an object is 
grasped. For safety and preventing damage from external 
forces, ail of the prehensors incorporate some method for 
opening the fingers when, for one reason or the another, 
the prehensor does not respond to an opening control 
signal. 

Width of opening 2" is needed most of the time. 

Speed of movement minimum closure rate of 8.25 cm/ 
sec measurement. 

Otto Bock System 

The hand mechanism consists of a motor, automatic gear 
transmission, a support structure and finger assembly. 
Only thumb, index and middle finger are part of 
mechanism and are oriented to provide palmar 
préhension. The plastic foam added over it has remaining 
two fingers. 

After grasping up to 15 N force is generated in top 
gear. The force increases up to 80 N in low gear. 

Controls 

1. Myoelectric 3 

a. Digital two site, two function myoelectric control 
(myoswitch type) 


b. Grip force control provides two thresholds for 
closing 

c. Double channel—one site, two function myoelectric 
controller. Myoelectric switch from one muscle 
control both opening and closing of the prehensor 
depending on one of the two thresholds. 

2. Switch 

a. Cable pull switch 

b. Harness pull switch 

c. Rocker switch. 

Other hands available are: 

i. Steeper electric hand 

ii. Otto Bock System electric gripper 

iii. Hosmer NV-VA synergistic prehensor 

iv. Steeper power gripper 

v. NY Hosmer préhension actuator. 

Wrist mechanisms: There is issue of control. At least one 
additional control source would be needed for each 
powered joint of wrist motion. 4 The potential functional 
advantages of better wrist components will likely to 
continue developmental efforts. 

Electric wrist rotator: Control by two site, two function 
myoelectric control or two source, two function variable 
speed controller. 

Wrist flexion units: No commercial components are 
available. 

Enhancements to Body Powered Elbows 

1. Steeper interlock System 

2. Steeper electric elbow lock—two Controls 

a. Switch control with two functions, electro- 
mechanical switches 

b. Two site, two function myoswitch control. 
Improved control currently available may be achieved 

by use of position servocontroller that directly link 
movement of a physiologie joint. 

CONTROL OF LIMB PROSTHESES 
Goals 

1. Low mental loading / subconscious control 

2. User friendly or simple to learn and use 

3. Independence in multifunctional control 

4. Simultaneous, coordinated control of many functions 

5. Direct access and instantaneous response 

6. No sacrifice of human functional ability 

7. Natural appearance. 
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What should be designed and what should be controlled? 

1. Position 

2. Velocity 

3. Préhension force 

4. Joint State (locked/unlocked). 

Sources of Body Inputs to Prosthesis Controllers 

Biomechanical 

1. Movement/force from a body joint or multiple joints 
(position, force/ pressure) 

a. Chin or head force/movement 

b. Glenohumeral flexion/extension, abduction/ 
adduction 

c. Biscapular and scapular abduction 

d. Shoulder élévation/dépréssion 

e. Chest expansion 

f. Elbow or wrist movement. 

2. Direct force/motion from a muscle(s) 

a. Force /motion from muscle with a tunnel cineplasty 

b. Force/motion from skin that is adhèrent to under- 
lying muscle 

c. Krukenberg surgical procedure (long transradial 
amputation). 

Bioelectric/acoustic 

1. Myoelectric potentials(muscle electricity) 

2. Myoacoustic (muscle sounds) 

3. Neuroelectric potentials (neuron and nerve signais). 

Transducers 

Mechanical switches require both force and excursion to 
turn on and off. Rocker and push button switches are 
commonly used that can be easily operated by pressing 
against them with a body movement. 

Pressure sensitive transducers that change their 
résistance with force applied but with essentially no force 
required. 

Excursion transducers that measure the distance but 
with essentially no force required. 

Myoelectric control: 5 In this kind of control, the control 
source is small electrical potential from an active muscle. 

Signal picked up with 

i. electrode on surface (only practical way) 

ii. needle/wire électrodes 

iii. telemetry implants. 

Inert métal (stainless Steel) is commonly used as 
electrode. Perspiration acts as electrolyte. Care must be 
taken to negate the influence of interfering signais. 


100 microvolt amplitude and 100 Hz frequency is 
amplified. Three "dry" métal électrodes are always 
associated with each muscle site. The small AC potential 
from the muscle is amplified and changed into a DC 
potential, often by squaring. In a typical circuit, this DC 
potential is commonly smoothed with a low pass filter. 
The smoothed DC voltage électrodes canbe compared in a 
logic circuit with threshold voltage Eth. If électrodes is 
greater than Eth, then power is supplied to the prosthetic 
motor. If électrodes is less than Eth, no power is supplied 
and the motor is off. 

The electrode should be in good contact with skin, so, 
a diagnostic prosthesis with a clear plastic Socket is 
necessary. 

Body acts as antenna, touching the exposed électrodes 
by fingers, myoelectric System responds to the stray 
electrical noise présent at the fingertips. 

When the patient thinks of moving the phantom hand, 
the muscles remaining in their limb are activated. So, 
myoelectric site are selected as: 

i. finger extensor—opening of fingers 

ii. finger flexors—closing of fingers. 

Myoacoustic control: The vibrations when the prosthesis 
strikes, may cause unwanted acoustic noise which is 
difficult to eliminate. So, this method is not popularly used. 

Neuroelectric Control 

1. Microelectrodes face directly to nerves or neurons 

2. Connect eut ends of nerve to prepared muscle sites. 
This method is purely experimental. 

Rôle of Surgery in the Création of Control Sites 

1. Bones and joints—maximum length should be 
preserved 

2. Soft tissue conservation and reconstruction : 

i. preserve muscles important for myoelectric site 

ii. myoplasty is preferred. 

Tunnel cineplasty: This is an option in long transradial limbs. 

Tendon exteriorization: May be used in bilateral amputee in 
which multifunctional control through limited control sites 
is necessary. Advantages are: 

i. provide proprioception 

ii. good control of multiple prosthetic functions without 
too much of mental effort given over to control 
prosthesis 

iii. combination of powered prosthesis and electronic 
position Systems may open new era. 
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Adhérence of skin to underlying muscle is less 
commonly used. 

Surgical transfer of muscle to the amputated limb is 
possible. 

PARTIAL HAND AMPUTATIONS 

Rationale for using prosthesis is for 

• Esthesis 

• Protection of hypersensitive and fragile areas 

• Préhension. 

Static devices: These are made from stainless Steel, 
aluminum, thermoplastic material, or laminated plastic 
over balsa wood. 

Dynamic devices like 

• Prosthetic hook to hand remnant 

• Body powered prosthesis 

• Other body motion like thumb motion to move a 
spring loaded métal opposition post 

• Wrist driven orthosis with prosthesis fingers and 
thumb resulting into somewhat cosmetic hand 
prosthesis 

• Myoelectric control. 

Esthetic Restoration 

1. Partial or total amputation of distal phalanx 

A thimble-like prosthesis extending to middle 
phalanx with PIP joint left free. 

2. Partial or total amputation of middle phalanx 

The prosthesis is extended to proximal phalanx. It is 
made very flexible at PIP joint level to allow motion. 
Inside of the prosthesis is filled with supple plastic 
material to give same pulp consistancy. 

3. Partial amputation of proximal phalanx 

Stump length >1.5 cm from metacarpophalangeal 
crease—prosthesis stump length <1.5 cm—web 
recession. 

4. Partial or total amputation of thumb 

Distal to metacarpophalangeal joint—prosthesis 
Carpometacarpal disarticulation—hand prosthesis 
with fingers exposed. 

5. Metacarpal amputations—prosthesis is a total hand 
terminating 2 to 4 cm proximal to ulnar styloid. 

6. Amputations through the wrist—hand prosthesis. 

WRIST DISARTICULATION AND 
TRANSRADIAL AMPUTATIONS 

Comprehensive prosthetic management includes five 
different types of prostheses. 

Immédiate and Early Postsurgical Prosthesis 


Advantages 

• Decreased edema 

• Decreased postoperative pain and phantom pain 

• Increased prosthetic use 

• Improved proprioceptic /prosthetic transfer 

• Improved psychological adaptation to amputation. 

Preparatory/Training Mechanical Prosthesis 

This is applied at about 10 to 14 days after surgery. It has: 

i. a preparatory socket made over plaster model of 
patient's residual limb 

ii. it is fabricated from materials that are more durable 

iii. the design allows for easy interchangeability of 
components. 

Advantages 

• Helps to détermine the components of greatest benefit 

• Assessment of patient's motivation and level of 
compliance 

• Aids the patient in assessing the functional value and 
limitations of mechanically operated body powered 
prosthesis. 

Definitive Mechanical Prosthesis 

Socket can be harness suspended or self-suspended. The 
longer the residual limb, the lower the proximal brim line 
of socket can be. Flexible elbow hinge is most commonly 
used. The three most commonly used wrist units are 
standard friction wrist, quick disconnect/locking wrist 
and flexion wrist unit. Three basic harness designs used 
are figure of 9 harness, figure of 8 harness, shoulder saddle 
harness with a chest strap. 

Preparatory/Training Electronic Prosthesis 

Transperent text socket is made over modified plaster 
model. Three general goals are préparation, évaluation 
and training. The prosthesis provides for: 

i. establishment of idéal definitive myoelectric sites 

ii. opportunity to improve marginal myoelectric signais 

iii. conditioning of tissues contained in self-suspended 
socket. 

Definitive Electronic Prosthesis 

Self-Suspended Socket Designs 

1. Supracondylar brims that capture the humerai 
épicondyles and posterior olecranon 

2. Sleeve suspension that uses either atmospheric 
pressure or skin traction to maintain suspension 

3. Suprastyloid suspensions for wrist disarticulation 
amputées with prominent styloids. 
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ELBOW DISARTICULATION AND 
TRANSHUMERAL AMPUTATIONS 

Immédiate or if it is not possible early fitting within a few 
weeks is strongly recommended. 

Socket alternatives for elbow disarticulation are: 

i. soft insert with intégral supracondylar wedge 

ii. fenenstration with a cover plate 

iii. flexible bladder variants for less bulbous remnants 

iv. screw-in type sockets. 

Influence of humerai length: Amputation through distal third 
humérus provides functional control similar to elbow 
disarticulation except loss of humerai rotary condylar 
control and loss of condylar suspension. As humerai 
length diminishes, both leverage and power diminishes 
significantly. Amputation in the proximal third needs 
externally powered components for full function. Utah 
dynamic Socket may be used. 

Follow-up 

1. Maintenance of Socket fit, suspension and comfort 
despite limb volume changes. 

2. Monitoring to ensue that the patient fully understands 
and masters the functions of his or her prosthesis in 
his or her home and work environment. 

3. Réévaluation of socket style, harness design, 
component sélection based on amputee's expérience. 


Shoulder Disarticulation and Forequarter 
Amputation 

Socket design oftwo types: 

i. those that enclose shoulder and are formed to its 
contours 

ii. those incorporating some type of perimeter frame 
that encompasses the shoulder and provides 
structural mounting points for the prosthesis and 
location and reference points for a variety of Controls. 

The socket is generally made of plastic. 

Harnessing and cabling présent a difficult challenge 
in such cases and this makes one or more powered units 
a good option. 
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Réhabilitation ofAdult 
Upper Limb Amputee 


NP Naik 


POSTOPERATIVE THERAPY PROGRAM 

The goals are as follows. 

1. Promote wound healing: This is generally monitored by 
the surgeon and the nurse. 

2. Control incisional and phantom pain: Acute incisional pain 
is managed by narcotic analgésies. Significant decrease in 
phantom pain occurs with amitriptyline. Isométrie 
exercises every other hour for 10 to 20 répétitions. Stump 
wrapping, TENS and early fitting of prosthesis can add 
an active exercise program should be initiated as early as 
second postoperative day prove effective adjunct to 
treatment of phantom pain. 

3. Maintain joint range of motion: Passive mobilization of 
the joint proximal to the end of stump through full ROM 
should be encouraged as early as Ilnd post operative day. 

4. Muscle strengthening: Gentle isométrie contractions 
begin on fifth day and isotonie contractions can be 
encouraged 7 to lOth postoperative day. 

5. Explore the feelings of the patient and the famïly: Ail the 
members of the team should reassure, support, respect 
the individuaTs dignity, support the patient and family 
throughout the grief process as well as offer encourage¬ 
ment and realistic optimism with respect to his or her 
future. 

6. Obtain adéquate financial sponsorship: For the prosthesis 
and training. 

Preprosthetic Therapy Program 

1. Residual limb shrinkage and shaping : Achieved by compre¬ 
ssion from an elastic bandage, intermittent positive 
pressure compression or a tubular elastic bandage. 


2. Residual limb desensitization: Accomplished with gentle 
massage and tapping techniques. This can also be 
accomplished by vibration, constant touch, pressure or 
the input of various textures applied to the sensitive areas 
of the limb. 

3. Maintenance of joint range of motion: Proximal joints 
should be encouraged by means of Passive and Active 
ROM exercises through full are of motion. 

4. Increasing muscle strength: Active résistance applied by 
the therapist or weights euffs attached to the limb can be 
utilized. 

5. Instruction in proper hygiene oflimb: The limb should be 
washed daily with mild soap and warm water. It should 
be rinsed thoroughly and patted dry with a towel. This 
provides additional sensory input. 

6. Maximizing independence: By use of compensatory 
techniques, simple adaptive de vices for secondary care. 
Recommendation and Training in change of dominance 
in case of dominant upper ext. amputation. In case of 
Bilateral amputées, the longer stump becomes the 
dominant extremity. Instruction in change of dominance 
and one handed activities by a simple device such as 
universal euff utilized with an adapted utensil, 
toothbrush, pen or pencil. 

7. Orientation to prosthetic options: The unique différences 
between body powered and electric components should 
be comprehensively described and examples of each 
should be shown and demonstrated. 

8. Myoelectric testing: It is done by utilizing a myotester to 
gauge the electric potential generated by muscles useful 
for operating the advanced version of i.e. Myoelectric 
Prosthesis. 
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Determining The Prosthetic Prescription 

The criteria include the following. 

1. Duration of Amputation - Longer the duration, less 
is the preference for functional prosthesis. 

2. Length of the residual limb 

3. Amount of soft tissue coverage 

4. Presence of an adhèrent scar 
Movement of proximal joints 

5. Muscle strength in the residual limb 

6. Muscle strength in the opposite limb 

7. Adéquate ability to learn and retain new information 

8. Adéquate sensation in the residual limb 

9. Desire for function 

10. Desire for cosmesis 

11. Patient attitude and motivation 

12. Vocational interests 

13. A vocational interests 

14. Third party payer considération 

15. Family preferences 

16. Any additional medical problems like coronary art 
disease, arthritis, etc. 


• Previous information regarding prosthesis 

• Background éducation and vocational goals 

• Goals and expectations regarding prosthesis 

• Home environment and family support. 

Initial visit: Following goals should be addressed. 

• Orientation to prosthetic component terminology. 

• Independence in donning and doffing of prosthesis— 
pullover/sweater method or the coat method. 

• Orientation to a wearing schedule—initially wearing 
should not be more than 15 to 30 minutes with 
frequent examination of the skin for excess pressure 
or poor socket fit. If redness persists for more than 20 
minutes after removal of prosthesis, the socket 
alterations should be made. 

• Care of the residual limb and prosthesis—the socket 
should be cleaned with warm water and mild soap. 
If stump socks are worn several changes may be 
necessary during warm weather owing to 
perspiration. The amputee should be encouraged to 
inspect the skin daily and consult physician for skin 
disorders. 


Fabrication and Training Time 

Recommended schedules are as follows. 


Fabrication time 
(Body powered) 

• Transradial—5 hours 

• Transhumerai/ shoulder 
disarticulation—6 hours 

• Bilateral transradial—6 + 6 hours 

• Bilateral transhumerai—12 hours 


Traing time 
(Body powered) 

- 8-10 hours 

- 10-12 hours 

- 22-25 hours 

- 25-28 hours 


Ideally training should be managed on daily basis for 
1 to 2 hours a day. 


Adult Upper Limb Prosthetic Training 

Initial assessment: Following issues need to be assessed. 

• Etiology and onset 

• Age 

• Dominance 

• Other medical problems 

• Level of independence 

• Range of motion of ail joints of the residual limb 

• Muscle strength of the remaining musculature 

• Shape and skin integrity of the remaining limb 

• Status of the opposite upper limb 

• Phantom pain or residual limb pain 

• Previous réhabilitation expérience 

• Révisions 

• Viable muscle sites (for myoelectric control) 


Body Control Motions 

1. Scapular abduction—provides tension on figure of 8 
harness to open the hook 

2. Chest expansion—expanding the chest as much as 
possible and then releasing slowly 

3. Shoulder dépréssion, extension and abduction— this 
movement is necessary to operate body powered, 
internai locking elbow of transhumerai prosthesis 

4. Humerai flexion—this motion applies pressure on the 
cable and allows the terminal device to open his 
mouth and perineum. 

5. Elbow flexion/extension—this is important for a 
transradial amputee to enable him or her to reach 
many areas of his or her body (mouth and perineum) 

6. Forearm pronation and supination—important in 
transradial amputee for easy and proper approach to 
the object being reached. 

Prosthetic check out - is done by Occupational Therapist to 
check 

1. The fit and confort 

2. Adéquate functioning of each component 
prescribed. 

Prosthetic Controls Training 

• One control should be taught at a time 

• Positioning the terminal device by manual rotation 

• Rotation at the elbow turntable is manually adjusted 

• The friction shoulder joint is manually adjusted 




Réhabilitation of Adult Upper Limb Amputee 3933 


• Wrist flexion unit should be manually adjusted 

• Body powered elbow is practised at different positions 
of flexion of elbow. 

Controls should be practiced on a firm board with pegs 
of various shapes and sizes to learn/master prepositioning 
and controlling the tension on cable while operating 
terminal de vice. 

Functional Use Training 

1. Achieve independence in self care using the prosthetic 
for limb. 

2. Attaining independence in other ADL which involves 
kitchen related taks, home care, baby care, etc. 

3. Return to work ( Occupation related tasks in respect to 
âge) 

4. Use of prosthesis in Bimanual tasks for at least 25% of 
manual activities. 

5. Heavy duty and light duty skills such as carpentary 
and automotive taks, if possible. 

6. It is appropriate to practice the activities of daily living 
that are useful and purposeful, e.g.: 

i. Cutting food 

ii. Using scissors 

iii. Dressing 

iv. Opening a jar or a bottle 

v. Washing dishes 

vi. Hammering a nail and using tools 

vii. Driving car. 

Vocational activities: Needs and expectations should match 
with goals and achievements, to hâve a realistisc 
approach. Discussing the vocational needs and 
expectations with the amputee and try to fulfil them is 
very important and matching them to hâve a realistic 
approach. 

Home instructions 

1. The harness should be washed when soiled. 

2. Do not iron the velcro closures on straps. 

3. The elbow lock should be cleaned frequently and 
kept free from abrasive materials. 

4. The cable should be examined frequently for cuts or 
worn areas. 

5. The neoprene lining of the hook should be 
periodically relined for a firmergrip. 


6. The rubber band should be replaced when worn out 
or cut-off. 

7. Take the prosthesis to the prosthetist as soon as 
damaged. 

8. Never use the terminal device as hammer, wedge or 
lever. 

9. The prosthesis should be hung by harness rather than 
cable when not in use. 

10. Détergents should be avoided as they dissolve the 
lubricating oils in the hook and wrist mechanism. 

11. Never reach a moving object with a hook. 

12. The cosmetic glove is easily stained. Bail point ink, 
shoe, egg yolk, carbon papers, tobacco, tar, etc. 
should be wiped immediately with water or alcohol. 

Follow-up: Prosthetic function is defined in quantitative 

manner as follows. 

• 100%—wearing ail day, using well in bilateral tasks, 
incorporating well into body scheme. 

• 75%—using ail day, using in gross and fine motor 
tasks. 

• 50%—wearing ail day (primarily for cosmetic 
reasons), incorporated in gross activités 

• 0%—not wearing or using the prosthesis. 

Wearing pattern hâve been quantified as follows. 

• None—0 hour per day 

• Minimal—0-6 hours per day 

• Moderate—6-12 hours per day 

• Full—12 hours or more per day. 
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PARTIAL FOOT AMPUTATIONS 

Prosthesis for Amputation of Toes 

1. The patient fills soft foam or cloth to fill voids in shoe 

2. Insole to which toe fillers or spacers of felt/foam are 
used 

3. Silicone rubber toes held with nylon stockings. 

Prosthesis for Ray Amputation 

Custom insoles fabricated from pressure sensitive 
materials may be used to distribute the pressure evenly 
over the remainder of foot. Laminated foam insoles may 
be used to increase longevity. Generally a softer, more 
conforming material is used against the skin, while a more 
durable, stiffer foam that will retain its shape longer is 
used for base. 

Transmetatarsal Amputation 

Shoe insert moulded accurately under remaining 
longitudinal arch is used. Some flexibility in the 
construction of the forefoot filler to permit pronation and 
supination would be an advantage, however, may be 
incompatible with the stiffening required to prevent shoe 
hyperextension during normal push off. 

Tarsometatarsal and Transtarsal Amputations 

More extensive sockets to encompass entire residum is 
used, thus, dorsiflexion moment is resisted by 
counterforces generated by heel and anterior brim of the 
de vice. 

Above Ankle Designs 

Early prosthesis took a form similar to Syme's prothesis. 


New designs manufactured from thermoplastic 
material are both more lighter and cosmetic. These are 
indicated only in patients where transfer of weight above 
ankle is necessary to unload fragile skin at amputation 
site. Ail designs restrict subtalar motion. If slippage 
between foot and ground is to be avoided, the patient must 
use a modified pattern of hip motion. These designs also 
reduce ankle motion which can be addressed by the use of 
rocker sole and cushion heel to amputee's shoe. 

Below Ankle Designs 

Four basic types of constructions currently in use are: 

i. rigid 

ii. semiflexible 

iii. semirigid 

iv. flexible. 

Rigid and semirigid Systems incorporate foam socket 
liner that acts as an interface between the walls of the 
socket and the surface of the skin. These generally require 
cushion heel and rocker sole modifications to the patient's 
shoes. 

Semiflexible designs utilize a combination of materials 
generally having urethane elastomer or silicone base. By 
reducing the socket thickness over the high pressure areas 
increased flexibility is achieved. Various examples are: 

i. slipper type elastomer prosthesis 

ii. the Collins orthopédie service partial foot prosthesis 

iii. the Imler partial foot orthosis—Chicago boot 

iv. large silicone partial foot prosthesis. 

SYME’S ANKLE DISARTICULATION 

Solutions to problems inhérent in the design and 
manufacture of Syme's prosthesis (Fig. 1). 




Lower Llmb Prosthesis 3935 




Fig. 1 : Syme’s prosthesis 


Distribution and Absorption of Stresses Developed 
during Stance Phase 

• Provision of rotary stability about long axis can be 
achieved by patellar tendon bearing shape of proximal 
part ofbrim 

• Provision of pressure relief along tibial flares 

• Provision for suspension during swing phase is 
usually due to distal bulbous end. If it is not there, a 
suprapatellar suspension strap may be added 

• Provision for shock absorption—is done by cushioned 
heel 

• Sweating in plastic prosthesis is treated by using 
several layers of prosthetic socks 

• Cosmesis—plastic laminates provide thin wall 

• Correction of limb length discrepancy: Thinner solid 
ankle cushion heel (SACH) foot must be used. 

Socket design must provide following 


Weight and Buikiness 

Early use of polyester fiberglass laminate with an opening 
for entry of residual limb reduced buikiness. To increase 
the strength of Socket, it was necessary to substitute epoxy 
resins for the polyesters. 


• Stabilization against rotary forces against the long axis 

• Weight can be distributed between end of prosthesis 
and proximal portion of the Socket brim. 

• Dispersion of force encountered at heel contact is 
accomplished through contact of heel to the upper 
gastrocnemius. 


Reproduction of Ankle Motion 

• Articulated joints were abandoned due to chronic 
wear and tear 

• Solid ankle cushioned heel was used, but there was 
limited space for heel cushion which limited shock 
absorption 

• Stationary ankle, flexible endoskeleton (SAFE) gives 
good results 

• Dynamic feet—carbon copyll and Seattle Litefoot are 
also used 

• Flex foot and quantum foot are available in Syme's 
size. 

Provision For Donning 

• Older prostheses had an anteriorly opening corset that 
could be laced 

• Plastic prostheses hâve Windows either medially, 
posteriorly or posteromedially. 

• Closed double prosthese with flexible inner walls 
allow expansion so that bulbous end is inserted past 
the expandable portion. Double wall with an elastic 
pannel also provides expansion. 

• Flexible inner socket of kemlo rubber, silastic foam 
bridges the narrow portion of the stump and maintains 
total contact. 


TRANSTIBIAL AMPUTATION 
Patellar Tendon Bearing Socket 

It consists of a laminated or moulded plastic socket. The 
anterior wall usually extends proximally to encapsulate 
the distal third of patella. Just below patella, at middle of 
patellar ligment is an inward contour or "bar" that utilizes 
the patellar ligament of the residual limb as a major 
weight bearing surface. 

The médial and latéral wall extend proximally to 
about level of adductor tubercle of fémur. The médial 
wall is modified with a slight pressure in the area of pes 
anserinus on the médial flare of tibial, thus, using another 
pressure tolérant surface. The latéral wall provides relief 
for head of fibula and supports the fibular shaft. 

The posterior wall is designed to apply anteriorly 
directed force to maintain the patellar ligament on the 
bar. It is flared proximally to allow comfortable knee 
flexion and to prevent excessive pressure on hamstrings 
tendons. 

Socket Interfaces 

PTB Hard Socket 

Advantages 

• Perspiration does not corrode the socket 
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• Less bulky at knee than with an insert 

• Easy to keep clean 

• Contours within the Socket do not compress or pack 
down 

• Reliefs and modifications can be located with exact- 
ness. 

Disadvantages 

• Requires extra skill in casting and modifications 

• Difficult to fit bony or sensitive limbs 

• Not as easily modified as a socket with liner. 


Disadvantages 

• Added fabrication time 

• Increases weight 

• May be less hygienic due to absorption of fluids. 

Flexible Socket with Rigid External Frames 

The inner socket is fabricated from polythylene or a similar 
material and the frame from laminated plastic. The frame 
provides coverage for primary weight bearing areas, while 
the pressure sensitive areas are enclosed only in the flexible 
socket. 


Soft Liners 

These are fabricated over the modified cast to fit inside the 
socket. These provide added comfort and protection for 
the residual limb by moderating impact and shear. They 
are fabricated from 5 mm polythylene foam material. They 
are recommended for patients with peripheral vascular 
disease, for thin, sensitive and scarred skin and sharp 
bony prominences, and for patients of peripheral 
neuropathy. 

Advantages 

• Provides soft protective socket interface 

• Appropria te for maj ority of residual limbs 

• Rebound in the liner may aid circulation by providing 
a pumping action and by providing intermittent 
pressure over bony prominences 

• is easily modified. 


Advantages 

• Decreased weight 

• Increased comfort 

• Improved heat dissipation 

• The inner socket may be replaced to accommodate 
anatomie changes. 

Disadvantages 

• More difficult and time consuming to fabricate 

• May not be as cosmetic as conventional prosthesis. 

Suspension Variant 

Cuff Suspension (Fig. 2) 

It is generally fabricated from dacron and lined with 
leather. It encircles the thigh and encircles over fémoral 
condyles and proximal part of patella. Attachment points 


Disadvantages 

• Materials may deteriorate over time 

• Not as sanitary as hard socket because liners tend to 
absorb fluids 

• Increases bulk around the knee and proximal 
circumference of prosthesis 

• The liner may compress over time with résultant loss 
of intimate fit 

• Increases the weight of the prosthesis. 

Distal Pads 

Advantages 

• May aid in venous and lymphatic return 

• Provides increased comfort 

• Protects distal portion of the residual limb when it 
settles into socket as a resuit of volume loss. 

• Facilitâtes future modifications in the distal end of the 
socket. 




Anterior 


Fig. 2: Condylar cuff suspension 
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on socket are slightly posterior to the sagittal midline in 
order to resist hyperextension forces at the knee and to 
allow the limb to withdraw slightly from the socket during 
knee flexion. 

Advantages 

• Adjustability 

• Ease of donning and doffing by the patient 

• Adéquate suspension for a majority of transtibial 
amputées 

• Provides moderate control of knee extension 

• Easily replaced. 

Disadvantages 

• Cannot completely eliminate socket pistoning 

• During knee flexion, may cause soft tissue pistoning 
between proximal end of the socket brim and the cuff. 

• May restrict circulation 

• Provides no added mediolateral stability. 




Fig. 3: Patellar tendon bearing—supracondylar 
suprapatellar suspension 


Patellar Tendon Bearing Supracondylar Suprapatellar 
(PTBSCSP) Suspension (Fig. 3) 

The médial, latéral and superior walls extend higher and 
fully encompass the fémoral condyles and patella. The 
posterior wall is unchanged. The area just proximal to 
patella is contoured inwards to form "patellar bar" which 
provides suspension over patella and resist recurvatum. 
This type is recommended for short residual limbs and 
knees with mediolateral instability. 

Advantages 

• Suspension is an inhérent part of socket 

• Less restrictive to circualtion than a cuff or thigh corset 

• Aids in knee stability, pressure distribution and 
rotational control. 

• Reduces pistoning 

Disadvantages 

• Modifications over patella and fémoral condyles must 
be precisely located. 

• Enclosure of patella can inhibit comfortable kneeling 

• May be less cosmetic and less destructive to clothing 
because higher trim lines protrude when knee is 
flexed. 

Patellar Supracondylar Suspension (Fig. 4) 

The patella is not enclosed. The médial and latéral brims 
purchase over fémoral condyles, but anteriorly they dip 
down to form a more traditional trim line near the distal 




Fig. 4: Patellar supracondylar suspension 

end of patella. As PTBSCSP, it is contraindicated in 
patients with severe ligamentous laxity who require added 
stability with métal joints. 

Advantages over PTBSCSP socket 

• May make kneeling easier 

• May be more cosmetic. 
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Disadvaritages as comparée! to PTBSCSP Socket 

• Does not provide knee extension stop 

• May provide less effective suspension as compared to 
PTBSCSP socket 

• Less mediolateral stability as compared to PTBSCSP. 

Variants of PTBSCSP and PTBSC Socket 

• Incorporation of removable soft liner with a removable 
foam wedge build-up over médial fémoral condyle to 
allow the amputee to push his or her residual limb 
past supracondylar undercuts. 

• Socket with removable médial brim to be removed 
then replaced after limb is pushed into the socket. 

• Removable médial wedge. 

Sleeve Suspension (Fig. 5) 

Sleeves made of latex or neoprene and corne in a variety of 
sizes. The suspensory effect is attributed to 

• Négative pressure created during swing phase 

• Friction between residual limb and socket 

• Longitudinal tension in the sleeve. 

Sleeves are contraindicated as the sole suspension for 
very short limbs or those that require more proximal trim 
lines for added stability. 

Advantages 

• Simple and effective means of suspension 

• Helps minimizing socket pistoning 





Fig. 6: Silicone suction socket 

• Good auxillary suspension 

• Does not create proximal constriction. 

Disadvantages 

• Provides no added knee stability 

• Suspension is greately decreased if sleeve is punctured 

• Perspiration may build up under skin and create 
hygiene problem 

• Must be replaced regularly 

• May restrict full knee flexion 

• Require good hand function to don and doff. 

Silicone Suction Socket (Fig. 6) 

Suspension is provided by inhérent suction capabilities 
of a distal end of both liner and socket. 

Advantages 

• Improved suspension 

• Increased range on motion in flexion 

• Decreased shear on the residual limb. 

Disadvantages 

• Some patients may hâve difficulty in donning the liner. 

• Puncture or tears in the silicone can drastically decrease 
suction suspension. 

Joint With Thigh Corset (Fig. 7) 

The thigh corset is fastened snugly around distal two- 
third of patient's thigh and is attached to the socket by 










Lower Llmb Prosthesis 3939 



Fig. 7: Joint and thigh corset 


métal joints with vertical support bars. They are often 
combined with waist band suspension. In order to prevent 
full extension, a posterior check strap is added to prevent 
early wearing of the joint. 

Advantages 

• Provides maximum mediolateral stability 

• Can provide maximum prévention of recurvatum 

• Redistributes some weight bearing and some torque 
forces to the thigh 

• Increases proprioceptive feedback. 

Disadvantages 

• Can contribute to distal edema 

• Tends to atrophy thigh musculature 

• Leather is not very hygienic 

• Joints centers must be precisely located to minimize 
motion between the leg and the prosthesis 

• Added weight and bulk to the prosthesis 

• Not very cosmetic 

• Requires more fabrication time 

• Usually requires an additional suspension of a fork 
strap and waist belt. 

Waist Belt Suspension (Fig. 8) 

A belt is situated above the iliac crest or between the iliac 
crests and greater trochanter. On amputated side, an elastic 
strap extends distally to a buckle at midthigh. Fastened to 


this buckle is a strap that attaches to the PTB cuff of inverted 

Y strap connected to the prosthesis. 

It is used in postoperative or intermediate prosthesis, 

when ail proximal constriction is to be eliminated due to 

skin and vascular conditions. 

Advantages 

• Much of the weight of the prosthesis is distributed 
proximally over the iliac crests 

• Enables patient to loosen the supracondylar cuff or 
other form of suspension 

• Good auxillary when other forms of suspension are 
inadéquate 

• The elastic strap provides some knee extension 
assistance. 

Disadvantages 

• Discomfort of wearing a belt 

• Does not provide even suspension throughout swing 
phase 

• The fork strap does not provide any résistance to knee 
extension 

• No mediolateral stability is provided. 
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Prosthetic Shank/Shin Piece 

Two types are used for a below-knee prosthesis. 

Exoskeleton 

It is made of wooden hollow made along the plastic resin 
laminate on external surface. 

Advantages 

• It provides maximum strength 

• Less expensive. 

Disadvantages 

• Unnatural appearance and texture. 

Endoskeleton (Modular) 

It is made of aluminum or PVC tube. Foam rubber coverings 
provide natural appearance and texture. 

Disadvantage 

• Rubber coverings deteriorate. 

Ankle Foot Assesmbly 

The prosthetic feet should provide foliowing functions: 

1. Joint simulation 

2. Shock absorption 

3. A stable weight bearing base of support 

4. Muscle simulation 

5. Cosmesis. 

Two types of ankle foot assesmblies are available: 
nonarticulated—when there is no séparation between 
foot and ankle, and articulated. 

SACH (Solid Ankle Cushioned Heel) Foot 

Internai keel SACH feet include a solid wood or 
aluminium internai keel that extends to the toe break and 
is surrounded by a moulded external foam foot with 
cosmetic toes and cushioned heel available in different 
densities (Fig. 9). 



The SACH foot has no movable components. Forefoot 
dorsiflexion is simulated by the flexible toe portion distal 
to the end of internai keel. Shock absorption at heel strike 
is good. SACH foot has excellent stability which dépends 
on: 

i. firmness of heel cushion 

ii. keel length—résistance to dorsiflexion is proportional 
to keel length 

iii. keel width—the wider the keel, more stable base of 
support, cosmesis of SACH foot is good. 

Advantages 

• Moderate weight 

• Good durability 

• No moving components 

• Minimal maintenance 

• Good shock absorption for moderately active patients. 

Disadvantages 

• Limited and dorsiflexion adjustability 

• The heel cushion deteriorates with time 

• The heel cushion may loose its elasticity 

• The rigid forefoot provides poor shock absorption for 
high output activities. 

Other SACH foot types 

• The Syme SACH foot for prosthesis of Syme's 
amputation 

• External keel SACH foot used for exoskeletal 
prostheses only. 

SAFE (Stationary Attachment Flexible 
Endoskeleton) Foot 

It has following features: 

• Rigid polyuréthane boit block 

• Keel is made of semirigid polyuréthane elastomer 

• Résilient heel wedge 

• Size—adult 

• Range of motion—plantarflexion with minimum 
dorsiflexion and slight inversion eversion. 

• Minimum energy release as plugs recoil in late stance 
phase. 

• Toe-hyperextension. 

STEN (Stored Energy) 

It has following features: 

• Keel is of wood which is divided into three section 
and jointed by rubber plugs 

• Résistant heel wedge 

• Size—mostly ail 


Fig. 9: SACH foot (cutaway) 
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• Range of motion—plantarflexion with minimum 
dorsiflexion and slight inversion/ e version 

• Minimum energy release as pluge in la te stance phase 

• Toe-hyperextension. 

Carbon Copy II 

It has follows features 

• Keel is made of two carbon fiber composite plates 

• Résistant heel wedge 

• Size—adult 

• Plantarflexion, dorsiflexion possible with very little 
inversion eversion 

• Toe-hyperextension 

• Moderate energy release as plates bend in early and 
midstance and recoil in late stance 

• Light weight. 

Quantum Foot 

It consists of following features 

• Keel consists of sole spring, secondary spring and 
ankle base 

• Hollow résilient foot mould 

• Range of motion plantarflexion/dorsiflexion possible 
with slight inversion/eversion 

• Toe-hyperextension 

• Light weight. 

Seattle 

It consists of following features 

• Delrin semirigid angled keel 

• Résilient heel wedge 

• Range of motion plantarflexion/dorsiflexion possible 
with slight inversion and eversion 

• Toe-hyperextension 

• Moderate energy release 

• Available in different realistic surface contour 

• Weight—moderately heavy. 

Flex Foot 

It has following features. 

• Keel/shank of carbon fiber bolted to heel plate and 
covered with cosmetic foam rubber 

• Range of motion Plantarflexion and dorsiflexion 
possible with minimum inversion, eversion and toe- 
hyperextension 

• Energy release—maximum 

• Weight—light 

• Cost—very expensive. 


Springlite 

Its design is similar to flex foot. 

• Nobolts. 

Jaipur Foot 

It was developed at SMS Medical College, Jaipur. It 
provides bare foot walking. The foot ankle assembly is 
made of uncured rubber compound which is used 
retreading automobile tyres. The aluminum dye has been 
made in four sections. The following different materials 
are used. 

1. Tread rubber compound 

2. Rubber cushion compound 

3. Cosmetic rubber cushion compound 

4. Vulcanizing rubber 

5. Microcellular rubber for heel, metatarsals and toes. 

Blocks: Three different blocks are used. 

• W ooden malleolar block 

• Metatarsal sponge rubber block 

• Heel spong rubber block. 

Advantages 

1. Cosmetically well accepted in rural population 

2. It provides barefoot ambulation 

3. Range of motion 

• It provides enough dorsiflexion to permit amputee 
to squat 

• Permits transverse rotation of foot on leg to facilitate 
walking and to permit cross-legged sitting 

• It provides sufficient range of inversion, eversion 
to allow the foot to adapt itself while walking on 
uneven surfaces. 

4. Exterior is made of waterproof material 

5. Less expensive 

6. Material is locally available. 

Modi Rubber Foot 

It has following features: 

1. It has got a single piece wooden keel. 

2. Three piece dye is used to make final prosthetic foot. 

3. Rubber compound used in these feet are cheap easily 
available and strong. 

4. Rubber compound has good elastic properties, fatigue 
résistance, abrasion resistance,aging résistance and 
color shade variation. 

5. Unlike other rubber foot, it is meant for barefoot walking 
as well as walking with small heel shoes. 
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Ankle Foot/Prosthesis with Articulated 
Bone Skeleton 

Dr Kabra from Jaipur has reported ankle foot prosthesis 
incorporating the intact bony skeleton of a surgically 
amputated limb as endoskeleton. They hâve substituted 
core and rubber blocks of Jaipur foot with entire small 
bones (tarasals, matatarsals, phalanges) while retaining 
the reinfoced shell of Jaipur foot. They hâve also tried 
formalin-fixed cadaveric bones. It is still in process of 
development and trial. 

Single Axis Foot 

• The wooden foot is joined to ankle block by métal boit 
with trans verse axle (Fig. 10) 

• Plantarflexion is controlled by posterior rubber bumper 
and dorsiflexion is controlled by anterior firm rubber 
or felt stop 

• It is available in most sizes 

• Bumpers are readily adjustible 

• Weight heavier than nonarticulated feet. 

Disadvantage 

Prolonged use loosens and becomes noisy. 

Multiple Axis Foot 

• The wooden foot piece joined to ankle by cable and 
rubber block 

• Range of motion Plantarflexion or dorsiflexion 
possible with moderate inversion eversion 

• It is more expensive than single axis foot 

• It is heavier than single axis foot. 

Disadvantage Same as single axis foot. 

Prescription of Transtibial Prosthesis 

The following factors influence the prosthetic reco¬ 
mmendation. 



Age: Younger patient will require a durable prosthesis that 
will function for many activities. Elderly patient will require 
a lightweight prosthesis with a protective Socket interface. 

Sex: Female prefers cosmesis at the top, while male prefers 
function over cosmesis. 

Geographicol location: Hot humid climate créâtes problem 
with leather. If patient is from rural community with 
difficulty for returning for follow-up,components that 
require frequent maintenance are not practical. 

Date of amputation: If the amputation has occurred years 
ago, then any previous prosthetic fitting should be 
discussed. 

Medical condition: Conditions or complications associated 
with certain pathologies may influence the choice of 
components. 

Activity level: Athlete requires sturdy, durable prosthesis, 
however, household ambulator will require a lightweight 
prosthesis. 

Type of employment: Outdoor worker, walking on uneven 
terrain requires multiaxis foot. Business woman will need 
high heel SACH sculpted toes. Foot with carved toes. 

Sports: Spécial designs for spécifie sports are available. 

Previous prosthesis: Patient can be asked about what he or 
she likes what he or she dislikes about the prosthesis he 
or she is using. 

Patient goals: Prosthesis design should be tailored to these 
goals. 

Residual limb shape: A bulbous residual limb may be a 
problem for donning and doffing of prosthesis. The 
conical shape is the characteristic of long-term prosthesis 
wearer. 

Distal padding: If distal coverage is thin, the length of Socket 
and the fit of the distal pad is of critical importance. 

Subcutaneous tissue: Residual limb with prominent bones 
and thin subcutaneous tissue will probably require added 
protection of a soft liner in the socket. 

Skin problems: Problems such as blisters, ulcérations, cysts, 
verrucose hyperplasia, and can generally be resolved by 
socket or alinement modifications or by a new prosthesis. 

Condition ofbony anatomy: Soft liner may be indicated for 
bony prominences. 

Condition ofthe knee joint: Stability of the knee joint is very 
important. For laxity some rigid form of suspension is 
needed. 


Fig. 10: Single axis foot 
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Condition of the thigh musculature: Quadriceps are very 
important for smooth controlled gait. 

Range of motion: If an extension contracture is présent, a 
minimum of 35° of flexion is necessary for normal 
amputation. If the patient has flexion contracture of 
greater than 25°, prosthetic fitting will be difficult. 

Analysis of Transtibial Amputee Gait 

Between Heel Strike and Midstance 

1. Excessive knee flexion 

a. Excessive dorsiflexion of foot or excessive anterior 
tilting of socket 

b. Excessive stiff heel cushion or plantarflexion 
bumper 

c. Excessive anterior displacement of socket over foot 

d. Flexion contracture or posterior displacement of 
posterior tabs 

2. Absent or insufficient knee flexion 

a. Excessive plantarflexion of foot 

b. Excessive soft heel cushion or plantarflexion 
bumper 

c. Posterior displacement of socket over foot 

d. Anterodistal discomfort 

e. Weakness of quadriceps 

f. Habit. 

Midstance 

Excessive latéral thurst on prosthesis 

1. Excessive médial placement of foot 

2. Abducted socket. 

Midstance and Toe-off 

1. Early knee flexion 

a. Excessive anterior displacement of socket on foot 

b. Posterior displacement of toe-break or keel 

c. Excessive dorsiflexion of foot or excessive anterior 
tilt of socket 

d. Soft dorsiflexion bumper 

2. Delayed knee flexion 

a. Excessive posterior displacement of socket over 
foot 

b. Anterior displacement of toe break 

c. Excessive plantarflexion of foot or excessive 
posterior tilt of socket 

d. Hard dorsiflexion bumper. 

Computer Aided Design (CAD), 

Computer Aided Manufacturing (CAM) 

This is beginning to play rôle in practice of prosthetics 
and orthotics. 


Data collection methods include digitized passive 
plaster impression, an optical shape sensor that rotâtes 
about limb to collect data points of the high contrast 
silhoutte laser shape sensing, experimental use of 
ultrasound to gain information regarding a patient's 
residual limb. Each of these methods provides residual 
limb topography from which changes can be monitored 
and documented. 

Once the data are stored in the computer, the prosthetist 
makes modifications to the three-dimensional image on 
screen. Software packages allow a variety of features with 
which to manipulate shapes. Once the desired shape is 
complété, the data are then sent to a numerically controlled 
milling machine where a positive model is carved from a 
plaster bank. From this point, traditional fabrication and 
fitting techniques are utilized. 

KNEE DISARTICULATION 
Biomechanics 

Successful knee disarticulation is predicted on the ability 
to comfortably tolerate full end weight bearing on the 
residual limb. Thus, there is no need for proximal weight 
bearing and ischial contact is superfluous (Fig. 11). 

The center of the rotation is just above the knee 
mechanism and because the bony liver arm is of full length 
with undisturbed musculature so that it is easier for the 



Fig. 11: Knee disarticulation prostheses 
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knee disarticulate to control the knee mechanism than if 

he or she were a transfemoral amputee. 

Socket Variations 

1. For children amputee with distal growth plate intact, a 
socket with independently adjustable proximal and 
distal portions to accommodate growth in children. 
Suspension is achieved by adjustable supracondylar 
straps. 

2. When suspension is not good then suction or fabric 
band like silesian belt is needed. 

3. Rigid socket with flexible inner wall. This allows the 
bulky condyles to pass into the depth of socket. 

4. Médial window attached by a velcro plate. 

5. Traditional anterior lacing design of leather socket or 
flexible plastic socket. It has advantage of accommo- 
dating moderate fluctuations in the residual limb. 

6. Socket rigid distally but gradually become flexible at 
proximal edges. 

7. Kristinsson's suction socket. It has flexible rubber cap 
that extends just above condyles to provide suction 
suspension. Since the patient pushes his or her 
condyles into the suspension cup to don the 
prosthesis, this version is termed as icelandic push- 
on suction socket (ICEROSS). 

Cast Techniques 

• Weight bearing cast 

• Nonweight bearing cast. 

Knee Mechanisms 

1. Knee designed for transfemoral amputation, when 
used for knee disarticulation, they protrude as much 
as 2" beyond the anatomie knee center. Although it 
causes no significant gait déviations, it results in a 
decidedly bizarre appearance that most find objection- 
able. 

2. External hinges similar to those used on ankle foot 
orthosis. 

3. Polycentric knee (four bar knee). 

Disadvantages 

• Because of weight bearing, lack of durability has been 
a chronic problem 

• They provide no swing phase control 

• Yolk attachment was provided permitting use of fluid 
cylinder with these hinges, but durability remains a 
concern. 

• Wider mediolateral dimension is inévitable which is 
objectionable to many. 


TRANSFEMORAL AMPUTATION-PROSTHETIC 
MANAGEMENT 

Biomechanics 

Analysis and relevance of residual limb motion : Flexion 
contractures and abduction contractures more prévalent, 
especially in short residual limbs. Proper planning and 
incorporation of these angular measurements into the 
socket and overall prosthetic design allows for certain 
biomechanical principles that are advantageous to the 
amputee during various phases of gait. 

Biomechanics of Knee Stability 
(Stance Phase of Gait) 

Knee instability is the buckling or unintended flexing of 
the prosthetic knee during stance phase of walking. 
Excessive knee stability is a condition in which the knee of 
the prosthesis is so stable and résistant to flexion that it is 
difficult for amputee to initiate the knee flexion required to 
achieve toe-off and swing of the shank. Excessive energy 
expenditure and unnatural swing phase of the gait are the 
resuit. 

In biomechanical terms, the types of knee stability are 
as follows. 

învoluntary knee control: It is not subject to the will of the 
amputee but is automatic. The knee joint is placed posterior 
of socket to midpoint of foot contact with the ground. With 
weight anterior to prosthetic knee axis, increased weight 
bearing tends to force the knee in extension and locks it 
against extensions to force the knee in extension and locks 
it against extension stop. 

Voluntary knee control: It limplies that control is direct 
subject to the will of the amputee and is maintained through 
active participation of gluteus maximus and hamstrings 
muscles. The knee axis is placed anterior to latéral weight 
reference line. For stronger and more physically fit 
amputee, voluntary control provides for a smoother and 
more energy efficient gait because it takes less weight to 
initiate swing phase flexion. 

Initial socket flexion: It is known that only intact hip 
extensor, gluteus maximus is not capable of exerting 
significant force unless hip is flexed to 15°. To achieve this 
the socket is designed and alined in initial flexion. The 
amount of flexion increases as the ability to extend the hip 
decreases. 

Trochanter knee ankle (TKA) relationship: More stable the 
socket is placed anterior to knee joint more is the stability 
to the knee. The goal is to optimize voluntary knee control 
for each individual patient (Fig. 12). 
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Socket shifted well 
forward of knee 


Ankle axis dtrectly below or 
sfightly behind knee axis for 
active walkers ankle axis 
ahead of knee axis if exîreme 
knee stability desired 



Fig. 12: Socket aligned in initial flexion to avoid excessive 
pelvic rotation during the latter part of stance phase 


Anklefoot dynamics: This refers to the shock absorbing and 
stabilizing ability of combined component System of 
prosthesis. At heel strike, a moment or torque is created 
that tends to flex the knee. The ankle foot components that 
resemble normal ankle foot function contribute to knee 
stability. 

Biomechanics of Pelvis and Trunk Stability 

In normal locomotion, the pelvis drops down by 5° 
towards unsupported side. Further drop is prevented 
through eccentric contraction of gluteus médius. In 
transfemoral amputee, the residual fémur, now hâve a 
lever only 40% of the normal length of the lower limb, 
floats in a mass of muscle, tissue and fluid. The residual 
fémur tends to displace laterally in the muscle mass. This 
results in excessive pelvic tilt, with concurrent périnéal or 
pubic ramus pressure and discomfort. 

Effective pelvic trunk stabilization can be achieved 
through adéquate latéral support. The fémur must be 
maintained in a position of maximum adduction so as to 
stretch abductors. 

Length ofthe residual limb: A longer residual limb provides 
a longer lever and large surface area over which to 
distribute the inhérent forces. If the forces are distributed 
over a small area, pressure concentration may cause 
discomfort, pain or skin breakdown. 

The resuit of contraction of hip abductors and résultant 
forces against latéral wall of the socket is a laterally directed 
force concentrated on the proximomedial aspect of the 


transfemoral socket and the forces generated in the 
perineum are significant. 

Biomechanics of Knee and Shank Control— 

Swing Phase of Gait 

Overcoming too much alinement stability takes the efforts 
and delays the initiation of swing phase which may resuit 
in vaulting. 

Swing phase tracking refers to smoothness of swing 
phase. Goals are to reduce the vertical displacement of the 
residual limb and minimize déviations in the sagittal plane. 
Problems of vertical displacement are due to poor 
suspension, while whips are due to improper socket shape 
or improper socket alinement. 

Transfemoral Socket 

Hall described five important principles of socket design. 

1. The socket must be properly contoured and relieved 
for functioning muscles 

2. Stabilizing pressures must be applied on the skeletal 
structures as much as possible and areas avoided where 
functioning muscles exist 

3. Functional muscles, whenever possible, should be 
stretched to slightly greater length than rest length for 
maximum power 

4. Properly applied pressure is well tolerated by 
neurovascular structures 

5. Force is best tolerated if it is distributed over largest 
available area. 

Quadrilatéral Socket (Fig. 13) 

Weight bearing is achieved primarily through the ischium 
and gluteal musculature at the top of posterior wall of 
socket. The counterpressure from anterior aspect is 
provided by médial third of anterior wall of socket which 
is fitted against Scarpa's triangle. This is a supplementary 
weight bearing mechanism. The concept of total weight 
bearing suggests that weight bearing be as evenly 
distributed over the entire surface area as possible, with 
the forces and loads being evenly shared by skeletal 
anatomy, muscle, soft tissue and hydrostatic compression 
of residual limb fluids. 

The latéral wall is contoured in desired degree of 
adduction and flattened along whole of latéral aspect of 
fémur except for relief for latéral aspect of distal aspect of 
fémur. Proximal to greater trochanter, the wall is contoured 
into gluteal muscles to prevent abduction. As a means of 
providing counterpressure and distributing these forces 
the contour of médial wall of the socket is fiat in sagittal 
plane along proximal 4" of the socket before reversing into 
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Fig. 13: Transverse cross-section of the proximal aspect of a quadrilatéral socket 


a smooth flare directed away from residual limb toward 
perineum. 

The socket is designed in initial flexion. The rectus 
femoris channel will vary depending on the proximal 
circumference. Distal end contour must match with the 
stump. 

Ischial Containment Socket 

Its objectives are as follows. 

• It maintains normal fémoral adduction and narrow 
based gait during ambulation. 

• Enclosure of the ischial tuberosity and ramus, to 
varying extents, in the socket medially and posteriorly 
so that forces involved in maintenance of mediolateral 
stability are borne by the bones of the pelvis medially 
and not just by the soft tissues distal to the pelvis, 
that is to say, création of "bony lock". 

• Maximal effort to distribute forces along the shaft of 
the fémur. 

• A decreased emphasis on a narrow AP diameter 
between the adductor longus—Scarpa's triangle and 
ischium for the maintenance of ischial-gluteal weight 
bearing. 

• Total contact 


• Utilization of suction socket suspension whenever 
possible. 

Weight is through médial aspect of ischium and the 
ischial ramus. Contact to these is provided through 
countersupport of skeletal mediolateral dimension, distal 
mediolateral dimension, and antérolatéral pressure from 
the trochanter anteriorly to the tensor fascial lata. 

Flexible Transfemoral Sockets 

The concept uses flexible thermoplastic vacuum formed 
sockets supported in a rigid or semirigid frame or socket 
retainer. 

Advantages 

• Flexible walls 

• Improved proprioception 

• Conventional fitting techniques 

• Minor volume changes are easily accommodated 

• Température réduction 

• Enahanced suspension. 

Indications 

• Mature residual limb 

• Medium to long residual limb 
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• Suspension is form of flexible Socket is silicone roll on 
socket. 

Socket option 

• No spécifie contraindication was designed for any 
socket design 

• Some advocated not changing successful quadrilatéral 
socket wearers 

• Quadrilatéral sockets are most successful on long firm 
residual limbs with firm adductor musculature 

• Ischial containment sockets are more successful than 
quadrilatéral sockets on short fleshy residual limbs 

• Ischial containment sockets are the better recommen¬ 
dation for the high activity sports participation 

• Flexible walls sockets are not linked to any one 
philosophy of socket design. 

Prosthetic Feet 

Use of ankle foot mechanism that allows plantar-flexion 
mechanism within the ankle mechanism (single axis foot, 
multiaxis foot, other ankle components) as opposed to 
simulated plantarflexion (solid ankle feet) provides better 
absorption of shock and torque generated at heel strike, 
thereby, decreasing potential knee instability. 

Prosthetic Knee Components 

It provides three functions: 

i. support during stance phase 

ii. smooth and controlled swing phase 

iii. unrestricted flexion for sitting, kneeling, stooping 
and related activities. 

Single Axis Knee 

It consists of a simple hinge mechanism. It is mechanically 
simple, and stance stability is dépendent on alinement 
stability and muscle contraction (voluntary control). 

Polycentric Axis Knee 

It consists a four bar knee that provides more than one 
point of rotation. 

Advantages 

1. Varying mechanical stability throughout the gait 
cycle, with enhanced stability during heel strike and 
decreased stability at toe-off, thus, allows for easier 
initiation of swing phase. 

2. Inhérent shortening of shank during flexion which 
improves flexion during swing phase. 


3. Ability to rotate the shank under the knee during 
sitting, which enhances sitting cosmesis for very long 
residual limbs. 

Disadvantages 

1. Increased weight and bulk due to numerous linkage 
mechanisms 

2. Increased maintenance due to numerous moving parts 
Polycentric knees are generally used on three categories 

of amputées. 

i. knee disarticulation amputee 

ii. amputee with short above knee amputation 

iii. individuals with weak hip extensors. 

Weight Activated Stance Control Knee 

In this knee mechanism, when weight is applied, a braking 
mechanism mechanically prevents the knee from buckling 
and flexing. 

The braking mechanism is only effective to a maximum 
range of 15 to 20° of flexion. 

This knee is generally used for weak or debilitated 
amputées who connot rely on more complicated and 
demanding means of stance control. 

Manual Locking Knee 

This knee automatically locks in extension but can be 
unlocked by voluntary action. Ambulation with locking 
mechanism disengaged is also possible. When locked this 
knee is most stable during stance phase but during swing 
phase increased energy expenditure and gait déviations 
often occur due to ambulation with a locked knee. 

This is indicated for weak, unstable, debilitated 
amputées but also may be used by amputee in unstable 
situations such as uneven terrain when hiking, hunting 
or activities such as fishing while standing on a boat. 

Friction Control 

Knee swing is dampened by some kind of mechanical 
friction applied to axis of rotation. It is adjusted to the 
patient's normal cadence. This is most commonly used 
System for control of swing phase. Disadvantage is that 
variation in cadence will not flex the knee at the knee at 
the same time as natural. 

Extension Assist 

It uncoils during late swing and propels the shank into 
full extension during late swing. 
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Pneumatic Control 

Pneumatic control of the swing is provided by a pneumatic 
cylinder attached to the knee and housed in the upper 
shank. Résistance to the velocity of the swing can be 
adjusted. 

Pneumatic control is more responsive to varying 
walking speeds and is more advanced form of swing 
control than friction is. Bacause air is compressible, it acts 
as extension assist in the pneumatic unit. 

Disadvantages include increased necessity for 
maintenance,increased weight and expense. However, 
they are simpler, lighter and less expensive than hydraulic 
units. 

Hydraulic Control 

Liquid is used rather than air. It achieves nearly normal 
knee action over a wide cadence range. The design 
provides normal heel raise and extension in swing phase 
independent of walking speed. Teen and adult males who 
can take advantage of cadence response are the hydraulic 
users. 

The "hydracadence" is an entire knee, shank, ankle, 
foot System that is hydraulically linked at the knee and 
ankle. 

"Mauch Swing-N-Stance (S-N-S) is the most advanced 
System of hydraulic control and the only System that 
includes hydraulic stance phase control. The 
hyperextension moment which can occur only when the 
knee is safely exteneded, results in disengagement of the 
high flexion résistance and permit the limb to flex easily 
to begin the swing phase. The amputee can walk 
downstairs step over step in a weight bearing manner. 
This is most reliable, most durable, most widely used 
hydraulic System. 

Suspension Variants 

Suction Suspension 

An air expulsion valve is used at the distal end of Socket 
combined with precisely fitted socket. The prosthesis is 
donned by using either stockinette or by use of hand 
creams and lotions. 

Generally suction suspension is indicated for 
amputées with smooth residual limb contours. Volume 
fluctuants such as weight gain and fluid rétention are 
conrtr aindications. 

Disadvantages 

• Difficulty in obtaining précisé fit 

• Occasional loss of suction in sitting position 


• No medium for absorbing perspiration 

• Skin shear 

• Requirement of weight and volume stability. 

Soft Belts 

This can be used as either primary or auxiliary suspension. 
The traditional form is Silesian belt. It is simple but 
disadvantage is hygiene if it is nor removable for washing 
and discomfort associated with constrictive effect of belt 
(Fig. 14). 

A new and simple alternative is total elastic suspension 
(TES) it is made of elastic neoprene material lined with 
smooth nylon material. The suspension belt fits around 
proximal 8" of the prosthesis. 

Hip Joint with Pelvic Band or Belt 

This provides rotational stability with significant degree 
of mediolateral pelvic stability. This is essential for patients 
with weak abductors and obese amputées. 

Analysis of Transfemoral Amputee Gait 

Latéral Trunk Bending 

Causes are as follows: 

1. Weak hip abductors 

2. Abducted socket 

3. Insufficient support by latéral socket wall 

4. Pain or discomfort particularly on latéral distal aspect 
of fémur 

5. Latéral trunk bending due to abducted gait 

6. Short prosthesis. 

Wide Walking Bases (abducted gait) 

The causes are as follows: 

1. Pain or discomfort in crotch area 

2. Contracted hip abductors 



Figs 14A and B: Suspension of transfemoral prosthesis. 
(A) Silesian belt, (B) Hip joint, pelvic band, and waist belt 
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3. Prosthesis too long 

4. Shank alined in valgus position with respect to thigh 
section 

5. Mechanical hip joint is set so that the Socket is abducted 

6. Feeling of insecurity. 

Circumduction 

The causes are as follows: 

1. Insufficient flexion of knee because of insecurity or fear. 

2. Manual knee lock 

3. Inadéquate suspension allowing the prosthesis to 
drop 

4. Too small socket 

5. Foot set in excessive plantarflexion. 

Vaulting 

The causes are as follows: 

1. Insufficient friction in prosthetic knee 

2. Excessive length of prosthesis. 

Swing Phase Whips 

The causes are as follows: 

1. Improper alinement of knee boit in latéral plane, 

2. With a suction socket 

• weak and flabby musculature that rotâtes freely 
around fémur 

• socket is too tight or improperly contoured to 
accommodate muscles. 

Foot Rotation at Heel Strike 

The cause is, to hard heel cushion or plantarflexion 
bumber. 

Foot Slap 

The cause is the plantarflexion bumper is too soft. 
Uneven heel rise. The causes of excessive heel rise are: 

i. insufficient friction at prosthetic knee 

ii. insufficient tension or absence of an extension aid 

iii. forceful hip flexion to ensure that the prosthetic knee 
will be extended fully at heel strike. 

The cause of insufficient heel rise are exactly opposite. 

Terminal Impact 

Causes are: 

i. insufficient friction in prosthetic knee 

ii. too tight an extension aid 

iii. fear of buckling causing abrupt extension of hip 

iv. absent or worn extension bumper in the knee unit. 


Uneven Step Length 

The causes are: 

i. Pain or insecurity causing amputee to transfer his or 
her weight quickly from prosthesis to sound leg. 

ii. Hip flexion contracture or insufficient socket flexion. 

iii. Insufficient friction in prosthetic knee or too loose an 
extension aid. 

Exaggerated Lordosis 

The causes are: 

i. hip flexion contracture 

ii. insufficient socket flexion 

iii. insufficient support from anterior socket brim 

iv. weak hip extensors 

v. weak abdominal muscles. 

HIP DISARTICULATION AND TRANSPELVIC 
AMPUTATION 

The rejection rates with these level is very high as patients 
can ambulate fast with crutches. 

Hip Joint Mechanisms 

Canadian hip (Fig. 15): The hip joint remains neutral in 
early swing as the shank swing forward. The hip will not 
flex until the shank motion is arrested by terminal extension 


Figs 15A and B: (A) Canadian prosthesis in the early swing 
phase. The hip joint remains neutral as the shank swings 
forward. (B) Canadian prosthesis just after midswing. The hip 
joint does not flex until shank motion is arrested by the terminal 
extension stop. As a resuit, the prosthesis is fully extended at 
the instant of midswing, which makes toe clearance difficult 
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stop. As a resuit clearance is difficult so prosthesis must 
be significantly short. 

Hip flexion bias System: At toe-off kinetic energy from a coiled 
spring is released and the prosthesis is thrust forward. 
This was developed for active amputee who wished to 
walk rapidly. 

Otto Bock four bar knee disarticulation joint mounted 
in reverse. 

Knee Mechanisms 

1. Constantly friction knee: This is most frequently used 
due to its lightweight, low cost and excellent dura- 
bility. 

2. Friction brake stance control knee: Second most frequently 
used. Mishaps causing up-to 15° flexion of knee will 
not resuit in knee buckle. 

3. Polycentricfour bar knee: It offers maximum stance phase 
stability. Does not erode with use. This tends to short 
during swing phase, thus, adding slightly to the toe 
clearance at that time. 

4. Manual locking knee: This is kept as a last option 

5. Fluid controlled knees: These are not needed as they walk 
with slow cadence. It gives smooth gait with good hip 
flexion. 

6. Separate knee flexion and extension résistance attachments 
is preferred. 

7. Hybrid knees: Polycentric and pneumatic. 

Foot Mechanisms 

1. SACH foot with heel durometer very soft, knee stability 
is acceptable. 

2. Single axis foot with plantarflexion bumper gives 
more knee stability. 

3. Multiaxis foot provides hindfoot inversion and 
eversion. 

4. SAFE, STEN offer, more flexible forefoot that results 
in smoother rollover for the patient. 

5. Dynamic response foot 

Socket Design and Casting Techniques 

• Précisé contour of ischium and ascending ramus 

• Simulate weight bearing to get correct impression 

• Sling suspension 

• Relief must be provided for inferior ramus and pubic 
tubercle as well as proximal edge of iliac crest. 

• A rigid thermosetting resinpolyester or acrylic is most 
preferred material. The recent technique of laminating 
silicone rubbers allow more flexibility. 

• For suction suspension, socket configuration has a 
trough-like channel to contain both médial and latéral 
aspects of ischiopubic ramus since no fémur remains. 



Fig. 16: Static sitting prosthesis with “mail siots” for bowel/ 
bladder drainage bags and an extended platform for stability. 
A semicircular cutout in the platform allows the amputee to 
empty his drainage bags into the toilet without assistance. Base 
contours must be individualized to provide stability and yet 
permit hand walking 

• For "translumbar amputations" either sitting 
prosthesis or endoskeletal prosthesis is used (Fig. 16). 

PHYSICAL THERAPY AND MANAGEMENT OF 
ADULT LOWER LIMB AMPUTEE 

Presurgical Management 

Initial patient contact is done to develop professional 
rapport with the patient and earn his or her trust and 
confidence. A visit to another amputee who is successfully 
rehabilitated may be useful. 

Postsurgical Management 

Evaluation 

1. Past medical history 

2. Mental status: This can give insight into the likely 
comprhension level for future prosthetic care 

3. Range of motion: The therapist should assess ROM 
and décidé whether there is tightness or fixed 
contracture. 

4. Strength: This will help to détermine the patient's 
potential skill level to perform activities as transfers, 
etc. 

5. Sensation: This may affect proprioceptive feedback for 
balance and single limb stance which in turn can 
lead to gait difficulties. 
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6. Bedmobility 

7. Balance and coordination: These are required for weight 
shifting from one limb to another. 

8. Transfers: This skill is essential for early mobility. 

9. Wheel-chair propulsion: This should be taught to ail 
amputées during their réhabilitation program. 

10. Ambulation with assistive devices without prosthesis: 
Training for use of walker, forearm crutch, etc. is 
made. 

11. Cardiological évaluation of amputee is necessary as 
energy expenditure of prosthetic ambulation is high. 

Patient Education and Limb Management 

1. Limb care, e.g. gait training should be delayed 3 to 
4 weeks, if an abrasion should occur. 

2. Problem détection/'skin care: A hand mirror may be use to 
view the posterior aspect of stump. Reddened areas 
should be monitored carefully as potential sites for 
abrasions. 

3. Prosthetic management: The Socket should be cleaned 
daily to promote good hygiene and prenent 
détérioration of prosthetic material. Solid plastic 
materials are cleaned with a damp cloth and foam 
materials with rubbing alcohol. 

4. Sock régulation: The patient should carry extra socks at 
ail the times in case of pistoning or extreme 
perspiration. A thinnylon sock should cover the 
residual limb to assist in reducing friction. 

5. Donning and doffing of prosthesis the amputee 
should become proficient in the method of donning 
and doffing his or her particular prosthesis. 

6. Residual limb wrapping: Early wrapping has numerous 
positive effects. 

• Decrease edema and prevent venous stasis by 
ensuring a proper distal to proximal pressure 
gradient. 

• Assist in shaping 

• Help counteract contractures in transfemoral 
amputee 

• Provide skin protection 

• Reduce redundent tissue problems. 

• Reduce phantom limb discomfort/ sensation. 

• Desensitise the residual limb with local pain. 
Commercial shrinkers can be used for this purpose. 

Preprosthetic Exercise 

Strengthening: Incorporating isométrie contractions at the 
peak of isotonie movement will help to maximize strength 
increase. A period of 10-second contraction foliowed by 
10 second relaxation for 10 times is useful. Abdominal 
and back extensor strengthening exercises should also be 
done. 


Range of motion: The best way to prevent loss of ROM is to 
remain active and ensure full ROM of affected joints 

Functional activities: Encouraging activity help to speed 
recoveryby: 

i. promotion movements through joints, muscle 
activity and increased circualtion 

ii. reestablish personal independence 

iii. psychological motivation of the patient. 

General conditioning: A progressive general exercise 
programme like wheelchair propulsion for a predeter- 
mined distance, dynamic residual limb exercises, 
ambulation with an assistive device prior to prosthetic 
fitting, lower or upper limb ergometric work wheelchair 
aérobics, swimming, aquatic therapy, lower and upper 
body strengthening at local fitness center, etc. should be 
prescribed. 

Transfers: Patient must learn to transfer from bed to 
wheelchair, then progress to advanced transfer skills such 
as to the toilet, tub and car. Transfer to both amputated 
and sound side should be taught. For bilateral amputee, 
head on transfer should be taught. 

Wheelchair propulsion: Basic skills as forward propulsion, 
turns, préparation for transfer should be taught first. Later 
advanced skills like ascending and descending inclines, 
floor to wheelchair transfer should be taught. 

Unsupported standing balance: Amputee stands in parallel 
bars with both upper limbs supporting. Then the hand on 
the amputated side should be removed from the bars. 
Subsequently both hands should be removed. Patient 
should be challenged by tapping the shoulders in multiple 
directions or tossing a bail back and forth. Once confident, 
patient should try skills outside parallel bars. 

Ambulation with assistive devices: A walker is chosen for a 
patient with poor balance and strenght and coordination. 
If balance and strength are good, forearm crutches can be 
used. 

Pregait Training 

Balance and coordination: Amputee should be comfortable 
with weight bearing equally on both limbs. 

Orientation to the center of gravity and base of support: The 
amputee must learn to displace the center of gravity by 
latéral weight shifting and forward and backward weight 
shifting and balance orientation. 

Single limb standing: Stool stepping exercise is important. 
The amputee should stand in parallel bars. Then patient 
is asked to keep the sound limb on the stool using bilateral 
upper limb support. Later the hand on the sound side is 
removed from parallel bars, eventually the other hand also. 
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Gait Training Skill 

1. Sound limb and prosthetic limb training 

2. Pelvic motion 

a. Vertical displacement: Normally 5°. The knee must 
obtained in midstance. 

b. Latéral shift: Normally 5 cms. Habit of standing on 
normal limb keeps center of gravity on the sound 
limb therefore hâve a habit of Crossing midline with 
sound foot which keeps inadéquate space for 
the prosthetic limb to follow a natural line of 
progression. 

c. Horizontal dip of the pelvis is normal up to 5°, 
anything greater is considered as gluteus médius 
gait. Maintaining residual limb in adduction keeps 
the gluteus stretched and gives a better gait. 

d. Transverse rotation of pelvis is normal up to 5 to 
10°. It assists in shifting the center of gravity from 
one side to other. In addition, it helps to initiate 30° 
flexion during toe-off. 

Suggested method of gait training is as follows. 

1. Strengthening of ail available muscles by dynamic 
residual limb exercises 

2. Proprioceptive neuromuscular facilitation. These 
encourage rotational motions and promote 
independent movements of the pelvis trunk and limbs. 

3. Pregait training exercise 

4. Sound limb stepping with the patient in parallel bars 
is performed in forwards backward direction with 
both hands on bars for therapist to become familiar 
with patient's gait. 

5. Prosthetic limb stepping parallel bars is carried out 
in a similar way. 

6. To restore correct motion, the amputee places the 
prosthetic limb behind the sound limb while holding 
on the parallel bars. The prosthesis blocks the 
prosthetic foot to prevent forward movement of the 
prosthesis. Rhythmic initiation is employed to give 
the amputee the feeling of rotating the knee forwards 
as passive flexion of the knee occurs. 

7. Swing phase of the gait can be taught. 

8. Return to sound limb stepping with both hands on 
parallel bars. 

9. Waling with the prosthesis in parallel bars 

10. Walking outside the parallel bars with equal stride 
on both sides 

11. Trunk rotaion and arm swing are taught. Normal 
cadence is 90 to 120 steps per minute. Arm 
swing provides balance momentum and symmetry 
of gait. 


Advanced Gait Training Activités 

1. Stairs (step by step): Ascend with normal limb and 
descend with amputated limb. 

Step over step very difficult for transfemoral. 

2. Crutches: Hold both crutches in the hand opposite the 
handrail or use both crutches in traditional manner. 

3. Curbs: Method is similar to described for stair. 

4. Uneven surface: Spending time on different surfaces 
and becoming visually aware of the changes help to 
initiate the learning process. 

5. Ramps and hills: Descending inclines are more difficult 
than ascending inclines because of lack of 
plantarflexion of the foot. The amputee will find 
sidestepping to be the most efficient means. 

6. Sidestepping 

7. Backward walking 

8. Multidirectional turns 

9. Tandem walking 

10. Braiding 

11. Single limb squatting 

12. Falling: During falling the amputee must first discard 
any assistive device to avoid injury. They should 
land on their hands with the elbow flexed to dampen 
the force and decrease the possibility of injury. 

13. Floor to standing 

14. Running skills 

15. Recreational activities. 

THE CHILD AMPUTEE 

The child amputee differs from adult amputee in that: 

i. the durability of the young healthy tissue on the 
residual limb of a child is quite different from 
dysvascular adult. 

ii. healing in the child is much different than in adult. 
Skin is much more elastic and will better tolerate 
stretching to cover the end of the residual limb 

iii. residual limb length is of vital concern for the 
acquired amputee. The concept of preserving as 
much length as possible should be considered, 
especially by disarticulation than transosseous 
ablation so that the epiphysis will grow. 

iv. another reason to perform disarticulation is the 
major complication in bony spur formation which 
can be prevented. 

Upper Limb Deficiency : Prosthetic and Orthotic 
Management 

When to fit and with what? 

When technically possible the child with acquired 

amputation should be fitted with prosthesis within 30 days. 
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The child with congénital condition may be provided with 
a passive hand within 60 to 90 days after birth. 

Whether mechanical or powered components ? 

Mechanical dévidés are lighter, hâve fingertip préhension, 
less susceptible to damage. The hook permits visual 
inspection of the objects to be grasped which can be 
advantageous. 

Myoelectric hand has a greater pinch force. It cannot 
be submerged in water, heavier, and is not adept at picking 
up small objects. The cosmetic gloves must be replaced 
routinely to prevent moisture and dirt from entering the 
mechanical parts. 

Passive elbows are light but must be operated with 
other hand. It is difficult to operate the cable controlled 
elbows for myoelectric elbows can be used for older 
youths. 

Recommendations by Level 

1. Partial hand amputations or congénital deficiencies: 

Children with unilatéral conditions will readily adapt 
to their one handedness. There is lack of functional 
prosthesis for loss of digits or metacarpal missing. 
Although opposition posts and platforms can be 
made, more efforts should be concentrated on 
adaptability without use of prosthesis and orthosis. 

2. Wrist disarticulation: Indequality of length and loss of 
sensation are likely to lead to rejection of prosthesis 
in congénital cases. Traumatic cases should be fitted 
with prosthesis in congénital cases. Traumatic cases 
should be fitted with prosthesis aggressively within 
30 days. 

3. Transradial amputation: With development of user 
friendly myoelectric Controls, the child under one and 
half year can learn to develop myoelectric prosthesis. 

4. The younger child with transhumerai condition 
should be fitted with either a static or friction elbow. 
Midshaft or transhumerai amputations with normal 
function do not require heavier electric elbows. 

The additional requirement for prosthetic shoulder 
function at shoulder disarticulation and forequarter level 
leads more complications and more rejection. Elbow and 
terminal device choice is dépendent on needs of the 
amputee. 

Spécial Needs of Child Amputee 

The lifestyles and attitudes of children are different. They 
want to be independent, but they also want to fit in with 
their peers. They need to belong to the group and not feel 
like an outsider. Cosmetic appearance does become an 
issue for both the child and the family. 


The rapid growth of their limbs requires replacement 
of ail or part of the prosthesis annually. 

Children can be very destructive in their normal active 
lifestyle. The prosthesis mustbe designed to take as much 
abuse as possible. 

Prosthetic and Orthotic Management of 
Lower Limb Child Amputee 

Birth to Six Months 

Most centers do not provide prosthesis prior to 6 months 
of âge as the child is growing so rapidly that it would be 
quickly outgrown. The child must master sitting balance 
before standing or walking. On occasion the family may 
insist and very lightweight materials can be used. 

7 Months to 14 Months 

Most centers recommend when the child is almost ready 
to pull to stand. The major prosthetic considérations are 
as follows. 

1. A socket that allow for rapid linear growth 

2. A suspension System that does not encumber the child 

3. Regular check ups to monitor growth and prosthetic 
length 

The chief biomechanical function at this âge is to fill 
the shoe and formed from light weight flexible polyethylene 
foam. Knee mechanisms are unnecessary for children at 
this âge. For hip disarticualtion amputee, a hip joint is 
necessary to allow sitting. Most infant prostheses are 
manufactured from one solid piece of balsa wood or rigid 
foam and covered with a lightweight plastic shell. 
Endoskeletal reconstruction is also possible. 

15 to 36 Months 

Children prostheses are sometimes made 1.5 cm longer 
with équivalent build up opposite shoe to level the pelvis. 
Endoskeletal designs allow change in the length of the 
tube. Through careful prosthetic planning and 
adjustments, it is common for pédiatrie prostheses to 
remain serviceable for a full year or more despite the rapid 
growth growth that is anticipated. 

37 to 72 Months 

Manufactured components are available in simple and 
basic styles. The prosthesis is subjected to rigors and must 
therefore be simple, rugged and repairable. 

A functional knee is commonly introduced at this âge, 
often with a manual locking initially. An extension assist 
aids knee stability. Commercially available feet are 
available at this âge. The SACH design is inexpensive and 
reliable. 
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7 to 12 Years 

Fit and function should be maintained by regular follow- 
up, at least quarterly. At preteen years the boys and girls 
develop new interests. The limitations of the prosthesis 
become obvious. 

13 to 18 Years 

The physiologie and psychologie changes are intesified. 
Cosmetic appearance becomes an increasing concern for 
boys and girls. The prosthetic componentry and 
suspension will become increasingly sophisticated as the 
teen approaches the adulthood. By the time the youth is 
18-year-old, adult componentry and fitting principles are 
fully applicable. 

Considération by Level of Amputation 

Partial Foot 

With simple loss of toes a simple foam filler is ail that is 
required. Forefoot to midfoot amputations do well with 
UCBL (University of California biomechanics laboratory). 
Once proximal third of foot is involved, suspension is by 
modified AFO. Another approach is to provide a flexible 
laminated rubber boot for both function and better cosmetic 
appearance. 

Syme's ankle disarticulation: Most children can ambulate 
without prosthesis. Epiphysiodesis on normal side is an 
option. 

Transtibial amputation: SACH remains the most common 
option. Many pédiatrie patients do quite well with 
supracondylar suspension. 

Above knee (transfemoral): The same controversy that exists 
regarding adult socket apply to pédiatrie designs. 


Hip disarticulation: One key factor is to plan ahead to 
accommodate circumferential growth of pelvis. Knee joint 
is omitted until the child is near school âge. Hip is provided 
at the outset. 

Proximal focal fémoral deficiency : Prosthetic restoration is 
geared to minimize the excessive trunk bending and 
internai rotation of the hip that typify the PFFD. This is 
accomplished by meticulous casting of the affected leg and 
pelvis while maintaining the proper rotation and hanging 
angle. Careful moulding is necessary for ischial weight 
bearing. Foot must be moulded in plantarflexion that will 
allow good cosmesis yet permits some weight bearing on 
the sole of the foot. Transparent test sockets are invaluable 
in évaluation. 

In some cases, the clinic may elect to initially fit the 
young child with a shoe build-ups and/or an AFO. Once 
the child has grown the fitting of extension prosthesis or 
ablation of foot and fitting of modified knee disarticulation, 
prosthesis is undertaken. Rarely Van Nés rotation plasty 
may be performed and the child is fitted with modified 
transtibial prosthesis. 

BIBLIOGRAPHY 

1. Batch JW, Splittler AW, Metall JG. Advantages of knee 
disarticulation over amputation through thigh. JBJS 1954;36A: 
921. 

2. Bugress EM. The management of lower extremity amputations, 
prosthetic and sensory aids service, US Vétérans Administra¬ 
tion 11:10-6. 

3. Dederich R. Plastic treatment of muscle and bone in 
amputation surgery. JBJS 1963;45B: 60. 

4. Fulford GA. Amputations and Prostheses, Bristol: John Wright 
1968. 

5. Wilson AB: Limb Prosthetics. Huntingdon, NY : Robert E Krieger. 




The upper limb in the humans, evolved from front legs 
of lower animais, has the capacity for préhension and 
the mobility necessary to place the hand in an infinité 
number of priority. 

Orthoses for splinting fractures and deformed limbs, 
diseased joints hâve been used since time immémorial. 
Initially they were designed and prepared by craftsmen. 
Later armor makers took over and this was passed on 
from génération to génération. In the last century, orthotic 
correction of skeletal deformities was more commonly 
used than surgical correction. Orthopedician and 
bracemaker worked at the same place and in consultation 
with each other. As the time passed, the orthotics 
developed into an art and science in itself and separate 
training programs, workshops, etc. were designed. The 
nomenclature of upper limb orthoses was initially based 
on eponyms, descriptive phrases. Nowadays the method 
developed by American orthotic and prosthetic 
Association and Committee on Prosthetic-Orthotic 
Education of National Academy of Science is used more 
often. The orthoses are described by joints they 
encompass and designed control of designated function. 

Classification (Table 1) 

Upper limb orthoses serve one or more basic purposes. 

Assist : They assist weakened residual motor power or 
subsitute appropriate mechanisms for total loss of motor 
power. They incorporate a method of storing energy and 
releasing at a desired time, springs, rubber bands, 
compressed gas may be used. They may also transfer 
muscle power from an accustomed use to a new one, as 
in balance forearm orthoses or flexor hinge hand orthoses. 


Iricrease Range of Motion, Give Exercise 

Protect: They protect the part from pain, give rest, 
promote healing, protect transferred tendons, reduce 
tone. 

Correct: They correct an existing deformity/contracture. 

Prevent development of contractures or deformities 
serve as attachment for self-help de vices. 

HAND OR WRIST ORTHOSES 
Assistive or Substitutive Orthoses 

This can be achieved by: 

i. Maintaining a particular position of hand or wrist 

ii. Substituting power from another portion of hand 

iii. Attaching a pocket to the hand to hold utensils 
(universal cuff). 

They are classified into: 

i. Positional orthoses 

a. Opponens 

b. Wrist control 

ii. Préhension orthoses 

iii. Utensil holders. 

Positional Orthoses 

Opponens orthoses: These are designed to maintain, assist 
or provide opposition by stabilizing the thumb in the 
functional position. The different types are as follows: 

1. Basic opponens orthoses/short opponens orthoses: It 
consists of a dorsal and palmar bar that encircles the 
midpalm with a thumb abduction bar projecting from 
palmar bar. The radial margin of dorsal bar continues 
as opponens bar. 
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TABLE 1 : Classification of upper limb orthoses 

I. Static Dynamic 


Immobilizes joint or body part 

Position and maintain correct joint alinement 

Protects recently injured or newly repaired tissue during 

healing 

Prevents tendon shortening and contracture caused by muscle 
imbalance 

Stabilizes one or more joints to improve function in other joints 


• Used to substitute for irréversible loss of function 

• Maintain useful position of joint to maximize the 
function of the hand 

• Activate paralysed or weakened joint function 
Dynamic 

• Allows controlled motion of selected joints 

• Neutralizes progressive deforming forces 

• Substitutes for or suppléments a weakened or paralyzed muscle 


IL Temporary devices 

• Management of fractures and dislocations 

• Peripheral neuropraxia 

• Management of contractures with serial adjustments 

• Soft tissue injuries 

• Following tendon repair 


III. Hand and wrist orthoses 

Assistive and substitutive orthoses 


positional 
préhension 
utensil holders 


Permanent devices 

Following permanent brachial plexus or spinal cord or 
cerebrovascular accident 


Semipermanent devices 

• Usually requires a combination of dynamic and static splinting 

• Assistive device following tendon transfer 

• During acute or subacute phases of rheumatoid arthritis to 
protect and preserve joint function 

• Following tendon reconstruction in rheumatoid arthritis 

• Following joint replacement 


Protective orthoses 
Corrective orthoses 

Elbow and shoulder orthoses — protective 

— corrective 

— assistive or substitutive 


Functions 

• To oppose thumb to index and middle fingers 

• To prevent adduction and web space contracture 

• To support transverse palmar arch by dorsal and 
palmar bars 

• To stabilize the thumb by thumb abduction and 
opponens bars 

• To maintain hand architecture for future 
reinnervation or tendon transfer. 

2. Opponens orthosis with wrist control attachment/ 
long opponens orthosis: The addition forearm bar 
maintains the wrist in 20° of dorsiflexion (Fig. 1). 

Functions 

• To give ail benefits of short opponens orthosis 

• To prevent wrist palmar flexion and position wrist 
in 30° of dorsiflexion 

• To prevent radial or ulnar déviation depending on 
the position of cross-bars, e.g. distal ulnar and 
proximal radial cross-bar will prevent ulnar 
déviation. 


3. Metacarpophalangeal extension stop assembly 
(lumbrical bar) dorsal phalangeal bar is attached that 
terminâtes just proximal to the PIP joints and lies 
perpendicular to phalangeal shafts, and is bent to 
conform and contor to the phalanges. 

Function 

• To prevent MCP hyperextension and thus clawing. 
In ulnar neuropathy, the smaller bar may just lie on 
ring and little fingers. 

4. Finger extension assist assembly: Spring wires from 
dorsal bar terminating in a finger loop is added. 

Function 

• To assist proximal and distal interphalangeal 
extension 

5. Thumb abduction and extension assist assembly: A 
spring wire from opponens bar terminating in a 
thumb loop is added. 
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Fig. 1 


Fig. 2: Wrist driven flexion hinge orthosis 


Function 

• To assist thumb abduction and/or extension 
depending on direction of force. 

Wrist Control Orthoses: Orthotic maintenance of wrist in 
dorsiflexion stabilizes the wrist and places tension on the 
finger flexor tendons while creating relative relaxation 
of the extrinsic finger extensors. The two types are as 
follows: 

1. Volar wrist flexion Controls orthosis/tenodesis splint 
clock-up splint. The volar surface contacts distal two- 
third of the forearm while the palmar section is 
usually dorsiflexed to 20° and is contored to support 
the transverse arch without impinging on palmar 
crease or thenar or hypothenar eminences. 

Functions 

• To tighten the finger flexors by tenodesis effect and 
thus increasing the strength of grasp 

• To prevent palmar flexion 

• To prevent stretching of weak wrist extensors. 

2. Wire wrist extension assist orthosis (oppenheimer 
splint) 

Function 

• To prevent wrist extension by means of tension in 
the Steel wire 

Préhension Orthoses 

The types are: 

i. Hand 

a. Finger driven 

ii. Wrist hand 

a. Finger driven 

b. Wrist driven 

c. Passive 

d. Electrically driven. 

Hand-Finger driven hand orthosis: The patient stretches the 
spring by active flexion and spring recoils to provide 
extension. 


Function 

• To furnish préhension active MCP or IP flexion 
must be présent in at least one finger of the hand. 

Wrist hand-Finger driven wrist hand orthosis: Forearm 
stabilization is provided by adding friction wrist joint, 
radial forearm bar, distal and proximal cross-bars to the 
finger driven hand orthosis. 

Wrist driven/flexor hinge splint/tenodesis orthosis: 
To furnish préhension through reciprocal wrist extension 
and finger flexion motion (tenodesis effect). Active wrist 
extension effects grasp by the actuator rod causing it to 
transmit force to the lever projecting from the phalangeal 
stabilizer (Fig. 2). 

Passive préhension orthosis: It is similar to above. The 
addition of rachet assembly consisting of a notched rachet 
bar, spring-operated lever and push lever converts it to a 
passively operated orthosis. 

Electrically driven orthosis: Addition of cable, switch, 
motor, battery to the finger driven wrist hand orthosis 
makes it an electrically driven orthosis. 

Utensil Holders 

The utensil holder (universal splint activities of daily 
living splint) features a fiat palmar pocket into which a 
pencil, fork, spoon, toothbrush, or similar object can be 
inserted can be made with cloth, rexine or plastics. 

Protective orthosis—It is designed primarily to protect 
the limb from damage or potential deformity. Types are: 

i. Wrist hand stabilizers 

a. Volar 

b. Dorsal 

ii. Digital stabilizers 

a. Proximal interphalangeal stop 

b. Thumb carpometacarpal stabilizer. 

Volar Wrist Hand Stabilizer 

It extends from fingertips to the proximal forearm with 
contoring for metacarpophalangeal flexion, transverse 
palmar arch curvature, thumb abduction and opposition 
and slight wrist dorsiflexion. 
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Functions 

• To maintain function of wrist and hand 

• To rest wrist and hand 

• To prevent flexion contractures of wrist and IP joints 

• To prevent extension contractures of MCP joint 

• To prevent radial and ulnar déviation of the wrist. 

Dorsal Wrist Hand Stabilizer 

It encompasses the hand and extends to dorsal half of 
forearm. It must be custom made. 

Function 

• It provides the same benefits as volar, but it is easier 
to maintain position of the hand especially for patients 
with spasticity. 

Digital Stabilizers 

PIP extension stop/swan neck splint 

Functions 

• To prevent hyperextension of PIP joint through three- 
point force System 

• To allow flexion of ail joints. 

Thumb carpometacarpal stabilizer: Moulding rigid plastic 
over first carpometacarpal and metacarpophalangeal 
joints provides stabilization for these joints. 

Functions 

• To stabilize first CMC and MCP joints in neutral 
position. 

• To protect thumb against inadvertent motion. 

Corrective Orthoses 

These orthoses are devised to alter joint alinement by 
stretching articular or musculotendinous contractures or 
adhesions. Rubber bands are most common power 
sources for stretching. The common types are as follows: 

1. Metacarpophalangeal 

a. Flexor 

b. Extensor 

c. Adjustable. 

2. Interphalangeal 

a. Fingernail hooks 

b. Extensors 

c. Gutter Splints-static. 


Metacarpophalangeal ‘Flexor Orthosis’ 

Knuckle Bender 

Function 

• To flex MCP joints through a three-point force System 
consisting of palmarly directed forces from the finger 
and hand bands and dorsally directed force from the 
palmar rod. 

Extensor Orthosis / Reverse Knuckle Bender 

Function 

• To extend the MCP joints through a three-point force 
System consisting of palmarly directed forces from 
the palmar finger rod and palmarly directed forces 
from dorsal hand band. 

Adjustable Wrist Hand Orthosis 
(Swanson Postarthoplasty Orthosis) 

It provides numerous options for adjustment in direction 
and magnitude of force application. 

Functions 

• To facilita te MP and proximal and distal IP motion as 
required 

• To stabilize the joints selectively so that there will not 
be undue stretching of unhealed reconstructed 
tendons. 

Interphalangeal 

Fingernail hooks orthosis: Dress hooks can be affixed to the 
fingernails to sreve reaction points for rubberbands which 
are looped around a frame. 

Functions 

• To position the MCP joints and proximal and distal 
IP joints according to the placement of the frame 

• To provide maximum exposure of the hand, such as 
is required in the treatment of burns 

• To stretch the contracted dorsal structures. 

Proximal interphalangeal joint extensor orthosis(reverse finger 
knuckle bender) 

Function 

• To extend the proximal IP joint through a three-point 
force System consisting of a palmarly directed force 
System from the dorsal band and a dorsally directed 
force System through palmar bands. 



Upper Limb Orthoses 3959 


Spécial modifications are : 
i. Safety pin orthosis 
ii Capner's orthosis. 

ELBOW AND SHOULDER ORTHOSES 
Protective Orthoses 

These are usually worn to protect the limb from 
discomfort and deformity 

Elbow Control Orthoses 

Joining dorsal forearm and humerai bands with a pair of 
elbow hinges constitutes this orthosis. Stops may be 
incorporated in the hinges (Fig. 3). 

Functions 

• To provide mediolateral elbow and forearm rotational 
stability 

• To limit the range of flexion and extension or both by 
stops. 

Shoulder Abduction Stabilizer 
(Aéroplane splint) Orthosis 

Functions 

• To support upper arm and shoulder, thus, protecting 
the shoulder from adduction contracture. 

• To relieve tension over superior aspect of shoulder. If 
the splint is directed upwards, shoulder will be in 
externally rotated position stretching the internai 
rotators and relieving tension on deltoid and rotator 
cuff can be used in treatment of adduction contracture 
in burns and also in brachial plexus injury. 



Slings 

Usually they are worn to protect the limb from injury. 
They can also support distal weight. To minimize 
pressure concentration, broad straps and cuffs over one 
or both shoulders should transfer weight to trunk. These 
are classified as follows: 

Single sirop sling : This is most popular prefabricated, 
simple, economical, easy to done. A forearm support is 
présent. A diagonal strap passes from near wrist over 
anterior aspect of contralatéral shoulder to posterior chest 
to terminate at the proximal end of forearm cuff. 

Functions 

• To support the weight of the arm or forearm cast 

• To elevate the hand to reduce edema 

• To protect the limb from inadvertent motion 

• To place the hand in the wearer's visual field 

• To provide minimal glenohumeral support. 

Multiple strap sling: Augmentation of the above sling is 
done by one more strap over ipsilateral shoulder. 

Functions 

• To provide ail functions described for single strap 
sling 

• To apply vertical force to support ipsilateral shoulder. 

Vertical arm sling: It consists of forearm cuff, shoulder 
straps, joined anteriorly and posteriorly by dacron straps. 
It permits the elbow to extend. 

Function 

• To apply vertical upward force when the elbow is 
extended. 

Abduction sling (hook hemiharness): It consists of bilateral 
arm cuffs joined by posterior yolk strap. 

Function 

• To apply diagonal force to support the shoulder in a 
slightly abducted position. The amount of abduction 
is regulated by tension in the posterior yolk strap. 

Overhead sling (suspension sling): It consists of a forearm 
support suspended by a elastic webbing or a coiled spring 
from an overhead rod. The higher the rod, wider will be 
the range of arm movement. 
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Corrective Orthosis 

Dorsal Elbow Flexor Orthosis 

Functions 

• To flex the elbow by means of adjustment of 
turnbuckle 

• To provide mediolateral elbow and rotational forearm 
stability. 

Dorsal Elbow Extensor Orthosis 

Functions 

• To extend the elbow through a three-point force 
System consisting of dorsally directed forces from the 
forearm and numéral bands and volarly directed force 
from the olecranon pad. 

• To provide medolateral elbow and rotational forearm 
stability. 

Assistive and Substitutive Orthoses 

These orthoses for shoulder aid limb transport thereby 
making wrist hand function more useful. Orthoses should 
simple, mechanically comfortable, unobtrusive, sturdy, 
light. Patients who cannot activate body powdered 
orthoses require external power. The typical components 
include the following: 

1. Elbow and shoulder locks 

2. Suspension Systems. 

Elbow and shoulder locks: The function of locks is to prevent 
motion in unwanted direction. The common types of 
locks used are : 

i. Friction 

ii. Rachet lock 

iii. Alternator lock. 

For shoulder, only rachet type System is used and 
alternator type is unsatisfactory. 

Suspension Systems 

a. Hoop 

b. Shoulder cap 

c. Harness. 

Balanced Forearm Orthosis 

This is the most useful device to assist elbow and shoulder 
function in presence of profound weakness of upper 
extremity. It can be mounted on a wheelchair, worktable 
or occasionally on a belt around the person at the level of 
iliac crest. It consists of a trough in which the proximal 
portion of the forearm rests, a pivot and linkage System 


underneath the trough can be adjusted and preset so that 
the patient can learn to produce motion at both the elbow 
and to a lesser extent at the shoulder. 

Environmental Control Systems 

These are developed to permit persons who hâve limited 
or no use of extremities to turn on and off a small number 
of electrical devices that can be plugged into a master 
control box. The handicapped person can select one of 
the control mechanisms. 

Evaluation of Orthosis 

Analysis of handicap: Accurate assessment of following 
should be done. 

1. Range of motion of ail joints in the extremity 

2. Muscle strength 

3. Sensation 

4. Adequacy of skin coverage 

5. Pain 

6. Vocational and avocational needs. 

7. Swelling / oedema 

8. Age. 

Prescription of Orthosis 

The requirements of the patient must be established and 
the purpose of the device is carefully delineated 
(Table 2). The proposed device must be comfortable, 
provide adéquate cosmesis, fill a real need, and be 
relatively inexpensive and light weight. 

Burns 

Burns of axilla are best treated by holding the arm 
abducted, especially after grafting. For anticubital burns, 
padded métal trough to hold the elbow extended is used 
to prevent flexion contracture. In case of hand if dorsum 
is burnt, a static volar wrist hand orthosis and later a hand 
orthosis with rubber band flexion assist and IP joint 
extension assist are used. For burns involving palm, a 
static dorsal orthosis can be used. 

In case of rheumatoid arthritis, in acute stages, a heat 
mouldable plastic orthosis that extends from proximal 
interphalangeal joint on volar surface and crosses the 
wrist to midforearm held with Velcro straps can be used. 
If only wrist is involved, the volar orthosis need extend 
to the head of the metacarpals. If only PIP joints are 
involved, static IP joint orthoses may be used. In chronic 
stages, it is possible to provide alinement to the finger 
motion by using a finger driven flexor hinge hand splint 
if needed. 

Resting pan splint for night use. 
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TABLE 2: Conditions requiring orthosis 

No 

Condition 

Orthosis 

Lower motor neuron lésion 

1 Complété brachial plexus palsy 

2 Upper brachial plexus palsy 

3 Musculocutaneous nerve lésion 

4 Ulnar nerve palsy 

5 Médian nerve lésion 

Upper 

Lower 

6 Radial nerve lésions 

Complicated motor powered computer controlled orthosis 

Air plane orthosis/none 

Elbow flexion assist orthosis 

Hand orthosis with lumbrical bar/ulnar claw hand prévention splint (spring wise) 

Hand orthosis with spring swivel thumb assist 

Wrist driven flexor hinge hand orthosis 

Wrist hand orthosis with wrist dorsiflexion assist, with finger extension assist. 

Upper motor neuron lésions 

1 Below cervical 7 

2 Below cervical 5 

3 Below cervical 4 

4 Cervical 4 level 

5 High level cervical cord lésions 

A hand orthosis with lumbrical bar and thumb post 

Wrist driven flexor hinge hand orthosis 

Orthosis with a palmar band with clip for holding a motor 
or electrically driven flexor hinge hand orthosis 

Balanced forearm orthosis 

Environmental control Systems mouthsticks 

Problems of Orthoses 

3. Buch WH, Keagy RD. Principles of Orthotic Treatment St Louis: 


1. It may be ill-designed and ill-fitting 

2. It may produce skin imitation and breakdown over 
pressure points - especially if sensations are affected. 

3. Psychological nonacceptance by the patient 

4. Cost 

5. Cosmesis 

6. Bulky and heavy orthoses 

7. Difficult and cumbersome technique involved in the 
orthosis may discourage its use. 

Most orthopédie surgeons view an orthotic device to 
be used as a last resort when a surgical procedure does 
not seem feasible. Actually, orthotics and surgery are not 
the polar extremes of orthopédie care, indeed they are 
closely allied. When combined in a total treatment 
program, the blend can provide better results than either 
alone. With further research in biomechanical analysis, 
new materials and fabrication techniques, functional 
electric stimulation, biofeedback, orthotic implants and 
computerized orthotic Systems the scope of the upper 
limb orthotics will increase. 
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ANKLE FOOT ORTHOSES 
Métal and Metal-Plastic Design 

These consist of two métal uprights whose proximal ends 
are connected to a leather covered métal plastic calf band 
and whose distal ends are proximal parts of ankle joints 
mechanism, the shoe or foot attachment complétés the 
mechanical ankle and anchors the orthosis distally 

(Fig-1). 

Shoe or Foot Attachment 

Stirrup: Solid Steel stirrup rivetted directly to the sole of 
the shoe under the anterior section of the heel which is 
nondetachable. 

Split stirrup : The stirrup may be split distally, with each 
arm sliding into a plate rivetted to the sole of the shoe. 
This type of stirrup permits shoe changes, but is 
somewhat heavier, thicker and less durable than the solid 
stirrup (Fig. 2). 

Caliper : A round tube placed in the heel of the shoe 
receives a caliper, but the pivot of the design is at the 
level of the shoe heel which is considerably distal to 
anatomical ankle. The incongruence produces relative 
motion between calf band and patient's limb. 

Shoe insert : Stirrup may be incorporated in the shoe insert. 
It provides maximum control and support of the foot and 
is usually made of plastic, however, more skill and time 
is required to fabricate a proper insert. 

Ankle Joints and Controls 

Single axis ankle joints are used. 



Fig. 1 : Different types of ankle foot orthosis 


Ankle Stops 

Limit stops may be set in the ankle to allow for any 
predetermined range of motion (Fig. 3). 
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Fig. 4: Varus valgus correction straps 


• Plantarflexion (posterior stop)-used in dorsiflexor 
weakness 

• Dorsiflexion (anterior stop)-used in plantar flexor 
weakness 

• No stop : Free motion ankle joint provides only 
mediolateral stability. 

Ankle Joint Assists 

Dorsiflexion assist: At heel strike, spring is compressed 
which is helpful to control the plantarflexion, the recoil 
aids in dorsiflexion for toe clearance during swing phase. 

Dorsiflexion plantarflexion assist: The anterior spring 
compresses during midstance and recoil helps to 
plantarflex the ankle during roll-over. 



Fig. 3: Free motion ankle joint 


Spring wire dorsiflexion assist Light weight, easily 
adjusted and cosmetically adéquate. 

VAPC (Vétérans administration prosthetic center): shoe clasp 
type This dorsiflexion assist is provided by resilience of 
a single posterior upright made of métal or plastic. 

Varus valgus corrections (T straps): A leather varus valgus 
correction strap is attached to the shoe and buckles 
around opposite upright (Fig. 4). 

Greater correction can be achieved by buckled insert 
which is a plastic insert having a rigid extension on 
médial side for correction of valgus. 

Uprights and Calf Bands 

Most orthoses use two uprights, while a single upright 
may be used in cases of relatively mild dorsiflexion 
weakness. 

The métal or plastic calf band adds rigidity to the 
orthosis, maintain proper alinement of uprights, secures 
the orthosis to the limb, and provides a reaction point for 
application of force. 

Plastic Designs 

Three sections are identified, calf strap, calf shell, shoe 
insert. 

Posterior Leaf Spring 

Movement of this orthosis at ankle drives from its 
narrower width at the junction between the calf shell and 
shoe insert (Fig. 5). 
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Fig. 5: Flexible plastic Shell orthosis 


Modifications 

• Trim lines are more anterior providing greater control 
of plantarflexion and increased control of mediolateral 
motion. 

• Plastic AFO with postérolatéral corrugations adds to 
strength and stability. 

• Solid ankle AFO Trim lines are anterior to malleoli 
and holds the ankle in a predetermined position. 

• AFO with flange: Placed on médial side it Controls 
valgus on latéral side it Controls varus. 

• Spiral orthosis: It is designed to permit the leg in 
transverse plane while constraining plantarflexion, 
dorsiflexion, inversion and to some extent eversion. 

• Hemispiral: It offers greater control of foot that that 
tends to go in equinus and varus than does spiral 
design. 

The basic reasons for which AFO is prescribed are as 

follows. 

1. Mediolateral stability during stance phase to prevent 
inadvertent twisting of the ankle. 

2. Toe pick-up during swing phase to prevent dragging 
of the toes, stumbling and falling. 

For weak dorsiflexors, a posterior stop should be 
used that provides only a minimum necessary pick- 
up of the toe during swing phase. The stop should be 
engaged to provide adéquate toe clearance during 
swing, but there should be no more adjustment in 
dorsiflexion than is needed to provide toe clearance 
to avoid excessive bending moment at knee at heel 
strike phase. 

It is observed that with the posterior stop adjusted 
in 5° of dorsiflexion, the duration and magnitude of 


knee bending moment is exaggerated as compared 
to neutral flexion. If adjusted in 5° of plantarflexion, 
the duration and amplitude of this bending moment 
is less. Also, spring assisted dorsiflexion produced less 
flexion moment than the posterior pin stop but was 
adéquate for picking of the toes in flaccid paralysis. 

3. Push-off stimulation during later part of stance phase, 
thus, approaching more normal gait and reducing 
energy expenditure. 

When the anterior or dorsiflexion stop is combined 
to a sole plate extending to metatarsal head area, the 
center of the gravity of the body moves forward, the 
heal rises, the shoe pivots over the end of the sole plate, 
and push-off is simulated. Consequently the lowest 
point of the center of gravity is elevated during phase 
of double support. In case of no gastrocnemius and 
soleus function, the anterior dorsiflexion stop adjusted 
in 5° of plantarflexion provides almost normal 
foreward movement of the vertical force movement 
with respect to ankle. As a resuit, the forward 
movement of the pelvis during push-off is normal. 

If significant spasticity forces the foot into the 
equinus position during the swing phase, a solid 
posterior pin stop is needed to prevent the toes from 
dragging. While adjusting the stop angle, if the knee 
buckles, the bending moment can be changed by 
moving the location of ground reaction force forward, 
either by cutting off part of the heel of the shoe at a 
45° angle or by inserting a cushion wedge into the 
heel. 

In Summary 

• Proper bracing increases functional ambulation while 
decreasing energy consumption and provides a 
greater degree of safety for the patient 

• Even though the materials used and appearance of 
the orthoses are different, the results are quantifiably 
similar, provided the same biomechanical design is 
used in the orthoses 

• Minor différences in the weight of the orthoses are 
not as important in determining energy consumption 
as biomechanical function and its influence on center 
of gravity pathway. 

Use of Biomechanical Principles in 

Checking Orthoses 

1. The simple fit of the orthosis is checked in static 
situation. There should be no pressure areas or areas 
where the orthosis may produce abrasions especially 
at the level of peroneal nerve and malleoli. 
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Knee 



Fig. 6: Conventional lower-limb orthotic components 



Figs 7 A and B: (A) Free motion knee joint, (B) Knee joint 
with extension step 


2. The dynamic check-out is very important. While the 
patient is standing the heel of the shoe should be fiat 
on the floor. While walking the patient may be closely 
observed for potential knee instability from heel strike 
to fiat foot to see the functioning of plantarflexion stop. 
If during push-off a tendency towards back knee is 
noted, this can be related to the dorsiflexion stop and 
length of the sole plate. 

3. The ankle should be closely observed for movement. 
If the orthosis does allow movement, then the axis 
should be matched to prevent forces developing 
between orthosis and limb. 

KNEE-ANKLE-FOOT ORTHOSIS 

The distal components are the same as described for ankle 
foot orthosis (Fig. 6). 

Knee joints: As anatomie knee has a changing axis of 
rotation mechanical knee joints that hâve a fixed axis 
cannot move in complété unison with it, therefore, some 
shifting of orthosis relative to limb occurs during 
movement. This can be minimized by proper placement 
of mechanical knee joints. 

Polycentric joints foliow natural motion but not very 
commonly used. The principal design consists of: (i) two 
meshing gears, and (ii) a plate with two pivots 
(genucentric). 

Free Motion Knee Joints 

This allows unrestricted flexion and extension, but 
ordinarily incorporâtes a stop that prevents hyperex¬ 
tension (Fig. 7). 


Offset Knee Joint 

The axis of mechanical knee joint is placed posterior to 
the uprights. In this way, the knee can be stabilized during 
stance phase without a lock and is free to bend during 
swing phase, allowing a more natural gait. 

Knee Locks 

Most common is "drop lock" usually on both sides. 
However, only latéral may suffice. When mechanical 
knee is fully extended, the ring drops over the joint by 
gravity. A spring loaded pull rod may be added (Fig. 8). 
A "pawl lock" may be used as it is easier to release. 
An "adjustable knee lock" is particularly useful when 
change in the condition is anticipated or desired, e.g. fan 
lock. 

Adjustable knee locks permit locking almost in any 
degree of flexion. 

Accessory Pac/s and Straps 

• To maintain full extension of anatomie knee, patellar 
pad may be used. 

• In Presence of genu valgum or varum of 15 degrees, 
the knee cap may include a médial or latéral strap that 
buckles around one upright and pulls towards that 
upright, proving a medially or laterally directed force. 

The basic différence between AFO and KAFO is the 
stabilization of knee-ankle-foot orthosis. This is achieved 
by three force applications: one stabilizing force applied 
in front to keep the knee from buckling and two counter 
forces applied at upper part posteriorly and at the shoe 
level to keep the limb from of devices, six common ways 
are: 
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Drop lock 



Fig. 8: Knee joints with looks 

i. Suprapatellar strap, patellar tendon strap 

ii. Lower thigh band, calf band closures 

iii. Lower thigh band closure, patellar tendon strap 

iv. Suprapatellar strap 

v. Patellar tendon strap 

vi. Knee cap strap 

The following biomechanical principles apply to the 
fitting of ail KAFOs. 

1. Mediolateral stability at ankle and toe pick-up during 
swing phase is provided in the same fashion as in 
ankle foot orthosis. In addition, knee stability is 
provided during stance phase and simulated push- 
off. 

2. To reduce the possibility of excessive forces being 
applied to the knee by bands or straps, the following 
should be observed. 

a. The orthosis should be applied with the knee 
straight to reduce the bending movement at the 
knee. 

b. Any stabilizing straps should be applied close to 
the center of the knee to reduce the force required 
to counteract a bending moment at the knee. 

c. The straps or bands stabilizing the knee should 
distribute the required force over a larger and also 
tolérant area, such as patellar tendon and 
suprapatellar areas. 


d. To reduce the shear on knee ligaments, a major 
portion of the knee stabilizing force should be 
applied below the knee. 

An anterior dorsiflexion stop combined with a sole 
plate extending to the metatarsal head area simulâtes 
push-off with a decreased center of gravity pathway 
and amplitude and a significant réduction of energy 
consumption. 

The rigid platform provided by double pin stop ankle 
joint combined with a sole plate provides a better 
standing balance with hands free. 

Réduction in structural components in the standard 
double upright orthosis and its modifications is 
possible but to maintain structural stability at least 
one rigid cross-connection, which can be the bail at 
the knee lock, should be built in the orthosis between 
the rigid posterior upper thigh band and the stirrup 
below. To restrain the orthosis sliding off while sitting, 
a strap or band applied below posteriorly below the 
knee is necessary. 

Pelvic bands are needed only in the exceptional cases 
to control rotation or adduction of the legs in adults. 
The pelvic band combined with a hip lock reduces 
the stride length, increases center of gravity 
amplitude, and makes donning, doffing, transfers 
more difficult. 

HIP-KNEE-ANKLE-FOOT ORTHOSIS 

Attaching a hip joint and pelvic band to latéral upright 
of KAFO constitutes HKAFO. 

Hip Joints and Locks 

Single axis hip joint permits flexion and extension, and 
include an adjustable stop to limit hyperextension. The 
flexion extension capability canbe restricted by including 
a pawl or drop type of lock. 

Two position hip locks, which provide for locking at 
both extension and 90° of hip flexion, are of limited useful- 
ness for children who hâve difficulty in maintaining the 
sitting position. 

Double axis knee joints provide adduction-abduction. 

Pelvic Bands 

Pelvic bands are needed only to control rotation or 
abduction/adduction of the legs in adults. The pelvic 
band combined with a hip lock reduces the stride length, 
increases center of gravity amplitude, and makes 
donning, doffing, transfers more difficult. 

Unilatéral It extends from just médial to anterior 
superior iliac spine to approximately 1" latéral to posterior 
superior spine. A flexible belt that incorporâtes the 
band,then encircles the pelvis. 
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Fig. 10: Sweedish knee cage rigid three 
point pressure orthosis 


Bilateral The ends lie just anterior to latéral midline 
of pelvis. The band curves posteriorly and downwards 
to contact the most prominent portion of the buttocks 
and continues slightly upward to overlie the sacrum. 
Padding and a flexible belt complété the component. 

Double or pelvic girdle This is used in bilateral 
involvement where a maximum degree of control and 
increased degree of purchase on pelvis is essential. 
Silesian belt It is a flexible strap that encircles the pelvis. 
Since it has no métal joint, it cannot control motion in 
sagittal plane (Fig. 9). 

Knee Orthoses 

Patellofemoral disorders A relatively simple 
patellofemoral orthosis, which should be worn only 
during periods of activity, consists of a foam-padded 
strap that encircles the knee immediately below the 
patella. A more elaborate orthosis is dynamic patellar 
orthosis (Palumbo)is used to prevent latéral subluxation 
of patella. 

Sweedish knee cage It is used to prevent hyper¬ 
extension (Fig. 10). 

• Thigh and calf cuffs joined by side bars that includes 
a joint for flexion and extension. To prevent 
downward slippage, a suspension wedge positioned 
the médial fémoral condyle 

• Canadian Arthritis and Rheumatic Society-University 
of British Columbia (CARS-UBC) knee orthosis This 
provides knee stabilization against varus and valgus 
knee movements. It consists of two plastic cuffs one 
on the calf and one on the thigh joined by one 
telescopic rod which is placed on médial side for genu 


varum or on the latéral side for genu valgum. A third 
point of application is pad on the latéral side (genu 
varum) or médial (genu valgum) side of the knee 
• Knee orthoses meant to control axial rotation in 
addition to angular control are: 

i. Angular control in sagittal plane-Lerman's 
multiligamentous knee control device 

ii. Angular control in frontal plane-Lenox Hill 
derotation device. 

Ischial weight bearing orthosis It contains rigid 
quadrilatéral cuff proximally for ischial weight bearing. 
Approximately only 40% weight is transmitted through 
the orthosis. In general, the weight bearing function of a 
ischial weight bearing orthosis dépends on design and 
training as follows. 

1. The orthosis with locked knee and patten bottom 
produces 100% of weight bearing through the 
orthosis. 

2. The orthosis with locked knee, fixed ankle rocker 
bottom and training produces weight bearing through 
the orthosis at 90% or more of body weight. 

3. The orthosis with locked knee and fixed ankle with 
training produces weight bearing through orthosis at 
approximately 86% of body weight. 

4. The orthosis with a locked knee and a fixed ankle, 
without training produces weight bearing through the 
orthosis at 50% of body weight. 

5. The orthosis with a locked knee and a free ankle joint, 
with training produces 50% or more weight bearing 
throughout stance phase 

6. The orthosis with a locked knee, free ankle, without 
training produces weight bearing only during heel 
strike. 
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Patellar Tendon Bearing Orthosis 

Use of tendon bearing cuff as in PTB socket is done. The 
cuff should be flexed approximately 10° in relation to 
uprights. If a fixed ankle joint is used, the stop should be 
adjusted to 7° of dorsiflexion. 

Biomechanical function: Patient should be taught 
active push-off, which would load the skeletal System. 
The weight bearing function of PTB orthosis can be 
summarized as 

i. free ankle with 3/8th inch heel clearance-42-44% 

ii. fixed ankle 3/8th inch heel clearance,no training- 
30% 

iii. fixed ankle, heel clearance 1" training-70% 

iv. fixed ankle, heel clearance 1" training rockerbottom- 
> 70% 

Indications Use on Short-term Basis 

1. Healing os calcis fracture 

2. Postoperative fusions around ankle 

3. Painful conditions of the heel that hâve been refractory 
conservative management and for which surgery is 
contraindicated. 

Indications Long-term Use 

1. Delayed unions and nonunions of fractures and 
fusions 

2. Avascular necrosis of the talar body 

3. Degenerative arthritis of ankle or subtalar joint 

4. Osteomyelitis of os calcis 

5. Sciatic nerve injury with secondary anesthésia on the 
sole of the foot 

6. Chronic dermatological problems such as diabetic 
ulcérations 

7. Other chronic and painful conditions of the foot that 
are not amenable to surgery. 

Parawalker: Bracing of the hip with a bail and socket hip 
joint that allowed limited flexion through stop. Extension 
could be restricted in a similar fashion. The joint is 
incorporated in body brace with KAFO. The flexion 
motion is guided in the flexion extension plane by gravity 
through trunk motion and checked by the stop. 

Reciprocating Gait Orthosis 

This orthosis incorporâtes spécial hip joint that transfers 
forces from one hip to the other via one or two bowden 
cables. The pelvic band design covers the gluteal and 
sacral areas and includes a thoracic extension, featuring 
a clouser with velcro bands. The basic concept is that the 


flexion force of one hip is transferred as extension force 
on other hip or vice versa. This is useful in paraplégies. 

Pneumatic Orthosis 

Inflatable tube in front and back provide rigidity when 
inflated. Déflation allows bending of hips for sitting. Toe 
pick-up during swing is provided by pick-up strap and 
mediolateral stability at ankle is provided by wearing 
high top boots. This was used for paraplégies. This 
provides better mediolateral stability, metabolic 
requirements were less. For marginal ambulators who 
walk for exercise only, this was the best orthosis. In early 
mobilization, the pneumatic compression reduced the 
incidence of orthostatic hypotension. 

Orthoses Using Electrical Stimulation 

This was used primarily to control foot drop in hémiplégie 
patient. The theory on which this is based is that the 
survival of the lower motor neuron including the axon 
in upper motor neuron lésions, therefore, the contraction 
of the muscles innervated by the peripheral nerve can be 
induced by electrical stimulation of this nerve, although 
the stimulation must be properly phased to obtain a 
functional resuit. 

Two types of stimulations are available: one external 
stimulation through skin of peroneal nerve below the 
fibular head with the neutral electrode applied below to 
the leg. The electrode is activated by a switch incorporated 
in the shoe which turns on the stimulator when the heel 
leaves the ground and turns off the stimulator on heel 
strike. 

When implanted electrode is used, it must be 
surgically placed directly on the nerve with a flexible wire 
lead connected to a subcutaneously implanted receiver 
located over the anteromedial aspect of the thigh. The 
power pack for the stimulator and the transmitter is worn 
at the waist and the transmitter is connected to the 
antenna located on the surface of the skin over the 
implanted receiver. Phasing of the stimulation is 
controlled by a heel switch with a transmitter 
incorporated in the shoe, its signal being received by the 
section of the stimulator transmitter assembly at the waist. 

The use of stimulation of a limited muscle group in 
combination with bracing seems to be especially 
promising in its practicality and its capacity the patient 
more functional. At this point, FES used for walking has 
the same problems of high energy requirement and low 
energy efficiency. The metabolic requirements limit 
endurance and distance of walking. The speed of walking, 
however, seems to be more limited mechanically with 
FES than with use of bilateral KAFOs. 
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Fig. 11 : Parts of footwear 


FOOTWEAR 

The shoe is built over a last which is the model of the 
weight bearing foot. The commonly worn footwear styles 
are oxford, pump, sandal, mocassain, tennis shoes, clog, 
and various types of boots. The main parts are as follows. 

The upper This is the part of the shoe above the sole 
(Fig. 11). 

anterior part vamp : médial 

posterior part quarter : latéral 

The latéral quarter is eut low enough to avoid pressure 
over latéral malleolus. Eyelets are situated in the lace stays 
underneath which lies tongue. At the base of the tongue 
is the throat of the shoe. 

Gibson style The quarters are stitched on the top of 
the vamps so that the lace stays open freely to allow the 
foot to enter. 

A comparable style boot is termed as Derby. 

Oxford style Vamp overlies the quarters. Balmoral is 
the term given to a boot of similar style. Shoe cannot 
opened widely as Gibson style. 

The shoe upper is made of flexible material- 
leather/woven fabrics, or synthetic material such as 
urethane or vinyl. The leather is most suitable as it has 
an ability to breathe, is moisture absorbant and tends to 
mould to the shape of the foot with wear. 

The sole consists of three layers: (i) the insole 
(ii) outsole and the filler between them. The insole is made 
of thin leather. The filler consists of cork dust and latex. 
The outsole may be made of leather, rubber, crepe, plastic, 
wood, or other materials. The structural stability is 
enhanced by heel counter, shank and the toe box. 

The usual last has forefoot inflare, but the last with 
straight médial border may be more suitable for the 
general population. During lasting process, the insole is 
temporarily tacked to the bottom of the last. After 
positioning the heel counter and toe box, the upper is 
applied snugly over last. The lasting process is followed 


by attachment of outsole and heel. 

Today, the upper is secured to the sole by rubber based 
adhesives. The heel is attached either by gluing or nailing. 
For tennis shoes, the rubber or plastic sole is applied by 
vulcanization or injection molding utilizing plastic 
materials. 

The welt construction shoes are quality shoes. They 
provide comfort because of seam-free insole. They hold 
their shape well and hâve good structural stability, but 
they may be somewhat less flexible and heavier. 

Agewise Need for the Shoe 

Infant needs shoes for protection from cold only. 

Childs just beginning to stand—firm heel counter and 
a soft leather top, soft flexible sole approximately 1/8" 
thick for crawling child as stiff soles aggravate toe-in or 
toe-out tendencies. 

As child begins to walk—shoe with firm heel counter, 
firm sole 1/4" thick for first two years, a high top shoe 
will fit more securely. For 3 to 9 years, a round toe shoe is 
recommended to accommodate the growing foot. 

The shoe of active adolescent should also hâve a Steel 
shank and a firm heel counter to prevent rapid shoe 
breakdown. In ail cases, the counter should fit snugly. 

For adults of ail âges, a shoe with firm heel counter 
with snug fit at heel is recommended. In weight bearing, 
there should be 1 /2 inch distance between toes and the 
end of the toe box to ensure adéquate length. There 
should be no bulging at the welt. 

With increasing âge, the foot tends to become wider 
and less flexible. A wider shoe with a soft flexible sole 
and soft upper is recommended for elderly person. A soft 
insole and a low heel may provide a comfortable fit. 

Shoe sizes are indicated by numbers referring to their 
length and letters referring to the width. 

Functionally the shoe should be comfortable for 
se ver al hours of uninterrupted wear. The shoe should 
bend easily where the foot normally bends, and remain 
rigid where the foot is normally rigid. It should not 
interefere with the normal stability of the foot, and should 
not cause loss of balance due to insecure fit. These 
important considérations hâve been disregarded in 
design of some fashion footwear. Problems of Chemicals 
used in manufacturing may cause allergie dermatitis. 

Footwear Modifications 

Elévations 

Heel and sole élévations are prescribed for length 
discrepancy. A lift of 3/8" can be worne under the heel 
glued inside a suitable shoe. For adjustment up to 1", heel 
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élévation is sufficient. For more than 1", both heel and 
sole élévations are used. Heel height is kept greater than 
sole height to avoid négative heel effect. Tapering the 
distal portion of the sole upward will aid walking by 
allowing easier weight transfer over the forefoot. Light 
material such as cork is recommended if the lift is 
relatively high. 

Forefoot Deformities 

Bunion requires a wide shoe with soft upper extra room 
for the deformity may be provided by slitting the shoe 
upper and a patch is sewn over the excised portion. 

Painful Heel Spurs and Plantar Fascitis 

Insert of soft rubber or soft grade polyethylene 
(plastzoate) eut to fit under the heel inside the shoe is 
added. Various heel cups and inserts are also available. 

Fiat Feet 

Asymptomatic adult needs no shoe modifications. If there 
is evidence of longitudinal arch strain, Thomas heel that 
also has long médial counter will provide some support. 
Arch supports can be added. Only the flexible fiat foot 
will adjust to these modifications. The rigid fiat foot needs 
to be fitted for comfort only with a wide shoe. A moulded 
polythene foam insole backed by microcellular rubber 
may increase patient's comfort. Arch support may cause 
more pain. 

Footwear modification with Thomas heel and médial 
heel wedge are recommended for children with flexible 
fiat feet who hâve a leg pain in the evening following a 
long day activity. For this, the shoe should fit satisfactorily 
and the heel counter should fit snugly and resist 
distortion. The measurement of médial heel wedge 
should be as follows: 
up to 2 years-1/16" 

2 to 5 years-1/8" 
after 5 years-3/16" 

Insensitive Feet 

No soft tissue or skeletal deformity, carefully fitted 
normal shoes are acceptable. 

Area of concentrated pressure on plantar surface, 
microcellular rubber insole with extra depth shoe. 

Sole scarred due to traumal Insole of polythene foam 
backed by microcellular rubber or molded polythene 
foam with latex cork backing, or soft grade or medium 
grade plastazoate can be used. 



Fig. 12: Spécial footwear for foot lésions 


Bone deformity on the plantar aspect of foot is présent 
A molded soft insole of polyethylene foam is 
recommended with areas of relief under bony 
prominence to prevent plantar ulcération. 

A metatarsal bar attached to the flexible sole in its 
correct position with the high point of bar located just 
proximal to metatarsal heads will relieve stress on 
metatarsal heads. When the sole is rigid, a rocker bar can 
be fitted by the orthotist. This allows substitution of 
rocking motion for direct pressure on metatarsal région. 

Sandle with soft molded insole can be made from a 
kit or from assembled materials in a relatively short time 
and may be of value for patients who need a temporary 
footwear during healing of foot lésions (Fig. 12). 

Individually made rigid soled rocker shoes are issued 
in spécial cases in patients with Hansen's disease. 

The Arthritic Foot 

A wide shoe with soft upper is prescribed to prevent 
mdiolateral compression. 

A soft counter is useful for patients who hâve heel 
pain. 

For clawing extra depth shoe is prescribed to prevent 
pressure on the dorsum of the toes. The shoe should be 
side and hâve a soft toe cap that can adjust to the 
deformities. Spot stretching may be needed for further 
stretching the upper. 

For relief of pressure under the painful metatarsal 
heads, a metatarsal pad is attached inside the sole. 
External modification in form of metatarsal bar attached 
to flexible sole may serve to reduce pressure. 

The severely deformed foot needs a custom made shoe 
made from the plaster cast of the foot. 
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Athletic Shoes 

A well-designed athletic shoe must be comfortable, fit 
well and provide sufficient cushioning and stability to 
protect the limb from trauma of répétitive heel strikes of 
running. At the same time, the sole should be lightweight 
and flexible. The upper which is made of nylon should 
hâve laced vamp and a well-padded tongue to prevent 
irritation of dorsum. A well-moulded Achills pad 
prevents irritation of tendo—Achilles. The toebox should 
be 1 and 1/2 inches high. The shoe should hâve firm heel 
counter for hindfoot stability. The midsole should be 
flexible, and there should be a soft raised heel wedge to 
absorb impact of heel strike. The heel should be slightly 
flared for additional stability and bevelled to prevent 
rapid roll off. 

Achilles Tendinitis 

An additional heel wedge of sponge rubber in the midsole 
area can be used to elevate the heel. 

Metatarsalgia 

In metatarsalgia, a sponge rubber rocker bottom insert 
in the midsole area of the foot is recommended. 


Cavus Foot 

For cavus foot, commercially available inserts may be 
used. 

BIBLIOGRAPHY 

1. Buch WH, Keagy RD, Kritter AR, et al. Atlas of orthotics, 
Biomechanical Principles and Application, (2nd ed), CV Mosby, 
St. Louis, 1985. 

2. Inman VT. Dual axis ankle control System and UC-BL shoe insert: 
biomechanical considérations. Bull Proshet Res BPR 1968;130:10- 
11 . 

3. Lima D, Magnus R, Paprosky WG: Team management of hip 
révision patients using a post op hip orthosis. J Prosthet Orthot 
1994;6:20. 

4. Marks PH, Freddie HF. Status of prophylactic knee braces, Bone 
and joint diseases: Index and Reviews 1993;1(16). 

5. Nielsen JP, Fish DJ. OOS-Basic seminar on lower extremity 
rotational control orthotics, course manual. Oregon Orthotic 
Systems. (2nd Ed) 1993. 

6. Smidt GL (Ed). Gait in réhabilitation, Churchil Livingstone, New 
York, 1990. 

7. Weber D. Clinical aspects of lower extremity orthoses, Elegan 
Enterprises, Oakville, Ontario, 1990. 




Physical Therapy and 
Therapeutic Exercises 


NP Naik 


Therapeutic Heat, Laser and Cold Therapy 


THERAPEUTIC HEAT 

Therapeutic heat may be subdivided as depicted in 
Table 1. 


TABLE 1 : Classification of therapeutic heat 


Primary mode ofheat transfer 

Modality 

Depth 

Conduction 

Hot packs 
Paraffin bath 


Convection 

Fluidotherapy 



Hydrotherapy 
Moist air 

Superficial heat 

conversion 

Radiant heat 
Laser 

Microwaves 



Short waves 
Ultrasound 

Deep heat 


Factors determining number and intensity of 

physiological reactions to heat are: 

1. The level of tissue température: The appropriate 
therapeutic range extends from 40 to 45.5° 
centigrade. 

2. The duration of tissue température élévation: The 
appropriate therapeutic range extends from 5 to 30 
minutes. 

3. The rate of température rise in tissues. 

4. The size of the area treated. 

The physiological responses that are accepted as basis 
for the most common therapeutic application of heat 
are as follows. 


1. Heat increases extensibility of collagen tissues so that 
contractures can be stretched. 

2. Heat produces pain relief. 

3. Heat relieves muscle spasm by sélective cessation of 
firing from secondary endings which will reduce the 
muscle tone. 

4. Heat increases the blood flow owing to arteriolar and 
capillary dilatation. 

5. Heat reduces joint stiffness. 

6. Heat assists in inflammatory infiltrâtes, edema and 
exudates. 

Short Wave Diathermy (SWD) 

Short wave diathermy (SWD) is therapeutic application 
of high frequency currents. Basic components of the 
circuitry of ail machines are power supply, oscillating 
circuit and patient's circuit. Patient's circuit is tuned to 
the oscillating circuit of machine. Current flow through 
patient can be regulated. Most machines operate at 
frequency of 27.33 MHz and hence at a wavelength of 11 
meters. 

Dosimetry: The therapist is guided by feeling of mild 
warmth on the part of patient. 

Températures upto 45° centigrade or 113° farenheit is 
recommended for 5 to 30 minutes. 

Techniques of Application 

Condenser technique: The affected part of the patient is 
kept between two capacitor plates. Four modifications 
are used. 
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1. Space plates: Plates are enclosed in rigid plastic 
material. 

2. Glass envelope: Envelopes the capacitor plates. 

3. Condensor pads: The capacitor plates are flexible and 
are enclosed in rubber or plastic material. 

4. Internai electrode for insertion into vagina or rectum. 

Induction CoiI Technique 

1. Drum: The coil is enclosed in a plastic container that 
is flexible. 

2. Monode: This is not flexible. Direct contact is avoided 
otherwise skin température increases. If 2 cm distance 
is kept, superficial musculature is heated maximum. 

3. Pancake coil or wrap around coil. 

Température distribution as modified by technique of 
application: Spécifie absorption rate is proportional to 
square of induced current and inversely proportional to 
electrical conductivity of the tissues. 

If tissues are in parallel greater current flow occurs in 
tissues with greater conductivity. So, this tissue is heated 
most. If tissues are in sériés, the tissues with greatest 
résistance is heated most since the current flow is same 
through ail. 

Capacitive coupling: The higher is the water content 
better is the conductivity. 

• Under electrode tissues are in sériés—greater current 
density is found in subeutaneous fat—heated most 

• Between electrode tissues are in parallel—greatest 
current density is in superficial musculature—heated 
most. 

It is a prerequisite that the parts of body be small as 
compared to wavelength. Areas where subeutaneous fat 
thickness is minimum, a condenser applicator my be used 
to heat deeper structures. 

Inductive coupling: Electrical conductivity of muscle is 
greater than fat, so, more muscle heating occurs. Joints 
with considérable soft tissues like hip cannot be heated 
by induction coil even if first degree burns are produced 
in superficial tissues. 

Standards for equipment: Tissue substitutes hâve been 
developed from which spécifie absorption rate can be 
calculated. Equipment should be powerful enough to 
produce probably an absorbed power in tissues more than 
200 watts/kg. Stray radiation should be avoided. 

Précautions 

1. Ail metallic objects like watch, jewellery should be 
removed. 

2. Patient should be positioned on wooden plinth or 
chair. 

3. Accumulation of sweat beads should be avoided. 


4. Tuning of the patient's circuit should be done at low 
output level to prevent excessive heating from an 
uncontrolled surge of current through patient. Tuning 
should be optimal and then output through machine 
is adjusted, otherwise small movements of patient 
may change impédance of circuit so that increased 
current flow may occur. 

5. Metallic implants like surgical implants, pacemaker, 
braces should not be exposed. 

6. Intrauterine contraceptive de vices containing copper 
should be avoided. 

7. Contact lenses should be removed. 

8. S WD for back increases menstrual flow so the therapy 
should be discontinued. 

9. Prégnant mothers should not be treated while treating 
sinusitis. 

10. Treatment of children around bone growth zones 
should be avoided. 

11. The existance of stray radiation to the Phsiotherapist 
is controversial, and should be taken care of. 

Microwaves 

These are a form of electromagnetic radiation with 
frequeny 2456 and 915 MHz approved for medical use. 
They travel at speed of light and can be reflected, refracted 
or absorbed. These are absorbed in tissues with high 
water content and allow selected heating of muscle. 

The meter should show quantitively the flow of power 
into tissues, i.e. total forward output minus reflected 
power. Accurate meter should show flow of power into 
tissues and less stray radiation. Air cooling should be 
done to avoid superficial heating. 

Direct contact applicators provide good coupling and less 
stray radiation. 

Types 

1. Fixed direction of E field vector—linearly polarized. 

2. Rotating E field vector—circularly polarized. 
Noncontact applicators—Types 

A detector Antenna with hemispherical reflector 
(diameter 9.3 cm) 

B detector Antenna with hemispherical reflector 
(diameter 15.3 cm) 

Both produce beam with cross-sectional pattern with 

highest intensity in the shape of a 

ring. 

C and E detector Antenna rod with corner reflector 
C—half wavelength, E—full wavelength. 

Ail these applicators should be applied at a distance 
of 1 to 2" from the skin. Direct contact applicators produce 
vigorous responses with little stray radiation. Stray 
radiation occurs in areas where contact could not be 
maintained. 
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Propagation and Absorption of Microwaves in the Tissues 

Dielectric properties of the medium and spécifie 
résistance or conductivity are responsible for energy 
absorption. Tissues with high water content such as 
musculature and fluid media such as found in the eye or 
sweat beads are likely to absorb more microwave energy 
than bone. 

Variable losses occur from energy irradiated from the 
detector. The reflection is minimized by using lower 
available frequency of 915 MHz and using direct contact 
applicator, filling the cavity of the applicator with 
substances of matched dielectric properties. 

Reflection occurs at junction of subeutaneous fat and 
muscle. Depth of pénétration is better for 900 MHz which 
is 3 cm. 915 MHz is a unique tool for heating musculature. 
2456 MHz effects can be duplicated with SWD, i.e. 
subeutaneous fat is heated most and development of hot 
spots occur at junction of bone and muscle. Also sélective 
absorption at metallic implants can occur so 915 MHz is 
better. If purpose is to heat entire joint, the joint should 
be exposed from ail aspects as in case of ultrasonic 
therapy. 

Heating effects 

• Therapeutic effects: Selectively heats musculature. 

• Side effects: Occur if température is raised in sensitive 
organs. 

• Eye—lenticular cataracts 

• Testicles are sensitive and may be affected. 

• Bone growth—high dose decreases and low dose 
stimulâtes it 

• In pregnancy may produce congénital anomalies in 
fétus 

• Sweat beads—superficial skin burns. 

Non thermal effects: Significance of these is poorly 
understood. 

Dosimetry: Vigorous effects can be produced with 
forward power on of the order of 50 watts, with an 
average intensity of 500 mw/cm 2 . To safeguard against 
tolérance levels, pain should still be used as warning 
signal and vigorous responses should be avoided in 
absence of such a pain sensation. 

Ultrasound 

Equipment 

This machine consists of a generator that produces high 
frequency alternating current which is then converted 
by a transducer into mechanical that is acoustic vibrations 
by reversai of piezoelectrical effect. The transducer 
consists of a crystal. 


The three basic components of machine are: 

i. Power supply 

ii. Oscillating circuit (radiofrequency generator) 

iii. Transducer circuit. 

The sound beam produced by therapeutic applicator 
are almost cylindrical in shape, so, if the diameter of the 
transducer is small then the angle of divergence will be 
more than if it is large. 

The "interférence" or "near field" is the area of 
ultrasound beam extending from the applicator surface 
to the location of most distant intensity maximum. In this 
area, the maxima and minima of the intensity are located 
close to each other. Beyond this point, the beam has a 
more uniform intensity and this area is called the "far" 
or "distant field". 

A préférable applicator should hâve 

• A radiating surface area that is only slightly smaller 
than the total applicator surface 

• Should be able to produce average ultrasonic 
intensities 3 to 4 watts/cm square 

• Peak intensity should be more than four times of 
average intensity, i.e. it should hâve broad based 
intensity distribution curve, so, a single quarter 
synthetic crystal is preferred over mosaic crystal 

• The losses should be kept to minimum to avoid 
excessive heating during application 

• The angle of divergence is more if the applicator has 
< 5 cm square of surface area. So, therapeutically 
applicator with radiating surface of 7 to 13 cm square 
are most convenient and effective for therapeutic 
application. 

• If the equipment produces pulsed output, the shape 
of puise should be rectangular 

Physica: The waves are propagated in the form of 
longitudinal compression waves so, propagation 
dépends on presence of medium capable of getting 
compressed. The areas of compression alternate with 
areas of rarefraction. 

Gaseous cavitation: In the phase of rarefraction, the 
biological gases in the dissolved media corne out to form 
gas bubble which collapse on next phase of compression. 
The gas which goes in or cornes out dépend on surface 
area of bubble which is more in rarefraction. Thus, the 
gas that goes out in compression is less as compared to 
the gas goes in the bubble in rarefraction. Thus, the gas 
bubble becomes larger. Electrical and Chemical 
phenomena hâve been described as resuit of gaseous 
cavitation. Mechanical destruction also may be produced 
when the cavities collapse or when the gas bubbles grow 
large enough to vibrate in résonance with sound waves. 
This occurrence of gaseous cavitation can be prevented 
by application of external pressure of sufficient 
magnitude. 
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Sound waves are gradually absorbed and converted 
into heat. The depth of pénétration is defined as that 
depth at which the intensity drops to one-half of its value 
at surface. The ultrasound absorption primarily occurs 
in tissue proteins. 

Reflection can occur at interfaces between tissues of 
different acoustic impédance. Thus, around 30% energy 
is reflected at surface of bone, the same thing occurs at 
the surface of metallic implant. 

Therapeutic Température Distribution 

Ultrasound is most effective heating agent with higher 
température in musculature and comparatively little 
élévation of température in superficial tissues. Ultrasound 
selectively heat interfaces between tissues of different 
acoustic impédance because of reflection, formation of 
shear waves, and sélective absorption in superficial layers 
of tissues with high coefficient of absorption. The high 
degree of reflection at the surface of bone as well as high 
coefficient of absorption in bone tissues, éliminâtes 
possibility of heating distant side of bone and joint. If 
coupling medium like water is used which has high 
thermal conductivity, sélective température increase in 
front of bone can be obtained at température of 24° 
centigrade. This principle can be utilized to selectively 
heat capsule, synovia or other joint structures. 

In individuals with less than 8 cm tissue cover over 
bone, higher température were obtained at lower 
wattage. At higher wattage, the température in front of 
bone at pain is higher in tissues with thick absorbing 
tissue cover than thin individuals. Treatment should be 
given over a longer period of time at least over 5 to 10 
minutes per field to obtain optimal heating of tissues 
located right in front bone. Ultrasound can be utilized 
safely in presence of surgical metallic implants. 
Température measured in the same place without 
implant was higher than with implant. 

Technique of Application 

To minimize the effect of atténuation by absorption, the 
coupling medium should only be thin film between 
applicator and skin. It should not contain any gas bubbles 
that would significantly reflect or scatter ultrasound. Two 
types of applications hâve been developed. 

Stroking technique: Sound head is moved back and forth 
in stroking motion. This is most commonly employed 
method. Strokes are comparatively short of the order of 
one inch in length, each stroke overlaps partially the area 
of the other, with the applicator moving in direction 
perpendicular to the area of stroke. Circular strokes may 
be used, but they are somewhat difficult to control. The 


température obtained in the tissues dépend on total 
output of the applicator, time of application, size of the 
field treated. It is advisable to continue till the pain is felt 
by the patient and then either the output is reduced or 
increase the field size. 

Cooler the température of coupling medium or 
applicator, greater the heat loss at skin and deeper the 
peak température found in the tissues. If the applicator 
warms up noticeably after one field is treated, it should 
be placed in tap water before next field is treated. 

• Shoulder and hip—three fields of application— 
anterior, latéral, posterior. 

• Avoid beaming the sound beam at greater trochanter 

• Exercise, stretching should immediately follow 

• Eye, prégnant utérus, joints with effusion should not 
be treated with therapeutic frequency and intensity. 

Pulsed application—no greater therapeutic effect. 
Dosimetry: 0.5 to 4 watts are useful for therapy for 
vigorous results in deep structures, 4 watts per cm square 
with total output of 10 to 20 watt. For very mild heating 
or treatment of superficial structures, 0.1 to 1 watt per 
cm square with total output of 1 to 10 watt is used. 

Physiological Effects of Ultrasound 

Reactions due to heating are: 

• Peripheral arterial blood flow can be increased 

• Marked increase in permeability of biological 
membranes 

• Increase in nerve conduction velocity 

• Temporary nerve blocks especially "C" fibers, thus, 
eliminating pain threshold 

• Muscle spasm as pliomyelitis can be relieved 

• Increase in vascularity and skin température if 
ultrasound application is done to sympathetic 
nervous System. 

Nonthermal effects like streaming of fluid in the ultrasonic 
field and résultant stirring effect. 

Gaseous cavitation—destructive reaction as hemolysis 
may occur if concentration of cells is low. With stationary 
technique, blood cell aggregates form resulting in 
cessation of blood flow. This can be avoided by stroking 
technique. 

Contraindications 

1. Eye in fluid media, it may lead to cavitation and 
irréversible damage. 

2. Prégnant utérus should not be treated. 

3. Area of spinal cord after laminectomy should not be 
treated. 

4. Ultrasound should be applied with caution over 
anesthetic areas. 
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5. Bone cernent absorbs high energy so total joint 
replacements should not be treated. 

6. Heart should not be directly exposed to ultrasound. 

7. It should not be applied over areas where a malignant 
tumor exists as unknown quantities of ultrasonic 
energy may be absorbed 

8. It should not be applied over areas of vascular 
insufficiency. 

9. Ail general contraindications for heat therapy should 
be observed carefully. 

Superficial Heating Agents 

The hallmark is that they produce the highest 
températures at the surface of the body. They are useful 
when the pathology is located in the superficial tissues. 
Deep effect may be achieved by reflex mechanisms with 
direct response in superficial tissues. Mode of heat 
transfer can be by : 

i. Conduction 

ii. Convection 

iii. Radiation. 

Radiant Heat 

1. Yellow to red light with wave length of 5500 to 7000 
Angstrom units may be used. 

2. Infrared light 

• Near infrared—wavelength 7000 to 14000 
Angstrom units 

• Far infrared—wavelength 14000 to 140000 
Angstrom units 

Mechanism: Once the photons hâve penetrated in the 
tissues, they are absorbed and converted into heat. 

Technique 

Heating éléments are made out of carbon métal alloys or 
spécial quartz tubes. Simple light bulbs with either carbon 
or tungston filaments can also be used. These are 
inexpensive. The quality of lamp is judged by the area of 
skin i.e. evenly heated. To test this, carbon blackened 
paraffin is poured into a pan and allowed to solidify. 
Then, the light is turned on and area of melted paraffin 
is calculated. For treating larger part of body, heat cradle 
is used. 

Dosimetry: Intensity can be varied by changing wattage 
and distance of lamp from skin. 

Température distribution: The highest values are found at 
skin surface with a rapid drop and no significant élévation 
of température in musculature. 

Superficial Heating by Conduction 

Main mode of heat transfer is by conduction. The amount 
of heat that flows through body by conduction is directly 


proportional to the time of flow, the area through which 
it flows, the température gradiant and the thermal 
conductivity. It is inversely proportional to the thickness 
of the layer. 

Hydrocollator pack: This contains silicate gel in a cotton 
bag. They are heated in a thermostatically controlled 
water bath, where gel absorbs and holds a large amount 
of water with its high heat content. The température of 
pack when applied is about 71 to 79° centigrade. 
Application is done over drip dry layers of terry cloth for 
20 to 30 minutes. 

Dose is adjusted by varying the thickness of terry 
cloth. 

Hot water bottle: This application is preferred for home 
use. 

Kenny packs: The pack consists of a woolen cloth, i.e. 
steamed and then surplus water content is removed by 
spinning. This was originally designed for patients of 
polio to relieve muscle soreness and muscle spasm. 

Electrical heating pads: The heat wattage can be adjusted 
by increasing or decreasing the wattage. The heat output 
steadily increases over a long period of time until 
equilibrium is reached. 

Chemical packs: These are available in flexible container 
in which by moving the container a compartment is 
broken. This allows ingrédients to corne together and 
produce élévation of température by an exothermic 
reaction. These are poorely controlled as per température 
produced. The ingrédients are irritating or harmful when 
the outer pack breaks and its contents corne in contact 
with skin. So, these are less désirable. 

Paraffin bath: Paraffain wax with a melting point of 
approximately 51.7 to 54.5° centigrade is used. 
Température is confirmed with a thermometer or 
adjusted with thermostat or when melted and solid 
paraffin is found together, i.e. another indication of right 
température. This is most commonly used for application 
to hands or feet. Two methods are used. 

Dip method: The patient inserts hand into liquid paraffin, 
withdraws it when a thin layer of solid paraffin is formed, 
and repeats the dipping until a thick glove of paraffin 
envelops the hand. The hand is then covered with terry 
cloth for another 10 to 20 minutes to retain heat. Finally, 
the glove of paraffin is peeled off. This produces mild 
heating effect. 

Superficial Heating by Convection 

1. Hydrotherapy: Mode of heat transfer is through 
convection. Water is moved by agitation so that after 
the layer of water in contact with skin has coolded 
off, it is removed and replaced by another layer of 
water with higher température. 
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Technique of Application 

• For total immersion, hydrotherapy is usually done 
in a Whirlpool bath. The water is agitated. 

• The Hubbard tank with its spécial configuration, 
allows exercising of arms and legs, with the 
buoyancy of water eliminating the effects of 
gravity. The agitators allow cleansing of wounds 
like decubiti. However, the entire instrument 
needs to be sterilized after such a procedure. 

• Spécial wading tanks and therapeutic pools are 
available in which ambulation is possible with 
élimination of force of gravity. 

Température distribution: Highest températures are 
produced at skin with a rapid drop off. Usually 
température above 40.6° centigrade is not used for 
total body immersion. For partial body immersion, 
températures up to 46.1° centigrade are applied. 

2. Moist air cabinet water vapor saturated air, i.e. 
thermostatically controlled is blown over patient. 

3. Contrast bath Hyperemia is produced by submersing 
the affected part in hot water for 3 minutes, then in 
cold water for 1 minute, followed by cycles of 4 
minutes in hot water and 1 minute in cold water, until 
a sum of 30 minutes has elapsed. 

4. Fluidotherapy: Thermostatically controlled hot air is 
blown through a pad of finely divided solids, e.g. glass 
beads. This produces a dry, warm, semifluid mixture 
into which the hand, the foot, or the part of the 
extremity can be immersed. Highest températures are 
produced in skin and superficial tissues. 

LASER THERAPY 

Laser is a columnated beam of photons with same 
frequency with wavelength in phase. Maximum intensity 
is in the center of the beam. With laser it is possible to 
produce very high power intensities and irradiance. 
Loosely bound électrons are accelerated by strong 
electrical field associated with laser puise. Many forms 
of lasers are available like helium-neon, ruby, argon, etc. 

Rôle in Wound Healing 

• Improves wound healing dramatically 

• Normalisation of humoral immune response 

• Increases tensile strength of the tissues. 

Rôle as Antiinflammatory Effect 

Rôle in arthritides: The antiarthritic effect is attributed to: 

i. Immunosuppression and immunostimulation 

ii. Stimulation of wound healing. 

• In osteoarthritis also there is réduction of pain. 
Myofacial pain syndromes and nerve conduction 

effects are useful in treatment of trigeminal neuralgia, 
postherpetic neuralgia, sciatica. 


THERAPEUTIC COLD 

Rôle in Muscle Spasm, Spasticity and Muscle 
Rééducation 

Spasm seems to be reduced by direct action on muscle 
spindle, i.e. gamma fibers. The effect lasts for long period 
of time because the insulating fat layer with vaso¬ 
constriction slowed down the rewarming of the muscle 
from outside and because of the vasoconstriction the 
rewarming from inside is also delayed. Some patients 
develop reflex spasms initially, may be because of 
increased excitability of alpha motor neuron, through 
stimulation of the exteroceptors of the skin. In addition 
to the effect on the spindle, other factors were involved 
in reducing the reflex muscle tone, including slowing of 
the contraction of muscle or motor nerve fiber and 
prolongation of twitch contraction and half relaxation 
time. 

Use of Cold in Mechanical Trauma 

Cold reduces swelling, bleeding, pain. Pain may be 
reduced directly through an effect on sensory endings 
and pain fibers or by relieving muscle spasm. 

Use of Cold in Burns 

Immédiate application reduced the effects of 
burns. If it was applied later, it retarded tissue healing. 

Use of Cold as Analgésie 

Cold may be used as a counterirritant to relieve pain. 

Use of Cold in Arthritis 

The benefit is due in part to the vasoconstriction with 
réduction of edema. Pain is indirectly relieved in this way 
and also by direct effect on nerve fibers. 

Techniques of Cold Application 

• Ice melted in water: Immersion, compression or 
submersion 

• Ice massage: Moving a block of ice on surface involved. 
To reduce spasticity, it will take at least 10 minutes to 

begin to cool in thin individuals and probably half an 
hour to do the same in obese individual. The therapeutic 
effect is achieved when the clonus or tendon jerks are 
abolished. Spécial précaution should be taken to prevent 
nerve damage, limiting ice application to 20 minutes and 
compression of peroneal nerve. Also gel packs which 
produce températures below freezing should not be used. 
Table 2 depicts comparative features of therapeutic effects 
of heat and cold. 
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TABLE 2: Comparison of therapeutic 
effects of heat and cold 



Therapeutic heat 

Therapeutic cold 

Spasm of muscle 

relieved 

relieved 

Réduction of 

short term 

short term 

spasticity 

Blood flow 

increased 

decreased 

Edema 

increased 

decreased 

Joint stiffness 

reduced 

increased 


Skeletal Muscle 

In prolapsed intervertébral disk, various heating 
modalities like shortwave diathermy (SWD) or superficial 
heating agents for a period of 20 to 30 minutes can be 
used. Muscle spasm can also be relieved by ice 
application. 

In the acute conditions, heat application reduces the 
hospital stay as compared with ice application. In chronic 
conditions, ice was more effective in reducing the hospital 
stay than was the heat application. 

In acute or subacute phases of joint diseases like 
rheumatoid arthritis, the purpose is not to heat the joint 
but to relieve secondary symptoms, so same above 
principles are applied. 

In fibromyositis, superficial heating modalities are 
often used in conjunction with friction massage. 

In tension States, heat application followed by deep 
sédative massage is used. 

The muscle soreness often called spasm in 
poliomyelitis responds very well to kenny packs. 

Exaggerated peristalsis leads to cramping of the 
smooth musculature of gastrointestinal tract as in colics 
and menstrual cramps can be reduced by superficial heat 
application in form of hot packs or hot water bottles or 
heating pads to abdominal wall. 

Contractures 

• Fibromusculature contractures—microwaves 

• Electrical burns leading to fibrous band—ultrasound 
therapy 

• Joint contracture, for joints with good soft tissue 
ultrasound therapy is used, otherwise SWD, 
microwave, paraffin bath are used. For large joint with 


little soft tissue ultrasound, wrap around coil may be 
used for periarthritis shoulder. For chronic ankylosing 
spondylitis, ultrasound therapy to costovertebral 
joints may be used. 

• For skin disease like scleroderma, Dupuytre's 
contracture, Peyronie's disease ultrasound therapy 
may be used. 

Joint Stiffness and Pain 

• Due to collagen diseases. Heat therapy 

• Reflex sympathetic dystrophy. 

• Heat after sympathetic block 

• Ultrasound to sympathetic chain like stellate 
ganglion block. 

Epicondylitis, Bursitis, Tenosynovitis 

• Subdeltoid, subacromial bursitis 

• Cold therapy for acute and ultrasound for chronic 
conditions 

• Latéral epicondylitis 

• Acute—ice application 

• Chronic—heat application 

Transmission of drugs using ultrasound, called 
phonophoresis, can be used. 

Trauma 

• Surgical trauma, fractures—cold therapy 

• Minor trauma—immediately after trauma cold 
therapy is used, subsequently in phase of resolution 
heat therapy can be used. 

Inflammation Associated with Infection 

Furuncle or other skin infections—heat will lead to 
pointing. In pelvic inflammatory disease, intra-vaginal 
or intrarectal électrodes for chronic States may be used. 

Vascular Diseases 

• Peripheral arterial insufficiency—heat above level of 
lésion. 

• Peripheral venous insufficiency and varicose veins— 
ultrasound 
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Ultraviolet Therapy 


This produces direct photochemical reactions when it 
interacts with body. There are three types of UV light 
thérapies. 

UV A produces two types of tanning 
Immédiate—in 1 hour 

Delayed—in 2 to 3 days, remains for 2 to 3 weeks. 
This occurs due to melanin déposition in basal layer. 

UV B 20 to 2000 times more likely to cause skin 
erythema and burning. Used in Gockerman's treatment 
of psoriasis, urémie pruritus. 

UV C Bactericidal, used in treatment of mycosis 
fungoides, decubitus ulcer. 

Dose response: Minimum erythema dose (MED) is 
calculated. Treatments are often prescribed in terms of 
multiple of MEDs. As treatments continue, as patient's 
sensitivity decreases, it is usually possible to increase the 
number of MEDs. 

Précautions 

• Eyes of both patient and therapist should be protected 
to prevent conjunctivities, keratotic changes, and 
possibly lens changes. 

• Excessive irridation of parts doser to body may occur. 

• Areas of atrophie skin such as scars and skin grafts 
are easily burned, so should be draped and protected. 

Adverse Effects 

• Sunburn 

• Light induced or aggravated reactions like solar 
urticaria 

• Phototoxicity 

• Photoallergy 

• Skin aging 

• Skin cancer. 


Electrical 

TRANSCUTANEOUS ELECTRICAL NERVE 
STIMULATION (TENS) 

Analgesia Mechanism 

• Gâte theory of metzack and wall 

1. Cells in the substantia gelatinosa are stimulated 
by both small diameter nociceptive and large 


Erythema: This occurs due to absorption of ultra-violet 
photons by proteins in the prickle layer of skin. 

Sources -Alpine sun lamp - general and Kranagar - local 

• Hot quartz lamp—15 seconds at a distance of 75 cm 

• Cold quartz lamp—germicidal 
Sun lamps 

• Black light lamp—allows observation of UV induced 
fluorescence and useful in diagnosis of number of skin 
conditions. 


Contraindications 

See Table 3 

TABLE 3: Contraindications for ultraviolet therapy 


Albinism 

Herpes simplex erruptions 

Atrophie skin and scars 

Skin carcinoma 

Use of photosensitizing drugs 

Sarcoid 

and Chemicals 

Systemic lupus erythematosus 

Photosensitivity 

Xeroderma pigmentosum 


Therapeutic Uses 

See Table 4. 

TABLE 4: Therapeutic uses of UV 


Diseuse condition 

Possible mechanism 

Psoriasis 

phototoxicity 

Mycosis fungoides 


Hyperbilirubinemia 

photochemical effect 

Urémie pruritus 


Rickets 


Vitiligo 

induced tanning 

Soft tissue ulcers 

bactericidal 


Therapy 


diameter sensory neurons. 

2. These cells serve as gates by inhibiting the relaying 
of nociceptive information to brain if nonpainful 
sensory stimuli are also présent. 

• Endorphins and other neurotransmitter release is 
facilitated 

• Low frequency TENS raise the pain threshold. 
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Equipment 

It consists of signal generator and a set of électrodes. For 
long term use, more expensive self-adhesive électrodes 
are available. 

• High-frequency TENS tolerated for many hours 

• Low-frequency TENS tolerated for 20 to 30 minutes. 

IONTOPHORESIS 

Introduction of electrically charged molécules or atoms 
into tissues using electrical field. 

Various drugs that can be introduced are local 
anesthetics, epinephrine, water soluble corticosteroids, 
antiviral médications, chemotherapeutic médications. 
Drug should be nontoxic, soluble and able to pass through 
the epidermis. 

It is oflimited use as: 

• It is drug spécifie, variable 

• Drug is removed through epidermis into circulation. 

Complications and Contraindications 

• Local toxicity of drugs 

• Local hypersensivity 

• Pain if current intensity is too high. 

Indications 

1. Idiopathic hyperhidrosis, concentrated antipers- 
pirants aluminum chloride hexahydrate. Tanning 
agents as glutaraldéhyde, tannic acid, formaldéhyde. 
Iontophoresis blocks the sweat ducts. 

2. Tooth hypersensitivity Na fluoride 

3. Analgesia of lidocaine 

4. Arthritis corticosteroids and local anesthetics 

5. Cutaneous disease 

6. Miscellaneous 

• Pilocarpine—cystic fibrosis 

• Chemotherapy—squamous and basal cell 
carcinoma 

• Silver ions—superficial and deep infections 

• Mucolytic agents and antibiotics—otitis media 


• Insulin—diabètes 

• Iodine—tendon adhesion and scar réduction 

• Acetic acid—to aid résorption of calcium deposits 

• Zinc—ischémie ulcer treatment 

• Idoxuridine—herpes simplex and apthous ulcer s. 

Functional Electrical Stimulation 

Production of functional movement by electrical 
stimulation of muscle or nerve. 

Equipment 

1. Power supplying 

2. Signal generator 

3. Control circuit 

4. Modulator circuit 

5. Output circuit 

6. Electrodes: These are placed on spécifie muscle points/ 
nerves. 

Limitations 

• Improvement may not be sufficient to warrant its use 

• Limited by capability and clinicians skill 

• Lower motor neuron lésions and myopathies cannot 
be treated by this method 

• Progressive diseases like multiple sclerosis are relative 
contraindications. 

• Obesity, joint contractures and instability, uncon- 
trollable spasticity are physiological impediments. 

Indications 

1. Idiopathic scoliosis 

2. Hemiplegia: Peroneal stimulation to control the foot 
drop complex in hand 

3. Spinal cord injury: Electrically stimulated walking. 

4. Cérébral palsy—improve gait 

5. Other applications: Site 

• Chronic constipation—abdomen 

• Urinary incontinence—perianal, penile. 


Massage 


Systematic and scientific manipulation of body 
tissues, best performed by hands, for purpose of 
affecting the nervous and muscular System and general 
circulation. 


Physiological Effects 

Mechanical Effects 

a. Assist return flow circulation of blood and lymph- 
centripetal massage 
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b. Measures that produce intramuscular motion 
stretching adhesions. 

Technique 

Massage is an art than a science. Certain principles are 
as follows. 

1. The patient must be relaxed and comfortable, clothing 
should not be tight, clothes should be removed from 
the area to be treated. 

2. Therapist must be relaxed and comfortable and 
should stand in a position so that the entire stroke 
can be performed without change of stance or undue 
movement. 

3. Skill is required rather than strength. 

4. Lubricating oil, powder, cream facilitâtes good 
technique. Minerai oil is suitable. 

Stroking Massage (Effleurage) 

It is performed by running the hand lightly over skin. It 
starts distally to proximally to assist return flow 
circulation. 

a. Superficial-direction of force is not important 

b. Deep-direction should be centripetal. 

Compression (Pétrissage) 

Kneading: It is a circular motion performed by placing a 
small part of hand on area. 

Squeezing: This is performed with larger portions of 
muscle either between hands or between hand and soild 
object such as bone. 


Wringing Soft tissues are picked up between fingers 
and manipulated in an alternating fashion so that there 
is motion within the muscle itself. It is used to mobilize 
tissue fluid and create intramuscular motions to stretch 
adhesions. 

Percussion (Tapotement) 

These are alternating movements performed to produce 
stimulation. It is done with outer border of hand or 
relaxed fingers. If the hands are cupped, the deeper sound 
produced may be of some psychological benefit. 

Indications 

Any condition in which relief of pain, réduction of 
swelling, mobilization of contracted structures is desired. 

Psychoneurotic Patients 

Contmindications: Infection, malignancy, skin disease. It 
is given with care in debilitated individuals and in areas 
where skin has been damaged by burns or where it is 
thin. 

Therapeutic Exercise 

Définition 

Prescription of bodily movement to correct an 
impairment improve musculoskeletal function or 
maintain state of wellbeing. 


Therapeutic Exercise to Maintain Mobility 


EXERCISES TO INCREASE MOBILITY IN SOFT 
TISSUES 

Physiology of Fibrous Connective Tissue 

Types collagen, elastin reticulin, fibrin 

Tendon repair adhesion formation in 4 to 5 days between 

sutured tendon and surrounding structures. 

Loose Connective Tissue 

It forms between organs other structures, such as joint 
capsule, fascia, intermuscular layers and subcutaneous 
tissues where movement occurs repeatedly. When a part 
is immobilized the collagen and reticular networks 
become contracted and the distance between the 


attachments between network is shortened so that the 
tissue becomes dense and hard and loses the suppleness 
of the normal areolar tissue. 

Dense Connective Tissue 

In areas where motion does not occur, such as fascial 
planes, the capsules of muscles or organs, collagen is laid 
down as dense network. Histological evidence of fibrosis 
may occur as early as four days. Gross evidence of 
restriction of motion begins to occur in approximately 
four days, and develops progressively from that time. 
Factors promoting dense fibrosis are as follows. 

1. Immobilization 

2. Edema 
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3. Trauma: It causes capillary damage and increases loss 
of proteins in the tissues. Fibrinogen précipitâtes as a 
fibrin network in the tissue spaces forming a matrix 
in which collagen fibers are laid down. 

4. Impaired circulation. 

Normal Maintenance of Mobility 

In normal relaxed standing posture, extension if the back, 
the hip and the knee is maintained by positioning the 
center of gravity of these so that the weight of the body 
holds the joints extended against the restricting ligaments 
and the extensor muscls are relaxed. 

Hip 

If flexion contracture of hip occurs, compensatory lordosis 
occurs. Habituai sitting makes flexion contractures of the 
hips likely unless they are prevented by appropriate 
stretching exercises. In adults where the lumbar lordosis 
cannot compensate for the forward tilt of pelvis, center 
of gravity is pushed forward with greater muscular work 
is required to support the torso. The stride may be 
shortened. The knee may be flexed at the expense of 
strong quadriceps contraction. Patients of flexion 
contracture of hip can often stand with leg on the side of 
contracture is forward. When flexion contracture 
develops at the hip, IT band becomes progressively 
tighter producing a flexion abduction external rotation 
deformity. The extension is greater in standing than 
during sleeping due to the greater extensor torque created 
by weight of the torso centered slightly posterior to the 
hip joint. Thus, the patients who remain in the bed, even 
when they are positioned properly are likely to develop 
flexion contractures of the hip unless they receive daily 
stretching of hip flexors. 

Knee 

The compressive force that must be exerted on the flexed 
knee during walking is considerably greater than when 
the knee is extended, so, the patients with arthritis with 
flexed knee hâve far less tolérance for standing and 
walking than patients with extended knees. 

Ankle 

When patient is lying in the bed for a long time, equinus 
of the foot develops. 

Mobility Exercises to Maintain the Range of Motion 

Twice daily ail joints should be carried through full range 
of motion three times. Joint inflammation requires more 
gentle motion than does muscular tightness. The use of 


improper exercise or over-exercise may impede rather 
than help recovery in acute stage, so, the exercises must 
be supervised. 

Stretching to Increase Range of Motion 

Stretching of the muscles can be done vigorously unless 
there is inflammation. Stretching should be past the point 
of pain, but there should be no residual pain. Hold for 
several seconds at the point of maximal stretch. 

Stretching of the joints must be less vigorous than 
muscles. Motion should be gentle and the patient must 
be completely relaxed and it should stop short of the point 
that produce pain. Inflammed joints tolerate vigorous 
stretching less well. 

Principles of Stretching 

1. The body segments on each side of the joint to be 
stretched must be properly stabilized. 

2. The force must be applied in précisé direction. 

3. Prolonged, moderate stretching is more effective than 
momentary vigorous stretching as connective tissues 
show plastic property of creep. 

4. Température of 43° centigrade increases the 
effectiveness of treatment. 

5. Stretching should be done within limits of tolérance 
of the patient. 

6. It should be repeated in less time than required for 
connective tissue to set in shortened position. 

Hip flexors: The patient lying prone, is strapped snuggly 
to a padded plinth by a strap run through the C clamps 
on either side of the hips and across ischial tuberosities. 
A sling under the distal end of the thigh is attached by a 
rope through overhead pulleys to a weight that provides 
a constant tension. A stretching weight of 30 to 50 lbs is 
added. This stretch is maintained for 20 minutes each 
day. 

Knee flexors: Patient prone on a firm surface with a pad 
under the knee and leg extending unsupported, A 5 to 
15 lb sandbag is placed across the heel for 20 minutes. 

Alternatively patient sits with knee extended, the heel 
supported at the seat level, and thigh and leg 
unsupported, and a sandbag weighing 151b is placed 
across the knee for 20 minutes. 

Triceps surae: Exercise table using toe extension boot. 

Wedge board where patient leans forward against 
wall. 

Tilt table may be used. 

Shoulder: Stretching in supine or upright position causes 
the head of the humérus to ride up under the acromion 
pinching the intervening soft tissues and causing pain 
and inflammation which is prevented by dépendent 
exercises. Three ways are: 
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i. Codman—patient bends forward and does 
circumduction 

ii. Sperry—Codman exercise with a weight of 5 lb in 
the hand 

iii. Chandler—patient is recumbent prone with a 
weight hanging on the wrist. The Chandler 
technique is the best, since it is associated with 
greatest amount of muscular relaxation around the 
shoulder and therefore allows greatest range of 
motion to stretch the connective tissue. 

Elbow: Only active motion is used to mobilize the elbow. 
Fingers: Gentle manipulatory stretching is carried out. 

Continuous Passive Motion 

• Nutrition of the cartilage of the diarthrodial joints is 
enhanced with accélération of healing of defects. 

• Deep venous thrombosis is decreased postoperatively. 

• Adhesions and contractures are prevented. 

• There is no overstretching or mechanical trauma, 
range of motion of the joints can be restored again. 

THERAPEUTIC EXERCISES TO DEVELOP THE 
NEUROMUSCULAR COORDINATION 

Control: It is defined as ability to voluntarily activate one 
motor unit without activating other units. 

Coordination: Activation of patterns of contraction of 
many motor units or multiple units of multiple muscles 
with appropriate force combination, sequences with 
simultaneous inhibtion of other muscles. 

It dépends on engrams in the extrapyramidal System. 
Goal of coordination training is to develop ability to 
produce at will automatic multimuscular motor patterns, 
that are more précisé, faster and stronger than isolated 
voluntary control. 

Prime mover: It is a muscle of major importance in 
performing the movement of a joint. 

Synergist: Other muscles that assist motion are synergist 
Antagonist: Muscles that oppose the motion 
Stabilizer: Muscles of the same or adjacent joint that 
maintain position to allow motion and are used 
synchronously with the prime mover. 

Coordination results from engrams of automated 
movement. 

The components of skilled automatic performance are 
as follows. 

1. Volition: Ability to initiate when wanted. 

2. Perception: To tell whether or not the performance is 
occurring as desired. 

3. Engram formation: Development of programmed 
patterns of activity. Each motor engram is a pathway 


of excitation surrounded by wall of inhibition. 
Coordination is most complex, most skillful and rapid, 
most powerful contraction is actively automatized by 
the extrapyramidal System rather than the voluntary 
activity controlled through the corticospinal pathway. 

Training of Control of Individual Muscles 

Conscious control of muscle: The pyramidal pathway is the 
only pathway in the motor control in the nervous System 
that does not need training other than awareness of 
sensory and motor relationship. This is solely an 
excitatory with no capacity to inhibition. The patient must 
learn to control each muscle individually before its actions 
canbe integrated into formation of coordination engram. 
The effect of training do not persist when the training is 
discontinued. 

Requirements for Training of Control 

1. Patient must be rational, old enough to comprehend 
or follow instructions, able to learn, cooperate and 
concentrate. 

2. The training exercise should be carried out in a quiet 
room and the patient must be positioned relaxed, 
comfortable and securely supported. 

3. Patient must hâve intact proprioceptors or teleceptors 
to monitor muscular activity. 

4. Patient must hâve a pain-free arc of motion of joint 
across which the muscle is working. 

5. During training, there must be competant directions 
from a trained therapist who provides clear-cut 
commands for précisé performance and is alert to 
monitor and conform that the correct performance is 
occurring. 

Technique for Training Individual Muscles 

1. Verify that there is lower motor neuron pathway by 
tendon jerk. 

2. Verify the upper motor neuron pathway by 
facilitation. 

Facilitation techniques utilize overflow of nerve 
impulses from one interneuronal pathway to other 
to reduce synaptic résistances and activate motor 
neurons not otherwise receiving threshold stimu¬ 
lation. 

3. Cutaneous reinforcement of excitation. Stimulating 
the skin over tendon at insertion increases the 
sensitivity of stretch reflex and facilitâtes contraction. 

4. Teach mental awareness of correct function. 

5. Train perception of contraction. 

6. Sequence of training of neuromuscular control 

a. Patient is instructed to think about motion. Skin 
over the tendon is stroked in direction of motion. 
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Move the part passively so that the patient 
percieves sensation of movement. 

b. After stimulating the skin over the tendon of 
insertion, the therapist carries out the motion, 
while the patient assists only slightly by a minimal 
contraction of the prime mover. 

c. The patient produces continually strong contrac¬ 
tion as the therapist continues the technique of 
cutaneous stimulation followed by the desired 
movement. 

d. As the patient the ability to produce a stronger 
controlled contraction of the desired motion, the 
therapist gradually decreases the assistance until 
the patient is producing the correct antigravity 
contraction. 

Training of Multimuscular Coordination 

Activity is broken down or desynthesized into 
components that are simple enough to be performed 
correctly. 

Patient should hâve rest after 2 to 3 répétitions to 
prevent cumulative fatigue. 

At each step, the therapist must be sure that patient 
is doing correctly before proceeding to advanced activity. 

Répétition of correct performance leads to formation 
of correct engram formation in CNS. 

When the patient develops ability to produce 
individual units of engram, these are then linked to their 
subtasks until it is automatized as a larger engram of 
performance. 

Intensity of effort is increased to increase the speed 
and force. 

Factors Increasing Coordination 

1. Strong effort of contraction. It causes irridiation of 

impulses in the central nervous System from the 

pathway of a coordinated activity to other motor 

neurons. 

2. Patient feels insecure or fearful 

3. Movement against gravity with weak muscles 

4. Excitement and strong émotions 

5. Pain 

6. Fatigue 

7. Period of inactivity 

Retraining Coordination for Proprioceptive or Cerebellar 
Function (Frenkel’s Exercises) 

These are a sériés of exercises of increasing difficulty 
to improve proprioceptive control. The initial training is 
conducted under the supervision of the therapist and the 
emphasis is on slow, précisé motion and positioning. 


Exercises While Supine 

A caster shoe rolling on a large board under the lower 

extremities may be used to make activities easier. 

1. Flex the hip and knee of one extremity. 

2. Flex as in exercise 1, then abduct the flexed hip. 

3. Flex the hip only halfway, add abduction. 

4. Stop at any point on command in flexion or 
extension. 

5. Flex both lower extremities simultaneously to the 
halfway position. 

6. Flex with heel held 2" above the bed. 

7. Bring the heel to rest on the opposite patella. 

8. Reverse the pattern. 

9. On command touch the heel to the point indicated 
by the therapist. 

10. Place the heel on the opposite patella and slowly 
slide it down the crest of the tibia over the ankle 
and foot to toes. 

11. Slide over the opposite tibia, over the ankle and foot 
to toes. 

12. Flex both lower extremities simultaneously with the 
heels 2" above the bed. 

13. Flex both lower extremities simultaneously with the 
heels 2" above the bed. 

14. Reciprocal flexion and extension of the lower 
extremities. 

15. Perform 14 with heels 2" above the bed. 

16. Bilateral flexion, adduction, and extension with 
heels 2" above the bed. 

17. Place the heel precisely where the therapist 
indicates on the bed or opposite extremity. 

18. Follow with toe the movement of the therapists 
finger in any combination of lower extremity 
motion. 

Exercises While Sitting 

1. Practice maintaining correct sitting posture. Repeat 
in chair without arms. Repeat in a chair without back 
support. 

2. Raise only one heel from the floor. Progress to lifting 
the entire foot and replacing in marked position on 
floor. 

3. Make two cross-marks on the floor. Glide the foot over 
the marked cross. 

4. Practice rising from and sitting on a chair to the 
therapists counted cadence. 

Exercises While Standing 

1. Walking side ways. Balance is easier during sideward 
walking because patient does not hâve to pivot over 
the toes and heels which decreases the base of support. 

2. Walk forward between two parallel lines 14" apart. 
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3. Walk forward placing each foot on a footprint traced 
on floor. 

4. Turning. 

Exercises to Teach Relaxation 

Anxiety produces a State of tension. The neuromuscular 
System responds by prolonged muscular contraction, 
causing discomfort in muscles and joints, neckache, and 
headache. As a resuit of pain produced by prolonged 
muscular contraction reflex, secondary contractions 
develop. 

Effective reversai of secondary effects can be achieved 
by awareness of tensions and way to control and inhibit 
them. 

Relaxation is taught in a quiet semidarkened room 
with a patient in a comfortable position. The feet should 
be supported. Constricting clothes should be loosened. 

Breath control: The patient is taught to exhale slowly 
through mouth to emphasize awareness of breathing rate 
and breath control. 

Persons should learn proprioceptive awareness of 
tension and then use it in almost any situation to relax 
from state of tension. 

Electromyographic monitoring by cutaneous or 
intramuscular électrodes may be used to indicate whether 
complété relaxation has occurred. This monitoring 
provides auditory reinforcement of perception of tension 
or relaxation. Dropping of limp leg or arm is another 
method to demonstrate the différence between partial 
contractions and relaxations. 

Th sequence of training is applied to ail four 
extremities, to shoulders. 

THERAPEUTIC EXERCISES TO MAINTAIN 
STRENGTH AND ENDURANCE 

In order to use familiar terms in a better way, some 
définitions would be useful. 

1. Force = Mass x accélération. 

2. Mass = Matter contained in an object. 

3. Vector = Quantity with magnitude and direction. 

4. Strength: Maximum force that can be exerted by a 
muscle. 

5. Static or isométrie strength: Strength that can be 
exerted against an immobile object. 

6. Dynamic strength 

Isotonie strength: Muscle tension remains same. It 
is described as 

One répétition maximum: The highest weight that 
the subject can lift through full range motion one 
time only. 

Ten répétition maximum: The highest weight the 
subject can lift through the full range of motion 
ten times only. 


7. Shortening or concentric contraction: The two ends 
of the muscle corne together. 

8. Lengthening or eccentric concentration: The two ends 
of the muscle move a way from each other. 

9. Rotary force: Tension multiplied by sine of angle of 
application of force. 

10. Stabilizing force: Tension multiplied by cosine of 
angle of application of force. 

11. Torque: Force multiplied by perpendicular distance 
from the site of application. 

12. Isokinetic strength: Maximum strength that can be 
exerted on a preset rate limiting device. 

13. Endurance: Ability to continue a specialized task. 

14. Fatigue: Reduced capacity of muscle. 

15. Absolute muscle strength: It is dépendent on 
physiological cross-section of muscle. For muscles 
with parallel fibers, cross-section at one level is 
adéquate. For multipennate muscle, multiple cross- 
sections until ail fibers are included is necessary. 
Average strength is 3.6 kg/square cm. 

16. Synchronization ratio: It reflects the extent to which 
the motor units fire simultaneously. It occurs at 
high level of recruitment. It is greater in weight- 
lifter, driver s, etc. 

Insertion near center of motion: Greater excursion per unit 
of contraction but with less force. 

Insertion awayfrom center of motion: Small excur-sion per 
unit of contraction but with more force. 

Length-tension relationship: Length at which passive 
tension exceeds zéro is defined as resting length. Total 
tension=active tension + passive tension. It is measured 
with Cybex II dynamometer. Table 5 depicts muscle fiber 
characteristics. 

TABLE 5: Muscle fiber characteristics 




Slow 

oxidative 

fast 

glycolytic 

fast 

oxidative 

glycolytic 

1 . 

Major source of ATP 

Oxidative 

Glycolytic 

Oxidative 



phosphory¬ 


phosphory¬ 



lation 


lation 

2. 

Mitochondria 

numerous 

few 

numerous 

3. 

Myoglobin 

high 

low 

high 

4. 

Capillary 

dense 

sparse 

dense 

5. 

Muscle color 

red 

white 

red 

6. 

Glycogen content 

low 

high 

intermediate 

7. 

Glycolytic enzyme 

low 

high 

inter- 


activity 



mediate 

8. 

Myoglobin ATPase 

low 

high 

high 


activity 




9. 

Speed of contraction 

low 

high 

high 

10. 

Rate of fatigue 

slow 

fast 

intermediate 

11 . 

Muscle fiber diameter small 

large 

intermediate 
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Fatigue Inability or unwillingness to carry out the 
assigned task in assigned manner under spécifie 
conditions of reinforcement in effect and known to subject 
as a resuit of prior activity. 

Response To Training 

In untrained athlètes, weight-lifters, sprinters the slow 
twitch fiber occupied smaller area (21.9 to 30%) whereas 
in endurance-trained athlètes the slow twitched fibers 
occupied almost 84% of the area. 

High power, low répétition build strength. 

Low power, high répétition build endurance. 

Rate of Improvemerit and Rate of Loss 

Rate of improvement is 12% per week with maximal 
exercise, but rate of loss is 5% per day without any muscle 
contraction. 

With 16 weeks of training, the greatest increase in fiber 
size were in the last half of the training process, i.e. the 
last eight weeks. In contrast, rapid changes occurred in 
the fast twitch muscles, in first eight weeks of detraining. 

Equipment 

1. Quadriceps boot: It consists of iron sole plate with a 

cross-bar, iron weights of various sizes, collars and 

screws to hold the weights on and the leather straps. 

a. De lorm technique: At the beginning and once a 
week thereafter, the 10 répétition maximum is 
determined. A typical session consists of 10 
répétitions at 50%, 10 at 75% and 10 at 100% of 
RM. 

b. Oxford technique: It happens that, because of the 
previous répétitions at 50% and 75% of RM subject 
is unable to carry out 10 répétitions at 100%. For 
this reason, this technique is employed. 

The subject starts at 100% of the 10 RM and 
subsequently does 10 répétitions at 75% and 10 
répétitions at 50%. 

c. University of Washington method: Find a weight that 


patient can lift 3 to 5 times, then count the 
répétitions to fatigue. After session in which 
patient reaches 30 répétitions, the weight is 
increased substantially so that the patient reverts 
to 3 to 5 répétitions range. Thus, it is less time 
consuming as compared to above two methods. 

d. To conserve time, ankle and wrist euff weights 
with velcro closures can be useful with any of the 
above techniques. 

e. Hellebrandt method To save time another method 
is increasing the rate of training keeping the load 
constant. 

2. N-K table: Weights can be added and removed 
rapidly, angle between load and lever arm is 
adjustable. 

3. Algin table: Load on hip extensors or adductors is kept 
constant. Constant load has variable effect at different 
points in the range having least effect when the muscle 
is capable of producing greatest torque. 

This problem is addressed by Cybex extremity testing 
System which limits angular velocity of contraction. 

4. Nautilus System: The spécial cam varies the résistance 
to match torque of each muscle group. Nautilus 
training program emphasizes very forceful concentric 
or eccentric contractions just to the right or to the left 
of the isométries on the force velocity curve. 

Cybex extremity testing System: Specificity of rate of 

training is maintained. 

Advice 

• Allow to choose rpm without annoyance of the 
métronome 

• Accommodation of any torque that muscles can 
produce at any rate of contraction 

• Recording and graph can be obtained. 

BIBLIOGRAPHY 

1. Krusen's Handbook ofPhysical Medicine and Réhabilitation (4th ed), 
WB Saunders, 1990. 

2. Orthopaedic Réhabilitation, Churchill Livingstone, 1982. 




A Team Approach 


Réhabilitation is a process of the integrated application 
of several interventions to achieve the restoration of the 
individual to his or her optimum functional status at 
home and in the community. 

The diminished quality of life due to impairment 
arising out of chronic orthopédie disability can be 
significantly improved by réhabilitation techniques. 

Two principles are Fundamental to planning of a 
réhabilitation program: (i) The sequel must be reduced 
as much as possible, and (ii) Prévention of complications. 

The specialty of physical medicine and réhabilitation 
developed in the country is fulfilling the void not usually 
attending to by other medical specialties. 

For total réhabilitation, from the point of integrating 
the patient back in the society, it is necessary to chanalise 
the patient to other concerned organizations for Socio- 
economic réhabilitation. 

INTERDISCIPLINARY OR TEAM APPROACH 

Due to the complex nature of the problems, that the 
people with disability face, it is not possible for a single 
person to guide the whole course of réhabilitation. Thus 
an interdisciplinary approach is essential where a group 
of qualified professionals get together and chart out a 
comprehensive program for the relevant disability. Each 
member contributes in his own area of specialization. This 
team is headed by a team leader. 

The Team leader is usually a physical medicine and 
réhabilitation specialist doctor (Physiatrist), as he has 


adéquate knowledge of the clinical as well as para-clinical 
réhabilitation related issues the functions as a coordinator 
and facilities réhabilitation related activities. 

The Réhabilitation Team Consists of: 

a. Physiatrist 

b. Physical therapist 

c. Occupational therapist 

d. Prosthetist - orthotist 

e. Réhabilitation nurse 

f. Speech therapist 

g. Psychologist 

h. Social worker 

i. Bio-medical engineer 

j. V ocation counselor 

Rôle of Physical Therapist 

The physical therapist assists the patient in movement 
restoration. His/Her task includes: 

• Muscle strength évaluation and quantification 

• Exercise to maintain and increases joint Range of 
Motion 

• Evalua te and train, sitting and standing balance 

• Exercises to increase strength, endurance and 
coordination 

• Progressive gait training with or without ambulatory 
aids 

• Use of various physical therapy modalities for pain 
relief. 
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Rôle of Occupational therapist 

• Evaluation and train the patient in self care activities 
or Activities of daily living such as dressing, eating, 
bathing and personal hygiene. 

• Aid in maintaining and improving joint ROM, muscle 
strength, endurance, coordination generally for the 
upper limbs. 

Rôle of Prosthetist — Orthotist 

• Is responsible for designing, fabrication and fitting of 
the orthosis and prosthesis. 

• He makes certain that the device functions, fits 
properly and that the patient adjusts well to it. 

• Research and development of new materials and 
designs. 

Rôle of Réhabilitation Nurse 

• Takes care of patients nursing needs during 
hospitalization and in réhabilitation ward 

• She is responsible for sanitation, heat, noise, care of 
personal property, hygiene and safety 

• Administration of médications 

• Assistance in self care activities. 

Rôle of Speech Therapist 

• Evaluation and treatment of communication 
problems 

• Vocal re-education 

• Training the patient in the use of communication 
device 

• Evaluation of swallowing function 

• Contributes to the management of dysphagia. 

Rôle of Psychologist 

• Testing of intelligence, memory and perceptual 
functioning 

• Counselling in: 

— Adjustment to body changes and disability 
— Development of problem solving skills. 

Rôle of Biomédical Engineer 

• With the advance of technology, there are newer 
environment control units, communication aids, 
electrical orthosis and myoneural prosthesis. Ail these 
are designed by electronic and mechanical 
engineering professionals. The rôle of biomédical 
engineer is to interact with the physiatrist to design 
equipment, which will be useful to the persons with 
disability. 


Rôle of Social Worker 

• Evaluating the patients living situation including 
family, lifestyle, finances and assessing the impact of 
the disability on these areas. 

• To explain to the family the nature and magnitude of 
the problem, and the treatment recommended by the 
physiatrist. 

• Help the patient and the family to work out a way for 
an adéquate social adjustment. 

• Conducting Group activities with patients family 
members for imparting knowledge about the illness 
and care of the patient. 

Rôle of Vocational Counselor 

• To evaluate the ability of the patient and his 
educational status. 

• To place him in a suitable job according to his ability, 
educational status and approximity of the place of 
work from his home. 

Principles of Orthopédie Réhabilitation of Spécifie 
Disorders 

Réhabilitation of Hand 

I. Centers receiving large number of hand injuries will 
hâve to develop specialized inpatient hand 
réhabilitation units so as to specifically address ail 
aspects of hand réhabilitation which includes. 

a. Acute the chronic edema: In Post hand injury, the 
subeutaneous tissue, facial planes and paratenon 
are bathed in a serofibrinous exudates, which soon 
organizes making the above structures adhèrent 
to each other leading to stiffness which is 
aggravated by immobility. 

Management of Edema incudes 

i. Elévation, 

ii. Graduai active ROM Exercises and 

iii. Splinting. 

b. Pain and Hypersensitivity 

• Pain which cannot be controlled with 
analgésies may be treated with transcutaneous 
electrical nerve stimulation (TENS). 

• If reflex sympathetic dystrophy occurs it may 
be treated with desensitization techniques like 
Massage, TENS, Active ROM exercises and 
contrast bath therapy. 

c. Loss of Range of motion of joints : 

• This can be prevented by immobilization in the 
position of maximum function 

• Passive and active ROM exercises. 
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Hand réhabilitation also includes the use of Joshis 
External Stabilizing System (JESS) for Digital lengthening. 
Radial Club Hand for distraction and alignment of the 
limbs. 

Réhabilitation of Peripheral Nerve Injury 

Evaluation Manual muscle testing. 

Sensory dermatomal testing 
Functional évaluation. 

Neuro-diagnostic studies and Tinels Sign. 

Réhabilitation Interventions 

• Desensitization — Massage, Contrast bath and 

hydrotherapy. 

• Muscle training — Progressive résistance exercises 

— Bio-feed back has been 
successful as an adjunctive 
method. 

• Splinting — For preventing or correcting 

deformity and to assist in 
function. 

— They must be customized 
— Patient must be taught to look 
for pressure areas made by the 
splint. 

Sensory re-education Dellon et al. hâve developed a 
program of spécifie exercises to re-educate the perception 
of slowly and fast adapting fibers. 

Early phase exercises Re-education of slowly adapting 
fibers is done by touching the finger with pencil eraser 
or other blunt object at varying pressures first with vision, 
then without vision. The fast adapting fibers are re- 
educated by repeatedly moving a blunt object across the 
sensorily deprived area, with or without vision. 

Late phase exercises Exercises with variously shaped 
objects, especially coin, not, boit, and familiar blunt 
objects are used whether the patient is or is not 
blindfolded. Patient tries to discriminate amongst various 
objects by size, shape, weight, texture and material. 

Therapy should take place in a spécifie quiet place in 
sessions of 10 to 15 minutes. Improved sensation has been 
reported as early as 3 to 4 days of starting of therapy. 

Reconstructive Surgery 

These may be performed in the form of neurorrhaphy, 
neurovascular island flaps for sensory loss and tendon 
transfers for muscle paralysis. 


Advantages of Tendon transfers are: 

1. It permits greater function. 

2. Allows patient to be brace free sooner. 

Réhabilitation of Brachial Plexus Injuries 

Réhabilitation of brachial plexus palsy patient requires a 
combined effort of a team dedicated to assisting the 
patient to return to society with as much function as 
possible. An appropriate diagnosis of functional 
impairment is the initial requirement. 

The problems are pain, contractures, psychological 
régression, dependence, dépréssion. Therapy to prevent 
contracture, assist in strengthening and document 
returning functional areas continues throughout the 
program. Surgical assistance may recover some nerve 
function or to replace lost functional areas with 
transferred motor power. 

• Corrective splinting or bracing methods 

• Pelvic girdle type moulded support to transfer the 
weight of the limb directly to pelvis 

• Electrical cutaneous stimulation 

• Surgical procedures include extraneural 
décompression, intraneural décompression, 
neurosurgical procedures like sensory rhizotomy, 
cordotomy, dorsal root entry zone ablation are tried. 

• Prolonged use of narcotic analgésie médication should 
be avoided. 

• Behavioral modification. 

Réhabilitation of Myopathies 

• Myopathies are many a times progressive. 

• Children with Myopathies can be divided into 3 stages 
depending on the underlying Myopathie disorder. 
— Ambulatory stage 

— Wheelchair dépendent stage 
— Stage of prolonged survival (Bed ridden). 

• The aim in réhabilitation is to maintain maximal 
functional independence for as long as possible. 

Réhabilitation interventions include 

— Suboptimal and non-fatiguing exercise program 

— Use of splints like spinal brace for scoliosis and foot 
drop splints. 

— Breathing exercises as a part of respiratory 
physiotherapy. 

— A prescription of walking aids. 

— Gait training. 

— Prescription of wheelchair. 

— Counseling 
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Réhabilitation for Spina Bifida 

Spina Bifida is classified into 3 groups according to the 
level of lésion. 


Group I 

Thoracic or high lumbar. 

Community ambulation 


Quadriceps and Gluteus 

in this group is rare 


médius weak 

unless trunk balance 
and upper extremity 
strength are excellent, in 
which case patient 
ambulates with 
bilateral KAFO and 
axillary crutches, which 
may not last long. 

Group II 

Low lumbar level 

Needs bilateral AFO 


Quadriceps and 

and crutches for 


médial hamstrings 

ambulation. Ambulatary 


Intact Gluteus 

status achieved needs to 


médius weak 

be retained with 
exercise, periodic 
checkups and alignment 
of orthosis. 

Group III 

Sacral level lésion 

Can ambulate with or 


Quadriceps and 

Gluteus médius intact 

without AFO 


MOBILITY AIDS 

• Caster cart 

• Shuttle bug 

• Wheelchair bicycle 

• Tara cycle 

• Stand-up wheelchair 

Réhabilitation of Decubitus Ulcer 

Définition 

Localized area of cellular necrosis and vascular 
destruction that hâve suffered prolonged exposure to 
pressures high enough to eut off local circulation. 

Site 

Supine—sacrum, trochanter, back of head, heel, malleoli, 
crest of pelvis, borders of scapula 
Sitting—ischeum, sacrum. 

Etiology 

Primary Factors 

1. Pressure Of order of capillary pressure. Relief should 
be provided for 5 sec every 15 min. 

2. Friction and Stretching. Stretching of blood vessels 
compound ischémie change. 


3. Température. Relates particularly to composition and 
uniformity of seat cushion and mattress which may 
retain heat and moisture. 

4. Ageing. It decreases skin pliability and elasticity after 
third decade, while after fifth decade there is a 
decrease in blood flow. 

Contributing Factors 

1. Nutrition Négative nitrogen, phosphorus, sulfur, 
calcium balance with evidence of osteoporosis. 

2. Edema This results in increases distance of capillary 
to cell, reducing rate of oxygen diffusion. 

3. Anémia 

4. Endocrine diabètes mellitus 
Hypo/hyperthyroidism 
Hypo/hyperadrenal function 

Prévention 

Prévention involves knowledge of correct techniques of 

management of patients at risk and then conscientious 

and continuous application of those techniques. 

General Préventive Measures 

1. Education Ail persons involved with the patient 
including the nursing as well as the medical personnel 
need to be educated. 

2. Identification of high-risk patients They are patients 
with : 

i. impaired mobility 

ii. decreased sensation 

iii. alteration in level of mental awareness 

iv. in sédation 

v. comatose, decerebrate, anesthetized or spinal cord 
injured patient 

vi. postsurgical or multiply traumatized patient. 

Récognition of Impending Skin Breakdown 

• Inflammation which blanches 

• Inflammation and erythema that persist for more than 
24 hrs and does not blanch on digital pressure. 

• The site then undergoes induration, vesicle formation 
and finally progresses to ulcération. 

Spécifie Préventive Measures 

Intermittent relief of pressure, water bed, air flow bed. 

Management 

General Dietary management 

Spécifie 

1. Pressure relief 

2. Debridement 
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mechanical: hydrotherapy, surgical, and 

Chemical: by means of enzymes fibrinolytic, proteolytic 

collagenolytic 

3. Control of infection: Growth of epithelium is 0.5 to 1 
micro métrés/day. The épithélial cells float on fluid 
sécrétion to get adhesion. Mechanical wiping should 
be avoided. 

• Systemic antibiotics should be given 

• Excess granulation increases infection 

• Pus reducing substances—mercurochrome, weak 
iodine, Parkin's solution 


• Make hyperosmolar solution—sucrose pack, 
chlorophyll, saturated rock sait 

• Weak silver ion 

• Low intensity direct electrical current 

• Twice minimal effective dose of cold quartz 
ultraviolet radiation hydrocolloid occlusive 
dressing 

• Surgical measures like partial thickness skin 
grafting and full thickness flaps mobilized from 
surrounding skin. 




INTRODUCTION 

Spinal cord which is part of the central nervous System 
has natural protection being encased in the bony vertébral 
canal formed by (7) cervical, (12) dorsal and (5) lumbar 
vertebrae and surrounded by protective sheaths namely, 
dura matter, arachnoid and pia matter (Fig. 1) with 
cerebrospinal fluid between the dura and arachnoid 
matter. It is prone to traumatic insult, that can resuit in 
alteration of its normal motor, sensory and autonomie 


The brain and spinal cord 
are pictured to the right. 
The bony parts of the spinal 
column, vertebrae, are 
shown in black. 
The nervous tissue is 
shown in shades of gray. 

Spinal nerves exit the 
spinal canal between the 
vertebrae. Because the 
spinal cord is shorter than 
the bony spine, spinal 
nerves exit below their 
spinal cord segments. 

The spinal cord ends at 
approximately L-1. The 
spinal nerves that exit 
below L-1 are called the 
caudeequina. 
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Fig-1 : Vertébral column showing spinal cord in the spinal canal 
with the corresponding vertébral and neurological levels 


functions. Spinal cord injury (SCI) usually gives rise to 
loss of control of voluntary movements, sensations and 
loss of control over the most intimate and elementary 
body functions, like évacuation of bladder and bowel. 

Prior to the second world war, spinal cord injury was 
considered a untreatable condition, but with the 
introduction of concept of comprehensive réhabilitation 
by Sir Ludwig Guttman and Dr. Munro, and, their 
pioneering work in this field, it is no more considered so. 
With increasing interest of clinicians in this field globally, 
there is a graduai improvement in the availability of 
services for the spinal cord injury patients. 

Figure and Facts 

Spinal cord injury occurs most frequently in younger âge 
group with (18-45) years âge group accounting for more 
than 80% of the cases. On an average fifteen persons per 
million population suffer from Spinal Cord Injury (SCI) 
annually. 

In India, spinal cord injury occurs due to the following 
causes: 

1. Fall from height, e.g. from roof top, electric pôle, tree, 
hill or stairs. 

2. Road traffic accident, e.g. vehicles collision, 
overturning of vehicle, and by pedestrian being hit 
by a speeding vehicle. 

3. Stab and gun shot injury. 

4. Iatrogénie cause following spinal cord or spinal 
column surgery. 

5. Diving and sports injury. 

6. Natural calamities, e.g. earthquake. 

In India fall from height is the main causative factor. 
It may be accidentai, homicidal, occupational or due to 
unsuccessful suicide attempt. In western countries road 
traffic accidents and sports and diving injuries account 
for majority of spinal cord injuries. 
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Mechanism of Injury 

Various mechanisms of injury are straight fall from a 
height and landing on the feet resulting into vertébral 
compression, violent hyperflexion or hyperextension of 
spinal column, rotational movement and latéral flexion 
of the spinal column. Fracture of the vertebra may be 
associated with dislocation. Injury may be stable or 
unstable depending upon the integrity of posterior spinal 
arch, spinal ligaments and facet joints. An unstable spine 
is defined as one which during the course of routine 
hospital care, may undergo such a degree of further 
displacement so as to jeopardise the spinal cord or resuit 
in an unacceptable spinal deformity. Overall only 10-14% 
of vertébral fractures and dislocations resuit in spinal cord 
injury and subséquent neurological déficit. 

Neurological Présentations and Pathophysiology 

Spinal cord injury could be either complété which means 
ail neurological functions are lost below the level of lésion, 
or incomplète which means there is partial préservation 
of neurological function below the level of lésion. Any 
combination of motor, sensory or autonomie functions 
may be spared. The incomplète lésion usually fits into a 
number of recognizable syndromes. Some common 
syndromes are: 

i. Anterior cord syndrome—in which there is severe 
motor loss below the level of lésion (corticospinal 
tracts) and loss of pain, touch and température 
(spinothalamic tracts) with préservation of light 
touch, proprioception and position due to intact 
posterior column. 

ii. Central cord syndrome—in which there is 
incomplète tetraparesis with ill defined patchy 
sensory loss. Upper limbs are more severely affected 
than the lower limbs. 

iii. Brown-Sequard syndrome—which is due to 
hemisection of spinal cord with loss of motor power 
below the lésion on the same side and loss of pain, 
température and touch on the opposite side of the 
hemisection. Posterior column sensations are 
interrupted ipsilaterally, but do not resuit in much 
functional déficit as some fibers cross over. 

Temporary and spontaneous réversible interruption 
of spinal cord physiological functions may occur in a 
patient due to spinal concussion with no radiologically 
demonstrable injury. Permanent and irréversible 
neurological loss is caused by spinal contusion and 
intraspinal hemorrhage following injury to blood vessels. 
Following spinal cord injury, histological changes in 


central grey matter of spinal cord can be seen within 4 
hours which are sufficient to produce incomplète 
paralysis. The cord shows chromatolysis, vacuolation and 
alteration in cytoplasmic density and stainability of 
neurons with edema more pronounced towards center 
of cord in the white matter. Perivascular erythrocytic 
leakage may be seen following rupture of thin walled 
blood vessels. 

By définition, paraplegia is paralysis of lower 
extremities and ail or a portion of the trunk, when the 
arms are also involved the impairment is called 
tetraplegia. Thus, paraplegia results due to vertébral 
injuries at T-l or below, and tetraplegia results in injuries 
above T-l vertébral level. 

Once established, the résultant injury can resuit in a 
upper motor neurol (UMN) paralysis [usually above (Ll) 
vertébral level] or lower motor neuron (LMN) paralysis 
[usually below (Ll) vertébral level] a mixed présentation 
[usually in dorsolumbar junction injuries]. 

To facilitate easy understanding and to predict 
functional outcome, various classifications hâve been 
devised to describe the neurological loss in spinal cord 
injury. The commonly used is the American Spinal Injury 
Association (ASIA) modification of the Frenkel 
classification (Table 1). 'ASIA' System (Table IA) defines 
neurological level of injury as the most caudal segment 
that tests normal, for both sensory and motor function. 
FrankeTs classification is as follows (Table 1): 

' A' Complété: Ail motor and sensory function absent 
below zone of partial préservation. 

TT Incomplète: Only sensation preserved, voluntary 
motor function absent. 

'C Incomplète: Sensation preserved, motor function 
minimal nonfunctional, i.e. with no useful purpose. 

'D'Incomplète: Sensation preserved, preserved motor 
function majority of key muscles power grade '3' 
upwards, i.e. with useful purpose. 

TT Normal return of ail motor and sensory functions. 

TABLE 1: Frankel classification 

Class Neurological présentation 

A Motor and sensory complété 

B Motor complété, sensory incomplète 

C Motor and sensory incomplète non-functional motor control 

D Motor and sensory incomplète functional voluntary motor 
control 

E No remaining neurological déficit—complété recovery 
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TABLE IA: Asia impairment scale 


A 

Complété 

No motor or sensory 
function is preserved in the 
sacral segment SM, S-5 

B 

Incomplète 

Sensory but not motor 
function is preserved below 
the neurological level and 
includes the sacral segment 
SM, S-5 

C 

Incomplète 

Motor function is preserved 
below the neurological level 
and more than half of the 
key muscles below the 
neurological level hâve a 
muscle grade less than 3. 

D 

Incomplète 

Motor function is preserved 
below the neurological level 
and atleast half of the key 
muscle below the neuro¬ 
logical level hâve a muscle 
grade of 3 or more. 

E 

Normal 

Motor and sensory function 
is normal. 


MANAGEMENT 

At accidentai site : if the nature of accident, nature of 
complaints, level of consciousness altered sensation or 
motor déficit point towards a possible spinal injury, then 
these patients should be handled carefully since the spinal 
cord is at risk of further injury from injudicious handling 
and an incomplète lésion may be converted into a 
complété lésion. First aid management at accident site 
includes checking of vitals, détection of associated injuries 
without disturbing the patient. Open bleeds should be 
stopped. Airway is protected in an unconscious patient 
by removing dentures, if any and clearing the sécrétions. 
The patient should be turned in a sidelying position. 
Transfer of the patient is crucial and should be carefully 
handled by at least five persons. One per son holding the 
head and neck, two persons lifting the trunk, while one 
stabilizing it from the other side and one person holding 
the feet, care being taken that there is no sagging of spine. 
The person holding the head and neck directs the 
movement. 

Transportation of a Spinal Cord Injury Victim 

Patient should be transferred to a firm stretcher or a 
wooden board and transported in an ambulance 
preferably, but any vehicle smoothly driven would 
accomplish the job of transportation. Care should be taken 
to wrap the patient adequately with appropriate clothing 
according to the weather condition as they usually hâve 
loss of control of body température régulation over the 
paralysed area. 


Acute Management in the Hospital 

While in the hospital an intravenous line is set up and 
the patient is catheterized by indwelling cathéter. Vitals 
are maintained with appropriate measures taken 
according to the patient's condition. A full and compré¬ 
hensive history should be taken. Associated injuries, e.g. 
fracture, intra-abdominal blunt injury should be looked 
for and a thorough neurological examination of motor 
and sensory System to assess neurological level of injury 
using key dermatome and myotome should be done to 
détermine a base line, and, for comparison later on. If 
injury is at the level of (C-4) or above, patient may need 
respiratory support as the diaphragm is innervated by 
(C-4) segment. Patient with high dorsal lésion may also 
need assisted respiration because of paralysis of 
intercostal muscles. Patient should preferably be kept in 
an intensive care unit initially, as they need constant 
monitoring and vigil, and, are also prone to a number of 
complications. 

Investigations 

If paralysis is clinically obvious, radiographie exami¬ 
nation of the patient should be done under supervision 
of a doctor, or nurse with minimal movement of the 
patient. Nowadays CAT scan and MRI scan hâve over- 
taken conventional radiographie techniques, as they can 
detect spinal cord injury not associated with vertébral 
column injury. These studies are very useful, when 
surgical intervention is contemplated. Myelography is not 
done usually nowadays, as there is risk of further cord 
damage due to this procedure. Routine blood 
investigations and urine microscopie culture examination 
are done initially to hâve a baseline. 

Surgical Intervention/Stabilization in the 
Acute Stage 

Goals of surgery include stabilization, alignment and 
décompression. It also allows early mobilization of the 
patient from the bed and helps in preventing the 
complications of prolonged recumbency and shorten 
hospital stay of the patient. 

Surgical intervention is necessary only: 

i. If patient demonstrates neurologie décliné with 
progression of lésion, 

ii. For treatment of septic contaminated wounds, e.g. 
stab or gunshot wounds, 

iii. In gross vertébral malalinement causing deformity 
and pain unmanageable by conservative method, 

iv. In cervical injuries where closed réduction of 
dislocation has failed and open réduction is likely 
to improve function of nerve root at the level of 
dislocation, and 
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v. If the patient is not willing to cooperate with non 
operative methods. 

In fracture of cervical spine, in lieu of skeletal traction, 
posterior fusion or anterior interbody fusion or halo 
immobilization averts longer hospital stay. Thoracic 
injury usually requires immobilization in bed. For 
patients with thoracolumbar injuries, if stabilization is 
necessary, Harrington instrumentation or Luque wire 
fixation or the newly emerging surgical devices are used. 
Discectomy might be needed when prolapsed disk is 
compressing the cord. Nowadays, routine laminectomy 
for décompression is not advocated as it may cause aggra¬ 
vation of neurological déficit and instability or weakness 
at the fracture site. With ad vent of MRI, the indications 
of surgery in spinal cord injury are changing fast and 
more and more cases are being operated with good 
results. 

Conservative Management 

The conservative management of spinal cord injury 
patient is essentially the prévention of complications, 
while the patient is in bed and nature is playing its rôle 
in recovery of the patient from paralysis. These patients 
require unremitting care from the first moment. Nursing 
care is of paramount importance. The bed is prepared 
with thick firm mattress and the patient is received on to 
a larger number of soft pillows of various sizes. The 
objective of pillows or pads is to support the trunk and 
limbs in a neutral position, to achieve postural réduction 
of the fracture and to ensure that no bony point is 
subjected to pressure. It is impérative for the nursing team 
to realize that in caring for these patients, there is no 
second chance. Once a pressure sore appears, because 
one turning was neglected, the vicious cycle of additional 
and interrelated complications begin. Once the urinary 
bladder is infected by one careless catheterization, yet 
another chain of complications set in which can seriously 
interfère with recovery and réhabilitation or can even 
endanger patient's life. Once a contracture has developed 
because of malpositioning of the paralysed extremities, 
it will delay the réhabilitation process for months. Still, if 
the complications occur, early intervention is called for. 
The common complications in the acute stage are: 

1. Cardiopulmonary complications: Respiratory insuffi 
ciency, hypostatic pneumonia, aspiration, pulmonary 
collapse, bradycardia, hypertension. 

2. Skin complications: Pressure sores. 

3. Soft tissue complications: Contractures. 

4. Urinary complications: Rétention with overflow, 
incontinence, urinary-infection, cystitis, pyeloneph 
ritis, urinary calculus, rénal shut down. 

5. Gastrointestinal complications: Paralytic iléus, acute 
dilatation of stomach, vomiting, régurgitation, peptic 


ulcération, bowel obstruction, constipation, 
incontinence. 

6. Vascular complications: Deep vein thrombosis, 
pulmonary embolism. 

7. Heterotrophic ossification 

8. Spasticity 

9. Autonomie Dysreflexia. 

Cardiopulmonary Complications 

Depending on the level and severity of lésion, more 
commonly in tetraplegia and high paraplegia, respiratory 
insufficiency and hypostatic pneumonia can occur during 
the first 24-48 hours and are usually due to intercostal 
paralysis, phrenic nerve palsy, associated chest injuries, 
aspiration, weak cough reflex and ventilation perfusion 
mismatch. 

Treatment is basically supportive and préventive. 
Ryle's tube is passed to prevent aspiration. Endotrachéal 
intubation, or tracheostomy may be undertaken with or 
without ventilatory support. Phrenic nerve pacing should 
be resorted to, if mandatory, even if for a short duration. 
Regular chest physiotherapy with assistive breathing, 
coughing and breathing exercises are quite helpful in 
preventing respiratory complications and pulmonary 
collapse and in improving the vital capacity of the patient. 
Hemothorax, if présent, should be managed by chest tube 
drainage. 

In spinal cord injury with disruption of sympathetic 
outflow, bradycardia and hypotension due to unopposed 
vagal tone may prove fatal. Intravenous line with IV fluid 
therapy, with dopamine drip, if BP falls below 80 mm 
will prevent hypotension. Caution should be observed 
that the patient is not over infused with IV fluids, 
otherwise pulmonary edema may resuit which can prove 
fatal. Appropriate judicious use of atropine to reduce 
increased vagal tone while doing pharyngolaryngeal 
suction or endotrachéal intubation will prevent cardiac 
arrest or bradycardia. 

Pressure Sores 

Most important complication in acute stage of SCI is 
development of pressure sore which though preventable, 
once developed, tax heavily both the patient and the 
rahabilitation team. The factors responsible for 
development of pressure sores are: 

i. Constant pressure on body areas particularly where 
bone is subeutaneous or less cushioned, (Fig. 2) 

ii. Tissue hypoxia secondary to sluggish circulation, 

iii. Sensory warning deprivation and 

iv. Macerated unhygenic skin condition. 

Clinically, the earliest sign of pressure sore is local 

erythema without tissue destruction which disappears 
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Fig. 2: Vulnérable areas of pressure sores 


on removal of pressure. With prolongée! pressure definite 
circulatory impedence and subsequently tissue damage 
occurs, and is seen as induration, blistering and loss of 
superficial epidermal layer. With further pressure tissue 
necrosis occurs resulting into ulcération which may 
gradually penetrate into deeper layers involving 
subeutaneous tissue, fascia, muscle, underlying bone or 
joint. 

The whole body of the patient should be examined 
for bruise, abrasion or sign of pressure on skin at the time 
of admission and examination is repeated on each turn 
of the patient. Spécial attention should be paid to pressure 
prone areas like sacrum, gluteal région, greater 
trochanter, ischial tuberosity malleoli, heels, scapular 
région, occiput, etc. Best treatment of pressure sore is its 
prévention with dictum being 'no pressure no sore". 
Position of the patient should be changed regularly every 
2 hours day and night without fail, with inspection of 
pressure prone areas at each turn (Fig. 3). Judicious 
padding should be given on pressure prone areas to 
relieve pressure. Spécial beds like tilting bed or egerton 
turning bed, if available hâve definite advantage. 
Scrupulous bladder, bowel and skin hygiene should be 
maintained. The skin should be kept clean and dry. If 
pressure sore still develops then the area should be 
relieved of further pressure, and daily dressing with 
antiseptie solution like eusol should be done and local or 


systemic antibiotics prescribed based on the culture 
report. Excision of devitalized tissue and évacuation of 
abscess is mandatory. Skin grafting should be considered 
for selected cases with deep large sores, to eut short the 
healing time. Spécial attention should be paid to nutrition 
which should hâve high protein content as the serous 
discharge from pressure sore is source on continuons 
protein loss from the body. Blood transfusion may be 
required, if patient develops anémia due to loss of blood 
through the pressure sore. 

Soft Tissue Contractures 

Contractures can resuit due to improper positioning of 
affected extremities, immobilization spasticity or muscle 
imbalance. In order to prevent them, patient should be 
given gentle passive ROM (range of motion) exercises 
for each joint at least twice daily regularly. Judicious use 
of appropriate splints and positioning of limbs with 
pillows and footboard help in preventing soft tissue 
contractures. Established contractures should be initially 
treated with graduated stretching exercises and splints. 
Surgery should be reserved for more résistant cases. 

Neurogenic Bladder 

A neurogenic bladder is defined as the one whose 
function has been modified due to interférence with its 
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Fmal stage of straight lift 


One person holds the head and neck two persons 
inserting arms under the patient and one person 
gives counterpæssure to prevent movement of spine 




Countertraction given by one person to prevent 
movement of spine, whîle the other persons wtthdraw 
their arms from under the patient 


Fig. 3: Lifting technique 


nerve supply. After spinal cord injury, the effect on 
urinary bladder dépends on time interval after injury, 
level of cord injury and degree of cord damage. The 
management of neurogenic bladder dysfunction in spinal 
cord injury is very important and therefore needs spécial 
attention. The aims in the management of neurogenic 
bladder are préservation of rénal function, regular 
adéquate empting, prévention and control of infection 
and incontinence, and to minimize the amount of residual 
urine to (50-100 ml). Judicious and proper management 
in the early stages helps in preventing urological compli¬ 
cations, and permanent rénal damage. To evaluate 
bladder dysfunction, neurological examination should 
include testing for the perianal sensation and détection 
of sacral sparing. Presence of anal tone, anal reflex and 
bulbocavernosus reflex indicates intact conus and reflex 
arc. Presence of voluntary contraction of anal sphincter 
tested by inserting finger in the anal canal indicates intact 
voluntary control. 


Urodynamic studies help in detecting the type of 
neurogenic bladder and the State of bladder function. 
Radiological examination like plain X-ray KUB, 
intravenous pyelography (IVP) voiding cysto- 
urethrogram, ultrasound, etc. are important to assess State 
of urinary tract function, presence of structural anomalies, 
calculi, vesicoureteric reflux, bladder neck obstruction, 
etc. cystoscopic examination helps to assess the State of 
bladder mucosa, presence of diverticulum and other local 
complications. 

During spinal shock, the arcflexic flaccid paralysis 
below the level of lésion also includes bladder function 
and patient develops acute rétention with overflow 
incontinence. In order to overcome it, catheterization is 
required at this stage which can be either indwelling 
cathéter with Foley's or Gibbon cathéter, or 4 hourly 
intermittent uréthral catheterization with plain cathéter. 
If indwelling cathéter is introduced the detrusor muscle 
should be exercised by allowing bladder to fill up to 
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capacity intermittently to maintain bladder capacity. This 
can be done by clamping the cathéter for about 4 hours, 
and, then allowing the bladder to drain by opening the 
clamp. This method should be adopted when the patient 
is able to regulate the fluid intake to achieve urine output 
of 2500 to 3000 ml. in 24 hours. Regular bladder wash 
with normal saline or acriflavine solution to remove 
débris and phosphates should be done. Also when 
intermittent uréthral catheterization is practised bladder 
is drained four hourly day and night with fluid intake 
regulated and restricted, so that bladder fills to 400-500 
ml in 4 hours. Fewer catheterizations are required as the 
patient begins to pass urine with effort at voiding. 

Once the State of spinal shock passes and with return 
of reflex activity in isolated cord, the résultant bladder 
will either be UMN type or LMN type. In UMN type of 
bladder lésion is above conus with intact spinal 
micturition reflex arc. Automatic type of bladder results 
which will empty involuntarily, as it fills up with urine. 
In some patients stimulation of some trigger points like 
gentle massage in suprapubic région or traction of 
suprapubic hair, périnéal or inner thigh skin initiate reflex 
bladder emptying. The intactness of reflex arc can be 
tested by ice water test, i.e. introduction of 4 ounces of 
stérile cold water at 4°C through the cathéter which is 
foliowed by immédiate éjection of water rapidly, often 
with cathéter. Therefore, in UMN bladder on indwelling 
cathéter drainage, detrusor training can be carried out 
with four hourly cathéter clamping in the day and 
continuons drainage in the night. After removal of 
cathéter, patient usually learns to augment reflex 
contraction by stimulating the trigger points described 
above or by gentle percussion over suprapubic région. 
The aim is to ensure adéquate emptying and to reduce 
the residual urine to less than 80-100 ml or 10% of voiding 
volume and attain holding time of more than four hours. 
Various drugs can be used to supplément detrusor 
training, carbachol and orecholine which facilitate 
parasympathetic function improve reflex contraction of 
bladder. To decrease detrusor spasticity, probantheline 
may be used. The urine is examined weekly for sugar, 
protein, pus cell, RBC, bacteria and culture examinations 
are done. Appropriate antibiotic therapy is instituted to 
control sepsis. Rénal function déterminants viz blood 
urea, sérum créatinine are done weekly. 

In LMN lésion spinal micturitional reflex is 
interrupted and autonomus bladder results. Its function 
is governed by myogénie stretch reflex inhérent in the 
detrusor muscle. There is a linear increase in intr a vésical 
pressure with filling till the bladder fills to capacity, then, 
overflow incontinence results. In mixed UMN-LMN 
lésion, i.e. cauda equina lésion, it is possible to hâve flaccid 


LMN detrusor, yet spastic sphincter or reverse may be 
possible. 

In LMN bladder on cathéter drainage, detrusor 
training usually begins with four hourly cathéter 
clamping to maintain bladder capacity and detrusor tone. 
Overdistension of bladder can damage fibers of detrusor 
muscle. After the cathéter is removed, this type of bladder 
can only be emptied by external pressure which can be 
applied by straining if abdominal musculature is intact, 
or by crede maneuver in which direct pressure is applied 
to bladder by manual suprapubic pressure. Drugs 
mentioned above hâve little or no use. Once off the 
cathéter, male patients usually use some type of 
incontinence device for collecting urine such as condom 
or urosheaths draining into a leg bag. 

With frequent intermittent catheterization or 
indwelling cathéter there is risk of urinary infection, 
which can be minimized with proper aseptie technique. 
Weekly examination of urine is essential. If patient shows 
systemic signs of urinary tract infection, it should be 
promptly treated with antibiotics. Occurrence of baldder 
calculi can be reduced by high fluid intake and restriction 
of milk and other dairy products. Urine acidification with 
ascorbic acid and maintenance of urine pH around 5 helps 
in preventing calculus formation. 

Before discharge, those patients who need 
intermittent catheterization should be taught self clean 
intermittent catheterization with small bore 12-14F 
cathéter. Long term results of the procedure in terms of 
infection, calculi and rénal function are reportedly good. 

Gastrointestinal Complications 

Initially during period of spinal shock, there may be 
paralytic iléus or acute dilatation of stomach. Ryle's tube 
insertion with parental nutrition is started initially with 
restriction of oral fluid intake till abdominal distension 
disappears and bowel sounds reappear. Acute stress 
peptic ulcération may also occur for which H2-blockers 
are given. Occasionally low grade subacute adynamie 
functional bowel obstruction due to fecal impaction in 
sluggish gut may occur and can présent with vomiting, 
distension and increased bowel sounds and can be 
usually managed with conservative methods. Episodes 
of spurious diarrhea as a resuit of bacterial action on 
impacted fecal material may alternate with constipation. 
On routine basis gentle manual évacuation of feces should 
be done within 48 hours. To train the bowel, a fixed time 
pattern takes place of the cerebrally monitored urge. 
Whether the spinal cord lésion is LMN or UMN, makes 
little différence in bowel training except for the fact that 
UMN lésion with its tonie external sphincter is easier to 
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regulate. The défécation reflex is initiated by local anal 
stimulation using suppository or rectal touch technique. 
In UMN lésion advantage is taken of the intact reflex arc 
by initiating it at a time of convenience for bowel 
emptying, thus preserving continence. In LMN lésion 
with no sacral reflex, continence is ensured by regularly 
evacuating the bowel. In this case a fecal load and 
suppository stimulate the local smooth muscle reflexes 
for bowel emptying. 

Vascular Complications 

Deep vein thrombosis and subséquent embolism is a risk 
in a patient of spinal cord injury because of paralytic 
immobilization of lower limbs and lack of muscle pump 
leading to stagnation of blood. The risk is highest in first 
three weeks. Prévention mainly consists of regular change 
of posture, gentle passive ROM exercise of joints of lower 
extremities and prophylactic use of anticoagulant drugs 
in selected cases. 

In addition to the prévention and management of 
complications in the acute stage of spinal cord injury, the 
nature of the problem calls for life time care and 
maintenance réhabilitation management, since the spinal 
cord injury sufferers are prone to complications 
throughout their life. Some of the late complications and 
their management is described below: 

a. Para-articular heterotophic ossification 

b. Spasticity 

c. Autonomie hyperreflexia 

d. Chronic pain 

e. Pathological fractures and osteoporosis 

In addition, complications like pressure sores, soft 
tissue contractures, pulmonary embolism, pneumonitis, 
urinary tract infection, calculi described earlier can also 
occur in the late stage of the illness. 

Paraarticular Ossification (PAO) 

It is commonly seen in spinal cord injury patients. PAO 
is laying down of new bone around the joints in soft tissue 
particularly around hip and knee joints. Though the 
etiopathogenesis is not exactly clear, local trauma due to 
vigorous stretching, chronic minor injuries, or local 
pressure sores are considered to be the causative factors. 
Clinically PAO présents as a warm swelling which is 
localized around a joint with palpable induration and 
restriction of ROM of the involved joint. Serial X-rays will 
demonstrate new bone formation. Treatment is usually 
nonoperative and conservative with emphasis on 
avoiding further trauma to the joint and gentle passive 


ROM exercises in the permissible range. Operative 
intervention can be undertaken in cases having grossly 
restricted joint ROM and, is done only when hétérotopie 
bone is fully mature usually not before 18 months. 

Spasticity 

• It is commonly seen in patients of Spinal Cord Injury. 
Spasticity is a component of upper motor neurons 
syndrome, which is characterized by exaggerated 
tendon jerks, tonie stretch reflexes and loss of 
movement dexterity. 

• The modified Ashworth Seule (Table 2) is a widely used 
qualitative scale for the assessment of spasticity and 
it measures résistance to passive stretch. 

TABLE 2: Clinical scale for Spastic Hypertonia 
(Modified Ashworth Scale) 


0 No increase in tone 

1 Slight increase in muscle tone, manifested by a catch and 
release or minimal résistance at the end of Range of 
Motion when the affected part is moved in flexion or 
extension. 

1+ Slight increase in muscle tone, manifested by a catch, 
followed by minimal résistance throughout the 
remainder (less than half) of Range of Motion. 

2 More marked increase in muscle tone through most of 
the Range of Motion but affected part easily moved. 

3 Considérable increase in muscle tone, passive movement 
difficult. 

4 Affected Part Fixed (Rigid) in flexion or extension. 


Problems that May Resuit due to Spasticity 

• Interférence with function 

• Discomfort/pain in patients with intact sensations 

• Contractures 

• Decubitus ulcers 

• Interférence with hygiene 

• Joint subluxation/dislocations 

• Increase risk of heterotrophic Ossification. 

Management of Spasticity 

• Prévention : - Daily stretching. Range of Motion 

exercise program 

- Proper patient positioning in bed 

- Patient éducation 

- Avoidance of noxious stimuli 

- Infection 

- Pain 

- Deep Vein Thrombosis 

- Heterotrophic Ossification 
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- Pressure ulcers 

- Urinary Rétention 

• Physical - Cryotherapy 
Modalities : - Stretching 

- Positioning 

- Splinting 

- Serial casting 

- Functional Electrical Stimulation 

- Biofeedback 

- Relaxation techniques 

• Pharmacotherapy: 

- Baclofen 

- Diazepam 

- Dantrolene Sodium 

- Tizanidine 

• Chemical neurolysis with Phénol (5 - 7%) 

• Motor Point blocks with Botulinum Toxin A 

• Intra-thecal Baclofen. 

Intrathecal Baclofen (ITB) 

• Allows direct delivery of baclofen into the 
cerebrospinal fluid (into the intrathecal space); thus 
making possible the administration of high 
concentrations of baclofen into the spinal cord, 
avoiding untoward CNS effects associated with high 
oral doses of baclofen. 

• Components of the System include the pump and 
réservoir which are implanted subcutaneously in the 
abdominal wall, and a cathéter surgically implanted 
into the subarachnoid space. 

• ITB pump is indicated for patients with generalized, 
diffuse spasticity with lack of response or intolérance 
to more conservative treatments (oral agents, nerve 
blocks, etc.) 

• It has been used successfully not only in cases of SCI, 
but also in cases of MS, cérébral palsy, kocks 
paraparesis, etc. 

• ITB pump uses the Medtronic Synchro Med infusion 
System, to deliver the baclofen intrathecally. This 
pump is programmable. These pumps are refilled on 
a 1 - 3 months basis via transcutaneous injections and 
lasts upto 5 years. 

• Before implanting ITB pump, patients are generally 
given a trial of baclofen administered intrathecally 
via lumbar puncture. If there is significant réduction 
in tone, frequency or severity of spasticity, the patient 
is a good candidate for the pump (and is scheduled 
for ITB pump placement). 


Side effects of baclofen 

Drowsiness 

Headache 

Dizziness 

Nausea 

Hypotension 

Weakness 

Spinal headache (due 
to CSF leakage a 
round cathetor) 


Problems associated with 
Pump itself 

Tube dysfunction (Kinking, 
blockage) 

Pump failure 
Infection 

Error in Baclofen dosage 
Skin break down 


Sign/Symptoms of Baclofen Overdose 

• Drowsiness 

• Light headedness 

• Nausea 

• Bradycardia 

• Seizures 

• Respiratory dépréssion 

• The anticholinesterase, physostigmine, 2 mg IV may 
be given to revise the respiratory dépréssion caused 
by baclofen overdose. 

Autonomie Hyperreflexia or Dysreflexia 

Spécial care should be taken of an entity known as 
autonomie hyperreflexia, an emergency situation that can 
occur in a spinal cord injury patient. It can be precipitated 
by viscéral distension, e.g. a fully distended bladder or 
bowel, stimulation of skin secondary irritative pressure 
sore in a patient with lésion above T6 (Sympathetic 
outflow). 

The impulses produced by above mentioned stimuli 
are transmitted through pelvic and presacral nerves to 
spinal cord, then, via latéral spinothalamic tract and 
posterior column to the level of cord lésion. Here a 
sympathetic reflex is activated and results in masssive 
reflex sympathetic overactivity mediated by release of 
catecholamines below level of the lésion. The arteriolar 
spasm in skin and viscera increases peripheral résistance 
and results in hypertension which stimulâtes pressure 
receptors in carotid sinus and aorta which respond via 
vasomotor center in brainstem with vagal stimulation and 
conséquent bradycardia. Impulses from vasomotor center 
which would cause splanchnic pooling of blood and allow 
decrease in blood pressure are blocked as a resuit of cord 
lésion. Therefore, hypertension and bradycardia persist 
until the cause of autonomie crisis is removed. 
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Clinically, usual presenting signs of autonomie 
hyperreflexia are bradycardia, sweating, rhinorrhea, 
pounding headache, paroxysmal hypertension and 
sometimes epileptic fit, CVA or even death can occur, if 
unrelieved. Therefore, it should always be kept in mind 
and treated promptly with décompression if viscera and 
administration of drugs such as sublingual glyceryl 
trinitrite or nifedipine or ganglion blocking drugs such 
as dizoxide. 

Chronic Pain 

In spinal cord injury chronic pain can be quite 
troublesome and can precipitate profound emotional 
instability. Self génération in central nervous System in 
incomplète cord lésion has been implicated as a cause of 
chronic pain. Malalinement of fractured vertebra, spinal 
instability and nerve root compression can contribute to 
chronic pain which can présent as unpleasant painful 
sensation in paralysed area or burning sensation 
immediately below neurological level of lésion or root 
pain following anatomical distribution. 

This chronic severe pain should be treated with 
narcotic analgésies in acute stage, if not otherwise 
contraindicated. Antidepressant and anxiolytic drugs 
should be prescribed, if necessary. Root irritation and pain 
may be managed with carbamazepine. Cold pack 
application, electrotherapy TENS, or acupuncture can 
also provide relief. 

Pathological Fractures and Osteoporosis 

Marked osteoporosis occurs in bones of paralysed 
extremities which is responsible for pathological fractures 
following minor trauma, most commonly seen in fémur. 
Diagnosis rests mainly on sudden appearance of swelling, 
abnormal movements and crepitus, as perception of 
painful sensation is lost in spinal cord injury patient. 
Regular, frequent passive movements of limbs and early 
standing reduces osteoporosis. Pathological fractures, if 
possible should be treated by nonoperative means, but 
internai fixation should not be delayed, if indicated. Skin 
traction is contraindicated in spinal cord injury patients. 

In addition of the above, complications like pressure 
sores, soft tissue contracture, pneumonitis, pulmonary 
embolism and urinary tract infection can also occur in 
late stages. Their prévention and management has been 
described under the heading of acute complications. 
Other complications that can occur in the late stages are 
anal fissure, hemorrhoid, anal prolapse, urinary calculi, 
pyelonephritis and rénal failure, etc. They can be 
prevented by proper management of urinary and 


gastrointestinal problems in the acute stage of the illness. 
If still they do occur, they are treated by standard 
management for these problems. 

Functional Aspects of Réhabilitation in Spinal Cord 
Injury (SCI) Patients 

The expected functional outcome in a patient of spinal 
cord injury dépends on level of lésion and whether the 
injury is complété or incomplète. Functional outcome for 
incomplète injury patients is impossible to predict as it 
dépends on factors as medical status, extent of 
incompleteness level of injury spasticity and so on and, 
therefore the réhabilitation program is flexible as change 
in neurological function may occur. Patient with complété 
injury can achieve predictable functions according to level 
of injury by strengthening of available muscles and motor 
retraining. Factors such as âge, body proportion, weight 
distribution, spinal and extremity immobilization device, 
contrôlable and uncontrolable spasm, joint ROM 
limitation, presence of complication like para-articular 
ossification, may modify maximal functional level that 
can be achieved by the patient. Patient motivation and 
attitude, family support, prior lifestyle, prior vocation, 
educational level of the patient, and, lastly financial 
support Systems are also major déterminants in 
achievement of certain level of function and should be 
looked into. 

The réhabilitation intervention in spinal cord injury 
patient consists of acute intervention and réhabilitation 
phase. 

Acute Intervention 

In acute stage prévention of pressure sores, contracture 
and upper respiratory tract complications is of primary 
importance. Their prévention as well as management has 
been described earlier. A suitable exercise program is 
worked out to strengthen the spared muscles as soon as 
the patient is medically stable. Training in activities of 
daily living (ADL) is initiated. Simple ADL tasks should 
be performed by the patient while in bed. Use of 
equipments like call bell, prism glass, etc. can be 
introduced. Basic ADL de vices may be recommended at 
this time to allow self care e.g. universal euff for eating. 
The aim is to assist the patient to be independent in 
activities, which he can do himself in his présent physical 
and mental State. In addition, éducation program for the 
patient and family regarding future therapy program 
should be initiated. Monitoring for changes in 
neurological level should be a part of daily therapy and 
should be properly documented. 
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Réhabilitation Phase 

Once the patient is independent in bed activities, graduai 
progression to upright position is initiated by elevating 
head of the bed and use of reclining wheelchair with 
elevating leg rest. The patient should be provided with 
appropriate wheelchair early in therapy and taught 
wheelchair propulsion. Later on patient is made to stand 
on tilt table. Early standing promotes circulation, prevents 
osteoporosis and calculi formation, facilitâtes bowel 
movement and improves patient's confidence and body 
image. Training in ADL should be continued. Static 
thermoplastic splint to maintain or increase ROM, 
prevent deformity, protect and stabilize weakened joints 
and maintain proper musculoskeletal alinement, should 
be provided, if required. Emphasis is given on 
maintenance and improvement of the following: 

1. Range of motion: Passive and active ROM exercises to 
maintain ROM and increase strength/ endurance of 
residual muscles should be started and practised twice 
a day. One important point to be kept in mind, is that 
in tetraplegics and paraplégies there are spécifie joints 
at which having greater than normal or lesser than 
normal ROM has distinct functional advantages. This 
is often known as sélective stretch or sélective 
tightness. Sélective stretch is important in certain 
muscle groups of an individual with spinal cord injury 
for a particular functional task. For example, sélective 
stretch of hamstrings will allow straight leg ROM to 
approximately 120 from supine, which helps in 
activities such as transfer and donning pants, socks, 
shoes or calipers, etc. Similarly, sélective tightness is 
encouraged in certain group of muscles to enhance 
function and compensate for select paralysis and 
weakness. Tenodesis, i.e. tightness of long finer flexors 
is important for a patient with (C6) tetraplegia, to 
allow independent hand function without splint. It is 
coupled with active wrist extension to produce gross 
finger grasp. 

2. Respiratory functions: Improvement of vital capacity 
and respiratory endurance is continued throughout 
the program. Assisted coughing technique is taught. 
It includes: 

i. Placing pillow in lap, folding arms across lower 
rib cage and falling forward, 

ii. Compression of lower rib cage/epigastric région 
while lying supine by folding arm and sharply 
pressing inwards etc. These procedures help in 
clearing out sécrétions from the lungs. Family 
members or careres must also be trained in manual 
coughing technique. 

3. Hand functions: Maintenance of adéquate ROM at 
metacarpophalangeal joints, proximal interpha- 


langeal joints and web space is vital to improve hand 
functions. Static splints that are prescribed often and 
used regularly are volar resting hand splint, dorsal 
wrist support with web space strap, wrist cock up 
splint and long/short apponence splint. Devices like 
universal euff, button handles, adaptation to many 
hygiene, grooming or household articles can be used 
to compensate for decreased hand functions (Fig. 4). 
In high tetraplegics overhead suspension sling, 
counter balance sling or mobile arm support are used 
to aid in upper extremity functional mobility. 

4. Functional mobility training: It is concomitantly carried 
out with general exercise program and includes broad 
variety of activities like: 
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• Bed mobility which includes rolling, supine to and 
from sitting, legs off and on bed, movement across 
the bed side to side or top to bottom, 

• Bed transfers either long sit or short sit with or 
without transfer board, 

• Advanced transfer which include floor to and from 
wheelchair, car transfer with placing of wheel chair 
in car and lastly, 

• General wheel chair mobility skills which include 
indoor and outdoor propulsion, endurance for 
sitting, negotiating uneven terrain, curbs, ramps, 
escalator and stairs. 

Patients having complété lésion above (C4) generally 
require chin controlled wheelchairs, (C5) lésion can 
push manual wheelchair on fiat surface for short 
distances, but for functional ambulation they require 
electric wheelchair. 

If the patient cannot be made independent, 
training is given at two levels: 

i. To patient who must be competent to instruct 
another person in safe accomplishment of 
particular activity, and 

ii. To the family member or attendant who must offer 
assistance on a daily basis. 

5. Activities of daily living: As mentioned earlier, training 
in ADL is especially significant in réhabilitation of a 
tétraplégie patient. Self care activities such as eating, 
grooming and upper extremity dressing can be done 
while in bed, and then can progress to wheelchair 
level. Adaptive devices are used to compensate for 
functional déficit and mobility limitations. 

When the patient is about to be discharged ability 
to function independently in household and home 
making task is assessed and patient trained for 
required functional task with adaptive aids given for 
any déficit. Community skills like use of public 
transport, restaurants, grocery shopping, etc. are 
taught to help in réintégration of the patient in 
community. 

6. Ambulation: In patients with incomplète injury, 
ambulation training becomes part of the therapeutic 
program as the neuromuscular function improves. In 
patients with complété lésion, a trial ambulation 
program with spécifie level of ambulation may be 
attempted. A complété ambulation orthotic prescrip¬ 
tion should be considered when there is a spécifie 
need or barrier in environment and use of orthosis or 
ambulatory aid will résolve the problem. A complété 
ambulation program includes the following skills— 
donning and doffing braces, transfer, level surface 
ambulation, rising from floor, negotiating stairs, 
ramps, sidewalk and uneven terrain. Four levels of 


ambulation hâve been described in spinal cord injury 

patients: 

1. Standing only, i.e. passive standing, 

2. Therapeutic ambulation in which patient uses 
ambulation for exercise only, and walks for a short 
distance. He takes assistance of another person for 
donning/doffing braces, transfer and balancing. 

3. Indoor/functional ambulation, i.e. patient walks 
full or part time in orthoses within home and has 
ability to donn/ doff orthoses, transfer indepen¬ 
dently and uses wheelchair for out door mobility. 

4. Community ambulation, i.e. completely indepen¬ 
dent at ambulation and does not use wheelchair 
for most of the time. 

In addition to the above rehabilitative surgery and 
functional electrical stimulation can be undertaken, if 
indicated, in order to achieve a better functional status. 
Rehabilitative surgery: The commonest procedure is tendon 
transfer. The goals of tendon transfer are usually to extent 
voluntary control over additional joint, or to create active 
pinch and hand grasp. Before the procedure is 
undertaken potential conséquences and risk should be 
evaluated. Requirement for successful tendon transfer 
surgery are stable neurological status (usually one year 
post injury), minimal or absent spasticity in that 
extremity, full passive ROM of joints of the upper 
extremity in considération and patient motivation. 
Common examples of tendon transfer surgery are deltoid 
muscle transfer to triceps to effect elbow extension, 
transfer of brachioradialis to wrist extensor to effect wrist 
extension. Other surgical procedures usually include 
tenodesis and arthrodesis. 

Functional electric stimulation (FES): Electric stimulation 
of muscle either through muscle itself or through nerve 
can be used for therapeutic purpose and serves two 
aims—first as exercise to avoid complication of muscles 
inactivity and as a means of producing extremity motion 
for functional activities. FES can also be used to decrease 
incidence of deep vein thrombosis, osteoporosis, and 
provide cardiovascular conditioning program. In a 
limited number of centers (FES) has been used to produce 
extremity motion for functional activities including 
standing and ambulation with low energy expenditure. 

Psychosocial, Sexual and Vocational 
Considérations in Spinal Cord Injury Réhabilitation 
Program 

Spinal cord injury is a catastrophic injury which will 
influence the sufferer and his family for life time and will 
affect every aspect of their lives. Learning to live with 
disability is a life-long process. 
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Immédiate reaction of the individual to the disability 
varies. It may express in the form of anxiety, dépréssion, 
déniai or grief and mourning. Long term reaction to 
disability is dependency, overdependency or under 
dependency. Sometimes the patient may présent with 
psychosomatic complaints. Patience of attending staff and 
emotional support and reassurance from family members 
and attending physician goes a long way in emotional 
adjustment of the patient disability. The goal of the 
réhabilitation is always towards promoting self worth 
and ego integrity. 

Patient's family is also affected emotionally, 
physically and economically. Rôles and responsibilities 
previously assumed by disabled person must be 
temporarily or permanently carried out by other family 
members. This is in addition to the responsibility of 
providing physical care to the disabled person. The family 
must be an intégral part of treatment program, for they 
will need assistance in coping with disability and their 
response to disabled person and their own responsi¬ 
bilities. They may also be in need of financial aid. 

As regards sexual functions after spinal cord injury, 
in the male patients it dépends on the level and 
completeness of the lésion. Usually a patient having a 
complété lésion above the reflex center in the conus 
(upper motor neuron—UMN) retain the ability of reflex 
érection secondary to cutaneous stimulation of glans 
pénis, but they hâve no sensation during sexual inter¬ 
course. Also, the ability to hâve psychic érection, effective 
éjaculation and séminal émission may be lost. In 
incomplète UMN lésion there is a variable ability to hâve 
psychic érection, éjaculation and séminal émission. 

In LMN lésion, the ability to hâve reflex érection is 
lost. They may hâve psychogenic érection if the 
sympathetic pathways are intact. In an incomplète LMN 
lésion the patient is likely to hâve psychogenic érection 
with ability to hâve séminal émission and éjaculation. 

Generally after spinal cord injury the patient is often 
able to hâve adéquate érections to achieve satisfactory 
intercourse, though he himself may not hâve any sensa¬ 
tion of his génital organs. The psychological feeling of 
being able to satisfy his partner plays an important part 
in intercourse. Sometimes, local injection of drugs like 
papaverine into the corpora cavernosa may be used to 
achieve temporary érections. Surgical penile implants 
may also be used for the same purpose. 

Sometimes, the patient may loose the ability to sire 
children due to poor érections, inefficient séminal 
émission or inability to ejaculate or chronic infections like 
epididymo-orchitis which may cause impaired 
spermatogenesis due to destruction of testicular tubules. 
It is more so in UMN lésions. This problems may 
however, be overcome by mechanically producing reflex 
érections and simultaneous éjaculation and auto artificial 
insémination. 


In the female patient the sexual function is unimpaired 
except in complété lésions who hâve loss of génital 
sensation. Fertility is not impaired by spinal injury. 
Pregnancy is usually normal excepting that the uterine 
contraction may not be painful. In the absence of painful 
contractions, sometimes labor may advance more quickly 
and a precipitous delivery may occur. One should, 
therefore, be vigilant in this regard. In a patient with a 
high level of injury the possibility of autonomie 
hyperreflexia during labor must be watched for, and 
managed by either ganglion-blocking drugs or by 
cesarian section. 

After such a severe injury patient may hâve to change 
his job or be retrained for another job. He may hâve to 
work in sheltered workshop which must be planned 
before discharge, so that the patient knows what he will 
be doing and where after he is discharged from the 
hospital. To be able to return to the family as a productive 
member is of great psychological and financial 
importance to the spinal injured patient and is the 
ultimate aim of réhabilitation, wherever possible. 

Follow-up Care 

Spinal cord injury patient even after discharge from 
hospital needs lifetime follow-up because he is suffering 
from a permanent physical impairment and the patient 
is always at risk to develop complications described 
earlier. Continuons monitoring at regular intervals and 
on call medical services at ail time is therefore, essential. 

At each follow-up visit, évaluation should be done 
by physiatrist, nurse and social worker. If indicated, 
patient should also be seen by physiotherapist, occupa- 
tional therapist, psychologist or vocational counselor. 
Periodic complété laboratory studies including complété 
blood count, urine analysis, culture sensitivity, routine 
sérum chemistry and appropriate radiological investiga¬ 
tions are done to detect complications specially in relation 
to genitourinary and gastrointestinal System. 

In addition to this patient and his family members/ 
carers need to be given an insight into ail aspects of the 
disability and the future complications so that they can 
keep continuous vigil and can report to the treating physi¬ 
cian at the appropriate time in case of any eventuality. 
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Disability Process and 
Disability Evaluation 


JC Sharma 


Any impairment in the individuals body not only créâtes 
barrier in normal activities, but also subjects the 
individual to the accompanying social and psychological 
traumas. 

The busy orthopédie surgeon has hardly any time to 
go into details to evaluate physical impairment, which 
needs to be done when physical status reaches stationary 
after maximum recovery at the end of treatment. Before 
arriving on disability évaluation, one should be well- 
acquainted with the disability process and its States. This 
will help them doing justice to the patients while giving 
them a broader sense of récognition in society. A 
handicapped person not only needs medical treatment 
but also proper réhabilitation, the latter requires full 
compréhension of médicosocial and psychological 
aspects of human life. 

This chapter aims at simplified objective évaluation 
of the impairment in the locomotor handicapped and 
brief description of disability process to facilitate the 
readers to understand its horizon. 

International Classification of Impairment Disability 
and Handicap (ICIDH) Impairment 

Impairment is defined as any loss (or) abnormality of 
psychological, physiological, (or) anatomical structure 
(or) function. As a resuit of impairment, there is functional 
limitation resulting in partial (or) total inability to perform 
motor, sensory, and mental functions within a range or 
manner in which a normal human being is normally 
capable, e.g. walking, speaking, hearing and reading. 
Impairment is divided into three groups: 

1. Physical impairment 

a. Aurai impairment 

b. Language impairment 

c. Ocular impairment 


d. Viscéral impairment 

e. Skeletal impairment 

f. Disfiguring impairment 

2. Intellectual and psychological impairment: It relates to 
disturbance of function in relation to intelligence, 
memory, thinking, consciousness and wakefulness, 
perception and attention, emotive and volitional 
functions, and behavior patterns. 

3. Generalized and others. 

Disability 

Disability is defined as any restriction or lack (resulting 

from an impairment) of ability to perform an activity in 

the manner (or) within the range considered normal for 

human being. 

1. Locomotor disability: It refers to movement disability. 

2. Communication diasbility: It concerns speaking and 
listening. 

3. Personal care disability: It refers to personal hygiene, 
dresing, feeding and excrétion. 

4. Body disposition disability: It refers to domestic 
disabilities, viz. preparing and serving food, care for 
dependents, disabilities of body movement like 
fingering, gripping and holding. 

5. Dexterity disability: It relates to manipulative skills and 
ability to regulate the control mechanisms. 

6. Behavior disability. 

7. Situational disability—in relation to tolérance to 
environmental factors. 

8. Others. 

Locomotor Disability 

a. Temporary total disability 

b. Temporary partial disability 

c. Permanent disability 
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Disability—A Legal Perspective 

The gravity of restriction or inability in the total 
perspective of physical, emotional, social, vocational and 
avocational activities only reflects the true nature of 
disability. Disability following a similar physical 
impairment varies from person to person depending on 
his or her éducation, aptitude, psychological make-up, 
acceptance of his or her disability, vocational and 
avocational activities and geographical terrain of his 
living place. 

Thus, itbecomes so complex that it requires évaluation 
by medical man, physical, occupational, speech 
therapists, psychologists, medical social worker, 
vocational evaluator, administrator and legel personnel. 

Until such time adéquate man power is available, it 
is idéal to restrict évaluation of physical impairment only. 


As per Medical Council of India, medical doctors 
registered under the "first schedule of MCI Act. 1950" 
are to issue only physical impairment certificate. 

Handicap 

Handicap is defined as a disadvantage for a given 
individual resulting from an impairment or a disability 
that limits or prevents fulfilment of a rôle that is normal 
depending on âge, sex, cultural factors for that individual, 
e.g. in a case of postpolio paralysis involving both lower 
limbs 

Lésion—chromatolysis of anterior horn cells 
Impairment—loss of muscle power and movement 
Disability—inability to stand, walk and climb 
Handicap—inability to attend the school-work. 
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